
 

 

 
 
 
 

 

ʅɸʋʂʆɺʀʁ ɾʋʈʅɸʃ 
 
 

 
 

  
Ɂɘɑɗɨəɔɢɨɖɚɏɚ 

əɌɢɱɚəɌɗɨəɚɏɚ 

ɟəɱɎɑɜɝɔɞɑɞɟ 
 

ʊʝʭʥʽʯʥʽ ʥʘʫʢʠ 

Technical  sciences  
 
SCIENTIFIC JOURNAL  

HERALD OF KHMELNYTSKYI NATIONAL UNIVERSITY  
 
2022, Issue 3, Volume 309 

 
 

ʍʤʝʣʴʥʠʮʴʢʠʡ 

3.2022 
ISSN 2307 -5732  

DOI 10.31891/2307 -5732  



 

ˏ˴˞˚˕˗  
ˢ˙˒˘˩˚˕ˣ˩˗˛ː˛ ˚ˍˣ˴˛˚ˍ˘˩˚˛ː˛ ɣ ˚˴ˏ˒˝˞˕˟˒˟ˠ 

̨̠̒̆̑ȡ ˟̨̨̖̘̆̎̎ ̎́̔̋̉ 
 

˔́̓̃̆̑̅̇̆̎̉̊ ̠̋ ̖́̏̃̆̕ ̠̃̉̅́̎̎ ̋́ ̨̓̆̄̏̑ ̩ȺˎȻȟ 
˝˴˥˒˚˚ˬ ˍ˟˒˞˟ˍˣ˴˖˚˛˵ ˗˛˘˒ː˴˵ Ο ρφτσ ˏ˴ˑ ςψȢρςȢςπρω ̓́ Οτπω ̨̃̅ ρχȢπσȢςπςπ 

 

˔́̒̎̏̃́̎̏ ̃ ̨̌̉̐̎ υύύϋ ̑ Ȣ    ˏ̖̝̉̏̅̉̓ ϊ ̨̑́̈̃ ̎́ ̨̑̋ 
 

ʍʤʝʣʴʥʠʮʴʢʠʡ, 2022, ˉ 3(309) 
 

ɿʘʩʥʦʚʥʠʢ ʽ ʚʠʜʘʚʝʮʴ:  ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 
(ʜʦ 2005 ʨ. ï ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʇʦʜʽʣʣʷ, ʤ. ʍʤʝʣʴʥʠʮʴʢʠʡ) 
 

ʅʘʫʢʦʚʘ ʙʽʙʣʽʦʪʝʢʘ ʋʢʨʘʾʥʠ ʽʤ. ɺ.ɯ. ɺʝʨʥʘʜʩʴʢʦʛʦ http://nbuv.gov.ua/j-tit/Vchnu_tekh 
 

ɺʢʣʶʯʝʥʦ ʜʦ ʥʘʫʢʦʚʦ-ʤʝʪʨʠʯʥʠʭ ʙʘʟ: 
Google Scholar http://scholar.google.com.ua/citations?hl=uk&user=aIUP9OYAAAAJ 

Index Copernicus http://jml2012.indexcopernicus.com/passport.php?id=4538&id_lang=3 
Polish Scholarly Bibliography https://pbn.nauka.gov.pl/journals/46221 

CrossRef http://doi.org/10.31891/2307-5732 

 
 

ː̏̌̏̃̎̉̊ ̑̆̅́̋̓̏̑ ˞̋̉̂́ ˙Ȣ ˰Ȣȟ ̅Ȣ̓Ȣ̎Ȣȟ ̐̑̏̆̒̏̑̕ȟ ̈́̒̌̔̇̆̎̉̊ ̨̗̐̑́̃̎̉̋ ̩̎́̑̏̅̎̏ ̨̏̒̃̓̉ ˠ̩̋̑́̎̉ȟ  
̘̌̆̎-̋̏̑̆̒̐̏̎̅̆̎̓ ˚̨̗̝̩́̏̎́̌̎̏ ̨̩́̋́̅̆̍ ̨̘̖̐̆̅́̄̏̄̎̉ ̎́̔̋ ˠ̩̋̑́̎̉ȟ  
ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʤʘʰʠʥ ʽ ʘʧʘʨʘʪʽʚ, ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʪʘ ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ 
ʍʤʝʣʴʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

˔́̒̓̔̐̎̉̋ ̄̏̌̏̃̎̏̄̏ ̑̆̅́̋̓̏̑́ ʉʠʥʶʢ ʆ. ʄ., ʜ.ʪ.ʥ., ʧʨʦʬʝʩʦʨ ʢʘʬʝʜʨʠ ʤʘʰʠʥ ʽ ʘʧʘʨʘʪʽʚ, ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʪʘ 
ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʍʤʝʣʴʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

ˏ̨̨̝̅̐̏̃̅́̌̎̉̊ ̒̆̋̑̆̓́̑ ː̠̏̑̆̎̋̏̚ ˞Ȣ ˘Ȣȟ .̋ʪ.ʥ., ʜʦʮʝʥʪ ʢʘʬʝʜʨʠ ʤʘʰʠʥ ʽ ʘʧʘʨʘʪʽʚ, ʝʣʝʢʪʨʦʤʝʭʘʥʽʯʥʠʭ ʪʘ 

ʝʥʝʨʛʝʪʠʯʥʠʭ ʩʠʩʪʝʤ ʍʤʝʣʴʥʠʮʴʢʦʛʦ ʥʘʮʽʦʥʘʣʴʥʦʛʦ ʫʥʽʚʝʨʩʠʪʝʪʫ 

 
ʏ ʣ ʝ ʥ ʠ  ʨʝ ʜʢ ʦ ʣ ʝ ʛ ʽʾ 

ʊʝʭʥʽʯʥʽ ʥʘʫʢʠ 

ˎ̆̑̆̈̎̆̎̋̏ ˞Ȣ˙Ȣȟ ̅Ȣ̓Ȣ̎Ȣȟ ˎ̏̊̋̏ ˫Ȣ˙Ȣȟ ̅Ȣ̓Ȣ̎Ȣȟ ː̏̃̏̑̔̆̎̋̏̚ ˟Ȣ˛Ȣȟ ̅Ȣ̓Ȣ̎Ȣȟ ː̤̤̏̑̅̃ ˍȢ˴Ȣȟ ̅ȢȢ̓̎Ȣȟ ː̠̏̑̆̎̋̏̚ ˞Ȣ ˘Ȣȟ ̋Ȣ̓Ȣ̎Ȣȟ 

ː̑́̂̋̏ ˏȢˏȢȟ ̅Ȣ̓Ȣ̎Ȣȟ ˑ̖̉́ ̨ ȢˏȢȟ ̅ Ȣ̓Ȣ̎Ȣȟ ˔̨́̆̐̋̎́̚ ˚Ȣ˙., ̅Ȣ̓Ȣ̎Ȣȟ ʈʫʙʘʥʝʥʢʦ ʆ. ʆ., ʜ.ʪ.ʥ., ˔̖̘́́̑̋̆̃̉ ˛ȢˏȢȟ ̅Ȣ̓Ȣ̎Ȣȟ 
˔̌̏̓̆̎̋̏ ˎ Ȣ˙Ȣȟ ̅Ȣ̓Ȣ̎Ȣȟ ˔̔̂̋̏̃ ̱ Ȣ̇Ȣ, ̅Ȣ̓Ȣ̎Ȣ, ˗́̐̌̔̎ ̃ ȢˏȢ, ̅ Ȣ̓Ȣ̎Ȣȟ ˗̙́̑̓́̏̃ ˏȢ˙Ȣȟ ̅Ȣ̓Ȣ̎Ȣȟ ˗̘̉́̋ ˏȢ˙Ȣȟ ̅Ȣ̓Ȣ̎Ȣȟ ˘̟̙̂̏ ˢ̆̒ȟ 
̅Ȣ̓Ȣ̎., ɉˤ̨̖̠̆Ɋ, ̇ ́̈̔̑ ̇ Ȣ˜Ȣȟ ̅Ȣ̓Ȣ̎Ȣȟ ˙̟́̎̅̈̋ ˴ ȢˍȢȟ ̅Ȣ̓Ȣ̎Ȣȟ ˙̟́̑̓̉̎̋ ˏ ȢˏȢ, ̅ Ȣ̓Ȣ̎Ȣȟ ˙̝̘̆̌̎̉̔̋ ˜Ȣ˜Ȣȟ ̅Ȣ̓Ȣ̎Ȣȟ ˙̨̠̗̝̒ ˏȢ˜Ȣȟ ̅Ȣ̓Ȣ̎Ȣ, 
˙́̌̏̄̔̌̋̏ ˫Ȣ ˏȢȟ ̋Ȣ̓Ȣ̎Ȣȟ ˙̨̠̒̆̃̚ ̨ ȢˍȢ, ̅ Ȣ̓Ȣ̎Ȣȟ ˚̨̆̌̎ ˰ ȢˍȢ, ̅ Ȣ̓Ȣ̎Ȣ, ˜́̃̌̏̃ ˞ ȢˏȢ, ̅ Ȣ̓Ȣ̎Ȣ, ˜́̑́̒̋́ ˛ȢˍȢȟ Ȣ̅̓Ȣ̎Ȣȟ 
˝̝̏̄́̓̉̎̒̋̉̊ ̋ Ȣ˙Ȣȟ ̅Ȣ̓Ȣ̎Ȣȟ ː̙̏̑̏̋̏ ̱ ȢˏȢ, ̅ Ȣ̓Ȣ̎Ȣȟ ˞̨́̑̂̆̋̏̃́ ˫ ȢːȢȟ ̅Ȣ̓Ȣ̎Ȣȟ ˞̆̍̆̎̋̏ ˍȢ˴Ȣȟ ̅Ȣ̓Ȣ̎Ȣȟ ˞̨̝̌́̃̎̒̋́ ˍȢ˘Ȣȟ ̅Ȣ̓Ȣ̎Ȣȟ 
ˢ̝́̑̇̆̃̒̋̉̊ ˏȢ˛Ȣȟ ̅Ȣ̓Ȣ̎Ȣȟ ˥̉̎̋́̑̔̋ ˛Ȣ˙Ȣȟ ̅Ȣ̓Ȣ̎Ȣȟ ˥̠̝̋̌̑̒̋̉̊ ˏȢ˴Ȣȟ ̅Ȣ̓Ȣ̎Ȣȟ ˦̝̆̑̂́̎ ˫Ȣ˫Ȣȟ ̅Ȣ̓Ȣ̎Ȣȟ ˎ̨̔̂̔̌̒ ̱ ̨̝̌̄̍́̎̓́̒, 
̅̏̋̓̏̑ ̎́̔̋ ɉ˘̉̓̃́Ɋ, ˒ ̤̌̒́̅ ˍ̖̍̆̅ ˒̝̙̌̎́́̑ȟ ̅̏̋̓̏̑ ̎́̔̋ ɉ˰̄̉̐̆̓Ɋ, ̠ ̨̝̘̝́̌̉̎̒̋ ˟ ̙̏̍́, ̅ ̏̋̓̏̑ ̎́̔̋ ɉ˜̝̏̌́̚Ɋ, 
˘̝̔̎̓̏̃̒̋̉̊ ̱ ̨̎̅̑̊, ̅ Ȣ̓Ȣ̎Ȣ ɉ˚̨̘̘̍̆̉̎́Ɋ, ˙̙̝́̓̔̆̃̒̋̉̊ ˙̗́̆̊ȟ ̅̏̋̓̏̑ ̎́̔̋ ɉ˜̝̏̌́̚Ɋ, ˙̙̝̔̌̆̃̒̋̉̊ ˘̙̔̋́ȟ 
̅̏̋̓̏̑ ̎́̔̋ ɉ˜̝̏̌́̚Ɋ, ˙̙̠̔̌ ˬ̙̎̔ȟ ̅̏̋̓̏̑ ̎́̔̋ ɉ˜̝̏̌́̚Ɋ, ˚̨̨̨̙́̓̑́̃̌ ˟́̍́̈ ˙̨̤́̍̃̉ȟ̘ ̅Ȣ̓Ȣ̎Ȣȟ ɉː̨̠̑̔̈Ɋ, 
˜̏̐̏̃ ˏ ́̌̆̎̓̉̎ȟ ̅̏̋̓̏̑ ̘̖̐̑̉̑̏̅̎̉̉ ̎́̔̋ ɉ˚̨̘̘̍̆̉̎́Ɋ 
 
˟̨̖̘̆̎̎̉̊ ̑̆̅́̋̓̏̑  ː̠̏̑̆̎̋̏̚ ˗Ȣ ˘Ȣȟ ̋Ȣ̓Ȣ̎Ȣ 
˝̆̅́̋̓̏̑-̋̏̑̆̋̓̏̑  ˎ̑̏̇̆̎̋̏ ˏȢ ˛Ȣ 
 
˝̆̋̏̍̆̎̅̏̃́̎̏ ̅̏ ̅̑̔̋̔ ̨̙̠̑̆̎̎̍ ̘̩̃̆̎̏ ̑́̅̉ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔ȟ  

̐̑̏̓̏̋̏̌ Ο 17 ̃ ̨̅ 26.05.2022  ̑ Ȣ 
 

ȦɊɖɋɗɆ ɖɋɊɆɐɜɫɬ: ɖɋɊɆɐɜɫɥ ɌəɖɓɆɑə "ȨɫɗɓɎɐ ȻɒɋɑɢɓɎɜɢɐɔɉɔ ɓɆɜɫɔɓɆɑɢɓɔɉɔ əɓɫɈɋɖɗɎɘɋɘə" 
ȻɒɋɑɢɓɎɜɢɐɎɏ ɓɆɜɫɔɓɆɑɢɓɎɏ əɓɫɈɋɖɗɎɘɋɘ 
Ɉəɑ. ȝɓɗɘɎɘəɘɗɢɐɆ, 11, ɒ. ȻɒɋɑɢɓɎɜɢɐɎɏ, ȹɐɖɆɬɓɆ, 29016 

( (038 -2) 67 -51 -08  web :  http://journals.khnu.km.ua/vestnik  
http:// lib .khnu .km.ua/visnyk_tup.htm  
 

e- mail :  visnyk .khnu @khmnu .edu .ua 
 

˔̤́̑̆̒̓̑̏̃́̎̏ ˙̨̨̎̒̓̆̑̒̓̃̏̍ ˠ̩̋̑́̎̉ ̔ ̖̒̐̑́̃́ ̐̑̆̒̉ ̓́ ̨̨̗̩̎̏̑̍́̕Ȣ 
˞̨̗̃̅̏̓̃̏ ̐̑̏ ̅̆̑̇́̃̎̔ ̨̤̗̟̑̆̒̓̑́ ̅̑̔̋̏̃́̎̏̄̏ ̈́̒̏̂̔ ̩̍́̒̏̃̏ ̨̨̗̩̎̏̑̍́̕ 

˞̨̠̆̑ ˗ˏ Ο 24922 -14862˜  ̨̋̃̅ 12 ̌ ̠̉̐̎ 2021 ̑ ̏̋̔ 
 

É ˢ̝̗̝̍̆̌̎̉̋̉̊ ̨̗̝̎́̏̎́̌̎̉̊ ̨̔̎̃̆̑̒̉̓̆̓ȟ 2022 
˝̨̗̠̆̅́̋ ̇̔̑̎́̌̔ ͼˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔ͼȟ 2022

http://nbuv.gov.ua/j-tit/Vchnu_tekh
http://scholar.google.com.ua/citations?hl=uk&user=aIUP9OYAAAAJ
http://jml2012.indexcopernicus.com/passport.php?id=4538&id_lang=3
https://pbn.nauka.gov.pl/journals/46221
http://doi.org/10.31891/2307-5732
http://journals.khnu.km.ua/vestnik
http://lib.khnu.km.ua/visnyk_tup.htm
mailto:visnyk.khnu@khmnu.edu.ua


 ˟̨̨̖̘̆̎̎ ̎́̔̋̉ ISSN 2307-5732 
 

ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, Τ3, 2022 (309) 3 

˔˙˴˞˟ 
ʌʈʀɿ ʄ. ɭ., ʄʃʀʅʂʆ ɹ. ɹ. 

ʋʄʆɺʅɯ ʃɯʅɯʁʅɯ ɺʀʇɸɼʂʆɺɯ ʇʈʆʎɽʉʀ ɿ ɼʀʉʂʈɽʊʅʀʄ ʏɸʉʆʄ ʊɸ ɰʍ ɺʃɸʉʊʀɺʆʉʊɯ  ...............................................................................  

 

7 

ɻʅɸʊʏʋʂ ɭ. ɻ. 

ʇʈɸɺʀʃɸ ɯ ʄɽʊʆɼ ʇɯɼʊʈʀʄʂʀ ʇʈʀʁʅʗʊʊʗ ʈɯʐɽʅʅʗ ʑʆɼʆ ʄʆɾʃʀɺʆʉʊɯ ɼʆʅʆʈʉʊɺɸ  

ɯ ʊʈɸʅʉʇʃɸʅʊɸʎɯɰ ʅɸ ʆʉʅʆɺɯ ʎʀɺɯʃʔʅʆɻʆ ʇʈɸɺɸ  .............................................................................................................................................  
 

13 

ʄʆʉʂɸʃɽʅʂʆ ɸ. ʆ., ʆʉʗɼʃʀʁ ɺ. ɺ. 

ʄʆɼɽʃʔ ʊɸ ʄɽʊʆɼ ʆʎɯʅʖɺɸʅʅʗ ɼʆʉʊɸʊʅʆʉʊɯ ʄɽɼʀʏʅʀʍ ɼɸʅʀʍ  ............................................................................................................  
 

19 

ʆʉʆʃɯʅʉʔʂʀʁ ʆ. ʈ., ʂʆʏɸʅ ɺ. ɺ, ʉɸʏɽʅʂʆ ɸ. ʆ., ʂʆʏɸʅ ʆ. ɺ., ʂʆʏɸʅ ʈ. ɺ. 

ʌʆʈʄʋɺɸʏ ɯʄʇʋʃʔʉɯɺ ɼʆɺɯʃʔʅʆɰ ʊʈʀɺɸʃʆʉʊɯ  ....................................................................................................................................................  
 

25 

ɸʅʊʆʅʖʂ ɸ. ɸ., ʂʆʃʗɼɸ ʂ. ɺ. 

ʇʆɺɽɼɯʅʂʆɺɸ ʄʆɼɽʃʔ ʉʀʉʊɽʄʀ ɺɯɼʅʆɺʃɽʅʅʗ ɹʃʆʂɯɺ ɼɸʅʀʍ  
ʇʈʀ ɰʍ ɺɯɼɼɸʃɽʅʆʄʋ ʈʆɿʇʆɼɯʃɽʅʆʄʋ ɿɹɽʈɯɻɸʅʅɯ  ............................................................................................................................................  

 

29 

ɻɸɻɽʅ ɺ.ɸ.  

ʇʈʆɽʂʊʋɺɸʅʅʗ ɸʈʍɽʊʀʇʆɺʆɰ ʄʆɼɽʃɯ ʉɽʄɸʅʊʀʏʅʆɰ ʉʋʄɯʉʅʆʉʊɯ ʄɽɼʀʏʅʀʍ ɯʅʌʆʈʄɸʎɯʁʅʀʍ ʉʀʉʊɽʄ  ................................  

 

33 

ɻʋʈʄɸʅ ɯ. ɺ., ʄʆʊʆʈʅʀʁ ʇ.ɺ., ʏɽʐʋʅ ɺ. ʄ., ɼɾʋʃɯʁ ɸ. ɺ., ʏʆʈʅɽʅʔʂʀʁ ɺ. ɯ.  

ɸʃɻʆʈʀʊʄ ʉʀʅʊɽɿʋ ɼʀʉʂʈɽʊʅʀʍ ʊɽʉʊɯɺ ʅɸ ʆʉʅʆɺɯ ɽɺʆʃʖʎɯʁʅʀʍ ʊɽʆʈɯʁ  ..........................................................................................  

 

40 

ʇʈɸɺʆʈʉʔʂɸ ʅ. ɯ., ɻʈʀʇʀʅʉʔʂɸ ʅ. ɺ. 

ɽʂʉʇɽʈʀʄɽʅʊʀ ʊɸ ɺʀʂʆʈʀʉʊɸʅɯ ʆʎɯʅʆʏʅɯ ʄɽʊʈʀʂʀ ɼʆʉʃɯɼɾɽʅʔ,  

ʗʂɯ ʇʈʆɺʆɼʀʃʀʉʔ ʇʈʀ ʈʆɿʈʆɹʎɯ ʄʆɺʅʆ-ʅɽɿɸʃɽɾʅʆɻʆ ɯʅʂʈɽʄɽʅʊʅʆɻʆ ɼɽʊɽʂʊʆʈɸ  ........................................................................  
 

44 

ʐɸʍʆɺʉʔʂɸ ʅ. ɹ., ʐɽɹɽʂʆ ɸ.  

ʈʆɿʈʆɹʃɽʅʅʗ ɸʈʍɯʊɽʂʊʋʈʀ ʉʀʉʊɽʄʀ ʆʇʊʀʏʅʆɻʆ ʈʆɿʇɯɿʅɸɺɸʅʅʗ ʉʀʄɺʆʃɯɺ ɿ ʌʆʊʆɻʈɸʌɯʁ ɼʆʂʋʄɽʅʊɯɺ  ............................  
 

50 

ʄɽʃʔʅʀʂʆɺɸ ʅ. ɯ., ʇʆɹɽʈɽʁʂʆ ʇ. ɹ. 

ɼʆʉʃɯɼɾɽʅʅʗ ʄɽʊʆɼɯɺ ʇʆʐʋʂʋ ʂʃʖʏʆɺʀʍ ʂɸɼʈɯɺ ʋ ɺɯɼɽʆʇʆʊʆʎɯ  
ɿ ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʅɽʁʈʆʅʅʀʍ ʄɽʈɽɾ ɼʃʗ ʉʀʉʊɽʄ ʇʆʐʋʂʋ  .....................................................................................................................  

 

55 

ʂʈʀɺɽʅʏʋʂ ʖ. ʇ., ʄɸʈʂʆ ʆ. ʄ. 

ʉʀʉʊɽʄɸ ʈʆɿʇɯɿʅɸɺɸʅʅʗ ʊɸ ʊʈɽʂɯʅɻʋ ʆɹôɭʂʊɯɺ ʅɸ ɺɯɼɽʆ  ............................................................................................................................  

 

61 

ʂʈʀɺɽʅʏʋʂ ʖ. ʇ., ʗʂʀʄɯɺ ʈ. ʖ. 

ʉʀʉʊɽʄɸ ɸʅɸʃɯɿʋ ʆɹʃʀʏʏʗ ʃʖɼʀʅʀ  ɼʃʗ ɸʇʈʆʂʉʀʄɸʎɯɰ ɺɯʂʋ  ..................................................................................................................  

 

66 

ɹɸɻʈɯʁ ʈ. ʆ., ʇɽʊʈʆɺʉʔʂʀʁ ʉ. ʉ. 

ʆʉʆɹʃʀɺʆʉʊɯ ʉʋʏɸʉʅʆɻʆ ʊɽʉʊʋɺɸʅʅʗ ɺɽɹ-ɼʆɼɸʊʂɯɺ  ...................................................................................................................................  

 

70 

ʂʀʈʀʎʗ ɯ. ʖ. 

ʌɽʅʆʄɽʅʆʃʆɻɯʏʅɯ ʂʈʀʊɽʈɯɰ ʈʋʁʅʋɺɸʅʅʗ  ............................................................................................................................................................  

 

75 

ɹʈɸʎʃɸɺɽʎʔ ɹ. ʉ.  

ɺɯɼʅʆɺʃɽʅʅʗ ɼɽʊɸʃɽʁ ʉɯʃʔʉʔʂʆɻʆʉʇʆɼɸʈʉʔʂʀʍ ʄɸʐʀʅ  

ɻɸʃʔɺɸʅɯʏʅʀʄʀ ʇʆʂʈʀʊʊʗʄʀ ʅɸ ʆʉʅʆɺɯ ʎʀʅʂʋ  .............................................................................................................................................  

 

82 

ʂʆʉɯʖʂ ʄ. ʄ. 

ʂʆɻɽʅɽʈɸʎɯʁʅɸ ʋʉʊɸʅʆɺʂɸ ʅɸ ʆʉʅʆɺɯ ɯʅʅʆɺɸʎɯʁʅʆɰ ʊɽʍʅʆʃʆɻɯɰ ʋʊʀʃɯɿɸʎɯɰ ʆʈɻɸʅɯʏʅʀʍ ɺɯɼʍʆɼɯɺ  ....................................  

 

85 

ʂʋʏɽʈɽʅʂʆ ʖ. ʉ.  

ʉʋʏɸʉʅɯ ʊɽʍʅʆʃʆɻɯɰ ʅɸʅɽʉɽʅʅʗ ʇʆʂʈʀʊʊɯɺ  ......................................................................................................................................................  

 

89 

ɿɸʃʖɹʆɺʉʔʂʀʁ ʄ. ɻ., ʇɸʅɸʉʖʂ ɯ. ɺ. 

ʊɽʍʅɯʂʆ-ɽʂʆʅʆʄɯʏʅɽ ʆɹˆʈʋʅʊʋɺɸʅʅʗ ɺʀʂʆʈʀʉʊɸʅʅʗ ɻɸʃʊʋɺɸʃʔʅʆɻʆ ʆɹʃɸɼʅɸʅʅʗ  

ʊʀʇʋ çTURBULAè ʇʈʀ ɺʀʂʆʅɸʅʅɯ ɺɯɼɼɯʃɽʅʅʗ ʄɽʊɸʃɽɺʀʍ ɼɽʊɸʃɽʁ ɺɯɼ ʃʀɺʅʀʂɯɺ  ...........................................................................  
 

92 

ɹɯʃʀʁ ʃ. ɸ., ʇʆʃɯʑʋʂ ʆ. ʉ., ʃɯʉɽɺʀʏ ʉ. ʇ., ɿɸʃɯɿɽʎʔʂʀʁ ɸ. ʄ., ʄɽʃʔʅʀʂ ɺ. ɯ. 

ʄʆɼɽʃʖɺɸʅʅʗ ʅɽʃɯʅɯʁʅʀʍ ɼʀʅɸʄɯʏʅʀʍ ʉʀʉʊɽʄ ʅɸ ʆʉʅʆɺɯ ʄʆɼɽʃɯ ʏʋʊʃʀɺʆʉʊɯ ʉʀʉʊɽʄʀ  
ɼʆ ʉɺʆɰʍ ʇʆʏɸʊʂʆɺʀʍ ʋʄʆɺ  .....................................................................................................................................................................................  

 

99 

ʇʆʃɯʑʋʂ ʆ. ʉ., ʇʆʃɯʑʋʂ ɸ. ʆ., ʃɯʉɽɺʀʏ ʉ. ʇ., ɿɸʃɯɿɽʎʔʂʀʁ ɸ. ʄ., ʄɽʃʔʅʀʂ ɺ. ɯ. 

ɺʀɻʆʊʆɺʃɽʅʅʗ ɺʀʈʆɹɯɺ ʊɸ ɼɽʊɸʃɽʁ ʄɽʊʆɼʆʄ 3D-ɼʈʋʂʋ ɿ ʂʆʄʇʆɿʀʊʅʀʍ ʅʀʊʆʂ  

ɿ ɺʀʉʆʂʀʄ ɺʄɯʉʊʆʄ ʄɽʊɸʃʋ  .....................................................................................................................................................................................  
 

104 

ʗʃʀʅɸ ʆ. ʆ.  

ɼʆʉʃɯɼɾɽʅʅʗ ʈɽɾʀʄɯɺ ʈʆɹʆʊʀ ɯʄʇʋʃʔʉʅʆɻʆ ɻɯɼʈɸɺʃɯʏʅʆɻʆ ʇʈʀɺʆɼʋ 
ʈʆɹʆʏʀʍ ʆʈɻɸʅɯɺ ʉɯʃʔʉʔʂʆɻʆʉʇʆɼɸʈʉʔʂʀʍ ʄɸʐʀʅ  .....................................................................................................................................  

 

111 

ʗʅɯʐɽɺʉʔʂʀʁ ɺ. ʖ. 

ʆʉʅʆɺʅɯ ʇʈʀʅʎʀʇʀ ɼɯɰ ʊɸ ɽʅɽʈɻɽʊʀʏʅʀʁ ɹɸʃɸʅʉ ʆɹôɭʄʅʆɻʆ ɻɯɼʈʆʇʈʀɺʆɼɸ  ...................................................................................  

 

115 



 Technical sciences ISSN 2307-5732 
 

Herald of Khmelnytskyi national university, Issue 3, 2022 (309) 4 

ɹʋʈɹɽʃʆ ʄ. ʁ., ʃɽɹɽɼʔ ɼ. ʖ., ʃɽʑɽʅʂʆ ʆ. ʈ. 

ʆʇʊʀʄɯɿɸʎɯʗ ʏɸʉʋ ɿɸʈʗɼʋ/ʈʆɿʈʗɼʋ ʂʆʅɼɽʅʉɸʊʆʈɯɺ ɸʂʊʀɺʅʆɻʆ ʌɯʃʔʊʈɸ ʇɯɼ ʏɸʉ ʂʆʃʀɺɸʅʔ ʅɸʇʈʋɻʀ  ................................  
 

119 

ʆʉɸɼʏʋʂ ʗ. ʆ., ʆʉɸɼʏʋʂ ʆ. ɺ., ʆʉɸɼʏʋʂ ɺ. ʉ. 

ɸɺʊʆɻɽʅɽʈɸʊʆʈʅɯ ʇɸʈɸʄɽʊʈʀʏʅɯ ʉɽʅʉʆʈʀ ʊʀʉʂʋ ...........................................................................................................................................  
 

125 

ʃɽɺʂɯʅ ɼ. ɸ. 

ɸʈʍɯʊɽʂʊʆʅɯʂɸ ʈʆɿʈɸʍʋʅʂʆɺʀʍ ʄɸʊɽʄɸʊʀʏʅʀʍ ʄʆɼɽʃɽʁ ɺ ʋʄʆɺɸʍ ʅɽɺʀɿʅɸʏɽʅʆʉʊɯ  .............................................................  
 

135 

ʂʋʊɯʅ ɺ. ʄ., ʂʋʊɯʅɸ ʄ. ɺ., ʐʇɸʏʋʂ ʆ. ʆ. 

ʄɽʊʆɼ ʂʆʅʊʈʆʃʖ ʊɽʍʅɯʏʅʆɻʆ ʉʊɸʅʋ ɯɿʆʃʗʎɯɰ ɽʃɽʂʊʈʆʆɹʃɸɼʅɸʅʅʗ ɹʃʆʂʋ  
çɻɽʅɽʈɸʊʆʈ-ʊʈɸʅʉʌʆʈʄɸʊʆʈè ...................................................................................................................................................................................  
 

138 

ʃɸʈɯʅ ʆ. ʆ., ʇʆʊʆʇɸʃʔʉʔʂɸ ʂ. ɭ., ɻʈɯʅʏɽʅʂʆ ɭ. ʄ. 

ʆʎɯʅʂɸ ɿɸʃʀʐʂʆɺʆɻʆ ʈɽʉʋʈʉʋ ɽʃɽʄɽʅʊɯɺ ʂʆʅʉʊʈʋʂʎɯɰ ʅɸʉʆʉʋ ɽʅɽʈɻɽʊʀʏʅʆɰ ʋʉʊɸʅʆɺʂʀ  

ʅɸ ʆʉʅʆɺɯ ʉʊɸʊʀʉʊʀʏʅʆɰ ʆʎɯʅʂʀ ɺʊʆʄʅʆɰ ʄɯʎʅʆʉʊɯ  ɿ ʇʈʆɻʅʆɿʆɺɸʅʀʄ ʉʊʆʅʐɽʅʅʗʄ ʂʆʈʇʋʉʅʀʍ 
ɼɽʊɸʃɽʁ ɺʅɸʉʃɯɼʆʂ ʂʆʈʆɿɯɰ  .......................................................................................................................................................................................  
 

143 

ʂʆɺʊʋʅ ɯ. ɯ., ʇɽʊʈɸʑʋʂ ʉ. ɸ., ɹʆʁʂʆ ʖ. ʄ. 

ɺʇʃʀɺ ɻɽʈʄɽʊʀɿɸʎɯɰ ʅɸ ɺʀʅʀʂʅɽʅʅʗ ʊɸ ʇɽʈɽɼɸʏʋ ʊɽʄʇɽʈɸʊʋʈʅʀʍ ɼɽʌʆʈʄɸʎɯʁ  

ɽʃɽʂʊʈʆʅʅʀʍ ʄʆɼʋʃɯɺ  .................................................................................................................................................................................................  
 

150 

ɹʆʁʂʆ ʖ. ʄ., ʇʆʃɯʂɸʈʆɺʉʔʂʀʍ ʆ. ɯ., ʊʂɸʏʋʂ ɺ. ʇ., ɸɺɼɭɭɺ ɺ. ʄ., ʉɺɯʉʊʋʅʆɺ ʆ. ʉ. 

ʄʆɼɽʃʖɺɸʅʅʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʐʀʈʆʂʆʉʄʋɻʆɺʆɰ ɸʅʊɽʅʅʆɰ ʉʀʉʊɽʄʀ ɼʃʗ ʇɽʃɽʅɻɸʎɯɰ ɹʇʃɸ  .................................................  
 

158 

ɭɺʉɽɭʅʂʆ ʆ. ʄ., ʂɸʏɸʅʆɺ ʇ. ʆ. 

ʇʆɹʋɼʆɺɸ SCADA-ʉʀʉʊɽʄʀ ʂɽʈʋɺɸʅʅʗ ʄɯʂʈʆʂʃɯʄɸʊʆʄ ʇʈʀʄɯʑɽʅʔ ʊʆʈɻʆɺɽʃʔʅʆɻʆ ʎɽʅʊʈʋ  .................................................  
 

168 

ʉʄʆʃɯʅ ʖ. ʆ. 

ʆɹɻʆɺʆʈɽʅʅʗ ʇʈʆɹʃɽʄɸʊʀʂʀ ɺʀɿʅɸʏɽʅʔ ɯ ʊɽʈʄɯʅʆʃʆɻɯɰ ʊɽʍʅɯʏʅʆɻʆ ʂʆʅʊʈʆʃʖ  ...........................................................................  
 

177 

ɹɽʈɽɿɯʅ ʃ. ʄ. 

ʉʀʉʊɽʄɸʊʀɿɸʎɯʗ ʈʆɿʈɸʍʋʅʂɯɺ ʅɸ ʅɸɼɯʁʅɯʉʊʔ ɽʃɽʄɽʅʊɯɺ ɺ'ʗɿɸʃʔʅʀʍ ʄɽʍɸʅɯɿʄɯɺ  

ʐʂɸʈʇɽʊʂʆɺʀʍ ɸɺʊʆʄɸʊɯɺ ........................................................................................................................................................................................  
 

184 

ɻɯʈɽʅʂʆ ʅ. ɯ., ʂʈɸʄɸʈɽʅʂʆ ɼ. ʇ. 

ɼʆʉʃɯɼɾɽʅʅʗ ɼʀʉʇɽʈʉʅʆɰ ʊʈʀʂʆʄʇʆʅɽʅʊʅʆɰ ʉʀʉʊɽʄʀ ʗʂ ʆʉʅʆɺʀ ɼʃʗ ʌɸʈʐɽɺʆɰ ʄɸʉʀ  
ɿ ʄ'ʗʉʆʄ ʇʊʀʎɯ ʊɸ ʈʆʉʃʀʅʅʀʄʀ ɻɯɼʈʆɹɯʆʅʊɸʄʀ  .............................................................................................................................................  
 

189 

ʂɸʈʄɸʃɯʊɸ ɸ. ʂ., ʇʋʅɼʀʂ ʉ. ɯ., ɼʈɸʇɸʂ ɻ. ʄ., ʄɽʃʔʅʀʂ ɺ. ɯ. 

ɸʅɸʃɯɿ ʄɽʍɸʅɯʏʅʀʍ ʉʇʆʉʆɹɯɺ ʂʆʅʊʈʆʃʖ ʇʆʃʆɾɽʅʅʗ ʇʃʆʉʂʀʍ ɼɽʊɸʃɽʁ ɺɿʋʊʊʗ  

ʇʆ ɺʃɸʉʊʀɺʆʉʊʗʍ ʇʆɺɽʈʍʆʅʔ  ..................................................................................................................................................................................  
 

194 

ʉʃɸɺɯʅʉʔʂɸ ɸ. ʃ., ʄɸʊʖʍ ʉ. ɸ., ʄʀʎɸ ɺ. ɺ. 

ɼʀʌɽʈɽʅʎɯʁʅʀʁ ʄɽʊʆɼ ʂʆʅʊʈʆʃʖ ʗʂʆʉʊɯ ʌɯɿʀʂʆ-ʄɽʍɸʅɯʏʅʀʍ ʍɸʈɸʂʊɽʈʀʉʊʀʂ  

ʊʈʀʂʆʊɸɾʅʆɻʆ ʇʆʃʆʊʅɸ ɼʃʗ ʂʋʇɸʃʔʅʆɻʆ ʂʆʉʊʖʄɸ  ..................................................................................................................................  
 

199 

ɹʈɽɼʋʅ ɺ. ɯ.  

ʊɽʅɼɽʅʎɯɰ ʈʆɿɺʀʊʂʋ ʊɽʍʅʆʃʆɻɯʏʅʆɰ ʉʂʃɸɼʆɺʆɰ ʃʆɻɯʉʊʀʂʀ ʊʇɺ ʋ ʇʆʃʊɸɺʉʔʂɯʁ ʆɹʃɸʉʊɯ  ...........................................................  
 

205 

ɻʈʀʎʖʂ ʇ. ʄ., ɹɸɹʀʏ ʊ. ʖ., ʂʈɸʉʔʂʆ ɹ. ɺ. 

ʂʃɸʉʀʌɯʂɸʎɯʁʅɯ ʄɽʊʆɼʀ ʇʈʆɻʅʆɿʋɺɸʅʅʗ ɺʈʆɾɸʁʅʆʉʊɯ  ............................................................................................................................  
 

209 

ʑɽʈɹɸʅʔ ɺ. ʖ., ɯʑɽʅʂʆ ɺ. ɼ., ʂʆʃʀʉʂʆ ʆ. ɿ., ɻʆʃʔɼɹɽʈɻ ʄ. ɯ., ʑɽʈɹɸʅʔ ʖ. ʖ. 

ʂʆʄʇôʖʊɽʈʅɸ ʈɽɸʃɯɿɸʎɯʗ ɸʃɻʆʈʀʊʄʋ ɼɽʁʂʉʊʈʀ ɼʃʗ ɺʀɿʅɸʏɽʅʅʗ ʌʆʈʄʀ ɿɸʇʈɸɺʂʀ ʅʀʊʂʀ  

ʅɸ ʆʉʅʆɺɯ  ʇʆʐʋʂʋ ʆʇʊʀʄɸʃʔʅʆɻʆ ʐʃʗʍʋ ɻʈɸʌɸ  .......................................................................................................................................  
 

217 

ʇʈʀɻʆɾɽɺ ʆ. ʉ. 

ʄʆɺʅʆʅɽɿɸʃɽɾʅʀʁ ʈɽʇʆɿʀʊɸʈɯʁ ʇʈʆɻʈɸʄʅʆɻʆ ʂʆɼʋ  .................................................................................................................................  
 

221 

ʄɸʄʋʊɸ ʄ. ʉ., ʄɸʄʋʊɸ ʆ. ɼ. 

ɼʆʉʃɯɼɾɽʅʅʗ ɽʌɽʂʊʀɺʅʆʉʊɯ ɼɺʆʂɸʅɸʃʔʅʆɰ ʆʇʊʀʂʆ-ɽʃɽʂʊʈʆʅʅʆɰ ʉʀʉʊɽʄʀ ʉʇʆʉʊɽʈɽɾɽʅʅʗ  

ɿ ʅɽʁʈʆʄɽʈɽɾɽɺʀʄ ʂʆʄʇʃɽʂʉʋɺɸʅʅʗʄ ɯʅʌʆʈʄɸʎɯɰ  ...................................................................................................................................  
 

229 

ɹʆʁʂʆ ʉ. ʄ., ʑʆʂɯʅ ɺ. ʇ., ɺʀʐʅɽɺʉʔʂʀʁ ʉ. ʗ., ɼɸʅɯʃɯʅ ʆ. ɺ., ʇʆɼɻʆʈʅʀʍ ʅ. ɺ. 

ʇʈʆɻʅʆɿʋɺɸʅʅʗ ɽʃɽʂʊʈʆʉʇʆɾʀɺɸʅʅʗ ɸɺɯɸʎɯʁʅʀʍ ʇɯɼʇʈʀɭʄʉʊɺ ʇʈʀ ʈɽʂʆʅʌɯɻʋʈɸʎɯɰ ʉʀʉʊɽʄʀ  

ɰʍ ɽʃɽʂʊʈʆʇʆʉʊɸʏɸʅʅʗ  ...............................................................................................................................................................................................  
 

233 

ɿɸʍɸʈʂɽɺʀʏ ʆ. ɺ., ʂʋʃɽʐʆɺɸ ʉ. ɻ., ʊʂɸʏʋʂ ʉ. ɺ., ʃʋʂôʗʅʏʋʂ ʉ. ɺ. 

ɸʅɸʃɯɿ ʇɽʈʉʇɽʂʊʀɺ ɿɸʉʊʆʉʋɺɸʅʅʗ ʇʆʃɯʄɽʈʅʀʍ ʄɸʊɽʈɯɸʃɯɺ ɼʃʗ ɺʀɻʆʊʆɺʃɽʅʅʗ ʆɼʗɻʋ  

ʉʇɽʎɯɸʃʔʅʆɻʆ ʇʈʀɿʅɸʏɽʅʅʗ  .....................................................................................................................................................................................  
 

240 

ʉʊʈɽʃʔɹɯʎʔʂʀʁ ɺ. ɺ. 

ɼʆʉʃɯɼɾɽʅʅʗ ɺʇʃʀɺʋ ʄɽʍɸʅɯɿʄʋ ʇɽʈɽʉʋɺɸʅʅʗ ʅɸ ʈɽʉʋʈʉ ʄɽʊɸʃʆʂʆʅʉʊʈʋʂʎɯɰ 

ʄʆʉʊʆɺʀʍ ʂʈɸʅɯɺ ʄʆʈʉʔʂʀʍ ʇʆʈʊɯɺ  .....................................................................................................................................................................  
 

249 

ʌɯʅʀʂ ɯ. ɺ. 

ʄɽʊʆɼʀ ɯʅʊɽʅʉʀʌɯʂɸʎɯɰ ʊɽʇʃʆʆɹʄɯʅʋ ɺ ɹɯʆɻɸɿʆɺʀʍ ʈɽɸʂʊʆʈɸʍ  ............................................................................................................  
 

254 

ʐɸʄʋʈɸʊʆɺ ʆ. ʖ. 

ʄɽʊʆɼ ʂʃɸʉʊɽʈʀɿɸʎɯɰ ʆɹôɭʂʊɯɺ ʅɸ ɿʆɹʈɸɾɽʅʅɯ ʅɸ ʆʉʅʆɺɯ ɺʀɹʆʈʋ ʆɿʅɸʂ ééééééééééééééééé 
 

260 

ʄɽʃʔʅʀʂ ɸ. ʄ. 

ɸʈʍɯʊɽʂʊʋʈɸ ʇʈʆɻʈɸʄʅʆɻʆ ɿɸɹɽɿʇɽʏɽʅʅʗ ɼʃʗ ʄɸʊɽʄɸʊʀʏʅʆɻʆ ʄʆɼɽʃʖɺɸʅʅʗ ʅɸ ʆʉʅʆɺɯ 

ɯʅʊɽʈɺɸʃʔʅʆɻʆ ʊɸ ʆʅʊʆʃʆɻɯʏʅʆɻʆ ʇɯɼʍʆɼʋ ééééééééééééééééééééééééééééééé.. 

 

265 



 ˟̨̨̖̘̆̎̎ ̎́̔̋̉ ISSN 2307-5732 
 

ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, Τ3, 2022 (309) 5 

CONTENT 
MYKHAILO  FRYZ, BOGDANA MLYNKO  

DISCRETE-TIME CONDITIONAL LINEAR RANDOM PROCESSES AND THEIR PROPERTIES éééééééééééééé... 

 

7 

YELYZAVETA HNATCHUK  

RULES AND METHOD OF SUPPORTING THE DECISION MAKING ABOUT THE POSSIBILITY  
OF DONATION AND TRANSPLANTATION BASED ON THE CIVIL LAW ééééééééééééééééééééééé. 

 

13 

ARTEM MOSKALENKO, V ITALIY  OSYADLYI  

MODEL AND METHOD OF ASSESSING THE MEDICAL DATA SUFFICIENCY ééééééééééééééééééééé 

 

19 

OLEKSANDR  OSOLINSKY , VOLODYMYR  KOCHAN, ANATOLIY  SACHENKO, OREST KOCHAN , ROMAN  KOCHAN  

ARBITRARY DURATION PULSE SHAPER éééééééééééééééééééééééééééééééé..éééé 

 

25 

ANTON ANTON IUK , KOSTIANTYN KOLIADA  

BEHAVIORAL MODEL OF DATA BLOCK RECOVERY SYSTEM FOR THEIR REMOTE DISTRIBUTED STORAGE ééééé... 

 

29 

VALENTYN HAHEN  

ARCHETYPICAL MODEL OF SEMANTIC COMPATIBILITY OF MEDICAL INFORMATION SYSTEMS PROJECTINGéééé... 

 

33 

IVAN  GURMAN , PAVLO  MOTORNYI , VIKTOR  CHESHUN, ANDRII  DZHULIY , VITALII  CHORNENKYI  

ALGORITHM OF SYNTHESIS OF DISCRETE TESTS BASED ON EVOLUTIONARY THEORIES éééééééééééééé 

 

40 

NATALYA PRAVOR SKA, NADIIA HRYPYNSKA  

EXPERIMENTS AND USED EVALUATION METRICS USED IN THE DEVELOPMENT  

OF A LANGUAGE-INDEPENDENT INCREASE DETECTOR ééééééééééééééééééééééééééééé.. 

 

44 

NATALIYA  SHAKHOVSKA, ANDRII SHEBEKO  

DEVELOPMENT OF THE ARCHITECTURE OF DOCUMENT OPTICAL CHARACTER RECOGNITION SYSTEM ééééééé 

 

50 

NATALIIA MELNYKOVA, PETRO POBEREIKO  

RESEARCH OF METHODS OF SEARCHING KEY FRAMES IN VIDEO FLOW WITH THE USE  

OF NEURAL NETWORKS FOR SEARCH SYSTEMS ééééééééééééééééééééééééééééééééé 
 

55 

YURII KRYVENCHUK, OLEKSAND RA MARKO  

CREATION OF OBJECT RECOGNITION AND TRACKING SYSTEMéééééééééééééééééééééééééé 
 

61 

YURII KRYVENCHUK, ROMAN YAKYMIV  

CREATION OF AGE ESTIMATION SYSTEM éééééééééééééééééééééééééééééééééééé 
 

66 

RUSLAN BAHRɯI , SERHII  PETROVSKYI   

FEATURES OF MODERN WEB APPLICATION TESTING éééééééééééééééééééééééééééééé.. 
 

70 

INNA KYRYTSYA  

PHENOMENOLOGICAL CRITERIA OF DESTRUCTION ééééééééééééééééééééééééééééééé. 
 

75 

BOGDAN BRATSLAVETS  

RESTORATION OF PARTS OF AGRICULTURAL MACHINES WITH ZINC-BASED GALVANIC COATINGS éééééééé.. 
 

82 

MYKOLA KOSIYUK  
COGENERATION DEVICE BASED ON INNOVATIVE TECHNOLOGY ORGANIZATION OF ORGANIC WASTE éééééé.. 

 

85 

YULIYA KUCHERENKO  
MODERN COATING TECHNOLOGIES éééééééééééééééééééééééééééééééééééééé 
 

89 

MA RK ZALYUBOVSKY I, IGOR PANASYUK 

TECHNICAL AND ECONOMIC JUSTIFICATION OF THE USE OF TURBULA TYPE-EQUIPMENT EQUIPMENT IN THE 

PERFORMANCE OF METAL DETAILS DEPARTMENT ééééééééééééééééééééééééééééééé 
 

92 

LEONID BILYI, OLEH POLISHCHUK,  SVITLANA LISEVICH, ANATOLY ZALIZETSKY, VASILIY MELNIK  

MODELING OF NONLINEAR DYNAMIC SYSTEMS ON THE BASIS  

OF THE SYSTEM SENSITIVITY MODEL TO ITS INITIAL CONDITIONS éééééééééééééééééééééééé 
 

99 

OLEG POLISHCHUK , ANDRII  POLISHCHUK , SVITLANA  LISEVICH , ANATOLIY  ZALIZETSKYI , VASILIY MELNYK  

THE MANUFACTURING PRODUCTS AND PARTS BY 3D-PRINTING METHOD FROM COMPOSITE FILAMENTS  
WITH HIGH METAL CONTENT ééééééééééééééééééééééééééééééééééééééééé.. 

 

104 

OLGA YALYNA  

RESEARCH OF OPERATING MODES OF A PULSE HYDRAULIC DRIVE OF WORKING BODIES  

OF AGRICULTURAL MACHINERY ééééééééééééééééééééééééééééééééééééééé... 
 

111 

VASYL YANISHEVSKYY  

BASIC PRINCIPLES OF OPERATION AND ENERGY BALANCE OF VOLUME HYDRAULIC DRIVE éééééééééééé 
 

115 

MYK HAILO  BURBELO, DENYS LEBED, OLEKSANDR  LESHCHENKO  
OPTIMIZATION OF CHARGE / DISCHARGE TIME OF ACTIVE FILTER CAPACITORS  
DURING VOLTAGE FLUCTUATIONS éééééééééééééééééééééééééééééééééééééé... 

 

119 



 Technical sciences ISSN 2307-5732 
 

Herald of Khmelnytskyi national university, Issue 3, 2022 (309) 6 

JAROSLAV OSADCHUK, ALEXANDER OSADCHUK, VLA DIMIR OSADCHUK  

SELF-OSCILLATING PARAMETRIC PRESSURE SENSORS ééééééééééééééééééééééééééééé.. 
 

125 

DMYTRO LEVKIN  

ARCHITECTONICS OF CALCULATED MATHEMATICAL MODELS UNDER UNCERTAINTY éééééééééééééé.. 
 

135 

VASIL  KUTI N, MARINA  KUTINA , OLEKSANDR  SHPACHUK  

METHOD OF CONTROL OF TECHNICAL CONDITION OF INSULATION OF ELECTRICAL EQUIPMENT  

OF THE GENERATOR-TRANSFORMER UNIT ééééééééééééééééééééééééééééééééééé. 
 

138 

OLEKSIY  LARIN , KSENIA  POTOPALSKA, YEVGEN GRINCHENKO  

ASSESSMENT OF THE RESIDUAL LIFE-TIME OF THE ELEMENTS OF THE CENTRIFUGAL PUMP OF THE ENERGY 

INSTALLATION ON THE BASIS OF STATISTICAL ASSESSMENT OF FATIGUE  WITH PREDICTED WEAR DUE TO 

CORROSION ééééééééééééééééééééééééééééééééééééééééééééééééé.. 
 

143 

IGOR KOVTUN, SVITLANA PETRASHCHUK, JULIY BOIKO  

INFLUENCE OF THE SEALING ON APPEARANCE AND TRANSMISSION  

OF TEMPERATURE DEFORMATIONS IN ELECTRONIC MODULES ééééééééééééééééééééééééé.. 
 

150 

JULIY  BOIKO , TKACHUK  VITALIY , OLEKSIY  POLIKAROVSKYKH , VICTOR  AVDIEIEV , OLEKSIY  SVISTUNOV 

MODELING THE CHARACTERISTICS OF A BROADBAND ANTENNA SYSTEM FOR UAV DIRECTION FINDING ééééé.. 
 

158 

OLEH YEVSEIENKO , PETRO KACHANOV  

SHOPPING MALL PREMISES SCADA-MICROCLIMATE CONTROL SYSTEM DEVELOPMENT éééééééééééééé 
 

168 

YURII SMOLIN  

DISCUSSION OF DEFINITIONS AND TERMINOLOGY PROBLEMS OF TECHNICAL CONTROL ééééééééééééé.. 
 

177 

LEONID BEREZIN  
SYSTEMATIZATION OF CALCULATIONS FOR THE RELIABILITY OF ELEMENTS OF KNITTING MECHANISMS  
OF SOCKS MACHINES ééééééééééééééééééééééééééééééééééééééééééééé. 
 

184 

NATALIIA HIRENKO, DMYTRO KRAMARENK O 

RESEARCH OF DISPERSED THREE-COMPONENT SYSTEM AS A BASIS  
FOR STUFFED MASS WITH POULTRY MEAT AND VEGETABLE HYDROBIOTS éééééééééééééééééééé 
 

189 

ANATOLII KARMALITA, SERHII PUNDYK, GEORGY DRAPAK, VASILIY  MELNIK  

ANALYSIS OF MECHANICAL METHODS OF CONTROLLING THE POSITION OF FLAT SHOE PARTS BY SURFACE 

PROPERTIES ééééééééééééééééééééééééééééééééééééééééééééééééé.. 
 

194 

ALLA  SLAVINSKA , SERHII  MATIUKH , VIKTORIIA  MYTSA  

DIFFERENTIAL METHOD OF QUALITY CONTROL OF PHYSICO-MECHANICAL CHARACTERISTICS  
OF KNITTED FABRIC FOR BATHING SUIT éééééééééééééééééééééééééééééééééééé. 
 

199 

VIKTOR BREDUN  

TRENDS IN THE DEVELOPMENT OF TECHNOLOGICAL COMPONENT LOGISTICS OF MSW IN POLTAVA REGION éééé 
 

205 

PETRO HRYTSIUK , TETIANA  BABYCH , BOHDAN KRASKO  

CLASSIFICATION METHODS OF THE YIELD FORECASTING éééééééééééééééééééééééééééé 
 

209 

VOLODYMYR SHCHERBAN, VALENTIN  ISHCHENKO ,  

OKSANA KOLISKO, MARJANA  GOLDBERG, YURYJ SHCHERBAN 
COMPUTER IMPLEMENTATION OF DAKYSTRE'S ALGORITHM FOR DETERMINING THE FORM OF THREAD REFILLING 
ON THE BASIS OF SEARCHING FOR THE OPTIMAL PATH OF THE GRAPH éééééééééééééééééééééé 
 

217 

OLEKSANDR PRYGOZHEV  

LANGUAGE INDEPENDENT SOFTWARE CODE REPOSITORY ééééééééééééééééééééééééééé.. 
 

221 

MARYNA MAMUTA, OLEKSANDR MAMUTA  

PERFORMANCE EVALUATION OF DUAL CHANNEL OPTOELECTRONIC SURVEILLANCE SYSTEM WITH NEURAL 

NETWORK INFORMATION FUSION ééééééééééééééééééééééééééééééééééééééé. 
 

229 

SERGII BOYKO, VADIM SHCHOKIN, SVIATOSLAV VYSHNEVSKY, OLEXSANDER DANILIN, N. PODGORNYKH  

FORECASTING OF ELECTRICITY CONSUMPTION OF AVIATION ENTERPRISES DURING RECONFIGURATION  

OF THEIR POWER SUPPLY SYSTEM ééééééééééééééééééééééééééééééééééééééé 
 

233 

OKSANA ZAKHARKEVICH, SVITLANA KULESHOVA, SERHII TKACHUK, SVITLATA LUKYANCHUK  

ANALYSIS OF PROSPECTS OF APPLICATION OF POLYMERIC MATERIALS FOR THE MANUFACTURE  

OF NUCLEAR PROTECTIVE CLOTHING ééééééééééééééééééééééééééééééééééééé.. 
 

240 

VICTOR STRELBITSKIY  

RESEARCH OF THE INFLUENCE OF THE MOVEMENT MECHANISM ON THE RESOURCE  

OF METAL STRUCTURES OF OVERHEAD CRANES OF SEAPORTS ééééééééééééééééééééééééé. 
 

249 

IRYNA FINYK  

IMETHODS OF INTENSIFICATION OF HEAT EXCHANGE IN BIOGAS REACTORS ééééééééééééééééééé 
 

254 

OLEKSIY SHAMURATOV  

OBJECT CLUSTERIZATION METHOD IN PICTURES BASED ON FEATURE SELECTION éééééééééééééééé.. 
 

260 

ANDRIY MELNYK  

SOFTWARE ARCHITECTURE FOR MATHEMATICAL MODELING BASED ON INTERVAL AND ONTOLOGICAL APPROACH.. 
 

265 



 ˟̨̨̖̘̆̎̎ ̎́̔̋̉ ISSN 2307-5732 
 

ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, Τ3, 2022 (309) 7 

DOI 10.31891/2307-5732-2022-309-3-7-12 

ʋɼʂ 004.94+519.218 

ʌʈʀɿ ʄ. ɭ. 
ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʇʫʣʶʷ 

https://orcid.org/0000-0002-8720-6479 

e-mail: mykh.fryz@gmail.com 

ʄʃʀʅʂʆ ɹ. ɹ. 
ʊʝʨʥʦʧʽʣʴʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʪʝʭʥʽʯʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ ʽʤʝʥʽ ɯʚʘʥʘ ʇʫʣʶʷ 

https://orcid.org/0000-0003-0780-5365 

e-mail: b.mlynko@gmail.com 

 

ʋʄʆɺʅɯ ʃɯʅɯʁʅɯ ɺʀʇɸɼʂʆɺɯ ʇʈʆʎɽʉʀ  

ɿ ɼʀʉʂʈɽʊʅʀʄ ʏɸʉʆʄ ʊɸ ɰʍ ɺʃɸʉʊʀɺʆʉʊɯ 
 
ˠ̨̍̏̃̎ ̨̨̨̌̎̊̎ ̨̃̉̐́̅̋̏̃ ̗̐̑̏̆̒̉ ̈ ̎̆̐̆̑̆̑̃̎̉̍ ̘́̒̏̍ ̟̝̠̈̏̂̑́̇́̓̒ ̔ ̨̠̃̉̄̌̅ ̖̘̒̓̏́̒̓̉̎̏̄̏ ̨̎̓̆̄̑́̌́ 

̨̃̅ ̃̉̐́̅̋̏̃̏̄̏ ̠̅̑́ ̈ ́ ̗̐̑̏̆̒̏̍ ̨̈ ̎̆̈́̌̆̇̎̉̍̉ ̐̑̉̑̏̒̓́̍̉Ȣ ˟̨́̋ ̗̐̑̏̆̒̉ ̟̝̠̃̉̋̏̑̉̒̓̏̃̔̓̒ ̃ ̘̖̈́̅́́ 
̘̍́̓̆̍́̓̉̎̏̄̏ ̓́ ̋̏̍̐ȭ̟̓̆̑̎̏̄̏ ̟̠̍̏̅̆̌̃́̎̎, ̗̟̠̏̐̑́̃́̎̎ ̖̘̖̒̓̏́̒̓̉̎̉ ̨̒̉̄̎́̌̃ȟ ̨̘̈̉̎́̕ ̐̑̉̑̏̅́ 
̠̐̏̑̏̅̇̆̎̎ ̠̖̋̉ ̤̅̏̐̔̒̋́ ̩̖ ̠̐̑̆̅̒̓́̃̌̆̎̎ ̔ ̨̠̃̉̄̌̅ ̒̔̍̉ ̃̆̌̉̋̏̄̏ ̘̉̒̌́ ̖̃̉̐́̅̋̏̃̉ ̨̨̝̍̐̔̌̒̃ȟ ̨̠̋ ̟̝̃̉̎̉̋́̓ ̔ 
̨̨̝̐̔́̒̒̏̎̃̒̋ ̍̏̍̆̎̓̉ ̘́̒̔Ȣ ˴̝̍̐̔̌̒̉ ̐̑̉ ̗̝̏̍̔ ̤ ̖̘̒̓̏́̒̓̉̎̏ ̈́̌̆̇̎̉̍̉ ̨̗̠̔̎̋̍̉̕ȟ ̎́ ̨̨̃̅̍̎̔ ̨̃̅ ̨̙̩̎̏ 
̙̩̐̏̉̑̆̎̏ ̘̩̍́̓̆̍́̓̉̎̏ ̨̍̏̅̆̌ ɀ ̨̨̌̎̊̎̏̄̏ ̃̉̐́̅̋̏̃̏̄̏ ̗̐̑̏̆̒̔ȟ ̠̋̉̊ ̤̍́ ̨̐̏̅̂̎̔ ̒̓̑̔̋̓̔̑̔ȟ ́̌̆ ̠̠̤̃̌ ̟̒̏̂̏ 
̒̔̍̔ ̃̆̌̉̋̏̄̏ ̘̉̒̌́ ̖̎̆̈́̌̆̇̎̉ ̖̃̉̐́̅̋̏̃̉ ̨̨̝̍̐̔̌̒̃ȟ ̏̚ ̟̝̃̉̎̉̋́̓ ̔ ̨̨̝̐̔́̒̒̏̎̃̒̋ ̍̏̍̆̎̓̉ ̘́̒̔Ȣ ˜̑̉̋̌́̅̎̉̍̉ 
̠̏̂̌́̒̓̍̉ȟ ̅̆ ̤ ̙̐̏̉̑̆̎̉̍̉ ̨̈̄́̅́̎ ̨̍̏̅̆̌ ̤ ̘̍́̓̆̍́̓̉̎̆ȟ ̋̏̍̐ȭ̟̓̆̑̎̆ ̟̠̍̏̅̆̌̃́̎̎ ̓́ ̗̟̠̏̐̑́̃́̎̎ 
̨̗̘̖̆̌̆̋̓̑̏̆̎̆́̌̏̄̑́̎̉̕̕ ̨̒̉̄̎́̌̃ȟ ̨̨̋́̑̅̏̒̉̄̎́̌̃ȟ ̨̗̐̑̏̆̒̃ ̠̑̆̒̔̑̒̏̒̐̏̇̉̃́̎̎ȟ ̨̨̗̖̑́̅̏̌̏̋́̊̎̉ ̨̒̉̄̎́̌̃ ̓́ ̨̎Ȣ  

ˠ ̨̅́̎̊ ̨̑̏̂̏̓ ̎́̃̆̅̆̎̏ ̘̠̏̈̎́̆̎̎ ̔̍̏̃̎̏̄̏ ̨̨̌̎̊̎̏̄̏ ̃̉̐́̅̋̏̃̏̄̏ ̗̐̑̏̆̒̔ ɉˠ˘ˏ˜Ɋ ̈ ̅̉̒̋̑̆̓̎̉̍ ̘́̒̏̍ȟ 
̐̏̋́̈́̎̏ ̊̏̄̏ ̈̃ȭ̠̈̏̋ ̨̈ ̨̨̟̃̅̐̏̃̅̎̏ ̟̍̏̅̆̌̌ ̈ ̎̆̐̆̑̆̑̃̎̉̍ ̘́̒̏̍Ȣ ˏ̨̨̅̐̏̃̅̎̏ ̅̏ ̎́̃̆̅̆̎̏̄̏ ̘̠̏̈̎́̆̎̎ ˠ˘ˏ˜ ̨̈ 
̅̉̒̋̑̆̓̎̉̍ ̘́̒̏̍ ̍̏̇̎́ ̓̑́̋̓̔̃́̓̉ ̠ ̨̋̃̅̄̔̋ ̨̨̌̎̊̎̏̄̏ ̗̉̑̏̃̏̄̏̕ ̨̝̌̓̑́̕ ̈ ̃̉̐́̅̋̏̃̉̍̉ ̐́̑́̍̆̓̑́̍̉ ̎́ 
̃̐̌̉̃ ̨̂̌̏̄̏ ̙̔̍̔ ̈ ̂̆̈̍̆̇̎̏ ̨̝̐̏̅̌̎̉̍ ̨̑̏̈̐̏̅̌̏̍Ȣ ˜̑̏̃̆̅̆̎̏ ̨́̎́̌̈ ̖̍̏̍̆̎̓̎̉ ̨̗̔̎̋̊̕ ̙̐̆̑̏̄̏ ̨ ̅̑̔̄̏̄̏ 
̠̐̏̑̅̋̔ ˠ˘ˏ˜ ̨̈ ̅̉̒̋̑̆̓̎̉̍ ̘́̒̏̍ȟ ̈̏̋̑̆̍́ȟ ̏̓̑̉̍́̎̏ ̃̉̑́̈̉ ̠̅̌ ̊̏̄̏ ̘̍́̓̆̍́̓̉̎̏̄̏ ̨̠̒̐̏̅̃́̎̎ȟ ̨̩̅̉̒̐̆̑̒ ̓́ 
̨̠̗̩̋̏̑̆̌̊̎̏ ̨̗̩̔̎̋̕Ȣ 

˝̝̆̈̔̌̓́̓̉ ̝̍̏̇̔̓ ̂̔̓̉ ̨̃̉̋̏̑̉̒̓́̎ ̠̅̌ ̨̠̅̏̒̌̅̇̆̎̎ ̨̨̖̊̍̏̃̑̎̒̎̉ ̖́̑́̋̓̆̑̉̒̓̉̋ ̨̖̅̏̒̌̅̇̔̃́̎̉ 
̨̨̗̖̎̏̑̍́̊̎̉̕ ̖̘̖̒̓̏́̒̓̉̎̉ ̨̒̉̄̎́̌̃ȟ ̨̠̋ ̠̅̌ ̖̋̏̎̋̑̆̓̎̉ ̖̐̑̉̋̌́̅̎̉ ̘̈́̅́ ̝̂̔̅̔̓ ̈́̌̆̇́̓̉ ̨̃̅ ̃̌́̒̓̉̃̏̒̓̆̊ 
̨̨̃̅̐̏̃̅̎̏̄̏ ̠̅̑́ ̓́ ̟̘̐̏̑̏̅̇̔̏̄̏ ̨̂̌̏̄̏ ̙̔̍̔  ̨̃̈̏̂̑́̇̆̎̎ ˠ˘ˏ˜Ȣ ˔̏̋̑̆̍́ȟ  ̨̃̑̏̂̏̓ ̎́̃̆̅̆̎̏ ̔̍̏̃̉ȟ ̠̋̉̍ 
̨̐̏̃̉̎̎ ̝̠̈́̅̏̃̏̌̎̓̉ ̨̒̋̌́̅̏̃ ˠ˘ˏ˜ ̨̈ ̅̉̒̋̑̆̓̎̉̍ ̘́̒̏̍ ̠̅̌ ̓̏̄̏ȟ ̏̂̚ ̗̆̊ ̗̐̑̏̆̒ ̂̔̃ ̨̗̒̓́̏̎́̑̎̉̍ ̔ ̙̉̑̏̋̏̍̔ 
̨̨̑̏̈̔̍̎̎Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̘̍́̓̆̍́̓̉̎́ ̝̍̏̅̆̌ȟ ̔̍̏̃̎̉̊ ̨̨̌̎̊̎̉̊ ̃̉̐́̅̋̏̃̉̊ ̗̐̑̏̆̒ȟ ̘̍́̓̆̍́̓̉̎̆ ̨̠̒̐̏̅̃́̎̎ȟ 
̨̠̗̋̏̑̆̌̊̎́ ̨̗̠̔̎̋̕ȟ ̠̅̑̏ȟ ̨̂̌̉̊ ̙̔̍ȟ ̨̗̒̓́̏̎́̑̎̉̊ ̗̐̑̏̆̒Ȣ 
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DISCRETE-TIME CONDITIONAL LINEAR RANDOM PROCESSES AND THEIR PROPERTIES  
 

Continuous-time conditional linear random process is represented as a stochastic integral of a random kernel driven by a process 
with independent increments. Such processes are used in the problems of mathematical modelling, computer simulation, and processing of 
stochastic signals, the physical nature of which generates them to be represented as the sum of many random impulses that occur at Poisson 
moments. Impulses are stochastically dependent functions, in contrast to another well-known mathematical model which is a linear random 
process, that has a similar structure but is represented as the sum of a large amount of independent random impulses that occur at Poisson 
moments of time. The application areas of these models are mathematical modelling, computer simulation, and processing of 
electroencephalographic signals, cardio signals, resource consumption processes (such as electricity consumption, water consumption, gas 
consumption), radar signals, etc. 

A discrete-time conditional linear random process has been defined in the paper, the relationships with corresponding continuous-
time model has been shown. According to the given definition the discrete-time conditional linear random process can be considered as an 
output of linear digital filter with random parameters on the input of the white noise which is infinitely divisible distributed. Moment 
functions of first and second order have been analyzed. In particular, the expressions for mathematical expectation, variance and covariance 
function have been obtained.  

The results can be utilized to study the probabilistic characteristics of the investigated information stochastic signals, which will 
depend on the properties of the corresponding kernel and white noise. In particular, the conditions for the process to be wide-sense 
stationary have been represented. 

Keywords: mathematical model, conditional linear random process, mathematical expectation, covariance function, kernel, white 
noise, stationary process. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ 

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʆʙ̌ʨʫʥʪʫʚʘʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʻ ʦʜʥʠʤ ʽʟ ʦʩʥʦʚʥʠʭ ʝʪʘʧʽʚ ʨʦʟʨʦʙʢʠ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʩʠʩʪʝʤ ʪʘ ʪʝʭʥʦʣʦʛʽʡ, ʧʦʙʫʜʦʚʘʥʠʭ ʥʘ ʦʩʥʦʚʽ ʤʝʪʦʜʽʚ ʦʧʨʘʮʶʚʘʥʥʷ ʩʠʛʥʘʣʽʚ. ʉʝʨʝʜ ʤʦʜʝʣʝʡ ʩʪʦʭʘʩʪʠʯʥʠʭ 

ʩʠʛʥʘʣʽʚ ʧʦʰʠʨʝʥʠʤʠ ʻ ʣʽʥʽʡʥʽ ʚʠʧʘʜʢʦʚʽ ʧʨʦʮʝʩʠ, ʤʝʪʦʜʦʣʦʛʽʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʠʭ ʜʣʷ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ 

ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ ʻ ʜʦʙʨʝ ʚʽʜʦʤʦʶ [1ï3]. ʋʟʘʛʘʣʴʥʝʥʥʷʤ ʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ ʻ ʫʤʦʚʥʽ ʣʽʥʽʡʥʽ ʚʠʧʘʜʢʦʚʽ ʧʨʦʮʝʩʠ 

(ʋʃɺʇ), ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʛʥʘʣʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʫ ʚʠʛʣʷʜʽ 

ʩʫʤʠ ʚʝʣʠʢʦʛʦ ʯʠʩʣʘ ʩʪʦʭʘʩʪʠʯʥʦ ʟʘʣʝʞʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʽʤʧʫʣʴʩʽʚ (ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʣʽʥʽʡʥʠʭ ʤʦʜʝʣʝʡ, ʜʝ ʮʽ 
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ʽʤʧʫʣʴʩʠ ʻ ʥʝʟʘʣʝʞʥʠʤʠ), ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʧʫʘʩʩʦʥʽʚʩʴʢʽ ʤʦʤʝʥʪʠ ʯʘʩʫ [4ï6]. ʇʨʠʢʣʘʜʥʠʤʠ ʦʙʣʘʩʪʷʤʠ, ʜʝ ʻ 

ʧʦʰʠʨʝʥʠʤʠ ʟʛʘʜʘʥʽ ʤʦʜʝʣʽ ʻ, ʟʦʢʨʝʤʘ, ʤʘʪʝʤʘʪʠʯʥʝ, ʢʦʤʧôʶʪʝʨʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʦʧʨʘʮʶʚʘʥʥʷ 

ʝʣʝʢʪʨʦʝʥʮʝʬʘʣʦʛʨʘʬʽʯʥʠʭ ʩʠʛʥʘʣʽʚ, ʢʘʨʜʽʦʩʠʛʥʘʣʽʚ, ʧʨʦʮʝʩʽʚ ʨʝʩʫʨʩʦʩʧʦʞʠʚʘʥʥʷ, ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ 

ʩʠʛʥʘʣʽʚ ʪʘ ʽʥ [4, 7ï9]. 

ʇʨʠ ʟʜʽʡʩʥʝʥʥʽ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʧʘʜʢʦʚʠʭ ʩʠʛʥʘʣʽʚ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʠʬʨʦʚʠʭ 

ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʟʘʩʦʙʽʚ, ʷʢʽ ʚʭʦʜʷʪʴ ʜʦ ʩʢʣʘʜʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʘʨʽʘʥʪ ʤʦʜʝʣʽ 

ʋʃɺʇ ʟ ʜʠʩʢʨʝʪʥʠʤ ʯʘʩʦʤ. ʈʦʟʚʠʪʦʢ ʤʝʪʦʜʦʣʦʛʽʾ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʋʃɺʇ, 

ʘʥʘʣʽʟʫ ʾʭ ʡʤʦʚʽʨʥʽʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʘ ʪʘʢʦʞ ʧʦʙʫʜʦʚʘ ʤʝʪʦʜʽʚ ʾʭ ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʘʥʘʣʽʟʫ ʪʘ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʫ 

ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʻ ʘʢʪʫʘʣʴʥʦʶ ʥʘʫʢʦʚʦ-ʧʨʠʢʣʘʜʥʦʶ ʧʨʦʙʣʝʤʦʶ. 

  

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

 ʋʃɺʇ ʟ ʥʝʧʝʨʝʨʚʥʠʤ ʯʘʩʦʤ ʚʧʝʨʰʝ ʙʫʣʦ ʦʟʥʘʯʝʥʦ ʫ ʨʦʙʦʪʽ [4] ʩʪʦʩʦʚʥʦ ʟʘʜʘʯʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ. ʊʝʦʨʝʪʠʯʥʽ ʪʘ ʧʨʠʢʣʘʜʥʽ ʘʩʧʝʢʪʠ ʤʦʜʝʣʽ ʋʃɺʇ ʟ ʥʝʧʝʨʝʨʚʥʠʤ 

ʯʘʩʦʤ ʨʦʟʛʣʷʥʫʪʦ ʫ ʨʦʙʦʪʘʭ [4ï10]. ɿʦʢʨʝʤʘ, ʚ [5] ʟʜʽʡʩʥʝʥʦ ʘʥʘʣʽʟ ʚ ʨʘʤʢʘʭ ʢʦʨʝʣʷʮʽʡʥʦʾ ʪʝʦʨʽʾ, ʚ [6, 10] 

ʦʪʨʠʤʘʥʦ ʚʠʨʘʟʠ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʦʾ ʬʫʥʢʮʽʾ ʋʃɺʇ, ʘ ʪʘʢʦʞ ʨʦʟʛʣʷʥʫʪʦ ʟʘʛʘʣʴʥʫ ʤʝʪʦʜʦʣʦʛʽʶ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʪʦʭʘʩʪʠʯʥʠʭ ʩʠʛʥʘʣʽʚ ʥʘ ʦʩʥʦʚʽ ʫʤʦʚʥʠʭ ʣʽʥʽʡʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʧʨʦʮʝʩʽʚ, 

ʚʢʣʶʯʘʶʯʠ ʦʙʨ̌ʫʥʪʫʚʘʥʥʷ ʩʪʘʮʽʦʥʘʨʥʦʩʪʽ ʪʘ ʩʪʦʭʘʩʪʠʯʥʦʾ ʧʝʨʽʦʜʠʯʥʦʩʪʽ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʜʦ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ 

ʫ ʪʝʭʥʽʯʥʠʭ ʪʘ ʤʝʜʠʯʥʠʭ ʩʠʩʪʝʤʘʭ ʥʘʚʝʜʝʥʦ, ʟʦʢʨʝʤʘ, ʫ ʨʦʙʦʪʘʭ [4, 7ï9]. 

ʋʤʦʚʥʠʡ ʣʽʥʽʡʥʠʡ ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ ʟ ʜʠʩʢʨʝʪʥʠʤ ʯʘʩʦʤ ʚʧʝʨʰʝ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʚ [4], ʜʝ ʚʽʥ 

ʦʟʥʘʯʝʥʠʡ ʫ ʚʠʛʣʷʜʽ ʩʪʦʭʘʩʪʠʯʥʦʾ ʩʫʤʠ ʟ̔ ʩʪʘʮʽʦʥʘʨʥʠʤ ʧʦʨʦʜʞʫʶʯʠʤ ʙʽʣʠʤ ʰʫʤʦʤ. ɸʚʪʦʨ [4] ʥʘʚʦʜʠʪʴ 

ʨʝʟʫʣʴʪʘʪʠ ʱʦʜʦ ʫʤʦʚ, ʟʘ ʷʢʠʭ ʜʣʷ ʋʃɺʇ ʟ ʜʠʩʢʨʝʪʥʠʤ ʯʘʩʦʤ ʩʧʨʘʚʝʜʣʠʚʦʶ ʻ ʮʝʥʪʨʘʣʴʥʘ ʛʨʘʥʠʯʥʘ ʪʝʦʨʝʤʘ. 

ʋ ʥʠʟʮʽ ʨʦʙʽʪ ʚʠʚʯʘʶʪʴʩʷ ʛʨʘʥʠʯʥʽ ʪʝʦʨʝʤʠ (ʮʝʥʪʨʘʣʴʥʘ ʛʨʘʥʠʯʥʘ ʪʝʦʨʝʤʘ, ʟʘʢʦʥ ʚʝʣʠʢʠʭ ʯʠʩʝʣ) 

ʩʪʦʩʦʚʥʦ ʚʠʧʘʜʢʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ, ʷʢʽ ʤʘʶʪʴ ʩʪʨʫʢʪʫʨʫ, ʧʦʜʽʙʥʫ ʜʦ ʋʃɺʇ ʟ ʜʠʩʢʨʝʪʥʠʤ ʯʘʩʦʤ: 

ʚʠʧʘʜʢʦʚʦ ʟʚʘʞʝʥʽ ʩʫʤʠ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ [11ï13], ʣʽʥʽʡʥʽ ʧʨʦʮʝʩʠ ʟ ʚʠʧʘʜʢʦʚʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ [14] 

(ʚʠʚʯʘʶʪʴʩʷ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʛʨʘʥʠʯʥʽ ʪʝʦʨʝʤʠ). 

ɺ ʨʦʙʦʪʽ [15] ʘʚʪʦʨʠ ʘʥʘʣʽʟʫʶʪʴ ʚʣʘʩʪʠʚʦʩʪʽ ʯʘʩʪʠʥʥʦʛʦ ʚʠʧʘʜʢʫ ʤʦʜʝʣʽ ʋʃɺʇ, ʘ ʩʘʤʝ, ʩʪʘʮʽʦʥʘʨʥʦʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʢʦʚʟʥʦʾ ʩʫʤʠ ʟ ʚʠʧʘʜʢʦʚʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ. ʆʭʘʨʘʢʪʝʨʠʟʦʚʘʥʦ ʦʩʥʦʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ, ʟʦʢʨʝʤʘ, 

ʥʘʚʝʜʝʥʦ ʚʠʨʘʟʠ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ ʪʘ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʩʪʘʮʽʦʥʘʨʥʦʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ. 

ʅʘ ʦʩʥʦʚʽ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ 

ʟʘʛʘʣʴʥʦʛʦ ʧʽʜʭʦʜʫ ʱʦʜʦ ʦʟʥʘʯʝʥʥʷ ʧʦʥʷʪʪʷ ʋʃɺʇ ʟ ʜʠʩʢʨʝʪʥʠʤ ʯʘʩʦʤ, ʘʥʘʣʽʟʫ ʾʭ ʡʤʦʚʽʨʥʽʩʥʠʭ ʨʦʟʧʦʜʽʣʽʚ, 

ʟʚô̫ ʟʢʫ ʽʟ ʋʃɺʇ ʽʟ ʥʝʧʝʨʝʨʚʥʠʤ ʯʘʩʦʤ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

 ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʬʦʨʤʫʣʶʚʘʥʥʷ ʦʟʥʘʯʝʥʥʷ ʫʤʦʚʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʟ ʜʠʩʢʨʝʪʥʠʤ 

ʯʘʩʦʤ ʽʟ ʚʨʘʭʫʚʘʥʥʷʤ ʡʦʛʦ ʚʟʘʻʤʦʟʚô̫ ʟʢʫ ʟ ʚʽʜʧʦʚʽʜʥʦʶ ʤʦʜʝʣʣʶ ʥʝʧʝʨʝʨʚʥʦʛʦ ʯʘʩʫ, ʚʩʪʘʥʦʚʣʝʥʥʷ ʫʤʦʚ 

ʽʩʥʫʚʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʨʷʜʫ, ʦʪʨʠʤʘʥʥʷ ʚʠʨʘʟʽʚ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ, ʜʠʩʧʝʨʩʽʾ ʪʘ 

ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʤʦʜʝʣʽ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʧʘʜʢʫ, ʱʦ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʚʩʪʘʥʦʚʠʪʠ ʫʤʦʚʠ, ʟʘ ʷʢʠʭ 

ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʧʨʦʮʝʩ ʻ ʩʪʘʮʽʦʥʘʨʥʠʤ ʫ ʰʠʨʦʢʦʤʫ ʨʦʟʫʤʽʥʥʽ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʋʤʦʚʥʠʤ ʣʽʥʽʡʥʠʤ ʚʠʧʘʜʢʦʚʠʤ ʧʨʦʮʝʩʦʤ (ʟ ʥʝʧʝʨʝʨʚʥʠʤ ʯʘʩʦʤ) ( , ), , ( , )t tx w wÍW Í -¤ ¤, 

ʟʘʜʘʥʠʤ ʥʘ ʜʝʷʢʦʤʫ ʡʤʦʚʽʨʥʽʩʥʦʤʫ ʧʨʦʩʪʦʨʽ { }, ,PWF , ʥʘʟʠʚʘʻʪʴʩʷ ʩʪʦʭʘʩʪʠʯʥʠʡ ʽʥʪʝʛʨʘʣ ʚʠʜʫ [5, 6, 10]: 

 

 ( , ) ( , , ) ( , )t t d

¤

-¤

x w = j w t h w tñ ,    (1) 

ʜʝ ( , , ), , ( , )t tjwt t Í -¤ ¤ ī ʜʽʡʩʥʘ ʚʠʧʘʜʢʦʚʘ ʬʫʥʢʮʽʷ (ʷʜʨʦ); ( , ), ( , )hwt tÍ -¤ ¤, ( ( ,0) 0) 1Phw = = 

ī ʜʽʡʩʥʠʡ ʛʽʣʴʙʝʨʪʦʚʠʡ ʩʪʦʭʘʩʪʠʯʥʦ ʥʝʧʝʨʝʨʚʥʠʡ ʧʦʨʦʜʞʫʶʯʠʡ ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ ʽʟ ʥʝʟʘʣʝʞʥʠʤʠ 

ʧʨʠʨʦʩʪʘʤʠ; ʚʠʧʘʜʢʦʚʽ ʬʫʥʢʮʽʾ ( , , )tjwt ʽ ( , )hwt ʻ ʩʪʦʭʘʩʪʠʯʥʦ ʥʝʟʘʣʝʞʥʠʤʠ. 

 ɼʽʡʩʥʠʤ ʫʤʦʚʥʠʤ ʣʽʥʽʡʥʠʤ ʚʠʧʘʜʢʦʚʠʤ ʧʨʦʮʝʩʦʤ ʽʟ ʜʠʩʢʨʝʪʥʠʤ ʯʘʩʦʤ ( )tx w, ZtÍ , wÍW 

ʥʘʟʠʚʘʻʪʴʩʷ ʚʠʧʘʜʢʦʚʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʚʠʜʫ: 

 

 ,( ) ( ) ( )t t

¤

t t

t=-¤

x w = j w z wä ,      (2) 

ʜʝ , ( )ttj w, , Zt tÍ ï ʜʽʡʩʥʘ ʚʠʧʘʜʢʦʚʘ ʬʫʥʢʮʽʷ (ʷʜʨʦ ʫʤʦʚʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ); 

( )tz w, ZtÍ  - ʛʽʣʴʙʝʨʪʦʚʘ ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʜʽʡʩʥʠʭ ʙʝʟʤʝʞʥʦ ʧʦʜʽʣʴʥʠʭ ʥʝʟʘʣʝʞʥʠʭ ʚʠʧʘʜʢʦʚʠʭ ʚʝʣʠʯʠʥ 

(ʙʝʟʤʝʞʥʦ ʧʦʜʽʣʴʥʠʡ ʙʽʣʠʡ ʰʫʤ ʟ ʜʠʩʢʨʝʪʥʠʤ ʯʘʩʦʤ); ʚʠʧʘʜʢʦʚʽ ʬʫʥʢʮʽʾ , ( )ttj w ʽ ( )tz w ʻ ʩʪʦʭʘʩʪʠʯʥʦ 

ʥʝʟʘʣʝʞʥʠʤʠ ʟʘ ʦʟʥʘʯʝʥʥʷʤ. 
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ʇʦʟʥʘʯʠʤʦ ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʪʘ ʜʠʩʧʝʨʩʽʶ ʙʽʣʦʛʦ ʰʫʤʫ ( )tz w ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

( )M at tz w = <¤, 
2( )D t tz w =s <¤, "t. ɿʤʽʥʥʫ w ʙʫʜʝʤʦ ʜʘʣʽ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʧʦʟʥʘʯʝʥʴ ʦʧʫʩʢʘʪʠ. 

ʗʢʱʦ ʚ ʟʘʜʘʯʘʭ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ ʧʦʪʨʽʙʥʦ ʧʦʢʘʟʘʪʠ 

ʚʟʘʻʤʦʟʚôʷʟʦʢ ʤʦʜʝʣʝʡ ʋʃɺʇ ʟ ʥʝʧʝʨʝʨʚʥʠʤ ʪʘ ʜʠʩʢʨʝʪʥʠʤ ʯʘʩʦʤ, ʪʦ ʮʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʙʫʜʦʚʠ ʩʪʦʭʘʩʪʠʯʥʦʛʦ ʽʥʪʝʛʨʘʣʘ [6], ( ) ( , ) ( ) . . . ( , ) ( )

b

a
ab

t t d l i m t d

¤

­-¤
-¤ ­¤

x = j t h t = j t h tñ ñ , 

ʢʨʽʤ ʪʦʛʦ ( , ) ( )

b

a

t dj t h tñ  ʤʦʞʥʘ ʟʦʙʨʘʟʠʪʠ ʷʢ ʛʨʘʥʠʮʶ ʚ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʤʫ ʨʦʟʫʤʽʥʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʽʥʪʝʛʨʘʣʴʥʠʭ ʩʫʤ ʚʠʜʫ:  

 

1

( ) ( , ) ( )
n

n i i

i

I t t
=

= j t Dh tä ,      (3) 

ʜʝ 
0 1 2 ... na b=t <t <t < <t =, [ )1 1( ) ( ) ( ), , , 1,i i i i i i i n- -Dh t =h t -h t t Í t t =.  

ʊʦʙʪʦ, ʷʢʱʦ 1
1,

max( ) 0i i
i n

-
=
t -t ­ ʧʨʠ n­¤, ʪʦ 

1

. . . ( , ) ( ) ( , ) ( )

bn

i i
n

i a

l i m t t d
­¤

=

j t Dh t = j t h tä ñ . 

 ɺʠʙʝʨʝʤʦ ʪʝʧʝʨ 
1, , 1, 2, ...i i ii t i-t = D t =t =, , Zkt k t k= D Í (ʜʝ tD ï ʢʨʦʢ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʟʘ 

ʯʘʩʦʤ) ʽ ʧʦʟʥʘʯʠʤʦ 1 ,( , )i k i kt-j t =j, ( )i iDht =z (ʧʨʠʨʽʩʪ ʧʨʦʮʝʩʫ ʟ ʥʝʟʘʣʝʞʥʠʤʠ ʧʨʠʨʦʩʪʘʤʠ ( )ht ʥʘ 

ʽʥʪʝʨʚʘʣʽ [ )1,i i-t t), ʪʦʜʽ (3) ʟʘʧʠʰʝʤʦ ʷʢ 

 

, ,

1

n

n k i k i

i

I
=

= j zä . 

ɿʨʦʟʫʤʽʣʦ, ʱʦ , 1, 2, 3, ...i iz =  ï ʥʝʟʘʣʝʞʥʽ ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ (ʙʦ ʚʦʥʠ ʻ ʧʨʠʨʦʩʪʘʤʠ ʧʨʦʮʝʩʫ ʟ 

ʥʝʟʘʣʝʞʥʠʤʠ ʧʨʠʨʦʩʪʘʤʠ), ʘ ʪʘʢʦʞ , 1, 2, 3, ...i iz =  - ʙʝʟʤʝʞʥʦ ʧʦʜʽʣʴʥʽ ʚʠʧʘʜʢʦʚʽ ʚʝʣʠʯʠʥʠ.  

ʅʝʭʘʡ ʪʝʧʝʨ n­¤, ʘʣʝ ʧʨʠ ʮʴʦʤʫ 1( ) , 1,i i t i n-t -t =D =, ʘʣʝ a­-¤, b­¤. ʗʢʱʦ ʧʨʠ 

ʮʴʦʤʫ ʽʩʥʫʻ ʛʨʘʥʠʮʷ ʚ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʤʫ ʨʦʟʫʤʽʥʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ , ,

1

n

n k i k i

i

I
=

= j zä , ʪʦ ʙʫʜʝʤʦ ʧʠʩʘʪʠ  

 

 
, ,. . . , Zn k k i k i

n
ia

b

l i m I k
¤

­¤
=-¤­-¤

­¤

=x = j z Íä ,    (4) 

ʪʦʙʪʦ ʦʪʨʠʤʘʻʤʦ ʚʠʧʘʜʢʦʚʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ (2).  

ʇʠʪʘʥʥʷ ʙʣʠʟʴʢʦʩʪʽ ʨʦʟʧʦʜʽʣʽʚ ʚʠʧʘʜʢʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ,k i k i

i

¤

=-¤

x = j zä  ʪʘ 

( ) ( , ) ( )k kt t d

¤

-¤

x = j t h tñ  ʚʠʭʦʜʠʪʴ ʟʘ ʤʝʞʽ ʜʘʥʦʾ ʨʦʙʦʪʠ. 

ʁʤʦʚʽʨʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʋʃɺʇ ʟ ʜʠʩʢʨʝʪʥʠʤ ʯʘʩʦʤ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜʠ, 

ʧʦʜʽʙʥʽ ʜʦ ʪʠʭ, ʱʦ ʙʫʣʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʘʥʘʣʽʟʫ ʋʃɺʇ ʟ ʥʝʧʝʨʝʨʚʥʠʤ ʯʘʩʦʤ ʚ ʨʦʙʦʪʘʭ [5, 6, 10]. ʊʦʤʫ ʜʘʣʽ 

ʥʘʚʝʜʝʤʦ ʣʠʰʝ ʦʩʥʦʚʥʽ ʨʝʟʫʣʴʪʘʪʠ.  

ʇʝʨʰ ʟʘ ʚʩʝ, ʟʘʫʚʘʞʠʤʦ, ʱʦ ʨʷʜ (2) ʟʙʽʛʘʻʪʴʩʷ ʫ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʦʤʫ ʨʦʟʫʤʽʥʥʽ ʪʦʜʽ ʽ ʪʽʣʴʢʠ ʪʦʜʽ, 

ʢʦʣʠ ʚʠʢʦʥʫʻʪʴʩʷ ʥʘʩʪʫʧʥʘ ʫʤʦʚʘ: 

 

( ) ( )2 2 2

, , ,M M Mt t s t s t

s

a a
¤ ¤ ¤

t t t t

t=-¤ =-¤ t=-¤

x = j j + j s <¤ää ä . (5) 

ʗʢʱʦ ,ttj  ï ʜʝʪʝʨʤʽʥʦʚʘʥʘ ʬʫʥʢʮʽʷ, ʪʦ tx ï ʣʽʥʽʡʥʠʡ ʚʠʧʘʜʢʦʚʠʡ ʧʨʦʮʝʩ ʟ ʜʠʩʢʨʝʪʥʠʤ ʯʘʩʦʤ [1, 2]. 

ʄʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʋʃɺʇ ʟ ʜʠʩʢʨʝʪʥʠʤ ʯʘʩʦʤ ʜʦʨʽʚʥʶʻ: 
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 ,M Mt ta
¤

t t

t=-¤

x = jä .     (6) 

ʂʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ ( )( )
1 2 1 1 2 2, M M Mt t t t t tR è ø= x - x x - x

ê ú
,  ʤʘʻ ʚʠʛʣʷʜ: 

 

 ( )
1 21 2 1 2

2

, ,, , , 1 2, , ,M M Zt s tt t s t t

s

R a a t t
¤ ¤ ¤

t t t t t

t=-¤ =-¤ t=-¤

å õ
= j j + j j s Íæ ö

ç ÷
ää ä    (7) 

ʜʝ , , ,Mt t tt t tj =j - j ï ʮʝʥʪʨʦʚʘʥʝ ʷʜʨʦ ʋʃɺʇ ʟ ʜʠʩʢʨʝʪʥʠʤ ʯʘʩʦʤ. 

ɿ (7) ʦʪʨʠʤʘʻʤʦ ʚʠʨʘʟ ʜʣʷ ʜʠʩʧʝʨʩʽʾ ʋʃɺʇ ʟ ʜʠʩʢʨʝʪʥʠʤ ʯʘʩʦʤ: 

 

 
2 2

, ,, , .D M Mt s tt t t s t

s

R a a
¤ ¤ ¤

t t t t

t=-¤ =-¤ t=-¤

å õ
x = = j j + j sæ ö

ç ÷
ää ä      (8) 

ʇʦʟʥʘʯʠʤʦ , ,=Mt tt tf j ï ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʷʜʨʘ ʋʃɺʇ ʟ ʜʠʩʢʨʝʪʥʠʤ ʯʘʩʦʤ, ʘ 

1 21 2 , ,, ; , =M t s ts t tRj tt

å õ
j jæ ö
ç ÷

 ï ʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ ʷʜʨʘ. 

ʆʪʨʠʤʘʥʽ ʚʠʨʘʟʠ ʜʣʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ ʪʘ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʋʃɺʇ ʟ ʜʠʩʢʨʝʪʥʠʤ ʯʘʩʦʤ 

ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʦʙʨ̌ʫʥʪʫʚʘʥʥʷ ʡʤʦʚʽʨʥʽʩʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʦʜʝʣʽ, ʷʢʽ ʚ ʢʦʥʢʨʝʪʥʠʭ ʧʨʠʢʣʘʜʥʠʭ 

ʟʘʜʘʯʘʭ ʟʘʣʝʞʘʪʴ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ ʷʜʨʘ ʽ ʧʦʨʦʜʞʫʶʯʦʛʦ ʙʽʣʦʛʦ ʰʫʤʫ. ɿʦʢʨʝʤʘ, ʥʠʞʯʝ ʚʩʪʘʥʦʚʣʝʥʦ ʫʤʦʚʠ, 

ʟʘ ʷʢʠʭ ʋʃɺʇ ʟ ʜʠʩʢʨʝʪʥʠʤ ʯʘʩʦʤ ʙʫʜʝ ʩʪʘʮʽʦʥʘʨʥʠʤ ʫ ʰʠʨʦʢʦʤʫ ʨʦʟʫʤʽʥʥʽ. 

ʊʚʝʨʜʞʝʥʥʷ.  ʗʢʱʦ tz, ZtÍ  ï ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʦʜʥʘʢʦʚʦ ʨʦʟʧʦʜʽʣʝʥʠʭ ʥʝʟʘʣʝʞʥʠʭ ʚʠʧʘʜʢʦʚʠʭ 

ʚʝʣʠʯʠʥ ʟ ʤʘʪʝʤʘʪʠʯʥʠʤ ʩʧʦʜʽʚʘʥʥʷʤ M atz = ʽ ʜʠʩʧʝʨʩʽʻʶ 
2

D tz =s, ʘ ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʪʘ 

ʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ ʷʜʨʘ ,ttj  ʟʘʜʦʚʦʣʴʥʷʶʪʴ ʫʤʦʚʘʤ 

 

 
1 2 1 2, , ; , , ; ,, , ,= = Zt t s t t t s t t t t tR R tj j

t -t t t+ + + +f f " Í     (9) 

ʪʦ ʋʃɺʇ (2) ʻ ʩʪʘʮʽʦʥʘʨʥʦʶ ʫ ʰʠʨʦʢʦʤʫ ʩʝʥʩʽ ʚʠʧʘʜʢʦʚʦʶ ʧʦʩʣʽʜʦʚʥʽʩʪʶ, ʪʦʙʪʦ M t constx =  ʽ 

1 2 2 1,t t t tR R -= . 

ɼʽʡʩʥʦ, ʚʨʘʭʦʚʫʶʯʠ ʥʘʚʝʜʝʥʝ ʚʠʱʝ ʤʦʞʝʤʦ ʥʘʧʠʩʘʪʠ: 

 

M t t s
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t=-¤ =-¤

x = f = f =ä ä . 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ( )
1 2 1 2 1 2, , , ; , , ,M t t t t t tRjt t t t t tj j = +f f, ʤʦʞʝʤʦ ʟʘʧʠʩʘʪʠ:  
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ʆʪʞʝ, ʚ ʫʤʦʚʘʭ ʜʘʥʦʛʦ ʪʚʝʨʜʞʝʥʥʷ, ʤʘʪʝʤʘʪʠʯʥʝ ʩʧʦʜʽʚʘʥʥʷ ʧʨʦʮʝʩʫ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ, ʘ ʡʦʛʦ 

ʢʦʨʝʣʷʮʽʡʥʘ ʬʫʥʢʮʽʷ ʟʘʣʝʞʠʪʴ ʣʠʰʝ ʚʽʜ ʨʽʟʥʠʮʽ ʩʚʦʾʭ ʘʨʛʫʤʝʥʪʽʚ, ʪʦʤʫ ʋʃɺʇ ʻ ʩʪʘʮʽʦʥʘʨʥʠʤ ʚ ʰʠʨʦʢʦʤʫ 

ʩʝʥʩʽ. 

 

ɺʠʩʥʦʚʢʠ 

ʋ ʨʦʙʦʪʽ ʥʘʚʝʜʝʥʦ ʦʟʥʘʯʝʥʥʷ ʫʤʦʚʥʦʛʦ ʣʽʥʽʡʥʦʛʦ ʚʠʧʘʜʢʦʚʦʛʦ ʧʨʦʮʝʩʫ ʟ ʜʠʩʢʨʝʪʥʠʤ ʯʘʩʦʤ, 

ʧʦʢʘʟʘʥʦ ʚʟʘʻʤʦʟʚô̫ ʟʦʢ ʽʟ ʚʽʜʧʦʚʽʜʥʦʶ ʤʦʜʝʣʣʶ ʟ ʥʝʧʝʨʝʨʚʥʠʤ ʯʘʩʦʤ. ʆʙʨ̌ʫʥʪʦʚʘʥʦ ʚʠʨʘʟʠ ʜʣʷ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʩʧʦʜʽʚʘʥʥʷ, ʜʠʩʧʝʨʩʽʾ ʪʘ ʢʦʨʝʣʷʮʽʡʥʦʾ ʬʫʥʢʮʽʾ ʋʃɺʇ ʟ ʜʠʩʢʨʝʪʥʠʤ ʯʘʩʦʤ, ʱʦ ʜʘʣʦ 

ʤʦʞʣʠʚʽʩʪʴ ʦʭʘʨʘʢʪʝʨʠʟʫʚʘʪʠ ʫʤʦʚʠ, ʟʘ ʷʢʠʭ ʧʨʦʮʝʩ ʙʫʜʝ ʩʪʘʮʽʦʥʘʨʥʠʤ ʫ ʰʠʨʦʢʦʤʫ ʩʝʥʩʽ. ʅʘ ʦʩʥʦʚʽ 

ʥʘʚʝʜʝʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʦʞʥʘ ʪʘʢʦʞ ʚʩʪʘʥʦʚʠʪʠ ʫʤʦʚʠ, ʷʢʠʤ ʧʦʚʠʥʥʽ ʟʘʜʦʚʦʣʴʥʷʪʠ ʷʜʨʦ ʪʘ ʧʦʨʦʜʞʫʶʯʠʡ 

ʙʽʣʠʡ ʰʫʤ ʟʦʙʨʘʞʝʥʥʷ ʋʃɺʇ ʟ ʜʠʩʢʨʝʪʥʠʤ ʯʘʩʦʤ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʧʨʦʮʝʩ ʙʫʚ ʧʝʨʽʦʜʠʯʥʦ ʢʦʨʝʣʴʦʚʘʥʠʤ, ʱʦ ʻ 

ʚʘʞʣʠʚʠʤ ʜʣʷ ʟʘʜʘʯ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʮʠʢʣʦʩʪʘʮʽʦʥʘʨʥʠʭ ʩʠʛʥʘʣʽʚ. 
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̨̍̏̇̌̉̃̏̒̓Ⱦ̨̎̆̍̏̇̌̉̃̏̒̓ ̅̏̎̏̑̒̓̃́ ̓́Ⱦ́̂̏ ̨̗̩̓̑́̎̒̐̌́̎̓́Ȣ ˏ̠̉̋̏̑̉̒̓́̎̎ ̖̑̏̈̑̏̂̌̆̎̉ ̨̍̆̓̏̅̃ ̨̤̐̅̃̉̔̚ 
̨̝̑̃̆̎ ̨̋̏̑̆̋̓̎̏̒̓ ̠̖̐̑̉̊̎̓̉ ̨̙̝̑̆̎ ̏̅̏̚ ̅̏̎̏̑̒̓̃́ ̓́ ̏̅̏̚ ̨̗̩̓̑́̎̒̐̌́̎̓́Ȣ ˣ̨ ̍̆̓̏̅̉ ̘̟̝̈́̂̆̈̐̆̔̓ 
̨̝̍̏̇̌̉̃̒̓ ̐̆̑̒̏̎́̌̔ ̨̨̋̌̎̋ȟ ̨̠̋ ̟̝̠̈́̊̍́̓̒ ̨̗̠̓̑́̎̒̐̌́̎̓́̍̉ȟ ̋̏̑̆̋̓̎̏ ̏̑̍̔̃́̓̉̕ ˝̤̆̒̓̑̉ ̨̅̏̎̏̑̃ 
ɉ̤̖̐̑̉̇̉̓̓̃̉ ̓́ ̖̐̏̒̍̆̑̓̎̉Ɋ ̓́ ˞̐̉̒̋̉ ̨̏̒̂ ̎́ ̨̗̟̓̑́̎̒̐̌́̎̓́ ɉ̨̃̅ ̤̖̐̑̉̇̉̓̓̃̉ ̓́ ̖̐̏̒̍̆̑̓̎̉ ̨̅̏̎̏̑̃ ́̂̏ 
̨̃̅ ̟̘̃̉̋̌̎̏ ̖̐̏̒̍̆̑̓̎̉ ̨̅̏̎̏̑̃Ɋ ̈ ̖̠̃̑́̔̃́̎̎̍ ̨̖̃̒ ̨̟̘̖̅̉ ̨̎́̑́̈ ̨̗̝̉̃̌̎̏-̖̐̑́̃̏̃̉ ̨̐̅̒̓́̃Ȣ ˝̨̏̈̑̏̂̌̆̎ ̍̆̓̏̅̉ 
̟̝̒̓́̎̅́̑̓̉̈̔̓ ̗̐̑̏̆̅̔̑̔ ̟̘̠̃̋̌̆̎̎ ̨̅̏̎̏̑̃ ̅̏ ˝̤̆̒̓̑̔ ̓́ ̨̨̗̤̑̆̉̐̎̓̃ ̅̏ ˞̐̉̒̋̔ ̎́ ̨̗̟̓̑́̎̒̐̌́̎̓́ȟ ̠̘̈̃̏̅̉ 
̅̏ ̨̨̍̎̍̔̍̔ ̃̐̌̉̃ ̒̔̂ǫ̤̃̄̋̓̉̃̈̍̔ ̓́ ̟̝̌̅̒̋̏̄̏ ́̋̓̏̑̔̕ ̐̑̉ ̗̝̏̍̔Ȣ  

˙̨́̊̂̔̓̎̊ ̝̍̏̅̔̌ ̨̐̅̓̑̉̍̋̉ ̠̠̐̑̉̊̎̓̓ ̨̙̝̑̆̎ ̏̅̏̚ ̨̍̏̇̌̉̃̏̒̓ ̅̏̎̏̑̒̓̃́ ̨ ̨̗̩̓̑́̎̒̐̌́̎̓́ ̎́ 
̨̏̒̎̏̃ ̨̗̝̉̃̌̎̏̄̏ ̐̑́̃́ ˰̩̅̉̎̏ ̩̅̆̑̇́̃̎̏ ̨̨̗̩̎̏̑̍́̊̎̏̕ ̒̉̒̓̆̍̉ ̨̗̩̓̑́̎̒̐̌́̎̓́ ̨̏̑̄́̎̃ ̨ ̓̋́̎̉̎ȟ ̐̏̂̔̅̏̃́̎̉̊ 
̎́ ̨̏̒̎̏̃ ̖̑̏̈̑̏̂̌̆̎̉ ̨̍̆̓̏̅̃ȟ ̝̔̍̏̇̌̉̃̉̓ ̙̃̉̅̋̔ ̓́ ̘́̃̓̏̍́̓̉̎̔ ̨̐̆̑̆̃̑̋̔ ̨̖̃̒ ̨̗̝̉̃̌̎̏-̖̐̑́̃̏̃̉ ̨̐̅̒̓́̃ 
̠̅̌ ̠̃̎̆̒̆̎̎ ̏̒̏̂̉ ̃ ˝̤̆̒̓̑ ̨̅̏̎̏̑̃ ́̂̏ ˞̐̉̒̏̋ ̨̏̒̂ ̎́ ̨̗̟̓̑́̎̒̐̌́̎̓́ ̨̨̃̅̐̏̃̅̎̏Ƞ ̖̠̔̃́̌̆̎̎ ̖̂̆̈̐̏̍̉̌̋̏̃̉ ɉ̈ 
̘̓̏̋̉ ̈̏̑̔ ̨̗̝̉̃̌̎̏-̖̐̑́̃̏̃̉ ̨̐̅̒̓́̃Ɋ ̨̙̝̑̆̎ ̐̑̏ ̅̏̎̏̑̒̓̃̏ ̨ ̨̗̟̓̑́̎̒̐̌́̎̓́Ƞ ̨̨̨̨̗̟̍̎̍̈́ ̃̐̌̉̃̔ ̒̔̂ǫ̤̃̄̋̓̉̃̈̍̔ 
̓́ ̟̝̌̅̒̋̏̄̏ ́̋̓̏̑̔̕ ̐̑̉ ̨̖̔̃́̌̆̎̎ ̨̙̝̑̆̎ ̏̅̏̚ ̨̍̏̇̌̉̃̏̒̓Ⱦ̨̎̆̍̏̇̌̉̃̏̒̓ ̅̏̎̏̑̒̓̃́ ̓́ ̨̗̩̓̑́̎̒̐̌́̎̓́Ȣ  

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̨̐̅̓̑̉̍̋́ ̠̠̐̑̉̊̎̓̓ ̨̙̝̑̆̎ȟ ̐̑́̃̉̌́ȟ ̅̏̎̏̑̒̓̃̏ȟ ̨̗̠̓̑́̎̒̐̌́̎̓́ȟ ˰̅̉̎́ ̅̆̑̇́̃̎́ 
̨̨̗̎̏̑̍́̊̎́̕ ̒̉̒̓̆̍́ ̨̗̩̓̑́̎̒̐̌́̎̓́ ̨̏̑̄́̎̃ ̨ ̓̋́̎̉̎ ɉ˰ˑ˴˞˟ɊȢ 
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RULES AND METHOD OF SUPPORTING THE DECISION MAKING ABOUT THE POSSIBILITY OF DONATION 

AND TRANSPLANTATION  BASED ON THE CIVIL LAW    
 

Today in Ukraine the problem of transplantation of organs and other anatomical materials to humans is very acute. Every year, 
thousands of Ukrainians need organ transplants to save their lives, but there are only a few transplant surgeries. In developed countries, 
organ transplantation is the standard of care for many diseases of the kidneys, heart, liver, lungs and others. Among the reasons hindering 
the development of transplantation of anatomical materials to humans in Ukraine is the unpreparedness of the Unified State Information 
System for Organ and Tissue Transplantation (USIST). 

According to the author, the functioning of USIST will not be complete without a successfully developed and implemented module 
of supporting the decision making about the possibility of donation and transplantation based on the civil law, which will help decide on the 
possibility or impossibility of donation and transplantation in a given case considering civil law grounds. 

Developed methods of supporting the decision making about the possibility of donation and transplantation based on the civil law 
make it impossible to make incorrect (illegal) decisions on the possibility/impossibility of donation and/or transplantation. The use of the 
developed methods increases the level of correctness of the decisions made regarding donation and transplantation. 

Thus, the module of supporting the decision making about the possibility of donation and transplantation based on the civil law of 
the USIST will allow: rapid and automatic verification of all civil legal grounds for inclusion in the Register of Donors or the List of persons 
for transplantation, respectively; making unmistakable (from the point of view of civil law) decisions on donation and transplantation; 
minimizing the influence of subjectivity and the human factor in making decisions about the possibility/impossibility of donation and 
transplantation. Therefore, an important and urgent task now is the implementation of the designed module of supporting the decision 
making about the possibility of donation and transplantation based on the civil law. 

Keywords: supporting the decision, rules, donation, transplantation, Unified State Information System for Organ and Tissue 
Transplantation. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʋ ʥʘʰ ʯʘʩ ʪʨʘʥʩʧʣʘʥʪʘʮʽʷ ʦʨʛʘʥʽʚ ʪʘ (ʘʙʦ) ʪʢʘʥʠʥ ʣʶʜʠʥʠ ʻ ʜʽʻʚʠʤ ʽ, ʟʘʟʚʠʯʘʡ, ʻʜʠʥʠʤ ʟʘʩʦʙʦʤ 

ʧʦʨʷʪʫʥʢʫ ʞʠʪʪʷ ʽ ʚʽʜʥʦʚʣʝʥʥʷ ʟʜʦʨʦʚôʷ. ʁʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʚʩʴʦʤʫ ʮʠʚʽʣʽʟʦʚʘʥʦʤʫ ʩʚʽʪʽ, ʢʦʣʠ 

ʤʝʜʠʢʘʤʝʥʪʦʟʥʽ ʘʙʦ ʭʽʨʫʨʛʽʯʥʽ ʤʝʪʦʜʠ ʣʽʢʫʚʘʥʥʷ ʥʝʤʦʞʣʠʚʽ, ʦʜʥʘʢ, ʧʘʮʽʻʥʪ ʤʘʻ ʧʦʪʝʥʮʽʘʣ ʜʦ ʧʦʜʘʣʴʰʦ ʾ

ʟʜʦʨʦʚʦ ʾʘʢʪʠʚʥʦʩʪʽ. 

ɿʛʽʜʥʦ ʟ ɿʘʢʦʥʦʤ ʋʢʨʘʾʥʠ çʇʨʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ ʘʥʘʪʦʤʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʣʶʜʠʥʽè [1], 

ʪʨʘʥʩʧʣʘʥʪʘʮʽʷ ï ʮʝ ʩʧʝʮʽʘʣʴʥʠʡ ʤʝʪʦʜ ʣʽʢʫʚʘʥʥʷ, ʱʦ ʧʦʣʷʛʘʻ ʚ ʧʝʨʝʩʘʜʮʽ ʨʝʮʠʧʽʻʥʪʫ ʦʨʛʘʥʫ ʘʙʦ ʽʥʰʦʛʦ 

ʘʥʘʪʦʤʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʚʟʷʪʠʭ ʫ ʣʶʜʠʥʠ ʯʠ ʫ ʪʚʘʨʠʥʠ. ɼʦʥʦʨʩʪʚʦ ï ʮʝ ʜʦʙʨʦʚʽʣʴʥʘ ʧʝʨʝʜʘʯʘ ʢʨʦʚʽ ʪʘ ʽʥʰʠʭ 

ʦʨʛʘʥʽʚ ʣʶʜʠʥʠ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʜʦʧʦʤʦʛʪʠ ʽʥʰʠʤ ʣʶʜʷʤ ʚʠʣʽʢʫʚʘʪʠʩʷ ʽ ʚʠʜʫʞʘʪʠ [1]. ɯʩʥʫʻ 2 ʚʠʜʠ ʜʦʥʦʨʩʪʚʘ: 

ʧʦʩʤʝʨʪʥʝ (ʟʘ ʟʛʦʜʦʶ ʦʩʦʙʠ ʟʘ ʞʠʪʪʷ ʘʙʦ ʯʣʝʥʽʚ ʩʽʤᾷʾ ʧʽʩʣʷ ʾʾ ʩʤʝʨʪʽ) ʽ ʧʨʠʞʠʪʪʻʚʝ (ʟʘ ʟʛʦʜʦʶ ʜʦʥʦʨʘ). 

ʋʢʨʘʾʥʘ ʚʽʜʩʪʘʻ ʥʘ 20ï25 ʨʦʢʽʚ ʫ ʨʦʟʚʠʪʢʫ ʦʨʛʘʥʥʦʾ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ ʯʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʬʽʥʘʥʩʫʚʘʥʥʷ 

ʥʘ ʨʦʟʚʠʪʦʢ ʩʠʩʪʝʤʠ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ, ʚʽʜʩʫʪʥʽʩʪʴ ʻʜʠʥʦʛʦ ʨʝʻʩʪʨʫ ʜʦʥʦʨʽʚ, ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʧʨʝʟʫʤʮʽʾ ʟʛʦʜʠ ʽ 
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ʥʝʟʛʦʜʠ, ʧʝʨʩʧʝʢʪʠʚʠ ʨʦʟʚʠʪʢʫ ʪʨʘʥʩʧʣʘʥʪ-ʢʦʦʨʜʠʥʘʮʽʡʥʦʾ ʩʣʫʞʙʠ, ʧʨʦʙʣʝʤʠ ʥʘʚʯʘʥʥʷ ʪʘ ʧʽʜʛʦʪʦʚʢʠ 

ʣʽʢʘʨʽʚ, ʚʽʜʩʫʪʥʽʩʪʴ ʻʜʠʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʨʝʻʩʪʨʫ ʪʦʱʦ [2]. 

ɿʛʽʜʥʦ ʟ ɿʘʢʦʥʦʤ ʋʢʨʘʾʥʠ çʇʨʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ ʘʥʘʪʦʤʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʣʶʜʠʥʽè [1], 

ʪʨʘʥʩʧʣʘʥʪʦʣʦʛʽʯʥʘ ʜʽʷʣʴʥʽʩʪʴ ʤʘʻ ʙʘʟʫʚʘʪʠʩʷ ʚʠʢʣʶʯʥʦ ʥʘ ʦʩʥʦʚʽ ɭʜʠʥʦʾ ʜʝʨʞʘʚʥʦʾ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ 

ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ ʦʨʛʘʥʽʚ ʽ ʪʢʘʥʠʥ (ɭɼɯʉʊ). 

ʇʨʦʚʝʜʝʥʠʡ ʫ [3] ʘʥʘʣʽʟ ʚʽʜʦʤʠʭ ʤʝʪʦʜʽʚ ʪʘ ʨʽʰʝʥʴ ʧʦʢʘʟʘʚ, ʱʦ ʘʥʽ ʚʽʜʦʤʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʚ 

ʛʘʣʫʟʽ ʜʦʥʦʨʩʪʚʘ ʽ ʪʨʘʥʩʧʣʘʥʪʦʣʦʛʽʾ, ʘʥʽ ʚʽʜʦʤʽ ʩʠʩʪʝʤʠ ʜʣʷ ʛʘʣʫʟʽ ʤʝʜʠʯʥʦʛʦ ʧʨʘʚʘ ʥʝ ʧʨʦʧʦʥʫʶʪʴ ʧʨʘʚʠʣ, 

ʤʝʪʦʜʫ ʪʘ ʤʦʜʫʣʷ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʜʦʥʦʨʩʪʚʘ ʽ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ ʥʘ ʦʩʥʦʚʽ 

ʮʠʚʽʣʴʥʦʛʦ ʧʨʘʚʘ. 

ʅʘ ʜʫʤʢʫ ʘʚʪʦʨʘ, ʘʢʪʫʘʣʴʥʠʤ ʜʣʷ ɭɼɯʉʊ ʤʦʞʝ ʩʪʘʪʠ ʫʩʧʽʰʥʦ ʨʦʟʨʦʙʣʝʥʠʡ ʪʘ ʚʧʨʦʚʘʜʞʝʥʠʡ ʤʦʜʫʣʴ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʜʦʥʦʨʩʪʚʘ ʽ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʮʠʚʽʣʴʥʦʛʦ ʧʨʘʚʘ, ʷʢʠʡ 

ʜʦʧʦʤʦʞʝ ʧʨʠʡʥʷʪʠ ʨʽʰʝʥʥʷ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʘʙʦ ʥʝʤʦʞʣʠʚʦʩʪʽ ʜʦʥʦʨʩʪʚʘ ʪʘ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ ʚ ʪʦʤʫ ʯʠ 

ʽʥʰʦʤʫ ʚʠʧʘʜʢʫ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʮʠʚʽʣʴʥʦ-ʧʨʘʚʦʚʠʭ ʧʽʜʩʪʘʚ. ʊʝʦʨʝʪʠʯʥʠʤ ʧʽʜʨ̌ʫʥʪʷʤ ʜʣʷ ʪʘʢʦʛʦ ʤʦʜʫʣʷ 

ʤʘʶʪʴ ʩʪʘʪʠ ʧʨʘʚʠʣʘ ʽ ʤʝʪʦʜ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʜʦʥʦʨʩʪʚʘ ʽ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ ʥʘ 

ʦʩʥʦʚʽ ʮʠʚʽʣʴʥʦʛʦ ʧʨʘʚʘ, ʨʦʟʨʦʙʣʝʥʥʷ ʷʢʠʭ ʽ ʻ ʤʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ.  

 

ʇʨʘʚʠʣʘ ʪʘ ʤʝʪʦʜ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʜʦʥʦʨʩʪʚʘ ʽ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ ʥʘ 

ʦʩʥʦʚʽ ʮʠʚʽʣʴʥʦʛʦ ʧʨʘʚʘ 

ɸʥʘʣʽʟ ʧʨʝʜʤʝʪʥʦʾ ʛʘʣʫʟʽ ʮʠʚʽʣʴʥʦʛʦ ʧʨʘʚʘ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʜʦʥʦʨʩʪʚʘ ʽ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ, 

ʧʨʦʚʝʜʝʥʠʡ ʫ [3], ʧʦʢʘʟʘʚ, ʱʦ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʧʦʩʤʝʨʪʥʦʛʦ ʜʦʥʦʨʩʪʚʘ ʤʘʶʪʴ ʙʫʪʠ ʚʠʢʦʥʘʥʽ 

ʥʘʩʪʫʧʥʽ ʫʤʦʚʠ:  

1) (ʥʘʷʚʥʘ ʟʛʦʜʘ ʧʦʚʥʦʣʽʪʥʴʦʾ ʜʽʻʟʜʘʪʥʦʾ ʆʩʦʙʠ-ʧʦʪʝʥʮʽʡʥʦʛʦ ʜʦʥʦʨʘ ʥʘ ʚʠʣʫʯʝʥʥʷ ʦʨʛʘʥʽʚ ʧʽʩʣʷ 

ʩʤʝʨʪʽ) ʘʙʦ (ʚʽʜʩʫʪʥʷ ʥʝʟʛʦʜʘ ʧʦʚʥʦʣʽʪʥʴʦʾ ʜʽʻʟʜʘʪʥʦʾ ʆʩʦʙʠ-ʧʦʪʝʥʮʽʡʥʦʛʦ ʜʦʥʦʨʘ ʩʪʘʪʠ ʜʦʥʦʨʦʤ ʧʽʩʣʷ 

ʩʤʝʨʪʽ) ʪʘ (ʥʘʷʚʥʘ ʟʛʦʜʘ ʯʣʝʥʽʚ ʩʽʤôʾ ʧʽʩʣʷ ʩʤʝʨʪʽ ʧʦʚʥʦʣʽʪʥʴʦʾ ʜʽʻʟʜʘʪʥʦʾ ʆʩʦʙʠ-ʧʦʪʝʥʮʽʡʥʦʛʦ ʜʦʥʦʨʘ 

(ʯʦʣʦʚʽʢʘ/ʜʨʫʞʠʥʠ, ʜʽʪʝʡ, ʙʘʪʴʢʽʚ, ʨʽʜʥʠʭ ʙʨʘʪʽʚ ʪʘ ʩʝʩʪʝʨ) ʥʘ ʚʠʣʫʯʝʥʥʷ ʦʨʛʘʥʽʚ ʧʽʩʣʷ ʩʤʝʨʪʽ)) ʘʙʦ (ʥʘʷʚʥʘ 

ʟʛʦʜʘ ʟʘʢʦʥʥʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʥʝʧʦʚʥʦʣʽʪʥʴʦʾ ʆʩʦʙʠ-ʧʦʪʝʥʮʽʡʥʦʛʦ ʜʦʥʦʨʘ ʥʘ ʚʠʣʫʯʝʥʥʷ ʦʨʛʘʥʽʚ ʧʽʩʣʷ 

ʩʤʝʨʪʽ) ʘʙʦ (ʥʘʷʚʥʘ ʟʛʦʜʘ ʟʘʢʦʥʥʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʥʝʜʽʻʟʜʘʪʥʦʾ, ʦʙʤʝʞʝʥʦʾ ʚ ʜʽʻʟʜʘʪʥʦʩʪʽ ʆʩʦʙʠ-

ʧʦʪʝʥʮʽʡʥʦʛʦ ʜʦʥʦʨʘ ʥʘ ʚʠʣʫʯʝʥʥʷ ʦʨʛʘʥʽʚ ʧʽʩʣʷ ʩʤʝʨʪʽ); 

2) ʆʩʦʙʘ-ʧʦʪʝʥʮʽʡʥʠʡ ʜʦʥʦʨ ʥʝ ʻ ʜʠʪʠʥʦʶ-ʩʠʨʦʪʦʶ; 

3) ʆʩʦʙʘ-ʧʦʪʝʥʮʽʡʥʠʡ ʜʦʥʦʨ ʥʝ ʻ ʚʝʪʝʨʘʥʦʤ ɸʊʆ ʪʘ/ʘʙʦ ʆʆʉ; 

4) ʚʩʪʘʥʦʚʣʝʥʦ ʦʩʦʙʫ ʆʩʦʙʠ-ʧʦʪʝʥʮʽʡʥʦʛʦ ʜʦʥʦʨʫ; 

5) ʧʨʦʪʠ ʜʦʥʦʨʩʪʚʘ ʆʩʦʙʠ-ʧʦʪʝʥʮʽʡʥʦʛʦ ʜʦʥʦʨʘ ʥʝ ʚʠʩʪʫʧʘʶʪʴ ʧʨʘʚʦʦʭʦʨʦʥʮʽ ʪʘ/ʘʙʦ 

ʩʫʜʤʝʜʝʢʩʧʝʨʪ ʪʘ/ʘʙʦ ʩʫʜ; 

6) (ʚʽʜʙʫʣʦʩʴ ʧʦʚʥʝ ʽ ʥʝʟʚʦʨʦʪʥʝ ʧʨʠʧʠʥʝʥʥʷ ʚʩʽʭ ʬʫʥʢʮʽʡ ʛʦʣʦʚʥʦʛʦ ʤʦʟʢʫ ʆʩʦʙʠ-ʧʦʪʝʥʮʽʡʥʦʛʦ 

ʜʦʥʦʨʘ (ʧʨʠ ʧʨʘʮʶʶʯʦʤʫ ʩʝʨʮʽ ʪʘ ʰʪʫʯʥʽʡ ʚʝʥʪʠʣʷʮʽʾ ʣʝʛʝʥʴ), ʟʘʩʚʽʜʯʝʥʝ ʢʦʥʩʠʣʽʫʤʦʤ ʣʽʢʘʨʽʚ, ʜʦ ʷʢʦʛʦ ʥʝ 

ʚʭʦʜʠʣʠ ʣʽʢʘʨʽ, ʱʦ ʙʨʘʪʠʤʫʪʴ ʫʯʘʩʪʴ ʫ ʚʠʣʫʯʝʥʥʽ ʘʥʘʪʦʤʽʯʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʾʭ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ, ʘ ʪʘʢʦʞ ʥʝ 

ʚʭʦʜʠʚ ʪʨʘʥʩʧʣʘʥʪ-ʢʦʦʨʜʠʥʘʪʦʨ ʟʘʢʣʘʜʫ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚô̫ ) ʘʙʦ (ʚʽʜʙʫʣʦʩʴ ʥʝʟʚʦʨʦʪʥʝ ʧʨʠʧʠʥʝʥʥʷ 

ʢʨʦʚʦʦʙʽʛʫ ʪʘ ʜʠʭʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʽ ʟôʷʚʠʣʠʩʴ ʨʘʥʥʽ ʪʘ/ʘʙʦ ʧʽʟʥʽ ʪʨʫʧʥʽ ʟʤʽʥʠ ʚ ʆʩʦʙʠ-ʧʦʪʝʥʮʽʡʥʦʛʦ ʜʦʥʦʨʘ). 

ɸʥʘʣʽʟ ʧʨʝʜʤʝʪʥʦʾ ʛʘʣʫʟʽ ʮʠʚʽʣʴʥʦʛʦ ʧʨʘʚʘ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʜʦʥʦʨʩʪʚʘ ʽ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ, 

ʧʨʦʚʝʜʝʥʠʡ ʫ [3], ʧʦʢʘʟʘʚ, ʱʦ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʧʨʠʞʠʪʪʻʚʦʛʦ ʜʦʥʦʨʩʪʚʘ ʤʘʶʪʴ ʙʫʪʠ ʚʠʢʦʥʘʥʽ 

ʥʘʩʪʫʧʥʽ ʫʤʦʚʠ: 

1) (ʥʘʷʚʥʘ ʟʛʦʜʘ ʧʦʚʥʦʣʽʪʥʴʦʾ ʜʽʻʟʜʘʪʥʦʾ ʆʩʦʙʠ-ʧʦʪʝʥʮʽʡʥʦʛʦ ʜʦʥʦʨʘ ʥʘ ʚʠʣʫʯʝʥʥʷ ʾʾ ʦʨʛʘʥʫ 

(ʜʦʟʚʦʣʝʥʦʛʦ ʜʦ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ ʄʆɿ ʋʢʨʘʾʥʠ ʦʜʥʦʛʦ ʟ ʧʘʨʥʠʭ ʦʨʛʘʥʽʚ ʘʙʦ ʯʘʩʪʠʥʠ ʦʨʛʘʥʫ) ʟʘ ʞʠʪʪʷ) ʘʙʦ 

(ʥʘʷʚʥʘ ʟʛʦʜʘ ʟʘʢʦʥʥʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʥʝʧʦʚʥʦʣʽʪʥʴʦʾ ʆʩʦʙʠ-ʧʦʪʝʥʮʽʡʥʦʛʦ ʜʦʥʦʨʘ ʥʘ ʚʠʣʫʯʝʥʥʷ ʾʾ ʦʨʛʘʥʫ 

(ʜʦʟʚʦʣʝʥʦʛʦ ʜʦ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ ʄʆɿ ʋʢʨʘʾʥʠ ʦʜʥʦʛʦ ʟ ʧʘʨʥʠʭ ʦʨʛʘʥʽʚ ʘʙʦ ʯʘʩʪʠʥʠ ʦʨʛʘʥʫ) ʟʘ ʞʠʪʪʷ) ʘʙʦ 

(ʥʘʷʚʥʘ ʟʛʦʜʘ ʟʘʢʦʥʥʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʥʝʜʽʻʟʜʘʪʥʦʾ, ʦʙʤʝʞʝʥʦʾ ʚ ʜʽʻʟʜʘʪʥʦʩʪʽ ʆʩʦʙʠ-ʧʦʪʝʥʮʽʡʥʦʛʦ ʜʦʥʦʨʘ ʥʘ 

ʚʠʣʫʯʝʥʥʷ ʾʾ ʦʨʛʘʥʫ (ʜʦʟʚʦʣʝʥʦʛʦ ʜʦ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ ʄʆɿ ʋʢʨʘʾʥʠ ʦʜʥʦʛʦ ʟ ʧʘʨʥʠʭ ʦʨʛʘʥʽʚ ʘʙʦ ʯʘʩʪʠʥʠ 

ʦʨʛʘʥʫ) ʟʘ ʞʠʪʪʷ); 

2) ʟʘʚʜʘʥʘ ʧʨʠ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ ʰʢʦʜʘ ʆʩʦʙʽ-ʧʦʪʝʥʮʽʡʥʦʤʫ ʜʦʥʦʨʫ ʻ ʤʝʥʰʦʶ, ʥʽʞ ʪʘ, ʱʦ 

ʟʘʛʨʦʞʫʚʘʣʘ ʨʝʮʠʧʽʻʥʪʫ; 

3) ʆʩʦʙʘ-ʧʦʪʝʥʮʽʡʥʠʡ ʜʦʥʦʨ ʥʝ ʻ ʚʘʛʽʪʥʦʶ ʞʽʥʢʦʶ; 

4) ʆʩʦʙʘ-ʧʦʪʝʥʮʽʡʥʠʡ ʜʦʥʦʨ ʥʝ ʻ ʽʥʦʟʝʤʮʝʤ ʘʙʦ ʦʩʦʙʦʶ ʙʝʟ ʛʨʦʤʘʜʷʥʩʪʚʘ, ʷʢʘ ʥʝʟʘʢʦʥʥʦ 

ʧʝʨʝʙʫʚʘʻ ʥʘ ʪʝʨʠʪʦʨʽʾ ʋʢʨʘʾʥʠ; 

5) ʆʩʦʙʘ-ʧʦʪʝʥʮʽʡʥʠʡ ʜʦʥʦʨ ʥʝ ʩʪʨʘʞʜʘʻ ʥʘ ʪʷʞʢʽ ʧʩʠʭʽʯʥʽ ʨʦʟʣʘʜʠ; 

6) ʆʩʦʙʘ-ʧʦʪʝʥʮʽʡʥʠʡ ʜʦʥʦʨ ʥʝ ʤʘʻ ʟʘʭʚʦʨʶʚʘʥʴ, ʱʦ ʤʦʞʫʪʴ ʧʝʨʝʜʘʪʠʩʴ ʨʝʮʠʧʽʻʥʪʫ; 

7) ʆʩʦʙʘ-ʧʦʪʝʥʮʽʡʥʠʡ ʜʦʥʦʨ ʥʝ ʫʪʨʠʤʫʻʪʴʩʷ ʚ ʤʽʩʮʷʭ ʧʦʟʙʘʚʣʝʥʥʷ ʚʦʣʽ; 

8) ʆʩʦʙʘ-ʧʦʪʝʥʮʽʡʥʠʡ ʜʦʥʦʨ ʥʝ ʥʘʜʘʚʘʣʘ ʨʘʥʽʰʝ ʦʨʛʘʥ ʘʙʦ ʡʦʛʦ ʯʘʩʪʠʥʫ ʥʘ ʪʨʘʥʩʧʣʘʥʪʘʮʽʶ; 

9) ʚ ʆʩʦʙʠ-ʧʦʪʝʥʮʽʡʥʦʛʦ ʜʦʥʦʨʘ ʚʠʣʫʯʘʪʠʤʝʪʴʩʷ (ʟ ʤʝʪʦʶ ʧʦʜʘʣʴʰʦʾ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ) ʚʠʢʣʶʯʥʦ 

ʦʜʠʥ ʟ ʧʘʨʥʠʭ ʦʨʛʘʥʽʚ ʘʙʦ ʯʘʩʪʠʥʘ ʦʨʛʘʥʘ ʘʙʦ ʯʘʩʪʠʥʘ ʪʢʘʥʠʥʠ; 

10) ʧʨʦʪʠ ʜʦʥʦʨʩʪʚʘ ʆʩʦʙʠ-ʧʦʪʝʥʮʽʡʥʦʛʦ ʜʦʥʦʨʘ ʥʝ ʚʠʩʪʫʧʘʶʪʴ ʧʨʘʚʦʦʭʦʨʦʥʮʽ ʪʘ/ʘʙʦ 

ʩʫʜʤʝʜʝʢʩʧʝʨʪ ʪʘ/ʘʙʦ ʩʫʜ. 

ɼʝʨʝʚʦ ʨʽʰʝʥʴ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʜʦʥʦʨʩʪʚʘ ʥʘ ʦʩʥʦʚʽ ʮʠʚʽʣʴʥʦʛʦ ʧʨʘʚʘ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1. 
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ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, Τ3, 2022 (309) 15 

ɸʥʘʣʽʟ ʧʨʝʜʤʝʪʥʦʾ ʛʘʣʫʟʽ ʮʠʚʽʣʴʥʦʛʦ ʧʨʘʚʘ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʜʦʥʦʨʩʪʚʘ ʽ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ, 

ʧʨʦʚʝʜʝʥʠʡ ʫ [3], ʧʦʢʘʟʘʚ, ʱʦ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ ʤʘʶʪʴ ʙʫʪʠ ʚʠʢʦʥʘʥʽ ʥʘʩʪʫʧʥʽ 

ʫʤʦʚʠ: 

 

 
ʈʠʩ. 1. ɼʝʨʝʚʦ ʨʽʰʝʥʴ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʜʦʥʦʨʩʪʚʘ ʥʘ ʦʩʥʦʚʽ ʮʠʚʽʣʴʥʦʛʦ ʧʨʘʚʘ 

 

1) ʆʩʦʙʘ-ʨʝʮʠʧʽʻʥʪ ʤʘʻ ʪʘʢʝ ʟʘʭʚʦʨʶʚʘʥʥʷ, ʱʦ ʥʝʤʦʞʣʠʚʦ ʟʙʝʨʝʛʪʠ ʞʠʪʪʷ ʪʘ/ʘʙʦ ʚʽʜʥʦʚʠʪʠ ʾʾ 

ʟʜʦʨʦʚôʷ ʽʥʰʠʤʠ (ʚʽʜʤʽʥʥʠʤʠ ʚʽʜ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ) ʤʝʪʦʜʘʤʠ ʣʽʢʫʚʘʥʥʷ; 

2) ʥʘʷʚʥʽʩʪʴ ʫ ʆʩʦʙʠ-ʨʝʮʠʧʽʻʥʪʘ ʤʝʜʠʯʥʠʭ ʧʦʢʘʟʘʥʴ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ ʚʩʪʘʥʦʚʠʚ 

ʢʦʥʩʠʣʽʫʤ ʣʽʢʘʨʽʚ; 

3) (ʥʘʷʚʥʘ ʧʠʩʴʤʦʚʘ ʟʛʦʜʘ ʧʦʚʥʦʣʽʪʥʴʦʾ ʆʩʦʙʠ-ʨʝʮʠʧʽʻʥʪʘ) ʘʙʦ ((ʥʘʷʚʥʘ ʧʠʩʴʤʦʚʘ ʟʛʦʜʘ ʆʩʦʙʠ-

ʨʝʮʠʧʽʻʥʪʘ ʚʽʢʦʤ ʚʽʜ 15 ʜʦ 18 ʨʦʢʽʚ) ʪʘ (ʥʘʷʚʥʘ ʧʠʩʴʤʦʚʘ ʟʛʦʜʘ ʙʘʪʴʢʽʚ ʘʙʦ ʽʥʰʠʭ ʟʘʢʦʥʥʠʭ ʧʨʝʜʩʪʘʚʥʠʢʽʚ 

ʆʩʦʙʠ-ʨʝʮʠʧʽʻʥʪʘ ʚʽʢʦʤ ʚʽʜ 15 ʜʦ 18 ʨʦʢʽʚ)) ʘʙʦ (ʥʘʷʚʥʘ ʧʠʩʴʤʦʚʘ ʟʛʦʜʘ ʙʘʪʴʢʽʚ ʘʙʦ ʽʥʰʠʭ ʟʘʢʦʥʥʠʭ 

ʧʨʝʜʩʪʘʚʥʠʢʽʚ ʆʩʦʙʠ-ʨʝʮʠʧʽʻʥʪʘ ʚʽʢʦʤ ʜʦ 15 ʨʦʢʽʚ) ʘʙʦ (ʤʘʻ ʤʽʩʮʝ ʥʝʚʽʜʢʣʘʜʥʠʡ ʚʠʧʘʜʦʢ ʟ ʽʩʥʫʚʘʥʥʷʤ 

ʨʝʘʣʴʥʦʾ ʟʘʛʨʦʟʠ ʞʠʪʪʶ ʆʩʦʙʠ-ʨʝʮʠʧʽʻʥʪʘ); 

4) ʆʩʦʙʘ-ʨʝʮʠʧʽʻʥʪ ʧʦʪʨʝʙʫʻ ʦʨʛʘʥʫ ʘʙʦ ʪʢʘʥʠʥʠ, ʪʨʘʥʩʧʣʘʥʪʘʮʽʷ ʷʢʦʛʦ ʜʦʟʚʦʣʝʥʘ ʄʆɿ ʋʢʨʘʾʥʠ; 

5) ʤʘʡʙʫʪʥʶ ʪʨʘʥʩʧʣʘʥʪʘʮʽʶ ʙʫʜʝ ʧʨʦʚʦʜʠʪʠ ʟʘʢʣʘʜ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ ʘʙʦ ʥʘʫʢʦʚʘ ʫʩʪʘʥʦʚʘ, ʷʢʘ 

ʤʘʻ ʧʨʘʚʦ ʾʾ ʧʨʦʚʦʜʠʪʠ. 

ʅʘ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʠʭ ʫʤʦʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʧʨʠʞʠʪʪʻʚʦʛʦ ʪʘ ʧʦʩʤʝʨʪʥʦʛʦ 

ʜʦʥʦʨʩʪʚʘ, ʘ ʪʘʢʦʞ ʫʤʦʚ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ, ʨʦʟʨʦʙʣʝʥʦ 23 ʧʨʘʚʠʣʘ 

ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʜʦʥʦʨʩʪʚʘ ʥʘ ʦʩʥʦʚʽ ʮʠʚʽʣʴʥʦʛʦ ʧʨʘʚʘ ʪʘ 6 ʧʨʘʚʠʣ ʧʽʜʪʨʠʤʢʠ 

ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʮʠʚʽʣʴʥʦʛʦ ʧʨʘʚʘ [3]. 

ʄʝʪʦʜ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʜʦʥʦʨʩʪʚʘ ʥʘ ʦʩʥʦʚʽ ʮʠʚʽʣʴʥʦʛʦ ʧʨʘʚʘ 

ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 2. 

ʄʝʪʦʜ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʮʠʚʽʣʴʥʦʛʦ ʧʨʘʚʘ 

ʩʭʝʤʘʪʠʯʥʦ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʥʘ ʨʠʩ. 3. 

ʇʨʠʢʣʘʜ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʡʙʫʪʥʴʦʛʦ ʤʦʜʫʣʷ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ 

ʜʦʥʦʨʩʪʚʘ ʽ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʮʠʚʽʣʴʥʦʛʦ ʧʨʘʚʘ ʫ ɭʜʠʥʽʡ ʜʝʨʞʘʚʥʽʡ ʽʥʬʦʨʤʘʮʽʡʥʽʡ ʩʠʩʪʝʤʽ 

ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ ʦʨʛʘʥʽʚ ʽ ʪʢʘʥʠʥ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 4. 

ʈʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʜʦʥʦʨʩʪʚʘ ʽ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ ʥʘ 

ʦʩʥʦʚʽ ʮʠʚʽʣʴʥʦʛʦ ʧʨʘʚʘ ʟʘʙʝʟʧʝʯʠʣʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʫʚʘʪʠ ʰʚʠʜʢʫ ʧʝʨʝʚʽʨʢʫ ʚʩʽʭ ʮʠʚʽʣʴʥʦ-ʧʨʘʚʦʚʠʭ 

ʧʽʜʩʪʘʚ ʜʣʷ ʚʥʝʩʝʥʥʷ ʦʩʦʙʠ ʚ ʈʝʻʩʪʨ ʜʦʥʦʨʽʚ ʘʙʦ ʉʧʠʩʦʢ ʦʩʽʙ ʥʘ ʪʨʘʥʩʧʣʘʥʪʘʮʽʶ ʚʽʜʧʦʚʽʜʥʦ. ʊʘʢʘ ʧʝʨʝʚʽʨʢʘ 

ʜʦʟʚʦʣʷʻ ʫʭʚʘʣʶʚʘʪʠ ʙʝʟʧʦʤʠʣʢʦʚʽ (ʟ ʪʦʯʢʠ ʟʦʨʫ ʮʠʚʽʣʴʥʦ-ʧʨʘʚʦʚʠʭ ʧʽʜʩʪʘʚ) ʨʽʰʝʥʥʷ ʧʨʦ ʜʦʥʦʨʩʪʚʦ ʽ 

ʪʨʘʥʩʧʣʘʥʪʘʮʽʶ. ɺʨʘʭʦʚʫʶʯʠ ʩʝʨʡʦʟʥʽʩʪʴ ʪʘʢʠʭ ʨʽʰʝʥʴ, ʜʣʷ ʾʭ ʧʨʠʡʥʷʪʪʷ ʧʦʪʨʽʙʥʦ ʤʽʥʽʤʽʟʫʚʘʪʠ ʚʧʣʠʚ 

ʩʫʙôʻʢʪʠʚʽʟʤʫ ʪʘ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ, ʱʦ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʫʶʪʴ ʨʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ. 
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ʈʠʩ. 4. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʡʙʫʪʥʴʦʛʦ ʤʦʜʫʣʷ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʜʦʥʦʨʩʪʚʘ ʽ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ ʥʘ 

ʦʩʥʦʚʽ ʮʠʚʽʣʴʥʦʛʦ ʧʨʘʚʘ ʫ ɭɼɯʉʊ 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʈʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʜʦʥʦʨʩʪʚʘ ʽ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ ʥʘ 

ʦʩʥʦʚʽ ʮʠʚʽʣʴʥʦʛʦ ʧʨʘʚʘ ʫʥʝʤʦʞʣʠʚʣʶʶʪʴ ʧʨʠʡʥʷʪʪʷ ʥʝʢʦʨʝʢʪʥʠʭ (ʥʝʧʨʘʚʦʤʽʨʥʠʭ) ʨʽʰʝʥʴ ʱʦʜʦ 

ʤʦʞʣʠʚʦʩʪʽ/ʥʝʤʦʞʣʠʚʦʩʪʽ ʜʦʥʦʨʩʪʚʘ ʪʘ/ʘʙʦ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ ʧʽʜʚʠʱʫ ̒

ʨʽʚʝʥʴ ʢʦʨʝʢʪʥʦʩʪʽ ʧʨʠʡʥʷʪʠʭ ʨʽʰʝʥʴ ʱʦʜʦ ʜʦʥʦʨʩʪʚʘ ʪʘ ʱʦʜʦ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ. ʎʽ ʤʝʪʦʜʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 

ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʩʦʥʘʣʫ ʢʣʽʥʽʢ, ʷʢʽ ʟʘʡʤʘʶʪʴʩʷ ʪʨʘʥʩʧʣʘʥʪʘʮʽʷʤʠ, ʢʦʨʝʢʪʥʦ ʬʦʨʤʫʚʘʪʠ ʈʝʻʩʪʨʠ ʜʦʥʦʨʽʚ 

(ʧʨʠʞʠʪʪʻʚʠʭ ʪʘ ʧʦʩʤʝʨʪʥʠʭ) ʪʘ ʉʧʠʩʢʠ ʦʩʽʙ ʥʘ ʪʨʘʥʩʧʣʘʥʪʘʮʽʶ (ʚʽʜ ʧʨʠʞʠʪʪʻʚʠʭ ʪʘ ʧʦʩʤʝʨʪʥʠʭ ʜʦʥʦʨʽʚ 

ʘʙʦ ʚʽʜ ʚʠʢʣʶʯʥʦ ʧʦʩʤʝʨʪʥʠʭ ʜʦʥʦʨʽʚ) ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʚʩʽʭ ʜʽʶʯʠʭ ʥʘʨʘʟʽ ʮʠʚʽʣʴʥʦ-ʧʨʘʚʦʚʠʭ ʧʽʜʩʪʘʚ. 

ʈʦʟʨʦʙʣʝʥʽ ʤʝʪʦʜʠ ʩʪʘʥʜʘʨʪʠʟʫʶʪʴ ʧʨʦʮʝʜʫʨʫ ʚʢʣʶʯʝʥʥʷ ʜʦʥʦʨʽʚ ʜʦ ʈʝʻʩʪʨʫ ʪʘ ʨʝʮʠʧʽʻʥʪʽʚ ʜʦ ʉʧʠʩʢʫ ʥʘ 

ʪʨʘʥʩʧʣʘʥʪʘʮʽʶ, ʟʚʦʜʷʯʠ ʜʦ ʤʽʥʽʤʫʤʫ ʚʧʣʠʚ ʩʫʙôʻʢʪʠʚʽʟʤʫ ʪʘ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ ʧʨʠ ʮʴʦʤʫ. 

ʆʪʞʝ, ʤʦʜʫʣʴ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʜʦʥʦʨʩʪʚʘ ʽ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ ʥʘ ʦʩʥʦʚʽ 

ʮʠʚʽʣʴʥʦʛʦ ʧʨʘʚʘ ʩʠʩʪʝʤʠ ɭɼɯʉʊ, ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʤʝʪʦʜʽʚ, ʫʤʦʞʣʠʚʠʪʴ: ʰʚʠʜʢʫ ʪʘ 

ʘʚʪʦʤʘʪʠʯʥʫ ʧʝʨʝʚʽʨʢʫ ʚʩʽʭ ʮʠʚʽʣʴʥʦ-ʧʨʘʚʦʚʠʭ ʧʽʜʩʪʘʚ ʜʣʷ ʚʥʝʩʝʥʥʷ ʦʩʦʙʠ ʚ ʈʝʻʩʪʨ ʜʦʥʦʨʽʚ ʘʙʦ ʉʧʠʩʦʢ ʦʩʽʙ 

ʥʘ ʪʨʘʥʩʧʣʘʥʪʘʮʽʶ ʚʽʜʧʦʚʽʜʥʦ; ʫʭʚʘʣʝʥʥʷ ʙʝʟʧʦʤʠʣʢʦʚʠʭ (ʟ ʪʦʯʢʠ ʟʦʨʫ ʮʠʚʽʣʴʥʦ-ʧʨʘʚʦʚʠʭ ʧʽʜʩʪʘʚ) ʨʽʰʝʥʴ 

ʧʨʦ ʜʦʥʦʨʩʪʚʦ ʽ ʪʨʘʥʩʧʣʘʥʪʘʮʽʶ; ʤʽʥʽʤʽʟʘʮʽʶ ʚʧʣʠʚʫ ʩʫʙôʻʢʪʠʚʽʟʤʫ ʪʘ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ ʧʨʠ ʫʭʚʘʣʝʥʥʽ 

ʨʽʰʝʥʴ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ/ʥʝʤʦʞʣʠʚʦʩʪʽ ʜʦʥʦʨʩʪʚʘ ʪʘ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ. ɺʽʜʪʘʢ, ʚʘʞʣʠʚʦʶ ʪʘ ʥʘʛʘʣʴʥʦʶ 

ʟʘʜʘʯʝʶ ʥʘʨʘʟʽ ʻ ʨʝʘʣʽʟʘʮʽʷ ʩʧʨʦʝʢʪʦʚʘʥʦʛʦ ʤʦʜʫʣ ̫ ʧʽʜʪʨʠʤʢʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ 

ʜʦʥʦʨʩʪʚʘ ʽ ʪʨʘʥʩʧʣʘʥʪʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʮʠʚʽʣʴʥʦʛʦ ʧʨʘʚʘ. 
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ʄʆɼɽʃʔ ʊɸ ʄɽʊʆɼ ʆʎɯʅʖɺɸʅʅʗ ɼʆʉʊɸʊʅʆʉʊɯ ʄɽɼʀʏʅʀʍ ɼɸʅʀʍ  
 
˙̟̆̓̏ ̅́̎̏̄̏ ̨̠̅̏̒̌̅̇̆̎̎ ̤ ̨̠̐̅̃̉̆̎̎̚ ̨̆̆̋̓̉̃̎̏̒̓̕ ̠̋̆̑̔̃́̎̎ ̘̍̆̅̉̎̉̍̉ ̅́̎̉̍̉ ̙̠̖̌̏̍ 

̠̑̏̈̑̏̂̌̆̎̎ ̍̆̓̏̅̔ ̨̗̟̠̏̎̃́̎̎ ̨̅̏̒̓́̓̎̏̒̓ ̘̖̍̆̅̉̎̉ ̖̅́̎̉ ̐̆̑̆̅ ̨̠̑̏̈̍̆̎̎̍̚ ̩̖ ̔ ̘̂̌̏̋̆̊̎Ȣ ˝̏̈̑̏̂̌̆̎̏ ̨̍̏̅̆̌ 
̂̌̏̋̔ ̘̂̌̏̋̆̊̎̔ȟ ̑́̄̍̆̎̓̔̕ ̘̂̌̏̋̆̊̎̔ ̓́ ̃̔̈̌́ ̘̂̌̏̋̆̊̎̔ȟ ̨̐̑̆̅̒̓́̃̌̆̎ ̔ ̨̏̑̍́̌̈̏̃́̎̏̍̔̕ ̨̠̃̉̄̌̅ȟ ́ ̓́̋̏̇ 
̨̍̏̅̆̌ ̗̐̑̏̆̒̔ ̠̋̆̑̔̃́̎̎ ̘̍̆̅̉̎̉̍̉ ̅́̎̉̍̉ ɉ̨̗̟̠̏̎̃́̎̎ ̨̅̏̒̓́̓̎̏̒̓ ̖̅́̎̉Ɋȟ ̨̠̋ ̤ ̘̓̆̏̑̆̓̉̎̉̍ ̨̢̠̐̅̑̔̎̓̍ ̠̅̌ 
̠̑̏̈̑̏̂̌̆̎̎ ̍̆̓̏̅̔ ̨̗̟̠̏̎̃́̎̎ ̨̅̏̒̓́̓̎̏̒̓ ̘̖̍̆̅̉̎̉ ̖̅́̎̉Ȣ ˝̏̈̑̏̂̌̆̎̏ ̐̑́̃̉̌́ ̠̅̌ ̘̠̃̉̈̎́̆̎̎ ̨̅̏̒̓́̓̎̏̒̓ 
̘̖̍̆̅̉̎̉ ̖̅́̎̉ȟ ̨̠̋ ̘̟̝̈́̂̆̈̐̆̔̓ ̨́̎́̌̈ ̘̖̍̆̅̉̎̉ ̖̅́̎̉ ̎́ ̐̑̆̅̍̆̓ ̨̙̠̃̅̔̋́̎̎ ̨̖̃̒ ̎́̐̆̑̆̅ ̘̖̃̉̈̎́̆̎̉ 
̨̖̖̎̆̏̂̅̎̉ ̨̆̌̆̍̆̎̓̃ ̘̖̍̆̅̉̎̉ ̖̅́̎̉Ƞ ̠̠̐̑̉̊̎̓̓ ̨̙̠̑̆̎̎ ̐̑̏ ̨̝̅̏̒̓́̓̎̒̓ ́̂̏ ̨̝̎̆̅̏̒̓́̓̎̒̓ ̨̨̗̩̎̏̑̍́̕Ƞ 
̠̃̉̃̆̅̆̎̎ ̨̨̖̃̈̔́̌̈̏̃́̎̉ ̨̐̅̋́̈̏̋ȟ ̠̖̋̉ ̨̆̌̆̍̆̎̓̃ ̖̅́̎̉ ̎̆ ̘̤̃̉̒̓́́ȟ ̠̅̌ ̘̠̈́̂̆̈̐̆̆̎̎ ̨̍̏̇̌̉̃̏̒̓ ̙̃̉̅̋̏̄̏ 
̠̅̏̐̏̃̎̆̎̎ ̖̅́̎̉Ƞ ̨̨̝̋̌̋̒̎̔ ̨̗̏̎̋̔ ̨̅̏̒̓́̓̎̏̒̓ ̘̖̍̆̅̉̎̉ ̖̅́̎̉Ȣ ˝̏̈̑̏̂̌̆̎̏ ̍̆̓̏̅ ̨̗̟̠̏̎̃́̎̎ ̨̅̏̒̓́̓̎̏̒̓ 
̘̖̍̆̅̉̎̉ ̖̅́̎̉ȟ ̠̋̉̊ ̘̤̈́̂̆̈̐̆̔ȡ ̨̝̍̏̇̌̉̃̒̓ ̨́̎́̌̈̔ ̍̎̏̇̉̎̉ ̘̖̍̆̅̉̎̉ ̖̅́̎̉ ̎́ ̐̑̆̅̍̆̓ ̩̖ ̨̅̏̒̓́̓̎̏̒̓Ƞ 
̨̝̍̏̇̌̉̃̒̓ ̨̨̝̋̌̋̒̎̏̄̏ ̨̗̟̠̏̎̃́̎̎ ̨̅̏̒̓́̓̎̏̒̓ ̘̖̍̆̅̉̎̉ ̖̅́̎̉Ƞ ̃ ̨̑́̈ ̨̎̆̅̏̒̓́̓̎̏̒̓ ̘̖̍̆̅̉̎̉ ̖̅́̎̉ ̔ 
̨̍̎̏̇̉̎ȟ ̠̏̑̍̔̃́̎̎̕ ̨̗̑̆̋̏̍̆̎̅́̊ ̏̅̏̚ ̠̅̏̐̏̃̎̆̎̎ ̍̎̏̇̉̎̉ ̘̖̍̆̅̉̎̉ ̖̅́̎̉ ɀ ̠̋ ̨̗̋̆̑̃̎̉̓̃̏ȟ ̠̋̔ ̨̨̗̟̎̏̑̍́̕ 
̨̒̌̅ ̅̏̅́̓̉ ̔ ̍̎̏̇̉̎̔ ̘̖̍̆̅̉̎̉ ̖̅́̎̉ ̠̅̌ ̨̍̏̇̌̉̃̏̒̓ ̩̖ ̠̈́̃́̎̓́̇̆̎̎ ̃ ̨̑̏̈̅̌ Ⱥˑ̨́̎ ̂̌̏̋̔Ȼ ̂̌̏̋̔ ̘̂̌̏̋̆̊̎̔Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̘̂̌̏̋̆̊̎-̨̖̠̓̆̎̏̌̏̄ȟ ̂̌̏̋ ̘̂̌̏̋̆̊̎̔ȟ ̨̑̏̈̅̌ ̂̌̏̋̔ ̘̂̌̏̋̆̊̎̔ȟ ̨̘̍̆̅̉̎ ̨̅́̎ȟ ̨̝̅̏̒̓́̓̎̒̓ 
̘̖̍̆̅̉̎̉ ̖̅́̎̉Ȣ 
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MODEL AND METHOD OF ASSESSING THE MEDICAL DATA  SUFFICIENCY   
 

The conducted state-of-the-art on known decisions on the use of blockchain technologies in the construction of information 
technology for medical data management showed that, despite a large number of different solutions, effective methods and solutions for 
medical data management based on blockchain technologies are currently lacking. Thus, improving the efficiency of medical data 
management by developing methods of medical data management based on blockchain technologies is currently an urgent problem. The aim 
of this study is to improve the efficiency of medical data management by developing a method for assessing the sufficiency of medical data 
before placing them in the blockchain. 

Models of blockchain block, blockchain fragment and blockchain node, presented in formalized form, as well as models of medical 
data management process (data sufficiency assessment) are developed, which are the theoretical basis for developing a method of assessing 
the medical data sufficiency. 

Rules for determining the sufficiency of medical data have been developed., which provide analysis of medical data in order to find 
all the predetermined necessary elements of medical data; to decide on the sufficiency or insufficiency of information; output of visualized 
hints, which data elements are missing, to ensure the ability to quickly add data; quantitative assessment of the sufficiency of medical data. 

The paper developed a method for assessing the sufficiency of medical data, which provides: the ability to analyze a variety of 
medical data for their sufficiency; the ability to quantify the sufficiency of medical data; in case of insufficiency of medical data in the set, 
formation of recommendations on supplementing the set of medical data ɀ as a guide, what information should be added to the set of 
medical data to be able to download them to the section "Block data" of blockchain. 

Keywords: blockchain technology, blockchain block, blockchain block section, medical data, medical data sufficiency. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʉʴʦʛʦʜʥʽ ʤʝʜʠʯʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ 4 ʚʠʤʦʛʘʤ: ʝʬʝʢʪʠʚʥʽʩʪʴ, ʙʝʟʧʝʢʘ, 

ʥʦʚʠʟʥʘ ʪʘ ʝʢʦʥʦʤʽʯʥʘ ʚʠʛʦʜʘ [1].  

ɯʥʬʦʨʤʘʮʽʡʥʽ ʩʠʩʪʝʤʠ ʻ ʢʣʶʯʦʚʠʤ ʬʘʢʪʦʨʦʤ ʫʩʧʽʭʫ ʤʝʜʠʯʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ. ɺ 

ʜʘʥʠʡ ʯʘʩ ʙʽʣʴʰʽʩʪʴ ʮʠʭ ʩʠʩʪʝʤ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʛʝʪʝʨʦʛʝʥʥʽ ʪʘ ʚʣʘʩʥʽ ʤʦʜʝʣʽ ʜʘʥʠʭ, ʷʢʽ ʧʝʨʝʰʢʦʜʞʘʶʪʴ 

ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʪʘ ʢʦʤʧʣʝʢʩʥʦʤʫ ʘʥʘʣʽʟʫ ʜʘʥʠʭ ʫ ʥʘʫʢʦʚʠʭ ʮʽʣʷʭ. ʏʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ ʤʝʜʠʯʥʦʾ ʪʝʨʤʽʥʦʣʦʛʽʾ 

ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ ʤʦʜʝʣʝʡ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ʜʫʞʝ ʚʝʣʠʢʘ. ʅʘʨʘʟʽ ʧʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʮʠʭ ʤʦʜʝʣʝʡ 

ʥʝʜʦʩʪʫʧʥʽ ʥʘʫʢʦʚʦʤʫ ʩʧʽʚʪʦʚʘʨʠʩʪʚʫ [2].  

ʉʬʝʨʘ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ ʚ ʋʢʨʘʾʥʽ ʜʘʚʥʦ ʧʦʪʨʝʙʫʻ ʟʤʽʥ, ʽ ʙʝʟʣʽʯ ʤʦʞʣʠʚʦʩʪʝʡ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʽʾ 

(blockchain) ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʾʡ ʦʯʦʣʠʪʠ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʮʽʻʾ ʩʬʝʨʠ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʟʘʟʥʘʯʝʥʠʤ 4-ʤ ʚʠʤʦʛʘʤ. ɼʦʢʘʟʦʤ ʟʨʦʩʪʘʥʥʷ ʟʘʪʨʝʙʫʚʘʥʦʩʪʽ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʝ ʩʣʫʞʠʪʠ ʨʝʟʫʣʴʪʘʪ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʧʨʦʚʝʜʝʥʦʛʦ ʚ ʞʦʚʪʥʽ 2017 ʨʦʢʫ ʢʦʤʘʥʜʦʶ çBlack Bookè [3]. ɺ ʭʦʜʽ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ 

ʦʧʠʪʘʥʦ 88 ʩʧʦʞʠʚʘʯʽʚ ʩʠʩʪʝʤʠ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ (ʩʝʨʝʜ ʥʠʭ ï ʧʨʝʜʩʪʘʚʥʠʢʠ ʩʪʨʘʭʦʚʠʭ ʢʦʤʧʘʥʽʡ, ʩʧʦʞʠʚʘʯʽ 

ʤʝʜʠʯʥʠʭ ʧʦʩʣʫʛ) ʪʘ 276 ʧʦʩʪʘʯʘʣʴʥʠʢʽʚ ʤʝʜʠʯʥʠʭ ʧʦʩʣʫʛ (ʚʽʜʧʦʚʽʜʘʣʴʥʠʭ ʟʘ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ 
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ʬʘʭʽʚʮʽʚ, ʤʝʥʝʜʞʝʨʽʚ ʽ IT-ʬʘʭʽʚʮʽʚ). çBlack Bookè ʚʠʷʚʠʚ, ʱʦ 19% ʢʝʨʽʚʥʠʢʽʚ ʤʝʜʠʯʥʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ ʪʘ 

76% ʧʨʝʜʩʪʘʚʥʠʢʽʚ, ʷʢʽ ʦʧʣʘʯʫʶʪʴ ʤʝʜʠʯʥʽ ʧʦʩʣʫʛʠ, ʨʦʟʛʣʷʜʘʣʠ ʘʙʦ ʚʞʝ ʟʘʩʪʦʩʦʚʫʚʘʣʠ ʨʽʰʝʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʽʾ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʜʚʠʱʝʥʘ ʫʚʘʛʘ ʜʦ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʧʦʜʽʣʝʥʠʭ ʨʝʻʩʪʨʽʚ ʧʨʠʚʝʣʘ ʜʦ 

ʨʦʟʫʤʽʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʽʾ ʚ ʩʠʩʪʝʤʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ. ɹʣʦʢʯʝʡʥ ʚʞʝ ʜʦʚʽʚ 
ʩʚʦʶ ʝʬʝʢʪʠʚʥʽʩʪʴ ʫ ʛʘʣʫʟʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ ʪʘ ʧʨʠʨʦʜʥʠʯʠʭ ʥʘʫʢ, ʜʦʧʦʤʘʛʘʶʯʠ ʟʤʽʮʥʠʪʠ ʜʦʚʽʨʫ ʪʘ 

ʦʧʪʠʤʽʟʫʚʘʪʠ ʩʧʽʚʧʨʘʮʶ. 

ɹʣʦʢʯʝʡʥ ï ʮʝ ʦʜʠʥ ʽʟ ʩʧʦʩʦʙʽʚ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ. ʎʶ ʪʝʭʥʦʣʦʛʽʶ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʟʘʧʠʩʫ ʪʘ ʚʽʜʩʪʝʞʝʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʚʠʜʫ ʽʥʬʦʨʤʘʮʽʾ: ʚʽʜ ʤʝʜʠʯʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʜʦ 

ʧʨʦʚʝʜʝʥʥʷ ʚʠʙʦʨʽʚ [4]. ɹʣʦʢʯʝʡʥ (ʚʽʜ ʘʥʛʣʽʡʩʴʢʦʾ blockchain) ʜʦʩʣʽʚʥʦ ʧʝʨʝʢʣʘʜʘʻʪʴʩʷ ʷʢ ʣʘʥʮʶʛ ʽʟ ʙʣʦʢʽʚ. 

ʋ ʢʦʞʥʦʤʫ ʟ ʪʘʢʠʭ ʙʣʦʢʽʚ ʫ ʮʠʬʨʦʚʦʤʫ ʚʠʛʣʷʜʽ ʟʘʧʠʩʘʥʘ ʪʘ ʯʠ ʽʥʰʘ ʽʥʬʦʨʤʘʮʽʷ. ɹʫʜʴ-ʷʢʠʡ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ 

ʧʝʨʝʛʣʷʥʫʪʠ ʮʶ ʽʥʬʦʨʤʘʮʽʶ, ʘʣʝ ʥʝ ʤʦʞʝ ʾʾ ʟʤʽʥʠʪʠ [5]. 

ʂʦʞʝʥ ʙʣʦʢ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʧʦʧʝʨʝʜʥʽʤ ʪʘ ʥʘʩʪʫʧʥʠʤ ʙʣʦʢʦʤ. ɹʣʦʢʠ ʫʪʚʦʨʶʶʪʴ ʣʘʥʮʶʞʦʢ ʜʘʥʠʭ ʧʦ 

ʤʽʨʽ ʪʦʛʦ, ʷʢ ʨʝʩʫʨʩ ʧʝʨʝʤʽʱʘʻʪʴʩʷ ʟ ʦʜʥʦʛʦ ʤʽʩʮʷ ʜʦ ʽʥʰʦʛʦ ʘʙʦ ʟʤʽʥʶʻ ʚʣʘʩʥʠʢʽʚ. ɹʣʦʢʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ 

ʪʦʯʥʠʡ ʯʘʩ ʪʘ ʧʦʨʷʜʦʢ ʚʠʢʦʥʘʥʥʷ ʪʨʘʥʟʘʢʮʽʡ. ʂʨʽʤ ʪʦʛʦ, ʙʣʦʢʠ ʥʝʨʦʟʨʠʚʥʦ ʟʯʝʧʣʝʥʽ ʦʜʠʥ ʟ ʦʜʥʠʤ, ʱʦ 

ʚʠʢʣʶʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʠ ʙʣʦʢʫ ʘʙʦ ʚʩʪʘʚʢʠ ʤʽʞ ʜʚʦʤʘ ʽʥʰʠʤʠ ʙʣʦʢʘʤʠ [6]. 

ɹʣʦʢʯʝʡʥ ʧʝʨʝʪʚʦʨʠʪʴ ʤʝʜʠʯʥʽ ʧʽʜʧʨʠʻʤʩʪʚʘ ʪʘ ʧʽʜʚʠʱʠʪʴ ʷʢʽʩʪʴ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʜʦʟʚʦʣʷʶʯʠ 

ʨʦʟʚʠʚʘʪʠʩʷ ʥʦʚʠʤ ʝʢʦʩʠʩʪʝʤʘʤ ʪʘ ʥʦʚʠʤ ʙʽʟʥʝʩ-ʤʦʜʝʣʷʤ. ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʦʭʦʨʦʥʫ ʟʜʦʨʦʚôʷ, ʱʦ 

ʟʙʝʨʽʛʘʻʪʴʩʷ ʚ ʙʣʦʢʯʝʡʥʽ, ʤʦʞʝ ʟʤʽʥʠʪʠ ʩʧʦʩʽʙ ʟʙʝʨʽʛʘʥʥʷ ʢʣʽʥʽʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʘ ʪʘʢʦʞ ʪʝ, ʷʢ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʦʙʤʽʥ ʽʥʬʦʨʤʘʮʽʻʶ ʚ ʦʨʛʘʥʽʟʘʮʽʾ, ʟ ʧʘʨʪʥʝʨʘʤʠ ʟ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ, ʧʣʘʪʥʠʢʘʤʠ ʽ, ʛʦʣʦʚʥʝ, ʟ ʧʘʮʽʻʥʪʘʤʠ. 

ɹʣʦʢʯʝʡʥ ʜʝʮʝʥʪʨʘʣʽʟʫʻ ʤʝʜʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʧʽʜʚʠʱʫʶʯʠ ʜʦʩʪʫʧʥʽʩʪʴ, ʝʬʝʢʪʠʚʥʽʩʪʴ, ʧʨʦʟʦʨʽʩʪʴ ʜʘʥʠʭ ʪʘ 

ʜʦʚʽʨʫ ʜʦ ʥʠʭ, ʘʣʝ ʪʘʢʦʞ ʚʠʤʘʛʘʻ ʨʝʪʝʣʴʥʦʛʦ ʧʣʘʥʫʚʘʥʥʷ, ʱʦʙ ʤʘʢʩʠʤʘʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʧʝʨʝʚʘʛʠ, ʷʢʽ ʚʽʥ 

ʧʨʠʥʦʩʠʪʴ [7]. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʙʣʦʢʯʝʡʥʫ ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʟʙʝʨʽʛʘʪʠ ʚʘʞʣʠʚʽ ʤʝʜʠʯʥʽ ʜʘʥʽ, ʦʨʠʛʽʥʘʣʴʥʽʩʪʴ ʷʢʠʭ 

ʤʦʞʥʘ ʧʝʨʝʚʽʨʠʪʠ, ʷʢʱʦ ʻ ʧʽʜʦʟʨʘ ʥʘ ʧʽʜʨʦʙʢʫ. ʂʨʽʤ ʪʦʛʦ, ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʢʨʠʧʪʦʛʨʘʬʽʯʥʽ 

ʘʣʛʦʨʠʪʤʠ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʢʦʥʬʽʜʝʥʮʽʡʥʦʩʪʽ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ (ʥʘʧʨʠʢʣʘʜ, ʟʣʦʚʤʠʩʥʠʢ ʥʝ ʟʤʦʞʝ ʧʨʦʯʠʪʘʪʠ 

ʪʝʢʩʪ, ʷʢʱʦ ʚʽʥ ʚʢʨʘʚ ʜʘʥʽ) [8]. 

ʗʢ ʧʨʘʚʠʣʦ, ʙʽʣʴʰʽʩʪʴ ʜʘʥʠʭ ʚ ʝʣʝʢʪʨʦʥʥʠʭ ʤʝʜʠʯʥʠʭ ʢʘʨʪʢʘʭ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ ʧʽʩʣʷ ʾʭ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʚ ʩʠʩʪʝʤʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʙʣʦʢʯʝʡʥ ʧʦʪʝʥʮʽʡʥʦ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʧʦʣʝʛʰʝʥʥʷ 

ʦʙʤʽʥʫ ʤʝʜʠʯʥʠʤʠ ʜʘʥʠʤʠ. ʈʽʟʥʽ ʤʝʜʠʯʥʽ ʦʨʛʘʥʽʟʘʮʽʾ ʪʘ ʦʢʨʝʤʽ ʦʩʦʙʠ (ʥʘʧʨʠʢʣʘʜ, ʣʽʢʘʨʽ, ʣʽʢʘʨʥʽ, ʤʝʜʠʯʥʽ 

ʣʘʙʦʨʘʪʦʨʽʾ ʪʘ ʩʪʨʘʭʦʚʽ ʢʦʤʧʘʥʽʾ) ʤʦʞʫʪʴ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʝʣʝʢʪʨʦʥʥʠʭ ʤʝʜʠʯʥʠʭ ʢʘʨʪʦʢ, ʱʦ 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʙʣʦʢʯʝʡʥʽ, ʟ ʙʽʣʴʰ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ ʜʦʚʽʨʠ. ɹʣʦʢʯʝʡʥ-ʨʽʰʝʥʥʷ ʧʨʦʧʦʥʫʶʪʴ ʝʬʝʢʪʠʚʥʽ ʧʽʜʭʦʜʠ 

ʜʦ ʥʘʜʽʡʥʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʤʝʜʠʯʥʠʤʠ ʜʘʥʠʤʠ, ʢʦʣʠ ʟʙʝʨʽʛʘʶʪʴʩʷ ʪʘ ʦʙʨʦʙʣʷʶʪʴʩʷ ʢʦʥʬʽʜʝʥʮʽʡʥʽ ʜʘʥʽ 

ʧʘʮʽʻʥʪʽʚ. ɿʚʽʩʥʦ, ʜʣʷ ʫʩʧʽʰʥʦʛʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʙʣʦʢʯʝʡʥ ʚ ʫʧʨʘʚʣʽʥʥʷ ʤʝʜʠʯʥʠʤʠ ʜʘʥʠʤʠ 

ʚʘʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʟʛʦʜʫ ʣʽʢʘʨʽʚ ʽ ʧʘʮʽʻʥʪʽʚ. ʅʘʨʘʟʽ ʙʘʛʘʪʦ ʽʥʩʪʠʪʫʮʽʡʥʠʭ ʪʘ ʧʨʦʤʠʩʣʦʚʠʭ ʟʘʢʣʘʜʽʚ ʚʞʝ 

ʚʠʟʥʘʣʠ ʚʘʞʣʠʚʽʩʪʴ ʪʝʭʥʦʣʦʛʽʾ ʜʣʷ ʩʝʢʪʦʨʘ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ, ʘ ʪʘʢʦʞ ʩʬʦʨʤʫʣʶʚʘʣʠ ʦʩʥʦʚʥʽ ʽʜʝʾ, ʢʦʥʮʝʧʮʽʾ 

ʪʘ ʦʩʥʦʚʥʽ ʚʘʨʽʘʥʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ [9]. 

ɺʽʜʪʘʢ, ʥʘʨʘʟʽ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʜʣʷ ʋʢʨʘʾʥʠ ʻ ʧʦʪʨʝʙʘ ʫ ʢʝʨʫʚʘʥʥʽ ʤʝʜʠʯʥʠʤʠ ʜʘʥʠʤʠ ʥʘ ʦʩʥʦʚʽ 

ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʽʡ. 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʢʝʨʫʚʘʥʥʷ ʤʝʜʠʯʥʠʤʠ ʜʘʥʠʤʠ: ʦʮʽʥʶʚʘʥʥʷ ʜʦʩʪʘʪʥʦʩʪʽ 

ɺ ʧʨʦʮʝʩʽ ʢʝʨʫʚʘʥʥʷ ʤʝʜʠʯʥʠʤʠ ʜʘʥʠʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʽʡ ʤʝʜʠʯʥʽ ʜʘʥʽ ʙʫʜʫʪʴ 

ʨʦʟʪʘʰʦʚʫʚʘʪʠʩʴ ʚ ʙʣʦʢʘʭ ʙʣʦʢʯʝʡʥʫ. ʊʦʤʫ ʜʣʷ ʧʦʯʘʪʢʫ ʨʦʟʛʣʷʥʝʤʦ ʩʪʨʫʢʪʫʨʫ ʙʣʦʢʫ ʙʣʦʢʯʝʡʥʫ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʟʘʛʦʣʦʚʦʢ ʙʣʦʢʫ ʙʣʦʢʯʝʡʥʫ ʤʽʩʪʠʪʴ ʜʘʪʫ ʪʘ ʯʘʩ, ʚʝʨʩʽʶ, ʤʝʪʘʜʘʥʽ, ʮʠʬʨʦʚʽ ʧʽʜʧʠʩʠ ʩʪʦʨʽʥ, 

ʚʣʘʩʥʠʡ ʟʘʰʠʬʨʦʚʘʥʠʡ ʢʦʜ, ʭʝʰ ʧʦʧʝʨʝʜʥʴʦʛʦ ʙʣʦʢʫ, ʧʨʝʜʩʪʘʚʠʤʦ ʪʘʢʠʡ ʙʣʦʢ ʫ ʥʘʩʪʫʧʥʦʤʫ 

ʬʦʨʤʘʣʽʟʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ ï ʫ ʚʠʛʣʷʜʽ ʢʦʨʪʝʞʫ ʡʦʛʦ ʝʣʝʤʝʥʪʽʚ: 

 

            >>=<=< DhbdsecmdvtdDHB ),,,,,,,(,                                                         (1) 

 

ʜʝ H  ï ʟʘʛʦʣʦʚʦʢ ʙʣʦʢʫ, D  ï ʜʘʥʽ ʙʣʦʢʫ, d  ï ʜʘʪʘ, t  ï ʯʘʩ, v  ï ʚʝʨʩʽʷ, md  ï ʤʝʪʘʜʘʥʽ, ec ï ʚʣʘʩʥʠʡ 

ʟʘʰʠʬʨʦʚʘʥʠʡ ʢʦʜ, ds ï ʮʠʬʨʦʚʽ ʧʽʜʧʠʩʠ ʩʪʦʨʽʥ, hb ï ʭʝʰ ʧʦʧʝʨʝʜʥʴʦʛʦ ʙʣʦʢʫ. 

ɹʣʦʢʯʝʡʥ ï ʮʝ ʣʘʥʮʶʛ ʽʟ ʙʣʦʢʽʚ. ʂʦʞʝʥ ʙʣʦʢ ʧʦʚ'ʷʟʘʥʠʡ ʟ ʧʦʧʝʨʝʜʥʽʤ ʪʘ ʥʘʩʪʫʧʥʠʤ ʙʣʦʢʦʤ. ɹʣʦʢʠ 

ʥʝʨʦʟʨʠʚʥʦ ʟʯʝʧʣʝʥʽ ʦʜʠʥ ʟ ʦʜʥʠʤ, ʱʦ ʚʠʢʣʶʯʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʠ ʙʣʦʢʫ ʘʙʦ ʚʩʪʘʚʢʠ ʤʽʞ ʜʚʦʤʘ ʙʣʦʢʘʤʠ. 

ʊʦʤʫ ʧʨʝʜʩʪʘʚʠʤʦ ʬʨʘʛʤʝʥʪ ʙʣʦʢʯʝʡʥʫ ʫ ʬʦʨʤʘʣʽʟʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ ï ʫ ʚʠʛʣʷʜʽ ʤʥʦʞʠʥʠ ʢʦʨʪʝʞʽʚ, ʷʢʽ 

ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʙʣʦʢʠ ʙʣʦʢʯʝʡʥʫ: 
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ʜʝ ʥʦʤʝʨ ʝʣʝʤʝʥʪʫ hb ʚʢʘʟʫʻ, ʱʦ ʮʝ ʭʝʰ ʩʘʤʝ ʧʦʧʝʨʝʜʥʴʦʛʦ ʙʣʦʢʫ. 

ɹʣʦʢʠ ʙʣʦʢʯʝʡʥʫ ʟʙʝʨʽʛʘʶʪʴʩʷ ʫ ʚʫʟʣʘʭ, ʷʢʽ ʜʦʧʦʤʘʛʘʶʪʴ ʩʠʥʭʨʦʥʽʟʫʚʘʪʠ ʪʘ ʩʚʦʻʯʘʩʥʦ ʦʥʦʚʣʶʚʘʪʠ 

ʜʘʥʽ ʜʣʷ ʚʩʽʭ ʫʯʘʩʥʠʢʽʚ. ʂʨʽʤ ʙʣʦʢʽʚ, ʫ ʚʫʟʣʘʭ ʟʙʝʨʽʛʘʶʪʴʩʷ  ʢʦʤʧʣʝʢʩʠ ʤʘʪʝʤʘʪʠʯʥʠʭ ʟʘʚʜʘʥʴ ʜʣʷ ʟʤʽʥʠ 

ʙʣʦʢʫ ï ʪʘʢ ʟʚʘʥʽ Proof-of-Work tasks, ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʫʩʢʣʘʜʥʝʥʥʷ ʧʨʦʮʝʩʫ ʜʦʢʘʟʫ ʽ ʟʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʢʠ 

ʙʣʦʢʯʝʡʥʫ.  

ɺ ʤʝʨʝʞʽ ʙʣʦʢʯʝʡʥʫ ʟʙʝʨʽʛʘʻʪʴʩʷ ʪʘʢʦʞ  ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪ ï ʥʘʙʽʨ ʧʨʘʚʠʣ ʜʣʷ ʧʨʠʩʢʦʨʝʥʥʷ ʪʨʘʥʟʘʢʮʽʡ, 

ʷʢʽ ʚʠʢʦʥʫʶʪʴʩʷ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ.  

ɺʨʘʭʦʚʫʶʯʠ ʚʠʱʝʚʠʢʣʘʜʝʥʝ, ʧʨʝʜʩʪʘʚʠʤʦ ʚʫʟʦʣ ʙʣʦʢʯʝʡʥʫ ʫ ʥʘʩʪʫʧʥʦʤʫ ʬʦʨʤʘʣʽʟʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ: 
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ʜʝ T  ï ʤʥʦʞʠʥʘ Proof-of-Work tasks. 

ɺ ʧʨʦʮʝʩʽ ʢʝʨʫʚʘʥʥʷ ʤʝʜʠʯʥʠʤʠ ʜʘʥʠʤʠ ʩʣʽʜ ʧʦʻʜʥʘʪʠ ʥʘʷʚʥʽ ʚ ʤʝʜʠʯʥʠʭ ʫʩʪʘʥʦʚʘʭ ʤʝʜʠʯʥʽ ʜʘʥʽ, 

ʷʢʠʤʠ ʩʣʽʜ ʦʙʤʽʥʶʚʘʪʠʩʴ ʟ ʽʥʰʠʤʠ ʤʝʜʠʯʥʠʤʠ (ʽ ʥʝ ʪʽʣʴʢʠ) ʫʩʪʘʥʦʚʘʤʠ, ʽʟ ʤʝʨʝʞʝʶ ʙʣʦʢʯʝʡʥʫ ʟ ʤʝʪʦʶ 

ʦʨʛʘʥʽʟʘʮʽʾ ʟʘʭʠʩʪʫ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ/ 

ɿʘʟʚʠʯʘʡ, ʤʝʜʠʯʥʠʤʠ ʜʘʥʠʤʠ ʚʚʘʞʘʶʪʴ ʪʽʣʴʢʠ ʪʽ ʜʘʥʽ, ʱʦ ʦʪʨʠʤʫʶʪʴ ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʮʽʻʥʪʘ. ʂʽʣʴʢʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʘʮʽʻʥʪʘ ʯʠʤʘʣʘ (ʽ ʥʝ ʟʘʣʝʞʠʪʴ, ʯʠ ʡʜʝ ʤʦʚʘ ʧʨʦ ʭʚʦʨʫ ʘʙʦ 

ʟʜʦʨʦʚʫ ʣʶʜʠʥʫ). 

ɼʣʷ ʙʽʣʴʰʦʩʪʽ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ʭʘʨʘʢʪʝʨʥʽ ʥʘʩʪʫʧʥʽ ʦʩʦʙʣʠʚʦʩʪʽ: ʥʝʯʽʪʢʽʩʪʴ; ʥʝʫʟʛʦʜʞʝʥʽʩʪʴ 

ʪʝʨʤʽʥʦʣʦʛʽʾ; ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʷʢʽʩʥʠʭ ʦʟʥʘʢ, ʷʢʽ ʩʫʙôʻʢʪʠʚʥʦ ʦʮʽʥʶʶʪʴ ʩʪʘʥ ʭʚʦʨʦʛʦ; ʚʽʜʩʫʪʥʽʩʪʴ ʻʜʠʥʠʭ 

ʘʣʛʦʨʠʪʤʽʚ ʦʧʠʩʫ ʩʪʘʥʫ ʧʘʮʽʻʥʪʘ; ʚʽʜʩʫʪʥʽʩʪʴ ʻʜʠʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʦʧʠʩʫ ʜʽʘʛʥʦʩʪʠʯʥʦʛʦ ʽ ʣʽʢʫʚʘʣʴʥʦʛʦ 

ʧʨʦʮʝʩʽʚ; ʥʝʜʦʩʪʘʪʥʽʡ ʨʽʚʝʥʴ ʩʪʘʥʜʘʨʪʠʟʘʮʽʾ ʤʝʜʠʯʥʦʾ ʜʦʢʫʤʝʥʪʘʮʽʾ; ʟʥʘʯʥʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ.  

ʊʦʤʫ ʩʣʽʜ ʦʮʽʥʠʪʠ ʜʦʩʪʘʪʥʽʩʪʴ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ, ʧʝʨʰ ʥʽʞ ʟʘʥʦʩʠʪʠ ʾʭ ʚ ʨʦʟʜʽʣ çɼʘʥʽ ʙʣʦʢʫè ʙʣʦʢʫ 
ʙʣʦʢʯʝʡʥʫ. ɼʦʩʪʘʪʥʽʩʪʴ ï ʟʤʽʩʪʦʚʥʘ ʧʦʚʥʦʪʘ ʥʘʙʦʨʫ ʧʦʢʘʟʥʠʢʽʚ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ. ɼʦʩʪʘʪʥʽʩʪʴ 

(ʧʦʚʥʦʪʘ) ʽʥʬʦʨʤʘʮʽʾ ʦʟʥʘʯʘʻ, ʱʦ ʤʽʩʪʠʪʴ ʤʽʥʽʤʘʣʴʥʠʡ, ʘʣʝ ʜʦʩʪʘʪʥʽʡ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʧʨʘʚʠʣʴʥʦʛʦ ʨʽʰʝʥʥʷ 

ʩʢʣʘʜ (ʥʘʙʽʨ ʧʦʢʘʟʥʠʢʽʚ). ʇʦʥʷʪʪʷ ʧʦʚʥʦʪʠ ʽʥʬʦʨʤʘʮʽʾ ʧʦʚ'ʷʟʘʥʝ ʟ ʾʾ ʟʤʽʩʪʦʤ (ʩʝʤʘʥʪʠʢʦʶ) ʪʘ ʧʨʘʛʤʘʪʠʢʦʶ. 

ʗʢ ʥʝʧʦʚʥʘ, ʪʦʙʪʦ ʥʝʜʦʩʪʘʪʥʷ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʧʨʘʚʠʣʴʥʦʛʦ ʨʽʰʝʥʥʷ, ʪʘʢ ʽ ʥʘʜʤʽʨʥʘ ʽʥʬʦʨʤʘʮʽʷ ʟʥʠʞʫʻ 

ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʠʡʥʷʪʠʭ ʢʦʨʠʩʪʫʚʘʯʝʤ ʨʽʰʝʥʴ. ʇʦʚʥʦʪʘ ʽʥʬʦʨʤʘʮʽʾ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʭʘʨʘʢʪʝʨʠʟʫʻ ʷʢʽʩʪʴ 

ʽʥʬʦʨʤʘʮʽʾ ʪʘ ʚʠʟʥʘʯʘʻ ʜʦʩʪʘʪʥʽʩʪʴ ʜʘʥʠʭ ʜʣʷ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʘʙʦ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʜʘʥʠʭ ʟ 

ʫʨʘʭʫʚʘʥʥʷʤ ʥʘʷʚʥʠʭ. ʏʠʤ ʧʦʚʥʽʰʽ ʜʘʥʽ, ʪʠʤ ʰʠʨʰʠʡ ʜʽʘʧʘʟʦʥ ʤʝʪʦʜʽʚ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ, ʪʠʤ 

ʧʨʦʩʪʽʰʝ ʧʽʜʽʙʨʘʪʠ ʤʝʪʦʜ, ʱʦ ʚʥʦʩʠʪʴ ʤʽʥʽʤʫʤ ʧʦʭʠʙʦʢ ʫ ʭʽʜ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʧʨʦʮʝʩʫ. ɺʽʜʪʘʢ ʛʦʣʦʚʥʦʶ 

ʫʤʦʚʦʶ ʜʣʷ ʮʴʦʛʦ ʻ ʨʦʟʫʤʽʥʥʷ ʪʦʛʦ, ʱʦ ʩʘʤʝ (ʷʢʽ ʩʘʤʝ ʦʙʦʚôʷʟʢʦʚʽ ʝʣʝʤʝʥʪʠ) ʤʘʻ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ 

ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʩʣʽʜ ʟʘʥʝʩʪʠ ʚ ʨʦʟʜʽʣ çɼʘʥʽ ʙʣʦʢʫè ʙʣʦʢʫ ʙʣʦʢʯʝʡʥʫ. 

ʇʨʦʮʝʩ ʦʮʽʥʶʚʘʥʥʷ ʜʦʩʪʘʪʥʦʩʪʽ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ʧʦʣʷʛʘʻ ʫ: 

1) ʘʥʘʣʽʟʽ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ʥʘ ʧʨʝʜʤʝʪ ʚʽʜʰʫʢʘʥʥʷ ʚʩʽʭ ʥʘʧʝʨʝʜ ʚʠʟʥʘʯʝʥʠʭ ʥʝʦʙʭʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ; 

2) ʧʨʠʡʥʷʪʪʽ ʨʽʰʝʥʥʷ ʧʨʦ ʜʦʩʪʘʪʥʽʩʪʴ ʘʙʦ ʥʝʜʦʩʪʘʪʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ï ʷʢʱʦ ʚʩʽ ʥʘʧʝʨʝʜ ʚʠʟʥʘʯʝʥʽ 

ʥʝʦʙʭʽʜʥʽ ʝʣʝʤʝʥʪʠ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ʥʘʷʚʥʽ, ʪʦ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʰʝʥʥʷ ʧʨʦ ʜʦʩʪʘʪʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʽ 

ʤʦʞʣʠʚʽʩʪʴ ʟʘʥʝʩʝʥʥʷ ʾʭ ʚ ʨʦʟʜʽʣ çɼʘʥʽ ʙʣʦʢʫè ʙʣʦʢʫ ʙʣʦʢʯʝʡʥʫ; ʷʢʱʦ ʥʝ ʚʩʽ ʥʘʧʝʨʝʜ ʚʠʟʥʘʯʝʥʽ ʥʝʦʙʭʽʜʥʽ 

ʝʣʝʤʝʥʪʠ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ʥʘʷʚʥʽ, ʪʦ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʰʝʥʥʷ ʧʨʦ ʥʝʜʦʩʪʘʪʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʽ ʜʦʧʦʚʥʝʥʥʷ ʜʘʥʠʭ 

ʧʝʨʝʜ ʟʘʥʝʩʝʥʥʷʤ ʾʭ ʚ ʨʦʟʜʽʣ çɼʘʥʽ ʙʣʦʢʫè ʙʣʦʢʫ ʙʣʦʢʯʝʡʥʫ; 

3) ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʰʚʠʜʢʦʛʦ ʜʦʧʦʚʥʝʥʥʷ ʜʘʥʠʭ ʚʠʚʦʜʷʪʴʩʷ ʧʽʜʢʘʟʢʠ ʩʪʦʩʦʚʥʦ ʪʦʛʦ, ʷʢʽ ʩʘʤʝ 

ʥʝʦʙʭʽʜʥʽ ʝʣʝʤʝʥʪʠ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ʚʽʜʩʫʪʥʽ, ʷʢ ʢʝʨʽʚʥʠʮʪʚʦ, ʷʢʽ ʝʣʝʤʝʥʪʠ ʜʘʥʠʭ ʩʣʽʜ ʜʦʜʘʪʠ ʜʣʷ 

ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚ ʨʦʟʜʽʣ çɼʘʥʽ ʙʣʦʢʫè ʙʣʦʢʫ ʙʣʦʢʯʝʡʥʫ. 
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ɼʦʜʘʪʢʦʚʦ ʤʦʞʝ ʙʫʪʠ ʦʙʯʠʩʣʝʥʘ ʢʽʣʴʢʽʩʥʘ ʦʮʽʥʢʘ ʜʦʩʪʘʪʥʦʩʪʽ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ʟʘ ʬʦʨʤʫʣʦʶ: 

md

amd
smd= ,                                                                   (4) 

ʜʝ amd ï ʢʽʣʴʢʽʩʪʴ ʜʦʩʪʫʧʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ, md  ï ʥʝʦʙʭʽʜʥʘ ʢʽʣʴʢʽʩʪʴ ʝʣʝʤʝʥʪʽʚ ʤʝʜʠʯʥʠʭ 

ʜʘʥʠʭ. 

ʄʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʜʦʩʪʘʪʥʦʩʪʽ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ 

ɼʘʥʽ ʙʣʦʢʫ D ʻ ʤʥʦʞʠʥʦʶ ʟʘʧʠʩʽʚ: },...,
2

,
1

{
k

dddD= . ɯʥʜʠʚʽʜʫʘʣʴʥʠʡ ʟʘʧʠʩ ʚ ʤʥʦʞʠʥʽ ʤʝʜʠʯʥʠʭ 

ʜʘʥʠʭ ʩʧʨʠʡʤʘʻʪʴʩʷ ʷʢ ʩʠʩʪʝʤʘ ʽʟ ʪʨʴʦʭ ʝʣʝʤʝʥʪʽʚ (ʪʨʽʘʜʘ) ï ʪʠʧ, ʯʘʩ ʽ ʷʢʽʩʪʴ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʥʘʩʪʫʧʥʦʤʫ 

ʬʦʨʤʘʣʽʟʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ ʫ ʚʠʛʣʷʜʽ ʪʨʽʡʦʢ: 

>=<
i

dq
i

dtm
i

dtp
i

d ,, ,                                                             (5) 

ʜʝ 
i

dtp  ï ʪʠʧ ʜʘʥʠʭ (ʪʠʧ ʜʘʥʠʭ ʤʦʞʝ ʙʫʪʠ ʜʠʥʘʤʽʯʥʠʤ ï ʥʘʧʨʠʢʣʘʜ, ʘʥʘʣʽʟ ʢʨʦʚʽ, ʘʙʦ ʩʪʘʪʠʯʥʠʤ ï ʛʝʥʦʤ, 

ʚʽʜʙʠʪʢʠ ʧʘʣʴʮʽʚ); 
i

dtm  ï ʯʘʩ ʜʘʥʠʭ, ʜʘʪʘ, ʢʦʣʠ ʮʽ ʜʘʥʽ ʙʫʣʦ ʦʪʨʠʤʘʥʦ; 
i

dq  ï ʷʢʽʩʪʴ ʜʘʥʠʭ, ʜʝ ʚʨʘʭʦʚʫʻʪʴʩʷ 

çʪʝʨʤʽʥ ʧʨʠʜʘʪʥʦʩʪʽè ʽʥʬʦʨʤʘʮʽʾ ʯʠ ʘʥʘʣʽʟʽʚ ï ʯʠʤ ʚʦʥʘ ʚʠʱʘ, ʪʠʤ ʮʽʥʥʽʰʘ ʽʥʬʦʨʤʘʮʽʷ; ʥʘʧʨʠʢʣʘʜ, ʨʝʟʫʣʴʪʘʪ 

ʧʝʨʝʚʽʨʢʠ ʥʘ ʭʦʣʝʩʪʝʨʠʥ ʜʽʻ ʧʽʚʨʦʢʫ, ʘ ʛʝʥʝʪʠʯʥʠʡ ʪʝʩʪ ï ʚʩʝ ʞʠʪʪʷ; ki ..1= , k  ï ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʩʽʚ ʚ ʤʥʦʞʠʥʽ 

ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʛʦʪʫʶʪʴʩʷ ʜʦ ʟʘʥʝʩʝʥʥʷ ʫ ʙʣʦʢ ʙʣʦʢʯʝʡʥʫ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʜʘʥʽ ʙʣʦʢʫ D ʻ ʤʥʦʞʠʥʦʶ ʟʘʧʠʩʽʚ: },...,
2

,
1

{
k

dddD= , ʘ  ʽʥʜʠʚʽʜʫʘʣʴʥʠʡ ʟʘʧʠʩ ʚ 

ʤʥʦʞʠʥʽ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ʩʧʨʠʡʤʘʻʪʴʩʷ ʷʢ ʩʠʩʪʝʤʘ ʽʟ ʪʨʴʦʭ ʝʣʝʤʝʥʪʽʚ, ʱʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʬʦʨʤʫʣʦʶ (5), ʪʦʜʽ 

ʝʪʘʣʦʥʥʽ ʤʝʜʠʯʥʽ ʜʘʥʽ ʧʨʝʜʩʪʘʚʠʤʦ ʫ ʚʠʛʣʷʜʽ ʤʥʦʞʠʥʠ: 
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ʅʘʷʚʥʘ ʞ ʤʥʦʞʠʥʘ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʧʣʘʥʫʶʪʴʩʷ ʜʦ ʟʘʥʝʩʝʥʥʷ ʫ ʙʣʦʢ ʙʣʦʢʯʝʡʥʫ, ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʤʘʪʨʠʮʽ: 
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= ,                                               (7) 

ʜʝ ʝʣʝʤʝʥʪʠ 
avi

dtp , 
avi

dtm , 
avi

dq  ( ki ..1= ; k  ï ʢʽʣʴʢʽʩʪʴ ʟʘʧʠʩʽʚ ʚ ʤʥʦʞʠʥʽ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʛʦʪʫʶʪʴʩʷ ʜʦ 

ʟʘʥʝʩʝʥʥʷ ʫ ʙʣʦʢ ʙʣʦʢʯʝʡʥʫ)  ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʩʫʪʥʽ, ʷʢʱʦ ʤʝʜʠʯʥʽ ʜʘʥʽ ʫ ʤʥʦʞʠʥʽ ʻ ʥʝʜʦʩʪʘʪʥʽʤʠ. 

ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʚʩʽ ʥʘʚʝʜʝʥʽ ʫ ʬʦʨʤʫʣʽ (6) ʝʣʝʤʝʥʪʠ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ʻ ʦʙʦʚôʷʟʢʦʚʠʤʠ ʟ ʪʦʯʢʠ ʟʦʨʫ 

ʜʦʩʪʘʪʥʦʩʪʽ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ, ʪʦ ʧʨʘʚʠʣʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʩʪʘʪʥʦʩʪʽ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

1) ʷʢʱʦ ʚ i-ʤʫ ʟʘʧʠʩʽ ʜʘʥʠʭ ʤʥʦʞʠʥʠ avD  ( ki ..1= ) ʥʘʷʚʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʪʠʧ ʜʘʥʠʭ (ʥʘʷʚʥʠʡ 

ʝʣʝʤʝʥʪ 
avi

dtp ), ʪʦ: 1+=sdtpsdtp  ʪʘ b[ i,1]= 1, ʽʥʘʢʰʝ b[ i,1]= 0;  

2) ʷʢʱʦ ʚ i-ʤʫ ʟʘʧʠʩʽ ʜʘʥʠʭ ʤʥʦʞʠʥʠ avD  ( ki ..1= ) ʥʘʷʚʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʯʘʩ ʜʘʥʠʭ (ʥʘʷʚʥʠʡ 

ʝʣʝʤʝʥʪ 
avi

dtm ), ʪʦ: 1+=sdtmsdtm  ʪʘ b[ i,2]= 1, ʽʥʘʢʰʝ b[ i,2]= 0; 

3) ʷʢʱʦ ʚ i-ʤʫ ʟʘʧʠʩʽ ʜʘʥʠʭ ʤʥʦʞʠʥʠ avD  ( ki ..1= ) ʥʘʷʚʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʷʢʽʩʪʴ ʜʘʥʠʭ (ʥʘʷʚʥʠʡ 

ʝʣʝʤʝʥʪ 
avi

dq ), ʪʦ: 1+=sdqsdq  ʪʘ b[ i,3]= 1, ʽʥʘʢʰʝ b[ i,3]= 0. 

ɺʨʘʭʦʚʫʶʯʠ ʦʩʦʙʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʤʘʪʨʠʮʽ B, ʧʨʘʚʠʣʘ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ 

ʜʦʧʦʚʥʝʥʥʷ ʤʥʦʞʠʥʠ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ʤʘʶʪʴ ʚʠʛʣʷʜ: 

1) ʷʢʱʦ b[ i,1]= 0, ʪʦ ʢʦʨʠʩʪʫʚʘʯʫ ʥʘʜʘʻʪʴʩʷ ʨʝʢʦʤʝʥʜʘʮʽʷ ʱʦʜʦ ʜʦʧʦʚʥʝʥʥʷ i-ʛʦ ʟʘʧʠʩʫ ʜʘʥʠʭ ʙʣʦʢʫ 

( ki ..1= ) ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʪʠʧ ʜʘʥʠʭ;  

2) ʷʢʱʦ b[ i,2]= 0, ʪʦ ʢʦʨʠʩʪʫʚʘʯʫ ʥʘʜʘʻʪʴʩʷ ʨʝʢʦʤʝʥʜʘʮʽʷ ʱʦʜʦ ʜʦʧʦʚʥʝʥʥʷ i-ʛʦ ʟʘʧʠʩʫ ʜʘʥʠʭ ʙʣʦʢʫ 

( ki ..1= ) ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʯʘʩ ʜʘʥʠʭ; 
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3) ʷʢʱʦ b[ i,3]= 0, ʪʦ ʢʦʨʠʩʪʫʚʘʯʫ ʥʘʜʘʻʪʴʩʷ ʨʝʢʦʤʝʥʜʘʮʽʷ ʱʦʜʦ ʜʦʧʦʚʥʝʥʥʷ i-ʛʦ ʟʘʧʠʩʫ ʜʘʥʠʭ ʙʣʦʢʫ 

( ki ..1= ) ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʷʢʽʩʪʴ ʜʘʥʠʭ. 

ʊʦʜʽ ʤʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʜʦʩʪʘʪʥʦʩʪʽ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʢʨʦʢʽʚ: 

1) ʘʥʘʣʽʟ ʤʥʦʞʠʥʠ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ avD  ʧʝʨʝʜ ʟʘʥʝʩʝʥʥʷʤ ʾʭ ʫ ʨʦʟʜʽʣ çɼʘʥʽ ʙʣʦʢʫè ʙʣʦʢʫ 

ʙʣʦʢʯʝʡʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʦʞʥʦʛʦ ʟ ʨʦʟʨʦʙʣʝʥʠʭ ʧʨʘʚʠʣ ʜʣʷ  ʚʠʟʥʘʯʝʥʥʷ ʜʦʩʪʘʪʥʦʩʪʽ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ʪʘ 

ʧʽʜʨʘʭʫʥʦʢ ʣʽʯʠʣʴʥʠʢʽʚ sdtp, sdtm,  sdq; 

2) ʦʙʯʠʩʣʝʥʥʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʜʦʩʪʘʪʥʦʩʪʽ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ʟʘ ʬʦʨʤʫʣʦʶ: 

                                                         )(
3

1

k

sdq

k

sdtm

k

sdtp
sfmd ++Ö=                                            (8) 

3) ʷʢʱʦ ksdtp=  ʪʘ ksdtm=  ʪʘ ksdq=  ʪʘ 1=sfmd , ʪʦ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʰʝʥʥʷ ʧʨʦ ʜʦʩʪʘʪʥʽʩʪʴ 

ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ʚ ʤʥʦʞʠʥʽ avD  (ʦʩʢʽʣʴʢʠ ʚʩʽ ʝʣʝʤʝʥʪʠ ʤʥʦʞʠʥʠ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ʻ ʦʙʦʚôʷʟʢʦʚʠʤʠ ʟ ʪʦʯʢʠ 

ʟʦʨʫ ʜʦʩʪʘʪʥʦʩʪʽ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ʽ ʥʘʷʚʥʽ ʫ ʤʥʦʞʠʥʽ avD  ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʛʦʪʫʶʪʴʩʷ ʜʦ ʟʘʥʝʩʝʥʥʷ ʫ 

ʙʣʦʢ ʙʣʦʢʯʝʡʥʫ) ʽ ʟʘʥʝʩʝʥʥʷ ʜʘʥʠʭ ʤʥʦʞʠʥʠ avD   ʚ ʨʦʟʜʽʣ çɼʘʥʽ ʙʣʦʢʫè ʙʣʦʢʫ ʙʣʦʢʯʝʡʥʫ; 

4) ʷʢʱʦ ksdtp<  ʘʙʦ ksdtm<  ʘʙʦ ksdq<  ʘʙʦ 1<sfmd , ʪʦ: ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʰʝʥʥʷ ʧʨʦ ʥʝʜʦʩʪʘʪʥʽʩʪʴ 

ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ʫ ʤʥʦʞʠʥʽ avD ; ʪʘʢʘ ʤʥʦʞʠʥʘ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ʧʦʪʨʝʙʫʻ ʜʦʦʧʨʘʮʶʚʘʥʥʷ ʧʝʨʝʜ ʟʘʥʝʩʝʥʥʷʤ 

ʮʠʭ ʜʘʥʠʭ ʚ ʨʦʟʜʽʣ çɼʘʥʽ ʙʣʦʢʫè ʙʣʦʢʫ ʙʣʦʢʯʝʡʥʫ; ʢʦʨʠʩʪʫʚʘʯʫ ʥʘʜʘʶʪʴʩʷ ʨʝʢʦʤʝʥʜʘʮʽʾ ʱʦʜʦ ʜʦʧʦʚʥʝʥʥʷ 

ʤʥʦʞʠʥʠ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ï ʟʛʽʜʥʦ ʽʟ ʧʨʘʚʠʣʘʤʠ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ ʜʦʧʦʚʥʝʥʥʷ ʤʥʦʞʠʥʠ 

ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ avD  ï ʷʢ ʢʝʨʽʚʥʠʮʪʚʦ, ʷʢʫ ʽʥʬʦʨʤʘʮʽʶ ʩʣʽʜ ʜʦʜʘʪʠ ʫ ʤʥʦʞʠʥʫ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ avD  ʜʣʷ 

ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚ ʨʦʟʜʽʣ çɼʘʥʽ ʙʣʦʢʫè ʙʣʦʢʫ ʙʣʦʢʯʝʡʥʫ; ʚʽʜʙʫʚʘʻʪʴʩʷ ʜʦʧʦʚʥʝʥʥʷ ʤʥʦʞʠʥʠ 

ʤʝʜʠʯʥʠʭ ʜʘʥʠʭavD ; ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʚʝʨʥʝʥʥʷ ʥʘ ʢʨʦʢ 1 ʄʝʪʦʜʫ. 

ʈʦʟʨʦʙʣʝʥʠʡ ʤʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʜʦʩʪʘʪʥʦʩʪʽ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ʟʘʙʝʟʧʝʯʫʻ: ʤʦʞʣʠʚʽʩʪʴ ʘʥʘʣʽʟʫ 

ʤʥʦʞʠʥʠ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ʥʘ ʧʨʝʜʤʝʪ ʾʭ ʜʦʩʪʘʪʥʦʩʪʽ; ʤʦʞʣʠʚʽʩʪʴ ʢʽʣʴʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʜʦʩʪʘʪʥʦʩʪʽ 

ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ; ʚ ʨʘʟʽ ʥʝʜʦʩʪʘʪʥʦʩʪʽ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ʫ ʤʥʦʞʠʥʽ, ʬʦʨʤʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ 

ʜʦʧʦʚʥʝʥʥʷ ʤʥʦʞʠʥʠ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ avD  ï ʷʢ ʢʝʨʽʚʥʠʮʪʚʦ, ʷʢʫ ʽʥʬʦʨʤʘʮʽʶ ʩʣʽʜ ʜʦʜʘʪʠ ʫ ʤʥʦʞʠʥʫ 

ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ avD  ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚ ʨʦʟʜʽʣ çɼʘʥʽ ʙʣʦʢʫè ʙʣʦʢʫ ʙʣʦʢʯʝʡʥʫ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʅʘ ʩʴʦʛʦʜʥʽ ʧʨʦʮʝʩʠ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʫ ʩʬʝʨʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ ʻ ʪʨʫʜʦʤʽʩʪʢʠʤʠ ʪʘ ʩʢʣʘʜʥʠʤʠ. 

ʇʨʦʜʫʢʪʠʚʥʽʩʪʴ ʧʨʘʮʽ ʤʝʜʠʯʥʠʭ ʧʨʘʮʽʚʥʠʢʽʚ ʤʦʞʝ ʙʫʪʠ ʟʙʽʣʴʰʝʥʘ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʽʥʬʦʨʤʘʮʽʡʥʠʭ 

ʪʝʭʥʦʣʦʛʽʡ. ʉʘʤʝ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʫʪʴ ʟʤʝʥʰʠʪʠ ʢʽʣʴʢʽʩʪʴ ʤʝʜʠʯʥʠʭ ʧʦʤʠʣʦʢ, ʥʘʜʘʪʠ ʙʽʣʴʰ 

ʥʘʜʽʡʥʽ ʨʽʰʝʥʥʷ ʪʘ ʟʤʝʥʰʠʪʠ ʚʠʪʨʘʪʠ ʥʘ ʦʭʦʨʦʥʫ ʟʜʦʨʦʚôʷ. ʉʴʦʛʦʜʥʽ ʤʝʜʠʯʥʽ ʽʥʬʦʨʤʘʮʽʡʥʽ ʪʝʭʥʦʣʦʛʽʾ 

ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ 4 ʚʠʤʦʛʘʤ: ʝʬʝʢʪʠʚʥʽʩʪʴ, ʙʝʟʧʝʢʘ, ʥʦʚʠʟʥʘ ʪʘ ʝʢʦʥʦʤʽʯʥʘ ʚʠʛʦʜʘ  ʉʬʝʨʘ ʦʭʦʨʦʥʠ 

ʟʜʦʨʦʚ'ʷ ʚ ʋʢʨʘʾʥʽ ʜʘʚʥʦ ʧʦʪʨʝʙʫʻ ʟʤʽʥ, ʽ ʙʝʟʣʽʯ ʤʦʞʣʠʚʦʩʪʝʡ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʫʪʴ ʜʦʧʦʤʦʛʪʠ ʾʡ 

ʦʯʦʣʠʪʠ ʪʨʘʥʩʬʦʨʤʘʮʽʶ ʮʽʻʾ ʩʬʝʨʠ ʪʘ ʟʘʙʝʟʧʝʯʠʪʠ ʚʽʜʧʦʚʽʜʥʽʩʪʴ ʟʘʟʥʘʯʝʥʠʤ 4-ʤ ʚʠʤʦʛʘʤ. ʊʘʢʠʤ ʯʠʥʦʤ, 

ʧʽʜʚʠʱʝʥʘ ʫʚʘʛʘ ʜʦ ʪʝʭʥʦʣʦʛʽʾ ʨʦʟʧʦʜʽʣʝʥʠʭ ʨʝʻʩʪʨʽʚ ʧʨʠʚʝʣʘ ʜʦ ʨʦʟʫʤʽʥʥʷ ʧʦʪʝʥʮʽʘʣʫ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʽʾ ʚ ʩʠʩʪʝʤʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚ'ʷ. ʆʪʞʝ, ʥʘʨʘʟʽ ʘʢʪʫʘʣʴʥʦʶ ʟʘʜʘʯʝʶ ʻ ʧʦʪʨʝʙʘ ʫ ʢʝʨʫʚʘʥʥʽ 

ʤʝʜʠʯʥʠʤʠ ʜʘʥʠʤʠ ʥʘ ʦʩʥʦʚʽ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʽʡ. ʄʝʪʦʶ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 

ʢʝʨʫʚʘʥʥʷ ʤʝʜʠʯʥʠʤʠ ʜʘʥʠʤʠ ʰʣʷʭʦʤ ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʫ ʦʮʽʥʶʚʘʥʥʷ ʜʦʩʪʘʪʥʦʩʪʽ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ʧʝʨʝʜ 

ʨʦʟʤʽʱʝʥʥʷʤ ʾʭ ʫ ʙʣʦʢʯʝʡʥ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʦʜʝʣʽ ʙʣʦʢʫ ʙʣʦʢʯʝʡʥʫ, ʬʨʘʛʤʝʥʪʫ ʙʣʦʢʯʝʡʥʫ ʪʘ ʚʫʟʣʘ ʙʣʦʢʯʝʡʥʫ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ 

ʬʦʨʤʘʣʽʟʦʚʘʥʦʤʫ ʚʠʛʣʷʜʽ, ʘ ʪʘʢʦʞ ʤʦʜʝʣʽ ʧʨʦʮʝʩʫ ʢʝʨʫʚʘʥʥʷ ʤʝʜʠʯʥʠʤʠ ʜʘʥʠʤʠ (ʦʮʽʥʶʚʘʥʥʷ ʜʦʩʪʘʪʥʦʩʪʽ 

ʜʘʥʠʭ), ʷʢʽ ʻ ʪʝʦʨʝʪʠʯʥʠʤ ʧʽʜˇʨʫʥʪʷʤ ʜʣʷ ʨʦʟʨʦʙʣʝʥʥʷ ʤʝʪʦʜʫ ʦʮʽʥʶʚʘʥʥʷ ʜʦʩʪʘʪʥʦʩʪʽ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ. 

ʈʦʟʨʦʙʣʝʥʦ ʧʨʘʚʠʣʘ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʦʩʪʘʪʥʦʩʪʽ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʘʥʘʣʽʟ ʤʝʜʠʯʥʠʭ 

ʜʘʥʠʭ ʥʘ ʧʨʝʜʤʝʪ ʚʽʜʰʫʢʘʥʥʷ ʚʩʽʭ ʥʘʧʝʨʝʜ ʚʠʟʥʘʯʝʥʠʭ ʥʝʦʙʭʽʜʥʠʭ ʝʣʝʤʝʥʪʽʚ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ; ʧʨʠʡʥʷʪʪʷ 

ʨʽʰʝʥʥʷ ʧʨʦ ʜʦʩʪʘʪʥʽʩʪʴ ʘʙʦ ʥʝʜʦʩʪʘʪʥʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ; ʚʠʚʝʜʝʥʥʷ ʚʽʟʫʘʣʽʟʦʚʘʥʠʭ ʧʽʜʢʘʟʦʢ, ʷʢʠʭ ʝʣʝʤʝʥʪʽʚ 

ʜʘʥʠʭ ʥʝ ʚʠʩʪʘʯʘʻ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʰʚʠʜʢʦʛʦ ʜʦʧʦʚʥʝʥʥʷ ʜʘʥʠʭ; ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ ʜʦʩʪʘʪʥʦʩʪʽ 

ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ. 

ʈʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʦʮʽʥʶʚʘʥʥʷ ʜʦʩʪʘʪʥʦʩʪʽ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ, ʷʢʠʡ ʟʘʙʝʟʧʝʯʫʻ: ʤʦʞʣʠʚʽʩʪʴ ʘʥʘʣʽʟʫ 

ʤʥʦʞʠʥʠ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ʥʘ ʧʨʝʜʤʝʪ ʾʭ ʜʦʩʪʘʪʥʦʩʪʽ; ʤʦʞʣʠʚʽʩʪʴ ʢʽʣʴʢʽʩʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʜʦʩʪʘʪʥʦʩʪʽ 

ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ; ʚ ʨʘʟʽ ʥʝʜʦʩʪʘʪʥʦʩʪʽ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ʫ ʤʥʦʞʠʥʽ, ʬʦʨʤʫʚʘʥʥʷ ʨʝʢʦʤʝʥʜʘʮʽʡ ʱʦʜʦ 

ʜʦʧʦʚʥʝʥʥʷ ʤʥʦʞʠʥʠ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ï ʷʢ ʢʝʨʽʚʥʠʮʪʚʦ, ʷʢʫ ʽʥʬʦʨʤʘʮʽʶ ʩʣʽʜ ʜʦʜʘʪʠ ʫ ʤʥʦʞʠʥʫ ʤʝʜʠʯʥʠʭ 

ʜʘʥʠʭ ʜʣʷ ʤʦʞʣʠʚʦʩʪʽ ʾʭ ʟʘʚʘʥʪʘʞʝʥʥʷ ʚ ʨʦʟʜʽʣ çɼʘʥʽ ʙʣʦʢʫè ʙʣʦʢʫ ʙʣʦʢʯʝʡʥʫ. 
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ARBITRARY DURATION PULSE SHAPER  
 

This paper considers the possibility of constructing a universal pulse generator based on TTL (transistor-transistor logic) 
elements, which provides pulses of a given duration at the time of entry to the input of the negative edge of the input start pulse (difference 
from logical unit to logical zero). The duration of the generated output pulse can be set by the capacitance of one capacitor and does not 
depend on the duration of the input pulse. A significant advantage of the proposed pulse shaper is the high steepness of both the positive 
front (difference from logical zero to logical unit) and the negative edge of the generated output pulse (difference from logical unit to logical 
zero), which depends only on the operation time of logical elements and not depends on the duration of both input (start) and output pulses. 
This advantage is based on the action of positive feedback at the time of formation of both positive and negative fronts of the output pulse. In 
this case, the feedback circuits in the formation of positive and negative fronts of the output pulse are different, which does not allow the 
circuit to switch to self-excitation mode (autogeneration). The advantages of the proposed pulse shaper (high steepness of the fronts with 
little complication of the circuit compared to the known capacitor pulse shapers) are determined by using the internal structure of the logic 
elements of the TTL series. This paper also considers the possibility of reducing the capacitance of the capacitor by several tens of times, 
which determines the duration of long output pulses, due to the introduction of an emitter repeater. The main disadvantage of the proposed 
pulse shaper is the low temperature and time stability of the duration of the formed output pulse, which is characteristic of all capacitor 
pulse shapers. 

Keywords:  pulse shaper, pulses of a given duration, pulse duration, TTL. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʋ ʙʘʛʘʪʴʦʭ ʩʭʝʤʘʭ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʽʤʧʫʣʴʩʽʚ, ʟʦʢʨʝʤʘ, ʬʦʨʤʫʚʘʥʥʷ 

ʽʤʧʫʣʴʩʽʚ (ʌɯ) ʟʘʜʘʥʦʾ ʪʨʠʚʘʣʦʩʪʽ [1]. ʉʝʨʝʜ ʮʠʭ ʧʨʠʩʪʨʦʾʚ ʯʽʪʢʦ ʚʠʜʽʣʷʶʪʴ ʜʚʘ ʢʣʘʩʠ ï ʪʽ, ʷʢʽ ʤʘʶʪʴ 

ʟʘʙʝʟʧʝʯʠʪʠ ʚʠʩʦʢʫ ʪʦʯʥʽʩʪʴ ʽ ʩʪʘʙʽʣʴʥʽʩʪʴ ʪʨʠʚʘʣʦʩʪʽ ʬʦʨʤʦʚʘʥʠʭ ʽʤʧʫʣʴʩʽʚ (0,1% ʪʘ ʢʨʘʱʝ), ʪʘ ʪʽ, ʜʦ ʷʢʠʭ 

ʪʘʢʘ ʚʠʤʦʛʘ ʥʝ ʩʪʘʚʠʪʴʩʷ. ʇʝʨʰʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʚʠʩʦʢʦ-ʩʪʘʙʽʣʴʥʠʭ ʛʝʥʝʨʘʪʦʨʘʭ (ʢʚʘʨʮʦʚʠʭ ʘʙʦ LC [2]) ʽ 

ʣʽʯʠʣʴʥʠʢʘʭ ʽʤʧʫʣʴʩʽʚ, ʤʘʶʪʴ ʩʢʣʘʜʥʫ ʩʭʝʤʫ ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʦʚʦʣʽ ʨʽʜʢʦ. ɼʨʫʛʽ ʧʨʦʩʪʽʰʽ (ʟʘʟʚʠʯʘʡ, 

ʙʘʟʫʶʪʴʩʷ ʥʘ RC-ʣʘʥʢʘʭ) ʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʥʘʯʥʦ ʯʘʩʪʽʰʝ [3ï6]. ʆʩʦʙʣʠʚʠʡ ʢʣʘʩ ʩʝʨʝʜ ʥʠʭ ʟʘʡʤʘʶʪʴ ʪʘʢ 

ʟʚʘʥʽ ʌɯ ʥʘ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʘʭ (ʃɽ), ʱʦ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʤʽʢʨʦʝʣʝʢʪʨʦʥʽʮʽ. ɼʘʥʘ ʨʦʙʦʪʘ 

ʧʨʠʩʚʷʯʝʥʘ ʨʦʟʨʦʙʮʽ ʪʘʢʦʛʦ ʌɯ ʥʘ ʃɽ, ʷʢʠʡ ʢʨʘʱʝ ʟʘ ʽʥʰʽ ʧʦʻʜʥʫʻ ʦʩʥʦʚʥʽ ʧʘʨʘʤʝʪʨʠ ʌɯ. 

 

ɸʥʘʣʽʟ ʩʭʝʤʦʪʝʭʥʽʢʠ ʬʦʨʤʫʚʘʯʽʚ ʽʤʧʫʣʴʩʽʚ ʥʘ ʣʦʛʽʯʥʠʭ ʝʣʝʤʝʥʪʘʭ 

ɼʦ ʌɯ, ʟʘʟʚʠʯʘʡ, ʩʪʘʚʣʷʪʴʩʷ ʚʠʤʦʛʠ ʧʨʦʩʪʦʪʠ ʩʭʝʤʠ (ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢʦʤʦʛʘ ʤʝʥʰʦʾ ʢʽʣʴʢʦʩʪʽ ʃɽ ʪʘ 

ʽʥʰʠʭ ʜʝʪʘʣʝʡ), ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ (ʤʦʞʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʽʤʧʫʣʴʩʽʚ ʫ ʰʠʨʦʢʦʤʫ ʜʽʘʧʘʟʦʥʽ ʪʨʠʚʘʣʦʩʪʽ) ʪʘ 

ʢʨʫʪʠʟʥʠ ʬʨʦʥʪʽʚ. ɯʩʥʫʻ ʙʝʟʣʽʯ ʩʭʝʤ ʌɯ [1, 3ï7], ʢʦʞʥʘ ʟ ʷʢʠʭ ʤʘʻ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ ʪʘ ʥʝʜʦʣʽʢʠ.  
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ɺʫʟʴʢʘ ʩʧʝʮʽʘʣʽʟʘʮʽʷ ʙʽʣʴʰʦʩʪʽ ʌɯ [3ï7] ʧʨʦʷʚʣʷʻʪʴʩʷ ʫ ʪʦʤʫ, ʱʦ ʚʦʥʠ ʬʦʨʤʫʶʪʴ ʘʙʦ ʢʦʨʦʪʢʽ 

ʽʤʧʫʣʴʩʠ (ʪʨʠʚʘʣʽʩʪʴ ʷʢʠʭ ʤʝʥʰʘ ʪʨʠʚʘʣʦʩʪʽ ʚʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ) ʘʙʦ ʜʦʚʛʽ ʽʤʧʫʣʴʩʠ (ʪʨʠʚʘʣʽʩʪʴ ʷʢʠʭ ʙʽʣʴʰʘ 

ʪʨʠʚʘʣʦʩʪʽ ʚʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ). ɼʣʷ ʫʩʫʥʝʥʥʷ ʮʴʦʛʦ ʥʝʜʦʣʽʢʫ ʥʘ ʚʭʦʜʽ ʜʝʷʢʠʭ ʌɯ ʩʪʘʚʣʷʪʴ ʜʠʬʝʨʝʥʮʽʶʶʯʫ 

RC ʣʘʥʢʫ, ʷʢʘ ʩʢʦʨʦʯʫʻ ʚʭʽʜʥʠʡ ʽʤʧʫʣʴʩ [7]. ʊʦʜʽ ʧʽʜʢʣʶʯʝʥʠʡ ʜʦ ʾʾ ʚʠʭʦʜʫ ʌɯ ʤʘʻ ʟʤʦʛʫ ʬʦʨʤʫʚʘʪʠ ʣʠʰʝ 

ʜʦʚʛʽ ʽʤʧʫʣʴʩʠ (ʧʦʨʽʚʥʷʥʦ ʽʟ ʚʠʭʽʜʥʠʤʠ ʽʤʧʫʣʴʩʘʤʠ ʜʠʬʝʨʝʥʮʽʶʶʯʦʾ RC ʣʘʥʢʠ).  

ʉʧʽʣʴʥʠʤ ʜʣʷ ʧʝʨʝʚʘʞʥʦʾ ʙʽʣʴʰʦʩʪʽ ʩʭʝʤ ʌɯ ʻ ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʢʨʫʪʠʟʥʠ ʬʨʦʥʪʽʚ ʽʤʧʫʣʴʩʽʚ 

(ʧʝʨʝʧʘʜʫ ʟ ʣʦʛʽʯʥʦʛʦ ʥʫʣʷ ʫ ʣʦʛʽʯʥʫ ʦʜʠʥʠʮʶ, ʘʙʦ ʟ ʣʦʛʽʯʥʦʾ ʦʜʠʥʠʮʽ ʫ ʣʦʛʽʯʥʠʡ ʥʫʣʴ), ʦʩʦʙʣʠʚʦ ʧʨʠ 

ʟʙʽʣʴʰʝʥʽ ʪʨʠʚʘʣʦʩʪʽ ʬʦʨʤʦʚʘʥʠʭ ʽʤʧʫʣʴʩʽʚ. ɸʥʘʣʽʟ ʧʦʢʘʟʫʻ, ʱʦ ʮʝ ʧʦʚ'ʷʟʘʥʦ ʽʟ ʪʠʤ, ʱʦ ʫ ʌɯ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ 

ʥʘ RC-ʣʘʥʢʘʭ, ʃɽ ʧʨʘʮʶʶʪʴ ʥʝ ʫ ʰʪʘʪʥʦʤʫ ʨʝʞʠʤʽ, ʘ ʫ ʨʝʞʠʤʽ ʘʥʘʣʦʛʦʚʦʛʦ ʧʽʜʩʠʣʶʚʘʯʘ. ɸʣʝ ʥʘʡʯʘʩʪʽʰʝ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʽ ʃɽ, ʱʦ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʊʊʃ [8] ʘʙʦ ʂʄʆʅ ʣʦʛʽʢʠ, ʫ ʪʘʢʦʤʫ ʨʝʞʠʤʽ ʤʘʶʪʴ ʚʽʜʥʦʩʥʦ ʤʘʣʽ 

ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ ʪʘ ʤʘʢʩʠʤʘʣʴʥʠʡ ʚʠʭʽʜʥʠʡ ʩʪʨʫʤ, ʱʦ ʟʘʪʷʛʫʻ ʧʝʨʝʟʘʨʷʜ ʢʦʥʜʝʥʩʘʪʦʨʘ ʚʝʣʠʢʦʾ 

ʻʤʥʦʩʪʽ. ʏʘʩʦʤ, ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʢʨʫʪʠʟʥʠ ʬʨʦʥʪʽʚ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʝʣʝʤʝʥʪʠ ʟ ʛʽʩʪʝʨʝʟʠʩʦʤ ʘʙʦ ʪʨʠʛʝʨʠ [5], 

ʘʣʝ ʪʘʢʽ ʌɯ ʨʽʜʢʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʝʣʝʢʪʨʦʥʥʠʭ ʩʭʝʤʘʭ, ʚʠʢʦʥʘʥʠʭ ʥʘ ʃɽ.  

ʉʝʨʝʜ ʽʥʰʠʭ ʚʠʩʦʢʦʶ ʢʨʫʪʠʟʥʦʶ ʬʨʦʥʪʽʚ ʚʽʜʟʥʘʯʘʻʪʴʩʷ ʩʭʝʤʘ ʌɯ, ʦʧʠʩʘʥʘ ʫ [7], ʜʝ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʢʨʫʪʠʟʥʠ ʬʨʦʥʪʽʚ ʽʤʧʫʣʴʩʽʚ ʥʘ ʚʠʭʦʜʽ ʌɯ ʚʠʢʦʨʠʩʪʘʥʦ ʜʦʜʘʪʥʽʡ ʟʚʦʨʦʪʥʽʡ ʟʚ'ʷʟʦʢ. ʋ ʮʴʦʤʫ ʌɯ ʃɽ ʧʦ ʩʫʪʽ 

ʬʦʨʤʫʶʪʴ RS ʪʨʠʛʝʨ (ʜʠʚ. [7], ʨʠʩ. 6.30ʘ), ʪʦʤʫ ʢʨʫʪʠʟʥʘ ʬʨʦʥʪʽʚ ʬʦʨʤʦʚʘʥʠʭ ʽʤʧʫʣʴʩʽʚ ʚʠʩʦʢʘ. ʅʝʜʦʣʽʢʦʤ 

ʮʴʦʛʦ ʌɯ ʻ ʪʝ, ʱʦ ʚʽʥ, ʧʨʠ ʜʽʾ ʟʘʚʘʜ ʥʝʚʝʣʠʢʦʾ ʘʤʧʣʽʪʫʜʠ, ʤʘʻ ʩʭʠʣʴʥʽʩʪʴ ʧʝʨʝʭʦʜʠʪʠ ʫ ʨʝʞʠʤ 

ʩʘʤʦʟʙʫʜʞʝʥʥʷ. ɸʜʞʝ ʜʨʫʛʠʡ ʃɽ ɯ-ʅɯ ʫ ʥʴʦʤʫ, ʧʽʜ ʜʽʻʶ ʧʽʜʢʣʶʯʝʥʦʛʦ ʜʦ ʚʭʦʜʫ ʨʝʟʠʩʪʦʨʘ, ʧʝʨʝʭʦʜʠʪʴ ʫ 

ʨʝʞʠʤ ʧʽʜʩʠʣʶʚʘʯʘ. ɸ ʜʚʘ ʃɽ, ʱʦ ʚʭʦʜʷʪʴ ʫ ʮʝʡ ʌɯ, ʩʪʚʦʨʶʶʪʴ ʧʽʜʩʠʣʶʚʘʣʴʥʫ ʩʠʩʪʝʤʫ ʽʟ 100%-ʥʠʤ 

ʜʦʜʘʪʥʠʤ ʟʚʦʨʦʪʥʠʤ ʟʚ'ʷʟʢʦʤ. ʊʽʣʴʢʠ ʧʨʠ ʚʝʣʠʢʠʭ ʨʽʚʥʷʭ ʩʠʛʥʘʣʫ ʃɽ ʧʨʘʮʶʶʪʴ ʰʪʘʪʥʦ. ʇʨʠ ʤʘʣʠʭ ʨʽʚʥʷʭ 

ʩʠʛʥʘʣʫ (ʥʘʧʨʠʢʣʘʜ, ʧʽʜ ʜʽʻʶ ʟʘʚʘʜ) ʌɯ ʧʝʨʝʭʦʜʠʪʴ ʫ ʨʝʞʠʤ ʛʝʥʝʨʘʮʽʾ ʢʦʣʠʚʘʥʴ ʤʘʣʦʾ ʘʤʧʣʽʪʫʜʠ ʽ ʧʝʨʝʩʪʘʻ 

ʬʦʨʤʫʚʘʪʠ ʧʦʪʨʽʙʥʽ ʽʤʧʫʣʴʩʠ.  

ʄʝʪʦʶ ʜʘʥʦʾ ʩʪʘʪʪʽ ʻ ʨʦʟʨʦʙʣʝʥʥʷ ʥʘ ʙʘʟʽ ʃɽ ʊʊʃ [8] ʣʦʛʽʢʠ ʌɯ ʜʦʚʽʣʴʥʦʾ ʪʨʠʚʘʣʦʩʪʽ, ʷʢʠʡ ʫ ʚʩʽʭ ʚʠʧʘʜʢʘʭ 

ʤʘʻ ʤʽʥʽʤʘʣʴʥʫ ʜʣʷ ʜʘʥʦʾ ʩʝʨʽʾ ʃɽ ʪʨʠʚʘʣʽʩʪʴ ʬʨʦʥʪʽʚ ʬʦʨʤʦʚʘʥʠʭ ʽʤʧʫʣʴʩʽʚ. 

 

ʉʭʝʤʘ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʬʦʨʤʫʚʘʯʘ ʽʤʧʫʣʴʩʽʚ ʜʦʚʽʣʴʥʦʾ ʪʨʠʚʘʣʦʩʪʽ 

ɼʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʥʽʤʘʣʴʥʦʾ ʪʨʠʚʘʣʦʩʪʽ ʬʨʦʥʪʽʚ ʬʦʨʤʦʚʘʥʠʭ ʽʤʧʫʣʴʩʽʚ ʥʝʦʙʭʽʜʥʦ, ʘʥʘʣʦʛʽʯʥʦ ʜʦ 

ʦʧʠʩʘʥʦʛʦ ʫ [7], ʚʠʢʦʨʠʩʪʘʪʠ ʜʦʜʘʪʥʠʡ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ. ʆʜʥʘʢ ʜʣʷ ʫʩʫʥʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʝʭʦʜʫ ʫ 

ʨʝʞʠʤ ʛʝʥʝʨʘʮʽʾ ʪʨʝʙʘ ʨʦʟʜʽʣʠʪʠ ʢʦʣʘ ʜʦʜʘʪʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ, ʷʢʽ ʬʦʨʤʫʶʪʴ ʨʽʟʥʽ ʬʨʦʥʪʠ (ʧʝʨʝʧʘʜʠ 

ʚʽʜ ʣʦʛʽʯʥʦʛʦ ʥʫʣʷ ʫ ʣʦʛʽʯʥʫ ʦʜʠʥʠʮʶ ʪʘ ʚʽʜ ʣʦʛʽʯʥʦʾ ʦʜʠʥʠʮʽ ʫ ʣʦʛʽʯʥʠʡ ʥʫʣʴ). 

ʉʭʝʤʘ, ʷʢʘ ʨʝʘʣʽʟʫʻ 

ʧʨʦʧʦʥʦʚʘʥʠʡ ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ, 

ʧʦʜʘʥʘ ʥʘ ʨʠʩ. 1. ɺʦʥʘ ʤʽʩʪʠʪʴ ʯʦʪʠʨʠ 

ʜʚʦʭʚʭʦʜʦʚʽ ʃɽ ɯ-ʅɯ, ʚʭʽʜʥʠʡ ʌɯ (C1, 

R1), ʱʦ ʩʢʦʨʦʯʫʻ ʚʭʽʜʥʠʡ ʽʤʧʫʣʴʩ, ʪʘ 

ʟʘʜʘʶʯʫ ʪʨʠʚʘʣʽʩʪʴ ʚʠʭʽʜʥʦʛʦ 

ʽʤʧʫʣʴʩʫ ʣʘʥʢʫ C2, R2. ʅʘ ʨʠʩ. 2 

ʧʦʜʘʥʦ ʜʽʘʛʨʘʤʠ, ʷʢʽ ʧʦʷʩʥʶʶʪʴ 

ʨʦʙʦʪʫ ʩʭʝʤʠ, ʧʦʜʘʥʦʾ ʥʘ ʨʠʩ. 1. ɼʣʷ 

ʫʟʛʦʜʞʝʥʥʷ ʨʠʩ. 1 ʽ 2 ʥʘ ʨʠʩ. 1 

ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʠ ɸ é ɽ, ʘ ʥʘ ʨʠʩ. 2 

ʮʠʤ ʪʦʯʢʘʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʯʘʩʦʚʽ 

ʜʽʘʛʨʘʤʠ ʽʤʧʫʣʴʩʽʚ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙʠ ʨʦʙʦʪʘ 

ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʌɯ ʥʝ ʟʘʣʝʞʘʣʘ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ ʚʭʽʜʥʠʭ ʽʤʧʫʣʴʩʽʚ ʟʘʩʪʦʩʦʚʘʥʦ ʌɯ ʢʦʨʦʪʢʠʭ ʽʤʧʫʣʴʩʽʚ R1C1 ʥʘ 

ʚʭʦʜʽ ʃɽ D1 (ʜʠʚ. ʨʠʩ. 1). ʗʢ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 2, ʧʨʷʤʦʢʫʪʥʠʡ ʚʭʽʜʥʠʡ ʽʤʧʫʣʴʩ ʮʝʡ ʌɯ (ʜʠʚ. ʪʦʯʢʫ ɸ) 

ʧʝʨʝʪʚʦʨʶʻ ʫ ʢʦʨʦʪʢʠʡ ʽʤʧʫʣʴʩ, ʷʢʠʡ ʧʝʨʝʢʠʜʘʻ RS ʪʨʠʛʝʨ ʥʘ ʃɽ D1, D2. ʊʦʜʽ ʥʘ ʚʠʭʦʜʽ D1, D2 (ʜʠʚ. ʪʦʯʢʠ 

ɺ ʽ ʉ) ʧʦʷʚʣʷʪʴʩʷ ʣʦʛʽʯʥʽ ʥʫʣʴ ʪʘ ʦʜʠʥʠʮʷ ʚʽʜʧʦʚʽʜʥʦ. 

ʏʝʨʝʟ ʪʝ, ʱʦ ʧʝʨʝʧʘʜ ʥʘʧʨʫʛʠ ʟ ʣʦʛʽʯʥʦʾ ʦʜʠʥʠʮʽ ʫ ʣʦʛʽʯʥʠʡ ʥʫʣʴ ʫ ʪʦʯʮʽ ɺ ʧʝʨʝʜʘʚʩʷ ʯʝʨʝʟ 

ʢʦʥʜʝʥʩʘʪʦʨ ʉ2 ʫ ʪʦʯʢʫ D, ʥʘ ʚʠʭʦʜʽ ʃɽ D3 (ʪʦʯʢʘ ɽ) ʟʙʝʨʽʛʘʻʪʴʩʷ ʣʦʛʽʯʥʘ ʦʜʠʥʠʮʷ. ʂʦʥʜʝʥʩʘʪʦʨ ʉ2 ʧʦʯʠʥʘʻ 

ʟʘʨʷʜʞʘʪʠʩʷ ʚʭʽʜʥʠʤ ʩʪʨʫʤʦʤ ʃɽ D3. ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʥʘʧʨʫʛʘ ʫ ʪʦʯʮʽ D ʜʦʩʷʛʥʝ ʥʘʧʨʫʛʠ ʩʧʨʘʮʶʚʘʥʥʷ ʃɽ D3, 

ʥʘ ʡʦʛʦ ʚʠʭʦʜʽ (ʪʦʯʢʘ ɽ) ʧʦʷʚʠʪʴʩʷ ʣʦʛʽʯʥʠʡ ʥʫʣʴ. ʎʝʡ ʣʦʛʽʯʥʠʡ ʥʫʣʴ ʧʦʚʝʨʥʝ RS ʪʨʠʛʝʨ ʥʘ ʃɽ D1, D2 ʫ 

ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ, ʥʘ ʡʦʛʦ ʚʠʭʦʜʘʭ (ʪʦʯʢʠ ɺ ʽ ʉ) ʧʦʷʚʣʷʪʴʩʷ ʣʦʛʽʯʥʽ ʦʜʠʥʠʮʷ ʽ ʥʫʣʴ ʚʽʜʧʦʚʽʜʥʦ. ʃʦʛʽʯʥʠʡ ʥʫʣʴ 

ʥʘ ʚʠʭʦʜʽ ʃɽ D1 ʧʦʚʝʨʥʝ ʥʘ ʚʠʭʦʜʽ ʃɽ D3 ʣʦʛʽʯʥʫ ʦʜʠʥʠʮʶ. ʉʭʝʤʘ ʧʦʚʝʨʥʫʣʘʩʷ ʫ ʧʦʯʘʪʢʦʚʠʡ ʩʪʘʥ. 

ɺʠʭʽʜʥʠʡ ʽʥʚʝʨʪʦʨ D4 ʫʩʫʚʘʻ ʚʧʣʠʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʟʘʚʘʜ ʥʘ ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʟʘʨʷʜʫ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ2. 

ʗʢ ʚʠʜʥʦ ʟ ʬʽʛ. 2, ʧʝʨʝʭʽʜʥʠʡ ʧʨʦʮʝʩ ʫ ʜʠʬʝʨʝʥʮʽʶʶʯʽʡ ʣʘʥʮʽ R1C1 (ʜʠʚ. ʪʦʯʢʫ ɸ) ʥʘ ʤʦʤʝʥʪ ʟʘʢʽʥʯʝʥʥʷ 

ʬʦʨʤʦʚʘʥʦʛʦ ʽʤʧʫʣʴʩʫ (ʜʠʚ. ʪʦʯʢʫ ɺ) ʱʝ ʥʝ ʩʢʽʥʯʠʚʩʷ. ɸʣʝ ʚʠʜʥʦ, ʱʦ ʮʝ ʥʝ ʚʧʣʠʚʘʻ ʥʘ ʨʦʙʦʪʫ ʩʭʝʤʠ.  

 
ʈʠʩ. 1. ʉʭʝʤʘ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʬʦʨʤʫʚʘʯʘ ʽʤʧʫʣʴʩʽʚ ʜʦʚʽʣʴʥʦʾ 

ʪʨʠʚʘʣʦʩʪʽ 
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ɺʝʣʠʢʘ ʢʨʫʪʠʟʥʘ ʧʝʨʝʜʥʴʦʛʦ ʬʨʦʥʪʫ 

ʚʠʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ (ʧʝʨʝʧʘʜʫ ʟ ʣʦʛʽʯʥʦʛʦ ʥʫʣʷ ʫ 

ʣʦʛʽʯʥʫ ʦʜʠʥʠʮʶ) ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʽʻʶ ʜʦʜʘʪʥʦʛʦ 

ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʧʨʠ ʧʝʨʝʢʠʜʘʥʥʽ ʪʨʠʛʝʨʘ ʥʘ ʃɽ 

D1, D2. ɺʝʣʠʢʘ ʢʨʫʪʠʟʥʘ ʟʘʜʥʴʦʛʦ ʬʨʦʥʪʫ 

(ʧʝʨʝʧʘʜʫ ʟ ʣʦʛʽʯʥʦʾ ʦʜʠʥʠʮʽ ʫ ʣʦʛʽʯʥʠʡ ʥʫʣʴ) 

ʚʠʭʽʜʥʦʛʦ ʽʤʧʫʣʴʩʫ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʜʽʻʶ 

ʜʦʜʘʪʥʦʛʦ ʟʚʦʨʦʪʥʦʛʦ ʟʚ'ʷʟʢʫ ʧʨʠ ʧʝʨʝʢʠʜʘʥʥʽ ʃɽ 

D2, D3 ʯʝʨʝʟ ʣʘʥʢʫ C2, R2. 

ʅʝʜʦʣʽʢʦʤ ʌɯ, ʚʠʢʦʥʘʥʦʛʦ ʧʦ ʩʭʝʤʽ ʨʠʩ. 1 

ʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʜʝʥʩʘʪʦʨʽʚ 

ʚʝʣʠʢʦʾ ʻʤʥʦʩʪʽ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ 

ʽʤʧʫʣʴʩʽʚ ʚʝʣʠʢʦʾ ʪʨʠʚʘʣʦʩʪʽ. ɿʤʝʥʰʠʪʠ 

ʥʝʦʙʭʽʜʥʫ ʻʤʥʽʩʪʴ ʫ ʜʝʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʨʘʟʽʚ ʤʦʞʥʘ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʤʽʪʝʨʥʦʛʦ ʧʦʚʪʦʨʶʚʘʯʘ, ʷʢ ʮʝ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3. ʅʘ ʨʠʩ. 4 ʧʦʜʘʥʦ ʜʽʘʛʨʘʤʠ, ʷʢʽ 

ʧʦʷʩʥʶʶʪʴ ʨʦʙʦʪʫ ʩʭʝʤʠ, ʧʦʜʘʥʦʾ ʥʘ ʨʠʩ. 3. 

ʅʘ ʨʠʩ. 3 ʧʦʟʥʘʯʝʥʦ ʪʦʯʢʠ ɸ é F, ʘ ʥʘ ʨʠʩ. 

4 ʮʠʤ ʪʦʯʢʘʤ ʚʽʜʧʦʚʽʜʘʶʪʴ ʯʘʩʦʚʽ ʜʽʘʛʨʘʤʠ 

ʽʤʧʫʣʴʩʽʚ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ 

ʬʦʨʤʫʚʘʥʥʷ ʜʦʚʛʠʭ ʽʤʧʫʣʴʩʽʚ ʻʤʥʦʩʪʽ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʫ ʨʦʟʨʠʚ ʣʘʥʢʠ R2C2 (ʜʠʚ. ʨʠʩ. 1) 

ʚʚʝʜʝʥʦ ʪʨʘʥʟʠʩʪʦʨ (ʜʠʚ. ʨʠʩ. 3). ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 2 ʽ 

ʨʠʩ. 4, ʨʦʙʦʪʘ ʩʭʝʤʠ, ʧʦʜʘʥʦʾ ʥʘ ʨʠʩ. 3 ʧʨʘʢʪʠʯʥʦ 

ʽʜʝʥʪʠʯʥʘ ʨʦʙʦʪʽ ʩʭʝʤʠ, ʧʦʜʘʥʦʾ ʥʘ ʨʠʩ. 1. 

 

ʈʽʟʥʠʮʷ ʫ ʪʦʤʫ, ʱʦ ʟʘʨʷʜ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ2 ʚʠʟʥʘʯʘʻʪʴʩʷ ʨʝʟʠʩʪʦʨʦʤ R2, ʩʪʨʫʤ ʯʝʨʝʟ ʷʢʠʡ 

ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʨʫʤʦʤ ʙʘʟʠ ʪʨʘʥʟʠʩʪʦʨʘ V1. ɸ ʩʪʨʫʤ ʙʘʟʠ ʫ ʜʝʢʽʣʴʢʘ ʜʝʩʷʪʢʽʚ ʨʘʟʽʚ ʤʝʥʰʠʡ ʟʘ ʚʭʽʜʥʠʡ ʩʪʨʫʤ 

ʝʣʝʤʝʥʪʽʚ ʊʊʃ. ʊʦʤʫ ʻʤʥʽʩʪʴ ʢʦʥʜʝʥʩʘʪʦʨʘ ʤʦʞʥʘ ʚʽʜʧʦʚʽʜʥʦ ʟʤʝʥʰʠʪʠ. 

 

 
ʈʠʩ. 4. ɼʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ʬʦʨʤʫʚʘʯʘ ʽʤʧʫʣʴʩʽʚ ʚʝʣʠʢʦʾ ʪʨʠʚʘʣʦʩʪʽ 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʆʧʠʩʘʥʠʡ ʌɯ ʚʠʢʦʨʠʩʪʦʚʫʻ ʦʩʦʙʣʠʚʦʩʪʽ ʩʭʝʤʦʪʝʭʥʽʢʠ ʝʣʝʤʝʥʪʽʚ ʊʊʃ ï ʷʢʱʦ ʥʘ ʦʜʥʦʤʫ ʚʭʦʜʽ ʃɽ 

ʊʊʃ (ʚʝʨʭʥʽʡ ʚʭʽʜ ʃɽ D3, ʪʦʯʢʘ ʉ ʥʘ ʨʠʩ. 1) ʻ ʣʦʛʽʯʥʠʡ ʥʫʣʴ, ʪʦ ʥʘ ʽʥʰʠʭ ʚʭʦʜʘʭ ʮʴʦʛʦ ʃɽ (ʥʠʞʥʽʡ ʚʭʽʜ ʃɽ 

 
ʈʠʩ. 2. ɼʽʘʛʨʘʤʠ ʨʦʙʦʪʠ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʬʦʨʤʫʚʘʯʘ ʽʤʧʫʣʴʩʽʚ 

ʜʦʚʽʣʴʥʦʾ ʪʨʠʚʘʣʦʩʪʽ 

 
ʈʠʩ. 3. ɺʘʨʽʘʥʪ ʩʭʝʤʠ ʧʨʦʧʦʥʦʚʘʥʦʛʦ ʬʦʨʤʫʚʘʯʘ ʽʤʧʫʣʴʩʽʚ 

ʘʜʘʧʪʦʚʘʥʠʡ ʜʣʷ ʬʦʨʤʫʚʘʥʥʷ ʽʤʧʫʣʴʩʽʚ ʚʝʣʠʢʦʾ ʪʨʠʚʘʣʦʩʪʽ 
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D3, ʪʦʯʢʘ D ʥʘ ʨʠʩ. 1) ʚʭʽʜʥʠʡ ʩʪʨʫʤ ʨʽʚʥʠʡ ʥʫʣʶ. ʊʦʤʫ ʧʨʠ ʧʦʷʚʽ ʣʦʛʽʯʥʦʾ ʦʜʠʥʠʮʽ ʥʘ ʚʝʨʭʥʴʦʤʫ ʚʭʦʜʽ ʃɽ 

D3, ʪʦʯʢʘ ʉ (ʜʠʚ. ʨʠʩ. 1) ʥʘ ʥʠʞʥʴʦʤʫ ʚʭʦʜʽ ʃɽ D3, ʪʦʯʢʘ D, ʟʘʣʠʰʘʻʪʴʩʷ ʣʦʛʽʯʥʠʡ ʥʫʣʴ (ʢʦʥʜʝʥʩʘʪʦʨ ʉ2 

ʟʙʝʨʽʛʘʻ ʥʘʧʨʫʛʫ ʥʝʟʤʽʥʥʦʶ). ʊʦʤʫ ʫ ʮʴʦʤʫ ʌɯ ʧʨʠ ʬʦʨʤʫʚʘʥʥʽ ʧʝʨʝʜʥʴʦʛʦ ʽ ʟʘʜʥʴʦʛʦ ʬʨʦʥʪʽʚ ʽʤʧʫʣʴʩʫ ʜʽʻ 

ʜʦʜʘʪʥʽʡ ʟʚʦʨʦʪʥʠʡ ʟʚ'ʷʟʦʢ, ʘ ʟʥʘʯʠʪʴ ʚʠʭʽʜʥʽ ʽʤʧʫʣʴʩʠ, ʷʢʽ ʬʦʨʤʫʻ ʌɯ, ʤʘʶʪʴ ʢʨʫʪʽ ʬʨʦʥʪʠ. ʊʨʠʚʘʣʽʩʪʴ ʦʙʦʭ 

ʬʨʦʥʪʽʚ ʩʫʤʽʨʥʘ ʟ ʯʘʩʦʤ ʩʧʨʘʮʶʚʘʥʥʷ ʦʜʥʦʛʦ ʃɽ. ʇʨʠ ʮʴʦʤʫ ʪʨʠʚʘʣʽʩʪʴ ʬʨʦʥʪʽʚ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʨʠʚʘʣʦʩʪʽ 

ʬʦʨʤʦʚʘʥʦʛʦ ʽʤʧʫʣʴʩʫ. ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʦʧʦʥʦʚʘʥʠʡ ʌɯ ʥʝʩʢʣʘʜʥʠʡ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʝʜʦʨʦʛʽ ʜʦʩʪʫʧʥʽ 

ʝʣʝʤʝʥʪʠ. ʇʨʠ ʮʴʦʤʫ ʚʽʥ ʤʦʞʝ ʬʦʨʤʫʚʘʪʠ ʷʢ ʜʫʞʝ ʢʦʨʦʪʢʽ, ʪʘʢ ʽ ʜʦʚʛʽ ʽʤʧʫʣʴʩʠ. ʇʝʨʝʚʘʛʠ ʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʌɯ, ʡʦʛʦ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ (ʤʦʞʣʠʚʽʩʪʴ ʬʦʨʤʫʚʘʪʠ ʽʤʧʫʣʴʩʠ ʜʦʚʽʣʴʥʦʾ ʪʨʠʚʘʣʦʩʪʽ) ʽ ʚʝʣʠʢʘ ʢʨʫʪʠʟʥʘ ʬʨʦʥʪʽʚ, 

ʜʘʶʪʴ ʟʤʦʛʫ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʡʦʛʦ ʫ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʩʭʝʤʘʭ ʮʠʬʨʦʚʦʾ ʪʝʭʥʽʢʠ ʥʘ ʙʘʟʽ ʃɽ. 
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 ʇʆɺɽɼɯʅʂʆɺɸ ʄʆɼɽʃʔ ʉʀʉʊɽʄʀ ɺɯɼʅʆɺʃɽʅʅʗ ɹʃʆʂɯɺ ɼɸʅʀʍ  

ʇʈʀ ɰʍ ɺɯɼɼɸʃɽʅʆʄʋ ʈʆɿʇʆɼɯʃɽʅʆʄʋ ɿɹɽʈɯɻɸʅʅɯ 
 
˝̏̈̑̏̂̌̆̎̏ ̨̐̏̃̆̅̎̋̏̃̔ ̝̍̏̅̆̌ ̒̉̒̓̆̍̉ ̨̠̃̅̎̏̃̌̆̎̎ ̨̂̌̏̋̃ ̖̅́̎̉ ̐̑̉ ̩̖ ̨̃̅̅́̌̆̎̏̍̔ ̨̑̏̈̐̏̅̌̆̎̏̍̔ 

̨̟̈̂̆̑̄́̎̎Ȣ ˙̝̏̅̆̌ ̂̔̌́ ̒̓̃̏̑̆̎́ ̎́ ̨̏̒̎̏̃ ̍̆̓̏̅̔ ̨̠̃̅̎̏̃̌̆̎̎ ̖̅́̎̉ ̐̑̉ ̩̖ ̨̑̏̈̐̏̅̌̆̎̏̍̔ ̨̨̈̂̆̑̄́̎̎ ̎́ 
̨̖̃̅̅́̌̆̎̉ ̖̖̒̏̃̉́̚Ȣ ˏ̉̋̏̑̉̒̓́̎̉̊ ̍̆̓̏̅ ̠̤̅̏̈̃̏̌ ̘̈́̂̆̈̐̆̉̓̉ ̨̠̃̅̎̏̃̌̆̎̎ ̨̨̗̩̎̏̑̍́̕ ̐̑̉ ̩̩ ̨̃̓̑́̓ ̘̉ 
̨̙̐̏̋̏̅̇̆̎̎ȟ ̈̏̋̑̆̍́ ̤ ̨̝̍̏̇̌̉̃̒̓ ̨̃̅̎̏̃̉̓̉ ̨̟̐̏̃̎̒̓ ̘̃̓̑́̆̎̉̊ ̋̌́̒̓̆̑ ̖̅́̎̉ȟ ̈́ ̔̍̏̃̉ ̨̨̃̅̒̔̓̎̏̒̓ 
̐̏̍̉̌̏̋ ̎́ ̨̙̖̎̉ ̖̋̌́̒̓̆̑́ȟ ́̂̏ ̨̃̅̎̏̃̉̓̉ ̅̏ ̝̖̓̑̏ ̨̂̌̏̋̃ ̖̅́̎̉ ̎́ ̨̖̑̈̎̉ ̖̋̌́̒̓̆̑́Ȣ 

ˏ̨̨̅̐̏̃̅̎̏ ̅̏ ̃̉̋̏̑̉̒̓́̎̏̄̏ ̍̆̓̏̅̔ ̑̏̈̑̏̂̌̆̎́ ̨̐̏̃̆̅̎̋̏̃́ ̝̍̏̅̆̌ ̘̤̐̆̑̆̅̂́́ ̨̗̔̎̋̏̎́̌̕ ̨̠̃̅̎̏̃̌̆̎̎ 
̨̨̗̩̎̏̑̍́̕ ̨̨̃̅̐̏̃̅̎̏ ̠̖̈́̃̌̆̎̉ ̃̉̍̏̄Ȣ ˑ̠̌ ̠̒̓̃̏̑̆̎̎ ̨̩̐̏̃̆̅̎̋̏̃̏ ̨̍̏̅̆̌ ̂̔̌̏ ̃̉̋̏̑̉̒̓́̎̏ ̍̏̃̔ ̏̐̉̒̔ 
́̐́̑́̓̔̑̉ ̨̝̖̎̓̆̄̑́̌̎̉ ̖̒̆̍ȟ ́ ̒́̍̆ 6($,Ȣ ˙̝̏̅̆̌ ̘̤̐̆̑̆̅̂́́ ω ̨̖̑̈̎̉ ̈́ ̨̨̗̝̟̔̎̋̏̎́̌̎̒̓̕ ̩̐̑̉̒̓̑̏̃ȟ ̨̠̋ 
̏̂ȭ̤̟̝̠̅̎̔̓̒ ̃ ̏̅̎̔ ̒̉̒̓̆̍̔Ȣ ˜̨̅ ̘́̒ ̑̏̂̏̓̉ ̨̍̏̅̆̌ ̟̝̠̃̉̋̏̎̔̓̒ ̨̓́̋ ̨̗̩̔̎̋̕ȟ ̠̋ ̑̏̈̃ȭ̠̈̏̋ ̨̝̖̅̆̋̌̋̏ ̒̉̒̓̆̍ 
̨̠̝̑̃̎̎ȟ ̠̒̏̑̓̔̃́̎̎ȟ ̠̅̏̅́̃́̎̎ ̐̏ ̟̍̏̅̔̌ ̅̃́ ̨̃̆̋̓̏̑̃ȟ ̓̏̏̚Ȣ ˜̑̏̒̓̏̓́ ̓́ ̨̙̝̃̉̅̋̒̓ ̠̃̉̋̏̎́̎̎ ̖̅́̎̉ ̨̗̔̎̋̊̕ 
̊ ̘̤̈́̂̆̈̐̆̔ ̃̉̒̏̋̔ ̨̗̐̏̓̆̎̊̎̔ ̨̝̆̆̋̓̉̃̎̒̓̕ ̠̃̉̋̏̎́̎̎ ̈́̅́̎̏̄̏ ́̌̄̏̑̉̓̍̔Ȣ 

ˑ̨̨̗̝̝̏̌̎̒̓ ̑̏̈̑̏̂̋̉ ̨̍̏̅̆̌ ̩̅́̎̏ ̒̉̒̓̆̍̉ ̨̠̃̅̎̏̃̌̆̎̎ ̖̅́̎̉ ̠̤̐̏̌̄́ ̔ ̍̏̇̌̉̃̏̍̔ ̝̍́̊̂̔̓̎̏̍̔ ̩̩ 
̟̃̉̋̏̑̉̒̓́̎̎ ̃ ̨̖̑̏̈̐̏̅̌̆̎̉ ̖̒̉̒̓̆̍́ ̨̠̈̂̆̑̄́̎̎ ̖̅́̎̉Ȣ ˜̆̑̆̃́̄́ ̠̤̐̏̌̄́ ̃ ̓̏̍̔ȟ ̏̚ ̝̍̏̅̆̌ ̠̤̅̏̈̃̏̌ ̨̃̅̎̏̃̉̓̉ 
̨̘̃̓̑́̆̎ ̨̅́̎ ̨̎̆̐̏̍̓̎̏ ̠̅̌ ̘̋̏̑̉̒̓̔̃́́ȟ ́̂̏ ̋̌́̒̓̆̑́ ̖̅́̎̉ȟ ̘̟̩̏̂̉̒̌̃́̎̏ ̙̍́̉̎̉ȟ ̓̏̏̚ȟ ́̅̇̆ ̒́̍̆ 
̑̏̈̑̏̂̌̆̎́ ̒̉̒̓̆̍́ ̐̏̃̉̎̎́ ̙̟̐̆̑̏ ̠̐̑̉̊̎̓̉ ̨̐̏̓̋ ̖̅́̎̉ȟ ̨̨̅̆̎̓̉̋̔̃́̓̉̕ ̊̏̄̏ȟ ̨̐̑̏́̎́̌̈̔̃́̓̉ȟ ̔ ̃̉̐́̅̋̔ 
̠̋̏̚ ̐̏̍̉̌̋̉ ̤̎̆̍́, ̓ ̏ ̐̑̏̒̓̏ ̐̆̑̆̅́̓̉ ̊̏̄̏ ̘̋̏̑̉̒̓̔̃́̔ȟ ̨̙̎́̋̆ ̨̃̅̎̏̃̉̓̉ ̨̅́̎ȟ ̠̋̏̚ ̗̆ ̍̏̇̌̉̃̏Ȣ ˏ̨̠̅̎̏̃̌̆̎̎ 
̖̅́̎̉ ̤̐̏̓̑̆̂̔ ̎́̒̓̔̐̎̏̄̏ȡ ̖̅́̎̉ȟ ̖̑̆̈̆̑̃̎̉ ̨̂̌̏̋̃ ̓́ ̨̗̍́̓̑̉ ̠̑̆̈̆̑̃̔̃́̎̎ȟ ̠̋́ ̟̝̒̓̃̏̑̃́̌́̒ ̐̑̉ ̨̨̨̨̨̗̗̩̎́̌̈́ 
̨̍̆̑̆̇ ̨̑̏̈̐̏̅̌̆̎̏̄̏ ̨̠̈̂̆̑̄́̎̎ ̖̅́̎̉ ̓́ ̝̈́̐̉̒̔̃́̌́̒ ̃ ̐́̍ȭ̠̝̓ ̩̑̏̈̑̏̂̌̆̎̏ ̒̉̒̓̆̍̉Ȣ ˠ ̃̉̐́̅̋̔ ̨̎̆̍̏̇̌̉̃̏̒̓ 
̨̠̃̅̎̏̃̌̆̎̎ ̖̅́̎̉ ̑̏̈̑̏̂̌̆̎́ ̒̉̒̓̆̍́ ̤̃̉̅́ ̨̨̃̅̐̏̃̅̎̉̊ ̒̉̄̎́̌Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ 6($,ȟ ̨̑̏̈̐̏̅̌̆̎̆ ̨̠̈̂̆̑̄́̎̎ ̖̅́̎̉ȟ ̠̑̆̈̆̑̃̔̃́̎̎ ̖̅́̎̉ȟ ̨̠̃̅̎̏̃̌̆̎̎ ̖̅́̎̉Ȣ 
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BEHAVIORAL MODEL OF DATA BLOCK RECOVERY SYSTEM FOR THEIR REMOTE 

DISTRIBUTED STORAGE  
 

A behavioral model of the data block recovery system for their remote distributed storage has been developed. The model was 
created based on the method of data recovery during their distributed storage in remote storage. The used method allows for restoring 
information in case of its loss or damages it is possible to recover a completely lost data cluster, provided there are no errors on other 
clusters, or to recover up to three blocks of data on different clusters. 

According to the method used, the developed behavioral model provides the functionality of restoring information to the stated 
requirements. To create a behavioral model, the language of description of integrated circuit hardware was used, namely VHDL. The model 
provides 5 different devices that combine into one system. During the operation of the model, such functions are performed as solving several 
systems of equations, sorting, adding two vectors modulo, etc. Simplicity and speed of execution of these functions provide high potential 
efficiency of execution of the set algorithm. 

The feasibility of developing a model of this data recovery system is the possible future use of it in distributed storage systems. The 
advantage is that the model allows you to recover lost data unnoticed by the user, or a data cluster, computer, etc. because it is the developed 
system must first receive the data stream, identify it, analyze, and if there is no error - just pass it to the user, otherwise, recover data if 
possible. Data recovery requires the following: data, backup blocks, and a backup matrix, which was created during the initialization of the 
distributed storage network and stored in the memory of the developed system. In case of impossibility of data recovery, the developed 
system gives out the corresponding signal. 

Keywords: VHDL, distributed data storage, data backup, data recovery. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʅʝʚʧʠʥʥʦ ʪʘ ʧʦʩʪʽʡʥʦ ʟʙʽʣʴʰʫʶʯʠ ʰʚʠʜʢʽʩʪʴ ʤʯʠʪʴ ʚʧʝʨʝʜ ʨʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʡ, ʘ ʪʦʤʫ ʟ ʢʦʞʥʠʤ 

ʤʦʤʝʥʪʦʤ ʯʘʩʫ ʩʪʘʻ ʙʽʣʴʰʝ ʩʢʣʘʜʥʽʰʠʭ ʪʘ ʥʦʚʽʪʥʽʭ ʪʝʭʥʦʣʦʛʽʡ. ʗʢ ʥʘʩʣʽʜʦʢ ʨʦʟʤʽʨ ʜʘʥʠʭ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ 

ʟʙʝʨʽʛʘʪʠ ʪʘ ʦʙʯʠʩʣʶʚʘʪʠ, ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʥʦʚʠʭ ʪʝʭʥʽʯʥʠʭ ʪʘ ʥʘʫʢʦʚʠʭ ʚʽʜʢʨʠʪʪʽʚ, ʧʦʩʪʽʡʥʦ 

ʟʙʽʣʴʰʫʻʪʴʩʷ. ʉʪʚʦʨʝʥʥʷ ʩʫʧʝʨʢʦʤʧôʶʪʝʨʽʚ, ʷʢʽ ʙʫʜʫʪʴ ʦʙʨʘʭʦʚʫʚʘʪʠ ʬʘʢʪʠʯʥʦ ʥʝʩʢʽʥʯʝʥʥʫ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ 

ʜʘʥʠʭ, ʥʝ ʻ ʤʦʞʣʠʚʠʤ ʥʘ ʩʴʦʛʦʜʥʽ, ʘ ʩʪʚʦʨʝʥʥʷ ʩʧʝʮʽʘʣʽʟʦʚʘʥʠʭ ʩʫʧʝʨʢʦʤʧôʶʪʝʨʽʚ ʻ ʢʦʰʪʦʚʥʦ ʥʝʜʦʮʽʣʴʥʠʤ 

ʨʽʰʝʥʥʷʤ. ɸʥʘʣʦʛʽʯʥʽ ʧʨʦʙʣʝʤʠ ʻ ʽ ʟ ʧʠʪʘʥʥʷʤ ʟʙʝʨʝʞʝʥʥʷʤ ʜʘʥʠʭ. ʅʘʨʘʟʽ ʚ ʩʚʽʪʽ ʥʝ ʽʩʥʫʻ ʱʝ ʞʦʜʥʦʛʦ 

çʤʽʩʪʘ-ʩʝʨʚʝʨʘè ʚ ʷʢʦʤʫ ʙ ʟʙʝʨʽʛʘʣʘʩʴ ʚʝʣʠʯʝʟʥʘ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ, ʘʜʞʝ ʙʫʜʴ ʷʢʘ ʧʨʠʨʦʜʥʷ ʢʘʪʘʩʪʨʦʬʘ, 

ʘʙʦ ʪʝʭʥʽʯʥʘ ʢʘʪʘʩʪʨʦʬʘ ʤʦʞʝ ʚʨʘʟ ʟʨʫʡʥʫʚʘʪʠ ʚʝʣʠʯʝʟʥʽ ʟʜʦʙʫʪʢʠ ʣʶʜʩʪʚʘ, ʧʨʠʢʣʘʜ ʟ ʆʣʝʢʩʘʥʜʨʽʚʩʴʢʦʶ 

ʙʽʙʣʽʦʪʝʢʦʶ ʻ ʚʢʨʘʡ ʦʯʝʚʠʜʥʠʤ. 

ɼʣʷ ʧʦʜʦʣʘʥʥʷ ʧʨʦʙʣʝʤʠ ʦʙʯʠʩʣʝʥʥʷ ʪʘ ʟʙʝʨʽʛʘʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʘʥʠʭ ʟʘʨʘʟ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʭʤʘʨʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʘʙʦ ʨʦʟʧʦʜʽʣʝʥʽ ʪʝʭʥʦʣʦʛʽʾ. ʊʠʤ ʥʝ ʤʝʥʰ, ʨʠʟʠʢʠ ʚʪʨʘʪʠʪʠ ʪʫ ʯʠ ʽʥʰʫ ʯʘʩʪʠʥʫ ʽʥʬʦʨʤʘʮʽʾ 
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ʚʩʝ ʞ ʧʨʠʩʫʪʥʽʡ ʯʝʨʝʟ ʧʨʠʨʦʜʥʽ ʪʘ ʪʝʭʥʽʯʥʽ ʢʘʪʘʩʪʨʦʬʠ, ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʨʦʟʧʦʜʽʣʝʥʥʷ ʤʠ ʽʩʪʦʪʥʦ ʟʤʝʥʰʫʻʤʦ 

ʟʙʠʪʢʠ, ʦʜʥʘʢ ʧʠʪʘʥʥʷ ʟʘʭʠʩʪʫ, ʘʙʦ, ʱʝ ʢʨʘʱʝ, ʤʦʞʣʠʚʦʩʪʽ ʚʽʜʥʦʚʣʝʥʥʷ ʚʪʨʘʯʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʻ ʥʘ ʯʘʩʽ. 

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ʇʨʦʙʣʝʤʘʪʠʢʘ ʟʘʚʘʜʦʩʪʽʡʢʦʩʪʽ, ʟʜʘʪʥʦʩʪʽ ʣʦʢʘʣʽʟʘʮʽʾ, ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʦʤʠʣʦʢ ʪʘ ʟʜʘʪʥʦʩʪʽ 

ʚʽʜʥʦʚʣʝʥʥʷ ʚʪʨʘʯʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʥʝ ʻ ʥʦʚʦʶ, ʘ ʪʦʤʫ ʽʩʥʫʻ ʥʠʟʢʘ ʨʦʟʨʦʙʣʝʥʠʭ ʤʝʪʦʜʽʚ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʮʠʭ 

ʧʠʪʘʥʴ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ. ɸʜʞʝ ʥʘ ʜʘʥʦʤʫ ʝʪʘʧʽ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʦʟʚʠʪʢʫ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʘʜʽʡʥʽʩʪʶ 

ʚʽʜʜʘʣʝʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ ʻ ʙʘʛʘʪʦʨʽʚʥʝʚʽʩʪʴ[1]. ʎʽ ʨʽʚʥʽ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʷʢ: 

¶ ɹʽʥʘʨʥʠʡ ʤʘʩʠʚ ï ʥʘ ʮʴʦʤʫ ʨʽʚʥʽ ʧʦʤʠʣʢʠ ʣʦʢʘʣʽʟʫʶʪʴ ʪʘ ʚʠʧʨʘʚʣʷʶʪʴ. 

¶ ʄʘʩʠʚ ʥʘʢʦʧʠʯʫʚʘʯʽʚ ï ʥʘ ʮʴʦʤʫ ʨʽʚʥʽ ʷʢ ʧʨʘʚʠʣʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʠʩʪʝʤʠ RAID [2]. 

ʆʜʥʘʢ ʢʣʶʯʦʚʠʤ ʧʠʪʘʥʥʷʤ ʟʘʣʠʰʘʻʪʴʩʷ ʪʝ, ʱʦ ʽʩʥʫʻ ʚʽʨʦʛʽʜʥʽʩʪʴ ʚʪʨʘʪʠʪʠ ʧʦʚʥʽʩʪʶ ʢʣʘʩʪʝʨ 

(ʩʭʦʚʠʱʝ, ʧʨʠʤʽʱʝʥʥʷ) ʚʥʘʩʣʽʜʦʢ ʙʫʜʴ-ʷʢʦʛʦ ʥʘʚʽʪʴ ʣʦʢʘʣʴʥʦʛʦ ʢʘʪʘʢʣʽʟʤʫ ʟ ʚʩʽʤʘ ʥʘʢʦʧʠʯʫʚʘʯʘʤʠ, ʱʦ 

ʧʨʠʟʚʝʜʝ ʜʦ ʧʦʚʥʦʾ ʚʪʨʘʪʠ ʯʘʩʪʠʥʠ ʜʘʥʠʭ. ɿʘʜʣʷ ʪʦʛʦ, ʱʦʙ ʫ ʚʠʧʘʜʢʫ ʚʪʨʘʪʠ ʟʚôʷʟʢʫ ʟ ʢʣʘʩʪʝʨʦʤ ʯʝʨʝʟ ʙʫʜʴ-

ʷʢʫ ʧʨʠʯʠʥʫ, ʤʦʞʥʘ ʙʫʣʦ ʚʽʜʥʦʚʠʪʠ ʡʦʛʦ ʜʘʣʽ ʜʣʷ ʪʠʭ ʯʠ ʽʥʰʠʭ ʧʦʪʨʝʙ ʥʝʦʙʭʽʜʥʦ ʜʦʜʘʪʠ ʱʝ ʦʜʠʥ ʨʽʚʝʥʴ ï 

ʤʘʩʠʚ ʢʣʘʩʪʝʨʽʚ. ʎʽʣʢʦʤ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʥʝʦʙʭʽʜʥʝ ʧʨʠʨʦʜʥʻ ʛʨʫʧʫʚʘʥʥʷ ʢʣʘʩʪʝʨʽʚ, ʥʘʧʨʠʢʣʘʜ, ʥʘʢʦʧʠʯʫʚʘʯʽ 

ʤʦʞʫʪʴ ʦʙôʻʜʥʫʚʘʪʠʩʴ ʧʦ ʧʨʠʥʮʠʧʫ ʯʘʩʪʠʥʠ ʢʣʘʩʪʝʨʫ ʯʠ ʢʣʘʩʪʝʨ ʮʽʣʢʦʤ ʪʦʱʦ. ɺ ʪʘʢʦʤʫ ʨʘʟʽ, ʮʽʣʢʦʤ 

ʣʦʛʽʯʥʦ, ʷʢʱʦ ʩʪʚʦʨʶʚʘʪʠ ʢʣʘʩʪʝʨʥʽ ʛʨʫʧʠ ʥʘʚʢʦʣʦ ʦʜʥʦʛʦ ʘʙʦ ʧʝʚʥʦʾ ʢʽʣʴʢʦʩʪʽ ʢʦʨʠʩʪʫʚʘʯʽʚ. ɹʽʣʴʰʝ ʪʦʛʦ, 

ʷʢʱʦ ʚʩʝ ʚʽʨʥʦ ʨʦʟʨʘʭʫʚʘʪʠ, ʪʦ ʟʘ ʫʤʦʚʠ, ʩʫʩʽʜʥʽʭ ʛʨʫʧ ʢʦʨʠʩʪʫʚʘʯʽʚ ʷʢʽ ʤʘʶʪʴ ʢʣʘʩʪʝʨʠ, ʱʦ ʧʝʨʝʪʠʥʘʶʪʴʩʷ 

ʧʦ ʧʦʢʨʠʪʪʶ, ʽʩʥʫʻ ʩʠʪʫʘʮʽʷ ʢʦʣʠ ʥʘʚʽʪʴ ʧʨʠ ʢʘʪʘʢʣʽʟʤʘʭ ʚ ʜʝʢʽʣʴʢʦʭ ʜʘʥʽ  ʚʩʝ ʦʜʥʦ ʥʝ ʙʫʜʫʪʴ ʟʥʠʱʝʥʽ. 

 ɼʣʷ ʨʦʟʨʦʙʢʠ ʩʠʩʪʝʤʠ ʚʽʜʥʦʚʣʝʥʥʷ ʙʣʦʢʽʚ ʜʘʥʠʭ ʧʨʠ ʾʭ ʚʽʜʜʘʣʝʥʦʤʫ ʨʦʟʧʦʜʽʣʝʥʦʤʫ ʟʙʝʨʽʛʘʥʥʽ ʙʫʚ 

ʚʠʢʦʨʠʩʪʘʥʠʡ ʤʝʪʦʜ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʚʽʜʥʦʚʠʪʠ ʚʩʽ ʚʪʨʘʯʝʥʽ ʙʣʦʢʠ ʜʘʥʠʭ ʥʘ ʦʜʥʦʤʫ ʩʭʦʚʠʱʽ, ʘʙʦ ʚʽʜʥʦʚʠʪʠ 

ʧʦ ʦʜʥʦʤʫ ʙʣʦʢʫ ʜʘʥʠʭ ʥʘ ʪʨʴʦʭ ʨʽʟʥʠʭ ʩʭʦʚʠʱʘʭ [3]. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɼʣʷ ʪʦʛʦ ʱʦʙ ʤʦʜʝʣʴ ʚʠʢʦʥʫʚʘʣʘ ʬʫʥʢʮʽʶ ʚʽʜʥʦʚʣʝʥʥʷ ʜʘʥʠʭ ʜʣʷ ʾʾ ʨʦʙʦʪʠ ʥʝʦʙʭʽʜʥʽ ʣʠʰʝ ʚʭʽʜʥʽ 

ʜʘʥʥʽ, ʨʝʟʝʨʚʥʽ ʙʣʦʢʠ ʜʘʥʠʭ ʪʘ ʤʘʪʨʠʮʷ ʬʦʨʤʫʚʘʥʥʷ ʨʝʟʝʨʚʥʠʭ ʙʣʦʢʽʚ. ʈʦʙʦʪʘ ʩʠʩʪʝʤʠ ʟʘ ʥʘʷʚʥʦʩʪʽ ʚʩʽʭ ʮʠʭ 

ʩʢʣʘʜʦʚʠʭ ʧʦʢʘʟʘʥʘ ʥʘ ʨʠʩ. 1.  

 

  
ʈʠʩ. 1. ʈʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʧʦʚʝʜʽʥʢʦʚʦʾ ʤʦʜʝʣʽ 

 

ʅʘ ʨʠʩ. 1 ʟʦʙʨʘʞʝʥʦ ʤʦʜʝʣʶʚʘʥʥʷ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʢʦʞʝʥ ʢʣʘʩʪʝʨ ʦʢʨʽʤ ʦʩʪʘʥʥʴʦʛʦ ʤʽʩʪʠʪʴ 4 ʙʣʦʢʠ 

ʜʘʥʠʭ, ʘ ʢʦʞʝʥ ʙʣʦʢ ʜʘʥʠʭ ï ʮʝ 8 ʙʽʪʽʚ. ɺʽʜʧʦʚʽʜʥʦ, ʚ ʜʘʥʽʡ ʩʠʪʫʘʮʽʾ ʙʫʣʠ ʚʪʨʘʯʝʥʽ 1, 7 ʪʘ 12 ʙʣʦʢʠ ʜʘʥʠʭ ʥʘ 

ʨʽʟʥʠʭ ʢʣʘʩʪʝʨʘʭ. ʇʽʩʣʷ ʪʦʛʦ ʷʢ ʨʦʙʦʪʘ ʧʦ ʚʽʜʥʦʚʣʝʥʥʶ ʙʫʣʘ ʟʘʢʽʥʯʝʥʘ ʤʠ ʦʪʨʠʤʘʣʠ ʥʦʚʝ ʟʥʘʯʝʥʥʷ ʚ ʧʦʨʪʽ 

DataBlocks ʟ ʚʽʜʥʦʚʣʝʥʠʤʠ ʚʽʜʧʦʚʽʜʥʠʤʠ ʙʣʦʢʘʤʠ ʜʘʥʠʭ.  

ɿ ʦʛʣʷʜʫ ʥʘ ʪʝʦʨʝʪʠʯʥʫ ʜʦʮʽʣʴʥʽʩʪʴ ʩʧʝʮʽʘʣʴʥʦʛʦ ʤʝʪʦʜʫ ʩʪʚʦʨʝʥʥʷ ʤʘʪʨʠʮʽ ʬʦʨʤʫʚʘʥʥʷ ʨʝʟʝʨʚʥʠʭ 

ʙʣʦʢʽʚ [1] ʧʝʨʰʠʤ ʽ ʥʘʡʛʦʣʦʚʥʽʰʠʤ ʝʪʘʧʦʤ ʻ ʽʥʽʮʽʘʣʽʟʘʮʽʷ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ ʪʘ ʬʦʨʤʫʚʘʥʥʷ ʽ ʟʙʝʨʝʞʝʥʥʷ 

ʚ ʧʘʤôʷʪʽ ʮʽʻʾ ʤʘʪʨʠʮʽ. ʆʩʪʘʥʥʽʤ ʝʪʘʧʦʤ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʡʜʝ ʩʪʚʦʨʝʥʥʷ ʨʝʟʝʨʚʥʠʭ ʙʣʦʢʽʚ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʾʭ 

ʨʦʟʧʦʜʽʣʝʥʦ. 

ɺʩʝʨʝʜʠʥʽ ʤʦʜʝʣʽ ʻ 5 ʩʘʤʦʩʪʽʡʥʠʭ ʧʨʠʩʪʨʦʾ, ʱʦ ʚʠʢʦʥʫʶʪʴ ʩʚʦʾ ʬʫʥʢʮʽʾ: 

1. MissedPartsIdentifyUnit 

2. MissedPartsAnalyzeUnit 

3. DetectOrthogonalMatrixUnit 

4. SystemOfEquationsCalculateUnit 

5. MissedDataGeneratorUnit 

MissedPartsIdentifyUnit ʮʝ ʧʨʠʩʪʨʽʡ, ʱʦ ʽʜʝʥʪʠʬʽʢʫʻ ʷʢʽ ʙʣʦʢʠ ʜʘʥʠʭ ʙʫʣʠ ʧʦʰʢʦʜʞʝʥʽ, ʘʙʦ ʟ ʥʠʤʠ ʥʝ 

ʤʘʻ ʟʚôʷʟʢʫ. ɺʽʥ ʬʦʨʤʫʻ ʜʚʘ ʙʽʪʦʚʽ ʤʘʩʠʚʠ, ʚ ʷʢʠʭ ʧʦʟʥʘʯʝʥʦ ʙʣʦʢʠ, ʷʢʽ ʤʘʶʪʴ ʧʨʦʙʣʝʤʠ. ʅʘ ʨʠʩ. 2 

ʟʦʙʨʘʞʝʥʦ ʨʦʙʦʪʫ ʧʨʠʩʪʨʦʶ MissedPartsIdentifyUnit. 

 

 
ʈʠʩ. 2. ʈʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ MissedPartsIdentifyUnit 

 



 ˟̨̨̖̘̆̎̎ ̎́̔̋̉ ISSN 2307-5732 
 

ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, Τ3, 2022 (309) 31 

MissedPartsAnalyzeUnit ʮʝ ʧʨʠʩʪʨʽʡ, ʱʦ ʘʥʘʣʽʟʫʻ ʢʽʣʴʢʽʩʪʴ ʧʦʤʠʣʦʢ ʪʘ ʾʭ ʨʦʟʪʘʰʫʚʘʥʥʷ, ʷʢʱʦ ʙʽʣʴʰʝ 3 

ʚ ʨʽʟʥʠʭ ʙʣʦʢʘʭ, ʪʦ ʚʠʜʘʻ ʧʦʤʠʣʢʫ. ɺʽʥ ʩʪʚʦʨʶʻ ʥʦʚʫ ʤʘʪʨʠʮʶ ʬʦʨʤʫʚʘʥʥʷ ʨʝʟʝʨʚʥʠʭ ʙʣʦʢʽʚ, ʜʝ ʟʘʣʠʰʘʻ 

ʚʠʢʣʶʯʥʦ ʟʥʘʯʝʥʥʷ ʷʢʽ ʻ ʚ ʧʝʨʝʪʠʥʽ ʽʥʜʝʢʩʽʚ ʙʣʦʢʽʚ ʜʘʥʠʭ ʟ ʧʦʤʠʣʢʦʶ ʪʘ ʙʣʦʢʽʚ ʨʝʟʝʨʚʥʠʭ ʜʘʥʠʭ ʙʝʟ 

ʧʦʤʠʣʢʠ. ʅʘ ʨʠʩ. 3 ʟʦʙʨʘʞʝʥʦ ʨʦʙʦʪʫ ʧʨʠʩʪʨʦʶ MissedPartsAnalyzeUnit. 

 

 
ʈʠʩ. 3. ʈʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ MissedPartsAnalyzeUnit 

 

DetectOrthogonalMatrixUnit ʮʝ ʧʨʠʩʪʨʽʡ, ʱʦ ʧʝʨʝʙʠʨʘʻ ʚʩʽ ʚʘʨʽʘʥʪʠ ʟ ʤʘʪʨʠʮʽ ʧʦʤʠʣʦʢ, ʚ ʧʦʰʫʢʘʭ 

ʦʨʪʦʛʦʥʘʣʴʥʦʾ ʤʘʪʨʠʮʽ. ʅʘ ʨʠʩ. 4 ʟʦʙʨʘʞʝʥʦ ʨʦʙʦʪʫ ʧʨʠʩʪʨʦʶ DetectOrthogonalMatrixUnit. 

 

 
ʈʠʩ. 4. ʈʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ DetectOrthogonalMatrixUnit 

 

SystemOfEquationsCalculateUnit ʮʝ ʧʨʠʩʪʨʽʡ, ʱʦ ʟʥʘʭʦʜʠʪʴ ʽʥʜʝʢʩʠ ʨʝʟʝʨʚʥʠʭ ʙʣʦʢʽʚ ʯʘʩʪʠʥʘ ʷʢʠʭ ʻ ʚ 

ʦʨʪʦʛʦʥʘʣʴʥʽʡ ʤʘʪʨʠʮʽ ʪʘ ʩʪʚʦʨʶʻ ʤʘʪʨʠʮʶ ʷʢ ʥʘ ʨʠʩ. 5. ʇʝʨʝʪʚʦʨʠʚʰʠ ʧʨʘʚʫ ʤʘʪʨʠʮʶ ʚ ʦʜʠʥʘʨʥʫ ʤʠ 

ʦʪʨʠʤʘʻʤʦ ʨʦʟʚôʷʟʦʢ ʣʽʥʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ ʚ ʣʽʚʽʡ ʯʘʩʪʠʥʽ. 

 

 
ʈʠʩ. 5. ʉʠʩʪʝʤʘ ʨʽʚʥʷʥʴ ʚ ʧʦʯʘʪʢʦʚʽʡ ʬʘʟʽ 

 

ɿʘʩʥʦʚʫʶʯʠʩʴ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʨʽʚʥʷʥʥʷ ʬʦʨʤʫʻ ʩʠʥʜʨʦʤʠ ʜʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʙʣʦʢʽʚ ʜʘʥʠʭ. ʅʘ ʨʠʩ. 6 

ʟʦʙʨʘʞʝʥʦ ʨʦʙʦʪʫ ʧʨʠʩʪʨʦʶ SystemOfEquationsCalculateUnit. 

 

ʈʠʩ. 6. ʈʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ SystemOfEquationsCalculateUnit  

 

MissedDataGeneratorUnit ʮʝ ʧʨʠʩʪʨʽʡ, ʱʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʥʜʨʦʤʫ ʪʘ ʚʽʜʥʦʚʣʶʻ ʚʪʨʘʯʝʥʽ ʙʣʦʢʠ ʜʘʥʠʭ. 

ʅʘ ʨʠʩ. 7 ʟʦʙʨʘʞʝʥʦ ʨʦʙʦʪʫ ʧʨʠʩʪʨʦʶ DetectOrthogonalMatrixUnit. 

 

 
ʈʠʩ. 7. ʈʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʧʨʠʩʪʨʦʶ MissedDataGeneratorUnit 

 

ɿʤʦʜʝʣʴʦʚʘʥʫ ʩʠʩʪʝʤʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʨʠʣʘʜʥʘʪʠ ʚ ʷʢʦʩʪʽ ʙʫʬʝʨʥʦʛʦ ʧʨʠʩʪʨʦʶ ʥʘ ʚʠʭʦʜʽ ʜʘʥʠʭ ʤʽʞ 

ʤʝʨʝʞʝʶ ʢʣʘʩʪʝʨʽʚ ʪʘ ʢʽʥʮʝʤ ʚʫʟʣʦʤ ʟʘʧʠʪʫ ʜʦ ʢʦʨʠʩʪʫʚʘʯʘ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ ʟʘʧʠʪʽ ʜʦ ʨʦʟʧʦʜʽʣʝʥʦʾ ʙʘʟʠ 

ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯ ʟʘʧʠʪʫʻ ʧʝʚʥʽ ʜʘʥʽ, ʫ ʚʠʧʘʜʢʫ ʷʢʱʦ ʧʨʠ ʚʠʜʘʯʽ ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʫ ʻ ʚʩʽ ʜʘʥʽ, ʪʦ ʜʘʥʽ ʦʜʨʘʟʫ 

ʚʠʜʘʶʪʴʩʷ, ʦʜʥʘʢ, ʷʢʱʦ ʧʨʠʩʫʪʥʽ ʧʦʤʠʣʢʠ, ʪʦ ʩʧʦʯʘʪʢʫ ʜʘʥʽ ʚʽʜʥʦʚʣʶʻʪʴʩʷ, ʷʢʱʦ ʮʝ ʤʦʞʣʠʚʦ, ʘ ʧʦʪʽʤ 

ʚʠʜʘʶʪʴʩʷ ʢʦʨʠʩʪʫʚʘʯʫ. 
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ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʧʦʚʝʜʽʥʢʦʚʫ ʤʦʜʝʣʴ ʩʠʩʪʝʤʠ ʚʽʜʥʦʚʣʝʥʥʷ ʙʣʦʢʽʚ 

ʜʘʥʠʭ ʧʨʠ ʾʭ ʚʽʜʜʘʣʝʥʦʤʫ ʨʦʟʧʦʜʽʣʝʥʦʤʫ ʟʙʝʨʽʛʘʥʥʽ. ɿʘʩʥʦʚʘʥʘ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʤʝʪʦʜʫ ʚʽʜʥʦʚʣʝʥʥʷ ʜʘʥʠʭ 

ʧʨʠ ʾʭ ʨʦʟʧʦʜʽʣʝʥʦʤʫ ʟʙʝʨʽʛʘʥʥʽ ʥʘ ʚʽʜʜʘʣʝʥʠʭ ʩʭʦʚʠʱʘʭ, ʚʦʥʘ ʜʘʻ ʰʠʨʦʢʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʚʽʜʥʦʚʣʝʥʥʷ 

ʚʪʨʘʯʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʄʦʞʣʠʚʽʩʪʴ ʚʽʜʥʦʚʣʶʚʘʪʠ ʜʘʥʽ ʟ ʪʠʤʯʘʩʦʚʦ ʯʠ ʥʘʟʘʚʞʜʠ ʚʪʨʘʯʝʥʦʛʦ ʢʣʘʩʪʝʨʘ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʤʽʩʪʠʪʴ 

ʚ ʩʦʙʽ ʧʝʚʥʫ ʢʽʣʴʢʽʩʪʴ ʙʣʦʢʽʚ ʜʘʥʠʭ ʻ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʛʦʤʠʤ ʬʘʢʪʦʨʦʤ, ʦʢʨʽʤ ʪʦʛʦ, ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʥʦʚʣʶʚʘʪʠ 

ʪʨʠ ʙʣʦʢʠ ʜʘʥʠʭ ʥʘ ʨʽʟʥʠʭ ʢʣʘʩʪʝʨʘʭ, ʘ ʪʘʢʦʞ ʩʧʦʚʽʱʝʥʥʷ ʧʨʦ ʥʝʤʦʞʣʠʚʽʩʪʴ ʚʽʜʥʦʚʣʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʚʟʘʛʘʣʽ 

ï ʜʘʻ ʛʘʨʥʠʡ ʧʦʪʝʥʮʽʘʣ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʜʘʥʦʾ ʩʠʩʪʝʤʠ ʚ ʩʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʝʥʦʛʦ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ. 

ʉʧʦʩʽʙ, ʷʢʠʤ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʮʽʻʾ ʩʠʩʪʝʤʠ ʚ ʩʪʨʫʢʪʫʨʫ ʢʣʘʩʪʝʨʘ ʜʘʥʠʭ, ʘ ʩʘʤʝ, 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ, ʷʢ ʙʫʬʝʨʥʦʾ, ʟʘʢʣʘʜʘʻ ʱʝ ʦʜʥʫ ʧʝʨʝʚʘʛʫ ʚ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʾ 

ʢʦʥʬʽʛʫʨʘʮʽʾ ï ʥʝʧʦʤʽʪʥʝ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʘ, ʯʠ ʢʽʥʮʝʚʦʾ ʧʨʦʛʨʘʤʠ, ʦʪʨʠʤʘʥʥʷ ʚʩʽʭ ʜʘʥʠʭ, ʨʘʟʦʤ ʟ 

ʚʽʜʥʦʚʣʝʥʠʤʠ ʜʘʥʠʭ.  
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˚̨́̃̆̅̆̎ ̘̐̑̉̉̎̉ ̨̨̖̎̆̏̂̅̎̏̒̓ ̠̠̅̏̒̄̎̆̎̎ ̘̩̒̆̍́̎̓̉̎̏ ̨̨̒̔̍̒̎̏̒̓ ̘̖̍̆̅̉̎̉ ̨̈́̐̉̒̃ ̓́ ̨̨̗̖̎̏̑̍́̊̎̉̕ 

̒̉̒̓̆̍Ȣ ˏ̘̉̈̎́̆̎̏ȟ ̏̚ ̘̒̆̍́̎̓̉̎́ ̨̨̝̒̔̍̒̎̒̓ ̤ ̘̋̑̉̓̉̎̉̍ ́̋̓̏̑̏̍̕ ̨̆̆̋̓̉̃̎̏̒̓̕ ̒̉̒̓̆̍ ̨̏̂̍̎̔ ̘̟̍̆̅̉̎̏ 
̨̨̗̤̟̎̏̑̍́̕Ȣ ˔́̐̑̏̐̏̎̏̃́̎̏ ̖́̑̆̓̉̐̏̃̔ ̝̍̏̅̆̌ ̘̩̒̆̍́̎̓̉̎̏ ̨̨̒̔̍̒̎̏̒̓Ȣ ˑ̠̌ ̗̝̏̄̏ ̂̔̌̏ ̒̓̃̏̑̆̎̏ ̨̅̃ ̨̍̏̅̆̌ȡ 
̝̌̏̋́̌̎̔ ̓́ ̝̄̌̏̂́̌̎̔Ȣ ː̝̌̏̂́̌̎́ ̝̍̏̅̆̌ ̏̈̎́̋ ̘̃̉̈̎́́̓̉̍̆ ̨̗̩̔̎̋̕ȟ ̨̝̈́̄́̌̎ ̠̅̌ ̨̖̃̒ ˙˴˞ȟ ̨̓̏̅ ̠̋ ̝̌̏̋́̌̎́ 
̝̍̏̅̆̌ ̖́̑́̋̓̆̑̉̒̓̉̋ ̘̃̉̈̎́́̓̉̍̆ ̨̏̒̏̂̌̉̃̏̒̓ȟ ̨̖́̑́̋̓̆̑̎ ̠̅̌ ̩̐̆̃̎̏ ̒̉̒̓̆̍̉Ȣ ˝̏̈̑̏̂̌̆̎̏ DEAR ̝̍̏̅̆̌ ̠̅̌ 
̏̐̉̒̔ ̩̐̑̆̅̍̆̓̎̏ ̨̏̂̌́̒̓Ȣ ˞̟̘̝̐̉̑́̉̒ ̎́ ̏̓̑̉̍́̎̔ ̝̍̏̅̆̌ ̩̐̑̆̅̍̆̓̎̏ ̨̏̂̌́̒̓ ̤̒̐̑̏̆̋̓̔̍̏ ̝̍̏̅̆̌ ̏̈̎́̋ 
ɉ̨̗̝̔̎̋̏̎́̌̎̔̕ ̝̍̏̅̆̌Ɋ ̒̉̒̓̆̍̉ ̨̏̂̍̎̔ ̘̟̍̆̅̉̎̏ ̨̨̗̤̟̎̏̑̍́̕. ˙̝̏̅̆̌ ̨̐̏̃̆̅̎̋̉ EART ̤̝̠̒̋̌́̅́̓̒ ̈ ̖̎́̒̓̔̐̎̉ 
̨̋̏̍̐̏̎̆̎̓̃ȡ  E ɂ ̏̂ȭ̤̋̓ȟ ! ɂ ̨̠̅ȟ 2 ɂ ̨̗̠̑̆́̋ȟ ́ 4 ɂ ̘́̒Ȣ ˝̏̈̑̏̂̌̆̎̏ ̝̌̏̋́̌̎̔ ̓́ ̝̄̌̏̂́̌̎̔ ̨̍̏̅̆̌ ̨̗̔̎̋̊̕, ̎́ 
̨̏̒̎̏̃ ̠̖̋̉ ̐̑̆̅̒̓́̃̌̆̎̏ ̝̍̏̅̆̌ ̨̐̏̃̆̅̎̋̉ ̒̉̒̓̆̍̉ȟ ̎́ ̨̏̒̎̏̃ ̠̩̋̏ ̂̔̌̏ ̑̏̈̑̏̂̌̆̎̏ ̒̓̑̔̋̓̔̑̔ ̨̍̏̅̆̌ ̨̖́̑̆̓̉̐̃Ȣ 
˜̨̏̅̂̎̏ ̅̏ ̨̍̏̅̆̌ ̏̈̎́̋ȟ ̝̍̏̅̆̌ ̨̖́̑̆̓̉̐̃ ̤̝̠̒̋̌́̅́̓̒ ̈ ̖̅̃̏ ̨̨̑̃̎̃ȡ ̝̌̏̋́̌̎̏̄̏ ̓́ ̝̄̌̏̂́̌̎̏̄̏Ȣ ˍ̖̑̆̓̉̐ 
̈́̐̑̏̐̏̎̏̃́̎̏ ̐̑̆̅̒̓́̃̉̓̉ ̠̋ ̒̔̍̔ ̝̖̓̑̏ ̨̐́̑́̍̆̓̑̃ȡ ̎́̈̃̉ȟ ̓̉̐̔ ̓́ ̏̐̉̒̔Ȣ 

˗̟̘̌̏̃ ̨ ̒̌̏̃́ȡ ̘̍̆̅̉̎́ ̨̨̗̎̏̑̍́̊̎́̕ ̒̉̒̓̆̍́ȟ ̨̗̉̑̏̃̕ ̨̘̍̆̅̉̎ ̈́̐̉̒̉ȟ ̨̝̆̆̋̓̉̃̎̒̓̕ ̘̖̍̆̅̉̎̉ ̒̉̒̓̆̍ 
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There are a few different ways to think about semantic compatibility in the context of electronic health records (EHRs). One way 
to think about it is in terms of the structure of the data. This would involve making sure that the data is organized in a way that is consistent 
with how other systems expect it to be organized. Another way to think about it is in terms of the meaning of the data. This would involve 
making sure that the data is annotated in a way that is consistent with how other systems expect it to be annotated. A third way to think 
about semantic compatibility is in terms of the use of the data. This would involve making sure that the data is used in a way that is 
consistent with how other systems expect it to be used. Each of these approaches has its own strengths and weaknesses. The approach that is 
most appropriate will depend on the specific context in which the EHR is being used. The structure of the data is the most important factor to 
consider when thinking about semantic compatibility. This is because the structure of the data determines how the data is organized and 
how it is accessed. If the structure of the data is not compatible with the structure of other systems, then the data will not be accessible to 
those systems. The meaning of the data is also important to consider when thinking about semantic compatibility. This is because the 
meaning of the data determines how the data is interpreted. If the meaning of the data is not compatible with the meaning of other systems, 
then the data will not be interpreted correctly by those systems. The use of the data is also important to consider when thinking about 
semantic compatibility. This is because the use of the data determines how the data is used. If the use of the data is not compatible with the 
use of other systems, then the data will not be used correctly by those systems. In general, the most important factor to consider when 
thinking about semantic compatibility is the structure of the data. The meaning of the data and the use of the data are also important factors 
to consider, but they are not as important as the structure of the data.  

Keywords: medical information system, data exchange, semantic compatibility  

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʉʝʤʘʥʪʠʯʥʦʶ ʩʫʤʽʩʥʽʩʪʶ ʧʨʠʡʥʷʪʦ ʥʘʟʠʚʘʪʠ ʟʜʘʪʥʽʩʪʴ ʩʠʩʪʝʤ ʦʙʤʽʥʶʚʘʪʠʩʷ ʜʘʥʠʤʠ ʪʘ 

ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ, ʦʜʥʦʯʘʩʥʦ ʜʦʟʚʦʣʷʶʯʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʚ ʩʠʩʪʝʤʘʭ ʙʝʟ ʚʪʨʫʯʘʥʥʷ 

ʢʦʨʠʩʪʫʚʘʯʘ ʪʘ ʙʝʟ ʜʦʜʘʪʢʦʚʠʭ ʜʦʤʦʚʣʝʥʦʩʪʝʡ ʤʽʞ ʨʽʟʥʠʤʠ ʟʘʮʽʢʘʚʣʝʥʠʤʠ ʩʪʦʨʦʥʘʤʠ [1]. ʎʽʣʷʤʠ 

ʩʝʤʘʥʪʠʯʥʦʾ ʩʫʤʽʩʥʦʩʪʽ ʻ ʨʽʚʥʦʤʽʨʥʝ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʦʙʨʦʙʢʘ ʩʝʤʘʥʪʠʯʥʦ-ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʥʘʚʽʪʴ 

ʷʢʱʦ ʤʦʚʘ ʡʜʝ ʧʨʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʽʥʬʦʨʤʘʮʽʾ ʘʙʦ ʥʝʦʜʥʦʨʽʜʥʽ ʜʘʥʽ [2]. ʊʦʤʫ, ʩʧʦʯʘʪʢʫ ʧʦʪʨʽʙʥʦ 

ʜʦʪʨʠʤʘʪʠʩʷ ʧʨʘʚʠʣ ʩʠʥʪʘʢʩʠʯʥʦʾ ʩʫʤʽʩʥʦʩʪʽ. ʉʝʤʘʥʪʠʯʥʘ ʩʫʤʽʩʥʽʩʪʴ ʧʦʪʨʝʙʫʻ ʟʘʛʘʣʴʥʦʾ ʝʪʘʣʦʥʥʦʾ ʤʦʜʝʣʽ 

ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ ʜʣʷ ʄɯʉ (ʤʝʜʠʯʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ), ʫʟʛʦʜʞʝʥʦʾ ʩʪʨʫʢʪʫʨʠ 

ʢʣʽʥʽʯʥʠʭ ʜʘʥʠʭ (ʪʦʙʪʦ ʦʜʥʘʢʦʚʦʛʦ ʨʦʟʫʤʽʥʥʷ ʪʝʨʤʽʥʦʣʦʛʽʾ, ʥʘʧʨʠʢʣʘʜ, ʦʥʪʦʣʦʛʽʾ ʪʘ ʩʣʦʚʥʠʢʘ ʜʘʥʠʭ) ʪʘ 

ʩʧʽʣʴʥʦʾ ʩʠʩʪʝʤʠ ʢʣʽʥʽʯʥʦʾ ʪʝʨʤʽʥʦʣʦʛʽʾ [3]. ɸʜʞʝ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʩʠʩʪʝʤʠ ʤʦʛʣʠ ʝʬʝʢʪʠʚʥʦ ʚʟʘʻʤʦʜʽʷʪʠ ʦʜʥʘ 

ʟ ʦʜʥʦʶ, ʚʦʥʠ ʧʦʚʠʥʥʽ ʤʘʪʠ ʩʧʽʣʴʥʝ ʨʦʟʫʤʽʥʥʷ ʟʥʘʯʝʥʥʷ ʽʥʬʦʨʤʘʮʽʾ, ʷʢʦʶ ʚʦʥʠ ʦʙʤʽʥʶʶʪʴʩʷ [4]. ʆʪʞʝ, 

ʩʝʤʘʥʪʠʯʥʘ ʩʫʤʽʩʥʽʩʪʴ ʄɯʉ ʻ ʢʨʠʪʠʯʥʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʩʪʝʤ ʦʙʤʽʥʫ ʤʝʜʠʯʥʦʶ 

ʽʥʬʦʨʤʘʮʽʻʶ (ʉʆʄɯ). ɼʣʷ ʪʦʛʦ, ʱʦʙ ʤʝʜʠʯʥʽ ʩʠʩʪʝʤʠ ʤʦʛʣʠ ʦʙʤʽʥʶʚʘʪʠʩʷ ʜʘʥʠʤʠ, ʚʦʥʠ ʧʦʚʠʥʥʽ ʤʘʪʠ 

ʤʦʞʣʠʚʽʩʪʴ ʽʥʪʝʨʧʨʝʪʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʜʘʥʠʭ, ʱʦ ʧʝʨʝʜʘʶʪʴʩʷ. ʎʝ ʤʦʞʝ ʙʫʪʠ ʧʨʦʙʣʝʤʦʶ, ʦʩʢʽʣʴʢʠ ʟʥʘʯʝʥʥʷ 

ʜʘʥʠʭ ʚ ʨʽʟʥʠʭ ʄɯʉ ʤʦʞʫʪʴ ʚʽʜʨʽʟʥʷʪʠʩʷ. ʉʠʩʪʝʤʠ ʧʦʚʠʥʥʽ ʙʫʪʠ ʩʝʤʘʥʪʠʯʥʦ ʩʫʤʽʩʥʽ, ʱʦʙ ʛʘʨʘʥʪʫʚʘʪʠ, ʱʦ 

ʜʘʥʽ ʽʥʪʝʨʧʨʝʪʫʶʪʴʩʷ ʧʨʘʚʠʣʴʥʦ. 
 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʘ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʚ ʩʪʚʦʨʝʥʥʽ ʘʨʭʝʪʠʧʦʚʦʾ ʤʦʜʝʣʽ ʩʝʤʘʥʪʠʯʥʦʾ ʩʫʤʽʩʥʦʩʪʽ ʜʣʷ ʪʦʛʦ, ʱʦʙ 

ʧʦʢʨʘʱʠʪʠ ʪʦʯʥʽʩʪʴ ʧʝʨʝʜʘʯʽ ʤʝʜʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʤʽʞ ʽʥʬʦʨʤʘʮʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʚ ʩʠʩʪʝʤʽ ʦʙʤʽʥʫ 

ʤʝʜʠʯʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ çɽʣʝʤʝʥʪè. 
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ɸʨʭʝʪʠʧʦʚʽ ʤʦʜʝʣʽ ʩʝʤʘʥʪʠʯʥʦʾ ʩʫʤʽʩʥʦʩʪʽ. ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʧʦʢʨʘʱʠʪʠ ʩʫʤʽʩʥʽʩʪʴ ʩʠʩʪʝʤ EHR 

ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʨʭʝʪʠʧʦʚʠʭ ʤʦʜʝʣʝʡ. ɸʨʭʝʪʠʧʦʚʘ ʤʦʜʝʣʴ ð ʮʝ ʤʦʜʝʣʴ ʪʦʛʦ, ʷʢ ʧʦʚʠʥʝʥ ʧʨʘʮʶʚʘʪʠ ʧʝʚʥʠʡ 

ʪʠʧ ʩʠʩʪʝʤʠ. ɹʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʨʭʝʪʠʧʦʚʠʭ ʤʦʜʝʣʝʡ ʧʦʢʨʘʱʫʻ ʩʫʤʽʩʥʽʩʪʴ ʩʠʩʪʝʤ ʚ ʽʥʰʠʭ 

ʦʙʣʘʩʪʷʭ, ʪʘʢʠʭ ʷʢ ʬʽʥʘʥʩʠ ʪʘ ʚʠʨʦʙʥʠʮʪʚʦ [5]. ʆʪʞʝ, ʜʣʷ ʪʦʛʦ, ʱʦʙ ʩʪʚʦʨʠʪʠ ʽʥʬʦʨʤʘʮʽʡʥʫ ʩʠʩʪʝʤʫ 

ʧʽʜʚʠʱʝʥʥʷ ʷʢʦʩʪʽ ʥʘʜʘʥʥʷ ʤʝʜʠʯʥʠʭ ʧʦʩʣʫʛ, ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ ʘʨʭʝʪʠʧʦʚʫ ʤʦʜʝʣʴ ʩʝʤʘʥʪʠʯʥʦʾ 

ʩʫʤʽʩʥʦʩʪʽ. ɼʣʷ ʮʴʦʛʦ ʥʘʤ ʩʧʦʯʘʪʢʫ ʧʦʪʨʽʙʥʦ ʟʨʦʟʫʤʽʪʠ ʧʦʥʷʪʪʷ ʜʦʤʝʥʥʦʾ ʤʦʜʝʣʽ. ʇʦʪʽʤ ʤʠ ʩʪʚʦʨʠʤʦ ʤʦʜʝʣʴ 

ʦʟʥʘʢ/ʬʫʥʢʮʽʡ, ʱʦ ʙʫʜʝ ʨʦʟʜʽʣʝʥʘ ʥʘ ʜʚʘ ʨʽʚʥʽ: ʛʣʦʙʘʣʴʥʠʡ ʽ ʣʦʢʘʣʴʥʠʡ. ɻʣʦʙʘʣʴʥʘ ʤʦʜʝʣʴ ʦʟʥʘʢ 

ʚʠʟʥʘʯʘʪʠʤʝ ʬʫʥʢʮʽʾ, ʟʘʛʘʣʴʥʽ ʜʣʷ ʚʩʽʭ ʄɯʉ, ʪʦʜʽ ʷʢ ʣʦʢʘʣʴʥʘ ʤʦʜʝʣʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʟʥʘʯʘʪʠʤʝ 

ʦʩʦʙʣʠʚʦʩʪʽ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʧʝʚʥʦʾ ʩʠʩʪʝʤʠ. 

ʆʙʣʘʩʪʴ ʟʥʘʥʴ ʚ ʤʝʜʠʯʥʽʡ ʛʘʣʫʟʽ ʻ ʩʢʣʘʜʥʦʶ ʽ ʙʘʛʘʪʦʛʨʘʥʥʦʶ. ʑʦʙ ʩʪʚʦʨʠʪʠ ʝʬʝʢʪʠʚʥʫ ʘʨʭʝʪʠʧʦʚʫ 

ʤʦʜʝʣʴ ʜʣʷ ʉʆʄɯ, ʥʝʦʙʭʽʜʥʦ ʩʪʚʦʨʠʪʠ ʤʦʜʝʣʴ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ. ɼʘʥʘ ʤʦʜʝʣʴ ʙʫʜʝ ʩʧʨʦʱʝʥʥʷʤ ʨʝʘʣʴʥʦʾ 

ʦʙʣʘʩʪʽ. ɺʦʥʘ ʚʢʣʶʯʘʪʠʤʝ ʣʠʰʝ ʢʦʥʮʝʧʮʽʾ ʪʘ ʚʽʜʥʦʩʠʥʠ, ʷʢʽ ʤʘʶʪʴ ʚʽʜʥʦʰʝʥʥʷ ʜʦ ʟʘʚʜʘʥʥʷ ʨʦʟʨʦʙʢʠ 

ʘʨʭʝʪʠʧʥʦʾ ʤʦʜʝʣʽ ʩʝʤʘʥʪʠʯʥʦʾ ʩʫʤʽʩʥʦʩʪʽ ʜʣʷ ʉʆʄɯ. 

ʄʦʜʝʣʴ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʙʫʜʝ ʩʢʣʘʜʘʪʠʩʷ ʟ ʪʨʴʦʭ ʪʠʧʽʚ ʧʦʥʷʪʴ: ʦʙôʻʢʪʽʚ, ʘʪʨʠʙʫʪʽʚ ʪʘ ʚʽʜʥʦʩʠʥ. 

ʆʙôʻʢʪʠ ð ʮʝ ʨʝʯʽ, ʷʢʽ ʽʩʥʫʶʪʴ ʫ ʧʨʝʜʤʝʪʥʽʡ ʦʙʣʘʩʪʽ, ʥʘʧʨʠʢʣʘʜ ʧʘʮʽʻʥʪʠ, ʧʦʩʪʘʯʘʣʴʥʠʢʠ ʪʘ ʣʽʢʠ. 

ɸʪʨʠʙʫʪʘʤʠ ʻ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙôʻʢʪʘ, ʥʘʧʨʠʢʣʘʜ ʽʤôʷ ʧʘʮʽʻʥʪʘ ʘʙʦ ʜʦʟʫʚʘʥʥʷ ʣʽʢʽʚ. ɺʽʜʥʦʩʠʥʠ ð ʮʝ ʚʽʜʥʦʩʠʥʠ 

ʤʽʞ ʦʙôʻʢʪʘʤʠ, ʥʘʧʨʠʢʣʘʜ ʚʽʜʥʦʩʠʥʠ ʤʽʞ ʧʘʮʽʻʥʪʦʤ ʽ ʧʦʩʪʘʯʘʣʴʥʠʢʦʤ.  

ɺʠʟʥʘʯʠʚʰʠʩʴ ʟʽ ʩʪʨʫʢʪʫʨʦʶ ʤʦʜʝʣʽ, ʧʦʪʨʽʙʥʦ ʚʢʘʟʘʪʠ ʢʽʣʴʢʽʩʪʴ ʨʽʟʥʠʭ ʪʠʧʽʚ ʦʙôʻʢʪʽʚ ʪʘ ʘʪʨʠʙʫʪʽʚ ʫ 

ʥʘʰʽʡ ʧʨʝʜʤʝʪʥʽʡ ʦʙʣʘʩʪʽ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʘʻʤʦ ʧʨʠʥʮʠʧ ʦʙôʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʽ 

ʩʪʚʦʨʶʻʤʦ ʢʣʘʩ ʜʣʷ ʢʦʞʥʦʛʦ ʦʙôʻʢʪʘ ʪʘ ʘʪʨʠʙʫʪʘ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʤʠ ʤʘʻʤʦ ʪʘʢʽ ʢʣʘʩʠ: 

- ʂʣʘʩ ʧʘʮʽʻʥʪ: ʽʤ'ʷ, ʚʽʢ, ʩʪʘʪʴ; 

- ʂʣʘʩ ʧʦʩʪʘʯʘʣʴʥʠʢ: ʥʘʟʚʘ;  

- ʂʣʘʩ ʣʽʢʠ: ʥʘʟʚʘ, ʜʦʟʫʚʘʥʥʷ;  

- ʂʣʘʩ ʚʽʜʥʦʩʠʥʠ: ʧʘʮʽʻʥʪ-ʧʦʩʪʘʯʘʣʴʥʠʢ, ʧʘʮʽʻʥʪ-ʣʽʢʘʨ.  

ʆʩʪʘʥʥʻ ʧʨʠʧʫʱʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʚʩʽ ʦʙôʻʢʪʠ ʧʦʚôʷʟʘʥʽ ʚʽʜʥʦʩʠʥʘʤʠ. ɯʥʰʠʤʠ ʩʣʦʚʘʤʠ, ʢʦʞʝʥ 

ʦʙôʻʢʪ ʤʘʻ ʧʨʠʥʘʡʤʥʽ ʦʜʥʝ ʚʽʜʥʦʰʝʥʥʷ ʟ ʽʥʰʠʤ ʦʙôʻʢʪʦʤ. ʎʝ ʧʨʠʧʫʱʝʥʥʷ ʚʘʞʣʠʚʦ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʝʨʝʞʝʚʦʾ 

ʤʦʜʝʣʽ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ. ɺʠʭʦʜʷʯʠ ʟ ʮʴʦʛʦ, ʤʦʞʥʘ ʩʢʘʟʘʪʠ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʷʚʣʷʻ ʩʦʙʦʶ ʤʝʨʝʞʫ 

ʚʟʘʻʤʦʧʦʚ'ʷʟʘʥʠʭ ʦʙ'ʻʢʪʽʚ. ʊʝʧʝʨ ʤʠ ʤʘʻʤʦ ʚʩʽ ʥʝʦʙʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʧʦʙʫʜʦʚʠ ʤʦʜʝʣʽ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ. 

ʇʦʙʫʜʫʻʤʦ DEAR-ʤʦʜʝʣʴ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ: 

, 

ʜʝ ʧʘʨʘʤʝʪʨ D ï ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʨʝʜʤʝʪʥʫ ʦʙʣʘʩʪʴ, E ï ʟʘ ʦʙôʻʢʪʠ, A ï ʟʘ ʘʪʨʠʙʫʪʠ, ʘ R ï ʟʘ ʚʽʜʥʦʩʠʥʠ ʤʽʞ 

ʩʫʪʥʦʩʪʷʤʠ. ɺ ʩʚʦʶ ʯʝʨʛʫ, ʧʘʨʘʤʝʪʨʠ {E, A, R}, ʩʢʣʘʜʘʶʪʴʩʷ ʟ  ʥʘʩʪʫʧʥʠʭ ʦʙôʻʢʪʽʚ, ʘʪʨʠʙʫʪʽʚ ʪʘ ʚʽʜʥʦʩʠʥ: 

 

 

 
ʆʩʥʦʚʥʘ ʤʝʪʘ ʤʦʜʝʣʽ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ï ʩʧʨʦʩʪʠʪʠ ʩʢʣʘʜʥʦʩʪʽ ʤʝʜʠʯʥʦʾ ʛʘʣʫʟʽ, ʱʦʙ ʾʭ ʤʦʞʥʘ ʙʫʣʦ 

ʢʨʘʱʝ ʟʨʦʟʫʤʽʪʠ ʪʘ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʽʥʩʪʨʫʤʝʥʪʽʚ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʑʦʙ 

ʩʪʚʦʨʠʪʠ ʤʦʜʝʣʴ, ʷʢʘ ʪʦʯʥʦ ʧʨʝʜʩʪʘʚʣʷʻ ʧʨʝʜʤʝʪʥʫ ʦʙʣʘʩʪʴ, ʥʝʦʙʭʽʜʥʦ ʟʨʦʙʠʪʠ ʨʷʜ ʧʨʠʧʫʱʝʥʴ. ʎʽ 

ʧʨʠʧʫʱʝʥʥʷ ʟʨʦʙʣʝʥʽ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʦʙʣʘʩʪʽ ʜʦ ʨʽʚʥʷ, ʥʝʦʙʭʽʜʥʦʛʦ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʉʆʄɯ.   

ʇʝʨʰʝ ʧʨʠʧʫʱʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʢʦʞʝʥ ʦʙôʻʢʪ ʤʦʞʝ ʤʘʪʠ ʢʽʣʴʢʘ ʘʪʨʠʙʫʪʽʚ. ʎʝ ʧʨʠʧʫʱʝʥʥʷ 

ʜʦʟʚʦʣʷʻ ʪʦʯʥʽʰʝ ʫʷʚʠʪʠ ʨʝʘʣʴʥʽʩʪʴ, ʦʩʢʽʣʴʢʠ ʢʦʞʝʥ ʦʙôʻʢʪ ʫ ʩʚʽʪʽ ʤʘʻ ʢʽʣʴʢʘ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʅʘ ʦʩʥʦʚʽ ʜʘʥʦʛʦ 

ʧʨʠʧʫʱʝʥʥʷ ʨʦʟʰʠʨʠʤʦ ʥʘʰʫ ʤʦʜʝʣʴ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʘʪʨʠʙʫʪʽʚ: 

, 

ɼʨʫʛʝ ʧʨʠʧʫʱʝʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʽʩʥʫʻ ʬʫʥʢʮʽʷ, ʷʢʘ ʦʧʠʩʫʻ ʚʽʜʥʦʩʠʥʠ ʤʽʞ ʦʙôʻʢʪʘʤʠ. ʎʷ 

ʬʫʥʢʮʽʷ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʪʦʯʥʦ ʚʽʜʦʙʨʘʟʠʪʠ ʩʢʣʘʜʥʫ ʤʝʨʝʞʫ ʚʽʜʥʦʩʠʥ ʤʽʞ ʨʽʟʥʠʤʠ ʦʙôʻʢʪʘʤʠ 

ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ. ʆʪʞʝ, ʚʨʘʭʦʚʫʶʯʠ ʩʪʨʫʢʪʫʨʫ ʤʦʜʝʣʽ ʪʘ ʚʠʱʝ ʟʘʟʥʘʯʝʥʽ ʧʨʠʧʫʱʝʥʥʷ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʥʘʩʪʫʧʥʠʡ ʚʘʨʽʘʥʪ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʦʾ ʤʦʜʝʣʽ: 

, 

ʜʝ {E1,é,En} ï ʧʝʨʝʣʽʢ ʚʩʽʭ ʦʙôʻʢʪʽʚ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ, ʘ ʢʦʞʥʦʤʫ ʦʙôʻʢʪʫ En ʚʽʜʧʦʚʽʜʘʻ ʘʪʨʠʙʫʪ An, ʘ 

ʪʘʢʦʞ ʽʩʥʫʻ ʪʘʢʘ ʬʫʥʢʮʽʷ R, ʱʦ ʦʧʠʩʫʻ ʟʚôʷʟʢʠ ʤʽʞ ʜʘʥʠʤʠ ʦʙôʻʢʪʘʤʠ. ʇʨʝʜʩʪʘʚʠʤʦ ʛʨʘʬʽʯʥʝ ʟʦʙʨʘʞʝʥʥʷ 

DEAR-ʤʦʜʝʣʽ (ʈʠʩ. 1).   

ʉʧʠʨʘʶʯʠʩʴ ʥʘ ʦʪʨʠʤʘʥʫ ʤʦʜʝʣʴ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʩʧʨʦʝʢʪʫʻʤʦ ʤʦʜʝʣʴ ʦʟʥʘʢ (ʬʫʥʢʮʽʦʥʘʣʴʥʫ 

ʤʦʜʝʣʴ) ʉʆʄɯ. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʤʦʜʝʣʴ ʻ ʤʦʜʝʣʣʶ ʬʫʥʢʮʽʦʥʘʣʴʥʦʩʪʽ ʄɯʉ. ɺʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 

ʚʠʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ, ʷʢʽ ʻ ʟʘʛʘʣʴʥʠʤʠ ʜʣʷ ʚʩʽʭ ʤʝʜʠʯʥʠʭ ʩʠʩʪʝʤ. ɿʛʽʜʥʦ ʈʠʩ. 1, ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʤʦʜʝʣʴ ʙʫʜʝ 

ʨʦʟʜʽʣʝʥʘ ʥʘ ʜʚʘ ʨʽʚʥʽ: ʛʣʦʙʘʣʴʥʠʡ ʽ ʣʦʢʘʣʴʥʠʡ. ɻʣʦʙʘʣʴʥʘ ʤʦʜʝʣʴ ʦʟʥʘʢ ʚʠʟʥʘʯʘʪʠʤʝ ʬʫʥʢʮʽʾ, ʩʧʽʣʴʥʽ ʜʣʷ 
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ʚʩʽʭ ʄɯʉ. ʄʦʜʝʣʴ ʣʦʢʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʚʠʟʥʘʯʘʪʠʤʝ ʦʩʦʙʣʠʚʦʩʪʽ, ʭʘʨʘʢʪʝʨʥʽ ʜʣʷ ʦʢʨʝʤʠʭ ʄɯʉ. ʆʪʞʝ, 

ʬʫʥʢʮʽʦʥʘʣʴʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

 
ʈʠʩ. 1. ʄʦʜʝʣʴ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ 

 

, 

 

ʜʝ FM ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʤʦʜʝʣʴ, GFM ï ʛʣʦʙʘʣʴʥʘ ʤʦʜʝʣʴ ʬʫʥʢʮʽʡ, ʘ LFM ï ʣʦʢʘʣʴʥʘ ʤʦʜʝʣʴ 

ʬʫʥʢʮʽʡ. ʇʨʠʧʫʩʪʠʤʦ, ʱʦ GFM ʤʘʻ ʥʘʩʪʫʧʥʠʡ ʚʠʛʣʷʜ:  

 
ʜʝ ʧʘʨʘʤʝʪʨʠ {G1,é, Gn} ʚʽʜʧʦʚʽʜʘʶʪʴ ʟʘ ʛʣʦʙʘʣʴʥʽ ʬʫʥʢʮʽʾ ʄɯʉ. ʊʦʜʽ, ʘʥʘʣʦʛʽʯʥʦ ʧʨʝʜʩʪʘʚʠʤʦ ʣʦʢʘʣʴʥʫ 

ʤʦʜʝʣʴ: 

 
ʜʝ {L1,é, Ln} ï ʣʦʢʘʣʴʥʽ ʬʫʥʢʮʽʾ ʦʢʨʝʤʠʭ ʄɯʉ. ʆʪʞʝ, ʤʦʜʝʣʴ ʦʟʥʘʢ ʜʣʷ ʉʆʄɯ çɽʣʝʤʝʥʪè ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʛʨʘʬʽʯʥʦ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ:  

 
ʈʠʩ. 2. ʄʦʜʝʣʴ ʦʟʥʘʢ ʉʆʄɯ 
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ʆʩʥʦʚʥʦʶ ʧʝʨʝʚʘʛʦʶ ʤʦʜʝʣʽ ʦʟʥʘʢ ʻ ʪʝ, ʱʦ ʚʦʥʘ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʠʪʠ ʦʥʪʦʣʦʛʽʶ ʜʣʷ ʄɯʉ, ʱʦ 

ʜʦʟʚʦʣʠʪʴ ʬʦʨʤʘʣʽʟʫʚʘʪʠ ʧʨʦʮʝʩ ʦʙʤʽʥʫ ʤʝʜʠʯʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ. ʂʨʽʤ ʪʦʛʦ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʥʪʦʣʦʛʽʾ 

ʜʦʟʚʦʣʠʪʴ ʩʪʚʦʨʠʪʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʫ ʉʆʄɯ [6]. 

ɻʣʦʙʘʣʴʥʘ ʤʦʜʝʣʴ ʬʫʥʢʮʽʡ ʙʫʜʝ ʚʢʣʶʯʘʪʠ ʪʘʢʽ ʬʫʥʢʮʽʾ: 

- ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʘʮʽʻʥʪʘ: ʮʷ ʬʫʥʢʮʽʷ ʜʦʟʚʦʣʠʪʴ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʧʝʨʝʛʣʷʜʘʪʠ ʪʘ ʨʝʜʘʛʫʚʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʘʮʽʻʥʪʘ, ʪʘʢʫ ʷʢ ʽʤ'ʷ, ʘʜʨʝʩʘ ʪʘ ʜʘʪʘ ʥʘʨʦʜʞʝʥʥʷ. 

- ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʦʩʪʘʯʘʣʴʥʠʢʘ: ʮʷ ʬʫʥʢʮʽʷ ʜʦʟʚʦʣʠʪʴ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʧʝʨʝʛʣʷʜʘʪʠ ʪʘ ʨʝʜʘʛʫʚʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʦʩʪʘʯʘʣʴʥʠʢʘ, ʪʘʢʫ ʷʢ ʽʤ'ʷ, ʘʜʨʝʩʘ ʪʘ ʩʧʝʮʽʘʣʴʥʽʩʪʴ. 

- ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʣʽʢʠ: ʮʷ ʬʫʥʢʮʽʷ ʜʦʟʚʦʣʠʪʴ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʧʝʨʝʛʣʷʜʘʪʠ ʪʘ ʨʝʜʘʛʫʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ 

ʧʨʦ ʣʽʢʠ, ʪʘʢʫ ʷʢ ʥʘʟʚʘ, ʜʦʟʫʚʘʥʥʷ ʪʘ ʧʦʙʽʯʥʽ ʝʬʝʢʪʠ. 

- ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʘʣʝʨʛʽʶ: ʮʷ ʬʫʥʢʮʽʷ ʜʦʟʚʦʣʠʪʴ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʧʝʨʝʛʣʷʜʘʪʠ ʪʘ ʨʝʜʘʛʫʚʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʘʣʝʨʛʽʶ, ʪʘʢʫ ʷʢ ʥʘʟʚʘ, ʪʷʞʢʽʩʪʴ ʪʘ ʩʠʤʧʪʦʤʠ. 

- ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʜʽʘʛʥʦʟ: ʮʷ ʬʫʥʢʮʽʷ ʜʦʟʚʦʣʠʪʴ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʧʝʨʝʛʣʷʜʘʪʠ ʪʘ ʨʝʜʘʛʫʚʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʜʽʘʛʥʦʟ, ʪʘʢʫ ʷʢ ʽʤôʷ, ʢʦʜ ʪʘ ʦʧʠʩ. 

- ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʧʨʦʮʝʜʫʨʠ: ʮʷ ʬʫʥʢʮʽʷ ʜʦʟʚʦʣʠʪʴ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʧʝʨʝʛʣʷʜʘʪʠ ʪʘ ʨʝʜʘʛʫʚʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʧʨʦʮʝʜʫʨʫ, ʪʘʢʫ ʷʢ ʥʘʟʚʘ, ʢʦʜ ʪʘ ʦʧʠʩ. 

- ɯʥʬʦʨʤʘʮʽʷ ʧʨʦ ʘʥʘʣʽʟʠ: ʮʷ ʬʫʥʢʮʽʷ ʜʦʟʚʦʣʠʪʴ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʧʝʨʝʛʣʷʜʘʪʠ ʪʘ ʨʝʜʘʛʫʚʘʪʠ 

ʽʥʬʦʨʤʘʮʽʶ ʪʝʩʪʫ, ʪʘʢʫ ʷʢ ʥʘʟʚʘ, ʢʦʜ ʪʘ ʦʧʠʩ. 

 

ʄʦʜʝʣʴ ʣʦʢʘʣʴʥʠʭ ʬʫʥʢʮʽʡ ʙʫʜʝ ʚʢʣʶʯʘʪʠ ʪʘʢʽ ʬʫʥʢʮʽʾ:  

- ʇʣʘʥʫʚʘʥʥʷ ʟʫʩʪʨʽʯʝʡ: ʮʷ ʬʫʥʢʮʽʷ ʜʦʟʚʦʣʠʪʴ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʧʣʘʥʫʚʘʪʠ, ʧʝʨʝʧʣʘʥʫʚʘʪʠ ʪʘ 

ʩʢʘʩʦʚʫʚʘʪʠ ʟʫʩʪʨʽʯʽ ʟ ʧʘʮʽʻʥʪʘʤʠ, ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ ʪʘ ʣʽʢʘʨʷʤʠ. 

- ʈʘʭʫʥʢʠ ʪʘ ʩʪʨʘʭʫʚʘʥʥʷ: ʮʷ ʬʫʥʢʮʽʷ ʜʦʟʚʦʣʠʪʴ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʧʝʨʝʛʣʷʜʘʪʠ ʪʘ ʦʧʣʘʯʫʚʘʪʠ ʨʘʭʫʥʢʠ, 

ʘ ʪʘʢʦʞ ʦʥʦʚʣʶʚʘʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʩʪʨʘʭʫʚʘʥʥʷ. 

- ʂʝʨʫʚʘʥʥʷ ʨʝʮʝʧʪʘʤʠ: ʮʷ ʬʫʥʢʮʽʷ ʜʦʟʚʦʣʠʪʴ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʟʘʧʦʚʥʶʚʘʪʠ ʨʝʮʝʧʪʠ ʪʘ ʢʝʨʫʚʘʪʠ 

ʥʠʤʠ. 

- ʋʧʨʘʚʣʽʥʥʷ ʟʘʧʘʩʘʤʠ: ʮʷ ʬʫʥʢʮʽʷ ʜʦʟʚʦʣʠʪʴ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʚʽʜʩʪʝʞʫʚʘʪʠ ʽ ʢʝʨʫʚʘʪʠ ʨʽʚʥʝʤ ʟʘʧʘʩʽʚ 

(ʷʢ ʜʣʷ ʣʽʢʘʨʝʥʴ, ʪʘʢ ʽ ʜʣʷ ʘʧʪʝʯʥʠʭ ʟʘʢʣʘʜʽʚ).  

- ʇʦʧʦʚʥʝʥʥʷ ʟʘ ʨʝʮʝʧʪʦʤ: ʮʷ ʬʫʥʢʮʽʷ ʜʦʟʚʦʣʠʪʴ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʟʘʧʠʪʫʚʘʪʠ ʧʦʧʦʚʥʝʥʥʷ ʟʘ 

ʨʝʮʝʧʪʦʤ. 

- ʃʘʙʦʨʘʪʦʨʥʽ ʨʝʟʫʣʴʪʘʪʠ: ʮʷ ʬʫʥʢʮʽʷ ʜʦʟʚʦʣʠʪʴ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʧʝʨʝʛʣʷʜʘʪʠ ʨʝʟʫʣʴʪʘʪʠ 

ʣʘʙʦʨʘʪʦʨʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

- ɽʣʝʢʪʨʦʥʥʽ ʤʝʜʠʯʥʽ ʢʘʨʪʢʠ: ʮʷ ʬʫʥʢʮʽʷ ʜʦʟʚʦʣʠʪʴ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʦʪʨʠʤʫʚʘʪʠ ʜʦʩʪʫʧ ʪʘ 

ʦʥʦʚʣʶʚʘʪʠ ʝʣʝʢʪʨʦʥʥʽ ʤʝʜʠʯʥʽ ʢʘʨʪʢʠ ʧʘʮʽʻʥʪʽʚ. 

ʆʪʞʝ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʤʦʜʝʣʴ ʉʆʄɯ, ʩʬʦʨʤʫʻʤʦ ʥʘʩʪʫʧʥʽ ʬʫʥʢʮʽʾ, ʱʦ ʙʫʜʫʪʴ 

ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʩʠʩʪʝʤʽ çɽʣʝʤʝʥʪè ʥʘ ʛʣʦʙʘʣʴʥʦʤʫ ʪʘ ʣʦʢʘʣʴʥʦʤʫ ʨʽʚʥʷʭ: 

 

ʊʘʙʣʠʮʷ 1 

ʌʫʥʢʮʽʾ ʩʠʩʪʝʤʠ çɽʣʝʤʝʥʪè 
ˉ ʧ/ʧ ɻʣʦʙʘʣʴʥʠʡ ʨʽʚʝʥʴ ʃʦʢʘʣʴʥʠʡ ʨʽʚʝʥʴ 

1. ʌʫʥʢʮʽʷ ʧʝʨʝʛʣʷʜʫ ʪʘ ʘʥʘʣʽʟʫ ʤʝʜʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʌʫʥʢʮʽʷ ʥʘʜʘʥʥʷ ʤʝʜʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʣʽʢʘʨʷʤ 

2. ʌʫʥʢʮʽʷ ʟʙʝʨʽʛʘʥʥʷ ʤʝʜʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʌʫʥʢʮʽʷ ʥʘʜʘʥʥʷ ʤʝʜʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʘʮʽʻʥʪʘʤ 

3.  ʌʫʥʢʮʽʷ ʥʘʜʘʥʥʷ ʤʝʜʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʤʝʜʠʯʥʦʛʦ ʧʝʨʩʦʥʘʣʫ 

 

ʌʽʥʘʣʴʥʠʤ ʝʪʘʧʦʤ ʧʨʠ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʦʟʥʘʢ ʉʆʄɯ ʻ ʩʪʚʦʨʝʥʥʷ ʤʦʜʝʣʽ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ. 

ʄʦʜʝʣʴ ʧʦʚʝʜʽʥʢʠ ð ʮʝ ʤʦʜʝʣʴ, ʷʢʘ ʭʘʨʘʢʪʝʨʠʟʫʻ ʧʦʚʝʜʽʥʢʫ ʦʙôʻʢʪʽʚ ʫ ʩʠʩʪʝʤʽ. ʄʦʜʝʣʴ ʧʦʚʝʜʽʥʢʠ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʦʚʝʜʽʥʢʠ ʦʙôʻʢʪʽʚ ʫ ʩʠʩʪʝʤʽ. ɼʘʥʘ ʤʦʜʝʣʴ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ 

ʚʠʛʣʷʜʽ ʥʘʙʦʨʫ ʧʣʦʱʠʥ:  

<E, A, R, T>, 

ʜʝ E ð ʦʙôʻʢʪ, A ð ʜʽʷ, R ð ʨʝʘʢʮʽʷ, ʘ T ð ʯʘʩ. ʆʙôʻʢʪ E ð ʮʝ ʦʙôʻʢʪ, ʧʦʚʝʜʽʥʢʘ ʷʢʦʛʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ. ɼʽʷ A ð ʮʝ ʜʽʷ, ʱʦ ʚʠʢʦʥʫʻʪʴʩʷ ʦʙôʻʢʪʦʤ E ʥʘʜ ʽʥʰʠʤʠ ʦʙôʻʢʪʘʤʠ ʚ ʩʠʩʪʝʤʽ. ʈʝʘʢʮʽʷ R ð 

ʮʝ ʨʝʘʢʮʽʷ ʽʥʰʠʭ ʦʙôʻʢʪʽʚ ʩʠʩʪʝʤʠ ʥʘ ʜʽʶ A ʦʙôʻʢʪʘ E. ʏʘʩ T ð ʮʝ ʯʘʩ, ʧʨʦʪʷʛʦʤ ʷʢʦʛʦ ʚʽʜʙʫʚʘʶʪʴʩʷ ʜʽʷ A ʪʘ 

ʨʝʘʢʮʽʷ R. 

ʄʦʜʝʣʴ ʧʦʚʝʜʽʥʢʠ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʛʨʘʬʘ. ʋ ʦʨʽʻʥʪʦʚʘʥʦʤʫ ʛʨʘʬʽ 

ʚʫʟʣʠ ʚʽʜʧʦʚʽʜʘʶʪʴ ʦʙôʻʢʪʘʤ, ʘ ʨʝʙʨʘ ð ʜʽʷʤ. ʆʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 3. 
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ʈʠʩ. 3. ʆʨʽʻʥʪʦʚʘʥʠʡ ʛʨʘʬ ʤʦʜʝʣʽ ʧʦʚʝʜʽʥʢʠ 

 

ɿʛʽʜʥʦ ʟ ʊʘʙʣʠʮʝʶ 1 ʤʦʜʝʣʴ ʧʦʚʝʜʽʥʢʠ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʯʦʪʠʨʴʦʭ ʦʙôʻʢʪʽʚ: ʧʘʮʽʻʥʪʘ, ʣʽʢʘʨʷ, ʤʝʜʠʯʥʦʛʦ 

ʧʝʨʩʦʥʘʣʫ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. ʇʘʮʽʻʥʪ ï ʮʝ ʩʫʙ'ʻʢʪ, ʧʦʚʝʜʽʥʢʘ ʷʢʦʛʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ. ʃʽʢʘʨ ï ʮʝ 

ʦʩʦʙʘ, ʷʢʘ ʚʟʘʻʤʦʜʽʻ ʟ ʧʘʮʽʻʥʪʦʤ. ʄʝʜʠʯʥʠʡ ʧʝʨʩʦʥʘʣ ï ʮʝ ʩʫʙôʻʢʪ, ʷʢʠʡ ʚʟʘʻʤʦʜʽʻ ʟ ʣʽʢʘʨʝʤ. ɯʥʬʦʨʤʘʮʽʡʥʘ 

ʩʠʩʪʝʤʘ ï ʮʝ ʩʫʙôʻʢʪ, ʷʢʠʡ ʚʟʘʻʤʦʜʽʻ ʟ ʤʝʜʠʯʥʠʤ ʧʝʨʩʦʥʘʣʦʤ. 

ʇʘʮʽʻʥʪʫ ʧʨʦʚʦʜʷʪʴʩʷ ʥʘʩʪʫʧʥʽ ʜʽʾ: 

- ʟʘʧʠʪʫʚʘʪʠ ʤʝʜʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ; 

- ʦʪʨʠʤʫʚʘʪʠ ʤʝʜʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ. 

ʃʽʢʘʨ ʧʨʦʚʦʜʠʪʴ ʪʘʢʽ ʜʽʾ: 

- ʥʘʜʘʥʥʷ ʤʝʜʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʘʮʽʻʥʪʫ; 

- ʥʘʜʘʥʥʷ ʤʝʜʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʤʝʜʧʝʨʩʦʥʘʣʫ. 

ʄʝʜʠʯʥʠʡ ʧʝʨʩʦʥʘʣ ʚʠʢʦʥʫʻ ʪʘʢʽ ʜʽʾ: 

- ʥʘʜʘʥʥʷ ʣʽʢʘʨʶ ʤʝʜʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ; 

- ʥʘʜʘʥʥʷ ʤʝʜʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʩʠʩʪʝʤʠ. 

ɯʥʬʦʨʤʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ʚʠʢʦʥʫʻ ʪʘʢʽ ʜʽʾ: 

- ʥʘʜʘʥʥʷ ʤʝʜʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʤʝʜʠʯʥʠʤ ʧʨʘʮʽʚʥʠʢʘʤ; 

- ʟʙʝʨʽʛʘʥʥʷ ʤʝʜʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ. 

ʅʘ ʦʩʥʦʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʤʦʜʝʣʽ ʤʠ ʧʨʦʧʦʥʫʻʤʦ ʟʥʘʢʦʚʫ ʤʦʜʝʣʴ ʧʦʚʝʜʽʥʢʠ ʉʆʄɯ. ɼʘʥʘ ʤʦʜʝʣʴ ð ʮʝ 

ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ. ɺʦʥʘ ʚʽʜʦʙʨʘʞʘʻ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ ʚ ʧʨʦʮʝʩʽ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ. 

ʄʦʜʝʣʴ ʧʦʚʝʜʽʥʢʠ ʉʆʄɯ ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʦʩʥʦʚʽ ʬʫʥʢʮʽʦʥʘʣʴʥʦʾ ʤʦʜʝʣʽ ʪʘ ʦʥʪʦʣʦʛʽʯʥʦʾ ʤʦʜʝʣʽ ʉʆʄɯ. ɺʦʥʘ 

ʚʠʟʥʘʯʘʻ ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ ʚ ʧʨʦʮʝʩʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʽ ʤʦʞʝ ʙʫʪʠ ʧʨʝʜʩʪʘʚʣʝʥʘ ʫ ʚʠʛʣʷʜʽ ʩʠʩʪʝʤʠ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ: 

 
ɼʝ X ï  ʤʥʦʞʠʥʘ ʚʩʽʭ ʦʙ'ʻʢʪʽʚ ʩʠʩʪʝʤʠ, Y ï ʤʥʦʞʠʥʘ ʚʩʽʭ ʧʦʜʽʡ ʩʠʩʪʝʤʠ, Z ïʤʥʦʞʠʥʘ ʚʩʽʭ ʩʪʘʥʽʚ ʩʠʩʪʝʤʠ, t ï 

ʯʘʩ, S ï ʤʥʦʞʠʥʘ ʚʩʽʭ ʦʟʥʘʢ ʩʠʩʪʝʤʠ, f ï ʩʫʢʫʧʥʽʩʪʴ ʫʩʽʭ ʬʫʥʢʮʽʡ ʩʠʩʪʝʤʠ, g ï ʤʥʦʞʠʥʘ ʚʩʽʭ ʧʨʝʜʠʢʘʪʽʚ 

ʩʠʩʪʝʤʠ. ʇʨʝʜʠʢʘʪ ð ʮʝ ʬʫʥʢʮʽʷ, ʷʢʘ ʧʦʚʝʨʪʘʻ ʣʦʛʽʯʥʝ ʟʥʘʯʝʥʥʷ (0 ʯʠ 1). ʋ ʢʦʥʪʝʢʩʪʽ ʩʠʩʪʝʤʠ ʧʨʝʜʠʢʘʪ ʻ 

ʬʫʥʢʮʽʻʶ, ʷʢʘ ʚʠʟʥʘʯʘʻ ʩʪʘʥ ʩʠʩʪʝʤʠ. ʇʨʝʜʠʢʘʪʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʧʠʩʫ ʫʤʦʚ, ʟʘ ʷʢʠʭ ʩʠʩʪʝʤʘ 

ʧʨʘʮʶʻ. ʅʘʧʨʠʢʣʘʜ, ʧʨʝʜʠʢʘʪ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʦʧʠʩʫ ʩʪʘʥʫ, ʟʘ ʷʢʦʛʦ ʧʘʮʽʻʥʪ ʦʪʨʠʤʫʻ ʤʝʜʠʯʥʫ 

ʽʥʬʦʨʤʘʮʽʶ: 

 
ʎʝʡ ʧʨʝʜʠʢʘʪ ʽʩʪʠʥʥʠʡ, ʢʦʣʠ ʧʘʮʽʻʥʪ ʦʪʨʠʤʫʻ ʤʝʜʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʚʽʜ ʣʽʢʘʨʷ ʯʝʨʝʟ ʽʥʬʦʨʤʘʮʽʡʥʫ ʩʠʩʪʝʤʫ.  

ʉʠʩʪʝʤʥʽ ʬʫʥʢʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʦʧʠʩʫ ʜʽʡ, ʷʢʽ ʚʠʢʦʥʫʻ ʩʠʩʪʝʤʘ. ʅʘʧʨʠʢʣʘʜ, ʪʘʢʫ ʩʠʩʪʝʤʥʫ 

ʬʫʥʢʮʽʶ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʦʧʠʩʫ ʜʽʾ ʥʘʜʘʥʥʷ ʤʝʜʠʯʥʦʾ ʽʥʬʦʨʤʘʮʽʾ ʧʘʮʽʻʥʪʫ: 

 
ʎʷ ʬʫʥʢʮʽʷ ʚʠʢʦʥʫʻʪʴʩʷ, ʢʦʣʠ ʣʽʢʘʨ ʥʘʜʘʻ ʤʝʜʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ ʧʘʮʽʻʥʪʫ ʯʝʨʝʟ ʽʥʬʦʨʤʘʮʽʡʥʫ ʩʠʩʪʝʤʫ. 

 ʆʪʞʝ, ʬʽʥʘʣʴʥʠʤ ʝʪʘʧʦʤ ʨʦʟʨʦʙʢʠ ʤʦʜʝʣʽ ʩʝʤʘʥʪʠʯʥʦʾ ʩʫʤʽʩʥʦʩʪʽ ʄɯʉ ʻ ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʽ ʘʨʭʝʪʠʧʽʚ, 

ʱʦ ʙʘʟʫʻʪʴʩʷ ʥʘ ʤʦʜʝʣʷʭ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʪʘ ʤʦʜʝʣʽ ʦʟʥʘʢ. ʇʦʜʽʙʥʦ ʜʦ ʤʦʜʝʣʽ ʦʟʥʘʢ, ʤʦʜʝʣʴ ʘʨʭʝʪʠʧʽʚ 

ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʨʽʚʥʽʚ: ʣʦʢʘʣʴʥʦʛʦ ʪʘ ʛʣʦʙʘʣʴʥʦʛʦ. ʄʦʜʝʣʴ ʛʣʦʙʘʣʴʥʦʛʦ ʘʨʭʝʪʠʧʫ ʚʠʟʥʘʯʘʻ ʘʨʭʝʪʠʧʠ, 

ʟʘʛʘʣʴʥʽ ʜʣʷ ʚʩʽʭ ʤʝʜʠʯʥʠʭ ʩʠʩʪʝʤ, ʚ ʪʦʡ ʯʘʩ ʷʢ ʤʦʜʝʣʴ ʣʦʢʘʣʴʥʦʛʦ ʘʨʭʝʪʠʧʫ ʚʠʟʥʘʯʘʻ ʘʨʭʝʪʠʧʠ, ʭʘʨʘʢʪʝʨʥʽ 

ʜʣʷ ʧʝʚʥʦʾ ʤʝʜʠʯʥʦʾ ʩʠʩʪʝʤʠ. ʄʦʜʝʣʴ ʘʨʭʝʪʠʧʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʝʚʥʦʾ 

ʤʝʜʠʯʥʦʾ ʩʠʩʪʝʤʠ ʟ ʘʨʭʝʪʠʧʘʤʠ, ʷʢʽ ʽʩʥʫʶʪʴ ʫ ʤʝʜʠʯʥʽʡ ʩʬʝʨʽ. ɿʘʧʨʦʧʦʥʫʻʤʦ ʥʘʩʪʫʧʥʫ ʩʪʨʫʢʪʫʨʫ ʤʦʜʝʣʽ 

ʘʨʭʝʪʠʧʽʚ (ʈʠʩ. 4): 
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ʈʠʩ. 4. ʉʪʨʫʢʪʫʨʘ ʤʦʜʝʣʽ ʘʨʭʝʪʠʧʽʚ 

 

ʂʦʞʝʥ ʦʢʨʝʤʠʡ ʘʨʭʝʪʠʧ, ʙʫʜʴ ʪʦ ʣʦʢʘʣʴʥʠʡ ʯʠ ʛʣʦʙʘʣʴʥʠʡ ʤʘʪʠʤʝ ʦʜʥʘʢʦʚʫ ʘʨʭʽʪʝʢʪʫʨʫ ʽ ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʠʭ ʧʘʨʘʤʝʪʨʽʚ ʷʢ ʥʘʟʚʘ, ʪʠʧ ʪʘ ʦʧʠʩ: 

 
ʆʪʞʝ, ʩʪʨʫʢʪʫʨʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʘʨʭʝʪʠʧʦʚʦʾ ʤʦʜʝʣʽ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʝʣʝʤʝʥʪʽʚ: 

- ʅʘʟʚʘ: ʥʘʟʚʘ ʘʨʭʝʪʠʧʫ. ʅʘʟʚʘ ʘʨʭʝʪʠʧʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʘʨʭʝʪʠʧʫ.  

- ʊʠʧ: ʪʠʧ ʘʨʭʝʪʠʧʫ, ʷʢʠʡ ʤʦʞʝ ʚʽʜʧʦʚʽʜʘʪʠ ʩʪʘʥʫ, ʣʽʢʫʚʘʥʥʶ ʘʙʦ ʽʥʰʽʡ ʤʝʜʠʯʥʽʡ ʢʦʥʮʝʧʮʽʾ. ʊʠʧ 

ʘʨʭʝʪʠʧʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʢʘʪʝʛʦʨʠʟʘʮʽʾ ʘʨʭʝʪʠʧʫ. 

- ʆʧʠʩ: ʦʧʠʩ ʘʨʭʝʪʠʧʫ, ʷʢʠʡ ʚʢʣʶʯʘʪʠʤʝ ʡʦʛʦ ʚʠʟʥʘʯʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. ʆʧʠʩ ʘʨʭʝʪʠʧʫ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʨʭʝʪʠʧʫ. 

- ʄʦʜʝʣʴ ʛʣʦʙʘʣʴʥʦʛʦ ʘʨʭʝʪʠʧʫ: ʤʦʜʝʣʴ ʘʨʭʝʪʠʧʽʚ, ʩʧʽʣʴʥʠʭ ʜʣʷ ʚʩʽʭ ʤʝʜʠʯʥʠʭ ʩʠʩʪʝʤ. 

- ʄʦʜʝʣʴ ʣʦʢʘʣʴʥʦʛʦ ʘʨʭʝʪʠʧʫ: ʤʦʜʝʣʴ ʘʨʭʝʪʠʧʽʚ, ʭʘʨʘʢʪʝʨʥʠʭ ʜʣʷ ʧʝʚʥʦʾ ʤʝʜʠʯʥʦʾ ʩʠʩʪʝʤʠ. 

ɿʛʽʜʥʦ ʟʘʜʘʥʦʾ ʩʪʨʫʢʪʫʨʠ ʧʨʠʚʝʜʝʤʦ ʧʨʠʢʣʘʜ ʣʦʢʘʣʴʥʠʭ ʪʘ ʛʣʦʙʘʣʴʥʠʭ ʘʨʭʝʪʠʧʽʚ ʜʣʷ ʩʬʝʨʠ ʦʭʦʨʦʥʠ 

ʟʜʦʨʦʚôʷ: 

 

ʊʘʙʣʠʮʷ 2 

ʃʦʢʘʣʴʥʽ ʪʘ ʛʣʦʙʘʣʴʥʽ ʘʨʭʝʪʠʧʠ ʚ ʛʘʣʫʟʽ ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ 
ˉ 

ʧ/ʧ 
ʅʘʟʚʘ ʊʠʧ ʆʧʠʩ ʂʣʘʩʠʬʽʢʘʮʽʷ 

1. ʇʘʮʽʻʥʪ ʆʩʦʙʘ ʆʩʦʙʘ, ʷʢʘ ʦʪʨʠʤʫʻ ʤʝʜʠʯʥʫ ʜʦʧʦʤʦʛʫ. ɻʣʦʙʘʣʴʥʠʡ ʘʨʭʝʪʠʧ 

2. ɿʫʩʪʨʽʯ ʇʦʜʽʷ ʇʦʜʽʷ, ʧʽʜ ʯʘʩ ʷʢʦʾ ʧʘʮʽʻʥʪ ʦʪʨʠʤʫʻ ʤʝʜʠʯʥʫ 
ʜʦʧʦʤʦʛʫ. 

ɻʣʦʙʘʣʴʥʠʡ ʘʨʭʝʪʠʧ 

3. ɼʽʘʛʥʦʟ  ʂʦʥʮʝʧʪ ʂʦʥʮʝʧʮʽʷ, ʱʦ ʧʨʝʜʩʪʘʚʣʷʻ ʭʚʦʨʦʙʫ ʘʙʦ ʩʪʘʥ. ɻʣʦʙʘʣʴʥʠʡ ʘʨʭʝʪʠʧ 

4. ɻʦʩʪʨʠʡ ʽʥʬʘʨʢʪ ʤʽʦʢʘʨʜʘ ʉʪʘʥ ʉʪʘʥ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʨʘʧʪʦʚʦʶ ʩʤʝʨʪʶ 

ʯʘʩʪʠʥʠ ʩʝʨʮʝʚʦʛʦ ʤôʷʟʘ ʯʝʨʝʟ ʥʝʩʪʘʯʫ ʢʠʩʥʶ. 

ʃʦʢʘʣʴʥʠʡ ʘʨʭʝʪʠʧ 

5. ɸʦʨʪʦʢʦʨʦʥʘʨʥʝ 

ʰʫʥʪʫʚʘʥʥʷ  

ʃʽʢʫʚʘʥʥʷ ʃʽʢʫʚʘʥʥʷ ʽʰʝʤʽʯʥʦʾ ʭʚʦʨʦʙʠ ʩʝʨʮʷ, ʱʦ 

ʚʢʣʶʯʘʻ ʭʽʨʫʨʛʽʯʥʝ ʦʙʭʽʜ ʟʘʙʣʦʢʦʚʘʥʦʾ ʘʙʦ 

ʧʦʰʢʦʜʞʝʥʦʾ ʜʽʣʷʥʢʠ ʘʨʪʝʨʽʾ. 

ʃʦʢʘʣʴʥʠʡ ʘʨʭʝʪʠʧ 

6. ʎʫʢʨʦʚʠʡ ʜʽʘʙʝʪ ʉʪʘʥ ʉʪʘʥ, ʱʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʚʠʩʦʢʠʤ ʨʽʚʥʝʤ 
ʮʫʢʨʫ ʚ ʢʨʦʚʽ. 

ʃʦʢʘʣʴʥʠʡ ʘʨʭʝʪʠʧ 

 

ʇʨʠʧʫʩʪʠʤʦ, ʱʦ ʽʩʥʫʻ n-ʛʣʦʙʘʣʴʥʠʭ ʘʨʭʝʪʠʧʽʚ ʪʘ m-ʣʦʢʘʣʴʥʠʭ. ʆʪʞʝ, ʚʨʘʭʦʚʫʶʯʠ ʟʘʧʨʦʧʦʥʦʚʘʥʫ 

ʩʪʨʫʢʪʫʨʫ ʘʨʭʝʪʠʧʦʚʦʾ ʤʦʜʝʣʽ, ʤʦʜʝʣʴ ʢʦʞʥʦʛʦ  ʤʦʜʝʣʴ ʦʢʨʝʤʦʛʦ ʘʨʭʝʪʠʧʫ ʧʨʝʜʩʪʘʚʠʤʦ ʧʦʚʥʫ ʤʦʜʝʣʴ 

ʘʨʭʝʪʠʧʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʩʪʫʧʥʦʾ ʬʦʨʤʫʣʠ: 
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ɼʝ ɸ ï ʧʦʚʥʘ ʤʦʜʝʣʴ ʘʨʭʝʪʠʧʽʚ, AG ï ʤʦʜʝʣʴ ʛʣʦʙʘʣʴʥʦʛʦ ʘʨʭʝʪʠʧʫ, AL ï ʤʦʜʝʣʴ ʣʦʢʘʣʴʥʦʛʦ ʘʨʭʝʪʠʧʫ.  

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ɯʩʥʫʻ ʨʷʜ ʨʽʟʥʠʭ ʩʧʦʩʦʙʽʚ, ʟʘʚʜʷʢʠ ʷʢʠʤ ʄɯʉ ʤʦʞʫʪʴ ʙʫʪʠ ʩʫʤʽʩʥʽ ʦʜʥʘ ʟ ʦʜʥʦʶ. ʆʜʥʠʤ ʽʟ ʩʧʦʩʦʙʽʚ ʻ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʨʭʝʪʠʧʦʚʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʚ ʦʩʥʦʚʥʦʤʫ ʻ ʰʘʙʣʦʥʘʤʠ, ʷʢʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʟʘʙʝʟʧʝʯʝʥʥʷ ʫʟʛʦʜʞʝʥʦʩʪʽ ʜʘʥʠʭ ʫ ʨʽʟʥʠʭ ʩʠʩʪʝʤʘʭ. ɯʥʰʠʤ ʩʧʦʩʦʙʦʤ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʚʽʜʦʙʨʘʞʝʥʥʷ, 

ʷʢʽ ʧʝʨʝʜʙʘʯʘʶʪʴ ʩʪʚʦʨʝʥʥʷ ʢʘʨʪʠ ʪʦʛʦ, ʷʢ ʜʘʥʽ ʦʨʛʘʥʽʟʦʚʘʥʽ ʚ ʦʜʥʽʡ ʄɯʉ, ʘ ʧʦʪʽʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʢʘʨʪʠ 

ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʧʨʦʮʝʩʦʤ ʚʚʝʜʝʥʥʷ ʜʘʥʠʭ ʚ ʽʥʰʽʡ ʩʠʩʪʝʤʽ ʄɯʉ. ʊʘʢʦʞ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʩʪʘʥʜʘʨʪʠʟʘʮʽʶ 

ʜʘʥʠʭ ï ʪʦʜʽ ʫʩʽ ʤʝʜʠʯʥʽ ʩʠʩʪʝʤʠ ʙʫʜʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʜʥʘʢʦʚʫ ʪʝʨʤʽʥʦʣʦʛʽʶ ʪʘ ʩʠʩʪʝʤʠ ʢʦʜʫʚʘʥʥʷ. 

ʆʜʥʘʢ, ʜʣʷ ʉʆʄɯ çɽʣʝʤʝʥʪè ʥʘʡʙʽʣʴʰ ʧʽʜʭʦʜʷʱʠʤ ʤʝʪʦʜʦʤ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʨʭʝʪʠʧʦʚʠʭ ʤʦʜʝʣʝʡ. ɼʣʷ ʪʦʛʦ, 

ʱʦʙ ʧʦʜʦʙʫʚʘʪʠ ʘʨʭʝʪʠʧʦʚʫ ʤʦʜʝʣʴ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ DEAR-ʤʦʜʝʣʴ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ, ʜʝ ʧʘʨʘʤʝʪʨ D ï 

ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʧʨʝʜʤʝʪʥʫ ʦʙʣʘʩʪʴ, E ï ʟʘ ʦʙôʻʢʪʠ, A ï ʟʘ ʘʪʨʠʙʫʪʠ, ʘ R ï ʟʘ ʚʽʜʥʦʩʠʥʠ ʤʽʞ ʩʫʪʥʦʩʪʷʤʠ. 

ʈʦʟʨʦʙʣʝʥʦ ʬʫʥʢʮʽʦʥʘʣʴʥʫ ʤʦʜʝʣʴ, ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʤʦʜʝʣʝʡ ʣʦʢʘʣʴʥʠʭ ʪʘ ʛʣʦʙʘʣʴʥʠʭ ʬʫʥʢʮʽʡ, ʨʦʟʨʦʙʣʝʥʦ 

EART ʤʦʜʝʣʴ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ, ʜʝ E ð ʦʙôʻʢʪ, A ð ʜʽʷ, R ð ʨʝʘʢʮʽʷ, ʘ T ð ʯʘʩ. ʆʙôʻʢʪ E ð ʮʝ ʦʙôʻʢʪ, 

ʧʦʚʝʜʽʥʢʘ ʷʢʦʛʦ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ. ʇʦʙʫʜʦʚʘʥʦ ʤʘʪʝʤʘʪʠʯʥʫ ʤʦʜʝʣʴ ʧʦʚʝʜʽʥʢʠ ʩʠʩʪʝʤʠ. ɺʦʥʘ ʚʽʜʦʙʨʘʞʘʻ 

ʧʦʚʝʜʽʥʢʫ ʩʠʩʪʝʤʠ ʚ ʧʨʦʮʝʩʽ ʾʾ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʯʦʛʦ ʧʦʙʫʜʦʚʘʥʦ ʩʪʨʫʢʪʫʨʫ ʤʦʜʝʣʽ ʘʨʭʝʪʠʧʽʚ ʪʘ 

ʤʦʜʝʣʴ ʘʨʭʝʪʠʧʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʟʚʠ, ʪʠʧʫ ʪʘ ʦʧʠʩʫ. 
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ɸʃɻʆʈʀʊʄ ʉʀʅʊɽɿʋ ɼʀʉʂʈɽʊʅʀʍ ʊɽʉʊɯɺ  

ʅɸ ʆʉʅʆɺɯ ɽɺʆʃʖʎɯʁʅʀʍ ʊɽʆʈɯʁ 
 
ˏ ̨̑̏̂̏̓ ̐̑̆̅̒̓́̃̌̆̎̏ ̨̃́̑́̎̓ ̨̨̗̩̑̆́̌̈́ ́̌̄̏̑̉̓̍̔ ̒̉̎̓̆̈̔ ̖̅̉̒̋̑̆̓̎̉ ̨̈ ̠̈́̒̓̏̒̔̃́̎̎̍ ̨̩̓̆̏̑ 

̘̖̄̆̎̆̓̉̎̉ ̨́̌̄̏̑̉̓̍̃Ȣ ˍ̌̄̏̑̉̓̍ ̨̤̏̑̎̓̏̃́̎̏ ̎́ ̙̠̈̍̆̎̆̎̎ ̨̨̝̋̌̋̏̒̓ ̨̖̖̎̆̏̂̅̎̉ ̨̐̆̑̆̃̑̏̋ ̏̂ȭ̤̋̓́ 
̨̠̅́̄̎̏̒̓̔̃́̎̎ ̈́ ̖̑́̔̎̏̋ ̨̗̩̄̆̎̆̑́ ̖̎̏̃̉ ̨̠̗̐̏̐̔̌̊ ̨̓̆̒̓̃ȟ ̏̚ ̨̟̝̈̂̆̑̄́̓ ̨̐̆̑̆̃̑̎̔ ̨̝̈̅́̓̎̒̓ ̘̩̐̏́̓̋̏̃̏ 
̨̨̐̏̒̌̅̏̃̎̏̒̓ ̃ ̨̙̍̆̎̊ ̨̨̝̋̌̋̏̒̓ ̨̓̆̒̓̃-̨̎́́̅̋̃̚ ̨̗̤̩ ̨̨̐̏̒̌̅̏̃̎̏̒̓ȟ ̏̚ ̟̟̝̠̔̓̃̏̑̓̒ ̈́ ́̌̄̏̑̉̓̍̏̍Ȣ  

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̨̖̘̓̆̎̎́ ̨̅́̄̎̏̒̓̉̋́ȟ ̨̘̄̆̎̆̓̉̎ ́̌̄̏̑̉̓̍̉ȟ ̒̉̎̓̆̈ ̨̓̆̒̓̃ȟ ̨̗̉̑̏̃̕ ̩̐̑̉̒̓̑̏Ȣ 
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ALGORITHM OF SYNTHESIS OF DISCRETE TESTS BASED ON EVOLUTIONARY THEORIES  
 

The complexity of modern digital components and devices as objects of diagnosis, in most cases, makes it impossible for experts to 
synthesize tests manually in the time allowed to solve the problem of organizing diagnostic tests. This determines the relevance of the 
development and implementation of intelligent methods and tools for automated synthesis of test sequences. One of the promising options for 
the synthesis and optimization of discrete tests is the solution of this problem based on the theory of evolution or genetic algorithms. 

The paper describes an algorithm for the synthesis of discrete tests using genetic algorithms. The algorithm of realization of 
diagnostic experiment contains stages of formation of initial population, crossing, processing of the received results and check of a condition 
of a stop of work of genetic algorithm. The main characteristics of the algorithm: the type of evolutionary algorithms used - hybrid; method 
of generating binary words of chromosome codes by crossing operator from values of diagnostic vectors of elementary tests; the method of 
selection of applicants for crossing - proportional, based on the probability function of fitness and the control operator of the compatibility 
assessment; type of crossover operator - uniform; the method of forming a new generation - the descendants of crosses of individuals based 
on the results of proportional selection and elitistly selected individuals that do not allow crossings under the control operator of 
compatibility assessment; the main way to stop the evolutionary algorithm - the loss of the ability to implement crossings of individuals in 
the resulting generation; additional (possible) ways to stop the algorithm - limiting the execution time or the number of iterations 
(generated generations). 

Key words: technical diagnostics, genetic algorithms, synthesis of tests, digital devices. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ɿʘʜʘʯʘ ʩʠʥʪʝʟʫ ʪʝʩʪʽʚ ʜʣʷ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʜʠʩʢʨʝʪʥʠʭ ʧʨʠʩʪʨʦʾʚ ʽ ʩʠʩʪʝʤ ʟ ʝʣʝʤʝʥʪʘʤʠ ʚʠʩʦʢʦʛʦ 

ʩʪʫʧʝʥʷ ʽʥʪʝʛʨʘʮʽʾ ʥʽʢʦʣʠ ʥʝ ʚʪʨʘʯʘʣʘ ʘʢʪʫʘʣʴʥʦʩʪʽ ʽ ʥʘʚʧʘʢʠ, ʘʢʪʫʘʣʴʥʽʩʪʴ ʚʢʘʟʘʥʦʾ ʟʘʜʘʯʽ ʟʘʚʞʜʠ 

ʟʘʛʦʩʪʨʶʚʘʣʘʩʴ ʟ ʧʦʷʚʦʶ ʥʦʚʠʭ ʽʥʪʝʛʨʘʣʴʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʪʘ ʪʝʭʥʦʣʦʛʽʡ ʾʭ ʚʠʛʦʪʦʚʣʝʥʥʷ.  

ʉʢʣʘʜʥʽʩʪʴ ʜʽʘʛʥʦʩʪʦʚʘʥʠʭ ʜʠʩʢʨʝʪʥʠʭ ʩʭʝʤ, ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ, ʫʥʝʤʦʞʣʠʚʣʶʻ ʙʝʟʧʦʩʝʨʝʜʥʽʡ 

ʩʠʥʪʝʟ ʪʝʩʪʽʚ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʦʙô̒ʢʪʘ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ (ʆɼ) ʚ ʮʽʣʦʤʫ ʟ ʥʫʣʷ ʟʘ ʜʦʧʫʩʪʠʤʠʡ ʜʣʷ ʚʠʨʽʰʝʥʥʷ 

ʟʘʚʜʘʥʥʷ ʦʨʛʘʥʽʟʘʮʽʾ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʚʠʧʨʦʙʫʚʘʥʴ ʯʘʩ. ʏʝʨʝʟ ʧʦʪʨʝʙʫ ʚʨʘʭʦʚʫʚʘʪʠ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʬʘʢʪʦʨʽʚ 

ʪʘ ʧʘʨʘʤʝʪʨʽʚ, ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʨʦʟʨʦʙʢʘ ʷʢʽʩʥʠʭ ʪʝʩʪʽʚ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʩʫʯʘʩʥʠʭ ʝʣʝʢʪʨʦʥʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ ʥʘʜʚʠʩʦʢʦʛʦ ʩʪʫʧʝʥʷ ʽʥʪʝʛʨʘʮʽʾ ʪʘ ʝʣʝʢʪʨʦʥʥʦʾ ʧʨʦʜʫʢʮʽʾ ʥʘ ʾʭ ʦʩʥʦʚʽ ʟʘ ʬʽʥʘʥʩʦʚʠʤʠ ʽ 

ʯʘʩʦʚʠʤʠ ʚʠʪʨʘʪʘʤʠ ʟʥʘʯʥʦ ʧʝʨʝʚʠʱʫʻ ʚʘʨʪʽʩʪʴ ʩʘʤʠʭ ʚʠʨʦʙʽʚ, ʱʦ ʟʫʤʦʚʣʶʻ ʟʘʮʽʢʘʚʣʝʥʽʩʪʴ ʬʘʭʽʚʮʽʚ ʟ 

ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʭ ʟʘʩʦʙʽʚ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʩʠʥʪʝʟʫ ʪʝʩʪʽʚ [2ï4]. ʆʜʥʠʤ ʽʟ 

ʥʘʧʨʷʤʢʽʚ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʩʠʥʪʝʟʫ ʜʠʩʢʨʝʪʥʠʭ ʪʝʩʪʽʚ ʻ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʚʦʣʶʮʽʡʥʠʭ ʪʝʦʨʽʡ, ʟʦʢʨʝʤʘ, 

ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ [4ï10].  
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ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ 

ɻʝʥʝʪʠʯʥʽ ʘʣʛʦʨʠʪʤʠ (ɻɸ) ʷʢ ʝʬʝʢʪʠʚʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʥʘʙʫʣʠ ʰʠʨʦʢʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʟʘʜʘʯʘʭ ʪʝʭʥʽʯʥʦʾ 

ʜʽʘʛʥʦʩʪʠʢʠ. ʆʜʠʥ ʽʟ ʦʩʥʦʚʥʠʭ ʥʘʧʨʷʤʢʽʚ ʾʭ ʟʘʩʪʦʩʫʚʘʥʴ ʚ ʟʘʜʘʯʘʭ ʪʝʭʥʽʯʥʦʾ ʜʽʘʛʥʦʩʪʠʢʠ ï ʦʧʪʠʤʽʟʘʮʽʷ 

ʪʝʩʪʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ ʽ ʘʣʛʦʨʠʪʤʽʚ ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ [4, 6, 7]. ɺ [8] ʦʧʠʩʫʶʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ɻɸ ʜʣʷ ʚʽʜʩʽʚʫ 

ʥʘʜʣʠʰʢʦʚʠʭ ʪʝʩʪʽʚ ʟ ʪʝʩʪʦʚʠʭ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ. ɺ [9] ɻɸ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʦʧʪʠʤʽʟʘʮʽʾ ʚʠʙʦʨʫ 

ʢʦʥʪʨʦʣʴʥʠʭ ʪʦʯʦʢ ʆɼ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʝʩʪʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʘ ʪʘʢʦʞ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʤʦʜʠʬʽʢʘʮʽʾ 

ʩʪʨʫʢʪʫʨʠ ʆɼ. 

ɺ ʨʦʙʦʪ ̔[10] ʦʧʠʩʫʶʪʴʩʷ ʙʘʟʦʚʽ ʧʨʠʥʮʠʧʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ɻɸ ʜʣʷ ʩʠʥʪʝʟʫ ʜʠʩʢʨʝʪʥʠʭ ʪʝʩʪʽʚ. ɿʦʢʨʝʤʘ, 

ʚʠʟʥʘʯʝʥʦ ʩʧʦʩʽʙ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʜʘʥʠʭ ʜʣʷ ʩʠʥʪʝʟʫ ʪʝʩʪʽʚ ʥʘ ʦʩʥʦʚʽ ʝʚʦʣʶʮʽʡʥʠʭ ʪʝʦʨʽʡ, ʦʙˇʨʫʥʪʦʚʘʥʦ ʚʠʙʽʨ 

ʨʽʚʥʦʤʽʨʥʦʛʦ ʢʨʦʩʠʥʛʦʚʝʨʘ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʘʨʠ ʚʝʢʪʦʨʽʚ ʨʝʢʦʤʙʽʥʘʮʽʾ, ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʬʫʥʢʮʽʾ ʚʽʜʙʦʨʫ 

ʭʨʦʤʦʩʦʤ ʜʣʷ ʩʭʨʝʱʫʚʘʥʥʷ ʪʘ ʬʦʨʤʫʣʠ ʛʝʥʝʨʘʮʽʾ  ʭʨʦʤʦʩʦʤ ʪʘ ʚʝʢʪʦʨʽʚ ʨʝʢʦʤʙʽʥʘʮʽʾ ʥʦʚʦʛʦ ʧʦʢʦʣʽʥʥʷ. 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʟʠʮʽʦʥʫʶʪʴʩʷ ʷʢ ʦʩʥʦʚʘ ʜʣʷ ʘʣʛʦʨʠʪʤʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʧʨʠʥʮʠʧʽʚ ʘʣʛʦʨʠʪʤʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʫ ʩʠʥʪʝʟʫ ʜʠʩʢʨʝʪʥʠʭ ʪʝʩʪʽʚ 

ʥʘ ʦʩʥʦʚʽ ʝʚʦʣʶʮʽʡʥʠʭ ʪʝʦʨʽʡ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʇʨʠ ʨʦʟʛʣʷʜʽ ʘʣʛʦʨʠʪʤʽʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʟʘʜʘʯ ʩʠʥʪʝʟʫ ʪʝʩʪʽʚ ʚʠʢʦʨʠʩʪʘʻʤʦ ʝʣʝʤʝʥʪʠ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ, 

ʥʘʚʝʜʝʥʦʾ ʚ [10]: L:{ l1, l2, é , l i, é , lk} ï ʤʥʦʞʠʥʘ ʤʦʞʣʠʚʠʭ ʥʝʩʧʨʘʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʽʚ ʆɼ; 

P:{ P(l1), P(l2), é , P(l i), é , P(lk)}  ï ʤʥʦʞʠʥʘ ʟʥʘʯʝʥʴ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʽʤʦʚʽʨʥʦʩʪʽ ʟʥʘʭʦʜʞʝʥʥʷ ʆɼ ʚ 

ʢʦʞʥʦʤʫ ʟ ʤʦʞʣʠʚʠʭ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʽʚ ʆɼ l iÍL; T:{ t1, t2, é , ti, é , tm} ï ʤʥʦʞʠʥʘ ʪʝʩʪ-ʚʝʢʪʦʨʽʚ, ʨʦʟʨʦʙʣʝʥʠʭ 

ʜʣʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʩʪʘʥʽʚ ʆɼ l iÍL; R:{ r1, r2, é , r ,̔ é , rm} ï ʤʥʦʞʠʥʘ ʦʪʨʠʤʫʚʘʥʠʭ ʚʝʢʪʦʨʽʚ ʚʽʜʧʦʚʽʜʥʠʭ 

ʨʝʘʢʮʽʡ ʧʨʠ ʧʦʜʘʥʥʽ ʥʘ ʆɼ ʙʣʦʢʫ ʪʝʩʪ-ʚʝʢʪʦʨʽʚ tiÍT; C:{ c1, c2,é , ci, é , cm}  ï ʤʥʦʞʠʥʘ ʭʨʦʤʦʩʦʤ ʧʦʯʘʪʢʦʚʦʾ 

ʧʦʧʫʣʷʮʽʾ C ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ɻɸ. ʎʽʣʴʦʚʦʶ ʩʬʝʨʦʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʝʚʦʣʶʮʽʡʥʠʭ ʪʝʦʨʽʡ ʚ ʨʦʟʨʦʙʣʶʚʘʥʦʤʫ 

ʘʣʛʦʨʠʪʤʽ ʻ ʩʠʥʪʝʟ ʪʝʩʪʽʚ ʥʘ ʦʩʥʦʚʽ ʥʘʷʚʥʦʾ ʤʥʦʞʠʥʠ ʪʝʩʪ-ʚʝʢʪʦʨʽʚ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʝʨʝʚʽʨʦʢ T, ʦʨʽʻʥʪʦʚʘʥʠʭ 

ʥʘ ʩʫʤʽʱʝʥʥʷ ʜʝʢʽʣʴʢʦʭ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʝʨʝʚʽʨʦʢ ʪʝʩʪʘʤʠ tiÍT ̔  tjÍT (ʧʨʠ iÍj) ʚ ʯʘʩʽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʫʟʛʦʜʞʝʥʦʾ 

ʦʜʥʦʯʘʩʥʦʾ ʧʝʨʝʚʽʨʢʠ ʩʢʣʘʜʦʚʠʭ ʆɼ ʪʘ ʟʤʝʥʰʝʥʥʷ ʪʨʠʚʘʣʦʩʪʽ ʧʨʦʮʝʩʫ ʪʝʩʪʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ. 

ɸʣʛʦʨʠʪʤ: 

1. ɺʚʝʩʪʠ ʜʘʥʽ ʧʨʦ ʤʦʞʣʠʚʽ ʥʝʩʧʨʘʚʥʽ ʩʪʘʥʠ ʆɼ l Í̔L. 

2. ɺʠʟʥʘʯʠʪʠ K ʷʢ ʢʽʣʴʢʽʩʪʴ ʤʦʞʣʠʚʠʭ ʥʝʩʧʨʘʚʥʠʭ ʩʪʘʥʽʚ ʆɼ: K=| L |. 

3. ɺʚʝʩʪʠ ʜʘʥʽ ʩʪʘʪʠʩʪʠʯʥʠʭ ʡʤʦʚʽʨʥʦʩʪʝʡ P(l )̔ ʟʥʘʭʦʜʞʝʥʥʷ ʆɼ ʚ ʢʦʞʥʦʤʫ ʟ ʤʦʞʣʠʚʠʭ ʥʝʩʧʨʘʚʥʠʭ ʩʪʘʥʽʚ 

l Í̔L (ʩʬʦʨʤʫʚʘʪʠ ʤʥʦʞʠʥʫ ʟʥʘʯʝʥʴ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʡʤʦʚʽʨʥʦʩʪʝʡ P:{ P(l1), P(l2), é , P(l )̔, é , P(lK)}).  

4. ɺʚʝʩʪʠ ʜʘʥʽ ʪʝʩʪ-ʚʝʢʪʦʨʽʚ t Í̔T ʽ ʚʝʢʪʦʨʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʘʢʮʽʡ r Í̔R (ʩʬʦʨʤʫʚʘʪʠ ʤʥʦʞʠʥʠ ʟʥʘʯʝʥʴ ʪʝʩʪ-

ʚʝʢʪʦʨʽʚ T:{ t1, t2, é , t ,̔ é , tm} ʽ ʚʝʢʪʦʨʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʘʢʮʽʡ R:{ r1, r2, é , r ,̔ é , rm}).  

5. ɺʠʟʥʘʯʠʪʠ ʧʘʨʘʤʝʪʨ ʄ ̫ʢ ʢʽʣʴʢʽʩʪʴ ʪʝʩʪʦʚʠʭ ʚʠʧʨʦʙʫʚʘʥʴ, ʱʦ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʥʘʜʘʥʠʭ 

ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʜʘʥʠʭ: ʄ=| T |=| R |. 

6. ʇʨʠʡʥʷʪʠ ʟʥʘʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʣʽʯʠʣʴʥʠʢʘ  ̔ʨʽʚʥʠʤ ʦʜʠʥʠʮʽ: =̔1. 

7. ʉʠʥʪʝʟʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʜʚʽʡʢʦʚʦʛʦ ʢʦʜʫ ʭʨʦʤʦʩʦʤʠ cÍ̔C: 

( ) ( ),i i iʩ text t text r= +          (1) 

ʜʝ ci ï ʭʨʦʤʦʩʦʤʘ ʦʧʠʩʫ ʪʝʩʪʦʚʦʾ ʧʝʨʝʚʽʨʢʠ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʩʪ-ʚʝʢʪʦʨʘ tiÍT, ʬʦʨʤʦʚʘʥʘ ʜʦʜʘʚʘʥʥʷʤ 

ʟʥʘʯʝʥʴ ʚʝʢʪʦʨʽʚ tiÍT ʽ r iÍR ʷʢ ʩʠʤʚʦʣʴʥʠʭ ʨʷʜʢʽʚ (ʬʫʥʢʮʽʷ text). 

8. ɺʠʢʦʥʘʪʠ ʽʥʢʨʝʤʝʥʪ ʟʥʘʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʣʽʯʠʣʴʥʠʢʘ :̔  ̔=  ̔+1. 

9. ʗʢʱʦ  ̔¢ ʄ (ʷʢʱʦ ʩʬʦʨʤʦʚʘʥʦ ʱʝ ʥʝ ʚʩʽ ʭʨʦʤʦʩʦʤʠ), ʧʝʨʝʡʪʠ ʜʦ ʧ. 7. 

10. ʇʨʠʡʥʷʪʠ ʦʟʥʘʢʫ ʤʦʞʣʠʚʦʩʪʽ ʜʦʩʪʨʦʢʦʚʦʛʦ ʟʫʧʠʥʫ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʜʽʡʩʥʦʶ: Q=1. 

11. ʈʝʘʣʽʟʫʚʘʪʠ ʧʨʦʮʝʜʫʨʫ ʚʠʟʥʘʯʝʥʥʷ ʫʤʦʚʠ ʜʦʩʪʨʦʢʦʚʦʛʦ ʟʫʧʠʥʫ ʘʣʛʦʨʠʪʤʫ. 

12. ʗʢʱʦ ʫʤʦʚʫ ʜʦʩʪʨʦʢʦʚʦʛʦ ʟʫʧʠʥʫ ʘʣʛʦʨʠʪʤʫ ʟʘʜʘʥʦ (ʦʙʤʝʞʝʥʥʷ ʥʘ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ, ʯʘʩ ʨʦʙʦʪʠ 

ʘʣʛʦʨʠʪʤʫ ʪʦʱʦ), ʧʝʨʝʡʪʠ ʜʦ ʧ. 14. 

13. ʇʨʠʡʥʷʪʠ ʦʟʥʘʢʫ ʤʦʞʣʠʚʦʩʪʽ ʜʦʩʪʨʦʢʦʚʦʛʦ ʟʫʧʠʥʫ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʥʝ ʜʽʡʩʥʦʶ: Q=0. 

14. ʉʬʦʨʤʫʚʘʪʠ ʦʜʥʦʤʽʨʥʠʡ ʤʘʩʠʚ F ʨʦʟʤʽʨʥʦʩʪʽ | C | ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʟʥʘʯʝʥʴ ʬʫʥʢʮʽʡ 

ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ f Í̔F ʭʨʦʤʦʩʦʤ cÍ̔C. 

15. ɼʣʷ ʢʦʞʥʦʛʦ ʜʚʽʡʢʦʚʦʛʦ ʢʦʜʫ ʭʨʦʤʦʩʦʤʠ cÍ̔C ʦʙʯʠʩʣʠʪʠ ʬʫʥʢʮʽ ʁʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ  f Í̔F:  

()
1

,

L

j i i

i

f q P l
=

=ä       (2) 

ʜʝ fj ï ʨʦʟʨʘʭʫʥʢʦʚʝ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʾ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ ʦʩʦʙʠʥʠ ʟ ʢʦʜʦʤ ʭʨʦʤʦʩʦʤʠ cjÍC; |L| ï ʨʦʟʤʽʨʥʽʩʪʴ 

ʤʥʦʞʠʥʠ ʤʦʞʣʠʚʠʭ ʥʝʩʧʨʘʚʥʠʭ ʪʝʭʥʽʯʥʠʭ ʩʪʘʥʽʚ ʆɼ L; P(l )̔ ï  ʽʤʦʚʽʨʥʽʩʪʴ ʟʥʘʭʦʜʞʝʥʥʷ ʆɼ ʚ ʥʝʩʧʨʘʚʥʦʤʫ 

ʪʝʭʥʽʯʥʦʤʫ ʩʪʘʥʽ l Í̔L; q  ̔ï ʦʟʥʘʢʘ ʟʜʘʪʥʦʩʪʽ ʪʝʩʪ-ʚʝʢʪʦʨʘ tjÍT ʚʠʷʚʣʷʪʠ ʦʟʥʘʢʠ ʟʥʘʭʦʜʞʝʥʥʷ ʆɼ ʚ ʩʪʘʥʽ l Í̔L 

(q  ̔=1 ʟʘ ʥʘʷʚʥʦʩʪʽ ʫ ʪʝʩʪ-ʚʝʢʪʦʨʘ tjÍT ʚʽʜʧʦʚʽʜʥʦʾ ʟʜʘʪʥʦʩʪʽ, q  ̔=0 ï ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ). 

16. ʋʧʦʨʷʜʢʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʜʚʽʡʢʦʚʠʭ ʢʦʜʽʚ ʭʨʦʤʦʩʦʤ cÍ̔C ʟʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʾʤ ʟʥʘʯʝʥʥʷʤʠ ʬʫʥʢʮʽʾ 

ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ f Í̔F ʚ ʧʦʨʷʜʢʫ ʚʽʜ ʙʽʣʴʰʦʛʦ ʜʦ ʤʝʥʰʦʛʦ. 

17. ʉʬʦʨʤʫʚʘʪʠ ʦʜʥʦʤʽʨʥʠʡ ʤʘʩʠʚ G ʨʦʟʤʽʨʥʦʩʪʽ | C | ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʦʟʥʘʢ g  ̔ʫʯʘʩʪʽ ʫ ʩʭʨʝʱʫʚʘʥʥʷʭ  
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ʭʨʦʤʦʩʦʤ cÍ̔C ʟ ʥʫʣʴʦʚʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʝʣʝʤʝʥʪʽʚ gÍ̔G. 

18. ʇʨʠʡʥʷʪʠ ʦʟʥʘʢʫ ʨʝʘʣʽʟʘʮʽʾ ʩʭʨʝʱʫʚʘʥʴ ʨʽʚʥʦʶ ʥʫʣʶ: W=0. 

19. ʇʨʠʡʥʷʪʠ ʟʥʘʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʣʽʯʠʣʴʥʠʢʘ =̔1 (ʚʢʘʟʽʚʥʠʢ ʥʘ ʧʝʨʰʫ ʭʨʦʤʦʩʦʤʫ c1ÍC):.  

20. ʇʨʠʡʥʷʪʠ ʟʥʘʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʣʽʯʠʣʴʥʠʢʘ j ʙʽʣʴʰʠʤ ʥʘ ʦʜʠʥʠʮʶ ʟʘ ʟʥʘʯʝʥʥʷ ʣʽʯʠʣʴʥʠʢʘ ʽ (ʚʢʘʟʽʚʥʠʢ 

ʥʘ ʥʘʩʪʫʧʥʫ ʧʽʩʣʷ cÍ̔C ʭʨʦʤʦʩʦʤʫ cjÍC):  j=  ̔+1.  

21. ʈʦʟʨʘʭʫʚʘʪʠ ʦʟʥʘʢʫ yʽj ʤʦʞʣʠʚʦʩʪʽ ʩʭʨʝʱʫʚʘʥʥʷ ʦʩʦʙʠʥ ʟ ʭʨʦʤʦʩʦʤʘʤʠ cÍ̔C ̔  cjÍC:  

( ) .0=ØØÄ= jijiij hhccy
     (3) 

22. ʗʢʱʦ yʽj=0 (ʩʭʨʝʱʫʚʘʥʥʷ ʚʠʟʥʘʥʝ ʥʝʤʦʞʣʠʚʠʤ), ʧʝʨʝʡʪʠ ʜʦ ʧ. 27. 

23. ʈʦʟʨʘʭʫʚʘʪʠ  ʟʥʘʯʝʥʥʷ ʢʦʜʫ ʭʨʦʤʦʩʦʤʠ cʽj1 ʦʩʦʙʠ ʥʘʩʪʫʧʥʦʛʦ ʧʦʢʦʣʽʥʥʷ  C1 ʽ ʟʘʬʽʢʩʫʚʘʪʠ ʟʥʘʯʝʥʥʷ cʽj1 ʚ 

ʤʥʦʞʠʥʽ C1. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʘʩʪʦʩʫʚʘʪʠ ʬʦʨʤʫʣʫ ʦʧʝʨʘʪʦʨʘ ʢʨʦʩʠʥʛʦʚʝʨʘ: 

.1

jik ccʩ Ù=
      (4) 

24. ʈʦʟʨʘʭʫʚʘʪʠ ʟʥʘʯʝʥʥʷ ʚʝʢʪʦʨʘ ʨʝʢʦʤʙʽʥʘʮʽʾ hʽj1 ʜʣʷ ʢʦʜʫ ʭʨʦʤʦʩʦʤʠ cʽj1 ʦʩʦʙʠ ʧʦʢʦʣʽʥʥʷ  C1  ʽ ʟʘʬʽʢʩʫʚʘʪʠ 

ʟʥʘʯʝʥʥʷ hʽj1 ʚ ʤʥʦʞʠʥʽ H1. ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʟʘʩʪʦʩʫʚʘʪʠ ʬʦʨʤʫʣʫ ʦʧʝʨʘʪʦʨʘ ʩʭʨʝʱʫʚʘʥʥʷ ʚʝʢʪʦʨʽʚ: 

.1

jik hhh Ù=
      (5) 

25. ʇʨʠʡʥʷʪʠ ʦʟʥʘʢʫ ʨʝʘʣʽʟʘʮʽʾ ʩʭʨʝʱʫʚʘʥʴ ʨʽʚʥʦʶ ʦʜʠʥʠʮʽ: W=1. 

26. ʇʨʠʡʥʷʪʠ ʨʽʚʥʠʤʠ ʦʜʠʥʠʮʽ ʦʟʥʘʢʠ ʫʯʘʩʪʽ ʫ ʩʭʨʝʱʫʚʘʥʥʷʭ ʭʨʦʤʦʩʦʤ cÍ̔C ̔  cjÍC: g =̔1, gj=1. 

27. ɺʠʢʦʥʘʪʠ ʽʥʢʨʝʤʝʥʪ ʟʥʘʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʣʽʯʠʣʴʥʠʢʘ j: j = j +1. 

28. ʗʢʱʦ j ¢ ʄ (ʧʝʨʝʙʨʘʥʦ ʱʝ ʥʝ ʚʩʽ ʤʦʞʣʠʚʽ ʭʨʦʤʦʩʦʤʠ-ʧʘʨʪʥʝʨʠ ʜʣʷ cÍ̔C), ʧʝʨʝʡʪʠ ʜʦ ʧ. 21. 

29. ɺʠʢʦʥʘʪʠ ʽʥʢʨʝʤʝʥʪ ʟʥʘʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʣʽʯʠʣʴʥʠʢʘ :̔  ̔=  ̔+1. 

30. ʗʢʱʦ  ̔ < ʄ (ʷʢʱʦ ʣʽʯʠʣʴʥʠʢ  ̔ʱʝ ʥʝ ʚʢʘʟʫʻ ʥʘ ʦʩʪʘʥʥʶ ʭʨʦʤʦʩʦʤʫ cÍ̔C , ʪʦʙʪʦ, ʥʝ ʚʩʽ ʤʦʞʣʠʚʽ 

ʩʭʨʝʱʫʚʘʥʥʷ ʚ ʧʦʪʦʯʥʦʤʫ ʧʦʢʦʣʽʥʥʽ ʨʝʘʣʽʟʦʚʘʥʽ), ʧʝʨʝʡʪʠ ʜʦ ʧ. 20. 

31.  ʗʢʱʦ W=0 (ʦʟʥʘʢʘ ʨʝʘʣʽʟʘʮʽʾ ʩʭʨʝʱʫʚʘʥʴ ʩʚʽʜʯʠʪʴ ʧʨʦ ʚʽʜʩʫʪʥʽʩʪʴ ʩʭʨʝʱʫʚʘʥʴ ʚ ʦʩʪʘʥʥʽʡ ʽʪʝʨʘʮʽʾ), 

ʧʝʨʝʡʪʠ ʜʦ ʧ. 43. 

32. ʇʨʠʡʥʷʪʠ ʟʥʘʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʣʽʯʠʣʴʥʠʢʘ  ̔ʨʽʚʥʠʤ ʦʜʠʥʠʮʽ: =̔1. 

33. ʇʝʨʝʚʽʨʠʪʠ ʦʟʥʘʢʫ g  ̔ʫʯʘʩʪʽ ʫ ʩʭʨʝʱʫʚʘʥʥʷʭ  ʭʨʦʤʦʩʦʤʠ cÍ̔C. 

34. ʗʢʱʦ g=̔1 (ʭʨʦʤʦʩʦʤʘ cÍ̔C ʧʨʠʡʥʷʣʘ ʫʯʘʩʪʴ ʫ ʩʭʨʝʱʫʚʘʥʥʷʭ ʽ ʤʘʻ ʱʦʥʘʡʤʝʥʰʝ ʦʜʥʦʛʦ ʥʘʱʘʜʢʘ, ʱʦ 

ʫʥʘʩʣʽʜʫʚʘʚ ʾʾ ʛʝʥʠ), ʧʝʨʝʡʪʠ ʜʦ ʧ. 35. 

35. ʉʢʦʧʽʶʚʘʪʠ ʩʣʦʚʦ ʜʚʽʡʢʦʚʦʛʦ ʢʦʜʫ ʭʨʦʤʦʩʦʤʠ cÍ̔C ʚ ʤʥʦʞʠʥʫ C1 ʽ ʩʣʦʚʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʾʡ ʜʚʽʡʢʦʚʦʛʦ 

ʢʦʜʫ ʚʝʢʪʦʨʘ ʨʝʢʦʤʙʽʥʘʮʽʾ hÍH ʚ ʤʥʦʞʠʥʫ H1. 

36. ɺʠʢʦʥʘʪʠ ʽʥʢʨʝʤʝʥʪ ʟʥʘʯʝʥʥʷ ʚʥʫʪʨʽʰʥʴʦʛʦ ʣʽʯʠʣʴʥʠʢʘ :̔  ̔=  ̔+1. 

37. ʗʢʱʦ  ̔¢ ʄ (ʷʢʱʦ ʧʝʨʝʙʨʘʥʦ ʱʝ ʥʝ ʚʩʽ ʭʨʦʤʦʩʦʤʠ), ʧʝʨʝʡʪʠ ʜʦ ʧ. 33. 

38. ɺʠʢʦʥʘʪʠ ʟʘʤʽʥʫ ʙʘʪʴʢʽʚʩʴʢʦʾ ʤʥʦʞʠʥʠ C ʥʘ ʤʥʦʞʠʥʫ C1 ʽ, ʚʽʜʧʦʚʽʜʥʦ,  ʤʥʦʞʠʥʠ H ʥʘ ʤʥʦʞʠʥʫ  H1. 

39. ʇʝʨʝʚʽʨʠʪʠ ʦʟʥʘʢʫ ʤʦʞʣʠʚʦʩʪʽ ʜʦʩʪʨʦʢʦʚʦʛʦ ʟʫʧʠʥʫ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ Q. 

40. ʗʢʱʦ Q=0 (ʜʦʩʪʨʦʢʦʚʦʾ ʟʫʧʠʥʢʠ ʥʝ ʧʝʨʝʜʙʘʯʝʥʦ), ʧʝʨʝʡʪʠ ʜʦ ʧ. 14. 

41. ʈʝʘʣʽʟʫʚʘʪʠ ʧʨʦʮʝʜʫʨʫ ʢʦʨʝʢʮʽʾ ʧʘʨʘʤʝʪʨʽʚ ʪʘ ʧʝʨʝʚʽʨʢʠ ʚʠʢʦʥʘʥʥʷ ʫʤʦʚʠ ʜʦʩʪʨʦʢʦʚʦʾ ʟʫʧʠʥʢʠ ʨʦʙʦʪʠ 

ʘʣʛʦʨʠʪʤʫ. 

42. ʗʢʱʦ ʫʤʦʚʘ ʜʦʩʪʨʦʢʦʚʦʾ ʟʫʧʠʥʢʠ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ, ʧʝʨʝʡʪʠ ʜʦ ʧ. 14. 

43. ɺʠʚʝʩʪʠ ʧʦʪʦʯʥʫ ʤʥʦʞʠʥʫ C ʷʢ ʨʝʟʫʣʴʪʘʪ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ. 

44. ʂʽʥʝʮʴ ʘʣʛʦʨʠʪʤʫ. 

ʇʨʦʚʝʜʝʤʦ ʟʘʛʘʣʴʥʠʡ ʘʥʘʣʽʟ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ. 

ʇʝʨʰʦʯʝʨʛʦʚʦ ʚ ʘʣʛʦʨʠʪʤʽ ʧʝʨʝʜʙʘʯʝʥʝ ʚʚʝʜʝʥʥʷ ʜʽʘʛʥʦʩʪʠʯʥʠʭ ʜʘʥʠʭ, ʥʝʦʙʭʽʜʥʠʭ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ 

ʩʠʥʪʝʟʫ ʜʠʩʢʨʝʪʥʠʭ ʪʝʩʪʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ɻɸ, ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʥʘ ʾʭ ʦʩʥʦʚʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʚ ʘʣʛʦʨʠʪʤʽ 

ʧʘʨʘʤʝʪʨʽʚ K ʽ ʄ (ʧʫʥʢʪʠ 1ï5 ʘʣʛʦʨʠʪʤʫ). ʌʦʨʤʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦʾ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ɻɸ ʤʥʦʞʠʥʠ ʩʣʽʚ 

ʭʨʦʤʦʩʦʤʥʠʭ ʢʦʜʽʚ ʦʩʽʙ ʧʝʨʰʦʛʦ ʧʦʢʦʣʽʥʥʷ ʉ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (1) ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʤʥʦʞʠʥʠ ʪʝʩʪ-

ʚʝʢʪʦʨʽʚ ʝʣʝʤʝʥʪʘʨʥʠʭ ʧʝʨʝʚʽʨʦʢ T ʪʘ ʤʥʦʞʠʥʠ ʚʝʢʪʦʨʽʚ ʚʽʜʧʦʚʽʜʥʠʭ ʨʝʘʢʮʽʡ R (ʧʫʥʢʪʠ 6ï9 ʘʣʛʦʨʠʪʤʫ). 

ʇʽʩʣʷ ʧʽʜʛʦʪʦʚʢʠ ʥʝʦʙʭʽʜʥʠʭ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ɻɸ ʚ ʘʣʛʦʨʠʪʤʽ ʥʘʩʪʨʦʶʶʪʴʩʷ ʡʦʛʦ ʨʦʙʦʯʽ 

ʧʘʨʘʤʝʪʨʠ, ʘ ʩʘʤʝ, ʟʘʜʘʻʪʴʩʷ ʫʤʦʚʘ ʜʦʩʪʨʦʢʦʚʦʾ ʟʫʧʠʥʢʠ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ (ʧʫʥʢʪʠ 10ï13). ʎʝ ʤʦʞʝ ʙʫʪʠ 

ʦʙʤʝʞʝʥʥʷ ʥʘ ʢʽʣʴʢʽʩʪʴ ʽʪʝʨʘʮʽʡ, ʦʙʤʝʞʝʥʥʷ ʥʘ ʯʘʩ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʪʦʱʦ. ʋʤʦʚʘ ʜʦʩʪʨʦʢʦʚʦʾ ʟʫʧʠʥʢʠ 

ʤʦʞʝ ʥʝ ʟʘʜʘʚʘʪʠʩʷ, ʜʣʷ ʯʦʛʦ ʩʣʽʜ ʧʨʠʡʥʷʪʠ Q=0 (ʧʫʥʢʪ 13).  

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʚʽʜʙʦʨʫ ʽ ʩʭʨʝʱʫʚʘʥʴ ʚ ɻɸ ʚʠʢʦʥʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ (2) ʦʮʽʥʢʘ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ 

ʭʨʦʤʦʩʦʤ ʚ ʧʦʧʫʣʷʮʽʾ ʜʦ ʨʝʘʣʽʟʘʮʽʾ ʝʬʝʢʪʠʚʥʠʭ ʧʝʨʝʚʽʨʦʢ ʆɼ. ʅʘʡʙʽʣʴʰ ʧʨʠʩʪʦʩʦʚʘʥʠʤʠ ʦʩʦʙʠʥʘʤʠ 

ʚʚʘʞʘʶʪʴʩʷ ʪʽ, ʱʦ ʤʘʶʪʴ ʟʜʘʪʥʽʩʪʴ ʧʝʨʝʚʽʨʷʪʠ ʛʽʧʦʪʝʟʫ ʧʨʦ ʟʥʘʭʦʜʞʝʥʥʷ ʆɼ ʚ ʥʘʡʙʽʣʴʰ ʡʤʦʚʽʨʥʦʤʫ 

ʥʝʩʧʨʘʚʥʦʤʫ ʩʪʘʥʽ. ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ f  ̔ ʭʨʦʤʦʩʦʤ cÍ̔C  ʬʽʢʩʫʶʪʴʩʷ ʚ 

ʦʜʥʦʤʽʨʥʦʤʫ ʤʘʩʠʚʽ F ʨʦʟʤʽʨʥʦʩʪʽ | C | (ʧʫʥʢʪʠ 14-15 ʘʣʛʦʨʠʪʤʫ). 

ʇʽʩʣʷ ʮʴʦʛʦ ʘʣʛʦʨʠʪʤ 3.1 ʧʝʨʝʭʦʜʠʪʴ ʜʦ ʚʠʢʦʥʘʥʥʷ ʽʪʝʨʘʮʽʡ ʩʭʨʝʱʫʚʘʥʥʷ ʭʨʦʤʦʩʦʤʥʠʭ ʢʦʜʽʚ ʟʘ 

ʧʨʘʚʠʣʘʤʠ ʚʠʢʦʥʘʥʥʷ ɻɸ. ʅʘʡʢʨʘʱʽ ʧʦʪʦʤʢʠ ʦʯʽʢʫʚʘʥʽ ʚʽʜ ʙʘʪʴʢʽʚ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʬʫʥʢʮʽʾ 

ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ, ʪʦʤʫ ʾʭ ʜʦʮʽʣʴʥʦ ʩʭʨʝʱʫʚʘʪʠ ʧʝʨʰʦʯʝʨʛʦʚʦ. ɼʣʷ ʟʨʫʯʥʦʩʪʽ ʚʽʜʙʦʨʫ ʟʥʘʯʝʥʥʷ ʜʚʽʡʢʦʚʠʭ ʢʦʜʽʚ 

ʭʨʦʤʦʩʦʤ c̔ÍC ʫʧʦʨʷʜʢʦʚʫʶʪʴʩʷ ʟʘ ʚʽʜʧʦʚʽʜʥʠʤʠ ʾʤ ʟʥʘʯʝʥʥʷʤʠ ʬʫʥʢʮʽʾ ʧʨʠʩʪʦʩʦʚʘʥʦʩʪʽ fÍ̔F (ʧʫʥʢʪ 16).  

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʦʩʦʙʠʥ, ʷʢʽ ʚ ʧʦʪʦʯʥʽʡ ʽʪʝʨʘʮʽʾ ʥʝ ʧʨʠʡʤʘʣʠ ʫʯʘʩʪʴ ʚ ʩʭʨʝʱʫʚʘʥʥʷʭ, ʽ ʾʭ ʟʙʝʨʝʞʝʥʥʷ ʚ 

ʘʣʛʦʨʠʪʤʽ ʚʠʢʦʨʠʩʪʘʥʦ ʦʜʥʦʤʽʨʥʠʡ ʤʘʩʠʚ G, ʚ ʷʢʦʤʫ ʧʝʨʝʜʙʘʯʝʥʝ ʟʙʝʨʽʛʘʥʥʷ ʦʟʥʘʢ g  ̔ʫʯʘʩʪʽ ʫ ʩʭʨʝʱʫʚʘʥʥʷʭ  
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ʭʨʦʤʦʩʦʤ cÍ̔C (ʧʫʥʢʪ 17 ʘʣʛʦʨʠʪʤʫ). ʇʽʜ ʯʘʩ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʢʦʞʥʽʡ ʦʩʦʙʠʥʽ, ʱʦ ʧʨʠʡʥʷʣʘ ʫʯʘʩʪʴ ʫ 

ʩʭʨʝʱʫʚʘʥʥʷʭ ʧʨʠ ʚʠʢʦʥʘʥʥʽ  ʧʦʪʦʯʥʦʾ ʽʪʝʨʘʮʽʾ ɻɸ ʟʥʘʯʝʥʥʷ ʦʟʥʘʢʠ gÍ̔G ʟʤʽʥʶʻʪʴʩʷ ʟ ʥʫʣʷ ʥʘ ʦʜʠʥʠʮʶ 

(ʧʫʥʢʪ 26), ʱʦ ʜʦʟʚʦʣʷʻ, ʚ ʧʦʜʘʣʴʰʦʤʫ, ʣʝʛʢʦ ʚʽʜʩʦʨʪʫʚʘʪʠ ʦʩʽʙ, ʱʦ ʜʘʣʠ ʧʦʪʦʤʩʪʚʦ, ʚʽʜ ʪʠʭ, ʱʦ ʚʠʷʚʠʣʠʩʷ 

ʥʝʧʨʠʜʘʪʥʠʤʠ ʜʦ ʩʪʚʦʨʝʥʥʷ ʙʘʪʴʢʽʚʩʴʢʦʾ ʧʘʨʠ ʽ ʥʘʨʦʜʞʝʥʥʷ ʥʘʱʘʜʢʘ. 

ʂʽʥʮʝʚʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʨʦʙʦʪʠ ɻɸ ʻ ʦʪʨʠʤʘʥʥʷ ʧʦʧʫʣʷʮʽʾ, ʱʦ ʥʝ ʧʝʨʝʜʙʘʯʘʻ ʧʦʜʘʣʴʰʠʭ ʩʭʨʝʱʫʚʘʥʴ. 

ɼʣʷ ʚʠʷʚʣʝʥʥʷ ʽʪʝʨʘʮʽʾ, ʥʘ ʷʢʽʡ ʩʭʨʝʱʫʚʘʥʥʷ ʟʘʚʝʨʰʫʶʪʴʩʷ, ʚ ʘʣʛʦʨʠʪʤʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʦʟʥʘʢʘ ʨʝʘʣʽʟʘʮʽʾ 

ʩʭʨʝʱʫʚʘʥʴ W, ʷʢʘ ʥʘ ʧʦʯʘʪʢʫ ʽʪʝʨʘʮʽʾ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʚʥʦʶ ʥʫʣʶ (ʧʫʥʢʪ 18), ʘ ʧʨʠ ʚʜʘʣʦʤʫ ʚʠʢʦʥʘʥʥʽ 

ʩʭʨʝʱʫʚʘʥʥʷ ʟʤʽʥʶʻ ʟʥʘʯʝʥʥʷ ʥʘ ʦʜʠʥʠʮʶ (ʧʫʥʢʪ 25). ʇʽʩʣʷ ʟʘʚʝʨʰʝʥʥʷ ʢʦʞʥʦʾ ʽʪʝʨʘʮʽʾ ɻɸ ʘʥʘʣʽʟʫʻʪʴʩʷ 

ʟʥʘʯʝʥʥʷ ʮʽʻʾ ʦʟʥʘʢʠ (ʧʫʥʢʪ 32). ʗʢʱʦ ʩʭʨʝʱʫʚʘʥʴ ʥʘ ʽʪʝʨʘʮʽʾ ʥʝ ʚʽʜʙʫʣʦʩʷ (W=0), ʪʦ ʨʦʙʦʪʘ ʘʣʛʦʨʠʪʤʫ 

ʟʘʚʝʨʰʫʻʪʴʩʷ. ɸʣʛʦʨʠʪʤ ʤʦʞʝ ʙʫʪʠ ʟʫʧʠʥʝʥʠʡ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ ʟʘʜʘʥʦʛʦ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʘʙʦ ʧʽʩʣʷ ʟʘʜʘʥʦʾ 

ʢʽʣʴʢʦʩʪʽ ʽʪʝʨʘʮʽʡ. ʇʝʨʝʚʽʨʢʘ ʫʤʦʚʠ ʜʦʩʪʨʦʢʦʚʦʾ ʟʫʧʠʥʢʠ ʨʦʙʦʪʠ ʘʣʛʦʨʠʪʤʫ ʨʝʘʣʽʟʫʻʪʴʩʷ ʚ ʧʫʥʢʪʘʭ 41-42. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ɺ ʨʦʙʦʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʘʨʽʘʥʪ ʨʝʘʣʽʟʘʮʽʾ ʘʣʛʦʨʠʪʤʫ ʩʠʥʪʝʟʫ ʜʠʩʢʨʝʪʥʠʭ ʪʝʩʪʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʪʝʦʨʽʾ ʛʝʥʝʪʠʯʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. ɸʣʛʦʨʠʪʤ ʦʨʽʻʥʪʦʚʘʥʦ ʥʘ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʥʝʦʙʭʽʜʥʠʭ ʧʝʨʝʚʽʨʦʢ ʦʙôʻʢʪʘ 

ʜʽʘʛʥʦʩʪʫʚʘʥʥʷ ʟʘ ʨʘʭʫʥʦʢ ʛʝʥʝʨʘʮʽʾ ʥʦʚʠʭ ʧʦʧʫʣʷʮʽʡ ʪʝʩʪʽʚ, ʱʦ ʟʙʝʨʽʛʘʶʪʴ ʧʝʨʝʚʽʨʥʫ ʟʜʘʪʥʽʩʪʴ ʧʦʯʘʪʢʦʚʦʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚ ʤʝʥʰʽʡ ʢʽʣʴʢʦʩʪʽ ʪʝʩʪʽʚ-ʥʘʱʘʜʢʽʚ ʮʽʻʾ ʧʦʩʣʽʜʦʚʥʦʩʪʽ, ʱʦ ʫʪʚʦʨʶʶʪʴʩʷ ʟʘ ʘʣʛʦʨʠʪʤʦʤ.  
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ɽʂʉʇɽʈʀʄɽʅʊʀ ʊɸ ɺʀʂʆʈʀʉʊɸʅɯ ʆʎɯʅʆʏʅɯ ʄɽʊʈʀʂʀ ɼʆʉʃɯɼɾɽʅʔ, 

ʗʂɯ ʇʈʆɺʆɼʀʃʀʉʔ ʇʈʀ ʈʆɿʈʆɹʎɯ ʄʆɺʅʆ-ʅɽɿɸʃɽɾʅʆɻʆ 

ɯʅʂʈɽʄɽʅʊʅʆɻʆ ɼɽʊɽʂʊʆʈɸ 
 
˜̑̉ ̨̗̑̏̈̑̏̂ ̍̏̃̎̏-̎̆̈́̌̆̇̎̏̄̏ ̨̎̋̑̆̍̆̎̓̎̏̄̏ ̅̆̓̆̋̓̏̑́ ɉ˙˚˴ˑ˜Ɋ ̃́̇̌̉̃̔ ̝̑̏̌ ̨̨̟̝̃̅̄̑́̓ ̨̐̑̏̃̆̅̆̎ 

̆̋̒̐̆̑̉̍̆̎̓̉ ̓́ ̨̨̗̘̏̎̏̎ ̍̆̓̑̉̋̉ȟ ̨̠̋ ̝̅́̅̔̓ ̈̍̏̄̔ ̨̐̑̏́̎́̌̈̔̃́̓̉ ̝̑̆̈̔̌̓́̓̉ ̑̏̈̑̏̂̋̉ ̓́ ̨̝̐̑̉̅́̓̎̒̓ 
̑̏̈̑̏̂̌̆̎̏̄̏ ́̌̄̏̑̉̓̍̔ ̓́ ̟̐̑̉̒̓̑̏Ȣ ˒̋̒̐̆̑̉̍̆̎̓̉ ̝̅́̅̔̓ ̓́̋̏̇ ̈̍̏̄̔ ̨̨̃̅̐̏̃̒̓̉ ̎́ ̠̐̉̓́̎̎ ̨̗̟̠̏̎̃́̎̎ 
̨̐̑̏̅̔̋̓̉̃̎̏̒̓ ̑̏̈̑̏̂̌̆̎̏̄̏ ̅̆̓̆̋̓̏̑̔ ̓́ ̨̠̐̏̑̃̎̓  ̉̊̏̄̏ ̈ ̨̖̐̅̏̅̏̍ ̨̗̋̏̍̆̑̊̎̏̄̏ ̨̠̑̃̎ 3)'  ̠̈̃̉̃̌̆̎̎ ̨̠̋̌̏̎̃ȟ 
̠̅̌ ̘̠̃̉̃̆̎̎ ̐̆̑̆̃́̄ȟ ̨̠̋ ̍̏̇̆ ̈́̐̑̏̐̏̎̔̃́̓̉ ̨̎̋̑̆̍̆̎̓̎̉̊ ̨̨̖̐̅̅Ȣ ˦̏̂ ̏̓̑̉̍́̓̉ ̠̐̑̆̅̒̓́̃̌̆̎̎ ̐̑̏ 
̨̝̐̑̏̅̔̋̓̉̃̎̒̓ ˙˚˴ˑ˜ȟ ̈́̐̑̏̐̏̎̏̃́̎̏ ̈́̐̔̒̋́̓̉ ̊̏̄̏ ̠̅̌ ̐ȭ̠̓̉ ̖̐̑̏̄̑́̍̎̉ ̒̉̒̓̆̍ ɉ̈ ̨̃̅̋̑̉̓̉̍̉ ̋̏̅́̍̉Ɋȟ 
̠̘̐̑̏̃̏̅̉ ̨̟̠̃̉̍̑̃́̎̎ ̃̉̍̏̄ ̅̏ ̘́̒̔ ̓́ ̐́̍ǫ̠̃̄̓Ȣ ˟́̋̏̇ ̠̅̌ ̨̨̨̃̅̐̏̃̅ ̎́ ̠̐̉̓́̎̎ ̙̠̑̏̈̉̑̆̎̎ ̓́ ̠̃̅̏̒̋̏̎́̌̆̎̎ 
̘̐̏́̓̋̏̃̏̄̏ ̨̖̐̅̏̅̔ȟ ̙̠̖̌̏̍ ̠̃̉̋̏̑̉̒̓́̎̎ ̝̌̏̋́̌̎̏-̘̔̓̌̉̃̏̄̏ ̖̙̠̆̔̃́̎̎ ɉ˘ˤˢɊȟ ̤̃̉̎̉̋́ ̨̨̖̝̎̆̏̂̅̎̒̓ ̃ 
̨̨̟̃̉̍̑̃́̎̎ ̨̐̑̏̅̔̋̓̉̃̎̏̒̓ ̈́̐̑̏̐̏̎̏̃́̎̏̄̏ ̙̠̑̏̈̉̑̆̎̎ ̎́ ̨̂́̈ ˘ˤˢ ̓́ ̨̨̠̐̏̑̃̎̎̎ ̊̏̄̏ ̈ ̨̟̐̑̏̅̔̋̓̉̃̎̒̓ 
˙˚˴ˑ˜Ȣ 

 ̠ ̨̟̘̌̏̃ ̒̌̏̃́ȡ ̍̏̃̎̏ ̎̆̈́̌̆̇̎̉̊ ̅̆̓̆̋̓̏̑ȟ ̨̎̋̑̆̍̆̎̓̎̉̊ ̨̨̖̐̅̅ȟ ̝̌̏̋́̌̎̏-̘̔̓̌̉̃̆ ̖̙̠̆̔̃́̎̎ȟ 
̆̋̒̐̆̑̉̍̆̎̓ȟ ̨̨̗̘̏̎̏̎ ̍̆̓̑̉̋̉ 
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EXPERIMENTS AND USED EVALUATION METRICS USED IN THE DEVELOPMENT OF A LANGUAGE -

INDEPENDENT INCREASE DETECTOR  
 

Experiments and evaluation metrics play an important role in the development of a language-independent incremental detector 
(MRIP), which will allow to analyze the results of the development and the suitability of the developed algorithm and device. The experiments 
will also provide an answer to the question of evaluating the performance of the developed detector and comparing it with the commercial 
SIG approach to clone detection, to explore the benefits that the incremental approach can offer. To get an idea of the performance of 
MNIDP, it is proposed to run it for five software systems (open source), measuring the requirements for time and memory. Also, to answer the 
question of expanding and improving the initial approach, by using locally sensitive hashing (LCH), there is a need to measure the 
performance of the proposed expansion on the basis of LCH and compare it with the performance of MNIP. The experiments conducted in the 
study provided some useful information based on the evaluation of the effectiveness of the proposed expansion on the basis of LCH. More 
specifically, in some cases, compared to the implementation of MNIDP, the stage of creating an index in the approach based on LCH was two, 
and in some cases three times slower. A possible reason for this may be the complexity of the MinHash operation, which is a significant part of 
the overall LCH scheme. This becomes obvious when you consider that the hashing of each tile for each set of tiles during MinHashing must be 
performed by k-based hash functions. It was assumed that the process of incremental implementation step on the basis of MNIDP will be 
much slower, due to the calculation of index records on the fly. However, in the course of the study, opposite results were obtained. In 
practice, this was justified by the fact that the similarity threshold used did not cause a large number of matches between the source files. To 
gain a better understanding of its behavior, there is a need for further research into the relationship of runtime required for the incremental 
implementation step flow based on the LCH and the similarity threshold. 

Keywords: language independent detector, incremental approach, locally sensitive hashing, experiment, estimation metrics 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʋ ʧʨʦʮʝʩʽ ʨʦʟʨʦʙʢʠ ʤʦʚʥʦ-ʥʝʟʘʣʝʞʥʦʛʦ ʽʥʢʨʝʤʝʥʪʥʦʛʦ ʜʝʪʝʢʪʦʨʫ ʧʦʩʪʘʻ ʧʠʪʘʥʥʷ ʚʠʙʽʨ ʦʮʽʥʦʯʥʠʭ 

ʤʝʪʨʠʢ, ʪʘ ʧʨʦʚʝʜʝʥʥʷ ʥʘ ʾʭ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʘʥʘʣʽʟʫ ʽ ʚʠʩʥʦʚʢʽʚ ʩʪʦʩʦʚʥʦ ʧʨʠʜʘʪʥʦʩʪʽ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʷʢ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʘʣʛʦʨʠʪʤʫ, ʪʘʢ ʽ ʩʘʤʦʛʦ ʧʨʠʩʪʨʦʶ. ɺ ʨʦʙʦʪʽ [1] ʘʚʪʦʨʠ ʚʥʝʩʣʠ ʧʨʦʧʦʟʠʮʽʾ 

ʩʪʦʩʦʚʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʥʘ ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʧʨʠ ʨʦʟʨʦʙʮʽ ʘʣʛʦʨʠʪʤʽʚ. 

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ʇʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʄʅɯɼʇ ʩʧʠʨʘʶʪʴʩʷ ʥʘ ʨʦʙʦʪʫ [2], ʜʝ ʘʚʪʦʨʘʤʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʽʥʜʝʢʩ ʢʣʦʥʦʚʘʥʦʾ ʯʠʩʪʠʥʠ ʢʦʜʫ, ʷʢʠʡ ʽ ʙʫʜʝ ʩʪʘʥʦʚʠʪʠ ʦʩʥʦʚʥʫ ʩʪʨʫʢʪʫʨʫ ʜʘʥʠʭ. ʊʘʢʦʞ ʚ 

ʨʦʙʦʪʘʭ [3, 4] ʘʚʪʦʨʘʤʠ ʥʝ ʪʽʣʴʢʠ ʨʦʟʛʣʷʥʫʪʦ ʧʦʙʫʜʦʚʫ ʤʦʚʥʦ-ʥʝʟʘʣʝʞʥʦʛʦ ʽʥʢʨʝʤʝʥʪʥʦʛʦ ʜʝʪʝʢʪʦʨʘ, ʘ ʩʘʤʝ 

ʧʨʦʮʝʩ ʚʠʷʚʣʝʥʥʷ ʙʣʦʢʽʚ ʟ ʧʦʚʪʦʨʘʤʠ ʽ ʥʘʜʣʠʰʢʦʚʽʩʪʶ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʧʨʠʩʪʨʦʶ ʪʘ ʡʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʥʘ 

ʙʘʟʽ ʃʏʍ. 

 

 

 

https://orcid.org/0000-0001-6001-3311
mailto:margana2000007@gmail.com
https://orcid.org/0000-003-0103-976Х
mailto:nvhrypynskaN@khmnu.edu.ua


 ˟̨̨̖̘̆̎̎ ̎́̔̋̉ ISSN 2307-5732 
 

ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, Τ3, 2022 (309) 45 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɼʣʷ ʫʥʠʢʥʝʥʥʷ ʤʦʞʣʠʚʠʭ ʧʦʤʠʣʦʢ ʧʨʠ ʨʦʟʨʦʙʮʽ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʚʠʷʚʣʝʥʥʷ ʜʝʬʝʢʪʽʚ ʥʘ ʩʘʤʠʭ ʨʘʥʥʽʭ ʩʪʘʜʽʷʭ ʞʠʪʪʻʚʦʛʦ ʮʠʢʣʫ. ʉʘʤʝ ʜʝʬʝʢʪʠ ʤʦʞʫʪʴ ʩʪʘʪʠ ʧʨʠʯʠʥʦʶ 

ʟʙʽʣʴʰʝʥʥʷ ʚʠʪʨʘʪ (ʷʢ ʬʽʥʘʥʩʦʚʠʭ, ʯʘʩʦʚʠʭ ʽ ʪ.ʧ.) ʧʨʠ ʨʦʟʨʦʙʮʽ ʪʘ ʩʫʧʨʦʚʦʜʫ ʇɿ, ʦʩʦʙʣʠʚʦ, ʢʦʣʠ ʚʠʷʚʣʝʥʥʷ 

ʜʝʬʝʢʪʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʦʩʪʘʥʥʽʭ ʝʪʘʧʘʭ ʞʠʪʪʷ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ. ʇʦʤʠʣʢʠ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ 

ʢʦʜʫ ʤʦʞʫʪʴ ʙʫʪʠ ʧʨʠʧʫʱʝʥʽ ʥʘʚʽʪʴ ʜʦʩʚʽʜʯʝʥʠʤʠ ʧʨʦʬʝʩʽʦʥʘʣʘʤʠ-ʨʦʟʨʦʙʥʠʢʘʤʠ. ʆʜʥʠʤʠ ʟ ʪʘʢʠʭ ʧʦʤʠʣʦʢ 

ʤʦʞʫʪʴ ʙʫʪʠ ʢʣʦʥʦʚʘʥʽ ʙʣʦʢʠ ʢʦʜʫ (ʪʦʙʪʦ ʧʦʚʪʦʨʠ ʪʘ ʥʘʜʣʠʰʢʦʚʦʩʪʽ). ʏʝʨʝʟ ʥʘʷʚʥʦʩʪʽ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʜʫʙʣʴʦʚʘʥʠʭ ʯʘʩʪʠʥ ʢʦʜʫ ʟôʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʚʠʥʠʢʥʝʥʥʷ ʥʠʟʢʠ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʨʦʙʣʝʤ ʚ ʚʠʭʽʜʥʦʤʫ 

ʢʦʜʽ ʩʠʩʪʝʤʠ. ɿʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʫ ʢʦʜʦʚʦʾ ʙʘʟʠ, ʽ ʚʽʜʧʦʚʽʜʥʦ, ʟʙʽʣʴʰʝʥʥʷ ʟʘʪʨʘʪ ʥʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ, ʟʦʢʨʝʤʘ, 

ʻ ʥʘʩʣʽʜʢʦʤ ʜʫʙʣʶʚʘʥʥʷ [1]. 

ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʩʪʘʻ ʥʘʷʚʥʽʩʪʴ ʽʥʩʪʨʫʤʝʥʪʽʚ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʚʠʭʽʜʥʦʛʦ ʢʦʜʫ. ʅʘ 

ʩʴʦʛʦʜʥʽ ʽʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʧʦʜʽʙʥʠʭ ʽʥʩʪʨʫʤʝʥʪʽʚ, ʘʣʝ ʥʘ ʞʘʣʴ ʚʦʥʠ ʚʠʢʦʥʫʶʪʴ ʜʫʞʝ ʙʘʛʘʪʦ ʟʘʡʚʠʭ 

ʦʧʝʨʘʮʽʡ ʪʘ ʤʘʶʪʴ ʟʘʣʝʞʥʽʩʪʴ ʚʽʜ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ʇʨʠʢʣʘʜʦʤ ʤʦʞʝ ʙʫʪʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʽʥʩʪʨʫʤʝʥʪ, 

ʨʦʟʨʦʙʣʝʥʠʡ ʛʨʫʧʦʶ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ SIG. ɼʝʪʝʢʪʦʨ ʮʽʻʾ ʢʦʤʧʘʥʽʾ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʧʝʨʝʣʽʢ ʟʘʟʜʘʣʝʛʽʜʴ ʚʠʟʥʘʯʝʥʠʭ ʢʨʠʪʝʨʽʾʚ, ʩʝʨʝʜ ʷʢʠʭ ʻ ʩʢʣʘʜʥʽʩʪʴ ʢʦʜʫ ʪʘ ʡʦʛʦ ʦʙʩʷʛ, 

ʟʚôʷʟʦʢ ʤʽʞ ʤʦʜʫʣʷʤʠ ʽ ʪʦʤʫ ʧʦʜʽʙʥʝ, ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʦʮʽʥʠʪʠ ʨʝʤʦʥʪʦʧʨʠʜʘʪʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ. ɿʛʘʜʘʥʽ ʢʨʠʪʝʨʽʾ ʧʦʢʣʘʜʝʥʦ ʚ ʦʩʥʦʚʫ ʨʦʙʦʪʠ ʜʝʪʝʢʪʦʨʽʚ ʚʠʷʚʣʝʥʥʷ ʙʣʦʢʽʚ ʟ ʧʦʚʪʦʨʘʤʠ 

ʪʘ ʥʘʜʣʠʰʢʦʚʽʩʪʶ. ɼʦʣʷ ʜʫʙʣʴʦʚʘʥʦʛʦ ʢʦʜʫ ʚ ʢʦʜʦʚʽʡ ʙʘʟʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʧʨʦʝʢʪʫ ʤʦʞʝ ʙʫʪʠ ʚʠʟʥʘʯʝʥʽ 

ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʦʪʨʠʤʘʥʽ ʚʽʜ ʜʝʪʝʢʪʦʨʘ ʨʝʟʫʣʴʪʘʪʠ. ɼʝʪʝʢʪʦʨ ʧʦʚʪʦʨʽʚ ʽʟ ʨʝʘʣʴʥʦʶ ʟʘʩʪʦʩʦʚʥʽʩʪʶ ʩʣʽʚ 

ʨʦʟʨʦʙʣʝʥʦ ʩʘʤʝ ʜʘʥʦʶ ʢʦʤʧʘʥʽʻʶ, ʦʜʥʘʢ ʚʽʥ ʥʝ ʻ ʥʝʟʘʣʝʞʥʠʤ ʚʽʜ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ɺ ʨʦʟʨʦʙʮʽ ʤʦʚʥʦ-ʥʝʟʘʣʝʞʥʦʛʦ ʽʥʢʨʝʤʝʥʪʥʦʛʦ ʜʝʪʝʢʪʦʨʫ ʦʩʥʦʚʦʶ ʷʢʦʛʦ ʽ ʚʠʩʪʫʧʘʶʪʴ ʜʝʷʢʽ ʟʘʩʘʜʠ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʽʥʩʪʨʫʤʝʥʪʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʜʫʙʣʴʦʚʘʥʦʛʦ ʢʦʜʫ SIG. ɸʣʛʦʨʠʪʤ, ʟʘ ʷʢʠʤ ʙʫʜʝ ʧʨʘʮʶʚʘʪʠ 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʄʅɯɼ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʽʥʜʝʢʩʫ ʧʦʚʪʦʨʽʚ. ʊʘʢʠʤ ʧʨʠʥʮʠʧ ʜʦʙʨʝ ʚʠʩʚʽʪʣʝʥʠʡ ʚ ʨʦʙʦʪʽ 

ʍʘʤʤʝʣʘ [2]. ɯʥʜʝʢʩ ʢʣʦʥʫ ʚ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʻ ʦʩʥʦʚʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʜʘʥʠʭ. ʇʨʝʜʩʪʘʚʣʷʻʪʴʩʷ ʪʘʢʠʡ ʽʥʜʝʢʩ 

ʛʣʦʙʘʣʴʥʦʶ ʩʪʨʫʢʪʫʨʦʶ ʜʘʥʠʭ ʽ ʧʦʜʽʙʥʠʡ ʜʦ ʪʠʧʦʚʦʛʦ ʽʥʚʝʨʪʦʚʘʥʦʛʦ ʽʥʜʝʢʩʫ. ʇʽʜʭʽʜ ʍʘʤʤʝʣʘ, ʭʦʯ ʽ ʤʘʻ ʚ 

ʚʠʢʦʨʠʩʪʘʥʥ ̔ʣʝʢʩʠʯʥʠʡ ʘʥʘʣʽʟʘʪʦʨ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʝʨʝʪʚʦʨʠʪʠ ʚʠʭʽʜʥʠʡ ʢʦʜ ʚ ʪʦʢʝʥʠ, ʘʣʝ ʚʽʥ ʥʘʡʙʽʣʴʰ 

ʥʘʙʣʠʞʝʥʠʡ ʜʦ ʽʥʢʨʝʤʝʥʪʥʦʛʦ ʧʽʜʭʦʜʫ ʥʝʟʘʣʝʞʥʦʛʦ ʚʽʜ ʤʦʚʠ ʜʝʪʝʢʪʦʨʘ. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʄʅɯɼʇ 

ʚʠʩʚʽʪʣʝʥʠʡ ʚ ʩʪʘʪʪʽ [3]. ɺ ʨʦʙʦʪʽ [4] ʧʨʝʜʩʪʘʚʣʝʥʝ ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʤʦʚʥʦ-ʥʝʟʘʣʝʞʥʦʛʦ ʽʥʢʨʝʤʝʥʪʥʦʛʦ 

ʜʝʪʝʢʪʦʨʘ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʣʦʢʘʣʴʥʦ-ʯʫʪʣʠʚʦʛʦ ʭʝʰʫʚʘʥʥʷ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʠ, ʷʢʽ ʧʨʦʚʦʜʠʣʠʩʴ ʜʣʷ ʧôʷʪʠ 

ʧʨʦʝʢʪʽʚ (ʘ ʩʘʤʝ, Rippled, Kooboo, Tensorflow, Openjdk-jdk14u, Linux Kernel) ʟ ʤʝʪʦʶ ʚʠʷʚʣʝʥʥʷ ʙʣʦʢʽʚ ʟ 

ʧʦʚʪʦʨʘʤʠ ʪʘ ʥʘʜʣʠʰʢʦʚʽʩʪʶ. 

ʇʨʠ ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʙʦʪʠ ʄʅɯɼʇ ʧʦʩʪʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʷʢʽ ʟʤʦʞʫʪʴ 

ʚʽʜʧʦʚʽʩʪʠ ʥʘ ʧʠʪʘʥʥʷ ʦʮʽʥʶʚʘʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʨʦʟʨʦʙʣʝʥʦʛʦ ʜʝʪʝʢʪʦʨʫ ʪʘ ʧʦʨʽʚʥʷʥʥʽ ʡʦʛʦ ʟ ʧʽʜʭʦʜʦʤ 

ʢʦʤʝʨʮʽʡʥʦʛʦ ʨʽʚʥʷ SIG ʧʦ ʚʠʷʚʣʝʥʥʶ ʢʣʦʥʽʚ, ʜʣʷ ʚʠʚʯʝʥʥʷ ʧʝʨʝʚʘʛ, ʷʢʽ ʤʦʞʝ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʽʥʢʨʝʤʝʥʪʥʠʡ 

ʧʽʜʭʽʜ. 

 

ɺʠʜʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ 

ʇʨʠ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʨʦʟʨʦʙʣʝʥʦ ʜʣʷ ʜʚʽ ʨʝʘʣʽʟʘʮʽʾ ʜʝʪʝʢʪʦʨʘ ʚʠʷʚʣʝʥʥʷ ʧʦʚʪʦʨʽʚ ʽ ʥʘʜʣʠʰʢʦʚʦʩʪʽ ʚ 

ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʜʽ ʟ ʧʦʪʨʽʙʥʠʤʠ ʬʫʥʢʮʽʷʤʠ. ɼʘʣʽ ʚʠʤʘʛʘʻʪʴʩʷ ʧʨʦʚʝʜʝʥʥʷ ʢʽʣʴʢʽʩʥʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʜʣʷ 

ʢʦʥʢʨʝʪʥʠʭ ʚʠʧʘʜʢʽʚ. 

 

ʆʮʽʥʢʘ ʄʅɯɼʇ 

ʅʘ ʧʠʪʘʥʥʷ, ʷʢ ʜʽʻ ʧʽʜʭʽʜ ʄʅɯɼʇ, ʜʣʷ ʧʦʯʘʪʢʫ ʪʨʝʙʘ ʚʠʟʥʘʯʠʪʠ, ʧʨʠʥʮʠʧ ʨʦʙʦʪʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ 

ʜʝʪʝʢʪʦʨʘ, ʷʢʠʡ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʚ ʥʘʩʣʽʜʦʢ ʢʦʨʝʛʫʚʘʥʥʷ ʧʽʜʭʦʜʫ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʍʘʤʤʝʣʦʤ [2]. ʑʦʙ 

ʦʪʨʠʤʘʪʠ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʧʨʦ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʄʅɯɼʇ, ʡʦʛʦ ʟʘʧʫʩʢʘʶʪʴ ʜʣʷ ʧôʷʪʠ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ (ʷʢʽ 

ʟʘʟʥʘʯʝʥʽ ʚʠʱʝ), ʧʨʦʚʦʜʷʯʠ ʚʠʤʽʨʶʚʘʥʥʷ ʚʠʤʦʛ ʜʦ ʯʘʩʫ ʪʘ ʧʘʤôʷʪʽ. ʊʦʙʪʦ ʜʣʷ ʢʦʞʥʦʾ ʩʠʩʪʝʤʠ ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʘʥʘʣʽʟ ʩʝʨʽʾ ʟ ʧôʷʪʜʝʩʷʪʠ ʢʦʤʽʪʽʚ ʪʘ ʚʠʤʽʨʠ ʯʘʩʫ ʽ ʧʘʤôʷʪʽ, ʷʢʽ ʙʫʜʫʪʴ ʧʦʪʨʽʙʥʽ ʜʣʷ ʧʨʦʮʝʩʫ ʩʪʚʦʨʝʥʥʷ ʽʥʜʝʢʩʫ. 

ʊʘʢʦʞ ʧʨʦʭʦʜʠʪʴ ʚʠʤʽʨʶʚʘʥʥʷ ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ, ʧʦʪʨʽʙʥʦʛʦ ʜʣʷ ʦʙʨʦʙʢʠ ʧôʷʪʜʝʩʷʪʠ ʢʦʤʽʪʽʚ ʧʽʜ ʯʘʩ ʢʨʦʢʽʚ 

ʽʥʢʨʝʤʝʥʪʥʦʛʦ ʧʨʦʮʝʩʫ. ɼʣʷ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʘ ʧʦʚʝʜʽʥʢʦʶ ʄʅɯɼʇ ʧʦ ʚʽʜʥʦʰʝʥʥʶ ʜʦ ʚʠʷʚʣʝʥʠʭ ʧʦʚʪʦʨʽʚ ʪʘ 

ʥʘʜʣʠʰʢʦʚʦʩʪʽ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʜʽ, ʧʦʩʪʘʻ ʧʦʪʨʝʙʘ ʫ ʧʨʦʚʝʜʝʥʥʽ ʜʦʜʘʪʢʦʚʠʭ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ɿʦʢʨʝʤʘ, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʥʘʣʽʟ ʜʝʩʷʪʠ ʩʘʤʠʭ ʦʩʪʘʥʥʽʭ ʢʦʤʽʪʽʚ ʜʣʷ ʢʦʞʥʦʾ ʟ ʩʠʩʪʝʤ, ʽʩʥʫʶʯʠʭ ʚ ʥʘʙʦʨʽ ʜʘʥʠʭ ʽ ʚʠʷʚʣʝʥʥʷ 

ʪʠʭ ʧʦʚʪʦʨʽʚ (ʢʣʦʥʽʚ), ʷʢʽ ʜʦʜʘʚʘʣʠʩʷ ʪʘ ʟʥʠʱʫʚʘʣʠʩʷ. 

 

ʆʮʽʥʶʚʘʥʥʷ ʄʅɯɼʇ ʧʨʦʪʠ SIG 

ɺ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʫ ʜʦʩʣʽʜʞʝʥʥʽ ʧʽʜʭʦʜʫ 

ʄʅɯɼʇ ʪʘ ʩʫʯʘʩʥʦʛʦ ʪʨʘʜʠʮʽʡʥʦʛʦ ʧʽʜʭʦʜʫ SIG, ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʦʚʪʦʨʽʚ ʪʘ ʥʘʜʣʠʰʢʦʚʦʩʪʽ ʚ ʧʨʦʛʨʘʤʥʦʤʫ 

ʢʦʜʽ. ʆʩʪʘʪʦʯʥʘ ʤʝʪʘ ï ʮʝ ʧʝʨʝʚʽʨʢʘ ʧʦʢʨʘʱʝʥʥʷ, ʷʢʝ ʤʘʻ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʽʥʢʨʝʤʝʥʪʥʠʡ ʧʽʜʭʽʜ, ʚ ʪʦʤʫ ʨʘʟʽ, 

ʢʦʣʠ ʧʨʦʮʝʩ ʚʠʷʚʣʝʥʥʷ ʧʦʚʪʦʨʶʻʪʴʩʷ ʨʝʛʫʣʷʨʥʦ ʜʣʷ ʢʦʞʥʦʛʦ ʥʦʚʦʛʦ ʧʝʨʝʛʣʷʜʫ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʝʢʪʫ. 

ʇʦʨʽʚʥʶʚʘʥʥʷ ʚʠʷʚʣʷʻʪʴʩʷ ʥʝʧʨʦʩʪʦʶ ʩʧʨʘʚʦʶ, ʦʩʢʽʣʴʢʠ ʜʝʪʝʢʪʦʨ ʢʣʦʥʽʚ SIG ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʄʅɯɼʇ ʚ ʙʘʛʘʪʴʦʭ ʚʽʜʥʦʰʝʥʥʷʭ. ʂʦʥʢʨʝʪʥʽʰʝ, ʧʨʦʮʝʩ ʚʠʷʚʣʝʥʥʷ ʧʦʚʪʦʨʽʚ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʜʽ SIG 

ʚʽʜʧʨʘʮʴʦʚʫʻ ʚ ʤʝʞʘʭ SAT (ʽʥʩʪʨʫʤʝʥʪ, ʜʣʷ ʟʘʧʫʩʢʫ ʦʢʨʽʤ ʚʠʷʚʣʝʥʥʷ ʢʣʦʥʽʚ, ʱʝ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʜʦʜʘʪʢʦʚʠʭ ʧʨʦʮʝʩʽʚ). ʊʦʤʫ ʟôʷʚʣʷʻʪʴʩʷ ʧʦʪʨʝʙʘ ʚ ʽʟʦʣʶʚʘʥʥʽ ʧʨʦʮʝʩʫ ʚʠʷʚʣʝʥʥʷ ʢʣʦʥʽʚ ʪʘ ʚʠʤʽʨʫ ʡʦʛʦ 

ʦʢʨʝʤʦ ʚʽʜ ʽʥʰʠʭ ʧʨʦʮʝʩʽʚ. ʂʨʽʤ ʮʴʦʛʦ, ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʚʝʜʝʥʥʷ ʚʩʽʭ ʢʣʦʥʽʚ ʚ ʚʝʨʩʽʾ ʧʨʦʛʨʘʤʥʦʛʦ 
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ʟʘʙʝʟʧʝʯʝʥʥʷ ʯʝʨʝʟ ʪʝ, ʱʦ ʜʝʪʝʢʪʦʨ SIG ʥʝ ʻ ʽʥʢʨʝʤʝʥʪʥʠʤ. ʅʘʧʨʦʪʠ, ʄʅɯɼʇ ʜʘʻ ʟʤʦʛʫ ʚʠʚʝʜʝʥʥʷ ʪʽʣʴʢʠ 

ʥʝʱʦʜʘʚʥʦ ʜʦʜʘʥʠʭ ʘʙʦ ʚʠʜʘʣʝʥʠʭ ʙʣʦʢʽʚ ʧʦʚʪʦʨʽʚ (ʢʣʦʥʽʚ) ʚ ʚʠʟʥʘʯʝʥʽʡ ʚʝʨʩʽʾ ʩʠʩʪʝʤʠ. ɿ ʮʴʦʛʦ ʚʠʧʣʠʚʘʻ, 

ʱʦ ʥʝʤʦʞʣʠʚʦ ʩʧʽʚʩʪʘʚʠʪʠ ʥʘʧʨʷʤʫ ʨʝʟʫʣʴʪʘʪʠ ʜʚʦʭ ʧʽʜʭʦʜʽʚ, ʩʘʤʝ ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʷʚʣʝʥʥʷ ʧʦʚʪʦʨʽʚ. 

ɺ ʜʘʥʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ ʧʨʦʚʦʜʠʪʴʩʷ ʟʘʤʽʨʠ ʽ ʧʦʨʽʚʥʷʥʥʷ ʜʚʦʭ ʚʠʱʝʟʛʘʜʘʥʠʭ ʧʽʜʭʦʜʽʚ ʥʘ ʦʩʥʦʚʽ ʯʘʩʫ, 

ʧʦʪʨʽʙʥʦʛʦ ʜʣʷ ʧʨʦʮʝʩʫ ʚʠʷʚʣʝʥʥʷ ʧʦʚʪʦʨʽʚ ʪʘ ʥʘʜʣʠʰʢʦʚʦʩʪʽ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʜʽ. ɿʦʢʨʝʤʘ, ʚʽʜʙʫʚʘʻʪʴʩʷ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʝʪʝʢʪʦʨʫ SIG ʜʣʷ ʩʝʨʽʾ ʟ ʧʽʚʩʦʪʥʽ ʢʦʤʽʪʽʚ, ʟʘʤʽʨʠ ʩʝʨʝʜʥʴʦʛʦ ʯʘʩʫ, ʧʦʪʨʽʙʥʦʛʦ ʜʣʷ ʦʙʨʦʙʢʠ ʪʘ 

ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʫ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ ʽʥʜʠʚʽʜʫʘʣʴʥʦʾ ʦʮʽʥʢʠ ʄʅɯɼʇ. ʑʦʜʦ ʚʠʷʚʣʝʥʠʭ ʢʦʞʥʠʤ 

ʽʥʩʪʨʫʤʝʥʪʦʤ ʧʦʚʪʦʨʽʚ (ʢʣʦʥʽʚ ʢʦʜʫ) ʪʘ ʥʘʜʣʠʰʢʦʚʦʩʪʽ, ʪʘ ʚʨʘʭʫʚʘʥʥʷ ʦʧʠʩʘʥʦʾ ʚʽʜʤʽʥʥʦʩʪʽ ʚ ʚʠʭʽʜʥʠʭ 

ʜʘʥʠʭ ʢʦʞʥʦʛʦ ʟ ʧʽʜʭʦʜʽʚ, ʥʘ ʧʨʘʢʪʠʮʽ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʚʽʨʢʘ ʥʘ ʩʧʽʚʧʘʜʽʥʥʷ ʢʣʦʥʽʚ, ʚʠʷʚʣʝʥʠʭ ʮʠʤʠ 

ʜʝʪʝʢʪʦʨʘʤʠ. ʆʜʥʘʢ, ʯʝʨʝʟ ʪʝ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʤʝʪʦʜ, ʪʘ ʜʝʪʝʢʪʦʨ SIG ʥʝ ʷʚʣʷʶʪʴʩʷ 

ʡʤʦʚʽʨʥʽʩʥʠʤʠ, ʟʘʩʥʦʚʘʥʠʤʠ ʥʘ ʪʝʢʩʪʽ ʤʝʪʦʜʘʤʠ (ʪʦʙʪʦ ʥʝʦʙʨʦʙʣʝʥʠʡ ʚʠʭʽʜʥʠʡ ʢʦʜ, ʥʝ ʧʽʜʣʷʛʘʻ ʥʽʷʢʠʤ 

ʧʝʨʝʪʚʦʨʝʥʥʷʤ, ʷʢʽ ʤʦʞʫʪʴ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʪʨʘʪʠ ʽʥʬʦʨʤʘʮʽʾ, ʱʦ ʪʷʛʥʝ ʟʘ ʩʦʙʦʶ ʟʥʠʞʝʥʥʷ ʪʦʯʥʦʩʪʽ ʪʘ 

ʧʦʚʥʦʪʠ), ʪʦ ʤʦʞʥʘ ʦʯʽʢʫʚʘʪʠ ʩʧʽʚʧʘʜʽʥʥʷ ʚʠʷʚʣʝʥʠʭ ʙʣʦʢʽʚ ʧʦʚʪʦʨʝʥʴ, ʚʠʷʚʣʝʥʠʭ ʦʙʦʤʘ ʧʽʜʭʦʜʘʤʠ. ʑʦʜʦ 

ʧʘʤôʷʪʽ, ʪʦ ʟʥʦʚʫ ʧʽʜʭʦʜʠ ʚʠʷʚʣʷʶʪʴʩʷ ʥʝʩʧʽʚʩʪʘʚʥʠʤʠ, ʯʝʨʝʟ ʩʢʣʘʜʥʽʩʪʴ ʽʟʦʣʷʮʽʾ ʧʨʦʮʝʩʫ ʚʠʷʚʣʝʥʥʷ ʙʣʦʢʽʚ 

ʧʦʚʪʦʨʽʚ SIG ʪʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʧʨʦʚʝʜʝʥʥʷ ʚʠʤʽʨʶʚʘʥʥʷ ʧʘʤôʷʪʽ ʪʽʣʴʢʠ ʜʣʷ ʮʽʻʾ ʯʘʩʪʠʥʠ ʧʨʦʮʝʩʫ. 

 

ʆʮʽʥʢʘ ʨʦʟʰʠʨʝʥʴ, ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʃʏʍ 

ɼʣʷ ʚʽʜʧʦʚʽʜʽ ʥʘ ʧʠʪʘʥʥʷ ʨʦʟʰʠʨʝʥʥʷ ʪʘ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʧʦʯʘʪʢʦʚʦʛʦ ʧʽʜʭʦʜʫ, ʰʣʷʭʦʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʃʏʍ, ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʚʠʤʽʨʶʚʘʥʥʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʥʘ ʙʘʟʽ ʃʏʍ ʪʘ 

ʧʦʨʽʚʥʷʥʥʽ ʡʦʛʦ ʟ ʧʨʦʜʫʢʪʠʚʥʽʩʪʶ ʄʅɯɼʇ. ʊʘʢ ʩʘʤʦ, ʷʢ ʽ ʧʨʠ ʦʮʽʥʶʚʘʥʥʽ ʤʦʚʥʦ-ʥʝʟʘʣʝʞʥʦʛʦ ʽʥʢʨʝʤʝʥʪʥʦʛʦ 

ʜʝʪʝʢʪʦʨʫ ʧʦʚʪʦʨʽʚ, ʜʦʩʷʛʘʻʪʴʩʷ ʮʝ ʚʠʤʽʨʦʤ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ ʪʘ ʧʦʪʨʝʙ ʚ ʧʘʤôʷʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʚ 

ʜʦʩʣʽʜʞʝʥʥʽ ʨʦʟʰʠʨʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʃʏʍ. ʇʦʨʽʚʥʷʥʥʽ ʮʠʭ ʧʦʢʘʟʥʠʢʽʚ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʜʣʷ 

ʧʽʜʭʦʜʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʜʝʪʝʢʪʦʨʫ ʄʅɯɼʇ. ɭ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʚʝʜʝʥʥʷ ʽʥʜʠʚʽʜʫʘʣʴʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ, 

ʦʩʢʽʣʴʢʠ ʦʙʠʜʚʘ ʧʽʜʭʦʜʠ ʷʚʣʷʶʪʴʩʷ ʽʥʢʨʝʤʝʥʪʥʠʤʠ, ʪʘ ʚ ʾʭ ʦʩʥʦʚʽ ʧʦʣʷʛʘʻ ʦʜʥʘ ʽ ʪʘ ʩʘʤʘ ʦʩʥʦʚʥʘ ʽʜʝʷ. 

ɺʽʜʙʫʚʘʻʪʴʩʷ ʧʦʨʽʚʥʷʥʥʷ ʤʝʪʨʠʢ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʜʚʦʭ ʧʨʦʮʝʩʽʚ, ʧʨʦʮʝʩʫ ʩʪʚʦʨʝʥʥʷ ʽʥʜʝʢʩʫ ʪʘ ʧʨʦʮʝʩʫ 

ʽʥʢʨʝʤʝʥʪʥʦʛʦ ʢʨʦʢʫ. 

ɿʥʦʚʫ ʙʫʜʝ ʟʘʩʪʦʩʦʚʘʥʝ ʚʠʱʝ ʟʛʘʜʘʥʝ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʥʘʣʘʰʪʫʚʘʥʥʷ, ʜʝ ʚʠʢʦʨʠʩʪʘʥʽ ʧôʷʪʴ 

ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʽ ʧʽʚʩʦʪʥʽ ʢʦʤʽʪʽʚ ʜʣʷ ʢʦʞʥʦʾ ʟ ʥʠʭ. ɺʘʞʣʠʚʦ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ ʥʘ ʪʝ, ʱʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʥʘʧʨʘʚʣʝʥʝ ʣʠʰʝ ʥʘ ʚʠʚʯʝʥʥʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʥʘ ʙʘʟʽ ʃʏʍ ʟ ʪʦʯʢʠ ʟʦʨʫ ʝʬʝʢʪʠʚʥʦʩʪʽ. ʊʦʙʪʦ, 

ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚ ʙʫʜʴ-ʷʢʦʤʫ ʟ ʜʚʦʭ ʨʦʙʦʯʠʭ 

ʧʨʦʮʝʩʽʚ: ʩʪʚʦʨʝʥʥʷ ʽʥʜʝʢʩʫ ʪʘ ʽʥʢʪʝʤʝʥʪʥʦʛʦ ʢʨʦʢʫ. 

ʃʦʛʽʯʥʦ ʙʫʣʦ ʙ ʧʨʦʚʝʩʪʠ ʚʠʤʽʨ ʚʽʜʛʫʢʫ ʨʝʘʣʽʟʘʮʽʾ ʟʘʩʥʦʚʘʥʦʾ ʥʘ ʃʏʍ, ʦʩʢʽʣʴʢʠ ʮʝʡ ʤʝʪʦʜ ʟʘ 

ʚʠʟʥʘʯʝʥʥʷʤ ʚʢʣʶʯʘʻ ʡʤʦʚʽʨʥʽʩʪʴ ʧʨʦʧʫʩʢʫ ʙʣʦʢʽʚ ʢʦʜʫ ʟ ʧʦʚʪʦʨʘʤʠ (ʢʣʦʥʽʚ) ʪʘ ʥʘʜʣʠʰʢʦʚʽʩʪʶ, ʘʣʝ ʪʘʢʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʪʠʩʷ ʥʝ ʙʫʜʫʪʴ. ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʙʫʜʝ ʚʠʟʥʘʯʝʥʦ ʩʧʦʯʘʪʢʫ, ʯʠ ʜʦʩʪʘʪʥʴʦ ʝʬʝʢʪʠʚʥʦʶ 

ʚʠʷʚʠʣʘʩʷ ʨʝʘʣʽʟʘʮʽʷ ʥʘ ʦʩʥʦʚʽ ʃʏʍ ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʽʜʭʦʜʫ ʄʅɯɼʇ, ʪʽʣʴʢʠ ʧʦʪʽʤ ʤʘʻ ʩʝʥʩ ʦʪʨʠʤʘʪʠ 

ʚʠʩʥʦʚʢʠ, ʷʢʽ ʤʽʩʪʠʣʠ ʙ ʢʦʨʠʩʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʧʨʦ ʚʪʨʘʪʫ ʢʣʦʥʽʚ. ʆʜʥʘʢ ʨʝʟʫʣʴʪʘʪʦʤ ʥʘʰʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ 

ʩʪʘʻ ʚʠʚʯʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʽʜʭʦʜʫ, ʘ ʚʽʜʧʦʚʽʜʥʽ ʝʤʧʽʨʠʯʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦ ʚʪʨʘʪʽ ʙʣʦʢʽʚ ʢʦʜʫ ʟ ʧʦʚʪʦʨʘʤʠ 

ʪʘ ʥʘʜʣʠʰʢʦʚʽʩʪʶ ʟʘʣʠʰʘʶʪʴʩʷ ʚ ʷʢʦʩʪʽ ʤʘʡʙʫʪʥʴʦʾ ʨʦʙʦʪʠ. 

 

ɺʭʽʜʥʘ ʧʝʨʝʚʽʨʢʘ 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʨʝʟʫʣʴʪʘʪʽʚ, ʷʢʽ ʙʫʜʫʪʴ ʦʪʨʠʤʘʥʽ ʧʽʩʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʠʭ ʜʝʪʝʢʪʦʨʽʚ, ʚʠʥʠʢʘʻ 

ʧʦʪʨʝʙʘ ʚ ʝʪʘʣʦʥʥʦʤʫ ʪʝʩʪʽ ʜʣʷ ʦʙʨʘʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ. ʊʦʙʪʦ, ʧʦʪʨʽʙʥʦ ʦʪʨʠʤʘʪʠ ʦʮʽʥʢʫ ʪʦʛʦ, ʯʠ 

ʷʚʣʷʶʪʴʩʷ ʦʪʨʠʤʘʥʽ ʚʠʷʚʣʝʥʽ ʙʣʦʢʠ ʟ ʧʦʚʪʦʨʘʤʠ ʪʘ ʥʘʜʣʠʰʢʦʚʽʩʪʶ ʜʽʡʩʥʠʤʠ ʪʘ ʧʦʚʥʠʤʠ, ʘ ʩʘʤʝ, ʯʠ ʙʫʣʠ 

ʚʠʷʚʣʝʥʽ ʚʩʽ ʜʦʩʪʫʧʥʽ ʢʣʦʥʠ. ʇʽʜ ʯʘʩ ʨʦʟʨʦʙʢʠ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʧʦʜʽʙʥʠʡ ʥʘʙʽʨ ʧʝʨʝʚʽʨʦʯʥʠʭ 

ʜʘʥʠʭ ʥʝ ʙʫʚ ʜʦʩʪʫʧʥʠʤ. ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ ʧʝʨʝʚʽʨʢʘ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʥʘ ʦʩʥʦʚʽ ʄʅɯɼʇ 

ʪʘ ʃʏʍ ʚ ʢʦʥʪʝʢʩʪʽ ʜʘʥʦʛʦ ʥʝʚʝʣʠʯʢʦʛʦ ʧʨʦʝʢʪʫ ʚʽʜʙʫʚʘʣʘʩʷ ʚʨʫʯʥʫ. ɹʫʣʦ ʧʨʦʪʝʩʪʦʚʘʥʦ ʽ ʧʝʨʝʚʽʨʝʥʦ 

ʜʝʢʽʣʴʢʘ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʷʢʽ ʩʪʦʩʫʚʘʣʠʩʷ ʟʥʠʱʝʥʥʷ, ʦʥʦʚʣʝʥʥʷ, ʩʪʚʦʨʝʥʥʷ ʯʠ ʧʝʨʝʡʤʝʥʫʚʘʥʥʷ 

ʬʘʡʣʽʚ. ɺʨʫʯʥʫ ʩʪʚʦʨʝʥʦ ʢʦʤʽʪʠ ʜʣʷ ʽʤʽʪʘʮʽʾ ʦʥʦʚʣʝʥʥʷ ʨʝʘʣʴʥʦʾ ʧʨʦʛʨʘʤʥʦʾ ʩʠʩʪʝʤʠ. ɿʚʠʯʘʡʥʦ, ʧʝʨʝʚʽʨʢʘ ʥʘ 

ʧʦʚʥʦʪʫ ʜʣʷ ʜʝʪʝʢʪʦʨʘ ʥʘ ʦʩʥʦʚʽ ʃʏʍ ʥʝ ʧʨʦʚʦʜʠʣʘʩʴ, ʯʝʨʝʟ ʭʘʨʘʢʪʝʨ ʜʘʥʦʛʦ ʤʝʪʦʜʫ. ɿʚʝʨʥʽʪʴ ʫʚʘʛʫ, ʭʦʯʘ 

ʨʝʟʫʣʴʪʘʪ ʪʝʩʪʫʚʘʚʩʷ ʜʣʷ ʥʝʚʝʣʠʢʦʛʦ ʧʨʦʝʢʪʫ, ʦʯʽʢʫʻʪʴʩʷ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʧʽʜʭʽʜ ʙʫʜʝ ʚʽʜʧʨʘʮʴʦʚʫʚʘʪʠ 

ʪʘʢ ʩʘʤʦ ʽ ʜʣʷ ʚʝʣʠʢʠʭ ʢʦʜʦʚʠʭ ʙʘʟ, ʷʢʱʦ ʦʭʦʧʣʶʚʘʪʠʤʫʪʴʩʷ ʚʩʽ ʩʮʝʥʘʨʽʾ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ. ʊʝʩʪʠ, ʷʢʽ 

ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ, ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʥʘʩʪʫʧʥʠʭ ʚʘʨʽʘʥʪʽʚ ʚʠʢʦʨʠʩʪʘʥʥʷ: 

1. ɼʦʜʘʚʘʥʥʷ ʥʦʚʦʩʪʚʦʨʝʥʠʭ ʬʘʡʣʽʚ. ɺʠʢʦʥʫʚʘʣʦʩʷ ʪʝʩʪʫʚʘʥʥʷ ʩʮʝʥʘʨʽʾʚ, ʚ ʷʢʠʭ ʮʽ ʬʘʡʣʠ 

ʧʨʝʜʩʪʘʚʣʷʣʠ ʦʜʠʥ ʘʙʦ ʜʝʢʽʣʴʢʘ ʙʣʦʢʽʚ ʟ ʧʦʚʪʦʨʘʤʠ (ʢʣʦʥʘʤʠ) ʪʘ ʥʘʜʣʠʰʢʦʚʽʩʪʶ, ʘ ʽʥʰʽ ʩʮʝʥʘʨʽʾ, ʚ ʷʢʠʭ 

ʜʫʙʣʶʚʘʥʥʷ ʥʝ ʜʦʜʘʚʘʣʦʩʷ. ʋ ʧʝʨʰʦʤʫ ʪʠʧʽ ʩʮʝʥʘʨʽʾʚ ʧʨʦʚʦʜʠʣʘʩʷ ʧʝʨʝʚʽʨʢʘ ʥʘ ʧʨʘʚʠʣʴʥʽʩʪʴ ʚʠʷʚʣʝʥʥʷ 

ʙʣʦʢʽʚ ʟ ʧʦʚʪʦʨʘʤʠ ʪʘ ʥʘʜʣʠʰʢʦʚʽʩʪʶ ʢʦʜʫ, ʪʦʜʽ ʷʢ ʚ ʜʨʫʛʦʤʫ ʧʝʨʝʚʽʨʷʣʦʩʷ, ʱʦ ʢʣʦʥʠ ʥʝ ʚʠʚʦʜʠʣʠʩʷ. 

2. ʇʝʨʝʡʤʝʥʫʚʘʥʥʷ ʬʘʡʣʽʚ. ɺʽʜʙʫʚʘʣʘʩʷ ʧʝʨʝʚʽʨʢʘ, ʱʦ ʙʣʦʢʠ ʢʦʜʫ ʟ ʧʦʚʪʦʨʘʤʠ ʚ ʧʝʨʝʡʤʝʥʦʚʘʥʠʭ 

ʬʘʡʣʘʭ ʙʫʣʠ ʚʠʷʚʣʝʥʽ ʪʘ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʟ ʦʥʦʚʣʝʥʠʤ ʽʤôʷʤ ʬʘʡʣʫ. 

3. ʆʥʦʚʣʝʥʥʷ ʬʘʡʣʽʚ. ʇʨʦʚʦʜʠʣʦʩʷ ʪʝʩʪʫʚʘʥʥʷ ʜʝʢʽʣʴʢʦʭ ʩʮʝʥʘʨʽʾʚ, ʚ ʷʢʠʭ ʟʥʠʱʫʚʘʣʠʩʷ ʪʘ 

ʜʦʜʘʚʘʣʠʩʷ ʙʣʦʢʠ ʢʦʜʫ ʚ ʽʩʥʫʶʯʽ ʬʘʡʣʠ, ʧʝʨʝʚʽʨʷʶʯʠ ʚʠʷʚʣʝʥʥʷ ʟʥʠʱʝʥʠʭ ʘʙʦ ʜʦʜʘʥʠʭ ʬʨʘʛʤʝʥʪʽʚ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʟ ʧʦʚʪʦʨʘʤʠ ʪʘ ʥʘʜʣʠʰʢʦʚʽʩʪʶ. 
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4. ɿʥʠʱʝʥʥʷ ʬʘʡʣʽʚ. ʊʝʩʪʫʚʘʥʥʷ ʩʪʦʩʫʚʘʣʦʩʷ ʚʠʜʘʣʝʥʠʭ ʬʘʡʣʽʚ, ʚ ʷʢʠʭ ʤʽʩʪʠʣʠʩʷ ʙʣʦʢʠ ʢʦʜʫ ʟ 

ʧʦʚʪʦʨʘʤʠ (ʢʣʦʥʘʤʠ) ʪʘ ʥʘʜʣʠʰʢʦʚʽʩʪʶ ʽ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚ ʮʴʦʤʫ ʨʘʟʽ, ʱʦ ʚʽʜʙʫʣʦʩʷ ʚʽʨʥʝ ʚʠʷʚʣʝʥʥʷ 

ʚʠʜʘʣʝʥʠʭ ʢʣʦʥʽʚ. 

 

ʂʦʥʬʽʛʫʨʘʮʽʷ ʽʥʩʪʨʫʤʝʥʪʽʚ. 

ʇʘʨʘʤʝʪʨʠ ʢʦʥʬʽʛʫʨʘʮʽʾ, ʷʢʽ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʚ ʝʢʩʧʝʨʠʤʝʥʪʘʭ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʜʝʪʝʢʪʦʨʽʚ ʢʣʦʥʽʚ, 

ʟʘʩʥʦʚʘʥʠʭ ʥʘ ʄʅɯɼʇ ʪʘ ʃʏʍ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʚ ʪʘʙʣʠʮʽ 1.  

 

ʊʘʙʣʠʮʷ 1 

ʂʦʥʬʽʛʫʨʘʮʽʷ ʨʝʘʣʽʟʘʮʽʡ ʄʅɯɼʇ ʪʘ ʃʏʍ 
LIICD LIICD LSH-based 

CHUNK_SIZE CHUNK_SIZE PERMUTATIONS THRESHOLD 

6 6 64 0.2 

 

ʇʘʨʘʤʝʪʨ CHUNK_SIZE ï ʮʝ ʢʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ ʫ ʢʦʞʥʦʤʫ ʙʣʦʮʽ ʢʦʜʫ, ʷʢʠʡ ʧʽʜʣʷʛʘʻ ʭʝʰʫʚʘʥʥʶ. 

ɿʥʘʯʝʥʥʷ ʡʦʛʦ ʙʫʣʦ ʦʙʨʘʥʦ ʨʽʚʥʠʤ 6, ʱʦ ʦʟʥʘʯʘʻ ʤʽʥʽʤʘʣʴʥʠʡ ʨʦʟʙʽʨ ʙʣʦʢʫ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ ʟ ʧʦʚʪʦʨʘʤʠ ʪʘ 

ʥʘʜʣʠʰʢʦʚʽʩʪʶ, ʪʘ ʚʢʘʟʫʻ ʥʘ ʽʜʝʥʪʠʯʥʫ ʤʽʥʽʤʘʣʴʥʫ ʜʦʚʞʠʥʫ ʢʣʦʥʫ, ʷʢʫ SIG ʚʠʟʥʘʯʘʻ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʥʘ 

ʜʘʥʠʡ ʯʘʩ. 

ʇʘʨʘʤʝʪʨ PERMUTATIONS ï ʮʝ ʢʽʣʴʢʽʩʪʴ ʬʫʥʢʮʽʡ, ʚ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʨʝʘʣʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʃʏʍ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʨʦʮʝʩʫ MinHashing. ɿ ʪʦʯʢʠ ʟʦʨʫ ʧʦʨʽʚʥʷʥʥʷ ʧʦʜʽʙʥʦʩʪʽ, ʟʥʘʯʝʥʥʷ ʮʴʦʛʦ ʧʘʨʘʤʝʪʨʘ 

ʨʽʚʥʝ 64, ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʨʽʚʥʷ ʧʦʤʠʣʦʢ, ʨʦʟʨʘʭʦʚʘʥʠʭ ʟʘ ʬʦʨʤʫʣʦʶ (1) 

 

  

 

ʊʦʙʪʦ, ʢʦʣʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʜʚʦʭ ʬʘʣʽʚ ʷʢ ʧʦʜʽʙʥʠʭ/ʥʝ ʧʦʜʽʙʥʠʭ, ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, ʱʦ ʮʷ 

ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʧʦʤʠʣʢʦʚʘ ʩʢʣʘʜʘʻ 12,5%. 

ʇʘʨʘʤʝʪʨ THRESHOLD ï ʧʦʨʽʛ, ʷʢʠʡ ʧʨʠʨʽʚʥʶʻʪʴʩʷ ʜʦ 0,2, ʪʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ 20%, ʚʢʘʟʫʶʯʠ ʥʘ 

ʩʘʤʠʡ ʥʠʟʴʢʠʡ ʧʦʨʽʛ ʧʦʜʽʙʥʦʩʪʽ, ʜʣʷ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʜʽʙʥʽʩʪʴ ʜʚʦʭ ʬʘʡʣʽʚ. 

 

ɯʥʬʨʘʩʪʨʫʢʪʫʨʘ 

ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʤʝʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʧʨʠ ʾʭ ʧʨʦʚʝʜʝʥʥʽ ʟʘʧʫʩʢʘʻʪʴʩʷ ʜʚʽ ʢʘʪʝʛʦʨʽʾ ʪʝʩʪʽʚ ʥʘ ʦʜʥʽʡ 

ʤʘʰʠʥʽ ʟ ʥʘʣʘʰʪʫʚʘʥʥʷʤ ʘʧʘʨʘʪʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʫ ʪʘʙʣʠʮʽ 2. 

 

ʊʘʙʣʠʮ ̫2 

ʊʝʭʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʟʘʙʝʟʧʝʯʝʥʥʷ 
 ʉʧʝʮʠʬʽʢʘʮʽʷ 

ʇʘʤôʷʪʴ 32 GB 

ʇʨʦʮʝʩʦʨ Intel Xeon E5-2650 v2 @2.6GHz 

 

ɯʥʬʦʨʤʘʮʽʡʥʠʡ ʬʦʥʜ 

ɺ ʭʦʜʽ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ ʜʣʷ ʨʽʟʥʠʭ ʨʝʘʣʽʟʘʮʽʡ ʜʝʪʝʢʪʦʨʽʚ, ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʚ ʷʢʦʩʪʽ ʚʠʭʽʜʥʠʭ 

ʜʘʥʠʭ ʧôʷʪʴ ʧʨʦʝʢʪʽʚ ʟ ʚʽʜʢʨʠʪʠʤ ʚʠʭʽʜʥʠʤ ʢʦʜʦʤ. ɺʠʙʽʨ ʚʽʜʙʫʚʘʚʩʷ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʙʫʣʘ ʟʤʦʛʘ ʦʭʦʧʠʪʠ 

ʚʽʜʥʦʩʥʦ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʧʨʦʝʢʪʽʚ, ʷʢʽ ʤʘʶʪʴ ʨʽʟʥʠʡ ʨʦʟʤʽʨ ʪʘ ʥʘʧʠʩʘʥʠʭ ʥʘ ʨʽʟʥʠʭ ʤʦʚʘʭ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. 

ʂʦʥʢʨʝʪʥʽʰʝ, ʚʽʜʙʫʚʘʣʦʩʷ ʚʠʤʽʨʶʚʘʥʥʷ ʨʦʟʤʽʨʫ ʢʦʞʥʦʛʦ ʧʨʦʝʢʪʫ ʟ ʪʦʯʢʠ ʟʦʨʫ LOCs (Lines Of Code), ʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʽʥʩʪʨʫʤʝʥʪʫ CLOC1. ɼʘʥʠʡ ʽʥʩʪʨʫʤʝʥʪ ʩʧʨʦʤʦʞʥʠʡ ʧʨʦʚʦʜʠʪʠ ʧʽʜʨʘʭʫʥʦʢ ʧʫʩʪʠʭ ʨʷʜʢʽʚ, 

ʨʷʜʢʽʚ ʢʦʤʝʥʪʘʨʽʚ ʪʘ ʬʽʟʠʯʥʠʭ ʨʷʜʢʽʚ ʚʠʭʽʜʥʦʛʦ ʢʦʜʫ ʥʘ ʙʘʛʘʪʴʦʭ ʤʦʚʘʭ ʧʨʦʛʨʘʤʫʚʘʥʥʷ. ɺʠʤʽʨʶʚʘʥʥʷ ʪʦʯʥʦʾ 

ʯʘʩʪʢʠ ʜʫʙʣʶʚʘʥʥʷ ʫ ʚʠʙʨʘʥʠʭ ʩʠʩʪʝʤʘʭ ʥʝʤʦʞʣʠʚʝ, ʯʝʨʝʟ ʭʘʨʘʢʪʝʨ ʟʘʧʨʦʧʦʥʦʚʘʥʠʭ ʚ ʜʦʩʣʽʜʞʝʥʥʽ 

ʜʝʪʝʢʪʦʨʽʚ, ʩʧʨʦʤʦʞʥʠʭ ʚʠʚʦʜʠʪʠ ʙʣʦʢʠ ʢʦʜʫ ʟ ʧʦʚʪʦʨʘʤʠ (ʢʣʦʥʠ), ʷʢʽ ʙʫʣʠ ʜʦʜʘʥʽ ʘʙʦ ʚʠʜʘʣʝʥʽ ʚ ʧʝʚʥʽʡ 

ʚʝʨʩʽʾ, ʟʘʤʽʩʪʴ ʪʦʛʦ, ʱʦʙ ʚʠʚʦʜʠʪʠ ʚʩʽ ʢʣʦʥʠ ʽ ʮʽʡ ʚʝʨʩʽʾ. ʆʜʥʘʢ, ʩʧʠʨʘʶʯʠʩʴ ʥʘ ʩʪʘʪʠʩʪʠʯʥʽ ʜʘʥʽ, ʷʢʽ 

ʦʪʨʠʤʘʥʽ ʟ ʘʥʘʣʽʟʫ, ʧʨʦʚʝʜʝʥʦʛʦ ʚ ʨʘʤʢʘʭ SIG 192 ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ, ʚʠʷʚʠʣʦʩʷ, ʱʦ ʩʝʨʝʜʥʻ ʜʫʙʣʶʚʘʥʥʷ 

ʢʦʜʫ ʩʢʣʘʜʘʻ ʧʨʠʙʣʠʟʥʦ 13%, ʧʨʠ ʩʪʘʥʜʘʨʪʥʦʤʫ Ñ 12%. ɺ ʜʘʥʦʤʫ ʨʦʟʜʽʣʽ ʨʦʙʦʪʠ ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʦʮʝʩ 

ʚʠʤʽʨʶʚʘʥʥʷ LOCs ʜʣʷ ʢʦʞʥʦʾ ʩʠʩʪʝʤʠ, ʘ ʪʘʢʦʞ ʧʨʦʮʝʩ ʬʽʣʴʪʨʘʮʽʾ ʚʠʭʽʜʥʠʭ ʯʘʩʪʠʥ. 

 

ʇʦʯʘʪʢʦʚʘ ʢʦʣʝʢʮʽʷ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʬʦʥʜʫ 

ɿʘʚʜʷʢʠ ʚʠʤʽʨʶʚʘʥʥʶ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʧʨʦʝʢʪʽʚ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ, ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʣʝʢʮʽʾ 

ʧʦʯʘʪʢʦʚʦʛʦ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʬʦʥʜʫ, ʙʫʣʦ ʦʙʨʘʥʦ ʧôʷʪʴ ʟ ʥʠʭ. ʇʨʠ ʮʴʦʤʫ ʾʭ LOCs ʢʦʣʠʚʘʶʪʴʩʷ ʚ ʜʽʘʧʘʟʦʥʽ 

ʧʨʠʙʣʠʟʥʦ ʚʽʜ 300 000 ʜʦ 23 000 000 ʨʷʜʢʽʚ ʢʦʜʫ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʦ ʣʽʩʪʽʥʛ, ʜʝ ʚʢʘʟʘʥʽ ʧʘʨʘʤʝʪʨʠ 

ʢʦʥʬʽʛʫʨʘʮʽʾ CLOC, ʷʢʽ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʥʘ ʮʴʦʤʫ ʝʪʘʧʽ. 

 

 
ʈʠʩ. 1. ʇʦʯʘʪʢʦʚʘ ʢʦʥʬʽʛʫʨʘʮʽʷ CLOC 

 
1 ɯʥʩʪʨʫʤʝʥʪ ʜʦʩʪʫʧʥʠʡ ʥʘ Github: https://github.com/AlDanial/cloc 
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ʆʙʨʘʥʽ ʧʨʦʝʢʪʠ ʟʚʝʜʝʥʽ ʚ ʪʘʙʣʠʮʶ 3, ʜʝ ʪʘʢʦʞ ʚʢʘʟʘʥʘ ʤʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʟʘʛʘʣʴʥʘ ʢʽʣʴʢʽʩʪʴ 

ʬʘʡʣʽʚ, ʪʘ ʢʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʜʽ LOCs. 

ʇʨʠʯʠʥʦʶ ʦʙʨʘʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʩʠʩʪʝʤ ʟ LOCs ʥʠʞʯʝ ʦʧʠʩʘʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʷʚʣʷʻʪʴʩʷ ʪʝ, ʱʦ 

ʩʧʨʘʚʞʥʽ ʧʝʨʝʚʘʛʠ ʽʥʢʨʝʤʝʥʪʥʦʛʦ ʧʽʜʭʦʜʫ ʩʪʘʶʪʴ ʚʠʜʠʤʠʤʠ ʣʠʰʝ ʜʣʷ ʧʨʦʝʢʪʽʚ ʟ ʚʽʜʥʦʩʥʦ ʚʝʣʠʢʦʶ 

ʢʽʣʴʢʽʩʪʶ ʨʷʜʢʽʚ ʚ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʜʽ, ʢʦʣʠ ʧʦʚʪʦʨʥʝ ʚʠʷʚʣʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʨʘʜʠʮʽʡʥʠʭ ʧʽʜʭʦʜʽʚ ʩʪʘʻ 

ʜʦʚʦʣʽ ʧʦʚʽʣʴʥʠʤ. 

ʆʙʨʘʥʝ ʦʙôʻʜʥʘʥʥʷ ʧʨʦʛʨʘʤʥʠʭ ʧʨʦʝʢʪʽʚ, ʷʢ ʚʠʜʥʦ ʟ ʪʘʙʣʠʮʽ, ʦʭʦʧʣʶʻ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʤʦʚ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʢʽʣʴʢʦʩʪʽ (LOCs) ʨʷʜʢʽʚ. ʅʘʜʘʥʽ ʟʥʘʯʝʥʥʷ ʫ ʩʪʦʚʧʮʽ çʂʽʣʴʢʽʩʪʴ ʩʪʦʚʧʮʽʚ LOCsè ï ʻ 

ʨʝʟʫʣʴʪʘʪʦʤ ʜʦʜʘʚʘʥʥʷ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʢʦʤʝʥʪʘʨʷʤ, ʽ ʪʠʭ, ʷʢʽ ʧʦʩʠʣʘʶʪʴʩʷ ʥʘ ʬʘʢʪʠʯʥʝ ʜʞʝʨʝʣʦ ʢʦʜʫ. ɼʦ 

ʫʚʘʛʠ ʥʝ ʧʨʠʡʤʘʶʪʴʩʷ ʧʫʩʪʽ ʨʷʜʢʠ, ʦʩʢʽʣʴʢʠ ʾʭ ʙʫʜʝ ʟʥʠʱʝʥʦ ʥʘ ʝʪʘʧʽ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʢʦʞʥʦʛʦ 

ʜʝʪʝʢʪʦʨʫ. 

 

ʊʘʙʣʠʮʷ 3 

ʇʦʯʘʪʢʦʚʠʡ ʽʥʬʦʨʤʘʮʽʡʥʦʛʦ ʬʦʥʜʫ ʧʨʦʝʢʪʽʚ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ 
 ʄʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʂʽʣʴʢʽʩʪʴ ʬʘʡʣʽʚ ʂʽʣʴʢʽʩʪʴ LOCs 

Linux Kernel C 57.205 23.229.768 

Openjdk-14 Java 60.444 12.045.316 

Tensorflow C++, Python 12.387 3.194.893 

Kooboo C#, JS, 

HTML, CSS 
4.109 670.265 

Ripple C / C++ 1.399 312.011 

 

ʌʽʣʴʪʨʘʮʽʷ ʚʠʢʦʥʫʚʘʥʦʛʦ ʢʦʜʫ 

ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʨʽʟʥʠʭ ʧʦʢʘʟʥʠʢʽʚ ʨʝʤʦʥʪʦʧʨʠʜʘʪʥʦʩʪʽ, ʚʢʣʶʯʘʶʯʠ ʚʠʷʚʣʝʥʥʷ ʧʦʚʪʦʨʽʚ ʪʘ 

ʥʘʜʣʠʰʢʦʚʦʩʪʽ ʫ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʜʽ SIG ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʘʢʠʡ ʽʥʩʪʨʫʤʝʥʪ, ʷʢ SAT. ɿʘ ʜʦʧʦʤʦʛʦʶ ʥʴʦʛʦ ʪʘʢʦʞ 

ʻ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʚʽʜʧʦʚʽʜʥʦʛʦ ʘʥʘʣʽʟʫ ʪʽʣʴʢʠ ʪʠʭ ʯʘʩʪʠʥ ʢʦʜʦʚʦʾ ʙʘʟʠ, ʱʦ ʧʦʟʥʘʯʝʥʽ ʷʢ ʚʠʢʦʥʫʚʘʥʠʡ 

ʢʦʜ. 

ɯʛʥʦʨʫʚʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʽ ʢʦʜʫ, ʧʦʤʽʯʝʥʦʛʦ, ʷʢ ʪʝʩʪʦʚʠʡ ʢʦʜ, ʨʘʟʦʤ ʽʟ ʽʥʰʠʤʠ ʥʝʟʥʘʯʥʠʤʠ 

ʬʘʡʣʘʤʠ, ʪʘʢʠʤʠ ʷʢ README.md ʘʙʦ ʬʘʡʣʠ ʞʫʨʥʘʣʽʚ. ʇʽʩʣʷ ʦʙʨʦʙʢʠ SAT ʪʽʣʴʢʠ ʯʘʩʪʠʥʠ ʚʩʽʻʾ ʢʦʜʦʚʦʾ ʙʘʟʠ, 

ʚ ʨʝʟʫʣʴʪʘʪʽ, ʱʦ ʣʦʛʽʯʥʦ, ʽʜʝ ʟʤʝʥʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ LOCs, ʷʢʽ ʧʽʜʜʘʶʪʴʩʷ ʦʙʨʦʙʮʽ. ɼʣʷ ʦʙôʻʢʪʠʚʥʦʛʦ 

ʧʦʨʽʚʥʷʥʥʷ ʜʝʪʝʢʪʦʨʘ SAT ʪʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʨʝʘʣʽʟʘʮʽʾ, ʪʨʝʙʘ ʚʨʘʭʦʚʫʚʘʪʠ ʽ ʪʘʢʝ ʟʥʠʱʝʥʥʷ. 

ʊʦʤʫ ʟʥʦʚʫ ʜʦʚʝʜʝʪʴʩʷ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ CLOC ʜʣʷ ʦʮʽʥʢʠ LOCs ʜʣʷ ʢʦʞʥʦʛʦ ʧʨʦʝʢʪʫ, ʚʢʣʶʯʘʶʯʠ ʮʴʦʛʦ 

ʨʘʟʫ ʥʝʨʝʚʘʣʝʥʪʥʽ ʢʘʪʘʣʦʛʠ. ʊʦʯʥʘ ʢʦʥʬʽʛʫʨʘʮʽʷ ʧʨʝʜʩʪʘʚʣʝʥʘ ʚ ʣʽʩʪʽʥʛʫ ʥʘ ʨʠʩ. 2. ʅʦʚʽ ʚʠʤʽʨʶʚʘʥʥʷ ʜʣʷ 

ʚʠʱʝʟʛʘʜʘʥʠʭ ʧʨʦʝʢʪʽʚ ʧʦʜʘʥʽ ʚ ʪʘʙʣʠʮʽ 4. 

 

 
ʈʠʩ. 2. ʂʦʥʬʽʛʫʨʘʮʽʷ ʬʽʣʴʪʨʘʮʽʾ CLOC 

 

ʊʘʙʣʠʮʷ 4 

ɺʽʜʬʽʣʴʪʨʦʚʘʥʠʡ ʽʥʬʦʨʤʘʮʽʡʥʠʡ ʬʦʥʜ ʧʨʦʝʢʪʽʚ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ 
 ʄʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʂʽʣʴʢʽʩʪʴ ʬʘʡʣʽʚ ʂʽʣʴʢʽʩʪʴ LOCs 

Linux Kernel C 56.270 22.963.637 

Openjdk-14 Java 23.905 7.498.482 

Tensorflow C++, Python 8.610 2.120.650 

Kooboo 

 

C#, JS, 

HTML, CSS 
4.064 668.055 

Ripple C / C++ 1.073 207.166 

 

ʌʽʣʴʪʨʘʮʽʷ ʥʝʚʽʨʥʠʭ ʬʘʡʣʽʚ 

ʇʨʦʛʨʘʤʥʽ ʧʨʦʝʢʪʠ, ʚ ʪʦʤʫ ʯʠʩʣʽ ʪʽ, ʷʢʽ ʦʙʨʘʥʽ ʚ ʥʘʰʦʤʫ ʽʥʬʦʨʤʘʮʽʡʥʦʤʫ ʬʦʥʜʽ, ʟʘʟʚʠʯʘʡ 

ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʨʷʜʫ ʬʘʡʣʽʚ ʫ ʜʚʽʡʢʦʚʦʤʫ ʬʦʨʤʘʪʽ. ʆʙʨʦʙʢʘ ʧʦʜʽʙʥʠʭ ʬʘʡʣʽʚ ʜʣʷ ʚʠʷʚʣʝʥʥʷ, ʚ ʧʦʪʨʽʙʥʦʤʫ 

ʢʦʥʪʝʢʩʪʽ, ʙʣʦʢʽʚ ʟ ʧʦʚʪʦʨʘʤʠ ʪʘ ʥʘʜʣʠʰʢʦʚʽʩʪʶ ʧʦʟʙʘʚʣʝʥʘ ʩʝʥʩʫ, ʦʩʢʽʣʴʢʠ ʥʝ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʮʽʥʥʦʾ 

ʽʥʬʦʨʤʘʮʽʾ. ʆʪʞʝ ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʦʙʨʦʙʢʠ ʢʦʞʥʦʛʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʧʨʦʝʢʪʫ, ʜʦʜʘʪʢʦʚʦ ʙʫʜʫʪʴ ʚʠʢʣʶʯʝʥʽ 

ʜʚʽʡʢʦʚʽ ʙʘʡʪʠ ʪʘ ʬʘʡʣʠ ʟ ʥʝʶʥʽʢʦʜʦʚʠʤʠ ʩʠʤʚʦʣʘʤʠ ʚ ʦʙʦʭ ʨʝʘʣʽʟʘʮʽʷʭ ʄʅɯɼʇ ʪʘ ʃʏʍ. ɺ ʜʦʜʘʪʢʫ ɹ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʧʠʩʦʢ ʟ ʚʢʘʟʫʚʘʥʥʷʤ ʫʩʽʭ ʨʦʟʰʠʨʝʥʴ ʬʘʡʣʽʚ, ʷʢʽ ʧʽʜʜʘʚʘʣʠʩʷ ʬʽʣʴʪʨʘʮʽʾ. ʋʚʘʛʘ ʟʚʝʨʪʘʻʪʴʩʷ ʥʘ 

ʪʝ, ʱʦ, ʦʩʢʽʣʴʢʠ ʧʦʜʽʙʥʽ ʬʘʡʣʠ ʫʪʚʦʨʶʻ ʣʠʰʝ ʥʝʚʝʣʠʢʘ ʯʘʩʪʠʥʘ ʚʩʽʻʾ ʢʦʜʦʚʦʾ ʙʘʟʠ, ʪʦ ʚʠʜʘʣʝʥʥʷ ʪʘʢʠʭ 

ʬʘʡʣʽʚ, ʷʢ ʽ ʦʯʽʢʫʻʪʴʩʷ, ʣʠʰʝ ʥʝʟʥʘʯʥʦ ʚʧʣʠʥʝ ʥʘ ʢʽʣʴʢʽʩʪʴ ʨʷʜʢʽʚ (LOC) ʫ ʢʦʜʽ, ʷʢʽ ʟʛʘʜʫʶʪʴʩʷ ʫ ʧʦʧʝʨʝʜʥʽʭ 

ʨʦʟʜʽʣʘʭ. 

 

ʄʦʜʝʣʶʚʘʥʥʷ ʢʦʤʽʪʽʚ 

ʇʦʩʪʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʦʮʝʩʫ ʚʽʜʧʨʘʚʢʠ ʢʦʤʽʪʽʚ ʚ ʨʝʧʦʟʠʪʦʨʽʡ ʫʧʨʘʚʣʷʥʥʷ ʚʝʨʩʽʷʤʠ, ʜʝ 

ʙʫʜʝ ʨʦʟʤʽʱʝʥʦ ʧʨʦʝʢʪ, ʷʢʠʡ ʧʽʜʣʷʛʘʻ ʘʥʘʣʽʟʫ. ʎʝ ʟʘʙʝʟʧʝʯʫʚʘʪʠʤʝ ʩʧʦʩʪʝʨʝʞʝʥʥʷ ʪʘ ʚʠʤʽʨʶʚʘʥʥʷ ʪʦʛʦ, ʷʢ 

ʧʨʘʮʶʶʪʴ ʜʝʪʝʢʪʦʨʠ ʧʽʜ ʯʘʩ ʧʦʢʨʦʢʦʚʦʛʦ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ. ʊʘʢʝ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʙʫʚʘʣʦʩʷ ʟ 
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ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʘʡʣʽʚ ʢʦʥʬʽʛʫʨʘʮʽʾ JSON. ʇʦʜʽʙʥʽ ʬʘʡʣʠ ʩʢʣʘʜʘʶʪʴʩʷ ʟʘ ʩʧʠʩʢʽʚ ʢʦʤʽʪʽʚ, ʷʢʽ ʧʽʜʜʘʶʪʴʩʷ 

ʘʥʘʣʽʟʫ, ʘ ʪʘʢʦʞ ʟʤʽʥ (ʩʪʚʦʨʝʥʥʷ, ʦʥʦʚʣʝʥʥʷ, ʟʥʠʱʝʥʥʷ, ʧʝʨʝʡʤʝʥʫʚʘʥʥʷ), ʷʢʽ ʢʦʞʥʠʡ ʟ ʮʠʭ ʢʦʤʽʪʽʚ ʚʥʦʩʠʪʴ. 

ɺ ʢʦʥʪʝʢʩʪʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ, ʧʨʠ ʧʨʦʚʝʜʝʥʥʽ ʜʦʩʣʽʜʞʝʥʴ ʚ ʭʦʜʽ ʨʦʙʦʪʠ, ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʧʨʦʛʨʘʤʥʠʭ 

ʧʨʦʝʢʪʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʘʥʘʣʽʟ ʧôʷʪʜʝʩʷʪʠ ʦʩʪʘʥʥʽʭ ʢʦʤʽʪʽʚ, ʚʠʢʣʶʯʘʶʯʠ ʟʣʠʪʪʷ, ʪʘ ʚʠʤʽʨʶʶʪʴʩʷ ʧʦʢʘʟʥʠʢʠ, 

ʷʢʽ ʚʽʜʧʦʚʽʜʘʶʪʴ ʢʦʞʥʽʡ ʟ ʦʧʠʩʘʥʠʭ ʢʘʪʝʛʦʨʽʡ ʝʢʩʧʝʨʠʤʝʥʪʽʚ. ʉʘʤʠʡ ʦʩʪʘʥʥʽʡ ʢʦʤʽʪ ʜʣʷ ʢʦʞʥʦʛʦ 

ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʝʢʪʫ, ʧʦʢʘʟʫʻ ʩʥʝʧʰʦʪ (ʟʥʽʤʦʢ ʬʘʡʣʦʚʦʾ ʩʠʩʪʝʤʠ ï ʢʦʧʽʷ ʬʘʡʣʽʚ ʪʘ ʢʘʪʘʣʦʛʽʚ ʬʘʡʣʦʚʦʾ 

ʩʠʩʪʝʤʠ ʥʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʯʘʩʫ), ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʪʘ ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʚ ɼʦʜʘʪʢʫ ɸ. ʆʩʢʽʣʴʢʠ 

ʜʝʪʝʢʪʦʨʠ ʟʘ ʚʠʟʥʘʯʝʥʥʷʤ ʚʠʢʣʶʯʘʪʴ ʜʝʷʢʽ ʟ ʮʠʭ ʧʽʚʩʦʪʥʽ ʢʦʤʽʪʽʚ, ʷʢʽ ʤʦʞʫʪʴ ʩʢʣʘʜʘʪʠʩʷ ʽʟ ʟʤʽʥʝʥʠʭ ʬʘʡʣʽʚ, 

ʪʦ ʽʩʥʫʻ ʡʤʦʚʽʨʥʽʩʪʴ ʦʙʨʦʙʢʠ ʤʝʥʰʝ ʥʽʞ ʧôʷʪʜʝʩʷʪʠ. ʅʘʧʨʠʢʣʘʜ, ʢʦʤʽʪ ʙʫʜʝ ʧʨʦʧʫʩʢʘʪʠʩʷ, ʷʢʱʦ ʚʽʥ 

ʚʢʣʶʯʘʪʠʤʝ ʣʠʰʝ ʤʦʜʠʬʽʢʘʮʽʾ ʪʝʩʪʦʚʠʭ ʬʘʡʣʽʚ (ʷʢʽ ʧʨʦʧʫʩʢʘʶʪʴʩʷ ʜʝʪʝʢʪʦʨʘʤʠ), ʪʦ ʟʨʝʰʪʦʶ ʥʽʷʢʽ ʬʘʡʣʠ ʥʝ 

ʦʙʨʦʙʣʷʪʠʤʫʪʴʩʷ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʇʨʦʚʝʜʝʥʽ ʚ ʜʦʩʣʽʜʞʝʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʥʘʜʘʣʠ ʜʝʷʢʫ ʢʦʨʠʩʥʫ ʽʥʬʦʨʤʘʮʽʶ ʥʘ ʦʩʥʦʚʽ ʦʮʽʥʢʠ 

ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʥʘ ʦʩʥʦʚʽ ʃʏʍ. ʂʦʥʢʨʝʪʥʽʰʝ, ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʨʝʘʣʽʟʘʮʽʻʶ ʄʅɯɼʇ, ʝʪʘʧ ʩʪʚʦʨʝʥʥʷ ʽʥʜʝʢʩʫ ʚ ʧʽʜʭʦʜʽ ʥʘ ʦʩʥʦʚʽ ʃʏʍ ʚʠʷʚʠʚʩʷ ʚ ʜʚʘ, ʘ ʚ ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʚ 

ʪʨʠ ʨʘʟʠ ʧʦʚʽʣʴʥʽʰʠʤ. ʄʦʞʣʠʚʦʶ ʧʨʠʯʠʥʦʶ, ʷʢʘ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʮʴʦʛʦ ʤʦʞʝ ʙʫʪʠ ʩʢʣʘʜʥʽʩʪʴ ʦʧʝʨʘʮʽʾ 

MinHash, ʷʢʘ ʩʢʣʘʜʘʻ ʟʥʘʯʥʫ ʯʘʩʪʠʥʫ ʟʘʛʘʣʴʥʦʾ ʩʭʝʤʠ ʃʏʍ. ʎʝ ʩʪʘʻ ʦʯʝʚʠʜʥʠʤ, ʷʢʱʦ ʚʨʘʭʦʚʫʚʘʪʠ, ʱʦ 

ʭʝʰʫʚʘʥʥʷ ʢʦʞʥʦʾ ʯʝʨʝʧʠʮʽ ʜʣʷ ʢʦʞʥʦʛʦ ʥʘʙʦʨʫ ʯʝʨʝʧʠʮʴ ʧʽʜ ʯʘʩ MinHashing ʤʘʻ ʧʨʦʚʦʜʠʪʠʩʷ 

ʦʙʫʤʦʚʣʝʥʠʤʠ k ʭʝʰ-ʬʫʥʢʮʽʷʤʠ. ʅʘʚʧʘʢʠ, ʟ ʪʦʯʢʠ ʟʦʨʫ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʘʤôʷʪʽ, ʱʦ ʧʨʠʟʚʝʣʦ ʜʦ ʩʢʦʨʦʯʝʥʥʷ ʫ 

ʧôʷʪʴ ʨʘʟʽʚ ʜʣʷ ʚʠʧʘʜʢʫ Linux, ʃʏʍ ʚʠʷʚʠʚʩʷ ʥʘʙʘʛʘʪʦ ʝʬʝʢʪʠʚʥʽʰʠʤ. ʆʜʥʘʢ, ʪʽʣʴʢʠ ʮʝ ʥʝ ʷʚʣʷʻʪʴʩʷ 

ʚʠʧʨʘʚʜʘʥʥʷʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ ʟʘʤʽʩʪʴ ʄʅɯɼʇ. ɺʠʤʽʨʶʚʘʥʥʷ ʽʥʢʨʝʤʝʥʪʥʦʛʦ ʢʨʦʢʫ, ʢʨʽʤ 

ʮʴʦʛʦ, ʥʝ ʚʽʜʧʦʚʽʜʘʣʦ ʥʘʰʠʤ ʧʝʨʚʠʥʥʠʤ ʦʯʽʢʫʚʘʥʥʷʤ. ʇʝʨʝʜʙʘʯʘʣʦʩʷ, ʱʦ ʧʨʦʮʝʩ ʽʥʢʨʝʤʝʥʪʥʦʛʦ ʢʨʦʢʫ 

ʨʝʘʣʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʄʅɯɼʇ ʙʫʜʝ ʟʥʘʯʥʦ ʧʦʚʽʣʴʥʽʰʠʤ, ʯʝʨʝʟ ʦʙʯʠʩʣʝʥʥʷ ʟʘʧʠʩʽʚ ʽʥʜʝʢʩʫ ʥʘ 

ʣʴʦʪʫ. ʆʜʥʘʢ ʚ ʭʦʜʽ ʧʨʦʚʝʜʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʧʨʦʪʠʣʝʞʥʽ ʨʝʟʫʣʴʪʘʪʠ. ʇʨʘʢʪʠʯʥʦ, ʮʝ 

ʚʠʧʨʘʚʜʦʚʫʚʘʣʦʩʷ ʪʠʤ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʠʡ ʧʦʨʽʛ ʧʦʜʽʙʥʦʩʪʽ ʥʝ ʩʪʘʚ ʧʨʠʯʠʥʦʶ ʚʠʷʚʣʝʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ 

ʟʙʽʛʽʚ ʤʽʞ ʚʠʭʽʜʥʠʤʠ ʬʘʡʣʘʤʠ. ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʢʨʘʱʦʛʦ ʨʦʟʫʤʽʥʥʷ ʡʦʛʦ ʧʦʚʝʜʽʥʢʠ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ 

ʧʨʦʚʝʜʝʥʥʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʟʚôʷʟʢʫ ʯʘʩʫ ʚʠʢʦʥʘʥʥʷ, ʧʦʪʨʽʙʥʦʛʦ ʜʣʷ ʧʦʪʦʢʫ ʽʥʢʨʝʤʝʥʪʥʦʛʦ ʢʨʦʢʫ 

ʨʝʘʣʽʟʘʮʽʾ ʥʘ ʦʩʥʦʚʽ ʃʏʍ ʪʘ ʧʦʨʦʛʫ ʧʦʜʽʙʥʦʩʪʽ. 
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ʈʆɿʈʆɹʃɽʅʅʗ ɸʈʍɯʊɽʂʊʋʈʀ ʉʀʉʊɽʄʀ ʆʇʊʀʏʅʆɻʆ ʈʆɿʇɯɿʅɸɺɸʅʅʗ 

ʉʀʄɺʆʃɯɺ ɿ ʌʆʊʆɻʈɸʌɯʁ ɼʆʂʋʄɽʅʊɯɺ 
 
˝̏̂̏̓́ ̠̒̐̑̍̏̃́̎ ́ ̎́ ̠̒̓̃̏̑̆̎̎ ̨̨̗̎̏̑̍́̊̎̏̕ ̩ ̒̉̒̓̆̍̉ ̘̏̐̓̉̎̏̄̏ ̨̠̑̏̈̐̈̎́̃́̎̎ ̨̒̉̍̃̏̌̃ ̈ 

̨̏̓̏̄̑́̊̕̕ ̨̅̏̋̔̍̆̎̓̃. ˞̨̝̋̌́̅̎̒̓ ̗̟̠̏̐̑́̃́̎̎ ̝̈̏̂̑́̇̆̎ȟ ̨̠̋ ̠̠̟̝̃̌̓ ̟̒̏̂̏ ̨̎́̂̑ ̨̨̐̋̒̆̌̃ȟ ̟̝̃̉̋̌̉̋́̓ ̔ 
̋̏̍̐ǫ̟̃̄̓̆̑̃ ̨̘̎̆̈̑̔̎̏̒̓ ̔ ̨̑̏̂̏̓ ̈ ̓́̋̉̍̉ ̅́̎̉̍̉Ȣ ˑ̠̌ ̑̏̈̃ȭ̠̠̈́̎̎ ̨̗̤̩ ̨̘̈́̅́ ̍̏̇̎́ ̃̉̋̏̑̉̒̓́̓̉ ̨̓́̋ ̨̖̐̅̏̅̉ȡ 
̨̘̍́̓̆̍́̓̉̎ ́̌̄̏̑̉̓̍̉ȟ ̏̅̎́ ̒̋̌́̅̎́ ̎̆̊̑̏̎̎́ ̍̆̑̆̇́ ́̂̏ ̨̎́̂̑ ̈ ̨̝̖̋̌̋̏ ̖̐̑̏̒̓̉ ̖̎̆̊̑̏̎̎̉ ̍̆̑̆̇Ȣ ˔̨̘̃̉́̊̎ 
̨̘̍́̓̆̍́̓̉̎ ́̌̄̏̑̉̓̍̉ ̒̋̌́̅̎̏ ̨̏̐̓̉̍̈̔̃́̓̉ ̅̏ ̨̖̩̎̆̏̂̅̎̏ ̨̘̓̏̎̏̒̓ ̐̑̉ ̨̃̉̋̏̑̉̒̓́̎̎ ̎̆̒̓̑̔̋̓̔̑̏̃́̎̏̄̏ 
̎́̂̏̑̔ ̖̅́̎̉ȟ ̠̋̉̍ ̠̠̟̝̠̃̌̓̒ ̠̈̏̂̑́̇̆̎̎Ȣ ˛̅̎́ ̒̋̌́̅̎́ ̎̆̊̑̏̎̎́ ̍̆̑̆̇́ ̤ ̠̋ ̙̗̝̃̆̊́̑̒̋̉̊ ̨̎̇ȟ ̠̋̉̊ ̍̏̇̆ ̔̒̆ȟ 
́̌̆ ̝̎̆̅̏̒̓́̓̎̏ ̨̠̋̒̎̏Ȣ ˞́̍̆ ̓̏̍̔ ̍̉ ̂̔̅̆̍̏ ̃̉̋̏̑̉̒̓̏̃̔̃́̓̉ φ ̓̉̐̉ ̖̎̆̊̑̏̎̎̉ ̍̆̑̆̇ ̈ ̨̑̈̎̉̍̉ 
̨̖́̑̓̆̋̓̔̑́̍̉ȟ ̋̏̇̎́ ̈ ̠̖̋̉ ̠̒̐̑̍̏̃́̎́ ̎́ ̑̏̈̃ȭ̠̠̈́̎̎ ̩̋̏̎̋̑̆̓̎̏ ̨̨̘̐̅̈́̅́Ȣ ˗̟̘̌̏̃̉̍̉ ̆̌̆̍̆̎̓́̍̉ ̩̓́̋̏ 
̨̖̩̓̆̎̏̌̏̄ ̤ȡ ̝̍̏̅̔̌ ̙̐̏̔̋̔ ̓̆̋̒̓̔, ̍̏ ̝̅̔̌ ̨̠̑̏̈̐̈̎́̃́̎̎ ̨̒̉̍̃̏̌̃ ̩̝̩̔̋̑́̎̒̋̏ ̓́ ̨̝̩́̎̄̌̊̒̋̏ ̍̏̃̉, ̍̏ ̝̅̔̌ 
̙̐̏̔̋̔ ̟̘̖̋̌̏̃̉ ̨̒̌̃, ̍ ̝̏̅̔̌ ̙̐̏̔̋̔ ̨̖̖̎̆̏̂̅̎̉ ̖̅́̎̉. 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̏ ̘̐̓̉̎̆ ̨̠̑̏̈̐̈̎́̃́̎̎ ̨̒̉̍̃̏̌̃ȟ ̨̑̆̋̔̑̆̎̓̎ ̨̎̆̊̑̏̎ ̨̍̆̑̆̇ȟ ̨́̎́̌̈ ̠̈̏̂̑́̇̆̎̎Ȣ 
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DEVELOPMENT OF THE ARCHITECTURE OF DOCUMENT OPTICAL CHARACTER RECOGNITION SYSTEM  
 

This paper aims to develop information technology for document optical character recognition systems. The difficulty of 
processing images, which are a set of pixels, causes inconvenience in working with such data. This problem can be solved in different ways: 
usual mathematical approaches, a single complicated neural network, and a set of problem-specific deep neural networks. Usual 
mathematical approaches perform poor with unstructured data like images. A single neural network is like a swiss knife: it can do many 
tasks, but none with the best quality. So we will use two different deep neural networks, each for the appropriate part of the problem. 

The critical elements of this technology are the module for text detection and segmentation of the image, the module for text 
recognition in Ukrainian and English languages, the module for parsing multiple keywords, and the module for searching for the final data. 
The first and second modules consist of several machine learning models with specific architecture, depending on their task. All trained 
models are tested for accuracy and noise resistance and will be used in the future for searching required data from different document 
images. Output data of the developed system provide speedup, automation processing images and scans of the documents, reduce the number 
of mistakes caused by human factor. All data is converted from image pixels into a structured text set represented in the document, which the 
machine can easily use. 

We can use such technology in banking and insurance, where we can send images of documents and they will be automatically 
processed and converted into user name, surname, date of birth, serial number, and required fields for specific services. 

Keywords: optical character recognition, recurrent neural networks, image analysis. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ɺ ʜʘʥʠʡ ʯʘʩ ʪʝʭʥʦʣʦʛʽʷ ʽʜʝʥʪʠʬʽʢʘʮʽʾ ʧʦ ʧʘʩʧʦʨʪʫ, ʚʦʜʽʡʩʴʢʦʤʫ ʧʦʩʚʽʜʯʝʥʥʶ, ʩʪʫʜʝʥʪʩʴʢʦʤʫ ʢʚʠʪʢʫ 

ʚʽʜʽʛʨʘʻ ʜʫʞʝ ʚʘʞʣʠʚʫ ʨʦʣʴ ʫ ʥʘʰʦʤʫ ʩʫʩʧʽʣʴʩʪʚʽ. ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʥʘʜʘʥʽ 

ʘʜʤʽʥʽʩʪʨʘʪʠʚʥʠʭ ʧʦʩʣʫʛ, ʙʘʥʢʽʚʩʴʢʽʡ ʩʬʝʨʽ ʪʘ ʽʥ. ɺ ʤʠʥʫʣʦʤʫ ʜʘʥʽ ʜʦʢʫʤʝʥʪʫ ʚʚʦʜʠʣʠʩʷ ʚʨʫʯʥʫ, ʱʦ ʚʠʤʘʛʘʻ 

ʫʚʘʞʥʦʩʪʽ ʪʘ ʧʝʚʥʠʭ ʟʘʪʨʘʪ ʯʘʩʫ. ʇʠʪʘʥʥʷ ʱʦʜʦ ʰʚʠʜʢʦʛʦ ʪʘ ʪʦʯʥʦʛʦ ʦʪʨʠʤʘʥʥʷ ʽʥʬʦʨʤʘʮʽʾ ʟ ʜʦʢʫʤʝʥʪʽʚ 

ʩʪʘʣʦ ʚʘʞʣʠʚʠʤ ʟʘʚʜʘʥʥʷʤ ʜʣʷ ʥʘʫʢʦʚʮʽʚ ʪʘ ʙʽʟʥʝʩʫ. 

ɸʚʪʦʤʘʪʠʯʥʘ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʧʦ ʜʦʢʫʤʝʥʪʘʭ ʤʘʻ ʜʫʞʝ ʚʠʩʦʢʫ ʜʦʩʣʽʜʥʠʮʴʢʫ ʧʝʨʩʧʝʢʪʠʚʫ ʪʘ ʟʥʘʯʥʝ 

ʧʨʘʢʪʠʯʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ. ɯʜʝʥʪʠʬʽʢʘʮʽʷ ʧʦ ʟʦʙʨʘʞʝʥʥʶ ʜʦʢʫʤʝʥʪʽʚ ʻ ʟʘʜʘʯʝʶ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ, ʷʢʝ 

ʟʘʟʚʠʯʘʡ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʦʩʥʦʚʥʠʭ ʯʘʩʪʠʥ: ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʟʦʙʨʘʞʝʥʥʷ, ʩʝʛʤʝʥʪʘʮʽʷ ʟʦʙʨʘʞʝʥʥʷ ʪʘ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʤʚʦʣʽʚ. ʇʨʠʢʣʘʜʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʻ: ʘʢʪʫʘʣʽʟʘʮʽʷ ʜʘʥʠʭ ʚ ʇʨʠʚʘʪ ʙʘʥʢʫ, 

ʩʪʫʜʝʥʪʩʴʢʘ ʧʽʜʧʠʩʢʘ ʥʘ ʖʪʫʙ ʘ ʪʘʢʦʞ ʽʜʝʥʪʠʬʽʢʘʮʽʷ ʥʘ ʙʽʨʞʽ ɹʽʥʘʥʩ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʽʩʥʫʻ ʙʘʛʘʪʦ ʥʶʘʥʩʽʚ, ʷʢʽ ʻ ʜʦʩʽ ʫ ʧʨʦʮʝʩʽ 

ʫʜʦʩʢʦʥʘʣʝʥʥʷ. ʇʨʠʢʣʘʜʦʤ ʤʦʞʝ ʙʫʪʠ ʟʯʠʪʫʚʘʥʥʷ ʟʘʰʫʤʣʝʥʦʛʦ ʪʝʢʩʪʫ ʟ ʟʦʙʨʘʞʝʥʥʷ. ʈʝʟʫʣʴʪʘʪʦʤ 

ʩʪʘʪʠʩʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʷʚʣʝʥʦ, ʱʦ ʣʶʜʠʥʘ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʧʦʰʫʢʫ ʚʪʨʫʯʘʥʥʷ ʫ ʟʦʙʨʘʞʝʥʥʷ, ʣʶʜʠʥʘ 

ʟʥʘʭʦʜʠʪʴ ʾʭ ʫ 53% ʚʠʧʘʜʢʽʚ, ʫ ʪʦʡ ʯʘʩ ʷʢ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʧʨʘʚʠʣʴʥʦ ʨʦʟʧʽʟʥʘʶʪʴ ʙʣʠʟʴʢʦ 99% ʽʥʬʦʨʤʘʮʽʾ ʟ 

ʟʦʙʨʘʞʝʥʴ [10]. 

ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʥʶʘʥʩʽʚ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʤʦʞʝ ʩʪʘʪʠ ʚʘʞʣʠʚʦʶ ʷʢ ʜʣʷ ʙʽʟʥʝʩʫ ʪʘʢ ʽ ʜʣʷ ʜʝʨʞʘʚʠ. 

ʅʘʧʨʠʢʣʘʜ, ʮʝ ʤʦʞʝ ʜʦʟʚʦʣʠʪʠ ʣʶʜʠʥʽ ʣʝʛʰʝ ʪʘ ʰʚʠʜʰʝ ʦʪʨʠʤʫʚʘʪʠ ʧʝʚʥʽ ʧʝʨʝʚʘʛʠ, ʷʢʽ ʥʘʜʘʶʪʴ ʦʥʣʘʡʥ 

ʩʝʨʚʽʩʠ ʽʜʝʥʪʠʬʽʢʦʚʘʥʠʤ ʢʦʨʠʩʪʫʚʘʯʘʤ. ɸ ʜʣʷ ʙʽʟʥʝʩʫ ʮʝ ʻ ʙʽʣʴʰʠʡ ʩʪʫʧʽʥʴ ʟʘʭʠʩʪʫ ʽʥʪʝʨʝʩʽʚ ʷʢ ʚʣʘʩʥʠʭ ʪʘʢ 

ʽ ʢʦʨʠʩʪʫʚʘʯʘ [3, 11]. ʉʬʝʨʘ ʙʽʟʥʝʩʫ ʧʦʪʨʝʙʫʻ ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʜʣʷ ʘʚʪʦʤʘʪʠʟʘʮʽʾ 
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ʧʨʦʮʝʩʽʚ, ʧʦʢʨʘʱʝʥʥʷ ʧʨʦʜʘʞ, ʟʙʽʣʴʰʝʥʥʷ ʧʨʠʚʘʙʣʠʚʦʩʪʽ ʪʘ ʟʤʝʥʰʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʪʫ. ʉʫʯʘʩʥʽ 

ʤʦʙʽʣʴʥʽ ʧʝʨʩʦʥʘʣʴʥʽ ʧʨʠʩʪʨʦʾ ʥʘʜʘʶʪʴ ʟʤʦʛʫ ʦʬʦʨʤʠʪʠ ʩʪʨʘʭʫʚʘʥʥʷ ʯʠ ʽʥʰʫ ʥʝʦʙʭʽʜʥʫ ʧʦʩʣʫʛʫ ʥʝʟʘʣʝʞʥʦ 

ʚʽʜ ʤʽʩʮʷ ʪʘ ʯʘʩʫ. ɸ ʘʚʪʦʤʘʪʠʟʘʮʽʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʧʦʟʚʦʣʷʻ ʟʘʜʦʚʽʣʴʥʠʪʠ ʧʦʪʨʝʙʫ ʢʦʨʠʩʪʫʚʘʯʘ ʚ ʟ 

ʥʘʡʤʝʥʰʠʤʠ ʟʘʪʨʘʪʘʤʠ ʯʘʩʫ ʪʘ ʣʶʜʩʴʢʠʭ ʨʝʩʫʨʩʽʚ. 

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ɿ ʨʦʟʚʠʪʢʦʤ ʪʝʭʥʦʣʦʛʽʡ ʚʠʥʠʢʘʻ ʚʩʝ ʙʽʣʴʰʘ ʧʦʪʨʝʙʘ ʫ ʰʚʠʜʢʽʡ ʪʘ ʷʢʽʩʥʽʡ ʘʚʪʦʤʘʪʠʯʥʽʡ ʦʙʨʦʙʮʽ ʜʘʥʠʭ. 

ɼʣʷ ʨʦʙʦʪʠ ʟ ʪʘʙʣʠʮʷʤʠ, ʪʝʢʩʪʦʚʠʤʠ ʘʙʦ ʯʠʩʣʦʚʠʤʠ ʬʘʡʣʘʤʠ ʩʪʚʦʨʝʥʦ ʙʝʟʣʽʯ ʩʠʩʪʝʤ ʦʧʨʘʮʶʚʘʥʥʷ, 

ʧʝʨʝʚʽʨʢʠ, ʨʝʜʘʛʫʚʘʥʥʷ ʪʘ ʾʭ ʘʚʪʦʤʘʪʠʯʥʦʾ ʛʝʥʝʨʘʮʽʾ ʟ ʤʽʥʽʤʘʣʴʥʠʤ ʚʪʨʫʯʘʥʥʷʤ ʣʶʜʠʥʠ. ɿ ʪʘʢʠʤ ʪʠʧʦʤ 

ʜʘʥʠʭ ʢʦʤʧôʶʪʝʨʥʽ ʩʠʩʪʝʤʠ ʩʧʨʘʚʣʷʶʪʴʩʷ ʙʝʟ ʧʨʦʙʣʝʤ ʪʘ ʟʥʘʯʥʦ ʰʚʠʜʰʝ ʪʘ ʝʬʝʢʪʠʚʥʽʰʝ ʟʘ ʣʶʜʠʥʫ. ɿʦʚʩʽʤ 

ʧʦ ʽʥʰʦʤʫ ʩʢʣʘʣʘʩʴ ʩʠʪʫʘʮʽʷ ʟ ʦʙʨʦʙʢʦʶ ʬʦʪʦ ʪʘ ʚʽʜʝʦ. ɯʩʥʫʻ ʙʝʟʣʽʯ ʢʥʠʛ, ʘʨʭʽʚʽʚ, ʯʝʢʽʚ ʪʘ ʟʚʽʪʽʚ ʫ 

ʧʘʧʝʨʦʚʦʤʫ ʚʠʛʣʷʜʽ, ʷʢʽ ʥʝʦʙʭʽʜʥʦ ʦʮʠʬʨʫʚʘʪʠ, ʘʙʦ ʚʽʜʝʦʬʘʡʣʠ ʟ ʢʘʤʝʨ ʜʦʨʦʞʥʴʦʛʦ ʨʫʭʫ, ʥʘ ʷʢʠʭ ʥʝʦʙʭʽʜʥʦ 

ʚʠʷʚʠʪʠ ʪʘ ʟʯʠʪʘʪʠ ʥʦʤʝʨʠ ʤʘʰʠʥ. ʎʽ ʚʩʽ ʧʨʦʙʣʝʤʠ ʚʽʜʥʦʩʷʪʴʩʷ ʜʦ ʦʜʥʽʻʾ ʢʘʪʝʛʦʨʽʾ ï ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ. ɸ 

ʧʦʰʫʢ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʝʢʩʪʫ, ʥʦʤʝʨʽʚ ʤʘʰʠʥ ï ʜʦ ʦʧʪʠʯʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʤʚʦʣʽʚ. 

ʄʠ ʨʦʟʛʣʷʥʝʤʦ ʧʨʦʙʣʝʤʫ ʟʯʠʪʫʚʘʥʥʷ ʪʝʢʩʪʫ ʟ ʬʦʪʦʛʨʘʬʽʡ ʜʦʢʫʤʝʥʪʽʚ ʟ ʬʽʢʩʦʚʘʥʦʶ ʩʪʨʫʢʪʫʨʦʶ: 

ʧʘʩʧʦʨʪ, ʚʦʜʽʡʩʴʢʝ ʧʦʩʚʽʜʯʝʥʥʷ, ʩʪʫʜʝʥʪʩʴʢʠʡ ʢʚʠʪʦʢ. ʋ ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʥʢʘʭ, ʟʯʠʪʫʚʘʥʥʷ ʪʝʢʩʪʫ ʟ 

ʟʦʙʨʘʞʝʥʴ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʨʦʟʤʠʪʽʩʪʶ ʪʝʢʩʪʫ, ʩʢʣʘʜʥʠʤ ʪʘ ʥʝʦʜʥʦʨʽʜʥʠʤ ʬʦʥʦʤ, ʚʠʢʨʠʚʣʝʥʥʷʤ 

ʧʝʨʩʧʝʢʪʠʚʠ. ʉʘʤʝ ʪʦʤʫ ʫ ʙʽʣʴʰʦʩʪʽ ʚʪʽʣʝʥʴ ʩʠʩʪʝʤʘ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʜʝʢʽʣʴʢʘ ʤʦʜʫʣʽʚ, ʧʝʨʰʠʡ ï ʮʝ 

ʧʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ, ʥʘʩʪʫʧʥʠʡ ʮʝ ʚʠʜʽʣʝʥʥʷ ʦʙʣʘʩʪʽ ʜʝ ʟʥʘʭʦʜʠʪʴʩʷ ʪʝʢʩʪ ʽ ʦʩʪʘʥʥʽʡ ʮʝ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʘʤʦʛʦ 

ʪʝʢʩʪʫ [1ï4]. ʊʘʢʦʞ ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʜʘʥʘ ʧʨʦʙʣʝʤʘ ʻ ʟʥʘʯʥʦ ʩʢʣʘʜʥʽʰʦʶ ʯʠʤ ʥʘʧʨʠʢʣʘʜ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʥʦʤʝʨʥʠʭ ʟʥʘʢʽʚ, ʜʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʦʜʥʦʪʠʧʥʽ ʢʘʤʝʨʠ ʟ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ ʪʘ ʩʪʘʪʠʯʥʠʤ 

ʬʦʥʦʤ [9]. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʟʥʽʤʦʢ ʤʦʞʝ ʙʫʪʠ ʟʨʦʙʣʝʥʠʡ ʟ ʙʝʟʣʽʯʽ ʤʦʜʝʣʝʡ ʪʝʣʝʬʦʥʽʚ, ʟ ʨʽʟʥʠʭ ʨʘʢʫʨʩʽʚ, 

ʦʩʚʽʪʣʝʥʦʩʪʽ ʪʘ ʽʥ. [3]. 

ʈʦʟʛʣʷʥʝʤʦ ʧʝʨʰʠʡ ʝʪʘʧ ï ʧʦʧʝʨʝʜʥʶ ʦʙʨʦʙʢʫ, ʷʢʘ ʧʦʣʷʛʘʻ ʫ ʟʤʝʥʰʝʥʥʽ ʢʽʣʴʢʦʩʪʽ ʰʫʤʽʚ, 

ʚʠʨʽʚʥʶʚʘʥʥʷ ʢʦʥʪʨʘʩʪʫ, ʷʩʢʨʘʚʦʩʪʽ, ʽʥʦʜʽ ʧʨʠʚʝʜʝʥʥʷ ʜʦ ʚʽʜʪʽʥʢʽʚ ʩʽʨʦʛʦ, ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʰʚʠʜʢʦʜʽʾ 

ʥʘʩʪʫʧʥʠʭ ʢʨʦʢʽʚ ʘʣʛʦʨʠʪʤʫ [1, 3]. ɼʝʷʢʽ ʧʽʜʭʦʜʠ ʧʝʨʝʜʙʘʯʘʶʪʴ ʧʨʠʚʝʜʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʜʦ ʙʽʥʘʨʥʦʛʦ 

ʚʠʛʣʷʜʫ, ʥʘʧʨʠʢʣʘʜ ʟʘ ʜʦʧʦʤʦʛʦʶ ʘʣʛʦʨʠʪʤʫ OSTU [1], ʚʠʭʽʜʥʝ ʟʦʙʨʘʞʝʥʥʷ ʤʽʩʪʠʪʴ ʜʚʘ ʢʣʘʩʠ ʧʽʢʩʝʣʽʚ, 

ʥʘʩʪʫʧʥʦʾ ʙʽ-ʤʦʜʘʣʴʥʦʾ ʛʽʩʪʦʛʨʘʤʠ: ʧʽʢʩʝʣʽ ʧʝʨʝʜʥʴʦʛʦ ʧʣʘʥʫ ʽ ʧʽʢʩʝʣʽ ʪʣʘ, ʧʦʪʽʤ ʦʙʯʠʩʣʶʻʪʴʩʷ ʦʧʪʠʤʘʣʴʥʠʡ 

ʧʦʨʽʛ, ʱʦ ʨʦʟʜʽʣʷʻ ʜʚʘ ʮʽ ʢʣʘʩʠ. ɼʣʷ ʟʤʝʥʰʝʥʥʷ ʰʫʤʫ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʬʽʣʴʪʨ ɻʘʫʩʘ ʟ ʤʘʣʠʤ (3, 5) ʨʦʟʤʽʨʦʤ 

ʷʜʨʘ [3]. ɼʣʷ ʱʝ ʙʽʣʴʰ ʯʽʪʢʦʛʦ ʚʠʜʽʣʝʥʥʷ ʪʝʢʩʪʫ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʦʧʝʨʘʪʦʨ ʉʦʙʝʣʷ ʫ 

ʚʝʨʪʠʢʘʣʴʥʦʤʫ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʦʤʫ ʥʘʧʨʷʤʢʘʭ, ʷʢʠʡ ʜʘʻ ʟʤʦʛʫ ʚʠʜʽʣʠʪʠ ʛʨʘʥʠʮʽ, ʢʦʥʪʫʨʠ. ɺ ʜʝʷʢʠʭ 

ʨʽʰʝʥʥʷʭ ʟʘʤʽʩʪʴ ʦʧʝʨʘʪʦʨʘ ʉʦʙʝʣʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʣʛʦʨʠʪʤ ʂʝʥʥʽ. ʆʩʢʽʣʴʢʠ ʩʘʤ ʜʦʢʫʤʝʥʪ ʤʦʞʝ ʷʚʣʷʪʠ ʥʝ 

100% ʧʣʦʱʽ ʟʦʙʨʘʞʝʥʥʷ, ʚʠʢʦʥʫʶʪʴ ʧʦʰʫʢ ʛʨʘʥʠʮʴ, ʜʘʣʽ ʧʦʰʫʢ ʢʫʪʽʚ ʧʨʷʤʦʢʫʪʥʠʢʘ, ʷʢʠʡ ʦʧʠʩʫʻ ʩʘʤ 

ʜʦʢʫʤʝʥʪ ʘ ʜʘʣʽ ʚʽʜʢʠʜʘʶʪʴ ʚʝʩʴ ʥʝʧʦʪʨʽʙʥʠʡ ʬʦʥ ʪʘ ʧʨʦʚʦʜʷʪʴ ʚʠʨʽʚʥʶʚʘʥʥʷ ʧʝʨʩʧʝʢʪʠʚʠ [4]. 

ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʥʘʰʦʛʦ ʧʽʜʭʦʜʫ ï ʤʠ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʦʢʨʝʤʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ ʜʣʷ ʧʦʰʫʢʫ ʪʘ ʜʣʷ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʝʢʩʪʫ. ʆʪʞʝ ʧʽʩʣʷ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʥʷ ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʩʘʤ ʪʝʢʩʪ. ɼʦ 

ʰʠʨʦʢʦʛʦ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʚʠʩʭʽʜʥʽ ʧʽʜʭʦʜʠ: MSER, SWT [4]. ɼʘʣʽ 

ʥʘʙʫʣʠ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʤʦʜʝʣʽ ʧʦʰʫʢʫ ʦʙôʻʢʪʽʚ ʘʙʦ ʩʝʛʤʝʥʪʘʮʽʾ: SSD, R-CNN, FCN [5]. ɼʣʷ ʧʦʰʫʢʫ ʪʝʢʩʪʫ 

ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʤʠ ʨʦʟʛʣʷʥʫʣʠ 2 ʥʦʚʽʪʥʽ ʧʽʜʭʦʜʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ. ʇʝʨʰʠʡ ï ʮʝ ʧʦʰʫʢ 

ʮʽʣʦʛʦ ʩʣʦʚʘ, ʧʨʦʪʝ ʜʘʥʽ ʧʽʜʭʦʜʠ ʧʦʢʘʟʫʶʪʴ ʟʥʘʯʥʝ ʟʥʠʞʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫ ʩʢʣʘʜʥʠʭ ʩʠʪʫʘʮʽʷʭ: ʪʝʢʩʪ 

ʚʠʢʨʠʚʣʝʥʠʡ, ʩʧʦʪʚʦʨʝʥʠʡ, ʟʘʰʫʤʣʝʥʠʡ ʘʙʦ ʥʘʜʟʚʠʯʘʡʥʦ ʜʦʚʛʠʡ ʽ ʦʙôʻʜʥʘʪʠ ʪʝʢʩʪ ʚ 1 ʦʙʤʝʞʫʚʘʣʴʥʫ 

ʢʦʨʦʙʢʫ ʩʪʘʻ ʩʢʣʘʜʥʦ [5]. ʅʘ ʧʨʦʪʠʚʘʛʫ, ʽʩʥʫʻ ʧʽʜʭʽʜ ʟ ʧʦʰʫʢʦʤ ʦʢʨʝʤʠʭ ʣʽʪʝʨ, ʷʢʠʡ ʾʭ ʧʦʪʽʤ ʦʙôʻʜʥʫʻ ʚ 

ʩʣʦʚʘ ʪʘ ʨʝʯʝʥʥʷ. ʇʦʰʫʢ ʧʦ ʦʢʨʝʤʠʭ ʣʽʪʝʨʘʭ ʫʩʫʚʘʻ ʩʢʣʘʜʥʦʩʪʽ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʧʦʰʫʢʫ ʟʨʘʟʫ ʮʽʣʦʛʦ 

ʩʣʦʚʘ, ʩʘʤʝ ʪʦʤʫ ʮʝʡ ʧʽʜʭʽʜ ʤʠ ʽ ʦʙʨʘʣʠ. ɸʣʛʦʨʠʪʤ CRAFT ï Character Region Awareness for Text Detection 

(ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʨʝʛʽʦʥʫ ʩʠʤʚʦʣʽʚ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʪʝʢʩʪʫ) ʧʦʣʷʛʘʻ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 

ʷʢʘ ʛʝʥʝʨʫʻ ʦʮʽʥʢʫ ʨʝʛʽʦʥʽʚ ʩʠʤʚʦʣʽʚ ʪʘ ʦʮʽʥʢʫ ʩʧʦʨʽʜʥʝʥʦʩʪʽ (Affinity  score). ʆʮʽʥʢʘ ʨʝʛʽʦʥʽʚ ʧʦʟʚʦʣʷʻ 

ʣʦʢʘʣʽʟʫʚʘʪʠ ʦʢʨʝʤʽ ʩʠʤʚʦʣʠ ʥʘ ʟʦʙʨʘʞʝʥʽ, ʘ ʦʮʽʥʢʘ ʩʧʦʨʽʜʥʝʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʦʙôʻʜʥʘʥʥʷ 

ʩʠʤʚʦʣʽʚ ʫ ʛʨʫʧʠ, ʷʢʽ ʚ ʧʦʜʘʣʴʰʦʤʫ ʦʙôʻʜʥʫʶʪʴʩʷ ʚ ʨʷʜʢʠ ʪʘ ʩʪʦʚʙʮʽ, ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʦʙʨʦʙʢʠ [5]. 

ʆʪʨʠʤʘʥʽ ʦʙʣʘʩʪʽ ʟ ʪʝʢʩʪʦʤ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʧʨʷʤʦʢʫʪʥʠʢʠ ʧʽʢʩʝʣʽʚ, ʷʢʽ ʻ ʜʦʩʽ ʥʝʟʨʦʟʫʤʽʣʠʤʠ ʜʣʷ 

ʙʽʣʴʰʦʩʪʽ ʢʦʤʧôʶʪʝʨʥʠʭ ʩʠʩʪʝʤ. ɰʭ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʪʚʦʨʠʪʠ ʫ ʪʝʢʩʪ. ʇʨʠ ʨʦʙʦʪʽ ʟ ʥʝʡʨʦʥʥʠʤʠ ʤʝʨʝʞʘʤʠ ʤʠ 

ʟʘʟʚʠʯʘʡ ʧʨʝʜʩʪʘʚʣʷʻʤʦ ʜʘʥʽ ʫ ʚʠʛʣʷʜʽ ʚʝʢʪʦʨʽʚ. ɯ ʚʠʭʽʜʥʽ ʜʘʥʽ ʫ ʥʘʰʽʡ ʟʘʜʘʯʽ ʷʚʣʷʶʪʴ ʩʦʙʦʶ ʥʘʙʽʨ ʩʠʤʚʦʣʽʚ, 

ʷʢʽ ʩʢʣʘʜʘʶʪʴʩʷ ʚ ʩʣʦʚʘ. ʆʪʞʝ, ʤʠ ʤʘʻʤʦ ʩʧʨʘʚʫ ʧʝʨʝʪʚʦʨʝʥʥʷʤ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʽʢʩʝʣʽʚ ʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ 

ʩʠʤʚʦʣʽʚ (sequence to sequence). ʊʦʙʪʦ ʤʠ ʟ ʦʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʥʘ ʚʭʦʜʽ, ʧʦʚʠʥʥʽ ʦʪʨʠʤʘʪʠ ʜʝʢʽʣʴʢʘ 

ʧʦʩʣʽʜʦʚʥʠʭ ʧʝʨʝʜʙʘʯʝʥʴ. ɼʦʚʞʠʥʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʣʦʚʘ, ʥʘʧʨʠʢʣʘʜ ʚ ʘʥʛʣʽʡʩʴʢʽʡ ʤʦʚʽ ʚʽʜ ʜʚʦʭ ʣʽʪʝʨ (ok) ʜʦ 

ʧôʷʪʥʘʜʮʷʪʠ (congratulations) ʽ ʙʽʣʴʰʝ. ʏʝʨʝʟ ʪʘʢʫ ʚʘʨʽʘʪʠʚʥʽʩʪʴ, ʟʚʠʯʘʡʥʽ ʛʣʠʙʦʢʽ ʟʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʽ ʤʝʨʝʞʽ 

(DCNN) ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʥʘʧʨʷʤʫ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʦʟʚôʷʟʘʥʥʷ ʪʘʢʠʭ ʟʘʜʘʯ [6]. ɼʣʷ ʨʦʙʦʪʠ ʟ 

ʧʦʩʣʽʜʦʚʥʦʩʪʷʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʝʢʫʨʝʥʪʥʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ (RNN), ʷʢʽ ʥʝ ʚʠʤʘʛʘʶʪʴ ʯʽʪʢʦʾ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʤʽʞ ʚʭʽʜʥʠʤʠ ʪʘ ʚʠʭʽʜʥʠʤʠ ʜʘʥʠʤʠ [6]. ɿ ʮʴʦʛʦ ʚʠʧʣʠʚʘʻ, ʱʦ ʤʠ ʤʦʞʝʤʦ ʧʦʻʜʥʘʪʠ ʧʝʨʝʚʘʛʠ ʢʦʞʥʦʛʦ ʟ 

ʧʽʜʭʦʜʽʚ, ʚʠʢʦʨʠʩʪʘʚʰʠ ʝʣʝʤʝʥʪʠ ʛʣʠʙʦʢʦʾ ʟʛʦʨʪʢʦʚʦʾ ʪʘ ʨʝʢʫʨʝʥʪʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ (CRNN). ʇʝʨʝʚʘʛʘʤʠ 

ʜʘʥʦʛʦ ʧʽʜʭʦʜʫ ʻ: ʤʦʞʣʠʚʽʩʪʴ ʥʘ ʧʨʷʤʫ ʦʪʨʠʤʫʚʘʪʠ ʪʘ ʥʘʚʯʘʪʠʩʴ ʽʥʬʦʨʤʘʪʠʚʥʠʭ ʦʟʥʘʢ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʟ 

ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʟʘʚʜʷʢʠ DCNN ʥʘ ʚʭʦʜʽ, ʤʘʻ ʪʘʢʫ ʞ ʚʣʘʩʪʠʚʽʩʪʴ, ʷʢ ʽ RNN, ʟʜʘʪʥʽ ʩʪʚʦʨʶʚʘʪʠ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʧʝʨʝʜʙʘʯʝʥʴ, ʚʽʜʩʫʪʥʽʩʪʴ ʦʙʤʝʞʝʥʥʷ ʧʦ ʜʦʚʞʠʥʽ ʧʦʩʣʽʜʦʚʥʠʭ ʦʙôʻʢʪʽʚ, ʚʠʤʘʛʘʶʯʠ ʣʠʰʝ 
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ʥʦʨʤʘʣʽʟʘʮʽʾ ʧʦ ʚʠʩʦʪʽ ʷʢ ʧʨʠ ʪʨʝʥʫʚʘʥʥʽ, ʪʘʢ ʽ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ, ʘ ʪʘʢʦʞ ʤʽʩʪʠʪʴ ʤʝʥʰʫ ʢʽʣʴʢʽʩʪʴ 

ʧʘʨʘʤʝʪʨʽʚ ʤʝʨʝʞʽ, ʪʘ ʚʽʜʧʦʚʽʜʥʦ ʤʝʥʰʠʡ ʯʘʩ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʯʠʤ ʟʚʠʯʘʡʥʽ ʛʣʠʙʦʢʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ [6]. 

ʇʽʩʣʷ ʦʪʨʠʤʘʥʥʷ ʪʝʢʩʪʦʚʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʪʦʛʦ, ʱʦ ʟʦʙʨʘʞʝʥʦ ʥʘ ʬʦʪʦʛʨʘʬʽʾ, ʥʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ 

ʥʝʦʙʭʽʜʥʽ ʜʘʥʽ. ʋ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʮʝ ʧʦʣʷ ʟ ʽʤôʷʤ, ʧʨʽʟʚʠʱʝʤ ʪʘ ʽʥ. ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʩʪʨʫʢʪʫʨʫ ʜʦʢʫʤʝʥʪʽʚ, 

ʟ ʷʢʠʤʠ ʥʝʦʙʭʽʜʥʦ ʧʨʘʮʶʚʘʪʠ, ʤʦʞʥʘ ʧʨʠʡʪʠ ʜʦ ʚʠʩʥʦʚʢʫ, ʱʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʜʘʥʠʭ ʥʘʛʘʜʫʻ ʪʘʙʣʠʮʶ. 

ʅʘʡʩʫʯʘʩʥʽʰʠʤ ʧʽʜʭʦʜʦʤ ʻ CascadeTabNet, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʢʽʥʮʝʚʦʾ ʪʘʙʣʠʮʽ ʪʘ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʪʨʫʢʪʫʨʠ ʟ ʜʦʢʫʤʝʥʪʽʚ ʥʘ ʦʩʥʦʚʽ ʟʦʙʨʘʞʝʥʴ. ɺʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʧʨʠ ʦʮʠʬʨʦʚʫʚʘʥʥʽ 

ʬʦʪʦʛʨʘʬʽʡ ʪʘʙʣʠʮʴ ʪʘ ʧʝʚʥʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʚ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤʫ ï ʢʘʩʢʘʜʥʘ ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ. ɼʘʥʠʡ ʧʽʜʭʽʜ ʻ 

ʥʘʜʟʚʠʯʘʡʥʦ ʝʬʝʢʪʠʚʥʠʤ [7], ʦʩʦʙʣʠʚʦ ʜʣʷ ʚʝʣʠʢʠʭ ʥʘʙʦʨʘʭ ʜʘʥʠʭ. ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʨʽʰʝʥʥʷ ʜʘʥʦʾ 

ʧʨʦʙʣʝʤʠ, ʤʠ ʤʦʞʝʤʦ ʟʥʘʯʥʦ ʩʧʨʦʩʪʠʪʠ ʩʪʨʫʢʪʫʨʫ ʘʣʛʦʨʠʪʤʫ ʧʦʰʫʢʫ ʜʦ ʜʚʦʭ ʝʪʘʧʽʚ: ʧʦʰʫʢʫ ʢʣʶʯʦʚʠʭ 

ʩʣʽʚ, ʟʘʚʜʷʢʠ ʧʦʨʽʚʥʷʥʥʶ ʚʽʜʩʪʘʥʽ ʃʝʚʝʥʰʪʝʡʥʘ [8]. ɸ ʪʘʢʦʞ, ʤʘʶʯʠ ʢʦʦʨʜʠʥʘʪʠ ʢʣʶʯʦʚʦʛʦ ʩʣʦʚʘ ï ʤʦʞʥʘ 

ʟʜʽʡʩʥʠʪʠ ʧʦʰʫʢ ʚʽʜʧʦʚʽʜʥʦʛʦ ʟʥʘʯʝʥʥʷ ʫ 2-ʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ, ʟʥʘʶʯʠ ʧʨʦ ʨʦʟʪʘʰʫʚʘʥʥʷ ʰʫʢʘʥʦʛʦ ʩʣʦʚʘ 

ʚʽʜʥʦʩʥʦ ʢʣʶʯʦʚʦʛʦ [2]. 

ʆʪʞʝ, ʧʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʪʘ ʦʙʨʘʚʰʠ ʥʘʡʙʽʣʴʰ ʚʽʜʧʦʚʽʜʥʽ ʽʩʥʫʶʯʽ ʨʽʰʝʥʥʷ, ʚʠʟʥʘʯʝʥʦ ʤʝʪʫ ʨʦʙʦʪʠ ï 

ʧʦʙʫʜʫʚʘʪʠ ʩʠʩʪʝʤʫ ʦʧʪʠʯʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʤʚʦʣʽʚ ʟ ʬʦʪʦʛʨʘʬʽʡ ʜʦʢʫʤʝʥʪʽʚ. ʂʣʶʯʦʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʪʘʢʦʾ ʪʝʭʥʦʣʦʛʽʾ ʧʦʚʠʥʥʽ ʙʫʪʠ: ʤʦʜʫʣʴ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ, ʤʦʜʫʣʴ ʧʦʰʫʢʫ ʪʝʢʩʪʫ, ʤʦʜʫʣʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʪʝʢʩʪʫ, ʤʦʜʫʣʴ ʧʦʰʫʢʫ ʢʣʶʯʦʚʠʭ ʩʣʽʚ, ʤʦʜʫʣʴ ʧʦʰʫʢʫ ʥʝʦʙʭʽʜʥʠʭ ʩʣʽʚ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɿ ʦʧʨʘʮʴʦʚʘʥʠʭ ʜʞʝʨʝʣ ʤʠ ʤʦʞʝʤʦ ʚʠʜʽʣʠʪʠ ʢʣʶʯʦʚʽ ʙʣʦʢʠ, ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʥʘʰʦʛʦ 

ʘʣʛʦʨʠʪʤʫ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʝʢʩʪʫ ʟ ʬʦʪʦʛʨʘʬʽʡ ʜʦʢʫʤʝʥʪʽʚ. ɼʣʷ ʙʽʣʴʰʦʾ ʛʥʫʯʢʦʩʪʽ ʪʘ ʩʧʨʦʱʝʥʥʷ ʨʝʘʣʽʟʘʮʽʾ 

ʧʦʢʨʘʱʝʥʴ ʢʦʞʝʥ ʙʣʦʢ ʻ ʥʝʟʘʣʝʞʥʠʤ, ʽ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ ʡʦʛʦ ʤʦʞʥʘ ʧʦʢʨʘʱʠʪʠ ʘʙʦ ʟʘʤʽʥʠʪʠ ʥʘ ʙʽʣʴʰ 

ʝʬʝʢʪʠʚʥʫ ʘʙʦ ʥʦʚʫ ʨʝʘʣʽʟʘʮʽʶ ʢʦʥʢʨʝʪʥʦʾ ʧʽʜʟʘʜʘʯʽ. ʊʘʢʦʞ ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ, ʘʣʛʦʨʠʪʤ 

ʦʙʛʦʨʥʫʪʦ ʫ ʩʝʨʚʝʨ ʟ ʢʽʣʴʢʦʤʘ ʪʦʯʢʘʤʠ ʜʦʩʪʫʧʫ, ʷʢʠʡ ʤʦʞʥʘ ʨʦʟʛʦʨʥʫʪʠ ʥʘ ʦʢʨʝʤʽʡ ʨʦʙʦʯʽʡ ʩʪʘʥʮʽʾ ʪʘ ʟʘ 

ʥʝʦʙʭʽʜʥʦʩʪʽ ʥʘʜʩʠʣʘʪʠ ʬʦʪʦʛʨʘʬʽʾ ʥʘ ʦʙʨʦʙʢʫ ʪʘ ʦʪʨʠʤʫʚʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ ʷʢ ʪʽʣʴʢʠ ʚʦʥʠ ʛʦʪʦʚʽ, ʘʙʦ 

ʟʘ ʟʘʧʠʪʦʤ, ʘ ʪʘʢʦʞ ʟʙʝʨʽʛʘʪʠ ʫʩʽ ʜʘʥʽ ʜʣʷ ʧʦʜʘʣʴʰʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʘʥʘʣʽʟʫ. 

ʆʪʞʝ ʤʠ ʦʪʨʠʤʫʻʤʦ ʪʘʢʫ ʘʨʭʽʪʝʢʪʫʨʫ: 

¶ ɯʥʽʮʽʘʣʽʟʘʮʽʷ ʪʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʦʜʝʣʝʡ ʫ ʧʘʤôʷʪʴ ʚʽʜʝʦʢʘʨʪʠ ʜʣʷ ʧʨʠʰʚʠʜʰʝʥʥʷ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʡ CUDA, cuDNN ʪʘ ʨʦʟʧʘʨʘʣʝʣʶʚʘʥʥʷ ʜʘʥʠʭ. ɺʠʢʣʠʢʘʻʪʴʩʷ ʦʜʠʥ ʨʘʟ, ʧʨʠ ʟʘʧʫʩʢʫ 

ʩʝʨʚʝʨʘ ʘʙʦ ʘʣʛʦʨʠʪʤʫ. 

¶ ʇʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʟʦʙʨʘʞʝʥʥʷ ï ʧʨʠʚʝʜʝʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʜʦ ʚʽʜʪʽʥʢʽʚ ʩʽʨʦʛʦ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʬʽʣʴʪʨʘ 

ɻʘʫʩʘ ʟ ʨʦʟʤʽʨʦʤ ʷʜʨʘ 3*3 ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʰʫʤʽʚ, ʪʘʢʦʞ ʻ ʤʦʞʣʠʚʽʩʪʴ ʟʤʽʥʶʚʘʪʠ ʨʦʟʤʽʨ ʟʦʙʨʘʞʝʥʥʷ ï 

ʟʤʝʥʰʠʪʠ ʜʣʷ ʧʨʠʰʚʠʜʰʝʥʥʷ ʨʦʙʦʪʠ, ʘʙʦ ʟʙʽʣʴʰʠʪʠ ï ʜʣʷ ʧʦʢʨʘʱʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ. 

¶ ʇʦʰʫʢ ʪʝʢʩʪʫ ʥʘ ʟʦʙʨʘʞʝʥʥʽ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʧʝʨʝʜʥʴʦ ʥʘʪʨʝʥʦʚʘʥʦʾ ʤʦʜʝʣʽ CRAFT, ʷʢʘ ʧʦʚʝʨʪʘʻ 

ʥʘʤ ʥʘʙʽʨ ʦʙʣʘʩʪʝʡ ʟ ʪʝʢʩʪʦʤ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴʩʷ ʢʦʦʨʜʠʥʘʪʘʤʠ ʪʦʯʦʢ ʧʨʷʤʦʢʫʪʥʠʢʘ, ʷʢʠʡ ʦʧʠʩʫʻ ʜʘʥʠʡ 

ʪʝʢʩʪ. ʇʨʠʢʣʘʜ ʨʦʙʦʪʠ ʧʦʰʫʢʫ ʟʦʙʨʘʞʝʥʦ ʥʘ ʈʠʩ. 1. 

¶ ʈʦʟʧʽʟʥʘʚʘʥʥʷ ʪʝʢʩʪʫ ʥʘ ʟʦʙʨʘʞʝʥʥʽ. ɼʘʥʠʡ ʤʦʜʫʣʴ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ ʦʢʨʝʤʠʭ ʤʦʜʫʣʽʚ: 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʘʥʛʣʽʡʩʴʢʠʭ ʣʽʪʝʨ ʪʘ ʩʠʤʚʦʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʧʝʨʝʜʥʴʦ ʥʘʪʨʝʥʦʚʘʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 

CRNN, ʷʢʘ ʫ ʩʚʦʶ ʯʝʨʛʫ ʧʨʝʜʩʪʘʚʣʷʻ ʘʨʭʽʪʝʢʪʫʨʫ VGG-BiLSTM-CTC ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʫʢʨʘʾʥʩʴʢʠʭ ʣʽʪʝʨ ʪʘ 

ʩʠʤʚʦʣʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʣʘʩʥʦʨʫʯ ʥʘʪʨʝʥʦʚʘʥʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ CRNN, ʷʢʘ ʫ ʩʚʦʶ ʯʝʨʛʫ ʧʨʝʜʩʪʘʚʣʷʻ 

ʘʨʭʽʪʝʢʪʫʨʫ ResNet-BiLSTM-CTC. ʇʨʠʢʣʘʜ ʨʦʙʦʪʠ ʟʦʙʨʘʞʝʥʦ ʥʘ ʈʠʩ. 1. 

 

 
ʈʠʩ. 1. ɽʣʝʤʝʥʪ ʜʦʢʫʤʝʥʪʫ. ʇʨʠʢʣʘʜ ʨʦʙʦʪʠ ʤʦʜʫʣʽʚ ʧʦʰʫʢʫ ʪʝʢʩʪʫ (ʯʝʨʚʦʥʽ ʨʘʤʢʠ) ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʝʢʩʪʫ (ʩʠʥʽʡ ʪʝʢʩʪ) 

 

¶ ɺʠʟʥʘʯʝʥʥʷ ʥʘʡʢʨʘʱʠʭ ʩʧʽʚʧʘʜʽʥʴ, ʧʦʰʫʢ ʢʣʶʯʦʚʠʭ ʩʣʽʚ ï ʤʘʶʯʠ ʥʘʙʽʨ ʢʣʶʯʦʚʠʭ ʩʣʽʚ, 

ʭʘʨʘʢʪʝʨʥʠʡ ʜʣʷ ʧʝʚʥʦʛʦ ʜʦʢʫʤʝʥʪʫ (ʥʘʧʨʠʢʣʘʜ óʦʨʛʘʥ, ʱʦ ʚʠʜʘʚô ï ʜʣʷ ʧʘʩʧʦʨʪʘ ʘʙʦ óʢʘʪʝʛʦʨʽʷô ï ʜʣʷ 

ʚʦʜʽʡʩʴʢʦʛʦ ʧʦʩʚʽʜʯʝʥʥʷ) ʤʠ ʤʦʞʝʤʦ ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʥʥʷ ʟ ʫʩʽʤʘ ʩʣʦʚʘʤʠ, ʷʢʽ ʨʦʟʧʽʟʥʘʣʠ ʥʝʡʨʦʥʽ ʤʝʨʝʞʽ ʥʘ 

ʧʦʧʝʨʝʜʥʴʦʤʫ ʢʨʦʮʽ. ɯ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʯʠʩʣʝʥʥʷ ʚʽʜʩʪʘʥʽ ʃʝʚʝʥʰʪʝʡʥʘ ʦʙʨʘʪʠ ʥʘʡʢʨʘʱʽ ʩʧʽʚʧʘʜʽʥʥʷ, ʷʢʽ ʽ 
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ʙʫʜʫʪʴ ʥʘʰʠʤʠ ʢʣʶʯʦʚʠʤʠ ʩʣʦʚʘʤʠ ʜʣʷ ʚʽʜʧʦʚʽʜʥʦʾ ʤʦʚʠ, ʦʩʢʽʣʴʢʠ 

ʚʦʥʠ ʜʫʙʣʶʶʪʴʩʷ ʦʙʦʤʘ ʤʦʚʘʤʠ (ʈʠʩ. 2). 

¶ ʇʦʰʫʢ ʚʽʜʧʦʚʽʜʥʠʭ ʜʦ ʢʣʶʯʦʚʠʭ ʩʣʽʚ ʜʘʥʠʭ ï ʤʘʶʯʠ 

ʢʦʦʨʜʠʥʘʪʠ ʢʣʶʯʦʚʠʭ ʩʣʽʚ, ʤʠ ʫ 2 ʚʠʤʽʨʥʦʤʫ ʧʨʦʩʪʦʨʽ ʤʦʞʝʤʦ 

ʧʨʦʚʝʩʪʠ ʧʦʰʫʢ ʚʽʜʧʦʚʽʜʥʠʭ ʜʘʥʠʭ (ʥʘʧʨʠʢʣʘʜ ʧʽʜ ʢʣʶʯʦʚʠʤ ʩʣʦʚʦʤ 

óʇʨʽʟʚʠʱʝô ʟʥʘʭʦʜʠʪʴʩʷ  ʧʨʽʟʚʠʱʝ ʚʣʘʩʥʠʢʘ ʜʦʢʫʤʝʥʪʫ, ʘʙʦ ʩʧʨʘʚʘ ʚʽʜ 

óʂʘʪʝʛʦʨʽʷô ʟʥʘʭʦʜʠʪʴʩʷ ʣʽʪʝʨʘ, ʷʢʘ ʧʦʟʥʘʯʘʻ ʢʘʪʝʛʦʨʽʶ ʚʦʜʽʷ 

ʪʨʘʥʩʧʦʨʪʥʦʛʦ ʟʘʩʦʙʫ). 

ɼʣʷ ʥʘʦʯʥʦʛʦ ʧʨʝʜʩʪʘʚʣʝʥʥʷ, ʫʩʽ ʦʩʥʦʚʥʽ ʢʦʤʧʦʥʝʥʪʠ ʟʦʙʨʘʞʝʥʦ ʜʽʘʛʨʘʤʽ ʜʽʷʣʴʥʦʩʪʽ (ʈʠʩ. 3). 

ʌʫʥʢʮʽʦʥʘʣʴʥʽ ʚʠʤʦʛʠ 

ʉʠʩʪʝʤʘ ʧʦʚʠʥʥʘ ʙʫʪʠ 

ʧʨʦʩʪʦʶ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ ʪʘ ʽʥʪʝʛʨʘʮʽʾ ʫ 

ʽʩʥʫʶʯʽ ʟʘʩʪʦʩʫʥʢʠ, ʘʙʦ ʧʨʠ 

ʨʦʟʛʦʨʪʘʥʥʽ ʥʘ ʦʢʨʝʤʽʡ ʤʘʰʠʥʽ. ɼʣʷ 

ʮʴʦʛʦ ʤʠ ʧʨʦʘʥʘʣʽʟʫʚʘʣʠ ʟʘʩʪʦʩʫʥʦʢ, 

ʪʘ ʚʠʦʢʨʝʤʠʣʠ ʦʩʥʦʚʥʽ ʝʣʝʤʝʥʪʠ, ʜʦ 

ʷʢʠʭ ʙʫʜʫʪʴ ʚʽʜʙʫʚʘʪʠʩʴ ʚʠʢʣʠʢʠ 

ʟʟʦʚʥʽ. ʎʝ ʽʥʽʮʽʘʣʽʟʘʮʽʷ ʩʠʩʪʝʤʠ ʪʘ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʦʜʝʣʝʡ ʫ ʧʘʤôʷʪʴ 

ʚʽʜʝʦʢʘʨʪʠ, ʟʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʦʙʨʦʙʢʘ 

ʟʦʙʨʘʞʝʥʴ ʪʘ ʦʪʨʠʤʘʥʥʷ ʛʦʪʦʚʠʭ 

ʨʝʟʫʣʴʪʘʪʽʚ. ʎʽ ʪʨʠ ʝʣʝʤʝʥʪʠ ʙʫʣʠ 

ʚʠʜʽʣʝʥʽ ʫ ʦʢʨʝʤʽ ʙʣʦʢʠ ʪʘ ʦʙʛʦʨʥʫʪʽ ʫ 

ʽʥʪʝʨʬʝʡʩʠ ʚʝʙ-ʩʝʨʚʝʨʫ ʥʘ ʦʩʥʦʚʽ 

FastAPI, ʷʢʘ ʜʘʻ ʟʤʦʛʫ ʨʦʟʛʦʨʥʫʪʠ ʪʘ 

ʟʘʧʫʩʪʠʪʠ ʣʝʛʢʠʡ ʪʘ ʛʥʫʯʢʠʡ ʩʝʨʚʝʨ.  

ʅʘʰ ʩʝʨʚʝʨ ʨʝʘʣʽʟʫʻ ʜʦʩʪʫʧ 

ʜʦ ʥʘʩʪʫʧʥʠʭ ʬʫʥʢʮʽʡ ʘʣʛʦʨʠʪʤʫ: 

Å ɯʥʽʮʽʘʣʽʟʘʮʽʷ ʪʘ 

ʟʘʚʘʥʪʘʞʝʥʥʷ ʤʦʜʝʣʝʡ ʚ ʧʘʤôʷʪʴ 

ʚʽʜʝʦʢʘʨʪʠ ï ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʟʘʧʠʪʫ, ʟ 

ʧʘʤôʷʪʽ ʢʦʤʧôʶʪʝʨʘ ʟʯʠʪʫʻʪʴʩʷ 

ʥʝʡʨʦʥʥʘ ʤʝʨʝʞʘ, ʫʩʽ ʥʝʦʙʭʽʜʥʽ 

ʘʣʛʦʨʠʪʤʠ ʟ ʙʽʙʣʽʦʪʝʢʠ cuDNN, 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʠʜʽʣʝʥʥʷ ʧʘʤôʷʪʽ 

ʚʽʜʝʦʢʘʨʪʠ ʪʘ ʪʫʜʠ ʟʘʚʘʥʪʘʞʫʶʪʴʩʷ ʫʩʽ 

ʥʝʦʙʭʽʜʥʽ ʜʣʷ ʨʦʙʦʪʠ ʜʘʥʽ. 

Å ʆʪʨʠʤʘʥʥʷ ʚʭʽʜʥʠʭ 

ʜʘʥʠʭ ï ʥʘʜʩʠʣʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʘʙʦ 

ʛʨʫʧʠ ʟʦʙʨʘʞʝʥʴ ʟ ʤʽʪʢʘʤʠ ʧʨʦ ʪʠʧ 

ʜʦʢʫʤʝʥʪʫ, ʷʢʽ ʙʫʜʫʪʴ ʘʚʪʦʤʘʪʠʯʥʦ 

ʦʧʨʘʮʴʦʚʘʥʽ ʪʘ ʟʙʝʨʝʞʝʥʽ ʥʘ ʩʝʨʚʝʨʽ. 

Å ɿʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ ʪʘ 

ʧʝʨʝʜʘʯʘ ï ʦʪʨʠʤʘʥʥʷ ʛʦʪʦʚʠʭ ʦʧʨʘʮʴʦʚʘʥʠʭ ʜʘʥʠʭ ʟ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ. 

ʆʩʢʽʣʴʢʠ ʩʠʩʪʝʤʘ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʷʢ ʢʦʤʧʦʥʝʥʪ ʜʣʷ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ï ʥʝʦʙʭʽʜʥʦʩʪʽ ʫ ʚʠʪʨʘʯʘʥʥʽ 

ʨʝʩʫʨʩʽʚ ʥʘ ʘʚʪʦʨʠʟʘʮʽʶ ʪʘ ʨʦʙʦʪʫ ʟʽ ʩʢʣʘʜʥʦʶ ʙʘʟʦʶ ʜʘʥʠʭ ʥʝʤʘʻ. ʏʝʨʝʟ ʚʽʜʩʫʪʥʽʩʪʴ ʘʚʪʦʨʠʟʘʮʽʾ ʥʝʦʙʭʽʜʥʦ 

ʨʦʟʛʦʨʪʘʪʠ ʩʝʨʚʝʨ ʣʠʰʝ ʫ ʟʘʭʠʱʝʥʽʡ ʚʽʨʪʫʘʣʴʥʽʡ ʧʨʠʚʘʪʥʽʡ ʤʝʨʝʞʽ (VPN). ɸ ʙʘʟʘ ʜʘʥʠʭ ʷʚʣʷʻ ʩʦʙʦʶ ʦʜʥʫ 

ʪʘʙʣʠʮʶ ʟ ʜʚʦʤʘ ʧʦʣʷʤʠ: ʥʘʟʚʘ ʚʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʨʝʟʫʣʴʪʘʪʠ ʦʙʨʦʙʢʠ ʜʘʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ. ɼʣʷ 

ʧʦʜʘʣʴʰʦʾ ʨʦʟʨʦʙʢʠ ʪʘ ʘʥʘʣʽʟʫ ʧʨʠʩʫʪʥʷ ʩʠʩʪʝʤʘ ʣʦʛʫʚʘʥʥʷ, ʷʢʘ ʟʘʧʠʩʫʻ ʫʩʽ ʧʦʜʽʾ ʫ ʩʠʩʪʝʤʽ, ʤʦʞʣʠʚʽ 

ʧʦʤʠʣʢʠ ʟ ʜʝʪʘʣʴʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʥʠʭ, ʘ ʪʘʢʦʞ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʢʨʦʢʫ ʘʣʛʦʨʠʪʤʫ ʪʘ ʟʘʜʽʷʥʽ ʨʝʩʫʨʩʠ 

ʧʨʦʮʝʩʦʨʘ, ʚʽʜʝʦʢʘʨʪʠ, ʦʧʝʨʘʪʠʚʥʦʾ ʧʘʤôʷʪʽ. ʇʨʠ ʤʘʡʙʫʪʥʽʭ ʧʦʢʨʘʱʝʥʥʷʭ, ʮʝ ʥʘʜʘʻ ʟʤʦʛʫ ʧʦʨʽʚʥʷʪʠ ʟʤʽʥʠ ʫ 

ʷʢʦʩʪʽ ʨʦʙʦʪʠ, ʩʪʘʙʽʣʴʥʦʩʪʽ ʪʘ ʰʚʠʜʢʦʜʽʾ ʪʘ ʘʢʮʝʥʪʫʚʘʪʠ ʧʦʜʘʣʴʰʫ ʨʦʟʨʦʙʢʫ ʥʘ ʥʘʡʙʽʣʴʰ ʢʨʠʪʠʯʥʠʭ ʜʣʷ 

ʙʽʟʥʝʩʫ ʝʣʝʤʝʥʪʘʭ. 

ʉʝʨʚʝʨʥʘ ʯʘʩʪʠʥʘ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʨʝʡʤʚʦʨʢʫ FastAPI, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʪʝʭʥʦʣʦʛʽʶ Uvicorn ï ʽʤʧʣʝʤʝʥʪʘʮʽʷ ʚʝʙ ʩʝʨʚʝʨʫ ʟ ʽʥʪʝʨʬʝʡʩʦʤ ʘʩʠʥʭʨʦʥʥʦʛʦ ʩʝʨʚʝʨʥʦʛʦ ʰʣʶʟʫ (ASGI) ʪʘ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Python. ɿʘʧʠʪʠ ʜʦ ʩʝʨʚʝʨʫ ʜʦʪʨʠʤʫʚʘʣʠʩʷ ʧʨʦʪʦʢʦʣʫ HTTPS ʪʘ ʙʫʣʠ 

ʦʬʦʨʤʣʝʥʽ ʟʛʽʜʥʦ ʟʽ ʩʪʘʥʜʘʨʪʦʤ REST. ɺʠʙʽʨ ʬʨʝʡʤʚʦʨʢʫ ʟʫʤʦʚʣʝʥʠʡ ʡʦʛʦ ʰʚʠʜʢʦʜʽʻʶ, ʤʽʥʽʤʘʣʴʥʠʤʠ 

ʟʘʪʨʘʪʘʤʠ ʯʘʩʫ ʥʘ ʽʥʪʝʛʨʘʮʽʶ, ʩʪʘʥʜʘʨʪʠʟʘʮʽʻʶ, ʷʢʘ ʯʽʪʢʦ ʜʦʪʨʠʤʫʻʪʴʩʷ ʩʧʝʮʠʬʽʢʘʮʽʡ ʧʦʙʫʜʦʚʠ ʚʝʙ-

ʽʥʪʝʨʬʝʡʩʽʚ [fastapi web site]. 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʩʠʩʪʝʤʘ ʧʽʜʪʨʠʤʫʻ ʪʨʠ ʪʠʧʠ ʚʭʽʜʥʠʭ ʜʦʢʫʤʝʥʪʽʚ: ʧʘʩʧʦʨʪ, ʚʦʜʽʡʩʴʢʝ ʧʦʩʚʽʜʯʝʥʥʷ 

ʪʘ ʩʪʫʜʝʥʪʩʴʢʠʡ ʢʚʠʪʦʢ. ʇʽʜ ʯʘʩ ʟʘʧʠʪʫ ʜʦ ʩʝʨʚʝʨʘ, ʨʘʟʦʤ ʟ ʟʦʙʨʘʞʝʥʥʷʤ ʥʝʦʙʭʽʜʥʦ ʧʝʨʝʜʘʪʠ ʢʣʶʯʦʚʝ ʩʣʦʚʦ 

ʟ ʥʘʟʚʦʶ ʜʦʢʫʤʝʥʪʫ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʚ ʮʴʦʤʫ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʢʦʞʝʥ ʜʦʢʫʤʝʥʪ ʤʘʻ ʨʽʟʥʫ ʩʪʨʫʢʪʫʨʫ ʪʘ 

ʢʣʶʯʦʚʽ ʩʣʦʚʘ. ɿʘʚʜʷʢʠ ʤʦʜʫʣʴʥʦʩʪʽ ʩʠʩʪʝʤʠ ʦʙʨʦʙʢʘ ʫʩʽʭ ʪʠʧʽʚ ʜʦʢʫʤʝʥʪʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʦʜʥʘʢʦʚʦ, ʢʨʽʤ 

 
ʈʠʩ. 2. ʇʨʠʢʣʘʜ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʜʩʪʘʥʽ 
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ʝʪʘʧʫ ʧʦʰʫʢʫ ʢʣʶʯʦʚʠʭ ʩʣʽʚ. ɿ ʮʴʦʛʦ ʚʠʧʣʠʚʘʻ ʧʨʦʩʪʦʪʘ ʨʦʟʰʠʨʝʥʥʷ ʩʠʩʪʝʤʠ ï ʥʘʤ ʥʝʦʙʭʽʜʥʦ ʣʠʰʝ 

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʩʪʨʫʢʪʫʨʫ ʥʦʚʦʛʦ ʜʦʢʫʤʝʥʪʫ ʪʘ ʚʥʝʩʪʠ ʟʤʽʥʠ ʣʠʰʝ ʚ ʦʜʠʥ ʤʦʜʫʣʴ, ʜʦʙʘʚʠʚʰʠ ʜʘʥʽ ʧʨʦ 

ʢʣʶʯʦʚʽ ʩʣʦʚʘ, ʚʽʜʧʦʚʽʜʥʽ ʜʦ ʜʘʥʦʛʦ ʜʦʢʫʤʝʥʪʫ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʠʩʪʝʤʠ ʫ ʧʨʠʢʣʘʜʥʠʭ ʟʘʩʪʦʩʫʥʢʘʭ ʻ ʟʤʦʛʘ ʦʪʨʠʤʘʪʠ ʚʝʣʠʢʽ ʦʙôʻʤʠ ʽʥʬʦʨʤʘʮʽʾ 

ʧʨʦ ʷʢʽʩʪʴ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ. ɿʥʘʶʯʠ ʥʶʘʥʩʠ ʪʘ ʥʝʪʦʯʥʦʩʪʽ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʟ ʧʝʚʥʠʤ ʪʠʧʦʤ ʜʦʢʫʤʝʥʪʫ, ʤʠ 

ʤʦʞʝʤʦ ʧʝʨʝʜʘʚʘʪʠ ʩʝʨʚʝʨʫ ʜʦʜʘʪʢʦʚʽ ʥʝʦʙʦʚôʷʟʢʦʚʽ ʧʘʨʘʤʝʪʨʠ ʜʣʷ ʢʦʨʝʛʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʦʙʨʦʙʢʠ. 

ʅʘʧʨʠʢʣʘʜ ʧʨʠ ʚʝʣʠʢʽʡ ʢʽʣʴʢʦʩʪʽ ʰʫʤʽʚ ï ʤʠ ʤʦʞʝʤʦ ʧʝʨʝʜʘʪʠ ʧʘʨʘʤʝʪʨ ʜʣʷ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʫ ʬʽʣʴʪʨʫ 

ɻʘʫʩʘ, ʘʙʦ ʧʨʠ ʤʘʣʦʤʫ ʨʦʟʰʠʨʝʥʽ ʟʦʙʨʘʞʝʥʥʷ ï ʟʙʽʣʴʰʠʪʠ ʧʘʨʘʤʝʪʨ ʤʘʩʰʪʘʙʫʚʘʥʥʷ, ʘ ʧʨʠ ʦʧʪʠʤʘʣʴʥʽʡ 

ʷʢʦʩʪʽ ʦʙʨʦʙʢʠ ʜʘʥʠʭ, ʘʣʝ ʥʝʜʦʩʪʘʪʥʽʡ ʰʚʠʜʢʦʜʽʾ ï ʥʘʚʧʘʢʠ ʟʤʝʥʰʠʪʠ ʧʘʨʘʤʝʪʨ ʤʘʩʰʪʘʙʫʚʘʥʥʷ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʈʦʟʨʦʙʣʝʥʦ ʘʨʭʽʪʝʢʪʫʨʫ ʽʥʬʦʨʤʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʦʧʪʠʯʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʤʚʦʣʽʚ ʟ ʬʦʪʦʛʨʘʬʽʡ 

ʜʦʢʫʤʝʥʪʽʚ. ʇʝʨʝʜʙʘʯʝʥʦ ʤʦʜʫʣʴʥʽʩʪʴ ʘʣʛʦʨʠʪʤʫ ʜʣʷ ʩʧʨʦʱʝʥʥʷ ʨʦʟʨʦʙʢʠ ʧʦʢʨʘʱʝʥʴ, ʽʥʪʝʛʨʘʮʽʶ ʚʝʙ-

ʽʥʪʝʨʬʝʡʩʫ ʜʣʷ ʟʨʫʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʟ ʫʞʝ ʽʩʥʫʶʯʠʤʠ ʩʠʩʪʝʤʘʤʠ ʪʘ ʤʦʞʣʠʚʦʩʪʽ ʨʦʟʛʦʨʪʘʥʥʷ ʥʘ ʦʢʨʝʤʦʤʫ 

ʩʝʨʚʝʨʽ. ʊʘʢʦʞ ʥʘʷʚʥʘ ʧʽʜʪʨʠʤʢʘ ʘʥʘʣʽʟʫ ʢʽʣʴʢʦʭ ʚʠʜʽʚ ʜʦʢʫʤʝʥʪʽʚ, ʟ ʤʦʞʣʠʚʽʩʪʶ ʜʦʜʘʚʘʥʥʷ ʥʦʚʠʭ, ʙʝʟ 

ʣʠʰʥʽʭ ʟʘʪʨʘʪ ʯʘʩʫ, ʟʘʚʜʷʢʠ ʤʦʜʫʣʴʥʽʡ ʩʪʨʫʢʪʫʨʽ. 

ʉʠʩʪʝʤʘ ʜʣʷ ʦʧʪʠʯʥʦʛʦ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʠʤʚʦʣʽʚ ʟ ʬʦʪʦʛʨʘʬʽʡ ʜʦʢʫʤʝʥʪʽʚ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ 

ʜʣʷ ʤʦʙʽʣʴʥʠʭ ʟʘʩʪʦʩʫʥʢʽʚ, ʪʘʢʠʭ ʷʢ ʙʘʥʢʽʚʩʴʢʽ, ʩʪʨʘʭʦʚʽ, ʬʽʥʘʥʩʦʚʽ. ʊʘʢʦʞ ʤʦʞʥʘ ʨʦʟʛʦʨʥʫʪʠ ʦʢʨʝʤʠʡ ʚʝʙ-

ʩʝʨʚʽʩ, ʜʦ ʷʢʦʛʦ ʢʣʽʻʥʪʠ ʙʫʜʫʪʴ ʚʽʜʧʨʘʚʣʷʪʠ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʦʪʨʠʤʫʚʘʪʠ ʛʦʪʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʟ ʦʮʠʬʨʦʚʘʥʠʤʠ 

ʪʝʢʩʪʦʚʠʤʠ ʧʦʣʷʤʠ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʜʦʢʫʤʝʥʪʫ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʄɽʊʆɼɯɺ ʇʆʐʋʂʋ ʂʃʖʏʆɺʀʍ ʂɸɼʈɯɺ ʋ ɺɯɼɽʆʇʆʊʆʎɯ ɿ 

ɺʀʂʆʈʀʉʊɸʅʅʗʄ ʅɽʁʈʆʅʅʀʍ ʄɽʈɽɾ ɼʃʗ ʉʀʉʊɽʄ ʇʆʐʋʂʋ 
 
ˠ ̨̑̏̂̏̓ ̃̉̋̌́̅̆̎̏ ̨̠̝̐̏̑̃̎̌̎̉̊ ̨́̎́̌̈ ̘̖̒̔́̒̎̉ ̨̝̅̏̒̌̅̇̆̎ ̃ ̨̏̂̌́̒̓ ̨́̎́̌̈̔ ̨̃̅̆̏̋̏̎̓̆̎̓̔ ̨ ̎́ ̊̏̄̏ 

̨̏̒̎̏̃ ̃̒̓́̎̏̃̌̆̎̏ȟ ̏̚ ̆̆̋̓̉̃̎̉̍̉̕ ̍̆̓̏̅́̍̉ ̨́̎́̌̈̔ ̗̖̉ ̖̅́̎̉ ̤ ̍̆̓̏̅̉ ̘̠̃̉̈̎́̆̎̎ ̟̘̖̋̌̏̃̉ ̨̋́̅̑̃ ̔ 
̨̨̗̃̅̆̏̐̏̓̏Ȣ ˛̒̏̂̌̉̃̏ ̨̗̎̎̉̍̉ ̤ ̍̆̓̏̅̉ ̨̠̠̐̏̑̃̎̎̎ ̓́ ̙̐̏̔̋̔ ̨̨̈̂̄̃ ̨̋́̅̑̃ ɉ̨̑́̄̍̆̎̓̃̕Ɋȟ ́ ̒́̍̆ȡ ̍̆̓̏̅̉ ̙̐̏̔̋̔ 
̨̐̏̒̌̅̏̃̎̏̒̓̆̊ ɉ̠̠̃̉̃̌̆̎̎ ̏̂ǫ̤̃̄̋̓̃ ̘̉ ̖̐̆̃̎̉ ̨̅̊ ̎́ ̖̋́̅̑́ɊȠ ̍̆̓̏̅̉ ̨̨̗̩̋̌́̒̉̋́̕ ɉ̘̠̃̉̈̎́̆̎̎ ̨̃̍̒̓̔ ̨̋́̅̑̃ ̓́ 
̨̠̑̏̈̐̏̅̌̆̎̎ ̩̖ ̅̏ ̖̐̆̃̎̉ ̨̋́̓̆̄̏̑̊ɊȠ ̍̆̓̏̅̉ ̠̅̆̋̏̅̔̃́̎̎ ̨̋́̅̑̃ ɉ̏̐̉̒ ̖́̑́̋̓̆̑̉̒̓̉̋ ̋̏̎̋̑̆̓̎̏̄̏ ̠̈̏̂̑́̇̆̎̎Ɋ 
̓́ ̍̆̓̏̅̉ ̠̠̃̉̃̌̆̎̎ ̨́̎̏̍́̌̊ ̔ ̨̨̗̃̅̆̏̐̏̓̏ ɉ̙̐̏̔̋ ̏̂ǫ̤̃̄̋̓̃ȟ ̨̒̉̍̃̏̌̃ȟ ̨̠̋ ̤ ̨̝̔̎̋́̌̎̉̍̉ ̠̃̌́̒̓̉̃̏̒̓̍̉ 
̑́̄̍̆̎̓́̕ ̨̃̅̎̏̒̎̏ ̨̙̖̎̉ɊȢ ˛̒̏̂̌̉̃̏ ̐̆̑̒̐̆̋̓̉̃̎̉̍̉ ̤ ̍̆̓̏̅̉ ̨̈́̒̎̏̃́̎ ̎́ ̨̖̠̖̓̆̎̏̌̏̄ ̙̍́̉̎̎̏̄̏ ̘̠̎́̃́̎̎ȟ 
̨̨̗̠̑̆́̌̈́ ̠̖̋̉ ̠̤̐̏̌̄́ ̔ ̨̟̍̏̅̆̌̃́̎̎ ̘̖̓̉̍́̒̏̃̉ ̈́̌̆̇̎̏̒̓̆̊ ̨̈̍̎̎̏̄̏ ̨̅́̐́̈̏̎̔ ̈ ̠̃̉̋̏̑̉̒̓́̎̎̍ ̖̈́̄̏̑̓̋̏̃̉ 
̖̎̆̊̑̏̎̎̉ ̍̆̑̆̇ ̓́ ̨̗̔̎̋̊̕ ̨̈ ̨̗̝̒̐̆́̌̎̉̍̉ ̨̖̍̆́̎̈̍́̍̉ Ȱ̔̃́̄̉ȱȢ ˜̏̋́̈́̎̏ȟ ̏̚ ̒́̍̆ ̑̏̈̃̉̓̏̋ ̗̖̉ ̨̍̆̓̏̅̃ 
̠̤̒̐̑̉ ̨̒̓̑̍̋̏̍̔ ̑̏̈̃̉̓̋̔ ̨̨̗̖̎̏̑̍́̊̎̉̕ ̒̉̒̓̆̍, ̈́ ̟̅̏̐̏̍̏̄̏ ̠̖̋̉ ̍̏̇̎́ ̨̙̔̒̐̎̏ ̨̈̅̊̒̎̉̓̉ ̨́̎́̌̈ 
̨̃̅̆̏̋̏̎̓̆̎̓̔ ̓́ ̨̑̏̈̐̈̎́̓̉ ̊̏̄̏ ̨̏̑̉̄̎́̌Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̨̟̘̋̌̏̃ ̋́̅̑̉ȟ ̨̎̆̊̑̏̎̎ ̨̍̆̑̆̇ȟ ̘̠̎́̃́̎̎ ̂̆̈ ̘̠̃̉̓̆̌ȟ ̨̍̑́ ̨̨̐̏̅̂̎̏̒̓ 
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RESEARCH OF METHODS OF SEARCHING KEY FRAMES IN VIDEO FLOW WITH THE USE OF NEURAL 

NETWORKS FOR SEARCH SYSTEMS 
 

The paper presents a comparative analysis of current research in the field of data analysis in the format of video content and 
regarding it, that effective methods of analysis of these data are methods of search keyframes in the video stream. The analysis shows that 
the application of a method of processing visual data is determined by the structure of this data. Therefore, in order to simplify their analysis, 
they were divided into the following categories: consistent comparison; global comparison, based on clustering, and those that use events or 
objects. Especially valuable are the methods of comparing and matching matches (fragments), namely: methods of sequence search 
(detection of objects or certain actions on frames); methods of classifications (determining the content of personnel and their distribution to 
certain categories); frame decoding methods (description of the characteristics of a particular image) and methods for detecting anomalies 
in the video stream (search for objects, characters that are unique properties of the fragment relative to others). It shows that the most 
optimal of the considered methods there are methods that are based on technologies of artificial intelligence and machine learning. And also 
shows the difference and efficiency of deep learning methods in relation to ̒ ÏÎÖÅÎÔÉÏÎÁÌ ÍÅÔÈÏÄÓȢ 0ÁÒÔÉÃÕÌÁÒÌÙ ÐÒÏÍÉÓÉÎÇ ÁÒÅ ÔÈÅ ÍÅÔÈÏÄÓȟ 
the implementation of which is to model the temporal dependences of the variable range using convolutional neural networks and functions 
with special attention mechanisms. Methods that use an Actor-Critic model embedded in a Generative adversarial network have also 
demonstrated their effectiveness. It is shown that the development of these methods contributes to the rapid development of information 
systems with which you can successfully analyze video content and recognize its origin.  

Keywords: keyframes, neural network, unsupervised learning, similarity measure, generative adversarial networks 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ɿ ̔ʩʪʨʽʤʢʠʤ ʨʦʟʚʠʪʢʦʤ ɯʥʪʝʨʥʝʪʫ ʪʘ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ɯʥʪʝʨʥʝʪ ʤʝʨʝʞʽ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʚʽʜʝʦ ʩʪʘʣʠ 

ʦʜʥʠʤ ʽʟ ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʭ ʩʧʦʩʦʙʽʚ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʣʶʜʩʴʢʠʡ ʤʦʟʦʢ ʦʙʨʦʙʣʷʻ ʮʶ 

ʽʥʬʦʨʤʘʮʽʶ ʟʥʘʯʥʦ ʢʨʘʱʝ, ʥʽʞ ʪʝʢʩʪʦʚʠʡ ʢʦʥʪʝʥʪ, ʥʘʧʨʠʢʣʘʜ, ʩʝʨʝʜʥʴʦ ʩʪʘʪʠʩʪʠʯʥʘ ʣʶʜʠʥʘ ʩʧʨʠʡʤʘʻ 

ʧʨʠʙʣʠʟʥʦ 80 % ʽʥʬʦʨʤʘʮʽʾ ʯʝʨʝʟ ʟʽʨ, ʘ ʫ ʚʠʧʘʜʢʫ ʯʠʪʘʥʥʷ ï ʣʠʰʝ 20 %. ʊʦʤʫ ʟʥʘʭʦʜʞʝʥʥʷ ʚʘʞʣʠʚʦʾ 

ʽʥʬʦʨʤʘʮʽʾ ʫ ʚʝʣʠʢʠʭ ʟʘ ʦʙʩʷʛʦʤ ʪʝʢʩʪʘʭ ʧʦʪʨʝʙʫʻ ʟʥʘʯʥʠʭ ʟʘʪʨʘʪ ʯʘʩʫ. ɺʽʜʝʦ ʢʦʥʪʝʥʪ ʧʦʢʣʠʢʘʥʠʡ ʰʚʠʜʢʦ ʪʘ 

ʝʬʝʢʪʠʚʥʦ ʜʦʥʝʩʪʠ ʜʦ ʣʶʜʝʡ ʪʝ, ʱʦ ʚʦʥʠ ʥʝ ʙʘʯʘʪʴ ʫ ʪʝʢʩʪʦʚʠʭ ʢʦʥʪʝʥʪʘʭ. ʊʦʤʫ ʩʴʦʛʦʜʥʽ ʚ ɯʥʪʝʨʥʝʪ 

ʤʝʨʝʞʘʭ ʧʦʰʠʨʝʥʦ ʜʫʞʝ ʙʘʛʘʪʦ ʚʽʜʝʦ ʢʦʥʪʝʥʪʫ ʥʘ ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʫ ʪʝʤʘʪʠʢʫ, ʽ ʾʭ ʦʜʥʦʯʘʩʥʦ ʤʦʞʫʪʴ 

ʧʝʨʝʛʣʷʜʘʪʠ ʤʽʣʴʡʦʥʠ ʣʶʜʝʡ ʫ ʨʽʟʥʠʭ ʤʽʩʮʷʭ ɿʝʤʣʽ. ʆʢʨʽʤ ʮʴʦʛʦ ʟʘʟʥʘʯʠʤʦ, ʱʦ ʥʘ ʨʽʟʥʠʭ ʩʪʨʽʤʽʥʛʦʚʠʭ 

ʩʝʨʚʽʩʘʭ ʦʢʨʽʤ ʚʽʜʝʦ ʦʨʠʛʽʥʘʣʘ, ʟʘʟʚʠʯʘʡ ʟʥʘʭʦʜʷʪʴʩʷ ʽ ʡʦʛʦ ʦʢʨʝʤʽ ʬʨʘʛʤʝʥʪʠ, ʷʢʽ ʫ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʻ 

ʩʧʦʪʚʦʨʝʥʠʤʠ ʘʙʦ ʧʦʰʢʦʜʞʝʥʠʤʠ. ʊʦʤʫ, ʟ ʦʛʣʷʜʫ ʥʘ ʟʘʟʥʘʯʝʥʝ, ʥʘʜʟʚʠʯʘʡʥʦ ʘʢʪʫʘʣʴʥʠʤ ʻ ʜʦʩʣʽʜʞʝʥʥʷ 

ʧʨʠʩʚʷʯʝʥʝ ʫʜʦʩʢʦʥʘʣʝʥʥʶ ʚʽʜʦʤʠʭ ʪʘ ʨʦʟʨʦʙʣʝʥʥʶ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʚʽʜʝʦ ʢʦʥʪʝʥʪʫ ʜʣʷ ʧʦʰʫʢʫ ʚʽʜʝʦ 

ʦʨʠʛʽʥʘʣʘ, ʘ ʥʝ ʡʦʛʦ ʩʧʦʪʚʦʨʝʥʠʭ ʯʠ ʧʦʰʢʦʜʞʝʥʠʭ ʢʦʧʽʡ ʪʘ ʦʢʨʝʤʠʭ ʬʨʘʛʤʝʥʪʽʚ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʠʨʽʰʝʥʥʷ 

ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʩʧʦʥʫʢʘʣʘ ʙʘʛʘʪʴʦʭ ʥʘʫʢʦʚʮʽʚ ʜʦ ʨʦʟʨʦʙʣʝʥʥʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʧʽʜʭʦʜʽʚ ʪʘ ʘʣʛʦʨʠʪʤʽʚ ʜʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʚʤʽʩʪʫ, ʢʣʘʩʠʬʽʢʘʮʽʾ, ʧʦʰʫʢʫ ʪʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʚʽʟʫʘʣʴʥʦʛʦ ʢʦʥʪʝʥʪʫ. ɹʘʛʘʪʴʦʤ ʽʟ ʥʠʭ  

ʚʜʘʣʦʩʷ ʥʝ ʣʠʰʝ ʧʦʙʫʜʫʚʘʪʠ ʮʽ ʘʣʛʦʨʠʪʤʠ, ʾʤ ʚʜʘʣʦʩʷ ʪʘʢʦʞ ʚʠʷʚʠʪʠ ʽ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʥʘ ʷʢʠʭ ʚʦʥʠ 

ʧʦʚʠʥʥʽ ʙʘʟʫʚʘʪʠʩʷ. ɿʦʢʨʝʤʘ, ʚʦʥʠ ʧʦʢʘʟʘʣʠ, ʱʦ ʧʦʪʫʞʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʜʣʷ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʚʽʜʦʤʠʭ ʪʘ 

ʧʦʙʫʜʦʚʠ ʥʦʚʠʭ ʘʣʛʦʨʠʪʤʽʚ ʻ ʤʝʪʦʜʠ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʇʦʢʘʟʘʣʠ, ʱʦ ʩʘʤʝ 
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ʨʦʟʚʠʪʦʢ ʮʠʭ ʤʝʪʦʜʽʚ ʩʧʨʠʷʻ ʩʪʨʽʤʢʦʤʫ ʨʦʟʚʠʪʢʫ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʠʭ ʤʦʞʥʘ ʫʩʧʽʰʥʦ 

ʟʜʽʡʩʥʠʪʠ ʘʥʘʣʽʟ ʚʽʜʝʦ ʢʦʥʪʝʥʪʫ ʪʘ ʨʦʟʧʽʟʥʘʪʠ ʡʦʛʦ ʦʨʠʛʽʥʘʣ. ɺʠʷʚʠʣʠ, ʱʦ ʘʥʘʣʽʟ ʚʽʜʝʦ ʧʦʪʦʢʫ ʜʦʮʽʣʴʥʦ 

ʧʨʦʚʦʜʠʪʠ ʟʘ ʜʘʥʠʤʠ ʨʝʟʫʣʴʪʘʪʽʚ ʧʦʨʽʚʥʷʥʥʷ ʪʘ ʧʦʰʫʢʫ  ʟʙʽʛʽʚ ʫ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʢʘʜʨʽʚ (ʬʨʘʛʤʝʥʪʽʚ). 

ʇʦʜʽʙʥʽʩʪʶ ʢʘʜʨʽʚ ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ ʦʙôʻʢʪʠ ʥʘ ʩʮʝʥʽ ʯʠ ʧʘʣʽʪʨʘ ʢʦʣʴʦʨʽʚ. ɺʩʪʘʥʦʚʠʣʠ, ʱʦ ʚ ʦʩʥʦʚʽ 

ʩʫʯʘʩʥʠʭ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʘʥʘʣʽʟʫ ʚʽʜʝʦ ʢʦʥʪʝʥʪʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʜʝʙʽʣʴʰʦʛʦ ʪʘʢ ʟʚʘʥʽ 

ʘʣʛʦʨʠʪʤʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʣʶʯʦʚʠʭ ʢʘʜʨʽʚ. ɯ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʩʧʦʩʦʙʽʚ ʾʭ ʧʨʘʢʪʠʯʥʦʛʦ ʟʘʩʪʦʩʫʚʘʥʥʷ 

ʜʦʚʝʣʠ, ʱʦ ʚʦʥʠ ʜʘʶʪʴ ʟʤʦʛʫ ʩʬʦʨʤʫʚʘʪʠ ʨʝʧʨʝʟʝʥʪʠʚʥʫ ʚʠʙʽʨʢʫ ʩʪʠʩʣʦʛʦ ʦʛʣʷʜʫ, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʥʘʡʙʽʣʴʰ 

ʪʦʯʥʝ ʚʽʜʦʙʨʘʞʝʥʥʷ ʚʽʜʝʦ ʟʤʽʩʪʫ. ʆʢʨʽʤ ʮʴʦʛʦ, ʧʦʢʘʟʘʣʠ, ʱʦ ʝʬʝʢʪʠʚʥʝ ʫʟʘʛʘʣʴʥʝʥʥʷ ʚʽʜʝʦ ʽʟ ʚʠʜʽʣʝʥʥʷʤ 

ʦʧʦʨʥʠʭ ʢʘʜʨʽʚ ʟʥʘʯʥʦ ʧʦʣʝʛʰʫʻ ʧʝʨʝʛʣʷʜ ʽ ʥʘʚʽʛʘʮʽʶ ʫ ʚʝʣʠʢʠʭ ʢʦʣʝʢʮʽʷʭ ʚʽʜʝʦ ʚ ɯʥʪʝʨʥʝʪʽ, ʱʦ ʽʩʪʦʪʥʦ 

ʟʙʽʣʴʰʫʻ ʟʘʣʫʯʝʥʥʷ ʛʣʷʜʘʯʽʚ ʽ ʩʧʦʞʠʚʘʥʥʷ ʢʦʥʪʝʥʪʫ, ʘ ʪʘʢʦʞ ʩʣʫʛʫʻ ʦʩʥʦʚʥʠʤ ʢʨʦʢʦʤ ʫ ʩʠʩʪʝʤʘʭ ʧʦʰʫʢʫ ʟʘ 

ʬʨʘʛʤʝʥʪʘʤʠ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʧʨʦʙʣʝʤʠ ʥʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ ʻ ʘʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ 

ʧʽʜʭʦʜʽʚ ʪʘ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ ʚʽʜʝʦ ʪʘ ʬʨʘʛʤʝʥʪʽʚ, ʷʢʽ ʩʬʦʨʤʦʚʘʥʽ ʥʘ ʤʝʪʦʜʘʭ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʪʘ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ, ʘ ʪʘʢʦʞ ʧʦʰʫʢ ʽʩʥʫʶʯʠʭ ʢʦʥʮʝʧʮʽʡ ʫʟʘʛʘʣʴʥʝʥʥʷ ʚʽʟʫʘʣʴʥʦʛʦ ʢʦʥʪʝʥʪʫ. ɼʣʷ 

ʧʨʦʚʝʜʝʥʥʷ ʪʘʢʦʛʦ ʦʛʣʷʜʫ ʥʝʦʙʭʽʜʥʦ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʪʘʢʽ ʤʝʪʦʜʠ: ʧʦʰʫʢ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ (ʚʠʷʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ 

ʯʠ ʧʝʚʥʠʭ ʜʽʡ ʥʘ ʢʘʜʨʘʭ), ʢʣʘʩʠʬʽʢʘʮʽʷ (ʚʠʟʥʘʯʝʥʥʷ ʚʤʽʩʪʫ ʢʘʜʨʽʚ ʪʘ ʨʦʟʧʦʜʽʣʝʥʥʷ ʾʭ ʜʦ ʧʝʚʥʠʭ ʢʘʪʝʛʦʨʽʡ), 

ʜʝʢʦʜʫʚʘʥʥʷ ʢʘʜʨʽʚ (ʦʧʠʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʥʢʨʝʪʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ), ʚʠʷʚʣʝʥʥʷ ʘʥʦʤʘʣʽʡ (ʧʦʰʫʢ ʦʙôʻʢʪʽʚ, 

ʩʠʤʚʦʣʽʚ, ʷʢʽ ʻ ʫʥʽʢʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʬʨʘʛʤʝʥʪʘ ʚʽʜʥʦʩʥʦ ʽʥʰʠʭ). 

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ɼʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʤʝʪʦʜʽʚ ʧʦʰʫʢʫ ʢʣʶʯʦʚʠʭ ʢʘʜʨʽʚ ʫ ʚʽʜʝʦʧʦʪʦʮʽ  ʧʨʦʚʝʜʝʤʦ ʘʥʘʣʽʟ ʬʫʥʢʮʽʡ ʘʥʘʣʽʟʫ 

ʬʦʨʤ, ʢʦʣʴʦʨʽʚ ʪʘ ʦʧʪʠʯʥʦʛʦ ʧʦʪʦʢʫ.  

ɿʘʛʘʣʦʤ ʤʝʪʦʜʽʚ ʜʣʷ ʧʦʰʫʢʫ ʢʘʜʨʽʚ ʫ ʚʽʜʝʦʧʦʪʦʮʽ ʻ ʜʦʚʦʣʽ ʙʘʛʘʪʦ. ʋʩʽ ʚʦʥʠ ʤʘʶʪʴ ʚʘʞʣʠʚʝ 

ʧʨʘʢʪʠʯʥʝ ʟʥʘʯʝʥʥʷ. ɺ ʦʜʥʠʭ ʚʠʧʘʜʢʘʭ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʜʥʽ ʤʝʪʦʜʠ, ʘ ʚ ʽʥʰʠʭ ʚʠʧʘʜʢʘʭ ï ʽʥʰʽ. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʪʦʛʦ ʯʠ ʽʥʰʦʛʦ ʤʝʪʦʜʫ ʦʧʨʘʮʶʚʘʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʜʘʥʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʩʪʨʫʢʪʫʨʦʶ ʮʠʭ ʜʘʥʠʭ. 

ʊʦʤʫ ʟ ʤʝʪʦʶ ʩʧʨʦʱʝʥʥʷ ʾʭ ʘʥʘʣʽʟʫ ʧʦʜʽʣʠʤʦ ʾʭ ʫʤʦʚʥʦ ʥʘ ʪʘʢʽ ʢʘʪʝʛʦʨʽʾ: ʧʦʩʣʽʜʦʚʥʝ ʧʦʨʽʚʥʷʥʥʷ; ʛʣʦʙʘʣʴʥʝ 

ʧʦʨʽʚʥʷʥʥʷ, ʥʘ ʦʩʥʦʚʽ ʢʣʘʩʪʝʨʠʟʘʮʽʾ ʪʘ ʪʽ ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʦʜʽʾ ʯʠ ʦʙôʻʢʪʠ.  

ʄʝʪʦʜʠ ʢʘʪʝʛʦʨʽʾ ʧʦʩʣʽʜʦʚʥʦʛʦ ʧʦʨʽʚʥʷʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ 

ʚʠʟʥʘʯʝʥʥʷ ʧʦʜʽʙʥʦʩʪʽ ʤʽʞ ʢʘʜʨʘʤʠ ʚʽʜʝʦʧʦʪʦʢʫ. ɰʭ ʩʫʪʥʽʩʪʴ ʧʦʣʷʛʘʻ ʫ ʧʦʨʽʚʥʷʥʥʽ ʢʦʞʥʦʛʦ ʥʘʩʪʫʧʥʦʛʦ ʢʘʜʨʫ 

ʽʟ ʧʦʧʝʨʝʜʥʽʤ. ʎʝ ʧʦʨʽʚʥʷʥʥʷ ʜʦʚʦʣʽ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʦʣʴʦʨʦʚʫ ʛʽʩʪʦʛʨʘʤʫ, ʧʦʩʢʽʣʴʢʠ ʚʽʜʤʽʥʥʽʩʪʴ 

ʢʦʣʴʦʨʽʚ ʢʘʜʨʽʚ ʫ ʚʽʜʝʦʬʨʘʛʤʝʥʪʽ, ʱʦ ʚʽʜʦʙʨʘʞʘʶʪʴ ʧʝʚʥʫ ʧʦʜʽʶ, ʟʜʝʙʽʣʴʰʦʛʦ ʻ ʥʝʟʥʘʯʥʦʶ (ʤʽʥʽʤʘʣʴʥʦʶ). 

ʆʜʥʘʢ, ʤʝʪʦʜʠ ʮʽʻʾ ʢʘʪʝʛʦʨʽʾ ʤʘʶʪʴ ʽ ʜʝʷʢʽ ʥʝʜʦʣʽʢʽʚ. ʆʩʥʦʚʥʠʤ ʽʟ ʥʠʭ ï ʮʝ ʚʝʣʠʢʽ ʟʘʪʨʘʪʠ ʯʘʩʫ ʥʘ 

ʦʧʨʘʮʶʚʘʥʥʷ ʢʘʜʨʽʚ ʚʽʜʝʦʧʦʪʦʢʫ ʪʘ ʚʝʣʠʢʘ ʧʦʭʠʙʢʘ ʫ ʚʠʧʘʜʢʫ ʦʙʨʦʙʣʝʥʥʷ ʜʘʥʠʭ ʽʟ ʰʫʤʦʤ. 

ɼʣʷ ʩʪʠʩʣʦʛʦ ʦʛʣʷʜʫ ʩʫʯʘʩʥʠʭ ʤʝʪʦʜʽʚ, ʷʢʽ ʥʘʡʙʽʣʴʰ ʥʘʙʣʠʞʝʥʽ ʜʦ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ, ʷʢʽ ʧʦʚʠʥʥʘ 

ʚʠʢʦʥʫʚʘʪʠ ʩʠʩʪʝʤʘ ʫʟʘʛʘʣʴʥʝʥʥʷ ʚʽʟʫʘʣʴʥʠʭ ʜʘʥʠʭ ʨʦʟʜʽʣʠʤʦ ʾʭ ʥʘ ʜʚʘ ʪʠʧʠ: ʟʚʠʯʘʡʥʽ ʤʝʪʦʜʠ ʪʘ ʤʝʪʦʜʠ ʽʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. 

ɿʚʠʯʘʡʥʽ ʤʝʪʦʜʠ ʙʘʟʫʶʪʴʩʷ ʥʘ ʧʝʚʥʽʡ ʮʽʣʴʦʚʽʡ ʬʫʥʢʮʽʾ ʪʘ ʽʥʩʪʨʫʢʮʽʷʭ, ʷʢʽ ʥʝ ʟʤʽʥʶʶʪʴʩʷ ʟ ʯʘʩʦʤ. 

ʇʝʨʝʚʘʞʥʘ ʙʽʣʴʰʽʩʪʴ ʮʠʭ ʬʫʥʢʮʽʡ ʚʠʢʦʨʠʩʪʦʚʫʻ ʚ ʦʩʥʦʚʥʦʤʫ ʢʦʥʚʝʻʨʥʫ ʩʝʛʤʝʥʪʘʮʽʶ. ɿʘʟʚʠʯʘʡ ʪʘʢʽ ʧʽʜʭʦʜʠ 

ʚʠʜʽʣʷʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ SIFT ʪʘ ʦʧʪʠʯʥʠʡ ʧʦʪʽʢ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʜʝʩʢʨʠʧʪʦʨʽʚ SIFT ʚʠʜʽʣʷʶʪʴʩʷ ʢʣʶʯʦʚʽ 

ʪʦʯʢʠ ʪʘ ʣʦʢʘʣʴʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʜʨʽʚ. ɼʣʷ ʧʨʠʢʣʘʜʫ ʫ ʨʦʙʦʪʽ ñRobust voting algoritm based on labels 

behavior for video copy detectionò [1] ʚʠʜʽʣʷʶʪʴ ʦʧʦʨʥʽ ʪʦʯʢʠ ʢʘʜʨʫ (ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʪʝʢʪʦʨʘ ʍʘʨʨʽʩʘ) ʽ 

ʚʽʜʩʪʝʞʫʶʪʴ ʾʭʥʽ ʧʦʟʠʮʽʾ ʧʨʦʪʷʛʦʤ ʫʩʴʦʛʦ ʚʽʜʝʦ. ʇʽʩʣʷ ʯʦʛʦ ʬʦʨʤʫʶʪʴ ʙʝʟʤʝʞʥʦ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʪʨʘʻʢʪʦʨʽʡ 

ʮʠʭ ʪʦʯʦʢ. ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʧʦʜʽʙʥʦʩʪʝʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʣʛʦʨʠʪʤʠ ʥʝʯʽʪʢʦʛʦ ʧʦʰʫʢʫ. ʎʝʡ ʤʝʪʦʜ ʩʫʪʪʻʚʦ 

ʩʧʨʦʱʫʻ ʣʦʢʘʣʽʟʘʮʽʶ ʥʝʯʽʪʢʠʭ ʜʫʙʣʽʢʘʪʽʚ ʬʨʘʛʤʝʥʪʽʚ ʪʘ ʜʘʻ ʟʤʦʛʫ ʧʨʦʚʝʩʪʠ ʫʟʘʛʘʣʴʥʝʥʥʷ ʜʣʷ ʚʽʜʝʦʧʦʪʦʢʫ. 

ʇʨʦʪʝ ʚʽʥ ʻ ʜʦʨʦʛʠʤ ʚʽʜʥʦʩʥʦ ʨʝʩʫʨʩʽʚ ʜʣʷ ʚʠʜʽʣʝʥʥʷ ʢʣʶʯʦʚʠʭ ʪʦʯʦʢ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ. ɸ ʬʘʢʪ ʪʦʛʦ, ʱʦ 

ʪʨʘʻʢʪʦʨʽʾ ʪʦʯʦʢ ʯʫʪʣʠʚʽ ʜʦ ʨʫʭʫ ʢʘʤʝʨʠ, ʨʦʙʣʷʪʴ ʘʣʛʦʨʠʪʤ ʦʧʪʠʤʘʣʴʥʠʤ ʣʠʰʝ ʫ ʚʠʧʘʜʢʘʭ ʧʦʰʫʢʫ ʪʦʯʥʠʭ 

ʢʦʧʽʡ ʚʽʜʝʦ. ɯʥʰʠʤ, ʥʝ ʤʝʥʰ ʚʘʞʣʠʚʠʤ ʪʠʧʦʤ ʟʚʠʯʘʡʥʠʭ ʧʽʜʭʦʜʽʚ ʻ ʤʝʪʦʜʠ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʢʣʘʩʪʝʨʠʟʘʮʽʾ, ʭʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʷʢʠʭ ʻ ʪʝ, ʱʦ ʯʠʩʣʦ ʢʣʘʩʪʝʨʽʚ, ʷʢ ʧʨʘʚʠʣʦ, ʧʦʚʠʥʥʦ ʟʘʜʘʚʘʪʠʩʷ 

ʘʧʨʽʦʨʥʦ. ɺʘʛʦʤʠʤʠ, ʱʦʜʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʪʘ ʨʦʟʨʦʙʣʝʥʥʷ ʥʦʚʠʭ ʤʝʪʦʜʽʚ ʮʴʦʛʦ ʪʠʧʫ, ʻ ʨʦʙʦʪʠ Tang H. [2], ʜʝ 

ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʣʶʯʦʚʦʛʦ ʢʘʜʨʫ ʫ ʚʽʜʝʦʧʦʪʦʮʽ ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʥʪʨʦʧʽʶ ʪʘ 

ʱʽʣʴʥʽʩʪʴ ʛʨʫʧʫʚʘʥʥʷ  ʟʦʙʨʘʞʝʥʥʷ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʞʝʩʪʽʚ ʨʫʢʠ. ʅʝ ʤʝʥʰ ʮʽʥʥʠʤʠ ʻ ʪʘʢʦʞ ʽ ʜʦʩʣʽʜʞʝʥʥʷ  

Vazquez R., ʷʢʠʡ ʫ ʨʦʙʦʪʽ [3] ʟʘʧʨʦʧʦʥʫʚʘʚ ʟʥʘʭʦʜʠʪʠ ʢʣʶʯʦʚʽ ʢʘʜʨʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʝʪʦʜʫ ʟʘʩʥʦʚʘʥʦʛʦ ʥʘ 

ʩʧʝʢʪʨʘʣʴʥʽʡ ʢʣʘʩʪʝʨʠʟʘʮʽʾ. ʋʥʽʢʘʣʴʥʽʩʪʴ ʮʴʦʛʦ ʤʝʪʦʜʫ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʜʣʷ ʡʦʛʦ ʧʨʘʢʪʠʯʥʦʾ ʨʝʘʣʽʟʘʮʽʾ ʥʝ 

ʧʦʪʨʽʙʥʦ ʧʨʦʚʦʜʠʪʠ ʦʙʯʠʩʣʝʥʥʷ ʤʽʨʠ ʧʦʜʽʙʥʦʩʪʽ ʽʟ ʚʠʜʽʣʝʥʥʷʤ ʩʧʽʣʴʥʠʭ ʦʟʥʘʢ ʜʣʷ ʜʚʦʭ ʟʦʙʨʘʞʝʥʴ. 

ɸʢʪʫʘʣʴʥʠʤʠ ʻ ʪʘʢʦʞ ʽ  ʨʦʙʦʪʠ  Wang Y. [4], ʫ ʷʢʠʭ ʩʠʥʪʝʟʦʚʘʥʦ ʤʝʪʦʜ, ʽʜʝʷ ʷʢʦʛʦ ʧʦʣʷʛʘʻ ʫ ʨʦʟʨʘʭʫʥʢʫ 

ʤʘʪʨʠʮʽ ʧʦʜʽʙʥʦʩʪʽ ʪʘ ʚʠʟʥʘʯʝʥʥʽ ʢʣʘʩʪʝʨʽʚ ʥʘ ʾʾ ʦʩʥʦʚʽ ʟ ʧʦʜʘʣʴʰʠʤ ʧʦʰʫʢʦʤ ʽ ʚʠʣʫʯʝʥʥʷʤ ʢʣʶʯʦʚʠʭ 

ʢʘʜʨʽʚ. ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʮʴʦʛʦ ʤʝʪʦʜʫ ʻ ʪʝ, ʱʦ ʫ ʥʴʦʤʫ ʫʩʫʥʝʥʦ ʦʙʤʝʞʝʥʥʷ ʥʘ ʚʠʙʽʨ ʦʜʥʦʛʦ ʢʘʜʨʫ 

ʥʘ ʢʣʘʩʪʝʨ. ʂʽʣʴʢʽʩʪʴ ʢʘʜʨʽʚ, ʱʦ ʚʽʜʙʠʨʘʶʪʴʩʷ ʟ ʦʜʥʦʛʦ ʢʣʘʩʫ, ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʜʦʚʞʝʥʥʷ ʪʘ ʩʢʣʘʜʥʦʩʪʽ 

ʟʤʽʩʪʫ ʩʮʝʥ.  ʇʦʨʽʚʥʷʥʦ ʟ ʤʝʪʦʜʘʤʠ ʧʦʰʫʢʫ ʢʣʶʯʦʚʠʭ ʢʘʜʨʽʚ ʥʘ ʦʩʥʦʚʽ ʢʣʘʩʠʬʽʢʘʮʽʾ ʮʝʡ ʤʝʪʦʜ ʟ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʪʦʯʢʠ ʟʦʨʫ ʻ ʟʥʘʯʥʦ ʧʨʦʩʪʽʰʠʤ. ʆʩʥʦʚʥʠʤ ʡʦʛʦ ʥʝʜʦʣʽʢʦʤ ʻ ʪʝ, ʱʦ ʚʠʩʥʦʚʦʢ ʧʨʦ 

ʟʥʘʯʫʱʽʩʪʴ ʢʘʜʨʽʚ ʨʦʙʠʪʴʩʷ ʚʠʭʽʜʥʠʤ ʽʟ ʧʦʣʦʞʝʥʥʷ, ʱʦ ʥʘ ʟʥʘʯʫʱʠʭ ʩʮʝʥʘʭ ʜʦʚʰʝ ʬʦʢʫʩʫʻʪʴʩʷ ʢʘʤʝʨʘ. 

ʂʦʣʠ ʦʩʥʦʚʥʽ ʢʘʜʨʠ ʚʽʜʙʠʨʘʶʪʴʩʷ ʟ ʜʦʚʛʠʭ ʧʦʩʣʽʜʦʚʥʠʭ ʢʘʜʨʽʚ ʫ ʢʣʘʩʪʝʨʽ, ʩʝʨʝʜʥʽʡ ʢʘʜʨ ʢʦʞʥʦʾ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʚʘʞʘʻʪʴʩʷ ʟʥʘʯʫʱʠʤ, ʱʦ ʥʘʛʘʜʫʻ ʥʘʡʙʽʣʴʰ ʨʘʥʥʽ ʧʽʜʭʦʜʠ ʜʦ ʧʦʰʫʢʫ ʢʣʶʯʦʚʠʭ ʢʘʜʨʽʚ. 
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ɼʣʷ ʫʩʫʥʝʥʥʷ ʦʙʤʝʞʝʥʴ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʚʠʯʘʡʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʛʣʷʥʝʤʦ ʨʦʙʦʪʠ, ʷʢʽ 

ʧʨʠʩʚʷʯʝʥʽ ʩʠʥʪʝʟʫ ʤʦʜʝʣʝʡ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʣʠʙʦʢʦʛʦ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ (ʙʘʛʘʪʦʰʘʨʦʚʽ ʥʝʡʨʦʥʥʽ 

ʤʝʨʝʞʽ).  ʆʜʥʠʤ ʽʟ ʪʘʢʠʭ ʜʦʩʣʽʜʞʝʥʴ ʻ ʨʦʙʦʪʘ ʗʥʛʘ [5], ʜʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʜʚʦʥʘʧʨʘʚʣʝʥʫ ʢʦʨʦʪʢʦʯʘʩʥʫ 

ʧʘʤ'ʷʪʴ Bi-LSTM, ʷʢʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʥʘʣʘʰʪʦʚʘʥʽ ʤʝʨʝʞʽ Graph Attention Networks (GAT) ʜʣʷ ʚʠʜʽʣʝʥʥʷ 

ʦʧʦʨʥʠʭ ʢʘʜʨʽʚ ʽʟ ʚʽʜʝʦ. ʎʷ ʤʝʨʝʞʘ ʜʦʟʚʦʣʠʣʘ ʘʚʪʦʨʘʤ ʧʝʨʝʪʚʦʨʶʚʘʪʠ ʚʽʟʫʘʣʴʥʽ ʬʫʥʢʮʽʾ ʟʦʙʨʘʞʝʥʥʷ ʫ 

ʬʫʥʢʮʽʾ ʚʠʱʦʛʦ ʨʽʚʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʭʘʥʽʟʤ ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʢʦʥʪʝʢʩʪʥʠʡ ʤʝʪʦʜʽʚ (CFT).  

ʅʘʩʪʫʧʥʦʶ ʚʘʞʣʠʚʦʶ ʥʘʫʢʦʚʦʶ ʧʨʘʮʝʶ ʻ ʨʦʙʦʪʘ ʄʘʭʘʩʝʥʽ [6], ʜʝ ʚʧʝʨʰʝ ʙʫʣʦ ʟʘʩʪʦʩʦʚʘʥʦ 

ʛʝʥʝʨʘʪʠʚʥʫ ʟʤʘʛʘʣʴʥʫ ʤʝʨʝʞʫ (GAN). ʈʝʟʫʣʴʪʘʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʤʝʨʝʞʘ ʧʽʜʩʫʤʢʽʚ ʜʣʷ 

ʥʘʚʯʘʥʥʷ ʤʽʥʽʤʽʟʘʮʽʾ ʚʽʜʩʪʘʥʽ ʤʽʞ ʥʘʚʯʘʣʴʥʠʤʠ ʚʽʜʝʦ ʪʘ ʨʦʟʧʦʚʩʶʜʞʝʥʥʷ ʾʭ ʫʟʘʛʘʣʴʥʝʥʴ. ʄʦʜʝʣʴ ʩʢʣʘʜʘʣʘʩʷ 

ʟ ʘʚʪʦʢʦʜʝʨʘ LSTM ʷʢ ʧʽʜʩʫʤʦʚʫʚʘʯʘ ʪʘ ʽʥʰʦʛʦ LSTM ʷʢ ʜʠʩʢʨʠʤʽʥʘʪʦʨ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʽʜʩʫʤʦʚʫʚʘʯ LSTM 

ʙʫʚ ʥʘʚʯʝʥʠʡ ʚʚʦʜʠʪʠ ʚ ʦʤʘʥʫ ʜʠʩʢʨʠʤʽʥʘʪʦʨ, ʱʦ ʟʤʫʩʠʣʦ ʧʽʜʩʫʤʦʚʫʚʘʯ ʦʪʨʠʤʫʚʘʪʠ ʢʨʘʱʽ ʟʚʝʜʝʥʥʷ. ʊʘʢʘ 

ʤʦʜʝʣʴ ʧʨʦʜʝʤʦʥʩʪʨʫʚʘʣʘ ʚʠʩʦʢʽ ʨʝʟʫʣʴʪʘʪʠ ʧʽʜ ʯʘʩ  ʝʢʩʧʝʨʠʤʝʥʪʽʚ. 

ʋ ʨʦʙʦʪʽ ʗʥʛ [7] ʦʧʠʩʘʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʣʦʢʘʣʴʥʠʭ ʬʫʥʢʮʽʡ, ʟʦʢʨʝʤʘ ʬʫʥʢʮʽʡ 

ʤʘʩʰʪʘʙʥʦ ʽʥʚʘʨʽʘʥʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʦʟʥʘʢ (SIFT) ʪʘ ʬʫʥʢʮʽʡ, ʦʪʨʠʤʘʥʠʭ ʚʽʜ ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ 

(CNN). ʆʢʨʽʤ ʮʴʦʛʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʽʥʪʝʛʨʦʚʘʥʫ ʩʭʝʤʫ ʫʟʛʦʜʞʝʥʥʷ ʬʫʥʢʮʽʾ, ʷʢʘ ʽʥʪʝʛʨʫʻ ʫʟʛʦʜʞʝʥʥʷ ʬʫʥʢʮʽʡ 

SIFT ʽ ʬʫʥʢʮʽʡ CNN ʤʽʞ ʟʦʙʨʘʞʝʥʥʷʤʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʯʘʩʪʢʦʚʠʭ ʢʦʧʽʡ ʟʦʙʨʘʞʝʥʴ. ʋ ʮʽʡ ʩʭʝʤʽ ʘʚʪʦʨʠ 

ʨʝʘʣʽʟʫʚʘʣʠ ʟʽʩʪʘʚʣʝʥʥʷ ʬʫʥʢʮʽʡ SIFT ʥʘ ʦʩʥʦʚʽ ʤʦʜʝʣʽ ʚʽʟʫʘʣʴʥʠʭ ʩʣʽʚ, ʱʦʙ ʚʠʷʚʠʪʠ ʧʦʪʝʥʮʽʡʥʽ ʜʫʙʣʽʢʘʪʠ 

ʧʘʨ ʨʝʛʽʦʥʽʚ ʤʽʞ ʟʦʙʨʘʞʝʥʥʷʤʠ, ʘ ʧʦʪʽʤ ʟʽʩʪʘʚʠʣʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ CNN ʮʠʭ ʨʝʛʽʦʥʽʚ, ʚʠʪʷʛʥʫʪʠʭ ʟ 

ʟʛʦʨʪʢʦʚʦʛʦ ʰʘʨʫ ʤʝʨʝʞʽ CNN ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʩʭʦʞʦʩʪʽ ʦʙʨʘʟʽʚ. ʊʘʢʦʞ ʥʝʱʦʜʘʚʥʦ ʫ ʨʦʙʦʪʽ ʏʞʦʫ ʪʘ ʽʥ. 

(2018) [8] ʚʠʢʦʨʠʩʪʘʣʠ ʤʝʨʝʞʫ ʛʣʠʙʦʢʦʛʦ ʫʟʘʛʘʣʴʥʝʥʥʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʘʚʯʘʥʥʷ ʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ. ɺʦʥʠ 

ʧʨʝʜʩʪʘʚʠʣʠ ʧʽʜʭʽʜ DQSN ʥʘ ʦʩʥʦʚʽ RL ʜʣʷ ʫʟʘʛʘʣʴʥʝʥʥʷ ʚʽʜʝʦ. ʅʘ ʦʩʥʦʚʽ ʝʢʩʧʝʨʠʤʝʥʪʫ ʟ ʥʘʚʯʘʥʥʷʤ ʙʝʟ 

ʥʘʛʣʷʜʫ ʪʘ ʟ ʚʯʠʪʝʣʝʤ, ʾʭʥʷ ʮʽʣʴʦʚʘ ʬʫʥʢʮʽʷ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʘʥʘʣʽʟʫʚʘʪʠ ʩʝʤʘʥʪʠʢʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʣʠʰʝ 

ʧʨʦʩʪʽ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʤʽʪʢʠ ʥʘ ʨʽʚʥʽ ʚʽʜʝʦ.  

ʑʝ ʜʝʢʽʣʴʢʘ ʚʘʞʣʠʚʠʭ ʜʦʩʣʽʜʞʝʥʴ ʫ ʮʽʡ ʦʙʣʘʩʪʽ ʟʥʘʥʴ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʘʥʘʣʽʟʫ 

ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʭ ʟʚ'ʷʟʢʽʚ ʤʽʞ ʯʘʩʪʠʥʘʤʠ ʚʽʜʝʦ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʩʫʯʘʩʥʠʭ ʪʠʧʽʚ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ, ʟʦʢʨʝʤʘ  

ʟʛʦʨʪʢʦʚʠʭ ʤʝʨʝʞ. ɺʘʞʣʠʚʠʤʠ ʫ ʮʽʡ ʦʙʣʘʩʪʽ ʟʥʘʥʴ ʻ ʨʦʙʦʪʠ [9], ʘʚʪʦʨʘʤʠ ʷʢʠʭ, ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ  ʟʛʦʨʪʢʦʚʠʭ 

ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ LSTM, ʩʠʥʪʝʟʦʚʘʥʦ ʘʨʭʽʪʝʢʪʫʨʥʫ ʤʦʜʝʣʴ ʜʝʢʦʜʝʨʘ ʽ ʢʦʜʝʨʘ. ʎʷ ʤʦʜʝʣʴ ʜʘʻ ʟʤʦʛʫ 

ʟʤʦʜʝʣʶʚʘʪʠ ʧʨʦʩʪʦʨʦʚʦ-ʯʘʩʦʚʠʡ ʟʚ'ʷʟʦʢ ʤʽʞ ʬʨʘʛʤʝʥʪʘʤʠ ʚʽʜʝʦ. ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʥʘ ʾʾ ʦʩʥʦʚʽ ʘʣʛʦʨʠʪʤ 

ʝʬʝʢʪʠʚʥʦ ʛʝʥʝʨʫʻ ʚʽʟʫʘʣʴʥʫ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʢʣʶʯʦʚʠʭ ʢʘʜʨʽʚ ʪʘ ʤʝʭʘʥʽʟʤʠ ʾʭ ʟʥʘʭʦʜʞʝʥʥʷ.  

ʋ 2019 ʨʦʮʽ ʖʘʥʴ ʦʧʫʙʣʽʢʫʚʘʚ ʨʦʙʦʪʫ [10], ʚ ʷʢʽʡ  ʨʦʟʨʦʙʠʚ  ʤʝʪʦʜ ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʥʘʚʯʘʪʠ ʩʠʩʪʝʤʫ, ʽ 

ʩʪʚʦʨʶʚʘʪʠ ʥʦʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʩʪʨʘʪʝʛʽʶ ʟʣʠʪʪʷ. ɼʣʷ ʦʮʽʥʢʠ ʩʝʨʽʾ ʧʦʩʣʽʜʦʚʥʠʭ ʢʘʜʨʽʚ 

ʘʚʪʦʨʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʬʫʥʢʮʽʾ ʚʪʨʘʪ. ʋ ʮʴʦʤʫ ʞ ʨʦʮʽ ɽʣʬʝʢʽ [11] ʪʘ ʘʚʪʦʨʠ ʨʦʙʽʪ [12] ʧʦʙʫʜʫʚʘʣʠ ʤʦʜʝʣʴ ʫ 

ʷʢʽʡ ʚʜʘʣʦ  ʧʦʻʜʥʘʣʠ CNN ʽ Gated Recurrent Units (ʦʜʠʥ ʽʟ ʪʠʧʽʚ RNN). ʍʘʨʘʢʪʝʨʥʦʶ ʦʩʦʙʣʠʚʽʩʪʶ ʮʽʻʾ ʤʦʜʝʣʽ 

ʻ ʛʝʥʝʨʫʚʘʥʥʷ ʚʝʢʪʦʨʽʚ ʜʣʷ ʦʮʽʥʢʠ ʨʽʚʥʷ ʘʢʪʠʚʥʦʩʪʽ ʽ ʚʘʞʣʠʚʦʩʪʽ ʢʦʞʥʦʛʦ ʢʘʜʨʫ ʫ ʚʽʜʝʦʧʦʪʦʮʽ. 

ɿʘʛʘʣʦʤ ʘʚʪʦʨʠ ʜʦʩʣʽʜʞʝʥʴ ʚʚʘʞʘʶʪʴ, ʱʦ ʤʝʪʦʜʠ ʜʣʷ ʫʟʘʛʘʣʴʥʝʥʥʷ ʪʘ ʧʦʰʫʢʫ ʢʣʶʯʦʚʠʭ ʢʘʜʨʽʚ ʫ 

ʚʽʜʝʦ ʻ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤʠ ʣʠʰʝ ʫ ʚʠʧʘʜʢʘʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʦʛʣʷʜ ʪʘ ʧʦʰʫʢ ʝʬʝʢʪʠʚʥʠʭ ʧʽʜʭʦʜʽʚ, ʷʢʽ ʚʠʢʦʥʫʶʪʴ ʫʟʘʛʘʣʴʥʝʥʥʷ ʚʽʜʝʦ ʥʘ ʦʩʥʦʚʽ 

ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʩʠʩʪʝʤ ʧʦʰʫʢʫ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʇʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʣʽʪʝʨʘʪʫʨʥʠʭ ʜʞʝʨʝʣ ʧʦʢʘʟʘʚ, ʱʦ ʥʘ ʩʴʦʛʦʜʥʽ ʽʩʥʫʻ ʥʠʟʢʘ ʤʝʪʦʜʽʚ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʫ ʩʫʯʘʩʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʜʣʷ ʫʟʘʛʘʣʴʥʝʥʥʷ ʚʽʜʝʦ ʽ ʷʢʽ ʥʘ ʥʘʰ ʧʦʛʣʷʜ ʻ ʥʘʡʙʽʣʴʰ 

ʧʨʦʜʫʢʪʠʚʥʠʤʠ ʫ ʚʠʧʘʜʢʫ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʩʠʩʪʝʤʘʭ ʧʦʰʫʢʫ ʟʘ ʬʨʘʛʤʝʥʪʘʤʠ.  

ɺʨʘʭʦʚʫʶʯʠ ʩʫʯʘʩʥʠʡ ʩʪʘʥ ʧʨʝʜʤʝʪʥʦʾ ʦʙʣʘʩʪʽ ʤʠ ʧʝʨʝʢʦʥʘʥʽ, ʱʦ ʜʣʷ ʩʠʩʪʝʤ ʧʦʰʫʢʫ ʚʽʜʝʦ ʟʘ 

ʬʨʘʛʤʝʥʪʘʤʠ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʤʠ ʻ ʤʝʪʦʜʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʤʘʰʠʥʥʝ ʥʘʚʯʘʥʥʷ ʙʝʟ ʚʯʠʪʝʣʷ. ɺʦʥʠ 

ʜʘʶʪʴ ʟʤʦʛʫ ʨʦʟʨʦʙʣʷʪʠ ʤʦʜʝʣʽ, ʷʢʽ ʻ ʥʝʟʘʣʝʞʥʠʤ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʜʘʥʠʭ ʚʽʜ ʚʪʨʫʯʘʥʥʷ ʢʦʨʠʩʪʫʚʘʯʽʚ.  

ɹʽʣʴʰʽʩʪʴ ʧʽʜʭʦʜʽʚ, ʷʢʽ ʙʘʟʫʶʪʴʩʷ ʥʘ ʥʘʚʯʘʥʥʽ ʙʝʟ ʚʯʠʪʝʣʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʘʚʠʣʦ, ʟʛʽʜʥʦ ʷʢʦʛʦ 

ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʘ ʚʠʙʽʨʢʘ ʧʦʚʠʥʥʘ ʜʦʧʦʤʦʛʪʠ ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʯʠ ʽʥʰʠʤ ʢʦʤʧʦʥʝʥʪʘʤ ʩʠʩʪʝʤʠ ʟʨʦʙʠʪʠ 

ʚʠʩʥʦʚʦʢ ʚʽʜʥʦʩʥʦ ʚʠʭʽʜʥʦʛʦ ʚʽʜʝʦʢʦʥʪʝʥʪʫ. ɺ ʮʴʦʤʫ ʢʦʥʪʝʢʩʪʽ ʤʝʪʦʜʠ ʟʘʟʚʠʯʘʡ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ GAN. ʎʝ 

ʫʟʘʛʘʣʴʥʝʥʥʷ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʩʝʣʝʢʪʦʨʘ ʢʣʶʯʦʚʠʭ ʢʘʜʨʽʚ (ʦʮʽʥʶʶʪʴ ʚʘʞʣʠʚʽʩʪʴ) ʪʘ ʛʝʥʝʨʘʪʦʨʘ (ʩʪʚʦʨʶʻ ʟʚʽʪ). 

ʆʩʦʙʣʠʚʽʩʪʶ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʧʽʜʭʦʜʽʚ ʻ ʪʝ, ʱʦ ʥʘʚʯʘʥʥʷ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜʝʦ ʥʘ 

ʦʩʥʦʚʽ ʨʝʟʶʤʝ [13]. ʈʦʟʛʣʷʥʝʤʦ ʢʦʥʮʝʧʮʽʶ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʧʽʜ ʯʘʩ ʥʘʚʯʘʥʥʷ, ʩʫʪʥʽʩʪʴ ʷʢʦʾ ʥʘʦʯʥʦ 

ʚʽʜʦʙʨʘʞʝʥʘ ʥʘ ʨʠʩ. 1. ɿʘʟʚʠʯʘʡ ʩʫʤʘʪʦʨ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʩʝʣʝʢʪʦʨʘ ʢʣʶʯʦʚʠʭ ʢʘʜʨʽʚ, ʷʢʠʡ ʦʮʽʥʶʻ ʾʭ 

ʚʘʞʣʠʚʽʩʪʴ ʪʘ ʛʝʥʝʨʘʪʦʨʘ, ʦʩʥʦʚʥʠʤ ʟʘʚʜʘʥʥʷʤ ʷʢʦʛʦ ʻ ʨʝʢʦʥʩʪʨʫʢʮʽʷ ʚʽʜʝʦ. ʈʝʢʦʥʩʪʨʫʶʚʘʥʥʶ ʚʽʜʝʦ ʨʘʟʦʤ ʽʟ 

ʦʨʠʛʽʥʘʣʴʥʠʤʠ ʜʘʥʠʤʠ ʚ ʷʢʦʩʪʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʥʘʚʯʘʻ ʜʠʩʢʨʠʤʽʥʘʪʦʨ (ʨʝʟʫʣʴʪʘʪʦʤ ʷʢʦʛʦ ʻ ʥʘʜʘʥʥʷ ʦʮʽʥʢʠ 

ʧʦʜʽʙʥʦʩʪʽ). ʇʨʦʮʝʩ ʥʘʚʯʘʥʥʷ ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: ʩʫʤʘʪʦʨ ʥʘʤʘʛʘʻʪʴʩʷ ʦʙʤʘʥʫʪʠ ʜʠʩʢʨʠʤʽʥʘʪʦʨ ʧʽʜ 

ʯʘʩ ʪʦʛʦ, ʷʢ ʚʽʥ ʥʘʤʘʛʘʻʪʴʩʷ ʥʘʚʯʠʪʠʩʴ ʟʥʘʭʦʜʠʪʠ ʨʽʟʥʠʮʶ ʤʽʞ ʫʟʘʛʘʣʴʥʝʥʠʤ ʟʚʽʪʦʤ (ʢʣʶʯʦʚʠʤʠ ʢʘʜʨʘʤʠ) ʪʘ 

ʦʨʠʛʽʥʘʣʴʥʠʤ ʚʽʜʝʦ. ʈʝʟʫʣʴʪʘʪʦʤ ʥʘʚʯʘʥʥʷ ʻ ʩʪʘʥ ʜʠʩʢʨʠʤʽʥʘʪʦʨʘ, ʢʦʣʠ ʚʽʥ ʥʝ ʤʦʞʝ ʟʥʘʡʪʠ ʨʽʟʥʠʮʶ 

(ʧʦʤʠʣʢʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʧʨʠʙʣʠʟʥʦ ʦʜʥʘʢʦʚʘ ʷʢ ʜʣʷ ʨʝʢʦʥʩʪʨʫʡʦʚʘʥʦʛʦ ʪʘʢ ʽ ʜʣʷ ʦʨʠʛʽʥʘʣʴʥʦʛʦ ʚʽʜʝʦ). 

ɼʣʷ ʚʠʱʝ ʧʨʦʜʝʤʦʥʩʪʨʦʚʘʥʦʾ ʢʦʥʮʝʧʮʽʾ ʦʧʠʩʘʥʦ ʧʨʦʮʝʩ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜʝʦ ʥʘ ʦʩʥʦʚʽ ʨʝʟʶʤʝ. ɼʣʷ 

ʪʦʛʦ ʱʦʙ ʤʦʜʝʣʴ ʚʠʢʦʥʫʚʘʣʘ ʟʚʦʨʦʪʥʽʡ ʧʨʦʮʝʩ, ʷʢʠʡ ʚ ʧʦʜʘʣʴʰʦʤʫ ʤʦʞʥʘ ʟʘʩʪʦʩʦʚʫʚʘʪʠ, ʷʢ ʢʦʤʧʦʥʝʥʪ ʫ 
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ʩʠʩʪʝʤʘʭ ʧʦʰʫʢʫ ʩʫʯʘʩʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʧʦʥʫʶʪʴ ʨʦʟʰʠʨʝʥʠʡ ʧʽʜʭʽʜ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʧʘʨʫ ʜʠʩʢʨʠʤʽʥʘʪʦʨʽʚ. ʊʦʜʽ ʩʝʣʝʢʪʦʨ ʢʘʜʨʽʚ (ʜʚʦʥʘʧʨʘʚʣʝʥʠʡ LSTM) ʟʥʘʭʦʜʠʪʴ ʢʣʶʯʦʚʽ ʢʘʜʨʠ ʰʣʷʭʦʤ 

ʤʦʜʝʣʶʚʘʥʥʷ ʪʠʤʯʘʩʦʚʦʾ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʢʘʜʨʘʤʠ. ɼʘʣʽ ʥʘ ʦʩʥʦʚʽ ʨʝʟʫʣʴʪʘʪʽʚ ʩʝʣʝʢʪʦʨʘ ʧʨʦʚʦʜʠʪʴʩʷ ʦʮʽʥʢʘ, 

ʷʢʘ ʩʢʣʘʜʘʻʪʴʩʷ ʽʟ ʜʚʦʭ GAN [14]. ʇʝʨʰʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʥʘʚʯʘʥʥʷ ʚʽʜʥʦʩʥʦ ʨʝʢʦʥʩʪʨʫʢʮʽʾ ʚʽʜʝʦ ʥʘ 

ʦʩʥʦʚʽ ʫʟʘʛʘʣʴʥʝʥʥʷ, ʜʨʫʛʠʡ ʚʯʠʪʴʩʷ ʚʠʢʦʥʫʚʘʪʠ ʜʽʾ ʥʘʚʧʘʢʠ ï ʚʽʜ ʦʨʠʛʽʥʘʣʫ ʜʦ ʢʣʶʯʦʚʠʭ ʢʘʜʨʽʚ. ʈʦʟʛʣʷʥʝʤʦ 

ʜʝʪʘʣʴʥʽʰʝ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʜʨʫʛʦʛʦ ʤʦʜʫʣʷ GAN. ʅʘ ʩʴʦʛʦʜʥʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʜʝʢʽʣʴʢʘ ʚʘʨʽʘʥʪʽʚ ʧʨʦʮʝʩʫ 

ʥʘʚʯʘʥʥʷ. ʆʜʥʠʤ ʟ ʥʠʭ ʻ ʚʠʢʦʨʠʩʪʘʥʥʷ "ʘʢʪʦʨ-ʢʨʠʪʠʢ" ʤʦʜʝʣʽ, ʷʢʘ ʨʦʟʛʣʷʜʘʻ ʟʘʜʘʯʫ ʚʠʙʦʨʫ ʦʧʦʨʥʠʭ ʢʘʜʨʽʚ, 

ʷʢ ʟʘʜʘʯʫ ʛʝʥʝʨʘʮʽʾ ʧʦʩʣʽʜʦʚʥʦʩʪʝʡ. "ɸʢʪʦʨ" ʪʘ "ʂʨʠʪʠʢ" [15] ʧʝʨʝʙʫʚʘʶʪʴ ʚ ʩʪʘʥʽ ʧʦʩʪʽʡʥʦʛʦ ʦʙʤʽʥʫ 

ʨʝʟʫʣʴʪʘʪʘʤʠ, ʥʘʟʚʝʤʦ ʮʝ  ʟʤʘʛʘʥʥʷʤ. ʉʪʨʘʪʝʛʽʷ ʥʘʚʯʘʥʥʷ ʜʦʟʚʦʣʷʻ ʢʨʠʪʠʢʫ ʟʘʩʚʦʾʪʠ ʮʽʥʥʽʩʥʫ ʬʫʥʢʮʽʶ ʽ 

ʘʢʪʦʨʫ ʝʬʝʢʪʠʚʥʦ ʜʽʟʥʘʚʘʪʠʩʷ ʧʨʦ ʧʦʣʽʪʠʢʫ ʚʠʙʦʨʫ ʢʣʶʯʦʚʠʭ ʬʨʘʛʤʝʥʪʽʚ. ʎʝ ʜʦʧʦʤʘʛʘʻ ʢʦʨʝʛʫʚʘʪʠ ʚʠʙʽʨ 

ʧʨʘʚʠʣʴʥʠʭ ʟʥʘʯʝʥʴ ʜʣʷ ʧʘʨʘʤʝʪʨʽʚ ʤʦʜʝʣʽ. ɺʠʩʦʢʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʝʤʦʥʩʪʨʫʶʪʴ ʪʘʢʦʞ ʽ GAN, ʷʢʽ ʙʘʟʫʶʪʴʩʷ 

ʥʘ ʩʘʤʦʢʦʥʪʨʦʣʽ [16]. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʛʝʥʝʨʘʪʦʨ ʥʘʤʘʛʘʻʪʴʩʷ ʧʝʨʝʜʙʘʯʠʪʠ ʦʮʽʥʢʫ ʚʘʞʣʠʚʦʩʪʽ ʥʘ ʨʽʚʥʽ ʢʘʜʨʫ 

ʜʣʷ ʢʦʞʥʦʛʦ ʢʘʜʨʫ ʪʘ ʩʪʚʦʨʶʻ ʟʚʘʞʝʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʘʜʨʫ ʥʘ ʦʩʥʦʚʽ ʪʠʤʯʘʩʦʚʠʭ ʫʷʚʣʝʥʴ ʥʝʦʙʨʦʙʣʝʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʘʜʨʫ. ʇʦʪʽʤ ʥʝʦʙʨʦʙʣʝʥʽ ʦʟʥʘʢʠ ʢʘʜʨʫ ʪʘ ʟʚʘʞʝʥʽ ʦʟʥʘʢʠ ʢʘʜʨʫ ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʨʝʘʣʴʥʽ ʪʘ 

ʬʘʣʴʰʠʚʽ ʚʭʽʜʥʽ ʜʘʥʽ ʜʣʷ ʜʠʩʢʨʠʤʽʥʘʪʦʨʘ ʱʦʙ ʧʨʦʚʝʩʪʠ ʧʦʨʽʚʥʷʥʥʷ. ʉʣʽʜ ʚʨʘʭʫʚʘʪʠ ʱʦ ʜʣʷ ʟʘʭʦʧʣʝʥʥʷ 

ʪʠʤʯʘʩʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʥʘ ʚʝʣʠʢʽʡ ʚʽʜʩʪʘʥʽ ʧʦ ʚʩʴʦʤʫ ʧʨʦʤʽʞʢʫ ʚʽʜʝʦʧʦʩʣʽʜʦʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 

BiLSTM [17]. ʅʝʜʦʣʽʢʦʤ ʮʠʭ ʢʦʥʮʝʧʮʽʡ ʜʦʩʽ ʟʘʣʠʰʘʻʪʴʩʷ ʥʝʩʪʘʙʽʣʴʥʽʩʪʴ ʧʨʦʮʝʩʫ ʪʨʝʥʫʚʘʥʥʷ [18], ʭʦʯʘ ʽ 

ʦʩʪʘʥʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʥʘʤʘʛʘʶʪʴʩʷ ʧʦʩʪʽʡʥʦ ʨʦʟʰʠʨʶʚʘʪʠ ʪʘ ʧʦʢʨʘʱʫʚʘʪʠ ʤʦʜʝʣʽ GAN ʜʣʷ ʤʽʥʽʤʽʟʘʮʽʾ 

ʦʙʤʝʞʝʥʴ ʢʨʠʪʝʨʽʾʚ ʦʮʽʥʢʠ ʢʘʜʨʽʚ. 

 

 
ʈʠʩ. 1. ɺʠʩʦʢʦʨʽʚʥʝʚʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʤʦʜʝʣʽ ʥʘʚʯʘʥʥʷ ʙʝʟ ʚʯʠʪʝʣʷ ʜʣʷ ʘʥʘʣʽʟʫ ʫʟʘʛʘʣʴʥʝʥʥʷ 

 

ɿʘʛʘʣʴʥʘ ʢʦʥʮʝʧʮʽʷ ʥʘʚʯʘʥʥʷ ʽʟ ʧʽʜʢʨʽʧʣʝʥʥʷʤ ʙʘʟʫʻʪʴʩʷ ʥʘ ʬʫʥʢʮʽʾ "ʚʠʥʘʛʦʨʦʜ". ɺʦʥʘ ʧʦʜʽʣʷʻʪʴʩʷ 

ʥʘ ʜʝʢʽʣʴʢʘ ʝʪʘʧʽʚ. ʅʘ ʦʩʥʦʚʽ ʚʭʽʜʥʠʭ ʜʘʥʠʭ ʫ ʚʠʛʣʷʜʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʢʘʜʨʽʚ ʩʪʚʦʨʶʻʪʴʩʷ ʟʚʽʪ ʰʣʷʭʦʤ 

ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʦʮʽʥʢʠ ʚʘʞʣʠʚʦʩʪʽ ʥʘ ʨʽʚʥʽ ʢʦʞʥʦʛʦ ʢʘʜʨʫ. ʉʪʚʦʨʝʥʠʡ ʟʚʽʪ ʥʘʜʩʠʣʘʻʪʴʩʷ ʥʘʩʪʫʧʥʦʤʫ ʤʦʜʫʣʶ, 

ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ ʽʩʥʫʶʯʠʭ (ʥʘʧʝʨʝʜ ʚʠʙʨʘʥʠʭ) ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʪʚʦʨʝʥʠʭ 

ʚʨʫʯʥʫ ʬʫʥʢʮʽʡ "ʚʠʥʘʛʦʨʦʜ". ʇʦʪʽʤ ʧʽʜʨʘʭʦʚʘʥʽ ʙʘʣʠ ʦʙôʻʜʥʫʶʪʴʩʷ, ʱʦʙ ʩʬʦʨʤʫʚʘʪʠ ʟʘʛʘʣʴʥʝ ʟʥʘʯʝʥʥʷ 

"ʚʠʥʘʛʦʨʦʜʠ", ʷʢʝ ʚʠʢʦʨʠʩʪʦʚʫʻ ʩʫʤʘʪʦʨ ʜʣʷ ʥʘʚʯʘʥʥʷ. ʆʜʥʠʤ ʽʟ ʧʽʜʭʦʜʽʚ ʻ ʪʨʝʥʫʚʘʥʥʷ ʩʫʤʘʪʦʨʘ, ʪʘʢʠʤ 

ʯʠʥʦʤ, ʱʦʙ ʚʽʥ ʩʪʚʦʨʶʚʘʚ ʨʽʟʥʦʤʘʥʽʪʥʽ ʪʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʽ ʚʠʙʽʨʢʠ ʢʣʶʯʦʚʠʭ ʢʘʜʨʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʥʘʛʦʨʦʜʠ ʟʘ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ. ʎʷ ʥʘʛʦʨʦʜʘ (ʙʘʣʠ ʘʙʦ ʢʦʝʬʽʮʽʻʥʪ) ʚʠʤʽʨʶʻ ʚʽʜʤʽʥʥʽʩʪʴ ʤʽʞ ʚʠʙʨʘʥʠʤʠ 

ʢʣʶʯʦʚʠʤʠ ʢʘʜʨʘʤʠ, ʘ ʥʘʛʦʨʦʜʘ ʟʘ ʨʝʧʨʝʟʝʥʪʘʪʠʚʥʽʩʪʴ ʦʙʯʠʩʣʶʻ ʚʽʜʩʪʘʥʴ (ʱʦ ʚʠʨʘʞʘʻ ʚʽʟʫʘʣʴʥʫ ʩʭʦʞʽʩʪʴ) 

ʤʽʞ ʦʙʨʘʥʠʤʠ ʢʘʜʨʘʤʠ ʟ ʢʘʜʨʽʚ ʚʽʜʝʦ, ʱʦ ʟʘʣʠʰʠʣʠʩʷ. ʊʘʢʦʞ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ LSTM ʚʽʜʥʦʩʥʦ 

ʟʘʪʫʭʘʶʯʦʛʦ (vanishing) ʪʘ ʚʠʙʫʭʘʶʯʦʛʦ  (exploding) ʛʨʘʜʽʻʥʪʘ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʝʟʘʣʝʞʥʽ ʨʝʢʫʨʝʥʪʥʽ 

ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ (IndRNN) [19] ʥʘ ʦʩʥʦʚʽ ʬʫʥʢʮʽʾ ʘʢʪʠʚʘʮʽʾ ï Leaky ReLU (Leaky Rectified Linear Unit) [20]. 

ɿʘʛʘʣʴʥʘ ʢʦʥʮʝʧʮʽʷ ʘʥʘʣʽʟʫ ʨʫʭʫ ʢʣʶʯʦʚʠʭ ʚʽʟʫʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʘʚʪʦʢʦʜʫʚʘʣʴʥʠʢʘ, ʜʝ ʧʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʚʠʢʦʥʫʶʪʴʩʷ ʢʨʦʢʠ, ʮʽʣʣʶ ʷʢʠʭ ʻ ʧʦʰʫʢ ʦʧʦʨʥʠʭ ʦʙôʻʢʪʽʚ ʪʘ  

ʪʨʘʻʢʪʦʨʽʡ ʾʭ ʨʫʭʫ. ʇʽʩʣʷ ʚʠʢʦʥʘʥʥʷ ʮʠʭ ʢʨʦʢʽʚ ʩʪʚʦʨʶʶʪʴʩʷ ʩʝʛʤʝʥʪʦʚʘʥʽ ʬʨʘʛʤʝʥʪʠ ʚʽʜʝʦ ʽʟ ʨʫʭʦʤ ʜʣʷ 

ʢʦʞʥʦʛʦ ʦʙôʻʢʪʘ. ʅʘ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʥʣʘʡʥ ʤʦʜʝʣʴ ʘʚʪʦʢʦʜʫʚʘʣʴʥʠʢʘ ʦʙôʻʢʪʘ (Stacked 

Sparse LSTM Auto-Encoder) [21] ʜʣʷ ʟʘʧʘʤôʷʪʦʚʫʚʘʥʥʷ ʧʦʧʝʨʝʜʥʽʭ ʩʪʘʥʽʚ ʨʫʭʫ ʦʙôʻʢʪʘ ʰʣʷʭʦʤ ʧʦʩʪʽʡʥʦʛʦ 

ʦʥʦʚʣʝʥʥʷ ʘʜʘʧʪʦʚʘʥʦʾ ʤʝʨʝʞʽ ʘʚʪʦʢʦʜʫʚʘʣʴʥʠʢʘ. ʆʩʪʘʥʥʽʡ ʢʨʦʢ ʚʽʜʧʦʚʽʜʘʻ ʟʘ ʨʝʢʦʥʩʪʨʫʢʮʽʶ ʬʨʘʛʤʝʥʪʽʚ. 
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ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ɺʠʢʣʘʜʝʥʦ ʧʦʨʽʚʥʷʣʴʥʠʡ ʘʥʘʣʽʟ ʤʝʪʦʜʽʚ ʦʧʨʘʮʶʚʘʥʥʷ ʜʘʥʠʭ, ʧʦʜʘʥʠʭ ʫ ʬʦʨʤʘʪʽ ʚʽʜʝʦʢʦʥʪʝʥʪʫ ʽ ʥʘ 

ʡʦʛʦ ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰ ʦʧʪʠʤʘʣʴʥʠʤʠ ʤʝʪʦʜʘʤʠ ʻ ʤʝʪʦʜʠ ʟʘʩʥʦʚʘʥʽ ʥʘ ʘʣʛʦʨʠʪʤʘʭ ʰʪʫʯʥʦʛʦ 

ʽʥʪʝʣʝʢʪʫ ʪʘ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ. ʆʩʦʙʣʠʚʦ ʧʝʨʩʧʝʢʪʠʚʥʠʤʠ ʻ ʤʝʪʦʜʠ, ʧʨʘʢʪʠʯʥʘ ʨʝʘʣʽʟʘʮʽʷ ʷʢʠʭ ʧʦʣʷʛʘʻ ʫ 

ʤʦʜʝʣʶʚʘʥʥʽ ʪʠʤʯʘʩʦʚʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʟʤʽʥʥʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʪʘ 

ʬʫʥʢʮʽʡ ʽʟ ʩʧʝʮʽʘʣʴʥʠʤʠ ʤʝʭʘʥʽʟʤʘʤʠ ñʫʚʘʛʠò.  

ʇʦʢʘʟʘʥʦ ʪʘʢʦʞ, ʱʦ ʜʣʷ ʦʧʨʘʮʶʚʘʥʥʷ ñʥʝʢʦʥʪʨʦʣʴʦʚʘʥʠʭò ʚʽʜʝʦ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 

ʛʝʥʝʨʘʪʠʚʥʽ ʟʤʘʛʘʣʴʥʽ ʤʝʨʝʞʽ ʫ ʧʦʻʜʥʘʥʥʽ ʽʟ ʤʝʭʘʥʽʟʤʘʤʠ ñʫʚʘʛʠò ʪʘ ñʘʢʪʦʨ-ʢʨʠʪʠʢò.   

ɺʠʷʚʣʝʥʦ, ʱʦ ʩʧʨʦʱʝʥʥʷ ʧʨʦʮʝʜʫʨʠ ʘʜʘʧʪʘʮʽʾ ʚʠʤʦʛ ʜʦ ʜʘʥʠʭ ʫ ʨʽʟʥʠʭ ʜʦʤʝʥʘʭ ʽ ʩʮʝʥʘʨʽʾʚ ʾʭ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʻ ʤʦʞʣʠʚʠʤ ʣʠʰʝ ʟʘ ʫʤʦʚʠ ʚʜʦʩʢʦʥʘʣʝʥʥʷ ʤʦʜʝʣʝʡ ʫʟʘʛʘʣʴʥʝʥʥʷ, ʷʢʽ ʥʘʚʯʘʶʪʴʩʷ ʙʝʟ ʥʘʛʣʷʜʫ.  
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ˏ ̨̑̏̂̏̓ ̨̐̑̏́̎́̌̈̏̃́̎̏ ̓́ ̎́̃̆̅̆̎̏ ̝̑̆̈̔̌̓́̓̉ ̨̠̅̏̒̌̅̇̆̎̎ ̓̆̍̉ ̨̠̑̏̈̐̈̎́̃́̎̎ ̏̂ǫ̤̃̄̋̓̃ ̎́ ̨̃̅̆̏ȟ ́ 

̓́̋̏̇ ̨̈̅̊̒̎̆̎̉̊ ̏̐̉̒ ̖̈́̐̑̏̐̏̎̏̃́̎̉ ̨̙̑́̎̆ ̨̍̆̓̏̅̏̌̏̄̊ȟ ̈ ̟̍̆̓̏ ̠̠̃̉̃̌̆̎̎ ̨̐́̑́̍̆̓̑̃ȟ ̨̠̋ ̍̏̇̎́ 
̃̅̏̒̋̏̎́̌̉̓̉ ̓́ ̃ ̝̙̐̏̅́̌̏̍̔ ̈́̒̓̏̒̔̃́̓̉ ̨̨̏̐̓̉̍̈̏̃́̎ ̍̆̓̏̅̉ ̠̅̌ ̠̒̓̃̏̑̆̎̎ ̓́ ̙̠̐̏̉̑̆̎̎ ̨̘̖́̎́̌̏̄̎̉ 
̒̉̒̓̆̍ ̃ ̨̐̑̏̆̋̓ DRINMIX (́̃̓̏̍́̓̉̈̏̃́̎́ ̒̉̒̓̆̍́ ̠̏̂̒̌̔̄̏̃̔̃́̎̎ ̨̨̤̋̌̎̓̃Ɋ, ́ ̓́̋̏̇ ̔ ̖̎́̂̌̉̇̆̎̉ ̖̒̆̑́̕Ȣ 
ˏ̨̉̅̌̆̎̏ ̓́ ̏ ̐̉̒́̎̏ ̨̓́̋ ̨̏̒̎̏̃̎ ̆̓́̐̉ȟ ̠̋ ̑ ̨̠̏̈̐̈̎́̃́̎̎ ̏̂ȭ̤̋̓̔ȟ  ̨̨̠̃̅̒̌̅̋̏̃̔̃́̎̎ ̏̂ȭ̤̋̓̔ȟ ̨̨̗̠̋̌́̒̉̋́̕ ̏̂ȭ̤̋̓̔Ȣ 
ˍ̨̎́̌̈ ̨̝̑̆̈̔̌̓́̓̃ ̨̐̅̓̃̆̑̅̉̃ ̨̝̝́̋̓̔́̌̎̒̓ ̓̆̍́̓̉̋̉ ̓́ ̨̨̗̝̝̅̏̌̎̒̓ ̠̒̓̃̏̑̆̎̎ ̒̉̒̓̆̍̉ ̨̠̑̏̈̐̈̎́̃́̎̎ ̓́ 
̨̓̑̆̋̎̄̔ ̏̂ǫ̤̃̄̋̓̃ ̎́ ̨̃̅̆̏ȟ ̎́ ̨̏̒̎̏̃ ̩̐̑̏̑̏̂̌̆̎̏ ̑̏̂̏̓̉ ̈̑̏̂̌̆̎̉̊ ̃̉̒̎̏̃̏̋ȟ ̏̚ ̨̝̙̎́̊̂̌ ̆̆̋̓̉̃̎̉̍̕ 
̨̎̓̒̓̑̔̍̆̎̓̏̍ ̠̅̌ ̠̃̉̋̏̎́̎̎ ̨̗̤̩ ̑̏̂̏̓̉ ̒̓́̎̆ ̠̃̉̋̏̑̉̒̓́̎̎ ̨̍̆̓̏̅̃ ̄̌̉̂̉̎̎̏̄̏ ̘̠̎́̃́̎̎Ȣ  
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CREATION OF OBJECT RECOGNITION AND TRACKING SYSTEM  

 
In modern society, video recording systems have become widespread, allowing them to recognize objects, their absence, and 

changes in position. In the vast majority of intelligent systems for video monitoring and determining objects through their image, such 
objects as human faces, printed publications, and state registration numbers are taken into consideration. At the same time, the 
circumstances for accepting an image are quite strict, since there is a limit on illumination, background, location relative to the lens, and so 
on. All this significantly facilitates the joint work of a person with a computer, and creates the prerequisites for using all kinds of systems of 
artificial origin of the mind. The primary goal in the development of a method and software for the automatic design of a video surveillance 
system is the purpose of recognize an object whose image is transmitted through the camera. Since the image of any object depends on many 
moments of its direction about the video camera, illumination, characteristics of the recorder, static and dynamic characteristics of the 
object, it is rather difficult to arrange and present a picture in the guise of a specific mathematical model. As a result, the methods for 
implementing a computer representation are significantly dependent on the goals being solved and are occasionally inferior to 
generalization. As a result, the bulk of these methods is considered non-linear. This affects the need to accumulate the calculation of 
computer power and the difficulty of algorithms for work acquired through the technical channels of the resulting image. In addition to 
technical indicators that distort the quality of a digital image, several external moments are considered, and these are: lighting around the 
scene, moving objects within it, etc. As a result, to obtain the best accuracy of character recognition, it is necessary to take into account all 
the details. The aim of this work is to study the topic of object recognition in images and video, in order to further use the results of work in 
creating a system for object recognition in images and video. 

Keywords: image, video, object, object detection, object tracking, convolutional neural network. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ɼʠʚʣʷʯʠʩʴ ʽ ʙʘʯʘʯʠ, ʤʠ ʧʽʟʥʘʻʤʦ ʩʚʽʪ, ʫ ʷʢʦʤʫ ʞʠʚʝʤʦ. ʎʝ ʩʝʨʝʜʦʚʠʱʝ ʦʪʦʯʫʻ ʥʘʩ ʥʝʩʢʽʥʯʝʥʥʠʤʠ 

ʪʠʧʘʤʠ ʧʨʝʜʤʝʪʽʚ ʽ ʚʨʘʞʝʥʴ. ɯʥʘʢʰʝ ʢʘʞʫʯʠ, ʟʽʨ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʙʘʯʠʪʠ  ï ʮʝ ʟʘʩʽʙ ʜʣʷ ʨʦʟʫʤʽʥʥʷ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʚʽʪʫ. ʗʢ ʩʘʤʝ ʧʨʘʮʶʻ ʟʦʨʦʚʘ ʩʠʩʪʝʤʘ, ʟʘʣʠʰʘʻʪʴʩʷ ʟʘʛʘʜʢʦʶ, ʷʢʫ ʧʦʪʨʽʙʥʦ ʨʦʟʛʘʜʘʪʠ, ʥʘʚʽʪʴ 

ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʝ, ʱʦ ʬʽʟʽʦʣʦʛʠ ʜʦʩʣʽʜʞʫʶʪʴ ʮʝ ʷʚʠʱʝ ʧʨʦʪʷʛʦʤ ʜʝʩʷʪʠʣʽʪʴ. ɻʦʚʦʨʷʯʠ ʧʨʦ ʟʽʨ, ʟʘʤʽʥʠʚʰʠ 

ʞʠʚʫ ʽʩʪʦʪʫ ʦʙʯʠʩʣʶʚʘʣʴʥʠʤ ʧʨʠʩʪʨʦʻʤ, ʤʠ ʤʘʻʤʦ ʰʠʨʦʢʝ ʽ ʘʙʩʪʨʘʢʪʥʝ ʚʠʨʘʞʝʥʥʷ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ. 

ʁʦʛʦ ʤʦʞʥʘ ʫʟʘʛʘʣʴʥʠʪʠ ʷʢ ʧʨʦʮʝʩ, ʢʦʣʠ ʢʦʤʧôʶʪʝʨʠ ʘʥʘʣʽʟʫʶʪʴ ʮʠʬʨʦʚʽ ʟʦʙʨʘʞʝʥʥʷ ʘʙʦ ʚʽʜʝʦ ʪʘ 

ʦʪʨʠʤʫʶʪʴ ʚʽʜ ʮʴʦʛʦ ʨʦʟʫʤʽʥʥʷ ʩʚʽʪʫ ʱʦ ʾʭ ʦʪʦʯʫʻ. 

ɺʽʜʩʪʝʞʝʥʥʷ ʦʙôʻʢʪʽʚ ð ʮʝ ʦʙʣʘʩʪʴ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ, ʷʢʘ ʤʘʻ ʙʘʛʘʪʦ ʧʨʘʢʪʠʯʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ, 

ʪʘʢʠʭ ʷʢ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ, ʚʟʘʻʤʦʜʽʷ ʣʶʜʠʥʠ ʪʘ ʢʦʤʧôʶʪʝʨʘ ʪʘ ʥʘʚʽʛʘʮʽʷ ʨʦʙʦʪʽʚ. ʎʝ ʜʦʙʨʝ ʚʠʚʯʝʥʘ 

ʧʨʦʙʣʝʤʘ ʽ ʚ ʙʘʛʘʪʴʦʭ ʚʠʧʘʜʢʘʭ ʩʢʣʘʜʥʘ ʜʣʷ ʚʠʨʽʰʝʥʥʷ. ʇʨʦʙʣʝʤʫ ʚʽʜʩʪʝʞʝʥʥʷ ʦʙ'ʻʢʪʘ ʫ ʚʽʜʝʦ ʤʦʞʥʘ 

ʫʟʘʛʘʣʴʥʠʪʠ ʷʢ ʟʘʚʜʘʥʥʷ ʧʦʰʫʢʫ ʧʦʣʦʞʝʥʥʷ ʦʙ'ʻʢʪʘ ʚ ʢʦʞʥʦʤʫ ʚʠʣʫʯʝʥʦʤʫ ʢʘʜʨʽ ʟ ʚʽʜʝʦʧʦʪʦʢʫ. ʄʦʞʣʠʚʽʩʪʴ 

ʚʽʜʩʪʝʞʫʚʘʪʠ ʦʙôʻʢʪ ʫ ʚʽʜʝʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, ʪʘʢʠʭ ʷʢ ʟʥʘʥʥʷ ʧʨʦ ʮʽʣʴʦʚʠʡ ʦʙôʻʢʪ, ʪʠʧ 

ʧʘʨʘʤʝʪʨʽʚ, ʱʦ ʚʽʜʩʪʝʞʫʶʪʴʩʷ, ʽ ʪʠʧ ʚʽʜʝʦ, ʱʦ ʧʦʢʘʟʫʻ ʦʙôʻʢʪ. 

ɺʽʜʩʪʝʞʝʥʥʷ ʦʙôʻʢʪʽʚ ʻ ʚʘʞʣʠʚʦʶ ʯʘʩʪʠʥʦʶ ʩʧʽʚʧʨʘʮʽ ʣʶʜʠʥʠ ʪʘ ʢʦʤʧôʶʪʝʨʘ ʚ ʙʝʟʧʝʨʝʨʚʥʦʤʫ 

ʩʝʨʝʜʦʚʠʱʽ, ʫ ʩʝʥʩʽ, ʱʦ ʜʦʟʚʦʣʷʻ ʢʦʤʧôʶʪʝʨʫ ʦʪʨʠʤʘʪʠ ʢʨʘʱʫ ʤʦʜʝʣʴ ʨʝʘʣʴʥʦʛʦ ʩʚʽʪʫ. ʅʘʧʨʠʢʣʘʜ, ʫ ʩʬʝʨʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʚʪʦʥʦʤʥʠʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʟʘʩʦʙʽʚ, ʜʝ ʣʶʜʠʥʘ ʥʝ ʤʦʞʝ ʜʦʩʠʪʴ ʪʦʯʥʦ ʪʘ ʰʚʠʜʢʦ ʧʝʨʝʜʘʪʠ ʩʪʘʥ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʟ ʦʛʣʷʜʫ ʥʘ ʚʠʤʦʛʠ ʘʛʝʥʪʘ. ʐʠʨʦʢʘ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚʽʜʦʙʨʘʞʘʻ ʚʘʞʣʠʚʽʩʪʴ 

ʥʘʜʽʡʥʦʛʦ, ʪʦʯʥʦʛʦ ʪʘ ʝʬʝʢʪʠʚʥʦʛʦ ʚʽʜʩʪʝʞʝʥʥʷ ʦʙôʻʢʪʽʚ. ɯʩʥʫʻ ʢʽʣʴʢʘ ʚʘʞʣʠʚʠʭ ʢʨʦʢʽʚ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ 

ʚʽʜʩʪʝʞʝʥʥʷ ʦʙôʻʢʪʘ, ʚʢʣʶʯʘʶʯʠ ʚʠʙʽʨ ʤʦʜʝʣʽ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʙôʻʢʪʘ ʪʘ ʤʝʪʦʜʫ ʚʽʜʩʪʝʞʝʥʥʷ ʦʙôʻʢʪʘ, 

ʷʢʠʡ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʟʘʚʜʘʥʥʷ. 
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ʉʠʩʪʝʤʠ ʚʠʷʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ ʨʦʟʧʽʟʥʘʶʪʴ ʥʘʷʚʥʽʩʪʴ ʘʙʦ ʚʽʜʩʫʪʥʽʩʪʴ ʦʙôʻʢʪʽʚ ʫ ʧʝʚʥʠʭ ʩʮʝʥʘʭ ʽ ʪʦʯʢʘʭ 

ʦʛʣʷʜʫ ʢʘʤʝʨ. ɿʘʚʜʷʢʠ, ʚʽʜʩʣʽʜʢʦʚʫʚʘʥʥʶ ʦʙôʻʢʪʽʚ ʥʘ ʚʽʜʝʦ, ʚ ʧʦʜʘʣʴʰʦʤʫ óʨʦʟʫʤʥʽô ʩʠʩʪʝʤʠ ʟʤʦʞʫʪʴ ʙʽʣʴʰ 

ʯʽʪʢʦ ʧʝʨʝʜʙʘʯʫʚʘʪʠ ʪʽ ʯʠ ʽʥʰʽ ʧʦʪʝʥʮʽʡʥʽ ʟʤʽʥʠ ʚ ʧʦʚʝʜʽʥʮʽ ʦʙôʻʢʪʽʚ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʧʦʢʨʘʱʠʪʠ ʷʢʽʩʪʴ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʣʶʜʝʡ ʚʠʱʝʟʛʘʜʘʥʠʤʠ ʩʠʩʪʝʤʘʤʠ. ʅʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʷʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ ʥʘ ʚʽʜʝʦ ʯʠ 

ʟʦʙʨʘʞʝʥʥʽ ʤʦʞʥʘ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʮʽʣʴ ʪʘ ʚʠʟʥʘʯʘʪʠ ʾʾ ʪʦʯʥʝ ʤʽʩʮʝ ʟʥʘʭʦʜʞʝʥʥʷ ʚ ʧʨʦʩʪʦʨʽ, ʮʷ ʽʥʬʦʨʤʘʮʽʷ 

ʜʦʟʚʦʣʠʪʴ ʨʦʙʦʪʠʟʦʚʘʥʠʤ ʩʠʩʪʝʤʘʤ ʷʢʽʩʥʽʰʝ, ʰʚʠʜʰʝ ʪʘ ʪʦʯʥʽʰʝ ʦʙʩʣʫʛʦʚʫʚʘʪʠ ʩʚʦʾʭ ʧʦʪʝʥʮʽʡʥʠʭ ʢʣʽʻʥʪʽʚ. 

ʊʘʢʦʞ, ʚʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ  ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʪʨʝʢʽʥʛʫ ʦʙôʻʢʪʽʚ ʥʘ ʚʽʜʝʦ ʤʦʞʥʘ  

ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʨʫʭʠ ʣʶʜʝʡ, ʪʘ ʟʘʩʪʦʩʫʚʘʪʠ ʪʘʢʠʡ ʘʥʘʣʽʟ ʚ ʧʦʙʫʜʦʚʽ ʧʘʪʝʨʥʽʚ ʨʫʭʽʚ ʜʣʷ ʚʠʱʝ ʟʛʘʜʘʥʠʭ 

ʨʦʙʦʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ, ʘ ʪʘʢʦʞ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʘʥʘʣʽʟ ʨʫʭʽʚ ʦʙôʻʢʪʽʚ ʫ ʩʝʥʪʠʤʝʥʪʘʣʴʥʦʤʫ ʘʥʘʣʽʟʽ 

(ʚʠʟʥʘʯʝʥʥʷ ʨʽʚʥʷ ʩʧôʷʥʽʥʥʷ ʪʘ ʽʥ.) 

ʇʦʪʨʝʙʘ ʜʦʩʣʽʜʞʝʥʥʷ ʮʽʻʾ ʪʝʤʠ ʧʽʜʪʚʝʨʜʞʝʥʘ ʤʘʣʦʶ ʢʽʣʴʢʽʩʪʶ ʧʫʙʣʽʢʘʮʽʡ ʪʘ ʟʨʦʩʪʘʥʥʷʤ ʧʦʧʠʪʫ ʥʘ 

ʪʘʢʽ ʨʦʟʨʦʙʢʠ ʫ ʟʚôʷʟʢʫ ʟ ʜʠʥʘʤʽʯʥʠʤ ʨʦʟʚʠʪʢʦʤ ʽʥʜʫʩʪʨʽʾ ʩʝʨʚʽʩʽʚ. ɺʘʨʪʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʪʘʢʽ ʩʠʩʪʝʤʠ 

ʧʦʰʠʨʝʥʽ ʥʘ ʘʟʽʡʩʴʢʦʤʫ ʨʠʥʢʫ ʪʘ ʚ ʧʽʚʥʽʯʥʽʡ ɸʤʝʨʠʮʽ, ʦʪʞʝ ʥʘʡʙʣʠʞʯʠʤ ʯʘʩʦʤ ʩʭʦʞʽ ʧʦʪʨʝʙʠ ʚʠʥʠʢʥʫʪʴ ʥʘ 

ʫʢʨʘʾʥʩʴʢʦʤʫ ʨʠʥʢʫ ʜʝ, ʚʣʘʩʥʝ ʽ ʧʣʘʥʫʻʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʮʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ.   

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

 ʋ ʩʪʘʪʪʽ [1] ʘʚʪʦʨ ʦʙʛʦʚʦʨʶʻ ʢʝʨʫʚʘʥʥʷ ʞʝʩʪʘʤʠ ʩʠʩʪʝʤʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ 

ʚʠʣʫʯʝʥʠʭ ʟ ʚʽʜʝʦʧʦʪʦʢʫ. ʈʦʙʦʪʦʪʝʭʥʽʯʥʘ ʧʨʦʤʠʩʣʦʚʽʩʪʴ ʨʦʟʚʠʚʘʻ ʙʘʛʘʪʦ ʥʦʚʠʭ ʪʝʥʜʝʥʮʽʡ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ 

ʝʬʝʢʪʠʚʥʦʩʪʽ, ʜʦʩʪʫʧʥʦʩʪʽ ʪʘ ʪʦʯʥʦʩʪʽ ʩʠʩʪʝʤ. ʈʦʙʦʪʠ ʟʘʤʽʥʶʶʪʴ ʣʶʜʝʡ. ɸʣʝ ʚʩʝ ʦʜʥʦ ʮʽ ʨʦʙʦʪʠ ʧʦʪʨʝʙʫʶʪʴ 

ʫʚʘʛʠ ʪʘ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʣʶʜʠʥʠ ʜʦ ʪʦʛʦ ʞ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʨʦʙʦʪʦʤ ʧʦʪʨʽʙʥʘ ʣʶʜʠʥʘ. ʈʦʙʦʪʠ ʤʦʞʫʪʴ ʤʘʪʠ 

ʨʽʟʥʽ ʪʠʧʠ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʢʦʤʧ'ʶʪʝʨʥʦʾ ʩʠʩʪʝʤʠ: ʜʨʦʪʦʚʽ ʘʙʦ ʙʝʟʜʨʦʪʦʚʽ. ʇʨʦʪʝ, ʥʝʟʚʘʞʘʶʯʠ ʥʘ ʪʠʧ 

ʟ'ʻʜʥʘʥʥʷ ʫʩʽ ʨʦʙʦʪʠ ʤʘʶʪʴ ʧʨʠʩʪʨʽʡ ʢʝʨʫʚʘʥʥʷ. ɼʣʷ ʢʝʨʫʚʘʥʥʷ ʨʦʙʦʪʦʪʝʭʥʽʢʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ ʬʽʟʠʯʥʠʭ 

ʧʨʠʩʪʨʦʾʚ ʧʦʧʫʣʷʨʥʠʤ ʤʝʪʦʜʦʤ ʻ ʢʝʨʫʚʘʥʥʷ ʞʝʩʪʘʤʠ. ʆʩʥʦʚʥʘ ʤʝʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʞʝʩʪʽʚ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ 

ʚʽʥ ʟʘʙʝʟʧʝʯʫʻ ʙʽʣʴʰ ʧʨʠʨʦʜʥʠʡ ʩʧʦʩʽʙ ʢʝʨʫʚʘʥʥʷ ʪʘ ʟʘʙʝʟʧʝʯʫʻ ʥʘʩʠʯʝʥʫ ʪʘ ʽʥʪʫʾʪʠʚʥʫ ʬʦʨʤʫ ʚʟʘʻʤʦʜʽʾ ʟ 

ʨʦʙʦʪʠʟʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ. ʉʝʨʚʽʩʥʽ ʨʦʙʦʪʠ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʟʘʻʤʦʜʽʶʪʴ ʟ ʣʶʜʴʤʠ, ʪʦʤʫ ʟʥʘʭʦʜʞʝʥʥʷ ʙʽʣʴʰ 

ʧʨʠʨʦʜʥʦʛʦ ʽ ʧʨʦʩʪʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ ʤʘʻ ʧʨʠʥʮʠʧʦʚʝ ʟʥʘʯʝʥʥʷ. ʋ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʨʦʙʦʪʘ 

ʟʦʩʝʨʝʜʞʝʥʘ ʥʘ ʧʠʪʘʥʥʷʭ, ʧʦʚôʷʟʘʥʠʭ ʟ ʤʘʥʽʧʫʣʷʮʽʻʶ ʪʘ ʥʘʚʽʛʘʮʽʻʶ ʚ ʥʘʚʢʦʣʠʰʥʴʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. ɼʣʷ 

ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʘʚʪʦʨ ʨʝʘʣʽʟʫʚʘʚ ʩʠʩʪʝʤʫ,  ʙʘʟʦʚʘʥʫ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʪʘʢʦʛʦ ʩʝʨʚʽʩʫ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʜʘʚʘʪʠ ʢʦʤʘʥʜʠ ʙʝʟʜʨʦʪʦʚʦʤʫ ʨʦʙʦʪʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʞʝʩʪʽʚ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʮʴʦʛʦ ʤʝʪʦʜʫ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʢʝʨʫʚʘʪʠ ʨʦʙʦʪʦʤ ʟʘ ʜʦʧʦʤʦʛʦʶ ʞʝʩʪʽʚ ʜʦʣʦʥʝʶ, 

ʚʟʘʻʤʦʜʽʶʯʠ, ʪʘʢʠʤ ʯʠʥʦʤ, ʟ ʨʦʙʦʪʠʟʦʚʘʥʦʶ ʩʠʩʪʝʤʦʶ.  

ʋ ʨʦʙʦʪʽ [2]  ʜʦʩʣʽʜʞʝʥʦ ʩʠʩʪʝʤʠ ʙʝʟʧʝʨʝʨʚʥʦʾ ʟʡʦʤʢʠ ʚ ʷʢʽ ʽʥʪʝʛʨʦʚʘʥʽ ʬʫʥʢʮʽʾ ʨʦʟʧʽʟʥʘʚʘʥʥʷ 

ʦʙôʻʢʪʽʚ, ʦʩʢʽʣʴʢʠ ʣʶʜʠʥʫ ʤʦʞʥʘ ʣʝʛʢʦ ʚʽʜʚʦʣʽʢʪʠ, ʽ ʦʜʥʘ ʧʦʤʠʣʢʘ ʤʦʞʝ ʧʨʠʟʚʝʩʪʠ ʜʦ ʚʝʣʠʢʦʾ ʢʘʪʘʩʪʨʦʬʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʩʠʩʪʝʤʠ ʚʽʜʝʦʩʧʦʩʪʝʨʝʞʝʥʥʷ ʟʥʘʯʥʦ ʧʦʣʝʛʰʫʶʪʴ ʨʦʙʦʪʫ ʩʧʦʞʠʚʘʯʘʤ ʪʘ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʝʟʧʝʢʫ 

ʪʘ ʢʦʥʪʨʦʣʴ ʪʘʤ, ʜʝ ʚʽʥ ʧʦʪʨʽʙʝʥ ʚʝʩʴ ʯʘʩ. ʋ ʮʽʡ ʨʦʙʦʪʽ ʘʚʪʦʨʦʤ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʘʣʛʦʨʠʪʤ (ʩʬʦʨʤʦʚʘʥʫ 

ʘʨʭʽʪʝʢʪʫʨʫ ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʥʘ ʦʩʥʦʚʽ ʧʘʨʘʣʝʣʴʥʦʛʦ ʚʠʣʫʯʝʥʥʷ ʦʟʥʘʢ), ʷʢʠʡ ʜʦʧʦʤʘʛʘʻ 

ʚʠʷʚʣʷʪʠ ʨʫʭʦʤʠʡ ʦʙôʻʢʪ ʽ ʢʣʘʩʠʬʽʢʫʚʘʪʠ ʡʦʛʦ ʷʢ ʣʶʜʠʥʫ ʪʘ ʚʽʜʩʪʝʞʫʚʘʪʠ ʨʫʭ ʣʶʜʠʥʠ. ʎʝ ʤʦʞʥʘ ʟʨʦʙʠʪʠ 

ʙʝʟ ʙʫʜʴ-ʷʢʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʥʩʦʨʥʠʭ ʧʨʠʩʪʨʦʾʚ. ʋ ʮʽʡ ʩʪʘʪʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʫ ʩʠʩʪʝʤʫ ʤʦʞʥʘ ʨʦʟʜʽʣʠʪʠ ʥʘ 

ʪʨʠ ʝʪʘʧʠ: ʚʠʷʚʣʝʥʥʷ, ʚʽʜʩʪʝʞʝʥʥʷ ʪʘ ʘʥʘʣʽʟ ʜʽʡ. ɺʠʷʚʣʝʥʥʷ ʣʶʜʠʥʠ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʦʻʜʥʘʥʥʷʤ 

ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʧʨʦʮʝʜʫʨʠ ʪʘ ʦʩʦʙʣʠʚʦʛʦ ʤʝʪʦʜʫ ʝʢʩʪʨʘʢʮʽʾ.  

ʄʝʪʦʜʠʢʠ, ʚʠʢʣʘʜʝʥʽ ʚ [3], ʚʘʨʽʶʶʪʴʩʷ ʚʽʜ ʜʫʞʝ ʧʨʦʩʪʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʦ ʦʧʫʙʣʽʢʦʚʘʥʠʭ ʤʝʪʦʜʽʚ, ʷʢʽ 

ʢʣʘʩʠʬʽʢʫʶʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʰʚʠʜʢʦʩʪʽ, ʚʠʤʦʛ ʜʦ ʧʘʤôʷʪʽ ʪʘ ʪʦʯʥʦʩʪʽ. ɺʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʪʘʢʽ ʤʝʪʦʜʠ, ʷʢ 

ʨʽʟʥʠʮʷ ʢʘʜʨʽʚ, ʚʽʜʥʽʤʘʥʥʷ ʬʦʥʫ ʪʘ ʚʠʷʚʣʝʥʥʷ ʪʽʥʽ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʘʜʘʧʪʠʚʥʘ ʤʦʜʝʣʴ ʩʫʤʽʰʽ ʬʦʥʫ ʜʣʷ 

ʤʝʪʦʜʫ ʚʽʜʩʪʝʞʝʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɺʦʥʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʘʣʛʦʨʠʪʤʠ ʨʽʟʥʦʛʦ ʨʽʚʥʷ ʪʦʯʥʦʩʪʽ ʪʘ 

ʦʙʯʠʩʣʶʚʘʣʴʥʦʾ ʩʢʣʘʜʥʦʩʪʽ. ɼʝʷʢʽ ʟ ʥʠʭ ʪʘʢʦʞ ʤʦʞʫʪʴ ʚʠʨʽʰʫʚʘʪʠ ʧʨʦʙʣʝʤʠ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ, ʷʢ-ʦʪ ʩʥʽʛ, 

ʜʦʱ, ʨʫʭʦʤʽ ʛʽʣʢʠ, ʦʙôʻʢʪʠ, ʱʦ ʧʝʨʝʢʨʠʚʘʶʪʴ ʜʦʩʣʽʜʞʫʚʘʥʠʡ ʦʙ'ʻʢʪ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʩʚʽʪʣʘ ʘʙʦ ʧʦʚʽʣʴʥʦ 

ʨʫʭʦʤʽ ʦʙôʻʢʪʠ. ɸʥʘʣʽʟ ʟʦʙʨʘʞʝʥʴ ʚʽʜʦʢʨʝʤʣʝʥʠʭ ʟ ʚʽʜʝʦʧʦʪʦʢʫ ʚʽʜʙʫʚʘʚʩʷ ʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʛʦʨʪʢʦʚʦʾ 

ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ.   

ʇʨʦʙʣʝʤʘ ʜʦʩʷʛʥʝʥʥʷ ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʩʪʽ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʟ ʥʠʟʴʢʦʶ ʯʘʩʪʦʪʦʶ ʧʦʤʠʣʦʢ ʚʠʷʚʣʝʥʥʷ ʽ 

ʚʽʜʩʪʝʞʝʥʥʷ ʣʶʜʠʥʠ ʫ ʚʽʜʝʦʧʦʩʣʽʜʦʚʥʦʩʪʽ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʘʣʛʦʨʠʪʤʘʤ ʧʦʪʨʽʙʥʘ ʤʘʢʩʠʤʽʟʘʮʽʷ 

ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʨʝʘʢʮʽʾ. ɿʘʟʥʘʯʝʥʠʤʠ ʧʨʠʯʠʥʘʤʠ ʻ ʚʧʣʠʚ ʩʢʣʘʜʥʦʩʪʽ ʩʮʝʥʠ, ʟʤʽʥʠ 

ʤʘʩʰʪʘʙʫ ʪʘ ʚʟʘʻʤʦʜʽʾ ʬʦʥʫ ʪʘ ʣʶʜʠʥʠ. ɼʚʦʝʪʘʧʥʝ ʨʽʰʝʥʥʷ ʜʣʷ ʦʙʨʦʙʢʠ, ʷʢʝ ʧʦʣʷʛʘʻ ʚ ʚʠʷʚʣʝʥʥʽ ʣʶʜʠʥʠ, ʽ 

ʚʽʜʩʪʝʞʝʥʥʷ ʣʶʜʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʚʦʭ  ʰʘʙʣʦʥʥʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ [4]. 

ɯʩʥʫʻ ʪʨʠ ʦʩʥʦʚʥʽ ʝʪʘʧʠ ʚʽʜʝʦʜʦʩʣʽʜʞʝʥʥʷ: ʚʠʷʚʣʝʥʥʷ ʮʽʢʘʚʠʭ ʦʙôʻʢʪʽʚ ʫ ʚʽʜʝʦʩʮʝʥʽ, ʚʽʜʩʪʝʞʝʥʥʷ 

ʪʘʢʠʭ ʦʙôʻʢʪʽʚ ʚʽʜ ʢʘʜʨʫ ʜʦ ʢʘʜʨʫ ʪʘ ʘʥʘʣʽʟ ʩʣʽʜʽʚ ʦʙôʻʢʪʽʚ ʜʣʷ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʾʭ ʜʽʷʣʴʥʦʩʪʽ. ɺʠʷʚʣʝʥʥʷ ʣʶʜʝʡ 

ʥʘ ʚʽʜʝʦ ʻ ʩʢʣʘʜʥʦʶ ʧʨʦʙʣʝʤʦʶ ʯʝʨʝʟ ʨʫʭ ʦʙôʻʢʪʽʚ. ʋ [5] ʜʦʩʣʽʜʥʠʢʠ ʨʦʟʨʦʙʠʣʠ ʜʝʪʝʢʪʦʨ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ 

ʣʶʜʝʡ ʥʘ ʚʽʜʝʦ ʟ ʤʦʞʣʠʚʦ ʨʫʭʦʤʠʤʠ ʢʘʤʝʨʘʤʠ ʪʘ ʬʦʥʦʤ, ʧʝʨʝʚʽʨʠʚʰʠ ʢʽʣʴʢʘ ʨʽʟʥʠʭ ʩʭʝʤ ʢʦʜʫʚʘʥʥʷ 

ʨʫʭʦʤʦʛʦ ʦʙôʻʢʪʘ ʪʘ ʧʦʢʘʟʘʚʰʠ, ʱʦ ʦʨʽʻʥʪʦʚʘʥʽ ʛʽʩʪʦʛʨʘʤʠ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʦʧʪʠʯʥʦʛʦ ʧʦʪʦʢʫ ʜʘʶʪʴ 

ʤʘʢʩʠʤʘʣʴʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɺʽʜʩʪʝʞʝʥʥʷ ʦʙôʻʢʪʘ ʫ ʚʽʜʝʦ ʤʦʞʥʘ ʚʠʨʘʟʠʪʠ ʷʢ ʧʨʦʮʝʩ ʧʦʰʫʢʫ ʰʣʷʭʫ ʨʫʭʫ ʦʙôʻʢʪʘ ʚ ʯʘʩʽ ʰʣʷʭʦʤ 

ʚʠʟʥʘʯʝʥʥʷ ʡʦʛʦ ʧʦʣʦʞʝʥʥʷ ʚ ʢʦʞʥʦʤʫ ʢʘʜʨʽ ʚʽʜʝʦ. ɺʽʜʩʪʝʞʝʥʥʷ ʦʙôʻʢʪʽʚ ʩʪʘʣʦ ʦʜʥʠʤ ʟ ʥʘʡʧʦʧʫʣʷʨʥʽʰʠʭ 
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ʧʨʝʜʤʝʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʦʙʣʘʩʪʽ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʟʦʨʫ. ʍʦʯʘ ʮʝ ʜʦʙʨʝ ʚʠʚʯʝʥʝ ʧʠʪʘʥʥʷ, ʚʦʥʘ ʟʘʣʠʰʘʻʪʴʩʷ 

ʧʨʦʙʣʝʤʦʶ ʚ ʙʘʛʘʪʴʦʭ ʘʩʧʝʢʪʘʭ. ʉʪʚʦʨʝʥʥʷ ʪʨʝʢʝʨʽʚ ʜʣʷ ʧʝʚʥʠʭ ʢʣʘʩʽʚ ʦʙôʻʢʪʽʚ, ʪʘʢʠʭ ʷʢ ʣʶʜʠ ʯʠ ʦʙʣʠʯʯʷ, 

ʜʦʩʷʛʣʦ ʟʥʘʯʥʦʛʦ ʧʨʦʛʨʝʩʫ ʧʨʦʪʷʛʦʤ ʙʘʛʘʪʴʦʭ ʨʦʢʽʚ, ʪʦʜʽ ʷʢ ʪʨʝʢʝʨʠ ʜʣʷ ʟʘʛʘʣʴʥʠʭ ʦʙôʻʢʪʽʚ ʧʨʦʜʦʚʞʫʶʪʴ 

ʟʘʣʠʰʘʪʠʩʷ ʩʢʣʘʜʥʦʶ ʦʙʣʘʩʪʶ. ʆʙôʻʢʪʠ, ʷʢʽ ʨʽʟʢʦ ʟʤʽʥʶʶʪʴ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʯʝʨʝʟ, ʥʘʧʨʠʢʣʘʜ, ʨʦʟʪʷʛʥʝʥʥʷ 

ʘʙʦ ʟʤʽʥʠ ʩʚʽʪʣʘ, ʰʫʤ ʫ ʟʦʙʨʘʞʝʥʥʷʭ, ʩʢʣʘʜʥʠʡ ʨʫʭ ʽ ʩʢʣʘʜʥʽ ʬʦʨʤʠ ʦʙôʻʢʪʽʚ, ʻ ʜʝʷʢʠʤʠ ʧʨʠʢʣʘʜʘʤʠ ʪʦʛʦ, 

ʯʦʤʫ ʟʘʛʘʣʴʥʝ ʚʽʜʩʪʝʞʝʥʥʷ ʦʙôʻʢʪʽʚ ʚʚʘʞʘʻʪʴʩʷ ʩʢʣʘʜʥʦʶ ʧʨʦʙʣʝʤʦʶ [6, 7]. ʋʷʚʽʪʴ, ʱʦ ʚʠ ʜʠʚʠʪʝʩʷ ʥʘ 

ʜʦʚʽʣʴʥʠʡ ʨʫʭʦʤʠʡ ʦʙôʻʢʪ, ʷʢʠʡ ʨʘʧʪʦʚʦ ʟʤʽʥʶʻ ʪʨʘʻʢʪʦʨʽʶ ʨʫʭʫ ʘʙʦ ʦʩʦʙʣʠʚʦʩʪʽ ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʛʣʷʜʫ, ʪʘʢʽ 

ʷʢ ʬʦʨʤʘ ʯʠ ʢʦʣʽʨ. ʎʝ ʨʘʟʦʤ ʽʟ ʢʽʣʴʢʦʤʘ ʽʥʰʠʤʠ ʦʙôʻʢʪʘʤʠ ʚ ʜʝʢʦʨʘʮʽʾ, ʤʦʞʫʪʴ ʚʝʩʪʠ ʩʝʙʝ ʘʥʘʣʦʛʽʯʥʦ.  

ɺʽʜʩʪʝʞʝʥʥʷ ʦʙôʻʢʪʘ ʚ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʙʫʣʦ ʙ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ ʥʘʚʽʪʴ ʜʣʷ ʣʶʜʩʴʢʦʛʦ ʦʢʘ. ɿ ʦʛʣʷʜʫ ʥʘ 

ʮʝ, ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʮʝ ʤʘʡʞʝ ʥʝʤʦʞʣʠʚʝ ʟʘʚʜʘʥʥʷ ʜʣʷ ʢʦʤʧôʶʪʝʨʘ. ɿ ʦʛʣʷʜʫ ʥʘ ʮʝ, ʽʩʥʫʶʪʴ ʩʧʦʩʦʙʠ 

ʩʧʨʦʩʪʠʪʠ ʚʽʜʩʪʝʞʝʥʥʷ, ʟʘʩʪʦʩʫʚʘʚʰʠ ʜʝʷʢʽ ʦʙʤʝʞʝʥʥʷ. ʄʘʡʞʝ ʚʩʽ ʘʣʛʦʨʠʪʤʠ ʧʨʠʧʫʩʢʘʶʪʴ, ʱʦ ʨʫʭ 

ʚʽʜʩʪʝʞʫʚʘʥʦʛʦ ʦʙôʻʢʪʘ ʧʣʘʚʥʠʡ, ʙʝʟ ʨʽʟʢʠʭ ʟʤʽʥ. ʇʦʩʪʽʡʥʘ ʰʚʠʜʢʽʩʪʴ ʘʙʦ ʧʨʠʩʢʦʨʝʥʥʷ, ʘ ʪʘʢʦʞ ʧʦʧʝʨʝʜʥʽ 

ʟʥʘʥʥʷ ʧʨʦ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʦʙ'ʻʢʪʘ ʻ ʽʥʰʠʤʠ ʩʧʦʩʦʙʘʤʠ ʩʧʨʦʱʝʥʥʷ ʟʘʚʜʘʥʥʷ [7]. ʇʨʦʮʝʩ ʧʦʙʫʜʦʚʠ 

ʦʙôʻʢʪʥʦʛʦ ʪʨʝʢʝʨʘ ʟʘʟʚʠʯʘʡ ʧʦʜʽʣʷʻʪʴʩʷ ʥʘ ʢʽʣʴʢʘ ʢʨʦʢʽʚ, ʷʢʠʤʠ ʻ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʙôʻʢʪʘ, ʚʠʷʚʣʝʥʥʷ ʦʙôʻʢʪʘ 

ʪʘ ʚʽʜʩʪʝʞʝʥʥʷ ʦʙôʻʢʪʘ [8]. ʎʝʡ ʨʦʟʜʽʣ ʤʽʩʪʠʪʠʤʝ ʨʝʪʝʣʴʥʠʡ ʦʛʣʷʜ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ ʚʽʜʩʪʝʞʝʥʥʷ ʦʙôʻʢʪʽʚ, ʱʦ ʻ 

ʦʩʥʦʚʥʦʶ ʪʝʤʦʶ ʮʽʻʾ ʜʠʧʣʦʤʥʦʾ ʨʦʙʦʪʠ. ʆʜʥʘʢ ʚʽʥ ʪʘʢʦʞ ʢʦʨʦʪʢʦ ʦʭʦʧʠʪʴ ʦʙʣʘʩʪʴ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ 

ʪʘ ʚʠʷʚʣʝʥʥʷ ʦʙôʻʢʪʽʚ, ʦʩʢʽʣʴʢʠ ʮʝ ʚʘʞʣʠʚʽ ʢʨʦʢʠ ʚ ʧʨʦʮʝʩʽ ʫʩʧʽʰʥʦʛʦ ʚʽʜʩʪʝʞʝʥʥʷ ʦʙôʻʢʪʽʚ. ʊʘʢʠʤ ʯʠʥʦʤ 

ʯʠʪʘʯ ʦʪʨʠʤʫʻ ʢʨʘʱʫ ʦʩʥʦʚʫ ʪʘ ʨʦʟʫʤʽʥʥʷ ʧʨʦʮʝʩʫ ʧʦʙʫʜʦʚʠ ʦʙôʻʢʪʥʦʛʦ ʪʨʝʢʝʨʘ. ɿʘʛʘʣʴʥʘ ʤʝʪʦʜʦʣʦʛʽʷ 

ʦʧʨʘʮʶʚʘʥʥʷ ʦʙôʻʢʪʘ ʚ ʪʘʢʽʡ ʩʠʩʪʝʤʽ ʦʧʠʩʘʥʘ ʥʠʞʯʝ.  

 
ʈʠʩ. 1. ʄʝʪʦʜʦʣʦʛʽʷ ʦʧʨʘʮʶʚʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ 

- ʆʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʴ: ʦʙʨʦʙʢʫ ʟʦʙʨʘʞʝʥʴ ʤʦʞʥʘ ʚ ʰʠʨʦʢʦʤʫ ʨʦʟʫʤʽʥʥʽ ʚʠʟʥʘʯʠʪʠ ʷʢ ʜʽʶ 

ʦʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʟ ʧʝʚʥʦʛʦ ʜʞʝʨʝʣʘ. ɿʡʦʤʢʘ ʟʦʙʨʘʞʝʥʥʷ ʧʽʜ ʯʘʩ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʟʘʚʞʜʠ ʻ ʧʝʨʰʠʤ 

ʢʨʦʢʦʤ ʫ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʨʦʙʦʯʦʛʦ ʧʨʦʮʝʩʫ, ʦʩʢʽʣʴʢʠ ʙʝʟ ʟʦʙʨʘʞʝʥʥʷ ʦʙʨʦʙʢʘ ʥʝʤʦʞʣʠʚʘ. ʗʢʱʦ ʦʙʣʘʜʥʘʥʥʷ 

ʥʝ ʥʘʣʘʰʪʦʚʘʥʦ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ ʽ ʥʝ ʚʠʨʽʚʥʷʥʦ, ʪʦ ʤʦʞʫʪʴ ʚʠʥʠʢʥʫʪʠ ʚʽʟʫʘʣʴʥʽ ʘʨʪʝʬʘʢʪʠ, ʷʢʽ ʤʦʞʫʪʴ 

ʫʩʢʣʘʜʥʠʪʠ ʦʙʨʦʙʢʫ ʟʦʙʨʘʞʝʥʥʷ. ʆʜʥʘ ʟ ʬʦʨʤ ʦʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʚ ʦʙʨʦʙʮʽ ʟʦʙʨʘʞʝʥʴ ʚʽʜʦʤʘ ʷʢ 

ʦʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʥʷ ʚ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɿʘʟʚʠʯʘʡ ʮʝ ʧʝʨʝʜʙʘʯʘʻ ʦʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʽʟ ʜʞʝʨʝʣʘ, ʷʢʝ 

ʘʚʪʦʤʘʪʠʯʥʦ ʟʥʽʤʘʻ ʟʦʙʨʘʞʝʥʥʷ. ʆʪʨʠʤʘʥʥʷ ʟʦʙʨʘʞʝʥʴ ʫ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʩʪʚʦʨʶʻ ʧʦʪʽʢ ʬʘʡʣʽʚ, ʷʢʽ ʤʦʞʥʘ 

ʘʚʪʦʤʘʪʠʯʥʦ ʦʙʨʦʙʣʷʪʠ, ʩʪʘʚʠʪʠ ʚ ʯʝʨʛʫ ʜʣʷ ʧʦʜʘʣʴʰʦʾ ʨʦʙʦʪʠ ʘʙʦ ʟʰʠʚʘʪʠ ʚ ʻʜʠʥʠʡ ʤʝʜʽʘʬʦʨʤʘʪ (ʚʽʜʝʦ ʘʙʦ 

ʥʘʙʽʨ ʢʘʜʨʽʚ). 

- ʇʦʧʝʨʝʜʥʷ ʦʙʨʦʙʢʘ ʟʦʙʨʘʞʝʥʥʷ: ʮʝ ʦʙʨʦʙʢʘ ʟʦʙʨʘʞʝʥʴ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʘʪʝʤʘʪʠʯʥʠʭ ʦʧʝʨʘʮʽʡ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʙʫʜʴ-ʷʢʦʾ ʬʦʨʤʠ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ, ʜʣʷ ʷʢʦʾ ʚʭʽʜʥʠʤ ʻ ʟʦʙʨʘʞʝʥʥʷ, ʩʝʨʽʷ ʟʦʙʨʘʞʝʥʴ ʘʙʦ ʚʽʜʝʦ, 

ʥʘʧʨʠʢʣʘʜ ʬʦʪʦʛʨʘʬʽʷ ʘʙʦ ʚʽʜʝʦʢʘʜʨ; ʈʝʟʫʣʴʪʘʪʦʤ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʥʷ ʤʦʞʝ ʙʫʪʠ ʘʙʦ ʟʦʙʨʘʞʝʥʥʷ, ʘʙʦ ʥʘʙʽʨ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʙʦ ʧʘʨʘʤʝʪʨʽʚ, ʧʦʚôʷʟʘʥʠʭ ʽʟ ʟʦʙʨʘʞʝʥʥʷʤ. 

- ɺʠʣʫʯʝʥʥʷ ʦʟʥʘʢ:  ʮʝ ʪʠʧ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ, ʷʢʠʡ ʝʬʝʢʪʠʚʥʦ ʧʨʝʜʩʪʘʚʣʷʻ ʮʽʢʘʚʽ ʯʘʩʪʠʥʠ 

ʟʦʙʨʘʞʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʢʦʤʧʘʢʪʥʦʛʦ ʚʝʢʪʦʨʘ ʦʟʥʘʢ. ʎʝʡ ʧʽʜʭʽʜ ʢʦʨʠʩʥʠʡ, ʢʦʣʠ ʟʦʙʨʘʞʝʥʥʷ ʚʝʣʠʢʽ, ʘ ʜʣʷ 

ʰʚʠʜʢʦʛʦ ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ, ʷʢ ʟʽʩʪʘʚʣʝʥʥʷ ʪʘ ʧʦʰʫʢ ʟʦʙʨʘʞʝʥʴ, ʧʦʪʨʽʙʥʝ ʟʤʝʥʰʝʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ 

ʬʫʥʢʮʽʡ. 

- ɺʠʣʫʯʝʥʥʷ ʦʟʥʘʢ: ʮʝ ʪʠʧ ʟʤʝʥʰʝʥʥʷ ʨʦʟʤʽʨʥʦʩʪʽ, ʷʢʠʡ ʝʬʝʢʪʠʚʥʦ ʧʨʝʜʩʪʘʚʣʷʻ ʮʽʢʘʚʽ  

ʜʦʩʣʽʜʥʠʢʫ ʯʘʩʪʠʥʠ ʟʦʙʨʘʞʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʢʦʤʧʘʢʪʥʦʛʦ ʚʝʢʪʦʨʘ ʦʟʥʘʢ. ʎʝʡ ʧʽʜʭʽʜ ʢʦʨʠʩʥʠʡ, ʢʦʣʠ 

ʟʦʙʨʘʞʝʥʥʷ ʚʝʣʠʢʽ, ʘ ʜʣʷ ʰʚʠʜʢʦʛʦ ʚʠʢʦʥʘʥʥʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ, ʷʢ ʟʽʩʪʘʚʣʝʥʥʷ ʪʘ ʧʦʰʫʢ ʟʦʙʨʘʞʝʥʴ, ʧʦʪʨʽʙʥʝ 

ʟʤʝʥʰʝʥʝ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʬʫʥʢʮʽʡ. 

- ʂʣʘʩʪʝʨʠʟʘʮʽʷ: ʮʝ ʟʘʚʜʘʥʥʷ ʧʦʜʽʣʫ ʩʫʢʫʧʥʦʩʪʽ ʘʙʦ ʪʦʯʦʢ ʜʘʥʠʭ (ʚ ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʮʝ ʧʽʢʩʝʣʽʚ ʥʘ 

ʟʦʙʨʘʞʝʥʥʽ ʯʠ ʚʽʜʝʦʢʘʜʨʽ) ʥʘ ʢʽʣʴʢʘ ʛʨʫʧ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʪʦʯʢʠ ʜʘʥʠʭ ʚ ʪʠʭ ʩʘʤʠʭ ʛʨʫʧʘʭ ʙʫʣʠ ʙʽʣʴʰ 

ʩʭʦʞʠʤʠ ʥʘ ʽʥʰʽ ʪʦʯʢʠ ʜʘʥʠʭ ʫ ʪʽʡ ʞʝ ʛʨʫʧʽ, ʥʽʞ ʚ ʽʥʰʠʭ ʛʨʫʧʘʭ. ʇʨʦʩʪʽʰʝ ʢʘʞʫʯʠ, ʤʝʪʘ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, 

ʱʦʙ ʚʽʜʦʢʨʝʤʠʪʠ ʛʨʫʧʠ ʟʽ ʩʭʦʞʠʤʠ ʦʟʥʘʢʘʤʠ ʪʘ ʦʙôʻʜʥʘʪʠ ʾʭ ʫ ʢʣʘʩʪʝʨʠ. 

ʑʦʙ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʦʙôʻʢʪ, ʱʦ ʮʽʢʘʚʠʪʴ, ʡʦʛʦ ʩʧʦʯʘʪʢʫ ʧʦʪʨʽʙʥʦ ʧʨʝʜʩʪʘʚʠʪʠ ʫ 

ʩʧʦʩʽʙ, ʷʢʠʡ ʤʘʻ ʩʝʥʩ ʜʣʷ ʢʦʤʧôʶʪʝʨʘ. ɺʣʘʩʪʠʚʦʩʪʽ, ʱʦ ʩʪʦʩʫʶʪʴʩʷ ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʛʣʷʜʫ ʪʘ ʬʦʨʤʠ, ʟʘʟʚʠʯʘʡ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʦʩʥʦʚʘ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ. ʇʦʜʘʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ ʚʠʛʣʷʜʫ ʘʙʦ ʧʦʜʘʥʥʷ ʬʦʨʤʠ ʤʦʞʥʘ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʦʢʨʝʤʦ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʦʙôʻʢʪʘ, ʘʣʝ ʪʘʢʦʞ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʮʽʻʾ ʤʝʪʠ ʚ 

ʢʦʤʙʽʥʘʮʽʾ. ɿʦʚʥʽʰʥʽ ʬʘʢʪʦʨʠ, ʪʘʢʽ ʷʢ ʦʙʣʘʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ, ʤʝʪʘ ʪʘ ʮʽʣʴ, ʚʠʟʥʘʯʘʶʪʴ, ʷʢ ʤʘʻ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʠʡ ʦʙôʻʢʪ ʘʙʦ ʦʙôʻʢʪʠ. ʇʨʝʜʩʪʘʚʣʝʥʥʷ, ʫ ʩʚʦʶ ʯʝʨʛʫ, ʚʠʟʥʘʯʘʻ ʚʠʙʽʨ ʚʽʜʧʦʚʽʜʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʜʣʷ 

ʚʽʜʩʪʝʞʝʥʥʷ. 

= +ʋʷʚʣʝʥʥʷ ʦʙ'ʻʢʪʘ  ʌʦʨʤʘ  ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ 

ʆʛʣʷʜ ʥʘʙʦʨʽʚ ʜʘʥʠʭ 
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ɿʨʦʙʠʚʰʠ ʘʥʘʣʽʟ ʩʪʘʪʝʡ ʪʘ ʨʦʙʽʪ ʥʘ ʩʭʦʞʽ ʪʝʤʠ, ʟʨʦʙʣʝʥʦ ʚʠʩʥʦʚʦʢ ʧʨʦ ʜʦʮʽʣʴʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʢʽʣʴʢʦʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʜʣʷ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʽ. ʆʯʝʚʠʜʥʦ, ʱʦ ʥʘʙʦʨʽʚ ʜʘʥʠʭ, ʷʢʽ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʣʠʰʝ 

ʟʦʙʨʘʞʝʥʥʷ ʦʜʥʦʛʦ ʩʧʨʷʤʫʚʘʥʥʷ ʚʘʨʪʦ ʫʥʠʢʘʪʠ, ʘʜʞʝ ʤʘʡʙʫʪʥʷ ʩʠʩʪʝʤʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʪʨʝʢʽʥʛ ʥʝ ʣʠʰʝ 

ʦʜʥʦʪʠʧʦʚʠʭ ʦʙôʻʢʪʽʚ, ʘ ʥʘʚʧʘʢʠ ï ʾʾ ʟʘʚʜʘʥʥʷʤ ʻ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʚʽʜʩʣʽʜʢʦʚʫʚʘʥʥʷ ʦʜʨʘʟʫ ʢʽʣʴʢʦʭ ʦʙôʻʢʪʽʚ 

ʚ ʢʦʞʥʦʤʫ ʢʘʜʨʽ. 

 

ʊʘʙʣʠʮʷ 1 [1] 

ʆʛʣʷʜ ʥʘʙʦʨʽʚ ʜʘʥʠʭ, ʱʦ ʤʽʩʪʷʪʴ ʟʦʙʨʘʞʝʥʥʷ ʨʽʟʥʠʭ ʢʣʘʩʽʚ 

ɹʘʟʘ ʜʘʥʠʭ ʂʽʣʴʢʽʩʪʴ 

ʧʨʠʢʣʘʜʽʚ 

ʈʦʟʜʽʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ 

ʂʦʣʽʨ ʂʽʣʴʢʽʩʪʴ 

ʢʘʪʝʛʦʨʽʡ 

ʆʩʦʙʣʠʚʦʩʪʽ 

Caltech 101 9146 300Ĭ200 RGB 101 

ʆʨʽʻʥʪʦʚʘʥʽ  ʦʙôʻʢʪʠ (ʥʘʧʨʠʢʣ 

ʤʦʪʦʮʠʢʣʠ, ʣʽʪʘʢʠ) ʟʘʚʞʜʠ 

ʨʦʟʤʽʱʝʥʽ ʟʣʽʚʘ ʥʘʧʨʘʚʦ, ʘ 

ʚʝʨʪʠʢʘʣʴʥʽ ʩʪʨʫʢʪʫʨʠ (ʥʘʧʨʠʢʣʘʜ 

ʙʫʜʠʥʢʠ) ʧʝʨʝʚʝʨʥʫʪʽ ʚ ʥʝʪʠʧʦʚʽ 

ʧʦʣʦʞʝʥʥʷ ʚʽʜʥʦʩʥʦ ʩʚʦʻʾ 

ʩʪʘʥʜʘʨʪʥʦʾ ʦʩʽ. 

Caltech 256 30 607 351Ĭ351 RGB 256 

ɼʦ ʢʦʞʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʜʦʜʘʻʪʴʩʷ 

ʢʽʣʴʢʘ ʘʥʦʪʘʮʽʡ ï ʢʦʦʨʜʠʥʘʪʠ ʨʘʤʢʠ, 

ʚ ʷʢʽʡ ʟʥʘʭʦʜʠʪʴʩʷ ʦʙ'ʻʢʪ ʽ ʜʝʪʘʣʴʥʠʡ 

ʦʧʠʩ. 

ImageNet 14 197 122 469Ĭ387 RGB 21 841 
ɿʦʙʨʘʞʝʥʥʷ ʚ ʙʘʟʽ ʜʘʥʠʭ 

ʦʨʛʘʥʽʟʦʚʘʥʽ ʚ ʽʻʨʘʨʭʽʶ. 

Microsoft 

Common 

Objects in 

Context 

(COCO) 

2 500 000 ʥʝ ʚʢʘʟʘʥʦ RGB 80 

ɿʦʙʨʘʞʝʥʥʷ ʨʽʟʥʠʭ  ʧʦʙʫʪʦʚʠʭ ʩʮʝʥ 

ʪʘ ʟʚʠʯʘʡʥʠʭ ʧʨʝʜʤʝʪʽʚ ʫ ʙʫʜʝʥʥʦʤʫ 

ʚʠʢʦʨʠʩʪʘʥʥʽ. 

Open Images 9 178 275 ʥʝ ʚʢʘʟʘʥʦ RGB 600 
ʚ ʩʝʨʝʜʥʴʦʤʫ 8 ʦʧʠʩʘʥʠʭ ʦʙôʻʢʪʽʚ ʥʘ 

1 ʢʘʜʨ  

YFCC100M 100 000 000 ʥʝ ʚʢʘʟʘʥʦ RGB ʥʝ ʚʢʘʟʘʥʦ 
ɺʝʣʠʢʠʡ ʽ ʨʽʟʥʦʤʘʥʽʪʥʠʡ ʥʘʙʽʨ ʜʘʥʠʭ 

ʟʦʙʨʘʞʝʥʴ ʽ ʚʽʜʝʦ 

 

 ʋʩʽ ʚʠʱʝ ʥʘʚʝʜʝʥʽ ʥʘʙʦʨʠ ʜʘʥʠʭ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ, ʪʘ ʚʠʜʽʣʝʥʦ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʢʦʞʥʦʛʦ. ɺʘʨʪʦ 

ʟʘʟʥʘʯʠʪʠ ʱʦ ʜʣʷ ʧʦʙʫʜʦʚʠ ʧʦʚʥʦʮʽʥʥʦʾ ʩʠʩʪʝʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʪʘ ʪʨʝʢʽʥʛʫ ʦʙôʻʢʪʽʚ ʚʘʨʪʦ ʩʢʦʨʠʩʪʘʪʠʩʴ 

ʥʘʙʦʨʦʤ ʜʘʥʠʭ ʜʝ ʻ ʥʝ ʣʠʰʝ ʩʪʘʪʠʯʥʽ ʟʦʙʨʘʞʝʥʥʷ, ʘ ʡ ʜʠʥʘʤʽʯʥʽ ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʢʘʜʨʽʚ ʟ ʦʜʥʠʤʠ ʽ ʪʠʤʠ ʞ 

ʦʙôʻʢʪʘʤʠ ʥʘ ʥʠʭ. ɺʽʜʧʦʚʽʜʥʦ ʷʢ ʨʝʟʫʣʴʪʘʪ ʧʦʜʘʣʴʰʘ ʨʦʙʦʪʘ ʥʘʜ ʨʝʘʣʽʟʘʮʽʻʶ ʽʜʝʾ ʧʨʦʚʦʜʠʪʠʤʝʪʴʩʷ ʟ 

ʦʧʨʘʮʶʚʘʥʥʷʤ ʥʘʙʦʨʽʚ ʜʘʥʠʭ Open Images ʪʘ YFCC100M, ʘʜʞʝ ʮʽ ʥʘʙʦʨʠ ʜʘʥʠʭ ʚʽʜʧʦʚʽʜʘʶʪʴ ʚʠʤʦʛʘʤ, ʘ 

ʪʘʢʦʞ ʤʽʩʪʷʪʴ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʝʢʟʝʤʧʣʷʨʽʚ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʪʨʝʥʫʚʘʥʥʷ ʥʝʡʨʦʤʝʨʝʞʽ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʾ ʨʦʙʦʪʠ ʜʦʩʣʽʜʞʝʥʦ ʥʘʷʚʥʽ ʤʝʪʦʜʠ ʪʘ ʧʽʜʭʦʜʠ ʜʦ ʜʝʪʝʢʮʽʾ ʦʙôʻʢʪʽʚ ʥʘ 

ʟʦʙʨʘʞʝʥʥʷʭ ʪʘ ʚʽʜʝʦ. ʅʘ ʦʩʥʦʚʽ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʥʘʙʦʨʽʚ ʜʘʥʠʭ, ʚʠʟʥʘʯʝʥʦ ʟ ʷʢʠʤʠ ʙʫʜʝ ʧʨʦʚʝʜʝʥʦ 

ʧʦʜʘʣʴʰʫ ʨʦʙʦʪʫ, ʟʦʢʨʝʤʘ ʪʨʝʥʫʚʘʥʥʷ ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ, ʘ ʪʘʢʦʞ ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʣʛʦʨʠʪʤʫ ʧʨʠ 

ʩʪʚʦʨʝʥʥʽ ʩʠʩʪʝʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʫ ʥʘ ʟʦʙʨʘʞʝʥʥʷʭ (ʚʽʜʝʦʢʘʜʨʘʭ). ɿʘʛʘʣʦʤ, ʜʦʩʣʽʜʞʝʥʥʷ ʪʝʤʠ 

ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙôʻʢʪʽʚ ʜʦʚʝʣʦ ʘʢʪʫʘʣʴʥʽʩʪʴ ʦʙʨʘʥʦʾ ʪʝʤʠ, ʘʜʞʝ ʥʘ ʪʝʨʝʥʘʭ ʋʢʨʘʾʥʠ ʜʘʥʘ ʪʝʤʘ ʥʝ ʻ ʰʠʨʦʢʦ 

ʜʦʩʣʽʜʞʫʚʘʥʦʶ, ʜʦ ʪʦʛʦ ʞ ʟ ʢʦʞʥʠʤ ʜʥʝʤ ʧʦʪʨʝʙʘ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʟʨʦʩʪʘʻ. ʑʦʜʥʷ ʟʘʧʫʩʢʘʶʪʴ 

ʥʦʚʽ ʩʝʨʚʽʩʠ, ʱʦ ʦʙʩʣʫʛʦʚʫʶʪʴ ʣʶʜʝʡ ï ʨʦʟʨʦʙʢʘ ʪʘʢʦʾ ʩʠʩʪʝʤʠ ʧʦʩʧʨʠʷʻ ʟʨʦʩʪʘʥʥʶ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 

ʰʚʠʜʢʦʜʽʾ ʚʠʱʝʚʢʘʟʘʥʠʭ ʩʝʨʚʽʩʽʚ.  
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̨̠̑̏̈̐̈̎́̃́̎̎ ̘̘̠̏̂̌̉ȟ ̘̠̃̉̈̎́̆̎̎ ̏̈̎́̋ȟ ̨̗̠́̐̑̏̋̒̉̍́ ̨̃̋̔Ȣ ˜̨̠̒̌ ̠̐̑̏̃̆̅̆̎̎ ̨́̎́̌̈̔ ̨̝̑̆̈̔̌̓́̓̃ ̂̔̌̏ ̠̃̉̃̌̆̎̏ȟ 
̏̚ ̠̒̓̃̏̑̆̎̎ ̒̉̒̓̆̍̉ ̨̗̩́̐̑̏̋̒̉̍́ ̨̃̋̔ ̟̌̅̉̎̉ ̈́ ̠̈̏̂̑́̇̆̎̎̍ ̩̩ ̘̘̠̏̂̌̉ ̤ ̝́̋̓̔́̌̎̉̍ ̓́ ̨̗̝̅̏̌̎̉̍ 
̠̈́̃̅́̎̎̍ ̎́ ̨̝̒̏̄̏̅̎ȟ ́ ̨̝̙̎́̊̂̌ ̆̆̋̓̉̃̎̉̍̕ ̨̎̒̓̑̔̍̆̎̓̏̍ ̠̅̌ ̗̝̏̄̏ ̤ ̠̃̉̋̏̑̉̒̓́̎̎ ̨̍̆̓̏̅̃ ̄̌̉̂̉̎̎̏̄̏ 
̘̠̎́̃́̎̎ ̓́ ̖̈̄̏̑̓̋̏̃̉ ̖̎̆̊̑̏̎̎̉ ̍̆̑̆̇Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̨̗̠́̐̑̏̋̒̉̍́ ̨̃̋̔ȟ ̨̈̄̏̑̓̋̏̃ ̨̎̆̊̑̏̎̎ ̨̍̆̑̆̇ȟ ̘̘̠̏̂̌̉Ȣ 

 
Yurii KRYVENCHUK, Roman YAKYMIV  

Lviv Polytechnic National University 
 

CREATION OF AGE ESTIMATION SYSTEM  
 

We are surrounded by different transmitting and processing information devices on a daily basis. Analysis of certain selected 
characteristics of each person allows humanity to achieve previously unthinkable technological development. In particular, the human face. 
We can predict a person's age, determine his mood or identify someone in the crowd using modern algorithms. As a "window to the soul", the 
human face provides important information related to its individual traits. With the help of this information, a person can determine such 
characteristics as ethnic origin, gender, age, and emotions, on the basis of which he is able to take appropriate action, which plays a 
significant role in non-verbal communication between people. Age estimation is useful in applications where you do not need to specifically 
identify a person, but we want to know (approximate) their age. With the help of the age approximation system, it is possible to ensure 
partial digitalization of security control and monitoring systems. With the help of a monitoring camera, the age estiomation system can 
identify minors and prevent them from entering places where they are not allowed; not to allow minors to buy tobacco products or alcohol 
from vending machines; to warn the elderly person of possible danger. Age assessment software can also be used in healthcare systems. The 
authors personally are interested in approximating human age based on images to personalize human-machine interaction. The paper has 
the description and the results of the creation of an age estimation system, the basis of which is a convolutional neural network. The user can 
connect with the system through a simple interface which allows you to upload the image for analysis or turn on the camera to get age 
estimates in real-time. The practical value of this work is the developed high-quality system which is ready for use and implementation in the 
relevant fields. 

Keywords: age approximation, convolutional neural networks, face. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ɺʽʢ ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ ʣʶʜʠʥʠ, ʚʠʟʥʘʯʠʚʰʠ ʪʘ ʧʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʷʢʫ ʤʠ 

ʦʪʨʠʤʘʻʤʦ ʟʤʦʛʫ ʰʚʠʜʢʦ ʜʽʟʥʘʪʠʩʴ ʚʘʞʣʠʚʫ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʦʩʦʙʫ ʯʠ ʛʨʫʧʫ ʣʶʜʝʡ. ʊʦʯʥʦ ʚʠʟʥʘʯʠʪʠ ʚʽʢ 

ʣʶʜʠʥʠ ʟʘ ʚʠʛʣʷʜʦʤ ʥʝʤʦʞʣʠʚʦ, ʪʦʤʫ ʙʫʜʝ ʘʧʨʦʢʩʠʤʦʚʘʥʦ ʾʾ ʚʽʢʦʚʫ ʢʘʪʝʛʦʨʽʶ. ɯʥʬʦʨʤʘʮʽʶ, ʷʢʫ ʥʘʜʘʩʪʴ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʘ ʩʠʩʪʝʤʘ ʘʧʨʦʢʩʠʤʘʮʽʾ ʚʽʢʫ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʟʙʦʨʫ ʪʘ ʘʥʘʣʽʟʫ 

ʜʘʥʠʭ, ʫ ʙʝʟʧʝʢʦʚʠʭ ʪʘ ʢʦʥʪʨʦʣʴʥʠʭ ʮʽʣʷʭ, ʜʣʷ ʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʣʶʜʠʥʦ-ʤʘʰʠʥʥʦʾ ʚʟʘʻʤʦʜʽʾ. 

ɼʘʥʫ ʨʦʟʨʦʙʢʫ ʜʦʮʽʣʴʥʦ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʤʘʛʘʟʠʥʘʭ ʪʘ ʟʘʢʣʘʜʘʭ ʜʣʷ ʘʥʘʣʽʟʫ 

ʟʘʣʝʞʥʦʩʪʝʡ ʧʦʚʝʜʽʥʢʠ ʚʽʜʚʽʜʫʚʘʯʽʚ ʪʘ ʾʭʥʴʦʛʦ ʚʽʢʫ. ʊʘʢʽ ʟʘʢʣʘʜʠ ʧʦʧʫʣʷʨʠʟʫʶʪʴʩʷ ʟʘ ʢʦʨʜʦʥʦʤ, ʪʘ ʥʝʚʜʦʚʟʽ 

ʟôʷʚʣʷʪʴʩʷ ʽ ʚ ʋʢʨʘʾʥʽ.  

ʈʦʟʨʦʙʣʝʥʫ ʩʠʩʪʝʤʫ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʦ ʜʣʷ ʧʝʨʩʦʥʘʣʽʟʘʮʽʾ ʽʥʪʝʨʘʢʪʠʚʥʦʾ ʚʟʘʻʤʦʜʽʾ ʣʶʜʠʥʠ ʟ 

ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʦʶ ʨʦʟʚʘʞʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ ñʈʦʙʦʪ-ʙʘʨʤʝʥò. ʋ ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ ʩʠʩʪʝʤʘ ʟʤʦʞʝ ʚʠʟʥʘʯʠʪʠ 

ʚʽʢ ʣʶʜʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʦʙʨʘʞʝʥʥʷ ʟ ʢʘʤʝʨʠ, ʱʦ ʜʦʟʦʣʠʪʴ ʧʝʨʩʦʥʘʣʽʟʫʚʘʪʠ ʛʦʣʦʩʦʚʫ ʚʟʘʻʤʦʜʽʶ ʟ 

ʨʦʟʚʘʞʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ. 

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 
ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʚ [1]  ʨʦʙʦʪʘ ʟʘʩʥʦʚʘʥʘ ʥʘ ʜʚʽʡʢʦʚʦʤʫ ʢʣʘʩʠʬʽʢʘʪʦʨʽ, ʷʢʠʡ ʚʠʟʥʘʯʘʻ ʪʝ, ʯʠ ʜʚʘ ʚʭʽʜʥʽ 

ʟʦʙʨʘʞʝʥʥʷ ʦʙôʻʜʥʘʥʽ ʚ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʢʣʘʩ, ʽ ʪʨʝʥʫʻ ʤʦʜʝʣʴ ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ (CNN), 
ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʤʝʪʦʜ ʛʣʠʙʦʢʦʛʦ ʤʝʪʨʠʯʥʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘ ʦʩʥʦʚʽ ʩʽʘʤʩʴʢʦʾ ʤʝʨʝʞʽ. ɼʣʷ ʟʙʣʠʞʝʥʥʷ 
ʨʝʟʫʣʴʪʘʪʽʚ ʥʘʚʯʘʣʴʥʦʾ ʩʽʘʤʩʴʢʦʾ ʤʝʨʝʞʽ ʜʚʘ ʢʣʘʩʠ, ʜʣʷ ʷʢʠʭ ʚʽʢʦʚʽ ʚʽʜʤʽʥʥʦʩʪʽ ʥʠʞʯʝ ʧʝʚʥʦʛʦ ʨʽʚʥʷ 
ʜʠʩʪʘʥʮʽʾ, ʨʦʟʛʣʷʜʘʶʪʴʩʷ ʷʢ ʦʜʠʥ ʢʣʘʩ, ʪʦʤʫ ʚʽʜʥʦʰʝʥʥʷ ʧʦʟʠʪʠʚʥʠʭ ʟʦʙʨʘʞʝʥʴ ʙʘʟʠ ʜʘʥʠʭ ʟʙʽʣʴʰʫʻʪʴʩʷ. 
ʄʝʪʦʜ ʛʣʠʙʦʢʦʛʦ ʤʝʪʨʠʯʥʦʛʦ ʥʘʚʯʘʥʥʷ ʥʘʚʯʘʻ ʤʦʜʝʣʴ CNN ʚʠʤʽʨʶʚʘʪʠ ʩʭʦʞʽʩʪʴ ʣʠʰʝ ʥʘ ʦʩʥʦʚʽ ʜʘʥʠʭ ʧʨʦ 
ʚʽʢ, ʘʣʝ ʤʠ ʚʠʷʚʠʣʠ, ʱʦ ʥʘʢʦʧʠʯʝʥʽ ʜʘʥʽ ʧʨʦ ʩʪʘʪʴ ʪʘʢʦʞ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʚʽʢʫ. ʊʘʢʠʤ 
ʯʠʥʦʤ, ʤʠ ʟʘʩʪʦʩʫʚʘʣʠ ʙʘʛʘʪʦʟʘʜʘʯʥʠʡ ʧʽʜʭʽʜ ʜʦ ʥʘʚʯʘʥʥʷ, ʱʦʙ ʨʦʟʛʣʷʥʫʪʠ ʛʝʥʜʝʨʥʽ ʜʘʥʽ ʜʣʷ ʙʽʣʴʰ ʪʦʯʥʦʾ 
ʦʮʽʥʢʠ ʚʽʢʫ. 
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ʇʫʙʣʽʢʘʮʽ̫  [2] ʟʦʩʝʨʝʜʞʫʻʪʴʩʷ ʥʘ ʦʮʽʥʮʽ ʚʽʢʫ, ʢʣʘʩʠʬʽʢʘʮʽʾ ʚʽʢʫ ʪʘ ʢʣʘʩʠʬʽʢʘʮʽʾ ʩʪʘʪʽ ʟʘ ʥʝʨʫʭʦʤʠʤʠ 
ʟʦʙʨʘʞʝʥʥʷʤʠ ʦʙʣʠʯʯʷ ʣʶʜʠʥʠ. ɸʚʪʦʨʠ ʥʘʚʯʘʶʪʴ ʨʽʟʥʽ ʤʦʜʝʣʽ ʜʣʷ ʢʦʞʥʦʾ ʧʨʦʙʣʝʤʠ, ʘ ʪʘʢʦʞ ʧʨʦʚʦʜʷʪʴ 
ʧʦʨʽʚʥʷʥʥʷ ʤʽʞ ʩʪʚʦʨʝʥʥʷʤ ʩʧʝʮʽʘʣʴʥʦʾ ʘʨʭʽʪʝʢʪʫʨʠ CNN (ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ) ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 
ʨʽʟʥʠʭ ʘʨʭʽʪʝʢʪʫʨ CNN ʷʢ ʝʢʩʪʨʘʢʪʦʨʽʚ ʬʫʥʢʮʽʡ, ʘ ʩʘʤʝ VGG16, ʧʦʧʝʨʝʜʥʴʦ ʥʘʚʯʝʥʦʛʦ ʥʘ VGGFace, 
ResNet50 ʪʘ SE-ResNet50, ʧʦʧʝʨʝʜʥʴʦ ʥʘʚʯʝʥʦʛʦ ʥʘ VGGFace2. ɸʚʪʦʨʠ ʪʘʢʦʞ ʟʘʙʝʟʧʝʯʠʣʠ ʙʘʟʦʚʫ 
ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʨʽʟʥʠʭ ʘʣʛʦʨʠʪʤʽʚ ʤʘʰʠʥʥʦʛʦ ʥʘʚʯʘʥʥʷ ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʬʫʥʢʮʽʡ, ʱʦ ʜʘʣʦ ʥʘʤ ʥʘʡʢʨʘʱʽ 
ʨʝʟʫʣʴʪʘʪʠ. ɹʫʣʦ ʧʦʤʽʯʝʥʦ, ʱʦ ʥʘʚʽʪʴ ʧʨʦʩʪʘ ʣʽʥʽʡʥʘ ʨʝʛʨʝʩʽʷ, ʥʘʪʨʝʥʦʚʘʥʘ ʥʘ ʪʘʢʠʭ ʚʠʪʷʛʥʫʪʠʭ ʦʟʥʘʢʘʭ, 
ʧʝʨʝʚʝʨʰʫʚʘʣʘ ʥʘʚʯʘʥʥʷ CNN, ResNet50 ʽ ResNeXt50 ʟ ʥʫʣʷ ʜʣʷ ʦʮʽʥʢʠ ʚʽʢʫ.  

ʋ ʨʦʙʦʪʽ [3] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʦʧʝʨʝʜʥʻ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʧʦʧʝʨʝʜʥʴʦ 
ʥʘʚʯʝʥʠʭ ʛʣʠʙʦʢʠʭ ʤʝʨʝʞ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʩʪʨʘʪʝʛʽʡ ʧʦʩʪʦʙʨʦʙʢʠ. ʆʩʥʦʚʥʘ ʧʝʨʝʚʘʛʘ ʱʦʜʦ ʩʪʨʘʪʝʛʽʡ 
ʪʦʯʥʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʧʨʦʩʪʦʪʽ ʪʘ ʥʠʟʴʢʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʚʠʪʨʘʪʘʭ ʥʘ ʝʪʘʧʽ ʧʦʩʪʦʙʨʦʙʢʠ. 
ʅʘʩʢʽʣʴʢʠ ʚʽʜʦʤʦ, ʮʷ ʩʪʘʪʪʷ ʻ ʧʝʨʰʠʤ ʜʦʩʣʽʜʞʝʥʥʷʤ ʱʦʜʦ ʦʮʽʥʢʠ ʚʽʢʫ, ʷʢʝ ʧʨʦʧʦʥʫʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 
ʩʪʨʘʪʝʛʽʾ ʧʦʩʪʦʙʨʦʙʢʠ ʜʣʷ ʬʫʥʢʮʽʡ, ʦʪʨʠʤʘʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʦʧʝʨʝʜʥʴʦ ʥʘʚʯʝʥʠʭ ʛʣʠʙʦʢʠʭ ʤʝʨʝʞ. ʋ 
ʧʨʝʜʩʪʘʚʣʝʥʦʤʫ ʤʝʪʦʜʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘʙʽʨ ʧʦʧʝʨʝʜʥʴʦ ʥʘʚʯʝʥʠʭ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ (CNN) 
ʜʣʷ ʚʠʣʫʯʝʥʥʷ ʦʟʥʘʢ ʽʟ ʚʭʽʜʥʦʛʦ ʟʦʙʨʘʞʝʥʥʷ ʦʙʣʠʯʯʷ. ʇʦʪʽʤ ʤʝʪʦʜ ʚʠʢʦʥʫʻ ʦʙôʻʜʥʘʥʥʷ ʥʘ ʨʽʚʥʽ ʦʟʥʘʢ, 
ʟʤʝʥʰʫʻ ʨʦʟʤʽʨʥʽʩʪʴ ʧʨʦʩʪʦʨʫ ʦʟʥʘʢ ʽ ʦʮʽʥʶʻ ʚʽʢ ʣʶʜʠʥʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʟ ʧʨʷʤʠʤ 
ʟʚôʷʟʢʦʤ (FFNN). ɹʫʣʦ ʦʮʽʥʝʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʜʘʥʦʛʦ ʤʝʪʦʜʫ ʥʘ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʦʤʫ ʥʘʙʦʨʽ ʜʘʥʠʭ (Adience 
Benchmark of Unfiltered Faces for Gender and Age Classification) ʽ ʥʘ ʥʘʙʦʨʽ ʜʘʥʠʭ ʥʝʽʜʝʘʣʴʥʠʭ ʟʨʘʟʢʽʚ, ʥʘ ʷʢʽ 
ʚʧʣʠʚʘʣʠ ʢʦʥʪʨʦʣʴʦʚʘʥʽ ʧʦʚʦʨʦʪʠ, ʷʢʽ ʤʠ ʟʽʙʨʘʣʠ ʚ ʥʘʰʽʡ ʣʘʙʦʨʘʪʦʨʽʾ. ʎʝʡ ʤʝʪʦʜ ʦʮʽʥʢʠ ʚʽʢʫ ʦʪʨʠʤʘʚ ʢʨʘʱʽ 
ʘʙʦ ʧʦʨʽʚʥʷʥʥʽ ʨʝʟʫʣʴʪʘʪʠ ʱʦʜʦ ʥʘʡʩʫʯʘʩʥʽʰʠʭ ʤʝʪʦʜʽʚ ʽ ʜʦʩʷʛ ʟʘʜʦʚʽʣʴʥʦʾ ʨʦʙʦʪʠ ʚ ʥʝʽʜʝʘʣʴʥʠʭ ʫʤʦʚʘʭ. 
ʈʝʟʫʣʴʪʘʪʠ ʪʘʢʦʞ ʧʦʢʘʟʘʣʠ, ʱʦ CNN, ʥʘʚʯʝʥʽ ʥʘ ʟʘʛʘʣʴʥʠʭ ʥʘʙʦʨʘʭ ʜʘʥʠʭ, ʤʦʞʫʪʴ ʦʪʨʠʤʘʪʠ ʟʘʜʦʚʽʣʴʥʫ 
ʪʦʯʥʽʩʪʴ ʜʣʷ ʨʽʟʥʠʭ ʪʠʧʽʚ ʟʦʙʨʘʞʝʥʴ ʧʝʨʝʚʽʨʢʠ, ʪʘʢʦʞ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʤʝʪʦʜʽʚ ʪʦʥʢʦʛʦ ʥʘʣʘʰʪʫʚʘʥʥʷ. 

ɸʚʪʦʨʠ [4] ʥʘʤʘʛʘʣʠʩʴ ʚʠʨʽʰʠʪʠ ʧʨʦʙʣʝʤʫ ʨʽʟʥʠʭ ʦʧʪʠʯʥʠʭ ʪʘ ʨʫʭʦʚʠʭ ʝʬʝʢʪʽʚ ʨʦʟʤʠʪʪʷ. ʊʘʢʽ 
ʝʬʝʢʪʠ ʟʘʟʚʠʯʘʡ ʚʠʢʣʠʢʘʶʪʴ ʧʨʦʙʣʝʤʠ ʟ ʧʦʚʥʠʤ ʦʭʦʧʣʝʥʥʷʤ ʪʘʢʠʭ ʨʠʩ ʦʙʣʠʯʯʷ, ʷʢ ʟʤʦʨʰʢʠ, ʷʢʽ ʻ 
ʚʘʞʣʠʚʠʤʠ ʜʣʷ ʦʮʽʥʢʠ ʚʽʢʫ, ʪʠʤ ʩʘʤʠʤ ʧʦʛʽʨʰʫʶʯʠ ʪʦʯʥʽʩʪʴ. ɹʽʣʴʰʽʩʪʴ ʧʦʧʝʨʝʜʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʱʦʜʦ ʦʮʽʥʢʠ 
ʚʽʢʫ ʙʫʣʦ ʧʨʦʚʝʜʝʥʦ ʜʣʷ ʚʭʽʜʥʠʭ ʟʦʙʨʘʞʝʥʴ, ʤʘʡʞʝ ʙʝʟ ʝʬʝʢʪʫ ʨʦʟʤʠʪʪʷ. ʑʦʙ ʧʦʜʦʣʘʪʠ ʮʝ ʦʙʤʝʞʝʥʥʷ, 
ʘʚʪʦʨʠ ʧʨʦʧʦʥʫʶʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʛʣʠʙʦʢʫ ʟʛʦʨʪʢʦʚʫ ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ ResNet-152 ʜʣʷ ʦʮʽʥʢʠ ʚʽʢʫ, ʷʢʘ 
ʩʪʽʡʢʘ ʜʦ ʨʽʟʥʠʭ ʦʧʪʠʯʥʠʭ ʝʬʝʢʪʽʚ ʽ ʝʬʝʢʪʽʚ ʨʦʟʤʠʪʪʷ ʨʫʭʫ ʚʽʜ ʜʘʪʯʠʢʽʚ ʚʠʜʠʤʦʛʦ ʩʚʽʪʣʘ. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ 
ʝʢʩʧʝʨʠʤʝʥʪʠ ʟ ʨʽʟʥʠʤʠ ʦʧʪʠʯʥʠʤʠ ʪʘ ʨʦʟʤʠʪʠʤʠ ʟʦʙʨʘʞʝʥʥʷʤʠ, ʩʪʚʦʨʝʥʠʤʠ ʟ ʙʘʟ ʜʘʥʠʭ ʧʘʨʢʦʚʦʾ 
ʣʘʙʦʨʘʪʦʨʽʾ ʩʪʘʨʽʥʥʷ ʨʦʟʫʤʫ (PAL) ʪʘ ʙʘʟ ʜʘʥʠʭ ʯʝʨʝʧʥʦ-ʣʠʮʝʚʦʾ ʧʦʟʜʦʚʞʥʴʦʾ ʤʦʨʬʦʣʦʛʽʯʥʦʾ ʙʘʟʠ ʜʘʥʠʭ 
ʦʙʣʠʯ (MORPH), ʷʢʽ ʻ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʤʠ. ɿʛʽʜʥʦ ʟ ʨʝʟʫʣʴʪʘʪʘʤʠ, ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʧʦʢʘʟʘʚ ʢʨʘʱʫ 
ʦʮʽʥʢʫ ʚʽʢʫ, ʥʽʞ ʧʦʧʝʨʝʜʥʽ ʤʝʪʦʜʠ. 

ʉʪʘʪʪʷ[5] ʧʨʝʜʩʪʘʚʣʷʻ ʙʘʛʘʪʦʮʽʣʴʦʚʠʡ ʘʣʛʦʨʠʪʤ ʜʣʷ ʦʜʥʦʯʘʩʥʦʛʦ ʚʠʷʚʣʝʥʥʷ ʦʙʣʠʯʯʷ, ʚʠʨʽʚʥʶʚʘʥʥʷ 
ʦʙʣʠʯʯʷ, ʦʮʽʥʢʠ ʧʦʟʠ, ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʩʪʘʪʽ, ʚʠʷʚʣʝʥʥʷ ʧʦʩʤʽʰʢʠ, ʦʮʽʥʢʠ ʚʽʢʫ ʪʘ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯʯʷ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʻʜʠʥʦʾ ʛʣʠʙʦʢʦʾ ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ (CNN). ɿʘʧʨʦʧʦʥʦʚʘʥʠʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʻ 
ʙʘʛʘʪʦʟʘʜʘʯʥʫ ʩʠʩʪʝʤʫ ʥʘʚʯʘʥʥʷ, ʷʢʘ ʨʝʛʫʣʶʻ ʩʧʽʣʴʥʽ ʧʘʨʘʤʝʪʨʠ CNN ʽ ʩʪʚʦʨʶʻ ʩʠʥʝʨʛʽʶ ʤʽʞ ʨʽʟʥʠʤʠ 
ʜʦʤʝʥʘʤʠ ʪʘ ʟʘʚʜʘʥʥʷʤʠ. ɺʝʣʠʢʽ ʝʢʩʧʝʨʠʤʝʥʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʤʝʨʝʞʘ ʢʨʘʱʝ ʨʦʟʫʤʽʻ ʦʙʣʠʯʯʷ ʽ ʜʦʩʷʛʘʻ 
ʥʘʡʩʫʯʘʩʥʽʰʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʜʣʷ ʙʽʣʴʰʦʩʪʽ ʮʠʭ ʟʘʚʜʘʥʴ.  

ʋ ʜʦʩʣʽʜʞʝʥʥʽ [6] ʧʦʢʘʟʘʥʦ, ʱʦ ʜʣʷ ʦʮʽʥʢʠ ʚʽʢʫ ʪʘ ʛʝʥʜʝʨʥʦʾ ʢʣʘʩʠʬʽʢʘʮʽʾ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʟʥʘʯʥʝ 
ʧʦʢʨʘʱʝʥʥʷ, ʚʠʚʯʘʶʯʠ ʫʷʚʣʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʛʣʠʙʦʢʠʭ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ (CNN). ʄʝʪʦʜ 
ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʟ ʧʨʷʤʠʤ ʟʚôʷʟʢʦʤ, ʚʠʢʦʨʠʩʪʘʥʠʡ ʫ ʮʴʦʤʫ ʜʦʩʣʽʜʞʝʥʥʽ, ʧʽʜʚʠʱʫʻ ʥʘʜʽʡʥʽʩʪʴ ʜʣʷ ʜʫʞʝ 
ʚʘʨʽʘʙʝʣʴʥʠʭ ʟʘʚʜʘʥʴ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʙʝʟ ʦʙʤʝʞʝʥʴ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʪʽ ʪʘ ʚʽʢʦʚʦʾ ʛʨʫʧʠ. ʎʝ ʜʦʩʣʽʜʞʝʥʥʷ 
ʙʫʣʦ ʧʨʦʘʥʘʣʽʟʦʚʘʥʦ ʪʘ ʧʽʜʪʚʝʨʜʞʝʥʦ ʜʣʷ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʩʪʘʪʽ ʪʘ ʦʮʽʥʢʠ ʚʽʢʫ ʷʢ ʜʣʷ ʥʘʙʦʨʫ ʜʘʥʠʭ ʦʙʣʠʯʯʷ 
ɽʩʩʝʢʩʘ, ʪʘʢ ʽ ʜʣʷ ʢʦʥʪʨʦʣʴʥʦʛʦ ʧʦʢʘʟʥʠʢʘ Adience. ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʦʢʘʟʫʶʪʴ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʠʡ 
ʧʽʜʭʽʜ ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʥʠʡ ʧʨʠʨʽʩʪ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ, ʜʘʥʘ ʤʦʜʝʣʴ ʜʦʩʷʛʘʻ ʜʫʞʝ ʮʽʢʘʚʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ 
ʥʘʡʩʫʯʘʩʥʽʰʦʛʦ ʨʽʚʥʷ ʦʮʽʥʢʠ ʷʢ ʟʘ ʚʽʢʦʤ, ʪʘʢ ʽ ʟʘ ʩʪʘʪʪʶ. 

ʅʘ ʦʩʥʦʚʽ ʣʝʛʢʦʾ ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʚ ʩʪʘʪʪʽ [7] ʧʨʦʧʦʥʫʻʪʴʩʷ ʧʦʢʨʘʱʝʥʘ ʤʝʨʝʞʘ 
ShuffleNetV2, ʟʘʩʥʦʚʘʥʘ ʥʘ ʤʝʭʘʥʽʟʤʽ ʟʤʽʰʘʥʦʾ ʫʚʘʛʠ (MA-SFV2: Mixed Attention-ShuffleNetV2), ʰʣʷʭʦʤ 
ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʰʘʨʫ, ʦʙôʻʜʥʘʥʥʷ ʤʝʪʦʜʽʚ ʢʣʘʩʠʬʽʢʘʮʽʾ ʪʘ ʨʝʛʨʝʩʽʡʥʦʾ ʦʮʽʥʢʠ ʚʽʢʫ ʪʘ ʚʠʜʽʣʝʥʥʷ 
ʚʘʞʣʠʚʠʭ ʬʫʥʢʮʽʾ ʧʦʧʝʨʝʜʥʴʦʾ ʦʙʨʦʙʢʠ ʟʦʙʨʘʞʝʥʴ ʽ ʤʝʪʦʜʽʚ ʟʙʽʣʴʰʝʥʥʷ ʜʘʥʠʭ. ɺʧʣʠʚ ʚʝʢʪʦʨʽʚ ʰʫʤʫ, ʪʘʢʠʭ 
ʷʢ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʥʘʚʢʦʣʠʰʥʻ ʩʝʨʝʜʦʚʠʱʝ, ʥʝ ʧʦʚôʷʟʘʥʘ ʟ ʦʙʣʠʯʯʷʤʠ ʥʘ ʟʦʙʨʘʞʝʥʥʽ, ʟʤʝʥʰʫʻʪʴʩʷ, ʪʦʤʫ 
ʪʦʯʥʽʩʪʴ ʦʩʪʘʪʦʯʥʦʾ ʦʮʽʥʢʠ ʚʽʢʫ ʤʦʞʥʘ ʧʦʨʽʚʥʷʪʠ ʟ ʩʫʯʘʩʥʦʶ.  

ʋ [8]  ʘʚʪʦʨʠ ʧʨʦʧʦʥʫʶʪʴ ʥʦʚʫ ʘʨʭʽʪʝʢʪʫʨʫ CNN ʧʽʜ ʥʘʟʚʦʶ Fusion Network (Fusion-Net) ʜʣʷ 
ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʦʮʽʥʢʠ ʚʽʢʫ. ʆʢʨʽʤ ʟʦʙʨʘʞʝʥʥʷ ʚʩʴʦʛʦ ʦʙʣʠʯʯʷ, FusionNet ʧʦʩʣʽʜʦʚʥʦ ʧʨʠʡʤʘʻ ʢʽʣʴʢʘ 
ʚʽʢʦʚʠʭ ʧʘʪʯʽʚ ʥʘ ʦʙʣʠʯʯʽ ʷʢ ʯʘʩʪʠʥʫ ʚʭʽʜʥʠʭ ʜʘʥʠʭ, ʱʦʙ ʧʽʜʢʨʝʩʣʠʪʠ ʚʽʢʦʚʽ ʨʠʩʠ. ɿʘ ʜʦʧʦʤʦʛʦʶ 
ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʧʦʢʘʟʘʥʦ, ʱʦ FusionNet ʟʥʘʯʥʦ ʧʝʨʝʚʝʨʰʫʻ ʽʥʰʽ ʥʘʡʩʫʯʘʩʥʽʰʽ ʤʦʜʝʣʽ ʟʘ ʪʝʩʪʦʤ MORPH II. 

ʋ [9] ʨʦʟʛʣʷʜʘʚʩʷ ʝʬʝʢʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʦʮʽʥʢʠ ʚʽʢʫ ʥʘ ʦʩʥʦʚʽ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʛʣʠʙʦʢʦʾ ʟʛʦʨʪʢʠ 
(CNN) ʷʢ ʟʨʫʯʥʦʩʪʽ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ ʧʽʰʦʭʦʜʽʚ, ʷʢʽ ʧʝʨʝʭʦʜʷʪʴ ʥʘ ʧʝʨʝʭʨʝʩʪʷʭ. ʋ ʮʽʡ ʨʦʙʦʪʽ ʙʫʣʠ 
ʚʠʢʦʨʠʩʪʘʥʽ ʜʚʽ ʧʦʧʫʣʷʨʥʽ ʧʦʧʝʨʝʜʥʴʦ ʥʘʚʯʝʥʽ ʤʦʜʝʣʽ ʛʣʠʙʦʢʠʭ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ (DCNN), ʷʢʽ 
ʥʝʱʦʜʘʚʥʦ ʜʦʩʷʛʣʠ ʥʘʡʢʨʘʱʦʾ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚ ʟʘʜʘʯʘʭ ʚʠʜʽʣʝʥʥʷ ʨʠʩ ʦʙʣʠʯʯʷ: VGG-Face ʽ ResNet-50. 
ɸʚʪʦʨʠ ʦʙôʻʜʥʘʣʠ ʮʽ ʜʚʽ ʤʦʜʝʣʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʩʠʩʪʝʤʠ. ɹʫʣʦ ʧʨʦʚʝʜʝʥʦ 
ʝʢʩʧʝʨʠʤʝʥʪʠ, ʱʦʙ ʦʮʽʥʠʪʠ ʩʠʩʪʝʤʫ ʥʘ ʦʩʥʦʚʽ ʥʘʙʦʨʫ ʜʘʥʠʭ VGGFace2, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ 3,31 ʤʽʣʴʡʦʥʘ 
ʟʦʙʨʘʞʝʥʴ ʦʙʣʠʯʯʷ. ɿʘ ʨʝʟʫʣʴʪʘʪʘʤʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʙʫʣʦ ʚʠʷʚʣʝʥʦ ʨʦʟʨʠʚ ʫ ʨʝʟʫʣʴʪʘʪʠʚʥʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʤʽʞ 
ʮʠʤʠ ʚʽʢʦʚʠʤʠ ʛʨʫʧʘʤʠ: ʜʽʪʠ ʚʽʜ (00-10) ʨʦʢʽʚ ʪʘ ʣʶʜʠ ʧʦʭʠʣʦʛʦ ʚʽʢʫ ʚʽʜ 55 ʨʦʢʽʚ ʽ ʙʽʣʴʰʝ. ʂʨʽʤ ʪʦʛʦ, ʙʫʣʦ 
ʚʽʜʟʥʘʯʝʥʦ, ʱʦ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʤʦʜʝʣʴ ʦʮʽʥʢʠ ʚʽʢʫ ʧʽʰʦʭʦʜʘ ʻ ʚʠʩʦʢʦʶ, ʘ ʪʘʢʦʞ ʭʦʨʦʰʠʡ ʨʝʟʫʣʴʪʘʪ ʤʦʞʥʘ 
ʦʪʨʠʤʘʪʠ, ʷʢʱʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʦʜʝʣʴ ʟʘ ʥʦʚʠʤ ʧʨʠʟʥʘʯʝʥʥʷʤ. 
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ɸʚʪʦʨʠ [10] ʟʘʧʨʦʧʦʥʫʚʘʣʠ ʚʠʩʦʢʦʝʬʝʢʪʠʚʥʫ ʩʠʩʪʝʤʫ ʦʮʽʥʢʠ ʚʽʢʫ ʽʟ ʩʧʽʣʴʥʦʶ ʦʧʪʠʤʽʟʘʮʽʻʶ 
ʘʣʛʦʨʠʪʤʫ ʦʮʽʥʢʠ ʚʽʢʫ ʪʘ ʩʠʩʪʝʤʦʶ ʛʣʠʙʦʢʦʛʦ ʥʘʚʯʘʥʥʷ. ʋ ʩʧʽʚʧʨʘʮʽ ʟ ʤʽʩʴʢʦʶ ʤʝʨʝʞʝʶ ʥʘʛʣʷʜʫ ʮʷ ʩʠʩʪʝʤʘ 
ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʘʥʘʣʽʟ ʚʽʢʦʚʠʭ ʛʨʫʧ ʜʣʷ ʨʦʟʫʤʥʦʾ ʜʝʤʦʛʨʘʬʽʾ. ʉʧʦʯʘʪʢʫ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʪʨʠʨʽʚʥʝʚʫ 
ʘʨʭʽʪʝʢʪʫʨʫ ʪʫʤʘʥʥʠʭ ʦʙʯʠʩʣʝʥʴ, ʱʦ ʚʢʣʶʯʘʻ ʢʨʘʡ, ʪʫʤʘʥ ʽ ʰʘʨ ʭʤʘʨʠ, ʷʢʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʦʙʨʦʙʣʷʻ ʦʮʽʥʢʫ 
ʚʽʢʫ ʟ ʥʝʦʙʨʦʙʣʝʥʠʭ ʚʽʜʝʦ. ɼʘʣʽ ʧʨʦʚʦʜʠʪʴʩʷ ʦʧʪʠʤʽʟʘʮʽʷ ʘʣʛʦʨʠʪʤʫ ʦʮʽʥʢʠ ʚʽʢʫ ʥʘ ʦʩʥʦʚʽ CNN ʟ ʨʦʟʧʦʜʽʣʦʤ 
ʤʽʪʦʢ ʽ ʜʠʚʝʨʛʝʥʮʽʻʶ K-L, ʚʙʫʜʦʚʘʥʠʤ ʫ ʰʘʨ ʪʫʤʘʥʫ, ʽ ʦʮʽʥʶʻʤʦ ʤʦʜʝʣʴ ʥʘ ʦʩʥʦʚʽ ʦʩʪʘʥʥʴʦʛʦ ʥʘʙʦʨʫ ʜʘʥʠʭ 
ʧʨʦ ʜʠʢʝ ʩʪʘʨʽʥʥʷ. ʈʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʫ ʩʚʽʜʯʘʪʴ, ʱʦ ʜʘʥʘ ʩʠʩʪʝʤʘ ʜʠʥʘʤʽʯʥʦ ʟʙʠʨʘʻ ʜʝʤʦʛʨʘʬʽʯʥʽ ʜʘʥʽ 
ʥʘ ʚʽʜʜʘʣʝʥʽʡ ʚʽʜʩʪʘʥʽ ʙʝʟ ʢʦʥʪʘʢʪʫ ʪʘ ʘʚʪʦʤʘʪʠʯʥʦ ʧʨʦʚʦʜʠʪʴ ʘʥʘʣʽʟ ʥʘʩʝʣʝʥʥʷ ʤʽʩʪʘ ʪʘ ʥʘʚʯʘʥʥʷ ʚʽʢʦʚʦʾ 
ʤʦʜʝʣʽ ʙʫʣʦ ʧʨʠʩʢʦʨʝʥʦ ʙʝʟ ʚʪʨʘʪʠ ʧʨʦʛʨʝʩʫ ʥʘʚʯʘʥʥʷ ʯʠ ʷʢʦʩʪʽ ʤʦʜʝʣʽ. ʅʘʩʢʽʣʴʢʠ ʚʽʜʦʤʦ, ʮʝ ʧʝʨʰʘ 
ʽʥʪʝʣʝʢʪʫʘʣʴʥʘ ʜʝʤʦʛʨʘʬʽʯʥʘ ʩʠʩʪʝʤʘ, ʷʢʘ ʤʘʻ ʧʦʪʝʥʮʽʡʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ 
ʨʦʟʫʤʥʠʭ ʤʽʩʪ ʽ ʤʽʩʴʢʦʛʦ ʞʠʪʪʷ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 
ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʰʚʠʜʢʦʜʽʶʯʦʾ ʪʘ ʷʢʽʩʥʦʾ ʩʠʩʪʝʤʠ ʘʧʨʦʢʩʠʤʘʮʽʾ ʚʽʢʫ ʣʶʜʠʥʠ ʟ 

ʤʦʞʣʠʚʽʩʪʶ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʥʷ ʪʘ ʨʦʙʦʪʠ ʫ ʨʝʞʠʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʽ ʫ ʚʠʩʦʢʦʪʝʭʥʦʣʦʛʽʯʥʽʡ 
ʨʦʟʚʘʞʘʣʴʥʽʡ ʩʠʩʪʝʤʽ. 

 
ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʨʦʙʦʪʠ ʫ ʯʠʩʣʝʥʥʠʭ ʜʞʝʨʝʣʘʭ, ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʜʣʷ ʥʘʚʯʘʥʥʷ ʤʦʜʝʣʝʡ 
ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʦʙʨʘʪʠ ʢʽʣʴʢʘ ʥʘʙʦʨʽʚ ʜʘʥʠʭ ʪʘ ʦʙ'ʻʜʥʘʪʠ ʾʭ ʯʘʩʪʠʥʠ. ʋ ʪʘʙʣʠʮʽ 1 ʥʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʦʘʥʘʣʽʟʦʚʘʥʠʭ ʜʘʪʘʩʝʪʽʚ. 

ʊʘʙʣʠʮʷ 1 [1] 
ʆʛʣʷʜ ʥʘʙʦʨʽʚ ʜʘʥʠʭ, ʱʦ ʤʽʩʪʷʪʴ ʦʙʣʠʯʯʷ ʣʶʜʝʡ ʟ ʢʘʟʘʥʠʤ ʚʽʢʦʤ 

ɹʘʟʘ ʜʘʥʠʭ ʂʽʣʴʢʽʩʪʴ ʧʨʠʢʣʘʜʽʚ ɺʽʢ  ʆʙʣʠʯʯʷ ʯʦʣʦʚʽʢʽʚ, %  ʆʩʦʙʣʠʚʦʩʪʽ 

UTKFace Dataset 20000 0-116 52 ʆʙʣʠʯʯʷ ʨʽʟʥʠʭ ʝʪʥʦʩʽʚ 

IMDB-WIKI  523051 0-100 59  ʆʙʣʠʯʯʷ ʚʽʜʦʤʠʭ ʣʶʜʝʡ 

All -Age-Faces 13322 2-80 44,6  ʇʝʨʝʚʘʞʥʦ ʘʟʽʘʪʩʴʢʘ 
ʟʦʚʥʽʰʥʽʩʪʴ 

 
ɽʪʘʧʠ ʧʨʦʮʝʩʫ ʘʧʨʦʢʩʠʤʘʮʽʾ ʚʽʢʫ 

ɸʚʪʦʤʘʪʠʟʦʚʘʥʠʡ ʧʨʦʮʝʩ ʘʧʨʦʢʩʠʤʘʮʽʾ ʚʽʢʫ ʧʦʜʽʣʷʶʪʴ ʥʘ ʪʨʠ ʦʩʥʦʚʥʽ ʝʪʘʧʠ: ʚʠʷʚʣʝʥʥʷ ʦʙʣʠʯʯʷ; 
ʘʥʘʣʽʟ ʟʦʙʨʘʞʝʥʥʷ ʟ ʚʠʣʫʯʝʥʥʷʤ ʦʟʥʘʢ; ʢʣʘʩʠʬʽʢʘʮʽʷ ʚʽʢʦʚʦʾ ʢʘʪʝʛʦʨʽʾ. 

ɺʠʷʚʣʝʥʥʷ ʦʙʣʠʯʯʷ. ɺʠʷʚʣʝʥʥʷ ʦʙʣʠʯʯʷ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʻ ʩʢʣʘʜʥʠʤ ʟʘʚʜʘʥʥʷʤ ʯʝʨʝʟ ʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ 
ʚʘʨʽʘʮʽʡ ʢʣʶʯʦʚʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʘ ʩʘʤʝ ʨʽʟʥʽ ʨʦʟʤʽʨʠ ʦʙʣʠʯʯʷ ʥʘ ʟʦʙʨʘʞʝʥʥʽ, ʨʽʟʥʽ ʧʝʨʩʧʝʢʪʠʚʠ, 
ʦʩʚʽʪʣʝʥʥʷ, ʬʦʥ ʪʘ ʩʘʤʫ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʣʶʜʩʴʢʠʭ ʣʠʮʴ. ʊʘʢʦʞ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʤʦʞʫʪʴ ʙʫʪʠ ʡ ʽʥʰʽ ʦʙôʻʢʪʠ, 
ʦʢʨʽʤ ʣʶʜʝʡ. 
ɸʣʛʦʨʠʪʤʠ ʨʦʟʧʽʟʥʘʚʘʥʥʷ ʦʙʣʠʯʴ ʟʘʟʚʠʯʘʡ ʩʧʝʨʰʫ ʰʫʢʘʶʪʴ ʧʘʨʫ ʣʶʜʩʴʢʠʭ ʦʯʝʡ, ʘʜʞʝ ʮʝ ʦʜʥʘ ʟ  
ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʷʢʫ ʥʘʡʣʝʛʰʝ ʚʠʷʚʠʪʠ. ɿʥʘʡʰʦʚʰʠ ʦʙʣʘʩʪʴ ʦʙʣʠʯʯʷ, ʚʽʥ ʚʠʢʦʥʫʻ ʜʦʜʘʪʢʦʚʽ ʪʝʩʪʠ, ʱʦʙ 
ʧʽʜʪʚʝʨʜʠʪʠ, ʱʦ ʚʽʥ ʥʘʩʧʨʘʚʜʽ ʚʠʷʚʠʚ ʦʙʣʠʯʯʷ. ʆʜʥʠʤ ʟ ʥʘʡ ʧʦʰʠʨʝʥʠʭ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʦʙʣʠʯʯʷ ʻ ʤʝʪʦʜ 
ʢʘʩʢʘʜ ʍʘʘʨʘ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻ ʥʘʙʦʨʠ ʧʨʷʤʦʢʫʪʥʠʭ ʦʙʣʘʩʪʝʡ (ʬʽʣʴʪʨʽʚ) ʟ ʨʽʟʥʠʤʠ ʯʠʩʣʦʚʠʤʠ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ, ʷʢʽ ʧʝʨʝʤʽʰʫʶʪʴʩʷ ʧʦ ʟʦʙʨʘʞʝʥʥʶ ʽ ʧʦʨʽʚʥʶʶʪʴʩʷ ʟ ʡʦʛʦ ʯʘʩʪʠʥʘʤʠ ʜʣʷ ʚʠʷʚʣʝʥʥʷ 
ʟʙʽʛʽʚ. ɼʘʥʠʡ ʤʝʪʦʜ ʤʘʻ ʚʠʩʦʢʫ ʰʚʠʜʢʦʜʽʶ ʘʣʝ ʡʦʛʦ ʥʝʜʦʣʽʢʦʤ ʻ ʩʢʣʘʜʥʽʩʪʴ ʚʠʟʥʘʯʝʥʥʷ ʯʠʩʣʦʚʠʭ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʷʤʦʢʫʪʥʠʭ ʦʙʣʘʩʪʝʡ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʥʷ. ʑʦʙ ʧʦʙʦʨʦʪʠ ʮʝʡ ʥʝʜʦʣʽʢ 
ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʟʛʦʨʪʢʦʚʽ ʥʝʡʨʦʥʥʽ ʤʝʨʝʞʽ, ʱʦ ʥʘʜʘʻ ʟʤʦʞʫ ʘʚʪʦʤʘʪʠʯʥʦ ʚʠʟʥʘʯʠʪʠ ʦʧʪʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 
ʬʽʣʴʪʨʽʚ ʪʘ ʟʙʽʣʴʰʫʻ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ, ʧʨʦʪʝ ʚʠʤʘʛʘʻ ʙʽʣʴʰʫ ʦʙʯʠʩʣʶʚʘʣʴʥʫ ʧʦʪʫʞʥʽʩʪʴ. 
ʇʽʩʣʷ ʚʠʷʚʣʝʥʥʷ ʦʙʣʠʯʯʷ ʥʘ ʟʦʙʨʘʞʝʥʥʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʢʘʜʨʫʚʘʥʥʷ, ʱʦ ʟʘʣʠʰʘʻ ʣʠʰʝ ʦʙʣʘʩʪʴ ʟʦʙʨʘʞʝʥʥʷ 
ʩʘʤʦʛʦ ʦʙʣʠʯʯʷ ʪʘ ʧʝʚʥʫ ʤʘʨʞʫ. 

ɸʥʘʣʽʟ ʟʦʙʨʘʞʝʥʥʷ ʦʙʣʠʯʯʷ. ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʟʦʙʨʘʞʝʥʥʷ ʦʙʣʠʯʯʷ ʥʘʡʦʧʪʠʤʘʣʴʥʽʰʝ 
ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʟʛʦʨʪʢʦʚʫ ʥʝʡʨʦʥʥʫ ʤʝʨʝʞʫ, ʱʦ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʨʘʜʠʮʽʡʥʠʭ ʢʣʘʩʠʬʽʢʘʪʦʨʽʚ ʟ ʥʘʧʝʨʝʜ 
ʚʠʟʥʘʯʝʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʬʽʣʴʪʨʽʚ, ʜʦʟʚʦʣʷʻ ʘʚʪʦʤʘʪʠʟʫʚʘʪʠ ʧʨʦʮʝʩ ʚʠʟʥʘʯʝʥʥʷ ʚʘʛ ʬʽʣʴʪʨʽʚ, ʱʦ ʚʠʷʚʣʷʶʪʴ 
ʥʘʷʚʥʽʩʪʴ ʧʝʚʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘ ʟʦʙʨʘʞʝʥʥʽ. ʎʝ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʨʝʥʫʚʘʥʥʷ ʥʝʡʨʦʥʥʦʾ 
ʤʝʨʝʞʽ ʥʘ ʥʘʚʯʘʣʴʥʠʭ ʜʘʥʠʭ. ʇʨʦʘʥʘʣʽʟʫʚʘʚʰʠ ʯʠʩʣʝʥʥʫ ʢʽʣʴʢʽʩʪʴ ʨʦʙʽʪ, ʙʫʣʦ ʧʨʠʡʥʷʪʦ ʨʽʰʝʥʥʷ ʦʙʨʘʪʠ 
ʢʽʣʴʢʘ ʘʨʭʽʪʝʢʪʫʨ ʟʛʦʨʪʢʦʚʠʭ ʥʝʡʨʦʥʥʠʭ ʤʝʨʝʞ ʪʘ ʥʘʪʨʝʥʫʚʘʪʠ ʾʭ, ʧʽʩʣʷ ʯʦʛʦ ʥʘ ʦʩʥʦʚʽ ʰʚʠʜʢʦʜʽʾ ʪʘ 
ʢʦʨʝʢʪʥʦʩʪʽ ʚʠʙʨʘʪʠ ʥʘʡʦʧʪʠʤʘʣʴʥʽʰʫ. 

ʂʣʘʩʠʬʽʢʘʮʽʷ ʚʽʢʦʚʦʾ ʢʘʪʝʛʦʨʽʾ. ʂʣʘʩʠʬʽʢʘʮʽʷ ʚʽʢʦʚʦʾ ʢʘʪʝʛʦʨʽʾ ʟʦʙʨʘʞʝʥʦʾ ʣʶʜʠʥʠ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ 
ʦʩʥʦʚʽ ʘʥʘʣʽʟʫ ʥʝʡʨʦʥʥʦʶ ʤʝʨʝʞʝʶ ʚʠʷʚʣʝʥʠʭ ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʛʦʨʪʢʦʚʦʾ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 
ʦʙʣʠʯʯʷ ʪʘ ʾʭ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʧʝʚʥʠʤ ʚʽʢʦʚʠʤ ʢʘʪʝʛʦʨʽʷʤ. 

ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʥʘʚʝʜʝʥʦ ʥʘ ʨʠʩ. 1. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʨʦʚʝʜʝʥʦʾ ʨʦʙʦʪʠ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʩʠʩʪʝʤʫ ʘʧʨʦʢʩʠʤʘʮʽʾ ʚʽʢʫ ʣʶʜʠʥʠ ʟʘ ʟʦʙʨʘʞʝʥʥʷʤ ʾʾ 

ʦʙʣʠʯʯʷ. ʎʷ ʨʦʟʨʦʙʢʘ ʜʦʟʚʦʣʷʻ ʚʠʟʥʘʯʠʪʠ ʚʽʢ ʦʩʦʙʠ ʥʘ ʟʘʚʘʥʪʘʞʝʥʦʤʫ ʟʦʙʨʘʞʝʥʥʽ, ʘ ʪʘʢʦʞ ʟʜʽʡʩʥʶʚʘʪʠ ʮʝ ʫ 

ʨʝʘʣʴʥʦʤʫ ʯʘʩʽ. ɼʝʪʘʣʴʥʝ ʜʦʩʣʽʜʞʝʥʥʷ ʟʘʜʘʯʽ ʘʧʨʦʢʩʠʤʘʮʽʾ ʚʽʢʫ ʣʶʜʠʥʠ ʧʦʢʘʟʘʣʘ, ʱʦ ʩʠʩʪʝʤʘ ʤʘʻ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ, ʥʘʧʨʠʢʣʘʜ ʨʦʟʚʘʛ, ʟʙʦʨʫ ʜʘʥʠʭ, ʙʝʟʧʝʢʠ ʪʘ ʤʦʥʽʪʦʨʠʥʛʫ. ʆʩʢʽʣʴʢʠ ʮʷ ʛʘʣʫʟʴ 

ʥʝʜʦʩʪʘʪʥʴʦ ʜʦʩʣʽʜʞʝʥʘ ʚ ʋʢʨʘʾʥʽ, ʪʦ ʜʘʥʘ ʨʦʟʨʦʙʢʘ ʻ ʜʦʮʽʣʴʥʦʶ ʪʘ ʘʢʪʫʘʣʴʥʦʶ. ʊʦʯʥʽʩʪʴ ʨʦʟʨʦʙʣʝʥʦʾ 

ʩʠʩʪʝʤʠ ʩʪʘʥʦʚʠʪʴ 80%, ʱʦ ʻ ʜʦʚʦʣʽ ʭʦʨʦʰʠʤ ʧʦʢʘʟʥʠʢʦʤ, ʘʣʝ ʥʘʩʪʫʧʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ 
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ʩʧʨʷʤʦʚʘʥʽ ʥʘ ʜʦʩʷʛʥʝʥʥʷ ʚʠʱʦʾ ʷʢʦʩʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʘʱʦʾ ʧʽʜʛʦʪʦʚʢʠ ʜʘʥʠʭ, ʟʙʽʣʴʰʝʥʥʷ ʢʽʣʴʢʦʩʪʽ ʝʧʦʭ 

ʧʨʠ ʪʨʝʥʫʚʘʥʥʽ ʥʝʡʨʦʥʥʦʾ ʤʝʨʝʞʽ ʪʘ ʩʢʨʫʧʫʣʴʦʟʥʽʰʦʛʦ ʧʽʜʙʦʨʫ ʛʽʧʝʨʧʘʨʘʤʝʪʨʽʚ. 
 

 
ʈʠʩ. 1. ʇʨʠʥʮʠʧ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ 

 

ʃʽʪʝʨʘʪʫʨʘ 

 

1. Y. Jeong, S. Lee, D. Park, ʽ K. H. Park, çAccurate age estimation using multi-task Siamese network-

based deep metric learning for frontal face imagesè, Symmetry, 10, 9, 2018, doi: 10.3390/sym10090385. 

2. V. Sheoran, S. Joshi, ʽ T. R. Bhayani, çAge and Gender Prediction Using Deep CNNs and Transfer 

Learningè, Communications in Computer and Information Science, 1377 CCIS, p. 293ï304, 2021, doi: 

10.1007/978-981-16-1092-9_25. 

3. Anand, R. D. Labati, A. Genovese, E. Munoz, V. Piuri, ʽ F. Scotti, çAge estimation based on face 

images and pre-trained convolutional neural networksè, 2018, ʚʠʧ. 2018-January, p. 1ï7. doi: 

10.1109/SSCI.2017.8285381. 

4. J. S. Kang, C. S. Kim, Y. W. Lee, S. W. Cho, ʽ K. R. Park, çAge estimation robust to optical and motion 
blurring by deep residual CNNè, Symmetry, 10, 4, 2018, doi: 10.3390/sym10040108. 

5. R. Ranjan, S. Sankaranarayanan, C. D. Castillo, ʽ R. Chellappa, çAn All-In-One Convolutional Neural 

Network for Face Analysisè, 2017, p. 17ï24. doi: 10.1109/FG.2017.137. 

6. M. K. Benkaddour, çCNN based features extraction for age estimation and gender classificationè, 

Informatica (Slovenia), 45, 5, p. 697ï703, 2021, doi: 10.31449/INF.V45I5.3262. 

7. X. Liu, Y. Zou, H. Kuang, ʽ X. Ma, çFace image age estimation based on data augmentation and 
lightweight convolutional neural networkè, Symmetry, 12, 1, 2020, doi: 10.3390/SYM12010146. 

8. H. Wang, X. Wei, V. Sanchez, ʽ C.-T. Li, çFusion network for face-based age estimationè, 2018, 

p. 2675ï2679. doi: 10.1109/ICIP.2018.8451606. 

9. N. Y. Abdullah, M. T. Ghazal, ʽ N. Waisi, çPedestrian age estimation based on deep learningè, 

Indonesian Journal of Electrical Engineering and Computer Science, 22, 3, p. 1548ï1555, 2021, doi: 

10.11591/ijeecs.v22.i3.pp1548-1555. 

10. Z. Hu, P. Sun, ʽ Y. Wen, çSpeeding-up age estimation in intelligent demographics system via network 

optimizationè, 2018-May. doi: 10.1109/ICC.2018.8422409. 

 

ʈʝʮʝʥʟʽʷ/Peer review : 09.04.2022 ʨ. ʅʘʜʨʫʢʦʚʘʥʘ/Printed :11.06.2022 ʨ. 

 



 Technical sciences ISSN 2307-5732 
 

Herald of Khmelnytskyi national university, Issue 3, 2022 (309) 70 

DOI 10.31891/2307-5732-2022-309-3-70-74 

ʋɼʂ 004.4 

ɹɸɻʈɯʁ ʈ. ʆ. 
ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

https://orcid.org/0000-0001-5219-1185 

e-mail: bahriiro@khmnu.edu.ua 

ʇɽʊʈʆɺʉʔʂʀʁ ʉ. ʉ. 
ʍʤʝʣʴʥʠʮʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʫʥʽʚʝʨʩʠʪʝʪ 

https://orcid.org/0000-0002-0590-0484 

e-mail: petrovskijss@khmnu.edu.ua 

 

ʆʉʆɹʃʀɺʆʉʊɯ ʉʋʏɸʉʅʆɻʆ ʊɽʉʊʋɺɸʅʅʗ ɺɽɹ-ɼʆɼɸʊʂɯɺ  
  
ˠ ̨̑̏̂̏̓ ̐̑̏̃̆̅̆̎̏ ̨̠̅̏̒̌̅̇̆̎̎ ̨̖̩̓̆̎̏̌̏̄ ̓́ ̨̨̖̐̅̏̅̃ ̅̏ ̓̆̒̓̔̃́̎̎ ̠ ̃̆̂-̨̅̏̅́̓̋̃ ̃ ̘̖̒̔́̒̎̉ 

̖̑̆̊̍̃̏̑̋́̕Ȣ ˝̠̏̈̄̌̎̔̓̏ ̨̏̒̎̏̃̎ ̍̆̓̏̅̉ ̘̑̔̎̏̄̏ ̠̓̆̒̓̔̃́̎̎ȟ ̏̚ ̟̝̐̏̓̑̆̂̔̓ ̃̆̌̉̋̏̄̏ ̠̏̂̒̄ ̘̩̔̑̔̎̏ ̨̗̐̑́. 
˛̒̏̂̌̉̃̔ ̔̃́̄̔ ̨̐̑̉̅̌̆̎̏ ̨̖̠̓̆̎̏̌̏̄̍ ́̃̓̏̍́̓̉̈̏̃́̎̏̄̏ ̠̓̆̒̓̔̃́̎̎ȟ ̏̚ ̤̝̠̐̑̏̐̏̎̔̓̒ ̈́̒̓̏̒̔̃́̓̉ ̐̑̉ 
̨̗̑̏̈̑̏̂ ̨̒́̊̓̃ ̃ ̘̖̒̔́̒̎̉ ̖̑̆̊̍̃̏̑̋́̕Ȣ ˑ̝̆̓́̌̎̏ ̏̐̉̒́̎́ ̨̨̐̑́̍̅́ ̨̓̆̒̓̃ ̓́ ̨̨̑̃̎ ̠̓̆̒̓̔̃́̎̎ȟ ̨̨̐̑̏́̎́̌̈̏̃́̎ 
̨̏̒̎̏̃̎ ̐̆̑̆̃́̄̉ ̓́ ̨̎̆̅̏̌̋̉ ̠̅̌ ̋̏̇̎̏̄̏ ̨̠̑̃̎Ȣ ˔́̐̑̏̐̏̎̏̃́̎̏ ̈́̒̓̏̒̏̃̔̃́̓̉ ̨̖̓̆̎̏̌̏̄ ̟̑̏̈̑̏̂̋ ̉̎́ ̏̒ ̨̎̏̃ 
̨̐̏̃̆̅̎̋̉ (BDDɊ ̠̅̌ ́̃̓̏̍́̓̉̈̏̃́̎̏̄̏ ̠̓̆̒̓̔̃́̎̎ ̃̆̂-̨̅̏̅́̓̋̃Ȣ ˑ̠̌ ̨̠̐̅̃̉̆̎̎̚ ̨̆̆̋̓̉̃̎̏̒̓̕ ̗̐̑̏̆̒̔ 
̑̏̈̑̏̂̋̉ ̃̆̂-̨̅̏̅́̓̋̃ ̈́̒̓̏̒̏̃́̎̏ ̙́̂̌̏̎ ̠̐̑̏̆̋̓̔̃́̎̎ ̠̃̐̑̏̃́̅̇̆̎̎ ̈́̌̆̇̎̏̒̓̆̊ (DI) ̈́̒̏̂́̍̉ȟ ̏̚ ̨̃̂̔̅̏̃́̎ 
̔ ̘̒̔́̒̎̉ ̖̕ ̖̑̆̊̍̃̏̑̋́Ȣ 

˗̨̟̘̌̏̃ ̒ ̌̏̃́ȡ ̋ ̏̍̐ǫ̟̃̄̓̆̑̎ ̎ ́̔̋̉ȟ ̓ ̠̆̒̓̔̃́̎̎, ̕ ̑̆̊̍̃̏̑̋ȟ ̃̆̂-̅̏̅́̓̋̉ 

 
Ruslan BAHRɯI, Serhii PETROVSKYI  

Khmelnytskyi National University 

 

FEATURES OF MODERN WEB APPLICATION  TESTING 
 

This paper investigates the technology and approaches to testing web applications in modern frameworks. The main techniques of 
manual testing, which require a large amount of manual work, are considered. The disadvantages of implementing the black-box testing 
method include the development of a formal specification, and the application of the white-box testing method requires analysis of software 
code. 

Particular attention is given to automated testing technologies, which are proposed to be used to develop sites in modern 
frameworks. The Test pyramid and test levels are described in detail, and the main advantages and disadvantages of each level are analyzed. 
At the first level, a set of tests consists of unit tests that verify that an individual unit is working correctly according to the requirements of 
the specification. At the second level of the automation pyramid - integration tests check the interaction of a fragment of code with external 
components. At the third level - end-to-end tests perform testing of various user scenarios, and UI tests check the correct operation of the web 
application interface. 

It is proposed to use behavioral development technology (BDD) for automated testing of web applications. BDD focuses on 
studying problems formulated based on customer stories and the construction of logic and tests based on these problems. BDD tests are best 
worked for integration testing, which involves testing different user scenarios. 

A dependency injection (DI) design template has been used to improve the efficiency of the web application development process, 
with tools built into modern frameworks. This template applies the transfer of dependencies to an external, specially designed software 
component. Dependence is injected using a special IoC container. 

Keywords: computer science, testing, framework, web applications 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

 ʅʘ ʜʘʥʠʡ ʯʘʩ ʚʝʙ-ʜʦʜʘʪʢʠ ʥʘʡʙʽʣʴʰ ʯʘʩʪʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʥʘʜʘʥʥʷ ʧʦʩʣʫʛ ʪʘ ʧʨʦʜʘʞʫ 

ʪʦʚʘʨʽʚ ʚ ʤʝʨʝʞʽ ɯʥʪʝʨʥʝʪ. ʇʦʤʠʣʢʠ, ʜʦʧʫʱʝʥʽ ʫ ʜʦʜʘʪʢʫ, ʤʦʞʫʪʴ ʟʘʚʜʘʪʠ ʥʝ ʪʽʣʴʢʠ ʩʝʨʡʦʟʥʦʛʦ ʫʜʘʨʫ ʧʦ 

ʨʝʧʫʪʘʮʽʾ ʢʦʤʧʘʥʽʾ, ʘʣʝ ʡ ʢʦʰʪʫʚʘʪʠ ʾʡ ʯʠʤʘʣʽ ʛʨʦʰʽ.  

ɺ ʪʦʡ ʞʝ ʯʘʩ, ʪʝʩʪʫʚʘʥʥʷ ʚʝʙ-ʜʦʜʘʪʢʽʚ ʻ ʩʢʣʘʜʥʠʤ ʪʘ ʪʨʫʜʦʤʽʩʪʢʠʤ ʟʘʚʜʘʥʥʷʤ. ʆʩʥʦʚʥʘ ʩʢʣʘʜʥʽʩʪʴ 

ʪʝʩʪʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʨʦʟʨʦʙʢʘ ʚʝʙ-ʜʦʜʘʪʢʽʚ ʧʝʨʝʜʙʘʯʘʻ ʧʦʻʜʥʘʥʥʷ ʘʨʭʽʪʝʢʪʫʨʥʦ ʩʢʣʘʜʥʠʭ ʽ 

ʥʝʦʜʥʦʨʽʜʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʬʨʝʡʤʚʦʨʢʽʚ ʜʣʷ ʢʣʽʻʥʪʩʴʢʦʶ ʪʘ ʩʝʨʚʝʨʥʦʾ ʯʘʩʪʠʥʠ ʧʨʦʝʢʪʫ. ʆʩʦʙʣʠʚʦʩʪʽ 

ʪʝʩʪʫʚʘʥʥʷ ʚʝʙ-ʜʦʜʘʪʢʽʚ ʪʘʢʦʞ ʧʦʣʷʛʘʶʪʴ ʫ ʪʦʤʫ, ʱʦ, ʟʘʟʚʠʯʘʡ, ʩʪʦʨʽʥʢʠ ʜʠʥʘʤʽʯʥʦ ʟʤʽʥʶʶʪʴʩʷ ʪʘ ʤʘʶʪʴ 

ʙʝʟʣʽʯ ʩʪʘʥʽʚ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʟʘʧʠʪʽʚ ʢʦʨʠʩʪʫʚʘʯʘ. ʊʘʢʦʞ ʥʝʨʽʚʥʦʤʽʨʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʚʝʙ-ʜʦʜʘʪʦʢ ʤʦʞʝ 

ʚʠʢʣʠʢʘʪʠ ʟʙʦʾ ʫ ʨʦʙʦʪʽ. 

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ʊʝʩʪʫʚʘʥʥʷ ʚʝʙ-ʜʦʜʘʪʢʫ ï ʮʝ ʦʩʪʘʥʥʽʡ ʪʘ ʦʙʦʚ'ʷʟʢʦʚʠʡ ʝʪʘʧ ʪʝʭʥʽʯʥʦʾ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ 

ʧʨʦʜʫʢʪʫ. ɺʽʥ  ̒ʚʘʞʣʠʚʠʤ ʝʪʘʧʦʤ ʧʨʦʮʝʩʽ ʩʪʚʦʨʝʥʥʷ ʜʦʜʘʪʢʫ, ʦʩʢ̔ʣʴʢʠ ʚʽʜ ʷʢʦʩʪʽ ʪʝʩʪʫʚʘʥʥʷ ʟʘʣʝʞʠʪʴ 

ʧʦʜʘʣʴʰʠʡ ʞʠʪʪʻʚʠʡ ʮʠʢʣ ʜʦʜʘʪʢʫ. ʇʦʤʠʣʢʠ ʥʘ ʝʪʘʧʽ ʪʝʩʪʫʚʘʥʥʷ ʧʦʤʠʣʢʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʜʦʜʘʪʢʦʚʠʭ ʚʠʪʨʘʪ 

ʯʘʩʫ ʪʘ ʨʝʩʫʨʩʽʚ. ɺʝʙ-ʜʦʜʘʪʦʢ, ʷʢʠʡ ʤʘʻ ʧʦʤʠʣʢʠ, ʚʠʢʣʠʢʘʻ ʥʝʛʘʪʠʚ ʫ ʢʦʨʠʩʪʫʚʘʯʽʚ ʽ, ʷʢ ʥʘʩʣʽʜʦʢ, ʾʭ ʚʪʨʘʪʫ. 

ʗʢ ʨʝʟʫʣʴʪʘʪ, ʟʘʤʦʚʥʠʢ ʚʝʙ-ʜʦʜʘʪʢʫ ʟʤʫʰʝʥʠʡ ʧʣʘʪʠʪʠ ʟʘ ʜʦʦʧʨʘʮʶʚʘʥʥʷ (ʘ ʽʥʦʜʽ ʟʘ ʧʦʚʪʦʨʥʫ ʨʦʟʨʦʙʢʫ ʚʝʙ-

ʜʦʜʘʪʢʫ), ʘ ʜʣʷ ʨʦʟʨʦʙʥʠʢʽʚ ʚʝʙ-ʜʦʜʘʪʢʫ ʮʝ ʚʪʨʘʪʘ ʨʝʧʫʪʘʮʽʾ. 

ɺʩʽ ʤʝʪʦʜʠ ʪʝʩʪʫʚʘʥʥʷ ʚʝʙ-ʜʦʜʘʪʢʽʚ, ʷʢ ʽ ʙʫʜʴ-ʷʢʦʛʦ ʽʥʰʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ, ʧʦʜʽʣʷʶʪʴʩʷ ʥʘ 

ʜʚʽ ʛʨʫʧʠ. ɼʦ ʧʝʨʰʦʾ ʛʨʫʧʠ ʥʘʣʝʞʘʪʴ ʤʝʪʦʜʠ ʬʫʥʢʮʽʦʥʘʣʴʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʘʙʦ ʪʝʩʪʫʚʘʥʥʷ ʤʝʪʦʜʦʤ çʯʦʨʥʦʾ 

ʩʢʨʠʥʴʢʠè (black-box (BB)), ʧʨʠ ʷʢʦʤʫ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʣʠʰʝ ʟʦʚʥʽʰʥʷ ʧʦʚʝʜʽʥʢʘ ʧʨʦʛʨʘʤʠ ʙʝʟ ʘʥʘʣʽʟʫ 
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ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ. ɼʦ ʜʨʫʛʦʾ ʛʨʫʧʠ ʥʘʣʝʞʘʪʴ ʤʝʪʦʜʠ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ, ʘʙʦ ʪʝʩʪʫʚʘʥʥʷ. ʤʝʪʦʜʦʤ 

çʩʢʣʷʥʦʛʦ ʷʱʠʢʘè (white-box (WB)), ʫ ʷʢʦʤʫ ʧʝʨʝʚʽʨʷʶʪʴʩʷ ʫʤʦʚʠ ʨʦʟʛʘʣʫʞʝʥʥʷ, ʮʠʢʣʠ ʪʘ ʽʥʰʽ ʘʪʨʠʙʫʪʠ 

ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ. ʇʨʠʢʣʘʜʦʤ ʪʝʩʪʫʚʘʥʥʷ ʤʝʪʦʜʦʤ BB ʻ ʩʠʩʪʝʤʘ, ʚ ʷʢʽʡ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʚʽʜʧʦʚʽʜʥʽʩʪʴ 

ʨʝʘʣʽʟʘʮʽʾ ʚʝʙ-ʜʦʜʘʪʢʫ ʩʧʝʮʠʬʽʢʘʮʽʾ. ɻʝʥʝʨʘʮʽʷ ʪʝʩʪʽʚ ʫ ʮʽʡ ʩʠʩʪʝʤʽ ʙʘʟʫʻʪʴʩʷ ʥʘ ʬʦʨʤʘʣʴʥʦʤʫ ʦʧʠʩʽ 

ʩʧʝʮʠʬʽʢʘʮʽʾ ʪʘ ʤʦʜʝʣʶʚʘʥʥ ̔ʧʦʚʝʜʽʥʢʠ ʧʨʦʛʨʘʤʠ [1]. 

ɿʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʤʝʪʦʜʽʚ ʪʝʩʪʫʚʘʥʥʷ ʧʦʚ'ʷʟʘʥʝ ʟ ʚʝʣʠʢʠʤ ʦʙʩʷʛʦʤ ʨʫʯʥʦʾ ʧʨʘʮʽ. ʊʘʢ, ʧʨʠ ʨʝʘʣʽʟʘʮʽʾ 

ʤʝʪʦʜʽʚ ʪʝʩʪʫʚʘʥʥʷ BB ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ ʬʦʨʤʘʣʴʥʫ ʩʧʝʮʠʬʽʢʘʮʽʶ, ʘ ʟʘ ʨʝʘʣʽʟʘʮʽʾ ʤʝʪʦʜʽʚ ʪʝʩʪʫʚʘʥʥʷ WB 

ʥʝʦʙʭʽʜʥʠʡ ʘʥʘʣʽʟ ʧʨʦʛʨʘʤʥʦʛʦ ʢʦʜʫ. ʊʦʤʫ ʨʦʟʨʦʙʥʠʢʠ ʪʝʩʪʽʚ ʜʣʷ ʚʝʙ-ʜʦʜʘʪʢʽʚ ʧʨʘʛʥʫʪʴ ʷʢʥʘʡʙʽʣʴʰʝ 

ʨʦʟʰʠʨʠʪʠ ʩʬʝʨʫ ʘʚʪʦʤʘʪʠʯʥʦʾ ʛʝʥʝʨʘʮʽʾ ʪʝʩʪʽʚ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ 

ɼʦʩʣʽʜʠʪʠ ʪʘ ʚʠʟʥʘʯʠʪʠ ʧʨʦʙʣʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʚʝʙ-ʜʦʜʘʪʢʽʚ ʚ ʩʫʯʘʩʥʠʭ 

ʬʨʝʡʤʚʦʨʢʘʭ ʪʘ ʟʘʧʨʦʧʦʥʫʚʘʪʠ ʤʝʪʦʜʠ ʪʘ ʧʽʜʭʦʜʠ ʜʣʷ ʾʭ ʚʠʨʽʰʝʥʥʷ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʘ ʧʽʨʘʤʽʜʘ ʪʝʩʪʽʚ 

ɸʚʪʦʤʘʪʠʟʘʮʽʷ ʪʝʩʪʽʚ ʜʦʟʚʦʣʷʻ ʟʥʘʡʪʠ ʧʦʤʠʣʢʠ ʚʝʙ-ʜʦʜʘʪʢʫ ʧʨʘʢʪʠʯʥʦ ʚʽʜʨʘʟʫ ʧʽʩʣʷ ʥʘʧʠʩʘʥʥʷ 

ʢʦʜʫ. ʎʝ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʰʚʠʜʢʫ ʨʦʟʨʦʙʢʫ ʚʝʙ-ʜʦʜʘʪʢʫ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʟʘʪʨʘʪʘʭ ʨʝʩʫʨʩʽʚ ʥʘ 

ʡʦʛʦ ʪʝʩʪʫʚʘʥʥʷ.  

ɼʣʷ ʦʨʛʘʥʽʟʘʮʽʾ ʘʚʪʦʤʘʪʠʯʥʠʭ ʪʝʩʪʽʚ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʢʦʥʮʝʧʮʽʷ ʧʽʨʘʤʽʜʠ ʪʝʩʪʽʚ ʄʘʡʢʘ ʂʦʥʘ: 

(ʈʠʩ. 1): 

 

 
ʈʠʩ. 1. ʇ̔ ʨʘʤʽʜʘ ʪʝʩʪʽʚ ʄʘʡʢʘ ʂʦʥʘ [2] 

 

ʇ̔ ʨʘʤʽʜʘ ʪʝʩʪʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʨʽʚʥʽʚ: ʶʥʽʪ-ʪʝʩʪʠ, ʩʝʨʚʽʩʥʽ ʪʝʩʪʠ (API ʪʝʩʪʫʚʘʥʥʷ) ʪʘ ʪʝʩʪʠ 

ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ. ʇʨʠ ʮʴʦʤʫ ʰʚʠʜʢʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʪʝʩʪʽʚ ʪʘ ̔ʟʦʣʴʦʚʘʥʽʩʪʴ ʦʙ'ʻʢʪʽʚ, ʱʦ ʪʝʩʪʫʶʪʴʩʷ 

ʟʤʝʥʰʫʻʪʴʩʷ ʟʥʠʟʫ ʚʛʦʨʫ (ʚ̔ʜ ʶʥʽʪ - ʜʦ ʪʝʩʪʽʚ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ). 

ɼʣʷ ʧʨʘʚʠʣʴʥʦʾ ʦʨʛʘʥʽʟʘʮʽʾ ʪʝʩʪʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʜʦʪʨʠʤʫʚʘʪʠʩʴ ʬʦʨʤʠ ʧʽʨʘʤʽʜʠ ï ʨʦʟʨʦʙʠʪʠ 

ʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ ʥʝ ʚʝʣʠʢʠʭ ʟʘ ʦʙóʻʤʦʤ ʪʘ ʰʚʠʜʢʠʭ ʫ ʚʠʢʦʥʘʥʥʽ ʶʥʽʪ-ʪʝʩʪʽʚ, ʜʝʢʽʣʴʢʘ ʟʘʛʘʣʴʥʠʭ ʪʝʩʪʽʚ ʪʘ 

ʦʙʤʝʞʝʥʫ ʢʽʣʴʢʽʩʪ ɹʚʠʩʦʢʦʨʽʚʥʝʚʠʭ ʥʘʩʢʨʽʟʥʠʭ ʪʝʩʪʽʚ, ʷʢʽ ʧʝʨʝʚʽʨʷʶʪʴ ʧʨʦʛʨʘʤʫ ʚʽʜ ʧʦʯʘʪʢʫ ʜʦ ʢʽʥʮʷ. 

ʈʦʟʛʣʷʥʝʤʦ ʮʽ ʨʽʚʥʽ ʪʝʩʪʫʚʘʥʥʷ ʙʽʣʴʰ ʜʝʪʘʣʴʥʦ. 

1. ʖʥʽʪ-ʪʝʩʪʠ. 

ʆʩʥʦʚʥʠʡ ʥʘʙ̔ʨ ʪʝʩʪʽʚ ʧʦʚʠʥʝʥ ʩʢʣʘʜʘʪʠʩʷ ʽʟ ʶʥʽʪ-ʪʝʩʪʽʚ (ʤʦʜʫʣʴʥʠʭ ʪʝʩʪʽʚ). ɺʦʥʠ ʧʝʨʝʚʽʨʷʶʪʴ, ʯʠ 

ʦʢʨʝʤʠʡ ʶʥʽʪ (ʪʝʩʪʦʚʘʥʠʡ ʦʙ'ʻʢʪ) ʧʨʘʮʶʻ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʤʦʛ ʩʧʝʮʠʬʽʢʘʮʽʾ. ʂʽʣʴʢʽʩʪʴ 

ʶʥʽʪ-ʪʝʩʪʽʚ ʫ ʥʘʙʦʨʽ ʧʦʚʠʥʥʘ ʧʝʨʝʚʠʱʫʚʘʪʠ ʢʽʣʴʢʽʩʪʴ ʽʥʰʠʭ ʪʝʩʪʽʚ. 

ɼʣʷ ʪʝʩʪʫʚʘʥʥʷ ʬʫʥʢʮʽʡ ʚʠʢʦʥʫʻʪʴʩʷ ʾʭ ʚʠʢʣʠʢ ʟ ʨʽʟʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʪʘ ʟ ʢʦʥʪʨʦʣʝʤ ʦʯʽʢʫʚʘʥʠʭ 

ʟʥʘʯʝʥʴ, ʱʦ ʧʦʚʝʨʪʘʶʪʴʩʷ. ɼʣʷ ʦʙ'ʻʢʪʥʦ-ʦʨʽʻʥʪʦʚʘʥʦʛʦ ʧʽʜʭʦʜʫ ʶʥʽʪʦʤ ʤʦʞʝ ʙʫʪʠ ʤʝʪʦʜ ʯʠ ʮʽʣʠʡ ʢʣʘʩ. 

ʊʘʢʦʞ ʧʽʜ ʶʥʽʪ-ʪʝʩʪʦʤ ʤʦʞʥʘ ʨʦʟʫʤʽʪʠ ʬʨʘʛʤʝʥʪ ʢʦʜʫ, ʷʢʠʡ ʤʦʞʥʘ ʧʨʦʪʝʩʪʫʚʘʪʠ ʽʟʦʣʴʦʚʘʥʦ ʚʽʜ ʽʥʰʠʭ 

ʯʘʩʪʠʥ ʢʦʜʫ. 

ʉʫʯʘʩʥʽ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʬʨʝʡʤʚʦʨʢʠ ʜʦʟʚʦʣʷʶʪʴ ʽʟʦʣʶʚʘʪʠ ʯʘʩʪʠʥʫ ʢʦʜʫ, ʱʦ ʪʝʩʪʫʻʪʴʩʷ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʢʦʥʪʨʦʣʴʦʚʘʥʦʾ ʽʤʽʪʘʮʽʾ ʮʽʣʠʭ ʯʘʩʪʠʥ ʩʪʚʦʨʶʚʘʥʦʛʦ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ. ɺʠʢʣʠʢʠ ʢʣʘʩʽʚ 

ʟʘʤʽʥʶʶʪʴʩʷ ʥʘ ʽʤʽʪʘʮʽʾ (mocks) ʘʙʦ ʟʘʛʣʫʰʢʠ (stubs). ʈʝʘʣʴʥʠʡ ʦʙóʻʢʪ (ʥʘʧʨʠʢʣʘʜ, ʢʣʘʩ, ʤʦʜʫʣʴ ʯʠ ʬʫʥʢʮʽʷ) 

ʽʤʽʪʫʻʪʴʩʷ ʩʪʚʦʨʝʥʦʶ ʢʦʧʽʻʶ. ʂʦʧʽʷ ʤʘʻ ʚʠʛʣʷʜ  ̔ʜʽʻ ʷʢ ʦʨʠʛʽʥʘʣ (ʜʘʻ ʪʘʢʽ ʞ ʚʽʜʧʦʚʽʜʽ ʥʘ ʪʽ ʞ ʪʘʢʠ ʚʠʢʣʠʢʠ 

ʤʝʪʦʜʽʚ), ʘʣʝ ʮʝ ʟʘʟʜʘʣʝʛʽʜʴ ʚʩʪʘʥʦʚʣʝʥʽ ʚʽʜʧʦʚʽʜʽ, ʷʢʽ ʚʠʟʥʘʯʘʻ ʨʦʟʨʦʙʥʠʢ ʪʝʩʪʽʚ ʜʣʷ ʶʥʽʪ-ʪʝʩʪʫ. ɼʣʷ 

ʧʽʜʪʨʠʤʢʠ ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʩʪʽ ʪʝʩʪʫʚʘʥʥʷ ʶʥʽʪ-ʪʝʩʪʽʚ ʥʝʦʙʭʽʜʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʚʽʜʩʫʪʥʽʩʪʴ ʢʦʥʪʘʢʪʽʚ ʟ ɹɼ, 

ʬʘʡʣʦʚʦʶ ʩʠʩʪʝʤʦʶ ʪʘ HTTP-ʟʘʧʠʪʘʤʠ. 

ʆʜʥʽʻʶ ʟ ʚʠʤʦʛ ʜʣʷ ʶʥʽʪ-ʪʝʩʪʽʚ ʻ ʧʝʨʝʚʽʨʢʘ ʚʩʽʭ ʥʝʪʨʠʚʽʘʣʴʥʠʭ ʨʦʟʛʘʣʫʞʝʥʴ ʢʦʜʫ, ʚʢʣʶʯʘʶʯʠ 

ʩʮʝʥʘʨʽʡ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʪʘ ʧʦʛʨʘʥʠʯʥʽ ʩʠʪʫʘʮʽʾ.  ʇʨʠ ʮʴʦʤʫ ʚʠʥʠʢʘʻ ʧʨʦʙʣʝʤʘ ʫ ʚʠʧʘʜʢʫ ʨʝʬʘʢʪʦʨʠʥʛʫ 

ʢʦʜʫ ïʟʤʽʥʘ ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʨʫʢʪʫʨʠ ʢʦʜʫ ʙʝʟ ʟʤʽʥʠ ʟʦʚʥʽʰʥʴʦʾ ʧʦʚʝʜʽʥʢʠ. ʊʘʢʠʤ ʯʠʥʦʤ ʚʪʨʘʯʘʻʪʝʩʷ ʚʘʞʣʠʚʘ 

ʧʝʨʝʚʘʛʫ ʶʥʽʪ-ʪʝʩʪʽʚ: ʜʽʷʪʠ ʷʢ ʩʠʩʪʝʤʘ ʙʝʟʧʝʢʠ ʜʣʷ ʟʤʽʥ ʢʦʜʫ. ɼʣʷ ʪʦʛʦ, ʱʦʙ ʫʥʠʢʥʫʪʠ ʮʽʻʾ ʧʨʦʙʣʝʤʠ 

ʥʝʦʙʭʽʜʥʦ ʥʝ ʚʽʜʦʙʨʘʞʘʪʠ ʫ ʤʦʜʫʣʴʥʠʭ ʪʝʩʪʫʚʘʥʥʷʭ ʚʥʫʪʨʽʰʥʶ ʩʪʨʫʢʪʫʨʫ ʢʦʜʫ, ʘ ʧʨʦʚʦʜʠʪʠ ʪʝʩʪʫʚʘʥʥʷ 

ʧʦʚʝʜʽʥʢʠ, ʱʦ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ. 
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ʉʪʨʫʢʪʫʨʘ ʤʦʜʫʣʴʥʠʭ ʪʝʩʪʽʚ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʨʴʦʭ ʜʽʡ - Arrange-Act-Assert [3]: 

- Arrange ï ʥʘʣʘʰʪʫʚʘʥʥʷ ʪʝʩʪʦʚʠʭ ʜʘʥʠʭ; 

- Act ï ʚʠʢʣʠʢ ʤʝʪʦʜʫ, ʱʦ ʪʝʩʪʫʻʪʴʩʷ; 

- Assert ï ʧʝʨʝʚʽʨʢʘ ʦʯʽʢʫʚʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ, ʱʦ ʧʦʚʝʨʪʘʶʪʴʩʷ. 

2. ɯʥʪʝʛʨʘʮʽʡʥʽ ʪʝʩʪʠ 

ʄʦʜʫʣʴʥʽ ʪʝʩʪʠ ʧʝʨʝʚʽʨʷʶʪʴ ʥʝʚʝʣʠʢʽ ʬʨʘʛʤʝʥʪʠ ʢʦʜʫ. ʆʜʥʘʢ, ʱʦʙ ʧʝʨʝʚʽʨʠʪʠ, ʷʢ ʮʝʡ ʢʦʜ ʚʟʘʻʤʦʜʽʻ 

ʟ ʽʥʰʠʤ ʢʦʜʦʤ, ʥʝʦʙʭʽʜʥʦ ʟʘʧʫʩʪʠʪʠ ʽʥʪʝʛʨʘʮʽʡʥʽ ʪʝʩʪʠ. ʇʦ ʩʫʪʽ, ʮʝ ʪʝʩʪʠ, ʷʢʽ ʧʝʨʝʚʽʨʷʶʪʴ ʚʟʘʻʤʦʜʽʶ 

ʬʨʘʛʤʝʥʪʘ ʢʦʜʫ ʽʟ ʟʦʚʥʽʰʥʽʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ (ʙʘʟʦʶ ʜʘʥʠʭ, ʬʘʡʣʦʚʦʶ ʩʠʩʪʝʤʘ).  

ɯʥʪʝʛʨʘʮʽʡʥʽ ʪʝʩʪʠ ʻ ʜʨʫʛʠʤ ʨʽʚʥʝʤ ʧʽʨʘʤʽʜʠ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ʪʝʩʪʫʚʘʥʥʷ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʡʦʛʦ ʥʝ ʩʣʽʜ 

ʚʠʢʦʥʫʚʘʪʠ ʪʘʢ ʯʘʩʪʦ, ʷʢ ʤʦʜʫʣʴʥʽ ʪʝʩʪʠ. ʇʦ ʩʫʪʽ, ʚʦʥʠ ʧʝʨʝʚʽʨʷʶʪʴ, ʷʢ ʬʫʥʢʮʽʷ ʚʟʘʻʤʦʜʽʻ ʽʟ ʟʦʚʥʽʰʥʽʤʠ 

ʟʘʣʝʞʥʦʩʪʷʤʠ. ʅʝʟʘʣʝʞʥʦ ʚʽʜ ʪʦʛʦ, ʯʠ ʮʝ ʚʠʢʣʠʢ ʙʘʟʠ ʜʘʥʠʭ ʯʠ ʚʝʙ-ʩʣʫʞʙʠ, ʜʦʜʘʪʦʢ ʤʘʻ ʝʬʝʢʪʠʚʥʦ 

ʩʧʽʣʢʫʚʘʪʠʩʷ ʪʘ ʦʪʨʠʤʫʚʘʪʠ ʧʦʪʨʽʙʥʫ ʽʥʬʦʨʤʘʮʽʶ, ʱʦʙ ʬʫʥʢʮʽʦʥʫʚʘʪʠ ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ. 

ʆʩʢʽʣʴʢʠ ʽʥʪʝʛʨʘʮʽʡʥʽ ʪʝʩʪʠ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʟʘʻʤʦʜʽʶ ʽʟ ʟʦʚʥʽʰʥʽʤʠ ʩʣʫʞʙʘʤʠ, ʚʦʥʠ ʚʠʢʦʥʫʶʪʴʩʷ 

ʧʦʚʽʣʴʥʽʰʝ, ʥʽʞ ʤʦʜʫʣʴʥʽ ʪʝʩʪʠ.  

3. ʅʘʩʢʨʽʟʥʽ ʪʝʩʪʠ / ʊʝʩʪʠ UI  

ʅʘ ʚʝʨʰʠʥʽ ʧʽʨʘʤʽʜʠ ʟʥʘʭʦʜʷʪʴʩʷ ʥʘʩʢʨʽʟʥʽ ʪʝʩʪʠ. ɺʦʥʠ ʛʘʨʘʥʪʫʶʪʴ, ʱʦ ʚʝʩʴ ʜʦʜʘʪʦʢ ʧʨʘʮʶʻ 

ʥʘʣʝʞʥʠʤ ʯʠʥʦʤ. ʅʘʩʢʨʽʟʥʽ ʪʝʩʪʠ ʚʠʢʦʥʫʶʪʴʩʷ ʥʘʡʜʦʚʰʝ, ʦʩʢʽʣʴʢʠ ʾʤ ʜʦʚʦʜʠʪʴʩʷ ʪʝʩʪʫʚʘʪʠ ʚʝʣʠʢʫ 

ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʩʮʝʥʘʨʽʾʚ ʢʦʨʠʩʪʫʚʘʯʘ. ʗʢ ʽ ʽʥʪʝʛʨʘʮʽʡʥʽ ʪʝʩʪʠ, ʮʽ ʪʝʩʪʠ ʪʘʢʦʞ ʤʦʞʫʪʴ ʚʠʤʘʛʘʪʠ ʚʽʜ ʜʦʜʘʪʢʫ 

ʟʚôʷʟʢʫ ʽʟ ʟʦʚʥʽʰʥʽʤʠ ʟʘʣʝʞʥʦʩʪʷʤʠ. 

ʊʝʩʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʠ ʚʽʜ ʧʦʯʘʪʢʫ ʜʦ ʢʽʥʮʷ ʯʘʩʪʦ ʦʟʥʘʯʘʻ ʧʨʦʭʦʜʞʝʥʥʷ ʯʝʨʝʟ ʽʥʪʝʨʬʝʡʩ ʢʦʨʠʩʪʫʚʘʯʘ. 

ʊʝʩʪʠ UI ʧʝʨʝʚʽʨʷʶʪʴ ʧʨʘʚʠʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʽʥʪʝʨʬʝʡʩʫ ʜʦʜʘʪʢʫ. ɼʽ̫ ʢʦʨʠʩʪʫʚʘʯʘ ʧʦʚʠʥʥʘ ʽʥʽʮʽʶʚʘʪʠ 

ʧʨʘʚʠʣʴʥʽ ʧʦʜʽʾ, ʜʘʥʽ ʧʦʚʠʥʥʽ ʚʽʜʦʙʨʘʟʠʪʠʩʷ ʢʦʨʠʩʪʫʚʘʯʝʚʽ, ʩʪʘʥ UI ʤʘʻ ʟʤʽʥʶʚʘʪʠʩʷ ʦʯʽʢʫʚʘʥʠʤ ʯʠʥʦʤ.  

ʋ ʚʝʙ-ʽʥʪʝʨʬʝʡʩʘʭ ʙʘʞʘʥʦ ʧʝʨʝʚʽʨʠʪʠ ʢʽʣʴʢʘ ʘʩʧʝʢʪʽʚ UI: ʧʦʚʝʜʽʥʢʫ, ʚʝʨʩʪʢʫ, ʶʟʘʙʽʣʽʪʽ, ʜʦʪʨʠʤʘʥʥʷ 

ʬʽʨʤʦʚʦʛʦ ʩʪʠʣʶ ʪʘ ʽʥ. 

ʊʝʩʪʫʚʘʥʥʷ ʧʦʚʝʜʽʥʢʠ UI ʜʦʩʠʪʴ ʧʨʦʩʪʝ, ʪʘʢ ʢ̫ ʧʦʪʨʝʙʫʻ ʥʘʪʠʩʥʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʢ ʢʥʦʧʦʢ ʪʘ 

ʫʚʝʜʝʥʥʷ ʜʘʥʠʭ. ʉʫʯʘʩʥʽ ʬʨʝʡʤʚʦʨʢʠ ʜʣʷ ʦʜʥʦʩʪʦʨʽʥʢʦʚʠʭ ʜʦʜʘʪʢʽʚ (react, vue.js, Angular ʪʘ ʽʥʰʽ) ʤʘʶʪʴ 

ʽʥʩʪʨʫʤʝʥʪʠ ʪʘ ʭʝʣʧʝʨʠ ʜʣʷ ʨʝʪʝʣʴʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʮʠʭ ʚʟʘʻʤʦʜʽʡ ʥʘ ʜʦʩʠʪʴ ʥʠʟʴʢʦʤʫ ʨʽʚʥʽ (ʚ ʶʥʽʪ-ʪʝʩʪʽ). 

ɼʣʷ ʙʽʣʴʰ ʪʨʘʜʠʮʽʡʥʦʛʦ ʜʦʜʘʪʢʫ ʟ ʨʝʥʜʝʨʠʥʛʦʤ ʥʘ ʩʪʦʨʦʥʽ ʩʝʨʚʝʨʘ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʝʩʪʠ ʥʘ ʦʩʥʦʚʽ Selenium 

[3]. 

ʎʽʣʽʩʥʽʩʪʴ ʚʝʨʩʪʢʠ ʚʝʙ-ʧʨʦʛʨʘʤʠ ʧʝʨʝʚʽʨʠʪʠ ʩʢʣʘʜʥʽʰʝ. ɿʘʣʝʞʥʦ ʚʽʜ ʧʨʦʛʨʘʤʠ ʪʘ ʧʦʪʨʝʙ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʚʠʥʠʢʘʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʧʝʨʝʚʽʨʠʪʠ, ʱʦ ʟʤʽʥʠ ʢʦʜʫ ʚʠʧʘʜʢʦʚʦ ʥʝ ʧʦʨʫʰʫʶʪʴ ʚʝʨʩʪʢʫ ʩʘʡʪʫ. 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʟʨʫʯʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʘ ʜʠʟʘʡʥʫ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʪʝʩʪʫʚʘʥʥʷ ʶʟʘʙʽʣʽʪʽ.  

ʏʠʤ ʩʢʣʘʜʥʽʰʠʡ UI, ʪʠʤ ʤʝʥʰ ʥʘʜʽʡʥʠʤʠ ʩʪʘʶʪʴ ʪʝʩʪʠ. ʇʦʤʠʣʢʠ ʫ ʙʨʘʫʟʝʨʽ, ʧʨʦʙʣʝʤʠ ʽʟ 

ʩʠʥʭʨʦʥʽʟʘʮʽʻʶ, ʘʥʽʤʘʮʽʷ ʪʘ ʥʝʩʧʦʜʽʚʘʥʽ ʩʧʣʠʚʘʶʯʽ ʜʽʘʣʦʛʠ ï ʭʘʨʘʢʪʝʨʥʽ ʧʨʠʯʠʥʠ, ʷʢʽ ʚʠʤʘʛʘʶʪʴ ʙʘʛʘʪʦ ʯʘʩʫ 

ʥʘ ʥʘʣʘʛʦʜʞʝʥʥʷ ʪʝʩʪʽʚ.  

ʇʽʜʭʦʜʠ ʜʦ ʪʝʩʪʫʚʘʥʥʷ 

ɼʦ  ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʾ ʪʘ ʧʽʜʭʦʜʽʚ ʜʦ ʪʝʩʪʫʚʘʥʥʷ ʚʽʜʥʦʩʷʪʴʩʷ ʪʘʢʽ ʷʢ: ʨʦʟʨʦʙʢʘ ʯʝʨʝʟ ʪʝʩʪʫʚʘʥʥʷ 

(ʘʥʛʣ. Test Drive Development, TDD) ʪʘ ʨʦʟʨʦʙʢʘ ʥʘ ʦʩʥʦʚʽ ʧʦʚʝʜʽʥʢʠ (ʘʥʛʣ. Behavior Driven Development, 

BDD). 

ʈʦʟʨʦʙʢʘ ʯʝʨʝʟ ʪʝʩʪʫʚʘʥʥʷ (TDD) ʮʝ ʪʝʭʥʦʣʦʛʽʷ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ 

ʧʦʯʠʥʘʪ̒ʴʩʷ ʟ ʧʦʧʝʨʝʜʥʴʦʛʦ ʥʘʧʠʩʘʥʥʷ ʪʝʩʪʽʚ, ʘ ʧʦʪʽʤ ʧʠʰʝʪʴʩʷ ʢʦʜ, ʱʦ ʤʘʻ ʧʨʦʭʦʜʠʪʠ ʮʝʡ ʪʝʩʪ. ʇʽʩʣʷ 

ʮʴʦʛʦ ʚʠʢʦʥʫʻʪʴʩʷ ʨʝʬʘʢʪʦʨʽʥʛ (ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ) ʢʦʜʫ ʜʦ ʧʨʠʡʥʷʪʦʛʦ ʩʪʘʥʜʘʨʪʫ (ʨʠʩ. 2) [4]. 

 
ʈʠʩ. 2. ʎʠʢʣ ʪʝʩʪʫʚʘʥʥʷ TDD 

 

ʈʦʟʨʦʙʢʘ ʥʘ ʦʩʥʦʚʽ ʧʦʚʝʜʽʥʢʠ (BDD) ï ʮʝ ʚʘʨʽʘʮʽʷ ʨʦʟʨʦʙʢʠ ʯʝʨʝʟ ʪʝʩʪʫʚʘʥʥʷ, ʷʢʘ ʜʦʟʚʦʣʷʻ 

ʩʪʚʦʨʶʚʘʪʠ ʷʢʽʩʥʽʰʝ ʧʨʦʛʨʘʤʥʝ ʟʘʙʝʟʧʝʯʝʥʥʷ ʪʘ ʨʦʟʨʦʙʣʷʪʠ ʪʝʩʪ-ʢʝʡʩʠ ʧʨʠ ʪʝʩʪʫʚʘʥʥʽ ʜʦʜʘʪʢʽʚ ʚʽʜʧʦʚʽʜʥʦ 

ʜʦ ʚʠʤʦʛ ʟʘʤʦʚʥʠʢʘ. ɺ BDD ʦʩʥʦʚʥʘ ʫʚʘʛʘ ʧʨʠʜʽʣʷʻʪʴʩʷ ʜʦʩʣʽʜʞʝʥʥʽ ʟʘʜʘʯ, ʱʦ ʩʬʦʨʤʫʣʴʦʚʘʥʽ ʥʘ ʦʩʥʦʚʽ ʩʣʽʚ 

ʟʘʤʦʚʥʠʢʦʤ ʪʘ ʧʦʙʫʜʦʚʽ ʣʦʛʽʢʠ ʪʘ ʪʝʩʪʽʚ ʥʘ ʦʩʥʦʚʽ ʮʠʭ ʟʘʜʘʯ [5].  

ʇʨʦʮʝʩ ʨʦʟʨʦʙʢʠ ʧʨʦʭʦʜʠʪʴ ʪʨʠ ʝʪʘʧʠ ï Discovery: ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʙʣʝʤʠ ʢʣʽʻʥʪʘ ʪʘ ʤʦʞʣʠʚʽʩʪʴ ʾʾ 

ʚʠʨʽʰʝʥʥʷ, Formulation: ʬʦʨʤʫʣʶʚʘʥʥʷ ʧʨʠʡʥʷʪʠʭ ʟʘʜʘʯ ʫ ʚʠʛʣʷʜʽ ʙʽʟʥʝʩ-ʩʧʝʮʠʬʽʢʘʮʽʾ ʪʘ Automation: 

ʘʚʪʦʤʘʪʠʟʘʮʽʷ ï ʩʪʚʦʨʝʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʪʝʩʪʽʚ (ʨʠʩ. 3). 
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ʈʠʩ. 3. ɽʪʘʧʠ ɺDD-ʧʨʦʮʝʩʫ 

 

ʂʦʞʥʘ ʟ ʮʠʭ ʪʝʭʥʦʣʦʛʽʡ ʤʘʻ ʩʚʦʾ ʧʝʨʝʚʘʛʠ ʪʘ ʥʝʜʦʣʽʢʠ ʧʨʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʤʫ ʪʝʩʪʫʚʘʥʥʽ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ. ʇʽʜʭʽʜ TDD ʻ ʩʝʥʩ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʜʣʷ ʶʥʽʪ-ʪʝʩʪʫʚʘʥʥʷ, ʪʦʙʪʦ, ʜʣʷ ʧʝʨʝʚʽʨʢʠ 

ʨʦʙʦʪʠ ʦʢʨʝʤʠʭ ʬʫʥʢʮʽʡ. ʊʦʜʽ ʷʢ BDD ï ʜʣʷ ʽʥʪʝʛʨʘʮʽʡʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ, ʪʦʙʪʦ ʜʣʷ ʧʝʨʝʚʽʨʢʠ, ʷʢ ʦʢʨʝʤʽ 

ʤʦʜʫʣʽ ʧʨʘʮʶʶʪʴ ʦʜʠʥ ʟ ʦʜʥʠʤ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʪʝʩʪʫʚʘʥʥʷ ʨʽʟʥʠʭ ʩʮʝʥʘʨʽʾʚ ʢʦʨʠʩʪʫʚʘʯʘ; 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʜʣʷ ʚʝʙ-ʨʦʟʨʦʙʢʠ ʻ ʦʜʠʥ ʟ ʥʘʡʢʨʘʱʠʭ ʧʘʪʝʨʥʽʚ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʱʦ 

ʜʦʟʚʦʣʷʻ ʟʨʦʙʠʪʠ ʧʨʦʛʨʘʤʥʠʡ ʢʦʜ ʙʽʣʴʰ ʯʠʪʘʙʝʣʴʥʠʤ ʪʘ ʪʝʩʪʦʚʘʥʠʤ. 

ɺʧʨʦʚʘʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ (ʘʥʛʣ. Dependency injection, DI) ï ʰʘʙʣʦʥ ʧʨʦʻʢʪʫʚʘʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʱʦ ʧʝʨʝʜʙʘʯʘʻ ʧʝʨʝʜʘʯʫ ʟʘʣʝʞʥʦʩʪʝʡ ʟʦʚʥʽʰʥʴʦʤʫ, ʩʧʝʮʽʘʣʴʥʦ ʧʨʠʟʥʘʯʝʥʦʤʫ ʜʣʷ ʮʴʦʛʦ 

ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʦʥʝʥʪʫ [6]. 

ɿʘʣʝʞʥʽʩʪʴ ʫ ʧʨʦʛʨʘʤʫʚʘʥʥʽ ʢʨʘʱʝ ʧʦʢʘʟʘʪʠ ʥʘ ʧʨʠʢʣʘʜʽ. ʂʦʣʠ ʢʣʘʩ A ʚʠʢʦʨʠʩʪʦʚʫʻ ʜʝʷʢʫ 

ʬʫʥʢʮʽʦʥʘʣʴʥʽʩʪʴ ʢʣʘʩʫ B, ʪʦʜʽ ʢʘʞʫʪʴ, ʱʦ ʢʣʘʩ A ʟʘʣʝʞʠʪʴ ʚʽʜ ʢʣʘʩʫ B. ɼʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʦʜʽʚ ʽʥʰʠʭ 

ʢʣʘʩʽʚ, ʧʦʪʨʽʙʥʦ ʩʧʦʯʘʪʢʫ ʩʪʚʦʨʠʪʠ ʝʢʟʝʤʧʣʷʨ ʮʴʦʛʦ ʢʣʘʩʫ, ʪʦʙʪʦ ʢʣʘʩ ɸ ʧʦʚʠʥʝʥ ʩʪʚʦʨʠʪʠ ʝʢʟʝʤʧʣʷʨ ʢʣʘʩʫ 

ɺ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʝʨʝʜʘʯʘ ʽʥʰʦʤʫ ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʦʥʝʥʪʫ ʟʘʜʘʯʽ ʩʪʚʦʨʝʥʥʷ ʦʙ'ʻʢʪʘ ʪʘ ʧʦʜʘʣʴʰʝ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʽʻʾ ʟʘʣʝʞʥʦʩʪʽ ʥʘʟʠʚʘʻʪʴʩʷ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʟʘʣʝʞʥʦʩʪʝʡ. 

ʅʘʧʨʠʢʣʘʜ ʻ ʢʣʘʩ ClassA, ʷʢʠʡ ʤʽʩʪʠʪʴ ʝʢʟʝʤʧʣʷʨ ʢʣʘʩʫ ClassB: 
class  ClassA {  

  var  classB: ClassB  

}  

class  ClassB {  

}  

ɹʝʟ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ClassA ʤʦʞʝ ʩʪʚʦʨʶʚʘʪʠ ʟʘʣʝʞʥʽ ʝʢʟʝʤʧʣʷʨʠ ʢʣʘʩʽʚ ʧʨʠ ʥʝʦʙʭʽʜʥʦʩʪʽ. 

ʎʝ ʟʨʫʯʥʦ ʧʨʠ ʧʨʦʛʨʘʤʫʚʘʥʥʽ, ʘʣʝ ʻ ʙʘʛʘʪʦ ʥʝʜʦʣʽʢʽʚ. ʊʘʢ, ClassA ʪʘ ClassB ʪʽʩʥʦ ʧʦʚ'ʷʟʘʥʽ ï ʟʘʤʽʥʠʪʠ ClassB 

ʥʘ ʽʥʰʠʡ ʥʝʤʘʻ ʤʦʞʣʠʚʦʩʪʽ. ʎʝ ʥʝ ʜʦʟʚʦʣʷʻ ʧʨʦʚʝʩʪʠ ʤʦʜʫʣʴʥʝ ʪʝʩʪʫʚʘʥʥʷ ClassA, ʪʘʢ ʷʢ ʥʝʤʘʻ ʤʦʞʣʠʚʦʩʪʽ 

ʽʟʦʣʶʚʘʪʠ ʦʜʠʥ ʢʣʘʩ ʚʽʜ ʽʥʰʦʛʦ.  

ʆʜʠʥ ʟ ʤʦʞʣʠʚʠʭ ʰʣʷʭʽʚ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʚʩʭ̔ ʥʝʦʙʭʽʜʥʠʭ ʡʦʤʫ ʟʘʣʝʞʥʦʩʪʝʡ 

ʚʩʝʨʝʜʠʥʽ ʢʦʥʩʪʨʫʢʪʦʨʘ ʪʘ ʧʝʨʝʜʘʯʫ ʚʽʜʧʦʚʽʜʘʣʴʥʦʩʪʽ ʟʘ ʩʪʚʦʨʝʥʥʷ ʟʘʣʝʞʥʠʭ ʢʣʘʩʽʚ ʟʦʚʥʽʰʥʴʦʤʫ 

ʧʨʦʛʨʘʤʥʦʤʫ ʢʦʤʧʦʥʝʥʪʫ: 
class  ClassA {  

    var  classB: ClassB  

    constructor (classB: ClassB){  

        this.classB = classB  

    }  

}  

ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ClassA ʪʘ ClassB ʧʦʚ'ʷʟʘʥʽ ʩʣʘʙʦ ʽ ʻ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʤʽʥʠʪʠ ClassB ʟʘʛʣʫʰʢʦʶ ʪʘ 

ʧʨʦʚʝʩʪʠ ʤʦʜʫʣʴʥʝ ʪʝʩʪʫʚʘʥʥʷ ClassA. ɼʦ ʥʝʜʦʣʽʢʽʚ ʩʣʽʜ ʚʽʜʥʝʩʪʠ ʧʽʜʚʠʱʝʥʫ ʩʢʣʘʜʥʽʩʪʴ ʢʦʜʫ, ʦʩʦʙʣʠʚʦ ʧʨʠ 

ʚʝʣʠʢʽʡ ʛʣʠʙʠʥʽ ʟʘʣʝʞʥʠʭ ʢʣʘʩʽʚ. 

ʉʫʯʘʩʥʽ ʬʨʝʡʤʚʦʨʢʠ ʜʦʟʚʦʣʷʶʪʴ ʟʘʩʪʦʩʫʚʘʪʠ ʤʝʭʘʥʽʟʤ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʽ ʪʘ ʜʦʟʚʦʣʷʶʪʴ 

ʚʠʟʥʘʯʠʪʠ, ʷʢ ʧʦʪʨʽʙʥʦ ʥʘʜʘʪʠ ʢʦʞʥʫ ʟʘʣʝʞʥʽʩʪʴ. ɯʥ'ʻʢʮʽʷ ʟʘʣʝʞʥʦʩʪʝʡ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ IoC 

ʢʦʥʪʝʡʥʝʨʘ, ʷʢʠʡ ʧʦʩʪʘʯʘʻʪʴʩʷ ʨʘʟʦʤ ʽʟ ʬʨʝʡʤʚʦʨʢʦʤ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʇʨʦʘʥʘʣʽʟʦʚʘʥʦ ʥʘʷʚʥʽ ʧʨʦʙʣʝʤʠ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ ʪʝʩʪʫʚʘʥʥʷ ʚʝʙ-ʜʦʜʘʪʢʽʚ ʚ ʩʫʯʘʩʥʠʭ 

ʬʨʝʡʤʚʦʨʢʘʭ. ɺʠʷʚʣʝʥʽ ʧʨʦʙʣʝʤʠ, ʱʦ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʪʝʩʪʫʚʘʥʥʽ ʚʝʙ-ʜʦʜʘʪʢʽʚ ʥʘ ʨʽʟʥʠʭ ʨʽʚʥʷʭ ʪʝʩʪʫʚʘʥʥʷ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʶ ʨʦʟʨʦʙʢʠ ʥʘ ʦʩʥʦʚʽ ʧʦʚʝʜʽʥʢʠ (BDD) ʜʣʷ ʘʚʪʦʤʘʪʠʟʦʚʘʥʦʛʦ 

ʪʝʩʪʫʚʘʥʥʷ ʚʝʙ-ʜʦʜʘʪʢʽʚ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʚʠʤʦʛʠ ʟʘʤʦʚʥʠʢʘ ʪʘ ʧʦʙʫʜʫʚʘʪʠ ʣʦʛʽʢʫ ʪʘ ʪʝʩʪʠ 

ʚʽʜʧʦʚʽʜʥʦ ʜʦ  ʩʬʦʨʤʫʣʴʦʚʘʥʠʭ ʚʠʤʦʛ. ɼʣʷ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʧʨʦʮʝʩʫ ʨʦʟʨʦʙʢʠ ʚʝʙ-ʜʦʜʘʪʢʽʚ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʰʘʙʣʦʥ ʧʨʦʝʢʪʫʚʘʥʥʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʟʘʣʝʞʥʦʩʪʝʡ (DI) ʟʘʩʦʙʘʤʠ, ʱʦ ʚʙʫʜʦʚʘʥʽ ʫ 

ʩʫʯʘʩʥʠʭ ʬʨʝʡʤʚʦʨʢʘʭ.  
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̨̨̊̍̏̃̑̎̏̒̓ ̠̑̔̊̎̔̃́̎̎ ̠̋ ̐̑̉ ̨̍̏̎̏̓̏̎̎̊ȟ ̓́̋ ̨ ̐̑̉ ̨̎̆̍̏̎̏̓̏̎̎̊ ̨̘̐̌́̒̓̉̎̊ ̨̗̩̅̆̏̑̍́̕Ȣ 
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̝̆̋̒̐̆̑̉̍̆̎̓́̌̎̔ ̨̝̈́̌̆̇̎̒̓ ̘̩̄̑́̎̉̎̏ ̨̗̩̅̆̏̑̍́̕ ̨̃̅ ̐̏̋́̈̎̉̋́ ̨̇̏̑̒̓̋̏̒̓ ̎́̐̑̔̇̆̎̏̄̏ ̒̓́̎̔Ȣ ˏ ̨̨̝̙̂̌̏̒̓ 
̨̑̏̂̓ ̗̠ ̨̝̈́̌̆̇̎̒̓ ̐̑̆̅̒̓́̃̌̆̎́ ̟̐̌̏̒̋̏ ̟̋̑̉̃̏Ȣ 

˔̝́̄́̌̎̉̍ ̨̎̆̅̏̌̋̏̍ ̨̖̃̅̏̍̉ ̨̩̋̑̉̓̆̑̃ ̨̅̆̏̑̍̏̃̎̏̒̓̕ ̤ ̓̆ȟ ̏̚ ̃̐̌̉̃ ̖̒̆̍̉ ̎́̐̑̔̇̆̎̏̄̏ ̒̓́̎̔ ̎́ 
̨̘̝̐̌́̒̓̉̎̒̓ ̤̝̠̏̐̉̒̔̓̒ ̨̟̅́̄̑́̍̏ ̨̘̐̌́̒̓̉̎̏̒̓ȟ ́ ̃̐̌̉̃ ̨̨̩̒̓̏̑ ̠̎́̃́̎̓́̇̆̎̎ ɀ ̐ ̌̏̒̋̉̍̉ ̨̤̠̓̑́̋̓̏̑̍̉Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̨̠̓̆̏̑ ̨̅̆̏̑̍̏̃̎̏̒̓̕ȟ ̨̋̑̉̓̆̑̊ ̨̅̆̏̑̍̏̃̎̏̒̓̕ ɉ̠̑̔̊̎̔̃́̎̎Ɋȟ ̃̉̋̏̑̉̒̓́̎̉̊ ̑̆̒̔̑̒ 
̨̘̐̌́̒̓̉̎̏̒̓ȟ ̘̄̑́̎̉̎́ ̨̗̠̅̆̏̑̍́̕ȟ ̎́̐̑̔̇̆̎̉̊ ̒̓́̎ȟ ̏̂̑̏̂̋́ ̓̉̒̋̏̍ȟ ̘̐̌́̒̓̉̎́ ̨̗̠̅̆̏̑̍́̕Ȣ 
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PHENOMENOLOGICAL CRITERIA OF DESTRUCTION  
 

The paper reviews the known deformability criteria, which have become widespread to assess the probability of failure in both 
monotonic and nonmonotonic plastic deformation. 

The most widely used methods of assessing plasticity, in which the dependence of plasticity on the stress state scheme is described 
by plasticity diagrams. The plasticity diagram is an experimental dependence of the ultimate deformation on the stiffness index of the stress 
state. In most works, this dependence is represented by a flat curve. 

The plasticity of metals depends on many factors, namely the nature of the metal and the thermomechanical parameters of the 
process. With cold plastic deformation, the main factor influencing plasticity is the stress state and the law of its change during loading. 

To quantify the impact of stress state on the probability of failure using failure criteria. Under the destruction is understood the 
appearance of macrocracks, which leads to irreparable damage to the product. 

A common disadvantage of the known deformation criteria, which are common to assess the probability of failure in both 
monotonic and nonmonotonic plastic deformation is that the subintegral functions of these criteria are based on the hypothesis that the 
effect of stress state on plasticity is described by the plasticity diagram and the influence of load history - flat trajectories. 

Due to the fact that the plasticity diagrams cover a rather narrow class of stress states, in applied theories of deformability there 
is no single approach to estimating the value of the used plasticity resource in the processes of metal forming. 

From the performed research it follows that at present there are almost very few works in which the dependence of plasticity on 
the history of loading is described by spatial trajectories. Therefore, the question of the destruction criteria remains open and relevant. 

Keywords: deformability theory, deformability criterion (destruction criterion), used plasticity resource, ultimate deformation, 
stress state, pressure treatment, plastic deformation. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʄʝʪʦʜʠ ʦʮʽʥʢʠ ʜʝʬʦʨʤʦʚʥʦʩʪʽ ʟʘʛʦʪʦʚʦʢ ʚ ʧʨʦʮʝʩʘʭ ʦʙʨʦʙʢʠ ʪʠʩʢʦʤ ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʬʝʥʦʤʝʥʦʣʦʛʽʯʥʽʡ ʪʝʦʨʽʾ ʜʝʬʦʨʤʦʚʥʦʩʪʽ, ʧʝʨʝʚʘʛʘ ʷʢʦʾ ʧʝʨʝʜ ʽʥʰʠʤʠ ʪʝʦʨʽʷʤʠ ʨʫʡʥʫʚʘʥʥʷ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, 

ʱʦ ʚʦʥʘ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʽʩʪʦʨʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʰʢʦʜʞʝʥʴ. ʊʝʦʨʽʷ 

ʜʝʬʦʨʤʦʚʥʦʩʪʽ ʜʦʟʚʦʣʷʻ ʪʘʢʦʞ ʦʜʝʨʞʘʪʠ ʢʽʣʴʢʽʩʥʫ ʦʮʽʥʢʫ ʚʧʣʠʚʫ ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʥʘ 

ʡʤʦʚʽʨʥʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʽ, ʥʘ ʦʩʥʦʚʽ ʮʴʦʛʦ, ʨʘʮʽʦʥʘʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʨʝʟʝʨʚʠ ʧʣʘʩʪʠʯʥʦʩʪʽ. 

ʇʣʘʩʪʠʯʥʽʩʪʴ ʤʝʪʘʣʽʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʙʘʛʘʪʴʦʭ ʬʘʢʪʦʨʽʚ, ʘ ʩʘʤʝ: ʚʽʜ ʧʨʠʨʦʜʠ ʤʝʪʘʣʫ ʪʘ  

ʪʝʨʤʦʤʝʭʘʥʽʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʫ. ʇʨʠ ʭʦʣʦʜʥʽʡ ʧʣʘʩʪʠʯʥʽʡ ʜʝʬʦʨʤʘʮʽʾ ʦʩʥʦʚʥʠʤ ʬʘʢʪʦʨʦʤ, ʷʢʠʡ 

ʚʧʣʠʚʘʻ ʥʘ ʧʣʘʩʪʠʯʥʽʩʪʴ, ʻ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʽ ʟʘʢʦʥ ʡʦʛʦ ʟʤʽʥʠ ʚ ʧʨʦʮʝʩʽ ʥʘʚʘʥʪʘʞʝʥʥʷ.  

ɼʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʥʘ ʡʤʦʚʽʨʥʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ 

ʢʨʠʪʝʨʽʾ ʨʫʡʥʫʚʘʥʥʷ. ʇʽʜ ʨʫʡʥʫʚʘʥʥʷʤ ʙʫʜʝʤʦ ʨʦʟʫʤʽʪʠ ʧʦʷʚʫ ʤʘʢʨʦʪʨʽʱʠʥʠ, ʷʢʘ ʧʨʠʚʦʜʠʪʴ ʜʦ 

ʥʝʧʦʧʨʘʚʥʦʛʦ ʙʨʘʢʫ ʚʠʨʦʙʫ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʧʨʦʚʝʜʝʥʥʷ ʘʥʘʣʽʟʫ ʚʽʜʦʤʠʭ ʢʨʠʪʝʨʽʾʚ ʜʝʬʦʨʤʦʚʥʦʩʪʽ (ʨʫʡʥʫʚʘʥʥʷ), ʷʢʽ ʦʪʨʠʤʘʣʠ 

ʧʦʰʠʨʝʥʥʷ ʜʣʷ ʦʮʽʥʢʠ ʡʤʦʚʽʨʥʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ ʷʢ ʧʨʠ ʤʦʥʦʪʦʥʥʽʡ, ʪʘʢ ʽ ʧʨʠ ʥʝʤʦʥʦʪʦʥʥʽʡ ʧʣʘʩʪʠʯʥʽʡ 

ʜʝʬʦʨʤʘʮʽʾ, ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʚʘʛ ʪʘ ʥʝʜʦʣʽʢʽʚ ʽʩʥʫʶʯʠʭ ʢʨʠʪʝʨʽʾʚ ʪʘ ʦʩʦʙʣʠʚʦʩʪʝʡ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɺ ʢʣʘʩʠʯʥʠʭ ʪʝʦʨʽʷʭ ʤʽʮʥʦʩʪʽ ʜʣʷ ʦʮʽʥʢʠ ʛʨʘʥʠʯʥʦʛʦ ʩʪʘʥʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ, ʚ ʦʩʥʦʚʥʦʤʫ, ʢʨʠʪʝʨʽʾ 

ʨʫʡʥʫʚʘʥʥʷ, ʚ ʷʢʠʭ ʥʘʢʣʘʜʘʶʪʴʩʷ ʦʙʤʝʞʝʥʥʷ ʥʘ ʥʘʧʨʫʞʝʥʥʷ. ʊʘʢʠʤ ʻ, ʥʘʧʨʠʢʣʘʜ, ʢʨʠʪʝʨʽʡ ʐʣʝʡʭʝʨʘ-ʅʘʜʘʽ, 

ʟʛʽʜʥʦ ʷʢʦʛʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʜʦʪʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ ʊ ʧʨʠ ʨʫʡʥʫʚʘʥʥʽ ʻ ʚʠʟʥʘʯʝʥʦʶ ʜʣʷ ʜʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʬʫʥʢʮʽʻʶ ʩʝʨʝʜʥʴʦʛʦ ʥʘʧʨʫʞʝʥʥʷ s 

https://orcid.org/0000-0002-8280-5552
mailto:kyrytsya@vntu.edu.ua


 Technical sciences ISSN 2307-5732 
 

Herald of Khmelnytskyi national university, Issue 3, 2022 (309) 76 

ʊ = f(s)                                                    (1) 

 

ʗʢʱʦ ʚʠʭʦʜʠʪʠ ʽʟ ʛʽʧʦʪʝʟʠ ʻʜʠʥʦʾ ʢʨʠʚʦʾ ʪʝʯʽʾ ʚ ʢʦʦʨʜʠʥʘʪʘʭ su ï eu, ʪʦ ʽʟ ʫʤʦʚʠ (1) ʚʠʪʽʢʘʻ, ʱʦ 

ʛʨʘʥʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ ʝʨ ʜʣʷ ʜʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʽʩʪʦʨʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ. ɿ ʬʽʟʠʯʥʦʾ ʪʦʯʢʠ ʟʦʨʫ 

ʧʝʨʝʚʘʛʘ ʢʨʠʪʝʨʽʶ (1) ʚ ʪʦʤʫ, ʱʦ ʚʽʥ ʚʨʘʭʦʚʫʻ ʧʦʜʚʽʡʥʠʡ ʭʘʨʘʢʪʝʨ ʨʫʡʥʫʚʘʥʥʷ, ʦʩʢʽʣʴʢʠ ʦʜʥʦʯʘʩʥʦ 

ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʧʣʠʚ ʽʥʚʘʨʽʘʥʪʽʚ ʜʦʪʠʯʥʠʭ ʽ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʜʫ ʬʫʥʢʮʽʾ f(s) ʤʦʞʥʘ 

ʦʪʨʠʤʘʪʠ ʨʽʟʥʽ ʬʦʨʤʫʣʠ ʛʨʘʥʠʯʥʠʭ ʧʦʚʝʨʭʦʥʴ, ʷʢʽ ʙʽʣʴʰ ʜʦʩʪʦʚʽʨʥʦ ʦʧʠʩʫʶʪʴ ʡʤʦʚʽʨʥʽʩʪʴ ʨʫʡʥʫʚʘʥʥʷ.  

ɹʣʠʟʴʢʠʤ ʻ ʧʽʜʭʽʜ ɼʘʚʽʜʝʥʢʦʚʘ-ʌʨʽʜʤʘʥʘ, ʚ ʷʢʦʤʫ ʚʨʘʭʦʚʫʻʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʫʩʪʘʥʦʚʣʝʥʠʡ 

ʬʘʢʪ, ʱʦ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʫʤʦʚ ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʜʠʥ ʽ ʪʦʡ ʞʝ ʤʘʪʝʨʽʘʣ ʤʦʞʝ ʨʫʡʥʫʚʘʪʠʩʷ ʽ ʰʣʷʭʦʤ ʚʽʜʨʠʚʫ, ʽ 

ʰʣʷʭʦʤ ʟʩʫʚʫ. ʊʦʙʪʦ ʧʨʠ ʬʽʢʩʦʚʘʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʽ ʰʚʠʜʢʦʩʪʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʨʫʡʥʫʚʘʥʥʷ ʤʘʻ ʜʚʦʾʩʪʠʡ 

ʭʘʨʘʢʪʝʨ. ʉʘʤʠʡ ʧʨʦʩʪʠʡ ʩʧʦʩʽʙ ʚʨʘʭʫʚʘʥʥʷ ʪʘʢʦʾ ʜʚʦʾʩʪʦʩʪʽ ʧʦʣʷʛʘʻ ʚ ʦʜʥʦʯʘʩʥʦʤʫ ʚʨʘʭʫʚʘʥʥʽ ʜʦʪʠʯʥʠʭ ʽ 

ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ. ʗ. ɹ. ʌʨʽʜʤʘʥ ʟ ʮʽʻʶ ʤʝʪʦʶ ʚʚʦʜʠʪʴ ʧʦʢʘʟʥʠʢ 

,
.

max

max
1 ʧpʠʚs

t
a =                           (2) 

ʜʝ tmax ï ʤʘʢʩʠʤʘʣʴʥʝ ʜʦʪʠʯʥʝ ʥʘʧʨʫʞʝʥʥʷ; 

ʧpʠʚ
maxs  ï ʤʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʧʨʠʚʝʜʝʥʦʛʦ ʥʦʨʤʘʣʴʥʦʛʦ  ʥʘʧʨʫʞʝʥʥʷ ʨʦʟʪʷʛʫ, ʚʠʨʘʭʫʚʘʥʦʛʦ ʧʦ 

ʜʨʫʛʽʡ ʪʝʦʨʽʾ ʤʽʮʥʦʩʪʽ .  

ʊʦʤʫ ʬʦʨʤʫʣʫ (2) ʤʦʞʥʘ ʧʝʨʝʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ 
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,
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ʜʝ m ï ʢʦʝʬʽʮʽʻʥʪ ʇʫʘʩʩʦʥʘ. 

ʅʝʜʦʣʽʢʦʤ ʮʴʦʛʦ ʧʽʜʭʦʜʫ ʻ ʪʝ, ʱʦ ʧʦʢʘʟʥʠʢ a1 ʥʝʦʜʥʦʟʥʘʯʥʦ ʦʧʠʩʫʻ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ, ʢʨʽʤ ʪʦʛʦ, 

ʪʝʦʨʽʷ ʗ. ɹ. ʌʨʽʜʤʘʥʘ ʥʝ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʽʩʪʦʨʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʧʣʘʩʪʠʯʥʽʩʪʴ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʨʦʟʚʠʚʘʶʪʴʩʷ ʢʨʠʪʝʨʽʾ ʨʫʡʥʫʚʘʥʥʷ, ʚ ʷʢʠʭ ʥʘʢʣʘʜʘʶʪʴʩʷ ʦʙʤʝʞʝʥʥʷ ʥʘ ʜʝʬʦʨʤʘʮʽʾ. 

ʅʘʧʨʠʢʣʘʜ, ʜʣʷ ʬʦʨʤʫʣʶʚʘʥʥʷ ʫʤʦʚʠ ʣʦʢʘʣʴʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʫ ʚʝʨʰʠʥʽ ʪʨʽʱʠʥʠ ʚʠʢʦʨʠʩʪʘʥʦ 

ʜʚʦʧʘʨʘʤʝʪʨʠʯʥʠʡ ʢʨʠʪʝʨʽʡ ʨʫʡʥʫʚʘʥʥʷ. ɺʽʜʧʦʚʽʜʥʦ  ʫʤʦʚʘ ʣʦʢʘʣʴʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ ʫ ʚʝʨʰʠʥʽ ʪʨʽʱʠʥʠ ʤʘʻ 
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31 abbabam   

      n ï ʧʦʢʘʟʥʠʢ ʩʪʝʧʝʥʽ ʜʝʬʦʨʤʘʮʽʡʥʦʛʦ ʟʤʽʮʥʝʥʥʷ, 

      a = s2/s1, b = s3/s1, 

      s1, s2, s3 ï ʛʦʣʦʚʥʽ ʥʘʧʨʫʞʝʥʥʷ ʚ ʤʝʞʘʭ ʧʣʘʩʪʠʯʥʦʾ ʟʦʥʠ ʧʝʨʝʜ ʪʨʽʱʠʥʦʶ, 

          c ï ʩʪʘʣʘ, ʷʢʘ ʚʨʘʭʦʚʫʻ ʚʝʣʠʯʠʥʫ ʢʨʠʭʢʦʩʪʽ ʤʘʪʝʨʽʘʣʫ, 

          rʩ ï ʚʽʜʩʪʘʥʴ ʚʽʜ ʚʝʨʰʠʥʠ ʪʨʽʱʠʥʠ. 

ɼʣʷ ʢʨʠʭʢʦʛʦ ʤʘʪʝʨʽʘʣʫ rʩ ʤʦʞʝ ʢʦʨʝʣʶʚʘʪʠ ʟ ʨʦʟʤʽʨʦʤ ʟʝʨʥʘ, ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʬʝʨʽʪʥʠʤʠ 

ʧʨʦʰʘʨʢʘʤʠ, ʥʝʤʝʪʘʣʝʚʠʤʠ ʚʢʣʶʯʝʥʥʷʤʠ ʽ ʽʥ. ʇʨʠ ʚôʷʟʢʦʤʫ ʨʫʡʥʫʚʘʥʥʽ ʚʝʣʠʯʠʥʘ rʩ ʤʦʞʝ ʙʫʪʠ ʧʦʚôʷʟʘʥʘ ʟ 
ʚʽʜʩʪʘʥʥʶ ʤʽʞ ʧʦʨʘʤʠ ʘʙʦ ʚʢʣʶʯʝʥʥʷʤʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʢʨʠʪʝʨʽʡ (3) ʚʨʘʭʦʚʫʻ ʚʠʜ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʚ ʚʝʨʰʠʥʽ ʪʨʽʱʠʥʠ, ʽʥʪʝʥʩʠʚʥʽʩʪʴ 

ʟʤʽʮʥʝʥʥʷ, ʢʨʠʭʢʽʩʪʴ ʤʘʪʝʨʽʘʣʫ. ɺ ʢʨʠʪʝʨʽʾ (3) ʧʨʘʢʪʠʯʥʦ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ ʚʧʣʠʚ ʟʘʢʦʥʽʚ ʟʤʽʥʠ ʧʦʢʘʟʥʠʢʽʚ 

ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ a ʽ b ʥʘ ʚʝʣʠʯʠʥʫ ʛʨʘʥʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʝʨ. 

ɹʣʠʟʴʢʠʤ ʻ ʧʽʜʭʽʜ ɻ. ɸ. ʉʤʽʨʥʦʚʘ-ɸʣʷʻʚʘ  
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                              (4) 

ʜʝ y ï ʚʠʢʦʨʠʩʪʘʥʠʡ ʨʝʩʫʨʩ ʧʣʘʩʪʠʯʥʦʩʪʽ, ʷʢʠʡ ʧʨʠ ʜʝʬʦʨʤʫʚʘʥʥʽ ʙʝʟ ʨʫʡʥʫʚʘʥʥʷ ʤʝʥʰʝ 

ʦʜʠʥʠʮʽ. ʇʨʠ ʨʫʡʥʫʚʘʥʥʽ y = 1, 

ñ=
t

uu de

0

te#
 ï ʩʪʫʧʽʥʴ ʜʝʬʦʨʤʘʮʽʾ, 

ʝʨ(h) ï ʜʽʘʛʨʘʤʘ ʧʣʘʩʪʠʯʥʦʩʪʽ.  
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ʇʨʠ ʦʮʽʥʮʽ ʚʝʣʠʯʠʥʠ ʛʨʘʥʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʟʘ ʢʨʠʪʝʨʽʻʤ (4) ʽʩʪʦʨʽʷ ʜʝʬʦʨʤʫʚʘʥʥʷ ʥʝ ʚʨʘʭʦʚʫʻʪʴʩʷ, ʘ 

ʛʨʘʥʠʯʥʫ ʜʝʬʦʨʤʘʮʽʶ ʝʨ, ʧʨʠ ʷʢʽʡ ʤʘʻ ʤʽʩʮʝ ʨʫʡʥʫʚʘʥʥʷ, ʚʠʟʥʘʯʘʶʪʴ ʧʦ ʜʽʘʛʨʘʤʽ ʧʣʘʩʪʠʯʥʦʩʪʽ ʝʨ(h) ʟʘ 

ʚʽʜʦʤʠʤ ʟʥʘʯʝʥʥʷʤ h. ʊʘʢʠʡ ʧʽʜʭʽʜ ʚ ʦʢʨʝʤʠʭ ʚʠʧʘʜʢʘʭ ʤʦʞʝ ʧʨʠʚʝʩʪʠ ʜʦ ʟʥʘʯʥʠʭ ʧʦʭʠʙʦʢ, ʜʦ 30% ʽ 

ʙʽʣʴʰʝ. 

ʂʨʠʪʝʨʽʡ ʨʫʡʥʫʚʘʥʥʷ ɺ. ʃ. ʂʦʣʤʦʛʦʨʦʚʘ ʤʘʻ ʙʽʣʴʰ ʬʫʥʜʘʤʝʥʪʘʣʴʥʝ ʬʽʟʠʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ. ʇʨʠ 

ʡʦʛʦ ʨʦʟʨʦʙʮʽ ʚʠʢʦʨʠʩʪʘʥʦ ʛʽʧʦʪʝʟʫ ʧʨʦ ʧʨʦʧʦʨʮʽʡʥʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʽʥʪʝʥʩʠʚʥʽʩʪʶ ʥʘʢʦʧʠʯʝʥʥʷ 

ʧʦʰʢʦʜʞʝʥʴ ʽ ʧʨʠʨʦʩʪʦʤ ʩʪʫʧʝʥʽ ʜʝʬʦʨʤʘʮʽʾ. ɼʘʥʘ ʛʽʧʦʪʝʟʘ ʟʘʧʨʦʧʦʥʦʚʘʥʘ ɺ. ɺ. ʅʦʚʦʞʠʣʦʚʠʤ ʽ ʦʪʨʠʤʘʣʘ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʜʣʷ ʤʦʥʦʪʦʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. ʋʤʦʚʘ ʨʫʡʥʫʚʘʥʥʷ ʧʦ ɺ. ʃ .ʂʦʣʤʦʛʦʨʦʚʫ 

ʟʘʧʠʩʫʻʪʴʩʷ ʚ ʚʠʛʣʷʜʽ 
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ʜʝ ɺ(t) ï ʚʝʣʠʯʠʥʘ, ʷʢʘ ʦʧʠʩʫʻ ʰʚʠʜʢʽʩʪʴ ʨʦʟʚʠʪʢʫ ʪʨʽʱʠʥ ʽ ʾʭ ʟʘʣʽʢʦʚʫʚʘʥʥʷ ʧʨʠ ʭʦʣʦʜʥʽʡ 
ʧʣʘʩʪʠʯʥʽʡ ʜʝʬʦʨʤʘʮʽʾ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʢʨʠʪʝʨʽʶ ɺ. ʃ. ʂʦʣʤʦʛʦʨʦʚʘ ʚ ʬʦʨʤʽ (5) ʧʨʘʢʪʠʯʥʦ ʥʝʤʦʞʣʠʚʝ, ʪʘʢ ʷʢ ʚ ʣʽʪʝʨʘʪʫʨʽ ʥʝ 

ʧʨʠʚʦʜʷʪʴʩʷ ʜʘʥʽ ʧʨʦ ʢʦʝʬʽʮʽʻʥʪ ɺ(t). ʊʦʤʫ ʮʝʡ ʢʦʝʬʽʮʽʻʥʪ ʧʨʠʡʤʘʶʪʴ ʨʽʚʥʠʤ ʦʜʠʥʠʮʽ. ʊʦʜʽ ʧʨʠ ʧʨʦʩʪʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʽ (h = const) ʢʨʠʪʝʨʽʡ (5) ʩʧʽʚʧʘʜʘʻ ʟ (4). ʅʝʦʙʭʽʜʥʦ ʪʘʢʦʞ ʚʽʜʤʽʪʠʪʠ, ʱʦ ʢʨʠʪʝʨʽʡ (5) 

ʘʥʘʣʦʛʽʯʥʠʡ ʢʨʠʪʝʨʽʶ ɸ. ɸ. ɯʣʴʶʰʠʥʘ  
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ʜʝ tr(s) ï ʯʘʩ ʨʫʡʥʫʚʘʥʥʷ ʟʨʘʟʢʘ ʚ ʫʤʦʚʘʭ ʧʦʚʟʫʯʦʩʪʽ (ʧʨʠ ʩʪʘʣʦʤʫ ʥʘʧʨʫʞʝʥʥʽ s), 

         tʨ ï ʯʘʩ ʜʝʬʦʨʤʫʚʘʥʥʷ ʜʦ ʨʫʡʥʫʚʘʥʥʷ. 

ʂʨʠʪʝʨʽʡ (6) ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʛʽʧʦʪʝʟʠ ʧʨʦ ʩʧʨʘʚʝʜʣʠʚʽʩʪʴ ʣʽʥʽʡʥʦʛʦ ʟʘʢʦʥʫ ʥʘʢʦʧʠʯʝʥʥʷ 

ʧʦʰʢʦʜʞʝʥʴ ʧʨʠ ʧʦʚʟʫʯʦʩʪʽ ʽ ʥʝ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚʫ ʽʩʪʦʨʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʥʘʢʦʧʠʯʝʥʥʷ 

ʧʦʰʢʦʜʞʝʥʴ. 

ɻ. ɼ. ɼʝʣʴ, ɺ. ɸ. ʆʛʦʨʦʜʥʽʢʦʚ ʽ ɺ. ɻ. ʅʘʭʘʡʯʫʢ, ʚʠʭʦʜʷʯʠ ʽʟ ʛʽʧʦʪʝʟʠ ʧʨʦ ʥʝʣʽʥʽʡʥʠʡ ʟʘʢʦʥ 

ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʰʢʦʜʞʝʥʴ ʧʨʠ ʧʣʘʩʪʠʯʥʽʡ ʜʝʬʦʨʤʘʮʽʾ ʦʜʝʨʞʘʣʠ ʢʨʠʪʝʨʽʡ ʨʫʡʥʫʚʘʥʥʷ  
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ʂʦʥʩʪʘʥʪʘ ʘ ʜʣʷ ʜʦʩʣʽʜʞʝʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʚʠʷʚʠʣʘʩʴ ʨʽʚʥʦʶ 0,2. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʧʝʨʝʚʽʨʢʘ ʧʦʢʘʟʘʣʘ, ʱʦ ʜʣʷ ʰʣʷʭʽʚ ʜʝʬʦʨʤʫʚʘʥʥʷ ʩʝʨʝʜʥʴʦʾ ʽ ʚʝʣʠʢʦʾ ʢʨʠʚʠʟʥʠ 

ʢʨʠʪʝʨʽʡ (7) ʧʨʘʢʪʠʯʥʦ ʥʝʧʨʠʜʘʪʥʠʡ. ʊʦʤʫ ʟʘʣʝʞʥʽʩʪʴ (8) ʙʫʣʘ ʫʪʦʯʥʝʥʘ ɺ. ɸ. ʆʛʦʨʦʜʥʽʢʦʚʠʤ  ʽ ʨʽʚʥʷʥʥʷ (8) 

ʟʘʤʽʥʝʥʦ ʥʘʩʪʫʧʥʠʤ [1] 
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ʂʨʠʪʝʨʽʡ (7) ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʽʩʪʦʨʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʥʝʣʽʥʽʡʥʽʩʪʴ ʟʘʣʝʞʥʦʩʪʽ ʤʽʞ ʧʨʠʨʦʩʪʦʤ 

ʩʪʫʧʝʥʽ ʜʝʬʦʨʤʘʮʽʾ eu ʽ ʛʫʩʪʠʥʦʶ ʧʦʰʢʦʜʞʝʥʴ. ʇʨʠ h = const (dh/deu = 0), ʢʨʠʪʝʨʽʡ (7) ʩʧʽʚʧʘʜʘʻ ʟ (5) ʽ 

ʨʦʟʨʘʭʫʥʢʠ ʛʨʘʥʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʜʘʶʪʴ ʦʜʥʘʢʦʚʽ ʨʝʟʫʣʴʪʘʪʠ. ɼʣʷ ʩʢʣʘʜʥʠʭ ʥʘʚʘʥʪʘʞʝʥʴ ʧʦʭʠʙʢʘ ʧʨʠ 

ʨʦʟʨʘʭʫʥʢʘʭ ʧʦ ʢʨʠʪʝʨʽʶ (5) ʧʝʨʝʚʠʱʫʻ 20%. ʊʦʤʫ ʧʨʠ ʩʢʣʘʜʥʦʤʫ ʤʦʥʦʪʦʥʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʜʣʷ ʦʮʽʥʢʠ 

ʡʤʦʚʽʨʥʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ ʥʝʦʙʭʽʜʥʦ ʥʘʜʘʪʠ ʧʝʨʝʚʘʛʫ ʢʨʠʪʝʨʽʶ (7). 

ʊʝʦʨʽʷ ʜʝʬʦʨʤʦʚʥʦʩʪʽ, ʚ ʦʩʥʦʚʫ ʷʢʦʾ ʧʦʢʣʘʜʝʥʘ ʤʦʜʝʣʴ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʰʢʦʜʞʝʥʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ 

ʢʨʠʪʝʨʽʶ (7), ʦʪʨʠʤʘʣʘ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʚ ʨʦʙʦʪʘʭ ʆ. ʆ. ʈʦʟʝʥʙʝʨʛʘ, ʧʨʠʩʚʷʯʝʥʠʭ ʦʧʪʠʤʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ 

ʜʝʬʦʨʤʫʶʯʦʛʦ ʧʨʦʪʷʛʫʚʘʥʥʷ ʪʘ ʢʦʤʙʽʥʦʚʘʥʠʭ ʧʨʦʮʝʩʽʚ ʧʨʦʪʷʞʢʠ ʟʽ ʟʛʠʥʦʤ ʪʨʫʙʥʠʭ ʟʘʛʦʪʦʚʦʢ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʛʽʧʦʪʝʟ, ʧʦʢʣʘʜʝʥʠʭ ʚ ʦʩʥʦʚʫ ʢʨʠʪʝʨʽʶ (7), ʚʠʧʨʘʚʜʘʥʦ, ʪʘʢ ʷʢ ʚ ʙʽʣʴʰʦʩʪʽ ʩʭʝʤ 

ʬʦʨʤʦʟʤʽʥʝʥʥʷ ʤʘʻ ʤʽʩʮʝ ʧʣʦʩʢʠʡ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ, ʪʦʤʫ ʚʧʣʠʚ ʦʙôʻʤʥʦʩʪʽ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʥʝʟʥʘʯʥʠʡ. 

ʋ ʚʠʧʘʜʢʫ ʥʝʤʦʥʦʪʦʥʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ ʤʝʭʘʥʽʟʤ ʥʘʢʦʧʠʯʝʥʥʷ ʽ ʟʘʣʽʢʦʚʫʚʘʥʥʷ ʜʝʬʝʢʪʽʚ ʩʫʪʪʻʚʦ 

ʟʤʽʥʶʻʪʴʩʷ. ʈʦʟʛʣʷʥʫʪʽ ʚʠʱʝ ʢʨʠʪʝʨʽʾ ʥʝ ʚʨʘʭʦʚʫʶʪʴ ʦʩʦʙʣʠʚʦʩʪʝʡ ʧʨʦʮʝʩʫ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʰʢʦʜʞʝʥʴ ʧʨʠ 

ʥʝʤʦʥʦʪʦʥʥʽʡ ʜʝʬʦʨʤʘʮʽʾ ʽ ʥʝ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʦʮʽʥʢʠ ʧʣʘʩʪʠʯʥʦʩʪʽ ʚ ʧʨʦʮʝʩʘʭ ʟ ʥʝʤʦʥʦʪʦʥʥʠʤ 
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ʥʘʚʘʥʪʘʞʝʥʥʷʤ. 

ɼʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʠ ʚʧʣʠʚʫ ʥʝʤʦʥʦʪʦʥʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʥʘ ʧʣʘʩʪʠʯʥʽʩʪʴ ʉ. ʄʝʥʩʦʥ  ʚʠʭʦʜʷʯʠ ʽʟ 

ʨʝʟʫʣʴʪʘʪʽʚ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ, ʟʘʧʨʦʧʦʥʫʚʘʚ ʨʽʚʥʷʥʥʷ, ʷʢʝ ʦʧʠʩʫʻ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʯʠʩʣʦʤ 

ʮʠʢʣʽʚ N ʽ ʨʦʟʤʘʭʦʤ (ʘʤʧʣʽʪʫʜʦʶ) ʧʣʘʩʪʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʚ ʮʠʢʣʽ Dʝu  

   ,
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cNe a
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ʜʝ a, c ï ʩʪʘʣʽ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ. 

ɺʚʘʞʘʶʯʠ, ʱʦ ʽʥʪʝʥʩʠʚʥʽʩʪʴ ʧʣʘʩʪʠʯʥʦʛʦ ʨʦʟʩʽʶʚʘʥʥʷ ʥʘ ʙʫʜʴ-ʷʢʦʤʫ ʝʪʘʧʽ ʟʥʘʢʦʟʤʽʥʥʦʾ ʜʝʬʦʨʤʘʮʽʾ 

ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʦʧʝʨʝʜʥʴʦʾ ʜʝʬʦʨʤʘʮʽʾ ɸ. ɸ. ɹʦʛʘʪʦʚ  ʟʘʧʨʦʧʦʥʫʚʘʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʟʘ n ʝʪʘʧʽʚ 

ʟʥʘʢʦʟʤʽʥʥʦʛʦ ʜʝʬʦʨʤʫʚʘʥʥʷ ʨʝʩʫʨʩ ʧʣʘʩʪʠʯʥʦʩʪʽ ʚʠʟʥʘʯʘʪʠ ʧʽʜʩʫʤʦʚʫʚʘʥʥʷʤ. ʇʨʠ ʮʴʦʤʫ ʥʘ ʢʦʞʥʦʤʫ i-ʤʫ 

ʝʪʘʧʽ ʚʠʢʦʨʠʩʪʘʥʠʡ ʟʘʧʘʩ ʧʣʘʩʪʠʯʥʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ 
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ʇʽʜʽʥʪʝʛʨʘʣʴʥʠʡ ʚʠʨʘʟ ʚ (11) ʦʪʨʠʤʘʥʦ ʨʘʥʽʰʝ ɻ. ɼ. ɼʝʣʝʤ ʪʘ ɺ. ɸ. ʆʛʦʨʦʜʥʽʢʦʚʠʤ, ʚʠʭʦʜʷʯʠ ʽʟ 

ʫʷʚʣʝʥʴ ʧʨʦ ʩʪʝʧʝʥʝʚʫ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʥʘʢʦʧʠʯʝʥʦʶ ʧʣʘʩʪʠʯʥʦʶ ʜʝʬʦʨʤʘʮʽʻʶ ʽ ʧʣʘʩʪʠʯʥʠʤ ʨʦʟʩʽʶʚʘʥʥʷʤ. 

ɺʝʣʠʯʠʥʘ ʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ ʽ ʫʤʦʚ ʜʝʬʦʨʤʫʚʘʥʥʷ. ɼʣʷ ʞʦʨʩʪʢʠʭ 

ʩʭʝʤ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʘ = 3, ʘ ʧʨʠ ʫʩʝʙʽʯʥʦʤʫ ʩʪʠʩʢʫ ʘ ʥʘʙʣʠʞʘʻʪʴʩʷ ʜʦ ʦʜʠʥʠʮʽ. 

ɺ ʫʤʦʚʽ (11) ʟʘ ʤʝʞʫ ʧʣʘʩʪʠʯʥʦʩʪʽ ʧʨʠʡʥʷʪʘ ʩʢʘʣʷʨʥʘ ʚʝʣʠʯʠʥʘ, ʪʦʤʫ ʮʷ ʫʤʦʚʘ ʥʝ ʚʨʘʭʦʚʫʻ 

ʥʘʧʨʘʚʣʝʥʦʛʦ ʭʘʨʘʢʪʝʨʫ ʧʦʰʢʦʜʞʝʥʴ ʽ ʥʝ ʦʧʠʩʫʻ ʘʥʽʟʦʪʨʦʧʽʶ ʧʣʘʩʪʠʯʥʦʩʪʽ ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʤʝʪʘʣʫ, ʽʟ ʫʤʦʚʠ 

ʥʝ ʚʠʧʣʠʚʘʻ ʟʜʘʪʥʽʩʪʴ ʪʽʣ, ʟʨʫʡʥʦʚʘʥʠʭ ʧʨʠ ʦʜʥʦʤʫ ʥʘʧʨʫʞʝʥʦʤʫ ʩʪʘʥʽ (ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʨʦʟʪʷʛʫ), ʧʽʜʣʷʛʘʪʠ 

ʥʘʩʪʫʧʥʠʤ ʟʥʘʯʥʠʤ ʜʝʬʦʨʤʘʮʽʷʤ ʧʨʠ ʽʥʰʦʤʫ ʥʘʧʨʫʞʝʥʦʤʫ ʩʪʘʥʽ (ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʩʪʠʩʢʫ). ʂʨʽʤ ʪʦʛʦ, ʧʨʠ 

ʟʥʘʢʦʟʤʽʥʥʦʤʫ ʥʘʚʘʥʪʘʞʝʥʥʽ ʫʤʦʚʘ (11) ʥʝ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚʫ ʚʝʣʠʯʠʥ ʘʤʧʣʽʪʫʜ ʜʝʬʦʨʤʘʮʽʡ, ʱʦ ʙʝʟʫʤʦʚʥʦ 

ʧʨʠʟʚʝʜʝ ʜʦ ʧʦʤʠʣʦʢ ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʨʝʩʫʨʩʫ ʧʣʘʩʪʠʯʥʦʩʪʽ. 

ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʦʩʪʘʥʥʽʤ ʯʘʩʦʤ ʥʘʙʫʣʘ ʨʦʟʚʠʪʢʫ ʪʝʥʟʦʨʥʘ ʤʦʜʝʣʴ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʰʢʦʜʞʝʥʴ ʧʨʠ 

ʥʝʤʦʥʦʪʦʥʥʽʡ ʜʝʬʦʨʤʘʮʽʾ. ʊʘʢ ʷʢ ʧʦʰʢʦʜʞʝʥʥʷ ʻ ʬʫʥʢʮʽʦʥʘʣʘʤʠ ʪʨʴʦʭʤʽʨʥʠʭ ʪʝʥʟʦʨʽʚ ʥʘʧʨʫʞʝʥʴ, ʪʦ ʚʦʥʠ 

ʤʦʞʫʪʴ ʙʫʪʠ ʪʽʣʴʢʠ ʪʨʴʦʭʤʽʨʥʠʤʠ ʪʝʥʟʦʨʘʤʠ ʘʙʦ ʩʫʢʫʧʥʽʩʪʶ ʪʝʥʟʦʨʽʚ ʜʝʷʢʠʭ ʧʦʨʷʜʢʽʚ. ʅʘʡʧʨʦʩʪʽʰʠʡ 

ʚʘʨʽʘʥʪ ʪʝʦʨʽʾ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʰʢʦʜʞʝʥʴ ʤʘʢʨʦʯʘʩʪʠʥʢʠ ʙʫʜʫʻʪʴʩʷ ʚ ʧʨʠʧʫʱʝʥʥʽ, ʱʦ ʧʨʦʮʝʩ ʥʘʢʦʧʠʯʝʥʥʷ 

ʧʦʰʢʦʜʞʝʥʴ ʦʧʠʩʫʻʪʴʩʷ ʩʠʤʝʪʨʠʯʥʠʤ ʪʝʥʟʦʨʦʤ ʜʨʫʛʦʛʦ ʨʘʥʛʫ. ɯʜʝʷ ʆ. ɸ. ɯʣʴʶʰʠʥʘ ʦʪʨʠʤʘʣʘ ʨʦʟʚʠʪʦʢ ʚ 

ʨʦʙʦʪʘʭ ɻ. ɼ. ɼʝʣʷ , ɯ. ɸ. ʂʠʡʢʦ, ɸ. ɸ. ʄʽʰʫʣʽʥʘ ʽ ɺ. ʄ. ʄʠʭʘʣʝʚʠʯʘ. ɺ ʷʢʦʩʪʽ ʤʽʨʠ ʧʦʰʢʦʜʞʝʥʴ ʚ ʥʘʟʚʘʥʠʭ 

ʨʦʙʦʪʘʭ ʧʨʠʡʥʷʪʦ ʜʨʫʛʠʡ ʽʥʚʘʨʽʘʥʪ ʜʝʚʽʘʪʦʨʘ ʧʦʰʢʦʜʞʝʥʴ yij, ʷʢʠʡ ʙʫʜʫʻʪʴʩʷ ʷʢ ʬʫʥʢʮʽʦʥʘʣ, ʱʦ ʟʘʣʝʞʠʪʴ 

ʚʽʜ ʪʝʥʟʦʨʘ ʧʨʠʨʦʱʝʥʴ ʜʝʬʦʨʤʘʮʽʡ, ʩʭʝʤʠ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʘʪʝʨʽʘʣʫ. 

ɻ. ɼ. ɼʝʣʴ, ʚʚʘʞʘʻ, ʱʦ ʨʫʡʥʫʚʘʥʥʷ ʟôʷʚʣʷʻʪʴʩʷ ʪʦʜʽ, ʢʦʣʠ ʜʝʷʢʘ ʬʫʥʢʮʽʷ ʽʥʚʘʨʽʘʥʪʽʚ ʪʝʥʟʦʨʘ yij  

ʜʦʩʷʛʘʻ ʧʝʚʥʦʛʦ ʚʠʟʥʘʯʝʥʦʛʦ ʟʥʘʯʝʥʥʷ. ʇʝʨʰʠʡ ʽʥʚʘʨʽʘʥʪ ʮʴʦʛʦ ʪʝʥʟʦʨʘ ʜʦʨʽʚʥʶʻ ʥʫʣʶ. ʅʝʭʪʫʶʯʠ ʚʧʣʠʚʦʤ 

ʪʨʝʪʴʦʛʦ ʽʥʚʘʨʽʘʥʪʘ, ɻ. ɼ. ɼʝʣʴ ʟʘʧʠʩʘʚ ʫʤʦʚʫ ʨʫʡʥʫʚʘʥʥʷ ʫ ʚʠʛʣʷʜʽ [2] 

yijyij = 1.                                (12) 

ɻ. ɼ. ɼʝʣʴ ʨʦʟʨʦʙʠʚ ʪʝʥʟʦʨʥʦ-ʣʽʥʽʡʥʫ ʤʦʜʝʣʴ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʰʢʦʜʞʝʥʴ, ʟʛʽʜʥʦ ʷʢʦʾ ʢʦʤʧʦʥʝʥʪʠ 

ʪʝʥʟʦʨʘ ʧʦʰʢʦʜʞʝʥʴ ʚʠʟʥʘʯʘʶʪʴʩʷ ʬʦʨʤʫʣʦʶ [3, 4] 
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ʜʝ ʘ ʢʦʝʬʽʮʽʻʥʪ ʧʨʠʡʥʷʪʠʡ ʨʽʚʥʠʤ 0,5. 

ɸ. ɸ. ʄʠʰʫʣʽʥʠʤ ʽ ɺ. ʄ. ʄʠʭʘʣʝʚʠʯʝʤ  ʨʦʟʨʦʙʣʝʥʘ ʪʝʥʟʦʨʥʦ-ʥʝʣʽʥʽʡʥʘ ʤʦʜʝʣʴ ʥʘʢʦʧʠʯʝʥʥʷ 

ʧʦʰʢʦʜʞʝʥʴ, ʷʢʘ ʷʚʣʷʻʪʴʩʷ ʫʟʘʛʘʣʴʥʝʥʥʷʤ ʨʦʟʛʣʷʥʫʪʦʛʦ ʚʠʱʝ ʚʘʨʽʘʥʪʫ ʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ. ɺʠʭʦʜʷʯʠ ʽʟ 
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ʜʝ ɸ ʽ ɺ ʜʝʷʢʽ ʬʫʥʢʮʽʾ. 

ʗʢʱʦ ʚ ʤʝʞʘʭ ʦʢʨʝʤʠʭ ʝʪʘʧʽʚ ʜʝʬʦʨʤʘʮʽʷ ʷʚʣʷʻʪʴʩʷ ʧʨʦʩʪʦʶ (bij  = const), ʚʠʨʘʟ (15) ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ 

ʜʦ ʚʠʜʫ 
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ʜʝ a ʽ b ï ʧʝʨʚʽʩʥʽ ʬʫʥʢʮʽʡ ɸ ʽ ɺ, ʷʢʽ ʚʠʨʘʞʘʶʪʴʩʷ  ʯʝʨʝʟ ʤʦʥʦʪʦʥʥʦ ʟʨʦʩʪʘʶʯʫ ʬʫʥʢʮʽʶ 

ʥʘʢʦʧʠʯʝʥʥʷ  

ʧʦʰʢʦʜʞʝʥʴ 
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ʆʩʦʙʣʠʚʽʩʪʶ ʨʦʟʛʣʷʥʫʪʠʭ ʚʠʱʝ ʤʝʪʦʜʽʚ ʻ ʪʝ, ʱʦ ʚ ʦʩʥʦʚʫ ʢʨʠʪʝʨʽʾʚ ((4),(5),(7),(11)) ʧʦʢʣʘʜʝʥʘ 

ʛʽʧʦʪʝʟʘ ʧʨʦ ʪʝ, ʱʦ ʟʘʣʝʞʥʽʩʪʴ ʧʣʘʩʪʠʯʥʦʩʪʽ ʤʝʪʘʣʽʚ ʚʽʜ ʩʭʝʤʠ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʦʧʠʩʫʻʪʴʩʷ ʜʽʘʛʨʘʤʦʶ 

ʧʣʘʩʪʠʯʥʦʩʪʽ ʝʨ(h). ʊʘʢʠʡ ʞʝ ʥʝʜʦʣʽʢ ʭʘʨʘʢʪʝʨʥʠʡ ʽ ʜʣʷ ʢʨʠʪʝʨʽʾʚ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʥʝʤʦʥʦʪʦʥʥʝ ʜʝʬʦʨʤʫʚʘʥʥʷ, 

ʪʘʢ ʷʢ ʜʣʷ ʘʧʨʦʢʩʠʤʘʮʽʡ ʬʫʥʢʮʽʡ ʧʦʰʢʦʜʞʝʥʴ, ʷʢʽ ʻ ʧʝʨʚʽʩʥʠʤʠ ʧʽʜʽʥʪʝʛʨʘʣʴʥʠʭ ʚʠʨʘʟʽʚ ʚ ʢʨʠʪʝʨʽʷʭ 

(13),(15), ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʘʥʘ ʜʽʘʛʨʘʤʘ ʧʣʘʩʪʠʯʥʦʩʪʽ (14), (17). 

ɯʟ ʨʝʟʫʣʴʪʘʪʽʚ ʜʦʩʣʽʜʞʝʥʴ ʦʩʪʘʥʥʽʭ ʨʦʢʽʚ ʚʠʪʽʢʘʻ, ʱʦ ʧʨʠ ʦʙôʻʤʥʦʤʫ ʥʘʧʨʫʞʝʥʦʤʫ ʩʪʘʥʽ, ʘ ʪʘʢʦʞ ʚ 

ʜʝʷʢʠʭ ʚʠʧʘʜʢʘʭ ʧʣʦʩʢʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ, ʟʥʘʯʝʥʥʷ    ʛʨʘʥʠʯʥʦʾ    ʜʝʬʦʨʤʘʮʽʾ    ʝʨ    ʚʠʷʚʣʷʶʪʴʩʷ    

ʨʽʟʥʠʤʠ    ʜʣʷ    ʩʭʝʤ,    ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʦʜʥʠʤ ʽ ʪʠʤ ʞʝ ʟʥʘʯʝʥʥʷʤ ʧʦʢʘʟʥʠʢʘ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ h.   

ɹʽʣʴʰʽʩʪʴ ʜʦʩʣʽʜʥʠʢʽʚ ʚʚʘʞʘʶʪʴ, ʱʦ ʜʣʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʟʘʣʝʞʥʦʩʪʽ 

ʧʣʘʩʪʠʯʥʦʩʪʽ ʚʽʜ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʥʝ ʤʝʥʰʝ ʜʚʦʭ ʧʦʢʘʟʥʠʢʽʚ ʥʘʧʨʫʞʝʥʦʛʦ 

ʩʪʘʥʫ.  

ɺ. ɸ. ʆʛʦʨʦʜʥʽʢʦʚ [1] ʚʧʝʨʰʝ ʚʠʩʫʥʫʚ ʛʽʧʦʪʝʟʫ ʧʨʦ ʪʝ, ʱʦ ʥʘ ʧʣʘʩʪʠʯʥʽʩʪʴ ʚʧʣʠʚʘʻ ʪʨʝʪʽʡ ʽʥʚʘʨʽʘʥʪ 

ʪʝʥʟʦʨʘ ʥʘʧʨʫʞʝʥʴ ɯ3(ʊs). ɼʣʷ ʢʽʣʴʢʽʩʥʦʾ ʦʮʽʥʢʫ ʮʴʦʛʦ ʚʧʣʠʚʫ ʥʠʤ ʚʚʝʜʝʥʦ ʧʦʢʘʟʥʠʢ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ, 

ʷʢʠʡ ʭʘʨʘʢʪʝʨʠʟʫʻ ʟʘʣʝʞʥʽʩʪʴ ʧʣʘʩʪʠʯʥʦʩʪʽ ʚʽʜ ʪʨʝʪʴʦʛʦ ʽʥʚʘʨʽʘʥʪʘ ʪʝʥʟʦʨʘ ʥʘʧʨʫʞʝʥʴ ʽ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ 

ʥʫʣʷ ʪʽʣʴʢʠ ʧʨʠ ʦʙôʻʤʥʦʤʫ ʥʘʧʨʫʞʝʥʦʤʫ ʩʪʘʥʽ, ʱʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚ ʨʦʙʦʪʽ [5] 
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ɺ ʨʦʙʦʪʽ [6] ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʙʫʜʫʚʘʪʠ ʜʽʘʛʨʘʤʠ ʧʣʘʩʪʠʯʥʦʩʪʽ ʚ ʢʦʦʨʜʠʥʘʪʘʭ ʝʨ ï ɖ ï ɢ, ʘ ʟʥʘʯʝʥʥʷ 

ʛʨʘʥʠʯʥʠʭ ʥʘʢʦʧʠʯʝʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʨʠʪʝʨʽʶ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʧʣʠʚ ʽʥʚʘʨʽʘʥʪʽʚ 

ʪʝʥʟʦʨʘ ʽ ʜʝʚʽʘʪʦʨʽʚ ʥʘʧʨʫʞʝʥʴ: 
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ɺ ʨʦʙʦʪʘʭ ʨʝʢʦʤʝʥʜʫʶʪʴ ʚ ʷʢʦʩʪʽ ʜʨʫʛʦʛʦ ʧʦʢʘʟʥʠʢʘ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʘʨʘʤʝʪʨ 

ʅʘʜʘʽ-ʃʦʜʝ ʧʦ ʥʘʧʨʫʞʝʥʥʷʭ ms. ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʝʨ ʚʽʜ h ʧʨʠ ʬʽʢʩʦʚʘʥʠʭ ʟʥʘʯʝʥʥʷʭ ms 
ʦʜʝʨʞʘʥʽ ɸ. ɸ. ɹʦʛʘʪʦʚʠʤ, ʉ. ɺ. ʉʤʽʨʥʦʚʠʤ, ʘ ʪʘʢʦʞ ʖ. ɹ. ɺʘʞʝʥʮʝʚʠʤ, ɺ. ɺ. ɯʩʘʻʚʠʤ. ɻʨʘʥʠʯʥʘ ʜʝʬʦʨʤʘʮʽʷ 

ʝʨ ʧʨʠ ʦʙôʻʤʥʦʤʫ ʥʘʧʨʫʞʝʥʦʤʫ ʩʪʘʥʽ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʚʦʭ ʧʦʢʘʟʥʠʢʽʚ h ʽ ms.  
ɯʩʥʫʻ ʭʘʨʘʢʪʝʨʥʠʡ ʥʝʜʦʣʽʢ ʽ ʜʣʷ ʢʨʠʪʝʨʽʾʚ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʥʝʤʦʥʦʪʦʥʥʝ ʥʘʚʘʥʪʘʞʝʥʥʷ (13),(15), 

ʦʩʢʽʣʴʢʠ ʘʧʨʦʢʩʠʤʫʶʯʽ ʬʫʥʢʮʽʾ (ʧʝʨʚʽʩʥʽ ʧʽʜʽʥʪʝʛʨʘʣʴʥʠʭ ʬʫʥʢʮʽʦʥʘʣʽʚ ʚ ʢʨʠʪʝʨʽʷʭ (14),(17)) ʙʘʟʫʶʪʴʩʷ ʥʘ 

ʜʽʘʛʨʘʤʽ ʧʣʘʩʪʠʯʥʦʩʪʽ. ʎʝ ʟʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʷʚʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʥʘʢʦʧʠʯʝʥʦʾ ʜʦ ʤʦʤʝʥʪʫ ʨʫʡʥʫʚʘʥʥʷ 

ʜʝʬʦʨʤʘʮʽʾ ʝʨ ʚʽʜ ʧʦʢʘʟʥʠʢʽʚ h ʽ ms ʘʙʦ ʽʥʰʠʭ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʾʤ ʙʝʟʨʦʟʤʽʨʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʨʫʞʝʥʦʛʦ 
ʩʪʘʥʫ ʚ ʜʘʥʠʡ ʯʘʩ ʥʝ ʦʜʝʨʞʘʥʦ. 
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ʇʨʦʪʝ, ɯ. ʆ. ʉʠʚʘʢʦʤ ʚ ʨʦʙʦʪʽ [7, 8] ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʧʨʦʚʦʜʠʪʠ ʦʮʽʥʢʫ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʨʝʩʫʨʩʫ 

ʧʣʘʩʪʠʯʥʦʩʪʽ ɣ ʟʘ ʬʦʨʤʫʣʦʶ  
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ʜʝ ),( smhpe  ï  ʧʦʚʝʨʭʥʷ ʛʨʘʥʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ. 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʧʦʚʝʨʭʦʥʴ ʛʨʘʥʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʜʣʷ ʦʮʽʥʢʠ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʨʝʩʫʨʩʫ ʧʣʘʩʪʠʯʥʦʩʪʽ 

ʜʦʟʚʦʣʠʣʦ ʚʨʘʭʫʚʘʪʠ ʦʙôʻʤʥʽʩʪʴ ʩʭʝʤʠ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ. 

 ʌʝʥʦʤʝʥʦʣʦʛʽʯʥʠʡ ʧʽʜʭʽʜ ʩʪʚʦʨʶʻ ʧʝʨʩʧʝʢʪʠʚʠ ʱʦʜʦ ʧʦʙʫʜʦʚʠ ʜʘ̔ʛʨʘʤʠ ʧʣʘʩʪʠʯʥʦʩʪʽ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʦʚʦʛʦ ʧʦʢʘʟʥʠʢʘ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ, ʟʘʧʨʦʧʦʥʦʚʘʥʦʛʦ ʆ. ɺ. ɻʨʫʰʢʦ [9]. ɼʘʥʠʡ ʧʦʢʘʟʥʠʢ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʷʢʦʩʪʽ ʘʨʛʫʤʝʥʪʫ ʜʽʘʛʨʘʤʠ             ʧʣʘʩʪʠʯʥʦʩʪʽ 
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 ï ʚʽʜʥʦʩʥʽ ʛʦʣʦʚʥʽ ʥʘʧʨʫʞʝʥʥʷ, k1, k2, k3 ï ʢʦʝʬʽʮʽʻʥʪʠ ʚʧʣʠʚʫ 

ʚʽʜʥʦʩʥʦʛʦ ʛʦʣʦʚʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʧʣʘʩʪʠʯʥʽʩʪʴ ʤʝʪʘʣʫ.   

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʚʧʣʠʚ ʛʦʣʦʚʥʠʭ ʥʦʨʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʻ ʥʝʦʜʥʘʢʦʚʠʤ ʱʦʜʦ ʥʘʢʦʧʠʯʝʥʥʷ 

ʧʦʰʢʦʜʞʝʥʴ ʚ ʤʘʪʝʨʽʘʣʽ, ʷʢʠʡ ʧʣʘʩʪʠʯʥʦ ʜʝʬʦʨʤʫʻʪʴʩʷ. ʇʨʠʯʦʤʫ, ʜʘʥʠʡ ʚʧʣʠʚ ʟʘʣʝʞʠʪʴ ʚʽʜ ʚʠʜʫ ʤʘʪʝʨʽʘʣʫ, 

ʱʦ ʜʘʻ ʤʦʞʣʠʚʦʩʪʽ ʬʦʨʤʫʚʘʥʥʷ ʤʦʜʝʣʽ ʧʣʘʩʪʠʯʥʦʩʪʽ, ʟʦʢʨʝʤʘ ʜʣʷ ʤʘʪʝʨʽʘʣʽʚ ʟ ʨʽʟʥʦʶ ʨʝʦʣʦʛʽʻʶ.  

ɼʽʘʛʨʘʤʘ ʧʣʘʩʪʠʯʥʦʩʪʽ ()xʝʨ  ʦʧʠʩʫʻʪʴʩʷ ʝʢʩʧʦʥʝʥʮʽʘʣʴʥʠʤʠ ʬʫʥʢʮʽʷʤʠ  ̔ʤʘʻ ʩʫʪʪʻʚʦ ʢʨʘʱʫ  

ʢʦʨʝʣʷʮʽʶ ʟ ʝʢʩʧʝʨʠʤʝʥʪʦʤ, ʥʽʞ ʪʨʘʜʠʮʽʡʥʘ ʜʽʘʛʨʘʤʘ ʧʣʘʩʪʠʯʥʦʩʪʽ ()hʝʨ . 

( ) ( )( )33221expexp akakaqdqdʝʨ ++Ö-Ö=Ö-Ö= x ,                                           (22) 
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k ==  ï ʢʦʝʬʽʮʽʻʥʪʠ ʚʧʣʠʚʫ ʚʽʜʥʦʩʥʦʛʦ ʛʦʣʦʚʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ, ʷʢʽ ʚʠʨʘʞʝʥʽ ʚ 

ʯʘʩʪʢʘʭ ʩʪʦʩʦʚʥʦ ʢʦʝʬʽʮʽʻʥʪʘ k1 ʧʝʨʰʦʛʦ ʛʦʣʦʚʥʦʛʦ ʥʘʧʨʫʞʝʥʥʷ a1. 

ʅʝʟʨʫʯʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʦʢʘʟʥʠʢʘ ɝ ʧʦʣʷʛʘʻ ʚ ʡʦʛʦ ʫʥʽʢʘʣʴʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʤʘʪʝʨʽʘʣʫ, ʱʦ 

ʨʦʙʠʪʴ ʥʝʤʦʞʣʠʚʠʤ ʧʦʨʽʚʥʷʥʥʷ ʜʽʘʛʨʘʤ ()xʝʨ  ʜʣʷ ʨʽʟʥʠʭ ʤʝʪʘʣʽʚ ʥʘ ʦʜʥʦʤʫ ʨʠʩʫʥʢʫ, ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ 

ʟʚʠʯʘʡʥʦʾ ʜʽʘʛʨʘʤʠ ʧʣʘʩʪʠʯʥʦʩʪʽ. 

ɺ ʦʩʥʦʚʽ ʩʫʯʘʩʥʦʾ ʪʝʦʨʽʾ ʜʝʬʦʨʤʦʚʥʦʩʪʽ ʣʝʞʠʪʴ ʛʽʧʦʪʝʟʘ ʧʨʦ ʟʘʣʝʞʥʽʩʪʴ ʧʣʘʩʪʠʯʥʦʩʪʽ ʚʽʜ ʩʭʝʤʠ 

ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ, ʷʢʘ ʦʧʠʩʫʻʪʴʩʷ ʜʽʘʛʨʘʤʦʶ ʧʣʘʩʪʠʯʥʦʩʪʽ. ɼʽʘʛʨʘʤʠ ʧʣʘʩʪʠʯʥʦʩʪʽ ʚ ʙʽʣʴʰʦʩʪʽ ʪʝʦʨʽʡ 

ʦʧʠʩʫʶʪʴ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʟʘʣʝʞʥʽʩʪʴ ʛʨʘʥʠʯʥʦʾ ʜʝʬʦʨʤʘʮʽʾ ʚʽʜ ʧʦʢʘʟʥʠʢʘ ʞʦʨʩʪʢʦʩʪʽ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ. 

ʆʜʥʘʢ ʚ ʦʩʪʘʥʥʽʭ ʨʦʙʦʪʘʭ ɺ. ɸ. ʆʛʦʨʦʜʥʽʢʦʚʘ, ɸ. ɸ. ɹʦʛʘʪʦʚʘ, ʖ. ɻ.  ɺʘʞʝʥʮʝʚʘ, ʉ. ɺ. ʉʤʽʨʥʦʚʘ ʧʦʢʘʟʘʥʦ, 

ʱʦ ʟʘʣʝʞʥʽʩʪʴ ʧʣʘʩʪʠʯʥʦʩʪʽ ʚʽʜ ʩʭʝʤʠ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ, ʷʢ ʤʽʥʽʤʫʤ, ʜʚʦʤʘ ʧʦʢʘʟʥʠʢʘʤʠ 

ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ. ɺ. ɸ. ʆʛʦʨʦʜʥʽʢʦʚ ʚʚʘʞʘʚ, ʱʦ ʧʨʠ ʦʙôʻʤʥʦʤʫ ʥʘʧʨʫʞʝʥʦʤʫ ʩʪʘʥʽ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʦʚʫʚʘʪʠ 

ʚʧʣʠʚ ʥʘ ʧʣʘʩʪʠʯʥʽʩʪʴ ʪʨʝʪʴʦʛʦ ʽʥʚʘʨʽʘʥʪʘ ʪʝʥʟʦʨʘ ʥʘʧʨʫʞʝʥʴ. ʊʘʢʠʡ ʧʽʜʭʽʜ ʜʦʟʚʦʣʠʚ ʦʪʨʠʤʘʪʠ ʧʦʟʠʪʠʚʥʽ 

ʨʝʟʫʣʴʪʘʪʠ ʧʨʠ ʨʦʟʨʦʙʮʽ ʨʷʜʫ ʧʨʦʮʝʩʽʚ ʦʙʨʦʙʢʠ ʪʠʩʢʦʤ, ʷʢʽ ʨʝʘʣʽʟʫʶʪʴʩʷ ʚ ʫʤʦʚʘʭ ʦʙôʻʤʥʦʛʦ ʥʘʧʨʫʞʝʥʦʛʦ 

ʩʪʘʥʫ. 

ɼʣʷ ʦʮʽʥʢʠ ʜʝʬʦʨʤʦʚʥʦʩʪʽ ʟʘʛʦʪʦʚʦʢ ʽ ʜʣʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʷʢʦʩʪʽ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ 

ʥʝʦʙʭʽʜʥʘ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʽʩʪʦʨʽʶ ʜʝʬʦʨʤʫʚʘʥʥʷ ʢʦʞʥʦʾ ʤʘʪʝʨʽʘʣʴʥʦʾ ʯʘʩʪʠʥʢʠ ʚ ʦʙôʻʤʽ ʟʘʛʦʪʦʚʢʠ.  

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ɿʘʛʘʣʴʥʠʤ ʥʝʜʦʣʽʢʦʤ ʚʽʜʦʤʠʭ ʢʨʠʪʝʨʽʾʚ ʜʝʬʦʨʤʦʚʥʦʩʪʽ, ʷʢʽ ʦʪʨʠʤʘʣʠ ʧʦʰʠʨʝʥʥʷ ʜʣʷ ʦʮʽʥʢʠ 

ʡʤʦʚʽʨʥʦʩʪʽ ʨʫʡʥʫʚʘʥʥʷ ʷʢ ʧʨʠ ʤʦʥʦʪʦʥʥʽʡ, ʪʘʢ ʽ ʧʨʠ ʥʝʤʦʥʦʪʦʥʥʽʡ ʧʣʘʩʪʠʯʥʽʡ ʜʝʬʦʨʤʘʮʽʾ ʻ ʪʝ, ʱʦ 

ʧʽʜʽʥʪʝʛʨʘʣʴʥʽ ʬʫʥʢʮʽʾ ʮʠʭ ʢʨʠʪʝʨʽʾʚ ʙʘʟʫʶʪʴʩʷ ʥʘ ʛʽʧʦʪʝʟʽ ʧʨʦ ʪʝ, ʱʦ ʚʧʣʠʚ ʩʭʝʤʠ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ ʥʘ 

ʧʣʘʩʪʠʯʥʽʩʪʴ ʦʧʠʩʫʻʪʴʩʷ ʜʽʘʛʨʘʤʦʶ ʧʣʘʩʪʠʯʥʦʩʪʽ, ʘ ʚʧʣʠʚ ʽʩʪʦʨʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ï ʧʣʦʩʢʠʤʠ ʪʨʘʻʢʪʦʨʽʷʤʠ. 

ɺ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʜʽʘʛʨʘʤʠ ʧʣʘʩʪʠʯʥʦʩʪʽ ʦʭʦʧʣʶʶʪʴ ʜʦʩʠʪʴ ʚʫʟʴʢʠʡ ʢʣʘʩ ʥʘʧʨʫʞʝʥʠʭ ʩʪʘʥʽʚ, ʚ 

ʧʨʠʢʣʘʜʥʠʭ ʪʝʦʨʽʷʭ ʜʝʬʦʨʤʦʚʥʦʩʪʽ ʚʽʜʩʫʪʥʽʡ ʻʜʠʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʮʽʥʢʠ ʚʝʣʠʯʠʥʠ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʨʝʩʫʨʩʫ 

ʧʣʘʩʪʠʯʥʦʩʪʽ ʚ ʧʨʦʮʝʩʘʭ ʦʙʨʦʙʢʠ ʤʝʪʘʣʽʚ ʪʠʩʢʦʤ. 

ɿ ʧʨʠʚʝʜʝʥʦʛʦ ʚʠʱʝ ʦʛʣʷʜʫ ʚʠʢʦʥʘʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʚʠʧʣʠʚʘʻ, ʱʦ ʚ ʜʘʥʠʡ ʯʘʩ ʧʨʘʢʪʠʯʥʦ ʜʫʞʝ ʤʘʣʦ 

ʨʦʙʽʪ, ʚ ʷʢʠʭ ʟʘʣʝʞʥʽʩʪʴ ʧʣʘʩʪʠʯʥʦʩʪʽ ʚʽʜ ʽʩʪʦʨʽʾ ʥʘʚʘʥʪʘʞʝʥʥʷ ʦʧʠʩʫʻʪʴʩʷ ʧʨʦʩʪʦʨʦʚʠʤʠ ʪʨʘʻʢʪʦʨʽʷʤʠ. 

ʊʦʤʫ ʧʠʪʘʥʥʷ ʧʨʦ ʢʨʠʪʝʨʽʾ ʨʫʡʥʫʚʘʥʥʷ ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʜʢʨʠʪʠʤ ʪʘ ʘʢʪʫʘʣʴʥʠʤ. 
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ɺɯɼʅʆɺʃɽʅʅʗ ɼɽʊɸʃɽʁ ʉɯʃʔʉʔʂʆɻʆʉʇʆɼɸʈʉʔʂʀʍ ʄɸʐʀʅ 

ɻɸʃʔɺɸʅɯʏʅʀʄʀ ʇʆʂʈʀʊʊʗʄʀ ʅɸ ʆʉʅʆɺɯ ʎʀʅʂʋ 
 
ˠ ̨̒̓́̓̓ ̨̐̑̆̅̒̓́̃̌̆̎ ̨̖̘̓̆̎̏̌̏̄̎̉̊ ̗̐̑̏̆̒ ̨̠̃̅̎̏̃̌̆̎̎ ̅̆̓́̌̆̊ ̨̝̘̄́̌̃́̎̎̉̍ ̗̠̉̎̋̔̃́̎̎̍ ̨̈ 

̠̈́̒̓̏̒̔̃́̎̎̍ ́̋̓̉̃́̓̏̑́ ̨ ̝̑̆̈̔̌̓́̓̉ ̨̆̋̒̐̆̑̉̍̆̎̓̃ ̔ ̨̠̃̉̄̌̅ ̨̨̄̑́̋̃̕ ̨̈́̌̆̇̎̏̒̓ ̨̙̃̉̅̋̏̒̓ ̠̎́̎̆̒̆̎̎ 
̠̐̏̋̑̉̓̓ ̨̃̅ ̨̨̝̌̎̏̒̓̚ ̓̏̋̔ ̓́ ̨̙̃̉̅̋̏̒̓ ̖̑̔̔ ́̋̓̉̃́̓̏̑́Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̨̖̠̓̆̎̏̌̏̄ȟ ́̋̓̉̃́̓̏̑, ̆̋̒̐̆̑̉̍̆̎̓, ̨̝̘̄́̌̃́̎̎̆ ̗̠̉̎̋̔̃́̎̎, ̨̠̃̅̎̏̃̌̆̎̎, ̨̝̈́̌̆̇̎̒̓, 
̨̨̝̝̌̎̒̓̚ ̓̏̋̔ȟ ̨̠̋̏̑̏̈ȟ ̋́̓̏̅̎́ ̨̨̝̝̌̎̒̓̚ ̓̏̋̔. 
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RESTORATION OF PARTS OF AGRICULTURAL MACHINES WITH ZINC -BASED GALVANIC COATINGS  
 

Galvanizing is most often used to protect against corrosion. In repair production zinc coverings are used for protection against 
corrosion of fastening details and restoration of landing surfaces of lightly loaded details. Electroplating is the process of applying metal to 
the surface of parts by crystallizing it from an aqueous solution of the corresponding salts (electrolyte) when a direct current passes through 
them. An electrical circuit is closed by an electrolyte between two conductors called electrodes. The electrode to which the conductor of the 
external circuit with a plus is attached is called the anode, and with a minus - the cathode. The repaired part, on which the metal is built up, 
serves as the cathode, and the anode - plates, copper, lead, zinc, cadmium and other metals. In electrolysis, soluble and insoluble anodes are 
used. In practice, soluble lead is most often used, and insoluble lead is used only for chromium plating. The preparation of the surface of the 
part before coating (machining, degreasing, digestion) is important for the quality of the coating. The paper identifies the advantages and 
disadvantages of the method of updating parts of agricultural machinery with galvinic coatings based on zinc. This makes it possible to 
analyze the results of experiments and evaluate the effectiveness of using this method of restoring parts. 

The article presents the technological process of restoration of parts by galvinic galvanizing using an activator and the results of 
experiments using graphs of the dependence of the rate of coating on the current density and the speed of the activator. Determine whether 
the use of an experimental activator will increase the speed and quality of coating on parts. 

Keywords: technology, activator, experiment, galvinic galvanizing, reduction, dependence, current density, corrosion, cathode 
current density. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ɻʘʣʴʚʘʥʽʯʥʝ ʧʦʢʨʠʪʪʷ ï ʮʝ ʧʨʦʮʝʩ ʥʘʥʝʩʝʥʥʷ ʤʝʪʘʣʫ ʥʘ ʧʦʚʝʨʭʥʶ ʜʝʪʘʣʝʡ ʰʣʷʭʦʤ ʢʨʠʩʪʘʣʽʟʘʮʽʾ 

ʡʦʛʦ ʟ ʚʦʜʥʦʛʦ ʨʦʟʯʠʥʫ ʚʽʜʧʦʚʽʜʥʠʭ ʩʦʣʝʡ (ʝʣʝʢʪʨʦʣʽʪʫ) ʧʨʠ ʧʨʦʭʦʜʞʝʥʥʽ ʯʝʨʝʟ ʥʠʭ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ. 

ɽʣʝʢʪʨʠʯʥʠʡ ʣʘʥʮʶʛ ʟʘ ʜʦʧʦʤʦʛʦʶ ʝʣʝʢʪʨʦʣʽʪʫ ʟʘʤʠʢʘʻʪʴʩʷ ʤʽʞ ʜʚʦʤʘ ʧʨʦʚʽʜʥʠʢʘʤʠ, ʟʚʘʥʠʤʠ ʝʣʝʢʪʨʦʜʘʤʠ. 

ɽʣʝʢʪʨʦʜ, ʜʦ ̫ʢʦʛʦ ʧʨʠʻʜʥʘʥʠʡ ʧʨʦʚʽʜʥʠʢ ʟʦʚʥʽʰʥʴʦʛʦ ʣʘʥʮʶʛʘ ʟ ʧʣʶʩʦʤ, ʥʘʟʠʚʘʻʪʴʩʷ ʘʥʦʜʦʤ, ʽ ʟ ʤʽʥʫʩʦʤ ï 

ʢʘʪʦʜʦʤ. ʈʝʤʦʥʪʦʚʘʥʘ ʜʝʪʘʣʴ, ʥʘ ̫ʢʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʘʨʦʱʫʚʘʥʥʷ ʤʝʪʘʣʫ, ʩʣʫʞʠʪʴ ʢʘʪʦʜʦʤ, ʘ ʘʥʦʜʦʤ ï 

ʧʣʘʩʪʠʥʠ, ʤʽʜʽ, ʩʚʠʥʮʶ, ʮʠʥʢʫ, ʢʘʜʤʽʶ ʪʘ ʽʥʰʠʭ ʤʝʪʘʣʽʚ. ʇʨʠ ʝʣʝʢʪʨʦʣʽʟʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʦʟʯʠʥʥʽ ʪʘ 

ʥʝʨʦʟʯʠʥʥʽ ʘʥʦʜʠ. ʋ ʧʨʘʢʪʠʮʽ ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴ ʨʦʟʯʠʥʥʽ, ʘ ʥʝʨʦʟʯʠʥʥʽ ʩʚʠʥʮʝʚʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʣʠʰʝ 

ʟʘ ʭʨʦʤʫʚʘʥʥʷ. ʅʘ ʷʢʽʩʪʴ ʧʦʢʨʠʪʪʷ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʤʘʻ ʧʽʜʛʦʪʦʚʢʘ ʧʦʚʝʨʭʥʽ ʜʝʪʘʣʽ ʧʝʨʝʜ ʧʦʢʨʠʪʪʷʤ 

(ʤʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ, ʟʥʝʞʠʨʝʥʥʷ, ʪʨʘʚʣʝʥʥʷ). 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

 

ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʛʘʣʴʚʘʥʽʯʥʠʤ ʮʠʥʢʫʚʘʥʥʷʤ ʽʟ 

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʘʢʪʠʚʘʪʦʨʘ ʽ ʷʢ ʨʝʟʫʣʴʪʘʪ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʫ ʚʠʛʣʷʜʽ ʛʨʘʬʽʢʽʚ ʟʘʣʝʞʥʦʩʪʽ 

ʰʚʠʜʢʦʩʪʽ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ ʚʽʜ ʱʽʣʴʥʦʩʪʽ ʪʦʢʫ ʪʘ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʘʢʪʠʚʘʪʦʨʘ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʎʠʥʢ ï ʤʝʪʘʣ ʩʨʽʙʥʦ-ʙʽʣʦʛʦ ʢʦʣʴʦʨʫ. ʑʽʣʴʥʽʩʪʴ ʮʠʥʢʫ 7,1 ʛ/ʩʤ3, ʪʝʤʧʝʨʘʪʫʨʘ ʧʣʘʚʣʝʥʥʷ . 

ʎʠʥʢʦʚʽ ʧʦʢʨʠʪʪʷ ʟʘʟʚʠʯʘʡ ʙʫʚʘʶʪʴ ʤôʷʢʠʤʠ (500é600 ʄʇʘ) ʪʘ ʧʣʘʩʪʠʯʥʠʤʠ. ɺʦʥʠ ʜʦʙʨʝ ʚʠʪʨʠʤʫʶʪʴ 

ʟʛʠʥʠ, ʨʦʟʚʘʣʴʮʶʚʘʥʥʷ, ʘʣʝ ʧʦʛʘʥʦ ï ʟʘʧʨʝʩʫʚʘʥʥʷ. ʊʦʤʫ ʮʠʥʢʫʚʘʥʥʷ ʥʘʡʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʟʘʭʠʩʪʫ 

ʚʽʜ ʢʦʨʦʟʽʾ. ʋ ʨʝʤʦʥʪʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ ʮʠʥʢʦʚʽ ʧʦʢʨʠʪʪʷ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʢʦʨʦʟʽʾ ʢʨʽʧʠʣʴʥʠʭ 

ʜʝʪʘʣʝʡ ʽ ʚʽʜʥʦʚʣʝʥʥʷ ʧʦʩʘʜʦʯʥʠʭ ʧʦʚʝʨʭʦʥʴ ʤʘʣʦʥʘʚʘʥʪʘʞʝʥʠʭ ʜʝʪʘʣʝʡ. 

ɺʽʜʥʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʛʘʣʴʚʘʥʽʯʥʠʤʠ ʧʦʢʨʠʪʪʷʤʠ ʤʘʶʪʴ ʥʘʩʪʫʧʥʽ ʧʝʨʝʚʘʛʠ ʧʝʨʝʜ ʽʥʰʠʤʠ ʩʧʦʩʦʙʘʤʠ 

ʚʽʜʥʦʚʣʝʥʥʷ: 

ï ʚʽʜʩʫʪʥʽʩʪʴ ʪʝʨʤʽʯʥʦʛʦ ʚʧʣʠʚʫ ʥʘ ʜʝʪʘʣʽ, ʱʦ ʚʠʢʣʠʢʘʻ ʚ ʥʠʭ ʥʝʛʘʪʠʚʥʽ ʟʤʽʥʠ ʩʪʨʫʢʪʫʨʠ ʽ 

ʤʝʭʘʥʽʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ; 

ï ʦʪʨʠʤʘʥʥʷ ʟ ʚʝʣʠʢʦʶ ʪʦʯʥʽʩʪʶ ʟʘʜʘʥʦʾ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ, ʱʦ ʜʦʟʚʦʣʷʻ ʟʥʠʟʠʪʠ ʜʦ ʤʽʥʽʤʫʤʫ 

ʧʨʠʧʫʩʢ ʥʘ ʧʦʩʣʽʜʫʶʯʫ ʤʝʭʘʥʽʯʥʫ ʦʙʨʦʙʢʫ ʽ ʾʾ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʯʠ ʡ ʟʦʚʩʽʤ ʚʠʢʣʶʯʠʪʠ ʾʾ; 
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ï ʦʩʘʜʞʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʟ ʟʘʜʘʥʠʤʠ ʥʝʧʦʩʪʽʡʥʠʤʠ ʧʦ ʪʦʚʱʠʥʥʽ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ; 

ï ʦʜʥʦʯʘʩʥʝ ʚʽʜʥʦʚʣʝʥʥʷ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʜʝʪʘʣʝʡ (ʚ ʚʘʥʥʫ ʟʘʚʘʥʪʘʞʫʶʪʴ ʜʝʩʷʪʢʠ ʜʝʪʘʣʝʡ), ʱʦ 

ʟʥʠʞʫʻ ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʽ ʩʦʙʽʚʘʨʪʽʩʪʴ ʦʜʠʥʠʮʽ ʚʠʨʦʙʫ; 

ï ʤʦʞʣʠʚʽʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʧʨʦʮʝʩʫ. 

ʆʩʥʦʚʥʠʤ ʥʝʜʦʣʽʢʦʤ ʮʠʥʢʫʚʘʥʥʷ ʻ ʤʘʣʘ ʰʚʠʜʢʽʩʪʴ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ, ʧʨʠʙʣʠʟʥʦ 6 15·  ʤʢʤ/ʛʦʜ. 

ʇʨʦʚʝʜʝʤʦ ʧʦʧʝʨʝʜʥʽ ʜʦʩʣʽʜʠ ʧʦ ʫʩʫʥʝʥʥʶ ʜʘʥʦʛʦ ʥʝʜʦʣʽʢʫ. 

ɺʠʨʽʰʘʣʴʥʠʡ ʚʧʣʠʚ ʥʘ ʰʚʠʜʢʽʩʪʴ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʚʧʣʠʚʘʻ ʢʘʪʦʜʥʘ ʱʽʣʴʥʽʩʪʴ ʩʪʨʫʤʫ: 
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Ö
 (1) 

ʜʝ V  ï ʰʚʠʜʢʽʩʪʴ ʦʩʘʜʞʝʥʥʷ ʧʦʢʨʠʪʪʽʚ, ʤʤ/ʛʦʜ; C  ï ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʡ ʝʢʚʽʚʘʣʝʥʪ, ʛ/ɸ ʛʦʜ; kD  ï 

ʢʘʪʦʜʥʘ ʱʽʣʴʥʽʩʪʴ ʩʪʨʫʤʫ; kh  ï ʢʘʪʦʜʥʠʡ ʚʠʭʽʜ ʤʝʪʘʣʫ ʧʦ ʩʪʨʫʤʫ, %; g ï ʱʽʣʴʥʽʩʪʴ ʦʩʘʜʞʝʥʦʛʦ ʤʝʪʘʣʫ, 

ʛ/ʩʤ3. 

ʆʩʢʽʣʴʢʠ C  ʽ g ï ʚʝʣʠʯʠʥʠ ʧʦʩʪʽʡʥʽ, ʽ h, ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʠʩʣʦʛʦ ʝʣʝʢʪʨʦʣʽʪʫ ʜʣʷ ʮʠʥʢʫʚʘʥʥʷ, 
ʙʣʠʟʴʢʠʡ ʜʦ 100%, ʪʦ ʦʩʥʦʚʥʠʡ ʰʣʷʭ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʦʩʘʜʞʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ï ʟʙʽʣʴʰʝʥʥʷ ʢʘʪʦʜʥʦʾ 

ʱʽʣʴʥʦʩʪʽ ʩʪʨʫʤʫ. 

ɺʽʜʦʤʦ, ʱʦ ʩʫʪʪʻʚʝ ʟʙʽʣʴʰʝʥʥʷ ʢʘʪʦʜʥʦʾ ʱʽʣʴʥʦʩʪʽ ʩʪʨʫʤʫ ʤʦʞʣʠʚʝ ʧʨʠ ʧʝʨʝʤʽʰʫʚʘʥʥʽ ʝʣʝʢʪʨʦʣʽʪʫ. 

ʆʜʥʘʢ, ʧʨʠ ʟʙʽʣʴʰʝʥʥʽ ʢʘʪʦʜʥʦʾ ʱʽʣʴʥʦʩʪʽ ʩʪʨʫʤʫ ʧʦʛʽʨʰʫʻʪʴʩʷ ʷʢʽʩʪʴ ʧʦʢʨʠʪʪʷ, ʱʦ ʥʘʥʦʩʠʪʴʩʷ: 

ï ʚʽʜʙʫʚʘʻʪʴʩʷ ʫʪʚʦʨʝʥʥʷ ʜʝʥʜʨʠʪʽʚ; 

ï ʧʦʨʠʩʪʘ ʧʦʚʝʨʭʥʷ ʥʘʥʝʩʝʥʦʛʦ ʧʦʢʨʠʪʪʷ (ʧʽʪʪʠʥʛ). 

ɼʣʷ ʫʩʫʥʝʥʥʷ ʮʠʭ ʥʝʜʦʣʽʢʽʚ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʫʩʪʘʥʦʚʢʫ ʟ ʘʢʪʠʚʫʶʯʠʤ ʧʨʠʩʪʨʦʻʤ. 

ɸʢʪʠʚʫʶʯʠʡ ʧʨʠʩʪʨʽʡ (ʘʢʪʠʚʘʪʦʨ) ʧʝʨʝʤʽʰʫʻ ʝʣʝʢʪʨʦʣʽʪ ʽ ʘʢʪʠʚʫʻ ʚʽʜʥʦʚʣʶʚʘʥʫ ʧʦʚʝʨʭʥʶ, ʪʠʤ 

ʩʘʤʠʤ ʟʘʧʦʙʽʛʘʻ ʦʙôʻʜʥʘʥʥʶ ʧʨʠʢʘʪʦʜʥʦʛʦ ʰʘʨʫ ʝʣʝʢʪʨʦʣʽʪʫ ʽ ʟʤʝʥʰʫʻ ʭʽʤʽʯʥʫ ʧʦʣʷʨʠʟʘʮʽʶ ʢʘʪʦʜʘ, ʷʢʘ 

ʚ̫ʣʷʻʪʴʩʷ ʦʩʥʦʚʥʦʶ ʧʨʠʯʠʥʦʶ ʦʙʤʝʞʝʥʥʷ ʢʘʪʦʜʥʦʾ ʱʽʣʴʥʦʩʪʽ ʩʪʨʫʤʫ ʧʨʠ ʮʠʥʢʫʚʘʥʥʽ ʽʟ ʩʽʨʯʘʥʦʢʠʩʣʠʭ 

ʝʣʝʢʪʨʦʣʽʪʽʚ. ɺʠʥʠʢʘʻ ʨʝʘʣʴʥʘ ʤʦʞʣʠʚʽʩʪʴ ʟʙʽʣʴʰʝʥʥʷ ʢʘʪʦʜʥʦʾ ʱʽʣʴʥʦʩʪʽ ʩʪʨʫʤʫ, ʘ ʚʽʜʧʦʚʽʜʥʦ, ʽ ʰʚʠʜʢʦʩʪʽ 

ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ. 

ʑʽʪʢʠ ʘʢʪʠʚʘʪʦʨʘ, ʘʢʪʠʚʫʶʯʠ ʧʦʚʝʨʭʥʶ, ʟʘʧʦʙʽʛʘʶʪʴ ʫʪʚʦʨʝʥʥʶ ʜʝʥʜʨʠʪʽʚ ʽ ʷʚʠʱʘ ʧʽʪʪʠʥʛʫ ʥʘ 

ʧʦʚʝʨʭʥʽ ʧʦʢʨʠʪʪʷ, ʱʦ ʥʘʥʦʩʠʪʴʩʷ ʥʘ ʚʽʜʥʦʚʣʶʚʘʥʫ ʜʝʪʘʣʴ. 

ʅʘ ʤʘʣʶʥʢʫ 1 ʧʨʝʜʩʪʘʚʣʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʫ ʚʠʛʣʷʜʽ ʟʘʣʝʞʥʦʩʪʽ ʰʚʠʜʢʦʩʪʽ ʥʘʥʝʩʝʥʥʷ 

ʧʦʢʨʠʪʪʷ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʘʢʪʠʚʘʪʦʨʘ ʚʽʜʥʦʩʥʦ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʧʦʚʝʨʭʥʽ. ʅʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ ʧʨʦʭʦʜʠʣʦ 

ʧʨʠ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʧʨʦʮʝʩʽ ʟ ʧʦʩʪʽʡʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ, ʢʨʽʤ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʘʢʪʠʚʘʪʦʨʘ. 

 

 
ʈʠʩ. 1. ɿʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ ʚʽʜ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʘʢʪʠʚʘʪʦʨʘ 

 

ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ: 

- ʤʝʭʘʥʽʯʥʘ ʦʙʨʦʙʢʘ; 

- ʟʥʝʞʠʨʝʥʥʷ; 

- ʪʨʫʾʥʥʷ ʧʨʠ ʱʽʣʴʥʦʩʪʽ ʩʪʨʫʤʫ ʥʘ ʘʥʦʜʽ 50 ɸ/ʜʤ2, ʪʨʠʚʘʣʽʩʪʴ 60 ʩ; 

- ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ, ʧʨʠ ʱʽʣʴʥʦʩʪʽ ʩʪʨʫʤʫ ʥʘ ʢʘʪʦʜʽ 100 ɸ/ʜʤ2, ʪʨʠʚʘʣʽʩʪʴ 12 ʭʚ; 

- ʪʝʤʧʝʨʘʪʫʨʘ ʝʣʝʢʪʨʦʣʽʪʫ 15ï40 0ʉ (ʚ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, ʱʦ ʧʨʠ ʟʤʽʥʽ 

ʪʝʤʧʝʨʘʪʫʨʠ ʝʣʝʢʪʨʦʣʽʪʫ ʚʽʜ 15 0ʉ ʜʦ 40 0ʉ, ʰʚʠʜʢʽʩʪʴ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ ʧʨʘʢʪʠʯʥʦ ʥʝ ʟʤʽʥʶʻʪʴʩʷ); 

- ʱʽʣʴʥʽʩʪʴ ʝʣʝʢʪʨʦʣʽʪʫ 1,27 ʛ/ʩʤ3; 

- ʨʅ=4. 

ʉʢʣʘʜ ʝʣʝʢʪʨʦʣʽʪʫ: 500 ʛ/ʣ ï ʩʽʨʯʘʥʦʢʠʩʣʦʪʥʦʛʦ ʮʠʥʢʫ, 20ï30 ʛ/ʣ ï ʩʽʨʯʘʥʦʢʠʩʣʦʪʥʦʛʦ ʘʣʶʤʽʥʽʶ. 
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ʈʝʟʫʣʴʪʘʪʠ ʽ ʦʙʛʦʚʦʨʝʥʥʷ 

ɺ ʨʝʟʫʣʴʪʘʪʽ  ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʟʨʘʟʢʠ ʟ ʷʢʽʩʥʠʤ ʧʦʢʨʠʪʪʷʤ, ʷʢ ʚʠʜʥʦ ʽʟ ʛʨʘʬʽʢʘ, ʚʝʣʠʢʘ 

ʰʚʠʜʢʽʩʪʴ ʥʘʥʝʩʝʥʥʷ ʮʠʥʢʦʚʦʛʦ ʧʦʢʨʠʪʪʷ ʧʨʠ ʰʚʠʜʢʦʩʪʽ ʨʫʭʫ ʘʢʪʠʚʘʪʦʨʘ 0,271 ʤ/ʩ, ʪʦʤʫ ʥʘʩʪʫʧʥʽ 

ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʦʜʠʣʠʩʴ ʟ ʮʽʻʶ ʰʚʠʜʢʽʩʪʶ. 

ʇʨʠʡʥʷʚʰʠ ʰʚʠʜʢʽʩʪʴ ʨʫʭʫ ʘʢʪʠʚʘʪʦʨʘ 0,271 ʤ/ʩ, ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦ ʚʧʣʠʚ ʟʫʩʠʣʣʷ 

ʧʨʠʞʠʤʘʥʥʷ ʱʽʪʦʢ ʘʢʪʠʚʘʪʦʨʘ ʜʦ ʧʦʚʝʨʭʥʽ ʥʘ ʰʚʠʜʢʽʩʪʴ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʙʫʣʦ ʚʠʷʚʣʝʥʦ, 

ʱʦ ʧʨʠ ʤʝʥʰʦʤʫ ʟʫʩʠʣʣʽ ʧʨʠʞʠʤʘʥʥʷ ʱʽʪʦʢ ʰʚʠʜʢʽʩʪʴ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟʙʽʣʴʰʫʻʪʴʩʷ, ʘʣʝ ʧʦʛʽʨʰʫʻʪʴʩʷ 

ʷʢʽʩʪʴ ʧʦʢʨʠʪʪʷ, ʱʦ ʥʘʥʦʩʠʪʴʩʷ. ʊʦʤʫ, ʜʣʷ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ ʚʠʙʨʘʥʦ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʟʫʩʠʣʣʷ ï 20 ʅ/ʩʤ. 

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʚ ʷʢʦʩʪʽ ʱʽʪʦʢ ʘʢʪʠʚʘʪʦʨʘ ʚʦʣʦʛʦʩʪʽʡʢʦʾ ʧʣʽʚʢʠ, ʥʘ ʷʢʽʩʪʴ ʽ ʰʚʠʜʢʽʩʪʴ ʥʘʥʝʩʝʥʥʷ 

ʧʦʢʨʠʪʪʷ ʚʧʣʠʚʘʻ ʨʦʟʤʽʨ ʟʝʨʝʥ ʘʙʨʘʟʠʚʫ. ʇʨʠ ʤʝʥʰʽʡ ʟʝʨʥʠʩʪʦʩʪʽ ʧʣʽʚʢʠ ʷʢʽʩʪʴ ʽ ʰʚʠʜʢʽʩʪʴ ʥʘʥʝʩʝʥʥʷ 

ʧʦʢʨʠʪʪʷ ʚʠʱʘ. 

ɺ ʧʦʜʘʣʴʰʦʤʫ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʚʧʣʠʚ ʢʘʪʦʜʥʦʾ ʱʽʣʴʥʦʩʪʽ ʩʪʨʫʤʫ ʥʘ ʰʚʠʜʢʽʩʪʴ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ 

ʽ ʾʭ ʷʢʽʩʪʴ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʨʦʚʦʜʠʣʠʩʴ ʟ ʯʦʪʠʨʤʘ ʘʢʪʠʚʘʪʦʨʘʤʠ, ʧʨʠ ʟʫʩʠʣʣʽ ʧʨʠʞʠʤʘʥʥʷ ʘʢʪʠʚʘʪʦʨʘ 20 ʅ/ʩʤ 

ʽ ʡʦʛʦ ʰʚʠʜʢʦʩʪʽ 0,271 ʤ/ʩ. ʊʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʪʘʢʠʡ ʞʝ, ʱʦ ʽ ʚ ʧʦʧʝʨʝʜʥʽʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ. ʈʝʟʫʣʴʪʘʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʚʠʛʣʷʜʽ ʟʘʣʝʞʥʦʩʪʽ ʰʚʠʜʢʦʩʪʽ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ ʚʽʜ ʱʽʣʴʥʦʩʪʽ ʩʪʨʫʤʫ ʥʘ ʨʠʩʫʥʢʫ 2. 

 

 
ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʰʚʠʜʢʦʩʪʽ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ ʚʽʜ ʢʘʪʦʜʥʦʾ ʱʽʣʴʥʦʩʪʽ ʩʪʨʫʤʫ 

 

ɯʟ ʛʨʘʬʽʢʘ ʚʠʜʥʦ, ʱʦ ʽʟ ʟʙʽʣʴʰʝʥʥʷʤ ʱʽʣʴʥʦʩʪʽ ʩʪʨʫʤʫ ʟ 60ɸ/ʜʤ2 ʜʦ 230 ɸ/ʜʤ2 ʟʙʽʣʴʰʫʻʪʴʩʷ ʽ 

ʰʚʠʜʢʽʩʪʴ  ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʷ ʟ 10,917 ʤʢʤ/ʭʚ, ʧʨʠ ʮʴʦʤʫ ʷʢʽʩʪʴ ʥʘʥʝʩʝʥʦʛʦ ʧʦʢʨʠʪʪʷ ʟʘʣʠʰʘʻʪʴʩʷ ʥʘ 

ʭʦʨʦʰʦʤʫ ʨʽʚʥʽ. ʇʨʠ ʟʙʽʣʴʰʝʥʥʽ ʱʽʣʴʥʦʩʪʽ ʩʪʨʫʤʫ ʚʠʱʝ ʥʽʞ 230 ɸ/ʜʤ2, ʟʤʝʥʰʫʻʪʴʩʷ ʰʚʠʜʢʽʩʪʴ ʥʘʥʝʩʝʥʥʷ ʽ 

ʧʦʛʽʨʰʫʻʪʴʩʷ ʷʢʽʩʪʴ ʧʦʢʨʠʪʪʷ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

1. ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʘʢʪʠʚʘʪʦʨʘ ʧʨʠ ʮʠʥʢʫʚʘʥʥʽ ʜʦʟʚʦʣʷʻ ʚ ʜʝʩʷʪʢʠ ʨʘʟʽʚ ʟʙʽʣʴʰʠʪʠ 

ʰʚʠʜʢʽʩʪʴ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʽ ʨʦʟʰʠʨʶʻ ʜʽʘʧʘʟʦʥ ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʥʢʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʧʨʠ ʚʽʜʥʦʚʣʝʥʥʽ 

ʜʝʪʘʣʝʡ. 

2. ɺ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʘ ʚʠʷʚʣʝʥʘ ʟʘʣʝʞʥʽʩʪʴ ʤʽʞ ʟʫʩʠʣʣʷʤ ʧʨʠʪʠʩʢʘʥʥʷ, ʰʚʠʜʢʽʩʪʶ ʨʫʭʫ 

ʘʢʪʠʚʘʪʦʨʘ ʽ ʰʚʠʜʢʽʩʪʶ ʥʘʥʝʩʝʥʥʷ ʮʠʥʢʦʚʦʛʦ ʧʦʢʨʠʪʪʷ, ʘ ʪʘʢʦʞ ʡʦʛʦ ʷʢʦʩʪʽ. ɺ ʧʦʜʘʣʴʰʠʭ ʝʢʩʧʝʨʠʤʝʥʪʘʭ 

ʧʣʘʥʫʻʪʴʩʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʡʙʽʣʴʰ ʨʘʮʽʦʥʘʣʴʥʠʭ ʫʤʦʚ ʥʘʥʝʩʝʥʥʷ ʮʠʥʢʦʚʠʭ ʧʦʢʨʠʪʪʽʚ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʚʠʱʝ 

ʧʝʨʝʨʘʭʦʚʘʥʦʛʦ. 

 

ʃʽʪʝʨʘʪʫʨʘ 

1. ɺʘʩʠʣʝʥʢʦ ʄ.ʆ. ʇʽʜʚʠʱʝʥʥʷ ʜʦʚʛʦʚʽʯʥʦʩʪʽ ʨʦʙʦʯʠʭ ʦʨʛʘʥʽʚ ˇʨʫʥʪʦʦʙʨʦʙʥʠʭ 
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COGENERATION DEVICE BASED ON INNOVATIVE TECHNOLOGY  
ORGANIZATION OF ORGA NIC WASTE  

 
This work considers the issue of creating efficient and environmentally friendly energy systems based on cogeneration technology. 

In industrialized countries, work is underway to develop and implement innovative technology for supercritical hydrothermal destruction of 
industrial and household waste and highly toxic substances. An extremely important urgent task is the complex solution of the problems of 
creating an autonomous energy complex based on the technology of cogeneration and utilization of organic waste and their use as 
renewable energy sources. Theoretical and experimental studies have shown that the method of supercritical hydrothermal destruction has 
high environmental and economic efficiency and demonstrates versatility, providing complete one-stage disposal of any organic waste. It is 
established that the reaction of supercritical aqueous oxidation of organic matter is exothermic and in the presence of only 15-20% of 
organic matter the waste processing process becomes autothermal. 

Autothermal modes of destruction of organic waste at supercritical parameters of the aquatic environment lead to a high-
enthalpy vapor-gas mixture, which can be used in the schemes of the autonomous energy complex. Cogeneration units are offered on the 
basis of a steam power plant operating on the Rankin cycle and on the basis of a heat engine with external heat supply, which operates on a 
closed thermodynamic Stirling cycle. A non-standard equipment of supercritical hydrothermal destruction technology is a quasi-flow reactor. 
The conducted research testifies to the possibility of further development of supercritical hydrothermal destruction technologies, both in 
terms of providing increased process parameters and in terms of developing increasingly reliable, productive and safe types of reactors. The 
development is based on the replacement of a single-pipe coaxial (two-pipe) reactor. This reactor design significantly expands the 
temperature and barometric performance characteristics, allows to increase the heat transfer surface and the temperature inside the 
reactor, bringing it closer to the external temperature of the reactor wall surface while maintaining performance. The cogeneration unit can 
be used to solve energy efficient and environmentally friendly disposal of organic waste. Allows to solve problems of autonomous electricity 
and heat supply of industrial and residential facilities and has significant market potential. 

Key words: heat energy, energy efficiency, cogeneration, renewable energy sources, supercritical state of water, destruction, 
oxidation. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 
ʋ ʧʨʦʚʽʜʥʠʭ ʢʨʘʾʥʘʭ ʩʚʽʪʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʭʽʜ ʥʘ ʥʦʚʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʨʽʚʝʥʴ, ʧʦʚ'ʷʟʘʥʠʡ ʟ 

ʝʥʝʨʛʦʟʙʝʨʝʞʝʥʥʷʤ ʽ ʩʢʦʨʦʯʝʥʥʷʤ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʨʘʜʠʮʽʡʥʠʭ ʨʝʩʫʨʩʽʚ. ʐʚʠʜʢʝ ʚʠʩʥʘʞʝʥʥʷ ʦʩʥʦʚʥʠʭ 
ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʪʘ ʾʭ ʩʪʨʽʤʢʝ ʧʦʜʦʨʦʞʯʘʥʥʷ ʚʠʤʘʛʘʶʪʴ ʚʧʨʦʚʘʜʞʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʽ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ 
ʝʥʝʨʛʦʩʠʩʪʝʤ. ɿ ʧʦʯʘʪʢʫ ʍʍI ʩʪʦʣʽʪʪʷ ʚ ʝʥʝʨʛʝʪʠʮʽ ʟ ʻʜʠʥʦʶ ʝʥʝʨʛʝʪʠʯʥʦʶ ʩʠʩʪʝʤʦʶ (ɭɽʉ),  ʱʦ ʦʙ'ʻʜʥʫʻ 
ʛʝʥʝʨʘʮʽʶ ʧʦʪʫʞʥʠʭ ʪʝʧʣʦʚʠʭ, ʘʪʦʤʥʠʭ ʪʘ ʛʽʜʨʦʝʣʝʢʪʨʦʩʪʘʥʮʽʡ, ʧʦʟʥʘʯʠʣʘʩʷ ʪʝʥʜʝʥʮʽʷ ʤʘʩʦʚʦʛʦ 
ʙʫʜʽʚʥʠʮʪʚʘ ʜʞʝʨʝʣ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʥʝʚʝʣʠʢʦʾ ʧʦʪʫʞʥʦʩʪʽ. ʎʝ ʦʙʫʤʦʚʣʝʥʦ ʟʨʦʩʪʘʶʯʦʶ ʚʘʨʪʽʩʪʶ ʧʦʩʣʫʛ 
ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ɭɽʉ ʥʘ ʪʣʽ ʟʥʠʞʝʥʥʷ ʥʘʜʽʡʥʦʩʪʽ ʪʘ ʷʢʦʩʪʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʛʦ ʝʥʝʨʛʦʧʦʩʪʘʯʘʥʥʷ, ʚʠʩʥʘʞʝʥʥʷ 
ʧʨʠʨʦʜʥʠʭ ʝʥʝʨʛʦʨʝʩʫʨʩʽʚ ʪʘ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʨʽʰʝʥʥʷ ʝʢʦʣʦʛʽʯʥʠʭ ʧʨʦʙʣʝʤ [1, 2]. ʉʚʽʪʦʚʝ ʟʨʦʩʪʘʥʥʷ 
ʩʧʦʞʠʚʘʥʥʷ ʝʥʝʨʛʽʾ ʪʘ ʦʙʤʝʞʝʥʽʩʪʴ ʟʘʧʘʩʽʚ ʤʽʥʝʨʘʣʴʥʠʭ  ʧʘʣʠʚ, ʟ ʦʜʥʦʛʦ ʙʦʢʫ, ʚʠʩʦʢʝ ʧʦʰʠʨʝʥʥʷ ʪʘ 
ʚʽʜʥʦʩʥʦ ʨʽʚʥʦʤʽʨʥʠʡ ʨʦʟʧʦʜʽʣ ʚʽʜʥʦʚʣʶʚʘʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ (ɺɼɽ), ʟ ʽʥʰʦʛʦ ʙʦʢʫ, ʦʟʥʘʯʘʶʪʴ, ʱʦ ʚ 
ʥʘʡʙʣʠʞʯʽʡ ʽʩʪʦʨʠʯʥʽʡ ʧʝʨʩʧʝʢʪʠʚʽ ʧʨʠʚʘʙʣʠʚʽʩʪʴ ɺɼɽ ʙʫʜʝ ʥʝʫʭʠʣʴʥʦʶ ʟʨʦʩʪʘʪʠ. 

ɺʽʜʭʦʜʠ ʻ ʦʜʥʽʻʶ ʟ ʛʦʣʦʚʥʠʭ ʧʨʦʙʣʝʤ ʥʘ ʰʣʷʭʫ ʩʪʘʙʽʣʴʥʦʛʦ ʨʦʟʚʠʪʢʫ ʝʢʦʥʦʤʽʢʠ ʪʘ ʩʫʩʧʽʣʴʩʪʚʘ ʚ 
ʮʽʣʦʤʫ. ʃʶʜʩʪʚʦ ʫʪʚʦʨʶʻ ʚʽʜʭʦʜʠ, ʷʢ ʫ ʨʝʟʫʣʴʪʘʪʽ ʩʚʦʻʾ ʝʢʦʥʦʤʽʯʥʦʾ ʜʽʷʣʴʥʦʩʪʽ, ʪʘʢ ʽ ʫ ʨʝʟʫʣʴʪʘʪʽ 
ʧʦʙʫʪʦʚʦʛʦ ʧʦʚʩʷʢʜʝʥʥʦʛʦ ʞʠʪʪʷ. ʐʠʨʦʢʝ ʟʘʣʫʯʝʥʥʷ ʚʪʦʨʠʥʥʠʭ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʝʩʫʨʩʽʚ, ʷʢʠʤʠ ʤʦʞʫʪʴ 
ʚʠʩʪʫʧʘʪʠ ʚʽʜʭʦʜʠ, ʻ ʜʫʞʝ ʧʝʨʩʧʝʢʪʠʚʥʠʤ. ɺʘʞʣʠʚʠʤ ʻ ʪʝ, ʱʦ ʨʘʮʽʦʥʘʣʴʥʘ ʫʪʠʣʽʟʘʮʽʷ ʧʦʟʠʪʠʚʥʦ 
ʧʦʟʥʘʯʘʻʪʴʩʷ ʥʘ ʝʢʦʣʦʛʽʯʥʽʡ ʙʝʟʧʝʮʽ. 

ʅʘʜʟʚʠʯʘʡʥʦ ʚʘʞʣʠʚʠʤ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ ʻ ʢʦʤʧʣʝʢʩʥʝ ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤ ʩʪʚʦʨʝʥʥʷ 
ʘʚʪʦʥʦʤʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʢʦʛʝʥʝʨʘʮʽʾ ʪʘ ʫʪʠʣʽʟʘʮʽʾ ʦʨʛʘʥʽʯʥʠʭ ʧʦʙʫʪʦʚʠʭ ʽ 
ʧʨʦʤʠʩʣʦʚʠʭ ʚʽʜʭʦʜʽʚ ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʾʭ ʚ ʷʢʦʩʪʽ ʚʽʜʥʦʚʣʶʚʘʣʴʥʠʭ ʜʞʝʨʝʣ ʝʥʝʨʛʽʾ. 
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ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʯʠ ʧʫʙʣʽʢʘʮʽʡ 

ɯʩʥʫʶʯʽ ʥʠʥʽ ʧʽʜʭʦʜʠ ʜʦ ʟʥʠʱʝʥʥʷ ʚʠʩʦʢʦʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ ʰʣʷʭʦʤ ʾʭ ʩʧʘʣʶʚʘʥʥʷ, ʧʦʭʦʚʘʥʥʷ, 
ʭʽʤʽʯʥʦʾ ʪʘ ʙʽʦʣʦʛʽʯʥʦʾ ʧʝʨʝʨʦʙʢʠ ʜʫʞʝ ʜʦʨʦʛʽ ʽ ʥʝ ʫʥʽʚʝʨʩʘʣʴʥʽ. ɺ ʧʨʦʤʠʩʣʦʚʦ ʨʦʟʚʠʥʝʥʠʭ ʢʨʘʾʥʘʭ ʚʝʜʫʪʴʩʷ 
ʨʦʙʦʪʠ ʟ ʨʦʟʨʦʙʢʠ ʽ ʚʧʨʦʚʘʜʞʝʥʥʷ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʝʨʩʧʝʢʪʠʚʥʦʾ ʽʥʥʦʚʘʮʽʡʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʥʘʜʢʨʠʪʠʯʥʦʾ 
ʛʽʜʨʦʪʝʨʤʘʣʴʥʦʾ ʜʝʩʪʨʫʢʮʽʾ (ɻʊɼ) ʚʽʜʭʦʜʽʚ ʪʘ ʚʠʩʦʢʦʪʦʢʩʠʯʥʠʭ ʨʝʯʦʚʠʥ, ʷʢʘ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʣʘʩʪʠʚʦʩʪʷʭ 
ʚʦʜʠ, ʷʢʽ ʚʦʥʘ ʥʘʙʫʚʘʻ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨ ̔ʊ > 374Áʉ ʪʘ ʪʠʩʢʫ P > 22,1 ʄʇʘ. ɿʘʚʜʷʢʠ ʟʤʽʥʽ ʩʚʦʾʭ ʚʣʘʩʪʠʚʦʩʪʝʡ 
(ʟʤʽʥʘ ʧʦʣʷʨʥʦʩʪʽ, ʧʨʠʩʢʦʨʝʥʥʷ ʜʠʬʫʟʽʾ ʪʘ ʽʥ.) ʫ ʥʘʜʢʨʠʪʠʯʥʦʾ ʚʦʜʠ ʚʠʥʠʢʘʻ ʫʥʽʢʘʣʴʥʘ ʟʜʘʪʥʽʩʪʴ ʨʦʟʯʠʥʷʪʠ 
ʙʽʣʴʰʽʩʪʴ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʪʝʦʨʝʪʠʯʥʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ ʧʦʢʘʟʘʥʦ, ʱʦ 
ʪʝʭʥʦʣʦʛʽʷ ʥʘʜʢʨʠʪʠʯʥʦʾ ɻʊɼ ʤʦʞʝ ʧʨʝʪʝʥʜʫʚʘʪʠ ʥʘ ʚʠʩʦʢʫ ʝʢʦʣʦʛʽʯʥʫ ʪʘ ʝʢʦʥʦʤʽʯʥʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ 
ʜʝʤʦʥʩʪʨʫʻ ʧʨʠ ʮʴʦʤʫ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʧʦʚʥʝ ʦʜʥʦʩʪʘʜʽʡʥʝ ʦʢʠʩʣʝʥʥʷ ʙʫʜʴ-ʷʢʠʭ ʦʨʛʘʥʽʯʥʠʭ 
ʨʝʯʦʚʠʥ ʜʦ ʥʝʰʢʽʜʣʠʚʠʭ ʧʨʦʜʫʢʪʽʚ ʪʘ ʚʠʜʽʣʝʥʥʷ ʟ ʨʦʟʯʠʥʫ ʥʝʦʨʛʘʥʽʯʥʠʭ ʩʧʦʣʫʢ ʫ ʚʠʛʣʷʜʽ ʩʦʣʝʡ ʯʠ ʦʢʩʠʜʽʚ 
ʙʝʟ ʥʝʙʝʟʧʝʢʠ ʟʘʙʨʫʜʥʝʥʥʷ ʜʦʚʢʽʣʣʷ. ʆʜʥʽʻʶ ʟ ʦʩʥʦʚʥʠʭ ʧʝʨʝʚʘʛ ʥʘʜʢʨʠʪʠʯʥʦʾ ɻʊɼ ʻ ʚʽʜʩʫʪʥʽʩʪʴ ʩʪʘʜʽʾ 
ʧʦʧʝʨʝʜʥʴʦʛʦ ʩʫʰʽʥʥʷ ʚʠʭʽʜʥʦʾ ʩʠʨʦʚʠʥʠ. ɺʽʜʭʦʜʠ ʤʦʞʫʪʴ ʧʦʜʘʚʘʪʠʩʷ ʚ ʨʝʘʢʪʦʨ ʫ ʚʦʣʦʛʦʤʫ ʩʪʘʥʽ, 
ʥʘʧʨʠʢʣʘʜ, ʫ ʚʠʛʣʷʜʽ ʚʦʜʥʦʾ ʩʫʩʧʝʥʟʽʾ, ʧʫʣʴʧʠ ʘʙʦ ʨʦʟʯʠʥʫ. ʆʙ'ʻʢʪʘʤʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʡ ʥʘʜʢʨʠʪʠʯʥʦʾ 
ɻʊɼ ʤʦʞʫʪʴ ʙʫʪʠ ʢʦʤʫʥʘʣʴʥʽ, ʧʨʦʤʠʩʣʦʚʽ ʪʘ ʽʥʰʽ ʨʽʜʢʽ ʩʪʦʢʠ, ʱʦ ʤʽʩʪʷʪʴ ʚʽʜʭʦʜʠ ʥʘʬʪʦʧʝʨʝʨʦʙʥʦʾ, 
ʭʽʤʽʯʥʦʾ, ʮʝʣʶʣʦʟʥʦ-ʧʘʧʝʨʦʚʦʾ, ʭʘʨʯʦʚʦʾ, ʙʽʦʣʦʛʽʯʥʦʾ ʪʘ ʬʘʨʤʘʮʝʚʪʠʯʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ [3ï7]. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʨʝʘʢʮʽʷ ʥʘʜʢʨʠʪʠʯʥʦʛʦ ʚʦʜʥʦʛʦ ʦʢʠʩʣʝʥʥʷ ʦʨʛʘʥʽʢʠ ʝʢʟʦʪʝʨʤʽʯʥʘ ʽ ʟʘ ʥʘʷʚʥʦʩʪʽ 
ʣʠʰʝ 15ï20 % ʦʨʛʘʥʽʯʥʦʾ ʨʝʯʦʚʠʥʠ ʧʨʦʮʝʩ ʧʝʨʝʨʦʙʢʠ ʚʽʜʭʦʜʽʚ ʩʪʘʻ ʘʚʪʦʪʝʨʤʽʯʥʠʤ.  ɸʚʪʦʪʝʨʤʽʯʥʽ ʨʝʞʠʤʠ 
ʜʝʩʪʨʫʢʮʽʾ ʦʨʛʘʥʽʯʥʠʭ ʚʽʜʭʦʜʽʚ ʧʨʠ ʥʘʜʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʦʪʨʠʤʘʥʥʷ 
ʚʠʩʦʢʦʝʥʪʘʣʴʧʽʡʥʦʾ ʧʘʨʦʛʘʟʦʚʦʾ ʩʫʤʽʰʽ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʫ ʩʭʝʤʘʭ ʘʚʪʦʥʦʤʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 
ʢʦʤʧʣʝʢʩʫ (ʧʨʠ ʟʛʦʨʷʥʥʽ 1 ʢʛ ʙʝʥʟʠʥʫ ʚʠʜʽʣʷʻʪʴʩʷ 40 ʄʜʞ ʪʝʧʣʘ, ʘ ʧʨʠ ʦʢʠʩʣʶʚʘʥʥʽ 1 ʢʛ ʙʫʜʴ-ʷʢʦʾ ʦʨʛʘʥʽʢʠ 
ʜʦ 20 ʄʜʞ ʪʝʧʣʘ). ʊʘʢʠʤ ʯʠʥʦʤ, ʦʨʛʘʥʽʯʥʽ ʚʽʜʭʦʜʠ ʤʦʞʫʪʴ ʩʪʘʪʠ ʘʣʴʪʝʨʥʘʪʠʚʥʠʤ ʧʘʣʠʚʦʤ [5ï7]. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 
ʄʝʪʘ ʨʦʙʦʪʠ ï ʫʟʘʛʘʣʴʥʝʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʟ ʨʦʟʨʦʙʢʠ ʢʦʛʝʥʝʨʘʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ (ʂʋ), ʱʦ 

ʟʘʙʝʟʧʝʯʫʻ ʟʥʝʰʢʦʜʞʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʚʽʜʭʦʜʽʚ ʛʽʜʨʦʪʝʨʤʘʣʴʥʠʤ ʦʢʠʩʣʶʚʘʥʥʷʤ ʫ ʥʘʜʢʨʠʪʠʯʥʦʤʫ 
ʩʝʨʝʜʦʚʠʱʽ ʟ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʘʚʪʦʥʦʤʥʦʛʦ ʝʣʝʢʪʨʦ- ʽ ʪʝʧʣʦʧʦʩʪʘʯʘʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʪʘ ʞʠʪʣʦʚʠʭ ʦʙ'ʻʢʪʽʚ. 

 
ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʇʨʦʧʦʥʫʶʪʴʩʷ ʂʋ ʥʘ ʦʩʥʦʚʽ ʧʘʨʦʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ, ʷʢʘ ʧʨʘʮʶʻ  ʟʘ ʮʠʢʣʦʤ ʈʘʥʢʽʥʘ ʽ ʥʘ ʦʩʥʦʚʽ 
ʪʝʧʣʦʚʦʛʦ ʜʚʠʛʫʥʘ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʽʜʚʝʜʝʥʥʷʤ ʪʝʧʣʘ, ʷʢʠʡ ʧʨʘʮʶʻ ʟʘ ʟʘʤʢʥʝʥʠʤ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤ ʮʠʢʣʦʤ 
ʉʪʽʨʣʽʥʛʘ. ɺʦʥʠ ʥʘʣʝʞʠʪʴ ʜʦ ʛʘʣʫʟʝʡ ʪʝʧʣʦʝʥʝʨʛʝʪʠʢʠ ʪʘ ʝʢʦʣʦʛʽʾ, ʟʦʢʨʝʤʘ ʜʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʜʣʷ 
ʟʥʝʰʢʦʜʞʝʥʥʷ ʦʨʛʘʥʽʯʥʠʭ ʚʽʜʭʦʜʽʚ ʽ ʤʦʞʫʪʴ ʟʥʘʡʪʠ ʟʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠ ʩʪʚʦʨʝʥʽ ʘʚʪʦʥʦʤʥʦʛʦ ʝʥʝʨʛʝʪʠʯʥʦʛʦ 
ʢʦʤʧʣʝʢʩʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙ'ʻʢʪʽʚ ʤʘʣʦʾ ʨʦʟʧʦʜʽʣʝʥʦʾ ʝʥʝʨʛʝʪʠʢʠ ʪʝʧʣʦʚʦʶ ʪʘ ʝʣʝʢʪʨʠʯʥʦʶ ʝʥʝʨʛʽʻʶ. 
ɹʣʦʢ ʩʭʝʤʠ ʂʋ  ʟʦʙʨʘʞʝʥʽ ʥʘ ʨʠʩ. 1. 

 
ʘ) 

 

ʙ) 

 

ʈʠʩ. 1. ɹʣʦʢ ʩʭʝʤʠ ʂʋ: 
ʘ) ʥʘ ʦʩʥʦʚʽ ʧʘʨʦʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ, ʷʢʘ ʧʨʘʮʶʻ  ʟʘ ʮʠʢʣʦʤ ʈʘʥʢʽʥʘ; ʙ) ʥʘ ʦʩʥʦʚʽ ʪʝʧʣʦʚʦʛʦ ʜʚʠʛʫʥʘ ʽʟ ʟʦʚʥʽʰʥʽʤ ʧʽʜʚʝʜʝʥʥʷʤ 
ʪʝʧʣʘ, ʷʢʠʡ ʧʨʘʮʶʻ ʟʘ ʟʘʤʢʥʝʥʠʤ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤ ʮʠʢʣʦʤ ʉʪʽʨʣʽʥʛʘ, ʜʝ 1 - ʤʽʩʪʢʽʩʪʴ ʟ ʦʨʛʘʥʽʯʥʠʤʠ ʚʽʜʭʦʜʘʤʠ (ʩʫʩʧʝʥʟʽʷ, 

ʝʤʫʣʴʩʽʷ, ʨʦʟʯʠʥ); 2 - ʥʘʩʦʩ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ; 3 - ʧʽʜʽʛʨʽʚʘʯ; 4 - ʨʝʘʢʪʦʨ ʥʘʜʢʨʠʪʠʯʥʦʾ ɻʊɼ; 5, 6, 7, 8 -  ʢʣʘʧʘʥʥʽ ʧʨʠʩʪʨʦʾ; 9 - 
ʤʽʩʪʢʽʩʪʴ ʜʣʷ ʦʢʠʩʣʁ ʚʘʯʘ; 10 - ʢʣʘʧʘʥʥʠʡ ʧʨʠʩʪʨʽʡ;  11 - ʢʦʤʧʨʝʩʦʨ; 12 - ʧʘʨʦʧʝʨʝʛʨʽʚʘʯ (ʪʝʧʣʦʦʙʤʽʥʥʠʢ); 13 - ʚʠʧʘʨʥʠʢ 
(ʪʝʧʣʦʦʙʤʽʥʥʠʢ); 14 - ʝʢʦʥʦʤʘʡʟʝʨ (ʪʝʧʣʦʦʙʤʽʥʥʠʢ); 15 - ʢʦʥʜʝʥʩʘʪʦʨ;  16 - ʢʣʘʧʘʥʥʠʡ ʧʨʠʩʪʨʽʡ; 17 - ʩʝʧʘʨʘʪʦʨ; 18 ï ʧʘʨʦʚʘ 
ʪʫʨʙʽʥʘ (ʧʘʨʦʚʠʡ ʜʚʠʛʫʥ, ʥʘʧʨʠʢʣʘʜ, ʧʦʨʰʥʝʚʠʡ, ʨʦʪʦʨʥʠʡ, ʨʦʪʦʨʥʦ-ʣʦʧʘʪʝʚʠʡ); 19 - ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨ; 20 - ʢʦʥʜʝʥʩʘʪʦʨ; 21 - 

ʥʘʩʦʩ ʚʦʜʠ; 22 - ʤʽʩʪʢʽʩʪʴ ʟ ʚʦʜʦʶ; 23 - ʥʘʩʦʩ; 24 - ʜʚʠʛʫʥ ʉʪʽʨʣʽʥʛʘ 

 
ɽʬʝʢʪʠʚʥʽʩʪʴ ʙʫʜʴ-ʷʢʦ ʾʪʝʭʥʦʣʦʛʽ,ʾ ʫ ʪʦʤʫ ʯʠʩʣʽ  ̔ʪʝʭʥʦʣʦʛʽʾ ʥʘʜʢʨʠʪʠʯʥʦ ʾɻʊɼ ʙʘʛʘʪʦ ʚ ʯʦʤʫ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʢʣʘʜʫ ʦʙʣʘʜʥʘʥʥʷ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ. ʅʝʩʪʘʥʜʘʨʪʥʠʤ ʦʙʣʘʜʥʘʥʥʷʤ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʻ 
ʨʝʘʢʪʦʨ - ʩʦʩʫʜ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ, ʷʢʠʡ ʧʨʘʮʶʻ ʫ ʢʚʘʟʽʧʨʦʪʦʯʥʦʤʫ ʨʝʞʠʤ.̔ ʈʦʟʨʦʙʢʘ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ ʪʘʢʠʭ 
ʨʝʘʢʪʦʨʽʚ ʚʠʤʘʛʘʶʪʴ ʥʝʩʪʘʥʜʘʨʪʥʠʭ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʭ ʽ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʨʽʰʝʥʴ, ʦʩʢʽʣʴʢʠ ʥʘʜʢʨʠʪʠʯʥʝ ʚʦʜʥʝ 



 ˟̨̨̖̘̆̎̎ ̎́̔̋̉ ISSN 2307-5732 
 

ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, Τ3, 2022 (309) 87 

ʩʝʨʝʜʦʚʠʱʝ ʛʘʨʘʥʪʦʚʘʥʦ ʜʦʩʷʛʘʻʪʴʩʷ ʧʨʠ ʪʠʩʢʫ ʙʽʣʴʰʝ  22 ʄʇʘ ʽ ʪʝʤʧʝʨʘʪʫʨʽ ʥʝ ʥʠʞʯʝ 374Áʉ. ʅʘʡʙʽʣʴʰʦʛʦ 
ʝʬʝʢʪʫ ʫ ʚʠʨʽʰʝʥʥʽ ʧʨʦʙʣʝʤʠ ʪʝʧʣʦʦʙʤʽʥʫ ʤʦʞʥʘ ʜʦʩʷʛʪʠ ʢʦʥʩʪʨʫʢʪʦʨʩʴʢʠʤʠ ʨʽʰʝʥʥʷʤʠ ʧʨʠ 
ʚʜʦʩʢʦʥʘʣʝʥʥʽ ʢʦʥʩʪʨʫʢʮʽʾ ʨʝʘʢʪʦʨʘ, ʘ ʩʘʤʝ ʟʙʽʣʴʰʝʥʥʷʤ ʟʘʛʘʣʴʥʦʾ ʧʦʚʝʨʭʥʽ ʪʝʧʣʦʦʙʤʽʥʫ ʰʣʷʭʦʤ ʩʪʚʦʨʝʥʥʷ 
ʙʽʣʴʰ ʜʨʽʙʥʠʭ ʦʙôʻʤʽʚ ʨʝʘʢʮʽʡʥʠʭ ʢʘʤʝʨ  ʚʩʝʨʝʜʠʥʽ ʨʝʘʢʪʦʨʘ. ɺ ʦʩʥʦʚʽ ʧʨʦʧʦʥʦʚʘʥʦʾ ʨʦʟʨʦʙʢʠ ʣʝʞʠʪʴ ʟʘʤʽʥʘ 
ʦʜʥʦʪʨʫʙʥʦʛʦ ʥʘ ʢʦʘʢʩʽʘʣʴʥʠʡ ʙʘʛʘʪʦʪʨʫʙʥʠʡ ʨʝʘʢʪʦʨ, ʚ ʷʢʦʤʫ ʥʝ ʤʝʥʰʝ ʜʚʦʭ ʨʝʘʢʮʽʡʥʠʭ ʢʘʤʝʨ. ʊʘʢʘ 
ʢʦʥʩʪʨʫʢʮʽʷ ʨʝʘʢʪʦʨʘ ʩʫʪʪʻʚʦ ʨʦʟʰʠʨʶʻ ʪʝʤʧʝʨʘʪʫʨʥʽ ʪʘ ʙʘʨʦʤʝʪʨʠʯʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ, 
ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʧʦʚʝʨʭʥʶ ʪʝʧʣʦʦʙʤʽʥʫ ʽ ʪʝʤʧʝʨʘʪʫʨʫ ʚʩʝʨʝʜʠʥʽ ʨʝʘʢʪʦʨʘ, ʥʘʙʣʠʟʠʚʰʠ ʾʾ ʜʦ ʟʦʚʥʽʰʥʴʦʾ 
ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʚʝʨʭʥʽ ʩʪʽʥʢʠ ʨʝʘʢʪʦʨʘ ʧʨʠ ʟʙʝʨʝʞʝʥʥʽ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ. 

ʇʨʦʮʝʩ ʥʘʜʢʨʠʪʠʯʥʦʾ ɻʊɼ ʦʨʛʘʥʽʯʥʠʭ ʚʽʜʭʦʜʽʚ ʟʜʽʡʩʥʶʻʪʴʩʷ ʫ ʟʘʤʢʥʫʪʦʤʫ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʮʠʢʣʽ ʟ 
ʚʠʚʝʜʝʥʥʷʤ ʫ ʟʦʚʥʽʰʥʻ ʩʝʨʝʜʦʚʠʱʝ ʣʠʰʝ ʧʨʦʜʫʢʪʽʚ ʦʩʪʘʪʦʯʥʦʛʦ ʟʥʝʰʢʦʜʞʝʥʥʷ. ɿʘʣʝʞʥʦ ʚʽʜ ʧʨʠʟʥʘʯʝʥʥʷ 
ʂʋ ʦʙôʻʤ ʨʝʘʢʪʦʨʘ ʚʠʙʠʨʘʻʪʴʩʷ ʚʽʜ 1 ʜʦ 20 ʣ. ʏʘʩ ʧʝʨʝʙʫʚʘʥʥʷ ʨʝʘʢʮʽʡʥʦʾ ʩʫʤʽʰʽ ʚ ʥʴʦʤʫ ʚʽʜ 10 ʩʝʢʫʥʜ ʜʦ 1 
ʭʚʠʣʠʥʠ, ʪʦʤʫ ʥʘʚʽʪʴ ʧʨʠ ʥʝʚʝʣʠʢʦʤʫ ʦʙôʻʤʽ ʨʝʘʢʪʦʨʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʂʋ ʜʦʩʠʪʴ ʚʝʣʠʢʘ. ʇʨʦʚʝʜʝʥʽ 
ʜʦʩʣʽʜʞʝʥʥʷ ʩʚʽʜʯʘʪʴ ʧʨʦ ʤʦʞʣʠʚʽʩʪʴ ʧʦʜʘʣʴʰʦʛʦ ʨʦʟʚʠʪʢʫ ʪʝʭʥʦʣʦʛʽʡ ɻʊɼ, ʷʢ ʱʦʜʦ ʟʘʙʝʟʧʝʯʝʥʥʷ 
ʧʽʜʚʠʱʝʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʧʨʦʮʝʩʽʚ, ʪʘʢ ʽ ʚ ʯʘʩʪʠʥʽ ʨʦʟʨʦʙʢʠ ʚʩʝ ʙʽʣʴʰ ʥʘʜʽʡʥʠʭ, ʧʨʦʜʫʢʪʠʚʥʠʭ ʽ ʙʝʟʧʝʯʥʠʭ ʚ 
ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʠʧʽʚ ʨʝʘʢʪʦʨʽʚ. ɿ'ʷʚʣʷʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ ʟʜʽʡʩʥʝʥʥʷ ʧʨʦʮʝʩʽʚ ʜʝʩʪʨʫʢʮʽʾ ʦʨʛʘʥʽʯʥʠʭ ʨʝʯʦʚʠʥ ʪʘ 
ʚʽʜʭʦʜʽʚ ʫ ʨʝʘʢʪʦʨʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʙʽʣʴʰʝ 400Áʉ ʪʘ ʪʠʩʢʘʭ 35ï40 ʄʇʘ. ʅʘ ʨʠʩ.2 ʟʦʙʨʘʞʝʥʦ ʟʘʛʘʣʴʥʠʡ 
ʚʠʛʣʷʜ ʽ ʧʦʧʝʨʝʯʥʠʡ ʨʦʟʨʽʟ ʢʦʘʢʩʽʘʣʴʥʦʛʦ (ʜʚʦʪʨʫʙʥʦʛʦ) ʨʝʘʢʪʦʨʘ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ ʧʨʠ 
ʥʘʜʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. 

 
ʘ) 

 

ʙ) 

 

 
ʈʠʩ. 2. ʇʨʦʩʪʦʨʦʚʽ ʩʭʝʤʠ ʢʦʘʢʩʽʘʣʴʥʦʛʦ (ʜʚʦʪʨʫʙʥʦʛʦ) ʨʝʘʢʪʦʨʘ: 

ʘ) ʟʘʛʘʣʴʥʠʡ ʚʠʛʣʷʜ ʨʝʘʢʪʦʨʘ; ʙ) ʧʦʧʝʨʝʯʥʠʡ ʧʝʨʝʨʽʟ ʨʝʘʢʪʦʨʘ, ʜʝ 4 - ʨʝʘʢʪʦʨ; 25 - ʥʠʞʥʷ ʢʨʠʰʢʘ ʨʝʘʢʪʦʨʘ; 26 - ʚʝʨʭʥʷ ʢʨʠʰʢʘ 

ʨʝʘʢʪʦʨʘ; 27 ʽ 28 - ʬʣʘʥʮʝʚʽ ʟôʻʜʥʘʥʥʷ ʽʟ ʢʨʽʧʠʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ; 29 - ʚʥʫʪʨʽʰʥʷ ʪʨʫʙʘ ʨʝʘʢʪʦʨʘ;  30 - ʟʦʚʥʽʰʥʷ ʪʨʫʙʘ 
ʨʝʘʢʪʦʨʘ; 31 - ʝʣʝʢʪʨʠʯʥʽ ʥʘʛʨʽʚʘʣʴʥʽ ʝʣʝʤʝʥʪʠ ʟ ʪʝʨʤʦʽʟʦʣʷʮʽʻʶ; 32 - ʪʝʧʣʦʽʟʦʣʶʶʯʠʡ ʢʦʞʫʭ 

 
ʂʋ ʧʨʘʮʶʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ. ʇʦʧʝʨʝʜʥʴʦ ʧʽʜʛʦʪʦʚʣʝʥʽ ʦʨʛʘʥʽʯʥʽ ʚʽʜʭʦʜʠ (ʩʫʩʧʝʥʟʽʷ, ʝʤʫʣʴʩʽʷ, 

ʨʦʟʯʠʥ) ʟ ʤʽʩʪʢʦʩʪʽ 1 ʧʦʜʘʶʪʴʩʷ ʥʘʩʦʩʦʤ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ 2 ʯʝʨʝʟ ʧʽʜʽʛʨʽʚʘʯ 3 ʚ ʢʦʘʢʩʽʘʣʴʥʠʡ (ʜʚʦʪʨʫʙʥʠʡ) 
ʨʝʘʢʪʦʨ 4  ʽʟ ʟʘʙʝʟʧʝʯʝʥʥʷʤ ʥʘʜʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʚʦʜʠ (P > 22,1 ʄʇʘ ʽ ʊ > 374Áʉ). ʇʨʠ ʪʘʢʠʭ ʫʤʦʚʘʭ 
ʚʦʜʘ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʥʘ ʽʜʝʘʣʴʥʠʡ ʨʦʟʯʠʥʥʠʢ. ʆʢʠʩʣʁ ʚʘʯ (ʧʦʚʽʪʨʷ, ʢʠʩʝʥʴ, ʧʝʨʝʢʠʩ ʚʦʜʥʶ ʘʙʦ ʾʭ ʩʫʤʽʰʽ) 
ʧʦʜʘʻʪʴʩʷ ʽʟ ʤʽʩʪʢʦʩʪʽ 9 ʯʝʨʝʟ ʢʣʘʧʘʥʥʠʡ ʧʨʠʩʪʨʽʡ 10, ʢʦʤʧʨʝʩʦʨʦʤ 11 ʚ ʨʝʘʢʪʦʨ 4. ʂʣʘʧʘʥʘ ʩʠʩʪʝʤʘ ʨʝʢʪʦʨʘ 
4, ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʢʣʘʧʘʥʥʠʭ ʧʨʠʩʪʨʦʾʚ 5, 6, 7, 8  ʚʠʢʦʥʘʥʘ ʟ ʤʦʞʣʠʚʽʩʪʶ ʟʘʙʝʟʧʝʯʝʥʥʷ 
ʢʚʘʟʽʧʨʦʪʦʯʥʦʛʦ ʨʝʞʠʤʫ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʮʠʬʨʦʚʦʾ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʂʋ ʟʘ 
ʜʦʧʦʤʦʛʦʶ ʟʚʦʨʦʪʥʠʭ ʟʚôʷʟʢʽʚ,  ʟʘʙʝʟʧʝʯʫʻ ʾʾ ʨʦʙʦʪʫ ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʟʘʜʘʥʠʭ ʘʣʛʦʨʠʪʤʽʚ. 

ʂʦʘʢʩʽʘʣʴʥʠʡ (ʜʚʦʪʨʫʙʥʠʡ) ʨʝʘʢʪʦʨ 4  ʤʘʻ ʜʚʽ ʨʝʘʢʮʽʡʥʽ ʢʘʤʝʨʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʭʽʤʽʯʥʠʭ ʨʝʘʢʮʽʡ 
ʧʨʠ ʥʘʜʢʨʠʪʠʯʥʠʭ ʧʘʨʘʤʝʪʨʘʭ ʚʦʜʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ɺʽʥ ʤʽʩʪʠʪʴ ʱʦʥʘʡʤʝʥʰʝ ʦʜʥʫ ʚʥʫʪʨʽʰʥʶ ʪʨʫʙʫ 29, 
ʟʦʚʥʽʰʥʶ ʪʨʫʙʫ 30, ʥʠʞʥʶ ʢʨʠʰʢʫ 25, ʚʝʨʭʥʶ ʢʨʠʰʢʫ 26, ʷʢʽ ʟôʻʜʥʘʥʽ ʬʣʘʥʮʷʤʠ ʽʟ ʢʨʽʧʠʣʴʥʠʤʠ 
ʝʣʝʤʝʥʪʘʤʠ 27 ʽ 28. ʂʨʠʰʢʠ 27 ʽ 28 ʦʩʥʘʱʝʥʽ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʧʘʪʨʫʙʢʘʤʠ, ʷʢʽ ʟôʻʜʥʘʥʽ ʟ ʚʽʜʧʦʚʽʜʥʠʤʠ 
ʢʣʘʧʘʥʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ 5, 6, 7, 8. ɺʥʫʪʨʽʰʥʷ ʧʦʚʝʨʭʥʷ ʢʨʠʰʦʢ ʤʘʻ ʝʣʽʧʩʦʾʜʥʫ ʬʦʨʤʫ, ʚʠʪʷʛʥʫʪʫ ʚʟʜʦʚʞ 
ʧʦʟʜʦʚʞʥʴʦʾ ʦʩʽ ʨʝʘʢʪʦʨʘ 4.  ʌʣʘʥʮʝʚʽ ʟôʻʜʥʘʥʥʷ  27 ʽ 28 ʽʟ ʢʨʽʧʠʣʴʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʟʘʙʝʟʧʝʯʫʶʪʴ 
ʛʝʨʤʝʪʠʯʥʽʩʪʴ ʽ ʤʽʮʥʽʩʪʴ ʟʽʙʨʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʅʘ  ʟʦʚʥʽʰʥʽʡ ʪʨʫʙʽ 30  ʚʩʪʘʥʦʚʣʝʥʦ ʝʣʝʢʪʨʠʯʥʽ ʥʘʛʨʽʚʘʣʴʥʽ 
ʝʣʝʤʝʥʪʠ 31, ʥʘʧʨʠʢʣʘʜ, ʽʥʜʫʢʮʽʡʥʽ ʟ ʪʝʨʤʦʽʟʦʣʷʮʽʻʶ. ʂʨʠʰʢʠ 25 ʽ 26 ʨʝʘʢʪʦʨʘ 4 ʤʘʶʪʴ ʪʝʧʣʦʽʟʦʣʶʶʯʠʡ 
ʢʦʞʫʭ 32.  ʇʘʨʦʛʘʟʦʚʘ ʩʫʤʽʰ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʨʝʘʢʪʦʨʽ 4 ʧʦʜʘʻʪʴʩʷ  ʚ ʢʦʥʜʝʥʩʘʪʦʨ 15, ʢʣʘʧʘʥʥʠʡ ʧʨʠʩʪʨʽʡ 
16 ʽ ʩʝʧʘʨʘʪʦʨ 17. ɺ ʩʝʧʘʨʘʪʦʨʽ 17 ʧʨʦʭʦʜʠʪʴ ʧʨʦʮʝʩ ʨʦʟʜʽʣʝʥʥʷ  ʚʠʭʽʜʥʦʛʦ ʧʨʦʜʫʢʪʫ ʥʘ ʥʝʰʢʽʜʣʠʚʽ ʛʘʟ, 
ʪʚʝʨʜʠʡ ʦʩʘʜʦʢ ʽ ʚʦʜʫ ʟ ʤʦʞʣʠʚʽʩʪʶ ʾʾ ʧʦʚʪʦʨʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʮʠʢʣʽ. ʆʩʢʽʣʴʢʠ ʨʝʘʢʮʽʷ 
ʥʘʜʢʨʠʪʠʯʥʦʛʦ ʚʦʜʥʦʛʦ ʦʢʠʩʣʝʥʥʷ ʦʨʛʘʥʽʢʠ ʝʢʟʦʪʝʨʤʽʯʥʘ, ʪʦ ʮʝ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʪʝʧʣʦ 
ʩʘʤʦʾ ʨʝʘʢʮʽʾ, ʷʢ ʜʣʷ ʧʽʜʪʨʠʤʢʠ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʝʞʠʤʫ ʚ ʨʝʘʢʪʦʨʽ 4 ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʨʦʮʝʩʫ ʥʘʜʢʨʠʪʠʯʥʦʛʦ 
ʚʦʜʥʦʛʦ ʦʢʠʩʣʝʥʥʷ, ʪʘʢ ʽ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʝʥʝʨʛʦʚʠʪʨʘʪ ʥʘ ʨʦʟʽʛʨʽʚ ʨʝʘʛʝʥʪʽʚ. ʇʘʨʦʛʘʟʦʚʘ ʩʫʤʽʰ, ʷʢʘ 
ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʨʝʘʢʪʦʨʽ 4 ʧʨʠ ʥʘʜʢʨʠʪʠʯʥʽʡ ɻʊɼ ʦʨʛʘʥʽʯʥʠʭ ʚʽʜʭʦʜʽʚ, ʤʦʞʝ ʙʫʪʠ ʚʠʩʦʢʦʝʥʪʘʣʴʧʽʡʥʠʤ 
ʨʦʙʦʯʠʤ ʪʽʣʦʤ ʜʣʷ ʝʬʝʢʪʠʚʥʦʾ ʽ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʦʾ ʛʝʥʝʨʘʮʽʾ ʪʝʧʣʦʚʦʾ ʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ. 

ʇʨʠ ʨʝʘʣʽʟʘʮʽʾ ʩʭʝʤʠ ʢʦʛʝʥʝʨʘʮʽʾ (ʨʠʩ.1, ʘ) ʥʘ ʦʩʥʦʚʽ ʧʘʨʦʩʠʣʦʚʦʾ ʫʩʪʘʥʦʚʢʠ, ʷʢʘ ʧʨʘʮʶʻ  ʟʘ ʮʠʢʣʦʤ 
ʈʘʥʢʽʥʘ ʧʘʨʦʛʘʟʦʚʘ ʩʫʤʽʰ ʽʟ ʨʝʘʢʪʦʨʘ 4 ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ ʧʘʨʦʧʝʨʝʛʨʽʚʘʯ 12, ʚʠʧʘʨʥʠʢ 13 ʽ ʝʢʦʥʦʤʘʡʟʝʨ 14. 

ʈʦʙʦʯʘ ʨʽʜʠʥʘ, ʥʘʧʨʠʢʣʘʜ, ʚʦʜʘ, ʧʽʜʛʦʪʦʚʣʝʥʘ, ʥʘʧʨʠʢʣʘʜ, ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʾ ʟʚʦʨʦʪʥʦʛʦ 
ʦʩʤʦʩʫ (ʪʝʭʥʦʣʦʛʽʷ ʦʯʠʱʝʥʥʷ ʚʦʜʠ, ʧʨʠ ʷʢʽʡ ʨʽʜʠʥʘ ʧʨʦʭʦʜʠʪʴ ʯʝʨʝʟ  ʩʧʝʮʽʘʣʴʥʫ ʤʝʤʙʨʘʥʫ, ʧʦʟʙʘʚʣʷʶʯʠʩʴ 
ʚʽʜ ʭʽʤʽʯʥʠʭ ʜʦʤʽʰʦʢ ʽ ʙʘʢʪʝʨʽʡ), ʧʦʜʘʻʪʴʩʷ ʽʟ ʤʽʩʪʢʦʩʪʽ 22 ʟʘ ʜʦʧʦʤʦʛʦʶ ʞʠʚʠʣʴʥʦʛʦ ʥʘʩʦʩʘ 23  ʫ ʧʨʠʩʪʨʽʡ 
ʜʣʷ ʧʽʜʽʛʨʽʚʘʥʥʷ ʚʦʜʠ (ʝʢʦʥʦʤʘʡʟʝʨ) 14, ʚʠʧʘʨʥʠʢ 13 ʽ ʧʘʨʦʧʝʨʝʛʨʽʚʘʯ 12. ʇʘʨʘ ʚʠʩʦʢʦʛʦ ʪʠʩʢʫ ʽ ʪʝʤʧʝʨʘʪʫʨʠ 
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ʧʦʜʘʻʪʴʩʷ ʫ ʪʫʨʙʽʥʫ (ʧʘʨʦʚʠʡ ʜʚʠʛʫʥ, ʥʘʧʨʠʢʣʘʜ, ʧʦʨʰʥʝʚʠʡ, ʨʦʪʦʨʥʠʡ, ʨʦʪʦʨʥʦ-ʣʦʧʘʪʝʚʠʡ) 18,  ʜʝ 
ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʧʘʨʠ ʚ ʢʽʥʝʪʠʯʥʫ ʝʥʝʨʛʽʶ ʧʦʪʦʢʫ ʧʘʨʠ (ʰʚʠʜʢʽʩʪʴ ʧʦʪʦʢʫ  
ʥʘʜʟʚʫʢʦʚʘ). ʂʽʥʝʪʠʯʥʘ ʝʥʝʨʛʽʷ ʥʘʜʟʚʫʢʦʚʦʛʦ ʧʦʪʦʢʫ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʫ ʨʦʙʦʪʫ ʪʫʨʙʽʥʠ (ʧʘʨʦʚʦʛʦ ʜʚʠʛʫʥʘ)  
18, ʱʦ ʟʘʪʨʘʯʫʻʪʴʩʷ ʥʘ ʚʠʨʦʙʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʚ ʛʝʥʝʨʘʪʦʨʽ 19. ʇʽʩʣʷ ʪʫʨʙʽʥʠ (ʧʘʨʦʚʦʛʦ ʜʚʠʛʫʥʘ) 18 
ʧʘʨʘ  ʩʧʨʷʤʦʚʫʻʪʴʩʷ ʫ ʢʦʥʜʝʥʩʘʪʦʨ 20. ʎʝ ʟʚʠʯʘʡʥʠʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ, ʫʩʝʨʝʜʠʥʽ ʪʨʫʙ ʷʢʦʛʦ ʧʨʦʭʦʜʠʪʴ 
ʦʭʦʣʦʜʥʘ ʚʦʜʘ, ʟʟʦʚʥʽ - ʚʦʜʷʥʘ ʧʘʨʘ, ʱʦ ʢʦʥʜʝʥʩʫʻʪʴʩʷ. ʎʝʡ ʢʦʥʜʝʥʩʘʪ (ʚʦʜʘ) ʥʘʜʭʦʜʠʪʴ ʫ ʞʠʚʠʣʴʥʠʡ ʥʘʩʦʩ 
21, ʜʝ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʙʽʣʴʰʝʥʥʷ ʪʠʩʢʫ ʜʦ ʥʦʤʽʥʘʣʴʥʦʾ (ʧʨʦʝʢʪʥʦʾ) ʚʝʣʠʯʠʥʠ, ʧʦʜʘʻʪʴʩʷ ʚ ʝʢʦʥʦʤʘʡʟʝʨ 14 ʽ 
ʮʠʢʣ ʟʘʤʠʢʘʻʪʴʩʷ. 

ʇʨʠ ʨʝʘʣʽʟʘʮʽʾ ʩʭʝʤʠ ʢʦʛʝʥʝʨʘʮʽʡʥʦʾ ʫʩʪʘʥʦʚʢʠ ʥʘ ʦʩʥʦʚʽ ʪʝʧʣʦʚʦʛʦ ʜʚʠʛʫʥʘ ʽʟ ʟʦʚʥʽʰʥʽʤ 
ʧʽʜʚʝʜʝʥʥʷʤ ʪʝʧʣʘ (ʨʠʩ. 1,ʙ) ʧʘʨʦʛʘʟʦʚʘ ʩʫʤʽʰ, ʱʦ ʫʪʚʦʨʶʻʪʴʩʷ ʚ ʨʝʘʢʪʦʨʽ 4 ʧʦʜʘʻʪʴʩʷ ʫ ʪʝʧʣʦʦʙʤʽʥʥʠʢ 12. 
ɼʚʠʛʫʥ ʉʪʽʨʣʽʥʛʘ, ʷʢʠʡ ʧʨʘʮʶʻ ʟʘ ʟʘʤʢʥʝʥʠʤ ʪʝʨʤʦʜʠʥʘʤʽʯʥʠʤ ʮʠʢʣʦʤ, ʚʠʢʦʥʫʻ ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʝʧʣʦʚʦʾ 
ʝʥʝʨʛʽʾ, ʦʪʨʠʤʫʚʘʥʦʾ ʚʽʜ ʪʝʧʣʦʦʙʤʽʥʥʠʢʘ 12, ʥʘ ʤʝʭʘʥʽʯʥʠʡ ʨʫʭ ʝʣʝʢʪʨʦʛʝʥʝʨʘʪʦʨʘ 19 ʟʘʚʜʷʢʠ ʟʤʽʥʽ 
ʪʝʤʧʝʨʘʪʫʨʠ ʨʦʙʦʯʦʛʦ ʪʽʣʘ, ʱʦ ʮʠʨʢʫʣʶʻ ʚ ʟʘʢʨʠʪʦʤʫ ʦʙôʻʤʽ. 

ʇʘʨʦʛʘʟʦʚʘ ʩʫʤʽʰ, ʷʢʘ ʧʨʦʡʰʣʘ ʯʝʨʝʟ ʧʘʨʦʛʘʟʦʚʫ ʫʩʪʘʥʦʚʢʫ ʟ ʙʣʦʢʦʤ ʧʽʜʛʦʪʦʚʢʠ ʽ ʧʦʜʘʯʽ ʨʦʙʦʯʦʛʦ 
ʪʽʣʘ ʜʣʷ ʪʝʧʣʦʚʦʛʦ ʜʚʠʛʫʥʘ ʧʦʜʘʻʪʴʩʷ ʚ ʢʦʥʜʝʥʩʘʪʦʨ (ʧʘʨʦʚʦʜʷʥʠʡ ʪʝʧʣʦʦʙʤʽʥʥʠʢ) 15 ʽ/ʘʙʦ 20 ʜʣʷ ʦʪʨʠʤʘʥʥʷ 
ʛʘʨʷʯʦʾ ʚʦʜʠ ʽ ʧʦʜʘʯʽ ʾʾ ʚ ʩʠʩʪʝʤʫ ʦʧʘʣʝʥʥʷ ʽ/ʘʙʦ ʪʝʨʤʦʽʟʦʣʴʦʚʘʥʫ ʤʽʩʪʢʽʩʪʴ ʟ ʛʘʨʷʯʦʶ ʚʦʜʦʶ ʜʣʷ ʧʦʜʘʯʽ 
ʩʧʦʞʠʚʘʯʘʤ. 

ɺ ʧʨʦʧʦʥʦʚʘʥʽʡ ʂʋ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʽʥʥʦʚʘʮʽʡʥʘ ʪʝʭʥʦʣʦʛʽʷ ʥʘʜʢʨʠʪʠʯʥʦʾ ɻʊɼ ʦʨʛʘʥʽʯʥʠʭ 
ʚʽʜʭʦʜʽʚ., ʱʦ ʟʥʘʯʥʦ ʨʦʟʰʠʨʶ ̒ʾʾ ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ. ɿʙʽʣʴʰʝʥʥʷ ʂʂɼ ʜʦʩʷʛʘʻʪʴʩʷ ʦʩʥʘʱʝʥʥʷʤ ʂʋ 
ʮʠʬʨʦʚʦʶ ʩʠʩʪʝʤʦʶ ʢʝʨʫʚʘʥʥʷ, ʢʽʣʴʢʦʤʘ ʨʝʘʢʪʦʨʘʤʠ, ʱʦ ʧʨʘʮʶʶʪʴ ʧʘʨʘʣʝʣʴʥʦ, ʧʨʠʯʦʤʫ  ʤʦʜʫʣʽ 
ʧʽʜʛʦʪʦʚʢʠ ʽ ʧʦʜʘʯʽ ʦʨʛʘʥʽʯʥʠʭ ʚʽʜʭʦʜʽʚ, ʨʝʘʢʪʦʨ ʽʟ ʢʣʘʧʘʥʥʠʤʠ ʧʨʠʩʪʨʦʷʤʠ, ʪʝʧʣʦʚʠʡ ʜʚʠʛʫʥ, 
ʪʝʧʣʦʦʙʤʽʥʥʠʢʠ, ʥʘʩʦʩʠ, ʤʽʩʪʢʦʩʪʽ ʽʟ ʦʢʠʩʥʶʚʘʯʝʤ ʽ ʚʦʜʦʶ ʟ'ʻʜʥʫʶʪʴ ʪʝʨʤʦʽʟʦʣʴʦʚʘʥʠʤʠ ʪʨʫʙʦʧʨʦʚʦʜʘʤʠ. ɰʾ 
ʤʦʞʥʘ ʚʠʛʦʪʦʚʣʷʪʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʽʜʦʤʠʭ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʤʘʪʝʨʽʘʣʽʚ, ʫʩʪʘʪʢʫʚʘʥʥʷ ʪʘ ʽʥʩʪʨʫʤʝʥʪʽʚ. 
ʇʨʠʨʦʜʥʦ, ʱʦ ʧʨʠ ʚʠʙʦʨʽ ʢʦʥʢʨʝʪʥʠʭ ʬʦʨʤ ʧʨʘʢʪʠʯʥʦʛʦ ʟʜʽʡʩʥʝʥʥʷ ʂʋ ʤʦʞʣʠʚʽ ʜʦʧʦʚʥʝʥʥʷ ʽ/ʘʙʦ 
ʫʪʦʯʥʝʥʥʷ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʚʠʯʘʡʥʠʭ ʟʥʘʥʴ ʬʘʭʽʚʮʽʚ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʈʦʟʛʣʷʥʫʪʽ ʧʠʪʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʝʬʝʢʪʠʚʥʠʭ ʽ ʝʢʦʣʦʛʽʯʥʦ ʯʠʩʪʠʭ ʝʥʝʨʛʦʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ 
ʢʦʛʝʥʝʨʘʮʽʾ. ʇʨʦʧʦʥʫʻʪʴʩʷ ʂʋ, ʷʢʘ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʾ ʪʘ ʝʢʦʣʦʛʽʯʥʦ 
ʙʝʟʧʝʯʥʦʾ ʫʪʠʣʽʟʘʮʽʾ ʦʨʛʘʥʽʯʥʠʭ ʚʽʜʭʦʜʽʚ. ɺʦʥʘ ʤʘʻ ʟʥʘʯʥʠʡ ʨʠʥʢʦʚʠʡ ʧʦʪʝʥʮʽʘʣ ʽ ʤʦʞʝ ʫʩʧʽʰʥʦ 
ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʱʦʜʦ ʩʪʚʦʨʝʥʥʷ ʘʚʪʦʥʦʤʥʦʛʦ, ʩʪʘʮʽʦʥʘʨʥʦʛʦ ʘʙʦ ʤʦʙʽʣʴʥʦʛʦ 
ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʝʣʝʢʪʨʠʯʥʦʶ ʽ ʪʝʧʣʦʚʦʶ ʝʥʝʨʛʽʻʶ ʧʨʦʤʠʩʣʦʚʠʭ ʪʘ ʞʠʪʣʦʚʠʭ 
ʦʙ'ʻʢʪʽʚ. ʈʦʙʦʪʫ ʧʣʘʥʫʻʪʴʩʷ ʧʨʦʜʦʚʞʠʪʠ ʫ ʥʘʧʨʷʤʢʫ ʦʧʪʠʤʽʟʘʮʽʡʥʦʛʦ ʩʠʥʪʝʟʫ ʦʢʨʝʤʠʭ ʤʦʜʫʣʽʚ ʂʋ ʟʘ 
ʨʽʟʥʠʤʠ ʢʨʠʪʝʨʽʷʤʠ, ʱʦ ʚʘʞʣʠʚʦ ʜʣʷ ʾʾ ʧʨʘʢʪʠʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ. 
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MODERN COATING TECHNOLOGIES  
 
The development of the country is determined by the efficiency of enterprises and organizations, which should simply survive in 

difficult conditions, and pursue an active strategy of transformation. Innovations in the technology of protective and decorative metal 
coatings create the necessary level of competition in the domestic paint and varnish coating. 

Innovative development of the country's economy is one of the highest priorities of state policy. The strategy of modernization is 
determined by the consistent transition of the economy to an innovative model of development to solve the problem of strategic support for 
sustainable and long-term dynamics of innovation processes. However, today there is no necessary level of competition in the domestic 
innovation market and entrepreneurs are aware of the importance of innovation in creating competitive advantages, as well as an adequate 
legal framework governing relations in the field of innovation. In addition, the generation of knowledge takes place in the public sphere, the 
application of this knowledge or the implementation of the obtained scientific and technical results is in the commercial industry. Metal has 
been and remains the main structural material of the industry - from means of production to consumer products, and the primary consumer 
properties of the product include its appearance and durability. Rust can kill these qualities in a matter of months and days, so perhaps more 
important is the quality of the product itself, and the quality of its coating. 

In this paper, an analysis of modern coating technologies is carried out, the strengths and weaknesses of different coating 
technologies are identified. 

Keywords: coating technologies, corrosion protection, metal, non-metal (ceramic), polymer coatings, electrochemical 
technologies. 

 
ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 
ɯʥʥʦʚʘʮʽʡʥʠʡ ʨʦʟʚʠʪʦʢ ʝʢʦʥʦʤʽʢʠ ʢʨʘʾʥʠ ʚʽʜʥʝʩʝʥʦ ʜʦ ʚʠʱʠʭ ʧʨʽʦʨʠʪʝʪʽʚ ʜʝʨʞʘʚʥʦʾ ʧʦʣʽʪʠʢʠ. 

ɺʠʟʥʘʯʘʻʪʴʩʷ ʩʪʨʘʪʝʛʽʻʶ ʤʦʜʝʨʥʽʟʘʮʽʾ ʧʦʩʣʽʜʦʚʥʠʡ ʧʝʨʝʭʽʜ ʝʢʦʥʦʤʽʢʠ ʥʘ ʽʥʥʦʚʘʮʽʡʥʫ ʤʦʜʝʣʴ ʨʦʟʚʠʪʢʫ ʜʣʷ 
ʚʠʨʽʰʝʥʥʷ ʧʨʦʙʣʝʤʠ ʩʪʨʘʪʝʛʽʯʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʩʪʘʣʦʾ ʪʘ ʜʦʚʛʦʪʨʠʚʘʣʦʾ ʜʠʥʘʤʽʢʠ ʽʥʥʦʚʘʮʽʡʥʠʭ ʧʨʦʮʝʩʽʚ. 

ʇʨʦʪʝ, ʥʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʚʽʜʩʫʪʥʽʡ ʥʝʦʙʭʽʜʥʠʡ ʨʽʚʝʥʴ ʢʦʥʢʫʨʝʥʮʽʾ ʥʘ ʚʽʪʯʠʟʥʷʥʦʤʫ 
ʽʥʥʦʚʘʮʽʡʥʦʤʫ ʨʠʥʢʫ ʪʘ ʫʩʚʽʜʦʤʣʝʥʥʷ ʧʽʜʧʨʠʻʤʮʷʤʠ ʟʥʘʯʫʱʦʩʪʽ ʽʥʥʦʚʘʮʽʡ ʫ ʩʪʚʦʨʝʥʥʽ ʢʦʥʢʫʨʝʥʪʥʠʭ 
ʧʝʨʝʚʘʛ, ʘ ʪʘʢʦʞ ʘʜʝʢʚʘʪʥʦʛʦ ʧʨʘʚʦʚʦʛʦ ʧʦʣʷ, ʱʦ ʨʝʛʫʣʶʻ ʚʽʜʥʦʩʠʥʠ ʫ ʩʬʝʨʽ ʽʥʥʦʚʘʮʽʡ. ʂʨʽʤ ʪʦʛʦ, ʛʝʥʝʨʘʮʽʷ 
ʟʥʘʥʴ ʚʽʜʙʫʚʘʻʪʴʩʷ ʫ ʜʝʨʞʘʚʥʽʡ ʩʬʝʨʽ, ʟʘʩʪʦʩʫʚʘʥʥʷ ʮʠʭ ʟʥʘʥʴ ʯʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʦʪʨʠʤʘʥʠʭ ʥʘʫʢʦʚʦ-
ʪʝʭʥʽʯʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʧʝʨʝʙʫʚʘʻ ʫ ʢʦʤʝʨʮʽʡʥʽʡ ʛʘʣʫʟʽ. 

ʄʝʪʘʣ ʙʫʚ ʽ ʟʘʣʠʰʘʻʪʴʩʷ ʦʩʥʦʚʥʠʤ ʢʦʥʩʪʨʫʢʮʽʡʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ï ʚʽʜ ʟʘʩʦʙʽʚ 
ʚʠʨʦʙʥʠʮʪʚʘ ʜʦ ʩʧʦʞʠʚʯʠʭ ʧʨʦʜʫʢʪʽʚ, ʧʨʠʯʦʤʫ, ʫ ʧʝʨʰʦʯʝʨʛʦʚʽ ʩʧʦʞʠʚʯʽ ʚʣʘʩʪʠʚʦʩʪʽ ʪʦʚʘʨʫ ʚʭʦʜʷʪʴ ʡʦʛʦ 
ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʴ. ɯʨʞʘ ʟʜʘʪʥʘ ʚʙʠʪʠ ʮʽ ʷʢʦʩʪʽ ʟʘ ʣʽʯʝʥʽ ʤʽʩʷʮʽ ʪʘ ʜʥʽ, ʪʦʤʫ ʤʦʞʣʠʚʦ 
ʚʘʞʣʠʚʽʰʘ ʥʝ ʷʢʽʩʪʴ ʩʘʤʦʛʦ ʚʠʨʦʙʫ, ʘ ʷʢʽʩʪʴ ʡʦʛʦ ʧʦʢʨʠʪʪʷ. 

ʉʧʨʦʙʫʶ ʨʦʟʽʙʨʘʪʠʩʷ ʣʠʰʝ ʟ ʦʩʥʦʚʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ ʜʣʷ ʟʘʭʠʩʪʫ ʚʽʜ ʢʦʨʦʟʽʾ, 
ʧʝʨʩʧʝʢʪʠʚʘʤʠ ʩʪʘʨʠʭ ʤʝʪʦʜʽʚ ʪʘ ʫʩʧʽʭʘʤʠ ʥʦʚʠʭ. 

 
ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɼʣʷ ʟʘʭʠʩʪʫ ʤʝʪʘʣʽʚ ʽ ʥʘʩʘʤʧʝʨʝʜ ï ʟʘʭʠʩʪʫ ʚʽʜ ʢʦʨʦʟʽʾ ʩʪʘʣʽ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʪʨʠ ʛʨʫʧʠ ʧʦʢʨʠʪʪʽʚ: 
- ʤʝʪʘʣʝʚʽ; 
- ʥʝʤʝʪʘʣʽʯʥʽ (ʢʝʨʘʤʽʯʥʽ); 
- ʧʦʣʽʤʝʨʥʽ. 
ʆʩʦʙʣʠʚʦ ʚʠʩʦʢʽ ʨʝʟʫʣʴʪʘʪʠ, ʥʘʧʨʠʢʣʘʜ, ʘʚʪʦʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʜʦʩʷʛʘʶʪʴʩʷ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʢʦʤʙʽʥʦʚʘʥʠʭ ʧʦʢʨʠʪʪʽʚ ʩʪʘʣʝʚʦʛʦ ʧʨʦʢʘʪʫ. 
ɽʬʝʢʪʠʚʥʠʡ ʟʘʭʠʩʪ ʯʦʨʥʦʛʦ ʤʝʪʘʣʫ (ʪʦʙʪʦ ʨʽʟʢʝ ʟʥʠʞʝʥʥʷ ʰʚʠʜʢʦʩʪʽ ʢʦʨʦʟʽʾ) ʜʦʩʷʛʘʻʪʴʩʷ ʪʨʴʦʤʘ ʤʝʪʦʜʘʤʠ: 
- ʟʤʽʥʦʶ ʩʘʤʦʛʦ ʤʝʪʘʣʫ ʪʘ ʡʦʛʦ ʦʢʩʠʜʥʦʾ ʧʣʽʚʢʠ (ʥʘʧʨʠʢʣʘʜ, ʩʢʣʘʜʫ ʤʝʪʘʣʫ ʜʦ ʥʝʨʞʘʚʽʶʯʠʭ ʽ ʩʪʘʣʝʡ ʪʦʱʦ); 
- ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʘʭʠʩʥʠʭ ʤʝʪʘʣʝʚʠʭ ʧʦʢʨʠʪʪʽʚ (ʮʠʥʢʫʚʘʥʥʷ ʪʦʱʦ); 
- ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʟʘʭʠʩʥʠʭ ʥʝʤʝʪʘʣʽʯʥʠʭ ʧʦʢʨʠʪʪʽʚ (ʧʦʣʽʤʝʨʥʠʭ ʪʦʱʦ). 
ɹʝʟʫʤʦʚʥʦ, ʝʬʝʢʪʠʚʥʘ ʢʦʤʙʽʥʘʮʽʷ ʨʽʟʥʠʭ ʤʝʪʦʜʽʚ, ʥʘʧʨʠʢʣʘʜ ʬʦʨʤʫʚʘʥʥʷ ʙʘʛʘʪʦʰʘʨʦʚʠʭ ʧʦʢʨʠʪʪʽʚ 

ʤʝʪʘʣʫ. ɺʩʝ ʮʝ ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʧʦʰʠʨʝʥʠʭ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʤʝʪʘʣʝʚʠʭ ʚʠʨʦʙʽʚ ʚ ʫʤʦʚʘʭ ʥʘʰʦʛʦ ʢʣʽʤʘʪʫ [1]. 
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ɽʣʝʢʪʨʦʭʽʤʽʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ. 
ʎʝʡ ʤʝʪʦʜ ʜʦʟʚʦʣʷʻ ʟʘʭʠʱʘʪʠ ʤʘʪʝʨʽʘʣ ʥʘʥʝʩʝʥʥʷʤ ʣʠʰʝ ʤʝʪʘʣʝʚʠʭ ʧʦʢʨʠʪʪʽʚ ʽʟ ʯʠʩʪʠʭ ʤʝʪʘʣʽʚ ʪʘ 

(ʨʽʜʰʝ) ï ʦʢʨʝʤʠʭ ʩʧʣʘʚʽʚ. 
ʇʝʨʝʚʘʛʘ ʤʝʪʦʜʫ ʚ ʪʦʤʫ, ʱʦ ʚʽʥ ʜʦʙʨʝ ʪʝʭʥʦʣʦʛʽʯʥʦ ʚʽʜʧʨʘʮʴʦʚʘʥʠʡ ʽ ʫʥʽʚʝʨʩʘʣʴʥʠʡ ʜʣʷ ʥʘʥʝʩʝʥʥʷ 

ʙʘʛʘʪʴʦʭ ʤʝʪʘʣʽʚ (ʽ ʨʷʜʫ ʩʧʣʘʚʽʚ) ʥʘ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʫ ʦʩʥʦʚʫ. ʉʢʣʘʜʦʤ ʝʣʝʢʪʨʦʣʽʪʫ ʪʘ ʨʝʞʠʤʦʤ ʨʦʙʦʪʠ 
(ʪʝʤʧʝʨʘʪʫʨʘ, ʩʪʨʫʤ) ʤʦʞʥʘ ʣʝʛʢʦ ʨʝʛʫʣʶʚʘʪʠ ʷʢ ʚʣʘʩʪʠʚʦʩʪʽ, ʪʘʢ ʽ ʪʦʚʱʠʥʫ ʧʦʢʨʠʪʪʷ. ʗʢʽʩʪʴ ʧʦʢʨʠʪʪʷ 
(ʩʫʮʽʣʴʥʽʩʪʴ ʪʦʱʦ) ʟʘ ʩʫʚʦʨʦʛʦ ʜʦʪʨʠʤʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʚʠʩʦʢʘ [1]. 

ɿʘʛʘʣʴʥʠʤ ʥʝʜʦʣʽʢʦʤ ʚʩʽʭ ʝʣʝʢʪʨʦʭʽʤʽʯʥʠʭ ʤʝʪʦʜʽʚ ʻ ʜʦʜʘʪʢʦʚʠʡ ʧʨʦʮʝʩ ʷʢʽʩʥʦʛʦ ʦʯʠʱʝʥʥʷ 
ʧʦʚʝʨʭʥʽ ʤʝʪʘʣʫ ʜʦ ʧʦʢʨʠʪʪʷ. ɯʥʰʠʤ ʥʝʜʦʣʽʢʦʤ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʯʘʩʪʦ ʻ ʾʾ ʝʢʦʣʦʛʽʯʥʘ ʰʢʽʜʣʠʚʽʩʪʴ (ʚʽʜ 
ʩʝʨʝʜʥʴʦʾ ʜʦ ʚʠʩʦʢʦʾ), ʱʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʭʽʤʨʝʘʢʪʠʚʽʚ ʦʯʠʱʝʥʥʷ, ʝʣʝʢʪʨʦʣʽʪʫ, ʚʽʜʭʦʜʽʚ ʧʨʦʮʝʩʫ. ʆʩʦʙʣʠʚʦ 
ʪʦʢʩʠʯʥʽ ʪʘ ʥʝʙʝʟʧʝʯʥʽ ʪʝʭʥʦʣʦʛʽʾ ʢʘʜʤʫʚʘʥʥʷ, ʩʚʠʥʮʶʚʘʥʥʷ, ʝʣʝʢʪʨʦʣʽʪʠ ʭʨʦʤʫʚʘʥʥʷ, ʟʦʣʦʯʝʥʥʷ ʪʘ 
ʩʨʽʙʣʝʥʥʷ. ʇʦʰʫʢ ʙʽʣʴʰ ʙʝʟʧʝʯʥʠʭ ʨʝʘʛʝʥʪʽʚ ʜʘʻ ʤʘʣʽ ʨʝʟʫʣʴʪʘʪʠ. 

çɻʘʨʷʯʠʡè ʩʧʦʩʽʙ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ. 
"ɻʘʨʷʯʠʤ" ʩʧʦʩʦʙʦʤ (ʟʘʥʫʨʝʥʥʷʤ ʤʝʪʘʣʫ ʚ ʨʦʟʧʣʘʚ) ï ʷʢ ʧʨʘʚʠʣʦ, ʥʘʥʦʩʷʪʴ ʧʦʢʨʠʪʪʷ ʮʠʥʢʫ, ʦʣʦʚʘ, 

ʘʣʶʤʽʥʽʶ ʪʘ ʨʷʜʫ ʩʧʣʘʚʽʚ (ʽ ʤʘʣʦʛʦ ʨʷʜʫ ʢʝʨʘʤʽʯʥʠʭ ʝʤʘʣʝʡ). ɿʘʭʠʱʘʻʪʴʩʷ ʚʽʜ ʢʦʨʦʟʽʾ ʮʠʤʠ ʩʧʦʩʦʙʘʤʠ 
ʧʝʨʝʚʘʞʥʦ ʩʪʘʣʴ [2]. ʆʩʢʽʣʴʢʠ ʥʘʙʽʨ ʧʨʠʜʘʪʥʠʭ ʧʨʠ ʮʴʦʤʫ ʤʝʪʦʜʫ ʨʦʟʧʣʘʚʽʚ ʜʫʞʝ ʦʙʤʝʞʝʥʠʡ, ʪʦ ʥʘ 
ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ ʤʝʪʦʜ ʥʝ ʧʨʝʪʝʥʜʫʻ. 

ʇʝʨʝʚʘʛʘ ʡʦʛʦ ï ʥʘʡʚʠʱʘ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ. ʇʦʢʨʠʪʪʷ, ʪʦʚʱʠʥʦʶ ʜʦ ʯʘʩʪʦʢ ʤʽʣʽʤʝʪʨʘ, ʬʦʨʤʫʻʪʴʩʷ ʟʘ 
ʣʽʯʝʥʽ ʩʝʢʫʥʜʠ. ʊʦʤʫ ʢʦʤʧʣʝʢʩ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʧʦʢʨʠʪʪʽʚ ʽʟ ʨʦʟʧʣʘʚʽʚ ʜʦʙʨʝ ʚʧʠʩʫʻʪʴʩʷ ʫ ʩʫʯʘʩʥʽ 
ʙʝʟʧʝʨʝʨʚʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʣʽʥʽʾ. 

ʅʝʜʦʣʽʢʦʤ ʤʝʪʦʜʫ ʻ ʥʝ ʥʘʜʪʦ ʚʠʩʦʢʘ ʨʽʚʥʦʤʽʨʥʽʩʪʴ ʧʦʢʨʠʪʪʷ. ʇʨʠ ʮʠʥʢʫʚʘʥʥ ̔ʜʝʪʘʣʝʡ ʟʘʥʫʨʝʥʥʷʤ 
ʪʦʚʱʠʥʘ ʰʘʨʫ ʥʘ ʦʢʨʝʤʠʭ ʜʽʣʷʥʢʘʭ ʯʝʨʝʟ ʥʘʧʣʠʚʠ ʢʦʣʠʚʘʻʪʴʩʷ ʚʽʜ ʥʦʤʽʥʘʣʫ ʚ 5ï50 ʤʢʤ ʜʦ 0,2 ʤʤ ʽ ʙʽʣʴʰʝ. 
ʄʝʪʦʜʽʚ ʯʽʪʢʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʪʦʚʱʠʥʠ ʧʦʢʨʠʪʪʷ ʪʘ ʡʦʛʦ ʷʢʦʩʪʽ ʜʣʷ ʮʴʦʛʦ ʤʝʪʦʜʫ ʚ ʧʨʠʥʮʠʧʽ ʥʝʤʘʻ. ʆʜʥʘʢ 
ʜʣʷ ʨʫʣʦʥʥʦʛʦ ʣʠʩʪʦʚʦʛʦ ʧʨʦʢʘʪʫ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʪʘ ʩʪʘʙʽʣʽʟʘʮʽʷ ʨʝʞʠʤʫ ʥʘʥʝʩʝʥʥʷ ʟʘʙʝʟʧʝʯʫʻ ʜʫʞʝ ʚʠʩʦʢʫ 
ʷʢʽʩʪʴ ʧʦʢʨʠʪʪʷ. 

ɻʘʨʷʯʝʦʮʠʥʢʦʚʘʥʘ ʩʪʘʣʴ (ʘʨʢʫʰ, ʪʨʫʙʠ ʪʘ ʜʝʪʘʣʽ) ʻ ʥʘʡʙʽʣʴʰ ʤʘʩʦʚʦʶ ʧʨʦʜʫʢʮʽʻʶ ʩʚʽʪʦʚʦʾ 
ʤʝʪʘʣʫʨʛʽʾ, ʟʘʭʠʱʝʥʦʾ ʚʽʜ ʢʦʨʦʟʽʾ. 

ɭʚʨʦʧʝʡʩʴʢʽ ʪʘ ʘʤʝʨʠʢʘʥʩʴʢʽ ʩʪʘʥʜʘʨʪʠ ʚʢʣʶʯʘʶʪʴ ʪʦʥʢʫ ʦʮʠʥʢʦʚʘʥʫ ʩʤʫʛʫ (ʪʦʚʱʠʥʦʶ ʤʝʥʰʝ 0,4 
ʤʤ), ʪʦʥʢʽ ʧʦʢʨʠʪʪʷ (ʜʦ 10 ʤʢʤ) ʪʘ ʮʠʥʢʫʚʘʥʥʷ ʛ/ʢ ʣʠʩʪʘ, ʚ ʋʢʨʘʾʥʽ ʚʠʧʫʩʢʘʶʪʴ ʦʮʠʥʢʫʚʘʥʥʷ ʪʦʚʱʠʥʦʶ ʚʽʜ 
0,5 ʜʦ 2,5 ʤʤ. 

ʅʝʜʦʣʽʢʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʦʪʦʚʦʛʦ ʦʮʠʥʢʦʚʘʥʦʛʦ ʧʨʦʢʘʪʫ ʻ ʥʝʟʘʭʠʱʝʥʽʩʪʴ ʚʽʜʨʽʟʥʠʭ ʢʨʦʤʦʢ, ʦʪʚʦʨʽʚ, 
ʟʚʘʨʶʚʘʣʴʥʠʭ ʰʚʽʚ ʪʦʱʦ. ʇʦʚʥʠʡ ʟʘʭʠʩʪ ʤʦʞʣʠʚʠʡ ʧʨʠ ʛʘʨʷʯʦʤʫ ʮʠʥʢʫʚʘʥʥʽ ʛʦʪʦʚʠʭ ʤʝʪʘʣʦʢʦʥʩʪʨʫʢʮʽʡ ʪʘ 
ʜʝʪʘʣʝʡ. ʊʝʭʥʦʣʦʛʽʷ ʧʦʚʥʦʛʦ ʮʠʥʢʫʚʘʥʥʷ ʢʦʥʩʪʨʫʢʮʽʡ ʥʝ ʻ ʙʝʟʧʝʨʝʨʚʥʦʶ, ʘʣʝ ʙʽʣʴʰ ʧʨʦʜʫʢʪʠʚʥʘ, ʥʽʞ 
ʝʣʝʢʪʨʦʣʽʪʠʯʥʘ. ʗʢʽʩʪʴ ʟʘʙʝʟʧʝʯʫʻʪʴʩʷ ʧʦʚʥʠʤ ʜʦʪʨʠʤʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ ʧʨʦʮʝʩʫ (ʧʦʯʠʥʘʶʯʠ ʚʽʜ ʦʯʠʱʝʥʥʷ 
ʜʝʪʘʣʽ) ʽ ʻ ʜʫʞʝ ʚʠʩʦʢʦ.ʁ 

ɯʦʥʥʝ (ʚʘʢʫʫʤʥʦ-ʧʣʘʟʤʦʚʝ) ʥʘʥʝʩʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʪʘ ʽʥʰʠʭ ʧʦʢʨʠʪʪʽʚ. 
ʅʘʥʝʩʝʥʥʷ ʜʝʢʦʨʘʪʠʚʥʦ-ʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʘʢʫʫʤʥʠʭ ʽʦʥʥʦ-ʧʣʘʟʤʦʚʠʭ (ʚʘʢʫʫʤʥʦ-

ʜʫʛʦʚʦʛʦ ʪʘ ʤʘʛʥʝʪʨʦʥʥʦʛʦ) ʤʝʪʦʜʽʚ ʥʘʧʠʣʝʥʥʷ ʟʥʘʭʦʜʠʪʴ ʰʠʨʦʢʝ ʧʦʰʠʨʝʥʥʷ ʟʘʚʜʷʢʠ ʝʢʦʣʦʛʽʯʥʽʡ ʯʠʩʪʦʪʽ 
ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʚʠʩʦʢʽʡ ʷʢʦʩʪʽ ʦʜʝʨʞʫʚʘʥʠʭ ʜʝʢʦʨʘʪʠʚʥʦ-ʟʘʭʠʩʥʠʭ ʧʣʽʚʦʢ [3]. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʚʘʢʫʫʤʥʠʭ ʤʝʪʦʜʽʚ ʥʘʥʝʩʝʥʥʷ ʟʘʭʠʩʥʦ-ʜʝʢʦʨʘʪʠʚʥʠʭ ʧʦʢʨʠʪʪʽʚ ʤʦʞʣʠʚʦ ʬʦʨʤʫʚʘʪʠ 
ʧʣʽʚʢʠ ʟ ʨʽʟʥʠʭ ʤʝʪʘʣʽʚ ʪʘ ʾʭ ʩʧʦʣʫʢ: ʪʠʪʘʥʫ, ʮʠʨʢʦʥʽʶ, ʘʣʶʤʽʥʽʶ, ʩʨʽʙʣʘ, ʭʨʦʤʫ, ʥʽʢʝʣʶ, ʥʽʦʙʽʶ, ʪʘʥʪʘʣʫ, 
ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ, ʥʽʪʨʠʜʫ ʪʠʪʘʥʫ (TiNx), ʥʽʪʨʠʜʫ ʦʢʩʠʜʫ ʪʠʪʘʥʫ (TiOx), ʦʢʩʠʜʫ ʮʠʨʢʦʥʽʶ (ZrOx), ʦʢʩʠʜʫ 
ʘʣʶʤʽʥʽʶ (Al2O3), ʦʢʩʠʢʘʨʙʽʜʫ ʪʠʪʘʥʫ (TiCxOy), ʦʢʩʠʢʘʨʙʽʜʫ ʮʠʨʢʦʥʽʶ (ZrCxOy), ʢʘʨʙʦʥʽʪʨʠʜʫ ʪʠʪʘʥʫ 
(TixNyCz) ʪʦʱʦ. 

ʐʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʽʟʥʦʛʦ ʧʦʻʜʥʘʥʥʷ ʨʝʘʢʪʠʚʥʠʭ ʛʘʟʽʚ (ʘʟʦʪʫ, ʘʮʝʪʠʣʝʥʫ, ʢʠʩʥʶ, ʚʫʛʣʝʢʠʩʣʦʛʦ 
ʛʘʟʫ) ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʨʘʢʪʠʯʥʦ ʙʫʜʴ-ʷʢʠʡ ʢʦʣʽʨʥʠʡ ʚʽʜʪʽʥʦʢ. 

ɼʝʢʦʨʘʪʠʚʥʦ-ʟʘʭʠʩʥʽ ʧʦʢʨʠʪʪʷ ʥʘʥʦʩʷʪʴʩʷ ʚʘʢʫʫʤʥʠʤʠ ʤʝʪʦʜʘʤʠ ʥʘ ʚʠʨʦʙʠ ʟ ʤʽʜʽ, ʣʘʪʫʥʽ, 
ʤʝʣʴʭʽʦʨʫ, ʥʝʡʟʠʣʴʙʝʨʫ, ʩʪʘʣʽ, ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ, ʪʦʤʧʘʢʫ, ʧʣʘʩʪʤʘʩ, ʩʢʣʘ, ʢʝʨʘʤʽʢʠ ʪʦʱʦ. ɼʣʷ 
ʚʠʧʨʘʚʣʝʥʥʷ ʥʝʜʦʣʽʢʽʚ ʰʦʨʩʪʢʦʩʪʽ ʪʘ ʬʘʢʪʫʨʠ ʧʦʚʝʨʭʥʽ ʟʘʛʦʪʦʚʦʢ, ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ ʤʝʭʘʥʽʯʥʠʭ ʪʘ 
ʢʦʨʦʟʽʡʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʽʚ ʥʝʦʙʭʽʜʥʦ ʥʘʥʦʩʠʪʠ ʥʘ ʤʘʪʝʨʽʘʣʠ ʜʝʷʢʽ ʜʦʜʘʪʢʦʚʦ ʙʘʨ'ʻʨʥʽ ʰʘʨʠ. 
ʗʢ ʙʘʨ'ʻʨʥʽ ʰʘʨʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʛʘʣʴʚʘʥʽʯʥʽ (ʭʨʦʤ, ʤʽʜʴ-ʭʨʦʤ), ʣʘʢʦʬʘʨʙʦʚʽ ʤʘʪʝʨʽʘʣʠ (ʥʘʧʨʠʢʣʘʜ, ʧʨʠ 
ʥʘʧʠʣʝʥʥʽ ʥʘ ʧʣʘʩʪʤʘʩʠ). ɯʥʦʜʽ ʥʘ ʜʝʢʦʨʘʪʠʚʥʽ ʧʦʢʨʠʪʪʷ ʥʘʥʦʩʷʪʴʩʷ ʟʘʭʠʩʥʽ ʧʣʽʚʢʠ (ʥʘʧʨʠʢʣʘʜ, ʣʘʢʦʚʽ ʧʨʠ 
ʥʘʧʠʣʝʥʥʽ ʥʘ ʧʣʘʩʪʠʢ). 

ʗʢʽʩʪʴ ʜʝʢʦʨʘʪʠʚʥʦ-ʟʘʭʠʩʥʠʭ ʧʦʢʨʠʪʪʽʚ ʧʦʚʥʽʩʪʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢʽʩʪʶ ʧʦʚʝʨʭʥʽ ʟʘʛʦʪʦʚʦʢ 
(ʰʦʨʩʪʢʽʩʪʴ, ʬʘʢʪʫʨʘ ʪʦʱʦ), ʷʢʽʩʪʶ ʧʽʜʛʦʪʦʚʢʠ ʧʦʚʝʨʭʥʽ ʟʘʛʦʪʦʚʦʢ (ʥʘʷʚʥʽʩʪʴ ʟʘʙʨʫʜʥʝʥʴ, ʥʘʷʚʥʽʩʪʴ ʦʢʠʩʥʠʭ 
ʧʣʽʚʦʢ, ʩʪʫʧʝʥʝʤ ʘʢʪʠʚʘʮʽʾ ʧʦʚʝʨʭʥʽ ʽʦʥʥʠʤ ʪʨʘʚʣʝʥʥʷʤ), ʢʫʣʴʪʫʨʦʶ ʚʠʨʦʙʥʠʮʪʚʘ. 

ʅʝʜʦʣʽʢʦʤ ʚʘʢʫʫʤʥʦʛʦ ʽʦʥʥʦ-ʧʣʘʟʤʦʚʦʛʦ ʥʘʧʠʣʝʥʥʷ ʻ ʪʝ, ʱʦ ʥʝ ʜʦʧʫʩʢʘʻʪʴʩʷ ʧʦʜʘʣʴʰʘ ʤʝʭʘʥʽʯʥʘ 
ʦʙʨʦʙʢʘ ʜʝʪʘʣʝʡ, ʾʭ ʧʘʷʥʥʷ, ʟʚʘʨʶʚʘʥʥʷ. 

ʇʦʣʽʤʝʨʥʽ (ʣʘʢʦʬʘʨʙʦʚʽ) ʧʦʢʨʠʪʪʷ. 
ʇʦʣʽʤʝʨʥʽ ʧʦʢʨʠʪʪʷ ʻ ʜʦʩʠʪʴ ʧʦʧʫʣʷʨʥʠʤ ʣʘʢʦʬʘʨʙʦʚʠʤ ʤʘʪʝʨʽʘʣʦʤ. ʋ ʣʘʢʦʬʘʨʙʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ 

ʚʦʥʠ ʟ'ʷʚʠʣʠʩʷ ʧʦʨʽʚʥʷʥʦ ʜʘʚʥʦ. ʇʨʦʪʝ, ʩʧʨʘʚʞʥʽʤ ʧʨʦʨʠʚʦʤ ʫ ʮʽʡ ʛʘʣʫʟʽ ʙʫʣʦ ʩʪʚʦʨʝʥʥʷ ʧʦʨʦʰʢʦʚʠʭ 
ʧʦʣʽʤʝʨʽʚ, ʷʢʽ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʩʚʦʻʶ ʥʘʜʟʚʠʯʘʡʥʦʶ ʷʢʽʩʪʶ ʧʦʢʨʠʪʪʷ ʪʘ ʜʦʚʛʦʚʽʯʥʽʩʪʶ [4]. ɼʘʥʽ ʧʦʢʨʠʪʪʷ, ʚ 
ʧʦʨʽʚʥʷʥʥʽ ʟ ʽʥʰʠʤʠ ʩʠʥʪʝʪʠʯʥʠʤʠ ʧʦʣʽʤʝʨʘʤʠ, ʻ ʤʦʣʦʜʰʠʤʠ ʥʘ ʨʠʥʢʫ ʣʘʢʦʬʘʨʙʦʚʦʾ ʧʨʦʜʫʢʮʽʾ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʧʦʨʦʰʢʦʚʽ ʧʦʣʽʤʝʨʥʽ ʧʦʢʨʠʪʪʷ ʯʝʨʝʟ ʩʚʦʾ ʫʥʽʢʘʣʴʥʽ ʚʣʘʩʪʠʚʦʩʪʽ 
ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʚ ʢʦʞʥʽʡ ʩʬʝʨʽ ʣʶʜʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ. ʆʩʦʙʣʠʚʦ ʧʦʧʫʣʷʨʥʠʤʠ ʻ ʧʨʠ ʬʘʨʙʫʚʘʥʥʽ 
ʨʽʟʥʠʭ ʤʝʪʘʣʝʚʠʭ ʧʦʚʝʨʭʦʥʴ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʤʝʪʘʣʦʯʝʨʝʧʠʮʽ, ʯʦʚʥʽʚ, ʘ ʪʘʢʦʞ ʘʚʪʦʤʦʙʽʣʽʚ. ʊʘʢʘ ʧʦʧʫʣʷʨʥʽʩʪʴ 
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ʦʙʫʤʦʚʣʝʥʘ ʚʠʩʦʢʠʤʠ ʟʘʭʠʩʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʧʦʣʽʤʝʨʥʦʛʦ ʧʦʢʨʠʪʪʷ, ʷʢʠʤ ʧʦʢʨʠʪʪʷ ʟʦʙʦʚ'ʷʟʘʥʽ ʩʚʦʾʤʠ 
ʢʦʤʧʦʥʝʥʪʘʤʠ. ʇʨʘʢʪʠʯʥʦ ʚʩʽ ʩʢʣʘʜʠ ʧʦʣʽʤʝʨʥʠʭ ʧʦʢʨʠʪʪʽʚ ʤʽʩʪʷʪʴ ʫ ʩʦʙʽ ʦʩʥʦʚʥʫ ʩʧʦʣʫʯʥʫ ʨʝʯʦʚʠʥʫ, ʷʢʘ 
ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʦʩʥʦʚʠ ʪʘ ʟʘʪʚʝʨʜʞʫʚʘʯʘ. 

ʇʦʣʽʤʝʨʥʽ ʧʦʢʨʠʪʪʷ ʤʘʶʪʴ ʩʚʦʾ ʦʩʦʙʣʠʚʦʩʪʽ ʧʽʜ ʯʘʩ ʾʭ ʥʘʥʝʩʝʥʥʷ, ʫ ʟʚ'ʷʟʢʫ ʟ ʷʢʠʤʠ ʚʦʥʠ ʥʝ ʧʨʦʩʪʦ 
ʧʦʢʨʠʚʘʶʪʴ ʧʦʚʝʨʭʥʶ, ʘ ʧʨʦʥʠʢʘʶʪʴ ʜʦ ʥʝʾ, ʪʦʙʪʦ. ʟʚ'ʷʟʫʶʪʴʩʷ ʟ ʧʦʚʝʨʭʥʝʶ, ʦʩʦʙʣʠʚʦ ʤʝʪʘʣʝʚʦʶ, ʥʘ 
ʤʦʣʝʢʫʣʷʨʥʦʤʫ ʨʽʚʥʽ; 

ʇʦʣʽʤʝʨʥʝ ʧʦʢʨʠʪʪʷ ʩʪʽʡʢʝ ʜʦ ʚʧʣʠʚʫ ʚʦʣʦʛʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʫʣʴʪʨʘʬʽʦʣʝʪʫ, ʜʦ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨ, 
ʜʦ ʘʛʨʝʩʠʚʥʦʛʦ ʣʫʞʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘ ʪʘʢʦʞ ʜʦ ʙʫʜʴ-ʷʢʠʭ ʭʽʤʽʢʘʪʽʚ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʨʦʟʯʠʥʥʠʢʽʚ. ɼʣʷ 
ʬʘʨʙʫʚʘʥʥʷ ʤʝʪʘʣʝʚʠʭ ʚʠʨʦʙʽʚ ʥʝʦʙʭʽʜʥʝ ʩʧʝʮʽʘʣʴʥʝ ʦʙʣʘʜʥʘʥʥʷ ʬʘʨʙʦʧʫʣʴʪʫ. ʁʦʛʦ ʦʩʦʙʣʠʚʽʩʪʴ ʧʦʣʷʛʘʻ ʚ 
ʪʦʤʫ, ʱʦ ʚʽʥ ʥʝ ʣʠʰʝ ʚʠʩʪʫʧʘʻ ʧʫʣʴʚʝʨʠʟʘʪʦʨʦʤ, ʘ ʡ ʟʘʨʷʜʞʘʻ ʧʦʨʦʰʦʢ ʝʣʝʢʪʨʠʢʦʶ. ʊʘʢʠʤ ʯʠʥʦʤ, ʙʘʢ 
ʬʘʨʙʦʧʫʣʴʪʘ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʦ ʧʦʟʠʪʠʚʥʦʛʦ ʟʘʨʷʜʫ, ʪʦʜʽ ʷʢ ʚʠʨʽʙ, ʥʘ ʷʢʠʡ ʥʘʥʦʩʠʪʴʩʷ ʬʘʨʙʘ, ʤʘʻ ʥʝʛʘʪʠʚʥʠʡ 
ʟʘʨʷʜ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʚʠʥʠʢʥʝʥʥʷ ʤʘʛʥʽʪʥʦʾ ʽʥʜʫʢʮʽʾ ʧʨʠ ʟʽʪʢʥʝʥʥʽ ʬʘʨʙʠ ʟ ʧʦʚʝʨʭʥʝʶ. ʎʷ ʤʘʛʥʽʪʥʘ ʽʥʜʫʢʮʽʷ 
ʯʠʤʦʩʴ ʩʭʦʞʘ ʥʘ ʪʫ, ʷʢʘ ʚʠʥʠʢʘʻ ʧʨʠ ʟʘʤʠʢʘʥʥʽ ʝʣʝʢʪʨʦʜʘ ʚ ʜʫʛʦʚʦʤʫ ʟʚʘʨʶʚʘʥʥʽ. ʉʘʤʝ ʟʘʚʜʷʢʠ ʮʴʦʤʫ ʽ 
ʚʽʜʙʫʚʘʻʪʴʩʷ ʟ'ʻʜʥʘʥʥʷ ʤʦʣʝʢʫʣ ʬʘʨʙʠ ʪʘ ʧʦʚʝʨʭʥʽ, ʱʦ ʬʘʨʙʫʻʪʴʩʷ. 

ʅʝʜʦʣʽʢʘʤʠ ʧʦʣʽʤʝʨʥʠʭ (ʣʘʢʦʬʘʨʙʦʚʠʭ) ʧʦʢʨʠʪʪʽʚ ʻ ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʧʦʢʨʠʪʪʷ, ʧʨʦʙʣʝʤʘʪʠʯʥʽʩʪʴ 
ʚʠʜʘʣʝʥʥʷ ʧʦʢʨʠʪʪʷ, ʚʽʜʩʫʪʥʽʩʪʴ ʤʦʞʣʠʚʦʩʪʽ ʩʘʤʦʩʪʽʡʥʦʛʦ ʧʦʢʨʠʪʪʷ. ʇʦʣʽʤʝʨʥʽ ʧʦʢʨʠʪʪʷ ʧʽʜʭʦʜʷʪʴ ʣʠʰʝ 
ʜʣʷ ʤʝʪʘʣʝʚʠʭ ʧʦʚʝʨʭʦʥʴ. ʂʨʽʤ ʮʴʦʛʦ, ʟ ʯʘʩʦʤ ʚʽʜʙʫʚʘʻʪʴʩʷ ʩʪʘʨʽʥʥʷ ʣʘʢʦʬʘʨʙʦʚʠʭ ʧʦʢʨʠʪʪʽʚ, ʱʦ 
ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʜʝʬʝʢʪʽʚ ʧʣʽʚʢʠ ʽ ʚʽʜʧʦʚʽʜʥʦ ʟʙʽʣʴʰʫʻ ʧʨʦʥʠʢʥʽʩʪʴ ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ. ʎʝʡ 
ʥʝʜʦʣʽʢ ʚʽʜʩʫʪʥʽʡ ʫ ʤʦʜʠʬʽʢʦʚʘʥʠʭ ʣʘʢʦʬʘʨʙʦʚʠʭ ʧʦʢʨʠʪʪʷʭ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʟʘʭʠʩʪʫ ʚʠʨʦʙʽʚ ʚʽʜ 
ʘʪʤʦʩʬʝʨʥʠʭ ʚʧʣʠʚʽʚ, ʭʽʤʽʯʥʠʭ ʨʝʘʛʝʥʪʽʚ, ʨʦʟʯʠʥʥʠʢʽʚ, ʤʠʶʯʠʭ ʟʘʩʦʙʽʚ, ʛʦʨʶʯʠʭ ʪʘ ʤʘʩʪʠʣʴʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, 
ʙʽʦʣʦʛʽʯʥʠʭ ʬʘʢʪʦʨʽʚ ʜʣʷ ʥʘʜʘʥʥʷ ʧʦʚʝʨʭʥʽ ʘʥʪʠʩʪʘʪʠʯʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʱʦ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʥʘʢʦʧʠʯʝʥʥʶ 
ʥʘ ʥʽʡ ʝʣʝʢʪʨʠʯʥʠʭ ʟʘʨʷʜʽʚ, ʩʪʚʦʨʝʥʥʷ ʥʘ ʧʦʚʝʨʭʥʽ ʚʠʨʦʙʫ ʝʣʝʢʪʨʦʧʨʦʚʽʜʥʦʛʦ ʰʘʨʫ ʧʝʨʝʜ ʤʝʪʘʣʽʟʘʮʽʻʶ 
ʛʘʣʴʚʘʥʽʯʥʠʤ ʩʧʦʩʦʙʦʤ, ʧʽʜʚʠʱʝʥʥʷ ʪʚʝʨʜʦʩʪʽ ʪʘ ʟʥʦʩʦʩʪʽʡʢʦʩʪʽ ʧʦʣʽʤʝʨʥʠʭ ʚʠʨʦʙʽʚ, ʩʪʘʙʽʣʽʟʘʮʽʾ 
ʚʣʘʩʪʠʚʦʩʪʝʡ ʤʽʮʥʦʩʪʽ, ʪʠʤʯʘʩʦʚʦʛʦ ʟʘʭʠʩʪʫ ʚʠʨʦʙʽʚ ʧʨʠ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʽ ʪʘ ʟʙʝʨʽʛʘʥʥʽ [5]. ʇʦʢʨʠʪʪʷ 
ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʦʞ ʜʣʷ ʩʪʘʙʽʣʽʟʘʮʽʾ ʚʠʭʽʜʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʪʘ ʦʪʨʠʤʘʥʥʷ ʚʠʨʦʙʽʚ ʟ 
ʥʝʦʙʭʽʜʥʠʤʠ ʜʝʢʦʨʘʪʠʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. ɼʝʢʦʨʘʪʠʚʥʽ ʧʦʢʨʠʪʪʷ ʧʨʠʟʥʘʯʝʥʽ ʜʣʷ ʚʠʨʽʚʥʶʚʘʥʥʷ ʧʦʚʝʨʭʥʽ 
ʪʘ ʟʘʢʣʘʜʝʥʥʷ ʚ ʥʽʡ ʚʘʜ, ʧʦʨ, ʪʝʢʩʪʫʨʠ ʥʘʧʦʚʥʶʚʘʯʘ ʪʘ ʧʦʰʢʦʜʞʝʥʴ, ʥʘʜʘʥʥʷ ʧʦʚʝʨʭʥʽ ʙʣʠʩʢʫ ʪʘ ʢʦʣʴʦʨʫ, 
ʩʪʚʦʨʝʥʥʷ ʦʜʥʦʪʦʥʥʦʛʦ ʧʦʢʨʠʪʪʷ ʫ ʚʠʨʦʙʽʚ, ʟʽʙʨʘʥʠʭ ʽʟ ʨʽʟʥʠʭ ʜʝʪʘʣʝʡ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʋ ʩʪʘʪʪʽ ʧʨʦʚʝʜʝʥʦ ʘʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʥʘʥʝʩʝʥʥʷ ʧʦʢʨʠʪʪʽʚ, ʚʠʟʥʘʯʝʥʽ ʩʠʣʴʥʽ ʪʘ ʩʣʘʙʢʽ 
ʩʪʦʨʦʥʠ ʨʽʟʥʠʭ ʪʝʭʥʦʣʦʛʽʡ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʙʽʨ ʟʘʣʠʰʘʻʪʴʩʷ ʟʘ ʩʧʦʞʠʚʘʯʝʤ: ʷʢʽ ʨʦʟʨʦʙʣʝʥʽ ʚʠʜʠ ʪʝʭʥʦʣʦʛʽʡ 
ʧʽʜʭʦʜʷʪʴ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʧʦʪʨʝʙ, ʚʠʭʦʜʷʯʠ ʟ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʦʩʥʦʚʥʠʭ ʚʠʜʽʚ ʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʥʝʩʝʥʥʷ 
ʟʘʭʠʩʥʦ-ʜʝʢʦʨʘʪʠʚʥʠʭ ʧʦʢʨʠʪʪʽʚ. 
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˔́̐̑̏̐̏̎̏̃́̎̏ ̨̗̟̋̏̎̒̓̑̔̋ ̝̩̄́̌̓̔̃́̌̎̏ ̙̍́̉̎̉ ̓̉̐̔ ȺTurbulaȻ ̨̈ ̒̋̌́̅̎̉̍ ̐̑̏̒̓̏̑̏̃̉̍ ̖̑̔̏̍ 

̘̩̑̏̂̏̏ ̨̤̍̋̏̒̓ ̠̅̌ ̃̉ ̠̋̏̎́̎̎ ̨̖̘̩̓̆̎̏̌̏̄̎̏ ̨̗̩̏̐̆̑́ ̨̨̠̃̅̅̌̆̎̎ ̖̍̆̓́̌̆̃̉ ̅̆̓́̌̆̊ ̨̃̅ ̨̌̉̃̎̉̋̃Ȣ ˑ́̎̔ 
̨̗̟̋̏̎̒̓̑̔̋ ̙̍́̉̎̉ ̨̑̆́̌̈̏̃́̎̏ ̙̠̖̌̏̍ ̤̠̐̏̅̎́̎̎ ̃ ̨̏̅̎̊ ̨̗̩̋̏̎̒̓̑̔̋ ̝̩̄́̌̓̔̃́̌̎̏ ̨̤̍̋̏̒̓ ɉ̨̨̃̅̅̌ ̠̆̎̎ 
̅̆̓́̌̆̊ ̨̃̅  ̨̌̉̃̎̉̋̃ Ɋ ̓́  ̨̨̗̃̂̑́̊̎̏̄̏ ̒̉̓́ ɉ̨̗̠̒̆̐́̑́ ̨̨̖̃̅̅̌̆̎̉ ̅̆̓́̌̆̊ ̨̃̅ ̨̌̉̃̎̉̋̃ɊȢ ˒̨̗̠̋̒̐̌̔́̓́ ̩̓́̋̏ 
̨̗̩̋̏̎̒̓̑̔̋ ̠̤̅̏̈̃̏̌ ̃ ̑́̈̉ ̒̋̏̑̏̓̉̓̉ ̘́̒ȟ ̏̚ ̘̤̝̠̃̉̓̑́́̓̒ ̎́ ̠̃̉̋̏̎́̎̎ ̩̅́̎̏ ̨̖̘̩̓̆̎̏̌̏̄̎̏ ̨̗̩̏̐̆̑́ȟ ̈̏̋̑̆̍́ȟ 
̈́ ̖̑́̔̎̏̋ ̘̠̈́̂̆̈̐̆̆̎̎ ̘̈̑̔̎̏̄̏ ̓́ ̙̂̆̈̐̆̑̆̋̏̅̎̏̄̏ ̠̃̉̃́̎̓́̇̆̎̎ ̖̏̂̑̏̂̌̆̎̉ ̅̆̓́̌̆̊ ̂̆̈ ̠̈́̒̓̏̒̔̃́̎̎ ̘̩̑̔̎̏ 
̨̗̐̑́ ̠̅̌ ̠̐̆̑̆̃́̎̓́̇̆̎̎ ̘̑̏̂̏̏̄̏ ̍́̒̉̃̔ ̓́ ̝̙̐̏̅́̌̏̄̏ ̠̠̅̏̒̄̎̆̎̎ ̨̗̩̒̆̐́̑́ ̅̆̓́̌̆̊ ̨̃̅ ̨̌̉̃̎̉̋̃. 
ˍ̨̘̎́̌̓̉̎̉̍ ̙̠̖̌̏̍ ̃̉̋̏̎́̎̏ ̨̖̓̆̎̋̏-̨̘̆̋̏̎̏̍̎̆ ̢̠̏̂̑̔̎̓̔̃́̎̎ ̠̃̉̋̏̑̉̒̓́̎̎ ̝̄́̌̓̔̃́̌̎̏̄̏ ̠̏̂̌́̅̎́̎̎ ̓̉̐̔ 
Ⱥu˟rbulaȻ ̨̈ ̒̋̌́̅̎̉̍ ̐̑̏̒̓̏̑̏̃̉̍ ̖̑̔̏̍ ̘̩̑̏̂̏̏ ̨̤̍̋̏̒̓ ̠̅̌ ̨̨̗̩̑̆́̌̈́ ̨̖̘̩̓̆̎̏̌̏̄̎̏ ̨̗̩̏̐̆̑́ ̨̨̠̃̅̅̌̆̎̎ 
̖̍̆̓́̌̆̃̉ ̅̆̓́̌̆̊ ̈́̍̋́ Ⱥ̂̌̉̒̋́̃̋́Ȼ  ̨̃̅ ̨̌̉̃̎̉̋̃Ȣ ˝̖̏̈̑́̏̃́̎̏ ̨̘̏̋̔̃́̎̉̊ ̨̘̑̎̉̊ ̨̘̆̋̏̎̏̍̎̉̊ ̆̆̋̓̕ ̨̃̅ 
̠̃̐̑̏̃́̅̇̆̎̎ ̩̑̏̈̑̏̂̌̆̎̏ ̝̩̄́̌̓̔̃́̌̎̏ ̙̍́̉̎̉ ̓̉̐̔ ȺTurbulaȻ ̨̈  ̒̋̌́̅̎̉̍ ̐̑̏̒̓̏̑̏̃̉̍ ̖̑̔̏̍ ̘̩̑̏̂̏̏ ̨̤̍̋̏̒̓ 
̠̅̌ ̠̃̉̋̏̎́̎̎ ̨̖̘̖̓̆̎̏̌̏̄̎̉ ̨̗̏̐̆̑́̊ ̨̨̠̃̅̅̌̆̎̎ ̖̍̆̓́̌̆̃̉ ̅̆̓́̌̆̊ ̈́̍̋́ Ⱥ̂̌̉̒̋́̃̋́Ȼ ̨̃̅ ̨̌̉̃̎̉̋̃ ̒̋̌́̅̆ 
φωȭϊόόȟϋ ̄̑̎ ̎́ ̏̅̎̔ ̗̟̏̅̉̎̉ ̠̏̂̌́̅̎́̎̎Ȣ ˝̏̈̑̏̂̌̆̎̔ ̨̗̟̋̏̎̒̓̑̔̋ ̙̍́̉̎̉ ̍̏̇̎́ ̃̉̋̏̑̉̒̓̏̃̔̃́̓̉ ̠̅̌ ̝̂̔̅-̠̖̋̉ 
̨̓̉̐̃ ̅̆̓́̌̆̊ ɉ̖̍̆̓́̌̆̃̉ ̘̉ ̨̖̐̏̌̍̆̑̎̉Ɋȟ ̠̏̑̍̏̔̓̃̏̑̆̎̎̕ ̠̖̋̉ ̨̤̝̠̃̅̂̔̃́̓̒ ̙̠̖̌̏̍ ̠̌̉̓̓Ȣ ˛̨̓̑̉̍́̎ 
̝̑̆̈̔̌̓́̓̉ ̨̝̅̏̒̌̅̇̆̎ ̝̍̏̇̔̓ ̂̔̓̉ ̨̃̉̋̏̑̉̒̓́̎ ̔ ̨̨̖̃̅̐̏̃̅̎̉ ̝̖̋̏̎̒̓̑̔̋̓̏̑̒̋̉ ̟̂̑̏ ̨̙̖̍́̉̎̏̂̔̅̃̎̉ 
̨̤̐̅̐̑̉̍̒̓̃ ̎́ ̨̩̒̓́̅ ̠̐̑̏̆̋̓̔̃́̎̎ ̝̄́̌̓̔̃́̌̎̏̄̏ ̠̏̂̌́̅̎́̎̎ ̨̈ ̒̋̌́̅̎̉̍ ̐̑̏̒̓̏̑̏̃̉̍ ̖̑̔̏̍ ̘̖̑̏̂̏̉ 
̤̍̋̏̒̓̆̊Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̑ ̘̏̂̏́ ̤ ̨̝̍̋̒̓ȟ ̨̗̠̒̆̐́̑́ȟ ̨̨̠̃̅̅̌̆̎̎ ̅̆̓́̌̆̊ ̨̃̅ ̨̌̉̃̎̉̋̃ȟ ̒̋̌́̅̎̉̊ ̐̑̏̒̓̏̑̏̃̉̊ ̖̑̔Ȣ 
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TECHNICAL AND ECONOMIC JUSTIFICATION OF THE USE OF TURBULA TYPE -EQUIPMENT EQUIPMENT 

IN THE PERFORMANCE OF METAL DETAILS DEPARTMENT  
 

The types of shredding equipment used at domestic enterprises to perform the technological operation of separating parts from 
foundries are analyzed. It is established that machines with rotational movement of working tanks have low productivity of performance of 
these technological operations. In addition, a lot of time is spent on manual labor, in particular, reloading the working array to the vibrating 
screen. The design of the ȺTurbulaȻ type galvanizing machine with complex spatial movement of the working capacity for the technological 
operation of separating metal parts from the foundries is proposed. This design of the machine is realized by combining in one design of the 
galvanizing tank (separation of parts from the foundries) and vibrating sieve (separation of separated parts from the foundries). Operation 
of such a structure allows to reduce the time spent on this technological operation, in particular, by providing convenient and unobstructed 
unloading of machined parts without the use of manual labor to overload the working array and further achieve separation of parts from 
foundries. The feasibility study for the use of ȺTurbulaȻ ÅÑÕÉÐÍÅÎÔ ×ÉÔÈ ÃÏÍÐÌÅØ ÓÐÁÔÉÁÌ ÍÏÖÅÍÅÎÔ ÏÆ ÔÈÅ ×ÏÒËÉÎÇ ÃÁÐÁÃÉÔÙ ÆÏÒ ÔÈÅ 
implementation of the technological operation of separating the metal parts of the "zipper" lock from the foundries was performed 
analytically. The expÅÃÔÅÄ ÁÎÎÕÁÌ ÅÃÏÎÏÍÉÃ ÅÆÆÅÃÔ ÆÒÏÍ ÔÈÅ ÉÎÔÒÏÄÕÃÔÉÏÎ ÏÆ ÔÈÅ ÄÅÖÅÌÏÐÅÄ ȺTurbulaȻ ÔÙÐÅ ÍÁÃÈÉÎÅ ×ÉÔÈ ÃÏÍÐÌÅØ ÓÐÁÔÉÁÌ 
movement of the working capacity to perform technological operations of separation of metal parts of the lock "lightning" from the 
foundries will be 25'688.7 UAH per unit of equipment. The developed design of the machine can be used for any type of parts (metal or 
polymer), which are formed by casting. The obtained research results can be used in the relevant design offices of machine-building 
enterprises at the stage of designing galvanizing equipment with complex spatial movement of working tanks.  

Key words: working capacity, separation, separation of parts from foundries, complex spatial movement. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʇʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʨʽʙʥʠʭ ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʟʥʘʯʥʦʶ ʤʽʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ, ʱʦ ʚʠʪʨʘʯʘʻʪʴʩʷ ʥʘ ʬʽʥʽʰʥʽ ʛʘʣʪʫʚʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ [1]. ɿʦʢʨʝʤʘ, ʫ ʣʝʛʢʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʥʝʚʝʣʠʢʠʭ ʪʠʧʦʚʠʭ ʜʝʪʘʣʝʡ ʪʘ ʚʠʨʦʙʽʚ (ʬʫʨʥʽʪʫʨʘ, ʟʘʩʪʽʙʢʠ, ˇʫʜʟʠʢʠ, ʜʝʪʘʣʽ 

ʟʘʤʢʘ ʙʣʠʩʢʘʚʢʘ) ʯʘʩʪʦ ʨʝʘʣʽʟʫʻʪʴʩʷ ʰʣʷʭʦʤ ʣʠʪʪʷ [2]. ʇʽʩʣʷ ʯʦʛʦ, ʮʽ ʜʝʪʘʣʽ ʧʦʪʨʝʙʫʶʪʴ ʧʨʦʚʝʜʝʥʥʷ ʜʫʞʝ 

ʪʨʫʜʦʻʤʥʠʭ ʬʽʥʽʰʥʠʭ ʛʘʣʪʫʚʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ï ʚʽʜʜʽʣʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʚʽʜ ʣʠʚʥʠʢʽʚ ʟ 

ʧʦʜʘʣʴʰʦʶ ʾʭ ʩʝʧʘʨʘʮʽʻʶ [3]. ɿʘʟʚʠʯʘʡ, ʪʘʢʽ ʛʘʣʪʫʚʘʣʴʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʦʧʝʨʘʮʽʾ ʚʠʢʦʥʫʶʪʴʩʷ ʟʘʩʦʙʘʤʠ ʤʘʣʦʾ 
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ʤʝʭʘʥʽʟʘʮʽʾ (ʽʥʢʦʣʠ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʫʯʥʦʾ ʧʨʘʮʽ) ʘʙʦ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʛʘʣʪʫʚʘʣʴʥʠʭ ʙʘʨʘʙʘʥʽʚ ʽʟ 

ʦʙʝʨʪʘʣʴʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʠʭ ʻʤʢʦʩʪʝʡ [4] ʯʠ ʚʽʙʨʘʮʽʡʥʠʭ ʤʘʰʠʥ [5]. 

ɺʽʜʦʤʦ [1], ʱʦ ʪʘʢʽ ʪʠʧʠ ʛʘʣʪʫʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʱʝʟʛʘʜʘʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ, ʤʘʶʪʴ ʥʠʟʴʢʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ, ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ 

ʝʥʝʨʛʦʟʘʪʨʘʪ. ʋ ʢʽʥʮʝʚʦʤʫ ʨʝʟʫʣʴʪʘʪʽ ʪʘʢʽ ʬʘʢʪʦʨʠ ʩʧʨʠʯʠʥʷʶʪʴ ʟʥʘʯʥʝ ʧʽʜʚʠʱʝʥʥʷ ʮʽʥ ʥʘ ʢʽʥʮʝʚʠʡ 

ʧʨʦʜʫʢʪ, ʟʤʝʥʰʝʥʥʷ ʡʦʛʦ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ ʚ ʨʠʥʢʦʚʠʭ ʫʤʦʚʘʭ. 

ʇʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʬʽʥʽʰʥʠʭ ʛʘʣʪʫʚʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʤʦʞʥʘ ʜʦʩʷʛʥʫʪʠ 

ʰʣʷʭʦʤ ʟʘʤʽʥʠ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʘʭ ʟʘʩʪʘʨʽʣʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʥʘ ʥʦʚʝ, ʷʢʝ ʤʘʻ ʚʠʩʦʢʦʧʨʦʜʫʢʪʠʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. 

ʇʝʨʩʧʝʢʪʠʚʥʠʤ ʪʠʧʦʤ ʦʙʣʘʜʥʘʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʤʘʰʠʥʠ ʪʠʧʫ çTurbulʘè [6], ʫ ʷʢʠʭ ʨʦʙʦʯʘ ʻʤʢʽʩʪʴ ʚʠʢʦʥʫʻ 

ʩʢʣʘʜʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʨʫʭ ʪʘ, ʮʠʤ ʩʘʤʠʤ, ʟʘʙʝʟʧʝʯʫʻ ʟʥʘʯʥʫ ʽʥʪʝʥʩʠʬʽʢʘʮʽʶ ʨʫʭʫ ʨʦʙʦʯʦʛʦ ʤʘʩʠʚʫ (ʜʝʪʘʣʽ 

ʪʘ ʥʘʧʦʚʥʶʚʘʯ) ʚ ʩʝʨʝʜʠʥʽ ʻʤʢʦʩʪʽ. 

ɸʚʪʦʨʘʤʠ ʙʫʚ ʨʦʟʨʦʙʣʝʥʠʡ ʨʷʜ ʛʘʣʪʫʚʘʣʴʥʠʭ ʤʘʰʠʥ ʟʽ ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʨʫʭʦʤ ʨʦʙʦʯʠʭ 

ʻʤʢʦʩʪʝʡ [7ï10], ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʟʥʘʯʥʫ ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʠʢʦʥʘʥʥʷ ʚʽʜʧʦʚʽʜʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʛʦ 

ʛʘʣʪʫʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʪʠʧʫ çTurbulaè ʧʦʨʽʚʥʷʣʴʥʠʤ ʤʝʪʦʜʦʤ ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʥʘ ʧʨʠʢʣʘʜʽ ʚʠʢʦʥʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ ʚʽʜʜʽʣʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʟʘʤʢʘ çʙʣʠʩʢʘʚʢʘè ʚʽʜ ʣʠʚʥʠʢʽʚ. 

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ɺʽʜʦʤʘ ʮʽʣʘ ʥʠʟʢʘ ʚʽʪʯʠʟʥʷʥʠʭ ʪʘ ʽʥʦʟʝʤʥʠʭ ʧʫʙʣʽʢʘʮʽʡ, ʫ ʷʢʠʭ ʥʘʚʝʜʝʥʦ ʙʝʟʫʤʦʚʥʽ ʧʝʨʝʚʘʛʠ 

ʛʘʣʪʫʚʘʣʴʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʟʽ ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʨʫʭʦʤ ʨʦʙʦʯʠʭ ʻʤʢʦʩʪʝʡ.  ʅʘʧʨʠʢʣʘʜ, ʫ ʨʦʙʦʪʘʭ [11, 12] 

ʙʫʣʦ ʜʦʚʝʜʝʥʦ, ʱʦ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʰʠʥʠ ʪʠʧʫ çTurbulaè ʤʦʞʥʘ ʜʦʩʷʛʥʫʪʠ ʨʝʢʦʨʜʥʦ-ʢʦʨʦʪʢʦʛʦ ʯʘʩʫ ʧʨʠ 

ʨʝʘʣʽʟʘʮʽʾ ʧʨʦʮʝʩʽʚ ʟʤʽʰʫʚʘʥʥʷ ʜʚʦʭ ʽ ʙʽʣʴʰʝ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʩʠʧʢʠʭ ʨʝʯʦʚʠʥ, ʣʠʰʝ ʟʘ 10 ʦʙʝʨʪʽʚ 

ʚʝʜʫʯʦʛʦ ʚʘʣʫ ʤʘʰʠʥʠ ʽʥʜʝʢʩ ʩʝʛʨʝʛʘʮʽʾ ʚʽʜʧʦʚʽʜʘʚ ʚʠʧʘʜʢʦʚʦʤʫ ʨʦʟʧʦʜʽʣʫ ʦʢʨʝʤʠʭ ʯʘʩʪʠʥʦʢ ʜʚʦʭ ʬʨʘʢʮʽʡ 

ʩʠʧʢʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʤʽʞ ʩʦʙʦʶ. ʇʦʧʝʨʝʜʥʽʤʠ ʜʦʩʣʽʜʞʝʥʥʷʤʠ [1] ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʜʣʷ ʚʠʢʦʥʘʥʥʷ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʧʦʣʽʨʫʚʘʥʥʷ ʧʦʣʽʤʝʨʥʠʭ ʜʝʪʘʣʝʡ (ˇʫʜʟʠʢʽʚ), ʦʙʣʘʜʥʘʥʥʷ, ʚ ʷʢʦʤʫ ʨʦʙʦʯʘ ʻʤʢʽʩʪʴ 

ʚʠʢʦʥʫʻ ʩʢʣʘʜʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʨʫʭ, ʻ ʟʥʘʯʥʦ ʝʬʝʢʪʠʚʥʽʰʠʤ ʟʘ ʦʙʣʘʜʥʘʥʥʷ ʟ ʦʙʝʨʪʦʚʠʤ ʙʘʨʘʙʘʥʦʤ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ [13] ʧʦʢʘʟʘʣʠ, ʱʦ ʜʣʷ ʦʙʨʦʙʢʠ ˇʫʜʟʠʢʽʚ ʚ ʤʘʰʠʥʽ ʟʽ ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ 

ʻʤʢʦʩʪʽ ʧʦʪʨʽʙʥʦ ʫ ʧʽʚʪʦʨʘ ʨʘʟʠ ʤʝʥhʝ ʯʘʩʫ ʥʽʞ ʧʨʠ ʘʥʘʣʦʛʽʯʥʽʡ ʦʙʨʦʙʮʽ ʫ ʤʘʰʠʥʽ ʟ ʦʙʝʨʪʦʚʠʤ ʙʘʨʘʙʘʥʦʤ. ɸ 

ʧʨʠ ʚʠʢʦʥʘʥʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ [14, 15] ʚʽʜʜʽʣʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʚʽʜ ʣʠʚʥʠʢʽʚ, ʙʫʣʦ 

ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʘʰʠʥ ʪʠʧʫ çTurbulaè ʤʦʞʥʘ ʚʠʪʨʘʪʠʪʠ ʚ 10 ʨʘʟʽʚ ʤʝʥʰʝ ʯʘʩʫ ʥʽʞ ʧʨʠ 

ʘʥʘʣʦʛʽʯʥʽʡ ʦʙʨʦʙʮʽ ʫ ʤʘʰʠʥʽ ʟ ʦʙʝʨʪʦʚʠʤ ʙʘʨʘʙʘʥʦʤ. 

 

ɺʠʜʽʣʝʥʥʷ ʥʝʚʠʨʽʰʝʥʠʭ ʯʘʩʪʠʥ 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʧʨʦʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʱʦʜʦ ʜʦʮʽʣʴʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ 

ʧʨʦʩʪʦʨʦʚʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʪʠʧʫ çTurbulaè ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʬʽʥʽʰʥʠʭ ʛʘʣʪʫʚʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ 

ʦʧʝʨʘʮʽʡ, ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʜʢʨʠʪʠʤ ʧʠʪʘʥʥʷ ʱʦʜʦ ʤʦʞʣʠʚʦʩʪʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʘʢʦʾ ʤʘʰʠʥʠ ʧʨʠ ʚʠʢʦʥʘʥʥʽ 

ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ ʚʽʜʜʽʣʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʚʽʜ ʣʠʚʥʠʢʽʚ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ 

ʉʫʪʴ ʜʘʥʦʾ ʨʦʙʦʪʠ ʧʦʣʷʛʘʻ ʫ ʪʝʭʥʽʢʦ-ʝʢʦʥʦʤʽʯʥʦʤʫ ʦʙˇʨʫʥʪʫʚʘʥʥʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʛʘʣʪʫʚʘʣʴʥʦʾ 

ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʪʠʧʫ çTurbulaè ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʦʧʝʨʘʮʽʾ ʚʽʜʜʽʣʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʚʽʜ ʣʠʚʥʠʢʽʚ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɼʦʩʣʽʜʞʝʥʥʷ ʚʠʢʦʥʫʚʘʣʠʩʷ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʟʘʤʢʽʚ çʙʣʠʩʢʘʚʢʘè, 

ʬʦʨʤʦʫʪʚʦʨʝʥʥʷ ʷʢʠʭ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʣʠʪʪʷ. ʅʘ ʦʩʥʦʚʽ ʚʠʢʦʥʘʥʥʷ ʛʘʣʪʫʚʘʣʴʥʦʛʦ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ 

ʧʨʦʮʝʩʫ ʚʽʜʜʽʣʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʟʘʤʢʘ çʙʣʠʩʢʘʚʢʘè ʚʽʜ ʣʠʚʥʠʢʽʚ ʧʦʨʽʚʥʶʚʘʣʠ ʜʚʘ ʪʠʧʠ ʛʘʣʪʫʚʘʣʴʥʦʛʦ 

ʦʙʣʘʜʥʘʥʥʷ: ʟʚʠʯʘʡʥʠʡ ʦʙʝʨʪʦʚʠʡ ʙʘʨʘʙʘʥ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʥʘ ʧʽʜʧʨʠʻʤʩʪʚʽ ʇʨɸʊ çʄʦʣʥʽʷè ʜʣʷ 

ʨʝʘʣʽʟʘʮʽʾ ʚʠʱʝʟʛʘʜʘʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʪʘ ʨʦʟʨʦʙʣʝʥʫ ʘʚʪʦʨʘʤʠ ʤʘʰʠʥʫ [16] ʟʽ ʩʢʣʘʜʥʠʤ 

ʧʨʦʩʪʦʨʦʚʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ. 

ʈʦʟʛʣʷʥʝʤʦ çʙʘʟʦʚʠʡè ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʧʨʦʮʝʩ ʚʽʜʜʽʣʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʟʘʤʢʘ ʙʣʠʩʢʘʚʢʘ ʚʽʜ 

ʣʠʚʥʠʢʽʚ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʦʙʝʨʪʦʚʦʛʦ ʙʘʨʘʙʘʥʫ: ʥʘ ʇʨɸʊ çʄʦʣʥʽʷè ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ 

ʦʧʝʨʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʛʘʣʪʫʚʘʣʴʥʠʡ ʨʦʟʜʽʣʦʚʦ-ʧʦʣʽʨʫʚʘʣʴʥʠʡ 8-ʛʨʘʥʥʠʡ ʙʘʨʘʙʘʥ ʂ-36 çOptilonè (ʦʙôʻʤ 

ʙʘʨʘʙʘʥʫ 0,12 ʤ3). ʌʦʪʦ ʙʘʨʘʙʘʥʫ ʂ-36 çOptilonè ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1.  

ɿʛ̔ʜʥʦ ʟʘʪʚʝʨʜʞʝʥʦʛʦ ʥʘ ʇʨɸʊ çʄʦʣʥʽʷè ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʨʝʛʣʘʤʝʥʪʫ, ʙʘʟʦʚʠʡ ʧʨʦʮʝʩ ʧʦʚʥʦʛʦ 

ʚʽʜʜʽʣʝʥʥʷ ʧʘʨʪʽʾ ʜʝʪʘʣʝʡ ʚʽʜ ʣʠʚʥʠʢʽʚ ʚʢʣʶʯʘʻ ʫ ʩʝʙʝ ʪʘʢʽ ʝʪʘʧʠ:  

1. ɺʽʜʜʽʣʝʥʥʷ ʜʝʪʘʣʝʡ ʚʽʜ ʣʠʚʥʠʢʽʚ ʫ ʦʙʝʨʪʘʣʴʥʦʤʫ ʙʘʨʘʙʘʥʽ. ʉʝʨʝʜʥʷ ʪʨʠʚʘʣʽʩʪʴ ʪʘʢʦʛʦ ʧʨʦʮʝʩʫ 

tʚʽʜʜʽʣ. ʚʽʜʜʽʣʝʥʥʷ ʧʘʨʪʽʾ ʜʝʪʘʣʝʡ ʚʽʜ ʣʠʚʥʠʢʽʚ (30ï45 ʢʛ) ʚ ʙʘʨʘʙʘʥʽ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʜʝʪʘʣʝʡ ʪʘ ʣʠʚʥʠʢʽʚ, 

ʩʪʘʥʦʚʠʪʴ ʚʽʜ 20 ʜʦ 70 ʭʚʠʣʠʥ ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʦʙʦʪʠ ʙʘʨʘʙʘʥʫ. ɺ ʩʝʨʝʜʥʴʦʤʫ ʥʘ ʜʘʥʫ ʪʝʭʥʦʣʦʛʽʯʥʫ ʦʧʝʨʘʮʽʶ 

ʚʠʪʨʘʯʘʻʪʴʩʷ ʜʦ 45 ʭʚ ʯʘʩʫ.  

2. ʇʝʨʝʚʘʥʪʘʞʝʥʥʷ  ʜʝʪʘʣʝʡ. ʇʽʩʣʷ ʚʽʜʜʽʣʝʥʥʷ ʜʝʪʘʣʝʡ ʚʽʜ ʣʠʚʥʠʢʽʚ ʫ ʙʘʨʘʙʘʥʽ ʥʝʦʙʭʽʜʥʦ ʚʠʢʦʥʘʪʠ ʾʭ 

ʩʝʧʘʨʘʮʽʶ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚʽʙʨʘʮʽʡʥʝ ʩʠʪʦ (ʚʽʙʨʦʛʨʦʭʽʪ). ʇʝʨʝʚʘʥʪʘʞʝʥʥʷ ʜʝʪʘʣʝʡ ʟ ʣʠʚʥʠʢʘʤʠ 

ʟ ʛʘʣʪʫʚʘʣʴʥʦʛʦ ʙʘʨʘʙʘʥʫ ʜʦ ʚʽʙʨʘʮʽʡʥʦʛʦ ʩʠʪʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʚʨʫʯʥʫ. ɿʘ ʦʜʠʥ ʨʘʟ ʥʘ ʚʽʙʨʘʮʽʡʥʦʤʫ ʩʠʪʽ ʤʦʞʥʘ 
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ʚʠʢʦʥʘʪʠ ʩʝʧʘʨʘʮʽʶ ʚʽʜ ʣʠʚʥʠʢʽʚ ʥʝ ʙʽʣʴʰ ʥʽʞ ʪʨʝʪʠʥʠ ʚʽʜ ʫʩʽʭ ʦʙʨʦʙʣʝʥʠʭ ʜʝʪʘʣʝʡ. ɺ ʟʚôʷʟʢʫ ʟ ʮʠʤ, ʚ 

ʩʝʨʝʜʥʴʦʤʫ, ʥʘ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ ʜʝʪʘʣʝʡ, ʚʠʪʨʘʯʘʻʪʴʩʷ ʜʦ tʧʝʨʝʚʘʥʪʘʞ.=45 ʭʚʠʣʠʥ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʯʘʩʫ.  

3. ʉʝʧʘʨʘʮʽʷ ʜʝʪʘʣʝʡ. ʊʨʠʚʘʣʽʩʪʴ tʩʝʧʘʨʘʮʽʾ  ʧʨʦʩʽʶʚʘʥʥʷ ʜʝʪʘʣʝʡ ʢʨʽʟʴ ʚʽʙʨʦʩʠʪʦ, ʱʦ ʤʘʻ ʚʽʜʧʦʚʽʜʥʽ 

ʨʦʟʤʽʨʠ ʦʪʚʦʨʽʚ, ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʦʨʦʟʤʽʨʫ ʜʝʪʘʣʝʡ ʪʘ ʢʦʥʩʪʨʫʢʮʽʾ ʣʠʚʥʠʢʘ, ʜʣʷ ʚʩʽʭ ʦʙʨʦʙʣʝʥʠʭ ʜʝʪʘʣʝʡ, 

ʫ ʩʝʨʝʜʥʴʦʤʫ ʩʪʘʥʦʚʠʪʴ 20 ʭʚ.  

 

 
ʈʠʩ. 1. ʌʦʪʦ ʙʘʨʘʙʘʥʫ ʂ-36 çOptilonè 

 

ʈʦʟʨʘʭʫʻʤʦ ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʧʦʚʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʟʘʤʢʘ çʙʣʠʩʢʘʚʢʘè ʚʽʜ 

ʣʠʚʥʠʢʽʚ tʟʘʛ: 

. . . 110ʭʚ,ʟʘʛ ʚʽʜʜʽʣ ʧʝʨʝʚʘʥʪʘʞ ʩʝʧʝʨʘʮʽʾt t t t= + + =     (1) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʥʘ ʚʠʢʦʥʘʥʥʷ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ, ʚ ʩʝʨʝʜʥʴʦʤʫ, ʩʪʘʥʦʚʠʪʴ 

ʧʨʠʙʣʠʟʥʦ 110 ʭʚ. 

ʋ ʩʚʦʶ ʯʝʨʛʫ, ʘʚʪʦʨʘʤʠ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʛʘʣʪʫʚʘʣʴʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʤʘʰʠʥʠ ʪʠʧʫ çTurbulaè, ʷʢʘ 

ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʟʨʫʯʥʝ ʪʘ ʙʝʟʧʝʨʝʰʢʦʜʥʝ ʚʠʚʘʥʪʘʞʝʥʥʷ ʦʙʨʦʙʣʝʥʠʭ ʜʝʪʘʣʝʡ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʫʯʥʦʾ 
ʧʨʘʮʽ, ʜʦʩʷʛʥʫʪʠ ʩʝʧʘʨʘʮʽʾ ʜʝʪʘʣʝʡ ʚʽʜ ʣʠʚʥʠʢʽʚ. 

ɼʘʥʘ ʤʘʰʠʥʘ (ʨʠʩ. 2) ʤʽʩʪʠʪʴ ʩʪʘʥʠʥʫ 1, ʚ ʷʢʽʡ ʨʦʟʤʽʱʝʥʠʡ ʝʣʝʢʪʨʦʜʚʠʛʫʥ 2, ʚʘʣ 3 ʷʢʦʛʦ, ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʬʣʘʥʮʝʚʦʾ ʤʫʬʪʠ 4, ʞʦʨʩʪʢʦ ʟôʻʜʥʘʥʠʡ ʟʽ ʰʚʠʜʢʦʭʽʜʥʠʤ ʚʘʣʦʤ 5 ʨʝʜʫʢʪʦʨʘ 6. ʊʠʭʦʭʽʜʥʠʡ ʚʘʣ 7 

ʨʝʜʫʢʪʦʨʘ 6 ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʫʬʪʠ ʚʽʣʴʥʦʛʦ ʭʦʜʫ 8 ʟôʻʜʥʘʥʠʡ ʟ ʚʝʜʫʯʠʤ ʚʘʣʦʤ 9, ʷʢʠʡ ʚʩʪʘʥʦʚʣʝʥʠʡ ʚ 

ʧʽʜʰʠʧʥʠʢʦʚʽʡ ʦʧʦʨʽ 10. ɺʝʜʝʥʠʡ ʚʘʣ 11 ʢʽʥʝʤʘʪʠʯʥʦ ʟôʻʜʥʘʥʠʡ ʟ ʢʦʨʦʤʠʩʣʦʤ 12, ʱʦ ʚʩʪʘʥʦʚʣʝʥʝ ʚ 

ʧʽʜʰʠʧʥʠʢʦʚʽʡ ʦʧʦʨʽ 13 ʟ ʤʦʞʣʠʚʽʩʪʶ ʢʦʣʠʚʘʣʴʥʦʛʦ ʨʫʭʫ ʫ ʚʝʨʪʠʢʘʣʴʥʽʡ ʧʣʦʱʠʥʽ. ɺʝʜʫʯʠʡ 9 ʪʘ ʚʝʜʝʥʠʡ 11 

ʚʘʣʠ ʰʘʨʥʽʨʥʦ ʟ'ʻʜʥʘʥʽ ʜʨʫʛʠʤʠ ʢʽʥʮʷʤʠ ʟ ʚʠʣʢʘʤʠ 14 ʪʘ 15 ʚʽʜʧʦʚʽʜʥʦ, ʜʽʘʤʝʪʨʘʣʴʥʦ ʚʟʘʻʤʥʦ 

ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʽ ʚʽʩʽ ʷʢʠʭ 16 ʽ 17 ʷʚʣʷʶʪʴʩʷ ʚʽʩʷʤʠ ʢʨʽʧʣʝʥʥʷ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ 18. ɺʝʜʫʯʠʡ ʰʢʽʚ 19 ʧʘʩʦʚʦʾ 

ʧʝʨʝʜʘʯʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʫʬʪʠ ʚʽʣʴʥʦʛʦ ʭʦʜʫ 20 ʟôʻʜʥʘʥʠʡ ʟʽ ʰʚʠʜʢʦʭʽʜʥʠʤ ʚʘʣʦʤ 5 ʨʝʜʫʢʪʦʨʘ 6. ɺʝʜʝʥʠʡ 

ʰʢʽʚ 21 ʧʘʩʦʚʦʾ ʧʝʨʝʜʘʯʽ ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʠʡ ʥʘ ʝʢʩʮʝʥʪʨʠʢʦʚʦʤʫ ʚʘʣʫ 22, ʱʦ ʚʩʪʘʥʦʚʣʝʥʠʡ ʚ 

ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʦʧʦʨʘʭ 23 ʪʘ 24. ʅʘ ʝʢʩʮʝʥʪʨʠʢʦʚʦʤʫ ʚʘʣʫ ʞʦʨʩʪʢʦ ʟʘʢʨʽʧʣʝʥʽ ʜʚʘ ʤʘʭʦʚʽ ʢʦʣʝʩʘ 25 ʪʘ 26, ʘ 

ʪʘʢʦʞ ʜʚʘ ʝʢʩʮʝʥʪʨʠʢʠ 27 ʪʘ 28, ʷʢʽ ʢʽʥʝʤʘʪʠʯʥʦ ʟôʻʜʥʘʥʽ ʟ ʩʠʪʦʤ 29, ʱʦ ʦʧʠʨʘʻʪʴʩʷ ʥʘ ʧʨʫʞʠʥʥʫ ʦʩʥʦʚʫ 30. 

ɺ ʧʨʫʞʠʥʥʽʡ ʦʩʥʦʚʽ 30 ʚʩʪʘʥʦʚʣʝʥʦ ʣʦʪʦʢ 31 ʜʣʷ ʟʙʦʨʫ ʦʙʨʦʙʣʝʥʠʭ ʜʝʪʘʣʝʡ. ʉʠʪʦ 29 ʪʘ ʣʦʪʦʢ 31 

ʨʦʟʪʘʰʦʚʘʥʽ ʧʽʜ ʢʫʪʦʤ ʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʣʦʱʠʥʠ Ŭ, ʷʢʠʡ ʩʣʽʜ ʧʨʠʡʤʘʪʠ ʚ ʤʝʞʘʭ 10Ü ï 20Ü.  

        
ʘ        ʙ 

ʈʠʩ. 2. ʈʦʟʨʦʙʣʝʥʘ ʛʘʣʪʫʚʘʣʴʥʘ ʤʘʰʠʥʘ: ʘ ï ʚʠʜ ʟʚʝʨʭʫ, ʙ ï ʚʠʜ ʩʧʝʨʝʜʫ 
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ʋ ʨʝʞʠʤʽ ɸ, ʧʨʠ ʫʚʽʤʢʥʝʥʥʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 2, ʱʦ ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʩʪʘʥʠʥʽ 1, ʚʘʣ 3 ʦʙʝʨʪʘʻʪʴʩʷ 

ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ. ʂʨʫʪʥʠʡ ʤʦʤʝʥʪ ʚʽʜ ʚʘʣʫ 3 ʯʝʨʝʟ ʬʣʘʥʮʝʚʫ ʤʫʬʪʫ 4 ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ 

ʰʚʠʜʢʦʭʽʜʥʠʡ ʚʘʣ 5. ʄʫʬʪʘ ʚʽʣʴʥʦʛʦ ʭʦʜʫ 20, ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʚʘʣʫ 3 ʧʨʦʪʠ ʛʦʜʠʥʥʠʢʦʚʦʾ ʩʪʨʽʣʢʠ ʥʝ 

ʩʧʨʘʮʴʦʚʫʻ ʪʘ ʥʝ ʧʝʨʝʜʘʻ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʥʘ ʚʝʜʫʯʠʡ ʰʢʽʚ 19 ʧʘʩʦʚʦʾ ʧʝʨʝʜʘʯʽ ï ʚʽʥ ʥʝʨʫʭʦʤʠʡ. ʂʨʫʪʥʠʡ 

ʤʦʤʝʥʪ ʚʽʜ ʰʚʠʜʢʦʭʽʜʥʦʛʦ ʚʘʣʫ 5 ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʪʠʭʦʭʽʜʥʠʡ ʚʘʣ 7, ʷʢʠʡ ʦʙʝʨʪʘʻʪʴʩʷ ʚʞʝ ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ 

ʩʪʨʽʣʢʦʶ. ʇʨʠ ʦʙʝʨʪʘʥʥʽ ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ ʪʠʭʦʭʽʜʥʦʛʦ ʚʘʣʫ 7 ʩʧʨʘʮʴʦʚʫʻ ʤʫʬʪʘ ʚʽʣʴʥʦʛʦ ʭʦʜʫ 8, 

ʷʢʘ ʧʝʨʝʜʘʻ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʥʘ ʚʝʜʫʯʠʡ ʚʘʣ 9, ʷʢʠʡ ʚʩʪʘʥʦʚʣʝʥʠʡ ʚ ʧʽʜʰʠʧʥʠʢʦʚʽʡ ʦʧʦʨʽ 10, ʪʘ ʥʘ ʚʠʣʢʫ 14. 

ʆʙʝʨʪʘʣʴʥʠʡ ʨʫʭ ʚʽʜ ʚʠʣʢʠ 14 ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʨʦʙʦʯʫ ʻʤʢʽʩʪʴ 18, ʚʠʣʢʫ 15, ʚʝʜʝʥʠʡ ʚʘʣ 11. ʆʙʝʨʪʘʥʥʷ 

ʚʝʜʝʥʦʛʦ ʚʘʣʫ 11 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʢʦʣʠʚʘʣʴʥʦʛʦ ʨʫʭʫ ʢʦʨʦʤʠʩʣʘ 12, ʷʢʝ ʚʩʪʘʥʦʚʣʝʥʦ ʚ ʧʽʜʰʠʧʥʠʢʦʚʽʡ ʦʧʦʨʽ 

13. ʈʦʙʦʯʘ ʻʤʢʽʩʪʴ 18 ʦʪʨʠʤʫʻ ʩʢʣʘʜʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʨʫʭ. ʊʘʢʠʤ ʯʠʥʦʤ, ʚʠʢʦʥʫʻʪʴʩʷ ʦʩʥʦʚʥʠʡ ʝʪʘʧ ʧʨʦʮʝʩʫ 

ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ï ʚʽʜʜʽʣʝʥʥʷ ʜʝʪʘʣʝʡ ʚʽʜ ʣʠʚʥʠʢʽʚ. 

ʇʦ ʟʘʚʝʨʰʝʥʥʶ ʦʩʥʦʚʥʦʛʦ ʝʪʘʧʫ ʧʨʦʮʝʩʫ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʤʘʰʠʥʘ ʟʫʧʠʥʷʻʪʴʩʷ ʚʠʤʢʥʝʥʥʷʤ 

ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 2 ʚ ʪʘʢʦʤʫ ʧʦʣʦʞʝʥʥʽ (ʨʠʩ. 2), ʱʦʙ ʚʤʽʩʪ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ 18 ʤʽʛ ʙʫʪʠ ʚʽʣʴʥʦ ʚʠʩʠʧʘʥʠʡ ʥʘ 

ʧʦʚʝʨʭʥʶ ʩʠʪʘ 29. ʇʽʩʣʷ ʪʦʛʦ, ʷʢ ʚʝʩʴ ʚʤʽʩʪ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ 18 (ʦʙʨʦʙʣʝʥʽ ʜʝʪʘʣʽ ʪʘ ʚʽʜʦʢʨʝʤʣʝʥʽ ʣʠʚʥʠʢʠ) 

ʚʠʩʠʧʘʥʠʡ ʥʘ ʧʦʚʝʨʭʥʶ ʩʠʪʘ 29, ʤʘʰʠʥʘ ʚʤʠʢʘʻʪʴʩʷ ʚ ʨʝʞʠʤ ʨʦʙʦʪʠ ɹ. 

ʋ ʨʝʞʠʤʽ ɹ, ʧʨʠ ʫʚʽʤʢʥʝʥʥʽ ʝʣʝʢʪʨʦʜʚʠʛʫʥʘ 2, ʱʦ ʨʦʟʪʘʰʦʚʘʥʠʡ ʫ ʩʪʘʥʠʥʽ 1, ʚʘʣ 3 ʦʙʝʨʪʘʻʪʴʩʷ ʟʘ 

ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ. ʂʨʫʪʥʠʡ ʤʦʤʝʥʪ ʚʽʜ ʚʘʣʫ 3 ʯʝʨʝʟ ʬʣʘʥʮʝʚʫ ʤʫʬʪʫ 4 ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʰʚʠʜʢʦʭʽʜʥʠʡ 

ʚʘʣ 5 ʪʘ ʪʠʭʦʭʽʜʥʠʡ ʚʘʣ 7 ʨʝʜʫʢʪʦʨʘ 6. ʄʫʬʪʘ ʚʽʣʴʥʦʛʦ ʭʦʜʫ 8, ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʚʘʣʫ 3 ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ 

ʩʪʨʽʣʢʦʶ ʥʝ ʩʧʨʘʮʴʦʚʫʻ ʪʘ ʥʝ ʧʝʨʝʜʘʻ ʢʨʫʪʥʠʡ ʤʦʤʝʥʪ ʥʘ ʚʝʜʫʯʠʡ ʚʘʣ 9 ï ʚʽʥ ʥʝʨʫʭʦʤʠʡ. ʄʫʬʪʘ ʚʽʣʴʥʦʛʦ 

ʭʦʜʫ 20, ʧʨʠ ʦʙʝʨʪʘʥʥʽ ʰʚʠʜʢʦʭʽʜʥʦʛʦ ʚʘʣʫ 5 ʟʘ ʛʦʜʠʥʥʠʢʦʚʦʶ ʩʪʨʽʣʢʦʶ ʩʧʨʘʮʴʦʚʫʻ ʪʘ ʧʝʨʝʜʘʻ ʢʨʫʪʥʠʡ 

ʤʦʤʝʥʪ ʥʘ ʚʝʜʫʯʠʡ ʰʢʽʚ 19 ʧʘʩʦʚʦʾ ʧʝʨʝʜʘʯʽ. ʂʨʫʪʥʠʡ ʤʦʤʝʥʪ ʚʽʜ ʚʝʜʫʯʦʛʦ ʰʢʽʚʘ 19 ʧʝʨʝʜʘʻʪʴʩʷ ʥʘ ʚʝʜʝʥʠʡ 

ʰʢʽʚ 21 ʧʘʩʦʚʦʾ ʧʝʨʝʜʘʯʽ. ʈʘʟʦʤ ʟʽ ʰʢʽʚʦʤ 21 ʦʙʝʨʪʘʻʪʴʩʷ ʝʢʩʮʝʥʪʨʠʢʦʚʠʡ ʚʘʣ 22, ʷʢʠʡ ʚʩʪʘʥʦʚʣʝʥʠʡ ʚ 

ʧʽʜʰʠʧʥʠʢʦʚʠʭ ʦʧʦʨʘʭ 23 ʪʘ 24, ʤʘʭʦʚʽ ʢʦʣʝʩʘ 25 ʪʘ 26, ʘ ʪʘʢʦʞ ʝʢʩʮʝʥʪʨʠʢʠ 27 ʪʘ 28. ʆʙʝʨʪʘʥʥʷ 

ʝʢʩʮʝʥʪʨʠʢʽʚ 27 ʪʘ 28 ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʽʙʨʘʮʽʾ ʩʠʪʘ 29, ʷʢʝ ʙʫʜʝ ʮʠʢʣʽʯʥʦ ʟʤʽʥʶʚʘʪʠ ʥʘʧʨʷʤʦʢ ʧʝʨʝʤʽʱʝʥʥʷ ʫ 

ʚʝʨʪʠʢʘʣʴʥʽʡ ʪʘ ʛʦʨʠʟʦʥʪʘʣʴʥʽʡ ʧʣʦʱʠʥʘʭ. ɺʽʙʨʘʮʽʷ ʩʠʪʘ 29 ʙʫʜʝ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʩʝʧʘʨʘʮʽʾ ʦʙʨʦʙʣʝʥʠʭ 

ʜʝʪʘʣʝʡ ʚʽʜ ʘʙʨʘʟʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ: ʦʙʨʦʙʣʝʥʽ ʜʝʪʘʣʽ, ʨʦʟʤʽʨʠ ʷʢʠʭ ʙʽʣʴʰʽ ʥʽʞ ʦʪʚʦʨʠ ʥʘ ʩʠʪʽ, ʙʫʜʫʪʴ ʧʦ 

ʧʦʭʠʣʽʡ ʧʦʚʝʨʭʥʽ ʩʠʪʘ ʧʨʦʢʦʚʟʫʚʘʪʠ ʪʘ ʧʘʜʘʪʠ ʫ ʧʽʜʩʪʘʚʣʝʥʫ ʻʤʢʽʩʪʴ, ʘʙʨʘʟʠʚʥʝ ʩʝʨʝʜʦʚʠʱʝ, ʦʜʠʥʠʯʥʽ 

ʢʦʤʧʦʥʝʥʪʠ ʷʢʦʛʦ ʟʥʘʯʥʦ ʤʝʥʰʽ ʟʘ ʨʦʟʤʽʨʠ ʦʙʨʦʙʣʝʥʠʭ ʜʝʪʘʣʝʡ, ʢʨʽʟʴ ʦʪʚʦʨʠ ʫ ʧʦʚʝʨʭʽ ʩʠʪʘ 29 ʙʫʜʫʪʴ 

ʧʦʪʨʘʧʣʷʪʠ ʚ ʣʦʪʦʢ 31, ʟʚʽʜʪʠ ʩʢʦʯʫʚʘʪʠʩʷ ʚ ʽʥʰʫ ʻʤʢʽʩʪʴ. ɼʣʷ ʚʽʣʴʥʦʛʦ ʧʨʦʢʦʚʟʫʚʘʥʥʷ ʦʙʨʦʙʣʝʥʠʭ ʜʝʪʘʣʝʡ 

ʧʦ ʧʦʚʝʨʭʥʽ ʩʠʪʘ 29, ʘ ʪʘʢʦʞ ʘʙʨʘʟʠʚʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʦ ʧʦʚʝʨʭʽ ʣʦʪʢʘ 31, ʩʣʽʜ ʟʘʙʝʟʧʝʯʠʪʠ ʥʘʭʠʣ ʾʭ 

ʧʦʚʝʨʭʦʥʴ ʜʦ ʛʦʨʠʟʦʥʪʘʣʴʥʦʾ ʧʣʦʱʠʥʠ ʚ ʤʝʞʘʭ 10Ü ï 20Ü.  

ʇʨʦʮʝʩ ʧʦʚʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ʧʘʨʪʽʾ ʜʝʪʘʣʝʡ ʚʽʜ ʣʠʚʥʠʢʽʚ, ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʾ ʛʘʣʪʫʚʘʣʴʥʦʾ 

ʤʘʰʠʥʠ, ʚʢʣʶʯʘʻ ʫ ʩʝʙʝ ʪʘʢʽ ʝʪʘʧʠ: 

1. ɺʽʜʜʽʣʝʥʥʷ ʜʝʪʘʣʝʡ ʚʽʜ ʣʠʚʥʠʢʽʚ ʫ ʻʤʢʦʩʪʽ, ʷʢʘ ʚʠʢʦʥʫʻ ʩʢʣʘʜʥʠʡ ʧʨʦʩʪʦʨʦʚʠʡ ʨʫʭ. ʇʦʧʝʨʝʜʥʽʤʠ 

ʜʦʩʣʽʜʞʝʥʥʷʤʠ [14, 15] ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʩʝʨʝʜʥʷ ʪʨʠʚʘʣʽʩʪʴ ʪʘʢʦʛʦ ʧʨʦʮʝʩʫ tʚʽʜʜʽʣʝʥ ʚʽʜʜʽʣʝʥʥʷ ʧʘʨʪʽʾ ʜʝʪʘʣʝʡ 

ʚʜ̔ ʣʠʚʥʠʢʽʚ (75 ʢʛ) ʚ ʙʘʨʘʙʘʥʽ, ʟʘʣʝʞʥʦ ʚʽʜ ʪʠʧʫ ʜʝʪʘʣʝʡ ʪʘ ʣʠʚʥʠʢʽʚ, ʩʪʘʥʦʚʠʪʴ ʚʽʜ 1 ʜʦ 23 ʭʚʠʣʠʥ 

ʙʝʟʧʝʨʝʨʚʥʦʾ ʨʦʙʦʪʠ ʙʘʨʘʙʘʥʫ. ɺ ʩʝʨʝʜʥʴʦʤʫ ʥʘ ʜʘʥʫ ʪʝʭʥʦʣʦʛʽʯʥʫ ʦʧʝʨʘʮʽʶ ʚʠʪʨʘʯʘʻʪʴʩʷ ʜʦ 12 ʭʚ ʯʘʩʫ.  

2. ʇʝʨʝʚʘʥʪʘʞʝʥʥʷ  ʜʝʪʘʣʝʡ. ʆʩʢʽʣʴʢʠ ʨʦʟʨʦʙʣʝʥʘ ʤʘʰʠʥʘ ʜʣʷ ʦʙʨʦʙʢʠ ʜʝʪʘʣʝʡ ʚ ʦʜʥʽʡ ʢʦʥʩʪʨʫʢʮʽʾ 

ʧʦʻʜʥʫʻ ʛʘʣʪʫʚʘʣʴʥʫ ʻʤʢʽʩʪʴ ʪʘ ʚʽʙʨʘʮʽʡʥʝ ʩʠʪʦ, ʪʦ ʯʘʩ ʚʠʚʘʥʪʘʞʝʥʥʷ ʜʝʪʘʣʝʡ ʥʘ ʚʽʙʨʦʩʠʪʦ ʩʪʘʥʦʚʠʪʠʤʝ ʥʝ 

ʙʽʣʴʰ ʥʽʞ 2 ʭʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʯʘʩʫ. 

3. ʉʝʧʘʨʘʮʽʷ ʜʝʪʘʣʝʡ. ɿʘ ʦʜʠʥ ʨʘʟ ʥʘ ʚʽʙʨʘʮʽʡʥʦʤʫ ʩʠʪʽ ʤʦʞʥʘ ʚʠʢʦʥʘʪʠ ʧʨʦʩʽʶʚʘʥʥʷ ʫʩʽʭ 

ʦʙʨʦʙʣʝʥʠʭ ʜʝʪʘʣʝʡ, ʪʦʤʫ ʪʨʠʚʘʣʽʩʪʴ ʧʨʦʩʽʶʚʘʥʥʷ ʜʝʪʘʣʝʡ tʩʝʧʘʨʘʮʽʾ ʯʝʨʝʟ ʚʽʙʨʘʮʽʡʥʝ ʩʠʪʦ, ʚ ʩʝʨʝʜʥʴʦʤʫ 

ʩʪʘʥʦʚʠʪʠʤʝ 6 ʭʚ. 

ɿʘ ʚʠʨʘʟʦʤ (1) ʨʦʟʨʘʭʫʻʤʦ ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʚʠʢʦʥʘʥʥʷ ʧʦʚʥʦʛʦ ʚʽʜʜʽʣʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʟʘʤʢʘ 

çʙʣʠʩʢʘʚʢʘè ʚʽʜ ʣʠʚʥʠʢʽʚ tʟʘʛ: 

. . . 20ʟʘʛ ʚʽʜʜʽʣ ʧʝʨʝʚʘʥʪʘʞ ʩʝʧʝʨʘʮʽʾt t t t ʭʚ= + + =       (2) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʟʘʛʘʣʴʥʠʡ ʯʘʩ ʥʘ ʚʠʢʦʥʘʥʥʷ ʜʘʥʦʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʾ 

ʤʘʰʠʥʠ ʚ ʩʝʨʝʜʥʴʦʤʫ ʩʪʘʥʦʚʠʪʠʤʝ ʧʨʠʙʣʠʟʥʦ 20 ʭʚ. 

ɼʘʣʽ ʚʠʢʦʥʫʚʘʣʠ ʧʦʨʽʚʥʷʣʴʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʦʯʽʢʫʚʘʥʦʛʦ ʨʽʯʥʦʛʦ ʝʢʦʥʦʤʽʯʥʦʛʦ ʝʬʝʢʪʫ ʧʨʠ ʤʦʞʣʠʚʦʤʫ 

ʚʧʨʦʚʘʜʞʝʥʽ ʨʦʟʨʦʙʣʝʥʦʾ ʛʘʣʪʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʥʘ ʇʨɸʊ çʄʦʣʥʽʷè ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʛʘʣʪʫʚʘʣʴʥʠʭ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʚʽʜʜʽʣʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʟʘʤʢʘ çʙʣʠʩʢʘʚʢʘè ʚʽʜ ʣʠʚʥʠʢʽʚ. ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʧʨʝʜʩʪʘʚʣʝʥʽ ʫ ʪʘʙʣʠʮʽ 1. 

ʊʘʙʣʠʮʷ 1 
ʇʘʨʘʤʝʪʨ ɹʘʟʦʚʠʡ ʚʘʨʽʘʥʪ ʈʦʟʨʦʙʣʝʥʘ ʢʦʥʩʪʨʫʢʮʽʷ 

ʆʙ'ʻʤ ʙʘʨʘʙʘʥʘ, ʤ3 0,12 0,12 

ʂʽʣʴʢʽʩʪʴ ʨʦʙʦʯʠʭ ʻʤʢʦʩʪʝʡ ʥʘ ʦʜʥʽʡ ʫʩʪʘʥʦʚʮʽ, ʰʪ. 1 1 

ʄʘʩʘ ʟʘʚʘʥʪʘʞʝʥʠʭ ʚ ʦʜʥʫ ʫʩʪʘʥʦʚʢʫ ʜʝʪʘʣʝʡ, ʢʛ 40 75 

ʏʘʩ ʦʙʨʦʙʢʠ ʦʜʥʽʻʾ ʧʘʨʪʽʾ ʜʝʪʘʣʝʡ, ʭʚ 110 20 

ʈʽʯʥʠʡ ʛʦʜʠʥʥʠʡ ʬʦʥʜ ʧʨʠ ʦʜʥʦʟʤʽʥʥʽʡ ʨʦʙʦʪʽ, ʛʦʜ. 1926 261 

ʄʘʩʘ ʦʙʨʦʙʣʶʚʘʥʠʭ ʚ ʨʽʢ ʜʝʪʘʣʝʡ ʥʘ ʦʜʥʽʡ ʫʩʪʘʥʦʚʮʽ, ʢʛ 21ô000 21ô000 

ʇʦʪʨʽʙʥʘ ʢʽʣʴʢʽʩʪʴ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʰʪ. 1 1 

ɺʘʨʪʽʩʪʴ ʦʜʠʥʠʮʽ ʫʩʪʘʪʢʫʚʘʥʥʷ, ʛʨʥ ɹʘʨʘʙʘʥ: 280ô000 300ô000 

ɺʽʙʨʦʩʠʪʦ: 60ô000 

ʇʦʪʫʞʥʽʩʪʴ ʚʩʪʘʥʦʚʣʝʥʠʭ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ, ʢɺʪ 3,8 3,0 
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ʈʦʟʨʘʭʦʚʫʚʘʣʠ ʨʽʯʥʠʡ ʛʦʜʠʥʥʠʡ ʬʦʥʜ ɻ1 ʜʣʷ ʙʘʟʦʚʦʛʦ ʧʨʦʮʝʩʫ. ɺʨʘʭʦʚʫʶʯʠ, ʱʦ ʧʽʜʧʨʠʻʤʩʪʚʦ 

ʧʨʘʮʶʻ ʧʨʠ ʦʜʥʦʟʤʽʥʥʦʤʫ ʨʝʞʠʤʽ ʨʦʙʦʪʠ (ʂʩʤ=1), ʥʘ ʦʙʨʦʙʢʫ ʜʝʪʘʣʝʡ ʚʠʪʨʘʯʘʻʪʴʩʷ, ʚ ʩʝʨʝʜʥʴʦʤʫ, 110 ʭʚ 

ʯʘʩʫ, ʘ ʚ ʦʙʝʨʪʦʚʠʡ ʙʘʨʘʙʘʥ ʟʘʚʘʥʪʘʞʫʻʪʴʩʷ 40 ʢʛ ʩʠʨʦʚʠʥʠ. 

1 . . 2027 0,95 1 1926ʛʦʜ,ʥ ʧo ʩʤɻ F K K= Ö Ö = Ö Ö =        (3) 

ʜʝ Fʥ ï ʥʦʤʽʥʘʣʴʥʠʡ ʬʦʥʜ ʯʘʩʫ ʨʦʙʦʪʠ ʦʙʣʘʜʥʘʥʥʷ; ʂʧ.ʦ ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʚʪʨʘʪʠ ʨʦʙʦʯʦʛʦ ʯʘʩʫ ʥʘ 

ʧʣʘʥʦʚʠʡ ʨʝʤʦʥʪ ʦʙʣʘʜʥʘʥʥʷ. 

365 111 254ʜʦʙʠ;ʥ ʢ nF F F= - = - =          (4) 

. . . 249 8 5 7 2027ʛʦʜ,ʥ ʧʥ ʩʤ ʧʨʥ ʧʨʩʤF F t F t= Ö + Ö = Ö + Ö =     (5) 

ʜʝ Fʢ, Fʧ, Fʧʨ.ʥ, Fʧ.ʥ ï ʚʽʜʧʦʚʽʜʥʦ, ʢʽʣʴʢʽʩʪʴ ʢʘʣʝʥʜʘʨʥʠʭ, ʚʠʭʽʜʥʠʭ ʪʘ ʩʚʷʪʢʦʚʠʭ, ʧʝʨʝʜʩʚʷʪʢʦʚʠʭ ʽ ʧʦʚʥʠʭ ʜʥʽʚ 

(Fʢ=365; Fʧ=111; Fʧʨ.ʥ=5; Fʧ.ʥ=249); tʩʤ  ʪʘ tʧʨ.ʩʤ ï ʪʨʠʚʘʣʽʩʪʴ ʧʦʚʥʦʾ ʪʘ ʧʝʨʝʜʩʚʷʪʢʦʚʦʾ ʨʦʙʦʯʦʾ ʟʤʽʥ. 

 ɼʘʣʽ ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʨʽʯʥʠʡ ʛʦʜʠʥʥʠʡ ʬʦʥʜ ɻ2 ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʧʨʠ 

ʦʜʥʦʟʤʽʥʥʽʡ ʨʦʙʦʪʽ. ʇʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʥʘ 

ʦʙʨʦʙʢʫ ʜʝʪʘʣʝʡ ʚʠʪʨʘʯʘʻʪʴʩʷ, ʚ ʩʝʨʝʜʥʴʦʤʫ, 20 ʭʚ (ʚ 5,5 ʨʘʟʽʚ ʤʝʥʰʝ ʥʽʞ ʫ ʙʘʟʦʚʦʤʫ ʚʘʨʽʘʥʪʽ). ɿʘ ʦʜʠʥ ʮʠʢʣ 

ʨʦʙʦʪʠ ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʤʦʞʥʘ ʦʙʨʦʙʠʪʠ 75 ʢʛ ʜʝʪʘʣʝʡ, ʪʦʙʪʦ, ʚ 1,88 ʨʘʟʽʚ ʙʽʣʴʰʝ 

ʥʽʞ ʧʨʠ ʦʙʨʦʙʮʽ ʜʝʪʘʣʝʡ ʫ ʤʘʰʠʥʽ ʂ-36 çOptilonè ʟ ʦʙʝʨʪʦʚʠʤ ʙʘʨʘʙʘʥʦʤ, ʪʘʢʠʤ ʯʠʥʦʤ, ʨʽʯʥʠʡ ʛʦʜʠʥʥʠʡ 

ʬʦʥʜ, ʧʨʠ ʦʜʥʦʟʤʽʥʥʽʡ ʨʦʙʦʪʽ ʩʪʘʥʦʚʠʪʠʤʝ: 

1

2

1926
260,3ʛʦʜ

(5,5 1,88) (5,5 1,88)

ɻ
ɻ= = =

+ +
        (6) 

ʇʨʦʚʦʜʠʣʠ ʨʦʟʨʘʭʫʥʦʢ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ ʧʦ ʩʪʘʪʪʷʭ ʚʠʪʨʘʪ, ʱʦ ʟʤʽʥʶʶʪʴʩʷ. ɼʣʷ ʙʘʟʦʚʦʛʦ 

ʚʘʨʽʘʥʪʫ: 

ɸʤʦʨʪʠʟʘʮʽʡʥʽ ʚʽʜʨʘʭʫʚʘʥʥʷ (15% ʚʽʜ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ): 

1 340'000 0,15 51'000ʛʨʥA = Ö =                   (7) 

 ɺʠʪʨʘʪʘ ʥʘ ʨʝʤʦʥʪ ʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʫʩʪʘʪʢʫʚʘʥʥʷ (15% ʚʽʜ ʢʘʧʽʪʘʣʴʥʠʭ ʚʠʪʨʘʪ): 

1 51'000ʛʨʥ.ʈ=           (8) 

ɺʠʪʨʘʪʠ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ: 

11 3,8 0,7 1926 1,68 8'607ʛʨʥ,cɽ M K ɻ ʎ= Ö Ö Ö = Ö Ö Ö =     (9) 

ʜʝ ʄ ï ʩʫʤʘʨʥʘ ʧʦʪʫʞʥʽʩʪʴ ʝʣʝʢʪʨʦʜʚʠʛʫʥʽʚ, ʂʩ=0,7 ï ʢʦʝʬʽʮʽʻʥʪ ʧʦʧʠʪʫ, ɻ1=1926 ï ʨʽʯʥʠʡ ʛʦʜʠʥʥʠʡ ʬʦʥʜ 

(ʙʘʟʦʚʠʡ ʚʘʨʽʘʥʪ), ʎ=1,68 ʛʨʥ ï ʮʽʥʘ 1 ʢɺʪ*ʛʦʜ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ (ʩʪʘʥʦʤ ʥʘ 01.02.2021 ʨʦʢʫ). 

ʉʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʜʣʷ ʙʘʟʦʚʦʛʦ ʚʘʨʽʘʥʪʫ:  

1 1 1 1 51'000 51'000 8'607 110'607ʛʨʥʉ ɸ ʈ ɽ= + + = + + =       (10) 

ɯʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʾ ʛʘʣʪʫʚʘʣʴʥʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʨʫʭʦʤ 

ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ, ʘʤʦʨʪʠʟʘʮʽʡʥʽ ʚʽʜʨʘʭʫʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʚʠʪʨʘʪʠ ʥʘ ʨʝʤʦʥʪ ʽ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʫʩʪʘʪʢʫʚʘʥʥʷ 

ʩʢʣʘʜʘʪʠʤʫʪʴ:  

1 1 300'000 0,15 45'000ʛʨʥ.A ʈ= = Ö =          (11) 

ɺʠʪʨʘʪʠ ʥʘ ʝʣʝʢʪʨʦʝʥʝʨʛʽʶ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ ʨʦʟʨʦʙʣʝʥʦʾ ʛʘʣʪʫʚʘʣʴʥʦʾ ʤʘʰʠʥʠ ʩʪʘʥʦʚʠʪʠʤʫʪʴ:  

22 3,0 0,7 260,3 1,68 918,3ʛʨʥ,cɽ M K ɻ ʎ= Ö Ö Ö = Ö Ö Ö =    (12) 

ʜʝ ɻ2 ï ʨʽʯʥʠʡ ʛʦʜʠʥʥʠʡ ʬʦʥʜ (ʧʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ 

ʻʤʢʦʩʪʽ). 

ʉʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʧʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ: 

2 2 2 2 45'000 45'000 918,3 90'918,3ʛʨʥʉ ɸ ʈ ɽ= + + = + + =            (13) 

 ʋ ʨʝʟʫʣʴʪʘʪʽ, ʨʦʟʨʘʭʦʚʫʚʘʣʠ ʨʽʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ: 

),22()11( KECKɽʉɽʨ Ö+-Ö+=         (14) 

ʜʝ C1, ʉ2 ï ʩʦʙʽʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʧʦ ʟʤʽʥʥʠʭ ʩʪʘʪʪʷʭ ʚʠʪʨʘʪ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽ ʧʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ, 

ʚʽʜʧʦʚʽʜʥʦ; K1, K2 ï ʢʘʧʽʪʝʣʴʥʽ ʚʠʪʨʘʪʠ ʜʦ ʚʧʨʦʚʘʜʞʝʥʥʷ ʽ ʧʽʩʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ; ɽ=0,15 ï 

ʥʦʨʤʘʪʠʚʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʝʢʦʥʦʤʽʯʥʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

(110'607 0,15 340'000) (90'918,3 0,15 300'000) 25'688,7ʛʨʥɽʨ= + Ö - + Ö =  

ɺ ʨʝʟʫʣʴʪʘʪʽ ʦʯʽʢʫʚʘʥʠʡ ʨʽʯʥʠʡ ʝʢʦʥʦʤʽʯʥʠʡ ʝʬʝʢʪ ʚʽʜ ʚʧʨʦʚʘʜʞʝʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʛʘʣʪʫʚʘʣʴʥʦʾ 

ʤʘʰʠʥʠ ʟʽ ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʨʫʭʦʤ ʨʦʙʦʯʦʾ ʻʤʢʦʩʪʽ ʜʣʷ ʚʠʢʦʥʘʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʦʧʝʨʘʮʽʡ ʚʽʜʜʽʣʝʥʥʷ 

ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʟʘʤʢʘ çʙʣʠʩʢʘʚʢʘè ʚʽʜ ʣʠʚʥʠʢʽʚ ʩʢʣʘʜʝ 25ô688,7 ʛʨʥ ʥʘ ʦʜʥʫ ʦʜʠʥʠʮʶ ʦʙʣʘʜʥʘʥʥʷ. 
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1. ʈʦʟʨʦʙʣʝʥʦ ʛʘʣʪʫʚʘʣʴʥʫ ʢʦʥʩʪʨʫʢʮʽʶ ʤʘʰʠʥʠ ʪʠʧʫ çTurbulaè ʟʽ ʩʢʣʘʜʥʠʤ ʧʨʦʩʪʦʨʦʚʠʤ ʨʫʭʦʤ 
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ʦʙʣʘʜʥʘʥʥʷ ʪʠʧʫ çʊurbulaè ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʦʧʝʨʘʮʽʾ ʚʽʜʜʽʣʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʜʝʪʘʣʝʡ ʚʽʜ ʣʠʚʥʠʢʽʚ. 
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ʏʋʊʃʀɺʆʉʊɯ ʉʀʉʊɽʄʀ ɼʆ ʉɺʆɰʍ ʇʆʏɸʊʂʆɺʀʍ ʋʄʆɺ 
 
˜̑̆̅̒̓́̃̌̆̎̏ ̓̉̐̏̃̉̊ ̨̨̖̐̅̅ ̠̅̌ ̐̏̂̔̅̏̃̉ ̓́ ̨́̎́̌̈̔ ̨̍̏̅̆̌ ̏̂΄̤̋̓́Ȣ ˏ̘̉̈̎́̆̎̏ȟ ̏̚ ̨̘̈́̅́ ̨́̎́̌̈̔ 

̨̨̖̎̆̌̎̊̎̉ ̒̉̒̓̆̍ ̟̝̠̒̋̌́̅́̓̒ ̈ ̖̑̏̈̑́̔̎̋̔ ̨̖̖̐̆̑̆̅̎̉ ̨̗̐̑̏̆̒̃ ̨ ̨̗̐̑̏̆̒̃ȟ ̏̚ ̠̃̒̓́̎̏̃̉̌̉̒Ƞ ̘̠̃̉̈̎́̆̎̎ 
̘̩̒̓́̓̉̎̏ ̓́ ̨̘̩̅̉̎́̍̎̏ ̨̨̒̓̊̋̏̒̓ ̖̈̎́̊̅̆̎̉ ̨̗̐̑̏̆̒̃Ƞ ̖̑̏̈̑́̔̎̋̔ ̨̘̔̓̌̉̃̏̒̓ ̨̖̖̃̉̅̎̉ ̖́̑́̋̓̆̑̉̒̓̉̋ ̒̉̒̓̆̍̉ 
̅̏ ̨̈̍̎̉ ̩̩ ̨̨̙̖̃̎̔̓̑̎ ̓́ ̨̨̙̖̈̏̃̎̎ ̨̐́̑́̍̆̓̑̃Ȣ ˏ̒̓́̎̏̃̌̆̎̏ȟ ̏̚ ̨̝̆̆̋̓̉̃̎̒̓̕ ̨́̎́̌̈̔  ̃ ̨̗̌̏̍̔ ̘̤̝̠̃̉̈̎́́̓̒ ̎̆ 
̨̝̓̌̋̉ ̨̟̆̆̋̓̉̃̎̒̓̕ ̨́̌̄̏̑̉̓̍̃ ̋̏̇̎̏̄̏ ̈ ̨̆̓́̐̃ ̖̑̏̈̑́̔̎̋̔ȟ ́ ̨ ̨̟̔̈̄̏̅̇̆̎̒̓ ̘̍́̓̆̍́̓̉̎̏̄̏ ́̐́̑́̓̔ȟ ̠̋̉̊ 
̝̌̆̇̉̓ ̃ ̩̖ ̨̏̒̎̏̃Ȣ ˏ̘̉̈̎́̆̎̏ȟ ̏̚ ̖̑̏̈̑́̔̎̏̋ ̨̖̖̐̆̑̆̅̎̉ ̨̗̐̑̏̆̒̃ ̝̠̈̃̏̅̉̓̒ ̅̏ ̨̘̈́̅́ ̈ ̘̐̏́̓̋̏̃̉̍̉ ̔̍̏̃́̍̉ȟ ̔ 
̠̖̋̉ ̘̠̈̎́̆̎̎ ̖̈́̌̆̇̎̉ ̨̖̈̍̎̎̉ ̟̝̠̈́̅́̓̒ ̠̅̌ ̏̅̎̏̄̏ ̨ ̓̏̄̏ ̇ ̘̠̈̎́̆̎̎ ̩̎̆̈́̌̆̇̎̏ ̨̩̈̍̎̎̏ȟ ́ ̒́̍̆ ̘́̒̔Ȣ 
ˏ̘̉̈̎́̆̎̏ȟ ̏̚ ̨̨̨̎̆̌̎̊̎ ̨̨̘̅̉̎́̍̎ ̒̉̒̓̆̍̉ȟ ̨̍̏̅̆̌ ̠̖̋̉ ̐̏̂̔̅̏̃́̎̏ ̎́ ̨̨̠̋̒̎̊ ̨̩̓̆̏̑ ̝̖̈́̄́̌̎̉ ̨̗̝̖̅̉̆̑̆̎́̌̎̉̕ 
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̝̖̈́̄́̌̎̉ ̨̗̝̖̅̉̆̑̆̎́̌̎̉̕ ̨̠̝̑̃̎̎Ƞ ̨̟̐̑̏̈̏̑̒̓ ̓́ ̨̟̐̑̉̑̏̅̎̒̓ ̝̖̈́̄́̌̎̉ ̨̗̝̖̅̉̆̑̆̎́̌̎̉̕ ̨̠̝̑̃̎̎ ̠̋ 
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MODELING OF NONLINEAR DYNAMIC SYSTEMS ON THE BASIS  

OF THE SYSTEM SENSITIVITY MODEL TO ITS INITIAL CONDITIONS  
 

A typical approach for building and analyzing an object model is presented. It is determined that the tasks of analysis of nonlinear 
systems consist of: calculation of transients and established processes; determination of static and dynamic stability of the found processes; 
calculation of the sensitivity of the initial characteristics of the system to changes in its internal and external parameters. It is established 
that the efficiency of the analysis as a whole is determined not only by the efficiency of the algorithms of each of the stages of calculation, but 
also by the consistency of the mathematical apparatus that underlies them. It is determined that the calculation of transients is reduced to a 
problem with initial conditions in which the values of dependent variables are set for the same value of the independent variable, namely 
time. It is determined that nonlinear dynamic systems whose models are built on the qualitative theory of general differential equations are 
the main tool for solving many practical problems. It is established that this is explained by the following factors: the presence of a well-
developed analytical apparatus and numerous methods of solving general differential equations; transparency and naturalness of general 
differential equations as a mathematical model to describe the process of transition of real objects from one state to another for external and 
internal causes; The availability of public qualitative methods of studying decisions of general differential equations, in particular methods of 
evaluation of stability, analysis of behavior within special points and their asymptotic behavior. The circumstances that lead to the fact that 
the systems described by conventional differential equations are a methodically very convenient material to create general algorithms for 
the study of dynamic systems. A mathematical model of sensitivity to the initial conditions is constructed on the basis of heterogeneous 
differential equations of the first variation, which opens up opportunities for solving the basic problems of analysis, which are: calculation of 
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transitional processes and processes that have been established; Determination of static stability and calculation of parametric sensitivity, on 
the basis of a single algorithm for solving a two-point T-periodic marginal problem for conventional nonlinear differential equations. 

Keywords: nonlinear dynamic system, differential equation, periodic marginal problem, basket method. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʈʝʘʣʴʥʽ ʬʽʟʠʯʥʽ ʩʠʩʪʝʤʠ, ʷʢ ʧʨʘʚʠʣʦ, ʥʝʣʽʥʽʡʥʽ. ɿʘ ʩʚʦʻʶ ʬʽʟʠʯʥʦʶ ʧʨʠʨʦʜʦʶ ʧʨʦʮʝʩʠ ʚ ʥʝʣʽʥʽʡʥʠʭ 

ʩʠʩʪʝʤʘʭ ʩʢʣʘʜʥʽʰʽ ʪʘ ʙʘʛʘʪʦʛʨʘʥʥʽʰʽ ʥʽʞ ʧʨʦʮʝʩʠ ʚ ʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤʘʭ. ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʮʴʦʛʦ ʘʥʘʣʽʟ 

ʥʝʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤ ʫ ʤʘʪʝʤʘʪʠʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ ʟʥʘʯʥʦ ʩʢʣʘʜʥʽʰʠʡ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʘʥʘʣʽʟʦʤ ʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤ. 

ʆʩʥʦʚʥʘ ʚʣʘʩʪʠʚʽʩʪʴ ʣʽʥʽʡʥʦʾ ʩʠʩʪʝʤʠ ʧʦʣʷʛʘʻ ʚ ʪʦʤʫ, ʱʦ ʩʫʤʘ ʙʫʜʴ-ʷʢʠʭ ʜʚʦʭ ʾʾ ʨʽʰʝʥʴ ʻ ʪʘʢʦʞ ʾʾ 

ʨʽʰʝʥʥʷʤ (ʧʨʠʥʮʠʧ ʩʫʧʝʨʧʦʟʠʮʽʾ) ʪʘ ʙʫʜʴ-ʷʢʝ ʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ, ʧʦʤʥʦʞʝʥʝ ʥʘ ʢʦʥʩʪʘʥʪʫ ʪʘʢʦʞ ʻ ʾʾ 

ʨʽʰʝʥʥʷʤ. ʂʨʽʤ ʪʦʛʦ, ʷʢʱʦ ʣʽʥʽʡʥʘ ʩʠʩʪʝʤʘ ʤʘʻ ʧʝʨʽʦʜʠʯʥʝ ʨʽʰʝʥʥʷ, ʪʦ ʚʦʥʦ ʥʝ ʤʦʞʝ ʙʫʪʠ ʽʟʦʣʴʦʚʘʥʠʤ. 

ʊʦʤʫ ʨʽʰʝʥʥʷ, ʧʦʤʥʦʞʝʥʝ ʥʘ ʙʫʜʴ-ʷʢʫ ʢʦʥʩʪʘʥʪʫ ʜʘʻ ʧʝʨʽʦʜʠʯʥʝ ʨʽʰʝʥʥʷ. 

ɺ ʥʝʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʤʦʞʝ ʥʝ ʚʠʢʦʥʫʚʘʪʠʩʷ ʥʽ ʦʜʥʘ ʽʟ ʟʘʟʥʘʯʝʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ. ɼʽʡʩʥʦ, ʧʨʠʥʮʠʧ 

ʩʫʧʝʨʧʦʟʠʮʽʾ ʥʝ ʚʠʢʦʥʫʻʪʴʩʷ ʽ ʧʝʨʽʦʜʠʯʥʽ ʨʽʰʝʥʥʷ ʤʦʞʫʪʴ ʙʫʪʠ ʽʟʦʣʴʦʚʘʥʽ. 

ɺʯʝʥʽ ʟ ʨʽʟʥʠʭ ʧʦʟʠʮʽʡ ʜʦʩʣʽʜʞʫʚʘʣʠ ʪʘ ʘʥʘʣʽʟʫʚʘʣʠ ʩʧʦʨʽʜʥʝʥʽ ʟʘ ʩʚʦʻʶ ʬʽʟʠʯʥʦʶ ʩʫʪʪʶ ʷʚʠʱʘ ʫ 

ʥʘʡʨʽʟʥʦʤʘʥʽʪʥʽʰʠʭ ʥʝʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤʘʭ, ʘ ʪʘʢʦʞ ʨʦʟʛʣʷʜʘʣʠ ʨʽʟʥʽ ʩʪʦʨʦʥʠ ʮʠʭ ʷʚʠʱ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʩʪʚʦʨʝʥʦ 

ʟʥʘʯʥʫ ʢʽʣʴʢʽʩʪʴ ʤʝʪʦʜʽʚ ʘʥʘʣʽʟʫ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʦʙ'ʻʜʥʘʥʽ ʚ ʛʨʫʧʠ, ʙʣʠʟʴʢʽ ʟʘ ʩʚʦʻʶ ʦʩʥʦʚʦʶ, ʘʣʝ ʨʽʟʥʽ ʟʘ 

ʤʘʪʝʤʘʪʠʯʥʠʤ ʦʬʦʨʤʣʝʥʥʷʤ. 

ʊʠʧʦʚʠʡ ʧʽʜʭʽʜ ʜʣʷ ʧʦʙʫʜʦʚʠ ʪʘ ʘʥʘʣʽʟʫ ʤʦʜʝʣʽ ʦʙ'ʻʢʪʘ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ ʥʘʩʪʫʧʥʠʭ 

ʝʪʘʧʽʚ: 

- ʘʥʘʣʽʟ ʧʨʦʮʝʩʫ ʚʠʟʥʘʯʝʥʥʷ ʝʣʝʤʝʥʪʘʨʥʠʭ ʷʚʠʱ;  

- ʩʪʚʦʨʝʥʥʷ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʥʘ ʦʩʥʦʚʽ ʦʧʠʩʫ ʝʣʝʤʝʥʪʘʨʥʠʭ ʷʚʠʱ, ʪʦʙʪʦ ʡʦʛʦ ʪʝʦʨʝʪʠʯʥʠʡ ʦʧʠʩ ʫ 

ʬʽʟʠʯʥʠʭ ʪʝʨʤʽʥʘʭ; 

- ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ ʫ ʚʠʛʣʷʜʽ ʤʘʪʝʤʘʪʠʯʥʦʾ; 

- ʘʥʘʣʽʟ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ; 

- ʽʥʪʝʨʧʨʝʪʘʮʽʷ ʨʽʰʝʥʥʷ ʫ ʪʝʨʤʽʥʘʭ ʬʽʟʠʯʥʦʾ ʤʦʜʝʣʽ; 

- ʧʦʨʽʚʥʷʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʟ ʧʨʦʮʝʩʦʤ, ʱʦ ʜʦʩʣʽʜʞʫʻʪʴʩʷ. 

ɼʣʷ ʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤ ʚʢʘʟʘʥʘ ʤʝʪʦʜʠʢʘ ʤʘʡʞʝ ʧʦʚʥʽʩʪʶ ʨʦʟʨʦʙʣʝʥʘ. ʋ ʚʠʧʘʜʢʫ ʥʝʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤ ʾʾ 

ʨʦʟʨʦʙʢʫ ʪʽʣʴʢʠ ʨʦʟʧʦʯʘʪʦ. 

ʅʝʣʽʥʽʡʥʽ ʟʘʚʜʘʥʥʷ ʚʠʤʘʛʘʶʪʴ ʢʽʥʮʝʚʦʛʦ ʟʘʢʨʽʧʣʝʥʥʷ ʽʪʝʨʘʮʽʡʥʦʾ ʧʨʦʮʝʜʫʨʠ, ʽ ʟʘʟʚʠʯʘʡ ʧʝʨʝʚʽʨʢʠ 

ʟʙʽʞʥʦʩʪʽ ʚʽʜʧʦʚʽʜʥʦʾ ʯʠʩʝʣʴʥʦʾ ʩʭʝʤʠ, ʱʦ ʟʚʽʩʥʦ ʚʠʢʣʠʢʘʻ ʧʝʚʥʽ ʪʨʫʜʥʦʱʽ ʧʨʠ ʾʾ ʚʠʨʽʰʝʥʥʽ. ʆʩʢʽʣʴʢʠ 

ʥʝʣʽʥʽʡʥʽ ʟʘʜʘʯʽ ʫ ʩʚʦʾʡ ʨʽʟʥʦʤʘʥʽʪʥʦʩʪʽ ʤʘʶʪʴ ʜʦʩʠʪʴ ʟʥʘʯʥʫ ʧʦʜʽʙʥʽʩʪʴ, ʬʘʭʽʚʮʽ ʟ ʯʠʩʝʣʴʥʦʛʦ ʘʥʘʣʽʟʫ 

ʧʨʠʢʣʘʣʠ ʯʠʤʘʣʦ ʟʫʩʠʣʴ ʥʘ ʨʦʟʨʦʙʢʫ ʧʨʠʡʥʷʪʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚ'ʷʟʘʥʥʷ ʪʘʢʠʭ ʟʘʚʜʘʥʴ. 

ɿʘʜʘʯʽ ʘʥʘʣʽʟʫ ʥʝʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤ ʩʢʣʘʜʘʶʪʴʩʷ: ʟ ʨʦʟʨʘʭʫʥʢʫ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʽ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʚʩʪʘʥʦʚʠʣʠʩʷ; ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʪʠʯʥʦʾ ʪʘ ʜʠʥʘʤʽʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʟʥʘʡʜʝʥʠʭ ʧʨʦʮʝʩʽʚ; ʨʦʟʨʘʭʫʥʢʫ ʯʫʪʣʠʚʦʩʪʽ 

ʚʠʭʽʜʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʠʩʪʝʤʠ ʜʦ ʟʤʽʥʠ ʾʾ ʚʥʫʪʨʽʰʥʽʭ ʪʘ ʟʦʚʥʽʰʥʽʭ ʧʘʨʘʤʝʪʨʽʚ. ɽʬʝʢʪʠʚʥʽʩʪʴ ʘʥʘʣʽʟʫ  ʚ 

ʮʽʣʦʤʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʝ ʪʽʣʴʢʠ ʝʬʝʢʪʠʚʥʽʩʪʶ ʘʣʛʦʨʠʪʤʽʚ ʢʦʞʥʦʛʦ ʟ ʝʪʘʧʽʚ ʨʦʟʨʘʭʫʥʢʫ, ʘ ʽ ʫʟʛʦʜʞʝʥʽʩʪʶ 

ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ, ʷʢʠʡ ʣʝʞʠʪʴ ʚ ʾʭ ʦʩʥʦʚʽ. 

ʈʦʟʨʘʭʫʥʦʢ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʟʚʦʜʠʪʴʩʷ ʜʦ ʟʘʜʘʯʽ ʟ ʧʦʯʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ, ʫ ʷʢʠʭ ʟʥʘʯʝʥʥʷ 

ʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ ʟʘʜʘʶʪʴʩʷ ʜʣʷ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʟʥʘʯʝʥʥʷ ʥʝʟʘʣʝʞʥʦʾ ʟʤʽʥʥʦʾ t, ʪʦʙʪʦ ʯʘʩʫ. ʋ ʜʝʷʢʠʭ 

ʚʠʧʘʜʢʘʭ ʜʦʚʦʜʠʪʴʩʷ ʚʠʨʽʰʫʚʘʪʠ ʩʠʩʪʝʤʫ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʧʨʠ ʥʘʷʚʥʦʩʪʽ ʫʤʦʚ ʥʘ ʟʥʘʯʝʥʥʷ 

ʟʘʣʝʞʥʠʭ ʟʤʽʥʥʠʭ, ʟʘʜʘʥʠʭ ʜʣʷ ʨʽʟʥʠʭ ʟʥʘʯʝʥʴ t. ʇʦʜʽʙʥʘ ʟʘʜʘʯʘ ʥʘʟʠʚʘʻʪʴʩʷ ʢʨʘʡʦʚʦʶ ʟʘʜʘʯʝʶ. ʄʝʪʦʜʠ 

ʚʠʨʽʰʝʥʥʷ ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʤʝʪʦʜʽʚ ʚʠʨʽʰʝʥʥʷ ʟʘʜʘʯ ʂʦʰʽ. 

ʋ ʙʽʣʴʰʦʩʪʽ ʥʝʣʽʥʽʡʥʠʭ ʩʠʩʪʝʤ ʨʽʟʥʦʾ ʧʨʠʨʦʜʠ ʧʝʨʝʭʽʜʥʽ ʧʨʦʮʝʩʠ ʤʘʶʪʴ ʘʩʠʤʧʪʦʪʠʯʥʦ ʩʪʽʡʢʠʡ 

ʭʘʨʘʢʪʝʨ, ʪʦʙʪʦ ʧʨʠ t­¤ʦʙ'ʻʢʪ ʧʝʨʝʭʦʜʠʪʴ ʫ ʧʝʚʥʠʡ ʩʪʽʡʢʠʡ ʩʪʘʥ. ɯʥʦʜʽ ʜʠʥʘʤʽʯʥʠʡ ʦʙ'ʻʢʪ ʤʘʻ ʢʽʣʴʢʘ 

ʩʪʽʡʢʠʭ ʩʪʘʥʽʚ, ʪʦʜʽ ʥʝʦʙʭʽʜʥʦ ʨʦʟʨʘʭʫʚʘʪʠ ʜʝʢʽʣʴʢʘ ʡʦʛʦ ʩʪʘʪʠʯʥʠʭ ʧʨʦʮʝʩʽʚ. ʋ ʟʚ'ʷʟʢʫ ʟ ʮʠʤ ʚʘʞʣʠʚʦʶ 

ʟʘʜʘʯʝʶ ʘʥʘʣʽʟʫ ʻ ʨʦʟʨʘʭʫʥʦʢ ʩʪʘʪʠʯʥʦʛʦ ʨʝʞʠʤʫ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʡʦʛʦ ʩʪʽʡʢʦʩʪʽ. 

ʉʪʘʪʠʯʥʠʡ ʨʝʞʠʤ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ, ʽʥʪʝʛʨʫʶʯʠ ʚʠʭʽʜʥʫ ʩʠʩʪʝʤʫ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ ʥʘ ʜʦʩʪʘʪʥʴʦ ʚʝʣʠʢʦʤʫ ʽʥʪʝʨʚʘʣʽ ʯʘʩʫ. ʎʝʡ ʤʝʪʦʜ ʥʘʟʠʚʘʻʪʴʩʷ ʤʝʪʦʜʦʤ ʚʩʪʘʥʦʚʣʝʥʥʷ. ɺʽʥ ʥʘʜʽʡʥʠʡ, 

ʘʣʝ ʥʝ ʟʘʚʞʜʠ ʝʬʝʢʪʠʚʥʠʡ, ʪʘʢ ʷʢ ʚʠʤʘʛʘʻ ʙʘʛʘʪʦ ʯʘʩʫ ʜʣʷ ʦʙʯʠʩʣʝʥʥʷ ʽ ʫ ʨʘʟʽ ʽʩʥʫʚʘʥʥʷ ʢʽʣʴʢʦʭ ʩʪʘʪʠʯʥʠʭ 

ʨʝʞʠʤʽʚ ʧʨʠʟʚʝʜʝ ʣʠʰʝ ʜʦ ʦʜʥʦʛʦ ʟ ʥʠʭ. 

 

ʆʙôʻʢʪ ʪʘ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʻ ʥʝʣʽʥʽʡʥʽ ʜʠʥʘʤʽʯʥʽ ʩʠʩʪʝʤʠ. ɺ ʭʦʜʽ ʨʦʟʚᾷʷʟʘʥʥʷ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʙʫʣʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʟʘʛʘʣʴʥʦʾ ʪʝʦʨʽʾ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ 

ɺʨʘʭʦʚʫʶʯʠ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʠʪʘʥʥʷ ʟʘʚʜʘʥʥʷʤ ʜʦʩʣʽʜʞʝʥʴ ʻ ʨʦʟʨʦʙʢʘ ʤʝʪʦʜʫ ʨʦʟʚôʷʟʢʫ ʥʝʣʽʥʽʡʥʠʭ 

ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʥʘ ʦʩʥʦʚʽ ʻʜʠʥʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ï ʟʘʛʘʣʴʥʦʾ ʪʝʦʨʽʾ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ 

ʅʝʭʘʡ ʬʽʟʠʯʥʽʡ ʩʠʩʪʝʤʽ ʚʽʜʧʦʚʽʜʘʻ ʩʠʩʪʝʤʘ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ n -ʛʦ ʧʦʨʷʜʢʫ, 

ʟʘʧʠʩʘʥʘ ʚ ʥʦʨʤʘʣʴʥʽʡ ʬʦʨʤʽ, ʪʦʙʪʦ ʫ ʚʠʛʣʷʜʽ ʨʽʚʥʷʥʴ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ, ʚʠʨʽʰʝʥʠʭ ʚʽʜʥʦʩʥʦ ʧʦʭʽʜʥʠʭ: 
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ʜʝ Xï n -ʤʽʨʥʠʡ ʚʝʢʪʦʨ.  

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʻʜʠʥʦʛʦ ʨʽʰʝʥʥʷ ʩʠʩʪʝʤ ʟ n  ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʧʦʪʨʽʙʥʦ n  

ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. ʆʜʥʘʢ ʫ ʙʽʣʴʰʦʩʪʽ ʚʠʧʘʜʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʽʣʴʰ ʧʨʦʩʪʫ ʬʦʨʤʫ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ. 

ʆʙʤʝʞʠʤʦʩʷ ʧʨʘʢʪʠʯʥʦ ʚʘʞʣʠʚʦʶ ʧʨʦʙʣʝʤʦʶ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʽʦʜʠʯʥʠʭ ʨʽʰʝʥʴ ʩʠʩʪʝʤʠ (1). ʆʙʤʝʞʠʤʦ 

ʛʨʘʥʠʮʽ ʽʥʪʝʛʨʫʚʘʥʥʷ (1) ʯʘʩʦʚʠʤ ʚʽʜʨʽʟʢʦʤ 1 2[ , ]t t  ʽ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ, ʱʦ ʟʥʘʯʝʥʥʷ ʰʫʢʘʥʠʭ ʬʫʥʢʮʽʡ ʚʽʜʦʤʽ 

ʥʘ ʤʝʞʘʭ ʚʽʜʨʽʟʢʘ ʪʦʙʪʦ 1( )ix t  i 2( )ix t , 1,2,...,i n= . ʊʘʢʽ ʢʨʘʡʦʚʽ ʫʤʦʚʠ ʥʘʟʠʚʘʶʪʴʩʷ ʛʨʘʥʠʯʥʠʤʠ ʽ ʤʘʶʪʴ 

ʚʠʛʣʷʜ: 

1 2( ) ( )i ix t x t= .                                                                                     (2) 

ʉʝʨʝʜ ʙʝʟʣʽʯʽ ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ ʩʠʩʪʝʤʘ ʥʝʣʽʥʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ (1) ʪʘ ʢʨʘʡʦʚʽ ʫʤʦʚʠ (2) 

ʫʪʚʦʨʶʶʪʴ ʜʚʦʪʦʯʢʦʚʫ ʢʨʘʡʦʚʫ ʟʘʜʘʯʫ. ʗʢʱʦ ʩʠʩʪʝʤʘ (1) ʤʘʻ ʧʝʨʽʦʜʠʯʥʫ ʚʭʽʜʥʫ ʬʫʥʢʮʽʶ (ʥʘʧʨʠʢʣʘʜ, ʟ 

ʧʝʨʽʦʜʦʤ ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ T), ʪʦʜʽ ʩʝʨʝʜ ʙʝʟʣʽʯʽ ʾʾ ʨʽʰʝʥʴ ʽʩʥʫʶʪʴ ʽ T -ʧʝʨʽʦʜʠʯʥʽ. ʊʘʢʘ ʟʘʜʘʯʘ ʥʘʟʠʚʘʻʪʴʩʷ 

ʜʚʦʪʦʯʢʦʚʦʶ T -ʧʝʨʽʦʜʠʯʥʦʾ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ, ʜʣʷ ʷʢʦʾ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ (2) ʟʘʧʠʩʫʶʪʴʩʷ ʫ ʚʠʛʣʷʜʽ 

ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ: 

( ) ( )X t X t T= + ,                                                                                  (3) 

ʘʙʦ ʜʣʷ 0t=  

(0) ( )X X T= .                                                                                     (4) 

ɿʘʜʘʯʫ (1), (4) ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ ʤʝʪʦʜʘʤʠ ʂʦʰʽ, ʷʢʱʦ ʚʜʘʩʪʴʩʷ ʦʪʨʠʤʘʪʠ ʜʦʩʪʘʪʥʶ ʢʽʣʴʢʽʩʪʴ ʢʨʘʡʦʚʠʭ 

ʫʤʦʚ ʥʘ ʦʜʥʦʤʫ ʟ ʢʽʥʮʽʚ ʚʽʜʨʽʟʢʘ ʽʥʪʝʛʨʫʚʘʥʥʷ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʟʘʜʘʥʦʤʫ (0)X ʟʥʘʡʪʠ ( )X T , ʪʦʙʪʦ. ʷʢʱʦ 

ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ n  ʰʫʢʘʥʠʭ ʬʫʥʢʮʽʡ ( )ix t ʚ ʪʦʯʮʽ 0t=  ʽ t T= . ʊʦʤʫ ʟʘʜʘʯʘ ʧʦʣʷʛʘʻ ʫ ʧʦʝʪʘʧʥʦʤʫ 

ʧʦʣʽʧʰʝʥʥʽ ʧʦʯʘʪʢʦʚʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʨʽʰʝʥʥʷ ʥʝ ʩʧʽʚʧʘʜʫʪʴ. ʋ ʮʴʦʤʫ ʧʦʣʷʛʘʻ ʩʫʪʥʽʩʪʴ 

ʤʝʪʦʜʫ ʧʨʠʩʪʨʽʣʦʢ [1]. 

ɺʽʜʦʤʦ ʜʝʢʽʣʴʢʘ ʤʝʪʦʜʽʚ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʫʥʠʢʥʫʪʠ ʽʥʪʝʛʨʫʚʘʥʥʷ ʩʠʩʪʝʤʠ (1) ʧʨʦʪʷʛʦʤ ʪʨʠʚʘʣʦʛʦ ʯʘʩʫ. 

ʆʜʠʥ ʟ ʥʠʭ, ʷʢ ʧʦʢʘʟʘʣʘ ʧʨʘʢʪʠʢʘ, ʥʘʡʝʬʝʢʪʠʚʥʽʰʠʡ ʽ ʙʫʚ ʚʠʢʦʨʠʩʪʘʥʠʡ ʫ [2]. ʉʫʪʴ ʡʦʛʦ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ 

ʽʥʪʝʛʨʫʶʯʠ ʩʠʩʪʝʤʫ (1) ʟʘ ʜʝʷʢʠʭ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚʘʭ (0)X  ʧʨʦʪʷʛʦʤ ʧʝʨʽʦʜʫ, ʦʪʨʠʤʫʻʤʦ ʚʝʢʪʦʨ ( )X T . 

ʗʢʱʦ ʩʠʩʪʝʤʘ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʩʪʘʮʽʦʥʘʨʥʦʤʫ ʨʝʞʠʤʽ, ʪʦ ( ) (0)X T X=  ʪʘ ʟʥʘʡʜʝʥʝ ʨʽʰʝʥʥʷ ʻ ʧʝʨʽʦʜʠʯʥʠʤ. 

ʗʢʱʦ ʞ ʥʽ, ʚʽʜʟʥʘʯʘʻʤʦ, ʱʦ ( )X T  ʻ ʬʫʥʢʮʽʻʶ (0)X  ʽ ʚʠʟʥʘʯʘʻʤʦ ʚʝʢʪʦʨ ʧʦʤʠʣʦʢ: 

( (0)) (0) ( )X X X Te = - .                                                                   (5) 

ʅʝʦʙʭʽʜʥʦ ʟʥʘʡʪʠ ʪʘʢʝ ʨʽʰʝʥʥʷ, ʧʨʠ ʷʢʦʤʫ ʮʝʡ ʚʝʢʪʦʨ ʙʫʚ ʨʽʚʥʠʡ ʥʫʣʶ. ʇʨʠ ʪʘʢʽʡ ʧʦʩʪʘʥʦʚʮʽ ʟʘʜʘʯʽ 

ʧʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʩʪʘʶʪʴ ʰʫʢʘʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

ʊʘʢʠʡ ʧʽʜʭʽʜ ʦʪʨʠʤʘʚ ʥʘʟʚʫ ʤʝʪʦʜʫ ʯʫʪʣʠʚʦʩʪʽ ʜʦ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʥʘ ʚʽʜʤʽʥʫ ʚʽʜ ʧʘʨʘʤʝʪʨʠʯʥʦʾ 

ʯʫʪʣʠʚʦʩʪʽ, ʢʦʣʠ ʜʦʩʣʽʜʞʫʶʪʴ ʟʤʽʥʠ ʟʦʚʥʽʰʥʽʭ ʽ ʚʥʫʪʨʽʰʥʽʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʥʘ ʾʾ ʚʠʭʽʜʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ. 

ʊʨʘʥʩʮʝʥʜʝʥʪʥʘ ʩʠʩʪʝʤʘ (5) ʥʝʣʽʥʽʡʥʘ ʚʽʜʥʦʩʥʦ n  ʟʤʽʥʥʠʭ (0)X  ʽ ʤʦʞʝ ʙʫʪʠ ʚʠʨʽʰʝʥʘ ʤʝʪʦʜʦʤ 

ʽʪʝʨʘʮʽʡ. ʅʘʡʙʽʣʴʰ ʧʨʠʜʘʪʥʠʡ ʜʣʷ ʮʴʦʛʦ ʤʝʪʦʜ ʅʴʶʪʦʥʘ, ʫ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʷʢʦʛʦ ʥʘ ʢʦʞʥʽʡ ʽʪʝʨʘʮʽʾ ʧʦʯʘʪʢʦʚʽ 

ʫʤʦʚʠ ʫʪʦʯʥʶʶʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

1 1(0) (0) (1 ) ( (0) ( ))k k kX X W X X T+ -= - - - ,                                              (6) 

ʜʝ k  ï ʽʥʜʝʢʩ ʽʪʝʨʘʮʽʾ, ʘ 

( (0, ))
( (0))

(0)

X X T
W x

X

µ
=

µ
                                                                         (7) 

ï ʤʘʪʨʠʮʷ ʯʫʪʣʠʚʦʩʪʽ ʟʤʽʥʥʠʭ ʩʠʩʪʝʤ (1) ʜʦ ʩʚʦʾʭ ʧʦʯʘʪʢʦʚʠʭ ʟʥʘʯʝʥʴ. ʂʦʞʝʥ ʨʷʜʦʢ ʮʽʻʾ ʤʘʪʨʠʮʽ ʻ 

ʛʨʘʜʽʻʥʪʦʤ ʟʤʽʥʥʦʾ ʚ ʧʨʦʩʪʦʨʽ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ, ʘ ʢʦʞʝʥ ʾʾ ʩʪʦʚʧʯʠʢ ʭʘʨʘʢʪʝʨʠʟʫʻ ʯʫʪʣʠʚʽʩʪʴ ʚʩʽʻʾ ʤʥʦʞʠʥʠ 

ʟʤʽʥʥʠʭ ʜʦ ʦʜʥʽʻʾ ʧʦʯʘʪʢʦʚʦʾ ʫʤʦʚʠ. ɰʾ ʦʪʨʠʤʫʶʪʴ ʽʟ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ (5), ʜʝ ( (0))Xe ʩʪʘʻ ʮʽʣʴʦʚʦʶ 

ʬʫʥʢʮʽʻʶ, ʧʨʘʚʘ ʯʘʩʪʠʥʘ ʷʢʦʾ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʩʪʘʣʦʛʦ ʧʨʦʮʝʩʫ ʜʦʨʽʚʥʶʚʘʪʠʤʝ ʥʫʣʶ, ʪʦʙʪʦ: 

( (0)) (0) ( ) 0X X X Te = - =.                                                                   (8) 

ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ (8) ʧʦ (0)X  ʦʪʨʠʤʫʻʤʦ: 

' ( (0, ))
( (0)) 1 1 ( (0)) 0

(0)

X X T
X W X

X

µ
e = - = - =

µ
,                                             (9) 

ʜʝ 1 ï ʦʜʠʥʠʯʥʘ ʤʘʪʨʠʮʷ. 

ɽʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ (7) ʤʦʞʥʘ ʦʙʯʠʩʣʠʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʽʟʥʠʮʝʚʠʭ ʬʦʨʤʫʣ, ʨʦʟʚ'ʷʟʫʶʯʠ ʟʘʜʘʯʫ ʂʦʰʽ 

ʪʘ ʟʥʘʭʦʜʷʯʠ ʮʽʣʴʦʚʫ ʬʫʥʢʮʽʶ (8) ʜʣʷ ʦʜʥʽʻʾ ʽʪʝʨʘʮʽʾ ʚ ʟʘʛʘʣʴʥʽʡ ʢʽʣʴʢʦʩʪʽ 1n+  ʨʘʟʽʚ. ʏʝʨʝʟ ʛʨʦʤʽʟʜʢʽʩʪʴ ʪʘ 

ʩʢʣʘʜʥʽʩʪʴ ʮʝʡ ʤʝʪʦʜ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʨʽʜʢʦ. ɼʣʷ ʮʴʦʛʦ ʟʨʫʯʥʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʽ ʨʽʚʥʷʥʥʷ 

ʫ ʚʘʨʽʘʮʽʷʭ, ʷʢʽ ʻ ʨʝʟʫʣʴʪʘʪʦʤ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʩʠʩʪʝʤʠ (1) ʟʘ ʧʦʯʘʪʢʦʚʠʤʠ ʫʤʦʚʘʤʠ (0)X  
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( (0, )) ( , )

(0) (0)

d X X T F X t X

dt X X X

µ µ µ
=

µ µ µ
.                                                           (10) 

ʇʦʟʥʘʯʠʤʦ: 

( , )
( )

F X t
A t

X

µ
=
µ

.                                                                              (11) 

ɺʨʘʭʦʚʫʶʯʠ (7) ʪʘ (11), ʩʠʩʪʝʤʘ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʧʝʨʰʦʾ ʚʘʨʽʘʮʽʾ ʥʘʙʫʜʝ ʚʠʛʣʷʜʫ: 

( )(0))
( ) ( (0))

dW X
A t W X

dt
= Ö .                                                              (12) 

ɿʘʛʘʣʴʥʦʧʨʠʡʥʷʪʫ ʩʠʩʪʝʤʫ ʚʘʨʽʘʮʽʡʥʠʭ ʨʽʚʥʷʥʴ (12) ʽʥʪʝʛʨʫʚʘʪʠ ʥʘ ʧʝʨʽʦʜʽ ʙʫʜʴ-ʷʢʠʤ ʯʠʩʝʣʴʥʠʤ 

ʤʝʪʦʜʦʤ ʨʘʟʦʤ ʟ ʚʠʭʽʜʥʦʶ ʩʠʩʪʝʤʦʶ (1), ʪʦʙʪʦ ʝʣʝʤʝʥʪʠ ʤʘʪʨʠʮʽ ʯʫʪʣʠʚʦʩʪʽ ʰʫʢʘʶʪʴ ʨʘʟʦʤ ʟ ʚʝʢʪʦʨʦʤ X . 

ʇʨʠ ʮʴʦʤʫ ʧʦʨʷʜʦʢ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟʨʦʩʪʘʻ ʚʜʚʽʯʽ, ʱʦ ʫʪʨʫʜʥʶʻ ʧʨʦʮʝʩ ʨʦʟʨʘʭʫʥʢʫ 

ʥʝʣʽʥʽʡʥʠʭ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ. 

ʏʝʨʝʟ ʥʝʟʘʣʝʞʥʽʩʪʴ ʚʭʽʜʥʦʾ ʬʫʥʢʮʽʾ ʚʽʜ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʩʠʩʪʝʤʘ ʚʘʨʽʘʮʽʡʥʠʭ ʨʽʚʥʷʥʴ (12) ʻ 

ʦʜʥʦʨʽʜʥʦʶ ʩʠʩʪʝʤʦʶ ʣʽʥʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʟ ʧʝʨʽʦʜʠʯʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ. ɰʾ ʜʦʮʽʣʴʥʦ 

ʚʠʨʽʰʫʚʘʪʠ ʦʢʨʝʤʦ ʥʘ ʧʽʜʩʪʘʚʽ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʌʣʦʢʝ ʜʣʷ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʨʦʟʚ'ʷʟʢʽʚ ʩʠʩʪʝʤʠ ʪʘʢʠʭ 

ʨʽʚʥʷʥʴ ʫ ʚʠʛʣʷʜʽ ʜʦʙʫʪʢʫ ʧʝʨʽʦʜʠʯʥʦʾ ʤʘʪʨʠʮʽ ʧʝʨʽʦʜʫ T  ʪʘ ʤʘʪʨʠʯʥʦʛʦ ʨʽʰʝʥʥʷ ʜʝʷʢʦʾ ʩʠʩʪʝʤʠ ʟ 

ʧʦʩʪʽʡʥʠʤʠ ʢʦʝʬʽʮʽʻʥʪʘʤʠ. ʇʽʜʩʪʘʚʦʶ ʮʴʦʛʦ ʻ ʪʝʦʨʝʤʘ [3]. 

ʊʝʦʨʝʤʘ. ʗʢʱʦ ( )W t  ï ʬʫʥʜʘʤʝʥʪʘʣʴʥʘ ʩʠʩʪʝʤʘ ʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʪʦ 

ʤʘʪʨʠʮʷ ( )W t T+ . ʪʘʢʦʞ ʻ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʶ ʩʠʩʪʝʤʦʶ ʨʽʰʝʥʴ. ɼʣʷ ʢʦʞʥʦʾ ʪʘʢʦʾ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

( )W t  ʽʩʥʫʻ ʥʝʦʩʦʙʣʠʚʘ ʧʝʨʽʦʜʠʯʥʘ ʤʘʪʨʠʮʷ ( )D t  ʧʝʨʽʦʜʫ T  ʽ ʧʦʩʪʽʡʥʘ ʤʘʪʨʠʮʷ  B . 

( ) ( ) tBW t D t e-= .                                                                        (13) 

ʇʽʜʙʠʨʘʻʤʦ ʪʘʢʫ ʧʦʩʪʽʡʥʫ ʤʘʪʨʠʮʶ B, ʱʦʙ ʤʘʪʨʠʮʷ ( ) ( ) tBW t D t e-=  ʜʣʷ ʩʠʩʪʝʤʠ ʨʽʚʥʷʥʴ (12) ʙʫʣʘ 

T -ʧʝʨʽʦʜʠʯʥʘ, ʪʦʙʪʦ 

( )( ) ( ) ( )tB t T B tB TBW t e W t T e W t T e e- + - -Ö = + Ö = + Ö Ö.                                         (14) 

ʇʦʜʽʣʠʚʰʠ ʦʙʠʜʚʽ ʯʘʩʪʠʥʠ (14) ʥʘ tBe- ʦʪʨʠʤʘʻʤʦ: 

( ) ( ) TBW t D t e-= .                                                                          (15) 

ʇʦʯʘʪʢʦʚʽ ʫʤʦʚʠ ʜʣʷ ʚʘʨʽʘʮʽʡʥʠʭ ʨʽʚʥʷʥʴ (12) ʟʥʘʡʜʝʤʦ ʟ (9). ʇʨʠ 0t=  ʤʘʻʤʦ: 

(0) 1W =                                                                                           (16) 

ʪʘ ʫʤʦʚʫ ʧʝʨʽʦʜʠʯʥʦʩʪʽ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʪʘʢ: 

(0) ( ) TBW W T e-= Ö .                                                                      (17) 

ʇʽʜʩʪʘʚʠʚʰʠ ʬʦʨʤʫʣʠ (16) ʽ (17), ʦʪʨʠʤʘʻʤʦ 

( ) TBW T e-= .                                                                                (18) 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʘʪʨʠʮʽ ʧʨʦʣʦʛʘʨʠʬʤʫʻʤʦ ʚʠʨʘʟ (18): 

1/ ln( ( ))B T W T= Ö .                                                                          (19) 

ʅʘʩʣʽʜʢʦʤ ʪʝʦʨʝʤʘ ʌʣʦʢʝ ʻ ʽʩʥʫʚʘʥʥʷ ʧʨʠʥʘʡʤʥʽ ʦʜʥʦʛʦ ʨʽʰʝʥʥʷ ʨʽʚʥʷʥʥʷ (12) ʪʘʢʦʛʦ, ʱʦ: 

( (0), ) ( (0), )W X t W X t T= + . 

ʊʦʙʪʦ ʷʢʱʦ ʬʫʥʢʮʽʷ ( , )F X t  ʧʝʨʽʦʜʠʯʥʘ ʧʦ tʟ ʧʝʨʽʦʜʦʤ T , ʪʦ ʨʽʰʝʥʥʷ ʚʠʨʽʰʝʥʥʷ ʚʘʨʽʘʮʽʡʥʦʛʦ 

ʨʽʚʥʷʥʥʷ ʪʘʢʦʞ ʧʝʨʽʦʜʠʯʥʝ ʟ ʪʠʤ ʩʘʤʠʤ ʧʝʨʽʦʜʦʤ. 

ʃʷʧʫʥʦʚ ɸ.ʄ. ʫ ʩʚʦʾʡ ʨʦʙʦʪʽ çɿʘʛʘʣʴʥʘ ʟʘʜʘʯʘ ʧʨʦ ʩʪʽʡʢʽʩʪʴ ʨʫʭʫè ʦʙˇʨʫʥʪʫʚʘʚ ʜʦʮʽʣʴʥʽʩʪʴ 

ʜʦʩʣʽʜʞʝʥʥʷ ʩʪʽʡʢʦʩʪʽ ʨʦʟʚ'ʷʟʢʽʚ ʩʠʩʪʝʤ ʥʝʣʽʥʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʥʘ ʦʩʥʦʚʽ ʾʭ ʣʽʥʽʡʥʠʭ 

ʚʘʨʽʘʮʽʡʥʠʭ ʨʽʚʥʷʥʴ. ʇʨʦ ʮʝ ʩʚʽʜʯʠʪʴ ʥʘʩʪʫʧʥʘ ʡʦʛʦ ʪʝʦʨʝʤʘ, ʜʦʢʘʟ ʷʢʦʾ ʤʽʩʪʠʪʴʩʷ ʫ [3]. 

ʊʝʦʨʝʤʘ. ʗʢʱʦ ï ( )X t
 
ʧʝʨʽʦʜʠʯʥʝ ʨʽʰʝʥʥʷ ʩʠʩʪʝʤʠ (1) ʧʝʨʽʦʜʫ T  ʽ ʬʫʥʢʮʽʷ ( , )F X t  ʧʝʨʽʦʜʠʯʥʘ ʟ ʪʠʤ 

ʩʘʤʠʤ ʧʝʨʽʦʜʦʤ, ʘ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʽ ʧʦʢʘʟʥʠʢʠ ʚʘʨʽʘʮʽʡʥʦʛʦ ʨʽʚʥʷʥʥʷ (12) ʤʘʶʪʴ ʚʽʜôʻʤʥʽ ʜʽʡʩʥʽ ʯʘʩʪʠʥʠ, ʪʦ 

( )X t  ï ʘʩʠʤʧʪʦʪʠʯʥʦ ʩʪʽʡʢʝ ʨʽʰʝʥʥʷ ʩʠʩʪʝʤ (1). ʗʢʱʦ ʭʦʯʘ ʙ ʦʜʠʥ ʭʘʨʘʢʪʝʨʠʩʪʠʯʥʠʡ ʧʦʢʘʟʥʠʢ ʩʠʩʪʝʤʠ (12) 

ʤʘʻ ʜʦʜʘʪʥʫ ʜʽʡʩʥʫ ʯʘʩʪʠʥʫ, ʪʦ ( )X t  ʥʝʩʪʽʡʢʝ ʨʽʰʝʥʥʷ.  

ʆʪʞʝ, ʩʪʽʡʢʽʩʪʴ ʧʝʨʽʦʜʠʯʥʦʛʦ ʨʽʰʝʥʥʷ ʚʠʟʥʘʯʘʪʠʤʝʤʦ ʚʠʭʦʜʷʯʠ ʟ ʨʽʚʥʷʥʴ ʧʝʨʰʦʾ ʚʘʨʽʘʮʽʾ ï ʤʦʜʝʣʽ 

ʯʫʪʣʠʚʦʩʪʽ ʜʦ ʟʤʽʥʠ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ. ɼʣʷ ʪʦʛʦ ʱʦʙ ʚʩʽ ʨʽʰʝʥʥʷ (12) ʧʨʷʤʫʚʘʣʠ ʜʦ ʥʫʣʷ ʧʨʠ t­¤, 

ʥʝʦʙʭʽʜʥʦ ʽ ʜʦʩʪʘʪʥʴʦ, ʱʦʙ ʫʩʽ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʤʘʪʨʠʮʽ B  ʚʽʜʧʦʚʽʜʥʦ ʜʦ (19) ʤʘʣʠ ʚʽʜôʻʤʥʫ ʜʽʡʩʥʫ ʯʘʩʪʠʥʫ, 

ʪʦʙʪʦ, ʱʦʙ ʫʩʽ ʚʣʘʩʥʽ ʟʥʘʯʝʥʥʷ ʤʘʪʨʠʮʽ ( (0), )W X T  ʙʫʣʠ ʧʦ ʤʦʜʫʣʶ ʤʝʥʰʝ ʦʜʠʥʠʮʽ. ɺʣʘʩʥʽ ʟʥʘʯʝʥʥʷ 

ʤʘʪʨʠʮʽ W  ʥʘʟʠʚʘʶʪʴ ʤʫʣʴʪʠʧʣʽʢʘʪʦʨʘʤʠ. ʄʫʣʴʪʠʧʣʽʢʘʪʦʨʠ ʥʝ ʟʘʣʝʞʘʪʴ ʚʽʜ ʚʠʙʦʨʫ ʧʦʯʘʪʢʦʚʦʛʦ ʤʦʤʝʥʪʫ 

ʯʘʩʫ 0t . 

ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ ʟʚʦʜʠʪʴʩʷ ʜʦ ʨʦʟʚ'ʷʟʘʥʥʷ ʛʨʫʧʠ ʟʘʜʘʯ, ʷʢʽ ʥʘʣʝʞʘʪʴ 

ʜʦ ʟʘʜʘʯ ʩʠʥʪʝʟʫ ʘʙʦ ʜʦ ʟʘʜʘʯ ʘʥʘʣʽʟʫ. 
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ɸʥʘʣʽʟ ʩʠʩʪʝʤʠ ï ʚʠʚʯʝʥʥʷ ʾʾ ʚʣʘʩʪʠʚʦʩʪʝʡ. ʇʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʥʝ ʩʪʚʦʨʶʶʪʴʩʷ ʥʦʚʽ ʦʙ'ʻʢʪʠ, ʘ 

ʜʦʩʣʽʜʞʫʶʪʴʩʷ ʟʘʜʘʥʽ. 

ʉʠʥʪʝʟ ʩʠʩʪʝʤ ʥʘʮʽʣʝʥʠʡ ʥʘ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʚʘʨʽʘʥʪʽʚ ʦʙ'ʻʢʪʘ, ʘ ʘʥʘʣʽʟ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʟ ʤʝʪʦʶ 

ʦʮʽʥʢʠ ʮʠʭ ʚʘʨʽʘʥʪʽʚ. ɿʘʜʘʯʘ ʩʠʥʪʝʟʫ ʟʘʟʚʠʯʘʡ ʟʚʦʜʠʪʴʩʷ ʜʦ ʙʘʛʘʪʦʨʘʟʦʚʦʛʦ ʨʦʟʚᾷʷʟʘʥʥʷ ʟʘʜʘʯʽ ʘʥʘʣʽʟʫ ʟ 

ʥʘʩʪʫʧʥʠʤ ʧʝʨʝʙʦʨʦʤ ʾʾ ʨʦʟʚ'ʷʟʢʽʚ. 

ʆʪʞʝ, ʩʠʥʪʝʟ ʪʘ ʘʥʘʣʽʟ ʚʠʩʪʫʧʘʶʪʴ ʫ ʧʨʦʮʝʩʽ ʧʨʦʝʢʪʫʚʘʥʥʷ ʫ ʜʽʘʣʝʢʪʠʯʥʽʡ ʻʜʥʦʩʪʽ. 

ʗʢ ʙʫʣʦ ʩʢʘʟʘʥʦ ʥʘ ʧʦʯʘʪʢʫ ʩʪʘʪʪʽ, ʟʘʜʘʯʽ ʘʥʘʣʽʟʫ ʚʢʣʶʯʘʶʪʴ ʚ ʩʝʙʝ ʨʦʟʨʘʭʫʥʦʢ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʽ 

ʧʨʦʮʝʩʽʚ, ʱʦ ʚʩʪʘʥʦʚʠʣʠʩʷ ʪʘ ʦʮʽʥʢʫ ʩʪʽʡʢʦʩʪʽ ʦʪʨʠʤʘʥʠʭ ʨʽʰʝʥʴ ʽ ʘʥʘʣʽʟ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʯʫʪʣʠʚʦʩʪʽ. ɼʣʷ 

ʚʠʨʽʰʝʥʥʷ ʢʦʞʥʦʾ ʟʘʜʘʯʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʘʙʩʦʣʶʪʥʦ ʨʽʟʥʠʡ ʤʘʪʝʤʘʪʠʯʥʠʡ ʘʧʘʨʘʪ. ɿʘʜʘʯʘ ʘʥʘʣʽʟʫ 

ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ï ʮʝ ʟʘʚʜʘʥʥʷ ʂʦʰʽ ʜʣʷ ʟʚʠʯʘʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. ɸʥʘʣʽʟ ʧʨʦʮʝʩʽʚ, ʱʦ 

ʚʩʪʘʥʦʚʠʣʠʩʷ, ʟʜʽʡʩʥʶʚʘʚʩʷ ʫ ʯʘʩʦʚʽʡ ʦʙʣʘʩʪʽ ʤʝʪʦʜʘʤʠ ʛʘʨʤʦʥʽʯʥʦʛʦ ʙʘʣʘʥʩʫ, ʢʦʣʦʢʘʮʽʾ ʪʦʱʦ. ʉʪʘʪʠʯʥʘ 

ʩʪʽʡʢʽʩʪʴ ʚʠʟʥʘʯʘʣʘʩʴ ʥʘ ʧʽʜʩʪʘʚʽ ʘʣʛʝʙʨʘʾʯʥʠʭ ʢʨʠʪʝʨʽʾʚ. ɸʥʘʣʽʟ ʯʫʪʣʠʚʦʩʪʽ ʚʠʢʦʥʫʚʘʚʩʷ ʩʢʣʘʜʥʠʤʠ, ʚ 

ʘʣʛʦʨʠʪʤʽʯʥʦʤʫ ʚʽʜʥʦʰʝʥʥʽ, ʤʝʪʦʜʘʤʠ, ʪʦʙʪʦ  ʤʝʪʦʜʦʤ ʧʨʠʨʦʩʪʫ, ʚʘʨʽʘʮʽʡʥʠʤ ʤʝʪʦʜʦʤ, ʨʝʛʨʝʩʠʚʥʠʤ 

ʤʝʪʦʜʦʤ ʪʦʱʦ. 

ʄʦʜʝʣʴ ʯʫʪʣʠʚʦʩʪʽ ʜʦ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ ʜʦʟʚʦʣʷʻ ʦʙ'ʻʜʥʘʪʠ ʚʠʨʽʰʝʥʥʷ ʚʩʽʭ ʯʦʪʠʨʴʦʭ ʟʘʜʘʯ ʘʥʘʣʽʟʫ ʥʘ 

ʦʩʥʦʚʽ ʩʭʦʞʦʛʦ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʽ ʟʚʝʩʪʠ ʾʭ ʜʦ ʚʠʨʽʰʝʥʥʷ ʜʚʦʪʦʯʢʦʚʦʾ T  -ʧʝʨʽʦʜʠʯʥʦʾ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

1. ʅʝʣʽʥʽʡʥʽ ʜʠʥʘʤʽʯʥʽ ʩʠʩʪʝʤʠ, ʤʦʜʝʣʽ ʷʢʠʭ ʧʦʙʫʜʦʚʘʥʦ ʥʘ ʷʢʽʩʥʽʡ ʪʝʦʨʽʾ ʟʘʛʘʣʴʥʠʭ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ, ʻ ʦʩʥʦʚʥʠʤ ʽʥʩʪʨʫʤʝʥʪʦʤ ʚʠʨʽʰʝʥʥʷ ʙʘʛʘʪʴʦʭ ʧʨʘʢʪʠʯʥʠʭ ʟʘʜʘʯ. ʇʦʷʩʥʶʻʪʴʩʷ ʮʝ 

ʪʘʢʠʤʠ ʬʘʢʪʦʨʘʤʠ: 

- ʥʘʷʚʥʽʩʪʶ ʜʦʙʨʝ ʨʦʟʚʠʥʝʥʦʛʦ ʘʥʘʣʽʪʠʯʥʦʛʦ ʘʧʘʨʘʪʫ ʪʘ ʯʠʩʝʣʴʥʠʭ ʤʝʪʦʜʽʚ ʨʦʟʚ'ʷʟʘʥʥʷ ʟʘʛʘʣʴʥʠʭ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ; 

- ʧʨʦʟʦʨʽʩʪʶ ʪʘ ʧʨʠʨʦʜʥʽʩʪʶ ʟʘʛʘʣʴʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʷʢ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʦʧʠʩʫ 

ʧʨʦʮʝʩʫ ʧʝʨʝʭʦʜʫ ʨʝʘʣʴʥʠʭ ʦʙ'ʻʢʪʽʚ ʟ ʦʜʥʦʛʦ ʩʪʘʥʫ ʜʦ ʽʥʰʦʛʦ ʧʽʜ ʜʽʻʶ ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʧʨʠʯʠʥ; 

- ʥʘʷʚʥʽʩʪʶ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʭ ʷʢʽʩʥʠʭ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʨʽʰʝʥʴ ʟʘʛʘʣʴʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ 

ʨʽʚʥʷʥʴ, ʟʦʢʨʝʤʘ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʩʪʽʡʢʦʩʪʽ, ʘʥʘʣʽʟʫ ʧʦʚʝʜʽʥʢʠ ʨʽʰʝʥʴ ʚ ʤʝʞʘʭ ʦʩʦʙʣʠʚʠʭ ʪʦʯʦʢ ʪʘ ʾʭ 

ʘʩʠʤʧʪʦʪʠʯʥʦʾ ʧʦʚʝʜʽʥʢʠ. 

2. ɿʘʟʥʘʯʝʥʽ ʦʙʩʪʘʚʠʥʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʪʦʛʦ, ʱʦ ʩʠʩʪʝʤʠ, ʱʦ ʦʧʠʩʫʶʪʴʩʷ ʟʚʠʯʘʡʥʠʤʠ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ, ʻ ʤʝʪʦʜʠʯʥʦ ʜʫʞʝ ʟʨʫʯʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʘʣʛʦʨʠʪʤʽʚ 

ʜʦʩʣʽʜʞʝʥʥʷ ʜʠʥʘʤʽʯʥʠʭ ʩʠʩʪʝʤ. 

3. ʄʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʯʫʪʣʠʚʦʩʪʽ ʜʦ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ, ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʥʝʦʜʥʦʨʽʜʥʠʭ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʥʷʭ ʧʝʨʰʦʾ ʚʘʨʽʘʮʽʾ, ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʦʩʥʦʚʥʠʭ ʟʘʜʘʯ ʘʥʘʣʽʟʫ, 

ʷʢʠʤʠ ʻ ʨʦʟʨʘʭʫʥʦʢ ʧʝʨʝʭʽʜʥʠʭ ʧʨʦʮʝʩʽʚ ʪʘ ʧʨʦʮʝʩʽʚ, ʱʦ ʚʩʪʘʥʦʚʠʣʠʩʷ, ʚʠʟʥʘʯʝʥʥʷ ʩʪʘʪʠʯʥʦʾ ʩʪʽʡʢʦʩʪʽ ʪʘ 

ʨʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʯʫʪʣʠʚʦʩʪʽ, ʥʘ ʦʩʥʦʚʽ ʻʜʠʥʦʛʦ ʘʣʛʦʨʠʪʤʫ ʚʠʨʽʰʝʥʥʷ ʜʚʦʪʦʯʢʦʚʦʾ ʊ-ʧʝʨʽʦʜʠʯʥʦʾ 

ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʜʣʷ ʟʚʠʯʘʡʥʠʭ ʥʝʣʽʥʽʡʥʠʭ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ. 
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ɺʀɻʆʊʆɺʃɽʅʅʗ ɺʀʈʆɹɯɺ ʊɸ ɼɽʊɸʃɽʁ ʄɽʊʆɼʆʄ 3D-ɼʈʋʂʋ ɿ 

ʂʆʄʇʆɿʀʊʅʀʍ ʅʀʊʆʂ ɿ ɺʀʉʆʂʀʄ ɺʄɯʉʊʆʄ ʄɽʊɸʃʋ 
 
ˏ̒̓́̎̏̃̌̆̎̏ȟ ̏̚ ̏̅̎̉̍ ̈ ̨̝̙̎́̊̂̌ ̖̐̆̑̒̐̆̋̓̉̃̎̉ ̨̠̎́̐̑̍̃ ̑̏̈̃̉̓̋̔ ̘̒̔́̒̎̏̄̏ ̙̠̍́̉̎̏̂̔̅̔̃́̎̎ ̤ 

̑̏̈̑̏̂̋́ ̖̎̏̃̉ ̨̖̓̆̎̏̌̏̄̊ ̙̃̉̅̋̏̄̏ ̗̃̉̑̏̂̎̉̓̃́ ̨̗̩̐̑̏̅̔̋ ɉ̙̃̉̅̋̆ ̠̃̉̄̏̓̏̃̌̆̎̎Ɋȟ ̝̒̔̓ ̠̖̋̉ ̠̤̐̏̌̄́ ̃ 
̙̐̏́̑̏̃̏̍̔ ̨̟̋̏̎̒̓̑̔̃́̎̎ ̨̃̉̑̏̂̃ ̈ ̙̐̏̑̏̋̏̃̏̄̏ ̨̍́̓̆̑́̌̔ ̎́ ̨̏̒̎̏̃ #!$-̨̍̏̅̆̌ȟ ̓̏̂̓̏ ̨̍̏̅̆̌ȟ ̨̓̑̉̃̉̍̑̎́ 
̨̠̄̆̏̍̆̓̑ ̠̩̋̏ ̤̝̠̏̐̉̒̔̓̒ ̔ ̗̉̑̏̃̏̍̔̕ ̨̠̃̉̄̌̅ ̈́ ̟̅̏̐̏̍̏̄̏ ̐̑̏̄̑́̍ ̨̝̓̃̆̑̅̏̓̌̎̏̄̏ ̟̠̍̏̅̆̌̃́̎̎ ɉ!ÕÔÏ#!$ȟ 
SolidWorks, Compas-χ$ȟ #!4)!ȟ 0ÒÏ% ̓̏̏̚ɊȢ ˚́̃̆̅̆̎̏ ̨̏̒̎̏̃̎ ̐̆̑̆̃́̄̉ ̠̃̉̋̏̑̉̒̓́̎̎ ̖́̅̉̓̉̃̎̉ ̨̖̓̆̎̏̌̏̄̊ȟ 
̈̏̋̑̆̍́ χ$-̅̑̔̋̔ ̨̌́̍̆̎̓́̍̉̕ ̈ ̨̃̍̒̓̏̍ ̨̍̆̓́̌̃Ȣ ˝̠̏̈̄̌̎̔̓̏ ̓̉̐̉ χ$-̨̐̑̉̎̓̆̑̃ȟ ̨̠̋ ̟̝̅̑̔̋̔̓ ̍̆̓́̌̏̍Ȣ 
˛̐̉̒́̎̏ ̠̈́̒̓̏̒̔̃́̎̎ ̖̍̆̓́̌̆̃̉ ̨̙̐̏̑̏̋̃ ̃ ̨̖̠̖̓̆̎̏̌̏̄ χ$-̅̑̔̋̔Ȣ ˝̠̏̈̄̌̎̔̓̏ ̨̏̒̎̏̃̎ ̖́̑́̋̓̆̑̉̒̓̉̋̉ ̓́ 
̨̃̌́̒̓̉̃̏̒̓ ̖̓́̋̉ ̨̍̆̓́̌̃ ̓̉̓́̎ ̔4Éȟ ̨̟̘̩̎̆̑̇́̃̏ ̨̒̓́̌ 33ȟ ̨̨̟̟́̌̍̎ !,ȟ ̨̨̍̅ #Õȟ ̨̈́̌̈́ &Å ̓́ ̨̒̐̌́̃̃ ̎́ ̩̖ 
̨̏̒̎̏̃ȟ ̏̚ ̝̍̏̇̔̓ ̠̃̉̋̏̑̉̒̓̏̃̔̃́̓̉̒ ̃ ̨̠̋̏̒̓ ̨̨̍́̓̆̑́̌̃ ̘̉ ̅̏̂́̃̏̋ ̃ ̖́̅̉̓̉̃̎̉ ̨̖̠̖̓̆̎̏̌̏̄Ȣ ˛̐̉̒́̎̏ 
̐̆̑̆̃́̄̉ ̩̖ ̠̃̉̋̏̑̉̒̓́̎̎ ̨̠̐̏̑̃̎̎̏ ̈ ̨̗̓̑́̅̉̊̎̉̍̉ ̨̖̠̓̆̎̏̌̏̄̍̉ ɉ̠̌̉̓̓ȟ ̐̑̏̋́̓̋́ ̓̏̏̚ɊȢ ˜̑̉̃̆̅̆̎̏ ̖̒̆̍̔ 
̨̖̘̓̆̎̏̌̏̄̎̏̄̏ ̗̐̑̏̆̒̔ ̠̃̉̄̏̓̏̃̌̆̎̎ ̨̃̉̑̏̂̃ ̄́̌̔̈̆̃̏̄̏ ̙̠̍́̉̎̏̂̔̅̔̃́̎̎ ̍̆̓̏̅̏̍ χ$-̅̑̔̋̔ ̈ ̖̋̏̍̐̏̈̉̓̎̉ 
̎̉̓̏̋ ̈ ̃̉̒̏̋̉̍ ̨̃̍̒̓̏̍ ̍̆̓́̌̔Ȣ ˝̠̏̈̄̌̎̔̓̏ ̓́ ̏̐̉̒́̎̏ ̋̏̇̎̉̊ ̈ ̨̆̓́̐̃ ̨̖̘̓̆̎̏̌̏̄̎̏̄̏ ̗̐̑̏̆̒̔Ȣ ˜̨̨̅̂̑́̎̏ 
̍̆ ̓́̌̆̃̉̊ ̙̐̏̑̏̏̋ ̈ ̨̟̘̩̎̆̑̇́̃̏ ̨̒̓́̌ ̠̅̌ ̠̃̉̄̏̓̏̃̌̆̎̎ ̨̌́̍̆̎̓̔̕ ̓́ ̨̅̏̒̌̅̇̆̎̏ ̊̏̄̏ ̨̨̖̘̍̎̉̊ ̒̋̌́̅Ȣ 
˜̑̏̃̆̅̆̎̏ ̨̝̆̋̒̐̆̑̉̍̆̎̓́̌̎ ̨̠̅̏̒̌̅̇̆̎̎ ̠̅̌ ̘̠̃̉̈̎́̆̎̎ ̨̖̘̖̍̆́̎̎̉ȟ ̨̘̖̓̆̐̌̏̈̉̎̉̕ ̓́ ̨̘̖̑̆̏̌̏̄̎̉ 
̖́̑́̋̓̆̑̉̒̓̉̋ ̨̖̐̏̌̍̆̑̎̉ ̨̨̍́̓̆̑́̌̃ȟ ̨̠̋ ̟̝̠̃̉̋̏̑̉̒̓̏̃̔̓̒ ̠̅̌ ̠̃̉̄̏̓̏̃̌̆̎̎ ̍̏̎̏̎̉̓̏̋ ̠̅̌ χ$-̅̑̔̋̔Ȣ ˚́ 
̨̏̒̎̏̃ ̨̖̈̅̊̒̎̆̎̉ ̨̝̅̏̒̌̅̇̆̎ ̈́̐̑̏̐̏̎̏̃́̎̏ ̃̉̋̏̑̉̒̓́̓̉ 0,! ̐̌́̒̓̉̋̏̃̉̊ ̙̐̏̑̏̏̋ ̃ ̨̠̋̏̒̓ ̈ȭ̤̟̘̅̎̔̏̄̏ 
̆̌̆̍̆̎̓̔ ̃ ̨̨̌́̍̆̎̓̕Ȣ ˞̐̑̏̆̋̓̏̃́̎̏ ̨ ̃̉̄̏̓̏̃̌̆̎̏ ̨̗̟̋̏̎̒̓̑̔̋ ̙̎̆̋́ ̠̅̌ ̨̘̐̏̅́ ̨̍́̓̆̑́̌̔ ̨̩̆̋̒̓̑̔̈̊̎̏ 
̙̍́̉̎̉Ȣ ˝̏̈̑̏̂̌̆̎̏ ̏̑̍̔̕ ̓́ ̨̨̐̅̂̑́̎̏ ̨̍́̓̆̑́̌ ̨̩̆̋̒̓̑̔̈̊̎̏ ̄̏̌̏̃̋̉ȟ ̠̋́ ̤̈́̅́ ̨̅́̍̆̓̑ ̎̉̓̋̉ȟ ̏̚ 
̠̤̝̠̃̉̄̏̓̏̃̌̓̒Ȣ ˏ̉̂̑́̎̏ χ$-̐̑̉̎̓̆̑ ̠̅̌ ̅̑̔̋̔ ̨̃̉̑̏̂̃ ̓́ ̅̆̓́̌̆̊ ̋̏̍̐̏̈̉̓̎̉̍̉ ̎̉̓̋́̍̉ ̈ ̃̉̒̏̋̉̍ ̨̃̍̒̓̏̍ 
̍̆̓́̌̔ ̓́ ̨̈̅̊̒̎̆̎̏ ̊̏̄̏ ̠̔̅̏̒̋̏̎́̌̆̎̎Ȣ ˜̑̏̃̆̅̆̎̏ ̨̝̆̋̒̐̆̑̉̍̆̎̓́̌̎ ̨̠̅̏̒̌̅̇̆̎̎ ̈̎̏̒̔ ̎́̒́̅̋̉ ̆̋̒̓̑̔̅̆̑́ χ$-
̐̑̉̎̓̆̑́ ̐̑̉ ̨̋̏̎̓́̋̓ ̈ ̟́̂̑́̈̉̃̎̏ ̟̎̉̓̋̏Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ χ$-̐̑̉̎̓̆̑ȟ ̨̆̋̒̓̑̔̈̊̎́ ̙̍́̉̎́ȟ ̍̆̓́̌̆̃̉̊ ̙̐̏̑̏̏̋ ̈ ̨̟̘̩̎̆̑̇́̃̏ ̨̒̓́̌ȟ ̨̐̏̌̍̆̑̎̉̊ 
̨̍́̓̆̑́̌Ȣ 

 
Oleg POLISHCHUK, Andrii POLISHCHUK, 

Svitlana LISEVICH, Anatoliy ZALIZ ETSKYI, Vasiliy MELNYK  
Khmelnytskyi National University 

 

THE MANUFACTURING PRODUCTS AND PARTS BY 3D -PRINTING METHOD FROM COMPOSITE 

FILAMENTS WITH HIGH METAL CONTENT  
 

It is established that one of the most promising areas of development of modern engineering is the development of new 
technologies for rapid production (rapid manufacturing), the essence of which is the layered design of powder products based on CAD model, 
ie model whose three-dimensional geometry is described digitally by using solid modeling programs (AutoCAD, SolidWorks, Compas-3D, 
CATIA, ProE, etc.). The main advantages of using additive technologies, including 3D printing with filaments containing metals. The types of 
3D printers that print metal are considered. The use of metal powders in 3D printing technologies is described. The main characteristics and 
properties of such metals, TI titanium, stainless steel SS, aluminum Al, copper Cu, FE iron and alloys based on them can be used as materials 
or additives in additive technologies. The advantages of their use over traditional technologies (casting, rolling, etc.) are described. The 
scheme of technological process of manufacturing products of industry mechanical engineering by a 3D printing with a high metal content is 
given. Each of the stages of the technological process is considered and described. Stainless steel metal powder was selected for the 
manufacture of filament and its chemical composition is investigated. Experimental studies have been conducted to determine the 
mechanical, thermophysical and rheological characteristics of polymeric materials used for the manufacture of 3D prints. On the basis of the 
studies, it is proposed to use Plastic powder as a connecting element in the filament. The design of the auger for supplying the material of the 
extrusion machine is designed and manufactured. The form of the extrusion head is developed and selected, which sets the diameter of the 
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filament being made. A 3D printer for printing products and parts with a high metal content was selected and improved. Experimental 
studies of the wear of the 3D printer's extruder nozzle on contact with the abrasive thread. 

Key words: 3D-printing, extrusion machine, stainless steel metal powder, polymer material 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʆʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʧʨʷʤʽʚ ʨʦʟʚʠʪʢʫ ʩʫʯʘʩʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʻ ʨʦʟʨʦʙʢʘ ʥʦʚʠʭ 

ʪʝʭʥʦʣʦʛʽʡ ʰʚʠʜʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ (ʰʚʠʜʢʝ ʚʠʛʦʪʦʚʣʝʥʥʷ). ʉʫʪʴ ʪʘʢʠʭ ʪʝʭʥʦʣʦʛʽʡ ʧʦʣʷʛʘʻ ʚ 

ʧʦʰʘʨʦʚʦʤʫ ʢʦʥʩʪʨʫʶʚʘʥʥʽ ʚʠʨʦʙʽʚ ʟ ʧʦʨʦʰʢʦʚʦʛʦ ʤʘʪʝʨʽʘʣʫ ʥʘ ʦʩʥʦʚʽ CAD-ʤʦʜʝʣʽ, ʪʦʙʪʦ ʤʦʜʝʣʽ, 

ʪʨʠʚʠʤʽʨʥʘ ʛʝʦʤʝʪʨʽʷ ʷʢʦʾ ʦʧʠʩʫʻʪʴʩʷ ʫ ʮʠʬʨʦʚʦʤʫ ʚʠʛʣʷʜʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʨʦʛʨʘʤ ʪʚʝʨʜʦʪʽʣʴʥʦʛʦ 

ʤʦʜʝʣʶʚʘʥʥʷ (AutoCAD, SolidWorks, Compas-3D, CATIA, ProE ʪʦʱʦ). 

ɸʜʠʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʱʦ ʧʦʯʘʣʠ ʨʦʟʚʠʚʘʪʠʩʴ ʫ 80-ʭ ʨʦʢʘʭ XX ʩʪʦʣʽʪʪʷ, ʚʽʜʢʨʠʚʘʻ ʤʦʞʣʠʚʽʩʪʴ 

ʚʠʛʦʪʦʚʣʝʥʥʷ (ʚʠʨʦʱʫʚʘʥʥʷ) ʦʙ'ʻʢʪʽʚ ʰʣʷʭʦʤ ʧʦʩʪʫʧʦʚʦʛʦ ʥʘʥʝʩʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʥʘ ʩʪʚʦʨʝʥʠʡ ʦʙ'ʻʢʪ. ʉʬʝʨʘ 

ʘʜʠʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʩʴʦʛʦʜʥʽ ʩʪʨʽʤʢʦ ʨʦʟʚʠʚʘʻʪʴʩʷ, ʚʠʪʽʩʥʷʶʯʠ ʢʣʘʩʠʯʥʽ ʤʝʪʦʜʠ ʦʙʨʦʙʢʠ ʪʘ ʚʠʛʦʪʦʚʣʝʥʥʷ 

ʜʝʪʘʣʝʡ [1, 2]. 

ʆʩʥʦʚʥʠʤʠ ʧʝʨʝʚʘʛʘʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʜʠʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʡ ʻ: 

- ʤʽʥʽʤʽʟʘʮʽʷ ʤʘʪʝʨʽʘʣʴʥʠʭ ʚʪʨʘʪ ʽ ʚʽʜʭʦʜʽʚ ʚʠʨʦʙʥʠʮʪʚʘ; 

- ʤʦʞʣʠʚʽʩʪʴ ʚʥʝʩʝʥʥʷ ʟʤʽʥ ʜʦ ʧʨʦʝʢʪʫ ʥʘ ʝʪʘʧʽ ʧʝʨʝʜʘʯʽ ʚʠʨʦʙʫ ʜʦ ʚʠʛʦʪʦʚʣʝʥʥʷ; 

- ʤʦʞʣʠʚʽʩʪʴ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ, ʱʦ ʥʝʤʦʞʣʠʚʦ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʢʣʘʩʠʯʥʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ; 

- ʚʽʜʩʫʪʥʽʩʪʴ ʥʝʦʙʭʽʜʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʦʩʥʘʩʪʢʠ, ʷʢʘ ʧʨʠʪʘʤʘʥʥʘ ʢʣʘʩʠʯʥʠʤ ʤʝʪʦʜʘʤ ʦʙʨʦʙʢʠ; 

- ʚʠʛʦʪʦʚʣʝʥʥʷ ʧʨʦʜʫʢʮʽʾ ʚ ʨʘʤʢʘʭ ʜʦʩʣʽʜʥʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ; 

- ʧʝʨʝʭʽʜ ʚʽʜ ʤʘʩʦʚʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʜʦ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʟʘʤʦʚʣʝʥʴ ʽ ʟʙʽʣʴʰʝʥʥʷ ʘʩʦʨʪʠʤʝʥʪʫ 

ʧʨʦʜʫʢʮʽʾ. 

ʅʘʡʙʣʠʞʯʠʤ ʯʘʩʦʤ ʚʘʨʪʽʩʪʴ ʧʨʦʜʫʢʮʽʾ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 3D-ʜʨʫʢʫ ʟʥʠʟʠʪʴʩʷ, ʜʨʫʢ ʩʪʘʥʝ ʱʝ 

ʧʦʧʫʣʷʨʥʽʰʠʤ. 

 

ʆʙôʻʢʪ ʪʘ ʤʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ʆʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʴ ʻ ʧʨʦʮʝʩʠ, ʱʦ ʧʨʦʪʽʢʘʶʪʴ ʧʽʜ ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʽʣʘʤʝʥʪʽʚ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ 

ʤʝʪʘʣʫ ʪʘ ʧʽʜ ʯʘʩ ʜʨʫʢʫ ʟ ʥʠʭ ʛʦʪʦʚʠʭ ʜʝʪʘʣʝʡ ʪʘ ʚʠʨʦʙʽʚ. ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʧʦʩʪʘʚʣʝʥʠʭ ʟʘʜʘʯ ʙʫʣʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʦʩʥʦʚʥʽ ʧʦʣʦʞʝʥʥʷ ʤʘʰʠʥʦʟʥʘʚʩʪʚʘ, ʪʝʦʨʽʾ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʤʝʪʘʣʽʚ, ʪʘ ʾʭ ʧʝʨʝʨʦʙʢʠ, 

ʤʝʪʦʜʦʣʦʛʽʾ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ 

ɺʨʘʭʦʚʫʶʯʠ ʘʢʪʫʘʣʴʥʽʩʪʴ ʧʠʪʘʥʥʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ ʰʚʠʜʢʦʛʦ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʦʜʫʢʮʽʾ, 

ʟʘʚʜʘʥʥʷʤ ʜʦʩʣʽʜʞʝʥʴ ʻ ʨʦʟʨʦʙʢʘ ʚʫʟʣʽʚ ʪʘ ʜʝʪʘʣʝʡ ʦʙʣʘʜʥʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʠʪʦʢ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ 

ʤʝʪʘʣʽʚ ʪʘ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ ʽ ʜʝʪʘʣʝʡ ʥʘ ʾʭ ʦʩʥʦʚʽ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʪʘ ʾʭ ʦʙʛʦʚʦʨʝʥʥʷ 

ɿʘ ʦʩʪʘʥʥʽ 10 ʨʦʢʽʚ 3D-ʜʨʫʢ ʤʝʪʘʣʝʚʠʤ ʧʦʨʦʰʢʦʤ ʟʨʦʙʠʚ ʩʪʨʽʤʢʠʡ ʨʠʚʦʢ ʫ ʨʦʟʚʠʪʢʫ ʽ ʩʪʘʻ ʚʩʝ ʙʽʣʴʰ 

ʧʦʧʫʣʷʨʥʠʤ. ɯʩʥʫʻ ʚʝʣʠʢʘ ʢʽʣʴʢʽʩʪʴ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 3D-ʜʨʫʢʫ ʤʝʪʘʣʦʤ. 

ɺʽʜʦʤʽ ʩʴʦʛʦʜʥʽ ʥʠʪʢʠ ʜʣʷ ʜʨʫʢʫ ʥʘ ʦʩʥʦʚʽ ʨʽʟʥʠʭ ʤʝʪʘʣʽʚ ʧʦʻʜʥʫʶʪʴ ʧʨʘʢʪʠʯʥʽ ʪʘ ʝʩʪʝʪʠʯʥʽ 

ʚʣʘʩʪʠʚʦʩʪʽ. ɺʦʥʠ ʤʦʞʫʪʴ ʚʽʜʧʦʚʽʜʘʪʠ ʚʠʤʦʛʘʤ ʨʽʟʥʠʭ ʚʠʨʦʙʽʚ: ʧʨʦʪʦʪʠʧʠ, ʤʽʥʽʘʪʶʨʠ, ʧʨʠʢʨʘʩʠ, 

ʬʫʥʢʮʽʦʥʘʣʴʥʽ ʜʝʪʘʣʽ ʪʦʱʦ. 

ɼʨʫʢ ʤʝʪʘʣʘʤʠ ʥʘʩʪʽʣʴʢʠ ʚʘʞʣʠʚʠʡ, ʱʦ 3D-ʜʨʫʢ ʟ ʾʭ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʞʝ ʚʧʨʦʚʘʜʞʫʶʪʴ ʫ ʩʝʨʽʡʥʝ 

ʚʠʨʦʙʥʠʮʪʚʦ. ɼʝʷʢʽ ʜʝʪʘʣʽ, ʥʘʜʨʫʢʦʚʘʥʽ ʥʘ 3D-ʧʨʠʥʪʝʨʽ, ʚʞʝ ʥʘʟʜʦʛʥʘʣʠ ʪʘ ʧʝʚʥʦʶ ʤʽʨʦʶ ʧʝʨʝʚʝʨʰʠʣʠ ʟʘ 

ʩʚʦʾʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʪʽ, ʱʦ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʢʣʘʩʠʯʥʠʤʠ ʤʝʪʦʜʘʤʠ . 

ʂʣʘʩʠʯʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʤʝʪʘʣʽʚ ʽ ʧʣʘʩʪʤʘʩ ʻ ʥʘʜʪʦ ʥʝʦʱʘʜʣʠʚʠʤ. ɺʠʭʽʜ ʛʦʪʦʚʦʾ ʧʨʦʜʫʢʮʽʾ, ʫ ʜʝʷʢʠʭ 

ʛʘʣʫʟʷʭ, ʩʪʘʥʦʚʠʪʴ ʥʝ ʙʽʣʴʰʝ 30% ʟ ʚʠʢʦʨʠʩʪʘʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. ʇʨʠ 3D-ʜʨʫʢʦʚʽ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʤʝʪʘʣʽʚ 

ʩʧʦʞʠʚʘʻʪʴʩʷ ʤʝʥʰʝ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ, ʘ ʚʽʜʭʦʜʠ ʟʤʝʥʰʫʶʪʴʩʷ ʜʦ ʤʽʥʽʤʫʤʫ. ʂʨʽʤ ʪʦʛʦ, ʛʦʪʦʚʠʡ ʚʠʨʽʙ, 

ʥʘʜʨʫʢʦʚʘʥʠʡ ʥʘ 3D-ʧʨʠʥʪʝʨʽ ʤʘʻ ʥʘ 60% ʤʝʥʰʫ ʚʘʛʫ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʣʠʪʦʶ ʜʝʪʘʣʣʶ ʘʙʦ ʜʝʪʘʣʣʶ, ʱʦ 

ʧʽʜʜʘʚʘʣʘʩʴ ʤʝʭʘʥʽʯʥʽʡ ʦʙʨʦʙʮʽ. ʄʽʮʥʽʩʪʴ ʽ ʣʝʛʢʽʩʪʴ ʜʝʪʘʣʝʡ ʧʦʪʨʽʙʥʽ ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʦʢʨʝʤʠʭ ʚʠʨʦʙʽʚ ʫ 

ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ʎʝ, ʚ ʩʚʦʶ ʯʝʨʛʫ, ʪʘʢʦʞ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʩʦʙʽʚʘʨʪʦʩʪʽ ʧʨʦʜʫʢʮʽʾ [3]. 

ʇʨʦʮʝʩ 3D-ʜʨʫʢʫ ʤʝʪʘʣʘʤʠ, ʷʢʠʡ ʩʴʦʛʦʜʥʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʥʘʡʙʽʣʴʰʽ ʢʦʤʧʘʥʽʾ, ʚʽʜʦʤʠʡ ʷʢ 

ʦʧʣʘʚʣʝʥʥʷ ʘʙʦ ʩʧʽʢʘʥʥʷ ʰʘʨʫ ʧʦʨʦʰʢʫ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʣʘʟʝʨʥʠʡ ʘʙʦ ʽʥʰʠʡ ʚʠʩʦʢʦʝʥʝʨʛʝʪʠʯʥʠʡ ʧʨʦʤʽʥʴ 

ʟôʻʜʥʫʻ ʚ ʻʜʠʥʝ ʪʽʣʦ ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʝʥʽ ʯʘʩʪʢʠ ʤʝʪʘʣʝʚʦʛʦ ʧʦʨʦʰʢʫ, ʩʪʚʦʨʶʶʯʠ ʰʘʨʠ ʧʨʦʜʫʢʪʫ ʦʜʠʥ ʟʘ 

ʦʜʥʠʤ. 

3D-ʧʨʠʥʪʝʨʠ, ʷʢʽ ʜʨʫʢʫʶʪʴ ʤʝʪʘʣʦʤ, ʫʤʦʚʥʦ ʧʦʜʽʣʷʶʪʴ ʥʘ ʪʨʠ ʛʨʫʧʠ: 

1. ʉʪʨʫʤʝʥʝʚʽ ʧʨʠʥʪʝʨʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʟ ʧʣʘʩʪʠʢʦʤ ʽ ʣʝʛʢʦʧʣʘʚʢʠʤʠ ʤʝʪʘʣʘʤʠ, ʪʘʢʠʤʠ ʷʢ ʩʚʠʥʝʮʴ 

ʘʙʦ ʦʣʦʚʦ. 

2. 3D-ʧʨʠʥʪʝʨʠ ʱʦ ʟʜʽʡʩʥʶʶʪʴ ʜʨʫʢ ʤʝʪʘʣʝʚʠʤ ʧʦʨʦʰʢʦʤ ʟ ʢʣʝʻʤ.  

3. 3D-ʧʨʠʥʪʝʨʠ, ʷʢʽ ʧʨʘʮʶʶʪʴ ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʡ ʣʘʟʝʨʥʦʛʦ ʧʣʘʚʣʝʥʥʷ. 

ʄʝʪʘʣʝʚʠʡ ʧʦʨʦʰʦʢ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʢʽʣʴʢʦʭ ʪʝʭʥʦʣʦʛʽʷʭ 3D-ʜʨʫʢʫ [4]: 
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- ʩʝʣʝʢʪʠʚʥʝ ʣʘʟʝʨʥʝ ʩʧʽʢʘʥʥʷ, SLS (Selective Laser Sintering) ï 3D-ʤʝʪʦʜ, ʷʢʠʡ ʚʠʢʦʨʠʩʪʦʚʫʻ 

ʤʘʪʝʨʽʘʣ, ʱʦ ʩʧʽʢʘʻʪʴʩʷ ʣʘʟʝʨʦʤ; 

- ʩʝʣʝʢʪʠʚʥʝ ʣʘʟʝʨʥʝ ʧʣʘʚʣʝʥʥʷ, SLM (Selective Laser Melting) ï ʯʘʩʪʠʥʢʠ ʤʝʪʘʣʫ ʧʣʘʚʣʷʪʴʩʷ, ʧʽʩʣʷ 

ʯʦʛʦ ʬʦʨʤʫʻʪʴʩʷ ʞʦʨʩʪʢʠʡ ʢʘʨʢʘʩ; 

- ʝʣʝʢʪʨʦʥʥʦ-ʧʨʦʤʝʥʝʚʝ ʧʣʘʚʣʝʥʥʷ EBM (Electron Beam Melting). ʋ ʧʨʦʮʝʩʽ ʝʣʝʢʪʨʦʥʥʦ-

ʧʨʦʤʝʥʝʚʦʛʦ ʧʣʘʚʣʝʥʥʷ ʤʝʪʘʣʝʚʠʡ ʧʦʨʦʰʦʢ ʧʣʘʚʠʪʴʩʷ ʧʽʜ ʜʽʻʶ ʝʣʝʢʪʨʦʥʥʠʭ ʧʨʦʤʝʥʽʚ. 

ɼʦʩʷʛʥʝʥʥʷ ʤʝʪʘʣʫʨʛʽʾ ʧʦʚʥʽʩʪʶ ʨʝʘʣʽʟʫʶʪʴʩʷ ʚ ʘʜʠʪʠʚʥʦʤʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʱʦ ʜʦʟʚʦʣʷʻ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʫʥʽʢʘʣʴʥʽ ʤʘʪʝʨʽʘʣʠ ʽ ʩʧʣʘʚʠ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʛʝʦʤʝʪʨʠʯʥʦ ʩʢʣʘʜʥʠʭ ʚʠʨʦʙʽʚ ʚʠʩʦʢʦʾ 

ʪʦʯʥʦʩʪʽ, ʱʽʣʴʥʦʩʪʽ ʽ ʧʦʚʪʦʨʶʚʘʥʦʩʪʽ. 

ʄʝʪʘʣ ï ʦʜʠʥ ʽʟ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʠʡ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 3D-ʜʨʫʢʫ. ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ 

ʚʠʨʦʙʥʠʢʠ ʚ ʟʥʘʯʥʽʡ ʢʽʣʴʢʦʩʪʽ ʚʠʧʫʩʢʘʶʪʴ ʧʦʨʦʰʢʦʧʦʜʽʙʥʽ ʤʝʪʘʣʠ, ʷʢʽ ʦʧʪʠʤʘʣʴʥʦ ʧʽʜʭʦʜʷʪʴ ʜʣʷ 3D-

ʧʨʠʥʪʝʨʘ. ʉʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʾ ʜʦʟʚʦʣʷʶʪʴ ʦʪʨʠʤʫʚʘʪʠ ʧʦʨʦʰʦʢ ʜʣʷ 3D-ʜʨʫʢʫ ʟ ʧʝʚʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ ʜʣʷ 

ʚʠʨʽʰʝʥʥʷ ʢʦʥʢʨʝʪʥʠʭ ʚʠʨʦʙʥʠʯʠʭ ʟʘʚʜʘʥʴ. ɸ ʦʩʢʽʣʴʢʠ ʤʘʡʞʝ ʙʫʜʴ-ʷʢʠʡ ʤʝʪʘʣ ʤʦʞʥʘ ʨʦʟʧʠʣʶʚʘʪʠ, 

ʘʩʦʨʪʠʤʝʥʪ ʤʝʪʘʣʝʚʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 3D-ʧʨʠʥʪʝʨʽʚ ʥʘʜʟʚʠʯʘʡʥʦ ʚʝʣʠʢʠʡ. 

ʅʦʚʽʪʥʽ ʘʜʠʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ ʧʝʨʝʜʙʘʯʘʶʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʣʠʟʴʢʦ ʜʚʘʜʮʷʪʠ ʧʝʨʝʚʽʨʝʥʠʭ ʽ ʛʦʪʦʚʠʭ ʜʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, ʩʝʨʝʜ ʷʢʠʭ ʪʠʪʘʥ Ti, ʥʝʨʞʘʚʽʶʯʘ ʩʪʘʣʴ SS, ʘʣʶʤʽʥʽʡ AL, ʤʽʜʴ Cu, ʟʘʣʽʟʦ Fe ʪʦʱʦ. 

Ti ï ʪʠʪʘʥ. ʏʠʩʪʠʡ ʪʠʪʘʥ (Ti64) ï ʮʝ ʤʝʪʘʣ, ʱʦ ʥʘʡʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 3D-ʜʨʫʢʫ ʪʘ ʻ 

ʥʘʡʙʽʣʴʰ ʫʥʽʚʝʨʩʘʣʴʥʠʤ, ʦʩʢʽʣʴʢʠ ʚʽʥ ʦʜʥʦʯʘʩʥʦ ʤʽʮʥʠʡ ʽ ʣʝʛʢʠʡ. ɺʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʨʽʟʥʠʭ ʛʘʣʫʟʷʭ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʚʢʣʶʯʘʶʯʠ ʤʝʜʠʯʥʫ, ʘʝʨʦʢʦʩʤʽʯʥʫ, ʘʚʪʦʤʦʙʽʣʴʥʫ (ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʽ ʧʨʦʪʦʪʠʧʽʚ). 

ɭʜʠʥʠʤ ʥʝʜʦʣʽʢʦʤ ʻ ʚʠʩʦʢʘ ʨʝʘʢʮʽʡʥʘ ʟʜʘʪʥʽʩʪʴ ʪʠʪʘʥʫ. ɺʽʥ ʤʦʞʝ ʣʝʛʢʦ ʚʠʙʫʭʥʫʪʠ, ʢʦʣʠ 

ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʚʠʛʣʷʜʽ ʧʦʨʦʰʢʫ. ʇʨʠ ʜʨʫʢʫ  ʧʦʨʦʰʦʢ ʧʦʚʠʥʝʥ ʟʥʘʭʦʜʠʪʠʩʷ ʪʽʣʴʢʠ ʚ ʩʝʨʝʜʦʚʠʱʽ ʽʥʝʨʪʥʦʛʦ 

ʛʘʟʫ ʘʨʛʦʥʫ. 

SS ï ʥʝʨʞʘʚʽʶʯʘ ʩʪʘʣʴ. ʅʝʨʞʘʚʽʶʯʘ ʩʪʘʣʴ ʻ ʦʜʥʠʤ ʟ ʥʘʡʙʽʣʴʰ ʜʦʩʪʫʧʥʠʭ ʤʝʪʘʣʽʚ ʜʣʷ 3D-ʜʨʫʢʫ. ʋ 

ʪʦʡ ʞʝ ʯʘʩ ʮʝʡ ʤʝʪʘʣ ʜʦʚʛʦʚʽʯʥʠʡ ʽ ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʷ ʚ ʰʠʨʦʢʦʤʫ ʩʧʝʢʪʨʽ ʧʨʦʤʠʩʣʦʚʠʭ ʽ ʤʠʩʪʝʮʴʢʠʭ 

ʛʘʣʫʟʝʡ. ʊʘʢʠʡ ʪʠʧ ʩʧʣʘʚʫ ʩʪʘʣʽ, ʱʦ ʤʽʩʪʠʪʴ ʢʦʙʘʣʴʪ ʽ ʥʽʢʝʣʴ, ʤʘʻ ʚʠʩʦʢʫ ʝʣʘʩʪʠʯʥʽʩʪʴ ʪʘ ʤʽʮʥʽʩʪʴ ʥʘ ʨʦʟʨʠʚ. 

3D-ʜʨʫʢ ʪʘʢʠʤ ʤʘʪʝʨʽʘʣʦʤ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʦʩʥʦʚʥʦʤʫ ʪʽʣʴʢʠ ʫ ʚʘʞʢʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ɸʣʶʤʽʥʽʡ. ɿʘʚʜʷʢʠ ʭʘʨʘʢʪʝʨʥʽʡ ʘʣʶʤʽʥʽʶ ʣʝʛʢʦʩʪʽ ʪʘ ʫʥʽʚʝʨʩʘʣʴʥʦʩʪʽ, ʤʘʪʝʨʽʘʣ ʻ ʜʫʞʝ ʧʦʧʫʣʷʨʥʠʤ 

ʤʝʪʘʣʦʤ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ 3D-ʜʨʫʢʫ. ɿʘʟʚʠʯʘʡ ʡʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʫ ʚʠʛʣʷʜʽ ʨʽʟʥʠʭ ʩʧʣʘʚʽʚ, ʜʝ ʚʽʥ 

ʩʢʣʘʜʘʻ ʦʩʥʦʚʫ. ɸʣʶʤʽʥʽʻʚʠʡ ʧʦʨʦʰʦʢ ʚʠʙʫʭʦʥʝʙʝʟʧʝʯʥʠʡ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʜʨʫʢʫ ʚ ʽʥʝʨʪʥʦʤʫ ʛʘʟʽ 

ʘʨʛʦʥʫ. 

Cu ï ʤʽʜʴ. ɿʘ ʦʩʦʙʣʠʚʠʤ ʚʠʥʷʪʢʦʤ, ʤʽʜʴ ʪʘ ʾʾ ʩʧʣʘʚʠ (ʙʨʦʥʟʘ, ʣʘʪʫʥʴ) ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʣʠʪʪʷ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʚʠʧʘʣʝʥʠʭ ʤʦʜʝʣʝʡ, ʘ ʥʝ ʜʣʷ ʧʨʷʤʦʛʦ ʜʨʫʢʫ ʤʝʪʘʣʦʤ. ɰʭ ʚʣʘʩʪʠʚʦʩʪʽ ʜʘʣʝʢʽ ʚʽʜ ʽʜʝʘʣʴʥʠʭ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʦʤʠʩʣʦʚʦʤʫ 3D-ʜʨʫʢʫ. ɺʦʥʠ ʯʘʩʪʽʰʝ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ ʚ ʜʝʢʦʨʘʪʠʚʥʦ-ʧʨʠʢʣʘʜʥʦʤʫ 

ʤʠʩʪʝʮʪʚʽ. ɺʦʥʠ ʜʦʜʘʶʪʴʩʷ ʜʦ ʧʣʘʩʪʠʢʦʚʦʾ ʥʠʪʢʠ ʜʣʷ 3D-ʜʨʫʢʫ ʥʘ ʟʚʠʯʘʡʥʠʭ 3D-ʧʨʠʥʪʝʨʘʭ. 

Fe ï ʟʘʣʽʟʦ. ɿʘʣʽʟʦ ʪʘ ʤʘʛʥʽʪʥʘ ʟʘʣʽʟʥʘ ʨʫʜʘ, ʚ ʦʩʥʦʚʥʦʤʫ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʷʢ ʜʦʙʘʚʢʠ ʜʦ ʧʣʘʩʪʠʢʫ 

PLA. ʏʠʩʪʝ ʟʘʣʽʟʦ ʨʽʜʢʦ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʊʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʽʥʩʪʨʫʤʝʥʪʘʣʴʥʽ, ʥʝʨʞʘʚʽʶʯʽ, ʞʘʨʦʤʽʮʥʽ ʩʧʣʘʚʠ, ʤʝʜʠʯʥʠʡ ʢʦʙʘʣʴʪ-ʭʨʦʤ, 

ʘ ʪʘʢʦʞ ʩʧʣʘʚʠ ʥʘ ʦʩʥʦʚʽ ʘʣʶʤʽʥʽʶ ʪʘ ʪʠʪʘʥʫ ʪʦʱʦ. ʂʦʞʝʥ ʤʝʪʘʣ ʽ ʩʧʣʘʚ ʤʘʻ ʧʝʚʥʽ ʚʣʘʩʪʠʚʦʩʪʽ. ʅʘʡʙʽʣʴʰ 

ʧʦʰʠʨʝʥʠʤʠ ʽ ʟʘʪʨʝʙʫʚʘʥʠʤʠ ʻ ʪʘʢʽ ʤʘʪʝʨʽʘʣʠ: ʪʠʪʘʥʦʚʠʡ ʩʧʣʘʚ Ti6Al4V; ʥʽʢʝʣʝʚʠʡ ʩʧʣʘʚ ɯʅ718; 

ʘʣʶʤʽʥʽʻʚʠʡ ʩʧʣʘʚ AlSi10Mg. 

Ti6Al4V ʻ ʥʘʡʧʦʰʠʨʝʥʽʰʠʤ ʪʠʪʘʥʦʚʠʤ ʩʧʣʘʚʦʤ ʟ ʭʦʨʦʰʠʤʠ ʤʝʭʘʥʽʯʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ. 

ɺʚʘʞʘʻʪʴʩʷ ʥʘʡʪʚʝʨʜʽʰʠʤ ʽ ʤʽʮʥʠʤ ʪʠʪʘʥʦʚʠʤ ʩʧʣʘʚʦʤ. ɺʠʨʽʟʥʷʻʪʴʩʷ ʦʩʦʙʣʠʚʦ ʚʠʩʦʢʦʶ ʩʢʣʘʜʥʽʩʪʶ 

ʦʙʨʦʙʢʠ. ʄʘʻ ʱʽʣʴʥʽʩʪʴ 4500 ʢʛ/ʤ2 ʽ ʤʽʮʥʽʩʪʴ ʥʘ ʨʦʟʨʠʚ ʙʽʣʴʰʝ 900 ʄʇʘ. ʉʧʣʘʚ Ti6Al4V ʟʘʙʝʟʧʝʯʫʻ 

ʥʝʟʘʧʝʨʝʯʥʽ ʧʝʨʝʚʘʛʠ ʱʦʜʦ ʟʥʠʞʝʥʥʷ ʚʘʛʠ ʚʠʨʦʙʽʚ ʫ ʪʘʢʠʭ ʛʘʣʫʟʷʭ, ʷʢ ʘʝʨʦʢʦʩʤʽʯʥʘ, ʘʚʪʦʤʦʙʽʣʴʥʘ ʪʘ 

ʩʫʜʥʦʙʫʜʽʚʥʘ. ɺʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʮʽ ʤʝʪʘʣʠ, ʟʦʢʨʝʤʘ, ʧʨʠ ʚʠʛʦʪʦʚʣʝʥʥʽ ʣʦʧʘʪʦʢ ʪʫʨʙʽʥ, ʢʘʤʝʨ ʟʛʦʨʷʥʥʷ, ʘ 

ʪʘʢʦʞ ʚʠʨʦʙʽʚ, ʧʨʠʟʥʘʯʝʥʠʭ ʜʣʷ ʨʦʙʦʪʠ ʧʨʠ ʚʠʩʦʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ (ʜʦ +1100 Áʉ). 

IN718 ï ʞʘʨʦʩʪʽʡʢʠʡ ʚʠʩʦʢʦʷʢʽʩʥʠʡ ʩʧʣʘʚ, ʷʢʠʡ ʙʫʚ ʩʪʚʦʨʝʥʠʡ  ʜʣʷ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʘʭ 

ʜʦ +980 Áʉ (ʘʚʪʦʨ ʽ ʨʦʟʨʦʙʥʠʢ ɽʡʟʝʣʴʰʪʝʡʥ). 

ʅʽʢʝʣʴ ʤʦʞʝ ʨʦʟʯʠʥʷʪʠ ʙʘʛʘʪʦ ʽʥʰʠʭ ʤʝʪʘʣʽʚ, ʟʙʝʨʽʛʘʶʯʠ ʧʣʘʩʪʠʯʥʽʩʪʴ. ʅʘʷʚʥʽʩʪʴ ʪʘʢʦʾ ʚʣʘʩʪʠʚʦʩʪʽ 

ʧʨʠʟʚʽʚ ʜʦ ʧʦʷʚʠ ʙʘʛʘʪʴʦʭ ʥʽʢʝʣʝʚʠʭ ʩʧʣʘʚʽʚ. ʉʧʣʘʚ ʥʽʢʝʣʶ ʽ ʭʨʦʤʫ ʰʠʨʦʢʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʘʚʽʘʮʽʡʥʠʭ 

ʜʚʠʛʫʥʘʭ. ɿ ʥʴʦʛʦ ʚʠʛʦʪʦʚʣʷʶʪʴ ʨʦʙʦʯʽ ʪʘ ʩʦʧʣʦʚʽ ʣʦʧʘʪʢʠ, ʜʠʩʢʠ ʨʦʪʦʨʘ ʪʫʨʙʽʥʠ, ʜʝʪʘʣʽ ʢʘʤʝʨʠ ʟʛʦʨʷʥʥʷ 

ʪʦʱʦ. 

ʅʘʡʙʽʣʴʰ ʪʝʨʤʦʩʪʽʡʢʠʤʠ ʻ ʣʠʪʽ ʩʧʣʘʚʠ ʥʘ ʦʩʥʦʚʽ ʥʽʢʝʣʶ, ʷʢʽ ʚʠʪʨʠʤʫʶʪʴ ʪʝʤʧʝʨʘʪʫʨʠ ʜʦ +1100 Áʉ 

ʧʨʦʪʷʛʦʤ ʩʦʪʝʥʴ ʽ ʪʠʩʷʯ ʛʦʜʠʥ ʧʨʠ ʚʠʩʦʢʠʭ ʩʪʘʪʠʯʥʠʭ ʽ ʜʠʥʘʤʽʯʥʠʭ ʥʘʚʘʥʪʘʞʝʥʥʷʭ. 

ɸʣʶʤʽʥʽʻʚʠʡ ʩʧʣʘʚ AlSi10Mg ʻ ʽʜʝʘʣʴʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʜʣʷ ʪʝʭʥʦʣʦʛʽʾ SLM ʪʘ ʚʠʨʦʙʥʠʮʪʚʘ 

ʪʦʥʢʦʩʪʽʥʥʠʭ ʚʠʨʦʙʽʚ ʟʽ ʩʢʣʘʜʥʦʶ ʛʝʦʤʝʪʨʽʻʶ. ʎʝ ʥʘʡʜʝʰʝʚʰʠʡ ʟ ʣʠʪʠʭ ʩʧʣʘʚʽʚ. ʄʘʪʝʨʽʘʣ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʟʘʚʜʷʢʠ ʥʠʟʴʢʽʡ ʱʽʣʴʥʦʩʪʽ ʪʘ ʭʦʨʦʰʠʤ ʘʥʪʠʢʦʨʦʟʽʡʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ. ɼʦ 

ʡʦʛʦ ʧʝʨʝʚʘʛ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʚʠʩʦʢʫ ʧʣʠʥʥʽʩʪʴ, ʝʣʝʢʪʨʦ- ʽ ʪʝʧʣʦʧʨʦʚʽʜʥʽʩʪʴ. ʋ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʾʭ, ʟʘʟʚʠʯʘʡ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʝʣʠʢʠʭ ʪʦʥʢʦʩʪʽʥʥʠʭ  ʚʽʜʣʠʚʦʢ ʩʢʣʘʜʥʦʾ ʬʦʨʤʠ. 

ʄʝʪʘʣʝʚʽ ʧʦʨʦʰʢʠ ʻ ʥʘʡʤʽʮʥʽʰʠʤʠ ʤʘʪʝʨʽʘʣʘʤʠ ʜʣʷ 3D-ʜʨʫʢʫ. ʇʨʦʜʫʢʮʽʷ ʩʪʚʦʨʝʥʘ ʥʘ ʪʨʠʚʠʤʽʨʥʠʭ 

ʧʨʠʥʪʝʨʘʭ ʙʘʛʘʪʦ ʚ ʯʦʤʫ ʧʝʨʝʚʝʨʰʫʻ ʘʥʘʣʦʛʠ, ʱʦ ʚʠʛʦʪʦʚʣʝʥʽ ʟʘ ʢʣʘʩʠʯʥʠʤʠ ʪʝʭʥʦʣʦʛʽʷʤʠ (ʣʠʪʪʷ, ʧʨʦʢʘʪʢʘ 

ʪʦʱʦ). 
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ʆʜʥʠʤ ʽʟ ʬʘʢʪʦʨʽʚ, ʱʦ ʩʪʨʠʤʫʻ ʰʠʨʦʢʝ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʝʪʘʣʝʚʠʭ ʧʦʨʦʰʢʽʚ ʚ ʘʜʠʪʠʚʥʽ ʪʝʭʥʦʣʦʛʽʾ, ʻ 

ʚʠʩʦʢʘ ʚʘʨʪʽʩʪʴ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʠʭ ʧʦʨʦʰʢʽʚ ʪʘ ʜʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ. 

ʊʨʠʚʠʤʽʨʥʽ ʤʝʪʘʣʝʚʽ ʧʨʠʥʪʝʨʠ ʚʽʜʯʫʪʥʦ ʚʽʜʨʽʟʥʷʶʪʴʩʷ ʚʽʜ ʟʚʠʯʘʡʥʠʭ ʧʨʠʥʪʝʨʽʚ, ʟʦʢʨʝʤʘ ʟʘ 

ʨʦʟʤʽʨʘʤʠ. ʇʨʠʩʪʨʦʾ ʜʣʷ ʪʨʠʚʠʤʽʨʥʦʛʦ ʜʨʫʢʫ ʥʘʚʽʪʴ ʧʨʠ ʚʽʜʥʦʩʥʦ ʥʝʚʝʣʠʢʠʭ ʨʦʟʤʽʨʘʭ ʤʘʶʪʴ ʟʥʘʯʥʫ ʚʘʛʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʪʝʭʥʦʣʦʛʽʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʬʽʣʘʤʝʥʪʫ, ʱʦ ʤʘʻ ʚʠʩʦʢʠʡ ʚʤʽʩʪ 

ʤʝʪʘʣʝʚʠʭ ʧʦʨʦʰʢʽʚ ʥʘ ʦʩʥʦʚʽ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ. ɼʣʷ ʾʾ ʨʝʘʣʽʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 3D-ʧʨʠʥʪʝʨʠ ʽʟ 

ʟʘʢʨʠʪʦʶ ʢʦʥʩʪʨʫʢʮʽʡʥʦʶ ʢʘʤʝʨʦʶ, ʱʦ ʧʨʘʮʶʶʪʴ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʧʦʰʘʨʦʚʦʛʦ ʥʘʧʣʘʚʣʝʥʥʷ ʧʦʣʽʤʝʨʥʦʾ 

ʥʠʪʢʠ (FDM) [5, 6]. ʉʭʝʤʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ ʛʘʣʫʟʝʚʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ 

ʤʝʪʦʜʦʤ 3D-ʜʨʫʢʫ ʟ ʢʦʤʧʦʟʠʪʥʠʭ ʥʠʪʦʢ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʤʝʪʘʣʫ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1 [3]. 

ʇʨʝʜʩʪʘʚʣʝʥʘ ʪʝʭʥʦʣʦʛʽʷ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʧôʷʪʠ ʝʪʘʧʽʚ (ʨʠʩ. 1): 

- ʟʤʽʰʫʚʘʥʥʷ ʪʦʥʢʦʜʠʩʧʝʨʩʥʦʛʦ ʤʝʪʘʣʝʚʦʛʦ ʧʦʨʦʰʢʫ ʪʘ ʟôʻʜʥʫʚʘʣʴʥʦʛʦ ʧʦʣʽʤʝʨʥʦʛʦ ʤʘʪʝʨʽʘʣʫ; 

- ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʠʪʢʠ ʜʣʷ 3D-ʜʨʫʢʫ ʽʟ ʩʫʤʽʰʽ;  

- ʜʨʫʢ ʥʘ 3D-ʧʨʠʥʪʝʨʽ çʟʝʣʝʥʦʾè ʯʘʩʪʠʥʠ;  

- ʚʠʜʘʣʝʥʥʷ ʧʦʣʽʤʝʨʥʦʛʦ ʟôʻʜʥʫʚʘʯʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ çʢʦʨʠʯʥʝʚʦʾè ʯʘʩʪʠʥʠ;  

- ʩʧʽʢʘʥʥʷ ʚ ʧʝʯʽ ʪʘ ʦʪʨʠʤʘʥʥʷ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. 

ʉʠʨʦʚʠʥʦʶ ʜʣʷ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʻ ʩʫʤʽʰ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʛʦ ʤʝʪʘʣʝʚʦʛʦ ʧʦʨʦʰʢʫ ʽ ʧʦʣʽʤʝʨʥʦʛʦ 

ʟôʻʜʥʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʤʽʢʩʝʨʘ ʜʚʘ ʢʦʤʧʦʥʝʥʪʠ ʟʤʽʰʫʶʪʴʩʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʦʜʥʦʨʽʜʥʦʾ 

ʩʠʨʦʚʠʥʠ. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʝʢʩʪʨʫʟʽʡʥʘ ʤʘʰʠʥʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʠʪʢʠ ʜʣʷ 3D-ʜʨʫʢʫ. 

ʉʠʨʦʚʠʥʘ ʟʘʩʠʧʘʻʪʴʩʷ ʚ ʙʫʥʢʝʨ, ʟʘʭʦʧʣʶʻʪʴʩʷ ʰʥʝʢʦʤ ʽ ʧʦʜʘʻʪʴʩʷ ʚ ʨʦʙʦʯʫ ʟʦʥʫ ʢʦʨʧʫʩʫ ʝʢʩʪʨʫʜʝʨʘ. 

ʇʦʣʽʤʝʨ ʥʘʛʨʽʚʘʻʪʴʩʷ ʜʦ ʧʝʚʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ, ʨʦʟʧʣʘʚʣʷʻʪʴʩʷ ʪʘ ʟʚôʷʟʫʻ ʯʘʩʪʠʥʢʠ ʤʝʪʘʣʫ ʤʽʞ ʩʦʙʦʶ. ʉʫʤʽʰ 

ʧʦʜʘʻʪʴʩʷ ʰʥʝʢʦʤ ʜʦ ʤʘʪʨʠʮʽ. ʐʥʝʢ, ʱʦ ʟʥʘʭʦʜʠʪʴʩʷ ʫ ʮʠʣʽʥʜʨʽ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʪʠʩʢ ʚ ʟʦʥʽ ʚʠʭʦʜʫ 

ʩʫʤʽʰʽ. ʎʝ ʟʤʫʰʫʻ ʧʦʣʽʤʝʨ çʥʘʙʫʭʘʪʠè ʧʽʩʣʷ ʚʠʭʦʜʫ ʟ ʝʢʩʪʨʫʜʝʨʘ. ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʭʽʜʥʦʛʦ ʦʪʚʦʨʫ 

ʨʝʛʫʣʶʻʤʦ ʜʽʘʤʝʪʨ ʧʦʣʽʤʝʨʥʦʾ ʥʠʪʢʠ. ɽʢʩʪʨʫʜʦʚʘʥʘ ʥʠʪʢʘ ʧʦʜʘʻʪʴʩʷ ʯʝʨʝʟ ʩʠʩʪʝʤʫ ʧʨʠʤʫʩʦʚʦʛʦ 

ʦʭʦʣʦʜʞʝʥʥʷ. 

 

 
ʈʠʩ. 1. ʉʭʝʤʘ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ ʛʘʣʫʟʝʚʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʤʝʪʦʜʦʤ 3D-ʜʨʫʢʫ ʟ ʢʦʤʧʦʟʠʪʥʠʭ 

ʥʠʪʦʢ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʤʝʪʘʣʫ 

 

ʌʽʣʘʤʝʥʪ ʷʚʣʷʻ ʩʦʙʦʶ ʥʠʪʢʫ ʟ 90-ʚʽʜʩʦʪʢʦʚʦʶ ʯʘʩʪʢʦʶ ʧʦʨʦʰʢʦʚʦʛʦ ʤʝʪʘʣʝʚʦʛʦ ʥʘʧʦʚʥʶʚʘʯʘ ʽ 

ʤʦʞʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʩʴ ʫ ʟʚʠʯʘʡʥʦʤʫ ʥʘʩʪʽʣʴʥʦʤʫ 3D-ʧʨʠʥʪʝʨʽ FDM, ʘʣʝ ʟ ʫʜʦʩʢʦʥʘʣʝʥʥʷʤ ʡʦʛʦ ʧʝʚʥʠʭ 

ʚʫʟʣʽʚ. 

ʅʘ ʪʨʝʪʴʦʤʫ ʝʪʘʧʽ ʟ ʧʦʣʽʤʝʨʥʦʾ ʥʠʪʢʠ ʥʘ 3D-ʧʨʠʥʪʝʨʽ ʦʪʨʠʤʫʶʪʴ ʟʘʛʦʪʦʚʢʫ, ʷʢʫ ʥʘʟʠʚʘʶʪʴ 

çʟʝʣʝʥʦʶè ʟʘʛʦʪʦʚʢʦʶ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʤʘʪʝʨʽʘʣʽʚ, ʥʘʧʦʚʥʝʥʠʭ ʤʝʪʘʣʝʚʠʤ ʧʦʨʦʰʢʦʤ, ʻ ʙʽʣʴʰ ʩʢʣʘʜʥʠʤ 

ʟʘʚʜʘʥʥʷʤ, ʥʽʞ ʜʨʫʢ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʟʚʠʯʘʡʥʠʭ ʥʠʪʦʢ. ʅʠʪʢʠ ʟ ʤʝʪʘʣʝʚʠʤ ʥʘʧʦʚʥʶʚʘʯʝʤ (ʦʩʦʙʣʠʚʦ 

ʧʦʨʦʰʢʦʤ ʟʽ ʩʪʘʣʽ) ʜʫʞʝ ʘʙʨʘʟʠʚʥʽ ʽ ʚʠʤʘʛʘʶʪʴ ʧʨʠʥʪʝʨʘ ʟ ʫʜʦʩʢʦʥʘʣʝʥʠʤ ʤʝʭʘʥʽʟʤʦʤ ʟʘʚʘʥʪʘʞʝʥʥʷ ʥʠʪʢʠ, 

ʘ ʪʘʢʦʞ ʽʥʰʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʜʨʫʢʫʶʯʦʾ ʛʦʣʦʚʢʠ. 

ʅʘ ʯʝʪʚʝʨʪʦʤʫ ʝʪʘʧʽ ʟôʻʜʥʫʚʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ ʚʠʜʘʣʷʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʯʠʥʥʠʢʘ, ʢʘʪʘʣʽʟʘʪʦʨʽʚ 

ʘʙʦ ʪʝʨʤʽʯʥʦʛʦ ʚʠʧʘʣʶʚʘʥʥʷ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʧʦʨʠʩʪʦʾ çʢʦʨʠʯʥʝʚʦʾè ʟʘʛʦʪʦʚʢʠ. 

ɿʘʚʝʨʰʘʣʴʥʠʤ ʝʪʘʧʦʤ ʧʨʦʮʝʩʫ ʻ ʩʧʽʢʘʥʥʷ ʚ ʧʝʯʽ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥʦʢ çʟʝʣʝʥʦʾè ʟʘʛʦʪʦʚʢʠ. ʋ ʧʨʦʮʝʩʽ 

ʚʠʢʦʥʘʥʥʷ ʮʽʻʾ ʦʧʝʨʘʮʽʾ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʘʧʦʚʥʝʥʥʷ ʧʦʨ ʽ ʫʱʽʣʴʥʝʥʥʷ ʤʘʪʝʨʽʘʣʫ ʰʣʷʭʦʤ ʟʣʠʪʪʷ ʯʘʩʪʠʥʦʢ  ʙʝʟ 

ʧʦʤʽʪʥʦʛʦ ʟʙʽʣʴʰʝʥʥʷ ʨʦʟʤʽʨʽʚ ʢʨʠʩʪʘʣʽʚ (ʛʦʪʦʚʠʡ ʚʠʨʽʙ). 
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ʉʠʨʦʚʠʥʦʶ ʜʣʷ ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ (ʨʠʩ. 1) ʻ ʩʫʤʽʰ ʜʨʽʙʥʦʜʠʩʧʝʨʩʥʦʛʦ ʤʝʪʘʣʝʚʦʛʦ ʧʦʨʦʰʢʫ 

ʪʘ ʧʦʣʽʤʝʨʥʦʛʦ ʟôʻʜʥʫʚʘʣʴʥʦʛʦ ʤʘʪʝʨʽʘʣʫ. 

ɼʣʷ ʦʪʨʠʤʘʥʥʷ ʚʠʩʦʢʦʷʢʽʩʥʦʾ ʧʨʦʜʫʢʮʽʾ ʤʝʪʦʜʦʤ 3D-ʜʨʫʢʫ ʤʝʪʘʣʝʚʽ ʧʦʨʦʰʢʠ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ 

ʷʢ ʥʘʧʦʚʥʶʚʘʯʽ ʚʦʣʦʢʥʘ, ʧʦʚʠʥʥʽ ʚʽʜʧʦʚʽʜʘʪʠ ʦʩʦʙʣʠʚʠʤ ʚʠʤʦʛʘʤ ï ʤʘʪʠ ʦʜʥʦʨʽʜʥʠʡ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ, 

ʩʬʝʨʠʯʥʫ ʘʙʦ ʢʨʫʛʣʫ ʬʦʨʤʫ ʟ ʢʦʝʬʽʮʽʻʥʪʦʤ ʬʦʨʤʠ ʚʽʜ 1,0 ʜʦ 2,0 ʽ ʚʫʟʴʢʠʡ ʛʨʘʥʫʣʦʤʝʪʨʠʯʥʠʡ ʩʢʣʘʜ. ʊʘʢʽ 

ʧʦʨʦʰʢʠ ʤʘʶʪʴ ʢʨʘʱʫ ʧʣʠʥʥʽʩʪʴ ʽ ʚʠʱʫ ʦʙôʻʤʥʫ ʱʽʣʴʥʽʩʪʴ ʧʦʨʽʚʥʷʥʦ ʟ ʧʦʨʦʰʢʘʤʠ ʟ ʜʝʥʜʨʠʪʥʦʶ ʬʦʨʤʦʶ 

ʯʘʩʪʠʥʦʢ, ʱʦ ʧʦʚʠʥʥʦ ʟʘʙʝʟʧʝʯʠʪʠ ʢʨʘʱʫ ʦʜʥʦʨʽʜʥʽʩʪʴ ʚʦʣʦʢʥʘ ʜʣʷ ʪʝʭʥʦʣʦʛʽʾ FDM. ʇʦʨʦʰʦʢ ʪʘʢʦʞ 

ʧʦʚʠʥʝʥ ʜʦʙʨʝ ʟʤʽʰʫʚʘʪʠʩʷ ʟ ʧʦʣʽʤʝʨʘʤʠ, ʩʧʽʢʘʪʠʩʷ ʜʦ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʦʾ ʱʽʣʴʥʦʩʪʽ ʽ ʤʘʪʠ ʜʦʩʪʘʪʥʴʦ ʚʠʩʦʢʫ 

ʪʝʤʧʝʨʘʪʫʨʫ ʧʣʘʚʣʝʥʥʷ ʽ ʩʧʽʢʘʥʥʷ, ʱʦʙ ʥʝ ʟʘʚʘʞʘʪʠ ʧʨʦʮʝʩʫ ʟʥʝʞʠʨʝʥʥʷ. 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʠʪʢʠ ʚʠʢʦʨʠʩʪʘʥʦ ʤʝʪʘʣʝʚʠʡ ʧʦʨʦʰʦʢ ʟ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ ʢʠʪʘʡʩʴʢʦʛʦ 

ʚʠʨʦʙʥʠʢʘ (ʨʠʩ. 2). ʏʘʩʪʠʥʢʠ ʤʝʪʘʣʝʚʦʛʦ ʧʦʨʦʰʢʫ ʟ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ ʜʦʩʣʽʜʞʫʚʘʣʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʥʝʨʛʦʜʠʩʧʝʨʩʽʡʥʦʾ ʨʝʥʪʛʝʥʽʚʩʴʢʦʾ ʩʧʝʢʪʨʦʩʢʦʧʽʾ (EDS) ʜʣʷ ʦʮʽʥʢʠ ʾʭ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ. ɼʦ ʭʽʤʽʯʥʦʛʦ ʩʢʣʘʜʫ 

ʯʘʩʪʠʥʦʢ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ ʚʭʦʜʷʪʴ: ʟʘʣʽʟʦ (Fe), ʭʨʦʤ (Cr), ʥʽʢʝʣʴ (Ni), ʤʦʣʽʙʜʝʥ (Mo), ʢʨʝʤʥʽʡ (Si). 

ʆʩʥʦʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʮʽʻʾ ʩʪʘʣʽ ʻ Fe (ʧʨʠʙʣʠʟʥʦ 65%), Cr (17%) ʽ Ni (9%). ɺ ʨʝʟʫʣʴʪʘʪʽ ʜʦʩʣʽʜʞʝʥʴ ʙʫʣʦ 

ʚʠʷʚʣʝʥʦ, ʱʦ ʩʢʣʘʜ ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʥʜʘʨʪʥʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ AISI 316L. 

 

  
ʈʠʩ. 2. ʇʦʨʦʰʦʢ ʟ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ ʈʠʩ. 3. ʇʣʘʩʪʠʢʦʚʠʡ ʧʦʨʦʰʦʢ PLA 

 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʤʽʢʨʦʩʢʦʧʘ ʜʦʟʚʦʣʠʣʦ ʚʩʪʘʥʦʚʠʪʠ, ʱʦ ʮʝʡ ʧʦʨʦʰʦʢ ʤʘʻ ʦʜʥʦʨʽʜʥʠʡ 

ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ, ʢʦʝʬʽʮʽʻʥʪ ʬʦʨʤʠ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 1,0-2,0. ʌʦʨʤʘ ʯʘʩʪʠʥʦʢ ʧʝʨʝʚʘʞʥʦ ʩʬʝʨʠʯʥʘ, ʘ 

ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʤʝʞʘʭ 20ï23 ʤʢʤ. 

ʉʬʝʨʠʯʥʽ ʯʘʩʪʠʥʢʠ ʤʘʶʪʴ ʚʠʩʦʢʫ ʥʘʩʠʧʥʫ ʱʽʣʴʥʽʩʪʴ, ʢʨʘʱʝ ʟʤʽʰʫʶʪʴʩʷ ʟ ʧʦʣʽʤʝʨʥʠʤ ʤʘʪʝʨʽʘʣʦʤ ʽ 

ʨʽʚʥʦʤʽʨʥʦ ʨʦʟʧʦʜʽʣʷʶʪʴʩʷ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʩʦʢʦʾ ʩʪʝʧʝʥʽ ʦʜʥʦʨʽʜʥʦʩʪʽ. ʊʘʢʘ ʬʦʨʤʘ ʤʽʢʨʦʯʘʩʪʠʥʦʢ 

ʪʘʢʦʞ ʟʤʝʥʰʠʪʴ ʟʥʦʩ ʨʦʙʦʯʠʭ ʯʘʩʪʠʥ ʝʢʩʪʨʫʟʽʡʥʦʾ ʤʘʰʠʥʠ ʘʙʦ ʝʢʩʪʨʫʜʝʨʘ 3D-ʧʨʠʥʪʝʨʘ. 

ʅʝʚʝʣʠʢʠʡ ʨʦʟʤʽʨ ʯʘʩʪʠʥʦʢ ʽ ʚʫʟʴʢʠʡ ʾʭ ʨʦʟʧʦʜʽʣ ʟʘ ʨʦʟʤʽʨʦʤ ʧʽʜʚʠʱʘʪʴ ʱʽʣʴʥʽʩʪʴ ʪʘ ʧʦʢʨʘʱʘʪʴ 

ʦʜʥʦʨʽʜʥʽʩʪʴ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ ʧʽʩʣʷ ʦʧʝʨʘʮʽʾ ʩʧʽʢʘʥʥʷ. 

ɼʦʩʣʽʜʞʝʥʥʷ ʧʽʜʪʚʝʨʜʠʣʠ ʤʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʝʪʘʣʝʚʦʛʦ ʧʦʨʦʰʢʫ ʟ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ, ʷʢʠʡ 

ʜʦʩʣʽʜʞʫʚʘʚʩʷ ʷʢ ʥʘʧʦʚʥʶʚʘʯ ʚʦʣʦʢʥʘ ʜʣʷ 3D-ʜʨʫʢʫ. 

ɼʨʫʛʠʤ ʢʦʤʧʦʥʝʥʪʦʤ ʥʠʪʢʠ ʻ ʟôʻʜʥʫʚʘʣʴʥʠʡ ʤʘʪʝʨʽʘʣ. ʄʝʪʘʣʝʚʠʡ ʧʦʨʦʰʦʢ ï ʮʝ ʪʝ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʩʪʨʫʢʪʫʨʥʽ ʚʣʘʩʪʠʚʦʩʪʽ ʛʦʪʦʚʦʛʦ ʧʨʦʜʫʢʪʫ. ʈʦʣʴ ʟôʻʜʥʫʚʘʯʘ ʧʦʣʷʛʘʻ ʚʠʢʣʶʯʥʦ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ ʚʠʭʽʜʥʦʾ 

ʩʫʤʽʰʽ ʬʦʨʤʫʚʘʣʴʥʦʾ ʟʜʘʪʥʦʩʪʽ ʪʘ ʚʣʘʩʪʠʚʦʩʪʝʡ, ʷʢʽ ʟʙʝʨʽʛʘʶʪʴ ʬʦʨʤʫ ʧʽʜ ʯʘʩ ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʫ. 

ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ, ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʪʘ 

ʨʝʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʦʥʦʥʠʪʦʢ ʜʣʷ 

3D-ʜʨʫʢʫ. 

ʇʦʨʽʚʥʶʶʯʠ ʦʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʨʽʟʥʠʭ ʪʠʧʽʚ ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʚ ʷʢʦʩʪʽ 

ʟôʻʜʥʫʚʘʯʘ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ PLA ʧʣʘʩʪʠʢʦʚʠʡ ʧʦʨʦʰʦʢ (ʨʠʩ. 3) [7]. 

ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʦʧʠʩʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ (ʨʠʩ. 1) ʟʘ ʜʦʧʦʤʦʛʦʶ ʟʤʽʰʫʚʘʯʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʤʽʰʫʚʘʥʥʷ 

ʜʚʦʭ ʢʦʤʧʦʥʝʥʪʽʚ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʩʠʨʦʚʠʥʠ. 

ʅʘ ʜʨʫʛʦʤʫ ʝʪʘʧʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʝʢʩʪʨʫʟʽʡʥʘ ʤʘʰʠʥʘ ʜʣʷ ʦʪʨʠʤʘʥʥʷ ʥʠʪʢʠ ʜʣʷ 3D-ʜʨʫʢʫ. 

ɼʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʠʪʢʠ ʟ ʚʠʱʝʚʢʘʟʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʜʣʷ 3D-ʜʨʫʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʘʰʠʥʘ ʜʣʷ 

ʝʢʩʪʨʫʟʽʾ, ʱʦ ʧʨʠʚʝʜʝʥʘ ʥʘ ʨʠʩ. 4.  

ɽʢʩʪʨʫʟʽʡʥʘ ʤʘʰʠʥʘ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʥʘʩʪʫʧʥʠʭ ʯʘʩʪʠʥ: ʢʦʨʧʫʩʫ ʟ ʩʠʩʪʝʤʦʶ ʥʘʛʨʽʚʫ (1) ʜʦ ʥʝʦʙʭʽʜʥʦʾ 

ʪʝʤʧʝʨʘʪʫʨʠ ʧʣʘʚʣʝʥʥʷ ʧʦʣʽʤʝʨʫ; ʙʣʦʢʫ ʟʘʚʘʥʪʘʞʝʥʥʷ (2), ʯʝʨʝʟ ʷʢʠʡ ʚ ʧʦʨʦʞʥʠʥʫ ʢʦʨʧʫʩʫ ʥʘʜʭʦʜʠʪʴ 

ʟʘʟʜʘʣʝʛʽʜʴ ʧʽʜʛʦʪʦʚʣʝʥʘ ʩʫʤʽʰ ʧʦʣʽʤʝʨʥʠʭ ʽ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥʦʢ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ; ʧʦʨʦʞʥʠʥʠ ʢʦʞʫʭʘ ʽʟ 

ʰʥʝʢʦʤ ʜʣʷ ʧʝʨʝʤʽʱʝʥʥʷ ʩʠʨʦʚʠʥʠ ʚʽʜ ʚʫʟʣʘ ʟʘʚʘʥʪʘʞʝʥʥʷ ʜʦ ʬʦʨʤʫʶʯʦʾ ʥʘʩʘʜʢʠ; ʛʚʠʥʪ; ʝʢʩʪʨʫʟʽʡʥʦʾ 

ʛʦʣʦʚʢʘ, ʷʢʘ ʟʘʜʘʻ ʜʽʘʤʝʪʨ ʚʠʛʦʪʦʚʣʝʥʦʾ ʥʠʪʢʠ; ʩʠʩʪʝʤʠ ʦʭʦʣʦʜʞʝʥʥʷ ʪʘ ʥʘʤʦʪʫʚʘʥʥʷ ʬʽʣʘʤʝʥʪʫ; ʩʠʩʪʝʤʠ 

ʢʦʥʪʨʦʣʶ ʪʘ ʫʧʨʘʚʣʽʥʥʷ, ʱʦ ʧʽʜʪʨʠʤʫʻ ʥʝʦʙʭʽʜʥʠʡ ʪʝʭʥʦʣʦʛʽʯʥʠʡ ʨʝʞʠʤ. 

ɿʘʚʜʷʢʠ ʪʦʤʫ, ʱʦ ʜʦ ʩʢʣʘʜʫ ʥʠʪʢʠ ʚʭʦʜʠʪʴ ʤʝʪʘʣʝʚʠʡ ʧʦʨʦʰʦʢ, ʙʫʣʘ ʩʧʨʦʝʢʪʦʚʘʥʘ ʽ ʚʠʛʦʪʦʚʣʝʥʘ 

ʢʦʥʩʪʨʫʢʮʽʷ ʰʥʝʢʘ ʜʣʷ ʧʦʜʘʯʽ ʤʘʪʝʨʽʘʣʫ. ʊʘʢʦʞ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʬʦʨʤʫ ʝʢʩʪʨʫʟʽʡʥʦʾ ʛʦʣʦʚʢʠ, ʷʢʘ ʟʘʜʘʻ 

ʜʽʘʤʝʪʨ ʬʽʣʘʤʝʥʪʫ, ʱʦ ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʥʦʩʫ ʝʢʩʪʨʫʟʽʡʥʦʾ ʥʘʩʘʜʢʠ ʝʢʩʪʨʫʜʝʨʘ ʧʨʦʚʦʜʠʣʠʩʷ ʧʨʠ ʢʦʥʪʘʢʪʽ ʾʾ 

ʚʥʫʪʨʽʰʥʴʦʾ ʩʪʽʥʢʠ ʟ ʘʙʨʘʟʠʚʥʦʶ ʥʠʪʢʦʶ. ɿ ʮʽʻʶ ʤʝʪʦʶ ʛʦʣʦʚʢʘ ʚʠʛʦʪʦʚʣʷʣʘʩʷ ʟ ʨʽʟʥʠʭ ʤʘʪʝʨʽʘʣʽʚ. ɿʘ 

ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʦʛʦ ʝʢʩʧʝʨʠʤʝʥʪʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʤʝʥʰʝ ʟʥʦʰʫʚʘʣʘʩʷ ʥʘʩʘʜʢʘ, ʱʦ ʙʫʣʘ 

ʚʠʛʦʪʦʚʣʝʥʘ ʟʽ ʩʪʘʣʽ. ʊʦʤʫ ʜʣʷ ʧʦʚʥʦʮʽʥʥʦʾ ʨʦʙʦʪʠ ʝʢʩʪʨʫʜʝʨʘ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ 
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ʬʦʨʤʫʶʯʫ ʛʦʣʦʚʢʫ ʝʢʩʪʨʫʜʝʨʘ ʽʟ ʟʘʛʘʨʪʦʚʘʥʦʾ ʩʪʘʣʽ E3D ʜʽʘʤʝʪʨʦʤ 1,75 ʤʤ. ɺʠʛʦʪʦʚʣʝʥʥʷ ʥʠʪʢʠ ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʬʦʨʤʫʶʯʦʾ ʣʘʪʫʥʥʦʾ ʥʘʩʘʜʢʠ ʧʨʠʟʚʦʜʠʣʦ ʜʦ ʰʚʠʜʢʦʛʦ ʟʥʦʰʫʚʘʥʥʷ ʣʘʪʫʥʽ. ɿʙʽʣʴʰʝʥʥʷ ʦʪʚʦʨʫ 

ʥʘʩʘʜʢʠ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʟʙʽʣʴʰʝʥʥʷ ʜʽʘʤʝʪʨʘ ʬʽʣʘʤʝʥʪʫ, ʱʦ ʻ ʥʝʜʦʧʫʩʪʠʤʠʤ ʜʣʷ 3D-ʧʨʠʥʪʝʨʽʚ. 

 

 
ʈʠʩ. 4. ɽʢʩʪʨʫʜʝʨ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʠʪʢʠ ʟ ʤʝʪʘʣʝʚʠʤ ʥʘʧʦʚʥʶʚʘʯʝʤ ʜʣʷ 3D ʜʨʫʢ  

 

ʅʠʪʢʘ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʥʘ 85% ʟ ʧʦʨʦʰʢʫ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ ʪʘ 15% ʟôʻʜʥʫʚʘʣʴʥʦʛʦ ʧʦʣʽʤʝʨʫ, 

ʚʠʛʦʪʦʚʣʷʻʪʴʩʷ ʰʣʷʭʦʤ ʝʢʩʪʨʫʜʫʚʘʥʥʷ ʩʠʨʦʚʠʥʠ ʥʘ ʟʘʧʨʦʧʦʥʦʚʘʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʽ ʥʘʛʨʽʚʫ 

130̄ʉ ʽ ʰʚʠʜʢʦʩʪʽ ʝʢʩʪʨʫʟʽʾ 50 ʤʤ/ʭʚ. ɽʢʩʪʨʫʜʦʚʘʥʘ ʥʠʪʢʘ ʜʽʘʤʝʪʨʦʤ 1,75 ʤʤ ʧʦʜʘʻʪʴʩʷ ʯʝʨʝʟ ʩʠʩʪʝʤʫ 

ʧʨʠʤʫʩʦʚʦʛʦ ʦʭʦʣʦʜʞʝʥʥʷ ʽ ʨʽʚʥʦʤʽʨʥʦ ʥʘʤʦʪʫʻʪʴʩʷ ʥʘ ʢʦʪʫʰʢʫ. 

ɿʘ ʟʦʥʦʶ ʦʭʦʣʦʜʞʝʥʥʷ ʫʩʪʘʥʦʚʢʠ ʟ ʜʦʧʦʤʦʛʦʶ ʦʧʪʠʯʥʦʛʦ ʧʨʠʣʘʜʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʧʝʨʝʚʽʨʢʘ 

ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʽʘʤʝʪʨʫ ʝʢʩʪʨʫʜʦʚʘʥʦʾ ʥʠʪʢʠ. 

ɼʣʷ ʜʨʫʢʫ ʜʝʪʘʣʝʡ ʙʫʣʦ ʦʙʨʘʥʦ 3D-ʧʨʠʥʪʝʨ 4max Pro ʢʠʪʘʡʩʴʢʦʾ ʬʽʨʤʠ AnyCubic. 

ʆʜʥʠʤ ʽʟ ʯʠʥʥʠʢʽʚ ʧʨʠ ʚʠʙʦʨʽ ʙʫʣʦ ʪʝ, ʱʦ ʜʘʥʠʡ 3D-ʧʨʠʥʪʝʨ ʤʘʻ ʧʦʚʥʽʩʪʶ ʟʘʢʨʠʪʫ ʢʦʥʩʪʨʫʢʮʽʶ. ʎʝ 

ʜʦʟʚʦʣʠʪʴ ʧʽʜʪʨʠʤʫʚʘʪʠ ʪʝʤʧʝʨʘʪʫʨʫ, ʥʝʦʙʭʽʜʥʫ ʜʣʷ ʜʨʫʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʥʠʪʢʠ, ʥʘʧʦʚʥʝʥʦʾ ʧʦʨʦʰʢʦʤ 

ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ. 

ʋ ʟʚôʷʟʢʫ ʟ ʪʠʤ, ʱʦ ʬʽʣʘʤʝʥʪʠ ʟ ʤʝʪʘʣʝʚʠʤʠ ʥʘʧʦʚʥʶʚʘʯʘʤʠ (ʦʩʦʙʣʠʚʦ ʟ ʧʦʨʦʰʢʦʤ ʥʝʨʞʘʚʽʶʯʦʾ 

ʩʪʘʣʽ) ʜʫʞʝ ʘʙʨʘʟʠʚʥʽ ʽ ʧʦʪʨʝʙʫʶʪʴ ʧʨʠʥʪʝʨʘ ʟ ʽʥʰʠʤ ʤʝʭʘʥʽʟʤʦʤ ʟʘʚʘʥʪʘʞʝʥʥʷ, ʘ ʪʘʢʦʞ ʽʥʰʦʾ ʢʦʥʩʪʨʫʢʮʽʾ 

ʜʨʫʢʫʶʯʦʾ ʛʦʣʦʚʢʠ, ʙʫʣʦ ʟʜʽʡʩʥʝʥʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʝʢʩʪʨʫʜʝʨʘ. ʋʜʦʩʢʦʥʘʣʝʥʥʷ ʙʫʣʦ ʟʘʚʝʨʰʝʥʦ ʨʦʟʨʦʙʢʦʶ 

ʥʦʚʦʛʦ ʤʝʭʘʥʽʟʤʫ ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷ ʥʠʪʢʠ, ʥʘʧʦʚʥʝʥʦʾ ʘʙʨʘʟʠʚʥʠʤ ʤʘʪʝʨʽʘʣʦʤ. 

ʇʨʦʚʝʜʝʥʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʟʥʦʩʫ ʥʘʩʘʜʢʠ ʝʢʩʪʨʫʜʝʨʘ 3D-ʧʨʠʥʪʝʨʘ ʧʨʠ ʢʦʥʪʘʢʪʽ ʟ 

ʘʙʨʘʟʠʚʥʦʶ ʥʠʪʢʦʶ ʘʥʘʣʦʛʯ̔ʥ̔, ʷʢ ʽ ʬʦʨʤʫʶʯʦʾ ʛʦʣʦʚʢʠ ʝʢʩʪʨʫʟʽʡʥʦʾ ʤʘʰʠʥʠ. ɼʣʷ ʧʦʚʥʦʮʽʥʥʦʾ ʨʦʙʦʪʠ 

ʧʨʠʥʪʝʨʘ ʙʫʣʦ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʝʢʩʪʨʫʜʝʨ ʽʟ ʟʘʛʘʨʪʦʚʘʥʦʾ ʩʪʘʣʽ E3D ʜʽʘʤʝʪʨʦʤ 5 ʤʤ. 

ʇʨʠ ʧʦʜʘʣʴʰʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʧʣʘʥʫʻʪʴʩʷ: 

- ʜʨʫʢ çʟʝʣʝʥʦʾè ʯʘʩʪʠʥʠ ʟ ʦʪʨʠʤʘʥʦʾ ʧʦʣʽʤʝʨʥʦʾ ʥʠʪʢʠ ʥʘ 3D-ʧʨʠʥʪʝʨʽ; 

- ʚʠʟʥʘʯʝʥʥʷ ʦʧʪʠʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʜʨʫʢʫ çʟʝʣʝʥʠʭè ʟʘʛʦʪʦʚʦʢ; 

- ʚʠʜʘʣʝʥʥʷ ʟ'ʻʜʥʫʚʘʯʘ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʦʟʯʠʥʥʠʢʘ, ʢʘʪʘʣʽʟʘʪʦʨʽʚ ʘʙʦ ʪʝʨʤʽʯʥʠʤ ʤʝʪʦʜʦʤ ʜʣʷ 

ʦʪʨʠʤʘʥʥʷ ʧʦʨʠʩʪʦʾ çʢʦʨʠʯʥʝʚʦʾè ʟʘʛʦʪʦʚʢʠ; 

- ʩʧʽʢʘʥʥʷ ʚ ʧʝʯʽ ʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥʦʢ çʟʝʣʝʥʠʭè ʟʘʛʦʪʦʚʦʢ; 

- ʚʠʟʥʘʯʝʥʥʷ ʤʽʢʨʦʩʪʨʫʢʪʫʨ ʥʦʚʠʭ ʤʝʪʘʣʦʧʦʣʽʤʝʨʥʠʭ ʢʦʤʧʦʟʠʪʽʚ ʥʘ ʦʩʥʦʚʽ ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ ʜʣʷ 

3D-ʜʨʫʢʫ ʪʘ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ ʥʘ ʦʩʥʦʚʽ ʾʭ ʦʧʪʠʯʥʦʾ ʪʘ ʩʢʘʥʫʶʯʦʾ ʝʣʝʢʪʨʦʥʥʦʾ ʤʽʢʨʦʩʢʦʧʽʾ ʟ ʤʝʪʦʶ ʦʪʨʠʤʘʥʥʷ 
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ʪʘʢʠʭ ʜʘʥʠʭ: ʦʜʥʦʨʽʜʥʽʩʪʴ, ʧʦʨʠʩʪʽʩʪʴ, ʨʦʟʤʽʨ ʟʝʨʥʘ, ʭʘʨʘʢʪʝʨʥʠʡ ʨʦʟʧʦʜʽʣ ʩʪʨʫʢʪʫʨʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, 

ʥʘʷʚʥʽʩʪʴ ʥʝʤʝʪʘʣʝʚʠʭ ʯʘʩʪʠʥʦʢ ʪʦʱʦ. 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʇʽʜʪʚʝʨʜʞʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʣʘʤʝʥʪʽʚ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ ʤʝʪʘʣʽʚ ʜʣʷ 

ʚʠʛʦʪʦʚʣʝʥʥʷ ʚʠʨʦʙʽʚ ʪʘ ʜʝʪʘʣʝʡ ʛʘʣʫʟʝʚʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ.  ʇʽʜʽʙʨʘʥʦ ʤʝʪʘʣʝʚʠʡ ʧʦʨʦʰʦʢ ʽʟ 

ʥʝʨʞʘʚʽʶʯʦʾ ʩʪʘʣʽ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʬʽʣʘʤʝʥʪʫ ʪʘ ʜʦʩʣʽʜʞʝʥʦ ʡʦʛʦ ʭʽʤʽʯʥʠʡ ʩʢʣʘʜ. ʇʨʦʚʝʜʝʥʦ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʤʝʭʘʥʽʯʥʠʭ, ʪʝʧʣʦʬʽʟʠʯʥʠʭ ʪʘ ʨʝʦʣʦʛʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʧʦʣʽʤʝʨʥʠʭ ʤʘʪʝʨʽʘʣʽʚ, ʷʢʽ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʤʦʥʦʥʠʪʦʢ ʜʣʷ 3D-ʜʨʫʢʫ. ʅʘ ʦʩʥʦʚʽ 

ʦʪʨʠʤʘʥʠʭ ʨʝʟʫʣʴʪʘʪʽʚ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʚʠʢʦʨʠʩʪʘʪʠ PLA ʧʣʘʩʪʠʢʦʚʠʡ ʧʦʨʦʰʦʢ ʚ ʷʢʦʩʪʽ ʟôʻʜʥʫʶʯʦʛʦ 

ʝʣʝʤʝʥʪʫ ʚ ʬʽʣʘʤʝʥʪʽ. ɿʜʽʡʩʥʝʥʦ ʫʜʦʩʢʦʥʘʣʝʥʥʷ ʫʩʪʘʪʢʫʚʘʥʥʷ ʜʣʷ ʚʠʛʦʪʦʚʣʝʥʥʷ ʥʠʪʦʢ ʟ ʚʠʩʦʢʠʤ ʚʤʽʩʪʦʤ 

ʤʝʪʘʣʫ ʪʘ 3D-ʜʨʫʢʫ ʛʦʪʦʚʠʭ ʚʠʨʦʙʽʚ ʪʘ ʜʝʪʘʣʝʡ ʛʘʣʫʟʝʚʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ ʥʘ ʡʦʛʦ ʦʩʥʦʚʽ. 
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ɼʆʉʃɯɼɾɽʅʅʗ ʈɽɾʀʄɯɺ ʈʆɹʆʊʀ ɯʄʇʋʃʔʉʅʆɻʆ ɻɯɼʈɸɺʃɯʏʅʆɻʆ 

ʇʈʀɺʆɼʋ ʈʆɹʆʏʀʍ ʆʈɻɸʅɯɺ ʉɯʃʔʉʔʂʆɻʆʉʇʆɼɸʈʉʔʂʀʍ ʄɸʐʀʅ 
 
ˍ̃̓̏̑ ̨̤̅̏̒̌̅̇̔ ̑̆̇̉̍̉ ̑̏̂̏̓̉ ̨̝̍̐̔̌̒̎̏̄̏ ̨̨̘̄̅̑́̃̌̎̏̄̏ ̐̑̉̃̏̅̔ ̘̖̑̏̂̏̉ ̨̏̑̄́̎̃ 

̨̝̝̝̖̒̌̒̋̏̄̏̒̐̏̅́̑̒̋̉ ̙̍́̉̎ȟ ̘̤̃̉̈̎́́ȟ ̨̠̋ ̔ ̖̎̉ ̐̆̑̆̃́̄̉ ̓́ ̨̎̆̅̏̌̋̉ȟ ̨̠̋ ̤ ̓̉̐̉ ̓́ ̨̗̩̋̏̎̒̓̑̔̋ ̨̝̖̍̐̔̌̒̎̉ 
̨̨̄̅̑̏̐̑̉̃̏̅̃ ̓́ ̠̋ ̃̏̎̉ ̟̝̃̐̌̉̃́̓ ̎́ ̘̑̏̂̏̉̊ ̗̐̑̏̆̒. 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̨̝̍̐̔̌̒̎̉̊ ̨̨̄̅̑̏̐̑̉̃̅ȟ ̨̨̝̄̅̑̏̍̐̔̌̒ȟ ̨̗̃̂̑̏̐̑̏̆̒ȟ ̨̃̂̑̏̓̑́̍̂̏̃̋́ȟ ̋̌́̐́̎ȟ ̨̃̅̍̏̃́ȟ 
̠̑̆̄̔̌̓̏̑̉ȟ ̝̐̔̌̒́̓̏̑ȟ ̨̝̍́̄̒̓̑́̌Ȣ 
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RESEARCH OF OPERATING MODES OF A PULSE HYDRAULIC DRIVE OF WORKING B ODIES OF 

AGRICULTURAL MACHINERY  
 

Hydraulic systems are used in almost all branches of agricultural machinery. They are widely used in production - for example, in 
foundry machines, presses, heavy manipulators, machine tools, works, molding machines for plastics. They play an important role in the 
operation of equipment designed for the mining and oil industry, in rescue equipment. And, of course, one of the widest areas of application 
for hydraulics is various kinds of special equipment: excavators and cranes, loaders, aerial platforms, agricultural, warehouse and many 
other types of machines. 

The use of hydraulic systems is due to a number of obvious advantages. First of all, they provide the efficiency of moving heavy 
loads with fine adjustment. Hydraulic systems also have great flexibility to control large and small forces. Another important benefit is 
reliability: equipment can be protected from overloading with simple pressure relief valves. Compared to the tasks they solve, hydraulic 
systems are compact and economical. 

The hydraulic system of any special equipment is a rather complex and precise mechanism. The performance of the machine 
largely depends on its ideal operation. An analysis of the development of modern foreign mobile machines, including earth-moving, leveling, 
lifting and transport, for the production of concrete work and soil compaction, agricultural and forestry machines, basic wheeled tractors, 
etc., revealed a trend towards a growing volumetric hydraulic drive. reciprocating and rotary motion. 

The author examines the modes of operation of the pulse hydraulic drive of the working bodies of agricultural machines, 
determines what their advantages and disadvantages, what types and designs of pulse hydraulic drives and how they affect the work process. 

Keywords: pulse hydraulic drive, hydraulic pulse, vibroprocess, vibratory rammer, valve, failure, regulators, pulsator, highway. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ɻʽʜʨʘʚʣʽʯʥʽ ʩʠʩʪʝʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʤʘʡʞʝ ʚ ʫʩʽʭ ʛʘʣʫʟʷʭ ʧʨʦʤʠʩʣʦʚʦʩʪʽ. ɺʦʥʠ ʰʠʨʦʢʦ ʧʦʰʠʨʝʥʽ 

ʥʘ ʚʠʨʦʙʥʠʮʪʚʽ, ʥʘʧʨʠʢʣʘʜ, ʚ ʣʠʚʘʨʥʠʭ ʤʘʰʠʥʘʭ, ʧʨʝʩʘʭ, ʚʘʞʢʠʭ ʤʘʥʽʧʫʣʷʪʦʨʘʭ, ʚʝʨʩʪʘʪʘʭ, ʨʦʙʦʪʘʭ, 

ʬʦʨʤʫʚʘʣʴʥʠʭ ʤʘʰʠʥʘʭ ʜʣʷ ʧʣʘʩʪʤʘʩʠ. ɺʝʣʠʢʫ ʨʦʣʴ ʚʦʥʠ ʚʽʜʽʛʨʘʶʪʴ ʚ ʨʦʙʦʪʽ ʪʝʭʥʽʢʠ, ʧʨʠʟʥʘʯʝʥʦʾ ʜʣʷ 

ʛʽʨʥʠʯʦʾ ʪʘ ʥʘʬʪʦʚʠʜʦʙʫʚʥʦʾ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʨʷʪʫʚʘʣʴʥʦʤʫ ʦʙʣʘʜʥʘʥʥʽ. ɯ, ʟʚʽʩʥʦ, ʦʜʥʘ ʟ ʥʘʡʰʠʨʰʠʭ 

ʦʙʣʘʩʪʝʡ ʟʘʩʪʦʩʫʚʘʥʥʷ ʛʽʜʨʘʚʣʽʢʠ ï ʮʝ ʨʽʟʥʦʛʦ ʨʦʜʫ ʩʧʝʮʪʝʭʥʽʢʘ: ʝʢʩʢʘʚʘʪʦʨʠ ʪʘ ʧʽʜʡʦʤʥʽ ʢʨʘʥʠ, 

ʥʘʚʘʥʪʘʞʫʚʘʯʽ, ʘʚʪʦʚʠʰʢʠ, ʩʽʣʴʩʴʢʦʛʦʩʧʦʜʘʨʩʴʢʽ, ʩʢʣʘʜʩʴʢʽ ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ ʪʠʧʽʚ ʤʘʰʠʥ. 

ʆʩʪʘʥʥʽʤ ʯʘʩʦʤ ʚʩʝ ʙʽʣʴʰʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʟʥʘʭʦʜʠʪʴ ʥʦʚʠʡ ʪʠʧ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʻʪʴʩʷ ʥʘʷʚʥʽʩʪʶ ʛʽʜʨʦʘʢʫʤʫʣʷʪʦʨʽʚ ʫ ʧʨʠʚʦʜʽ ʪʘ ʝʣʝʤʝʥʪʽʚ ʾʭ ʨʦʟʨʷʜʢʠ (ʢʝʨʦʚʘʥʦʛʦ ʧʦ ʪʠʩʢʫ) ʥʘ 

ʨʦʙʦʯʫ ʣʘʥʢʫ, ʷʢʠʡ ʫʤʦʚʥʦ ʥʘʟʠʚʘʻʪʴʩʷ çʛʽʜʨʦʽʤʧʫʣʴʩʥʠʤè. ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʚʽʜʦʤʦʛʦ ʦʙ'ʻʤʥʦʛʦ ʛʽʜʨʦʧʨʠʚʦʜʫ 

ʟ ʥʘʩʦʩʥʦ ʘʢʫʤʫʣʷʪʦʨʥʦʶ ʩʪʘʥʮʽʻʶ (ʅɸʉ), ʜʝ ʝʥʝʨʛʽʷ ʚ ʦʢʨʝʤʽʡ ʜʦʨʦʛʦʚʘʨʪʽʩʥʽʡ ʫʩʪʘʥʦʚʮʽ ʥʘʢʦʧʠʯʫʻʪʴʩʷ ʥʘ 

ʚʝʩʴ ʨʦʙʦʯʠʡ ʮʠʢʣ ʤʘʰʠʥʠ ʽ ʧʝʨʝʜʘʻʪʴʩʷ ʪʝʭʥʦʣʦʛʽʯʥʽʡ ʤʘʰʠʥʽ, ʚ ʛʽʜʨʦʽʤʧʫʣʴʩʥʦʤʫ ʧʨʠʚʦʜʽ (ɻɯʇ) 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʦʜʥʦʭʦʜʦʚʠʡ ʘʢʫʤʫʣʷʪʦʨ, ʱʦ ʥʘʢʦʧʠʯʫʻ ʝʥʝʨʛʽʶ ʪʽʣʴʢʠ ʥʘ ʦʜʠʥ ʨʦʙʦʯʠʡ ʭʽʜ ʤʘʰʠʥʠ, 

ʧʨʠʯʦʤʫ ʘʚʪʦʤʘʪʠʯʥʦ ʧʦʚʪʦʨʶʻʪʴʩʷ ʧʝʨʝʜʘʯʘ ʮʽʻʾ ʝʥʝʨʛʽʾ ʨʦʙʦʯʦʤʫ ʦʨʛʘʥʫ ʽ ʟʜʽʡʩʥʶʻʪʴʩʷ ʥʦʚʠʤ ʝʣʝʤʝʥʪʦʤ 

ʫʧʨʘʚʣʽʥʥʷ ʢʣʘʧʘʥʦʤ-ʧʫʣʴʩʘʪʦʨʦʤ [1]. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɻɯʇ ʤʘʻ ʚʣʘʩʪʠʚʦʩʪʽ ʦʙ'ʻʤʥʦʛʦ ʽ (ʧʨʠ ʧʝʚʥʠʭ ʧʘʨʘʤʝʪʨʘʭ) ʜʠʥʘʤʽʯʥʦʛʦ ʛʽʜʨʦʧʨʠʚʦʜʽʚ, ʧʝʨʝʜʘʯʘ 

ʧʦʪʝʥʮʽʡʥʦʾ ʝʥʝʨʛʽʾ ʨʽʜʠʥʠ ʚ ʥʴʦʤʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʤʽʥʦʶ ʦʙʩʷʛʽʚ ʡʦʛʦ ʨʦʙʦʯʠʭ ʢʘʤʝʨ, ʚʟʘʻʤʦʜʽʻʶ ʩʪʨʫʤʝʥʷ 

ʨʽʜʠʥʠ ʟ ʨʦʙʦʯʠʤ ʦʨʛʘʥʦʤ ʤʘʰʠʥʠ ʘʙʦ ʦʙʦʤʘ ʯʠʥʥʠʢʘʤʠ ʦʜʥʦʯʘʩʥʦ. 

ɿʘʟʥʘʯʝʥʽ ʤʘʰʠʥʠ ʟ ɻɯʇ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʧʽʜʚʠʱʝʥʦʶ ʝʥʝʨʛʦʻʤʥʽʩʪʶ ʽ ʟʥʘʯʥʦʶ ʰʚʠʜʢʦʜʽʻʶ, ʱʦ ʻ 

ʦʙʦʚ'ʷʟʢʦʚʠʤʠ ʜʣʷ ʙʘʛʘʪʴʦʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʧʨʦʮʝʩʽʚ. 

ɿʘʣʝʞʥʦ ʚʽʜ ʩʧʦʩʦʙʫ ʧʽʜʢʣʶʯʝʥʥʷ ʽ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʣʘʧʘʥʘ-ʧʫʣʴʩʘʪʦʨʘ ʨʦʟʨʽʟʥʷʶʪʴ 

ʜʚʽ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʦʚʽ ʩʭʝʤʠ ɻɯʇ (ʨʠʩ. 1). ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ɻɯʇ ʟ ʪʨʴʦʭ-ʭʦʜʦʚʠʤ ʜʚʦʧʦʟʠʮʽʡʥʠʤ 

ʢʣʘʧʘʥʦʤ-ʧʫʣʴʩʘʪʦʨʦʤ 2 (ʨʠʩ. 1, ʘ) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʫ ʚʽʙʨʦʧʨʝʩʘʭ, ʚʽʙʨʦʪʨʘʤʙʦʚʢʘʭ ʪʘ ʽʥʰʠʭ ʤʘʰʠʥʘʭ ʟ 

ʧʽʜʚʠʱʝʥʦʶ ʝʥʝʨʛʽʻʶ ʽʤʧʫʣʴʩʫ, ʰʚʠʜʢʦʭʽʜʥʽʩʪʶ ʪʘ ʙʽʣʴʰ ʚʠʩʦʢʦʶ ʚʠʤʦʛʦʶ ʜʦ ʂʂɼ. ɿʘʣʝʞʥʦ ʚʽʜ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʚʝʣʠʯʠʥʠ ʝʥʝʨʛʽʾ ʦʜʥʦʛʦ ʭʦʜʫ ʧʣʫʥʞʝʨʘ 4 ʟʘʨʷʜʞʘʻʪʴʩʷ ʦʜʥʦʭʦʜʦʚʠʡ ʘʢʫʤʫʣʷʪʦʨ 5 ʚʽʜ 
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ʥʘʧʽʨʥʦʾ ʤʘʛʽʩʪʨʘʣʽ 1 ʜʦ ʪʠʩʢʫ 1p , ʧʨʠ ʷʢʦʤʫ ʢʣʘʧʘʥ ʧʫʣʴʩʘʪʦʨ 2 ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʽ ʟʘʙʝʟʧʝʯʫʻ ʨʦʙʦʯʠʡ ʭʽʜ 

ʧʣʫʥʞʝʨʘ 4 ʚʽʜ ʘʢʫʤʫʣʷʪʦʨʘ. ʋ ʤʽʨʫ ʨʦʟʨʷʜʢʠ ʘʢʫʤʫʣʷʪʦʨʘ 5 ʪʠʩʢ ʚ ʩʠʩʪʝʤʽ ʧʘʜʘʻ ʜʦ 
2p , ʢʣʘʧʘʥ-ʧʫʣʴʩʘʪʦʨ 2 

ʟʘʢʨʠʚʘʻʪʴʩʷ, ʘ ʧʦʨʦʞʥʠʥʘ ʮʠʣʽʥʜʨʘ ʟ'ʻʜʥʫʻʪʴʩʷ ʟʽ ʟʣʠʚʦʤ, ʧʽʩʣʷ ʯʦʛʦ ʧʽʜ ʜʽʻʶ ʛʽʜʨʦʧʨʫʞʠʥʠ 3 ʧʣʫʥʞʝʨ 4 

ʧʦʚʝʨʪʘʻʪʴʩʷ ʫ ʚʠʭʽʜʥʝ ʧʦʣʦʞʝʥʥʷ. ʂʦʥʩʪʨʫʢʮʽʷ ʤʘʰʠʥʠ ʤʦʞʝ ʧʝʨʝʜʙʘʯʘʪʠ ʚʠʢʦʥʘʥʥʷ ʢʦʨʠʩʥʦʾ ʨʦʙʦʪʠ ʚ 

ʢʽʥʮʽ ʟʚʦʨʦʪʥʦʛʦ ʭʦʜʫ (ʚʠʧʨʦʙʫʚʘʣʴʥʽ ʤʘʰʠʥʠ). 

ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ɻɯʇ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1, ʙ, ʤʘʻ ʙʽʣʴʰ ʧʨʦʩʪʽʰʽʡ ʜʚʦʭʦʜʦʚʠʡ ʢʣʘʧʘʥ-

ʧʫʣʴʩʘʪʦʨ 2, ʚʩʪʘʥʦʚʣʝʥʠʡ ʚ ʟʣʠʚʥʠʡ ʣʽʥʽʾ ʟ ʧʦʨʦʞʥʠʥʠ ʮʠʣʽʥʜʨʘ ʧʣʫʥʞʝʨʘ ʨʦʙʦʯʦʾ ʣʘʥʢʠ 3. ʈʽʜʠʥʥʘ ʧʦ 

ʥʘʧʽʨʥʽʡ ʤʘʛʽʩʪʨʘʣʽ 1 ʧʦʜʘʻʪʴʩʷ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚ ʧʦʨʦʞʥʠʥʫ ʮʠʣʽʥʜʨʘ ʽ ʧʝʨʝʤʽʱʫʻ ʨʦʙʦʯʫ ʣʘʥʢʫ 3 ʚʛʦʨʫ. ʇʨʠ 

ʪʠʩʢʫ 1p  ʢʣʘʧʘʥ-ʧʫʣʴʩʘʪʦʨ 2 ʟ'ʻʜʥʫʻ ʤʘʛʽʩʪʨʘʣʴ 1 ʟʽ ʟʣʠʚʦʤ. ʇʦʚʝʨʥʝʥʥʷ ʨʦʙʦʯʦʛʦ ʦʨʛʘʥʫ ʫ ʚʠʭʽʜʥʝ 

ʧʦʣʦʞʝʥʥʷ ʧʨʠ ʚʽʜʢʨʠʪʦʤʫ ʢʣʘʧʘʥʽ ʧʫʣʴʩʘʪʦʨʘ ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʽʜ ʜʽʻʶ ʧʨʫʞʠʥʠ 5 ʘʙʦ ʚʘʛʠ ʫʜʘʨʥʠʭ ʯʘʩʪʠʥ 

ʨʦʙʦʯʦʾ ʣʘʥʢʠ 3. ʊʠʩʢ ʚ ʩʠʩʪʝʤʽ ʧʘʜʘʻ, ʧʨʠʧʠʥʷʻʪʴʩʷ ʚʠʪʨʘʪʘ ʟʣʠʚʫ, ʽ ʢʣʘʧʘʥ-ʧʫʣʴʩʘʪʦʨ 2 ʟʘʢʨʠʚʘʻʪʴʩʷ. 

 
ʈʠʩ. 1. ʇʨʠʥʮʠʧʦʚʽ ʩʭʝʤʠ ɻɯʇ, ʟ ʪʨʴʦʭ (ʘ) ʽ ʜʚʦʭʦʜʦʚʠʤ  (ʙ) ʢʣʘʧʘʥʘʤʠ-ʧʫʣʴʩʘʪʦʨʘʤʠ 

 

ɺ ʜʘʥʽʡ ʩʭʝʤʽ ʚʽʜʩʫʪʥʽʡ ʘʢʫʤʫʣʷʪʦʨ ʚ ʪʦʤʫ ʚʠʛʣʷʜʽ, ʚ ʷʢʦʤʫ ʚʽʥ ʟʦʙʨʘʞʝʥʠʡ ʥʘ ʨʠʩ. 1, ʘ. ʈʦʣʴ 

ʘʢʫʤʫʣʷʪʦʨʘ ʝʥʝʨʛʽʾ ʚʠʢʦʥʫʻ ʧʨʫʞʠʥʘ 5 (ʨʠʩ. 1, ʙ) ʘʙʦ ʚʠʩʦʪʘ ʧʦʣʦʞʝʥʥʷ ʫʜʘʨʥʠʭ ʯʘʩʪʠʥ. ʉʭʝʤʘ ɻɯʇ, 

ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1, ʙ, ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ ʰʚʠʜʢʦʭʽʜʥʠʭ ʢʦʚʘʣʴʩʴʢʦ-ʰʪʘʤʧʫʚʘʣʴʥʠʭ ʤʦʣʦʪʘʭ. 

ʅʘʡʙʽʣʴʰ ʥʘʦʯʥʦ ʽʣʶʩʪʨʫʶʪʴ ʨʦʙʦʪʫ ʝʣʝʤʝʥʪʽʚ ʨʦʟʨʷʜʢʠ ʥʘʡʧʨʦʩʪʽʰʽ ʢʣʘʧʘʥʠ-ʧʫʣʴʩʘʪʦʨʠ. ʅʘ ʨʠʩ. 

2 ʧʨʝʜʩʪʘʚʣʝʥʽ ʜʚʦ- ʽ ʪʨʠʭʦʜʦʚʽ ʜʚʦʧʦʟʠʮʽʡʥʽ ʢʣʘʧʘʥʠ-ʧʫʣʴʩʘʪʦʨʠ. ʇʨʠ ʜʦʩʷʛʥʝʥʥʽ ʚ ʩʠʩʪʝʤʽ ʪʠʩʢʫ 1p  (ʨʠʩ. 

2, ʘ), ʱʦ ʚʠʟʥʘʯʘʻʪʴʩʷ ʟʫʩʠʣʣʷʤ ʟʘʪʷʞʢʠ ʧʨʫʞʠʥʠ 11  ʧʨP p f= , ʢʫʣʴʢʘ 2 ʟʤʽʩʪʠʪʴʩʷ ʚʛʦʨʫ ʽ ʥʘ ʥʴʦʛʦ ʙʫʜʝ 

ʜʽʷʪʠ ʩʠʣʘ ( )1 1 1ʧʨP P P p F= . ʉʠʣʘ, ʱʦ ʜʽʻ ʥʘ ʢʫʣʴʢʫ 2, ʟʙʽʣʴʰʠʪʴʩʷ ʚʽʜ ʧʨP  ʜʦ 1P  ʽʤʧʫʣʴʩʥʦ ʽ 

ʧʝʨʝʤʽʩʪʠʪʴ ʡʦʛʦ ʚʛʦʨʫ ʥʘ ʚʝʣʠʯʠʥʫ, ʙʽʣʴʰʫ ʨʦʟʤʽʨʫ ȹ, ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦ ʥʘʧʽʨʥʘ ʤʘʛʽʩʪʨʘʣʴ ʟ ʧʦʨʦʞʥʠʥʦʶ 

ʨʦʙʦʯʦʛʦ ʮʠʣʽʥʜʨʘ ʟ'ʻʜʥʘʶʪʴʩʷ ʟʽ ʟʣʠʚʦʤ. ʊʠʩʢ ʚ ʩʠʩʪʝʤʽ ʧʘʜʘʻ ʟʽ ʰʚʠʜʢʽʩʪʶ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʫʤʦʚʥʠʤ 

ʧʨʦʭʦʜʦʤ ʢʣʘʧʘʥʘ, ʽ ʧʨʠ ʜʦʩʷʛʥʝʥʥʽ ʚʝʣʠʯʠʥʠ 2p  ʥʘʩʪʘʻ ʨʽʚʥʦʚʘʛʘ 1 2p f p F= , ʢʦʣʠ ʙʫʜʴ-ʷʢʝ ʟʤʝʥʰʝʥʥʷ 

ʪʠʩʢʫ ʥʠʞʯʝ 2p  (ʟʘʟʚʠʯʘʡ ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʪʨʘʪʘʤʠ ʚ ʟʣʠʚʥʽʡ ʤʘʛʽʩʪʨʘʣʽ ʧʨʠ ʟʚʦʨʦʪʥʦʤʫ ʭʦʜʽ ʨʦʙʦʯʦʛʦ 

ʦʨʛʘʥʫ) ʚʠʢʣʠʯʝ ʧʦʩʘʜʢʫ ʢʫʣʴʢʠ 2 ʥʘ ʩʽʜʣʦ ʧʽʜ ʜʽʻʶ ʥʘʩʣʽʜʢʫ ʟʫʩʠʣʣʷ ʟʘʪʷʞʢʠ ʧʨʫʞʠʥʠ 1. 

ʊʨʠʭʦʜʦʚʠʡ ʜʚʦʧʦʟʠʮʽʡʥʠʡ ʢʣʘʧʘʥ-ʧʫʣʴʩʘʪʦʨ (ʨʠʩ. 2, ʙ) ʘʥʘʣʦʛʽʯʥʠʡ ʟʘ ʧʨʠʥʮʠʧʦʤ ʜʽʾ ʜʚʦʭʦʜʦʚʦʤʫ. 

ʇʨʠ ʟʘʨʷʜʮʽ ʘʢʫʤʫʣʷʪʦʨʘ 3 ʰʪʦʚʭʘʯ 2 ʧʝʨʝʤʽʱʫʻ ʟʦʣʦʪʥʠʢ 1 ʜʦ ʪʠʭ ʧʽʨ, ʧʦʢʠ ʥʝ ʙʫʜʝ ʧʝʨʝʢʨʠʪʦ ʚʠʪʦʯʝʥʥʷ 

ʉ, ʘ ʚʠʪʦʯʝʥʥʷ ʎ ʥʝ ʟ'ʻʜʥʘʻʪʴʩʷ ʟ ʚʠʪʦʯʝʥʥʷʤ ʅ. ʆʜʥʦʯʘʩʥʦ ʧʦʨʦʞʥʠʥʘ ɸ ʟ'ʻʜʥʘʻʪʴʩʷ ʟ H, ʱʦ ʧʨʠʟʚʝʜʝ ʜʦ 

ʰʚʠʜʢʦʛʦ ʧʝʨʝʢʣʶʯʝʥʥʷ ʟʦʣʦʪʥʠʢʘ 1 ʚ ʧʦʣʦʞʝʥʥʷ ʨʦʟʨʷʜʢʠ ʘʢʫʤʫʣʷʪʦʨʘ ʥʘ ʨʦʙʦʯʠʡ ʮʠʣʽʥʜʨ (ʚʠʪʦʯʝʥʥʷ ʎ). 

ɸʢʫʤʫʣʶʚʘʥʥʷ ʝʥʝʨʛʽʾ ʚ ɻɯʇ ʟʜʽʡʩʥʶʻʪʴʩʷ ʚ ʧʨʫʞʠʥʥʠʭ ʽ ʯʠʩʪʦ ʛʽʜʨʘʚʣʽʯʥʠʭ ʘʢʫʤʫʣʷʪʦʨʘʭ. 

ʇʨʠʥʮʠʧ ʜʽʾ ʧʨʫʞʠʥʥʠʭ ʘʢʫʤʫʣʷʪʦʨʽʚ ʰʠʨʦʢʦ ʚʽʜʦʤʠʡ. ʏʠʩʪʦ ʛʽʜʨʘʚʣʽʯʥʽ ʘʢʫʤʫʣʷʪʦʨʠ ʟʘʩʪʦʩʦʚʫʶʪʴʩʷ 

ʥʝʯʘʩʪʦ, ʽ ʾʭ ʨʦʙʦʪʘ ʚʠʤʘʛʘʻ ʜʝʷʢʦʛʦ ʧʦʷʩʥʝʥʥʷ, ʪʘʢ ʷʢ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʩʪʠʩʣʠʚʦʩʪʽ ʨʽʜʠʥʠ. ɽʥʝʨʛʽʷ, 

ʥʘʢʦʧʠʯʝʥʘ ʟʘ ʨʘʭʫʥʦʢ ʩʪʠʩʥʝʥʥʷ ʨʽʜʠʥʠ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦ ʚʽʜʦʤʽʡ ʟʘʣʝʞʥʦʩʪʽ [2]: 

 

 ( )2 2

1 2 00,5 ,A p p Wb= -  
(1) 
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ʜʝ 1p  ï ʥʘʡʙʽʣʴʰʠʡ ʪʠʩʢ ʚ ʛʽʜʨʦʘʢʫʤʫʣʷʪʦʨʽ; 
2p  ï ʪʠʩʢ ʧʨʠ ʟʘʢʨʠʪʦʤʫ ʢʣʘʧʘʥʽ-ʧʫʣʴʩʘʪʦʨʽ; 0W  ï 

ʧʝʨʚʠʥʥʠʡ ʦʙ'ʻʤ ʧʦʨʦʞʥʠʥʠ ʛʽʜʨʦʘʢʫʤʫʣʷʪʦʨʘ; b ï ʢʦʝʬʽʮʽʻʥʪ ʩʪʠʩʣʠʚʦʩʪʽ ʨʽʜʠʥʠ (ʧʨʠ ʨʦʟʨʘʭʫʥʢʘʭ 

ʧʨʠʡʤʘʻʪʴʩʷ  constbº  ʜʣʷ ʪʠʩʢʽʚ ʧʦʥʘʜ 3 ʄʇʘ).  

 
ʈʠʩ. 2. ʂʦʥʩʪʨʫʢʪʠʚʥʽ ʩʭʝʤʠ ʜʚʦʭ (ʘ) ʽ ʪʨʠʭʦʜʦʚʦʛʦ (ʙ) ʢʣʘʧʘʥʽʚ-ʧʫʣʴʩʘʪʦʨʽʚ 

 

 

ʄʠʪʪʻʚʘ ʧʦʪʫʞʥʽʩʪʴ ɻɯʇ ʚʠʟʥʘʯʘʻʪʴʩʷ ʯʘʩʦʤ ʚʯʠʥʝʥʥʷ ʦʜʥʦʛʦ ʨʦʙʦʯʦʛʦ ʭʦʜʫ pt , ʘ ʡʦʛʦ ʤʽʥʽʤʘʣʴʥʝ 

ʟʥʘʯʝʥʥʷ ʟʘʣʝʞʠʪʴ ʚʽʜ ʰʚʠʜʢʦʜʽʾ ʢʣʘʧʘʥʘ-ʧʫʣʴʩʘʪʦʨʘ ( )  .K K pt t t¢  ɺʝʣʠʯʠʥʘ ʩʝʨʝʜʥʴʦʾ ʤʠʪʪʻʚʦʾ 

ʧʦʪʫʞʥʦʩʪʽ ʟʘ ʦʜʠʥ ʽʤʧʫʣʴʩ 
.ʄɻʅN  ʽ ʯʘʩ ʨʦʙʦʯʦʛʦ ʭʦʜʫ ʟ ʜʦʩʪʘʪʥʽʤ ʩʪʫʧʝʥʝʤ ʪʦʯʥʦʩʪʽ ʜʣʷ ʧʨʦʝʢʪʥʠʭ 

ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʟʥʘʯʘʻʪʴʩʷ ʽʟ ʟʘʣʝʞʥʦʩʪʝʡ: 

 
2

1 0 p/ 2ʄɻʅN p W tb=  (2) 

 p 0 cp2 / ,t mS p F=  (3) 

ʜʝ m ï ʤʘʩʘ ʨʫʭʦʤʦʾ ʨʦʙʦʯʦʾ ʣʘʥʢʠ ʤʘʰʠʥʠ; ʨʦʙʦʯʠʡ ʭʽʜ; ʩʨp  ï ʩʝʨʝʜʥʽʡ ʪʠʩʢ ʟʘ ʯʘʩ ʮʠʢʣʫ 

(ʧʨʠʡʤʘʻʪʴʩʷ ʡʦʛʦ ʩʝʨʝʜʥʴʦʘʨʠʬʤʝʪʠʯʥʝ ʟʥʘʯʝʥʥʷ) [3]. 

ɻʨʘʥʠʯʥʘ ʯʘʩʪʦʪʘ ʨʦʙʦʪʠ ʪʘʢʠʭ ʧʨʠʚʦʜʽʚ (ʚʽʜʧʦʚʽʜʘʻ ʯʠʩʣʫ ʧʦʜʚʽʡʥʠʭ ʭʦʜʽʚ ʨʦʙʦʯʦʾ ʣʘʥʢʠ ʤʘʰʠʥʠ), 

ʥʘʧʨʠʢʣʘʜ ʜʣʷ ʯʠʩʪʦ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʘʢʫʤʫʣʶʚʘʥʥʷ: 

 
10,91 1

2 2

H

ʠ x ʥ ʩʨ K x

Q p
n

t A Q p t A
= = º

+ʺ
 (4) 

ʜʝ 0,9 ï ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʯʘʩ ʩʧʨʘʮʴʦʚʫʚʘʥʥʷ ʢʣʘʧʘʥʘ ʧʫʣʴʩʘʪʦʨʘ;  ʥQ const=  ï ʧʦʜʘʯʘ 

ʥʘʩʦʩʘ; 
xA  ï ʟʘʜʘʥʘ ʝʥʝʨʛʽʷ ʦʜʥʦʛʦ ʨʦʙʦʯʦʛʦ ʭʦʜʫ. ɽʢʩʧʝʨʠʤʝʥʪʠ ʧʦʢʘʟʘʣʠ ʜʦʩʪʘʪʥʶ ʪʦʯʥʽʩʪʴ + (7-10%) ʧʨʠ 

ʚʠʢʦʨʠʩʪʘʥʥʽ ʟʘʣʝʞʥʦʩʪʽ (4). 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʊʘʢʠʤ ʯʠʥʦʤ, ʜʣʷ ʰʚʠʜʢʦʜʽʶʯʠʭ ʤʘʰʠʥ, ʷʢʽ ʩʧʦʞʠʚʘʶʪʴ ʟʥʘʯʥʫ ʤʠʪʪʻʚʫ ʧʦʪʫʞʥʽʩʪʴ, ʜʦʩʠʪʴ 

ʝʬʝʢʪʠʚʥʠʡ ʽ ʧʨʦʩʪʠʡ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʽ ʚʠʛʦʪʦʚʣʝʥʥʽ ʽʤʧʫʣʴʩʥʠʡ ʛʽʜʨʦʧʨʠʚʽʜ ʟ ʦʜʥʦ-ʭʦʜʦʚʠʤ ʘʢʫʤʫʣʷʪʦʨʦʤ ʽ 

ʢʣʘʧʘʥʦʤ-ʧʫʣɹʩʘʪʦʨʦʤ ʜʠʩʪʘʥʮʽʡʥʦʛʦ ʙʝʟʩʪʫʧʽʥʯʘʩʪʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʘʚʪʦʤʘʪʠʯʥʦ ʧʦʚʪʦʨʶʚʘʥʠʤʠ 

ʧʦʜʚʽʡʥʠʤʠ ʭʦʜʘʤʠ ʨʦʙʦʯʦʾ ʣʘʥʢʠ. ʋʩʧʽʰʥʦ ʧʨʘʮʶʶʪʴ ʫ ʚʠʨʦʙʥʠʯʠʭ ʫʤʦʚʘʭ ʧʨʠʚʦʜʠ ʦʧʠʩʘʥʦʛʦ ʪʠʧʫ ʟ 

ʫʩʪʘʥʦʚʦʯʥʦʶ ʧʦʪʫʞʥʽʩʪʶ ʜʦ 30 ʢɺʪ ʪʘ ʤʠʪʪʻʚʦʶ ʧʦʪʫʞʥʽʩʪʶ ʜʦ 200 ʢɺʪ ʧʨʠ ʯʘʩʪʦʪʽ ʽʤʧʫʣʴʩʽʚ ʜʦ 30 ɻʮ. 

ʃʘʙʦʨʘʪʦʨʥʦ ʦʪʨʠʤʘʥʽ ʯʘʩʪʦʪʠ ʜʦ 150 ɻʮ ʟ ʫʩʪʘʥʦʚʦʯʥʠʤʠ ʧʦʪʫʞʥʦʩʪʷʤʠ 14 ʢɺʪ. 
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ʆʉʅʆɺʅɯ ʇʈʀʅʎʀʇʀ ɼɯɰ ʊɸ ɽʅɽʈɻɽʊʀʏʅʀʁ  

ɹɸʃɸʅʉ ʆɹôɭʄʅʆɻʆ ɻɯɼʈʆʇʈʀɺʆɼɸ 
 
ˠ ̨̒̓́̓̓ ̠̟̝̠̑̏̈̄̌̅́̓̒ ̨̏̒̎̏̃̎ ̗̐̑̉̎̉̐̉ ̨̩̅ ̏̂ȭ̤̍̎̏̄̏ ̨̄̅̑̏̐̑̉̃̏̅́ȟ ̨̠̋ ̘̠̈̎́̆̎̎ ̓́ ̐̏̋́̈̎̉̋̉ ̎́ ̖̎̉ 

̟̝̃̐̌̉̃́̓. ˜̨̑̏́̎́̌̈̔̃́̓̉ ̨̏̒̎̏̃̎ ̗̐̑̉̎̉̐̉ ̓́ ̘̃̉̈̎́̉̓̉ ̨̨̗̌ȟ ̨̠̋ ̤̝̠̒̓̏̒̔̓̒ ̖̏̒̎̏̃̎̉ ̨̃̅̏̍̏̒̓̆̊ ̐̑̏ 
̨̄̅̑̏̏̂΄̨̤̍̎ ̐̑̉̃̏̅̉ȟ ̩̐̑̉̒̓̑̏ ̓́ ̗̐̑̉̎̉̐ ̨̩̅ ̨̨̨̖̄̅̑̏̍̆́̎̈̍̃ ̨ ̨̨̄̅̑̏́̐́̑́̓̃ȟ ̠̒̋̌́̅́̎̎ ̗̖̐̑̉̎̉̐̏̃̉ 
̨̨̘̖̄̅̑́̃̌̎̉ ̖̒̆̍ȟ ̨̨̐̏̒̌̅̏̃̎̏̒̓ ̖̑̏̈̑́̔̎̋̔ ̨̄̅̑̏̐̑̉̃̏̅̔ ̓́ ̃̉̂̏̑̔ ̨̨̄̅̑̏̆̌̆̍̆̎̓̃. ˜̨̠̒̌ ̐̑̏̃̆̅̆̎̏̄̏ ̨́̎́̌̈̔ 
̘̟̝̠̃̉̈̎́́̓̒ ̨̘̆̎̆̑̄̆̓̉̎ ̨̍̏̇̌̉̃̏̒̓ ̨̄̅̑̏̐̑̉̃̏̅̔, ̠ ̨̋ ̖̟̝̠́̑́̋̓̆̑̉̈̔̓̒ ̊̏̄̏ ̨̟̐̏̓̔̇̎̒̓. 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̨̨̘̄̅̑́̃̌̎̉̊ ̨̐̑̉̃̅ȟ ̨̖̘̓̆̎̎́ ̨̅́̄̎̏̒̓̉̋́ȟ ̆̋̒̐̆̑̓̎́ ̨̗̏̎̋́ȟ ̨̘̆̎̆̑̄̆̓̉̎ ̨̍̏̇̌̉̃̏̒̓ȟ 
̂́̌́̎̒ȟ ̨̝̐̏̓̔̇̎̒̓ȟ ̘̐̆̑̆̅́̓̏̎̆ ̨̙̠̃̅̎̏̆̎̎. 
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BASIC PRINCIPLES OF OPERATION AND ENERGY BALANCE OF VOLUME HYDRAULIC DRIVE  
 

Scientific and technological progress in mechanical engineering is inextricably linked with the development and creation of new, 
more productive, more efficient equipment and the improvement of the designs of existing machines and equipment. The technical level of 
machines is largely determined by the perfection of the power flow drive to their working bodies. In this case, an important role is given to 
drives, in which the energy carrier is liquid. Such drives are called hydraulic or hydraulic drives. The use of hydraulic drives allows you to 
create progressive designs of machines, expand the possibilities of mechanization and automation of technological processes, to facilitate the 
working conditions of operators, to improve the culture of material production. 

Currently, hydraulic actuators are successfully used in almost all areas of industrial production, including in the construction, 
road, and municipal engineering industries. Small overall dimensions and weight with a significant generated power, high overload capacity 
in terms of power and torque, the ability to provide sufficiently large gear ratios and stepless speed control of the output link, easy 
reversibility, which ensures high speed and accuracy of processing control actions, the availability of automation - these are the main 
advantages of the hydraulic drive, which predetermine its wide application in the construction of transport and technological machines. 

The article defines the basic principles of the volumetric hydraulic drive, what values and indicators affect them. A goal has been 
defined regarding basic information about hydrostatic drives, devices and the principle of operation of hydraulic mechanisms and hydraulic 
devices, drawing up hydraulic circuit diagrams, the sequence of calculating a hydraulic drive and choosing hydraulic elements. The energy 
capabilities of the hydraulic drive, characterized by its power, are also determined. 

Keywords: hydraulic drive, technical diagnostics, expert assessment, energy capabilities, balance, power, gear ratio. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ɻʽʜʨʘʚʣʽʯʥʽ ʧʨʠʚʦʜʠ ʚʠʥʠʢʣʠ ʜʦʩʠʪʴ ʜʘʚʥʦ, ʘʣʝ ʽʥʪʝʥʩʠʚʥʦ ʩʪʘʣʠ ʨʦʟʚʠʚʘʪʠʩʷ ʣʠʰʝ ʫ ʍʍ ʩʪ. 

ʉʫʯʘʩʥʫ ʽʩʪʦʨʽʶ ʩʚʦʛʦ ʨʦʟʚʠʪʢʫ ʛʽʜʨʦʧʨʠʚʜ̔ ʚʝʜʝ ʟ ʢʦʨʘʙʝʣʴʥʠʭ ʤʝʭʘʥʽʟʤʽʚ, ʟʦʢʨʝʤʘ ʟ ʤʝʭʘʥʽʟʤʽʚ ʢʝʨʤʦʚʦʛʦ 

ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʧʦʚʦʨʦʪʫ ʛʘʨʤʘʪʥʠʭ ʚʝʞ. ʇʦʪʽʤ ʛʽʜʨʦʧʨʠʚʽʜ ʟʥʘʡʰʦʚ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʤʝʪʘʣʦʨʽʟʘʣʴʥʠʭ 

ʚʝʨʩʪʘʪʘʭ, ʘʚʽʘʮʽʡʥʽʡ ʪʝʭʥʽʮʽ ʪʦʱʦ [1]. 

ɺ ʜʘʥʠʡ ʯʘʩ ʛʽʜʨʦʧʨʠʚʦʜʠ ʫʩʧʽʰʥʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʧʨʘʢʪʠʯʥʦ ʫ ʚʩʽʭ ʩʬʝʨʘʭ ʧʨʦʤʠʩʣʦʚʦʛʦ 

ʚʠʨʦʙʥʠʮʪʚʘ, ʫ ʪʦʤʫ ʯʠʩʣʽ ʫ ʛʘʣʫʟʽ ʙʫʜʽʚʝʣʴʥʦʛʦ, ʜʦʨʦʞʥʴʦʛʦ, ʢʦʤʫʥʘʣʴʥʦʛʦ ʤʘʰʠʥʦʙʫʜʫʚʘʥʥʷ. 

ʄʘʣʽ ʛʘʙʘʨʠʪʥʽ ʨʦʟʤʽʨʠ ʽ ʤʘʩʘ ʧʨʠ ʟʥʘʯʥʽʡ ʧʦʪʫʞʥʦʩʪʽ, ʱʦ ʚʠʨʦʙʣʷʻʪʴʩʷ, ʚʝʣʠʢʘ ʧʝʨʝʚʘʥʪʘʞʫʚʘʣʴʥʘ 

ʟʜʘʪʥʽʩʪʴ ʧʦ ʧʦʪʫʞʥʦʩʪʽ ʽ ʤʦʤʝʥʪʫ, ʤʦʞʣʠʚʽʩʪʴ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʦʩʠʪʴ ʚʝʣʠʢʠʭ ʧʝʨʝʜʘʚʘʣʴʥʠʭ ʯʠʩʝʣ ʽ 

ʙʝʟʩʪʫʧʽʥʯʘʩʪʦʛʦ ʨʝʛʫʣʶʚʘʥʥʷ ʰʚʠʜʢʦʩʪʽ ʚʠʭʽʜʥʦʾ ʣʘʥʢʠ, ʣʝʛʢʘ ʨʝʚʝʨʩʠʚʥʽʩʪʴ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʚʠʩʦʢʫ 

ʰʚʠʜʢʦʜʽʶ ʽ ʪʦʯʥʽʩʪʴ ʚʽʜʧʨʘʮʶʚʘʥʥʷ ʢʝʨʫʶʯʠʭ ʚʧʣʠʚʽʚ, ʜʦʩʪʫʧʥʽʩʪʴ ʘʚʪʦʤʘʪʠʟʘʮʽʾ ï ʮʝ ʪʽ ʦʩʥʦʚʥʽ ʧʝʨʝʚʘʛʠ 

ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʧʨʠʚʦʜʫ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʡʦʛʦ ʰʠʨʦʢʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʢʦʥʩʪʨʫʢʮʽʷʭ ʪʨʘʥʩʧʦʨʪʥʠʭ ʪʘ 

ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʘʰʠʥ [2]. 

ɼʦ ʩʫʪʪʻʚʠʭ ʥʝʜʦʣʽʢʽʚ ʛʽʜʨʦʧʨʠʚʦʜʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʝʭʘʥʽʯʥʠʤ ʪʘ ʝʣʝʢʪʨʦʧʨʠʚʦʜʘʤʠ ʩʣʽʜ ʚʽʜʥʝʩʪʠ 

ʤʝʥʰʝ ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʨʠʩʥʦʾ ʜʽʾ (0,6-0,8), ʟʘʣʝʞʥʽʩʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʛʽʜʨʦʧʨʠʚʦʜʫ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ 

ʨʦʙʦʯʦʛʦ ʪʽʣʘ ï ʨʽʜʠʥʠ, ʤʦʞʣʠʚʽʩʪʴ ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʚʠʪʦʢʽʚ ʨʦʙʦʯʦʾ ʨʽʜʠʥʠ, ʚʠʱʽ ʚʠʤʦʛʠ ʜʦ 

ʪʦʯʥʦʩʪʽ ʚʠʛʦʪʦʚʣʝʥʥʷ ʜʝʪʘʣʝʡ ʪʘ ʩʢʣʘʜʘʥʥʷ ʛʽʜʨʦʘʛʨʝʛʘʪʽʚ, ʜʦʩʠʪʴ ʞʦʨʩʪʢʽ ʚʠʤʦʛʠ ʜʦ ʢʫʣʴʪʫʨʠ ʪʝʭʥʽʯʥʦʛʦ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʇʨʠʥʮʠʧ ʜʽʾ ʦʙ'ʻʤʥʦʛʦ ʛʽʜʨʦʧʨʠʚʦʜʫ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʩʦʢʦʤʫ ʟʥʘʯʝʥʥʽ ʦʙ'ʻʤʥʦʛʦ ʤʦʜʫʣʷ ʧʨʫʞʥʦʩʪʽ 

ʨʽʜʠʥʠ ʪʘ ʥʘ ʟʘʢʦʥʽ ʇʘʩʢʘʣʷ. ɼʣʷ ʧʦʷʩʥʝʥʥʷ ʧʨʠʥʮʠʧʫ ʜʽʾ ʪʘ ʟ'ʷʩʫʚʘʥʥʷ ʦʩʥʦʚʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʛʽʜʨʦʧʨʠʚʦʜʫ 

ʨʦʟʛʣʷʥʝʤʦ ʩʭʝʤʫ ʥʘ ʨʠʩ. 1. ʉʭʝʤʘ ʚʢʣʶʯʘʻ ʜʚʽ ʛʽʜʨʘʚʣʽʯʥʽ ʤʘʰʠʥʠ ʫ ʚʠʛʣʷʜʽ ʛʝʨʤʝʪʠʯʥʠʭ ʮʠʣʽʥʜʨʽʚ 1 ʽ 2, 

ʧʦʩʣʽʜʦʚʥʦ ʟ'ʻʜʥʘʥʠʭ ʛʽʜʨʦʣʽʥʽʻʶ 3. 

ʎʠʣʽʥʜʨ 1 ʻ ʥʘʩʦʩʦʤ (ʚʭʽʜʥʦʶ ʣʘʥʢʦʶ), ʮʠʣʽʥʜʨ 2 ï ʛʽʜʨʦʜʚʠʛʫʥʦʤ (ʚʠʭʽʜʥʦʶ ʣʘʥʢʦʶ). ʇʦʨʰʝʥʴ 

ʧʝʨʰʦʛʦ ʮʠʣʽʥʜʨʘ ʥʘʚʘʥʪʘʞʝʥʠʡ ʩʠʣʦʶ ʊ1, ʧʦʨʰʝʥʴ ʜʨʫʛʦʛʦ ï ʟʦʚʥʽʰʥʽʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʊ2. 

https://orcid.org/0000-0003-4467-6654
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ʈʠʩ. 1. ʇʨʠʥʮʠʧʦʚʘ ʩʭʝʤʘ ʦʙ'ʻʤʥʦʛʦ ʛʽʜʨʦʧʨʠʚʦʜʫ 

 

ʇʨʠ ʧʝʨʝʤʽʱʝʥʥʽ ʧʦʨʰʥʷ ʮʠʣʽʥʜʨʘ 1 ʚʥʠʟ ʨʽʜʠʥʘ ʟ ʥʴʦʛʦ ʚʠʪʽʩʥʷʻʪʴʩʷ ʚ ʮʠʣʽʥʜʨ 2, ʧʨʠʚʦʜʷʯʠ 

ʧʦʨʰʝʥʴ ʚ ʨʫʭ. ʋ ʛʽʜʨʦʮʠʣʽʥʜʨʘʭ ʪʘ ʛʽʜʨʦʣʽʥʽʾ ʚʩʪʘʥʦʚʠʪʴʩʷ ʛʽʜʨʦʩʪʘʪʠʯʥʠʡ ʪʠʩʢ, ʚʝʣʠʯʠʥʘ ʷʢʦʛʦ ʙʝʟ 

ʫʨʘʭʫʚʘʥʥʷ ʚʪʨʘʪ ʙʫʜʝ ʨʽʚʥʘ: 

 1 2
1 2

1 2

,
T T

P P P
S S
= = = = (1) 

ʜʝ 1S  ʽ 2S  ï ʧʣʦʱʽ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʮʠʣʽʥʜʨʽʚ ʚʽʜʧʦʚʽʜʥʦ. 

ʆʪʞʝ, ʪʠʩʢ ʫ ʛʽʜʨʦʧʨʠʚʦʜʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʚʘʥʪʘʞʝʥʥʷʤ, ʘ ʩʠʣʘ, ʱʦ ʨʦʟʚʠʚʘʻʪʴʩʷ ʥʘ ʧʦʨʰʥʽ 

ʮʠʣʽʥʜʨʘ 2 ʥʘʜʘʻ ʨʫʭʫ ʛʽʜʨʦʜʚʠʛʫʥʘ, ʜʦʣʘʶʯʠ ʥʘʚʘʥʪʘʞʝʥʥʷ ʽ ʟʜʽʡʩʥʶʶʯʠ ʢʦʨʠʩʥʫ ʨʦʙʦʪʫ. ɿʘ ʚʽʜʩʫʪʥʦʩʪʽ 

ʥʘʚʘʥʪʘʞʝʥʥʷ ʥʘ ʛʽʜʨʦʜʚʠʛʫʥ ʪʠʩʢ ʜʦʨʽʚʥʶʻ ʥʫʣʶ [3]. 

 2 2T P S=  (2) 

ʅʘ ʧʽʜʩʪʘʚʽ (1) ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ: 

 2 2

1 1

,c

T S
i

T S
= =  (3) 

ʜʝ ci  ï ʩʠʣʦʚʝ ʧʝʨʝʜʘʚʘʣʴʥʝ ʚʽʜʥʦʰʝʥʥʷ ʛʽʜʨʦʧʨʠʚʦʜʫ. 

ʋ ʨʘʟʽ ʧʦʚʥʦʾ ʛʝʨʤʝʪʠʯʥʦʩʪʽ ʮʠʣʽʥʜʨʽʚ ʽ ʪʨʫʙʦʧʨʦʚʦʜʫ, ʱʦ ʟ'ʻʜʥʫʻ ʾʭ, ʥʝʩʪʠʩʣʠʚʦʩʪʽ ʨʽʜʠʥʠ, 

ʚʽʜʩʫʪʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʾ ʮʠʣʽʥʜʨʽʚ ʩʧʨʘʚʝʜʣʠʚʘ ʨʽʚʥʽʩʪʴ: 

 
1 1 2 2h S h S=  (4) 

ʜʝ 1h  ʽ 2h  ï ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʨʰʥʽʚ ʮʠʣʽʥʜʨʽʚ 1 ʪʘ 2 ʚʽʜʧʦʚʽʜʥʦ. 

ɺʚʘʞʘʶʯʠ, ʱʦ ʧʝʨʝʤʽʱʝʥʥʷ ʧʦʨʰʥʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʨʽʚʥʦʤʽʨʥʦ ʟʘ ʯʘʩ t, ʦʪʨʠʤʘʻʤʦ: 

 
1 1 2 2

1 1 2 2   
h S h S

ʯʠ S S
t t

J J
D D
= =  (5) 

ɿʚʽʜʩʠ: 

 2 1

1 2

k

S
i

S

J

J
= = (6) 

ʜʝ ki  ï ʢʽʥʝʤʘʪʠʯʥʝ ʧʝʨʝʜʘʚʘʣʴʥʝ ʯʠʩʣʦ ʛʽʜʨʦʧʨʠʚʦʜʫ. 

ʅʘ ʧʽʜʩʪʘʚʽ (5) ʰʚʠʜʢʽʩʪʴ ʚʠʭʽʜʥʦʾ ʣʘʥʢʠ ʛʽʜʨʦʧʨʠʚʦʜʫ ʜʦʨʽʚʥʶʚʘʪʠʤʝ [4]: 

 1 1 1 2
2

2 2 2

S Q Q

S S S

J
J= = =  (7) 

ʜʝ 1Q  ï ʧʦʜʘʯʘ ʥʘʩʦʩʘ, 
2Q  ï ʚʠʪʨʘʪʠ ʛʽʜʨʦʜʚʠʛʫʥʘ. 

ɿ ʦʪʨʠʤʘʥʠʭ ʟʘʣʝʞʥʦʩʪʝʡ ʚʠʧʣʠʚʘʻ, ʱʦ ʚʠʪʨʘʪʘ ʨʽʜʠʥʠ ʟʘʙʝʟʧʝʯʫʻ ʰʚʠʜʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ ʧʨʠʚʦʜʫ, ʘ 

ʪʠʩʢ ï ʩʠʣʦʚʽ. 

ɽʥʝʨʛʝʪʠʯʥʽ ʤʦʞʣʠʚʦʩʪʽ ʛʽʜʨʦʧʨʠʚʦʜʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʡʦʛʦ ʧʦʪʫʞʥʽʩʪʶ. ʇʦʪʫʞʥʽʩʪʴ ʥʘ ʚʭʦʜʽ ʪʘ 

ʚʠʭʦʜʽ ʛʽʜʨʦʧʨʠʚʦʜʫ, ʟʛʽʜʥʦ ʟ ʨʠʩ. 1 ʚʠʟʥʘʯʘʻʪʴʩʷ ʟ ʚʠʨʘʟʽʚ: 
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1 1 1 1 1 1 1.,ʚʭN T P S P QJ J= D = D D = D 

2 2 2 2 2 2 2.ʚʠʭN T P S P QJ J= D = D D = D 
(8) 

ʊʦʜʽ ʙʘʣʘʥʩ ʧʦʪʫʞʥʦʩʪʽ ʫ ʧʨʠʚʦʜʽ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜʽ: 

ʚʭ ʚʠʭN N N= +D (9) 

ʜʝ ND  ï ʚʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʚ ʛʽʜʨʦʧʨʠʚʦʜʽ. 

ɺʪʨʘʪʠ ʧʦʪʫʞʥʦʩʪʽ ʚ ʛʽʜʨʦʧʨʠʚʦʜʽ ʩʢʣʘʜʘʶʪʴʩʷ ʟ ʦʙôʻʤʥʠʭ 0ND , ʤʝʭʘʥʽʯʥʠʭ MND  ʽ ʛʽʜʨʘʚʣʽʯʥʠʭ 

ʚʪʨʘʪ ɻND : 

0 .M ɻN N N ND =D +D +D (10) 

ʇʦʪʫʞʥʽʩʪʴ ʦʙôʻʤʥʠʭ ʚʪʨʘʪ ʜʦʨʽʚʥʶʻ: 

0 ,N P QD = ÖD 

ʜʝ QD  ï ʚʠʪʨʘʪʘ ʟʦʚʥʽʰʥʽʭ ʪʘ ʚʥʫʪʨʽʰʥʽʭ ʚʠʪʦʢʽʚ ʨʽʜʠʥʠ ʚ ʝʣʝʤʝʥʪʘʭ ʛʽʜʨʦʧʨʠʚʦʜʫ, ʱʦ ʚʧʣʠʚʘʻ ʥʘ 

ʦʙ'ʻʤʥʠʡ ʂʂɼ: 

0 1 ,ʚʠʭ ʚʭ

ʚʭ ʚʭ ʚʭ

Q Q Q Q

Q Q Q
h

-D D
= = = -  (11) 

ʜʝ 
ʚʭQ  ï ʚʠʪʨʘʪʘ ʨʽʜʠʥʠ, ʱʦ ʥʘʜʭʦʜʠʪʴ ʫ ʛʽʜʨʦʧʨʠʚʦʜ; 

ʚʠʭQ  ï ʚʠʪʨʘʪʘ ʨʽʜʠʥʠ, ʱʦ ʩʧʨʷʤʦʚʫʻʪʴʩʷ ʥʘ 

ʟʣʠʚ. 

ʆʙ'ʻʤʥʽ ʚʪʨʘʪʠ ʧʨʦʷʚʣʷʶʪʴʩʷ ʫ ʟʥʠʞʝʥʥ ̔ʰʚʠʜʢʽʩʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʽʜʨʦʧʨʠʚʦʜʫ. ʊʘʢ, ʷʢʱʦ ʧʦʟʥʘʯʠʪʠ 

ʪʝʦʨʝʪʠʯʥʫ ʰʚʠʜʢʽʩʪʴ ʚʠʭʽʜʥʦʾ ʣʘʥʢʠ ʛʽʜʨʦʧʨʠʚʦʜʫ ʯʝʨʝʟ 
TJ  , ʪʦ ʡʦʛʦ ʜʽʡʩʥʘ ʰʚʠʜʢʽʩʪʴ ʜʦʨʽʚʥʶʚʘʪʠʤʝ [5]: 

0.ʜ ʊJ J h= D  (12) 

ʇʦʪʫʞʥʽʩʪʴ ʤʝʭʘʥʽʯʥʠʭ ʚʪʨʘʪ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʬʦʨʤʫʣʦʶ: 

,MN TJD = ÖD (13) 

ʜʝ TD  ï ʟʫʩʠʣʣʷ ʚ ʛʽʜʨʦʧʨʠʚʦʜʽ, ʱʦ ʚʠʟʥʘʯʘʶʪʴ ʤʝʭʘʥʽʯʥʠʡ ʂʂɼ ʛʽʜʨʦʧʨʠʚʦʜʫ. 

1 .ʚʭ M M
M

ʚʭ ʚʭ

N N N

N N
h

-D D
= = -

D
 (14) 

ʄʝʭʘʥʽʯʥʽ ʚʪʨʘʪʠ ʧʨʠʟʚʦʜʷʪʴ ʜʦ ʟʥʠʞʝʥʥʷ ʩʠʣʦʚʠʭ ʧʘʨʘʤʝʪʨʽʚ ʛʽʜʨʦʧʨʠʚʦʜʫ, ʪʘʢ ʷʢ ʜʽʡʩʥʝ ʟʥʘʯʝʥʥʷ 

ʟʫʩʠʣʣʷ ʥʘ ʚʠʭʽʜʥʽʡ ʣʘʥʮʽ ʛʽʜʨʦʧʨʠʚʦʜʫ ʜT  ʟʘʚʞʜʠ ʤʝʥʰʝ ʪʝʦʨʝʪʠʯʥʦʛʦ ʟʥʘʯʝʥʥʷ ʪT  ʥʘ ʚʝʣʠʯʠʥʫ ʚʪʨʘʪ ʥʘ 

ʪʝʨʪʷ, ʪʦʤʫ: 

ɼ ʊ MT T h= D  (15) 

ʆʩʥʦʚʥʠʤ ʜʞʝʨʝʣʦʤ ʛʽʜʨʘʚʣʽʯʥʠʭ ʚʪʨʘʪ ʫ ʛʽʜʨʦʧʨʠʚʦʜʽ ʻ ʨʦʟʛʘʣʫʞʝʥʘ ʛʽʜʨʦʤʝʨʝʞʘ. ʇʦʪʫʞʥʽʩʪʴ 

ʛʽʜʨʘʚʣʽʯʥʠʭ ʚʪʨʘʪ ʚʠʟʥʘʯʘʶʪʴ ʟʘ ʚʠʨʘʟʦʤ [6]: 

,ɻ nN Q PD =ä  (16) 

ʜʝ nPä  ï ʩʫʤʘʨʥʽ ʚʪʨʘʪʠ ʪʠʩʢʫ ʚ ʛʽʜʨʦʤʝʨʝʞʽ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴ ʟʥʘʯʝʥʥʷ ʛʽʜʨʘʚʣʽʯʥʦʛʦ ʂʂɼ 

ʛʽʜʨʦʧʨʠʚʦʜʘ: 

,
ʅʆʄ n

ɻ

ʅʆʄ

P P

P
h

-
=

ä
 (17) 

ʜʝ ʅʆʄP  ï ʥʦʤʽʥʘʣʴʥʠʡ ʪʠʩʢ ʨʽʜʠʥʠ ʚ ʛʽʜʨʦʮʠʣʽʥʜʨʽ. 

ɿʘʛʘʣʴʥʠʡ ʂʂɼ ʛʽʜʨʦʧʨʠʚʦʜʘ ʙʫʜʝ ʜʦʨʽʚʥʶʚʘʪʠ: 

0 1ʚʠʭ
M ɻ

ʚʭ ʚʭ

N N

N N
h h h h

D
= D D = = - (18) 

ʟʚʽʜʩʠ ʚʠʧʣʠʚʘʻ: 

1
,   .ʚʠʭ ʚʭ ʚʭ ʚʠʭN N N Nh

h
= =  (19) 

ʊʦʜʽ ʧʦʪʫʞʥʽʩʪʴ ʧʨʠʚʦʜʥʦʛʦ ʜʚʠʛʫʥʘ ʛʽʜʨʦʧʨʠʚʦʜʫ ʚʠʟʥʘʯʠʪʴʩʷ ʟ ʚʠʨʘʟʫ: 

1
,ʧʨ ʚʭ

ʇ

N N
h
=  (20) 

ʜʝ ʇh  ï ʂʂɼ ʧʝʨʝʜʘʯʽ ʤʽʞ ʧʨʠʚʦʜʥʠʤ ʜʚʠʛʫʥʦʤ ʪʘ ʛʽʜʨʦʥʘʩʦʩʦʤ. 
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ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʋ ʩʪʘʪʪʽ ʨʦʟʛʣʷʥʫʪʽ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʜʽʾ ʦʙôʻʤʥʦʛʦ ʛʽʜʨʦʧʨʠʚʦʜʘ, ʷʢʽ ʟʥʘʯʝʥʥʷ ʪʘ ʧʦʢʘʟʥʠʢʠ ʥʘ ʥʠʭ 

ʚʧʣʠʚʘʶʪʴ. ɺʠʟʥʘʯʝʥʥʽ ʮʽʣʽ, ʷʢʽ ʩʪʦʩʫʻʪʴʩʷ ʦʩʥʦʚʥʠʭ ʚʽʜʦʤʦʩʪʝʡ ʧʨʦ ʛʽʜʨʦʦʙ'ʻʤʥʽ ʧʨʠʚʦʜʠ, ʧʨʠʩʪʨʦʾ ʪʘ 

ʧʨʠʥʮʠʧ ʜʽʾ ʛʽʜʨʦʤʝʭʘʥʽʟʤʽʚ ʽ ʛʽʜʨʦʘʧʘʨʘʪʽʚ, ʩʢʣʘʜʘʥʥʷ ʧʨʠʥʮʠʧʦʚʠʭ ʛʽʜʨʘʚʣʽʯʥʠʭ ʩʭʝʤ, ʧʦʩʣʽʜʦʚʥʦʩʪʽ 

ʨʦʟʨʘʭʫʥʢʫ ʛʽʜʨʦʧʨʠʚʦʜʫ ʪʘ ʚʠʙʦʨʫ ʛʽʜʨʦʝʣʝʤʝʥʪʽʚ. ʇʽʩʣʷ ʧʨʦʚʝʜʝʥʦʛʦ ʘʥʘʣʽʟʫ ʚʠʟʥʘʯʝʥʦ ʝʥʝʨʛʝʪʠʯʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʛʽʜʨʦʧʨʠʚʦʜʫ, ʷʢʽ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʡʦʛʦ ʧʦʪʫʞʥʽʩʪʶ. 
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̨̑̆́̌̈̔̃́̓̉ ̨̟̐̏̃̎̒̓ ̃ ̗̉̑̏̃̏̍̔̕ ̨̨̃́̑́̎̓ ̏̂̑̏̂̋̉ ̒̉̄̎́̌̔ ̓́ ̃̉̋̏̑̉̒̓̏̃̔̃́̓̉ ̨̝̈́̍̒̓ ́̎́̌̏̄̏̃̏̄̏ PID 
̠̑̆̄̔̌̓̏̑́ȟ ̏̚ ̎́̂́̄́̓̏ ̨̙̆̆̋̓̉̃̎̆̕ ̈́ ̨̨̖̎̆̏̂̅̎̏̒̓ ̨̗̩́̅́̐̓́ ̖̒̆̍̉ ̅̏ ̑̆̇̉̍̔ ̝̎́̃́̎̓́̇̆̎Ȣ ˎ̨̨̝̙̝̌̒̓ 
̖́̎́̌̏̄̏̃̉ ̨̨̝̌̓̑̃̕ ̟̝̒̓̑́̇̅́̓ ̨̃̅ ̖́̈̏̃̉̕ ̠̒̐̏̓̃̏̑̆̎̎ȟ ̋̏̌̉ ̒̉̄̎́̌̉ ̎́ ̨̖̑̈̎̉ ̘̖́̒̓̏̓́ ̟̝̠̈́̓̑̉̍̔̓̒ ̎́ 
̨̑̈̎̔ ̘̃̆̌̉̉̎̔Ȣ ˢ̘̏́ ̗̆ ̃̒̆ ̆̚ ̤̐̑̉̒̔̓̎ ̃ ̗̖̉̑̏̃̉̕ ))2-̨̝̖̌̓̑́̕Ȣ FIR-̨̝̌̓̑̉̕ ̘̈́̈̃̉́̊ ̨̑̏̈̑̏̂̌̆̎ ̠̋ Ⱥ̨̨̌̎̊̎́ 
́̈́̕ȻȠ ̗̆ ̘̤̏̈̎́́ȟ ̏̚ ̨̝̌̓̑̕ ̎̆ ̤̍́ ̖́̈̏̃̉̕ ̝̒̐̏̓̃̏̑̆̎Ȣ ˡ̨́̈̏̃ ̠̒̐̏̓̃̏̑̆̎̎ ̟̝̃̉̎̉̋́̓ ̘̆̑̆̈ ̓̆ȟ ̏̚ ̒̉̄̎́̌̉ 
̨̩̑̈̎̏ ̘́̒̓̏̓̉ ̟̝̠̈́̓̑̉̍̔̓̒ ̐̏-̨̑̈̎̏̍̔ ̐̑̉ ̨̐̆̑̆̓̉̎ ̨̝̌̓̑́̕Ȣ ˑ̠̌ ))2 ̨̨̝̌̓̑̃̕ ̨̖̎̆̏̂̅̎̏ ̠̃̃̆̅̆̎̎ 
̅̏̅́̓̋̏̃̏̄̏ ̨̨̗̤̋̏̆̎̓́̕ȟ ̠̋̉̊ ̂̔̅̆ ̟̑̆̄̔̌̃́̓̉ ̄̑̔̐̏̃̔ ̈́̓̑̉̍̋̔ȟ ̠̐̑̏̓̄̏̍ ̠̩̋̏ ̨̝̌̓̑̕ ̈́̓̑̉̍̔̃́̓̉̍̆ ̒̉̄̎́̌ 
̩̐̆̃̎̏ ̘́̒̓̏̓̉Ȣ ˬ̋̏̚ ̃̉ ̑̏̂̉̓̆ ̓̆ ̇ ̒́̍̆ ̠̅̌ FIR-̨̝̌̓̑́̕ȟ ̃̉ ̘̐̏̂́̉̓̆ ̠̐̑̍̔ ̝̄̏̑̉̈̏̎̓́̌̎̔ ̨̨̟̌̎ȟ ̗ ̘̤̆̏̈̎́́ȟ 
̏̚ ̨̃̒ ̒̉̄̎́̌̉ ̟̝̠̈́̓̑̉̍̔̓̒ ̎́ ̏̅̎́̋̏̃̔ ̘̃̆̌̉̉̎̔ȟ ̏̚ ̅̏̂̑̆ ̓́ ̘̝̈́̂̆̈̐̆̉̓ ̋̑́̔̚ ̨̠̝̋̒̓ ̒̉̄̎́̌̔Ȣ ˎ̌̏̋ ȺsgnȻ ̎̆ 
̤̃̐̌̉̃́ ̎́ ̗̐̑̏̆̒ ̨̠̐̅̓̑̉̍́̎̎ ̎́̐̑̔̄̉ ̎́ ̖̋̏̎̅̆̎̒́̓̏̑́ ̓́ ̨̙̝̃̉̅̋̒̓ ̨̖̖̐̆̑̆̅̎̉ ̨̗̐̑̏̆̒̃ȟ ̊̏̄̏ ̝̑̏̌ ̠̤̐̏̌̄́ ̔ 
̨̐̏̒̉̌̆̎̎ ̨̗̩̋̏̍̐̆̎̒́̊̎̏ ̨̈̅́̓̎̏̒̓ ̠̑̆̄̔̌̓̏̑́ ̎́̐̑̔̄̉ ̈́ ̟̅̏̐̏̍̏̄̏ ̨̨̝̗̩̌̓̑́̕ ̗̉̑̏̃̏̄̏̕ ̒̉̄̎́̌̔Ȣ ˏ̉̂̑́̎̉̊ 
̨̝̌̓̑̕ȟ ̈́ ̟̅̏̐̏̍̏̄̏ ̘̩́̃̓̏̍́̓̉̎̏ ̨̨̨̗̩̒̓́̂̌̈́ ̎́̐̑̔̄̉ ̎́ ̨̋̏̎̅̆̎̒́̓̏̑ ̘̤̈́̂̆̈̐̆̔ ̨̝̒̓́̂̌̎̉̊ ̗̐̑̏̆̒ 
̠̈́̑̅̔Ⱦ̠̑̏̈̑̅̔ ̋̏̎̅̆̎̒́̓̏̑́ ̨ ̃̉̒̏̋̉̊ ̨̝̑̃̆̎ ̨̗̩̋̏̍̐̆̎̒́ ̖̃̉̉̚ ̨̄́̑̍̏̎̋ ̂̆̈ ̘̩̈̎́̎̏ ̩̅̏̅́̓̋̏̃̏ ̨̗̩̄̆̎̆̑́ 
̩́̋̓̉̃̎̏ ̨̐̏̓̔̇̎̏̒̓ ̃ ̍̆̑̆̇̔Ȣ ˜̑̉ ̨̃̉̋̏̑̉̒̓́̎̎ ̃ ̨̋̏̎̓̆̋̒̓ ̖́̎́̌̏̄̏̃̉ ̒̉̒̓̆̍ ̝̑̆́̌̎̏̄̏ ̘́̒̔ ̗̉̑̏̃̉̊̕ 
̨̝̌̓̑̕ ̨̨̎̏̅ ̤̍́ ̘̐̑̏̂̌̆̍́̓̉̎̔ ̈́̓̑̉̍̋̔ ɉ̨̗̠̑̈̎̉ ̃ ̨̘́̒ ̨̍̇ ̖̃̏̅̏̍ ̨ ̖̃̉̏̅̏̍Ɋȟ ̏̚ ̐̏̃ȭ̠̈́̎̏ ̈ ́̎́̌̏̄̏-
̗̉̑̏̃̉̍̕ ̓́ ̗̉̑̏̕-́̎́̌̏̄̏̃̉̍ ̠̐̆̑̆̓̃̏̑̆̎̎̍ ̓́ ̠̈̄̌́̅̇̔̃́̎̎̍Ȣ ˜̏̋́̈́̎̏ȟ ̏̚ ̈́ ̟̅̏̐̏̍̏̄̏ ̨̨̗̩̏̐̓̉̍̈́ ̘́̒̔ 
̠̈́̑̅̔Ⱦ̠̑̏̈̑̅̔ ̋̏̎̅̆̎̒́̓̏̑́ ̒̉̌̏̃̏̄̏ ́̋̓̉̃̎̏̄̏ ̨̝̌̓̑́̕ ̍̏̇̎́ ̠̅̏̒̄̓̉ ̨̨̝̩̍̎̍́̌̎̏ ̨̓̑̉̃́̌̏̒̓ ̨̖̐̆̑̆̅̎̏̄̏ 
̗̐̑̏̆̒̔ ̈́ ̨̨̝̖̍̎̍́̌̎̉ ̘̝̈̎́̆̎ ̨̘̖̄́̑̍̏̎̎̉ ̝̒̐̏̓̃̏̑̆̎Ȣ  

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̘̆̌̆̋̓̑̉̎́ ̍̆̑̆̇́ȟ ̨̃̉̚ ̨̄́̑̍̏̎̋̉ȟ ̑̆́̋̓̉̃̎́ ̨̝̐̏̓̔̇̎̒̓ȟ ̒̉̌̏̃̉̊ ́̋̓̉̃̎̉̊ ̨̝̌̓̑̕ȟ 
̠̑̆̄̔̌̓̏̑ ̎́̐̑̔̄̉ȟ ̂̌̏̋ ̈́̓̑̉̍̋̉ȟ ̗̉̑̏̃̉̊̕ ̨̝̌̓̑̕Ȣ 
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OPTIMIZATION OF CHARGE / DISCHARGE TIME  
OF ACTIVE FILTER CAPACITORS DURING VOLTAGE FLUCTUATIONS  

 
A voltage regulator on capacitors has been developed for the control circuit of a parallel active filter based on dq-theory with a 

block of sliding averaging current in the current control circuit i_d. It contains a delay unit, a digital low-pass filter of the first order FIR or 
IIR (depending on the variant of the considered scheme) and the unit "sgn", which stabilizes the output signal. The voltage control circuit on 
the capacitor can be implemented entirely in digital signal processing and used instead of the analog PID controller, which is much more 
effective if you need to adapt the circuit to the load mode. Most analog filters suffer from phase distortion when signals at different 
frequencies are delayed by different amounts. Although it is still present in digital IIR filters. FIR filters are usually designed as a "linear 
phase", which means that the filter has no phase distortion. Phase distortions occur due to the fact that signals of different frequencies are 
delayed differently when crossing the filter. For IIR filters, it is necessary to enter an additional factor that will regulate the group delay, 
during which the filter will delay the signal of a certain frequency. If you do the same for the FIR filter, you will see a straight horizontal line, 
which means that all signals are delayed by the same amount, which is good and will provide better signal quality. The unit "sgn" does not 
affect the process of maintaining the voltage on the capacitors and the speed of transients, its role is to enhance the compensatory capacity 
of the voltage regulator by filtering the digital signal. The selected filter, by automatically stabilizing the voltage on the capacitor provides a 
stable charge / discharge process of the capacitor and a high level of compensation of higher harmonics without significant additional 
generation of active power in the network. When used in the context of real-time analog systems, the digital filter sometimes has a 
problematic delay (input-output time difference) due to analog-to-digital and digital-to-analog conversion and smoothing. It is shown that 
by optimizing the charge / discharge time of the capacitor of the power active filter it is possible to achieve the minimum duration of the 
transient process with the minimum values of harmonic distortions. 

Keywords: electric network, higher harmonics, reactive power, active power filter, voltage regulator, delay unit, digital filter. 

 
ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 
ɺʧʨʦʚʘʜʞʝʥʥʷ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʦʾ ʪʝʭʥʽʢʠ ʚ ʝʣʝʢʪʨʦʝʥʝʨʛʝʪʠʢʫ ʟʘʛʦʩʪʨʠʣʦ ʧʨʦʙʣʝʤʫ ʷʢʦʩʪʽ 

ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʫ ʟʚôʷʟʢʫ ʟʽ ʟʙʽʣʴʰʝʥʥʷʤ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ ʩʪʨʫʤʫ ʽ ʥʘʧʨʫʛʠ. ʊʘʢʽ ʧʨʠʩʪʨʦʾ, ʷʢ ʪʠʨʠʩʪʦʨʥʽ 
ʨʝʛʫʣʷʪʦʨʠ ʥʘʧʨʫʛʠ, ʢʝʨʦʚʘʥʽ ʚʠʧʨʷʤʣʷʯʽ, ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʯʘʩʪʦʪʠ ʽ ʘʚʪʦʥʦʤʥʽ ʽʥʚʝʨʪʦʨʠ ʥʘʧʨʫʛʠ ʛʝʥʝʨʫʶʪʴ 
ʛʘʨʤʦʥʽʢʠ, ʯʘʩʪʦʪʠ ʷʢʠʭ ʧʝʨʝʚʠʱʫʶʪʴ 1 ʢɻʮ. 

https://orcid.org/0000-0002-4510-2911
mailto:burbelomj@gmail.com
https://orcid.org/0000-0001-7482-9741
mailto:4e15b.lebyd@gmail.com
mailto:sasha.leshchenko@gmail.com


 Technical sciences ISSN 2307-5732 
 

Herald of Khmelnytskyi national university, Issue 3, 2022 (309) 120 

ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʧʦʢʘʟʥʠʢʽʚ ʷʢʦʩʪʽ ʝʣʝʢʪʨʠʯʥʦʾ ʝʥʝʨʛʽʾ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ ʚʩʝ 
ʯʘʩʪʽʰʝ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʩʠʣʦʚʽ ʘʢʪʠʚʥʽ ʬʽʣʴʪʨʠ (ʉɸʌ) [1, 2]. ɽʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʉɸʌ ʟʘ ʨʽʟʢʦ ʟʤʽʥʥʠʭ 
ʥʘʚʘʥʪʘʞʝʥʴ ʟʥʘʯʥʦʶ ʯʘʩʪʠʥʦʶ ʚʠʟʥʘʯʘʻʪʴʩʷ ʘʚʪʦʤʘʪʠʯʥʠʤ ʨʝʛʫʣʷʪʦʨʦʤ ʧʽʜʪʨʠʤʘʥʥʷ ʥʘʧʨʫʛʠ ʥʘ 
ʢʦʥʜʝʥʩʘʪʦʨʘʭ [3, 4].  

ɺ [5] ʨʦʟʨʦʙʣʝʥʦ ʧʨʠʩʪʨʽʡ ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʘʭ, ʚ ʷʢʽʡ ʧʦʻʜʥʫʶʪʴʩʷ ʘʥʘʣʦʛʦʚʘ ʪʘ 
ʮʠʬʨʦʚʘ ʨʝʘʣʽʟʘʮʽʾ.  

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 
ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ: ʧʦʢʨʘʱʝʥʥʷ ʷʢʦʩʪʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ ʟʘ ʨʘʭʫʥʦʢ ʧʽʜʚʠʱʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʧʨʠʩʪʨʦʶ 

ʨʝʛʫʣʶʚʘʥʥʷ ʥʘʧʨʫʛʠ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʘʭ ʘʢʪʠʚʥʦʛʦ ʬʽʣʴʪʨʘ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʮʠʬʨʦʚʦʾ ʨʝʘʣʽʟʘʮʽʾ. 
 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ 
ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ ʉɸʌ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ ʪʘ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʙʫʣʘ 

ʟʤʦʜʝʣʴʦʚʘʥʘ ʚ ʩʝʨʝʜʦʚʠʱʽ Simulink ʧʘʢʝʪʫ ʧʨʠʢʣʘʜʥʠʭ ʧʨʦʛʨʘʤ Matlab (ʨʠʩ. 1). ʉʠʩʪʝʤʘ ʢʝʨʫʚʘʥʥʷ 
ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʪʘʢʠʭ ʙʣʦʢʽʚ: ʙʣʦʢʽʚ ʧʨʷʤʦʛʦ ʪʘ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʨʫʤʽʚ ʪʘ ʥʘʧʨʫʛ ʟ ʩʠʩʪʝʤʠ ʬʘʟʥʠʭ 
ʢʦʦʨʜʠʥʘʪ ʚ ʩʠʩʪʝʤʫ ʢʦʦʨʜʠʥʘʪ ʤʠʪʪʻʚʠʭ ʩʠʤʝʪʨʠʯʥʠʭ ʩʢʣʘʜʦʚʠʭ  ʪʘ  [2], ʙʣʦʢʘ ʬʦʨʤʫʚʘʥʥʷ 

ʩʪʨʫʤʫ ʢʦʤʧʝʥʩʘʮʽʾ, ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʫʛʠ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʘʭ.  
 

 
ʈʠʩ. 1. ʌʫʥʢʮʽʦʥʘʣʴʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʢʝʨʫʚʘʥʥʷ ʉɸʌ 

 
ɼʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʨʦʙʦʪʠ ʉɸʌ ʚ ʨʝʞʠʤʽ  ʢʦʤʧʝʥʩʘʮʽʾ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʘ ʤʦʜʝʣʴ ʟ 

ʪʨʠʬʘʟʥʠʤ ʥʝʣʽʥʽʡʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ ʽ ʜʦʜʘʪʢʦʚʠʤ ʪʨʠʬʘʟʥʠʤ ʥʘʚʘʥʪʘʞʝʥʥʷʤ [6]. ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ 
ʝʣʝʤʝʥʪʽʚ ʜʦʩʣʽʜʥʦʾ ʤʦʜʝʣʽ: ʦʧʽʨ ʩʠʩʪʝʤʠ ʞʠʚʣʝʥʥʷ 18.4+j17.1 ʤʆʤ, ʦʧʽʨ ʥʘ ʩʪʦʨʦʥʽ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ 
ʥʝʣʽʥʽʡʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ (ʚʠʧʨʷʤʣʷʯ, ʩʭʝʤʘ ʃʘʨʽʦʥʦʚʘ) ï 12+j1,256 ʆʤ, ʦʧʽʨ ʩʠʤʝʪʨʠʯʥʦʛʦ ʪʨʠʬʘʟʥʦʛʦ  
ʥʘʚʘʥʪʘʞʝʥʥʷ ï 10+j10 ʆʤ, ʦʧʽʨ ʪʨʠʬʘʟʥʦʛʦ ʥʘʢʠʜʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ï 5+j3 ʆʤ. ɯʥʜʫʢʪʠʚʥʽʩʪʴ, ʷʢʘ ʚʚʽʤʢʥʝʥʘ 
ʧʦʩʣʽʜʦʚʥʦ ʟ ʬʽʣʴʪʨʦʤ ʤɻʥ. ɼʚʘ ʢʦʥʜʝʥʩʘʪʦʨʠ, ʱʦ ʚʚʽʤʢʥʝʥʽ ʧʦʩʣʽʜʦʚʥʦ ʪʘ ʤʘʶʪʴ ʧʘʨʘʤʝʪʨʠ: 

ʻʤʥʽʩʪʴ , ʥʘʧʨʫʛʘ ,  . ʅʘʢʠʜ ʪʨʠʬʘʟʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʚ ʤʦʤʝʥʪ ʯʘʩʫ 0,06 ʩ, ʘ ʩʢʠʜ ï ʚ ʤʦʤʝʥʪ ʯʘʩʫ 0,12 ʩ.  
ʅʘ ʚʭʽʜ ʙʣʦʢʘ ʟʚʦʨʦʪʥʦʛʦ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʪʨʫʤʽʚ (ʨʠʩ. 1) ʧʦʩʪʫʧʘʻ ʩʠʛʥʘʣ 

( ) ( ) ( )dosc d di t i t i t=D - ,                                                             (1) 

ʜʝ  ( )di tD  ï ʟʥʘʯʝʥʥʷ ʧʨʠʨʦʩʪʫ ʩʪʨʫʤʫ ( )di t , ʱʦ ʟʫʤʦʚʣʝʥʠʡ ʚʽʜʭʠʣʝʥʥʷ ʥʘʧʨʫʛʠ ( )dcU t  ʚʽʜ ʟʘʜʘʥʦʛʦ 

ʟʥʘʯʝʥʥʷ 
dcrefU ; ( )di t ï ʩʢʣʘʜʥʠʢ ʧʫʣʴʩʘʮʽʡ ʩʪʨʫʤʫ ( )di t . 

ɺʠʟʥʘʯʝʥʥʷ ʩʢʣʘʜʥʠʢʘ ʧʫʣʴʩʘʮʽʡ ʩʪʨʫʤʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʨʘʟʫ: 

( ) ( ) ( )d d di t i t I t= - ,                                                                      (2) 

 

ʜʝ  

/6

6
( )

t

d d

t T

I i t dt
T
-

= ñ ï ʫʩʝʨʝʜʥʝʥʝ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʫ ( )di t . 

ɼʣʷ ʨʝʘʣʽʟʘʮʽʾ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʫʛʠ, ʙʫʣʦ ʨʦʟʛʣʷʥʫʪʦ ʜʚʘ ʚʘʨʽʘʥʪʠ ʩʭʝʤʠ ʢʝʨʫʚʘʥʥʷ ʥʘ ʙʘʟʽ FIR ʪʘ IIR ʬʽʣʴʪʨʽʚ. 
ʈʦʟʨʦʙʣʝʥʫ ʙʣʦʢ-ʩʭʝʤʫ ʧʝʨʰʦʛʦ ʚʘʨʽʘʥʪʘ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʫʛʠ ʟʦʙʨʘʞʝʥʦ ʥʘ ʨʠʩ. 2. ɺ ʧʝʨʰʦʤʫ ʚʘʨʽʘʥʪʽ ʚʠʢʦʨʠʩʪʘʥʦ 
ʝʣʝʤʝʥʪ ʟʘʪʨʠʤʢʠ, ʬʽʣʴʪʨ ʥʠʞʥʽʭ ʯʘʩʪʦʪ FIR ʪʘ ʙʣʦʢ çsgnè. ʌʽʣʴʪʨ ʥʠʞʥʽʭ ʯʘʩʪʦʪ FIR (ʬʽʣʴʪʨ ʟʽ ʩʢʽʥʯʝʥʥʦʶ 
ʽʤʧʫʣʴʩʥʦʶ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ) ʤʘʻ ʪʨʘʥʩʧʦʥʦʚʘʥʫ ʩʪʨʫʢʪʫʨʫ ʪʘ ʟʘʪʨʠʤʢʫ, ʷʢʘ ʨʝʛʫʣʶʻʪʴʩʷ ʧʽʜ ʯʘʩ ʟʨʦʩʪʘʥʥʷ ʪʘ 
ʩʧʘʜʘʥʥʷ ʩʠʛʥʘʣʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʠʩʢʨʝʪʥʦʛʦ ʽʥʪʝʛʨʘʪʦʨʘ ʯʘʩʫ. ɼʦʜʘʪʢʦʚʠʡ ʙʣʦʢ çsgnè ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ 
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ʦʙʤʝʞʝʥʥʷ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʜʦ ʦʜʠʥʠʯʥʦʾ ʘʤʧʣʽʪʫʜʠ ʪʘ ʧʦʢʨʘʱʝʥʥʷ ʢʦʤʧʝʥʩʘʮʽʾ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ.   

 
ʈʠʩ. 2. ɹʣʦʢ-ʩʭʝʤʘ ʧʝʨʰʦʛʦ ʚʘʨʽʘʥʪʘ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʫʛʠ  

 
ɺ ʧʝʨʰʦʤʫ ʚʘʨʽʘʥʪʽ ʝʬʝʢʪʠʚʥʽʩʪʴ ʨʦʙʦʪʠ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʫʛʠ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʘʭ ʟʘʣʝʞʠʪʴ ʚʽʜ 

ʥʘʣʘʰʪʫʚʘʥʴ FIR ʬʽʣʴʪʨʘ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʽʜʙʦʨʫ ʢʦʝʬʽʮʽʻʥʪʽʚ b0=-0,3 ʪʘ b1=1 z ï ʧʝʨʝʪʚʦʨʝʥʥʷ ʧʝʨʝʜʘʪʦʯʥʦʾ 
ʬʫʥʢʮʽʾ ʷʢʦʛʦ ʤʦʞʥʘ ʧʦʜʘʪʠ ʫ ʚʠʛʣʷʜ ̔

1( ) 0,3 0,3 ( 3,333)

( ) 1

FIR

FIR

Y z z z

X z z

-- + - Ö -
= = .                                               (3) 

ʐʚʠʜʢʦʜʽʷ FIR ʬʽʣʴʪʨʘ ʻ ʚʠʱʦʶ, ʥʽʞ IIR ʬʽʣʴʪʨʘ, ʪʦʤʫ ʚʽʥ ʤʦʞʝ ʢʨʘʱʝ ʨʦʟʜʽʣʷʪʠ ʯʘʩʪʦʪʠ. ʆʜʥʽʻʶ ʟ 
ʥʘʡʚʘʞʣʠʚʽʰʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʢʦʥʩʪʨʫʢʮʽʾ FIR ʬʽʣʴʪʨʘ ʻ ʡʦʛʦ ʘʚʪʦʥʦʤʥʘ ʨʦʙʦʪʘ [7].  

ʇʝʨʝʜʘʪʦʯʥʫ ʬʫʥʢʮʽʶ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʫʛʠ ʜʣʷ ʧʝʨʰʦʛʦ ʚʘʨʽʘʥʪʘ ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ  

  

350

1

351

1

( ) (0,3 1) ( 1)( )

( ) ( 1)

z z z z zY z

X z z z z

- Ö Ö - Ö - +
=

Ö Ö -
.                                           (4) 

ɿʘʪʨʠʤʢʘ ʚʘʨʽʶʻʪʴʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ ʬʽʣʴʪʨʘ ʚ ʤʝʞʘʭ 350 ï 260 ʪʘʢʪʽʚ (ʱʦ 
ʚʽʜʧʦʚʽʜʘʻ ʧʦʢʘʟʥʠʢʫ ʩʪʝʧʝʥʽ 351 ï 261), ʷʢʘ ʨʝʛʫʣʶʻʪʴʩʷ ʜʠʩʢʨʝʪʥʠʤ ʽʥʪʝʛʨʘʪʦʨʦʤ ʯʘʩʫ ʪʘ ʚʠʢʦʥʫʻ ʬʫʥʢʮʽʶ 
ʢʦʤʧʝʥʩʘʪʦʨʘ ʧʝʨʝʨʝʛʫʣʶʚʘʥʴ ʩʠʛʥʘʣʫ ʰʣʷʭʦʤ ʟʤʽʥʠ ʢʽʣʴʢʦʩʪʽ ʪʘʢʪʽʚ ʟʘʪʨʠʤʢʠ. ʊʨʠʛʝʨ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ 
ʜʣʷ ʩʢʠʜʘʥʥʷ ʩʪʘʥʽʚ ʜʦ ʧʦʯʘʪʢʦʚʠʭ ʫʤʦʚ, ʥʘʣʘʰʪʦʚʘʥʠʡ ʥʘ ʟʨʦʩʪʘʶʯʠʡ ʘʙʦ ʩʧʘʜʥʠʡ ʬʨʦʥʪ [8].  

ɯʥʪʝʛʨʘʪʦʨ, ʷʢʠʡ ʨʝʛʫʣʶʻ ʟʘʪʨʠʤʢʫ, ʤʘʻ ʥʫʣʴʦʚʫ ʧʝʨʝʜʘʯʫ ʥʘ ʧʦʩʪʽʡʥʦʤʫ ʩʪʨʫʤʽ. ʁʦʛʦ ʧʝʨʝʜʘʪʦʯʥʘ 
ʬʫʥʢʮʽʷ ʤʘʻ ʪʘʢʠʡ ʚʠʛʣʷʜ: 

1

1

( ) 1

( ) 1 1

DTI

DTI

Y z z

X z z z

-

-
= =
- -

.                                                         (5) 

ʆʪʞʝ, ʩʠʛʥʘʣ ʥʘ ʚʠʭʦʜʽ ʽʥʪʝʛʨʘʪʦʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʷʢ ʩʫʤʘ ʧʦʪʦʯʥʦʛʦ ʚʠʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʟ ʥʝʟʥʘʯʥʦʶ 
ʟʘʪʨʠʤʢʦʶ ʪʘ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ ʥʘ ʧʦʧʝʨʝʜʥʴʦʤʫ ʢʨʦʮʽ.  

ʌʫʥʢʮʽʶ çsgnè  ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʪʘʢʦʤʫ ʚʠʛʣʷʜʽ: 

0;
sgn 

0 0

z / z , z
z

, z .

ë ¸
=ì

=í
                                                       (6) 

ʇʨʠ ʮʴʦʤʫ  
űű ű jz / z cos j sin e= + =,                                                    (7) 

ʜʝ  arg zj=  ï ʘʨʛʫʤʝʥʪ ʢʦʤʧʣʝʢʩʥʦʛʦ ʯʠʩʣʘ z.  

ʊʦʯʢʘ z = 0 ʻ ʪʦʯʢʦʶ ʨʦʟʨʠʚʫ ʧʝʨʰʦʛʦ ʨʦʜʫ, ʦʩʢʽʣʴʢʠ ʤʝʞʽ ʟʣʽʚʘ ʽ ʩʧʨʘʚʘ ʚʽʜ ʥʫʣʷ ʜʦʨʽʚʥʶʶʪʴ,  
ʚʽʜʧʦʚʽʜʥʦ, +1 ʪʘ -1. ɺʠʨʘʟ (7) ʻ ʦʜʥʠʤ ʟ ʤʦʞʣʠʚʠʭ ʫʟʘʛʘʣʴʥʝʥʴ ʬʫʥʢʮʽʾ ʩʽʛʥʫʤʫ ʥʘ ʧʣʦʱʠʥʽ ʢʦʤʧʣʝʢʩʥʠʭ 
ʯʠʩʝʣ.  

ʇʨʠ  ʨʝʟʫʣʴʪʘʪʦʤ ʬʫʥʢʮʽʾ  ʻ ʪʦʯʢʘ ʦʜʠʥʠʯʥʦʛʦ ʢʦʣʘ. ʉʝʥʩ ʮʴʦʛʦ ʫʟʘʛʘʣʴʥʝʥʥʷ ʧʦʣʷʛʘʻ ʚ 

ʪʦʤʫ, ʱʦʙ ʟʘ ʜʦʧʦʤʦʛʦʶ ʨʘʜʽʫʩ-ʚʝʢʪʦʨʘ ʦʜʠʥʠʯʥʦʾ ʜʦʚʞʠʥʠ ʧʦʢʘʟʘʪʠ ʥʘʧʨʷʤʦʢ ʥʘ ʢʦʤʧʣʝʢʩʥʽʡ ʧʣʦʱʠʥʽ, ʱʦ 
ʚʽʜʧʦʚʽʜʘʻ ʯʠʩʣʫ z. ʎʝʡ ʥʘʧʨʷʤʦʢ ʫ ʧʦʣʷʨʥʠʭ ʢʦʦʨʜʠʥʘʪʘʭ ʟʘʜʘʻ ʢʫʪ . ʅʝʚʠʟʥʘʯʝʥʠʡ ʥʘʧʨʷʤʦʢ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ 

ʯʠʩʣʫ z = 0, ʚʠʨʘʞʘʻʪʴʩʷ ʥʫʣʴʦʚʠʤ ʟʥʘʯʝʥʥʷʤ ʬʫʥʢʮʽʾ. 
ʅʘ ʨʠʩ. 3 ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʨʝʟʫʣʴʪʘʪ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʫʥʢʮʽʾ çsgnè ʚʽʜʥʦʩʥʦ ʚʭʽʜʥʦʛʦ ʩʠʛʥʘʣʫ.  
ʋ ʜʨʫʛʦʤʫ ʚʘʨʽʘʥʪʽ ʚʠʢʦʨʠʩʪʘʥʦ ʬʽʣʴʪʨ ʥʠʞʥʽʭ ʯʘʩʪʦʪ IIR (ʬʽʣʴʪʨ ʽʟ ʥʝʩʢʽʥʯʝʥʥʦʶ ʽʤʧʫʣʴʩʥʦʶ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʶ), ʷʢʠʡ ʩʢʠʜʘʻʪʴʩʷ ʧʦ ʨʽʚʥʶ ʟʘʪʨʠʤʢʠ ʯʝʨʝʟ ʙʣʦʢ ʜʠʩʢʨʝʪʥʦʛʦ ʽʥʪʝʛʨʘʪʦʨʘ ʯʘʩʫ. ɺ ʜʨʫʛʦʤʫ 
ʚʘʨʽʘʥʪʽ ʚʽʜʤʽʥʥʽʩʪʴ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʫʛʠ ʚʽʜ ʧʝʨʰʦʛʦ ʚʘʨʽʘʥʪʘ ʧʦʣʷʛʘʻ ʚ IIR ʬʽʣʴʪʨʽ, ʷʢʠʡ ʰʚʠʜʰʝ ʨʝʘʣʽʟʫʻʪʴʩʷ ʽ 
ʟʘʧʫʩʢʘʻʪʴʩʷ, ʥʘʧʨʠʢʣʘʜ, ʫ ʚʙʫʜʦʚʘʥʽʡ ʩʠʩʪʝʤʽ ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ.  

ɼʣʷ ʜʘʥʦʛʦ IIR ʬʽʣʴʪʨʘ ʧʝʨʰʦʛʦ ʧʦʨʷʜʢʫ ʙʫʣʘ ʨʦʟʨʦʙʣʝʥʘ ʤʘʢʩʠʤʘʣʴʥʦ ʝʬʝʢʪʠʚʥʘ ʩʪʨʫʢʪʫʨʘ, ʷʢʘ 
ʧʽʜʪʨʠʤʫʻ ʦʜʠʥʠʯʥʫ ʘʤʧʣʽʪʫʜʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ, ʘʣʝ ʟ ʥʝʤʦʞʣʠʚʽʩʪʶ ʧʽʜʪʨʠʤʫʚʘʪʠ ʧʦʩʪʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ 
ʧʽʜʩʠʣʝʥʥʷ. ʊʦʤʫ, ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ ʧʨʦʙʣʝʤʠ ʙʫʣʦ ʚʠʨʽʰʝʥʦ ʩʢʠʜʘʪʠ ʬʽʣʴʪʨ ʧʦ ʨʽʚʥʶ ʟʘʪʨʠʤʢʠ ʯʝʨʝʟ 
ʜʠʩʢʨʝʪʥʠʡ ʯʘʩʦʚʠʡ ʽʥʪʝʛʨʘʪʦʨ, ʷʢʠʡ ʝʬʝʢʪʠʚʥʦ ʧʽʜʪʨʠʤʫʻ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ. ɺ ʨʝʟʫʣʴʪʘʪʽ ʧʽʜʙʦʨʫ 

ʢʦʝʬʽʮʽʻʥʪʽʚ 
1 0,75b = , 0 0, 75a =  ʪʘ 1 1a =  ʜʣʷ z ï ʧʝʨʝʪʚʦʨʝʥʥʷ, IIR ʬʽʣʴʪʨ ʙʫʜʝ ʧʽʜʪʨʠʤʫʚʘʪʠ ʦʜʠʥʠʯʥʫ 

ʘʤʧʣʽʪʫʜʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ. 
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ʈʠʩ. 3. ɻʨʘʬʽʢ ʨʝʘʢʮʽʾ ʩʠʛʥʘʣʫ  ʥʘ ʨʦʙʦʪʫ ʙʣʦʢʫ çsgnè 

 

ʑʝ ʦʜʠʥ ʤʦʤʝʥʪ, ʥʘ ʷʢʠʡ ʩʣʽʜ ʟʚʝʨʥʫʪʠ ʫʚʘʛʫ, ʱʦ ʜʣʷ IIR ʬʽʣʴʪʨʽʚ ʚʠʱʦʛʦ ʧʦʨʷʜʢʫ ʭʘʨʘʢʪʝʨʥʘ 

ʥʝʩʪʽʡʢʘ ʨʦʙʦʪʘ ʩʠʩʪʝʤʠ, ʪʦʜʽ ʷʢ FIR ʬʽʣʴʪʨʠ ʟʘʚʞʜʠ ʩʪʘʙʽʣʴʥʽ. IIR ʬʽʣʴʪʨʠ ʤʫʣʴʪʠʬʫʥʢʮʽʦʥʘʣʴʥʽ ʪʘ ʤʘʶʪʴ 

ʧʘʨʘʤʝʪʨʠ, ʷʢʽ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ, ʱʦʙ ʰʚʠʜʢʦ ʟʤʽʥʠʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʽʣʴʪʨʘ.  

ɯʤʧʫʣʴʩʥʘ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ IIR ʬʽʣʴʪʨʘ ʻ ʟʘʛʘʩʘʶʯʦʶ ʝʢʩʧʦʥʝʥʪʦʶ. ʈʽʚʥʷʥʥʷ IIR ʬʽʣʴʪʨʘ ʧʝʨʰʦʛʦ 

ʧʦʨʷʜʢʫ ʤʦʞʥʘ ʟʘʧʠʩʘʪʠ ʫ ʚʠʛʣʷʜʽ z-ʧʝʨʝʪʚʦʨʝʥʥʷ 

[] [] []1(1 ɔ) ɔIIRIIR IIRy z x z z y z-= - Ö + Ö Ö Ö.                                           (9) 

ʜʝ .  

ʇʝʨʝʛʨʫʧʫʻʤʦ, ʱʦʙ ʦʪʨʠʤʘʪʠ ʧʝʨʝʜʘʪʦʯʥʫ ʬʫʥʢʮʽʶ 
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IIR ʬʽʣʴʪʨ ʤʘʻ ʩʪʨʫʢʪʫʨʫ ʧʨʷʤʦʾ ʬʦʨʤʠ II  ʪʘ ʧʦʪʨʝʙʫʻ ʣʠʰʝ N ʦʜʠʥʠʮʴ ʟʘʪʨʠʤʢʠ, ʜʝ N ʻ ʧʦʨʷʜʢʦʤ 

ʬʽʣʴʪʨʘ ï ʧʦʪʝʥʮʽʡʥʦ ʚʜʚʽʯʽ ʤʝʥʰʠʤ, ʥʽʞ ʜʣʷ ʧʨʷʤʦʾ ʬʦʨʤʠ I. ʎʶ ʩʪʨʫʢʪʫʨʫ ʦʪʨʠʤʫʶʪʴ ʰʣʷʭʦʤ ʟʤʽʥʠ ʧʦʨʷʜʢʫ 

ʯʠʩʝʣʴʥʠʢʘ ʪʘ ʟʥʘʤʝʥʥʠʢʘ ʧʨʷʤʦʾ ʬʦʨʤʠ I, ʦʩʢʽʣʴʢʠ ʚʦʥʠ ʥʘʩʧʨʘʚʜʽ ʻ ʜʚʦʤʘ ʣʽʥʽʡʥʠʤʠ ʩʠʩʪʝʤʘʤʠ, ʽ 

ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚʣʘʩʪʠʚʽʩʪʴ ʢʦʤʫʪʘʪʠʚʥʦʩʪʽ. ɹʣʦʢ-ʩʭʝʤʫ ʜʨʫʛʦʛʦ ʚʘʨʽʘʥʪʘ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʫʛʠ ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 4.  

  

 
ʈʠʩ. 4. ɹʣʦʢ-ʩʭʝʤʘ ʜʨʫʛʦʛʦ ʚʘʨʽʘʥʪʘ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʫʛʠ 

 

ʇʝʨʝʜʘʪʦʯʥʫ ʬʫʥʢʮʽʶ ʟʘʤʢʥʝʥʦʛʦ ʢʦʥʪʫʨʫ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʫʛʠ ʟ IIR ʬʽʣʴʪʨʦʤ ʚ z ï ʧʝʨʝʪʚʦʨʝʥʥʽ 

ʤʦʞʥʘ ʧʨʝʜʩʪʘʚʠʪʠ ʫ ʚʠʛʣʷʜʽ 
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ʇʽʩʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʧʝʨʰʦʛʦ ʪʘ ʜʨʫʛʦʛʦ ʚʘʨʽʘʥʪʽʚ ʩʭʝʤʠ ʢʝʨʫʚʘʥʥʷ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʫʛʠ ʥʘ 

ʢʦʥʜʝʥʩʘʪʦʨʘʭ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʚʩʪʘʥʦʚʣʝʥʦ ʤʦʞʣʠʚʽʩʪʴ ʨʝʛʫʣʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʧʽʜʩʠʣʝʥʥʷ IIR ʬʽʣʴʪʨʘ ʪʘ 

ʧʦʩʪʽʡʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʝʨʝʜʘʯʽ FIR ʬʽʣʴʪʨʘ ʚ ʤʝʞʘʭ 0,75 ï 0,85 [9]. ʎʝ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʢʦʤʧʝʥʩʫʚʘʪʠ ʚʠʱʽ 

ʛʘʨʤʦʥʽʢʠ ʪʘ ʟʘʙʝʟʧʝʯʫʚʘʪʠ ʤʽʥʽʤʘʣʴʥʝ ʧʝʨʝʨʝʛʫʣʶʚʘʥʥʷ ʥʘʚʘʥʪʘʞʝʥʥʷ ʧʽʜ ʯʘʩ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ (ʨʠʩ. 5).  

ɸʢʪʠʚʥʠʡ ʬʽʣʴʪʨ ʧʨʘʮʶʻ ʚ ʨʝʞʠʤʽ ʢʦʤʧʝʥʩʘʮʽʾ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ. ʇʨʠ 

ʧʝʨʝʚʝʜʝʥʥʽ ʡʦʛʦ ʚ ʨʝʞʠʤ ʣʠʰʝ ʢʦʤʧʝʥʩʘʮʽʾ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ ʚʽʜʙʫʚʘʻʪʴʩʷ ʟʥʘʯʥʝ ʟʨʦʩʪʘʥʥʷ ʢʦʤʧʝʥʩʘʮʽʡʥʦʾ 
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ʟʜʘʪʥʦʩʪʽ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ ʧʦʧʝʨʝʜʥʽʤ ʨʝʞʠʤʦʤ. 

ɼʣʷ ʧʦʙʫʜʦʚʠ ʛʨʘʬʽʢʽʚ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʦʩʥʦʚʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʩʠʩʪʝʤʠ ʚʽʜ ʯʘʩʫ ʤʦʜʝʣʶʚʘʥʥʷ 

ʧʦʪʨʽʙʥʦ: ʚʠʟʥʘʯʠʪʠ ʘʢʪʠʚʥʫ ʽ ʨʝʘʢʪʠʚʥʫ ʧʦʪʫʞʥʽʩʪʴ, ʩʪʨʫʤ ʤʝʨʝʞʽ ʪʘ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʝ ʚʽʜʭʠʣʝʥʥʷ 

ʘʢʪʠʚʥʦʾ ʪʘ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪ,̔ ʷʢʝ ʤʦʞʥʘ ʟʥʘʡʪʠ ʯʝʨʝʟ ʾʭ ʝʬʝʢʪʠʚʥʝ ʟʥʘʯʝʥʥʷ ʥʘ ʧʝʨʽʦʜʽ. 
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ʑʦʙ ʦʮʽʥʠʪʠ ʟʘʛʘʣʴʥʠʡ ʨʽʚʝʥʴ ʧʫʣʴʩʘʮʽʡ ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʟʘ 

ʜʦʧʦʤʦʛʦʶ ʚʠʨʘʟʫ.  

2 2 ;p eP Ps = -  
2 2

q eQ Qs = - .                                                 (13) 

ɽʬʝʢʪʠʚʥʠʡ ʧʝʨʽʦʜ ʧʝʨʝʭʽʜʥʦʛʦ ʧʨʦʮʝʩʫ ʻ ʤʽʥʽʤʘʣʴʥʠʤ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʘʢʩʠʤʘʣʴʥʦʾ ʰʚʠʜʢʦʜʽʾ ʧʽʜ 

ʯʘʩ ʢʦʣʠʚʘʥʴ ʥʘʧʨʫʛʠ. ɻʨʘʬʽʢʠ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʚʘʨʽʘʥʪʽʚ ʽʜʝʥʪʠʯʥʽ ʟ ʧʦʭʠʙʢʦʶ ʤʝʥʰʝ 1%. 

 

 
ʈʠʩ. 5. ɻʨʘʬʽʢʠ ʟʤʽʥʠ ʧʘʨʘʤʝʪʨʽʚ ʝʣʝʢʪʨʠʯʥʦʾ ʤʝʨʝʞʽ: ʘ) ʜʽʡʩʥʘ ʘʢʪʠʚʥʘ ʪʘ ʨʝʘʢʪʠʚʥʘ ʧʦʪʫʞʥʦʩʪʽ ʧʽʩʣʷ ʢʦʤʧʝʥʩʘʮʽʾ; ʙ) ʩʪʨʫʤ ʤʝʨʝʞʽ ʧʽʩʣʷ 

ʢʦʤʧʝʥʩʘʮʽʾ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ; ʚ) ʩʝʨʝʜʥʴʦʢʚʘʜʨʘʪʠʯʥʽ ʚʽʜʭʠʣʝʥʥʷ ʘʢʪʠʚʥʦʾ ʪʘ ʨʝʘʢʪʠʚʥʦʾ  ʧʦʪʫʞʥʦʩʪʽ ʧʽʜ ʯʘʩ ʟʤʽʥʠ ʥʘʚʘʥʪʘʞʝʥʥʷ 

 

ɻʨʘʬʽʢ ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʽ ʥʘ ʨʠʩʫʥʢʫ 6 ʦʜʥʘʢʦʚʠʡ ʜʣʷ ʜʚʦʭ ʚʘʨʽʘʥʪʽʚ. ɿ ʨʠʩʫʥʢʫ 6 ʤʦʞʥʘ 

ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ ʧʨʦ ʚʠʩʦʢʫ ʰʚʠʜʢʦʜʽʶ ʨʝʛʫʣʷʪʦʨʘ ʥʘʧʨʫʛʠ ʧʨʠ ʤʽʥʽʤʘʣʴʥʠʭ ʢʦʣʠʚʘʥʥʷʭ ʥʘʧʨʫʛʠ ʥʘ 

ʢʦʥʜʝʥʩʘʪʦʨʽ. ɻʣʠʙʠʥʘ ʧʨʦʚʘʣʫ ʥʘʧʨʫʛʠ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʻʤʥʽʩʪʶ ʢʦʥʜʝʥʩʘʪʦʨʘ ʪʘ ʤʦʞʝ ʙʫʪʠ 

ʟʤʝʥʰʝʥʘ ʟʙʽʣʴʰʝʥʥʷʤ ʻʤʥʦʩʪʽ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʘʣʝ ʟʘ ʨʘʭʫʥʦʢ ʟʤʝʥʰʝʥʥʷ ʰʚʠʜʢʦʜʽʾ ʪʘ ʟʨʦʩʪʘʥʥʷ ʧʦʭʠʙʢʠ. 

 

 
ʈʠʩ. 6. ɻʨʘʬʽʢ ʟʤʽʥʠ ʥʘʧʨʫʛʠ ʥʘ ʢʦʥʜʝʥʩʘʪʦʨʘʭ 

 

 

ʊʘʙʣʠʮʷ 1 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʉɸʌ ʚ ʨʝʞʠʤʽ ʢʦʤʧʝʥʩʘʮʽʾ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ 
ɿʥʘʯʝʥʥʷ ʬʽʟʠʯʥʠʭ ʚʝʣʠʯʠʥ ʜʣʷ ʩʠʤʝʪʨʠʯʥʦʛʦ ʨʝʞʠʤʫ ɯɸ ɯɺ ɯʉ 

ɸʤʧʣʽʪʫʜʥʽ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʽʚ ʤʝʨʝʞʽ ʥʘʚʘʥʪʘʞʝʥʥʷ (ɸ)  103,8 103,8 103,8 

ʂʦʝʬʽʮʽʻʥʪ ʥʝʣʽʥʽʡʥʦʛʦ ʩʧʦʪʚʦʨʝʥʥʷ ʩʪʨʫʤʽʚ ʥʘʚʘʥʪʘʞʝʥʥʷ (%) 8,52 8,52 8,52 

ɸʤʧʣʽʪʫʜʥʽ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʽʚ ʤʝʨʝʞʽ ʧʽʩʣʷ ʢʦʤʧʝʥʩʘʮʽʾ (ɸ) IIR  93,75 93,89 93,82 

ʂʦʝʬʽʮʽʻʥʪ ʥʝʣʽʥʽʡʥʦʛʦ ʩʧʦʪʚʦʨʝʥʥʷ ʩʪʨʫʤʽʚ ʤʝʨʝʞʽ (%)IIR 0,72 0,71 0,73 

ɸʤʧʣʽʪʫʜʥʽ ʟʥʘʯʝʥʥʷ ʩʪʨʫʤʽʚ ʤʝʨʝʞʽ ʧʽʩʣʷ ʢʦʤʧʝʥʩʘʮʽʾ (ɸ) FIR  93,78 93,89 93,79 

ʂʦʝʬʽʮʽʻʥʪ ʥʝʣʽʥʽʡʥʦʛʦ ʩʧʦʪʚʦʨʝʥʥʷ ʩʪʨʫʤʽʚ ʤʝʨʝʞʽ (%) FIR 0,72 0,72 0,72 
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ʇʽʜ ʯʘʩ ʤʦʜʝʣʶʚʘʥʥʷ ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ IGBT ʪʨʘʥʟʠʩʪʦʨʠ, ʷʢʽ ʥʘʙʘʛʘʪʦ ʣʝʛʰʽ ʚ ʢʝʨʫʚʘʥʥʽ ʪʘ ʛʽʨʰʽ ʚ 

ʷʢʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ. ɺ ʤʘʣʦʧʦʪʫʞʥʠʭ ʉɸʌ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ MOSFET ʪʨʘʥʟʠʩʪʦʨʠ, ʱʦ ʧʨʦʧʦʥʫʶʪʴ 

ʢʨʘʱʽ ʷʢʽʩʥʽ ʧʦʢʘʟʥʠʢʠ.  

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʙʦʭ ʬʽʣʴʪʨʽʚ ʜʣʷ ʢʦʤʧʝʥʩʘʮʽʾ ʨʝʘʢʪʠʚʥʦʾ ʧʦʪʫʞʥʦʩʪʽ ʪʘ 

ʚʠʱʠʭ ʛʘʨʤʦʥʽʢ ʥʘʚʝʜʝʥʦ ʚ ʪʘʙʣʠʮʽ. ɿʥʘʯʝʥʥʷ ʩʫʤʘʨʥʦʛʦ ʢʦʝʬʽʮʽʻʥʪʘ ʢʦʤʧʝʥʩʘʮʽʾ ʛʘʨʤʦʥʽʯʥʠʭ ʩʧʦʪʚʦʨʝʥʴ 

ʩʪʨʫʤʫ ʢʝʨʫʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʝʬʽʮʽʻʥʪʘ ʧʝʨʝʜʘʯʽ ʢʦʞʥʦʛʦ ʟ ʬʽʣʴʪʨʽʚ. 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʧʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʙʦʭ ʬʽʣʴʪʨʽʚ ʧʨʘʢʪʠʯʥʦ ʦʜʥʘʢʦʚʽ (ʜʠʚ. ʪʘʙʣʠʮʶ). 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʈʦʟʨʦʙʣʝʥʠʡ ʨʝʛʫʣʷʪʦʨ ʥʘʧʨʫʛʠ, ʱʦ ʤʽʩʪʠʪʴ FIR ʘʙʦ IIR ʬʽʣʴʪʨʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ 

ʦʧʪʠʤʽʟʘʮʽʾ ʯʘʩʫ ʟʘʨʷʜʫ/ʨʦʟʨʷʜʫ ʢʦʥʜʝʥʩʘʪʦʨʽʚ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʣʦʢʫ ʟʘʪʨʠʤʢʠ, ʷʢʘ ʨʝʛʫʣʶʻʪʴʩʷ ʽʥʪʝʛʨʘʪʦʨʦʤ 

ʯʘʩʫ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʚʠʧʘʜʢʫ ʪʘ ʙʣʦʢʦʤ çsgnè, ʱʦ ʩʪʘʙʽʣʽʟʫʻ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣ ʪʘ ʟʤʝʥʰʫʻ ʘʤʧʣʽʪʫʜʠ 5 ʪʘ 7 

ʛʘʨʤʦʥʽʢ, ʚʽʜʧʦʚʽʜʥʦ, ʚ 4 ʪʘ 6 ʨʘʟʽʚ. ɼʣʷ ʧʦʢʨʘʱʝʥʥʷ ʢʦʤʧʝʥʩʘʮʽʡʥʦʾ ʟʜʘʪʥʦʩʪʽ ʘʢʪʠʚʥʦʛʦ ʬʽʣʴʪʨʘ ʚʠʢʦʥʘʥʦ 

ʥʘʣʘʰʪʫʚʘʥʥʷ ʙʣʦʢʘ ʢʦʚʟʥʦʛʦ ʫʩʝʨʝʜʥʝʥʥʷ ʩʪʨʫʤʫ ʥʘ ʰʦʩʪʫ ʛʘʨʤʦʥʽʢʫ ʫ ʨʘʟʽ ʩʠʤʝʪʨʠʯʥʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ, 

ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʟʤʝʥʰʝʥʥʷ ʘʤʧʣʽʪʫʜʠ 5 ʪʘ 7 ʛʘʨʤʦʥʽʢ ʚ ʜʚʘ ʨʘʟʠ. ɺ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʧʦʪʨʝʙ ʚʠʨʦʙʥʠʮʪʚʘ ʻ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʙʦʨʫ ʝʬʝʢʪʠʚʥʽʰʦʛʦ ʚʘʨʽʘʥʪʘ: 1) ʚʠʩʦʢʦ ʩʝʣʝʢʪʠʚʥʽ IIR ʬʽʣʴʪʨʠ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʨʝʘʣʽʟʦʚʘʥʽ 

ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʩʪʨʫʢʮʽʡ ʥʠʟʴʢʦʛʦ ʧʦʨʷʜʢʫ ʪʘ ʤʦʞʫʪʴ ʧʨʘʮʶʚʘʪʠ ʥʘ ʚʠʩʦʢʠʭ ʰʚʠʜʢʦʩʪʷʭ; 2) FIR ʬʽʣʴʪʨʠ, 

ʷʢʽ ʟʘʟʚʠʯʘʡ ʤʘʶʪʴ ʥʠʟʴʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʪʘ ʨʽʚʝʥʴ ʧʦʤʠʣʦʢ ʘʨʠʬʤʝʪʠʯʥʦʛʦ ʦʢʨʫʛʣʝʥʥʷ ʽ ʜʦʙʨʝ ʚʠʟʥʘʯʝʥʠʡ 

ʰʫʤ ʢʚʘʥʪʫʚʘʥʥʷ ʜʣʷ ʟʘʩʪʦʩʫʚʘʥʥʷ ʚ ʥʠʟʴʢʦʚʦʣʴʪʥʠʭ ʪʨʠʬʘʟʥʠʭ ʝʣʝʢʪʨʠʯʥʠʭ ʤʝʨʝʞʘʭ. 
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˔́̐̑̏̐̏̎̏̃́̎̏ ̨́̃̓̏̄̆̎̆̑́̓̏̑̎ ̨̘̐́̑́̍̆̓̑̉̎ ̒̆̎̒̏̑̉ ̓̉̒̋̔ ̎́ ̨̏̒̎̏̃ ̖̓̑́̎̈̉̒̓̏̑̎̉ 

̨̖̍̋̑̏̆̌̆̋̓̑̏̎̎̉ ̒̓̑̔̋̓̔̑ ̈ ̨̃̅ȭ̤̍̎̉̍ ̨̗̅̉̆̑̆̎̊̎̉̍̕ ̏̐̏̑̏̍ ̈ ̐̆̑̃̉̎̎̉̍̉ ̘̓̆̎̈̏̔̓̌̉̃̉̍̉ ̑̆̈̉̒̓̏̑̏̍ ̨ 
̨̅̏̅̏̍ȟ ̐̑̉ ̘̏̍̔ ̨̐̆̑̃̉̎̎ ̨̘̓̆̎̈̏̔̓̌̉̃ ̆̌̆̍̆̎̓̉ ̤ ́̋̓̉̃̎̉̍̉ ̆̌̆̍̆̎̓́̍̉ ̖̒̆̍̉ ́̃̓̏̄̆̎̆̑́̓̏̑́ȟ ̏̚ ̤̒̐̑̏̔̚ 
̨̗̟̋̏̎̒̓̑̔̋ ̨̒̆̎̒̏̑̃ ̓̉̒̋̔Ȣ ˔́̐̑̏̐̏̎̏̃́̎̏ ̓́̋̏̇ ̨̈́̍̎̉̓̉ ̐́̒̉̃̎̔ ̨̨̝̎̅̔̋̓̉̃̎̒̓ ̝̋̏̌̉̃́̌̎̏̄̏ ̋̏̎̓̔̑̔ 
́̃̓̏̄̆̎̆̑́̓̏̑́ ̎́ ́̋̓̉̃̎̉̊ ̨̎̅̔̋̓̉̃̎̉̊ ̆̌̆̍̆̎̓ ̎́ ̨̏̒̎̏̃ ̓̑́̎̈̉̒̓̏̑́ ̈ ̟̘́̈̏̈̒̔̃́̉̍̕ RC-̋̏̌̏̍ȟ ̏̚ ̤̅́ 
̨̝̍̏̇̌̉̃̒̓ ̙̑̏̈̉̑̉̓̉ ̨̅́̐́̈̏̎ ̟̠̑̆̄̔̌̃́̎̎ ̨̖̩̃̉̅̎̏ ̘́̒̓̏̓̉ȟ ́ ̓́̋̏̇ ̨̟̐̏̃̎̒̓ ̠̃̉̄̏̓̏̃̌̓̉ ̒̆̎̒̏̑̉ ̓̉̒̋̔ 
̈́ ̨̟̍̋̑̏̆̌̆̋̓̑̏̎̎̏ ̨̖̤̟̓̆̎̏̌̏̄Ȣ ˏ̖̠̘̉̏̅̉ ̈ ̠̑̏̈̄̌̅̔ ̨̘̖̈̉̎̉̕ ̨̗̐̑̏̆̒̃ ̔ ̖̐̆̑̃̉̎̎̉ ̘̖̓̆̎̈̏̔̓̌̉̃̉ ̖̆̌̆̍̆̎̓́ ̨ 
̖́̃̓̏̄̆̎̆̑́̓̏̑́ȟ ̑̏̈̑̏̂̌̆̎̏ ̨̘̍́̓̆̍́̓̉̎ ̨̍̏̅̆̌ ̨̒̆̎̒̏̑̃ ̓̉̒̋̔ ̎́ ̨̏̒̎̏̃ ̠̖̋̉ ̏̓̑̉̍́̎̏ ̨̘̐́̑́̍̆̓̑̉̎ 
̨̈́̌̆̇̎̏̒̓ ̨̗̔̎̋̊̕ ̠̐̆̑̆̓̃̏̑̆̎̎ ̨ ̨̘̔̓̌̉̃̏̒̓Ȣ ˜̏̋́̈́̎̏ȟ ̏̚ ̏̒̎̏̃̎̉̊ ̃̎̆̒̏̋ ̔ ̨̨̈̍̎ ̨̗̩̔̎̋̕ ̠̐̆̑̆̓̃̏̑̆̎̎ 
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̨̟̘̐̆̑̆̓̃̏̑̃́̃ ̨ ̨̐́̑́̍̆̓̑̃ ́̃̓̏̄̆̎̆̑́̓̏̑́ ̎́ ̨̖̃̉̅̎̔ ̘́̒̓̏̓̔ ̨̒̆̎̒̏̑̃ ̔ ̨̨̠̐̏̑̃̎̎̎ ̈ ̖̑̏̈̑́̔̎̋́̍̉ ̨̗̔̎̋̊̕ 
̠̐̆̑̆̓̃̏̑̆̎̎  ̎́ ̨̏̒̎̏̃ ̨̠̝̑̃̎̎ ˗̨̖̑̄̏́̕Ȣ ˠ ̖̒̆̎̒̏̑́ ̓̉̒̋̔ ̈ ̘́̒̓̏̓̎̉̍ ̖̃̉̏̅̏̍ ̎̆ ̨̨̐̏̓̑̂̎ ́̎́̌̏̄̏-̨̗̉̑̏̃̕ 
̨̟̘̐̆̑̆̓̃̏̑̃́ ̓́ ̨̨̟̝̐̅̒̉̌̃́̌̎ ̩̐̑̉̒̓̑̏ ̐̑̉ ̨̝̙̐̏̅́̌̊ ̨̗̏̂̑̏̂ ̨̨̗̖̎̏̑̍́̊̎̉̕ ̨̒̉̄̎́̌̃ȟ ̏̚ ̙̟̤̈̅̆̆̃̌ 
̨̨̗̎̏̑̍́̊̎̏̕-̨̟̝̃̉̍̑̃́̌̎̔ ́̐́̑́̓̔̑̔ȟ ̨̏̋̑̍ ̓̏̄̏ ̍̏̇̌̉̃́ ̘̐̆̑̆̅́́ ̨̨̗̩̎̏̑̍́̕ ̎́ ̨̝̃̅̒̓́̎ ̐̑̉ ̨̑̏̂̏̓ ̨̒̆̎̒̏̑̃ 
̔ ̖̎́̅̃̉̒̏̋̉ ̘̖́̒̓̏̓́Ȣ 

˗̨̟̘̌̏̃ ̒̌̏̃́ȡ ̒̆̎̒̏̑ȟ ̓̉̒̋ȟ ̨̃̅ȭ̤̍̎̉̊ ̨̗̅̉̆̑̆̎̊̎̉̊̕ ̨̏̐̑ȟ ́̃̓̏̄̆̎̆̑́̓̏̑ȟ ̓̆̎̈̏̑̆̈̉̒̓̏̑ȟ ̨̓̆̎̈̏̅̏̅Ȣ 
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SELF-OSCILLATING PARAMETRIC PRESSURE SENSORS 
 

Self-oscillating parametric pressure sensors are proposed based on transistor microelectronic structures with negative differential 
resistance with primary strain-sensing resistor and diode, and the primary strain-sensing elements are active elements of the self-oscillator 
circuit, which simplifies the design of pressure sensors. It is also proposed to replace the passive inductance of the self-oscillator oscillatory 
circuit with an active inductive element based on a transistor with a phase-shifting RC circuit, which makes it possible to expand the range of 
output frequency adjustment, as well as to fully produce pressure sensors using microelectronic technology. Based on the consideration of 
physical processes in primary strain-sensing elements and self-oscillators, mathematical models of pressure sensors have been developed, on 
the basis of which parametric dependences of the conversion and sensitivity functions have been obtained. It is shown that the main 
contribution to the change in the conversion function is made by the change in pressure. This causes a change in the equivalent capacitance 
and negative differential resistance of the oscillatory system of sensor self-oscillators, which in turn changes the output frequency of the 
devices. The sensitivity of the pressure sensors varies from 0.365 kHz/kPa to 2.45 kHz/kPa when the pressure changes from 0 kPa to 2050 
kPa. The obtained parametric dependences of the conversion functions of pressure sensors show the possibility of easier calculation of the 
main characteristics of the sensors and clearly show the influence of each parameter of the primary converters and the parameters of the 
self-oscillator on the output frequency of the sensors in comparison with the calculations of the conversion functions based on the Kirchhoff 
equations. Pressure sensors with a frequency output do not require analog-to-digital converters and amplifying devices for further 
processing of information signals, which reduces the cost of information-measuring equipment, in addition, it is possible to transmit 
information over a distance when the sensors operate at microwave frequencies. 

Keywords: sensor, pressure, negative differential resistance, self-oscillator, strain-sensing resistor, strain-sensing diode. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ɺʠʤʽʨʶʚʘʥʥʷ ʪʠʩʢʫ ʧʦʪʨʽʙʥʦ ʚ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʚʠʨʦʙʥʠʮʪʚʘ ʽ ʪʝʭʥʽʢʠ, ʟʦʢʨʝʤʘ ʫ ʘʚʪʦʤʦʙʽʣʴʥʽʡ 

ʧʨʦʤʠʩʣʦʚʦʩʪʽ, ʧʦʙʫʪʦʚʽʡ ʪʝʭʥʽʮʽ, ʤʝʜʠʮʠʥʽ, ʙʫʜʽʚʝʣʴʥʽʡ ʪʝʭʥʽʮʽ, ʛʘʟʦʚʽʡ ʪʘ ʥʘʬʪʦʚʽʡ ʧʨʦʤʠʩʣʦʚʦʩʪʽ, 

ʢʦʩʤʽʯʥʠʭ ʜʦʩʣʽʜʞʝʥʥʷʭ, ʚʽʡʩʴʢʦʚʽʡ ʪʝʭʥʽʮʽ, ʜʦʩʣʽʜʞʝʥʥʷʭ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʘʪʦʤʥʽʡ ʝʥʝʨʛʝʪʠʮʽ, 

ʱʦ ʚʠʤʘʛʘʻ ʩʪʚʦʨʝʥʥʷ ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʠʣʘʜʽʚ ʚʠʩʦʢʦʾ ʪʦʯʥʦʩʪʽ ʪʘ ʯʫʪʣʠʚʦʩʪʽ, ʚʠʩʦʢʦʾ ʰʚʠʜʢʦʜʽʾ, ʟʜʘʪʥʽʩʪʴ 

ʚʠʪʨʠʤʫʚʘʪʠ ʧʝʨʝʚʘʥʪʘʞʝʥʥʷ, ʣʽʥʽʡʥʫ ʙʝʟʽʥʝʨʮʽʡʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʫ [1, 2, 3, 4ï8]. 

 ɼʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʪʠʩʢʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʝʥʩʦʨʠ ʻʤʥʽʩʥʦʛʦ, ʧôʻʟʦʨʝʟʠʩʪʠʚʥʦʛʦ, ʤʘʛʥʽʪʦʧʨʫʞʥʦʛʦ, 

ʽʥʜʫʢʪʠʚʥʦʛʦ, ʧôʻʟʦʝʣʝʢʪʨʠʯʥʦʛʦ ʪʘ ʘʢʫʩʪʦʝʣʝʢʪʨʠʯʥʦʛʦ ʪʠʧʽʚ. ʉʝʥʩʦʨʠ ʻʤʥʽʩʥʦʛʦ ʪʠʧʫ ʤʘʶʪʴ ʚʠʩʦʢʫ 
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ʪʦʯʥʽʩʪʴ ʽ ʯʫʪʣʠʚʽʩʪʴ, ʪʝʨʤʦʩʪʘʙʽʣʴʥʽʩʪʴ, ʧʨʦʪʝ ʾʭ ʥʝʜʦʣʽʢʘʤʠ ʻ ʥʝʧʨʠʜʘʪʥʽʩʪʴ ʨʦʙʦʪʠ ʧʨʠ ʚʠʩʦʢʠʭ ʪʠʩʢʘʭ, ʘ 

ʪʘʢʦʞ ʤʘʶʪʴ ʚʠʩʦʢʫ ʚʘʨʪʽʩʪʴ. ʉʝʥʩʦʨʠ ʽʥʜʫʢʪʠʚʥʦʛʦ ʪʠʧʫ ʭʘʨʘʢʪʝʨʠʟʫʶʪʴʩʷ ʪʝʤʧʝʨʘʪʫʨʥʦʶ ʥʝʩʪʘʙʽʣʴʥʽʩʪʶ, 

ʚʠʩʦʢʦʶ ʯʫʪʣʠʚʽʩʪʶ ʜʦ ʫʜʘʨʽʚ ʪʘ ʚʽʙʨʘʮʽʡ. ʇôʻʟʦʝʣʝʢʪʨʠʯʥʽ ʩʝʥʩʦʨʠ ʤʘʶʪʴ ʥʠʟʴʢʽ ʚʠʭʽʜʥʽ ʩʠʛʥʘʣʠ, ʥʠʟʴʢʫ 

ʪʦʯʥʽʩʪʴ ʽ ʯʫʪʣʠʚʽʩʪʴ, ʥʝʜʦʩʪʘʪʥʶ ʩʪʘʙʽʣʴʥʽʩʪʴ. ʇôʻʟʦʨʝʟʠʩʪʠʚʥʽ ʩʝʥʩʦʨʠ ʪʠʩʢʫ ʤʘʶʪʴ ʥʠʟʴʢʽ ʚʠʭʽʜʥʽ 

ʩʠʛʥʘʣʠ, ʯʫʪʣʠʚʽ ʜʦ ʟʤʽʥʠ ʪʝʤʧʝʨʘʪʫʨʠ, ʧʨʦʪʝ ʤʘʶʪʴ ʚʠʩʦʢʫ ʤʽʮʥʽʩʪʴ, ʤʘʣʠʡ ʛʽʩʪʝʨʝʟʠʩ, ʰʠʨʦʢʠʡ 

ʪʝʤʧʝʨʘʪʫʨʥʠʡ ʜʽʘʧʘʟʦʥ [9ï11]. 

 ʗʢ ʚʠʜʥʦ ʟ ʘʥʘʣʽʟʫ ʣʽʪʝʨʘʪʫʨʠ [1, 2, 3ï11], ʦʜʥʠʤ ʟ ʦʩʥʦʚʥʠʭ ʥʝʜʦʣʽʢʽʚ  ʽʩʥʫʶʯʠʭ ʩʝʥʩʦʨʽʚ ʪʠʩʢʫ ʻ 

ʥʠʟʴʢʠʡ ʚʠʭʽʜʥʠʡ ʩʠʛʥʘʣʽ, ʦʢʨʽʤ ʽʥʜʫʢʪʠʚʥʠʭ ʩʝʥʩʦʨʽʚ ʪʠʩʢʫ, ʚʠʛʦʪʦʚʣʝʥʥʷ ʷʢʠʭ ʥʝʩʫʤʽʩʥʝ ʟ ʽʥʪʝʛʨʘʣʴʥʦʶ 

ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ. ʎʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʥʘʯʥʠʭ ʧʦʭʠʙʦʢ ʚʠʤʽʨʶʚʘʥʥʷ ʚʥʘʩʣʽʜʦʢ ʚʪʨʘʪ ʽʥʬʦʨʤʘʮʽʾ 

ʚ ʢʘʥʘʣʽ ʤʽʞ ʚʠʭʦʜʦʤ ʩʝʥʩʦʨʘ ʽ ʚʭʦʜʦʤ ʧʽʜʩʠʣʶʚʘʣʴʥʦ-ʧʝʨʝʪʚʦʨʶʚʘʣʴʥʦʾ ʘʧʘʨʘʪʫʨʠ, ʱʦ ʦʙʫʤʦʚʣʶʻ ʾʭ 

ʥʠʟʴʢʫ ʪʦʯʥʽʩʪʴ ʽ ʯʫʪʣʠʚʽʩʪʴ, ʥʠʟʴʢʫ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʴ ʽ ʰʚʠʜʢʦʜʽʶ. ʋʩʫʥʫʪʠ ʚʠʱʝ ʧʝʨʝʨʘʭʦʚʘʥʽ ʥʝʜʦʣʽʢʠ 

ʤʦʞʣʠʚʦ ʥʘ ʦʩʥʦʚʽ ʘʚʪʦʛʝʥʝʨʘʪʦʨʥʠʭ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʩʝʥʩʦʨʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʨʝʞʠʤʽ ʧʝʨʝʪʚʦʨʝʥʥʷ çʪʠʩʢ-

ʯʘʩʪʦʪʘè, ʱʦ ʜʘʻ ʤʦʞʣʠʚʽʩʪʴ ʟʥʘʯʥʦ ʧʦʢʨʘʱʠʪʠ ʾʭ ʤʝʪʨʦʣʦʛʽʯʥʽ ʧʦʢʘʟʥʠʢʠ [12, 13]. 

 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

 ʆʜʥʠʤ ʟ ʧʝʨʩʧʝʢʪʠʚʥʠʭ ʥʘʫʢʦʚʠʭ ʥʘʧʨʷʤʢʽʚ ʫ ʩʪʚʦʨʝʥʥʷ ʩʝʥʩʦʨʽʚ ʪʠʩʢʫ ʻ ʜʦʩʣʽʜʞʝʥʥʷ ʚ ʦʙʣʘʩʪʽ 

ʩʝʥʩʦʨʽʚ ʥʘ ʦʩʥʦʚʽ ʨʝʘʢʪʠʚʥʠʭ ʚʣʘʩʪʠʚʦʩʪʝʡ ʪʨʘʥʟʠʩʪʦʨʥʠʭ ʩʪʨʫʢʪʫʨ ʟ ʚʽʜôʻʤʥʠʤ ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʦʧʦʨʦʤ, 

ʱʦ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʧʨʠʣʘʜʠ ʟ ʯʘʩʪʦʪʥʠʤ ʚʠʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ. ɸʚʪʦʛʝʥʝʨʘʪʦʨʥʽ ʧʘʨʘʤʝʪʨʠʯʥʽ ʩʝʥʩʦʨʠ 

ʪʠʩʢʫ ʧʦʻʜʥʫʶʪʴ ʧʨʦʩʪʦʪʫ ʽ ʫʥʽʚʝʨʩʘʣʴʥʽʩʪʴ, ʷʢʽ ʤʘʶʪʴ ʘʥʘʣʦʛʦʚʽ ʧʨʠʩʪʨʦʾ, ʟ ʪʦʯʥʽʩʪʶ ʽ ʟʘʚʘʜʦʩʪʽʡʢʽʩʪʶ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʧʨʠʣʘʜʠ ʟ ʢʦʜʦʚʠʤ ʚʠʭʦʜʦʤ. ɿʘʩʪʦʩʫʚʘʥʥʷ ʧʨʠʥʮʠʧʫ ʧʝʨʝʪʚʦʨʝʥʥʷ çʪʠʩʢ-ʯʘʩʪʦʪʘè ʥʘ ʦʩʥʦʚʽ 

ʘʚʪʦʛʝʥʝʨʘʪʦʨʥʠʭ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʩʝʥʩʦʨʽʚ ʪʠʩʢʫ ʩʫʪʪʻʚʦ ʟʥʠʞʫʻ ʩʦʙʽʚʘʨʪʽʩʪʴ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʠʭ 

ʩʠʩʪʝʤ, ʜʦʟʚʦʣʷʻ ʟʥʘʯʥʦ ʟʤʝʥʰʠʪʠ ʤʘʩʦʛʘʙʘʨʠʪʥʽ ʧʦʢʘʟʥʠʢʠ ʩʝʥʩʦʨʽʚ ʪʠʩʢʫ, ʧʽʜʚʠʱʠʪʠ ʪʦʯʥʽʩʪʴ ʽ ʯʫʪʣʠʚʽʩʪʴ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʪʠʩʢʫ ʫ ʯʘʩʪʦʪʫ [14ï19]. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʩʪʚʦʨʝʥʥʷ ʪʘ ʜʦʩʣʽʜʞʝʥʥʷ ʩʝʥʩʦʨʽʚ ʪʠʩʢʫ ʥʘ ʦʩʥʦʚʽ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʠʭ 

ʪʨʘʥʟʠʩʪʦʨʥʠʭ ʩʪʨʫʢʪʫʨ, ʚ ʷʢʠʭ ʪʝʥʟʦʨʝʟʠʩʪʦʨ ʽ ʪʝʥʟʦʜʽʦʜ ʚʠʩʪʫʧʘʶʪʴ ʷʢ ʧʝʨʚʠʥʥʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʪʠʩʢʫ, ʪʘʢ 

ʽ ʷʢ ʘʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ʘʚʪʦʛʝʥʝʨʘʪʦʨʽʚ, ʚ ʷʢʠʭ ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʚ ʢʦʣʠʚʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʢʦʤʧʝʥʩʫʶʪʴʩʷ ʝʥʝʨʛʽʻʶ 

ʚʽʜôʻʤʥʦʛʦ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʦʧʦʨʫ, ʱʦ ʜʦʟʚʦʣʷʻ ʧʝʨʝʪʚʦʨʠʪʠ ʪʠʩʢ ʫ ʯʘʩʪʦʪʫ. ɼʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ 

ʤʝʪʠ ʫ ʨʦʙʦʪʽ ʧʦʪʨʽʙʥʦ ʚʠʨʽʰʠʪʠ ʪʘʢʽ ʟʘʜʘʯʽ: 

1) ʧʨʦʚʝʩʪʠ ʘʥʘʣʽʟ ʽʩʥʫʶʯʠʭ ʥʘʫʢʦʚʠʭ ʜʞʝʨʝʣ ʪʘ ʦʙˇʨʫʥʪʫʚʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʠʭ 
ʪʨʘʥʟʠʩʪʦʨʥʠʭ ʩʪʨʫʢʪʫʨ ʟ ʚʽʜô̒ ʤʥʠʤ ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʦʧʦʨʦʤ ʜʣʷ ʧʦʙʫʜʦʚʠ ʩʝʥʩʦʨʽʚ ʪʠʩʢʫ ʟ 

ʯʘʩʪʦʪʥʠʤ ʚʠʭʦʜʦʤ; 

2) ʨʦʟʨʦʙʠʪʠ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʩʝʥʩʦʨʽʚ ʪʠʩʢʫ, ʚ ʷʢʠʭ ʚʨʘʭʦʚʘʥʦ ʟʘʣʝʞʥʽʩʪʴ ʧʘʨʘʤʝʪʨʽʚ 

ʪʝʥʟʦʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʽʚ ʚʽʜ ʜʽʾ ʪʠʩʢʫ ʪʘ ʾʭ ʚʧʣʠʚ ʥʘ ʚʠʭʽʜʥʫ ʯʘʩʪʦʪʫ ʩʝʥʩʦʨʘ; 

3) ʦʪʨʠʤʘʪʠ ʧʘʨʘʤʝʪʨʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʚʠʭʽʜʥʦʾ ʯʘʩʪʦʪʠ ʪʘ ʯʫʪʣʠʚʦʩʪʽ ʩʝʥʩʦʨʘ ʚʽʜ ʜʽʾ ʪʠʩʢʫ; 

4) ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʢʠ ʟ ʧʨʦʚʝʜʝʥʥʷ ʜʦʩʣʽʜʞʝʥʴ. 

 

ʄʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʩʝʥʩʦʨʽʚ ʪʠʩʢʫ 

 ʉʝʥʩʦʨ ʪʠʩʢʫ ʟ ʯʘʩʪʦʪʥʠʤ ʚʠʭʽʜʥʠʤ ʩʠʛʥʘʣʦʤ ʙʘʟʫʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʦʾ ʪʨʘʥʟʠʩʪʦʨʥʦʾ 

ʩʪʨʫʢʪʫʨʠ ʟ ʚʽʜôʻʤʥʠʤ ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʦʧʦʨʦʤ, ʚ ʷʢʽʡ ʪʝʥʟʦʯʫʪʣʠʚʠʤ ʝʣʝʤʝʥʪʦʤ ʻ ʪʝʥʟʦʨʝʟʠʩʪʦʨ. ʅʘ ʨʠʩ. 1 

ʧʦʜʘʥʦ ʝʣʝʢʪʨʠʯʥʫ ʩʭʝʤʫ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʦʛʦ ʩʝʥʩʦʨʘ 

ʪʠʩʢʫ. 

 ɺʦʥʘ ʫʷʚʣʷʻ ʩʦʙʦʶ ʽʥʪʝʛʨʘʣʴʥʫ 

ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʫ ʩʭʝʤʫ, ʱʦ ʩʢʣʘʜʘʻʪʴʩʷ ʟ ʜʚʦʭ 

ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʽʚ VT1 ʽ VT2 ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ 

ʧʨʦʚʽʜʥʦʩʪʽ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʚʽʜôʻʤʥʦʛʦ 

ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʦʧʦʨʫ ʥʘ ʝʣʝʢʪʨʦʜʘʭ ʢʦʣʝʢʪʦʨ-ʢʦʣʝʢʪʦʨ 

ʪʨʘʥʟʠʩʪʦʨʽʚ. ʊʝʥʟʦʯʫʪʣʠʚʠʡ ʨʝʟʠʩʪʦʨ R1 ʪʠʧʫ Interlink 

Electronics FSR-400 ʚʢʣʶʯʝʥʦ ʫ ʢʦʣʦ ʟʚʦʨʦʪʥʦʛʦ 

ʧʦʟʠʪʠʚʥʦʛʦ ʟʚôʷʟʢʫ. ʅʘ ʝʣʝʢʪʨʦʜʘʭ ʢʦʣʝʢʪʦʨ-ʢʦʣʝʢʪʦʨ 

VT1 ʽ VT2 ʽʩʥʫʻ ʧʦʚʥʠʡ ʦʧʽʨ, ʘʢʪʠʚʥʘ ʩʢʣʘʜʦʚʘ ʷʢʦʛʦ 

ʤʘʻ ʚʽʜôʻʤʥʝ ʟʥʘʯʝʥʥʷ, ʘ ʨʝʘʢʪʠʚʥʘ ï ʻʤʥʽʩʥʠʡ ʭʘʨʘʢʪʝʨ. 

ʇʽʜʢʣʶʯʝʥʥʷ ʽʥʜʫʢʪʠʚʥʦʩʪʽ L1 ʜʦ ʢʦʣʝʢʪʦʨʘ  VT1 ʽ ʜʦ ʚʝʨʭʥʴʦʛʦ ʚʠʚʦʜʫ ʻʤʥʦʩʪʽ ʉ1 ʩʪʚʦʨʶʻ ʢʦʣʠʚʘʣʴʥʠʡ 

ʢʦʥʪʨʫ, ʚʪʨʘʪʠ ʝʥʝʨʛʽʾ ʚ ʷʢʦʤʫ ʢʦʤʧʝʥʩʫʶʪʴʩʷ ʝʥʝʨʛʽʻʶ ʚʽʜôʻʤʥʦʛʦ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʦʧʦʨʫ. ɭʤʥʽʩʪʴ ʉ1 

ʟʘʧʦʙʽʛʘʻ ʧʨʦʭʦʜʞʝʥʥʶ ʟʤʽʥʥʦʛʦ ʚʠʩʦʢʦʯʘʩʪʦʪʥʦʛʦ ʩʪʨʫʤʫ ʯʝʨʝʟ ʜʞʝʨʝʣʦ ʧʦʩʪʽʡʥʦʾ ʥʘʧʨʫʛʠ U1, ʱʦ ʞʠʚʠʪʴ 

ʩʭʝʤʫ ʧʨʠʩʪʨʦʶ. ʈʝʟʦʥʘʥʩʥʘ ʯʘʩʪʦʪʘ ʢʦʣʠʚʘʣʴʥʦʛʦ ʢʦʥʪʫʨʫ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʽʾ ʪʠʩʢʫ ʥʘ ʪʝʥʟʦʯʫʪʣʠʚʠʡ 

ʨʝʟʠʩʪʦʨ R1, ʦʩʢʽʣʴʢʠ ʟʤʽʥʶʻʪʴʩʷ ʡʦʛʦ ʩʪʨʫʤ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʻʤʥʦʩʪʽ ʽ ʚʽʜôʻʤʥʦʛʦ 

ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʦʧʦʨʫ ʫ ʢʦʣʠʚʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʘʚʪʦʛʝʥʝʨʘʪʦʨʘ ʩʝʥʩʦʨʘ [20]. 

 ʇʝʨʝʡʜʝʤʦ ʜʦ ʨʦʟʛʣʷʜʫ ʟʘʣʝʞʥʦʩʪʽ ʧʘʨʘʤʝʪʨʽʚ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘ ʚʽʜ ʜʽʾ ʪʠʩʢʫ ʥʘ ʥʴʦʛʦ. ʌʽʟʠʯʥʘ 

ʧʨʠʯʠʥʘ ʜʝʬʦʨʤʘʮʽʡʥʠʭ ʝʬʝʢʪʽʚ ʧʦʣʷʛʘʻ ʫ ʟʤʽʱʝʥʥʽ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ ʧʨʠ ʜʽʾ ʜʝʬʦʨʤʘʮʽʾ ʽ ʧʦʚôʷʟʘʥʘ ʟ 

ʮʠʤ ʟʤʽʥʘ ʝʥʝʨʛʝʪʠʯʥʦʛʦ ʩʧʝʢʪʨʘ ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʜʝʬʦʨʤʘʮʽʾ, ʘ ʮʝ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʽʥʠ 

ʝʣʝʢʪʨʠʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. ɺ ʦʜʥʦʨʽʜʥʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʟʤʽʱʝʥʥʷ ʝʥʝʨʛʝʪʠʯʥʠʭ ʨʽʚʥʽʚ 

 
ʈʠʩ. 1. ɽʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʦʛʦ ʩʝʥʩʦʨʘ ʪʠʩʢʫ 
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ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʘʣʝʞʥʦʩʪʽ ʦʧʦʨʫ ʚʽʜ ʜʝʬʦʨʤʘʮʽʾ, ʪʦʙʪʦ ʚʠʥʠʢʘʻ ʪʝʥʟʦʨʝʟʠʩʪʠʚʥʠʡ ʝʬʝʢʪ [21, 22]. ɿʤʽʥʘ ʦʧʦʨʫ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʧʨʠ ʡʦʛʦ ʜʝʬʦʨʤʘʮʽʾ ʦʧʠʩʫʻʪʴʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ ʪʝʥʟʦʯʫʪʣʠʚʦʩʪʽ [21] 
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ʜʝ /R RD   ï ʚʽʜʥʦʩʥʘ ʟʤʽʥʘ ʦʧʦʨʫ, /l lD   ï ʚʽʜʥʦʩʥʘ ʟʤʽʥʘ ʜʦʚʞʠʥʠ ʫ ʥʘʧʨʷʤʢʫ ʜʽʾ ʜʝʬʦʨʤʘʮʽʾ, l  ï ʨʦʟʤʽʨ 

ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʫ ʥʘʧʨʷʤʢʫ ʜʝʬʦʨʤʘʮʽʾ. ʊʝʥʟʦʨʝʟʠʩʪʦʨʠ ʚʠʛʦʪʦʚʣʷʶʪʴʩʷ ʟ ʜʦʤʽʰʢʦʚʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʽʚ, ʚ 

ʷʢʠʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ ʜʦʨʽʚʥʶʻ ʢʦʥʮʝʥʪʨʘʮʽʾ ʜʦʤʽʰʦʢ, ʱʦ ʧʨʠʚʦʜʠʪʴ ʜʦ ʟʤʝʥʰʝʥʥʷ ʚʧʣʠʚʫ 

ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʦʧʽʨ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘ. ʋ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʦʩʽʾʚ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʝʬʦʨʤʘʮʽʾ, ʪʦʤʫ 

ʟʤʽʥʘ ʦʧʦʨʫ ʧʨʠ ʜʽʾ ʪʠʩʢʫ ʚʠʟʥʘʯʘʻʪʴʩʷ ʪʽʣʴʢʠ ʟʤʽʥʥʦʶ ʨʫʭʣʠʚʦʩʪʽ ʝʣʝʢʪʨʦʥʽʚ ʽ ʜʽʨʦʢ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ 

ʪʝʥʟʦʨʝʟʠʩʪʦʨʘ. ʂʦʝʬʽʮʽʻʥʪ ʪʝʥʟʦʯʫʪʣʠʚʦʩʪʽ ʜʣʷ ʛʝʨʤʘʥʽʶ ʽ ʢʨʝʤʥʽʶ ʣʝʞʠʪʴ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 140 ʜʦ 175. ʁʦʛʦ 

ʚʝʣʠʯʠʥʘ ʩʫʪʪʻʚʦ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʨʦʚʽʜʥʦʩʪʽ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʽ ʥʘʧʨʷʤʢʫ ʜʝʬʦʨʤʘʮʽʾ. ɺʝʣʠʢʫ ʪʝʥʟʦʯʫʪʣʠʚʽʩʪʴ 

ʤʘʶʪʴ ʪʘʢʦʞ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʦʚʽ ʩʧʦʣʫʢʠ GaSʚ, InSʚ, PʚTe [21, 22]. 

ɺʠʭʦʜʷʯʠ ʟ ʟʘʛʘʣʴʥʦʛʦ ʚʠʨʘʟʫ ʬʽʟʠʯʥʦʛʦ ʟʘʢʦʥʫ ʆʤʘ, ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʚʝʣʠʯʠʥʫ ʪʝʥʟʦʩʪʨʫʤʫ, ʷʢʠʡ 

ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘ 

0 ( )p ʝʬI qn P ESm= ,                                                                        (2)  

ʜʝ q  ï ʟʘʨʷʜ ʝʣʝʢʪʨʦʥʘ, 0n  ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʝʣʝʢʪʨʦʥʽʚ, ( )ʝʬPm  ï ʝʬʝʢʪʠʚʥʘ ʨʫʭʣʠʚʽʩʪʴ ʝʣʝʢʪʨʦʥʽʚ, ʷʢʘ 

ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʽʾ ʪʠʩʢʫ, E  ï ʥʘʧʨʫʞʝʥʽʩʪʴ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʫ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘ, S  ï ʧʣʦʱʘ 

ʧʝʨʝʨʽʟʫ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘ. ʆʪʞʝ, ʦʧʽʨ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘ, ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʩʢʫ, ʚʠʟʥʘʯʘʻʪʴʩʷ ʚʠʨʘʟʦʤ  
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ʜʝ pU   ï ʥʘʧʨʫʛʘ ʥʘ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽ. ɿʛʽʜʥʦ ʬʦʨʤʫʣʠ (3), ʟʤʽʥʘ ʦʧʦʨʫ ( )R P   ʧʨʠ ʜʽʾ ʪʠʩʢʫ ʦʧʠʩʫʻʪʴʩʷ 
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ʇʨʦʚʽʚʰʠ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʫ ʚʠʨʘʟʽ (4), ʦʪʨʠʤʫʻʤʦ ʨʽʚʥʷʥʥʷ 
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ʌʦʨʤʫʣʘ (5) ʜʦʟʚʦʣʷʻ ʘʥʘʣʽʪʠʯʥʦ ʚʠʟʥʘʯʠʪʠ ʟʤʽʥʫ ʦʧʦʨʫ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘ ʚʽʜ ʜʽʾ ʪʠʩʢʫ. 

 ʇʝʨʝʡʜʝʤʦ ʜʦ ʚʠʟʥʘʯʝʥʥʷ ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʠʭʽʜʥʦʾ ʯʘʩʪʦʪʠ ʩʝʥʩʦʨʘ ʪʠʩʢʫ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ 

ʪʝʥʟʦʨʝʟʠʩʪʦʨʘ ʽ ʧʘʨʘʤʝʪʨʽʚ ʘʚʪʦʛʝʥʝʨʘʪʦʨʘ. ʇʨʠ ʚʠʨʽʰʝʥʥʽ ʮʽʻʾ ʟʘʜʘʯʽ ʥʝʦʙʭʽʜʥʦ ʨʦʟʛʣʷʥʫʪʠ ʧʝʨʝʪʚʦʨʝʥʥʷ 

ʝʥʝʨʛʽʾ ʪʠʩʢʫ ʚ ʝʥʝʨʛʽʶ ʟʤʽʥʥʦʛʦ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʥʘ ʚʠʭʦʜʽ ʩʝʥʩʦʨʘ. ɼʣʷ ʮʴʦʛʦ ʚʠʟʥʘʯʠʤʦ ʢʦʝʬʽʮʽʻʥʪ 

ʢʦʨʠʩʥʦʾ ʜʽʾ ʩʝʥʩʦʨʘ. ʅʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʝʥʝʨʛʽʷ ʪʠʩʢʫ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʝʥʝʨʛʽʶ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ ʯʝʨʝʟ 

ʟʤʽʥʫ ʥʘʧʨʫʛʠ ʥʘ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽ, ʷʢʘ ʻ ʚʭʽʜʥʦʶ ʥʘʧʨʫʛʦʶ ʜʣʷ ʘʚʪʦʛʝʥʝʨʘʪʦʨʘ ʧʨʠʩʪʨʦʶ. ɺ ʧʦʜʘʣʴʰʦʤʫ 

ʝʥʝʨʛʽʷ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʷʢʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘʧʨʫʛʦʶ ʥʘ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽ ʧʝʨʝʪʚʦʨʶʻʪʴʩʷ ʚ ʝʥʝʨʛʽʶ ʟʤʽʥʥʦʛʦ 

ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʦʣʷ, ʷʢʘ ʟʚôʷʟʘʥʘ ʟ ʝʢʚʽʚʘʣʝʥʪʥʦʶ ʻʤʥʽʩʪʶ ʢʦʣʠʚʘʣʴʥʦʛʦ ʢʦʥʪʫʨʫ ʘʚʪʦʛʝʥʝʨʘʪʦʨʘ ʩʝʥʩʦʨʘ. 

 ʂʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʩʝʥʩʦʨʘ ʪʠʩʢʫ ʜʦʨʽʚʥʶʻ 

ʚʠʭ

ʚʭ

P

P
h=  ,                                                                                  (6) 

ʜʝ ,ʚʭ ʚʠʭP P  ï ʚʭʽʜʥʘ ʽ ʚʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʫ ʩʝʥʩʦʨʽ ʪʠʩʢʫ. 

 ɺʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʦʧʠʩʫʻʪʴʩʷ ʚʠʨʘʟʦʤ 
2
~

2

ʝʢʚ
ʚʠʭ

C U
P

t
=  ,                                                                           (7) 

ʜʝ ʝʢʚC  ï ʝʢʚʽʚʘʣʝʥʪʘ ʻʤʥʽʩʪʴ ʢʦʣʠʚʘʣʴʥʦʛʦ ʢʦʥʪʫʨʫ ʘʚʪʦʛʝʥʝʨʘʪʦʨʘ, ~U  ï ʚʠʭʽʜʥʘ ʟʤʽʥʥʘ ʥʘʧʨʫʛʘ, t   ï 

ʧʝʨʽʦʜ ʢʦʣʠʚʘʥʴ ʟʤʽʥʥʦʾ ʚʠʭʽʜʥʦʾ ʥʘʧʨʫʛʠ ʙʝʟ ʜʽʾ ʪʠʩʢʫ. ɺʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʦʧʠʩʫʻʪʴʩʷ ʬʦʨʤʫʣʦʶ 

0 ( )ʚʭ p ʝʬP qn U P ESm=  .                                                                    (8) 

ʊʘʢʠʤ ʯʠʥʦʤ, ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʠʩʥʦʾ ʜʽʾ ʧʨʠʩʪʨʦʶ ʧʨʠʡʤʘʻ ʚʠʜ 
2
~

02 ( )

ʝʢʚ

p ʝʬ

C U

tqn U P ES
h

m
=  .                                                                   (9) 

ɿ ʬʦʨʤʫʣʠ (9) ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʢʚC , ʷʢʘ ʦʧʠʩʫʻʪʴʩʷ ʚʠʨʘʟʦʤ 

0

2
~

2 ( )p ʝʬ
ʝʢʚ

tqn U P ES
C

U

h m
=  .                                                              (10) 

ɿ ʜʨʫʛʦʛʦ ʙʦʢʫ, ʝʢʚʽʚʘʣʝʥʪʥʫ ʻʤʥʽʩʪʴ ʝʢʚC  ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʟ ʬʦʨʤʫʣʠ ʨʝʟʦʥʘʥʩʥʦʾ ʯʘʩʪʦʪʠ ʘʚʪʦʛʝʥʝʨʘʪʦʨʘ, 

ʷʢʘ ʤʘʻ ʚʠʛʣʷʜ 
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1/2
2

0

1
1

2

g ʝʢʚ

g ʝʢʚ

R C
F

R C Lp

è ø
é ù= -
é ù
ê ú

 ,                                                       (11) 

ʜʝ gR  ï ʚʽʜôʻʤʥʠʡ ʜʠʬʝʨʝʥʮʽʡʥʠʡ ʦʧʽʨ ʢʦʣʠʚʘʣʴʥʦʛʦ ʢʦʥʪʫʨʫ, L  ï ʽʥʜʫʢʪʠʚʥʽʩʪʴ ʢʦʥʪʫʨʫ. ɿ ʚʠʨʘʟʫ (11) 

ʦʪʨʠʤʘʻʤʦ ʢʚʘʜʨʘʪʥʝ ʨʽʚʥʷʥʥʷ, ʟ ʷʢʦʛʦ ʚʠʟʥʘʯʘʻʤʦ ʝʢʚC  

( )2 2 2 2 2
04 0g ʝʢʚ g ʝʢʚF R L C R C Lp - + = .                                                     (12) 

ɺʚʝʜʝʤʦ ʧʦʟʥʘʯʝʥʥ ̫
2 2 2

1 04 ga F R Lp=  ,                                                                         (13) 

2
2 ga R=  ,                                                                                 (14) 

3a L=  ,                                                                                   (15) 

0
4 2

~

2 ( )p ʝʬ
ʝʢʚ

tqn U P ES
a C

U

h m
= =  .                                                             (16) 

ʊʦʜʽ ʝʢʚC  ʟ ʨʽʚʥʷʥʥʷ (12) ʜʦʨʽʚʥʶʻ 

2
2 2 1 3

1

4

2
ʝʢʚ

a a a a
C

a

° -
= .                                                                 (17) 

ʇʨʠʨʽʚʥʷʚʰʠ ʚʠʨʘʟ (17) ʜʦ ʚʠʨʘʟʫ (10), ʦʪʨʠʤʘʻʤʦ ʨʽʚʥʷʥʥʷ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ 0F  , ʷʢʝ ʤʘʻ ʚʠʛʣʷʜ 

32
1 2

4 4

aa
a

a a
= -  .                                                                           (18) 

ʇʽʜʩʪʘʚʠʚʰʠ ʟʥʘʯʝʥʥʷ ʚʠʨʘʟʽʚ (13)-(16) ʫ ʬʦʨʤʫʣʫ (18), ʦʪʨʠʤʫʻʤʦ ʨʽʚʥʷʥʥʷ 
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2 2 4
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p
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= -  .                               (19) 

ɿ ʨʽʚʥʷʥʥʷ (19) ʚʠʟʥʘʯʘʻʤʦ ʧʘʨʘʤʝʪʨʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʨʝʟʦʥʘʥʩʥʦʾ ʯʘʩʪʦʪʠ ʩʝʥʩʦʨʘ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ 

ʧʝʨʚʠʥʥʦʛʦ ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʪʠʩʢʫ ʽ ʧʘʨʘʤʝʪʨʽʚ ʘʚʪʦʛʝʥʝʨʘʪʦʨʘ, ʦʪʞʝ 
1/2

2 4
~ ~

0 2 2 2 2 2 2 2 2 2
0 0

1

2 2 ( ) 4 ( )p ʝʬ p ʝʬ g

U U
F

tqn U P ESL t q n U P E S Rp h m h m

è ø
é ù= -
é ù
ê ú

 .                             (20) 

 ʆʪʨʠʤʘʥʘ ʬʦʨʤʫʣʘ (20) ʜʦʟʚʦʣʷʻ ʧʨʦʩʪʠʤ ʰʣʷʭʦʤ ʨʦʟʨʘʭʫʚʘʪʠ ʬʫʥʢʮʽʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʝʥʩʦʨʘ, ʥʽʞ 

ʩʢʣʘʜʥʠʤ ʰʣʷʭʦʤ ʟ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʩʭʝʤʠ ʩʝʥʩʦʨʘ ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʴ ʂʽʨʭʛʦʬʘ, ʷʢʽ ʤʦʞʥʘ ʚʠʨʽʰʠʪʠ ʥʘ 

ʢʦʤʧôʶʪʝʨʽ ʯʠʩʝʣʴʥʠʤ ʰʣʷʭʦʤ. 

 ʅʘ ʨʠʩ. 2 ʧʦʜʘʥʦ ʛʨʘʬʽʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʢʨʠʚʠʭ ʬʫʥʢʮʽʡ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʝʥʩʦʨʘ ʪʠʩʢʫ. 

 

 
ʈʠʩ. 2. ɿʘʣʝʞʥʽʩʪʴ ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʾ ʢʨʠʚʠʭ ʬʫʥʢʮʽʾ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʜ ʪʠʩʢʫ 

 

ʏʫʪʣʠʚʽʩʪʴ ʩʝʥʩʦʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʦʭʽʜʥʦʶ ʬʫʥʢʮʽʾ (20) ʟʘ ʧʘʨʘʤʝʪʨʦʤ ʪʠʩʢʫ P. ʗʢ ʧʦʢʘʟʫʶʪʴ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ, ʚʠʭʽʜʥʘ ʟʤʽʥʥʘ ʥʘʧʨʫʛʘ ~U   ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʩʢʫ, ʱʦ ʥʝʦʙʭʽʜʥʦ ʚʨʘʭʫʚʘʪʠ 

ʧʨʠ ʚʠʟʥʘʯʝʥʥʽ ʬʫʥʢʮʽʾ ʯʫʪʣʠʚʦʩʪʽ. ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʮʴʦʛʦ ʟʘʫʚʘʞʝʥʥʷ ʬʫʥʢʮʽʷ (20) ʧʨʠʡʤʘʻ ʚʠʛʣʷʜ 
1/2

2 1 4 2
0 ~ 5 ~ 6
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ʜʝ  
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=  .                                                                       (23) 

ʏʫʪʣʠʚʽʩʪʴ ʦʧʠʩʫʻʪʴʩʷ ʬʦʨʤʫʣʦʶ  
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  (24) 

ɻʨʘʬʽʢ ʯʫʪʣʠʚʦʩʪʽ ʩʝʥʩʦʨʘ ʚʽʜ ʪʠʩʢʫ ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 3. 

 

 
ʈʠʩ. 3. ʈʦʟʨʘʭʫʥʢʦʚʘ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʟʘʣʝʞʥʦʩʪʽ ʬʫʥʢʮʽʾ ʯʫʪʣʠʚʦʩʪʽ ʚʽʜ ʪʠʩʢʫ 

 

 ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʘ (ʨʠʩ. 3), ʯʫʪʣʠʚʽʩʪʴ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ 0 ʢʇʘ ʜʦ 2050 ʢʇʘ ʩʢʣʘʜʘʣʘ ʚʽʜ 0,365 ʢɻʮ/ʢʇʘ 

ʜʦ 1,370 ʢɻʮ/ʢʇʘ. 

 ʇʦʜʘʣʴʰʝ ʧʦʢʨʘʱʝʥʥʷ ʤʝʪʨʦʣʦʛʽʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʩʝʥʩʦʨʽʚ ʪʠʩʢʫ ʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʥʘ 

ʦʩʥʦʚʽ ʘʚʪʦʛʝʥʝʨʘʪʦʨʥʠʭ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʧʨʠʩʪʨʦʾʚ 

ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʫ ʷʢʦʩʪʽ ʧʝʨʚʠʥʥʦʛʦ 

ʧʝʨʝʪʚʦʨʶʚʘʯʘ ʪʠʩʢʫ ʪʝʥʟʦʨʝʟʠʩʪʠʚʥʦʛʦ ʜʽʦʜʘ. 

ɽʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ ʩʝʥʩʦʨʘ ʪʠʩʢʫ ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 4. 

 ɺʦʥʘ ʘʥʘʣʦʛʽʯʥʘ ʩʭʝʤʽ ʩʝʥʩʦʨʘ ʪʠʩʢʫ, ʱʦ 

ʧʦʜʘʥʦ ʥʘ ʨʠʩ. 1, ʦʢʨʽʤ ʪʦʛʦ, ʱʦ ʟʘʤʽʩʪʴ ʻʤʥʦʩʪʽ ʉ1 

ʚʢʣʶʯʝʥʦ ʪʝʥʟʦʯʫʪʣʠʚʠʡ ʜʽʦʜ ʪʠʧʫ SS316L, ʘ 

ʪʘʢʦʞ ʟʘʤʽʩʪʴ ʧʘʩʠʚʥʦʾ ʽʥʜʫʢʪʠʚʥʦʩʪʽ L1 ʚʢʣʶʯʝʥʦ 

ʘʢʪʠʚʥʠʡ ʽʥʜʫʢʪʠʚʥʠʡ ʝʣʝʤʝʥʪ ʥʘ ʦʩʥʦʚʽ 

ʙʽʧʦʣʷʨʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ VT3 ʟ ʬʘʟʦʟʩʫʚʘʶʯʠʤ 

ʢʦʣʦʤ R4ʉ1. ɺʠʥʠʢʥʝʥʥʷ ʽʥʜʫʢʪʠʚʥʠʭ 

ʚʣʘʩʪʠʚʦʩʪʝʡ ʫ ʙʽʧʦʣʷʨʥʠʭ ʪʨʘʥʟʠʩʪʦʨʘʭ 

ʦʙʫʤʦʚʣʝʥʦ ʢʽʥʮʝʚʦʶ ʰʚʠʜʢʽʩʪʶ ʨʫʭʫ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ ʫ ʙʘʟʦʚʽʡ ʦʙʣʘʩʪʽ. ʉʠʛʥʘʣ, ʱʦ ʧʨʠʢʣʘʜʝʥʠʡ ʜʦ ʝʤʽʪʝʨʘ, ʥʝ ʤʦʞʝ ʟôʷʚʠʪʠʩʷ ʥʘ ʢʦʣʝʢʪʦʨʥʦʤʫ ʧʝʨʝʭʦʜʽ, 

ʜʦʢʠ ʥʦʩʽʾ ʟʘʨʷʜʫ ʧʨʦʭʦʜʷʪʴ ʙʘʟʫ, ʚ ʨʝʟʫʣʴʪʘʪʽ ʯʦʛʦ ʚʠʥʠʢʘʻ ʟʘʪʨʠʤʢʘ ʫ ʯʘʩʽ. ʆʪʞʝ, ʩʪʨʫʤ ʢʦʣʝʢʪʦʨʘ ʚʽʜʩʪʘʻ ʫ 

ʯʘʩʽ ʚʽʜ ʥʘʧʨʫʛʠ ʥʘ ʝʤʽʪʝʨʽ, ʷʢʘ ʚʠʢʣʠʢʘʣʘ ʮʝʡ ʩʪʨʫʤ, ʱʦ ʚʽʜʧʦʚʽʜʘʻ ʽʥʜʫʢʪʠʚʥʽʡ ʨʝʘʢʮʽʾ ʥʘ ʝʣʝʢʪʨʦʜʘʭ 

ʝʤʽʪʝʨ-ʢʦʣʝʢʪʦʨ ʙʽʧʦʣʷʨʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ. ɺʝʣʠʯʠʥʘ ʽʥʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʾʾ ʜʦʙʨʦʪʥʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ 

ʥʝʣʽʥʽʡʥʦʾ ʤʦʜʝʣʽ ʙʽʧʦʣʷʨʥʦʛʦ ʪʨʘʥʟʠʩʪʦʨʘ. ɺʢʣʶʯʝʥʥʷ ʟʦʚʥʽʰʥʴʦʛʦ R4ʉ1 ʢʦʣʘ ʜʦ ʪʨʘʥʟʠʩʪʦʨʘ VT3 

ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʷʢ ʽʥʜʫʢʪʠʚʥʽʩʪʴ, ʪʘʢ ʽ ʜʦʙʨʦʪʥʽʩʪʴ ʘʢʪʠʚʥʦʛʦ ʝʣʝʤʝʥʪʘ ʟ ʦʜʥʽʻʾ ʩʪʦʨʦʥʠ, ʘ ʟ ʽʥʰʦʾ 

ʩʪʦʨʦʥʠ ï ʧʦʚʥʽʩʪʶ ʨʝʘʣʽʟʫʚʘʪʠ ʫʚʝʩʴ ʧʨʠʩʪʨʽʡ ʟʘ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʦʶ ʪʝʭʥʦʣʦʛʽʻʶ [19]. ʈʝʟʦʥʘʥʩʥʘ ʯʘʩʪʦʪʘ 

ʧʨʠʩʪʨʦʶ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʩʢʫ ʟʘ ʨʘʭʫʥʦʢ ʟʤʽʥʠ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʻʤʥʦʩʪʽ ʪʘ ʚʽʜôʻʤʥʦʛʦ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʦʧʦʨʫ ʫ 

ʢʦʣʠʚʘʣʴʥʽʡ ʩʠʩʪʝʤʽ ʘʚʪʦʛʝʥʝʨʘʪʦʨʘ ʩʝʥʩʦʨʘ. 

ʊʝʥʟʦʯʫʪʣʠʚʠʡ ʜʽʦʜ ʚʢʣʶʯʝʥʦ ʫ ʟʚʦʨʦʪʥʦʤʫ ʨʝʞʠʤʽ, ʪʦʙʪʦ ʡʦʛʦ ʟʚʦʨʦʪʥʠʡ ʩʪʨʫʤ ʟʘʣʝʞʠʪʴ ʧʦʚʥʽʩʪʶ 

ʚʽʜ ʜʽʾ ʪʠʩʢʫ. ɿ ʚʨʘʭʫʚʘʥʥʷʤ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ɽʡʥʰʪʝʡʥʘ, ʷʢʝ ʜʦʨʽʚʥʶʻ p p n nD D kT qm m= = , ʟʚʦʨʦʪʥʠʡ 

ʩʪʨʫʤ ʨ+-n ʧʝʨʝʭʦʜʫ ʧʨʠ ʜʽʾ ʪʠʩʢʫ ʦʧʠʩʫʻʪʴʩʷ ʚʠʨʘʟʦʤ [21] 

 
ʈʠʩ. 4. ɽʣʝʢʪʨʠʯʥʘ ʩʭʝʤʘ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʦʛʦ ʩʝʥʩʦʨʘ ʪʠʩʢʫ ʟ 

ʘʢʪʠʚʥʠʤ ʽʥʜʫʢʪʠʚʥʠʤ ʝʣʝʤʝʥʪʦʤ 
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ʜʝ pt  ï ʯʘʩ ʞʠʪʪʷ ʥʝʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ, ʷʢʽ  ʚ ʜʦʤʽʰʢʦʚʠʭ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘʭ ʥʝ ʟʘʣʝʞʠʪʴ ʚʽʜ ʜʽʾ ʪʠʩʢʫ, k  ï 

ʩʪʘʣʘ ɹʦʣʴʮʤʘʥʘ,  T  ï ʘʙʩʦʣʶʪʥʘ ʪʝʤʧʝʨʘʪʫʨʘ, 0np  ï ʢʦʥʮʝʥʪʨʘʮʽʷ ʥʝʦʩʥʦʚʥʠʭ ʥʦʩʽʾʚ (ʜʽʨʦʢ) ʙʝʟ ʜʽʾ ʪʠʩʢʫ, 

( )gʝʬE P  ï ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʪʝʥʟʦʜʽʦʜʘ, ʷʢʘ  ʟʤʽʥʶʻʪʴʩʷ ʟ ʪʠʩʢʦʤ, S  ï ʧʣʦʱʘ 

ʧʝʨʝʨʽʟʫ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ ʪʝʥʟʦʜʽʦʜʘ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʜʽʾ ʪʠʩʢʫ ʥʘ ʪʝʥʟʦʜʽʦʜ ʟʤʽʥʶʻʪʴʩʷ ʨʫʭʣʠʚʽʩʪʴ ʥʦʩʽʾʚ 

ʟʘʨʷʜʫ ʽ ʰʠʨʠʥʘ ʟʘʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʥʘʧʽʚʧʨʦʚʽʜʥʠʢʘ. ʄʘʢʩʠʤʘʣʴʥʫ ʪʝʥʟʦʯʫʪʣʠʚʽʩʪʴ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʧʨʠ 

ʫʟʛʦʜʞʝʥʽʡ ʟʤʽʥʽ ʨʫʭʣʠʚʦʩʪʽ ( )pʝʬPm  ʽ ʟʤʽʥʠ ʰʠʨʠʥʠ ( )gʝʬE PD  ʟʦʙʦʨʦʥʝʥʦʾ ʟʦʥʠ ʚʽʜʥʦʩʥʦʛʦ ʩʪʨʫʤʫ, ʪʦʙʪʦ 

ʷʢʱʦ ( )gʝʬE PD  ʟʙʽʣʴʰʫʻʪʴʩʷ, ʪʦ ( )pʝʬPm  ʧʦʚʠʥʥʦ ʟʤʝʥʰʫʚʘʪʠʩʷ ʽ ʥʘʚʧʘʢʠ [21]. ʊʝʥʟʦʜʽʦʜʠ ʤʘʶʪʴ ʙʽʣʴʰʫ 

ʯʫʪʣʠʚʽʩʪʴ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘʤʠ, ʦʩʢʽʣʴʢʠ ʫ ʥʠʭ ʟʤʽʥʶʶʪʴʩʷ ʜʚʘ ʧʘʨʘʤʝʪʨʠ ʚʽʜ ʪʠʩʢʫ, ʘ ʚ 

ʪʝʥʟʦʨʝʟʠʩʪʦʨʘʭ ʪʽʣʴʢʠ ʦʜʠʥ. 

 ɿʛʽʜʥʦ ʬʦʨʤʫʣʠ (25), ʦʧʽʨ ʪʝʥʟʦʜʽʦʜʘ ʧʨʠ ʜʽʾ ʪʠʩʢʫ ʦʧʠʩʫʻʪʴʩʷ ʬʦʨʤʫʣʦʶ 
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ʜʝ gU  ï ʥʘʧʨʫʛʘ ʥʘ ʪʝʥʟʦʜʽʦʜʽ. ʇʨʠʨʽʩʪ ʦʧʦʨʫ ʪʝʥʟʦʜʽʦʜʘ ʧʨʠ ʜʽʾ ʪʠʩʢʫ ʤʘʻ ʚʠʛʣʷʜ 
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ɺʠʢʦʥʘʚʰʠ ʜʠʬʝʨʝʥʮʽʶʚʘʥʥʷ ʫ ʬʦʨʤʫʣʽ (27), ʦʪʨʠʤʘʻʤʦ 
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 ɺʠʟʥʘʯʠʚʰʠ ʟʘʣʝʞʥʦʩʪʽ ʟʤʽʥʠ ʦʧʦʨʫ ʪʝʥʟʦʯʫʪʣʠʚʦʛʦ ʜʽʦʜʘ ʚʽʜ ʪʠʩʢʫ, ʧʝʨʝʡʜʝʤʦ ʜʦ ʚʠʟʥʘʯʝʥʥʷ 

ʧʘʨʘʤʝʪʨʠʯʥʦʾ ʟʘʣʝʞʥʦʩʪʽ ʚʠʭʽʜʥʦʾ ʯʘʩʪʦʪʠ ʩʝʥʩʦʨʘ ʧʨʠ ʜʽʾ ʪʠʩʢʫ. ʎʷ ʟʘʣʝʞʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʘʥʘʣʦʛʽʯʥʠʤ 

ʯʠʥʦʤ ʷʢ ʽ ʜʣʷ ʩʝʥʩʦʨʘ ʟ ʪʝʥʟʦʨʝʟʠʩʪʦʨʦʤ, ʷʢʘ ʨʦʟʛʣʷʥʫʪʘ ʚʠʱʝ. ɺʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʜʣʷ ʘʚʪʦʛʝʥʝʨʘʪʦʨʘ 

ʩʝʥʩʦʨʘ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʚʠʨʘʟʽʚ (25) ʽ (26) 
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 ɺʠʭʽʜʥʘ ʧʦʪʫʞʥʽʩʪʴ ʚʠʟʥʘʯʘʻʪʴʩʷ ʬʦʨʤʫʣʦʶ (7). ʆʪʞʝ, ʚʠʭʦʜʷʯʠ ʟ ʬʦʨʤʫʣ (7) ʽ (29), ʢʦʝʬʽʮʽʻʥʪ 

ʢʦʨʠʩʥʦʾ ʜʽʾ ʩʝʥʩʦʨʘ ʜʦʨʽʚʥʶʻ 
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ɿ ʨʽʚʥʷʥʥʷ (30) ʚʠʟʥʘʯʘʻʪʴʩʷ ʝʢʚC , ʷʢʘ ʤʘʻ ʚʠʛʣʷʜ 
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 ɿ ʜʨʫʛʦʛʦ ʙʦʢʫ, ʝʢʚʽʚʘʣʝʥʪʥʘ ʻʤʥʽʩʪʴ ʢʦʣʠʚʘʣʴʥʦʛʦ ʢʦʥʪʫʨʫ ʘʚʪʦʛʝʥʝʨʘʪʦʨʘ ʟʚôʷʟʘʥʘ ʟ ʨʝʟʦʥʘʥʩʥʦʶ 

ʯʘʩʪʦʪʦʶ ʚʠʨʘʟʦʤ (11). 

  ʇʽʜʩʪʘʚʠʚʰʠ ʫ ʬʦʨʤʫʣʫ (11) ʚʠʨʘʟ (31) ʽ ʧʨʦʚʽʚʰʠ ʥʝʦʙʭʽʜʥʽ ʧʝʨʝʪʚʦʨʝʥʥʷ, ʦʪʨʠʤʫʻʤʦ 

ʧʘʨʘʤʝʪʨʠʯʥʫ ʟʘʣʝʞʥʽʩʪʴ ʚʠʭʽʜʥʦʾ ʨʝʟʦʥʘʥʩʥʦʾ ʯʘʩʪʦʪʠ ʚʽʜ ʪʠʩʢʫ, ʘ ʪʘʢʦʞ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʪʝʥʟʦʜʽʦʜʘ ʽ 

ʧʘʨʘʤʝʪʨʽʚ ʘʚʪʦʛʝʥʝʨʘʪʦʨʘ 
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ɺʠʨʘʟ (32) ʻ ʬʫʥʢʮʽʻʶ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʝʥʩʦʨʘ ʪʠʩʢʫ. ʅʘ ʨʠʩ. 5 ʥʘʜʘʥʦ ʨʦʟʨʘʭʫʥʢʦʚʫ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ 

ʟʘʣʝʞʥʦʩʪʽ ʬʫʥʢʮʽʾ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʜ ʜʽʾ ʪʠʩʢʫ ʥʘ ʩʝʥʩʦʨ. ɺʽʜʥʦʩʥʘ ʧʦʭʠʙʢʘ ʤʽʞ ʨʦʟʨʘʭʫʥʢʘʤʠ ʽ 

ʝʢʩʧʝʨʠʤʝʥʪʦʤ ʩʢʣʘʜʘʻ 5 % ʧʨʠ ʚʠʤʽʨʶʚʘʥʥʽ ʪʠʩʢʫ ʚʝʣʠʯʠʥʦʶ ʚʽʜ 0 ʜʦ 2100 ʢʇʘ. 

ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʘ (ʨʠʩ. 5), ʚʠʭʽʜʥʘ ʯʘʩʪʦʪʘ ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 1750 ʄɻʮ ʜʦ 1752 ʄɻʮ ʧʨʠ ʟʤʽʥʽ ʪʠʩʢʫ 

ʚʽʜ 0 ʢʇʘ ʜʦ 2050 ʢʇʘ. 

 

 
ʈʠʩ. 5. ʈʦʟʨʘʭʫʥʢʦʚʘ ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʘʣʝʞʥʦʩʪʽ ʬʫʥʢʮʽʾ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʽʜ ʪʠʩʢʫ 

 

 ʌʫʥʢʮʽʷ ʯʫʪʣʠʚʦʩʪʽ ʚʠʟʥʘʯʘʻʪʴʩʷ ʥʘ ʦʩʥʦʚʽ ʚʠʨʘʟʫ (32), ʧʨʠ ʮʴʦʤʫ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʚʠʭʽʜʥʘ ʥʘʧʨʫʛʘ 

ʩʝʥʩʦʨʘ ʪʘʢʦʞ ʟʘʣʝʞʠʪʴ ʚʽʜ ʪʠʩʢʫ. ʆʪʞʝ, ʬʫʥʢʮʽʷ ʯʫʪʣʠʚʦʩʪʽ ʦʧʠʩʫʻʪʴʩʷ ʬʦʨʤʫʣʦʶ 
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 ʅʘ ʨʠʩ. 6 ʥʘʜʘʥʦ ʨʦʟʨʘʭʫʥʢʦʚʫ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʫ ʟʘʣʝʞʥʦʩʪʽ ʬʫʥʢʮʽʾ ʯʫʪʣʠʚʦʩʪʽ ʚʽʜ ʪʠʩʢʫ 

 
ʈʠʩ. 6. ʈʦʟʨʘʭʫʥʢʦʚʘ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʟʘʣʝʞʥʦʩʪʽ ʬʫʥʢʮʽʾ ʯʫʪʣʠʚʦʩʪʽ ʚʽʜ ʪʠʩʢʫ 
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ʗʢ ʚʠʜʥʦ ʟ ʛʨʘʬʽʢʘ (ʨʠʩ. 6), ʯʫʪʣʠʚʽʩʪʴ ʩʝʥʩʦʨʘ ʟʤʽʥʶʚʘʣʘʩʴ ʚʽʜ 1,31 ʢɻʮ/ʢʇʘ ʜʦ 2,45 ʢɻʮ/ʢʇʘ ʚ 

ʜʽʘʧʘʟʦʥʽ ʪʠʩʢʽʚ ʚʽʜ 0 ʢʇʘ ʜʦ 2050 ʢʇʘ. 

ʏʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ ʘʚʪʦʛʝʥʝʨʘʪʦʨʥʠʭ ʧʘʨʘʤʝʪʨʠʯʥʠʭ ʩʝʥʩʦʨʽʚ ʪʠʩʢʫ ʥʘ ʦʩʥʦʚʽ ʪʨʘʥʟʠʩʪʦʨʥʠʭ 

ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʠʭ ʩʪʨʫʢʪʫʨ ʟ ʚʽʜôʻʤʥʠʤ ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʦʧʦʨʦʤ ʟ ʧʝʨʚʠʥʥʠʤʠ ʪʝʥʟʦʯʫʪʣʠʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʪʠʧʫ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘ ʽ ʪʝʥʟʦʜʽʦʜʘ ʚʠʙʨʘʥʠʡ ʚ LTE Band 3 (DCS-1800) Uplink: 1710ï1785 ʄɻʮ. ʉʪʘʥʜʘʨʪ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʯʘʩʪʦʪʥʠʡ ʜʽʘʧʘʟʦʥ 1800 ʄɻʮ, ʱʦ ʟʙʽʛʘʻʪʴʩʷ ʽʟ ʜʽʘʧʘʟʦʥʦʤ GSM-ʤʝʨʝʞ. ʇʨʠ ʩʪʚʦʨʝʥʥʽ 4G-

ʤʝʨʝʞʽ ʥʘ ʙʘʟʽ ʚʞʝ ʧʦʙʫʜʦʚʘʥʦʾ 2G-ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʦʧʝʨʘʪʦʨʠ ʟʘʟʚʠʯʘʡ ʟʙʝʨʽʛʘʶʪʴ ʚʠʭʽʜʥʫ ʤʝʨʝʞʫ ʽ 

ʚʠʜʽʣʷʶʪʴ ʯʘʩʪʠʥʫ ʜʽʘʧʘʟʦʥʫ ʧʽʜ ʥʦʚʫ 4G-ʤʝʨʝʞʫ. LTE Band 3 ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʷʢ ʫ ʤʽʩʪʘʭ, ʪʘʢ ʽ ʫ ʩʽʣʴʩʴʢʽʡ 

ʤʽʩʮʝʚʦʩʪʽ [23]. ɼʘʥʠʡ ʚʠʜ ʟʚ'ʷʟʢʫ ʧʨʘʮʶʻ ʚ ʜʫʧʣʝʢʩʥʦʤʫ ʨʝʞʠʤʽ FDD ʟ ʯʘʩʪʦʪʥʠʤ ʧʦʜʽʣʦʤ ʥʠʟʭʽʜʥʦʛʦ ʪʘ 

ʚʠʩʭʽʜʥʦʛʦ ʢʘʥʘʣʫ. 

ɯʥʪʝʨʥʝʪ ʨʝʯʽ (IoT) ʧʝʨʝʚʠʟʥʘʯʠʪʴ ʩʧʦʩʽʙ ʚʟʘʻʤʦʜʽʾ ʣʶʜʝʡ ʦʜʠʥ ʟ ʦʜʥʠʤ ʽ ʟ ʦʙôʻʢʪʘʤʠ, ʷʢʽ ʾʭ 

ʦʪʦʯʫʶʪʴ, ʟ ʤʝʪʦʶ ʩʪʚʦʨʝʥʥʷ ʛʣʦʙʘʣʴʥʦʾ ʤʝʨʝʞʽ, ʱʦ ʟôʻʜʥʫʻ ʚʩʽʭ ʽ ʚʩʝ. ʆʯʽʢʫʻʪʴʩʷ, ʱʦ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ ʜʦʟʚʦʣʠʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʤʘʩʦʚʠʡ ʟʚôʷʟʦʢ ʪʠʧʫ ʤʘʰʠʥ (mMTC), ʟʘ ʜʦʧʦʤʦʛʦʶ ʷʢʦʛʦ 

ʧʨʠʩʪʨʦʾ ʧʝʨʝʜʘʶʪʴ ʪʘ ʦʪʨʠʤʫʶʪʴ ʥʝʚʝʣʠʢʫ ʢʽʣʴʢʽʩʪʴ ʜʘʥʠʭ, ʟ ʤʝʪʦʶ ʧʦʢʨʘʱʝʥʥʷ ʧʨʦʤʠʩʣʦʚʠʭ ʽ 

ʚʠʤʽʨʶʚʘʣʴʥʠʭ ʧʨʦʮʝʩʽʚ [24]. ʊʝʭʥʦʣʦʛʽʾ ʨʘʜʽʦʟʚ'ʷʟʢʫ ʤʘʣʦʾ ʧʦʪʫʞʥʦʩʪʽ (LPWA) ʟ'ʷʚʠʣʠʩʷ ʷʢ ʨʽʰʝʥʥʷ ʜʣʷ 

ʨʦʟʨʦʙʢʠ mMTC, ʱʦ ʟʘʜʦʚʦʣʴʥʷʻ ʚʠʤʦʛʘʤ ʥʠʟʴʢʦʛʦ ʝʥʝʨʛʦʩʧʦʞʠʚʘʥʥʷ, ʥʠʟʴʢʦʾ ʰʚʠʜʢʦʩʪʽ ʧʝʨʝʜʘʯʽ ʜʘʥʠʭ, 

ʤʘʩʰʪʘʙʦʚʘʥʦʩʪʽ ʪʘ ʚʝʣʠʢʦʾ ʜʘʣʴʥʦʩʪʽ. ɺʠʢʦʨʠʩʪʘʥʥʷ ʚʫʟʴʢʦʩʤʫʛʦʚʠʭ ɯʥʪʝʨʥʝʪ ʨʝʯʝʡ (NB-IoT), ʷʢ 

ʘʙʩʦʣʶʪʥʦ ʥʦʚʦ ʾʩʪʽʣʴʥʠʢʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ, ʜʦʟʚʦʣʠʪʴ ʟʨʦʙʠʪʠ ʢʨʦʢ ʚʧʝʨʝʜ ʫ ʨʝʘʣʽʟʘʮʽʾ IoT ʥʘ ʦʩʥʦʚʽ 5G, ʘ 

ʪʘʢʦʞ NB-IoT ʙʫʜʝ ʩʫʤʽʩʥʠʡ ʽʟ ʩʠʩʪʝʤʦʶ 4G Long Term Evolution (LTE) ʪʘ ʟ ʛʣʦʙʘʣʴʥʠʤʠ ʩʠʩʪʝʤʘʤʠ 

ʤʦʙʽʣʴʥʦʛʦ ʟʚôʷʟʢʫ 2G (GSM) [24ï26]. ʎʷ ʧʝʨʝʚʘʛʘ, ʜʦʜʘʥʘ ʜʦ ʙʽʣʴʰ ʚʠʩʦʢʦʾ ʝʬʝʢʪʠʚʥʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʩʧʝʢʪʨʫ, ʩʪʘʚʠʪʴ ʪʝʭʥʦʣʦʛʽʶ ʪʘ ʧʨʠʚʽʣʝʡʦʚʘʥʝ ʧʦʣʦʞʝʥʥʷ ʜʣʷ ʚʧʨʦʚʘʜʞʝʥʥʷ ʤʝʨʝʞ LPWA [25]. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʧʝʢʪʨʦʘʥʘʣʽʟʘʪʦʨʘ Arinst SSA TG-LC. ʅʘ 
ʨʠʩ. 7 ʧʨʝʜʩʪʘʚʣʝʥʦ ʩʧʝʢʪʨ ʘʚʪʦʛʝʥʝʨʘʪʦʨʥʦʛʦ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʩʝʥʩʦʨʘ ʪʠʩʢʫ ʥʘ ʦʩʥʦʚʽ ʪʨʘʥʟʠʩʪʦʨʥʦʾ 

ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ ʚ ʜʽʘʧʘʟʦʥʽ DCS-1800 Uplink, ʯʘʩʪʦʪʘ ʧʝʨʝʜʘʯʽ ʩʢʣʘʜʘʻ 1750,0 ʄɻʮ. 

 

 
ʈʠʩ. 7.  ʉʧʝʢʪʨ ʘʚʪʦʛʝʥʝʨʘʪʦʨʥʦʛʦ ʧʘʨʘʤʝʪʨʠʯʥʦʛʦ ʩʝʥʩʦʨʘ ʪʠʩʢʫ ʥʘ ʦʩʥʦʚʽ ʪʨʘʥʟʠʩʪʦʨʥʦʾ ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʦʾ ʩʪʨʫʢʪʫʨʠ 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

1. ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʘʚʪʦʛʝʥʝʨʘʪʦʨʥʽ ʧʘʨʘʤʝʪʨʠʯʥʽ ʩʝʥʩʦʨʠ ʪʠʩʢʫ ʥʘ ʦʩʥʦʚʽ ʪʨʘʥʟʠʩʪʦʨʥʠʭ 

ʤʽʢʨʦʝʣʝʢʪʨʦʥʥʠʭ ʩʪʨʫʢʪʫʨ ʟ ʚʽʜôʻʤʥʠʤ ʜʠʬʝʨʝʥʮʽʡʥʠʤ ʦʧʦʨʦʤ ʟ ʧʝʨʚʠʥʥʠʤʠ ʪʝʥʟʦʯʫʪʣʠʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʥʘ ʙʘʟʽ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘ ʽ ʪʝʥʟʦʜʽʦʜʘ, ʧʨʠʯʦʤʫ ʧʝʨʚʠʥʥʽ ʪʝʥʟʦʯʫʪʣʠʚʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʻ ʘʢʪʠʚʥʠʤʠ ʝʣʝʤʝʥʪʘʤʠ 

ʩʭʝʤ ʘʚʪʦʛʝʥʝʨʘʪʦʨʽʚ, ʱʦ ʩʧʨʦʱʫʻ ʢʦʥʩʪʨʫʢʮʽʶ ʩʝʥʩʦʨʽʚ ʪʠʩʢʫ. 

2. ɺʠʭʦʜʷʯʠ ʟ ʨʦʟʛʣʷʜʫ ʬʽʟʠʯʥʠʭ ʧʨʦʮʝʩʽʚ ʫ ʧʝʨʚʠʥʥʠʭ ʪʝʥʟʦʯʫʪʣʠʚʠʭ ʝʣʝʤʝʥʪʘʭ ʽ ʘʚʪʦʛʝʥʝʨʘʪʦʨʘʭ, 
ʨʦʟʨʦʙʣʝʥʦ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʩʝʥʩʦʨʽʚ ʚ ʪʠʩʢʫ, ʥʘ ʦʩʥʦʚʽ ʷʢʠʭ ʦʪʨʠʤʘʥʦ ʧʘʨʘʤʝʪʨʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʬʫʥʢʮʽʡ 

ʧʝʨʝʪʚʦʨʝʥʥʷ ʽ ʯʫʪʣʠʚʦʩʪʽ. ʇʦʢʘʟʘʥʦ, ʱʦ ʦʩʥʦʚʥʠʡ ʚʥʝʩʦʢ ʫ ʟʤʽʥʥʽ ʬʫʥʢʮʽʾ ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʥʦʩʠʪʴ ʟʤʽʥʘ 

ʪʠʩʢʫ. ʎʝ ʚʠʢʣʠʢʘʻ ʟʤʽʥʫ ʝʢʚʽʚʘʣʝʥʪʥʦʾ ʻʤʥʦʩʪʽ ʽ ʚʽʜôʻʤʥʦʛʦ ʜʠʬʝʨʝʥʮʽʡʥʦʛʦ ʦʧʦʨʫ ʢʦʣʠʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ 

ʘʚʪʦʛʝʥʝʨʘʪʦʨʽʚ ʩʝʥʩʦʨʽʚ, ʱʦ ʫ ʩʚʦʶ ʯʝʨʛʫ, ʟʤʽʥʶʻ ʚʠʭʽʜʥʫ ʯʘʩʪʦʪʫ ʧʨʠʩʪʨʦʾʚ. ʏʫʪʣʠʚʽʩʪʴ ʩʝʥʩʦʨʽʚ ʪʠʩʢʫ 

ʟʤʽʥʶʻʪʴʩʷ ʚʽʜ 0,365 ʢɻʮ/ʢʇʘ ʜʦ 2,45 ʢɻʮ/ʢʇʘ  ʧʨʠ ʟʤʽʥʽ ʪʠʩʢʫ ʚʽʜ 0 ʢʇʘ ʜʦ 2050 ʢʇʘ. 

3. ʆʪʨʠʤʘʥʽ ʧʘʨʘʤʝʪʨʠʯʥʽ ʟʘʣʝʞʥʦʩʪʽ ʬʫʥʢʮʽʡ ʧʝʨʝʪʚʦʨʝʥʥʷ ʩʝʥʩʦʨʽʚ ʪʠʩʢʫ ʧʦʢʘʟʫʶʪʴ ʤʦʞʣʠʚʽʩʪʴ 

ʟʥʘʯʥʦ ʧʨʦʩʪʽʰʝ ʨʦʟʨʘʭʦʚʫʚʘʪʠ ʦʩʥʦʚʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʝʥʩʦʨʽʚ ʽ ʥʘʦʯʥʦ ʧʦʢʘʟʫʶʪʴ ʚʧʣʠʚ ʢʦʞʥʦʛʦ 

ʧʘʨʘʤʝʪʨʘ ʧʝʨʚʠʥʥʠʭ ʧʝʨʝʪʚʦʨʶʚʘʯʽʚ ʽ ʧʘʨʘʤʝʪʨʽʚ ʘʚʪʦʛʝʥʝʨʘʪʦʨʽʚ ʥʘ ʚʠʭʽʜʥʫ ʯʘʩʪʦʪʫ ʩʝʥʩʦʨʽʚ ʫ ʧʦʨʽʚʥʷʥʥʽ 

ʟ ʨʦʟʨʘʭʫʥʢʘʤʠ ʬʫʥʢʮʽʡ ʧʝʨʝʪʚʦʨʝʥʥʷ ʟ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʩʭʝʤ ʧʨʠʩʪʨʦʾʚ ʥʘ ʦʩʥʦʚʽ ʨʽʚʥʷʥʴ ʂʽʨʭʛʦʬʘ. 
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ʋ ʩʝʥʩʦʨʘʭ ʪʠʩʢʫ ʟ ʯʘʩʪʦʪʥʠʤ ʚʠʭʦʜʦʤ ʥʝ ʧʦʪʨʽʙʥʽ ʘʥʘʣʦʛʦ-ʮʠʬʨʦʚʽ ʧʝʨʝʪʚʦʨʶʚʘʯʽ ʪʘ ʧʽʜʩʠʣʶʚʘʣʴʥʽ 

ʧʨʠʩʪʨʦʾ ʧʨʠ ʧʦʜʘʣʴʰʽʡ ʦʙʨʦʙʮʽ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʛʥʘʣʽʚ, ʱʦ ʟʜʝʰʝʚʣʶʻ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʫ 

ʘʧʘʨʘʪʫʨʫ, ʦʢʨʽʤ ʪʦʛʦ ʤʦʞʣʠʚʘ ʧʝʨʝʜʘʯʘ ʽʥʬʦʨʤʘʮʽʾ ʥʘ ʚʽʜʩʪʘʥʴ ʧʨʠ ʨʦʙʦʪʽ ʩʝʥʩʦʨʽʚ ʫ ʥʘʜʚʠʩʦʢʠʭ ʯʘʩʪʦʪʘʭ. 
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ɸʈʍɯʊɽʂʊʆʅɯʂɸ ʈʆɿʈɸʍʋʅʂʆɺʀʍ ʄɸʊɽʄɸʊʀʏʅʀʍ  

ʄʆɼɽʃɽʁ ɺ ʋʄʆɺɸʍ ʅɽɺʀɿʅɸʏɽʅʆʉʊɯ 
 
ˑ̨̠̏̒̌̅̇̆̎̎ ̨̒̓́̓̓ ̟̝̠̒̓̏̒̔̓̒ ̟̃̅̏̒̋̏̎́̌̆̎̎ ̖̖̑̏̈̑́̔̎̋̏̃̉ ̘̖̍́̓̆̍́̓̉̎̉ ̍̏̅̆̌̆̊ ̨̖̘̖̓̆̎̏̌̏̄̎̉ȟ 

̨̨̖̘̖̂̏̓̆̎̏̌̏̄̎̉ ̨ ̨̘̖̆̋̏̎̏̍̎̉ ̒̉̒̓̆̍Ȣ ˜̨̅ ̘́̒ ̘̍́̓̆̍́̓̉̎̏̄̏ ̟̠̍̏̅̆̌̃́̎̎ ̠̅̌ ̨̝̙̠̈̂̌̆̎̎ ̨̘̓̏̎̏̒̓ 
̖̑̏̈̑́̔̎̋̔ ̨̐́̑́̍̆̓̑̃ ̖̒̋̌́̅̎̉ ̒̉̒̓̆̍ ̨̐̏̓̑̂̎̏ ̨̝̙̈̂̌̉̓̉ ̨̨̝̝̋̌̋̒̓ ̖̖̃̑́̏̃́̎̉ ̨̐́̑́̍̆̓̑̃Ȣ ˣ̆ ̝̐̑̉̈̃̏̅̉̓ ̅̏ 
̨̨̖̎̆̏̂̅̎̏̒̓ ̑̏̈̃΄̠̠̈́̎̎ ̝̖̎̆̌̏̋́̌̎̉ ̖̋̑́̊̏̃̉ ̘̈́̅́ ̈ ̨̗̎̆̒̓́̏̎́̑̎̉̍̉ ̨̗̝̅̉̆̑̆̎́̌̎̉̍̉̕ ̨̠̠̑̃̎̎̎̍̉ȟ ̠̅̌ 
̅̏̋́̈̔ ̨̋̏̑̆̋̓̎̏̒̓ ̠̖̋̉ ̎̆̍̏̇̌̉̃̏ ̈́̒̓̏̒̔̃́̓̉ ̨̗̓̑́̅̉̊̎̔ ̨̟̓̆̏̑ ̨̠̒̎̔̃́̎̎ ̓́ ̨̤̅̉̎̏̒̓ ̑̏̈̃΄̠̈̋̔Ȣ ˞̨̌̅ 
̨̘̃̅̈̎́̉̓̉ȟ ̏̚ ̨̠̐̒̌ ̠̐̑̏̃̆̅̆̎̎ ̨̨̖́̑̓̆̋̓̏̎̋̉ ̖̋̑́̊̏̃̉ ̘̈́̅́ ̟̝̐̑̉̐̔̒̋́̓ ̨̠̒̎̔̃́̎̎ ̩̖ ̑̏̈̃΄̠̈̋̔ȟ ̨̖̎̆̏̂̅̎̏ ̙̌̉̆ 
̅̏̃̆̒̓̉ ̊̏̄̏ ̨̤̝̅̉̎̒̓Ȣ ˑ̠̌ ̅̏̋́̈̔ ̨̋̏̑̆̋̓̎̏̒̓ ̖̖̑̏̈̑́̔̎̋̏̃̉ ̘̖̍́̓̆̍́̓̉̎̉ ̍̏̅̆̌̆̊ ̨̐̏̓̑̂̎̏ȟ ́̂̏ ̝̔̈́̄́̌̎̉̓̉ 
̐́̑́̍̆̓̑̉ ̨̗̩̔̎̋̕ ̍̆̓̉ ̨ ̃̉̋̏̑̉̒̓́̓̉ ̝̅̏̒̉̓ ̨̎́̂̌̉̇̆̎ ̠̏̂̍̆̇̆̎̎ȟ ̏̚ȟ ̃ ̟̒̃̏ ̘̆̑̄̔ȟ ̝̅̏̈̃̏̌̉̓ ̈̃̆̒̓̉ 
̋̑́̊̏̃̔ ̘̈́̅́̔ ̅̏ ̒̓́̎̅́̑̓̎̏̄̏ ̃̉̅̔ ̨ ̩̩ ̨̝̋̏̑̆̋̓̎̒̓ ̎̆ ̂̔̅̆ ̃̉̋̌̉̋́̓̉ ̨̨̒̔̍̎̃̃ȟ ́̂̏ ̈́̐̑̏̐̏̎̔̃́̓̉ ̍̆̓̏̅̉̋̔ 
̠̅̌ ̅̏̋́̈̔ ̨̋̏̑̆̋̓̎̏̒̓ ̖̋̑́̊̏̃̉ ̘̈́̅́ ̠̅̌ ̖̐̆̃̎̉ ̨̗̝̖̅̉̆̑̆̎́̌̎̉̕ ̨̠̝̑̃̎̎ȟ ̠̋́ ̖̃̑́̏̃̔̃́̓̉̍̆ ̨̨̗̘̒̐̆̉̎̕ 
̨̏̒̏̂̌̉̃̏̒̓ ̝̖̍̏̅̆̌̏̃́̎̉ ̨̗̐̑̏̆̒̃Ȣ ˏ ̨̈́̌̆̇̎̏̒̓ ̨̃̅ ̃̉̅̔ ̨̗̝̖̅̉̆̑̆̎́̌̎̉̕ ̨̠̝̑̃̎̎ȟ ̨̠̋ ̟̝̏̐̉̒̔̓ ̨̨̘̈̉̎̕ ̨ 
̨̨̘̆̋̏̎̏̍̎ ̗̐̑̏̆̒̉ ̃ ̝̖̍̏̅̆̌̏̃́̎̉ ̖̒̉̒̓̆̍́ȟ ̠̅̌ ̢̏̂̑ ̠̔̎̓̔̃́̎̎ ̨̋̏̑̆̋̓̎̏̒̓ ̖̋̑́̊̏̃̉ ̘̈́̅́ ̨̐̏̓̑̂̎́ ̏̋̑̆̍́ 
̍̆̓̏̅̉̋́Ȣ 

ˏ ̨̒̓́̓̓ ̨̨̅̏̒̌̅̇̆̎ ̔̍̏̃̉ ̨̋̏̑̆̋̓̎̏̒̓ ̖̋̑́̊̏̃̉ ̘̈́̅́ ̠̅̌ ̨̗̝̖̅̉̆̑̆̎́̌̎̉̕ ̨̠̝̑̃̎̎ ̨̈ ̒̓́̌̉̍̉ 
̨̨̗̤̋̏̆̎̓́̍̉̕Ȣ ˑ̏̃̆̅̆̎̏ȟ ̏̚ ̠̅̌ ̨̝̖̅̏̃̌̎̉ ̨̖̏̅̎̏̑̅̎̉ ̨̗̝̖̅̉̆̑̆̎́̌̎̉̕ ̨̠̝̑̃̎̎ ̨̤̒̎̔ ̨̨̃̅̐̏̃̅̎́ ̋̑́̊̏̃́ ̘̈́̅́́Ȣ 
˚́̃̆̅̆̎̆ ̘̠̃̉̈̎́̆̎̎ ̨̘̖̐́̑́̂̏̌̎̉ ̖̋̑́̊̏̃̉ ̘̈́̅́ ̃ ̨̖̓̆̑̍̎́ȟ ̨̠̋ ̟̝̃̉̋̏̑̉̒̓̏̃̔̓ ̠̏̂̍̆̇̆̎̎ ̖̈̃̆̑̔ ̎́ 
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ARCHITECTONICS OF CALCULATED MATHEMATICAL MODELS UNDER UNCERTAINTY  
 

This article concerns the improvement of calculated mathematical models of technological, biotechnological, and economic 
systems. It is necessary to increase the number of considered parameters to increase the accuracy of calculating the parameters of complex 
systems during mathematical modeling. This leads to the need to solve nonlocal boundary value problems with non-stationary differential 
equations, to prove the correctness of which it is impossible to apply the traditional theory of existence and unity of solution. Note that after 
the architecture of boundary value problems assumes the existence of their solution, it is only necessary to prove its uniqueness. To prove the 
correctness of calculated mathematical models requires neither generalizing the parameters of the goal function and using approximate 
constraints, which, in turn, will reduce the boundary value problem to a standard form and its correctness will not be in doubt, nor propose a 
method to prove the correctness of boundary value certain differential equations, which will consider the specific features of the modeled 
processes. A separate technique must substantiate the correctness of boundary value problems depending on the type of differential equation 
that describes the physical and economic processes in the simulated systems. 

This article studied the conditions for the correctness of boundary value problems for differential equations with constant 
coefficients. It is proved that there is a corresponding boundary value problem for arbitrary homogeneous differential equations. It is defined 
the parabolic boundary value problems in terms that use constraints from above on the fundamental solution function. The conditions were 
obtained under which the parabolic boundary value problem exists and cannot exist, respectively. The obtained results will increase the 
accuracy of the main optimization task of improving the quality of simulated processes. 

Keywords: architectonics, boundary value problems, correctness, differential equations. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ɺ ʪʝʦʨʽʾ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʨʽʚʥʷʥʴ ʚʘʛʦʤʝ ʟʥʘʯʝʥʥʷ ʟʘʡʤʘʶʪʴ ʧʠʪʘʥʥʷ ʽʩʥʫʚʘʥʥʷ ʽ ʻʜʠʥʦʩʪʽ ʨʦʟʚôʷʟʢʫ 

ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ. ɺʦʜʥʦʯʘʩ, ʥʝ ʚʠʥʠʢʘʻ ʩʫʤʥʽʚʽʚ ʚ ʽʩʥʫʚʘʥʥʽ ʨʦʟʚôʷʟʢʫ, ʧʠʪʘʥʥʷ ʞ ʧʦʣʷʛʘʻ ʚ ʡʦʛʦ ʻʜʠʥʦʩʪʽ. ʅʝ 

ʚʩʽ ʤʝʪʦʜʠ ʽ ʪʚʝʨʜʞʝʥʥʷ, ʷʢʽ ʟʘʩʪʦʩʦʚʫʶʪʴ ʜʣʷ ʜʦʢʘʟʫ ʢʦʨʝʢʪʥʦʩʪʽ ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ ʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ 

ʨʽʚʥʷʥʥʷʤʠ 2-ʛʦ ʧʦʨʷʜʢʫ, ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʜʦʢʘʟʫ ʢʦʨʝʢʪʥʦʩʪʽ ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ ʟ 

ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ ʚʠʱʦʛʦ ʧʦʨʷʜʢʫ. 

ɺ ʩʪʘʪʪʽ ʥʘʚʝʜʝʥʠʡ ʧʽʜʭʽʜ ʜʦ ʦʙʨ̌ʫʥʪʫʚʘʥʥʷ ʢʦʨʝʢʪʥʦʩʪʽ ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ ʟ ʜʠʬʝʨʝʥʮʽʘʣʴʥʠʤʠ 

ʨʽʚʥʷʥʥʷʤʠ 2-ʛʦ ʧʦʨʷʜʢʫ. ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʴ ʤʦʞʫʪʴ ʙʫʪʠ ʟʘʩʪʦʩʦʚʘʥʽ ʜʣʷ ʦʙʨ̌ʫʥʪʫʚʘʥʥʷ ʢʦʨʝʢʪʥʦʩʪʽ 

ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʩʪʘʥ ʤʦʜʝʣʴʦʚʘʥʠʭ ʪʝʭʥʽʯʥʠʭ, ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ, ʝʢʦʥʦʤʽʯʥʠʭ ʪʘ ʽʥʰʠʭ 

ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ. ɸʚʪʦʨ ʩʪʘʪʪʽ ʚʚʘʞʘʻ, ʱʦ ʾʭ ʜʦʮʽʣʴʥʦ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʦʙʨ̌ʫʥʪʫʚʘʥʥʷ ʢʦʨʝʢʪʥʦʩʪʽ 

ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ ʜʣʷ ʽʥʰʠʭ ʩʠʩʪʝʤ ʟ ʨʦʟʧʦʜʽʣʝʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ. 

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ʅʘʚʝʜʝʤʦ ʦʛʣʷʜ ʥʘʫʢʦʚʠʭ ʧʫʙʣʽʢʘʮʽʡ, ʷʢʽ ʩʪʦʩʫʶʪʴʩʷ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʽ ʦʧʪʠʤʽʟʘʮʽʾ 

ʪʝʭʥʽʯʥʠʭ [1ï5] ʽ ʝʢʦʥʦʤʽʯʥʠʭ ʩʠʩʪʝʤ [6ï8]. ɺ ʨʦʙʦʪʘʭ [1ï3] ʥʘʚʝʜʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʽ ʤʝʪʦʜʠ ʜʣʷ 
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ʟʜʽʡʩʥʝʥʥʷ ʨʦʟʨʘʭʫʥʢʫ ʽ ʦʧʪʠʤʽʟʘʮʽʾ ʚʝʣʠʢʦʾ ʢʽʣʴʢʦʩʪʽ ʪʝʭʥʽʯʥʠʭ ʩʠʩʪʝʤ. ʈʦʟʚôʷʟʘʥʥʶ ʧʨʠʢʣʘʜʥʠʭ ʟʘʜʘʯ 

ʧʨʠʩʚʷʯʝʥʽ ʨʝʟʫʣʴʪʘʪʠ ʧʫʙʣʽʢʘʮʽʡ [4, 5]. ɺ ʧʫʙʣʽʢʘʮʽʾ [4] ʥʘʚʝʜʝʥʽ ʤʘʪʝʤʘʪʠʯʥʽ ʤʦʜʝʣʽ ʽ ʤʝʪʦʜʠ ʨʦʟʨʘʭʫʥʢʫ 

ʧʘʨʘʤʝʪʨʽʚ ʪʝʭʥʦʣʦʛʽʯʥʦʛʦ ʧʨʦʮʝʩʫ ʪʝʨʤʽʯʥʦʾ ʜʽʾ ʥʘ ʣʠʩʪʦʚʠʡ ʤʝʪʘʣ. ɼʝʪʘʣʴʥʦ ʜʦʩʣʽʜʞʝʥʽ ʤʦʞʣʠʚʦʩʪʽ 

ʪʨʠʙʦʩʠʩʪʝʤ ʧʨʠʩʪʦʩʦʚʫʚʘʪʠʩʴ ʜʦ ʫʤʦʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʧʫʙʣʽʢʘʮʽʾ [5]. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʦʪʨʠʤʘʪʠ ʫʤʦʚʠ ʢʦʨʝʢʪʥʦʩʪʽ ʦʜʥʦʨʽʜʥʠʭ ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ ʚ ʧʨʦʩʪʦʨʽ ʥʝʩʢʽʥʯʝʥʥʦ 

ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʭ ʬʫʥʢʮʽʡ ʩʪʝʧʝʥʝʚʦʛʦ ʟʨʦʩʪʘʥʥʷ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ɼʣʷ ʜʦʚʽʣʴʥʠʭ ʩʠʤʚʦʣʽʚ ʧʩʝʚʜʦʜʠʬʝʨʝʥʮʽʘʣʴʥʠʭ ʦʧʝʨʘʪʦʨʽʚ ()kA s  ʟ ʧʨʦʩʪʦʨʫ ʥʝʩʢʽʥʯʝʥʥʦ-

ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʭ ʬʫʥʢʮʽʡ ʩʪʝʧʝʥʝʚʦʛʦ ʟʨʦʩʪʘʥʥʷ ʽʩʥʫʶʪʴ ʩʠʤʚʦʣʠ ()kB s , ʪʘʢʽ, ʱʦ ʦʜʥʦʨʽʜʥʘ ʢʨʘʡʦʚʘ 
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ɼʣʷ ʬʫʥʢʮʽʾ ( , )Q s t  (2) ʚʠʢʦʥʘʥʝ ʦʙʤʝʞʝʥʥʷ: 

( ) (){ }( , ) 1 exp¢ + - Ö
k k

p p

k k kQ s t c s h r t s  ʧʨʠ 1,..,=k n  (3) 

ʟ ʜʝʷʢʠʤʠ ʜʦʜʘʪʥʽʤʠ 
kc , 

kr ,
kh  ʽ 

kp , ʟʘ ʫʤʦʚʠ, ʱʦ:( ){ }1 1,= -p t t t  ʧʨʠ 
1[0; ]Ít t , ( )( ){ }2 1 2,= - -p t t t t  ʧʨʠ 

1 2[ ; ]Ít t t  ʽ ʪʘʢ ʜʦ ( )( ){ }1 ,-= - -n n np t t t t  ʧʨʠ 
1[ ; ]-Í n nt t t . 

ʆʪʨʠʤʘʣʠ ʚʠʩʥʦʚʦʢ. ʗʢʱʦ ʚʠʢʦʥʘʥʝ ʦʙʤʝʞʝʥʥʷ ʟʚʝʨʭʫ ()Re ² -kh

k k kA s c s r, ʧʨʠ 1,..,=k n  ʽ 

ʜʦʜʘʪʥʽʭ 
kc , 

kh , ʜʽʡʩʥʠʭ kr , ʪʦʜʽ ʽʩʥʫʻ ʧʘʨʘʙʦʣʽʯʥʘ ʢʨʘʡʦʚʘ ʟʘʜʘʯʘ (1). ʗʢʱʦ ʜʣʷ ʬʫʥʢʮʽʡ ()kA s , 1,..,=k n  

ʚʠʢʦʥʘʥʝ ʦʙʤʝʞʝʥʥʷ (3), ʽ ʢʨʘʡʦʚʘ ʟʘʜʘʯʘ (1) ʢʦʨʝʢʪʥʘ ʚ ʧʨʦʩʪʦʨʽ ʫʟʘʛʘʣʴʥʝʥʠʭ ʬʫʥʢʮʽʡ, ʪʦ ʟʘʟʥʘʯʝʥʘ 

ʢʨʘʡʦʚʘ ʟʘʜʘʯʘ ʙʫʜʝ ʧʘʨʘʙʦʣʽʯʥʦʶ ʽ ʜʣʷ ʙʫʜʴ-ʷʢʦʾ ʦʙʤʝʞʝʥʦʾ ʬʫʥʢʮʽʾ j ʽʩʥʫʻ ʥʝʩʢʽʥʯʝʥʥʦ-

ʜʠʬʝʨʝʥʮʽʡʦʚʘʥʠʡ ʟʘ x  ʨʦʟʚôʷʟʦʢ ( ),u x t  ʜʣʷ ʙʫʜʴ-ʷʢʦʛʦ ( )1;-Í k kt t t . ʊʘʢʦʞ, ʷʢʱʦ ʽʩʥʫʻ ʜʽʡʩʥʘ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ sn, ʜʣʷ ʷʢʦʾ ­¤sn  ʽ ( )Re ¢kA s constn  ʧʨʠ 1,..,=k n, ʪʦʜʽ ʥʝ ʽʩʥʫʻ ʧʘʨʘʙʦʣʽʯʥʦʾ ʢʨʘʡʦʚʦʾ 

ʟʘʜʘʯʽ. ʅʘʚʝʜʝʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʨ̌ʫʥʪʫʶʪʴʩʷ ʥʘ ʨʝʟʫʣʴʪʘʪʘʭ ʧʫʙʣʽʢʘʮʽʡ [9ï11] ʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ 

ʦʙ̌ʨʫʥʪʫʚʘʥʥʷ ʢʦʨʝʢʪʥʦʩʪʽ ʙʘʛʘʪʴʦʭ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʽ ʧʨʠʢʣʘʜʥʠʭ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʋ ʩʪʘʪʪʽ ʦʪʨʠʤʘʥʽ ʫʤʦʚʠ ʢʦʨʝʢʪʥʦʩʪʽ ʦʜʥʦʨʽʜʥʠʭ ʢʨʘʡʦʚʠʭ ʟʘʜʘʯ, ʘ ʪʘʢʦʞ ʫʤʦʚʠ, ʷʢʽ ʚʢʘʟʫʶʪʴ ʥʘ 

ʽʩʥʫʚʘʥʥʷ ʽ ʥʘ ʥʝʤʦʞʣʠʚʩ̔ʪɹ ʽʩʥʫʚʘʥʥʷ, ʚʽʜʧʦʚʽʜʥʦ, ʧʘʨʘʙʦʣʽʯʥʦʾ ʢʨʘʡʦʚʦʾ ʟʘʜʘʯʽ ʚ ʧʨʦʩʪʦʨʽ ʫʟʘʛʘʣʴʥʝʥʠʭ 

ʬʫʥʢʮʽʡ. ʈʝʟʫʣʴʪʘʪʠ ʧʫʙʣʽʢʘʮʽʾ ʜʦʮʽʣʴʥʦ ʟʘʩʪʦʩʫʚʘʪʠ ʜʣʷ ʦʙʨ̌ʫʥʪʫʚʘʥʥʷ ʢʦʨʝʢʪʥʦʩʪʽ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʽ 

ʧʨʠʢʣʘʜʥʠʭ ʦʧʪʠʤʽʟʘʮʽʡʥʠʭ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ, ʷʢʽ ʦʧʠʩʫʶʪʴ ʩʪʘʥ ʤʦʜʝʣʴʦʚʘʥʠʭ ʪʝʭʥʽʯʥʠʭ, 

ʙʽʦʪʝʭʥʦʣʦʛʽʯʥʠʭ ʽ ʝʢʦʥʦʤʽʯʥʠʭ ʩʠʩʪʝʤ. ʎʝ ʜʘʩʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʽʜʚʠʱʠʪʠ ʷʢʽʩʪʴ ʨʦʟʚôʷʟʘʥʥʷ ʦʩʥʦʚʥʦʾ 

ʦʧʪʠʤʽʟʘʮʽʡʥʦʾ ʟʘʜʘʯʽ ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʩʢʣʘʜʥʠʭ ʩʠʩʪʝʤ. 
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METHOD OF CONTROL OF TECHNICAL CONDITION OF INSULATION OF ELECTRICAL EQUIPMENT OF 

THE GENERATOR -TRANSFORMER UNIT  
 

Significant wear of the main electrical equipment of the power supply scheme (synchronous generators, complete shielded power 
lines, transformers) of thermal and nuclear power plants, implementation of the policy of extending the service life of existing power units, 
and gradual implementation of equipment repair strategies according to technical condition determines the relevance of development of 
new and improvement of existing systems for monitoring the technical condition of electrical equipment in general and its insulation 
characteristics in particular. Insulation diagnostics, relay protection devices and information-measuring systems currently operated on 
power units do not allow tracking changes in electrical insulation parameters of electrical equipment such as insulation resistance and 
capacitance relative to ground and tangent angle of dielectric loss detection that makes detection of defects in isolation at an early stage of 
their development impossible. Relay protection devices can be insensitive to single-phase earth faults of the stator winding near the neutral 
and with a symmetrical decrease in the insulation parameters of the stator winding, as well as malfunction when starting units due to 
voltage asymmetry in generator phases. 

The method of control of technical condition of electrical equipment insulation in the generator-transformer unit circuit is 
proposed, which is based on combined superimposition of direct current and alternating current with frequency less than industrial, control 
of discharge of precharged capacitor and control of alternating current flow with Rogovsky coils. The proposed method will detect both 
abrupt and gradual changes in the technical condition of the insulation of electrical equipment of the "generator-transformer" unit, improve 
the quality of planning of repair work and speed up the search for faulty elements in case of damage. 

Key words: synchronous generator, voltage transformer, current conductor, insulation damage, information-measuring system. 
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ʨʦʙʦʪʠ ʩʠʥʭʨʦʥʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʜʦ ʷʢʠʭ ʚʭʦʜʷʪʴ: ʝʣʝʢʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ (ʩʪʨʫʤʠ ʫ ʬʘʟʘʭ, ʣʽʥʽʡʥʽ ʯʠ ʬʘʟʥʽ 

ʥʘʧʨʫʛʠ ʥʘ ʚʠʚʦʜʘʭ ʤʘʰʠʥ, ʛʝʥʝʨʦʚʘʥʘ ʧʦʪʫʞʥʽʩʪʴ, ʢʦʥʪʨʦʣʴ ʨʽʚʥʷ ʯʘʩʪʢʦʚʠʭ ʨʦʟʨʷʜʽʚ ʚ ʽʟʦʣʷʮʽʾ ʦʙʤʦʪʢʠ 

ʩʪʘʪʦʨʘ), ʪʝʧʣʦʪʝʭʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ (ʪʝʤʧʝʨʘʪʫʨʘ ʩʪʝʨʞʥʽʚ ʩʪʘʪʦʨʥʦʾ ʦʙʤʦʪʢʠ ʪʘ ʦʙʤʦʪʢʠ ʨʦʪʦʨʘ, ʦʩʝʨʜʷ 

ʩʪʘʪʦʨʘ, ʪʝʤʧʝʨʘʪʫʨʘ ʽ ʚʠʪʨʘʪʠ ʦʭʦʣʦʜʞʫʚʘʯʘ; ʪʝʤʧʝʨʘʪʫʨʘ ʧʽʜʰʠʧʥʠʢʽʚ, ʦʣʠʚʠ ʪʘ ʚʦʜʠ ʚ ʩʠʩʪʝʤʽ 

ʦʭʦʣʦʜʞʝʥʥʷ), ʤʝʭʘʥʽʯʥʽ ʧʘʨʘʤʝʪʨʠ (ʨʽʚʥʽ ʚʽʙʨʘʮʽʾ ʩʪʘʪʦʨʘ ʪʘ ʧʽʜʰʠʧʥʠʢʽʚ) ʘ ʪʘʢʦʞ ʧʘʨʘʤʝʪʨʠ, ʱʦ 

ʭʘʨʘʢʪʝʨʠʟʫʶʪʴ ʩʪʘʥ ʯʠ ʧʦʣʦʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʯʥʦʾ ʘʨʤʘʪʫʨʠ ʪʘ ʜʦʧʦʤʽʞʥʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ. ʇʨʦʪʝ ʪʘʢʽ 

ʽʥʬʦʨʤʘʮʽʡʥʦ ʚʠʤʽʨʶʚʘʣʴʥʽ ʩʠʩʪʝʤʠ ʥʝ ʜʘʶʪʴ ʤʦʞʣʠʚʦʩʪʽ ʚʽʜʩʪʝʞʫʚʘʪʠ ʟʤʽʥʫ ʪʘʢʠʭ ʝʣʝʢʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʽʟʦʣʷʮʽʾ ʩʠʥʭʨʦʥʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʪʘ ʽʥʰʦʛʦ ʫʩʪʘʪʢʫʚʘʥʥʷ ʙʣʦʢʫ çʛʝʥʝʨʘʪʦʨ ï ʪʨʘʥʩʬʦʨʤʘʪʦʨè ʷʢ 

ʦʧʽʨ ʪʘ ʻʤʥʽʩʪʴ ʽʟʦʣʷʮʽʾ ʦʙʣʘʜʥʘʥʥʷ ʚʽʜʥʦʩʥʦ ʟʝʤʣʽ, ʘ ʪʘʢʦʞ ʪʘʥʛʝʥʩ ʢʫʪʘ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʚʪʨʘʪ, ʱʦ 

ʫʥʝʤʦʞʣʠʚʣʶʻ ʚʠʷʚʣʝʥʥʷ ʧʦʛʽʨʰʝʥʥʷ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʽʟʦʣʷʮʽʾ ʥʘ ʨʘʥʥʽʡ ʩʪʘʜʽʾ ʡʦʛʦ ʨʦʟʚʠʪʢʫ. 

ʉʫʯʘʩʥʽ ʧʨʠʩʪʨʦʾ ʨʝʣʝʡʥʦʛʦ ʟʘʭʠʩʪʫ ʥʘʜʘʶʪʴ ʟʘʭʠʩʪ ʚʽʜ ʫʩʽʭ ʚʠʜʽʚ ʧʦʰʢʦʜʞʝʥʴ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ 

ʙʣʦʢʫ çʛʝʥʝʨʘʪʦʨ ï ʪʨʘʥʩʬʦʨʤʘʪʦʨè ʽ ʥʝʥʦʨʤʘʣʴʥʠʭ ʨʝʞʠʤʽʚ ʾʭ ʨʦʙʦʪʠ, ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ 

ʩʝʣʝʢʪʠʚʥʦʩʪʽ, ʯʫʪʣʠʚʦʩʪʽ ʪʘ, ʟʘʚʜʷʢʠ ʤʽʢʨʦʧʨʦʮʝʩʦʨʥʽʡ ʝʣʝʤʝʥʪʥʽʡ ʙʘʟʽ, ʰʚʠʜʢʦʜʽʾ. ʇʨʦʪʝ ʚʦʥʠ ʧʦʟʙʘʚʣʝʥʽ 

ʤʦʞʣʠʚʦʩʪʽ ʚʠʷʚʣʝʥʥʷ ʧʦʛʽʨʰʝʥʥʷ ʩʪʘʥʫ ʽʟʦʣʷʮʽʾ ʥʘ ʨʘʥʥʽʡ ʩʪʘʜʽʾ ʨʦʟʚʠʪʢʫ ʜʝʬʝʢʪʽʚ.  

ɺʠʭʦʜʷʯʠ ʟ ʦʧʠʩʘʥʦʛʦ ʚʠʱʝ ʽʩʥʫʻ ʘʢʪʫʘʣʴʥʘ ʥʘʫʢʦʚʦ-ʧʨʘʢʪʠʯʥʘ ʟʘʜʘʯʘ ʟ ʨʦʟʨʦʙʢʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ 

ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽʟʦʣʷʮʽʾ ʚ ʩʭʝʤʽ ʚʠʜʘʯʽ ʧʦʪʫʞʥʦʩʪʽ ʙʣʦʢʫ çʛʝʥʝʨʘʪʦʨ-

ʪʨʘʥʩʬʦʨʤʘʪʦʨè, ʚʠʨʽʰʝʥʥʷ ʷʢʦʾ ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʥʝʨʛʦʙʣʦʢʽʚ ʟʘʚʜʷʢʠ 

ʟʘʙʝʟʧʝʯʝʥʥʶ ʦʧʝʨʘʪʠʚʥʦʛʦ ʪʘ ʨʝʤʦʥʪʥʦʛʦ ʧʝʨʩʦʥʘʣʫ ʜʦʩʪʦʚʽʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʽʟʦʣʷʮʽʾ 

ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ.  

ɺ ʜʘʥʽʡ ʨʦʙʦʪʽ ʦʙôʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩʠ ʟʤʽʥʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʽʟʦʣʷʮʽʾ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ 

ʙʣʦʢʫ çʛʝʥʝʨʘʪʦʨ ï ʪʨʘʥʩʬʦʨʤʘʪʦʨè. ʇʨʝʜʤʝʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʤʝʪʦʜʠ ʽ ʟʘʩʦʙʠ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ 

ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽʟʦʣʷʮʽʾ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʪʘ ʨʝʣʝʡʥʦʛʦ ʟʘʭʠʩʪʫ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʙʣʦʢʫ 

çʛʝʥʝʨʘʪʦʨ-ʪʨʘʥʩʬʦʨʤʘʪʦʨè ʚʽʜ ʝʣʝʢʪʨʠʯʥʠʭ ʧʦʰʢʦʜʞʝʥʴ. 

ʄʝʪʦʶ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʨʦʟʰʠʨʝʥʥʷ ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʪʝʭʥʽʯʥʦʛʦ 

ʩʪʘʥʫ ʽʟʦʣʷʮʽʾ ʰʣʷʭʦʤ ʟʘʩʪʦʩʫʚʘʥʥʷ ʢʦʤʙʽʥʦʚʘʥʦʛʦ ʤʝʪʦʜʫ ʢʦʥʪʨʦʣʶ, ʱʦ ˇʨʫʥʪʫʻʪʴʩʷ ʥʘ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʥʘʢʣʘʜʘʥʥʷ ʥʘ ʢʦʥʪʨʦʣʴʦʚʘʥʝ ʢʦʣʦ ʧʦʩʪʽʡʥʦʛʦ ʪʘ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʯʘʩʪʦʪʦʶ 20 ɻʮ ʽ ʩʪʨʫʤʫ ʨʦʟʨʷʜʫ 

ʧʦʧʝʨʝʜʥʴʦ ʟʘʨʷʜʞʝʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʷʚʠʪʠ ʧʦʩʪʫʧʦʚʫ ʪʘ ʩʪʨʠʙʢʦʧʦʜʽʙʥʫ ʟʤʽʥʫ ʘʢʪʠʚʥʦʛʦ 

ʦʧʦʨʫ ʽʟʦʣʷʮʽʾ ʩʪʘʪʦʨʘ, ʝʢʨʘʥʦʚʘʥʦʛʦ ʩʪʨʫʤʦʧʨʦʚʦʜʫ ʪʘ ʦʙʤʦʪʢʠ ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘʧʨʫʛʠ ʚʤʦʥʪʦʚʘʥʦʛʦ ʫ 

ʩʪʨʫʤʦʧʨʦʚʽʜ. 

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ɺ ʨʦʙʦʪʘʭ [1, 2] ʨʦʟʛʣʷʥʫʪʦ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʩʠʩʪʝʤ ʨʝʣʝʡʥʦʛʦ ʟʘʭʠʩʪʫ ʪʘ ʨʦʟʨʘʭʫʥʢʫ ʫʩʪʘʚʦʢ 

ʩʧʨʘʮʶʚʘʥʥʷ. ʋ [3] ʧʦʢʘʟʘʥʦ ʧʨʠʥʮʠʧʠ ʧʦʙʫʜʦʚʠ ʨʝʣʝʡʥʦʛʦ ʟʘʭʠʩʪʫ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʚ ʤʝʨʝʞʘʭ ʟ 

ʢʦʤʧʝʥʩʦʚʘʥʦʶ ʥʝʡʪʨʘʣʣʶ. ɺ ʨʦʙʦʪʘʭ [4, 5] ʚʠʩʚʽʪʣʝʥʦ ʦʩʦʙʣʠʚʦʩʪʽ ʧʦʙʫʜʦʚʠ ʨʝʣʝʡʥʦʛʦ ʟʘʭʠʩʪʫ ʝʣʝʤʝʥʪʽʚ 

ʝʣʝʢʪʨʠʯʥʠʭ ʩʠʩʪʝʤ ʟʘʛʘʣʦʤ ʪʘ  ʩʠʥʭʨʦʥʥʠʭ ʛʝʥʝʨʘʪʦʨʽʚ ʟʦʢʨʝʤʘ. ʋ ʧʫʙʣʽʢʘʮʽʾ [6] ʚʠʩʚʽʪʣʝʥʦ ʜʦʩʚʽʜ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʝʥʩʦʨʽʚ ʪʠʧʫ ʢʦʪʫʰʦʢ ʈʦʛʦʚʩʴʢʦʛʦ ʫ ʧʦʙʫʜʦʚʽ ʩʠʩʪʝʤ ʨʝʣʝʡʥʦʛʦ ʟʘʭʠʩʪʫ. 

 

ʈʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ 

ɼʣʷ ʚʠʢʦʥʘʥʥʷ ʧʦʩʪʘʚʣʝʥʦʾ ʟʘʜʘʯʽ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʪʠ ʢʦʤʙʽʥʦʚʘʥʠʡ ʤʝʪʦʜ ʥʘʢʣʘʜʘʥʥʷ 

ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʧʦʧʝʨʝʜʥʴʦ ʟʘʨʷʜʞʝʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ, ʥʘʢʣʘʜʘʥʥʷ ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ ʟ ʯʘʩʪʦʪʦʶ, ʱʦ ʥʠʞʯʘ ʟʘ ʧʨʦʤʠʩʣʦʚʫ, ʪʘ ʢʦʥʪʨʦʣʶ ʧʨʦʪʽʢʘʥʥʷ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʟ ʯʘʩʪʦʪʦʶ, ʱʦ 

ʥʠʞʯʘ ʟʘ ʧʨʦʤʠʩʣʦʚʫ, ʚ ʦʙʣʘʜʥʘʥʥʽ ʙʣʦʢʫ çʛʝʥʝʨʘʪʦʨ-ʪʨʘʥʩʬʦʨʤʘʪʦʨè ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʝʥʩʦʨʽʚ ʪʠʧʫ ʢʦʪʫʰʦʢ 

ʈʦʛʦʚʩʴʢʦʛʦ. ʈʝʘʣʽʟʘʮʽʷ ʥʘʢʣʘʜʘʥʥʷ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʥʝʨʛʽʾ ʧʦʧʝʨʝʜʥʴʦ ʟʘʨʷʜʞʝʥʦʛʦ 

ʢʦʥʜʝʥʩʘʪʦʨʘ ʥʝʦʙʭʽʜʥʘ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʩʪʨʠʙʢʦʧʦʜʽʙʥʦʾ ʟʤʽʥʠ ʩʪʘʥʫ ʽʟʦʣʷʮʽʾ ʪʘ ʚʠʟʥʘʯʝʥʥʷ ʧʝʨʝʭʽʜʥʦʛʦ 

ʦʧʦʨʫ ʚ ʤʽʩʮʽ ʚʠʥʠʢʥʝʥʥʷ ʧʦʰʢʦʜʞʝʥʥʷ ʪʠʧʫ ʦʜʥʦʬʘʟʥʦʛʦ ʟʘʤʠʢʘʥʥʷ ʥʘ ʟʝʤʣʶ. ʅʘʢʣʘʜʘʥʥʷ ʟʤʽʥʥʦʛʦ 

ʩʪʨʫʤʫ ʟ ʯʘʩʪʦʪʦʶ, ʱʦ ʥʠʞʯʘ ʟʘ ʧʨʦʤʠʩʣʦʚʫ, ʪʘ ʢʦʥʪʨʦʣʴ ʧʨʦʪʽʢʘʥʥʷ ʜʘʥʦʛʦ ʩʪʨʫʤʫ ʥʘ ʚʠʚʦʜʘʭ 

ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʟʘʙʝʟʧʝʯʠʪʴ ʚʠʟʥʘʯʝʥʥʷ ʪʘ ʢʦʥʪʨʦʣʴ ʟʤʽʥʠ ʘʢʪʠʚʥʦʛʦ ʦʧʦʨʫ ʪʘ ʻʤʥʦʩʪʽ ʽʟʦʣʷʮʽʾ 

ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʧʨʠ ʧʦʩʪʫʧʦʚʽʡ ʟʤʽʥʽ ʩʪʘʥʫ ʽʟʦʣʷʮʽʾ. ʂʦʥʪʨʦʣʴ ʧʨʦʪʽʢʘʥʥʷ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʟ ʯʘʩʪʦʪʦʶ, 

ʱʦ ʥʠʞʯʘ ʟʘ ʥʦʤʽʥʘʣʴʥʫ, ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʟ ʫʣʘʰʪʫʚʘʥʥʷʤ ʩʝʥʩʦʨʽʚ ʪʠʧʫ ʢʦʪʫʰʦʢ ʈʦʛʦʚʩʴʢʦʛʦ ʥʘʩʪʫʧʥʠʤ 

ʯʠʥʦʤ: 

- ʜʣʷ ʩʠʥʭʨʦʥʥʦʛʦ ʛʝʥʝʨʘʪʦʨʘ ï ʥʘ ʣʽʥʽʡʥʠʭ ʚʠʚʦʜʘʭ ʪʘ ʚʠʚʦʜʘʭ ʥʝʡʪʨʘʣʴʥʦʾ ʪʦʯʢʠ; 

- ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʥʘʧʨʫʛʠ ʱʦ ʧʽʜʢʣʶʯʝʥʽ ʜʦ ʤʝʨʝʞʽ ʛʝʥʝʨʘʪʦʨʥʦʾ ʥʘʧʨʫʛʠ ï ʥʘ ʯʘʩʪʠʥʽ 

ʢʦʨʧʫʩʫ, ʱʦ ʢʦʥʪʘʢʪʫʻ ʽʟ ʟʘʟʝʤʣʝʥʠʤʠ ʢʦʥʩʪʨʫʢʮʽʷʤʠ; 

- ʜʣʷ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʥʘʧʨʫʛʠ, ʱʦ ʚʙʫʜʦʚʘʥʽ ʚ ʢʦʤʧʣʝʢʪʥʠʡ ʝʢʨʘʥʦʚʘʥʠʡ ʩʪʨʫʤʦʧʨʦʚʽʜ ï ʥʘ 

ʣʽʥʽʡʥʠʭ ʚʠʚʦʜʘʭ ʪʘ ʯʘʩʪʠʥʽ ʢʦʨʧʫʩʫ, ʱʦ ʢʦʥʪʘʢʪʫʻ ʟ ʝʢʨʘʥʦʤ ʩʪʨʫʤʦʧʨʦʚʦʜʫ; 

- ʜʣʷ ʩʪʨʫʤʦʧʨʦʚʦʜʫ ï ʥʘ ʝʢʨʘʥʘʭ ʩʪʨʫʤʦʧʨʦʚʦʜʫ ʧʦʙʣʠʟʫ ʤʽʩʮʷ ʟʘʟʝʤʣʝʥʥʷ ʩʪʨʫʤʦʧʨʦʚʦʜʫ 

ʧʝʨʝʜ ʘʣʶʤʽʥʽʻʚʠʤʠ ʧʝʨʝʤʠʯʢʘʤʠ, ʱʦ ʟôʻʜʥʫʶʪʴ ʝʢʨʘʥʠ ʤʽʞ ʩʦʙʦʶ. 

ɿʘʟʥʘʯʝʥʝ ʨʦʟʪʘʰʫʚʘʥʥʷ ʩʝʥʩʦʨʽʚ ʜʦʟʚʦʣʠʪʴ ʨʝʘʣʽʟʫʚʘʪʠ ʧʦʬʘʟʥʠʡ ʢʦʥʪʨʦʣʴ ʩʪʘʥʫ ʽʟʦʣʷʮʽʾ 

ʦʩʥʦʚʥʦʛʦ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʙʣʦʢʫ ʛʝʥʝʨʘʪʦʨ-ʪʨʘʥʩʬʦʨʤʘʪʦʨ, ʘ ʫ ʚʠʧʘʜʢʫ ʚʠʥʠʢʥʝʥʥʷ ʧʦʰʢʦʜʞʝʥʥʷ, 

ʧʨʠʩʢʦʨʠʪʠ ʧʦʰʫʢ ʧʦʰʢʦʜʞʝʥʦʛʦ ʝʣʝʤʝʥʪʫ ʚ ʩʭʝʤʽ ʙʣʦʢʫ çʛʝʥʝʨʘʪʦʨ ï ʪʨʘʥʩʬʦʨʤʘʪʦʨè. ɼʣʷ ʟʘʭʠʩʪʫ ʚʽʜ 

ʚʧʣʠʚʫ ʥʘ ʨʝʟʫʣʴʪʘʪʠ ʚʠʤʽʨʶʚʘʥʴ ʟʘʚʘʜ ʥʝʦʙʭʽʜʥʠʤ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʬʽʣʴʪʨʽʚ ʚʝʨʭʥʽʭ ʯʘʩʪʦʪ ʥʘ ʚʠʚʦʜʘʭ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʥʘʧʨʫʛʠ ʪʘ ʩʝʥʩʦʨʘʭ ʪʠʧʫ ʢʦʪʫʰʦʢ ʈʦʛʦʚʩʴʢʦʛʦ. 
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ɿʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʢʦʥʪʨʦʣʶ ʽʟʦʣʷʮʽʾ ʧʨʘʮʶʻ ʪʘʢʠʤ ʯʠʥʦʤ. ɹʣʦʢ ʞʠʚʣʝʥʥʷ U2 ʟʘʙʝʟʧʝʯʫʻ 

ʞʠʚʣʝʥʥʷ ʙʣʦʢʽʚ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ ʥʘʧʨʫʛʠ ʯʘʩʪʦʪʦʶ 20 ɻʮ U9, ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ ʩʪʨʫʤʫ ʯʘʩʪʦʪʦʶ 20 ɻʮ U6, 

ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʚʽʜ ʩʝʥʩʦʨʽʚ ʪʠʧʫ ʢʦʪʫʰʦʢ ʈʦʛʦʚʩʴʢʦʛʦU1, ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ, ʱʦ 

ʥʘʢʣʘʜʘʻʪʴʩʷ ʥʘ ʩʪʘʪʦʨʥʫ ʦʙʤʦʪʢʫ U8, ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ ʩʪʨʫʤʫ ʨʦʟʨʷʜʫ ʧʦʧʝʨʝʜʥʴʦ ʟʘʨʷʜʞʝʥʦʛʦ 

ʢʦʥʜʝʥʩʘʪʦʨʘ U7, ʘ ʪʘʢʦʞ ʙʣʦʢʫ ʢʝʨʫʚʘʥʥʷ U10, ʱʦ ʟʜʽʡʩʥʶʻ ʢʝʨʫʚʘʥʥʷ ʩʠʩʪʝʤʦʶ ʢʦʥʪʨʦʣʶ ʽʟʦʣʷʮʽʾ ʪʘ 

ʬʦʨʤʫʻ ʚʠʭʽʜʥʽ ʩʠʛʥʘʣʠ ʜʣʷ ʦʧʝʨʘʪʠʚʥʦʛʦ ʧʝʨʩʦʥʘʣʫ ʝʥʝʨʛʦʙʣʦʢʫ. ʉʠʛʥʘʣ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʟ ʯʘʩʪʦʪʦʶ 20 

ɻʮ, ʚʽʜ ʙʣʦʢʫ ʥʘʢʣʘʜʘʥʥʷ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ U4 ʯʝʨʝʟ ʩʤʫʛʦʚʠʡ ʬʽʣʴʪʨ U3 ʪʘ ʨʝʟʠʩʪʦʨ R1 ʚʚʦʜʠʪʴʩʷ ʚ ʩʭʝʤʫ 

ʙʣʦʢʫ ʛʝʥʝʨʘʪʦʨʘ-ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʯʝʨʝʟ ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʥʘʧʨʫʛʠ TV. ɼʦ ʙʣʦʢʫ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ ʥʘʧʨʫʛʠ 

ʯʘʩʪʦʪʦʶ 20 ɻʮ U9 ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ R2 ʚʽʜ ʩʤʫʛʦʚʦʛʦ ʬʽʣʴʪʨʘ U3 ʧʽʜʚʦʜʠʪʴʩʷ ʥʘʧʨʫʛʘ U5ô, ʱʦ ʧʨʦʧʦʨʮʽʡʥʘ 

ʥʘʧʨʫʟʽ ʯʘʩʪʦʪʦʶ 20 ɻʮ, ʷʢʘ ʥʘʢʣʘʜʘʻʪʴʩʷ. ɼʦ ʙʣʦʢʫ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʫ ʩʪʨʫʤʫ ʯʘʩʪʦʪʦʶ 20 ɻʮ U6 ʯʝʨʝʟ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʩʪʨʫʤʫ ʊɸ1 ʧʽʜʚʦʜʠʪʴʩʷ ʩʪʨʫʤ ɯ5ô, ʱʦ ʧʨʦʧʦʨʮʽʡʥʠʡ ʩʪʨʫʤʫ ɯ2ô, ʚ ʢʦʣʽ ʟ ʜʞʝʨʝʣʦʤ 

ʥʘʢʣʘʜʝʥʦʾ ʥʘʧʨʫʛʠ ʟʤʽʥʥʦʛʦ ʩʪʨʫʤʫ ʯʘʩʪʦʪʦʶ 20 ɻʮ. ʉʠʛʥʘʣʠ ʩʪʨʫʤʫ ʚʽʜ ʩʝʥʩʦʨʽʚ ʪʠʧʫ ʢʦʪʫʰʦʢ 

ʈʦʛʦʚʩʴʢʦʛʦ ʪʘ ʙʣʦʢʽʚ ʬʽʣʴʪʨʽʚ ʽ ʧʽʜʩʠʣʶʚʘʯʽʚ U1.1-U1.18, ʱʦ ʨʦʟʪʘʰʦʚʘʥʽ ʥʘ ʦʙʣʘʜʥʘʥʥʽ ʚ ʩʭʝʤʽ ʙʣʦʢʫ 

ʛʝʥʝʨʘʪʦʨ-ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʧʦʜʘʶʪʴʩʷ ʜʦ ʙʣʦʢʫ ʦʙʨʦʙʢʠ ʩʠʛʥʘʣʽʚ ʩʪʨʫʤʫ ʚʽʜ ʩʝʥʩʦʨʽʚ ʩʪʨʫʤʫ ʪʠʧʫ ʢʦʪʫʰʦʢ 

ʈʦʛʦʚʩʴʢʦʛʦ U1. ʉʠʛʥʘʣ ʧʦʩʪʽʡʥʦʛʦ ʩʪʨʫʤʫ ʬʦʨʤʫʻʪʴʩʷ ʙʣʦʢʦʤ ʞʠʚʣʝʥʥʷ U6 ʪʘ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨʠ R4, R6 ʪʘ 

ʚʠʤʽʨʶʚʘʣʴʥʽ ʰʫʥʪʠ R3, R5 ʧʽʜʚʦʜʠʪʴʩʷ ʜʦ ʦʙʤʦʪʢʠ ʩʪʘʪʦʨʘ ʛʝʥʝʨʘʪʦʨʘ ʯʝʨʝʟ ʥʝʡʪʨʘʣʴʥʫ ʪʦʯʢʫ ʦʙʤʦʪʢʠ 

ʚʠʩʦʢʦʾ ʥʘʧʨʫʛʠ TV. ʆʙʨʦʙʢʘ ʩʠʛʥʘʣʫ ʟʜʽʡʩʥʶʻʪʴʩʷ ʙʣʦʢʦʤ U8. ʉʠʛʥʘʣ ʩʪʨʫʤʫ ʨʦʟʨʷʜʫ ʧʦʧʝʨʝʜʥʴʦ 

ʟʘʨʷʜʞʝʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ2 ʬʦʨʤʫʻʪʴʩʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʠʥʠʢʥʝʥʥʷ ʨʘʧʪʦʚʦʛʦ ʟʘʤʠʢʘʥʥʷ ʥʘ ʟʝʤʣʶ ʪʘ 

ʥʘʜʭʦʜʠʪʴ ʥʘ ʦʙʨʦʙʢʫ ʜʦ ʙʣʦʢʫ U9. ɭʤʥʽʩʪʴ ʉ1 ʪʘ ʥʝʣʽʥʽʡʥʠʡ ʦʙʤʝʞʫʚʘʯ ʧʝʨʝʥʘʧʨʫʛ FV1 ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ 

ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ ʚʽʜ ʟʘʚʘʜ ʪʘ ʤʦʞʣʠʚʠʭ ʧʝʨʝʥʘʧʨʫʛ.  
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ʈʠʩ. 1. ʉʪʨʫʢʪʫʨʥʘ ʩʭʝʤʘ ʩʠʩʪʝʤʠ ʢʦʥʪʨʦʣʶ ʽʟʦʣʷʮʽʾ, ʜʝ 1 ï ʛʝʥʝʨʘʪʦʨ, 1.2 ï ʣʽʥʽʡʥʽ ʚʠʚʦʜʠ ʛʝʥʝʨʘʪʦʨʘ, 1.1 ï ʚʠʚʦʜʠ ʥʝʡʪʨʘʣʴʥʦʾ 

ʪʦʯʢʠ ʛʝʥʝʨʘʪʦʨʘ; 2 ï ʟʙʫʜʥʠʢʠ ʛʝʥʝʨʘʪʦʨʘ; 3 ï ʢʦʤʧʣʝʢʪʥʠʡ ʝʢʨʘʥʦʚʘʥʠʡ ʩʪʨʫʤʦʧʨʦʚʽʜ; 4 ï ʙʣʦʯʥʠʡ ʪʨʘʥʩʬʦʨʤʘʪʦʨ;  

5 ï ʪʨʘʥʩʬʦʨʤʘʪʦʨ ʥʘʧʨʫʛʠ 

 

ʇʨʠ ʩʧʨʘʚʥʦʤʫ ʩʪʘʥʽ ʽʟʦʣʷʮʽʾ ʦʙʣʘʜʥʘʥʥʷ ʙʣʦʢʫ çʛʝʥʝʨʘʪʦʨ-ʪʨʘʥʩʬʦʨʤʘʪʦʨè ʩʪʨʫʤ ʯʘʩʪʦʪʦʶ 20 ɻʮ, 

ʱʦ ʩʪʽʢʘʻ ʯʝʨʝʟ ʽʟʦʣʷʮʽʶ ʥʘ ʟʝʤʣʶ ʥʝʟʥʘʯʥʠʡ. ʇʨʠ ʧʦʩʪʫʧʦʚʦʤʫ ʟʥʠʞʝʥʥʽ ʦʧʦʨʫ ʽʟʦʣʷʮʽʾ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ 
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ʦʙʣʘʜʥʘʥʥʷ ʟʙʽʣʴʰʫʻʪʴʩʷ ʩʪʨʫʤ ʯʘʩʪʦʪʦʶ 20 ɻʮ, ʱʦ ʩʪʽʢʘʻ ʯʝʨʝʟ ʽʟʦʣʷʮʽʶ ʥʘ ʟʝʤʣʶ. ɼʘʥʫ ʟʤʽʥʫ ʩʪʨʫʤʫ 

ʬʽʢʩʫʶʪʴ ʩʝʥʩʦʨʠ ʪʠʧʫ ʢʦʪʫʰʦʢ ʈʦʛʦʚʩʴʢʦʛʦ ʪʘ ʯʝʨʝʟ ʙʣʦʢʠ ʬʽʣʴʪʨʽʚ ʪʘ ʧʽʜʩʠʣʶʚʘʯʽʚ U1.1-U1.18 ʧʝʨʝʜʘʶʪʴ 

ʜʦ ʚʽʜʧʦʚʽʜʥʦʛʦ ʙʣʦʢʫ ʦʙʨʦʙʢʠ U1, ʘ ʜʘʣʽ ʜʦ ʙʣʦʢʫ ʢʝʨʫʚʘʥʥʷ U10. 

ʈʦʟʨʘʭʫʥʦʢ ʧʘʨʘʤʝʪʨʽʚ ʽʟʦʣʷʮʽʾ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʟʜʽʡʩʥʶʚʘʪʠʤʝʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʠʟʥʘʯʝʥʥʷ 

ʨʽʟʥʠʮʽ ʩʪʨʫʤʽʚ ʯʘʩʪʦʪʦʶ 20 ɻʮ ʥʘ ʣʽʥʽʡʥʠʭ ʚʠʚʦʜʘʭ ʪʘ ʚʠʚʦʜʘʭ ʥʫʣʴʦʚʦʾ ʪʦʯʢʠ ʦʙʣʘʜʥʘʥʥʷ ʟ ʚʨʘʭʫʚʘʥʥʷʤ 

ʥʘʧʨʫʛʠ ʩʠʛʥʘʣʫ ʯʘʩʪʦʪʦʶ 20 ɻʮʪʘ ʢʫʪʽʚ ʤʽʞ ʥʠʤʠ ʟʘ ʪʘʢʠʤʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʤʠ: 

 

( )( )'

5
NL j tj t

iz UL UNZ k U I e I e
w jw j ++= Ö Ö - Ö ,                                           (1) 

ʜʝ Ziz ï ʧʦʚʥʠʡ ʦʧʽʨ ʽʟʦʣʷʮʽʾ ʬʘʟʠ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʚʽʜʥʦʩʥʦ ʟʝʤʣʽ; k ï ʢʦʝʬʽʮʽʻʥʪ ʪʨʘʥʩʬʦʨʤʘʮʽʾ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘʧʨʫʛʠ; U5ô ï ʥʘʧʨʫʛʘ, ʱʦ ʧʨʦʧʦʨʮʽʡʥʘ ʥʘʧʨʫʟʽ ʯʘʩʪʦʪʦʶ 20 ɻʮ, ʷʢʘ ʥʘʢʣʘʜʘʻʪʴʩʷ ʥʘ 

ʩʪʘʪʦʨʥʫ ʦʙʤʦʪʢʫ; IUL ï ʩʪʨʫʤ ʯʘʩʪʦʪʦʶ 20 ɻʮ ʥʘ ʣʽʥʽʡʥʠʭ ʚʠʚʦʜʘʭ ʦʙʣʘʜʥʘʥʥʷ; IUN ï ʩʪʨʫʤ ʯʘʩʪʦʪʦʶ 20 ɻʮ 

ʥʘ ʚʠʚʦʜʘʭ ʥʫʣʴʦʚʦʾ ʪʦʯʢʠ ʦʙʣʘʜʥʘʥʥʷ; ɤ ï ʢʫʪʦʚʘ ʯʘʩʪʦʪʘ; űUL ï ʢʫʪ ʟʩʫʚʫ ʬʘʟʠ ʩʪʨʫʤʫ ʥʘ ʣʽʥʽʡʥʠʭ ʚʠʚʦʜʘʭ 

ʦʙʣʘʜʥʘʥʥʷ; űN ï ʢʫʪ ʟʩʫʚʫ ʬʘʟʠ ʩʪʨʫʤʫ ʥʘ ʚʠʚʦʜʘʭ ʥʝʡʪʨʘʣʴʥʦʾ ʪʦʯʢʠ ʦʙʣʘʜʥʘʥʥʷ 

 

Re( )iz izR Z= ,                                                         (2) 

ʜʝ Riz ï ʘʢʪʠʚʥʠʡ ʦʧʽʨ ʽʟʦʣʷʮʽʾ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʚʽʜʥʦʩʥʦ ʟʝʤʣʽ; 

Im( )iz izX Z= ,                                                         (3) 

ʜʝ Xiz ï ʨʝʘʢʪʠʚʥʠʡ ʦʧʽʨ ʽʟʦʣʷʮʽʾ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʚʽʜʥʦʩʥʦ ʟʝʤʣʽ; 

( )1iz izC Xw= Ö ,                                                         (4) 

ʜʝ Ciz ï ʻʤʥʽʩʪʴ ʽʟʦʣʷʮʽʾ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʚʽʜʥʦʩʥʦ ʟʝʤʣʽ 

( )1 iz iztg C Rd w= Ö Ö,                                      (5) 

ʜʝ tgŭ ï ʪʘʥʛʝʥʩ ʢʫʪʘ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʚʪʨʘʪ ʽʟʦʣʷʮʽʾ. 

 

ʈʦʟʨʘʭʦʚʘʥʽ ʟʥʘʯʝʥʥʷ ʦʧʦʨʫ ʽʟʦʣʷʮʽʾ ʦʙʣʘʜʥʘʥʥʷ ʚʽʜʥʦʩʥʦ ʟʝʤʣʽ, ʻʤʥʦʩʪʽ ʽʟʦʣʷʮʽʾ ʚʽʜʥʦʩʥʦ ʟʝʤʣʽ ʪʘ 

ʪʘʥʛʝʥʩʫ ʢʫʪʘ ʜʽʝʣʝʢʪʨʠʯʥʠʭ ʚʪʨʘʪ, ʱʦ ʥʘʜʭʦʜʷʪʴ ʜʦ ʽʥʬʦʨʤʘʮʽʡʥʦ-ʚʠʤʽʨʶʚʘʣʴʥʦʾ ʩʠʩʪʝʤʠ ʝʥʝʨʛʦʙʣʦʢʫ 

ʜʦʟʚʦʣʷʪʴ ʦʨʛʘʥʽʟʫʚʘʪʠ ʜʦʜʘʪʢʦʚʠʡ ʢʦʥʪʨʦʣʴ ʟʘ ʩʪʘʥʦʤ ʦʙʣʘʜʥʘʥʥʷ ʟ ʧʦʛʽʨʰʝʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʧʘʨʘʤʝʪʨʽʚ 

ʽʟʦʣʷʮʽʾ, ʟʘʧʣʘʥʫʚʘʪʠ ʜʦʜʘʪʢʦʚʽ ʦʙʩʷʛʠ ʨʝʤʦʥʪʥʠʭ ʨʦʙʽʪ, ʟʘʚʯʘʩʥʝ ʚʠʚʝʜʝʥʥʷ ʦʙʣʘʜʥʘʥʥʷ ʚ ʨʝʤʦʥʪ ʙʝʟ ʡʦʛʦ 

ʧʦʰʢʦʜʞʝʥʥʷ, ʘʙʦ ʧʦʣʝʛʰʘʪʴ ʧʦʰʫʢ ʧʦʰʢʦʜʞʝʥʦʾ ʣʘʥʢʠ ʚ ʢʦʣʽ çʛʝʥʝʨʘʪʦʨ-ʪʨʘʥʩʬʦʨʤʘʪʦʨè. 

ʋ ʚʠʧʘʜʢʫ ʚʠʥʠʢʥʝʥʥʷ ʨʘʧʪʦʚʦʛʦ ʟʘʤʠʢʘʥʥʷ ʥʘ ʟʝʤʣʶ ʚ ʧʝʨʰʽ ʤʦʤʝʥʪʠ ʩʪʨʫʤ ʯʝʨʝʟ R5, R6 

ʟʤʽʥʶʚʘʪʠʩʷ ʥʝ ʙʫʜʝ, ʥʘʪʦʤʽʩʪʴ ʥʘ ʩʪʨʫʤ ɯ4, ʱʦ ʧʨʦʪʽʢʘʻ ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ R4 ʙʫʜʝ ʥʘʢʣʘʜʘʪʠʩʷ ʩʪʨʫʤ ʨʦʟʨʷʜʫ 

ʧʦʧʝʨʝʜʥʴʦ ʟʘʨʷʜʞʝʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ ʉ2. ʄʘʢʩʠʤʘʣʴʥʝ ʟʥʘʯʝʥʥʷ ʨʝʟʫʣʴʪʫʶʯʦʛʦ ʩʪʨʫʤʫ ɯ3 ʯʝʨʝʟ ʨʝʟʠʩʪʦʨ 

R4 ʽ ʰʫʥʪ R3 ʟʚʦʨʦʪʥʦ ʧʨʦʧʦʨʮʽʡʥʝ ʧʝʨʝʭʽʜʥʦʤʫ ʦʧʦʨʫ ʚ ʤʽʩʮʽ ʟʘʤʠʢʘʥʥʷ ʥʘ ʟʝʤʣʶ Rʨ 
 

( )( )2

3 3 31pR s fI gI hI= + + + ,                                                       (6) 

ʜʝ I3 ï ʩʠʛʥʘʣ ʩʪʨʫʤʫ ʨʦʟʨʷʜʫ ʧʦʧʝʨʝʜʥʴʦ ʟʘʨʷʜʞʝʥʦʛʦ ʢʦʥʜʝʥʩʘʪʦʨʘ; s, f, g, h ï ʢʦʝʬʽʮʽʻʥʪʠ, ʱʦ 

ʦʙʫʤʦʚʣʶʶʪʴʩʷ ʧʘʨʘʤʝʪʨʘʤʠ ʨʝʟʠʩʪʦʨʽʚ, ʘ ʪʘʢʦʞ ʘʢʪʠʚʥʠʤ ʪʘ ʽʥʜʫʢʪʠʚʥʠʤ ʦʧʦʨʘʤʠ ʧʝʨʚʠʥʥʦʾ ʦʙʤʦʪʢʠ 

ʪʨʘʥʩʬʦʨʤʘʪʦʨʘ ʥʘʧʨʫʛʠ.  

ʊʘʢʠʤ ʯʠʥʦʤ, ʤʦʞʥʘ ʨʝʘʣʽʟʫʚʘʪʠ ʢʦʥʪʨʦʣʴ ʽʟʦʣʷʮʽʾ ʛʝʥʝʨʘʪʦʨʘ ʪʘ ʪʨʘʥʩʬʦʨʤʘʪʦʨʽʚ ʥʘʧʨʫʛʠ, ʱʦ 

ʚʙʫʜʦʚʘʥʽ ʚ ʩʪʨʫʤʦʧʨʦʚʽʜ. ʇʘʨʘʤʝʪʨʠ ʽʟʦʣʷʮʽʾ ʢʦʤʧʣʝʢʪʥʦʛʦ ʝʢʨʘʥʦʚʘʥʦʛʦ ʩʪʨʫʤʦʧʨʦʚʦʜʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ 

ʷʢ ʨʽʟʥʠʮʶ ʩʪʨʫʤʽʚ ʯʘʩʪʦʪʦʶ 20 ɻʮ, ʷʢʘ ʥʘʢʣʘʜʘʻʪʴʩʷ ʩʠʩʪʝʤʦʶ ʢʦʥʪʨʦʣʶ ʽʟʦʣʷʮʽʾ ʙʣʦʢʫ çʛʝʥʝʨʘʪʦʨ-

ʪʨʘʥʩʬʦʨʤʘʪʦʨè ʪʘ ʩʪʨʫʤʽʚ, ʱʦ ʬʽʢʩʫʶʪʴ ʩʝʥʩʦʨʠ ʷʢʽ ʚʩʪʘʥʦʚʣʝʥʽ ʥʘ ʨʝʰʪʽ ʢʦʥʪʨʦʣʴʦʚʘʥʦʛʦ ʦʙʣʘʜʥʘʥʥʷ ʚ 

ʢʦʣʽ çʛʝʥʝʨʘʪʦʨ ʪʨʘʥʩʬʦʨʤʘʪʦʨè, ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʥʘʧʨʫʛʠ ʩʠʛʥʘʣʫ ʯʘʩʪʦʪʦʶ 20 ɻʮ ʪʘ ʢʫʪʘ ʤʽʞ ʥʠʤʠ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

1. ʈʝʘʣʽʟʘʮʽʷ ʢʦʥʪʨʦʣʶ ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ ʽʟʦʣʷʮʽʾ ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʙʣʦʢʫ çʛʝʥʝʨʘʪʦʨ-

ʪʨʘʥʩʬʦʨʤʘʪʦʨè ʜʦʟʚʦʣʠʪʴ ʧʽʜʚʠʱʠʪʠ ʝʬʝʢʪʠʚʥʽʩʪʴ ʝʢʩʧʣʫʘʪʘʮʽʾ ʝʥʝʨʛʦʙʣʦʢʽʚ ʟʘʚʜʷʢʠ ʟʘʙʝʟʧʝʯʝʥʥʶ 

ʦʧʝʨʘʪʠʚʥʦʛʦ ʪʘ ʨʝʤʦʥʪʥʦʛʦ ʧʝʨʩʦʥʘʣʫ ʜʦʩʪʦʚʽʨʥʦʶ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥ ʦʙʣʘʜʥʘʥʥʷ ʪʘ 

ʟʘʙʝʟʧʝʯʠʪʴ ʤʦʞʣʠʚʽʩʪʴ ʧʨʦʛʥʦʟʫʚʘʥʥʷ ʟʤʽʥʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʪʘ ʨʝʘʣʽʟʘʮʽʾ ʨʝʤʦʥʪʫ  ̔ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ 

ʝʣʝʢʪʨʦʦʙʣʘʜʥʘʥʥʷ ʟʘ ʪʝʭʥʽʯʥʠʤ ʩʪʘʥʦʤ.  

2. ʋ ʚʠʧʘʜʢʫ ʚʠʥʠʢʥʝʥʥʷ ʧʦʰʢʦʜʞʝʥʥʷ ʥʘ ʦʙʣʘʜʥʘʥʥʽ ʙʣʦʢʫ çʛʝʥʝʨʘʪʦʨ-ʪʨʘʥʩʬʦʨʤʘʪʦʨè, 

ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʩʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʦʧʝʨʘʪʠʚʥʦ ʚʠʷʚʠʪʠ ʧʦʰʢʦʜʞʝʥʠʡ ʝʣʝʤʝʥʪ, ʱʦ ʟʤʝʥʰʠʪʴ ʪʨʠʚʘʣʽʩʪʴ 

ʚ̔ ʜʥʦʚʣʶʚʘʣʴʥʠʭ ʨʦʙʽʪ ʪʘ ʥʝʜʦʚʽʜʧʫʩʢ ʝʣʝʢʪʨʦʝʥʝʨʛʽʾ.  
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ASSESSMENT OF THE RESIDUAL LIFE -TIME OF THE ELEMENTS  OF THE CENTRIFUGAL PUMP OF THE 

ENERGY INSTALLATION ON THE BASIS OF STATISTICAL ASSESSMENT OF FATIGUE  WITH PREDICTED  

WEAR DUE TO CORROSION 
 

In this article, the residual resource of a centrifugal pump was anticipated, which operates an overestimated resource in the 
pumping line of a nuclear power plant. The results of theoretical and numerical modeling of its stress-strain state with a change in the 
geometry of the hull parts are presented. Three-dimensional FE models have been developed that take into account the actual geometry of 
pump parts, as well as a forecast of their possible changes during further operation. The change in the geometry of the structure is taken into 
account on the basis of extrapolation of data on the thickness of the hull walls obtained over a long service life. Calculations to determine the 
static strength are made for the main operating mode of the pump (under normal operating conditions). In places of welds, the cyclic 
strength was checked separately, while taking into account the decrease in their strength due to an increase in equivalent stress amplitudes 
by dividing them by the coefficient of reduction in the strength of the weld. The process of thinning of the wall of the pump housing under the 
action of erosive-corrosive wear is modeled. This process is random, so it was modeled taking into account the equations of wear growth 
kinetics. As a result of the research, the damage parameter and the probability of failure-free operation of the structure were obtained. These 
parameters are determined taking into account the predicted values of the percentage thinning of the pump housing wall and the obtained 
characteristics of the statistical deformation state of the structure. 

Keywords: life-time, corrosion wear, reliability, power engineering equipment, residual strength. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ɺ ʦʩʥʦʚʽ ʝʥʝʨʛʦʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʝʥʝʨʛʝʪʠʯʥʦʾ ʙʝʟʧʝʢʠ ʋʢʨʘʾʥʠ ʟʥʘʭʦʜʷʪʴʩʷ ʧʠʪʘʥʥʷ, ʷʢʽ ʧʦʚôʷʟʘʥʽ ʽʟ 

ʪʨʘʥʩʧʦʨʪʫʚʘʥʥʷʤ ʝʥʝʨʛʦʥʦʩʽʾʚ. ɺʘʞʣʠʚʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʩʠʩʪʝʤʠ, ʱʦ ʚʽʜʽʛʨʘʶʪʴ ʟʥʘʯʥʫ ʨʦʣʴ ʫ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʧʦʪʨʝʙ ʢʽʥʮʝʚʦʛʦ ʩʧʦʞʠʚʘʯʘ ʻ ʩʫʧʨʦʚʽʜʥʽ ʝʥʝʨʛʝʪʠʯʥʽ ʤʘʰʠʥʠ, ʟʦʢʨʝʤʘ ʚʽʜʮʝʥʪʨʦʚʽ ʥʘʩʦʩʠ [1, 2]. ɼʘʥʽ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʥʘ ɸɽʉ ʪʘ ʚʽʜʯʫʚʘʶʪʴ ʜʽʶ ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʚʧʨʦʜʦʚʞ ʝʢʩʧʣʫʘʪʘʮʽʾ, 

ʱʦ ʩʧʨʠʷʻ ʩʪʦʥʰʝʥʥʶ ʾʭ ʩʪʽʥʦʢ. ʊʘʢʽ ʢʦʥʩʪʨʫʢʮʽʾ ʙʫʣʠ ʚʚʝʜʝʥʽ ʚ ʝʢʩʧʣʫʘʪʘʮʽʶ ʧʦʥʘʜ 40 ʨʦʢʽʚ, ʪʦʤʫ ʟʘ 

ʧʨʦʝʢʪʥʠʤʠ ʥʦʨʤʘʪʠʚʘʤʠ ʚʦʥʠ ʚʞʝ ʚʽʜʧʨʘʮʶʚʘʣʠ ʩʚʽʡ ʨʝʩʫʨʩ. ɸʣʝ ʤʦʥʽʪʦʨʠʥʛ ʾʭʥʴʦʛʦ ʩʪʘʥʫ ʧʦʢʘʟʫʻ, ʱʦ 

ʚʦʥʠ ʟʜʘʪʥʽ ʥʘʜʘʣʽ ʙʫʪʠ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʆʪʞʝ ʜʣʷ ʙʝʟʧʝʯʥʦʾ ʧʦʜʘʣʴʰʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʦʮʽʥʢʘ ʟʘʣʠʰʢʦʚʦʾ 

ʤʽʮʥʦʩʪʽ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʥʘʩʦʩʫ, ʱʦ ʧʨʘʮʶʻ ʚ ʧʦʥʘʜ ʧʨʦʝʢʪʥʠʡ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʣʽʥʽʾ ʥʘʩʦʩʽʚ 

ʝʥʝʨʛʦʙʣʦʢʘ ɸɽʉ ʻ ʚʢʨʘʡ ʚʘʞʣʠʚʦʶ ʟʘʜʘʯʝʶ [3].  

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ɸʥʘʣʽʟ ʩʫʯʘʩʥʠʭ ʧʫʙʣʽʢʘʮʽʡ ʧʦʢʘʟʫʻ, ʱʦ ʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʩʫʧʨʦʚʽʜʥʽ ʤʘʰʠʥʠ ʟʘʟʥʘʶʪʴ ʩʫʪʪʻʚʠʭ 

ʮʠʢʣʽʯʥʠʭ ʧʝʨʝʚʘʥʪʘʞʝʥʴ, ʘ ʪʘʢʦʞ ʚʽʜʯʫʚʘʶʪʴ ʜʽʶ ʘʛʨʝʩʠʚʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ, ʱʦ ʟʘ ʧʝʚʥʠʡ ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ 
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ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʧʦʷʚʠ ʧʦʰʢʦʜʞʝʥʴ [4ï6]. ʋ ʨʦʙʦʪʽ [7] ʧʦʢʘʟʘʥʦ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʝʣʝʤʝʥʪʽʚ 

ʩʠʩʪʝʤʠ ʝʥʝʨʛʝʪʠʯʥʠʭ ʙʣʦʢʽʚ ʟ ʧʦʜʦʚʞʝʥʠʤ ʨʝʩʫʨʩʦʤ. ʅʝʩʚʦʻʯʘʩʥʝ ʾʭ ʚʠʷʚʣʝʥʥʷ ʤʦʞʝ ʩʪʘʪʠ ʧʨʠʯʠʥʦʶ 

ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʠʭ ʩʠʪʫʘʮʽʡ, ʝʢʦʣʦʛʽʯʥʠʭ ʢʘʪʘʩʪʨʦʬ, ʟʘʚʜʘʪʠ ʩʫʪʪʻʚʠʭ ʩʧʦʞʠʚʯʠʭ ʟʙʠʪʢʽʚ, ʘ ʪʘʢʦʞ ʙʫʪʠ 

ʟʘʛʨʦʟʦʶ ʞʠʪʪʶ ʣʶʜʠʥʠ [8]. ɺ ʩʪʘʪʪʽ [9] ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʘ ʥʘʜʽʡʥʽʩʪʴ ʚʽʜʮʝʥʪʨʦʚʠʭ ʥʘʩʦʩʽʚ ʪʠʧʫ 

ʅʂ, ʥʘʚʦʜʠʪʴʩʷ ʨʦʟʧʦʜʽʣ ʚʽʜʤʦʚ ʧʦ ʚʫʟʣʘʤ ʥʘʩʦʩʥʦʛʦ ʘʛʨʝʛʘʪʫ, ʚʽʜʦʙʨʘʞʝʥʦ ʩʪʘʪʠʩʪʠʢʫ ʚʽʜʤʦʚ ʪʘ 

ʚʩʪʘʥʦʚʣʝʥʦ ʥʘʡʙʽʣʴʰ ʚʘʛʦʤʠʡ ʚʠʜ ʟʥʦʩʫ ʜʝʪʘʣʝʡ ʥʘʩʦʩʫ [10]. ʋ ʜʦʩʣʽʜʞʝʥʥʽ [11] ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜʠʢʫ 

ʜʽʘʛʥʦʩʪʠʢʠ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʚʽʜʮʝʥʪʨʦʚʠʭ ʥʘʩʦʩʽʚ ʪʘ ʥʘ ʦʩʥʦʚʽ ʮʠʭ ʜʘʥʠʭ ʚʠʟʥʘʯʘʻʪʴʩʷ ʤʦʞʣʠʚʽʩʪʴ 

ʧʦʜʦʚʞʝʥʥʷ ʡʦʛʦ ʨʝʩʫʨʩʫ, ʘʣʝ ʘʥʘʣʽʟ ʧʨʦʚʦʜʠʪʴʩʷ ʙʝʟ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʘ ʙʝʟ ʫʨʘʭʫʚʘʥʥʷ 

ʚʠʧʘʜʢʦʚʦʩʪʽ ʨʦʟʚʠʪʢʫ ʧʦʰʢʦʜʞʝʥʴ. ɿ ʘʥʘʣʽʟʫ ʦʩʪʘʥʥʽʭ ʧʫʙʣʽʢʘʮʽʡ ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʨʦʟʚʠʪʦʢ 

ʤʝʪʦʜʽʚ ʷʢʽ ʥʘʧʨʘʚʣʝʥʽ ʥʘ ʧʦʜʦʚʞʝʥʥʷ ʨʝʩʫʨʩʫ ʚʽʜʮʝʥʪʨʦʚʠʭ ʥʘʩʦʩʽʚ ʪʘ ʧʦʧʝʨʝʜʞʝʥʥʷ ʚʠʥʠʢʥʝʥʥʷ ʘʚʘʨʽʡʥʠʭ 

ʩʠʪʫʘʮʽʡ ʧʨʠ ʚʠʭʦʜʽ ʾʭ ʟ ʣʘʜʫ ʟʘ ʨʘʭʫʥʦʢ ʚʯʘʩʥʦʛʦ ʧʨʦʚʝʜʝʥʥʷ  ʾʭ ʪʝʭʥʽʯʥʦʛʦ ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʪʘ ʨʝʤʦʥʪʫ ʻ 

ʘʢʪʫʘʣʴʥʠʤ ʧʠʪʘʥʥʷʤ. 

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʨʦʙʦʪʠ ʻ ʚʠʟʥʘʯʝʥʥʷ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʥʘʩʦʩʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʩʪʦʥʰʝʥʥʷ 

ʡʦʛʦ ʩʪʽʥʦʢ ʫ ʯʘʩʽ ʪʘ ʜʽʾ ʚʥʫʪʨʽʰʥʴʦʛʦ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

 

ɺʠʢʣʘʜ ʦʩʥʦʚʥʦʛʦ ʤʘʪʝʨʽʘʣʫ 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʨʦʟʛʣʷʥʫʪʦ ʧʠʪʘʥʥʷ ʦʮʽʥʢʠ ʟʘʣʠʰʢʦʚʦʾ ʤʽʮʥʦʩʪʽ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʥʘʩʦʩʫ, ʱʦ ʧʨʘʮʶʻ ʚ 

ʧʦʥʘʜ ʧʨʦʝʢʪʥʠʡ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚ ʣʽʥʽʾ ʥʘʩʦʩʽʚ ʝʥʝʨʛʦʙʣʦʢʘ ɸɽʉ. ʅʘʚʝʜʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʪʝʦʨʝʪʠʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʡʦʛʦ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʟ ʫʨʘʭʫʚʘʥʥʷʤ ʟʤʽʥʠ ʛʝʦʤʝʪʨʽʾ ʢʦʨʧʫʩʥʠʭ ʜʝʪʘʣʝʡ, ʷʢʘ 

ʩʧʦʩʪʝʨʽʛʘʣʘʩʷ ʧʦ ʟʘʢʽʥʯʝʥʥʽ ʧʨʦʝʢʪʥʦʛʦ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ. ʆʮʽʥʢʘ ʩʪʘʪʠʯʥʦʾ ʤʽʮʥʦʩʪʽ ʧʨʦʚʦʜʠʣʘʩʴ ʜʣʷ 

ʦʩʥʦʚʥʦʛʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ ʨʝʞʠʤʫ ʨʦʙʦʪʠ ʥʘʩʦʩʘ (ʧʨʠ ʥʦʨʤʘʣʴʥʠʭ ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ). 

ɺʽʜʧʦʚʽʜʥʽ ʜʦʩʣʽʜʞʝʥʥʷ ʧʨʦʚʝʜʝʥʦ ʚ ʨʘʤʢʘʭ ʯʠʩʝʣʴʥʦʛʦ ʢʦʤʧôʶʪʝʨʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘ ʦʩʥʦʚʽ 

ʤʝʪʦʜʫ ʩʢʽʥʯʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʩʫʯʘʩʥʠʭ ʧʨʦʛʨʘʤʥʠʭ ʢʦʤʧʣʝʢʩʽʚ. ʈʦʟʨʦʙʣʝʥʦ ʨʦʟʨʘʭʫʥʢʦʚʽ 

ʪʨʠʚʠʤʽʨʥʽ ʉɽ-ʤʦʜʝʣʽ, ʷʢʽ ʚʨʘʭʦʚʫʶʪʴ ʬʘʢʪʠʯʥʫ ʛʝʦʤʝʪʨʽʶ ʜʝʪʘʣʝʡ ʥʘʩʦʩʘ ʽ ʧʨʦʛʥʦʟ ʾʾ ʤʦʞʣʠʚʦʾ ʟʤʽʥʠ ʥʘ 

ʧʝʨʽʦʜ ʧʨʦʜʦʚʞʝʥʦʛʦ ʨʝʩʫʨʩʫ. ɿʤʽʥʫ ʛʝʦʤʝʪʨʽʾ ʢʦʥʩʪʨʫʢʮʽʾ ʚʨʘʭʦʚʘʥʦ ʥʘ ʦʩʥʦʚʽ ʝʢʩʪʨʘʧʦʣʷʮʽʾ ʜʘʥʠʭ 

ʪʦʚʱʠʥʦʤʝʪʨʽʾ ʩʪʽʥʦʢ ʢʦʨʧʫʩʫ, ʦʪʨʠʤʘʥʠʭ ʚ ʧʨʦʮʝʩʽ ʪʨʠʚʘʣʦʛʦ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ.  

ʅʘʩʦʩ, ʷʢʠʡ ʨʦʟʛʣʷʜʘʻʪʴʩʷ ʚʽʜʧʨʘʮʶʚʘʚ ʩʚʽʡ ʧʨʦʝʢʪʥʠʡ ʨʝʩʫʨʩ. ɽʢʩʧʝʨʪʥʘ ʦʮʽʥʢʘ ʝʢʩʧʣʫʘʪʫʶʯʦʾ 

ʦʨʛʘʥʽʟʘʮʽʾ ʡʦʛʦ ʪʝʭʥʽʯʥʦʛʦ ʩʪʘʥʫ ʧʦʢʘʟʫʻ, ʱʦ ʤʘʻ ʤʽʩʮʝ ʩʪʦʥʰʝʥʥʷ ʩʪʽʥʦʢ ʢʦʨʧʫʩʫ ʚ ʧʦʨʽʚʥʷʥʥʽ ʟ 

ʧʨʦʝʢʪʥʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. ʇʽʜ ʯʘʩ ʘʥʘʣʽʟʫ ʰʚʠʜʢʦʩʪʽ ʝʨʦʟʽʡʥʦ-ʢʦʨʦʟʽʡʥʦʛʦ ʟʥʦʩʫ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʟʘ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʦʚʱʠʥʠ ʩʪʽʥʦʢ ʢʦʨʧʫʩʫ, ʢʨʠʰʢʠ ʽ ʧʘʪʨʫʙʢʽʚ ʚʦʥʠ ʙʫʜʫʪʴ ʩʪʦʥʰʫʚʘʪʠʩʷ ʣʽʥʽʡʥʦ ʚ ʯʘʩʽ 

ʨʽʚʥʦʤʽʨʥʦ ʧʦ ʚʩʴʦʤʫ ʢʦʨʧʫʩʫ ʥʘ 1% ʟʘ 100 ʛʦʜʠʥ ʨʦʙʦʪʠ. 

ɼʦʩʚʽʜ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʦʢʘʟʫʻ, ʱʦ ʩʝʨʝʜʥʻ ʥʘʧʨʘʮʶʚʘʥʥʷ ʜʣʷ ʥʘʩʦʩʘ ʩʪʘʥʦʚʠʪʴ 20 ʛʦʜ / ʨʽʢ. ɺʠʭʦʜʷʯʠ ʟ 

ʝʢʩʧʝʨʪʥʠʭ ʦʮʽʥʦʢ ʰʚʠʜʢʦʩʪʽ ʩʪʦʥʰʝʥʥʷ ʩʪʽʥʦʢ ʽ ʦʮʽʥʢʠ ʩʝʨʝʜʥʴʦʛʦ ʥʘʧʨʘʮʶʚʘʥʥʷ ʥʘʩʦʩʘ ʚ ʨʽʢ 

ʧʨʦʛʥʦʟʦʚʘʥʦ ʩʪʦʥʰʝʥʥʷ ʩʪʽʥʦʢ ʢʦʨʧʫʩʥʠʭ ʜʝʪʘʣʝʡ.  

ʈʦʟʨʘʭʫʥʢʠ ʥʘ ʤʽʮʥʽʩʪʴ ʚʠʢʦʥʘʥʽ ʟʘ ʪʝʭʥʦʣʦʛʽʻʶ ʪʨʠʚʠʤʽʨʥʦʛʦ ʉɽ-ʤʦʜʝʣʶʚʘʥʥʷ. ɼʣʷ ʘʜʝʢʚʘʪʥʦʾ 

ʦʮʽʥʢʠ ʅɼʉ ʜʦ ʢʦʞʥʦʛʦ ʧʘʪʨʫʙʢʘ ʜʦʜʘʥʽ ʬʨʘʛʤʝʥʪʠ ʪʨʫʙ ʜʦʚʞʠʥʦʶ 1 ʤ ʟ ʧʨʫʞʥʦ ʧʽʜʚʽʰʝʥʠʤʠ ʢʽʥʮʷʤʠ. 

ʇʨʠ ʉɽ ʜʠʩʢʨʝʪʠʟʘʮʽʾ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʣʽʥʽʡʥʽ ʝʣʝʤʝʥʪʠ ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ ʽ ʪʝʪʨʘʝʜʨʘʣʴʥʦʾ ʬʦʨʤ 

(ʨʠʩ. 1). ʊʨʫʙʦʧʨʦʚʦʜʠ ʤʘʶʪʴ ʤʝʥʰ ʛʫʩʪʫ ʩʽʪʢʫ, ʥʽʞ ʢʦʨʧʫʩʥʽ ʜʝʪʘʣʽ, ʦʩʢʽʣʴʢʠ ʾʭ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʥʝ ʻ 

ʦʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ï ʚʦʥʠ ʤʦʜʝʣʶʶʪʴʩʷ ʣʠʰʝ ʜʣʷ ʧʝʨʝʜʘʯʽ ʘʜʝʢʚʘʪʥʠʭ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʥʘ ʧʘʪʨʫʙʢʠ 

ʥʘʩʦʩʘ. ʌʘʢʪʠʯʥʦ ʮʽ ʝʣʝʤʝʥʪʠ ʧʦʪʨʽʙʥʽ ʜʣʷ ʥʽʚʝʣʶʚʘʥʥʷ ʤʦʞʣʠʚʠʭ ʢʨʘʡʦʚʠʭ ʝʬʝʢʪʽʚ ʧʦʙʣʠʟʫ ʥʘʩʦʩʘ. ɼʣʷ 

ʦʮʽʥʢʠ ʷʢʦʩʪʽ ʧʦʙʫʜʦʚʘʥʦʾ ʤʦʜʝʣʽ ʙʫʣʘ ʧʨʦʚʝʜʝʥʘ ʩʝʨʽʷ ʨʦʟʨʘʭʫʥʢʽʚ ʟ ʉɽ-ʩʽʪʢʘʤʠ ʨʽʟʥʦʾ ʛʫʩʪʦʪʠ. ʊʦʚʱʠʥʠ 

ʩʪʽʥʦʢ ʢʦʨʧʫʩʥʠʭ ʜʝʪʘʣʝʡ ʟʘʜʘʥʽ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʜʘʥʠʭ ʧʦ ʩʪʦʥʰʝʥʥʶ. 

ʅʘ ʛʝʦʤʝʪʨʠʯʥʫ ʤʦʜʝʣʴ ʙʫʣʘ ʥʘʥʝʩʝʥʘ (ʉɽ) ʩʽʪʢʘ. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʣʽʥʽʡʥʠʡ ʉɽ 

ʛʝʢʩʘʛʦʥʘʣʴʥʦʾ ʽ ʪʝʪʨʘʝʜʨʘʣʴʥʦʾ ʬʦʨʤ. ɼʝʪʘʣʽ ʥʘʩʦʩʘ ʨʦʟʙʠʪʽ ʪʘʢ, ʱʦʙ ʦʩʥʦʚʥʽ ʢʦʥʩʪʨʫʢʪʠʚʥʽ ʝʣʝʤʝʥʪʠ ʤʘʣʠ 

ʭʦʯʘ ʙ ʧʦ ʜʚʘ ʝʣʝʤʝʥʪʠ ʧʦ ʪʦʚʱʠʥʽ, ʫʩʶʜʠ ʚʠʪʨʠʤʫʚʘʣʦʩʷ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʩʪʦʨʽʥ ʉɽ ʟ ʪʠʤ, ʱʦʙ ʩʽʪʢʘ ʥʝ 

ʤʘʣʘ ʚʠʨʦʜʞʝʥʠʭ ʝʣʝʤʝʥʪʽʚ. ʉɽ ʩʽʪʢʘ, ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʨʦʟʨʘʭʫʥʢʽʚ, ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1. 

  
ʘ) ʙ) 

ʈʠʩ. 1. ʉɽ ʩʽʪʢʘ ʢʦʨʧʫʩʫ ʥʘʩʦʩʘ: (ʘ) (ʚʠʜ ʫ ʨʦʟʨʽʟʽ ʛʦʨʠʟʦʥʪʘʣʴʥʦʶ ʧʣʦʱʠʥʦʶ (ʙ)) 
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ɼʣʷ ʚʠʙʦʨʫ ʨʦʟʤʽʨʽʚ ʪʘ ʢʽʣʴʢʦʩʪʽ ʝʣʝʤʝʥʪʽʚ ʜʣʷ ʉɽ-ʩʽʪʢʠ ʙʫʣʠ ʧʨʦʚʝʜʝʥʽ ʪʝʩʪʦʚʽ ʨʦʟʨʘʭʫʥʢʠ ʜʦ 

ʜʦʧʫʩʪʠʤʦʾ ʧʦʭʠʙʢʠ 5% ʟʘ ʝʢʚʽʚʘʣʝʥʪʥʠʤʠ ʥʘʧʨʫʞʝʥʥʷʤʠ. 

ɼʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʽʘʣʽʚ 

12ʍ18ʅ10ʊ, 40ʍ, ʟʛʽʜʥʦ ʟ ʇʅɸɽ ɻ 7-002-86. ʇʨʠ ʮʴʦʤʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʥʘʩʪʫʧʥʽ ʛʨʘʥʠʯʥʽ ʫʤʦʚʠ: 

- ʞʦʨʩʪʢʝ ʟʘʢʣʘʜʝʥʥʷ ʧʦ ʦʧʦʨʥʠʭ ʧʦʚʝʨʭʥʷʭ ʣʘʧ ʥʘʩʦʩʘ; 

- ʦʙʤʝʞʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʥʘ ʨʘʜʽʘʣʴʥʝ ʩʪʠʩʥʝʥʥʷ ʧʦ ʚʥʫʪʨʽʰʥʽʤ ʢʦʣʘʤ ʥʘʧʽʨʥʦʾ ʽ ʚʭʽʜʥʦʾ ʢʨʠʰʦʢ; 

- ʦʩʥʦʚʘ ʥʘʧʽʨʥʦʛʦ ʽ ʚʭʽʜʥʦʛʦ ʬʣʘʥʮʷ ʚ ʦʩʴʦʚʦʤʫ ʥʘʧʨʷʤʢʫ ʤʘʣʠ ʧʨʫʞʥʝ ʩʧʠʨʘʥʥʷ, ʷʢʝ ʤʦʜʝʣʶʻ ʚʧʣʠʚ 

ʚʜ̔ʢʠʥʫʪʠʭ ʪʨʫʙ. 

- ʦʙ'ʻʤʥʘ ʩʠʣʘ ï ʩʠʣʘ ʪʷʞʽʥʥʷ; 

- ʥʘ ʚʥʫʪʨʽʰʥʽʭ ʧʦʚʝʨʭʥʷʭ ʟʘʜʘʚʘʚʩʷ ʢʦʥʚʝʢʪʠʚʥʠʡ ʪʝʧʣʦʦʙʤʽʥ ʚʦʜʘ ï ʩʪʘʣʴ (ʢʦʝʬʽʮʽʻʥʪ ʪʝʧʣʦʚʽʜʜʘʯʽ, 

27900 ɺʪ / ʤ2 Áʉ);  

- ʥʘ ʟʦʚʥʽʰʥʽʭ ʧʦʚʝʨʭʥʷʭ ʟʘʜʘʚʘʚʩʷ ʢʦʥʚʝʢʪʠʚʥʠʡ ʪʝʧʣʦʦʙʤʽʥ ʩʪʘʣʴ ï ʧʦʚʽʪʨʷ (ʢʦʝʬʽʮʽʻʥʪ 

ʪʝʧʣʦʚʽʜʜʘʯʽ, 5 ɺʪ / ʤ2 Á ʉ); 

- ʪʝʤʧʝʨʘʪʫʨʘ ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʧʨʠʡʤʘʣʘʩʷ 22 Á ʉ. 

ʋ ʨʦʟʨʘʭʫʥʢʘʭ ʚʨʘʭʦʚʫʚʘʣʘʩʷ ʥʘʷʚʥʽʩʪʴ ʧʦʧʝʨʝʜʥʴʦʛʦ ʟʘʪʷʛʫʚʘʥʥʷ ʨʽʟʴʙʦʚʠʭ ʟ'ʻʜʥʘʥʴ (ʨʠʩ. 2). 

ɿʥʘʯʝʥʥʷ ʦʩʴʦʚʠʭ ʟʫʩʠʣʴ ʜʣʷ ʰʧʠʣʴʦʢ ʚʭʽʜʥʦʾ ʢʨʠʰʢʠ ʽ ʥʘʧʽʨʥʦʾ ʩʪʘʥʦʚʠʣʠ 100 ʢʅ ʽ 35 ʢʅ ʚʽʜʧʦʚʽʜʥʦ. 

 

 
ʈʠʩ. 2. ʄʦʜʝʣʶʚʘʥʥʷ ʫʤʦʚ ʟʘʪʷʛʫʚʘʥʥʷ ʨʽʟʴʙʦʚʠʭ ʟ'ʻʜʥʘʥʴ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʥʘ ʧʝʨʰʦʤʫ ʝʪʘʧʽ ʚʠʨʽʰʫʚʘʣʦʩʷ ʟʘʚʜʘʥʥʷ ʚʠʟʥʘʯʝʥʥʷ ʧʦʧʝʨʝʜʥʴʦ ʥʘʧʨʫʞʝʥʦʛʦ ʩʪʘʥʫ, 

ʚʠʢʣʠʢʘʥʦʛʦ ʟʘʪʷʛʫʚʘʥʥʷʤ ʰʧʠʣʴʦʢ. ʅʘ ʨʠʩ. 3 ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʦʟʧʦʜʽʣ ʽʥʪʝʥʩʠʚʥʦʩʪʽ ʥʘʧʨʫʞʝʥʴ (ʝʢʚʽʚʘʣʝʥʪʥʽ 

ʥʘʧʨʫʞʝʥʥʷ ʟʘ ʢʨʠʪʝʨʽʻʤ ʄʽʟʝʩʫ), ʷʢʽ ʬʦʨʤʫʶʪʴʩʷ ʚ ʥʘʩʦʩʽ ʧʨʠ ʮʴʦʤʫ ʨʝʞʠʤʽ ʥʘʚʘʥʪʘʞʝʥʥʷ. 

 

 
ʈʠʩ. 3. ʇʦʧʝʨʝʜʥʻ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʰʧʠʣʴʦʢ, ʚʠʢʣʠʢʘʥʠʡ ʾʭ ʤʦʥʪʘʞʥʦʶ ʟʘʪʷʛʫʚʘʥʥʷʤ 

 

ɿʛʽʜʥʦ ʇʅɸɽ ɻ 7-002-86 (ʧ. 3.4), ʥʦʤʽʥʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ, ʱʦ ʜʦʧʫʩʢʘʻʪʴʩʷ ʜʣʷ ʝʣʝʤʝʥʪʽʚ ʦʙʣʘʜʥʘʥʥʷ 

ʽ ʪʨʫʙʦʧʨʦʚʦʜʽʚ, ʥʘʚʘʥʪʘʞʝʥʠʭ ʚʥʫʪʨʽʰʥʽʤ ʪʠʩʢʦʤ, ʧʨʠʡʤʘʶʪʴ ʤʽʥʽʤʘʣʴʥʠʤ ʟ ʥʘʩʪʫʧʥʠʭ ʟʥʘʯʝʥʴ: 

 
(1) 

ʜʝ  ï ʤʝʞʘ ʤʽʮʥʦʩʪʽ;  ï ʤʝʞʘ ʪʝʢʫʯʦʩʪʽ. 

ɼʣʷ ʙʦʣʪʦʚʠʭ ʟ'ʻʜʥʘʥʴ 

 (2) 
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ɸʥʘʣʽʟʫʶʯʠ ʧʦʧʝʨʝʜʥʻ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ ʰʧʠʣʴʦʢ, ʟʘʪʷʛʫʚʘʥʥʷ ʧʨʠʟʚʝʣʦ ʜʦ ʥʘʷʚʥʦʩʪʽ ʩʪʠʩʢʘʶʯʠʭ 

ʥʘʧʨʫʞʝʥʴ ʚ ʰʧʠʣʴʢʘʭ ʜʦʩʠʪʴ ʽʩʪʦʪʥʦʛʦ ʨʽʚʥʷ (ʨʽʚʝʥʴ ʤʘʢʩʠʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʬʦʨʤʫʻʪʴʩʷ ʧʽʜ ʛʘʡʢʦʶ ʽ ʥʘ 

ʤʽʩʮʽ ʚʭʦʜʫ ʰʧʠʣʴʢʠ ʚ ʪʽʣʦ ʢʦʨʧʫʩʫ ʽ ʩʪʘʥʦʚʠʪʴ 185 ʄʇʘ, ʱʦ ʤʝʥʰʝ ʜʦʧʫʩʪʠʤʦʛʦ ʟʥʘʯʝʥʥʷ 295 ʄʇʘ).  

ɺʠʩʦʢʠʡ ʨʽʚʝʥʴ ʥʘʧʨʫʞʝʥʴ ʚ ʤʽʩʮʷʭ ʢʦʥʮʝʥʪʨʘʮʽʾ ʩʬʦʨʤʫʚʘʚʩʷ ʽ ʥʘ ʢʨʠʰʢʘʭ ʥʘʩʦʩʘ (ʨʠʩ. 3), ʧʨʠ 

ʮʴʦʤʫ ʦʪʨʠʤʘʥʽ ʥʘʧʨʫʛʠ (72 ʄʇʘ) ʤʝʥʰʝ ʥʦʤʽʥʘʣʴʥʠʭ ʜʦʧʫʩʪʠʤʠʭ ʥʘʧʨʫʞʝʥʴ (131 ʄʇʘ). 

ɼʣʷ ʦʮʽʥʢʠ ʟʘʣʠʰʢʦʚʦʛʦ ʨʝʩʫʨʩʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʴ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʫ ʅɼʉ ʧʨʠ ʪʠʩʢʫ ʅʋɽ 

(ʨʠʩ. 4). 

 

 
ʈʠʩ. 4. ʈʦʟʧʦʜʽʣ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʦ ʄʽʟʝʩʫ ʧʦ ʢʦʨʧʫʩʫ ʥʘʩʦʩʘ 

 

ʊʘʢʠʤ ʯʠʥʦʤ, ʚ ʷʢʦʩʪʽ ʤʽʥʽʤʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʮʠʢʣʫ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʟʥʘʯʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʠʭ 

ʥʘʧʨʫʞʝʥʴ ʧʦ ʄʽʟʝʩʫ (88 ʄʇʘ ʚ ʢʦʨʧʫʩʽ, 83 ʄʇʘ ʚ ʥʘʧʽʨʥʽʡ ʢʨʠʰʮʽ). 

ʋ ʤ̔ʩʮʷʭ ʟʚʘʨʥʠʭ ʰʚʽʚ ʦʢʨʝʤʦ ʧʝʨʝʚʽʨʷʣʘʩʷ ʮʠʢʣʽʯʥʘ ʤʽʮʥʽʩʪʴ, ʧʨʠ ʮʴʦʤʫ ʚʨʘʭʦʚʫʚʘʣʦʩʷ ʟʥʠʞʝʥʥʷ ʾʭ 

ʤʽʮʥʦʩʪʽ ʰʣʷʭʦʤ ʟʙʽʣʴʰʝʥʥʷ ʝʢʚʽʚʘʣʝʥʪʥʠʭ ʘʤʧʣʽʪʫʜ ʥʘʧʨʫʞʝʥʴ ʰʣʷʭʦʤ ʾʭ ʧʦʜʽʣʫ ʥʘ ʢʦʝʬʽʮʽʻʥʪ ʟʥʠʞʝʥʥʷ 

ʤʽʮʥʦʩʪʽ ʟʚʘʨʥʦʛʦ ʰʚʘ. ɼʘʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʣʷ ʩʪʘʣʽ ʘʫʩʪʝʥʽʪʥʦʛʦ ʢʣʘʩʫ ʧʨʠ ʨʫʯʥʦʤʫ ʟʚʘʨʶʚʘʥʥʽ ʟ ʥʘʩʪʫʧʥʠʤ 

ʚʽʟʫʘʣʴʥʠʤ ʢʦʥʪʨʦʣʝʤ ʚʽʜʧʦʚʽʜʘʻ 0,8 (ʥʘʡʙʽʣʴʰ ʢʦʥʩʝʨʚʘʪʠʚʥʘ ʦʮʽʥʢʘ) ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʝʢʦʤʝʥʜʘʮʽʾ ʚ ʇʅɸɽ. 

ʊʘʢʠʤ ʯʠʥʦʤ, ʨʘʟʦʤ ʟʚʘʨʥʦʛʦ ʰʚʘ ʧʦ ʣʘʧʽ ʤʽʥʽʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʮʠʢʣʫ ʩʪʘʥʦʚʣʷʪʴ 143 / 0.8 = 178 ʄʇʘ, ʘ 

ʤʘʢʩʠʤʘʣʴʥʽ - 155 / 0.8 = 193 ʄʇʘ. 

ɿ ʜʘʥʠʭ ʧʨʦ ʝʢʩʧʣʫʘʪʘʮʽʶ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʥʘʩʦʩʫ ʥʘ ʝʣʝʢʪʨʠʯʥʽʡ ʩʪʘʥʮʽʾ ʚʽʜʦʤʦ, ʱʦ ʧʽʩʣʷ ʟʘʢʽʥʯʝʥʥʷ 

ʧʨʦʝʢʪʥʦʛʦ ʩʪʨʦʢʫ ʨʦʙʦʪʠ ʩʪʽʥʢʠ ʢʦʨʧʫʩʫ ʙʫʣʠ ʩʪʦʥʰʝʥʽ ʥʘ 10% ʟʘ ʨʘʭʫʥʦʢ ʝʨʦʟʽʡʥʦ-ʢʦʨʦʟʽʡʥʦʛʦ ʟʥʦʩʫ. ʇʨʠ 

ʧʦʜʘʣʴʰʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʧʨʦʛʥʦʟʦʚʘʥʝ ʟʥʘʯʝʥʥʷ ʚʽʜʩʦʪʢʫ ʩʪʦʥʰʝʥʥʷ ʩʪʽʥʢʠ ʢʦʨʧʫʩʫ ʚʚʘʞʘʚʩʷ ʚʠʧʘʜʢʦʚʦʶ 

ʚʝʣʠʯʠʥʦʶ, ʷʢʘ ʟʤʽʥʶʻʪʴʩʷ ʫ ʯʘʩʽ. 

ʉʪʦʥʰʝʥʥʷ ʩʪʽʥʢʠ ʥʘʩʦʩʫ ʧʨʦʧʦʥʫʻʪʴʩʷ ʚʨʘʭʦʚʫʚʘʪʠ ʫ ʯʘʩʽ ʫ ʚʠʛʣʷʜʽ ʩʪʝʧʝʥʝʚʦʾ ʬʫʥʢʮʽʾ, ʷʢʘ ʧʦʚôʷʟʫʻ 

ʯʘʩ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʚʽʜʩʦʪʦʢ ʩʪʦʥʰʝʥʥʷ h(t): 

 (3) 

ʜʝ  - ʧʨʦʝʢʪʥʠʡ ʪʝʨʤʽʥ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʱʦ ʜʦʨʽʚʥʶʻ 30 ʨʦʢʽʚ, a ʪʘ k ï ʮʝ ʧʦʢʘʟʥʠʢʠ ʢʽʥʝʪʠʢʠ 

ʟʙʽʣʴʰʝʥʥʷ ʩʪʦʥʰʝʥʥʷ. ʇʨʦʮʝʩ ʩʪʦʥʰʝʥʥʷ ʩʪʽʥʢʠ ʟʘ ʨʘʭʫʥʦʢ ʢʦʨʦʟʽʡʥʦ-ʝʨʦʟʽʡʥʦʛʦ ʟʥʦʩʫ ʻ ʚʠʧʘʜʢʦʚʠʤ, ʱʦ 

ʤʦʞʝ ʙʫʪʠ ʚʨʘʭʦʚʘʥʦ, ʷʢʱʦ ʧʦʢʘʟʥʠʢʠ ʨʽʚʥʷʥʥʷ ʢʽʥʝʪʠʢʠ ʾʾ ʨʦʩʪʫ (3): a ʪʘ k ʚʚʘʞʘʪʠ ʚʠʧʘʜʢʦʚʠʤʠ 

ʚʝʣʠʯʠʥʘʤʠ.  

ʇʘʨʘʤʝʪʨ k ʟʜʘʪʝʥ ʩʫʪʪʻʚʦ ʟʤʽʥʶʚʘʪʠʩʴ, ʥʘʚʽʪʴ ʟʘ ʙʽʣʴʰ-ʤʝʥʰ ʦʜʥʘʢʦʚʠʭ ʟʦʚʥʽʰʥʽʭ ʬʘʢʪʦʨʘʭ. 

ʇʘʨʘʤʝʪʨ a ʚ ʙʘʛʘʪʴʦʭ ʜʦʩʣʽʜʞʝʥʥʷʭ ʚʚʘʞʘʻʪʴʩʷ ʩʪʘʣʦʶ ʜʝʪʝʨʤʽʥʦʚʘʥʦʶ ʚʝʣʠʯʝʥʥʦʶ, ʱʦ ʜʦʨʽʚʥʶʻ 0,73. ɯʟ 

ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʚʽʜʦʤʦ, ʪʘʢʦʞ, ʱʦ ʨʦʟʧʦʜʽʣ ʟʥʘʯʝʥʴ ʽʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ ʤʦʞʥʘ ʚʚʘʞʘʪʠ 

ʧʽʜʧʦʨʷʜʢʦʚʘʥʠʤ ʣʦʛ-ʥʦʨʤʘʣʴʥʦʤʫ ʟʘʢʦʥʫ ʨʦʟʧʦʜʽʣʝʥʥʷ: 
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(4) 

ʜʝ Sj(t) ʪʘ ɛj(t) - ʮʝ ʧʘʨʘʤʝʪʨʠ ʟʘʢʦʥʫ, ʷʢʽ ʟʘʣʝʞʘʪʴ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʨʦʟʤʽʨʫ ʜʝʬʝʢʪʫ ʫ ʧʦʪʦʯʥʠʡ ʯʘʩ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʢʦʝʬʽʮʽʻʥʪʫ ʚʘʨʽʘʮʽʾ ʪʘ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʦʯʽʢʫʚʘʥʥʷ ʛʘʙʘʨʠʪʥʠʭ ʨʦʟʤʽʨʽʚ 

ʜʝʬʝʢʪʫ ʥʘʩʪʫʧʠʤ ʯʠʥʦʤ:  

,  

 (5) 

 
(6) 

 

(7) 
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 (8) 

ʜʝ  ï ʦʧʝʨʘʪʦʨ ʫʩʝʨʝʜʥʝʥʥʷ,  ï ʤʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ,  ï ʜʠʩʧʝʨʩʽʷ  ï ʢʦʝʬʽʮʽʻʥʪ 

ʚʘʨʽʘʮʽʾ. ʷʢʠʡ ʟʘʣʝʞʠʪʴ ʚʽʜ ʯʘʩʫ. ʅʘ ʨʠʩ. 4 ʩʭʝʤʘʪʠʯʥʦ ʟʦʙʨʘʞʝʥʦ ʨʦʟʚʠʪʦʢ ʫ ʯʘʩʽ ʩʝʨʝʜʥʴʦʾ ʛʣʠʙʠʥʠ 

ʢʦʨʦʟʽʡʥʦʛʦ ʧʦʰʢʦʜʞʝʥʥʷ m3(t) ʪʘ ʤʦʞʣʠʚʠʡ ʨʦʟʢʠʜ ʾʾ ʟʥʘʯʝʥʴ ʫ ʯʘʩʽ. 

 

 
ʈʠʩ. 5. ʈʦʟʧʦʜʽʣ ʟʥʘʯʝʥʴ ʚʽʜʩʦʪʢʽʚ ʩʪʦʥʰʝʥʥʷ ʩʪʽʥʢʠ ʢʦʨʧʫʩʫ ʥʘʩʦʩʘ 

 

ɿʤʽʥʘ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʪʘ ʩʪʦʥʰʝʥʥʷ ʢʦʨʧʫʩʫ ʥʘʩʦʩʘ 

ʧʦʢʘʟʘʥʦ ʥʘ ʨʠʩ. 6 

 

 
ʈʠʩ. 6. ʇʣʘʩʪʠʯʥʽ ʜʝʬʦʨʤʘʮʽʾ ʫ ʢʦʨʧʫʩʽ ʥʘʩʦʩʘ 

 

ʜʣʷ 6030 ¢¢t  (9) 

ɺʜ̔ʧʦʚʽʜʥʦ, ʜʦ ʡʤʦʚʽʨʥʠʭ ʟʥʘʯʝʥʴ ʚʽʜʩʦʪʢʫ ʩʪʦʥʰʝʥʥʷ ʩʪʽʥʢʠ ʙʫʣʦ ʜʦʩʣʽʜʞʝʥʦ ʩʪʘʪʠʩʪʠʯʥʝ ʅɼʉ 

ʢʦʥʩʪʨʫʢʮʽʾ, ʥʘ ʦʩʥʦʚʽ ʷʢʦʛʦ ʚʠʟʥʘʯʝʥʦ ʧʘʨʘʤʝʪʨ ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʩʪʫʧʝʥʝʚʠʡ 

ʟʘʢʦʥ ʢʽʥʝʪʠʢʠ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ ʫ ʨʘʤʢʘʭ ʢʦʥʮʝʧʮʽʾ ʝʬʝʢʪʠʚʥʠʭ ʥʘʧʨʫʞʝʥʴ ʈʘʙʦʪʥʦʚʘ-

ʂʘʯʘʥʦʚʘ. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʧʨʦʮʝʩʽʚ ʥʘʢʦʧʠʯʝʥʥʷ ʙʘʛʘʪʦ- ʘʙʦ ʤʘʣʦʮʠʢʣʦʚʦʾ ʚʪʦʤʠ ʚʠʟʥʘʯʘʻʪʴʩʷ ʧʘʨʘʤʝʪʨ 

ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʟ ʧʨʦʛʥʦʟʦʚʘʥʠʭ ʚʠʧʘʜʢʽʚ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʚʠʨʘʟʫ 10. 

   (10) 

ʜʝ D ï ʧʘʨʘʤʝʪʨ ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ, n ï ʧʦʪʦʯʥʝ ʟʥʘʯʝʥʥʷ ʮʠʢʣʫ, ND ï ʟʥʘʯʝʥʥʷ ʮʠʢʣʫ, ʧʨʠ ʷʢʦʤʫ 

ʧʦʯʠʥʘ̒ ʪʴʩʷ ʥʘʢʦʧʠʯʝʥʥʷ ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ, ŭD ï ʟʤʽʥʥʘ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʅɼʉ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ 

ʥʘʢʦʧʠʯʝʥʥʽ ʤʘʣʦʮʠʢʣʦʚʦʾ ʚʪʦʤʠ, ŭM ï ʟʤʽʥʥʘ, ʷʢʘ ʟʘʣʝʞʠʪʴ ʚʽʜ ʧʘʨʘʤʝʪʨʽʚ ʅɼʉ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ 

ʥʘʢʦʧʠʯʝʥʥʽ ʙʘʛʘʪʦʮʠʢʣʦʚʦʾ ʚʪʦʤʠ, s, m ï ʧʘʨʘʤʝʪʨʠ ʤʘʪʝʨʽʘʣʫ, ʷʢʽ ʚʠʟʥʘʯʘʶʪʴʩʷ ʟ ʢʨʠʚʦʾ ɺʝʣʝʨʘ, dp ï 

ʟʥʘʯʝʥʥʷ ʧʣʘʩʪʠʯʥʠʭ ʜʝʬʦʨʤʘʮʽʡ [8]. ɿ ʜʘʥʠʭ ʧʨʦ ʝʢʩʧʣʫʘʪʘʮʽʶ ʚʽʜʮʝʥʪʨʦʚʠʭ ʥʘʩʦʩʽʚ ʥʘ ʝʣʝʢʪʨʠʯʥʽʡ ʩʪʘʥʮʽʾ 

ʚʽʜʦʤʦ, ʱʦ ʮʽ ʫ ʨʽʢ ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ ʜʦʨʽʚʥʶʻ 1000. ɿ ʫʨʘʭʫʚʘʥʥʷʤ ʨʦʟʨʦʙʣʝʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʙʫʣʦ 

ʦʪʨʠʤʘʥʦ ʧʘʨʘʤʝʪʨ ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ ʧʨʠ ʩʪʦʥʰʝʥʽ ʩʪʽʥʢʠ ʧʨʠ ʧʨʦʛʥʦʟʽ ʧʦʜʘʣʴʰʦʾ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ 15 ʨʦʢʽʚ. 

(ʨʠʩ. 7).  
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ʈʠʩ. 7. ʄʘʪʝʤʘʪʠʯʥʝ ʦʯʽʢʫʚʘʥʥʷ ʧʘʨʘʤʝʪʨʫ ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ ʧʨʠ ʧʨʦʛʥʦʟʽ ʥʘ 5, 10 ʪʘ 15 ʨʦʙʦʪʠ ʧʦʥʘʜ ʧʨʦʝʢʪʥʠʡ ʪʝʨʤʽʥ 

 

ɿ ʘʥʘʣʽʟʫ ʦʪʨʠʤʘʥʠʭ ʜʘʥʠʭ ʚʠʟʥʘʯʝʥʦ, ʱʦ ʧʨʠ ʧʨʦʛʥʦʟʽ ʧʨʠ ʩʪʦʥʰʝʥʥʷ ʩʪʽʥʢʠ ʯʝʨʝʟ 5 ʨʦʢʽʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ ʜʦ ʚʽʜʤʦʚʠ ʜʦʨʽʚʥʶʻ 30000 ʮʠʢʣʽʚ, ʱʦ ʝʢʚʽʚʘʣʝʥʪʥʦ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʫ 30 

ʨʦʢʠ, ʧʨʠ ʧʨʦʛʥʦʟʽ ʧʨʠ ʩʪʦʥʰʝʥʥʷ ʩʪʽʥʢʠ ʯʝʨʝʟ 10 ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʽʣʴʢʽʩʪʴ ʮʠʢʣʽʚ ʜʦ ʚʽʜʤʦʚʠ ʜʦʨʽʚʥʶʻ ï 

4200, ʱʦ ʝʢʚʽʚʘʣʝʥʪʥʦ 4 ʨʦʢʘʤ, ʘ ʧʨʠ ʧʨʦʛʥʦʟʽ ʧʨʠ ʩʪʦʥʰʝʥʥʷ ʩʪʽʥʢʠ ʯʝʨʝʟ 15 ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʢʽʣʴʢʽʩʪʴ 

ʮʠʢʣʽʚ ʜʦ ʚʽʜʤʦʚʠ ʜʦʨʽʚʥʶʻ 1000 ʮʠʢʣʽʚ (1 ʨʽʢ ʝʢʩʧʣʫʘʪʘʮʽʾ). ʊʦʙʪʦ ʝʢʩʧʣʫʘʪʘʮʽʷ ʥʘʩʦʩʫ ʧʽʩʣʷ ʪʘʢʦʛʦ ʨʽʚʥʷ 

ʢʦʨʦʟʽʡʥʦ-ʝʨʦʟʽʡʥʦʛʦ ʟʥʦʩʫ ʥʝʙʝʟʧʝʯʥʘ, ʪʘ ʮʝʡ ʦʙôʻʢʪ ʩʣʽʜ ʟʥʽʤʘʪʠ ʟ ʨʦʙʦʪʠ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʙʫʣʠ ʦʪʨʠʤʘʥʽ ʡʤʦʚʽʨʥʽʩʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʘʢʦʧʠʯʝʥʥʷ ʚʪʦʤʥʠʭ ʧʦʰʢʦʜʞʝʥʴ ʚ ʧʨʦʮʝʩʽ 

ʝʢʩʧʣʫʘʪʘʮʽʾ. ʎʽ ʨʝʟʫʣʴʪʘʪʠ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʦʮʽʥʢʠ ʽʤʦʚʽʨʥʽʩʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʯʘʩʫ ʜʦ ʚʽʜʤʦʚʠ ʷʢ 

ʚʠʧʘʜʢʦʚʦʾ ʚʝʣʠʯʠʥʠ.  

ʇʨʠ ʚʠʢʦʨʠʩʪʘʥʥʽ ʦʪʨʠʤʘʥʠʭ ʩʪʘʪʠʩʪʠʯʥʠʭ ʜʘʥʠʭ ʧʘʨʘʤʝʪʨʫ ʧʦʰʢʦʜʞʫʚʘʥʦʩʪʽ, ʚʠʟʥʘʯʝʥʦ 

ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʧʨʠ ʧʨʦʛʥʦʟʫʚʘʥʥʽ ʟʙʽʣʴʰʝʥʦʛʦ ʪʝʨʤʽʥʫ ʝʢʩʧʣʫʘʪʘʮʽʾ ʥʘ 5, 10 ʪʘ 15 ʨʦʢʽʚ. 

ɿʘ ʜʦʧʦʤʦʛʦʶ ʯʠʩʝʣʴʥʦʾ ʧʨʦʮʝʜʫʨʠ ʡʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʚʠʟʥʘʯʘʣʘʩʴ ʷʢ ʡʤʦʚʽʨʥʽʩʪʴ ʪʦʛʦ, 

ʱʦ ʧʘʨʘʤʝʪʨ D ʜʦʨʽʚʥʶʻ ʟʥʘʯʝʥʥʶ Dc (0.5 ʜʣʷ ʤʘʪʝʨʽʘʣʫ ʥʘʩʦʩʘ). ʈʝʟʫʣʴʪʘʪʠ ʨʦʟʨʘʭʫʥʢʽʚ ʧʦʢʘʟʘʥʽ ʥʘ ʨʠʩ. 8. 

 
ʈʠʩ. 8. ʁʤʦʚʽʨʥʽʩʪʴ ʙʝʟʚʽʜʤʦʚʥʦʾ ʨʦʙʦʪʠ ʢʦʥʩʪʨʫʢʮʽʾ ʧʨʠ ʧʨʦʛʥʦʟʽ ʥʘ 5, 10 ʪʘ 15 ʨʦʙʦʪʠ ʧʦʥʘʜ ʧʨʦʝʢʪʥʠʡ ʪʝʨʤʽʥ 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ʆʪʞʝ, ʤʦʞʥʘ ʟʨʦʙʠʪʠ ʚʠʩʥʦʚʦʢ, ʱʦ ʧʨʠ ʧʦʜʘʣʴʰʽʡ ʝʢʩʧʣʫʘʪʘʮʽʾ ʚʽʜʮʝʥʪʨʦʚʦʛʦ ʥʘʩʦʩʫ, ʧʽʩʣʷ 15 

ʨʦʢʽʚ ʝʢʩʧʣʫʘʪʘʮʽʾ ʡʦʛʦ ʧʨʘʮʝʟʜʘʪʥʽʩʪʴ ʟʤʝʥʰʠʪʴʩʷ ʫ 15 ʨʘʟʽʚ, ʪʘ ʧʦʜʘʣʴʰʝ ʚʠʢʦʨʠʩʪʘʥʥʷ ʡʦʛʦ ʫ ʨʦʙʦʪʽ ʙʫʜʝ 

ʥʝʙʝʟʧʝʯʥʝ. 
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INFLUENCE OF THE SEALING ON APPEARANCE AND TRANSMISSION OF TEMPERATURE 

DEFORMATIONS IN ELECTRONIC MODULES  
 

The scientific result presented in this paper consists in development of the Lame-Gadolin theory about   interaction of joint thick-
walled cylinders application to estimate strength of electronic components represented by  bodies of revolution and surrounding layer of 
compound sealed by an arbitrary shape subjected to thermal impacts in the temperature range from +70 to -60 deg C. The difference in the 
coefficients of linear thermal expansion and other physical and mechanical characteristics of compound and electronic components under 
the temperature changes produces a contact pressure on their contact area causing thermal strain and stress in materials of both bodies in 
the sealed structure. Within the framework of the axisymmetric problem, the stress-strain condition of the electronic component-compound 
system has been assessed in condition of thermal impact, due to which the pattern of the maximum total radial, circumferential and axial 
stresses has been revealed depending on their radial distribution and the temperature load mode. The stress estimation in the S2-29V 
resistor sealed with the EZK-25 compound inside the sealed electronic package has been performed at the constant temperature drop. The 
experimental method is proposed for determining the ultimate stresses in electronic components sealed with compound under stress and 
strain condition identical to the operational one. Experimental measurement of circumferential and axial strains was carried out by using 
method of electrotensometry. Thermal impacts were reproduced in the thermostat and the climatic chamber. Technological methods for 
protection of electronic components in the structures of electronic packages sealed with compound has been proposed by embedding elastic 
and dissipative joints between electronic components and a sealant, and the effectiveness of their application is experimentally evaluated 
based on determination of the damping coefficient. 

Keywords: sealed electronic package, electronic component, compound, strength, stress and strain condition 
 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ɽʣʝʢʪʨʦʥʥʽ ʤʦʜʫʣʽ ʟ̔ ʟʘʛʘʣʴʥʦʶ ʛʝʨʤʝʪʠʟʘʮʽʻʶ ʝʢʩʧʣʫʘʪʫʶʪʴʩʷ ʥʘ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʦʙôʻʢʪʘʭ ʪʝʭʥʽʢʠ: 

ʣʽʪʘʢʘʭ, ʨʘʢʝʪʘʭ, ʩʫʜʘʭ, ʨʘʜʽʦʣʦʢʘʮʽʡʥʠʭ ʩʪʘʥʮʽʷʭ, ʣʦʢʦʤʦʪʠʚʘʭ, ʜʝ ʾʤ ʜʦʚʦʜʠʪʴʩʷ ʧʨʘʮʶʚʘʪʠ ʚ 

ʥʝʩʧʨʠʷʪʣʠʚʠʭ ʫʤʦʚʘʭ ʚʽʙʨʘʮʽʡ, ʫʜʘʨʽʚ, ʨʽʟʢʠʭ ʧʝʨʝʧʘʜʽʚ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʦʣʦʛʦʩʪʽ ʪʘ ʪʠʩʢʫ. ɿʘʛʘʣʴʥʘ 

ʛʝʨʤʝʪʠʟʘʮʽʷ (ʢʦʤʧʘʫʥʜʦʤ) ʟʘʙʝʟʧʝʯʫʻ ʥʘʜʽʡʥʠʡ ʟʘʭʠʩʪ ʚʽʜ ʢʣʽʤʘʪʠʯʥʠʭ ʚʧʣʠʚʽʚ, ʧʽʜʚʠʱʝʥʥʷ ʩʪʽʡʢʦʩʪʽ 

ʚʠʨʦʙʽʚ ʜʦ ʜʽʾ ʚʽʙʨʘʮʽʡ, ʧʨʦʪʝ ʥʘ ʩʪʘʜʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʧʨʠ ʪʝʭʥʦʣʦʛʽʯʥʦʤʫ ʪʨʝʥʫʚʘʥʥʽ ʪʝʨʤʦʫʜʘʨʘʤʠ (ʢʦʣʠ 

ʚʠʨʦʙʠ ʟ ʪʝʤʧʝʨʘʪʫʨʠ +70ʉ̄ ʧʝʨʝʥʦʩʷʪʴʩʷ ʚ ʪʝʤʧʝʨʘʪʫʨʫ -60̄ʉ ʟ ʛʦʜʠʥʥʦʶ ʚʠʪʨʠʤʢʦʶ ʧʨʠ ʢʦʞʥʽʡ 

ʪʝʤʧʝʨʘʪʫʨʽ), ʘ ʪʘʢʦʞ ʥʘ ʝʪʘʧʘʭ ʟʙʝʨʽʛʘʥʥʷ ʽ ʝʢʩʧʣʫʘʪʘʮʽʾ ʧʨʠ ʢʦʣʠʚʘʥʥʷʭ ʪʝʤʧʝʨʘʪʫʨʠ, ʚʥʘʩʣʽʜʦʢ ʨʽʟʥʠʮʽ ʚ 

ʟʥʘʯʝʥʥʷʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ, ʚʠʥʠʢʘʻ ʚʟʘʻʤʦʜʽʷ ʛʝʨʤʝʪʠʢʘ ʽʟ ʡʦʛʦ ʚʢʣʶʯʝʥʥʷʤʠ, ʪʦʙʪʦ ʟ 

ʝʣʝʢʪʨʦʥʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʘ ʽʥʰʠʤʠ ʝʣʝʤʝʥʪʘʤʠ ʢʦʥʩʪʨʫʢʮʽʾ, ʱʦ ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʚʠʥʠʢʥʝʥʥʷ ʨʫʡʥʽʚʥʠʭ 

ʤʝʭʘʥʽʯʥʠʭ ʥʘʧʨʫʞʝʥʴ. ʇʨʠ ʨʦʟʪʨʽʩʢʫʚʘʥʥʽ ʢʦʤʧʘʫʥʜʫ ʧʦʨʫʰʫʻʪʴʩʷ ʛʝʨʤʝʪʠʟʘʮʽʷ ʚʠʨʦʙʫ ʟ ʥʘʩʪʫʧʥʠʤ 

ʚʠʭʦʜʦʤ ʡʦʛʦ ʟ ʣʘʜʫ, ʧʨʠ ʨʫʡʥʫʚʘʥʥʽ ʘʙʦ ʜʝʬʦʨʤʘʮʽʾ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʥʘʩʪʘʻ ʦʙʨʠʚ ʝʣʝʢʪʨʠʯʥʦʛʦ 

ʢʦʣʘ, ʘʙʦ ʚʽʜʭʠʣʝʥʥʷ ʝʣʝʢʪʨʠʯʥʠʭ ʧʘʨʘʤʝʪʨʽʚ. ʉʢʣʘʜʥʽʩʪʴ ʪʘʢʠʭ ʜʝʬʝʢʪʽʚ ʧʦʣʷʛʘʻ ʫ ʥʠʟʴʢʽʡ 

ʨʝʤʦʥʪʦʧʨʠʜʘʪʥʦʩʪʽ ʛʝʨʤʝʪʠʟʦʚʘʥʠʭ ʤʦʜʫʣʽʚ. 
 

ɸʥʘʣʽʟ ʦʩʪʘʥʥʽʭ ʜʦʩʣʽʜʞʝʥʴ ʽ ʧʫʙʣʽʢʘʮʽʡ 

ʅʘ ʩʴʦʛʦʜʥʽ ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʦ-ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ ʤʝʪʦʜʽʚ ʦʮʽʥʢʠ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ [1ï3] ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʮʥʦʩʪʽ ʜʝʪʘʣʝʡ, ʚʫʟʣʽʚ ʪʘ ʙʣʦʢʽʚ ʝʣʝʢʪʨʦʥʥʦʾ ʪʝʭʥʽʢʠ [4, 5] 
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ʩʫʪʪʻʚʦ ʫʩʢʣʘʜʥʶʻʪʴʩʷ ʯʝʨʝʟ ʪʘʢʽ ʧʨʠʯʠʥʠ ʷʢ ʚʽʜʩʫʪʥʽʩʪʴ ʟʘʛʘʣʴʥʦʧʨʠʡʥʷʪʦʾ ʪʝʨʤʽʥʦʣʦʛʽʾ, ʤʝʪʦʜʠʢ ʦʮʽʥʢʠ 

ʤʽʮʥʦʩʪʽ ʪʘ ʥʦʨʤ ʤʽʮʥʦʩʪʽ, ʟʘ ʷʢʠʤʠ ʧʦʚʠʥʥʦ ʚʝʩʪʠʩʴ ʧʨʦʝʢʪʫʚʘʥʥʷ, ʨʦʟʨʘʭʫʥʢʠ, ʚʠʧʨʦʙʫʚʘʥʥʷ ʽ 

ʚʧʨʦʚʘʜʞʫʚʘʥʥʷ ʚ ʩʝʨʽʡʥʝ ʚʠʨʦʙʥʠʮʪʚʦ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʶ ʚʠʨʦʙʽʚ ʝʣʝʢʪʨʦʥʥʦʾ ʪʝʭʥʽʢʠ, ʥʘ ʧʨʦʪʠʚʘʛʫ ʙʘʛʘʪʴʦʤ 

ʽʥʰʠʤ ʛʘʣʫʟʷʤ ʪʝʭʥʽʢʠ, ʪʘ ʩʢʣʘʜʥʽʩʪʴ ʥʘʪʫʨʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ, ʷʢʽ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʙʘʛʘʪʦʟʚôʷʟʢʦʚʽ 

ʤʝʭʘʥʽʯʥʽ ʩʠʩʪʝʤʠ ʽ ʩʧʨʦʙʠ ʨʦʟʨʘʭʫʥʢʫ ʾʭ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʯʘʩʪʦ ʧʨʠʚʦʜʷʪʴ ʜʦ ʥʝʪʦʯʥʦʩʪʽ 

ʨʽʰʝʥʴ ʽ ʢʦʤʧʨʦʤʝʪʫʶʪʴ ʥʘʡʩʫʯʘʩʥʽʰʽ ʤʝʪʦʜʠʢʠ ʨʦʟʨʘʭʫʥʢʫ ʦʩʦʙʣʠʚʦ ʚ ʫʤʦʚʘʭ ʥʝʩʪʘʙʽʣʴʥʦʩʪʽ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʚʠʢʦʨʠʩʪʦʚʫʚʘʥʠʭ ʤʘʪʝʨʽʘʣʽʚ ʽ ʪʝʭʥʦʣʦʛʽʾ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʩʫʯʘʩʥʦʾ ʪʝʥʜʝʥʮʽʾ ʜʦ 

ʟʥʠʞʝʥʥʷ ʚʘʛʠ ʽ ʦʪʨʠʤʘʥʥʷ ʙʽʣʴʰʦʾ ʱʽʣʴʥʦʩʪʽ ʤʦʥʪʘʞʫ ʚ ʤʘʣʠʭ ʛʘʙʘʨʠʪʘʭ ʚʠʨʦʙʽʚ ʝʣʝʢʪʨʦʥʥʦʾ ʪʝʭʥʽʢʠ [7ï9]. 

 

ʇʦʩʪʘʥʦʚʢʘ ʟʘʚʜʘʥʥʷ 
ɿʘʚʜʘʥʥʷʤ ʧʨʝʜʩʪʘʚʣʝʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʦʮʽʥʢʘ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʢʦʥʩʪʨʫʢʮʽʾ 

ʝʣʝʢʪʨʦʥʥʠʭ ʤʦʜʫʣʽʚ ʛʝʨʤʝʪʠʟʦʚʘʥʠʭ ʢʦʤʧʘʫʥʜʦʤ ʧʨʠ ʪʝʨʤʦʫʜʘʨʘʭ ʪʘ ʨʦʟʨʦʙʢʘ  ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ 

ʟʘʭʠʩʪʫ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʛʝʨʤʝʪʠʟʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʷʭ. ʆʙôʻʢʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʝʣʝʢʪʨʦʥʥʽ 

ʢʦʤʧʦʥʝʥʪʠ, ʷʢʽ ʛʝʨʤʝʪʠʟʦʚʘʥʽ ʢʦʤʧʘʫʥʜʦʤ ʽ ʤʘʶʪʴ ʬʦʨʤʫ ʪʽʣ ʦʙʝʨʪʘʥʥʷ, ʪʘʢʽ ʷʢ ʨʝʟʠʩʪʦʨʠ, ʢʦʥʜʝʥʩʘʪʦʨʠ, 

ʜʽʦʜʠ, ʛʝʨʤʦ-ʚʠʚʦʜʠ ʽ ʪ.ʜ. 

 

ʆʮʽʥʢʘ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʥʥʠʡ ʢʦʤʧʦʥʝʥʪ ï ʢʦʤʧʘʫʥʜ ʧʨʠ ʧʝʨʝʧʘʜʽ 

ʪʝʤʧʝʨʘʪʫʨ 

ʊʠʧʦʚʠʡ ʧʨʦʮʝʩ ʛʝʨʤʝʪʠʟʘʮʽʾ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʽʜʙʫʚʘʻʪʴʩʷ ʰʣʷʭʦʤ ʟʘʣʠʚʘʥʥʷ ʧʦʣʽʤʝʨʥʠʤ 

ʤʘʪʝʨʽʘʣʦʤ. ɼʦ ʟʘʣʠʚʢʠ ʤʦʜʫʣʴ ʽ ʢʦʤʧʘʫʥʜ ʨʦʟʽʛʨʽʚʘʶʪʴʩʷ ʜʦ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʣʽʤʝʨʠʟʘʮʽʾ, ʨʦʟʰʠʨʶʶʯʠʩʴ 

ʧʨʠ ʮʴʦʤʫ ʥʝʟʘʣʝʞʥʦ ʦʜʠʥ ʚʽʜ ʦʜʥʦʛʦ. ʇʽʩʣʷ ʟʘʣʠʚʢʠ ʢʦʤʧʘʫʥʜʦʤ ʚʠʨʽʙ ʧʦʤʽʱʘʶʪʴ ʚ ʪʝʨʤʦʩʪʘʪ ʽ 

ʚʠʪʨʠʤʫʶʪʴ ʜʦ ʟʘʢʽʥʯʝʥʥʷ ʧʨʦʮʝʩʫ ʧʦʣʽʤʝʨʠʟʘʮʽʾ, ʚ ʭʦʜʽ ʷʢʦʛʦ ʯʝʨʝʟ ʭʽʤʽʯʥʫ ʫʩʘʜʢʫ ʢʦʤʧʘʫʥʜʘ ʚʞʝ 

ʚʠʥʠʢʘʶʪʴ ʥʝʟʥʘʯʥʽ ʟʘ ʚʝʣʠʯʠʥʦʶ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʽ ʥʘʧʨʫʞʝʥʥʷ. ʇʦ ʟʘʚʝʨʰʝʥʥʽ ʧʨʦʮʝʩʫ ʧʦʣʽʤʝʨʠʟʘʮʽʾ 

ʛʦʪʦʚʽ ʚʠʨʦʙʠ ʦʭʦʣʦʜʞʫʶʪʴ ʜʦ ʥʦʨʤʘʣʴʥʦʾ ʪʝʤʧʝʨʘʪʫʨʠ. ʊʝʧʝʨ ʢʦʥʩʪʨʫʢʮʽʷ ʷʚʣʷʻ ʩʦʙʦʶ ʟʘʧʦʣʽʤʝʨʽʟʦʚʘʥʠʡ 

ʦʙôʻʤ ʢʦʤʧʘʫʥʜʘ, ʷʢʠʡ ʤʦʞʝ ʨʦʟʛʣʷʜʘʪʠʩʷ ʷʢ ʻʜʠʥʝ ʪʽʣʦ ʽʟ ʯʠʩʣʝʥʥʠʤʠ ʨʽʟʥʦʨʽʜʥʠʤʠ ʚʢʣʶʯʝʥʥʷʤʠ.  

ɺʥʘʩʣʽʜʦʢ ʚʽʜʤʽʥʥʦʩʪʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʣʽʥʽʡʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʽ ʽʥʰʠʭ ʬʽʟʠʢʦ-

ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʢʦʤʧʘʫʥʜʘ ʽ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʠ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʥʘ ʾʭ ʤʝʞʽ ʚʠʥʠʢʘʻ 

ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ, ʷʢʠʡ ʟʫʤʦʚʣʶʻ ʥʘʷʚʥʽʩʪʴ ʥʘʧʨʫʞʝʥʥʷ ʚ ʤʘʪʝʨʽʘʣʘʭ ʢʦʥʩʪʨʫʢʮʽʡ. 

ʇʨʝʜʩʪʘʚʣʝʥʠʤ ʚ ʜʘʥʽʡ ʨʦʙʦʪʽ ʥʘʫʢʦʚʠʤ ʨʝʟʫʣʴʪʘʪʦʤ ʻ ʧʦʜʘʣʴʰʠʡ ʨʦʟʚʠʪʦʢ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʦʨʽʾ 

ʃʘʤʝ-ɻʘʜʦʣʽʥʘ ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʩʢʣʘʜʝʥʠʭ ʪʦʚʩʪʦʩʪʽʥʥʠʭ ʮʠʣʽʥʜʨʽʚ ʜʣʷ ʦʮʽʥʢʠ ʤʽʮʥʦʩʪʽ ʝʣʝʢʪʨʦʥʥʠʭ 

ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʤʘʶʪʴ ʬʦʨʤʫ ʪʽʣ ʦʙʝʨʪʘʥʥʷ ʪʘ ʦʪʦʯʫʶʯʦʛʦ ʰʘʨʫ ʢʦʤʧʘʫʥʜʫ ʧʨʠ ʜʦʚʽʣʴʥʽʡ ʬʦʨʤʽ ʟʘʣʠʚʢʠ 

ʦʩʪʘʥʥʴʦʛʦ. 

ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ ʧʨʝʜʩʪʘʚʣʝʥʘ ʥʘ ʨʠʩ. 1, ʘ ʟʚʝʜʝʥʘ ʜʦ ʦʩʝʩʠʤʝʪʨʠʯʥʦʾ ʟʘʜʘʯʽ ʚʟʘʻʤʦʜʽʾ ʜʚʦʭ 

ʮʠʣʽʥʜʨʠʯʥʠʭ ʪʽʣ, ʥʘ ʤʝʞʽ ʷʢʠʭ ʚʠʥʠʢʘʻ ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʈ ʚ ʥʘʩʣʽʜʦʢ ʨʽʟʥʠʮʽ ʢʦʝʬʽʮʽʻʥʪʽʚ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ 

ʣʽʥʽʡʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ ʪʘ ʽʥʰʠʭ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ [10].  

ʗʢʱʦ ʪʦʚʱʠʥʘ ʩʪʽʥʢʠ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʪʽʣʘ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʙʽʣʴʰʝ ʦʜʥʽʻʾ ʜʝʩʷʪʦʾ 

ʩʝʨʝʜʥʴʦʛʦ ʨʘʜʽʫʩʫ, ʪʦ ʟ ʧʨʠʡʥʷʪʥʦʶ ʜʣʷ ʧʨʘʢʪʠʢʠ ʪʦʯʥʽʩʪʶ ʡʦʛʦ ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʪʦʚʩʪʦʩʪʽʥʥʠʡ 

ʮʠʣʽʥʜʨ [11], ʥʘʚʘʥʪʘʞʝʥʠʡ ʧʦ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʥʠʤ ʪʠʩʢʦʤ P, ʘ ʧʦ ʚʥʫʪʨʽʰʥʽʡ ï ʪʠʩʢʦʤ 

ʥʘʚʢʦʣʠʰʥʴʦʛʦ ʩʝʨʝʜʦʚʠʱʘ P1. ɸ ʚʠʜʽʣʝʥʠʡ ʰʘʨ ʢʦʤʧʘʫʥʜʘ ʷʢ ʪʦʚʩʪʦʩʪʽʥʥʠʡ ʮʠʣʽʥʜʨ, ʥʘʚʘʥʪʘʞʝʥʠʡ ʧʦ 

ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʢʦʥʪʘʢʪʥʠʤ ʪʠʩʢʦʤ P, ʘ ʧʦ ʟʦʚʥʽʰʥʽʡ ʪʠʩʢʦʤ P2, ʨʽʚʥʠʤ ʪʠʩʢʫ ʥʘʚʢʦʣʠʰʥʴʦʛʦ 

ʩʝʨʝʜʦʚʠʱʘ. 

ʅʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʧʨʝʜʩʪʘʚʣʝʥʦ ʥʘ ʨʠʩ. 1, ʙ ʜʣʷ ʥʝʩʢʽʥʯʝʥʥʦ ʤʘʣʦʛʦ ʝʣʝʤʝʥʪʫ abdc 

ʚʠʨʽʟʘʥʦʛʦ ʽ ʮʠʣʽʥʜʨʠʯʥʦʛʦ ʪʽʣʘ, ʷʢʠʤ ʻ ʝʣʝʢʪʨʦʥʥʠʡ ʢʦʤʧʦʥʝʥʪ ʘʙʦ ʦʪʦʯʫʶʯʠʡ ʡʦʛʦ ʰʘʨ ʢʦʤʧʘʫʥʜʫ. ʅʘ 

ʩʭʝʤʽ sr ï ʥʦʨʤʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʮʠʣʽʥʜʨʠʯʥʽʡ ʧʦʚʝʨʭʥʽ ʦʙôʻʤʫ ʨʘʜʽʫʩʦʤ r (ʨʘʜʽʘʣʴʥʽ 

ʥʘʧʨʫʞʝʥʥʷ); sr+dsr ï ʥʦʨʤʘʣʴʥʝ ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʨʘʜʽʫʩʦʤ r+dr ; st ï ʥʦʨʤʘʣʴʥʽ 

ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʧʣʦʩʢʠʭ ʙʽʯʥʠʭ ʛʨʘʥʷʭ (ʦʢʨʫʞʥʽ ʥʘʧʨʫʞʝʥʥʷ); sz ï ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʥʘ ʪʦʨʮʝʚʠʭ 

ʧʦʚʝʨʭʥʷʭ (ʦʩʴʦʚʽ ʥʘʧʨʫʞʝʥʥʷ). ʇʦʢʘʟʘʥʠʡ ʥʘʧʨʷʤ ʥʘʧʨʫʞʝʥʴ ʙʫʜʝʤʦ ʚʚʘʞʘʪʠ ʜʦʜʘʪʥʽʤ ʽ ʚʽʜʧʦʚʽʜʥʠʤ 

ʨʦʟʪʷʛʫʚʘʥʥʶ ʝʣʝʤʝʥʪʘ.  

ɺʥʘʩʣʽʜʦʢ ʦʩʴʦʚʦʾ ʩʠʤʝʪʨʽʾ ʮʠʣʽʥʜʨʘ ʽ ʥʘʚʘʥʪʘʞʝʥʥʷ ʝʣʝʤʝʥʪ ʧʝʨʝʢʦʰʫʚʘʪʠʩʴ ʥʝ ʙʫʜʝ, ʽ ʜʦʪʠʯʥʽ 

ʥʘʧʨʫʞʝʥʥʷ ʧʦ ʡʦʛʦ ʛʨʘʥʷʭ ʙʫʜʫʪʴ ʚʽʜʩʫʪʥʽ. ʊʦʤʫ ʥʦʨʤʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ sr , st ʪʘ sz ʙʫʜʫʪʴ ʛʦʣʦʚʥʠʤʠ 

ʥʘʧʨʫʞʝʥʥʷʤʠ. 

                  
ʘ)     ʙ) 

ʈʠʩ. 1. ʈʦʟʨʘʭʫʥʢʦʚʘ ʩʭʝʤʘ: ʘ) ʦʩʝʩʠʤʝʪʨʠʯʥʦʾ ʟʘʜʘʯʽ ʚʟʘʻʤʦʜʽʾ ʜʚʦʭ ʮʠʣʽʥʜʨʠʯʥʠʭ ʪʽʣ;  

ʙ) ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙôʻʤʫ 
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ɺʽʜʧʦʚʽʜʥʦ ʜʦ ʫʟʘʛʘʣʴʥʝʥʦʛʦ ʟʘʢʦʥʫ ɻʫʢʘ ʜʝʬʦʨʤʘʮʽʾ ʝʣʝʤʝʥʪʘʨʥʦʛʦ ʦʙôʻʤʫ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ 

ʩʫʤʫ ʜʝʬʦʨʤʘʮʽʡ ʚʠʢʣʠʢʘʥʠʭ ʪʠʩʢʦʤ ʽ ʪʝʤʧʝʨʘʪʫʨʥʠʤʠ ʨʦʟʰʠʨʝʥʥʷʤʠ: 
1

( )r r z t
E
= - - + De s ms ms a t; 1

( )t t z r
E
= - - + De s ms ms a t; 1

( )z z r t
E
= - - + De s ms ms a t,             (1) 

ʜʝ a ï ʢʦʝʬʽʮʽʻʥʪ ʣʽʥʽʡʥʦʛʦ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʰʠʨʝʥʥʷ, Dt ï ʟʤʽʥʘ ʪʝʤʧʝʨʘʪʫʨʠ ʟʘʣʝʞʥʘ ʚʽʜ 

ʨʘʜʽʫʩʘ r ʪʘ ʚʽʜ ʯʘʩʫ t : 

Dt (r, t) = t (r, t) ï t0,    (2) 

ʜʝ t (r, t) ï ʨʦʟʧʦʜʽʣ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦ ʨʘʜʽʫʩʫ ʮʠʣʽʥʜʨʘ, t0 ï ʧʦʯʘʪʢʦʚʘ ʪʝʤʧʝʨʘʪʫʨʘ ʪʽʣʘ, t ï ʯʘʩ.  

ʈʽʰʝʥʥʷʤ ʨʽʚʥʷʥʴ (1) ʚʠʨʘʟʠ ʜʣʷ ʥʘʧʨʫʞʝʥʴ ʥʘʙʫʚʘʶʪʴ ʚʠʛʣʷʜʫ: 

[ ](1 ) (1 )
(1 )(1 2 )

r r t z

E
s m e me me m a t

m m
= - + + - + D
+ - , 

[ ](1 ) (1 )
(1 )(1 2 )

t t r z

E
s m e me me m a t

m m
= - + + - + D
+ - ,                                                       (3) 

[ ](1 ) (1 )
(1 )(1 2 )

z z r t

E
s m e me me m a t

m m
= - + + - + D
+ - . 

ʆʪʨʠʤʘʥʽ ʚ [12] ʚʠʨʘʟʠ ʪʝʤʧʝʨʘʪʫʨʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʝʜʩʪʘʚʣʷʶʪʴ ʩʦʙʦʶ ʩʫʤʫ ʥʘʧʨʫʞʝʥʴ, ʷʢʽ 

ʚʠʥʠʢʘʶʪʴ ʚʽʜ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʘʜʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ ʪʘ ʥʘʧʨʫʞʝʥʴ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚʽʜ ʜʽʾ 

ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ: 

( )P, ,r ( ,r ) (P,r)s t =s t +s.                                                               (4) 

ʅʘʩʪʫʧʥʽ ʚʠʨʘʟʠ (5ï13) ʧʨʝʜʩʪʘʚʣʝʥʽ ʟ ʚʨʘʭʫʚʘʥʥʷʤ ʛʨʘʥʠʯʥʠʭ ʫʤʦʚ ʧʨʠ i = 1: 

( ) ( )
1

,
i iR i RP P

+
=- =-s s  ʪʘ ʧʨʠ i = 2: ( ) ( )

1 1i iR R iP, P
+ +s =- s =-.  

ʅʘʧʨʫʞʝʥʥʷ ʚʽʜ ʥʝʨʽʚʥʦʤʽʨʥʦʩʪʽ ʨʘʜʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʪʝʤʧʝʨʘʪʫʨʠ: 
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ʅʘʧʨʫʞʝʥʥʷ ʚʽʜ ʜʽʾ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ (8ï13) ʧʨʝʜʩʪʘʚʣʝʥʽ ʧʨʠ ʈi = 0 ʚʥʘʩʣʽʜʦʢ ʤʘʣʦʩʪʽ ʮʠʭ ʟʥʘʯʝʥʴ 

ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʢʦʥʪʘʢʪʥʠʤ ʪʠʩʢʦʤ ʈ (ʪʘʙʣ. 1). 

ɸʥʘʣʽʟ ʤʘʪʝʤʘʪʠʯʥʠʭ ʤʦʜʝʣʝʡ (5ï13) ʧʦʢʘʟʘʚ [13], ʱʦ ʧʨʠ ʩʪʘʣʦʤʫ ʧʝʨʝʧʘʜʽ ʪʝʤʧʝʨʘʪʫʨ Dt (ʮʝ 
ʷʚʠʱʝ ʤʘʻ ʤʽʩʮʝ ʧʨʠ ʧʦʚʥʦʤʫ ʦʭʦʣʦʜʞʝʥʥʽ ʘʙʦ ʥʘʛʨʽʚʘʥʥʽ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʥʥʠʡ ʢʦʤʧʦʥʝʥʪ ï ʢʦʤʧʘʫʥʜ) ʽ ʚ 

ʝʣʝʢʪʨʦʥʥʦʤʫ ʢʦʤʧʦʥʝʥʪʽ, ʽ ʚ ʦʪʦʯʫʶʯʦʤʫ ʰʘʨʽ ʢʦʤʧʘʫʥʜʫ ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ (8ï13) ʜʦʩʷʛʘʶʪʴ 

ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ, ʱʦ ʪʘʢʦʞ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ.  

ɺʩʽ ʨʘʥʽʰʝ ʥʘʚʝʜʝʥʽ ʬʦʨʤʫʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʩʢʣʘʜʦʚʠʭ ʥʝʨʦʟôʻʤʥʦʛʦ ʟôʻʜʥʘʥʥʷ 

ʢʝʨʘʤʽʢʘ ï ʢʦʤʧʘʫʥʜ ʻ ʬʫʥʢʮʽʷʤʠ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʈ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʈ ʨʦʟʛʣʷʥʫʪʦ 

ʫʤʦʚʫ ʩʫʤʽʩʥʦʩʪʽ ʜʝʬʦʨʤʘʮʽʡ ʚʥʫʪʨʽʰʥʴʦʾ ʧʦʚʝʨʭʥʽ ʢʦʤʧʘʫʥʜʥʦʛʦ ʮʠʣʽʥʜʨʘ ʽ ʟʦʚʥʽʰʥʴʦʾ ʮʠʣʽʥʜʨʠʯʥʦʾ 

ʧʦʚʝʨʭʥʽ ʢʝʨʘʤʽʢʠ ʨʝʟʠʩʪʦʨʘ: 
2 2ʝʣ/r R ʢʦʤʧ/r RU U= == . 

ɺʨʘʭʦʚʫʶʯʠ ʟʥʘʯʝʥʥʷ ʧʝʨʝʤʽʱʝʥʴ ʤʘʪʝʨʽʘʣʽʚ ʢʦʤʧʘʫʥʜʘ ʽ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʥʘ ʤʝʞʽ ʽʟ 

ʢʦʥʪʘʢʪʫ ʧʨʠ ʈi = 0 ʪʘ Dt = const ʢʦʥʪʘʢʪʥʠʡ ʪʠʩʢ ʦʪʨʠʤʫʻ ʚʠʨʘʟ (14) [10]: 

 

ʊʘʙʣʠʮʷ 1  

ʌʦʨʤʫʣʠ ʜʣʷ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʽ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ ʧʨʠ ʩʪʘʣʦʤʫ ʧʝʨʝʧʘʜʽ ʪʝʤʧʝʨʘʪʫʨ 

ʅʘʧʨʫʞʝʥʥʷ ɺ ʝʣʝʢʪʨʦʥʥʦʤʫ ʢʦʤʧʦʥʝʥʪʽ ʋ ʢʦʤʧʘʫʥʜʥʦʤʫ ʮʠʣʽʥʜʨʽ 

ʈʘʜʽʘʣʴʥʽ ( )
1

2 2
2 1

2 2 2
2 1

1r
PR R

P,r
R R r

å õ
s =- -æ ö

æ ö- ç ÷

,           (8) 
( )

2

22
32

2 2 2
3 2

1r
RPR

P,r
R R r

å õ
s =- -æ ö

æ ö- ç ÷

,             (11) 

ʆʢʨʫʞʥʽ ( )
1

2 2
2 1

2 2 2
2 1

1t
PR R

P,r
R R r

å õ
s =- +æ ö

æ ö- ç ÷

,           (9) ( )
2

22
32

2 2 2
3 2

1t
RPR

P,r
R R r

å õ
s = +æ ö

æ ö- ç ÷

,             (12) 

ʆʩʴʦʚʽ ()
1

2
2

2 2
2 1

z
PR

P
R R

s =-
-

,         (10) ()
2

2
2

2 2
3 2

z
PR

P
R R

s =
-

,              (13) 

ʂʦʥʪʘʢʪʥʠʡ ʪʠʩʢ 
( ) ( )

( ) ( )

( )
( ) ( )

( )

2 2 1 1

2 22 2
2 3 2 21 1 1 2

2 2 2 2

1 2 1 2 3 2

1 1

1 11 1
P

R RR R

E R R E R R

+ - + Dè øê ú=
è ø+ + -è ø+ + -ê ú ê ú+

- -

m a m a t

m mm m

.                                        (14) 

  



 ˟̨̨̖̘̆̎̎ ̎́̔̋̉ ISSN 2307-5732 
 

ˏ̨̒̎̉̋ ˢ̝̗̝̍̆̌̎̉̋̏̄̏ ̨̗̝̎́̏̎́̌̎̏̄̏ ̨̔̎̃̆̑̒̉̓̆̓̔, Τ3, 2022 (309) 153 

ʈʦʟʨʘʭʫʥʦʢ ʥʘʧʨʫʞʝʥʴ ʚ ʨʝʟʠʩʪʦʨʽ ʉ2-29ɺ ʛʝʨʤʝʪʠʟʦʚʘʥʦʤʫ ʢʦʤʧʘʫʥʜʦʤ ʤʘʨʢʠ ɽɿʂ-25 ʚ ʩʢʣʘʜʽ 

ʛʝʨʤʦʤʦʜʫʣʷ ʧʨʠ ʩʪʘʣʦʤʫ ʧʝʨʝʧʘʜʽ ʪʝʤʧʝʨʘʪʫʨ 

ɸʥʘʣʽʪʠʯʥʠʡ ʨʦʟʨʘʭʫʥʦʢ ʛʦʣʦʚʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʨʝʟʠʩʪʦʨʽ ʪʘ ʢʦʤʧʘʫʥʜʽ ʫ ʩʢʣʘʜʽ ʛʝʨʤʦʤʦʜʫʣʷ 

ʚʠʢʦʥʫʚʘʚʩʷ ʟʘ ʬʦʨʤʫʣʘʤʠ (8ï13). 

ʈʦʟʨʘʭʫʥʦʢ ʙʫʚ ʧʨʦʚʝʜʝʥʠʡ ʧʨʠ ʨʽʚʥʦʤʽʨʥʦʤʫ ʰʘʨʽ ʢʦʤʧʘʫʥʜʘ. ʈʘʜʽʫʩʠ ʩʧʦʣʫʯʝʥʠʭ ʮʠʣʽʥʜʨʠʯʥʠʭ 

ʪʽʣ ʩʢʣʘʜʘʣʠ: R1 = 0,2 ʤʤ; R2 = 0,75 ʤʤ; R3  = 10 ʤʤ. 

ʇʝʨʝʧʘʜ ʪʝʤʧʝʨʘʪʫʨ, ʷʢʠʡ ʚʽʜʧʦʚʽʜʘʻ ʟʤʽʥʽ ʪʝʤʧʝʨʘʪʫʨʠ ʚʩʴʦʛʦ ʛʝʨʤʦʤʦʜʫʣʷ ʚʽʜ +70ʉ̄ (ʪʝʤʧʝʨʘʪʫʨʘ 

ʧʦʣʽʤʝʨʠʟʘʮʽʾ) ʜʦ -60̄ʉ (ʤʽʥʽʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʘ ʪʝʤʧʝʨʘʪʫʨʘ ʚʠʧʨʦʙʫʚʘʥʴ ʚ ʟʘʚʦʜʩʴʢʠʭ ʫʤʦʚʘʭ ʽ ʚ 

ʝʢʩʧʣʫʘʪʘʮʽʾ) ʩʢʣʘʚ Dt = 130̄ʉ. 

ɼʣʷ ʨʦʟʨʘʭʫʥʢʫ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʬʽʟʠʢʦ-ʤʝʭʘʥʽʯʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʦʪʨʠʤʘʥʽ ʚ [14]. ʈʦʟʨʘʭʫʥʦʢ 

ʟʘʛʘʣʴʥʠʭ ʨʘʜʽʘʣʴʥʠʭ, ʦʢʨʫʞʥʠʭ ʪʘ ʦʩʴʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʨʝʟʠʩʪʦʨʽ ʪʘ ʢʦʤʧʘʫʥʜʽ ʧʨʠ ʩʪʘʣʦʤʫ ʧʝʨʝʧʘʜʽ 

ʪʝʤʧʝʨʘʪʫʨ ʧʨʝʜʩʪʘʚʣʝʥʦ ʫ ʚʠʛʣʷʜʽ ʝʧʶʨ ʾʭ ʨʘʜʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ (ʨʠʩ. 2). 

 

 
ʘ)      ʙ) 

ʈʠʩ. 2. ɽʧʶʨʠ ʨʘʜʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʛʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʨʝʟʠʩʪʦʨʘ (ʘ) ʪʘ ʢʦʤʧʘʫʥʜʘ (ʙ) ʧʨʠ ʩʪʘʣʦʤʫ ʧʝʨʝʧʘʜʽ ʪʝʤʧʝʨʘʪʫʨ 

 
ɸʥʘʣʽʟ ʬʫʥʢʮʽʡ ʝʧʶʨ ʨʘʜʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʛʘʣʴʥʠʭ ʨʘʜʽʘʣʴʥʠʭ ʪʘ ʦʢʨʫʞʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʦʢʘʟʘʚ, 

ʱʦ ʚ ʦʙʦʭ ʪʽʣʘʭ ʨʘʜʽʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʜʦʩʷʛʘʶʪʴ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʥʘ ʤʝʞʽ ʾʭ ʢʦʥʪʘʢʪʫ, ʘ ʦʢʨʫʞʥʽ ï ʥʘ 

ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʢʦʞʥʦʛʦ ʮʠʣʽʥʜʨʫ ʪʘ ʧʨʠ ʩʪʘʣʦʤʫ ʧʝʨʝʧʘʜʽ ʪʝʤʧʝʨʘʪʫʨ. 

ɺ ʝʣʝʢʪʨʦʥʥʦʤʫ ʢʦʤʧʦʥʝʥʪʽ ʚʠʥʠʢʘʶʪʴ ʥʘʧʨʫʞʝʥʥʷ ʩʪʠʩʢʫ, ʧʨʠ 

1 1 1 11 2 1 2 1 20r r t tR r R : ( R ) , ( R ) max, ( R ) max, ( R ) min¢ ¢ s = s = s = s =. 

ɺ ʢʦʤʧʘʫʥʜʽ ʨʘʜʽʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʟʦʥʽ ʩʪʠʩʢʫ, ʘ ʦʢʨʫʞʥʽ ï ʚ ʟʦʥʽ ʨʦʟʪʷʛʫ, ʧʨʠ 

2 2 2 22 3 2 3 2 3r r t tR r R : ( R ) max, (R ) min, ( R ) max, ( R ) min¢ ¢ s = s = s = s =. 

ʆʩʴʦʚʽ ʥʘʧʨʫʞʝʥʥʷ sz ʟʘ ʩʚʦʾʤ ʟʥʘʯʝʥʥʷʤ ʟʥʘʭʦʜʷʪʴʩʷ ʤʽʞ ʨʘʜʽʘʣʴʥʠʤʠ ʪʘ ʪʘʥʛʝʥʮʽʘʣʴʥʠʤʠ ʽ ʚʽʜ 

ʨʘʜʽʫʩʫ r ʥʝ ʟʘʣʝʞʘʪʴ. 

ʆʮʽʥʢʘ ʤʽʮʥʦʩʪʽ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʥʥʠʡ ʢʦʤʧʦʥʝʥʪ ï ʢʦʤʧʘʫʥʜ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʦʩʝʩʠʤʝʪʨʠʯʥʦʾ 

ʨʦʟʨʘʭʫʥʢʦʚʦʾ ʩʭʝʤʠ (ʨʠʩ. 1) ʧʦʪʨʝʙʫʻ ʚʠʙʦʨʫ ʟʦʚʥʽʰʥʴʦʛʦ ʨʘʜʽʫʩʫ ʰʘʨʫ ʢʦʤʧʘʫʥʜʫ ʚʠʜʽʣʝʥʦʛʦ ʥʘʚʢʦʣʦ 

ʟʘʜʘʥʦʛʦ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ, ʚʽʜ ʷʢʦʛʦ, ʦʯʝʚʠʜʥʦ, ʟʘʣʝʞʠʪʴ ʟʥʘʯʝʥʥʷ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ (14) ʥʘ 

ʛʨʘʥʠʮʽ ʢʦʥʪʘʢʪʫ ʪʘ ʟʘʛʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ (8ï10) ʚ ʝʣʝʢʪʨʦʥʥʦʤʫ ʢʦʤʧʦʥʝʥʪʽ. ʊʘʢʽ ʟʘʣʝʞʥʦʩʪʽ ʙʫʣʠ ʦʪʨʠʤʘʥʽ 

ʜʣʷ ʥʘʡʙʽʣʴʰʠʭ ʟʘ ʘʙʩʦʣʶʪʥʠʤ ʟʥʘʯʝʥʥʷʤ ʨʘʜʽʘʣʴʥʠʭ 
1 3 2r ( R ,r R )s =  (ʥʘ ʟʦʚʥʽʰʥʽʡ ʧʦʚʝʨʭʥʽ), ʦʢʨʫʞʥʠʭ 

1 3 1t ( R ,r R )s =  (ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ)  ʪʘ ʦʩʴʦʚʠʭ ʥʘʧʨʫʞʝʥʴ 
1z
s  (ʨʠʩ. 3). 

 

 
ʈʠʩ. 3. ɿʘʣʝʞʥʽʩʪʴ ʥʘʡʙʽʣʴʰʠʭ ʟʘ ʘʙʩʦʣʶʪʥʠʤ ʟʥʘʯʝʥʥʷʤ ʨʘʜʽʘʣʴʥʠʭ, ʦʢʨʫʞʥʠʭ ʪʘ ʦʩʴʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʝʣʝʢʪʨʦʥʥʦʤʫ 

ʢʦʤʧʦʥʝʥʪʽ ʚʽʜ ʟʦʚʥʽʰʥʴʦʛʦ ʨʘʜʽʫʩʫ ʰʘʨʫ ʢʦʤʧʘʫʥʜʫ 
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ɿ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʛʨʘʬʽʢʽʚ ʚʠʜʥʦ, ʱʦ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʦʪʨʠʤʘʥʠʭ ʬʫʥʢʮʽʡ ʟʘʛʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ 

ʟʤʽʥʶʶʪʴʩʷ ʟʘ ʛʽʧʝʨʙʦʣʽʯʥʠʤ ʟʘʢʦʥʦʤ ʽ ʟ ʨʦʩʪʦʤ ʘʨʛʫʤʝʥʪʫ, ʚ ʷʢʦʩʪʽ ʷʢʦʛʦ ʚʟʷʪʘ ʚʽʜʥʦʩʥʘ ʚʝʣʠʯʠʥʘ R3/R2, 

ʟʥʘʯʝʥʥʷ ʬʫʥʢʮʽʡ ʥʘʙʣʠʞʘʪʠʩʷ ʜʦ ʧʝʚʥʠʭ ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ. ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʤʦʞʥʘ ʚʠʟʥʘʯʠʪʠ ʪʘʢʝ 

ʤʘʢʩʠʤʘʣʴʥʦ ʜʦʧʫʩʪʠʤʝ ʟʥʘʯʝʥʥʷ ʘʨʛʫʤʝʥʪʫ ï ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʟʦʚʥʽʰʥʽʭ ʨʘʜʽʫʩʽʚ ʢʦʤʧʘʫʥʜʥʦʛʦ ʮʠʣʽʥʜʨʘ ʽ 

ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ, ʧʨʠ ʧʦʜʘʣʴʰʦʤʫ ʟʙʽʣʴʰʝʥʥʽ ʷʢʦʛʦ ʚʽʜʥʦʩʥʠʡ ʧʨʠʨʽʩʪ ʬʫʥʢʮʽʡ Ds ʙʫʜʝ 

ʥʝʩʫʪʪʻʚʠʤ. ʅʘʧʨʠʢʣʘʜ, ʧʨʠ [R3/R2] = 5: 
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ɺ ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ, ʟʘʜʦʚʦʣʴʥʷʶʯʠʩʴ 5-6% ʪʦʯʥʽʩʪʶ ʨʦʟʨʘʭʫʥʢʽʚ, ʢʦʤʧʘʫʥʜʥʠʡ ʮʠʣʽʥʜʨ ʤʦʞʥʘ 

ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʪʘʢʠʡ, ʱʦ ʤʘʻ ʥʝʩʢʽʥʯʝʥʥʦ ʚʝʣʠʢʫ ʪʦʚʱʠʥʫ ʩʪʽʥʢʠ ʥʝ ʟʘʣʝʞʥʦ ʚʽʜ ʬʦʨʤʠ ʡʦʛʦ ʟʦʚʥʽʰʥʴʦʛʦ 

ʢʦʥʪʫʨʫ. ʊʘʢʠʤ ʯʠʥʦʤ, ʧʨʠ ʟʘʟʥʘʯʝʥʠʭ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷʭ ʪʦʚʱʠʥʠ ʰʘʨʫ ʢʦʤʧʘʫʥʜʘ ʽ ʨʘʜʽʫʩʫ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʫ ʤʦʞʥʘ ʦʙʤʝʞʠʪʠʩʷ ʨʦʟʛʣʷʜʦʤ ʦʩʝʩʠʤʝʪʨʠʯʥʦʾ ʟʘʜʘʯʽ, ʽ ʟʙʽʣʴʰʝʥʥʷ ʪʠʩʢʫ ʚʽʜ ʢʦʤʧʘʫʥʜʘ, 

ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʟʘ ʟʦʥʦʶ ʚʠʜʽʣʝʥʦʛʦ ʮʠʣʽʥʜʨʘ, ʙʫʜʝ ʥʝʩʫʪʪʻʚʠʤ ʫ ʧʦʨʽʚʥʷʥʥʽ ʟ ʤʘʢʩʠʤʘʣʴʥʠʤ, ʟʥʘʡʜʝʥʠʤ ʧʨʠ 

ʚʠʨʽʰʝʥʥʽ ʦʩʝʩʠʤʝʪʨʠʯʥʦʾ ʟʘʜʘʯʽ, ʽ ʤʦʞʝ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʚ ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ. 

 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʚ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʘʭ ʛʝʨʤʝʪʠʟʦʚʘʥʠʭ ʢʦʤʧʘʫʥʜʦʤ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʧʨʦʚʦʜʠʣʦʩʷ ʜʣʷ ʨʝʟʠʩʪʦʨʽʚ ʉ2-29ɺ ʫ ʩʢʣʘʜʽ ʤʦʜʫʣʽʚ 

ʛʝʨʤʝʪʠʟʦʚʘʥʠʭ ʢʦʤʧʘʫʥʜʦʤ ɽɿʂ-25 ʧʨʠ ʪʝʨʤʦʫʜʘʨʘʭ ʚʽʜ +70ʉ̄ ʜʦ -60̄ʉ.  

ʇʦʚʝʨʭʥʶ ʨʝʟʠʩʪʦʨʽʚ ʧʨʝʧʘʨʫʚʘʣʠ ʤʘʣʦʙʘʟʥʠʤʠ ʜʨʦʪʷʥʠʤʠ ʦʜʥʦ-ʥʠʪʢʦʚʠʤʠ ʪʝʥʟʦʨʝʟʠʩʪʦʨʘʤʠ 

ʄʇʊ-1-100 ʜʣʷ ʚʠʤʽʨʶʚʘʥʥʷ ʦʢʨʫʞʥʠʭ ʪʘ ʦʩʴʦʚʠʭ ʜʝʬʦʨʤʘʮʽʡ, ʷʢʽ ʚʠʥʠʢʘʶʪʴ ʚ ʾʭ ʢʝʨʘʤʽʯʥʠʭ ʪʨʫʙʢʘʭ.  

ʇʨʝʧʘʨʦʚʘʥʽ ʢʦʤʧʦʥʝʥʪʠ ʛʝʨʤʝʪʠʟʫʚʘʣʠ ʚ ʩʢʣʘʜʽ ʛʝʨʤʦʤʦʜʫʣʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʤ ʢʦʤʧʘʫʥʜʦʤ ɽɿʂ-25 

ʥʘ ʦʩʥʦʚʽ ʝʧʦʢʩʠʜʥʦʾ ʩʤʦʣʠ ɽɼ-20. ɺ ʧʨʦʮʝʩʽ  ʪʝʨʤʦʫʜʘʨʫ ʟʜʽʡʩʥʶʚʘʣʘʩʷ ʙʝʟʧʝʨʝʨʚʥʘ ʨʝʻʩʪʨʘʮʽʷ 

ʜʝʬʦʨʤʘʮʽʡ. ɺ ʝʢʩʧʝʨʠʤʝʥʪʽ ʙʨʘʣʦ ʫʯʘʩʪʴ 5 ʛʝʨʤʦʤʦʜʫʣʽʚ, ʢʦʞʝʥ ʽʟ ʷʢʠʭ ʤʽʩʪʠʚ 5 ʨʝʟʠʩʪʦʨʽʚ. ɺʠʧʨʦʙʫʚʘʥʥʷ 

ʢʦʞʥʦʛʦ ʛʝʨʤʦʤʦʜʫʣʷ ʧʨʦʚʦʜʠʣʠ ʧʨʠ ʪʝʨʤʦʮʠʢʣʶʚʘʥʥʽ ʚʽʜ ʪʝʤʧʝʨʘʪʫʨʠ +70ʉ̄ ʜʦ -60̄ʉ ʚ ʧôʷʪʠ ʮʠʢʣʘʭ ʜʣʷ 

ʮʴʦʛʦ ʛʝʨʤʦʤʦʜʫʣʴ ʧʦʤʽʱʘʚʩʷ ʚ ʪʝʨʤʦʩʪʘʪ ʉʉ-200 ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ +70ʉ̄, ʘ ʧʦʪʽʤ ʚ ʢʣʽʤʘʪʠʯʥʫ ʢʘʤʝʨʫ 

ʌʘʡʪʨʦʥ 3526/51 ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ -60̄ʉ. ʏʘʩ ʚʠʪʨʠʤʢʠ t = 30 ʭʚ ʧʨʠ ʢʦʞʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʙʫʣʦ ʦʪʨʠʤʘʥʦ ʟ 

ʨʦʟʨʘʭʫʥʢʫ ʪʝʤʧʝʨʘʪʫʨʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʚ ʦʙôʻʤʽ ʚʠʨʦʙʫ [12]. 

ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ ʜʝʬʦʨʤʘʮʽʡ ʨʝʟʠʩʪʦʨʽʚ ʪʽʣʴʢʠ ʚʽʜ ʜʽʾ ʢʦʤʧʘʫʥʜʘ ʚʽʜ ʦʪʨʠʤʘʥʠʭ ʧʦʢʘʟʘʥʴ 

ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ ʚ ʛʝʨʤʝʪʠʟʦʚʘʥʠʭ ʤʦʜʫʣʷʭ ʚʽʜʥʽʤʘʣʠ ʧʦʢʘʟʘʥʥʷ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ ʚ ʛʝʨʤʦʤʦʜʫʣʷʭ ʜʦ 

ʛʝʨʤʝʪʠʟʘʮʽʾ ʧʨʠ ʦʜʥʘʢʦʚʠʭ ʟʥʘʯʝʥʥʷʭ ʪʝʤʧʝʨʘʪʫʨ. 

ɺ ʭʦʜʽ ʝʢʩʧʝʨʠʤʝʥʪʽʚ ʙʫʣʦ ʚʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ 

ʚʽʜʧʦʚʽʜʘʶʪʴ ʤʦʤʝʥʪʫ ʧʦʚʥʦʛʦ ʦʩʪʠʛʘʥʥʷ ʛʝʨʤʦʤʦʜʫʣʷ, ʪʦʙʪʦ ʧʨʠ ʫʩʪʘʣʝʥʦʤʫ ʧʝʨʝʧʘʜʽ ʪʝʤʧʝʨʘʪʫʨ.  

ɺ ʪʘʙʣ. 2 ʧʨʝʜʩʪʘʚʣʝʥʦ ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʦʢʨʫʞʥʠʭ ʪʘ ʦʩʴʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʦʪʨʠʤʘʥʽ ʚ ʨʝʟʫʣʴʪʘʪʽ 

ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʪʘ ʘʥʘʣʽʪʠʯʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ. ʇʦʨ̔ʚʥʷʥʥʷ ʨʦʟʨʘʭʫʥʢʦʚʠʭ ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʭ 

ʟʥʘʯʝʥʴ ʧʦʢʘʟʘʣʦ ʾʭ ʥʝʟʥʘʯʥʫ ʨʦʟʙʽʞʥʽʩʪʴ ʜʦ 13 %. 

 

ʊʘʙʣʠʮʷ 2  

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʪʘ ʨʦʟʨʘʭʫʥʢʦʚʽ ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʦʢʨʫʞʥʠʭ ʪʘ ʦʩʴʦʚʠʭ ʥʘʧʨʫʞʝʥʴ ʥʘ ʧʦʚʝʨʭʥʽ 

ʨʝʟʠʩʪʦʨʽʚ ʉ2-29ɺ ʛʝʨʤʝʪʠʟʦʚʘʥʠʭ ʢʦʤʧʘʫʥʜʦʤ ɽɿʂ-25 ʧʨʠ ʪʝʨʤʦʫʜʘʨʽ ʚʽʜ +70 ʜʦ -60̄ʉ 
ɿʘʛʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ 

ʈʘʜʽʘʣʴʥʽ sr1 , ʄʇʘ ʆʢʨʫʞʥʽ st1 , ʄʇʘ ʆʩʴʦʚʽ sz1 , ʄʇʘ 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʽ ʟʥʘʯʝʥʥʷ 

ï -60,36 -55,25 

ʄʘʪʝʤʘʪʠʯʥʝ ʤʦʜʝʣʶʚʘʥʥʷ 

-57,95 -66,83 -62,39 

ɺʽʜʥʦʩʥʝ ʚʽʜʭʠʣʝʥʥʷ, % 

ï 10,72 12,92 

 

ʊʘʢʠʤ ʯʠʥʦʤ ʙʫʣʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʧʽʜʪʚʝʨʜʞʝʥʦ ʚʠʩʥʦʚʦʢ ʟʨʦʙʣʝʥʠʡ ʥʘ ʦʩʥʦʚʽ ʘʥʘʣʽʪʠʯʥʦʛʦ 

ʘʥʘʣʽʟʫ, ʧʨʦ ʪʝ, ʱʦ ʤʘʢʩʠʤʘʣʴʥʽ ʟʥʘʯʝʥʥʷ ʟʘʛʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚ ʩʠʩʪʝʤʽ ʝʣʝʢʪʨʦʥʥʠʡ ʢʦʤʧʦʥʝʥʪ ï 

ʢʦʤʧʘʫʥʜ ʧʨʠ ʪʝʨʤʦʫʜʘʨʘʭ ʚʠʥʠʢʘʶʪʴ ʧʨʠ ʫʩʪʘʣʝʥʦʤʫ ʧʝʨʝʧʘʜʽ ʪʝʤʧʝʨʘʪʫʨ, ʱʦ ʜʦʟʚʦʣʷʻ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʚ 

ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ ʜʣʷ ʦʮʽʥʶʚʘʥʥʷ ʤʽʮʥʦʩʪʽ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʥʥʠʡ ʢʦʤʧʦʥʝʥʪ ï ʢʦʤʧʘʫʥʜ ʬʦʨʤʫʣʠ ʜʣʷ 

ʨʦʟʨʘʭʫʥʢʫ ʟʘʛʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ ʧʨʠ ʫʩʪʘʣʝʥʦʤʫ ʧʝʨʝʧʘʜʽ ʪʝʤʧʝʨʘʪʫʨ ʽʟ ʜʦʩʪʘʪʥʴʦʶ ʪʦʯʥʽʩʪʶ. 

 

ʆʮʽʥʢʘ ʤʽʮʥʦʩʪʽ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʥʥʠʡ ʢʦʤʧʦʥʝʥʪ ï ʢʦʤʧʘʫʥʜ 

ɽʣʝʢʪʨʦʥʥʽ ʢʦʤʧʦʥʝʥʪʠ, ʟʘʧʦʣʽʤʝʨʽʟʦʚʘʥʽ ʢʦʤʧʘʫʥʜʦʤ, ʽ ʩʘʤ ʢʦʤʧʘʫʥʜ ʟʥʘʭʦʜʷʪʴʩʷ ʚ ʩʢʣʘʜʥʦʤʫ 

ʦʙôʻʤʥʦʤʫ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʤʫ ʩʪʘʥʽ, ʚ ʷʢʦʤʫ ʚʩʽ ʪʨʠ ʛʦʣʦʚʥʽ ʥʘʧʨʫʞʝʥʥʷ ʥʝ ʜʦʨʽʚʥʶʶʪʴ ʥʫʣʶ.  ɺ 

ʪʘʢʠʭ ʚʠʧʘʜʢʘʭ ʷʢ ʚʢʘʟʘʥʦ ʚ [11] ʥʝʙʝʟʧʝʯʥʠʡ ʩʪʘʥ ʦʜʥʦʛʦ ʽ ʪʦʛʦ ʞ ʤʘʪʝʨʽʘʣʘ ʤʦʞʝ ʤʘʪʠ ʤʽʩʮʝ ʧʨʠ ʨʽʟʥʠʭ 

ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʥʷʭ ʛʦʣʦʚʥʠʭ ʥʘʧʨʫʞʝʥʴ ʟʘʣʝʞʥʦ ʚʽʜ ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʤʽʞ ʥʠʤʠ, ʟʦʢʨʝʤʘ ʜʣʷ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ sr1 > sz1 > st1, ʘ ʜʣʷ ʢʦʤʧʘʫʥʜʘ st2 > sz2 > sr2,. ɸʣʝ ʚʚʘʞʘʻʪʴʩʷ, ʱʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ 

ʚʩʪʘʥʦʚʣʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʟʥʘʯʝʥʥʷʭ ʛʦʣʦʚʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚʠʷʚʣʷʻʪʴʩʷ ʜʫʞʝ ʩʢʣʘʜʥʦʶ ʟʘʜʘʯʝʶ ʷʢ ʯʝʨʝʟ 

ʪʨʫʜʥʦʱʽ ʧʦʩʪʘʥʦʚʢʠ ʜʦʩʣʽʜʽʚ, ʪʘʢ ʽ  ʯʝʨʝʟ ʚʝʣʠʢʠʡ ʦʙôʻʤ ʚʠʧʨʦʙʫʚʘʥʴ. 
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ɺʠʢʦʨʠʩʪʘʥʥʷ ʪʝʦʨʽʡ ʤʽʮʥʦʩʪʽ ʪʝʞ ʥʝ ʟʘʚʞʜʠ ʧʨʘʚʠʣʴʥʦ ʚʽʜʦʙʨʘʞʘʻ ʨʝʘʣʴʥʠʡ ʥʘʧʨʫʞʝʥʠʡ ʩʪʘʥ 

ʦʙôʻʢʪʽʚ. ɺʝʣʠʯʠʥʘ ʜʦʧʫʩʪʠʤʦʛʦ ʥʘʧʨʫʞʝʥʥʷ ʥʦʩʠʪʴ ʫʤʦʚʥʠʡ ʭʘʨʘʢʪʝʨ, ʪʘʢ ʷʢ ʥʝ ʚʽʜʦʙʨʘʞʘʻ ʭʘʨʘʢʪʝʨʫ 

ʧʝʨʝʜʙʘʯʫʚʘʥʦʛʦ ʨʫʡʥʫʚʘʥʥʷ, ʨʝʞʠʤʫ ʥʘʚʘʥʪʘʞʝʥʥʷ ʪʘ ʽʥʰʠʭ ʬʘʢʪʦʨʽʚ, ʱʦ ʚʧʣʠʚʘʶʪʴ ʥʘ ʥʘʜʽʡʥʽʩʪʴ.  

ɺ ʧʨʝʜʩʪʘʚʣʝʥʽʡ ʨʦʙʦʪʽ ʙʫʣʘ ʟʜʽʡʩʥʝʥʘ ʩʧʨʦʙʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʠʭ 

(ʨʫʡʥʽʚʥʠʭ) ʥʘʧʨʫʞʝʥʴ ʚ ʫʤʦʚʘʭ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʽʜʝʥʪʠʯʥʦʛʦ ʜʦ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʛʦ. ɺ 

ʷʢʦʩʪʽ ʪʘʢʠʭ ʥʘʧʨʫʞʝʥʴ ʙʫʣʦ ʦʙʨʘʥʦ ʦʢʨʫʞʥʽ ʥʘʧʨʫʞʝʥʥʷ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʥʘ ʤʝʞʽ ʢʦʥʪʘʢʪʫ ʜʚʦʭ 

ʪʽʣ, ʦʩʢʽʣʴʢʠ, ʷʢ ʙʫʣʦ ʧʦʢʘʟʘʥʦ ʚ ʨʝʟʫʣʴʪʘʪʽ ʤʘʪʝʤʘʪʠʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ (9) ʪʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ 

ʜʦʩʣʽʜʞʝʥʥʷ, ʩʝʨʝʜ ʽʥʰʠʭ ʥʘʧʨʫʞʝʥʴ, ʩʘʤʝ ʚʦʥʠ ʻ ʥʘʡʙʽʣʴʰʠʤʠ ʟʘ ʘʙʩʦʣʶʪʥʠʤʠ ʟʥʘʯʝʥʥʷʤ ʽ ʾʭ ʚʠʤʽʨʶʚʘʥʥʷ 

ʥʝ ʚʠʢʣʠʢʘʻ ʪʨʫʜʥʦʱʽʚ. 

ɽʢʩʧʝʨʠʤʝʥʪʘʣʴʥʝ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʦʢʨʫʞʥʠʭ ʥʘʧʨʫʞʝʥʴ ʟʜʽʡʩʥʶʚʘʣʦʩʷ ʩʧʦʩʦʙʦʤ 

ʘʥʘʣʦʛʽʯʥʠʤ ʜʦ ʦʧʠʩʘʥʦʛʦ ʨʘʥʽʰʝ, ʟʘ ʚʠʥʷʪʢʦʤ ʟʘʣʠʚʢʠ çʞʦʨʩʪʢʠʤè (ʙʝʟ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʽ ʥʘʧʦʚʥʶʚʘʯʘ) 

ʢʦʤʧʘʫʥʜʦʤ ʥʘ ʦʩʥʦʚʽ ɽɿʂ-25, ʚ ʷʢʦʤʫ ʟʙʝʨʽʛʘʚʩʷ ʧʦʜʽʙʥʠʡ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʤʫ ʦʙôʻʤʥʠʡ ʥʘʧʨʫʞʝʥʦ-

ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ, ʘʣʝ ʽʟ ʙʽʣʴʰʠʤʠ ʟʥʘʯʝʥʥʷʤʠ. 5 ʛʝʨʤʝʪʠʟʦʚʘʥʠʭ ʤʦʜʫʣʽʚ ʧʦʩʣʽʜʦʚʥʦ ʟôʻʜʥʫʚʘʣʠ ʚ 

ʝʣʝʢʪʨʠʯʥʝ ʢʦʣʦ, ʷʢʝ ʧʽʜʜʘʚʘʣʠ ʪʝʨʤʦʫʜʘʨʘʤ ʽʟ ʦʜʥʦʯʘʩʥʦʶ ʨʝʻʩʪʨʘʮʽʻʶ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ ʽ ʝʣʝʢʪʨʠʯʥʠʭ 

ʧʘʨʘʤʝʪʨʽʚ ʢʦʣʘ. ʇʨʠ ʦʙʨʠʚʽ ʢʦʣʘ ʘʙʦ ʚʽʜʭʠʣʝʥʥʽ ʝʣʝʢʪʨʠʯʥʦʛʦ ʧʘʨʘʤʝʪʨʘ (ʦʧʦʨʫ) ʟʘ ʜʦʧʫʩʪʠʤʽ ʤʝʞʽ (°10 %) 

ʚ ʞʦʨʩʪʢʦʤʫ ʢʦʤʧʘʫʥʜʽ ʬʽʢʩʫʚʘʣʠ ʨʫʡʥʽʚʥʝ ʥʘʧʨʫʞʝʥʥʷ sɺ. ʇʦʪʽʤ ʤʦʜʫʣʴ ʽʟ ʢʦʤʧʦʥʝʥʪʦʤ, ʷʢʠʡ ʚʠʡʰʦʚ 
ʣʘʜʫ ʚʠʢʣʶʯʘʣʠ ʟ ʝʣʝʢʪʨʠʯʥʦʛʦ ʢʦʣʘ ʽ ʧʨʦʜʦʚʞʫʚʘʣʠ ʝʢʩʧʝʨʠʤʝʥʪ. 

ʇʨʠ ʧʦʷʚʽ ʤʝʨʝʭʪʣʠʚʦʛʦ ʜʝʬʝʢʪʫ ʚʠʤʽʨʷʥʽ ʚ ʞʦʨʩʪʢʦʤʫ ʢʦʤʧʘʫʥʜʽ ʥʘʧʨʫʞʝʥʥʷ ʙʨʘʣʠ ʟʘ ʨʫʡʥʽʚʥʽ, 

ʦʩʢʽʣʴʢʠ ʮʝʡ ʜʝʬʝʢʪ ʻ ʨʽʚʥʦʟʥʘʯʥʠʤ ʟʘ ʩʚʦʾʤʠ ʥʘʩʣʽʜʢʘʤʠ ʨʫʡʥʫʚʘʥʥʶ ʢʦʤʧʦʥʝʥʪʘ ʽ ʥʝʨʽʜʢʦ ʟʫʩʪʨʽʯʘʻʪʴʩʷ ʚ 

ʫʤʦʚʘʭ ʝʢʩʧʣʫʘʪʘʮʽʾ. 

ʆʪʨʠʤʘʥʽ ʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʦʢʨʫʞʥʠʭ ʥʘʧʨʫʞʝʥʴ ʚʠʷʚʠʣʠʩʷ ʚ ʜʽʘʧʘʟʦʥʽ ʚʽʜ -58,74 ʜʦ -107,66 

ʄʇʘ. ʗʢ ʧʦʢʘʟʘʣʠ ʨʝʟʫʣʴʪʘʪʠ ʧʦʧʝʨʝʜʥʴʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ  ʤʘʢʩʠʤʘʣʴʥʽ ʝʢʩʧʣʫʘʪʘʮʽʡʥʽ ʦʢʨʫʞʥʽ ʥʘʧʨʫʞʝʥʥʷ 

(ʪʘʙʣ. 2) ʤʦʞʫʪʴ ʧʝʨʝʚʠʱʫʚʘʪʠ ʮʽ ʛʨʘʥʠʯʥʽ ʟʥʘʯʝʥʥʷ ʽ ʧʨʠʚʦʜʠʪʠ ʜʦ ʨʫʡʥʫʚʘʥʥʷ ʽ ʚʠʭʦʜʫ ʟ ʣʘʜʫ ʝʣʝʢʪʨʦʥʥʠʭ 

ʤʦʜʫʣʽʚ, ʱʦ ʚʠʤʘʛʘʻ ʨʦʟʨʦʙʢʠ ʩʧʦʩʦʙʽʚ ʟʥʠʞʝʥʥʷ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʭ ʥʘʧʨʫʞʝʥʴ ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʽʮʥʦʩʪʽ 

ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʥʥʠʡ ʢʦʤʧʦʥʝʥʪ ï ʢʦʤʧʘʫʥʜ. 

 

ʆʪʨʠʤʘʥʽ ʨʝʟʫʣʴʪʘʪʠ ʨʦʟʨʦʙʢʠ ʝʬʝʢʪʠʚʥʠʭ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʤʝʪʦʜʽʚ ʟʘʭʠʩʪʫ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ 

ʆʜʥʠʤ ʽʟ ʥʘʡʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʭ ʤʝʪʦʜʽʚ ʟʥʠʞʝʥʥʷ ʥʘʧʨʫʞʝʥʴ ʚ ʛʝʨʤʝʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤʘʭ, ʷʢʽ 

ʚʠʥʠʢʘʶʪʴ ʚ ʨʝʟʫʣʴʪʘʪʽ ʚʟʘʻʤʦʜʽʾ ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʫ ʪʘ ʛʝʨʤʝʪʠʢʘ, ʻ ʩʪʚʦʨʝʥʥʷ ʘʙʦ ʤʦʜʠʬʽʢʘʮʽʷ 

ʧʨʫʞʥʦ-ʜʠʩʠʧʘʪʠʚʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ ʥʠʤʠ.  

ɺʚʝʜʝʥʥʷ ʪʘʢʠʭ ʜʦʜʘʪʢʦʚʠʭ ʟʚôʷʟʢʽʚ ʚ ʤʝʭʘʥʽʯʥʫ ʩʠʩʪʝʤʫ ʝʣʝʢʪʨʦʥʥʠʡ ʢʦʤʧʦʥʝʥʪ ï ʛʝʨʤʝʪʠʢ ʙʫʣʦ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʨʷʜʫ ʪʝʭʥʦʣʦʛʽʯʥʠʭ ʟʘʩʦʙʽʚ. 

ɽʬʝʢʪʠʚʥʽʩʪʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʦʜʘʪʢʦʚʠʭ ʧʨʫʞʥʦ-ʜʠʩʠʧʘʪʠʚʥʠʭ ʟʚôʷʟʢʽʚ ʦʮʽʥʶʚʘʣʘʩʷ ʢʦʝʬʽʮʽʻʥʪʦʤ 

ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʨʽʚʥʦʛʦ ʚʽʜʥʦʰʝʥʥʶ ʜʝʬʦʨʤʘʮʽʡ (ʥʘʧʨʫʞʝʥʴ) ʝʣʝʢʪʨʦʥʥʦʛʦ ʢʦʤʧʦʥʝʥʪʘ ʚʠʤʽʨʷʥʠʭ ʚ 

ʛʝʨʤʝʪʠʟʦʚʘʥʦʤʫ ʤʦʜʫʣʽ ʙʝʟ ʪʘ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʫʞʥʦ-ʜʠʩʠʧʘʪʠʚʥʦʛʦ ʟʚôʷʟʢʫ ʚʽʜʧʦʚʽʜʥʦ.  

ɼʣʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʦʮʽʥʶʚʘʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʢʦʞʥʦʛʦ ʟ ʚʠʜʽʚ ʟʘʭʠʩʥʠʭ ʟʘʩʦʙʽʚ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʚʩʷ ʦʢʨʝʤʠʡ ʛʝʨʤʝʪʠʟʦʚʘʥʠʡ ʤʦʜʫʣʴ, ʷʢʠʡ ʤʽʩʪʠʚ ʧʦ ʧôʷʪʴ ʨʝʟʠʩʪʦʨʽʚ ʉ2-29ɺ. ʈʝʟʠʩʪʦʨʠ 

ʛʝʨʤʦʤʦʜʫʣʽʚ ʧʨʝʧʘʨʫʚʘʣʠ ʤʘʣʦʙʘʟʥʠʤʠ ʪʝʥʟʦʜʘʪʯʠʢʘʤʠ ʪʠʧʫ ʄʇʊ ʷʢ ʦʧʠʩʘʥʦ ʨʘʥʽʰʝ. ɼʣʷ ʚʠʟʥʘʯʝʥʥʷ 

ʜʝʬʦʨʤʘʮʽʡ ʨʝʟʠʩʪʦʨʽʚ ʪʽʣʴʢʠ ʚʽʜ ʜʽʾ ʢʦʤʧʘʫʥʜʘ ʪʘ ʟʘʭʠʩʥʦʛʦ ʟʘʩʦʙʫ ʚʽʜ ʦʪʨʠʤʘʥʠʭ ʧʦʢʘʟʘʥʴ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ 

ʚ ʛʝʨʤʝʪʠʟʦʚʘʥʠʭ ʤʦʜʫʣʷʭ ʚʽʜʥʽʤʘʣʠ ʧʦʢʘʟʘʥʥʷ ʪʝʥʟʦʨʝʟʠʩʪʦʨʽʚ ʚ ʛʝʨʤʦʤʦʜʫʣʷʭ ʜʦ ʛʝʨʤʝʪʠʟʘʮʽʾ ʧʨʠ ʢʨʘʡʥʽʭ 

ʟʥʘʯʝʥʥʷʭ ʪʝʤʧʝʨʘʪʫʨ ʪʝʨʤʦʫʜʘʨʫ. ɻʝʨʤʝʪʠʟʘʮʽʷ ʤʦʜʫʣʽʚ ʚʽʜʙʫʚʘʣʘʩʷ ʢʦʤʧʘʫʥʜʦʤ ʪʠʧʫ ɽɿʂ-25. ʇʨʠ 

ʪʝʨʤʦʫʜʘʨʘʭ ʛʝʨʤʝʪʠʟʦʚʘʥʽ ʤʦʜʫʣʽ ʩʧʦʯʘʪʢʫ ʧʝʨʝʙʫʚʘʣʠ ʚ ʪʝʨʤʦʩʪʘʪʽ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ +70ʉ̄ ʽ ʜʘʣʽ ʚ 

ʢʣʽʤʘʪʠʯʥʽʡ ʢʘʤʝʨʽ ʟ ʪʝʤʧʝʨʘʪʫʨʦʶ -60̄ʉ ʟ ʚʠʪʨʠʤʢʦʶ ʧʨʠ ʢʦʞʥʽʡ ʪʝʤʧʝʨʘʪʫʨʽ ʥʝ ʤʝʥʰʝ 30 ʭʚ.  

ʉʧʦʯʘʪʢʫ ʜʦʩʣʽʜʞʝʥʥʶ ʧʽʜʣʷʛʘʣʠ ʜʝʤʧʬʽʨʫʚʘʣʴʥʽ ʟʘʭʠʩʥʽ ʧʦʢʨʠʪʪʷ: ʢʠʩʣʦʪʥʠʡ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʠʡ 

ʩʠʣʽʢʦʥʦʚʠʡ ʛʝʨʤʝʪʠʢ ʂLT-30 ʽ ʥʝʡʪʨʘʣʴʥʠʡ ʦʜʥʦʢʦʤʧʦʥʝʥʪʥʠʡ ʩʠʣʽʢʦʥʦʚʠʡ ʛʝʨʤʝʪʠʢ ɺɻʆ-1, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʛʝʨʤʝʪʠʟʘʮʽʾ ʦʙʣʘʜʥʘʥʥʷ, ʧʨʠʩʪʨʦʾʚ, ʨʝʟʠʩʪʦʨʽʚ, ʱʦ ʧʨʘʮʶʶʪʴ ʚ ʫʤʦʚʘʭ ʧʦʩʪʽʡʥʦʾ 

ʚʽʙʨʘʮʽʾ, ʽ ʥʝ ʚʠʢʣʠʢʘʶʪʴ ʢʦʨʦʟʽʾ ʘʣʶʤʽʥʽʻʚʠʭ ʩʧʣʘʚʽʚ, ʘʥʦʜʦʚʘʥʠʭ ʽ ʩʨʽʙʥʠʭ ʧʦʢʨʠʪʪʽʚ, ʚʫʛʣʝʮʝʚʦʾ ʩʪʘʣʽ ʚ 

ʜʽʘʧʘʟʦʥʽ ʪʝʤʧʝʨʘʪʫʨ ʚʽʜ ï60Á ʉ ʜʦ +250Á ʉ, ʪʘ ʩʠʣʽʢʦʥʦʚʠʡ ʛʝʨʤʝʪʠʢ ɺʠʢʩʠʥʪ ʋ-2-28, ʷʢʠʡ ʟʘʩʪʦʩʦʚʫʻʪʴʩʷ ʚ 

ʧʨʠʩʪʨʦʷʭ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʘʚʽʘʮʽʾ, ʚ ʢʦʩʤʽʯʥʠʭ ʫʤʦʚʘʭ, ʘ ʪʘʢʦʞ ʚ ʝʣʝʢʪʨʦʪʝʭʥʽʯʥʽʡ ʽ 

ʨʘʜʽʦʧʨʦʤʠʩʣʦʚʦʩʪʽ. 

ʆʪʨʠʤʘʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚʢʘʟʘʥʠʭ ʚʠʜʽʚ ʧʦʢʨʠʪʪʷ (ʪʘʙʣ. 3) ʜʦʩʷʛʘʣʘʩʴ ʥʝ ʪʽʣʴʢʠ 

ʜʝʤʧʬʽʨʫʚʘʣʴʥʠʤʠ ʚʣʘʩʪʠʚʦʩʪʷʤʠ, ʘʣʝ ʡ ʫʩʫʥʝʥʥʷʤ ʙʝʟʧʦʩʝʨʝʜʥʴʦʛʦ ʟʚôʷʟʢʫ ʤʽʞ ʝʣʝʢʪʨʦʥʥʠʤʠ 

ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʘ ʛʝʨʤʝʪʠʢʦʤ ʟʘʚʜʷʢʠ ʾʭ ʘʥʪʠʘʜʛʝʟʽʡʥʠʤ ʚʣʘʩʪʠʚʦʩʪʷʤ.  

ʇʨʦʪʝ ʙʽʣʴʰʫ ʝʬʝʢʪʠʚʥʽʩʪʴ ʧʦʢʘʟʘʣʠ ʟʘʩʦʙʠ ʟʘʧʨʦʧʦʥʦʚʘʥʽ ʚ ʥʘʩʪʫʧʥʦʤʫ ʝʪʘʧʽ ʨʦʟʨʦʙʢʠ, ʚ ʷʢʦʤʫ ʚ 

ʷʢʦʩʪʽ ʧʨʫʞʥʦ-ʜʠʩʠʧʘʪʠʯʥʠʭ ʟʚôʷʟʢʽʚ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʢʝʤʙʨʠʢʠ ʚʠʛʦʪʦʚʣʝʥʽ ʟ ʧʦʣʽʝʪʠʣʝʥʫ ʪʘ 

ʧʦʣʽʭʣʦʨʚʽʥʽʣʦʚʠʭ ʪʝʨʤʦʫʩʘʜʥʠʭ ʪʨʫʙʦʢ. ʇʦʣʽʝʪʠʣʝʥʦʚʽ ʢʝʤʙʨʠʢʠ ʪʘ ʪʝʨʤʦʫʩʘʜʥʽ ʪʨʫʙʢʠ ʚʽʜʧʦʚʽʜʥʦʛʦ 

ʜʽʘʤʝʪʨʫ ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʨʽʟʘʥʽ ʧʦ ʪʚʽʨʥʽʡ ʪʘ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʟʘʭʠʩʪʫ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʩʢʣʘʜʽ 

ʤʦʜʫʣʷ ʧʝʨʝʜ ʛʝʨʤʝʪʠʟʘʮʽʻʶ. 

ʗʢ ʚʠʜʥʦ ʽʟ  ʪʘʙʣ. 3 ʢʝʤʙʨʠʢʠ ʪʘ ʪʨʫʙʢʠ ʤʘʶʪʴ ʥʘʡʙʽʣʴʰʠʡ ʢʦʝʬʽʮʽʻʥʪ ʜʝʤʧʬʽʨʫʚʘʥʥʷ, ʢʨʽʤ ʪʦʛʦ ʫ 

ʨʷʜʽ ʚʠʧʘʜʢʽʚ ʪʘʢʽ ʟʘʩʦʙʠ ʻ ʙʽʣʴʰ ʪʝʭʥʦʣʦʛʽʯʥʠʤʠ ʚ ʧʦʨʽʚʥʷʥʥʽ ʽʟ ʧʦʢʨʠʪʪʷʤ ʽ ʙʽʣʴʰ ʜʝʰʝʚʠʤʠ, ʭʦʯʘ ʚʦʥʠ ʽ 

ʥʝ ʟʘʚʞʜʠ ʟʘʩʪʦʩʦʚʫʚʘʥʽ ʫ ʚʠʨʦʙʥʠʮʪʚʽ, ʷʢ, ʥʘʧʨʠʢʣʘʜ, ʧʨʠ ʟʘʭʠʩʪʽ ʢʦʤʧʦʥʝʥʪʽʚ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ.  

ʉʣʽʜ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʦʮʽʥʢʘ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʥʥʠʡ ʢʦʤʧʦʥʝʥʪ ï 

ʢʦʤʧʘʫʥʜ, ʟʘʧʨʦʧʦʥʦʚʘʥʘ ʚ ʮʴʦʤʫ ʧʽʜʨʦʟʜʽʣʽ, ʨʦʟʨʦʙʣʝʥʘ ʜʣʷ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʷʢʽ ʤʘʶʪʴ ʬʦʨʤʫ ʪʽʣ 
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ʦʙʝʨʪʘʥʥʷ. ɺʠʙʽʨ ʪʘʢʠʭ ʦʙôʻʢʪʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʚʠʢʣʠʢʘʥʦ ʪʠʤ, ʱʦ ʩʘʤʝ ʪʘʢʘ ʬʦʨʤʘ ʧʽʜʜʘʻʪʴʩʷ ʥʘʡʙʽʣʴʰʦʤʫ 

ʥʘʚʘʥʪʘʞʝʥʥʶ ʟʽ ʩʪʦʨʦʥʠ ʛʝʨʤʝʪʠʢʘ, ʷʢʠʡ ʦʪʦʯʫʻ ʾʭ ʟʦ ʚʩʽʭ ʩʪʦʨʽʥ ʪʘ ʩʪʚʦʨʶʻ ʩʢʣʘʜʥʠʡ ʦʙôʻʤʥʠʡ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ ʩʪʘʥ ʜʣʷ ɽʂ ʪʘ ʛʝʨʤʝʪʠʢʘ.  

ʊʘʙʣʠʮʷ 3 

ɿʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʘ ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʧʨʫʞʥʦ-ʜʠʩʠʧʘʪʠʚʥʠʭ ʟʚôʷʟʢʽʚ 
ɺʠʜ ʧʨʫʞʥʦ-ʜʠʩʠʧʘʪʠʚʥʦʛʦ ʟʚôʷʟʢʫ ʂʦʝʬʽʮʽʻʥʪʠ ʜʝʤʧʬʽʨʫʚʘʥʥʷ 

ʂLT-30 1,91 

ɺɻʆ-1 1,96 

ʋ-2-28 2,05 

ʂʝʤʙʨʠʢʠ ʽʟ ʧʦʣʽʝʪʠʣʝʥʫ 3,66 

ʇʦʣʽʭʣʦʨʚʽʥʽʣʦʚʽ ʪʝʨʤʦʫʩʘʜʥʽ ʪʨʫʙʢʠ 3,42 

 

ʅʘ ʚʽʜʤʽʥʫ ʚʽʜ ʪʽʣ ʦʙʝʨʪʘʥʥʷ ʙʘʛʘʪʦʯʠʩʝʣʴʥʽ ɽʂ ʧʨʷʤʦʢʫʪʥʦʾ ʬʦʨʤʠ, ʟʦʢʨʝʤʘ ɽʂ ʧʦʚʝʨʭʥʝʚʦʛʦ 

ʤʦʥʪʘʞʫ, ʤʘʶʪʴ ʦʙʤʝʞʝʥʫ ʧʣʦʱʫ ʢʦʥʪʘʢʪʫ ʽʟ ʛʝʨʤʝʪʠʢʦʤ ʽ ʟʘ ʨʘʭʫʥʦʢ ʮʴʦʛʦ ʧʽʜʜʘʶʪʴʩʷ ʤʝʥʰʦʤʫ  

ʥʘʚʘʥʪʘʞʝʥʥʶ, ʷʢʝ ʚ ʦʩʥʦʚʥʦʤʫ ʧʨʠʭʦʜʠʪʴʩʷ ʥʘ ʦʜʥʫ ʥʘʡʙʽʣʴʰʫ ʧʦʚʝʨʭʥʶ ʢʦʤʧʦʥʝʥʪʽʚ. ʈʘʟʦʤ ʽʟ ʪʠʤ 

ʧʨʷʤʦʢʫʪʥʘ ʬʦʨʤʘ ʥʝ ʧʦʟʙʘʚʣʝʥʘ ʩʚʦʾʭ ʥʝʜʦʣʽʢʽʚ, ʜʦ ʷʢʠʭ ʤʦʞʥʘ ʚʽʜʥʝʩʪʠ ʛʦʩʪʨʽ ʨʝʙʨʘ ʪʘ ʢʫʪʠ, ʷʢʽ  

ʚʠʩʪʫʧʘʶʪʴ ʢʦʥʮʝʥʪʨʘʪʦʨʘʤʠ ʥʘʧʨʫʞʝʥʴ ʽ ʩʫʪʪʻʚʦ ʟʥʠʞʫʶʪʴ ʤʽʮʥʽʩʪʴ ʛʝʨʤʝʪʠʟʦʚʘʥʠʭ ʢʦʥʩʪʨʫʢʮʽʡ. ʆʜʥʠʤ 

ʽʟ ʩʧʦʩʦʙʽʚ ʟʥʠʞʝʥʥʷ ʪʘʢʠʭ ʢʦʥʮʝʥʪʨʘʪʦʨʽʚ ʤʦʞʝ ʙʫʪʠ ʟʛʣʘʞʝʥʥʷ ʘʙʦ ʦʢʨʫʛʣʝʥʥʷ ʨʝʙʝʨ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ 

ʙʫʜʝ ʪʘʢʦʞ ʥʘʙʣʠʞʫʚʘʪʠ ʾʭ ʬʦʨʤʫ ʜʦ ʬʦʨʤʠ ʪʽʣ ʦʙʝʨʪʘʥʥʷ ʽ ʟʨʦʙʠʪʴ ʤʦʞʣʠʚʠʤ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʟʘʧʨʦʧʦʥʦʚʘʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʤʦʜʝʣʽ ʜʣʷ ʨʦʟʨʘʭʫʥʢʫ ʥʘʧʨʫʞʝʥʴ ʪʘ ʦʮʽʥʢʠ ʾʭ ʤʽʮʥʦʩʪʽ, ʘʣʝ ʪʘʢʝ ʟʘʚʜʘʥʥʷ ʥʝ 

ʚʭʦʜʠʣʦ ʚ ʨʘʤʢʠ ʧʨʝʜʩʪʘʚʣʝʥʠʭ ʜʦʩʣʽʜʞʝʥʴ. 

ʑʝ ʦʜʥʠʤ ʽʟ ʤʦʞʣʠʚʠʭ ʤʝʪʦʜʽʚ ʟʥʠʞʝʥʥʷ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʛʦ ʩʪʘʥʫ ʩʠʩʪʝʤʠ ʝʣʝʢʪʨʦʥʥʠʡ 

ʢʦʤʧʦʥʝʥʪ ï ʛʝʨʤʝʪʠʢ ʤʦʞʝ ʙʫʪʠ ʟʤʝʥʰʝʥʥʷ ʧʝʨʝʧʘʜʫ ʪʝʤʧʝʨʘʪʫʨ Dt, ʷʢʠʡ ʚʠʥʠʢʘʻ ʚ ʥʘʩʣʽʜʦʢ ʨʽʟʥʠʮʽ ʤʽʞ 
ʪʝʤʧʝʨʘʪʫʨʦʶ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʚ ʧʨʦʮʝʩʽ ʛʝʨʤʝʪʠʟʘʮʽʾ ʪʘ ʝʢʩʧʣʫʘʪʘʮʽʡʥʦʶ ʪʝʤʧʝʨʘʪʫʨʦʶ. ʗʢ ʧʦʢʘʟʘʥʦ ʚ (14) 

ʚʝʣʠʯʠʥʘ ʢʦʥʪʘʢʪʥʦʛʦ ʪʠʩʢʫ, ʘ ʟʥʘʯʠʪʴ ʽ ʚʝʣʠʯʠʥʘ ʟʘʛʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ (8ï13) ʻ ʧʨʷʤʦ ʧʨʦʧʦʨʮʽʡʥʦʶ ʜʦ Dt. 
ʊʘʢʠʤ ʯʠʥʦʤ ʟʤʝʥʰʝʥʥʷ ʪʝʤʧʝʨʘʪʫʨʠ ʧʦʣʽʤʝʨʠʟʘʮʽʾ ʜʦʟʚʦʣʠʪʴ ʟʤʝʥʰʠʪʠ ʩʪʘʥ ʧʦʧʝʨʝʜʥʴʦʾ ʥʘʧʨʫʞʝʥʦʩʪʽ 

ʛʝʨʤʝʪʠʟʦʚʘʥʠʭ ʤʦʜʫʣʽʚ ʚ ʧʨʦʮʝʩʽ ʚʠʨʦʙʥʠʮʪʚʘ ʪʘ ʚ ʧʦʜʘʣʴʰʦʤʫ ʝʢʩʧʣʫʘʪʘʮʽʡʥʠʡ ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʠʡ 

ʩʪʘʥ. 

 

ɺʠʩʥʦʚʢʠ ʟ ʜʘʥʦʛʦ ʜʦʩʣʽʜʞʝʥʥʷ ʽ ʧʝʨʩʧʝʢʪʠʚʠ ʧʦʜʘʣʴʰʠʭ ʨʦʟʚʽʜʦʢ ʫ ʜʘʥʦʤʫ ʥʘʧʨʷʤʽ 

ɿʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʦʨʽʾ ʃʘʤʝ-ɻʘʜʦʣʽʥʘ ʧʨʦ ʚʟʘʻʤʦʜʽʶ ʩʢʣʘʜʝʥʠʭ ʪʦʚʩʪʦʩʪʽʥʥʠʭ ʮʠʣʽʥʜʨʽʚ ʜʣʷ ʦʮʽʥʢʠ 

ʤʽʮʥʦʩʪʽ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ, ʱʦ ʤʘʶʪʴ ʬʦʨʤʫ ʪʽʣ ʦʙʝʨʪʘʥʥʷ ʪʘ ʦʪʦʯʫʶʯʦʛʦ ʰʘʨʫ ʢʦʤʧʘʫʥʜʫ ʧʨʠ 

ʜʦʚʽʣʴʥʽʡ ʬʦʨʤʽ ʟʘʣʠʚʢʠ ʦʩʪʘʥʥʴʦʛʦ ʦʪʨʠʤʘʥʽ ʬʫʥʢʮʽʾ ʨʘʜʽʘʣʴʥʦʛʦ ʨʦʟʧʦʜʽʣʫ ʟʘʛʘʣʴʥʠʭ ʨʘʜʽʘʣʴʥʠʭ ʪʘ 

ʪʘʥʛʝʥʮʽʘʣʴʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʷʢʽ ʚʠʷʚʠʣʠ, ʱʦ ʚ ʦʙʦʭ ʪʽʣʘʭ ʨʘʜʽʘʣʴʥʽ ʥʘʧʨʫʞʝʥʥʷ ʥʘʧʨʫʞʝʥʥʷ ʜʦʩʷʛʘʶʪʴ 

ʤʘʢʩʠʤʘʣʴʥʠʭ ʟʥʘʯʝʥʴ ʥʘ ʤʝʞʽ ʾʭ ʢʦʥʪʘʢʪʫ, ʘ ʦʢʨʫʞʥʽ ï ʥʘ ʚʥʫʪʨʽʰʥʽʡ ʧʦʚʝʨʭʥʽ ʢʦʞʥʦʛʦ ʮʠʣʽʥʜʨʫ ʪʘ ʧʨʠ 

ʩʪʘʣʦʤʫ ʧʝʨʝʧʘʜʽ ʪʝʤʧʝʨʘʪʫʨ. 

ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʧʨʠ ʩʧʽʚʚʽʜʥʦʰʝʥʥʽ ʪʦʚʱʠʥʠ ʚʠʜʽʣʝʥʦʛʦ ʰʘʨʫ ʢʦʤʧʘʫʥʜʘ ʜʦ ʨʘʜʽʫʩʫ ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʫ, ʷʢʝ ʩʢʣʘʜʘʻ 5:1, ʤʦʞʥʘ ʦʙʤʝʞʠʪʠʩʷ ʨʦʟʛʣʷʜʦʤ ʦʩʝʩʠʤʝʪʨʠʯʥʦʾ ʟʘʜʘʯʽ, ʽ ʟʙʽʣʴʰʝʥʥʷ ʪʠʩʢʫ ʚʽʜ 

ʢʦʤʧʘʫʥʜʘ, ʨʦʟʪʘʰʦʚʘʥʦʛʦ ʟʘ ʟʦʥʦʶ ʚʠʜʽʣʝʥʦʛʦ ʮʠʣʽʥʜʨʘ, ʙʫʜʝ ʥʝʩʫʪʪʻʚʠʤ ʽ ʤʦʞʝ ʥʝ ʚʨʘʭʦʚʫʚʘʪʠʩʷ ʚ 

ʽʥʞʝʥʝʨʥʠʭ ʨʦʟʨʘʭʫʥʢʘʭ.  

ɿʘʧʨʦʧʦʥʦʚʘʥʦ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʠʡ ʩʧʦʩʽʙ ʚʠʟʥʘʯʝʥʥʷ ʛʨʘʥʠʯʥʠʭ ʥʘʧʨʫʞʝʥʴ, ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʷʢʦʛʦ 

ʛʨʘʥʠʯʥʽ (ʨʫʡʥʽʚʥʽ) ʦʢʨʫʞʥʽ ʥʘʧʨʫʞʝʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʚʠʟʥʘʯʘʶʪʴʩʷ ʚ ʪʘʢʦʤʫ ʞ ʦʙôʻʤʥʦʤʫ 

ʥʘʧʨʫʞʝʥʦ-ʜʝʬʦʨʤʦʚʘʥʦʤʫ ʩʪʘʥʽ, ʱʦ ʽ ʧʨʠ ʝʢʩʧʣʫʘʪʘʮʽʾ, ʘʣʝ ʽʟ ʙʽʣʴʰʠʤʠ ʟʥʘʯʝʥʥʷʤʠ ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʷ 

çʞʦʨʩʪʢʦʛʦè (ʙʝʟ ʧʣʘʩʪʠʬʽʢʘʪʦʨʘ ʽ ʥʘʧʦʚʥʶʚʘʯʘ) ʢʦʤʧʘʫʥʜʫ. 

ɿʘʧʨʦʧʦʥʦʚʘʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʤʝʪʦʜʠ ʟʘʭʠʩʪʫ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʛʝʨʤʝʪʠʟʦʚʘʥʠʭ 

ʢʦʤʧʘʫʥʜʦʤ ʢʦʥʩʪʨʫʢʮʽʷʭ ʝʣʝʢʪʨʦʥʥʦʾ ʪʝʭʥʽʢʠ ʟʘ ʨʘʭʫʥʦʢ ʩʪʚʦʨʝʥʥʷ ʧʨʫʞʥʦ-ʜʠʩʠʧʘʪʠʚʥʠʭ ʟʚôʷʟʢʽʚ ʤʽʞ 

ʝʣʝʢʪʨʦʥʥʠʤʠ ʢʦʤʧʦʥʝʥʪʘʤʠ ʪʘ ʛʝʨʤʝʪʠʢʦʤ  ʽ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʮʽʥʝʥʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʾʭ ʟʘʩʪʦʩʫʚʘʥʥʷ ʥʘ 

ʦʩʥʦʚʽ ʚʠʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʨʽʚʥʦʛʦ ʚʽʜʥʦʰʝʥʥʶ ʜʝʬʦʨʤʘʮʽʡ (ʥʘʧʨʫʞʝʥʴ) ʝʣʝʢʪʨʦʥʥʦʛʦ 

ʢʦʤʧʦʥʝʥʪʘ ʚʠʤʽʨʷʥʠʭ ʚ ʛʝʨʤʝʪʠʟʦʚʘʥʦʤʫ ʤʦʜʫʣʽ ʙʝʟ ʪʘ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʧʨʫʞʥʦ-ʜʠʩʠʧʘʪʠʚʥʦʛʦ ʟʚôʷʟʢʫ 

ʚʽʜʧʦʚʽʜʥʦ. ɺʩʪʘʥʦʚʣʝʥʦ, ʱʦ ʥʘʡʙʽʣʴʰʽ ʢʦʝʬʽʮʽʻʥʪʠ ʜʝʤʧʬʽʨʫʚʘʥʥʷ ʤʘʶʪʴ ʧʦʣʽʝʪʠʣʝʥʦʚʽ ʢʝʤʙʨʠʢʠ ʪʘ 

ʧʦʣʽʭʣʦʨʚʽʥʽʣʦʚʽ ʪʝʨʤʦʫʩʘʜʥʽ ʪʨʫʙʢʠ ʚʽʜʧʦʚʽʜʥʦʛʦ ʜʽʘʤʝʪʨʫ ʧʦʧʝʨʝʜʥʴʦ ʨʦʟʨʽʟʘʥʽ ʧʦ ʪʚʽʨʥʽʡ ʪʘ ʚʠʢʦʨʠʩʪʘʥʽ 

ʜʣʷ ʟʘʭʠʩʪʫ ʝʣʝʢʪʨʦʥʥʠʭ ʢʦʤʧʦʥʝʥʪʽʚ ʫ ʩʢʣʘʜʽ ʤʦʜʫʣʷ ʧʝʨʝʜ ʛʝʨʤʝʪʠʟʘʮʽʻʶ. 
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ʄʆɼɽʃʖɺɸʅʅʗ ʍɸʈɸʂʊɽʈʀʉʊʀʂ ʐʀʈʆʂʆʉʄʋɻʆɺʆɰ ɸʅʊɽʅʅʆɰ 

ʉʀʉʊɽʄʀ ɼʃʗ ʇɽʃɽʅɻɸʎɯɰ ɹʇʃɸ 
 
ˏ ̨̒̓́̓̓ ̐̑̏̃̆̅̆̎̏ ̨́̎́̌̈ ̘̒̔́̒̎̏̄̏ ̒̓́̎̔ ̠̐̉̓́̎̎ ̠̐̑̏̆̋̓̔̃́̎̎ ̙̖̉̑̏̋̏̒̍̔̄̏̃̉ ̖́̎̓̆̎̎̉ ̒̉̒̓̆̍ 

̠̅̌ ̑̏̈̑̏̂̋̉ ̨̗̖̐̆̌̆̎̄́̊̎̉ ̨̋̏̍̐̌̆̋̒̃ ˎ˜˘ˍȢ ˔̨̅̊̒̎̆̎̏ ̏̐̉̒ ̐̑̏̓̏̓̉̐̔ ̩́̎̓̆̎̎̏ ̒̉̒̓̆̍̉ ̎́ ̨̏̒̎̏̃ ̆̌̆̍̆̎̓̔ 
́̎̓̆̎̉ ˏ̨̨̝̃́̌̅Ȣ ˏ̒̓́̎̏̃̌̆̎̏ ̝̆̋̒̐̆̑̉̍̆̎̓́̌̎̔ ̨̝̈́̌̆̇̎̒̓ ̨̍̇ ̘̄̆̏̍̆̓̑̉̎̉̍̉ ̐́̑́̍̆̓̑́̍̉ ̨ 
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̒̉̒̓̆̍̉ ̈́̒̏̂́̍̉ ̘̍́̓̆̍́̓̉̎̏̄̏ ̟̠̍̏̅̆̌̃́̎̎Ȣ ˝̠̏̈̄̌̎̔̓̏ ̍̆̓̏̅̉̋̉ ̙̠̎́̌́̓̔̃́̎̎ ̩̈́̐̑̏̐̏̎̏̃́̎̏ ̩́̎̓̆̎̎̏ 
̒̉̒̓̆̍̉ ̃ ̨̨̅́̐́̈̏̎ ̘́̒̓̏̓ ̈́ ̨̖̑̈̎̉ ̔̍̏̃ ̠̈̂̔̅̇̆̎̎Ȣ ˏ̘̉̈̎́̆̎̏ ̨̏̒̎̏̃̎ ̓̑̆̎̅̉ ̔ ̨̨̈̍̎ ̖̏̒̎̏̃̎̉ ̨̐́̑́̍̆̓̑̃ 
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MODELING THE CHARACTERISTICS OF A BROADBAND  

ANTENNA SYSTEM FOR UAV DIRECTION FINDING  
 

The paper presents the results of the development and modelling of a broadband antenna system for Unmanned Aerial Vehicle 
(UAV) direction finding. The research covered the issues of analytical description of the antenna system based on the prototype - the Vivaldi 
antennas. The article presents a mathematical description of the Vivaldi antenna element model. An experimental relationship between the 
geometrical parameters and characteristics of the antenna has been established. A review of the current state of the issue of designing 
antenna systems based on the concept of building ultra-wideband directional antenna elements in the absence of a phase centre has been 
carried out. The main trends in the modern design of broadband antenna systems are determined. The main parameters of the proposed 
broadband antenna are determined by the method of mathematical modelling. The parameters of the proposed antenna in the frequency 
range under various excitation conditions are studied, and the specifics of the application of such a system under the conditions of its possible 
use as part of UAV direction-finding complexes are given. The most optimal design option for an ultra-wideband antenna element is a design 
with an expanding slot (similar to Vivaldi antennas). At present, these antennas are widely used in various devices, namely, in radio 
reconnaissance devices, medical equipment, etc. Their popularity is due to the presence of advantages over other antennas, among which are 
a wide operating frequency range, simple design, simple manufacturing requirements, and high gain. In this paper, we considered Tapered 
Slot Antenna - an antenna with a widening slot. The antenna element designed and modelled in the article is a modified Vivaldi antenna (an 
antenna with a quasi-slot line with expansion), which is being developed for the direction-finding complex of the UAV. When calculating the 
TSA of the antenna element, the program for calculating the characteristics of the antennas MMANA was used in order to accelerate the 
study of the main laws for obtaining the required characteristics. Particular attention was paid to the possibility of changing the radiation 
pattern (RP) depending on the phase relations of the voltage at the input of the antenna elements. 

Keywords: UAV, antenna, direction finding, radiation pattern, broadband antenna emitter. 

 

ʇʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤʠ ʫ ʟʘʛʘʣʴʥʦʤʫ ʚʠʛʣʷʜʽ  

ʪʘ ʾʾ ʟʚôʷʟʦʢ ʽʟ ʚʘʞʣʠʚʠʤʠ ʥʘʫʢʦʚʠʤʠ ʯʠ ʧʨʘʢʪʠʯʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ 

ʈʦʟʨʦʙʢʘ ʢʦʥʩʪʨʫʢʮʽʡ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ (ʅʐʇ) ʘʥʪʝʥ ʻ ʘʢʪʫʘʣʴʥʠʤ ʟʘʚʜʘʥʥʷʤ. ɯʥʪʝʨʝʩ ʜʦ ʪʘʢʠʭ 

ʘʥʪʝʥ ʧʦʷʩʥʶʻʪʴʩʷ ʪʠʤ, ʱʦ ʚʦʥʠ ʧʦʪʨʽʙʥʽ ʚ ʙʘʛʘʪʴʦʭ ʛʘʣʫʟʷʭ ʨʘʜʽʦʪʝʭʥʽʢʠ [1, 2]. ɿʘʩʪʦʩʫʚʘʥʥʷ 

ʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʘʙʦ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʘʥʪʝʥ ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ ʜʦʟʚʦʣʷʻ ʟʙʽʣʴʰʠʪʠ ʰʠʨʠʥʫ 

ʢʘʥʘʣʫ ʧʨʠʡʦʤʫ. ʅʐʇ-ʘʥʪʝʥʠ ʚʽʜʤʽʥʥʦ ʽʥʪʝʛʨʫʶʪʴʩʷ ʚ ʩʠʩʪʝʤʠ ʧʨʠʣʘʜʽʚ ʚʠʷʚʣʝʥʥʷ, ʪʦʯʥʦʛʦ 
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ʧʦʟʠʮʽʦʥʫʚʘʥʥʷ ʪʘ ʨʘʜʽʦʣʦʢʘʮʽʾ [3]. ʅʘ ʦʩʥʦʚʽ ʪʘʢʠʭ ʘʥʪʝʥ ʩʪʘʻ ʤʦʞʣʠʚʦʶ ʨʝʘʣʽʟʘʮʽʷ ʚʙʫʜʦʚʘʥʠʭ 

ʬʫʥʢʮʽʦʥʘʣʴʥʠʭ ʧʝʨʝʩʫʚʥʠʭ ʩʠʩʪʝʤ. ʊʦʤʫ ʜʦʩʣʽʜʞʝʥʥʷʤ ʪʘ ʨʦʟʨʦʙʢʘʤ ʅʐʇïʘʥʪʝʥ ʧʨʠʜʽʣʷʣʦʩʷ ʙʘʛʘʪʦ 

ʫʚʘʛʠ ʧʨʦʪʷʛʦʤ ʜʝʩʷʪʠʣʽʪʴ ʪʘ ʙʫʣʦ ʨʦʟʨʦʙʣʝʥʦ ʙʘʛʘʪʦ ʪʠʧʽʚ ʅʐʇïʘʥʪʝʥ [4]. 

ʆʧʪʠʤʘʣʴʥʠʤ ʚʘʨʽʘʥʪʦʤ ʢʦʥʩʪʨʫʢʮʽʾ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʘʥʪʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ ʻ ʢʦʥʩʪʨʫʢʮʽʷ ʟ 

ʱʽʣʠʥʦʶ, ʱʦ ʨʦʟʰʠʨʶʻʪʴʩʷ (ʧʦʜʽʙʥʦ ʜʦ ʘʥʪʝʥ ɺʽʚʘʣʴʜʽ) [1]. ɺ ʜʘʥʠʡ ʯʘʩ ʮʽ ʘʥʪʝʥʠ ʰʠʨʦʢʦ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʚ ʨʽʟʥʠʭ ʧʨʠʩʪʨʦʷʭ, ʘ ʩʘʤʝ ʧʨʠʩʪʨʦʷʭ ʨʘʜʽʦʨʦʟʚʽʜʢʠ, ʤʝʜʠʯʥʦʾ ʪʝʭʥʽʢʠ ʽ ʪ. ʧ. ɰʭ 

ʧʦʧʫʣʷʨʥʽʩʪʴ ʚʠʢʣʠʢʘʥʘ ʥʘʷʚʥʽʩʪʶ ʧʝʨʝʚʘʛ ʚʽʜʥʦʩʥʦ ʽʥʰʠʭ ʘʥʪʝʥ, ʩʝʨʝʜ ʷʢʠʭ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ: ʰʠʨʦʢʠʡ 

ʜʽʘʧʘʟʦʥ ʨʦʙʦʯʠʭ ʯʘʩʪʦʪ, ʥʝʩʢʣʘʜʥʘ ʢʦʥʩʪʨʫʢʮʽʷ, ʧʨʦʩʪʽ ʚʠʤʦʛʠ ʜʦ ʚʠʛʦʪʦʚʣʝʥʥʷ, ʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ 

ʧʽʜʩʠʣʝʥʥʷ [5].  

 

ʌʦʨʤʫʣʶʚʘʥʥʷ ʮʽʣʝʡ ʩʪʘʪʪʽ 

ʄʝʪʦʶ ʜʘʥʦʾ ʨʦʙʦʪʠ ʻ ʨʦʟʨʦʙʢʘ ʤʦʜʝʣʽ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʯʘ, ʚʠʟʥʘʯʝʥʥʷ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʩʧʨʷʤʦʚʘʥʦʩʪʽ, ʯʘʩʪʦʪʥʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʜʘʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʯʘ, ʨʦʟʛʣʷʜ ʤʦʞʣʠʚʦʩʪʽ 

ʟʘʩʪʦʩʫʚʘʥʥʷ ʜʘʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʚ ʷʢʦʩʪʽ ʘʥʪʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ ʧʨʠ ʧʦʙʫʜʦʚʽ ʧʝʣʝʥʛʘʮʽʡʥʠʭ ʘʥʪʝʥʥʠʭ 

ʨʝʰʽʪʦʢ (ɸʈ) ʜʣʷ ʨʘʜʽʦʣʦʢʘʮʽʾ ʙʝʟʧʽʣʦʪʥʠʭ ʣʽʪʘʣʴʥʠʭ ʘʧʘʨʘʪʽʚ (ɹʇʃɸ) [6-9]. 

ʋ ʜʘʥʽʡ ʨʦʙʦʪʽ ʙʫʜʝ ʨʦʟʛʣʷʜʘʪʠʩʷ TSA (ʘʙʨʝʚʽʘʪʫʨʘ ʚʽʜ ʘʥʛʣ. Tapered Slot Antenna) - ʘʥʪʝʥʘ ʟ 

ʱʽʣʠʥʦʶ, ʱʦ ʨʦʟʰʠʨʶʻʪʴʩʷ. ɸʥʪʝʥʥʠʡ ʝʣʝʤʝʥʪ ʷʢʠʡ ʨʦʟʨʦʙʣʝʥʦ ʪʘ ʧʨʦʤʦʜʝʣʴʦʚʘʥʦ ʫ ʩʪʘʪʪʽ, ʻ 

ʤʦʜʠʬʽʢʦʚʘʥʦʶ ʘʥʪʝʥʦʶ ɺʽʚʘʣʴʜʽ (ʘʥʪʝʥʘ ʽʟ ʢʚʘʟʽʱʽʣʠʥʥʦʶ ʣʽʥʽʻʶ ʟ ʨʦʟʰʠʨʝʥʥʷʤ) ʷʢʘ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʜʣʷ 

ʧʝʣʝʥʛʘʮʽʡʥʦʛʦ ʢʦʤʧʣʝʢʩʫ ɹʇʃɸ. 

 

ɸʥʘʣʽʟ ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʧʫʙʣʽʢʘʮʽʡ 

ʈʦʟʛʣʷʥʝʤʦ ʘʥʘʣʽʪʠʯʥʠʡ ʦʧʠʩ ʤʝʪʦʜʽʚ ʜʦʩʣʽʜʞʝʥʥʷ ʢʦʥʩʪʨʫʢʮʽʾ ʘʥʪʝʥʠ ɺʽʚʘʣʴʜʽ ʨʠʩ. 1 [1, 2].  

ʋ ʚʽʜʧʦʚʽʜʥʦʩʪʽ ʜʦ ʨʠʩ. 1, ʘʥʪʝʥʘ ɺʽʚʘʣʴʜʽ ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʡ ʜʨʫʢʦʚʘʥʠʡ 

ʚʠʧʨʦʤʽʥʶʚʘʯ ʷʢʠʡ ʧʦʙʫʜʦʚʘʥʠʡ ʥʘ ʦʩʥʦʚʽ ʱʽʣʠʥʥʦʾ ʣʽʥʽʾ ʷʢʘ ʨʦʟʰʠʨʶʻʪʴʩʷ. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ ʫʟʛʦʜʞʝʥʠʡ 

ʧʝʨʝʭʽʜ ʤʽʞ ʣʽʥʽʻʶ ʱʽʣʠʥʠ ʷʢʘ ʥʝ ʚʠʧʨʦʤʽʥʶʻ ʽ ʚʽʣʴʥʠʤ ʧʨʦʩʪʦʨʦʤ ʤʦʞʝ ʙʫʪʠ ʟʜʽʡʩʥʝʥʠʡ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʝʢʩʧʦʥʝʥʮʽʡʥʦʾ ʱʽʣʠʥʥʦʾ ʣʽʥʽʾ ʫ ʬʦʨʤʽ ʱʽʣʠʥʠ ɺʽʚʘʣʴʜʽ [1]. ʊʘʢʘ ʢʦʥʩʪʨʫʢʮʽʷ ʚ ʨʝʟʫʣʴʪʘʪʽ ʧʝʨʝʪʚʦʨʶʻ ʙʽʞʫʯʽ 

ʧʦʚʝʨʭʥʝʚʽ ʭʚʠʣʽ ʫ ʚʠʧʨʦʤʽʥʶʚʘʣʴʥʽ ʭʚʠʣʽ ʚʠʪʦʢʫ. ɿʘʣʝʞʥʽʩʪʴ ʤʽʞ ʛʝʦʤʝʪʨʠʯʥʠʤʠ ʧʘʨʘʤʝʪʨʘʤʠ ʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʘʥʪʝʥʠ ʙʫʣʘ ʚʩʪʘʥʦʚʣʝʥʘ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ [2]. ɽʢʩʧʦʥʝʥʮʽʡʥʘ ʢʦʥʫʩʥʽʩʪʴ ʪʦʥʢʦʾ 

ʤʝʪʘʣʝʚʦʾ ʘʥʪʝʥʠ ɺʽʚʘʣʴʜʽ ʷʢʘ ʨʦʟʪʘʰʦʚʘʥʘ ʚ ʧʣʦʱʠʥʽ ʍY (ʨʠʩ. 1 ʙ) ʤʦʞʝ ʙʫʪʠ ʦʧʠʩʘʥʘ ʪʦʯʢʘʤʠ P1 ʪʘ ʈ2 ʚ 

ʪʦʯʢʘʭ ʟ ʢʦʦʨʜʠʥʘʪʘʤʠ (Xl, Yl) ʽ (X2, Y2) ʚʽʜʧʦʚʽʜʥʦ, ʘ ʪʘʢʦʞ ʢʦʝʬʽʮʽʻʥʪʦʤ ʨʦʟʢʨʠʪʪʷ R.  

 

 
ʘ                                                                           ʙ 

ʈʠʩ. 1. ʂʦʥʩʪʨʫʢʮʽʷ ʝʣʝʤʝʥʪʘ ʘʥʪʝʥʠ ɺʽʚʘʣʴʜʽ: ʘ ï 3D ï ʨʝʧʨʦʜʫʢʮʽʷ; ʙ ï ʩʭʝʤʘ ʟ ʧʘʨʘʤʝʪʨʘʤʠ ʜʣʷ ʘʥʘʣʽʪʠʯʥʦʛʦ ʦʧʠʩʫ 

 

ʄʽʞ ʪʦʯʢʘʤʠ P1 ʪʘ ʈ2 ʝʢʩʧʦʥʝʥʮʽʡʥʠʡ ʢʦʥʫʩ ʦʧʠʩʫʻʪʴʩʷ ʥʘʩʪʫʧʥʠʤʠ ʜʠʬʝʨʝʥʮʽʡʥʠʤʠ ʨʽʚʥʷʥʥʷʤʠ: 

 ,                                                                                                       (1)
dy

Ry C
dx
= +  

ʜʝ R ï ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʢʦʝʬʽʮʽʻʥʪ ʢʨʠʚʠʟʥʠ ʨʦʟʢʨʠʪʪʷ ʘʥʪʝʥʠ, ʘ ʉ ï ʙʫʜʝ ʚʽʜʦʙʨʘʞʘʪʠ ʟʤʽʱʝʥʥʷ ʚʽʜ y ʷʢʝ 

ʦʙʨʘʥʝ ʪʘʢ, ʱʦ P1 ʪʘ ʈ2 ʻ ʪʦʯʢʘʤʠ ʥʘ ʣʽʥʽʾ y(x), ʨʠʩ. 1 ʙ.  

ʊʦʜʽ ʟʘʛʘʣʴʥʠʡ ʨʦʟʚôʷʟʦʢ ʨʽʚʥʷʥʥʷ (1) ʙʫʜʝ ʤʘʪʠ ʚʠʜ: 

 1 2                                                                                                 (2)Rxy C e C= +  
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ʊʘʢʠʤ ʯʠʥʦʤ, ʤʘʪʝʤʘʪʠʯʥʘ ʤʦʜʝʣʴ ʚʝʨʭʥʴʦʾ ʚʠʛʥʫʪʦʾ ʢʨʦʤʢʠ ʝʣʝʤʝʥʪʘ ʘʥʪʝʥʠ ʤʦʞʝ ʙʫʪʠ 

ʧʨʝʜʩʪʘʚʣʝʥʦ ʷʢ: 
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() 1 2 1 2    ,        .                                                                     (5)Rx

x y
R x xe C e C e x x x= + + ¢ ¢   

ɼʦʚʞʠʥʘ ʜʽʣʷʥʢʠ ʢʨʠʚʠʟʥʠ ʝʣʝʤʝʥʪʫ ʘʥʪʝʥʠ ʙʫʜʝ ʦʧʠʩʫʚʘʪʠʩʴ ʤʘʪʝʤʘʪʠʯʥʦ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

() () ( ) ( )
1

2 22 2

1 1

1
     1 1 .                          (6)

x

Rx Rx

x

l x R d C R e arctanh C R e
R

x

x x
=

è øå õ= = + - +æ öé ùç ÷ê ú
ñ  

ʊʘʢʠʤ ʯʠʥʦʤ ʜʣʷ ʧʨʝʜʩʪʘʚʣʝʥʥʷ ʢʨʠʚʠʭ ʷʢʽ ʦʧʠʩʫʶʪʴ ʧʝʣʶʩʪʢʠ ʘʥʪʝʥʠ ɺʽʚʘʣʴʜʽ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ 

ʧʘʨʫ ʨʽʚʥʷʥʴ [1]: 

 ( )1 2 1 ,                                                                                             (7)x x K x x= + -  

 
( )( )1 2 1 2 1

2 1
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ʋ ʬʦʨʤʫʣʘʭ 6-8 ʚʠʢʦʨʠʩʪʘʥʦ ʪʘʢʽ ʧʦʟʥʘʯʝʥʥʷ: ()R x  ï ʧʦʭʽʜʥʘ ʚʽʜ ()R x  ʜʝ R ï ʨʘʜʽʫʩ ʢʨʠʚʠʟʥʠ 

ʧʝʣʶʩʪʢʠ ʘʥʪʝʥʠ; y1 ï ʢʦʦʨʜʠʥʘʪʘ ʧʝʨʝʢʨʠʪʪʷ ʧʝʣʶʩʪʢʠ ʘʥʪʝʥʠ ʚʽʜʥʦʩʥʦ ʦʩʽ ʘʙʩʮʠʩ (ʨʠʩ. 1ʙ); y2 ï ʚʽʜʩʪʘʥʴ 

ʚʽʜ ʩʝʨʝʜʠʥʠ ʚʝʨʭʥʴʦʾ ʯʘʩʪʠʥʠ ʘʥʪʝʥʠ ʜʦ ʧʝʣʶʩʪʢʠ ï ʨʦʟʢʨʠʚ ʘʥʪʝʥʠ; x ï ʟʤʽʥʥʘ ʷʢʘ ʥʘʣʝʞʠʪʴ ʽʥʪʝʨʚʘʣʫ 0é 

x2 ʽ ʷʢʘ ʚʠʟʥʘʯʘʻ ʬʫʥʢʮʽʶ y, ʱʦ ʚʠʟʥʘʯʘʻ ʟʤʽʥʫ ʢʨʠʚʦʾ ʧʝʣʶʩʪʢʠ ʚʽʜ ʧʝʨʝʢʨʠʪʪʷ ʜʦ ʨʦʟʢʨʠʚʫ ʘʥʪʝʥʠ; x1 ï 

ʟʤ̔ʥʥʘ ʷʢʘ ʚʠʟʥʘʯʘʻ ʥʠʞʥʶ ʪʦʯʢʫ ʧʦʯʘʪʢʫ ʧʝʣʶʩʪʢʠ ʘʥʪʝʥʠ; x2 ï ʚʠʩʦʪʘ ʧʝʣʶʩʪʢʠ ʪʘ ʚʠʩʦʪʘ ʚʩʽʻʾ ʘʥʪʝʥʠ 

(ʨʠʩ. 1 ʘ); K ï ʟʥʘʯʝʥʥʷ ʢʦʝʬʽʮʽʻʥʪʫ. 

ʅʘ ʪʝʧʝʨʽʰʥʽʡ ʤʦʤʝʥʪ ʯʘʩʫ ʨʦʟʚʠʪʢʫ ʘʥʪʝʥʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʧʨʦʝʢʪʫʚʘʥʥʷ ʧʝʣʝʥʛʘʮʽʡʥʠʭ ʢʦʤʧʣʝʢʩʽʚ 

ɹʇʃɸ ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʢʦʥʩʪʨʫʢʮʽ ʾʘʥʪʝʥ ʬʽʨʤʠ TCI [10], ʟʦʢʨʝʤʘ ʤʦʜʝʣʽ 641, 643. ɿʘʛʘʣʦʤ ʢʦʥʩʪʨʫʢʮʽ ʾ

ʪʘʢʠʭ ʘʥʪʝʥ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʦʧʠʩʘʥʠʭ ʚʠʱʝ ʟʘʛʘʣʴʥʠʭ ʧʦʣʦʞʝʥʥʷʭ ʚʽʜʥʦʩʥʦ ʧʘʨʘʤʝʪʨʽʚ ʘʥʪʝʥʠ ɺʽʚʘʣʴʜʽ. 

ʆʜʥʘʢ, ʢʣʶʯʦʚʘ ʦʩʦʙʣʠʚʽʩʪʴ ʪʘʢʠʭ ʘʥʪʝʥ ʧʦʣʷʛʘʻ ʫ ʟʘʩʪʦʩʫʚʘʥʥʽ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʩʧʨʷʤʦʚʘʥʠʭ ʝʣʝʤʝʥʪʽʚ 

ʘʥʪʝʥʠ ʷʢʽ ʥʝ ʤʘʶʪʴ ʬʘʟʦʚʦʛʦ ʮʝʥʪʨʫ. ɸʥʪʝʥʘ ʤʽʩʪʠʪʴ ʩʠʩʪʝʤʠ ʪʠʧʫ ʊɽʄ-ʨʫʧʦʨ, (ʧʦʙʫʜʦʚʘʥʘ ʥʘ ʜʚʦʭ 

ʽʜʝʥʪʠʯʥʠʭ ʜʟʝʨʢʘʣʴʥʦ ʚʠʛʥʫʪʠʭ ʦʜʥʘ ʚʽʜʥʦʩʥʦ ʦʜʥʦʾ ʧʨʦʚʽʜʥʠʭ ʧʣʘʩʪʠʥʠ) ʽʟ ʩʤʫʞʢʘʤʠ ʷʢʽ ʨʦʟʰʠʨʶʶʪʴʩʷ, 

ʧʨʠʯʦʤʫ ʢʦʞʥʘ ʽʟ ʩʤʫʞʦʢ ʨʦʟʜʽʣʝʥʘ ʥʘ ʜʚʽ ʯʘʩʪʠʥʠ ʱʽʣʠʥʦʶ (ʘʥʘʣʦʛʽʯʥʦ ʨʦʟʛʣʷʥʫʪʽʡ ʚʠʱʝ ʘʥʪʝʥʽ ɺʽʚʘʣʴʜʽ, 

ʨʠʩ. 1 ʘ). ʅʘ ʨʠʩ. 2 ʘ ʪʘ ʙ, ʚʽʜʧʦʚʽʜʥʦ, ʧʨʝʜʩʪʘʚʣʝʥʦ ʢʦʥʩʪʨʫʢʮʽʾ ʘʥʪʝʥ TCI:  

 

 
ʘ                                                          ʙ 

ʈʠʩ. 2. ʂʦʥʩʪʨʫʢʮʽʷ ʘʥʪʝʥ TCI: a ï TCI 641; ʙ - TCI  643 

 

ɸʥʘʣʽʟ ʢʦʥʩʪʨʫʢʪʠʚʥʠʭ ʦʩʦʙʣʠʚʦʩʪʝʡ ʘʥʪʝʥʥʠʭ ʩʠʩʪʝʤ ʙʝʟ ʬʘʟʦʚʦʛʦ ʮʝʥʪʫ, ʜʦʟʚʦʣʷʻ ʢʦʥʩʪʘʪʫʚʘʪʠ, 

ʱʦ ʦʩʥʦʚʘ ʢʦʥʩʪʨʫʢʮʽʾ ʪʘʢʠʭ ʥʘʜʰʠʨʦʢʦʩʤʫʛʦʚʠʭ ʘʥʪʝʥ ʤʽʩʪʠʪʴ ʩʫʢʫʧʥʽʩʪʴ ʊɽʄ-ʨʫʧʦʨʽʚ ʽ ʘʥʪʝʥ ɺʽʚʘʣʴʜʽ. 

ʉʝʨʝʜ ʩʭʦʞʠʭ ʨʽʰʝʥʴ, ʚ ʧʨʝʜʤʝʪʥʽʡ ʦʙʣʘʩʪʽ ʩʪʘʪʪʽ, ʤʦʞʥʘ ʚʠʜʽʣʠʪʠ ʘʥʪʝʥʥʽ ʩʠʩʪʝʤʠ ʬʽʨʤ Rohde&Schwarz ʥʘ 

ʦʩʥʦʚʽ ʬʘʟʦʚʘʥʠʭ ʘʥʪʝʥʥʠʭ ʨʝʰʽʪʦʢ, ʩʠʤʝʪʨʠʯʥʠʭ ʘʥʪʝʥʥʠʭ ʚʽʙʨʘʪʦʨʽʚ ʪʘ ʘʥʪʝʥ ʨʘʤʢʦʚʦʛʦ ʪʠʧʫ [5]. 

ʗʢ ʙʫʣʦ ʟʘʟʥʘʯʝʥʦ ʫ ʧʦʩʪʘʥʦʚʮʽ ʟʘʚʜʘʥʥʷ ʥʘ ʜʦʩʣʽʜʞʝʥʥʷ ʫ ʟʘʧʨʦʧʦʥʦʚʘʥʽʡ ʩʪʘʪʪʽ ʨʦʟʛʣʷʜʘʶʪʴʩʷ 

ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʚʽʜʥʦʩʥʦ ʥʦʚʦʾ ʢʦʥʩʪʨʫʢʮʽʾ ʘʥʪʝʥʠ ʷʢʘ ʨʦʟʨʦʙʣʷʻʪʴʩʷ ʜʣʷ ʧʝʣʝʥʛʘʮʽʾ ɹʇʃɸ ʪʘ 

ʤʽʩʪʠʪʴ ʢʦʥʮʝʧʮʽʶ TSA. ʊʝʦʨʽʷ ʮʠʭ ʘʥʪʝʥ ʦʧʠʩʘʥʘ ʚʠʱʝ. ʇʦʪʨʽʙʥʦ ʟʘʟʥʘʯʠʪʠ, ʱʦ ʫʪʦʯʥʝʥʥʷ ʢʦʥʢʨʝʪʥʦʛʦ 

ʟʘʚʜʘʥʥʷ ʥʘ ʧʨʦʝʢʪʫʚʘʥʥʷ ʘʥʪʝʥʥʦʾ ʩʠʩʪʝʤʠ ʜʘʻ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʴ ʬʦʨʤ ʪʘ ʧʨʦʧʦʨʮʽʡ ʤʽʞ ʾʾ ʢʦʥʩʪʨʫʢʪʠʚʥʠʤʠ 

ʝʣʝʤʝʥʪʘʤʠ. ʇʨʠ ʘʥʘʣʽʟʽ ʽʩʥʫʶʯʦʾ ʽʥʬʦʨʤʘʮʽʾ ʟ ʜʘʥʦʛʦ ʧʠʪʘʥʥʷ ʙʫʣʦ ʟ'ʷʩʦʚʘʥʦ ʪʘʢʽ ʟʘʢʦʥʦʤʽʨʥʦʩʪʽ ʜʣʷ TSA: 

- ʰʠʨʠʥʘ ʱʽʣʠʥʠ ʚʠʟʥʘʯʘʻ ʥʠʞʥʶ ʯʘʩʪʦʪʫ ʨʦʙʦʯʦʛʦ ʜʽʘʧʘʟʦʥʫ; 

- ʜʦʚʞʠʥʘ ʚʠʟʥʘʯʘʻ ʧʽʜʩʠʣʝʥʥʷ ʚ ʩʝʨʝʜʠʥʽ ʪʘ ʥʘ ʚʝʨʭʥʴʦʤʫ ʢʨʘʶ ʩʤʫʛʠ ʯʘʩʪʦʪ; 

- ʬʦʨʤʘ ʨʦʟʽʤʢʥʫʪʦʾ ʱʽʣʠʥʠ ʚʠʟʥʘʯʘʻ ʯʘʩʪʦʪʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʪʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ. ɺʚʘʞʘʻʪʴʩʷ, ʱʦ 

ʥʘʡʙʽʣʴʰ ʧʨʠʡʥʷʪʥʠʤʠ ʯʘʩʪʦʪʥʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʚʦʣʦʜʽʶʪʴ TSA ʟ ʝʢʩʧʦʥʝʥʮʽʡʥʦ ʥʘʨʦʩʪʘʶʯʦʶ 

ʰʠʨʠʥʦʶ ʱʽʣʠʥʠ (ʨʽʚʥʷʥʥʷ 5). 

ʋ ʩʪʘʪʪʽ ʙʫʜʝ ʧʨʝʜʩʪʘʚʣʝʥʦ ʨʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʥʪʝʥʥʦʾ ʩʠʩʪʝʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʟʘʩʦʙʽʚ ʧʨʦʛʨʘʤʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ. ʇʨʦʚʝʜʝʤʦ ʢʦʨʦʪʢʠʡ ʦʛʣʷʜ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ 

ʘʥʪʝʥ.  

ɯʩʥʫʻ ʚʝʣʠʢʠʡ ʚʠʙʽʨ ʫ ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʽ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ, ʘʥʪʝʥ ʽ 

ʧʨʠʩʪʨʦʾʚ ʥʘʜʚʠʩʦʢʠʭ ʯʘʩʪʦʪ (ʅɺʏ) [11, 12]. ʅʠʞʯʝ ʥʘʚʝʜʝʥʦ ʦʩʥʦʚʥʽ ʚʠʨʦʙʥʠʢʠ ʉɸʇʈ ʅɺʏ ʪʘ ʜʝʷʢʽ ʽʥʰʽ 

ʧʨʦʛʨʘʤʥʽ ʧʨʦʜʫʢʪʠ. 

FEKO ï ʮʝ ʰʠʨʦʢʦʬʫʥʢʮʽʦʥʘʣʴʥʝ ʧʨʦʛʨʘʤʥʝ ʩʝʨʝʜʦʚʠʱʝ ʜʣʷ ʯʠʩʝʣʴʥʦʛʦ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʛʦ 
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ʤʦʜʝʣʶʚʘʥʥʷ, ʟʘʩʥʦʚʘʥʝ ʥʘ ʩʫʯʘʩʥʠʭ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʪʝʭʥʦʣʦʛʽʷʭ (CEM) ʽ ʜʦʟʚʦʣʷʻ ʚʠʨʽʰʫʚʘʪʠ ʰʠʨʦʢʝ 

ʢʦʣʦ ʟʘʚʜʘʥʴ. 

HFSS ï ʮʝ ʩʪʘʥʜʘʨʪʠʟʦʚʘʥʠʡ ʫ ʧʨʦʤʠʩʣʦʚʦʩʪʽ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʠʚʠʤʽʨʥʠʭ 

ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ. ʊʝʭʥʦʣʦʛʽʷ HFSS ʜʦʟʚʦʣʷʻ ʚʠʢʦʥʫʚʘʪʠ ʨʦʟʨʘʭʫʥʦʢ ʝʣʝʢʪʨʠʯʥʠʭ ʪʘ ʤʘʛʥʽʪʥʠʭ ʧʦʣʽʚ, 

ʩʪʨʫʤʽʚ, S-ʧʘʨʘʤʝʪʨʽʚ, ʚʠʧʨʦʤʽʥʶʚʘʥʴ ʧʦʣʽʚ ʫ ʙʣʠʞʥʽʡ ʪʘ ʜʘʣʴʥʽʡ ʟʦʥʽ. ʇʨʦʮʝʩ ʚʠʢʦʥʘʥʥʷ ʨʦʟʨʘʭʫʥʢʫ 

ʧʦʚʥʽʩʪʶ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ, ʢʦʨʠʩʪʫʚʘʯʝʚʽ ʥʝʦʙʭʽʜʥʦ ʣʠʰʝ ʚʠʟʥʘʯʠʪʠ ʛʝʦʤʝʪʨʠʯʥʽ ʧʘʨʘʤʝʪʨʠ, ʚʣʘʩʪʠʚʦʩʪʽ 

ʤʘʪʝʨʽʘʣʽʚ ʽ ʙʘʞʘʥʠʡ ʨʝʟʫʣʴʪʘʪ. 

CST MICROWAVE STUDIO ʚʠʢʦʨʠʩʪʦʚʫʻ ʚʩʽ ʪʨʘʜʠʮʽʡʥʽ ʤʝʪʦʜʠ ʤʦʜʝʣʶʚʘʥʥʷ, ʘ ʪʘʢʦʞ ʩʫʯʘʩʥʠʡ 

ʯʘʩʦʚʠʡ ʤʝʪʦʜ. ʇʘʢʝʪ ʩʪʚʦʨʝʥʦ ʥʽʤʝʮʴʢʦʶ ʢʦʤʧʘʥʽʻʶ Computer Simulation Technology (CST). 

ʇʨʦʛʨʘʤʥʠʡ ʧʘʢʝʪ CST MICROWAVE STUDIO ï ʮʝ ʫʟʘʛʘʣʴʥʝʥʠʡ ʨʝʟʫʣʴʪʘʪ ʙʘʛʘʪʦʨʽʯʥʠʭ 

ʜʦʩʣʽʜʞʝʥʴ ʪʘ ʨʦʟʨʦʙʦʢ ʫ ʛʘʣʫʟʽ ʝʬʝʢʪʠʚʥʦʛʦ ʯʠʩʝʣʴʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʪʨʠʚʠʤʽʨʥʠʭ ʝʣʝʢʪʨʦʜʠʥʘʤʽʯʥʠʭ 

ʩʪʨʫʢʪʫʨ. ʎʝ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʰʚʠʜʢʦʛʦ ʽ ʪʦʯʥʦʛʦ ʤʦʜʝʣʶʚʘʥʥʷ ʥʘʜʚʠʩʦʢʦʯʘʩʪʦʪʥʠʭ ʧʨʠʩʪʨʦʾʚ, ʘ ʪʘʢʦʞ 

ʘʥʘʣʽʟʫ ʧʨʦʙʣʝʤ ʮʽʣʽʩʥʦʩʪʽ ʩʠʛʥʘʣʽʚ ʽ ʝʣʝʢʪʨʦʤʘʛʥʽʪʥʦʾ ʩʫʤʽʩʥʦʩʪʽ ʚ ʯʘʩʦʚʽʡ ʪʘ ʯʘʩʪʦʪʥʽʡ ʦʙʣʘʩʪʷʭ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʨʷʤʦʢʫʪʥʦʾ ʘʙʦ ʪʝʪʨʘʝʜʨʘʣʴʥʦʾ ʩʽʪʦʢ ʨʦʟʙʠʪʪʷ. ʅʝʦʙʭʽʜʥʽʩʪʴ ʚʠʚʯʝʥʥʷ ʧʨʦʛʨʘʤʥʦʛʦ 

ʧʨʦʜʫʢʪʫ CST MICROWAVE STUDIO ʦʙʫʤʦʚʣʝʥʦ ʪʠʤ, ʱʦ ʧʨʦʝʢʪʫʚʘʥʥʷ ʜʦʩʠʪʴ ʩʢʣʘʜʥʠʭ, ʦʪʞʝ, ʽ ʜʦʨʦʛʦʾ 

ʨʘʜʽʦʝʣʝʢʪʨʦʥʥʦʾ ʘʧʘʨʘʪʫʨʠ ʙʝʟ ʟʘʩʪʦʩʫʚʘʥʥʷ ʉɸʇʈ ʫ ʤʽʥʽʤʘʣʴʥʽ ʪʝʨʤʽʥʠ ʽ ʷʢʽʩʥʦ ʧʨʦʩʪʦ ʥʝʤʦʞʣʠʚʝ [13]. 

ʇʨʦʝʢʪʫʚʘʥʥʷ ʟʘʡʤʘʻ ʪʨʠʚʘʣʠʡ ʯʘʩ, ʘ ʧʦʪʽʤ ʚʝʜʝʪʴʩʷ ʝʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘ ʜʦʨʦʙʢʘ, ʷʢʘ ʟʘʪʷʛʫʻʪʴʩʷ ʥʘ ʪʨʠʚʘʣʠʡ 

ʧʝʨʽʦʜ, ʟʙʽʣʴʰʫʶʯʠ ʚʘʨʪʽʩʪʴ ʈɽɸ. 

ʄʦʜʝʣʶʚʘʥʥʷ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʘʥʪʝʥʥʦʾ ʩʠʩʪʝʤʠ 

ʅʘ ʜʘʥʠʡ ʤʦʤʝʥʪ ʽʩʥʫʻ ʙʝʟʣʽʯ ʩʪʘʪʝʡ, ʱʦ ʦʧʠʩʫʶʪʴ ʧʨʦʮʝʩ ʤʦʜʝʣʶʚʘʥʥʷ, ʨʦʟʨʘʭʫʥʢʫ ʪʘ 

ʚʠʨʦʙʥʠʮʪʚʘ ʜʨʫʢʦʚʘʥʠʭ ʚʠʧʨʦʤʽʥʶʚʘʯʽʚ, ʟʦʢʨʝʤʘ ʘʥʪʝʥ ɺʽʚʘʣʴʜʽ [1, 2].  

ʇʨʠ ʨʦʟʨʘʭʫʥʢʫ TSA ʘʥʪʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ ʙʫʣʘ ʚʠʢʦʨʠʩʪʘʥʘ ʧʨʦʛʨʘʤʘ ʨʦʟʨʘʭʫʥʢʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢ 

ʘʥʪʝʥ MMANA ʟ ʤʝʪʦʶ ʧʨʠʩʢʦʨʝʥʥʷ ʚʠʚʯʝʥʥʷ ʦʩʥʦʚʥʠʭ ʟʘʢʦʥʦʤʽʨʥʦʩʪʝʡ ʦʪʨʠʤʘʥʥʷ ʥʝʦʙʭʽʜʥʠʭ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢ. 

ʆʩʦʙʣʠʚʫ ʫʚʘʛʫ ʧʨʠʜʽʣʷʣʦʩʷ ʤʦʞʣʠʚʦʩʪʽ ʟʤʽʥʠ ʜʽʘʛʨʘʤʠ ʩʧʨʷʤʦʚʘʥʦʩʪʽ (ɼʉ) ʟʘʣʝʞʥʦ ʚʽʜ ʬʘʟʦʚʠʭ 

ʩʧʽʚʚʽʜʥʦʰʝʥʴ ʥʘʧʨʫʛʠ ʥʘ ʚʭʦʜʽ ʘʥʪʝʥʥʠʭ ʝʣʝʤʝʥʪʽʚ. ɼʣʷ ʧʦʷʩʥʝʥʥʷ, ʥʘʚʝʜʝʥʦ ʟʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʽ ʯʘʩʪʦʪʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɼʉ ʧʨʠ ʩʠʥʬʘʟʥʠʭ ʩʠʛʥʘʣʘʭ ʥʘ ʚʭʦʜʘʭ ʚʽʙʨʘʪʦʨʽʚ ʘʥʪʝʥ, ʨʠʩ. 3 ʽ ʧʨʠ ʧʨʦʪʠʬʘʟʥʦʤʫ 

ʟʙʫʜʞʝʥʥʽ ʘʥʪʝʥʥʠʭ ʚʽʙʨʘʪʦʨʽʚ - ʥʘ ʨʠʩ. 4. 

 

 
ʈʠʩ. 3. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʘʥʪʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ ʪʘ ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʧʨʦʪʠʬʘʟʥʦʤʫ ʟʙʫʜʞʝʥʥʽ ʚʽʙʨʘʪʦʨʽʚ 
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ʈʠʩ. 4. ɿʦʚʥʽʰʥʽʡ ʚʠʛʣʷʜ ʘʥʪʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ ʪʘ ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʨʠ ʩʠʥʬʘʟʥʦʤʫ ʟʙʫʜʞʝʥʥʽ ʚʽʙʨʘʪʦʨʽʚ 

 

ʗʢ ʚʠʜʥʦ ʟ ʨʠʩ. 3 ʪʘ ʨʠʩ. 4, ʥʝ ʟʤʽʥʶʶʯʠ ʢʦʥʩʪʨʫʢʮʽʶ 

ʘʥʪʝʥʥʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʤʦʞʥʘ ʦʪʨʠʤʘʪʠ ʘʙʩʦʣʶʪʥʦ ʨʽʟʥʽ ɼʉ 

ʟʤʽʥʶʶʯʠ ʬʘʟʦʚʽ ʩʧʽʚʚʽʜʥʦʰʝʥʥʷ ʥʘ ʚʭʦʜʘʭ ʘʥʪʝʥʥʠʭ ʚʽʙʨʘʪʦʨʽʚ. 

ʎʶ ʦʩʦʙʣʠʚʽʩʪʴ ʙʫʜʝ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʠ ʧʦʙʫʜʦʚʽ ʘʤʧʣʽʪʫʜʥʦʛʦ 

ʧʝʣʝʥʛʘʪʦʨʘ ɹʇʃɸ ʟ ʚʠʩʦʢʦʶ ʨʦʟʜʽʣʴʥʦʶ ʟʜʘʪʥʽʩʪʶ. ʈʦʟʛʣʷʥʝʤʦ 

ʦʩʦʙʣʠʚʦʩʪʽ ʨʦʟʨʦʙʢʠ ʰʠʨʦʢʦʩʤʫʛʦʚʦʛʦ ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʘʥʪʝʥʥʦʾ 

ʩʠʩʪʝʤʠ. 

ʋ ʧʨʦʮʝʩʽ ʧʨʦʚʝʜʝʥʥʷ ʨʦʟʨʘʭʫʥʢʽʚ ʙʫʣʦ ʟ'ʷʩʦʚʘʥʦ 

ʥʘʩʪʫʧʥʝ: 

- ʥʝ ʤʦʞʣʠʚʦ ʟʘʙʝʟʧʝʯʠʪʠ ʧʝʨʝʢʨʠʪʪ ̫ ʥʝʦʙʭʽʜʥʦʛʦ 

ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ 100-3000 ʄɻʮ ʧʨʦʩʪʠʤ ʘʥʪʝʥʥʠʤ ʝʣʝʤʝʥʪʦʤ 

TSA; 

- ʥʝʤʦʞʣʠʚʦ ʦʪʨʠʤʘʪʠ ʧʨʠʡʥʷʪʥʠʡ ʢʦʝʬʽʮʽʻʥʪ ʩʪʦʷʯʦʾ 

ʭʚʠʣʽ (ʂʉʍʅ) ʘʥʪʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ ʫ ʰʠʨʦʢʦʤʫ ʯʘʩʪʦʪʥʦʤʫ 

ʜʽʘʧʘʟʦʥʽ; 

- ʬʦʨʤʘ ɼC ʘʥʪʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ ʟʙʝʨʽʛʘʻ ʧʨʠʡʥʷʪʥʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ ʚ ʤʝʞʘʭ ʦʢʪʘʚʠ. 

ɼʣʷ ʫʩʫʥʝʥʥʷ ʧʝʨʝʨʘʭʦʚʘʥʠʭ ʥʝʜʦʣʽʢʽʚ ʧʨʦʧʦʥʫʻʪʴʩʷ 

ʢʦʥʩʪʨʫʢʮʽʶ ʘʥʪʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ ʨʦʟʙʠʪʠ ʥʘ ʪʨʠ ʩʢʣʘʜʦʚʽ, ʷʢʽ 

ʥʝʦʙʭʽʜʥʦ ʙʫʜʝ ʟ'ʻʜʥʘʪʠ ʟʘ ʩʭʝʤʦʶ ʧʨʝʜʩʪʘʚʣʝʥʦʶ ʥʘ ʨʠʩ.5. 

ʋ ʚʠʧʘʜʢʫ ʚʽʜʩʫʪʥʦʩʪʽ ʢʝʨʫʶʯʦʛʦ ʥʘʧʨʫʛʠ U1 ʽ U2 

ʨʦʙʦʯʦʶ ʜʽʣʷʥʢʦʶ ʚʠʧʨʦʤʽʥʶʶʯʦʛʦ ʝʣʝʤʝʥʪʘ ʻ L1 ʦʙʦʭ 

ʚʠʧʨʦʤʽʥʶʶʯʠʭ ʚʽʙʨʘʪʦʨʽʚ ʽ ʚʠʧʨʦʤʽʥʶʶʯʠʡ ʝʣʝʤʝʥʪ ʟʘʙʝʟʧʝʯʫʻ 

ʥʝʦʙʭʽʜʥʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʫ ʚʝʨʭʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʯʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʯʘʩʪʦʪ. 

ʇʨʠ ʧʦʜʘʯʽ ʢʝʨʫʶʯʦʶ ʥʘʧʨʫʛʠ U1 - ʨʦʙʦʯʦʶ ʜʽʣʷʥʢʦʶ 

ʚʠʧʨʦʤʽʥʶʶʯʦʛʦ ʝʣʝʤʝʥʪʘ ʻ L1 ʨʘʟʦʤ ʟ  L2. ɺ ʮʴʦʤʫ ʚʠʧʘʜʢʫ 

ʚʠʧʨʦʤʽʥʶʶʯʠʡ ʝʣʝʤʝʥʪ ʤʘʻ ʭʦʨʦʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʯʦʛʦ ʜʽʘʧʘʟʦʥʫ (ʪʦʜʽ ʷʢ ʫ 

ʚʝʨʭʥʽʡ ʽ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʯʦʛʦ ʜʽʘʧʘʟʦʥʫ ʚʦʥʠ ʟʥʘʯʥʦ ʛʽʨʰʽ). ɯ ʥʘʨʝʰʪʽ, ʧʨʠ ʧʦʜʘʯʽ ʢʝʨʫʶʯʦʛʦ ʥʘʧʨʫʛʠ 

U2 ʨʦʙʦʯʦʶ ʜʽʣʷʥʢʦʶ ʚʠʧʨʦʤʽʥʶʶʯʦʛʦ ʝʣʝʤʝʥʪʘ ʻ ʚʩʷ ʡʦʛʦ ʧʦʚʝʨʭʥʷ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʭʦʨʦʰʽ ʨʦʙʦʯʽ 

ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʥʠʞʥʴʦʾ ʯʘʩʪʠʥʠ ʨʦʙʦʯʦʛʦ ʜʽʘʧʘʟʦʥʫ ʯʘʩʪʦʪ. 

ʈʦʟʨʘʭʫʥʦʢ ʚʠʧʨʦʤʽʥʶʶʯʦʛʦ ʝʣʝʤʝʥʪʘ ʧʨʦʚʦʜʠʚʩʷ ʚ ʪʨʠ ʝʪʘʧʠ: ʩʧʦʯʘʪʢʫ ʨʦʟʨʘʭʫʚʘʣʘʩʷ ʦʧʪʠʤʘʣʴʥʘ 

ʩʪʨʫʢʪʫʨʘ ʫ ʚʠʩʦʢʦʯʘʩʪʦʪʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʯʦʛʦ ʜʽʘʧʘʟʦʥʫ, ʧʦʪʽʤ - ʚ ʩʝʨʝʜʥʴʦʯʘʩʪʦʪʥʽʡ ʯʘʩʪʠʥʽ ʽ ʥʘʨʝʰʪʽ ʚ 

ʥʠʟʴʢʦʯʘʩʪʦʪʥʽʡ ʯʘʩʪʠʥʽ. ʅʘ ʨʠʩ. 6 ʧʨʝʜʩʪʘʚʣʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʪʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ ʫ ʚʠʧʘʜʢʫ ʩʠʥʬʘʟʥʦʛʦ 

ʟʙʫʜʞʝʥʥʷ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʢʝʨʫʶʯʦʾ ʥʘʧʨʫʛʠ. 

 
ʈʠʩ. 5. ʉʭʝʤʘ ʝʣʝʢʪʨʠʯʥʘ-ʧʨʠʥʮʠʧʦʚʘ 

ʘʥʪʝʥʥʦʛʦ ʝʣʝʤʝʥʪʫ 
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ʈʠʩ. 6. ʍʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʪʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ ʧʨʠ ʩʠʥʬʘʟʥʦʤʫ ʟʙʫʜʞʝʥʥʽ ʟʘ ʚʽʜʩʫʪʥʦʩʪʽ ʢʝʨʫʶʯʠʭ ʥʘʧʨʫʛ (ɺʏ ʯʘʩʪʠʥʘ) 

 

ʅʘ ʨʠʩ. 7 ʧʨʝʜʩʪʘʚʣʝʥʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʪʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ ʫ ʚʠʧʘʜʢʫ ʧʨʦʪʠʬʘʟʥʦʛʦ ʟʙʫʜʞʝʥʥʷ ʟʘ 

ʚʽʜʩʫʪʥʦʩʪʽ ʢʝʨʫʶʯʠʭ ʥʘʧʨʫʛ (ɺʏ ʯʘʩʪʠʥʘ). 

ʈʝʟʫʣʴʪʘʪʠ ʤʦʜʝʣʶʚʘʥʥʷ ʜʦʟʚʦʣʷʶʪʴ ʜʦʩʣʽʜʠʪʠ ʧʨʦʮʝʩ ʟʤʽʥʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʩʧʨʷʤʦʚʘʥʦʩʪʽ 

ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʚ ʨʦʙʦʯʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ. ɿʦʢʨʝʤʘ ʥʘ ʨʠʩ. 6 ʪʘ ʨʠʩ. 7 ʧʨʝʜʩʪʘʚʣʝʥʦ ʧʨʦʩʪʦʨʦʚʽ ɼʉ 

ʚʠʧʨʦʤʽʥʶʚʘʯʘ ʪʘ ʢʦʝʬʽʮʽʻʥʪʠ ʧʽʜʩʠʣʝʥʥʷ (ʂʇ)  ʚ ʨʦʙʦʯʦʤʫ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ.    

ɿ ʨʠʩ. 6 ʪʘ 7 ʚʩʪʘʥʦʚʣʶʻʤʦ, ʱʦ ʚ ʜʽʘʧʘʟʦʥʽ ʯʘʩʪʦʪ 1100-2500 ʄɻʮ (ɺʏ ʯʘʩʪʠʥʘ ʨʦʙʦʯʦʛʦ ʜʽʘʧʘʟʦʥʫ) 

ʘʥʪʝʥʥʠʡ ʝʣʝʤʝʥʪ ʤʘʻ ʭʦʨʦʰʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦ ɼʉ, ʢʦʝʬʽʮʽʻʥʪʫ ʧʽʜʩʠʣʝʥʥʷ ʽ ʂʉʍʅ (ʜʠʚ. ʨʠʩ. 8). 

ʇʨʠ ʧʦʜʘʯʽ ʢʝʨʫʶʯʦʛʦ ʥʘʧʨʫʛʠ U1 ʜʦ ʦʩʥʦʚʥʦʛʦ ʘʥʪʝʥʥʦʛʦ ʝʣʝʤʝʥʪʘ ʧʽʜʢʣʶʯʘʻʪʴʩʷ ʜʨʫʛʠʡ ʚʽʜʨʽʟʦʢ 

ʜʦ ʜʚʦʭ ʚʽʙʨʘʪʦʨʽʚ, ʱʦ ʧʨʘʢʪʠʯʥʦ ʧʝʨʝʚʦʜʠʪʴ ʘʥʪʝʥʠ ʚ ʩʝʨʝʜʥʶ ʜʽʣʷʥʢʫ ʯʘʩʪʦʪʥʦʛʦ ʜʽʘʧʘʟʦʥʫ. ʇʨʠ ʮʴʦʤʫ ʫ 

ɺʏ ʯʘʩʪʠʥʠ ʜʽʘʧʘʟʦʥʫ ʡʦʛʦ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʧʦʛʽʨʰʫʶʪʴʩʷ, ʘ ʚ ʅʏ ʯʘʩʪʠʥʠ ʨʦʙʦʯʦʛʦ ʜʽʘʧʘʟʦʥʫ 

ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ ʧʦʛʘʥʝ ʫʟʛʦʜʞʝʥʥʷ ʽ ʥʝʚʠʩʦʢʠʡ ʢʦʝʬʽʮʽʻʥʪ ʧʽʜʩʠʣʝʥʥʷ. ʈʦʙʦʯʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʪʝʥʥʦʛʦ 

ʝʣʝʤʝʥʪʘ ʧʨʝʜʩʪʘʚʣʝʥʽ ʥʘ ʨʠʩ. 9ï12. ʉʝʨʝʜʥʷ ʯʘʩʪʠʥʘ ʨʦʙʦʯʦʛʦ ʜʽʘʧʘʟʦʥʫ ʟʘʡʤʘʻ ʩʤʫʛʫ ʚʽʜ 400 ʜʦ 1200 ʄɻʮ. 

ʇʦʜʘʯʝʶ ʢʝʨʫʶʯʦʾ ʥʘʧʨʫʛʠ U2 ʧʝʨʝʚʦʜʠʪʴʩʷ ʚ ʨʦʙʦʯʠʡ ʩʪʘʥ ʚʩ ̫ʢʦʥʩʪʨʫʢʮʽ ̫ʘʥʪʝʥʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʭʦʨʦʰʽ ʨʦʙʦʯʽ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʚ ʥʠʞʥʽʡ ʯʘʩʪʠʥʽ ʨʦʙʦʯʦʛʦ ʜʽʘʧʘʟʦʥʫ. ʇʨʠ ʮʴʦʤʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʘʥʪʝʥʥʦʛʦ 

ʝʣʝʤʝʥʪʘ ʚ ɺʏ ʩʪʘʶʪʴ ʱʝ ʛʽʨʰʠʤʠ (ʩʧʦʪʚʦʨʶʻʪʴʩʷ ɼʉ ʪʘ ʟ'ʷʚʣʷʶʪʴʩʷ ʙʽʯʥʽ ʧʝʣʶʩʪʢʠ, ʥʘʷʚʥʽʩʪʴ ʷʢʠʭ ʚʢʨʘʡ 

ʥʝʙʘʞʘʥʘ ʧʨʠ ʧʦʙʫʜʦʚʽ ʧʝʣʝʥʛʘʮʽʡʥʠʭ ʧʨʠʩʪʨʦʾʚ), ʘ ʫ ʩʝʨʝʜʥʽʡ ʯʘʩʪʠʥʽ ʜʽʘʧʘʟʦʥʫ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ɼʉ 

ʧʦʛʽʨʰʫʶʪʴʩʷ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʨʦʟʙʠʚʰʠ ʨʦʙʦʯʠʡ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ ʥʘ ʪʨʠ ʜʽʣʷʥʢʠ ʤʦʞʥʘ ʧʝʨʝʢʨʠʪʠ ʜʽʘʧʘʟʦʥ ʯʘʩʪʦʪ 

100-2500 ʄɻʮ ʟ ʭʦʨʦʰʠʤʠ ʨʦʙʦʯʠʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ. 
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