
 
 

ʄɯʅɯʉʊɽʈʉʊɺʆ ʆʉɺɯʊʀ ɯ ʅɸʋʂʀ ʋʂʈɸɰʅʀ 

 

ʅɸʎɯʆʅɸʃʔʅʀʁ ʊɽʍʅɯʏʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ  

çʍɸʈʂɯɺʉʔʂʀʁ ʇʆʃɯʊɽʍʅɯʏʅʀʁ ɯʅʉʊʀʊʋʊè 

ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʥʘʫʢ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ__                                                                   

ʂʘʬʝʜʨʘ _____ʂʦʤʧôʶʪʝʨʥʦ ʾ̔ʥʞʝʥʝʨʽ ʾʪʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ____________________ 

ʉʧʝʮʽʘʣʴʥʽʩʪʴ _______123 ʂʦʤʧôʶʪʝʨʥʘ ʽʥʞʝʥʝʨʽʷ________________________ 

ʆʩʚʽʪʥʷ ʧʨʦʛʨʘʤʘ  ʉʫʯʘʩʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʤʦʙʽʣʴʥʽ ʧʨʠʩʪʨʦʾ ʪʘ ʢʦʤʧ'ʶʪʝʨʥʽ 

ʽʛʨʠ 

 

                                                                              ɼʦ ʟʘʭʠʩʪʫ ʜʦʧʫʩʢʘʶ     

                                                                              ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ 

                                                                               __ʆʣʝʢʩʘʥʜʨ ɿɸʂʆɺʆʈʆʊʅʀʁ 

                                                                                            (ʽʤôʷ ʪʘ ʧʨʽʟʚʠʱʝ) 

                                                                               ____________________________ 

                                                                                             (ʧʽʜʧʠʩ, ʜʘʪʘ) 

ɼʀʇʃʆʄʅɸ ʈʆɹʆʊɸ  

___ʜʨʫʛʦʛʦ (ʤʘʛʽʩʪʝʨʩʴʢʦʛʦ)__ ʨʽʚʥʷ ʚʠʱʦʾ ʦʩʚʽʪʠ 

ʊʝʤʘ ʨʦʙʦʪʠ _ʈʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʨʩʴʢʠʤ ʧʨʘʚʦʤ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʪʝʭʥʦʣʦʛʽʾ ʙʣʦʢʯʝʡʥ___________________________________________________ 

ʐʠʬʨ ʨʦʙʦʪʠ ________ʂʅ-ʄ922ɺ.01_____________ 

                             (ʛʨʫʧʘ, ʥʦʤʝʨ ʪʝʤʠ ʟʘ ʥʘʢʘʟʦʤ) 

ɺʠʢʦʥʘʚʝʮʴ     _______ɹʝʟʧʘʣʠʡ ʄʘʨʢʦ ʃʝʦʥʽʜʦʚʠʯ_ 

                             (ʧʨʽʟʚʠʱʝ, ʽʤôʷ, ʧʦ-ʙʘʪʴʢʦʚʽ) 

ʂʝʨʽʚʥʠʢ          __ʧʨʦʬ. ʌʽʣʘʪʦʚʘ ɻʘʥʥʘ ɭʚʛʝʥʽʚʥʘ __ 
                             (ʧʦʩʘʜʘ, ʧʨʽʟʚʠʱʝ, ʽʤôʷ, ʧʦ-ʙʘʪʴʢʦʚʽ) 

 

 

ʍʘʨʢʽʚ 2023 



 
 
 

ʅʘʟʚʘ ʚʠʨʦʙʫ, ʦʙôʻʢʪʫ ʘʙʦ ʪʝʤʠ ʅʘʟʚʘ ʜʦʢʫʤʝʥʪʫ ʌʦʨʤʘʪ 
ʂʽʣʴʢ. 

ʘʨʢ. 
ʇʨʠʤʽʪʢʘ 

     

 ɼʦʢʫʤʝʥʪʠ ʟʘʛʘʣʴʥʽ    

     

ʈʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ  ɿʘʚʜʘʥʥʷ ʥʘ ɼʈ ɸ4 1  

ʘʚʪʦʨʩʴʢʠʤ ʧʨʘʚʦʤ ʽʟ      

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ      

ʙʣʦʢʯʝʡʥ     

     

ʈʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ  ʇʦʷʩʥʶʚʘʣʴʥʘ ʟʘʧʠʩʢʘ ʜʦ  ɸ4 83  

ʘʚʪʦʨʩʴʢʠʤ ʧʨʘʚʦʤ ʽʟ  ɼʈ    

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ      

ʙʣʦʢʯʝʡʥ     

     

 ɯʣʶʩʪʨʘʪʠʚʥʽ ʤʘʪʝʨʽʘʣʠ    

     

ʈʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ  ʇʨʝʟʝʥʪʘʮʽʷ ɸ4 14  

ʘʚʪʦʨʩʴʢʠʤ ʧʨʘʚʦʤ ʽʟ      

ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ      

ʙʣʦʢʯʝʡʥ     

     

     

     

     

    

ʂʅ-ʄ922ɺ.01     

 ʇʨʽʟʚʠʱʝ ʇʽʜʧ. ɼʘʪʘ 

ʈʦʟʨʦʙ. ɹʝʟʧʘʣʠʡ   ʈʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ 

ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʨʩʴʢʠʤ 

ʧʨʘʚʦʤ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ 

ʪʝʭʥʦʣʦʛʽʾ ʙʣʦʢʯʝʡʥ 

 

ɺʽʜʦʤʽʩʪʴ ʜʦʢʫʤʝʥʪʽʚ 

ʃʽʪ. ɸʨʢʫʰ ɸʨʢʫʰʽʚ 

ʇʝʨʝʚ. ʌʽʣʘʪʦʚʘ   ɼ ʈ ʄ 1 1 

ʈʝʮʝʥʟ. ɿʘʡʮʝʚ   
ʅʊʋ çʍʇɯè 

ʂʘʬʝʜʨʘ ʂɯʇ 
ʅ.ʢʦʥʪ. ʌʽʣʘʪʦʚʘ   

ɿʘʪʚ. ɿʘʢʦʚʦʨʦʪʥʠʡ   

 



 
 
 

ʄɯʅɯʉʊɽʈʉʊɺʆ ʆʉɺɯʊʀ ɯ ʅɸʋʂʀ ʋʂʈɸɰʅʀ 

ʅɸʎɯʆʅɸʃʔʅʀʁ ʊɽʍʅɯʏʅʀʁ ʋʅɯɺɽʈʉʀʊɽʊ  

çʍɸʈʂɯɺʉʔʂʀʁ ʇʆʃɯʊɽʍʅɯʏʅʀʁ ɯʅʉʊʀʊʋʊè 

ʅʘʚʯʘʣʴʥʦ-ʥʘʫʢʦʚʠʡ ʽʥʩʪʠʪʫʪ ʢʦʤʧ'ʶʪʝʨʥʠʭ ʥʘʫʢ ʪʘ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʪʝʭʥʦʣʦʛʽʡ_                                                                  

ʂʘʬʝʜʨʘ _____ʂʦʤʧôʶʪʝʨʥʦʾ ʽʥʞʝʥʝʨʽʾ ʪʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ___________________ 

ʈʽʚʝʥʴ ʚʠʱʦʾ ʦʩʚʽʪʠ ________ʜʨʫʛʠʡ (ʤʘʛʽʩʪʝʨʩʴʢʠʡ)_______________________ 

ʉʧʝʮʽʘʣʴʥʽʩʪʴ _______123 ʂʦʤʧôʶʪʝʨʥʘ ʽʥʞʝʥʝʨʽʷ     ______________________ 

ʆʩʚʽʪʥʷ ʧʨʦʛʨʘʤʘ ʉʫʯʘʩʥʝ ʧʨʦʛʨʘʤʫʚʘʥʥʷ, ʤʦʙʽʣʴʥʽ ʧʨʠʩʪʨʦʾ ʪʘ ʢʦʤʧ'ʶʪʝʨʥʽ ʽʛʨʠ 

                                                                                                          ɿɸʊɺɽʈɼɾʋʖ 

                                                                                                          ɿʘʚʽʜʫʚʘʯ ʢʘʬʝʜʨʠ ____________ 

                                                                                                                                               (ʧʽʜʧʠʩ) 

                                                                                                          __ʆʣʝʢʩʘʥʜʨ ɿɸʂʆɺʆʈʆʊʅʀʁ 

                                                                                                                        (ʽʤôʷ ʪʘ ʧʨʽʟʚʠʱʝ) 

                                                                                                         ç      è            ʛʨʫʜʥʷ      2023 ʨʦʢʫ    

ɿ ɸ ɺ ɼ ɸ ʅ ʅ ʗ 

ʅɸ ɼʀʇʃʆʄʅʋ ʈʆɹʆʊʋ ʉʊʋɼɽʅʊʋ 

_____________________ɹʝʟʧʘʣʦʤʫ ʄʘʨʢʫ ʃʝʦʥʽʜʦʚʠʯʫ___________________________________ 

                                          (ʧʨʽʟʚʠʱʝ, ʽʤôʷ, ʧʦ ʙʘʪʴʢʦʚʽ) 

1 ʊʝʤʘ ʨʦʙʦʪʠ__ʈʦʟʨʦʙʢʘ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʨʩʴʢʠʤ ʧʨʘʚʦʤ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ 

ʙʣʦʢʯʝʡʥ________________________________________________________________________ 

ʢʝʨʽʚʥʠʢ ʨʦʙʦʪʠ ____ɻʘʥʥʘ ɭʚʛʝʥʽʚʥʘ ʌʽʣʘʪʦʚʘ, ʧʨʦʬ.__________________________________ 

                                (ʧʨʽʟʚʠʱʝ, ʽʤôʷ, ʧʦ ʙʘʪʴʢʦʚʽ, ʥʘʫʢʦʚʠʡ ʩʪʫʧʽʥʴ, ʚʯʝʥʝ ʟʚʘʥʥʷ) 

ʟʘʪʚʝʨʜʞʝʥʘ ʥʘʢʘʟʦʤ ʟʘʢʣʘʜʫ ʚʠʱʦʾ ʦʩʚʽʪʠ ʚʽʜ ç 22 è ʚʝʨʝʩʥʷ 2023 ʨʦʢʫ ˉ2037ʉʊ 

2 ʉʪʨʦʢ ʧʦʜʘʥʥʷ ʩʪʫʜʝʥʪʦʤ ʨʦʙʦʪʠ _________06.12.2023________________________________  

3 ɺʠʭʽʜʥʽ ʜʘʥʽ ʜʦ ʨʦʙʦʪʠ ʦʧʝʨʘʮʽʡʥʘ ʩʠʩʪʝʤʘ ï Windows, ʤʦʚʘ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ï Java, ʩʝʨʝʜʦʚʠʱʝ 

ʧʨʦʛʨʘʤʫʚʘʥʥʷ Intellij IDEA. 

4 ʇʝʨʝʣʽʢ ʧʠʪʘʥʴ, ʷʢʽ ʧʦʪʨʽʙʥʦ ʨʦʟʨʦʙʠʪʠ ʫ ʧʦʷʩʥʶʚʘʣʴʥʽʡ ʟʘʧʠʩʮʽ ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ ʪʝʭʥʦʣʦʛʽʶ 

ʙʣʦʢʯʝʡʥ: ʾʾ ʩʢʣʘʜʦʚʽ, ʩʧʦʩʽʙ ʨʦʙʦʪʠ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ ʙʝʟʧʝʢʫ, ʧʨʦʟʦʨʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ. ʇʨʦʘʥʘʣʽʟʫʚʘʪʠ 

ʷʢ ʩʘʤʝ ʪʝʭʥʦʣʦʛʽʷ ʙʣʦʢʯʝʡʥ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʜʣʷ ʨʝʘʣʽʟʘʮʽʾ ʤʝʥʝʜʞʤʝʥʪʫ ʘʚʪʦʨʩʴʢʠʤ ʧʨʘʚʦʤ. 

ʈʦʟʨʦʙʠʪʠ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ ʪʘ ʧʝʨʝʜʘʯʽ ʧʨʘʚ ʽʥʰʠʤ ʦʩʦʙʘʤ, 

ʟʘʙʝʟʧʝʯʠʪʠ ʤʦʞʣʠʚʽʩʪʴ ʧʝʨʝʛʣʷʜʫ ʪʘ ʧʝʨʝʚʽʨʢʠ ʜʘʥʠʭ ʪʨʘʥʟʘʢʮʽʡ. ɺʠʢʦʥʘʪʠ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʤʝʪʦʜʫ 

ʨʝʘʣʽʟʘʮʽʾ ʧʦʩʪʘʚʣʝʥʦʛʦ ʟʘʚʜʘʥʥʷ.  ʇʦʜʘʪʠ ʨʝʟʫʣʴʪʘʪʠ ʜʦʩʣʽʜʞʝʥʥʷ ʨʦʙʦʪʠ ʧʨʦʛʨʘʤʠ ʪʘ ʾʾ ʦʩʥʦʚʥʠʭ 



 
 
 

ʬʫʥʢʮʽʡ. ʈʦʟʛʣʷʥʫʪʠ ʧʠʪʘʥʥʷ ʝʢʦʥʦʤʽʢʠ. ɿʨʦʙʠʪʠ 

ʚʠʩʥʦʚʢʠ._______________________________________________________________________________ 

5 ʇʝʨʝʣʽʢ ʛʨʘʬʽʯʥʦʛʦ ʤʘʪʝʨʽʘʣʫ (ʟ ʪʦʯʥʠʤ ʟʘʟʥʘʯʝʥʥʷʤ ʦʙʦʚôʷʟʢʦʚʠʭ ʢʨʝʩʣʝʥʴ) 

_ʇʨʝʟʝʥʪʘʮʽʷ ï 15-20 ʩʣʘʡʜʽʚ_______________________________________________________ 

6 ʂʦʥʩʫʣʴʪʘʥʪʠ ʨʦʟʜʽʣʽʚ ʨʦʙʦʪʠ 

ʈʦʟʜʽʣ 
ʇʨʽʟʚʠʱʝ, ʽʥʽʮʽʘʣʠ ʪʘ 

ʧʦʩʘʜʘ ʢʦʥʩʫʣʴʪʘʥʪʘ 

ʇʽʜʧʠʩ, ʜʘʪʘ 

ʟʘʚʜʘʥʥʷ ʚʠʜʘʚ ʟʘʚʜʘʥʥʷ ʧʨʠʡʥʷʚ 

ɽʢʦʥʦʤʽʯʥʝ 

ʦʙˇʨʫʥʪʫʚʘʥʥʷ 

ʇʦʛʦʨʻʣʦʚ ʉ.ʄ., ʧʨʦʬ.   

ʇʝʨʝʚʽʨʢʘ ʥʘ ʧʣʘʛʽʘʪ ʪʘ 

ʟʜʘʯʘ ʜʦ ʨʝʧʦʟʠʪʦʨʽʶ 

ɻʘʡʜʘʨʦʚʘ, ʽʥʞʝʥʝʨ   

    

7 ɼʘʪʘ ʚʠʜʘʯʽ ʟʘʚʜʘʥʥʷ __21 ʚʝʨʝʩʥʷ 2023 ʨ.______ 

 

ʂɸʃɽʅɼɸʈʅʀʁ ʇʃɸʅ 

ʅʦʤʝʨ 

ʝʪʘʧʫ 
ʅʘʟʚʘ ʝʪʘʧʽʚ ʜʠʧʣʦʤʥʦʾ ʨʦʙʦʪʠ 

ʉʪʨʦʢ 

ʚʠʢʦʥʘʥʥʷ 

ʝʪʘʧʽʚ 

ʨʦʙʦʪʠ 

ʇʨʠʤʽʪʢʠ 

1 ɺʠʙʽʨ ʽ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʝʤʠ, ʧʦʩʪʘʥʦʚʢʘ ʧʨʦʙʣʝʤ ʽ ʟʘʚʜʘʥʴ 25.09.23  

2 ɸʥʘʣʽʪʠʯʥʠʡ ʦʛʣʷʜ ʜʞʝʨʝʣ, ʚʠʙʽʨ ʤʝʪʦʜʠʢʠ ʜʦʩʣʽʜʞʝʥʴ 01.10.23  

3 ɽʢʦʥʦʤʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ ʪʘ ʧʽʜʛʦʪʦʚʢʘ ʚʠʩʥʦʚʢʽʚ 15.10.23  

4 ʇʽʜʛʦʪʦʚʢʘ ʟʚʽʪʫ ʟ ʅɼʈʉ 27.10.23  

5 ʈʦʟʨʦʙʢʘ, ʚʽʜ ʣʘʛʦʜʞʝʥʥʷ ʧʨʦʛʨʘʤ, ʪʝʩʪʫʚʘʥʥʷ 20.11.23  

6 ʇʽʜʛʦʪʦʚʢʘ ʽ ʚʠʢʦʥʘʥʥʷ ʧʦʷʩʥʶʚʘʣʴʥʦʾ ʟʘʧʠʩʢʠ 25.11.23  

7 ʉʢʣʘʜʘʥʥʷ ʚʽʜʦʤʦʩʪʽ ʜʦʢʫʤʝʥʪʽʚ ʦʬʦʨʤʣʝʥʥʷ ʇɿ 28.11.23  

8 ɺʠʢʦʥʘʥʥʷ ʧʣʘʢʘʪʽʚ, ʜʦʧʦʚʽʜʽ 01.12.23  

9 ʇʦʜʘʥʥʷ ɼʈ ʥʘ ʚʽʜʛʫʢ ʪʘ ʚʥʫʪʨʽʰʥʶ ʨʝʮʝʥʟʽʶ 04.12.23  

10 ʇʦʜʘʥʥʷ ɼʈ ʥʘ ʜʦʧʫʩʢ ʜʦ ʟʘʭʠʩʪʫ 07.12.23  

11 ɿʘʭʠʩʪ ɼʈ 11.12.23  

 

                         ʉʪʫʜʝʥʪ                            ________  __ʄʘʨʢʦ ɹɽɿʇɸʃʀʁ______ 

                                                                    (ʧʽʜʧʠʩ)        (ʽʤôʷ ʪʘ ʧʨʽʟʚʠʱʝ)   

                         ʂʝʨʽʚʥʠʢ ʨʦʙʦʪʠ             ________  __ɻʘʥʥʘ ʌɯʃɸʊʆɺɸ_______ 

                                                                    (ʧʽʜʧʠʩ)        (ʽʤôʷ ʪʘ ʧʨʽʟʚʠʱʝ) 
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ʇɽʈɽʃɯʂ ʇʆɿʅɸʂ ʊɸ ʉʂʆʈʆʏɽʅʔ 

 

ɼʇ ï ʜʠʧʣʦʤʥʠʡ ʧʨʦʻʢʪ. 

ʇʇ ï ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ; 

ʋʂʈʅʆɯɺɯ ï ʋʢʨʘʾʥʩʴʢʠʡ ʥʘʮʽʦʥʘʣʴʥʠʡ ʦʬʽʩ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ ʪʘ 

ʽʥʥʦʚʘʮʽʡ 

ʂʨʠʧʪʦʚʘʣʶʪʘ ï ʨʽʟʥʦʚʠʜ ʮʠʬʨʦʚʦʾ ʚʘʣʶʪʠ, ʝʤʽʩʽʷ ʪʘ ʦʙʣʽʢ ʷʢʦʾ ʚʠʢʦʥʫʻʪʴʩʷ 

ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʶ ʧʣʘʪʽʞʥʦʶ ʩʠʩʪʝʤʦʶ ʧʦʚʥʽʩʪʶ ʚ ʘʚʪʦʤʘʪʠʯʥʦʤʫ ʨʝʞʠʤʽ.  

ʃʽʮʝʥʟʽʷ ï ʮʝ ʜʦʢʫʤʝʥʪ, ɦ ʦ ʟʘʩʚʽʜʯʫʻ ʧʨʘʚʦ ʣʽʮʝʥʟʽʘʪʘ ʥʘ ʧʨʦʚʘʜʞʝʥʥʷ 

ʟʘʟʥʘʯʝʥʦʛʦ ʚ ʥʴʦʤʫ ʚʠʜʫ ʛʦʩʧʦʜʘʨʩʴʢʦʾ ʜʽʷʣʴʥʦʩʪʽ ʧʨʦʪʷʛʦʤ ʚʠʟʥʘʯʝʥʦʛʦ ʩʪʨʦʢʫ 

ʟʘ ʫʤʦʚʠ ʚʠʢʦʥʘʥʥʷ ʣʽʮʝʥʟʽʡʥʠʭ ʫʤʦʚ. 

SPOF (Single Point Of Failure) ï ʯʘʩʪʠʥʘ ʩʠʩʪʝʤʠ, ʚʽʜʤʦʚʘ ʚ ʨʦʙʦʪʽ ʷʢʦʾ 

ʧʨʠʟʚʦʜʠʪʴ ʜʦ ʥʝʧʨʘʮʝʟʜʘʪʥʦʩʪʽ ʚʩʽʻʾ ʩʠʩʪʝʤʠ. 

ICO (Initial Coin Offering) ï ʬʦʨʤʘ ʟʘʣʫʯʝʥʥʷ ʽʥʚʝʩʪʠʮʽʡ ʚ ʥʦʚʽ ʪʝʭʥʦʣʦʛʽʯʥʽ 

ʧʨʦʝʢʪʠ ʪʘ ʩʪʘʨʪʘʧʠ ʫ ʚʠʛʣʷʜʽ ʝʤʽʩʽʾ ʪʘ ʧʨʦʜʘʞʫ ʽʥʚʝʩʪʦʨʘʤ ʥʦʚʠʭ ʢʨʠʧʪʦʚʘʣʶʪ. 

ʍʝʰʫʚʘʥʥʷ ï ʧʝʨʝʪʚʦʨʝʥʥʷ ʚʭʽʜʥʦʛʦ ʤʘʩʠʚʫ ʜʘʥʠʭ ʜʦʚʽʣʴʥʦʾ ʜʦʚʞʠʥʠ ʫ ʚʠʭʽʜʥʠʡ 

ʙʽʪʦʚʠʡ ʨʷʜʦʢ ʬʽʢʩʦʚʘʥʦʾ ʜʦʚʞʠʥʠ. 

ɺʘʣʽʜʘʮʽʷ ï ʥʘʙʽʨ ʧʨʦʮʝʜʫʨ ʘʙʦ ʜʽʡ, ʩʧʨʷʤʦʚʘʥʠʭ ʥʘ ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʚʽʜʧʦʚʽʜʥʦʩʪʽ 

ʟʘʜʘʥʠʤ ʧʘʨʘʤʝʪʨʘʤ. 

ʉʦʢʝʪ ð ʥʘʟʚʘ ʧʨʦʛʨʘʤʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʦʙʤʽʥʫ ʜʘʥʠʤʠ ʤʽʞ 

ʧʨʦʮʝʩʘʤʠ. 
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ɺʉʊʋʇ 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʧʨʦʮʝʩʠ ʨʝʻʩʪʨʘʮʽʾ ʧʨʘʚ ʥʘ ʘʚʪʦʨʩʴʢʽ ʪʚʦʨʠ ʧʦʚʽʣʴʥ,̔ 

ʩʪʨʦʢ ʥʘʜʘʥʥʷ ʧʨʘʚ ʜʣʷ ʬʽʟʠʯʥʠʭ ʦʩʽʙ ʩʢʣʘʜʘʻ 60 ʜʥʽʚ [5]. ʊʦʙʪʦ ʜʣʷ ʪʦʛʦ ʱʦʙ 

ʘʚʪʦʨ ʟʤʽʛ ʧʦʯʘʪʠ ʦʪʨʠʤʫʚʘʪʠ ʛʨʦʰʽ ʟʘ ʩʚʽʡ ʪʚʽʨ ʯʠ ʟʘʭʠʱʘʪʠ ʩʚʦʾ ʧʨʘʚʘ, ʡʦʤʫ 

ʧʦʪʨʽʙʥʦ ʯʝʢʘʪʠ ʧʨʠʙʣʠʟʥʦ 2 ʤʽʩʷʮʽ.  

ɹʽʣʴʰʽʩʪʴ ʧʨʦʮʝʩʽʚ, ʱʦ ʧʦʚôʷʟʘʥʽ ʟ ʫʧʨʘʚʣʽʥʥʷʤ ʘʚʪʦʨʩʴʢʠʤ ʧʨʘʚʦʤ 

ʩʫʧʨʦʚʦʜʞʫʶʪʴʩʷ ʧʘʧʝʨʦʚʠʤʠ ʜʦʢʫʤʝʥʪʘʤʠ, ʘ ʦʪʞʝ ʻ ʨʠʟʠʢ ʩʪʚʦʨʝʥʥʷ ʧʽʜʨʦʙʦʢ 

ʰʘʭʨʘʷʤʠ.  

ʅʝʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʝʛʣʷʜʘʪʠ ʫ ʚʽʜʢʨʠʪʦʤʫ ʜʦʩʪʫʧʽ ʽʩʪʦʨʽʶ ʧʨʘʚ ʪʚʦʨʫ, 

ʱʦ ʜʘʣʦ ʙ ʟʤʦʛʫ ʰʚʠʜʢʦ ʟʨʦʟʫʤʽʪʠ, ʭʪʦ ʻ ʚʣʘʩʥʠʢʦʤ ʪʚʦʨʫ. ʏʝʨʝʟ ʮʝ ʧʦʪʝʥʮʽʡʥʽ 

ʙʘʞʘʶʯʽ ʦʪʨʠʤʘʪʠ ʣʽʮʝʥʟʽʶ ʚʠʪʨʘʯʘʶʪʴ ʙʽʣʴʰʝ ʯʘʩʫ, ʚʽʜʧʦʚʽʜʥʦ ʡ ʘʚʪʦʨʠ ʥʝ ʪʘʢ 

ʩʢʦʨʦ ʦʪʨʠʤʘʶʪʴ ʧʨʠʙʫʪʦʢ.  

ʅʘʨʘʟʽ ʥʝʤʘʻ ʤʦʞʣʠʚʦʩʪʽ ʧʝʨʝʛʣʷʜʫ ʽʩʪʦʨʽʾ ʧʝʨʝʜʘʯʽ ʧʨʘʚ ʪʘ ʚʠʜʘʚʘʥʥʷ 

ʣʽʮʝʥʟʽʡ ʥʘ ʪʚʦʨʠ, ʱʦ ʤʦʛʣʦ ʙʠ ʩʣʫʛʫʚʘʪʠ ʰʚʠʜʢʠʤ ʨʽʰʝʥʥʷʤ ʥʘ ʩʧʽʨʥʽ ʧʠʪʘʥʥʷ 

ʪʘ ʩʫʜʦʚʽ ʩʧʨʘʚʠ ʱʦʜʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʚʦʨʽʚ ʪʠʤʠ ʯʠ ʽʥʰʠʤʠ ʦʩʦʙʘʤʠ. 

ʇʦʪʦʯʥʠʡ ʧʨʦʮʝʩ ʧʝʨʝʜʘʯʽ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ ʩʫʧʨʦʚʦʜʞʫʻʪʴʩʷ 

ʩʢʣʘʜʘʥʥʷʤ ʘʚʪʦʨʩʴʢʦʛʦ ʜʦʛʦʚʦʨʫ, ʱʦ ʟʘʡʤʘʻ ʯʘʩ, ʪʘ ʤʽʩʪʠʪʴ ʨʠʟʠʢʠ ʰʘʭʨʘʡʩʪʚʘ 

ʪʘ ʣʶʜʩʴʢʦʛʦ ʬʘʢʪʦʨʫ. ʇʨʦʮʝʩ ʣʽʮʝʥʟʫʚʘʥʥʷ ʤʘʻ ʩʭʦʞʽ ʥʝʜʦʣʽʢʠ. 

ʋʩʽ ʧʨʦʮʝʩʠ ʥʘʨʘʟʽ ʻ ʩʢʣʘʜʥʠʤʠ ʡ ʧʦʪʨʝʙʫʶʪʴ ʙʘʛʘʪʦ ʫʚʘʛʠ, ʩʠʣ ʪʘ 

ʨʦʟʫʤʽʥʥʷ, ʦʬʦʨʤʣʝʥʥʷ ʙʘʛʘʪʴʦʭ ʧʘʧʝʨʦʚʠʭ ʜʦʢʫʤʝʥʪʽʚ. 

ɯʩʥʫʶʯʽ ʧʨʦʛʘʣʠʥʠ ʟʥʘʥʴ ʚ ʮʽʡ ʧʨʝʜʤʝʪʥʽʡ ʛʘʣʫʟʽ: ʥʘ ʧʦʯʘʪʢʫ ʨʦʙʦʪʠ 

ʩʪʫʜʝʥʪ ʥʝ ʤʘʚ ʟʥʘʥʴ ʫ ʧʨʝʜʤʝʪʥʽʡ ʛʘʣʫʟʽ çʙʣʦʢʯʝʡʥè, ʫʩʽ ʟʥʘʥʥʷ ʙʫʣʠ ʦʪʨʠʤʘʥʥʽ 

ʧʽʜ ʯʘʩ ʨʦʙʦʪʠ. 

ʅʘ ʩʴʦʛʦʜʥʽʰʥʽʡ ʜʝʥʴ ʽʩʥʫʻ ʢʽʣʴʢʘ ʩʚʽʪʦʚʠʭ ʪʝʥʜʝʥʮʽʡ ʫ ʚʠʨʽʰʝʥʥʽ ʟʘʚʜʘʥʴ, 

ʧʦʚ'ʷʟʘʥʠʭ ʽʟ ʩʠʩʪʝʤʘʤʠ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʨʩʴʢʠʤʠ ʧʨʘʚʘʤʠ: 

1) ʪʝʭʥʦʣʦʛʽʾ ʘʥʘʣʽʟʫ ʜʘʥʠʭ: ʫ ʮʽʡ ʪʝʥʜʝʥʮʽʾ ʧʝʨʝʜʙʘʯʘʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʨʦʟʰʠʨʝʥʠʭ ʘʥʘʣʽʪʠʯʥʠʭ ʽ ʩʠʩʪʝʤ ʰʪʫʯʥʦʛʦ ʽʥʪʝʣʝʢʪʫ ʜʣʷ ʚʠʷʚʣʝʥʥʷ ʧʦʨʫʰʝʥʴ 

ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ, ʚʽʜʩʪʝʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʢʦʥʪʝʥʪʫ ʪʘ ʘʥʘʣʽʟʫ ʨʠʥʢʦʚʠʭ 

ʪʝʥʜʝʥʮʽʡ; 

2) ʝʣʝʢʪʨʦʥʥʽ ʩʠʩʪʝʤʠ: ʮʷ ʪʝʥʜʝʥʮʽʷ ʧʝʨʝʜʙʘʯʘʻ ʨʦʟʨʦʙʢʫ ʝʬʝʢʪʠʚʥʠʭ 

ʝʣʝʢʪʨʦʥʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʨʩʴʢʠʤʠ ʧʨʘʚʘʤʠ, ʱʦ 

ʜʦʟʚʦʣʷʶʪʴ ʪʚʦʨʮʷʤ ʝʬʝʢʪʠʚʥʦ ʚʝʩʪʠ ʦʙʣʽʢ ʩʚʦʾʭ ʪʚʦʨʽʚ ʪʘ ʢʦʥʪʨʦʣʶʚʘʪʠ ʾʭ 

ʚʠʢʦʨʠʩʪʘʥʥʷ; 

3) ʽʥʥʦʚʘʮʽʡʥʽ ʙʣʦʢʯʝʡʥ-ʧʣʘʪʬʦʨʤʠ: ʥʘ ʩʴʦʛʦʜʥʽ ʚʞʝ ʽʩʥʫʻ ʜʝʢʽʣʴʢʘ 

ʧʨʠʢʣʘʜʽʚ ʧʦʧʫʣʷʨʥʠʭ ʙʣʦʢʯʝʡʥ-ʧʣʘʪʬʦʨʤ, ʥʘʧʨʠʢʣʘʜ Audius, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ 



с 
 
 

ʩʪʚʦʨʶʚʘʪʠ ʩʚʽʡ ʢʦʥʪʝʥʪ ʪʘ ʦʪʨʠʤʫʚʘʪʠ ʛʨʦʰʽ ʟʘ ʡʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʽʥʰʠʤʠ 

ʢʦʨʠʩʪʫʚʘʯʘʤʠ. 

ʎʽ ʪʝʥʜʝʥʮʽʾ ʚʢʘʟʫʶʪʴ ʥʘ ʧʦʩʪʽʡʥʠʡ ʨʦʟʚʠʪʦʢ ʽ ʧʦʰʫʢ ʦʧʪʠʤʘʣʴʥʠʭ ʨʽʰʝʥʴ 

ʫ ʩʬʝʨʽ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʨʩʴʢʠʤʠ ʧʨʘʚʘʤʠ ʚ ʪʦʤʫ ʯʠʩʣʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʪʝʭʥʦʣʦʛʽʾ 

ʙʣʦʢʯʝʡʥ.  

ɸʢʪʫʘʣʴʥʽʩʪʴ ʨʦʙʦʪʠ ʧʽʜʪʚʝʨʜʞʫʶʪʴ ʥʘʩʪʫʧʥʽ ʘʩʧʝʢʪʠ: 

1) ʟʨʦʩʪʘʥʥʷ ʮʠʬʨʦʚʦʛʦ ʢʦʥʪʝʥʪʫ: ʟʘ ʦʩʪʘʥʥʽ ʨʦʢʠ ʩʧʦʩʪʝʨʽʛʘʻʪʴʩʷ 

ʝʢʩʧʦʥʝʥʮʽʡʥʠʡ ʨʽʩʪ ʮʠʬʨʦʚʦʛʦ ʢʦʥʪʝʥʪʫ. ɺʠʩʦʢʘ ʘʢʪʠʚʥʽʩʪʴ ʚ ʩʬʝʨʽ ʪʚʦʨʯʦʩʪʽ 

ʪʘ ʽʥʥʦʚʘʮʽʡ ʩʪʚʦʨʶʻ ʥʝʦʙʭʽʜʥʽʩʪʴ ʚ ʝʬʝʢʪʠʚʥʦʤʫ ʫʧʨʘʚʣʽʥʥʽ ʘʚʪʦʨʩʴʢʠʤʠ 

ʧʨʘʚʘʤʠ; 

2) ʧʦʪʨʝʙʘ ʚ ʧʨʦʟʦʨʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ: ʟʨʦʩʣʘ ʧʦʪʨʝʙʘ ʚ ʟʘʙʝʟʧʝʯʝʥʥʽ 

ʧʨʦʟʦʨʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʨʩʴʢʠʤʠ ʧʨʘʚʘʤʠ. ɹʘʛʘʪʦ ʢʦʥʬʣʽʢʪʽʚ ʪʘ 

ʥʝʧʦʨʦʟʫʤʽʥʴ ʤʦʞʫʪʴ ʙʫʪʠ ʫʥʠʢʥʫʪʽ ʟʘ ʜʦʧʦʤʦʛʦʶ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʙʣʦʢʯʝʡʥ; 

3) ʧʨʘʚʦʚʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ: ʧʨʘʚʦʚʘ ʥʝʚʠʟʥʘʯʝʥʽʩʪʴ ʱʦʜʦ ʨʝʻʩʪʨʘʮʽʾ ʪʘ 

ʚʠʟʥʘʥʥʷ ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ ʩʪʚʦʨʶʻ ʧʨʦʙʣʝʤʠ ʜʣʷ ʪʚʦʨʮʽʚ. ʇʨʦʢ̒ʪ ʤʦʞʝ ʚʠʨʽʰʠʪʠ 

ʮʽ ʧʠʪʘʥʥʷ ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʽʾ; 

4) ʝʬʝʢʪʠʚʥʽʩʪʴ ʪʘ ʘʚʪʦʤʘʪʠʟʘʮʽʷ: ʚʠʤʘʛʘʻʪʴʩʷ ʨʦʟʨʦʙʢʘ ʝʬʝʢʪʠʚʥʠʭ ʪʘ 

ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʭ ʩʠʩʪʝʤ ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ, ʧʝʨʝʜʘʯʽ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʚʪʦʨʩʴʢʠʭ 

ʧʨʘʚ ʫ ʮʠʬʨʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ; 

5) ʨʦʟʰʠʨʝʥʥʷ ʤʦʜʝʣʝʡ ʬʽʥʘʥʩʫʚʘʥʥʷ: ʨʦʟʰʠʨʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʪʦʢʝʥʽʟʘʮʽʾ ʪʘ ʽʥʰʠʭ ʙʣʦʢʯʝʡʥ-ʽʥʩʪʨʫʤʝʥʪʽʚ ʚ ʩʬʝʨʽ ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ ʤʦʞʝ 

ʚʽʜʢʨʠʪʠ ʥʦʚʽ ʤʦʜʝʣʽ ʬʽʥʘʥʩʫʚʘʥʥʷ ʜʣʷ ʪʚʦʨʮʽʚ ʪʘ ʧʽʜʪʨʠʤʘʪʠ ʾʭʥʶ ʢʨʝʘʪʠʚʥʫ 

ʜʽʷʣʴʥʽʩʪʴ; 

ʇʽʜʩʪʘʚʘʤʠ ʜʣʷ ʧʨʦʚʝʜʝʥʥʷ ʨʦʙʦʪʠ ʻ: 

1) ʪʝʭʥʽʯʥʘ ʢʦʤʧʝʪʝʥʪʥʽʩʪʴ: ʥʘʷʚʥʽʩʪʴ ʪʝʭʥʽʯʥʦʾ ʢʦʤʧʝʪʝʥʪʥʦʩʪʽ ʜʣʷ 

ʨʦʟʨʦʙʢʠ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʢ̒ʪʫ ʥʘ ʙʘʟʽ ʪʝʭʥʦʣʦʛʽʾ ʙʣʦʢʯʝʡʥ. 

2) ʧʦʪʨʝʙʘ ʨʠʥʢʫ: ʘʥʘʣʽʟ ʨʠʥʢʫ ʚʢʘʟʫʻ ʥʘ ʨʝʘʣʴʥʫ ʧʦʪʨʝʙʫ ʚ ʽʥʥʦʚʘʮʽʡʥʠʭ 

ʨʽʰʝʥʥʷʭ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʨʩʴʢʠʤʠ ʧʨʘʚʘʤʠ. 

3) ʩʪʨʘʪʝʛʽʯʥʝ ʧʘʨʪʥʝʨʩʪʚʦ: ʤʦʞʣʠʚʽʩʪʴ ʫʢʣʘʜʝʥʥʷ ʩʪʨʘʪʝʛʽʯʥʠʭ 

ʧʘʨʪʥʝʨʩʪʚ ʽʟ ʧʨʝʜʩʪʘʚʥʠʢʘʤʠ ʽʥʜʫʩʪʨʽʾ ʪʘ ʧʨʘʚʦʟʘʭʠʩʥʠʤʠ ʦʨʛʘʥʽʟʘʮʽʷʤʠ ʜʣʷ 

ʧʽʜʪʨʠʤʢʠ ʪʘ ʣʝʛʽʪʠʤʽʟʘʮʽʾ ʧʨʦʢ̒ʪʫ. 

4) ʩʫʯʘʩʥʽ ʪʝʭʥʦʣʦʛʽʯʥʽ ʟʜʦʙʫʪʢʠ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʝʨʝʜʦʚʠʭ ʪʝʭʥʦʣʦʛʽʡ, 

ʪʘʢʠʭ ʷʢ ʪʝʭʥʦʣʦʛʽʷ ʙʣʦʢʯʝʡʥ, ʤʦʞʝ ʟʘʙʝʟʧʝʯʠʪʠ ʟʥʘʯʥʠʡ ʚʧʣʠʚ ʪʘ ʢʦʥʢʫʨʝʥʪʥʽ 

ʧʝʨʝʚʘʛʠ. 



т 
 
 

5) ʩʦʮʽʘʣʴʥʝ ʟʥʘʯʝʥʥʷ: ʧʨʦʢ̒ʪ ʚʽʜʧʦʚʽʜʘʻ ʩʦʮʽʘʣʴʥʠʤ ʧʦʪʨʝʙʘʤ, 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʟʘʭʠʩʪ ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ, ʩʧʨʠʷʶʯʠ ʪʚʦʨʯʦʩʪʽ ʪʘ ʨʦʟʚʠʪʢʫ 

ʢʫʣʴʪʫʨʥʠʭ ʽʥʜʫʩʪʨʽʡ. 

ʈʝʘʣʽʟʘʮʽʷ ʜʘʥʦʛʦ ʧʨʦʢ̒ʪʫ ʚʽʜʧʦʚʽʜʘʻ ʘʢʪʫʘʣʴʥʠʤ ʚʠʢʣʠʢʘʤ ʽ ʤʦʞʝ ʩʧʨʠʷʪʠ 

ʪʨʘʥʩʬʦʨʤʘʮʽʾ ʩʠʩʪʝʤ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʨʩʴʢʠʤʠ ʧʨʘʚʘʤʠ ʫ ʮʠʬʨʦʚʦʤʫ ʚʽʮʽ. 

ʆʙ'ʻʢʪʦʤ ʜʦʩʣʽʜʞʝʥʥʷ ʻ ʧʨʦʮʝʩ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʨʩʴʢʠʤ ʧʨʘʚʦʤ. 

ʇʨʝʜʤʝʪʘʤʠ ʜʦʩʣʽʜʞʝʥʥʷ  ̒ ʤʝʪʦʜʠ ʪʘ ʟʘʩʦʙʠ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʨʩʴʢʠʤ 

ʧʨʘʚʦʤ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ ʙʣʦʢʯʝʡʥ. 

ʄʝʪʦʜʠ ʜʦʩʣʽʜʞʝʥʥʷ: 

1) ʤʝʪʦʜ  ʧʦʨʽʚʥʷʥʥʷ: ʨʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʨʩʴʢʠʤ ʧʨʘʚʦʤ 

ʧʦʨʽʚʥʶʻʪʴʩʷ ʟ ʽʩʥʫʶʯʦʶ ʜʝʨʞʘʚʥʦʶ; 

2) ʤʝʪʦʜ ʝʢʩʧʝʨʠʤʝʥʪʫ: ʩʪʚʦʨʝʥʥʷ ʧʨʦʪʦʪʠʧʫ ʩʠʩʪʝʤʠ ʥʘ ʙʘʟʽ ʪʝʭʥʦʣʦʛʽʾ 

ʙʣʦʢʯʝʡʥ ʜʣʷ ʜʦʩʣʽʜʞʝʥʥʷ ʾʾ ʬʫʥʢʮʽʦʥʘʣʫ ʪʘ ʝʬʝʢʪʠʚʥʦʩʪʽ. 

ʄʝʪʘ ʨʦʙʦʪʠ: ʧʽʜʚʠʱʝʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʟʤʝʥʰʝʥʥʷ ʯʘʩʫ ʦʯʽʢʫʚʘʥʥʷ, 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʟʦʨʦʩʪʽ ʪʘ ʥʘʜʽʡʥʦʩʪʽ ʚ ʫʧʨʘʚʣʽʥʥ ̫ʘʚʪʦʨʩʴʢʠʤʠ ʧʨʘʚʘʤʠ ʚ 

ʮʠʬʨʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

ɿʘʜʘʯʽ: 

1) ʨʦʟʨʦʙʠʪʠ ʘʨʭʽʪʝʢʪʫʨʫ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʨʩʴʢʠʤʠ ʧʨʘʚʘʤʠ; 

2) ʨʝʘʣʽʟʫʚʘʪʠ ʨʝʻʩʪʨʘʮʽʶ ʪʘ ʧʝʨʝʜʘʯʫ ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ; 

3) ʟʘʙʝʟʧʝʯʠʪʠ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʪʘ ʰʚʠʜʢʦʜʽʶ ʩʠʩʪʝʤʠ. 

4) ʨʦʟʨʦʙʠʪʠ ʟʨʫʯʥʠʡ ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʨʦʙʦʪʠ ʟ ʩʠʩʪʝʤʦʶ 

ʅʘʫʢʦʚʘ ʥʦʚʠʟʥʘ: ʚʧʝʨʰʝ ʟʘʧʨʦʧʦʥʦʚʘʥʦ ʟʘʩʪʦʩʫʚʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ 

ʙʣʦʢʯʝʡʥ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʨʩʴʢʠʤʠ ʧʨʘʚʘʤʠ, ʱʦ ʜʘʣʦ ʟʤʦʛʫ ʧʽʜʚʠʱʠʪʠ 

ʧʨʦʟʦʨʽʩʪʴ, ʙʝʟʧʝʢʫ ʪʘ ʝʬʝʢʪʠʚʥʽʩʪʴ ʥʘ ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ. 

ʇʨʘʢʪʠʯʥʘ ʮʽʥʥʽʩʪʴ: ʨʦʟʨʦʙʢʘ ʧʨʘʢʪʠʯʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʘ ʪʚʦʨʮʷʤʠ, ʧʨʘʚʦʚʠʤʠ ʦʨʛʘʥʘʤʠ ʪʘ ʧʣʘʪʽʞʥʠʤʠ ʩʠʩʪʝʤʘʤʠ ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʨʩʴʢʠʤʠ ʧʨʘʚʘʤʠ ʫ ʮʠʬʨʦʚʦʤʫ ʚʽʮʽ. 

ɻʘʣʫʟʴ ʟʘʩʪʦʩʫʚʘʥʥʷ: ʩʠʩʪʝʤʘ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʘ ʚ ʢʫʣʴʪʫʨʥʠʭ ʪʘ 

ʪʚʦʨʯʠʭ ʽʥʜʫʩʪʨʽʷʭ, ʪʘʢʠʭ ʷʢ ʤʫʟʠʢʘ, ʣʽʪʝʨʘʪʫʨʘ, ʬʽʣʴʤʠ, ʪʘ ʽʥʰʽ ʛʘʣʫʟʽ, ʜʝ 

ʚʘʞʣʠʚʝ ʫʧʨʘʚʣʽʥʥʷ ʪʘ ʟʘʭʠʩʪ ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ. 

 

 

 

 

 



у 
 
 

1 ɼʆʉʃɯɼɾɽʅʅʗ ʇʈɽɼʄɽʊʅʆɰ ʆɹʃɸʉʊɯ. ʆɻʃʗɼ ɯʉʅʋʖʏʀʍ ʉʀʉʊɽʄ 

1.1 ɺʠʟʥʘʯʝʥʥʷ 

ʊʝʭʥʦʣʦʛʽʷ ʙʣʦʢʯʝʡʥ ï ʮʝ ʧʝʨʝʜʦʚʠʡ ʤʝʪʦʜ ʟʙʝʨʽʛʘʥʥʷ ʜʘʥʠʭ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ 

ʙʝʟʧʝʯʥʦ ʪʘ ʧʨʦʟʦʨʦ ʦʙʤʽʥʶʚʘʪʠʩʷ ʽʥʬʦʨʤʘʮʽʻʶ ʚ ʤʝʨʝʞʽ ʙʽʟʥʝʩ-ʧʘʨʪʥʝʨʽʚ. [1] 

ɯʥʬʦʨʤʘʮʽʷ ʫ ʙʣʦʢʯʝʡʥʽ ʨʦʟʜʽʣʝʥʘ ʥʘ ʙʣʦʢʠ ʪʘ ʟ'ʻʜʥʘʥʘ ʚ ʦʜʠʥ ʣʘʥʮʶʛ, ʟʙʝʨʽʛʘʶʯʠ 

ʭʨʦʥʦʣʦʛʽʯʥʫ ʧʦʩʣʽʜʦʚʥʽʩʪʴ. ɿʤʽʥʠ ʚ ʙʣʦʢʘʭ ʤʘʡʞʝ ʥʝʤʦʞʣʠʚʽ ʙʝʟ ʧʦʛʦʜʞʝʥʥʷ 

ʚʩʽʭ ʫʯʘʩʥʠʢʽʚ ʤʝʨʝʞʽ, ʱʦ ʛʘʨʘʥʪʫʻ ʮʽʣʽʩʥʽʩʪʴ ʜʘʥʠʭ. ʊʘʢʠʤ ʯʠʥʦʤ, ʪʝʭʥʦʣʦʛʽʷ 

ʙʣʦʢʯʝʡʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʝʟʤʽʥʥʦʾ ʢʥʠʛʠ ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ 

ʟʘʤʦʚʣʝʥʴ, ʧʣʘʪʝʞʽʚ, ʨʘʭʫʥʢʽʚ ʪʘ ʽʥʰʠʭ ʪʨʘʥʟʘʢʮʽʡ. ʉʠʩʪʝʤʘ ʤʘʻ ʚʙʫʜʦʚʘʥʽ 

ʤʝʭʘʥʽʟʤʠ, ʷʢʽ ʟʘʧʦʙʽʛʘʶʪʴ ʥʝʘʚʪʦʨʠʟʦʚʘʥʠʤ ʟʘʧʠʩʘʤ ʪʨʘʥʟʘʢʮʽʡ ʽ ʩʪʚʦʨʶʶʪʴ 

ʧʦʩʣʽʜʦʚʥʽʩʪʴ ʫ ʩʧʽʣʴʥʦʤʫ ʧʝʨʝʛʣʷʜʽ ʮʠʭ ʪʨʘʥʟʘʢʮʽʡ. 

 

1.2 ʈʦʟʚʠʪʦʢ ʪʝʭʥʦʣʦʛʽʾ ʙʣʦʢʯʝʡʥ 

ɹʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʽʷ ʙʝʨʝ ʩʚʽʡ ʧʦʯʘʪʦʢ ʚ ʢʽʥʮʽ 1970-ʭ ʨʦʢʽʚ, ʢʦʣʠ ʈʘʣʴʬ 

ʄʝʨʢʣʝ, ʢʦʤʧ'ʶʪʝʨʥʠʡ ʚʯʝʥʠʡ, ʦʪʨʠʤʘʚ ʧʘʪʝʥʪ ʥʘ ʭʝʰ-ʜʝʨʝʚʘ, ʪʘʢʦʞ ʚʽʜʦʤʽ ʷʢ 

ʜʝʨʝʚʘ ʄʝʨʢʣʘ. [1] ʎʽ ʜʝʨʝʚʘ ʻ ʩʪʨʫʢʪʫʨʦʶ ʽʥʬʦʨʤʘʪʠʢʠ, ʷʢʘ ʜʦʟʚʦʣʷʻ ʟʙʝʨʽʛʘʪʠ 

ʜʘʥʽ, ʟ'ʻʜʥʫʶʯʠ ʙʣʦʢʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʢʨʠʧʪʦʛʨʘʬʽʾ. ʋ ʢʽʥʮʽ 1990-ʭ ʨʦʢʽʚ 

ʉʪʶʘʨʪ ʍʘʙʝʨ ʽ ɺʝʡʢʬʽʣʜ ʉʢʦʪʪ ʉʪʦʨʥʝʪʪʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠ ʜʝʨʝʚʘ ʄʝʨʢʣʘ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ, ʷʢʘ ʛʘʨʘʥʪʫʚʘʣʘ ʥʝʤʦʞʣʠʚʽʩʪʴ ʧʽʜʨʦʙʢʠ ʯʘʩʦʚʠʭ ʧʦʟʥʘʯʦʢ 

ʜʣʷ ʜʦʢʫʤʝʥʪʽʚ. ʎʝ ʙʫʚ ʚʘʞʣʠʚʠʡ ʢʨʦʢ ʫ ʨʦʟʚʠʪʢʫ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʽʾ, ʽ ʡʦʛʦ 

ʤʦʞʥʘ ʨʦʟʛʣʷʜʘʪʠ ʷʢ ʧʦʯʘʪʦʢ ʮʴʦʛʦ ʽʥʥʦʚʘʮʽʡʥʦʛʦ ʥʘʧʨʷʤʢʫ. 

ʊʝʭʥʦʣʦʛʽʷ ʧʨʦʜʦʚʞʫʚʘʣʘ ʩʚʽʡ ʨʦʟʚʠʪʦʢ ʫ ʪʨʴʦʭ ʧʦʢʦʣʽʥʥʷʭ: 

1) Bitcoin ʪʘ ʽʥʰʽ ʢʨʠʧʪʦʚʘʣʶʪʠ 

ʋ 2008 ʨʦʮʽ ʘʥʦʥʽʤʥʘ ʦʩʦʙʘ ʘʙʦ ʛʨʫʧʘ ʦʩʽʙ, ʚʽʜʦʤʠʭ ʣʠʰʝ ʧʽʜ ʽʤôʷʤ ʉʘʪʦʩʽ 

ʅʘʢʘʤʦʪʦ, ʚʥʝʩʣʘ ʩʫʪʪʻʚʠʡ ʚʥʝʩʦʢ ʫ ʨʦʟʚʠʪʦʢ ʩʫʯʘʩʥʦʾ ʪʝʭʥʦʣʦʛʽʾ ʙʣʦʢʯʝʡʥʫ. 

ʉʘʪʦʩʽ ʅʘʢʘʤʦʪʦ ʧʨʝʜʩʪʘʚʠʚ ʢʦʥʮʝʧʮʽʶ ʙʣʦʢʯʝʡʥʫ ʯʝʨʝʟ ʩʪʚʦʨʝʥʥʷ ʙʽʪʢʦʡʥʫ. ʋ 

ʾʾ ʢʦʥʮʝʧʮʽʾ ʜʣʷ ʪʨʘʥʟʘʢʮʽʡ ʙʽʪʢʦʡʥ ʚʠʢʦʨʠʩʪʦʚʫʚʘʣʠʩʷ ʙʣʦʢʠ ʽʥʬʦʨʤʘʮʽʾ 

ʨʦʟʤʽʨʦʤ 1 ʄɹ. ɹʘʛʘʪʦ ʟ ʢʣʶʯʦʚʠʭ ʘʩʧʝʢʪʽʚ ʙʣʦʢʯʝʡʥ-ʪʝʭʥʦʣʦʛʽʾ, ʷʢʘ ʚʠʥʠʢʣʘ ʟ 

ʙʽʪʢʦʡʥʫ, ʟʘʣʠʰʘʶʪʴʩʷ ʘʢʪʫʘʣʴʥʠʤʠ ʡ ʩʴʦʛʦʜʥʽ. 

2) ʉʤʘʨʪ-ʢʦʥʪʨʘʢʪʠ 

ʏʝʨʝʟ ʢʽʣʴʢʘ ʨʦʢʽʚ ʧʽʩʣʷ ʚʠʥʠʢʥʝʥʥʷ ʧʝʨʰʠʭ ʢʨʠʧʪʦʚʘʣʶʪ, ʨʦʟʨʦʙʥʠʢʠ 

ʨʦʟʰʠʨʠʣʠ ʩʚʦʾ ʤʦʞʣʠʚʦʩʪʽ ʪʘ ʧʦʯʘʣʠ ʨʦʟʛʣʷʜʘʪʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʣʦʢʯʝʡʥʫ ʜʣʷ 

ʜʦʜʘʪʢʽʚ, ʱʦ ʥʝ ʦʙʤʝʞʫʶʪʴʩʷ ʣʠʰʝ ʢʨʠʧʪʦʚʘʣʶʪʘʤʠ. ʅʘʧʨʠʢʣʘʜ, ʟʘʩʥʦʚʥʠʢʠ 



ф 
 
 

Ethereum ʚʠʨʽʰʠʣʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʣʦʢʯʝʡʥ ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʪʨʘʥʟʘʢʮʽʡ ʽʟ 

ʧʝʨʝʜʘʯʽ ʘʢʪʠʚʽʚ. ʆʜʥʽʻʶ ʟ ʾʭʥʽʭ ʚʘʞʣʠʚʠʭ ʽʥʥʦʚʘʮʽʡ ʩʪʘʣʠ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʠ. 

3) ʄʘʡʙʫʪʥʻ 

    ɿ ʨʦʟʚʠʪʢʦʤ ʥʦʚʠʭ ʜʦʜʘʪʢʽʚ ʪʘ ʾʭ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʢʦʤʧʘʥʽʾ ʘʢʪʠʚʥʦ 

ʧʨʘʮʶʶʪʴ ʥʘʜ ʧʦʩʠʣʝʥʥʷʤ ʤʘʩʰʪʘʙʫʚʘʥʥʷ ʽ ʦʙʯʠʩʣʶʚʘʣʴʥʠʭ ʤʦʞʣʠʚʦʩʪʝʡ 

ʪʝʭʥʦʣʦʛʽʾ ʙʣʦʢʯʝʡʥʫ. ʇʦʪʝʥʮʽʘʣ ʮʽʻʾ ʪʝʭʥʦʣʦʛʽʾ ʙʝʟʤʝʞʥʠʡ, ʽ ʤʠ ʩʧʦʩʪʝʨʽʛʘʻʤʦ 

ʧʦʩʪʽʡʥʠʡ ʨʦʟʚʠʪʦʢ ʫ ʩʫʯʘʩʥʽʡ ʙʣʦʢʯʝʡʥ ʨʝʚʦʣʶʮʽʾ. 

 

1.3 ʆʩʦʙʣʠʚʦʩʪʽ ʪʝʭʥʦʣʦʛʽʾ ʙʣʦʢʯʝʡʥ 

ʊʝʭʥʦʣʦʛʽʷ ʙʣʦʢʯʝʡʥ ʤʘʻ ʪʘʢʽ ʦʩʥʦʚʥʽ ʦʩʦʙʣʠʚʦʩʪʽ: 

1) ɼʝʮʝʥʪʨʘʣʽʟʘʮʽʷ 

ɼʝʮʝʥʪʨʘʣʽʟʘʮʽʷ ʚ ʪʝʭʥʦʣʦʛʽʾ ʙʣʦʢʯʝʡʥ ʧʦʣʷʛʘʻ ʚ ʧʝʨʝʜʘʯʽ ʢʝʨʽʚʥʠʮʪʚʘ ʪʘ 

ʧʨʦʮʝʩʫ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʴ ʚʽʜ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʩʪʨʫʢʪʫʨʠ, ʷʢʘ ʤʦʞʝ ʙʫʪʠ 

ʽʥʜʠʚʽʜʦʤ, ʦʨʛʘʥʽʟʘʮʽʻʶ ʯʠ ʛʨʫʧʦʶ, ʜʦ ʨʦʟʧʦʜʽʣʝʥʦʾ ʤʝʨʝʞʽ. ʅʘ ʨʠʩ. 1.1 

ʩʭʝʤʘʪʠʯʥʦ ʟʦʙʨʘʞʝʥʦ ʨʽʟʥʠʮʶ ʤʽʞ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʶ ʪʘ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʶ 

ʩʠʩʪʝʤʘʤʠ. 

 

 

ʈʠʩʫʥʦʢ 1.1 ï ʈ̔ ʟʥʠʮʷ ʤʽʞ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʶ ʪʘ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʶ 

ʩʠʩʪʝʤʘʤʠ 

ɺʠʢʦʨʠʩʪʦʚʫʶʯʠ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʽ ʙʣʦʢʯʝʡʥ-ʤʝʨʝʞʽ, ʤʠ ʧʦʢʣʘʜʘʻʤʦʩʷ ʥʘ 

ʧʨʦʟʦʨʽʩʪʴ ʜʣʷ ʟʤʝʥʰʝʥʥʷ ʥʝʦʙʭʽʜʥʦʩʪʽ ʫ ʚʟʘʻʤʥʽʡ ʜʦʚʽʨʽ ʤʽʞ ʫʯʘʩʥʠʢʘʤʠ. 

ɺʘʞʣʠʚʠʤ ʘʩʧʝʢʪʦʤ ʻ ʪʝ, ʱʦ ʪʘʢʽ ʤʝʨʝʞʽ ʧʝʨʝʰʢʦʜʞʘʶʪʴ ʙʫʜʴ-ʷʢʦʤʫ ʫʯʘʩʥʠʢʫ 

ʥʘʜʤʽʨʥʦ ʢʦʥʮʝʥʪʨʫʚʘʪʠ ʚʣʘʜʫ ʘʙʦ ʢʦʥʪʨʦʣʴ ʥʘʜ ʽʥʰʠʤʠ ʫʯʘʩʥʠʢʘʤʠ, ʱʦ ʤʦʞʝ 

ʥʝʛʘʪʠʚʥʦ ʚʧʣʠʥʫʪʠ ʥʘ ʬʫʥʢʮʽʦʥʫʚʘʥʥʷ ʚʩʽʻʾ ʩʠʩʪʝʤʠ. 

2) ʅʝʟʤʽʥʥʽʩʪʴ 



мл 
 
 

ʅʝʟʤʽʥʥʽʩʪʴ ʦʟʥʘʯʘʻ, ʱʦ ʱʦʩʴ ʥʝ ʤʦʞʥʘ ʟʤʽʥʠʪʠ. ɾʦʜʝʥ ʫʯʘʩʥʠʢ ʥʝ ʤʦʞʝ 

ʚʪʨʫʯʘʪʠʩʷ ʚ ʪʨʘʥʟʘʢʮʽʶ, ʷʢʱʦ ʭʪʦʩʴ ʟʘʧʠʩʘʚ ʾʾ ʜʦ ʩʧʽʣʴʥʦʾ ʢʥʠʛʠ. ʗʢʱʦ ʟʘʧʠʩ 

ʪʨʘʥʟʘʢʮʽʾ ʤʽʩʪʠʪʴ ʧʦʤʠʣʢʫ, ʧʦʪʨʽʙʥʦ ʜʦʜʘʪʠ ʥʦʚʫ ʪʨʘʥʟʘʢʮʽʶ, ʱʦʙ ʩʢʘʩʫʚʘʪʠ 

ʧʦʤʠʣʢʫ, ʽ ʦʙʠʜʚʽ ʪʨʘʥʟʘʢʮʽʾ ʙʫʜʫʪʴ ʚʠʜʠʤʽ ʚ ʤʝʨʝʞʽ. 

3) ʂʦʥʩʝʥʩʫʩ 

ʉʠʩʪʝʤʘ ʙʣʦʢʯʝʡʥ ʚʩʪʘʥʦʚʣʶʻ ʧʨʘʚʠʣʘ ʱʦʜʦ ʟʛʦʜʠ ʫʯʘʩʥʠʢʽʚ ʥʘ ʟʘʧʠʩ 

ʪʨʘʥʟʘʢʮʽʡ. ɺʠ ʤʦʞʝʪʝ ʬʽʢʩʫʚʘʪʠ ʥʦʚʽ ʪʨʘʥʟʘʢʮʽʾ ʣʠʰʝ ʟʘ ʫʤʦʚʠ ʟʛʦʜʠ ʙʽʣʴʰʦʩʪʽ 

ʫʯʘʩʥʠʢʽʚ ʤʝʨʝʞʽ. 

 

1.4 ʇʝʨʝʚʘʛʠ ʪʝʭʥʦʣʦʛʽʾ ʙʣʦʢʯʝʡʥ 

ʊʝʭʥʦʣʦʛʽʷ ʙʣʦʢʯʝʡʥ ʧʨʠʥʦʩʠʪʴ ʙʘʛʘʪʦ ʧʝʨʝʚʘʛ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ 

ʪʨʘʥʟʘʢʮʽʷʤʠ ʘʢʪʠʚʽʚ. 

1) ɹʝʟʧʝʢʘ 

ʉʠʩʪʝʤʠ ʙʣʦʢʯʝʡʥ ʟʘʙʝʟʧʝʯʫʶʪʴ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʪʘ ʜʦʚʽʨʠ, ʷʢʠʭ 

ʚʠʤʘʛʘʶʪʴ ʩʫʯʘʩʥʽ ʮʠʬʨʦʚʽ ʪʨʘʥʟʘʢʮʽʾ. ɿʘʚʞʜʠ ʻ ʧʦʙʦʶʚʘʥʥʷ, ʱʦ ʭʪʦʩʴ 

ʤʘʥʽʧʫʣʶʚʘʪʠʤʝ ʧʨʦʛʨʘʤʥʠʤ ʟʘʙʝʟʧʝʯʝʥʥʷʤ, ʱʦ ʣʝʞʠʪʴ ʚ ʦʩʥʦʚʽ, ʜʣʷ ʦʪʨʠʤʘʥʥʷ 

ʬʘʣʴʰʠʚʠʭ ʛʨʦʰʝʡ. ɸʣʝ ʙʣʦʢʯʝʡʥ ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʨʠʥʮʠʧʠ ʢʨʠʧʪʦʛʨʘʬʽʾ, 

ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʾ ʪʘ ʢʦʥʩʝʥʩʫʩʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʚʠʩʦʢʦʟʘʭʠʱʝʥʥʦʾ ʙʘʟʦʚʦʾ ʩʠʩʪʝʤʠ 

ʧʨʦʛʨʘʤʥʦʛʦ ʟʘʙʝʟʧʝʯʝʥʥʷ, ʷʢʫ ʤʘʡʞʝ ʥʝʤʦʞʣʠʚʦ ʧʽʜʨʦʙʠʪʠ. ʅʝ ʽʩʥʫʻ ʻʜʠʥʦʾ 

ʪʦʯʢʠ ʚʽʜʤʦʚʠ (SPOF), ʽ ʦʜʠʥ ʢʦʨʠʩʪʫʚʘʯ ʥʝ ʤʦʞʝ ʟʤʽʥʠʪʠ ʟʘʧʠʩʠ ʪʨʘʥʟʘʢʮʽʡ. 

2) ɽʬʝʢʪʠʚʥʽʩʪʴ 

ʊʨʘʥʟʘʢʮʽʾ ʤʽʞ ʢʦʤʧʘʥʽʷʤʠ ʤʦʞʫʪʴ ʟʘʡʤʘʪʠ ʙʘʛʘʪʦ ʯʘʩʫ ʪʘ ʩʪʚʦʨʶʚʘʪʠ 

ʚʫʟʴʢʽ ʤʽʩʮʷ, ʦʩʦʙʣʠʚʦ ʷʢʱʦ ʟʘʜʽʷʥʽ ʨʝʛʫʣʷʪʦʨʥʽ ʦʨʛʘʥʠ ʪʨʝʪʽʭ ʩʪʦʨʽʥ. ʇʨʦʟʦʨʽʩʪʴ 

ʽ ʨʦʟʫʤʥʽ ʢʦʥʪʨʘʢʪʠ ʚ ʙʣʦʢʯʝʡʥʽ ʨʦʙʣʷʪʴ ʪʘʢʽ ʙʽʟʥʝʩ-ʪʨʘʥʟʘʢʮʽʾ ʰʚʠʜʰʠʤʠ ʪʘ 

ʝʬʝʢʪʠʚʥʽʰʠʤʠ. 

3) ʐʚʠʜʰʠʡ ʘʫʜʠʪ 

ʇʽʜʧʨʠʻʤʩʪʚʘʤ ʧʦʪʨʽʙʥʦ ʤʘʪʠ ʤʦʞʣʠʚʽʩʪʴ ʥʘʜʽʡʥʦ ʩʪʚʦʨʶʚʘʪʠ, 

ʦʙʤʽʥʶʚʘʪʠʩʷ, ʟʙʝʨʽʛʘʪʠ ʪʘ ʚʽʜʥʦʚʣʶʚʘʪʠ ʝʣʝʢʪʨʦʥʥʽ ʪʨʘʥʟʘʢʮʽʾ ʟ ʤʦʞʣʠʚʽʩʪʶ ʾʭ 

ʧʝʨʝʚʽʨʢʠ. ɿʘʧʠʩʠ ʚ ʙʣʦʢʯʝʡʥʽ ʟʘʚʞʜʠ ʟʘʣʠʰʘʶʪʴʩʷ ʥʝʟʤʽʥʥʠʤʠ ʚ 

ʭʨʦʥʦʣʦʛʽʯʥʦʤʫ ʧʦʨʷʜʢʫ, ʱʦ ʦʟʥʘʯʘʻ, ʱʦ ʚʩʽ ʜʘʥʽ ʟʘʚʞʜʠ ʜʦʩʪʫʧʥʽ ʫ ʚʽʜʧʦʚʽʜʥʽʡ 

ʧʦʩʣʽʜʦʚʥʦʩʪʽ ʟʘ ʯʘʩʦʚʠʤʠ ʤʽʪʢʘʤʠ. ʎʷ ʚʽʜʢʨʠʪʽʩʪʴ ʜʘʥʠʭ ʟʥʘʯʥʦ ʧʦʣʝʛʰʫʻ 

ʧʨʦʮʝʩ ʘʫʜʠʪʫ ʪʘ ʨʦʙʠʪʴ ʡʦʛʦ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ. 

 



мм 
 
 

1.5 ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʣʦʢʯʝʡʥ ʪʝʭʥʦʣʦʛʽʡ ʚ ʽʥʬʦʨʤʘʮʽʡʥʠʭ ʩʠʩʪʝʤʘʭ. 

ɹʣʦʢʯʝʡʥ ʪʝʭʥʦʣʦʛʽʷ ʤʦʞʝ ʙʫʪʠ ʚʧʨʦʚʘʜʞʝʥʘ ʚ ʨʽʟʥʽ ʛʘʣʫʟʽ ʡ ʮʝʡ ʧʨʦʮʝʩ ʚʞʝ 

ʟʘʧʫʱʝʥʦ.   

1) ʂʨʠʧʪʦʚʘʣʶʪʠ 

ʅʘʡʚʽʜʦʤʽʰʘ ʛʘʣʫʟʴ ʟʘʩʪʦʩʫʚʘʥʥʷ ʙʣʦʢʯʝʡʥʫ - ʮʝ ʢʨʠʧʪʦʚʘʣʶʪʠ , ʪʘʢʽ ʷʢ 

Bitcoin ʪʘ Ethereum. ɹʣʦʢʯʝʡʥ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʘ 

ʦʙʩʣʫʛʦʚʫʚʘʥʥʷ ʮʠʭ ʮʠʬʨʦʚʠʭ ʚʘʣʶʪ, ʘ ʪʘʢʦʞ ʜʣʷ ʙʝʟʧʝʯʥʦʛʦ ʟʜʽʡʩʥʝʥʥʷ ʪʘ 

ʨʝʻʩʪʨʘʮʽʾ ʪʨʘʥʟʘʢʮʽʡ. ʎʷ ʪʝʭʥʦʣʦʛʽʷ ʜʦʟʚʦʣʷʻ ʟʘʙʝʟʧʝʯʠʪʠ ʧʨʦʟʦʨʽʩʪʴ ʽ ʟʘʭʠʩʪʠʪʠ 

ʬʽʥʘʥʩʦʚʫ ʽʥʬʦʨʤʘʮʽʶ ʪʘ ʽʜʝʥʪʠʬʽʢʘʮʽʶ ʧʦʢʫʧʮʽʚ ʽ ʧʨʦʜʘʚʮʽʚ ʢʨʠʧʪʦʚʘʣʶʪʠ.  

2) ʉʤʘʨʪ-ʢʦʥʪʨʘʢʪʠ 

ʊʝʭʥʦʣʦʛʽʷ ʙʣʦʢʯʝʡʥ ʜʦʟʚʦʣʷʻ ʩʪʚʦʨʶʚʘʪʠ ʽ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʤʘʨʪ-

ʢʦʥʪʨʘʢʪʠ, ʷʢʽ ʘʚʪʦʤʘʪʠʟʫʶʪʴ ʚʠʢʦʥʘʥʥʷ ʫʛʦʜ ʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʙʝʟʧʝʢʫ ʪʘ ʜʦʚʽʨʫ 

ʧʨʠ ʫʢʣʘʜʝʥʥʽ ʫʛʦʜ. 

ʉʤʘʨʪ-ʢʦʥʪʨʘʢʪʠ ʛʨʘʶʪʴ ʢʣʶʯʦʚʫ ʨʦʣʴ ʫ ʩʚʽʪʽ ʙʣʦʢʯʝʡʥʫ ʪʘ ʨʠʥʢʘʭ 

ʢʨʠʧʪʦʚʘʣʶʪ, ʦʩʦʙʣʠʚʦ ʢʦʣʠ ʡʜʝʪʴʩʷ ʧʨʦ ʪʦʢʝʥʠ ERC-20. ʎʷ ʢʘʪʝʛʦʨʽʷ ʪʦʢʝʥʽʚ 

ʩʪʚʦʨʝʥʘ ʥʘ ʤʝʨʝʞʽ Ethereum ʪʘ ʚʽʜʧʦʚʽʜʘʻ ʩʪʘʥʜʘʨʪʫ ERC-20. ɿʘʟʚʠʯʘʡ ʾʭ 

ʨʦʟʧʦʚʩʶʜʞʫʶʪʴ ʧʽʜ ʯʘʩ ʧʦʜʽʡ ICO (Initial Coin Offering), ʽ ʚʠʢʦʨʠʩʪʘʥʥʷ ʩʤʘʨʪ-

ʢʦʥʪʨʘʢʪʽʚ ʜʦʟʚʦʣʷʻ ʧʨʦʚʦʜʠʪʠ ʦʙʤʽʥ ʢʦʰʪʽʚ ʧʽʜ ʯʘʩ ʧʨʦʜʘʞʫ ʙʝʟ ʧʦʪʨʝʙʠ ʚ 

ʜʦʚʽʨʽ, ʱʦ ʻ ʥʘʜʽʡʥʠʤ ʪʘ ʝʬʝʢʪʠʚʥʠʤ. 

ʅʝʟʚʘʞʘʶʯʠ ʥʘ ʾʭʥʻ ʦʯʝʚʠʜʥʝ ʟʘʩʪʦʩʫʚʘʥʥʷ ʫ ʬʽʥʘʥʩʘʭ, ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʠ 

ʜʦʩʪʘʪʥʴʦ ʫʥʽʚʝʨʩʘʣʴʥʽ, ʱʦʙ ʟʘʩʪʦʩʦʚʫʚʘʪʠ ʾʭ ʧʨʘʢʪʠʯʥʦ ʚ ʙʫʜʴ-ʷʢʽʡ ʛʘʣʫʟʽ, ʫ ʷʢʽʡ 

ʢʦʰʪʠ, ʮʠʬʨʦʚʽ ʘʢʪʠʚʠ ʯʠ ʙʫʜʴ-ʷʢʘ ʮʠʬʨʦʚʘ ʽʥʬʦʨʤʘʮʽʷ ʧʦʚʠʥʥʽ ʧʝʨʝʜʘʚʘʪʠʩʴ 

ʤʽʞ ʩʪʦʨʦʥʘʤʠ. ʉʘʤʝ ʪʦʤʫ ʾʭ ʤʦʞʥʘ ʚʠʢʦʨʠʩʪʘʪʠ ʜʣʷ ʮʠʬʨʦʚʦʛʦ ʤʝʥʝʜʞʝʤʥʪʫ 

ʘʚʪʦʨʩʴʢʠʤ ʧʨʘʚʦʤ. 

3) ʆʭʦʨʦʥʘ ʟʜʦʨʦʚôʷ 

ɹʣʦʢʯʝʡʥ ʜʦʟʚʦʣʷʻ ʙʝʟʧʝʯʥʦ ʟʙʝʨʽʛʘʪʠ ʪʘ ʦʙʤʽʥʶʚʘʪʠ ʤʝʜʠʯʥʫ ʽʥʬʦʨʤʘʮʽʶ 

ʤʽʞ ʣʽʢʘʨʥʷʤʠ, ʣʽʢʘʨʷʤʠ ʪʘ ʧʘʮʽʻʥʪʘʤʠ. ʎʝ ʧʦʣʝʛʰʫʻ ʜʦʩʪʫʧ ʜʦ ʤʝʜʠʯʥʠʭ ʜʘʥʠʭ 

ʽ ʟʘʙʝʟʧʝʯʫʻ ʢʦʥʬʽʜʝʥʮʽʡʥʽʩʪʴ. 

ɹʣʦʢʯʝʡʥ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʚʝʜʝʥʥʷ 

ʤʝʜʠʯʥʠʭ ʟʘʧʠʩʽʚ, ʷʢʘ ʟʘʙʝʟʧʝʯʠʪʴ ʾʭ ʥʝʜʦʩʪʫʧʥʽʩʪʴ ʜʣʷ ʥʝʜʦʟʚʦʣʝʥʠʭ ʦʩʽʙ ʽ 

ʟʘʧʦʙʽʛʘʪʠ ʧʦʜʽʙʥʠʤ ʜʦ ʬʘʣʴʩʠʬʽʢʘʮʽʾ ʟʤʽʥʘʤ. 

ɹʣʦʢʯʝʡʥ ʜʦʟʚʦʣʷʻ ʚʽʜʩʪʝʞʫʚʘʪʠ ʣʽʢʘʨʩʴʢʽ ʟʘʩʦʙʠ ʚʽʜ ʚʠʨʦʙʥʠʢʘ ʜʦ 

ʧʘʮʽʻʥʪʘ, ʟʘʧʦʙʽʛʘʶʯʠ ʧʽʜʨʦʙʮʽ ʪʘ ʥʝʙʘʞʘʥʦʤʫ ʚʠʢʦʨʠʩʪʘʥʥʶ. 

4) ɽʥʝʨʛʝʪʠʢʘ 



мн 
 
 

    ɽʥʝʨʛʝʪʠʯʥʽ ʢʦʤʧʘʥʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʭʥʦʣʦʛʽʶ ʙʣʦʢʯʝʡʥʫ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʦʜʥʦʨʘʥʛʦʚʠʭ ʧʣʘʪʬʦʨʤ ʜʣʷ ʪʦʨʛʽʚʣʽ ʝʥʝʨʛʽʻʶ ʪʘ ʩʧʨʦʱʝʥʥʷ ʜʦʩʪʫʧʫ 

ʜʦ ʚʽʜʥʦʚʣʶʚʘʥʦʾ ʝʥʝʨʛʽʾ. ʆʩʴ ʢʽʣʴʢʘ ʧʨʠʢʣʘʜʽʚ ʪʦʛʦ, ʷʢ ʚʦʥʘ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ: 

¶ ɽʥʝʨʛʝʪʠʯʥʽ ʢʦʤʧʘʥʽʾ, ʱʦ ʙʘʟʫʶʪʴʩʷ ʥʘ ʙʣʦʢʯʝʡʥʽ, ʩʪʚʦʨʠʣʠ ʧʣʘʪʬʦʨʤʫ 

ʜʣʷ ʪʦʨʛʽʚʣʽ ʝʣʝʢʪʨʦʝʥʝʨʛʽʻʶ ʤʽʞ ʬʽʟʠʯʥʠʤʠ ʦʩʦʙʘʤʠ. ɺʣʘʩʥʠʢʠ ʙʫʜʠʥʢʽʚ 

ʟ ʩʦʥʷʯʥʠʤʠ ʧʘʥʝʣʷʤʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʮʶ ʧʣʘʪʬʦʨʤʫ ʜʣʷ ʧʨʦʜʘʞʫ 

ʥʘʜʣʠʰʢʫ ʩʦʥʷʯʥʦʾ ʝʥʝʨʛʽʾ ʩʚʦʾʤ ʩʫʩʽʜʘʤ. ʇʨʦʮʝʩ ʩʠʣʴʥʦ ʘʚʪʦʤʘʪʠʟʦʚʘʥʠʡ, 

ʟ ʨʦʟʫʤʥʠʤʠ ʣʽʯʠʣʴʥʠʢʘʤʠ, ʷʢʽ ʛʝʥʝʨʫʶʪʴ ʪʨʘʥʟʘʢʮʽʾ, ʷʢʽ ʟʘʧʠʩʫʶʪʴʩʷ ʥʘ 

ʙʣʦʢʯʝʡʥʽ. 

¶ ɿʘʚʜʷʢʠ ʙʣʦʢʯʝʡʥ-ʽʥʽʮʽʘʪʠʚʘʤ ʟʽ ʟʙʦʨʫ ʢʦʰʪʽʚ, ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ 

ʬʽʥʘʥʩʫʚʘʪʠ ʪʘ ʚʦʣʦʜʽʪʠ ʩʦʥʷʯʥʠʤʠ ʧʘʥʝʣʷʤʠ ʚ ʛʨʦʤʘʜʘʭ, ʷʢʽ ʥʝ ʤʘʶʪʴ 

ʜʦʩʪʫʧʫ ʜʦ ʝʥʝʨʛʽʾ. ʉʧʦʥʩʦʨʠ ʪʘʢʦʞ ʦʪʨʠʤʫʶʪʴ ʦʨʝʥʜʥʽ ʧʣʘʪʝʞʽ ʟʘ ʮʽ 

ʛʨʦʤʘʜʠ, ʷʢ ʪʽʣʴʢʠ ʩʦʥʷʯʥʽ ʧʘʥʝʣʽ ʙʫʜʝ ʚʩʪʘʥʦʚʣʝʥʦ. 

5) ʄʝʜʽʘ ʪʘ ʨʦʟʚʘʛʠ 

ʂʦʤʧʘʥʽʾ ʫ ʩʬʝʨʽ ʤʝʜʽʘ ʪʘ ʨʦʟʚʘʛ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʣʦʢʯʝʡʥ-ʩʠʩʪʝʤʠ ʜʣʷ 

ʢʝʨʫʚʘʥʥʷ ʽʥʬʦʨʤʘʮʽʻʶ ʧʨʦ ʘʚʪʦʨʩʴʢʽ ʧʨʘʚʘ. ʇʝʨʝʚʽʨʢʘ ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ ʻ 

ʚʘʞʣʠʚʦʶ ʜʣʷ ʩʧʨʘʚʝʜʣʠʚʦʾ ʢʦʤʧʝʥʩʘʮʽʾ ʪʚʦʨʯʠʭ ʣʶʜʝʡ. ɼʣʷ ʨʝʻʩʪʨʘʮʽʾ ʧʨʦʜʘʞʫ 

ʘʙʦ ʧʝʨʝʜʘʯʽ ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ ʥʘ ʟʘʭʠʱʝʥʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʫ ʚʣʘʩʥʽʩʪʴ ʟʘʟʚʠʯʘʡ 

ʧʦʪʨʽʙʥʦ ʧʨʦʚʝʩʪʠ ʢʽʣʴʢʘ ʪʨʘʥʟʘʢʮʽʡ. Sony Music Entertainment Japan ʫʩʧʽʰʥʦ 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʧʦʩʣʫʛʠ ʙʣʦʢʯʝʡʥʫ ʜʣʷ ʟʨʦʩʪʘʥʥʷ ʝʬʝʢʪʠʚʥʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ 

ʮʠʬʨʦʚʠʤʠ ʘʚʪʦʨʩʴʢʠʤʠ ʧʨʘʚʘʤʠ. ɺʦʥʠ ʟʘʩʪʦʩʦʚʫʶʪʴ ʩʪʨʘʪʝʛʽʶ ʙʣʦʢʯʝʡʥʫ ʜʣʷ 

ʧʽʜʚʠʱʝʥʥʷ ʧʨʦʜʫʢʪʠʚʥʦʩʪʽ ʪʘ ʟʥʠʞʝʥʥʷ ʚʠʪʨʘʪ ʥʘ ʦʙʨʦʙʢʫ ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ. 

6) ʌʽʥʘʥʩʠ 

ʊʨʘʜʠʮʽʡʥʽ ʬʽʥʘʥʩʦʚʽ ʩʠʩʪʝʤʠ, ʪʘʢʽ ʷʢ ʙʘʥʢʠ ʪʘ ʬʦʥʜʦʚʽ ʙʽʨʞʽ, 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʙʣʦʢʯʝʡʥ-ʩʝʨʚʽʩʠ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʦʥʣʘʡʥ-ʧʣʘʪʝʞʘʤʠ, ʦʙʣʽʢʫ ʪʘ 

ʫʯʘʩʪʽ ʚ ʪʦʨʛʽʚʣʽ ʥʘ ʬʽʥʘʥʩʦʚʦʤʫ ʨʠʥʢʫ. ʅʘʧʨʠʢʣʘʜ, Singapore Exchange Limited, 

ʽʥʚʝʩʪʠʮʽʡʥʘ ʭʦʣʜʠʥʛʦʚʘ ʢʦʤʧʘʥʽʷ, ʱʦ ʥʘʜʘʻ ʬʽʥʘʥʩʦʚʽ ʧʦʩʣʫʛʠ ʫ ʚʩʽʡ ɸʟʽʾ, 

ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʝʭʥʦʣʦʛʽʶ ʙʣʦʢʯʝʡʥ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʦʾ ʩʠʩʪʝʤʠ 

ʤʽʞʙʘʥʢʽʚʩʴʢʠʭ ʧʣʘʪʽʞʥʠʭ ʦʧʝʨʘʮʽʡ. ɿʘ ʜʦʧʦʤʦʛʦʶ ʙʣʦʢʯʝʡʥʫ ʚʦʥʠ ʚʠʨʽʰʠʣʠ 

ʢʽʣʴʢʘ ʧʨʦʙʣʝʤ, ʚʢʣʶʯʘʶʯʠ ʦʧʪʠʤʽʟʘʮʽʶ ʦʙʨʦʙʢʠ ʧʘʢʝʪʽʚ ʧʣʘʪʝʞʽʚ ʪʘ 

ʘʚʪʦʤʘʪʠʟʘʮʽʶ ʧʝʨʝʚʽʨʢʠ ʪʠʩʷʯ ʬʽʥʘʥʩʦʚʠʭ ʪʨʘʥʟʘʢʮʽʡ. 

7) ʈʦʟʜʨʽʙʥʘ ʪʦʨʛʽʚʣʷ 

    ʈʦʟʜʨʽʙʥʽ ʢʦʤʧʘʥʽʾ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʭʥʦʣʦʛʽʶ ʙʣʦʢʯʝʡʥ ʜʣʷ ʤʦʥʽʪʦʨʠʥʛʫ 

ʧʝʨʝʤʽʱʝʥʥʷ ʪʦʚʘʨʽʚ ʤʽʞ ʧʦʩʪʘʯʘʣʴʥʠʢʘʤʠ ʪʘ ʩʧʦʞʠʚʘʯʘʤʠ. ʅʘʧʨʠʢʣʘʜ, 



мо 
 
 

ʨʦʟʜʨʽʙʥʠʡ ʛʽʛʘʥʪ Amazon ʧʦʜʘʚ ʟʘʷʚʢʫ ʥʘ ʧʘʪʝʥʪ ʩʠʩʪʝʤʠ ʨʦʟʧʦʜʽʣʝʥʦʾ ʢʥʠʛʠ, 

ʷʢʘ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠʤʝ ʙʣʦʢʯʝʡʥ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʘʚʪʝʥʪʠʯʥʦʩʪʽ ʚʩʽʭ ʪʦʚʘʨʽʚ, ʱʦ 

ʧʨʦʜʘʶʪʴʩʷ ʥʘ ʾʭʥʽʡ ʧʣʘʪʬʦʨʤʽ. ʇʨʦʜʘʚʮʽ ʥʘ Amazon ʟʤʦʞʫʪʴ ʧʦʢʘʟʫʚʘʪʠ ʩʚʦʾ 

ʛʣʦʙʘʣʴʥʽ ʣʘʥʮʶʞʢʠ ʧʦʩʪʘʯʘʥʴ, ʱʦ ʜʦʟʚʦʣʠʪʴ ʫʯʘʩʥʠʢʘʤ, ʪʘʢʠʤ ʷʢ ʚʠʨʦʙʥʠʢʠ, 

ʢʫʨ'ʻʨʠ, ʜʠʩʪʨʠʙ'ʶʪʦʨʠ, ʢʽʥʮʝʚʽ ʢʣʽʻʥʪʠ ʪʘ ʽʥʰʽ ʫʯʘʩʥʠʢʠ, ʜʦʜʘʚʘʪʠ ʧʦʜʽʾ ʜʦ 

ʟʘʧʠʩʽʚ ʫ ʢʥʠʟʽ ʧʽʩʣʷ ʨʝʻʩʪʨʘʮʽʾ ʚ ʩʠʩʪʝʤʽ ʩʝʨʪʠʬʽʢʘʮʽʾ. 

 

1.6 ʗʢ ʧʨʘʮʶʻ ʙʣʦʢʯʝʡʥ 

1) ʉʪʚʦʨʝʥʥʷ ʪʘ ʟʙʝʨʝʞʝʥʥʷ ʟʘʧʠʩʫ ʪʨʘʥʟʘʢʮʽʾ 

ʊʨʘʥʟʘʢʮʽʷ ʚ ʤʝʨʝʞʽ ʙʣʦʢʯʝʡʥ ʚʽʜʦʙʨʘʞʘʻ ʧʝʨʝʤʽʱʝʥʥʷ ʷʢ ʬʽʟʠʯʥʠʭ, ʪʘʢ ʽ 

ʮʠʬʨʦʚʠʭ ʘʢʪʠʚʽʚ ʚʽʜ ʦʜʥʦʛʦ ʫʯʘʩʥʠʢʘ ʜʦ ʽʥʰʦʛʦ. ʎʷ ʽʥʬʦʨʤʘʮʽʷ ʨʝʻʩʪʨʫʻʪʴʩʷ ʫ 

ʚʠʛʣʷʜʽ ʙʣʦʢʫ ʜʘʥʠʭ ʽ ʤʦʞʝ ʤʽʩʪʠʪʠ ʥʘʩʪʫʧʥʽ ʜʘʥʥʽ: ʱʦ ʚʽʜʙʫʣʦʩʷ ʧʽʜ ʯʘʩ 

ʪʨʘʥʟʘʢʮʽʾ, ʢʦʣʠ ʪʨʘʥʟʘʢʮʽʷ ʚʽʜʙʫʣʘʩʷ, ʜʝ ʚʦʥʘ ʚʽʜʙʫʣʘʩʷ, ʭʪʦ ʙʫʚ ʫʯʘʩʥʠʢʘʤʠ 

ʪʨʘʥʟʘʢʮʽʾ ʽ ʪ.ʜ. 

2) ɼʦʩʷʛʥʝʥʥʷ ʢʦʥʩʝʥʩʫʩʫ 

ɹʽʣʴʰʽʩʪʴ ʫʯʘʩʥʠʢʽʚ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʤʝʨʝʞʽ ʙʣʦʢʯʝʡʥʫ ʧʦʚʠʥʥʽ ʜʦʩʷʛʪʠ 

ʢʦʥʩʝʥʩʫʩʫ ʧʨʦ ʚʘʣʽʜʥʽʩʪʴ ʟʘʧʠʩʘʥʦʾ ʪʨʘʥʟʘʢʮʽʾ. ʇʨʘʚʠʣʘ ʫʛʦʜʠ ʤʦʞʫʪʴ 

ʚʽʜʨʽʟʥʷʪʠʩʷ ʚ ʟʘʣʝʞʥʦʩʪʽ ʚʽʜ ʪʠʧʫ ʤʝʨʝʞʽ, ʘʣʝ ʟʘʟʚʠʯʘʡ ʚʦʥʠ ʚʩʪʘʥʦʚʣʶʶʪʴʩʷ ʥʘ 

ʝʪʘʧʽ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʤʝʨʝʞʽ. 

3) ɿʚôʷʟʫʚʘʥʥʷ ʙʣʦʢʽʚ 

ʇʽʩʣʷ ʜʦʩʷʛʥʝʥʥʷ ʢʦʥʩʝʥʩʫʩʫ ʫʯʘʩʥʠʢʘʤʠ, ʪʨʘʥʟʘʢʮʽʾ ʚ ʙʣʦʢʯʝʡʥʽ 

ʬʽʢʩʫʶʪʴʩʷ ʫ ʙʣʦʢʘʭ, ʧʦʜʽʙʥʠʭ ʜʦ ʩʪʦʨʽʥʦʢ ʙʫʭʛʘʣʪʝʨʩʴʢʦʾ ʢʥʠʛʠ. ʂʦʞʝʥ ʥʦʚʠʡ 

ʙʣʦʢ ʤʽʩʪʠʪʴ ʥʝ ʣʠʰʝ ʪʨʘʥʟʘʢʮʽʾ, ʘʣʝ ʡ ʢʨʠʧʪʦʛʨʘʬʽʯʥʠʡ ʭʝʰ. ʎʝʡ ʭʝʰ ʩʣʫʞʠʪʴ 

ʷʢ ʟʚ'ʷʟʦʢ, ʷʢʠʡ ʦʙ'ʻʜʥʫʻ ʚʩʽ ʙʣʦʢʠ ʚ ʣʘʥʮʶʞʦʢ. ʗʢʱʦ ʚʤʽʩʪ ʙʣʦʢʫ ʙʫʜʝ ʟʤʽʥʝʥʦ 

ʟ ʤʝʪʦʶ ʦʙʤʘʥʫ ʘʙʦ ʽʥʰʠʭ ʮʽʣʝʡ, ʭʝʰ-ʟʥʘʯʝʥʥʷ ʪʘʢʦʞ ʟʤʽʥʠʪʴʩʷ, ʱʦ ʟʨʦʙʠʪʴ 

ʩʧʨʦʙʫ ʧʽʜʨʦʙʢʠ ʜʘʥʠʭ ʚʽʜʨʘʟʫ ʧʦʤʽʪʥʦʶ. 

ʆʪʞʝ, ʙʣʦʢʠ ʽ ʣʘʥʮʶʞʢʠ ʥʘʜʽʡʥʦ ʟʚ'ʷʟʘʥʽ, ʽ ʾʭ ʥʝ ʤʦʞʥʘ ʟʤʽʥʶʚʘʪʠ. ɼʦʜʘʚʘʥʥʷ 

ʥʦʚʦʛʦ ʙʣʦʢʫ ʧʦʩʠʣʶʻ ʧʦʧʝʨʝʜʥʽ ʙʣʦʢʠ ʽ ʟʘʙʝʟʧʝʯʫʻ ʮʽʣʽʩʥʽʩʪʴ ʚʩʴʦʛʦ ʙʣʦʢʯʝʡʥʫ. 

ʎʝ ʧʦʜʽʙʥʦ ʜʦ ʩʢʣʘʜʘʥʥʷ ʜʝʨʝʚ'ʷʥʠʭ ʙʣʦʢʽʚ, ʱʦʙ ʧʦʙʫʜʫʚʘʪʠ ʚʝʞʫ. ɹʣʦʢʠ ʤʦʞʥʘ 

ʜʦʜʘʚʘʪʠ ʣʠʰʝ ʟʚʝʨʭʫ, ʽ ʚʠʜʘʣʝʥʥʷ ʙʫʜʴ-ʷʢʦʛʦ ʙʣʦʢʫ ʟ ʩʝʨʝʜʠʥʠ ʤʦʞʝ 

ʩʧʨʠʯʠʥʠʪʠ ʨʫʡʥʫʚʘʥʥʷ ʚʩʽʻʾ ʚʝʞʽ. 

4) ʈʦʟʧʦʚʩʶʜʞʝʥʥʷ ʙʫʭʛʘʣʪʝʨʩʴʢʦʾ ʢʥʠʛʠ 

    ʆʩʪʘʥʥʷ ʚʝʨʩʽʷ ʙʫʭʛʘʣʪʝʨʩʴʢʦʾ ʢʥʠʛʠ ʧʦʚʠʥʥʘ ʙʫʪʠ ʨʦʟʧʦʚʩʶʜʞʝʥʘ ʤʽʞ 

ʫʩʽʤʘ ʫʯʘʩʥʠʢʘʤʠ. 



мп 
 
 

 

 1.7 ʇʨʦʪʦʢʦʣʠ ʙʣʦʢʯʝʡʥʫ 

ʊʝʨʤʽʥ 'ʧʨʦʪʦʢʦʣ ʙʣʦʢʯʝʡʥʫ' ʚʽʜʥʦʩʠʪʴʩʷ ʜʦ ʨʽʟʥʠʭ ʚʠʜʽʚ ʧʣʘʪʬʦʨʤ 

ʙʣʦʢʯʝʡʥʫ, ʷʢʽ ʤʦʞʫʪʴ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤ. ʂʦʞʝʥ ʧʨʦʪʦʢʦʣ 

ʙʣʦʢʯʝʡʥʫ ʘʜʘʧʪʫʻ ʦʩʥʦʚʥʽ ʧʨʠʥʮʠʧʠ ʪʝʭʥʦʣʦʛʽʾ ʙʣʦʢʯʝʡʥʫ ʟʘʣʝʞʥʦ ʚʽʜ 

ʢʦʥʢʨʝʪʥʠʭ ʛʘʣʫʟʝʡ ʘʙʦ ʟʘʚʜʘʥʴ ʧʨʦʛʨʘʤʠ. ɼʝʷʢʽ ʥʘʚʝʜʝʥʦ ʧʨʠʢʣʘʜʠ ʪʘʢʠʭ 

ʧʨʦʪʦʢʦʣʽʚ: 

1) Ethereum 

Ethereum ʧʨʝʜʩʪʘʚʣʷʻ ʩʦʙʦʶ ʚʽʜʢʨʠʪʫ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʫ ʙʣʦʢʯʝʡʥ-

ʧʣʘʪʬʦʨʤʫ, ʷʢʫ ʽʥʜʠʚʽʜʠ ʪʘ ʢʦʤʧʘʥʽʾ ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʧʫʙʣʽʯʥʠʭ ʙʣʦʢʯʝʡʥ-ʜʦʜʘʪʢʽʚ. ɿ ʽʥʰʦʛʦ ʙʦʢʫ, Ethereum Enterprise ʧʨʠʟʥʘʯʝʥʦ ʜʣʷ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʙʽʟʥʝʩ-ʩʝʨʝʜʦʚʠʱʽ ʪʘ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʩʧʝʮʠʬʽʯʥʠʭ ʟʘʚʜʘʥʴ ʚ 

ʛʘʣʫʟʽ. 

2) Hyperledger fabric 

Hyperledger Fabric ʻ ʚʽʜʢʨʠʪʠʤ ʧʨʦʢ̒ʪʦʤ ʽʟ ʥʘʙʦʨʦʤ ʽʥʩʪʨʫʤʝʥʪʽʚ ʽ 

ʙʽʙʣʽʦʪʝʢ, ʷʢʠʡ ʜʦʟʚʦʣʷʻ ʧʽʜʧʨʠʻʤʩʪʚʘʤ ʰʚʠʜʢʦ ʪʘ ʝʬʝʢʪʠʚʥʦ ʨʦʟʨʦʙʣʷʪʠ ʩʚʦʾ 

ʧʨʠʚʘʪʥʽ ʙʣʦʢʯʝʡʥ-ʜʦʜʘʪʢʠ. ʎʷ ʤʦʜʫʣʴʥʘ ʩʪʨʫʢʪʫʨʘ ʟʘʛʘʣʴʥʦʛʦ ʧʨʠʟʥʘʯʝʥʥʷ 

ʥʘʜʘʻ ʫʥʽʢʘʣʴʥʽ ʤʦʞʣʠʚʦʩʪʽ ʜʣʷ ʢʝʨʫʚʘʥʥʷ ʽʜʝʥʪʠʬʽʢʘʮʽʻʶ ʪʘ ʢʦʥʪʨʦʣʶ ʜʦʩʪʫʧʫ. 

ʎ̔  ʤʦʞʣʠʚʦʩʪʽ ʨʦʙʣʷʪʴ ʡʦʛʦ ʧʨʠʜʘʪʥʠʤ ʜʣʷ ʨʽʟʥʦʤʘʥʽʪʥʠʭ ʟʘʩʪʦʩʫʚʘʥʴ, 

ʚʢʣʶʯʘʶʯʠ ʚʽʜʩʪʝʞʝʥʥʷ ʣʘʥʮʶʛʽʚ ʧʦʩʪʘʯʘʥʥʷ, ʬʽʥʘʥʩʫʚʘʥʥʷ ʪʦʨʛʽʚʣʽ, ʧʨʦʛʨʘʤʠ 

ʣʦʷʣʴʥʦʩʪʽ ʪʘ ʚʠʥʘʛʦʨʦʜʠ, ʘ ʪʘʢʦʞ ʢʣʽʨʠʥʛ ʪʘ ʨʦʟʨʘʭʫʥʦʢ ʬʽʥʘʥʩʦʚʠʭ ʘʢʪʠʚʽʚ. 

3) Corda 

Corda ʻ ʧʨʦʢ̒ʪʦʤ ʙʣʦʢʯʝʡʥʫ ʟ ʚʽʜʢʨʠʪʠʤ ʢʦʜʦʤ, ʩʧʝʮʽʘʣʴʥʦ ʨʦʟʨʦʙʣʝʥʠʤ 

ʜʣʷ ʧʦʪʨʝʙ ʙʽʟʥʝʩʫ. ɿʘ ʜʦʧʦʤʦʛʦʶ Corda ʤʦʞʥʘ ʩʪʚʦʨʶʚʘʪʠ ʚʟʘʻʤʦʜʽʶʯʽ 

ʙʣʦʢʯʝʡʥ-ʤʝʨʝʞʽ, ʷʢʽ ʟʘʙʝʟʧʝʯʫʶʪʴ ʢʦʥʬʽʜʝʥʮʽʡʥʽ ʪʨʘʥʟʘʢʮʽʾ. ʇʽʜʧʨʠʻʤʩʪʚʘ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʝʭʥʦʣʦʛʽʶ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʽʚ Corda ʜʣʷ ʟʜʽʡʩʥʝʥʥʷ ʧʨʷʤʠʭ ʪʘ 

ʜʽʣʦʚʠʭ ʪʨʘʥʟʘʢʮʽʡ. ɹʽʣʴʰʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ Corda ï ʮʝ ʬʽʥʘʥʩʦʚʽ ʫʩʪʘʥʦʚʠ. 

4) Quorum 

    Quorum ʻ ʚʽʜʢʨʠʪʠʤ ʧʨʦʪʦʢʦʣʦʤ ʙʣʦʢʯʝʡʥʫ, ʩʧʨʦʢ̒ʪʦʚʘʥʠʤ ʥʘ ʦʩʥʦʚʽ 

Ethereum. ɺʽʥ ʧʨʠʟʥʘʯʝʥʠʡ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʧʨʠʚʘʪʥʠʭ ʤʝʨʝʞʘʭ ʙʣʦʢʯʝʡʥʫ, 

ʜʝ ʦʜʠʥ ʫʯʘʩʥʠʢ ʫʧʨʘʚʣʷʻ ʚʩʽʤʘ ʚʫʟʣʘʤʠ, ʘʙʦ ʚ ʤʝʨʝʞʘʭ ʙʣʦʢʯʝʡʥʫ ʢʦʥʩʦʨʮʽʫʤʫ, 

ʜʝ ʨʽʟʥʽ ʫʯʘʩʥʠʢʠ ʚʦʣʦʜʽʶʪʴ ʯʘʩʪʠʥʘʤʠ ʤʝʨʝʞʽ. 

 

 



мр 
 
 

1.8 ʊʠʧʠ ʙʣʦʢʯʝʡʥ ʤʝʨʝʞ  

ɯʩʥʫʻ 4 ʦʩʥʦʚʥʠʭ ʚʠʜʠ ʨʦʟʧʦʜʽʣʝʥʠʭ ʤʝʨʝʞ ʫ ʙʣʦʢʯʝʡʥ: 

1) ʇʫʙʣʽʯʥʽ 

ʇʫʙʣʽʯʥʽ ʙʣʦʢʯʝʡʥʠ, ʷʢʽ ʻ ʚʽʜʢʨʠʪʠʤʠ ʜʣʷ ʚʩʽʭ, ʥʝ ʚʠʤʘʛʘʶʪʴ ʜʦʟʚʦʣʫ ʜʣʷ 

ʧʨʠʻʜʥʘʥʥʷ. ʋʩʽ ʫʯʘʩʥʠʢʠ ʤʘʶʪʴ ʦʜʥʘʢʦʚʽ ʧʨʘʚʘ ʥʘ ʯʠʪʘʥʥʷ, ʨʝʜʘʛʫʚʘʥʥʷ ʪʘ 

ʧʝʨʝʚʽʨʢʫ ʙʣʦʢʯʝʡʥʫ. ɿʘʟʚʠʯʘʡ ʣʶʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʪʘʢʽ ʧʫʙʣʽʯʥʽ ʙʣʦʢʯʝʡʥʠ 

ʜʣʷ ʦʙʤʽʥʫ ʢʨʠʧʪʦʚʘʣʶʪʘʤʠ ʪʘ ʛʽʨʥʠʮʪʚʘ, ʥʘʧʨʠʢʣʘʜ: Bitcoin, Ethereum, ʪʘ 

Litecoin. 

2) ʇʨʠʚʘʪʥʽ 

ʇʨʠʚʘʪʥʽ ʙʣʦʢʯʝʡʥʠ, ʪʘʢʦʞ ʚʽʜʦʤʽ ʷʢ ʢʝʨʦʚʘʥʽ ʙʣʦʢʯʝʡʥʠ, ʦʧʽʢʫʶʪʴʩʷ 

ʦʜʥʽʻʶ ʦʨʛʘʥʽʟʘʮʽʻʶ, ʷʢʘ ʚʩʪʘʥʦʚʣʶʻ ʧʨʘʚʠʣʘ ʜʣʷ ʫʯʘʩʥʠʢʽʚ ʤʝʨʝʞʽ ʪʘ ʢʦʥʪʨʦʣʶʻ 

ʜʦʩʪʫʧ ʜʦ ʥʝʾ. ʎʽ ʙʣʦʢʯʝʡʥʠ ʤʘʶʪʴ ʦʙʤʝʞʝʥʠʡ ʨʽʚʝʥʴ ʜʝʮʝʥʪʨʘʣʽʟʘʮʽʾ ʯʝʨʝʟ 

ʦʙʤʝʞʝʥʠʡ ʜʦʩʪʫʧ ʜʦ ʤʝʨʝʞʽ. ʅʘʧʨʠʢʣʘʜ, Ripple, ʷʢʘ ʟʘʙʝʟʧʝʯʫʻ ʦʙʤʽʥ ʮʠʬʨʦʚʦʶ 

ʚʘʣʶʪʦʶ ʜʣʷ ʧʽʜʧʨʠʻʤʩʪʚ, ʻ ʧʨʠʢʣʘʜʦʤ ʧʨʠʚʘʪʥʦʛʦ ʙʣʦʢʯʝʡʥʘ. 

3) ɻʽʙʨʠʜʥʽ 

ɻʽʙʨʠʜʥʽ ʙʣʦʢʯʝʡʥʠ ʦʙ'ʻʜʥʫʶʪʴ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʷʢ ʧʨʠʚʘʪʥʠʭ, ʪʘʢ ʽ 

ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʭ ʤʝʨʝʞ. ʂʦʤʧʘʥʽʾ ʤʦʞʫʪʴ ʩʪʚʦʨʶʚʘʪʠ ʧʨʠʚʘʪʥʽ ʩʠʩʪʝʤʠ ʟ 

ʦʙʤʝʞʝʥʠʤ ʜʦʩʪʫʧʦʤ, ʧʦʨʷʜ ʽʟ ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʦʶ ʩʠʩʪʝʤʦʶ. ʎʝ ʜʦʟʚʦʣʷʻ ʾʤ 

ʢʦʥʪʨʦʣʶʚʘʪʠ ʜʦʩʪʫʧ ʜʦ ʢʦʥʢʨʝʪʥʠʭ ʜʘʥʠʭ ʚ ʙʣʦʢʯʝʡʥʽ, ʟʘʣʠʰʘʶʯʠ ʽʥʰʽ ʜʘʥʽ 

ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʠʤʠ. ʋ ʮʠʭ ʤʝʨʝʞʘʭ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʠ, 

ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʧʫʙʣʽʯʥʠʤ ʢʦʨʠʩʪʫʚʘʯʘʤ ʧʝʨʝʚʽʨʷʪʠ ʚʠʢʦʥʘʥʥʷ ʧʨʠʚʘʪʥʠʭ 

ʪʨʘʥʟʘʢʮʽʡ. ʅʘʧʨʠʢʣʘʜ, ʛʽʙʨʠʜʥʽ ʙʣʦʢʯʝʡʥʠ ʤʦʞʫʪʴ ʥʘʜʘʚʘʪʠ ʟʘʛʘʣʴʥʠʡ ʜʦʩʪʫʧ 

ʜʦ ʮʠʬʨʦʚʦʾ ʚʘʣʶʪʠ, ʧʨʠ ʮʴʦʤʫ ʟʘʣʠʰʘʶʯʠ ʙʘʥʢʽʚʩʴʢʫ ʽʥʬʦʨʤʘʮʽʶ ʚ 

ʧʨʠʚʘʪʥʦʩʪʽ. 

4) ʂʦʥʩʦʨʮʽʫʤʥʽ 

    ɹʣʦʢʯʝʡʥ-ʤʝʨʝʞʽ ʢʦʥʩʦʨʮʽʫʤʫ ʢʝʨʫʶʪʴʩʷ ʛʨʫʧʦʶ ʦʨʛʘʥʽʟʘʮʽʡ. ʎʽ 

ʦʨʛʘʥʽʟʘʮʽʾ ʩʧʽʣʴʥʦ ʥʝʩʫʪʴ ʚʽʜʧʦʚʽʜʘʣʴʥʽʩʪʴ ʟʘ ʧʽʜʪʨʠʤʢʫ ʙʣʦʢʯʝʡʥʫ ʪʘ 

ʚʠʟʥʘʯʝʥʥʷ ʧʨʘʚ ʜʦʩʪʫʧʫ ʜʦ ʜʘʥʠʭ. ɻʘʣʫʟʽ, ʜʝ ʢʽʣʴʢʘ ʦʨʛʘʥʽʟʘʮʽʡ ʩʧʽʣʴʥʦ 

ʧʨʘʮʶʶʪʴ ʥʘʜ ʩʧʽʣʴʥʠʤʠ ʟʘʚʜʘʥʥʷʤʠ ʪʘ ʦʪʨʠʤʫʶʪʴ ʚʠʛʦʜʠ ʚʽʜ ʪʘʢʦʾ ʩʧʽʣʴʥʦʾ 

ʽʥʽʮʽʘʪʠʚʠ, ʯʘʩʪʦ ʚʠʙʠʨʘʶʪʴ ʙʣʦʢʯʝʡʥ-ʤʝʨʝʞʽ ʢʦʥʩʦʨʮʽʫʤʫ. ʅʘʧʨʠʢʣʘʜ, Global 

Shipping Business Network Consortium ʻ ʦʜʥʠʤ ʽʟ ʪʘʢʠʭ ʥʝʢʦʤʝʨʮʽʡʥʠʭ ʙʣʦʢʯʝʡʥ-

ʢʦʥʩʦʨʮʽʫʤʽʚ, ʷʢʠʡ ʤʘʻ ʟʘ ʤʝʪʫ ʮʠʬʨʫʚʘʪʠ ʛʘʣʫʟʴ ʤʦʨʩʴʢʦʛʦ ʩʫʜʥʦʧʣʘʚʩʪʚʘ ʪʘ 

ʧʽʜʚʠʱʠʪʠ ʩʧʽʚʧʨʘʮʶ ʤʽʞ ʫʯʘʩʥʠʢʘʤʠ ʤʦʨʩʴʢʦʾ ʽʥʜʫʩʪʨʽʾ. 

 



мс 
 
 

1.9 ʇʦʩʪʘʥʦʚʢʘ ʤʝʪʠ ʪʘ ʟʘʜʘʯ ʜʦʩʣʽʜʞʝʥʥʷ 

ʄʝʪʘ ʧʨʦʢ̒ʪʫ: ʨʦʟʨʦʙʠʪʠ ʪʘ ʚʧʨʦʚʘʜʠʪʠ ʩʠʩʪʝʤʫ ʤʝʥʝʜʞʤʝʥʪʫ ʘʚʪʦʨʩʴʢʠʤ 

ʧʨʘʚʦʤ, ʚʠʢʦʨʠʩʪʦʚʫʶʯʠ ʪʝʭʥʦʣʦʛʽʶ ʙʣʦʢʯʝʡʥ, ʷʢʘ ʟʘʙʝʟʧʝʯʠʪʴ ʝʬʝʢʪʠʚʥʠʡ ʪʘ 

ʙʝʟʧʝʯʥʠʡ ʩʧʦʩʽʙ ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʧʝʨʝʜʘʯʽ ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ ʥʘ ʪʚʦʨʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ 

ʧʨʦʟʦʨʽʩʪʴ ʪʘ ʥʝʚʽʜʚʦʨʦʪʥʽʩʪʴ. 

ɿʘʜʘʯʽ ʜʦʩʣʽʜʞʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ:  

¶ ɸʥʘʣʽʟ ʪʝʭʥʦʣʦʛʽʡ ʙʣʦʢʯʝʡʥ: ʜʦʩʣʽʜʠʪʠ ʨʽʟʥʽ ʧʣʘʪʬʦʨʤʠ ʙʣʦʢʯʝʡʥʫ 

(ʥʘʧʨʠʢʣʘʜ, Ethereum, ʙʣʦʢʯʝʡʥ ʢʨʠʧʪʦʚʘʣʶʪʠ Bitcoin) ʪʘ ʦʙʨʘʪʠ 

ʦʧʪʠʤʘʣʴʥʫ ʜʣʷ ʚʠʢʦʨʠʩʪʘʥʥʷ ʫ ʩʠʩʪʝʤʽ ʤʝʥʝʜʞʤʝʥʪʫ ʘʚʪʦʨʩʴʢʠʤ ʧʨʘʚʦʤ 

¶ ʈʦʟʨʦʙʢʘ ʘʣʛʦʨʠʪʤʽʚ ʫʧʨʘʚʣʽʥʥʷ ʧʨʘʚʘʤʠ: ʨʦʟʨʦʙʠʪʠ ʘʣʛʦʨʠʪʤʠ ʜʣʷ 

ʨʝʻʩʪʨʘʮʽʾ, ʧʝʨʝʜʘʯʽ ʪʘ ʚʽʜʩʪʝʞʝʥʥʷ ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ ʥʘ ʪʚʦʨʠ ʟ 

ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ ʙʣʦʢʯʝʡʥ. 

¶ ʉʪʚʦʨʝʥʥʷ ʩʠʩʪʝʤʠ ʨʝʻʩʪʨʘʮʽʾ: ʨʦʟʨʦʙʠʪʠ ʩʠʩʪʝʤʫ ʨʝʻʩʪʨʘʮʽʾ ʪʘ ʚʘʣʽʜʘʮʽʾ 

ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ, ʷʢʘ ʙʫʜʝ ʚʟʘʻʤʦʜʽʷʪʠ ʟ ʙʣʦʢʯʝʡʥ-ʤʝʨʝʞʝʶ. 

¶ ɿʘʙʝʟʧʝʯʝʥʥʷ ʧʨʦʟʦʨʦʩʪʽ ʪʘ ʥʝʚʽʜʚʦʨʦʪʥʦʩʪʽ: ʛʘʨʘʥʪʫʚʘʪʠ ʧʨʦʟʦʨʽʩʪʴ ʪʘ 

ʥʝʚʽʜʚʦʨʦʪʥʽʩʪʴ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʨʩʴʢʠʤʠ ʧʨʘʚʘʤʠ ʯʝʨʝʟ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʭʝʰʫʚʘʥʥʷ ʪʘ ʧʽʜʧʠʩʫ ʙʣʦʢʯʝʡʥ-ʪʨʘʥʟʘʢʮʽʡ. 

¶ ʈʦʟʨʦʙʢʘ ʽʥʪʝʨʬʝʡʩʫ ʢʦʨʠʩʪʫʚʘʯʘ: ʩʪʚʦʨʠʪʠ ʟʨʫʯʥʠʡ ʪʘ ʽʥʪʫʾʪʠʚʥʦ 

ʟʨʦʟʫʤʽʣʠʡ ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ ʩʠʩʪʝʤʠ, ʱʦʙ ʚʦʥʠ ʤʦʛʣʠ ʣʝʛʢʦ 

ʨʝʻʩʪʨʫʚʘʪʠ ʪʘ ʚʽʜʩʪʝʞʫʚʘʪʠ ʩʚʦʾ ʘʚʪʦʨʩʴʢʽ ʧʨʘʚʘ. 

¶ ʊʝʩʪʫʚʘʥʥʷ ʪʘ ʦʧʪʠʤʽʟʘʮʽʷ: ʧʨʦʚʝʩʪʠ ʪʝʩʪʫʚʘʥʥʷ ʩʠʩʪʝʤʠ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ 

ʪʝʩʪʦʚʠʭ ʚʠʧʘʜʢʽʚ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʝʬʝʢʪʠʚʥʦʩʪʽ, ʙʝʟʧʝʢʠ ʪʘ ʩʪʘʙʽʣʴʥʦʩʪʽ. 

ʆʧʪʠʤʽʟʫʚʘʪʠ ʩʠʩʪʝʤʫ ʟʘ ʧʦʪʨʝʙʠ. 

¶ ɺʧʨʦʚʘʜʞʝʥʥʷ: ʟʘʙʝʟʧʝʯʠʪʠ ʚʧʨʦʚʘʜʞʝʥʥʷ ʩʠʩʪʝʤʠ ʤʝʥʝʜʞʤʝʥʪʫ 

ʘʚʪʦʨʩʴʢʠʤ ʧʨʘʚʦʤ ʚ ʨʝʘʣʴʥʦʤʫ ʩʝʨʝʜʦʚʠʱʽ. 

¶ ɽʢʦʥʦʤʽʯʥʝ ʦʙˇʨʫʥʪʫʚʘʥʥʷ: ʨʦʟʨʦʙʠʪʠ ʩʪʨʘʪʝʛʽʶ ʤʘʨʢʝʪʠʥʛʫ ʪʘ 

ʧʦʧʫʣʷʨʠʟʘʮʽʾ ʩʠʩʪʝʤʠ ʩʝʨʝʜ ʧʦʪʝʥʮʽʡʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʪʘ ʟʘʮʽʢʘʚʣʝʥʠʭ 

ʩʪʝʡʢʭʦʣʜʝʨʽʚ. 

 

 

 

 



мт 
 
 

2 ʈʆɿʈʆɹʂɸ ɸʈʍɯʊɽʂʊʋʈʀ ʊɸ ɻʈɸʌɯʏʅʆɻʆ ɯʅʊɽʈʌɽʁʉʋ ʇʈʆɻʈɸʄʀ 

2.1 ʌʦʨʤʘʣʽʟʘʮʽʷ ʘʣʛʦʨʠʪʤʽʚ 

ɺ ʷʢʦʩʪʽ ʧʨʠʢʣʘʜʫ ʙʫʣʦ ʚʟʷʪʦ ʙʣʦʢʯʝʡʥ ʩʠʩʪʝʤʫ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʚ 

ʢʨʠʧʪʦʚʘʣʶʪʽ Bitcoin. ʂʦʞʥʠʡ ʙʣʦʢ ʫ ʙʣʦʢʯʝʡʥʽ ʩʢʣʘʜʘʻʪʴʩʷ ʷʢ ʤʽʥʽʤʫʤ ʟ ʪʨʴʦʭ 

ʩʢʣʘʜʦʚʠʭ: ʜʘʥʥʽ ʧʦʪʦʯʥʦʛʦ ʙʣʦʢʫ, ʭʝʰ ʧʦʪʦʯʥʦʛʦ ʙʣʦʢʫ, ʭʝʰ ʧʦʧʝʨʝʜʥʴʦʛʦ 

ʙʣʦʢʫ. ɹʣʦʢʯʝʡʥ Bitcoin ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʥʘʩʪʫʧʥʽ ʜʘʥʥʽ: ʦʪʨʠʤʫʚʘʯ, ʚʽʜʧʨʘʚʥʠʢ ʪʘ 

ʢʽʣʴʢʽʩʪʴ ʚʽʜʧʨʘʚʣʝʥʦʾ ʚʘʣʶʪʠ. ɿʘʟʚʠʯʘʡ ʦʜʠʥ ʙʣʦʢ ʤʦʞʝ ʤʽʩʪʠʪʠ ʚ ʩʦʙʽ ʜʝʢʽʣʴʢʘ 

ʪʨʘʥʟʘʢʮʽʡ, ʷʢʽ ʥʘʢʦʧʠʯʠʣʠʩʴ ʟʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ, ʘʣʝ ʚ ʨʘʤʢʘʭ ʮʴʦʛʦ ʧʨʦʢ̒ʪʫ 

ʢʦʞʥʠʡ ʙʣʦʢ ʙʫʜʝ ʤʽʩʪʠʪʠ ʦʜʥʫ ʪʨʘʥʟʘʢʮʽʶ ʜʣʷ ʧʨʦʩʪʦʪʠ ʨʦʟʫʤʽʥʥʷ. ɹʣʦʢʯʝʡʥ ʻ 

ʛʘʨʥʠʤ ʧʨʠʢʣʘʜ ʦʜʥʦʩʧʨʷʤʦʚʘʥʦʛʦ ʟʚôʷʟʢʦʚʦʛʦ ʩʧʠʩʢʫ, ʦʩʢʽʣʴʢʠ ʢʦʞʥʠʡ 

ʥʘʩʪʫʧʥʠʡ ʝʣʝʤʝʥʪ ʤʘʻ ʭʝʰ ʧʦʧʝʨʝʜʥʴʦʛʦ ʙʣʦʢʫ - ʚ ʜʝʷʢʦʤʫ ʩʝʥʩʽ ʧʦʩʠʣʘʥʥʷ ʥʘ 

ʥʴʦʛʦ.  

ʍʝʰ ʧʦʪʦʯʥʦʛʦ ʙʣʦʢʫ ʚʠʟʥʘʯʘʻ ʜʘʥʥʽ, ʱʦ ʤʽʩʪʷʪʴʩʷ ʚʩʝʨʝʜʠʥʽ ʙʣʦʢʫ ʡ 

ʟʘʚʞʜʠ ʻ ʫʥʽʢʘʣʴʥʠʤ. ʍʝʰ ʧʦʪʦʯʥʦʛʦ ʙʣʦʢʫ ʦʙʯʠʩʣʶʻʪʴʩʷ ʚ ʤʦʤʝʥʪ ʩʪʚʦʨʝʥʥʷ 

ʥʦʚʦʛʦ ʙʣʦʢʫ, ʢʦʣʠ ʚʩʽ ʽʥʰʽ ʜʘʥʥʽ ʚʞʝ ʟʘʧʦʚʥʝʥʽ. ʍʝʰ ʻ ʫʥʽʢʘʣʴʥʠʤ ʧʦʢʘʟʥʠʢʦʤ 

ʙʣʦʢʫ, ʷʢ ʚʽʜʙʠʪʦʢ ʧʘʣʴʮʷ ʣʶʜʠʥʠ. ʗʢʱʦ ʟʤʽʥʠʪʠ ʭʦʯ ʷʢʽʩʴ ʜʘʥʥʽ ʚʩʝʨʝʜʠʥʽ ʙʣʦʢʫ 

ï ʭʝʰ ʢʘʨʜʠʥʘʣʴʥʦ ʟʤʽʥʠʪʴʩʷ, ʱʦ ʡ ʙʫʜʝ ʽʜʝʥʪʠʬʽʢʫʚʘʪʠ çʥʝʟʜʦʨʦʚʠʡè ʙʣʦʢ. 

ʊʘʢʦʞ ʫ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʥʘʩʪʫʧʥʠʡ ʙʣʦʢ ʪʝʞ ʥʝ ʟʤʦʞʝ ʧʦʩʠʣʘʪʠʩʷ ʥʘ ʟʤʽʥʝʥʠʡ 

ʙʣʦʢ, ʪʦʤʫ ʱʦ ʭʝʰ ʧʦʧʝʨʝʜʥʴʦʛʦ ʙʣʦʢʫ ʥʝ ʙʫʜʝ ʟʙʽʛʘʪʠʩʷ ʟ ʭʝʰʝʤ ʟʤʽʥʝʥʦʛʦ 

ʙʣʦʢʫ, ʪʦʙʪʦ ʣʘʥʮʶʛ ʧʦʨʚʝʪʴʩʷ.   

ʇʨʠʢʣʘʜ: ʫʷʚʽʤʦ, ʱʦ ʚ ʥʘʩ ʻ ʪʨʠ ʙʣʦʢʠ, ʨʠʩ 2.1. 

 

ʈʠʩʫʥʦʢ 2.1 ï ʇʨʠʢʣʘʜ ʙʣʦʢʯʝʡʥʫ 

ʗʢʱʦ ʟʤʽʥʠʪʠ ʷʢʽʩʴ ʜʘʥʥʽ ʚʩʝʨʝʜʠʥʽ ʙʣʦʢʫ ˉ2, ʪʦʜʽ ʡʦʛʦ ʭʝʰ ʟʥʘʯʝʥʥʷ 

ʟʤʽʥʠʪʴʩʷ ʟ 5HA4 ʥʘ ʱʦʩʴ ʽʥʰʝ, ʘ ʙʣʦʢ ˉ3 ʙʫʜʝ ʧʦʩʠʣʘʪʠʩʷ ʥʘ ʥʝʽʩʥʫʶʯʠʡ ʙʣʦʢ. 

ɺ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ ʚʩʽ ʙʣʦʢʠ ʧʽʩʣʷ ʜʨʫʛʦʛʦ ʙʫʜʫʪʴ ʚʚʘʞʘʪʠʩʷ ʥʝʚʘʣʽʜʥʠʤʠ. 



му 
 
 

ɸʣʝ ʢʦʤʧôʶʪʝʨʠ ʚ ʥʘʰʽ ʜʥʽ ʜʫʞʝ ʰʚʠʜʢʽ ʡ ʤʦʞʫʪʴ ʚʠʨʘʭʦʚʫʚʘʪʠ ʩʦʪʥʽ 

ʪʠʩʷʯ ʭʝʰ ʟʥʘʯʝʥʴ ʟʘ ʩʝʢʫʥʜʫ, ʦʪʞʝ ʥʽʱʦ ʥʝ ʟʘʚʘʜʠʪʴ ʟʘʥʦʚʦ ʚʠʨʘʭʫʚʘʪʠ ʥʦʚʽ ʭʝʰ 

ʟʥʘʯʝʥʥʷ ʜʣʷ ʥʘʩʪʫʧʥʠʭ ʙʣʦʢʽʚ ʽ ʟʨʦʙʠʪʠ ʾʭ ʟʥʦʚʫ ʚʘʣʽʜʥʠʤʠ. ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʮʽʻʾ 

ʧʨʦʙʣʝʤʠ ʚ ʙʣʦʢʯʝʡʥʽ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʤʝʭʘʥʽʟʤ ʧʽʜ ʥʘʟʚʦʶ proof-of-work, ʷʢʠʡ 

ʩʧʦʚʽʣʴʥʶʻ ʧʨʦʮʝʩ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʙʣʦʢʽʚ. ʋ Bitcoin ʮʝʡ ʧʨʦʮʝʩ ʟʘʡʤʘʻ 

ʧʨʠʙʣʠʟʥʦ 10 ʭʚʠʣʠʥ, ʪʦʙʪʦ ʜʣʷ ʜʦʜʘʚʘʥʥʷ ʢʦʞʥʦʛʦ ʥʦʚʦʛʦ ʙʣʦʢʫ ʪʨʝʙʘ 

ʧʨʠʙʣʠʟʥʦ 10 ʭʚʠʣʠʥ. ʆʪʞʝ ʙʝʟʧʝʢʘ ʙʣʦʢʯʝʡʥʫ ʧʦʣʷʛʘʻ ʚ ʚʠʢʦʨʠʩʪʘʥʥʽ 

ʭʝʰʫʚʘʥʥʷ ʪʘ ʤʝʭʘʥʽʟʤʫ proof-of-work. ɿʘʟʚʠʯʘʡ ʩʫʪʴ ʮʴʦʛʦ ʤʝʭʘʥʽʟʤʫ ʧʦʣʷʛʘʻ ʫ 

ʚʠʢʦʥʘʥʥʽ ʷʢʦʾʩʴ ʪʨʫʜʦʤʽʩʪʢʦʾ ʩʢʣʘʜʥʦʾ ʤʘʪʝʤʘʪʠʯʥʦʾ ʟʘʜʘʯʽ.  

ɺʠʢʦʨʠʩʪʘʥʥʷ ʭʝʰʫʚʘʥʥʷ ʨʘʟʦʤ ʽʟ ʤʝʭʘʥʽʟʤʦʤ proof-of-work ï ʥʝ ʻʜʠʥʠʡ 

ʩʧʦʩʽʙ ʙʝʟʧʝʢʠ ʙʣʦʢʯʝʡʥʫ, ʻ ʪʘʢʦʞ ʘʩʧʝʢʪ ʽʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʨʦʟʧʦʜʽʣʝʥʦʾ ʤʝʨʝʞʽ. 

ɿʘʤʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʮʝʥʪʨʘʣʽʟʚʘʥʦʾ ʩʫʪʥʦʩʪʽ, ʷʢʘ ʫʧʨʘʚʣʷʻ ʚʩʽʤʘ ʧʨʦʮʝʩʘʤʠ, 

ʙʣʦʢʯʝʡʥ ʚʠʢʦʨʠʩʪʦʚʫʻ peer-to-peer ʤʝʨʝʞʫ. ʎʝ ʦʟʥʘʯʘʻ, ʱʦ ʢʦʞʥʠʡ ʫʯʘʩʥʠʢ 

ʙʣʦʢʯʝʡʥ ʤʝʨʝʞʽ ʤʘʻ ʩʚʦʶ çʣʦʢʘʣʴʥʫè ʢʦʧʽʶ ʚʩʽʭ ʙʣʦʢʽʚ. ʊʦʜʽ ʧʨʠ ʩʪʚʦʨʝʥʥʽ 

ʥʦʚʦʛʦ ʙʣʦʢʫ ʢʦʨʠʩʪʫʚʘʯʝʤ, ʮʝʡ ʥʦʚʠʡ ʙʣʦʢ ʧʦʚʠʥʥʘ ʧʨʠʡʥʷʪʠ ʙʽʣʴʰʽʩʪʴ ʽʥʠhʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ, ʧʝʨʝʚʽʨʠʚʰʠ ʡʦʛʦ, ʯʠ ʤʦʞʥʘ ʜʦʜʘʚʘʪʠ ʥʦʚʠʡ ʙʣʦʢ ʜʦ ʤʝʨʝʞʽ, ʯʠ ʥʽ. 

ʎʝʡ ʧʨʦʮʝʩ ʥʘʟʠʚʘʻʪʴʩʷ ʧʨʦʮʝʩʦʤ ʜʦʩʷʛʥʝʥʥʷ ʫʟʛʦʜʞʝʥʥʷ (ñConsensusò). ɺ 

ʥʘʰʦʤʫ ʚʠʧʘʜʢʫ ʙʫʜʫʪʴ ʜʽʷʪʠ ʪʨʦʭʠ ʩʧʨʦʱʝʥʥʽ ʧʨʘʚʠʣʘ: ʢʦʞʝʥ ʢʦʨʠʩʪʫʚʘʯ ʙʫʜʝ 

ʤʘʪʠ ʩʚʦʾ ʢʣʶʯʽ: ʧʫʙʣʽʯʥʠʡ ʪʘ ʧʨʠʚʘʪʥʠʡ (ʨʠʩ. 2.2). 

 

 

ʈʠʩʫʥʦʢ 2.2 ï ʉʭʝʤʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʠʚʘʪʥʦʛʦ ʪʘ ʧʫʙʣʽʯʥʦʛʦ ʢʣʶʯʽʚ ʧʨʠ 

ʩʪʚʦʨʝʥʥʽ ʥʦʚʦʛʦ ʙʣʦʢʘ 



мф 
 
 

ʇʫʙʣʽʯʥʠʡ ʢʣʶʯ ʙʫʜʝ ʚʠʩʪʫʧʘʪʠ ʪʘʢʦʞ ʽ ʚ ʨʦʣʽ ʘʜʨʝʩʠ ʢʦʨʠʩʪʫʚʘʯʘ [3]  ʡ 

ʙʫʜʝ ʚʽʜʦʤʠʡ ʚʩʽʤ ʫʯʘʩʥʠʢʘʤ. ʇʨʠʚʘʪʥʠʡ ʢʣʶʯ ʙʫʜʝ ʚʽʜʦʤʠʡ ʪʽʣʴʢʠ ʢʦʨʠʩʪʫʚʘʯʫ, 

ʷʢʦʤʫ ʚʽʥ ʥʘʣʝʞʠʪʴ. ʇʨʠ ʩʪʚʦʨʝʥʥʽ ʥʦʚʦʛʦ ʙʣʦʢʫ ʢʦʨʠʩʪʫʚʘʯ ʧʦʚʠʥʝʥ 

çʧʽʜʧʠʩʘʪʠè ʩʚʦʾʤ ʧʨʠʚʘʪʥʠʤ ʢʣʶʯʝʤ ʥʦʚʠʡ ʙʣʦʢ. ʂʦʞʥʠʡ ʥʦʚʠʡ ʙʣʦʢ ʤʽʩʪʠʪʴ ʚ 

ʩʦʙʽ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʦʪʨʠʤʫʚʘʯʘ ʪʘ ʚʽʜʧʨʘʚʥʠʢʘ, ʘ ʩʘʤʝ ʾʭ ʧʫʙʣʽʯʥʽ ʢʣʶʯʽ, ʷʢʽ 

ʚʠʩʪʫʧʘʶʪʴ ʫ ʨʦʣʽ ʾʭ ʘʜʨʝʩ. 

ɺʘʞʣʠʚʠʡ ʘʩʧʝʢʪ ʧʦʣʷʛʘʻ ʫ ʪʦʤʫ, ʱʦ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʫʙʣʽʯʥʦʛʦ ʢʣʶʯʘ 

ʤʦʞʥʘ ʧʝʨʝʚʽʨʠʪʠ, ʯʠ ʧʨʘʚʠʣʴʥʠʤ ʧʨʠʚʘʪʥʠʤ ʢʣʶʯʝʤ ʙʫʚ çʧʽʜʧʠʩʘʥʠʡè ʥʦʚʠʡ 

ʙʣʦʢ. ʊʦʙʪʦ ʤʠ ʤʦʞʝʤʦ ʫʧʝʚʥʠʪʠʩʴ, ʱʦ ʙʣʦʢ ʙʫʚ ʩʪʚʦʨʝʥʠʡ ʽ ʧʽʜʧʠʩʘʥʠʡ 

ʩʧʨʘʚʞʥʽʤ ʢʦʨʠʩʪʫʚʘʯʝʤ ʤʝʨʝʞʽ. 

ʋ ʥʘʰʽʡ ʧʨʦʛʨʘʤʽ ʯʝʨʝʟ ʷʢʠʡʩʴ ʚʠʙʨʘʥʠʡ ʧʨʦʤʽʞʦʢ ʯʘʩʫ ʢʦʨʠʩʪʫʚʘʯʽ 

ʙʫʜʫʪʴ ʚʽʜʩʠʣʘʪʠ ʩʚʦʾ ʢʦʧʽʾ ʙʣʦʢʯʝʡʥʽʚ ʦʜʠʥ ʦʜʥʦʤʫ ʡ ʷʢʱʦ ʦʪʨʠʤʘʥʽ ʙʣʦʢʯʝʡʥʠ 

ʥʝ ʙʫʜʫʪʴ ʧʨʦʭʦʜʠʪʠ ʧʝʨʝʚʽʨʢʫ ʟ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʧʫʙʣʽʯʥʦʛʦ ʢʣʶʯʘ, ʪʦ ʚʦʥʠ 

ʙʫʜʫʪʴ çʚʽʜʢʠʥʫʪʽè, ʪʦʙʪʦ ʽʥʰʽ ʢʦʨʠʩʪʫʚʘʯʽ ʥʝ ʦʥʦʚʣʷʪʴ ʩʚʦʾ çʣʦʢʘʣʴʥʽè 

ʙʣʦʢʯʝʡʥʠ. ʋ ʚʠʧʘʜʢʫ ʷʢʱʦ ʚʝʨʠʬʽʢʘʮʽʷ ʧʨʦʡʜʝ ʫʩʧʽʰʥʦ, ʪʦ ʽʥʰʽ ʢʦʨʠʩʪʫʚʘʯʽ 

ʟʘʤʽʥʷʪʴ ʩʚʽʡ çʣʦʢʘʣʴʥʠʡè ʙʣʦʢʯʝʡʥ ʥʘ ʙʽʣʴʰ çʩʚʽʞʠʡè ʽʟ ʥʦʚʠʤ ʙʣʦʢʦʤ.  

ʋ ʨʝʘʣʴʥʦʤʫ ʞʠʪʪʽ, ʷʢʱʦ ʭʪʦʩʴ ʦʪʨʠʤʘʻ ʜʦʩʪʫʧ ʜʦ ʧʨʠʚʘʪʥʦʛʦ ʢʣʶʯʘ 

ʢʦʨʠʩʪʫʚʘʯʘ, ʪʦ ʽʥʰʽ ʢʦʨʠʩʪʫʚʘʯʽ ʤʦʞʫʪʴ ʧʨʦʩʪʦ ʥʝ ʧʨʠʡʤʘʪʠ ʥʽʷʢʽ ʥʦʚʽ ʙʣʦʢʠ 

ʚʽʜ ʟʣʘʤʘʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ. ʊʘʢʠʤ ʯʠʥʦʤ ʟʣʦʚʤʠʩʥʠʢʫ ʜʦʚʝʜʝʪʴʩʷ ʟʘʚʦʣʦʜʽʪʠ 

ʧʨʠʚʘʪʥʠʤʠ ʢʣʶʯʘʤʠ ʙʽʣʴʰʦʩʪʽ ʫʯʘʩʥʠʢʽʚ ʤʝʨʝʞʽ, ʫ Bitcoin ʢʽʣʴʢʽʩʪʴ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʟʘ ʦʩʪʘʥʥʽʤʠ ʜʘʥʠʤʠ ʩʢʣʘʜʘʻ 219 ʤʽʣʴʡʦʥʽʚ. ʊʦʙʪʦ ʟʣʦʚʤʠʩʥʠʢʫ 

ʪʨʝʙʘ ʟʘʚʦʣʦʜʽʪʠ ʭʦʯʘ ʙ 111 ʤʽʣʴʡʦʥʘʤʠ ʧʨʠʚʘʪʥʠʭ ʢʣʶʯʽʚ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʱʦʙ 

çʨʦʟʙʣʦʢʫʚʘʪʠè ʙʽʣʴʰʽʩʪʴ ʛʦʣʦʩʽʚ ʜʣʷ ʩʚʦʾʭ ʪʨʘʥʟʘʢʮʽʡ.   

ʂʦʞʥʠʡ ʙʣʦʢ ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ ʧʝʚʥʽ ʜʘʥʽ: ʪʨʘʥʟʘʢʮʽʾ. ɺ ʨʘʤʢʘʭ ʜʠʧʣʦʤʥʦʛʦ 

ʧʨʦ̒ʢʪʫ ʙʫʜʝ ʨʝʘʣʽʟʦʚʘʥʦ 2 ʪʠʧʠ ʪʨʘʥʟʘʢʮʽʡ: ʧʝʨʝʜʘʯʘ ʧʨʘʚ ʚʣʘʩʥʦʩʪʽ ʥʘ ʪʚʽʨ ʪʘ 

ʣʽʮʝʥʟʫʚʘʥʥʷ. ɺʩʷ ʽʥʬʦʨʤʘʮʽʷ ʱʦʜʦ ʧʨʘʚ ʚʣʘʩʥʦʩʪʽ ʽ ʣʽʮʝʥʟʫʚʘʥʥʷ ʙʫʜʝ 

ʟʙʝʨʽʛʘʪʠʩʷ ʚ ʙʣʦʢʯʝʡʥʽ. ʉʘʤʽ ʪʚʦʨʠ ʙʫʜʫʪʴ ʟʙʝʨʽʛʘʪʠʩʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦ, ʪʦʞ 

ʢʦʞʝʥ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʦʪʨʠʤʘʪʠ ʜʦʩʪʫʧ ʜʦ ʙʘʟʠ ʜʘʥʠʭ ʪʚʦʨʽʚ (ʨʠʩ. 2.3). ʎʝ 

ʜʦʟʚʦʣʷʻ ʟʤʝʥʰʠʪʠ ʦʙôʻʤ ʜʘʥʠʭ, ʷʢʽ ʪʨʝʙʘ ʟʙʝʨʽʛʘʪʠ ʚ ʙʣʦʢʯʝʡʥʽ, ʱʦ ʟʘʙʝʟʧʝʯʫʻ 

ʙʽʣʴʰ ʰʚʠʜʢʫ ʡʦʛʦ ʦʙʨʦʙʢʫ ʪʘ ʧʝʨʝʜʘʯʫ. ʊʘʢʠʤ ʯʠʥʦʤ ʜʣʷ ʪʦʛʦ, ʱʦʙ ʟʥʘʡʪʠ, ʷʢʽ 

ʪʚʦʨʠ ʥʘʣʝʞʘʪʴ ʧʝʚʥʦʤʫ ʢʦʨʠʩʪʫʚʘʯʫ, ʪʨʝʙʘ ʧʨʦʡʪʠʩʴ ʧʦ ʙʣʦʢʯʝʡʥʫ ʪʘ 

ʧʦʜʠʚʠʪʠʩʴ, ʢʦʤʫ ʦʩʪʘʥʥʴʦʤʫ ʙʫʣʠ ʧʝʨʝʜʘʥʽ ʧʨʘʚʘ ʚʣʘʩʥʦʩʪʽ. ʇʨʠ ʧʝʨʝʚʽʨʮʽ 
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ʢʦʞʥʦʛʦ ʙʣʦʢʫ ʙʫʜʝ ʧʝʨʝʚʽʨʷʪʠʩʷ, ʯʠ ʤʘʻ ʫʯʘʩʥʠʢ ʧʨʘʚʘ ʚʣʘʩʥʦʩʪʽ ʥʘ ʪʚʽʨ ʜʣʷ 

ʪʦʛʦ, ʱʦʙ ʨʦʙʠʪʠ ʙʫʜʴ-ʷʢʽ ʤʘʥʽʧʫʣʷʮʽʾ ʡʦʛʦ ʧʨʘʚʘʤʠ. 

 

 

ʈʠʩʫʥʦʢ 2.3 ï ʉʭʝʤʘ ʣʦʛʽʯʥʦʛʦ ʨʦʟʜʽʣʝʥʥʷ ʤʽʞ ʤʽʩʮʝʤ ʟʙʝʨʽʛʘʥʥʷ ʪʚʦʨʽʚ ʪʘ ʧʨʘʚ 

ʥʘ ʪʚʦʨʠ 

ʃʦʛʽʯʥʦ ʩʪʘʻ ʟʨʦʟʫʤʽʣʦ, ʱʦ ʢʦʞʥʠʡ ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʧʨʦʘʥʘʣʽʟʫʚʘʪʠ ʙʣʦʢʯʝʡʥ 

ʪʘ ʟʥʘʡʪʠ ʽʩʪʦʨʽʶ ʢʦʞʥʦʛʦ ʪʚʦʨʫ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ ʧʨʦʟʦʨʽʩʪʴ ʩʠʩʪʝʤʠ, ʱʦ ʻ ʜʫʞʝ 

ʚʘʞʣʠʚʠʤ ʬʘʢʪʦʨʦʤ ʜʣʷ ʚʽʜʩʪʝʞʝʥʥʷ ʽʩʪʦʨʽʾ ʢʦʞʥʦʛʦ ʪʚʦʨʫ.  

 

2.2 ʈʦʟʨʦʙʢʘ ʧʨʦʛʨʘʤʠ 

ʈʦʟʨʦʙʢʘ ʦʩʥʦʚʥʦʾ ʧʨʦʛʨʘʤʠ ʣʦʛʽʯʥʦ ʨʦʟʙʠʪʘ ʥʘ 4 ʨʦʟʜʽʣʠ. 

2.2.1 ʆʧʠʩ ʚʠʢʦʨʠʩʪʘʥʠʭ ʪʝʭʥʦʣʦʛʽʡ (ʟʘʣʝʞʥʦʩʪʽ ʧʨʦʻʢʪʫ) 

ɼʣʷ ʨʦʟʨʦʙʢʠ ʧʨʦʛʨʘʤʠ ʙʫʣʦ ʦʙʨʘʥʦ ʤʦʚʫ ʧʨʦʛʨʘʤʫʚʘʥʥʷ Java ʚʝʨʩʽʾ 17. ɹʫʣʦ 

ʟʘʚʘʥʪʘʞʝʥʦ ʦʬʽʮʽʡʥʠʡ ʙʝʟʢʦʰʪʦʚʥʠʡ ʧʘʢʝʪ Java JDK 17 ʽʟ ʙʽʙʣʽʦʪʝʢʘʤʠ JavaFX 

ʚʽʜ Azul. ɹʽʙʣʽʦʪʝʢʠ JavaFX ʙʫʣʠ ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʧʦʙʫʜʫʚʘʥʥʷ ʛʨʘʬʽʯʥʦʛʦ 

ʽʥʪʝʨʬʝʡʩʫ ʧʨʦʛʨʘʤʠ. ɺ ʷʢʦʩʪʽ ʩʝʨʝʜʦʚʠʱʘ ʨʦʟʨʦʙʢʠ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ Intellij 

IDEA. ɺʠʙʽʨ ʤʦʚʠ ʧʨʦʛʨʘʤʫʚʘʥʥʷ ʪʘ ʩʝʨʝʜʦʚʠʱʘ ˇʨʫʥʪʫʶʪʴʩʷ ʥʘ ʧʦʪʦʯʥʦʤʫ 

ʜʦʩʚʽʜʽ ʚʠʢʦʥʘʚʮʷ.   

ɺ ʷʢʦʩʪʽ ʣʦʢʘʣʴʥʦʾ ʙʘʟʠ ʜʘʥʠʭ ʢʦʨʠʩʪʫʚʘʯʘ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʙʣʦʢʯʝʡʥʫ ʙʫʣʦ 

ʦʙʨʘʥʦ ʙʘʟʫ ʜʘʥʠʭ H2. ɺʦʥʘ ʽʜʝʘʣʴʥʦ ʧʽʜʭʦʜʠʪʴ ʜʣʷ ʦʜʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ, ʪʦʤʫ ʱʦ 

ʚ ʙʘʟʦʚʦʤʫ ʨʝʞʠʤʽ ʧʽʜʪʨʠʤʫʻ ʣʠʰʝ 1 ʟôʻʜʥʘʥʥʷ. ʇʝʨʝʚʘʛʦʶ H2 ʙʘʟʠ ʜʘʥʠʭ ʻ ʚ 

ʪʦʤʫ, ʱʦ ʚʦʥʘ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʻ in-memory database, ʪʦʙʪʦ ʥʝ ʧʦʪʨʽʙʥʦ 

ʟʘʧʫʩʢʘʪʠ ʾʾ ʦʢʨʝʤʦ ʚʽʜ ʧʨʦʛʨʘʤʠ, ʘ ʜʘʥʥʽ ʚʦʥʘ ʤʦʞʝ ʟʙʝʨʽʛʘʪʠ ʚ ʬʘʡʣ.  
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ɺ ʷʢʦʩʪʽ ʮʝʥʪʨʘʣʽʟʦʚʘʥʦʾ ʙʘʟʠ ʜʘʥʠʭ ʜʣʷ ʪʚʦʨʽʚ ʙʫʣʦ ʦʙʨʘʥʦ ʙʘʟʫ ʜʘʥʠʭ 

Cassandra. ʎʝ ʥʝʨʝʣʷʮʽʡʥʘ ʙʘʟʘ ʜʘʥʠʭ ʦʨʽʻʥʪʦʚʘʥʘ ʙʽʣʴʰʝ ʥʘ ʟʙʝʨʽʛʘʥʥʷ ʚʝʣʠʢʠʭ 

ʪʝʢʩʪʦʚʠʭ ʜʘʥʠʭ. Cassandra ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʧʽʜʪʨʠʤʫʻ ʜʝʢʽʣʴʢʘ ʟôʻʜʥʘʥʴ 

ʦʜʥʦʯʘʩʥʦ. ɼʣʷ ʟʘʧʫʩʢʫ ʮʽʻʾ ʙʘʟʠ ʜʘʥʠʭ ʙʫʣʦ ʚʠʢʦʨʠʩʪʘʥʦ ʧʨʦʛʨʘʤʫ ʜʣʷ 

ʚʽʨʪʫʘʣʴʥʠʭ ʢʦʥʪʝʡʥʝʨʽʚ docker. ɹʫʣʦ ʩʪʚʦʨʝʥʦ ʥʘʩʪʫʧʥʠʡ docker-compose.yml 

ʬʘʡʣ ʜʣʷ ʟʘʧʫʩʢʫ ʙʘʟʠ ʜʘʥʠʭ Cassandra ʥʘ ʣʦʢʘʣʴʥʦʤʫ ʢʦʤʧôʶʪʝʨʽ: 

version: '3' 

services: 

  cassandra: 

    image: cassandra:3.11 

    ports: 

      - "9042:9042" 

    environment: 

      MAX_HEAP_SIZE: 1024M 

      HEAP_NEWSIZE: 800M # 100 * CPU cores 

    volumes: 

      - ./data/cassandra/scripts:/cql 

      - ./data/cassandra_data:/var/lib/cassandra 

ʗʢ ʚʠʜʥʦ ʟ ʬʘʡʣʫ, ʚ ʬʘʡʣʦʚʽʡ ʩʪʨʫʢʪʫʨʽ ʧʨʦʢ̒ʪʫ ʻ ʜʠʨʝʢʪʦʨʽʷ, ʱʦ ʟʙʝʨʽʛʘʻ ʚ 

ʩʦʙʽ ʩʢʨʠʧʪ ʜʣʷ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʙʘʟʠ ʜʘʥʠʭ. ʊʘʢʦʞ ʚʘʞʣʠʚʠʤ ʤʦʤʝʥʪʦʤ ʻ 

ʧʨʦ̒ʢʪʫʚʘʥʥʷ ʧʦʨʪʫ 9042 ʟ ʢʦʥʪʝʡʥʝʨʘ ʥʘ ʧʦʨʪ 9042 ʢʦʤʧôʶʪʝʨʘ. ʗʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 

2.4, ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʩʢʨʠʧʪ 001-cas_init.cql ʜʣʷ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʧʨʦʩʪʦʨʫ ʽʤʝʥ 

ʫʩʝʨʝʜʥʝʥʽ ʙʘʟʠ ʜʘʥʠʭ: 

CREATE KEYSPACE IF NOT EXISTS rights_manager WITH REPLICATION = { 

'class' : 'SimpleStrategy', 'replication_factor' : 1 }; 

ʇʨʦʩʪʽʨ ʽʤʝʥ ʙʫʣʦ ʥʘʟʚʘʥʦ çrights_managerè. ʉʘʤʝ ʚ ʥʴʦʤʫ ʙʫʣʘ ʩʪʚʦʨʝʥʘ 

ʪʘʙʣʠʮʷ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʪʚʦʨʽʚ. 

 

ʈʠʩʫʥʦʢ 2.4 ï ʏʘʩʪʠʥʘ ʬʘʡʣʦʚʦʾ ʩʪʨʫʢʪʫʨʠ ʧʨʦʢ̒ʪʫ 

ʋ ʜʦʜʘʪʢʫ ɸ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʚʤʽʩʪ ʦʩʥʦʚʥʦʛʦ pom.xml ʬʘʡʣʫ, ʷʢʠʡ ʤʽʩʪʠʪʴ 

ʫ ʩʦʙʽ ʚʩʽ ʟʘʣʝʞʥʦʩʪʽ, ʚʝʨʩʽʾ ʪʘ ʧʣʘʛʽʥʠ ʜʣʷ ʧʦʙʫʜʦʚʠ ʧʨʦʢ̒ʪʫ, ʾʭ ʥʝʙʘʛʘʪʦ: lombok 
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ʚʝʨʩʽʾ 1.18.28 ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʘʤʽʥʠ ʩʪʘʥʜʘʨʪʥʦʛʦ ʢʦʜʫ ʛʝʥʝʨʘʪʠʚʥʠʤ, h2 

ʙʽʙʣʽʦʪʝʢʘ ʚʝʨʩʽʾ 2.1.214 ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʜʨʘʡʚʝʨ ʜʣʷ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ H2 ʙʘʟʠ 

ʜʘʥʠʭ, gson ʚʝʨʩʽʾ 2.10.1 ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʝʨʽʘʣʽʟʘʮʽʾ Java-ʦʙôʻʢʪʽʚ ʫ Json 

ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ ʚ ʙʘʟʽ ʜʘʥʠʭ, commons-lang3 ʚʝʨʩʽʾ 3.12.0 ʤʽʩʪʠʪʴ ʜʦʧʦʤʽʞʥʽ ʢʣʘʩʠ 

ʜʣʷ ʨʦʙʦʪʠ ʟ ʨʽʟʥʠʤʠ ʪʠʧʘʤʠ ʜʘʥʠʭ, com.datastax.oss/java-driver-core ʚʝʨʩʽʾ 4.17.0 

ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʜʨʘʡʚʝʨ ʜʣʷ ʨʦʙʦʪʠ ʟ ʙʘʟʦʶ ʜʘʥʠʭ Cassadnra. ɹʽʙʣʽʦʪʝʢʠ javafx, 

javafx-graphics, javafx-fxml, javafx-controls ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʧʦʙʫʜʦʚʠ 

ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ.  

ʇʣʘʛʽʥ maven-compiler-plugin ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʢʦʤʧʽʣʷʮʽʾ ʧʨʦʢ̒ʪʫ, 

javafx-maven-plugin ʜʣʷ ʟʘʧʫʩʢʫ ʛʨʘʬʽʯʥʠʭ ʝʣʝʤʝʥʪʽʚ JavaFX, maven-shade-plugin 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʟʙʠʨʘʥʥʷ ʚʩʽʭ ʟʘʣʝʞʥʦʩʪʝʡ ʚ ʦʜʠʥ ʘʨʭʽʚ ñfat jarò. 

2.2.2 ʆʧʠʩ ʩʪʚʦʨʝʥʠʭ ʩʫʪʥʦʩʪʝʡ  

ɹʫʣʦ ʩʪʚʦʨʝʥʦ 4 ʦʩʥʦʚʥʽ ʩʫʪʥʦʩʪʽ: Block, Transaction, Wallet ʪʘ Work.  

ʉʫʪʥʽʩʪʴ Block ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʥʘʩʪʫʧʥʽ ʦʩʥʦʚʥʽ ʧʦʣʷ:  

String id = UUID.randomUUID().toString(); 

byte[] prevHash; 

private byte[] currHash; 

private String timestamp; 

private byte[] minedBy; 

private Integer miningPoints = 0; 

private Double luck = 0.0; 

private Transaction transaction; 

ʇʦʣʝ id ʚʠʩʪʫʧʘʻ ʫʥʽʢʘʣʴʥʠʤ ʽʜʝʥʪʠʬʽʢʘʪʦʨʦʤ ʙʣʦʢʘ ʚ ʙʘʟʽ ʜʘʥʠʭ, ʧʦʣʝ 

prevHash ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ ʜʘʥʽ ʭʝʰʫ ʧʦʧʝʨʝʜʥʴʦʛʦ ʙʣʦʢʘ, ʧʦʣʝ currHash ʤʽʩʪʠʪʴ ʚ 

ʩʦʙʽ ʜʘʥʽ ʭʝʰʫ ʧʦʪʦʯʥʦʛʦ ʙʣʦʢʫ, ʧʦʣʝ timestamp ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ ʜʘʪʫ ʩʪʚʦʨʝʥʥʷ 

ʙʣʦʢʫ, ʧʦʣʝ minedBy ʤʽʩʪʠʪʴ ʜʘʥʽ ʧʨʦ ʪʦʛʦ, ʭʪʦ ʩʪʚʦʨʠʚ ʮʝʡ ʙʣʦʢ, ʧʦʣʝ luck 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʚʠʨʽʰʝʥʥʷ ʢʦʥʬʣʽʢʪʽʚ ʦʜʥʦʯʘʩʥʦ ʩʪʚʦʨʝʥʠʭ ʙʣʦʢʽʚ, ʧʦʣʝ 

transaction ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʨʘʥʟʘʢʮʽʶ. 

ɹʫʣʦ ʩʪʚʦʨʝʥʦ ʜʝʢʽʣʴʢʘ ʢʦʥʩʪʨʫʢʪʦʨʽʚ ʜʣʷ ʢʣʘʩʫ Block. ʇʝʨʰʠʡ 

ʢʦʥʩʪʨʫʢʪʦʨ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʽʥʽʮʽʘʣʽʟʘʮʽʾ ʙʣʦʢʫ ʟ ʙʘʟʠ ʜʘʥʠʭ: 

     public Block(String id, byte[] prevHash, byte[] currHash, String 

timestamp, byte[] minedBy, Integer miningPoints, Double luck) { 

        this.id = id; 

        this.prevHash = prevHash; 

        this.currHash = currHash; 
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        this.timestamp = timestamp; 

        this.minedBy = minedBy; 

        this.miningPoints = miningPoints; 

        this.luck = luck; 

    } 

ɼʨʫʛʠʡ ʢʦʥʩʪʨʫʢʪʦʨ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʙʣʦʢʫ, ʢʦʣʠ ʻ 

ʧʦʧʝʨʝʜʥʽʡ: 

    public Block(Block lastBlock) { 

        this.prevHash = lastBlock.getCurrHash(); 

        this.luck = Math.random() * 1000000; 

    } 

ʊʨʝʪʽʡ ʢʦʥʩʪʨʫʢʪʦʨ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʘʡʧʝʨʰʦʛʦ ʙʣʦʢʫ: 

    public Block() { 

        this.prevHash = new byte[]{0}; 

        this.luck = Math.random() * 1000000; 

    } 

ʇʽʜʧʠʩʘʥʥʷ ʙʣʦʢʫ ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʣʘʩ Signature, ʷʢʠʡ ʙʫʚ ʽʥʽʮʽʘʣʽʟʦʚʘʥʠʡ 

ʧʨʠʚʘʪʥʠʤ ʢʣʶʯʝʤ ʢʦʨʠʩʪʫʚʘʯʘ. ʉʝʥʩ ʧʽʜʧʠʩʘʥʥʷ ï ʩʪʚʦʨʠʪʠ ʭʝʰ ʜʘʥʦʛʦ ʙʣʦʢʫ, 

ʧʽʜʧʠʩʘʥʠʡ ʧʨʠʚʘʪʥʠʤ ʢʣʶʯʝʤ ʽ ʷʢʠʡ ʤʦʞʥʘ ʧʝʨʝʚʽʨʠʪʠ ʧʫʙʣʽʯʥʠʤ ʢʣʶʯʝʤ: 

    public void sign(Signature signature) throws SignatureException { 

        signature.update(this.toString().getBytes()); 

        this.currHash = signature.sign(); 

    } 

ʇʝʨʝʚʽʨʢʘ ʙʣʦʢʫ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʫʙʣʽʯʥʦʛʦ ʢʣʶʯʘ ʚ ʪʘʢʦʤʫ ʚʠʧʘʜʢʫ 

ʚʠʛʣʷʜʘʻ ʥʘʩʪʫʧʥʠʤ ʯʠʥʦʤ: 

     public boolean isVerified(Signature signing) throws SignatureException, 

NoSuchAlgorithmException, 

            InvalidKeySpecException, InvalidKeyException { 

 

        PublicKey publicKey = KeyUtils.create(minedBy); 

 

        signing.initVerify(publicKey); 

        signing.update(this.toString().getBytes()); 

        return signing.verify(this.currHash); 

    } 

ʇʝʨʝʚʽʨʢʘ ʽʜʝʥʪʠʯʥʦʩʪʽ ʟʚʦʜʠʪʴʩʷ ʜʦ ʧʝʨʝʚʽʨʢʠ ʧʦʧʝʨʝʜʥʴʦʛʦ ʭʝʰʫ: ʷʢʱʦ 

ʚʽʥ ʦʜʥʘʢʦʚʠʡ ï ʪʦ ʙʣʦʢʠ ʦʜʥʘʢʦʚʽ: 

    @Override 

    public boolean equals(Object o) { 
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        if (this == o) return true; 

        if (!(o instanceof Block)) return false; 

        Block block = (Block) o; 

        return Arrays.equals(getPrevHash(), 

                block.getPrevHash()); 

    } 

 

    @Override 

    public int hashCode() { 

        return Arrays.hashCode(getPrevHash()); 

    } 

ɺʘʞʣʠʚʠʤ ʤʦʤʝʥʪʦʤ ʻ ʧʝʨʝʚʠʟʥʘʯʝʥʠʡ ʤʝʪʦʜ toString. ʋ ʥʴʦʛʦ 

ʚʢʣʶʯʘʶʪʴʩʷ ʧʦʣʷ: ʧʦʧʝʨʝʜʥʽʡ ʭʝʰ, ʜʘʪʘ ʩʪʚʦʨʝʥʥʷ ʙʣʦʢʫ, ʘʚʪʦʨ, ʚʜʘʯʘ: 

    @Override 

    public String toString() { 

        return "Block{" + 

               "prevHash=" + 

Base64.getEncoder().encodeToString(prevHash) + 

                ", timeStamp='" + timestamp + '\'' + 

                ", minedBy=" + 

Base64.getEncoder().encodeToString(minedBy) + 

                ", miningPoints=" + miningPoints + 

                ", luck=" + luck + 

                '}'; 

    } 

ɺʘʞʣʠʚʦ ʧʘʤôʷʪʘʪʠ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʜʫʚʘʥʥʷ Base64 ʜʣʷ ʪʘʢʠʭ ʜʘʥʠʭ ʷʢ 

ʭʝʰʽʚ ʪʘ ʢʣʶʯʝʡ. ʗʢʱʦ ʥʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʢʦʜʫʚʘʥʥʷ, ʪʦ ʧʨʠ ʩʪʚʦʨʝʥʥʽ ʩʪʨʦʢ ʽʟ 

ʙʘʡʪʽʚ ʜʣʷ ʚʽʜʦʙʨʘʞʝʥʥʷ ʯʠ ʟʙʝʨʽʛʘʥʥʷ ʚ ʙʘʟʽ ʜʘʥʠʭ, ʤʘʩʠʚʠ ʙʘʡʪʽʚ ʙʫʜʫʪʴ ʟʤʽʥʝʥʽ 

ï ʜʘʥʽ ʚʪʨʘʯʝʥʽ. 

ʉʫʪʥʽʩʪʴ Transaction ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʥʘʩʪʫʧʥʽ ʧʦʣʷ: 

private byte[] from; 

private byte[] to; 

private WorkTransactionPayload payload; 

private final String blockId; 

private final String timestamp; 

private final byte[] signature; 

private String id = UUID.randomUUID().toString(); 

ʇʦʣʝ from ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʚʽʜʧʨʘʚʥʠʢʘ, ʧʦʣʝ to ʤʽʩʪʠʪʴ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʦʪʨʠʤʫʚʘʯʘ, ʧʦʣʝ payload ʟʙʝʨʽʛʘʻ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʚʽʨ, ʷʢʠʡ 

ʧʝʨʝʜʘʻʪʴʩʷ ʚ ʧʦʪʦʯʥʽʡ ʪʨʘʥʟʘʢʮʽʾ, ʧʦʣʝ blockId ʟʙʝʨʽʛʘʻ ʽʜʝʥʪʠʬʽʢʘʪʦʨ ʙʣʦʢʫ ʜʦ 
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ʷʢʦʛʦ ʥʘʣʝʞʠʪʴ ʧʦʪʦʯʥʘ ʪʨʘʥʟʘʢʮʽʷ, ʧʦʣʝ timestamp ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʪʝ, 

ʢʦʣʠ ʪʨʘʥʟʘʢʮʽʷ ʙʫʣʘ ʩʪʚʦʨʝʥʘ, ʧʦʣʝ signature ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʜʘʥʽ ʭʝʰʫ ʧʦʪʦʯʥʦʾ 

ʪʨʘʥʟʘʢʽʾ, ʧʦʣʝ id ʻ ʫʥʽʢʘʣʴʥʠʤ ʽʜʝʥʪʠʬʽʢʘʪʦʨʦʤ ʪʨʘʥʟʘʢʮʽʾ ʚ ʙʘʟʽ ʜʘʥʠʭ. 

ʂʣʘʩ Transaction ʪʘʢʦʞ ʤʘʻ ʜʝʢʽʣʴʢʘ ʢʦʥʩʪʨʫʢʪʦʨʽʚ, ʤʝʪʦʜ ʜʣʷ ʧʝʨʝʚʽʨʢʠ 

ʪʨʘʥʟʘʢʮʽʾ, ʷʢ ʫ ʢʣʘʩʫ Block, ʧʝʨʝʚʘʥʪʘʞʝʥʽ ʤʝʪʦʜʠ equals, hashCode ʪʘ toString. 

ʇʦʚʥʠʡ ʢʦʜ ʢʣʘʩʫ Transaction ʤʽʩʪʠʪʴʩʷ ʚ ʜʦʜʘʪʢʫ ɸ, ʧʫʥʢʪ ɸ.2. 

ʉʫʪʥʽʩʪʴ Wallet ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʧʫʙʣʽʯʥʠʡ ʪʘ ʧʨʠʚʘʪʥʠʡ ʢʣʶʯʽ. ɼʣʷ ʛʝʥʝʨʘʮʽʾ 

ʢʣʶʯʽʚ ʙʫʣʦ ʦʙʨʘʥʦ ʘʣʛʦʨʠʪʤ Digital Signature Algorithm (DSA). ʈʦʟʤʽʨ ʢʣʶʯʽʚ 

2048. ʇʦʚʥʠʡ ʢʦʜ ʢʣʘʩʫ Wallet ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʚ ʜʦʜʘʪʢʫ ɸ, ʧʫʥʢʪ ɸ.3. 

ʉʫʪʥʽʩʪʴ Work ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʥʘʩʪʫʧʥʽ ʧʦʣʷ: 

private final String id; 

private final String title; 

private final long sizeInBytes; 

private final String creator; 

private final LocalDate creationDate; 

private final WorkType type; 

ʇʦʣʝ id ʻ ʫʥʽʢʘʣʴʥʠʤ ʽʜʝʥʪʠʬʽʢʘʪʦʨʦʤ ʪʚʦʨʫ ʚ ʙʘʟʽ ʜʘʥʠʭ, ʧʦʣʝ title ʤʽʩʪʠʪʴ 

ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʥʘʟʚʫ ʪʚʦʨʫ, ʧʦʣʝ sizeInBytes ʤʽʩʪʠʪʴ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʨʦʟʤʽʨ 

ʪʚʦʨʫ ʚ ʙʘʡʪʘʭ, ʧʦʣʝ creator ʤʽʩʪʠʪʴ ʜʘʥʽ ʧʨʦ ʘʚʪʦʨʘ ʪʚʦʨʫ, ʧʦʣʝ creationDate 

ʤʽʩʪʠʪʴ ʫ ʩʦʙʽ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ ʜʘʪʫ ʩʪʚʦʨʝʥʥʷ ʪʚʦʨʫ, ʧʦʣʝ type ʚʢʘʟʫʻ ʥʘ ʪʠʧ 

ʪʚʦʨʫ. ɹʫʣʦ ʩʪʚʦʨʝʥʦ ʧʽʜʪʨʠʤʢʫ 3 ʚʠʜʽʚ ʪʚʦʨʽʚ: ʘʫʜʽʦ ʪʚʦʨʠ, ʪʝʢʩʪʦʚʽ ʪʚʦʨʠ ʪʘ 

ʪʚʦʨʠ-ʟʦʙʨʘʞʝʥʥʷ.  

 

2.2.3 ʆʧʠʩ ʪʘʙʣʠʮʴ ʙʘʟ ʜʘʥʠʭ 

1) blockchain.db  

ɼʣʷ ʟʙʝʨʽʛʘʥʥʷ ʙʣʦʢʽʚ ʙʫʣʦ ʩʧʨʦʢ̒ʪʦʚʘʥʦ ʪʘʙʣʠʮʶ ʚ ʣʦʢʘʣʴʥʽʡ H2 ʙʘʟʽ ʜʘʥʠʭ: 

CREATE TABLE IF NOT EXISTS blockchain (" 

+ "id VARCHAR(255) PRIMARY KEY," 

+ "previous_hash VARCHAR(2000)," 

+ "current_hash VARCHAR(2000)," 

+ "created_on TIMESTAMP," 

+ "created_by VARCHAR(2000)," 

+ "mining_points INT," 

+ "luck NUMERIC" 

+ ")"; 
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    ɯʥʪʝʨʬʝʡʩ ʜʣʷ ʨʦʙʦʪʠ ʟ ʮʽʻʶ ʪʘʙʣʠʮʝʶ ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ: 

    List<Block> findAllBlocks(); 

  void saveBlock(BlockRequest blockRequest); 

  void deleteAllBlocks(); 

ɯʥʪʝʨʬʝʡʩ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʚ ʢʣʘʩʽ BlockchainPersistenceImpl, ʡʦʛʦ ʢʦʜ ʤʦʞʥʘ 

ʟʥʘʡʪʠ ʚ ʜʦʜʘʪʢʫ ɸ, ʧʫʥʢʪ ɸ.4.  

2) transaction.db 

ɼʣʷ ʟʙʝʨʽʛʘʥʥʷ ʪʨʘʥʟʘʢʮʽʡ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʪʘʙʣʠʮʶ ʚ ʣʦʢʘʣʴʥʽʡ H2 ʙʘʟʽ ʜʘʥʠʡ: 

"CREATE TABLE IF NOT EXISTS transaction (" 

+ "id VARCHAR(255) PRIMARY KEY," 

+ "\"from\" VARCHAR(2000)," 

+ "\"to\" VARCHAR(2000)," 

+ "payload VARCHAR(2000)," 

+ "block_id VARCHAR(255)," 

+ "created_on TIMESTAMP," 

+ "signature VARCHAR(2000)" 

+ ")"; 

    ɯʥʪʝʨʬʝʡʩ ʜʣʷ ʨʦʙʦʪʠ ʟ ʮʽʻʶ ʪʘʙʣʠʮʝʶ ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ: 

    void save(TransactionRequest transactionRequest); 

    Transaction findTransactionByBlockId(String blockId); 

    void deleteAllTransactions(); 

    List<Transaction> findAllTransactions(); 

ɯʥʪʝʨʬʝʡʩ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʚ ʢʣʘʩʽ TransactionPersistenceImpl, ʡʦʛʦ ʢʦʜ ʤʦʞʥʘ 

ʟʥʘʡʪʠ ʚ ʜʦʜʘʪʢʫ ɸ, ʧʫʥʢʪ ɸ.5. 

3) wallet.db 

ɼʣʷ ʟʙʝʨʽʛʘʥʥʷ ʢʣʶʯʽʚ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʪʘʙʣʠʮʶ ʚ ʣʦʢʘʣʴʥʽʡ H2 ʙʘʟʽ ʜʘʥʠʡ: 

"CREATE TABLE IF NOT EXISTS wallet (" 

+ "private_key VARCHAR(2000) UNIQUE," 

+ "public_key VARCHAR(2000) UNIQUE," 

+ "PRIMARY KEY(private_key, public_key)" 

+ ")" 

    ɯʥʪʝʨʬʝʡʩ ʜʣʷ ʨʦʙʦʪʠ ʟ ʮʽʻʶ ʪʘʙʣʠʮʝʶ ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ: 

    List<Wallet> findAllWallets(); 

    void saveWallet(WalletRequest walletRequest); 

ɯʥʪʝʨʬʝʡʩ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʚ ʢʣʘʩʽ WalletPersistenceImpl, ʡʦʛʦ ʢʦʜ ʤʦʞʥʘ 

ʟʥʘʡʪʠ ʚ ʜʦʜʘʪʢʫ ɸ, ʧʫʥʢʪ ɸ.6. 
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4) work.db 

ɼʣʷ ʟʙʝʨʽʛʘʥʥʷ ʪʚʦʨʽʚ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʪʘʙʣʠʮʶ ʚ ʮʝʥʪʨʘʣʽʟʦʚʘʥʽʡ Cassandra ʙʘʟʽ 

ʜʘʥʠʡ: 

"CREATE TABLE IF NOT EXISTS work (" 

+ "id TEXT PRIMARY KEY," 

+ "title TEXT," 

+ "work_type TEXT," 

+ "creator TEXT," 

+ "creation_date DATE," 

+ "bytes_size BIGINT," 

+ "work_content TEXT" 

+ ")" 

    ɯʥʪʝʨʬʝʡʩ ʜʣʷ ʨʦʙʦʪʠ ʟ ʮʽʻʶ ʪʘʙʣʠʮʝʶ ʤʽʩʪʠʪʴ ʚ ʩʦʙʽ ʥʘʩʪʫʧʥʽ ʤʝʪʦʜʠ: 

    byte[] findWorkContent(String workId); 

    Work findWorkById(String workId); 

    String saveWork(WorkRequest workRequest); 

    ɯʥʪʝʨʬʝʡʩ ʙʫʣʦ ʨʝʘʣʽʟʦʚʘʥʦ ʚ ʢʣʘʩʽ CqlWorkPersistenceImpl, ʡʦʛʦ ʢʦʜ ʤʦʞʥʘ 

ʟʥʘʡʪʠ ʚ ʜʦʜʘʪʢʫ ɸ, ʧʫʥʢʪ ɸ.7. 

2.2.4 ʆʧʠʩ ʦʩʥʦʚʥʠʭ ʤʝʪʦʜʽʚ ʨʦʙʦʪʠ ʟ ʙʣʦʢʯʝʡʥʦʤ 

BlockchainService ï ʦʩʥʦʚʥʠʡ ʢʣʘʩ ʜʣʷ ʦʙʨʦʙʢʠ ʦʧʝʨʘʮʽʡ ʽʟ ʙʣʦʢʯʝʡʥʦʤ. ʋ 

ʥʴʦʛʦ ʻ ʟʘʣʝʞʥʦʩʪʽ ʥʘ TransactionPersistence, BlockchainPersistence ʪʘ ʝʢʟʝʤʧʣʷʨ 

ʢʣʘʩʫ Wallet, ʷʢʠʡ ʤʽʩʪʠʪʴ ʧʫʙʣʽʯʥʠʡ ʪʘ ʧʨʠʚʘʪʥʠʡ ʢʣʶʯʽ ʢʦʨʠʩʪʫʚʘʯʘ. ʇʦʚʥʠʡ 

ʢʦʜ ʢʣʘʩʫ ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʜʦʜʘʪʢʫ ɸ, ʧʫʥʢʪ ɸ.8. 

    public void loadBlockChain() { 

        try { 

            List<Block> allBlocks = 

blockchainPersistence.findAllBlocks(); 

 

            for (Block block : allBlocks) { 

                Transaction transaction = 

transactionPersistence.findTransactionByBlockId(block.getId()); 

                block.setTransaction(transaction); 

            } 

 

            blocks.clear(); 

            blocks.addAll(allBlocks); 
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            blockObservableList.clear(); 

            blockObservableList.addAll(allBlocks); 

 

            verifyBlockChain(blocks); 

        } catch (GeneralSecurityException e) { 

            throw new InternalError(e); 

        } 

    } 

ʄʝʪʦʜ loadBlockChain() ʟʘʚʘʥʪʘʞʫʻ ʫʩʽ ʙʣʦʢʠ ʟ ʙʘʟʠ ʜʘʥʠʭ ʜʦ ʩʧʠʩʢʫ 

ʙʣʦʢʽʚ, ʷʢʠʡ ʻ ʟʤʽʥʥʦʶ ʢʣʘʩʫ BlockchainService. ɼʘʣʽ ʢʦʞʥʠʡ ʙʣʦʢ ʟʘʧʦʚʥʶʻʪʴʩʷ 

ʚʽʜʧʦʚʽʜʥʦʶ ʪʨʘʥʟʘʢʮʽʻʶ. ɼʘʣʽ ʚʠʢʣʠʢʘʻʪʴʩʷ ʤʝʪʦʜ verifyBlockChain(): 

    private void verifyBlockChain(LinkedList<Block> currentBlockChain) 

throws GeneralSecurityException { 

        Signature signing = Signature.getInstance("SHA256withDSA"); 

 

        for (Block block : currentBlockChain) { 

            if (!block.isVerified(signing)) { 

                throw new GeneralSecurityException("Block validation 

failed"); 

            } 

 

            if (!block.getTransaction().isVerified(signing)) { 

                throw new GeneralSecurityException("Transaction 

validation failed"); 

            } 

        } 

    } 

ʋ ʮʴʦʤʫ ʤʝʪʦʜʽ ʚʠʟʠʚʘʻʪʴʩʷ ʤʝʪʦʜ isVerified ʜʣʷ ʢʦʞʥʦʛʦ ʙʣʦʢʘ ʪʘ ʢʦʞʥʦʾ 

ʪʨʘʥʟʘʢʮʽʾ. ʗʢʱʦ ʷʢʠʡʩʴ ʙʣʦʢ ʯʠ ʪʨʘʥʟʘʢʮʽʷ ʥʝ ʧʨʦʭʦʜʠʪʴ ʚʘʣʽʜʘʮʽʶ, ʪʦ ʚʠʥʠʢʘʻ 

ʧʦʤʠʣʢʘ ʧʨʦʛʨʘʤʠ. ʎʝʡ ʤʝʪʦʜ ʪʘʢʦʞ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʚʭʽʜʥʠʭ 

ʙʣʦʢʯʝʡʥʽʚ. 

ʅʘʩʪʫʧʥʽ ʧʫʙʣʽʯʥʽ ʤʝʪʦʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʥʦʚʠʭ ʙʣʦʢʽʚ. 

ʇʝʨʰʠʡ ʤʝʪʦʜ createWorkBlock(String workId) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʙʣʦʢʫ ʧʨʠ ʨʝʻʩʪʨʘʮʽʾ ʥʦʚʦʛʦ ʪʚʦʨʫ: 

public void createWorkBlock(String workId) {               

 createBlockForTransaction(wallet.getKeyPair().getPublic().getEncoded(), 

workId, TransactionType.PROPERTY_RIGHTS); 

} 

ɼʨʫʛʠʡ ʤʝʪʦʜ registerTransaction(byte[] receiver, String workId, 

TransactionType transactionType) ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʙʣʦʢʫ ʥʘ ʦʩʥʦʚʽ 



нф 
 
 

ʽʩʥʫʶʯʦʛʦ ʙʣʦʢʫ, ʢʦʣʠ ʪʨʝʙʘ ʧʨʦʚʝʩʪʠ ʥʦʚʫ ʪʨʘʥʟʘʢʮʽʶ ʜʣʷ ʧʝʨʝʜʘʯʽ ʧʨʘʚ ʘʙʦ 

ʣʽʮʝʥʟʫʚʘʥʥʷ: 

    public void registerTransaction(byte[] receiver, String workId, 

TransactionType transactionType) { 

        if (blocks.isEmpty()) { 

            throw new IllegalStateException("You cannot perform 

transaction, there are no work blocks"); 

        } 

 

        createBlockForTransaction(receiver, workId, transactionType); 

    } 

ʆʙʠʜʚʘ ʤʝʪʦʜʠ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʨʠʚʘʪʥʠʡ ʤʝʪʦʜ 

createBlockForTransaction(byte[] receiver, String workId, TransactionType 

transactionType) ʢʦʜ ʷʢʦʛʦ ʤʦʞʥʘ ʟʥʘʡʪʠ ʚ ʜʦʜʘʪʢʫ ɸ, ʧʫʥʢʪ ɸ.8. ʆʩʥʦʚʥʘ ʡʦʛʦ 

ʯʘʩʪʠʥʘ ï ʮʝ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʙʣʦʢʫ ʪʘ ʥʦʚʦʾ ʪʨʘʥʟʘʢʮʽʾ, ʪʘ ʾʭ ʧʽʜʧʠʩʘʥʥʷ 

ʧʨʠʚʘʪʥʠʤ ʢʣʶʯʝʤ ʢʦʨʠʩʪʫʚʘʯʘ: 

é 

Signature transactionSignature = 

KeyUtils.getSignature(wallet.getKeyPair().getPrivate()); 

Transaction transaction = new Transaction(wallet, receiver, payload, 

newBlock.getId(), transactionSignature); 

é 

Signature blockSignature = 

KeyUtils.getSignature(wallet.getKeyPair().getPrivate()); 

newBlock.sign(blockSignature); 

é 

ʅʘʩʪʫʧʥʠʤ ʦʩʥʦʚʥʠʤ ʤʝʪʦʜʦʤ ʻ ʤʝʪʦʜ ʟʥʘʭʦʜʞʝʥʥʷ ʢʦʥʩʝʥʩʫʩʫ. ɹʫʣʦ 

ʨʦʟʨʦʙʣʝʥʦ ʤʝʪʦʜ ʧʨʠʡʥʷʪʪʷ ʨʽʰʝʥʥʷ ʟʘʤʽʥʠ ʧʦʪʦʯʥʦʛʦ ʙʣʦʢʯʝʡʥʫ ʥʘ ʦʪʨʠʤʘʥʠʡ 

ʚʽʜ ʽʥʰʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʘʙʦ ʥʘʚʧʘʢʠ ʥʝ ʧʨʠʡʥʷʪʪʷ ʦʪʨʠʤʘʥʦʛʦ ʙʣʦʢʯʝʡʥʫ. ʄʝʪʦʜ 

verifyAndReachConsensus() ʟʥʘʭʦʜʠʪʴʩʷ ʚ ʢʣʘʩʽ BlockchainService, ʡʦʛʦ ʢʦʜ 

ʤʦʞʥʘ ʟʥʘʡʪʠ ʚ ʜʦʜʘʪʢʫ ɸ, ʧʫʥʢʪ ɸ.8.  

¶ ʉʧʦʯʘʪʢʫ ʦʪʨʠʤʘʥʠʡ ʙʣʦʢʯʝʡʥ ʧʝʨʝʚʽʨʷʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʚʞʝ ʦʧʠʩʘʥʦʛʦ 

ʤʝʪʦʜʫ verifyBlockChain() ʜʣʷ ʪʦʛʦ, ʱʦʙ ʫʧʝʚʥʠʪʠʩʴ, ʱʦ ʘʚʪʦʨʦʤ ʙʣʦʢʽʚ ʻ 

ʟʘʨʝʻʩʪʨʦʚʘʥʠʡ ʢʦʨʠʩʪʫʚʘʯ ʽ ʙʣʦʢʠ ʧʽʜʧʠʩʘʥʽ ʡʦʛʦ ʧʨʠʚʘʪʥʠʤ ʢʣʶʯʝʤ. 

ʗʢʱʦ ʭʦʯ ʦʜʠʥ ʙʣʦʢ ʥʝʚʘʣʽʜʥʠʡ, ʚʭʽʜʥʠʡ ʙʣʦʢʯʝʡʥ ʥʝ ʙʫʜʝ ʧʨʠʡʥʷʪʦ.  



ол 
 
 

¶ ɼʘʣʽ ʚʠʢʣʠʢʘʻʪʴʩʷ ʤʝʪʦʜ hasRightsForWork(Block block), ʷʢʠʡ ʧʝʨʝʚʽʨʷʻ 

ʦʩʪʘʥʥʽʡ ʙʣʦʢ ʦʪʨʠʤʘʥʦʛʦ ʙʣʦʢʯʝʡʥʫ ʥʘ ʧʨʝʜʤʝʪ ʪʦʛʦ, ʱʦ ʢʦʨʠʩʪʫʚʘʯ, ʷʢʠʡ 

ʥʘʤʘʛʘʻʪʴʩʷ ʤʘʥʽʧʫʣʶʚʘʪʠ ʧʨʘʚʘʤʠ ʥʘ ʪʚʽʨ ʩʘʤ ʤʘʻ ʧʨʘʚʦ ʚʣʘʩʥʦʩʪʽ ʥʘ ʮʝʡ 

ʪʚʽʨ. ʗʢʱʦ ʘʚʪʦʨ ʙʣʦʢʫ ʥʝʤʘʻ ʧʨʘʚ ʥʘ ʪʚʽʨ, ʚʭʽʜʥʠʡ ʙʣʦʢʯʝʡʥ ʥʝ ʙʫʜʝ 

ʧʨʠʡʥʷʪʦ.  

¶ ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʧʝʨʝʚʽʨʷʻʪʴʩʷ, ʯʠ ʻ ʣʦʢʘʣʴʥʠʡ ʙʣʦʢʯʝʡʥ ʘʙʦ ʧʨʠʡʥʷʪʠʡ 

ʧʫʩʪʠʤ. ʗʢʱʦ ʣʦʢʘʣʴʥʠʡ ʙʣʦʢʯʝʡʥ ʧʫʩʪʠʡ, ʘ ʪʦʡ, ʱʦ ʥʘʜʽʡʰʦʚ ʚʽʜ ʽʥʰʦʛʦ 

ʢʦʨʠʩʪʫʚʘʯʘ ʥʽ ï ʪʦ ʧʨʠʡʤʘʻʪʴʩʷ ʙʣʦʢʯʝʡʥ ʢʦʨʠʩʪʫʚʘʯʘ ʡ ʥʘʚʧʘʢʠ.  

¶ ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʧʦʨʽʚʥʶʶʪʴʩʷ ʭʝʰʽ ʦʩʪʘʥʥʽʭ ʙʣʦʢʽʚ ʦʪʨʠʤʘʥʦʛʦ 

ʙʣʦʢʯʝʡʥʫ ʪʘ ʣʦʢʘʣʴʥʦʛʦ. ʋ ʚʠʧʘʜʢʫ, ʢʦʣʠ ʚʦʥʠ ʦʜʥʘʢʦʚʽ ʤʠ ʤʘʻʤʦ ʦʜʥʘʢʦʚʽ 

ʙʣʦʢʯʝʡʥʠ ʡ ʥʽʯʦʛʦ ʨʦʙʠʪʠ ʥʝ ʧʦʪʨʽʙʥʦ. ʗʢʱʦ ʚʦʥʠ ʨʽʟʥʽ, ʮʝ ʦʟʥʘʯʘʻ, ʱʦ 

ʦʙʠʜʚʘ ʙʣʦʢʯʝʡʥʠ ʤʘʶʪʴ ʨʽʟʥʠʭ ʘʚʪʦʨʽʚ ʦʩʪʘʥʥʴʦʛʦ ʙʣʦʢʫ. ʂʦʣʠ ʮʝ 

ʪʨʘʧʣʷʻʪʴʩʷ, ʮʝ ʦʟʥʘʯʘʻ, ʱʦ ʥʘʩʪʘʚ ʯʘʩ ʚʠʢʦʥʘʪʠ ʜʝʷʢʽ ʢʦʥʩʝʥʩʫʩʥʽ 

ʧʝʨʝʚʽʨʢʠ, ʱʦʙ ʚʠʟʥʘʯʠʪʠ, ʷʢʠʡ ʘʚʪʦʨ (ʤʘʡʥʝʨ) ʟʤʦʞʝ ʚʠʜʦʙʫʪʠ ʦʩʪʘʥʥʽʡ 

ʙʣʦʢ. 

¶ ʇʝʨʰʦʶ ʧʝʨʝʚʽʨʢʦʶ ʢʦʥʩʝʥʩʫʩʫ ʻ ʚʠʟʥʘʯʝʥʥʷ, ʯʠ ʻ ʩʝʨʝʜ ʜʚʦʭ ʙʣʦʢʯʝʡʥʽʚ 

ʟʘʩʪʘʨʽʣʠʡ. ɺʦʥʘ ʚʠʟʥʘʯʘʻ, ʯʠ ʻ ʷʢʠʡʩʴ ʙʣʦʢʯʝʡʥ ʟʘʩʪʘʨʽʣʠʤ, ʽ ʚʽʜʢʠʜʘʻ 

ʡʦʛʦ. ʗʢʱʦ ʦʪʨʠʤʘʥʠʡ ʙʣʦʢʯʝʡʥ ʟʘʩʪʘʨʽʚ, ʪʦ ʤʠ ʧʨʦʜʦʚʞʫʻʤʦ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʚʽʡ. ʗʢʱʦ ʣʦʢʘʣʴʥʠʡ ʙʣʦʢʯʝʡʥ ʟʘʩʪʘʨʽʚ, ʤʠ ʚʽʜʢʠʜʘʻʤʦ 

ʡʦʛʦ ʽ ʚʠʢʦʨʠʩʪʦʚʫʻʤʦ ʦʪʨʠʤʘʥʠʡ. ʗʢʱʦ ʦʙʠʜʚʘ ʟʘʩʪʘʨʽʣʠ, ʤʠ ʥʽʯʦʛʦ ʥʝ 

ʨʦʙʠʤʦ ʱʦʜʦ ʢʦʥʩʝʥʩʫʩʫ ʡ ʯʝʢʘʻʤʦ ʦʪʨʠʤʘʥʥʷ ʦʥʦʚʣʝʥʦʛʦ ʙʣʦʢʯʝʡʥʫ. 

ʗʢʱʦ ʦʙʠʜʚʘ ʘʢʪʫʘʣʴʥʽ, ʤʠ ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʥʘʩʪʫʧʥʦʾ ʧʝʨʝʚʽʨʢʠ ʢʦʥʩʝʥʩʫʩʫ. 

¶ ʇʝʨʝʚʽʨʢʦʶ ʜʨʫʛʦʾ ʚʢʣʘʜʝʥʦʩʪʽ ʻ ʤʝʪʦʜ ʚʠʟʥʘʯʝʥʥʷ, ʯʠ ʦʙʠʜʚʘ ʙʣʦʢʯʝʡʥʠ 

ʤʘʶʪʴ ʦʜʥʘʢʦʚʠʡ ʧʦʯʘʪʢʦʚʠʡ ʙʣʦʢ. ʗʢʱʦ ʥʽ, ʤʠ ʚʠʢʦʨʠʩʪʘʻʤʦ ʪʦʡ 

ʙʣʦʢʯʝʡʥ, ʷʢʠʡ ʙʫʚ ʩʪʚʦʨʝʥʠʡ ʧʝʨʰʠʤ. ʗʢʱʦ ʜʘʪʘ ʾʭ ʩʪʚʦʨʝʥʥʷ ʦʜʥʘʢʦʚʘ, 

ʪʦ ʧʝʨʝʭʦʜʠʤʦ ʜʦ ʥʘʩʪʫʧʥʦʛʦ ʨʽʚʥʷ ʚʢʣʘʜʝʥʦʾ ʧʝʨʝʚʽʨʢʠ. 

¶ ɼʦ ʤʦʤʝʥʪʫ ʜʦʩʷʛʥʝʥʥʷ ʥʘʩʪʫʧʥʦʛʦ ʤʝʪʦʜʫ ʤʠ ʚʠʟʥʘʯʠʣʠ, ʱʦ ʦʪʨʠʤʘʥʠʡ 

ʙʣʦʢʯʝʡʥ ʜʽʡʩʥʠʡ, ʽ ʦʙʠʜʚʘ ʙʣʦʢʯʝʡʥʠ ʘʢʪʫʘʣʴʥʽ ʪʘ ʽʜʝʥʪʠʯʥʽ ʜʦ ʦʩʪʘʥʥʴʦʛʦ 

ʙʣʦʢʫ. ʑʦʙ ʚʠʟʥʘʯʠʪʠ, ʷʢʠʡ ʦʩʪʘʥʥʽʡ ʙʣʦʢ ʙʣʦʢʯʝʡʥʫ ʤʠ ʟʙʠʨʘʻʤʦʩʷ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ, ʤʠ ʧʝʨʝʚʽʨʠʤʦ ʟʘʨʝʻʩʪʨʦʚʘʥʽ ʪʦʯʢʠ ʤʘʡʥʽʥʛʫ ʢʦʞʥʦʛʦ 

ʙʣʦʢʯʝʡʥʫ. ʋ ʨʘʟʽ ʥʽʯʠʻʾ ʤʠ ʚʠʟʥʘʯʠʤʦ ʨʝʟʫʣʴʪʘʪ ʟʘ ʟʘʧʠʩʘʥʠʤ ʟʥʘʯʝʥʥʷʤ 

ʫʜʘʯʽ, ʷʢʝ ʻ ʧʨʦʩʪʦ ʚʝʣʠʢʠʤ ʚʠʧʘʜʢʦʚʠʤ ʯʠʩʣʦʤ. 

ʊʘʢʠʤ ʯʠʥʦʤ ʧʨʠʡʤʘʻʪʴʩʷ ʨʽʰʝʥʥʷ ʱʦʜʦ ʥʦʚʠʭ ʙʣʦʢʽʚ ʪʘ ʚʠʨʽʰʫʶʪʴʩʷ 

ʢʦʥʬʣʽʢʪʥʽ ʩʠʪʫʘʮʽʾ, ʢʦʣʠ ʙʣʦʢʠ ʩʪʚʦʨʶʶʪʴʩʷ ʦʜʥʦʯʘʩʥʦ. 



ом 
 
 

 

2.3 ʈʦʟʨʦʙʢʘ ʛʨʘʬʽʯʥʦʛʦ ʽʥʪʝʨʬʝʡʩʫ 

ɼʣʷ ʟʨʫʯʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʛʨʘʤʠ ʙʫʣʦ ʩʪʚʦʨʝʥʦ ʽʥʪʫʾʪʠʚʥʦ ʟʨʦʟʫʤʽʣʠʡ 

ʛʨʘʬʽʯʥʠʡ ʽʥʪʝʨʬʝʡʩ ʟʘ ʜʦʧʦʤʦʛʦʶ ʙʽʙʣʽʦʪʝʢʠ JavaFX.  

ʇʝʨʰ ʟʘ ʚʩʝ ʢʦʨʠʩʪʫʚʘʯ ʧʦʚʠʥʝʥ ʤʘʪʠ ʟʤʦʛʫ ʙʘʯʠʪʠ ʪʚʦʨʠ, ʷʢʠʤʠ ʚʽʥ ʧʦʧʨʘʚʫ 

ʚʦʣʦʜʽʻ. ʊʘʢʦʞ ʙʫʣʦ ʜʦʜʘʥʦ ʤʦʞʣʠʚʽʩʪʴ ʙʘʯʠʪʠ ʪʚʦʨʠ, ʥʘ ʷʢʽ ʚʽʥ ʤʘʻ ʣʽʮʝʥʟʽʶ. ʗʢ 

ʚʠʜʥʦ ʥʘ ʨʠʩ. 2.5, ʚ ʥʘʩ ʻ ʜʚʽ ʦʩʥʦʚʥʽ ʪʘʙʣʠʮʽ: ʪʘʙʣʠʮʷ ʚʣʘʩʥʠʭ ʪʚʦʨʽʚ ʽ ʪʘʙʣʠʮʷ 

ʣʽʮʝʥʟʽʡ ʥʘ ʪʚʦʨʠ ʽʥʰʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

 

ʈʠʩʫʥʦʢ 2.5 ï ɻʦʣʦʚʥʘ ʩʪʦʨʽʥʢʘ ʢʦʨʠʩʪʫʚʘʯʘ 

ʇʝʨʰʘ ʪʘʙʣʠʮʷ ʤʘʻ ʦʩʥʦʚʥʽ ʧʦʣʷ ʟ ʩʫʪʥʦʩʪʽ Work. ʇʨʠʤʽʪʥʦʶ ʢʦʣʦʥʦʶ ʻ 

ñCreatorò, ʚ ̫ʢʽʡ ʧʦʢʘʟʫʻʪʴʩʷ ʭʪʦ ʩʪʚʦʨʠʚ ʮʝʡ ʪʚʽʨ. ʊʦʙʪʦ ʥʘʚʽʪʴ ʷʢʱʦ ʘʚʪʦʨ 

ʧʝʨʝʜʘʚ ʩʚʦʾ ʧʨʘʚʘ ʽʥʰʽʡ ʣʶʜʠʥʽ, ʡʦʛʦ ʘʚʪʦʨʩʪʚʦ ʚʩʝ ʦʜʥʦ çʚʰʠʪʝè ʫ ʪʚʽʨ. ʇʝʨʰʘ 

ʪʘʙʣʠʮʷ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʽʜ ʜʨʫʛʦʾ ʪʠʤ, ʱʦ ʟʘʤʽʩʪʴ ʢʦʣʦʥʢʠ ñCreatorò ʚʦʥʘ ʤʽʩʪʠʪʴ 

ʢʦʣʦʥʢʫ ñOwnerò, ʷʢʘ ʧʦʢʘʟʫʻ ʧʦʪʦʯʥʦʛʦ ʚʣʘʩʥʠʢʘ ʪʚʦʨʫ, ʷʢʠʡ ʩʪʚʦʨʠʚ ʜʣʷ 

ʥʘʰʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʣʽʮʝʥʟʽʶ ʥʘ ʩʚʽʡ ʪʚʽʨ.  

ʇʨʠ ʥʘʪʠʩʢʘʥʥʽ ʥʘ ʪʚʽʨ ʟôʷʚʣʷʻʪʴʩʷ ʢʦʥʪʝʢʩʪʥʝ ʤʝʥʶ. ʗʢ ʚʠʜʥʦ ʥʘ ʨʠʩ. 2.6, 

ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʩʪʚʦʨʠʪʠ ʪʨʘʥʟʘʢʮʽʶ ʜʣʷ ʪʚʦʨʫ ʷʢʠʤ ʚʦʣʦʜʽʻ, ʘʙʦ ʧʝʨʝʛʣʷʥʫʪʠ 

ʡʦʛʦ ʽʩʪʦʨʽʶ. ʉʘʤʝ ʧʝʨʝʛʣʷʜ ʽʩʪʦʨʽʾ ʪʚʦʨʫ ʻ ʟʜʦʙʫʪʢʦʤ ʚʽʜʢʨʠʪʦʩʪʽ, ʜʝ ʢʦʞʝʥ 

ʢʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʧʨʦʩʣʽʜʢʫʚʘʪʠ ʧʦʚʥʫ ʽʩʪʦʨʽʶ ʪʚʦʨʫ. 



он 
 
 

 

ʈʠʩʫʥʦʢ 2.6 ï ʂʦʥʪʝʢʩʪʥʝ ʤʝʥʶ ʪʘʙʣʠʮʽ ʚʣʘʩʥʠʭ ʪʚʦʨʽʚ 

ʅʘ ʨʠʩ. 2.7 ʚʠʜʥʦ, ʱʦ ʜʣʷ ʣʽʮʝʥʟʽʡ ʦʧʮʽʷ ʩʪʚʦʨʝʥʥʷ ʪʨʘʥʟʘʢʮʽʾ ʥʝʜʦʩʪʫʧʥʘ, 

ʘʜʞʝ ʢʦʨʠʩʪʫʚʘʯ ʥʝ ʤʘʻ ʧʨʘʚ ʚʣʘʩʥʦʩʪʽ ʥʘ ʮʝʡ ʪʚʽʨ, ʘʣʝ ʤʦʞʝ ʚʽʜʩʣʽʜʢʦʚʫʚʘʪʠ ʡʦʛʦ 

ʽʩʪʦʨʽʶ. ʂʦʨʠʩʪʫʚʘʯ ʤʦʞʝ ʤʘʪʠ ʥʝʦʙʤʝʞʝʥʫ ʢʽʣʴʢʽʩʪʴ ʷʢ ʚʣʘʩʥʠʭ ʪʚʦʨʽʚ, ʪʘʢ ʽ 

ʣʽʮʝʥʟʽʡ, ʘ ʪʘʢʦʞ ʩʦʨʪʫʚʘʪʠ ʪʘʙʣʠʮʶ ʧʦ ʥʘʪʠʩʢʘʥʥʶ ʣʽʚʦʶ ʢʥʦʧʢʦʶ ʤʠʰʽ ʥʘ 

ʥʘʟʚʫ ʢʦʣʦʥʢʠ. 

 

ʈʠʩʫʥʦʢ 2.7 ï ʂʦʥʪʝʢʩʪʥʝ ʤʝʥʶ ʪʘʙʣʠʮʽ ʣʽʮʝʥʟʽʡ 

ʅʘ ʨʠʩ. 2.8 ʚʠʜʥʦ ʪʘʙʣʠʮʶ, ʷʢʘ ʧʦʢʘʟʫʻ ʽʩʪʦʨʽʶ ʪʚʦʨʫ. ʂʦʣʦʥʢʘ from ʚʢʘʟʫʻ 

ʥʘ ʚʽʜʧʨʘʚʥʠʢʘ, ʘʙʦ ʘʚʪʦʨʘ ʪʨʘʥʟʘʢʮʽʾ, ʢʦʣʦʥʢʘ to ʚʢʘʟʫʻ ʥʘ ʦʪʨʠʤʫʚʘʯʘ, ʢʦʣʦʥʢʘ 

Operation ʚʢʘʟʫʻ ʥʘ ʪʠʧ ʪʨʘʥʟʘʢʮʽʾ. ʅʘʟʚʘ ʪʠʧʫ ʦʧʝʨʘʮʽʾ PROPERTY_RIGHTS 

ʦʟʥʘʯʘʻ ʧʦʚʥʫ ʧʝʨʝʜʘʯʫ ʧʨʘʚ ʥʘ ʪʚʽʨ ʽʥʰʦʤʫ ʢʦʨʠʩʪʫʚʘʯʫ, ʥʘʟʚʘ ʪʠʧʫ ʦʧʝʨʘʮʽʾ 

LICENSING ʦʟʥʘʯʘʻ ʚʠʜʘʯʫ ʣʽʮʝʥʟʽʾ ʥʘ ʪʚʽʨ ʽʥʰʦʤʫ ʢʦʨʠʩʪʫʚʘʯʫ. ʌʫʥʢʮʽʦʥʘʣ 

ʩʠʩʪʝʤʠ ʣʝʛʢʦ ʤʦʞʥʘ ʨʦʟʰʠʨʠ, ʱʦʙ ʧʝʨʝʜʘʚʘʪʠ ʙʫʜʴ-̫ ʢʫ ʽʥʰʫ ʽʥʬʦʨʤʘʮʽʶ, 

ʥʘʧʨʠʢʣʘʜ ʚʘʨʪʽʩʪʴ ʫʛʦʜʠ, ʾʾ ʫʤʦʚʠ ʡ ʪ.ʜ.  



оо 
 
 

 

 ʈʠʩʫʥʦʢ 2.8 ï ʇʝʨʝʛʣʷʜ ʽʩʪʦʨʽʾ ʪʚʦʨʫ 

 ʆʩʢʽʣʴʢʠ ʧʫʙʣʽʯʥʽ ʢʣʶʯʽ ʚʠʩʪʫʧʘʶʪʴ ʚ ʨʦʣʽ ʘʜʨʝʩ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʾʭ ʪʨʝʙʘ 

ʢʦʜʫʚʘʪʠ ʪʘʢʠʤ ʯʠʥʦʤ, ʱʦʙ ʤʦʞʥʘ ʙʫʣʦ ʧʨʝʜʩʪʘʚʠʪʠ ʘʜʨʝʩʫ ʚ ʪʝʢʩʪʦʚʦʤʫ 

ʚʠʛʣʷʜʽ. ɼʣʷ ʮʴʦʛʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʨʘʥʽʰʝ ʟʛʘʜʘʥʝ ʢʦʜʫʚʘʥʥʷ Base64. 

ʆʩʢʽʣʴʢʠ ʘʜʨʝʩʘ ʻ ʚʝʣʠʢʠʤ ʟʘ ʨʦʟʤʽʨʦʤ ʪʝʢʩʪʦʤ, ʙʫʣʦ ʜʦʜʘʥʦ ʤʦʞʣʠʚʽʩʪʴ 

ʩʢʦʧʽʶʚʘʪʠ ʘʜʨʝʩʠ ʚʽʜʧʨʘʚʥʠʢʘ ʪʘ ʦʪʨʠʤʫʚʘʯʘ (ʨʠʩ. 2.9). 

 

ʈʠʩʫʥʦʢ 2.9 ï ʄʦʞʣʠʚʽʩʪʴ ʩʢʦʧʽʶʚʘʪʠ ʘʜʨʝʩʠ ʚ ʽʩʪʦʨʽʾ ʪʚʦʨʫ 

ʇʽʜ ʯʘʩ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʪʚʦʨʫ ï ʩʪʚʦʨʶʻʪʴʩʷ ʥʦʚʘ ʪʨʘʥʟʘʢʮʽʷ ʜʝ 

ʚʽʜʧʨʘʚʥʠʢʦʤ ʪʘ ʦʪʨʠʤʫʚʘʯʝʤ ʻ ʧʦʪʦʯʥʠʡ ʢʦʨʠʩʪʫʚʘʯ, ʪʦʤʫ ʧʝʨʰʠʡ ʟʘʧʠʩ ʟʘʚʞʜʠ 



оп 
 
 

ʤʽʩʪʠʪʴ ʜʚʽ ʦʜʥʘʢʦʚʽ ʘʜʨʝʩʠ. ʊʠʧʦʤ ʦʧʝʨʘʮʽʾ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʪʚʦʨʫ ʻ PROPERTY_RIGHTS, ʪʦʙʪʦ ʧʝʨʝʜʘʯʘ ʧʨʘʚ. 

ʇʨʠ ʥʘʪʠʩʢʘʥʥʽ ʢʥʦʧʢʠ ñAdd newò ʥʘ ʛʦʣʦʚʥʦʤʫ ʚʽʢʥʽ, ʟôʷʚʣʷʻʪʴʩʷ ʥʦʚʝ 

ʤʦʜʘʣʴʥʝ ʚʽʢʥʦ ʜʣʷ ʜʦʜʘʚʘʥʥʷ (ʨʝʻʩʪʨʘʮʽʾ) ʥʦʚʦʛʦ ʪʚʦʨʫ (ʨʠʩ. 2.10). ɺʦʥʦ ʤʽʩʪʠʪʴ 

ʫ ʩʦʙʽ ʧʦʣʝ ʜʣʷ ʚʚʝʜʝʥʥʷ ʥʘʟʚʠ ʪʚʦʨʫ, ʷʢʠʡ ʢʦʨʠʩʪʫʚʘʯ ʭʦʯʝ ʟʘʨʝʻʩʪʨʫʚʘʪʠ, ʜʘʣʽ 

ʡʜʝ ʦʙʣʘʩʪʴ, ʢʫʜʠ ʪʨʝʙʘ ʧʝʨʝʪʷʛʥʫʪʠ ʬʘʡʣ ʽʟ ʧʨʦʚʽʜʥʠʢʘ, ʜʘʣʽ ʚʽʜʦʙʨʘʞʘʻʪʴʩʷ 

ʥʘʟʚʘ ʬʘʡʣʫ, ʱʦ ʙʫʣʦ ʧʝʨʝʪʷʛʥʫʪʦ ʜʦ ʚʽʢʥʘ ʟ ʘʙʩʦʣʶʪʥʠʤ ʰʣʷʭʦʤ ʥʘ ʜʠʩʢʫ ʪʘ 

ʢʥʦʧʢʘ ʜʣʷ ʟʘʧʫʩʢʫ ʧʨʦʮʝʩʫ ʨʝʻʩʪʨʘʮʽʾ ʥʦʚʦʛʦ ʪʚʦʨʫ ʚ ʩʠʩʪʝʤʽ: ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʾ 

ʪʨʘʥʟʘʢʮʽʾ, ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʛʦ ʙʣʦʢʫ, ʜʦʜʘʚʘʥʥʷ ʪʨʘʥʟʘʢʮʽʾ ʜʦ ʙʣʦʢʫ, ʟʙʝʨʝʞʝʥʥʷ 

ʪʚʦʨʫ ʚ ʙʘʟʫ ʜʘʥʠʭ Cassandra ʪʘ ʧʝʨʝʜʘʯʘ ʦʥʦʚʣʝʥʦʛʦ ʙʣʦʢʯʝʡʥʫ ʽʥʰʠʤ 

ʢʦʨʠʩʪʫʚʘʯʘʤ. 

 

ʈʠʩʫʥʦʢ 2.10 ï ɺ̔ ʢʥʦ ʜʦʜʘʚʘʥʥʷ ʥʦʚʦʛʦ ʪʚʦʨʫ 

ʅʘʨʘʟʽ ʻ ʧʽʜʪʨʠʤʢʘ 3 ʪʠʧʽʚ ʬʘʡʣʽʚ: txt, png ʪʘ mp3, ʱʦ ʦʟʥʘʯʘʻ, ʱʦ ʤʠ 

ʤʦʞʝʤʦ ʟʙʝʨʽʛʘʪʠ ʽʥʬʦʨʤʘʮʽʶ 3ʭ ʪʠʧʽʚ: ʟʚʫʢʦʚʫ, ʪʝʢʩʪʦʚʫ ʪʘ ʟʦʙʨʘʞʝʥʥʷ. ɼʣʷ 

ʜʦʜʘʚʘʥʥʷ ʬʘʡʣʫ, ʢʦʨʠʩʪʫʚʘʯʫ ʥʝʦʙʭʽʜʥʦ ʣʠʰʝ ʧʝʨʝʪʷʛʥʫʪʠ ʧʦʪʨʽʙʥʠʡ ʬʘʡʣ ʚ 

ʦʙʣʘʩʪʴ ʚʽʢʥʘ, ʘ ʪʘʢʦʞ ʚʚʝʩʪʠ ʥʘʟʚʫ ʪʚʦʨʫ, ʧʽʩʣʷ ʮʴʦʛʦ ʽʤôʷ ʬʘʡʣʫ ʪʘ ʡʦʛʦ ʧʦʚʥʠʡ 

ʰʣʷʭ ʟôʷʚʠʪʴʩʷ ʟʥʠʟʫ (ʨʠʩ. 2.11). 

 



ор 
 
 

 

ʈʠʩʫʥʦʢ 2.11 ï ɺ̔ ʢʥʦ ʜʦʜʘʚʘʥʥʷ ʪʚʦʨʫ ʟ ʚʠʙʨʘʥʠʤ ʬʘʡʣʦʤ 

ʇʽʩʣʷ ʜʦʜʘʚʘʥʥʷ (ʨʝʻʩʪʨʘʮʽʾ) ʪʚʦʨʫ, ʡʦʛʦ ʥʘʟʚʘ ʪʘ ʧʦʚʥʘ ʽʥʬʦʨʤʘʮʽʷ 

ʚʽʜʦʙʨʘʟʠʪʴʩʷ ʚ ʦʩʥʦʚʥʽʡ ʪʘʙʣʠʮʽ. 

ʆʩʪʘʥʥʽʤ ʚʽʢʥʦʤ ʟʘʣʠʰʘʻʪʴʩʷ ʚʽʢʥʦ ʩʪʚʦʨʝʥʥʷ ʪʨʘʥʟʘʢʮʽʾ. ɺʦʥʦ 

ʚʽʜʢʨʠʚʘʻʪʴʩʷ ʟʘ ʜʦʧʦʤʦʛʦʶ ʢʦʥʪʝʢʩʪʥʦʛʦ ʤʝʥʶ ʚ ʪʘʙʣʠʮʽ ʚʣʘʩʥʠʭ ʪʚʦʨʽʚ (ʨʠʩ. 

2.12). 

 

ʈʠʩʫʥʦʢ 2.12 ï ɺ̔ ʢʥʦ ʩʪʚʦʨʝʥʥʷ ʥʦʚʦʾ ʪʨʘʥʟʘʢʮʽʾ 

ɺ ʮʴʦʤʫ ʚʽʢʥʽ ʤʠ ʧʨʦʩʪʦ ʧʦʚʠʥʥʽ ʚʢʘʟʘʪʠ ʘʜʨʝʩʫ ʦʪʨʠʤʫʚʘʯʘ ʪʘ ʪʠʧ ʪʨʘʥʟʘʢʮʽʾ. 

ʗʢʱʦ ʤʠ ʧʝʨʝʜʘʤʦ ʧʨʘʚʘ ʥʘ ʪʚʽʨ ʽʥʰʦʤʫ ʢʦʨʠʩʪʫʚʘʯʫ, ʪʦ ʚʽʥ ʘʚʪʦʤʘʪʠʯʥʦ ʟʥʠʢʥʝ 

ʟ ʪʘʙʣʠʮʽ ʧʦʪʦʯʥʦʛʦ ʢʦʨʠʩʪʫʚʘʯʘ ʡ ʟôʷʚʠʪʴʩʷ ʚ ʪʘʙʣʠʮʽ ʚʣʘʩʥʠʭ ʪʚʦʨʽʚ 



ос 
 
 

ʦʪʨʠʤʫʚʘʯʘ. ʗʢʱʦ ʤʠ ʚʠʙʝʨʝʤʦ ʪʠʧ ʪʨʘʥʟʘʢʮʽʾ çʣʽʮʝʥʟʫʚʘʥʥʷè, ʪʦʜʽ ʮʝʡ ʪʚʽʨ 

ʟôʷʚʠʪʴʩʷ ʚ ʩʧʠʩʢʫ ʣʽʮʝʥʟʽʡ ʦʪʨʠʤʫʚʘʯʘ.  

 

2.4 ʈʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʟ ʧʨʦʛʨʘʤʦʶ 

ɼʣʷ ʧʝʨʝʚʽʨʢʠ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʪʨʝʙʘ ʤʘʪʠ ʜʝʢʽʣʴʢʘ ʢʦʧʽʡ ʧʨʦʛʨʘʤʠ, ʷʢʽ ʙʫʜʫʪʴ 

ʟʘʧʫʱʝʥʽ ʡ ʩʧʽʣʢʫʚʘʪʠʩʷ ʤʽʞ ʩʦʙʦʶ ʟʘ ʜʦʧʦʤʦʛʦʶ peer-to-peer ʟôʻʜʥʘʥʥʷ. ɼʣʷ 

ʜʝʤʦʥʩʪʨʘʮʽʾ ʨʦʙʦʪʠ ʩʠʩʪʝʤʠ ʩʪʚʦʨʝʥʦ ʧʨʦʩʪʠʡ ʤʝʭʘʥʽʟʤ ʟôʻʜʥʘʥʥʷ ʯʝʨʝʟ ʩʦʢʝʪʠ 

ʥʘ ʦʜʥʦʤʫ ʢʦʤʧôʶʪʝʨʽ. ʇʝʨʰʘ ʧʨʦʛʨʘʤʘ ʙʫʜʝ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʧʦʨʪ 6000, ʜʨʫʛʘ 

6001, ʘ ʪʨʝʪʷ 6002 ʜʣʷ ʪʦʛʦ, ʱʦʙ ʧʝʨʝʚʽʨʷʪʠ ʮʽ ʢʘʥʘʣʠ ʥʘ ʥʘʷʚʥʽʩʪʴ ʜʘʥʠʭ, ʘ ʪʘʢʦʞ 

ʚʽʜʩʠʣʘʪʠ ʜʘʥʽ ʚ ʩʦʢʝʪʠ, ʱʦ ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʽʥʰʽ ʧʨʦʛʨʘʤʠ (ʨʠʩ 2.13). 

ɼʣʷ ʩʪʚʦʨʝʥʥʷ ʢʦʧʽʾ ʧʨʦʛʨʘʤʠ ʜʦʩʪʘʪʥʴʦ ʩʪʚʦʨʠʪʠ jar. ʉʘʤʝ ʪʫʪ ʽ ʚʽʜʽʛʨʘʻ ʩʚʦʶ 

ʨʦʣʴ maven shade plugin. ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜʠ mvn clean install ʩʪʚʦʨʶʻʪʴʩʷ jar 

ʘʨʭʽʚ, ʷʢʠʡ ʤʦʞʥʘ ʟʘʧʫʩʢʘʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ JRE 17 ʽ ʚʠʱʝ.  

 

ʈʠʩʫʥʦʢ 2.13 ï ʉʭʝʤʘ ʩʠʩʪʝʤʠ 

ɼʘʣʽ ʨʦʟʤʽʩʪʠʤʦ ʩʪʚʦʨʝʥʽ jar ʘʨʭʽʚʠ ʚ ʦʢʨʝʤʠʭ ʜʠʨʝʢʪʦʨʽʷʭ ʧʦʨʫʯ ʽʟ JDK 17 

ʚʽʜ Azul. ɿʘ ʜʦʧʦʤʦʛʦʶ ʢʦʤʘʥʜʠ java -jar ʟʘʧʫʩʢʘʻʪʴʩʷ ʢʦʧʽʷ ʧʨʦʛʨʘʤʠ, 

ʩʪʚʦʨʶʻʪʴʩʷ ʜʠʨʝʢʪʦʨʽʷ data, ʚ ʷʢʽʡ ʩʪʚʦʨʶʻʪʴʩʷ ʬʘʡʣ ʙʘʟʠ ʜʘʥʠʭ ʜʣʷ ʟʙʝʨʽʛʘʥʥʷ 

ʙʣʦʢʯʝʡʥʫ, ʪʨʘʥʟʘʢʮʽʡ ʪʘ ʢʣʶʯʽʚ (ʨʠʩ 2.14).  



от 
 
 

 

ʈʠʩʫʥʦʢ 2.14 ï ʇʨʠʢʣʘʜ ʟʘʧʫʩʢʫ ʦʜʥʦʛʦ ʚʫʟʣʘ 

ʇʨʠ ʟʘʧʫʩʢʫ ʢʦʧʽʡ ʧʨʦʛʨʘʤ (ʚʫʟʣʽʚ) ʩʪʚʦʨʶʶʪʴʩʷ ʥʦʚʽ ʚʽʢʥʘ (ʨʠʩ 2.15). 

 

ʈʠʩʫʥʦʢ 2.15 ï ʇʨʠʢʣʘʜ ʟʘʧʫʩʢʫ 3-ʭ ʚʫʟʣʽʚ 

 

ɿ ʢʦʥʩʦʣʽ ʤʦʞʥʘ ʧʝʨʝʛʣʷʜʘʪʠ ʞʫʨʥʘʣ ʢʦʞʥʦʾ ʟ ʧʨʦʛʨʘʤ ʜʣʷ ʨʦʟʫʤʽʥʥʷ, ʱʦ 

ʩʘʤʝ ʟʘʨʘʟ ʚʽʜʙʫʚʘʻʪʴʩʷ ʥʘ ʢʦʞʥʦʤʫ ʟ ʚʫʟʣʽʚ (ʨʠʩ 2.16). ʉʘʤʝ ʪʫʪ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ, 

ʱʦ ʚʫʟʦʣ ʚʽʜʧʨʘʚʠʚ ʩʚʽʡ ʣʦʢʘʣʴʥʠʡ ʙʣʦʢʯʝʡʥ ʽʥʰʦʤʫ ʫʯʘʩʥʠʢʫ, ʘʙʦ ʧʨʠʡʥʷʚ ʥʘ 

ʨʦʟʛʣʷʜ ʙʣʦʢʯʝʡʥ ʚʽʜ ʽʥʰʦʛʦ ʫʯʘʩʥʠʢʘ ʪʘ ʷʢʝ ʩʘʤʝ ʨʽʰʝʥʥʷ ʚʽʥ ʧʨʠʡʥʷʚ ʱʦʜʦ 

ʥʴʦʛʦ (ʧʨʠʡʥʷʪʠ ʯʠ ʚʽʜʢʠʥʫʪʠ). ʊʘʢʦʞ ʪʫʪ ʤʦʞʥʘ ʧʦʙʘʯʠʪʠ ʽʥʬʦʨʤʘʮʽʶ ʧʨʦ 

ʟʙʝʨʽʛʘʥʥʷ ʥʦʚʠʭ ʜʘʥʠʭ ʜʦ ʙʘʟ ʜʘʥʠʭ ʘʙʦ ʧʦʤʠʣʢʠ ʷʢʽ ʚʠʥʠʢʘʶʪʴ, ʷʢʱʦ ʱʦʩʴ ʽʜʝ 

ʥʝ ʪʘʢ. ʅʘʧʨʠʢʣʘʜ ʣʦʢʘʣʴʥʘ ʙʘʟʘ ʜʘʥʠʭ H2 ʢʦʞʥʦʛʦ ʚʫʟʣʘ ʟʘ ʟʘʤʦʚʯʫʚʘʥʥʷʤ ʤʦʞʝ 

ʤʘʪʠ ʣʠʰʝ ʦʜʥʝ ʧʽʜʢʣʶʯʝʥʥʷ, ʪʦʞ ʷʢʱʦ ʜʦ ʥʝʾ ʭʪʦʩʴ ʚʞʝ ʧʽʜʢʣʶʯʠʚʩʷ, ʙʫʜʴ ʪʦ 

ʨʦʟʨʦʙʥʠʢ ʜʣʷ ʧʝʨʝʚʽʨʢʠ ʜʘʥʠʭ, ʘʙʦ ʷʢʠʡʩʴ ʽʥʰʠʡ ʧʨʦʮʝʩ, ʪʦʜʽ ʧʨʠ ʩʪʘʨʪʽ ʚʫʟʣʘ 

ʚʠʥʠʢʥʝ ʧʦʤʠʣʢʘ, ʷʢʫ ʤʦʞʥʘ ʙʫʜʝ ʧʦʙʘʯʠʪʠ ʚ ʢʦʥʩʦʣʽ ʧʨʦʛʨʘʤʠ.  



оу 
 
 

 

ʈʠʩʫʥʦʢ 2.16 ï ʇʦʩʪʽʡʥʝ ʩʧʽʣʢʫʚʘʥʥʷ ʚʫʟʣʽʚ 
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3 ɽʂʆʅʆʄɯʏʅɽ ʆɹˆʈʋʅʊʋɺɸʅʅʗ ɼʆʎɯʃʔʅʆʉʊɯ ʈʆɿʈʆɹʂʀ 

ʈʝʟʶʤʝ 

1) ʄʝʪʘ ʧʨʦʻʢʪʫ. 

ʇʽʜʧʨʠʻʤʝʮʴ ʧʣʘʥʫʻ ʚʧʨʦʚʘʜʠʪʠ ʽʥʥʦʚʘʮʽʡʥʠʡ ʧʨʦʜʫʢʪ - ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ 

ʘʚʪʦʨʩʴʢʠʤ ʧʨʘʚʦʤ ʽʟ ʟʘʩʪʦʩʫʚʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ ʙʣʦʢʯʝʡʥ. 

2) ɼʞʝʨʝʣʘ ʬʽʥʘʥʩʫʚʘʥʥʷ. 

ʇʽʜʧʨʠʻʤʝʮʴ ʟʙʠʨʘʻʪʴʩʷ ʚʠʪʨʘʪʠʪʠ ʚʣʘʩʥʽ ʢʦʰʪʠ ʥʘ ʨʦʟʨʦʙʢʫ ʪʘ 

ʚʧʨʦʚʘʜʞʝʥʥʷ ʧʨʦʜʫʢʪʫ. 

3) ʆʙˇʨʫʥʪʫʚʘʥʥʷ ʬʽʥʘʥʩʦʚʠʭ ʟʘʭʦʜʽʚ. 

ʇʽʜʧʨʠʻʤʝʮʴ ʟʙʠʨʘʻʪʴʩʷ ʚʠʪʨʘʪʠʪʠ ʢʦʰʪʠ ʥʘ ʨʦʟʨʦʙʢʫ ʧʨʦʛʨʘʤʥʦʛʦ 

ʟʘʙʝʟʧʝʯʝʥʥʷ, ʚʠʚʯʝʥʥʷ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʙʣʦʢʯʝʡʥ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ 

ʙʝʟʧʝʢʠ ʪʘ ʧʨʦʟʦʨʦʩʪʽ ʚ ʫʧʨʘʚʣʽʥʥʽ ʘʚʪʦʨʩʴʢʠʤʠ ʧʨʘʚʘʤʠ. 

4) ɺʽʜʤʽʥʥʦʩʪʽ ʚʽʜ ʢʦʥʢʫʨʝʥʪʽʚ. 

ʇʨʦʜʫʢʪ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʪʝʭʥʦʣʦʛʽʾ ʙʣʦʢʯʝʡʥ, ʱʦ ʛʘʨʘʥʪʫʻ 

ʥʝʚʽʜʚʦʨʦʪʥʽʩʪʴ ʪʘ ʧʨʦʟʦʨʽʩʪʴ ʚ ʫʧʨʘʚʣʽʥʥʽ ʘʚʪʦʨʩʴʢʠʤʠ ʧʨʘʚʘʤʠ. ʎʝ ʥʘʜʘʻ 

ʢʣʽʻʥʪʘʤ ʫʥʽʢʘʣʴʥʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʪʘ ʥʘʜʽʡʥʦʩʪʽ. ɺʽʜ ʢʦʥʢʫʨʝʥʪʽʚ, ʱʦ ʚʞʝ 

ʟʘʩʪʦʩʦʚʫʶʪʴ ʪʝʭʥʦʣʦʛʽʶ ʙʣʦʢʯʝʡʥ ʚʽʜʨʽʟʥʷʻʪʴʩʷ ʨʽʟʥʦʤʘʥʽʪʥʽʩʪʶ ʪʠʧʽʚ ʪʚʦʨʽʚ. 

5) ʎʽʥʥʽʩʪʴ ʜʣʷ ʧʦʢʫʧʮʽʚ. 

ʇʦʢʫʧʮʽ ʤʘʪʠʤʫʪʴ ʤʦʞʣʠʚʽʩʪʴ ʝʬʝʢʪʠʚʥʦ ʪʘ ʙʝʟʧʝʯʥʦ ʫʧʨʘʚʣʷʪʠ ʩʚʦʾʤʠ 

ʘʚʪʦʨʩʴʢʠʤʠ ʧʨʘʚʘʤʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʟʘʭʠʩʪʫ ʚʽʜ ʧʦʨʫʰʝʥʴ ʪʘ 

ʚʪʨʘʪʠ ʢʦʥʪʨʦʣʶ ʥʘʜ ʪʚʦʨʯʠʤʠ ʪʘ ʽʥʪʝʣʝʢʪʫʘʣʴʥʠʤʠ ʚʣʘʩʥʦʩʪʷʤʠ. ʊʘʢʦʞ ʧʨʦʜʫʢʪ 

ʤʦʞʝ ʙʫʪʠ ʧʨʠʚʘʙʣʠʚʠʤ ʜʣʷ ʜʝʨʞʘʚʥʠʭ ʦʨʛʘʥʽʚ, ʷʢʱʦ ʚ ʢʨʘʾʥʽ ʽʩʥʫʶʪʴ ʽʥʩʪʠʪʫʪʠ 

ʜʣʷ ʨʝʻʩʪʨʘʮʽʾ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ, ʱʦ ʤʦʞʝ ʙʫʪʠ ʧʽʜʩʪʘʚʦʶ ʜʣʷ ʟʘʭʠʩʪʫ 

ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ ʯʠʥʥʠʤ ʟʘʢʦʥʦʜʘʚʩʪʚʦʤ. ʅʘʧʨʠʢʣʘʜ ʮʝʡ ʇʇ ʤʽʛ ʙʠ ʩʪʘʪʠ ʚ ʥʘʛʦʜʽ 

ʋʢʨʘʾʥʩʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʦʬʽʩʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ ʪʘ ʽʥʥʦʚʘʮʽʡ 

(ʋʂʈʅʆɯɺɯ). 

6) ʌʽʥʘʥʩʦʚʽ ʨʝʟʫʣʴʪʘʪʠ: 

ɺʘʨʪʽʩʪʴ ʪʘ ʎʽʥʦʫʪʚʦʨʝʥʥʷ: 

¶ ɺʠʪʨʘʪʠ ʥʘ ʨʦʟʨʦʙʢʫ: 250 ʛʨʥ. 



пл 
 
 

¶ ʄʘʢʩʠʤʘʣʴʥʘ ʮʽʥʘ ʧʨʦʜʫʢʪʫ: 372 ʛʨʥ. 

¶ ʄʽʥʽʤʘʣʴʥʘ ʮʽʥʘ ʧʨʦʜʫʢʪʫ: 327 ʛʨʥ. 

¶ ʎʽʥʘ ʪʠʨʘʞʫʚʘʥʥʷ: 188 ʛʨʥ. 

¶ ɺʠʪʨʘʪʠ ʥʘ ʘʜʘʧʪʘʮʽʶ: 12.5 ʛʨʥ. 

ʇʨʠʙʫʪʦʢ ʪʘ ʋʥʽʢʘʣʴʥʽʩʪʴ ʇʨʦʜʫʢʪʫ: 

¶ ʇʨʠʙʫʪʦʢ ʟ ʦʜʥʦʛʦ ʧʨʦʜʘʞʫ: 60 ʛʨʥ. 

¶ ʋʥʽʢʘʣʴʥʽʩʪʴ ʧʨʦʜʫʢʪʫ ʧʦʣʷʛʘʻ ʚ ʟʘʩʪʦʩʫʚʘʥʥʽ ʪʝʭʥʦʣʦʛʽʾ ʙʣʦʢʯʝʡʥ ʜʣʷ 

ʙʝʟʧʝʯʥʦʾ ʧʝʨʝʜʘʯʽ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʨʩʴʢʠʤʠ ʧʨʘʚʘʤʠ. ʎʝ ʟʘʙʝʟʧʝʯʫʻ 

ʥʝʚʽʜʚʦʨʦʪʥʽʩʪʴ ʪʘ ʧʨʦʟʦʨʽʩʪʴ ʫ ʚʠʨʽʰʝʥʥʽ ʧʠʪʘʥʴ ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ, ʱʦ 

ʚʽʜʤʽʥʥʦ ʚʽʜʨʽʟʥʷʻ ʡʦʛʦ ʚʽʜ ʧʨʦʜʫʢʮʽʾ ʢʦʥʢʫʨʝʥʪʽʚ. 

ʇʨʦʛʥʦʟʥʽ ʦʙʩʷʛʠ ʧʨʦʜʘʞʽʚ (ʥʘ ʨʽʢ): 

¶ ʈʽʢ 1: 100 ʦʜ. 

¶ ʈʽʢ 2: 300 ʦʜ. 

¶ ʈʽʢ 3: 800 ʦʜ. 

ɺʠʨʫʯʢʘ ʚʽʜ ʧʨʦʜʘʞʫ (ʨʽʯʥʘ): 

¶ ʈʽʢ 1: 33,000 ʛʨʥ. (100 * 330 ʛʨʥ.) 

¶ ʈʽʢ 2: 106,500 ʛʨʥ. (300 * 355 ʛʨʥ.) 

¶ ʈʽʢ 3: 296,000 ʛʨʥ. (800 * 370 ʛʨʥ.) 

ɺʠʪʨʘʪʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ (ʨʽʯʥʽ): 

¶ ʈʽʢ 1: 25,000 ʛʨʥ. (250 ʛʨʥ./ʦʜ. * 100 ʦʜ.) 

¶ ʈʽʢ 2: 75,000 ʛʨʥ. (250 ʛʨʥ./ʦʜ. * 300 ʦʜ.) 

¶ ʈʽʢ 3: 200,000 ʛʨʥ. (250 ʛʨʥ./ʦʜ. * 800 ʦʜ.) 

ɺʘʣʦʚʠʡ ʧʨʠʙʫʪʦʢ (ʨʽʯʥʠʡ): 

¶ ʈʽʢ 1: 8,000 ʛʨʥ. (33,000 ʛʨʥ. - 25,000 ʛʨʥ.) 

¶ ʈʽʢ 2: 31,500 ʛʨʥ. (106,500 ʛʨʥ. - 75,000 ʛʨʥ.) 

¶ ʈʽʢ 3: 96,000 ʛʨʥ. (296,000 ʛʨʥ. - 200,000 ʛʨʥ.) 

ʈʽʚʝʥʴ ʧʨʠʙʫʪʢʦʚʦʩʪʽ ʚʢʣʘʜʝʥʥʷ ʚ ʩʧʨʘʚʫ: 

¶ ʈʽʢ 1: 32% (ɺʘʣʦʚʠʡ ʧʨʠʙʫʪʦʢ / ɺʠʪʨʘʪʠ ʥʘ ʚʠʨʦʙʥʠʮʪʚʦ * 100) 

¶ ʈʽʢ 2: 42% 



пм 
 
 

¶ ʈʽʢ 3: 48% 

 

7) ɺʠʩʥʦʚʦʢ: 

ʇʨʦ̒ʢʪ ʧʝʨʝʜʙʘʯʘʻ ʩʪʚʦʨʝʥʥʷ ʫʥʽʢʘʣʴʥʦʾ ʩʠʩʪʝʤʠ, ʷʢʘ ʚʠʨʽʰʫʻ ʘʢʪʫʘʣʴʥʽ 

ʧʨʦʙʣʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʨʩʴʢʠʤʠ ʧʨʘʚʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʧʝʨʝʜʦʚʦʾ ʪʝʭʥʦʣʦʛʽʾ 

ʙʣʦʢʯʝʡʥ. ɺʘʨʪʽʩʪʴ ʧʨʦʜʫʢʪʫ ʚʽʜʦʙʨʘʞʘʻ ʡʦʛʦ ʷʢʽʩʪʴ ʪʘ ʽʥʥʦʚʘʮʽʡʥʠʡ ʧʽʜʭʽʜ. 

ʇʨʦʛʥʦʟʦʚʘʥʽ ʬʽʥʘʥʩʦʚʽ ʨʝʟʫʣʴʪʘʪʠ ʚʢʘʟʫʶʪʴ ʥʘ ʧʦʪʨʽʙʥʽʩʪʴ ʫʜʦʩʢʦʥʘʣʝʥʥʷ 

ʩʪʨʘʪʝʛʽʾ ʮʽʥʦʫʪʚʦʨʝʥʥʷ ʪʘ ʟʤʝʥʰʝʥʥʷ ʚʠʪʨʘʪ ʜʣʷ ʜʦʩʷʛʥʝʥʥʷ ʧʨʠʙʫʪʢʦʚʦʩʪʽ ʚ 

ʤʘʡʙʫʪʥʴʦʤʫ. 

3.1 ɸʥʘʣʽʟ ʽ ʧʽʜʛʦʪʦʚʢʘ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ 

ɸʥʘʣʽʟ ʽ ʧʽʜʛʦʪʦʚʢʘ ʚʠʭʽʜʥʠʭ ʜʘʥʠʭ ʧʨʦʚʦʜʠʣʠʩʷ ʟ ʚʽʜʢʨʠʪʠʭ ʜʞʝʨʝʣ, ʱʦ 

ʤʽʩʪʷʪʴʩʷ ʚ ʤʝʨʝʞʽ, ʦʩʢʽʣʴʢʠ ʚʽʪʯʠʟʥʷʥʠʭ ʩʭʦʞʠʭ ʩʠʩʪʝʤ ʥʝ ʙʫʣʦ ʟʥʘʡʜʝʥʦ, 

ʚʽʜʧʦʚʽʜʥʦ ʪʦʯʥʠʭ ʜʘʥʠʭ ʜʣʷ ʧʦʨʽʚʥʷʥʥʷ ʟ ʘʥʘʣʦʛʘʤʠ ʥʝ ʽʩʥʫʻ.  ʋ ʨʦʙʦʪʽ ʦʧʠʩʘʥʽ 

ʜʝʷʢʽ ʥʝʚʽʪʯʠʟʥʷʥʽ ʢʦʥʢʫʨʝʥʪʥʽ ʩʠʩʪʝʤʠ ʟʽ ʩʭʦʞʠʤ ʬʫʥʢʮʽʦʥʘʣʦʤ ʫ ʛʨʘʬʽ 

ʩʝʛʤʝʥʪʘʮʽʾ ʨʠʥʢʫ ʧʦ ʢʦʥʢʫʨʝʥʪʘʤ ʟ ʥʘʙʦʨʦʤ ʜʘʥʠʭ, ʷʢʽ ʻ ʚ ʚʽʜʢʨʠʪʦʤʫ ʜʦʩʪʫʧʽ. 

 

3.2 ʆʧʠʩ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʧʨʦʜʫʢʪʫ 

1)  ʍʘʨʘʢʪʝʨʠʩʪʠʢʘ ʧʨʦʜʫʢʪʫ: 

ʊʝʭʥʦʣʦʛʽʷ ʙʣʦʢʯʝʡʥ: ʧʨʦʜʫʢʪ ʚʠʢʦʨʠʩʪʦʚʫʻ ʪʝʭʥʦʣʦʛʽʶ ʙʣʦʢʯʝʡʥ ʜʣʷ 

ʩʪʚʦʨʝʥʥʷ ʙʝʟʧʝʯʥʦʛʦ ʪʘ ʥʘʜʽʡʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʦʙʤʽʥʫ ʪʘ ʟʙʝʨʝʞʝʥʥʷ 

ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ. ɹʣʦʢʯʝʡʥ ʛʘʨʘʥʪʫʻ ʥʝʟʤʽʥʥʽʩʪʴ ʪʘ ʥʝʚʽʜʚʦʨʦʪʥʽʩʪʴ ʜʘʥʠʭ, ʱʦ 

ʨʦʙʠʪʴ ʧʨʦʮʝʩ ʧʝʨʝʜʘʯʽ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʧʨʘʚʘʤʠ ʙʽʣʴʰ ʝʬʝʢʪʠʚʥʠʤ ʪʘ ʜʦʚʽʨʯʠʤ. 

ʉʠʩʪʝʤʘ ʤʝʥʝʜʞʤʝʥʪʫ ʘʚʪʦʨʩʴʢʠʤ ʧʨʘʚʦʤ: ʧʨʦʜʫʢʪ ʥʝ ʣʠʰʝ ʟʘʙʝʟʧʝʯʫʻ 

ʟʙʝʨʽʛʘʥʥʷ ʧʨʘʚ ʚ ʙʣʦʢʯʝʡʥʽ, ʘʣʝ ʽ ʥʘʜʘʻ ʽʥʩʪʨʫʤʝʥʪʠ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʮʠʤʠ 

ʧʨʘʚʘʤʠ, ʱʦ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʚʠʟʥʘʯʝʥʥʷ ʧʨʘʚ ʚʣʘʩʥʦʩʪʽ, ʧʝʨʝʜʘʯʫ, ʣʽʮʝʥʟʫʚʘʥʥʷ 

ʪʘ ʦʪʨʠʤʘʥʥʷ ʚʽʜʰʢʦʜʫʚʘʥʥʷ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʚʦʨʽʚ. 

2)  ʇʨʠʟʥʘʯʝʥʥʷ ʧʨʦʜʫʢʪʫ: 

ɿʘʙʝʟʧʝʯʝʥʥʷ ʙʝʟʧʝʯʥʦʩʪʽ ʪʘ ʧʨʦʟʦʨʦʩʪʽ: ʦʩʥʦʚʥʘ ʤʝʪʘ ʧʨʦʜʫʢʪʫ - ʩʪʚʦʨʝʥʥʷ 

ʥʘʜʽʡʥʦʛʦ ʽ ʙʝʟʧʝʯʥʦʛʦ ʩʝʨʝʜʦʚʠʱʘ ʜʣʷ ʦʙʤʽʥʫ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʨʩʴʢʠʤʠ 

ʧʨʘʚʘʤʠ, ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʧʨʦʟʦʨʦʩʪʽ ʪʘ ʚʽʜʩʪʝʞʝʥʥʷ ʢʦʞʥʦʛʦ ʝʪʘʧʫ 

ʪʨʘʥʟʘʢʮʽʾ. 



пн 
 
 

ɿʤʝʥʰʝʥʥʷ ʢʦʥʬʣʽʢʪʽʚ: ʧʨʦʜʫʢʪ ʩʧʨʦʱʫʻ ʚʠʨʽʰʝʥʥʷ ʢʦʥʬʣʽʢʪʽʚ, ʧʦʚ'ʷʟʘʥʠʭ 

ʟ ʚʣʘʩʥʽʩʪʶ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷʤ ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ, ʟʘʚʜʷʢʠ ʪʦʯʥʦʤʫ ʪʘ 

ʜʦʢʫʤʝʥʪʦʚʘʥʦʤʫ ʚʠʟʥʘʯʝʥʥʶ ʧʨʘʚ ʪʘ ʾʭʥʽʭ ʪʨʘʥʟʘʢʮʽʡ. 

3)  ʆʙʣʘʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʧʨʦʜʫʢʪʫ: 

ʄʝʜʽʘ ʪʘ ʨʦʟʚʘʛʠ: ʧʨʦʜʫʢʪ ʤʦʞʝ ʙʫʪʠ ʚʠʢʦʨʠʩʪʘʥʠʡ ʚ ʤʝʜʽʘ-̔ ʥʜʫʩʪʨʽʾ ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʤʫʟʠʯʥʠʤʠ, ʚʽʟʫʘʣʴʥʠʤʠ ʪʘ ʣʽʪʝʨʘʪʫʨʥʠʤʠ ʪʚʦʨʘʤʠ. ɸʚʪʦʨʠ, ʚʠʜʘʚʮʽ 

ʪʘ ʽʥʰʽ ʫʯʘʩʥʠʢʠ ʽʥʜʫʩʪʨʽʾ ʤʦʞʫʪʴ ʝʬʝʢʪʠʚʥʦ ʚʟʘʻʤʦʜʽʷʪʠ ʟʘ ʜʦʧʦʤʦʛʦʶ ʩʠʩʪʝʤʠ. 

ʊʝʭʥʦʣʦʛʽʯʥʘ ʽʥʥʦʚʘʮʽʷ: ʧʨʦʜʫʢʪ ʤʦʞʝ ʟʘʩʪʦʩʦʚʫʚʘʪʠʩʷ ʚ ʽʥʰʠʭ ʛʘʣʫʟʷʭ, ʜʝ 

ʧʦʪʨʽʙʥʘ ʙʝʟʧʝʯʥʘ ʧʝʨʝʜʘʯʘ ʪʘ ʫʧʨʘʚʣʽʥʥʷ ʧʨʘʚʘʤʠ, ʪʘʢʠʭ ʷʢ ʜʦʛʦʚʦʨʠ ʪʘ ʣʽʮʝʥʟʽʾ 

ʚ ʩʬʝʨʽ ʪʝʭʥʦʣʦʛʽʡ. 

4)  ʆʩʦʙʣʠʚʦʩʪʽ ʧʨʦʜʫʢʪʫ: 

ɺʠʢʦʨʠʩʪʘʥʥʷ ʙʣʦʢʯʝʡʥ ʪʝʭʥʦʣʦʛʽʾ: ʚʠʢʦʨʠʩʪʘʥʥʷ ʙʣʦʢʯʝʡʥ ʪʝʭʥʦʣʦʛʽʾ 

ʥʘʜʘʻ ʧʨʦʜʫʢʪʫ ʚʠʩʦʢʠʡ ʨʽʚʝʥʴ ʙʝʟʧʝʢʠ ʪʘ ʛʘʨʘʥʪʫʻ ʥʘʜʽʡʥʽʩʪʴ ʟʙʝʨʝʞʝʥʥʷ ʜʘʥʠʭ. 

ɯʥʪʝʨʬʝʡʩ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʧʨʘʚʘʤʠ: ʧʨʦʜʫʢʪ ʤʘʻ ʽʥʪʫʾʪʠʚʥʠʡ ʽʥʪʝʨʬʝʡʩ, 

ʷʢʠʡ ʩʧʨʦʱʫʻ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʨʩʴʢʠʤʠ ʧʨʘʚʘʤʠ, ʨʦʙʣʷʯʠ ʡʦʛʦ ʜʦʩʪʫʧʥʠʤ ʜʣʷ 

ʨʽʟʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

5)  ʇʦʟʠʮʽʦʥʫʚʘʥʥʷ ʥʘ ʨʠʥʢʫ: 

ɯʥʥʦʚʘʮʽʡʥʠʡ ʣʽʜʝʨ: ʧʨʦʜʫʢʪ ʤʦʞʝ ʧʦʟʠʮʽʦʥʫʚʘʪʠʩʷ ʷʢ ʽʥʥʦʚʘʮʽʡʥʠʡ ʣʽʜʝʨ ʚ 

ʛʘʣʫʟʽ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʨʩʴʢʠʤʠ ʧʨʘʚʘʤʠ, ʟʘʚʜʷʢʠ ʚʠʢʦʨʠʩʪʘʥʥʶ ʧʝʨʝʜʦʚʦʾ 

ʪʝʭʥʦʣʦʛʽʾ ʙʣʦʢʯʝʡʥ. 

ʈʦʟʚ'ʷʟʘʥʥʷ ʜʣʷ ʢʨʝʘʪʠʚʥʠʭ ʽʥʜʫʩʪʨʽʡ: ʟʚʝʨʪʘʶʯʠʩʴ ʜʦ ʤʝʜʽʘ ʪʘ ʪʚʦʨʯʠʭ 

ʛʘʣʫʟʝʡ, ʧʨʦʜʫʢʪ ʤʦʞʝ ʧʽʜʢʨʝʩʣʶʚʘʪʠ ʩʚʦʶ ʩʧʨʦʤʦʞʥʽʩʪʴ ʚʠʨʽʰʫʚʘʪʠ ʧʨʦʙʣʝʤʠ, 

ʱʦ ʚʠʥʠʢʘʶʪʴ ʫ ʮʠʭ ʛʘʣʫʟʷʭ. 

ɻʥʫʯʢʽʩʪʴ ʪʘ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ: ʟʘʙʝʟʧʝʯʝʥʥʷ ʤʦʞʣʠʚʦʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʧʨʦʜʫʢʪʫ ʚ ʨʽʟʥʠʭ ʩʬʝʨʘʭ ʜʦʟʚʦʣʷʻ ʡʦʤʫ ʧʨʠʩʪʦʩʦʚʫʚʘʪʠʩʷ ʜʦ ʨʽʟʥʠʭ ʚʠʤʦʛ ʪʘ 

ʤʘʩʰʪʘʙʫʚʘʪʠʩʷ ʚʽʜʧʦʚʽʜʥʦ ʜʦ ʧʦʪʨʝʙ ʢʦʨʠʩʪʫʚʘʯʽʚ. 

6)  ʇʘʪʝʥʪʥʘ ʯʠʩʪʦʪʘ ʧʨʦʜʫʢʪʫ: 

ʅʘʟʚʘ ɺʠʥʘʭʦʜʫ: ʩʠʩʪʝʤʘ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʨʩʴʢʠʤʠ ʧʨʘʚʘʤʠ ʟʘ ʜʦʧʦʤʦʛʦʶ 

ʪʝʭʥʦʣʦʛʽʾ ʙʣʦʢʯʝʡʥ 



по 
 
 

ʊʝʭʥʽʯʥʘ ʦʙʣʘʩʪʴ: ʩʠʩʪʝʤʠ ʪʘ ʤʝʪʦʜʠ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʨʩʴʢʠʤʠ ʧʨʘʚʘʤʠ, 

ʟʦʢʨʝʤʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʙʣʦʢʯʝʡʥ. 

ʇʦʧʝʨʝʜʥʽ ɺʠʥʘʭʦʜʠ: ʚʽʜʦʤʽ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʨʩʴʢʠʤʠ ʧʨʘʚʘʤʠ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʮʝʥʪʨʘʣʽʟʦʚʘʥʽ ʙʘʟʠ ʜʘʥʠʭ, ʱʦ ʤʦʞʝ ʧʨʠʟʚʦʜʠʪʠ ʜʦ ʧʨʦʙʣʝʤ ʟ 

ʙʝʟʧʝʢʦʶ ʪʘ ʧʨʦʟʦʨʽʩʪʶ. 

ʆʧʠʩ ɺʠʥʘʭʦʜʫ: ʥʘʚʝʜʝʥʠʡ ʚʠʥʘʭʽʜ ʩʪʦʩʫʻʪʴʩʷ ʩʠʩʪʝʤʠ ʪʘ ʤʝʪʦʜʫ ʜʣʷ 

ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʨʩʴʢʠʤʠ ʧʨʘʚʘʤʠ, ʷʢʘ ʙʘʟʫʻʪʴʩʷ ʥʘ ʨʦʟʧʦʜʽʣʝʥʽʡ ʪʘ ʥʝʚʽʜʚʦʨʦʪʥʽʡ 

ʪʝʭʥʦʣʦʛʽʾ ʙʣʦʢʯʝʡʥ. ʉʠʩʪʝʤʘ ʜʦʟʚʦʣʷʻ ʝʬʝʢʪʠʚʥʦ ʚʠʟʥʘʯʘʪʠ, ʚʽʜʩʪʝʞʫʚʘʪʠ ʪʘ 

ʧʝʨʝʜʘʚʘʪʠ ʘʚʪʦʨʩʴʢʽ ʧʨʘʚʘ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʤʽʞ ʚʣʘʩʥʠʢʘʤʠ, ʤʫʟʠʢʘʥʪʘʤʠ, 

ʚʠʜʘʚʮʷʤʠ ʪʘ ʽʥʰʠʤʠ ʫʯʘʩʥʠʢʘʤʠ ʛʘʣʫʟʽ. 

ɽʪʘʧʠ ʈʝʘʣʽʟʘʮʽʾ. ɺʠʥʘʭʽʜ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ: 

¶ ʈʝʻʩʪʨʘʮʽʶ ʧʨʘʚ: ʢʦʞʝʥ ʪʚʽʨ ʤʠʩʪʝʮʪʚʘ ʨʝʻʩʪʨʫʻʪʴʩʷ ʚ ʙʣʦʢʯʝʡʥʽ ʟ 

ʫʥʽʢʘʣʴʥʠʤ ʽʜʝʥʪʠʬʽʢʘʪʦʨʦʤ ʪʘ ʚʠʟʥʘʯʝʥʠʤʠ ʧʨʘʚʘʤʠ ʚʣʘʩʥʦʩʪʽ. 

¶ ʊʨʘʥʩʬʝʨ ʧʨʘʚ: ʚʣʘʩʥʠʢʠ ʤʦʞʫʪʴ ʣʝʛʢʦ ʧʝʨʝʜʘʚʘʪʠ ʘʙʦ ʣʽʮʝʥʟʫʚʘʪʠ ʩʚʦʾ 

ʧʨʘʚʘ ʯʝʨʝʟ ʙʝʟʧʝʯʥʽ ʪʘ ʥʝʚʽʜʚʦʨʦʪʥʽ ʪʨʘʥʟʘʢʮʽʾ ʚ ʙʣʦʢʯʝʡʥʽ. 

¶ ɺʽʜʩʪʝʞʝʥʥʷ ʚʠʢʦʨʠʩʪʘʥʥʷ: ʢʦʞʥʘ ʪʨʘʥʟʘʢʮʽʷ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ 

ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ ʬʽʢʩʫʶʪʴʩʷ ʚ ʙʣʦʢʯʝʡʥʽ, ʥʘʜʘʶʯʠ ʧʨʦʟʦʨʽʩʪʴ ʪʘ 

ʟʘʙʝʟʧʝʯʫʶʯʠ ʚʽʜʰʢʦʜʫʚʘʥʥʷ ʟʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʚʦʨʽʚ. 

ʊʝʭʥʽʯʥʽ ʩʭʝʤʠ: ʜʦʜʘʶʪʴʩʷ ʪʝʭʥʽʯʥʽ ʩʭʝʤʠ, ʱʦ ʽʣʶʩʪʨʫʶʪʴ ʩʪʨʫʢʪʫʨʫ 

ʙʣʦʢʯʝʡʥʫ ʪʘ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʫʯʘʩʥʠʢʘʤʠ ʩʠʩʪʝʤʠ. 

ʇʝʨʝʚʘʛʠ ʚʠʥʘʭʦʜʫ. ɺʠʥʘʭʽʜ ʟʘʙʝʟʧʝʯʫʻ: 

¶ ɹʝʟʧʝʢʫ: ʟʘʭʠʱʝʥʽʩʪʴ ʚʽʜ ʬʘʣʴʩʠʬʽʢʘʮʽʾ ʪʘ ʥʝʩʘʥʢʮʽʦʥʦʚʘʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʝʨʝʟ ʪʝʭʥʦʣʦʛʽʶ ʙʣʦʢʯʝʡʥ. 

¶ ʇʨʦʟʦʨʽʩʪʴ: ʚʽʜʩʪʝʞʝʥʥʷ ʢʦʞʥʦʾ ʪʨʘʥʟʘʢʮʽʾ ʪʘ ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʨʝʞʠʤʽ 

ʨʝʘʣʴʥʦʛʦ ʯʘʩʫ. 

ʂʝʨʽʚʥʠʮʪʚʦ ʢʦʨʠʩʪʫʚʘʯʘ (ʚʠʢʦʨʠʩʪʘʥʥʷ ʚ ʧʨʦʤʠʩʣʦʚʦʩʪʽ): ʩʠʩʪʝʤʘ ʤʦʞʝ 

ʙʫʪʠ ʫʩʧʽʰʥʦ ʚʧʨʦʚʘʜʞʝʥʘ ʚ ʛʘʣʫʟʽ ʤʝʜʽʘ, ʤʫʟʠʢʠ, ʢʥʠʛʦʚʠʜʘʥʥʷ ʪʘ ʽʥʰʠʭ 

ʪʚʦʨʯʠʭ ʛʘʣʫʟʷʭ. 

 



пп 
 
 

3.3 ɼʦʩʣʽʜʞʝʥʥʷ ʽ ʘʥʘʣʽʟ ʨʠʥʢʽʚ ʟʙʫʪʫ 

1) ʉʝʛʤʝʥʪʘʮʽʷ ʨʠʥʢʫ ʧʦ ʩʧʦʞʠʚʘʯʘʭ ʥʘʚʝʜʝʥʘ ʚ ʪʘʙʣ. 3.1 

ʆʩʢʽʣʴʢʠ ʧʨʦʻʢʪ ʦʨʽʻʥʪʦʚʘʥʦ ʥʘ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʨʩʴʢʠʤʠ ʧʨʘʚʘʤʠ ʪʚʦʨʽʚ ʪʘ 

ʾʭ ʣʽʮʝʥʟʫʚʘʥʥʷ, ʦʙʣʘʩʪʷʤʠ ʚʠʢʦʨʠʩʪʘʥʥʷ ʘʙʦ ʩʝʛʤʝʥʪʘʤʠ ʨʠʥʢʫ ʚʠʩʪʫʧʘʶʪʴ 

ʢʨʝʘʪʠʚʥʽ ʩʬʝʨʠ ʥʘʰʦʛʦ ʞʠʪʪʷ ʪʘ ʽʥʜʫʩʪʨʽʾ, ʷʢʽ ʟ ʥʠʤʠ ʧʦʚôʷʟʘʥʽ. ɹʫʣʦ ʚʠʜʽʣʝʥʦ 6 

ʦʙʣʘʩʪʝʡ ʚʠʢʦʨʠʩʪʘʥʥʷ: ʤʝʜʽʘ ʪʘ ʨʦʟʚʘʛʠ, ʣʽʪʝʨʘʪʫʨʘ, ʪʝʭʥʦʣʦʛʽʯʥʽ ʽʥʥʦʚʘʮʽʾ 

(ʦʧʠʩʠ ʧʘʪʝʥʪʽʚ), ʧʨʦʛʨʘʤʥʽ ʧʨʦʻʢʪʠ (ʩʭʝʤʠ), ʨʝʢʣʘʤʘ, ʘʨʭʽʪʝʢʪʫʨʥʽ ʧʨʦʻʢʪʠ 

(ʩʭʝʤʘʪʠʯʥʽ ʦʧʠʩʠ). 

ʊʘʙʣʠʮʷ 3.1 ï ʉʝʛʤʝʥʪʘʮʽʷ ʨʠʥʢʫ ʧʦ ʩʧʦʞʠʚʘʯʘʭ  

ʆʙʣʘʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ (ʩʝʛʤʝʥʪʠ) 
ʂʦʜ 

ʩʝʛʤʝʥʪʘ 

ʉʧʦʞʠʚʘʯʽ 

ɯ ɯɯ ɯɯɯ ɯ V V 

ʄʝʜʽʘ ʪʘ ʨʦʟʚʘʛʠ ɸ ʭ ʭ ʭ ʭ ʭ 

ʃʽʪʝʨʘʪʫʨʘ ɹ ʭ  ʭ  ʭ 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʽʥʥʦʚʘʮʽʾ ɺ ʭ ʭ    

ʇʨʦʛʨʘʤʥʽ ʧʨʦʢ̒ʪʠ ɻ ʭ ʭ    

ʈʝʢʣʘʤʘ ɼ ʭ   ʭ  

ɸʨʭʽʪʝʢʪʫʨʥʽ ʧʨʦʢ̒ʪʠ ɽ ʭ   ʭ  

I ï ʘʚʪʦʨʠ ʪʚʦʨʽʚ; 

II  ï ʢʦʤʝʨʮʽʡʥʽ ʧʨʦʢ̒ʪʠ (ʢʦʤʧôʶʪʝʨʥʽ ʽʛʨʠ, ʨʝʢʣʘʤʘ ʽ ʪ.ʜ.); 

III ï ʨʝʞʠʩʝʨʠ; 

IV ï ʜʠʟʘʡʥʝʨʠ; 

V ï ʢʦʣʝʢʮʽʦʥʝʨʠ  

ʆʨʽʻʥʪʦʚʥʘ ʤʽʩʪʢʽʩʪʴ ʩʝʛʤʝʥʪʽʚ ʦʨʽʻʥʪʦʚʘʥʘ ʥʘ ʽʥʜʠʚʽʜʫʘʣʴʥʠʭ ʩʧʦʞʠʚʘʯʽʚ. 

ɼʣʷ ʪʦʛʦ, ʱʦʙ ʟʨʦʙʠʪʠ ʧʽʜʨʘʭʫʥʢʠ, ʪʨʝʙʘ ʟʥʘʪʠ ʩʢʽʣʴʢʠ ʘʚʪʦʨʩʴʢʠʭ ʪʚʦʨʽʚ (ʧʽʩʝʥʴ, 

ʚʽʨʰʽʚ, ʢʘʨʪʠʥ ʽ ʪ.ʜ.) ʩʪʚʦʨʶʻʪʴʩʷ ʟʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ. ʅʘ ʞʘʣʴ ʪʘʢʦʾ ʽʥʬʦʨʤʘʮʽʾ 

ʥʝʤʘʻ ʫ ʚʽʜʢʨʠʪʦʤʫ ʜʦʩʪʫʧʽ, ʪʦʤʫ ʥʝʚʽʜʦʤʦ, ʷʢʘ ʢʽʣʴʢʽʩʪʴ ʪʚʦʨʽʚ ʙʫʜʝ 

ʨʝʻʩʪʨʫʚʘʪʠʩʷ ʟʘ ʧʝʚʥʠʡ ʧʝʨʽʦʜ ʯʘʩʫ, ʘ ʪʘʢʦʞ ʩʢʽʣʴʢʠ ʪʨʘʥʟʘʢʮʽʡ ʧʝʨʝʜʘʯʽ 

ʘʚʪʦʨʩʴʢʦʛʦ ʧʨʘʚʘ ʪʘ ʣʽʮʝʥʟʫʚʘʥʥʷ ʙʫʜʝ ʧʨʦʚʦʜʠʪʠʩʷ ʜʣʷ ʩʧʦʞʠʚʘʯʽʚ ʘʚʪʦʨʩʴʢʠʭ 

ʪʚʦʨʽʚ ʢʦʤʝʨʮʽʡʥʠʤʠ ʢʦʤʧʘʥʽʷʤʠ.  

 



пр 
 
 

2) ʇʘʨʘʤʝʪʨʠʯʥʘ ʩʝʛʤʝʥʪʘʮʽʷ ʨʠʥʢʫ ʧʦʟʥʘʯʝʥʘ ʚ ʪʘʙʣ. 3.2 

ʊʘʙʣʠʮʷ 3.2 ï ʇʘʨʘʤʝʪʨʠʯʥʘ ʩʝʛʤʝʥʪʘʮʽʷ ʨʠʥʢʫ  

ʇʘʨʘʤʝʪʨʠ 

ʂʦʜ ʩʝʛʤʝʥʪʽʚ 

ʇʽʜʩʫʤʢʦʚʘ 

ʦʮʽʥʢʘ 

ɺʽʜʩʦʪʢʠ 

ʜʦ 

(ʟʘʛʘʣʴʥʦʛʦ 

ʧʽʜʩʫʤʢʫ) 

ɸ ɹ ɺ ɻ ɼ ɽ 

ʎʽʥʘ 5 5 5 5 5 5 30 35,7 

ʊʠʧ ʙʘʟʠ 

ʜʘʥʠʭ 
5 2 3 3 4 4 21 25 

ʂʽʣʴʢʽʩʪʴ 

ʢʦʨʠʩʪʫʚʘʯʽʚ 
5 2 2 3 4 3 19 22.6 

ʚʠʪʨʘʪʠ ʥʘ 

ʘʜʘʧʪʘʮʽʶ 

ʇʇ 

2 2 3 3 2 2 14 16,6 

ʈɸɿʆʄ 17 11 13 14 15 14 84 100 

 

ɿʘ ʜʘʥʠʤʠ ʚ ʪʘʙʣʠʮʽ ʚʠʜʥʦ, ʱʦ ʥʘʡʚʘʞʣʠʚʽʰʠʤ ʧʘʨʘʤʝʪʨʦʤ ʻ ʮʽʥʘ, ʟʘ ʥʠʤ 

ï ʙʘʟʘ ʜʘʥʠʭ, ʧʦʪʽʤ ʢʽʣʴʢʽʩʪʴ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʧʦʪʽʤ ʚʠʪʨʘʪʠ ʥʘ ʘʜʘʧʪʘʮʽʶ. ɺʠʪʨʘʪʠ 

ʥʘ ʘʜʘʧʪʘʮʽʶ ï ʥʘʡʤʝʥʰʠʡ ʧʦʢʘʟʥʠʢ, ʘʜʞʝ ʷʢʱʦ ʧʨʦʛʨʘʤʥʠʡ ʧʨʦʜʫʢʪ ʽʟ ʧʦʯʘʪʢʫ 

ʥʘʧʠʩʘʥʠʡ ʧʨʘʚʠʣʴʥʦ, ʪʦ ʘʜʘʧʪʘʮʽʷ ʙʫʜʝ ʣʝʛʢʦʶ ʡ ʰʚʠʜʢʦʶ, ʷʢʱʦ ʚʟʘʛʘʣʽ 

ʟʥʘʜʦʙʠʪʴʩʷ. 

ʊʘʢʦʞ ʤʠ ʙʘʯʠʤʦ, ʱʦ ʤʝʜʽʘ ʪʘ ʨʦʟʚʘʛʠ ʙʫʜʫʪʴ ʥʘʡʙʽʣʴʰ ʚʘʞʣʠʚʦʶ ʡ 

ʚʠʙʘʛʣʠʚʦʶ ʦʙʣʘʩʪʶ ʟʘʩʪʦʩʫʚʘʥʥʷ. 

3) ʉʝʛʤʝʥʪʘʮʽʷ ʨʠʥʢʫ ʧʦ ʦʩʥʦʚʥʠʤ ʢʦʥʢʫʨʝʥʪʘʤ ʥʘʚʝʜʝʥʘ ʚ ʪʘʙʣ. 3.3 

ʅʘʩʪʫʧʥʠʤ ʢʨʦʢʦʤ ʨʦʟʛʣʷʥʝʤʦ ʩʝʛʤʝʥʪʘʮʽʶ ʨʠʥʢʫ ʧʦ ʦʩʥʦʚʥʠʤ 

ʢʦʥʢʫʨʝʥʪʘʤ, ʘʜʞʝ ʪʝʭʥʦʣʦʛʽʷ ʙʣʦʢʯʝʡʥ ʭʦʯ ʽ ʚʽʜʥʦʩʥʦ ʥʦʚʘ, ʘʣʝ ʧʦʧʫʣʷʨʥʘ ʚ 

ʥʘʰ ʯʘʩ, ʪʦʞ ʽʩʥʫʻ ʯʠʤʘʣʦ ʙʣʦʢʯʝʡʥ-ʧʣʘʪʬʦʨʤ, ʷʢʽ ʜʦʟʚʦʣʷʶʪʴ ʩʪʚʦʨʶʚʘʪʠ 

ʦʢʨʝʤʽ ʚʠʜʠ ʢʦʥʪʝʥʪʫ, ʣʽʮʝʥʟʫʚʘʪʠ ʡʦʛʦ, ʦʪʨʠʤʫʶʯʠ ʚʽʜʩʦʪʢʠ ʘʙʦ ʦʜʥʦʨʘʟʦʚʫ 

ʚʠʨʫʯʢʫ ʟ ʪʚʽʨ, ʘ ʪʘʢʦʞ ʟʘʨʦʙʣʷʪʠ ʙʫʜʫʯʠ ʧʨʦʩʪʠʤ ʩʪʝʡʢʭʦʣʜʝʨʦʤ. 

 

 



пс 
 
 

ʊʘʙʣʠʮʷ 3.3 ï ʉʝʛʤʝʥʪʘʮʽʷ ʨʠʥʢʫ ʧʦ ʢʦʥʢʫʨʝʥʪʘʤ 

ʆʙʣʘʩʪʽ ʚʠʢʦʨʠʩʪʘʥʥʷ (ʩʝʛʤʝʥʪʠ) 

ʇʝʨʝʜʙʘʯʫʚʘʥʠʡ 

ʢʦʥʢʫʨʝʥʪ 

ɯ ɯɯ ɯɯɯ ɯ V V 

ʄʝʜʽʘ ʪʘ ʨʦʟʚʘʛʠ ʭ x  x/2 x 

ʃʽʪʝʨʘʪʫʨʘ    x/2 x 

ʊʝʭʥʦʣʦʛʽʯʥʽ ʽʥʥʦʚʘʮʽʾ    x/2 x 

ʇʨʦʛʨʘʤʥʽ ʧʨʦʢ̒ʪʠ    x/2 x 

ʈʝʢʣʘʤʘ   x x/2 x 

ɸʨʭʽʪʝʢʪʫʨʥʽ ʧʨʦʢ̒ʪʠ    x/2 x 

 

I ï Audius, II ï YouPic, III ï AdsDax, ɯV ï Ethereum, V ï IBM Blockchain Platform 

Audius (AUDIO) ï ʮʝ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʘ ʙʣʦʢʯʝʡʥ ʧʣʘʪʬʦʨʤʘ ʧʦʪʦʢʦʚʦʾ 

ʧʝʨʝʜʘʯʽ ʤʫʟʠʢʠ. ʎʷ ʧʣʘʪʬʦʨʤʘ ʩʧʨʷʤʦʚʘʥʘ ʥʘ ʘʚʪʦʨʽʚ ʤʫʟʠʢʠ, ʜʦʟʚʦʣʷʶʯʠ ʾʤ 

ʟʘʭʠʱʘʪʠ ʩʚʦʾ ʪʚʦʨʠ, ʤʦʥʝʪʠʟʫʚʘʪʠ ʪʘ ʟʘʨʦʙʣʷʪʠ ʜʦ 90% ʜʦʭʦʜʫ ʚʽʜ 

ʧʨʦʩʣʫʭʦʚʫʚʘʥʥʷ. ʇʣʘʪʬʦʨʤʘ ʤʘʻ ʩʚʦʶ ʚʥʫʪʨʽʰʥʶ ʚʘʣʶʪʫ (AUDIO ʥʘ ʦʩʥʦʚʽ 

Ethereum), ʷʢʘ ʜʦʟʚʦʣʷʻ ʦʪʨʠʤʫʚʘʪʠ ʜʦʩʪʫʧ ʜʦ ʦʩʦʙʣʠʚʦʛʦ ʢʦʥʪʝʥʪʫ, ʘ ʪʘʢʦʞ 

ʧʨʠʡʤʘʪʠ ʫʯʘʩʪʴ ʚ ʛʦʣʦʩʫʚʘʥʥʷʭ ʧʨʦ ʟʤʽʥʠ ʚ ʧʣʘʪʬʦʨʤʽ. ʉʪʘʥʦʤ ʥʘ ʛʨʫʜʝʥʴ 2021 

ʨʦʢʫ Audius ʤʘʻ ʤʘʡʞʝ 6 ʤʽʣʴʡʦʥʽʚ ʫʥʽʢʘʣʴʥʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʘ ʤʽʩʷʮʴ ʽ ʙʽʣʴʰʝ 

100 000 ʘʨʪʠʩʪʽʚ. [5] 

YouPic ï ʧʝʨʰʘ ʚ ʩʚʽʪʽ ʜʝʮʝʥʪʨʘʣʽʟʦʚʘʥʘ ʧʣʘʪʬʦʨʤʘ ʬʦʪʦʛʨʘʬʽʾ. ɭ 

ʤʦʞʣʠʚʽʩʪʴ ʚʠʟʥʘʯʠʪʠ ʚʣʘʩʥʽ ʫʤʦʚʠ ʣʽʮʝʥʟʫʚʘʥʥʷ, ʩʪʚʦʨʠʚʰʠ ʨʦʟʫʤʥʽ ʢʦʥʪʨʘʢʪʠ. 

ʄʦʞʥʘ ʦʪʨʠʤʫʚʘʪʠ ʦʧʣʘʪʫ ʟʘ ʩʚʦʶ ʨʦʙʦʪʫ ʙʝʟʧʦʩʝʨʝʜʥʴʦ ʚʽʜ ʩʧʦʞʠʚʘʯʽʚ, ʙʝʟ 

ʧʦʩʝʨʝʜʥʠʢʽʚ, ʙʝʟ ʩʢʦʨʦʯʝʥʴ ʽ ʚ ʧʦʚʥʦʤʫ ʦʙʩʷʟʽ. [8] 

AdsDax ð ʮʝ ʙʣʦʢʯʝʡʥ-ʨʝʢʣʘʤʥʘ ʧʣʘʪʬʦʨʤʘ ʪʘ ʨʠʥʦʢ ʜʣʷ ʩʪʚʦʨʝʥʥʷ, 

ʢʫʧʽʚʣʽ, ʧʝʨʝʚʽʨʢʠ ʪʘ ʧʨʦʜʘʞʫ ʨʝʢʣʘʤʠ. ʎʝ ʥʝ ʧʨʦʩʪʦ ʦʬʽʮʽʡʥʠʡ ʜʦʢʫʤʝʥʪ ʯʠ 

ʧʽʜʪʚʝʨʜʞʝʥʥʷ ʢʦʥʮʝʧʮʽʾ. ʅʘʨʘʟʽ ʧʣʘʪʬʦʨʤʘ AdsDax ʦʪʨʠʤʫʻ ʩʦʪʥʽ ʤʽʣʴʡʦʥʽʚ 

ʟʘʧʠʪʽʚ ʦʛʦʣʦʰʝʥʴ ʥʘ ʤʽʩʷʮʴ ʽ ʢʝʨʫʻ ʢʘʤʧʘʥʽʷʤʠ ʜʣʷ ʧʦʥʘʜ 25 ʽʟ 100 ʥʘʡʢʨʘʱʠʭ 

ʙʨʝʥʜʽʚ Ad Age. [6] 

ɹʣʦʢʯʝʡʥ Ethereum ï ʦʜʥʘ ʟ ʽʤʧʣʝʤʝʥʪʘʮʽʡ ʙʣʦʢʯʝʡʥʫ. ɺ ʪʘʙʣʠʮʽ ʧʦʟʥʘʯʝʥʦ 

ʷʢ ʭ/2, ʪʦʤʫ ʱʦ ʟʘʟʚʠʯʘʡ Ethereum ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʷʢ ʦʩʥʦʚʫ ʜʣʷ ʩʚʦʻʾ ʥʘʪʠʚʥʦʾ 

ʢʨʠʧʪʦʚʘʣʶʪʠ. ʆʩʦʙʣʠʚʽʩʪʶ ʻ ERC-20. ERC-20 ð ʮʝ ʪʝʭʥʽʯʥʠʡ ʩʪʘʥʜʘʨʪ, ʷʢʠʡ 



пт 
 
 

ʚʠʢʦʨʠʩʪʦʚʫʻʪʴʩʷ ʜʣʷ ʩʤʘʨʪ-ʢʦʥʪʨʘʢʪʽʚ ʫ ʙʣʦʢʯʝʡʥʽ Ethereum, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʪʦʢʝʥʽʚ ʽ ʢʝʨʫʚʘʥʥʷ ʥʠʤʠ. ʊʦʢʝʥʠ ERC-20 

ʟʙʝʨʽʛʘʶʪʴʩʷ ʚ ʙʣʦʢʯʝʡʥʽ Ethereum ʽ ʤʦʞʫʪʴ ʧʨʝʜʩʪʘʚʣʷʪʠ ʨʽʟʥʦʤʘʥʽʪʥʽ ʘʢʪʠʚʠ, 

ʪʘʢʽ ʷʢ ʢʨʠʧʪʦʚʘʣʶʪʠ, ʢʦʨʠʩʥʽ ʪʦʢʝʥʠ ʪʘ ʮʽʥʥʽ ʧʘʧʝʨʠ. 

IBM Blockchain Platform ï ʮʝ ʙʣʦʢʯʝʡʥ ʧʣʘʪʬʦʨʤʘ ʜʣʷ ʤʝʥʝʜʞʤʝʥʪʫ ʪʘ 

ʚʽʜʩʪʝʞʝʥʥʷ ʙʫʜʴ-̫ ʢʠʭ ʚʠʨʦʙʽʚ: ʚʽʜ ʢʦʰʪʦʚʥʦʩʪʝʡ ʜʦ ʩʪʨʘʭʫʚʘʥʥʷ ʪʘ ʾʞʽ. IBM 

Blockchain ʤʦʞʝ ʧʽʜʥʷʪʠ ʮʶ ʜʦʚʽʨʫ ʥʘ ʘʙʩʦʣʶʪʥʦ ʥʦʚʠʡ ʨʽʚʝʥʴ, ʜʦʧʦʤʘʛʘʶʯʠ 

ʩʪʦʨʦʥʘʤ, ʷʢʽ ʟʜʽʡʩʥʶʶʪʴ ʩʧʽʣʴʥʽ ʪʨʘʥʟʘʢʮʽʾ, ʧʽʜʪʚʝʨʜʞʫʚʘʪʠ ʪʘ ʦʙʤʽʥʶʚʘʪʠʩʷ 

ʥʝʟʤʽʥʥʠʤʠ ʟʘʧʠʩʘʤʠ ʪʨʘʥʟʘʢʮʽʡ ʫ ʧʨʠʚʘʪʥʽʡ ʨʦʟʧʦʜʽʣʝʥʽʡ ʢʥʠʟʽ. ʂʦʤʧʘʥʽʾ, ʷʢʽ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴ ʧʣʘʪʬʦʨʤʫ IBM Blockchain ʜʣʷ ʧʣʘʪʬʦʨʤʠ Blockchain, 

ʚʢʣʶʯʘʶʪʴ: CIGNA Corporation, ʘʤʝʨʠʢʘʥʩʴʢʫ ʩʪʨʘʭʦʚʫ ʦʨʛʘʥʽʟʘʮʽʶ ʟ 71300 

ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ ʪʘ ʜʦʭʦʜʦʤ 180,64 ʤʽʣʴʷʨʜʘ ʜʦʣʘʨʽʚ ʉʐɸ, Anthem, Inc., 

ʘʤʝʨʠʢʘʥʩʴʢʫ ʤʝʜʠʯʥʫ ʦʨʛʘʥʽʟʘʮʽʶ ʟ 83400 ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ ʪʘ ʜʦʭʦʜʦʤ 121,87 

ʤʽʣʴʷʨʜʘ ʜʦʣʘʨʽʚ ʉʐɸ, Health Care Service Corporation, ʘʤʝʨʠʢʘʥʩʴʢʘ ʦʨʛʘʥʽʟʘʮʽʷ 

ʦʭʦʨʦʥʠ ʟʜʦʨʦʚôʷ ʟ 24 000 ʩʧʽʚʨʦʙʽʪʥʠʢʽʚ ʽ ʜʦʭʦʜʦʤ 50,20 ʤʽʣʴʷʨʜʽʚ ʜʦʣʘʨʽʚ ʉʐɸ, 

Visa Inc., ʘʤʝʨʠʢʘʥʩʴʢʘ ʙʘʥʢʽʚʩʴʢʘ ʪʘ ʬʽʥʘʥʩʦʚʘ ʦʨʛʘʥʽʟʘʮʽʷ ʟ 21 500 

ʩʧʽʚʨʦʙʽʪʥʠʢʘʤʠ ʪʘ ʜʦʭʦʜʦʤ 24,11 ʤʽʣʴʷʨʜʘ ʜʦʣʘʨʽʚ ʉʐɸ, ʪʘ ʙʘʛʘʪʦ ʽʥʰʠʭ. [2] 

 

3.4 ʆʮʽʥʢʘ ʚʠʪʨʘʪ ʥʘ ʨʦʟʨʦʙʢʫ ʧʨʦʛʨʘʤʥʦʛʦ ʧʨʦʜʫʢʪʫ 

1) ɺʠʟʥʘʯʝʥʥʷ ʧʦʪʨʝʙʠ ʚ ʤʘʪʝʨʽʘʣʴʥʠʭ ʽ ʪʨʫʜʦʚʠʭ ʨʝʩʫʨʩʘʭ ʧʦʟʥʘʯʝʥʦ ʚ ʪʘʙʣ. 

4.1: 

ʊʘʙʣʠʮʷ 3.4 ï ʆʮʽʥʢʠ ʚʠʪʨʘʪ 

ʄʘʪʝʨʽʘʣʠ ʂʽʣʴʢʽʩʪʴ 
ɺʘʨʪʽʩʪʴ ʦʜʠʥʠʮʽ, 

ʛʨʥ. 
ʇʨʠʟʥʘʯʝʥʥʷ 

ɽʣʝʢʪʨʦʝʥʝʨʛʽʷ 20 ʢɺʪ/ʛ (176 ʛʦʜ) 3,96 ʛʨʥ/ʢɺʪ-ʛʦʜ  

ʅʦʫʪʙʫʢ 1   

ɯʥʪʝʨʥʝʪ 1 ʤʽʩʷʮʴ 170 ʛʨʥ  

ʇʘʧʽʨ   ɼʦʢʫʤʝʥʪʫʚʘʥʥʷ 

ɺʩʴʦʛʦ 249,2 ʛʨʥ.  
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2) ʈʦʟʨʘʭʫʥʦʢ ʩʦʙʽʚʘʨʪʦʩʪʽ ʽ ʜʦʛʦʚʽʨʥʦʾ ʮʽʥʠ ʧʨʦʜʫʢʪʫ 

ʊʨʫʜʦʚʠʪʨʘʪʠ (ʚ ʣʶʜʠʥʦ-ʜʥʷʭ) ʥʘ ʜʦʩʣʽʜʥʠʮʴʢʫ ʨʦʙʦʪʫ ʨʦʟʨʘʭʦʚʫʶʪʴʩʷ ʟʘ 

ʬʦʨʤʫʣʦʶ: 

 

ʊ = ʊʦʬ + ʊʘ + ʊʩ + ʊʧ + ʊʦ + ʊʜ,  

 

ʜʝ: ʊʦʬ - ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʚʠʚʯʝʥʥʷ ʦʧʠʩʫ ʟʘʚʜʘʥʥʷ ʽ ʬʦʨʤʫʣʶʚʘʥʥʷ ʾʾ ʧʦʩʪʘʥʦʚʢʠ; 

ʊʘ - ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʥʘ ʨʦʟʨʦʙʢʫ ʘʣʛʦʨʠʪʤʫ ʧʨʦʛʨʘʤʠ; 

ʊʩ - ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʥʘ ʩʢʣʘʜʘʥʥʷ ʩʭʝʤʠ ʘʣʛʦʨʠʪʤʫ; 

ʊʧ - ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʥʘ ʨʦʟʨʦʙʢʫ ʧʨʦʛʨʘʤʠ; 

ʊʦ - ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʥʘ ʥʘʣʘʛʦʜʞʝʥʥʷ ʧʨʦʛʨʘʤʠ ʥʘ ʪʝʩʪʦʚʠʭ ʧʨʠʢʣʘʜʘʭ; 

ʊʜ - ʪʨʫʜʦʤʽʩʪʢʽʩʪʴ ʥʘ ʦʬʦʨʤʣʝʥʥʷ ʜʦʢʫʤʝʥʪʘʮʽʾ. 

 

ɼʣʷ ʟʥʘʭʦʜʞʝʥʥʷ ʪʨʫʜʦʤʽʩʪʢʦʩʪʽ ʜʣʷ ʢʦʞʥʦʛʦ ʝʪʘʧʫ, ʧʦʪʨʽʙʥʦ ʟʥʘʡʪʠ Q. 

 

ὗ ήz ὑ  z ὖ 

 

ʜʝ: Q - ʫʤʦʚʥʝ ʢʽʣʴʢʽʩʪʴ ʦʧʝʨʘʪʦʨʽʚ ʧʨʦʛʨʘʤʠ; 

q - ʧʝʨʝʜʙʘʯʫʚʘʥʘ ʢʽʣʴʢʽʩʪʴ ʢʦʤʘʥʜ ʧʨʦʛʨʘʤʠ; 

ʂ - ʢʦʝʬʽʮʽʻʥʪ ʩʢʣʘʜʥʦʩʪʽ ʧʨʦʛʨʘʤʠ (ɼʣʷ ʚʠʨʽʰʝʥʥʷ ʟʘʚʜʘʥʴ ʚ ʨʝʘʣʴʥʦʤʫ 

ʤʘʩʰʪʘʙʽ ʯʘʩʫ ʂ = 1,5) 

Pi- ʢʦʝʬʽʮʽʻʥʪ ʢʦʨʝʢʮʽʾ ʧʨʦʛʨʘʤʠ (ʚʽʜ 0,4 ʜʦ 0,8) 

n - ʢʽʣʴʢʽʩʪʴ ʢʦʨʝʢʮʽʡ ʧʨʦʛʨʘʤʠ. 
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ὗ υz ρȟυz πȟφ πȟτ πȟτ ρπȟυ 

 

ʊʨʫʜʦʤʽʩʪʢʽʩʪʴ ʥʘ ʚʠʚʯʝʥʥʷ ʦʧʠʩʫ ʟʘʚʜʘʥʥʷ ʽ ʬʦʨʤʫʣʶʚʘʥʥʷ ʾʾ ʧʦʩʪʘʥʦʚʢʠ 

ʚʠʨʘʭʦʚʫʻʪʴʩʷ ʟʘ ʬʦʨʤʫʣʦʶ: 

 

˟̏ ̕  
ὗ

ψz  ὠ̏ ̕z ˗̋ ̃
ὺz 

 

ʜʝ: Vʦʬ - ʧʨʦʜʫʢʪʠʚʥʽʩʪʴ ʚʠʢʦʥʘʚʮʷ (ʢʦʤʘʥʜ / ʛʦʜ); 

ʂʂɺ - ʢʦʝʬʽʮʽʻʥʪ ʢʚʘʣʽʬʽʢʘʮʽʾ ʚʠʢʦʥʘʚʮʷ (ʟʘʣʝʞʠʪʴ ʚʽʜ ʩʪʘʞʫ ʨʦʙʦʪʠ ʽ ʜʦʨʽʚʥʶʻ: 

ʜʦ 2-ʭ ʨʦʢʽʚ - 0.8; ʚʽʜ 2-ʭ ʜʦ 3-ʭ ʨʦʢʽʚ - 1.0; ʚʽʜ 3-ʭ ʜʦ 5-ʪʠ ʨʦʢʽʚ - 1.2; ʚʽʜ 5ʪʠ ʜʦ 

7ʤʠ ʨʦʢʽʚ - 1.4); 

v - ʢʦʝʬʽʮʽʻʥʪ, ʱʦ ʚʨʘʭʦʚʫʻ ʷʢʽʩʪʴ ʦʧʠʩʫ ʨʦʙʦʪʠ (0.9-1.0) 

˟̏ ̕  
ρπȟυ

ψz  ψπzρȟς
πzȟωυ πȟπρσ 

˟́  
ρπȟυ

ψz  ςπzρȟς
πzȟωυ πȟπυ 

˟̒  
ρπȟυ

ψz  ρυzρȟς
πzȟωυ πȟπχ 

˟̐  
ρπȟυ

ψz  ςπzρȟς
πzȟωυ πȟπυ 

˟̏  
ρπȟυ

ψz  υz ρȟς
πzȟωυ πȟς 

˟̅  
ρπȟυ

ψz  ςπzρȟς
πzȟωυ πȟπυ 

 

ɿʚʽʜʩʠ ʊ = 0,013 + 0,05 + 0,07 + 0,05 + 0,2 + 0,05 = 0,433.  
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ɯʥʰʠʭ ʧʨʷʤʠʭ ʚʠʪʨʘʪ ʥʝ ʙʫʣʦ, ʚʩʶ ʨʦʙʦʪʫ ʚʠʢʦʥʘʣʘ 1 ʣʶʜʠʥʘ, ʘʚʪʦʨ ʜʠʧʣʦʤʥʦʛʦ 

ʧʨʦ̒ʢʪʫ.  

ʇʨʠʙʫʪʦʢ ʦʙʯʠʩʣʶʻʪʴʩʷ ʷʢ 20% ʚʽʜ ʚʠʪʨʘʪ ʥʘ ʨʦʟʨʦʙʢʫ ʇʇ 

 

˜ πȢςz ˔̑ 

 

ʜʝ ɿʨ ï ʩʦʙʽʚʘʨʪʽʩʪʴ ʚʣʘʩʥʠʭ ʨʦʙʽʪ.  

ʆʩʢʽʣʴʢʠ ʚʠʪʨʘʪʠ ʩʢʣʘʣʠ ~250 ʛʨʥ, ʇ = 0.2 * 250 = 50 

ʄʘʢʩʠʤʘʣʴʥʘ ʮʽʥʘ ʨʦʟʨʦʙʣʶʚʘʣʴʥʦʛʦ ʇʇ ʙʫʜʝ: 

ˣ̍ ́̋̒ρȢςz ˔̑ ρȢςz ˜ ρȢςz ςυπρȢςz υπ σχς 

ʆʪʨʠʤʘʥʘ ʮʽʥʘ ʻ ʤʘʢʩʠʤʘʣʴʥʦʶ. ʆʜʥʘʢ ʮʷ ʮʽʥʘ ʤʦʞʝ ʙʫʪʠ ʟʤʝʥʰʝʥʘ ʽ ʩʢʣʘʜʘʪʠʩʷ 

ʟ ʚʠʪʨʘʪ ʥʘ ʪʠʨʘʞʫʚʘʥʥʷ (ɿʪʠʨ) ʽ ʘʜʘʧʪʘʮʽʶ (ɿʘʜ) ʜʘʥʦʛʦ ʧʨʦʜʫʢʪʫ ʩʧʦʞʠʚʘʯʘʤ. 

 

˔̓ ̉̑ ˞̍ ̘z ˟̋ ˔̅ ˔̉ 

 

ʜʝ ʉʤʯ - ʚʘʨʪʽʩʪʴ ʤʘʰʠʥʦ-ʯʘʩʫ ʨʦʙʦʪʠ ɽʆʄ (ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ), ʚʽʟʴʤʝʤʦ 50 

ʛʨʥ/ʛʦʜʠʥʫ; 

ʊʢ - ʯʘʩ ʢʦʧʽʶʚʘʥʥʷ ʩʠʩʪʝʤʠ, ʛʦʜʠʥʘ (ʧʨʠʡʤʘʻʤʦ 0.005 ʛʦʜʠʥʠ); 

ɿʜ - ʚʘʨʪʽʩʪʴ ʥʦʩʽʷ, ʛʨʥ (ʙʝʨʝʤʦ ʟʛʽʜʥʦ ʜʽʶʯʠʭ ʮʽʥ), ʚʽʟʴʤʝʤʦ 150 ʛʨʥ ʟʘ ʬʣʝʰ-

ʥʦʩʽʡ ʥʘ 64 ʛʙ; 

ɿʠ - ʟʘʨʧʣʘʪʘ ʚʠʢʦʥʘʚʮʷ, ʛʨʥ/ʛʦʜʠʥʘ: 

 

˔̉
˔̍ ̨̎

Ὠz ὸ
 
φ χππ

ςςzψ
 σψȢπχ 

 

ʜʝ ɿmin ï ʤʽʥʽʤʘʣʴʥʘ ʟʘʨʦʙʽʪʥʘ ʧʣʘʪʥʷ ʚ ʋʢʨʘʾʥʽ (ʪʝʧʝʨʽʰʥʽʡ ʯʘʩ); 



рм 
 
 

d ï ʩʝʨʝʜʥʷ ʢʽʣʴʢʽʩʪʴ ʨʦʙʦʯʠʭ ʜʥʽʚ ʚ ʤʽʩʷʮʽ; 

t ï ʪʨʠʚʘʣʽʩʪʴ ʨʦʙʦʯʦʾ ʟʤʽʥʠ (ʟʛʽʜʥʦ ʟʘʢʦʥʦʜʘʚʩʪʚʘ). 

ʊʦʜʽ  

˔̓ ̉̑ υπzπȢππυρυπσψȢπχ ρψψȢσς 

ʄʽʥʽʤʘʣʴʥʫ ʮʽʥʫ ʎmin ʚʠʟʥʘʯʘʻʤʦ ʧʦ ʬʦʨʤʫʣʽ: 

ˣ̍ ̨̎ ρȢςz ˔̓ ̉̑ ˔́ ̅ ρȢς˜ᴂ 

ʜʝ ɿʘʜ - ʚʠʪʨʘʪʠ ʥʘ ʘʜʘʧʪʘʮʽʶ (ʧʨʠʡʤʘʻʤʦ 5% ʚʽʜ ɿʨ ) (ɿʘʣʝʞʥʦ ʚʽʜ ʦʩʦʙʣʠʚʦʩʪʝʡ 

ʇʇ ʮʽ ʚʠʪʨʘʪʠ ʤʦʞʫʪʴ ʙʫʪʠ ʚʽʜʩʫʪʥʽ.), 

ʇô ï ʧʨʠʙʫʪʦʢ ʟ ʦʜʥʦʛʦ ʧʨʦʜʘʞʫ, ʛʨʥ: 

˜ πȢσz ˔̓ ̉̑ ˔́ ̅ πȢσz ρψψȢσςρςȢυ φπȢςτφ 

ʊʦʜʽ 

ˣ̍ ̨̎ ρȢςz ρψψȢσςρςȢυ ρȢςz φπȢςτφ σςχȢχ 

ʊʦʙʪʦ ʮʽʥʘ ʧʨʦʜʘʞʫ ʧʦʚʠʥʥʘ ʙʫʪʠ ʤʽʞ 327.7 ʽ 372 ʛʨʥ, ʥʘʧʨʠʢʣʘʜ 350 ʛʨʥ. 

3.5 ʆʮʽʥʢʘ ʢʦʥʢʫʨʝʥʪʦʩʧʨʦʤʦʞʥʦʩʪʽ 

ʅʘ ʞʘʣʴ ʥʝʤʦʞʣʠʚʦ ʧʦʨʽʚʥʷʪʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʨʦʟʨʦʙʣʝʥʦʛʦ ʇʇ ʽʟ ʇʇ 

ʢʦʥʢʫʨʝʥʪʽʚ, ʪʦʤʫ ʱʦ ʽʥʬʦʨʤʘʮʽʷ ʧʨʦ ʚʥʫʪʨʽʰʥʶ ʘʨʭʽʪʝʢʪʫʨʫ ʻ ʧʨʠʭʦʚʘʥʦʶ, ʘ ʥʝ 

ʟʘʛʘʣʴʥʦʜʦʩʪʫʧʥʦʶ. ʗʢʱʦ ʙ ʚʦʥʘ ʙʫʣʘ ʚʽʜʦʤʘ, ʤʦʞʥʘ ʙʫʣʦ ʙ ʧʦʨʽʚʥʷʪʠ, ʷʢʽ ʪʠʧʠ 

ʙʘʟ ʜʘʥʠʭ ʚʠʢʦʨʠʩʪʦʚʫʻ ʢʦʥʢʫʨʝʥʪ, ʷʢʽ ʦʙʩʷʛʠ ʽʥʬʦʨʤʘʮʽʾ ʛʝʥʝʨʫʻ, ʷʢʽ ʩʠʩʪʝʤʠ 

ʰʚʠʜʢʦʛʦ ʧʦʰʫʢʫ ʟʘʜʽʷʥʽ, ʷʢʽ ʪʠʧʠ ʢʦʤʧôʶʪʝʨʽʚ ʥʘ ʷʢʠʭ ʭʤʘʨʥʠʭ ʩʝʨʚʽʩʘʭ 

ʚʠʢʦʨʠʩʪʦʚʫʶʪʴʩʷ ʡ ʪ.ʜ. 

3.6 ɺʠʩʥʦʚʢʠ ʽ ʧʨʦʧʦʟʠʮʽʾ 

ʗʢ ʚʠʜʥʦ ʟ ʥʘʚʝʜʝʥʦʾ ʽʥʬʦʨʤʘʮʽʾ, ʨʦʟʨʦʙʣʶʚʘʥʠʡ ʇʇ ʥʝ ʻ ʧʝʨʰʦʦʪʢʨʠʚʘʯʝʤ 

ʫ ʮʽʡ ʩʬʝʨʽ, ʘʣʝ ʤʽʛ ʙʠ ʙʫʪʠ ʚʽʪʯʠʟʥʷʥʠʤ ʘʥʘʣʦʛʦʤ ʩʠʩʪʝʤʠ ʤʝʥʝʜʞʤʝʥʪʫ 

ʘʚʪʦʨʩʴʢʠʤ ʧʨʘʚʦʤ ʨʽʟʥʠʭ ʪʠʧʽʚ ʪʚʦʨʽʚ, ʣʽʮʝʥʟʽʶʚʘʥʥʷ ʪʘ ʩʧʦʩʦʙʦʤ ʟʘʨʦʙʽʪʢʫ ʷʢ 

ʜʣʷ ʘʚʪʦʨʽʚ, ʪʘʢ ʽ ʜʣʷ ʩʪʝʡʢʭʦʣʜʝʨʽʚ. ʊʘʢʦʞ ʮʝʡ ʇʇ ʤʽʛ ʙʠ ʩʪʘʪʠ ʚ ʥʘʛʦʜʽ 

ʋʢʨʘʾʥʩʴʢʦʤʫ ʥʘʮʽʦʥʘʣʴʥʦʤʫ ʦʬʽʩʫ ʽʥʪʝʣʝʢʪʫʘʣʴʥʦʾ ʚʣʘʩʥʦʩʪʽ ʪʘ ʽʥʥʦʚʘʮʽʡ 

(ʋʂʈʅʆɯɺɯ). 
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ɺʀʉʅʆɺʂʀ 

ɺ ʨʦʙʦʪʽ ʙʫʣʦ ʫʩʧʽʰʥʦ ʚʠʨʽʰʝʥʦ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʝ ʟʘʚʜʘʥʥʷ, ʧʦʚ'ʷʟʘʥʝ ʟ 

ʨʦʟʨʦʙʢʦʶ ʪʘ ʚʧʨʦʚʘʜʞʝʥʥʷʤ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʨʩʴʢʠʤʠ ʧʨʘʚʘʤʠ ʥʘ 

ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ ʙʣʦʢʯʝʡʥ. ɻʦʣʦʚʥʽ ʘʩʧʝʢʪʠ, ʱʦ ʙʫʣʠ ʚʠʨʽʰʝʥʽ, ʚʢʣʶʯʘʶʪʴ: 

1) ʨʦʟʨʦʙʢʫ ʘʨʭʽʪʝʢʪʫʨʠ ʩʠʩʪʝʤʠ: ʫʩʧʽʰʥʦ ʩʧʨʦʢ̒ʪʦʚʘʥʘ ʘʨʭʽʪʝʢʪʫʨʘ 

ʩʠʩʪʝʤʠ, ʱʦ ʚʨʘʭʦʚʫʻ ʦʩʦʙʣʠʚʦʩʪʽ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʨʩʴʢʠʤʠ ʧʨʘʚʘʤʠ, ʽ ʟʘʙʝʟʧʝʯʫʻ 

ʝʬʝʢʪʠʚʥʫ ʚʟʘʻʤʦʜʽʶ ʤʽʞ ʫʯʘʩʥʠʢʘʤʠ; 

2) ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʪʘ ʰʚʠʜʢʦʜʽʷ: ʟʘʙʝʟʧʝʯʝʥʘ ʤʘʩʰʪʘʙʦʚʘʥʽʩʪʴ ʩʠʩʪʝʤʠ ʜʣʷ 

ʨʝʻʩʪʨʘʮʽʾ ʥʦʚʠʭ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʘ ʪʘʢʦʞ ʰʚʠʜʢʦʜʽʷ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʥʝʛʘʡʥʦʾ 

ʚʟʘʻʤʦʜʽʾ; 

3) ʘʥʘʣʽʟ ʝʬʝʢʪʠʚʥʦʩʪʽ ʪʘ ʙʝʟʧʝʢʠ: ʩʠʩʪʝʤʘ ʤʘʻ ʫʩʽ ʙʝʟʧʝʢʦʚʽ ʧʝʨʝʚʘʛʠ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʝʭʥʦʣʦʛʽʾ ʙʣʦʢʯʝʡʥ, ʷʢʽ ʦʯʽʢʫʚʘʣʠʩʷ ʚ ʧʨʦʢ̒ʪʽ; 

4) ʧʨʘʢʪʠʯʥʽʩʪʴ ʫ ʚʠʢʦʨʠʩʪʘʥʥʽ: ʨʦʟʨʦʙʣʝʥʘ ʩʠʩʪʝʤʘ ʚʢʣʶʯʘʻ ʚ ʩʝʙʝ ʟʨʫʯʥʠʡ 

ʽʥʪʝʨʬʝʡʩ ʜʣʷ ʢʦʨʠʩʪʫʚʘʯʽʚ, ʚʨʘʭʦʚʫʶʯʠ ʩʫʯʘʩʥʽ ʚʠʤʦʛʠ ʪʘ ʧʦʪʨʝʙʠ ʫʧʨʘʚʣʽʥʥʷ 

ʘʚʪʦʨʩʴʢʠʤʠ ʧʨʘʚʘʤʠ ʚ ʮʠʬʨʦʚʦʤʫ ʩʝʨʝʜʦʚʠʱʽ; 

5) ʩʧʨʠʷʥʥʷ ʨʦʟʚʠʪʢʫ ʢʫʣʴʪʫʨʥʠʭ ʥ̔ʜʫʩʪʨʽʡ: ʧʨʦ̒ʢʪ ʩʧʨʠʷʻ ʨʦʟʚʠʪʢʫ 

ʢʫʣʴʪʫʨʥʠʭ ʪʘ ʪʚʦʨʯʠʭ ʽʥʜʫʩʪʨʽʡ, ʥʘʜʘʶʯʠ ʽʥʩʪʨʫʤʝʥʪ ʜʣʷ ʝʬʝʢʪʠʚʥʦʛʦ ʪʘ 

ʧʨʦʟʦʨʦʛʦ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʨʩʴʢʠʤʠ ʧʨʘʚʘʤʠ. 

ɺ ʮʽʣʦʤʫ, ʨʦʙʦʪʘ ʫʩʧʽʰʥʦ ʚʠʨʽʰʠʣʘ ʥʘʫʢʦʚʦ-ʪʝʭʥʽʯʥʝ ʟʘʚʜʘʥʥʷ ʪʘ ʥʘʜʘʻ 

ʽʥʥʦʚʘʮʽʡʥʝ ʨʽʰʝʥʥʷ ʜʣʷ ʩʫʯʘʩʥʦʾ ʛʘʣʫʟʽ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʨʩʴʢʠʤʠ ʧʨʘʚʘʤʠ. 

ʈʝʻʩʪʨʘʮʽʷ ʪʚʦʨʽʚ ʪʘ ʣʽʮʝʥʟʫʚʘʥʥʷ ʚʽʜʙʫʚʘʶʪʴʩʷ ʰʚʠʜʢʦ. ʇʨʠʻʜʥʘʥʥʷ ʥʦʚʠʭ 

ʢʦʨʠʩʪʫʚʘʯʽʚ ʥʝ ʧʦʪʨʝʙʫʻ ʥʽʷʢʠʭ ʜʦʜʘʪʢʦʚʠʭ ʜʽʡ, ʢʨʽʤ ʟʘʧʫʩʢʫ ʩʚʦʛʦ ʚʫʟʣʘ ʟ 

ʧʨʘʚʠʣʴʥʠʤʠ ʥʘʣʘʰʪʫʚʘʥʥʷʤʠ ʧʽʜʢʣʶʯʝʥʥʷ ʜʦ ʙʘʟ ʜʘʥʠʭ.  

ʄʦʞʣʠʚʽʩʪʴ ʚʠʢʦʨʠʩʪʘʥʥʷ ʨʝʟʫʣʴʪʘʪʽʚ ʨʦʙʦʪʠ ʥʘ ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ: 

1) ʧʦʣʽʧʰʝʥʥʷ ʟʘʢʦʥʦʜʘʚʩʪʚʘ: ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʤʦʞʫʪʴ ʩʣʫʛʫʚʘʪʠ 

ʧʽʜʩʪʘʚʦʶ ʜʣʷ ʨʦʟʨʦʙʢʠ ʘʙʦ ʤʦʜʠʬʽʢʘʮʽʾ ʟʘʢʦʥʦʜʘʚʩʪʚʘ ʚ ʩʬʝʨʽ ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ, 

ʟʦʢʨʝʤʘ ʜʣʷ ʚʠʟʥʘʥʥʷ ʝʣʝʢʪʨʦʥʥʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʩʪʚʦʨʝʥʠʭ ʥʘ ʦʩʥʦʚʽ ʪʝʭʥʦʣʦʛʽʾ 

ʙʣʦʢʯʝʡʥ; 

2) ʩʪʚʦʨʝʥʥʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʨʝʻʩʪʨʽʚ: ʜʝʨʞʘʚʥʽ ʦʨʛʘʥʠ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʨʦʟʨʦʙʣʝʥʫ ʩʠʩʪʝʤʫ ʜʣʷ ʩʪʚʦʨʝʥʥʷ ʮʝʥʪʨʘʣʽʟʦʚʘʥʠʭ ʨʝʻʩʪʨʽʚ 



ро 
 
 

ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ, ʱʦ ʛʘʨʘʥʪʫʻ ʧʨʦʟʦʨʽʩʪʴ ʪʘ ʥʘʜʽʡʥʽʩʪʴ ʚ ʫʧʨʘʚʣʽʥʥʽ ʧʨʘʚʘʤʠ ʥʘ 

ʨʽʚʥʽ ʢʨʘʾʥʠ; 

3) ʧʦʩʠʣʝʥʥʷ ʢʦʥʪʨʦʣʶ ʪʘ ʟʘʭʠʩʪʫ ʧʨʘʚ ʘʚʪʦʨʽʚ: ʜʝʨʞʘʚʥʽ ʽʥʩʪʠʪʫʮʽʾ 

ʤʦʞʫʪʴ ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʩʠʩʪʝʤʫ ʜʣʷ ʧʽʜʚʠʱʝʥʥʷ ʨʽʚʥʷ ʢʦʥʪʨʦʣʶ ʪʘ ʟʘʭʠʩʪʫ 

ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ, ʫʥʠʢʘʶʯʠ ʤʦʞʣʠʚʦʩʪʽ ʧʦʜʚʽʡʥʦʛʦ ʚʠʢʦʨʠʩʪʘʥʥʷ ʯʠ ʥʝʟʘʢʦʥʥʦʛʦ 

ʚʠʢʦʨʠʩʪʘʥʥʷ ʪʚʦʨʽʚ. 

4) ʬʽʥʘʥʩʦʚʘ ʧʨʦʟʦʨʽʩʪʴ: ʜʝʨʞʘʚʥʽ ʬʽʥʘʥʩʦʚʽ ʦʨʛʘʥʠ ʤʦʞʫʪʴ 

ʚʠʢʦʨʠʩʪʦʚʫʚʘʪʠ ʙʣʦʢʯʝʡʥ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʬʽʥʘʥʩʦʚʦʾ ʧʨʦʟʦʨʦʩʪʽ ʫ ʩʬʝʨʘʭ, ʜʝ 

ʚʽʜʙʫʚʘʻʪʴʩʷ ʧʝʨʝʜʘʯʘ ʪʘ ʦʧʣʘʪʘ ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ. 

5) ʧʽʜʪʨʠʤʢʘ ʪʚʦʨʯʠʭ ʽʥʜʫʩʪʨʽʡ: ʟʘʩʪʦʩʫʚʘʥʥʷ ʨʦʟʨʦʙʣʝʥʦʾ ʩʠʩʪʝʤʠ ʥʘ 

ʜʝʨʞʘʚʥʦʤʫ ʨʽʚʥʽ ʤʦʞʝ ʧʽʜʪʨʠʤʘʪʠ ʨʦʟʚʠʪʦʢ ʪʚʦʨʯʠʭ ʽʥʜʫʩʪʨʽʡ, ʥʘʜʘʶʯʠ 

ʪʚʦʨʮʷʤ ʩʪʘʙʽʣʴʥʫ ʪʘ ʝʬʝʢʪʠʚʥʫ ʩʠʩʪʝʤʫ ʫʧʨʘʚʣʽʥʥʷ ʾʭʥʽʤʠ ʪʚʦʨʘʤʠ. 

6) ʤʽʞʥʘʨʦʜʥʘ ʩʧʽʚʧʨʘʮʷ: ʜʝʨʞʘʚʠ ʤʦʞʫʪʴ ʩʧʽʚʧʨʘʮʶʚʘʪʠ ʜʣʷ ʩʪʚʦʨʝʥʥʷ 

ʤʽʞʥʘʨʦʜʥʠʭ ʩʪʘʥʜʘʨʪʽʚ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʨʩʴʢʠʤʠ ʧʨʘʚʘʤʠ ʥʘ ʙʘʟʽ ʪʝʭʥʦʣʦʛʽʾ 

ʙʣʦʢʯʝʡʥ, ʱʦ ʧʦʣʝʛʰʠʪʴ ʤʽʞʥʘʨʦʜʥʽ ʦʙʤʽʥʠ ʪʚʦʨʯʠʤʠ ʨʝʩʫʨʩʘʤʠ ʪʘ ʟʘʭʠʩʪ 

ʘʚʪʦʨʩʴʢʠʭ ʧʨʘʚ ʥʘ ʛʣʦʙʘʣʴʥʦʤʫ ʨʽʚʥʽ. 

7) ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʠʬʨʦʚʦʾ ʙʝʟʧʝʢʠ: ʨʝʟʫʣʴʪʘʪʠ ʨʦʙʦʪʠ ʤʦʞʫʪʴ ʙʫʪʠ 

ʚʠʢʦʨʠʩʪʘʥʽ ʜʣʷ ʟʘʙʝʟʧʝʯʝʥʥʷ ʮʠʬʨʦʚʦʾ ʙʝʟʧʝʢʠ ʪʘ ʟʘʭʠʩʪʫ ʚʽʜ ʧʽʜʨʦʙʢʠ 

ʝʣʝʢʪʨʦʥʥʠʭ ʜʦʢʫʤʝʥʪʽʚ, ʱʦ ʤʘʻ ʚʘʞʣʠʚʝ ʟʥʘʯʝʥʥʷ ʜʣʷ ʧʨʘʚʦʟʘʭʠʩʥʠʭ ʪʘ ʽʥʰʠʭ 

ʜʝʨʞʘʚʥʠʭ ʦʨʛʘʥʽʟʘʮʽʡ. 

ɿʘʛʘʣʴʥʦʥʘʮʽʦʥʘʣʴʥʘ ʽʤʧʣʝʤʝʥʪʘʮʽʷ ʩʠʩʪʝʤʠ ʫʧʨʘʚʣʽʥʥʷ ʘʚʪʦʨʩʴʢʠʤʠ 

ʧʨʘʚʘʤʠ ʥʘ ʙʘʟʽ ʪʝʭʥʦʣʦʛʽʾ ʙʣʦʢʯʝʡʥ ʤʦʞʝ ʩʧʨʠʷʪʠ ʩʪʚʦʨʝʥʥʶ ʚʽʜʢʨʠʪʦʾ, 

ʝʬʝʢʪʠʚʥʦʾ ʪʘ ʽʥʥʦʚʘʮʽʡʥʦʾ ʽʥʬʨʘʩʪʨʫʢʪʫʨʠ ʜʣʷ ʫʧʨʘʚʣʽʥʥʷ ʪʚʦʨʯʠʤʠ ʨʝʩʫʨʩʘʤʠ 

ʪʘ ʟʘʙʝʟʧʝʯʝʥʥʷ ʟʘʭʠʩʪʫ ʧʨʘʚ ʪʚʦʨʮʽʚ. 
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ɼʆɼɸʊʆʂ ɸ 

ʆʩʥʦʚʥʠʡ ʢʦʜ ʧʨʦʛʨʘʤʠ 

ɸ.1 ʊʝʢʩʪ ʬʘʡʣʫ pom.xml 

<?xml version="1.0" encoding="UTF-8"?> 

<project xmlns="http://maven.apache.org/POM/4.0.0" 

         xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" 

         xsi:schemaLocation="http://maven.apache.org/POM/4.0.0 

http://maven.apache.org/xsd/maven-4.0.0.xsd"> 

    <modelVersion>4.0.0</modelVersion> 

 

    <groupId>ua.khpi.blockchain</groupId> 

    <artifactId>blockchain</artifactId> 

    <version>1.0-SNAPSHOT</version> 

 

    <properties> 

        <maven.compiler.source>17</maven.compiler.source> 

        <maven.compiler.target>17</maven.compiler.target> 

        <maven.compiler.release>17</maven.compiler.release> 

        <project.build.sourceEncoding>UTF-

8</project.build.sourceEncoding> 

    </properties> 

 

    <dependencies> 

        <dependency> 

            <groupId>org.projectlombok</groupId> 

            <artifactId>lombok</artifactId> 

            <version>1.18.28</version> 

        </dependency> 

        <dependency> 

            <groupId>com.h2database</groupId> 

            <artifactId>h2</artifactId> 

            <version>2.1.214</version> 

        </dependency> 

        <dependency> 

            <groupId>com.google.code.gson</groupId> 

            <artifactId>gson</artifactId> 

            <version>2.10.1</version> 

        </dependency> 

        <dependency> 

            <groupId>org.apache.commons</groupId> 

            <artifactId>commons-lang3</artifactId> 

            <version>3.12.0</version> 

        </dependency> 
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        <dependency> 

            <groupId>org.openjfx</groupId> 

            <artifactId>javafx</artifactId> 

            <version>17.0.9</version> 

            <type>pom</type> 

        </dependency> 

 

        <dependency> 

            <groupId>com.datastax.oss</groupId> 

            <artifactId>java-driver-core</artifactId> 

            <version>4.17.0</version> 

        </dependency> 

 

        <!-- https://mvnrepository.com/artifact/org.openjfx/javafx-

graphics --> 

        <dependency> 

            <groupId>org.openjfx</groupId> 

            <artifactId>javafx-graphics</artifactId> 

            <version>17.0.9</version> 

        </dependency> 

 

        <!-- https://mvnrepository.com/artifact/org.openjfx/javafx-fxml -

-> 

        <dependency> 

            <groupId>org.openjfx</groupId> 

            <artifactId>javafx-fxml</artifactId> 

            <version>17.0.9</version> 

        </dependency> 

 

        <!-- https://mvnrepository.com/artifact/org.openjfx/javafx-

controls --> 

        <dependency> 

            <groupId>org.openjfx</groupId> 

            <artifactId>javafx-controls</artifactId> 

            <version>17.0.9</version> 

        </dependency> 

    </dependencies> 

 

    <build> 

        <plugins> 

            <plugin> 

                <groupId>org.apache.maven.plugins</groupId> 

                <artifactId>maven-compiler-plugin</artifactId> 

                <version>3.11.0</version> 
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                <configuration> 

                    <release>17</release> 

                    <source>17</source> 

                    <target>17</target> 

                    <annotationProcessorPaths> 

                        <path> 

                            <groupId>org.projectlombok</groupId> 

                            <artifactId>lombok</artifactId> 

                            <version>1.18.28</version> 

                        </path> 

                    </annotationProcessorPaths> 

                </configuration> 

            </plugin> 

            <plugin> 

                <groupId>org.openjfx</groupId> 

                <artifactId>javafx-maven-plugin</artifactId> 

                <version>0.0.8</version> 

                <executions> 

                    <execution> 

                        <!-- Default configuration for running with: mvn 

clean javafx:run --> 

                        <id>default-cli</id> 

                        <configuration> 

                            

<mainClass>ua.khpi.blockchain.App</mainClass> 

                            <launcher>app</launcher> 

                            <jlinkZipName>app</jlinkZipName> 

                            <jlinkImageName>app</jlinkImageName> 

                            <noManPages>true</noManPages> 

                            <stripDebug>true</stripDebug> 

                            <noHeaderFiles>true</noHeaderFiles> 

                        </configuration> 

                    </execution> 

                </executions> 

            </plugin> 

            <plugin> 

                <groupId>org.apache.maven.plugins</groupId> 

                <artifactId>maven-shade-plugin</artifactId> 

                <version>3.5.0</version> 

                <executions> 

                    <execution> 

                        <phase>package</phase> 

                        <goals> 

                            <goal>shade</goal> 

                        </goals> 
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                        <configuration> 

                            <filters> 

                                <filter> 

                                    <artifact>*:*</artifact> 

                                    <excludes> 

                                        <exclude>META-INF/*.SF</exclude> 

                                        <exclude>META-

INF/*.DSA</exclude> 

                                        <exclude>META-

INF/*.RSA</exclude> 

                                    </excludes> 

                                </filter> 

                            </filters> 

                            <transformers> 

                                <!-- add Main-Class to manifest file --> 

                                <transformer 

implementation="org.apache.maven.plugins.shade.resource.ManifestResource

Transformer"> 

                                    

<mainClass>ua.khpi.blockchain.App</mainClass> 

                                </transformer> 

                            </transformers> 

                        </configuration> 

                    </execution> 

                </executions> 

            </plugin> 

        </plugins> 

    </build> 

 

</project> 

 

ɸ.2 ʂʦʜ ʢʣʘʩʫ Transaction.class 

package ua.khpi.blockchain.model; 

 

import lombok.Getter; 

import lombok.Setter; 

import ua.khpi.blockchain.util.DateTimeUtil; 

import ua.khpi.blockchain.util.KeyUtils; 

 

import java.io.Serializable; 

import java.security.InvalidKeyException; 

import java.security.NoSuchAlgorithmException; 

import java.security.PublicKey; 
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import java.security.Signature; 

import java.security.SignatureException; 

import java.security.spec.InvalidKeySpecException; 

import java.time.LocalDateTime; 

import java.util.Arrays; 

import java.util.Base64; 

import java.util.UUID; 

 

@Getter 

public class Transaction implements Serializable { 

    @Setter 

    private byte[] from; 

    @Setter 

    private byte[] to; 

    @Setter 

    private WorkTransactionPayload payload; 

    private final String blockId; 

    private final String timestamp; 

    private final byte[] signature; 

    private String id = UUID.randomUUID().toString(); 

 

    public Transaction(byte[] from, byte[] to, WorkTransactionPayload 

payload, String blockId, byte[] signature, String timeStamp, String id) { 

        this.blockId = blockId; 

        this.id = id; 

        this.from = from; 

        this.to = to; 

        this.payload = payload; 

        this.signature = signature; 

        this.timestamp = timeStamp; 

    } 

 

    public Transaction(Wallet fromWallet, byte[] toAddress, 

WorkTransactionPayload payload, String blockId, Signature signing) 

            throws SignatureException { 

        this.blockId = blockId; 

        this.from = fromWallet.getPublicKey().getEncoded(); 

        this.to = toAddress; 

        this.payload = payload; 

        this.timestamp = DateTimeUtil.toString(LocalDateTime.now()); 

 

        String sr = this.toString(); 

        signing.update(sr.getBytes()); 

        this.signature = signing.sign(); 

    } 
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    public Boolean isVerified(Signature signing) throws 

InvalidKeyException, SignatureException, 

            NoSuchAlgorithmException, InvalidKeySpecException { 

 

        PublicKey publicKey = KeyUtils.createPublic(this.getFrom()); 

 

        signing.initVerify(publicKey); 

        signing.update(this.toString().getBytes()); 

        return signing.verify(this.signature); 

    } 

 

    @Override 

    public boolean equals(Object o) { 

        if (this == o) return true; 

        if (!(o instanceof Transaction)) return false; 

        Transaction that = (Transaction) o; 

        return Arrays.equals(getSignature(), 

                that.getSignature()); 

    } 

 

    @Override 

    public int hashCode() { 

        return Arrays.hashCode(getSignature()); 

    } 

 

    @Override 

    public String toString() { 

        return "Transaction{" + 

                "from=" + Base64.getEncoder().encodeToString(from) + 

                ", to=" + Base64.getEncoder().encodeToString(to) + 

                ", payload=" + payload + 

                ", timeStamp= " + timestamp + 

                '}'; 

    } 

} 

 

ɸ.3 ʂʦʜ ʢʣʘʩʫ Wallet.class 

package ua.khpi.blockchain.model; 

 

import lombok.Getter; 

import lombok.Value; 
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import java.security.KeyPair; 

import java.security.KeyPairGenerator; 

import java.security.NoSuchAlgorithmException; 

import java.security.PrivateKey; 

import java.security.PublicKey; 

 

@Getter 

@Value 

public class Wallet { 

 

    KeyPair keyPair; 

 

    public Wallet() throws NoSuchAlgorithmException { 

        this(2048, KeyPairGenerator.getInstance("DSA")); 

    } 

 

    public Wallet(Integer keySize, KeyPairGenerator keyPairGen) { 

        keyPairGen.initialize(keySize); 

        this.keyPair = keyPairGen.generateKeyPair(); 

    } 

 

    public Wallet(PublicKey publicKey, PrivateKey privateKey) { 

        this.keyPair = new KeyPair(publicKey, privateKey); 

    } 

 

    PublicKey getPublicKey() { 

        return keyPair.getPublic(); 

    } 

 

    PrivateKey getPrivateKey() { 

        return keyPair.getPrivate(); 

    } 

} 

 

ɸ.4 ʂʦʜ ʢʣʘʩʫ BlockchainPersistenceImpl.class 

package ua.khpi.blockchain.persistence; 

 

import ua.khpi.blockchain.model.Block; 

import ua.khpi.blockchain.persistence.api.BlockchainPersistence; 

import ua.khpi.blockchain.persistence.model.BlockRequest; 

import ua.khpi.blockchain.util.DateTimeUtil; 

 

import java.sql.Connection; 
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import java.sql.PreparedStatement; 

import java.sql.ResultSet; 

import java.sql.Statement; 

import java.sql.Timestamp; 

import java.time.LocalDateTime; 

import java.util.ArrayList; 

import java.util.Base64; 

import java.util.List; 

 

public class BlockchainPersistenceImpl implements BlockchainPersistence { 

    private final Connection connection; 

 

    public BlockchainPersistenceImpl(Connection connection) { 

        this.connection = connection; 

 

        initTable(); 

    } 

 

    private void initTable() { 

        try { 

            try (Statement statement = connection.createStatement()) { 

                String createPersonTableSQL = "CREATE TABLE IF NOT EXISTS 

blockchain (" 

                        + "id VARCHAR(255) PRIMARY KEY," 

                        + "previous_hash VARCHAR(2000)," 

                        + "current_hash VARCHAR(2000)," 

                        + "created_on TIMESTAMP," 

                        + "created_by VARCHAR(2000)," 

                        + "mining_points INT," 

                        + "luck NUMERIC" 

                        + ")"; 

 

                statement.execute(createPersonTableSQL); 

            } 

 

        } catch (Exception e) { 

            throw new InternalError(e.getMessage(), e); 

        } 

 

    } 

 

    @Override 

    public List<Block> findAllBlocks() { 

        String selectSQL = "SELECT * FROM blockchain"; 
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        try (Statement statement = connection.createStatement(); 

             ResultSet resultSet = statement.executeQuery(selectSQL)) { 

 

            return processQueryResultSet(resultSet); 

        } catch (Exception e) { 

            throw new InternalError("Failed to fetch ALL Wallets"); 

        } 

    } 

 

    private List<Block> processQueryResultSet(ResultSet resultSet) { 

        List<Block> blocks = new ArrayList<>(); 

 

        try { 

            Base64.Decoder decoder = Base64.getDecoder(); 

 

            while (resultSet.next()) { 

                byte[] previousHash = 

decoder.decode(resultSet.getString("previous_hash")); 

                byte[] currentHash = 

decoder.decode(resultSet.getString("current_hash")); 

                Timestamp createdOnTimestamp = 

resultSet.getTimestamp("created_on"); 

                byte[] createdBy = 

decoder.decode(resultSet.getString("created_by")); 

                int miningPoints = resultSet.getInt("mining_points"); 

                double luck = resultSet.getDouble("luck"); 

                String id = resultSet.getString("id"); 

 

                Block block = new Block( 

                        id, 

                        previousHash, 

                        currentHash, 

                        DateTimeUtil.toString(createdOnTimestamp), 

                        createdBy, 

                        miningPoints, 

                        luck 

                ); 

 

                blocks.add(block); 

            } 

        } catch (Exception e) { 

            throw new InternalError(e); 

        } 

 

        return blocks; 
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    } 

 

    @Override 

    public void saveBlock(BlockRequest blockRequest) { 

        System.out.println("SAVING TO BLOCKCHAIN TABLE " + 

blockRequest.getId()); 

 

        String insertSQL = "INSERT INTO blockchain (previous_hash, 

current_hash, created_on, created_by," + 

                "mining_points, luck, id) VALUES (?,?,?,?,?,?,?)"; 

 

        try (PreparedStatement preparedStatement = 

connection.prepareStatement(insertSQL)) { 

            Base64.Encoder encoder = Base64.getEncoder(); 

 

            String prevHashString = new 

String(encoder.encode(blockRequest.getPrevHash())); 

            String currHashString = new 

String(encoder.encode(blockRequest.getCurrHash())); 

            Timestamp timestamp = 

Timestamp.valueOf(LocalDateTime.parse(blockRequest.getTimestamp(), 

DateTimeUtil.DATE_TIME_FORMATTER)); 

            String createdByString = new 

String(encoder.encode(blockRequest.getMinedBy())); 

            Integer miningPoints = blockRequest.getMiningPoints(); 

            Double luck = blockRequest.getLuck(); 

 

            preparedStatement.setString(1, prevHashString); 

            preparedStatement.setString(2, currHashString); 

            preparedStatement.setTimestamp(3, timestamp); 

            preparedStatement.setString(4, createdByString); 

            preparedStatement.setInt(5, miningPoints); 

            preparedStatement.setDouble(6, luck); 

            preparedStatement.setString(7, blockRequest.getId()); 

 

            preparedStatement.executeUpdate(); 

        } catch (Exception e) { 

            throw new IllegalStateException(e.getMessage(), e); 

        } 

    } 

 

    @Override 

    public void deleteAllBlocks() { 

        try (Statement statement = connection.createStatement()) { 

            System.out.println("TRUNCATING BLOCKCHAIN TABLE"); 
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            statement.executeUpdate("TRUNCATE TABLE blockchain"); 

        }  catch (Exception e) { 

            throw new IllegalStateException(e.getMessage(), e); 

        } 

    } 

} 

 

ɸ.5 ʂʦʜ ʢʣʘʩʫ TransactionPersistenceImpl.class 

package ua.khpi.blockchain.persistence; 

 

import com.google.gson.Gson; 

import ua.khpi.blockchain.model.Transaction; 

import ua.khpi.blockchain.model.WorkTransactionPayload; 

import ua.khpi.blockchain.persistence.api.TransactionPersistence; 

import ua.khpi.blockchain.persistence.model.TransactionRequest; 

import ua.khpi.blockchain.util.DateTimeUtil; 

 

import java.sql.Connection; 

import java.sql.PreparedStatement; 

import java.sql.ResultSet; 

import java.sql.Statement; 

import java.sql.Timestamp; 

import java.time.LocalDateTime; 

import java.util.ArrayList; 

import java.util.Base64; 

import java.util.List; 

 

public class TransactionPersistenceImpl implements TransactionPersistence 

{ 

    private final Connection connection; 

    private final Gson gson; 

 

    public TransactionPersistenceImpl(Connection connection, Gson gson) { 

        this.connection = connection; 

        this.gson = gson; 

 

        initTable(); 

    } 

 

    private void initTable() { 

        try { 

            try (Statement statement = connection.createStatement()) { 
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                String createPersonTableSQL = "CREATE TABLE IF NOT EXISTS 

transaction (" 

                        + "id VARCHAR(255) PRIMARY KEY," 

                        + "\"from\" VARCHAR(2000)," 

                        + "\"to\" VARCHAR(2000)," 

                        + "payload VARCHAR(2000)," 

                        + "block_id VARCHAR(255)," 

                        + "created_on TIMESTAMP," 

                        + "signature VARCHAR(2000)" 

                        + ")"; 

 

                statement.execute(createPersonTableSQL); 

            } 

 

        } catch (Exception e) { 

            throw new InternalError(e.getMessage(), e); 

        } 

    } 

 

    @Override 

    public void save(TransactionRequest transactionRequest) { 

        System.out.println("SAVING TO TRANSACTION TABLE " + 

transactionRequest.getId()); 

 

        String insertSQL = "INSERT INTO transaction (\"from\", \"to\", 

block_id, payload, signature, created_on, id) " + 

                "VALUES (?,?,?,?,?,?,?)"; 

 

        try (PreparedStatement preparedStatement = 

connection.prepareStatement(insertSQL)) { 

            Base64.Encoder encoder = Base64.getEncoder(); 

 

            preparedStatement.setString(1, 

encoder.encodeToString(transactionRequest.getFrom())); 

            preparedStatement.setString(2, 

encoder.encodeToString(transactionRequest.getTo())); 

            preparedStatement.setString(3, 

transactionRequest.getBlockId()); 

            preparedStatement.setString(4, 

gson.toJson(transactionRequest.getPayload())); 

            preparedStatement.setString(5, 

encoder.encodeToString(transactionRequest.getSignature())); 

            preparedStatement.setTimestamp(6, 

Timestamp.valueOf(LocalDateTime.parse(transactionRequest.getTimestamp(), 

DateTimeUtil.DATE_TIME_FORMATTER))); 
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            preparedStatement.setString(7, transactionRequest.getId()); 

 

            preparedStatement.executeUpdate(); 

        } catch (Exception e) { 

            throw new IllegalStateException(e.getMessage(), e); 

        } 

    } 

 

    @Override 

    public Transaction findTransactionByBlockId(String blockId) { 

        String selectSQL = "SELECT * FROM transaction WHERE block_id=?"; 

 

        try (PreparedStatement preparedStatement = 

connection.prepareStatement(selectSQL)) { 

            preparedStatement.setString(1, blockId); 

 

            ResultSet resultSet = preparedStatement.executeQuery(); 

 

            List<Transaction> transactions = 

processQueryResultSet(resultSet); 

 

            return transactions.isEmpty() 

                    ? null 

                    : transactions.get(0); 

        } catch (Exception e) { 

            throw new IllegalStateException(e.getMessage(), e); 

        } 

    } 

 

    private List<Transaction> processQueryResultSet(ResultSet resultSet) 

{ 

        List<Transaction> transactions = new ArrayList<>(); 

 

        try { 

            Base64.Decoder decoder = Base64.getDecoder(); 

 

            while (resultSet.next()) { 

                String fromEncoded = resultSet.getString("from"); 

                String toEncoded = resultSet.getString("to"); 

                String blockId = resultSet.getString("block_id"); 

                String stringPayload = resultSet.getString("payload"); 

                String signatureEncoded = 

resultSet.getString("signature"); 

                Timestamp timestamp = 

resultSet.getTimestamp("created_on"); 
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                String id = resultSet.getString("id"); 

 

                WorkTransactionPayload payload = 

gson.fromJson(stringPayload, WorkTransactionPayload.class); 

 

                Transaction transaction = new 

Transaction(decoder.decode(fromEncoded), decoder.decode(toEncoded), 

payload, 

                        blockId, decoder.decode(signatureEncoded), 

DateTimeUtil.toString(timestamp), id); 

 

                transactions.add(transaction); 

            } 

        } catch (Exception e) { 

            throw new InternalError(e); 

        } 

 

        return transactions; 

    } 

 

    @Override 

    public void deleteAllTransactions() { 

        System.out.println("TRUNCATING TRANSACTION TABLE"); 

 

        try (Statement statement = connection.createStatement()) { 

            statement.executeUpdate("TRUNCATE TABLE transaction"); 

        } catch (Exception e) { 

            throw new IllegalStateException(e.getMessage(), e); 

        } 

    } 

 

    @Override 

    public List<Transaction> findAllTransactions() { 

        String selectSQL = "SELECT * FROM transaction"; 

 

        try (PreparedStatement preparedStatement = 

connection.prepareStatement(selectSQL)) { 

 

            ResultSet resultSet = preparedStatement.executeQuery(); 

 

            return processQueryResultSet(resultSet); 

        } catch (Exception e) { 

            throw new IllegalStateException(e.getMessage(), e); 

        } 

    } 
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} 

ɸ.6 ʂʦʜ ʢʣʘʩʫ WalletPersistenceImpl.class 

package ua.khpi.blockchain.persistence; 

 

import ua.khpi.blockchain.model.Wallet; 

import ua.khpi.blockchain.persistence.api.WalletPersistence; 

import ua.khpi.blockchain.persistence.model.WalletRequest; 

import ua.khpi.blockchain.util.KeyUtils; 

 

import java.security.KeyPair; 

import java.security.PrivateKey; 

import java.security.PublicKey; 

import java.sql.Connection; 

import java.sql.PreparedStatement; 

import java.sql.ResultSet; 

import java.sql.Statement; 

import java.util.ArrayList; 

import java.util.List; 

 

public class WalletPersistenceImpl implements WalletPersistence { 

    private final Connection connection; 

 

 

    public WalletPersistenceImpl(Connection connection) { 

        this.connection = connection; 

 

        initTable(); 

    } 

 

    private void initTable() { 

        try { 

            try (Statement statement = connection.createStatement()) { 

                String createPersonTableSQL = "CREATE TABLE IF NOT EXISTS 

wallet (" 

                        + "private_key VARCHAR(2000) UNIQUE," 

                        + "public_key VARCHAR(2000) UNIQUE," 

                        + "PRIMARY KEY(private_key, public_key)" 

                        + ")"; 

 

                statement.execute(createPersonTableSQL); 

            } 

 

            List<Wallet> allWallets = findAllWallets(); 

            if (allWallets.isEmpty()) { 
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                KeyPair keyPair = KeyUtils.generateKeyPair(); 

 

                WalletRequest walletRequest = WalletRequest.builder() 

                        .publicKey(keyPair.getPublic()) 

                        .privateKey(keyPair.getPrivate()) 

                        .build(); 

 

                saveWallet(walletRequest); 

            } 

 

        } catch (Exception e) { 

            throw new InternalError(e.getMessage(), e); 

        } 

    } 

 

    @Override 

    public List<Wallet> findAllWallets() { 

        String selectSQL = "SELECT * FROM wallet"; 

 

        try (Statement statement = connection.createStatement(); 

             ResultSet resultSet = statement.executeQuery(selectSQL)) { 

 

            return processQueryResultSet(resultSet); 

        } catch (Exception e) { 

            throw new InternalError("Failed to fetch ALL Wallets"); 

        } 

    } 

 

    private List<Wallet> processQueryResultSet(ResultSet resultSet) { 

        List<Wallet> wallets = new ArrayList<>(); 

 

        try { 

            while (resultSet.next()) { 

                String serializedPrivateKey = 

resultSet.getString("private_key"); 

                String serializedPublicKey = 

resultSet.getString("public_key"); 

 

                PrivateKey privateKey = 

KeyUtils.deserializePrivate(serializedPrivateKey); 

                PublicKey publicKey = 

KeyUtils.deserializePublic(serializedPublicKey); 

 

                Wallet wallet = new Wallet(publicKey, privateKey); 

                wallets.add(wallet); 
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            } 

        } catch (Exception e) { 

            throw new InternalError(e); 

        } 

 

        return wallets; 

    } 

 

    @Override 

    public void saveWallet(WalletRequest walletRequest) { 

        String insertSQL = "INSERT INTO wallet (public_key, private_key) 

VALUES (?,?)"; 

 

        try (PreparedStatement preparedStatement = 

connection.prepareStatement(insertSQL)) { 

            String serializedPublicKey = 

KeyUtils.serialize(walletRequest.getPublicKey()); 

            String serializedPrivateKey = 

KeyUtils.serialize(walletRequest.getPrivateKey()); 

 

            preparedStatement.setString(1, serializedPublicKey); 

            preparedStatement.setString(2, serializedPrivateKey); 

 

            preparedStatement.executeUpdate(); 

        } catch (Exception e) { 

            throw new IllegalStateException(e.getMessage(), e); 

        } 

    } 

 

} 

 

ɸ.7 ʂʦʜ ʢʣʘʩʫ CqlWorkPersistenceImpl.class 

package ua.khpi.blockchain.persistence; 

 

import com.datastax.oss.driver.api.core.CqlSession; 

import com.datastax.oss.driver.api.core.cql.BoundStatement; 

import com.datastax.oss.driver.api.core.cql.PreparedStatement; 

import com.datastax.oss.driver.api.core.cql.ResultSet; 

import com.datastax.oss.driver.api.core.cql.Row; 

import com.datastax.oss.driver.api.core.cql.SimpleStatement; 

import ua.khpi.blockchain.model.Work; 

import ua.khpi.blockchain.model.WorkType; 

import ua.khpi.blockchain.persistence.api.WorkPersistence; 
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import ua.khpi.blockchain.persistence.model.WorkRequest; 

 

import java.time.LocalDate; 

import java.util.ArrayList; 

import java.util.Base64; 

import java.util.List; 

 

public class CqlWorkPersistence implements WorkPersistence { 

    private final CqlSession cqlSession; 

    private PreparedStatement findWorkContentStatement; 

    private PreparedStatement findWorkStatement; 

    private PreparedStatement saveWorkStatement; 

 

    public CqlWorkPersistence(CqlSession cqlSession) { 

        this.cqlSession = cqlSession; 

 

        initTable(); 

    } 

 

    private void initTable() { 

        try { 

 

            this.cqlSession.execute("CREATE TABLE IF NOT EXISTS work (" 

                    + "id TEXT PRIMARY KEY," 

                    + "title TEXT," 

                    + "work_type TEXT," 

                    + "creator TEXT," 

                    + "creation_date DATE," 

                    + "bytes_size BIGINT," 

                    + "work_content TEXT" 

                    + ")"); 

 

            this.findWorkContentStatement = 

this.cqlSession.prepare(SimpleStatement.newInstance( 

                    "SELECT work_content FROM work WHERE id=?" 

            )); 

 

            this.findWorkStatement = 

this.cqlSession.prepare(SimpleStatement.newInstance( 

                    "SELECT id, title, work_type, creator, creation_date, 

bytes_size FROM work WHERE id=?" 

            )); 

 

            this.saveWorkStatement = 

this.cqlSession.prepare(SimpleStatement.newInstance( 



тп 
 
 

                    "INSERT INTO work (title, creator, creation_date, 

bytes_size, work_content, id, work_type) " + 

                            "VALUES (?,?,?,?,?,?,?)" 

            )); 

 

        } catch (Exception e) { 

            throw new InternalError(e.getMessage(), e); 

        } 

    } 

 

    @Override 

    public byte[] findWorkContent(String workId) { 

        try { 

            BoundStatement boundStatement = 

this.findWorkContentStatement.bind() 

                    .setString("id", workId); 

 

            Row resultRow = 

this.cqlSession.execute(boundStatement).one(); 

 

            return resultRow == null 

                    ? null 

                    : 

Base64.getDecoder().decode(resultRow.getString("work_content")); 

 

        } catch (Exception e) { 

            throw new IllegalStateException(e.getMessage(), e); 

        } 

    } 

 

    @Override 

    public Work findWorkById(String workId) { 

        try { 

            BoundStatement boundStatement = this.findWorkStatement.bind() 

                    .setString("id", workId); 

 

            ResultSet resultSet = 

this.cqlSession.execute(boundStatement); 

 

            List<Work> works = processQueryResultSet(resultSet); 

 

            return works.isEmpty() 

                    ? null 

                    : works.get(0); 
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        } catch (Exception e) { 

            throw new IllegalStateException(e.getMessage(), e); 

        } 

    } 

 

    private List<Work> processQueryResultSet(ResultSet resultSet) { 

        List<Work> works = new ArrayList<>(); 

 

        for (Row row : resultSet.all()) { 

            String id = row.getString("id"); 

            String title = row.getString("title"); 

            String workType = row.getString("work_type"); 

            String creator = row.getString("creator"); 

            LocalDate creationDate = row.getLocalDate("creation_date"); 

            long bytesSize = row.getLong("bytes_size"); 

 

            Work work = Work.builder() 

                    .id(id) 

                    .title(title) 

                    .creator(creator) 

                    .creationDate(creationDate) 

                    .sizeInBytes(bytesSize) 

                    .type(WorkType.parse(workType)) 

                    .build(); 

 

            works.add(work); 

        } 

 

        return works; 

    } 

 

    @Override 

    public String saveWork(WorkRequest workRequest) { 

        try { 

            Base64.Encoder encoder = Base64.getEncoder(); 

 

            BoundStatement boundStatement = this.saveWorkStatement.bind() 

                    .setString("title", workRequest.getTitle()) 

                    .setString("creator", 

encoder.encodeToString(workRequest.getCreator())) 

                    .setLocalDate("creation_date", 

workRequest.getCreationDate()) 

                    .setLong("bytes_size", 

workRequest.getWorkContent().length) 
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                    .setString("work_content", 

encoder.encodeToString(workRequest.getWorkContent())) 

                    .setString("id", workRequest.getId()) 

                    .setString("work_type", 

workRequest.getWorkType().getType()); 

 

            this.cqlSession.execute(boundStatement); 

 

            return workRequest.getId(); 

        } catch (Exception e) { 

            throw new IllegalStateException(e.getMessage(), e); 

        } 

    } 

} 

 

ɸ.8 ʂʦʜ ʢʣʘʩʫ BlockchainService.class 

package ua.khpi.blockchain.service; 

 

import javafx.collections.FXCollections; 

import javafx.collections.ObservableList; 

import lombok.Getter; 

import lombok.RequiredArgsConstructor; 

import org.apache.commons.lang3.StringUtils; 

import ua.khpi.blockchain.model.Block; 

import ua.khpi.blockchain.model.Transaction; 

import ua.khpi.blockchain.model.TransactionType; 

import ua.khpi.blockchain.model.Wallet; 

import ua.khpi.blockchain.model.WorkTransactionPayload; 

import ua.khpi.blockchain.persistence.ModelMapper; 

import ua.khpi.blockchain.persistence.api.BlockchainPersistence; 

import ua.khpi.blockchain.persistence.api.TransactionPersistence; 

import ua.khpi.blockchain.persistence.model.BlockRequest; 

import ua.khpi.blockchain.persistence.model.TransactionRequest; 

import ua.khpi.blockchain.util.DateTimeUtil; 

import ua.khpi.blockchain.util.KeyUtils; 

 

import java.security.GeneralSecurityException; 

import java.security.Signature; 

import java.time.LocalDateTime; 

import java.time.ZoneOffset; 

import java.util.Arrays; 

import java.util.Comparator; 

import java.util.LinkedList; 

import java.util.List; 
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import java.util.Optional; 

 

@RequiredArgsConstructor 

public class BlockchainService { 

    public static final int TIMEOUT_INTERVAL = 65; 

 

    @Getter 

    private final LinkedList<Block> blocks = new LinkedList<>(); 

    @Getter 

    private final ObservableList<Block> blockObservableList = 

FXCollections.observableArrayList(); 

    private final TransactionPersistence transactionPersistence; 

    private final BlockchainPersistence blockchainPersistence; 

    private final Wallet wallet; 

 

    public void loadBlockChain() { 

        try { 

            List<Block> allBlocks = 

blockchainPersistence.findAllBlocks(); 

 

            for (Block block : allBlocks) { 

                Transaction transaction = 

transactionPersistence.findTransactionByBlockId(block.getId()); 

                block.setTransaction(transaction); 

            } 

 

            blocks.clear(); 

            blocks.addAll(allBlocks); 

 

            blockObservableList.clear(); 

            blockObservableList.addAll(allBlocks); 

 

            verifyBlockChain(blocks); 

        } catch (GeneralSecurityException e) { 

            throw new InternalError(e); 

        } 

    } 

 

    private void verifyBlockChain(LinkedList<Block> currentBlockChain) 

throws GeneralSecurityException { 

        Signature signing = Signature.getInstance("SHA256withDSA"); 

 

        for (Block block : currentBlockChain) { 

            if (!block.isVerified(signing)) { 
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                throw new GeneralSecurityException("Block validation 

failed"); 

            } 

 

            if (!block.getTransaction().isVerified(signing)) { 

                throw new GeneralSecurityException("Transaction 

validation failed"); 

            } 

        } 

    } 

 

    public void createWorkBlock(String workId) { 

        

createBlockForTransaction(wallet.getKeyPair().getPublic().getEncoded(), 

workId, TransactionType.PROPERTY_RIGHTS); 

    } 

 

    public void registerTransaction(byte[] receiver, String workId, 

TransactionType transactionType) { 

        if (blocks.isEmpty()) { 

            throw new IllegalStateException("You cannot perform 

transaction, there are no work blocks"); 

        } 

 

        createBlockForTransaction(receiver, workId, transactionType); 

    } 

 

    private void createBlockForTransaction(byte[] receiver, String workId, 

TransactionType transactionType) { 

        WorkTransactionPayload payload = WorkTransactionPayload.builder() 

                .workId(workId) 

                .type(transactionType) 

                .cost(0) 

                .build(); 

 

        try { 

            Block newBlock; 

 

            if (blocks.isEmpty()) { 

                newBlock = new Block(); 

            } else { 

                newBlock = new Block(blocks.getLast()); 

            } 
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            Signature transactionSignature = 

KeyUtils.getSignature(wallet.getKeyPair().getPrivate()); 

            Transaction transaction = new Transaction(wallet, receiver, 

payload, newBlock.getId(), transactionSignature); 

 

            newBlock.setMiningPoints(0); 

            

newBlock.setMinedBy(wallet.getKeyPair().getPublic().getEncoded()); 

            

newBlock.setTimestamp(DateTimeUtil.toString(LocalDateTime.now())); 

            newBlock.setLuck(0.0); 

            newBlock.setTransaction(transaction); 

 

            Signature blockSignature = 

KeyUtils.getSignature(wallet.getKeyPair().getPrivate()); 

            newBlock.sign(blockSignature); 

 

            

blockchainPersistence.saveBlock(ModelMapper.toBlockRequest(newBlock)); 

            

transactionPersistence.save(ModelMapper.toTransactionRequest(transaction

)); 

 

            blocks.add(newBlock); 

            blockObservableList.add(newBlock); 

        } catch (Exception e) { 

            throw new IllegalStateException(e); 

        } 

    } 

 

    public synchronized List<Block> 

verifyAndReachConsensus(LinkedList<Block> inputBc) { 

        try { 

            //Verify the validity of the received blockchain. 

            System.out.println("RECEIVED BLOCKCHAIN!"); 

            verifyBlockChain(inputBc); 

 

            if (!inputBc.isEmpty() && 

!hasRightsForWork(inputBc.getLast())) { 

                return blocks; 

            } 

 

            if (inputBc.isEmpty() && !blocks.isEmpty()) { 

                System.out.println("RECEIVED BLOCKCHAIN IS EMPTY!"); 

                return blocks; 
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            } else if (!inputBc.isEmpty() && blocks.isEmpty()) { 

                replaceBlockchainInDatabase(inputBc); 

                loadBlockChain(); 

                System.out.println("received blockchain WON!, local BC is 

EMPTY"); 

                return inputBc; 

            } else if (inputBc.isEmpty() && blocks.isEmpty()) { 

                System.out.println("BOTH BLOCKCHAINS ARE EMPTY!"); 

                return blocks; 

            } 

 

            //Check if we have received an identical blockchain. 

            if (!Arrays.equals(inputBc.getLast().getCurrHash(), 

blocks.getLast().getCurrHash())) { 

                boolean inputBcOutdated = isOutdated(inputBc); 

                boolean currentBcOutdated = isOutdated(blocks); 

 

                if (inputBcOutdated && !currentBcOutdated) { 

                    System.out.println("RECEIVED BLOCKCHAIN IS 

OUTDATED!"); 

                    return blocks; 

                } else if (!inputBcOutdated && currentBcOutdated) { 

                    System.out.println("RECEIVED blockchain WON!, local 

BC was OUTDATED"); 

                    replaceBlockchainInDatabase(inputBc); 

                    loadBlockChain(); 

                    return inputBc; 

                } else { 

                    long initRcvBlockTime = 

LocalDateTime.parse(inputBc.getFirst().getTimestamp(), 

DateTimeUtil.DATE_TIME_FORMATTER) 

                            .toEpochSecond(ZoneOffset.UTC); 

                    long initLocalBlockTime = 

LocalDateTime.parse(blocks.getFirst().getTimestamp(), 

DateTimeUtil.DATE_TIME_FORMATTER) 

                            .toEpochSecond(ZoneOffset.UTC); 

 

                    if (initRcvBlockTime < initLocalBlockTime) { 

                        System.out.println("RECEIVED blockchain WON!, 

local BC was OLD"); 

                        replaceBlockchainInDatabase(inputBc); 

                        loadBlockChain(); 

                        return blocks; 

                    } else if (initRcvBlockTime > initLocalBlockTime) { 

                        System.out.println("RECEIVED BC is OLD"); 
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                        return blocks; 

                    } else { 

                        if (inputBc.equals(blocks)) { 

                            if (inputBc.getLast().getMiningPoints() > 

blocks.getLast().getMiningPoints() 

                                    || 

(inputBc.getLast().getMiningPoints().equals(blocks.getLast().getMiningPo

ints()) 

                                    && inputBc.getLast().getLuck() > 

blocks.getLast().getLuck())) { 

 

                                System.out.println("RECEIVED BLOCKCHAIN 

WON IN FINALE!"); 

 

                                replaceBlockchainInDatabase(inputBc); 

                                loadBlockChain(); 

                            } else { 

                                System.out.println("RECEIVED BLOCKCHAIN 

LOST IN FINALE!"); 

                                return blocks; 

                            } 

                        } 

                    } 

                } 

            } else { 

                System.out.println("blockchains are identical"); 

            } 

        } catch (GeneralSecurityException e) { 

            throw new InternalError(e); 

        } 

 

        return inputBc; 

    } 

 

    private boolean hasRightsForWork(Block block) { 

        if (block == null) { 

            return true; 

        } 

 

        if (!Arrays.equals(block.getTransaction().getFrom(), 

block.getMinedBy())) { 

            System.out.println("RIGHTS ERROR! Sender was trying to send 

work from another user"); 

            return false; 

        } 
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        byte[] workOwner = 

getWorkOwner(block.getTransaction().getPayload().getWorkId()); 

 

        if (workOwner != null && !Arrays.equals(block.getMinedBy(), 

workOwner)) { 

            String workId = 

block.getTransaction().getPayload().getWorkId(); 

            System.out.println("RIGHTS ERROR! Sender does not have rights 

to manipulate rights for work: " + workId); 

            return false; 

        } 

 

        return true; 

    } 

 

    private byte[] getWorkOwner(String workId) { 

        return blocks.stream() 

                .map(Block::getTransaction) 

                .filter(transaction -> 

TransactionType.PROPERTY_RIGHTS.equals(transaction.getPayload().getType(

))) 

                .filter(transaction -> 

StringUtils.equals(transaction.getPayload().getWorkId(), workId)) 

                .max(Comparator.comparing(Transaction::getTimestamp)) 

                .map(Transaction::getTo) 

                .orElse(null); 

    } 

 

    private boolean isOutdated(LinkedList<Block> bc) { 

        long lastMinedBlockTime = 

LocalDateTime.parse(bc.getLast().getTimestamp(), 

DateTimeUtil.DATE_TIME_FORMATTER) 

                .toEpochSecond(ZoneOffset.UTC); 

 

        return (lastMinedBlockTime + TIMEOUT_INTERVAL) < 

LocalDateTime.now().toEpochSecond(ZoneOffset.UTC); 

    } 

 

    private void replaceBlockchainInDatabase(LinkedList<Block> 

receivedBC) { 

        blockchainPersistence.deleteAllBlocks(); 

        transactionPersistence.deleteAllTransactions(); 

 

        for (Block block : receivedBC) { 
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            System.out.println("NEW BLOCKS IDS: " + 

receivedBC.stream().map(Block::getId).toList()); 

 

            BlockRequest blockRequest = 

ModelMapper.toBlockRequest(block); 

            blockchainPersistence.saveBlock(blockRequest); 

 

            Transaction transaction = block.getTransaction(); 

            TransactionRequest transactionRequest = 

ModelMapper.toTransactionRequest(transaction); 

            transactionPersistence.save(transactionRequest); 

        } 

    } 

} 
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͙͍ͦͪͫͭͯ͊͟;ͯΣ Ύͦͣͯ͟ ͍ͤ͜ ͔͙ͤ͊͗ͭ͡ΈΦ ˽ͪ ͙ ͍͔ͫͭͦͪͤͤ͜ ͍͎ͤͦͦͦ ͋ͦͯ͟͡
͙͍ͦͪͫͭͯ͊͟; ͍͙͔ͨͦͤͤ ζͨ ͙͙͒ͨͫ͊ͭ͜η ͍ͫ ͦͣ͝ ͙͍͙ͨͪ͊ͭͤͣ ͟͡Ό;͔ͣ ͍͙͚ͤͦ
͋ͦ͟͡Φ т

ˢͪͻ͔ͭͭͯͪ͊͜͟

ˤͫΎ ͤ͜ͺͦͪͣ͊ͼ͜Ύ ΅ͦ͒ͦ ͍ͨͪ͊ ͍͊ͫͤͦͫͭ͜͡ ͜ ͜͡ͼ͔͍ͤͯ͊ͤͤ͘Ύ ͔͎͋ͪ͊͘͜ΊͭΈͫΎ ͍
͋ͦ͟͡;͔͚ͤ͜Φ ˿͊ ͣ͜ ͍͙ͭͦͪ ͔͎͋ͪ͊͘͜ΌͭΈͫΎ ͼ͔͍ͤͭͪ͊ͦ͊ͤͦ͘͜͡Σ ͭͦ ͗ ͔ͦ͗ͤ͟
͙͍ͦͪͫͭͯ͊͟; ͔ͣͦ͗ ͙͙ͦͭͪͣ͊ͭ ͒ͦͫͭͯͨ ͒ͦ ͙͋͊͘ ͙͒͊ͤͻ ͍͍ͭͦͪ͜Φ ͔̇
͍͒ͦͦ͘͡ΎΊ ͔ͣͤ͘΄͙͙ͭ ͦ͋ΩΊͣ ͙͒͊ͤͻΣ Ύ͟͜ ͔ͭͪ͋͊ ͔͎͙͋ͪ͊ͭ͘͜ ͍ ͋ͦ͟͡;͔͚ͤ͜Σ
΅ͦ ͔͔͊͋ͨ͘͘;ͯΊ ͋͜͡Έ΄ ΄͍͙͒ͯ͟ ͚͎ͦͦ ͦ͋ͪͦ͋ͯ͟ ͭ͊ ͔͔ͨͪ͒͊;ͯΦ

у



уу 
 
 

 

ʉʣʘʡʜ ˉ9 

 

 

ʉʣʘʡʜ ˉ10 

 

͙́͊͋͡ͼΎ ͍͊ͫͤͦͫͭ͜͡ ͭ͊ ͜͡ͼ͔͚ͤ͘͜

̂ ͎͍ͦͦͤͦͣͯ͡
͍ͤ͜͟͜ ͎͙ͨͪͦͪ͊ͣ
͙͍ͦͪͫͭͯ͊͟;
͔ͣͦ͗ ͋͊;͙͙ͭ
͍ͫͦ͝ ͍͙ͭͦͪ ͭ͊
͍ͫͦ͝ ͜͡ͼ͔ͤ͘͜͝ ͘͜
͔͒ͭ͊͡Έ͙ͤͣ
͙ͦͨͫͦͣ ͍͍ͭͦͪ͜

ф

˾͔Ίͫͭͪ͊ͼ͜Ύ͍͙ͤͦͻ ͍͍ͭͦͪ͜

˨͡Ύ ͍͔ͫͭͦͪͤͤΎ ͍͎ͤͦͦͦ
͍ͭͦͪͯ ͔ͭͪ͋͊ ͍͙͊͊ͭ͘͟
͚͎ͦͦ ͍ͤ͊ͯ͘Σ ͔ͨ ͔ͪͭΎ͎͙ͤͯͭ
ͺ͚͊͡ ͯ ͍ͤͦ͜͟ ͎͙ͨͪͦͪ͊ͣ
͚ ͙͙ͤ͊ͭͫͤͯͭ ͤͦͨͯ͟͟
ά!ŘŘέ

мл



уф 
 
 

 

ʉʣʘʡʜ ˉ11 

 

 

ʉʣʘʡʜ ˉ12 

 

˽ͪͦͦͪ͊͘ ͫͭͦͪ͜͜Ύ ͍ͨͪ͊

˱ͫͭͦͪ͜Ύ ͍ͨͪ͊ ͎ͦ͗ͤͦͦ͟
͍ͭͦͪͯ ͔ͣͦ͗ ͙͋ͯͭ
͍͔͔͒ͫͭ͗ͤ͊͜;͔͔ͪ͘
͔ͣͻ͙͊ͤͣ͘͜ ͭͪ͊ͤ͊͘͟ͼ͚͜Σ
΅ͦ ͔͔͊͋ͨ͘͘;ͯΊ
ͨͪͦͦͪͫͭ͘͜Έ ͙͔͙ͫͫͭͣ

мм

˨͍͊ ͙͙ͭͨ ͭͪ͊ͤ͊͘͟ͼ͚͜

ˤ͙͊ͫͤ͟͡ ͍ͭͦͪͯ ͔ͣͦ͗
͍͙͙ͫͭͦͪͭ ͍ͤͦͯ
ͭͪ͊ͤ͊͘͟ͼ͜Ό ͔͔ͨͪ͒͊;͜
͍ͨͪ͊ ͊͋ͦ ͤ͊͒͊ͤͤΎ
͜͡ͼ͔ͤ͘͜͝ ͤ͊ ͍͚ͫ͜ ͍ͭͪ͜

мн



фл 
 
 

 

ʉʣʘʡʜ ˉ13 

 

 

ʉʣʘʡʜ ˉ14 

 

˿͔ͭ͟ ͔ͭͻ͎͚ͤͦͦ͜͡

мо


