
  



 
2 Modern European Researches No 3 (ǘ.1) / 202 2 

MODERN EUROPEAN RESEARCHES (2022) ISSUE 3 (ǘ. 1), 239  P. 

Modern European Researches Journal is the peer review journal, which reflects 
the most outgoing scientific investigations in  such fields of knowledge, as pedagogy, 
education and training, comprehensive study of human, psychology, social problems 
of medicine and ecology; philosophy, sociology, political science, jurisprudence, 
economics; language and literature study, study of a rt, study of culture .  

EDITORIAL BOARD 

Olga Bermant -Polyakova, PhD, Israel 

Tatyana Fedotova, PhD, Professor, Ukraine 

Alla Gabidullina, PhD, Professor, Ukraine 

Pavel Gorev, PhD, Associate Professor, Russia 

Mariya Greb, PhD, Associate Professor, Ukraine 

Natalya Korableva, PhD, Associate Professor, Ukraine 

Nikolay Kotryahov, PhD, Professor, Russia 

Kanat Lakbaev, PhD, Associate Professor, Kazakhstan 

Galina Nekrasova, PhD, Professor, Russia 

Aleksander Nosov, PhD, Professor, Russia 

Gennadiy Senkevich, PhD, Associate Professor, Ukraine  

Samvel Sukiasyan, PhD, Professor, Armenia 

Eugene Vechtomov, PhD, Professor, Russia 

Elena Visotskaya, PhD, Professor, Ukraine 

EDITORIAL ADDRESS 

SEEBURGSTRASSE 7,  

5201 SEEKIRCHEN AM WALLERSEE,  

SALZBURG, AUSTRIA  

PUBLISHER@DOAJ.NET 

 

 

 

 

ISSN2311-8806 
Authors are responsible for accuracy of the information, contained in the articles.  
Editorial opinion can differ from opinion of authors.  
If reprinted, the reference to the journal is required.  
É All Rights Reserved 
Printed in Austria, 202 2 

 
  



 
3 Modern European Researches No 3 (ǘ.1) / 202 2 

CONTENTS 
 

 

ǎǗǕǔǑǢǍǔǈǆǓǎǋ ǒǋǘǔǊǔǈ ǆǑǉǋǇǖǡ Ǖǖǎ ǖǋǞǋǓǎǎ ǍǆǊǆǝ ǘǋǔǖǎǎ ǉǖǆǚǔǈ  

ǈ ǓǆǙǝǓǔ-ǎǗǗǑǋǊǔǈǆǘǋǑǢǗǐǔǏ ǖǆǇǔǘǋ  

ǆǳǪǶǫǫǨǦ ǘǦǸȂȅǳǦ ǈǱǦǪǮǲǮǶǴǨǳǦ, ǘǶǴǺǮǲǴǨ ǥǰǴǨ ǉǫǴǶǩǮǫǨǮǽ 

6-16 

 

ǒǋǘǔǊǡ ǕǔǗǘǖǔǋǓǎǥ ǉǖǆǚǎǐǔǈ ǘǖǎǉǔǓǔǒǋǘǖǎǝǋǗǐǎǛ ǚǙǓǐǜǎǏ,  

ǗǔǊǋǖǌǆǟǎǛ ǍǓǆǐ ǈǓǋǞǓǋǉǔ ǒǔǊǙǑǥ 

ǆǻǲǫǸǴǨǦ ǚǦǳǮȅ ǛǦǶǮǷǴǨǳǦ, ǉǴǱǴǨǮǳǦ ǆǳǦǷǸǦǷǮȅ ǒǮǻǦǯǱǴǨǳǦ 

17-25 

 

Ǔǋǐǔǘǔǖǡǋ ǒǋǘǔǊǎǝǋǗǐǎǋ ǆǗǕǋǐǘǡ ǎǍǑǔǌǋǓǎǥ ǘǋǒǡ 

çǖǋǞǋǓǎǋ ǘǖǆǓǗǕǔǖǘǓǔǏ ǍǆǊǆǝǎ ǒǋǘǔǊǔǒ ǊǎǚǚǋǖǋǓǜǎǆǑǢǓǡǛ ǖǋǓǘè 

ǇǦǻǸǮȅǶǴǨǦ ǔǱȂǩǦ ǓǮǰǴǱǦǫǨǳǦ, ǕǸǮǼȁǳǦ ǎǳǩǦ ǈȅǽǫǷǱǦǨǴǨǳǦ,  

ǕǴǪǭǴǶǴǨǦ ǒǦǶǮǳǦ ǎǨǦǳǴǨǳǦ 

26-35 

 

ǒǋǘǔǊǎǐǆ ǔǕǖǋǊǋǑǋǓǎǥ ǕǔǓǥǘǎǥ ǘǋǓǍǔǖǆ ǎ ǔǕǋǖǆǜǎǏ ǓǆǊ ǘǋǓǍǔǖǆǒǎ 

ǇǮǶȄǰǴǨ ǔǱǫǩ ǓǮǰǴǱǦǫǨǮǽ, ǛǦǷǦǳǴǨ ǓǦǮǱȂ ǆǱǺǦǸǴǨǮǽ 

36-44 

 

3D ǈǎǍǙǆǑǎǍǆǜǎǥ ǊǎǓǆǒǎǐǎ SIMULINK-ǒǔǊǋǑǋǏ ǒǋǛǆǓǎǝǋǗǐǎǛ ǔǇǠǋǐǘǔǈ  

ǎ ǗǎǗǘǋǒ ǗǖǋǊǗǘǈǆǒǎ Ǖǆǐǋǘǆ SIMULINK 3D ANIMATION 

ǈǫǱǮǿǦǳǷǰǮǯ ǒǮǻǦǮǱ ǆǱǫǰǷǦǳǪǶǴǨǮǽ, ǐǦǨǮǳǴǨ ǆǱǫǰǷǫǯ ǈǱǦǪǮǲǮǶǴǨǮǽ 

45-54 

 

ǚǎǍǎǝǋǗǐǎǏ ǎ ǉǋǔǒǋǘǖǎǝǋǗǐǎǏ ǆǗǕǋǐǘǡ  

ǈ ǎǍǑǔǌǋǓǎǎ ǕǔǓǥǘǎǥ ǓǋǕǖǋǖǡǈǓǔǗǘǎ ǚǙǓǐǜǎǎ  

ǈǫǶǩǦǭǴǨǦ ǔǱȂǩǦ ǇǹǻǸǮȅǶǴǨǳǦ 

55-59 

 

Ǘǌǆǘǎǋ ǊǆǓǓǡǛ. ǆǑǉǔǖǎǘǒ ǛǆǚǚǒǆǓǆ  

ǈǮǳǴǩǶǦǪǴǨǦ ǒǦǶǮǳǦ ǗǸǦǳǮǷǱǦǨǴǨǳǦ, ǘǰǦǽǫǨǦ ǔǱȂǩǦ ǗǫǶǩǫǫǨǳǦ 

60-69 

 

ǒǔǊǋǑǎǖǔǈǆǓǎǋ ǒǋǛǆǓǎǍǒǆ ǆǈǘǔǖǋǉǙǑǎǖǔǈǆǓǎǥ  

ǒǔǍǉǔǈǔǉǔ ǐǖǔǈǔǔǇǖǆǟǋǓǎǥ: ǑǎǓǋǏǓǡǏ ǗǎǓǘǋǍ 

ǉǴǱǹǧǫǨ ǆǱǫǰǷǫǯ ǋǨǩǫǳȂǫǨǮǽ, ǎǨǦǳǴǨǦ ǤǱǮȅ ǈǮǸǦǱȂǫǨǳǦ, 

ǛǴǶǴǾǫǨǦ ǆǳǳǦ ǆǱǫǰǷǦǳǪǶǴǨǳǦ 

70-75 

 

ǎǗǕǔǑǢǍǔǈǆǓǎǋ ǓǋǐǔǘǔǖǡǛ ǕǖǔǉǖǆǒǒǓǡǛ ǗǖǋǊǗǘǈ  

ǊǑǥ ǕǔǊǉǔǘǔǈǐǎ ǈǆǖǎǆǓǘǔǈ ǐǔǓǘǖǔǑǢǓǡǛ ǍǆǊǆǓǎǏ  

ǎ ǈǗǕǔǒǔǉǆǘǋǑǢǓǡǛ ǒǆǘǋǖǎǆǑǔǈ: ǆǈǘǔǒǆǘǎǝǋǗǐǔǋ ǚǔǖǒǎǖǔǈǆǓǎǋ 

ǈǆǖǎǆǓǘǔǈ ǍǆǊǆǝ ǎ ǎǛ ǕǋǖǋǒǋǞǎǈǆǓǎǋ ǈ ǇǎǑǋǘǆǛ   

ǊǴǨǧȁǾ ǗǫǶǩǫǯ ǆǱǫǰǷǦǳǪǶǴǨǮǽ 

76-93 

 

  



 
4 Modern European Researches No 3 (ǘ.1) / 202 2 

ǔǇǔǉǆǟǆǤǟǆǥ ǗǎǗǘǋǒǆ ǍǆǊǆǝ  

ǐǆǐ ǗǖǋǊǗǘǈǔ ǚǔǖǒǎǖǔǈǆǓǎǥ ǓǆǙǝǓǔǉǔ ǒǎǖǔǈǔǍǍǖǋǓǎǥ  

Ǖǖǎ ǎǍǙǝǋǓǎǎ ǕǖǔǎǍǈǔǊǓǡǛ ǣǑǋǒǋǓǘǆǖǓǡǛ ǚǙǓǐǜǎǏ 

ǍǦǧǫǱǮǳǦ ǗǨǫǸǱǦǳǦ ǇǴǶǮǷǴǨǳǦ, ǞǮǱǴǨǦ ǍǴȅ ǈǫǳǮǦǲǮǳǴǨǳǦ 

94-98 

 

ǔ ǓǋǐǔǘǔǖǡǛ ǈǔǕǖǔǗǆǛ ǒǋǘǔǊǎǝǋǗǐǔǉǔ Ǜǆǖǆǐǘǋǖǆ,  

ǗǈǥǍǆǓǓǡǛ Ǘ ǕǔǓǥǘǎǋǒ ǊǑǎǓǡ ǐǖǎǈǔǏ 

ǎǨǦǳǰǴǨ ǕǦǨǫǱ ǑǫǴǳǮǪǴǨǮǽ, ǔǧǹǻǴǨ ǈǮǰǸǴǶ ǕǦǨǱǴǨǮǽ 

99-103 

 

ǔ ǒǋǘǔǊǔǑǔǉǎǎ ǕǖǋǕǔǊǆǈǆǓǎǥ ǔǗǓǔǈ ǎǗǕǔǑǢǍǔǈǆǓǎǥ ǗǖǋǊǗǘǈ  

ǊǑǥ ǖǆǇǔǘǡ Ǘ ǎǗǐǙǗǗǘǈǋǓǓǡǒǎ ǓǋǏǖǔǓǓǡǒǎ Ǘǋǘǥǒǎ  

Ǖǖǥǒǔǉǔ ǖǆǗǕǖǔǗǘǖǆǓǋǓǎǥ ǗǖǋǊǡ MATLAB 

ǐǦǨǮǳǴǨ ǆǱǫǰǷǫǯ ǈǱǦǪǮǲǮǶǴǨǮǽ, ǈǫǱǮǿǦǳǷǰǮǯ ǒǮǻǦǮǱ ǆǱǫǰǷǦǳǪǶǴǨǮǽ 

104-113 

 

ǔ ǕǔǊǉǔǘǔǈǐǋ ǈǡǕǙǗǐǓǡǛ ǐǈǆǑǎǚǎǐǆǜǎǔǓǓǡǛ ǖǆǇǔǘ Ǔǆ ǘǋǒǡ,  

ǗǈǥǍǆǓǓǡǋ Ǘ ǒǔǊǋǑǎǖǔǈǆǓǎǋǒ ǊǈǎǌǋǓǎǏ ǞǆǉǆǤǟǎǛ ǖǔǇǔǘǔǈ 

ǐǦǷǮȅǳǽǹǰ ǊǲǮǸǶǮǯ ǆǱǫǰǷǫǫǨǮǽ, ǚǫǸǮǷǴǨ ǊǲǮǸǶǮǯ ǆǳǦǸǴǱȂǫǨǮǽ 

114-133 

 

ǒǋǘǔǊǎǝǋǗǐǎǋ ǆǗǕǋǐǘǡ ǎǍǑǔǌǋǓǎǥ ǘǋǒǡ çǐǔǒǕǑǋǐǗǓǡǋ ǝǎǗǑǆè 

ǐǴǷǴǨǦ ǆǳǳǦ ǈǱǦǪǮǲǮǶǴǨǳǦ, ǑǦǷǰǴǨǦȅ ǘǦǸȂȅǳǦ ǆǱǫǰǷǫǫǨǳǦ 

134-141 

 

ǒǋǘǔǊǎǝǋǗǐǎǋ ǎ ǎǗǘǔǖǎǝǋǗǐǎǋ ǆǗǕǋǐǘǡ  

ǎǍǑǔǌǋǓǎǥ ǘǋǒǡ çǓǋǗǔǇǗǘǈǋǓǓǡǋ ǎǓǘǋǉǖǆǑǡè 

ǑǦǷǰǴǨǦȅ ǘǦǸȂȅǳǦ ǆǱǫǰǷǫǫǨǳǦ, ǐǴǷǴǨǦ ǆǳǳǦ ǈǱǦǪǮǲǮǶǴǨǳǦ 

142-151 

 

 ǒǋǘǔǊǎǐǆ ǈǈǋǊǋǓǎǥ ǓǆǝǆǑǢǓǡǛ ǕǔǓǥǘǎǏ Ǔǆ ǗǋǒǎǓǆǖǋ  

Ǖǔ ǘǋǒǋ çǊǎǚǚǋǖǋǓǜǎǆǑǢǓǔǋ ǎǗǝǎǗǑǋǓǎǋ ǚǙǓǐǜǎǏ 

ǓǋǗǐǔǑǢǐǎǛ ǕǋǖǋǒǋǓǓǡǛè 

ǓǦǶǦǱǫǳǰǴǨǦ ǎǶǮǳǦ ǎǩǴǶǫǨǳǦ  

152-157 

 

ǕǖǔǈǋǊǋǓǎǋ ǗǋǒǎǓǆǖǗǐǔǉǔ ǍǆǓǥǘǎǥ 

çǒǋǘǔǊ ǈǖǆǟǋǓǎǏ ǉǎǈǋǓǗǆè 

ǕǦǳǰǶǦǸǴǨ ǈǱǦǪǮǲǮǶ ǆǱǫǰǷǦǳǪǶǴǨǮǽ, ǘǨǫǶǷǰǦȅ ǋǱǫǳǦ ǗǫǶǩǫǫǨǳǦ 

158-168 

 

ǓǋǏǖǔǓǓǆǥ ǗǋǘǢ, ǐǆǐ ǔǊǓǔ ǎǍ ǕǋǖǗǕǋǐǘǎǈǓǡǛ ǓǆǕǖǆǈǑǋǓǎǏ  

ǎǗǐǙǗǗǘǈǋǓǓǔǉǔ ǎǓǘǋǑǑǋǐǘǆ 

ǕǴǪǭǴǶǴǨǦ ǒǦǶǮǳǦ ǎǨǦǳǴǨǳǦ, ǕǸǮǼȁǳǦ ǎǳǩǦ ǈȅǽǫǷǱǦǨǴǨǳǦ, 

ǇǦǻǸǮȅǶǴǨǦ ǔǱȂǩǦ ǓǮǰǴǱǦǫǨǳǦ 

169-176 

  



 
5 Modern European Researches No 3 (ǘ.1) / 202 2 

ǔǇ ǔǗǓǔǈǓǡǛ ǒǆǘǋǒǆǘǎǝǋǗǐǎǛ ǘǖǙǊǆǛ  

ǆǑǋǐǗǋǥ ǎǈǆǓǔǈǎǝǆ ǒǆǤǖǔǈǆ (1780-1848) 

ǕǸǮǼȁǳǦ ǎǳǩǦ ǈȅǽǫǷǱǦǨǴǨǳǦ, ǇǦǻǸǮȅǶǴǨǦ ǔǱȂǩǦ ǓǮǰǴǱǦǫǨǳǦ, 

ǕǸǮǼȁǳǦ ǋǱǫǳǦ ǈǱǦǪǮǲǮǶǴǨǳǦ, ǕǴǪǭǴǶǴǨǦ ǒǦǶǮǳǦ ǎǨǦǳǴǨǳǦ 

177-185 

 

ǕǖǎǒǋǓǋǓǎǋ ǒǋǘǔǊǆ ǕǔǗǑǋǊǔǈǆǘǋǑǢǓǡǛ ǕǖǎǇǑǎǌǋǓǎǏ  

Ǖǖǎ ǖǋǞǋǓǎǎ ǐǖǆǋǈǡǛ ǍǆǊǆǝ ǕǖǎǓǜǎǕǆ ǒǆǐǗǎǒǙǒǆ Ǔǆ Ǖǖǎǒǋǖǋ ǍǆǊǆǝǎ ǙǕǖǆǈǑǋǓǎǥ 

ǖǆǗǐǖǙǝǎǈǆǓǎǋǒ ǊǈǙǛǒǆǗǗǔǈǔǏ ǗǎǗǘǋǒǡ 

ǖǫǾǲǮǳ ǗǫǶǩǫǯ ǆǱǫǰǷǦǳǪǶǴǨǮǽ, ǈǦǷǫǳǮǳ ǗǸǫǵǦǳ ǆǳǦǸǴǱȂǫǨǮǽ 

186-196 

 

ǔǗǔǇǋǓǓǔǗǘǎ ǕǔǗǘǖǔǋǓǎǥ ǣǐǔǓǔǒǋǘǖǎǝǋǗǐǎǛ ǒǔǊǋǑǋǏ 

ǗǦǳǦǫǨǦ ǘǦǸȂȅǳǦ ǆǱǫǰǷǦǳǪǶǴǨǳǦ 

197-201 

 

 ǣǕǎǗǘǋǒǔǑǔǉǎǝǋǗǐǆǥ ǗǙǟǓǔǗǘǢ ǊǋǈǎǆǓǘǓǔǏ ǓǆǙǐǎ 

ǙǸǰǮǳǦ ǓǦǪǫǬǪǦ ǈǫǳǮǦǲǮǳǴǨǳǦ, ǉǴǱǹǧǫǨ ǆǱǫǰǷǫǯ ǋǨǩǫǳȂǫǨǮǽ 

202-208 

 

ǔ ǕǖǔǈǋǊǋǓǎǎ ǍǆǓǥǘǎǏ  

Ǔǆ ǘǋǒǙ çǈǡǝǎǗǑǋǓǎǋ ǐǖǎǈǔǑǎǓǋǏǓǡǛ ǎǓǘǋǉǖǆǑǔǈè 

ǛǦǷǦǳǴǨ ǓǦǮǱȂ ǆǱǺǦǸǴǨǮǽ, ǇǮǶȄǰǴǨ ǔǱǫǩ ǓǮǰǴǱǦǫǨǮǽ 

209-216 

 

Ǔǋǐǔǘǔǖǡǋ ǒǋǘǔǊǎǝǋǗǐǎǋ ǈǔǕǖǔǗǡ ǕǖǋǕǔǊǆǈǆǓǎǥ  

ǔǕǘǎǒǆǑǢǓǔǉǔ ǙǕǖǆǈǑǋǓǎǥ ǈ ǘǋǛǓǎǝǋǗǐǔǒ ǙǓǎǈǋǖǗǎǘǋǘǋ 

ǛǴǶȂǰǴǨǦ ǓǮǳǦ ǉǶǮǩǴǶȂǫǨǳǦ 

217-222 

 

 ǚǔǖǒǎǖǔǈǆǓǎǋ ǒǔǘǎǈǆǜǎǎ ǐ ǕǖǔǋǐǘǓǔǏ ǊǋǥǘǋǑǢǓǔǗǘǎ ǔǇǙǝǆǤǟǎǛǗǥ  

Ǔǆ Ǖǖǎǒǋǖǋ ǎǍǙǝǋǓǎǥ ǘǋǒǡ çǕǖǎǒǋǓǋǓǎǋ ǕǖǔǎǍǈǔǊǓǔǏè 

ǝǮǩǮǶȆǨǦ ǔǱȂǩǦ ǤǶȂǫǨǳǦ, ǆǻǲǫǸǴǨǦ ǚǦǳǮȅ ǛǦǶǮǷǴǨǳǦ, 

ǆǧǪǹǱǱǮǳǦ ǣǱȂǨǮǶǦ ǎǶǫǰǴǨǳǦ 

223-231 

 

ǚǔǖǒǎǖǔǈǆǓǎǋ ǔǖǎǋǓǘǎǖǔǈǔǝǓǔǏ ǔǗǓǔǈǡ ǊǋǏǗǘǈǎǏ  

Ǖǖǎ ǖǋǞǋǓǎǎ ǆǑǉǋǇǖǆǎǝǋǗǐǎǛ ǍǆǊǆǝ 

ǕǔǗǖǋǊǗǘǈǔǒ ǘǖǎǉǔǓǔǒǋǘǖǎǝǋǗǐǎǛ ǕǔǊǗǘǆǓǔǈǔǐ 

ǞǮǱǴǨǦ ǍǴȅ ǈǫǳǮǦǲǮǳǴǨǳǦ, ǍǦǧǫǱǮǳǦ ǗǨǫǸǱǦǳǦ ǇǴǶǮǷǴǨǳǦ 

232-238 

 

 

 

 
 

  



 
6 Modern European Researches No 3 (ǘ.1) / 202 2 

 

ǎǗǕǔǑǢǍǔǈǆǓǎǋ ǒǋǘǔǊǔǈ ǆǑǉǋǇǖǡ Ǖǖǎ ǖǋǞǋǓǎǎ ǍǆǊǆǝ ǘǋǔǖǎǎ ǉǖǆǚǔǈ  
ǈ ǓǆǙǝǓǔ-ǎǗǗǑǋǊǔǈǆǘǋǑǢǗǐǔǏ ǖǆǇǔǘǋ 

 

 

ǆǳǳǴǸǦǼǮȅ 

ǒǫǸǴǪǮǽǫǷǰǴǫ ǴǧǫǷǵǫǽǫǳǮǫ ǳǦǹǽǳǴ-ǮǷǷǱǫǪǴǨǦǸǫǱȂǷǰǴǯ ǶǦǧǴǸȁ ǮǩǶǦǫǸ ǨǦǬǳǹȄ ǶǴǱȂ. 
ǐǱǦǷǷǮǽǫǷǰǮǫ ǵǴǪǻǴǪȁ ǲǴǬǳǴ ǳǦǯǸǮ Ǩ ǹǽǫǧǳǮǰǦǻ ǮǱǮ ǹǭǳǦǸȂ Ǯǭ ǹǽǫǧǳȁǻ ǰǹǶǷǴǨ, Ǩ ǸǴ 
ǨǶǫǲȅ ǰǦǰ ǵǶǮ ǶǫǾǫǳǮǮ ǷǫǶȂǫǭǳȁǻ ǮǷǷǱǫǪǴǨǦǸǫǱȂǷǰǮǻ ǭǦǪǦǽ ǮǳǴǩǪǦ ǵǶǮǻǴǪǮǸǷȅ ȃǸǮ 
ǵǴǪǻǴǪȁ ǰǴǲǧǮǳǮǶǴǨǦǸȂ ǮǱǮ ǲǴǪǮǺǮǼǮǶǴǨǦǸȂ. ǈ ǷǸǦǸȂǫ ǶǦǷǷǲǴǸǶǫǳǦ ǻǴǶǴǾǴ ǮǭǨǫǷǸǳǦȅ 
ǭǦǪǦǽǦ ǴǸȁǷǰǦǳǮȅ ǩǦǲǮǱȂǸǴǳǴǨȁǻ ǼǮǰǱǴǨ Ǩ ǴǶǮǫǳǸǮǶǴǨǦǳǳǴǲ ǩǶǦǺǫ. ǊǱȅ ǳǫǫ ǮǭǱǴǬǫǳǦ 
ǲǫǸǴǪǮǰǦ ǶǫǾǫǳǮȅ, ǴǷǳǴǨǦǳǳǦȅ ǳǦ ǵǴǳȅǸǮȅǻ Ǯ ǲǫǸǴǪǦǻ Ǵǧǿǫǯ ǦǱǩǫǧǶȁ. ǕǶǫǪǱǴǬǫǳǦ 
ǲǴǪǮǺǮǰǦǼǮȅ ȃǸǴǩǴ ǵǴǪǻǴǪǦ, ǵǶǴǦǳǦǱǮǭǮǶǴǨǦǳ ǵǶǮǲǫǶ ǶǫǾǫǳǮȅ ǭǦǪǦǽǮ Ƿ ǮǷǵǴǱȂǭǴǨǦ-
ǳǮǫǲ ǲǴǪǮǺǮǼǮǶǴǨǦǳǳǴǩǴ ǵǴǪǻǴǪǦ. 
 

ǐǱȄǽǫǨȁǫ ǷǱǴǨǦ 

ǩǶǦǺȁ, ǩǦǲǮǱȂǸǴǳǴǨȁ ǼǮǰǱȁ, ǵǴǱǹǰǴǱȂǼǦ 
 

ǆǈǘǔǖǡ 

 

ǆǳǪǶǫǫǨǦ ǘǦǸȂȅǳǦ ǈǱǦǪǮǲǮǶǴǨǳǦ,  
ǰǦǳǪǮǪǦǸ ǺǮǭǮǰǴ-ǲǦǸǫǲǦǸǮǽǫǷǰǮǻ ǳǦǹǰ, ǪǴǼǫǳǸ  

ǚǉǇǔǙ ǈǔ çǒǴǷǰǴǨǷǰǮǯ ǩǴǷǹǪǦǶǷǸǨǫǳǳȁǯ ǸǫǻǳǮǽǫǷǰǮǯ ǹǳǮǨǫǶǷǮǸǫǸ  
Ǯǲ. Ǔ. ǣ. ǇǦǹǲǦǳǦè, ǩ. ǒǴǷǰǨǦ  

t -v-andreeva@mail.ru 
 

ǘǶǴǺǮǲǴǨ ǥǰǴǨ ǉǫǴǶǩǮǫǨǮǽ,  
ǷǸǹǪǫǳǸ ǚǉǆǔǙ ǈǔ çǖǴǷǷǮǯǷǰǮǯ ǹǳǮǨǫǶǷǮǸǫǸ ǸǶǦǳǷǵǴǶǸǦè, ǩ. ǒǴǷǰǨǦ  

j.trofimov@outlook.com  
 

 

 

ǈǨǫǪǫǳǮǫ 
 

ǈ ǳǦǷǸǴȅǿǫǯ ǷǸǦǸȂǫ ǮǭǱǴǬǫǳ ǴǵǶǫǪǫǱǫǳǳȁǯ ǲǫǸǴǪǮǽǫǷǰǮǯ ǵǴǪǻǴǪ ǰ ǨȁǵǴǱǳǫǳǮȄ 
ǳǦǹǽǳǴ-ǮǷǷǱǫǪǴǨǦǸǫǱȂǷǰǴǯ ǶǦǧǴǸȁ, ǵǶǫǪǱǦǩǦǫǲǴǯ ǷǸǹǪǫǳǸǦǲ ǷǸǦǶǾǮǻ ǰǹǶǷǴǨ ǳǦǵǶǦǨ-
ǱǫǳǮȅ çǕǶǮǰǱǦǪǳǦȅ ǲǦǸǫǲǦǸǮǰǦ Ǯ ǮǳǺǴǶǲǦǸǮǰǦè. ǔǷǳǴǨǳǴǯ ǼǫǱȂȄ ǶǦǧǴǸȁ ȅǨǱȅǫǸǷȅ 
ǹǩǱǹǧǱǫǳǳǴǫ ǮǭǹǽǫǳǮǫ ǳǫǰǴǸǴǶȁǻ ǶǦǭǪǫǱǴǨ ǸǫǴǶǮǮ ǩǶǦǺǴǨ Ǯ Ǵǧǿǫǯ ǦǱǩǫǧǶȁ, ǨȁǧǴǶ 
ǸǫǶǲǮǳǴǨ Ǯ ǴǧǴǭǳǦǽǫǳǮǯ, ǳǫǴǧǻǴǪǮǲȁǻ ǪǱȅ ǮǭǱǴǬǫǳǮȅ ǮǭǹǽǫǳǳǴǩǴ ǲǦǸǫǶǮǦǱǦ Ǯ ǶǫǾǫ-
ǳǮȅ ǭǦǪǦǽ (ǵǶǮǲǫǶǴǨ). 

ǈ ǷǸǦǸȂǫ ǴǷǨǫǿǫǳȁ ǳǫǰǴǸǴǶȁǫ ǳǴǨȁǫ ǲǴǲǫǳǸȁ Ǩ ǵǶǮǲǫǳǫǳǮǮ ǦǱǩǫǧǶǦǮǽǫǷǰǮǻ ǲǫ-
ǸǴǪǴǨ ǰ ǶǫǾǫǳǮȄ ǭǦǪǦǽ ǸǫǴǶǮǮ ǩǶǦǺǴǨ. 

ǍǦǪǦǽǦ ǴǸȁǷǰǦǳǮȅ ǩǦǲǮǱȂǸǴǳǴǨǦ ǼǮǰǱǦ (ǨǷǫǻ ǩǦǲǮǱȂǸǴǳǴǨȁǻ ǼǮǰǱǴǨ) Ǩ ǭǦǪǦǳǳǴǲ 
ǵǶǴǷǸǴǲ ǴǶǮǫǳǸǮǶǴǨǦǳǳǴǲ ǩǶǦǺǫ ȅǨǱȅǫǸǷȅ ǴǪǳǴǯ Ǯǭ ǰǱǦǷǷǮǽǫǷǰǮǻ ǭǦǪǦǽ ǸǫǴǶǮǮ ǩǶǦ-
ǺǴǨ. ǣǸǦ ǭǦǪǦǽǦ ȅǨǱȅǫǸǷȅ NP-ǵǴǱǳǴǯ, ǦǱǩǴǶǮǸǲȁ ǫǫ ǶǫǾǫǳǮȅ, ǧǴǱǫǫ ȃǺǺǫǰǸǮǨǳȁǫ, 
ǽǫǲ ǵǴǱǳȁǯ ǵǫǶǫǧǴǶ, ǳǫ ǳǦǯǪǫǳȁ. ǘǫǲ ǳǫ ǲǫǳǫǫ, ǨǨǮǪǹ ǦǰǸǹǦǱȂǳǴǷǸǮ ǭǦǪǦǽǮ, ǶǦǭǶǦ-
ǧǦǸȁǨǦȄǸǷȅ ǶǦǭǱǮǽǳȁǫ ǦǱǩǴǶǮǸǲȁ ǫǫ ǶǫǾǫǳǮȅ, ǳǦǵǶǮǲǫǶ, ǸǦǰǮǫ, ǰǴǸǴǶȁǫ ǪǴǷǸǦǸǴǽǳǴ 
ȃǺǺǫǰǸǮǨǳȁ ǳǦ ǳǫǰǴǸǴǶȁǻ ǷǵǫǼǮǦǱȂǳȁǻ ǰǱǦǷǷǦǻ ǩǶǦǺǴǨ. 

ǈ ǶǦǧǴǸǫ ǶǦǷǷǲǦǸǶǮǨǦǫǸǷȅ ǵǴǪǻǴǪ ǰ ǶǫǾǫǳǮȄ ǭǦǪǦǽǮ Ǵ ǩǦǲǮǱȂǸǴǳǴǨȁǻ ǼǮǰǱǦǻ Ǩ 
ǩǶǦǺǫ, ǴǷǳǴǨǦǳǳȁǯ ǳǦ ǵǶǮǲǫǳǫǳǮǮ ǲǫǸǴǪǴǨ Ǵǧǿǫǯ ǦǱǩǫǧǶȁ. ǔǪǮǳ Ǯǭ ǸǦǰǮǻ ǦǱǩǴǶǮǸ-
ǲǴǨ ǴǵǮǷǦǳ Ǩ ǰǳǮǩǫ [1]. ǗǴ ǷǨǴǫǯ ǷǸǴǶǴǳȁ, ǲȁ ǵǶǫǪǱǦǩǦǫǲ ǲǴǪǮǺǮǼǮǶǴǨǦǸȂ ȃǸǴǸ ǦǱǩǴ-
ǶǮǸǲ Ƿ ǮǷǵǴǱȂǭǴǨǦǳǮǫǲ ǵǴǪǻǴǪǦ, ǮǭǱǴǬǫǳǳǴǩǴ Ǩ ǰǳǮǩǫ [2].  
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ǒǫǸǴǪǴǱǴǩǮȅ Ǯ ǶǫǭǹǱȂǸǦǸȁ ǮǷǷǱǫǪǴǨǦǳǮȅ 
 

ǗǳǦǽǦǱǦ ǵǶǮǨǫǪǫǲ ǶȅǪ ǳǫǴǧǻǴǪǮǲȁǻ ǵǴǳȅǸǮǯ Ǯ ǺǦǰǸǴǨ, ǵǶǫǪǵǴǱǦǩǦǫǲȁǻ ǮǭǨǫǷǸ-
ǳȁǲǮ Ǯǭ ǧǦǭǴǨȁǻ ǰǹǶǷǴǨ Ǵǧǿǫǯ ǦǱǩǫǧǶȁ Ǯ ǪǮǷǰǶǫǸǳǴǯ ǲǦǸǫǲǦǸǮǰǮ, Ǧ ǸǦǰǬǫ Ǯǭ ǷǵǫǼ-
ǰǹǶǷǴǨ Ǯ ǶǫǰǴǲǫǳǪǴǨǦǳǳǴǯ ǷǸǹǪǫǳǸǦǲ ǪǴǵǴǱǳǮǸǫǱȂǳǴǯ ǱǮǸǫǶǦǸǹǶȁ. 

ǈ ȃǸǴǯ ǷǸǦǸȂǫ ǪǱȅ ǹǪǴǧǷǸǨǦ ǲȁ ǧǹǪǫǲ ǮǷǵǴǱȂǭǴǨǦǸȂ ǴǵǶǫǪǫǱǫǳǮȅ, ǳǫǰǴǸǴǶȁǫ Ǯǭ 
ǰǴǸǴǶȁǻ ǲǴǩǹǸ ǴǸǱǮǽǦǸȂǷȅ ǴǸ ǴǧǿǫǵǶǮǳȅǸȁǻ. 

 
ǔǷǳǴǨǳȁǫ ǵǴǳȅǸǮȅ ǸǫǴǶǮǮ ǩǶǦǺǴǨ 
ǕǷǯǬǴǹǯǷǵǩǧǴǴȂǳ ǪǷǧǻǵǳ ǳǦǭȁǨǦǫǸǷȅ ǵǦǶǦ Ὃ ὠȟὉ, ǩǪǫ ὠ ὺȟὺȟȣȟὺ , 

ὉṖὠ. ǣǱǫǲǫǳǸ ὺ ǲǳǴǬǫǷǸǨǦ ὠ ǳǦǭȁǨǦǫǸǷȅ ǩǬǷǿǯǴǵǰ, ȃǱǫǲǫǳǸ Ὡ ǲǳǴǬǫǷǸǨǦ Ὁ ð ǷǬǨ-

Ƿǵǳ ǩǶǦǺǦ. ǋǷǱǮ ὺȟὺ ᶰ Ὁ, ǸǴ ǪǱȅ ǰǶǦǸǰǴǷǸǮ ǴǧǴǭǳǦǽǮǲ ὺȟὺ Ὡ  Ǯ ǧǹǪǫǲ ǵǮǷǦǸȂ 

ὺᴼὺ.  

ǓǦǭǴǨǫǲ ǳǧǷǿǷǺǹǵǳ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸȂ ǨǫǶǾǮǳ ὺȟὺȟȣȟὺ  ǸǦǰǹȄ, ǽǸǴ ὺ ᴼ

ὺ  ǪǱȅ ǱȄǧǴǩǴ Ὧ πȟρȟȣȟά ρ. ǘǦǰǹȄ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸȂ ǧǹǪǫǲ ǴǧǴǭǳǦǽǦǸȂ ὺ ᴼ

ὺ ᴼỄᴼὺ ᴼὺ  Ǯ ǳǦǭȁǨǦǸȂ ὺȟὺ -ǲǦǶǾǶǹǸǴǲ. 

ǋǷǱǮ ὺ ὺ , ǸǴ ǲǦǶǾǶǹǸ ǳǦǭȁǨǦǫǸǷȅ ǮǧǳǱǴǺǹȂǳ.  

ǝǮǷǱǴ ά, ǶǦǨǳǴǫ ǰǴǱǮǽǫǷǸǨǹ ǶǫǧǫǶ ǲǦǶǾǶǹǸǦ, ǳǦǭȁǨǦǫǸǷȅ ǫǲǯǴǵǰ ǳǧǷǿǷǺǹǧ. 
ǒǦǶǾǶǹǸ ǪǱǮǳȁ 0 ð ǵǶǴǮǭǨǴǱȂǳǦȅ ǨǫǶǾǮǳǦ ǩǶǦǺǦ. 

ǖǺǹȃ (ǵǶǴǷǸǴǯ ǵǹǸȂ) ð ǲǦǶǾǶǹǸ, ǨǷǫ ǨǫǶǾǮǳȁ ǰǴǸǴǶǴǩǴ ǶǦǭǱǮǽǳȁ. 
ǝǯǱǲ (ǵǶǴǷǸǴǯ ǼǮǰǱ) ð ǭǦǲǰǳǹǸȁǯ ǲǦǶǾǶǹǸ, Ǩ ǰǴǸǴǶǴǲ ǨǷǫ ǨǫǶǾǮǳȁ, ǰǶǴǲǫ ǵǫǶǨǴǯ 

Ǯ ǵǴǷǱǫǪǳǫǯ, ǶǦǭǱǮǽǳȁ. 
ǜǮǰǱ ǪǱǮǳȁ 1 ǳǦǭȁǨǦǫǸǷȅ ǶǬǹǲǬǰ. ǔǶǮǫǳǸǮǶǴǨǦǳǳȁǯ ǩǶǦǺ ǧǫǭ ǵǫǸǫǱȂ ǳǦǭȁǨǦǫǸǷȅ 

ǶǷǵǸǹȂǳ ǵǷǯǬǴǹǯǷǵǩǧǴǴȂǳ ǪǷǧǻǵǳ.  
ǊǧǳǯǲȃǹǵǴǵǩȂǳ ǶǺǹǬǳ Ǩ ǩǶǦǺǫ ǳǦǭȁǨǦǫǸǷȅ ǵǹǸȂ, ǵǶǴǻǴǪȅǿǮǯ ǽǫǶǫǭ ǰǦǬǪǹȄ 

ǨǫǶǾǮǳǹ ǩǶǦǺǦ ǶǴǨǳǴ ǴǪǮǳ ǶǦǭ. 
ǊǧǳǯǲȃǹǵǴǵǩȂǳ ǽǯǱǲǵǳ ǳǦǭȁǨǦǫǸǷȅ ǼǮǰǱ, ǵǶǴǻǴǪȅǿǮǯ ǽǫǶǫǭ ǰǦǬǪǹȄ ǨǫǶǾǮǳǹ 

ǩǶǦǺǦ ǶǴǨǳǴ ǴǪǮǳ ǶǦǭ. 
 
ǔǷǳǴǨǳȁǫ ǵǴǳȅǸǮȅ Ǵǧǿǫǯ ǦǱǩǫǧǶȁ 
ǖǦǷǷǲǴǸǶǮǲ ǦǱǩǫǧǶǹ ה ὛȠȟẗȟȟ, Ǩ ǰǴǸǴǶǴǯ ò+ó Ǯ òẗó ð ǧǮǳǦǶǳȁǫ ǴǵǫǶǦǼǮǮ 

ǷǱǴǬǫǳǮȅ Ǯ ǹǲǳǴǬǫǳǮȅ, ȟ ð ǰǴǳǷǸǦǳǸȁ (ǳǹǱȂǦǶǳȁǫ ǴǵǫǶǦǼǮǮ). 
ǖǵǲǺǱǵǲȃǽǵǳ ǳǦǭȁǨǦǫǸǷȅ ǦǱǩǫǧǶǦ  ה ὛȠȟẗȟȟ, Ǩ ǰǴǸǴǶǴǯ ǨȁǵǴǱǳǫǳȁ ǷǱǫǪǹ-

ȄǿǮǫ ǸǴǬǪǫǷǸǨǦ (ǦǰǷǮǴǲȁ ǵǴǱǹǰǴǱȂǼǦ): 
1) ὥ ὦ ὧ ὥ ὦ ὧ,  
2) ὥ ὦ ὦ ὥ,  
3) ὥ ὥ,  
4) ὥẗὦẗὧ ὥẗὦẗὧ,  
5) ẗὥ ὥẗ ὥ,  
6) ὥẗὦ ὧ ὥẗὦ ὥẗὧ,  
7) ὦ ὧẗὥ ὦẗὥ ὧẗὥ,  
8) ẗὥ ὥẗ .  
 
ǕǴǱǹǰǴǱȂǼǴ ὛȠȟẗȟȟ  ǳǦǭȁǨǦǫǸǷȅ ǯǫǬǳǶǵǹǬǴǹǴȂǳ ǶǵǲǺǱǵǲȃǽǵǳ, ǫǷǱǮ ǴǵǫǶǦ-

ǼǮȅ ǷǱǴǬǫǳǮȅ ǮǪǫǲǵǴǸǫǳǸǳǦ, Ǹ.ǫ. ὥ ὥ ὥ ǪǱȅ ǱȄǧǴǩǴ ὥᶰὛ.  
ǓǦ ǳǴǷǮǸǫǱǫ Ὓ ǮǪǫǲǵǴǸǫǳǸǳǴǩǴ ǵǴǱǹǰǴǱȂǼǦ ה ὛȠȟẗȟȟ  ǲǴǬǫǸ ǧȁǸȂ ǨǨǫǪǫǳǴ 

ǵǹǴǵǿǬǴǯǬ ǶǵǷȆǫǱǧ ה (Ƿǲ. [2]), ǰǴǸǴǶǴǫ ǷǴǩǱǦǷǹǫǸǷȅ ǷǴ ǷǨǴǯǷǸǨǦǲǮ ǴǵǫǶǦǼǮǯ ǵǴǱǹ-

ǰǴǱȂǼǦ: ǪǱȅ ǵǶǴǮǭǨǴǱȂǳȁǻ ὼȟώɴ Ὓ ǵǴǱǦǩǦȄǸ ὼ  ώ ǸǴǩǪǦ Ǯ ǸǴǱȂǰǴ ǸǴǩǪǦ, ǰǴǩǪǦה
ὼ ώ ώ.  

ǕǴǱǹǰǴǱȂǼǴ ה ὛȠȟẗȟȟ  ǳǦǭǴǨǫǲ ί-ǮǧǳǱǴǺǹȂǳ, ǫǷǱǮ ǴǳǴ 



 
8 Modern European Researches No 3 (ǘ.1) / 202 2 

1) ǮǪǫǲǵǴǸǫǳǸǳǴ, 
2) ǱȄǧǦȅ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸȂ ȃǱǫǲǫǳǸǴǨ ǲǳǴǬǫǷǸǨǦ Ὓ ǮǲǫǫǸ ǸǴǽǳǹȄ ǨǫǶǻǳȄȄ 

ǩǶǦǳȂ ǴǸǳǴǷǮǸǫǱȂǳǴ ǵǴǶȅǪǰǦ ה ȃǸǴǩǴ ǵǴǱǹǰǴǱȂǼǦ; 
3) ǪǱȅ ǱȄǧǴǩǴ ὥᶰὛ Ǯ ǱȄǧǴǯ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ ὢ ὼ ᴓɴ ȃǱǫǲǫǳǸǴǨ ǲǳǴǬǫ-

ǷǸǨǦ Ὓ ǨȁǵǴǱǳǫǳǴ 

ὥẗÓÕÐהὢ ÓÕÐהὥẗὢȟ ÓÕÐהὢẗὥ ÓÕÐהὢẗὥȟ 
ǩǪǫ ὥẗὢ ὥẗὼ ᴓɴ, ὢẗὥ ὼẗὥ ᴓɴ.  

ǊǦǱǫǫ ǳǦǲ ǵǴǳǦǪǴǧǮǸǷȅ ǵǴǳȅǸǮǫ ǮǸǫǶǦǼǮǮ (Ƿǲ. [2]). ǈ ǵǴǱǹǰǴǱȂǼǫ ה ὛȠȟẗȟȟ   
ǴǵǶǫǪǫǱǮǲ ǵǶǬǷǧǽǯȅ ǩǵǮǩǬǫǬǴǯȆ ȃǱǫǲǫǳǸǦ ὼ ǩ ǵǶǴǮǭǨǴǱȂǳǹȄ ǳǫǴǸǶǮǼǦǸǫǱȂǳǹȄ ǸǹǬ-

ǶǬǴȃ. ǕǴǱǴǬǮǲ  ᴓ ᴓ᷾π. ǕǴ ǴǵǶǫǪǫǱǫǳǮȄ ǪǱȅ ǱȄǧǴǩǴ ὼɴ Ὓ ǵǴǱǴǬǮǲ ὼ , Ǧ 

ὼ ὼ ẗὼ ǵǶǮ ὲ π. ǏǹǬǷǧǽǯȆ ὼᶻ ȃǱǫǲǫǳǸǦ ὼ ί-ǭǦǲǰǳǹǸǴǩǴ ǵǴǱǹǰǴǱȂǼǦ ǴǵǶǫǪǫǱȅ-
ǫǸǷȅ ǰǦǰ ǸǴǽǳǦȅ ǨǫǶǻǳȅȅ ǩǶǦǳȂ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ ὣ ὼ ᴓɴ : 

ὼᶻ ÓÕÐהὼȡὲᶰᴓ Ȣ 
ǈ ί-ǭǦǲǰǳǹǸǴǲ ǵǴǱǹǰǴǱȂǼǫ ה ὛȠȟẗȟȟ  ǶǦǷǷǲǴǸǶǮǲ ǹǶǦǨǳǫǳǮǫ 

ὼ ὥẗὼ ὦȢ  
ǈ [2] ǪǴǰǦǭǦǳǴ, ǽǸǴ ὼ ὥᶻẗὦ ȅǨǱȅǫǸǷȅ ǶǫǾǫǳǮǫǲ ȃǸǴǩǴ ǹǶǦǨǳǫǳǮȅ, ǵǶǮǽǫǲ ǳǦǮǲǫǳȂ-
ǾǮǲ (Ǩ ǵǴǶȅǪǰǫ ה). ǔǷǸǦǫǸǷȅ ǴǸǰǶȁǸȁǲ ǨǴǵǶǴǷ Ǵ ǸǴǲ, ǵǶǮ ǰǦǰǮǻ ǹǷǱǴǨǮȅǻ ǹǶǦǨǳǫǳǮǫ 
ǮǲǫǫǸ ǫǪǮǳǷǸǨǫǳǳǴǫ ǶǫǾǫǳǮǫ. 

ǕǶǮ ὲᶰᴓ ǶǦǷǷǲǴǸǶǮǲ ǲǳǴǬǫǷǸǨǴ ὓ Ὓ  ǨǷǫǻ ǰǨǦǪǶǦǸǳȁǻ ǲǦǸǶǮǼ ǵǴǶȅǪǰǦ ὲ, 
ȃǱǫǲǫǳǸȁ ǰǴǸǴǶȁǻ ǵǶǮǳǦǪǱǫǬǦǸ ǵǴǱǹǰǴǱȂǼǹ ה ὛȠȟẗȟȟ .  

ǓǫǷǱǴǬǳǴ ǵǶǴǨǫǶǮǸȂ, ǽǸǴ ǦǱǩǫǧǶǦ ִי ה ὓȠȟẗ ȟ ȟ , Ǩ ǰǴǸǴǶǴǯ ǴǵǫǶǦǼǮǮ 

ǷǱǴǬǫǳǮȅ Ǯ ǹǲǳǴǬǫǳǮȅ ǮǳǪǹǼǮǶǴǨǦǳȁ ǴǵǫǶǦǼǮȅǲǮ òó Ǯ ò ẗó ǵǴǱǹǰǴǱȂǼǦ ה, 
 

ȣ

ể
ȣ

ể Ệ ể
ȣ

ȟ       

ȣ

ể
ȣ

ể Ệ ể
ȣ

ȟ 

ȅǨǱȅǫǸǷȅ ǵǴǱǹǰǴǱȂǼǴǲ.  
 
ǇǴǱǫǫ ǸǴǩǴ, Ǩ [2] ǪǴǰǦǭǦǳǴ, ǽǸǴ ǫǷǱǮ ǵǴǱǹǰǴǱȂǼǴ ה ȅǨǱȅǫǸǷȅ ί-ǭǦǲǰǳǹǸȁǲ, ǸǴ Ǯ 

ǵǴǱǹǰǴǱȂǼǴ ִי ה  ȅǨǱȅǫǸǷȅ ί-ǭǦǲǰǳǹǸȁǲ. ǗǱǫǪǴǨǦǸǫǱȂǳǴ, Ǩ ǵǴǱǹǰǴǱȂǼǫ ִי  ה
ǲǴǬǳǴ ǶǦǷǷǲǦǸǶǮǨǦǸȂ ǹǶǦǨǳǫǳǮǫ 

ὢ ὅẗὢ ὄ ρ 
ǴǸǳǴǷǮǸǫǱȂǳǴ ǲǦǸǶǮǼȁ ὢ, ǵǶǮǽǫǲ ǫǩǴ ǶǫǾǫǳǮǫǲ ǧǹǪǫǸ ǲǦǸǶǮǼǦ ὢ ὅᶻẗὄ, ǩǪǫ ὅᶻ ð 
ǮǸǫǶǦǼǮȅ ǲǦǸǶǮǼȁ ὅ Ǩ ִי .ה  

ǙǶǦǨǳǫǳǮǫ ρ ǲǴǬǳǴ ǵǫǶǫǵǮǷǦǸȂ ǰǦǰ ǷǮǷǸǫǲǹ ǹǶǦǨǳǫǳǮǯ ǴǸǳǴǷǮǸǫǱȂǳǴ ǳǫǮǭǨǫǷǸ-

ǳȁǻ ǷǸǴǱǧǼǴǨ ǲǦǸǶǮǼȁ ὢ:  
 

ὼ ὧ ẗὼ Ễ ὧ ẗὼ ὦ ȟ
ȣ

ὼ ὧ ẗὼ Ễ ὧ ẗὼ ὦ ȟ
         Ὦ ρȟȣȟὲȢ ς 

 
ǐǦǬǪǦȅ ǸǦǰǦȅ ǷǮǷǸǫǲǦ ǲǴǬǫǸ ǧȁǸȂ ǶǫǾǫǳǦ ǲǫǸǴǪǴǲ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǩǴ ǮǷǰǱȄǽǫ-

ǳǮȅ ǳǫǮǭǨǫǷǸǳȁǻ, ǦǳǦǱǴǩǮǽǳȁǲ ǰǱǦǷǷǮǽǫǷǰǴǲǹ ǲǫǸǴǪǹ ǉǦǹǷǷǦ. 

ǕǴǱǴǬǮǨ ὄ  Ǩ ǹǶǦǨǳǫǳǮǮ ρ, ǵǴǱǹǽǮǲ, ǽǸǴ ǲǦǸǶǮǼǦ ὢ ὅᶻ ȅǨǱȅǫǸǷȅ ǶǫǾǫ-
ǳǮǫǲ ǹǶǦǨǳǫǳǮȅ 

ὢ ὅẗὢ Ȣ 
 
ǕǴǱǹǰǴǱȂǼǴ ȅǭȁǰǴǨ 
ǖǦǷǷǲǴǸǶǮǲ ǰǴǳǫǽǳȁǯ ǦǱǺǦǨǮǸ ὃ ὥȟὥȟȣȟὥ . ǘǲǵǩǵ ǩ ǧǲǻǧǩǯǹǬ ὃ ð ǵǶǴǮǭ-

ǨǴǱȂǳȁǯ ǰǴǶǸǫǬ Ǯǭ ǲǳǴǬǫǷǸǨǦ ὃ , Ὧ πȟρȟςȟȣ. ǕǶǮ Ὧ π ǵǴǱǹǽǦǫǲ ǵǹǷǸǴǯ ǰǴǶǸǫǬ, 
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ǳǦǭȁǨǦǫǲȁǯ ǵǹǷǸȁǲ ǷǱǴǨǴǲ ‗, Ǹ.ǫ. ὃ ‗. ǒǳǴǬǫǷǸǨǴ ǨǷǫǻ ǷǱǴǨ ǰǴǳǫǽǳǴǯ ǪǱǮǳȁ 
ǴǧǴǭǳǦǽǮǲ 

ὃᶻ ὃȢ 

 
ǋǲǯǴǧ ǷǱǴǨǦ ύᶰὃᶻ ð ǰǴǱǮǽǫǷǸǨǴ ǧǹǰǨ Ǩ ǳǫǲ. ǕǶǮ ǳǫǴǧǻǴǪǮǲǴǷǸǮ ǪǱȅ ǵǶǴǮǭǨǴǱȂ-

ǳǴǩǴ ǷǱǴǨǦ ὺ ǪǱǮǳȁ Ὧ ρ ǧǹǪǫǲ ǵǮǷǦǸȂ ὺ ὺὺȣὺ Ǯ ǳǦǭȁǨǦǸȂ ὺ ǧǹǰǨǴǯ ǷǱǴǨǦ, ὺᶰ
ὃ. ǍǦǵǮǷȂ ύ ὥ ȣὥ  ǧǹǪǫǸ ǴǧǴǭǳǦǽǦǸȂ, ǽǸǴ ǷǱǴǨǴ ύ ǮǲǫǫǸ ǪǱǮǳǹ ὲ, Ǯ ύ ὥ .  

ǦǮȂǱ ὒ Ǩ ǦǱǺǦǨǮǸǫ ὃ ð ǵǶǴǮǭǨǴǱȂǳǴǫ ǲǳǴǬǫǷǸǨǴ ὒṖὃᶻ. ǒǳǴǬǫǷǸǨǴ ǨǷǫǻ ȅǭȁǰǴǨ 

Ǩ ǦǱǺǦǨǮǸǫ ὃ ð ǧǹǱǫǦǳ ǲǳǴǬǫǷǸǨǦ ὃᶻ, Ǹ.ǫ. ς
ᶻ
. 

ǘǵǬǫǯǴǬǴǯǬǳ (ǱǵǴǱǧǹǬǴǧǽǯǬǰ) Ǹǲǵǩ όȟύᶰὃᶻ, ό όόȣό , ύ ύύ ȣύ , 
ǳǦǭȁǨǦȄǸ ǷǱǴǨǴ 

όẗύ όύ όόȣόύύ ȣύ Ȣ 
ǕǴ ǴǵǶǫǪǫǱǫǳǮȄ ύ‗ ‗ύ ύ  ǪǱȅ ǱȄǧǴǩǴ ύᶰὃᶻ. ǓǫǷǱǴǬǳǴ ǵǶǴǨǫǶǮǸȂ, ǽǸǴ ǴǵǫǶǦǼǮȅ 
ǷǴǫǪǮǳǫǳǮȅ ǷǱǴǨ ǦǷǷǴǼǮǦǸǮǨǳǦ, Ǧ ǳǫǯǸǶǦǱȂǳȁǲ ȃǱǫǲǫǳǸǴǲ ǴǸǳǴǷǮǸǫǱȂǳǴ ǴǵǫǶǦǼǮǮ ȅǨ-
ǱȅǫǸǷȅ ǵǹǷǸǴǫ ǷǱǴǨǴ ‗.  

ǕǨȁǬǫǯǴǬǴǯǬ ȆǮȂǱǵǩ ὒȟὒᶰς
ᶻ
 ǧǹǪǫǲ ǴǧǴǭǳǦǽǦǸȂ ὒ ὒ ὒ᷾ὒ. ǓǫǷǱǴǬǳǴ 

ǵǶǴǨǫǶǮǸȂ, ǽǸǴ ǴǵǫǶǦǼǮȅ ǴǧȀǫǪǮǳǫǳǮȅ ǦǷǷǴǼǮǦǸǮǨǳǦ, ǰǴǲǲǹǸǦǸǮǨǳǦ, ǮǪǫǲǵǴǸǫǳǸǳǦ, Ǧ 
ǳǫǯǸǶǦǱȂǳȁǲ ȃǱǫǲǫǳǸǴǲ ǴǸǳǴǷǮǸǫǱȂǳǴ ǴǵǫǶǦǼǮǮ ȅǨǱȅǫǸǷȅ ǵǹǷǸǴǯ ȅǭȁǰ .ɲ 

ǘǵǬǫǯǴǬǴǯǬ ȆǮȂǱǵǩ ὒȟὒᶰς
ᶻ
 ǴǵǶǫǪǫǱǮǲ ǰǦǰ ὒẗὒ ὒὒ: 

 ὒὒ όύȡόᶰὒȟύᶰὒ Ȣ 
ǔǵǫǶǦǼǮȅ ǷǴǫǪǮǳǫǳǮȅ ǦǷǷǴǼǮǦǸǮǨǳǦ, Ǧ ǳǫǯǸǶǦǱȂǳȁǲ ȃǱǫǲǫǳǸǴǲ ǴǸǳǴǷǮǸǫǱȂǳǴ ǴǵǫǶǦ-
ǼǮǮ ȅǨǱȅǫǸǷȅ ȅǭȁǰ ‗, ǷǴǷǸǴȅǿǮǯ ǸǴǱȂǰǴ Ǯǭ ǵǹǷǸǴǩǴ ǷǱǴǨǦ. 

ǊǱȅ ǵǹǷǸǴǩǴ ȅǭȁǰǦ ,ɲ ǰǦǰ ǪǱȅ ǳǹǱȅ ǦǱǩǫǧǶȁ, ǷǵǶǦǨǫǪǱǮǨǴ ǦǳǳǹǱǮǶǹȄǿǫǫ ǷǨǴǯ-
ǷǸǨǴ. 

ǓǫǷǱǴǬǳǴ ǸǦǰǬǫ ǵǶǴǨǫǶǮǸȂ, ǽǸǴ ǴǵǫǶǦǼǮȅ ǷǴǫǪǮǳǫǳǮȅ ǪǮǷǸǶǮǧǹǸǮǨǳǦ (ǷǱǫǨǦ Ǯ 
ǷǵǶǦǨǦ) ǴǸǳǴǷǮǸǫǱȂǳǴ ǴǵǫǶǦǼǮǮ ǴǧȀǫǪǮǳǫǳǮȅ. ǇǴǱǫǫ ǸǴǩǴ, ǪǱȅ ǱȄǧǴǯ ǵǴǷǱǫǪǴǨǦǸǫǱȂ-
ǳǴǷǸǮ ȅǭȁǰǴǨ כ Ὕ ᴓɴ Ǯ ǱȄǧǴǩǴ ȅǭȁǰǦ ὒ ǷǵǶǦǨǫǪǱǮǨǴ 

 

ὒẗ Ὕ ὒẗὝ ȟ       Ὕ ẗὒ Ὕẗὒȟ 

Ǹ.ǫ. ǲǴǬǳǴ ǩǴǨǴǶǮǸȂ Ǵ ǷǽǫǸǳǴǯ ǪǮǷǸǶǮǧǹǸǮǨǳǴǷǸǮ. 
 

ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǦǱǩǫǧǶǦ flὃ ς
ᶻ
ȟȟẗ ȟɲȟ‗  ȅǨǱȅǫǸǷȅ ǮǪǫǲǵǴǸǫǳǸǳȁǲ ǵǴǱǹ-

ǰǴǱȂǼǴǲ. 

ǒǴǬǳǴ ǪǴǰǦǭǦǸȂ, ǽǸǴ  flὃ ς
ᶻ
ȟȟẗ ȟɲȟ‗  ȅǨǱȅǫǸǷȅ ί-ǭǦǲǰǳǹǸȁǲ ǵǴǱǹǰǴǱȂǼǴǲ. 

ǕǶǮ ȃǸǴǲ ǴǸǳǴǾǫǳǮǫ ǵǴǶȅǪǰǦ fl  ð ȃǸǴ ǴǸǳǴǾǫǳǮǫ ǨǰǱȄǽǫǳǮȅ, Ǯ ǪǱȅ ǱȄǧǴǯ ǵǴǷǱǫǪǴ-

ǨǦǸǫǱȂǳǴǷǸǮ ȅǭȁǰǴǨ כ Ὕ ᴓɴ ǷǵǶǦǨǫǪǱǮǨǴ 

ÓÕÐfl כ Ὕ ὝȢ σ 

ǗǱǫǪǴǨǦǸǫǱȂǳǴ, ǯǹǬǷǧǽǯȆ ȆǮȂǱǧ ὒ ð ȃǸǴ ǴǧȀǫǪǮǳǫǳǮǫ ǨǷǫǻ ǫǩǴ ǷǸǫǵǫǳǫǯ: 

ὒᶻ ÓÕÐfl ὒ ὒ ὒȢ 

ǈ [2] ǪǴǰǦǭǦǳǴ, ǽǸǴ ǵǴǱǹǰǴǱȂǼǴ ǲǦǸǶǮǼ ִי flὃ ὓȟȟẗ ȟ ȟ  ί-ǭǦǲǰǳǹǸǴ, 
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ȟ 

 
Ǧ ǯǹǬǷǧǽǯȆ ǳǧǹǷǯǽȂ ὄ ð ȃǸǴ ǷǹǲǲǦ ǨǷǫǻ ǫe ǷǸǫǵǫǳǫǯ: 

ὄᶻ ÓÕÐִי fl ὄ ὄȢ 

ǉǶǦǺȁ, ǶǦǭǲǫǽǫǳǳȁǫ ǳǦǪ ǵǴǱǹǰǴǱȂǼǦǲǮ ȅǭȁǰǴǨ 

ǕǹǷǸȂ Ὓ ð ǳǫǰǴǸǴǶǴǫ ǲǳǴǬǫǷǸǨǴ. ǉǶǦǺ, Ǩ ǰǴǸǴǶǴǲ ǰǦǬǪǴǲǹ ǶǫǧǶǹ ǵǴǷǸǦǨǱǫǳ Ǩ ǷǴ-
ǴǸǨǫǸǷǸǨǮǫ ǳǫǰǴǸǴǶȁǯ ȃǱǫǲǫǳǸ ǲǳǴǬǫǷǸǨǦ Ὓ, ǳǦǭȁǨǦǫǸǷȅ ǷǬǨǬǷǴǵ ǷǧǮǳǬǾǬǴǴȂǳ ǪǷǧ-
ǻǵǳ. ǇǹǪǫǲ ǶǦǷǷǲǦǸǶǮǨǦǸȂ ǩǶǦǺȁ, ǶǦǭǲǫǽǫǳǳȁǫ ǳǦǪ ǨǨǫǪǫǳǳȁǲ ǶǦǳǫǫ ǵǴǱǹǰǴǱȂǼǴǲ 
ȅǭȁǰǴǨ. 

ǊǷǧǻǵǳ, ǷǧǮǳǬǾǬǴǴȂǳ Ǵǧǫ ǶǵǲǺǱǵǲȃǽǵǳ flὃ, ǳǦǭȁǨǦȄǸ ǩǶǦǺ Ὃ ὠȟὉȟ‏, ǩǪǫ 

ȡὉᴼς‏
ᶻ
 ð ǻǺǴǱǽǯȆ ǷǧǮǳǬǹǱǯ.  

ǒǫǸǰǹ ǲǦǶǾǶǹǸǦ ὖ ὺ ᴼὺ ᴼỄᴼὺ ᴼὺ  Ǩ ǵǴǱǹǰǴǱȂǼǫ flὃ  ǴǵǶǫǪǫǱȅȄǸ 

ǰǦǰ ǵǶǴǮǭǨǫǪǫǳǮǫ Ǩ flὃ ǲǫǸǴǰ ǶǫǧǫǶ, ǨǻǴǪȅǿǮǻ Ǩ ǵǹǸȂ ὖ:  

ὖ‏ Ὡȟ‏ Ȣ 

 
ǋǷǱǮ ὖ ð ǲǦǶǾǶǹǸ ǪǱǮǳȁ 0, ǸǴ ǵǴǱǦǩǦȄǸ ‏ὖ ‗.  

ǘǹǵǯǳǵǸǹȃ ǶǷǵǼǵǭǫǬǴǯȆ ǯǮ ὺ ǩ ὺ ð ȃǸǴ ǷǹǲǲǦ Ǩ ί-ǭǦǲǰǳǹǸǴǲ ǵǴǱǹǰǴǱȂǼǫ flὃ 

ǲǫǸǴǰ ǨǷǫǻ ὺȟὺ -ǲǦǶǾǶǹǸǴǨ. ǒǴǬǳǴ ǴǸǲǫǸǮǸȂ, ǽǸǴ ǲǳǴǬǫǷǸǨǴ ǨǷǫǻ ὺȟὺ -ǲǦǶǾǶǹǸǴǨ 

ǳǫ ǧǴǱǫǫ ǽǫǲ ǷǽǫǸǳǴ, ǵǴȃǸǴǲǹ Ǯǭ σ ǷǱǫǪǹǫǸ, ǽǸǴ ǷǸǴǮǲǴǷǸȂ ǵǶǴǻǴǬǪǫǳǮȅ ð ȃǸǴ ǧǫǷ-

ǰǴǳǫǽǳǦȅ ǷǹǲǲǦ, ȅǨǱȅȄǿǦȅǷȅ ǸǴǽǳǴǯ ǨǫǶǻǳǫǯ ǩǶǦǳȂȄ (Ǩ ǵǴǶȅǪǰǫ fl ) ǷǴǴǸǨǫǸǷǸǨǹȄ-

ǿǫǯ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ ǲǫǸǴǰ.  
ǋǷǱǮ ǨǫǶǾǮǳȁ ǵǶǴǳǹǲǫǶǴǨǦǳȁ ǴǸ 1 ǪǴ ὲ, ǸǴ ǶǦǭǲǫǽǫǳǳȁǯ ǩǶǦǺ Ὃ ὠȟὉȟ‏ ǲǴ-

ǬǫǸ ǧȁǸȂ ǭǦǪǦǳ ǳǧǹǷǯǽǬǰ ǳǬǹǵǱ ǶǫǧǫǶ ὅὋ ὅ:  
 

ὧ
Ὡ‏ ȟ Ὡ ᶰὉȟ

ȟɲ Ὡ ᶱὉȢ
 

 
ǓǧǹǷǯǽǬǰ ǸǹǵǯǳǵǸǹǬǰ ǩǶǦǺǦ Ὃ ǳǦǭȁǨǦȄǸ ǲǦǸǶǮǼǹ ὈὋ Ὀ, Ǩ ǰǴǸǴǶǴǯ ȃǱǫǲǫǳǸ 

Ὠ  ǶǦǨǫǳ ǷǸǴǮǲǴǷǸǮ ǵǶǴǻǴǬǪǫǳǮȅ Ǯǭ ὺ Ǩ ὺ.  

ǒǦǸǶǮǼǦ ǲǫǸǴǰ ὅὋ  Ǯ ǲǦǸǶǮǼǦ ǷǸǴǮǲǴǷǸǫǯ ὈὋ  ǩǶǦǺǦ Ὃ Ƿ ὲ ǨǫǶǾǮǳǦǲǮ ȅǨǱȅ-

ȄǸǷȅ ȃǱǫǲǫǳǸǦǲǮ ί-ǭǦǲǰǳǹǸǴǩǴ ǵǴǱǹǰǴǱȂǼǦ ǲǦǸǶǮǼ ִי flὃ ὓȟȟẗ ȟ ȟ  ǳǦǪ ί-

ǭǦǲǰǳǹǸȁǲ ǵǴǱǹǰǴǱȂǼǴǲ flὃ ς
ᶻ
ȟȟẗ ȟɲȟ‗ .  

ǕǴǱǴǬǮǲ 

ὅ ȟ         ὅ ὅ ẗὅȟὰ ρȟςȟσȟȣȢ 
ǎǲǫǫǸ ǲǫǷǸǴ (Ƿǲ., ǳǦǵǶǮǲǫǶ, [2]) 

 

ǑǫǲǲǦ 1. ǤǲǬǳǬǴǹ ὧ  ǳǧǹǷǯǽȂ ὅ, ὰ π, ǷǧǩǬǴ ǸǹǵǯǳǵǸǹǯ ǶǷǵǼǵǭǫǬǴǯȆ ǯǮ ὺ 

ǩ ὺ Ƕǵ ǩǸǬǳ ǳǧǷǿǷǺǹǧǳ ǫǲǯǴȂ ὰ.  
 
ǎǭ Ǳǫǲǲȁ 1 ǷǱǫǪǹǫǸ, ǽǸǴ ǲǦǸǶǮǼǦ ǷǸǴǮǲǴǷǸǫǯ ǲǴǬǫǸ ǧȁǸȂ ǵǶǫǪǷǸǦǨǱǫǳǦ Ǩ ǨǮǪǫ 

Ὀ ὅ ὅ ὅ Ễ ὅ Ễ ὅ ὅᶻȢ 
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ǗǵǶǦǨǫǪǱǮǨǦ 
 
ǘǫǴǶǫǲǦ 1. ǖǺǸǹȃ ὅ ð ǳǧǹǷǯǽǧ ǳǬǹǵǱ ǪǷǧǻǧ Ὃ Ǵǧǫ ί-ǮǧǳǱǴǺǹȂǳ ǶǵǲǺǱǵǲȃǽǵǳ 

flὃ, ǹǵǪǫǧ ǳǧǹǷǯǽǧ ὅᶻ ȆǩǲȆǬǹǸȆ ǳǧǹǷǯǽǬǰ ǸǹǵǯǳǵǸǹǬǰ ǪǷǧǻǧ Ὃ.  
 

ǍǳǦǽǮǸ, ǪǱȅ ǨȁǽǮǷǱǫǳǮȅ Ὀ ὅᶻ Ǩ ί-ǭǦǲǰǳǹǸǴǲ ǵǴǱǹǰǴǱȂǼǫ ִי ὃד  ǪǴǷǸǦǸǴǽǳǴ 

ǶǫǾǮǸȂ Ǩ ȃǸǴǲ ǵǴǱǹǰǴǱȂǼǫ ǹǶǦǨǳǫǳǮǫ 
ὢ ὅẗὢ Ȣ  

 
ǍǦǪǦǽǦ ǵǴǷǸǶǴǫǳǮȅ ǨǷǫǻ ǩǦǲǮǱȂǸǴǳǴǨȁǻ ǼǮǰǱǴǨ Ǩ ǩǶǦǺǫ 

ǕǹǷǸȂ ǪǦǳ ǵǶǴǷǸǴǯ ǴǶǮǫǳǸǮǶǴǨǦǳǳȁǯ ǩǶǦǺ Ὃ ὠȟὉ. ǓǫǴǧǻǴǪǮǲǴ ǵǴǷǸǶǴǮǸȂ ǪǱȅ 
ȃǸǴǩǴ ǩǶǦǺǦ ǲǳǴǬǫǷǸǨǴ ǨǷǫǻ ǩǦǲǮǱȂǸǴǳǴǨȁǻ ǼǮǰǱǴǨ. ǘǦǰǴǫ ǲǳǴǬǫǷǸǨǴ ǲǴǬǫǸ ǴǰǦ-
ǭǦǸȂǷȅ Ǯ ǵǹǷǸȁǲ. 

ǗǪǫǱǦǫǲ ǳǫǷǰǴǱȂǰǴ ǭǦǲǫǽǦǳǮǯ, ǵǴǷǱǫ ǽǫǩǴ ǵǶǮǨǫǪǫǲ ǵǶǮǲǫǶ ǶǫǾǫǳǮȅ ǵǴǷǸǦǨ-
ǱǫǳǳǴǯ ǭǦǪǦǽǮ Ƿ ǵǴǲǴǿȂȄ ǵǴǪǻǴǪǦ, ǴǧǴǷǳǴǨǦǳǳǴǩǴ ǨȁǾǫ. 

ǕǹǷǸȂ ὠ ὺȟὺȟȣȟὺ . ǍǦǲǫǸǮǲ, ǽǸǴ ǪǴǷǸǦǸǴǽǳǴ ǶǦǷǷǲǦǸǶǮǨǦǸȂ ǸǴǱȂǰǴ Ǹǫ ǩǦ-
ǲǮǱȂǸǴǳǴǨȁ ǼǮǰǱȁ, Ǩ ǰǴǸǴǶȁǻ ǳǦǽǦǱȂǳǴǯ (Ǯ ǰǴǳǫǽǳǴǯ) ǨǫǶǾǮǳǴǯ ȅǨǱȅǫǸǷȅ ǳǫǰǴǸǴǶǦȅ 
ǨȁǪǫǱǫǳǳǦȅ ǨǫǶǾǮǳǦ. 

Ǉǫǭ ǴǩǶǦǳǮǽǫǳǮȅ ǴǧǿǳǴǷǸǮ ǧǹǪǫǲ ǷǽǮǸǦǸȂ ǨȁǪǫǱǫǳǳǴǯ ǨǫǶǾǮǳǹ ὺ. ǘǴǩǪǦ ǰǦǬ-
ǪǴǲǹ ǼǮǰǱǹ ǨǮǪǦ ὺ ὺ ᴼὺ ᴼỄᴼὺ ᴼὺ ὺ ǲǴǬǳǴ ǨǭǦǮǲǳǴ ǴǪǳǴǭǳǦǽǳǴ ǷǴ-

ǵǴǷǸǦǨǮǸȂ ǵǫǶǫǷǸǦǳǴǨǰǹ ὺ ȣὺ  ǨǫǶǾǮǳ ǲǳǴǬǫǷǸǨǦ ὺȟȣȟὺ . ǓǦǵǶǮǲǫǶ, Ǩ ǩǶǦǺǫ, 

ǮǭǴǧǶǦǬǫǳǳǴǲ ǳǦ ǶǮǷǹǳǰǫ 1, ǫǷǸȂ ǩǦǲǮǱȂǸǴǳǴǨ ǼǮǰǱ ὺᴼὺᴼὺᴼὺᴼὺᴼὺ, ǰǴ-
ǸǴǶǴǲǹ ǷǴǴǸǨǫǸǷǸǨǹǫǸ ǵǫǶǫǷǸǦǳǴǨǰǦ ὺὺὺὺ.  

 
ǖǮǷǹǳǴǰ 1. 

 
ǔǪǳǮǲ Ǯǭ ǷǵǴǷǴǧǴǨ ǵǴǮǷǰǦ ǨǷǫǻ ǩǦǲǮǱȂǸǴǳǴǨȁǻ ǼǮǰǱǴǨ Ǩ ǩǶǦǺǫ ȅǨǱȅǫǸǷȅ ǵǴǱǳȁǯ 

ǵǫǶǫǧǴǶ ǵǫǶǫǷǸǦǳǴǨǴǰ ȃǱǫǲǫǳǸǴǨ ǲǳǴǬǫǷǸǨǦ ǨǫǶǾǮǳ ὠᶺὺ  Ǯ ǵǶǴǨǫǶǰǦ ǪǱȅ ǰǦǬǪǴǯ 
ǵǫǶǫǷǸǦǳǴǨǰǮ ǸǴǩǴ, ǷǴǴǸǨǫǸǷǸǨǹǫǸ ǱǮ ǴǳǦ ǰǦǰǴǲǹ-ǱǮǧǴ ǩǦǲǮǱȂǸǴǳǴǨǹ ǼǮǰǱǹ. ǐǴǱǮǽǫ-
ǷǸǨǴ ǸǦǰǮǻ ǵǫǶǫǷǸǦǳǴǨǴǰ ǶǦǨǳǴ ȿὠȿ ρȦ.  

 
ǆǱǩǴǶǮǸǲ ǵǴǷǸǶǴǫǳǮȅ ǨǷǫǻ ǩǦǲǮǱȂǸǴǳǴǨȁǻ ǼǮǰǱǴǨ Ǩ ǩǶǦǺǫ 
ǗǱǫǪǹȅ ǰǳǮǩǫ [1], ǪǱȅ ǴǶǮǫǳǸǮǶǴǨǦǳǳǴǩǴ ǵǶǴǷǸǴǩǴ ǩǶǦǺǦ Ὃ ὠȟὉ Ƿ ǲǳǴǬǫǷǸǨǴǲ 

ǨǫǶǾǮǳ ὠ ὺȟὺȟȣȟὺ   ǶǦǷǷǲǴǸǶǮǲ ǦǱǺǦǨǮǸ ὃ ὥȟὥȟȣȟὥ  Ǯ ǴǵǶǫǪǫǱǮǲ Ǻǹǳǰ-

ǼǮȄ ǶǦǭǲǫǸǰǮ ‏ȡὉᴼς
ᶻ
 ǷǱǫǪǹȄǿǮǲ ǴǧǶǦǭǴǲ: 

Ὡ‏ ὥȟ 

Ǧ ǲǦǸǶǮǼǹ ǲǫǸǴǰ ὅ ǴǵǶǫǪǫǱǮǲ, ǰǦǰ ǧȁǱǴ ǴǵǮǷǦǳǴ ǨȁǾǫ.  
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ǋǷǱǮ ȃǸǴ ǳǫ ǲǫǾǦǫǸ ǵǴǳǮǲǦǳǮȄ, ǪǦǱǫǫ ǧǹǪǫǲ ǴǵǹǷǰǦǸȂ ǺǮǩǹǶǳȁǫ ǷǰǴǧǰǮ. ǓǦǵǶǮ-
ǲǫǶ, ǪǱȅ ǷǱǴǨ όȟȣȟόȟȣᶰὃᶻ ǵǴǪ ǷǹǲǲǴǯ ό Ễ όȟȣ ǧǹǪǫǲ ǵǴǳǮǲǦǸȂ Ƿǹǲǲǹ ȅǭȁ-
ǰǴǨ, ǰǦǬǪȁǯ Ǯǭ ǰǴǸǴǶȁǻ ǷǴǷǸǴǮǸ Ǯǭ ǫǪǮǳǷǸǨǫǳǳǴǩǴ ǷǱǴǨǦ, Ǹ.ǫ.  

ό Ễ ό Ễ ό Ễ ό Ễ όȟȣȟόȟȣ Ȣ 
ǊǱȅ ǷǱǴǨǦ όᶰὃᶻ Ǯ ȅǭȁǰǦ ὒṖὃᶻ ǧǹǪǫǲ ǵǮǷǦǸȂ 

όὒ όẗὒ όὺȡὺɴ ὒȟ ὒό ὒẗό ὺόȡὺᶰὒȟ 

όᶻ όᶻ ό Ȣ 

 
ǘǴǩǪǦ ǲǦǸǶǮǼǦ ǲǫǸǴǰ ǩǶǦǺǦ Ὃ, ǮǭǴǧǶǦǬǫǳǳǴǩǴ ǳǦ ǶǮǷǹǳǰǫ 1, ǮǲǫǫǸ ǨǮǪ 
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ᶮ
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ᶮ
ᶮ
ᶮ
ὥ

ὥ
ὥ
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ǎǭ Ǳǫǲǲȁ 1 ǷǱǫǪǹǫǸ, ǽǸǴ ǲǦǸǶǮǼǦ ὅ ǷǴǪǫǶǬǮǸ ǷǸǴǮǲǴǷǸǮ ǵǶǴǻǴǬǪǫǳǮȅ ǲǫǬǪǹ 

ǨǷǫǲǮ ǵǦǶǦǲǮ ǨǫǶǾǮǳ ǵǴ ǲǦǶǾǶǹǸǦǲ ǪǱǮǳȁ ὰ, ǱȄǧǴǯ ȃǱǫǲǫǳǸ ὧ  ǶǦǨǫǳ Ƿǹǲǲǫ ǲǫǸǴǰ 

ǨǷǫǻ ὺȟὺ -ǲǦǶǾǶǹǸǴǨ ǪǱǮǳȁ ὰ. 
ǙǰǦǬǫǲ ǷǴǴǸǨǫǸǷǸǨǮǫ ǲǫǬǪǹ ǲǦǶǾǶǹǸǦǲǮ Ǯ ǲǫǸǰǦǲǮ ǲǦǶǾǶǹǸǴǨ. Ǘ ǴǪǳǴǯ ǷǸǴ-

ǶǴǳȁ, ǰǦǬǪǴǲǹ ǲǦǶǾǶǹǸǹ ǪǱǮǳȁ ὰ ǷǴǴǸǨǫǸǷǸǨǹǫǸ ǷǱǴǨǴ ǪǱǮǳȁ ὰ Ǩ ǦǱǺǦǨǮǸǫ ὃ. ǈ ǷǦǲǴǲ 

ǪǫǱǫ, ǶǦǷǷǲǴǸǶǮǲ ǲǦǶǾǶǹǸ ὖ ὺ ᴼὺ ᴼỄᴼὺ, ǸǴǩǪǦ ‏ὖ ὥ ȣὥ ᶰὧȟ.  

ǕǶǮ ȃǸǴǲ ǪǱȅ ǱȄǧǴǩǴ ὺȟὺ -ǲǦǶǾǶǹǸǦ ǵǴǷǱǫǪǳǫǯ ǧǹǰǨǴǯ Ǩ ǵǴǲǫǸǰǫ ȃǸǴǩǴ ǲǦǶǾ-
ǶǹǸǦ ǧǹǪǫǸ ὥ.  

Ǘ ǪǶǹǩǴǯ ǷǸǴǶǴǳȁ, ǱȄǧǴǫ ǷǱǴǨǴ ύ Ǯǭ ȅǭȁǰǦ ὧ  ǴǪǳǴǭǳǦǽǳǴ ǴǵǶǫǪǫǱȅǫǸ ǳǫǰǴǸǴ-

Ƕȁǯ ὺȟὺ -ǲǦǶǾǶǹǸ ǪǱǮǳȁ ὰ. ǈ ǷǦǲǴǲ ǪǫǱǫ, ǵǹǷǸȂ ύᶰὧ ,  ύ ὥ ȣὥ ὥ, ǸǴǩǪǦ ǫǲǹ 

ǷǴǴǸǨǫǸǷǸǨǹǫǸ ǲǦǶǾǶǹǸ ὖ ὺᴼὺ ᴼỄᴼὺ ᴼὺ.  

ǍǳǦǽǮǸ, ǱȄǧǴǲǹ ǵǹǸǮ ǷǴǴǸǨǫǸǷǸǨǹǫǸ ǷǱǴǨǴ ǧǫǭ ǵǴǨǸǴǶȅȄǿǮǻǷȅ ǷǮǲǨǴǱǴǨ, Ǧ ǱȄǧǴǫ 
ǷǱǴǨǴ ǧǫǭ ǵǴǨǸǴǶȅȄǿǮǻǷȅ ǷǮǲǨǴǱǴǨ ǷǴǴǸǨǫǸǷǸǨǹǫǸ ǵǹǸǮ. ǣǸǴ Ǭǫ ǷǵǶǦǨǫǪǱǮǨǴ Ǯ ǪǱȅ 
ǼǮǰǱǴǨ. 

ǘǫǵǫǶȂ ǮǪǫȄ ǦǱǩǴǶǮǸǲǦ, ǮǭǱǴǬǫǳǳǴǩǴ Ǩ ǰǳǮǩǫ [1], ǲǴǬǳǴ ǴǵǮǷǦǸȂ ǷǱǫǪǹȄǿǮǲ 
ǴǧǶǦǭǴǲ: 

1) ǒǦǸǶǮǼǦ ὅ  ǷǴǪǫǶǬǮǸ ǷǸǴǮǲǴǷǸǮ ǵǶǴǻǴǬǪǫǳǮȅ ǲǫǬǪǹ ǨǷǫǲǮ ǵǦǶǦǲǮ ǨǫǶǾǮǳ 
ǵǴ ǲǦǶǾǶǹǸǦǲ ǪǱǮǳȁ ὲ ρ.  

2) ǋǷǱǮ ǷǶǫǪǮ ȃǸǮǻ ǲǦǶǾǶǹǸǴǨ ǫǷǸȂ ǵǶǴǷǸǴǯ ǲǦǶǾǶǹǸ ὖ ὺ ᴼὺ ᴼỄᴼὺ, ǸǴ 

Ǵǳ ǷǴǴǸǨǫǸǷǸǨǹǫǸ ǩǦǲǮǱȂǸǴǳǴǨǹ ǵǹǸǮ ǲǫǬǪǹ ǨǫǶǾǮǳǦǲǮ ὺ  Ǯ ὺ .  

3) ǋǷǱǮ ǵǶǮ ȃǸǴǲ Ǩ ǩǶǦǺǫ ǫǷǸȂ ǶǫǧǶǴ ὺȟὺ ᶰὉ, ǸǴ ǲǦǶǾǶǹǸ ὖ ȅǨǱȅǫǸǷȅ ǩǦ-

ǲǮǱȂǸǴǳǴǨȁǲ ǼǮǰǱǴǲ. 
4) ǕǴ ǲǫǶǫ ǨȁǽǮǷǱǫǳǮȅ ǷǸǫǵǫǳǮ ǲǦǸǶǮǼȁ ǪǴǷǸǦǸǴǽǳǴ ǴǷǸǦǨǱȅǸȂ ǷǸǴǮǲǴǷǸȂ ǵǶǴ-

ǻǴǬǪǫǳǮȅ ǲǫǬǪǹ ǨǷǫǲǮ ǵǦǶǦǲǮ ǨǫǶǾǮǳ ǸǴǱȂǰǴ ǵǴ ǲǳǴǬǫǷǸǨǹ ǵǶǴǷǸȁǻ ǲǦǶǾǶǹǸǴǨ. ǊǱȅ 
ȃǸǴǩǴ ǳǦ ǰǦǬǪǴǲ ǾǦǩǫ ǳǹǬǳǴ ǮǷǰǱȄǽǦǸȂ ǨǷǫ ǷǱǴǨǦ Ƿ ǵǴǨǸǴǶȅȄǿǮǲǮǷȅ ǧǹǰǨǦǲǮ, Ǧ ǪǮǦ-
ǩǴǳǦǱȂǳȁǫ ȃǱǫǲǫǳǸȁ ǭǦǲǫǳȅǸȂ ǳǦ .ɲ 

 
ǒǴǪǮǺǮǰǦǼǮȅ ǦǱǩǴǶǮǸǲǦ 
ǘǫǵǫǶȂ ǲȁ ǵǶǫǪǱǴǬǮǲ ǦǱǩǴǶǮǸǲ, ǰǴǸǴǶȁǯ ǵǶǮǳǼǮǵǮǦǱȂǳǴ ǴǸǱǮǽǦǫǸǷȅ ǴǸ ǴǵǮǷǦǳ-

ǳǴǩǴ ǶǦǳǫǫ, Ǹǫǲ, ǽǸǴ ǨǲǫǷǸǴ ǨȁǽǮǷǱǫǳǮȅ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ ǲǦǸǶǮǼ ὅȟȣȟὅ , Ǯǻ 
ǦǳǦǱǮǭǦ Ǯ ǴǸǧǶǦǷȁǨǦǳǮȅ ǳǫǰǴǸǴǶȁǻ ǷǱǴǨ, ǲȁ ǧǹǪǫǲ ǳǦǻǴǪǮǸȂ ǲǦǸǶǮǼǹ ǷǸǴǮǲǴǷǸǫǯ Ὀ
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ὅᶻ ǰǦǰ ǶǫǾǫǳǮǫ ǹǶǦǨǳǫǳǮȅ ὢ ὅẗὢ . ǘǴǽǳǫǫ, ǳǦǲ ǪǴǷǸǦǸǴǽǳǴ ǳǦǯǸǮ ǫǪǮǳǷǸǨǫǳ-
ǳȁǯ ǫǫ ȃǱǫǲǫǳǸ Ὠ .  

ǎǭ ǷǰǦǭǦǳǳǴǩǴ ǨȁǾǫ ǨȁǸǫǰǦǫǸ ǷǵǶǦǨǫǪǱǮǨǴǷǸȂ ǷǱǫǪǹȄǿǫǩǴ ǹǸǨǫǶǬǪǫǳǮȅ: 
 
ǑǫǲǲǦ 2. ǉ ǪǷǧǻǬ Ὃ ὠȟὉ ǪǧǳǯǲȃǹǵǴǵǩ ǽǯǱǲ ǬǸǹȃ ǹǵǪǫǧ ǯ ǹǵǲȃǱǵ ǹǵǪǫǧ, 

ǱǵǪǫǧ ǩ ȆǮȂǱǬ Ὠ  ǸǵǫǬǷǭǯǹǸȆ Ǹǲǵǩǵ ύ,  ȆǩǲȆȅȀǬǬǸȆ ǶǬǷǬǸǹǧǴǵǩǱǵǰ ǩǸǬǼ Ǹǯǳǩǵǲǵǩ 
ǳǴǵǭǬǸǹǩǧ ὃ. 

 
ǓǦǵǶǮǲǫǶ, Ǩ ǲǦǸǶǮǼǫ ǷǸǴǮǲǴǷǸǫǯ ǩǶǦǺǦ, ǮǭǴǧǶǦǬǫǳǳǴǩǴ ǳǦ ǶǮǷǹǳǰǫ 1, ȅǭȁǰǹ Ὠ  

ǵǶǮǳǦǪǱǫǬǮǸ ǷǱǴǨǴ ύ ὥὥὥὥὥ.  

ǊǱȅ ǸǴǩǴ, ǽǸǴǧȁ ǳǦǯǸǮ Ὠ , ǶǦǷǷǲǴǸǶǮǲ ǷǮǷǸǫǲǹ ς  ǸǴǱȂǰǴ ǵǶǮ Ὦ ρ Ǯ 

ὦȟȣȟὦ ‗ȟɲȟȣȟɲ , Ǹ.ǫ. 
 

ὼ ὧ ẗὼ Ễ ὧ ẗὼ ‗ȟ
ὼ ὧ ẗὼ Ễ ὧ ẗὼȟ        

ȣ
ὼ ὧ ẗὼ Ễ ὧ ẗὼȢ       

 

 
ǊǱȅ ǶǫǾǫǳǮȅ ȃǸǴǯ ǷǮǷǸǫǲȁ ǧǹǪǫǲ ǮǷǵǴǱȂǭǴǨǦǸȂ ǲǫǸǴǪ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǩǴ ǮǷǰǱȄ-

ǽǫǳǮȅ ǳǫǮǭǨǫǷǸǳȁǻ, ǮǷǰǱȄǽǦǸȂ ǰǴǸǴǶȁǫ ǧǹǪǫǲ Ǩ ǵǴǶȅǪǰǫ ὼȟȣȟὼ.   
 
ǕǶǮǲǫǶ ǶǫǾǫǳǮȅ ǭǦǪǦǽǮ 
ǊǱȅ ǩǶǦǺǦ, ǮǭǴǧǶǦǬǫǳǳǴǩǴ ǳǦ ǶǮǷǹǳǰǫ 1, ǷǮǷǸǫǲǦ ǮǲǫǫǸ ǨǮǪ: 
 

ừ
Ử
Ừ

Ử
ứ
ὼ ὥὼ ὥὼ ὥὼ ‗ȟ
ὼ ὥὼ ὥὼȟ
ὼ ὥὼ ὥὼȟ
ὼ ὥὼ ὥὼȟ
ὼ ὥὼȢ

 

 
ǖǫǾǮǲ ȃǸǹ ǷǮǷǸǫǲǹ ǲǫǸǴǪǴǲ ǮǷǰǱȄǽǫǳǮȅ ǳǫǮǭǨǫǷǸǳȁǻ. ǇǹǪǫǲ ǮǷǰǱȄǽǦǸȂ ǵǫǶǫ-

ǲǫǳǳȁǫ Ǩ ǵǴǶȅǪǰǫ ὼȟȣȟὼ. ǕǴǷǰǴǱȂǰǹ ǳǦǷ ǮǳǸǫǶǫǷǹǫǸ ǸǴǱȂǰǴ ὼ, ǴǧǶǦǸǳȁǯ ǻǴǪ ǲǫǸǴǪǦ 
ǨȁǵǴǱǳȅǸȂ ǳǫ ǧǹǪǫǲ.  

ǕǴ ǻǴǪǹ ǶǫǾǫǳǮȅ ǲȁ ǷǺǴǶǲǹǱǮǶǹǫǲ ǭǦǲǫǽǦǳǮȅ, ǰǴǸǴǶȁǫ ǵǴǭǨǴǱȅǸ ǷǴǨǫǶǾǦǸȂ ǵǫ-
ǶǫǻǴǪ ǰ ǳǴǨǴǯ ǷǮǷǸǫǲǫ, ǮǲǫȄǿǫǯ ǧǴǱǫǫ ǵǶǴǷǸǴǯ ǨǮǪ. 

 
ǎǭ Ǳǫǲǲȁ 2 ǷǱǫǪǹȄǸ ǵǶǴǷǸȁǫ ǭǦǲǫǽǦǳǮȅ: 
 
ǍǦǲǫǽǦǳǮǫ 1. ǒǫǸǰǴǯ ǩǦǲǮǱȂǸǴǳǴǨǦ ǼǮǰǱǦ ȅǨǱȅǫǸǷȅ ǷǱǴǨǴ, Ǩ ǰǴǸǴǶǴǲ ǧǹǰǨȁ ǳǫ 

ǵǴǨǸǴǶȅȄǸǷȅ. 
 

ǍǦǲǫǽǦǳǮǫ 2. ǈ ǩǶǦǺǫ Ƿ ὲ ǨǫǶǾǮǳǦǲǮ ǲǫǸǰǴǯ ǩǦǲǮǱȂǸǴǳǴǨǦ ǼǮǰǱǦ ȅǨǱȅǫǸǷȅ 
ǷǱǴǨǴ ǪǱǮǳȁ ὲ.  

 
1) ǎǷǰǱȄǽǮǲ ὼ. ǓǫǮǭǨǫǷǸǳǦȅ ὼ ǹǬǫ ǨȁǶǦǬǫǳǦ ǽǫǶǫǭ ǴǷǸǦǱȂǳȁǫ ǳǫǮǭǨǫǷǸǳȁǫ, 

ǵǴǪǷǸǦǨǮǲ ȃǸǴ ǨȁǶǦǬǫǳǮǫ Ǩ ǵǫǶǨȁǫ ǽǫǸȁǶǫ ǹǶǦǨǳǫǳǮȅ: 

ừ
Ử
Ừ

Ử
ứ
ὼ ὥὼ ὥὼ ὥὼ ‗ȟ
ὼ ὥὼ ὥὥὼȟ
ὼ ὥὼ ὥὥὼȟ
ὼ ὥὼ ὥὼȟ
ὼ ὥὼȢ
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ǍǦǲǫǸǮǲ, ǽǸǴ ǰǦǬǪǴǫ ǹǶǦǨǳǫǳǮǫ ȃǸǴǯ ǷǮǷǸǫǲȁ ǮǲǫǫǸ ǨǮǪ 

ὼ ὒὥὼ Ễ ὒȟ ὥ ὼ ὒȟ ὥ ὼ ὒὥὼ ɝȟ    ɝ
‗ȟὭ ρȟ
ȟɲὭ ςȟȣὲȟ

 

ǩǪǫ ȅǭȁǰ ὒὥ ǷǴǷǸǴǮǸ Ǯǭ ǲǫǸǴǰ ǳǫǰǴǸǴǶȁǻ ὺȟὺ -ǲǦǶǾǶǹǸǴǨ. 

ǓǦǵǶǮǲǫǶ, Ǩ ǹǶǦǨǳǫǳǮǮ 

ὼ ὥὼ ὥὥὼ 
ǷǱǦǩǦǫǲǴǫ ὥὥὼ ǴǭǳǦǽǦǫǸ, ǽǸǴ Ǩ ǩǶǦǺǫ ǫǷǸȂ ǲǦǶǾǶǹǸ ὺᴼὺᴼὺ. 

 
 2) ǎǷǰǱȄǽǮǲ ὼ. ǓǫǮǭǨǫǷǸǳǦȅ ὼ ǹǬǫ ǨȁǶǦǬǫǳǦ ǽǫǶǫǭ ǴǷǸǦǱȂǳȁǫ ǳǫǮǭǨǫǷǸǳȁǫ, 

ǵǴǪǷǸǦǨǮǲ ȃǸǴ ǨȁǶǦǬǫǳǮǫ Ǩ ǵǫǶǨȁǫ ǸǶǮ ǹǶǦǨǳǫǳǮȅ: 
 

ừ
Ử
Ừ

Ử
ứ
ὼ ὥὼ ὥὼ ὥὥὼ ὥὥὼ ‗ȟ
ὼ ὥὼ ὥὥὥὼ ὥὥὥὼȟ
ὼ ὥὼ ὥὥὥὼ ὥὥὥὼȟ
ὼ ὥὼ ὥὼȟ
ὼ ὥὼȢ

 

 
ǕǫǶǫǪ Ǹǫǲ, ǰǦǰ ǷǪǫǱǦǸȂ ǷǱǫǪǹȄǿǮǯ ǾǦǩ, ǷǺǴǶǲǹǱǮǶǹǫǲ ǴǽǫǶǫǪǳǴǫ ǭǦǲǫǽǦǳǮǫ. 

ǊǱȅ ȃǸǴǩǴ ǷǳǦǽǦǱǦ ǶǦǷǷǲǴǸǶǮǲ ǹǶǦǨǳǫǳǮǫ 
 

ὼ ὥὼ ὥὥὥὼ ὥὥὥὼȢ 
 

ǈ ǳǫǲ ǰǴȃǺǺǮǼǮǫǳǸ ǵǶǮ ǳǫǮǭǨǫǷǸǳǴǯ ὼ ǷǴǪǫǶǬǮǸ ǲǫǸǰǹ ὺȟὺ -ǲǦǶǾǶǹǸǦ, Ǹ.ǫ. 

ǼǮǰǱǦ, ǵǶǴǻǴǪȅǿǫǩǴ ǽǫǶǫǭ ǨǫǶǾǮǳǹ ὺ (Ƿǲ. ǶǮǷǹǳǴǰ 2). ǈ ǷǮǱǹ ǭǦǲǫǽǦǳǮǯ 1 Ǯ 2 ȃǸǴǸ 
ǼǮǰǱ ǳǫ ȅǨǱȅǫǸǷȅ ǩǦǲǮǱȂǸǴǳǴǨȁǲ. ǕǴȃǸǴǲǹ ǷǱǦǩǦǫǲǴǫ ὥὥὥὼ ǲǴǬǳǴ ǴǸǧǶǴǷǮǸȂ. 

 
ǖǮǷǹǳǴǰ 2. 

ǔǧǴǧǿǮǲ ǷǰǦǭǦǳǳǴǫ: 
 
ǍǦǲǫǽǦǳǮǫ 3. ǋǷǱǮ ǵǶǮ Ὥ ρ ǹǶǦǨǳǫǳǮǫ ǷǮǷǸǫǲȁ ǮǲǫǫǸ ǨǮǪ 

ὼ ὒὥὼ Ễ ὒȟ ὥ ὼ ὒȟὥὼ ὒȟ ὥ ὼ ὒὥὼȟ 
ǸǴ ǲǴǬǳǴ ǵǫǶǫǯǸǮ ǰ ǷǮǷǸǫǲǫ, Ǩ ǰǴǸǴǶǴǯ ȃǸǴ ǹǶǦǨǳǫǳǮǫ ǭǦǲǫǳǫǳǴ ǳǦ ǹǶǦǨǳǫǳǮǫ 

ὼ ὒὼ Ễ ὒȟ ὼ ὒȟ ὼ ὒὼȟ 
(Ǹ.ǫ. ǰǴȃǺǺǮǼǮǫǳǸ ὒ  ǭǦǲǫǳǮǸȂ ǳǦ )ɲ.  
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ǘǫǵǫǶȂ, ǹǽǮǸȁǨǦȅ ǭǦǲǫǽǦǳǮǫ 3, ǵǫǶǫǯǪǫǲ ǰ ǳǴǨǴǯ ǷǮǷǸǫǲǫ: 

ừ
Ử
Ừ

Ử
ứ
ὼ ‗ ὥ ὥὼ ‗ ὥ ὥὼ ‗ȟ
ὼ ὥὼ ὥὥὥὼȟ
ὼ ὥὼ ὥὥὥὼȟ
ὼ ὥὼ ὥὼȟ
ὼ ὥὼȢ

 

 
3) ǕǴǷǱǫ ǵǫǶǫǻǴǪǦ ǰ ǳǴǨǴǯ ǷǮǷǸǫǲǫ ǳǫǮǭǨǫǷǸǳǦȅ ὼ ǹǬǫ ǨȁǶǦǬǫǳǦ ǽǫǶǫǭ ǴǷǸǦǱȂ-

ǳȁǫ ǳǫǮǭǨǫǷǸǳȁǫ, ǵǴǪǷǸǦǨǮǲ ȃǸǴ ǨȁǶǦǬǫǳǮǫ Ǩ ǵǫǶǨȁǫ ǪǨǦ ǹǶǦǨǳǫǳǮȅ: 
 

ừ
Ử
Ừ

Ử
ứ
ὼ ὥ ὥὥ ὥὼ ‗ ὥὥὥ ὥ ὥὥὥὥ ὥὼ ‗ȟ

ὼ ‗ ὥὥὥ ὥὼ ὥὥὥὥὥὥὼȟ
ὼ ὥὼ ὥὥὥὼȟ
ὼ ὥὼ ὥὼȟ
ὼ ὥὼȢ

 

 
ǈ ȃǸǴǯ ǷǮǷǸǫǲǫ Ǩ ǹǶǦǨǳǫǳǮǮ 

ὼ ὥ ὥὥ ὥὼ ‗ ὥὥὥ ὥ ὥὥὥὥ ὥὼ ‗ 
ǰǴȃǺǺǮǼǮǫǳǸ ǵǶǮ ǳǫǮǭǨǫǷǸǳǴǯ ὼ ǷǴǪǫǶǬǮǸ ǷǱǴǨǴ ὥὥὥὥὥ. ǈ ǷǮǱǹ ǭǦǲǫǽǦǳǮȅ 1 ǷǱǦǩǦ-
ǫǲǴǫ  ὥὥὥὥὥὼ ǲǴǬǳǴ ǴǸǧǶǴǷǮǸȂ. ǍǦǲǫǽǦǳǮǫ 3 ǰ ȃǸǴǲǹ ǹǶǦǨǳǫǳǮȄ ǵǶǮǲǫǳȅǸȂ ǳǫǱȂǭȅ.  

ǈ ǹǶǦǨǳǫǳǮǮ 

ὼ ‗ ὥὥὥ ὥὼ ὥὥὥὥὥὥὼ 
 

ǰǴȃǺǺǮǼǮǫǳǸ ǵǶǮ ǳǫǮǭǨǫǷǸǳǴǯ ὼ  ǷǴǪǫǶǬǮǸ ǲǫǸǰǹ ὺȟὺ -ǲǦǶǾǶǹǸǦ, ǵǴȃǸǴǲǹ 
ǨǴǷǵǴǱȂǭǹǫǲǷȅ ǭǦǲǫǽǦǳǮǫǲ 3. 

ǈ ǮǸǴǩǫ ǵǫǶǫǯǪǫǲ ǰ ǳǴǨǴǯ ǷǮǷǸǫǲǫ 

ừ
Ử
Ừ

Ử
ứ
ὼ ὥ ὥὥ ὥὼ ‗ ὥὥὥ ὥ ὥὼ ‗ȟ

ὼ ‗ ὥὥὥ ὥὼȟ
ὼ ὥὼ ὥὥὥὼȟ
ὼ ὥὼ ὥὼȟ
ὼ ὥὼȢ

 

 
4) ǎǷǰǱȄǽǮǲ ὼ:  

ừ
Ử
Ừ

Ử
ứ
ὼ ὥ ὥὥ ὥ ὥὥὥὥ ὥὥ ὥὥὥὥ ὥὥὥὥὥὥὥ ὥὥὥὥὥ ὥὼ

‗ȟ
ὼ ‗ ὥὥὥ ὥὼȟ
ὼ ὥὼ ὥὥὥὼȟ
ὼ ὥὼ ὥὼȟ
ὼ ὥὼȢ

 

ǍǦǲǫǸǮǲ, ǽǸǴ ǳǦǲ ǳǫ ǳǹǬǳǴ ǪǦǬǫ ǳǦǻǴǪǮǸȂ ὼ. ǕǶǴǦǳǦǱǮǭǮǶǹǫǲ ǰǴȃǺǺǮǼǮǫǳǸ ǵǶǮ 
ὼ Ǩ ǹǶǦǨǳǫǳǮǮ 

ὼ ὥ ὥὥ ὥ ὥὥὥὥ ὥὥ ὥὥὥὥ ὥὥὥὥὥὥὥ            
                ὥὥὥὥὥ ὥὼ ‗Ȣ 

 
ǍǪǫǷȂ ǰǦǬǪǴǫ ǷǱǴǨǴ ȅǨǱȅǫǸǷȅ ǲǫǸǰǴǯ ὺȟὺ -ǲǦǶǾǶǹǸǦ. ǓǦǲ ǪǴǷǸǦǸǴǽǳǴ ǵǶǴǨǫ-

ǶǮǸȂ, ǫǷǸȂ ǱǮ ǷǶǫǪǮ ȃǸǮǻ ǭǦǲǰǳǹǸȁǻ ǲǦǶǾǶǹǸǴǨ ǩǦǲǮǱȂǸǴǳǴǨȁ ǼǮǰǱȁ. ǗǱǴǨǦ 
ὥὥὥὥὥ Ǯ ὥὥὥὥὥ ȅǨǱȅȄǸǷȅ ǵǫǶǫǷǸǦǳǴǨǰǦǲǮ ǧǹǰǨ ǲǳǴǬǫǷǸǨǦ ὥȟὥȟὥȟὥȟὥ . 
ǍǳǦǽǮǸ, Ǩ ǷǮǱǹ Ǳǫǲǲȁ 2 Ǩ ǩǶǦǺǫ ǫǷǸȂ ǩǦǲǮǱȂǸǴǳǴǨ ǼǮǰǱ. ǇǴǱǫǫ ǸǴǩǴ, ǸǦǰǮǻ ǼǮǰǱǴǨ ǪǨǦ 
(Ƿǲ. ǶǮǷǹǳǴǰ 3): 

ὺᴼὺᴼὺᴼὺᴼὺᴼὺ    Ǯ    ὺᴼὺᴼὺᴼὺᴼὺᴼὺ.  
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ǖǮǷǹǳǴǰ 3. 

 

ǎǸǦǰ, ǭǦǪǦǽǦ ǵǴǷǸǶǴǫǳǮȅ ǲǳǴǬǫǷǸǨǦ ǩǦǲǮǱȂǸǴǳǴǨȁǻ ǼǮǰǱǴǨ Ǩ ǭǦǪǦǳǳǴǲ ǩǶǦǺǫ Ƕǫ-
ǾǫǳǦ. 

ǍǦǰǱȄǽǫǳǮǫ 
 
ǈ ǶǦǧǴǸǫ ǴǵǮǷǦǳǴ ǵǶǮǲǫǳǫǳǮǫ ǲǫǸǴǪǴǨ Ǵǧǿǫǯ ǦǱǩǫǧǶȁ ǪǱȅ ǳǦǻǴǬǪǫǳǮȅ ǨǷǫǻ ǩǦ-

ǲǮǱȂǸǴǳǴǨȁǻ ǼǮǰǱǴǨ Ǩ ǴǶǮǫǳǸǮǶǴǨǦǳǳǴǲ ǩǶǦǺǫ, ǶǦǷǷǲǴǸǶǫǳȁ ǶǦǳǫǫ ǮǭǨǫǷǸǳȁǫ ǦǱǩǴ-
ǶǮǸǲȁ, ǵǶǫǪǱǴǬǫǳǦ ǲǴǪǮǺǮǰǦǼǮȅ ǴǪǳǴǩǴ Ǯǭ ȃǸǮǻ ǦǱǩǴǶǮǸǲǴǨ, ǵǶǮǨǫǪǫǳǴ ǶǫǾǫǳǮǫ ǭǦ-
ǪǦǽǮ Ƿ ǵǴǲǴǿȂȄ ǲǴǪǮǺǮǼǮǶǴǨǦǳǳǴǩǴ ǦǱǩǴǶǮǸǲǦ. 

ǗǸǦǸȂȄ ǲǴǬǳǴ ǮǷǵǴǱȂǭǴǨǦǸȂ Ǩ ǰǦǽǫǷǸǨǫ ǵǶǮǲǫǶǦ ǵǶǦǰǸǮǽǫǷǰǴǩǴ ǨȁǵǴǱǳǫǳǮȅ 
ǳǦǹǽǳǴ-ǮǷǷǱǫǪǴǨǦǸǫǱȂǷǰǴǯ ǶǦǧǴǸȁ. 

ǕǴǪǻǴǪȁ, ǴǵǮǷǦǳǳȁǫ Ǩ ǷǸǦǸȂǫ, ǲǴǩǹǸ ǧȁǸȂ ǸǦǰǬǫ ǮǷǵǴǱȂǭǴǨǦǳȁ ǪǱȅ ǶǫǾǫǳǮȅ ǪǶǹ-
ǩǮǻ ǭǦǪǦǽ ǸǫǴǶǮǮ ǩǶǦǺǴǨ. ǕǴǮǷǰ ǸǦǰǮǻ ǭǦǪǦǽ Ǯ Ǯǻ ǵǴǷǱǫǪǹȄǿǫǫ ǶǫǾǫǳǮǫ ǲǴǬǫǸ ǷǸǦǸȂ 
ǴǪǳǴǯ Ǯǭ ǼǫǱǫǯ ǳǦǹǽǳǴ-ǮǷǷǱǫǪǴǨǦǸǫǱȂǷǰǴǯ ǮǱǮ ǨȁǵǹǷǰǳǴǯ ǰǨǦǱǮǺǮǰǦǼǮǴǳǳǴǯ ǶǦǧǴǸȁ. 

ǗǗǡǑǐǎ Ǔǆ ǎǗǘǔǝǓǎǐǎ 

1. ˴͙ͪͫͭͦͺ͙͔͒ͫ ˹Φ ͔͙́ͦͪΎ ͎ͪ͊ͺ͍ͦΦ ˢ͎͙͙ͦͪͭͣ͡;͔͙͚ͫ͟ ͨͦ͒ͻͦ͒Υ ˽͔ͪΦ ͫ ͎͊ͤ͡Φ ˸ΦΥ ˸͙ͪΣ мфтуΣ пон ͫΦ 
2. ˣ͔͍ͦͯͫͦ͡ ˢΦˮΦΣ ́͊͟;͔͍ ˿ΦˣΦ ˨͙͔ͫͪͭͤ͊͟Ύ ͔͙ͣ͊ͭͣ͊ͭ͊͟Υ ̂;͔͋Φ ͒͡Ύ ͍͍ͯͦ͘ κ ˽ͦ͒ ͔ͪ͒Φ ˤΦ˿Φ ˭͙͊ͪͯ͋ͤ͊Σ ˢΦ˽Φ ˴͙ͪπ

΅͔ͤͦ͟Φ ς 7-͔ ͙͒͘Φ ς ˸ ΦΥ ˮ͒͘Φ ˸˥́̂ ͙ͣΦ ˹Φ̏Φ ˣ͊ͯͣ͊ͤ͊Σ нлнмΦ ς тло ͫΦ 
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ǒǋǘǔǊǡ ǕǔǗǘǖǔǋǓǎǥ ǉǖǆǚǎǐǔǈ ǘǖǎǉǔǓǔǒǋǘǖǎǝǋǗǐǎǛ ǚǙǓǐǜǎǏ,  
ǗǔǊǋǖǌǆǟǎǛ ǍǓǆǐ ǈǓǋǞǓǋǉǔ ǒǔǊǙǑǥ 

 

 

ǆǳǳǴǸǦǼǮȅ 

ǈ ǷǸǦǸȂǫ ǶǦǷǷǲǴǸǶǫǳȁ ǵǶǦǰǸǮǽǫǷǰǮǫ ǵǶǮǫǲȁ ǵǴǷǸǶǴǫǳǮȅ ǩǶǦǺǮǰǴǨ ǶǦǭǱǮǽǳǴǩǴ ǹǶǴǨǳȅ 
ǷǱǴǬǳǴǷǸǮ. ǓǦ ǵǶǮǲǫǶǫ ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǮǻ ǺǹǳǰǼǮǯ, ǷǴǪǫǶǬǦǿǮǻ ǭǳǦǰ ǨǳǫǾǳǫǩǴ 
ǲǴǪǹǱȅ, ǮǭǹǽǫǳǴ ǵǴǨǫǪǫǳǮǫ ǩǶǦǺǮǰǴǨ Ǩ ǴǧǱǦǷǸǮ Ǯǻ ǴǵǶǫǪǫǱǫǳǮȅ. ǜǫǱȂ ǶǦǧǴǸȁ ǭǦǰǱȄ-
ǽǦǫǸǷȅ Ǩ ǸǴǲ, ǽǸǴǧȁ ǵǴǰǦǭǦǸȂ, ǰǦǰ ǲǦǰǷǮǲǦǱȂǳǴ ǧȁǷǸǶǴ Ǯ ǵǶǴǷǸǴ ǲǴǬǳǴ ǵǴǷǸǶǴǮǸȂ ǩǶǦ-
ǺǮǰ ǷǱǴǬǳǴǯ ǺǹǳǰǼǮǮ Ƿ ǵǴǲǴǿȂȄ ǴǷǳǴǨǳȁǻ ǱǮǳǫǯǳȁǻ ǵǶǫǴǧǶǦǭǴǨǦǳǮǯ Ǯ ǷǨǴǯǷǸǨ ǲǴ-
ǪǹǱȅ. ǗǴǪǫǶǬǦǳǮǫ ǷǸǦǸȂǮ ǧǹǪǫǸ ǵǴǱǫǭǳǴ ǷǸǹǪǫǳǸǦǲ ǲǱǦǪǾǮǻ ǰǹǶǷǴǨ, Ǧ ǸǦǰǬǫ ǵǶǫǵǴ-
ǪǦǨǦǸǫǱȅǲ. 

 

ǐǱȄǽǫǨȁǫ ǷǱǴǨǦ 

ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǮǫ ǺǹǳǰǼǮǮ, ǩǶǦǺǮǰǮ ǺǹǳǰǼǮǯ, ǱǮǳǫǯǳȁǫ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ, ǲǴǪǹǱȂ 
 

ǆǈǘǔǖǡ 
 

ǆǻǲǫǸǴǨǦ ǚǦǳǮȅ ǛǦǶǮǷǴǨǳǦ,  
ǰǦǳǪǮǪǦǸ ǺǮǭǮǰǴ-ǲǦǸǫǲǦǸǮǽǫǷǰǮǻ ǳǦǹǰ, ǪǴǼǫǳǸ  

ǚǉǇǔǙ ǈǔ çǒǴǷǰǴǨǷǰǮǯ ǩǴǷǹǪǦǶǷǸǨǫǳǳȁǯ ǸǫǻǳǮǽǫǷǰǮǯ ǹǳǮǨǫǶǷǮǸǫǸ  
Ǯǲ. Ǔ. ǣ. ǇǦǹǲǦǳǦè, ǩ. ǒǴǷǰǨǦ  

dobrich2@mail.ru 
 

ǉǴǱǴǨǮǳǦ ǆǳǦǷǸǦǷǮȅ ǒǮǻǦǯǱǴǨǳǦ,  
ǰǦǳǪǮǪǦǸ ǺǮǭǮǰǴ-ǲǦǸǫǲǦǸǮǽǫǷǰǮǻ ǳǦǹǰ, ǪǴǼǫǳǸ 

ǚǉǇǔǙ ǈǔ çǒǴǷǰǴǨǷǰǮǯ ǩǴǷǹǪǦǶǷǸǨǫǳǳȁǯ ǸǫǻǳǮǽǫǷǰǮǯ ǹǳǮǨǫǶǷǮǸǫǸ 
Ǯǲ. Ǔ. ǣ. ǇǦǹǲǦǳǦè, ǩ. ǒǴǷǰǨǦ  

nastya_gm@mail.ru 

 

 
 

ǈǨǫǪǫǳǮǫ 
 

ǕǶǴǪǴǱǬǮǲ ǼǮǰǱ ǷǸǦǸǫǯ, ǵǴǷǨȅǿǫǳǳȁǻ ǲǫǸǴǪǦǲ ǵǴǷǸǶǴǫǳǮȅ ǩǶǦǺǮǰǴǨ ǶǦǭǱǮǽǳȁǻ 
ǴǪǳǴǭǳǦǽǳȁǻ Ǯ ǲǳǴǩǴǭǳǦǽǳȁǻ ǺǹǳǰǼǮǯ.  

ǉǶǦǺǮǰ ǺǹǳǰǼǮǮ ð ǩǫǴǲǫǸǶǮǽǫǷǰǴǫ ǵǴǳȅǸǮǫ Ǩ ǲǦǸǫǲǦǸǮǰǫ, ǪǦȄǿǫǫ ǵǶǫǪǷǸǦǨǱǫ-
ǳǮǫ Ǵ ǩǫǴǲǫǸǶǮǽǫǷǰǴǲ ǴǧǶǦǭǫ ǺǹǳǰǼǮǮ. ǚǹǳǰǼǮǴǳǦǱȂǳȁǫ ǭǦǨǮǷǮǲǴǷǸǮ ǲǴǬǳǴ ǨǷǸǶǫ-
ǸǮǸȂ ǨǴ ǲǳǴǩǮǻ ǴǧǱǦǷǸȅǻ ǳǦǹǰǮ. ǔǵǮǷǦǳǮǫ ǮǭǹǽǦǫǲȁǻ ǵǶǴǼǫǷǷǴǨ Ǯ ȅǨǱǫǳǮǯ ǳǦ ǴǷǳǴǨǫ 
ǺǹǳǰǼǮǯ ǵǴǭǨǴǱȅǫǸ ǵǶǴǨǴǪǮǸȂ ǸǴǽǳȁǯ ǦǳǦǱǮǭ, ǵǴǱǹǽǦǸȂ ǶǫǾǫǳǮȅ, Ǧ Ǩ ǳǫǰǴǸǴǶȁǻ ǷǱǹ-
ǽǦȅǻ  Ǯ ǮǱǱȄǷǸǶǦǼǮȄ ǵǶǴǩǳǴǭǦ Ǩ ǨǮǪǫ ǩǶǦǺǮǰǦ. ǈǱǦǪǫǸȂ ǸǴǱȂǰǴ ǳǦǨȁǰǦǲǮ ǦǳǦǱǮǸǮǽǫ-
ǷǰǴǯ ǶǦǧǴǸȁ Ƿ ǺǹǳǰǼǮȅǲǮ ǳǫǪǴǷǸǦǸǴǽǳǴ. ǉǶǦǺǮǽǫǷǰǮǯ ǲǫǸǴǪ ǶǫǾǫǳǮȅ ǭǦǪǦǽ ǮǳǴǩǪǦ 
ȅǨǱȅǫǸǷȅ, ǫǷǱǮ ǳǫ ǫǪǮǳǷǸǨǫǳǳȁǲ ǨǴǭǲǴǬǳȁǲ, ǸǴ ǧǴǱǫǫ ǶǦǼǮǴǳǦǱȂǳȁǲ Ǯ ǸǴǽǳȁǲ. ǎǳǴ-
ǩǪǦ ǳǦ ǩǶǦǺǮǰǫ ǭǳǦǽǫǳǮȅ ǺǹǳǰǼǮǮ ǲǴǬǳǴ ǵǴǱǹǽǮǸȂ ǩǴǶǦǭǪǴ ǧȁǷǸǶǫǫ Ǯ ǹǪǴǧǳǫǫ, ǵǹǷǸȂ 
ǪǦǬǫ Ƿ ǳǫǰǴǸǴǶǴǯ ǵǴǩǶǫǾǳǴǷǸȂȄ. 

ǈ ǮǳǬǫǳǫǶǳǴǯ ǵǶǦǰǸǮǰǫ Ƿ ǵǴǷǸǶǴǫǳǮǫǲ ǩǶǦǺǮǰǴǨ ǺǹǳǰǼǮǯ ǵǶǮǻǴǪǮǸǷȅ ǨǷǸǶǫ-
ǽǦǸȂǷȅ ǴǽǫǳȂ ǽǦǷǸǴ. ǕǴȃǸǴǲǹ ǷǸǹǪǫǳǸǦǲ, ǴǷǴǧǫǳǳǴ ǸǫǻǳǮǽǫǷǰǮǻ ǷǵǫǼǮǦǱȂǳǴǷǸǫǯ, ǧǹǪǫǸ 
ǵǴǱǫǭǫǳ ǲǦǸǫǶǮǦǱ ȃǸǴǯ ǷǸǦǸȂǮ. 

ǖǦǳǫǫ Ǩ ǶǦǧǴǸǦǻ [1-7] ǧȁǱǮ ǮǭǱǴǬǫǳȁ ǵǶǮǳǼǮǵȁ ǵǴǷǸǶǴǫǳǮȅ ǩǶǦǺǮǰǴǨ ǱǮǳǫǯǳȁǻ 
Ǯ ǰǨǦǪǶǦǸǮǽǳȁǻ ǺǹǳǰǼǮǯ, ǷǴǪǫǶǬǦǿǮǻ ǭǳǦǰ ǲǴǪǹǱȅ. ǈ ǳǮǻ ǧȁǱǮ ǶǦǷǷǲǴǸǶǫǳȁ ǴǧǿǮǫ 
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Ƿǻǫǲȁ ǵǴǷǸǶǴǫǳǮȅ, Ǧ ǸǦǰǬǫ ǲǫǸǴǪȁ ǶǦǭǧǮǫǳǮȅ ǺǹǳǰǼǮǮ ǳǦ ǴǸǪǫǱȂǳȁǫ ǹǶǦǨǳǫǳǮȅ Ǯ 
ǶǦǭǧǮǫǳǮȅ ǰǴǴǶǪǮǳǦǸǳǴǯ ǵǱǴǷǰǴǷǸǮ ǳǦ ǳǫǷǰǴǱȂǰǴ ǴǧǱǦǷǸǫǯ.  

ǈ [8] ǧȁǱ ǵǶǫǪǱǴǬǫǳ ǷǴǨǫǶǾǫǳǳǴ ǮǳǴǯ ǵǴǪǻǴǪ ǵǶǮǲǫǳǮǸǫǱȂǳǴ ǰ ǵǴǷǸǶǴǫǳǮȄ ǩǶǦ-
ǺǮǰǴǨ ǺǹǳǰǼǮǯ. ǆ ǮǲǫǳǳǴ, ǳǦ ǵǶǮǲǫǶǦǻ ǭǦǪǦǽ ǧȁǱǮ ǵǴǰǦǭǦǳȁ ǪǨǦ ǷǵǴǷǴǧǦ ǶǫǾǫǳǮȅ 
ǵǴǷǸǦǨǱǫǳǳȁǻ ǭǦǪǦǽ: ǦǳǦǱǮǸǮǽǫǷǰǮǯ Ǯ ǩǶǦǺǮǽǫǷǰǮǯ, Ƿ ǵǶǮǲǫǳǫǳǮǫǲ ǷǶǫǪȁ MathCAD. 
ǇȁǱǴ ǵǶǴǪǫǲǴǳǷǸǶǮǶǴǨǦǳǳǴ, ǰǦǰ ǵǶǮǨǱǫǽǫǳǮǫ ǵǶǴǩǶǦǲǲǳȁǻ ǷǶǫǪǷǸǨ ǵǴǨȁǾǦǫǸ ǷǰǴ-
ǶǴǷǸȂ ǶǫǾǫǳǮȅ ǭǦǪǦǽ. ǈ ǶǦǧǴǸǫ ǧȁǱǦ ǴǸǲǫǽǫǳǦ ǼǫǱǫǷǴǴǧǶǦǭǳǴǷǸȂ ǴǧǹǽǫǳǮȅ ǶǦǭǱǮǽǳȁǲ 
ǷǵǴǷǴǧǦǲ ǶǫǾǫǳǮȅ ǭǦǪǦǽ. 

ǈ [9,10] ǧȁǱǮ ǶǦǷǷǲǴǸǶǫǳȁ ǲǫǸǴǪȁ ǵǴǷǸǶǴǫǳǮȅ ǩǶǦǺǮǰǴǨ ǴǪǳǴǭǳǦǽǳȁǻ Ǯ ǲǳǴǩǴ-
ǭǳǦǽǳȁǻ ǪǶǴǧǳǴ-ǱǮǳǫǯǳȁǻ ǺǹǳǰǼǮǯ, ǷǴǪǫǶǬǦǿǮǻ ǭǳǦǰ ǲǴǪǹǱȅ Ǩ ǵǶǦǨǴǯ ǽǦǷǸǮ ǷǨǴǫǩǴ 
ǦǳǦǱǮǸǮǽǫǷǰǴǩǴ ǭǦǪǦǳǮȅ. 

ǈ [11] ǦǨǸǴǶȁ ǷǸǦǸȂǮ ǵǫǶǫǾǱǮ ǰ ǶǦǷǷǲǴǸǶǫǳǮȄ ǪǶǹǩǴǩǴ ǸǮǵǦ ǺǹǳǰǼǮǯ, Ǧ ǮǲǫǳǳǴ 
ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǮǻ. ǕǴǪǶǴǧǳǴ ǧȁǱǮ ǶǦǭǴǧǶǦǳȁ ǷǨǴǯǷǸǨǦ ȃǸǮǻ ǺǹǳǰǼǮǯ, ǨǮǪ ǩǶǦǺǮ-
ǰǴǨ, Ǧ ǸǦǰǬǫ ǶǦǷǷǲǴǸǶǫǳ ǨǴǵǶǴǷ ǱǮǳǫǯǳȁǻ ǵǶǫǴǧǶǦǭǴǨǦǳǮǯ ǵǶǮǲǫǳǮǸǫǱȂǳǴ ǰ ȃǸǴǲǹ 
ǰǱǦǷǷǹ ǺǹǳǰǼǮǯ. 

ǈ ǪǦǳǳǴǯ ǷǸǦǸȂǫ ǵǫǶǫǯǪǫǲ ǰ ǶǦǷǷǲǴǸǶǫǳǮȄ Ǹǫǻ Ǭǫ ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǮǻ ǺǹǳǰǼǮǯ, 
ǳǴ ǷǴǪǫǶǬǦǿǮǻ ǭǳǦǰ ǨǳǫǾǳǫǩǴ ǲǴǪǹǱȅ. ǖǦǷǷǲǴǸǶǮǲ ǨǴǵǶǴǷ ǨǱǮȅǳǮȅ ǲǴǪǹǱȅ ǳǦ ǨǮǪ 
ǩǶǦǺǮǰǦ Ǩ ǴǧǱǦǷǸǮ ǴǵǶǫǪǫǱǫǳǮȅ ǺǹǳǰǼǮǮ. 

 
ǒǫǸǴǪǴǱǴǩǮȅ Ǯ ǶǫǭǹǱȂǸǦǸȁ ǮǷǷǱǫǪǴǨǦǳǮȅ 

 

ǊǱȅ ǵǴǷǸǶǴǫǳǮȅ ǩǶǦǺǮǰǴǨ ǺǹǳǰǼǮǯ, ǷǴǪǫǶǬǦǿǮǻ ǭǳǦǰ ǨǳǫǾǳǫǩǴ ǲǴǪǹǱȅ , 

ǩǪǫ  - ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǦȅ ǺǹǳǰǼǮȅ, ǮǷǵǴǱȂǭǹǫǸǷȅ ǸǴǸ Ǭǫ ǦǱǩǴǶǮǸǲ, ǽǸǴ Ǯ ǪǱȅ ǱǮ-

ǳǫǯǳȁǻ, Ǯ ǰǨǦǪǶǦǸǮǽǳȁǻ ǺǹǳǰǼǮǯ. ǓǦǵǴǲǳǮǲ ȃǸǴǸ ǦǱǩǴǶǮǸǲ: 

1 ǾǦǩ: ǗǸǶǴǮǲ ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ , 

2 ǾǦǩ: ǝǦǷǸȂ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ, ǰǴǸǴǶǦȅ ǱǫǬǮǸ ǳǮǬǫ ǴǷǮ  ǴǸǴǧǶǦǬǦǫǲ 

ǷǮǲǲǫǸǶǮǽǳǴ ǴǸǳǴǷǮǸǫǱȂǳǴ ȃǸǴǯ ǴǷǮ. 
ǖǦǷǷǲǴǸǶǮǲ ǪǫǯǷǸǨǮǫ ǪǦǳǳǴǩǴ ǦǱǩǴǶǮǸǲǦ ǳǦ ǰǴǳǰǶǫǸǳȁǻ ǵǶǮǲǫǶǦǻ. 

ǕǶǮǲǫǶ 1. ǕǴǷǸǶǴǮǸȂ ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ . 

1 ǾǦǩ: ǗǸǶǴǮǲ ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ 1sin2 += xy . ǜǫǵǴǽǰǦ ȃǱǫǲǫǳǸǦǶǳȁǻ ǵǶǫǴǧǶǦǭǴ-

ǨǦǳǮǯ ǷǱǫǪǹȄǿǦȅ: 1sin2sin2sin +=­=­= xyxyxy . ǙǨǫǱǮǽǮǨǦǫǲ ǦǲǵǱǮǸǹǪǹ ǰǴǱǫ-

ǧǦǳǮǯ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ ώ ÓÉÎὼ Ǯ ǵǴǱǹǽǦǫǲ ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ xy sin2= . ǕǫǶǮǴǪ Ǯ Ǵǧ-

ǱǦǷǸȂ ǴǵǶǫǪǫǱǫǳǮȅ ǵǶǮ ȃǸǴǲ ǳǫ ǮǭǲǫǳȅȄǸǷȅ: p2=T , RyD =)( , Ǧ ǴǧǱǦǷǸȂ ǭǳǦǽǫǳǮǯ Ǩ 

ȃǸǴǲ ǷǱǹǽǦǫ ]2,2[- . ǗǪǨǮǩǦǫǲ ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ xy sin2=  ǳǦ ǴǪǳǹ ǫǪǮǳǮǼǹ ǨǨǫǶǻ Ǯ ǵǴ-

ǱǹǽǦǫǲ ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ 1sin2 += xy .ǕǫǶǮǴǪ Ǯ ǴǧǱǦǷǸȂ ǴǵǶǫǪǫǱǫǳǮȅ ǨǳǴǨȂ ǳǫ Ǯǭǲǫ-

ǳȅȄǸǷȅ: p2=T , RyD =)( . ǎǭǲǫǳȅǫǸǷȅ ǸǴǱȂǰǴ ǴǧǱǦǷǸȂ ǭǳǦǽǫǳǮǯ ǺǹǳǰǼǮǮ ]3,1[)( -=yE , 

ǩǪǫ 1sin2 += xy  

 
 
 

  

|)(| xfy=

)(xf

)(xfy=

)(xfy= Ox

|1sin2| += xy
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ǖǮǷ. 1. ǉǶǦǺǮǰǮ ǺǹǳǰǼǮǯ  

 

2 ǾǦǩ: ǔǸǴǧǶǦǬǦǫǲ ǳǮǬǳȄȄ ǽǦǷǸȂ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ, ǷǮǲǲǫǸǶǮǽǳǴ 

ǴǸǳǴǷǮǸǫǱȂǳǴ ǴǷǮ . 

ǖǮǷ. 2. ǉǶǦǺǮǰ ǺǹǳǰǼǮǮ  

 

ǕǶǮǲǫǶ 2. ǕǴǷǸǶǴǮǸȂ ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ . 

1 ǾǦǩ: ǗǸǶǴǮǲ ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ . ǜǫǵǴǽǰǦ ǵǶǫǴǧǶǦǭǴǨǦǳǮǯ ǩǶǦǺǮǰǦ 

ǺǹǳǰǼǮǮ  ǷǱǫǪǹȄǿǦȅ: . ǙǨǫǱǮǽǮǨǦǫǲ ǦǲǵǱǮ-

ǸǹǪǹ ǰǴǱǫǧǦǳǮǯ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ  Ǩ ǸǶǮ ǶǦǭǦ Ǯ ǵǴǱǹǽǦǫǲ ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ 

. ǕǫǶǮǴǪ Ǯ ǴǧǱǦǷǸȂ ǴǵǶǫǪǫǱǫǳǮȅ ǵǶǮ ȃǸǴǲ ǳǫ ǮǭǲǫǳȅȄǸǷȅ; ǮǭǲǫǳȅǫǸǷȅ ǸǴǱȂǰǴ 

1sin2,sin2,sin +=== xyxyxy

1sin2 += xy

Ox

|1sin2| += xy

|2cos3| xy=

xy 2cos3=

xy cos= xyxyxy 2cos3cos3cos =­=­=

xy cos=

xy cos3=
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ǴǧǱǦǷǸȂ ǭǳǦǽǫǳǮǯ ǺǹǳǰǼǮǮ . ǗǬǮǲǦǫǲ ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ  ǴǸǳǴǷǮ-

ǸǫǱȂǳǴ ǴǷǮ  Ǩ ǸǶǮ ǶǦǭǦ, ǵǴǱǹǽǦǫǲ ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ . ǔǧǱǦǷǸȂ ǴǵǶǫǪǫǱǫ-

ǳǮȅ Ǯ ǴǧǱǦǷǸȂ ǭǳǦǽǫǳǮȅ ǵǶǮ ȃǸǴǲ ǳǫ ǮǭǲǫǳȅȄǸǷȅ; ǮǭǲǫǳȅǫǸǷȅ ǸǴǱȂǰǴ ǵǫǶǮǴǪ 

. 

 

ǖǮǷ. 3. ǉǶǦǺǮǰǮ ǺǹǳǰǼǮǯ  

 

2 ǾǦǩ: ǔǸǴǧǶǦǬǦǫǲ ǳǮǬǳȄȄ ǽǦǷǸȂ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ  ǷǮǲǲǫǸǶǮǽǳǴ ǴǷǮ . 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

ǖǮǷ. 4. ǉǶǦǺǮǰ ǺǹǳǰǼǮǮ  

 
  

]3,3[)( -=yE xy cos3=

Ox xy 3cos3=

p
p
==

2

2
T

xyxyxy 2cos3,cos3,cos ===

xy cos3= Ox

|2cos3| xy=
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ǕǶǮǲǫǶ 3. ǕǴǷǸǶǴǮǸȂ ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ . 

1 ǾǦǩ: ǗǸǶǴǮǲ ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ 
33

2

32

1 pp
+ö
÷

õ
æ
ç

å
--= xtgy .  

ǊǱȅ ȃǸǴǩǴ ǮǭǳǦǽǦǱȂǳǴ ǧǫǶǫǲ ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ , ǩǪǫ ǵǫǶǮǴǪ , ǴǧǱǦǷǸȂ 

ǴǵǶǫǪǫǱǫǳǮȅ , . ǜǫǵǴǽǰǦ ǵǶǫǴǧǶǦǭǴǨǦǳǮǯ ǩǶǦǺǮǰǦ ǷǱǫǪǹ-

ȄǿǦȅ: 

 

. 

ǕǴǷǱǫ ǷǬǦǸǮȅ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ  Ǩ ǪǨǦ ǶǦǭǦ ǨǪǴǱȂ ǴǷǮ ǴǶǪǮǳǦǸ Ǯ ǶǦǷǸȅǬǫ-

ǳǮȅ ǩǶǦǺǮǰǦ  ǨǪǴǱȂ ǴǷǮ ǦǧǷǼǮǷǷ Ǩ  ǶǦǭǦ, ǵǫǶǮǴǪ Ǯ ǴǧǱǦǷǸȂ ǴǵǶǫǪǫǱǫǳǮȅ Ǯǭ-

ǲǫǳȅȄǸǷȅ: 

 , , .  

ǕǶǮ ǪǦǱȂǳǫǯǾǮǻ ǱǮǳǫǯǳȁǻ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅǻ ǵǫǶǮǴǪ Ǯ ǴǧǱǦǷǸȂ ǴǵǶǫǪǫǱǫǳǮȅ ǳǫ 
ǲǫǳȅȄǸǷȅ. 

ǕǶǴǲǫǬǹǸǴǽǳȁǫ ǩǶǦǺǮǰǮ ǺǹǳǰǼǮǯ Ǯǭ ǼǫǵǴǽǰǮ ǵǶǫǴǧǶǦǭǴǨǦǳǮǯ ǵǴǰǦǭǦǳȁ ǳǦ 
ǶǮǷ.5, 6. 

 ǖǮǷ. 5. ǉǶǦǺǮǰǮ ǺǹǳǰǼǮǯ , ,   
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ǖǮǷ. 6. ǉǶǦǺǮǰǮ ǺǹǳǰǼǮǯ ,  ,  

 
2 ǾǦǩ: ǔǸǶǦǬǦǫǲ ǳǮǬǳȄȄ ǽǦǷǸȂ ǩǶǦǺǮǰǦ Ǯǭ ǶǮǷ. 6 ǷǮǲǲǫǸǶǮǽǳǴ ǴǷǮ  Ǯ ǵǴǱǹ-

ǽǦǫǲ ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ . 

ǕǫǶǮǴǪ Ǯ ǴǧǱǦǷǸȂ ǴǵǶǫǪǫǱǫǳǮȅ ǵǶǮ ȃǸǴǲ , , 

, .   

ǖǮǷ. 7. ǉǶǦǺǮǰ ǺǹǳǰǼǮǮ  
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ǕǶǮǲǫǶ 4. ǕǴǷǸǶǴǮǸȂ ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ . 

1 ǾǦǩ: ǗǸǶǴǮǲ ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ .  

ǜǫǵǴǽǰǦ ǵǶǫǴǧǶǦǭǴǨǦǳǮǯ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ  ǷǱǫǪǹȄǿǦȅ: 

. 

ǊǱȅ ȃǸǴǩǴ ǮǭǳǦǽǦǱȂǳǴ ǧǫǶǫǲ ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ , ǩǪǫ ǵǫǶǮǴǪ , ǴǧǱǦǷǸȂ 

ǴǵǶǫǪǫǱǫǳǮȅ , .   

ǕǴǷǱǫ ǶǦǷǸȅǬǫǳǮȅ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ  Ǩ 2 ǶǦǭǦ ǨǪǴǱȂ ǴǷǮ ǴǶǪǮǳǦǸ Ǯ ǷǬǦǸǮȅ 

ǩǶǦǺǮǰǦ  ǨǪǴǱȂ ǴǷǮ ǦǧǷǼǮǷǷ Ǩ  ǶǦǭ, ǵǫǶǮǴǪ Ǯ ǴǧǱǦǷǸȂ ǴǵǶǫǪǫǱǫǳǮȅ Ǯǭǲǫǳȅ-

ȄǸǷȅ: 

 , , .  

ǕǶǮ ǪǦǱȂǳǫǯǾǮǻ ǱǮǳǫǯǳȁǻ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅǻ ǵǫǶǮǴǪ Ǯ ǴǧǱǦǷǸȂ ǴǵǶǫǪǫǱǫǳǮȅ ǳǫ 
ǲǫǳȅȄǸǷȅ. 

ǕǶǴǲǫǬǹǸǴǽǳȁǫ ǩǶǦǺǮǰǮ ǺǹǳǰǼǮǯ Ǯǭ ǼǫǵǴǽǰǮ ǵǶǫǴǧǶǦǭǴǨǦǳǮǯ ǵǴǰǦǭǦǳȁ ǳǦ 
ǶǮǷ.8, 9. 

 

 
 

ǖǮǷ. 8. ǉǶǦǺǮǰǮ ǺǹǳǰǼǮǯ , ,   
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ǖǮǷ. 9. ǉǶǦǺǮǰǮ ǺǹǳǰǼǮǯ ,   

2 ǾǦǩ: ǔǸǶǦǬǦǫǲ ǳǮǬǳȄȄ ǽǦǷǸȂ ǩǶǦǺǮǰǦ Ǯǭ ǶǮǷ. 9 ǷǮǲǲǫǸǶǮǽǳǴ ǴǷǮ  Ǯ ǵǴǱǹ-

ǽǦǫǲ ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ . 

ǕǫǶǮǴǪ Ǯ ǴǧǱǦǷǸȂ ǴǵǶǫǪǫǱǫǳǮȅ ǵǶǮ ȃǸǴǲ , , , 

.  

ǖǮǷ. 10. ǉǶǦǺǮǰ ǺǹǳǰǼǮǮ  

ǍǦǰǱȄǽǫǳǮǫ 
 

ǕǶǮǲǫǳǫǳǮǫ ǲǴǪǹǱȅ ǰ ǺǹǳǰǼǮǮ ǵǶǫǪǷǸǦǨǱȅǫǸ ǷǴǧǴǯ ǱǮǳǫǯǳǴǫ (ǩǫǴǲǫǸǶǮǽǫǷǰǴǫ) 
ǵǶǫǴǧǶǦǭǴǨǦǳǮǫ ǩǶǦǺǮǰǦ Ǯ ǵǶǫǪǵǴǱǦǩǦǫǸ ǳǫǰǮǯ ǵǴǾǦǩǴǨȁǯ ǦǱǩǴǶǮǸǲ ǵǴǷǸǶǴǫǳǮȅ. ǈ 
ǷǸǦǸȂǫ ǵǶǴǪǫǲǴǳǷǸǶǮǶǴǨǦǳ ȃǸǴǸ ǦǱǩǴǶǮǸǲ ǳǦ ǵǶǮǲǫǶǫ ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǮǻ ǺǹǳǰǼǮǯ. 
ǖǦǷǷǲǴǸǶǫǳȁ ǭǦǪǦǽǮ ǶǦǭǱǮǽǳǴǩǴ ǹǶǴǨǳȅ ǷǱǴǬǳǴǷǸǮ ǴǪǳǴǭǳǦǽǳȁǻ ǺǹǳǰǼǮǯ. 

ǐ ǨǴǵǶǴǷǹ ǵǴǷǸǶǴǫǳǮȅ ǧǴǱǫǫ ǷǱǴǬǳȁǻ ǲǳǴǩǴǭǳǦǽǳȁǻ ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǮǻ Ǻǹǳǰ-
ǼǮǯ, ǷǴǪǫǶǬǦǿǮǻ ǭǳǦǰ ǲǴǪǹǱȅ, ǲȁ ǫǿǫ ǨǫǶǳǫǲǷȅ Ǩ ǷǱǫǪǹȄǿǮǻ ǷǸǦǸȂȅǻ. 
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Ǔǋǐǔǘǔǖǡǋ ǒǋǘǔǊǎǝǋǗǐǎǋ ǆǗǕǋǐǘǡ ǎǍǑǔǌǋǓǎǥ ǘǋǒǡ 
çǖǋǞǋǓǎǋ ǘǖǆǓǗǕǔǖǘǓǔǏ ǍǆǊǆǝǎ ǒǋǘǔǊǔǒ ǊǎǚǚǋǖǋǓǜǎǆǑǢǓǡǛ ǖǋǓǘè 

 

 

ǆǳǳǴǸǦǼǮȅ 

ǔǪǳǴǯ Ǯǭ ǴǷǳǴǨǳȁǻ Ǹǫǲ ǵǶǮ ǮǭǹǽǫǳǮǮ ǪǮǷǼǮǵǱǮǳȁ çǘǫǴǶǮȅ ǮǩǶ Ǯ ǮǷǷǱǫǪǴǨǦǳǮǫ Ǵǵǫ-
ǶǦǼǮǯè ȅǨǱȅǫǸǷȅ çǘǶǦǳǷǵǴǶǸǳǦȅ ǭǦǪǦǽǦè. ǈ ǷǸǦǸȂǫ ǶǦǷǷǲǦǸǶǮǨǦȄǸǷȅ ǵǴǷǸǦǳǴǨǰǦ ǸǶǦǳǷ-
ǵǴǶǸǳǴǯ ǭǦǪǦǽǮ, ǫǫ ǲǦǸǫǲǦǸǮǽǫǷǰǦȅ ǲǴǪǫǱȂ, ǮǭǱǴǬǫǳ ǲǫǸǴǪ ǪǮǺǺǫǶǫǳǼǮǦǱȂǳȁǻ ǶǫǳǸ 
ǶǫǾǫǳǮȅ ǸǶǦǳǷǵǴǶǸǳǴǯ ǭǦǪǦǽǮ, ǹǰǦǭǦǳȁ ǴǸǱǮǽǮȅ ǲǫǸǴǪǦ ǪǮǺǺǫǶǫǳǼǮǦǱȂǳȁǻ ǶǫǳǸ ǵǴ 
ǷǶǦǨǳǫǳǮȄ Ƿ ǲǫǸǴǪǴǲ ǵǴǸǫǳǼǮǦǱǴǨ ǵǶǮ ǶǫǾǫǳǮǮ ǸǶǦǳǷǵǴǶǸǳǴǯ ǭǦǪǦǽǮ. ǜǫǱȂ ǶǦǧǴǸȁ: 
ǵǶǴǮǱǱȄǷǸǶǮǶǴǨǦǸȂ ǴǷǴǧǫǳǳǴǷǸǮ ǶǫǾǫǳǮȅ ǸǶǦǳǷǵǴǶǸǳǴǯ ǭǦǪǦǽǮ ǲǫǸǴǪǴǲ ǪǮǺǺǫǶǫǳ-
ǼǮǦǱȂǳȁǻ ǶǫǳǸ Ƿ ǼǫǱȂȄ ǵǴǱǹǽǫǳǮȅ ǴǵǸǮǲǦǱȂǳǴǩǴ ǫǫ ǶǫǾǫǳǮȅ. 
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ǈǨǫǪǫǳǮǫ 
 

ǈ ǸǫǶǲǮǳ çǸǶǦǳǷǵǴǶǸǳǴǯ ǭǦǪǦǽǮè ǨǻǴǪǮǸ ǾǮǶǴǰǮǯ ǰǶǹǩ ǭǦǪǦǽ Ƿ ǶǦǭǱǮǽǳȁǲǮ ǲǦǸǫ-
ǲǦǸǮǽǫǷǰǮǲǮ ǲǴǪǫǱȅǲǮ. ǐǱǦǷǷǮǽǫǷǰǮǯ ǨǮǪ ǪǦǳǳȁǻ ǭǦǪǦǽ ð ȃǸǴ ǭǦǪǦǽǦ ǵǴǷǸǶǴǫǳǮȅ 
ǵǱǦǳǦ ǵǫǶǫǨǴǭǴǰ ǩǶǹǭǴǨ Ǯǭ ǵǹǳǰǸǴǨ ǴǸǵǶǦǨǱǫǳǮȅ Ǩ ǵǹǳǰǸȁ ǳǦǭǳǦǽǫǳǮȅ ǵǶǮ ǲǮǳǮǲǦǱȂ-
ǳȁǻ ǸǶǦǳǷǵǴǶǸǳȁǻ ǭǦǸǶǦǸǦǻ. 

ǇǴǱȂǾǴǫ ǰǴǱǮǽǫǷǸǨǴ ǨǴǭǲǴǬǳȁǻ ǨǦǶǮǦǳǸǴǨ ǵǫǶǫǨǴǭǴǰ ǷǴǭǪǦǫǸ ǭǦǸǶǹǪǳǮǸǫǱȂǳǹȄ 
ǷǮǸǹǦǼǮȄ Ǩ ǨȁǧǴǶǫ ǳǦǮǧǴǱǫǫ ȃǰǴǳǴǲǮǽǳǴǩǴ ǵǱǦǳǦ ȃǲǵǮǶǮǽǫǷǰǮǲ ǮǱǮ Ǭǫ ȃǰǷǵǫǶǸǳȁǲ 
ǵǹǸǫǲ. ǈ ǷǨȅǭǮ Ƿ ȃǸǮǲ ǪǱȅ ǶǫǾǫǳǮȅ ǸǶǦǳǷǵǴǶǸǳǴǯ ǭǦǪǦǽǮ ǼǫǱǫǷǴǴǧǶǦǭǳǴ ǮǷǵǴǱȂǭǴǨǦǸȂ 
ǷǵǫǼǮǦǱȂǳȁǫ ǲǦǸǫǲǦǸǮǽǫǷǰǮǫ ǲǫǸǴǪȁ. ǔǪǳǮǲ Ǯǭ ǸǦǰǮǻ ǲǫǸǴǪǴǨ ȅǨǱȅǫǸǷȅ ǲǫǸǴǪ ǪǮǺ-
ǺǫǶǫǳǼǮǦǱȂǳȁǻ ǶǫǳǸ, Ǩ ǴǷǳǴǨǹ ǰǴǸǴǶǴǩǴ ǵǴǱǴǬǫǳǦ ǮǪǫȅ ǶǦǷǷǲǴǸǶǫǳǮȅ ǵǶǴǼǫǷǷǦ Ƕǫ-
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ǾǫǳǮȅ ǭǦǪǦǽǮ ǰǦǰ ǵǶǴǼǫǷǷǦ ǷǸǦǧǮǱǮǭǦǼǮǮ ȃǰǴǳǴǲǮǽǫǷǰǴǯ ǷǮǷǸǫǲȁ. ǒǫǸǴǪ ǰǦǰ ǧȁ ǮǲǮ-
ǸǮǶǹǫǸ ǺǴǶǲǮǶǴǨǦǳǮǫ ǪǮǺǺǫǶǫǳǼǮǦǱȂǳǴǯ ǶǫǳǸȁ Ǩ ǲǴǪǫǱǮ ǸǶǦǳǷǵǴǶǸǳȁǻ ǵǫǶǫǨǴǭǴǰ Ǯ 
ǹǨȅǭǰǮ ǷǵǶǴǷǦ Ǯ ǵǶǫǪǱǴǬǫǳǮȅ. 

ǆǰǸǹǦǱȂǳǴǷǸȂ ǶǫǾǫǳǮȅ ǸǶǦǳǷǵǴǶǸǳǴǯ ǭǦǪǦǽǮ ǴǧǹǷǱǴǨǱǫǳǦ Ǹǫǲ, ǽǸǴ Ǩ ǹǷǱǴǨǮȅǻ 
ǰǴǳǰǹǶǫǳǸǳǴǯ ǧǴǶȂǧȁ ǲǫǬǪǹ ǱǴǩǮǷǸǮǽǫǷǰǮǲǮ ǰǴǲǵǦǳǮȅǲǮ ǵǶǮǲǫǳǫǳǮǫ ǲǦǸǫǲǦǸǮǽǫ-
ǷǰǮǻ ǲǫǸǴǪǴǨ ǶǫǾǫǳǮȅ ǸǶǦǳǷǵǴǶǸǳǴǯ ǭǦǪǦǽǮ ǵǴǭǨǴǱȅǫǸ Ǯǲ ǪǴǷǸǮǽȂ ǧǴǱȂǾǴǩǴ ȃǰǴǳǴǲǮ-
ǽǫǷǰǴǩǴ ȃǺǺǫǰǸǦ. 

 
ǒǫǸǴǪǴǱǴǩǮȅ Ǯ ǶǫǭǹǱȂǸǦǸȁ ǮǷǷǱǫǪǴǨǦǳǮȅ 

 
ǖǵǸǹǧǴǵǩǱǧ ǹǷǧǴǸǶǵǷǹǴǵǰ ǮǧǫǧǾǯ 

 

ǕǹǷǸȂ ǮǲǫǫǸǷȅ  m  ǵǹǳǰǸǴǨ ǴǸǵǶǦǨǱǫǳǮȅ  A1 , A2 , é , A m , Ǩ ǰǴǸǴǶȁǻ ǳǦǻǴǪǮǸǷȅ 
ǷǴǴǸǨǫǸǷǸǨǫǳǳǴ  a1 , a2 , é , a m  ǫǪǮǳǮǼ ǩǶǹǭǦ. 

ǕǹǷǸȂ ǮǲǫǫǸǷȅ  n  ǵǹǳǰǸǴǨ ǳǦǭǳǦǽǫǳǮȅ  B1 , B2 , é , B n , ǵǴǸǶǫǧǳǴǷǸǮ ǰǴǸǴǶȁǻ ǷǴ-
ǷǸǦǨǱȅȄǸ ǷǴǴǸǨǫǸǷǸǨǫǳǳǴ  b1 , b2 , é , b n  ǫǪǮǳǮǼ ǩǶǹǭǦ. 

ǎǭǨǫǷǸǳǦ ǷǸǴǮǲǴǷǸȂ c i  j   ǵǫǶǫǨǴǭǰǮ ǫǪǮǳǮǼȁ ǩǶǹǭǦ Ǯǭ  ǵǹǳǰǸǦ ǴǸǵǶǦǨǱǫǳǮȅ  A i  Ǩ 
ǵǹǳǰǸ ǳǦǭǳǦǽǫǳǮȅ  B j  ,   i  = 1, 2, é, m ;  j  = 1, 2, é, n.  

ǓǫǴǧǻǴǪǮǲǴ ǷǴǷǸǦǨǮǸȂ ǸǦǰǴǯ ǵǱǦǳ ǵǫǶǫǨǴǭǴǰ ǩǶǹǭǴǨ Ǯǭ ǵǹǳǰǸǴǨ ǴǸǵǶǦǨǱǫǳǮȅ Ǩ 
ǵǹǳǰǸȁ ǳǦǭǳǦǽǫǳǮȅ, ǽǸǴǧȁ ǷǹǲǲǦǶǳǦȅ ǷǸǴǮǲǴǷǸȂ ǵǫǶǫǨǴǭǴǰ ǧȁǱǦ ǲǮǳǮǲǦǱȂǳǴǯ [1]. 

ǗǴǷǸǦǨǮǲ ǲǦǸǫǲǦǸǮǽǫǷǰǹȄ ǲǴǪǫǱȂ ǸǶǦǳǷǵǴǶǸǳǴǯ ǭǦǪǦǽǮ. ǕǶǮ ȃǸǴǲ ǧǹǪǫǲ ǵǶǫǪ-
ǵǴǱǦǩǦǸȂ, ǽǸǴ ǨǫǱǮǽǮǳǦ ǸǶǦǳǷǵǴǶǸǳȁǻ ǶǦǷǻǴǪǴǨ ǳǦ ǰǦǬǪǴǲ ǲǦǶǾǶǹǸǫ ǵǶȅǲǴ ǵǶǴǵǴǶǼǮ-
ǴǳǦǱȂǳǦ ǴǧȀǫǲǹ ǵǫǶǫǨǴǭǮǲȁǻ ǩǶǹǭǴǨ.  

ǔǧǴǭǳǦǽǮǲ ǽǫǶǫǭ  x i  j   ǰǴǱǮǽǫǷǸǨǴ ǫǪǮǳǮǼ ǩǶǹǭǦ, ǵǫǶǫǨǴǭǮǲȁǻ Ǯǭ ǵǹǳǰǸǦ ǴǸǵǶǦǨ-
ǱǫǳǮȅ A i  Ǩ ǵǹǳǰǸ ǳǦǭǳǦǽǫǳǮȅ  B j  , i  = 1, 2, é , m ; j  = 1 , 2 , é , n, ǽǫǶǫǭ  z ð ǷǹǲǲǦǶǳǹȄ 
ǷǸǴǮǲǴǷǸȂ ǵǫǶǫǨǴǭǴǰ ǩǶǹǭǴǨ. 

ǗǸǴǮǲǴǷǸȂ ǵǫǶǫǨǴǭǰǮ ǫǪǮǳǮǼȁ ǩǶǹǭǦ Ǯǭ ǵǹǳǰǸǴǨ ǴǸǵǶǦǨǱǫǳǮȅ Ǩ ǵǹǳǰǸȁ ǳǦǭǳǦǽǫ-
ǳǮȅ ǭǦǵǮǾǫǲ Ƿ ǵǴǲǴǿȂȄ ǲǦǸǶǮǼȁ 

ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ

ç

å

=  

c...cc

............

c...cc

c...cc

 C

n m2 m1 m

n 22 21 2

n 12 11 1

 .  

ǒǦǸǶǮǼǹ  ǘ  ǳǦǭȁǨǦȄǸ ǲǦǸǶǮǼǫǯ ǷǸǴǮǲǴǷǸǮ. 
ǘǴǩǪǦ ǸǶǦǳǷǵǴǶǸǳǹȄ ǭǦǪǦǽǹ ǲǴǬǳǴ ǷǺǴǶǲǹǱǮǶǴǨǦǸȂ ǷǱǫǪǹȄǿǮǲ ǴǧǶǦǭǴǲ [2]: 

ǳǦǯǸǮ ǸǦǰǴǯ ǵǱǦǳ  
*X = (

*
jix  ) , i  = 1, 2, é , m ;  j  = 1, 2, é , n , ǰǴǸǴǶȁǯ ǪǴǷǸǦǨǱȅǫǸ 

ǲǮǳǮǲǹǲ ǺǹǳǰǼǮǮ 

ää
= =

Ö=
m

1i

n

1j
jiji xc z                                                          (1) 

Ǯ ǹǪǴǨǱǫǸǨǴǶȅǫǸ ǷǮǷǸǫǲǫ ǴǩǶǦǳǮǽǫǳǮǯ: 

i

n

1j
ji ax =ä

=

 ,  i = 1, 2, é, m ;                                              (2) 

j

m

1i
ji bx =ä

=

 ,  j = 1, 2, é, n ;                                               (3) 

 xi j   ²  0 ,  i = 1, 2, é, m ;  j =  1, 2, é, n ;                            (4) 

 xi j   Í  Z ,  i = 1, 2, é, m ;  j = 1, 2, é, n.                            (5) 
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ǜǫǱǫǨǦȅ ǺǹǳǰǼǮȅ (1) ǵǶǫǪǷǸǦǨǱȅǫǸ ǷǴǧǴǯ ǷǹǲǲǦǶǳǹȄ ǷǸǴǮǲǴǷǸȂ ǵǫǶǫǨǴǭǴǰ ǩǶǹǭǴǨ 
Ǯǭ ǵǹǳǰǸǴǨ ǴǸǵǶǦǨǱǫǳǮȅ Ǩ ǵǹǳǰǸȁ ǳǦǭǳǦǽǫǳǮȅ. 

ǕǫǶǨǦȅ ǵǴǪǷǮǷǸǫǲǦ (2) Ǩ ǷǮǷǸǫǲǫ ǴǩǶǦǳǮǽǫǳǮǯ ǹǰǦǭȁǨǦǫǸ ǳǦ ǸǴ, ǽǸǴ ǨǷǫ ǩǶǹǭȁ, 
ǳǦǻǴǪȅǿǮǫǷȅ Ǩ ǰǦǬǪǴǲ ǵǹǳǰǸǫ ǴǸǵǶǦǨǱǫǳǮȅ, ǪǴǱǬǳȁ ǧȁǸȂ ǨȁǨǫǭǫǳȁ. ǈǸǴǶǦȅ ǵǴǪǷǮ-
ǷǸǫǲǦ (3) Ǩ ǷǮǷǸǫǲǫ ǴǩǶǦǳǮǽǫǳǮǯ ǹǰǦǭȁǨǦǫǸ ǳǦ ǸǴ, ǽǸǴ ǵǴǸǶǫǧǳǴǷǸǮ ǰǦǬǪǴǩǴ ǵǹǳǰǸǦ 
ǳǦǭǳǦǽǫǳǮȅ ǪǴǱǬǳȁ ǧȁǸȂ ǹǪǴǨǱǫǸǨǴǶǫǳȁ. 

ǘǶǫǸȂǫ (4) Ǯ ǽǫǸǨǫǶǸǴǫ (5) ǹǷǱǴǨǮȅ Ǩ ǷǮǷǸǫǲǫ ǴǩǶǦǳǮǽǫǳǮǯ ǹǽǮǸȁǨǦȄǸ, ǽǸǴ ǰǴǱǮ-
ǽǫǷǸǨǴ ǫǪǮǳǮǼ ǩǶǹǭǦ, ǵǫǶǫǨǴǭǮǲȁǻ Ǯǭ ǰǦǬǪǴǩǴ ǵǹǳǰǸǦ ǴǸǵǶǦǨǱǫǳǮȅ Ǩ ǰǦǬǪȁǯ ǵǹǳǰǸ 
ǳǦǭǳǦǽǫǳǮȅ, ð ǨǫǱǮǽǮǳǦ ǳǫǴǸǶǮǼǦǸǫǱȂǳǦȅ Ǯ ǼǫǱǦȅ. 

ǕǶǷǬǫǬǲǬǴǯǬ 1. ǖǫǾǫǳǮǫ ǸǶǦǳǷǵǴǶǸǳǴǯ ǭǦǪǦǽǮ, ǴǵǶǫǪǫǱȅǫǲǴǫ ǲǦǸǶǮǼǫǯ                         

ǜ = ( Ǽji ) , i  = 1, 2, é, m ;  j  = 1, 2, é, n, ǹǪǴǨǱǫǸǨǴǶȅȄǿǫǫ ǷǮǷǸǫǲǫ ǴǩǶǦǳǮǽǫǳǮǯ (2) ð 

(4), ǳǦǭȁǨǦǫǸǷȅ ǴǵǴǶǳȁǲ ǵǱǦǳǴǲ ǸǶǦǳǷǵǴǶǸǳǴǯ ǭǦǪǦǽǮ. 

ǕǶǷǬǫǬǲǬǴǯǬ 2. ǔǵǴǶǳȁǯ ǵǱǦǳ 
*X = (

*
jix  ) ,i = 1, 2, é , m;   j = 1, 2, é , n , ǵǶǮ 

ǰǴǸǴǶǴǲ ǼǫǱǫǨǦȅ ǺǹǳǰǼǮȅ (1) ǵǶǮǳǮǲǦǫǸ ǲǮǳǮǲǦǱȂǳǴǫ ǭǳǦǽǫǳǮǫ, ǳǦǭȁǨǦǫǸǷȅ ǴǵǸǮ-
ǲǦǱȂǳȁǲ ǵǱǦǳǴǲ ǸǶǦǳǷǵǴǶǸǳǴǯ ǭǦǪǦǽǮ. 

ǋǷǱǮ ǷǹǲǲǦǶǳȁǯ ǴǧȀǫǲ ǩǶǹǭǴǨ, ǳǦǻǴǪȅǿǮǻǷȅ Ǩ ǵǹǳǰǸǦǻ ǴǸǵǶǦǨǱǫǳǮȅ, ǶǦǨǫǳ Ƿǹǲ-

ǲǦǶǳǴǲǹ ǴǧȀǫǲǹ ǩǶǹǭǴǨ, ǳǫǴǧǻǴǪǮǲȁǻ ǵǹǳǰǸǦǲ ǳǦǭǳǦǽǫǳǮȅ, Ǹ. ǫ. ä ä
= =

=
m

1i

n

1j
ji ba , ǸǴ ǸǦǰǦȅ 

ǲǴǪǫǱȂ ǳǦǭȁǨǦǫǸǷȅ ǷǧǦǱǦǳǷǮǶǴǨǦǳǳǴǯ ǸǶǦǳǷǵǴǶǸǳǴǯ ǲǴǪǫǱȂȄ. 
ǈ ǶǫǦǱȂǳȁǻ ǹǷǱǴǨǮȅǻ ǳǫ ǨǷǫǩǪǦ ǷǹǲǲǦǶǳȁǫ ǭǦǵǦǷȁ Ǩ ǵǹǳǰǸǦǻ ǴǸǵǶǦǨǱǫǳǮȅ ǶǦǨǳȁ 

ǷǹǲǲǦǶǳȁǲ ǵǴǸǶǫǧǳǴǷǸȅǲ ǵǹǳǰǸǴǨ ǳǦǭǳǦǽǫǳǮȅ. ǈ ȃǸǴǲ ǷǱǹǽǦǫ ǳǫǴǧǻǴǪǮǲǴ ǷǧǦǱǦǳǷǮ-
ǶǴǨǦǸȂ ǸǶǦǳǷǵǴǶǸǳǹȄ ǲǴǪǫǱȂ. 

ǘǦǰ, ǫǷǱǮ ǷǹǲǲǦǶǳǴǫ ǰǴǱǮǽǫǷǸǨǴ ǫǪǮǳǮǼ ǩǶǹǭǦ Ǩ ǵǹǳǰǸǦǻ ǴǸǵǶǦǨǱǫǳǮȅ ǵǶǫǨȁǾǦǫǸ 
ǷǹǲǲǦǶǳǴǫ ǰǴǱǮǽǫǷǸǨǴ ǫǪǮǳǮǼ ǩǶǹǭǦ, ǳǫǴǧǻǴǪǮǲȁǻ ǵǹǳǰǸǦǲ ǳǦǭǳǦǽǫǳǮȅ, Ǹ. ǫ. 

ä ä
= =

>
m

1i

n

1j
ji ba , ǸǴ ǨǨǴǪȅǸ ǺǮǰǸǮǨǳȁǯ ǵǹǳǰǸ ǳǦǭǳǦǽǫǳǮȅ B n + 1 , ǵǴǸǶǫǧǳǴǷǸǮ ǰǴǸǴǶǴǩǴ                    

b n + 1 ǵǶǮǳǮǲǦȄǸ ǶǦǨǳȁǲǮ ǮǭǧȁǸǰǹ ǩǶǹǭǴǨ Ǩ ǵǹǳǰǸǦǻ ǴǸǵǶǦǨǱǫǳǮȅ, Ǹ. ǫ. b n + 1 = 

ä ä
= =

-
m

1i

n

1j
ji ba , Ǧ ǷǸǴǮǲǴǷǸǮ ǵǫǶǫǨǴǭǴǰ ǫǪǮǳǮǼȁ ǩǶǹǭǦ Ǯǭ ǰǦǬǪǴǩǴ ǵǹǳǰǸǦ ǴǸǵǶǦǨǱǫǳǮȅ           

A i  ,   i  = 1, 2, é, m  Ǩ ǵǹǳǰǸ ǳǦǭǳǦǽǫǳǮȅ B n  + 1  ǵǴǱǦǩǦȄǸ ǶǦǨǳȁǲǮ ǳǹǱȄ, Ǹ. ǫ.  c i  ,  n + 1 = 
0,  i  = 1, 2, é, m.  

ǒǦǸǶǮǼǦ ǷǸǴǮǲǴǷǸǮ Ǩ ȃǸǴǲ ǷǱǹǽǦǫ ǮǲǫǫǸ ǨǮǪ  

ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ

ç

å

=  

0

...

0

0

 

c...cc

............

c...cc

c...cc

 C

n m2 m1 m

n 22 21 2

n 12 11 1

.  

 
ǋǷǱǮ ǷǹǲǲǦǶǳǴǫ ǰǴǱǮǽǫǷǸǨǴ ǫǪǮǳǮǼ ǩǶǹǭǦ Ǩ ǵǹǳǰǸǦǻ ǴǸǵǶǦǨǱǫǳǮȅ ǲǫǳȂǾǫ Ƿǹǲ-

ǲǦǶǳǴǩǴ ǰǴǱǮǽǫǷǸǨǦ ǫǪǮǳǮǼ ǩǶǹǭǦ, ǳǫǴǧǻǴǪǮǲȁǻ ǵǹǳǰǸǦǲ ǳǦǭǳǦǽǫǳǮȅ, Ǹ. ǫ. 

ä ä
= =

<
m

1i

n

1j
ji ba , ǸǴ ǨǨǴǪȅǸ ǺǮǰǸǮǨǳȁǯ ǵǹǳǰǸ ǴǸǵǶǦǨǱǫǳǮȅ A m + 1 , ǭǦǵǦǷȁ ǰǴǸǴǶǴǩǴ  a m + 1  

ǵǴǱǦǩǦȄǸ ǶǦǨǳȁǲǮ ǪǫǺǮǼǮǸǹ ǩǶǹǭǴǨ Ǩ ǵǹǳǰǸǦǻ ǴǸǵǶǦǨǱǫǳǮȅ, Ǹ. ǫ.  a m + 1 = ä
=

n

1j
jb ðä
=

m

1i
ia , Ǧ 

ǷǸǴǮǲǴǷǸǮ ǵǫǶǫǨǴǭǰǮ ǫǪǮǳǮǼȁ ǩǶǹǭǦ Ǯǭ ǪǦǳǳǴǩǴ ǵǹǳǰǸǦ ǴǸǵǶǦǨǱǫǳǮȅ A m + 1 Ǩ ǰǦǬǪȁǯ 
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ǵǹǳǰǸ ǳǦǭǳǦǽǫǳǮȅ B j  , j  = 1, 2, é , n  ǵǴǱǦǩǦȄǸ ǶǦǨǳȁǲǮ ǳǹǱȄ, Ǹ. ǫ.  c m + 1 ,  j  = 0,  j  = 1, 
2, é , n.  

ǈ ȃǸǴǲ ǷǱǹǽǦǫ ǲǦǸǶǮǼǦ ǷǸǴǮǲǴǷǸǮ ǮǲǫǫǸ ǨǮǪ: 

.

0...00

 

c...cc

............

c...cc

c...cc

 
C

n m2 m1 m

n 22 21 2

n 12 11 1

ö
ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ
æ

ç

å

=  

ǗǮǷǸǫǲǦ ǴǩǶǦǳǮǽǫǳǮǯ (2) ð (3) ǸǶǦǳǷǵǴǶǸǳǴǯ ǭǦǪǦǽǮ ǷǴǪǫǶǬǮǸ  m + n  ǹǶǦǨǳǫǳǮǯ 

Ƿ  m Ö n  ǳǫǮǭǨǫǷǸǳȁǲǮ.  
ǗǱǴǬǮǲ ǱǫǨȁǫ Ǯ ǵǶǦǨȁǫ ǽǦǷǸǮ ǹǶǦǨǳǫǳǮǯ ǵǴǪǷǮǷǸǫǲȁ (2), Ǧ ǸǦǰǬǫ ǱǫǨȁǫ Ǯ ǵǶǦ-

Ǩȁǫ ǽǦǷǸǮ ǹǶǦǨǳǫǳǮǯ ǵǴǪǷǮǷǸǫǲȁ (3). ǈ ǶǫǭǹǱȂǸǦǸǫ ǵǴǱǹǽǮǲ ǪǨǦ ǹǶǦǨǳǫǳǮȅ, ǱǫǨȁǫ 
ǽǦǷǸǮ ǰǴǸǴǶȁǻ ǶǦǨǳȁ 
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ǋǷǱǮ ǸǶǦǳǷǵǴǶǸǳǦȅ ǲǴǪǫǱȂ ǷǧǦǱǦǳǷǮǶǴǨǦǳǦ, Ǹ. ǫ. ä ä
= =

=
m

1i

n

1j
ji ba , ǸǴ ǵǶǦǨȁǫ ǽǦǷǸǮ 

ǹǶǦǨǳǫǳǮǯ (6) Ǯ (7) ǶǦǨǳȁ. ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǵǴǱǹǽǦǫǲ ǪǨǦ ǴǪǮǳǦǰǴǨȁǻ ǹǶǦǨǳǫǳǮȅ.  
ǓǦǱǮǽǮǫ Ǩ ǷǮǷǸǫǲǫ ǴǩǶǦǳǮǽǫǳǮǯ ǪǨǹǻ ǴǪǮǳǦǰǴǨȁǻ ǹǶǦǨǳǫǳǮǯ ǩǴǨǴǶǮǸ Ǵ ǫǫ ǱǮǳǫǯ-

ǳǴǯ ǭǦǨǮǷǮǲǴǷǸǮ. ǋǷǱǮ ǴǪǳǴ Ǯǭ ǹǶǦǨǳǫǳǮǯ ǷǮǷǸǫǲȁ ǴǩǶǦǳǮǽǫǳǮǯ ǮǷǰǱȄǽǮǸȂ, ǸǴ ǴǳǦ 
ǧǹǪǫǸ ǷǴǪǫǶǬǦǸȂ m + n ð 1 ǱǮǳǫǯǳǴ ǳǫǭǦǨǮǷǮǲȁǻ ǹǶǦǨǳǫǳǮǯ. ǐǴǱǮǽǫǷǸǨǴ ǱǮǳǫǯǳǴ ǳǫ-
ǭǦǨǮǷǮǲȁǻ ǹǶǦǨǳǫǳǮǯ Ǩ ǷǮǷǸǫǲǫ ǴǩǶǦǳǮǽǫǳǮǯ ǴǵǶǫǪǫǱȅǫǸ ǫǫ ǶǦǳǩ, Ǧ, ǷǱǫǪǴǨǦǸǫǱȂǳǴ, 
ǰǴǱǮǽǫǷǸǨǴ ǧǦǭǮǷǳȁǻ ǵǫǶǫǲǫǳǳȁǻ Ǩ ǴǵǴǶǳǴǲ ǵǱǦǳǫ ǸǶǦǳǷǵǴǶǸǳǴǯ ǭǦǪǦǽǮ. ǘǦǰǮǲ Ǵǧ-
ǶǦǭǴǲ, ǰǴǱǮǽǫǷǸǨǴ ǧǦǭǮǷǳȁǻ ǵǫǶǫǲǫǳǳȁǻ Ǩ ǴǵǴǶǳǴǲ ǵǱǦǳǫ ǷǧǦǱǦǳǷǮǶǴǨǦǳǳǴǯ ǸǶǦǳǷ-

ǵǴǶǸǳǴǯ ǭǦǪǦǽǮ ǶǦǨǳǴ m + n ð 1 , Ǧ ǰǴǱǮǽǫǷǸǨǴ ǷǨǴǧǴǪǳȁǻ ǵǫǶǫǲǫǳǳȁǻ ǶǦǨǳǴ  m Ö n ð ( 
m + n ð 1 ).  

ǖǫǾǫǳǮǫ ǸǶǦǳǷǵǴǶǸǳǴǯ ǭǦǪǦǽǮ ǹǪǴǧǳǫǫ ǨȁǵǴǱǳȅǸȂ, ǮǷǵǴǱȂǭǹȅ ǸǶǦǳǷǵǴǶǸǳǹȄ ǸǦǧ-
ǱǮǼǹ, ǷǸǶǴǰǮ ǰǴǸǴǶǴǯ ǷǴǴǸǨǫǸǷǸǨǹȄǸ ǵǹǳǰǸǦǲ ǴǸǵǶǦǨǱǫǳǮȅ (Ǖǔ), Ǧ ǷǸǴǱǧǼȁ ð ǵǹǳǰǸǦǲ 
ǳǦǭǳǦǽǫǳǮȅ (ǕǓ) (ǸǦǧǱǮǼǦ 1). 
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ǈ ǵǶǦǨǴǲ ǷǸǴǱǧǼǫ ǸǶǦǳǷǵǴǶǸǳǴǯ ǸǦǧǱǮǼȁ ǹǰǦǭȁǨǦȄǸ ǰǴǱǮǽǫǷǸǨǴ ǩǶǹǭǴǨ ai  ,  ǳǦǻǴ-
ǪȅǿǮǻǷȅ Ǩ ǵǹǳǰǸǫ ǴǸǵǶǦǨǱǫǳǮȅ Ai  , i  = 1, 2, é, m,   Ǩ ǳǮǬǳǫǯ ǷǸǶǴǰǫ ð ǰǴǱǮǽǫǷǸǨǴ ǩǶǹǭǴǨ  

b j  , ǳǫǴǧǻǴǪǮǲȁǻ ǵǹǳǰǸǹ ǳǦǭǳǦǽǫǳǮȅ  B j  ,   j  = 1, 2, é, n.  
ǈ ǰǦǬǪǴǯ ǰǱǫǸǰǫ ǸǦǧǱǮǼȁ ǭǦǵǮǷȁǨǦȄǸ ǭǳǦǽǫǳǮǫ ǷǸǴǮǲǴǷǸǮ ǵǫǶǫǨǴǭǰǮ ǫǪǮǳǮǼȁ 

ǩǶǹǭǦ c i  j   Ǯǭ ǵǹǳǰǸǦ ǴǸǵǶǦǨǱǫǳǮȅ  A i  ,  i  = 1, 2, é, m  Ǩ ǵǹǳǰǸ ǳǦǭǳǦǽǫǳǮȅ  B j  ,   j  = 1, 2, 
é, n  (Ǩ ǵǶǦǨǴǲ ǨǫǶǻǳǫǲ ǹǩǱǹ), Ǧ ǸǦǰǬǫ ǷǴǴǸǨǫǸǷǸǨǹȄǿǫǫ ǭǳǦǽǫǳǮǫ ǰǴǱǮǽǫǷǸǨǦ ǫǪǮǳǮǼ 
ǵǫǶǫǨǴǭǮǲǴǩǴ ǩǶǹǭǦ x i  j  .  

ǍǳǦǽǫǳǮǫ ǷǨǴǧǴǪǳǴǯ ǵǫǶǫǲǫǳǳǴǯ x i  j  ǵǴǱǦǩǦȄǸ ǶǦǨǳǴǯ ǳǹǱȄ Ǯ ǷǴǴǸǨǫǸǷǸǨǹȄǿǹȄ 
ǫǯ ǰǱǫǸǰǹ ǸǶǦǳǷǵǴǶǸǳǴǯ ǸǦǧǱǮǼȁ ǴǷǸǦǨǱȅȄǸ ǳǫǭǦǵǴǱǳǫǳǳǴǯ. ǊǱȅ ǳǫǨȁǶǴǬǪǫǳǳǴǩǴ 
ǴǵǴǶǳǴǩǴ ǵǱǦǳǦ ǸǶǦǳǷǵǴǶǸǳǴǯ ǭǦǪǦǽǮ ǰǴǱǮǽǫǷǸǨǴ ǭǦǵǴǱǳǫǳǳȁǻ ǰǱǫǸǴǰ ǸǶǦǳǷǵǴǶǸǳǴǯ 
ǸǦǧǱǮǼȁ ǪǴǱǬǳǴ ǧȁǸȂ ǶǦǨǳǴ  m + n ð 1, ǽǸǴ ǷǴǴǸǨǫǸǷǸǨǹǫǸ ǰǴǱǮǽǫǷǸǨǹ ǧǦǭǮǷǳȁǻ ǵǫǶǫ-
ǲǫǳǳȁǻ.  

ǖǦǷǷǲǴǸǶǮǲ ǷǱǫǪǹȄǿǹȄ ǭǦǪǦǽǹ [3]. 
ǈ ǶǦǯǴǳǫ ǭǫǲǱǫǸǶȅǷǫǳǮȅ ǴǰǦǭǦǱǴǷȂ ǸǶǮ ǳǦǷǫǱǫǳǳȁǻ ǵǹǳǰǸǦ B1 , B 2  Ǯ  B 3  Ƿ ǵǴǨǶǫ-

ǬǪǫǳǳȁǲǮ ǨǴǪǴǵǶǴǨǴǪǦǲǮ. ǗǹǸǴǽǳȁǫ ǵǴǸǶǫǧǳǴǷǸǮ ȃǸǮǻ ǳǦǷǫǱǫǳǳȁǻ ǵǹǳǰǸǴǨ Ǩ ǵǮǸȂǫ-
ǨǴǯ ǨǴǪǫ ǷǴǴǸǨǫǸǷǸǨǫǳǳǴ ǶǦǨǳȁ 20 ǸȁǷȅǽǦǲ ǸǴǳǳ, 30 ǸȁǷȅǽǦǲ ǸǴǳǳ, 20 ǸȁǷȅǽǦǲ ǸǴǳǳ. 
ǊǱȅ ǴǧǫǷǵǫǽǫǳǮȅ ȃǸǮǻ ǳǦǷǫǱǫǳǳȁǻ ǵǹǳǰǸǴǨ ǨǴǪǴǯ ǴǶǩǦǳǮǭǴǨǦǳȁ ǪǨǦ ǵǹǳǰǸǦ ǨǴǪǴǷǳǦǧ-
ǬǫǳǮȅ  A1  Ǯ  A 2 , ǷǹǸǴǽǳȁǫ ǭǦǵǦǷȁ ǨǴǪȁ Ǩ ǰǴǸǴǶȁǻ ǷǴǷǸǦǨǱȅȄǸ 40 ǸȁǷȅǽ ǸǴǳǳ Ǯ  30 ǸȁǷȅǽ 
ǸǴǳǳ ǷǴǴǸǨǫǸǷǸǨǫǳǳǴ. ǗǸǴǮǲǴǷǸǮ ǵǫǶǫǨǴǭǰǮ 1 ǸȁǷȅǽǮ ǸǴǳǳ ǨǴǪȁ (Ǩ ǹǷǱǴǨǳȁǻ ǫǪǮǳǮǼǦǻ) 
Ǯǭ ǰǦǬǪǴǩǴ ǵǹǳǰǸǦ ǨǴǪǴǷǳǦǧǬǫǳǮȅ Ǩ ǰǦǬǪȁǯ ǳǦǷǫǱǫǳǳȁǯ ǵǹǳǰǸ ǭǦǪǦȄǸǷȅ ǲǦǸǶǮǼǫǯ 
ǷǸǴǮǲǴǷǸǮ 
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623
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ǓǫǴǧǻǴǪǮǲǴ ǷǴǷǸǦǨǮǸȂ ǸǦǰǴǯ ǵǱǦǳ ǪǴǷǸǦǨǰǮ ǵǮǸȂǫǨǴǯ ǨǴǪȁ Ǩ ǳǦǷǫǱǫǳǳȁǫ ǵǹǳǰǸȁ, 
ǽǸǴǧȁ ǷǹǲǲǦǶǳȁǫ ǸǶǦǳǷǵǴǶǸǳȁǫ ǶǦǷǻǴǪȁ ǧȁǱǮ ǲǮǳǮǲǦǱȂǳȁǲǮ. 

ǔǧǴǭǳǦǽǮǲ ǽǫǶǫǭ  x i  j  ,   i  = 1, 2 ;   j  = 1, 2, 3 ǰǴǱǮǽǫǷǸǨǴ ǵǮǸȂǫǨǴǯ ǨǴǪȁ, ǪǴǷǸǦǨǱȅ-
ǫǲǴǯ Ǯǭ ǵǹǳǰǸǦ ǨǴǪǴǷǳǦǧǬǫǳǮȅ A i Ǩ ǳǦǷǫǱǫǳǳȁǯ ǵǹǳǰǸ B j  , ǽǫǶǫǭ  Ǹ i j   ǷǸǴǮǲǴǷǸȂ ǵǫǶǫ-
ǨǴǭǰǮ 1 ǸȁǷȅǽǮ ǸǴǳǳ ǵǮǸȂǫǨǴǯ ǨǴǪȁ (Ǩ ǹǷǱǴǨǳȁǻ ǫǪǮǳǮǼǦǻ) Ǯǭ ǵǹǳǰǸǦ A i   Ǩ ǵǹǳǰǸ B j  , 
ǽǫǶǫǭ  ǧ i   ǷǹǸǴǽǳȁǯ ǭǦǵǦǷ ǨǴǪȁ Ǩ ǵǹǳǰǸǫ A i  , Ǧ ǽǫǶǫǭ b j  ǷǹǸǴǽǳǹȄ ǵǴǸǶǫǧǳǴǷǸȂ ǵǹǳǰǸǦ B 

j  .  
ǕǴ ǹǷǱǴǨǮȄ ǭǦǪǦǽǮ ǷǹǲǲǦǶǳȁǯ ǷǹǸǴǽǳȁǯ ǭǦǵǦǷ ǨǴǪȁ Ǩ ǵǹǳǰǸǦǻ ǨǴǪǴǷǳǦǧǬǫǳǮȅ 

ǶǦǨǫǳ 70 ǸȁǷȅǽǦǲ ǸǴǳǳ, ǷǹǲǲǦǶǳǦȅ ǷǹǸǴǽǳǦȅ ǵǴǸǶǫǧǳǴǷǸȂ ǳǦǷǫǱǫǳǳȁǻ ǵǹǳǰǸǴǨ Ǩ ǵǮǸȂ-
ǫǨǴǯ ǨǴǪǫ ǶǦǨǳǦ 70 ǸȁǷȅǽǦǲ ǸǴǳǳ. ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǷǹǲǲǦǶǳȁǯ ǷǹǸǴǽǳȁǯ ǭǦǵǦǷ ǵǮǸȂǫ-
ǨǴǯ ǨǴǪȁ Ǩ ǵǹǳǰǸǦǻ ǨǴǪǴǷǳǦǧǬǫǳǮȅ ǶǦǨǫǳ ǷǹǲǲǦǶǳǴǯ ǷǹǸǴǽǳǴǯ ǵǴǸǶǫǧǳǴǷǸǮ ǳǦǷǫǱǫǳ-

ǳȁǻ ǵǹǳǰǸǴǨ, Ǹ. ǫ. ä ä
= =

=
2

1i
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1j
ji ba  Ǯ, ǷǱǫǪǴǨǦǸǫǱȂǳǴ, ǸǶǦǳǷǵǴǶǸǳǦȅ ǲǴǪǫǱȂ ȅǨǱȅǫǸǷȅ ǷǧǦ-

ǱǦǳǷǮǶǴǨǦǳǳǴǯ. 
 
ǗǬǿǬǴǯǬ ǹǷǧǴǸǶǵǷǹǴǵǰ ǮǧǫǧǾǯ ǳǬǹǵǫǵǳ ǫǯǻǻǬǷǬǴǽǯǧǲȃǴȂǼ ǷǬǴǹ 

 
ǔǪǳǮǲ Ǯǭ ǲǫǸǴǪǴǨ ǶǫǾǫǳǮȅ ǸǶǦǳǷǵǴǶǸǳǴǯ ǭǦǪǦǽǮ ȅǨǱȅǫǸǷȅ ǲǫǸǴǪ ǪǮǺǺǫǶǫǳǼǮ-

ǦǱȂǳȁǻ ǶǫǳǸ. ǖǦǷǷǲǴǸǶǮǲ ǦǱǩǴǶǮǸǲ ȃǸǴǩǴ ǲǫǸǴǪǦ [4] Ǯ ǵǴǰǦǬǫǲ ǫǩǴ ǵǶǮǲǫǳǫǳǮǫ ǳǦ 
ǵǶǮǲǫǶǫ ǶǦǷǷǲǦǸǶǮǨǦǫǲǴǯ ǭǦǪǦǽǮ ǪǴǷǸǦǨǰǮ ǵǮǸȂǫǨǴǯ ǨǴǪȁ Ǯǭ ǵǹǳǰǸǴǨ ǨǴǪǴǷǳǦǧǬǫǳǮȅ 
Ǩ ǳǦǷǫǱǫǳǳȁǫ ǵǹǳǰǸȁ.  

 
ǇǲǪǵǷǯǹǳ ǷǬǿǬǴǯȆ ǹǷǧǴǸǶǵǷǹǴǵǰ ǮǧǫǧǾǯ ǳǬǹǵǫǵǳ ǫǯǻǻǬǷǬǴǽǯǧǲȃǴȂǼ ǷǬǴǹ 

 
1. ǕǴǷǸǶǴǫǳǮǫ ǹǷǱǴǨǳǴ ǴǵǸǮǲǦǱȂǳǴǩǴ ǵǱǦǳǦ ǵǫǶǫǨǴǭǴǰ ǩǶǹǭǴǨ Ǯǭ ǵǹǳǰǸǴǨ ǴǸǵǶǦǨ-

ǱǫǳǮȅ Ǩ ǵǹǳǰǸȁ ǳǦǭǳǦǽǫǳǮȅ. 
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ǈ ǰǦǬǪǴǲ ǷǸǴǱǧǼǫ ǸǶǦǳǷǵǴǶǸǳǴǯ ǸǦǧǱǮǼȁ 1 ǭǳǦǰǴǲ ç * è ǴǸǲǫǽǦȄǸ ǰǱǫǸǰǹ Ƿ 
ǳǦǮǲǫǳȂǾǫǯ ǷǸǴǮǲǴǷǸȂȄ ǵǫǶǫǨǴǭǰǮ ǫǪǮǳǮǼȁ ǩǶǹǭǦ. ǈ ȃǸǮ ǰǱǫǸǰǮ ǭǦǵǮǷȁǨǦȄǸ ǵǴǸǶǫǧ-
ǳǴǷǸǮ b j   ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǻ ǵǹǳǰǸǴǨ ǳǦǭǳǦǽǫǳǮȅ  B j  , ǳǫ ǹǽǮǸȁǨǦȅ ǰǴǱǮǽǫǷǸǨǴ ǩǶǹǭǴǨ, 
ǳǦǻǴǪȅǿǮǻǷȅ Ǩ ǵǹǳǰǸǦǻ ǴǸǵǶǦǨǱǫǳǮȅ.  

ǋǷǱǮ Ǩ ǰǦǰǴǲ-ǱǮǧǴ ǷǸǴǱǧǼǫ ǸǶǦǳǷǵǴǶǸǳǴǯ ǸǦǧǱǮǼȁ ǴǰǦǭȁǨǦǫǸǷȅ ǳǫǷǰǴǱȂǰǴ ǰǱǫ-

ǸǴǰ, ǴǸǲǫǽǫǳǳȁǻ ǭǳǦǰǴǲ ç * è, ǸǴ ǵǴǸǶǫǧǳǴǷǸǮ  b j   ǷǴǴǸǨǫǸǷǸǨǹȄǿǫǩǴ ǵǹǳǰǸǦ ǳǦǭǳǦǽǫǳǮȅ  

B j   ǭǦǵǮǷȁǨǦȄǸ Ǩ ǰǦǰǹȄ-ǱǮǧǴ ǴǪǳǹ Ǯǭ ǳǮǻ.  
ǔǷǸǦǱȂǳȁǫ ǰǱǫǸǰǮ ǸǶǦǳǷǵǴǶǸǳǴǯ ǸǦǧǱǮǼȁ ǴǷǸǦǨǱȅȄǸ ǳǫǭǦǵǴǱǳǫǳǳȁǲǮ. 
ǈ ǶǫǭǹǱȂǸǦǸǫ ǵǴǱǹǽǦȄǸ ǹǷǱǴǨǳǴ ǴǵǸǮǲǦǱȂǳǴǩǴ ǵǱǦǳǦ ǵǫǶǫǨǴǭǴǰ ǩǶǹǭǴǨ Ǯǭ ǵǹǳǰǸǴǨ 

ǴǸǵǶǦǨǱǫǳǮȅ Ǩ ǵǹǳǰǸȁ ǳǦǭǳǦǽǫǳǮȅ. ǣǸǴǸ ǵǱǦǳ Ǩ Ǵǧǿǫǲ ǷǱǹǽǦǫ ǳǫ ǹǪǴǨǱǫǸǨǴǶȅǫǸ ǴǩǶǦ-
ǳǮǽǫǳǮȅǲ ǮǷǻǴǪǳǴǯ ǸǶǦǳǷǵǴǶǸǳǴǯ ǭǦǪǦǽǮ, Ǹ. ǰ. ǴǳǴ ǳǫ ǹǽǮǸȁǨǦǫǸ ǰǴǱǮǽǫǷǸǨǴ ǩǶǹǭǴǨ, 
ǮǲǫȄǿǮǻǷȅ Ǩ ǵǹǳǰǸǦǻ ǴǸǵǶǦǨǱǫǳǮȅ.  

ǈ ǶǫǭǹǱȂǸǦǸǫ ǪǦǱȂǳǫǯǾǮǻ ǾǦǩǴǨ ǳǫǴǧǻǴǪǮǲǴ ǵǴǷǸǫǵǫǳǳǴ ǵǫǶǫǶǦǷǵǶǫǪǫǱǮǸȂ ǵǫ-
ǶǫǨǴǭǰǮ ǩǶǹǭǴǨ ǸǦǰ, ǽǸǴǧȁ ǵǱǦǳ ǵǫǶǫǨǴǭǴǰ ǩǶǹǭǴǨ ǹǪǴǨǱǫǸǨǴǶȅǱ ǴǩǶǦǳǮǽǫǳǮȅǲ ǸǶǦǳǷ-
ǵǴǶǸǳǴǯ ǭǦǪǦǽǮ, Ǯ ǵǶǮ ȃǸǴǲ ǷǹǲǲǦǶǳǦȅ ǷǸǴǮǲǴǷǸȂ ǵǫǶǫǨǴǭǴǰ ǧȁǱǦ ǲǮǳǮǲǦǱȂǳǴǯ. 

ǕǴǷǸǶǴǮǲ ǹǷǱǴǨǳǴ ǴǵǸǮǲǦǱȂǳȁǯ ǵǱǦǳ ǪǴǷǸǦǨǰǮ ǵǮǸȂǫǨǴǯ ǨǴǪȁ Ǯǭ ǵǹǳǰǸǴǨ ǨǴǪǴ-
ǷǳǦǧǬǫǳǮȅ Ǩ ǳǦǷǫǱǫǳǳȁǫ ǵǹǳǰǸȁ Ǩ ǶǦǷǷǲǦǸǶǮǨǦǫǲǴǯ ǳǦǲǮ ǭǦǪǦǽǫ. ǖǫǭǹǱȂǸǦǸȁ ǧǹǪǫǲ 
ǭǦǵǮǷȁǨǦǸȂ Ǩ ǸǦǧǱǮǼǹ 2. 

ǈ ǵǫǶǨǴǲ ǷǸǴǱǧǼǫ ǸǶǦǳǷǵǴǶǸǳǴǯ ǸǦǧǱǮǼȁ 2 ǲǮǳǮǲǦǱȂǳǹȄ ǷǸǴǮǲǴǷǸȂ ǵǫǶǫǨǴǭǰǮ 1 
ǸȁǷȅǽǮ ǸǴǳǳ ǵǮǸȂǫǨǴǯ ǨǴǪȁ ǮǲǫǫǸ ǵǫǶǫǨǴǭǰǦ Ǯǭ ǵǹǳǰǸǦ ǨǴǪǴǷǳǦǧǬǫǳǮȅ A2 Ǩ ǳǦǷǫǱǫǳ-

ǳȁǯ ǵǹǳǰǸ B1,  ǶǦǨǳǦȅ 1. ǔǸǲǫǽǦǫǲ ǷǴǴǸǨǫǸǷǸǨǹȄǿǹȄ ǰǱǫǸǰǹ ǭǳǦǰǴǲ ç * è Ǯ ǭǦǵǮǷȁǨǦǫǲ 
Ǩ ǳǫǫ ǫǬǫǪǳǫǨǳǹȄ ǵǴǸǶǫǧǳǴǷǸȂ Ǩ ǵǮǸȂǫǨǴǯ ǨǴǪǫ ǳǦǷǫǱǫǳǳǴǩǴ ǵǹǳǰǸǦ B1 , ǶǦǨǳǹȄ 20 
ǸȁǷȅǽǦǲ ǸǴǳǳ.  

ǈǴ ǨǸǴǶǴǲ ǷǸǴǱǧǼǫ ǸǦǧǱǮǼȁ ǭǳǦǰǴǲ ç * è ǴǸǲǫǽǦǫǲ ǰǱǫǸǰǹ, ǰǴǸǴǶǴǯ ǷǴǴǸǨǫǸǷǸǨǹǫǸ 
ǲǮǳǮǲǦǱȂǳǦȅ Ǩ ȃǸǴǲ ǷǸǴǱǧǼǫ ǷǸǴǮǲǴǷǸȂ ǵǫǶǫǨǴǭǰǮ 1 ǸȁǷȅǽǮ ǸǴǳǳ ǵǮǸȂǫǨǴǯ ǨǴǪȁ Ǹ12, 

ǶǦǨǳǦȅ 2. ǍǦǵǮǾǫǲ Ǩ ȃǸǹ ǰǱǫǸǰǹ ǫǬǫǪǳǫǨǳǹȄ ǵǴǸǶǫǧǳǴǷǸȂ Ǩ ǨǴǪǫ ǳǦǷǫǱǫǳǳǴǩǴ ǵǹǳǰǸǦ 
B2 , ǶǦǨǳǹȄ 30 ǸȁǷȅǽǦǲ ǸǴǳǳ.  

ǈ ǸǶǫǸȂǫǲ ǷǸǴǱǧǼǫ ǸǶǦǳǷǵǴǶǸǳǴǯ ǸǦǧǱǮǼȁ ǲǮǳǮǲǦǱȂǳǴǯ ȅǨǱȅǫǸǷȅ ǷǸǴǮǲǴǷǸȂ  Ǹ23 , ǶǦǨ-

ǳǦȅ 3. ǔǸǲǫǽǦǫǲ ǷǴǴǸǨǫǸǷǸǨǹȄǿǹȄ ǰǱǫǸǰǹ ǭǳǦǰǴǲ ç * è Ǯ ǭǦǵǮǷȁǨǦǫǲ Ǩ ǳǫǫ ǫǬǫǪǳǫǨǳǹȄ 
ǵǴǸǶǫǧǳǴǷǸȂ Ǩ ǵǮǸȂǫǨǴǯ ǨǴǪǫ ǳǦǷǫǱǫǳǳǴǩǴ ǵǹǳǰǸǦ  B3 , ǶǦǨǳǹȄ 20 ǸȁǷȅǽǦǲ ǸǴǳǳ. 

ǍǳǦǽǫǳǮȅ ǵǫǶǫǨǴǭǴǰ  x11 , x13  Ǯ  x22  ǵǴǱǦǩǦǫǲ ǶǦǨǳȁǲǮ ǳǹǱȄ. 
 

ǘǦǧǱǮǼǦ 2 ð ǙǷǱǴǨǳǴ ǴǵǸǮǲǦǱȂǳȁǯ ǵǱǦǳ ǪǴǷǸǦǨǰǮ ǵǮǸȂǫǨǴǯ ǨǴǪȁ 
Ǯǭ ǵǹǳǰǸǴǨ ǨǴǪǴǷǳǦǧǬǫǳǮȅ Ǩ ǳǦǷǫǱǫǳǳȁǫ ǵǹǳǰǸȁ 
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ǈ ǶǫǭǹǱȂǸǦǸǫ ǵǴǱǹǽǦǫǲ ǹǷǱǴǨǳǴ ǴǵǸǮǲǦǱȂǳǴǩǴ ǵǱǦǳǦ ǵǫǶǫǨǴǭǴǰ ǪǴǷǸǦǨǰǮ ǵǮǸȂǫ-

ǨǴǯ ǨǴǪȁ Ǯǭ ǵǹǳǰǸǴǨ ǨǴǪǴǷǳǦǧǬǫǳǮȅ Ǩ ǳǦǷǫǱǫǳǳȁǫ ǵǹǳǰǸȁ  (ǸǦǧǱǮǼǦ 2), ǷǴǩǱǦǷǳǴ ǰǴ-
ǸǴǶǴǲǹ ǵǴǱǳǴǷǸȂȄ ǹǪǴǨǱǫǸǨǴǶǫǳȁ ǫǬǫǪǳǫǨǳȁǫ ǵǴǸǶǫǧǳǴǷǸǮ ǳǦǷǫǱǫǳǳȁǻ ǵǹǳǰǸǴǨ Ǩ ǵǮ-
ǸȂǫǨǴǯ ǨǴǪǫ, ǳǴ ǳǫ ǹǽǮǸȁǨǦȄǸǷȅ ǨǴǭǲǴǬǳǴǷǸǮ ǵǹǳǰǸǴǨ ǨǴǪǴǷǳǦǧǬǫǳǮȅ.  

2. ǔǵǸǮǲǮǭǦǼǮȅ ǹǷǱǴǨǳǴ ǴǵǸǮǲǦǱȂǳǴǩǴ ǵǱǦǳǦ ǵǫǶǫǨǴǭǴǰ ǩǶǹǭǴǨ Ǯǭ ǵǹǳǰǸǴǨ ǴǸǵǶǦǨ-
ǱǫǳǮȅ Ǩ ǵǹǳǰǸȁ ǳǦǭǳǦǽǫǳǮȅ. 

2.1. ǔǵǶǫǪǫǱǫǳǮǫ ǮǭǧȁǸǴǽǳȁǻ Ǯ ǳǫǪǴǷǸǦǸǴǽǳȁǻ ǷǸǶǴǰ ǸǶǦǳǷǵǴǶǸǳǴǯ ǸǦǧǱǮǼȁ. 
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ǗǸǶǴǰǮ ǸǶǦǳǷǵǴǶǸǳǴǯ ǸǦǧǱǮǼȁ, ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǫ ǵǹǳǰǸǦǲ ǴǸǵǶǦǨǱǫǳǮȅ, ǭǦǵǦǷȁ 
ǰǴǸǴǶȁǻ ǮǷǽǫǶǵǦǳȁ ǳǫ ǵǴǱǳǴǷǸȂȄ ǵǶǮ ǹǷǱǴǨǳǴ ǴǵǸǮǲǦǱȂǳǴǲ ǵǱǦǳǫ ǵǫǶǫǨǴǭǴǰ ǩǶǹǭǴǨ, 
ǳǦǭȁǨǦȄǸǷȅ ǮǭǧȁǸǴǽǳȁǲǮ ǮǱǮ ǵǴǱǴǬǮǸǫǱȂǳȁǲǮ. 

ǗǸǶǴǰǮ ǸǶǦǳǷǵǴǶǸǳǴǯ ǸǦǧǱǮǼȁ, ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǫ ǵǹǳǰǸǦǲ ǴǸǵǶǦǨǱǫǳǮȅ, ǭǦǵǦǷȁ 
ǰǴǸǴǶȁǻ ǮǷǽǫǶǵǦǳȁ ǵǴǱǳǴǷǸȂȄ ǵǶǮ ǹǷǱǴǨǳǴ ǴǵǸǮǲǦǱȂǳǴǲ ǵǱǦǳǫ ǵǫǶǫǨǴǭǴǰ ǩǶǹǭǴǨ, 
ǳǦǭȁǨǦȄǸǷȅ ǳǫǪǴǷǸǦǸǴǽǳȁǲǮ ǮǱǮ ǴǸǶǮǼǦǸǫǱȂǳȁǲǮ. 

ǊǱȅ ǴǵǶǫǪǫǱǫǳǮȅ ǮǭǧȁǸǴǽǳȁǻ Ǯ ǳǫǪǴǷǸǦǸǴǽǳȁǻ ǷǸǶǴǰ ǸǶǦǳǷǵǴǶǸǳǴǯ ǸǦǧǱǮǼȁ Ǩ 

ǰǦǬǪǴǯ ǫǫ ǷǸǶǴǰǫ ǨȁǽǮǷǱȅȄǸ ǵǶǮǶǦǿǫǳǮǫ ǰǴǱǮǽǫǷǸǨǦ ǩǶǹǭǴǨ D a i ǳǦǻǴǪȅǿǮǻǷȅ Ǩ ǷǴǴǸ-
ǨǫǸǷǸǨǹȄǿǫǲ ǵǹǳǰǸǫ ǳǦǭǳǦǽǫǳǮȅ Ǉ i :  

D a i = a i  ð ä
=

n

j

jix
1

  ,  i  = 1, 2, é, m .  

ǕǴǱǹǽǫǳǳȁǫ ǵǶǮǶǦǿǫǳǮȅ ǭǦǵǮǷȁǨǦȄǸ Ǩ ǪǴǵǴǱǳǮǸǫǱȂǳȁǯ ǷǸǴǱǧǫǼ ǸǶǦǳǷǵǴǶǸǳǴǯ 
ǸǦǧǱǮǼȁ.  

ǕǴǷǰǴǱȂǰǹ ǲǴǪǫǱȂ ǸǶǦǳǷǵǴǶǸǳǴǯ ǭǦǪǦǽǮ ǷǧǦǱǦǳǷǮǶǴǨǦǳǦ, ǸǴ ǷǹǲǲǦ ǵǶǮǶǦǿǫǳǮǯ 
ǭǦǵǦǷǴǨ ǨǷǫǻ ǵǹǳǰǸǴǨ ǴǸǵǶǦǨǱǫǳǮȅ ǪǴǱǬǳǦ ǧȁǸȂ ǶǦǨǳǴǯ ǳǹǱȄ. 

ǗǸǶǴǰǮ ǸǶǦǳǷǵǴǶǸǳǴǯ ǸǦǧǱǮǼȁ, ǪǱȅ ǰǴǸǴǶȁǻ D a i > 0 , ȅǨǱȅȄǸǷȅ ǮǭǧȁǸǴǽǳȁǲǮ, Ǧ 

ǷǸǶǴǰǮ, ǪǱȅ ǰǴǸǴǶȁǻ  D a i < 0 , ð  ǳǫǪǴǷǸǦǸǴǽǳȁǲǮ. 

ǋǷǱǮ D a i = 0, ǸǴ ǷǸǶǴǰǹ ǸǶǦǳǷǵǴǶǸǳǴǯ ǸǦǧǱǮǼȁ ǷǽǮǸǦȄǸ ǮǭǧȁǸǴǽǳǴǯ (ǳǫǪǴǷǸǦǸǴǽ-
ǳǴǯ ǵǶǮ ǹǷǱǴǨǮǮ, ǽǸǴ Ǩ ǷǸǴǱǧǼǫ, ǷǴǴǸǨǫǸǷǸǨǹȄǿǫǲ ǰǦǰǴǯ-ǱǮǧǴ ǭǦǵǴǱǳǫǳǳǴǯ ǰǱǫǸǰǫ 
ȃǸǴǯ ǷǸǶǴǰǮ, ǮǲǫǫǸǷȅ ǫǿǫ ǴǪǳǦ ǭǦǵǴǱǳǫǳǳǦȅ ǰǱǫǸǰǦ, ǶǦǷǵǴǱǴǬǫǳǳǦȅ Ǩ ǮǭǧȁǸǴǽǳǴǯ (ǳǫ-

ǪǴǷǸǦǸǴǽǳǴǯ) ǷǸǶǴǰǫ. ǈ ȃǸǴǲ ǷǱǹǽǦǫ ǪǱȅ ǮǭǧȁǸǴǽǳǴǯ ǷǸǶǴǰǮ ǵǶǮǶǦǿǫǳǮǫ D a i ǵǴǱǦǩǦȄǸ 
ǶǦǨǳȁǲ ç + 0 è , Ǧ ǪǱȅ ǳǫǪǴǷǸǦǸǴǽǳǴǯ ç ð 0 è  .  

ǋǷǱǮ ǵǶǮǶǦǿǫǳǮȅ ǭǦǵǦǷǴǨ ǪǱȅ ǨǷǫǻ ǵǹǳǰǸǴǨ ǴǸǵǶǦǨǱǫǳǮȅ ǶǦǨǳȁ ǳǹǱȄ, Ǹ. ǫ.           D 

a i = 0 ,  i  = 1, 2, é, m, ǸǴ ǵǱǦǳ ǵǫǶǫǨǴǭǴǰ ǩǶǹǭǴǨ Ǯǭ ǵǹǳǰǸǴǨ ǴǸǵǶǦǨǱǫǳǮȅ Ǩ ǵǹǳǰǸȁ 
ǳǦǭǳǦǽǫǳǮȅ ȅǨǱȅǫǸǷȅ ǴǵǸǮǲǦǱȂǳȁǲ. 

ǈ ǵǶǴǸǮǨǳǴǲ ǷǱǹǽǦǫ ǵǱǦǳ ǵǫǶǫǨǴǭǴǰ ǩǶǹǭǴǨ ǲǴǬǳǴ ǹǱǹǽǾǮǸȂ.  
ǔǵǶǫǪǫǱǮǲ ǮǭǧȁǸǴǽǳǹȄ Ǯ ǳǫǪǴǷǸǦǸǴǽǳǹȄ ǷǸǶǴǰǮ ǸǶǦǳǷǵǴǶǸǳǴǯ ǸǦǧǱǮǼȁ Ǩ ǶǦǷ-

ǷǲǦǸǶǮǨǦǫǲǴǯ ǳǦǲǮ ǭǦǪǦǽǫ ǪǴǷǸǦǨǰǮ ǵǮǸȂǫǨǴǯ ǨǴǪȁ Ǯǭ ǵǹǳǰǸǴǨ ǨǴǪǴǷǳǦǧǬǫǳǮȅ Ǩ ǳǦǷǫ-
Ǳǫǳǳȁǫ ǵǹǳǰǸȁ.  

ǊǱȅ ȃǸǴǩǴ ǳǦǯǪǫǲ ǵǶǮǶǦǿǫǳǮȅ ǭǦǵǦǷǴǨ ǩǶǹǭǴǨ Ǩ ǵǹǳǰǸǦǻ ǨǴǪǴǷǳǦǧǬǫǳǮȅ Ǉ1 Ǯ Ǉ2  

D a 1 = 40 ð 30 = +10 ;  

D a 2 = 30 ð ( 20 + 20 ) = ð 10 .  

ǕǴǱǹǽǫǳǳȁǫ ǭǳǦǽǫǳǮȅ  D a 1  Ǯ D a 2  ǭǦǵǮǷȁǨǦǫǲ Ǩ ǵǶǦǨȁǯ ǷǸǴǱǧǫǼ ǸǦǧǱǮǼȁ 3. 
  
ǘǦǧǱǮǼǦ 3 ð ǕǶǮǶǦǿǫǳǮǫ ǭǦǵǦǷǴǨ ǵǮǸȂǫǨǴǯ ǨǴǪȁ Ǩ ǵǹǳǰǸǦǻ ǨǴǪǴǷǳǦǧǬǫǳǮȅ 
Ǯ ǲǮǳǮǲǦǱȂǳǴǫ ǵǶǮǶǦǿǫǳǮǫ ǷǸǴǮǲǴǷǸǮ ǵǫǶǫǨǴǭǰǮ 1 ǸǴǳǳȁ ǵǮǸȂǫǨǴǯ ǨǴǪȁ 

 

               ǕǓ 
Ǖǔ 

 
B1 

 
B2 

 
B3 

ǍǦǵǦǷȁ 
ǩǶǹǭǴǨ Ǩ Ǖǔ 

a i 

ǕǶǮǶǦǿǫǳǮǫ ǭǦ-
ǵǦǷǴǨ ǨǴǪȁ 

D a i 

 
A1 

3 
 

*         2 
30 

6 
 

 
40 

+ 10 

 
A2 

*         1 
20 

4 
 

*         3 
20 

 
30 

ð 10 

ǵǴǸǶǫǧǳǴǷǸǮ 
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20 30 20 70 = 70  
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ǷǸǴǮǲǴǷǸǮ 

i
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ǕǫǶǨǦȅ ǷǸǶǴǰǦ ǸǦǧǱǮǼȁ 3, ǷǴǴǸǨǫǸǷǸǨǹȄǿǦȅ ǵǹǳǰǸǹ ǨǴǪǴǷǳǦǧǬǫǳǮȅ Ǉ1 , ȅǨǱȅǫǸǷȅ 
ǮǭǧȁǸǴǽǳǴǯ, Ǹ. ǰ. ǭǦǵǦǷȁ ȃǸǴǩǴ ǵǹǳǰǸǦ ǶǦǷǵǶǫǪǫǱǫǳȁ ǳǫ ǵǴǱǳǴǷǸȂȄ. ǕǶǮ ȃǸǴǲ ǨǫǱǮ-
ǽǮǳǦ ǮǭǧȁǸǰǦ ǵǮǸȂǫǨǴǯ ǨǴǪȁ Ǩ ǵǹǳǰǸǫ ǨǴǪǴǷǳǦǧǬǫǳǮȅ Ǉ1  ǶǦǨǳǦ 10 ǸȁǷȅǽǦǲ ǸǴǳǳ. ǈǸǴ-
ǶǦȅ ǷǸǶǴǰǦ ǸǦǧǱǮǼȁ 3, ǷǴǴǸǨǫǸǷǸǨǹȄǿǦȅ ǵǹǳǰǸǹ ǨǴǪǴǷǳǦǧǬǫǳǮȅ Ǉ2 , ȅǨǱȅǫǸǷȅ ǳǫǪǴǷǸǦ-
ǸǴǽǳǴǯ, Ǹ. ǰ. ǭǦǵǦǷǴǨ ȃǸǴǩǴ ǵǹǳǰǸǦ ǨǴǪǴǷǳǦǧǬǫǳǮȅ ǳǫǪǴǷǸǦǸǴǽǳǴ ǪǱȅ ǹǪǴǨǱǫǸǨǴǶǫǳǮȅ 
ǫǬǫǪǳǫǨǳȁǻ ǵǴǸǶǫǧǳǴǷǸǫǯ ǳǦǷǫǱǫǳǳȁǻ ǵǹǳǰǸǴǨ Ǩ ǵǮǸȂǫǨǴǯ ǨǴǪǫ ǷǴǩǱǦǷǳǴ ǵǴǷǸǶǴǫǳ-
ǳǴǲǹ ǹǷǱǴǨǳǴ ǴǵǸǮǲǦǱȂǳǴǲǹ ǵǱǦǳǹ. ǈǫǱǮǽǮǳǦ ǳǫǪǴǷǸǦǸǰǦ ǵǮǸȂǫǨǴǯ ǨǴǪȁ Ǩ ǵǹǳǰǸǫ ǨǴ-
ǪǴǷǳǦǧǬǫǳǮȅ  Ǉ2  ǶǦǨǳǦ 10 ǸȁǷȅǽǦǲ ǸǴǳǳ.  

2.2. ǔǵǶǫǪǫǱǫǳǮǫ ǵǶǴǲǫǬǹǸǴǽǳǴǯ ǶǫǳǸȁ. 
ǈ ǰǦǬǪǴǲ ǷǸǴǱǧǼǫ ǸǶǦǳǷǵǴǶǸǳǴǯ ǸǦǧǱǮǼȁ ǳǦǻǴǪȅǸ ǲǮǳǮǲǦǱȂǳǹȄ ǶǦǭǳǴǷǸȂ ǲǫǬǪǹ 

ǷǸǴǮǲǴǷǸȂȄ ǵǫǶǫǨǴǭǰǮ ǫǪǮǳǮǼȁ ǩǶǹǭǦ, ǷǸǴȅǿǫǯ Ǩ ǰǱǫǸǰǫ, ǴǸǲǫǽǫǳǳǴǯ ǭǳǦǰǴǲ ç * è, Ǯ 
ǷǸǴǮǲǴǷǸȅǲǮ ǵǫǶǫǨǴǭǰǮ ǫǪǮǳǮǼȁ ǩǶǹǭǦ Ǩ ǰǱǫǸǰǦǻ, ǳǦǻǴǪȅǿǮǻǷȅ Ǩ ǮǭǧȁǸǴǽǳȁǻ ǷǸǶǴǰǦǻ. 
ǕǴǱǹǽǫǳǳȁǫ ǶǦǭǳǴǷǸǮ ǭǦǵǮǷȁǨǦȄǸ Ǩ ǳǮǬǳǫǯ (ǪǴǵǴǱǳǮǸǫǱȂǳǴǯ) ǷǸǶǴǰǫ ǸǶǦǳǷǵǴǶǸǳǴǯ 
ǸǦǧǱǮǼȁ.  

ǋǷǱǮ ǰǱǫǸǰǦ, ǴǸǲǫǽǫǳǳǦȅ ǭǳǦǰǴǲ ç * è ǳǦǻǴǪǮǸǷȅ Ǩ ǮǭǧȁǸǴǽǳǴǯ ǷǸǶǴǰǫ, ǸǴ ǶǦǭǳǴǷǸȂ 
ǳǫ ǴǵǶǫǪǫǱȅȄǸ Ǯ Ǩ ǳǮǬǳǫǯ ǷǸǶǴǰǫ ǸǦǧǱǮǼȁ ǷǸǦǨȅǸ ǭǳǦǰ  ç ð  è.  

ǊǦǱǫǫ ǷǶǫǪǮ ǵǴǱǹǽǫǳǳȁǻ ǶǦǭǳǴǷǸǫǯ ǳǦǻǴǪȅǸ ǲǮǳǮǲǦǱȂǳǹȄ. ǋǫ ǳǦǭȁǨǦȄǸ ǵǶǴǲǫ-
ǬǹǸǴǽǳǴǯ ǶǫǳǸǴǯ. 

ǔǵǶǫǪǫǱǮǲ ǵǶǴǲǫǬǹǸǴǽǳǹȄ ǶǫǳǸǹ Ǩ ǶǦǷǷǲǦǸǶǮǨǦǫǲǴǯ ǳǦǲǮ ǭǦǪǦǽǫ.  
ǈ ǰǦǬǪǴǲ ǷǸǴǱǧǼǫ ǸǶǦǳǷǵǴǶǸǳǴǯ ǸǦǧǱǮǼȁ 3 ǳǦǻǴǪǮǲ ǶǦǭǳǴǷǸȂ ǲǫǬǪǹ ǷǸǴǮǲǴǷǸȂȄ 

ǵǫǶǫǨǴǭǰǮ ǫǪǮǳǮǼȁ ǩǶǹǭǦ, ǷǸǴȅǿǫǯ Ǩ ǰǱǫǸǰǫ, ǴǸǲǫǽǫǳǳǴǯ ǭǳǦǰǴǲ ç * è, Ǯ ǷǸǴǮǲǴǷǸȂȄ 
ǵǫǶǫǨǴǭǰǮ ǫǪǮǳǮǼȁ ǩǶǹǭǦ, ǳǦǻǴǪȅǿǫǯǷȅ Ǩ ǮǭǧȁǸǴǽǳǴǯ ǷǸǶǴǰǫ. ǈ ǵǫǶǨǴǲ ǷǸǴǱǧǼǫ ȃǸǦ 
ǶǦǭǳǴǷǸȂ ǶǦǨǳǦ 2, Ǩ ǸǶǫǸȂǫǲ ð 3. ǕǴǱǹǽǫǳǳȁǫ ǶǦǭǳǴǷǸǮ ǭǦǵǮǷȁǨǦǫǲ Ǩ ǳǮǬǳǫǯ ǷǸǶǴǰǫ 
ǸǶǦǳǷǵǴǶǸǳǴǯ ǸǦǧǱǮǼȁ 3. ǈǴ ǨǸǴǶǴǲ ǷǸǴǱǧǼǫ ǸǦǧǱǮǼȁ ǶǦǭǳǴǷǸȂ ǳǫ ǴǵǶǫǪǫǱȅǫǲ, Ǹ. ǰ. 

ǰǱǫǸǰǦ, ǴǸǲǫǽǫǳǳǦȅ ǭǳǦǰǴǲ ç * è, ǳǦǻǴǪǮǸǷȅ Ǩ ǮǭǧȁǸǴǽǳǴǯ ǷǸǶǴǰǫ. ǈ ȃǸǴǲ ǷǸǴǱǧǼǫ Ǩ 
ǳǮǬǳǫǯ ǷǸǶǴǰǫ ǸǦǧǱǮǼȁ ǷǸǦǨǮǲ ǭǳǦǰ ç ð  è. 

ǗǶǫǪǮ ǵǴǱǹǽǫǳǳȁǻ ǶǦǭǳǴǷǸǫǯ ǷǸǴǮǲǴǷǸǮ ǵǫǶǫǨǴǭǰǮ ǫǪǮǳǮǼȁ ǩǶǹǭǦ ǳǦǻǴǪǮǲ ǲǮ-
ǳǮǲǦǱȂǳǹȄ, ǰǴǸǴǶǦȅ Ǯ ǧǹǪǫǸ ǵǶǴǲǫǬǹǸǴǽǳǴǯ ǶǫǳǸǴǯ. ǈ ǳǦǾǫǲ ǷǱǹǽǦǫ ǴǳǦ ǶǦǨǳǦ 2. 

2.3. ǕǶǫǴǧǶǦǭǴǨǦǳǮǫ ǸǶǦǳǷǵǴǶǸǳǴǯ ǸǦǧǱǮǼȁ. 
2.3.1. ǕǶǫǴǧǶǦǭǴǨǦǳǮǫ ǷǸǴǮǲǴǷǸǫǯ ǵǫǶǫǨǴǭǰǮ ǫǪǮǳǮǼȁ ǩǶǹǭǦ Ǯǭ ǵǹǳǰǸǴǨ ǴǸǵǶǦǨ-

ǱǫǳǮȅ Ǩ ǵǹǳǰǸȁ ǳǦǭǳǦǽǫǳǮȅ. 
ǐ ǷǸǴǮǲǴǷǸȅǲ ǵǫǶǫǨǴǭǰǮ ǫǪǮǳǮǼȁ ǩǶǹǭǦ, ǳǦǻǴǪȅǿǮǲǷȅ Ǩ ǰǱǫǸǰǦǻ ǳǫǪǴǷǸǦǸǴǽǳȁǻ 

ǷǸǶǴǰ ǸǶǦǳǷǵǴǶǸǳǴǯ ǸǦǧǱǮǼȁ, ǵǶǮǧǦǨǱȅȄǸ ǵǶǴǲǫǬǹǸǴǽǳǹȄ ǶǫǳǸǹ Ǯ ǭǦǵǮǷȁǨǦȄǸ Ǩ ǷǴǴǸ-
ǨǫǸǷǸǨǹȄǿǮǫ ǰǱǫǸǰǮ ǳǴǨǴǯ ǸǶǦǳǷǵǴǶǸǳǴǯ ǸǦǧǱǮǼȁ.  

ǗǸǴǮǲǴǷǸǮ ǵǫǶǫǨǴǭǰǮ ǫǪǮǳǮǼȁ ǩǶǹǭǦ Ǩ ǴǷǸǦǱȂǳȁǻ ǰǱǫǸǰǦǻ ǳǴǨǴǯ ǸǶǦǳǷǵǴǶǸǳǴǯ 
ǸǦǧǱǮǼȁ ǴǷǸǦȄǸǷȅ ǧǫǭ ǮǭǲǫǳǫǳǮȅ. 

ǈ ǶǦǷǷǲǦǸǶǮǨǦǫǲǴǯ ǳǦǲǮ ǭǦǪǦǽǫ ǪǴǷǸǦǨǰǮ ǵǮǸȂǫǨǴǯ ǨǴǪȁ Ǯǭ ǵǹǳǰǸǴǨ ǨǴǪǴǷǳǦǧ-
ǬǫǳǮȅ Ǩ ǳǦǷǫǱǫǳǳȁǫ ǵǹǳǰǸȁ ǵǶǮǧǦǨǱȅǫǲ ǵǶǴǲǫǬǹǸǴǽǳǹȄ ǶǫǳǸǹ ǰ ǷǸǴǮǲǴǷǸȅǲ ǪǴǷǸǦǨǰǮ  
1  ǸȁǷȅǽǮ ǸǴǳǳ ǵǮǸȂǫǨǴǯ ǨǴǪȁ Ǹ21 ,  Ǹ22 , Ǹ23  , Ǩ ǶǫǭǹǱȂǸǦǸǫ ǴǳǮ ǷǸǦǳǴǨȅǸǷȅ ǶǦǨǳȁǲǮ 3 , 
6 , 5  ǷǴǴǸǨǫǸǷǸǨǫǳǳǴ. ǗǸǴǮǲǴǷǸǮ Ǹ11 ,  Ǹ12 , Ǹ13  ǴǷǸǦǨǱȅǫǲ ǧǫǭ ǮǭǲǫǳǫǳǮȅ. ǕǴǱǹǽǫǳǳȁǫ 
ǭǳǦǽǫǳǮȅ ǭǦǵǮǷȁǨǦǫǲ Ǩ ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǫ ǰǱǫǸǰǮ ǸǦǧǱǮǼȁ 4 . 

2.3.2.  ǕǴǷǸǶǴǫǳǮǫ ǳǴǨǴǩǴ ǹǷǱǴǨǳǴ ǴǵǸǮǲǦǱȂǳǴǩǴ ǵǱǦǳǦ ǵǫǶǫǨǴǭǴǰ ǩǶǹǭǴǨ Ǯǭ ǵǹǳǰ-
ǸǴǨ ǴǸǵǶǦǨǱǫǳǮȅ Ǩ ǵǹǳǰǸȁ ǳǦǭǳǦǽǫǳǮȅ. 

ǕǶǮ ǵǴǷǸǶǴǫǳǮǮ ǳǴǨǴǩǴ ǹǷǱǴǨǳǴ ǴǵǸǮǲǦǱȂǳǴǩǴ ǵǱǦǳǦ ǽǮǷǱǴ ǭǦǵǴǱǳȅǫǲȁǻ ǰǱǫǸǴǰ 
ǸǶǦǳǷǵǴǶǸǳǴǯ ǸǦǧǱǮǼȁ ǧǹǪǫǸ ǳǦ ǴǪǳǹ ǧǴǱȂǾǫ, ǽǫǲ Ǩ ǵǶǫǪȁǪǹǿǫǯ ǸǶǦǳǷǵǴǶǸǳǴǯ ǸǦǧ-
ǱǮǼǫ. ǣǸǦ ǪǴǵǴǱǳǮǸǫǱȂǳǦȅ ǰǱǫǸǰǦ ǳǦǻǴǪǮǸǷȅ Ǩ ǷǸǴǱǧǼǫ, ǰǴǸǴǶǴǲǹ ǷǴǴǸǨǫǸǷǸǨǹǫǸ ǵǶǴ-
ǲǫǬǹǸǴǽǳǦȅ ǶǫǳǸǦ. 

ǍǦǵǴǱǳǫǳǮǫ ǰǱǫǸǴǰ ǵǫǶǫǨǴǭǰǦǲǮ ǨȁǵǴǱǳȅȄǸ ǷǱǫǪǹȄǿǮǲ ǴǧǶǦǭǴǲ. ǈȁǧǮǶǦȄǸ 
ǷǸǴǱǧǼȁ ǸǶǦǳǷǵǴǶǸǳǴǯ ǸǦǧǱǮǼȁ, Ǩ ǰǴǸǴǶȁǻ ǮǲǫǫǸǷȅ ǸǴǱȂǰǴ ǴǪǳǦ ǰǱǫǸǰǦ, ǴǸǲǫǽǫǳǳǦȅ 

ǭǳǦǰǴǲ ç * è. ǈ ȃǸǮ ǰǱǫǸǰǮ ǭǦǵǮǷȁǨǦȄǸ ǵǴǸǶǫǧǳǴǷǸǮ Ǩ ǩǶǹǭǦǻ ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǻ ǵǹǳǰǸǴǨ 
ǳǦǭǳǦǽǫǳǮȅ, ǵǴǷǱǫ ǽǫǩǴ ȃǸǮ ǷǸǴǱǧǼȁ ǮǷǰǱȄǽǦȄǸ Ǯǭ ǪǦǱȂǳǫǯǾǫǩǴ ǶǦǷǷǲǴǸǶǫǳǮȅ.  
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ǍǦǸǫǲ ǨȁǧǮǶǦȄǸ ǱȄǧǹȄ ǷǸǶǴǰǹ ǸǶǦǳǷǵǴǶǸǳǴǯ ǸǦǧǱǮǼȁ, Ǩ ǰǴǸǴǶǴǯ ǮǲǫǫǸǷȅ ǸǴǱȂǰǴ 

ǴǪǳǦ ǰǱǫǸǰǦ, ǴǸǲǫǽǫǳǳǦȅ ç * è. ǈ ȃǸǹ ǰǱǫǸǰǹ ǭǦǵǮǷȁǨǦȄǸ ǰǴǱǮǽǫǷǸǨǴ ǩǶǹǭǦ, ǴǷǸǦǨǾǫǫǷȅ 
Ǩ ǷǴǴǸǨǫǸǷǸǨǹȄǿǫǲ ǵǹǳǰǸǫ ǴǸǵǶǦǨǱǫǳǮȅ. ǕǴǷǱǫ ǽǫǩǴ ȃǸǹ ǷǸǶǴǰǹ ǮǷǰǱȄǽǦȄǸ Ǯǭ ǪǦǱȂ-
ǳǫǯǾǫǩǴ ǶǦǷǷǲǴǸǶǫǳǮȅ. 

ǊǦǱǫǫ Ǯǭ ǴǷǸǦǨǾǮǻǷȅ ǷǸǴǱǧǼǴǨ ǸǶǦǳǷǵǴǶǸǳǴǯ ǸǦǧǱǮǼȁ ǶǦǷǷǲǦǸǶǮǨǦȄǸ Ǹǫ, Ǩ ǰǴǸǴ-

Ƕȁǻ ǮǲǫǫǸǷȅ ǸǴǱȂǰǴ ǴǪǳǦ ǰǱǫǸǰǦ, ǴǸǲǫǽǫǳǳǦȅ ǭǳǦǰǴǲ ç * è. ǈ ǰǦǬǪǹȄ Ǯǭ ȃǸǮǻ ǰǱǫǸǴǰ 
ǭǦǵǮǷȁǨǦȄǸ ǰǴǱǮǽǫǷǸǨǴ ǩǶǹǭǴǨ, ǳǫǴǧǻǴǪǮǲǴǫ ǪǱȅ ǵǴǱǳǴǩǴ ǹǪǴǨǱǫǸǨǴǶǫǳǮȅ ǵǴǸǶǫǧǳǴ-
ǷǸǮ ǷǴǴǸǨǫǸǷǸǨǹȄǿǫǩǴ ǵǹǳǰǸǦ ǳǦǭǳǦǽǫǳǮȅ. ǕǴǷǱǫ ǽǫǩǴ ȃǸǴǸ ǷǸǴǱǧǫǼ ǮǷǰǱȄǽǦȄǸ Ǯǭ 
ǪǦǱȂǳǫǯǾǫǩǴ ǶǦǷǷǲǴǸǶǫǳǮȅ.  

ǕǶǴǪǴǱǬǦȅ ǭǦǵǴǱǳǫǳǮǫ ǸǦǧǱǮǼȁ ǴǵǮǷǦǳǳȁǲ ǨȁǾǫ ǷǵǴǷǴǧǴǲ, ǵǴǱǹǽǦȄǸ ǳǴǨȁǯ 
ǹǷǱǴǨǳǴ ǴǵǸǮǲǦǱȂǳȁǯ ǵǱǦǳ. ǋǷǱǮ ǵǶǮ ȃǸǴǲ ǹǪǦǫǸǷȅ ǶǦǷǵǶǫǪǫǱǮǸȂ ǨǫǷȂ ǩǶǹǭ, ǮǲǫȄ-
ǿǮǯǷȅ Ǩ ǵǹǳǰǸǦǻ ǴǸǵǶǦǨǱǫǳǮȅ, ǲǫǬǪǹ ǵǹǳǰǸǦǲǮ ǳǦǭǳǦǽǫǳǮȅ, ǸǴ ǵǴǷǸǶǴǫǳǳȁǯ ǵǱǦǳ ȅǨ-
ǱȅǫǸǷȅ ǴǵǸǮǲǦǱȂǳȁǲ ǵǱǦǳǴǲ ǭǦǪǦǽǮ. ǈ ǵǶǴǸǮǨǳǴǲ ǷǱǹǽǦǫ ǵǱǦǳ ǹǱǹǽǾǦȄǸ, ǪǱȅ ǽǫǩǴ 
ǵǴǨǸǴǶȅȄǸ ǨǷǫ ǪǫǯǷǸǨǮȅ, ǳǦǽǮǳǦȅ Ƿ ǵǹǳǰǸǦ 2. 

ǕǴǷǸǶǴǮǲ ǳǴǨȁǯ ǹǷǱǴǨǳǴ ǴǵǸǮǲǦǱȂǳȁǯ ǵǱǦǳ Ǩ ǶǦǷǷǲǦǸǶǮǨǦǫǲǴǯ ǳǦǲǮ ǭǦǪǦǽǫ ǪǴ-
ǷǸǦǨǰǮ ǵǮǸȂǫǨǴǯ ǨǴǪȁ Ǯǭ ǵǹǳǰǸǴǨ ǨǴǪǴǷǳǦǧǬǫǳǮȅ Ǩ ǳǦǷǫǱǫǳǳȁǫ ǵǹǳǰǸȁ. 

ǈ ǰǦǬǪǴǲ ǷǸǴǱǧǼǫ ǸǶǦǳǷǵǴǶǸǳǴǯ ǸǦǧǱǮǼȁ 4 ǴǸǲǫǽǦǫǲ ǭǳǦǰǴǲ ç * è ǰǱǫǸǰǮ Ƿ ǲǮǳǮ-
ǲǦǱȂǳǴǯ ǷǸǴǮǲǴǷǸȂȄ ǵǫǶǫǨǴǭǰǮ 1 ǸǴǳǳȁ ǵǮǸȂǫǨǴǯ ǨǴǪȁ. ǣǸǮǲǮ ǰǱǫǸǰǦǲǮ ǧǹǪǹǸ ǰǱǫǸǰǮ, 
Ǩ ǰǴǸǴǶȁǻ ǳǦǻǴǪȅǸǷȅ ǷǸǴǮǲǴǷǸǮ Ǹ11 , Ǹ21 , Ǹ12 , Ǹ23 . 

ǈȁǧǮǶǦǫǲ ǷǸǴǱǧǼȁ, Ǩ ǰǴǸǴǶȁǻ ǳǦǻǴǪǮǸǷȅ ǸǴǱȂǰǴ ǴǪǳǦ ǰǱǫǸǰǦ, ǴǸǲǫǽǫǳǳǦȅ ǭǳǦǰǴǲ 

ç * è. ǈ ǸǦǧǱǮǼǫ 4 ȃǸǴ ð ǨǸǴǶǴǯ Ǯ ǸǶǫǸǮǯ ǷǸǴǱǧǼȁ. ǈ ǴǸǲǫǽǫǳǳȁǫ ǭǳǦǰǴǲ ç * è ǰǱǫǸǰǮ ȃǸǮǻ 
ǷǸǴǱǧǼǴǨ ǭǦǵǮǷȁǨǦǫǲ ǫǬǫǪǳǫǨǳȁǫ ǵǴǸǶǫǧǳǴǷǸǮ ǳǦǷǫǱǫǳǳȁǻ ǵǹǳǰǸǴǨ ǉ2  Ǯ ǉ3 , ǶǦǨǳȁǫ 
30 ǸȁǷȅǽǦǲ ǸǴǳǳ Ǯ 20 ǸȁǷȅǽǦǲ ǸǴǳǳ ǵǮǸȂǫǨǴǯ ǨǴǪȁ ǷǴǴǸǨǫǸǷǸǨǫǳǳǴ. ǍǦǸǫǲ ȃǸǮ ǷǸǴǱǧǼȁ 
ǮǷǰǱȄǽǦǫǲ Ǯǭ ǪǦǱȂǳǫǯǾǫǩǴ ǶǦǷǷǲǴǸǶǫǳǮȅ. 

ǕǴǷǱǫ ȃǸǴǩǴ Ǩ ǸǦǧǱǮǼǫ 4 ǴǰǦǭǦǱǴǷȂ ǪǨǫ ǷǸǶǴǰǮ, Ǩ ǰǴǸǴǶȁǻ ǮǲǫǫǸǷȅ ǵǴ ǴǪǳǴǯ 

ǰǱǫǸǰǫ, ǴǸǲǫǽǫǳǳǴǯ ǭǳǦǰǴǲ ç * è. ǕǴǷǰǴǱȂǰǹ Ǩ ǰǦǬǪǴǲ Ǯǭ ǵǹǳǰǸǴǨ ǨǴǪǴǷǳǦǧǬǫǳǮȅ Ǉ1  Ǯ 
Ǉ2  ǴǷǸǦǱǴǷȂ ǵǴ 10 ǸȁǷȅǽ ǸǴǳǳ ǵǮǸȂǫǨǴǯ ǨǴǪȁ, ǸǴ Ǩ ǰǦǬǪǹȄ Ǯǭ ǴǸǲǫǽǫǳǳȁǻ ǰǱǫǸǴǰ ǭǦ-
ǵǮǷȁǨǦǫǲ ǵǫǶǫǨǴǭǰǹ, ǶǦǨǳǹȄ 10 ǸȁǷȅǽǦǲ ǸǴǳǳ ǨǴǪȁ. 
 

ǘǦǧǱǮǼǦ 4 ð ǙǷǱǴǨǳǴ ǴǵǸǮǲǦǱȂǳȁǯ ǵǱǦǳ ǪǴǷǸǦǨǰǮ ǵǮǸȂǫǨǴǯ ǨǴǪȁ 
Ǯǭ ǵǹǳǰǸǴǨ ǨǴǪǴǷǳǦǧǬǫǳǮȅ Ǩ ǳǦǷǫǱǫǳǳȁǫ ǵǹǳǰǸȁ 
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ǈ ǶǫǭǹǱȂǸǦǸǫ ǵǴǱǹǽǦǫǲ ǳǴǨȁǯ ǹǷǱǴǨǳǴ ǴǵǸǮǲǦǱȂǳȁǯ ǵǱǦǳ. ǕǴǷǰǴǱȂǰǹ ǵǶǮ ȃǸǴǲ 

ǨǷǫ ǭǦǵǦǷȁ ǵǮǸȂǫǨǴǯ ǨǴǪȁ Ǩ ǵǹǳǰǸǦǻ ǨǴǪǴǷǳǦǧǬǫǳǮȅ ǴǰǦǭǦǱǮǷȂ ǶǦǷǵǶǫǪǫǱǫǳǳȁǲǮ 
ǲǫǬǪǹ ǳǦǷǫǱǫǳǳȁǲǮ ǵǹǳǰǸǦǲǮ, ǸǴ ǵǴǷǸǶǴǫǳǳȁǯ ǵǱǦǳ ȅǨǱȅǫǸǷȅ ǴǵǸǮǲǦǱȂǳȁǲ ǵǱǦǳǴǲ 
ǶǦǷǷǲǦǸǶǮǨǦǫǲǴǯ ǸǶǦǳǷǵǴǶǸǳǴǯ ǭǦǪǦǽǮ. 

ǈȁǽǮǷǱǮǲ ǷǹǲǲǦǶǳǹȄ ǷǸǴǮǲǴǷǸȂ ǵǴǱǹǽǫǳǳǴǩǴ ǵǱǦǳǦ ǪǴǷǸǦǨǰǮ ǨǴǪȁ 
z = 3 ň 10 + 2 ň 30 + 1 ň 10 + 3 ň 20 = 160  (ǹǷǱǴǨǳȁǻ ǫǪǮǳǮǼ). 

ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǴǵǸǮǲǦǱȂǳȁǲ ǶǫǾǫǳǮǫǲ ǶǦǷǷǲǦǸǶǮǨǦǫǲǴǯ ǭǦǪǦǽǮ Ǵ ǪǴǷǸǦǨǰǫ ǵǮ-
ǸȂǫǨǴǯ ǨǴǪȁ Ǯǭ ǵǹǳǰǸǴǨ ǨǴǪǴǷǳǦǧǬǫǳǮȅ Ǩ ǳǦǷǫǱǫǳǳȁǫ ǵǹǳǰǸȁ ȅǨǱȅǫǸǷȅ ǵǱǦǳ 
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  ,  

ǵǶǮ ǰǴǸǴǶǴǲ ǷǹǲǲǦǶǳǦȅ ǷǸǴǮǲǴǷǸȂ ǪǴǷǸǦǨǰǮ ǵǮǸȂǫǨǴǯ ǨǴǪȁ ǲǮǳǮǲǦǱȂǳǦ Ǯ ǶǦǨǳǦ 160  
ǹǷǱǴǨǳȁǲ ǫǪǮǳǮǼǦǲ. 

ǗǴǩǱǦǷǳǴ ǴǵǸǮǲǦǱȂǳǴǲǹ ǵǱǦǳǹ Ǯǭ ǵǹǳǰǸǦ ǨǴǪǴǷǳǦǧǬǫǳǮȅ A1 ǳǫǴǧǻǴǪǮǲǴ ǪǴǷǸǦ-
ǨǮǸȂ Ǩ ǳǦǷǫǱǫǳǳȁǯ ǵǹǳǰǸ B1 10 ǸȁǷȅǽ ǸǴǳǳ Ǯ Ǩ ǳǦǷǫǱǫǳǳȁǯ ǵǹǳǰǸ B2 30 ǸȁǷȅǽ ǸǴǳǳ 
ǵǮǸȂǫǨǴǯ ǨǴǪȁ, Ǯǭ ǵǹǳǰǸǦ ǨǴǪǴǷǳǦǧǬǫǳǮȅ A2 Ǩ ǳǦǷǫǱǫǳǳȁǯ ǵǹǳǰǸ B1 10 ǸȁǷȅǽ ǸǴǳǳ Ǯ B3 
20 ǸȁǷȅǽ ǸǴǳǳ ǵǮǸȂǫǨǴǯ ǨǴǪȁ.  

 

ǍǦǰǱȄǽǫǳǮǫ 
 

ǊǱȅ ǵǴǷǸǶǴǫǳǮȅ ǴǵǸǮǲǦǱȂǳǴǩǴ ǵǱǦǳǦ ǸǶǦǳǷǵǴǶǸǳǴǯ ǭǦǪǦǽǮ, Ǹ. ǫ. ǵǱǦǳǦ ǩǶǹǭǴǵǫ-
ǶǫǨǴǭǴǰ, ǵǶǮ ǰǴǸǴǶǴǲ ǷǹǲǲǦǶǳǦȅ Ǯǻ ǷǸǴǮǲǴǷǸȂ ǧǹǪǫǸ ǲǮǳǮǲǦǱȂǳǴǯ ǵǶǮ ǭǦǪǦǳǳȁǻ ǴǩǶǦ-
ǳǮǽǫǳǮȅǻ, ǲǴǩǹǸ ǧȁǸȂ ǮǷǵǴǱȂǭǴǨǦǳȁ, ǳǦǵǶǮǲǫǶ, ǲǫǸǴǪ ǪǮǺǺǫǶǫǳǼǮǦǱȂǳȁǻ ǶǫǳǸ ǮǱǮ 
ǲǫǸǴǪ ǵǴǸǫǳǼǮǦǱǴǨ. 

ǕǶǮ ȃǸǴǲ, ǫǷǱǮ ǵǶǮ ǶǫǾǫǳǮǮ ǸǶǦǳǷǵǴǶǸǳǴǯ ǭǦǪǦǽǮ ǲǫǸǴǪǴǲ ǵǴǸǫǳǼǮǦǱǴǨ Ƿ ǷǦǲǴǩǴ 
ǳǦǽǦǱǦ ǵǶǴǮǭǨǴǪǮǸǷȅ ǶǦǷǵǶǫǪǫǱǫǳǮǫ ǨǷǫǻ ǩǶǹǭǴǨ, Ǹ. ǫ. ǵǴǷǸǶǴǫǳǮǫ ǴǵǴǶǳǴǩǴ ǵǱǦǳǦ, 
ǰǴǸǴǶȁǯ ǭǦǸǫǲ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴ ǹǱǹǽǾǦǫǸǷȅ, ǸǴ ǵǶǮ ǵǶǮǲǫǳǫǳǮǮ ǲǫǸǴǪǦ ǪǮǺǺǫǶǫǳ-
ǼǮǦǱȂǳȁǻ ǶǫǳǸ ǨǳǦǽǦǱǫ ǶǦǷǵǶǫǪǫǱȅǫǸǷȅ ǲǫǬǪǹ ǵǹǳǰǸǦǲǮ ǳǦǭǳǦǽǫǳǮȅ ǸǴǱȂǰǴ ǽǦǷǸȂ 
ǩǶǹǭǦ (ǸǦǰ ǳǦǭȁǨǦǫǲǴǫ ǹǷǱǴǨǳǴ ǴǵǸǮǲǦǱȂǳǴǫ ǶǦǷǵǶǫǪǫǱǫǳǮǫ) Ǯ ǭǦǸǫǲ ǳǦ ǵǴǷǱǫǪǹȄǿǮǻ 
ǮǸǫǶǦǼǮȅǻ ǵǴǷǸǫǵǫǳǳǴ ǹǲǫǳȂǾǦǫǸǷȅ ǴǧǿǦȅ ǨǫǱǮǽǮǳǦ ǳǫǶǦǷǵǶǫǪǫǱǫǳǳȁǻ ǩǶǹǭǴǨ. 
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ǒǋǘǔǊǎǐǆ ǔǕǖǋǊǋǑǋǓǎǥ ǕǔǓǥǘǎǥ ǘǋǓǍǔǖǆ ǎ ǔǕǋǖǆǜǎǏ ǓǆǊ ǘǋǓǍǔǖǆǒǎ 

 

 

ǆǳǳǴǸǦǼǮȅ 

ǕǴǳȅǸǮǫ ǸǫǳǭǴǶǦ ȅǨǱȅǫǸǷȅ ǴǧǴǧǿǫǳǮǫǲ ǵǴǳȅǸǮȅ ǨǫǰǸǴǶǦ Ǯ ǾǮǶǴǰǴ ǮǷǵǴǱȂǭǹǫǸǷȅ Ǩ ǲǦ-
ǸǫǲǦǸǮǰǫ Ǯ ǺǮǭǮǰǫ, Ǩ ǷǨȅǭǮ Ƿ ǽǫǲ ǴǨǱǦǪǫǳǮǫ ȃǸǮǲ ǵǴǳȅǸǮǫǲ Ǯ ǹǲǫǳǮǫ ǨȁǵǴǱǳȅǸȂ ǦǱ-
ǩǫǧǶǦǮǽǫǷǰǮǫ ǴǵǫǶǦǼǮǮ ǳǦǪ ǸǫǳǭǴǶǦǲǮ ǨǻǴǪǮǸ Ǩ ǽǮǷǱǴ ǰǴǲǵǫǸǫǳǼǮǯ ǪǱȅ ǷǸǹǪǫǳǸǴǨ 
ǸǫǻǳǮǽǫǷǰǮǻ ǷǵǫǼǮǦǱȂǳǴǷǸǫǯ ǨǹǭǴǨ. ǈ ǪǦǳǳǴǯ ǶǦǧǴǸǫ ǮǭǱǦǩǦǫǸǷȅ ǲǫǸǴǪǮǰǦ ǴǵǶǫǪǫǱǫ-
ǳǮȅ ǵǴǳȅǸǮȅ ǸǫǳǭǴǶǦ Ǯ ǳǫǰǴǸǴǶȁǻ ǷǨȅǭǦǳǳȁǻ Ƿ ǳǮǲ ǵǴǳȅǸǮǯ ǸǦǰǮǻ, ǰǦǰ ǴǶǸǴǩǴǳǦǱȂǳȁǯ 
ǸǫǳǭǴǶ, ǵǷǫǨǪǴǸǫǳǭǴǶ, ǵǴǱǮǨǫǰǸǴǶ Ǯ ǰǴǷǴǷǮǲǲǫǸǶǮǽǫǷǰǮǯ ǸǫǳǭǴǶ. ǖǦǷǷǲǦǸǶǮǨǦȄǸǷȅ 
ǦǱǩǫǧǶǦǮǽǫǷǰǮǫ ǴǵǫǶǦǼǮǮ ǳǦǪ ǸǫǳǭǴǶǦǲǮ. ǊǦǳǳǦȅ ǶǦǧǴǸǦ ǧǹǪǫǸ ǵǴǱǫǭǳǦ ǵǶǫǵǴǪǦǨǦǸǫ-
Ǳȅǲ ǨǹǭǴǨ ǪǱȅ ǵǴǪǩǴǸǴǨǰǮ ǱǫǰǼǮǯ ǵǴ ǪǮǷǼǮǵǱǮǳǦǲ ǸǫǻǳǮǽǫǷǰǮǻ ǷǵǫǼǮǦǱȂǳǴǷǸǫǯ, ǨǰǱȄ-
ǽǦȄǿǮǲ ǮǭǹǽǫǳǮǫ ǴǷǳǴǨ ǸǫǳǭǴǶǳǴǩǴ ǮǷǽǮǷǱǫǳǮȅ. 

 

ǐǱȄǽǫǨȁǫ ǷǱǴǨǦ 

ǸǫǳǭǴǶȁ, ǴǶǸǴǩǴǳǦǱȂǳȁǫ ǸǫǳǭǴǶȁ, ǵǷǫǨǪǴǸǫǳǭǴǶȁ, ǵǴǱǮǨǫǰǸǴǶȁ, 
ǰǴǷǴǷǮǲǲǫǸǶǮǽǫǷǰǮǫ ǸǫǳǭǴǶȁ 

 

ǆǈǘǔǖǡ 

 

ǇǮǶȄǰǴǨ ǔǱǫǩ ǓǮǰǴǱǦǫǨǮǽ,  
ǰǦǳǪǮǪǦǸ ǺǮǭǮǰǴ-ǲǦǸǫǲǦǸǮǽǫǷǰǮǻ ǳǦǹǰ, ǪǴǼǫǳǸ  

ǚǉǇǔǙ ǈǔ çǒǴǷǰǴǨǷǰǮǯ ǩǴǷǹǪǦǶǷǸǨǫǳǳȁǯ ǸǫǻǳǮǽǫǷǰǮǯ ǹǳǮǨǫǶǷǮǸǫǸ  
Ǯǲ. Ǔ. ǣ. ǇǦǹǲǦǳǦè, ǩ. ǒǴǷǰǨǦ  

onbiryukov@bmstu.ru 
 

ǛǦǷǦǳǴǨ ǓǦǮǱȂ ǆǱǺǦǸǴǨǮǽ,  
ǰǦǳǪǮǪǦǸ ǺǮǭǮǰǴ-ǲǦǸǫǲǦǸǮǽǫǷǰǮǻ ǳǦǹǰ, ǪǴǼǫǳǸ  

ǚǉǇǔǙ ǈǔ çǒǴǷǰǴǨǷǰǮǯ ǩǴǷǹǪǦǶǷǸǨǫǳǳȁǯ ǸǫǻǳǮǽǫǷǰǮǯ ǹǳǮǨǫǶǷǮǸǫǸ  
Ǯǲ. Ǔ. ǣ. ǇǦǹǲǦǳǦè, ǩ. ǒǴǷǰǨǦ  

nail_khasanov@mail.ru 
 

 
 
 

ǈǨǫǪǫǳǮǫ  
 

ǈ ǶǦǧǴǸǫ [1] ǮǭǱǦǩǦǫǸǷȅ ǲǫǸǴǪǮǰǦ ǨǨǫǪǫǳǮȅ ǳǫǰǴǸǴǶȁǻ ǧǦǭǴǨȁǻ ǵǴǳȅǸǮǯ ǸǫǳǭǴǶ-
ǳǴǯ ǦǱǩǫǧǶȁ, ǸǦǰǮǻ ǰǦǰ ǰǴǨǦǶǮǦǳǸǳȁǫ Ǯ ǰǴǳǸǶǦǨǦǶǮǦǳǸǳȁǫ ǰǴǴǶǪǮǳǦǸȁ, ǨǫǰǸǴǶȁ Ǯ 
ǰǴǨǫǰǸǴǶȁ, ǺǴǶǲǹǱȁ ǵǴǪǳȅǸǮȅ Ǯ ǴǵǹǷǰǦǳǮȅ ǮǳǪǫǰǷǴǨ, ǪǨǴǯǷǸǨǫǳǳȁǫ Ǯ ǨǭǦǮǲǳȁǫ ǧǦ-
ǭǮǷȁ. ǈ ǪǦǳǳǴǯ ǶǦǧǴǸǫ ǵǶǴǪǴǱǬǦǫǸǷȅ ǮǭǱǴǬǫǳǮǫ ǴǷǳǴǨ ǸǫǳǭǴǶǳǴǯ ǦǱǩǫǧǶȁ, ǨǨǴǪȅǸǷȅ 
ǴǵǶǫǪǫǱǫǳǮȅ ǸǫǳǭǴǶǦ, ǴǶǸǴǩǴǳǦǱȂǳǴǩǴ ǸǫǳǭǴǶǦ, ǵǷǫǨǪǴǸǫǳǭǴǶǦ, ǵǴǱǮǨǫǰǸǴǶǦ Ǯ ǰǴǷǴ-
ǷǮǲǲǫǸǶǮǽǫǷǰǴǩǴ ǸǫǳǭǴǶǦ Ǯ ǶǦǷǷǲǦǸǶǮǨǦȄǸǷȅ ǦǱǩǫǧǶǦǮǽǫǷǰǮǫ ǴǵǫǶǦǼǮǮ ǳǦǪ ǸǫǳǭǴ-
ǶǦǲǮ. ǊǱȅ ǵǶǴǷǸǴǸȁ ǧǹǪǫǲ ǶǦǷǷǲǦǸǶǮǨǦǸȂ ǸǴǱȂǰǴ ǫǨǰǱǮǪǴǨȁ ǵǶǴǷǸǶǦǳǷǸǨǦ, Ǩ ǰǴǸǴǶȁǻ 
ǷǹǿǫǷǸǨǹǫǸ ǫǷǸǫǷǸǨǫǳǳǴǫ ǴǸǴǬǪǫǷǸǨǱǫǳǮǫ ǲǫǬǪǹ ǰǴǨǦǶǮǦǳǸǳȁǲǮ Ǯ ǰǴǳǸǶǦǨǦǶǮǦǳǸ-
ǳȁǲǮ ǰǴǴǶǪǮǳǦǸǦǲǮ Ƿ ǵǴǲǴǿȂȄ ǺǴǶǲǹǱ ǵǴǪǳȅǸǮȅ Ǯ ǴǵǹǷǰǦǳǮȅ ǮǳǪǫǰǷǴǨ. 

ǊǦǳǳǦȅ ǶǦǧǴǸǦ ǧǹǪǫǸ ǵǴǱǫǭǳǦ ǵǶǫǵǴǪǦǨǦǸǫǱȅǲ ǨǹǭǴǨ ǪǱȅ ǵǴǪǩǴǸǴǨǰǮ ǱǫǰǼǮǯ ǵǴ 
ǪǮǷǼǮǵǱǮǳǦǲ ǸǫǻǳǮǽǫǷǰǮǻ ǷǵǫǼǮǦǱȂǳǴǷǸǫǯ, ǨǰǱȄǽǦȄǿǮǲ ǮǭǹǽǫǳǮǫ ǴǷǳǴǨ ǸǫǳǭǴǶǳǴǩǴ 
ǮǷǽǮǷǱǫǳǮȅ. ǍǦ ǴǷǳǴǨǹ ǨǭȅǸǴ ǮǭǱǴǬǫǳǮǫ ǸǫǳǭǴǶǳǴǩǴ ǮǷǽǮǷǱǫǳǮȅ Ǩ ǰǳǮǩǦǻ [2], [3] Ǯ [4], 
ǳǴ ǷǹǿǫǷǸǨǫǳǳǴ ǵǫǶǫǶǦǧǴǸǦǳǳǴǫ ǪǱȅ ǵǶǴǷǸǴǩǴ Ǯ ǧȁǷǸǶǴǩǴ ǮǭǹǽǫǳǮȅ ǸǫǳǭǴǶǳǴǯ ǦǱ-
ǩǫǧǶȁ ǷǸǹǪǫǳǸǦǲǮ ǸǫǻǳǮǽǫǷǰǮǻ ǷǵǫǼǮǦǱȂǳǴǷǸǫǯ. 
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ǒǫǸǴǪǴǱǴǩǮȅ Ǯ ǶǫǭǹǱȂǸǦǸȁ ǮǷǷǱǫǪǴǨǦǳǮȅ 
 
ǕǹǷǸȂ Ǩ ὲ-ǲǫǶǳǴǲ ǫǨǰǱǮǪǴǨǴǲ ǵǶǴǷǸǶǦǳǷǸǨǫ ὠ ǭǦǪǦǳȁ ǪǨǦ ǧǦǭǮǷǦ ὩᴆȟȣȟὩᴆ  Ǯ 

ὩᴆȟȣȟὩᴆ  Ǯ ǮǭǨǫǷǸǳǦ ǲǦǸǶǮǼǦ ǵǫǶǫǻǴǪǦ ὅ ὧ  ǴǸ ǵǫǶǨǴǩǴ ǧǦǭǮǷǦ ǰǴ ǨǸǴǶǴǲǹ, Ǹ. ǫ. 

Ὡᴆ ὧὩᴆ ὧὩᴆ ὧὩᴆ  ȣ ὧὩᴆ.  

ǘǴǩǪǦ ǪǱȅ ǱȄǧǴǩǴ ǨǫǰǸǴǶǦ ὼᴆ Ƿ ǰǴǳǸǶǦǨǦǶǮǦǳǸǳȁǲǮ ǰǴǴǶǪǮǳǦǸǦǲǮ ὼȟȣȟὼ  Ǩ ǧǦ-

ǭǮǷǫ ὩᴆȟȣȟὩᴆ  Ǯ ǰǴǳǸǶǦǨǦǶǮǦǳǸǳȁǲǮ ǰǴǴǶǪǮǳǦǸǦǲǮ ὼӶȟȣȟὼӶ  Ǩ ǧǦǭǮǷǫ ὩᴆȟȣȟὩᴆ  
ǲǴǬǳǴ ǭǦǵǮǷǦǸȂ ǻǵǷǳǺǲǺ ǶǷǬǵǨǷǧǮǵǩǧǴǯȆ ǱǵǴǹǷǧǩǧǷǯǧǴǹǴȂǼ ǱǵǵǷǫǯǴǧǹ ǩǬǱ-
ǹǵǷǧ:  

ὼ ὧὼӶ.  

ǈ ǭǦǵǮǷǮ ȃǸǴǯ ǺǴǶǲǹǱȁ ǮǷǵǴǱȂǭǹǫǸǷȅ ǸǦǰ ǳǦǭȁǨǦǫǲǴǫ ǶǷǧǩǯǲǵ ǤǰǴǿǹǬǰǴǧ: ǫǷǱǮ 
Ǩ ǵǶǴǮǭǨǫǪǫǳǮǮ ǵǫǶǫǲǫǳǳȁǻ Ƿ ǮǳǪǫǰǷǦǲǮ ǫǷǸȂ ǵǴǨǸǴǶȅȄǿǮǯǷȅ ǮǳǪǫǰǷ, ǸǴ ǵǴ ǳǫǲǹ 
ǵǶǴǮǷǻǴǪǮǸ ǷǹǲǲǮǶǴǨǦǳǮǫ ǵǴ ǨǷǫǲ ǨǴǭǲǴǬǳȁǲ ǫǩǴ ǭǳǦǽǫǳǮȅǲ, ǰǦǰ ǵǶǦǨǮǱǴ, Ǩ ǪǮǦǵǦ-

ǭǴǳǫ ǴǸ 1 ǪǴ ὲ. ǘǦǰ ǽǸǴ ǨȁǶǦǬǫǳǮǫ ὧὼӶ ȅǨǱȅǫǸǷȅ ǷǴǰǶǦǿȆǳǳǴǯ ǭǦǵǮǷȂȄ Ƿǹǲǲȁ Ǯǭ ὲ 

ǷǱǦǩǦǫǲȁǻ ὧὼӶ ὧὼӶ  ȣ ὧὼӶ.  
ǚǴǶǲǹǱǹ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ ǰǴǳǸǶǦǨǦǶǮǦǳǸǳȁǻ ǰǴǴǶǪǮǳǦǸ ǨǫǰǸǴǶǦ ǲǴǬǳǴ ǭǦǵǮǷǦǸȂ 

Ǩ ǲǦǸǶǮǽǳǴǲ ǨǮǪǫ: 

 

ὼ
ὼ
ể
ὼ

  

ὧ ὧ ȣ ὧ

ὧ ὧ ȣ ὧ
ể ể Ệ ể
ὧ ὧ ȣ ὧ

 ẗ 

ὼӶ
ὼӶ
ể
ὼӶ

  Ȣ 

 

ǙǲǳǴǬǮǲ ǷǱǫǨǦ Ǵǧǫ ǽǦǷǸǮ ȃǸǴǩǴ ǶǦǨǫǳǷǸǨǦ ǳǦ ǲǦǸǶǮǼǹ ὅ , ǵǴǱǹǽǮǲ: 

 

ὼӶ
ὼӶ
ể
ὼӶ

 ὅ ẗ 

ὼ
ὼ
ể
ὼ

  Ȣ 

ǔǧǴǭǳǦǽǮǲ ǽǫǶǫǭ ὧӶ ȃǱǫǲǫǳǸȁ ǲǦǸǶǮǼȁ ὅ , ǩǪǫ Ὥ ð ǳǴǲǫǶ ǷǸǶǴǰǮ, Ǧ Ὦ ð ǳǴǲǫǶ 

ǷǸǴǱǧǼǦ. ǘǴǩǪǦ ǺǴǶǲǹǱǦ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ ǰǴǳǸǶǦǨǦǶǮǦǳǸǳȁǻ ǰǴǴǶǪǮǳǦǸ ǨǫǰǸǴǶǦ ǵǶǮ-
ǲǫǸ ǨǮǪ: 

ὼӶ ὧӶὼ.  

ǆǳǦǱǴǩǮǽǳǴ, ǫǷǱǮ ǨǫǰǸǴǶ ὼᴆ ǮǲǫǫǸ ǰǴǨǦǶǮǦǳǸǳȁǫ ǰǴǴǶǪǮǳǦǸȁ ὼȟȣȟὼ  Ǩ ǧǦǭǮǷǫ 

ὩᴆȟȣȟὩᴆ  Ǯ ǰǴǨǦǶǮǦǳǸǳȁǫ ǰǴǴǶǪǮǳǦǸȁ ὼӶȟȣȟὼӶ Ǩ ǧǦǭǮǷǫ ὩᴆȟȣȟὩᴆ, ǸǴ ǲǴǬǳǴ ǭǦǵǮ-
ǷǦǸȂ ǻǵǷǳǺǲȂ ǶǷǬǵǨǷǧǮǵǩǧǴǯȆ ǱǵǩǧǷǯǧǴǹǴȂǼ ǱǵǵǷǫǯǴǧǹ ǩǬǱǹǵǷǧ:  

ὼӶ ὧὼ   ǮǱǮ   ὼ ὧӶὼӶ.  
ǐǴǨǦǶǮǦǳǸǳȁǫ Ǯ ǰǴǳǸǶǦǨǦǶǮǦǳǸǳȁǫ ǰǴǴǶǪǮǳǦǸȁ ǴǪǳǴǩǴ Ǯ ǸǴǩǴ Ǭǫ ǨǫǰǸǴǶǦ Ǩ ǭǦ-

ǪǦǳǳǴǲ ǧǦǭǮǷǫ ǷǨȅǭǦǳȁ ǻǵǷǳǺǲǧǳǯ ǶǵǫǴȆǹǯȆ ǯ ǵǶǺǸǱǧǴǯȆ ǯǴǫǬǱǸǵǩ:  

ὼ Ὣὼ   Ǯ   ὼ Ὣὼ.  

ǍǪǫǷȂ Ὣ  ð ȃǸǴ ȃǱǫǲǫǳǸȁ ǳǧǹǷǯǽȂ ǊǷǧǳǧ Ὃ, ǷǴǷǸǴȅǿǫǯ Ǯǭ ǷǰǦǱȅǶǳȁǻ ǵǶǴǮǭǨǫ-

ǪǫǳǮǯ ǧǦǭǮǷǳȁǻ ǨǫǰǸǴǶǴǨ Ὣ ὩᴆẗὩᴆ, Ǧ Ὣ  ð ȃǱǫǲǫǳǸȁ ǴǧǶǦǸǳǴǯ ǲǦǸǶǮǼȁ Ὃ . ǝǮǷǱǦ 

Ὣ  Ǯ Ὣ  ǳǦǭȁǨǦȄǸǷȅ ǳǬǹǷǯǾǬǸǱǯǳǯ ǱǵȄǻǻǯǽǯǬǴǹǧǳǯ ǧǦǭǮǷǦ ὩᴆȟȣȟὩᴆ .  

ǐǴǨǦǶǮǦǳǸǳȁǫ ǰǴǴǶǪǮǳǦǸȁ ǨǴǭǳǮǰǦȄǸ Ǯ ǵǶǮ ǶǦǷǷǲǴǸǶǫǳǮǮ ǲǯǴǬǰǴȂǼ ǻǺǴǱǽǯǵ-

Ǵǧǲǵǩ, Ǹ. ǫ. ǺǹǳǰǼǮǯ ǨǮǪǦ ὪḊὠᴼᴙ, ǴǧǱǦǪǦȄǿǮǻ ǷǱǫǪǹȄǿǮǲ ǷǨǴǯǷǸǨǴǲ: 
Ὢ‗ὼᴆ ‘ώᴆ ‗Ὢὼᴆ ‘Ὢώᴆ ǪǱȅ ǱȄǧȁǻ ǨǫǰǸǴǶǴǨ ὼᴆ Ǯ ώᴆ Ǯ ǱȄǧȁǻ ǽǮǷǫǱ ‗ Ǯ ‘. 
ǑǮǳǫǯǳȁǯ ǺǹǳǰǼǮǴǳǦǱ Ὢ ǵǴǱǳǴǷǸȂȄ ǴǵǶǫǪǫǱȅǫǸǷȅ ǴǧǶǦǭǦǲǮ ǧǦǭǮǷǳȁǻ ǨǫǰǸǴǶǴǨ 

Ὢ ὪὩᴆ, é, Ὢ ὪὩᴆ, ǰǴǸǴǶȁǫ ǳǦǭȁǨǦȄǸǷȅ ǱǵǵǷǫǯǴǧǹǧǳǯ ǱǮǳǫǯǳǴǩǴ ǺǹǳǰǼǮǴ-
ǳǦǱǦ Ǯ ǵǶǮ ǵǫǶǫǻǴǪǫ ǰ ǪǶǹǩǴǲǹ ǧǦǭǮǷǹ ǵǶǫǴǧǶǦǭǹȄǸǷȅ ǸǦǰ Ǭǫ, ǰǦǰ Ǯ ǰǴǨǦǶǮǦǳǸǳȁǫ 
ǰǴǴǶǪǮǳǦǸȁ ǨǫǰǸǴǶǴǨ: 
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ὪӶ ὧὪ   ǮǱǮ   Ὢ ὧӶὪӶ.  

ǖǦǷǷǲǴǸǶǮǲ ǸǫǵǫǶȂ ǧǮǱǮǳǫǯǳȁǫ ǺǹǳǰǼǮǴǳǦǱȁ. 
ǈǯǲǯǴǬǰǴȂǳ ǻǺǴǱǽǯǵǴǧǲǵǳ ǳǦǭȁǨǦǫǸǷȅ ǺǹǳǰǼǮȅ ὪḊὠ ὠᴼᴙ, ǱǮǳǫǯǳǦȅ ǵǴ 

ǰǦǬǪǴǲǹ ǦǶǩǹǲǫǳǸǹ, Ǹ. ǫ. ǪǱȅ ǱȄǧȁǻ ǨǫǰǸǴǶǴǨ ὼᴆ, ώᴆ Ǯ ᾀᴆ Ǯ ǱȄǧȁǻ ǽǮǷǫǱ ‗ Ǯ ‘ Ǯǲǫǫǲ 
Ὢ‗ὼᴆ ‘ώᴆȟᾀᴆ ‗Ὢὼᴆȟᾀᴆ ‘Ὢώᴆȟᾀᴆ   Ǯ   Ὢὼᴆȟ‗ώᴆ ‘ᾀᴆ ‗Ὢὼᴆȟώᴆ ‘Ὢὼᴆȟᾀᴆ.  

ǇǮǱǮǳǫǯǳȁǯ ǺǹǳǰǼǮǴǳǦǱ ǵǴǱǳǴǷǸȂȄ ǴǵǶǫǪǫǱȅǫǸǷȅ ǴǧǶǦǭǦǲǮ ǧǦǭǮǷǳȁǻ ǨǫǰǸǴǶǴǨ 

ὪὩᴆȟὩᴆ , ὪὩᴆȟὩᴆ, é, ὪὩᴆȟὩᴆ, ǵǴǷǰǴǱȂǰǹ ǪǱȅ ǱȄǧȁǻ ǨǫǰǸǴǶǴǨ ὼᴆ ὼὩᴆ Ǯ ώᴆ ώὩᴆ Ǯǻ 

ǴǧǶǦǭ Ὢὼᴆȟώᴆ ǨȁǶǦǬǦǫǸǷȅ ǽǫǶǫǭ ǴǧǶǦǭȁ ǧǦǭǮǷǳȁǻ ǨǫǰǸǴǶǴǨ: 

Ὢὼᴆȟώᴆ ὪὼὩᴆȟώὩᴆ ὼώὪὩᴆȟὩᴆ.  

ǍǪǫǷȂ Ǩ ǵǶǦǨǴǯ ǽǦǷǸǮ ǶǦǨǫǳǷǸǨǦ ǨȁǵǴǱǳȅǫǸǷȅ ǷǹǲǲǮǶǴǨǦǳǮǫ ǵǴ ǨǷǫǲ ǨǴǭǲǴǬǳȁǲ 
ǭǳǦǽǫǳǮȅǲ ǮǳǪǫǰǷǴǨ Ὥ Ǯ Ὦ. ǐǦǬǪȁǯ Ǯǭ ǳǮǻ ǵǶǮǳǮǲǦǫǸ ǭǳǦǽǫǳǮȅ ǴǸ ρ ǪǴ ὲ. ǘǦǰǮǲ ǴǧǶǦ-
ǭǴǲ, ǵǶǦǨǦȅ ǽǦǷǸȂ ǶǦǨǫǳǷǸǨǦ ǷǴǪǫǶǬǮǸ ὲ ǷǱǦǩǦǫǲȁǻ. 

ǓǦǧǴǶ ǽǮǷǫǱ Ὢ ὪὩᴆȟὩᴆ, ǩǪǫ ὭȟὮɴ ρȟὲ, ǧǹǪǫǲ ǳǦǭȁǨǦǸȂ ǱǵǵǷǫǯǴǧǹǧǳǯ ǧǮǱǮ-

ǳǫǯǳǴǩǴ ǺǹǳǰǼǮǴǳǦǱǦ. ǎǻ ǲǴǬǳǴ ǭǦǵǮǷȁǨǦǸȂ Ǩ ǨǮǪǫ ǲǦǸǶǮǼȁ 

Ὢ  

Ὢ Ὢ ȣ Ὢ
Ὢ Ὢ ȣ Ὢ
ể  Ệ ể
Ὢ Ὢ ȣ Ὢ

  Ȣ 

ǕǹǷǸȂ ǧǮǱǮǳǫǯǳȁǯ ǺǹǳǰǼǮǴǳǦǱ Ὢ ǮǲǫǫǸ ǰǴǴǶǪǮǳǦǸȁ Ὢ  Ǩ ǧǦǭǮǷǫ ὩᴆȟȣȟὩᴆ  Ǯ 

ǰǴǴǶǪǮǳǦǸȁ ὪӶ  Ǩ ǧǦǭǮǷǫ ὩᴆȟȣȟὩᴆ. ǘǴǩǪǦ 

ὪӶ ὪὩᴆȟὩᴆ ὪὧὩᴆȟὧὩᴆ ὧὧὪὩᴆȟὩᴆ ὧὧὪ.  

ǍǪǫǷȂ ǸǦǰǬǫ ǨȁǵǴǱǳȅǫǸǷȅ ǷǹǲǲǮǶǴǨǦǳǮǫ ǵǴ ǨǷǫǲ ǨǴǭǲǴǬǳȁǲ ǭǳǦǽǫǳǮȅǲ ǮǳǪǫǰ-

ǷǴǨ Ὥ Ǯ Ὦ, ǵǴȃǸǴǲǹ Ǩ ǵǶǦǨǴǯ ǽǦǷǸǮ ǶǦǨǫǳǷǸǨǦ ὲ ǷǱǦǩǦǫǲȁǻ. 
ǈ ǵǴǱǳǴǯ ǦǳǦǱǴǩǮǮ Ƿ ǨǫǰǸǴǶǦǲǮ Ǯ ǱǮǳǫǯǳȁǲǮ ǺǹǳǰǼǮǴǳǦǱǦǲǮ ǮǳǪǫǰǷȁ ǹ ǰǴǴǶǪǮ-

ǳǦǸ ǧǮǱǮǳǫǯǳǴǩǴ ǺǹǳǰǼǮǴǳǦǱǦ ǲǴǬǳǴ ǵǴǪǳǮǲǦǸȂ ǨǨǫǶǻ Ƿ ǵǴǲǴǿȂȄ ǲǫǸǶǮǽǫǷǰǮǻ ǰǴ-
ȃǺǺǮǼǮǫǳǸǴǨ: 

Ὢ ẗ Ὣ Ὢ ,   Ὢ 
ẗ
Ὣ Ὢ ,    Ὢ Ὣ Ὣ Ὢ .  

ǍǪǫǷȂ ǹ ǰǴǴǶǪǮǳǦǸ Ὢ ẗ ǪǱȅ ǹǰǦǭǦǳǮȅ ǸǴǩǴ, ǽǸǴ ǨǨǫǶǻ ǧȁǱ ǵǴǪǳȅǸ ǮǲǫǳǳǴ ǵǫǶǨȁǯ 

Ǯǭ ǪǨǹǻ ǮǳǪǫǰǷǴǨ, ǨǳǮǭǹ ǳǦ ǲǫǷǸǫ ǵǫǶǨǴǩǴ ǮǳǪǫǰǷǦ ǷǸǦǨȅǸ ǸǴǽǰǹ. ǆǳǦǱǴǩǮǽǳǴ, ǹ ǰǴǴǶ-

ǪǮǳǦǸ Ὢ 
ẗ

 ǹǰǦǭǦǳǴ, ǽǸǴ ǨǨǫǶǻǹ ǶǦǷǵǴǱǴǬǫǳ ǨǸǴǶǴǯ ǮǳǪǫǰǷ. 

ǐǴǴǶǪǮǳǦǸȁ Ὢ ǧǹǪǫǲ ǳǦǭȁǨǦǸȂ ǪǨǦǬǪȁ ǰǴǨǦǶǮǦǳǸǳȁǲǮ (ǮǱǮ ǰǴǨǦǶǮǦǳǸǳȁǲǮ ǵǴ 

ǴǧǴǮǲ ǮǳǪǫǰǷǦǲ), ǰǴǴǶǪǮǳǦǸȁ Ὢ ẗ ð ǰǴǳǸǶǦǨǦǶǮǦǳǸǳȁǲǮ ǵǴ ǵǫǶǨǴǲǹ ǮǳǪǫǰǷǹ Ǯ ǰǴǨǦǶǮ-

ǦǳǸǳȁǲǮ ǵǴ ǨǸǴǶǴǲǹ, ǰǴǴǶǪǮǳǦǸȁ Ὢ  ð ǪǨǦǬǪȁ ǰǴǳǸǶǦǨǦǶǮǦǳǸǳȁǲǮ. 
ǓǫǷǱǴǬǳǴ ǵǴǱǹǽǮǸȂ Ǯ ǺǴǶǲǹǱȁ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ ǶǦǭǳȁǻ ǸǮǵǴǨ ǰǴǴǶǪǮǳǦǸ ǧǮǱǮ-

ǳǫǯǳǴǩǴ ǺǹǳǰǼǮǴǳǦǱǦ ǵǶǮ ǵǫǶǫǻǴǪǫ ǰ ǪǶǹǩǴǲǹ ǧǦǭǮǷǹ: 

ὪӶ ẗ ὧӶὧὪ ẗ,   ὪӶ 
 ẗ ὧὧӶὪ 

ẗ
,   ὪӶ ὧӶὧӶὪ .  

ǔǧǴǧǿǫǳǮǫǲ ǵǴǳȅǸǮǯ ǱǮǳǫǯǳǴǩǴ Ǯ ǧǮǱǮǳǫǯǳǴǩǴ ǺǹǳǰǼǮǴǳǦǱǴǨ ȅǨǱȅȄǸǷȅ ǵǴǱǮǱǮ-
ǳǫǯǳȁǫ ǺǹǳǰǼǮǴǳǦǱȁ. 

ǖǵǲǯǲǯǴǬǰǴȂǳ ǻǺǴǱǽǯǵǴǧǲǵǳ ǳǦǭȁǨǦǫǸǷȅ ǺǹǳǰǼǮȅ ὪḊὠ ᴼᴙ, ǰǴǸǴǶǦȅ ǰǦǬ-
ǪǴǲǹ ǹǵǴǶȅǪǴǽǫǳǳǴǲǹ ǳǦǧǴǶǹ Ǯǭ ά ǨǫǰǸǴǶǴǨ ὼᴆȟὼᴆȟȣȟὼᴆ  ǷǸǦǨǮǸ Ǩ ǷǴǴǸǨǫǸǷǸǨǮǫ ǳǫ-
ǰǴǸǴǶǴǫ ǽǮǷǱǴ Ǯ ȅǨǱȅǫǸǷȅ ǱǮǳǫǯǳǴǯ ǵǴ ǰǦǬǪǴǲǹ ǦǶǩǹǲǫǳǸǹ. ǕǴǱǮǱǮǳǫǯǳȁǯ ǺǹǳǰǼǮǴ-

ǳǦǱ ǵǴǱǳǴǷǸȂȄ ǴǵǶǫǪǫǱȅǫǸǷȅ ǴǧǶǦǭǦǲǮ ǧǦǭǮǷǳȁǻ ǨǫǰǸǴǶǴǨ Ὢ ȣ ὪὩᴆȟὩᴆȟȣȟὩᴆ , 

ǰǴǸǴǶȁǫ ǳǦǭȁǨǦȄǸǷȅ ǱǵǵǷǫǯǴǧǹǧǳǯ ǵǴǱǮǱǮǳǫǯǳǴǩǴ ǺǹǳǰǼǮǴǳǦǱǦ. Ǘ ǵǴǲǴǿȂȄ ǲǫǸǶǮ-

ǽǫǷǰǮǻ ǰǴȃǺǺǮǼǮǫǳǸǴǨ ǳǫǰǴǸǴǶȁǫ Ǯǭ ǮǳǪǫǰǷǴǨ ǹ ǰǴǴǶǪǮǳǦǸ Ὢ ȣ  ǲǴǬǳǴ ǵǴǪǳȅǸȂ 

ǨǨǫǶǻ. ǕǶǮ ǵǫǶǫǻǴǪǫ ǰ ǪǶǹǩǴǲǹ ǧǦǭǮǷǹ Ƿ ǲǦǸǶǮǼǫǯ ǵǫǶǫǻǴǪǦ ὅ ὧ  ǰǴǴǶǪǮǳǦǸȁ ǵǴ-

ǱǮǱǮǳǫǯǳǴǩǴ ǺǹǳǰǼǮǴǳǦǱǦ ǵǶǫǴǧǶǦǭǹȄǸǷȅ ǵǴ ǷǱǫǪǹȄǿǫǲǹ ǵǶǦǨǮǱǹ: ǪǱȅ ǰǦǬǪǴǩǴ ǳǮǬ-

ǳǫǩǴ ǮǳǪǫǰǷǦ Ὥ ǳǹǬǳǴ ǹǲǳǴǬǮǸȂ ǳǦ ὧ Ǯ ǵǶǴǷǹǲǲǮǶǴǨǦǸȂ ǵǴ ǨǷǫǲ ǭǳǦǽǫǳǮȅǲ Ὥ ǴǸ 1 ǪǴ 
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ὲ, Ǧ ǪǱȅ ǰǦǬǪǴǩǴ ǨǫǶǻǳǫǩǴ ǮǳǪǫǰǷǦ Ὦ ǳǹǬǳǴ ǹǲǳǴǬǮǸȂ ǳǦ ȃǱǫǲǫǳǸȁ ὧӶ ǴǧǶǦǸǳǴǯ ǲǦǸ-

ǶǮǼȁ ὅ  Ǯ ǵǶǴǷǹǲǲǮǶǴǨǦǸȂ ǵǴ ǨǷǫǲ ǭǳǦǽǫǳǮȅǲ Ὦ ǴǸ 1 ǪǴ ὲ. ǗǻǫǲǦǸǮǽǳǴ ȃǸǴ ǲǴǬǳǴ 
ǭǦǵǮǷǦǸȂ ǸǦǰ: 

ὪӶȣ  ȣ
           ȣ  ȣ  ȣὧȣὧӶȣὪȣ  ȣ

          ȣ  ȣ
.  

ǊǦǳǳǴǫ ǵǶǫǴǧǶǦǭǴǨǦǳǮǫ ǧǹǪǫǲ ǳǦǭȁǨǦǸȂ ǹǬǴǮǵǷǴȂǳ ǶǷǬǵǨǷǧǮǵǩǧǴǯǬǳ ǱǵǵǷǫǯǴǧǹ. 
ǘǫǵǫǶȂ ǲǴǬǳǴ ǷǺǴǶǲǹǱǮǶǴǨǦǸȂ ǴǵǶǫǪǫǱǫǳǮǫ ǸǫǳǭǴǶǦ. 
ǙǬǴǮǵǷǵǳ ὸ ǩǧǲǬǴǹǴǵǸǹǯ ά Ǩ ǫǨǰǱǮǪǴǨǴǲ ǵǶǴǷǸǶǦǳǷǸǨǫ ὠ ǳǦǭȁǨǦǫǸǷȅ ǴǧȀǫǰǸ, 

ǰǴǸǴǶȁǯ Ǩ ǰǦǬǪǴǲ ǧǦǭǮǷǫ ǮǲǫǫǸ ǹǵǴǶȅǪǴǽǫǳǳȁǯ ǳǦǧǴǶ Ǯǭ ὲ  ǰǴǴǶǪǮǳǦǸ, ǵǶǮǽȆǲ ǰǴ-
ǴǶǪǮǳǦǸȁ Ǩ ǶǦǭǳȁǻ ǧǦǭǮǷǦǻ ǷǨȅǭǦǳȁ ǸǫǳǭǴǶǳȁǲ ǵǶǫǴǧǶǦǭǴǨǦǳǮǫǲ. 

ǈǫǰǸǴǶȁ Ǯ ǱǮǳǫǯǳȁǫ ǺǹǳǰǼǮǴǳǦǱȁ ȅǨǱȅȄǸǷȅ ǸǫǳǭǴǶǦǲǮ ǨǦǱǫǳǸǳǴǷǸǮ 1, Ǧ ǧǮǱǮ-
ǳǫǯǳȁǫ ǺǹǳǰǼǮǴǳǦǱȁ ð ǸǫǳǭǴǶǦǲǮ ǨǦǱǫǳǸǳǴǷǸǮ 2. ǕǴ ǴǵǶǫǪǫǱǫǳǮȄ ǸǦǰǬǫ ǵǴǱǴǬǮǲ, 
ǽǸǴ ǸǫǳǭǴǶ ǨǦǱǫǳǸǳǴǷǸǮ 0 ð ȃǸǴ ǳǫǰǴǸǴǶǴǫ ǽǮǷǱǴ, ǴǪǳǴ Ǯ ǸǴ Ǭǫ ǪǱȅ ǨǷǫǻ ǧǦǭǮǷǴǨ. ǇǹǪǫǲ 
ǳǦǭȁǨǦǸȂ ǫǩǴ ǷǰǦǱȅǶǴǲ. 

ǒǦǸǶǮǼǦ ǉǶǦǲǦ Ὃ Ὣ  ȅǨǱȅǫǸǷȅ ǸǫǳǭǴǶǴǲ ǨǦǱǫǳǸǳǴǷǸǮ 2 Ƿ ǪǨǦǬǪȁ ǰǴǨǦǶǮǦǳǸ-

ǳȁǲǮ ǰǴǴǶǪǮǳǦǸǦǲǮ. ǈ ǷǦǲǴǲ ǪǫǱǫ, ǵǶǮ ǵǫǶǫǻǴǪǫ ǰ ǪǶǹǩǴǲǹ ǧǦǭǮǷǹ ǲǦǸǶǮǼǦ ǉǶǦǲǦ 

ǵǶǫǴǧǶǦǭǹǫǸǷȅ ǵǴ ǵǶǦǨǮǱǹ ὋӶ ὅTὋὅ, ǷǱǫǪǴǨǦǸǫǱȂǳǴ, ὫӶ ὧὧὫ. ǆ ǨǴǸ ǪǱȅ ǴǧǶǦǸ-

ǳȁǻ ǲǦǸǶǮǼ ǧǹǪǫǸ ǨǫǶǳȁǲ ǷǱǫǪǹȄǿǫǫ ǷǴǴǸǳǴǾǫǳǮǫ ὋӶ ὅ Ὃ ὅ T ǮǱǮ Ǩ ǮǳǪǫǰǷ-

ǳǴǯ ǺǴǶǲǫ ὫӶ ὧӶὧӶὫ. ǘǦǰ ǽǸǴ Ὃ Ὣ  ǸǦǰǬǫ ǧǹǪǫǸ ǸǫǳǭǴǶǴǲ ǨǦǱǫǳǸǳǴǷǸǮ 2, ǳǴ 

ǹǬǫ Ƿ ǪǨǦǬǪȁ ǰǴǳǸǶǦǨǦǶǮǦǳǸǳȁǲǮ ǰǴǴǶǪǮǳǦǸǦǲǮ. ǎǲǫǳǳǴ ǵǴ ȃǸǴǯ ǵǶǮǽǮǳǫ ȃǱǫǲǫǳǸȁ 
ǲǦǸǶǮǼȁ ǉǶǦǲǦ ǴǧǴǭǳǦǽǦȄǸǷȅ Ƿ ǮǳǪǫǰǷǦǲǮ ǨǳǮǭǹ, Ǧ ȃǱǫǲǫǳǸȁ ǴǧǶǦǸǳǴǯ ǲǦǸǶǮǼȁ Ƿ Ǯǳ-

ǪǫǰǷǦǲǮ ǨǨǫǶǻǹ. ǘǫǳǭǴǶ Ὃ Ὣ  ǳǦǭȁǨǦǫǸǷȅ ǳǬǹǷǯǾǬǸǱǯǳ ǹǬǴǮǵǷǵǳ.  

ǖǦǷǷǲǴǸǶǮǲ ǦǱǩǫǧǶǦǮǽǫǷǰǮǫ ǴǵǫǶǦǼǮǮ, ǰǴǸǴǶȁǫ ǲǴǬǳǴ ǨȁǵǴǱǳȅǸȂ ǳǦǪ ǸǫǳǭǴ-
ǶǦǲǮ: ǷǱǴǬǫǳǮǫ ǸǫǳǭǴǶǴǨ, ǹǲǳǴǬǫǳǮǫ ǸǫǳǭǴǶǦ ǳǦ ǷǰǦǱȅǶ, ǸǫǳǭǴǶǳǴǫ ǹǲǳǴǬǫǳǮǫ, 
ǷǨȆǶǸǰǦ Ǯ ǸǶǦǳǷǵǴǳǮǶǴǨǦǳǮǫ. 

ǗǰǱǦǪȁǨǦǸȂ ǲǴǬǳǴ ǸǴǱȂǰǴ ǸǫǳǭǴǶȁ ǴǪǮǳǦǰǴǨǴǯ ǨǦǱǫǳǸǳǴǷǸǮ. ǕǶǮ ǸǲǵǭǬǴǯǯ Ǹǫǳ-
ǭǴǶǴǨ ὶ Ǯ ί Ǯǻ ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǫ ǰǴǴǶǪǮǳǦǸȁ ǷǰǱǦǪȁǨǦȄǸǷȅ (çǷǴǴǸǨǫǸǷǸǨǹȄǿǮǫè ǴǭǳǦ-
ǽǦǫǸ, ǽǸǴ ǹ ȃǸǮǻ ǰǴǴǶǪǮǳǦǸ ǴǪǮǳǦǰǴǨǴǫ ǶǦǷǵǴǱǴǬǫǳǮǫ ǨǫǶǻǳǮǻ Ǯ ǳǮǬǳǮǻ ǮǳǪǫǰǷǴǨ Ǯ 
ǴǳǮ ǨǭȅǸȁ Ǩ ǴǪǳǴǲ Ǯ ǸǴǲ Ǭǫ ǧǦǭǮǷǫ). ǓǦǵǶǮǲǫǶ, ǪǱȅ ǸǫǳǭǴǶǴǨ, ǰǴǴǶǪǮǳǦǸȁ ǰǴǸǴǶȁǻ 
ǰǴǨǦǶǮǦǳǸǳȁǫ ǵǴ ǨǷǫǲ ǮǳǪǫǰǷǦǲ, ǷǱǴǬǫǳǮǫ ǴǵǶǫǪǫǱȅǫǸǷȅ ǷǱǫǪǹȄǿǮǲ ǶǦǨǫǳǷǸǨǴǲ: 

ὸ ȣ ὶ ȣ ί ȣ .  

ǑȄǧǴǯ ǸǫǳǭǴǶ ǲǴǬǳǴ ǹǲǳǴǬǮǸȂ ǳǦ ǱȄǧǴǫ ǽǮǷǱǴ. ǚǳǴǵǭǬǴǯǬ ǸǫǳǭǴǶǦ ὶ ǳǦ ǽǮǷǱǴ 
‗ ǴǭǳǦǽǦǫǸ ǹǲǳǴǬǫǳǮǫ ǰǦǬǪǴǯ ǰǴǴǶǪǮǳǦǸȁ ǸǫǳǭǴǶǦ ǳǦ ȃǸǴ ǽǮǷǱǴ: 

ὸ ȣ ‗ẗὶ ȣ .  

ǑȄǧȁǫ ǪǨǦ ǸǫǳǭǴǶǦ ǲǴǬǳǴ ǸǫǳǭǴǶǳǴ ǵǫǶǫǲǳǴǬǮǸȂ. ǕǶǮ ǹǬǴǮǵǷǴǵǳ ǺǳǴǵǭǬǴǯǯ 
ǰǦǬǪǦȅ ǰǴǴǶǪǮǳǦǸǦ ǵǫǶǨǴǩǴ ǸǫǳǭǴǶǦ ǹǲǳǴǬǦǫǸǷȅ ǳǦ ǰǦǬǪǹȄ ǰǴǴǶǪǮǳǦǸǹ ǨǸǴǶǴǩǴ, ǵǶǮ 
ȃǸǴǲ ǹ ǰǴǴǶǪǮǳǦǸ ǵǶǴǮǭǨǫǪǫǳǮȅ ǶǦǷǵǴǱǴǬǫǳǮǫ ǮǳǪǫǰǷǴǨ (ǷǨǫǶǻǹ ǮǱǮ ǷǳǮǭǹ) ǪǴǱǬǳǴ 

ǧȁǸȂ ǸǦǰǮǲ Ǭǫ, ǰǦǰ Ǯ ǹ ǷǴǲǳǴǬǮǸǫǱǫǯ. ǘǦǰ ǽǸǴ ǫǷǱǮ ǸǫǳǭǴǶ ǨǦǱǫǳǸǳǴǷǸǮ Ὧ ǵǫǶǫǲǳǴ-
ǬǦǫǸǷȅ Ƿ ǸǫǳǭǴǶǴǲ ǨǦǱǫǳǸǳǴǷǸǮ ά, ǸǴ Ǩ ǶǫǭǹǱȂǸǦǸǫ ǸǫǳǭǴǶǳǴǩǴ ǹǲǳǴǬǫǳǮȅ ǵǴǱǹǽǦǫǸǷȅ 
ǸǫǳǭǴǶ ǨǦǱǫǳǸǳǴǷǸǮ Ὧ ά. ǓǦǵǶǮǲǫǶ, ǪǱȅ ǸǫǳǭǴǶǴǨ ὶ ȣ  Ǯ ί ȣ , ǰǴǴǶǪǮǳǦǸȁ ǰǴ-

ǸǴǶȁǻ ȅǨǱȅȄǸǷȅ ǰǴǨǦǶǮǦǳǸǳȁǲǮ ǵǴ ǰǦǬǪǴǲǹ ǮǳǪǫǰǷǹ, ǸǫǳǭǴǶǳǴǫ ǹǲǳǴǬǫǳǮǫ ǴǵǶǫǪǫ-
ǱȅǫǸǷȅ ǷǱǫǪǹȄǿǮǲ ǶǦǨǫǳǷǸǨǴǲ: 

ὸ ȣ ȣ ὶ ȣ ẗί ȣ .  

ǈ ǰǴǴǶǪǮǳǦǸǦǻ ǸǫǳǭǴǶǦ ὸ ǷǳǦǽǦǱǦ ǵǫǶǫǽǮǷǱȅȄǸǷȅ ǮǳǪǫǰǷȁ ǵǫǶǨǴǩǴ ǷǴǲǳǴǬǮǸǫǱȅ 
ὶ, Ǧ ǭǦǸǫǲ ǨǸǴǶǴǩǴ ί. ǋǷǱǮ ǳǫǰǴǸǴǶȁǫ ǮǳǪǫǰǷȁ ǹ ǰǴǴǶǪǮǳǦǸ ǸǫǳǭǴǶǴǨ ὶ Ǯ ί ǶǦǷǵǴǱǴ-
Ǭǫǳȁ ǷǨǫǶǻǹ, ǸǴ Ǯ ǹ ǰǴǴǶǪǮǳǦǸ ǸǫǳǭǴǶǦ ὸ ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǫ ǮǳǪǫǰǷȁ ǶǦǷǵǴǱǴǬǫǳȁ 
ǷǨǫǶǻǹ, ǳǦǵǶǮǲǫǶ: 

ὸ ẗ  ẗ  ẗ 
  

ὶ  ẗ  ẗ
  
ẗί ẗ .  
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ǐǶǦǸǰǴ ǴǵǫǶǦǼǮǮ ǷǱǴǬǫǳǮȅ ǸǫǳǭǴǶǴǨ, ǹǲǳǴǬǫǳǮȅ ǸǫǳǭǴǶǦ ǳǦ ǷǰǦǱȅǶ Ǯ ǸǫǳǭǴǶǳǴǩǴ 
ǹǲǳǴǬǫǳǮȅ ǴǧǴǭǳǦǽǦȄǸ ǸǦǰ: 

ὸ ὶ ί,   ὸ ‗ẗὶ,   ὸ ὶṧί.  
ǕǫǶǫǽǮǷǱǫǳǳȁǫ ǴǵǫǶǦǼǮǮ ǴǧǱǦǪǦȄǸ ǷǱǫǪǹȄǿǮǲǮ ǷǨǴǯǷǸǨǦǲǮ: 

‗ẗὶ ί ‗ẗὶ ‗ẗί,   ‗ ‘ẗὶ ‗ẗὶ ‘ẗὶ,  
ὶ ὶ ṧί ὶṧί ὶṧί,   ὶṧ ί ί ὶṧί ὶṧί,  

‗ẗὶṧί ὶṧ ‗ẗί ‗ẗὶṧί.  
ǔǵǫǶǦǼǮȅ ǷǨȆǶǸǰǮ ǴǵǶǫǪǫǱȅǫǸǷȅ ǪǱȅ ǸǫǳǭǴǶǴǨ ǵǴ ǭǦǪǦǳǳǴǯ ǵǦǶǫ ǮǳǪǫǰǷǴǨ, ǴǪǮǳ 

Ǯǭ ǰǴǸǴǶȁǻ ǨǫǶǻǳǮǯ, Ǧ ǪǶǹǩǴǯ ǳǮǬǳǮǯ. ǘǩȇǷǹǱǧ ǴǭǳǦǽǦǫǸ ǷǹǲǲǮǶǴǨǦǳǮǫ ǨǷǫǻ ǰǴǴǶ-
ǪǮǳǦǸ, ǹ ǰǴǸǴǶȁǻ ǭǦǪǦǳǳȁǫ ǪǨǦ ǮǳǪǫǰǷǦ ǵǶǮǳǮǲǦȄǸ ǴǪǮǳǦǰǴǨȁǫ ǭǳǦǽǫǳǮȅ. ǈ ǶǫǭǹǱȂ-
ǸǦǸǫ ǷǨȆǶǸǰǮ ǵǴǱǹǽǦǫǸǷȅ ǸǫǳǭǴǶ, ǨǦǱǫǳǸǳǴǷǸȂ ǰǴǸǴǶǴǩǴ ǳǦ 2 ǲǫǳȂǾǫ. ǓǦǵǶǮǲǫǶ, ǫǷǱǮ 

ǪǱȅ ǸǫǳǭǴǶǦ ὶ 
ẗ

 ǨȁǵǴǱǳǮǸȂ ǷǨȆǶǸǰǹ ǵǴ ǫǪǮǳǷǸǨǫǳǳǴǯ ǹ ǳǫǩǴ ǵǦǶǫ ǮǳǪǫǰǷǴǨ Ὥ Ǯ Ὦ, ǸǴ ǵǴ-
ǱǹǽǮǸǷȅ ǸǫǳǭǴǶ ǨǦǱǫǳǸǳǴǷǸǮ 0, Ǹ. ǫ. ǷǰǦǱȅǶ: 

ὸ ὶ 
 ẗ ὶ 

 ẗ ὶ 
 ẗ  ȣ ὶ 

 ẗ .  

ǐǴǴǶǪǮǳǦǸȁ ǸǫǳǭǴǶǦ ὶ 
ẗ

 ǨǦǱǫǳǸǳǴǷǸǮ 2 ǲǴǬǳǴ ǭǦǵǮǷǦǸȂ Ǩ ǨǮǪǫ ǲǦǸǶǮǼȁ, Ǯ ǸǴǩǪǦ 

ǷǨȆǶǸǰǦ ǺǦǰǸǮǽǫǷǰǮ ǴǭǳǦǽǦǫǸ ǨȁǽǮǷǱǫǳǮǫ ǷǱǫǪǦ ȃǸǴǯ ǲǦǸǶǮǼȁ. 

Ǘ ǵǴǲǴǿȂȄ ǨǨǫǪȆǳǳȁǻ ǴǵǫǶǦǼǮǯ ǹǲǳǴǬǫǳǮǫ ǲǦǸǶǮǼ ὃ ὥẗ  Ǯ ὄ ὦẗ  ǲǴǬǳǴ 

ǴǵǶǫǪǫǱǮǸȂ ǰǦǰ ǸǫǳǭǴǶǳǴǫ ǹǲǳǴǬǫǳǮǫ ǪǨǹǻ ǸǫǳǭǴǶǴǨ ǨǦǱǫǳǸǳǴǷǸǮ 2 

Ὠẗẗ
ẗ ὥẗẗὦẗ  

Ƿ ǵǴǷǱǫǪǹȄǿǫǯ ǷǨȆǶǸǰǴǯ ǵǴ ǨǸǴǶǴǲǹ Ǯ ǸǶǫǸȂǫǲǹ ǮǳǪǫǰǷǦǲ 

ὧẗ Ὠẗẗ
ẗ

ὥẗẗὦẗ .  

ǍǦǲǫǸǮǲ, ǽǸǴ ǷǨȆǶǸǰǹ ǸǫǳǭǴǶǴǨ ǲǴǬǳǴ ǨȁǵǴǱǳȅǸȂ ǸǴǱȂǰǴ ǵǴ ǴǪǳǴǲǹ ǨǫǶǻǳǫǲǹ Ǯ 
ǴǪǳǴǲǹ ǳǮǬǳǫǲǹ ǮǳǪǫǰǷǹ. ǋǷǱǮ ǨȁǵǴǱǳǮǸȂ ǷǨȆǶǸǰǹ ǸǫǳǭǴǶǦ ǵǴ ǪǨǹǲ ǨǫǶǻǳǮǲ ǮǱǮ ǵǴ 
ǪǨǹǲ ǳǮǬǳǮǲ ǮǳǪǫǰǷǦǲ, ǸǴ Ǩ ǶǫǭǹǱȂǸǦǸǫ ǳǫ ǵǴǱǹǽǮǸǷȅ ǸǫǳǭǴǶ. ǕǴǰǦǬǫǲ ȃǸǴ ǳǦ ǵǶǮ-
ǲǫǶǫ ǷǨȆǶǸǰǮ ǸǫǳǭǴǶǦ ǨǦǱǫǳǸǳǴǷǸǮ 2 ǵǴ ǪǨǹǲ ǳǮǬǳǮǲ ǮǳǪǫǰǷǦǲ: 

ὸӶὶӶ ὧὧὶ ὶ ὸȢ 

ǕǫǶǫǽȆǶǰǳǹǸǴǫ ǶǦǨǫǳǷǸǨǴ ǨȁǵǴǱǳȅǫǸǷȅ ǱǮǾȂ ǵǶǮ ǹǷǱǴǨǮǮ ὧὧ  ǰǴǸǴǶǴǫ Ǩ ,‏

ǲǦǸǶǮǽǳǴǯ ǺǴǶǲǫ ǲǴǬǳǴ ǭǦǵǮǷǦǸȂ ǰǦǰ ὅὅT Ὁ, Ǧ ȃǸǴ ǨǫǶǳǴ ǸǴǱȂǰǴ ǵǶǮ ǵǫǶǫǻǴǪǫ ǴǸ 
ǴǪǳǴǩǴ ǴǶǸǴǳǴǶǲǮǶǴǨǦǳǳǴǩǴ ǧǦǭǮǷǦ ǰ ǪǶǹǩǴǲǹ. 

ǔǵǫǶǦǼǮȅ ǸǶǦǳǷǵǴǳǮǶǴǨǦǳǮȅ ǴǵǶǫǪǫǱȅǫǸǷȅ ǪǱȅ ǸǫǳǭǴǶǴǨ ǵǴ ǭǦǪǦǳǳǴǯ ǵǦǶǫ ǳǮǬ-
ǳǮǻ ǮǳǪǫǰǷǴǨ, ǱǮǧǴ ǵǴ ǵǦǶǫ ǨǫǶǻǳǮǻ. ǙǷǧǴǸǶǵǴǯǷǵǩǧǴǯǬ ǴǭǳǦǽǦǫǸ ǵǫǶǫǲǫǳǹ ǲǫǷǸǦǲǮ 
ǪǨǹǻ ǭǦǪǦǳǳȁǻ ǮǳǪǫǰǷǴǨ ǹ ǰǦǬǪǴǯ ǰǴǴǶǪǮǳǦǸȁ ǸǫǳǭǴǶǦ. ǈ ǶǫǭǹǱȂǸǦǸǫ ǸǶǦǳǷǵǴǳǮǶǴǨǦ-
ǳǮȅ ǵǴǱǹǽǦǫǸǷȅ ǸǫǳǭǴǶ ǸǴǯ Ǭǫ ǨǦǱǫǳǸǳǴǷǸǮ, ǽǸǴ Ǯ ǮǷǻǴǪǳȁǯ. ǓǦǵǶǮǲǫǶ, ǫǷǱǮ ǪǱȅ Ǹǫǳ-

ǭǴǶǦ ὶ ǨȁǵǴǱǳǮǸȂ ǸǶǦǳǷǵǴǳǮǶǴǨǦǳǮǫ ǵǴ ǫǪǮǳǷǸǨǫǳǳǴǯ ǹ ǳǫǩǴ ǵǦǶǫ ǮǳǪǫǰǷǴǨ Ὥ Ǯ Ὦ, ǸǴ 
ǵǴǱǹǽǮǸǷȅ ǸǫǳǭǴǶ ǨǦǱǫǳǸǳǴǷǸǮ 2: 

ὸ ὶ.  

ǐǴǴǶǪǮǳǦǸȁ ǸǫǳǭǴǶǦ ὶ ǨǦǱǫǳǸǳǴǷǸǮ 2 ǲǴǬǳǴ ǭǦǵǮǷǦǸȂ Ǩ ǨǮǪǫ ǲǦǸǶǮǼȁ, Ǯ ǸǴǩǪǦ 

ǸǶǦǳǷǵǴǳǮǶǴǨǦǳǮǫ ǸǫǳǭǴǶǦ ǺǦǰǸǮǽǫǷǰǮ ǴǭǳǦǽǦǫǸ ǸǶǦǳǷǵǴǳǮǶǴǨǦǳǮǫ ȃǸǴǯ ǲǦǸǶǮǼȁ. 
ǍǦǲǫǸǮǲ, ǽǸǴ ǸǶǦǳǷǵǴǳǮǶǴǨǦǳǮǫ ǸǫǳǭǴǶǴǨ ǲǴǬǳǴ ǨȁǵǴǱǳȅǸȂ ǸǴǱȂǰǴ ǵǴ ǵǦǶǫ ǨǫǶǻ-

ǳǮǻ, ǱǮǧǴ ǵǴ ǵǦǶǫ ǳǮǬǳǮǻ ǮǳǪǫǰǷǴǨ. ǋǷǱǮ ǨȁǵǴǱǳǮǸȂ ǸǶǦǳǷǵǴǳǮǶǴǨǦǳǮǫ ǸǫǳǭǴǶǦ ǵǴ 
ǵǦǶǫ ǮǳǪǫǰǷǴǨ, ǴǪǮǳ Ǯǭ ǰǴǸǴǶȁǻ ǨǫǶǻǳǮǯ, Ǧ ǪǶǹǩǴǯ ǳǮǬǳǮǯ, ǸǴ Ǩ ǶǫǭǹǱȂǸǦǸǫ ǳǫ ǵǴǱǹ-

ǽǮǸǷȅ ǸǫǳǭǴǶ. ǕǴǰǦǬǫǲ ȃǸǴ ǳǦ ǵǶǮǲǫǶǫ ǸǶǦǳǷǵǴǳǮǶǴǨǦǳǮȅ ǸǫǳǭǴǶǦ ὶ 
ẗ

 ǨǦǱǫǳǸǳǴǷǸǮ 2: 

ὸӶ 
 ẗ ὶӶ 

 ẗ ὧὧӶὶ 
 ẗ ὧὧӶὸ 

 ẗ 
ὧὧӶὸ 

 ẗ 
Ȣ 

ǕǴǷǱǫǪǳǫǫ ǶǦǨǫǳǷǸǨǴ ǵǫǶǫǽȆǶǰǳǹǸǴ, ǵǴǷǰǴǱȂǰǹ ǴǳǴ ǨȁǵǴǱǳȅǫǸǷȅ ǱǮǾȂ ǵǶǮ ǹǷǱǴ-

ǨǮǮ, ǽǸǴ ὧӶ ὧ Ǯ ὧ ὧӶ. ǔǧǦ ǶǦǨǫǳǷǸǨǦ Ǩ ǲǦǸǶǮǽǳǴǯ ǺǴǶǲǫ ǨȁǩǱȅǪȅǸ ǴǪǮǳǦǰǴǨǴ: 

ὅ ὅT, Ǧ ȃǸǴ ǨǫǶǳǴ ǸǴǱȂǰǴ ǵǶǮ ǵǫǶǫǻǴǪǫ ǴǸ ǴǪǳǴǩǴ ǴǶǸǴǳǴǶǲǮǶǴǨǦǳǳǴǩǴ ǧǦǭǮǷǦ ǰ 
ǪǶǹǩǴǲǹ. 

ǔǵǶǫǪǫǱǮǲ ǸǫǵǫǶȂ ǵǴǳȅǸǮȅ ǴǶǸǴǩǴǳǦǱȂǳǴǩǴ ǸǫǳǭǴǶǦ Ǯ ǵǷǫǨǪǴǸǫǳǭǴǶǦ. 
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ǕǷǹǵǪǵǴǧǲȃǴȂǳ ǹǬǴǮǵǷǵǳ ὸ ǩǧǲǬǴǹǴǵǸǹǯ ά Ǩ ǫǨǰǱǮǪǴǨǴǲ ǵǶǴǷǸǶǦǳǷǸǨǫ ὠ 
ǳǦǭȁǨǦǫǸǷȅ ǴǧȀǫǰǸ, ǰǴǸǴǶȁǯ Ǩ ǰǦǬǪǴǲ ǴǶǸǴǳǴǶǲǮǶǴǨǦǳǳǴǲ ǧǦǭǮǷǫ ǮǲǫǫǸ ǹǵǴǶȅǪǴǽǫǳ-
ǳȁǯ ǳǦǧǴǶ Ǯǭ ὲ  ǰǴǴǶǪǮǳǦǸ, ǵǶǮǽȆǲ ǰǴǴǶǪǮǳǦǸȁ Ǩ ǶǦǭǳȁǻ ǴǶǸǴǳǴǶǲǮǶǴǨǦǳǳȁǻ ǧǦǭǮ-
ǷǦǻ ǷǨȅǭǦǳȁ ǸǫǳǭǴǶǳȁǲ ǵǶǫǴǧǶǦǭǴǨǦǳǮǫǲ. 

ǕǴǷǰǴǱȂǰǹ ǲǦǸǶǮǼǦ ǉǶǦǲǦ ǴǶǸǴǳǴǶǲǮǶǴǨǦǳǳǴǩǴ ǧǦǭǮǷǦ ȅǨǱȅǫǸǷȅ ǫǪǮǳǮǽǳǴǯ, ǺǴǶ-
ǲǹǱȁ ǵǴǪǳȅǸǮȅ Ǯ ǴǵǹǷǰǦǳǮȅ ǮǳǪǫǰǷǴǨ ǷǸǦǳǴǨȅǸǷȅ ǸǶǮǨǮǦǱȂǳȁǲǮ, Ǹ. ǫ. ǰǴǴǶǪǮǳǦǸȁ, 
ǴǸǱǮǽǦȄǿǮǫǷȅ ǸǴǱȂǰǴ ǶǦǷǵǴǱǴǬǫǳǮǫǲ ǮǳǪǫǰǷǴǨ, ǷǴǨǵǦǪǦȄǸ. ǗǴǴǸǨǫǸǷǸǨǫǳǳǴ Ǯ 
ǷǨȆǶǸǰǹ ǪǱȅ ǴǶǸǴǩǴǳǦǱȂǳȁǻ ǸǫǳǭǴǶǴǨ ǲǴǬǳǴ ǨȁǵǴǱǳȅǸȂ ǵǴ ǪǨǹǲ ǨǫǶǻǳǮǲ ǮǱǮ ǵǴ ǪǨǹǲ 
ǳǮǬǳǮǲ ǮǳǪǫǰǷǦǲ Ǯ ǵǴǱǹǽǦǸȂ Ǩ ǶǫǭǹǱȂǸǦǸǫ ǴǶǸǴǩǴǳǦǱȂǳȁǯ ǸǫǳǭǴǶ. ǘǴǽǳǴ ǸǦǰ Ǭǫ Ǯ 
ǸǶǦǳǷǵǴǳǮǶǴǨǦǸȂ ǴǶǸǴǩǴǳǦǱȂǳȁǫ ǸǫǳǭǴǶȁ ǲǴǬǳǴ ǵǴ ǱȄǧǴǯ ǵǦǶǫ ǮǳǪǫǰǷǴǨ ǳǫǭǦǨǮǷǮǲǴ 
ǴǸ Ǯǻ ǶǦǷǵǴǱǴǬǫǳǮȅ. 

ǖǸǬǩǫǵǹǬǴǮǵǷǵǳ ὸ ǩǧǲǬǴǹǴǵǸǹǯ ά Ǯ ǩǬǸǧ ὺ Ǩ ǫǨǰǱǮǪǴǨǴǲ ǵǶǴǷǸǶǦǳǷǸǨǫ ὠ 
ǳǦǭȁǨǦǫǸǷȅ ǴǧȀǫǰǸ, ǰǴǸǴǶȁǯ Ǩ ǰǦǬǪǴǲ ǧǦǭǮǷǫ ǮǲǫǫǸ ǹǵǴǶȅǪǴǽǫǳǳȁǯ ǳǦǧǴǶ Ǯǭ ὲ  ǰǴ-
ǴǶǪǮǳǦǸ, ǵǶǮǽȆǲ ǰǴǴǶǪǮǳǦǸȁ Ǩ ǶǦǭǳȁǻ ǧǦǭǮǷǦǻ ǷǨȅǭǦǳȁ ǷǱǫǪǹȄǿǮǲ ǶǦǨǫǳǷǸǨǴǲ: 

ὪӶȣ  ȣ
           ȣ  ȣ ὧȣὧȣὧӶȣὪȣ  ȣ

          ȣ  ȣ
,  

ǩǪǫ ὧ ȿὅȿ ð ǴǵǶǫǪǫǱǮǸǫǱȂ ǲǦǸǶǮǼȁ ǵǫǶǫǻǴǪǦ ὅ ὧ .  

ǚǴǶǲǹǱǦ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ ǰǴǴǶǪǮǳǦǸ ǵǷǫǨǪǴǸǫǳǭǴǶǦ ǴǸǱǮǽǦǫǸǷȅ ǴǸ ǴǧȁǽǳǴǩǴ Ǹǫǳ-
ǭǴǶǳǴǩǴ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ ǰǴǴǶǪǮǳǦǸ ǲǳǴǬǮǸǫǱǫǲ ὧ. ǘǦǰ ǽǸǴ ǵǷǫǨǪǴǸǫǳǭǴǶȁ ǨǫǷǦ 0 
ǵǶǫǪǷǸǦǨǱȅȄǸ ǷǴǧǴǯ Ǵǧȁǽǳȁǫ ǸǫǳǭǴǶȁ. 

ǔǵǶǫǪǫǱǮǸǫǱȂ ǲǦǸǶǮǼȁ ǉǶǦǲǦ Ὃ ȅǨǱȅǫǸǷȅ ǵǷǫǨǪǴǸǫǳǭǴǶǴǲ ǨǦǱǫǳǸǳǴǷǸǮ 0 Ǯ ǨǫǷǦ 
2. ǈ ǷǦǲǴǲ ǪǫǱǫ, ǵǶǮ ǵǫǶǫǻǴǪǫ ǰ ǪǶǹǩǴǲǹ ǧǦǭǮǷǹ ǲǦǸǶǮǼǦ ǉǶǦǲǦ ǵǶǫǴǧǶǦǭǹǫǸǷȅ ǵǴ 

ǵǶǦǨǮǱǹ ὋӶ ὅTὋὅ, ǷǱǫǪǴǨǦǸǫǱȂǳǴ, ȿὋӶȿ ȿὅȿẗȿὋȿ.  
ǕǹǷǸȂ ǭǦǪǦǳȁ ά ǨǫǰǸǴǶǴǨ ὼᴆ, ὼᴆ, é, ὼᴆ . ǖǵǲǯǩǬǱǹǵǷǵǳ ǸǹǬǶǬǴǯ ά (ǮǱǮ ά-ǩǬǱ-

ǹǵǷǵǳ) ǳǦǭȁǨǦǫǸǷȅ ǸǫǳǭǴǶ 

ὼᴆ ὼ᷈ᴆ ȣ᷈ ὼ᷈ᴆ ρȿȿẗὼᴆ ṧὼᴆ ṧȣṧὼᴆ  ȟ 

ǩǪǫ ǷǹǲǲǮǶǴǨǦǳǮǫ ǨȁǵǴǱǳȅǫǸǷȅ ǵǴ ǨǷǫǲ ǵǫǶǫǷǸǦǳǴǨǰǦǲ „ Ǯǭ ά ȃǱǫǲǫǳǸǴǨ, Ǧ ȿ„ȿ 
ð ǽǮǷǱǴ ǮǳǨǫǶǷǮǯ Ǩ ǵǫǶǫǷǸǦǳǴǨǰǫ „.  

ǕǴǱǮǨǫǰǸǴǶȁ ǷǸǫǵǫǳǮ 1 ð ȃǸǴ ǵǶǴǷǸǴ Ǵǧȁǽǳȁǫ ǨǫǰǸǴǶȁ. ǊǱȅ ǵǴǱǮǨǫǰǸǴǶǴǨ ǷǸǫǵǫ-
ǳǫǯ 2 Ǯ 3 ǭǦǵǮǾǫǲ ǵǴǪǶǴǧǳȁǫ ǺǴǶǲǹǱȁ: 

ὼᴆ ὼ᷈ᴆ ὼᴆṧὼᴆ ὼᴆṧὼᴆ,  

ὼᴆ ὼ᷈ᴆ ὼ᷈ᴆ ὼᴆṧὼᴆṧὼᴆ ὼᴆṧὼᴆṧὼᴆ ὼᴆṧὼᴆṧὼᴆ  
 ὼᴆṧὼᴆṧὼᴆ ὼᴆṧὼᴆṧὼᴆ ὼᴆṧὼᴆṧὼᴆ.  

ǕǴ ǴǵǶǫǪǫǱǫǳǮȄ ǸǦǰǬǫ ǵǴǱǴǬǮǲ, ǽǸǴ ǵǴǱǮǨǫǰǸǴǶȁ ǷǸǫǵǫǳǮ 0 ð ȃǸǴ ǷǰǦǱȅǶȁ. 
ǕǴǱǮǨǫǰǸǴǶ ὼᴆ ὼ᷈ᴆ ȣ᷈ ὼ᷈ᴆ  ǸǦǰǬǫ ǳǦǭȁǨǦǫǸǷȅ ǩǴǬǿǴǯǳ ǶǷǵǯǮǩǬǫǬǴǯǬǳ ǨǫǰǸǴ-

ǶǴǨ ὼᴆ, ὼᴆ, é, ὼᴆ .  
ǖǦǭǱǴǬǮǲ ǰǦǬǪȁǯ Ǯǭ ǨǫǰǸǴǶǴǨ ὼᴆ, ὼᴆ, é, ὼᴆ  ǵǴ ǧǦǭǮǷǹ Ὡᴆ, Ὡᴆ, é, Ὡᴆ. ǘǴǩǪǦ 

ὼᴆ ὼ᷈ᴆ ȣ᷈ ὼ᷈ᴆ ρȿȿẗὼ Ὡᴆṧὼ Ὡᴆṧȣṧὼ Ὡᴆ  

ρȿȿẗὼ ὼ ȣὼ ẗὩᴆṧὩᴆṧȣṧὩᴆ  

 

ὼ ὼ ȣ ὼ

ὼ ὼ ȣ ὼ
ể  Ệ ể

ὼ ὼ ȣ ὼ

 ẗὩᴆṧὩᴆṧȣṧὩᴆ  Ȣ 
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ǔǧǴǭǳǦǽǮǲ 

ὢ ȣ  

ὼ ὼ ȣ ὼ

ὼ ὼ ȣ ὼ
ể  Ệ ể

ὼ ὼ ȣ ὼ

 .  

ǘǦǰǮǲ ǴǧǶǦǭǴǲ, 

ὼᴆ ὼ᷈ᴆ ȣ᷈ ὼ᷈ᴆ ὢ ȣ ẗὩᴆṧὩᴆṧȣṧὩᴆ .  

ǍǪǫǷȂ ǨȁǵǴǱǳȅǫǸǷȅ ǷǹǲǲǮǶǴǨǦǳǮǫ ǵǴ ǨǷǫǲ ǭǳǦǽǫǳǮȅǲ ǮǳǪǫǰǷǴǨ Ὥ, Ὥ, é, Ὥ.  

ǝǮǷǱǦ ὢ ȣ  ǳǦǭȁǨǦȄǸǷȅ ǱǵǵǷǫǯǴǧǹǧǳǯ ǵǴǱǮǨǫǰǸǴǶǦ ὼᴆ ὼ᷈ᴆ ȣ᷈ ὼ᷈ᴆ  Ǯ ǵǶǫǪ-
ǷǸǦǨǱȅȄǸ ǷǴǧǴǯ ǴǧǴǧǿȆǳǳȁǫ ǲǮǳǴǶȁ ǲǦǸǶǮǼȁ, ǷǴǷǸǦǨǱǫǳǳǴǯ Ǯǭ ǰǴǴǶǪǮǳǦǸ ǨǫǰǸǴǶǴǨ 
ὼᴆ, ὼᴆ, é, ὼᴆ :  

 

ὼ ὼ ȣ ὼ

ὼ ὼ ȣ ὼ
ể  Ệ ể
ὼ ὼ ȣ ὼ

 .  

ǘǦǰ ǰǦǰ ǵǶǮ ǵǫǶǫǲǫǳǫ ǲǫǷǸǦǲǮ ǪǨǹǻ ǷǸǶǴǰ ǴǵǶǫǪǫǱǮǸǫǱȅ, Ǵǳ ǲǫǳȅǫǸ ǭǳǦǰ, ǸǴ 

ǷǶǫǪǮ ǰǴǴǶǪǮǳǦǸ ὢ ȣ  ǷǹǿǫǷǸǨǫǳǳȁǲǮ ȅǨǱȅȄǸǷȅ ǱǮǾȂ Ǹǫ, ǹ ǰǴǸǴǶȁǻ ǨǷǫ ǮǳǪǫǰǷȁ 
Ὥ, Ὥ, é, Ὥ ǶǦǭǱǮǽǳȁ Ǯ ǶǦǷǵǴǱǴǬǫǳȁ Ǩ ǨǴǭǶǦǷǸǦȄǿǫǲ ǵǴǶȅǪǰǫ (Ὥ Ὥ Ễ Ὥ). ǈǷǫ 
ǴǷǸǦǱȂǳȁǫ ǰǴǴǶǪǮǳǦǸȁ ǱǮǧǴ ǶǦǨǳȁ ǳǹǱȄ (Ǹǫ, ǹ ǰǴǸǴǶȁǻ ǱȄǧȁǫ ǪǨǦ ǮǳǪǫǰǷǦ ǷǴǨǵǦ-
ǪǦȄǸ), ǱǮǧǴ ǴǸǱǮǽǦȄǸǷȅ ǴǸ ǷǹǿǫǷǸǨǫǳǳȁǻ ǭǳǦǰǴǲ: 

ὢ ȣ ρȿȿẗὢ ȣ .  
ǕǴȃǸǴǲǹ Ƿǹǲǲǹ ǵǴ ǨǷǫǲ ǭǳǦǽǫǳǮȅǲ ǮǳǪǫǰǷǴǨ Ὥ, Ὥ, é, Ὥ ǲǴǬǳǴ ǵǶǫǪǷǸǦǨǮǸȂ Ǩ 

ǨǮǪǫ ǪǨǹǻ ǨǱǴǬǫǳǳȁǻ Ƿǹǲǲ. ǈǳǫǾǳȅȅ ǷǹǲǲǦ ǧǹǪǫǸ ǵǴ ǨǷǫǲ ǨǴǭǶǦǷǸǦȄǿǮǲ ǭǳǦǽǫǳǮȅǲ 
ǮǳǪǫǰǷǴǨ (Ὥ Ὥ Ễ Ὥ), Ǧ ǨǳǹǸǶǫǳǳȅȅ ǷǹǲǲǦ ǵǴ ǨǷǫǲ ǵǫǶǫǷǸǦǳǴǨǰǦǲ „ ǮǳǪǫǰǷǴǨ: 

ὼᴆ ὼ᷈ᴆ ȣ᷈ ὼ᷈ᴆ ὢ ȣ ẗὩᴆṧὩᴆṧȣṧὩᴆ

ȟȟȣȟ

 

ὢ ȣ ẗὩᴆ ṧὩᴆ ṧȣṧὩᴆ

 ȣ 

 

ὢ ȣ ρȿȿẗὩᴆ ṧὩᴆ ṧȣṧὩᴆ

 ȣ 

 

ὢ ȣ ẗὩᴆ Ὡ᷈ᴆ ȣ᷈ Ὡ᷈ᴆ

 ȣ 

 Ȣ 

 
ǕǹǷǸȂ ǸǫǵǫǶȂ ǨǫǰǸǴǶȁ ὼᴆ, ὼᴆ, é, ὼᴆ  ǱǮǳǫǯǳǴ ǳǫǭǦǨǮǷǮǲȁ. ǖǦǷǷǲǴǸǶǮǲ ǵǴǶǴǬǪǦ-

ǫǲǴǫ ǮǲǮ ά-ǲǫǶǳǴǫ ǵǴǪǵǶǴǷǸǶǦǳǷǸǨǴ ὡ. ǈȁǧǫǶǫǲ ǧǦǭǮǷ Ὡᴆ, Ὡᴆ, é, Ὡᴆ ǸǦǰ, ǽǸǴǧȁ ǵǫǶ-
Ǩȁǫ ά ǨǫǰǸǴǶǴǨ Ὡᴆ, Ὡᴆ, é, Ὡᴆ ǴǧǶǦǭǴǨȁǨǦǱǮ ǧǦǭǮǷ ǵǴǪǵǶǴǷǸǶǦǳǷǸǨǦ ὡ. ǘǴǩǪǦ ǹ ǨǫǰǸǴ-
ǶǴǨ ὼᴆ, ὼᴆ, é, ὼᴆ  ǨǷǫ ǰǴǴǶǪǮǳǦǸȁ, ǳǦǽǮǳǦȅ Ƿ ά ρ-ǯ, ǶǦǨǳȁ ǳǹǱȄ, Ǧ ǭǳǦǽǮǸ, ǹ ǵǴǱǮ-

ǨǫǰǸǴǶǦ ὼᴆ ὼ᷈ᴆ ȣ᷈ ὼ᷈ᴆ ǶǦǨǳȁ ǳǹǱȄ ǨǷǫ ǰǴǴǶǪǮǳǦǸȁ, ǰǶǴǲǫ ὢ  ȣ , ǸǦǰ ǰǦǰ ǮǳǦǽǫ ǷǴ-
ǴǸǨǫǸǷǸǨǹȄǿǮǯ ǴǵǶǫǪǫǱǮǸǫǱȂ ǧǹǪǫǸ ǮǲǫǸȂ ǳǹǱǫǨǹȄ ǷǸǶǴǰǹ. ǕǴǱǹǽǦǫǲ: 

ὼᴆ ὼ᷈ᴆ ȣ᷈ ὼ᷈ᴆ ὢ  ȣ ẗὩᴆ Ὡ᷈ᴆ ȣ᷈ Ὡ᷈ᴆ.  

ǍǦǲǫǸǮǲ, ǽǸǴ ὢ  ȣ π, ǸǦǰ ǰǦǰ ǨǫǰǸǴǶȁ ὼᴆ, ὼᴆ, é, ὼᴆ  ǱǮǳǫǯǳǴ ǳǫǭǦǨǮǷǮǲȁ. 

ǕǶǮ ǺǮǰǷǮǶǴǨǦǳǳǴǲ ǧǦǭǮǷǫ ǽǮǷǱǴ ὢ  ȣ  ǵǴǱǳǴǷǸȂȄ ǴǵǶǫǪǫǱȅǫǸ ǵǴǱǮǨǫǰǸǴǶ ὼᴆ᷈
ὼᴆ ȣ᷈ ὼ᷈ᴆ. ǣǸǴ ǽǮǷǱǴ ǹǰǦǭȁǨǦǫǸ ǳǦ ά-ǲǫǶǳȁǯ ǴǧȀȆǲ ǵǦǶǦǱǱǫǱǫǵǮǵǫǪǦ, ǵǴǷǸǶǴǫǳǳǴǩǴ 
ǳǦ ǨǫǰǸǴǶǦǻ ὼᴆ, ὼᴆ, é, ὼᴆ, Ǯ ǳǦ ǴǶǮǫǳǸǦǼǮȄ ȃǸǮǻ ǨǫǰǸǴǶǴǨ (ǷǴǨǵǦǪǦǫǸ ǱǮ ǴǳǦ Ƿ ǴǶǮǫǳ-
ǸǦǼǮǫǯ ǧǦǭǮǷǳȁǻ ǨǫǰǸǴǶǴǨ Ὡᴆ, Ὡᴆ, é, Ὡᴆ). ǕǴȃǸǴǲǹ ǫǷǱǮ ǨǭȅǸȂ ǪǶǹǩǴǯ ǳǦǧǴǶ ǨǫǰǸǴǶǴǨ 
ώᴆ, ώᴆ, é, ώᴆ, ǵǶǮǳǦǪǱǫǬǦǿǮǻ ǵǴǪǵǶǴǷǸǶǦǳǷǸǨǹ ὡ, ǴǧǶǦǭǹȄǿǮǻ ά-ǲǫǶǳȁǯ ǵǦǶǦǱǱǫ-
ǱǫǵǮǵǫǪ ǸǴǩǴ Ǭǫ ǴǧȀȆǲǦ Ǯ ǮǲǫȄǿǮǻ Ǹǹ Ǭǫ ǴǶǮǫǳǸǦǼǮȄ, ǸǴ 

ώᴆ ώ᷈ᴆ ȣ᷈ ώ᷈ᴆ ὼᴆ ὼ᷈ᴆ ȣ᷈ ὼ᷈ᴆ.  
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ǋǷǱǮ Ǭǫ ǴǧȀȆǲ ǮǱǮ ǴǶǮǫǳǸǦǼǮȅ ǳǫ ǷǴǨǵǦǪǦȄǸ (ǶǦǭǱǮǽǦȄǸǷȅ Ǩ Ὧ ǶǦǭ), ǸǴ 
ώᴆ ώ᷈ᴆ ȣ᷈ ώ᷈ᴆ Ὧẗὼᴆ ὼ᷈ᴆ ȣ᷈ ὼ᷈ᴆȟ     ǩǪǫ   Ὧᶰὖ.  

 
ǘǦǰ ǽǸǴ ǵǴǪǵǶǴǷǸǶǦǳǷǸǨǹ ὡ ǴǪǳǴǭǳǦǽǳǴ (Ƿ ǸǴǽǳǴǷǸȂȄ ǪǴ ǵǶǴǵǴǶǼǮǴǳǦǱȂǳǴǷǸǮ) 

ǷǴǴǸǨǫǸǷǸǨǹǫǸ ǵǴǱǮǨǫǰǸǴǶ ὼᴆ ὼ᷈ᴆ ȣ᷈ ὼ᷈ᴆ, ǷǴǷǸǴȅǿǮǯ Ǯǭ ǨǫǰǸǴǶǴǨ, ǵǴǶǴǬǪǦȄǿǮǻ ǵǴǪ-
ǵǶǴǷǸǶǦǳǷǸǨǴ ὡ. ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ά-ǲǫǶǳȁǫ ǵǴǪǵǶǴǷǸǶǦǳǷǸǨǦ ǲǴǬǳǴ ǴǸǴǬǪǫǷǸǨǮǸȂ Ƿ 
ǰǱǦǷǷǦǲǮ ǵǶǴǵǴǶǼǮǴǳǦǱȂǳȁǻ ǳǫǳǹǱǫǨȁǻ ǵǴǱǮǨǫǰǸǴǶǴǨ ǷǸǫǵǫǳǮ ά. ǐǴǴǶǪǮǳǦǸȁ ǵǶǴ-
ǵǴǶǼǮǴǳǦǱȂǳȁǻ ǵǴǱǮǨǫǰǸǴǶǴǨ, ǴǽǫǨǮǪǳǴ, ǵǶǴǵǴǶǼǮǴǳǦǱȂǳȁ Ǯ ǳǦǭȁǨǦȄǸǷȅ ǶǲȅǱǱǬǷǵ-
ǩȂǳǯ ǱǵǵǷǫǯǴǧǹǧǳǯ ǷǴǴǸǨǫǸǷǸǨǹȄǿǫǩǴ ǵǴǪǵǶǴǷǸǶǦǳǷǸǨǦ. ǕǱȄǰǰǫǶǴǨȁ ǰǴǴǶǪǮǳǦǸȁ 
ǴǵǶǫǪǫǱȅȄǸǷȅ Ƿ ǸǴǽǳǴǷǸȂȄ ǪǴ ǵǶǴǵǴǶǼǮǴǳǦǱȂǳǴǷǸǮ. 

ǘǫǳǭǴǶ ὃ ǨǦǱǫǳǸǳǴǷǸǮ ά ǳǦǭȁǨǦǫǸǷȅ ǱǵǸǵǸǯǳǳǬǹǷǯǾǬǸǱǯǳ, ǫǷǱǮ ǫǩǴ ǰǴǳǸǶǦǨǦ-
ǶǮǦǳǸǳȁǫ ǵǴ ǨǷǫǲ ǮǳǪǫǰǷǦǲ ǰǴǴǶǪǮǳǦǸȁ ǲǫǳȅȄǸ ǭǳǦǰ ǵǶǮ ǵǫǶǫǲǫǳǫ ǲǫǷǸǦǲǮ ǱȄǧȁǻ 
ǪǨǹǻ ǮǳǪǫǰǷǴǨ: 

ὃ ȣ ρȿȿẗὃ ȣ Ȣ 
 

ǔǸǷȄǪǦ, Ǩ ǽǦǷǸǳǴǷǸǮ, ǷǱǫǪǹǫǸ, ǽǸǴ ǷǶǫǪǮ ǰǴǴǶǪǮǳǦǸ ὃ ȣ  ǷǹǿǫǷǸǨǫǳǳȁǲǮ ȅǨǱȅ-
ȄǸǷȅ ǱǮǾȂ Ǹǫ, ǹ ǰǴǸǴǶȁǻ ǨǷǫ ǮǳǪǫǰǷȁ Ὥ, Ὥ, é, Ὥ ǶǦǭǱǮǽǳȁ Ǯ ǶǦǷǵǴǱǴǬǫǳȁ Ǩ ǨǴǭǶǦǷǸǦȄ-

ǿǫǲ ǵǴǶȅǪǰǫ (Ὥ Ὥ Ễ Ὥ). ǈǷǫ ǴǷǸǦǱȂǳȁǫ ǰǴǴǶǪǮǳǦǸȁ ǱǮǧǴ ǶǦǨǳȁ ǳǹǱȄ (Ǹǫ, ǹ ǰǴǸǴ-
Ƕȁǻ ǱȄǧȁǫ ǪǨǦ ǮǳǪǫǰǷǦ ǷǴǨǵǦǪǦȄǸ), ǱǮǧǴ ǴǸǱǮǽǦȄǸǷȅ ǴǸ ǷǹǿǫǷǸǨǫǳǳȁǻ ǭǳǦǰǴǲ. 

ǐǦǬǪȁǯ ǰǴǷǴǷǮǲǲǫǸǶǮǽǫǷǰǮǯ ǸǫǳǭǴǶ ǲǴǬǫǸ ǧȁǸȂ ǶǦǭǱǴǬǫǳ Ǩ ǱǮǳǫǯǳǹȄ ǰǴǲǧǮ-
ǳǦǼǮȄ ǧǦǭǮǷǳȁǻ ǵǴǱǮǨǫǰǸǴǶǴǨ: 

ὃ ὃ ȣ ẗὩᴆṧὩᴆṧȣṧὩᴆ

ȟȟȣȟ

 

ὃ ȣ ẗὩᴆ ṧὩᴆ ṧȣṧὩᴆ

 ȣ 

 

ὃ ȣ ρȿȿẗὩᴆ ṧὩᴆ ṧȣṧὩᴆ

 ȣ 

 

ὃ ȣ ẗὩᴆ Ὡ᷈ᴆ ȣ᷈ Ὡ᷈ᴆ

 ȣ 

 Ȣ 

ǈǷȅǰǮǯ ǵǴǱǮǨǫǰǸǴǶ ȅǨǱȅǫǸǷȅ ǰǴǷǴǷǮǲǲǫǸǶǮǽǫǷǰǮǲ ǸǫǳǭǴǶǴǲ, ǴǪǳǦǰǴ, ǴǧǶǦǸǳǴǫ 
ǳǫǨǫǶǳǴ. ǕǴǰǦǬǫǲ, ǽǸǴ ǰǴǷǴǷǮǲǲǫǸǶǮǽǫǷǰǮǯ ǸǫǳǭǴǶ ὃ Ὡᴆ Ὡ᷈ᴆ Ὡᴆ Ὡ᷈ᴆ Ǩ 4-ǲǫǶǳǴǲ 

ǵǶǴǷǸǶǦǳǷǸǨǫ ǳǫ ȅǨǱȅǫǸǷȅ ǵǴǱǮǨǫǰǸǴǶǴǲ. ǈ ǷǦǲǴǲ ǪǫǱǫ, Ǯǲǫǫǲ ὃ ὃ ρ Ǯ ὃ
ὃ ὃ ὃ π. ǕǶǫǪǵǴǱǴǬǮǲ, ǽǸǴ ὃ ὼᴆ᷈ ώᴆ. ǘǴǩǪǦ, ǹǽǮǸȁǨǦȅ, ǽǸǴ ǰǴǴǶǪǮǳǦǸȁ 
ǵǴǱǮǨǫǰǸǴǶǦ ð ȃǸǴ ǴǧǴǧǿȆǳǳȁǫ ǲǮǳǴǶȁ ǲǦǸǶǮǼȁ, ǷǴǷǸǦǨǱǫǳǳǴǯ Ǯǭ ǰǴǴǶǪǮǳǦǸ ǨǫǰǸǴ-
ǶǴǨ, ǵǴǱǹǽǦǫǲ ǷǱǫǪǹȄǿǮǫ ǶǦǨǫǳǷǸǨǦ: 

 
ὼ ώ

ὼ ώ
  

ὼ ώ

ὼ ώ
 ρ,    

ὼ ώ

ὼ ώ
  

ὼ ώ

ὼ ώ
  

ὼ ώ

ὼ ώ
  

ὼ ώ

ὼ ώ
 π,  

ǳǴ ȃǸǮ ǶǦǨǫǳǷǸǨǦ, ǴǽǫǨǮǪǳǴ, ǳǫ ǲǴǩǹǸ ǨȁǵǴǱǳȅǸȂǷȅ ǴǪǳǴǨǶǫǲǫǳǳǴ. 
 

ǍǦǰǱȄǽǫǳǮǫ 
 
ǈ ǪǦǳǳǴǯ ǷǸǦǸȂǫ ǶǦǷǷǲǴǸǶǫǳȁ ǴǵǶǫǪǫǱǫǳǮȅ ǳǫǰǴǸǴǶȁǻ ǵǴǳȅǸǮǯ ǸǫǳǭǴǶǳǴǩǴ ǮǷ-

ǽǮǷǱǫǳǮȅ ǸǦǰǮǻ, ǰǦǰ ǱǮǳǫǯǳȁǯ, ǧǮǱǮǳǫǯǳȁǯ Ǯ ǵǴǱǮǱǮǳǫǯǳȁǯ ǺǹǳǰǼǮǴǳǦǱ, ǸǫǳǭǴǶ, 
ǴǶǸǴǩǴǳǦǱȂǳȁǯ ǸǫǳǭǴǶ Ǯ ǵǷǫǨǪǴǸǫǳǭǴǶ, ǵǴǱǮǨǫǰǸǴǶ Ǯ ǰǴǷǴǷǮǲǲǫǸǶǮǽǫǷǰǮǯ ǸǫǳǭǴǶ. 
ǊǱȅ ǰǦǬǪǴǩǴ ǵǴǳȅǸǮȅ ǹǰǦǭǦǳǴ ǴǵǶǫǪǫǱǫǳǮǫ Ǯ ǴǷǳǴǨǳȁǫ ǺǦǰǸȁ Ǯ ǺǴǶǲǹǱȁ. ǐǶǦǸǰǴ ǶǦǷ-
ǷǲǴǸǶǫǳȁ ǦǱǩǫǧǶǦǮǽǫǷǰǮǫ ǴǵǫǶǦǼǮǮ ǳǦǪ ǸǫǳǭǴǶǦǲǮ. ǕǶǮ ȃǸǴǲ ǶǫǽȂ ǮǪȆǸ ǸǴǱȂǰǴ Ǵ ǫǨ-
ǰǱǮǪǴǨǴǲ ǵǶǴǷǸǶǦǳǷǸǨǫ, Ǩ ǰǴǸǴǶǴǲ ǲǴǬǳǴ ǫǷǸǫǷǸǨǫǳǳȁǲ ǴǧǶǦǭǴǲ ǵǫǶǫǻǴǪǮǸȂ ǴǸ ǰǴǳ-
ǸǶǦǨǦǶǮǦǳǸǳȁǻ ǰǴǴǶǪǮǳǦǸ ǰ ǰǴǨǦǶǮǦǳǸǳȁǲ Ǯ ǴǧǶǦǸǳǴ. ǕǴǪǴǧǳȁǯ ǵǴǪǻǴǪ ǧǹǪǫǸ ǵǴǱǫǭǫǳ 



 
44 Modern European Researches No 3 (ǘ.1) / 202 2 

ǵǶǮ ǮǭǹǽǫǳǮǮ ǸǫǳǭǴǶǳǴǩǴ ǮǷǽǮǷǱǫǳǮȅ ǷǸǹǪǫǳǸǦǲǮ ǸǫǻǳǮǽǫǷǰǮǻ ǷǵǫǼǮǦǱȂǳǴǷǸǫǯ, ǰǴǸǴ-
Ƕȁǲ ǳǫ ǳǹǬǳȁ ǴǧǷǸǴȅǸǫǱȂǳȁǫ ǲǦǸǫǲǦǸǮǽǫǷǰǮǫ ǪǴǰǦǭǦǸǫǱȂǷǸǨǦ, ǳǴ ǨǦǬǳǴ ǹǲǫǸȂ ǵǶǦ-
ǨǮǱȂǳǴ ǵǴǳǮǲǦǸȂ ǺǴǶǲǹǱȁ Ƿ ǮǷǵǴǱȂǭǴǨǦǳǮǫǲ ǮǳǪǫǰǷǳȁǻ ǴǧǴǭǳǦǽǫǳǮǯ Ǯ ǸǫǳǭǴǶǴǨ. 

ǗǱǫǪǹȄǿǮǲ ǾǦǩǴǲ ǧǹǪǫǸ ǶǦǷǷǲǴǸǶǫǳǮǫ ǴǵǫǶǦǼǮǮ ǪǮǺǺǫǶǫǳǼǮǶǴǨǦǳǮȅ ǸǫǳǭǴǶǴǨ 
Ǯ ǸǫǳǭǴǶǳǴǩǴ ǦǳǦǱǮǭǦ, ǽǸǴ ǵǴǭǨǴǱǮǸ ǴǵǮǷǦǸȂ ǸǫǳǭǴǶ ȃǱǫǰǸǶǴǲǦǩǳǮǸǳǴǩǴ ǵǴǱȅ Ǯ ǸǫǳǭǴǶ 
ǖǮǲǦǳǦ-ǐǶǮǷǸǴǺǺǫǱȅ, Ƿ ǵǴǲǴǿȂȄ ǰǴǸǴǶȁǻ ǲǴǬǳǴ ǧǹǪǫǸ ǭǦǵǮǷǦǸȂ ǹǶǦǨǳǫǳǮȅ ǒǦǰǷ-
ǨǫǱǱǦ Ǯ Ǵǧǿǫǯ ǸǫǴǶǮǮ ǴǸǳǴǷǮǸǫǱȂǳǴǷǸǮ ǣǯǳǾǸǫǯǳǦ. 
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Methodology for defining the concept of tensor and operations on tensors  
Abstract.  The concept of a tensor is a generalization of the concept of a vector and is widely used in 
mathematics and physics, and therefore mastering this concept and the ability to perform algebraic opera-
tions on tensors is among the competencies for students of technical speci alties of universities. This paper 
presents a methodology for defining the concept of tensor and some related concepts such as orthogonal 
tensor, pseudotensor, polyvector and skew -symmetric tensor. Algebraic operations on tensors are consid-
ered. This work will be useful for university teachers to prepare lectures on disciplines of technical special-
ties, including the study of the basics of tensor calculus.  
Keywords: tensors, orthogonal tensors, pseudotensors, polyvectors, skew -symmetric tensors.   
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3D ǈǎǍǙǆǑǎǍǆǜǎǥ ǊǎǓǆǒǎǐǎ SIMULINK-ǒǔǊǋǑǋǏ ǒǋǛǆǓǎǝǋǗǐǎǛ ǔǇǠǋǐǘǔǈ  
ǎ ǗǎǗǘǋǒ ǗǖǋǊǗǘǈǆǒǎ Ǖǆǐǋǘǆ SIMULINK 3D ANIMATION 

 

 

ǆǳǳǴǸǦǼǮȅ 

ǔǪǳǮǲ Ǯǭ ǨǦǬǳȁǻ ȃǸǦǵǴǨ ǶǦǭǶǦǧǴǸǰǮ ǶǦǭǱǮǽǳȁǻ ǸǫǻǳǮǽǫǷǰǮǻ ǹǷǸǶǴǯǷǸǨ, ǦǱǩǴǶǮǸǲǴǨ 
Ǯǻ ǹǵǶǦǨǱǫǳǮȅ Ǯ Ǹ.ǵ. ȅǨǱȅǫǸǷȅ ǲǴǪǫǱǮǶǴǨǦǳǮǫ Ǯǻ ǪǮǳǦǲǮǰǮ Ƿ ǫǫ ǵǴǷǱǫǪǹȄǿǫǯ ǨǮǭǹǦ-
ǱǮǭǦǼǮǫǯ. ǔǪǳǦǰǴ ǨǴǭǲǴǬǳǴǷǸȂ ǨǮǭǹǦǱǮǭǮǶǴǨǦǸȂ ǵǴǨǫǪǫǳǮǫ ǸǴǯ ǮǱǮ ǮǳǴǯ ǪǮǳǦǲǮǽǫ-
ǷǰǴǯ ǷǮǷǸǫǲȁ ǾǮǶǴǰǴ ǮǷǵǴǱȂǭǹǫǸǷȅ ǳǫ ǸǴǱȂǰǴ Ǩ ǶǦǭǱǮǽǳȁǻ ǼǫǳǸǶǦǻ ǶǦǭǶǦǧǴǸǴǰ, ǳǴ Ǯ 
ǳǦǻǴǪǮǸ ǾǮǶǴǰǮǯ ǴǸǰǱǮǰ Ǩ ǹǽǫǧǳǴǲ ǵǶǴǼǫǷǷǫ. ǈǴǭǲǴǬǳǴǷǸȂ çǳǦǩǱȅǪǳǴ ǹǨǮǪǫǸȂè ǰǦǰ 
çǶǦǧǴǸǦǫǸè ǸǴ ǮǱǮ ǮǳǴǫ ǹǷǸǶǴǯǷǸǨǴ, ǦǱǩǴǶǮǸǲ ǹǵǶǦǨǱǫǳǮȅ Ǯ Ǹ.Ǫ. ǷǹǿǫǷǸǨǫǳǳǴ ǵǴǨȁ-
ǾǦǫǸ ǰǦǰ ǳǦǩǱȅǪǳǴǷǸȂ ǹǽǫǧǳǴǩǴ ǵǶǴǼǫǷǷǦ, ǸǦǰ Ǯ ǫǩǴ ȃǺǺǫǰǸǮǨǳǴǷǸȂ. ǊǦǳǳǦȅ ǷǸǦǸȂȅ 
ǵǴǷǨȅǿǫǳǦ ǨǮǭǹǦǱǮǭǦǼǮǮ ǪǮǳǦǲǮǰǮ ǶǦǭǱǮǽǳȁǻ ǴǧȀǫǰǸǴǨ, ǶǫǦǱǮǭǴǨǦǳǳȁǻ Ǩ ǷǶǫǪǫ 
Simulink, ǷǶǫǪǷǸǨǦǲǮ ǵǦǰǫǸǦ Simulink 3D Animation. 

 

ǐǱȄǽǫǨȁǫ ǷǱǴǨǦ 

3D-ǲǴǪǫǱȂ, ǨǮǭǹǦǱǮǭǦǼǮȅ, ǲǴǪǫǱǮǶǴǨǦǳǮǫ,  
Simulink-ǲǴǪǫǱȂ, Simulink 3D Animation 
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ǈǨǫǪǫǳǮǫ  
 

ǕǶǮ ǶǦǭǶǦǧǴǸǰǫ ǶǦǭǱǮǽǳȁǻ ǸǫǻǳǮǽǫǷǰǮǻ ǹǷǸǶǴǯǷǸǨ, ǦǱǩǴǶǮǸǲǴǨ Ǯǻ ǹǵǶǦǨǱǫǳǮȅ Ǯ 
Ǹ.ǵ. ǷǹǿǫǷǸǨǫǳǳǹȄ ǵǴǲǴǿȂ ǲǴǬǫǸ ǴǰǦǭǦǸȂ ǨǴǭǲǴǬǳǴǷǸȂ ǨǮǭǹǦǱǮǭǦǼǮǮ ǪǮǳǦǲǮǰǮ ǪǦǳ-
ǳȁǻ ǹǷǸǶǴǯǷǸǨ Ǩ ǳǫǰǴǸǴǶǴǯ ǨǮǶǸǹǦǱȂǳǴǯ ǷǶǫǪǫ, ǮǲǮǸǮǶǹȄǿǫǯ ǶǫǦǱȂǳǹȄ ǷǶǫǪǹ Ǯǻ ȃǰǷ-
ǵǱǹǦǸǦǼǮǮ. ǣǸǴ ǲǴǬǫǸ ǳǫ ǸǴǱȂǰǴ ǷǴǰǶǦǸǮǸȂ ǨǶǫǲȅ ǶǦǭǶǦǧǴǸǰǮ, ǳǴ Ǯ ǷǹǿǫǷǸǨǫǳǳǴ ǹǪǫ-
ǾǫǨǮǸȂ ǷǦǲǹ ǶǦǭǶǦǧǴǸǰǹ, ǵǴǷǰǴǱȂǰǹ ǷǴǰǶǦǿǦǫǸǷȅ ǰǴǱǮǽǫǷǸǨǴ ǳǦǸǹǶǳǴǩǴ ǲǴǪǫǱǮǶǴǨǦ-
ǳǮȅ, ǭǦǽǦǷǸǹȄ ǴǽǫǳȂ ǭǦǸǶǦǸǳǴǩǴ ǰǦǰ Ǩ ǵǱǦǳǫ ǷǶǫǪǷǸǨ, ǸǦǰ Ǯ Ǩ ǵǱǦǳǫ ǨǶǫǲǫǳǮ. 

ǊǦǳǳǦȅ ǨǴǭǲǴǬǳǴǷǸȂ ǽǦǷǸǴ ǨǦǬǳǦ Ǯ Ǩ ǵǶǫǭǫǳǸǦǼǮǴǳǳȁǻ ǼǫǱȅǻ, ǰǴǩǪǦ ǶǦǧǴǸǦ Ǫǫ-
ǲǴǳǷǸǶǮǶǹǫǸǷȅ ǭǦǰǦǭǽǮǰǹ ǮǱǮ ǵǴǸǫǳǼǮǦǱȂǳǴǲǹ ǵǴǰǹǵǦǸǫǱȄ. ǐǶǴǲǫ ǸǴǩǴ, ǵǴǪǴǧǳǦȅ ǨǴǭ-
ǲǴǬǳǴǷǸȂ ǸǦǰ Ǭǫ ǴǧǫǷǵǫǽǮǨǦǫǸ ǧǴǱȂǾǹȄ ǳǦǩǱȅǪǳǴǷǸȂ ǵǶǮ ǮǷǵǴǱȂǭǴǨǦǳǮǮ Ǩ ǹǽǫǧǳȁǻ 
ǼǫǱȅǻ. ǈǴǭǲǴǬǳǴǷǸȂ ǹǨǮǪǫǸȂ ǽǸǴ ǳǦǭȁǨǦǫǸǷȅ çǨ ǬǮǨǹȄè, ǰ ǵǶǮǲǫǶǹ, ǶǦǧǴǸǹ ǵǴǱǹǽǫǳ-
ǳǴǩǴ ǷǸǹǪǫǳǸǴǲ ǦǱǩǴǶǮǸǲǦ ǹǵǶǦǨǱǫǳǮȅ, ǷǹǿǫǷǸǨǫǳǳǴ ǵǴǨȁǾǦǫǸ ǭǦǮǳǸǫǶǫǷǴǨǦǳǳǴǷǸȂ 
ǴǧǹǽǦǫǲǴǩǴ Ǯ ǹǱǹǽǾǦǫǸ ȃǺǺǫǰǸǮǨǳǴǷǸȂ ǫǩǴ ǴǧǹǽǫǳǮȅ. 

ǔǪǳǦǰǴ Ǩ Ǵǧǿǫǲ ǷǱǹǽǦǫ, ǭǦǪǦǽǦ ǵǴǷǸǶǴǫǳǮȅ 3D-ǲǴǪǫǱǫǯ Ǯ ǨǮǶǸǹǦǱȂǳǴǯ ǷǶǫǪȁ, 
ǪǱȅ ǲǴǪǫǱǮǶǴǨǦǳǮȅ ǪǮǳǦǲǮǰǮ ǸǶǫǧǹǫǲǴǩǴ ǹǷǸǶǴǯǷǸǨǦ, ǪǴǷǸǦǸǴǽǳǴ ǸǶǹǪǴǫǲǰǦ Ǯ ǭǦǽǦ-
ǷǸǹȄ ǷǶǦǨǳǮǲǦ ǵǴ ǸǶǹǪǴǭǦǸǶǦǸǦǲ Ƿ ǶǫǾǫǳǮǫǲ ǴǷǳǴǨǳǴǯ ǭǦǪǦǽǮ. ǗǹǿǫǷǸǨǹǫǸ ǳǫǲǦǱǴ 
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ǵǶǴǩǶǦǲǲ, ǵǴǭǨǴǱȅȄǿǮǻ ǷǴǭǪǦǨǦǸȂ ǷǱǴǬǳȁǫ 3D-ǴǧȀǫǰǸȁ Ǯ ǷǼǫǳȁ Ǯǭ ǳǮǻ. ǔǪǳǦǰǴ, ǪǦǬǫ 
Ǯǲǫȅ 3D-ǲǴǪǫǱǮ ǴǧȀǫǰǸǦ Ǯ ǴǰǶǹǬǦȄǿǫǯ ǷǶǫǪȁ ǳǫǴǧǻǴǪǮǲǴ ǫǿǫ ǷǴǫǪǮǳǮǸȂ Ǯǻ Ƿ ǴǧȀ-
ǫǰǸǦǲǮ, ǴǵǮǷȁǨǦȄǿǮǲǮ ǪǮǳǦǲǮǰǹ ǪǦǳǳȁǻ ǴǧȀǫǰǸǴǨ. ǈ Ǵǧǿǫǲ ǷǱǹǽǦǫ ȃǸǴ ǸǦǰǬǫ ǸǶǹǪǴ-
ǫǲǰǦȅ ǭǦǪǦǽǦ, ǸǶǫǧǹȄǿǦȅ ǵǶǴǺǫǷǷǮǴǳǦǱȂǳȁǻ ǭǳǦǳǮǯ ȅǭȁǰǴǨ ǵǶǴǩǶǦǲǲǮǶǴǨǦǳǮȅ ǨȁǷǴ-
ǰǴǩǴ ǹǶǴǨǳȅ. ǎǳǬǫǳǫǶ, ǶǦǭǶǦǧǦǸȁǨǦȄǿǮǯ ǸǫǻǳǮǽǫǷǰǴǫ ǹǷǸǶǴǯǷǸǨǴ, Ǯ Ǹǫǲ ǧǴǱǫǫ ǷǸǹ-
ǪǫǳǸ Ǩ ǧǴǱȂǾǮǳǷǸǨǫ ǷǨǴǫǲ ǳǫ ǮǲǫȄǸ, ǪǦ Ǯ ǳǫ ǴǧȅǭǦǳȁ ǮǲǫǸȂ, ǸǦǰǮǻ ǴǧǾǮǶǳȁǻ ǭǳǦǳǮǯ 
Ǩ ǴǧǱǦǷǸǮ ǵǶǴǩǶǦǲǲǮǶǴǨǦǳǮȅ. ǕǴȃǸǴǲǹ ǨǴǭǳǮǰǦǫǸ ǵǴǸǶǫǧǳǴǷǸȂ Ǩ ǷǮǷǸǫǲǫ, ǰǴǸǴǶǦȅ ǵǴǭ-
ǨǴǱǮǱǦ ǧȁ ǴǧȀǫǪǮǳǮǸȂ ǷǴǭǪǦǳǮǫ ǸǫǻǳǮǽǫǷǰǴǩǴ ǹǷǸǶǴǯǷǸǨǦ, ǫǩǴ ǲǦǸǫǲǦǸǮǽǫǷǰǴǯ ǲǴ-
ǪǫǱǮ Ƿ ǨǴǭǲǴǬǳǴǷǸȂȄ ǨǮǭǹǦǱǮǭǦǼǮǮ, ǵǹǷǸȂ Ǯ ǳǫǷǰǴǱȂǰǴ ǹǵǶǴǿǫǳǳǴǯ, ǪǮǳǦǲǮǰǮ 
ǹǷǸǶǴǯǷǸǨǦ Ǩ ǳǫǰǴǸǴǶǴǯ ǨǮǶǸǹǦǱȂǳǴǯ ǷǶǫǪǫ. 

 

ǒǫǸǴǪǴǱǴǩǮȅ Ǯ ǶǫǭǹǱȂǸǦǸȁ ǮǷǷǱǫǪǴǨǦǳǮȅ 
 

ǔǪǳǮǲ Ǯǭ ǨǴǭǲǴǬǳȁǻ ǶǫǾǫǳǮǯ ǴǵǮǷǦǳǳǴǯ ǵǶǴǧǱǫǲȁ ǦǨǸǴǶǦǲ ǨǮǪǮǸǷȅ ǮǷǵǴǱȂǭǴ-
ǨǦǳǮǫ ǷǮǷǸǫǲȁ ȅǭȁǰǦ Ǯ ǷǶǫǪȁ ǸǫǻǳǮǽǫǷǰǮǻ ǶǦǷǽǫǸǴǨ MATLAB [1] Ƿ ǹǷǸǦǳǴǨǱǫǳǳǴǯ ǷǶǫ-
ǪǴǯ ǪǮǳǦǲǮǽǫǷǰǴǩǴ ǲǴǪǫǱǮǶǴǨǦǳǮȅ ǷǱǴǬǳȁǻ ǸǫǻǳǮǽǫǷǰǮǻ ǷǮǷǸǫǲ Simulink [2] Ƿ ǴǪǳǴǯ 
ǷǸǴǶǴǳȁ Ǯ ǵǦǰǫǸǦ ǶǦǷǾǮǶǫǳǮȅ Simulink 3D Animation [3] Ƿ ǪǶǹǩǴǯ. ǕǦǰǫǸ ǶǦǷǾǮǶǫǳǮȅ 
Simulink 3D Animation ǵǴǭǨǴǱȅǫǸ ǵǴǪǰǱȄǽǦǸȂ Simulink-ǲǴǪǫǱǮ Ǯ ǦǱǩǴǶǮǸǲȁ, ǶǫǦǱǮǭǴ-
ǨǦǳǳȁǫ ǳǦ ȅǭȁǰǫ Matlab, ǰ ǸǶǫǻǲǫǶǳȁǲ ǩǶǦǺǮǽǫǷǰǮǲ ǴǧȀǫǰǸǦǲ ǨǮǶǸǹǦǱȂǳǴǯ ǶǫǦǱȂǳǴ-
ǷǸǮ. ǕǶǮ ȃǸǴǲ ǷǶǫǪǦ ǵǴǭǨǴǱȅǫǸ ǦǳǮǲǮǶǴǨǦǸȂ ǨǮǶǸǹǦǱȂǳȁǯ ǲǮǶ, ǲǫǳȅȅ ǵǴǱǴǬǫǳǮǫ ǰǦ-
ǲǫǶ, ǨǶǦǿǦȅ ǨǮǶǸǹǦǱȂǳȁǯ ǲǮǶ, Ǯǭǲǫǳȅȅ ǲǦǷǾǸǦǧ Ǯ Ǹ.ǵ. ǳǫǵǴǷǶǫǪǷǸǨǫǳǳǴ ǨǴ ǨǶǫǲȅ 
ǲǴǪǫǱǮǶǴǨǦǳǮȅ ǳǦ ǰǴǲǵȂȄǸǫǶǫ. ǗǶǫǪǦ ǸǦǰǬǫ ǵǴǭǨǴǱȅǫǸ ǴǸǷǱǫǬǮǨǦǸȂ ǷǸǴǱǰǳǴǨǫǳǮȅ Ǯ 
ǪǶǹǩǮǫ ǷǴǧȁǸǮȅ Ǩ ǨǮǶǸǹǦǱȂǳǴǲ ǲǮǶǫ Ǯ ǵǫǶǫǪǦǨǦǸȂ ǮǳǺǴǶǲǦǼǮȄ Ǵ ǳǮǻ ǴǧǶǦǸǳǴ Ǩ 
MATLAB Ǯ Simulink-ǲǴǪǫǱǮ. ǐ ǵǶǫǮǲǹǿǫǷǸǨǦǲ ǵǴǪǴǧǳǴǩǴ ǵǴǪǻǴǪǦ ǷǱǫǪǹǫǸ ǴǸǳǫǷǸǮ ǸǴ, 
ǽǸǴ ǷǮǷǸǫǲǦ MATLAB ǷǴǨǲǫǷǸǳǴ Ƿ ǷǮǷǸǫǲǴǯ Simulink ȅǨǱȅȄǸǷȅ ǴǪǳǴǯ Ǯǭ ǷǸǦǳǪǦǶǸǳȁǻ 
ǷǮǷǸǫǲ ǶǦǭǶǦǧǴǸǴǰ, ǮǷǵǴǱȂǭǹǫǲȁǻ ǨǴ ǲǳǴǩǮǻ ǰǴǳǷǸǶǹǰǸǴǶǷǰǮǻ ǧȄǶǴ Ǯ ǼǫǳǸǶǦǻ ǶǦǭǶǦ-
ǧǴǸǴǰ ǵǴ ǨǷǫǲǹ ǲǮǶǹ. ǈ ǷǨȅǭǮ Ƿ ȃǸǮǲ, ǨǴ ǲǳǴǩǮǻ ǈǙǍǦǻ ǪǦǳǳȁǫ ǵǶǴǩǶǦǲǲȁ ǮǷǵǴǱȂǭǹ-
ȄǸǷȅ ǵǶǮ ǵǴǪǩǴǸǴǨǰǫ ǷǸǹǪǫǳǸǴǨ ǮǳǬǫǳǫǶǳȁǻ ǷǵǫǼǮǦǱȂǳǴǷǸǫǯ Ǯ, ǰǦǰ ǷǱǫǪǷǸǨǮǫ, ǲǳǴǩǮǫ 
ǷǸǹǪǫǳǸȁ ǹǬǫ ǽǦǷǸǮǽǳǴ ǭǳǦǰǴǲȁ Ƿ ǪǦǳǳǴǯ ǷǶǫǪǴǯ ǶǦǭǶǦǧǴǸǰǮ. 

ǈ ǪǦǳǳǴǯ ǷǸǦǸȂǫ ǶǦǷǷǲǦǸǶǮǨǦǫǸǷȅ ǵǶǴǼǫǷǷ ǨǮǭǹǦǱǮǭǦǼǮǮ ǪǮǳǦǲǮǰǮ ǳǫǰǴǸǴǶǴǯ 
Simulink-ǲǴǪǫǱǮ, ǵǴǷǰǴǱȂǰǹ Ǵǳ ȅǨǱȅǫǸǷȅ ǧǴǱǫǫ ǳǦǩǱȅǪǳȁǲ Ǯ ǳǫ ǸǶǫǧǹǫǸ ǭǳǦǳǮȅ ȅǭȁǰǦ 
ǵǶǴǩǶǦǲǲǮǶǴǨǦǳǮȅ ǷǶǫǪȁ MATLAB.  

ǊǱȅ ǴǵǮǷǦǳǮȅ ǨǮǶǸǹǦǱȂǳǴǩǴ ǲǮǶǦ Ǩ ǵǦǰǫǸǫ ǮǷǵǴǱȂǭǹȄǸǷȅ ǺǴǶǲǦǸȁ VRML (Virtial 
Reality Modeling Language [4]) Ǯ X3D (Xtensible 3D [5]), ȅǨǱȅȄǿǮǯǷȅ ǶǦǷǾǮǶǫǳǮǫǲ 
VRML. ǕǴǷǰǴǱȂǰǹ X3D ȅǨǱȅǫǸǷȅ ǷǸǦǳǪǦǶǸǴǲ ISO, ǴǸǰǶȁǸȁǲ ǪǱȅ ǷǨǴǧǴǪǳǴǩǴ ǮǷǵǴǱȂǭǴǨǦ-
ǳǮȅ, ǷǹǿǫǷǸǨǹǫǸ ǨǴǭǲǴǬǳǴǷǸȂ ȃǰǷǵǴǶǸǦ Ǩ ǳǫǩǴ 3D-ǲǴǪǫǱǫǯ ǷǴǭǪǦǳǳȁǻ Ǩ ǶǦǭǱǮǽǳȁǻ 
CAD-ǷǶǫǪǦǻ.  

ǊǱȅ ǶǫǪǦǰǸǮǶǴǨǦǳǮȅ ǮǱǮ ǷǴǭǪǦǳǮȅ ǳǴǨȁǻ 3D-ǴǧȀǫǰǸǴǨ Ǯ ǷǼǫǳ ǮǲǫǫǸǷȅ ǨǷǸǶǴǫǳ-
ǳȁǯ ǶǫǪǦǰǸǴǶ 3D World Editor. ǊǱȅ ǵǶǴǷǲǴǸǶǦ ǶǫǭǹǱȂǸǦǸǴǨ ǲǴǪǫǱǮǶǴǨǦǳǮȅ Ǩ ǨǮǶǸǹǦǱȂ-
ǳǴǲ ǲǮǶǫ ǵǦǰǫǸ Simulink 3D Animation ǮǲǫǫǸ 3 ǶǦǭǱǮǽǳȁǻ ǷǶǫǪǷǸǨǦ: 

1. ǗǶǫǪǷǸǨǴ ǵǶǴǷǲǴǸǶǦ Simulink 3D Animation (ǷǶǫǪǷǸǨǴ ǵǶǴǷǲǴǸǶǦ ǵǴ ǹǲǴǱǽǦǳǮȄ). 
2. ǈǫǧ-ǷǶǫǪǷǸǨǴ ǵǶǴǷǲǴǸǶǦ Simulink 3D Animation. 
3. ǗǶǫǪǷǸǨǴ ǵǶǴǷǲǴǸǶǦ Orbisnap. 
ǗǶǫǪǷǸǨǴ ǵǶǴǷǲǴǸǶǦ Simulink 3D Animation ǮǷǵǴǱȂǭǹǫǸǷȅ ǵǶǮ ǨǮǭǹǦǱǮǭǦǼǮǮ Ƕǫ-

ǭǹǱȂǸǦǸǴǨ ǲǴǪǫǱǮǶǴǨǦǳǮȅ ǳǫǵǴǷǶǫǪǷǸǨǫǳǳǴ ǳǦ ǸǴǲ ǰǴǲǵȂȄǸǫǶǫ, ǩǪǫ ǵǶǴǮǷǻǴǪǮǸ ǲǴ-
ǪǫǱǮǶǴǨǦǳǮǫ, Ǯ ǴǧǫǷǵǫǽǮǨǦǫǸ ǵǴǱǳǴǫ ǹǵǶǦǨǱǫǳǮǫ ǵǶǴǼǫǷǷǴǲ ǨǮǭǹǦǱǮǭǦǼǮǮ Ǯ ǲǴǪǫǱǮ-
ǶǴǨǦǳǮȅ. ǋǷǱǮ ǳǫǴǧǻǴǪǮǲǦ ǪǫǲǴǳǷǸǶǦǼǮȅ ǶǫǭǹǱȂǸǦǸǴǨ ǲǴǪǫǱǮǶǴǨǦǳǮȅ ǹǪǦǱǫǳǳǴ ǮǱǮ 
ǳǦ ǰǴǲǵȂȄǸǫǶǫ ǳǫ ǹǷǸǦǳǴǨǱǫǳǦ ǷǮǷǸǫǲǦ Matlab Ƿ ǵǦǰǫǸǴǲ Simulink 3D Animation ǲǴǬǳǴ 
ǮǷǵǴǱȂǭǴǨǦǸȂ ǱǮǧǴ ǈǫǧ-ǷǶǫǪǷǸǨǴ ǵǶǴǷǲǴǸǶǦ Simulink 3D Animation (ǵǶǴǷǲǴǸǶ ǽǫǶǫǭ ǱȄ-
ǧǴǯ ǧǶǦǹǭǫǶ, ǵǴǪǪǫǶǬǮǨǦȄǿǮǯ HTML5) ǱǮǧǴ ǷǶǫǪǷǸǨǴ ǵǶǴǷǲǴǸǶǦ Orbisnap. ǔǧǭǴǶ ǨǴǭ-
ǲǴǬǳǴǷǸǫǯ ǪǦǳǳȁǻ ǷǶǫǪǷǸǨ ǵǶǴǷǲǴǸǶǦ ǨȁǻǴǪǮǸ ǭǦ ǶǦǲǰǮ ǪǦǳǳǴǯ ǷǸǦǸȂǮ. 
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ǗǬǫǧǱǹǵǷ 3D World Editor 
ǊǦǳǳȁǯ ǶǫǪǦǰǸǴǶ ǹǷǸǦǳǦǨǱǮǨǦǫǸǷȅ ǰǦǰ ǽǦǷǸȂ ǵǦǰǫǸǦ Simulink 3D Animation Ǯ ȅǨ-

ǱȅǫǸǷȅ ǶǫǪǦǰǸǴǶǴǲ ǨǮǶǸǹǦǱȂǳȁǻ ǲǮǶǴǨ ǵǴ ǹǲǴǱǽǦǳǮȄ. ǕǶǮ ǵǴǲǴǿǮ ǪǦǳǳǴǩǴ ǶǫǪǦǰǸǴǶǦ 
ǲǴǬǳǴ ǰǦǰ ǷǴǭǪǦǨǦǸȂ 3D-ǲǴǪǫǱǮ Ƿ ǳǹǱȅ, ǸǦǰ Ǯ ǮǷǵǴǱȂǭǴǨǦǸȂ ǵǴǷǸǦǨǱȅǫǲȁǫ Ƿ ǵǦǰǫǸǴǲ 
ǧǮǧǱǮǴǸǫǰǮ ȃǱǫǲǫǳǸǦǶǳȁǻ ǴǧȀǫǰǸǴǨ. ǔǪǳǦǰǴ ǷǶǦǭǹ ǴǸǲǫǸǮǲ, ǽǸǴ ǷǴǭǪǦǨǦǸȂ ǷǱǴǬǳȁǫ 
3D-ǲǴǪǫǱǮ ǴǧȀǫǰǸǴǨ Ǩ ǪǦǳǳǴǲ ǶǫǪǦǰǸǴǶǫ ǨǷǫ-ǸǦǰǮ ǳǫǹǪǴǧǳǴ Ǯ ǪǴǱǩǴ. ǕǴȃǸǴǲǹ ǪǦǳǳȁǯ 
ǶǫǪǦǰǸǴǶ ǻǴǶǴǾǴ ǵǴǪǻǴǪǮǸ ǪǱȅ ǷǴǭǪǦǳǮȅ ǵǶǴǷǸȁǻ 3D-ǲǴǪǫǱǫǯ Ǯ ǷǼǫǳ Ǯǭ ǳǮǻ, ǽǸǴ ǰǦǰ 
ǶǦǭ Ǯ ǸǶǫǧǹǫǸǷȅ ǵǶǮ ǴǧǹǽǫǳǮǮ Ǩ ǈǙǍǫ, ǪǦǧȁ ǳǫ ǸǶǦǸǮǸȂ ǲǳǴǩǴ ǨǶǫǲǫǳǮ ǳǦ ǨǷǵǴǲǴǩǦ-
ǸǫǱȂǳȁǫ ǴǵǫǶǦǼǮǮ. ǐǶǴǲǫ ǸǴǩǴ, ǧǴǱȂǾǮǳǷǸǨǴ ǷǮǷǸǫǲ ǦǨǸǴǲǦǸǮǭǮǶǴǨǦǳǳǴǩǴ ǵǶǴǫǰǸǮǶǴ-
ǨǦǳǮȅ, ǸǦǰǮǻ ǰǦǰ CATIA, SolidWorks, AutoCAD, ǷǮǷǸǫǲ 3D-ǲǴǪǫǱǮǶǴǨǦǳǮȅ (ǰ ǵǶǮǲǫǶǹ, 
Autodesk 3dsMax) ǮǲǫȄǸ ǨǴǭǲǴǬǳǴǷǸȂ ȃǰǷǵǴǶǸǮǶǴǨǦǸȂ ǷǴǭǪǦǳǳȁǫ Ǩ ǳǮǻ 3D-ǴǧȀǫǰǸȁ Ǩ 
ǺǦǯǱȁ ǺǴǶǲǦǸǦ VRML ǮǱǮ X3D. ǣǸǴ ǵǴǭǨǴǱȅǫǸ, ǵǶǮ ǳǫǴǧǻǴǪǮǲǴǷǸǮ, ǷǸǶǴǮǸȂ ǷǱǴǬǳȁǫ 
ǲǴǪǫǱǮ Ǯ ǷǼǫǳȁ Ǩ ǹǰǦǭǦǳǳȁǻ ǵǦǰǫǸǦǻ, ȃǰǷǵǴǶǸǮǶǴǨǦǸȂ Ǯǻ Ǯ Ǩ ǪǦǱȂǳǫǯǾǫǲ ǹǬǫ ǮǷǵǴǱȂ-
ǭǴǨǦǸȂ Ǩ ǰǦǽǫǷǸǨǫ ǩǴǸǴǨȁǻ ǧǮǧǱǮǴǸǫǽǳȁǻ ǵǶǮǲǮǸǮǨǴǨ Ǩ ǶǫǪǦǰǸǴǶǫ 3D World Editor. 

ǍǦǵǹǷǸǮǸȂ ǪǦǳǳȁǯ ǶǫǪǦǰǸǴǶ ǲǴǬǳǴ ǪǨǹǲȅ ǷǵǴǷǴǧǦǲǮ: 
1. ǓǦ ǵǦǳǫǱǮ ǹǵǶǦǨǱǫǳǮȅ MATLAB ǨȁǧǶǦǸȂ ǭǦǰǱǦǪǰǹ çAPPSè (ǵǶǮǱǴǬǫǳǮȅ), ǪǦǱǫǫ 

Ǩ ǶǦǭǪǫǱǫ çSimulation graphics and Reportingè ǳǦǬǦǸȂ ǳǦ ǮǰǴǳǰǹ Ƿ ǵǴǪǵǮǷȂȄ ç3D World 
Editorè. 

2. ǈ ǰǴǲǦǳǪǳǴǯ ǷǸǶǴǰǫ MATLAB ǨȁǵǴǱǳǮǸȂ ǰǴǲǦǳǪǹ edit( vrworld ('ǯǳȆ ǻǧǰǲǧ')), 
ǩǪǫ çǮǲȅ ǺǦǯǱǦè ð ǵǴǱǳǴǫ Ǯǲȅ ǺǦǯǱǦ Ƿ ǲǴǪǫǱȂȄ. ǋǷǱǮ ǳǹǬǳǴ ǷǴǭǪǦǸȂ ǳǴǨȁǯ ǵǹǷǸǴǯ 
ǲǮǶ, ǸǴ ǷǱǫǪǹǫǸ ǨȁǵǴǱǳǮǸȂ ǰǴǲǦǳǪǹ  edit( vrworld ('')) . 

ǓǦ ǶǮǷ.1 ǵǶǫǪǷǸǦǨǱǫǳ ǨǳǫǾǳǮǯ ǨǮǪ ǶǫǪǦǰǸǴǶǦ Ƿ ǭǦǩǶǹǬǫǳǳǴǯ 3D-ǲǴǪǫǱȂȄ ǷǦǲǴ-
ǱǫǸǦ. ǊǦǳǳȁǯ ǶǫǪǦǰǸǴǶ ǷǴǷǸǴǮǸ Ǯǭ 3ǻ ǴǷǳǴǨǳȁǻ ǽǦǷǸǫǯ: 

¶ ǎǫǶǦǶǻǮǽǫǷǰǴǫ ǪǫǶǫǨǴ ǴǵǮǷǦǳǮȅ 3D-ǲǴǪǫǱǮ/ǷǼǫǳȁ. 

¶ ǔǧǱǦǷǸȂ ǵǶǴǷǲǴǸǶǦ Ǹǫǰǹǿǫǯ ǲǴǪǫǱǮ. 

¶ ǔǧǱǦǷǸȂ ǮǭǲǫǳǫǳǮȅ ǭǳǦǽǫǳǮǯ ǵǦǶǦǲǫǸǶǴǨ ȃǱǫǲǫǳǸǴǨ ǲǴǪǫǱǮ. 

ǖǮǷ. 1 
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ǑȄǧǴǯ ǴǧȀǫǰǸ ǵǶǫǪǷǸǦǨǱȅǫǸǷȅ Ǩ ǨǮǪǫ ǮǫǶǦǶǻǮǽǫǷǰǴǩǴ ǪǫǶǫǨǦ ǹǭǱǴǨ. ǐǦǬǪȁǯ ǹǭǫǱ 
ǪǦǳǳǴǩǴ ǪǫǶǫǨǦ ǵǶǫǪǷǸǦǨǱȅǫǸ ǷǴǧǴǯ ȃǱǫǲǫǳǸ ǴǧȀǫǰǸǦ/ǷǼǫǳȁ Ǯ ǷǴǪǫǶǬǮǸ ǷǵǮǷǴǰ Ǯǭǲǫ-
ǳȅǫǲȁǻ ǵǦǶǦǲǫǸǶǴǨ. ǕǶǮ ȃǸǴǲ ǪǦǳǳȁǫ ǹǭǱȁ ǲǴǩǹǸ ǴǵǮǷȁǨǦǸȂ ǰǦǰ ǷǨǴǯǷǸǨǦ ǷǦǲǮǻ ǴǧȀ-
ǫǰǸǴǨ (ǵǴǱǴǬǫǳǮǫ ǴǧȀǫǰǸǦ ǳǦ ǷǼǫǳǫ, ǲǦǸǫǶǮǦǱ, ǩǶǹǵǵǮǶǴǨǰǦ ȃǱǫǲǫǳǸǴǨ Ǯ Ǹ.ǵ.) ǸǦǰ Ǯ 
ǷǨǴǯǷǸǨǦ ǨǷǫǯ ǷǼǫǳȁ ǼǫǱǮǰǴǲ (ǰǦǲǫǶȁ Ǯ Ǯǻ ǶǦǷǵǴǱǴǬǫǳǮǫ, ǮǷǸǴǽǳǮǰǮ ǷǨǫǸǦ Ǯ Ǹ.ǵ.).  

ǔǷǳǴǨǳȁǲ ǸǮǵǴǲ ǹǭǱǦ, ǮǷǵǴǱȂǭǹǫǲǴǩǴ ǵǶǮ ǲǴǪǫǱǮǶǴǨǦǳǮǮ, ȅǨǱȅǫǸǷȅ ǸǮǵ çTransformè, 
ǴǵǶǫǪǫǱȅȄǿǮǯ ǵǶǴǷǸǶǦǳǷǸǨǫǳǳǴǫ Ǯ ǹǩǱǴǨǴǫ ǵǴǱǴǬǫǳǮǫ ǴǧȀǫǰǸǦ ǳǦ ǷǼǫǳǫ. ǎǭǲǫǳȅȅ 
ǫǩǴ ǵǦǶǦǲǫǸǶȁ, ǲȁ ǲǴǬǫǲ ǮǭǲǫǳȅǸȂ ǶǦǷǵǴǱǴǬǫǳǮǫ ǴǧȀǫǰǸǦ ǴǸǳǴǷǮǸǫǱȂǳǴ ǪǶǹǩǮǻ ǴǧȀ-
ǫǰǸǴǨ ǳǦ ǷǼǫǳǫ. ǔǸǲǫǸǮǲ ǸǦǰ Ǭǫ, ǽǸǴ ǷǮǷǸǫǲǦ ǰǴǴǶǪǮǳǦǸ, ǮǷǵǴǱȂǭǹǫǲǦȅ Ǩ VRML, ǴǸǱǮ-
ǽǦǫǸǷȅ ǴǸ ǷǮǷǸǫǲȁ ǰǴǴǶǪǮǳǦǸ, ǮǷǵǴǱȂǭǹǫǲǴǯ Ǩ  MATLAB. ǓǦ ǶǮǷ. 2 ǷǱǫǨǦ ǵǶǮǨǫǪǫǳǦ 
ǷǮǷǸǫǲǦ ǰǴǴǶǪǮǳǦǸ, ǮǷǵǴǱȂǭǹǫǲǦȅ Ǩ ǷǮǷǸǫǲǫ MATLAB, Ǧ ǷǵǶǦǨǦ ð ǷǮǷǸǫǲǦ ǰǴǴǶǪǮǳǦǸ 
VRML. 

 
ǖǮǷ. 2 

 
ǕǴǪǶǴǧǳǴǫ ǴǵǮǷǦǳǮǫ ǨǴǭǲǴǬǳǴǷǸǫǯ ǪǦǳǳǴǩǴ ǶǫǪǦǰǸǴǶǦ ǨȁǻǴǪǮǸ ǭǦ ǶǦǲǰǮ ǪǦǳǳǴǯ 

ǷǸǦǸȂǮ Ǯ ǵǴ ǴǧȀǫǲǹ ǭǦǷǱǹǬǮǨǦǫǸ ǴǸǪǫǱȂǳǴǯ ǷǸǦǸȂǮ.  
 

ǖǵǫǱǲȅǾǬǴǯǬ 3D-ǸǽǬǴȂ Ǳ ǳǵǫǬǲǯ Simulink 
ǊǱȅ ǵǴǪǰǱȄǽǫǳǮȅ 3D-ǷǼǫǳȁ Ƿ ǲǴǪǫǱȅǲǮ ǴǧȀǫǰǸǴǨ ǰ ǲǴǪǫǱȅǲ ǪǮǳǦǲǮǰǮ ǴǧȀǫǰǸǴǨ, 

ǷǴǭǪǦǳǳȁǲ Ǩ ǵǦǰǫǸǫ Simulink, ǮǷǵǴǱȂǭǹǫǸǷȅ ǧǮǧǱǮǴǸǫǰǦ vrlib ǨǻǴǪȅǿǦȅ Ǩ ǷǴǷǸǦǨ ǵǦǰǫǸǦ 
Simulink 3D Animation. ǊǱȅ ǨȁǭǴǨǦ ǪǦǳǳǴǯ ǧǮǧǱǮǴǸǫǰǮ ǳǫǴǧǻǴǪǮǲǴ Ǩ ǰǴǲǦǳǪǳǴǯ ǷǸǶǴǰǫ 
MATLAB ǨȁǵǴǱǳǮǸȂ ǰǴǲǦǳǪǹ vrlib .  

ǕǴǷǱǫ ǨȁǵǴǱǳǫǳǮȅ ǪǦǳǳǴǯ ǰǴǲǦǳǪȁ ǴǸǰǶǴǫǸǷȅ ǴǰǳǴ Ƿ ȃǱǫǲǫǳǸǦǲǮ ǪǦǳǳǴǯ ǧǮǧ-
ǱǮǴǸǫǰǮ, ǵǶǫǪǷǸǦǨǱǫǳǳǴǫ ǳǦ ǶǮǷ. 3. ǎǳǺǴǶǲǦǼǮȄ Ǵ ǳǦǭǳǦǽǫǳǮǮ Ǯ ǮǷǵǴǱȂǭǴǨǦǳǮȄ ǨǷǫǻ 
ȃǱǫǲǫǳǸǴǨ ǪǦǳǳǴǯ ǧǮǧǱǮǴǸǫǰǮ ǲǴǬǳǴ ǳǦǯǸǮ Ǩ ȃǱǫǰǸǶǴǳǳǴǯ ǪǴǰǹǲǫǳǸǦǼǮǮ ǷǮǷǸǫǲȁ 
MATLAB. ǔǷǳǴǨǳȁǲ ȃǱǫǲǫǳǸǴǲ ǪǦǳǳǴǯ ǧǮǧǱǮǴǸǫǰǮ ȅǨǱȅǫǸǷȅ ǧǱǴǰ VR Sink, Ƿ ǵǴǲǴǿȂȄ 
ǰǴǸǴǶǴǩǴ ǴǷǹǿǫǷǸǨǱȅǫǸǷȅ ǨǭǦǮǲǴǪǫǯǷǸǨǮǫ Simulink-ǲǴǪǫǱǮ ǴǧȀǫǰǸǦ Ƿ ǫǩǴ 3D-ǲǴǪǫǱȂȄ 
Ǩ ǨǮǶǸǹǦǱȂǳǴǯ ǷǶǫǪǫ. ǘǦǰ Ǭǫ ǽǦǷǸǴ ǮǷǵǴǱȂǭǹǫǲȁǲ ǨǷǵǴǲǴǩǦǸǫǱȂǳȁǲ ȃǱǫǲǫǳǸǴǲ ȅǨǱȅ-
ǫǸǷȅ ǧǱǴǰ VR Signal Expander, ǵǴǭǨǴǱȅȄǿǮǯ ǵǶǫǴǧǶǦǭǴǨȁǨǦǸȂ ǨǫǰǸǴǶǦ ǨȁǻǴǪǳȁǻ ǵǦǶǦ-
ǲǫǸǶǴǨ Ǯǭ  Simulink-ǲǴǪǫǱǮ ǨǴ ǨǻǴǪǳȁǫ ǵǦǶǦǲǫǸǶȁ ȃǱǫǲǫǳǸǦ VR Sink. ǇǴǱǫǫ ǵǴǪǶǴǧǳǴǫ 
ǴǵǮǷǦǳǮǫ ǪǦǳǳȁǻ ȃǱǫǲǫǳǸǴǨ ǧǹǪǫǸ ǪǦǳǴ ǪǦǱǫǫ. 
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ǖǮǷ. 3 

 
ǓǦ ǶǮǷ. 4 ǵǶǫǪǷǸǦǨǱǫǳǦ ǹǵǶǴǿǫǳǳǦȅ Simulink-ǲǴǪǫǱȂ ǨǭǱǫǸǦ ǷǦǲǴǱǫǸǦ Ǩ ǨǫǶǸǮ-

ǰǦǱȂǳǴǯ ǵǱǴǷǰǴǷǸǮ ǷǴ ǨǭǱǫǸǳǴ-ǵǴǷǦǪǴǽǳǴǯ ǵǴǱǴǷȁ. ǣǸǴ ǴǪǳǦ Ǯǭ ǲǴǪǫǱǫǯ ǵǴǷǸǦǨǱȅǫǲǦȅ 
ǨǲǫǷǸǫ Ƿ ǵǦǰǫǸǴǲ Simulink 3D Animation Ǩ ǰǦǽǫǷǸǨǫ ǹǽǫǧǳǴǩǴ ǵǶǮǲǫǶǦ. 
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ǈ ǰǦǽǫǷǸǨǫ ǶǫǭǹǱȂǸǦǸǦ ǷǨǴǫǯ ǶǦǧǴǸȁ ǪǦǳǳǦȅ ǲǴǪǫǱȂ ǨȁǨǴǪǮǸ ǩǶǦǺǮǰǮ Ƿ ǭǦǨǮǷǮ-
ǲǴǷǸȅǲǮ ǴǸ ǨǶǫǲǫǳǮ ǰǴǴǶǪǮǳǦǸ ǼǫǳǸǶǦ ǷǦǲǴǱǫǸǦ ǳǦ ǵǱǴǷǰǴǷǸǮ XZ Ǯ ǩǶǦǺǮǰ ǭǦǨǮǷǮǲǴ-
ǷǸǮ ǴǸ ǨǶǫǲǫǳǮ ǹǩǱǦ ǦǸǦǰǮ (ǸǦǳǩǦǬ) ǷǦǲǴǱǫǸǦ.  

ǒǴǪǮǺǮǼǮǶǹǫǲ ǪǦǳǳǹȄ ǲǴǪǫǱȂ, ǪǴǵǴǱǳǮǨ ǫǫ ǨǮǭǹǦǱǮǭǦǼǮǫǯ ǨǭǱǫǸǦ ǷǦǲǴǱǫǸǦ. 
ǊǱȅ ǷǴǫǪǮǳǫǳǮȅ ǲǴǪǫǱǮ Ƿ ǷǴǴǸǨǫǸǷǸǨǹȄǿǫǯ 3D-ǷǼǫǳǴǯ ǳǫǴǧǻǴǪǮǲǴ ǵǫǶǫǸǦǿǮǸȂ ǧǱǴǰ 
VR Sink ǧǮǧǱǮǴǸǫǰǮ vrlib Ǩ ǴǰǳǴ Simulink-ǲǴǪǫǱǮ, ǵǶǫǪǷǸǦǨǱǫǳǳǴǯ ǳǦ ǶǮǷ. 4. ǊǱȅ Ǩȁ-
ǵǴǱǳǫǳǮȅ ǳǦǷǸǶǴǯǰǮ ǪǦǳǳǴǩǴ ǷǴǫǪǮǳǫǳǮȅ ǳǫǴǧǻǴǪǮǲǴ ǪǨǴǯǳȁǲ ǿǫǱǽǰǴǲ ǱǫǨǴǯ ǰǱǦ-
ǨǮǾǮ ǲȁǾǮ ǳǦ ǧǱǴǰǫ VR Sink ǴǸǰǶȁǸȂ ǴǰǳǴ ǫǩǴ ǵǦǶǦǲǫǸǶǴǨ, ǵǶǫǪǷǸǦǨǱǫǳǳǴǫ ǳǦ ǶǮǷ. 5. 
ǔǷǳǴǨǳȁǲǮ ǳǦǷǸǶǴǯǰǦǲǮ ǪǦǳǳǴǩǴ ǧǱǴǰǦ ȅǨǱȅȄǸǷȅ: 

¶ Source file  ð ǭǪǫǷȂ ǭǦǪǦǫǸǷȅ Ǯǲȅ ǺǦǯǱǦ Ƿ 3D-ǷǼǫǳǴǯ. 

¶ Output  ð Ǩ ǪǦǳǳǴǲ ǶǦǭǪǫǱǫ ǳǫǴǧǻǴǪǮǲǴ ǴǸǲǫǸǮǸȂ ǵǹǳǰǸ çOpen Viewer automat-
icallyè Ǯ ǴǰǳǴ Ƿ 3D-ǷǼǫǳǴǯ ǧǹǪǫǸ ǦǨǸǴǲǦǸǮǽǫǷǰǮ ǴǸǰǶȁǨǦǸȂǷȅ ǵǶǮ ǴǸǰǶȁǸǮǮ Simulink-
ǲǴǪǫǱǮ. ǈȁǧǴǶ ǵǹǳǰǸǦ çAllow viewing from the Internetè ǵǴǭǨǴǱǮǸ ǵǶǴǷǲǦǸǶǮǨǦǸȂ Ƕǫ-
ǭǹǱȂǸǦǸȁ ǲǴǪǫǱǮǶǴǨǦǳǮȅ ǽǫǶǫǭ ǮǳǸǫǶǳǫǸ. 

¶ Sample time  ð ǭǪǫǷȂ ǹǰǦǭȁǨǦǫǸǷȅ ǨǶǫǲȅ ǪǮǷǰǶǫǸǮǭǦǼǮǮ, ǭǳǦǽǫǳǮǫ 0.04 ǷǴǴǸǨǫǸ-
ǷǸǨǹǫǸ ǴǧǳǴǨǱǫǳǮȄ ǰǦǶǸǮǳǰǮ 25 ǶǦǭ Ǩ ǷǫǰǹǳǪǹ. 

¶ Virtual  World Tree ð ǮǫǶǦǶǻǮǽǫǷǰǴǫ ǪǫǶǫǨǴ ǴǵǮǷǦǳǮȅ 3D-ǷǼǫǳȁ. ǕǶǮ ǶǦǷǰǶȁǸǮǮ, 
ǳǦǬǦǸǮǫǲ ǳǦ ǷǮǲǨǴǱ ò+ó, ǰǦǬǪǴǩǴ ǹǭǱǦ ǵǴȅǨǱȅǫǸǷȅ ǷǵǮǷǴǰ ǫǩǴ ǵǦǶǦǲǫǸǶǴǨ Ǯ ǨǱǴǬǫǳ-
ǳȁǻ ǹǭǱǴǨ. ǐǨǦǪǶǦǸǮǰǦǲǮ ǴǸǲǫǽǦȄǸǷȅ ǵǦǶǦǲǫǸǶȁ, ǰǴǸǴǶȁǫ ǲǴǬǳǴ ǮǭǲǫǳȅǸȂ ǮǭǨǳǫ, Ǹ.ǫ. 
Ǯǭ ǵǴǪǰǱȄǽǫǳǳǴǯ Simulink-ǲǴǪǫǱǮ. ǓǦ ǶǮǷ. 4 ǹ ǹǭǱǦ Ƿ Ǯǲǫǳǫǲ çPlaneè, ǴǵǮǷȁǨǦȄǿǫǲ 
ǨǮǭǹǦǱȂǳǹȄ ǲǴǪǫǱȂ ǷǦǲǴǱǫǸǦ, ǴǸǲǫǽǫǳȁ ǩǦǱǴǽǰǦǲǮ ǪǨǦ ǵǦǶǦǲǫǸǶǦ: çtranslationè Ǯ 
çrotation è, ǰǴǸǴǶȁǫ ǭǦǪǦȄǸ ǵǴǱǴǬǫǳǮǫ Ǯ ǴǶǮǫǳǸǦǼǮȄ ǷǦǲǴǱǫǸǦ Ǩ 3D-ǷǼǫǳǫ. ǈȁǧǴǶ ȃǸǮǻ 
ǵǦǶǦǲǫǸǶǴǨ ǴǭǳǦǽǦǫǸ, ǽǸǴ Ǯǻ ǭǳǦǽǫǳǮȅ ǧǹǪǹǸ ǵǫǶǫǪǦǨǦǸȂǷȅ Ǯǭ Simulink-ǲǴǪǫǱǮ. 
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ǕǴǷǱǫ ǨȁǵǴǱǳǫǳǮȅ Ǯ ǷǴǻǶǦǳǫǳǮȅ ǨǷǫǻ ǳǦǷǸǶǴǫǰ ǧǱǴǰǦ VR Sink ǵǶǮ ǴǸǰǶȁǸǮǮ ǺǦǯǱǦ 
Ƿ Simulink-ǲǴǪǫǱȂȄ ǧǹǪǫǸ ǦǨǸǴǲǦǸǮǽǫǷǰǮ ǴǸǰǶȁǨǦǸȂǷȅ ǴǰǳǴ Ƿ 3D-ǷǼǫǳǴǯ. ǘǫǵǫǶȂ ǴǷǸǦ-
ǫǸǷȅ ǳǦǷǸǶǴǮǸȂ ǵǫǶǫǪǦǽǹ ǪǦǳǳȁǻ Ǯǭ Simulink-ǲǴǪǫǱǮ Ǩ ǧǱǴǰ VR Sink, ǹ ǰǴǸǴǶǴǩǴ ǸǫǵǫǶȂ 
ǧǹǪǫǸ ǷǸǴǱȂǰǴ ǨǻǴǪǴǨ, ǷǰǴǱȂǰǴ ǵǦǶǦǲǫǸǶǴǨ ǧȁǱǴ ǴǸǲǫǽǫǳǴ ǰǦǰ Ǯǭǲǫǳȅǫǲȁǫ ǵǶǮ ǫǩǴ 
ǳǦǷǸǶǴǯǰǫ. ǔǷǳǴǨǳǦȅ ǴǷǴǧǫǳǳǴǷǸȂ, ǰǴǸǴǶǹȄ ǳǹǬǳǴ ǵǶǮ ȃǸǴǲ ǹǽǮǸȁǨǦǸȂ ð ȃǸǴ ǨǴǭǲǴǬ-
ǳǴǫ ǶǦǭǱǮǽǮǫ Ǩ ǮǷǵǴǱȂǭǹǫǲȁǻ ǷǮǷǸǫǲǦǻ ǰǴǴǶǪǮǳǦǸ Simulink Ǯ VRML-ǲǴǪǫǱǫǯ.  ǊǱȅ ǰǴǶ-
ǶǫǰǸǳǴǯ ǵǫǶǫǪǦǽǮ ǪǦǳǳȁǻ Ǯǭ Simulink-ǲǴǪǫǱǮ Ǩ 3D-ǷǼǫǳǹ Ǩ ǧǮǧǱǮǴǸǫǰǫ vrlib ǮǲǫȄǸǷȅ 
ǧǱǴǰǮ VR Placeholder Ǯ VR Signal Expander. ǇǱǴǰ VR Placeholder ǩǫǳǫǶǮǶǹǫǸ ǷǮǩǳǦǱ ǨǴǷ-
ǵǶǮǳǮǲǦǫǲȁǯ ǧǱǴǰǴǲ VR Sink ǰǦǰ ǰǴǲǦǳǪǦ, ǴǷǸǦǨǮǸȂ ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǯ ǵǦǶǦǲǫǸǶ Ǩ ǨǮǶ-
ǸǹǦǱȂǳǴǲ ǲǮǶǫ ǧǫǭ ǮǭǲǫǳǫǳǮǯ. ǇǱǴǰ VR Signal Expander ǵǴǭǨǴǱȅǫǸ ǵǶǫǴǧǶǦǭǴǨȁǨǦǸȂ 
ǨǫǰǸǴǶ ǨȁǻǴǪǳȁǻ ǵǦǶǦǲǫǸǶǴǨ Ǯǭ Simulink-ǲǴǪǫǱǮ Ǩ ǸǶǫǧǹǫǲȁǯ ǺǴǶǲǦǸ ǨǫǰǸǴǶǦ ǨǻǴǪ-
ǳȁǻ ǵǦǶǦǲǫǸǶǴǨ ǪǱȅ ǧǱǴǰǦ VR Sink. ǊǦǳǳȁǯ ǧǱǴǰ ǷǴǭǪǦǫǸ ǨǫǰǸǴǶ ǭǦǪǦǳǳǴǯ ǶǦǭǲǫǶǳǴ-
ǷǸǮ, ǭǦǵǴǱǳȅȅ ǹǰǦǭǦǳǳȁǫ ȃǱǫǲǫǳǸȁ ǭǳǦǽǫǳǮȅǲǮ Ǯǭ ǨǻǴǪǳǴǩǴ ǨǫǰǸǴǶǦ Ǯ ǵǴǲǫǽǦȅ ǴǷǸǦǱȂ-
ǳȁǫ ǰǴǲǵǴǳǫǳǸȁ ǨȁǻǴǪǳǴǩǴ ǨǫǰǸǴǶǦ ǰǦǰ ǳǫǮǭǲǫǳǳȁǫ. ǓǦǷǸǶǴǯǰǦ ǪǦǳǳǴǩǴ ǧǱǴǰǦ ǴǷǹ-
ǿǫǷǸǨǱȅǫǸǷȅ ǵǴ ǪǨǴǯǳǴǲǹ ǿǫǱǽǰǹ ǱǫǨǴǯ ǰǱǦǨǮǾǮ ǲȁǾǮ (Ƿǲ. ǶǮǷ. 6). 
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ǈ ǵǴǱǫ çOutput  widthè ǹǰǦǭȁǨǦǫǸǷȅ ǶǦǭǲǫǶǳǴǷǸȂ ǨȁǻǴǪǳǴǩǴ ǨǫǰǸǴǶǦ, Ǧ Ǩ ǵǴǱǫ 

çOutput signal indicesè ǵǶǮǨǴǪǮǸǷȅ ǨǫǰǸǴǶ, ǭǦǪǦȄǿǮǯ ǵǴǱǴǬǫǳǮȅ, Ǩ ǰǴǸǴǶȁǻ ǨǻǴǪǳȁǫ 
ǷǮǩǳǦǱȁ ǵǴȅǨǱȅȄǸǷȅ Ǩ ǨȁǻǴǪǳǴǲ ǨǫǰǸǴǶǫ. Ǔǫ ǭǦǵǴǱǳǫǳǳȁǫ ǸǦǰǮǲ ǴǧǶǦǭǴǲ ǵǴǭǮǼǮǮ Ǩ 
ǨȁǻǴǪǳǴǲ ǨǫǰǸǴǶǫ ǭǦǵǴǱǳȅȄǸǷȅ ǷǵǫǼǮǦǱȂǳȁǲ ǷǮǩǳǦǱǴǲ (ǸǦǰǮǲ Ǭǫ ǰǦǰ ǩǫǳǫǶǮǶǹǫǸ ǧǱǴǰ 
VR Placeholder), ǰǴǸǴǶȁǫ ǮǳǸǫǶǵǶǫǸǮǶǹȄǸǷȅ ǧǱǴǰǴǲ VR Sink ǰǦǰ ǰǴǲǦǳǪǦ, ǴǷǸǦǨǮǸȂ ǷǴ-
ǴǸǨǫǸǷǸǨǹȄǿǮǯ ǵǦǶǦǲǫǸǶ Ǩ ǨǮǶǸǹǦǱȂǳǴǲ ǲǮǶǫ ǧǫǭ ǮǭǲǫǳǫǳǮǯ. ǓǦ ǶǮǷ. 6 ǨǫǰǸǴǶ ǨȁǻǴǪ-
ǳȁǻ ǵǦǶǦǲǫǸǶǴǨ ǮǲǫǫǸ ǶǦǭǲǫǶǳǴǷǸȂ 3, ǵǫǶǨȁǯ ǨǻǴǪǳǴǯ ǵǦǶǦǲǫǸǶ ǵǴǲǫǿǦǫǸǷȅ ǳǦ ǸǶǫ-
ǸȂȄ ǵǴǭǮǼǮȄ ǨȁǻǴǪǳǴǩǴ ǨǫǰǸǴǶǦ, Ǧ ǨǸǴǶǴǯ ǨǻǴǪǳǴǯ ǵǦǶǦǲǫǸǶ ǵǴǲǫǿǦǫǸǷȅ ǳǦ ǨǸǴǶǹȄ 
ǵǴǭǮǼǮȄ. ǕǶǮ ȃǸǴǲ ǵǫǶǨȁǯ ȃǱǫǲǫǳǸ ǨȁǻǴǪǳǴǩǴ ǨǫǰǸǴǶǦ ǵǴǲǫǽǦǫǸǷȅ ǷǵǫǼǮǦǱȂǳȁǲ ǷǮǩ-
ǳǦǱǴǲ, ǰǦǰ ǳǫ ǮǭǲǫǳȅȄǿǮǯ ǷǴǴǸǨǫǸǷǸǨǹȄǿǫǫ ǭǳǦǽǫǳǮǫ Ǩ 3D-ǷǼǫǳǫ.    

ǕǴǷǱǫ ǳǦǷǸǶǴǯǰǮ ǧǱǴǰǦ VR Sink (Ƿǲ. ǶǮǷ. 5) Ǯ ǪǴǧǦǨǱǫǳǮȅ Ǩ Simulink-ǲǴǪǫǱȂ ǧǱǴǰǦ 
VR Signal Expander Ǯǭ ǧǮǧǱǮǴǸǫǰǮ vrlib ǳǦǾǦ Simulink-ǲǴǪǫǱȂ ǵǶǮǲǫǸ ǨǮǪ, ǵǶǫǪǷǸǦǨ-
Ǳǫǳǳȁǯ ǳǦ ǶǮǷ. 7. 
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Ǚ ǧǱǴǰǦ VR Sink ǵǴȅǨǮǱǴǷȂ ǪǨǦ ǨǻǴǪǦ Ƿ ǮǲǫǳǦǲǮ çPlane.translationè Ǯ 

çPlane.rotation è ǪǱȅ ǴǧǫǷǵǫǽǫǳǮȅ ǵǫǶǫǪǦǽ ǭǳǦǽǫǳǮǯ ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǻ ǵǦǶǦǲǫǸǶǴǨ Ǯǭ 
Simulink-ǲǴǪǫǱǮ Ǩ 3D-ǷǼǫǳǹ. ǕǶǮ ȃǸǴǲ ǳǦ ǨǻǴǪ çPlane.rotation è ǳǫǴǧǻǴǪǮǲǴ ǵǫǶǫǪǦǸȂ 
ǨǫǰǸǴǶ ǶǦǭǲǫǶǳǴǷǸǮ 4, ǵǫǶǨȁǫ ǸǶǮ ǰǴǴǶǪǮǳǦǸȁ ǰǴǸǴǶǴǩǴ ǴǵǶǫǪǫǱȅȄǸ ǴǷȂ ǨǶǦǿǫǳǮȅ, Ǧ 
ǽǫǸǨǫǶǸǦȅ ǰǴǴǶǪǮǳǦǸǦ ǭǦǪǦǫǸ ǹǩǴǱ ǵǴǨǴǶǴǸǦ ǨǴǰǶǹǩ ǪǦǳǳǴǯ ǴǷǮ. ǓǦ ǨǻǴǪ 
çPlane.translationè ǳǫǴǧǻǴǪǮǲǴ ǵǫǶǫǪǦǸȂ ǨǫǰǸǴǶ ǶǦǭǲǫǶǳǴǷǸǮ 3, ǭǦǪǦȄǿǮǯ ǰǴǴǶǪǮ-
ǳǦǸȁ ǼǫǳǸǶǦ ǷǦǲǴǱǫǸǦ Ǩ ǨǮǶǸǹǦǱȂǳǴǯ ǷǼǫǳǫ. ǔǸǲǫǸǮǲ ǵǶǮ ȃǸǴǲ, ǽǸǴ ǶǦǷǷǲǦǸǶǮǨǦǫǲǦȅ 
Simulink-ǲǴǪǫǱȂ ǨǭǱǫǸǦ ǶǦǷǷǽǮǸȁǨǦǫǸ ǸǴǱȂǰǴ ǪǨǫ ǰǴǴǶǪǮǳǦǸȁ ǼǫǳǸǶǦ ǲǦǷǷ: ǶǦǷǷǸǴȅ-
ǳǮǫ, ǵǶǴǯǪǫǳǳǴǫ ǨǪǴǱȂ ǴǷǮ X Ǯ ǨȁǷǴǸǹ ǵǴǪȀǫǲǦ, ǮǭǲǫǶȅǫǲǹȄ ǨǪǴǱȂ ǴǷǮ Z. ǘǦǰ Ǭǫ 
ǷǱǫǪǹǫǸ ǹǽǫǷǸȂ, ǽǸǴ ǨǭǱǫǸǳǴ-ǵǴǷǦǪǴǽǳǦȅ ǵǴǱǴǷǦ Ǩ ǨǮǶǸǹǦǱȂǳǴǯ ǷǼǫǳǫ ǶǦǷǵǴǱǴǬǫǳǦ 
ǨǪǴǱȂ ǴǷǮ Z Ǩ ǵǱǴǷǰǴǷǸǮ XZ, Ǧ ǨȁǷǴǸǦ ǭǦǪǦǫǸǷȅ ǨǪǴǱȂ ǴǷǮ Y. ǕǴȃǸǴǲǹ ǳǦǷǸǶǴǯǰǮ ǧǱǴǰǦ 
VR Signal Expander ǷǱǫǪǹǫǸ ǵǶǴǮǭǨǫǷǸǮ ǷǴǩǱǦǷǳǴ ǶǮǷ. 6. 

ǊǱȅ ǭǦǨǫǶǾǫǳǮȅ ǴǧȀǫǪǮǳǫǳǮȅ Simulink-ǲǴǪǫǱǮ Ǯ 3D-ǷǼǫǳȁ ǳǫǴǧǻǴǪǮǲǴ ǵǴǪǦǸȂ 
ǨȁǻǴǪ ǭǦǪǦȄǿǮǯ ǹǩǱǴǨǴǫ ǵǴǱǴǬǫǳǮǫ ǷǦǲǴǱǫǸǦ ǳǦ ǨǻǴǪ ǵǴǲǫǽǫǳǳȁǯ ǰǦǰ 
çPlane.rotation è, Ǧ ǷǮǩǳǦǱ Ƿ ǨȁǻǴǪǦ, ǭǦǪǦȄǿǫǩǴ ǵǴǱǴǬǫǳǮǫ ǼǫǳǸǶǦ ǲǦǷǷ ǷǦǲǴǱǫǸǦ 
ǳǫǴǧǻǴǪǮǲǴ ǵǴǪǦǸȂ ǳǦ ǨǻǴǪ ǧǱǴǰǦ VR Signal Expander, ǨȁǻǴǪ ǰǴǸǴǶǴǩǴ, Ǩ ǷǨǴȄ ǴǽǫǶǫǪȂ, 
ǳǹǬǳǴ ǷǴǫǪǮǳǮǸȂ ǷǴ ǨǻǴǪǴǲ çPlane.translationè. ǕǶǮ ȃǸǴǲ ǷǹǿǫǷǸǨǹȄǿǮǫ ǷǨȅǭǮ Ƿ ǧǱǴ-
ǰǦǲǮ ǸǮǵǦ Scope, ǮǷǵǴǱȂǭǹǫǲȁǫ ǪǱȅ ǨȁǨǴǪǦ ǩǶǦǺǮǰǴǨ, ǲǴǬǳǴ ǱǮǧǴ ǹǪǦǱǮǸȂ, ǱǮǧǴ ǷǴ-
ǻǶǦǳǮǸȂ. ǈ ǵǴǷǱǫǪǳǫǲ ǷǱǹǽǦǫ, ǳǦǶȅǪǹ Ƿ ǨǮǭǹǦǱǮǭǦǼǮǫǯ, ǵǴ-ǵǶǫǬǳǫǲǹ ǧǹǪǹǸ Ǩ ǴǸǪǫǱȂ-
ǳȁǻ ǴǰǳǦǻ ǨȁǨǴǪǮǸȂǷȅ ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǫ ǩǶǦǺǮǰǮ. ǎǸǴǩǴǨǦȅ  Simulink-ǲǴǪǫǱȂ ǵǶǫǪ-
ǷǸǦǨǱǫǳǦ ǳǦ ǶǮǷ. 8, Ǧ ǵǶǮǲǫǶ ǨǮǭǹǦǱǮǭǦǼǮǮ ǵǶǮǨǫǪǫǳ ǳǦ ǶǮǷ. 9. 
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 ǍǦǰǱȄǽǫǳǮǫ 
 

ǈ ǪǦǳǳǴǯ ǶǦǧǴǸǫ ǦǨǸǴǶǦǲǮ ǵǶǮǨǫǪǫǳ ǰǶǦǸǰǮǯ ǦǱǩǴǶǮǸǲ ǵǴǪǰǱȄǽǫǳǮȅ 3D-ǨǮǭǹǦǱǮ-
ǭǦǼǮǮ ǰ ǩǴǸǴǨǴǯ Simulink-ǲǴǪǫǱǮ ǳǦ ǵǶǮǲǫǶǫ ǲǴǪǫǱǮ ǨǭǱǫǸǦ ǷǦǲǴǱǫǸǦ Ǩ ǨǫǶǸǮǰǦǱȂǳǴǯ 
ǵǱǴǷǰǴǷǸǮ. ǕǶǮǨǴǪǮǸǷȅ ǰǶǦǸǰǮǯ ǴǧǭǴǶ ǨǴǭǲǴǬǳǴǷǸǫǯ ǵǦǰǫǸǦ ǨǮǭǹǦǱǮǭǦǼǮǮ Simulink 3D 
Animation Ǯ ǴǵǮǷǦǳǮǫ ǫǩǴ ǴǷǳǴǨǳȁǻ ȃǱǫǲǫǳǸǴǨ. ǊǦǳǳǦȅ ǷǸǦǸȂȅ ǲǴǬǫǸ ǧȁǸȂ ǮǷǵǴǱȂǭǴ-
ǨǦǳǦ Ǩ ǰǦǽǫǷǸǨǫ ǴǷǳǴǨȁ ǪǱȅ ǴǪǳǴǩǴ Ǯǭ ǭǦǳȅǸǮǯ ǵǴ ǷǶǫǪǫ Simulink, ǵǶǴǨǴǪǮǲȁǻ ǷǴ ǷǸǹ-
ǪǫǳǸǦǲǮ ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǻ ǷǵǫǼǮǦǱȂǳǴǷǸǫǯ.  
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ǚǎǍǎǝǋǗǐǎǏ ǎ ǉǋǔǒǋǘǖǎǝǋǗǐǎǏ ǆǗǕǋǐǘǡ  
ǈ ǎǍǑǔǌǋǓǎǎ ǕǔǓǥǘǎǥ ǓǋǕǖǋǖǡǈǓǔǗǘǎ ǚǙǓǐǜǎǎ 

 

 

ǆǳǳǴǸǦǼǮȅ 

ǕǴǳȅǸǮȅ ǵǶǫǪǫǱǦ ǺǹǳǰǼǮǮ Ǯ ǳǫǵǶǫǶȁǨǳǴǷǸǮ ǺǹǳǰǼǮǮ ǴǸǳǴǷȅǸǷȅ ǰ ǽǮǷǱǹ ǷǦǲȁǻ ǨǦǬǳȁǻ ǵǴ-
ǳȅǸǮǯ ǰǹǶǷǦ ǲǦǸǫǲǦǸǮǽǫǷǰǴǩǴ ǦǳǦǱǮǭǦ. ǎǻ ǹǷǨǴǫǳǮǫ ǳǫǶǫǪǰǴ ǨȁǭȁǨǦǫǸ ǭǦǸǶǹǪǳǫǳǮǫ ǹ ǷǸǹ-
ǪǫǳǸǴǨ-ǵǫǶǨǴǰǹǶǷǳǮǰǴǨ. ǔǷǴǧǫǳǳǴ ǹ ǨȁǵǹǷǰǳǮǰǴǨ ǳǫǵǶǴǺǮǱȂǳȁǻ ǰǱǦǷǷǴǨ. ǊǦǳǳǦȅ ǶǦǧǴǸǦ 
ǵǶǫǪǱǦǩǦǫǸ ǲǫǸǴǪǮǰǹ ǮǭǱǴǬǫǳǮȅ Ǹǫǲȁ çǕǴǳȅǸǮǫ ǳǫǵǶǫǶȁǨǳǴǷǸǮ ǺǹǳǰǼǮǮè Ǩ ǰǹǶǷǫ ǲǦǸǫ-
ǲǦǸǮǽǫǷǰǴǩǴ ǦǳǦǱǮǭǦ ǸǫǻǳǮǽǫǷǰǮǻ ǷǵǫǼǮǦǱȂǳǴǷǸǫǯ ǵǫǶǨǴǩǴ ǷǫǲǫǷǸǶǦ ǴǧǹǽǫǳǮȅ. ǜǫǱȂ ǶǦ-
ǧǴǸȁ ð ǴǧǫǷǵǫǽǮǸȂ ǵǶǴǽǳǴǫ ǹǷǨǴǫǳǮǫ ǷǸǹǪǫǳǸǦǲǮ ǵǴǳȅǸǮȅ ǳǫǵǶǫǶȁǨǳǴǷǸǮ, Ǧ ǸǦǰǬǫ ǵǶǴǮǱ-
ǱȄǷǸǶǮǶǴǨǦǸȂ ǪǦǳǳǴǫ ǵǴǳȅǸǮǫ ǵǶǴǷǸȁǲǮ ǵǶǮǲǫǶǦǲǮ Ǯǭ ǺǮǭǮǰǮ. ǈ ǶǦǧǴǸǫ ǰǶǦǸǰǴ ǮǭǱǴǬǫǳȁ 
ǴǷǳǴǨǳȁǫ ǸǫǴǶǫǸǮǽǫǷǰǮǫ ǷǨǫǪǫǳǮȅ, ǶǦǷǷǲǴǸǶǫǳȁ ǸǮǵǴǨȁǫ ǵǶǮǲǫǶȁ Ǯ ǭǦǪǦǽǮ ǳǦ ǪǴǰǦǭǦ-
ǸǫǱȂǷǸǨǴ. ǗǸǦǸȂȅ ǳǦǵǮǷǦǳǦ ǳǦ ǴǷǳǴǨǫ ǴǵȁǸǦ ǵǶǫǵǴǪǦǨǦǳǮȅ ǲǦǸǫǲǦǸǮǽǫǷǰǴǩǴ ǦǳǦǱǮǭǦ ǨǴ 
ǨǸǹǭǫ Ǯ ǧǹǪǫǸ ǵǴǱǫǭǳǦ ǰǦǰ ǵǶǫǵǴǪǦǨǦǸǫǱȅǲ ǵǶǮ ǵǶǴǨǫǪǫǳǮǮ ǵǶǦǰǸǮǽǫǷǰǮǻ ǭǦǳȅǸǮǯ, ǸǦǰ Ǯ 
ǷǸǹǪǫǳǸǦǲ ǪǱȅ ǷǦǲǴǷǸǴȅǸǫǱȂǳǴǯ ǶǦǧǴǸȁ ǵǴ ǹǰǦǭǦǳǳǴǯ Ǹǫǲǫ. 

 

ǐǱȄǽǫǨȁǫ ǷǱǴǨǦ 

ǳǫǵǶǫǶȁǨǳǴǷǸȂ ǺǹǳǰǼǮǮ,  
ǲǫǸǴǪǮǽǫǷǰǮǫ ǴǷǴǧǫǳǳǴǷǸǮ Ǹǫǲȁ çǓǫǵǶǫǶȁǨǳǴǷǸȂ ǺǹǳǰǼǮǮè 

 

ǆǈǘǔǖ 

 

ǈǫǶǩǦǭǴǨǦ ǔǱȂǩǦ ǇǹǻǸǮȅǶǴǨǳǦ,  
ǰǦǳǪǮǪǦǸ ǺǮǱǴǷǴǺǷǰǮǻ ǳǦǹǰ, ǪǴǼǫǳǸ 

ǚǉǇǔǙ ǈǔ çǒǴǷǰǴǨǷǰǮǯ ǩǴǷǹǪǦǶǷǸǨǫǳǳȁǯ ǸǫǻǳǮǽǫǷǰǮǯ ǹǳǮǨǫǶǷǮǸǫǸ  
Ǯǲ. Ǔ. ǣ. ǇǦǹǲǦǳǦè, ǩ. ǒǴǷǰǨǦ, 

vergazova@bmstu.ru 
 

 
 

ǈǨǫǪǫǳǮǫ 
 

ǖǦǷǷǲǴǸǶǮǲ ǸǦǰǴǯ ǵǴǪǻǴǪ ǰ ǺǴǶǲǮǶǴǨǦǳǮȄ ǵǴǳȅǸǮȅ ǳǫǵǶǫǶȁǨǳǴǷǸǮ ǹ ǷǸǹǪǫǳǸǴǨ, Ǩ 
ǰǴǸǴǶǴǲ ǵǴǪǩǴǸǴǨǮǸǫǱȂǳǦȅ ǶǦǧǴǸǦ ǳǦ ǹǷǨǴǫǳǮǫ ǵǴǳȅǸǮȅ ǳǫǵǶǫǶȁǨǳǴǷǸǮ ǺǹǳǰǼǮǮ ǵǶǴǮǷ-
ǻǴǪǮǸ ǳǦ ǴǷǳǴǨǫ ǳǫǷǱǴǬǳȁǻ ǵǶǮǲǫǶǴǨ Ǯǭ ǺǮǭǮǰǮ, Ǧ ǫǩǴ ǪǦǱȂǳǫǯǾǫǫ ǹǷǨǴǫǳǮǫ ǴǵǮǶǦǫǸǷȅ 
ǳǦ ǩǫǴǲǫǸǶǮǽǫǷǰǮǯ ǷǲȁǷǱ ǴǵǶǫǪǫǱǫǳǮȅ. ǔǸǲǫǸǮǲ, ǽǸǴ ǵǶǫǪǨǦǶǮǸǫǱȂǳǴǫ ǺǴǶǲǮǶǴǨǦǳǮǫ 
ǵǴǳȅǸǮȅ ǵǶǫǪǫǱǦ ȅǨǱȅǫǸǷȅ ǴǷǳǴǨǴǯ ǪǱȅ ǺǴǶǲǮǶǴǨǦǳǮȅ ǵǴǳȅǸǮȅ ǳǫǵǶǫǶȁǨǳǴǷǸǮ. 

 

ǒǫǸǴǪǴǱǴǩǮȅ Ǯ ǶǫǭǹǱȂǸǦǸȁ ǮǷǷǱǫǪǴǨǦǳǮȅ 
 

ǕǶǮ ǺǴǶǲǹǱǮǶǴǨǰǫ ǴǵǶǫǪǫǱǫǳǮǯ Ǹǫǲȁ çǓǫǵǶǫǶȁǨǳǴǷǸȂ ǺǹǳǰǼǮǮè ǷǸǹǪǫǳǸǦǲ ǵǴ-
ǳǦǪǴǧȅǸǷȅ ǻǴǶǴǾǴ ǷǺǴǶǲǮǶǴǨǦǳǳȁǫ ǳǦǨȁǰǮ ǶǫǾǫǳǮȅ ǳǫǶǦǨǫǳǷǸǨ Ƿ ǲǴǪǹǱȅǲǮ. ǋǷǱǮ 
ǶȅǪ ǷǸǹǪǫǳǸǴǨ ǮǷǵȁǸȁǨǦǫǸ ǭǦǸǶǹǪǳǫǳǮȅ ǵǶǮ ǶǦǧǴǸǫ Ƿ ǸǦǰǮǲǮ ǭǦǪǦǽǦǲǮ, ǸǴ ǲǴǬǳǴ ǵǶǴ-
ǨǫǷǸǮ ǵǴǪǩǴǸǴǨǮǸǫǱȂǳǹȄ ǶǦǧǴǸǹ Ƿ ǵǴǲǴǿȂȄ ǷǦǲǴǷǸǴȅǸǫǱȂǳǴǩǴ ǶǫǾǫǳǮȅ ǭǦǪǦǳǮǯ ǨǮǪǦ: 

1) ǭǦǵǮǷǦǸȂ Ƿ ǵǴǲǴǿȂȄ ǭǳǦǰǦ ǲǴǪǹǱȅ ǵǶǫǪǱǴǬǫǳǮǫ: ǶǦǷǷǸǴȅǳǮǫ ǲǫǬǪǹ ǸǴǽǰǦǲǮ 
ὼ ̉ ὥ ǶǦǨǳǴ ‏;  

2) ǶǫǾǮǸȂ ǹǶǦǨǳǫǳǮǫ Ƿ ǮǱǱȄǷǸǶǦǼǮǫǯ ǶǫǾǫǳǮȅ ǳǦ ǽǫǶǸǫǬǫ ȿὼ τȿ ς,  
ȿὼ τȿ υ Ǯ Ǹ.Ǫ.; 
3) ǶǫǾǮǸȂ ǳǫǶǦǨǫǳǷǸǨǴ Ƿ ǮǱǱȄǷǸǶǦǼǮǫǯ ǶǫǾǫǳǮȅ ǳǦ ǽǫǶǸǫǬǫ ȿὼ ρȿ σ, ȿὼ τȿ

υ, ȿρ ὼȿ σ Ǯ Ǹ. Ǫ.  
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  ǊǱȅ ǵǴǪǩǴǸǴǨǰǮ ǵǫǶǨǴǰǹǶǷǳǮǰǴǨ ǰ ǵǴǳǮǲǦǳǮȄ ǸǫǰǷǸǦ ǴǵǶǫǪǫǱǫǳǮȅ ǳǫǵǶǫǶȁǨǳǴ-
ǷǸǮ ǺǹǳǰǼǮǮ ǲǴǬǳǴ ǵǶǮǨǫǷǸǮ ǵǶǴǷǸȁǫ ǵǶǮǲǫǶȁ Ǯǭ ǺǮǭǮǰǮ, ǰǴǸǴǶȁǫ ǵǴǰǦǭȁǨǦȄǸ ǳǫ-
ǵǶǫǶȁǨǳȁǫ Ǯ ǷǰǦǽǰǴǴǧǶǦǭǳȁǫ ǮǭǲǫǳǫǳǮȅ ǨǫǱǮǽǮǳ. 

ǓǦǵǶǮǲǫǶ, ǶǦǷǷǲǴǸǶǮǲ ǩǶǹǭ, ǵǴǪǨǫǾǫǳǳȁǯ ǳǦ ǳǮǸǮ ǳǦ ǳǫǰǴǸǴǶǴǯ ǨȁǷǴǸǫ ǴǸǳǴǷǮ-
ǸǫǱȂǳǴ ǵǴǨǫǶǻǳǴǷǸǮ ǭǫǲǱǮ. ǓǮǸȂ ǶǦǷǸȅǩǮǨǦǫǸǷȅ ǵǴǪ ǪǫǯǷǸǨǮǫǲ ǩǶǹǭǦ. ǖǦǷǷǸǴȅǳǮǫ ǩǶǹǭǦ 
l  ǴǸ ǵǫǶǨǴǳǦǽǦǱȂǳǴǩǴ ǵǴǱǴǬǫǳǮȅ Ǩ ǸǴǽǰǫ ǆ (ǵǶǮ ǳǫǶǦǷǸȅǳǹǸǴǯ ǳǮǸǮ) ȅǨǱȅǫǸǷȅ ǺǹǳǰǼǮǫǯ 
ǲǦǷǷȁ ǩǶǹǭǦ  l Ὢά .  (ǖǮǷ. 1). 

 

 
ǖǮǷ. 1 

 
ǕǶǮ ǲǦǱǴǲ ǮǭǲǫǳǫǳǮǮ ǲǦǷǷȁ ǩǶǹǭǦ m ǪǱǮǳǦ ǳǮǸǮ ὰ ǮǲǫǫǸ ǲǦǱȁǫ ǮǭǲǫǳǫǳǮȅ. ǓǴ 

ǵǶǮ ǲǦǷǷǫ ǩǶǹǭǦ, ǧǱǮǭǰǴǯ ǰ ǵǶǫǪǫǱǹ ǵǶǴǽǳǴǷǸǮ ά  ǳǮǸǮ, ǳǫǧǴǱȂǾǴǫ ǹǨǫǱǮǽǫǳǮǫ ǲǦǷǷȁ 
ǩǶǹǭǦ ǲǴǬǫǸ ǨȁǭǨǦǸȂ ǶǦǭǶȁǨ ǳǮǸǮ. ǈ ȃǸǴǲ ǷǱǹǽǦǫ ǶǦǷǷǸǴȅǳǮǫ ǩǶǹǭǦ ὰ ǴǸ ǵǴǨǫǶǻǳǴǷǸǮ 
ǭǫǲǱǮ ǮǭǲǫǳǮǸǷȅ ǷǰǦǽǰǴǴǧǶǦǭǳǴ Ǯ ǧǹǪǫǸ ǶǦǨǳǴ ǨǫǱǮǽǮǳǫ L ð ǶǦǷǷǸǴȅǳǮȄ ǴǸ ǸǴǽǰǮ ǆ ǪǴ 
ǵǴǨǫǶǻǳǴǷǸǮ ǭǫǲǱǮ. ǉǶǦǺǮǰ ǺǹǳǰǼǮǮ ὰ Ὢά  ǷǻǫǲǦǸǮǽǫǷǰǮ ǮǭǴǧǶǦǬǫǳ ǳǦ ǶǮǷ. 2. 
(ǖǮǷ. 2). ǓǦ ǹǽǦǷǸǰǫ (0; ά) ǩǶǦǺǮǰ ǵǶǫǪǷǸǦǨǱȅǫǸ ǷǴǧǴǯ ǳǫǵǶǫǶȁǨǳǹȄ (ǷǵǱǴǾǳǹȄ) ǱǮ-
ǳǮȄ, Ǧ Ǩ ǸǴǽǰǫ ά  ǵǶǫǸǫǶǵǫǨǦǫǸ ǶǦǭǶȁǨ. ǉǴǨǴǶȅǸ, ǽǸǴ ǺǹǳǰǼǮȅ ὰ Ὢά  ǨǴ ǨǷǫǻ ǸǴǽ-
ǰǦǻ, ǰǶǴǲǫ ǸǴǽǰǮ ά, ǳǫǵǶǫǶȁǨǳǦ, Ǧ Ǩ ǸǴǽǰǫ ά  ǴǳǦ ǮǲǫǫǸ ǶǦǭǶȁǨ. [1]  

 
ǖǮǷ. 2. 

 
ǎǱǮ ǪǶǹǩǴǯ ǵǶǮǲǫǶ. ǎǭǨǫǷǸǳǴ, ǽǸǴ ǴǧȀǫǲ ǨǴǪȁ V ǭǦǨǮǷǮǸ ǴǸ ǫǫ ǸǫǲǵǫǶǦǸǹǶȁ t . 

ǋǷǱǮ ǸǫǲǵǫǶǦǸǹǶǦ ǨǴǪȁ ǳǦǻǴǪǮǸǷȅ Ǩ ǵǶǴǲǫǬǹǸǰǫ ǴǸ 0 ǪǴ 100 ÁC, ǸǴ ǵǶǮ ǲǦǱǴǲ Ǯǭǲǫǳǫ-
ǳǮǮ ǸǫǲǵǫǶǦǸǹǶȁ ǴǧȀǫǲ ǮǭǲǫǳȅǫǸǷȅ ǲǦǱǴ. ǓǴ ǫǷǱǮ ǸǫǲǵǫǶǦǸǹǶǦ ǨǴǪȁ ǶǦǨǳǦ 0 ÁC, ǸǴ 
ǵǶǮ ǷǦǲǴǲ ǳǫǧǴǱȂǾǴǲ ǵǴǳǮǬǫǳǮǮ ǸǫǲǵǫǶǦǸǹǶȁ ǨǴǪǦ ǵǫǶǫǻǴǪǮǸ Ǩ ǪǶǹǩǴǫ ǦǩǶǫǩǦǸǳǴǫ 
ǷǴǷǸǴȅǳǮǫ ð ǵǶǫǨǶǦǿǦǫǸǷȅ Ǩ ǱǫǪ. ǎǭǨǫǷǸǳǴ, ǽǸǴ ǴǧȀǫǲ 1 ǰǩ ǱȂǪǦ ǵǶǮ         0 ÁC ǭǳǦǽǮ-
ǸǫǱȂǳǴ ǧǴǱȂǾǫ, ǽǫǲ ǴǧȀǫǲ 1 ǰǩ ǨǴǪȁ ǵǶǮ ǸǴǯ Ǭǫ ǸǫǲǵǫǶǦǸǹǶǫ. ǍǳǦǽǮǸ, ǵǶǮ 0 ÁC ǭǦǨǮ-
ǷǮǲǴǷǸȂ ǴǧȀǫǲǦ ǴǸ ǸǫǲǵǫǶǦǸǹǶȁ ǳǫ ȅǨǱȅǫǸǷȅ ǳǫǵǶǫǶȁǨǳǴǯ, ǺǹǳǰǼǮȅ       ὠ Ὢὸ ǮǲǫǫǸ 
ǵǶǮ t = 0Á ǶǦǭǶȁǨ. 

ǈ ǲǦǸǫǲǦǸǮǰǫ ǶǦǭǱǮǽǮǫ ǲǫǬǪǹ ǵǱǦǨǳȁǲǮ Ǯ ǷǰǦǽǰǴǴǧǶǦǭǳȁǲǮ ǮǭǲǫǳǫǳǮȅǲǮ ǨǫǱǮǽǮǳ 
ǴǵǮǷȁǨǦǫǸǷȅ Ƿ ǵǴǲǴǿȂȄ ǳǫǵǶǫǶȁǨǳȁǻ Ǯ ǶǦǭǶȁǨǳȁǻ ǺǹǳǰǼǮǯ. ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǫǷǱǮ 
ǨǧǱǮǭǮ ǴǸ ǭǳǦǽǫǳǮȅ ὼ ὥ ǨǫǱǮǽǮǳȁ ὼ Ǯ ώ Ὢὼ ǷǨȅǭǦǳȁ ǪǶǹǩ Ƿ ǪǶǹǩǴǲ ǸǦǰ, ǽǸǴ ǲǦǱǴǫ 
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ǮǭǲǫǳǫǳǮǫ ȃǸǴǩǴ ǭǳǦǽǫǳǮȅ ǨǱǫǽǫǸ ǭǦ ǷǴǧǴǯ ǲǦǱǴǫ ǮǭǲǫǳǫǳǮǫ ώ, ǸǴ ώ ǳǫǵǶǫǶȁǨǳǴ ǭǦǨǮǷǮǸ 
ǴǸ ὼ ǵǶǮ ὼ ὥ ǮǱǮ, ǪǶǹǩǮǲǮ ǷǱǴǨǦǲǮ, ώ Ὢὼ ǳǫǵǶǫǶȁǨǳǦ Ǩ ǸǴǽǰǫ ὼ ὥ. 

ǘǦǰǴǫ ǴǵǶǫǪǫǱǫǳǮǫ ǳǫǵǶǫǶȁǨǳǴǷǸǮ ǳǫ ȅǨǱȅǫǸǷȅ ǷǸǶǴǩǮǲ Ǩ ǲǦǸǫǲǦǸǮǽǫǷǰǴǲ ǷǲȁǷǱǫ: 
ǨȁǶǦǬǫǳǮǫ çǲǦǱǴǫ ǮǭǲǫǳǫǳǮǫè ǳǫ ǮǲǫǫǸ ǲǦǸǫǲǦǸǮǽǫǷǰǴǩǴ ǷǲȁǷǱǦ. ǈ ǭǦǪǦǽǫ Ǵǧ ǮǭǲǫǶǫ-
ǳǮǮ ǶǦǪǮǹǷǦ ǍǫǲǱǮ ǮǭǲǫǳǫǳǮǫ ǳǦ 0,1 Ƿǲ ǴǽǫǳȂ ǲǦǱǴ. ǈ ǸǴ Ǭǫ ǨǶǫǲȅ ǮǭǲǫǳǫǳǮǫ ǳǦ 0,1 Ƿǲ 
ǨǫǱǮǰǴ, ǫǷǱǮ ǶǫǽȂ ǮǪǫǸ Ǵ ǶǦǪǮǹǷǫ ǰǦǰǴǯ-ǱǮǧǴ ǪǫǸǦǱǮ, ǳǦǵǶǮǲǫǶ, ǾǦǶǮǰǴǵǴǪǾǮǵǳǮǰǦ. 
100000 ǰǲ ǨǫǷȂǲǦ ǭǳǦǽǮǸǫǱȂǳǦȅ ǨǫǱǮǽǮǳǦ ǪǱȅ ǶǦǷǷǸǴȅǳǮȅ ǴǸ ǍǫǲǱǮ ǪǴ Ǒǹǳȁ, ǳǴ ǨǫǷȂǲǦ 
ǲǦǱǦȅ ǨǫǱǮǽǮǳǦ ǵǴ ǷǶǦǨǳǫǳǮȄ Ƿ ǶǦǷǷǸǴȅǳǮǫǲ ǴǸ ǗǴǱǳǼǦ ǪǴ ǗǮǶǮǹǷǦ. [1] 

ǈ ǲǦǸǫǲǦǸǮǽǫǷǰǴǲ ǷǲȁǷǱǫ ǷǱǴǨǦ çǲǦǱǴǫ ǮǭǲǫǳǫǳǮǫè ǴǭǳǦǽǦȄǸ, ǽǸǴ ǵǶǮ ǲǦǱǴǯ 
ǴǾǮǧǰǫ Ǩ ǮǭǲǫǶǫǳǮǮ ὼ ǵǴǩǶǫǾǳǴǷǸȂ ǭǳǦǽǫǳǮȅ y ǲǦǱǦ. 

ǋǷǱǮ ǨǫǱǮǽǮǳǦ ὼ ǮǭǲǫǶǫǳǦ Ƿ ǸǴǽǳǴǷǸȂȄ ‏ π, ǸǴ ǴǸǰǱǴǳǫǳǮǫ ὼ ǴǸ ǸǴǽǳǴǩǴ ǭǳǦǽǫ-
ǳǮȅ ὥ ǲǫǳȂǾǫ ‏, ǸǴ ǫǷǸȂ ȿὼ ὥȿ ǈȁǶǦǬǫǳǮǫ çǵǴǩǶǫǾǳǴǷǸȂ ǭǳǦǽǫǳǮȅ         ώ .‏ Ὢὼ 
ǷǰǴǱȂ ǹǩǴǪǳǴ ǲǦǱǦè ǴǭǳǦǽǦǫǸ: ǰǦǰǦȅ ǧȁ ǸǴǽǳǴǷǸȂ ‐ π ǳǮ ǧȁǱǦ ǭǦǪǦǳǦ, ǨǷǫǩǪǦ ǲǴǬǳǴ 
ǪǴǧǮǸȂǷȅ ǸǴǩǴ, ǽǸǴǧȁ ǴǸǰǱǴǳǫǳǮǫ Ὢὼ ǴǸ Ὢὥ ǧȁǱǴ ǲǫǳȂǾǫ ‐, ǸǴ ǫǷǸȂ ȿὪὼ Ὢὥȿ
‐. ǘǦǰǴǯ ǸǴǽǳǴǷǸǮ ǲǴǬǳǴ ǪǴǧǮǸȂǷȅ ǵǶǮ ǨȁǧǴǶǫ ὼ ǪǴǷǸǦǸǴǽǳǴ ǧǱǮǭǰǴ ǰ ὥ. ǘǦǰǮǲ ǴǧǶǦ-
ǭǴǲ, Ǯǭ ǳǫǶǦǨǫǳǷǸǨǦ ȿὼ ὥȿ ǧǹǪǫǸ ǷǱǫǪǴǨǦǸȂ ǳǫǶǦǨǫǳǷǸǨǴ ȿὪὼ ‏ Ὢὥȿ ‐. 

ǈ ǷǱǹǽǦǫ Ƿ ǩǶǹǭǴǲ, ǵǴǪǨǫǾǫǳǳȁǲ ǳǦ ǳǮǸǮ, ǴǵǶǫǪǫǱǫǳǮǫ ǳǫǵǶǫǶȁǨǳǴǷǸǮ ǶǦǧǴǸǦǫǸ 
ǷǱǫǪǹȄǿǮǲ ǴǧǶǦǭǴǲ. ǊǴǵǹǷǸǮǲ, ǽǸǴ ǲǦǷǷǦ ǩǶǹǭǦ ǲǳǴǩǴ ǲǫǳȂǾǫ ǲǦǷǷȁ, ǨȁǭȁǨǦȄǿǫǯ 
ǴǧǶȁǨ ǳǮǸǮ. ǘǴǩǪǦ ǵǶǮ ǹǰǦǭǦǳǮǮ ǳǫǰǴǸǴǶǴǩǴ ǭǳǦǽǫǳǮȅ ǹǪǱǮǳǫǳǮȅ ǳǮǸǮ ῳὰ ǨǷǫǩǪǦ 
ǲǴǬǳǴ ǵǴǪǴǧǶǦǸȂ ǪǴǵǴǱǳǮǸǫǱȂǳǹȄ ǳǦǩǶǹǭǰǹ ῳά, ǽǸǴǧȁ ǹǪǱǮǳǫǳǮǫ ǳǮǸǮ ǳǫ ǵǶǫǨȁǷǮǱǴ 
ǹǰǦǭǦǳǳǴǩǴ ǭǳǦǽǫǳǮȅ. ǎǱǮ ǳǦ ȅǭȁǰǫ ‐  ǪǱȅ ǱȄǧǴǩǴ ǭǦǶǦǳǫǫ ǹǰǦǭǦǳǳǴǩǴ ǹǪǱǮǳǫǳǮȅ :‏
ǳǮǸǮ ‐ ǲǴǬǳǴ ǵǴǪǴǧǶǦǸȂ ǸǦǰǴǫ ǭǳǦǽǫǳǮǫ ‏, ǽǸǴ, ǫǷǱǮ ǲǦǷǷǦ ǪǴǵǴǱǳǮǸǫǱȂǳǴǯ ǳǦǩǶǹǭǰǮ 
ǲǫǳȂǾǫ ‏, ǳǮǸȂ ǹǪǱǮǳǮǸǷȅ ǲǫǳǫǫ ǽǫǲ ǳǦ ‐. 

ǘǦǰǮǫ ǳǦǩǱȅǪǳȁǫ ǶǦǷǷǹǬǪǫǳǮȅ ǪǫǱǦȄǸ ǪǱȅ ǷǸǹǪǫǳǸǦ-ǵǫǶǨǴǰǹǶǷǳǮǰǦ ǷǱǫǪǹȄǿǫǫ 
ǴǵǶǫǪǫǱǫǳǮǫ ǵǴǳȅǸǳȁǲ Ǯ ǴǵǶǦǨǪǦǳǳȁǲ. 

ǕǶǷǬǫǬǲǬǴǯǬ. ǚǹǳǰǼǮȅ ώ Ὢὼ ǳǦǭȁǨǦǫǸǷȅ ǳǫǵǶǫǶȁǨǳǴǯ Ǩ ǸǴǽǰǫ ὥ, ǫǷǱǮ ǨȁǵǴǱ-
ǳǫǳȁ ǪǨǦ ǹǷǱǴǨǮȅ: 

1) ǺǹǳǰǼǮȅ ǴǵǶǫǪǫǱǫǳǦ Ǩ ǳǫǰǴǸǴǶǴǯ ǴǰǶǫǷǸǳǴǷǸǮ ǸǴǽǰǮ ὥ;  
2) ǪǱȅ ǱȄǧǴǩǴ ‐ π ǷǹǿǫǷǸǨǹǫǸ ǸǦǰǴǫ ‏ π, ǽǸǴ Ǯǭ ȿὼ ὥȿ ǨȁǸǫǰǦǫǸ ȿὪὼ ‏

Ὢὥȿ ‐. [2, 3]  
ǊǱȅ ǺǴǶǲǮǶǴǨǦǳǮȅ ǵǴǳȅǸǮȅ ǳǫǵǶǫǶȁǨǳǴǷǸǮ ǺǹǳǰǼǮǮ ǳǫǴǧǻǴǪǮǲǴ ǵǶǴǮǱǱȄǷǸǶǮ-

ǶǴǨǦǸȂ ǷǸǹǪǫǳǸǦǲ ǴǵǶǫǪǫǱǫǳǮǫ ǩǫǴǲǫǸǶǮǽǫǷǰǮ. ǈȁǧǫǶǫǲ ǳǦ ǩǶǦǺǮǰǫ ǺǹǳǰǼǮǮ ώ
ὪὼǸǴǽǰǹ ǒ (ὥ, Ὢὥ), ǰǴǸǴǶǹȄ ǷǵǶǴǫǰǸǮǶǹǫǲ ǳǦ ǴǷǮ ǰǴǴǶǪǮǳǦǸ. ǈȁǧǫǶǫǲ ‐-ǴǰǶǫǷǸ-
ǳǴǷǸȂ ǸǴǽǰǮ Ὢὥ ǳǦ ǴǷǮ ǔώ. ǋǷǱǮ ǺǹǳǰǼǮȅ ǳǫǵǶǫǶȁǨǳǦ Ǩ ǸǴǽǰǫ ὥ, ǸǴ ǳǦ ǴǷǮ ǔὼ ǲǴǬǳǴ 
ǳǦǯǸǮ ‏-ǴǰǶǫǷǸǳǴǷǸȂ ǸǴǽǰǮ ὥ, ǴǧǱǦǪǦȄǿǹȄ ǷǨǴǯǷǸǨǴǲ: ǰǦǰǹȄ ǧȁ ǸǴǽǰǹ ὼ Ǩ ȃǸǴǯ ‏-
ǴǰǶǫǷǸǳǴǷǸǮ ǲȁ ǳǮ ǨǭȅǱǮ, ǸǴǽǰǦ Ὢὥ  ǳǦ ǴǷǮ ǔώ (ǷǴǴǸǨǫǸǷǸǨǹȄǿǫǫ ὼ ὥ ǭǳǦǽǫǳǮǫ 
ǺǹǳǰǼǮǮ) ǧǹǪǫǸ ǳǦǻǴǪǮǸȂǷȅ Ǩ ǭǦǪǦǳǳǴǯ ‐-ǴǰǶǫǷǸǳǴǷǸǮ ǸǴǽǰǮ Ὢὥ. (ǖǮǷ. 3). 

 

 
ǖǮǷ. 3 
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ǗǱǫǪǹȄǿǮǲ ǨǦǬǳȁǲ ǴǵǶǫǪǫǱǫǳǮǫǲ ȅǨǱȅǫǸǷȅ ǴǵǶǫǪǫǱǫǳǮǫ ǳǫǵǶǫǶȁǨǳǴǯ ǺǹǳǰǼǮǮ. 
ǕǶǷǬǫǬǲǬǴǯǬ. ǚǹǳǰǼǮȅ ώ Ὢὼ, ǴǵǶǫǪǫǱǫǳǳǦȅ ǳǦ ǵǶǴǲǫǬǹǸǰǫ X, ǳǦǭȁǨǦǫǸǷȅ ǳǫ-

ǵǶǫǶȁǨǳǴǯ ǳǦ ǪǦǳǳǴǲ ǵǶǴǲǫǬǹǸǰǫ, ǫǷǱǮ ǴǳǦ ǳǫǵǶǫǶȁǨǳǦ Ǩ ǰǦǬǪǴǯ ǸǴǽǰǫ ǵǶǴǲǫǬǹǸǰǦ X. 
ǔǷǨǴǮǨ ǵǴǳȅǸǮǫ ǳǫǵǶǫǶȁǨǳǴǷǸǮ, ǷǸǹǪǫǳǸȁ ǪǴǱǬǳȁ ǳǦǹǽǮǸȂǷȅ ǵǶǴǨǴǪǮǸȂ ǪǴǰǦǭǦ-

ǸǫǱȂǷǸǨǴ ǳǫǵǶǫǶȁǨǳǴǷǸǮ ǳǫǰǴǸǴǶȁǻ ȃǱǫǲǫǳǸǦǶǳȁǻ ǺǹǳǰǼǮǯ. ǗǹǿǫǷǸǨǹȄǸ ǶǦǭǱǮǽǳȁǫ 
ǷǵǴǷǴǧȁ ǸǦǰǮǻ ǪǴǰǦǭǦǸǫǱȂǷǸǨ. ǖǦǷǷǲǴǸǶǮǲ ǴǪǮǳ Ǯǭ ǷǵǴǷǴǧǴǨ ǳǦ ǷǱǫǪǹȄǿǮǻ ǵǶǮǲǫǶǦǻ.   

ǖǷǯǳǬǷ 1. ǊǴǰǦǬǫǲ ǳǫǵǶǫǶȁǨǳǴǷǸȂ ǵǴǷǸǴȅǳǳǴǯ ǺǹǳǰǼǮǮ ώ ὅ, ǴǵǶǫǪǫǱǫǳǳǴǯ 
ǵǶǮ ǨǷǫǻ ὼɴ ╡. 

ǋǵǱǧǮǧǹǬǲȃǸǹǩǵ. ǈȁǧǫǶǫǲ ǵǶǴǮǭǨǴǱȂǳǴǫ ǽǮǷǱǴ ‐ π.  
ǘǴǩǪǦ ǪǱȅ ǱȄǧǴǩǴ ὼ Ǯǲǫǫǲ ȿὪὼ Ὢὥȿ ȿὅ ὅȿ π ‐. ǒȁ ǪǴǰǦǭǦǱǮ, ǽǸǴ ǪǱȅ 

ǨȁǧǶǦǳǳǴǩǴ ǵǶǴǮǭǨǴǱȂǳǴ ‐ π ǷǹǿǫǷǸǨǹǫǸ ǸǦǰǴǫ ‏ π, ǽǸǴ Ǯǭ ȿὼ ὥȿ -ǷǱǫǪǹǫǸ ǳǫ ‏
ǶǦǨǫǳǷǸǨǴ ȿὪὼ Ὢὥȿ ‐.  

ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǪǴǰǦǭǦǳǦ ǳǫǵǶǫǶȁǨǳǴǷǸȂ ǵǴǷǸǴȅǳǳǴǯ ǺǹǳǰǼǮǮ Ǩ ǱȄǧǴǯ ǸǴǽǰǫ ὥ.  
ǖǷǯǳǬǷ 2. ǊǴǰǦǬǫǲ ǳǫǵǶǫǶȁǨǳǴǷǸȂ ǱǮǳǫǯǳǴǯ ǺǹǳǰǼǮǮ ώ Ὧὼ ὦ, ǴǵǶǫǪǫǱǫǳǳǴǯ 

ǵǶǮ ǨǷǫǻ ὼɴ ╡.  
ǋǵǱǧǮǧǹǬǲȃǸǹǩǵ. ǈȁǧǫǶǫǲ ǵǶǴǮǭǨǴǱȂǳǴǫ ǽǮǷǱǴ ‐ π.  
ǘǴǩǪǦ ǪǱȅ ǵǶǴǮǭǨǴǱȂǳǴǩǴ ὼ Ǯǲǫǫǲ ȿὪὼ Ὢὥȿ ȿὯὼ ὦ Ὧὥ ὦȿ ȿὯȿẗȿὼ

ὥȿ. ǓǫǶǦǨǫǳǷǸǨǴ ȿὪὼ Ὢὥȿ ‐ Ǩ ǪǦǳǳǴǲ ǷǱǹǽǦǫ ǶǦǨǳǴǷǮǱȂǳǴ ȿὯȿẗȿὼ ὥȿ ‐, ǸǴ ǫǷǸȂ 

ȿὼ ὥȿ
ȿȿ

 . ǍǳǦǽǮǸ, ǫǷǱǮ ǵǴǱǴǬǮǸȂ ‏
ȿȿ

 , ǸǴ Ǯǭ ǳǫǶǦǨǫǳǷǸǨǦ ȿὼ ὥȿ -ǧǹǪǫǸ ǷǱǫ ‏

ǪǴǨǦǸȂ ǳǫǶǦǨǫǳǷǸǨǴ ȿὪὼ Ὢὥȿ ‐.  
ǓǫǵǶǫǶȁǨǳǴǷǸȂ ǱǮǳǫǯǳǴǯ ǺǹǳǰǼǮǮ Ǩ ǱȄǧǴǯ ǸǴǽǰǫ ὥᶰ╡ ǪǴǰǦǭǦǳǦ. 
ǖǷǯǳǬǷ 3. ǊǴǰǦǭǦǸȂ, ǽǸǴ ǺǹǳǰǼǮȅ ώ ÃÏÓὼ ǳǫǵǶǫǶȁǨǳǦ Ǩ ǱȄǧǴǯ ǸǴǽǰǫ ὥᶰ╡.  
ǋǵǱǧǮǧǹǬǲȃǸǹǩǵ. ǊǴǰǦǬǫǲ ǨǷǵǴǲǴǩǦǸǫǱȂǳǴǫ ǹǸǨǫǶǬǪǫǳǮǫ: ǪǱȅ ǱȄǧȁǻ ǭǳǦǽǫǳǮǯ 

ὼ ǷǵǶǦǨǫǪǱǮǨǴ ǳǫǶǦǨǫǳǷǸǨǴ 
(1) ȿÃÏÓὼ ÃÏÓὥȿ ȿὼ ὥȿ.  
ǊǱȅ ǪǴǰǦǭǦǸǫǱȂǷǸǨǦ ǶǦǷǷǲǴǸǶǮǲ ǫǪǮǳǮǽǳǹȄ ǴǰǶǹǬǳǴǷǸȂ. (ǖǮǷ. 4). 

 
ǖǮǷ. 4.  

 

ǔǸǲǫǸǮǲ, ǽǸǴ IὃὄI=ὼ, IὃὅI=ὥ, IὄὅI=ȿὼ ὥȿ, Iˏ I̠=ÃÏÓὼ, IὅὒI=ÃÏÓὥ,  
IὄὈI=IÃÏÓὼ ÃÏÓὥI. ǘǦǰ ǰǦǰ ƅȿὄὈȿ ȿὄὅȿ̓IὄὅI, ǸǴ ǵǴǱǹǽǦǫǲ, ǽǸǴ 
ȿÃÏÓὼ ÃÏÓὥȿ ȿὼ ὥȿ π.  
ǍǳǦǽǮǸ, ȿÃÏÓὼ ÃÏÓὥȿ ȿὼ ὥȿ. ǈǷǵǴǲǴǩǦǸǫǱȂǳǴǫ ǹǸǨǫǶǬǪǫǳǮǫ ǪǴǰǦǭǦǳǴ. 
ǈǫǶǳǫǲǷȅ ǰ ǵǶǮǲǫǶǹ. ǈȁǧǫǶǫǲ ǵǶǴǮǭǨǴǱȂǳǴǫ ǽǮǷǱǴ ‐ π Ǯ ǵǴǵǶǴǧǹǫǲ ǳǦǯǸǮ ǸǦǰǴǫ 

‏ π, ǽǸǴǧȁ Ǯǭ ǳǫǶǦǨǫǳǷǸǨǦ ȿὼ ὥȿ ǷǱǫǪǴǨǦǱǴ ǳǫǶǦǨǫǳǷǸǨǴ                ȿÃÏÓὼ ‏ ÃÏÓὥȿ
‐. ǎǭ ǳǫǶǦǨǫǳǷǸǨǦ (1) ǷǱǫǪǹǫǸ, ǽǸǴ ǲǴǬǳǴ ǵǴǱǴǬǮǸȂ ‏ ‐. ǊǫǯǷǸǨǮǸǫǱȂǳǴ, ǫǷǱǮ ȿὼ ὥȿ
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ǸǴ ǫǷǸȂ ȿὼ ,‏ ὥȿ ‐, ǸǴ Ǩ ǷǮǱǹ ǸǴǩǴ, ǽǸǴ ȿÃÏÓὼ ÃÏÓὥȿ ȿὼ ὥȿ, ǵǴǱǹǽǮǲ ȿÃÏÓὼ
ÃÏÓὥȿ ‐. ǣǸǴ ǴǭǳǦǽǦǫǸ, ǽǸǴ ǺǹǳǰǼǮȅ ώ ÃÏÓὼ ǳǫǵǶǫǶȁǨǳǦ Ǩ ǱȄǧǴǯ ǸǴǽǰǫ ὥ. 

ǊǱȅ ǺǴǶǲǮǶǴǨǦǳǮȅ Ǯ ǶǦǭǨǮǸǮȅ ǳǦǨȁǰǦ ǪǴǰǦǭǦǸǫǱȂǷǸǨǦ ǹǸǨǫǶǬǪǫǳǮǯ ǳǫǴǧǻǴǪǮǲǴ 
ǴǶǩǦǳǮǭǴǨǦǸȂ ǷǦǲǴǷǸǴȅǸǫǱȂǳǹȄ ǶǦǧǴǸǹ ǷǸǹǪǫǳǸǴǨ Ƿ ǮǭǱǴǬǫǳǳȁǲ ǸǫǴǶǫǸǮǽǫǷǰǮǲ ǲǦǸǫ-
ǶǮǦǱǴǲ. [4, 5]  

ǓǦǵǶǮǲǫǶ, ǷǸǹǪǫǳǸǦǲ ǷǱǫǪǹǫǸ ǵǶǫǪǱǴǬǮǸȂ ǶǫǾǮǸȂ ǷǱǫǪǹȄǿǮǫ ǭǦǪǦǽǮ.  
ǖǷǯǳǬǷ 4. ǊǴǰǦǭǦǸȂ ǵǴ ǴǵǶǫǪǫǱǫǳǮȄ ǳǫǵǶǫǶȁǨǳǴǷǸȂ ǺǹǳǰǼǮǯ: ώ ὼ , ώ ÓÉÎὼ, 

ώ Ὡ Ǯ ǪǶ.  
ǋǷǱǮ ǶǫǾǫǳǮǫ ǭǦǪǦǽǮ ǵǴ ǪǴǰǦǭǦǸǫǱȂǷǸǨǹ ǳǫǵǶǫǶȁǨǳǴǷǸǮ, ǳǦǵǶǮǲǫǶ, ώ ὼ  Ǩȁǭȁ-

ǨǦǫǸ ǭǦǸǶǹǪǳǫǳǮȅ, ǸǴ ǲǴǬǳǴ ǵǶǫǪǱǴǬǮǸȂ ǷǳǦǽǦǱǦ ǪǴǰǦǭǦǸȂ ǳǫǵǶǫǶȁǨǳǴǷǸȂ   ώ ὼ, Ǧ 
ǭǦǸǫǲ ǵǫǶǫǻǴǪǮǸȂ ǰ ǷǱǹǽǦȄ ώ ὼ . 

 

ǍǦǰǱȄǽǫǳǮǫ 
 

ǘǦǰǮǲ ǴǧǶǦǭǴǲ, Ǩ ǶǦǧǴǸǫ ǳǦǪ ǴǵǶǫǪǫǱǫǳǮǫǲ ǵǴǳȅǸǮȅ ǳǫǵǶǫǶȁǨǳǴǷǸǮ ǺǹǳǰǼǮǮ 
ǲǴǬǳǴ ǨȁǪǫǱǮǸȂ ǷǱǫǪǹȄǿǹȄ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸȂ: ǵǴǪǩǴǸǴǨǮǸǫǱȂǳǦȅ ǶǦǧǴǸǦ Ƿ ǵǴǲǴǿȂȄ 
ǵǶǴǷǸȁǻ ǵǶǮǲǫǶǴǨ Ǯǭ ǺǮǭǮǰǮ, ǺǴǶǲǹǱǮǶǴǨǰǦ ǴǵǶǫǪǫǱǫǳǮȅ, ǩǫǴǲǫǸǶǮǽǫǷǰǦȅ ǮǱǱȄǷǸǶǦ-
ǼǮȅ ǴǵǶǫǪǫǱǫǳǮȅ, ǶǫǾǫǳǮǫ ǭǦǪǦǽ ǳǦ ǪǴǰǦǭǦǸǫǱȂǷǸǨǴ.   

ǔǸǲǫǸǮǲ, ǽǸǴ ǸǦǰǦȅ ǵǴǪǩǴǸǴǨǰǦ ǰ ǨǴǷǵǶǮȅǸǮȄ ǨǦǬǳǫǯǾǫǩǴ ǵǴǳȅǸǮȅ Ǩ ǰǹǶǷǫ ǲǦǸǫǲǦ-
ǸǮǽǫǷǰǴǩǴ ǦǳǦǱǮǭǦ ǷǵǴǷǴǧǷǸǨǹǫǸ ǩǱǹǧǴǰǴǲǹ ǵǴǳǮǲǦǳǮȄ ǷǹǸǮ ǵǴǳȅǸǮȅ, ǫǩǴ ǵǶǴǽǳǴǲǹ ǹǷǨǴ-
ǫǳǮȄ, Ǧ ǸǦǰǬǫ ǷǴǨǫǶǾǫǳǷǸǨǴǨǦǳǮȄ ǳǦǨȁǰǦ ǵǶǴǨǫǪǫǳǮȅ ǪǴǰǦǭǦǸǫǱȂǷǸǨ. 
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Physical and geometric aspects in the presentation of the concept of continuity of a function  
Annotation . The concepts of the limit of a function and the continuity of a function are among the most 
important concepts of the course of mathematical analysis. Their assimilation often causes difficulty for 
first -year students. Especially for graduates of non -core classes. This work offers a methodology for pre-
senting the topic "The concept of continuity of function" in the course of mathematical analysis of technical 
specialties of the first semester of study. The purpose of the work is to provide students with a solid assim-
ilation of the concept of continuity, to illustrate the concept of continuity with simple examples from phys-
ics. The paper summarizes the basic theoretical information, considers typical examples and tasks for proof. 
The article is based on the experience of teaching mathematical analysis at V TUZ and will be useful both 
for teachers during practical classes and for students to work independently on this topic.  
Keywords : continuity of function, methodological features of the topic "Continuity of function".  
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Ǘǌǆǘǎǋ ǊǆǓǓǡǛ. ǆǑǉǔǖǎǘǒ ǛǆǚǚǒǆǓǆ 

 

 

ǆǳǳǴǸǦǼǮȅ 

ǗǸǦǸȂȅ ǵǴǷǨȅǿǫǳǦ ǦǱǩǴǶǮǸǲǦǲ ǷǬǦǸǮȅ ǪǦǳǳȁǻ. ǕǶǮǨǴǪǮǸǷȅ ǰǶǦǸǰǮǯ ǴǧǭǴǶ ǲǫǸǴǪǴǨ 
ǷǬǦǸǮȅ ǪǦǳǳȁǻ Ƿ ǵǴǸǫǶȅǲǮ Ǯ ǧǫǭ ǵǴǸǫǶȂ ǮǳǺǴǶǲǦǼǮǮ. ǕǴǪǶǴǧǳǴ ǴǵǮǷǦǳ ǦǱǩǴǶǮǸǲ ǷǬǦ-
ǸǮȅ ǪǦǳǳȁǻ ǛǦǺǺǲǦǳǦ, Ƿ ǮǷǵǴǱȂǭǴǨǦǳǮǫǲ ǸǫǶǲǮǳǴǨ Ǯǭ ǸǫǴǶǮǮ ǩǶǦǺǴǨ. ǖǦǷǷǲǴǸǶǫǳ 
ǵǶǮǲǫǶ ǶǦǧǴǸȁ ǦǱǩǴǶǮǸǲǦ ǪǱȅ ǰǴǪǮǶǴǨǦǳǮȅ ǺǶǦǭȁ çVeni, vidi, viciè ǳǦ ǴǷǳǴǨǫ ǧǮǳǦǶ-
ǳǴǩǴ ǪǫǶǫǨǦ. ǕǴǰǦǭǦǳȁ ȃǺǺǫǰǸǮǨǳǴǷǸȂ Ǯ ǳǫǪǴǷǸǦǸǰǮ ǪǦǳǳǴǩǴ ǲǫǸǴǪǦ ǷǬǦǸǮȅ ǪǦǳǳȁǻ. 
ǗǸǦǸȂȅ ǷǳǦǧǬǫǳǦ ǮǱǱȄǷǸǶǦǼǮȅǲǮ. 

 

ǐǱȄǽǫǨȁǫ ǷǱǴǨǦ 

ǷǬǦǸǮǫ ǪǦǳǳȁǻ, ǦǱǩǴǶǮǸǲ ǛǦǺǺǲǦǳǦ, ǧǮǳǦǶǳȁǫ ǪǫǶǫǨȂȅ, ǰǴǪǮǶǴǨǦǳǮǫ 
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ǈǨǫǪǫǳǮǫ 
 

ǈǴǵǶǴǷ ǹǲǫǳȂǾǫǳǮȅ ǴǧȀǫǲǦ, ǭǦǳǮǲǦǫǲǴǩǴ ǪǦǳǳȁǲǮ, ǻǶǦǳȅǿǮǲǮǷȅ Ǩ ǧǦǭǫ ǪǦǳǳȁǻ 
ǧǫǭ ǵǴǸǫǶǮ ǮǱǮ Ƿ ǲǮǳǮǲǦǱȂǳǴǯ ǵǴǸǫǶǫǯ ǮǳǺǴǶǲǦǼǮǮ ǴǷǸǶǴ ǨǷǸǦǱ, ǵǶǦǰǸǮǽǫǷǰǮ, ǴǪǳǴ-
ǨǶǫǲǫǳǳǴ Ƿ ǵǴȅǨǱǫǳǮǫǲ ǷǮǷǸǫǲ ǪǱȅ ǻǶǦǳǫǳǮȅ ǪǦǳǳȁǻ. ǊǦǳǳȁǫ, ǰǦǰ ǵǶǦǨǮǱǴ, ǻǶǦǳȅǸǷȅ 
Ǩ ǨǮǪǫ, ǵǴǭǨǴǱȅȄǿǫǲ Ǯǻ ǳǦǮǧǴǱǫǫ ǵǶǴǷǸǴǫ ǮǷǵǴǱȂǭǴǨǦǳǮǫ, ǰǦǬǪȁǯ ǷǮǲǨǴǱ ǰǴǪǮǶǹǫǸǷȅ 
ǰǴǪǴǲ ǺǮǰǷǮǶǴǨǦǳǳǴǯ ǪǱǮǳȁ, ǳǦǵǶǮǲǫǶ, Ǩ ASCII ǰǴǪǫ ǰǦǬǪȁǯ ǷǮǲǨǴǱ ǭǦǳǮǲǦǫǸ 8 ǧǮǸ. 
ǘǦǰǴǫ ǵǶǫǪǷǸǦǨǱǫǳǮǫ ǪǦǳǳȁǻ ǸǶǫǧǹǫǸ ǭǳǦǽǮǸǫǱȂǳȁǫ ǴǧȀǫǲȁ ǵǦǲȅǸǮ ǪǱȅ Ǯǻ ǻǶǦǳǫǳǮȅ. 
ǕǴȃǸǴǲǹ ǷǬǦǸǮǫ ǪǦǳǳȁǻ ȅǨǱȅǫǸǷȅ ǴǪǳǮǲ Ǯǭ ǳǦǮǧǴǱǫǫ ǦǰǸǹǦǱȂǳȁǻ ǳǦǵǶǦǨǱǫǳǮǯ ǷǴǨǶǫ-
ǲǫǳǳȁǻ ǸǫǻǳǴǱǴǩǮǯ ǻǶǦǳǫǳǮȅ ǪǦǳǳȁǻ. ǗǬǦǸǮǫǲ ǪǦǳǳȁǻ ǴǧȁǽǳǴ ǳǦǭȁǨǦȄǸ ǸǦǰǴǫ ǵǶǫǴǧ-
ǶǦǭǴǨǦǳǮǫ ǪǦǳǳȁǻ, ǰǴǸǴǶǴǫ ǵǴǭǨǴǱȅǫǸ ǹǲǫǳȂǾǮǸȂ ǭǦǳǮǲǦǫǲȁǯ ǮǲǮ ǴǧȀȆǲ. ǗǬǦǸǮǫ ǪǦǳ-
ǳȁǻ ǵǴǭǨǴǱȅǫǸ ǰǦǰ ǹǲǫǳȂǾǮǸȂ ǺǮǭǮǽǫǷǰǮǯ ǶǦǭǲǫǶ ǧǦǭȁ ǪǦǳǳȁǻ, ǸǦǰ Ǯ ǵǴǨȁǷǮǸȂ ǵǶǴǮǭ-
ǨǴǪǮǸǫǱȂǳǴǷǸȂ ǶǦǧǴǸȁ ǗǙǇǊǇ, Ǯ ǷǳǮǭǮǸȂ ǸǶǫǧǴǨǦǳǮȅ ǰ ǴǧȀǫǲǹ ǴǵǫǶǦǸǮǨǳǴǯ ǵǦǲȅǸǮ. ǗǰǴ-
ǶǴǷǸȂ ǨȁǵǴǱǳǫǳǮȅ ǭǦǵǶǴǷǴǨ Ǩ ǧǦǭǦǻ ǪǦǳǳȁǻ ǹǨǫǱǮǽǮǨǦǫǸǷȅ, ǵǴǷǰǴǱȂǰǹ ǴǵǫǶǦǼǮǮ ǨǨǴǪǦ-
ǨȁǨǴǪǦ ǮǳǺǴǶǲǦǼǮǮ ǰǴǲǵȂȄǸǫǶǴǲ (ǷǽǮǸȁǨǦǳǮǫ ǮǳǺǴǶǲǦǼǮǮ Ƿ ǪǮǷǰǦ Ǯ ǭǦǵǮǷȂ ǳǦ ǪǮǷǰ) 
ȅǨǱȅȄǸǷȅ ǪǴǷǸǦǸǴǽǳǴ ǭǦǸǶǦǸǳȁǲǮ ǵǴ ǨǶǫǲǫǳǮ, ǷǴǴǸǨǫǸǷǸǨǫǳǳǴ, ǽǫǲ ǧǴǱȂǾǫ ǴǧȀǫǲ ǪǦǳ-
ǳȁǻ, Ǹǫǲ ǧǴǱȂǾǫ ǨǶǫǲǫǳǮ ǸǶǫǧǹǫǸǷȅ ǳǦ ǷǽǮǸȁǨǦǳǮǫ ǮǳǺǴǶǲǦǼǮȄ Ƿ ǪǮǷǰǦ ǮǱǮ ǭǦǵǮǷǮ ǫǫ 
ǳǦ ǪǮǷǰ [1,2,3].  

ǓǫǷǲǴǸǶȅ ǳǦ ǸǴ, ǽǸǴ ǴǸǳǴǷǮǸǫǱȂǳǦȅ ǷǸǴǮǲǴǷǸȂ ǹǷǸǶǴǯǷǸǨ ǻǶǦǳǫǳǮȅ ǮǳǺǴǶǲǦǼǮǮ 
ǭǳǦǽǮǸǫǱȂǳǴ ǹǲǫǳȂǾǮǱǦǷȂ, Ǧ ǴǧȀǫǲ ǵǦǲȅǸǮ ǳǴǷǮǸǫǱǫǯ ǹǨǫǱǮǽǮǱǷȅ ǭǦ ǵǴǷǱǫǪǳǮǫ ǪǫǷȅ-
ǸǮǱǫǸǮȅ, ǨǴǵǶǴǷ ǹǲǫǳȂǾǫǳǮȅ ǴǧȀǫǲǦ, ǭǦǳǮǲǦǫǲǴǩǴ ǪǦǳǳȁǲǮ, ǵǴ-ǵǶǫǬǳǫǲǹ ǦǰǸǹǦǱǫǳ. 
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ǗǨȅǭǦǳǴ ȃǸǴ Ƿ Ǹǫǲ, ǽǸǴ ǴǪǳǴǨǶǫǲǫǳǳǴ Ƿ ǶǦǭǨǮǸǮǫǲ ǸǫǻǳǮǽǫǷǰǮǻ ǷǶǫǪǷǸǨ ǶǦǷǸǹǸ Ǯ ǴǧȀǫǲȁ 
ǻǶǦǳǮǲǴǯ ǮǳǺǴǶǲǦǼǮǮ.  

ǋǿǫ ǲǴǬǳǴ ǴǸǲǫǸǮǸȂ, ǽǸǴ ǷǬǦǸǮǫ ǪǦǳǳȁǻ ǵǴ ǷǹǸǮ ȅǨǱȅǫǸǷȅ Ǯǻ ǰǴǪǮǶǴǨǦǳǮǫǲ Ǯ, 
ǷǱǫǪǴǨǦǸǫǱȂǳǴ, ǷǵǴǷǴǧǷǸǨǹǫǸ ǰǶǮǵǸǴǩǶǦǺǮǽǫǷǰǴǯ ǭǦǿǮǸǫ ǮǳǺǴǶǲǦǼǮǮ [1,2,3].  

 

ǒǫǸǴǪǴǱǴǩǮȅ Ǯ ǶǫǭǹǱȂǸǦǸȁ ǮǷǷǱǫǪǴǨǦǳǮȅ 
 

ǗǬǦǸǮǫ ǪǦǳǳȁǻ ð ȃǸǴ ǵǶǴǼǫǷǷ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ ǪǦǳǳȁǻ, ǴǧǫǷǵǫǽǮǨǦȄǿǮǯ ǹǲǫǳȂ-
ǾǫǳǮǫ ǴǧȀǫǲǦ ǪǦǳǳȁǻ ǵǹǸǫǲ ǷǴǰǶǦǿǫǳǮȅ Ǯǻ ǮǭǧȁǸǴǽǳǴǷǸǮ. ǜǫǱȂȄ ǷǬǦǸǮȅ ǪǦǳǳȁǻ ȅǨ-
ǱȅǫǸǷȅ ǴǧǫǷǵǫǽǫǳǮǫ ǹǲǫǳȂǾǫǳǮȅ ǴǧȀǫǲǦ ǭǦǳǮǲǦǫǲǴǯ ǪǦǳǳȁǲǮ ǵǦǲȅǸǮ Ǯ ǹǨǫǱǮǽǫǳǮȅ 
ǷǰǴǶǴǷǸǮ ǴǧǶǦǧǴǸǰǮ. 

ǒǫǸǴǪȁ ǷǬǦǸǮȅ ǷǬǦǸǮǮ ǪǦǳǳȁǻ ȅǨǱȅȄǸǷȅ ǽǦǷǸǳȁǲ ǷǱǹǽǦǫǲ ǲǫǸǴǪǴǨ ǰǴǪǮǶǴǨǦǳǮȅ 
ǮǳǺǴǶǲǦǼǮǮ. ǓǦǵǴǲǳǮǲ, ǽǸǴ ǰǴǪǮǶǴǨǦǳǮǫ ǮǳǺǴǶǲǦǼǮǮ - ȃǸǴ ǵǶǫǴǧǶǦǭǴǨǦǳǮǫ Ǯǭ ǴǪ-
ǳǴǩǴ ǨǮǪǦ ǵǶǫǪǷǸǦǨǱǫǳǮȅ ǮǳǺǴǶǲǦǼǮǮ ǰ ǪǶǹǩǴǲǹ, ǹǪǴǧǳǴǲǹ ǪǱȅ ǻǶǦǳǫǳǮȅ, ǵǫǶǫǪǦǽǮ 
ǮǱǮ ǴǧǶǦǧǴǸǰǮ, ǶǫǭǹǱȂǸǦǸǴǲ ǵǶǴǼǫǷǷǦ ǰǴǪǮǶǴǨǦǳǮȅ ȅǨǱȅǫǸǷȅ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸȂ ǰǴ-
ǪǴǨ [1].  ǐǴǪǴǲ ǳǦǭȁǨǦȄǸ ǨǭǦǮǲǳǴ-ǴǪǳǴǭǳǦǽǳǴǫ ǴǸǴǧǶǦǬǫǳǮǫ ǰǴǳǫǽǳǴǩǴ ǹǵǴǶȅǪǴǽǫǳ-
ǳǴǩǴ ǲǳǴǬǫǷǸǨǦ ǷǮǲǨǴǱǴǨ, ǵǶǮǳǦǪǱǫǬǦǿǮǻ ǳǫǰǴǸǴǶǴǲǹ ǰǴǳǫǽǳǴǲǹ ǦǱǺǦǨǮǸǹ, ǳǦ ǪǶǹ-
ǩǴǫ, ǳǫ ǴǧȅǭǦǸǫǱȂǳǴ ǹǵǴǶȅǪǴǽǫǳǳǴǫ, ǨǴǭǲǴǬǳǴ ǧǴǱǫǫ ǴǧǾǮǶǳǴǫ ǲǳǴǬǫǷǸǨǴ ǷǮǲǨǴǱǴǨ 
ǪǱȅ ǰǴǪǮǶǴǨǦǳǮȅ ǵǫǶǫǪǦǽǮ, ǻǶǦǳǫǳǮȅ ǮǱǮ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ ǮǳǺǴǶǲǦǼǮǮ [4]. ǊǫǰǴǪǮ-
ǶǴǨǦǳǮǫ - ȃǸǴ ǵǶǫǴǧǶǦǭǴǨǦǳǮǫ ǰǴǪǦ ǷǮǲǨǴǱǦ Ǩ ǫǩǴ ǮǷǻǴǪǳȁǯ ǨǮǪ, Ǹ.ǫ. ǴǧǶǦǸǳǴǫ ǵǶǫ-
ǴǧǶǦǭǴǨǦǳǮǫ ǨǴǷǷǸǦǳǴǨǱǫǳǮȅ ǮǳǺǴǶǲǦǼǮǮ Ǯǭ ǭǦǰǴǪǮǶǴǨǦǳǳǴǩǴ ǵǶǫǪǷǸǦǨǱǫǳǮȅ [4]. 

ǒǫǸǴǪȁ ǷǬǦǸǮȅ ǪǦǳǳȁǻ Ƿ ǸǴǽǰǮ ǭǶǫǳǮȅ ǨǴǭǲǴǬǳǴǷǸǮ ǵǴǱǳǴǩǴ ǨǴǷǷǸǦǳǴǨǱǫǳǮȅ ǪǦǳ-
ǳȁǻ, ǲǴǩǹǸ ǧȁǸȂ ǶǦǭǪǫǱǫǳȁ ǳǦ ǪǨǦ ǧǴǱȂǾǮǻ ǰǱǦǷǷǦ: ǴǧǶǦǸǮǲǴǫ Ǯ ǳǫǴǧǶǦǸǮǲǴǫ ǷǬǦǸǮǫ.  

1. ǔǧǶǦǸǮǲǴǫ ǷǬǦǸǮǫ ǽǦǷǸǴ ǳǦǭȁǨǦȄǸ ǵǴǱǳǴǷǸȂȄ ǴǧǶǦǸǮǲȁǲ ǮǱǮ ǷǬǦǸǮǫǲ ǧǫǭ ǵǴ-
ǸǫǶȂ. ǘǦǰǴǯ ǲǫǸǴǪ ǷǬǦǸǮȅ ǵǴǭǨǴǱȅǫǸ ǷǳǮǭǮǸȂ ǴǧȀǫǲ ǪǦǳǳȁǻ ǧǫǭ ǵǴǸǫǶǮ ǮǳǺǴǶǲǦǼǮǮ, 
Ǹ. ǫ. ǵǴǭǨǴǱȅǫǸ ǨǴǷǷǸǦǳǴǨǮǸȂ ǭǦǰǴǪǮǶǴǨǦǳǳǹȄ (ǷǬǦǸǹȄ) ǵǴǶǼǮȄ ǪǦǳǳȁǻ ǵǴǱǳǴǷǸȂȄ ǧǫǭ 
ǮǭǲǫǳǫǳǮǯ. ǔǧǶǦǸǮǲǴǫ ǷǬǦǸǮǫ ǮǷǵǴǱȂǭǹǫǸǷȅ Ǩ ǧǦǭǦǻ ǪǦǳǳȁǻ ǵǶǮ ǰǴǪǮǶǴǨǦǳǮǮ ǸǫǰǷǸǴ-
ǨǴǯ ǮǳǺǴǶǲǦǼǮǮ. 

2. ǓǫǴǧǶǦǸǮǲǴǫ ǷǬǦǸǮǫ ǳǦǭȁǨǦȄǸ ǷǬǦǸǮǫǲ Ƿ ǵǴǸǫǶȅǲǮ ǮǳǺǴǶǲǦǼǮǮ, ȃǸǴ ǸǦǰǴǯ 
ǲǫǸǴǪ ǷǬǦǸǮȅ, ǵǶǮ ǰǴǸǴǶǴǲ ǳǫǨǴǭǲǴǬǳǴ ǨǴǷǷǸǦǳǴǨǮǸȂ ǪǦǳǳȁǫ ǮǷǸǴǽǳǮǰǦ Ǩ ǵǴǱǳǴǷǸȂȄ 
ǵǫǶǨǴǳǦǽǦǱȂǳǴǲ ǨǮǪǫ. ǕǶǮ ǮǷǵǴǱȂǭǴǨǦǳǮǮ ǲǫǸǴǪǦ ǷǬǦǸǮȅ Ƿ ǵǴǸǫǶȅǲǮ ǴǧǫǷǵǫǽǮǨǦǫǸǷȅ 
ǲǦǰǷǮǲǦǱȂǳǦȅ ǷǸǫǵǫǳȂ ǷǬǦǸǮȅ ǮǷǻǴǪǳȁǻ ǪǦǳǳȁǻ, ǵǶǮ ȃǸǴǲ ǽǦǷǸȂ ǪǦǳǳȁǻ ǴǸǧǶǦǷȁǨǦ-
ǫǸǷȅ. ǘǦǰǴǯ ǲǫǸǴǪ ǷǬǦǸǮȅ ǴǧȁǽǳǴ ǮǷǵǴǱȂǭǹǫǸǷȅ ǵǶǮ ǰǴǪǮǶǴǨǦǳǮǮ ǩǶǦǺǮǽǫǷǰǴǯ, ǭǨǹ-
ǰǴǨǴǯ Ǯ ǨǮǪǫǴ ǮǳǺǴǶǲǦǼǮǮ. 

 
ǒǫǸǴǪȁ ǷǬǦǸǮȅ ǷǬǦǸǮǮ ǪǦǳǳȁǻ ǷǸǴǽǰǮ ǭǶǫǳǮȅ ǨǴǭǲǴǬǳǴǷǸǮ ǮǷǵǴǱȂǭǴǨǦǳǮȅ Ǯǻ ǪǱȅ 

ǷǬǦǸǮȅ ǮǳǺǴǶǲǦǼǮǮ ǱȄǧǴǩǴ ǸǮǵǦ ǲǴǬǳǴ ǶǦǭǪǫǱǮǸȂ ǳǦ ǹǳǮǨǫǶǷǦǱȂǳȁǫ Ǯ ǷǵǫǼǮǦǱȂǳȁǫ. 
ǙǳǮǨǫǶǷǦǱȂǳȁǫ ǲǫǸǴǪȁ ǵǶǫǪǳǦǭǳǦǽǫǳȁ ǪǱȅ ǷǬǦǸǮȅ ǮǳǺǴǶǲǦǼǮǮ, ǷǴǪǫǶǬǦǿǫǯǷȅ Ǩ 
ǺǦǯǱǦǻ ǱȄǧǴǩǴ ǺǴǶǲǦǸǦ, ǵǴǷǰǴǱȂǰǹ ǶǦǷǷǲǦǸǶǮǨǦȄǸ ǺǦǯǱ, ǰǦǰ ǵǶǴǷǸǹȄ ǵǴǷǱǫǪǴǨǦ-
ǸǫǱȂǳǴǷǸȂ ǧǮǸǴǨ. ǙǳǮǨǫǶǷǦǱȂǳȁǫ ǲǫǸǴǪȁ ǵǴǭǨǴǱȅȄǸ ǵǴǱǳǴǷǸȂȄ ǨǴǷǷǸǦǳǦǨǱǮǨǦȄǸ ǮǷ-
ǻǴǪǳǹȄ ǮǳǺǴǶǲǦǼǮȄ. ǔǳǮ ǴǸǳǴǷȅǸǷȅ ǰ ǰǱǦǷǷǹ ǴǧǶǦǸǮǲȁǻ ǲǫǸǴǪǴǨ. 

ǗǵǫǼǮǦǱȂǳȁǫ ǲǫǸǴǪȁ ǵǶǫǪǳǦǭǳǦǽǫǳȁ ǪǱȅ ǷǬǦǸǮȅ ǮǳǺǴǶǲǦǼǮǮ ǴǵǶǫǪǫǱǫǳǳǴǩǴ 
ǸǮǵǦ (ǸǫǰǷǸǦ, ǮǭǴǧǶǦǬǫǳǮǯ, ǭǨǹǰǦ ǮǱǮ ǨǮǪǫǴ). ǘǦǰǮǫ ǲǫǸǴǪȁ ǹǽǮǸȁǨǦȄǸ ǷǵǫǼǮǺǮǰǹ 
ǨǴǷǵǶǮȅǸǮȅ ǮǭǴǧǶǦǬǫǳǮǯ, ǭǨǹǰǦ ǮǱǮ ǨǮǪǫǴ ǽǫǱǴǨǫǰǴǲ. ǕǶǮ ǷǬǦǸǮǮ ǷǵǫǼǮǦǱȂǳȁǲǮ ǲǫ-
ǸǴǪǦǲǮ ǲǴǬǳǴ ǪǴǧǮǸȂǷȅ ǴǽǫǳȂ ǧǴǱȂǾǴǯ ǷǸǫǵǫǳǮ ǷǬǦǸǮȅ ǵǶǮ ǵǴǸǫǶǫ ǰǦǽǫǷǸǨǦ ǭǦ ǷǽǫǸ 
ǹǪǦǱȅǫǸǷȅ ǲǦǱǴǨǦǬǳǴǯ ǮǳǺǴǶǲǦǼǮǮ. ǔǪǳǦǰǴ ǷǵǫǼǮǦǱȂǳȁǫ ǲǫǸǴǪȁ ǳǫ ǵǴǭǨǴǱȅȄǸ ǵǴǱ-
ǳǴǷǸȂȄ ǨǴǷǷǸǦǳǴǨǮǸȂ ǮǷǻǴǪǳǹȄ ǮǳǺǴǶǲǦǼǮȄ Ǯ ǴǸǳǴǷȅǸǷȅ ǰ ǰǱǦǷǷǹ ǳǫǴǧǶǦǸǮǲȁǻ ǲǫǸǴ-
ǪǴǨ [1,2,3]. 

ǊǦǱǫǫ ǧǹǪǫǲ ǹǳǮǨǫǶǷǦǱȂǳȁǫ ǴǧǶǦǸǮǲȁǫ ǲǫǸǴǪȁ ǷǬǦǸǮȅ ǮǳǺǴǶǲǦǼǮǮ. 
ǍǪǫǷȂ ǲǴǬǳǴ ǨȁǪǫǱǮǸȂ ǸǶǮ ǴǷǳǴǨǳȁǻ ǩǶǹǵǵȁ ǲǫǸǴǪǴǨ ǷǬǦǸǮȅ. 
1. ǒǫǸǴǪȁ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ ǧǱǴǰǦ. ǈ ȃǸǴǯ ǩǶǹǵǵǫ ǲǫǸǴǪǴǨ ǨǷǫ ǪǦǳǳȁǫ ǶǦǭǧǮǨǦȄǸǷȅ 

ǳǦ ǧǱǴǰǮ, Ǯ ǪǦǱǫǫ, ǰǦǬǪȁǯ ǧǱǴǰ ǪǦǳǳȁǻ ǴǧǶǦǧǦǸȁǨǦǫǸǷȅ ǴǸǪǫǱȂǳǴ. ǓǫǰǴǸǴǶȁǫ ǲǫǸǴǪȁ Ǩ 
ȃǸǴǯ ǩǶǹǵǵǫ, ǲǴǩǹǸ ǳǫ ǵǶǮǨǴǪǮǸȂ ǰ ǭǦǲǫǸǳǴǲǹ ǹǲǫǳȂǾǫǳǮȄ ǴǧȀǫǲǦ ǪǦǳǳȁǻ, ǴǷǴǧǫǳǳǴ ǲǫ-



 
62 Modern European Researches No 3 (ǘ.1) / 202 2 

ǸǴǪȁ, ǴǷǳǴǨǦǳǳȁǫ ǳǦ ǵǫǶǫǷǸǦǳǴǨǰǫ ǧǱǴǰǴǨ. ǔǪǳǦǰǴ, ǷǱǫǪǹǫǸ ǴǸǲǫǸǮǸȂ, ǽǸǴ ǸǦǰǦȅ ǵǶǴǼǫ-
ǪǹǶǦ ǲǴǬǫǸ ǵǶǮǲǫǳȅǸǷȅ Ǩ ǰǦǽǫǷǸǨǫ ǵǶǫǪǨǦǶǮǸǫǱȂǳǴǯ ǴǧǶǦǧǴǸǰǮ ǪǦǳǳȁǻ ǵǶǮ ǷǬǦǸǮǮ. 
ǗǸǶǹǰǸǹǶǦ ǪǦǳǳȁǻ Ǩ ȃǸǴǲ ǷǱǹǽǦȄ ǹǱǹǽǾǦǫǸǷȅ, Ǯ ǵǶǮǲǫǳǫǳǮǫ Ǩ ǪǦǱȂǳǫǯǾǫǲ ǪǶǹǩǮǻ ǲǫǸǴ-
ǪǴǨ ǷǬǦǸǮǫ ǵǶǴǻǴǪǮǸ ǧǴǱǫǫ ȃǺǺǫǰǸǮǨǳǴ. ǐ ǧǱǴǽǳȁǲ ǲǫǸǴǪǦǲ ǷǬǦǸǮȅ ǲǴǬǳǴ ǴǸǳǫǷǸǮ ǷǸǦ-
ǸǮǽǫǷǰǮǫ ǨǦǶǮǦǳǸȁ ǲǫǸǴǪǦ ǞǫǳǳǴǳǦ-ǚǦǳǴ Ǯ ǦǶǮǺǲǫǸǮǽǫǷǰǴǩǴ ǰǴǪǮǶǴǨǦǳǮȅ [3]. 

2. ǕǶǫǴǧǶǦǭǴǨǦǳǮǫ ǵǴǸǴǰǦ. ǈ ȃǸǴǯ ǩǶǹǵǵǫ ǲǫǸǴǪǴǨ ǳǫ ǮǷǵǴǱȂǭǹȄǸǷȅ ǷǸǦǸǮǷǸǮǽǫ-
ǷǰǮǫ ǲǫǸǴǪȁ, ǰǴǪǮǶǴǨǦǳǮǫ ǷǮǲǨǴǱǴǨ ǴǷǹǿǫǷǸǨǱȅǫǸǷȅ ǸǴǱȂǰǴ ǳǦ ǴǷǳǴǨǫ Ǹǫǻ ǪǦǳǳȁǻ, 
ǰǴǸǴǶȁǫ ǹǬǫ ǧȁǱǮ ǴǧǶǦǧǴǸǦǳȁ. ǈǻǴǪǳǴǯ ǵǴǸǴǰ ǪǦǳǳȁǻ ǦǳǦǱǮǭǮǶǹǫǸǷȅ Ǯ, ǫǷǱǮ ǳǫǰǴǸǴ-
ǶǦȅ ǵǴǪǷǸǶǴǰǦ Ǩ ǵǴǸǴǰǫ ǹǬǫ ǨǷǸǶǫǽǦǱǦǷȂ, ǸǴ ǫǷǸȂ ǮǭǨǫǷǸǳǦ ǰǴǪǮǶǴǨǿǮǰǹ, ǸǴ ǨǷǫ ǫǫ 
ǪǦǱȂǳǫǯǾǮǫ ǨǻǴǬǪǫǳǮȅ ǭǦǲǫǳȅȄǸǷȅ ǷǷȁǱǰǦǲǮ ǳǦ ǵǫǶǨǴǫ ǨǻǴǬǪǫǳǮǫ ǸǦǰǴǯ ǵǴǪǷǸǶǴǰǮ. 
ǕǶǮǲǫǶǦǲǮ ǲǫǸǴǪǦ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ ǵǴǸǴǰǦ ǲǴǩǹǸ ǷǱǹǬǮǸȂ ǲǫǸǴǪȁ, ǴǷǳǴǨǦǳǳȁǫ ǳǦ ǦǱ-

ǩǴǶǮǸǲǫ ǑǫǲǵǫǱȅ-ǍǮǨǦ (Lempel-Ziv), ǸǦǰ ǳǦǭȁǨǦǫǲȁǫ, LZ - ǲǫǸǴǪȁ. ǕǫǶǨǴǳǦǽǦǱȂǳǦȅ 
ǨǫǶǷǮȅ ǲǫǸǴǪǦ ǧȁǱǦ ǷǴǭǪǦǳǦ ǑǫǲǵǫǱǫǲ Ǯ ǍǮǨǴǲ Ǩ 1977 ǩǴǪǹ (LZ77), ǪǴǶǦǧǴǸǦǳǦ ǮǲǮ 
Ǭǫ Ǩ 1978 ǩǴǪǹ ((LZ78)) Ǯ ǭǦǸǫǲ ǹǷǴǨǫǶǾǫǳǷǸǨǴǨǦǳǦ ǙȃǱǽǫǲ (Welch) Ǩ 1984 ǩǴǪǹ, ǲǫǸǴǪ 
LZW (Lempel-Ziv-Welch) [3].  

3. ǗǸǦǸǮǷǸǮǽǫǷǰǮǫ ǲǫǸǴǪȁ ǷǬǦǸǮȅ.  
ǗǸǦǸǮǷǸǮǽǫǷǰǮǫ ǲǫǸǴǪȁ ǷǬǦǸǮȅ ǪǦǳǳȁǻ ǴǷǳǴǨǦǳȁ ǳǦ ǷǱǫǪǹȄǿǫǲ ǵǶǮǳǼǮǵǫ: 

ǳǦǮǧǴǱǫǫ ǽǦǷǸǴ ǨǷǸǶǫǽǦȄǿǮǫǷȅ ȃǱǫǲǫǳǸȁ ǭǦǰǴǪǮǶǴǨǦǳȁ ǧǴǱǫǫ ǰǴǶǴǸǰǮǲǮ ǰǴǪǦǲǮ, Ǧ 
ǶǫǬǫ ǨǷǸǶǫǽǦȄǿǮǫǷȅ ð ǧǴǱǫǫ ǪǱǮǳǳȁǲǮ. ǈ ȃǸǴǲ ǷǱǹǽǦǫ ǪǱȅ ǻǶǦǳǫǳǮȅ ǨǷǫǻ ǪǦǳǳȁǻ 
ǸǶǫǧǹǫǸǷȅ ǲǫǳȂǾǫ ǲǫǷǸǦ, ǽǫǲ ǫǷǱǮ ǧȁ ǨǷǫ ȃǱǫǲǫǳǸȁ ǵǶǫǪǷǸǦǨǱȅǱǮǷȂ ǰǴǪǦǲǮ ǴǪǮǳǦ-
ǰǴǨǴǯ ǪǱǮǳȁ. 

ǗǸǦǸǮǷǸǮǽǫǷǰǮǫ ǲǫǸǴǪȁ ǲǴǬǳǴ ǶǦǭǪǫǱǮǸȂ ǳǦ ǪǨǫ ǩǶǹǵǵȁ. ǲǫǸǴǪǴǨ. 
1. ǆǪǦǵǸǮǨǳȁǫ ǮǱǮ ǵǴǸǴǽǳȁǫ ǲǫǸǴǪȁ. ǐǴǪǮǶǴǨǦǳǮǫ ǵǶǴǮǭǨǴǪǮǸǷȅ Ƿ ǮǷǵǴǱȂǭǴǨǦ-

ǳǮǫǲ ǨǫǶǴȅǸǳǴǷǸǫǯ ǪǱȅ ǳǴǨȁǻ ǪǦǳǳȁǻ, ǨȁǽǮǷǱǫǳǳȁǻ ǳǦ ǴǷǳǴǨǦǳǮǮ ǷǸǦǸǮǷǸǮǰǮ ǵǴ ǹǬǫ 
ǴǧǶǦǧǴǸǦǳǳȁǲ ǪǦǳǳȁǲ. ǈ ǰǦǽǫǷǸǨǫ ǵǶǮǲǫǶǦ ǦǪǦǵǸǮǨǳȁǻ ǲǫǸǴǪǴǨ ǲǴǬǳǴ ǹǰǦǭǦǸȂ 
ǩǶǹǵǵǹ ǖǖǒ-ǲǫǸǴǪǴǨ ǪǱȅ ǵǴǸǴǰǴǨ çǷǱǴǨè, ǦǪǦǵǸǮǨǳȁǯ ǨǦǶǮǦǳǸ ǲǫǸǴǪǴǨ ǦǶǮǺǲǫǸǮǽǫ-
ǷǰǴǩǴ ǰǴǪǮǶǴǨǦǳǮȅ. ǗǱǫǪǹǫǸ ǴǸǲǫǸǮǸȂ, ǽǸǴ Ǩ ǴǸǱǮǽǮǫ ǴǸ ǷǱǹǽǦȅ LZ-ǲǫǸǴǪǴǨ, ǶǦǳǫǫ 
ǷǴǧǶǦǳǳǦȅ ǷǸǦǸǮǷǸǮǰǦ ǮǲǫǫǸ ǸǴǸ Ǭǫ ǨǫǷ, ǽǸǴ Ǯ ǳǫǪǦǨǳȅȅ. ǐ ǳǫǪǴǷǸǦǸǰǦǲ ǲǫǸǴǪǴǨ 
ǲǴǬǳǴ ǴǸǳǫǷǸǮ Ǯ ǸǴ, ǽǸǴ ǷǽǮǸǦȄǸǷȅ ǨǫǶǴȅǸǳȁǲǮ ǨǷǫ ǨǴǭǲǴǬǳȁǫ ǰǴǲǧǮǳǦǼǮǮ çǷǱǴǨè, 
ǪǦǬǫ Ǹǫ, ǰǴǸǴǶȁǫ ǳǫ ǨǷǸǶǫǽǦǱǮǷȂ Ǩ ǵǴǸǴǰǫ ǶǦǳǫǫ Ǯ ǨǫǶǴȅǸǳǫǫ ǨǷǫǩǴ ǳǮǰǴǩǪǦ ǳǫ ǨǷǸǶǫ-
ǸȅǸǷȅ [3]. ǕǴǪ çǷǱǴǨǴǲè Ǩ ǪǦǳǳǴǲ ǰǴǳǸǫǰǷǸǫ ǵǴǳǮǲǦǫǸǷȅ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸȂ ǷǮǲǨǴǱǴǨ 
ǨǴ ǨǻǴǪǳǴǲ ǦǱǺǦǨǮǸǫ, ǽǦǷǸǴ ǮǲǫȄǿǦȅ ǳǫǰǴǸǴǶȁǯ ǷǲȁǷǱ. 

2. ǇǱǴǽǳȁǫ ǲǫǸǴǪȁ. ǈ ȃǸǴǯ ǩǶǹǵǵǫ ǲǫǸǴǪǴǨ ǴǸǪǫǱȂǳǴ ǰǴǪǮǶǹǫǸǷȅ ǷǸǦǸǮǷǸǮǰǦ 
ǧǱǴǰǦ Ǯ ǪǴǧǦǨǱȅǫǸǷȅ ǰ ǷǬǦǸǴǲǹ ǧǱǴǰǹ. ǕǶǮǲǫǶȁ ǧǱǴǽǳȁǻ ǲǫǸǴǪǴǨ: ǷǸǦǸǮǽǫǷǰǮǫ ǨǦǶǮ-
ǦǳǸȁ ǲǫǸǴǪǴǨ ǛǦǺǺǲǦǳǦ, ǞǫǳǳǴǳǦ-ǚǦǳǴ, ǦǶǮǺǲǫǸǮǽǫǷǰǴǩǴ ǰǴǪǮǶǴǨǦǳǮȅ - ǪǱȅ ǵǴǸǴ-
ǰǴǨ "ȃǱǫǲǫǳǸǴǨ [3].  

 
ǔǵǸǮǲǦǱȂǳǹȄ ǪǱǮǳǹ ǰǴǪǦ ǲǴǬǳǴ ǴǵǶǫǪǫǱǮǸȂ ǽǫǶǫǭ ǽǦǷǸǴǸǹ (ǨǫǶǴȅǸǳǴǷǸȂ) ǵǴȅǨ-

ǱǫǳǮȅ ȃǱǫǲǫǳǸǦ Ƿ ǮǷǵǴǱȂǭǴǨǦǳǮǫǲ ǵǴǳȅǸǮȅ ȄǴǹǷǵǶǯȆ Ǹǯǳǩǵǲǧ.  
ǣǳǸǶǴǵǮǫǯ ǷǮǲǨǴǱǦ ╬, ǮǲǫȄǿǫǩǴ ǨǫǶǴȅǸǳǴǷǸȂ ǵǴȅǨǱǫǳǮȅ ▬╬, ǳǦǭȁǨǦȄǸ ǰǴǱǮǽǫ-

ǷǸǨǴ ǮǳǺǴǶǲǦǼǮǮ ╗╬, ǷǴǪǫǶǬǦǿǫǯǷȅ Ǩ ╬, ╗╬  ▬╬ϽἴἷἯ▬╬ [1].  
ǗǴǩǱǦǷǳǴ ǸǫǴǶǫǲǫ ǞǫǳǳǴǳǦ Ǵ ǰǴǪǮǶǴǨǦǳǮǮ ǮǷǸǴǽǳǮǰǦ ǾǮǺǶǴǨǦǳǮȅ (Shannon's 

source coding theorem) ȃǱǫǲǫǳǸ ╬ ǨǫǶǴȅǸǳǴǷǸȂ ǵǴȅǨǱǫǳǮȅ ǰǴǸǴǶǴǩǴ ǶǦǨǳȅǫǸǷȅ ▬╬, Ǩȁ-
ǩǴǪǳǫǫ ǨǷǫǩǴ ǵǶǫǪǷǸǦǨǱȅǸȂ ǰǴǪǴǲ ǪǱǮǳǴǯ ■╬ ἴἷἯ▬╬ ǧǮǸǦǲ [3]. 

ǔǷǳǴǨǳȁǫ ǻǦǶǦǰǸǫǶǮǷǸǮǰǮ, ǮǷǵǴǱȂǭǹȄǿǮǫǷȅ ǪǱȅ ǴǼǫǳǰǮ ȃǺǺǫǰǸǮǨǳǴǷǸǮ ǲǫǸǴǪǦ 
ǷǬǦǸǮȅ, ȃǸǴ ǰǴȃǺǺǮǼǮǫǳǸ ǷǬǦǸǮȅ ╚╬▫□▬►▄▼▼ Ǯ ǷǰǴǶǴǷǸȂ ǷǬǦǸǮȅ ╡ [1,3].  

1. ǐǴȃǺǺǮǼǮǫǳǸ ǷǬǦǸǮȅ ╚╬▫□▬►▄▼▼
╢▫◊◄▬◊◄

╢░▪▬◊◄
, ǪǫǬ ╢▫◊◄▬◊◄ - ǷǧǮǳǬǷ ǩȂǼǵǫǴǵǪǵ ǻǧǰǲǧ 

(ǸǭǧǹȂǬ ǫǧǴǴȂǬ), ╢░▪▬◊◄ - ǷǧǮǳǬǷ ǩǼǵǫǴǵǪǵ ǻǧǰǲǧ (ǫǧǴǴȂǬ ǯǸǹǵǾǴǯǱǧ). ǕǶǮ 

╚╬▫□▬►▄▼▼ ǷǬǦǸǮǫ ǷǽǮǸǦǫǸǷȅ ǹǷǵǫǾǳȁǲ. 

2. ǗǰǴǶǴǷǸȂ ǷǬǦǸǮȅ Ὑ, ǫǪǮǳǮǼǫǯ ǮǭǲǫǶǫǳǮȅ ǷǰǴǶǴǷǸǮ ǷǬǦǸǮȅ ȅǨǱȅǫǸǷȅ çǰǴǱǮǽǫ-

ǷǸǨǴ ǰǴǪǴǨȁǻ ǧǮǸ, ǵǶǮǻǴǪȅǿǮǻǷȅ ǳǦ ǴǸǷǽǫǸ ǪǦǳǳȁǻ ǮǷǸǴǽǳǮǰǦè Ὑ ȟ ǭǪǫǷȂ Ὧ
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 ÌÏÇȿὠȿ - ǶǦǭǲǫǶ ǷǬǦǸȁǻ ǪǦǳǳȁǻ Ǩ ǧǮǸǦǻ,  ǪǫǬ ȿὠȿ - ǲǴǿǳǴǷǸȂ ǦǱǺǦǨǮǸǦ ǪǦǳǳȁǻ ὠ,  ὲ - 
ǶǦǭǲǫǶ ǪǦǳǳȁǻ ǮǷǸǴǽǳǮǰǦ Ǩ ǧǮǸǦǻ. 

 
ǆǱǩǴǶǮǸǲ ǛǦǺǺǲǦǳǦ 

ǔǪǳǮǲ Ǯǭ ǴǷǳǴǨǳȁǻ ǲǫǸǴǪǴǨ, ǮǷǵǴǱȂǭǹǫǲȁǲǮ ǪǱȅ ǷǬǦǸǮȅ ǪǦǳǳȁǻ Ǩ ǧǦǭǦǻ ǪǦǳǳȁǻ 
Ǩ ǳǦǷǸǴȅǿǫǫ ǨǶǫǲȅ ȅǨǱȅǫǸǷȅ ǰǴǪǮǶǴǨǦǳǮǫ ǛǦǺǺǲǦǳǦ ǳǦ ǴǷǳǴǨǫ ǰǴǪǴǨǴǩǴ ǧǮǳǦǶǳǴǩǴ 
ǪǫǶǫǨǦ.  

ǐǴǪ ǛǦǺǺǲǦǳǦ ȅǨǱȅǫǸǷȅ ǳǫǶǦǨǳǴǲǫǶǳȁǲ Ǯ ǵǶǫǺǮǰǷǳȁǲ. ǓǫǶǦǨǳǴǲǫǶǳǴǷǸȂ ǰǴǪǦ 
ǴǭǳǦǽǦǫǸ, ǽǸǴ ǷǮǲǨǴǱȁ ǮǲǫȄǸ ǶǦǭǳǹȄ ǪǱǮǳǹ ǰǴǪǴǨǴǩǴ ǷǱǴǨǦ (ǶǦǭǲǫǶ ǰǴǪǦ), ǰǴǪȁ ǷǮǲ-
ǨǴǱǴǨ, ǰǴǸǴǶȁǫ ǽǦǿǫ ǨǷǸǶǫǽǦȄǸǷȅ Ǩ ǸǫǰǷǸǫ, ǮǲǫȄǸ ǲǫǳȂǾǮǯ ǶǦǭǲǫǶ, Ǧ ǰǴǪȁ ǶǫǪǰǴ 
ǨǷǸǶǫǽǦȄǿǮǻǷȅ ǷǮǲǨǴǱǴǨ, ǮǲǫȄǸ ǧǴǱȂǾǮǯ ǶǦǭǲǫǶ. ǕǶǫǺǮǰǷǳȁǯ ǳǦǭȁǨǦǫǸǷȅ ǸǦǰǦȅ ǰǴ-
ǪǮǶǴǨǰǦ, Ǩ ǰǴǸǴǶǴǯ ǳǮ ǴǪǮǳ ǰǴǪ ǳǫ ȅǨǱȅǫǸǷȅ ǳǦǽǦǱǴǲ ǪǶǹǩǴǩǴ ǰǴǪǦ, ǸǦǰǮǲ ǴǧǶǦǭǴǲ 
ǨȁǵǴǱǳȅǫǸǷȅ ǹǷǱǴǨǮǫ ǚǦǳǴ Ǯ ǪǴǷǸǮǩǦǫǸǷȅ ǴǪǳǴǭǳǦǽǳǴǷǸȂ ǵǶǮ ǪǫǰǴǪǮǶǴǨǦǳǮǮ.  

ǕǴǷǰǴǱȂǰǹ Ǩ ǦǱǩǴǶǮǸǲǫ ǛǦǺǺǲǦǳǦ ǷǸǶǴǮǸǷȅ ǰǴǪǴǨǴǫ ǧǮǳǦǶǳǴǫ ǪǫǶǫǨǴ, ǵǫǶǫǪ ǫǩǴ 
ǴǵǮǷǦǳǮǫǲ ǳǦǵǴǲǳǮǲ ǳǫǰǴǸǴǶȁǫ ǸǫǶǲǮǳȁ Ǯ ǴǵǶǫǪǫǱǫǳǮȅ Ǯǭ ǸǫǴǶǮǮ ǩǶǦǺǴǨ ǷǱǫǪǹȅ [5]. 

ǕǷǯǬǴǹǯǷǵǩǧǴǴȂǰ ǪǷǧǻ ╖ ǭǦǪǦǫǸǷȅ ǪǨǹǲȅ ǲǳǴǬǫǷǸǨǦǲǮ ╖  ╥ȟ╔, ǩǪǫ ╥ -  

ǰǴǳǫǽǳǴǫ ǲǳǴǬǫǷǸǨǴ, ȃǱǫǲǫǳǸȁ ǰǴǸǴǶǴǩǴ ǳǦǭȁǨǦȄǸ ǩǬǷǿǯǴǧǳǯ ǮǱǮ ǺǮǲǧǳǯ; ╔ - ǲǳǴ-
ǬǫǷǸǨǴ ǹǵǴǶȅǪǴǽǫǳǳȁǻ ǵǦǶ ǳǦ ╥, Ǹ.ǫ. ǵǴǪǲǳǴǬǫǷǸǨǴ ǲǳǴǬǫǷǸǨǦ ╥ ╥, ȃǱǫǲǫǳǸȁ ǰǴǸǴ-
ǶǴǩǴ ǳǦǭȁǨǦȄǸ ǫǺǪǧǳǯ. ǊǹǩǦ Ǯǭ ǨǫǶǾǮǳȁ ◊ Ǩ ǨǫǶǾǮǳǹ ○ ǴǧǴǭǳǦǽǦȄǸ ◊ȟ○ȟ  ǮǱǮ  
◊ᴼ ○Ƞ  ◊ȟ○ ᶰ╥ ╥Ƞ  ◊ȟ○ᶰ╥.  

ǋǺǪǺ ◊ȟ○ ǳǦǭȁǨǦȄǸ ǮǧǼǵǫȆȀǬǰ Ǩ ǨǫǶǾǮǳǹ ○ Ǯ ǯǸǼǵǫȆȀǬǰ Ǯǭ ǨǫǶǾǮǳȁ ◊.  
ǖǵǲǺǸǹǬǶǬǴȃȅ ǮǧǼǵǫǧ ǨǫǶǾǮǳȁ ○ ǳǦǭȁǨǦȄǸ ǽǮǷǱǴ ▀▌ ○ ǭǦǻǴǪȅǿǮǻ Ǩ ǳǫǫ Ǫǹǩ. 

ǖǵǲǺǸǹǬǶǬǴȃȅ ǯǸǼǵǫǧ ǨǫǶǾǮǳȁ ○ ǽǮǷǱǴ ▀▌ ○  ǮǷǻǴǪȅǿǮǻ Ǯǭ ǳǫǫ Ǫǹǩ. ǗǸǫǵǫǳȂȄ 
▀▌○ ǨǫǶǾǮǳȁ ○ ǳǦǭȁǨǦȄǸ Ƿǹǲǲǹ ǵǴǱǹǷǸǫǵǫǳǫǯ ǭǦǻǴǪǦ Ǯ ǮǷǻǴǪǦ.  

ǕǹǸȂ Ǩ ǴǶǮǫǳǸǮǶǴǨǦǳǳǴǲ ǩǶǦǺǫ ╖ - ȃǸǴ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸȂ ǨǫǶǾǮǳ (ǰǴǳǫǽǳǦȅ 
ǮǱǮ ǧǫǷǰǴǳǫǽǳǦȅ) ○ȟ ○ȟỄȟ○▪ȟỄ, ǸǦǰǦȅ, ǽǸǴ ○░ ○░  ᶅ ░, ǫǷǱǮ ǷǹǿǫǷǸǨǹǫǸ ○░ . ǊǱȅ 
ǰǴǳǫǽǳǴǩǴ ǵǹǸǮ ○ȟ○ȟỄȟ○▪  ǽǮǷǱǴ ▪ ǳǦǭȁǨǦȄǸ ǫǲǯǴǵǰ ǵǹǸǮ (▪ ), ǸǴ ǫǷǸȂ ǪǱǮǳǦ 
ǵǹǸǮ ǫǷǸȂ ǽǮǷǱǴ ǫǩǴ Ǫǹǩ, Ǹ.ǫ. ǨǷǫǻ Ǫǹǩ, ǰǴǸǴǶȁǫ ǨǫǪǹǸ Ǯǭ ǨǫǶǾǮǳȁ ○░ Ǩ ǨǫǶǾǮǳǹ ○░ .  

ǖǷǵǸǹǵǰ ǶǺǹȃ - ȃǸǴ ǵǹǸȂ, ǨǷǫ ǨǫǶǾǮǳȁ ǰǴǸǴǶǴǩǴ, ǰǶǴǲǫ, ǧȁǸȂ ǲǴǬǫǸ, ǵǫǶǨǴǯ Ǯ 
ǵǴǷǱǫǪǳǫǯ, ǵǴǵǦǶǳǴ ǶǦǭǱǮǽǳȁ.  

ǕǶǴǷǸǴǯ ǵǹǸȂ ǳǫǳǹǱǫǨǴǯ ǪǱǮǳȁ, ǳǦǽǦǱǴ Ǯ ǰǴǳǫǼ ǰǴǸǴǶǴǩǴ ǷǴǨǵǦǪǦȄǸ, ǳǦǭȁǨǦȄǸ 
ǱǵǴǹǺǷǵǳ.  

ǔǶǮǫǳǸǮǶǴǨǦǳǳȁǯ ǩǶǦǺ ǳǦǭȁǨǦȄǸ ǸǩȆǮǴȂǳ, ǫǷǱǮ ǪǱȅ ǱȄǧȁǻ ǪǨǹǻ ǫǩǴ ǨǫǶǾǮǳ ◊, 
○ ǨǫǶǾǮǳǦ ○ ǪǴǷǸǮǬǮǲǦ Ǯǭ ǨǫǶǾǮǳȁ ◊ ǮǱǮ ǨǫǶǾǮǳǦ ◊ ǪǴǷǸǮǬǮǲǦ Ǯǭ ǨǫǶǾǮǳȁ ○ (◊
○ ǮǱǮ ○ ◊).  

ǑǵǳǶǵǴǬǴǹǧ ǸǩȆǮǴǵǸǹǯ (ǰǴǲǵǴǳǫǳǸǦ) ǴǶǮǫǳǸǮǶǴǨǦǳǳǴǩǴ ǩǶǦǺǦ - ȃǸǴ ǲǦǰǷǮǲǦǱȂ-
ǳȁǯ ǷǨȅǭǳȁǯ ǵǴǪǩǶǦǺ. 

ǔǶǮǫǳǸǮǶǴǨǦǳǳȁǯ ǩǶǦǺ ǳǦǭȁǨǦȄǸ ǸǯǲȃǴǵ ǸǩȆǮǴȂǳ, ǫǷǱǮ ǪǱȅ ǱȄǧȁǻ ǪǨǹǻ ǫǩǴ ǨǫǶ-
ǾǮǳ ◊ Ǯ ○ ǨǫǶǾǮǳǦ ○ ǪǴǷǸǮǬǮǲǦ Ǯǭ ǨǫǶǾǮǳȁ ◊ Ǯ ǨǫǶǾǮǳǦ ◊ ǪǴǷǸǮǬǮǲǦ Ǯǭ ǨǫǶǾǮǳȁ ○ 
(◊ ○ Ǯ ○ ◊).  

 ǈǯǱǵǳǶǵǴǬǴǹǧ ǴǶǮǫǳǸǮǶǴǨǦǳǳǴǩǴ ǩǶǦǺǦ - ȃǸǴ ǫǩǴ ǲǦǰǷǮǲǦǱȂǳȁǯ ǷǮǱȂǳǴ ǷǨȅǭ-
ǳȁǯ ǵǴǪǩǶǦǺ.  

ǓǫǴǶǮǫǳǸǮǶǴǨǦǳǳȁǯ ǩǶǦǺ ╖ ╥ȟ╔   ǳǦǭȁǨǦȄǸ ǧǸǸǵǽǯǯǷǵǩǧǴǴȂǳ Ƿ ǴǶǮǫǳǸǮ-
ǶǴǨǦǳǳǴǲ ǩǶǦǺǴǲ ╖ ╥ȟ╔, ǫǷǱǮ ǫǩǴ ǲǳǴǬǫǷǸǨǴ ǨǫǶǾǮǳ ╥  ǷǴǨǵǦǪǦǫǸ Ƿ ǲǳǴǬǫǷǸǨǴǲ 
ǨǫǶǾǮǳ ╥ ǴǶǮǫǳǸǮǶǴǨǦǳǳǴǩǴ ǩǶǦǺǦ ╖, Ǧ ǵǦǶǦ ◊ȟ○ ǴǧǶǦǭǹǫǸ ǶǫǧǶǴ ǸǴǩǪǦ Ǯ ǸǴǱȂǰǴ ǸǴ-
ǩǪǦ, ǰǴǩǪǦ ◊ ○  Ǯ Ǯǭ ◊  Ǩ ○  ǮǱǮ Ǯǭ ○  Ǩ ◊  ǨǫǪǫǸ ǪǹǩǦ, 
 ╥ ╥ ̉ ╔ ◊ȟ○ȡ◊ȟ○ᶰ╔ ̉̌ ̉○ȟ◊ ᶰ╔ȟ .   

ǔǶǮǫǳǸǮǶǴǨǦǳǳȁǯ ǩǶǦǺ ǳǦǭȁǨǦȄǸ ǸǲǧǨǵ ǸǩȆǮǴȂǳ, ǫǷǱǮ ǦǷǷǴǼǮǮǶǴǨǦǳǳȁǯ Ƿ ǳǮǲ ǳǫ-
ǴǶǮǫǳǸǮǶǴǨǦǳǳȁǯ ǩǶǦǺ ǷǨȅǭǳȁǯ. ǑǵǳǶǵǴǬǴǹǵǰ ǸǲǧǨǵǰ ǸǩȆǮǴǵǸǹǯ (ǸǲǧǨǵǰ ǱǵǳǶǵǴǬǴǹǵǰ) 
ǴǶǮǫǳǸǮǶǴǨǦǳǳǴǩǴ ǩǶǦǺǦ ǳǦǭȁǨǦȄǸ ǫǩǴ ǲǦǰǷǮǲǦǱȂǳȁǯ ǷǱǦǧǴ ǷǨȅǭǳȁǯ ǵǴǪǩǶǦǺ. 

ǕǷǯǬǴǹǯǷǵǩǧǴǴȂǳ ǫǬǷǬǩǵǳ ǳǦǭȁǨǦȄǸ ǨǬǸǱǵǴǹǺǷǴȂǰ ǴǶǮǫǳǸǮǶǴǨǦǳǳȁǯ ǩǶǦǺ, ǹ 
ǰǴǸǴǶǴǩǴ ǶǵǲǺǸǹǬǶǬǴȃ ǮǧǼǵǫǧ ǱȄǧǴǯ ǨǫǶǾǮǳȁ ǳǫ ǧǴǱȂǾǫ 1 Ǯ ǷǹǿǫǷǸǨǹǫǸ ǶǴǨǳǴ ǴǪǳǦ 
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ǨǫǶǾǮǳǦ, ǳǦǭȁǨǦǫǲǦȅ ǱǵǷǴǬǳ ǵǷǯǬǴǹǯǷǵǩǧǴǴǵǪǵ ǫǬǷǬǩǧ, ǶǵǲǺǸǹǬǶǬǴȃ ǮǧǼǵǫǧ ǰǴǸǴ-
ǶǴǯ ǶǦǨǳǦ 0.  

ǈǫǶǾǮǳǹ ○ ǴǶǮǫǳǸǮǶǴǨǦǳǳǴǩǴ ǪǫǶǫǨǦ ǳǦǭȁǨǦȄǸ ǶǵǹǵǳǱǵǳ (ǶǵǫǲǯǴǴȂǳ Ƕǵǹǵǳ-
Ǳǵǳ) ǨǫǶǾǮǳȁ ◊, ǫǷǱǮ ǷǹǿǫǷǸǨǹǫǸ ǵǹǸȂ Ǯǭ ◊ Ǩ ○ (ǵǹǸȂ ǳǫǳǹǱǫǨǴǯ ǪǱǮǳȁ Ǯǭ ◊ Ǩ ○). ǈ 
ȃǸǴǲ Ǭǫ ǷǱǹǽǦǫ ǨǫǶǾǮǳǹ ◊ ǳǦǭȁǨǦȄǸ ǶǷǬǫǱǵǳ (ǶǵǫǲǯǴǴȂǳ ǶǷǬǫǱǵǳ) ǨǫǶǾǮǳȁ ○, Ǧ 
ǫǷǱǮ ǪǱǮǳǦ ǵǹǸǮ Ǯǭ ◊ Ǩ ○ ǶǦǨǳǦ 1, ǸǴ ǨǫǶǾǮǳǹ ○ ǳǦǭȁǨǦȄǸ ǸȂǴǵǳ ǨǫǶǾǮǳȁ ◊, ǰǴǸǴǶǦȅ 
ǵǶǮ ȃǸǴǲ ǮǲǫǳǹǫǸǷȅ ǵǹǽǵǳ ǨǫǶǾǮǳȁ ○. ǈǫǶǾǮǳǹ, ǳǫ ǮǲǫȄǿǹȄ ǵǴǸǴǲǰǴǨ, ǳǦǭȁǨǦȄǸ 
ǲǯǸǹǵǳ. 

ǈȁǷǴǸǦ ǴǶǮǫǳǸǮǶǴǨǦǳǳǴǩǴ ǪǫǶǫǨǦ - ȃǸǴ ǳǦǮǧǴǱȂǾǦȅ ǪǱǮǳǦ ǵǹǸǮ Ǯǭ ǰǴǶǳȅ Ǩ ǱǮǷǸ. 
ǔǶǮǫǳǸǮǶǴǨǦǳǳǴǫ ǪǫǶǫǨǴ ǳǦǭȁǨǦȄǸ ǨǯǴǧǷǴȂǳ, ǫǷǱǮ ǵǴǱǹǷǸǫǵǫǳȂ ǮǷǻǴǪǦ ǱȄǧǴǯ 

ǫǩǴ ǨǫǶǾǮǳȁ ǳǫ ǧǴǱȂǾǫ 2.  
ǈǯǴǧǷǴǵǬ ǵǷǯǬǴǹǯǷǵǩǧǴǴǵǬ ǫǬǷǬǩǵ ǳǦǭȁǨǦȄǸ ǶǵǲǴȂǳ (ǕǇǔǊ), ǫǷǱǮ Ǯǭ ǱȄǧǴǯ ǫǩǴ 

ǨǫǶǾǮǳȁ, ǳǫ ȅǨǱȅȄǿǫǯǷȅ ǱǮǷǸǴǲ, ǮǷǻǴǪȅǸ ǶǴǨǳǴ ǪǨǫ ǪǹǩǮ, Ǧ ǹǶǴǨǳǮ ǨǷǫǻ ǱǮǷǸȂǫǨ ǷǴǨ-
ǵǦǪǦȄǸ. ǋǷǱǮ ǰǦǬǪǦȅ ǸǲǧǨǧȆ ǱǵǳǶǵǴǬǴǹǧ ǴǶǮǫǳǸǮǶǴǨǦǳǳǴǩǴ ǩǶǦǺǦ ȅǨǱȅǫǸǷȅ ǴǶǮǫǳǸǮ-
ǶǴǨǦǳǳȁǲ ǪǫǶǫǨǴǲ, ǸǴ ǸǦǰǴǯ ǩǶǦǺ ǳǦǭȁǨǦȄǸ ǵǷǯǬǴǹǯǷǵǩǧǴǴȂǳ ǲǬǸǵǳ. 

ǉǮǩǬǿǬǴǴȂǳ (ǮǱǮ ǷǧǮǳǬǾǬǴǴȂǳ) ǴǶǮǫǳǸǮǶǴǨǦǳǳȁǲ ǩǶǦǺǴǲ ǳǦǭȁǨǦȄǸ ǵǦǶǹ  
╦ ╖ȟⱴ, ǩǪǫ ╖ ╥ȟ╔  - Ǵǧȁǽǳȁǯ ǴǶǮǫǳǸǮǶǴǨǦǳǳȁǯ ǩǶǦǺ, ⱴ - ǩǬǸǵǩǧȆ ǻǺǴǱǽǯȆ 
(ǮǱǮ ǻǺǴǱǽǯȆ ǷǧǮǳǬǹǱǯ), ǸǴ ǫǷǸȂ ǰǦǬǪǴǯ Ǫǹǩǫ ǩǶǦǺǦ ǷǴǵǴǷǸǦǨǱǫǳǴ ǳǫǰǴǸǴǶǴǫ ǽǮǷǱǴ 
ⱴ, ǳǦǭȁǨǦǫǲǴǫ ǩǬǸǵǳ ǫǺǪǯ.  

 
ǒǫǸǴǪ ǷǬǦǸǮȅ ǮǳǺǴǶǲǦǼǮǮ ǳǦ ǴǷǳǴǨǫ ǪǨǴǮǽǳȁǻ ǰǴǪǮǶǹȄǿǮǻ ǪǫǶǫǨȂǫǨ ǧȁǱ ǵǶǫǪ-

ǱǴǬǫǳ Ǌ. ǆ. ǛǦǺǺǲǦǳǴǲ Ǩ 1952.  
ǎǪǫȅ ǦǱǩǴǶǮǸǲǦ ǷǴǷǸǴǮǸ Ǩ ǸǴǲ, ǽǸǴǧȁ ǳǦǮǧǴǱǫǫ ǽǦǷǸǴ ǨǷǸǶǫǽǦȄǿǮǫǷȅ ǷǮǲǨǴǱȁ 

ǮǲǫǱǮ ǧǴǱǫǫ ǰǴǶǴǸǰǮǫ ǰǴǪȁ, ǷǮǲǨǴǱȁ, ǨǷǸǶǫǽǦȄǿǮǫǷȅ ǶǫǬǫ ǨǷǫǩǴ, ǮǲǫǱǮ ǴǽǫǳȂ ǪǱǮǳ-
ǳȁǯ ǰǴǪ. ǆǱǩǴǶǮǸǲ ǷǬǦǸǮȅ ǪǦǳǳȁǻ ǛǦǺǺǲǦǳǦ, ǰǦǰ ǰǦǳǴǳǮǽǫǷǰǮǯ, ǸǦǰ Ǯ ǫǩǴ ǦǪǦǵǸǮǨǳȁǫ 
ǨǫǶǷǮǮ, ǴǧǱǦǪǦȄǸ ǪǴǷǸǦǸǴǽǳǴ ǨȁǷǴǰǴǯ ȃǺǺǫǰǸǮǨǳǴǷǸȂȄ Ǯ ǱǫǬǦǸ Ǩ ǴǷǳǴǨǫ ǲǳǴǩǮǻ ǪǶǹ-
ǩǮǻ ǲǫǸǴǪǴǨ, ǮǷǵǴǱȂǭǹǫǲȁǻ Ǩ ǦǱǩǴǶǮǸǲǦǻ ǷǬǦǸǮȅ ǪǦǳǳȁǻ. 

ǐǦǬǪǴǲǹ ǷǮǲǨǴǱǹ Ǩ ǰǴǪǮǶǹǫǲǴǲ ǸǫǰǷǸǫ ǵǶǮǷǨǦǮǨǦǫǸǷȅ ǨǫǷ, ǶǦǨǳȁǯ ǫǩǴ ǽǦǷǸǴǸǴǯ 
ǫǩǴ ǵǴȅǨǱǫǳǮȅ (ǮǱǮ ǫǩǴ ǨǫǶǴȅǸǳǴǷǸǮ). ǕǴǪ ǷǮǲǨǴǱǴǲ ǴǧȁǽǳǴ ǵǴǳǮǲǦȄǸ ǳǫǰǮǯ ǵǴǨǸǴ-
ǶȅȄǿǮǯǷȅ ȃǱǫǲǫǳǸ ǮǷǻǴǪǳǴǯ ǷǸǶǴǰǮ, ǰǦǰ ǵǫǽǦǸǳȁǯ ǭǳǦǰ, ǸǦǰ Ǯ ǱȄǧǹȄ ǧǮǸǴǨǴȄ ǵǴǷǱǫ-
ǪǴǨǦǸǫǱȂǳǴǷǸȂ, ǵǴǪ ǰǴǪǴǲ ǮǱǮ ǰǴǪǴǨȁǲ ǷǱǴǨǴǲ - ǰǴǪǮǶǹȄǿǹȄ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸȂ 
ǧǮǸǴǨ (ǳǫ ASCII ǮǱǮ ǰǦǰǴǯ-ǮǧǴ ǪǶǹǩǴǯ ǮǷǻǴǪǳȁǯ ǰǴǪ ǷǮǲǨǴǱǦ). 

ǗǬǦǸǮǫ ǳǦ ǴǷǳǴǨǫ ǦǱǩǴǶǮǸǲǦ ǛǦǺǺǲǦǳǦ ǷǴǷǸǴǮǸ Ǯǭ ǪǨǹǻ ȃǸǦǵǴǨ. ǗǳǦǽǦǱǦ ǳǦ ǵǴǪ-
ǩǴǸǴǨǮǸǫǱȂǳǴǲ ȃǸǦǵǫ ǽǮǸǦȄǸǷȅ ǨǷǫ ǨǻǴǪǳȁǫ ǪǦǳǳȁǫ, ǵǴǪǷǽǮǸȁǨǦȄǸǷȅ ǽǦǷǸǴǸȁ ǨǷǸǶǫ-
ǽǦǫǲǴǷǸǮ ǮǱǮ ǨǫǶǴȅǸǳǴǷǸǮ ǨǷǫǻ ǷǮǲǨǴǱǴǨ, ǲǦǷǷǮǨ ǷǮǲǨǴǱǴǨ ǷǴǶǸǮǶǹǫǸǷȅ Ǩ ǷǴǴǸǨǫǸ-
ǷǸǨǮǮ Ƿ ǶǦǷǷǽǮǸǦǳǳȁǲǮ ǭǳǦǽǫǳǮȅǲǮ ǽǦǷǸǴǸ. ǍǦǸǫǲ, ǳǦ ǨǸǴǶǴǲ ȃǸǦǵǫ ǵǴ ȃǸǮǲ ǪǦǳǳȁǲ 
ǷǸǶǴǮǸǷȅ ǪǫǶǫǨǴ ǛǦǺǺǲǦǳǦ, ǵǴ ǰǴǸǴǶǴǲǹ ǨȁǽǮǷǱȅȄǸǷȅ ǰǴǪȁ ǷǮǲǨǴǱǴǨ.  

ǖǦǷǷǲǴǸǶǮǲ ǦǱǩǴǶǮǸǲ ǵǴǪǶǴǧǳǫǫ. 
 
ǆǱǩǴǶǮǸǲ ǵǴǷǸǶǴǫǳǮȅ ǧǮǳǦǶǳǴǩǴ ǴǶǮǫǳǸǮǶǴǨǦǳǳǴǩǴ ǰǴǪǴǨǴǩǴ ǪǫǶǫǨǦ ǛǦǺǺǲǦǳǦ 
1. ǗǮǲǨǴǱȁ ǨǻǴǪǳǴǩǴ ǦǱǺǦǨǮǸǦ ǴǧǶǦǭǹȄǸ ǲǦǷǷǮǨ ǨǻǴǪǳȁǻ ǷǮǲǨǴǱǴǨ. ǐǦǬǪǴǲǹ 

ǷǮǲǨǴǱǹ ǷǴǵǴǷǸǦǨǱȅǫǸǷȅ ǨǫǷ, ǶǦǨǳȁǯ ǽǦǷǸǴǸǫ ǮǱǮ ǨǫǶǴȅǸǳǴǷǸǮ ǵǴȅǨǱǫǳǮȅ ȃǸǴǩǴ ǷǮǲ-
ǨǴǱǦ.  

2.  ǕǴǱǹǽǫǳǳȁǯ ǲǦǷǷǮǨ ǷǮǲǨǴǱǴǨ ǷǴǶǸǮǶǹǫǸǷȅ ǵǴ ǨǴǭǶǦǷǸǦǳǮȄ ǨǫǷǴǨ ǷǮǲǨǴǱǴǨ. 
ǚǴǶǲǮǶǹǫǸǷȅ ǴǽǫǶǫǪȂ, ǰǦǬǪȁǯ ȃǱǫǲǫǳǸ ǰǴǸǴǶǴǯ ǮǳǸǫǶǵǶǫǸǮǶǹǫǸǷȅ ǰǦǰ ǮǭǴǱǮǶǴǨǦǳǳǦȅ 
ǨǫǶǾǮǳǹ ǩǶǦǺǦ, ǵǴǲǫǽǫǳǳǦȅ ǷǮǲǨǴǱǴǲ ǨǻǴǪǳǴǩǴ ǦǱǺǦǨǮǸǦ, ǨǫǶǾǮǳǫ ǵǶǮǵǮǷȁǨǦǫǸǷȅ 
ǨǫǶǾǮǳǫ ǨǫǷ, ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǯ ȃǸǴǲǹ ǨǻǴǪǳǴǲǹ ǷǮǲǨǴǱǹ. ǐǦǬǪǹȄ ǮǭǴǱǮǶǴǨǦǳǳǹȄ ǨǫǶ-
ǾǮǳǹ ǶǦǷǷǲǦǸǶǮǨǦǫǸǷȅ ǰǦǰ ǰǴǶǫǳȂ ǧǮǳǦǶǳǴǩǴ ǴǶǮǫǳǸǮǶǴǨǦǳǳǴǩǴ ǪǫǶǫǨǦ ǳǹǱǫǨǴǯ Ǩȁ-
ǷǴǸȁ, Ǧ ǨǷǫ ǲǳǴǬǫǷǸǨǴ ǨǫǶǾǮǳ ð ǰǦǰ ǱǫǷ. 

3. ǎǭ ǩǴǱǴǨȁ ǴǽǫǶǫǪǮ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴ ǨȁǧǮǶǦȄǸǷȅ ǪǨǦ ȃǱǫǲǫǳǸǦ, Ǯ ǵǴǷǰǴǱȂǰǹ 
ǴǽǫǶǫǪȂ ǴǸǷǴǶǸǮǶǴǨǦǳǦ, ǴǳǮ ǮǲǫȄǸ ǳǦǮǲǫǳȂǾǮǫ ǨǫǷǦ. 

4. ǗǴǭǪǦǫǸǷȅ ǳǴǨǦȅ ǨǫǶǾǮǳǦ Ǯ ǫǯ ǵǶǮǵǮǷȁǨǦǫǸǷȅ ǨǫǷ, ǶǦǨǳȁǯ ǷǹǲǲǦǶǳǴǲǹ ǨǫǷǹ 
ǨȁǧǶǦǳǳȁǻ Ǩ ǵ. 3 ȃǱǫǲǫǳǸǴǨ. ǗǦǲǮ ȃǱǫǲǫǳǸȁ ǷǸǦǳǴǨȅǸǷȅ ǨǫǶǾǮǳǦǲǮ ǧǮǳǦǶǳǴǩǴ ǪǫǶǫǨǦ 
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ð ǷȁǳǴǨȂȅǲǮ ǷǴǭǪǦǳǳǴǯ ǨǫǶǾǮǳȁ - ǴǸǼǦ. ǇǮǳǦǶǳȁǫ ǴǶǮǫǳǸǮǶǴǨǦǳǳȁǫ ǪǫǶǫǨȂȅ, ǰǴǶ-
ǳȅǲǮ ǰǴǸǴǶȁǻ ǧȁǱǮ ǹǰǦǭǦǳǳȁǫ ǨǫǶǾǮǳȁ, ǴǧȀǫǪǮǳȅȄǸǷȅ Ǩ ǴǪǳǴ ǳǴǨǴǫ ǧǮǳǦǶǳǴǫ Ǫǫ-
ǶǫǨǴ. 

5. ǈǫǶǾǮǳǦ ð ǴǸǫǼ ǪǴǧǦǨǱȅǫǸǷȅ Ǩ ǴǽǫǶǫǪȂ ǳǦ ǲǫǷǸǴ, ǷǴǴǸǨǫǸǷǸǨǹȄǿǫǫ ǫǫ ǨǫǷǹ, 
ǪǨǫ ǨǫǶǾǮǳȁ - ǫǫ ǷȁǳǴǨǫǯ, ǹǪǦǱȅȄǸǷȅ Ǯǭ ǴǽǫǶǫǪǮ. ǕǶǮ ȃǸǴǲ Ǩ ǴǽǫǶǫǪȂ, ǵǴ ǷǹǿǫǷǸǨǹ, 
ǵǴǲǫǿǦǫǸǷȅ ǧǮǳǦǶǳǴǫ ǪǫǶǫǨǴ, ǰǴǶǳǫǲ ǰǴǸǴǶǴǩǴ ȅǨǱȅǫǸǷȅ ǨǫǶǾǮǳǦ-ǴǸǫǼ, Ǧ ǷǦǲǦ Ǵǽǫ-
ǶǫǪȂ ǵǶǫǪǷǸǦǨǱȅǫǸ ǷǴǧǴǯ ǴǶǮǫǳǸǮǶǴǨǦǳǳȁǯ ǱǫǷ. 

6.  ǕǴǨǸǴǶȅǫǲ ǵ. 3 ð ǵ.5 ǪǴ Ǹǫǻ ǵǴǶ, ǵǴǰǦ Ǩ ǴǽǫǶǫǪǮ ǳǫ ǴǷǸǦǳǫǸǷȅ ǸǴǱȂǰǴ ǴǪǳǦ 
ǨǫǶǾǮǳǦ - ǰǴǶǫǳȂ ǷǺǴǶǲǮǶǴǨǦǳǳǴǩǴ Ǩ ǵǶǴǼǫǷǷǫ ǶǦǧǴǸȁ ǦǱǩǴǶǮǸǲǦ ǵǴǱǳǴǩǴ ǧǮǳǦǶǳǴǩǴ 
ǪǫǶǫǨǦ, ǱǮǷǸȂȅ ǰǴǸǴǶǴǩǴ ǵǴǲǫǽǫǳȁ ǷǮǲǨǴǱǦǲǮ ǨǻǴǪǳǴǩǴ ǦǱǺǦǨǮǸǦ. 

7. ǔǪǳǴǯ Ǫǹǩǫ, ǮǷǻǴǪȅǿǫǯ Ǯǭ ǨǫǶǾǮǳȁ-ǶǴǪǮǸǫǱȅ (ǳǦǵǶǮǲǫǶ, ǵǶǦǨǴǯ), ǷǸǦǨǮǸǷȅ Ǩ 
ǷǴǴǸǨǫǸǷǸǨǮǫ ǲǫǸǰǦ 1, ǪǶǹǩǴǯ (ǱǫǨǴǯ) ð ǲǫǸǰǦ 0. ǕǶǮ ǰǴǲǵȂȄǸǫǶǳǴǯ ǶǫǦǱǮǭǦǼǮǮ ǦǱǩǴ-
ǶǮǸǲǦ ǪǱȅ ǻǶǦǳǫǳǮȅ ǲǫǸǴǰ ǮǷǵǴǱȂǭǹǫǸǷȅ ǴǪǮǳ ǧǮǸ.  

ǍǦǲǫǽǦǳǮǫ. ǞǦǩ 7 ,ǸǴ ǫǷǸȂ ǵǶǮǷǨǦǮǨǦǳǮǫ ǲǫǸǴǰ ǪǹǩǦǲ ǩǶǦǺǦ ǲǴǬǳǴ ǨȁǵǴǱǳȅǸȂ Ǯ 
Ǩ ǵǶǴǼǫǷǷǫ ǵǴǷǸǶǴǫǳǮȅ ǪǫǶǫǨǦ. 

8. ǐǴǪ ǰǦǬǪǴǩǴ ǷǮǲǨǴǱǦ - ȃǸǴ ǳǬǹǱǧ ǶǺǹǯ ǴǸ ǰǴǶǳȅ ǪǫǶǫǨǦ Ǩ ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǯ 
ȃǸǴǲǹ ǷǮǲǨǴǱǹ ǱǮǷǸ. ǕǴǪ ǳǬǹǱǵǰ ǶǺǹǯ ǨǫǪǹǿǫǩǴ Ǯǭ ǨǫǶǾǮǳȁ ○░ Ǩ ǨǫǶǾǮǳǹ ○▒, ǵǴǳǮ-
ǲǦǫǸǷȅ ǷǱǴǨǴ Ǩ ǦǱǺǦǨǮǸǫ {0,1}, ǵǴǱǹǽǫǳǳǴǫ ǷǴǫǪǮǳǫǳǮǫǲ ǲǫǸǴǰ Ǫǹǩ ǵǹǸǮ Ǩ ǵǴǶȅǪǰǫ Ǯǻ 
ǷǱǫǪǴǨǦǳǮȅ, ǵǹǸǮ ǳǹǱǫǨǴǯ ǪǱǮǳȁ ǳǫ ǶǦǷǷǲǦǸǶǮǨǦȄǸǷȅ. 

 
ǕǴǷǱǫ ǴǧǶǦǧǴǸǰǮ ǨǷǫǩǴ ǨǻǴǪǳǴǩǴ ǲǦǷǷǮǨǦ ǷǦǲȁǫ ǽǦǷǸǴ ǨǷǸǶǫǽǦȄǿǮǫǷȅ ǷǮǲǨǴǱȁ 

ǧǹǪǹǸ ǮǲǫǸȂ ǷǦǲȁǫ ǰǴǶǴǸǰǮǫ ǲǫǸǰǮ (ǪǱȅ ǻǶǦǳǫǳǮȅ ȃǸǮǻ ǲǫǸǴǰ ǸǶǫǧǹǫǸǷȅ ǲǫǳȂǾǫ ǨǷǫǩǴ 
ǲǫǷǸǦ), Ǧ ǷǦǲȁǫ ǶǫǪǰǴ ǨǷǸǶǫǽǦȄǿǮǫǷȅ ǷǮǲǨǴǱȁ ñ ǧǴǱǫǫ ǪǱǮǳǳȁǫ ǲǫǸǰǮ.  

 
ǔǧȁǽǳǴ ǷǶǦǭǹ ǵǴǷǱǫ ǵǴǷǸǶǴǫǳǮȅ ǪǫǶǫǨǦ ǷǸǶǴǮǸǷȅ ǸǦǧǱǮǼǦ ǛǦǺǺǲǦǳǦ, ǷǴǪǫǶǬǦ-

ǿǦȅ ǷǮǲǨǴǱȁ Ǯ ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǫ Ǯǲ ǰǴǪȁ. ǗǴǪǫǶǬǮǲǴǫ ȃǸǴǯ ǸǦǧǱǮǼȁ ǴǧȁǽǳǴ ǻǶǦ-
ǳǮǸǷȅ Ǩ ǨǮǪǫ ǷǨȅǭǳǴǩǴ ǷǵǮǷǰǦ.  

 
ǖǦǷǷǲǴǸǶǮǲ ǵǶǮǲǫǶ ǵǴǷǸǶǴǫǳǮȅ ǧǮǳǦǶǳǴǩǴ ǰǴǪǴǨǴǩǴ ǪǫǶǫǨǦ ǛǦǺǺǲǦǳǦ. 
ǕǹǷǸȂ ǪǦǳǦ ǷǸǶǴǰǦ çVeni, vidi, viciè, Ǩ ASCII ǰǴǪǫ ǰǦǬǪȁǯ ǷǮǲǨǴǱ ǭǦǳǮǲǦǫǸ 8 ǧǮǸ, 

ǸǴ ǫǷǸȂ ǳǦ ǰǦǬǪȁǯ ǵǫǽǦǸǳȁǯ ǭǳǦǰ ǸǶǦǸǮǸǷȅ ǵǴ ǴǪǳǴǲǹ ǧǦǯǸǹ. ǣǸǴ ǴǭǳǦǽǦǫǸ, ǽǸǴ ǨǷȅ 
ǷǸǶǴǰǦ ǼǫǱǮǰǴǲ ǭǦǳǮǲǦǫǸ 16*8 = 128 ǧǮǸ ǵǦǲȅǸǮ, ǵǶǴǧǫǱȁ ǹǽǮǸȁǨǦȄǸǷȅ.  

1. ǈȁǽǮǷǱǮǲ ǽǦǷǸǴǸǹ ǵǴȅǨǱǫǳǮȅ ǷǮǲǨǴǱǴǨ, ǭǦǲǫǸǮǲ, ǽǸǴ Ǩ ǷǱǹǽǦǫ ǧǴǱȂǾǮǻ Ǹǫǰ-
ǷǸǴǨ ǱǹǽǾǫ ǨȁǽǮǷǱȅǸȂ ǨǫǶǴȅǸǳǴǷǸȂ ǵǴȅǨǱǫǳǮȅ ǷǮǲǨǴǱǴǨ. ǍǦǵǮǾǫǲ ǶǫǭǹǱȂǸǦǸ Ǩ ǨǮǪǫ 
ǸǦǧǱǮǼȁ 

ǽǦǷǸǴǸǦ 3 1 1 5 2 2 1 1 

ǷǮǲǨǴǱ ôvõ ôeõ ônõ ôiõ ô,ô ô_ õ  * ôdõ ôcõ 

* ǷǮǲǨǴǱǴǲ ô_õ ǴǧǴǭǳǦǽǮǲ ǵǶǴǧǫǱ. 
 
2. ǗǴǶǸǮǶǹǫǲ ǵǴǱǹǽǫǳǳȁǯ ǲǦǷǷǮǨ ǷǮǲǨǴǱǴǨ: 

ǽǦǷǸǴǸǦ 1 1 1 1 2 2 3 5 

ǷǮǲǨǴǱ ôeõ ônõ ôdõ ôcõ ô ô ô,õ ôvõ ôiõ 

ǚǴǶǲǮǶǹǫǲ ǴǽǫǶǫǪȂ, ȃǱǫǲǫǳǸǦǲǮ ǴǽǫǶǫǪǮ ȅǨǱȅȄǸǷȅ ȃǱǫǲǫǳǸȁ ǴǸǷǴǶǸǮǶǴǨǦǳǳǴǩǴ 
ǲǦǷǷǮǨǦ ǷǮǲǨǴǱǴǨ ǨǲǫǷǸǫ Ƿ ǨǫǷǦǲǮ, ǳǦǵǶǮǲǫǶ, ǭǦǵǮǷȂ E/1  ǴǭǳǦǽǦǫǸ ǷǮǲǨǴǱ E Ƿ ǨǫǷǴǲ 
1.  

ǐǦǬǪȁǯ ȃǱǫǲǫǳǸ ǴǽǫǶǫǪǮ ǷǽǮǸǦǫǲ ǮǭǴǱǮǶǴǨǦǳǳǴǯ ǨǫǶǾǮǳǴǯ ǩǶǦǺǦ - ǰǴǶǳǫǲ ǧǮ-
ǳǦǶǳǴǩǴ ǪǫǶǫǨǦ ǴǶǮǫǳǸǮǶǴǨǦǳǳǴǩǴ ǳǹǱǫǨǴǯ ǨȁǷǴǸȁ, Ǧ ǨǷǫ ǲǳǴǬǫǷǸǨǴ ǨǫǶǾǮǳ ǷǽǮǸǦǫǲ 
ǱǫǷǴǲ (ǶǮǷ.1.). 

 
ǖǮǷ.1. 
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3. ǎǭ ǩǴǱǴǨȁ ǴǽǫǶǫǪǮ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴ ǨȁǧǮǶǦǫǲ ǪǨǦ ȃǱǫǲǫǳǸǦ. E/1  Ǯ N/1.   
4. ǗǴǭǪǦǫǲ ǳǴǨǹȄ ǨǫǶǾǮǳǹ ○ Ǯ ǵǶǮǵǮǷȁǨǦǫǲ ǫǯ ǨǫǷ, ǶǦǨǳȁǯ ǷǹǲǲǦǶǳǴǲǹ ǨǫǷǹ 

ǨȁǧǶǦǳǳȁǻ Ǩ ǵ. 3 ȃǱǫǲǫǳǸǴǨ (○Ⱦ) (ǶǮǷ.2.).  

 
ǖǮǷ. 2. 

 
ǕǴǨǸǴǶȅǫǲ ǾǦǩǮ 3 Ǯ 4 ǪǴ Ǹǫǻ ǵǴǶ, ǵǴǰǦ Ǩ ǴǽǫǶǫǪǮ ǳǫ ǴǷǸǦǳǫǸǷȅ ǸǴǱȂǰǴ ǴǪǳǦ ǨǫǶ-

ǾǮǳǦ - ǰǴǶǫǳȂ ǷǺǴǶǲǮǶǴǨǦǳǳǴǩǴ ǧǮǳǦǶǳǴǩǴ ǴǶǮǫǳǸǮǶǴǨǦǳǳǴǫ ǪǫǶǫǨǦ (ǶǮǷ. 3 - 8).  
 

ǖǮǷ. 3. 
 
 
 
 
 
 

ǖǮǷ. 4. 
 
 
 
 
 
 
 
 
 
 

ǖǮǷ. 5. 
 
 
 
 
 
 
 
 
 

ǖǮǷ. 6. 
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ǖǮǷ. 7. 

 
ǓǦ ǶǮǷ. 8 ǵǴǰǦǭǦǳǴ ǵǴǷǸǶǴǫǳǳǴǫ ǵǴǱǳǴǫ ǧǮǳǦǶǳǴǫ ǴǶǮǫǳǸǮǶǴǨǦǳǳǴǫ ǪǫǶǫǨǴ. 

 
ǖǮǷ. 8. 

 
ǊǦǱǫǫ ǵǶǮǷǨǴǮǲ ǲǫǸǰǮ ǪǹǩǦǲ ǩǶǦǺǦ, ǵǶǦǨǴǯ Ǫǹǩǫ, ǮǷǻǴǪȅǿǫǯ Ǯǭ ǨǫǶǾǮǳȁ - ǶǴ-

ǪǮǸǫǱȅ ǵǴǷǸǦǨǮǲ Ǩ ǷǴǴǸǨǫǸǷǸǨǮǫ ǲǫǸǰǦ 1, ǱǫǨǴǯ ð ǲǫǸǰǦ 0. ǕǴǱǹǽǮǲ ǰǴǪǴǨǴǫ ǧǮǳǦǶǳǴǫ 
ǴǶǮǫǳǸǮǶǴǨǦǳǳǴǫ ǪǫǶǫǨǴ (ǶǮǷ.9). 

 

 
ǖǮǷ. 9. ǐǴǪǴǨǴǫ ǧǮǳǦǶǳǴǫ ǪǫǶǫǨǴ 
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ǐǴǪ ǰǦǬǪǴǩǴ ǷǮǲǨǴǱǦ ǫǷǸȂ ǲǫǸǰǦ ǵǹǸǮ ǴǸ ǰǴǶǳȅ ǪǫǶǫǨǦ ǨǫǶǾǮǳȁ v7 Ǩ ǷǴǴǸǨǫǸǷǸǨǹ-
ȄǿǮǯ ȃǸǴǲǹ ǷǮǲǨǴǱǹ ǱǮǷǸ. ǘǦǰ, ǳǦǵǶǮǲǫǶ, ǰǴǪ ǷǮǲǨǴǱǦ ôcõ - 1011, ǫǲǹ ǷǴǴǸǨǫǸǷǸǨǹǫǸ 

ǵǹǸȂ ǩǶǦǺǫ v7­v6­v4­v2­c. 
ǍǦǵǮǾǫǲ ǸǦǧǱǮǼǹ ǰǴǪǴǨȁǻ ǷǮǲǨǴǱǴǨ. 

ôvõ ôeõ ônõ ôiõ ô ,ô ô õ ôdõ ôcõ 

00 1000 1001 11 010 011 1010 1011 

ǔǼǫǳǮǲ ǶǦǭǲǫǶ ǭǦǰǴǪǮǶǴǨǦǳǳǴǯ ǺǶǦǭȁ çVeni, vidi, viciè, ǳǦǵǴǲǳǮǲ, ǽǸǴ 0 ǮǱǮ 1 
ǭǦǳǮǲǦȄǸ ǴǪǮǳ ǧǮǸ. 

ôvõ ôeõ ônõ ôiõ ô ,ô ô õ ôvõ ôiõ ôdõ ôiõ ô ,ô ô õ ôvõ ôiõ ôcõ ôiõ 

00 1000 1001 11 010 011 00 11 1010 11 010 011 00 11 1011 11 

 
ǈǷȅ ǷǸǶǴǰǦ ǼǫǱǮǰǴǲ ǭǦǳǮǲǦǫǸ 44 ǧǮǸǦ ǵǦǲȅǸǮ, ǮǷǻǴǪǳǦȅ ǷǸǶǴǰǦ ǭǦǳǮǲǦǱǦ 128 ǧǮǸ 

ǵǦǲȅǸǮ.  
ǕǶǮ ǵǴǷǸǶǴǫǳǮǮ ǰǴǪǴǨǴǩǴ ǧǮǳǦǶǳǴǩǴ ǴǶǮǫǳǸǮǶǴǨǦǳǳǴǩǴ ǪǫǶǫǨǦ ǲǴǬǫǸ ǳǦǧǱȄ-

ǪǦǸȂǷȅ ǳǫǰǴǸǴǶȁǯ çǵǶǴǮǭǨǴǱè, ǸǴ ǫǷǸȂ, ǰǴǪ ǴǪǳǴǩǴ Ǯ ǸǴǩǴ Ǭǫ ǷǮǲǨǴǱǦ ǲǴǬǫǸ ǧȁǸȂ ǶǦǭ-
ǳȁǲ ǵǶǮ ǶǦǭǱǮǽǳȁǻ ǨǦǶǮǦǳǸǦǻ ǵǴǷǸǶǴǫǳǮȅ ǰǴǪǴǨǴǩǴ ǪǫǶǫǨǦ ǵǶǮ ǴǪǮǳǦǰǴǨǴǯ ǪǱǮǳǫ 
ǰǴǪǦ ǨǷǫǩǴ ǨǻǴǪǳǴǩǴ ǸǫǰǷǸǦ (ǲǦǷǷǮǨǦ ǷǮǲǨǴǱǴǨ). ǣǸǴ ǶǦǭǱǮǽǮǫ ǴǧǹǷǱǦǨǱǮǨǦǫǸǷȅ ǶǦǭ-
ǱǮǽǳȁǲ ǵǴǶȅǪǰǴǲ ǮǷǻǴǪǳȁǻ ǷǮǲǨǴǱǴǨ Ƿ ǴǪǮǳǦǰǴǨȁǲǮ ǨǫǷǦǲǮ Ǩ ǴǸǷǴǶǸǮǶǴǨǦǳǳǴǲ ǲǦǷ-
ǷǮǨǫ ǷǮǲǨǴǱǴǨ. ǈ ǶǦǷǷǲǴǸǶǫǳǳǴǲ ǨȁǾǫ ǵǶǮǲǫǶǫ ǷǮǲǨǴǱȁ ôeõ, ônõ, ôdõ Ǯ ôcõ ǮǲǫȄǸ ǴǪǮ-
ǳǦǰǴǨǹȄ ǽǦǷǸǴǸǹ, ǶǦǨǳǹȄ 1, Ǧ Ǯǻ ǵǴǶȅǪǴǰ ǲǴǬǫǸ ǧȁǸȂ ǵǶǴǮǭǨǴǱȂǳȁǲ Ǩ ǴǸǷǴǶǸǮǶǴǨǦǳ-
ǳǴǲ ǵǴ ǨǫǷǦǲ ǲǦǷǷǮǨǫ. ǕǶǮ ǵǴǰǦǭǦǳǳǴǲ ǶǦǷǵǴǱǴǬǫǳǮǮ ǷǮǲǨǴǱǴǨ (ôeõ­ônõ­ ôdõ­ ôcõ) 

ǰǴǪ ǷǮǲǨǴǱǦ ôeõ - 1000, Ǧ ǰǴǪ ǷǮǲǨǴǱǦ ôcõ - 1011. ǋǷǱǮ ǵǴǲǫǳȅǸȂ ǭǪǫǷȂ ǲǫǷǸǦǲǮ, ǳǦǵǶǮ-

ǲǫǶ, ôeõ Ǯ ôcõ, ǸǴ ǰǴǪȁ ǷǮǲǨǴǱǴǨ ǧǹǪǹǸ ǷǱǫǪǹȄǿǮǲǮ: ôeõ - 1011, ôcõ- 1000. 
ǎǭ ǨǷǫǻ ǨǴǭǲǴǬǳȁǻ ǨǦǶǮǦǳǸǴǨ ǰǴǪǮǶǴǨǰǮ ǱǹǽǾǮǲ ǧǹǪǫǸ ǰǴǪ Ƿ ǳǦǮǲǫǳȂǾǫǯ ǪǮǷ-

ǵǫǶǷǮǫǯ, ǰǴǸǴǶǦȅ ǵǴǰǦǭȁǨǦǫǸ, ǳǦǷǰǴǱȂǰǴ ǷǮǱȂǳǴ ǴǸǰǱǴǳȅȄǸǷȅ ǪǱǮǳȁ ǮǳǪǮǨǮǪǹǦǱȂǳȁǻ 
ǰǴǪǴǨ ǴǸ Ǯǻ ǷǶǫǪǳǫǯ ǨǫǱǮǽǮǳȁ. ǔǪǳǦǰǴ, ǪǮǷǵǫǶǷǮȅ ǴǰǦǭȁǨǦǫǸ ǨǱǮȅǳǮǫ ǳǦ ǰǦǽǫǷǸǨǴ 
ǰǴǪǮǶǴǨǰǮ Ǩ ǷǱǹǽǦǫ, ǫǷǱǮ ȃǸǴǸ ǷǬǦǸȁǯ ǺǦǯǱ ǧǹǪǫǸ ǵǴǸǴǲ ǵǫǶǫǪǦǨǦǸȂǷȅ ǵǴ ǱǮǳǮȅǲ 
ǷǨȅǭǮ. ǈ ȃǸǴǲ ǷǱǹǽǦǫ ǳǦǮǧǴǱǫǫ ǧǴǱǫǫ ǵǶǫǪǵǴǽǸǮǸǫǱȂǳȁ ǐǴǪȁ ǛǦǺǺǲǦǳǦ Ƿ ǲǦǱǴǯ ǪǮǷ-
ǵǫǶǷǮǫǯ ǸǴǱȂǰǴ [1]. 

 
ǓǫǪǴǷǸǦǸǰǮ ǦǱǩǴǶǮǸǲǦ ǛǦǺǺǲǦǳǦ 

ǆǱǩǴǶǮǸǲ ǛǦǺǺǲǦǳǦ ǲǦǱǴȃǺǺǫǰǸǮǨǫǳ ǪǱȅ ǺǦǯǱǴǨ ǲǦǱǫǳȂǰǮǻ ǶǦǭǲǫǶǴǨ (ǫǷǱǮ 
ǶǦǭǲǫǶ ǺǦǯǱǦ ǷǴǵǴǷǸǦǨǮǲ Ƿ ǶǦǭǲǫǶǴǲ ǰǴǪǮǶǴǨǴǽǳǴǯ ǸǦǧǱǮǼȁ) Ǯ ǧǮǳǦǶǳȁǻ ǺǦǯǱǴǨ. 

ǐǱǦǷǷǮǽǫǷǰǮǯ ǦǱǩǴǶǮǸǲ ǛǦǺǺǲǦǳǦ ǳǦ ǴǷǳǴǨǫ ǰǴǪǴǨǴǩǴ ǪǫǶǫǨǦ ǸǶǫǧǹǫǸ ǻǶǦǳǫǳǮȅ 
ǰǴǪǴǨǴǩǴ ǪǫǶǫǨǦ, ȃǸǴ ǹǨǫǱǮǽǮǨǦǫǸ ǫǩǴ ǸǶǹǪǴǫǲǰǴǷǸȂ. 

ǊǱȅ ǨǴǷǷǸǦǳǴǨǱǫǳǮȅ ǷǴǪǫǶǬǮǲǴǩǴ ǷǴǴǧǿǫǳǮȅ ǪǫǰǴǪǫǶ ǪǴǱǬǫǳ ǭǳǦǸȂ ǸǦǧǱǮǼǹ ǽǦ-
ǷǸǴǸ, ǰǴǸǴǶǴǯ ǵǴǱȂǭǴǨǦǱǷȅ ǰǴǪǫǶ. 

ǘǶǫǧǹǫǸǷȅ ǪǨǦ ǵǶǴǻǴǪǦ ǪǱȅ ǰǴǪǮǶǴǨǰǮ, ǵǫǶǨȁǯ ǵǶǴǻǴǪ - ȃǸǴ ǷǴǷǸǦǨǱǫǳǮǫ ǸǦǧǱǮǼȁ 

ǽǦǷǸǴǸ Ǯ ǵǴǷǸǶǴǫǳǮǫ ǪǫǶǫǨǦ, ǨǸǴǶǴǯ ǵǶǴǻǴǪ - ȃǸǴ ǷǴǧǷǸǨǫǳǳǴ ǰǴǪǮǶǴǨǦǳǮǫ.  
 

ǍǦǰǱȄǽǫǳǮǫ 
 

ǈ ǷǸǦǸȂǫ ǵǶǮǨǫǪǫǳ ǰǶǦǸǰǮǯ ǴǧǭǴǶ ǲǫǸǴǪǴǨ ǷǬǦǸǮȅ ǪǦǳǳȁǻ. ǕǴǪǶǴǧǳǴ ǶǦǭǴǧǶǦǳ ǦǱǩǴ-
ǶǮǸǲ ǛǦǺǺǲǦǳǦ ǷǬǦǸǮȅ ǮǳǺǴǶǲǦǼǮǮ ǳǦ ǴǷǳǴǨǫ ǪǨǴǮǽǳȁǻ ǰǴǪǮǶǹȄǿǮǻ ǪǫǶǫǨȂǫǨ. ǓǦ ǵǶǮ-
ǲǫǶǫ ǰǴǪǮǶǴǨǦǳǮȅ ǺǶǦǭȁ çVeni, vidi, viciè ǵǴǰǦǭǦǳǦ ȃǺǺǫǰǸǮǨǳǴǷǸȂ ǦǱǩǴǶǮǸǲǦ ǛǦǺǺ-
ǲǦǳǦ. ǈ ǶǦǲǰǦǻ ǵǶǮǲǫǶǦ ǵǴǰǦǭǦǳǦ ǳǫǴǪǳǴǭǳǦǽǳǴǷǸȂ ǰǴǪǮǶǴǨǰǮ ǰǦǬǪǴǩǴ ǷǮǲǨǴǱǦ Ǩ ǭǦǨǮ-
ǷǮǲǴǷǸǮ ǴǸ ǶǦǷǵǴǱǴǬǫǳǮȅ ǷǮǲǨǴǱǴǨ ǴǪǮǳǦǰǴǨǴǯ ǽǦǷǸǴǸǴǯ ǵǴȅǨǱǫǳǮȅ. ǗǱǫǪǹǫǸ ǴǸǲǫǸǮǸȂ, 
ǽǸǴ ǵǴǪǴǧǳǦȅ ǳǫǴǪǳǴǭǳǦǽǳǴǷǸȂ ǳǫ ǨǱǮȅǫǸ ǳǦ ǰǦǽǫǷǸǨǴ ǷǬǦǸǮȅ ǵǶǮ ǻǶǦǳǫǳǮǮ ǪǦǳǳȁǻ. 
ǘǦǰǬǫ ǴǵǮǷǦǳȁ ǳǫǪǴǷǸǦǸǰǮ ǪǦǳǳǴǩǴ ǲǫǸǴǪǦ. ǍǦǲǫǸǮǲ, ǽǸǴ ǦǱǩǴǶǮǸǲ ǛǦǺǺǲǦǳǦ ǪǴǷǸǦ-
ǸǴǽǳǴ ǽǦǷǸǴ ǮǷǵǴǱȂǭǹǫǸǷȅ ǪǱȅ ǷǬǦǸǮȅ ǪǦǳǳȁǻ, ǰǦǰ Ǯ Ǩ ǶǫǱȅǼǮǴǳǳȁǻ ǧǦǭǦǻ ǪǦǳǳȁǻ, ǸǦǰ Ǯ 
Ǩ ǷǮǷǸǫǲǦǻ, ǶǦǧǴǸǦȄǿǮǲǮ Ƿ ǧǴǱȂǾǮǲǮ ǪǦǳǳȁǲǮ. 
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ǒǔǍǉǔǈǔǉǔ ǐǖǔǈǔǔǇǖǆǟǋǓǎǥ: ǑǎǓǋǏǓǡǏ ǗǎǓǘǋǍ 

 

 

ǆǳǳǴǸǦǼǮȅ 

ǎǷǷǱǫǪǹǫǸǷȅ ǲǦǸǫǲǦǸǮǽǫǷǰǦȅ ǲǴǪǫǱȂ ǲǴǭǩǴǨǴǩǴ ǰǶǴǨǴǴǧǶǦǿǫǳǮȅ, ǮǲǫȄǿǦȅ ǨǮǪ ǷǮ-
ǷǸǫǲȁ ǴǧȁǰǳǴǨǫǳǳȁǻ ǪǮǺǺǫǶǫǳǼǮǦǱȂǳȁǻ ǹǶǦǨǳǫǳǮǯ. ǍǦǪǦǽǦ ǲǴǪǫǱǮǶǴǨǦǳǮȅ ǲǫǻǦ-
ǳǮǭǲǦ ǦǨǸǴǶǫǩǹǱǮǶǴǨǦǳǮȅ ǲǴǭǩǴǨǴǩǴ ǰǶǴǨǴǸǴǰǦ ǶǦǷǷǲǦǸǶǮǨǦǫǸǷȅ ǰǦǰ ǭǦǪǦǽǦ ǦǨǸǴǲǦǸǮ-
ǽǫǷǰǴǩǴ ǹǵǶǦǨǱǫǳǮȅ, ǭǦǰǱȄǽǦȄǿǦȅǷȅ Ǩ ǴǸǷǱǫǬǮǨǦǳǮǮ ǭǦǪǦǳǳǴǩǴ ǨȁǻǴǪǳǴǩǴ ǷǮǩǳǦǱǦ. 
ǊǱȅ ǷǮǳǸǫǭǦ ǷǸǦǧǮǱǮǭǮǶǹȄǿǮǻ ǭǦǰǴǳǴǨ ǹǵǶǦǨǱǫǳǮȅ ǲǴǪǫǱǮ ǰǶǴǨǴǸǴǰǦ ǮǷǵǴǱȂǭǹǫǸǷȅ ǲǫ-
ǸǴǪ ǷǸǦǧǮǱǮǭǦǼǮǮ ǵǴ ǵǫǶǨǴǲǹ ǵǶǮǧǱǮǬǫǳǮȄ. 

 

ǐǱȄǽǫǨȁǫ ǷǱǴǨǦ 
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ǱǮǳǫǯǳǦȅ ǴǧǶǦǸǳǦȅ ǷǨȅǭȂ, ǱǮǳǫǯǳǴǫ ǹǵǶǦǨǱǫǳǮǫ, ǴǸǷǱǫǬǮǨǦǳǮǫ ǨȁǻǴǪǳȁǻ ǪǦǳǳȁǻ 
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ǈǨǫǪǫǳǮǫ 
 

ǎǭǲǫǳǫǳǮȅ ǨǳǹǸǶǮǽǫǶǫǵǳǴǩǴ ǪǦǨǱǫǳǮȅ ǲǴǩǹǸ ǴǰǦǭȁǨǦǸȂ ǷǫǶȂǫǭǳǴǫ ǨǱǮȅǳǮǫ ǵǶǮ 
ǶǦǭǱǮǽǳȁǻ ǳǫǯǶǴǻǮǶǹǶǩǮǽǫǷǰǮǻ ǭǦǧǴǱǫǨǦǳǮȅǻ, ǸǦǰǮǻ ǰǦǰ ǽǫǶǫǵǳǴ-ǲǴǭǩǴǨǦȅ ǸǶǦǨǲǦ, 
ǷǹǧǦǶǦǻǳǴǮǪǦǱȂǳǴǫ ǰǶǴǨǴǮǭǱǮȅǳǮǫ, ǩǮǪǶǴǼǫǺǦǱǮȅ Ǯ ǴǵǹǻǴǱȂ ǩǴǱǴǨǳǴǩǴ ǲǴǭǩǦ [1,2]. 
ǗǱǫǪǴǨǦǸǫǱȂǳǴ, ǵǶǫǪǴǷǸǦǨǱǫǳǮǫ ǰǴǱǮǽǫǷǸǨǫǳǳǴǩǴ ǴǵǮǷǦǳǮȅ ǨǳǹǸǶǮǽǫǶǫǵǳǴǯ ǪǮǳǦ-
ǲǮǰǮ ǮǲǫǫǸ ǧǴǱȂǾǴǫ ǰǱǮǳǮǽǫǷǰǴǫ ǭǳǦǽǫǳǮǫ. 

ǕǴǷǱǫǪǳǮǫ ǮǷǷǱǫǪǴǨǦǳǮȅ ǨȁȅǨǱȅȄǸ ǷǹǿǫǷǸǨǴǨǦǳǮǫ ǷǸǶǴǩǮǻ ǨǭǦǮǲǴǷǨȅǭǫǯ ǲǫǬǪǹ 
ǮǭǲǫǳǫǳǮȅǲǮ ǨǳǹǸǶǮǽǫǶǫǵǳǴǩǴ ǪǦǨǱǫǳǮȅ Ǯ ǳǦǶǹǾǫǳǮȅǲǮ ǩǫǲǴǪǮǳǦǲǮǰǮ ǩǴǱǴǨǳǴǩǴ 
ǲǴǭǩǦ, Ǧ ǸǦǰǬǫ ǲǫǬǪǹ ǮǭǲǫǳǫǳǮǫǲ ǨǳǹǸǶǮǽǫǶǫǵǳǴǩǴ ǪǦǨǱǫǳǮȅ Ǯ ǶǫǭǹǱȂǸǦǸǦǲǮ ǱǫǽǫǳǮȅ 
ǵǦǼǮǫǳǸǴǨ. 
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ǒǦǸǫǲǦǸǮǽǫǷǰǮǫ ǲǴǪǫǱǮ ǲǴǩǹǸ ǵǶǫǪǷǸǦǨǱȅǸȂ ǷǴǧǴǯ ǳǴǨȁǯ ǮǳǷǸǶǹǲǫǳǸ ǪǱȅ ǹǱǹǽ-
ǾǫǳǮȅ ǳǦǾǫǩǴ ǵǴǳǮǲǦǳǮȅ ǪǮǳǦǲǮǰǮ ǨǳǹǸǶǮǽǫǶǫǵǳǴǩǴ ǪǦǨǱǫǳǮȅ, ǵǴǷǰǴǱȂǰǹ ǴǳǮ ǷǵǴ-
ǷǴǧǳȁ ǴǵǮǷǦǸȂ ǴǷǳǴǨǳȁǫ ǨǭǦǮǲǴǷǨȅǭǮ ǲǫǬǪǹ ǨǫǱǮǽǮǳǦǲǮ Ǩ ǷǸǶǴǩǮǻ ǰǴǱǮǽǫǷǸǨǫǳǳȁǻ 
ǸǫǶǲǮǳǦǻ. ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǷǹǿǫǷǸǨǹǫǸ ǵǴǸǶǫǧǳǴǷǸȂ Ǩ ǲǴǪǫǱȅǻ, ǷǵǴǷǴǧǳȁǻ Ƿ ǪǴǷǸǦǸǴǽ-
ǳǴǯ ǸǴǽǳǴǷǸȂȄ ǴǵǮǷȁǨǦǸȂ ǴǵǶǫǪǫǱǫǳǳȁǫ ǰǱǮǳǮǽǫǷǰǮǫ ǦǷǵǫǰǸȁ ǪǮǳǦǲǮǰǮ ǨǳǹǸǶǮǽǫ-
ǶǫǵǳǴǩǴ ǪǦǨǱǫǳǮȅ.  

 

ǒǫǸǴǪǴǱǴǩǮȅ Ǯ ǶǫǭǹǱȂǸǦǸȁ ǮǷǷǱǫǪǴǨǦǳǮȅ 
 

ǒǦǸǫǲǦǸǮǽǫǷǰǦȅ ǲǴǪǫǱȂ ǲǴǭǩǴǨǴǩǴ ǰǶǴǨǴǴǧǶǦǿǫǳǮȅ 
 

ǈ ǶǦǧǴǸǫ ǭǦ ǴǷǳǴǨǹ ǧǫǶǫǸǷȅ ǲǴǪǫǱȂ ǰǶǴǨǴǸǴǰǦ Ǩ ǲǴǭǩǹ ǽǫǱǴǨǫǰǦ, ǵǶǫǪǱǴǬǫǳǳǦȅ Ǩ 
ǷǸǦǸȂǫ [1]. ǈ ǶǦǲǰǦǻ ǲǴǪǫǱǮ ǷǽǮǸǦǫǸǷȅ, ǽǸǴ ǰǶǴǨȂ ǵǴǵǦǪǦǫǸ Ǩ ǽǫǶǫǵǳǹȄ ǰǴǶǴǧǰǹ ǵǴǪ 

ǪǫǯǷǸǨǮǫǲ ǦǶǸǫǶǮǦǱȂǳǴǩǴ ǪǦǨǱǫǳǮȅ ὖ Ǯ ǵǶǴǻǴǪǮǸ Ǩ ǲǴǭǩǴǨȁǫ Ǩǫǳȁ. ǕǴǪ ǪǫǯǷǸǨǮǫǲ 
ǰǦǵǮǱǱȅǶǳǴǩǴ ǪǦǨǱǫǳǮȅ ǷǵǮǳǳǴǲǴǭǩǴǨǦȅ ǬǮǪǰǴǷǸȂ ǵǴǵǦǪǦǫǸ Ǩ ǲǴǭǩǴǨȁǫ ǰǦǵǮǱǱȅǶȁ Ǯ 
ǪǦǱǫǫ ǨȁǻǴǪǮǸ Ǯǭ ǰǶǦǳǮǴǷǵǮǳǦǱȂǳǴǩǴ ǴǸǷǫǰǦ ǽǫǶǫǭ ǷǮǳǹǷȁ ǸǨǫǶǪǴǯ ǲǴǭǩǴǨǴǯ ǴǧǴ-
ǱǴǽǰǮ.  

ǖǮǷ.1. ǗǻǫǲǦ ǼǫǶǫǧǶǦǱȂǳǴǯ ǦǨǸǴǶǫǩǹǱȅǼǮǮ 
 

ǓǦ ǶǮǷ.1 ǮǷǵǴǱȂǭǴǨǦǳȁ ǷǱǫǪǹȄǿǮǫ ǴǧǴǭǳǦǽǫǳǮȅ: ὖ ð ǦǶǸǫǶǮǦǱȂǳǴǫ ǪǦǨǱǫǳǮǫ, ή 
ð ǷǰǴǶǴǷǸȂ ǰǶǴǨǴǸǴǰǦ Ǩ ǦǶǸǫǶǮǴǱǦǻ, ὖ ð ǰǦǵǮǱǱȅǶǳǴǫ ǪǦǨǱǫǳǮǫ, Ὑ  ð ǩǮǪǶǦǨǱǮǽǫǷǰǴǫ 

ǷǴǵǶǴǸǮǨǱǫǳǮǫ Ǩ ǦǶǸǫǶǮǴǱǦǻ, ὅ ð ǵǫǶǫǲǫǳǳǦȅ ǾǮǶǮǳǦ ǷǴǷǹǪǮǷǸǴǩǴ ǶǹǷǱǦ, Ὑ ð ǼǫǶǫ-

ǧǶǴǷǵǮǳǦǱȂǳǴǫ ǷǴǵǶǴǸǮǨǱǫǳǮǫ, Ὑ  ð ǷǴǵǶǴǸǮǨǱǫǳǮǫ Ǩ ǨǫǳǦǻ, ὖ  ð ǷǴǵǶǴǸǮǨǱǫǳǮǫ ǲǴ-

ǷǸǴǨȁǻ Ǩǫǳ, ὖ ð ǨǫǳǴǭǳǴǫ ǪǦǨǱǫǳǮǫ, ὖ  ð ǨǳǹǸǶǮǽǫǶǫǵǳǴǫ ǪǦǨǱǫǳǮǫ, ὖ  ð ǷǮǳǹǷǴǮ-

ǪǦǱȂǳǴǫ ǪǦǨǱǫǳǮǫ, ὅ  ð ȃǱǦǷǸǮǽǳǴǷǸȂ ǰǶǦǳǮǴǷǵǮǳǦǱȂǳǴǩǴ ǴǸǷǫǰǦ, ή ð ǷǰǴǶǴǷǸȂ ǵǶǮ-

ǸǴǰǦ ǷǵǮǳǳǴǲǴǭǩǴǨǴǯ ǬǮǪǰǴǷǸǮ, ή ð ǷǰǴǶǴǷǸȂ ǴǸǸǴǰǦ ǷǵǮǳǳǴǲǴǭǩǴǨǴǯ ǬǮǪǰǴǷǸǮ, Ὑ  ð 

ǩǮǪǶǦǨǱǮǽǫǷǰǴǫ ǷǴǵǶǴǸǮǨǱǫǳǮǫ ǴǸǸǴǰǹ ǷǵǮǳǳǴǲǴǭǩǴǨǴǯ ǬǮǪǰǴǷǸǮ, Ὅ ð ǷǰǴǶǴǷǸȂ ǨǨǴǪǦ 
ǮǷǰǹǷǷǸǨǫǳǳǴǯ ǷǵǮǳǳǴǲǴǭǩǴǨǴǯ ǬǮǪǰǴǷǸǮ Ǩ ǻǮǶǹǶǩǮǮ. 

 
ǊǦǱǫǫ ǮǷǵǴǱȂǭǹǫǲ ǵǫǶǫǲǫǳǳǹȄ ὠ, ǷǴǴǸǨǫǸǷǸǨǹȄǿǹȄ ǴǧȀǫǲǹ ǰǶǴǨǮ Ǩ ǦǶǸǫǶǮǴǱǦǻ 

ὠ ὅ ὖ ὖ . ǈ ǶǦǲǰǦǻ ǶǦǷǷǲǦǸǶǮǨǦǫǲǴǯ ǲǴǪǫǱǮ ǰǶǴǨǴǴǧǶǦǿǫǳǮȅ ǵǴǱǦǩǦǫǸǷȅ, ǽǸǴ:   
1) ǴǸǷǹǸǷǸǨǹǫǸ ǷǨǴǯǷǸǨǴ ȃǱǦǷǸǮǽǳǴǷǸǮ Ǩǫǳ Ǯ ǰǦǵǮǱǱȅǶǴǨ;  
2) ǦǨǸǴǶǫǩǹǱȅǼǮȅ ǨǴǭǳǮǰǦǫǸ ǸǴǱȂǰǴ ǵǶǮ ǮǭǲǫǳǫǳǮǮ ὅ ǮǱǮ ὠ;  
3) ὖ ὖ ;  
4) ὖ ὖ ὖ ὖ .  
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ǈ ǵǫǶǫǲǫǳǳȁǻ ὠ Ǯ ὖ  ǲǴǭǩǴǨǴǫ ǰǶǴǨǴǴǧǶǦǿǫǳǮǫ ǴǵǮǷȁǨǦǫǸǷȅ ǷǱǫǪǹȄǿǫǯ ǪǮǳǦ-
ǲǮǽǫǷǰǴǯ ǷǮǷǸǫǲǴǯ [3]:  

ừ
Ử
Ừ

Ử
ứὠ Ὧὖὅ ̒ Ὅ όὖ ὖ ȟ

ὖ ̒ Ὅ όὖ ὖ ȟ

 (1) 

ǩǪǫ  

ὖ
ὙὙ ὖ Ὑ Ὑ Ὑ ὖ

Ὑ Ὑ Ὑ ὙὙ
ȟ   ὅ

ὖ ὖ

ὠ
ȟ   Ὑ

Ὧὅ

ὠ
Ȣ 

 
ǕǴǪ ǹǵǶǦǨǱȅȄǿǮǲ ǨǴǭǪǫǯǷǸǨǮǫǲ ό ǵǴǪǶǦǭǹǲǫǨǦǫǸǷȅ ǷǰǴǶǴǷǸȂ ǮǭǲǫǳǫǳǮȅ ǵǴǪǦǸ-

ǱǮǨǴǷǸǮ ǷǴǷǹǪǮǷǸǴǩǴ ǶǹǷǱǦ ὅȕȢ ǍǦǪǦǽǦ ǹǵǶǦǨǱǫǳǮȅ ǷǴǷǸǴǮǸ Ǩ ǷǸǦǧǮǱǮǭǦǼǮǮ ǰǶǴǨǴǸǴǰǦ 

ή, ǭǦǨǮǷȅǿǫǩǴ ǴǸ ǭǳǦǽǫǳǮǯ ǨǳǹǸǶǮǽǫǶǫǵǳǴǩǴ ǪǦǨǱǫǳǮȅ ὖ  Ǯ ǴǧȀǫǲǦ ǰǶǴǨǮ Ǩ ǦǶǸǫǶǮǴ-
ǱǦǻ ὠ, Ǯ ǭǦǪǦȄǿǫǩǴǷȅ ǨȁǶǦǬǫǳǮǫǲ 

 ή
 

Ȣ (2) 

 
ǗǴǩǱǦǷǳǴ ȃǰǷǵǫǶǮǲǫǳǸǦǱȂǳȁǲ ǪǦǳǳȁǲ [1] ǳǫǴǧǻǴǪǮǲǴǫ ǪǱȅ ǲǫǸǦǧǴǱǮǭǲǦ ǰǱǫǸǴǰ 

ǲǴǭǩǦ ǭǳǦǽǫǳǮǫ ǰǶǴǨǴǸǴǰǦ ή ρςȟυ ǲǱ/Ƿ ǴǧǫǷǵǫǽǮǨǦǫǸǷȅ ǵǶǮ ὖ ωȟυ ǲǲ. ǶǸ. ǷǸ., 
ǫǷǱǮ ǵǶǮǳȅǸȂ ǭǳǦǽǫǳǮȅ ǴǷǸǦǱȂǳȁǻ ǵǦǶǦǲǫǸǶǴǨ ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǲǮ ǭǪǴǶǴǨǴǲǹ ǴǶǩǦ-
ǳǮǭǲǹ ǽǫǱǴǨǫǰǦ. ǕǴȃǸǴǲǹ ǪǱȅ ǶǫǾǫǳǮȅ ǭǦǪǦǽǮ ǴǷǹǿǫǷǸǨǱǫǳ ǷǮǳǸǫǭ ǱǮǳǫǯǳǴǯ ǴǧǶǦǸǳǴǯ 
ǷǨȅǭǮ, ǷǸǦǧǮǱǮǭǮǶǹȄǿǫǯ ǴǵǴǶǳȁǫ ǭǳǦǽǫǳǮȅ ǵǫǶǫǲǫǳǳȁǻ, ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǫ ǭǳǦǽǫǳǮȄ 
ǰǶǴǨǴǸǴǰǦ  ή ή ǵǶǮ ǹǷǱǴǨǮǮ, ǽǸǴ ǴǸǰǱǴǳǫǳǮǫ ǭǳǦǽǫǳǮȅ ǨǳǹǸǶǮǽǫǶǫǵǳǴǩǴ ǪǦǨǱǫǳǮȅ 

ǴǸǳǴǷǮǸǫǱȂǳǴ ὖ  ǳǫǭǳǦǽǮǸǫǱȂǳǴ.  
 

ǗǸǦǧǮǱǮǭǦǼǮȅ ǷǮǷǸǫǲȁ ǵǫǶǨǴǩǴ ǵǶǮǧǱǮǬǫǳǮȅ 
 

ǎǷǵǴǱȂǭǹǫǲ ǷǱǫǪǹȄǿǮǫ ǴǧǴǭǳǦǽǫǳǮȅ ǪǱȅ ǺǹǳǰǼǮǯ, ǷǸǴȅǿǮǻ Ǩ ǵǶǦǨǴǯ ǽǦǷǸǮ ǷǮ-
ǷǸǫǲȁ (1): 

 

Ὂ ὠȟὖȟό Ὧὖὅ ̒ Ὅ όὖ ὖ ȟ

Ὂ ὠȟὖȟό ̒ Ὅ όὖ ὖ Ȣ

 (3) 

 
ǍǦǵǮǾǫǲ ǷǮǷǸǫǲǹ ǵǫǶǨǴǩǴ ǵǶǮǧǱǮǬǫǳǮȅ: 
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ǣǱǫǲǫǳǸȁ ǲǦǸǶǮǼȁ ὃ ǮǲǫȄǸ ǷǱǫǪǹȄǿǮǯ ǨǮǪ: 

Ὂ Ĭ(((Pic0 kE (IiĬ(Pic0 Ĭ Pvs)/R o+(Rpv ὠ  (PaĬPic0))/(R f  Rpv ὠ +ὅ Rf  kR +ὅ  Rpv kR))) / 

(PaĬPic0) + (2 ὅ  Pic0 Rpv ὠ  kE kR (Rf  +Rpv))/(R f  Rpv ὠ + ὅ  Rf  kR + ὅ  Rpv kR)2) (PaĬPic0)) / 
(Pa Ĭ Pic0 + Pic0 Va0 kE) Ĭ (Pic0 kE (Pa Ĭ Pic0)  (u 0 (Pa Ĭ Pic0) Ĭ (Pic0 Va0 kE (Ii Ĭ (Pic0 Ĭ Pvs) / R o + 

(Rpv ὠ  (PaĬPic0))/(R f  Rpv ὠ  + ὅ  Rf  kR+ ὅ  Rpv kR))) / (P a Ĭ Pic0))) / (P a Ĭ Pic0 + Pic0 Va0 
kE)2;  
 

Ὂ Ĭ((PaĬPic0) (u0+(Va0 kE (Ii Ĭ (Pic0 Ĭ Pvs) / R o + (Rpv ὠ  (Pa Ĭ Pic0)) / (R fRpv ὠ  + ὅ  Rf 

kR + ὅ  Rpv  zkR))) / (P aĬPic0) + (Pic0 Va0 kE (IiĬ(Pic0ĬPvs)/R o + (Rpv ὠ  (Pa Ĭ Pic0))/(R f  Rpv ὠ + 

ὅ  Rf  kR + ὅ  Rpv kR)))/(P aĬ Pic0)2 Ĭ (Pic0 Va0 kE (Rf  Rpv ὠ + Ro Rpv ὠ + ὅ  Rf  kR + ὅ  Rpv 

kR))/(R o (PaĬ Pic0)(Rf  Rpv ὠ + ὅ  Rf  kR + ὅ Rpv kR))))/(P aĬPic0+Pic0 Va0 kE)Ĭ(Pa Va0 kE (u0 

(PaĬPic0)Ĭ(Pic0 Va0 kE (IiĬ(Pic0ĬPvs)/R o+(Rpvὠ (PaĬPic0))/(R fRpvὠ +ὅ Rf  kR+ὅ Rpv kR))) 
/(P aĬPic0))) / (P aĬ Pic0 + Pic0 Va0 kE)2; 
 

Ὂ (2 ὅ  Pic0 Rpv Va0 kE kR (Rf  + Rpv) (Pa Ĭ Pic0)2 )/((R f  Rpv ὠ + ὅ  Rf  kR + ὅ  Rpv 

kR)2(PaĬPic0 +Pic0Va0 kE))Ĭ(ὖ  Ὧ (PaĬPic0)(I i+u0 (PaĬPic0)Ĭ(Pic0 ĬPvs)/R o + (Rpv ὠ  (PaĬPic0))/(R f  

Rpv ὠ + ὅ  Rf  kR + ὅ  Rpv kR)))/(P aĬ Pic0 + Pic0 Va0 kE)2;  
 

Ὂ (kE (Pa Ĭ Pic0) (I i + u0 (PaĬ Pic0) Ĭ (Pic0Ĭ Pvs)/R o + (Rpv ὠ  (Pa Ĭ Pic0)) /(R f  Rpv ὠ +ὅ  

Rf  kR +ὅ  Rpv kR)))/(P aĬPic0 +Pic0 Va0 kE)Ĭ(Pic0 kE (Pa Ĭ Pic0) (u0 + 1/Ro + (Rpv ὠ )/(R f  Rpv ὠ + 

ὅ  Rf  kR + ὅ  Rpv kR)))/(P aĬ Pic0 + Pic0 Va0 kE) Ĭ (Pa Pic0 Va0 Ὧ (Ii + u0 (PaĬ Pic0) Ĭ (Pic0Ĭ Pvs)/R o 

+ (Rpv ὠ  (Pa Ĭ Pic0))/(R f  Rpv ὠ + ὅ  Rf  kR+ὅ  Rpv kR)))/(P aĬPic0 + Pic0 Va0 kE)2.  
 
ǣǱǫǲǫǳǸȁ ǨǫǰǸǴǶǦ ὄ ǵǶǫǪǷǸǦǨǱǫǳȁ ǺǴǶǲǹǱǦǲǮ: 

ό Ὂ ὖ ὖ ὖ ὖ ὖ ὠ Ὧϳ ȟ 
ό Ὂ ὖ Ὧ ὖ ὖ ὖ ὖ ὖ ὠ Ὧϳ Ȣ 

 
ǈȁǽǮǷǱǮǲ  ὃȟὄ, ǳǦǵǶǮǲǫǶ ǵǶǮ ὖ  ωυ ǲǲ. ǶǸ. ǷǸ. 

ὃ
πȟπππρπȟπππσ
πȟπππχ πȟππρψ

ȟὄ
χτȟπυφυ
χτȟπυφυ

.  

 
ǘǦǧǱǮǼǦ 1. ǍǳǦǽǫǳǮȅ ǵǦǶǦǲǫǸǶǴǨ Ǯ ǨǻǴǪǳȁǻ ǪǦǳǳȁǻ ǲǴǪǫǱǮ [1] 

Ὑ 526,3 ǲǲ. ǶǸ. ǷǸ.ňǷňǲǱ-1 

Ὑ  1,24 ǲǲ. ǶǸ. ǷǸ.ňǷňǲǱ-1 

Ὑ 2,38 ň 103 ǲǲ. ǶǸ. ǷǸ.ňǷňǲǱ-1 

ὅ  0,15 ǲǱ/  ǲǲ. ǶǸ. ǷǸ. 

Ὧ 0,11 ǲǱ-1 

Ὧ  4,91 ň 104 ǲǲ. ǶǸ. ǷǸ.3 ňǷňǲǱ-1 

ή 12,5 ǲǱ/ Ƿ 

ὖ 100 ǲǲ. ǶǸ. ǷǸ. 

ὖ  9,5 ǲǲ. ǶǸ. ǷǸ. 

ὖ 25 ǲǲ. ǶǸ. ǷǸ. 

ὖ  6,0 ǲǲ. ǶǸ. ǷǸ. 

ὅ 0,15 ǲǱ /  ǲǲ. ǶǸ. ǷǸ. 
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ǓǦǯǪǫǲ ǲǦǸǶǮǼǹ ǹǵǶǦǨǱȅǫǲǴǷǸǮ Ὗ 

 Ὗ ὄȟὃὄ
χτȟπυφυπȟπρσρ
χτȟπυφυπȟπχωψ

Ȣ 

ǊǱȅ ǳǦǻǴǬǪǫǳǮȅ ǹǵǶǦǨǱȅȄǿǫǩǴ ǨǴǭǪǫǯǷǸǨǮȅ ǮǷǵǴǱȂǭǹǫǲ ǺǴǶǲǹǱǦ ǆǰǰǫǶǲǦǳǦ: 

ό ὑὼȟὑ π ρὟ ὖὃ ρπ πȟωςσρπȟφχψςȟ 
ǩǪǫ ὖὃ - ǻǦǶǦǰǸǫǶǮǷǸǮǽǫǷǰǮǯ ǲǳǴǩǴǽǱǫǳ, ǮǲǫȄǿǮǯ ǨǮǪ ὃ πȟπς ὃ πȟπππρὉ . 

ǈȁǧǶǦǳȁ ǷǴǧǷǸǨǫǳǳȁǫ ǽǮǷǱǦ ‗ȟ πȟπρ.  
ǈ ǮǸǴǩǫ ǵǴǱǹǽǮǲ 

 ό Ὧ ὠ ὠ Ὧ ὖ ὖ πȟωςσρ ρπ ὠ ὠ πȟφχψςρπ ὖ ὖ Ȣ 
 (4) 

 
ǖǫǭǹǱȂǸǦǸȁ ǽǮǷǱǫǳǳǴǩǴ ǲǴǪǫǱǮǶǴǨǦǳǮȅ 

 
ǖǫǭǹǱȂǸǦǸȁ ǽǮǷǱǫǳǳǴǩǴ ǲǴǪǫǱǮǶǴǨǦǳǮȅ ǷǮǷǸǫǲȁ (1) Ƿ ǹǵǶǦǨǱǫǳǮǫǲ (4) ǵǶǫǪǷǸǦǨ-

Ǳǫǳȁ ǳǦ ǶǮǷǹǳǰǦǻ 2 ð 4 ǵǶǮ ǷǱǫǪǹȄǿǮǻ ǳǦǽǦǱȂǳȁǻ ǭǳǦǽǫǳǮȅǻ ǵǫǶǫǲǫǳǳȁǻ: ὖ π ωȟυ 
ǲǲ. ǶǸ. ǷǸ., ὠ π ρσȟυχυ ǲǲ. 

 

 
ǖǮǷ.2. ǔǧȀǫǲ ǰǶǴǨǮ Ǩ ǦǶǸǫǶǮǴǱǦǻ ǰǦǰ ǺǹǳǰǼǮȅ ǨǶǫǲǫǳǮ 

 
ǖǮǷ.3. ǈǳǹǸǶǮǽǫǶǫǵǳǴǫ ǪǦǨǱǫǳǮǫ ǰǦǰ ǺǹǳǰǼǮȅ ǨǶǫǲǫǳǮ 
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ǖǮǷ.4. ǗǰǴǶǴǷǸȂ ǰǶǴǨǴǸǴǰǦ Ǩ ǦǶǸǫǶǮǴǱǦǻ ǰǦǰ ǺǹǳǰǼǮȅ ǨǶǫǲǫǳǮ 

 

ǍǦǰǱȄǽǫǳǮǫ 
 

ǈ ǳǦǷǸǴȅǿǫǯ ǷǸǦǸȂǫ ǮǷǵǴǱȂǭǴǨǦǳ ǦǵǵǦǶǦǸ ǲǦǸǫǲǦǸǮǽǫǷǰǴǯ ǸǫǴǶǮǮ ǹǵǶǦǨǱǫǳǮȅ ǪǱȅ 
ǲǴǪǫǱǮǶǴǨǦǳǮȅ ǲǫǻǦǳǮǭǲǦ ǦǨǸǴǶǫǩǹǱǮǶǴǨǦǳǮȅ ǲǴǭǩǴǨǴǩǴ ǰǶǴǨǴǸǴǰǦ. ǊǱȅ ǶǫǾǫǳǮȅ ǵǴ-
ǷǸǦǨǱǫǳǳǴǯ ǭǦǪǦǽǮ ǶǫǦǱǮǭǴǨǦǳ ǷǮǳǸǫǭ ǱǮǳǫǯǳǴǯ ǴǧǶǦǸǳǴǯ ǷǨȅǭǮ, ǷǸǦǧǮǱǮǭǮǶǹȄǿǫǯ 
ǴǵǴǶǳȁǫ ǭǳǦǽǫǳǮȅ ǵǫǶǫǲǫǳǳȁǻ, ǳǦ ǴǷǳǴǨǫ ǮǷǵǴǱȂǭǴǨǦǳǮȅ ǷǮǷǸǫǲȁ ǵǫǶǨǴǩǴ ǵǶǮǧǱǮǬǫ-
ǳǮȅ. ǊǱȅ ǷǮǳǸǫǭǦ ǱǮǳǫǯǳǴǯ ǴǧǶǦǸǳǴǯ ǷǨȅǭǮ ǵǶǮǲǫǳǫǳǦ ǺǴǶǲǹǱǦ ǆǰǰǫǶǲǦǳǦ.  
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ǎǗǕǔǑǢǍǔǈǆǓǎǋ ǓǋǐǔǘǔǖǡǛ ǕǖǔǉǖǆǒǒǓǡǛ ǗǖǋǊǗǘǈ  
ǊǑǥ ǕǔǊǉǔǘǔǈǐǎ ǈǆǖǎǆǓǘǔǈ ǐǔǓǘǖǔǑǢǓǡǛ ǍǆǊǆǓǎǏ  

ǎ ǈǗǕǔǒǔǉǆǘǋǑǢǓǡǛ ǒǆǘǋǖǎǆǑǔǈ: ǆǈǘǔǒǆǘǎǝǋǗǐǔǋ ǚǔǖǒǎǖǔǈǆǓǎǋ 
ǈǆǖǎǆǓǘǔǈ ǍǆǊǆǝ ǎ ǎǛ ǕǋǖǋǒǋǞǎǈǆǓǎǋ ǈ ǇǎǑǋǘǆǛ   

 

 

ǆǳǳǴǸǦǼǮȅ 

ǓǦǷǸǴȅǿǦȅ ǷǸǦǸȂȅ ȅǨǱȅǫǸǷȅ ǵǶǴǪǴǱǬǫǳǮǫǲ ǪǨǹǻ ǵǶǫǪȁǪǹǿǮǻ ǵǹǧǱǮǰǦǼǮǯ ǦǨǸǴǶǦ, ǩǪǫ 
ǴǧǷǹǬǪǦǱǦǷȂ ǵǶǴǧǱǫǲǦ ǦǨǸǴǲǦǸǮǭǮǶǴǨǦǳǳǴǩǴ ǺǴǶǲǮǶǴǨǦǳǮȅ Ǯ ǴǧǶǦǧǴǸǰǮ ǧǴǱȂǾǴǩǴ 
ǽǮǷǱǦ ǨǻǴǪǳȁǻ LaTeX-ǺǦǯǱǴǨ Ƿ ǴǸǪǫǱȂǳȁǲǮ ǭǦǪǦǳǮȅǲǮ, Ǧ ǸǦǰǬǫ ǧȁǱǮ ǴǸǲǫǽǫǳȁ ǳǫǰǴ-
ǸǴǶȁǫ ǷǶǫǪǷǸǨǦ Ǯ ǨǴǭǲǴǬǳǴǷǸǮ ǷǮǷǸǫǲ MATLAB Ǯ Maple, ǰǴǸǴǶȁǫ ǲǦǱǴ ǴǸǶǦǬǫǳȁ Ǩ 
ǹǽǫǧǳǴǯ ǱǮǸǫǶǦǸǹǶǫ, ǳǴ ǲǴǩǹǸ ǧȁǸȂ ǵǴǱǫǭǳȁ ǪǱȅ ǴǶǩǦǳǮǭǦǼǮǮ ǪǮǦǱǴǩǴǨǴǯ ǶǦǧǴǸȁ ǵǶǮ 
ǷǴǷǸǦǨǱǫǳǮǮ ǨǦǶǮǦǳǸǴǨ ǭǦǪǦǳǮǯ. ǣǸǦ ǭǦǪǦǽǦ ǷǸǦǱǦ ǴǷǴǧǫǳǳǴ ǦǰǸǹǦǱȂǳǴǯ ǵǶǮ ǵǶǴǨǫǪǫ-
ǳǮǮ ǰǴǳǸǶǴǱȂǳȁǻ ǲǫǶǴǵǶǮȅǸǮǯ Ǩ ǪǮǷǸǦǳǼǮǴǳǳǴǲ ǴǧǹǽǫǳǮǮ, ǰǴǩǪǦ, Ƿ ǼǫǱȂȄ ǮǭǧǫǬǦǸȂ 
ǨǴǭǲǴǬǳǴǩǴ ǳǫǷǦǲǴǷǸǴȅǸǫǱȂǳǴǩǴ ǶǫǾǫǳǮȅ ǭǦǪǦǽ ǹǽǦǿǮǲǮǷȅ, ǵǴǸǶǫǧǴǨǦǱǴǷȂ ǺǴǶǲǮǶǴ-
ǨǦǸȂ ǧǴǱȂǾǴǫ ǽǮǷǱǴ ǨǦǶǮǦǳǸǴǨ Ǯ ǶǦǷǵǫǽǦǸȁǨǦǸȂ Ǯǻ Ǩ ǴǸǪǫǱȂǳȁǻ ǺǦǯǱǦǻ. ǈ ǳǦǷǸǴȅǿǫǯ 
ǷǸǦǸȂǫ ǭǦǸǶǦǩǮǨǦȄǸǷȅ ǨǴǵǶǴǷȁ ǷǴǧǷǸǨǫǳǳǴ ǦǨǸǴǲǦǸǮǽǫǷǰǴǩǴ ǺǴǶǲǮǶǴǨǦǳǮȅ ǧǮǱǫǸǴǨ 
ǭǦǪǦǳǮǯ. ǔǧǷǹǬǪǦȄǸǷȅ ǦǱǩǴǶǮǸǲȁ, ǴǷǹǿǫǷǸǨǱȅȄǿǮǫ ǵǫǶǫǲǫǾǮǨǦǳǮǫ Ǩ ǧǮǱǫǸǦǻ ǳǫ-
ǷǰǴǱȂǰǮǻ ǮǲǫȄǿǮǻǷȅ ǨǦǶǮǦǳǸǴǨ ǰǦǬǪǴǯ ǭǦǪǦǽǮ, Ǯ ǶǦǷǷǲǦǸǶǮǨǦȄǸǷȅ ǵǶǮǲǫǶȁ ǦǨǸǴǲǦ-
ǸǮǽǫǷǰǴǩǴ ǺǴǶǲǮǶǴǨǦǳǮȅ ǧǴǱȂǾǴǩǴ ǽǮǷǱǦ ǨǦǶǮǦǳǸǴǨ ǭǦǪǦǽǮ, ǮǷǻǴǪȅ Ǯǭ ǳǫǰǴǸǴǶǴǩǴ 
ǾǦǧǱǴǳǦ ǹǷǱǴǨǮȅ ǭǦǪǦǽǮ Ǯ/ǮǱǮ ǶǫǾǫǳǮȅ/ǴǸǨǫǸǦ ǰ ǭǦǪǦǽǫ. ǗǸǦǸȂȅ ǵǶǫǪǳǦǭǳǦǽǫǳǦ Ǩ ǰǦ-
ǽǫǷǸǨǫ ǵǶǦǰǸǮǽǫǷǰǴǩǴ ǵǴǷǴǧǮȅ, ǰǴǸǴǶǴǫ ǲǴǬǫǸ ǧȁǸȂ ǵǴǱǫǭǳǴ ǪǱȅ ǵǶǫǵǴǪǦǨǦǸǫǱǫǯ 
ǷǶǫǪǳǫǯ Ǯ ǨȁǷǾǫǯ ǾǰǴǱȁ. 

 

ǐǱȄǽǫǨȁǫ ǷǱǴǨǦ 

Maple, Matlab, ȅǭȁǰ ǗǮ. 
 

ǆǈǘǔǖ 
 

ǊǴǨǧȁǾ ǗǫǶǩǫǯ ǆǱǫǰǷǦǳǪǶǴǨǮǽ,  
ǰǦǳǪǮǪǦǸ ǺǮǭǮǰǴ-ǲǦǸǫǲǦǸǮǽǫǷǰǮǻ ǳǦǹǰ, ǪǴǼǫǳǸ  

ǚǉǇǔǙ ǈǔ çǒǴǷǰǴǨǷǰǮǯ ǩǴǷǹǪǦǶǷǸǨǫǳǳȁǯ ǸǫǻǳǮǽǫǷǰǮǯ ǹǳǮǨǫǶǷǮǸǫǸ  
Ǯǲ. Ǔ. ǣ. ǇǦǹǲǦǳǦè, ǩ. ǒǴǷǰǨǦ; 

 ǪǴǼǫǳǸ ǚǉǇǔǙ ǈǔ çǒǴǷǰǴǨǷǰǮǯ ǩǴǷǹǪǦǶǷǸǨǫǳǳȁǯ ǹǳǮǨǫǶǷǮǸǫǸ  
ǮǲǫǳǮ ǒ.ǈ.ǑǴǲǴǳǴǷǴǨǦè 

sdovbysh@yandex.ru 
 

 

 

ǈǨǫǪǫǳǮǫ 
 

ǈ ǵǶǫǪȁǪǹǿǮǻ ǵǹǧǱǮǰǦǼǮȅǻ ǦǨǸǴǶǦ [1,2], ȅǨǱȅȄǿǮǻǷȅ ǪǨǹǲȅ ǵǫǶǨȁǲǮ ǽǦǷǸȅǲǮ 
ǷǸǦǸȂǮ, ǴǧǷǹǬǪǦǱǦǷȂ ǵǶǴǧǱǫǲǦ ǦǨǸǴǲǦǸǮǭǮǶǴǨǦǳǳǴǩǴ ǺǴǶǲǮǶǴǨǦǳǮȅ ǧǴǱȂǾǴǩǴ ǽǮǷǱǦ 
ǧǮǱǫǸǴǨ ǰǴǳǸǶǴǱȂǳȁǻ ǲǫǶǴǵǶǮȅǸǮǯ Ǯ Ǩ ǨǮǪǫ ǨǻǴǪǳȁǻ ǺǦǯǱǴǨ ǷǮǷǸǫǲȁ LaTeX. ǇȁǱǮ 
ǴǵǮǷǦǳȁ ǷǶǫǪǷǸǨǦ ǷǮǷǸǫǲ ǷǸǦǳǪǦǶǸǦ ȅǭȁǰǦ C Ǯ ǷǮǷǸǫǲ MATLAB Ǯ Maple, ǵǴǭǨǴǱȅȄǿǮǫ 
ǷǩǫǳǫǶǮǶǴǨǦǸȂ ǸǦǰǮǫ ǨǻǴǪǳȁǫ ǺǦǯǱȁ (Ǯ ǴǪǳǴǨǶǫǲǫǳǳǴ ǵǦǰǫǸǳȁǯ ǺǦǯǱ ǪǱȅ ǦǨǸǴǲǦǸǮ-
ǽǫǷǰǴǯ ǴǧǶǦǧǴǸǰǮ ȃǸǮǻ ǨǻǴǪǳȁǻ ǺǦǯǱǴǨ LaTeXõǦ Ǯ ǽǮǷǸǰǮ ǶǦǧǴǽǫǯ ǪǮǶǫǰǸǴǶǮǮ ð ǵǶǮ 
ȃǸǴǲ ǦǨǸǴǶ ǴǩǶǦǳǮǽǮǱǷȅ ǷǱǹǽǦǫǲ ǮǷǵǴǱȂǭǴǨǦǳǮȅ ǴǵǫǶǦǼǮǴǳǳǴǯ ǷǮǷǸǫǲȁ Windows). 
ǘǦǰǬǫ ǧȁǱǮ ǴǸǲǫǽǫǳȁ ǳǫǰǴǸǴǶȁǫ ǷǶǫǪǷǸǨǦ Ǯ ǨǴǭǲǴǬǳǴǷǸǮ ǷǮǷǸǫǲ MATLAB Ǯ Maple, 
ǰǴǸǴǶȁǫ ǲǴǩǹǸ ǧȁǸȂ ǵǴǱǫǭǳȁ ǪǱȅ ǴǶǩǦǳǮǭǦǼǮǮ ǪǮǦǱǴǩǴǨǴǯ ǶǦǧǴǸȁ ǵǶǮ ǷǴǷǸǦǨǱǫǳǮǮ 
ǨǦǶǮǦǳǸǴǨ ǭǦǪǦǳǮǯ. ǖǦǷǷǲǴǸǶǫǳǮǫ Ǭǫ ǷǮǷǸǫǲ MATLAB Ǯ Maple ǧȁǱǴ ǮǭǳǦǽǦǱȂǳǴ ǲǴǸǮ-
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ǨǮǶǴǨǦǳǴ Ǹǫǲ, ǽǸǴ ǴǳǮ ǶǦǷǵǴǱǦǩǦȄǸ ǨǴǭǲǴǬǳǴǷǸȂȄ ǷǮǲǨǴǱȂǳȁǻ ǨȁǽǮǷǱǫǳǮǯ, Ǹ.ǫ. ǵǶǫ-
ǴǧǶǦǭǴǨǦǳǮǯ ǺǴǶǲǹǱ, ǰǴǸǴǶȁǫ ǲǴǩǹǸ ǵǴǸǶǫǧǴǨǦǸȂǷȅ, ǳǦǵǶǮǲǫǶ, ǵǶǮ ǦǨǸǴǲǦǸǮǭǮǶǴǨǦǳ-
ǳǴǲ ǶǫǾǫǳǮǮ ǭǦǪǦǽ Ǯ ǨȁǨǴǪǫ ǵǴǱǹǽǫǳǳȁǻ ǴǸǨǫǸǴǨ (ǽǸǴ ǮǭǧǦǨǱȅǫǸ ǵǶǫǵǴǪǦǨǦǸǫǱȅ ǴǸ 
ǰǶǴǵǴǸǱǮǨǴǯ ǶǹǽǳǴǯ ǶǦǧǴǸȁ), Ǧ ǶǦǷǷǲǴǸǶǫǳǮǫ ȅǭȁǰǦ C ð Ǹǫǲ, ǽǸǴ ǫǩǴ ǷǸǦǳǪǦǶǸ ANSI 
ǮǲǫǫǸ ǰǴǲǦǳǪȁ ǶǦǧǴǸȁ Ƿ ǺǦǯǱǦǲǮ, ǰǴǸǴǶȁǫ ǵǴǷǱǹǬǮǱǮ ǴǷǳǴǨǴǯ Ǯ ǵǴǽǸǮ ǧǫǭ Ǯǭǲǫǳǫ-
ǳǮǯ ǧȁǱǮ ǵǫǶǫǳǫǷǫǳȁ Ǩ ǷǮǷǸǫǲȁ MATLAB Ǯ Maple. ǥǭȁǰ C ǲǴǬǫǸ ǧȁǸȂ ǮǷǵǴǱȂǭǴǨǦǳ ǪǱȅ 
ǵǶǴǨǫǪǫǳǮȅ ǽǮǷǱǴǨȁǻ (ǳǫ-ǷǮǲǨǴǱȂǳȁǻ) ǨȁǽǮǷǱǫǳǮǯ Ǯ ǨȁǨǴǪǦ Ǯǻ ǶǫǭǹǱȂǸǦǸǴǨ, Ǩ ǴǸǱǮ-
ǽǮǫ ǴǸ ǷǮǷǸǫǲ MATLAB Ǯ Maple, ǰǴǸǴǶȁǫ ǪǴǵǹǷǰǦȄǸ Ǯ ǷǮǲǨǴǱȂǳȁǫ ǨȁǽǮǷǱǫǳǮȅ. ǔǪǳǦǰǴ, 
Ǩ ǴǸǱǮǽǮǫ ǴǸ ǷǮǷǸǫǲ MATLAB Ǯ Maple, ǰǴǸǴǶȁǫ ǮǳǸǫǶǵǶǫǸǮǶǹȄǸ ǨǨǴǪǮǲȁǫ ǺǴǶǲǹǱȁ Ǯ 
ǪǴǵǹǷǰǦȄǸ ǪǮǦǱǴǩǴǨȁǯ ǶǫǬǮǲ ǶǦǧǴǸȁ, ǹǪǴǧǳȁǯ, ǳǦǵǶǮǲǫǶ, ǵǶǮ ǷǴǷǸǦǨǱǫǳǮǮ ǵǶǫǵǴǪǦ-
ǨǦǸǫǱǫǲ ǨǦǶǮǦǳǸǴǨ ǭǦǪǦǳǮǯ, ǵǶǴǩǶǦǲǲǦ ǳǦ ȅǭȁǰǫ C ǸǶǫǧǹǫǸ ǵǶǫǪǨǦǶǮǸǫǱȂǳǴǯ ǰǴǲǵǮ-
ǱȅǼǮǮ, ǽǸǴ ǮǷǰǱȄǽǦǫǸ ǪǮǦǱǴǩǴǨȁǯ ǶǫǬǮǲ. ǣǸǮ ǴǧǷǸǴȅǸǫǱȂǷǸǨǦ ð ǨǴǭǲǴǬǳǴǷǸǮ ǷǮǲǨǴǱȂ-
ǳȁǻ ǨȁǽǮǷǱǫǳǮǯ Ǯ ǪǮǦǱǴǩǴǨȁǯ ǶǫǬǮǲ ð ǪǫǱǦȄǸ ǷǮǷǸǫǲȁ MATLAB Ǯ Maple Ǩ ǶȅǪǫ ǷǱǹ-
ǽǦǫǨ ǧǴǱǫǫ ǹǪǴǧǳȁǲǮ.  

ǕǶǮ ȃǸǴǲ, ǴǪǳǦǰǴ, ǻǴǸȅ ǨǴǭǲǴǬǳǴǷǸȂ ǷǮǲǨǴǱȂǳȁǻ ǨȁǽǮǷǱǫǳǮǯ Ǩ ǷǮǷǸǫǲǦǻ MATLAB 
Ǯ Maple Ǯ ǵǴǷǱǹǬǮǱǦ ǦǶǩǹǲǫǳǸǴǲ Ǩ ǵǴǱȂǭǹ Ǯǻ ǶǦǷǷǲǴǸǶǫǳǮȅ Ǩ ǪǨǹǻ ǹǵǴǲȅǳǹǸȁǻ ǵǹǧǱǮ-
ǰǦǼǮȅǻ ǦǨǸǴǶǦ, ǳǴ ǷǦǲǮ ǨǴǵǶǴǷȁ ǮǷǵǴǱȂǭǴǨǦǳǮȅ ǸǦǰǮǻ ǨȁǽǮǷǱǫǳǮǯ ǮǱǮ ǰǦǰǮǻ-ǱǮǧǴ ǦǱ-
ǩǴǶǮǸǲǴǨ ǸǦǲ ǳǫ ǴǧǷǹǬǪǦǱǮǷȂ ð ǶǫǽȂ ǾǱǦ ǸǴǱȂǰǴ Ǵ ǷǶǫǪǷǸǨǦǻ ǺǴǶǲǮǶǴǨǦǳǮȅ LaTeX-
ǺǦǯǱǴǨ Ƿ ǭǦǪǦǳǮȅǲǮ (Ǯ ǴǸǨǫǸǦǲǮ) ǵǶǮ ǳǦǱǮǽǮǮ ǹǬǫ ǮǲǫȄǿǮǻǷȅ ǨǦǶǮǦǳǸǴǨ ǭǦǪǦǳǮǯ (Ǯ 
ǴǸǨǫǸǴǨ); ǴǷǴǧǴǫ ǨǳǮǲǦǳǮǫ ǵǶǮ ȃǸǴǲ ǹǪǫǱȅǱǴǷȂ ǴǶǩǦǳǮǭǦǼǮǮ ǨȁǨǴǪǦ ǺǴǶǲǹǱ. ǈ ǳǦǷǸǴ-
ȅǿǫǯ ǶǦǧǴǸǫ ǲȁ ǵǶǴǪǴǱǬǦǫǲ ǴǧǷǹǬǪǫǳǮǫ ǨǴǵǶǴǷǴǨ ǦǨǸǴǲǦǸǮǭǮǶǴǨǦǳǳǴǩǴ ǺǴǶǲǮǶǴǨǦ-
ǳǮȅ ǧǴǱȂǾǴǩǴ ǽǮǷǱǦ ǧǮǱǫǸǴǨ ǰǴǳǸǶǴǱȂǳȁǻ ǲǫǶǴǵǶǮȅǸǮǯ, ǳǴ ǸǫǵǫǶȂ ǶǫǽȂ ǵǴǯǪȆǸ Ǵ ǺǴǶ-
ǲǮǶǴǨǦǳǮǮ ǷǴǧǷǸǨǫǳǳǴ ǭǦǪǦǳǮǯ ǰǴǳǸǶǴǱȂǳȁǻ ǲǫǶǴǵǶǮȅǸǮǯ Ǯ ǴǸǨǫǸǴǨ ǰ ǳǮǲ, ǩǪǫ ǨǴǭ-
ǲǴǬǳǴǷǸǮ ǵǶǴǨǫǪǫǳǮȅ ǷǮǲǨǴǱȂǳȁǻ ǨȁǽǮǷǱǫǳǮǯ ǲǴǩǹǸ ǴǰǦǭǦǸȂǷȅ ǰǦǰ ǶǦǭ ǳǫǭǦǲǫǳǮ-
ǲȁǲǮ. ǓǴ ǵǶǮ ȃǸǴǲ ǲȁ ǳǫ ǵǶǫǷǱǫǪǹǫǲ ǼǫǱǮ ǴǧǹǽǫǳǮȅ ǳǦǵǮǷǦǳǮȄ ǵǶǴǩǶǦǲǲ Ǩ ǸǴǯ ǮǱǮ 
ǮǳǴǯ ǨȁǽǮǷǱǮǸǫǱȂǳǴǯ ǷǮǷǸǫǲǫ (ǻǴǸȅ Ǯ ǹǵǴǲǮǳǦǫǲ Ǵ ǰǴǲǦǳǪǦǻ ǷǮǷǸǫǲȁ Maple, ǰǴǸǴǶȁǫ 
ǵǴǸǶǫǧǹȄǸǷȅ Ǩ ǶǦǭǧǮǶǦǫǲȁǻ ǳǦǲǮ ǵǶǮǲǫǶǦǻ, ǽǸǴ ǵǴǲǴǬǫǸ ǽǮǸǦǸǫǱȄ ǧȁǷǸǶǴ ǳǦǵǮǷǦǸȂ 
ǳǹǬǳȁǫ ǫǲǹ ǵǶǴǩǶǦǲǲȁ) ð ȃǸǹ ǮǳǺǴǶǲǦǼǮȄ ǲǴǬǳǴ ǵǴǽǫǶǵǳǹǸȂ Ǩ ǴǧǾǮǶǳǴǯ ǹǽǫǧǳǴǯ 
ǱǮǸǫǶǦǸǹǶǫ Ǯ Ǩ ǷǵǶǦǨǴǽǳȁǻ ǷǮǷǸǫǲǦǻ ȃǸǮǻ ǨȁǽǮǷǱǮǸǫǱȂǳȁǻ ǷǮǷǸǫǲ; ǨǲǫǷǸǴ ȃǸǴǩǴ, 
ǳǦǾǫǯ ǼǫǱȂȄ ȅǨǱȅǫǸǷȅ ǴǧǷǹǬǪǫǳǮǫ ǮǲǫǳǳǴ ǦǱǩǴǶǮǸǲǴǨ, ǵǴǭǨǴǱȅȄǿǮǻ ǺǴǶǲǮǶǴǨǦǸȂ 
ǧǮǱǫǸȁ ǰǴǳǸǶǴǱȂǳǴǩǴ ǲǫǶǴǵǶǮȅǸǮȅ.  

ǔǪǳǦǰǴ, ǨǲǫǷǸǫ Ƿ Ǹǫǲ, ǷǸǴǮǸ ǹǵǴǲȅǳǹǸȂ, ǽǸǴ ǹǽǫǧǳǦȅ ǱǮǸǫǶǦǸǹǶǦ ǵǴ, ǳǦǵǶǮǲǫǶ, 
ǸǦǰǴǯ ǷǮǷǸǫǲǫ ǰǦǰ Maple, ǧǹǪǹǽǮ ǵǴǷǨȅǿǫǳǦ ǨȁǽǮǷǱǮǸǫǱȂǳȁǲ ǦǷǵǫǰǸǦǲ, ǵǴǽǸǮ ǳǫ ǩǴ-
ǨǴǶǮǸ Ǵǧ ǫȆ ǨǴǭǲǴǬǳǴǷǸȅǻ ǵǴ ǲǦǳǮǵǹǱȅǼǮȅǲ Ƿ ǮǲǫǳǦǲǮ ǵǫǶǫǲǫǳǳȁǻ, ǽǸǴ ǲǴǬǫǸ ǴǰǦ-
ǭǦǸȂǷȅ ǵǴǱǫǭǳȁǲ ǵǶǮ ǴǶǩǦǳǮǭǦǼǮǮ ǨȁǨǴǪǦ Ǩ LaTeX-ǺǦǯǱȁ ǧǴǱȂǾǴǩǴ ǽǮǷǱǦ ǭǦǪǦǳǮǯ Ǯ 
ǴǸǨǫǸǴǨ. ǘǦǰ Ǭǫ Ǯ ǳǫǰǴǸǴǶȁǫ ǦǳǦǱǴǩǮǽǳȁǫ ǵǴǱǫǭǳȁǫ ǨǴǭǲǴǬǳǴǷǸǮ ǷǮǷǸǫǲȁ TeX, ȅǨǱȅ-
ȄǿǫǯǷȅ ǴǷǳǴǨǦǳǮǫǲ ǪǱȅ LaTeXõǦ, ǳǫ ǴǸǶǦǬǫǳȁ Ǩ ǹǽǫǧǳǴǯ ǱǮǸǫǶǦǸǹǶǫ, ǻǴǸȅ Ǯ ǮǭǨǫǷǸǳȁ 
ǴǵȁǸǳȁǲ ǵǴǱȂǭǴǨǦǸǫǱȅǲ. ǐǶǴǲǫ ǸǴǩǴ, ǵǶǫǪǷǸǦǨǱȅǫǸǷȅ, ǽǸǴ ǷǮǷǸǫǲǦ Maple ǧǴǱǫǫ 
ǹǪǴǧǳǦ ǪǱȅ ǲǳǴǩǮǻ ǸǮǵǴǨ ǭǦǪǦǽ, ǽǫǲ MATLAB Ǯ, Ǹǫǲ ǧǴǱǫǫ, ȅǭȁǰ C, ǵǴǷǰǴǱȂǰǹ, ǵǶǫǬǪǫ 
ǨǷǫǩǴ, ǴǳǦ ǪǴǵǹǷǰǦǫǸ ǧǴǱǫǫ ǧǴǩǦǸǹȄ ǵǦǱǮǸǶǹ ǷǸǶǹǰǸǹǶ ǷǨǴǮǻ ǴǧȀǫǰǸǴǨ, Ǩ ǽǦǷǸǳǴǷǸǮ, 
ǵǴǭǨǴǱȅǫǸ ǴǵǫǶǮǶǴǨǦǸȂ ǷǴ ǷǵǮǷǰǦǲǮ ǵǶǴǮǭǨǴǱȂǳȁǻ ǴǧȀǫǰǸǴǨ, Ǧ ǸǦǰǬǫ ǲǴǬǫǸ ǪǫǱǦǸȂ 
ǭǦǲǫǳȁ Ǯ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ ǷǸǶǹǰǸǹǶǳȁǻ ȃǱǫǲǫǳǸǴǨ ǷǨǴǮǻ ǴǧȀǫǰǸǴǨ Ǯ ǦǳǦǱǮǭǮǶǴǨǦǸȂ 
ǷǸǶǹǰǸǹǶǹ Ǯ ǸǮǵ ȃǸǮǻ ǴǧȀǫǰǸǴǨ, Ǩ ǽǦǷǸǳǴǷǸǮ, ǲǦǸǫǲǦǸǮǽǫǷǰǮǻ ǨȁǶǦǬǫǳǮǯ. ǈǷǫ ȃǸǮ ǦǷ-
ǵǫǰǸȁ ǦǨǸǴǶ ǵǱǦǳǮǶǹǫǸ ǭǦǸǶǴǳǹǸȂ Ǩ ǵǶǴǪǴǱǬǫǳǮǮ ǳǦǷǸǴȅǿǫǯ ǷǸǦǸȂǮ. 

 

ǒǫǸǴǪǴǱǴǩǮȅ Ǯ ǶǫǭǹǱȂǸǦǸȁ ǮǷǷǱǫǪǴǨǦǳǮȅ 
 

ǐǦǰ ǹǬǫ ǩǴǨǴǶǮǱǴǷȂ, Ǩ ǳǦǷǸǴȅǿǫǯ ǶǦǧǴǸǫ ǶǫǽȂ ǵǴǯǪȆǸ Ǵ ǺǴǶǲǮǶǴǨǦǳǮǮ ǭǦǪǦǳǮǯ 
ǰǴǳǸǶǴǱȂǳȁǻ ǲǫǶǴǵǶǮȅǸǮǯ Ǯ ǴǸǨǫǸǴǨ ǰ ǳǮǲ. ǇǹǪǹǸ ǶǦǷǷǲǴǸǶǫǳȁ ǪǨǦ ǦǷǵǫǰǸǦ: 1) ǦǨǸǴ-
ǲǦǸǮǽǫǷǰǴǫ ǵǫǶǫǲǫǾǮǨǦǳǮǫ Ǩ ǧǮǱǫǸǦǻ ǳǫǷǰǴǱȂǰǮǻ ǮǲǫȄǿǮǻǷȅ ǨǦǶǮǦǳǸǴǨ ǰǦǬǪǴǯ ǭǦ-
ǪǦǽǮ ǰǦǰ Ǯ ǮǭǲǫǳǫǳǮǫ ǵǴǶȅǪǰǦ ǷǱǫǪǴǨǦǳǮȅ ǭǦǪǦǽ Ǩ ǶǦǭǳȁǻ ǧǮǱǫǸǦǻ, 2) ǦǨǸǴǲǦǸǮǽǫǷǰǴǫ 
ǺǴǶǲǮǶǴǨǦǳǮǫ ǧǴǱȂǾǴǩǴ ǽǮǷǱǦ ǨǦǶǮǦǳǸǴǨ ǭǦǪǦǽǮ, ǮǷǻǴǪȅ Ǯǭ ǳǫǰǴǸǴǶǴǩǴ ǾǦǧǱǴǳǦ 
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ǹǷǱǴǨǮȅ ǭǦǪǦǽǮ Ǯ/ǮǱǮ ǶǫǾǫǳǮȅ/ǴǸǨǫǸǦ ǰ ǭǦǪǦǽǫ, ǽǸǴ ǵǴǭǨǴǱȅǫǸ ǷǴǭǪǦǸȂ ǲǳǴǩǴ ǨǦǶǮǦǳ-
ǸǴǨ ǴǪǮǳǦǰǴǨǴǩǴ ǹǶǴǨǳȅ ǷǱǴǬǳǴǷǸǮ.  

ǝǸǴ ǰǦǷǦǫǸǷȅ ǵǫǶǨǴǩǴ ǦǷǵǫǰǸǦ, ǸǴ ǦǨǸǴǶ ǵǶǫǪǱǴǬǮǸ ǵǶǴǷǸȁǫ ǦǱǩǴǶǮǸǲȁ, ǰǴǸǴǶȁǫ 
ǵǶǮ ǴǵǶǫǪǫǱȆǳǳȁǻ ǹǷǱǴǨǮȅǻ ǵǴǭǨǴǱȅȄǸ ǸǦǰǬǫ ǪǴǧǮǸȂǷȅ, ǽǸǴǧȁ Ǩ ǱȄǧȁǻ ǪǨǹǻ ǶǦǭǳȁǻ 
ǧǮǱǫǸǦǻ ǴǰǦǭǦǱǴǷȂ ǳǫ ǧǴǱǫǫ ǴǪǳǴǯ ǭǦǪǦǽǮ Ǩ ǴǪǳǴǲ Ǯ ǸǴǲ Ǭǫ ǨǦǶǮǦǳǸǫ. ǣǸǦ ǲǫǶǦ ǵǶǮ-
ǭǨǦǳǦ, ǴǵȅǸȂ-ǸǦǰǮ, ǭǦǸǶǹǪǳǮǸȂ ǨǴǭǲǴǬǳǴǷǸȂ ǳǫǷǦǲǴǷǸǴȅǸǫǱȂǳǴǩǴ ǶǫǾǫǳǮȅ ǭǦǪǦǽ ǹǽǦ-
ǿǮǲǮǷȅ (Ǵ ǽȆǲ ǩǴǨǴǶǮǱǴǷȂ Ǩ ǵǫǶǨǴǯ ǽǦǷǸǮ ǳǦǷǸǴȅǿǫǯ ǶǦǧǴǸȁ). ǍǪǫǷȂ ǵǶǫǪǵǴǱǦǩǦǫǸǷȅ, 
ǽǸǴ ǷǦǲǮ ǨǦǶǮǦǳǸȁ ǰǦǬǪǴǯ ǭǦǪǦǽǮ ǸǦǰ ǮǱǮ ǮǳǦǽǫ ǷǺǴǶǲǮǶǴǨǦǳȁ ð ǴǳǮ ǲǴǩǹǸ ǧȁǸȂ ǱǮǧǴ 
ǭǦǶǦǳǫǫ ǭǦǵǮǷǦǳȁ Ǩ ǺǦǯǱǫ ǧǦǳǰǦ ǭǦǪǦǽ, ǱǮǧǴ ǰǦǰ-ǸǴ ǺǴǶǲǮǶǴǨǦǸȂǷȅ ǨȁǽǮǷǱǮǸǫǱȂǳǴǯ 
ǷǮǷǸǫǲǴǯ ǳǫǵǴǷǶǫǪǷǸǨǫǳǳǴ ǵǫǶǫǪ ǨȁǨǴǪǴǲ Ǩ ǺǦǯǱ. ǝǸǴ ǰǦǷǦǫǸǷȅ ǨǸǴǶǴǩǴ ǦǷǵǫǰǸǦ, ǸǴ 
ǧǹǪǹǸ ǵǶǮǨǫǪǫǳȁ ǳǫǰǴǸǴǶȁǫ ǵǶǮǲǫǶȁ ǸǦǰǴǩǴ ǺǴǶǲǮǶǴǨǦǳǮȅ ǨǦǶǮǦǳǸǴǨ ǭǦǪǦǽ. ǎǭǱǴ-
ǬǫǳǮȅ ȃǸǮǻ ǵǶǮǲǫǶǴǨ ǦǨǸǴǶ ǵǴǷǸǦǶǦǱǷȅ ǷǪǫǱǦǸȂ Ǩ ǲǦǰǷǮǲǦǱȂǳǴǯ ǷǸǫǵǫǳǮ ǷǦǲǴǪǴǷǸǦ-
ǸǴǽǳȁǲǮ Ǯ ǪǴǷǸǹǵǳȁǲǮ ǪǱȅ ǷǴǨǫǶǾǫǳǳǴ ǳǫǵǴǪǩǴǸǴǨǱǫǳǳǴǩǴ ǽǮǸǦǸǫǱȅ ǧǫǭ ǴǧǶǦǿǫǳǮȅ 
ǰ ǰǦǰǮǲ-ǱǮǧǴ ǮǷǸǴǽǳǮǰǦǲ, ǪǱȅ ǽǫǩǴ ǰǶǦǸǰǴ ǵǴȅǷǳȅȄǸǷȅ ǪǦǬǫ ǸǦǰǮǫ ȃǱǫǲǫǳǸǦǶǳȁǫ ǲǦ-
ǸǫǲǦǸǮǽǫǷǰǮǫ ǵǴǳȅǸǮȅ ǰǦǰ, ǳǦǵǶǮǲǫǶ, ǵǴǶȅǪǴǰ Ǯ ǸǮǵ ǵǫǶǫǷǸǦǳǴǨǰǮ Ǯ ǦǱǩǴǶǮǸǲ ǋǨ-
ǰǱǮǪǦ. ǇǹǪǹǸ ǸǦǰǬǫ ǹǵǴǲȅǳǹǸȁ ǳǫǰǴǸǴǶȁǫ ǰǴǲǦǳǪȁ Ǯ ǨǴǭǲǴǬǳǴǷǸǮ ǷǮǷǸǫǲȁ Maple, ǰǴ-
ǸǴǶȁǫ ǵǴǱǫǭǳȁ ǵǶǮ ǶǫǦǱǮǭǦǼǮǮ ȃǸǮǻ ǦǱǩǴǶǮǸǲǴǨ (ǧǴǱǫǫ ǵǴǪǶǴǧǳǹȄ ǮǳǺǴǶǲǦǼǮȄ Ǵ ǳǮǻ 
ǽǮǸǦǸǫǱȂ ǲǴǬǫǸ ǵǴǱǹǽǮǸȂ, ǵǴǱȂǭǹȅǷȂ ǷǵǶǦǨǴǽǳǴǯ ǷǮǷǸǫǲǴǯ, ǨǷǸǶǴǫǳǳǴǯ Ǩ Maple).  

 
ǆǨǸǴǲǦǸǮǽǫǷǰǴǫ ǺǴǶǲǮǶǴǨǦǳǮǫ ǧǮǱǫǸǴǨ ǭǦǪǦǳǮǯ,  
ǮǷǻǴǪȅ Ǯǭ ǮǲǫȄǿǮǻǷȅ ǨǦǶǮǦǳǸǴǨ ǭǦǪǦǽ 

 
ǜǫǱȂȄ ȅǨǱȅǫǸǷȅ ǦǨǸǴǲǦǸǮǽǫǷǰǴǫ ǵǫǶǫǲǫǾǮǨǦǳǮǫ Ǩ ǧǮǱǫǸǦǻ ǳǫǷǰǴǱȂǰǮǻ ǮǲǫȄ-

ǿǮǻǷȅ ǨǦǶǮǦǳǸǴǨ ǰǦǬǪǴǯ ǭǦǪǦǽǮ. ǒǴǬǳǴ ǵǶǫǪǹǷǲǴǸǶǫǸȂ Ǯ ǮǭǲǫǳǫǳǮǫ ǵǴǶȅǪǰǦ ǷǱǫǪǴ-
ǨǦǳǮȅ ǭǦǪǦǽ Ǩ ǶǦǭǳȁǻ ǧǮǱǫǸǦǻ.  ǊǱȅ ȃǸǮǻ ǼǫǱǫǯ ǵǶǫǪǱǦǩǦǫǸǷȅ ǵǶǮǲǫǳȅǸȂ ǦǱǩǴǶǮǸǲȁ, 
ǰǴǸǴǶȁǫ ǲǴǩǹǸ ǧȁǸȂ ǴǷǳǴǨǦǳȁ ǳǦ ǮǷǵǴǱȂǭǴǨǦǳǮǮ ǵǷǫǨǪǴǷǱǹǽǦǯǳǴǯ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴ-
ǷǸǮ ǽǮǷǫǱ Ǯ ǨȁǽǮǷǱǫǳǮǮ ǴǷǸǦǸǰǴǨ.  

1) ǚǴǶǲǮǶǹǫǸǷȅ ǵǷǫǨǪǴǷǱǹǽǦǯǳǦȅ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸȂ ǳǴǲǫǶǴǨ ǧǮǱǫǸǴǨ. ǋȆ 
ǹǪǴǧǳǴ ǷǸǶǴǮǸȂ Ǯǭ ǵǷǫǨǪǴǷǱǹǽǦǯǳǴǯ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ ǽǮǷǫǱ ὼ  Ƿ ǶǦǨǳǴǲǫǶǳȁǲ 
ǶǦǷǵǶǫǪǫǱǫǳǮǫǲ ǳǦ ǷǸǦǳǪǦǶǸǳǴǲ ǴǸǶǫǭǰǫ [0;1]: ǪǱȅ ȃǸǴǯ ǼǫǱǮ ǽǮǷǱǦ ὼ ρ Ὧ ὲ 
ǹǵǴǶȅǪǴǽǮǨǦȄǸǷȅ ǵǶǴǼǫǪǹǶǴǯ ǷǴǶǸǮǶǴǨǰǮ Ǩ ǵǴǶȅǪǰǫ ǨǴǭǶǦǷǸǦǳǮȅ ǮǱǮ ǹǧȁǨǦǳǮȅ: ǫǷǱǮ 
ǴǰǦǭȁǨǦǫǸǷȅ, ǳǦǵǶǮǲǫǶ, ǽǸǴ  

ὼ ὼ Ễ ὼ  

ǸǴ ǮǷǰǴǲǦȅ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸȂ ǳǴǲǫǶǴǨ ὲ ǧǮǱǫǸǴǨ ǫǷǸȂ ὯȟὯȟȣȟὯ. ǋǷǱǮ ǰǦǰǮǲ-
ǸǴ ǴǧǶǦǭǴǲ ǧȁǱǮ ǷǺǴǶǲǮǶǴǨǦǳȁ ὲ çǮǭǳǦǽǦǱȂǳȁǻè ǧǮǱǫǸǴǨ, ǸǴ ǷǴǪǫǶǬǮǲȁǲ ǳǴǨǴǩǴ ǧǮ-
ǱǫǸǦ ǳǴǲǫǶ ά ρ ά ὲ ǧǹǪǫǸ çǮǭǳǦǽǦǱȂǳȁǯè ǧǮǱǫǸ ǳǴǲǫǶ Ὧ. ǗǮǷǸǫǲȁ MATLAB Ǯ 
Maple ǶǦǷǵǴǱǦǩǦȄǸ ǷǸǦǳǪǦǶǸǳȁǲǮ ǪǦǸǽǮǰǦǲǮ ǵǷǫǨǪǴǷǱǹǽǦǯǳȁǻ ǽǮǷǫǱ ð ǰǴǲǦǳǪǦǲǮ ǪǱȅ 
ǷǴǭǪǦǳǮȅ ǵǷǫǨǪǴǷǱǹǽǦǯǳȁǻ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǫǯ, ǘǦǰ Ǩ Maple ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸȂ Ǯǭ 
ὲ ǽǮǷǫǱ Ƿ ǶǦǨǳǴǲǫǶǳȁǲ ǶǦǷǵǶǫǪǫǱǫǳǮǫǲ ǳǦ ǷǸǦǳǪǦǶǸǳǴǲ ǴǸǶǫǭǰǫ [0;1] ǭǦǪǦȆǸǷȅ ǰǴ-
ǲǦǳǪǴǯ uniform, ǰǴǸǴǶǦȅ ǨǲǫǷǸǫ Ƿ ǪǶǹǩǮǲǮ ǰǴǲǦǳǪǦǲǮ, ǩǫǳǫǶǮǶǹȄǿǮǲǮ ǵǷǫǨǪǴǷǱǹ-
ǽǦǯǳȁǫ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ, ǴǧǶǦǭǹǫǸ ǵǴǪǵǦǰǫǸ random, ǨǰǱȄǽȆǳǳǴǯ, Ǩ ǷǨǴȄ ǴǽǫǶǫǪȂ, 
Ǩ ǵǦǰǫǸ ǷǸǦǸǮǷǸǮǰǮ stats. ǕǴȃǸǴǲǹ, ǰǴǲǦǳǪǦ ǲǴǬǫǸ ǧȁǸȂ ǭǦǵǮǷǦǳǦ Ǩ ǴǪǳǴǯ Ǯǭ ǸǶȆǻ ǷǱǫ-
ǪǹȄǿǮǻ ǺǴǶǲ: 

stats[random, uniform](n)  
random[uniform]( n)           #  ǶǦǧǴǸǦǫǸ ǵǶǮ ǵǴǪǰǱȄǽǫǳǮǮ ǵǦǰǫǸǦ stats 
uniform (n)                #  ǶǦǧǴǸǦǫǸ ǵǶǮ ǵǴǪǰǱȄǽǫǳǮǮ ǵǦǰǫǸǦ stats Ǯ ǵǴǪǵǦǰǫǸǦ random 
 
ǔǸǲǫǸǮǲ, ǽǸǴ Ǵǧȁǽǳȁǯ ǦǱǩǴǶǮǸǲ ǪǱȅ ǪǦǸǽǮǰǦ ǵǷǫǨǪǴǷǱǹǽǦǯǳȁǻ ǽǮǷǫǱ, ǺǴǶǲǮǶǹ-

ȄǿǫǩǴ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸȂ, ǶǦǨǳǴǲǫǶǳǴ ǶǦǷǵǶǫǪǫǱȆǳǳǹȄ ǳǦ ǷǸǦǳǪǦǶǸǳǴǲ ǴǸǶǫǭǰǫ 
[0;1], ǮǲǫǫǸ ǷǱǫǪǹȄǿǮǯ ǨǮǪ Ǯ ǲǴǬǫǸ ǧȁǸȂ ǱǫǩǰǴ ǷǦǲǴǷǸǴȅǸǫǱȂǳǴ ǨǴǷǵǶǴǮǭǨǫǪȆǳ ǵǴǱȂ-
ǭǴǨǦǸǫǱǫǲ: ǭǦǪǦȆǸǷȅ ǳǫǰǴǸǴǶǴǫ ǴǽǫǳȂ ǧǴǱȂǾǴǫ ǵǴ ǲǴǪǹǱȄ ǽǮǷǱǴ ὥ, ǰǴǸǴǶǴǫ Ǩ ǮǪǫǦǱǫ 
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ǪǴǱǬǳǴ ǧȁǸȂ ǮǶǶǦǼǮǴǳǦǱȂǳȁǲ, Ǯ ǵǫǶǨȁǯ ǽǱǫǳ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ ὼ, Ǧ ǰǦǬǪȁǯ ǷǱǫ-
ǪǹȄǿǮǯ ǽǱǫǳ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ ὼ  ǨȁǽǮǷǱȅǫǸǷȅ ǰǦǰ ǪǶǴǧǳǦȅ ǽǦǷǸȂ ǵǶǴǮǭǨǫǪǫǳǮȅ 
ὥϽὼ ǵǶǫǪȁǪǹǿǫǩǴ ǽǱǫǳǦ ὼ ǳǦ ǽǮǷǱǴ ὥ. ǆǳǦǱǴǩǮǽǳȁǲ ǴǧǶǦǭǴǲ ǹǷǸǶǴǫǳȁ ǰǴǲǦǳǪȁ, ǩǫ-
ǳǫǶǮǶǹȄǿǮǫ ǵǷǫǨǪǴǷǱǹǽǦǯǳȁǫ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ Ƿ ǪǶǹǩǮǲǮ ǶǦǷǵǶǫǪǫǱǫǳǮȅǲǮ: 

ǰǦǬǪȁǯ ǷǱǫǪǹȄǿǮǯ ǽǱǫǳ ὼ  ǴǪǳǴǭǳǦǽǳǴ ǴǵǶǫǪǫǱȅǫǸǷȅ ǵǶǫǪȁǪǹǿǮǲ ὼ. ǕǫǶǨȁǯ 
ǽǱǫǳ ὼ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ ǭǦǪǦȆǸǷȅ ǳǫǰǴǸǴǶȁǲ ǽǮǷǱǴǲ, ǳǦǭȁǨǦǫǲȁǲ seed ð çǷǫǲȅè 
ǮǱǮ çǭȆǶǳȁǾǰǴè,  ǰǴǸǴǶǴǫ Ǩ ǷǮǷǸǫǲǫ Maple ǵǶǫǪǷǸǦǨǱȅǫǸ ǷǴǧǴǯ ǧǴǱȂǾǴǫ ǳǦǸǹǶǦǱȂǳǴǫ 
ǽǮǷǱǴ Ǯ ǭǦǵǮǷȁǨǦǫǸǷȅ Ǩ ǷǱǹǬǫǧǳǹȄ ǵǫǶǫǲǫǳǳǹȄ _seed, ǵǶǮǽȆǲ Ǩ ǰǦǬǪǴǲ ǳǴǨǴǲ ǷǫǦǳǷǫ 
ǶǦǧǴǸȁ ǵǶǮ ǵǫǶǨǴǲ ǴǧǶǦǿǫǳǮǮ ȃǸǦ ǵǫǶǫǲǫǳǳǦȅ ǵǶǮǳǮǲǦǫǸ ǴǪǳǴ Ǯ ǸǴ Ǭǫ ǭǳǦǽǫǳǮǫ. 
ǇǴǱǫǫ ǸǴǩǴ, ǰǴǲǦǳǪȁ  Maple ǵǶǮ ǰǦǬǪǴǲ ǷǱǫǪǹȄǿǫǲ ǴǧǶǦǿǫǳǮǮ ǵǶǴǪǴǱǬǦȄǸ ǨȁǽǮǷ-
ǱǫǳǮȅ ǵǴ ǵǶǫǬǳǫǯ ǺǴǶǲǹǱǫ, ǴǸǸǦǱǰǮǨǦȅǷȂ ǴǸ ǵǴǷǱǫǪǳǫǩǴ ǵǶǫǬǪǫ ǨȁǽǮǷǱǫǳǳǴǩǴ ǽǱǫǳǦ, 
ǰǦǰ ǫǷǱǮ ǧȁ ǳǴǨȁǫ ǽǱǫǳȁ ǨȁǽǮǷǱȅǱǮǷȂ ǵǶǫǬǳǫǯ ǰǴǲǦǳǪǴǯ; ǷǴǴǸǨǫǸǷǸǨǫǳǳǴ, ǵǫǶǫǴǵǶǫ-
ǪǫǱȅǫǸǷȅ ǭǳǦǽǫǳǮǫ ǵǫǶǫǲǫǳǳǴǯ _seed. ǕǴ ȃǸǴǯ ǵǶǮǽǮǳǫ ǰǦǬǪȁǯ ǽǱǫǳ ǵǷǫǨǪǴǷǱǹǽǦǯǳǴǯ 
ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ ǴǰǦǭȁǨǦǫǸǷȅ ǬȆǷǸǰǴ ǪǫǸǫǶǲǮǳǮǶǴǨǦǳ Ǯ ǴǵǶǫǪǫǱȅǫǸǷȅ ǸǴǱȂǰǴ Ǹǫǲ, 
ǰǦǰǮǲ ǵǴ ǷǽȆǸǹ Ǵǳ ǧȁǱ ǨȁǽǮǷǱǫǳ ǵǴǷǱǫ ǳǦǽǦǱǦ ǳǴǨǴǩǴ ǷǫǦǳǷǦ. ǓǦǵǶǮǲǫǶ, ǫǷǱǮ ǨȁǽǮǷ-
ǱǮǸȂ ǨǳǦǽǦǱǫ ǴǪǳǴǯ ǰǴǲǦǳǪǴǯ 20 ǽǱǫǳǴǨ, Ǧ ǭǦǸǫǲ ǪǶǹǩǴǯ ǸǦǰǴǯ Ǭǫ ǰǴǲǦǳǪǴǯ 30 ǽǱǫǳǴǨ, 
ǸǴ ǶǫǭǹǱȂǸǦǸ ǧǹǪǫǸ ǸǦǰǮǲ Ǭǫ, ǰǦǰ ǫǷǱǮ ǧȁ ǲȁ ǨȁǽǮǷǱǮǱǮ ǴǪǳǴǯ ǰǴǲǦǳǪǴǯ ǷǶǦǭǹ ǨǷǫ 50 
ǽǱǫǳǴǨ. ǝǸǴǧȁ ȃǸǴǩǴ ǮǭǧǫǬǦǸȂ, ǷǱǫǪǹǫǸ ǵǫǶǫǴǵǶǫǪǫǱȅǸȂ ǭǳǦǽǫǳǮǫ ǵǫǶǫǲǫǳǳǴǯ _seed. 
ǍǦǪǦǸȂ ǫȆ ǭǳǦǽǫǳǮǫ ǶǦǨǳȁǲ ǳǦǸǹǶǦǱȂǳǴǲǹ ǽǮǷǱǹ n ǲǴǬǳǴ ǱǮǧǴ ǳǫǵǴǷǶǫǪǷǸǨǫǳǳȁǲ ǵǶǮ-
ǷǨǴǫǳǮǫǲ _seed:=n, ǱǮǧǴ ǰǴǲǦǳǪǴǯ randomize(n). ǐǴǲǦǳǪǦ Ǭǫ randomize() ǧǫǭ ǦǶǩǹ-
ǲǫǳǸǦ ǹǷǸǦǳǦǨǱǮǨǦǫǸ ǭǳǦǽǫǳǮǫ, ǰǴǸǴǶǴǫ ǴǵǶǫǪǫǱȅǫǸǷȅ ǨǳǹǸǶǫǳǳǮǲǮ ǽǦǷǦǲǮ ǷǮǷǸǫǲȁ.  

ǊǦǱǫǫ, ǪǱȅ ǹǵǴǶȅǪǴǽǮǨǦǳǮȅ ǵǴǱǹǽǫǳǳǴǯ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ ǵǷǫǨǪǴǷǱǹǽǦǯǳȁǻ 
ǽǮǷǫǱ ὼ ρ Ὧ ὲ ǺǴǶǲǮǶǹǫǸǷȅ ǳǦǧǴǶ ǵǦǶ, ǰǦǬǪǦȅ Ǯǭ ǰǴǸǴǶȁǻ ǷǴǷǸǴǮǸ Ǯǭ ǽǮǷǱǦ ὼ 
Ǯ ǫǩǴ ǳǴǲǫǶǦ Ὧ, ǭǦǸǫǲ ǨǷǫ ȃǸǮ ǵǦǶȁ ǽǮǷǫǱ ὼȟὯ ǹǵǴǶȅǪǴǽǮǨǦȄǸǷȅ Ǩ ǵǴǶȅǪǰǫ ǨǴǭǶǦǷ-
ǸǦǳǮȅ ǽǮǷǫǱ ὼ , Ǩ ǶǫǭǹǱȂǸǦǸǫ ǽǫǩǴ ǺǴǶǲǮǶǹǫǸǷȅ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸȂ ǵǦǶ 

ὼ ȟὯ ȟὼ ȟὯ ȟȣȟὼ ȟὯ , ǳǦǰǴǳǫǼ, ǷǴǭǪǦȆǸǷȅ ǮǷǰǴǲǦȅ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸȂ 

ὯȟὯȟȣȟὯ  ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǻ ǽǮǷǫǱ Ὧ ǪǱȅ ǨǷǫǻ ȃǸǮǻ ǵǦǶ. ǕǶǮǲǫǶ ǶǫǦǱǮǭǦǼǮǮ ȃǸǴǩǴ 
ǦǱǩǴǶǮǸǲǦ ǳǦ ȅǭȁǰǫ Maple, ǰǴǸǴǶȁǯ ǸǦǰǬǫ ǮǱǱȄǷǸǶǮǶǹǫǸ ǳǫǰǴǸǴǶȁǫ ǨǴǭǲǴǬǳǴǷǸǮ 
ȃǸǴǩǴ ȅǭȁǰǦ:  

     [stats[random, un iform](n)];  
     [seq([%[i],i],i=1..nops(%))];  
     sort(%,(x,y)->x[1]<y[1]);  
          List:=map(x->x[2],%); 
ǍǪǫǷȂ ǵǫǶǫǲǫǳǳǴǯ n ǪǴǱǬǳǴ ǧȁǸȂ ǵǶǫǪǨǦǶǮǸǫǱȂǳǴ ǵǶǮǷǨǴǫǳǴ ǭǳǦǽǫǳǮǫ, ȅǨǱȅȄ-

ǿǫǫǷȅ ǳǦǸǹǶǦǱȂǳȁǲ ǽǮǷǱǴǲ, ǮǷǰǴǲǦȅ ǵǷǫǨǪǴǷǱǹǽǦǯǳǦȅ ǵǫǶǫǷǸǦǳǴǨǰǦ n ǵǫǶǨȁǻ ǳǦǸǹ-
ǶǦǱȂǳȁǻ ǽǮǷǫǱ ǭǦǵǮǷȁǨǦǫǸǷȅ Ǩ ǨǮǪǫ ǷǵǮǷǰǦ Ǩ ǵǫǶǫǲǫǳǳǹȄ List. ǕǴǷǰǴǱȂǰǹ ǨǷǫ ǨȁǽǮǷ-
ǱǫǳǮȅ ǵǶǴǨǴǪȅǸǷȅ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴ, ǸǴ ǨǲǫǷǸǴ ǵǶǴǲǫǬǹǸǴǽǳȁǻ ǵǶǮǷǨǦǮǨǦǳǮǯ ǧȁǱǦ ǮǷ-
ǵǴǱȂǭǴǨǦǳǦ ǷǱǹǬǫǧǳǦȅ ǵǫǶǫǲǫǳǳǦȅ %, Ǩ ǰǴǸǴǶǹȄ ǭǦǵǮǷȁǨǦǫǸǷȅ ǶǫǭǹǱȂǸǦǸ ǵǴǷǱǫǪǳǫǯ 
ǵǶǴǮǭǨǫǪȆǳǳǴǯ ǨȁǽǮǷǱǮǸǫǱȂǳǴǯ ǴǵǫǶǦǼǮǮ. 

2) ǈ ǰǦǽǫǷǸǨǫ ǵǴǶȅǪǰǦ ǷǱǫǪǴǨǦǳǮȅ ǭǦǪǦǽ Ǩ ǧǮǱǫǸǫ ǲǴǬǳǴ ǮǷǵǴǱȂǭǴǨǦǸȂ ǴǪǮǳ Ǯǭ 
ǭǦǪǦǳǳȁǻ ὑ ǾǦǧǱǴǳǴǨ, ǳǴǲǫǶ ǾǦǧǱǴǳǦ ǴǵǶǫǪǫǱȅǫǸǷȅ ǴǷǸǦǸǰǴǲ ǵǶǮ ǪǫǱǫǳǮǮ ǳǴǲǫǶǦ 

ǧǮǱǫǸǦ ǳǦ ὑ. ǍǪǫǷȂ Ǩ ǰǦǽǫǷǸǨǫ ǳǴǲǫǶǦ ǧǮǱǫǸǦ ǲǴǬǳǴ ǧǶǦǸȂ Ǯ ǫǩǴ ǳǦǷǸǴȅǿǮǯ ǳǴǲǫǶ Ǯ 
ǳǴǲǫǶ ǷǴǴǸǨǫǸǷǸǨǹȄǿǫǩǴ çǮǭǳǦǽǦǱȂǳǴǩǴè ǧǮǱǫǸǦ. 

3) ǊǱȅ ǺǴǶǲǮǶǴǨǦǳǮȅ ǳǴǲǫǶǴǨ ǨǦǶǮǦǳǸǴǨ ǭǦǪǦǽ Ǩ ǧǮǱǫǸǫ ǵǶǫǪǱǦǩǦǫǸǷȅ ǮǷǵǴǱȂ-
ǭǴǨǦǸȂ ǰǦǰǴǯ-ǱǮǧǴ ǦǱǩǴǶǮǸǲ, ǴǷǳǴǨǦǳǳȁǯ ǳǦ ǨȁǽǮǷǱǫǳǮǮ ǴǷǸǦǸǰǴǨ ǵǶǮ ǪǫǱǫǳǮǮ. ǈǨǫ-
ǪȆǲ ǪǱȅ ǰǶǦǸǰǴǷǸǮ ǴǧǴǭǳǦǽǫǳǮȅ ὗȟὙ Ǯ ὗὙ ǪǱȅ ǷǱǫǪǹȄǿǮǻ ǴǵǫǶǦǼǮǯ ǳǦǪ ǵǦǶǦǲǮ ǳǦǸǹ-
ǶǦǱȂǳȁǻ ǽǮǷǫǱ: ή ὗὲȟάȟὶ Ὑὲȟάȟήȟὶ ὗὙὲȟά, ǩǪǫ ήȟὶ ð ǳǫǵǴǱǳǴǫ ǽǦǷǸǳǴǫ 
Ǯ ǴǷǸǦǸǴǰ ǵǶǮ ǪǫǱǫǳǮǮ ὲ ǳǦ ά.  

  



 
80 Modern European Researches No 3 (ǘ.1) / 202 2 

ǕǶǮǲǫǶ 1.  ǈǷǫǩǴ τ τ ρφ ǧǮǱǫǸǴǨ;  
3 ǭǦǪǦǽǮ Ǩ 4-ǻ ǨǦǶǮǦǳǸǦǻ ǰǦǬǪǦȅ; ὲ ð ǳǴǲǫǶ ǧǮǱǫǸǦ. 

 ήȟὶ ὗὙὲȟτ     
 ὶ Ὑήȟτ     
 ὶ Ὑὶ ὶȟτ 
ǈǦǶǮǦǳǸȁ ǭǦǪǦǽ Ǩ ǧǮǱǫǸǫ: (ὶȟὶȟὶ .     
ǈ ǶǦǭǳȁǻ ǧǮǱǫǸǦǻ ǷǴǨǵǦǪǦǫǸ ǳǫ ǧǴǱǫǫ ǴǪǳǴǯ ǭǦǪǦǽǮ. 

ǈǦǶǮǦǳǸȁ: 

1 2 3 4 

5 6 7 8 

9 10 11 12 

13 14 15 16 

 ὶȟὶ  ð ǳǴǲǫǶǦ ǷǸǴǱǧǼǴǨ Ǯ 
ǷǸǶǴǰ 
(ǰǴǴǶǪǮǳǦǸȁ ǹǭǱǴǨ ǪǨǹǲǫǶ-
ǳǴǯ ǷǫǸǰǮ)   

 
ǕǶǮǲǫǶ 2.  ǈǷǫǩǴ σ σ σ ς υτ ǧǮǱǫǸǦ; 4 ǭǦǪǦǽǮ, ǭǦǪǦǽǮ ɲɲ 1, 2, 4 ð Ǩ 3-ǻ 

ǨǦǶǮǦǳǸǦǻ ǰǦǬǪǦȅ, ǭǦǪǦǽǦ ɲ 3 ð Ǩ 2-ǻ ǨǦǶǮǦǳǸǦǻ; ὲ ð ǳǴǲǫǶ ǧǮǱǫǸǦ. 

 ήȟὶ ὗὙὲȟσ 

 ήȟὶ ὗὙήȟσ     
 ήȟὶ ὗὙήȟς 
 ὶ Ὑήȟσ 
ǈǦǶǮǦǳǸȁ ǭǦǪǦǽ Ǩ ǧǮǱǫǸǫ: (ὶȟὶȟὶȟὶ .    
ǍǪǫǷȂ (ὶȟὶȟὶȟὶ  ð ǰǴǴǶǪǮǳǦǸȁ ǵǶǴǳǹǲǫǶǴǨǦǳǳȁǻ ǹǭǱǴǨ 4-ǲǫǶǳǴǯ ǷǫǸǰǮ.  

ǋǷǱǮ ǪǱȅ 2-ǻ ǭǦǪǦǽ ǮǲǫȄǸǷȅ, ǷǴǴǸǨǫǸǷǸǨǫǳǳǴ, ὲ Ǯ ά ǨǦǶǮǦǳǸǴǨ, ǸǴ ǲǴǬǳǴ ǷǴǷǸǦ-
ǨǮǸȂ ǲǦǰǷǮǲǹǲ ὲ ά ǧǮǱǫǸǴǨ ǸǦǰ, ǽǸǴ Ǩ ǱȄǧȁǻ ǪǨǹǻ ǧǹǪǫǸ ǷǴǨǵǦǪǦǸȂ ǳǫ ǧǴǱǫǫ ǴǪǳǴǯ 
ǭǦǪǦǽǮ: ǳǴǲǫǶǦ ὭȟὮ ǨǦǶǮǦǳǸǴǨ ǭǦǪǦǽ ǷǱǫǪǹǫǸ ǴǵǶǫǪǫǱȅǸȂ ǵǴ ǺǴǶǲǹǱǦǲ  ήȟὭ
ὗὙὯȟὲ,  Ὦ Ὑήȟά   (ǳǴǲǫǶǦ ǷǸǴǱǧǼǴǨ Ǯ ǷǸǶǴǰ Ǩ ǸǦǧǱǮǼǫ, ǦǳǦǱǴǩǮǽǳǴ ǕǶǮǲǫǶǹ 1).  

ǝǦǷǸǴ ȃǸǴǩǴ ǲǴǬǳǴ ǪǴǧǮǸȂǷȅ ǵǶǮ ǸǴǲ Ǭǫ ǰǴǱǮǽǫǷǸǨǫ ǧǮǱǫǸǴǨ Ǯ ǧǴǱȂǾǫǲ ǰǴǱǮǽǫ-
ǷǸǨǫ ǭǦǪǦǽ. ǕǹǷǸȂ ǪǦǳȁ ὒ ς ǭǦǪǦǽ, ǵǫǶǨȁǫ ǪǨǫ Ǯǭ ǳǮǻ ǮǲǫȄǸ ὲ Ǯ ὲ ǨǦǶǮǦǳǸǴǨ, 
ǴǷǸǦǱȂǳȁǫ, ǷǴǴǸǨǫǸǷǸǨǫǳǳǴ,  ά  ǨǦǶǮǦǳǸǴǨ, ǩǪǫ ρ ό ὒ, ǵǶǮǽǫǲ ÍÁØ ὲȟὲ
ÍÉÎ άȟȣȟά . ǒǴǬǳǴ ǷǴǷǸǦǨǮǸȂ ǳǫ ǧǴǱǫǫ ὲ ὲ ǧǮǱǫǸǴǨ ǸǦǰǮǻ, ǽǸǴ Ǩ ǱȄǧȁǻ ǪǨǹǻ 

ǮǲǫǫǸǷȅ ǳǫ ǧǴǱǫǫ ǴǪǳǴǯ ǴǪǮǳǦǰǴǨǴǯ ǷǶǫǪǮ ǵǫǶǨȁǻ ǪǨǹǻ ǭǦǪǦǽ. ǕǹǷǸȂ ὭȟὮ ð ǳǴǲǫǶǦ 
ǨǦǶǮǦǳǸǴǨ ǪǨǹǻ ǵǫǶǨȁǻ ǭǦǪǦǽ ρ Ὥ ὲȟρ Ὦ ὲ . ǓǦǵǴǲǳǮǲ, ǽǸǴ ǭǦǵǮǷȂ ὥḳ
ὦ ÍÏÄ ά  ǴǭǳǦǽǦǫǸ, ǽǸǴ ὥ ὦ ǪǫǱǮǸǷȅ ǳǦ ά, ǮǳǦǽǫ ǩǴǨǴǶȅ, ὥ Ǯ ὦ ǪǦȄǸ ǴǪǮǳǦǰǴǨȁǫ 
ǴǷǸǦǸǰǮ ǵǶǮ ǪǫǱǫǳǮǮ ǳǦ ά.  

ǕǶǫǪǱǴǬǫǳǮǫ. ǕǹǷǸȂ ὥȟȣὥ ð ǼǫǱȁǫ ǽǮǷǱǦ ǸǦǰǮǫ, ǽǸǴ   

¶  ǪǱȅ ǰǦǬǪǴǩǴ ό ( ρ ό ὒ  ǳǫǸ ǼǫǱǴǩǴ ὼ ( ρ ὼ ὲ  ǸǦǰǴǩǴ, ǽǸǴ ὥϽὼḳ
π ÍÏÄ ά ,  

¶  ǪǱȅ ǰǦǬǪǴǯ ǵǦǶȁ όȟὺ (ρ ό ὺ ὒ ǳǫǸ ǼǫǱȁǻ ὼ (ρ ὼ ὲ  Ǯ ώ (ȿώȿ ὲȟώ
π ǸǦǰǮǻ, ǽǸǴ ὥϽὼḳώ ÍÏÄ ά  Ǯ ὥϽὼḳώ ÍÏÄ ά .  

ǔǧǴǭǳǦǽǮǲ Ὓ ὭȟὮ ὙὮ ὥὭȟά . ǘǴǩǪǦ ǷǶǫǪǮ ǳǦǧǴǶǴǨ ǽǮǷǫǱ 
ὭȟὮȟὛ ὭȟὮȟȣȟὛ ὭȟὮ  ǪǱȅ ǶǦǭǳȁǻ ὭȟὮ ǳǫǸ ǸǦǰǮǻ, ǹ ǰǴǸǴǶȁǻ ǷǴǨǵǦǪǦǫǸ ǧǴǱȂǾǫ ǴǪǳǴǩǴ 
ǷǴǴǸǨǫǸǷǸǨǫǳǳǴǩǴ ȃǱǫǲǫǳǸǦ.    

ǣǸǮ ǳǦǧǴǶȁ ǽǮǷǫǱ ǲǴǬǳǴ ǮǷǵǴǱȂǭǴǨǦǸȂ Ǩ ǰǦǽǫǷǸǨǫ ǳǦǧǴǶǴǨ ǨǦǶǮǦǳǸǴǨ ǭǦǪǦǽ Ǩ ǧǮ-
ǱǫǸǦǻ.  

ǋǵǱǧǮǧǹǬǲȃǸǹǩǵ ǸǵǩǬǷǿǬǴǴǵ ǶǷǵǸǹǵ. ǊǴǵǹǷǸǮǲ, ǪǱȅ ǳǫǰǴǸǴǶȁǻ ǶǦǭǱǮǽǳȁǻ 
ὭᴂȟὮᴂ Ǯ ὭᴂᴂȟὮᴂᴂ ǷǴǨǵǦǪǦǫǸ ǧǴǱǫǫ ǴǪǳǴǩǴ ǷǴǴǸǨǫǸǷǸǨǹȄǿǫǩǴ ȃǱǫǲǫǳǸǦ. ǋǷǱǮ Ὥ Ὥᴂ Ǯ 
Ὓ ὭᴂȟὮᴂ Ὓ ὭᴂᴂȟὮᴂᴂ ǪǱȅ ǳǫǰǴǸǴǶǴǩǴ ό, ǸǴ ǸǦǰǬǫ ώḳπ ÍÏÄ ά , ǩǪǫ ώ Ὦ Ὦ, ǷǱǫǪǴ-
ǨǦǸǫǱȂǳǴ, Ὦ Ὦᴂᴂ, ǵǴǷǰǴǱȂǰǹ ȿώȿ ὲ ά ; ǭǳǦǽǮǸ, ǳǦǧǴǶȁ ὭᴂȟὮᴂ Ǯ ὭᴂᴂȟὮᴂᴂ ǷǴǨǵǦǪǦȄǸ. 
ǋǷǱǮ Ὦ Ὦᴂᴂ Ǯ Ὓ ὭᴂȟὮᴂ Ὓ ὭᴂᴂȟὮᴂᴂ ǪǱȅ ǳǫǰǴǸǴǶǴǩǴ ό, ǸǴ ὥϽὼḳπ ÍÏÄ ά , ǩǪǫ ὼ
Ὥ Ὥ. ǕǴ ǷǪǫǱǦǳǳǴǲǹ ǵǶǫǪǵǴǱǴǬǫǳǮȄ ǪǴǱǬǳǴ ǧȁǸȂ ὼ π, ǵǴǷǰǴǱȂǰǹ ȿὼȿ ὲ, Ǹ.ǫ. 
ǳǦǧǴǶȁ ὭᴂȟὮᴂ Ǯ ὭᴂᴂȟὮᴂᴂ ǷǴǨǵǦǪǦȄǸ. ǋǷǱǮ Ǭǫ Ὓ ὭᴂȟὮᴂ Ὓ ὭᴂᴂȟὮᴂᴂ Ǯ Ὓ ὭᴂȟὮᴂ Ὓ ὭᴂᴂȟὮᴂᴂ 
ǪǱȅ ǶǦǭǱǮǽǳȁǻ όȟὺ, ǸǴ ǦǳǦǱǴǩǮǽǳǴ ǵǴǱǹǽǦǫǲ, ǽǸǴ ὥϽὼḳώ ÍÏÄ ά  Ǯ ὥϽὼḳ
ώ ÍÏÄ ά , ǩǪǫ ὼ Ὥ Ὥ Ǯ ώ Ὦ Ὦ. ǕǴ ǷǪǫǱǦǳǳȁǲ ǵǶǫǪǵǴǱǴǬǫǳǮȅǲ ǪǴǱǬǳǴ ǧȁǸȂ 
ὼ π Ǯ ώ π, ǵǴǷǰǴǱȂǰǹ ȿὼȿ ὲ Ǯ ȿώȿ ὲ, Ǹ.ǫ. ǳǦǧǴǶȁ ὭᴂȟὮᴂ Ǯ ὭᴂᴂȟὮᴂᴂ ǷǴǨǵǦǪǦȄǸ. 
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ǚǴǶǲǹǱǮǶǴǨǰǦ ȃǸǴǩǴ ǕǶǫǪǱǴǬǫǳǮȅ ǨȁǩǱȅǪǮǸ ǳǫǷǰǴǱȂǰǴ ǩǶǴǲǴǭǪǰǴ. ǉǴǶǦǭǪǴ 
ǵǶǴǿǫ ǺǴǶǲǹǱǮǶǹǫǸǷȅ ǷǱǫǪǹȄǿǫǫ ǳǫǵǴǷǶǫǪǷǸǨǫǳǳǴǫ ǷǱǫǪǷǸǨǮǫ, ǰǴǸǴǶǴǫ ȅǨǱȅǫǸǷȅ ǳǫ-
ǷǰǴǱȂǰǴ ǴǷǱǦǧǱǫǳǳǴǯ ǨǫǶǷǮǫǯ ǕǶǫǪǱǴǬǫǳǮȅ ǪǱȅ ǷǱǹǽǦȅ, ǰǴǩǪǦ ά Ễ ά ά, Ǧ Ǩ 
ǷǱǹǽǦǫ, ǰǴǩǪǦ ǰǴǱǮǽǫǷǸǨǦ ǨǦǶǮǦǳǸǴǨ ǨǷǫǻ ǭǦǪǦǽ ǶǦǨǳȁ (ὲ ὲ ά Ễ ά ά), Ǩ 
ǸǴǽǳǴǷǸǮ ǶǦǨǳǴǷǮǱȂǳǴ ǕǶǫǪǱǴǬǫǳǮȄ.   

ǗǱǫǪǷǸǨǮǫ. ǕǹǷǸȂ ά Ễ ά ά. ǘǴǩǪǦ ǫǷǱǮ ὥȟȣὥ ð ǼǫǱȁǫ ǽǮǷǱǦ, ǰǴǸǴǶȁǫ 
ǨǲǫǷǸǫ Ƿ Ǯǻ ǵǴǵǦǶǳȁǲǮ ǶǦǭǳǴǷǸȅǲǮ ǨǭǦǮǲǳǴ-ǵǶǴǷǸȁ Ƿ ά, ǸǴ ǷǵǶǦǨǫǪǱǮǨǴ ǹǸǨǫǶǬǪǫǳǮǫ 
ǕǶǫǪǱǴǬǫǳǮȅ. 

ǈ ǽǦǷǸǳǴǷǸǮ, ǫǷǱǮ ά ð ǵǶǴǷǸǴǫ, ǸǴ ǲǴǬǳǴ ǨǭȅǸȂ ὒ ά ρ Ǯ ὥ ό (ρ ό ὒ). ǘǦ-
ǰǮǲ ǴǧǶǦǭǴǲ, Ǩ ǷǱǹǽǦǫ ǵǶǴǷǸǴǩǴ ά ǲǴǬǳǴ ǮǷǵǴǱȂǭǴǨǦǸȂ ǵǶǫǪǱǴǬǫǳǳȁǯ ǷǵǴǷǴǧ ǪǱȅ 

ǺǴǶǲǮǶǴǨǦǳǮȅ ǧǮǱǫǸǴǨ Ƿ ὒ ς ά ρ ǭǦǪǦǽǫǯ. 
 

ǆǨǸǴǲǦǸǮǽǫǷǰǴǫ ǺǴǶǲǮǶǴǨǦǳǮǫ ǨǦǶǮǦǳǸǴǨ ǭǦǪǦǽǮ,  
ǮǷǻǴǪȅ Ǯǭ ǾǦǧǱǴǳǦ ǹǷǱǴǨǮȅ  

 
ǚǴǶǲǮǶǴǨǦǳǮǫ ǨǦǶǮǦǳǸǴǨ ǭǦǪǦǽǮ, ǮǷǻǴǪȅ Ǯǭ ǭǦǪǦǳǳǴǩǴ ǾǦǧǱǴǳǦ ǮǱǮ ǶǫǾǫǳǮȅ/ǴǸ-

ǨǫǸǦ ǵǴǭǨǴǱȅǫǸ Ǩ ǦǨǸǴǲǦǸǮǽǫǷǰǴǲ ǶǫǬǮǲǫ ǮǭǩǴǸǴǨǮǸȂ ǧǴǱȂǾǴǫ ǽǮǷǱǴ ǨǦǶǮǦǳǸǴǨ ǭǦǪǦǽǮ 
ǴǪǮǳǦǰǴǨǴǩǴ ǹǶǴǨǳȅ ǷǱǴǬǳǴǷǸǮ. ǕǹǷǸȂ, ǳǦǵǶǮǲǫǶ, ǭǦǪǦǳ ǾǦǧǱǴǳ ð ǶǦǭǳȁǫ ǨǦǶǮǦǳǸȁ 
ǭǦǪǦǽǮ ǴǸǱǮǽǦȄǸǷȅ ǸǴǱȂǰǴ ǰǦǰǮǲǮ-ǸǴ ǽǮǷǱǦǲǮ. ǒǴǬǳǴ ǵǶǫǪǱǴǬǮǸȂ ǦǱǩǴǶǮǸǲ, ǰǴǸǴǶȁǯ 
ǨȁǽǮǷǱȅǫǸ ȃǸǮ ǽǮǷǱǦ Ǯ ǸǴǩǪǦ ǨȁǨǴǪ ǳǦ ǵǫǽǦǸȂ ȃǸǮǻ ǽǮǷǫǱ Ǩ ǹǷǱǴǨǮǮ ǭǦǪǦǽǮ ǵǶǮ ǺǴǶ-
ǲǮǶǴǨǦǳǮǮ ǨǻǴǪǳȁǻ ǺǦǯǱǴǨ LaTeXõǦ ǳǫ ǵǶǫǪǷǸǦǨǱȅǫǸ ǷǱǴǬǳǴǷǸǮ. ǕǶǮ ǺǴǶǲǮǶǴǨǦǳǮǮ 
ǨǦǶǮǦǳǸǴǨ ǳǫǰǴǸǴǶȁǻ ǭǦǪǦǳǮǯ ǦǨǸǴǶ ǷǸǴǱǰǳǹǱǷȅ Ƿ Ǹǫǲ, ǽǸǴ Ǩ ǹǷǱǴǨǮǮ ǭǦǪǦǽǮ ǳǹǬǳǴ 
ǭǦǪǦǸȂ ὲ ǼǫǱȁǻ ǽǮǷǫǱ, ǭǦǰǱȄǽȆǳǳȁǻ Ǩ ǭǦǪǦǳǳǴǲ ǰǴǳǫǽǳǴǲ ǮǳǸǫǶǨǦǱǫ, ǵǶǮǽȆǲ ǶǦǭǳȁǫ 
ǨǦǶǮǦǳǸȁ ǭǦǪǦǽǮ ǴǸǱǮǽǦȄǸǷȅ ǸǴǱȂǰǴ ȃǸǮǲǮ ǳǦǧǴǶǦǲǮ. ǊǴǵǴǱǳǮǸǫǱȂǳǴ ǲǴǩǹǸ ǧȁǸȂ 
ǳǦǱǴǬǫǳȁ ǹǷǱǴǨǮȅ, ǽǸǴ ǨǷǫ ǽǮǷǱǦ Ǩ ǰǦǬǪǴǲ ǳǦǧǴǶǫ ǪǴǱǬǳȁ ǧȁǸȂ ǶǦǭǱǮǽǳȁ Ǯ ǶǦǷǵǴǱǴ-
Ǭǫǳȁ Ǩ ǵǴǶȅǪǰǫ ǨǴǭǶǦǷǸǦǳǮȅ. ǈǲǫǷǸǴ ǽǮǷǫǱ ǲǴǩǹǸ ǺǮǩǹǶǮǶǴǨǦǸȂ ȃǱǫǲǫǳǸȁ ǰǦǰǴǩǴ-ǸǴ 
ǪǶǹǩǴǩǴ ǲǳǴǬǫǷǸǨǦ. ǓǫǷǱǴǬǳǴ ǳǦǵǮǷǦǸȂ ǵǶǴǼǫǪǹǶȁ (ǨǴǴǧǿǫ ǩǴǨǴǶȅ, ǶǫǰǹǶǷǮǨǳȁǫ, Ǹ.ǫ. 
ǨȁǭȁǨǦȄǿǮǫ ǷǦǲǮ Ƿǫǧȅ, ð ȅǭȁǰǮ C, Matlab Ǯ Maple ǵǴǭǨǴǱȅȄǸ ȃǸǴ ǪǫǱǦǸȂ), ǰǴǸǴǶȁǫ 
ǺǴǶǲǮǶǹȄǸ ǨǷǫ ǸǦǰǮǫ ǳǦǧǴǶȁ ǽǮǷǫǱ ð ȃǸǴ ǵǴǹǽǮǸǫǱȂǳǴǫ ǹǵǶǦǬǳǫǳǮǫ. ǔǪǳǦǰǴ, ǳǫǴǧǻǴ-
ǪǮǲǴǷǸȂ ǸǦǰǮǻ ǨȁǽǮǷǱǫǳǮǯ ǨǴǭǳǮǰǦǫǸ ǴǽǫǳȂ ǽǦǷǸǴ Ǯ Ǩ ǵǦǰǫǸǫ ǰǴǲǧǮǳǦǸǴǶǮǰǮ combinat 
ȅǭȁǰǦ Maple ǪǱȅ ȃǸǮǻ ǼǫǱǫǯ ǹǬǫ ǵǶǫǪǹǷǲǴǸǶǫǳȁ ǰǴǲǦǳǪȁ choose, permute Ǯ 
numbcomb, ǰǴǸǴǶȁǫ ǶǦǧǴǸǦȄǸ ǷǱǫǪǹȄǿǮǲ ǴǧǶǦǭǴǲ. ǈ ǰǦǽǫǷǸǨǫ ǷǨǴǫǩǴ ǦǶǩǹǲǫǳǸǦ ǴǳǮ 
ǮǲǫȄǸ ǷǵǮǷǴǰ ǮǱǮ ǲǳǴǬǫǷǸǨǴ ǰǦǰǮǻ-ǸǴ ȃǱǫǲǫǳǸǴǨ ǮǱǮ ǳǫǴǸǶǮǼǦǸǫǱȂǳǴǫ ǼǫǱǴǫ ǽǮǷǱǴ 
Ǯ ǸǦǰǬǫ ǲǴǬǫǸ ǵǶǮǷǹǸǷǸǨǴǨǦǸȂ ǨǸǴǶǴǯ ǦǶǩǹǲǫǳǸ, ȅǨǱȅȄǿǮǯǷȅ ǳǫǴǸǶǮǼǦǸǫǱȂǳȁǲ ǼǫǱȁǲ 
ǽǮǷǱǴǲ. ǔǧǴǭǳǦǽǮǲ ǵǫǶǨȁǯ ǦǶǩǹǲǫǳǸ ǽǫǶǫǭ n, Ǧ ǨǸǴǶǴǯ, ǴǵǼǮǴǳǳȁǯ, ð ǽǫǶǫǭ m. ǋǷǱǮ n 
ǫǷǸȂ ǷǵǮǷǴǰ ǮǱǮ ǲǳǴǬǫǷǸǨǴ, ǸǴ ǰǴǲǦǳǪǦ choose(n) ǨǴǭǨǶǦǿǦǫǸ, ǷǴǴǸǨǫǸǷǸǨǫǳǳǴ, ǷǵǮǷǴǰ 
ǮǱǮ ǲǳǴǬǫǷǸǨǴ ǨǷǫǻ ǸǵǾǬǹǧǴǯǰ (ǧǫǭ ǵǴǨǸǴǶǫǳǮǯ), Ǹ.ǫ. ǨȁǧǴǶǴǰ ȃǱǫǲǫǳǸǴǨ Ǯǭ n, Ǧ ǰǦǬ-
ǪǦȅ ǸǦǰǦȅ ǨȁǧǴǶǰǦ ǸǴǬǫ ǵǶǫǪǷǸǦǨǱǫǳǦ ǰǦǰ, ǷǴǴǸǨǫǸǷǸǨǫǳǳǴ, ǷǵǮǷǴǰ ǮǱǮ ǲǳǴǬǫǷǸǨǴ. 
ǎǳǦǽǫ ǩǴǨǴǶȅ, ǰǴǲǦǳǪǦ ǨǴǭǨǶǦǿǦǫǸ ǷǴǨǴǰǹǵǳǴǷǸȂ ǨǷǫǨǴǭǲǴǬǳȁǻ ǵǴǪǲǳǴǬǫǷǸǨ n (ǨǰǱȄ-
ǽǦȅ ǵǹǷǸǴǫ ǲǳǴǬǫǷǸǨǴ Ǯ ǷǦǲǴ n), ǴǺǴǶǲǱǫǳǳǹȄ Ǩ ǨǮǪǫ ǲǳǴǬǫǷǸǨǦ ǲǳǴǬǫǷǸǨ, ǫǷǱǮ ǦǶ-
ǩǹǲǫǳǸ n ȅǨǱȅǱǷȅ ǲǳǴǬǫǷǸǨǴǲ, Ǯ Ǩ ǨǮǪǫ ǷǵǮǷǰǦ ǷǵǮǷǰǴǨ, ǫǷǱǮ ǦǶǩǹǲǫǳǸ n ȅǨǱȅǱǷȅ 
ǷǵǮǷǰǴǲ. ǋǷǱǮ ǨǷǫ ȃǱǫǲǫǳǸȁ Ǩ n ǶǦǭǱǮǽǳȁ Ǯ Ǯǻ ǰǴǱǮǽǫǷǸǨǴ ǶǦǨǳǴ Ὧ, ǸǴ ǰǴǱǮǽǫǷǸǨǴ 
ǸǦǰǮǻ ǵǴǪǲǳǴǬǫǷǸǨ ǶǦǨǳǴ ς. ǊǦǱǫǫ, ǰǴǲǦǳǪǦ permute( n) ǨǴǭǨǶǦǿǦǫǸ ǷǴǨǴǰǹǵǳǴǷǸȂ 
ǨǷǫǨǴǭǲǴǬǳȁǻ ǵǫǶǫǷǸǦǳǴǨǴǰ ǨǷǫǻ ȃǱǫǲǫǳǸǴǨ ǷǵǮǷǰǦ ǮǱǮ ǲǳǴǬǫǷǸǨǦ n, ǳǴ ǴǺǴǶǲǱǫǳ-
ǳǹȄ ǨǷǫǩǪǦ Ǩ ǨǮǪǫ ǷǵǮǷǰǦ ǷǵǮǷǰǴǨ. ǕǶǮ ȃǸǴǲ ǷǴǨǵǦǪǦȄǿǮǫ ȃǱǫǲǫǳǸȁ (ǰǴǸǴǶȁǫ ǲǴǩǹǸ 
ǵǶǮǷǹǸǷǸǨǴǨǦǸȂ ǸǴǱȂǰǴ, ǫǷǱǮ n ȅǨǱȅǫǸǷȅ ǷǵǮǷǰǴǲ, ǵǴǷǰǴǱȂǰǹ ǨǴ ǲǳǴǬǫǷǸǨǫ ǵǴǨǸǴǶȅȄ-
ǿǮǫǷȅ ȃǱǫǲǫǳǸȁ ǷǶǦǭǹ ǷǸǮǶǦȄǸǷȅ) ǷǽǮǸǦȄǸǷȅ ǸǴǬǪǫǷǸǨǫǳǳȁǲǮ, ǽǸǴ ǵǶǮǨǴǪǮǸ ǰ ǹǲǫǳȂ-
ǾǫǳǮȄ ǰǴǱǮǽǫǷǸǨǦ ǶǦǭǱǮǽǳȁǻ ǵǫǶǫǷǸǦǳǴǨǴǰ ð ǴǳǮ ǳǦǭȁǨǦȄǸǷȅ ǶǬǷǬǸǹǧǴǵǩǱǧǳǯ Ǹ Ƕǵ-
ǩǹǵǷǬǴǯȆǳǯ. ǋǷǱǮ Ǩ ǷǵǮǷǰǫ n ǮǲǫȄǸǷȅ ǶǦǨǳǴ ί ǶǦǭǱǮǽǳȁǻ ȃǱǫǲǫǳǸǴǨ, Ǧ ǷǦǲ ȃǸǴǸ ǷǵǮ-
ǷǴǰ ǷǴǷǸǴǮǸ Ǯǭ Ὧ ȃǱǫǲǫǳǸǴǨ 1-ǩǴ ǸǮǵǦ, Ὧ ȃǱǫǲǫǳǸǴǨ 2-ǩǴ ǸǮǵǦ, é, Ὧ ȃǱǫǲǫǳǸǴǨ ί-ǩǴ 
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ǸǮǵǦ, ǸǦǰ ǽǸǴ ǪǱǮǳǦ ǷǵǮǷǰǦ ǶǦǨǳǦ Ὧ Ὧ Ễ Ὧ Ὧ, ǸǴ ǰǴǱǮǽǫǷǸǨǴ ǸǦǰǮǻ ǵǫǶǫǷǸǦ-
ǳǴǨǴǰ Ƿ ǵǴǨǸǴǶǫǳǮȅǲǮ ǶǦǨǳǴ ǸǦǰ ǳǦǭȁǨǦǫǲǴǲǹ ǶǵǲǯǴǵǳǯǧǲȃǴǵǳǺ ǱǵȄǻǻǯǽǯǬǴǹǺ 

ὖὯȟὯȟȣȟὯ
ὯȦ

ὯȦὯȦȣὯȦ
ȟ ̄̅ ̆  Ὧ Ὧ Ὧ Ễ Ὧ Ȣ 

ǍǦǮǳǸǫǶǫǷǴǨǦǳǳȁǯ ǽǮǸǦǸǫǱȂ ǲǴǬǫǸ ǵǴǭǳǦǰǴǲǮǸȂǷȅ Ƿ ȃǸǮǲǮ ǷǨǫǪǫǳǮȅǲǮ Ǩ ǱȄǧǴǯ 
ǰǳǮǩǫ ǵǴ ȃǱǫǲǫǳǸǦǲ ǰǴǲǧǮǳǦǸǴǶǮǰǮ, Ƿǲ., ǳǦǵǶǮǲǫǶ, ǵǴǷǴǧǮȅ ǪǱȅ ǾǰǴǱȂǳǮǰǴǨ [3]. ǋǷǱǮ 
Ǭǫ ǦǶǩǹǲǫǳǸ n ȅǨǱȅǫǸǷȅ ǽǮǷǱǴǲ, ǸǴ Ǵǳ ǨǷǫǩǪǦ ǸǶǦǰǸǹǫǸǷȅ ǰǦǰ ǷǵǮǷǴǰ Ǯǭ n ǵǫǶǨȁǻ ǳǦǸǹ-
ǶǦǱȂǳȁǻ ǽǮǷǫǱ. ǓǦǰǴǳǫǼ, ǫǷǱǮ ǵǶǮǷǹǸǷǸǨǹǫǸ ǨǸǴǶǴǯ ǦǶǩǹǲǫǳǸ, ǸǴ ǰǴǲǦǳǪǦ choose(n, 
m) ǨǴǭǨǶǦǿǦǫǸ ǸǴǱȂǰǴ ǨȁǧǴǶǰǮ Ǯǭ m ȃǱǫǲǫǳǸǴǨ. ǋǷǱǮ ǨǷǫ ȃǱǫǲǫǳǸȁ Ǩ n ǶǦǭǱǮǽǳȁ Ǯ Ǯǻ 
ǰǴǱǮǽǫǷǸǨǴ ǶǦǨǳǴ Ὧ, ǸǴ ǽǮǷǱǴ ǸǦǰǮǻ ǨȁǧǴǶǴǰ ǶǦǨǳǴ ǻǴǶǴǾǴ ǮǭǨǫǷǸǳǴǲǹ ǧǮǳǴǲǮǦǱȂǳǴǲǹ 
ǰǴȃǺǺǮǼǮǫǳǸǹ Ǯǭ Ὧ ǵǴ m. ǆǳǦǱǴǩǮǽǳǴ, ǰǴǲǦǳǪǦ permute(n,m) ǨǴǭǨǶǦǿǦǫǸ ǵǫǶǫǷǸǦ-
ǳǴǨǰǮ ǸǴǱȂǰǴ m ȃǱǫǲǫǳǸǴǨ Ǯǭ n. ǘǴǽǳǫǫ ǩǴǨǴǶȅ, ǪǱȅ ǰǦǬǪǴǯ ǨȁǧǴǶǰǮ Ǯǭ m ȃǱǫǲǫǳǸǴǨ 
ǩǫǳǫǶǮǶǹȄǸǷȅ ǫȆ ǨǷǫǨǴǭǲǴǬǳȁǫ ǵǫǶǫǷǸǦǳǴǨǰǮ. ǔǸǲǫǸǮǲ ǸǦǰǬǫ, ǽǸǴ ǫǷǱǮ ǰǴǲǦǳǪǦ 
choose ǨǴǭǨǶǦǿǦǫǸ ǨȁǧǴǶǰǮ Ǩ ǨǮǪǫ ǷǵǮǷǰǴǨ, ǸǴ, ǵǴ ǨǷǫǯ ǨǮǪǮǲǴǷǸǮ, ǶǦǧǴǸǦǫǸ ǷǱǫǪǹȄ-
ǿǫǫ ǵǶǦǨǮǱǴ: ǵǴǶȅǪǴǰ ǷǱǫǪǴǨǦǳǮȅ ȃǱǫǲǫǳǸǴǨ Ǩ ǰǦǬǪǴǲ ǸǦǰǴǲ ǷǵǮǷǰǫ ǷǴǨǵǦǪǦǫǸ Ƿ ǵǴ-
ǶȅǪǰǴǲ Ǯǻ ǷǱǫǪǴǨǦǳǮȅ Ǩ ǮǷǻǴǪǳǴǲ ǷǵǮǷǰǫ n, ǫǷǱǮ ǨǷǫ ȃǱǫǲǫǳǸȁ ǷǵǮǷǰǦ n ǶǦǭǱǮǽǳȁ, Ǧ 
ǨǸǴǶǴǯ ǦǶǩǹǲǫǳǸ m ǴǸǷǹǸǷǸǨǹǫǸ; Ǩ ǵǶǴǸǮǨǳǴǲ Ǭǫ ǷǱǹǽǦǫ ȃǱǫǲǫǳǸȁ ǹǵǴǶȅǪǴǽǮǨǦȄǸǷȅ 
ǵǶǮǳȅǸȁǲ Ǩ ǷǮǷǸǫǲǫ ǷǸǦǳǪǦǶǸǳȁǲ ǷǵǴǷǴǧǴǲ. ǓǦǰǴǳǫǼ, ǰǴǲǦǳǪǦ numbcomb ǵǶǴǷǸǴ ǨǴǭ-
ǨǶǦǿǦǫǸ ǰǴǱǮǽǫǷǸǨǴ ȃǱǫǲǫǳǸǴǨ ǨǴ ǲǳǴǬǫǷǸǨǫ ǮǱǮ ǷǵǮǷǰǫ, ǩǫǳǫǶǮǶǹǫǲǴǲ ǰǴǲǦǳǪǴǯ 
choose Ƿ ǸǫǲǮ Ǭǫ ǷǦǲȁǲǮ ǴǪǳǮǲ ǮǱǮ ǪǨǹǲȅ ǦǶǩǹǲǫǳǸǦǲǮ.  

ǒǴǩǹǸ ǧȁǸȂ ǳǦǱǴǬǫǳȁ Ǯ ǪǶǹǩǮǫ ǹǷǱǴǨǮȅ, ǳǦǵǶǮǲǫǶ, ǫǷǱǮ ǵǴǪǷǸǦǨǱȅǫǲȁǫ ǽǮǷǱǦ ð 
ǰǴȃǺǺǮǼǮǫǳǸȁ ǲǳǴǩǴǽǱǫǳǦ Ǯ ǸǶǫǧǹǫǸǷȅ ǳǦǯǸǮ ǰǴǶǳǮ ȃǸǴǩǴ ǲǳǴǩǴǽǱǫǳǦ, ǸǴ ǮǲǫǫǸ ǷǲȁǷǱ 
ǵǶǫǪǹǷǲǴǸǶǫǸȂ, ǽǸǴǧȁ ǳǮ Ǩ ǰǦǰǮǻ ǪǨǹǻ ǨǦǶǮǦǳǸǦǻ ǲǳǴǩǴǽǱǫǳȁ ǳǫ ǴǰǦǭǦǱǮǷȂ ǵǶǴǵǴǶǼǮǴ-
ǳǦǱȂǳȁǲǮ. ǘǴǩǪǦ ǲǴǬǳǴ ǨǳǦǽǦǱǫ ǷǺǴǶǲǮǶǴǨǦǸȂ ǷǵǮǷǴǰ Ǯǭ ǨǷǫǻ ǨǴǭǲǴǬǳȁǻ ǳǦǧǴǶǴǨ ǽǮ-
ǷǫǱ, Ǧ ǭǦǸǫǲ ǹǷǸǶǴǮǸȂ çǴǸǧǶǦǰǴǨǰǹè ǳǫǵǴǪǻǴǪȅǿǮǻ ǳǦǧǴǶǴǨ: ǮǪǸǮ ǨǪǴǱȂ ǷǵǮǷǰǦ Ǯ ǴǸǧǶǦ-
ǷȁǨǦǸȂ ǴǽǫǶǫǪǳǴǯ ǳǦǧǴǶ, ǫǷǱǮ Ǵǳ ǴǰǦǬǫǸǷȅ ǵǶǴǵǴǶǼǮǴǳǦǱǫǳ ǰǦǰǴǲǹ-ǸǴ Ǯǭ ǵǶǫǪȁǪǹǿǮǻ 
ǳǦǧǴǶǴǨ, ǴǷǸǦǨǱǫǳǳȁǻ Ǩ ǷǵǮǷǰǫ. ǖǦǷǷǲǴǸǶǮǲ ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǯ ǵǶǮǲǫǶ. 

ǕǶǮǲǫǶ ǭǦǪǦǳǮȅ 1. ǊǦǳ ǰǹǧǮǽǫǷǰǮǯ ǲǳǴǩǴǽǱǫǳ Ƿ ǼǫǱȁǲǮ ǰǴȃǺǺǮǼǮǫǳǸǦǲǮ. 
ǓǦǯǸǮ ǫǩǴ ǰǴǶǳǮ, ǮǷǵǴǱȂǭǹȅ ǵǶǫǪǱǴǬǫǳǳȁǯ ǽǮǷǱǫǳǳȁǯ ǲǫǸǴǪ.  

ǗǱǫǪǹǫǸ ǭǦǪǦǸȂ ǰǹǧǮǽǫǷǰǮǯ ǲǳǴǩǴǽǱǫǳ, ǳǫ ǪǴǵǹǷǰǦȄǿǮǯ ǳǦǻǴǬǪǫǳǮȅ ǰǴǶǳǫǯ 
ǷǸǦǳǪǦǶǸǳȁǲǮ ȃǱǫǲǫǳǸǦǶǳȁǲǮ ǲǫǸǴǪǦǲǮ, ǰǴǸǴǶȁǫ ǮǭǨǫǷǸǳȁ ǹǽǦǿǮǲǷȅ: ǳǮ ǵǴǳǮǬǫǳǮȅ 
ǵǴǶȅǪǰǦ ǶǦǭǱǴǬǫǳǮǫǲ Ǩ ǵǶǴǮǭǨǫǪǫǳǮǫ ǲǳǴǩǴǽǱǫǳǴǨ 1-Ǵǯ Ǯ 2-Ǵǯ ǷǸǫǵǫǳǫǯ Ƿ ǶǦǼǮǴǳǦǱȂ-
ǳȁǲǮ ǰǴȃǺǺǮǼǮǫǳǸǦǲǮ (Ǩ ǽǦǷǸǳǴǷǸǮ, ǴǸǧǶǦǷȁǨǦȄǸǷȅ Ǯ ǩǵǮǩǷǧǹǴȂǬ ǲǳǴǩǴǽǱǫǳȁ), ǳǮ 

ǨȁǪǫǱǫǳǮȅ ǵǴǱǳǴǩǴ ǰǹǧǦ: ὥὼ ὦὼ ὧὼὨ ὥὼ ό ό ǱǮǧǴ ὥὼ ὦὼ ὧὼὨ
Ὠρ όὼ ὺὼ, ǩǪǫ ό, ὺ ð ǳǫǰǴǸǴǶȁǫ ǰǴȃǺǺǮǼǮǫǳǸȁ, ǱǮǧǴ ǪǦǬǫ, ǧǴǱǫǫ ǴǧǿǴ, ǵǶǫǪ-
ǷǸǦǨǱǫǳǮȅ Ǩ ǨǮǪǫ Ƿǹǲǲȁ ǪǨǹǻ ǰǹǧǴǨ ǱǮǳǫǯǳȁǻ ǨȁǶǦǬǫǳǮǯ. (ǔǸǲǫǸǮǲ, ǰǷǸǦǸǮ, ǽǸǴ ǵǴ 
ǸǫǴǶǫǲǫ ǉǦǹǷǷǦ Ǵ çǷǴǪǫǶǬǦǳǮǮ ǲǳǴǩǴǽǱǫǳǴǨè ǪǱȅ ǲǳǴǩǴǽǱǫǳǦ ǱȄǧǴǯ ǷǸǫǵǫǳǮ Ƿ Ǽǫ-
ǱȁǲǮ ǰǴȃǺǺǮǼǮǫǳǸǦǲǮ ǫǩǴ ǵǶǮǨǴǪǮǲǴǷǸȂ ǳǦǪ ǶǦǼǮǴǳǦǱȂǳȁǲǮ ǽǮǷǱǦǲǮ, Ǹ.ǫ. ǫǩǴ ǶǦǭ-
ǱǴǬǮǲǴǷǸȂ Ǩ ǵǶǴǮǭǨǫǪǫǳǮǫ ǲǳǴǩǴǽǱǫǳǴǨ ǲǫǳȂǾǫǯ ǷǸǫǵǫǳǮ Ƿ ǶǦǼǮǴǳǦǱȂǳȁǲǮ ǰǴȃǺǺǮ-
ǼǮǫǳǸǦǲǮ, ǨǱǫǽȆǸ Ǯ ǫǩǴ ǵǶǮǨǴǪǮǲǴǷǸȂ ǳǦǪ ǼǫǱȁǲǮ ǽǮǷǱǦǲǮ, Ǹ.ǫ. ǶǦǭǱǴǬǮǲǴǷǸȂ Ǩ ǵǶǴ-
ǮǭǨǫǪǫǳǮǫ ǲǳǴǩǴǽǱǫǳǴǨ Ƿ ǼǫǱȁǲǮ ǰǴȃǺǺǮǼǮǫǳǸǦǲǮ [4].) ǆǨǸǴǶǴǲ ǧȁǱǴ ǶǦǭǶǦǧǴǸǦǳǴ 
ǸǦǰǴǫ ǭǦǪǦǳǮǫ Ǩ ǶǦǲǰǦǻ ǵǶǫǪǲǫǸǴǨ ǒǦǸǫǲǦǸǮǽǫǷǰǮǯ ǵǶǦǰǸǮǰǹǲ Ǩ ǗǙǓǜ ǒǉǙ Ǯ ǝǮǷǱǫǳ-
ǳȁǫ ǲǫǸǴǪȁ Ǩ ǒǉǘǙ Ǯǲ. Ǔ.ǣ. ǇǦǹǲǦǳǦ. ǈ ǰǦǬǪǴǲ ǨǦǶǮǦǳǸǫ ǭǦǪǦǳǮȅ ǵǶǫǪǱǦǩǦǱǴǷȂ ǵǶǴ-
ǨǫǷǸǮ ǷǸǦǳǪǦǶǸǳǴǫ ȃǱǫǲǫǳǸǦǶǳǴǫ ǮǷǷǱǫǪǴǨǦǳǮǫ ǭǦǪǦǳǳǴǩǴ ǰǹǧǮǽǫǷǰǴǩǴ ǲǳǴǩǴǽǱǫǳǦ Ƿ 
ǵǴǲǴǿȂȄ ǫǩǴ ǵǶǴǮǭǨǴǪǳǴǯ Ǯ ǹǧǫǪǮǸȂǷȅ Ǩ ǳǦǱǮǽǮǮ ǸǶȆǻ ǶǦǭǱǮǽǳȁǻ ǨǫǿǫǷǸǨǫǳǳȁǻ ǰǴǶ-
ǳǫǯ, ǱǴǰǦǱǮǭǴǨǦǨ Ǯǻ, Ǹ.ǫ. ǹǰǦǭǦǨ ǷǴǪǫǶǬǦǿǮǫ Ǯǻ ǮǳǸǫǶǨǦǱȁ. ǊǦǱǫǫ, ǷǱǫǪǴǨǦǱǴ ǮǷ-
ǵǴǱȂǭǴǨǦǸȂ ǨǸǴǶǹȄ ǵǶǴǮǭǨǴǪǳǹȄ ǪǱȅ ǳǦǻǴǬǪǫǳǮȅ ǮǳǸǫǶǨǦǱǦ, ǷǴǪǫǶǬǦǿǫǩǴ ǰǦǬǪȁǯ ǮǷ-
ǰǴǲȁǯ ǰǴǶǫǳȂ Ǯ ǸǦǰǴǩǴ, ǽǸǴ ǳǦ ǳȆǲ ǳǫ ǮǭǲǫǳȅǫǸǷȅ ǳǦǵǶǦǨǱǫǳǮǫ ǨȁǵǹǰǱǴǷǸǮ ǩǶǦǺǮǰǦ 
ǭǦǪǦǳǳǴǯ ǺǹǳǰǼǮǮ, ð ȃǸǴ ǷǶǦǭǹ ǵǴǭǨǴǱǮǸ ǹǰǦǭǦǸȂ ǳǦǪȆǬǳǹȄ ǷǸǦǶǸǴǨǹȄ ǸǴǽǰǹ ǲǫǸǴǪǦ 
ǓȂȄǸǴǳǦ ǫǿȆ ǪǴ ǵǶǴǨǫǪǫǳǮȅ ǨȁǽǮǷǱǫǳǮǯ ǵǴ ȃǸǴǲǹ ǲǫǸǴǪǹ. ǗǱǴǨǴ çǳǦǪȆǬǳǦȅè ǴǭǳǦ-
ǽǦǫǸ, ǽǸǴ ǵǶǮ ǨȁǧǴǶǫ ȃǸǴǯ ǸǴǽǰǮ Ǩ ǰǦǽǫǷǸǨǫ ǷǸǦǶǸǴǨǴǯ ǲǫǸǴǪ ǓȂȄǸǴǳǦ ǭǦǨǫǪǴǲǴ ǧǹǪǫǸ 
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ǷǻǴǪǮǸȂǷȅ, ǵǶǮǽȆǲ ǮǲǫǳǳǴ ǰ ǮǳǸǫǶǫǷǹȄǿǫǲǹ ǳǦǷ ǰǴǶǳȄ. (ǋǷǱǮ ǺǹǳǰǼǮȅ, ǴǵǶǫǪǫǱȆǳ-
ǳǦȅ Ǯ ǪǨǦǬǪȁ ǪǮǺǺǫǶǫǳǼǮǶǹǫǲǦȅ ǳǦ ǴǸǶǫǭǰǫ, ǵǶǮǳǮǲǦǫǸ Ǩ ǫǩǴ ǰǴǳǼǦǻ ǭǳǦǽǫǳǮȅ ǶǦǭ-
ǳȁǻ ǭǳǦǰǴǨ, Ǧ ǫȆ ǨǸǴǶǦȅ ǵǶǴǮǭǨǴǪǳǦȅ ǷǴǻǶǦǳȅǫǸ ǭǳǦǰ ǳǦ ǨǷȆǲ ǴǸǶǫǭǰǫ, ǸǴ Ǩ ǰǦǽǫǷǸǨǫ 
ǳǦǪǫǬǳǴǯ ǷǸǦǶǸǴǨǴǯ ǸǴǽǰǮ ǪǱȅ ǳǦǻǴǬǪǫǳǮȅ ǫǪǮǳǷǸǨǫǳǳǴǩǴ ǰǴǶǳȅ ǺǹǳǰǼǮǮ ǳǦ ȃǸǴǲ ǴǸ-
Ƕǫǭǰǫ ǲǴǬǳǴ ǨǭȅǸȂ ǸǴǸ Ǯǭ ǪǨǹǻ ǫǩǴ ǰǴǳǼǴǨ, ǩǪǫ ǭǳǦǰǮ ǺǹǳǰǼǮǮ Ǯ ǫȆ ǨǸǴǶǴǯ ǵǶǴǮǭǨǴǪǳǴǯ 
ǷǴǨǵǦǪǦȄǸ; ȃǸǴ ǵǶǴǷǸǴǫ ǵǶǦǨǮǱǴ ǱǫǩǰǴ ǨǮǪǳǴ Ǯǭ ǩǫǴǲǫǸǶǮǽǫǷǰǴǯ ǮǳǸǫǶǵǶǫǸǦǼǮǮ ǲǫ-
ǸǴǪǦ ǓȂȄǸǴǳǦ Ǯ ǨǷǸǶǫǽǦǱǴǷȂ, ǵǴ ǰǶǦǯǳǫǯ ǲǫǶǫ, ǹǬǫ Ǩ ǮǭǨǫǷǸǳǴǯ ǶǦǧǴǸǫ ǌ.-Ǉ.ǌ. ǚǹǶȂǫ 
1818 ǩǴǪǦ.) ǓǦǰǴǳǫǼ, ǸǶǫǧǴǨǦǱǴǷȂ ǽǮǷǱǫǳǳȁǲǮ ǲǫǸǴǪǦǲǮ (ǲǫǸǴǪȁ ǓȂȄǸǴǳǦ, ǹǵǶǴǿȆǳ-
ǳȁǯ ǓȂȄǸǴǳǦ, ǻǴǶǪ Ǯ ǷǫǰǹǿǮǻ) ǨȁǽǮǷǱǮǸȂ Ƿ ǭǦǪǦǳǳǴǯ ǸǴǽǳǴǷǸȂȄ ǴǪǮǳ ǹǰǦǭǦǳǳȁǯ 
(ǲǫǳȂǾǮǯ, ǷǶǫǪǳǮǯ ǮǱǮ ǧǴǱȂǾǮǯ) Ǯǭ ǸǶȆǻ ǷǹǿǫǷǸǨǹȄǿǮǻ ǰǴǶǳǫǯ. ǔǵǮǷǦǳǮǫ ȃǸǮǻ ǰǱǦǷ-
ǷǮǽǫǷǰǮǻ ǲǫǸǴǪǴǨ ǽǮǸǦǸǫǱȂ ǲǴǬǫǸ ǳǦǯǸǮ Ǩ ǴǧǾǮǶǳǴǯ ǹǽǫǧǳǴǯ ǱǮǸǫǶǦǸǹǶǫ (ǵǫǶǨǴǳǦ-
ǽǦǱȂǳǴǫ ǴǧǷǹǬǪǫǳǮǫ Ƿǲ., ǳǦǵǶǮǲǫǶ, Ǩ ǵǴǷǴǧǮȅǻ ǪǱȅ ǾǰǴǱȂǳǮǰǴǨ [5]); ǳǦǾǫǯ Ǭǫ ǼǫǱȂȄ 
ȅǨǱȅǫǸǷȅ ǳǫ ǨȁǽǮǷǱǫǳǮǫ ǵǴ ȃǸǮǲ ǲǫǸǴǪǦǲ, Ǧ ǺǴǶǲǹǱǮǶǴǨǦǳǮǫ ǸǶǫǧǴǨǦǳǮǯ ǰ ǲǳǴǩǴǽǱǫ-
ǳǦǲ, ǵǶǮǩǴǪǳȁǲ ǪǱȅ ǨǰǱȄǽǫǳǮȅ Ǩ ǭǦǪǦǳǮȅ, Ǯ ǵǴǷǸǶǴǫǳǮǫ ǦǱǩǴǶǮǸǲǦ Ǯǻ ǨȁǧǴǶǦ.    

ǇǹǪǫǲ ǶǦǷǷǲǦǸǶǮǨǦǸȂ ǲǳǴǩǴǽǱǫǳȁ Ὢ ὥὼ ὦὼ ὧὼὨ, ǩǪǫ ǰǴȃǺǺǮǼǮǫǳǸȁ 
ὥȟὦȟὧȟὨ ǵǶǴǧǫǩǦȄǸ ǳǫǰǴǸǴǶȁǫ ǭǦǪǦǳǳȁǫ ǲǳǴǬǫǷǸǨǦ ǼǫǱȁǻ ǽǮǷǫǱ. ǐǦǬǪȁǯ ǸǦǰǴǯ ǲǳǴ-
ǩǴǽǱǫǳ ǪǴǱǬǫǳ ǧȁǸȂ ǵǴǪǨǫǶǳǹǸ ǷǫǶǮǮ ǵǶǴǨǫǶǴǰ, ǵǶǮǭǨǦǳǳȁǻ ǴǸǧǶǦǰǴǨǦǸȂ ǲǳǴǩǴǽǱǫǳȁ, 
ǳǫ ǹǪǴǨǱǫǸǨǴǶȅȄǿǮǫ Ǹǫǲǹ ǮǱǮ ǮǳǴǲǹ ǸǶǫǧǴǨǦǳǮȄ. ǣǸǮ ǸǶǫǧǴǨǦǳǮȅ ǷǱǫǪǹȄǿǮǫ: 1) ǨǴ 
ǮǭǧǫǬǦǳǮǫ ǺǦǰǸǮǽǫǷǰǴǩǴ ǪǹǧǱǮǶǴǨǦǳǮȅ ǨǦǶǮǦǳǸǴǨ, ǰǴǩǪǦ ǲǳǴǩǴǽǱǫǳȁ ǲǴǩǹǸ ǴǰǦǭǦǸȂǷȅ 
ǵǶǴǵǴǶǼǮǴǳǦǱȂǳȁǲǮ ǪǶǹǩ ǪǶǹǩǹ, ǵǴǸǶǫǧǴǨǦǸȂ, ǽǸǴǧȁ ǲǳǴǩǴǽǱǫǳ Ὢ Ƿ ǼǫǱȁǲǮ ǰǴȃǺǺǮ-
ǼǮǫǳǸǦǲǮ ǳǫ ǪǴǵǹǷǰǦǱ ǷǴǰǶǦǿǫǳǮȅ ǳǦ ǼǫǱǴǫ ǽǮǷǱǴ, Ǹ.ǫ. ǳǦǮǧǴǱȂǾǮǯ ǴǧǿǮǯ ǪǫǱǮǸǫǱȂ 

(ǓǔǊ) ǫǩǴ ǰǴȃǺǺǮǼǮǫǳǸǴǨ ὥȟὦȟὧȟὨ ǧȁǱ ǶǦǨǫǳ ǫǪǮǳǮǼǫ, ð Ǩ ȃǸǴǲ ǷǱǹǽǦǫ ǵǶǴǵǴǶǼǮǴǳǦǱȂ-
ǳȁǫ ǲǳǴǩǴǽǱǫǳȁ ǲǴǩǹǸ ǶǦǭǱǮǽǦǸȂǷȅ ǸǴǱȂǰǴ ǭǳǦǰǴǲ, ǽǸǴ ǸǦǰǬǫ ǱǫǩǰǴ ǴǸǷǱǫǪǮǸȂ, ǱǮǧǴ 
ǭǦǶǦǳǫǫ ǮǭǧǫǬǦǸȂ, ǵǴǸǶǫǧǴǨǦǨ, ǽǸǴǧȁ ǨǷǫǩǪǦ ǨȁǵǴǱǳȅǱǴǷȂ ὥ π, 2) ǸǦǰǬǫ ǵǶǫǪǹǷǲǴǸ-
ǶǫǸȂ, ǽǸǴǧȁ ǲǳǴǩǴǽǱǫǳȁ ǳǫ ǵǫǶǫǨǴǪǮǱǮǷȂ ǴǪǮǳ Ǩ ǪǶǹǩǴǯ ǳǮǰǦǰǮǲ ǱǮǳǫǯǳȁǲ ǵǶǫǴǧǶǦ-
ǭǴǨǦǳǮǫǲ ǵǫǶǫǲǫǳǳǴǯ ὼ ǮǱǮ ǻǴǸȅ ǧȁ ǫȆ ǲǦǷǾǸǦǧǮǶǴǨǦǳǮǫǲ ǧǫǭ ǮǭǲǫǳǫǳǮȅ ǳǦǽǦǱǦ ǴǸ-
ǷǽȆǸǦ, 3) ǲǳǴǩǴǽǱǫǳ ǳǫ ǪǴǱǬǫǳ ǪǴǵǹǷǰǦǸȂ ǳǦǻǴǬǪǫǳǮȅ ǰǴǶǳǫǯ ǹǵǴǲȅǳǹǸȁǲǮ ǨȁǾǫ ȃǱǫ-
ǲǫǳǸǦǶǳȁǲǮ ǲǫǸǴǪǦǲǮ, Ǧ ǸǦǰǬǫ ǰǴǶǳǮ ǫǩǴ ǵǶǴǮǭǨǴǪǳǴǯ (ǸǴǽǰǮ ȃǰǷǸǶǫǲǹǲǦ, ǨǴǭǳǮǰǦ-
ȄǿǮǫ ǵǶǮ ǮǷǷǱǫǪǴǨǦǳǮǮ) ǳǫ ǪǴǱǬǳȁ ǧȁǸȂ ǶǦǼǮǴǳǦǱȂǳȁǲǮ ǽǮǷǱǦǲǮ, 4) ǲǳǴǩǴǽǱǫǳ ǪǴǱ-
Ǭǫǳ ǮǲǫǸȂ ǸǶǮ ǶǦǭǱǮǽǳȁǻ ǨǫǿǫǷǸǨǫǳǳȁǻ ǰǴǶǳȅ. ǎǸǦǰ, ǲǳǴǩǴǽǱǫǳ Ὢ, ǨǫǶǳǫǫ ǩǴǨǴǶȅ, 
ǫǩǴ ǳǦǧǴǶ ǰǴȃǺǺǮǼǮǫǳǸǴǨ ὥȟὦȟὧȟὨ, ǪǴǱǬǫǳ ǧȁǸȂ ǴǸǧǶǴǾǫǳ, ǫǷǱǮ ǳǫ ǹǪǴǨǱǫǸǨǴǶȅǫǸ ǰǦ-
ǰǴǲǹ-ǸǴ ǻǴǸȅ ǧȁ ǴǪǳǴǲǹ Ǯǭ ȃǸǮǻ ǹǷǱǴǨǮǯ.  

ǙǷǱǴǨǮȅ 1) Ǯ 2) ǨǲǫǷǸǫ ǴǭǳǦǽǦȄǸ, ǽǸǴ ǴǪǮǳ ǲǳǴǩǴǽǱǫǳ ǳǫ ǵǫǶǫǨǴǪǮǸǷȅ Ǩ ǪǶǹǩǴǯ 
ǲǦǷǾǸǦǧǮǶǴǨǦǳǮǫǲ ǫǩǴ ǭǳǦǽǫǳǮǯ (Ǹ.ǫ. ǹǲǳǴǬǫǳǮǫǲ ǳǦ ǳǫǰǴǸǴǶǴǫ ǽǮǷǱǴ) Ǯ ǱǮǳǫǯǳȁǲ 
ǵǶǫǴǧǶǦǭǴǨǦǳǮǫǲ ǵǫǶǫǲǫǳǳǴǯ. ǕǶǫǪǷǸǦǨǱȅǫǸǷȅ, ǽǸǴ ǹǷǱǴǨǮǫ 2) ǳǫ ȅǨǱȅǫǸǷȅ ǨǦǬǳȁǲ, 
ǵǴǷǰǴǱȂǰǹ ǵǶǮ ǫǩǴ ǳǦǶǹǾǫǳǮǮ ǹǽǦǿǮǫǷȅ ǨǶȅǪ ǱǮ ǭǦǲǫǸȅǸ, ǽǸǴ ǭǦǪǦǳǮǫ ǴǪǳǴǩǴ ǨǦǶǮǦǳǸǦ 
ǲǴǬǫǸ ǧȁǸȂ ǷǨǫǪǫǳǴ ǰ ǭǦǪǦǳǮȄ ǪǶǹǩǴǩǴ. ǘǦǰǬǫ Ǯ Ǹǫ ǽǦǷǸǮ ǹǷǱǴǨǮȅ 3), ǩǪǫ ǩǴǨǴǶǮǸǷȅ Ǵ 
ǮǶǶǦǼǮǴǳǦǱȂǳǴǷǸǮ ǰǴǶǳǫǯ ǵǶǴǮǭǨǴǪǳǴǯ Ǯ Ǵ ǨȁǪǫǱǫǳǮǮ ǵǴǱǳǴǩǴ ǰǹǧǦ ǮǱǮ, Ǹǫǲ ǧǴǱǫǫ, 
Ǵ ǵǶǫǪǷǸǦǨǱǫǳǮǮ Ǩ ǨǮǪǫ Ƿǹǲǲȁ ǰǹǧǴǨ ǱǮǳǫǯǳȁǻ ǨȁǶǦǬǫǳǮǯ ǳǫ ȅǨǱȅȄǸǷȅ ǷǹǿǫǷǸǨǫǳ-
ǳȁǲǮ. ǔǪǳǦǰǴ, ǽǦǷǸȂ ǹǷǱǴǨǮȅ 3), ǩǪǫ ǩǴǨǴǶǮǸǷȅ Ǵ ǳǫǶǦǭǱǴǬǮǲǴǷǸǮ ǲǳǴǩǴǽǱǫǳǦ Ǩ ǵǶǴ-
ǮǭǨǫǪǫǳǮǫ ǲǳǴǩǴǽǱǫǳǴǨ ǲǫǳȂǾǮǻ ǷǸǫǵǫǳǫǯ, ǰǦǬǫǸǷȅ ǨǦǬǳǴǯ ð ǴǳǦ ǴǭǳǦǽǦǫǸ ǴǸǷǹǸǷǸǨǮǫ 
ǶǦǼǮǴǳǦǱȂǳȁǻ ǰǴǶǳǫǯ. ǓǦǰǴǳǫǼ, ǹǷǱǴǨǮǫ 4) ǳǹǬǳǴ, ǽǸǴǧȁ ǴǩǶǦǳǮǽǮǸȂ ǹǽǦǿǮǻǷȅ ǧǴǱǫǫ 
ǷǱǴǬǳȁǲ ǷǱǹǽǦǫǲ, ǰǴǩǪǦ ǺǹǳǰǼǮȅ ǸǶǫǧǹǫǸ ǧǴǱǫǫ ǦǰǰǹǶǦǸǳǴǩǴ ǮǷǷǱǫǪǴǨǦǳǮȅ, ǵǴ-
ǷǰǴǱȂǰǹ ǴǳǦ ǳǫǲǴǳǴǸǴǳǳǦ, Ǹ.ǫ. ǮǲǫǫǸ ǮǳǸǫǶǨǦǱȁ ǨǴǭǶǦǷǸǦǳǮȅ Ǯ ǹǧȁǨǦǳǮȅ Ǯ, ǧǴǱǫǫ 
ǸǴǩǴ, ǴǧǱǦǪǦǫǸ ǸǶǫǲȅ ǶǦǭǱǮǽǳȁǲǮ ǨǫǿǫǷǸǨǫǳǳȁǲǮ ǰǴǶǳȅǲǮ ð ǵǴ ǴǪǳǴǲǹ Ǩ ǰǦǬǪǴǲ Ǯǭ 
ǮǳǸǫǶǨǦǱǴǨ ǲǴǳǴǸǴǳǳǴǷǸǮ.  

ǔ ǵǶǴǨǫǶǰǫ ȃǸǮǻ ǹǷǱǴǨǮǯ.  
1) ǈ ȅǭȁǰǫ Maple ǪǱȅ ǨȁǽǮǷǱǫǳǮȅ ǓǔǊ ǳǫǷǰǴǱȂǰǮǻ ǼǫǱȁǻ ǽǮǷǫǱ ǵǶǫǪǹǷǲǴǸǶǫǳǦ 

ǰǴǲǦǳǪǦ igcd. ǒǴǬǳǴ ǴǩǶǦǳǮǽǮǸǷȅ ǲǳǴǩǴǽǱǫǳǦǲǮ, ǹ ǰǴǸǴǶȁǻ ǰǴȃǺǺǮǼǮǫǳǸȁ ὥ Ǯ ὦ ǵǶǮ 
ǪǨǹǻ ǷǸǦǶǾǮǻ ǷǸǫǵǫǳȅǻ ǵǴǱǴǬǮǸǫǱȂǳȁ; ǸǴǩǪǦ ǱȄǧȁǫ ǪǨǦ ǶǦǭǱǮǽǳȁǻ ǸǦǰǮǻ ǲǳǴǩǴǽǱǫǳǦ, 
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ǹ ǰǦǬǪǴǩǴ Ǯǭ ǰǴǸǴǶȁǻ ǓǔǊ ǰǴȃǺǺǮǼǮǫǳǸǴǨ ǶǦǨǫǳ ǫǪǮǳǮǼǫ, ǳǫ ǲǴǩǹǸ ǧȁǸȂ ǵǶǴǵǴǶǼǮǴ-
ǳǦǱȂǳȁ.  

2) ǕǶǮǲǫǳǮǲ ǷǸǦǳǪǦǶǸǳȁǯ ǵǶǮȆǲ: ǷǪǨǮǩǴǲ ǵǫǶǫǲǫǳǳǴǯ ὼ ᾀ ὼ, ǩǪǫ ὼ ð ǵǴ-
ǷǸǴȅǳǳǦȅ, ǵǶǮǨǫǪȆǲ ǲǳǴǩǴǽǱǫǳ ǰ ǨǮǪǹ, Ǩ ǰǴǸǴǶǴǲ ǰǴȃǺǺǮǼǮǫǳǸ ǵ[ǶǮ ǰǨǦǪǶǦǸǫ ǳǴǨǴǯ 

ǵǫǶǫǲǫǳǳǴǯ ᾀ ǶǦǨǫǳ ǳǹǱȄ. ǘǴǩǪǦ ὼ ὦȾσὥ Ǯ ǲǳǴǩǴǽǱǫǳ ǵǶǮǳǮǲǦǫǸ ǨǮǪ ὥᾀ ὧᴂᾀ
Ὠᴂ, ǩǪǫ    

                                                       ὧ ὧ
ὦ

σὥ
 ȟ          Ὠ Ὠ

ὦὧ

σὥ

ςὦ

ςχὥ
                                             ρ  

ǙǷǱǴǨǮǫ ὧ π ǴǭǳǦǽǦǫǸ ǰǦǰ ǶǦǭ, ǽǸǴ Ǩ ǲǳǴǩǴǽǱǫǳǫ ǲǴǬǳǴ ǨȁǪǫǱǮǸȂ ǵǴǱǳȁǯ ǰǹǧ, 
ǸǦǰ ǽǸǴ Ǵǳ ǴǰǦǭȁǨǦǫǸǷȅ ǶǦǨǫǳ Ƿǹǲǲǫ ǰǹǧǦ ǱǮǳǫǯǳǴǯ ǺǹǳǰǼǮǮ Ǯ ǵǴǷǸǴȅǳǳǴǩǴ ǷǱǦǩǦǫ-

ǲǴǩǴ, ǽǸǴ ǭǦǵǶǫǿǫǳǴ ǵǴ ǹǷǱǴǨǮȄ 3). ǕǹǷǸȂ ǵǴȃǸǴǲǹ ὧ π. ǗǱǹǽǦǮ, ǰǴǩǪǦ ὥ Ǯ ὧ ǮǲǫȄǸ 
ǴǪǮǳǦǰǴǨȁǫ ǮǱǮ ǶǦǭǳȁǫ ǭǳǦǰǮ, ǷǴǨǫǶǾǫǳǳǴ ǦǳǦǱǴǩǮǽǳȁ, ǳǴ ǪǴǱǬǳȁ ǶǦǷǷǲǦǸǶǮǨǦǸȂǷȅ 
ǴǸǪǫǱȂǳǴ. ǔǪǳǦǰǴ, Ǩ ǷǱǹǽǦǫ, ǰǴǩǪǦ ὥ Ǯ ὧ ǮǲǫȄǸ ǴǪǮǳǦǰǴǨȁǯ ǭǳǦǰ, ǲǳǴǩǴǽǱǫǳ ǧǹǪǫǸ 
ǲǴǳǴǸǴǳǫǳ ǳǦ ǨǷǫǯ ǨǫǿǫǷǸǨǫǳǳǴǯ ǵǶȅǲǴǯ Ǯ ǮǲǫǫǸ ǫǪǮǳǷǸǨǫǳǳȁǯ ǰǴǶǫǳȂ ð ȃǸǴǸ ǷǱǹǽǦǯ 
ǪǴǱǬǫǳ ǧȁǸȂ ǴǸǧǶǴǾǫǳ ǷǴǩǱǦǷǳǴ ǹǷǱǴǨǮȄ 4). ǕǹǷǸȂ ǵǴȃǸǴǲǹ ὥ Ǯ ὧ ǮǲǫȄǸ ǵǶǴǸǮǨǴǵǴ-

ǱǴǬǳȁǫ ǭǳǦǰǮ. ǍǦǲǫǸǮǲ ǸǦǰǬǫ, ǽǸǴ ǷǴǩǱǦǷǳǴ ǹǷǱǴǨǮȄ 3) ǪǴǱǬǳǴ ǧȁǸȂ ǨȁǵǴǱǳǫǳǴ Ὠ
π, ǵǴǷǰǴǱȂǰǹ Ǩ ǵǶǴǸǮǨǳǴǲ ǷǱǹǽǦǫ ǮǷǻǴǪǳȁǯ ǲǳǴǩǴǽǱǫǳ ǮǲǫǫǸ ǶǦǼǮǴǳǦǱȂǳȁǯ ǰǴǶǫǳȂ 
ὼ ὼ. ǕǶǮǲǫǳȅȅ ǲǦǷǾǸǦǧǮǶǴǨǦǳǮǫ ǵǫǶǫǲǫǳǳǴǯ ᾀ ὸύ, ǩǪǫ ὸ ð ǰǴȃǺǺǮǼǮǫǳǸ, Ǧ ύ ð 

ǳǴǨǦȅ ǵǫǶǫǲǫǳǳǦȅ, ǵǶǮǨǴǪǮǲ ǲǳǴǩǴǽǱǫǳ ǰ ǨǮǪǹ ὸὥύ ὸὧᴂύ Ὠᴂ Ǯ ǪǫǱȅ ǫǩǴ ǳǦ ǰǴȃǺ-
ǺǮǼǮǫǳǸ ǵǶǮ ǷǸǦǶǾǫǯ ǷǸǫǵǫǳǮ, ǵǴǱǹǽǦǫǲ: ύ ὧȾὸὥύ ὨȾὸὥ. ǕǴǱǦǩǦȅ ǸǫǵǫǶȂ 

ὸ ὧȾὥ, ǵǶǮǻǴǪǮǲ ǰ ǲǳǴǩǴǽǱǫǳǹ  ύ ύ Ὠᴂ, ǩǪǫ Ὠᴂ ὨϽ

ÓÇÎ ὥ. ǓǦǰǴǳǫǼ, ǨȁǧǴǶǴǲ ǳǹǬǳǴǩǴ ǭǳǦǰǦ  ǵǴǱǹǽǮǲ ǴǰǴǳǽǦǸǫǱȂǳȁǯ, çǰǦǳǴǳǮǽǫǷǰǮǯè 
ǨǮǪ ǲǳǴǩǴǽǱǫǳǦ, ǰ ǰǴǸǴǶǴǲǹ Ǵǳ ǵǶǮǨǴǪǮǸǷȅ ǲǦǷǾǸǦǧǮǶǴǨǦǳǮǫǲ ǫǩǴ ǭǳǦǽǫǳǮǯ Ǯ ǱǮǳǫǯ-

ǳȁǲ ǵǶǫǴǧǶǦǭǴǨǦǳǮǫǲ ǵǫǶǫǲǫǳǳǴǯ:  ύ ύ Ὠᴂ, ǩǪǫ Ὠᴂ ȿὨȿ. ǊǨǦ ǲǳǴǩǴǽǱǫǳǦ 

ǲǴǩǹǸ ǵǫǶǫǨǫǪȆǳ ǴǪǮǳ Ǩ ǪǶǹǩǴǯ ǲǦǷǾǸǦǧǮǶǴǨǦǳǮǫǲ ǭǳǦǽǫǳǮǯ Ǯ ǱǮǳǫǯǳȁǲ ǵǶǫǴǧǶǦǭǴ-
ǨǦǳǮǫǲ ǵǫǶǫǲǫǳǳǴǯ, ǫǷǱǮ Ǯ ǸǴǱȂǰǴ ǫǷǱǮ ǴǳǮ ǮǲǫȄǸ ǴǪǮǳǦǰǴǨȁǯ çǰǦǳǴǳǮǽǫǷǰǮǯè ǨǮǪ 
ǴǸǳǴǷǮǸǫǱȂǳǴ ȃǸǮǻ ǵǶǫǴǧǶǦǭǴǨǦǳǮǯ, Ǹ.ǫ. ǨȁǽǮǷǱǫǳǳȁǫ ǪǱȅ ǳǮǻ ǨǫǱǮǽǮǳȁ Ὠᴂ ǧǹǪǹǸ 

ǶǦǨǳȁ, ǮǳǦǽǫ ǩǴǨǴǶȅ, ǧǹǪǹǸ ǶǦǨǳȁ ǨǫǱǮǽǮǳȁ  Ὠᴂ ὥὨ Ⱦὧ. ǎǸǦǰ, ǵǴǷǱǫǪǳȅȅ ǨǫǱǮ-
ǽǮǳǦ ȅǨǱȅǫǸǷȅ ǯǴǩǧǷǯǧǴǹǵǳ Ǯ ǪǦǬǫ ǴǧǶǦǭǹǫǸ ǶǵǲǴǺȅ ǸǯǸǹǬǳǺ ǯǴǩǧǷǯǧǴǹǵǩ ǴǸǳǴǷǮ-
ǸǫǱȂǳǴ ǱǮǳǫǯǳȁǻ ǵǶǫǴǧǶǦǭǴǨǦǳǮǯ ǵǫǶǫǲǫǳǳǴǯ Ǯ ǲǦǷǾǸǦǧǮǶǴǨǦǳǮȅ ǭǳǦǽǫǳǮǯ ǪǱȅ ǰǹ-
ǧǮǽǫǷǰǮǻ ǲǳǴǩǴǽǱǫǳǴǨ (ǵǴ ǰǶǦǯǳǫǯ ǲǫǶǫ, ǮǲǫȄǿǮǻ ǸǶǮ ǶǦǭǱǮǽǳȁǻ ǨǫǿǫǷǸǨǫǳǳȁǻ 
ǰǴǶǳȅ). ǕǴǷǱǫ ǳǫǧǴǱȂǾǴǩǴ ǹǵǶǴǿǫǳǮȅ ȃǸǦ ǨǫǱǮǽǮǳǦ Ǩ ǸǫǶǲǮǳǦǻ ǮǷǻǴǪǳȁǻ ǰǴȃǺǺǮǼǮ-
ǫǳǸǴǨ ǵǶǮǲǫǸ ǨǮǪ  
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Ͻ
ςὦ ωὥὦὧςχὥὨ
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ǋǷǱǮ Ǭǫ ǳǦǷ ǮǳǸǫǶǫǷǹȄǸ, ǵǴǲǮǲǴ ǲǦǷǾǸǦǧǮǶǴǨǦǳǮǯ ǭǳǦǽǫǳǮǯ ǲǳǴǩǴǽǱǫǳǴǨ, ǳǫ 
ǵǶǴǮǭǨǴǱȂǳȁǫ ǱǮǳǫǯǳȁǫ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ ǵǫǶǫǲǫǳǳǴǯ, Ǧ ǸǴǱȂǰǴ ǫȆ ǲǦǷǾǸǦǧǮǶǴǨǦǳǮȅ, 
ǴǷǸǦǨǱȅȄǿǮǫ ǳǦ ǲǫǷǸǫ ǳǦǽǦǱǴ ǴǸǷǽȆǸǦ, ǸǴ Ǩ ǰǦǽǫǷǸǨǫ ǵǴǱǳǴǯ ǷǮǷǸǫǲȁ ǮǳǨǦǶǮǦǳǸǴǨ 
ǨȁǷǸǹǵǦǫǸ, ǰǦǰ ǱǫǩǰǴ ǨǮǪǫǸȂ, ǵǦǶǦ ǨǫǱǮǽǮǳ  
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ǵǴǷǰǴǱȂǰǹ çǰǦǳǴǳǮǽǫǷǰǮǯè ǨǮǪ ǰǹǧǮǽǫǷǰǴǩǴ ǲǳǴǩǴǽǱǫǳǦ Ƿ ǴǸǱǮǽǳȁǲ ǴǸ ǳǹǱȅ ǰǴ-

ȃǺǺǮǼǮǫǳǸǴǲ ὦ ǮǲǫǫǸ ǨǮǪ ύ ύ ὧǿύ Ὠ (ǷǶ. Ƿ ǵǶǮǨǫǪȆǳǳȁǲǮ ǨȁǾǫ ǨȁǰǱǦǪǰǦǲǮ).  
3) ǙǷǱǴǨǮǫ, ǽǸǴ ǲǳǴǩǴǽǱǫǳ 3-ǫǯ ǷǸǫǵǫǳǮ ǵǶǮǨǴǪǮǲ ǳǦǪ ǶǦǼǮǴǳǦǱȂǳȁǲǮ ǽǮǷǱǦǲǮ, 

Ǹ.ǫ. ǶǦǭǱǦǩǦǫǸǷȅ Ǩ ǵǶǴǮǭǨǫǪǫǳǮǫ ǲǳǴǩǴǽǱǫǳǴǨ ǲǫǳȂǾǫǯ ǷǸǫǵǫǳǮ Ƿ ǶǦǼǮǴǳǦǱȂǳȁǲǮ ǰǴ-
ȃǺǺǮǼǮǫǳǸǦǲǮ, ǴǭǳǦǽǦǫǸ Ǩ ǸǴǽǳǴǷǸǮ, ǽǸǴ Ǵǳ ǮǲǫǫǸ ǶǦǼǮǴǳǦǱȂǳȁǯ ǰǴǶǫǳȂ. ǛǴǶǴǾǴ Ǯǭ-
ǨǫǷǸǳǴ, ǽǸǴ ǪǱȅ ǲǳǴǩǴǽǱǫǳǦ Ƿ ǼǫǱȁǲǮ ǰǴȃǺǺǮǼǮǫǳǸǦǲǮ ǱȄǧǴǯ ǫǩǴ ǶǦǼǮǴǳǦǱȂǳȁǯ ǰǴ-
ǶǫǳȂ, ǵǶǫǪǷǸǦǨǱǫǳǳȁǯ Ǩ ǨǮǪǫ ǳǫǷǴǰǶǦǸǮǲǴǯ ǪǶǴǧǮ ὼ ὴȾή, ǴǧǱǦǪǦǫǸ Ǹǫǲ ǷǨǴǯǷǸǨǴǲ, 
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ǽǸǴ ǽǮǷǱǮǸǫǱȂ ὴ ǧǹǪǫǸ ǪǫǱǮǸǫǱǫǲ ǰǴȃǺǺǮǼǮǫǳǸǦ ǵǶǮ ǳǹǱǫǨǴǯ ǷǸǫǵǫǳǮ ǵǫǶǫǲǫǳǳǴǯ, 
Ǹ.ǫ. ǷǨǴǧǴǪǳǴǩǴ ǽǱǫǳǦ, Ǧ ǭǳǦǲǫǳǦǸǫǱȂ ή ð ǪǫǱǮǸǫǱǫǲ ǰǴȃǺǺǮǼǮǫǳǸǦ ǵǶǮ ǷǸǦǶǾǫǯ ǷǸǫ-
ǵǫǳǮ. ǣǸǴ ǷǨǴǯǷǸǨǴ ǲǴǬǳǴ ǮǷǵǴǱȂǭǴǨǦǸȂ ǪǱȅ ǵǶǴǨǫǶǰǮ ǵǶǮǨǴǪǮǲǴǷǸǮ ǲǳǴǩǴǽǱǫǳǦ ð 
ǷǱǫǪǹǫǸ ǳǫǵǴǷǶǫǪǷǸǨǫǳǳȁǲ ǨȁǽǮǷǱǫǳǮǫǲ ǵǶǴǨǫǶǮǸȂ, ǴǧǶǦǿǦǫǸǷȅ ǱǮ Ǩ ǳǹǱȂ ǲǳǴǩǴǽǱǫǳ 
ǵǶǮ ǵǴǪǷǸǦǳǴǨǰǫ Ǩ ǳǫǩǴ ǻǴǸȅ ǧȁ ǴǪǳǴǩǴ ǶǦǼǮǴǳǦǱȂǳǴǩǴ ǽǮǷǱǦ ǸǦǰǴǩǴ ǨǮǪǦ. ǙǪǴǧǳǴ ǨǴǷ-
ǵǴǱȂǭǴǨǦǸȂǷȅ ǰǴǲǦǳǪǴǯ divisors, ǵǶǫǪǹǷǲǴǸǶǫǳǳǴǯ Ǩ ǸǫǴǶǫǸǮǰǴ-ǽǮǷǱǴǨǴǲ ǵǦǰǫǸǫ 
numtheory ȅǭȁǰǦ Maple. ǣǸǦ ǰǴǲǦǳǪǦ ǮǲǫǫǸ ǴǪǮǳ ǦǶǩǹǲǫǳǸ, ȅǨǱȅȄǿǮǯǷȅ ǼǫǱȁǲ ǽǮǷ-
ǱǴǲ, Ǯ ǨǴǭǨǶǦǿǦǫǸ ǲǳǴǬǫǷǸǨǴ ǨǷǫǻ ǳǦǸǹǶǦǱȂǳȁǻ ǪǫǱǮǸǫǱǫǯ ȃǸǴǩǴ ǽǮǷǱǦ. ǐǶǴǲǫ ǸǴǩǴ, 
Ǩ Maple ǲǴǬǳǴ ǨǴǷǵǴǱȂǭǴǨǦǸȂǷȅ Ǯ ǰǴǲǦǳǪǴǯ factor , ǰǴǸǴǶǦȅ, ǧǹǪǹǽǮ ǵǶǮǲǫǳǫǳǦ ǰ ǲǳǴ-
ǩǴǽǱǫǳǹ, ǵȁǸǦǫǸǷȅ ǫǩǴ ǺǦǰǸǴǶǮǭǴǨǦǸȂ, Ǹ.ǫ. ǶǦǭǱǴǬǮǸȂ ǳǦ ǲǳǴǬǮǸǫǱǮ ð ǲǳǴǩǴǽǱǫǳȁ 
ǲǫǳȂǾǫǯ ǷǸǫǵǫǳǮ, Ǩ ǷǱǹǽǦǫ Ǭǫ ǳǫǹǪǦǽǮ ǵǶǴǷǸǴ ǨǴǭǨǶǦǿǦǫǸ ǮǷǻǴǪǳȁǯ ǲǳǴǩǴǽǱǫǳ. ǔǸ-
ǲǫǸǮǲ, ǽǸǴ ȃǸǦ ǰǴǲǦǳǪǦ ǳǫ ǨȁǳǴǷǮǸ ǽǮǷǱǴǨǴǯ ǲǳǴǬǮǸǫǱȂ ð ǴǧǿǮǯ ǪǫǱǮǸǫǱȂ ǨǷǫǻ ǰǴ-
ȃǺǺǮǼǮǫǳǸǴǨ ð ǫǷǱǮ ǲǳǴǩǴǽǱǫǳ ǳǫ ǹǪǦǱǴǷȂ ǶǦǭǱǴǬǮǸȂ ǳǦ ǲǳǴǩǴǽǱǫǳȁ ǲǫǳȂǾǮǻ ǷǸǫǵǫ-
ǳǫǯ. ǕǴȃǸǴǲǹ, ǫǷǱǮ ǲǳǴǩǴǽǱǫǳ ǹǪǦǱǴǷȂ ǺǦǰǸǴǶǮǭǴǨǦǸȂ, ǸǴ ǶǫǭǹǱȂǸǦǸ ǧǹǪǫǸ ǨȁǶǦǬǫ-
ǳǮǫǲ, ǰǴǸǴǶǴǫ ȅǨǱȅǫǸǷȅ ǱǮǧǴ ǷǸǫǵǫǳȂȄ (ǰǹǧǴǲ ǱǮǳǫǯǳǴǩǴ ǲǳǴǩǴǽǱǫǳǦ), ǱǮǧǴ ǵǶǴǮǭǨǫ-
ǪǫǳǮǫǲ (ǪǨǹǻ ǮǱǮ ǸǶȆǻ ǲǳǴǩǴǽǱǫǳǴǨ Ǯ, ǨǴǭǲǴǬǳǴ, ǽǮǷǱǴǨǴǩǴ ǲǳǴǬǮǸǫǱȅ, ǱǮǧǴ ǽǮǷǱǴ-
ǨǴǩǴ ǲǳǴǬǮǸǫǱȅ Ǯ ǴǪǳǴǩǴ ǲǳǴǩǴǽǱǫǳǦ, ǳǴ ǸǴǱȂǰǴ ǫǷǱǮ ǵǴǷǱǫǪǳǮǯ ȅǨǱȅǫǸǷȅ ǰǹǧǴǲ). 
ǗǦǲ Ǭǫ ǮǷǻǴǪǳȁǯ ǲǳǴǩǴǽǱǫǳ ȅǨǱȅǫǸǷȅ ǨȁǶǦǬǫǳǮǫǲ ǸǮǵǦ çǷǹǲǲǦè. ǊǱȅ ǴǵǶǫǪǫǱǫǳǮȅ 
ǸǮǵǦ ǨȁǶǦǬǫǳǮȅ Ǩ Maple ǵǶǫǪǹǷǲǴǸǶǫǳȁ ǰǴǲǦǳǪȁ type Ǯ whattype. ǋǷǱǮ ǭǦǵǮǷǦǸȂ ǵǶǮ-
ǷǨǦǮǨǦǳǮǫ u:=factor (f), ǩǪǫ f:=a*x^3+b*x^2+c*x+d ð ǶǦǷǷǲǦǸǶǮǨǦǫǲȁǯ ǲǳǴǩǴǽǱǫǳ, ǸǴ ǷǴ-
ǷǸǦǨǳǦȅ ǰǴǲǦǳǪǦ  (type(u,`*`) or type(u,`^`)) ǨȁǪǦȆǸ ǱǴǩǮǽǫǷǰǴǫ ǭǳǦǽǫǳǮǫ true, ǫǷǱǮ 
ǲǳǴǩǴǽǱǫǳ ǧȁǱ ǺǦǰǸǴǶǮǭǴǨǦǳ, Ǯ ǭǳǦǽǫǳǮǫ false Ǩ ǵǶǴǸǮǨǳǴǲ ǷǱǹǽǦǫ.  

ǙǷǱǴǨǮǫ, ǽǸǴ ǵǶǴǮǭǨǴǪǳǦȅ ǲǳǴǩǴǽǱǫǳǦ 3-ǫǯ ǷǸǫǵǫǳǮ (Ƿ ǼǫǱȁǲǮ ǰǴȃǺǺǮǼǮǫǳ-
ǸǦǲǮ), ǰǴǸǴǶǦȅ ǧǹǪǫǸ ǰǨǦǪǶǦǸǮǽǳȁǲ ǲǳǴǩǴǽǱǫǳǴǲ, ǳǫ ǮǲǫǫǸ ǶǦǼǮǴǳǦǱȂǳȁǻ ǰǴǶǳǫǯ, 

ǴǭǳǦǽǦǫǸ, ǽǸǴ ǫȆ ǪǮǷǰǶǮǲǮǳǦǳǸ, ǶǦǨǳȁǯ ὦ σὥὧ (Ƿ ǸǴǽǳǴǷǸȂȄ ǪǴ ǳǫǷǹǿǫǷǸǨǫǳǳǴǩǴ 
ǲǳǴǬǮǸǫǱȅ 4), ǧǹǪǹǽǮ ǼǫǱȁǲ ǽǮǷǱǴǲ, ǳǫ ȅǨǱȅǫǸǷȅ ǰǨǦǪǶǦǸǴǲ ǼǫǱǴǩǴ ǽǮǷǱǦ. ǈ Maple 
ǲǴǬǳǴ ǮǷǵǴǱȂǭǴǨǦǸȂ ǰǴǲǦǳǪǹ type(u,integer), ǩǪǫ u ð ǰǨǦǪǶǦǸǳȁǯ ǰǴǶǫǳȂ Ǯǭ ǪǮǷǰǶǮǲǮ-
ǳǦǳǸǦ, ð ǴǳǦ ǨǴǭǨǶǦǿǦǫǸ true, ǫǷǱǮ ǫȆ ǦǶǩǹǲǫǳǸ u ð ǼǫǱǴǫ ǽǮǷǱǴ, Ǯ false Ǩ ǵǶǴǸǮǨǳǴǲ 
ǷǱǹǽǦǫ. ǒǴǬǳǴ ǸǦǰǬǫ ǮǷǵǴǱȂǭǴǨǦǸȂ Ǹǹ ǮǱǮ ǮǳǹȄ ǰǴǲǦǳǪǹ ǴǰǶǹǩǱǫǳǮȅ ǪǴ ǼǫǱǴǩǴ ǽǮǷǱǦ 
ǮǱǮ ǨȁǽǮǷǱǫǳǮȅ ǪǶǴǧǳǴǯ ǽǦǷǸǮ, ǽǸǴ ǵǶǮǲǫǳǮǲǴ Ǩ ǶǦǭǳȁǻ ǨȁǽǮǷǱǮǸǫǱȂǳȁǻ ǷǮǷǸǫǲǦǻ. 
ǊǦǱǫǫ, ǫǷǱǮ ǰǹǧǮǽǫǷǰǮǯ ǲǳǴǩǴǽǱǫǳ ǪǴǵǹǷǰǦǫǸ ǨȁǪǫǱǫǳǮǫ ǰǹǧǦ ǱǮǧǴ, ǧǴǱǫǫ ǴǧǿǴ, ǶǦǭ-
ǱǴǬǫǳǮǫ Ǩ Ƿǹǲǲǹ ǰǹǧǴǨ ǱǮǳǫǯǳȁǻ ǨȁǶǦǬǫǳǮǯ, ǸǴ Ǵǳ ǮǲǫǫǸ ǫǪǮǳǷǸǨǫǳǳȁǯ ǨǫǿǫǷǸǨǫǳ-
ǳȁǯ ǰǴǶǫǳȂ, Ǧ ȃǸǴǸ ǷǱǹǽǦǯ ǴǸǧǶǦǷȁǨǦǫǸǷȅ ǹǷǱǴǨǮǫǲ 4). 

ǎǭ ǸǶǫǧǴǨǦǳǮȅ ǴǸǷǹǸǷǸǨǮȅ ǶǦǼǮǴǳǦǱȂǳȁǻ ǰǴǶǳǫǯ ǹ ǰǹǧǮǽǫǷǰǴǩǴ ǲǳǴǩǴǽǱǫǳǦ Ǯ ǫǩǴ 
ǵǶǴǮǭǨǴǪǳǴǯ ǷǱǫǪǹȄǸ ǴǽǫǨǮǪǳȁǫ ǴǩǶǦǳǮǽǫǳǮȅ ǳǦ ǫǩǴ ǰǴȃǺǺǮǼǮǫǳǸȁ:  ὧ π Ǯ Ὠ π.  

4) ǐǴǱǮǽǫǷǸǨǴ ǨǫǿǫǷǸǨǫǳǳȁǻ ǰǴǶǳǫǯ ǰǹǧǮǽǫǷǰǴǩǴ ǹǶǦǨǳǫǳǮȅ Ƿ ǨǫǿǫǷǸǨǫǳǳȁǲǮ 
ǰǴȃǺǺǮǼǮǫǳǸǦǲǮ ǷǶǦǭǹ ǴǵǶǫǪǫǱȅǫǸǷȅ ǵǴ ǭǳǦǰǹ ǫǩǴ ǪǮǷǰǶǮǲǮǳǦǳǸǦ Ὀ: ǫǷǱǮ Ὀ π, ǸǴ 
ǮǲǫǫǸǷȅ ǸǶǮ ǶǦǭǱǮǽǳȁǻ ǰǴǶǳȅ, ǫǷǱǮ Ὀ π ð ǸǴ ǴǪǮǳ, Ǩ ǷǱǹǽǦǫ Ǭǫ Ὀ π ǮǲǫǫǸǷȅ ǰǶǦǸ-
ǳȁǯ ǰǴǶǫǳȂ, Ƿǲ. [6]. ǓǦǵǴǲǳǮǲ, ǽǸǴ ǪǮǷǰǶǮǲǮǳǦǳǸ ǲǳǴǩǴǽǱǫǳǦ ǱȄǧǴǯ ǷǸǫǵǫǳǮ ὲ ǷǴ 
ǷǸǦǶǾǮǲ ǰǴȃǺǺǮǼǮǫǳǸǴǲ ὥ, ǶǦǨǳȁǲ ǫǪǮǳǮǼǫ, ǫǷǸȂ ǵǶǴǮǭǨǫǪǫǳǮǫ ǰǨǦǪǶǦǸǴǨ ǨǷǫǻ ǵǴ-
ǵǦǶǳȁǻ ǶǦǭǳǴǷǸǫǯ ǨǷǫǻ ǫǩǴ (ǰǴǲǵǱǫǰǷǳȁǻ) ǰǴǶǳǫǯ, ǪǱȅ ǵǶǴǮǭǨǴǱȂǳǴǩǴ Ǭǫ ὥ ǵǶǮǳȅǸǴ 
[7] ǹǲǳǴǬǦǸȂ ȃǸǴ ǵǶǴǮǭǨǫǪǫǳǮǫ ǳǦ ὥ ; ǭǦǲǫǽǦǸǫǱȂǳǴ, ǽǸǴ ǪǮǷǰǶǮǲǮǳǦǳǸ ǨȁǶǦǬǦ-
ǫǸǷȅ Ǩ ǨǮǪǫ ǲǳǴǩǴǽǱǫǳǦ ǴǸ ǰǴȃǺǺǮǼǮǫǳǸǴǨ ǮǷǻǴǪǳǴǩǴ ǲǳǴǩǴǽǱǫǳǦ [8]. ǈ Maple ǪǮǷǰǶǮ-
ǲǮǳǦǳǸ ǱȄǧǴǩǴ ǲǳǴǩǴǽǱǫǳǦ ǲǴǬǫǸ ǧȁǸȂ ǨȁǽǮǷǱǫǳ ǰǴǲǦǳǪǴǯ discrim, Ǧ ǮǲǫǳǳǴ, 
discrim(P,x) ǨǴǭǨǶǦǸǮǸ ǪǮǷǰǶǮǲǮǳǦǳǸ ǲǳǴǩǴǽǱǫǳǦ P Ƿ ǵǫǶǫǲǫǳǳǴǯ x. ǊǱȅ ǰǹǧǮǽǫǷǰǴǩǴ 

ǲǳǴǩǴǽǱǫǳǦ ὥὼ ὦὼ ὧὼὨ ǪǮǷǰǶǮǲǮǳǦǳǸ ǶǦǨǫǳ  Ὀ ςχὥὨ ρψὥὦὧὨὦὧ
τὦὨ τὥὧ. (ǈ ǷǱǹǽǦǫ, ǰǴǩǪǦ ǲǳǴǩǴǽǱǫǳ ǵǶǮǨǫǪȆǳǳȁǯ, Ǹ.ǫ. ǷǸǦǶǾǮǯ ǰǴȃǺǺǮǼǮǫǳǸ ὥ
ρ, ȃǸǴǸ ǪǮǷǰǶǮǲǮǳǦǳǸ ǨȁǽǮǷǱǫǳ Ǩ [9], ǴǸǰǹǪǦ ǱǫǩǰǴ ǵǴǱǹǽǮǸȂ ǺǴǶǲǹǱǹ Ǯ ǪǱȅ ǴǧǿǫǩǴ 
ǷǱǹǽǦȅ, ǪǫǱȅ ǲǳǴǩǴǽǱǫǳ ǳǦ ǫǩǴ ǷǸǦǶǾǮǯ ǰǴȃǺǺǮǼǮǫǳǸ Ǯ ǨǨǴǪȅ Ǩ ǨȁǶǦǬǫǳǮǫ ǪǱȅ ǪǮǷ-

ǰǶǮǲǮǳǦǳǸǦ ǵǴǱǹǽǫǳǳǴǩǴ ǲǳǴǩǴǽǱǫǳǦ ǹǰǦǭǦǳǳȁǯ ǨȁǾǫ ǲǳǴǬǮǸǫǱȂ ὥ ὥ.) ǘǦǰǮǲ 
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ǴǧǶǦǭǴǲ, ǳǦǧǴǶȁ ǰǴȃǺǺǮǼǮǫǳǸǴǨ, ǪǱȅ ǰǴǸǴǶȁǻ ȃǸǴ ǨȁǶǦǬǫǳǮǫ ǴǰǦǭȁǨǦǫǸǷȅ ǳǫǵǴǱǴ-
ǬǮǸǫǱȂǳȁǲ, ǪǴǱǬǳȁ ǧȁǸȂ ǴǸǧǶǴǾǫǳȁ.  

ǔǸǲǫǸǮǲ, ǽǸǴ Ǩ ǪǫǯǷǸǨǮǸǫǱȂǳǴǷǸǮ ǱȄǧǴǫ ǰǹǧǮǽǫǷǰǴǫ ǹǶǦǨǳǫǳǮǫ Ǩ ǨǫǿǫǷǸǨǫǳǳǴǯ 
ǴǧǱǦǷǸǮ ǨǷǫǩǪǦ ǪǴǵǹǷǰǦǫǸ ǶǫǾǫǳǮǫ Ǩ ǰǴǳǫǽǳǴǲ ǨǮǪǫ, ǵǶǮǽȆǲ ǧǫǭ ǮǷǵǴǱȂǭǴǨǦǳǮȅ ǰǴǲ-
ǵǱǫǰǷǳȁǻ ǽǮǷǫǱ. ǊǫǯǷǸǨǮǸǫǱȂǳǴ, ǻǴǶǴǾǴ ǮǭǨǫǷǸǳǦȅ ǺǴǶǲǹǱǦ ǐǦǶǪǦǳǴ ǪǱȅ ǰǴǶǳǫǯ ǰǹ-
ǧǮǽǫǷǰǴǩǴ ǹǶǦǨǳǫǳǮȅ ǵǴǭǨǴǱȅǫǸ Ǩ ǷǱǹǽǦǫ, ǰǴǩǪǦ ǮǲǫǫǸǷȅ ǸǴǱȂǰǴ ǴǪǮǳ ǨǫǿǫǷǸǨǫǳǳȁǯ 
ǰǴǶǫǳȂ, ǵǶǴǨǫǷǸǮ ǨȁǽǮǷǱǫǳǮȅ Ǩ ǨǫǿǫǷǸǨǫǳǳȁǻ ǽǮǷǱǦǻ Ǯ ǪǦȆǸ ǰǦǰ ǶǦǭ ȃǸǴǸ ǫǪǮǳǷǸǨǫǳ-
ǳȁǯ ǰǴǶǫǳȂ; ǫǷǱǮ Ǭǫ ǮǲǫǫǸǷȅ ǸǶǮ ǨǫǿǫǷǸǨǫǳǳȁǻ ǰǴǶǳȅ, ǸǴ ȃǸǦ ǺǴǶǲǹǱǦ ǳǫǹǪǴǧǳǦ, 
ǵǴǷǰǴǱȂǰǹ ǵǶǮ ǨȁǽǮǷǱǫǳǮȅǻ ǵǴȅǨǱȅȄǸǷȅ ǰǴǲǵǱǫǰǷǳȁǫ ǽǮǷǱǦ, ǳǴ ǰǦǰ ǶǦǭ Ǩ ȃǸǴǲ ǷǱǹǽǦǫ 
ǵǶǮǲǫǳǮǲ ǲǫǳǫǫ ǮǭǨǫǷǸǳȁǯ ǲǫǸǴǪ ǈǮǫǸǦ ǶǫǾǫǳǮȅ ǰǹǧǮǽǫǷǰǴǩǴ ǹǶǦǨǳǫǳǮȅ, ǴǷǳǴǨǦǳ-
ǳȁǯ ǳǦ ǺǴǶǲǹǱǫ ǰǴǷǮǳǹǷǦ ǹǸǶǴǫǳǳǴǩǴ ǦǶǩǹǲǫǳǸǦ, Ƿǲ. ǴǧǷǹǬǪǫǳǮǫ Ǩ [10]. ǕǶǮǨǫǪȆǲ 

ǪǱȅ ǹǪǴǧǷǸǨǦ ǽǮǸǦǸǫǱȅ ȃǸǮ ǺǴǶǲǹǱȁ. ǊǱȅ ǲǳǴǩǴǽǱǫǳǦ ᾀ ὴᾀ ή, ǵǴǱǹǽǦǫǲǴǩǴ ǪǫǱǫ-
ǳǮǫǲ ǳǦ ǷǸǦǶǾǮǯ ǰǴȃǺǺǮǼǮǫǳǸ Ǯ ǷǪǨǮǩǴǲ ǵǫǶǫǲǫǳǳǴǯ (ǸǦǰ ǽǸǴ ὼ ᾀ ὦȾσὥ Ǯ ὴ
ὧȾὥ, ή ὨȾὥ, ǩǪǫ ὧ Ǯ Ὠ ǭǦǪǦǳȁ ǷǴǩǱǦǷǳǴ (1)), ǺǴǶǲǹǱǦ ǐǦǶǪǦǳǴ ǮǲǫǫǸ ǨǮǪ  

ᾀ ήȾς Ѝɝ ήȾς Ѝɝȟ    ̄̅ ̆   ɝ ὴȾςχήȾτȟ 

Ǧ ǺǴǶǲǹǱǦ ǲǫǸǴǪǦ ǈǮǫǸǦ ǫǷǸȂ  

ᾀ ς ὴȾσÃÏÓ
ρ

σ
ÁÒÃÃÏÓ

σЍσή

ςὴ ὴ

ς“

σ
Ὧ ȟ    ̄̅ ̆   Ὧ πȟρȟςȢ 

ǔǧǶǦǸǮǲ ǨǳǮǲǦǳǮǫ ǳǦ ǴǪǳǴ ǴǧǷǸǴȅǸǫǱȂǷǸǨǴ. ǊǮǷǰǶǮǲǮǳǦǳǸ ǵǴǷǱǫǪǳǫǩǴ ǲǳǴǩǴ-

ǽǱǫǳǦ ᾀ ὴᾀ ή ǧǹǪǫǸ ǶǦǨǫǳ Ὀ τὴ ςχή. ǈ ǺǴǶǲǹǱǫ ǐǦǶǪǦǳǴ ǪǱȅ ǰǴǶǳǫǯ ǸǦǰǴǩǴ 
ǲǳǴǩǴǽǱǫǳǦ ǮǷǵǴǱȂǭǹǫǸǷȅ ǨǫǱǮǽǮǳǦ ɝ ὈȾρπψὴȾςχ ήȾτ, ǰǴǸǴǶǹȄ ǽǦǷǸǴ ǸǴǬǫ 
ǳǦǭȁǨǦȄǸ ǪǮǷǰǶǮǲǮǳǦǳǸǴǲ, ǳǴ ǰǴǸǴǶǦȅ ǴǸǱǮǽǦǫǸǷȅ ǴǸ ǳǫǩǴ ǴǸǶǮǼǦǸǫǱȂǳȁǲ ǲǳǴǬǮǸǫ-

Ǳǫǲ ρȾρπψ. ǍǦǲǫǸǮǲ ǸǦǰǬǫ, ǽǸǴ ǫǷǱǮ ǮǷǻǴǪǳȁǯ ǰǹǧǮǽǫǷǰǮǯ ǲǳǴǩǴǽǱǫǳ ǮǲǫǫǸ ǸǶǮ 
ǶǦǭǱǮǽǳȁǻ ǰǴǶǳȅ, ǸǴ ǮǲǫȄǸǷȅ Ǯ ǪǨǫ ǸǴǽǰǮ ǱǴǰǦǱȂǳǴǩǴ ȃǰǷǸǶǫǲǹǲǦ ð ǲǮǳǮǲǹǲǦ Ǯ ǲǦǰ-
ǷǮǲǹǲǦ, Ǧ ǵǶǴǮǭǨǫǪǫǳǮǫ ǭǳǦǽǫǳǮǯ ǲǳǴǩǴǽǱǫǳǦ Ǩ ȃǸǮǻ ǸǴǽǰǦǻ ǴǸǶǮǼǦǸǫǱȂǳǴ; ǫǷǱǮ Ǭǫ 
ǮǲǫȄǸǷȅ ǪǨǦ ǱǴǰǦǱȂǳȁǻ ȃǰǷǸǶǫǲǹǲǦ, ǳǴ ȃǸǴ ǵǶǴǮǭǨǫǪǫǳǮǫ ǵǴǱǴǬǮǸǫǱȂǳǴ, ǸǴ ǮǲǫǫǸǷȅ 
ǸǴǱȂǰǴ ǴǪǮǳ ǨǫǿǫǷǸǨǫǳǳȁǯ ǰǴǶǫǳȂ. ǎǸǦǰ, ȃǸǴ ǵǶǴǮǭǨǫǪǫǳǮǫ ǪǴǱǬǳǴ ǮǲǫǸȂ ǭǳǦǰ, ǵǶǴ-

ǸǮǨǴǵǴǱǴǬǳȁǯ ǭǳǦǰǹ ǪǮǷǰǶǮǲǮǳǦǳǸǦ Ὀ. ǈ ǷǦǲǴǲ ǪǫǱǫ, ǴǳǴ ǶǦǨǳǴ  ὈȾςχὥ , ǽǸǴ, 
ǳǦǵǶǮǲǫǶ, ǷǶǦǭǹ ǷǱǫǪǹǫǸ Ǯǭ Ǵǧǿǫǯ ǺǴǶǲǹǱȁ, ǨȁǶǦǬǦȄǿǫǯ ǪǮǷǰǶǮǲǮǳǦǳǸ ǱȄǧǴǩǴ ǲǳǴ-
ǩǴǽǱǫǳǦ ǽǫǶǫǭ ǶǫǭǹǱȂǸǦǳǸ ȃǸǴǩǴ ǲǳǴǩǴǽǱǫǳǦ Ǯ ǫǩǴ ǵǶǴǮǭǨǴǪǳǴǯ, Ǯ ǨȁǶǦǬǫǳǮȅ ǶǫǭǹǱȂ-
ǸǦǳǸǦ ǪǨǹǻ ǲǳǴǩǴǽǱǫǳǴǨ ǽǫǶǫǭ ǵǶǴǮǭǨǫǪǫǳǮǫ ǭǳǦǽǫǳǮǯ ǴǪǳǴǩǴ ǲǳǴǩǴǽǱǫǳǦ Ǩ ǰǴǶǳȅǻ 
ǪǶǹǩǴǩǴ ǲǳǴǩǴǽǱǫǳǦ, Ƿǲ. [11].  

ǖǫǭȄǲǮǶǹȅ, ǵǴǱǹǽǮǲ, ǽǸǴ ǴǵǮǷǦǳǳȁǫ ǹǷǱǴǨǮȅ 1)-4) ǷǨǴǪȅǸǷȅ ǰ ǷǱǫǪǹȄǿǫǲǹ: ǪǴ-
ǷǸǦǸǴǽǳǴ ǵǶǴǨǫǶǮǸȂ, ǽǸǴ ǓǔǊ ǰǴȃǺǺǮǼǮǫǳǸǴǨ ǰǹǧǮǽǫǷǰǴǩǴ ǲǳǴǩǴǽǱǫǳǦ ǶǦǨǫǳ ǫǪǮ-
ǳǮǼǫ, ȃǸǴǸ ǲǳǴǩǴǽǱǫǳ ǳǫ ǶǦǭǱǦǩǦǫǸǷȅ Ǩ ǵǶǴǮǭǨǫǪǫǳǮǫ ǲǳǴǩǴǽǱǫǳǴǨ ǲǫǳȂǾǫǯ ǷǸǫǵǫǳǮ, 
ǫǩǴ ǪǮǷǰǶǮǲǮǳǦǳǸ ǵǴǱǴǬǮǸǫǱǫǳ Ǯ ǰǨǦǪǶǦǸǳȁǯ ǰǴǶǫǳȂ ǪǮǷǰǶǮǲǮǳǦǳǸǦ ǫǩǴ ǵǶǴǮǭǨǴǪǳǴǯ 
ǳǫ ȅǨǱȅǫǸǷȅ ǼǫǱȁǲ ǽǮǷǱǴǲ, ǳǦǰǴǳǫǼ, ǽǸǴ ǪǱȅ ǲǳǴǩǴǽǱǫǳǦ Ƿ ǪǦǳǳȁǲ ǳǦǧǴǶǴǲ ǰǴȃǺǺǮ-
ǼǮǫǳǸǴǨ ǮǳǨǦǶǮǦǳǸ (2) ǮǲǫǫǸ ǭǳǦǽǫǳǮǫ, ǴǸǱǮǽǳǴǫ ǴǸ ǨȁǽǮǷǱǫǳǳȁǻ ǶǦǳǫǫ ǭǳǦǽǫǳǮǯ (ǪǱȅ 
ǵǶǫǪȁǪǹǿǮǻ ǳǦǧǴǶǴǨ ǰǴȃǺǺǮǼǮǫǳǸǴǨ); ǨǵǶǴǽǫǲ, ǰǦǰ ǴǸǲǫǽǦǱǴǷȂ, ǵǴǷǱǫǪǳȅȅ ǵǶǴǨǫǶǰǦ 
ǳǫ ǮǲǫǫǸ ǷǸǴǱȂ ǵǶǮǳǼǮǵǮǦǱȂǳǴǩǴ ǭǳǦǽǫǳǮȅ. ǈǷǫ ǪǶǹǩǮǫ ǸǶǫǧǴǨǦǳǮȅ ǧǹǪǹǸ ǸǴǩǪǦ ǨȁǵǴǱ-
ǳȅǸȂǷȅ ǦǨǸǴǲǦǸǮǽǫǷǰǮ.  

ǆǨǸǴǶ ǵǴǪǧǮǶǦǱ ǭǦǪǦǳǮȅ ǨǦǶǮǦǳǸǴǨ, Ǹ.ǫ. ǳǦǧǴǶȁ ǰǴȃǺǺǮǼǮǫǳǸǴǨ, Ǩ ǪǮǦǱǴǩǴǨǴǲ 
ǶǫǬǮǲǫ (Ƿǲ. Ǵ ǵǴǪǩǴǸǴǨǰǫ ǭǦǪǦǳǮǯ Ǩ ǪǮǦǱǴǩǴǨǴǲ ǶǫǬǮǲǫ Ǩ [12]), ǮǷǵǴǱȂǭǹȅ ǷǶǫǪǷǸǨǦ 
ȅǭȁǰǦ Maple. ǊǱȅ ǭǦǪǦǳǳǴǩǴ ǳǦǧǴǶǦ ǰǴȃǺǺǮǼǮǫǳǸǴǨ ǨȁǨǴǪǮǱǮǷȂ Ǯǻ ǓǔǊ, ǶǫǭǹǱȂǸǦǸ 
ǵǴǵȁǸǰǮ ǺǦǰǸǴǶǮǭǦǼǮǮ ǲǳǴǩǴǽǱǫǳǦ (ǴǵǮǷǦǳǳǦȅ ǨȁǾǫ ǰǴǲǦǳǪǦ factor ), ǩǶǦǺǮǰ ǲǳǴǩǴ-
ǽǱǫǳǦ (ǰǴǲǦǳǪǦ plot), ǵǴ ǰǴǸǴǶǴǲǹ ǷǶǦǭǹ ǨǮǪǳǴ ǵǴǨǫǪǫǳǮǫ ǺǹǳǰǼǮǮ Ǯ ǳǦǱǮǽǮǫ ǹ ǳǫȆ 
ǰǴǶǳǫǯ (ǽǸǴ ǭǦǲǫǳȅǫǸ ǳǫǴǧǻǴǪǮǲǴǷǸȂ ǨȁǽǮǷǱǫǳǮȅ ǪǮǷǰǶǮǲǮǳǦǳǸǦ Ǯ ǵǴǭǨǴǱȅǫǸ ǷǹǪǮǸȂ 
ǨǮǭǹǦǱȂǳǴ Ǵ ǰǦǽǫǷǸǨǫ ǭǦǪǦǳǮȅ Ƿ ǪǦǳǳȁǲ ǳǦǧǴǶǴǲ ǰǴȃǺǺǮǼǮǫǳǸǴǨ), ǰǴǴǶǪǮǳǦǸȁ ǸǴǽǫǰ 
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ȃǰǷǸǶǫǲǹǲǴǨ ǳǦ ǩǶǦǺǮǰǫ ð Ǩ ǦǱǩǫǧǶǦǮǽǫǷǰǴǲ ǨǮǪǫ (Ǹ.ǫ. Ǩ ǨǮǪǫ ǸǴǽǳǴǩǴ ǦǱǩǫǧǶǦǮǽǫ-
ǷǰǴǩǴ ǨȁǶǦǬǫǳǮȅ, ǽǸǴ ǭǦǲǫǳȅǫǸ ǳǫǴǧǻǴǪǮǲǴǷǸȂ ǵǶǴǨǫǶǰǮ ǸǴǩǴ, ǽǸǴ ǪǮǷǰǶǮǲǮǳǦǳǸ ǵǶǴ-
ǮǭǨǴǪǳǴǯ ǳǫ ǧǹǪǫǸ ǵǴǱǳȁǲ ǰǨǦǪǶǦǸǴǲ, ǮǧǴ ǰǴǶǫǳȂ ǵǴǱǳǴǩǴ ǰǨǦǪǶǦǸǦ ǨȁǽǮǷǱȅǫǸǷȅ ǦǨ-
ǸǴǲǦǸǮǽǫǷǰǮ) Ǯ Ǩ ǨǮǪǫ, ǵǶǫǴǧǶǦǭǴǨǦǳǳǴǲ ǰ ǵǶǮǧǱǮǬȆǳǳȁǲ ǪǫǷȅǸǮǽǳȁǲ ǪǶǴǧȅǲ, ǰǴǴǶ-
ǪǮǳǦǸȁ ǸǴǽǰǮ ǵǫǶǫǩǮǧǦ ǳǦ ǩǶǦǺǮǰǫ ð Ǩ ǨǮǪǫ ǪǶǴǧǫǯ Ǯ ǵǶǮǧǱǮǬȆǳǳȁǻ ǪǫǷȅǸǮǽǳȁǻ ǪǶǴ-
ǧǫǯ, Ǯ, ǳǦǰǴǳǫǼ, ǰǴǶǳǮ ǮǷǻǴǪǳǴǩǴ ǲǳǴǩǴǽǱǫǳǦ Ǩ ǨǮǪǫ ǵǶǮǧǱǮǬȆǳǳȁǻ ǪǫǷȅǸǮǽǳȁǻ ǪǶǴ-
ǧǫǯ (ǨȁǽǮǷǱǫǳǳȁǫ ǰǴǲǦǳǪǴǯ fsolve ȅǭȁǰǦ Maple, ǵǶǮǲǫǳȅȄǿǫǯ ǰǦǰǴǯ-ǸǴ ǽǮǷǱǫǳǳȁǯ 
ǲǫǸǴǪ, ǱǮǧǴ Ǭǫ ǵǴǪǷǽǮǸǦǳǳȁǫ ǵǴ ǹǰǦǭǦǳǳǴǯ ǨȁǾǫ ȅǨǳǴǯ ǺǴǶǲǹǱǫ ǲǫǸǴǪǦ ǈǮǫǸǦ, ǵǴ-
ǷǰǴǱȂǰǹ ǶǦǷǷǲǦǸǶǮǨǦǫǸǷȅ ǷǱǹǽǦǯ ǳǦǱǮǽǮȅ ǸǶȆǻ ǨǫǿǫǷǸǨǫǳǳȁǻ ǰǴǶǳǫǯ). ǊǱȅ ǳǦǧǴǶǴǨ 
ǰǴȃǺǺǮǼǮǫǳǸǴǨ, ǰǴǸǴǶȁǫ ǴǰǦǭǦǱǮǷȂ ǴǸǴǧǶǦǳȁ ǪǱȅ ǨǦǶǮǦǳǸǴǨ ǭǦǪǦǳǮȅ, ȃǸǮ ǨȁǽǮǷǱǫǳ-
ǳȁǫ ǪǦǳǳȁǫ ǭǦǵǮǷȁǨǦǱǮǷȂ Ǩ ǺǦǯǱ Ƿ ǴǸǨǫǸǦǲǮ (ǶǦǧǴǽǮǯ ǱǮǷǸ Maple, ǰǴǸǴǶȁǯ ǲǴǬǳǴ 
ǷǴǻǶǦǳǮǸȂ Ǩ ǺǴǶǲǦǸǫ rtf , Ǧ Ǯǭ ǳǫǩǴ ǵǫǶǫǨǫǷǸǮ Ǩ ǺǴǶǲǦǸ pdf). ǓǦǰǴǳǫǼ, ǲǴǬǳǴ ǹǷǸǶǴǮǸȂ 
ǵǶǴǨǫǶǰǹ ǸǴǩǴ, ǽǸǴ ǭǳǦǽǫǳǮǫ ǮǳǨǦǶǮǦǳǸǦ (2) ǪǱȅ ǰǦǬǪǴǩǴ ǪǦǳǳǴǩǴ ǳǦǧǴǶǦ ǴǸǱǮǽǳǴ ǴǸ 
ǭǳǦǽǫǳǮǯ ǪǱȅ ǨǷǫǻ ǵǶǫǪȁǪǹǿǮǻ ǳǦǧǴǶǴǨ, ǰǴǸǴǶȁǫ ǹǷǵǫǾǳǴ ǵǶǴǾǱǮ ǸǫǷǸǮǶǴǨǦǳǮǫ. ǘǦ-
ǰǮǲ ǴǧǶǦǭǴǲ ǹǪǦȆǸǷȅ çǨǶǹǽǳǹȄè ǧȁǷǸǶǴ ǵǴǪǴǧǶǦǸȂ ǳǫǷǰǴǱȂǰǴ ǪǫǷȅǸǰǴǨ ǨǦǶǮǦǳǸǴǨ. 

ǑǫǩǰǴ ǴǶǩǦǳǮǭǴǨǦǸȂ ǦǨǸǴǲǦǸǮǽǫǷǰǮǯ ǵǫǶǫǧǴǶ ǳǦǧǴǶǴǨ ǰǴȃǺǺǮǼǮǫǳǸǴǨ. ǈ ǰǦǽǫ-
ǷǸǨǫ ǵǶǮǲǫǶǦ, ǵǹǷǸȂ ǰǴȃǺǺǮǼǮǫǳǸȁ ǵǶǴǧǫǩǦȄǸ ǷǴǴǸǨǫǸǷǸǨǫǳǳǴ ǳǦǧǴǶȁ ǼǫǱȁǻ ǽǮǷǫǱ 
ὥᶰρȠς, ὦɴ ρȢȢυ, ὧɴ φȢȢφ͵π, Ὠᶰ φȢȢφ͵π, ǩǪǫ ὲȢȢά  ǴǭǳǦǽǦǫǸ ǲǳǴǬǫǷǸǨǴ 
ǨǷǫǻ ǼǫǱȁǻ ǽǮǷǫǱ Ǩ ǴǸǶǫǭǰǫ ὲȠά. (ǍǪǫǷȂ ǹǽǸǫǳǴ ǹǰǦǭǦǳǳǴǫ ǨȁǾǫ ǴǩǶǦǳǮǽǫǳǮǫ ὧ π 
Ǯ Ὠ π; ǸǦǰǬǫ ǶǦǷǷǲǦǸǶǮǨǦȄǸǷȅ ǸǴǱȂǰǴ ǭǳǦǽǫǳǮȅ ὦ π, ǵǴǷǰǴǱȂǰǹ Ǩ ǵǶǴǸǮǨǳǴǲ ǷǱǹǽǦǫ 
ǨȁǽǮǷǱǫǳǮȅ ǪǨǹǻ ǱǴǰǦǱȂǳȁǻ ȃǰǷǸǶǫǲǹǲǴǨ ǰǹǧǮǽǫǷǰǴǩǴ ǲǳǴǩǴǽǱǫǳǦ ǷǴǨǫǶǾǫǳǳǴ ǦǳǦ-
ǱǴǩǮǽǳȁ; ǳǦǰǴǳǫǼ, ǪǴǷǸǦǸǴǽǳǴ ǴǩǶǦǳǮǽǮǸȂǷȅ ǷǱǹǽǦǫǲ ὥ π, ὦ π, ǵǴǷǰǴǱȂǰǹ ǴǧǿǮǯ 
ǷǱǹǽǦǯ ǷǨǴǪǮǸǷȅ ǰ ǳǫǲǹ ǵǫǶǫǲǫǳǴǯ ǭǳǦǰǴǨ ǲǳǴǩǴǽǱǫǳǦ Ǯ/ǮǱǮ ǵǫǶǫǲǫǳǳǴǯ ǨǫǱǮǽǮǳȁ.) 
ǘǴǩǪǦ ǨǷǫǩǴ ǮǲǫǫǸǷȅ ς υ ρςρς ρττπ ǳǦǧǴǶǴǨ ὥȠὦȠὧȠὨ  ǰǴȃǺǺǮǼǮǫǳǸǴǨ.  Ǉǹ-
Ǫǫǲ ǵǶǴǨǫǶȅǸȂ ǪǱȅ ǰǦǬǪǴǩǴ Ǯǭ ǳǮǻ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴ ǴǵǮǷǦǳǳȁǫ ǨȁǾǫ ǷǨǴǯǷǸǨǦ, ǹǰǦ-
ǭȁǨǦȅ Ǩ ǷǰǴǧǰǦǻ ǰǴǱǮǽǫǷǸǨǴ ǳǦǧǴǶǴǨ, ǰǴǸǴǶȁǫ ǨȁǪǫǶǬǦǱǮ ȃǸǹ Ǯ ǨǷǫ ǵǶǫǪȁǪǹǿǮǫ ǵǶǴ-
ǨǫǶǰǮ:  ǶǦǨǫǳǷǸǨǴ ǓǔǊ ǫǪǮǳǮǼǫ (1368), ǳǫǶǦǭǱǴǬǮǲǴǷǸȂ ǲǳǴǩǴǽǱǫǳǦ (1130), ǵǴǱǴǬǮ-
ǸǫǱȂǳǴǷǸȂ ǪǮǷǰǶǮǲǮǳǦǳǸǦ (243) Ǯ ǸǴ, ǽǸǴ ǪǮǷǰǶǮǲǮǳǦǳǸ ǵǶǴǮǭǨǴǪǳǴǯ ǳǫ ǧǹǪǫǸ ǵǴǱǳȁǲ 
ǰǨǦǪǶǦǸǴǲ (220). ǐǦǰ ǨǮǪǳǴ, ǧǴǱȂǾǫ ǨǷǫǩǴ ǳǦǧǴǶǴǨ ǴǸǷǫǮǨǦǫǸǷȅ ǵǶǮ ǵǶǴǨǫǶǰǫ ǵǴǱǴ-
ǬǮǸǫǱȂǳǴǷǸǮ ǪǮǷǰǶǮǲǮǳǦǳǸǦ, ǽǸǴ ǰǦǬǫǸǷȅ ǫǷǸǫǷǸǨǫǳǳȁǲ. ǋǷǱǮ Ǭǫ ǸǫǵǫǶȂ ǳǦǯǸǮ 
ǷǰǴǱȂǰǴ ǭǳǦǽǫǳǮǯ ǵǶǮǳǮǲǦǫǸ ǨǫǱǮǽǮǳǦ (2) ǪǱȅ ǴǷǸǦǨǾǮǻǷȅ 220 ǳǦǧǴǶǴǨ, ǮǳǦǽǫ ǩǴǨǴǶȅ, 
ǷǰǴǱȂǰǴ ǷǶǫǪǮ ǵǴǱǹǽǫǳǳȁǻ ǰǹǧǮǽǫǷǰǮǻ ǲǳǴǩǴǽǱǫǳǴǨ ǧǹǪǫǸ ǳǫ ǷǨǴǪȅǿǮǻǷȅ ǪǶǹǩ ǰ ǪǶǹǩǹ 
ǲǦǷǾǸǦǧǮǶǴǨǦǳǮȅǲǮ ǭǳǦǽǫǳǮǯ Ǯ ǱǮǳǫǯǳȁǲǮ ǭǦǲǫǳǦǲǮ ǵǫǶǫǲǫǳǳǴǯ, ǸǴ ȃǸǴ ǽǮǷǱǴ ǴǰǦ-
ǬǫǸǷȅ ǶǦǨǳȁǲ 140. ǕǶǴǷǸǫǯǾǮǯ ǷǵǴǷǴǧ ǴǶǩǦǳǮǭǴǨǦǸȂ ȃǸǴ ǨȁǽǮǷǱǫǳǮǫ Ǩ Maple ð ǭǦǵǮ-
ǷȁǨǦǸȂ ǨǷǫ ǭǳǦǽǫǳǮȅ ǨǫǱǮǽǮǳȁ (2) Ǩ ǴǪǳǴ ǲǳǴǬǫǷǸǨǴ, ǵǴǨǸǴǶȅȄǿǮǫǷȅ ȃǱǫǲǫǳǸȁ ǧǹǪǹǸ 
Ǩ ǳȆǲ ǦǨǸǴǲǦǸǮǽǫǷǰǮ ǴǸǧǶǦǷȁǨǦǸȂǷȅ. ǋǷǱǮ, ǳǦǵǶǮǲǫǶ, ǵǫǶǫǲǫǳǳǴǯ U ǵǶǮǷǨǴǫǳǴ ǭǳǦ-
ǽǫǳǮǫ (2), Ǧ list _data ð ǷǵǮǷǴǰ ǨǷǫǻ ǳǦǧǴǶǴǨ ǵǫǶǫǲǫǳǳȁǻ, ǰǦǬǪȁǯ Ǯǭ ǰǴǸǴǶȁǻ ǴǺǴǶǲ-
Ǳǫǳ Ǩ ǨǮǪǫ ǷǵǮǷǰǦ [a,b,c,d], ǸǴ ǸǴǩǪǦ ǮǷǰǴǲǴǫ ǲǳǴǬǫǷǸǨǴ ǲǴǬǳǴ ǷǺǴǶǲǮǶǴǨǦǸȂ ǨǷǫǩǴ 
ǴǪǳǴǯ ǷǴǷǸǦǨǳǴǯ ǰǴǲǦǳǪǴǯ  {seq(subs([a=li [1], b=li [2], c=li [3], d=li [4]], U), li =list _data)}, Ǧ 
ǪǱȅ ǳǦǻǴǬǪǫǳǮȅ ǰǴǱǮǽǫǷǸǨǦ ǫǩǴ ȃǱǫǲǫǳǸǴǨ ǮǷǵǴǱȂǭǴǨǦǸȂ ǷǸǦǳǪǦǶǸǳǹȄ ǰǴǲǦǳǪǹ nops. 
ǋǷǱǮ Ǭǫ ǮǳǸǫǶǫǷǴǨǦǸȂǷȅ ǰǴǱǮǽǫǷǸǨǴǲ ǰǹǧǮǽǫǷǰǮǻ ǲǳǴǩǴǽǱǫǳǴǨ, Ǯǭ ǽǮǷǱǦ 220, ǵǶǴǾǫǪ-
ǾǮǻ ǵǶǫǪȁǪǹǿǮǫ ǵǶǴǨǫǶǰǮ, ǰǴǸǴǶȁǫ ǳǫ ǷǨǴǪȅǸǷȅ ǪǶǹǩ ǰ ǪǶǹǩǹ ǲǦǷǾǸǦǧǮǶǴǨǦǳǮȅǲǮ 
ǭǳǦǽǫǳǮǯ Ǯ ǲǦǷǾǸǦǧǮǶǴǨǦǳǮȅǲǮ (Ǧ ǳǫ ǱȄǧȁǲǮ ǱǮǳǫǯǳȁǲǮ ǭǦǲǫǳǦǲǮ) ǵǫǶǫǲǫǳǳǴǯ, ǸǴ 
ȃǸǴ ǽǮǷǱǴ ǴǰǦǬǫǸǷȅ ǶǦǨǳȁǲ 211. ǊǱȅ ǵǴǪǷǽȆǸǦ ǲǴǬǳǴ ǵǶǮǲǫǳǮǸȂ ǸǴǱȂǰǴ ǽǸǴ ǴǵǮǷǦǳ-
ǳȁǯ ǲǫǸǴǪ, ǭǦǲǫǳǮǨ ǵǫǶǫǲǫǳǳǹȄ U, ǨȁǽǮǷǱȅǫǲǹȄ ǵǴ ǺǴǶǲǹǱǫ (2), ǳǦ ǹǵǴǶȅǪǴǽǫǳǳȁǯ 
ǳǦǧǴǶ Ǯǭ ǪǨǹǻ ǭǳǦǽǫǳǮǯ (3), ǴǺǴǶǲǱȅȅ ǫǩǴ ǵǶǮ ǨȁǽǮǷǱǫǳǮȅǻ Ǩ MaǶle ǰǦǰ ǷǵǮǷǴǰ.  

ǊǱȅ ǺǴǶǲǮǶǴǨǦǳǮȅ Ǭǫ ǰǴǳǰǶǫǸǳǴǩǴ ǷǵǮǷǰǦ ǳǦǧǴǶǴǨ ǰǴȃǺǺǮǼǮǫǳǸǴǨ ǲǳǴǩǴǽǱǫ-
ǳǴǨ, ǳǫ ǵǫǶǫǨǴǪȅǿǮǻǷȅ ǪǶǹǩ Ǩ ǪǶǹǩǦ ǶǦǷǷǲǦǸǶǮǨǦǫǲȁǲǮ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅǲǮ, ǳǹǬǳǴ, 
ǪǨǮǩǦȅǷȂ ǨǪǴǱȂ ǮǷǻǴǪǳǴǩǴ ǷǵǮǷǰǦ Ǯǭ 220 ǳǦǧǴǶǴǨ, ǵǶǴǨǫǶȅǸȂ ǪǱȅ ǰǦǬǪǴǩǴ ǷǱǫǪǹȄǿǫǩǴ 
ǳǦǧǴǶǦ, ǪǦȆǸ ǱǮ Ǵǳ ǭǳǦǽǫǳǮǫ ǮǳǨǦǶǮǦǳǸǦ (2) ǮǱǮ (3), ǹǬǫ ǨǷǸǶǫǽǦǨǾǫǫǷȅ ǶǦǳǫǫ, Ǯ ǫǷǱǮ 
ȃǸǴ ǸǦǰ, ǸǴ ǴǸǧǶǦǷȁǨǦǸȂ ȃǸǴǸ ǳǦǧǴǶ. ǎǳǦǽǫ ǩǴǨǴǶȅ, ǴǪǳǴǨǶǫǲǫǳǳǴ ǺǴǶǲǮǶǹǫǸǷȅ ǳǴǨȁǯ 
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ǷǵǮǷǴǰ, Ǩ ǰǴǸǴǶȁǯ ǨǰǱȄǽǦȄǸǷȅ ǳǦǧǴǶȁ, ǰǴǸǴǶȁǫ ǪǦȄǸ ǳǴǨȁǫ ǭǳǦǽǫǳǮȅ ǮǳǨǦǶǮǦǳǸǦ. 
ǕǶǮ ȃǸǴǲ ǮǲǫǫǸ ǷǲȁǷǱ ǵǶǫǪǨǦǶǮǸǫǱȂǳǴ ǹǵǴǶȅǪǴǽǮǸȂ ǮǷǻǴǪǳȁǯ ǷǵǮǷǴǰ ǸǦǰ, ǽǸǴǧȁ Ǩ ǫǩǴ 
ǳǦǽǦǱǫ ǾǱǮ ǳǦǧǴǶȁ Ƿ ǴǸǳǴǷǮǸǫǱȂǳǴ ǳǫǧǴǱȂǾǮǲǮ ǰǴȃǺǺǮǼǮǫǳǸǦǲǮ, Ǧ Ǩ ǰǴǳǼǫ ð Ƿ ǧ·ǱȂ-
ǾǮǲǮ. ǈ ȃǸǴǲ ǷǱǹǽǦǫ ǴǸǧǶǦǷȁǨǦǸȂǷȅ ǧǹǪǹǸ ǮǲǫǳǳǴ ǳǦǧǴǶȁ Ƿ ǧ·ǱȂǾǮǲǮ ǰǴȃǺǺǮǼǮǫǳ-
ǸǦǲǮ, Ǧ ǴǷǸǦǨǱȅǸȂǷȅ ǪǱȅ ǨǰǱȄǽǫǳǮȅ Ǩ ǭǦǪǦǳǮȅ ð Ƿ ǲǫǳȂǾǮǲǮ. 

ǗǱǹǽǦǯ, ǰǴǩǪǦ ǪǨǦ ǳǹǱȅ ǺǹǳǰǼǮǮ ǴǽǫǳȂ ǧǱǮǭǰǮ ǪǶǹǩ ǰ ǪǶǹǩǹ, Ǧ ǭǳǦǽǫǳǮǫ ǺǹǳǰǼǮǮ 
Ǩ ǳǦǻǴǪȅǿǫǯǷȅ ǲǫǬǪǹ ǳǮǲǮ ǸǴǽǰǫ (ǱǴǰǦǱȂǳǴǩǴ) ȃǰǷǸǶǫǲǹǲǦ, ǷǴǴǸǨǫǸǷǸǨǫǳǳǴ, ǧǱǮǭǰǴ 
ǰ ǳǹǱȄ, ȅǨǱȅǫǸǷȅ ǧǱǮǭǰǮǲ ǰ ǨȁǶǴǬǪǫǳǳǴǲǹ. ǒǴǬǳǴ ǵǶǫǪǹǷǲǴǸǶǫǸȂ ǴǸǷǫǨ Ǹǫǻ ǳǦǧǴǶǴǨ 
ǰǴȃǺǺǮǼǮǫǳǸǴǨ ǲǳǴǩǴǽǱǫǳǴǨ, Ǯǭ ǽǮǷǱǦ 220, ǵǶǴǾǫǪǾǮǻ ǵǶǫǪȁǪǹǿǮǫ ǵǶǴǨǫǶǰǮ, ǪǱȅ 
ǰǴǸǴǶȁǻ ǶǦǷǷǸǴȅǳǮǫ ǲǫǬǪǹ ǰǦǰǮǲǮ-ǸǴ ǪǨǹǲȅ ǰǴǶǳȅǲǮ ǮǱǮ ǦǧǷǴǱȄǸǳǦȅ ǨǫǱǮǽǮǳǦ ǭǳǦ-
ǽǫǳǮȅ Ǩ ǰǦǰǴǯ-ǸǴ ǸǴǽǰǫ ȃǰǷǸǶǫǲǹǲǦ ǴǰǦǬǫǸǷȅ ǲǫǳȂǾǫ ǭǦǪǦǳǳǴǯ ǵǴǱǴǬǮǸǫǱȂǳǴǯ ǨǫǱǮ-
ǽǮǳȁ. ǓǫǵǴǷǶǫǪǷǸǨǫǳǳȁǫ ǨȁǽǮǷǱǫǳǮȅ ǪǦȄǸ, ǽǸǴ ǷǶǫǪǮ ȃǸǮǻ 220 ǳǦǧǴǶǴǨ ǰǴȃǺǺǮǼǮǫǳ-
ǸǴǨ ǳǦǮǲǫǳȂǾǫǫ ǶǦǷǷǸǴȅǳǮǫ ǲǫǬǪǹ ǵǦǶǴǯ ǰǴǶǳǫǯ, ǵǶǮǧǱǮǭǮǸǫǱȂǳǴ ǶǦǨǳǴǫ 0,3048, ǪǴ-
ǷǸǮǩǦǫǸǷȅ ǪǱȅ ǳǦǧǴǶǦ ὥ ρȟὦ υȟὧ υȟὨ ρ, Ǧ ǳǦǮǲǫǳȂǾǫǫ ǦǧǷǴǱȄǸǳǴǫ ǭǳǦǽǫǳǮǫ Ǩ 
ǸǴǽǰǫ ȃǰǷǸǶǫǲǹǲǦ, ǵǶǮǧǱǮǭǮǸǫǱȂǳǴ ǶǦǨǳǴǫ 0,1285, ǪǴǷǸǮǩǦǫǸǷȅ ǪǱȅ ǳǦǧǴǶǦ ὥ ρȟὦ
σȟὧ τȟὨ ρ. ǣǸǮ ǭǳǦǽǫǳǮȅ ǳǫ ǰǦǬǹǸǷȅ ǦǨǸǴǶǹ ǷǱǮǾǰǴǲ ǲǦǱȁǲǮ ǪǱȅ ǸǴǩǴ, ǽǸǴǧȁ ǸǦ-
ǰǮǫ ǳǦǧǴǶȁ ǰǴȃǺǺǮǼǮǫǳǸǴǨ ǧȁǱǮ ǨǰǱȄǽǫǳȁ Ǩ ǭǦǪǦǳǮȅ. 

 
ǆǨǸǴǲǦǸǮǽǫǷǰǴǫ ǺǴǶǲǮǶǴǨǦǳǮǫ ǨǦǶǮǦǳǸǴǨ ǭǦǪǦǽǮ,  

ǮǷǻǴǪȅ Ǯǭ ǾǦǧǱǴǳǦ ǶǫǾǫǳǮȅ/ǴǸǨǫǸǦ   
 

ǈǴ ǲǳǴǩǮǻ ǷǱǹǽǦȅǻ ǲǴǬǫǸ ǧȁǸȂ ǭǦǪǦǳ ǾǦǧǱǴǳ ǸǴǩǴ, ǰǦǰ ǪǴǱǬǳǴ ǨȁǩǱȅǪǫǸȂ ǶǫǾǫ-
ǳǮǫ ǭǦǪǦǽǮ Ǯ ǵǴǪǷǸǦǨǱȅȅ Ǩ ȃǸǴǸ ǾǦǧǱǴǳ, ǳǦǵǶǮǲǫǶ, ǰǴǳǰǶǫǸǳȁǫ ǳǦǧǴǶȁ ǽǮǷǫǱ, ǲǴǬǳǴ 
ǨǴǷǷǸǦǳǴǨǮǸȂ ǹǷǱǴǨǮǫ ǭǦǪǦǽǮ. ǣǸǴǸ ǵǴǪǻǴǪ ǵǴǭǨǴǱȅǫǸ ǩǦǶǦǳǸǮǶǴǨǦǸȂ, ǽǸǴ ǶǦǭǳȁǫ ǷǺǴǶ-
ǲǮǶǴǨǦǳǳȁǫ ǨǦǶǮǦǳǸȁ ǧǹǪǹǸ ǮǲǫǸȂ ǴǪǮǳǦǰǴǨȁǯ ǹǶǴǨǫǳȂ ǷǱǴǬǳǴǷǸǮ, ǳǴ ǵǶǮ ȃǸǴǲ 
ǲǴǬǳǴ ǵǴǱǹǽǮǸȂ ǲǳǴǩǴ ǷǹǿǫǷǸǨǫǳǳǴ ǶǦǭǱǮǽǳȁǻ ǨǦǶǮǦǳǸǴǨ ǭǦǪǦǳǮȅ. ǘǴ ǫǷǸȂ Ǯǻ ǶǫǾǫ-
ǳǮȅ ǧǹǪǹǸ ǷǴǨǫǶǾǫǳǳǴ ǦǳǦǱǴǩǮǽǳȁ, ǳǴ ǶǦǭǱǮǽǳȁ. ǕǶǮǨǫǪȆǲ ǪǨǦ ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǻ ǵǶǮ-
ǲǫǶǦ. 

ǕǶǮǲǫǶ ǭǦǪǦǳǮȅ 2. ǊǦǳȁ ǵǫǶǫǷǸǦǳǴǨǰǦ ‌
ρ ȣ ὲ
‌ ȣ ‌

 (Ǩ ǸǦǧǱǮǽǳǴǲ ǨǮǪǫ) Ǯ 

ǼǫǱǴǫ ǽǮǷǱǴ ά. ǊǱȅ ǵǫǶǫǷǸǦǳǴǨǰǮ ‌  ǳǦǯǸǮ ǫȆ ǶǦǭǱǴǬǫǳǮǫ ǳǦ ǳǫǭǦǨǮǷǮǲȁǫ ǼǮǰǱȁ, 
ǸǮǵ Ǯ ǵǴǶȅǪǴǰ. 

ǓǦǵǴǲǳǮǲ, ǽǸǴ ǹǰǦǭǦǳǳǦȅ ǸǦǧǱǮǽǳǦȅ ǭǦǵǮǷȂ ǴǭǳǦǽǦǫǸ, ǽǸǴ ǶǦǷǷǲǦǸǶǮǨǦǫǸǷȅ ǵǫǶǫ-
ǷǸǦǳǴǨǰǦ ‌ (ǰǦǰ ȃǸǴ ǴǧȁǽǳǴ ǧȁǨǦǫǸ) ǲǳǴǬǫǷǸǨǦ ὲ ǵǫǶǨȁǻ ǳǦǸǹǶǦǱȂǳȁǻ ǽǮǷǫǱ, ǰǴǸǴǶǦȅ 
ǵǫǶǫǨǴǪǮǸ ǰǦǬǪȁǯ ȃǱǫǲǫǳǸ Ὥ Ǩ ȃǱǫǲǫǳǸ ‌, ǵǶǮǽȆǲ ǨǷǫ ȃǱǫǲǫǳǸȁ ‌ ǶǦǭǱǮǽǳȁ Ǧ, ǭǳǦ-

ǽǮǸ, ǷǴǷǸǦǨǱȅȄǸ ǨǷȆ ǶǦǷǷǲǦǸǶǮǨǦǫǲǴǫ ǲǳǴǬǫǷǸǨǴ. ǗǸǫǵǫǳȂ ‌  ǵǫǶǫǷǸǦǳǴǨǰǮ ð ȃǸǴ ǵǫ-
ǶǫǷǸǦǳǴǨǰǦ, ǵǴǱǹǽǦǫǲǦȅ ǵǶǮǲǫǳǫǳǮǫǲ ά ǶǦǭ ǵǫǶǫǷǸǦǳǴǨǰǮ ‌; ǵǶǮ ǴǸǶǮǼǦǸǫǱȂǳȁǻ ά 
ǵǫǶǫǷǸǦǳǴǨǰǦ ǵǶǮǲǫǳȅǫǸǷȅ çǨ ǴǧǶǦǸǳǴǲ ǵǴǶȅǪǰǫè, ǳǹǱǫǨǦȅ Ǭǫ ǷǸǫǵǫǳȂ ð ȃǸǴ ǸǴǬǪǫ-
ǷǸǨǫǳǳǴǫ ǵǶǫǴǧǶǦǭǴǨǦǳǮǫ, ǰǴǸǴǶǴǫ ǰǦǬǪȁǯ ȃǱǫǲǫǳǸ ǴǷǸǦǨǱȅǫǸ ǳǦ ǲǫǷǸǫ. ǕǴǶȅǪǴǰ 
έὶὨ‌ ǵǫǶǫǷǸǦǳǴǨǰǮ ‌ ð ȃǸǴ ǳǦǮǲǫǳȂǾǫǫ ǳǦǸǹǶǦǱȂǳǴǫ ά ǸǦǰǴǫ, ǽǸǴ ‌  ǧǹǪǫǸ ǸǴǬǪǫ-
ǷǸǨǫǳǳǴǯ ǵǫǶǫǷǸǦǳǴǨǰǴǯ. ǑȄǧǦȅ ǵǫǶǫǷǸǦǳǴǨǰǦ ȃǱǫǲǫǳǸǴǨ ǰǴǳǫǽǳǴǩǴ ǲǳǴǬǫǷǸǨǦ ǶǦǷ-
ǵǦǪǦǫǸǷȅ ǳǦ ǳǫǭǦǨǮǷǮǲȁǫ ǼǮǰǱȁ ǮǱǮ ǼǮǰǱǮǽǫǷǰǮǫ ǵǫǶǫǷǸǦǳǴǨǰǮ, ǰǦǬǪǦȅ Ǯǭ ǰǴǸǴǶȁǻ 
ǼǮǰǱǮǽǫǷǰǮ ǵǫǶǫǷǸǦǨǱȅǫǸ ǰǦǰǮǫ-ǸǴ ȃǱǫǲǫǳǸȁ. ǉǴǨǴǶȅǸ, ǽǸǴ ǵǫǶǫǷǸǦǳǴǨǰǦ ǮǲǫǫǸ ǸǮǵ 
ộὯȟȣȟὯỚ, ǫǷǱǮ ǳǦǸǹǶǦǱȂǳȁǫ ǽǮǷǱǦ ὯȟȣȟὯ ð ǪǱǮǳȁ ǨǷǫǻ ǫȆ ǳǫǭǦǨǮǷǮǲȁǻ ǼǮǰǱǴǨ, ǴǸ-
ǱǮǽǳȁǻ ǴǸ ǳǫǵǴǪǨǮǬǳȁǻ ǸǴǽǫǰ (ǸǦǰ ǽǸǴ ȃǸǮ ǽǮǷǱǦ ǧǹǪǹǸ ǧǴǱȂǾǫ ǫǪǮǳǮǼȁ; ǰǦǬǪǴǲǹ 
ǼǮǰǱǹ ǷǴǴǸǨǫǸǷǸǨǹǫǸ ǴǪǳǴ ǽǮǷǱǴ Ὧ, ǵǴȃǸǴǲǹ ǽǮǷǱǦ ǧǹǪǹǸ ǵǴǨǸǴǶȅǸȂǷȅ, ǫǷǱǮ ǮǲǫȄǸǷȅ 
ǼǮǰǱȁ ǴǪǮǳǦǰǴǨǴǯ ǪǱǮǳȁ), Ǧ ǵǴǶȅǪǴǰ ǵǫǶǫǷǸǦǳǴǨǰǮ ǨȁǽǮǷǱȅǫǸǷȅ ǰǦǰ ǳǦǮǲǫǳȂǾǫǫ Ǵǧ-
ǿǫǫ ǰǶǦǸǳǴǫ (Ǔǔǐ) ȃǸǮǻ ǪǱǮǳ ǼǮǰǱǴǨ. ǍǦǮǳǸǫǶǫǷǴǨǦǳǳȁǯ ǽǮǸǦǸǫǱȂ ǲǴǬǫǸ ǵǴǭǳǦǰǴ-
ǲǮǸȂǷȅ Ƿ ȃǸǮǲǮ ǷǨǫǪǫǳǮȅǲǮ ǨǴ ǲǳǴǩǮǻ ǮǷǸǴǽǳǮǰǦǻ, Ƿǲ., ǳǦǵǶǮǲǫǶ, ǵǴǬǦǱǹǯ ǳǦǮǧǴǱǫǫ 
ǮǭǨǫǷǸǳǴǫ ǵǴǷǴǧǮǫ ǪǱȅ ǾǰǴǱȂǳǮǰǴǨ [13] (ǳǴ ǷǱǫǪǹǫǸ ǮǲǫǸȂ Ǩ ǨǮǪǹ, ǽǸǴ ǵǴǶȅǪǴǰ ǵǫǶǫ-
ǲǳǴǬǫǳǮȅ ǵǫǶǫǷǸǦǳǴǨǴǰ • ‪ʐ, ǵǶǮǳȅǸȁǯ Ǩ ȃǸǴǲ ǵǴǷǴǧǮǮ, ð ǨǳǦǽǦǱǫ ǵǶǮǲǫǳȅǫǸǷȅ •, 



 
89 Modern European Researches No 3 (ǘ.1) / 202 2 

ǵǴǸǴǲ ‪, ð ǵǶǴǸǮǨǴǵǴǱǴǬǫǳ ǴǧǿǫǵǶǮǳȅǸǴǲǹ: ǨǳǦǽǦǱǫ ‪, ǵǴǸǴǲ •; ǨǵǶǴǽǫǲ, Ǩ ǳǦǾǫǲ 
ǷǱǹǽǦǫ ȃǸǴ ǳǫ ǮǲǫǫǸ ǭǳǦǽǫǳǮȅ, ǵǴǷǰǴǱȂǰǹ ǶǦǷǷǲǦǸǶǮǨǦȄǸǷȅ ǸǴǱȂǰǴ ǷǸǫǵǫǳǮ ǴǪǳǴǯ ǵǫ-
ǶǫǷǸǦǳǴǨǰǮ).  

ǟǧǨǲǵǴȂ: ǴǪǳǦ ǵǫǶǫǷǸǦǳǴǨǰǦ ‍, ǭǦǵǮǷǦǳǳǦȅ Ǩ ǨǮǪǫ ǶǦǭǱǴǬǫǳǮȅ Ǩ ǰǴǲǵǴǭǮǼǮȄ 
ǳǫǭǦǨǮǷǮǲȁǻ ǼǮǰǱǴǨ, ǷǵǮǷǴǰ ǵǫǶǫǷǸǦǳǴǨǴǰ ‎, ǸǶǦǳǷǺǴǶǲǮǶǹȄǿǮǻ (ǷǴǵǶȅǩǦȄǿǮǻ) ‍ Ǩ 

‌, ǸǦǰǬǫ ǷǵǮǷǰǮ ǳǫǵǴǱǳȁǻ ǽǦǷǸǳȁǻ ή Ǯ ǴǷǸǦǸǰǴǨ ὶ ǵǶǮ ǪǫǱǫǳǮǮ ά ǳǦ ǵǴǶȅǪǴǰ  ί
έὶὨ‍ ǵǫǶǫǷǸǦǳǴǨǰǮ ‍ (ǨǷǫ ǽǮǷǱǦ ή Ǯ ὶ ð ǼǫǱȁǫ, ǵǶǮǽǫǲ π ὶ ί).  

ǇǲǪǵǷǯǹǳ. ǈȁǽǮǷǱǮǸȂ ǵǴǶȅǪǴǰ ί έὶὨ‌ έὶὨ‍  ǰǦǰ Ǔǔǐ ǪǱǮǳ ǼǮǰǱǴǨ, ǷǴ-
ǷǸǦǨǱȅȄǿǮǻ ǵǫǶǫǷǸǦǳǴǨǰǹ ‍. ǍǦǪǦǸȂ ǨȁǧǴǶ ǰǴǳǰǶǫǸǳȁǻ ǭǳǦǽǫǳǮǯ ‎, ή Ǯ ὶ Ǯǭ ǷǵǮǷǰǴǨ 
ǾǦǧǱǴǳǴǨ ǪǱȅ ǰǦǬǪǴǩǴ ǳǴǲǫǶǦ ǨǦǶǮǦǳǸǦ, ǨȁǽǮǷǱȅǸȂ ǽǮǷǱǴ ά ήϽί ὶ Ǯ ǵǫǶǫǷǸǦ-
ǳǴǨǰǹ ‌ ‎ ‍‎ Ǩ ǨǮǪǫ ǶǦǭǱǴǬǫǳǮȅ ǳǦ ǳǫǭǦǨǮǷǮǲȁǫ ǼǮǰǱȁ, ǳǦǰǴǳǫǼ, ǨȁǨǴǪǮǸȂ Ǩ La-
TeX-ǺǦǯǱ Ƿ ǭǦǪǦǳǮǫǲ ȃǸǹ ǵǫǶǫǷǸǦǳǴǨǰǹ Ǩ ǸǦǧǱǮǽǳǴǲ ǨǮǪǫ Ǯ ǽǮǷǱǴ ά. ǊǱȅ ǺǴǶǲǮǶǴǨǦ-
ǳǮȅ ǺǦǯǱǦ Ƿ ǴǸǨǫǸǦǲǮ ǨȁǽǮǷǱǮǸȂ ǵǫǶǫǷǸǦǳǴǨǰǹ ‌ ‌  Ǩ ǨǮǪǫ ǶǦǭǱǴǬǫǳǮȅ ǳǦ ǳǫǭǦǨǮ-
ǷǮǲȁǫ ǼǮǰǱȁ, ǴǵǶǫǪǫǱǮǸȂ ǪǱǮǳȁ ὯȟȣȟὯ ǷǴǷǸǦǨǱȅȄǿǮǻ ǫȆ ǼǮǰǱǴǨ Ǯ ǫȆ ǵǴǶȅǪǴǰ  

Ǔǔǐ(ὯȟȣȟὯ). ǕǫǶǫǪ ǨȁǨǴǪǴǲ Ǩ ǺǦǯǱ ǳǦǧǴǶ ǽǮǷǫǱ ὯȟȣȟὯ (ǴǺǴǶǲǱǫǳǳȁǯ Ǩ ǨǮǪǫ 
ǷǵǮǷǰǦ, ǳǴ ǳǫ ǲǳǴǬǫǷǸǨǦ, ǽǸǴǧȁ ǮǭǧǫǬǦǸȂ ǹǪǦǱǫǳǮȅ ǵǴǨǸǴǶȅȄǿǮǻǷȅ ȃǱǫǲǫǳǸǴǨ) ǷǱǫ-
ǪǹǫǸ ǹǵǴǶȅǪǴǽǮǸȂ ǵǴ ǨǴǭǶǦǷǸǦǳǮȄ ǮǱǮ ǹǧȁǨǦǳǮȄ, Ǧ ǷǦǲǦ ǵǫǶǫǷǸǦǳǴǨǰǦ ǨȁǨǴǪǮǸǷȅ Ǩ 
ǸǦǧǱǮǽǳǴǲ ǨǮǪǫ. ǒǴǬǳǴ ǭǦǪǦǸȂ Ǯ ǷǵǮǷǴǰ Ǯǭ ǳǫǷǰǴǱȂǰǮǻ ǵǫǶǫǷǸǦǳǴǨǴǰ ‍ ǵǶǮǲǫǶǳǴ ǴǪǮ-
ǳǦǰǴǨǴǯ ǷǱǴǬǳǴǷǸǮ Ǯ ǵǶǫǪǹǷǲǴǸǶǫǸȂ ǨȁǧǴǶ ǷǴǴǸǨǫǸǷǸǨǹȄǿǫǯ ǰǴǳǰǶǫǸǳǴǯ ǵǫǶǫǷǸǦ-
ǳǴǨǰǮ ǪǱȅ ǰǦǬǪǴǩǴ ǳǴǲǫǶǦ ǨǦǶǮǦǳǸǦ, ǴǪǳǦǰǴ ǵǶǫǪǷǸǦǨǱȅǫǸǷȅ, ǽǸǴ Ǩ ǶǦǲǰǦǻ ǴǪǳǴǩǴ 
ǰǴǳǸǶǴǱȂǳǴǩǴ ǲǫǶǴǵǶǮȅǸǮȅ Ǩ ȃǸǴǲ ǳǫǸ ǳǫǴǧǻǴǪǮǲǴǷǸǮ, ǵǴǷǰǴǱȂǰǹ ǪǶǹǩǮǫ Ǯǭǲǫǳȅǫǲȁǫ 
ǪǦǳǳȁǫ ‎, ή Ǯ ὶ ǵǴǭǨǴǱȅȄǸ ǷǴǭǪǦǸȂ ǲǳǴǩǴ ǳǫǵǴǻǴǬǮǻ ǪǶǹǩ ǳǦ ǪǶǹǩǦ ǨǦǶǮǦǳǸǴǨ.  

ǕǶǫǪǷǸǦǨǱǫǳǮǫ ǵǫǶǫǷǸǦǳǴǨǰǮ Ǩ ǨǮǪǫ ǶǦǭǱǴǬǫǳǮȅ ǳǦ ǳǫǭǦǨǮǷǮǲȁǫ ǼǮǰǱȁ ǴǭǳǦǽǦǫǸ 
ǫȆ ǭǦǵǮǷȂ Ǩ ǨǮǪǫ ǷǵǮǷǰǦ ǮǱǮ ǲǳǴǬǫǷǸǨǦ ǼǮǰǱǴǨ, ǰǦǬǪȁǯ ǼǮǰǱ, Ǩ ǷǨǴȄ ǴǽǫǶǫǪȂ, ð ȃǸǴ 
ǹǵǴǶȅǪǴǽǫǳǳȁǯ ǷǵǮǷǴǰ ǳǫǰǴǸǴǶȁǻ ȃǱǫǲǫǳǸǴǨ ǲǳǴǬǫǷǸǨǦ ǵǫǶǫǷǸǦǨǱȅǫǲȁǻ ȃǱǫǲǫǳǸǴǨ 
(Ǩ ǳǦǾǫǲ ǷǱǹǽǦǫ, ǲǳǴǬǫǷǸǨǦ ὲ ǵǫǶǨȁǻ ǳǦǸǹǶǦǱȂǳȁǻ ǽǮǷǫǱ); Ǩ Maple ǪǱȅ ȃǸǴǯ ǼǫǱǮ ǮǷ-
ǵǴǱȂǭǹȄǸ ǷǵǮǷǰǮ Ǯǭ ǷǵǮǷǰǴǨ.  

ǊǱȅ ǴǷǹǿǫǷǸǨǱǫǳǮȅ ǴǵǮǷǦǳǳǴǩǴ ǦǱǩǴǶǮǸǲǦ ǳǹǬǳǴ ǷǴǭǪǦǸȂ ǵǶǴǼǫǪǹǶȁ (ǵǴǪǵǶǴ-
ǩǶǦǲǲȁ), ǰǴǸǴǶȁǫ ǷǴǨǫǶǾǦȄǸ ǷǱǫǪǹȄǿǮǫ ǪǫǯǷǸǨǮȅ: 1) ǺǴǶǲǮǶǴǨǦǳǮǫ ǷǵǮǷǰǦ ǪǱǮǳ 
ǼǮǰǱǴǨ ǵǴ ǷǵǮǷǰǹ ǼǮǰǱǴǨ, ǵǶǫǪǷǸǦǨǱȅȄǿǫǲǹ ǶǦǭǱǴǬǫǳǮǫ ǵǫǶǫǷǸǦǳǴǨǰǮ, 2) ǵǫǶǫǵǮǷȁ-
ǨǦǳǮǫ ǵǫǶǫǷǸǦǳǴǨǰǮ, ǵǶǫǪǷǸǦǨǱǫǳǳǴǯ Ǩ ǨǮǪǫ ǶǦǭǱǴǬǫǳǮȅ ǳǦ ǼǮǰǱȁ, Ǩ ǸǦǧǱǮǽǳȁǯ ǨǮǪ, 

3) ǪǱȅ ǪǦǳǳȁǻ ǵǫǶǫǷǸǦǳǴǨǴǰ ‍ Ǯ ‎ ǨȁǽǮǷǱǫǳǮǫ ǵǫǶǫǷǸǦǳǴǨǰǮ ‌ ‎ ‍‎ Ƿ ǵǶǫǪǷǸǦǨǱǫ-
ǳǮǫǲ ǶǫǭǹǱȂǸǦǸǦ Ǩ ǨǮǪǫ ǶǦǭǱǴǬǫǳǮȅ ǳǦ ǼǮǰǱȁ, 4) ǨȁǽǮǷǱǫǳǮǫ ǷǸǫǵǫǳǮ ǵǫǶǫǷǸǦǳǴǨǰǮ, 
ǵǶǫǪǷǸǦǨǱǫǳǳǴǯ Ǩ ǨǮǪǫ ǶǦǭǱǴǬǫǳǮȅ ǳǦ ǼǮǰǱȁ, Ƿ ǵǶǫǪǷǸǦǨǱǫǳǮǫǲ ǶǫǭǹǱȂǸǦǸǦ Ǩ ǸǦǰǴǲ 
Ǭǫ ǨǮǪǫ. ǔǸǲǫǸǮǲ, ǰǷǸǦǸǮ, ǽǸǴ ǸǮǵ Ǯ ǵǴǶȅǪǴǰ ǵǫǶǫǷǸǦǳǴǨǰǮ ‌ ‌  ǷǶǦǭǹ ǴǵǶǫǪǫǱȅ-

ȄǸǷȅ ǵǴ ǸǮǵǹ Ǯ ǵǴǶȅǪǰǹ ǵǫǶǫǷǸǦǳǴǨǰǮ ‌  (ǽǸǴ ǲǴǬǳǴ ǮǷǵǴǱȂǭǴǨǦǸȂ Ǯ ǪǱȅ ǰǴǳǸǶǴǱȅ ǵǶǮ 

ǴǸǱǦǪǰǫ ǵǶǴǩǶǦǲǲȁ): ǰǦǬǪȁǯ ǼǮǰǱ ǪǱǮǳȁ Ὧ ǵǫǶǫǷǸǦǳǴǨǰǮ ‌ ǶǦǷǵǦǪǦǫǸǷȅ Ǩ Ὠ

˚˛ άˑȟὯ ˚˛ ὶˑȟὯ  ǼǮǰǱǴǨ ǪǱǮǳȁ ὯȾὨ ǵǫǶǫǷǸǦǳǴǨǰǮ ‌ ‌, Ǧ ǵǴǶȅǪǴǰ ǵǴǷǱǫǪ-

ǳǫǯ ǶǦǨǫǳ έὶὨ‌ ίȾὨ, ǩǪǫ ί έὶὨ‌, Ὠ  ̊˛ άˑȟί ˚˛ ὶˑȟί; ǭǪǫǷȂ ǓǔǊ ǴǭǳǦ-
ǽǦǫǸ ǳǦǮǧǴǱȂǾǮǯ ǴǧǿǮǯ ǪǫǱǮǸǫǱȂ ǼǫǱȁǻ ǽǮǷǫǱ. ǈ Maple ǪǱȅ ǨȁǽǮǷǱǫǳǮȅ ǓǔǊ Ǯ Ǔǔǐ 
ǳǫǷǰǴǱȂǰǮǻ ǼǫǱȁǻ ǽǮǷǫǱ ǵǶǫǪǹǷǲǴǸǶǫǳȁ ǰǴǲǦǳǪȁ igcd Ǯ ilcm. ǊǦǱǫǫ, ǪǱȅ ǨȁǽǮǷǱǫǳǮȅ 

ǵǫǶǫǷǸǦǳǴǨǰǮ ‌ ‎ ‍‎, ǵǶǫǪǷǸǦǨǱǫǳǳǴǯ Ǩ ǨǮǪǫ ǶǦǭǱǴǬǫǳǮȅ ǳǦ ǼǮǰǱȁ, ǹǪǴǧǳǴ ǮǷ-

ǵǴǱȂǭǴǨǦǸȂ ‍ Ǩ ǸǦǰǴǲ Ǭǫ ǨǮǪǫ, Ǧ ‎ ð Ǩ ǸǦǧǱǮǽǳǴǲ ǨǮǪǫ ‎
ρ ȣ ὲ
‎ ȣ ‎

. ǈ ǷǦǲǴǲ ǪǫǱǫ, 

ǪǱȅ ǵǴǱǹǽǫǳǮȅ ǮǷǰǴǲǴǯ ǵǫǶǫǷǸǦǳǴǨǰǮ ‌ ǳǹǬǳǴ ǵǶǴǷǸǴ Ǩ ǭǦǵǮǷǮ ǵǫǶǫǷǸǦǳǴǨǰǮ ‍ ǭǦǲǫ-
ǳǮǸȂ ǰǦǬǪȁǯ ȃǱǫǲǫǳǸ Ὥ ǲǳǴǬǫǷǸǨǦ, ǳǦ ǰǴǸǴǶǴǲ ǭǦǪǦǳȁ ǵǫǶǫǷǸǦǳǴǨǰǮ, ǳǦ ȃǱǫǲǫǳǸ ‎ ð 
ǴǧǶǦǭ ȃǱǫǲǫǳǸǦ Ὥ ǵǴǪ ǪǫǯǷǸǨǮǫǲ ǵǫǶǫǷǸǦǳǴǨǰǮ ‎. ǈ Maple ȃǸǴ ǲǴǬǳǴ ǴǷǹǿǫǷǸǨǮǸȂ ǴǪ-
ǳǴǯ ǷǴǷǸǦǨǳǴǯ ǰǴǲǦǳǪǴǯ ǨǮǪǦ alpha:=map(u->map(i->Gamma[i], u),beta), ǩǪǫ ǪǱȅ ǵǫǶǫ-
ǷǸǦǳǴǨǴǰ ‌ Ǯ ‍ ǮǷǵǴǱȂǭǴǨǦǳȁ Ǹǫ Ǭǫ ǴǧǴǭǳǦǽǫǳǮȅ, Ǧ ǪǱȅ ‎ ð ǷǴǴǸǨǫǸǷǸǨǹȄǿǦȅ ǭǦǩǱǦǨǳǦȅ 
ǩǶǫǽǫǷǰǦȅ ǧǹǰǨǦ, ǵǴǷǰǴǱȂǰǹ gamma ȅǨǱȅǫǸǷȅ ǴǪǳǮǲ Ǯǭ ǳǫǲǳǴǩǮǻ ǷǱǹǬǫǧǳȁǻ ǮǲȆǳ Ǯ 
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ǫǲǹ ǳǫ ǲǴǬǫǸ ǵǶǮǷǨǦǮǨǦǸȂǷȅ ǵǴǱȂǭǴǨǦǸǫǱǫǲ ǳǮǰǦǰǴǫ ǭǳǦǽǫǳǮǫ. ǍǪǫǷȂ ǵǫǶǫǲǫǳǳȁǲ al-
pha Ǯ beta, ǵǶǫǪǷǸǦǨǱȅȄǿǮǲ ǵǫǶǫǷǸǦǳǴǨǰǮ ‌ Ǯ ‍, ǭǦǵǮǷǦǳǳȁǫ Ǩ ǨǮǪǫ ǶǦǭǱǴǬǫǳǮȅ ǳǦ 
ǼǮǰǱȁ, ǵǶǮǷǨǴǫǳȁ ǭǳǦǽǫǳǮȅ, ȅǨǱȅȄǿǮǫǷȅ ǷǵǮǷǰǦǲǮ Ǯǭ ǷǵǮǷǰǴǨ (ǰǦǰ ȃǸǴ ǵǶǮǳȅǸǴ Ǩ Ma-
ple), Ǧ ǵǫǶǫǲǫǳǳǦȅ Gamma, ǵǶǫǪǷǸǦǨǱȅȄǿǦȅ ǵǫǶǫǷǸǦǳǴǨǰǹ ‎, ǭǦǵǮǷǦǳǳǹȄ Ǩ ǸǦǧǱǮǽǳǴǲ 
ǨǮǪǫ, ȅǨǱȅǫǸǷȅ ǸǦǧǱǮǼǫǯ ǮǱǮ ǮǳǪǫǰǷǮǶǴǨǦǳǳǴǯ ǵǫǶǫǲǫǳǳǴǯ. ǖǦǭǧǴǶ ȃǸǴǩǴ ǵǶǴǷǸǴǩǴ 
ǵǶǮǲǫǶǦ ǻǴǶǴǾǴ ǪǫǲǴǳǷǸǶǮǶǹǫǸ ǨǴǭǲǴǬǳǴǷǸǮ ǮǷǵǴǱȂǭǴǨǦǳǮȅ ǰǴǲǦǳǪȁ map Ǯ ǨǱǴǬǫǳ-
ǳȁǻ ǷǵǮǷǴǽǳȁǻ ǨȁǶǦǬǫǳǮǯ ȅǭȁǰǦ Maple.    

ǕǶǮǲǫǶ ǭǦǪǦǳǮȅ 3. ǕǶǮǲǫǳǮǸȂ ǦǱǩǴǶǮǸǲ ǋǨǰǱǮǪǦ ǪǱȅ ǨȁǽǮǷǱǫǳǮȅ ǳǦǮǧǴǱȂǾǫǩǴ 
ǴǧǿǫǩǴ ǪǫǱǮǸǫǱȅ (ǓǔǊ) ǭǦǪǦǳǳȁǻ ǼǫǱȁǻ ǽǮǷǫǱ ὥ Ǯ ὦ Ǯ ǳǦǯǸǮ ǱǮǳǫǯǳǴǫ ǵǶǫǪǷǸǦǨǱǫǳǮǫ 
ǓǔǊ. ǎǱǮ ǸǦǰǦȅ ǨǫǶǷǮȅ ǭǦǪǦǳǮȅ: ǖǫǾǮǸȂ ǪǮǴǺǦǳǸǴǨǴ ǹǶǦǨǳǫǳǮǫ ὥὼ ὦώ ὧ Ƿ ǭǦǪǦǳ-
ǳȁǲǮ ǰǴȃǺǺǮǼǮǫǳǸǦǲǮ ὥȟὦ Ǯ ǷǨǴǧǴǪǳȁǲ ǽǱǫǳǴǲ ὧ.  

ǓǦǵǴǲǳǮǲ, ǽǸǴ ǱǮǳǫǯǳǴǫ ǵǶǫǪǷǸǦǨǱǫǳǮǫ ǪǱȅ Ὠ ˚˛ ὥˑȟὦ ð ȃǸǴ ǫǩǴ ǭǦǵǮǷȂ Ǩ 
ǨǮǪǫ Ὠ Ὧὥ ὰὦ Ƿ ǼǫǱȁǲǮ ǰǴȃǺǺǮǼǮǫǳǸǦǲǮ Ὧȟὰ; ǓǔǊ ǪǨǹǻ ǽǮǷǫǱ Ǯ ǫǩǴ ǱǮǳǫǯǳǴǫ ǵǶǫǪ-
ǷǸǦǨǱǫǳǮǫ ǨȁǽǮǷǱȅȄǸǷȅ Ƿ ǵǴǲǴǿȂȄ ǭǳǦǲǫǳǮǸǴǩǴ ǧǲǪǵǷǯǹǳǧ ǌǩǱǲǯǫǧ. ǕǴ ǷǱǴǨǦǲ Ǌ. 
ǐǳǹǸǦ, ǦǱǩǴǶǮǸǲ ǋǨǰǱǮǪǦ ð çǪǫǪǹǾǰǦ ǨǷǫǻ ǦǱǩǴǶǮǸǲǴǨ, ǵǴǸǴǲǹ ǽǸǴ ȃǸǴ ǷǦǲȁǯ ǷǸǦǶȁǯ 
ǳǫǸǶǮǨǮǦǱȂǳȁǯ ǦǱǩǴǶǮǸǲ, ǷǴǻǶǦǳǮǨǾǮǯǷȅ ǪǴ ǳǦǾǮǻ Ǫǳǫǯè. ǔǳ ǭǦǰǱȄǽǦǫǸǷȅ Ǩ ǷǱǫǪǹȄ-
ǿǫǲ. ǒǴǬǳǴ ǷǽǮǸǦǸȂ, ǽǸǴ ǽǮǷǱǦ ὥ Ǯ ὦ ð ǳǦǸǹǶǦǱȂǳȁǫ, ǵǴǷǰǴǱȂǰǹ ǷǱǹǽǦǯ, ǰǴǩǪǦ ǻǴǸȅ ǧȁ 
ǴǪǳǴ Ǯǭ ǳǮǻ ǶǦǨǳǴ ǳǹǱȄ, ǴǽǫǨǮǪǫǳ, Ǧ ǨǲǫǷǸǴ ǴǸǶǮǼǦǸǫǱȂǳǴǩǴ ǽǮǷǱǦ ǲǴǬǳǴ ǨǭȅǸȂ ǵǴǱǴ-
ǬǮǸǫǱȂǳǴǫ, ǴǸǱǮǽǦȄǿǫǫǷȅ ǴǸ ǳǫǩǴ ǸǴǱȂǰǴ ǭǳǦǰǴǲ. ǒǴǬǳǴ ǷǽǮǸǦǸȂ, ǽǸǴ ὥ ð ǳǦǮǧǴǱȂǾǫǫ 
Ǯǭ ǪǨǹǻ ǽǮǷǫǱ. ǔǸǸǦǱǰǮǨǦȅǷȂ ǴǸ ὥ Ǯ ὦ, ǷǴǷǸǦǨǮǲ ǼǫǵǴǽǰǹ ǹǧȁǨǦȄǿǮǻ ǽǮǷǫǱ: 

ὥ ὦ ὶ ὶ Ễ ὶ ὶ πȟ 
ǩǪǫ ǰǦǬǪǴǫ ǷǱǫǪǹȄǿǫǫ ǽǮǷǱǴ ǮǿǫǸǷȅ ǰǦǰ ǴǷǸǦǸǴǰ ǴǸ ǪǫǱǫǳǮȅ ǵǶǫǪ-ǵǶǫǪǾǫǷǸǨǹ-

ȄǿǫǩǴ ǽǮǷǱǦ ǳǦ ǵǶǫǪǾǫǷǸǨǹȄǿǫǫ. ǣǸǦ ǼǫǵǴǽǰǦ ǴǧȅǭǦǸǫǱȂǳǴ ǭǦǨǫǶǾǮǸǷȅ ǳǹǱǫǲ, Ǹ.ǫ. 
ǳǫǰǴǸǴǶǴǫ ǽǮǷǱǴ ὶ  ǶǦǭǪǫǱǮǸǷȅ ǳǦǼǫǱǴ ǳǦ ǷǱǫǪǹȄǿǫǫ ǽǮǷǱǴ ὶ. ǋǷǱǮ ὶ ð ǴǷǸǦǸǴǰ ǵǶǮ 
ǪǫǱǫǳǮǮ ὼ ǳǦ ώ, ǸǴ ǱȄǧǴǯ ǴǧǿǮǯ ǪǫǱǮǸǫǱȂ ǵǦǶȁ ǽǮǷǫǱ ὼȟώ ǧǹǪǫǸ ǸǦǰǴǨȁǲ Ǯ ǪǱȅ ǵǦǶȁ 
ǽǮǷǫǱ ώȟὶ, Ǯ ǳǦǴǧǴǶǴǸ, ǴǧǿǮǯ ǪǫǱǮǸǫǱȂ ǨǸǴǶǴǯ ǵǦǶȁ ǧǹǪǫǸ ǴǧǿǮǲ ǪǫǱǮǸǫǱǫǲ ǵǫǶ-
ǨǴǯ. ǗǱǫǪǴǨǦǸǫǱȂǳǴ, Ǩ ǹǰǦǭǦǳǳǴǯ ǼǫǵǴǽǰǫ ǨǷǫ ǴǧǿǮǫ ǪǫǱǮǸǫǱǮ ǵǦǶ ǷǴǷǫǪǳǮǻ ǽǮǷǫǱ 

ὥȟὦ, ὦȟὶ , ὶȟὶ,é, ὶ ȟὶ  Ǯ ǽǮǷǱǦ ὶ ǧǹǪǹǸ ǷǴǨǵǦǪǦǸȂ Ǯ ǵǴǷǱǫǪǳǮǯ ǳǫǳǹǱǫǨǴǯ 

ǴǷǸǦǸǴǰ ὶ Ǯ ǧǹǪǫǸ ǮǷǰǴǲȁǲ Ὠ ˚˛ ὥˑȟὦ. ǇǹǪǫǲ ǵǮǷǦǸȂ ὼ ώ, ǫǷǱǮ ή ð ǳǫǵǴǱǳǴǫ ǽǦǷǸ-

ǳǴǫ ǵǶǮ ǪǫǱǫǳǮǮ ὼ ǳǦ ώ ǸǦǰ, ǽǸǴ ὼ ήώ ὶ, ǩǪǫ ὶ ð ǴǷǸǦǸǴǰ (π ὶ ȿώȿ), ǴǸǰǹǪǦ ὶ
ὼ ήώ. ǘǴǩǪǦ, ǫǷǱǮ ὼ Ǯ ώ ǮǲǫȄǸ ǱǮǳǫǯǳȁǫ ǵǶǫǪǷǸǦǨǱǫǳǮȅ ǽǫǶǫǭ ὥ Ǯ ὦ, Ǹ.ǫ. ὼ Ὧὥ
ὰὦ, ώ Ὧὥ ὰὦ, ǸǴ ǷǵǶǦǨǫǪǱǮǨǴ ǱǮǳǫǯǳǴǫ ǵǶǫǪǷǸǦǨǱǫǳǮǫ ὶ Ὧὥ ὰὦ ǪǱȅ ὶ Ƿ ǰǴ-

ȃǺǺǮǼǮǫǳǸǦǲǮ Ὧȟὰ Ὧȟὰ ήϽὯȟὰ  Ǩ ǨǫǰǸǴǶǳǴǯ ǭǦǵǮǷǮ. ǕǴȃǸǴǲǹ, ǫǷǱǮ ǹǰǦ-

ǭǦǳǳǦȅ ǨȁǾǫ ǼǫǵǴǽǰǦ ǽǮǷǫǱ Ƿ ǹǽȆǸǴǲ ǭǳǦǽǫǳǮǯ ǳǫǵǴǱǳȁǻ ǽǦǷǸǳȁǻ ǮǲǫǫǸ ǨǮǪ 

                                           ὥ ὦ ὶ ὶ Ễ ὶ ὶ πȟ                                               τ 

ǸǴ Ǯǲǫǫǲ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴ ǨȁǽǮǷǱȅǫǲȁǫ ǱǮǳǫǯǳȁǫ ǵǶǫǪǷǸǦǨǱǫǳǮȅ ǨǷǫǻ ǴǷǸǦǸǰǴǨ 

ὶ Ὧὥ ὰὦ, ǷǴǩǱǦǷǳǴ ǺǴǶǲǹǱǦǲ Ὧȟὰ Ὧ ȟὰ ήϽὯ ȟὰ  ǪǱȅ ρ Ὥ ὲ, ǴǸ-
ǸǦǱǰǮǨǦȅǷȂ ǴǸ ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǻ ǰǴȃǺǺǮǼǮǫǳǸǴǨ Ὧ ȟὰ ρȟπ, Ὧȟὰ πȟρ ǪǱȅ 
ǵǶǫǪǷǸǦǨǱǫǳǮǯ ǮǷǻǴǪǳȁǻ ǽǮǷǫǱ ὥ Ǯ ὦ. ǘǴǩǪǦ ǮǷǰǴǲȁǫ ǰǴȃǺǺǮǼǮǫǳǸȁ ǱǮǳǫǯǳǴǩǴ ǵǶǫǪ-
ǷǸǦǨǱǫǳǮȅ ǓǔǊ ǫǷǸȂ Ὧȟὰ Ὧȟὰ.  ǍǦǲǫǸǮǲ, ǽǸǴ ǳǫǵǴǱǳȁǫ ǽǦǷǸǳȁǫ ή ǧǹǪǹǸ ǳǦǸǹ-

ǶǦǱȂǳȁǲǮ ǽǮǷǱǦǲǮ, ǵǶǮǽȆǲ ǵǴǷǱǫǪǳǫǫ Ǯǭ ǳǮǻ ǳǫ ǶǦǨǳǴ ǫǪǮǳǮǼǫ: ή ρ.  
ǆǱǩǴǶǮǸǲ ǋǨǰǱǮǪǦ ǲǴǬǫǸ ǧȁǸȂ ǮǷǵǴǱȂǭǴǨǦǳ ǪǱȅ ǶǫǾǫǳǮȅ ǱǮǳǫǯǳǴǩǴ ǫǯǵǻǧǴǹǵǩǧ 

ǺǷǧǩǴǬǴǯȆ ǪǨǹǻ ǵǫǶǫǲǫǳǳȁǻ, Ǹ.ǫ. ǹǶǦǨǳǫǳǮȅ ǨǮǪǦ ὥὼ ὦώ ὧ, ǩǪǫ ǰǴȃǺǺǮǼǮǫǳǸȁ ὥȟὦ, 
ǷǨǴǧǴǪǳȁǯ ǽǱǫǳ ὧ Ǯ ǳǫǮǭǨǫǷǸǳȁǫ ὼȟώ ð ǼǫǱȁǫ ǽǮǷǱǦ. ǆ ǮǲǫǳǳǴ, ǫǷǱǮ ὧ ǪǫǱǮǸǷȅ ǳǦ Ὠ
˚˛ ὥˑȟὦ, ǵǶǮǽȆǲ Ὠ Ὧὥ ὰὦ ð ǱǮǳǫǯǳǴǫ ǵǶǫǪǷǸǦǨǱǫǳǮǫ ǓǔǊ, ǸǴ ǨǷǫ ǶǫǾǫǳǮȅ ǹǶǦǨ-

ǳǫǳǮȅ ǮǲǫȄǸ ǨǮǪ ὼ ὼ όϽὲ, ώ ώ ὺϽὲ, ǩǪǫ ὼ ὯὫ, ώ ὰὫ, ό ὦȾὨ, ὺ ὥȾὨ 
Ǯ Ὣ ὧȾὨ, Ǧ ὲ ǵǶǴǧǫǩǦǫǸ ǨǷǫ ǼǫǱȁǫ ǽǮǷǱǦ; Ǩ ǵǶǴǸǮǨǳǴǲ Ǭǫ ǷǱǹǽǦǫ ǶǫǾǫǳǮǯ ǳǫǸ. Ǘǲ. 
ǵǴǪǶǴǧǳǫǫ, ǳǦǵǶǮǲǫǶ, Ǩ [14].  



 
91 Modern European Researches No 3 (ǘ.1) / 202 2 

ǟǧǨǲǵǴȂ: ǷǵǮǷǴǰ ǳǦǮǧǴǱȂǾǮǻ ǴǧǿǮǻ ǪǫǱǮǸǫǱǫǯ Ὠ, ǳǦǧǴǶ ǳǫǵǴǱǳȁǻ ǽǦǷǸǳȁǻ ὗ
ήȟȣȟή  ð ǳǦǸǹǶǦǱȂǳȁǻ ǽǮǷǫǱ ð Ƿ ǹǽȆǸǴǲ ǸǴǱȂǰǴ ǰǶǦǸǳǴǷǸǮ ǰǦǬǪǴǩǴ ǽǮǷǱǦ ή.      
ǇǲǪǵǷǯǹǳ. ǍǦǪǦǸȂ ǪǱȅ ǰǦǬǪǴǩǴ ǳǴǲǫǶǦ ǨǦǶǮǦǳǸǦ ǨȁǧǴǶ Ὠ Ǯǭ ǷǵǮǷǰǦ Ǯ ǵǫǶǫǷǸǦ-

ǳǴǨǰǹ (Ƿ ǵǴǨǸǴǶǫǳǮȅǲǮ) ǲǳǴǬǫǷǸǨǦ ὗ, ǪǦȄǿǹȄ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸȂ (ǹǵǴǶȅǪǴǽǫǳǳȁǯ 
ǳǦǧǴǶ) ǳǫǵǴǱǳȁǻ ǽǦǷǸǳȁǻ (ήȟήȟȣȟή  Ǩ ǦǱǩǴǶǮǸǲǫ ǋǨǰǱǮǪǦ, ǹǽǮǸȁǨǦȅ ǵǶǮ ȃǸǴǲ, ǽǸǴ 
ǵǴǷǱǫǪǳǫǫ ǽǦǷǸǳǴǫ ǪǴǱǬǳǴ ǧȁǸȂ ǧǴǱȂǾǫ ǫǪǮǳǮǼȁ. ǊǱȅ ȃǸǴǩǴ ǭǦǶǦǳǫǫ ǷǺǴǶǲǮǶǴǨǦǸȂ 
ǷǵǮǷǴǰ ǨǷǫǻ ǵǴǪǻǴǪȅǿǮǻ ǶǦǭǱǮǽǳȁǻ ǵǫǶǫǷǸǦǳǴǨǴǰ ǲǳǴǬǫǷǸǨǦ ὗ Ƿ ǰǶǦǸǳȁǲǮ ȃǱǫǲǫǳ-
ǸǦǲǮ. ǒǴǬǳǴ, ǳǦǵǶǮǲǫǶ, ǨǳǦǽǦǱǫ ǷǺǴǶǲǮǶǴǨǦǸȂ ǷǵǮǷǴǰ ǨǷǫǻ ǵǫǶǫǷǸǦǳǴǨǴǰ (Ƿ ǵǴǨǸǴ-

ǶǫǳǮȅǲǮ) ǲǳǴǬǫǷǸǨǦ ὗ, Ǧ ǭǦǸǫǲ ǴǸǧǶǴǷǮǸȂ Ǹǫ Ǯǭ ǳǮǻ, ǹ ǰǴǸǴǶȁǻ ǳǦ ǵǴǷǱǫǪǳǫǲ ǲǫǷǸǫ 
ǴǰǦǭǦǱǦǷȂ ǫǪǮǳǮǼǦ. ǈ Maple ǸǦǰǴǯ ǷǵǮǷǴǰ ǺǴǶǲǮǶǹǫǸǷȅ ǴǧǷǹǬǪǦǨǾǫǯǷȅ ǨȁǾǫ ǰǴǲǦǳ-
ǪǴǯ permute, Ǧ ǪǱȅ ǴǸǷǫǨǦ ǳǫǵǴǪǻǴǪȅǿǮǻ ȃǱǫǲǫǳǸǴǨ ǷǵǮǷǰǦ ǮǱǮ ǲǳǴǬǫǷǸǨǦ ǵǶǫǪǹ-
ǷǲǴǸǶǫǳǦ ǹǪǴǧǳǦȅ ǰǴǲǦǳǪǦ remove. ǕǴǷǱǫ ǨȁǧǴǶǦ ǪǱȅ ǪǦǳǳǴǩǴ ǨǦǶǮǦǳǸǦ ǰǴǳǰǶǫǸǳǴǯ 
ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ ǳǫǵǴǱǳȁǻ ǽǦǷǸǳȁǻ (ήȟήȟȣȟή  Ǯ ǭǳǦǽǫǳǮȅ Ὠ ǪǱȅ ǓǔǊ ǷǱǫǪǹǫǸ 
ǵǶǮǲǫǳǮǸȂ ǴǧǶǦǸǳȁǯ ǻǴǪ ǦǱǩǴǶǮǸǲǦ ǋǨǰǱǮǪǦ ǪǱȅ ǨȁǽǮǷǱǫǳǮȅ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳȁǻ 
ǴǷǸǦǸǰǴǨ, ǳǦǽǮǳǦȅ ǴǸ ǵǴǷǱǫǪǳǮǻ Ǯ ǭǦǰǦǳǽǮǨǦȅ ǽǮǷǱǦǲǮ ὥ Ǯ ὦ, Ǧ ǰǴȃǺǺǮǼǮǫǳǸȁ Ὧȟὰ 
ǱǮǳǫǯǳȁǻ ǵǶǫǪǷǸǦǨǱǫǳǮǯ ǴǷǸǦǸǰǴǨ ǨȁǽǮǷǱǮǸȂ ǵǴ ǳǦǵǮǷǦǳǳȁǲ ǨȁǾǫ ǺǴǶǲǹǱǦǲ ǵǶȅ-
ǲǴǩǴ ǻǴǪǦ, ǵǴǷǰǴǱȂǰǹ ǴǳǮ ǸǶǫǧǹǫǸ ǸǴǱȂǰǴ ǭǳǦǳǮȅ ǳǫǵǴǱǳȁǻ ǽǦǷǸǳȁǻ, ǳǴ ǳǫ ǷǦǲǮǻ ǴǷǸǦǸ-
ǰǴǨ. ǈȁǽǮǷǱǮǸǫǱȂǳȁǫ ǺǴǶǲǹǱȁ ǴǧǶǦǸǳǴǩǴ ǻǴǪǦ ǮǲǫȄǸ ǨǮǪ: ὶ Ὠ, ὶ π Ǯ ὶ
ήὶ ὶ  ǪǱȅ ὲ Ὥ π Ǯ ὥ ὶ , ὦ ὶ. ǓǦǰǴǳǫǼ, ǫǷǱǮ ǽǮǷǱǦ ὥ Ǯ ὦ ǲǴǩǹǸ ǧȁǸȂ ǴǸǶǮ-
ǼǦǸǫǱȂǳȁǲǮ, ǵǶǮǽȆǲ ǳǫǴǧȅǭǦǸǫǱȂǳǴ ǨȁǵǴǱǳǫǳǴ ȿὥȿ ȿὦȿ, ǸǴ ǳǦǪǴ ǭǦǪǦǸȂ ǪǱȅ ǰǦǬǪǴǩǴ 
ǳǴǲǫǶǦ ǨǦǶǮǦǳǸǦ ǭǳǦǰǮ ǽǮǷǫǱ ὥ Ǯ ὦ Ǯ ǹǰǦǭǦǸȂ, ǰǦǰǴǫ Ǯǭ ǳǮǻ ǧǴǱȂǾǫ ǵǴ ǲǴǪǹǱȄ. ǗǴǴǸ-
ǨǫǸǷǸǨǫǳǳǴ, ǵǶǮ ǳǫǴǧǻǴǪǮǲǴǷǸǮ ǳǦǪǴ ǵǴǲǫǳȅǸȂ ǭǳǦǰ ǴǪǳǴǩǴ ǮǱǮ ǴǧǴǮǻ ǨȁǽǮǷǱǫǳǳȁǻ 
ǽǮǷǫǱ Ǯ/ǮǱǮ ǵǫǶǫǷǸǦǨǮǸȂ ȃǸǮ ǽǮǷǱǦ ǲǫǷǸǦǲǮ. ǈ ǷǱǹǽǦǫ, ǰǴǩǪǦ ǶǫǾǦǫǸǷȅ ǪǮǴǺǦǳǸǴǨǴ 
ǹǶǦǨǳǫǳǮǫ, ǳǦǪǴ ǸǦǰǬǫ ǪǱȅ ǰǦǬǪǴǩǴ ǳǴǲǫǶǦ ǨǦǶǮǦǳǸǦ ǭǦǪǦǸȂ ǼǫǱǴǫ ǽǮǷǱǴ Ὣ ὧȾὨ Ǯ 
ǨȁǽǮǷǱȅǸȂ ǷǨǴǧǴǪǳȁǯ ǽǱǫǳ ὧ ὫὨ Ǯ ǨǫǱǮǽǮǳȁ ὼ, ώ, ό, ὺ. ǒǴǬǳǴ, ǳǦǵǶǮǲǫǶ, ǭǦǪǦǸȂ 
ǨǴǭǲǴǬǳȁǫ ǭǳǦǽǫǳǮȅ Ὣ Ǩ ǨǮǪǫ ǷǵǮǷǰǦ Ǯ ǪǱȅ ǰǦǬǪǴǩǴ ǳǴǲǫǶǦ ǨǦǶǮǦǳǸǦ ǴǵǶǫǪǫǱǮǸȂ Ǩȁ-
ǧǴǶ ȃǱǫǲǫǳǸǦ Ǯǭ ȃǸǴǩǴ ǷǵǮǷǰǦ.  

ǖǦǷǷǲǴǸǶǮǲ ǵǶǮǲǫǶ. ǊǱȅ ὗ ρȟςȟςȟςȟσȟτ ǮǲǫǫǸǷȅ ὖρȟσȟρȟρ
Ȧ

Ȧ Ȧ
ρςπ ǵǫǶǫ-

ǷǸǦǳǴǨǴǰ Ƿ ǵǴǨǸǴǶǫǳǮȅǲǮ, ǰǴǸǴǶȁǫ ǪǦȄǸ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ ǳǫǵǴǱǳȁǻ ǽǦǷǸǳȁǻ, ǳǴ 

Ǯǭ ǳǮǻ ὖσȟρȟρ
Ȧ

Ȧ Ȧ
ςπ ǧǹǪǹǸ ǴǰǦǳǽǮǨǦǸȂǷȅ ǳǦ ǫǪǮǳǮǼǹ Ǯ ǪǴǱǬǳȁ ǧȁǸȂ ǵǴȃǸǴǲǹ ǴǸ-

ǧǶǴǾǫǳȁ. (ǈ Ǵǧǿǫǲ ǷǱǹǽǦǫ ǰǴǱǮǽǫǷǸǨǴ ǸǦǰǮǻ çǭǦǧǶǦǰǴǨǦǳǳȁǻè ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǫǯ 
ǶǦǨǳǴ ǳǹǱȄ, ǫǷǱǮ ǲǳǴǬǫǷǸǨǴ ὗ ǳǫ ǷǴǪǫǶǬǮǸ 1, ǮǳǦǽǫ ǴǳǴ ǶǦǨǳǴ ǰǴǱǮǽǫǷǸǨǹ ǵǫǶǫǷǸǦ-
ǳǴǨǴǰ Ƿ ǵǴǨǸǴǶǫǳǮȅǲǮ ǪǱȅ ǲǳǴǬǫǷǸǨǦ ὗ ǧǫǭ ǴǪǳǴǯ ǫǪǮǳǮǼȁ, ǰǴǸǴǶǴǫ ǴǧǴǭǳǦǽǮǲ ǽǫǶǫǭ 
ὗᴂ. ǊǫǯǷǸǨǮǸǫǱȂǳǴ, ǨǷǫ ǸǦǰǮǫ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ ǵǴǱǹǽǦȄǸǷȅ, ǫǷǱǮ ǳǦ ǵǴǷǱǫǪǳǫǲ ǲǫ-
ǷǸǫ ǵǴǷǸǦǨǮǸȂ ǫǪǮǳǮǼǹ, Ǧ ǨǷǫ ǵǶǫǪȁǪǹǿǮǫ ǵǴǭǮǼǮǮ ǭǦǵǴǱǳǮǸȂ ǵǶǴǮǭǨǴǱȂǳǴǯ ǵǫǶǫǷǸǦ-
ǳǴǨǰǴǯ Ƿ ǵǴǨǸǴǶǫǳǮȅǲǮ ǪǱȅ ǲǳǴǬǫǷǸǨǦ ὗᴂ.) ǗǱǫǪǴǨǦǸǫǱȂǳǴ, ǲǴǬǳǴ ǷǴǷǸǦǨǮǸȂ ρςπ
ςπ ρππ ǵǴǪǻǴǪȅǿǮǻ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǫǯ. ǊǦǱǫǫ, ǰ ǵǶǮǲǫǶǹ, ǪǱȅ ǽǦǷǸǳǴǯ ǵǴǷǱǫǪǴ-
ǨǦǸǫǱȂǳǴǷǸǮ ǳǫǵǴǱǳȁǻ ǽǦǷǸǳȁǻ (2,1,2,2,4,3) Ǯ ǽǮǷǱǦ Ὠ ρ ǵǴǱǹǽǦǫǲ ǷǱǫǪǹȄǿǹȄ Ǽǫ-
ǵǴǽǰǹ ǽǮǷǫǱ (4):  

ςχρρππχρςωρσσ ρ πȟ 

ǩǪǫ ὥ ςχρ, ὦ ρππ Ǯ ǱǮǳǫǯǳȁǫ ǵǶǫǪǷǸǦǨǱǫǳǮȅ ǨǷǫǻ ǴǷǸǦǸǰǴǨ  

χρ ρὥ ςὦ 
ςω ρὥ σὦ 
ρσ σὥ ψὦ 
σ χὥ ρωὦ 
ρ σρὥ ψτὦ 
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ǕǴǷǱǫǪǳǫǫ Ǯǭ ǳǮǻ ð ȃǸǴ ǮǷǰǴǲǴǫ ǱǮǳǫǯǳǴǫ ǵǶǫǪǷǸǦǨǱǫǳǮǫ ǓǔǊ. ǋǷǱǮ ǸǫǵǫǶȂ ǰǴ-
ȃǺǺǮǼǮǫǳǸ ὥ ǪǮǴǺǦǳǸǴǨǦ ǹǶǦǨǳǫǳǮȅ ǧǫǶȆǸǷȅ ǵǴǱǴǬǮǸǫǱȂǳȁǲ, Ǧ ǰǴȃǺǺǮǼǮǫǳǸ ὦ ð ǴǸ-
ǶǮǼǦǸǫǱȂǳȁǲ, Ǧ ǸǦǰǬǫ ǹǰǦǭǦǳǴ, ǽǸǴ ὥ ǪǴǱǬǳǴ ǧȁǸȂ ǧǴǱȂǾǫ ǵǴ ǲǴǪǹǱȄ, ǽǫǲ ὦ Ǯ ǭǦǪǦǳǴ 
Ὣ σ, ǸǴ ǷǨǴǧǴǪǳȁǯ ǽǱǫǳ ὧ σ, Ǧ ǹǶǦǨǳǫǳǮǫ Ǯ ǫǩǴ Ǵǧǿǫǫ ǶǫǾǫǳǮǫ ǵǶǮǲǹǸ ǨǮǪ  

ςχρὼ ρππώ σ 
ωσρππὲȟςυςςχρὲ 

 
ǊǱȅ ǵǶǴǨǫǶǰǮ ǳǦǵǮǷǦǳǳȁǻ ǹǽǦǿǮǲǮǷȅ ǶǫǾǫǳǮǯ ǵǴǱǫǭǳǴ Ǩ ǺǦǯǱǫ Ƿ ǴǸǨǫǸǦǲǮ 

ǮǲǫǸȂ ǪǱȅ ǨǷǫǻ ǨǦǶǮǦǳǸǴǨ ǭǦǵǮǷǮ ǼǫǵǴǽǫǰ ǽǮǷǫǱ (4) Ǯ ǱǮǳǫǯǳȁǻ ǵǶǫǪǷǸǦǨǱǫǳǮǯ ǨǷǫǻ 
ǴǷǸǦǸǰǴǨ, Ǧ ǸǦǰǬǫ ǶǫǾǫǳǮǯ ǪǮǴǺǦǳǸǴǨȁǻ ǹǶǦǨǳǫǳǮǯ, ǵǶǮǲǫǶ ǸǦǰǮǻ ǭǦǵǮǷǫǯ ǧȁǱ 
ǸǴǱȂǰǴ ǽǸǴ ǵǶǮǨǫǪȆǳ. Ǔǫ ǵǶǫǪǷǸǦǨǱȅǫǸ ǷǱǴǬǳǴǷǸǮ ǴǶǩǦǳǮǭǴǨǦǸȂ ǨȁǨǴǪ ȃǸǮǻ ǶǫǭǹǱȂǸǦ-
ǸǴǨ Ǩ ǮǷǻǴǪǳȁǯ LaTeX-ǺǦǯǱ Ƿ ǴǸǨǫǸǦǲǮ ð ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǫ ǰǴǲǦǳǪȁ ǴǧǷǹǬǪǦǱǮǷȂ Ǩ 
ǪǨǹǻ ǵǶǫǪȁǪǹǿǮǻ ǽǦǷǸȅǻ ǳǦǷǸǴȅǿǫǯ ǶǦǧǴǸȁ. 

 

ǍǦǰǱȄǽǫǳǮǫ 
 

ǗǺǴǶǲǹǱǮǶǴǨǦǳȁ ǵǶǴǧǱǫǲȁ, ǨǴǭǳǮǰǦȄǿǮǫ ǵǶǮ ǺǴǶǲǮǶǴǨǦǳǮǮ ǧǴǱȂǾǴǩǴ ǽǮǷǱǦ 
ǨǦǶǮǦǳǸǴǨ ǰǴǳǸǶǴǱȂǳǴǩǴ ǲǫǶǴǵǶǮȅǸǮȅ, ǵǶǴǨǴǪǮǲǴǩǴ ǱǮǧǴ ǪǮǷǸǦǳǼǮǴǳǳǴǩǴ, ǱǮǧǴ Ǩ Ƕǫ-
ǬǮǲǫ ǪǴǲǦǾǳǫǩǴ ǭǦǪǦǳǮȅ, ǰǴǩǪǦ ǸǶǫǧǹǫǸǷȅ ǮǭǧǫǬǦǸȂ ǪǹǧǱǮǶǴǨǦǳǮȅ ǹǷǱǴǨǮǯ ǭǦǪǦǽ Ǯ, 
ǨǲǫǷǸǫ Ƿ Ǹǫǲ, ǪǴǧǮǸȂǷȅ, ǽǸǴǧȁ ǶǦǭǳȁǫ ǨǦǶǮǦǳǸȁ ǭǦǪǦǽǮ ǧȁǱǮ ǴǪǳǴǩǴ ǹǶǴǨǳȅ ǷǱǴǬǳǴ-
ǷǸǮ. ǈ ǰǦǽǫǷǸǨǫ Ǯǻ ǶǫǾǫǳǮȅ ǵǶǫǪǱǴǬǫǳȁ ǦǱǩǴǶǮǸǲȁ, ǰǴǸǴǶȁǫ ǲǴǩǹǸ ǧȁǸȂ ǶǫǦǱǮǭǴǨǦǳȁ 
Ǩ ǱȄǧǴǯ ǨȁǽǮǷǱǮǸǫǱȂǳǴǯ ǷǮǷǸǫǲǫ. ǕǴǪǶǴǧǳǴ ǶǦǭǴǧǶǦǳȁ ǸǶǮ ǸǦǰǮǻ ǵǶǮǲǫǶǦ ǦǨǸǴǲǦǸǮ-
ǭǮǶǴǨǦǳǳǴǩǴ ǺǴǶǲǮǶǴǨǦǳǮȅ ǧǴǱȂǾǴǩǴ ǽǮǷǱǦ ǨǦǶǮǦǳǸǴǨ ǴǪǮǳǦǰǴǨǴǩǴ ǹǶǴǨǳȅ ǷǱǴǬǳǴ-
ǷǸǮ. ǕǶǫǪǱǴǬǫǳǳȁǫ ǲǫǸǴǪȁ ǲǴǩǹǸ ǧȁǸȂ ǱǫǩǰǴ ǵǶǮǲǫǳǫǳȁ ǪǱȅ ǶǦǭǲǳǴǬǫǳǮȅ ǹǷǱǴǨǮǯ 
ǴǽǫǳȂ ǲǳǴǩǮǻ ǸǮǵǴǨ ǭǦǪǦǽ Ǯ ǴǸǨǫǸǴǨ ǰ ǳǮǲ Ǯ ǪǱȅ ǺǴǶǲǮǶǴǨǦǳǮȅ ǧǮǱǫǸǴǨ Ƿ ǭǦǪǦǳǮȅǲǮ. 
ǔǧǷǹǬǪǦǫǲȁǫ ǦǱǩǴǶǮǸǲȁ ǧȁǱǮ ǦǵǶǴǧǮǶǴǨǦǳȁ ǦǨǸǴǶǴǲ, ǰǴǩǪǦ Ǵǳ ǵǶǮǲǫǳȅǱ Ǯǻ ǪǱȅ ǺǴǶ-
ǲǮǶǴǨǦǳǮȅ ǨǦǶǮǦǳǸǴǨ ǰǴǳǸǶǴǱȂǳȁǻ ǲǫǶǴǵǶǮȅǸǮǯ Ǩ ǵǫǶǮǴǪ ǪǮǷǸǦǳǼǮǴǳǳǴǩǴ ǴǧǹǽǫǳǮȅ 
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On using some software for preparing tickets for control tasks and auxiliary materials: automatic gen-
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Abstract.    
The article is a  continuation of the author's two previous publications, where the problem of automated 
generation and processing of a large number of input LaTeX files with individual tasks was discussed, and 
some tools and capabilities of MATLAB and Maple systems were noted, which are little reflected in the 
educational literature, but can be useful for organizing interactive work when drawing up task options. This 
task has become especially relevant when conducting control activities in distance learning, when, in order  
to avoid possible non-independent solving problems by students, it was necessary to form a large number 
of options and print them in separate files. This article deals with the issues of the actual automatic gener-
ation of task tickets. Algorithms for mixi ng several available variants of each problem in tickets are dis-
cussed, and examples of automatic formation of a large number of variants of the problem are considered, 
based on a certain template of the problem condition and/or solution/answer to the prob lem. The article 
is intended as a practical guide that can be useful for teachers of secondary and high schools.  
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ǔǇǔǉǆǟǆǤǟǆǥ ǗǎǗǘǋǒǆ ǍǆǊǆǝ  
ǐǆǐ ǗǖǋǊǗǘǈǔ ǚǔǖǒǎǖǔǈǆǓǎǥ ǓǆǙǝǓǔǉǔ ǒǎǖǔǈǔǍǍǖǋǓǎǥ  
Ǖǖǎ ǎǍǙǝǋǓǎǎ ǕǖǔǎǍǈǔǊǓǡǛ ǣǑǋǒǋǓǘǆǖǓǡǛ ǚǙǓǐǜǎǏ 

 
 

ǆǳǳǴǸǦǼǮȅ 

ǆǰǸǹǦǱȂǳǴǷǸȂ ǷǸǦǸȂǮ ǴǧǹǷǱǴǨǱǫǳǦ Ǹǫǲ, ǽǸǴ ǨǦǬǳǫǯǾǮǲ ǳǦǵǶǦǨǱǫǳǮǫǲ ǵǶǴǼǫǷǷǦ Ǵǧǹǽǫ-
ǳǮȅ ǲǦǸǫǲǦǸǮǰǫ ȅǨǱȅǫǸǷȅ ǺǴǶǲǮǶǴǨǦǳǮǫ ǳǦǹǽǳǴǩǴ ǲǮǶǴǨǴǭǭǶǫǳǮȅ ǴǧǹǽǦȄǿǮǻǷȅ Ǩ ǻǴǪǫ 
Ǯǻ ǵǴǭǳǦǨǦǸǫǱȂǳǴǯ ǪǫȅǸǫǱȂǳǴǷǸǮ. ǜǫǱȂ ǷǸǦǸȂǮ ǷǴǷǸǴǮǸ Ǩ ǸǴǲ, ǽǸǴǧȁ ǵǴǰǦǭǦǸȂ, ǽǸǴ ǴǧǴ-
ǩǦǿǦȄǿǦȅ ǷǮǷǸǫǲǦ ǭǦǪǦǽ ǵǶǮ ǮǭǹǽǫǳǮǮ ǵǶǴǮǭǨǴǪǳǴǯ ǺǹǳǰǼǮǮ ǷǱǹǬǮǸ ȃǺǺǫǰǸǮǨǳȁǲ 
ǷǶǫǪǷǸǨǴǲ ǺǴǶǲǮǶǴǨǦǳǮȅ ǴǧǴǧǿǫǳǳǴǯ ǷǮǷǸǫǲȁ ǳǦǹǽǳȁǻ ǭǳǦǳǮǯ Ǯ ǹǧǫǬǪǫǳǮǯ. ǕǴǪǸǨǫǶ-
ǬǪǦǫǸǷȅ, ǽǸǴ ǴǧǴǩǦǿǦȄǿǦȅ ǶǦǧǴǸǦ ǳǦǪ ǭǦǪǦǽǦǲǮ Ƿ ǵǶǮǲǫǳǫǳǮǫǲ ǵǶǴǮǭǨǴǪǳǴǯ ȃǱǫǲǫǳ-
ǸǦǶǳǴǯ ǺǹǳǰǼǮǮ ǷǵǴǷǴǧǷǸǨǹǫǸ ǹǱǹǽǾǫǳǮȄ ǸǦǰǮǻ ǰǦǽǫǷǸǨǫǳǳȁǻ ǻǦǶǦǰǸǫǶǮǷǸǮǰ ǲǮǶǴǨǴǭ-
ǭǶǫǳǮȅ ǴǧǹǽǦȄǿǮǻǷȅ, ǰǦǰ ǷǮǷǸǫǲǳǴǷǸȂ Ǯ ǼǫǱǴǷǸǳǴǷǸȂ, ǴǧǴǧǿǫǳǳǴǷǸȂ Ǯ ǪǴǰǦǭǦǸǫǱȂ-
ǳǴǷǸȂ, ǱǴǩǮǽǫǷǰǦȅ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸȂ Ǯ ǵǶǮǲǫǳǮǲǴǷǸȂ ǵǴǱǹǽǫǳǳȁǻ ǭǳǦǳǮǯ. 

 

ǐǱȄǽǫǨȁǫ ǷǱǴǨǦ 

ǷǮǷǸǫǲǦ ǭǳǦǳǮǯ Ǯ ǹǧǫǬǪǫǳǮǯ, ǴǧǴǩǦǿǦȄǿǦȅ ǷǮǷǸǫǲǦ ǭǦǪǦǽ, ǵǶǴǮǭǨǴǪǳǦȅ ǺǹǳǰǼǮǮ 
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ǈǨǫǪǫǳǮǫ 
 

ǝǫǶǫǭ ǷǮǷǸǫǲǹ ǨǭǩǱȅǪǴǨ, ǹǧǫǬǪǫǳǮǯ Ǯ ǮǪǫǦǱǴǨ ǽǫǱǴǨǫǰ ǨȁǶǦǬǦǫǸ ǷǨǴǫ ǴǸǳǴǾǫ-
ǳǮǫ ǰ ǴǰǶǹǬǦȄǿǫǯ ǪǫǯǷǸǨǮǸǫǱȂǳǴǷǸǮ, ǵǶǴǪǴǱǬǦȅ ǫǫ ǵǴǭǳǦǳǮǫ. ǈǭǩǱȅǪȁ Ǯ ǹǧǫǬǪǫǳǮȅ 
ǷǱǹǬǦǸ ǨǫǪǹǿǮǲǮ ǷǸǶǹǰǸǹǶǳȁǲǮ ǫǪǮǳǮǼǦǲǮ ǲǮǶǴǨǴǭǭǶǫǳǮȅ, ǵǶǴǼǫǷǷ ǺǴǶǲǮǶǴǨǦǳǮȅ 
ǰǴǸǴǶȁǻ ǸǶǹǪǫǳ Ǯ ǵǶǴǪǴǱǬǮǸǫǱǫǳ ǨǴ ǨǶǫǲǫǳǮ. ǗǹǿǫǷǸǨǹȄǸ ǪǨǦ ǹǶǴǨǳȅ ǵǴǭǳǦǳǮȅ: ǳǦǹǽ-
ǳǴǫ, ǸǫǴǶǫǸǮǽǫǷǰǴǫ Ǯ ǴǧȁǪǫǳǳǴǫ, ǵǴǨǷǫǪǳǫǨǳǴǫ. ǓǦ ǹǶǴǨǳǫ ǴǧȁǪǫǳǳǴǩǴ ǷǴǭǳǦǳǮȅ Ǯǳ-
ǪǮǨǮǪ ǲǫǳǫǫ ǩǱǹǧǴǰǴ ǨǴǷǵǶǮǳǮǲǦǫǸ ȅǨǱǫǳǮȅ ǴǧȀǫǰǸǮǨǳǴǩǴ ǲǮǶǦ. ǓǦǹǽǳǴǫ ǷǴǭǳǦǳǮǫ 
ǵǶǫǪǷǸǦǨǱȅǫǸ ǷǴǧǴǯ ǷǮǷǸǫǲǹ ǭǳǦǳǮǯ Ǯ ǹǧǫǬǪǫǳǮǯ, ǨȁǶǦǬǦȄǿǮǻǷȅ Ǩ ǵǴǳȅǸǮȅǻ, ǷǹǬǪǫ-
ǳǮȅǻ, ǸǫǴǶǮȅǻ, ǩǮǵǴǸǫǭǦǻ. ǈ ǵǶǴǼǫǷǷǫ ǲȁǾǱǫǳǮȅ ǳǫ ǷǸǴǱȂǰǴ ǹǵǴǶȅǪǴǽǮǨǦȄǸǷȅ Ǯ ǷǮǷǸǫ-
ǲǦǸǮǭǮǶǹȄǸǷȅ ǪǦǳǳȁǫ ǽǹǨǷǸǨǫǳǳǴǩǴ ǴǵȁǸǦ, ǷǰǴǱȂǰǴ ǵǶǴǮǷǻǴǪǮǸ Ǯǻ ǦǳǦǱǮǭ, ǰǱǦǷǷǮǺǮ-
ǰǦǼǮȅ, ǴǧǴǧǿǫǳǮǫ, ǴǸǶǦǬǫǳǮǫ ǷǹǿǫǷǸǨǹȄǿǮǻ ǺǴǶǲ Ǯ ǷǨȅǭǫǯ ǴǧȀǫǰǸǮǨǳǴǯ ǶǫǦǱȂǳǴǷǸǮ 
Ǩ ǴǧǴǧǿȆǳǳǴǯ ǦǧǷǸǶǦǰǸǳǴǯ ǺǴǶǲǫ, ǽǸǴ ǵǴǭǨǴǱȅǫǸ ǵǴǭǳǦǸȂ ǭǦǰǴǳȁ ǪǫǯǷǸǨǮǸǫǱȂǳǴǷǸǮ 
ǧǴǱǫǫ ǩǱǹǧǴǰǴ, ǶǦǷǰǶȁǸȂ ǷǹǿǳǴǷǸȂ ǵǴǭǳǦǨǦǸǫǱȂǳǴǩǴ ǵǶǴǼǫǷǷǦ. ǈ ǶǫǦǱȂǳǴǯ ǬǮǭǳǮ 
ǹǶǴǨǳǮ ǵǴǭǳǦǳǮȅ ǨǭǦǮǲǴǷǨȅǭǦǳȁ, ǵǴȃǸǴǲǹ ǰǶǦǯǳǫ ǳǫǴǧǻǴǪǮǲǴ Ǩ ǻǴǪǫ ǴǧǹǽǫǳǮȅ ǵǶǫǪ-
ǲǫǸǳȁǲ ǭǳǦǳǮȅǲ, ǴǵǮǶǦȅǷȂ ǳǦ ǴǧȁǪǫǳǳǴǫ ǷǴǭǳǦǳǮǫ ǴǧǹǽǦȄǿǮǻǷȅ, ǵǴǪǳǮǲǦǸȂ Ǯ ǶǦǭǨǮ-
ǨǦǸȂ ǲȁǾǱǫǳǮǫ  ǪǴ ǹǶǴǨǳȅ ǳǦǹǽǳǴǩǴ. ǒǦǸǫǲǦǸǮǽǫǷǰǦȅ ǪǫȅǸǫǱȂǳǴǷǸȂ ǵǴ ǷǹǿǫǷǸǨǹ ǵǶǫǪ-
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ǷǸǦǨǱȅǫǸ ǷǴǧǴǯ ǲǳǴǩǴǵǱǦǳǴǨȁǯ ǵǶǴǼǫǷǷ ǶǫǾǫǳǮȅ ǭǦǪǦǽ, Ǧ ǲǦǸǫǲǦǸǮǰǦ ǷǦǲǦ ǽǦǷǸǴ ǮǷ-
ǵǴǱȂǭǹǫǸǷȅ Ǩ ǰǦǽǫǷǸǨǫ ǷǨǴǫǴǧǶǦǭǳǴǩǴ ȅǭȁǰǦ ǪǱȅ ǴǵǮǷǦǳǮȅ ǲǳǴǩǮǻ ǵǶǦǰǸǮǰǴ-ǴǶǮǫǳǸǮ-
ǶǴǨǦǳǳȁǻ ǭǦǪǦǽ Ǯ ǲǫǸǴǪǴǨ Ǯǻ ǶǫǾǫǳǮȅ. ǊǮǪǦǰǸǮǽǫǷǰǮ ǵǶǦǨǮǱȂǳǦȅ ǱǴǩǮǽǫǷǰǦȅ ǴǶǩǦǳǮ-
ǭǦǼǮȅ ǹǽǫǧǳǴǩǴ ǲǦǸǫǶǮǦǱǦ, ǲǫǸǴǪǮǽǫǷǰǮ ǴǧǴǷǳǴǨǦǳǳǦȅ ǷǮǷǸǫǲǦ ǭǦǪǦǽ, ǶǦǭǱǮǽǳȁǫ ǵǴǪ-
ǻǴǪȁ ǰ ǶǫǾǫǳǮȄ ǴǪǳǴǯ Ǯ ǸǴǯ Ǭǫ ǭǦǪǦǽǮ ǮǱǮ ǪǴǰǦǭǦǸǫǱȂǷǸǨǴ ǴǪǳǮǻ Ǯ Ǹǫǻ Ǭǫ ǺǦǰǸǴǨ ǳǦ 
ǶǦǭǱǮǽǳȁǻ ȃǸǦǵǦǻ ǴǧǹǽǫǳǮȅ ǵǶǮ ǴǷǨǴǫǳǮǮ ǶǦǭǱǮǽǳȁǻ ǷǴǪǫǶǬǦǸǫǱȂǳȁǻ ǲǴǪǹǱǫǯ ǷǴ-
ǷǸǦǨǱȅȄǸ ǷǶǫǪǷǸǨǴ ǺǴǶǲǮǶǴǨǦǳǮȅ ǳǦǹǽǳǴǩǴ ǲǮǶǴǨǴǭǭǶǫǳǮȅ ǴǧǹǽǦȄǿǮǻǷȅ. 

 ǖǦǭǱǮǽǳȁǫ ǵǴǪǻǴǪȁ ǲǫǸǴǪǴǱǴǩǮǽǫǷǰǮǫ ǮǱǮ ǲǫǸǴǪǮǽǫǷǰǮǫ ǰ ǮǷǸǴǱǰǴǨǦǳǮȄ Ǯǭ-
ǨǫǷǸǳȁǻ ǹǬǫ ǺǦǰǸǴǨ ǴǷǴǧǫǳǳǴ ǨǴǭǪǫǯǷǸǨǹȄǸ ǳǦ ǵǴǭǳǦǨǦǸǫǱȂǳǹȄ ǦǰǸǮǨǳǴǷǸȂ ǴǧǹǽǦȄ-
ǿǮǻǷȅ, ǷǵǴǷǴǧǷǸǨǹȄǸ ǶǦǭǨǮǸǮȄ ǳǦǹǽǳǴǩǴ ǷǴǭǳǦǳǮȅ. ǓǦǵǶǮǲǫǶ, ǳǦ ǵǫǶǨȁǻ ǭǦǳȅǸǮȅǻ Ƿ 
ǵǫǶǨǴǰǹǶǷǳǮǰǦǲǮ ǵǴ ǲǦǸǫǲǦǸǮǽǫǷǰǴǲǹ ǦǳǦǱǮǭǹ, ǰǦǷǦȅǷȂ ǴǧǴǧǿǫǳǮȅ ǾǰǴǱȂǳȁǻ ǭǳǦǳǮǯ 
Ǵ ǷǨǴǯǷǸǨǦǻ Ǯ ǩǶǦǺǮǰǦǻ ȃǱǫǲǫǳǸǦǶǳȁǻ ǺǹǳǰǼǮǯ, ǹǲǫǷǸǳǴ ǶǦǷǷǲǴǸǶǫǸȂ ǷǨȅǭǮ ǲǫǬǪǹ 
ǴǵǶǫǪǫǱǫǳǮȅǲǮ Ǯ ǸǫǴǶǫǲǦǲǮ, ǵǴǰǦǭǦǸȂ Ǯǻ ǨǴǭǲǴǬǳǹȄ ǨǭǦǮǲǴǭǦǲǫǳȅǫǲǴǷǸȂ. ǕǶȅǲǦȅ 
ǵǶǴǵǴǶǼǮǴǳǦǱȂǳǴǷǸȂ ǲǴǬǫǸ ǴǵǶǫǪǫǱȅǸȂǷȅ ǰǦǰ ǺǹǳǰǼǮȅ ǨǮǪǦ ώ Ὧὼ, ǸǴǩǪǦ ǹǸǨǫǶǬǪǫ-
ǳǮǫ Ǵ ǶǦǨǫǳǷǸǨǫ ǴǸǳǴǾǫǳǮǯ ǵǦǶ ǷǴǴǸǨǫǸǷǸǨǫǳǳȁǻ ǭǳǦǽǫǳǮǯ ǦǶǩǹǲǫǳǸǴǨ  ǷǸǦǳǴǨǮǸǷȅ 
ǸǫǴǶǫǲǴǯ Ǵ ǷǨǴǯǷǸǨǫ ȃǸǴǯ ǺǹǳǰǼǮǮ. ǋǷǱǮ Ǭǫ ȃǸǴ ǷǨǴǯǷǸǨǴ ǷǽǮǸǦǸȂ ǴǵǶǫǪǫǱǫǳǮǫǲ, ǸǴ 
ǵǫǶǨǴǫ ǹǸǨǫǶǬǪǫǳǮǫ ǳǹǬǪǦǫǸǷȅ Ǩ ǪǴǰǦǭǦǸǫǱȂǷǸǨǫ.  

ǘǴǽǳǴ ǸǦǰǬǫ ǴǧǷǸǴǮǸ ǪǫǱǴ Ƿ ǭǦǪǦǽǦǲǮ. ǔǧǶǦǿǫǳǮǫ ǰ ǭǦǪǦǽǫ Ƿ ǵǶǮǨǱǫǽǫǳǮǫǲ ǶǦǭ-
ǱǮǽǳǴǩǴ ǲǦǸǫǲǦǸǮǽǫǷǰǴǩǴ ǦǵǵǦǶǦǸǦ ǨǲǫǷǸǫ Ƿ ǪǮǪǦǰǸǮǽǫǷǰǮǲǮ ǺǹǳǰǼǮȅǲǮ ǨȁǵǴǱǳȅǫǸ 
ǨǦǬǳȁǫ ǮǳǸǫǩǶǦǸǮǨǳȁǫ ǲǮǶǴǨǴǭǭǶǫǳǽǫǷǰǮǫ ǺǹǳǰǼǮǮ. 

 

ǒǫǸǴǪǴǱǴǩǮȅ Ǯ ǶǫǭǹǱȂǸǦǸȁ ǮǷǷǱǫǪǴǨǦǳǮȅ 
 

ǖǫǾǫǳǮǫ ǲǦǸǫǲǦǸǮǽǫǷǰǴǯ ǭǦǪǦǽǮ ǭǦǵǹǷǰǦǫǸ ǵǶǴǼǫǷǷ ǵǴǭǳǦǳǮȅ, ǰǦǰ ǹǲǷǸǨǫǳǳȁǯ 
ǸǨǴǶǽǫǷǰǮǯ ǵǶǴǼǫǷǷ ǵǴǱǹǽǫǳǮȅ, ǴǷǨǴǫǳǮȅ, ǵǴǷǸǴȅǳǳǴǩǴ ǴǧǳǴǨǱǫǳǮȅ ǰǴǲǵǱǫǰǷǦ ǭǳǦ-
ǳǮǯ, ǳǫǴǧǻǴǪǮǲȁǻ ǴǧǹǽǦȄǿǫǲǹǷȅ. ǈȁǵǴǱǳȅǫǲȁǫ ǵǶǮ ȃǸǴǲ ǪǫǯǷǸǨǮȅ ǳǦǵǶǦǨǱǫǳȁ ǳǦ 
ǵǴǮǷǰ ǳǹǬǳǴǯ ǮǳǺǴǶǲǦǼǮǮ, ǳǦ ǫǫ ǷǸǶǹǰǸǹǶǮǶǴǨǦǳǮǫ, ǳǦ ǨȁǵǴǱǳǫǳǮǫ ǭǳǦǰǴǨǴ-ǷǮǲǨǴǱȂ-
ǳȁǻ ǪǫǯǷǸǨǮǯ, ǳǦ ǨȁǧǴǶ ǷǵǴǷǴǧǴǨ ǶǫǾǫǳǮȅ ǭǦǪǦǽǮ. ǗǴǨǴǰǹǵǳǴǷǸȂ ǹǰǦǭǦǳǳȁǻ ǪǫǯǷǸǨǮǯ 
ǴǵǶǫǪǫǱȅȄǸ ǰǦǰ ǹǳǮǨǫǶǷǦǱȂǳȁǫ ǵǴǭǳǦǨǦǸǫǱȂǳȁǫ ǪǫǯǷǸǨǮȅ. ǔǧǴǩǦǿǦȄǿǦȅ ǷǮǷǸǫǲǦ ǭǦ-
ǪǦǽ ǶǦǷǷǲǦǸǶǮǨǦǫǸǷȅ ǳǦǲǮ ǰǦǰ ǸǦǰǦȅ ǷǮǷǸǫǲǦ ǭǦǪǦǽ, ǰǴǸǴǶǦȅ Ǩ ǫǪǮǳǷǸǨǫ Ƿ ǴǷǨǴǫǳǮǫǲ 
ǹǽǫǧǳǴǯ ǮǳǺǴǶǲǦǼǮǮ Ǯ ǼǫǱǫǳǦǵǶǦǨǱǫǳǳǴǩǴ ǺǴǶǲǮǶǴǨǦǳǮȅ ǹǳǮǨǫǶǷǦǱȂǳȁǻ ǵǴǭǳǦǨǦ-
ǸǫǱȂǳȁǻ ǪǫǯǷǸǨǮǯ ǳǦǵǶǦǨǱǫǳǦ ǳǦ ǺǴǶǲǮǶǴǨǦǳǮǫ ǳǦǹǽǳǴǩǴ ǲǮǶǴǨǴǭǭǶǫǳǮȅ ǴǧǹǽǦȄ-
ǿǮǻǷȅ. ǔǧǴǩǦǿǦȄǿǦȅ ǷǮǷǸǫǲǦ ǭǦǪǦǽ ǹǪǴǨǱǫǸǨǴǶȅǫǸ ǷǱǫǪǹȄǿǮǲ ǸǶǫǧǴǨǦǳǮȅǲ: 

 ǷǵǴǷǴǧǷǸǨǹǫǸ ǪǴǷǸǮǬǫǳǮȄ ǼǫǱǫǯ ǹǷǨǴǫǳǮȅ ǵǶǫǪǲǫǸǳȁǻ ǭǳǦǳǮǯ; 
 ǷǴǴǸǨǫǸǷǸǨǹǫǸ ǵǶǫǪǲǫǸǳǴǲǹ ǷǴǪǫǶǬǦǳǮȄ ǳǦ ǭǦǪǦǳǳǴǲ ǹǶǴǨǳǫ ǴǧǹǽǫǳǮȅ; 
 ǷǵǴǷǴǧǷǸǨǹǫǸ ǦǰǸǮǨǮǭǦǼǮǮ ǵǴǭǳǦǨǦǸǫǱȂǳǴǯ ǪǫȅǸǫǱȂǳǴǷǸǮ ǴǧǹǽǦȄǿǮǻǷȅ Ǯ ǵǴǨȁ-

ǾǫǳǮȄ ǷǸǫǵǫǳǮ ǫǫ ǷǦǲǴǷǸǴȅǸǫǱȂǳǴǷǸǮ; 
 ǷǵǴǷǴǧǷǸǨǹǫǸ ǺǴǶǲǮǶǴǨǦǳǮȄ ǮǳǸǫǩǶǦǸǮǨǳȁǻ ǲǮǶǴǨǴǭǭǶǫǳǽǫǷǰǮǻ ǰǦǽǫǷǸǨ. 
ǖǦǷǷǲǴǸǶǮǲ ǴǧǴǩǦǿǦȄǿǹȄ ǷǮǷǸǫǲǹ ǭǦǪǦǽ ǵǶǮ ǮǭǹǽǫǳǮǮ ǵǶǴǮǭǨǴǪǳȁǻ ȃǱǫǲǫǳǸǦǶ-

ǳȁǻ ǺǹǳǰǼǮǯ, ǪǫǲǴǳǷǸǶǮǶǹȄǿǹȄ ǾǮǶǴǸǹ ǵǶǮǲǫǳǫǳǮȅ ǦǵǵǦǶǦǸǦ ǵǶǴǮǭǨǴǪǳǴǯ, ǲǫǳȅȄ-
ǿǹȄ ǼǫǳǳǴǷǸȂ ǶǫǾǦǫǲȁǻ ǭǦǪǦǽ. ǍǦǪǦǽǮ Ǩ ǧǴǱȂǾǫǯ ǷǸǫǵǫǳǮ ǳǦǷȁǿǦȄǸǷȅ ǺǹǳǰǼǮǴǳǦǱȂ-
ǳǴǯ ǮǪǫǫǯ, ǵǶǮ Ǯǻ ǶǫǾǫǳǮǮ ǶǦǷǰǶȁǨǦǫǸǷȅ ǨǴǭǲǴǬǳǴǷǸȂ ǮǷǵǴǱȂǭǴǨǦǳǮȅ ǦǵǵǦǶǦǸǦ ǵǶǴ-
ǮǭǨǴǪǳǴǯ Ǩ ǶǦǭǱǮǽǳȁǻ ǷǮǸǹǦǼǮȅǻ, ǽǸǴ Ǩ ǮǸǴǩǫ ǵǶǮǨǴǪǮǸ ǰ ǺǴǶǲǮǶǴǨǦǳǮȄ ǼǫǱǴǷǸǳǴǷǸǮ, 
ǷǮǷǸǫǲǳǴǷǸǮ ǭǳǦǳǮǯ Ǯ ǹǧǫǬǪǫǳǮǯ. ǑȄǧǴǫ ǲǦǸǫǲǦǸǮǽǫǷǰǴǫ ǭǳǦǳǮǫ çǵǶǴǻǴǪǮǸ ǪǱǮǸǫǱȂ-
ǳȁǯ ǵǹǸȂ ǶǦǭǨǮǸǮȅ ǴǸ ǵǫǶǨȁǻ ǮǪǫǯ, ǷǨȅǭǦǳǳȁǻ Ƿ ǶǦǷǷǲǴǸǶǫǳǮǫǲ ǽǦǷǸǳȁǻ ǵǶǮǲǫǶǴǨ, ǪǴ 
ǴǰǴǳǽǦǸǫǱȂǳǴ ǺǴǶǲǦǱǮǭǴǨǦǳǳǴǩǴ Ǯ ǷǸǶǴǩǴ ǷǺǴǶǲǹǱǮǶǴǨǦǳǳǴǩǴ ǴǵǶǫǪǫǱǫǳǮȅ. ǣǸǴǸ 
ǵǶǴǼǫǷǷ ǲǴǬǳǴ ǵǶǴǷǱǫǪǮǸȂ Ǯ ǳǦ ǵǴǳȅǸǮȅǻ, Ƿ ǰǴǸǴǶȁǲǮ ǷǨȅǭǦǳ ǲǦǸǫǲǦǸǮǽǫǷǰǮǯ ǦǳǦǱǮǭ 
Ǯ, Ǩ ǽǦǷǸǳǴǷǸǮ, ǪǮǺǺǫǶǫǳǼǮǦǱȂǳȁǲ ǮǷǽǮǷǱǫǳǮǫǲè [1, Ƿ. 47]. 

ǔǧǴǩǦǿǦȄǿǦȅ ǷǮǷǸǫǲǦ ǭǦǪǦǽ ǮǲǫǫǸ Ǵǧǿǫǫ ǸǶǫǧǴǨǦǳǮǫ Ǵ ǪǴǰǦǭǦǸǫǱȂǷǸǨǫ ǳǫǶǦ-
ǨǫǳǷǸǨ. ǔǵǮǾǫǲ ǴǧȀǫǪǮǳȅȄǿǹȄ ǮǪǫȄ ǶǫǾǫǳǮȅ ǭǦǪǦǽ, ǵǴǲǫǿǫǳǳȁǻ ǫǪǮǳȁǯ ǧǱǴǰ. 

ǎǪǫȅ ǶǫǾǫǳǮȅ.  
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ǘǶǫǧǹǫǸǷȅ ǪǴǰǦǭǦǸȂ ǳǫǶǦǨǫǳǷǸǨǴ Ὢὼ Ὣὼ ǵǶǮ ǹǷǱǴǨǮǮ, ǽǸǴ ǴǧǱǦǷǸǮ ǴǵǶǫǪǫ-
ǱǫǳǮȅ ǺǹǳǰǼǮǯ Ὢὼ Ǯ Ὣὼ ǷǴǨǵǦǪǦȄǸ Ǯ ȃǸǮ ǺǹǳǰǼǮǮ ǪǮǺǺǫǶǫǳǼǮǶǹǫǲȁǫ ǳǦ Ǯǻ ǴǧǱǦ-
ǷǸǮ ǴǵǶǫǪǫǱǫǳǮȅ. ǗǴǷǸǦǨǮǲ ǳǴǨǹȄ ǺǹǳǰǼǮȄ 

 
Ὤὼ Ὢὼ Ὣὼ.  

 
ǈȁȅǷǳǮǲ, ǵǶǮ ǰǦǰǴǲ ǭǳǦǽǫǳǮǮ ὼ ǷǴǷǸǦǨǱǫǳǳǦȅ ǺǹǳǰǼǮȅ ǴǧǶǦǿǦǫǸǷȅ Ǩ ǳǹǱȂ. ǕǹǷǸȂ 

ȃǸǴ ǧǹǪǫǸ ǵǶǮ ὼ ὥ. ǘǫǵǫǶȂ ǳǦǯǪǫǲ ǵǶǴǮǭǨǴǪǳǹȄ ǺǹǳǰǼǮǮ  Ὤὼ Ǯ ǴǵǶǫǪǫǱǮǲ ǭǳǦǰ 
ǵǶǴǮǭǨǴǪǳǴǯ ǷǵǶǦǨǦ Ǯ ǷǱǫǨǦ ǴǸ ǸǴǽǰǮ ὼ ὥ. ǋǷǱǮ ǵǶǮ ὼ ὥ  Ὤȭὼ π, ǸǴ ǺǹǳǰǼǮȅ Ὤὼ 
ǳǦ ǵǶǴǲǫǬǹǸǰǫ (-Њ;ὥ ǲǴǳǴǸǴǳǳǴ ǹǧȁǨǦǫǸ, ǭǳǦǽǮǸ ǳǦ ȃǸǴǲ ǵǶǴǲǫǬǹǸǰǫ Ὢὼ Ὣὼ. 

 
ǍǦǪǦǽǦ 1.  
ǊǴǰǦǬǮǸǫ, ǽǸǴ ǳǫǶǦǨǫǳǷǸǨǴ ǨȁǵǴǱǳȅǫǸǷȅ ǪǱȅ ǨǷǫǻ ǪǫǯǷǸǨǮǸǫǱȂǳȁǻ ǭǳǦǽǫǳǮǯ ǳǫ-

ǮǭǨǫǷǸǳǴǯ ὼ: 
Ὡ ρ ὼ.  

ǖǫǾǫǳǮǫ. 
ǗǴǷǸǦǨǮǲ ǺǹǳǰǼǮȄ Ὤὼ Ὡ ρ ὼ. 
ǓǦǯǪǫǲ ǵǶǴǮǭǨǴǪǳǹȄ ǺǹǳǰǼǮǮ Ὤὼ. ǋȆ ǵǶǴǮǭǨǴǪǳǦȅ ǶǦǨǳǦ: 
 

Ὤȭὼ Ὡ ρ.  
 

ǍǦǲǫǸǮǲ, ǽǸǴ Ὤȭὼ π ǵǶǮ  ὼ π, Ὤȭὼ π ǵǶǮ  ὼ π, Ὤȭὼ π ǵǶǮ  ὼ π. 
ǗǱǫǪǴǨǦǸǫǱȂǳǴ, ǺǹǳǰǼǮȅ Ὤὼ ǷǱǫǨǦ ǴǸ ǳǹǱȅ ǹǧȁǨǦǫǸ, Ǧ ǷǵǶǦǨǦ ǴǸ ǳǹǱȅ ð ǨǴǭǶǦǷ-

ǸǦǫǸ. ǕǴǷǰǴǱȂǰǹ Ǩ ǸǴǽǰǫ ὼ π ǭǳǦǽǫǳǮǫ ǺǹǳǰǼǮǮ Ὤὼ ǶǦǨǳǴ ǳǹǱȄ, ǸǴ ǨǴ ǨǷǫǻ ǴǷǸǦǱȂ-
ǳȁǻ ǸǴǽǰǦǻ ǴǧǱǦǷǸǮ ǫǫ ǴǵǶǫǪǫǱǫǳǮȅ ǺǹǳǰǼǮȅ Ὤὼ ǧǹǪǫǸ ǵǴǱǴǬǮǸǫǱȂǳǦ. ǘǴǩǪǦ ǧǹǪǫǲ 
ǮǲǫǸȂ, ǽǸǴ Ὡ ρ ὼ π ǪǱȅ ǨǷǫǻ ǭǳǦǽǫǳǮǯ ὼ, ǰǶǴǲǫ ǳǹǱȅ.  

ǆ ǭǳǦǽǮǸ Ǯ Ὡ ρ ὼ ǪǱȅ ǨǷǫǻ ǪǫǯǷǸǨǮǸǫǱȂǳȁǻ ǭǳǦǽǫǳǮǯ ὼ.  
 
ǍǦǲǫǸǮǲ, ǽǸǴ ǶǫǾǫǳǮǫ ǵǶǫǪǱǴǬǫǳǳǴǯ ǭǦǪǦǽǮ ǪǶǹǩǮǲ ǷǵǴǷǴǧǴǲ ǨǫǷȂǲǦ ǭǦǸǶǹǪǳǮ-

ǸǫǱȂǳǴ ǪǱȅ ǴǧǹǽǦȄǿǮǻǷȅ. 
 
ǍǦǪǦǽǦ 2.  
ǊǴǰǦǬǮǸǫ, ǽǸǴ ǳǫǶǦǨǫǳǷǸǨǴ ǨȁǵǴǱǳȅǫǸǷȅ ǪǱȅ ǨǷǫǻ ǪǫǯǷǸǨǮǸǫǱȂǳȁǻ ǭǳǦǽǫǳǮǯ ǳǫ-

ǮǭǨǫǷǸǳǴǯ ὼ: 

ÓÉÎὼ ὼ ὼ.  

 
ǖǫǾǫǳǮǫ. 

ǗǴǷǸǦǨǮǲ ǺǹǳǰǼǮȄ Ὤὼ ÓÉÎὼ ὼ ὼ . ǔǸǲǫǸǮǲ, ǽǸǴ ǵǶǮ ὼ π ǭǳǦǽǫǳǮǫ 

ǺǹǳǰǼǮǮ Ὤὼ ǶǦǨǳǴ ǳǹǱȄ. ǓǦǯǪǫǲ ǵǶǴǮǭǨǴǪǳǹȄ ǺǹǳǰǼǮǮ Ὤὼ. ǋȆ ǵǶǴǮǭǨǴǪǳǦȅ ǶǦǨǳǦ: 

Ὤȭὼ ÃÏÓὼ ρ ὼ ὼ ςÓÉÎ ς ÓÉÎ ίὭὲ.  

Ὤȭὼ π ǵǶǮ  π ὼ . 

ǚǹǳǰǼǮȅ Ὤὼ ÓÉÎὼ ὼ ὼ  ǲǴǳǴǸǴǳǳǴ ǨǴǭǶǦǷǸǦǫǸ ǳǦ ǵǶǴǲǫǬǹǸǰǫ 

 π ὼ .  

ǗǱǫǪǴǨǦǸǫǱȂǳǴ, ÓÉÎὼ ὼ ὼ. 

 
ǍǦǪǦǽǦ 3. 
ǊǴǰǦǬǮǸǫ, ǽǸǴ ǳǫǶǦǨǫǳǷǸǨǴ ǨȁǵǴǱǳȅǫǸǷȅ ǪǱȅ ǨǷǫǻ ǪǫǯǷǸǨǮǸǫǱȂǳȁǻ ǭǳǦǽǫǳǮǯ ǳǫ-

ǮǭǨǫǷǸǳǴǯ ὼ π: 
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ςὼ Ѝὼ.  

ǖǫǾǫǳǮǫ. 
ǕǶǮ ὼ π ǳǫǶǦǨǫǳǷǸǨǴ ǷǵǶǦǨǫǪǱǮǨǴ. 

ǗǴǷǸǦǨǮǲ ǺǹǳǰǼǮȄ Ὤὼ ςὼ Ѝὼ. 

ǓǦǯǪǫǲ ǵǶǴǮǭǨǴǪǳǹȄ ǺǹǳǰǼǮǮ Ὤὼ. ǋȆ ǵǶǴǮǭǨǴǪǳǦȅ ǶǦǨǳǦ  Ὤȭὼ ς
Ѝ

. 

ǕǶǴǮǭǨǴǪǳǦȅ ǴǧǶǦǿǦǫǸǷȅ Ǩ ǳǹǱȂ ǵǶǮ ὼ .  

 

ǍǦǲǫǸǮǲ, ǽǸǴ Ὤȭὼ π ǵǶǮ  π ὼ , ǭǳǦǽǮǸ, ǺǹǳǰǼǮȅ Ὤὼ ǲǴǳǴǸǴǳǳǴ ǹǧȁǨǦǫǸ 

ǳǦ ǵǶǴǲǫǬǹǸǰǫ π ὼ .  

 

ǍǦǲǫǸǮǲ, ǽǸǴ Ὤȭὼ π ǵǶǮ  ὼ, ǭǳǦǽǮǸ, ǺǹǳǰǼǮȅ Ὤὼ ǲǴǳǴǸǴǳǳǴ ǨǴǭǶǦǷǸǦǫǸ 

ǳǦ ǵǶǴǲǫǬǹǸǰǫ ὼ.  

 

ǕǶǮ  ὼ  ǺǹǳǰǼǮȅ Ὤὼ ǵǶǮǳǮǲǦǫǸ ǳǦǮǲǫǳȂǾǫǫ ǭǳǦǽǫǳǮǫ, ǶǦǨǳǴǫ ǳǹǱȄ. ǈǴ ǨǷǫǻ 

ǴǷǸǦǱȂǳȁǻ ǸǴǽǰǦǻ ǴǧǱǦǷǸǮ ǴǵǶǫǪǫǱǫǳǮȅ ǺǹǳǰǼǮȅ Ὤὼ  ǵǴǱǴǬǮǸǫǱȂǳǦȅ. ǗǱǫǪǴǨǦ-

ǸǫǱȂǳǴ, ςὼ Ѝὼ.  

 
ǜǫǳǳǴǷǸȂ ǶǫǾǫǳǮȅ ǭǦǪǦǽǮ ǷǴǷǸǴǮǸ Ǩ ǸǴǲ, ǽǸǴ ǺǹǳǰǼǮȅ ǳǫ ǧȁǱǦ ǲǴǳǴǸǴǳǳǴǯ ǳǦ 

ǵǶǴǲǫǬǹǸǰǫ ὼ π. ǣǸǴǸ ǺǦǰǸ ǹǷǱǴǬǳȅǫǸ ǶǫǾǫǳǮǫ ǵǶǴǧǱǫǲȁ ǭǦǪǦǽǮ, ǵǴǷǰǴǱȂǰǹ ǵǱǦǳ 
ǶǫǾǫǳǮȅ ǨȁǻǴǪǮǸ ǭǦ ǶǦǲǰǮ ǵǶǫǪǱǴǬǫǳǳǴǯ Ǵǧǿǫǯ ǮǪǫǮ. ǕǴȃǸǴǲǹ ǴǧǹǽǦȄǿǮǲǷȅ ǵǶǮ Ƕǫ-
ǾǫǳǮǮ ȃǸǴǯ ǭǦǪǦǽǮ ǶǫǰǴǲǫǳǪǹǫǸǷȅ ǵǴǱǹǽǮǸȂ ǪǴǵǴǱǳǮǸǫǱȂǳȁǫ ǷǨǫǪǫǳǮȅ Ǵ ǻǦǶǦǰǸǫǶǫ 
ǮǭǲǫǳǫǳǮȅ ǮǷǷǱǫǪǹǫǲǴǯ ǺǹǳǰǼǮǮ. 

 
ǍǦǪǦǽǦ 4. 
ǊǴǰǦǬǮǸǫ, ǽǸǴ ǳǫǶǦǨǫǳǷǸǨǴ ǨȁǵǴǱǳȅǫǸǷȅ ǪǱȅ ǨǷǫǻ ǪǫǯǷǸǨǮǸǫǱȂǳȁǻ ǭǳǦǽǫǳǮǯ ǳǫ-

ǮǭǨǫǷǸǳǴǯ ὼ ρ: 
υὼ υ ὼ ρ υὼ υ.  

 
ǖǫǾǫǳǮǫ ǭǦǪǦǽǮ ǵǶǮǨǴǪǮǸȂ ǳǫ ǧǹǪǫǲ, ǭǦǲǫǸǮǲ ǱǮǾȂ ǳǫǴǧǻǴǪǮǲǴǷǸȂ ǵǶǴǨǫǪǫǳǮȅ 

ǪǴǰǦǭǦǸǫǱȂǷǸǨ ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǻ ǪǨǹǻ ǳǫǶǦǨǫǳǷǸǨ Ƿ ǮǷǵǴǱȂǭǴǨǦǳǮǫǲ ǨȁǾǫ ǴǵǮǷǦǳǳǴǯ 
ǮǪǫǮ. 

 
ǍǦǪǦǽǦ 5. 
ǊǴǰǦǬǮǸǫ, ǽǸǴ ǳǫǶǦǨǫǳǷǸǨǴ ǨȁǵǴǱǳȅǫǸǷȅ ǪǱȅ ǨǷǫǻ ǪǫǯǷǸǨǮǸǫǱȂǳȁǻ ǭǳǦǽǫǳǮǯ ǳǫ-

ǮǭǨǫǷǸǳǴǯ ὼ: 
ςὼ ρ ςὼ ὼ.  

 
ǍǦǪǦǽǦ ǨǰǱȄǽǦǫǸǷȅ Ǩ ǴǧǴǩǦǿǦȄǿǹȄ ǷǮǷǸǫǲǹ ǭǦǪǦǽ, ǵǴǷǰǴǱȂǰǹ ǵǶǮ ǶǫǾǫǳǮǮ ǴǧǳǦ-

ǶǹǬǮǨǦǫǸǷȅ ǭǦǸǶǹǪǳǫǳǮǫ Ǩ ǴǵǶǫǪǫǱǫǳǮǮ ǭǳǦǰǦ ǵǫǶǨǴǯ ǵǶǴǮǭǨǴǪǳǴǯ ǵǴǷǸǶǴǫǳǳǴǯ Ǻǹǳǰ-
ǼǮǮ. ǈ ȃǸǴǲ ǷǱǹǽǦǫ ǵǶǮǻǴǪǮǲ ǰ ǴǷǴǭǳǦǳǮȄ ǵǶǮǲǫǳǮǸȂ ǨǸǴǶǹȄ ǵǶǴǮǭǨǴǪǳǹȄ ǺǹǳǰǼǮǮ. 

ǖǫǾǫǳǮǫ. 

ǗǴǷǸǦǨǮǲ ǺǹǳǰǼǮȄ Ὤὼ ςὼ ρ ςὼ ὼ. 
 

ǓǦǯǪǫǲ ǵǶǴǮǭǨǴǪǳǹȄ ǺǹǳǰǼǮǮ Ὤὼ. ǋȆ ǵǶǴǮǭǨǴǪǳǦȅ ǶǦǨǳǦ: 
 

Ὤȭὼ ψὼ φὼ ςὼȢ 
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ǓǦǯǪǫǲ ǰǶǮǸǮǽǫǷǰǮǫ ǸǴǽǰǮ Ǯǭ ǹǶǦǨǳǫǳǮȅ: 
 

ψὼ φὼ ςὼ πȢ 
ὼ πȟὼ ρȟὼ πȟςυȢ 

 
ǓǦǯǪǫǲ ǨǸǴǶǹȄ ǵǶǴǮǭǨǴǪǳǹȄ ǺǹǳǰǼǮǮ Ὤὼ. ǋȆ ǨǸǴǶǦȅ ǵǶǴǮǭǨǴǪǳǦȅ ǶǦǨǳǦ: 
 

Ὤȭȭὼ ςτὼ ρςὼ ς.  
Ὤȭȭπȟςυ πȟὬȭȭπ π ȟὬȭȭρ πȢ  

 

ǕǶǮ  ὼ πȟςυ ǭǳǦǽǫǳǮǫ ǺǹǳǰǼǮǮ ǶǦǨǳǴ .  

ǕǶǮ  ὼ π ǭǳǦǽǫǳǮǫ ǺǹǳǰǼǮǮ ǶǦǨǳǴ 1.  

ǕǶǮ  ὼ ρ ǭǳǦǽǫǳǮǫ ǺǹǳǰǼǮǮ ǶǦǨǳǴ 0.  
ǕǶǮ ὼ ǷǸǶǫǲȅǿǫǲǷȅ Ǩ Њ ǺǹǳǰǼǮȅ Ὤὼ ǷǸǶǫǲǮǸȂǷȅ Ǩ Њ. ǘǴ ǫǷǸȂ ǺǹǳǰǼǮȅ Ὤὼ 

ǵǶǮ ǨǷǫǻ ὼ ǵǴǱǴǬǮǸǫǱȂǳǦ, ǰǶǴǲǫ ὼ ρ, Ǯ ǱǮǾȂ Ǩ ǸǴǽǰǫ ὼ ρ ǶǦǨǳǦ 0. ǣǸǴ Ǯ ǪǴǰǦǭȁǨǦǫǸ 
ǳǫǶǦǨǫǳǷǸǨǴ. 

 

ǍǦǰǱȄǽǫǳǮǫ 
 

ǖǦǷǷǲǴǸǶǫǳǳǦȅ ǴǧǴǩǦǿǦȄǿǦȅ ǷǮǷǸǫǲǦ ǭǦǪǦǽ ǵǶǮ ǮǭǹǽǫǳǮǮ ǵǶǴǮǭǨǴǪǳǴǯ Ǻǹǳǰ-
ǼǮǮ ǶǦǷǰǶȁǨǦǫǸ ǸǫǷǳȁǫ ǷǨȅǭǮ ǲǫǬǪǹ ǮǪǫȅǲǮ ǦǱǩǫǧǶȁ Ǯ ǳǦǽǦǱ ǦǳǦǱǮǭǦ, ȃǱǫǲǫǳǸǦǶǳǴǯ 
Ǯ ǨȁǷǾǫǯ ǲǦǸǫǲǦǸǮǰǴǯ, ǷǵǴǷǴǧǷǸǨǹǫǸ ǶǦǭǨǮǸǮȄ ǾǮǶǴǸȁ ǨǭǩǱȅǪǴǨ ǳǦ ǵǶǮǲǫǳǫǳǮǫ ǲǫ-
ǸǴǪǴǨ ǶǫǾǫǳǮȅ ǭǦǪǦǽ, ǺǴǶǲǮǶǹǫǸ ǳǴǨȁǫ ǲǮǶǴǨǴǭǭǶǫǳǽǫǷǰǮǫ ǰǦǽǫǷǸǨǦ ǱǮǽǳǴǷǸǮ Ǵǧǹ-
ǽǦȄǿǫǩǴǷȅ. 

ǗǗǡǑǐǎ Ǔǆ ǎǗǘǔǝǓǎǐǎ 
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ǔ ǓǋǐǔǘǔǖǡǛ ǈǔǕǖǔǗǆǛ ǒǋǘǔǊǎǝǋǗǐǔǉǔ Ǜǆǖǆǐǘǋǖǆ,  
ǗǈǥǍǆǓǓǡǛ Ǘ ǕǔǓǥǘǎǋǒ ǊǑǎǓǡ ǐǖǎǈǔǏ 

 
 

ǆǳǳǴǸǦǼǮȅ 

ǕǶǮ ǶǦǷǷǲǴǸǶǫǳǮǮ ǵǴǳȅǸǮȅ ǪǱǮǳȁ ǰǶǮǨǴǯ ǴǧȁǽǳǴ ǷǳǦǽǦǱǦ ǪǴǰǦǭȁǨǦȄǸ ǷǨǴǯǷǸǨǴ ǦǪǪǮ-
ǸǮǨǳǴǷǸǮ, Ǧ ǭǦǸǫǲ ǹǷǸǦǳǦǨǱǮǨǦȄǸ ǷǵǶȅǲǱȅǫǲǴǷǸȂ ǳǫǰǴǸǴǶȁǻ ǰǱǦǷǷǴǨ ǰǶǮǨȁǻ Ǯ ǨȁǨǴǪȅǸ 
ǺǴǶǲǹǱǹ ǪǱȅ ǵǶǴǮǭǨǴǪǳǴǯ ǵǫǶǫǲǫǳǳǴǯ ǪǱǮǳȁ ǪǹǩǮ. ǈǷȆ ȃǸǴ ǮǷǵǴǱȂǭǹǫǸǷȅ (ǹǬǫ Ǩ Ǯǳ-
ǸǫǩǶǦǱȂǳǴǲ ǮǷǽǮǷǱǫǳǮǮ) ǵǶǮ ǵǴǱǹǽǫǳǮǮ ǺǴǶǲǹǱȁ ǪǱȅ ǨȁǽǮǷǱǫǳǮȅ ǪǱǮǳȁ ǰǶǮǨǴǯ Ƿ ǵǴ-
ǲǴǿȂȄ ǮǳǸǫǩǶǦǱǦ. ǈ ǸǫǻǳǮǽǫǷǰǮǻ ǨǹǭǦǻ ǵǶǮ ǴǩǶǦǳǮǽǫǳǳǴǷǸǮ ǨǶǫǲǫǳǮ ǳǦ ǮǭǱǴǬǫǳǮǮ 
ȃǸǴǩǴ ǲǦǸǫǶǮǦǱǦ ǸǦǰǴǯ ǵǹǸȂ ǵǴǱǹǽǫǳǮȅ ǺǴǶǲǹǱȁ ǪǱȅ ǪǱǮǳȁ ǰǶǮǨǴǯ ǪǴǷǸǦǸǴǽǳǴ ǭǦǸǶǹǪ-
ǳǮǸǫǱǫǳ. ǈ ǳǦǷǸǴȅǿǫǯ ǷǸǦǸȂǫ ǵǶǫǪǱǦǩǦǫǸǷȅ ǵǶǮȆǲ, ǵǴǭǨǴǱȅȄǿǮǯ ǵǴǱǹǽǮǸȂ ǮǳǸǫǩǶǦǱȂ-
ǳǹȄ ǺǴǶǲǹǱǹ ǪǱȅ ǪǱǮǳȁ ǰǶǮǨǴǯ ǧǴǱǫǫ ǰǴǶǴǸǰǮǲ ǵǹǸǫǲ, ǴǵǮǶǦȅǷȂ ǳǫǵǴǷǶǫǪǷǸǨǫǳǳǴ ǳǦ 
ǴǵǶǫǪǫǱǫǳǮǫ. ǗǨǴǯǷǸǨǦ ǪǱǮǳȁ ǰǶǮǨǴǯ ǲǴǬǳǴ ǭǦǸǫǲ ǹǷǸǦǳǴǨǮǸȂ, ǴǵǮǶǦȅǷȂ ǳǦ ǷǨǴǯǷǸǨǦ 
ǮǳǸǫǩǶǦǱǦ. 

 

ǐǱȄǽǫǨȁǫ ǷǱǴǨǦ 

ǪǱǮǳǦ ǰǶǮǨǴǯ, ǵǶǴǮǭǨǴǪǳǦȅ ǵǫǶǫǲǫǳǳǴǯ ǪǱǮǳȁ ǪǹǩǮ,  
ǨȁǶǦǬǫǳǮǫ ǪǱǮǳȁ ǪǹǩǮ ǮǳǸǫǩǶǦǱǴǲ 

 

ǆǈǘǔǖǡ 
 

ǎǨǦǳǰǴǨ ǕǦǨǫǱ ǑǫǴǳǮǪǴǨǮǽ,  
ǪǴǰǸǴǶ ǺǮǭǮǰǴ-ǲǦǸǫǲǦǸǮǽǫǷǰǮǻ ǳǦǹǰ, ǵǶǴǺǫǷǷǴǶ 

ǚǉǇǔǙ ǈǔ çǒǴǷǰǴǨǷǰǮǯ ǩǴǷǹǪǦǶǷǸǨǫǳǳȁǯ ǸǫǻǳǮǽǫǷǰǮǯ ǹǳǮǨǫǶǷǮǸǫǸ  
Ǯǲ. Ǔ. ǣ. ǇǦǹǲǦǳǦè, ǩ. ǒǴǷǰǨǦ 

ivankovpl@mail.ru 
 

ǔǧǹǻǴǨ ǈǮǰǸǴǶ ǕǦǨǱǴǨǮǽ,  
ǷǸǦǶǾǮǯ ǵǶǫǵǴǪǦǨǦǸǫǱȂ 

ǚǉǇǔǙ ǈǔ çǒǴǷǰǴǨǷǰǮǯ ǩǴǷǹǪǦǶǷǸǨǫǳǳȁǯ ǸǫǻǳǮǽǫǷǰǮǯ ǹǳǮǨǫǶǷǮǸǫǸ  
Ǯǲ. Ǔ. ǣ. ǇǦǹǲǦǳǦè, ǩ. ǒǴǷǰǨǦ 

v.obuhov@outlook.com 
 

 
 

ǈǨǫǪǫǳǮǫ 
 

ǚǴǶǲǹǱǹ ǪǱȅ ǨȁǽǮǷǱǫǳǮȅ ǪǱǮǳȁ ǰǶǮǨǴǯ ǴǧȁǽǳǴ ǵǴǱǹǽǦȄǸ, ǮǷǵǴǱȂǭǹȅ ǵǶǫǪǨǦǶǮ-
ǸǫǱȂǳǴ ǪǴǰǦǭǦǳǳǴǫ ǵǶǦǨǮǱǴ ǪǮǺǺǫǶǫǳǼǮǶǴǨǦǳǮȅ ǵǫǶǫǲǫǳǳǴǯ ǪǱǮǳȁ ǪǹǩǮ ǰǶǮǨǴǯ. 
ǗǳǦǽǦǱǦ ǲȁ ǰǶǦǸǰǴ ǶǦǷǷǲǴǸǶǮǲ ȃǸǴǸ ǵǴǪǻǴǪ, Ǧ ǭǦǸǫǲ (ǧǴǱǫǫ ǵǴǪǶǴǧǳǴ) ǧǹǪǫǸ ǮǭǱǴǬǫǳ 
ǳǫǰǴǸǴǶȁǯ ǲǫǸǴǪǮǽǫǷǰǮǯ ǵǶǮȆǲ, ǵǴǭǨǴǱȅȄǿǮǯ ǨȁǨǫǷǸǮ ǹǵǴǲȅǳǹǸǹȄ ǺǴǶǲǹǱǹ ǳǫǵǴ-
ǷǶǫǪǷǸǨǫǳǳǴ Ǯǭ ǴǵǶǫǪǫǱǫǳǮȅ. ǊǦǱǫǫ ǶǦǷǷǲǦǸǶǮǨǦȄǸǷȅ ǪǴǷǸǴǮǳǷǸǨǦ Ǯ ǳǫǪǴǷǸǦǸǰǮ ǪǨǹǻ 
ǹǰǦǭǦǳǳȁǻ ǲǫǸǴǪǴǨ ǵǴǱǹǽǫǳǮȅ ǹǵǴǲȅǳǹǸǴǯ ǺǴǶǲǹǱȁ. 

 

ǒǫǸǴǪǴǱǴǩǮȅ Ǯ ǶǫǭǹǱȂǸǦǸȁ ǮǷǷǱǫǪǴǨǦǳǮȅ 
 

1. ǕǴǱǹǽǫǳǮǫ ǺǴǶǲǹǱȁ ǪǱȅ ǪǱǮǳȁ ǰǶǮǨǴǯ c ǮǷǵǴǱȂǭǴǨǦǳǮǫǲ ǵǶǦǨǮǱǦ ǪǮǺǺǫ-
ǶǫǳǼǮǶǴǨǦǳǮȅ ǵǫǶǫǲǫǳǳǴǯ ǪǱǮǳȁ ǪǹǩǮ ǰǶǮǨǴǯ. 

 
ǕǹǷǸȂ ǰǶǮǨǦȅ  ːǭǦǪǦǳǦ ǵǦǶǦǲǫǸǶǮǽǫǷǰǮ ǹǶǦǨǳǫǳǮȅǲǮ 
 

ὼ ὼὸȟώ ώὸȟᾀ ᾀὸȟὥ ὸ ὦ (1) 

mailto:ivankovpl@mail.ru
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ǋǷǱǮ ǶǦǷǷǲǴǸǶǫǸȂ ǶǦǪǮǹǷ-ǨǫǰǸǴǶ ►ὸ ǸǴǽǰǮ ǰǶǮǨǴǯ, ǸǴ ȃǸǮ ǹǶǦǨǳǫǳǮȅ ǲǴǬǳǴ ǭǦ-
ǵǮǷǦǸȂ Ǩ ǨǮǪǫ ǴǪǳǴǩǴ ǨǫǰǸǴǶǳǴǩǴ ǹǶǦǨǳǫǳǮȅ 

► ►ὸ, ὥ ὸ ὦ (2) 
 ǈǫǰǸǴǶ-ǺǹǳǰǼǮȅ ►ὸ ǳǦǭȁǨǦǫǸǷȅ ǩǬǱǹǵǷǴȂǳ ǶǷǬǫǸǹǧǩǲǬǴǯǬǳ ǶǧǷǧǳǬǹǷǯǾǬ-

ǸǱǯ ǮǧǫǧǴǴǵǰ ǱǷǯǩǵǰ :ː  
ː ►ὸȠ ὥ ὸ ὦ.  

 ǋǷǱǮ ►ὸ ὼὸȟώὸȟᾀὸ , ǸǴ ǺǹǳǰǼǮǮ ὼὸȟώὸȟᾀὸȟ  
ὥ ὸ ὦ ǳǦǭȁǨǦȄǸǷȅ ǱǵǵǷǫǯǴǧǹǴȂǳ ǶǷǬǫǸǹǧǩǲǬǴǯǬǳ ǶǧǷǧǳǬǹǷǯǾǬǸǱǯ 
ǭǦǪǦǳǳǴǯ ǰǶǮǨǴǯ:ː  

ː ὼὸȟώὸȟᾀὸȠ ὥ ὸ ὦȢ 
ǈ ǭǦǵǮǷǮ ː ὶὸȠ ὥ ὸ ὦ ǵǶǦǨǹȄ ǽǦǷǸȂ ǶǦǨǫǳǷǸǨǦ ǵǴǳǮǲǦȄǸ ǳǫ ǰǦǰ 

ǷǴǨǴǰǹǵǳǴǷǸȂ ǨǷǫǻ ǵǶǫǪǷǸǦǨǱǫǳǮǯ ǰǶǮǨǴǯ  ː, Ǧ ǰǦǰ ǳǫǰǴǸǴǶǴǫ ǨǵǴǱǳǫ ǴǵǶǫǪǫǱǫǳ-
ǳǴǫ ǵǶǫǪǷǸǦǨǱǫǳǮǫ ὶὸ, ὥ ὸ ὦ.  

 
ǕǹǷǸȂ Ὕð ǶǦǭǧǮǫǳǮǫ 

ὥ ὸ ὸ Ễ ὸ (3) 
 
ǴǸǶǫǭǰǦ ὥȟὦȢ 
ǗǴǷǸǦǨǮǲ Ƿǹǲǲǹ 

Ὓ ὛὝ ȿ►ὸ ►ὸ ȿȟτ  

ǰǴǸǴǶǦȅ ǶǦǨǳǦ, ǴǽǫǨǮǪǳǴ, ǪǱǮǳǫ ǱǴǲǦǳǳǴǯ, ǨǵǮǷǦǳǳǴǯ Ǩ ǰǶǮǨǹȄ ȟː ǨǫǶǾǮǳȁ ǰǴ-
ǸǴǶǴǯ ǳǦǻǴǪȅǸǷȅ Ǩ ǸǴǽǰǦǻ ὶὸȟὭ πȟρȟςȟỄȟὲ.  

 
ǔǵǶǫǪǫǱǫǳǮǫ. ǋǲǯǴǵǰ ǱǷǯǩǵǰ  ːǴǧǮȂǩǧǬǹǸȆ ǩǬǲǯǾǯǴǧ Ὓː ÓÕÐὛὝȟ 

 Ὕ 
ǪǫǬ ǩǬǷǼǴȆȆ ǪǷǧǴȃ ǩǮȆǹǧ Ƕǵ ǩǸǬǩǵǮǳǵǭǴȂǳ ǷǧǮǨǯǬǴǯȆǳ Ὕ ǵǹǷǬǮǱǧ ὥȟὦȢ 
ǌǸǲǯ ǸǵǩǵǱǺǶǴǵǸǹȃ ǫǲǯǴ ǲǵǳǧǴȂǼ Ὓː Ƕǵ ǩǸǬǩǵǮǳǵǭǴȂǳ ǷǧǮǨǯǬǴǯȆǳ ǵǹǷǬǮǱǧ 

],[ ba  ǵǪǷǧǴǯǾǬǴǧ ǸǩǬǷǼǺ, ǹǵ ǱǷǯǩǧȆ ǴǧǮȂǩǧǬǹǸȆ ǸǶǷȆǳǲȆǬǳǵǰ. 

ǈ ǷǮǱǹ ǴǵǶǫǪǫǱǫǳǮȅ ǷǵǶȅǲǱȅǫǲǴǷǸȂ ǰǶǮǨǴǯ  ːǮ ǫǫ ǪǱǮǳǦ ǳǫ ǭǦǨǮǷȅǸ ǴǸ ǨȁǧǴǶǦ 
ǵǶǫǪǷǸǦǨǱǫǳǮȅ ǰǶǮǨǴǯ Ǯ ǨǷǫǩǪǦ 

 

π  Ὓː Њ 
 
 ǈ ǶǦǧǴǸǫ [1] ǪǴǰǦǭȁǨǦǫǸǷȅ ǷǨǴǯǷǸǨǴ ǦǪǪǮǸǮǨǳǴǷǸǮ ǪǱǮǳȁ ǰǶǮǨǴǯ, ǫȆ 
ǷǵǶȅǲǱȅǫǲǴǷǸǮ, Ǧ ǸǦǰǬǫ ǵǶǦǨǮǱǴ ǪǮǺǺǫǶǫǳǼǮǶǴǨǦǳǮȅ ǵǫǶǫǲǫǳǳǴǯ ǪǱǮǳȁ ǪǹǩǮ 

ǰǶǮǨǴǯ. 

 ǑǫǲǲǦ (Ǵǧ ǦǪǪǮǸǮǨǳǴǷǸǮ ǪǱǮǳȁ ǰǶǮǨǴǯ). ǕǹǷǸȂὥ ὧ ὦ Ǯ 
ː ►ὸȠ ὥ ὸ ὦ , ː  ►ὸ; ὥ ὸ ὧ ȟː ►ὸȠ ὧ ὸ ὦ , Ǯ 
ː ː ᷾ ː ȟ ǸǴǩǪǦ  

Ὓː Ὓː Ὓː Ȣ 

ǎǧǳǬǾǧǴǯǬ. ǈ Ǳǫǲǲǫ ǳǫ ǵǶǫǪǵǴǱǦǩǦǫǸǷȅ, ǽǸǴ ǶǦǷǷǲǦǸǶǮǨǦǫǲȁǫ ǰǶǮǨȁǫ ǷǵǶȅǲǱȅ-
ǫǲȁ. 

ǘǫǴǶǫǲǦ (ǵ ǸǶǷȆǳǲȆǬǳǵǸǹǯ ǱǷǯǩȂǼ). ǌǸǲǯ ǱǷǯǩǧȆ ː ►ὸȠ ὥ ὸ ὦ 

ǴǬǶǷǬǷȂǩǴǵ ǫǯǻǻǬǷǬǴǽǯǷǺǬǳǧ, ǹǵ ǵǴǧ ǸǶǷȆǳǲȆǬǳǧ, ǯ ǬǬ ǫǲǯǴǧ Ὓː ǺǫǵǩǲǬǹǩǵ-
ǷȆǬǹ ǴǬǷǧǩǬǴǸǹǩǺ 

ȿὶὦ ὶὥȿ Ὓː ὓ ὦ ὥȟ 
ǪǫǬ 

ὓ ÍÁØȿ►ὸȿȢ 
ὥȟὦ 
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ǘǫǴǶǫǲǦ (ǵ ǶǷǧǩǯǲǬ ǫǯǻǻǬǷǬǴǽǯǷǵǩǧǴǯǯ ǶǬǷǬǳǬǴǴǵǰ ǫǲǯǴȂ ǫǺǪǯ). 
ǌǸǲǯ ǱǷǯǩǧȆ ː ►ὸ ὼὸȟώὸȟᾀὸȠ ὥ ὸ ὦ ǴǬǶǷǬǷȂǩǴǵ ǫǯǻǻǬǷǬǴǽǯǷǺ-

Ǭǳǧ, ǹǵǪǫǧ ǶǬǷǬǳǬǴǴǧȆ ǫǲǯǴǧ ǫǺǪǯ ί ίὸȟ ǵǹǸǾǯǹȂǩǧǬǳǧȆ ǵǹ ǴǧǾǧǲǧ ὶὥ ǱǷǯǩǵǰ 
 ːǯǲǯ ǸǵǵǹǩǬǹǸǹǩǬǴǴǵ ǵǹ ǬǬ ǱǵǴǽǧ ὶὦ ȆǩǲȆǬǹǸȆ ǩǵǮǷǧǸǹǧȅȀǬǰ, ǸǵǵǹǩǬǹǸǹǩǬǴǴǵ 
ǺǨȂǩǧȅȀǬǰ, ǴǬǶǷǬǷȂǩǴǵ ǫǯǻǻǬǷǬǴǽǯǷǺǬǳǵǰ ǻǺǴǱǽǯǬǰ ǶǧǷǧǳǬǹǷǧ t; ǶǷǯ Ȅǹǵǳ  

 

Ὠί

Ὠὸ
ὼὸ ώ ὸ ᾀὸ  

Ὠ►

Ὠὸ
ȟ 

ǸǵǵǹǩǬǹǸǹǩǬǴǴǵ 

Ὠί

Ὠὸ
ὼὸ ώ ὸ ᾀὸ

Ὠ►

Ὠὸ
Ȣ  

 
 
ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǮǲǫǫǸ ǲǫǷǸǴ 

ίὸ  ȿ►ὸȿ ὼὸ ώ ὸ ᾀὸ  Ȣ  

ǕǴ ǴǵǶǫǪǫǱǫǳǮȄ s ( ὸ ȅǨǱȅǫǸǷȅ ǵǫǶǨǴǴǧǶǦǭǳǴǯ ǪǱȅ ǺǹǳǰǼǮǮ 

ȿ►ὸȿ ὼὸ ώ ὸ ᾀὸ  ǳǦ ὥȟὦ.  

ǕǴ ǹǷǱǴǨǮȄ ǸǫǴǶǫǲȁ ►ὸ ǳǫǵǶǫǶȁǨǳǴ ǪǮǺǺǫǶǫǳǼǮǶǹǫǲǦ ǳǦ ὥȟὦȟ̐ ̞̏̓̏̍̔ Ǻǹǳǰ-

ǼǮȅ ȿ►ὸȿ ὼὸ ώ ὸ ᾀὸ  ǳǫǵǶǫǶȁǨǳǦ ǳǦ ὥȟὦȢ  

ǕǴ ǪǴǷǸǦǸǴǽǳǴǲǹ ǵǶǮǭǳǦǰǹ ǺǹǳǰǼǮȅ ȿ►ὸȿ ǮǳǸǫǩǶǮǶǹǫǲǦ ǳǦ ὥȟὦ. ǕǴȃǸǴǲǹ ǪǱǮǳǦ 
ǰǶǮǨǴǯ ǲǴǬǫǸ ǧȁǸȂ ǨȁǶǦǬǫǳǦ ǺǴǶǲǹǱǴǯ 

Ὅ  ȿ►ὸȿ Ὠὸ ὼὸ ώ ὸ ᾀὸ  ὨὸȢ 

 ǎǭ ǮǭǱǴǬǫǳǳǴǩǴ ǨǮǪǳǴ, ǽǸǴ ǵǶǮ ǨȁǨǴǪǫ ǺǴǶǲǹǱȁ ǪǱȅ ǪǱǮǳȁ ǰǶǮǨǴǯ ǸǶǫǧǹǫǸǷȅ 
ǪǴǰǦǭǦǸǫǱȂǷǸǨǴ ǳǫǷǰǴǱȂǰǮǻ ǸǫǴǶǫǲ Ǯ ǹǷǨǴǫǳǮȅ Ǯǻ ǷǸǹǪǫǳǸǦǲǮ. 

 
2. ǓǫǵǴǷǶǫǪǷǸǨǫǳǳǴǫ ǵǴǱǹǽǫǳǮǫ ǺǴǶǲǹǱȁ ǪǱȅ ǪǱǮǳȁ ǰǶǮǨǴǯ. 
ǈȁǨǫǪǫǲ ǺǴǶǲǹǱǹ ǨȁǽǮǷǱǫǳǮȅ ǪǱǮǳȁ ǰǶǮǨǴǯ, ǮǷǻǴǪȅ Ǯǭ ǫǫ ǴǵǶǫǪǫǱǫǳǮȅ. 
ǙǸǨǫǶǬǪǫǳǮǫ. ǕǹǷǸȂ Ὕ ǵǶǴǮǭǨǴǱȂǳǴǫ ǶǦǭǧǮǫǳǮǫ (3) ǴǸǶǫǭǰǦ ὥȟὦȢ 
ǋǷǱǮ ǰǶǮǨǦȅ  ːǭǦǪǦǳǦ Ƿ ǵǴǲǴǿȂȄ (1) (ǮǱǮ (2)), ǳǫǵǶǫǶȁǨǳǴ ǪǮǺǺǫǶǫǳǼǮǶǹǫǲǦ ǳǦ 

ὥȟὦ , ǸǴ ǷǵǶǦǨǫǪǱǮǨǴ ǶǦǨǫǳǷǸǨǴ 

ÓÕÐὛὝ Ὅȟ (5) 

Ὕ  
ǩǪǫ 

Ὅ  ȿ►ὸȿὨὸ ὼὸ ώ ὸ ᾀὸ  ὨὸȢφ 

ǊǴǰǦǭǦǸǫǱȂǷǸǨǴ. ǕǴ ǴǵǶǫǪǫǱǫǳǮȄ ǸǴǽǳǴǯ ǨǫǶǻǳǫǯ ǩǶǦǳǮ ǳǦǪǴ ǪǴǰǦǭǦǸȂ ǪǨǦ 
ǹǸǨǫǶǬǪǫǳǮȅ. 

1. ǊǱȅ ǱȄǧǴǩǴ ǶǦǭǧǮǫǳǮȅ Ὕ ǴǸǶǫǭǰǦ ὥȟὦ ǨȁǵǴǱǳȅǫǸǷȅ ǳǫǶǦǨǫǳǷǸǨǴ 

ὛὝ ὍȢ 
 
2. ǊǱȅ ǱȄǧǴǩǴ ‐ π ǷǹǿǫǷǸǨǹǫǸ ǶǦǭǧǮǫǳǮǫ Ὕ ǸǦǰǴǫ, ǽǸǴ 

ὛὝ Ὅ ‐ (7) 
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ǖǦǷǷǲǴǸǶǮǲ ǵǫǶǨǴǫ ǹǸǨǫǶǬǪǫǳǮǫ. ǍǦǲǫǸǮǲ ǷǳǦǽǦǱǦ, ǽǸǴ ǫǷǱǮ ǨǷǸǦǨǮǸȂ ǲǫǬǪǹ 

ǸǴǽǰǦǲǮ ὸ  Ǯ ὸ  ǪǴǵǴǱǳǮǸǫǱȂǳǹȄ ǸǴǽǰǹ ƭ , ǸǴ ǪǱȅ ǳǴǨǴǩǴ ǶǦǭǧǮǫǳǮȅ Ὕᶻ ǧǹǪǫǸ ǨȁǵǴǱ-

ǳǫǳǴ ǳǫǶǦǨǫǳǷǸǨǴ ὛὝ  ὛὝᶻ , ǵǴǷǰǴǱȂǰǹ 
 

ȿ►ὸ ►ὸ ȿ  ȿ►† ►ὸ ȿ ȿ►ὸ ►†ȿȢ 
 
ǋǷǱǮ ǭǦǪǦǳǴ ‐ π, ǸǴ ǲǴǬǳǴ ǵǴǪǴǧǶǦǸȂ ǽǮǷǱǴ ‏ π ǸǦǰǴǫ, ǽǸǴ ǪǱȅ ǱȄǧǴǩǴ  
ǶǦǭǧǮǫǳǮȅ (3) ǴǸǶǫǭǰǦ ὥȟὦ ǵǶǮ ǹǷǱǴǨǮǮ ÍÁØɝὸ ‏ ǧǹǪǫǸ ǨȁǵǴǱǳȅǸȂǷȅ ǵǴ Ὥ 

 ǴǵǶǫǪǫǱǫǳǮȄ ǴǵǶǫǪǫǱǫǳǳǴǩǴ ǮǳǸǫǩǶǦǱǦ ǳǫǶǦǨǫǳǷǸǨǴ 
 

ȿ„Ὕ Ὅȿ ‐ς ϳ  (8) 
Ǯ ǳǫǶǦǨǫǳǷǸǨǴ  
 

ȿ„Ὕ ὛὝȿ ‐ςϳȟ (9) 
 

ǩǪǫ „Ὕ ǫǷǸȂ ǮǳǸǫǩǶǦǱȂǳǦȅ ǷǹǲǲǦ ǪǱȅ ǮǳǸǫǩǶǦǱǦ (6) , ǴǸǨǫǽǦȄǿǦȅ ǨȁǧǴǶǹ ǸǴǽǫǰ 
‌ᶰὸ ȟὸ, Ὥ ρȟỄȟὲ, ǳǦ ǴǸǶǫǭǰǦǻ ǶǦǭǧǮǫǳǮȅ Ὕ, Ǧ Ὓὸ ǴǵǶǫǪǫǱǫǳǦ ǶǦǨǫǳǷǸǨǴǲ (4). 
ǝǸǴǧȁ ǪǴǰǦǭǦǸȂ (9) ǵǶǫǴǧǶǦǭǹǫǲ ǷǳǦǽǦǱǦ (4) Ƿ ǵǴǲǴǿȂȄ ǸǫǴǶǫǲȁ ǑǦǩǶǦǳǬǦ; Ǯǲǫǫǲ 

 

ὛὝ ὼ‚ɝὸ  ώ–ɝὸ ᾀ‒ɝὸ  

 

 ὼ‚  ώ– ᾀ‒ ɝὸ Ȣ 

 
ǕǴǷǱǫ ȃǸǴǩǴ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ ǳǫǶǦǨǫǳǷǸǨǴ (9) ǱǫǩǰǴ ǴǧǴǷǳǴǨȁǨǦǫǸǷȅ ǷǷȁǱǰǴǯ ǳǦ 

ǸǫǴǶǫǲǹ Ǵ ǶǦǨǳǴǲǫǶǳǴǯ ǳǫǵǶǫǶȁǨǳǴǷǸǮ ǺǹǳǰǼǮǮ, ǳǫǵǶǫǶȁǨǳǴǯ ǳǦ ǴǸǶǫǭǰǫ. 
 ǎǭ (8) Ǯ (9) ǷǱǫǪǹǫǸ, ǽǸǴ ǪǱȅ ǵǶǴǮǭǨǴǱȂǳǴǩǴ ǶǦǭǧǮǫǳǮȅ Ὕ ǷǴǴǸǨǫǸǷǸǨǹȄǿǦȅ ǷǹǲǲǦ 

ὛὝ ǳǫ ǧǴǱȂǾǫ ǮǳǸǫǩǶǦǱǦ Ὅ : Ƿ ǵǴǲǴǿȂȄ ǪǫǱǫǳǮȅ ǵǴǵǴǱǦǲ ǴǸǶǫǭǰǴǨ ǶǦǭǧǮǫǳǮȅ (ǵǶǮ 
ǰǴǸǴǶǴǲ ǷǴǴǸǨǫǸǷǸǨǹȄǿǦȅ ǷǹǲǲǦ (4) ǲǴǬǫǸ ǱǮǾȂ ǨǴǭǶǦǷǸǮ) ǲǴǬǳǴ ǱǫǩǰǴ ǪǴǧǮǸȂǷȅ Ǩȁ-
ǵǴǱǳǫǳǮȅ ǹǷǱǴǨǮǯ, ǵǶǮ ǰǴǸǴǶȁǻ ǴǧǦ ǳǫǶǦǨǫǳǷǸǨǦ (8) Ǯ (9) ǧǹǪǹǸ ǨȁǵǴǱǳȅǸȂǷȅ. ǘǫǲ ǷǦ-
ǲȁǲ ǲȁ ǪǴǰǦǭǦǱǮ ǷǵǶȅǲǱȅǫǲǴǷǸȂ ǰǶǮǨǴǯ. 

 ǓǫǶǦǨǫǳǷǸǨǴ (7) ǸǦǰǬǫ ǧǹǪǫǸ ǨȁǵǴǱǳȅǸȂǷȅ, ǫǷǱǮ ǪǱȅ ǶǦǭǧǮǫǳǮȅ Ὕ ǨȁǵǴǱǳǫǳȁ 
ǹǷǱǴǨǮȅ (8) Ǯ (9), ǽǸǴ ǵǶǴǨǫǶȅǫǸǷȅ ǳǫǵǴǷǶǫǪǷǸǨǫǳǳǴ. 

ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǵǴǱǹǽǮǱǮ ǵǴ ǴǵǶǫǪǫǱǫǳǮȄ 

ÓÕÐὛὝ Ὅ  

Ὕ  

ȿ►ὸȿ Ὠὸ ὼὸ ώ ὸ ᾀὸ  ὨὸȢ 

 
ǎǭ ǪǨǹǻ ǮǭǱǴǬǫǳǳȁǻ ǵǴǪǻǴǪǴǨ ǨȁǨǴǪǦ ǺǴǶǲǹǱȁ ǪǱȅ ǪǱǮǳȁ ǰǶǮǨǴǯ ǨǮǪǳǴ, ǽǸǴ 

ǨȁǨǴǪ ǪǱǮǳȁ ǰǶǮǨǴǯ ǳǦ ǴǷǳǴǨǫ ǴǵǶǫǪǫǱǫǳǮȅ ǳǫ ǸǶǫǧǹǫǸ ǪǴǵǴǱǳǮǸǫǱȂǳȁǻ ǪǴǰǦǭǦ-
ǸǫǱȂǷǸǨ ǪǶǹǩǮǻ ǹǸǨǫǶǬǪǫǳǮǯ, ǧǴǱǫǫ ǵǴǳȅǸǫǳ ǷǸǹǪǫǳǸǦǲ Ǯ ȃǰǴǳǴǲǮǸ ǨǶǫǲȅ ǱǫǰǸǴǶǦ ǵǶǮ 
ǮǭǱǴǬǫǳǮǮ ǲǦǸǫǲǦǸǮǽǫǷǰǴǩǴ ǦǳǦǱǮǭǦ Ǩ ǸǫǻǳǮǽǫǷǰǮǻ ǈǙǍǦǻ. 

 ǕǴǷǱǫ ǪǴǰǦǭǦǸǫǱȂǷǸǨǦ ǷǵǶȅǲǱȅǫǲǴǷǸǮ ǳǫǵǶǫǶȁǨǳǴ ǪǮǺǺǫǶǫǳǼǮǶǹǫǲǴǯ ǰǶǮǨǴǯ Ǯ 
ǹǷǸǦǳǴǨǱǫǳǮȅ ǺǴǶǲǹǱȁ (6) ǪǦǱȂǳǫǯǾǮǫ ǷǨǴǯǷǸǨǦ ǪǱǮǳȁ ǰǶǮǨǴǯ ǨȁǨǴǪȅǸǷȅ Ǯǭ ǷǨǴǯǷǸǨ 
ǮǳǸǫǩǶǦǱǴǨ. ǕǶǮ ȃǸǴǲ ǹǰǦǭǦǳǳȁǫ ǷǨǴǯǷǸǨǦ ǹǷǸǦǳǦǨǱǮǨǦȄǸǷȅ ǱǮǾȂ ǪǱȅ ǰǱǦǷǷǦ ǰǹǷǴǽǳǴ 
ǩǱǦǪǰǮǻ ǰǶǮǨȁǻ, ǽǸǴ ǨǵǴǱǳǫ ǪǴǷǸǦǸǴǽǳǴ ǪǱȅ ǵǶǮǱǴǬǫǳǮǯ. 
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ǍǦǰǱȄǽǫǳǮǫ 
 

ǍǦǲǫǸǮǲ, ǽǸǴ ǵǶǫǪǱǴǬǫǳǳȁǯ ǵǶǮȆǲ ǨǷǸǶǫǽǦǫǸǷȅ Ǩ ǳǫǰǴǸǴǶȁǻ ǹǽǫǧǳǮǰǦǻ (Ƿǲ., 
ǳǦǵǶǮǲǫǶ, [2]), ǳǴ Ǵǳ ǴǧȁǽǳǴ ǷǴǵǶǴǨǴǬǪǦǫǸǷȅ ǵǶǫǪǨǦǶǮǸǫǱȂǳȁǲ ǪǴǰǦǭǦǸǫǱȂǷǸǨǴǲ ǪǴ-
ǨǴǱȂǳǴ ǷǱǴǬǳȁǻ ǨǷǵǴǲǴǩǦǸǫǱȂǳȁǻ ǹǸǨǫǶǬǪǫǳǮǯ. ǝǦǷǸǴ ǸǦǰǬǫ ǨǷǸǶǫǽǦǫǸǷȅ ǴǵǶǫǪǫǱǫ-
ǳǮǫ ǰǶǮǨǴǯ Ƿ ǵǴǲǴǿȂȄ ǵǶǫǪǫǱǦ (Ǧ ǳǫ ǸǴǽǳǴǯ ǨǫǶǻǳǫǯ ǩǶǦǳǮ), ǽǸǴ ǨȁǭȁǨǦǫǸ ǮǭǨǫǷǸǳȁǫ 
ǸǶǹǪǳǴǷǸǮ Ǩ ǷǱǹǽǦǫ ǰǶǮǨȁǻ, ǮǲǫȄǿǮǻ ǸǴǽǰǮ ǷǦǲǴǵǫǶǫǷǫǽǫǳǮȅ (Ƿǲ. ǴǵǶǫǪǫǱǫǳǮǫ 
ǪǱǮǳȁ ǰǶǮǨǴǯ Ǩ [3]). 

ǗǗǡǑǐǎ Ǔǆ ǎǗǘǔǝǓǎǐǎ 

1. ˴ͯ͒ͪΎ͍ͼ͔͍ ˶Φ˨Φ ˴ͯͪͫ ͔͙ͣ͊ͭͣ͊ͭ;͔͎ͫͦͦ͟ ͙͊ͤ͊͊͘͡ ͭΦмΦ ˸ΦΥ ˤ·ͫ΄͊Ύ ΄ͦ͊͟͡Σ мфумΦ  

2. ˥ΦˮΦ ˢͪͻ͙͍ͨͦ ˤΦˢΦ ˿͍͙͊͒ͦͤ;͙͚ ˤΦ˹Φ ͙͍̉ͯ͋͊ͪͦ͟ ˶͔͟ͼ͙͙ ͨͦ ͔͙ͣ͊ͭͣ͊ͭ;͔ͫͦͣͯ͟ ͙͊ͤ͊ͯ͘͡ ˸͍ͦͫ͊͟Σ ζˤ·ͫ΄͊Ύ 

΄ͦ͊͟͡ηΣ мфффΦ 

3. ˿Φ˸Φ ˹͙ͦ͟͡Έ͙͚ͫ͟ ˴ͯͪͫ ͔͙ͣ͊ͭͣ͊ͭ;͔͎ͫͦͦ͟ ͙͊ͤ͊͊͘͡ ͭΦ мΦ ˸͍ͦͫ͊͟Σ ζ˹͊ͯ͊͟η мфуоΦ 
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Some questions of methodical character concerning the concept of the length of a curve  
Abstract.  While considering the concept of the length of a curve one usually proves the property of addi-
tivity, then establishes rectifiability of some classes of curves, and derives a formula for the derivative of 
the variable arc length. All this is made use of ( in integral calculus) for getting an integral formula for the 
calculation of the length of a curve. In technical colleges because of shortage of time this way is quite 
inconvenient. In the present paper we propose technique that makes it possible to derive  the aforemen-
tioned formula directly from the definition of the length of a curve. The properties of this length one can 
draw then from the corresponding properties of an integral.  
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ǔ ǒǋǘǔǊǔǑǔǉǎǎ ǕǖǋǕǔǊǆǈǆǓǎǥ ǔǗǓǔǈ ǎǗǕǔǑǢǍǔǈǆǓǎǥ ǗǖǋǊǗǘǈ  
ǊǑǥ ǖǆǇǔǘǡ Ǘ ǎǗǐǙǗǗǘǈǋǓǓǡǒǎ ǓǋǏǖǔǓǓǡǒǎ Ǘǋǘǥǒǎ  

Ǖǖǥǒǔǉǔ ǖǆǗǕǖǔǗǘǖǆǓǋǓǎǥ ǗǖǋǊǡ MATLAB  

 

 

ǆǳǳǴǸǦǼǮȅ 

ǔǪǳǮǲ Ǯǭ ǳǦǮǧǴǱǫǫ ǨǦǬǳȁǻ Ǯ ǵǫǶǷǵǫǰǸǮǨǳȁǻ ǳǦǵǶǦǨǱǫǳǮǯ ǶǦǭǨǮǸǮȅ ǮǷǰǹǷǷǸǨǫǳǳǴǩǴ 
ǮǳǸǫǱǱǫǰǸǦ ȅǨǱȅǫǸǷȅ ǮǷǵǴǱȂǭǴǨǦǳǮǫ ǮǷǰǹǷǷǸǨǫǳǳȁǻ ǳǫǯǶǴǳǳȁǻ ǷǫǸǫǯ (ǎǓǗ). ǈ ǴǷǳǴǨǫ 
ǵǶǮǳǼǮǵǴǨ ǶǦǧǴǸȁ ǎǓǗ ǱǫǬǮǸ ǷǸǶǫǲǱǫǳǮǫ ǵǴǪǶǦǬǦǸȂ ǳǫǶǨǳǴǯ ǷǮǷǸǫǲǫ ǽǫǱǴǨǫǰǦ Ǯ ǬǮ-
ǨǴǸǳȁǻ, ǽǸǴ Ǩ ǷǴǽǫǸǦǳǮǮ Ƿ ǮǷǵǴǱȂǭǴǨǦǳǮǫǲ ǨȁǽǮǷǱǮǸǫǱȂǳǴǯ ǲǴǿǳǴǷǸǮ ǷǴǨǶǫǲǫǳǳȁǻ 
ǣǈǒ ǵǴǭǨǴǱȅǫǸ ǹǷǵǫǾǳǴ ǵǶǮǲǫǳȅǸȂ Ǯǻ ǪǱȅ ǶǫǾǫǳǮȅ ǶȅǪǦ ǭǦǪǦǽ. ǗǶǫǪǦ ǶǦǭǶǦǧǴǸǰǮ 
Matlab ǷǴǪǫǶǬǮǸ ǷǶǫǪǷǸǨǦ ǪǱȅ ǶǦǧǴǸȁ Ƿ ǳǫǰǴǸǴǶȁǲǮ ǸǮǵǦǲǮ ǎǓǗ. ǓǦǷǸǴȅǿǦȅ ǷǸǦǸȂȅ 
ǵǴǷǨȅǿǫǳǦ ǲǫǸǴǪǮǽǫǷǰǮǲ ǨǴǵǶǴǷǦǲ ǮǭǹǽǫǳǮȅ ȃǸǮǻ ǷǶǫǪǷǸǨ. 

 

ǐǱȄǽǫǨȁǫ ǷǱǴǨǦ 

ǳǫǯǶǴǳǳȁǫ ǷǫǸǮ, ǲǦǸǫǲǦǸǮǽǫǷǰǴǫ ǲǴǪǫǱǮǶǴǨǦǳǮǫ, Matlab 
 

ǆǈǘǔǖǡ 
 

ǐǦǨǮǳǴǨ ǆǱǫǰǷǫǯ ǈǱǦǪǮǲǮǶǴǨǮǽ,  
ǰǦǳǪǮǪǦǸ ǺǮǭǮǰǴ-ǲǦǸǫǲǦǸǮǽǫǷǰǮǻ ǳǦǹǰ, ǪǴǼǫǳǸ  

ǚǉǇǔǙ ǈǔ çǒǴǷǰǴǨǷǰǮǯ ǩǴǷǹǪǦǶǷǸǨǫǳǳȁǯ ǸǫǻǳǮǽǫǷǰǮǯ  
ǹǳǮǨǫǶǷǮǸǫǸ Ǯǲ. Ǔ. ǣ. ǇǦǹǲǦǳǦè, ǩ. ǒǴǷǰǨǦ 

alekseyvladimirovich1@yandex.ru 
 

ǈǫǱǮǿǦǳǷǰǮǯ ǒǮǻǦǮǱ ǆǱǫǰǷǦǳǪǶǴǨǮǽ,  
ǰǦǳǪǮǪǦǸ ǺǮǭǮǰǴ-ǲǦǸǫǲǦǸǮǽǫǷǰǮǻ ǳǦǹǰ, ǪǴǼǫǳǸ  

ǚǉǇǔǙ ǈǔ çǒǴǷǰǴǨǷǰǮǯ ǩǴǷǹǪǦǶǷǸǨǫǳǳȁǯ ǸǫǻǳǮǽǫǷǰǮǯ  
ǹǳǮǨǫǶǷǮǸǫǸ Ǯǲ. Ǔ. ǣ. ǇǦǹǲǦǳǦè, ǩ. ǒǴǷǰǨǦ 

velmiha@yandex.ru 
 

 
 

 

ǈǨǫǪǫǳǮǫ 
 

ǈǦǬǳǴǷǸȂ ǮǷǰǹǷǷǸǨǫǳǳȁǻ ǳǫǯǶǴǳǳȁǻ ǷǫǸǫǯ ǰǦǰ ǳǦǵǶǦǨǱǫǳǮȅ ǶǦǭǨǮǸǮȅ ǮǷǰǹǷǷǸǨǫǳ-
ǳǴǩǴ ǮǳǸǫǱǱǫǰǸǦ ǸǶǹǪǳǴ ǵǫǶǫǴǼǫǳǮǸȂ. ǎǻ ǵǶǮǲǫǳǫǳǮǫ ǵǴǭǨǴǱȅǫǸ ǹǷǵǫǾǳǴ ǶǫǾǦǸȂ Ǹǫ 
ǭǦǪǦǽǮ, ǪǱȅ ǰǴǸǴǶȁǻ ǸǶǦǪǮǼǮǴǳǳȁǯ ǬȆǷǸǰǮǯ ǦǱǩǴǶǮǸǲǮǽǫǷǰǮǯ ǵǴǪǻǴǪ ǳǫȃǺǺǫǰǸǮǨǫǳ. 
ǈ ǳǦǷǸǴȅǿǫǫ ǨǶǫǲȅ ǪǱȅ ǮǷǵǴǱȂǭǴǨǦǳǮȅ ǪǴǷǸǹǵǳǴ ǳǫǷǰǴǱȂǰǴ ǧǮǧǱǮǴǸǫǰ, ǵǴǭǨǴǱȅȄǿǮǻ 
ǶǦǭǶǦǧǴǸǽǮǰǹ ǮǷǵǴǱȂǭǴǨǦǸȂ ǎǓǗ Ǩ ǷǨǴǮǻ ǶǦǭǶǦǧǴǸǰǦǻ. ǗǶǫǪǦ ǶǦǭǶǦǧǴǸǰǮ ǮǳǬǫǳǫǶǳȁǻ 
ǵǶǮǱǴǬǫǳǮǯ Matlab ǸǦǰǬǫ ǵǶǫǪǴǷǸǦǨǱȅǫǸ ǵǴǱȂǭǴǨǦǸǫǱȄ ǶȅǪ ǵǦǰǫǸǴǨ ǶǦǷǾǮǶǫǳǮȅ ǪǱȅ 
ǶǦǧǴǸȁ Ƿ ǳǫǯǶǴǳǳȁǲǮ ǷǫǸȅǲǮ. ǈ ǽǦǷǸǳǴǷǸǮ, ǸǦǰǮǫ ǷǶǫǪǷǸǨǦ ǨǻǴǪȅǸ Ǩ ǷǴǷǸǦǨ ǵǦǰǫǸǦ 
Deep learning toolbox  (Ǩ ǶǦǳǳǮǻ ǨǫǶǷǮȅǻ Matlab ð Neural Network Toolbox)[1 -4], ǲǫǸǴ-
ǪǮǽǫǷǰǮǲ ǦǷǵǫǰǸǦǲ ǴǧǹǽǫǳǮȅ ǴǷǳǴǨǦǲ ǶǦǧǴǸȁ Ƿ ǰǴǸǴǶȁǲ Ǯ ǵǴǷǨȅǿǫǳǦ ǪǦǳǳǦȅ ǷǸǦǸȂȅ. 
ǈ ǷǸǦǸȂǫ ǶǦǷǷǲǦǸǶǮǨǦȄǸǷȅ ǷǶǫǪǷǸǨǦ ǶǦǧǴǸȁ Ƿ ǳǫǯǶǴǳǳȁǲǮ ǷǫǸȅǲǮ ǵǶȅǲǴǩǴ ǶǦǷǵǶǴǷǸǶǦ-
ǳǫǳǮȅ, ǰǴǸǴǶȁǫ, ǳǫǷǲǴǸǶȅ ǳǦ ǷǨǴȄ ǴǸǳǴǷǮǸǫǱȂǳǹȄ ǵǶǴǷǸǴǸǹ, ǹǷǵǫǾǳǴ ǵǶǮǲǫǳȅȄǸǷȅ 
ǪǱȅ ǶǫǾǫǳǮȅ ǶȅǪǦ ǭǦǪǦǽ. 

ǊǦǱǫǫ ǵǴǰǦǬǫǲ, ǰǦǰ ǲǴǬǳǴ ǮǭǱǴǬǮǸȂ ǲǦǸǫǶǮǦǱ ǨǨǴǪǳǴǩǴ ǭǦǳȅǸǮȅ ǵǴ ǮǷǵǴǱȂǭǴǨǦ-
ǳǮȄ ǹǰǦǭǦǳǳȁǻ ǷǶǫǪǷǸǨ. ǓǦǵǴǲǳǮǲ Ǩ ǳǦǽǦǱǫ ǮǭǱǴǬǫǳǮȅ ǳǫǰǴǸǴǶȁǫ ǷǨǫǪǫǳǮȅ Ǵǧ ǎǓǗ 
ǵǶȅǲǴǩǴ ǶǦǷǵǶǴǷǸǶǦǳǫǳǮȅ. ǈ ǰǴǳǼǫ ǷǸǦǸȂǮ ǧǹǪǹǸ ǵǶǮǨǫǪǫǳȁ ǵǶǫǪǱǦǩǦǫǲȁǫ ǭǦǪǦǽǮ ǪǱȅ 
ǷǦǲǴǷǸǴȅǸǫǱȂǳǴǩǴ ǶǫǾǫǳǮȅ. 
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ǕǶǫǪǵǴǱǦǩǦǫǲ, ǽǸǴ ǽǮǸǦǸǫǱȂ ǮǱǮ ǷǱǹǾǦǸǫǱȂ ǭǳǦǰǴǲ Ƿ ǴǷǳǴǨǦǲǮ ǵǶǴǩǶǦǲǲǮǶǴǨǦ-
ǳǮȅ Ǩ ǷǶǫǪǫ Matlab Ǯ, ǻǴǸȅ ǧȁ Ǩ ǴǧǿǮǻ ǽǫǶǸǦǻ, Ƿ ǦǱǩǴǶǮǸǲǦǲǮ ǴǵǸǮǲǮǭǦǼǮǮ ǺǹǳǰǼǮǯ 
ǳǫǷǰǴǱȂǰǮǻ ǵǫǶǫǲǫǳǳȁǻ.  

 

ǒǫǸǴǪǴǱǴǩǮȅ Ǯ ǶǫǭǹǱȂǸǦǸȁ ǮǷǷǱǫǪǴǨǦǳǮȅ 
 

ǓǫǯǶǴǳǳȁǫ ǷǫǸǮ ǵǶȅǲǴǩǴ ǶǦǷǵǶǴǷǸǶǦǳǫǳǮȅ ǲǴǩǹǸ ǧȁǸȂ ǵǶǫǪǷǸǦǨǱǫǳȁ ǰǦǰ ǷǸǦǸǮ-
ǽǫǷǰǮǫ ǷǮǷǸǫǲȁ, ǷǴǷǸǴȅǿǮǫ Ǯǭ ǴǪǳǴǩǴ ǮǱǮ ǧǴǱǫǫ ǳǫǯǶǴǳǳȁǻ ǷǱǴȆǨ, ǷǴǫǪǮǳȆǳǳȁǻ ǵǴ-
ǷǱǫǪǴǨǦǸǫǱȂǳǴ. ǐǦǬǪȁǯ ǷǱǴǯ ǵǶǴǮǭǨǴǪǮǸ ǳǫǰǴǸǴǶǹȄ ǸǶǦǳǷǺǴǶǲǦǼǮȄ ǨǻǴǪǳǴǩǴ ǷǮǩ-
ǳǦǱǦ, ǵǫǶǫǪǦǨǦȅ ǫǩǴ ǪǦǱǫǫ ǳǦ ǨǻǴǪ ǷǱǫǪǹȄǿǫǩǴ ǷǱǴȅ ǮǱǮ ǳǦ ǨȁǻǴǪ ǷǫǸǮ. ǐǴǳǰǶǫǸǳȁǯ 
ǨǮǪ ȃǸǴǯ ǸǶǦǳǷǺǴǶǲǦǼǮǮ ǭǦǨǮǷǮǸ ǴǸ ǵǦǶǦǲǫǸǶǴǨ ǷǱǴȅ, ǳǦǭȁǨǦǫǲȁǻ ǨǫǷǦǲǮ Ǯ Ƿǲǫǿǫ-
ǳǮȅǲǮ. ǍǦǪǦǨǦȅ ǶǦǭǱǮǽǳȁǫ ǨǫǷǦ Ǯ ǷǲǫǿǫǳǮȅ ǷǱǴȆǨ, ǲǴǬǳǴ ǵǴǱǹǽǦǸȂ ǶǦǭǳȁǫ ǵǶǫǴǧǶǦ-
ǭǴǨǦǳǮȅ çǨǻǴǪ-ǨȁǻǴǪè, ǽǸǴ ǵǴǭǨǴǱȅǫǸ ǮǷǵǴǱȂǭǴǨǦǸȂ ǴǪǳǮ Ǯ Ǹǫ Ǭǫ ǷǫǸǮ ǪǱȅ ǶǫǾǫǳǮȅ 
ǾǮǶǴǰǴǩǴ ǷǵǫǰǸǶǦ ǶǦǭǱǮǽǳȁǻ ǭǦǪǦǽ. ǕǶǴǼǫǷǷ ǳǦǭǳǦǽǫǳǮȅ ǨǫǷǴǨ Ǯ ǷǲǫǿǫǳǮǯ ǷǫǸǮ ǳǦǭȁ-
ǨǦǫǸǷȅ ǫȆ ǴǧǹǽǫǳǮǫǲ. 

ǊǫǯǷǸǨǮǫ Ὧ-ǩǴ ǳǫǯǶǴǳǳǴǩǴ ǷǱǴȅ ǷǫǸǮ ǲǴǬǳǴ ǴǵǮǷǦǸȂ ǺǴǶǲǹǱǴǯ 

ώ Ὢ В ύ ὴ ὦ ,      (1) 

 

ǩǪǫ ὴ ð ǰǴǲǵǴǳǫǳǸȁ ǨǫǰǸǴǶǦ ǨǻǴǪǦ Ὧ-ǩǴ ǷǱǴȅ, ὶ ð ǶǦǭǲǫǶǳǴǷǸȂ ǨǻǴǪǦ ǷǱǴȅ, ύ  ð 

ǨǫǷ Ὥ -ǩǴ ǳǫǯǶǴǳǦ Ὧ-ǩǴ ǷǱǴȅ, ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǯ Ὦ- ǲǹ ǨǻǴǪǹ Ὧ-ǩǴ ǷǱǴȅ, ὦð ǷǲǫǿǫǳǮǫ Ὥ -

ǩǴ ǳǫǯǶǴǳǦ Ὧ-ǩǴ ǷǱǴȅ, ώ  ð ǨȁǻǴǪ Ὥ -ǩǴ ǳǫǯǶǴǳǦ Ὧ-ǩǴ ǷǱǴȅ, Ὢ  ð ǸǦǰ ǳǦǭȁǨǦǫǲǦȅ ǦǰǸǮǨǮ-

ǶǹȄǿǦȅ ǺǹǳǰǼǮȅ Ὧ-ǩǴ ǷǱǴȅ. ǊǦǱǫǫ ǴǧǴǭǳǦǽǮǲ ǺǹǳǰǼǮȄ, ǷǴǵǴǷǸǦǨǱȅȄǿǹȄ ǨȁǻǴǪ ǷǱǴȅ 
ǫǩǴ ǨǻǴǪǹ, ǰǦǰ 

ὰὥώὩὶὴȟύȟὦ ȟ 
ǩǪǫ ὴ, ύ , ὦ ð ǨǫǰǸǴǶȁ ǨǻǴǪǴǨ, ǨǫǷǴǨ Ǯ ǷǲǫǿǫǳǮǯ ǷǴǴǸǨǫǸǷǸǨǫǳǳǴ. 
 
ǊǫǯǷǸǨǮǫ ǨǷǫǯ ǷǫǸǮ ǨǴ ǨǨǫǪȆǳǳȁǻ ǴǧǴǭǳǦǽǫǳǮȅǻ ǲǴǬǳǴ ǴǵǮǷǦǸȂ ǵǴǷǱǫǪǴǨǦǸǫǱȂ-

ǳȁǲ ǵǶǮǲǫǳǫǳǮǫǲ ǺǴǶǲǹǱȁ (1) Ƿ ǶǦǭǳȁǲǮ ǨǫǷǦǲǮ Ǯ ǷǲǫǿǫǳǮȅǲǮ ǰ ǨǻǴǪǳǴǲǹ ǨǫǰǸǴǶǹ, 
Ǹ.ǫ. ǰǴǲǵǴǭǮǼǮǫǯ ǺǹǳǰǼǮǯ ǷǱǴȆǨ: 

ὲὲὩὸὼ ὰὥώὩὶὰὥώὩὶỄ ὰὥώὩὶὼȟύȟὦ ȟỄ ȟύ ȟὦ ȟύȟὦ .   (2) 
 
ǈǷǫ ǷǱǴǮ ǷǫǸǮ, ǰǶǴǲǫ ǨȁǻǴǪǳǴǩǴ ὰὥώὩὶ, ǳǦǭȁǨǦȄǸǷȅ ǷǰǶȁǸȁǲǮ. ǋǷǱǮ ǰǴǱǮǽǫǷǸǨǴ 

ǳǫǯǶǴǳǴǨ Ǩ ǨȁǻǴǪǳǴǲ ǷǱǴǫ ǴǵǶǫǪǫǱȅǫǸǷȅ ǭǦǪǦǽǫǯ Ǯ ǷǴǨǵǦǪǦǫǸ Ƿ ǶǦǭǲǫǶǳǴǷǸȂȄ ǨȁǻǴǪǦ, 
ǸǴ ǰǴǱǮǽǫǷǸǨǦ ǳǫǯǶǴǳǴǨ Ǩ ǷǰǶȁǸȁǻ ǷǱǴȅǻ ǲǴǩǹǸ ǧȁǸȂ ǶǦǭǳȁǲǮ. ǝǫǲ ǧǴǱȂǾǫ ǳǫǯǶǴǳǴǨ 
ǮǲǫȄǸ ǷǰǶȁǸȁǫ ǷǱǴǮ, Ǹǫǲ ǧǴǱǫǫ ǷǱǴǬǳȁǯ ǨǮǪ ǲǴǬǫǸ ǮǲǫǸȂ ǺǹǳǰǼǮȅ (2). 

ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǲǴǬǳǴ ǵǴǳǮǲǦǸȂ ǳǫǯǶǴǳǳǹȄ ǷǫǸȂ ǵǶȅǲǴǩǴ ǶǦǷǵǶǴǷǸǶǦǳǫǳǮȅ ǰǦǰ 
ǺǹǳǰǼǮȄ ǳǫǷǰǴǱȂǰǮǻ ǵǫǶǫǲǫǳǳȁǻ Ƿ ǵǦǶǦǲǫǸǶǦǲǮ. ǍǦǪǦǽǹ ǴǧǹǽǫǳǮȅ ǳǫǯǶǴǳǳǴǯ ǷǫǸǮ 
ǵǶȅǲǴǩǴ ǶǦǷǵǶǴǷǸǶǦǳǫǳǮȅ ǲǴǬǳǴ ǷǺǴǶǲǹǱǮǶǴǨǦǸȂ ǷǱǫǪǹȄǿǮǲ ǴǧǶǦǭǴǲ. ǕǹǷǸȂ 
ὼȟỄȟὼ ᶰὙ - ǳǫǰǴǸǴǶȁǫ ǨǻǴǪǳȁǫ ǨǫǰǸǴǶȁ, Ǧ ώȟỄȟώ ᶰὙ - ǭǳǦǽǫǳǮȅ, ǰǴǸǴǶȁǫ ǲȁ 
ǴǬǮǪǦǫǲ ǵǴǱǹǽǮǸȂ ǳǦ ǨȁǻǴǪǫ ǷǫǸǮ ǪǱȅ ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǻ ǨǻǴǪǳȁǻ ǨǫǰǸǴǶǴǨ. ǣǸǦ ǷǴǨǴ-
ǰǹǵǳǴǷǸȂ ǪǦǳǳȁǻ ǳǦǭȁǨǦǫǸǷȅ ǴǧǹǽǦȄǿǫǯ ǨȁǧǴǶǰǴǯ. ǕǴǸǶǫǧǹǫǲ ǴǸ ǨǫǷǴǨ Ǯ ǷǲǫǿǫǳǮǯ 
ǷǱǴȆǨ ǷǫǸǮ, ǽǸǴǧȁ ǺǹǳǰǼǮȅ ǴǾǮǧǰǮ 

ὗύȟὦȟỄȟύȟὦ В άίὩὲὲὩὸὼ ώ ,    (3) 
ǩǪǫ 

άίὩᾀ В ᾀ,  

ǵǶǮǳǮǲǦǱǦ ǳǦǮǲǫǳȂǾǫǫ ǭǳǦǽǫǳǮǫ. ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǭǦǪǦǽǦ ǴǧǹǽǫǳǮȅ ǳǫǯǶǴǳǳǴǯ 
ǷǫǸǮ ǵǶȅǲǴǩǴ ǶǦǷǵǶǴǷǸǶǦǳǫǳǮȅ ȅǨǱȅǫǸǷȅ ǭǦǪǦǽǫǯ ǴǵǸǮǲǮǭǦǼǮǮ. 
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ǗǹǲǲǮǶǹȅ ǨǷȆ ǷǰǦǭǦǳǳǴǫ ǨȁǾǫ, ǲȁ ǲǴǬǫǲ ǭǦȅǨǮǸȂ, ǽǸǴ ǳǫǯǶǴǳǳǦȅ ǷǫǸȂ ǵǶȅǲǴǩǴ 
ǶǦǷǵǶǴǷǸǶǦǳǫǳǮȅ Ƿ ǲǦǸǫǲǦǸǮǽǫǷǰǴǯ ǸǴǽǰǮ ǭǶǫǳǮȅ ǵǶǫǪǷǸǦǨǱȅǫǸ Ǯǭ Ƿǫǧȅ ǺǹǳǰǼǮȄ Ƿǵǫ-
ǼǮǦǱȂǳǴǩǴ ǨǮǪǦ Ƿ ǵǦǶǦǲǫǸǶǦǲǮ. ǓǫǷǰǴǱȂǰǴ ǹǵǶǴǿǦȅ ǷǮǸǹǦǼǮȄ, ǲǴǬǳǴ ǷǰǦǭǦǸȂ, ǽǸǴ 
ǳǦǷǸǶǴǯǰǦ ȃǸǮǻ ǵǦǶǦǲǫǸǶǴǨ Ƿ ǼǫǱȂȄ ǹǲǫǳȂǾǫǳǮȅ ǴǾǮǧǰǮ ǳǦ ǸǦǧǱǮǽǳǴ ǭǦǪǦǳǳȁǻ ǪǦǳ-
ǳȁǻ ǳǦǭȁǨǦǫǸǷȅ ǴǧǹǽǫǳǮǫǲ ǷǫǸǮ.  

ǕǫǶǫǯǪȆǲ ǰ ǴǵǮǷǦǳǮȄ ǷǶǫǪǷǸǨ Neural Network Toolbox ǪǱȅ ǶǦǧǴǸȁ Ƿ ǳǫǯǶǴǳǳȁǲǮ 
ǷǫǸȅǲǮ ǵǶȅǲǴǩǴ ǶǦǷǵǶǴǷǸǶǦǳǫǳǮȅ. ǔǷǳǴǨǳȁǻ ǴǵǫǶǦǼǮǯ Ƿ ǎǓǗ ǸǶǮ: ǷǴǭǪǦǳǮǫ/ǭǦǪǦǳǮǫ 
ǷǸǶǹǰǸǹǶȁ, ǴǧǹǽǫǳǮǫ Ǯ ǨȁǽǮǷǱǫǳǮǫ ǨȁǻǴǪǦ ǵǴ ǭǦǪǦǳǳǴǲǹ ǨǻǴǪǹ. 

ǗǴǭǪǦǳǮǫ ǲǴǪǫǱǮ ǎǓǗ ǵǶȅǲǴǩǴ ǶǦǷǵǶǴǷǸǶǦǳǫǳǮȅ Ǩ ǵǦǲȅǸǮ ǣǈǒ ǴǷǹǿǫǷǸǨǱȅǫǸǷȅ Ƿ 
ǵǴǲǴǿȂȄ ǺǹǳǰǼǮǯ feedforwardnet , fitnet  Ǯ patternnet . ǔǷǳǴǨǳǴǯ Ǯǭ ȃǸǮǻ ǺǹǳǰǼǮǯ ȅǨ-
ǱȅǫǸǷȅ feedforwardnet . ǔǷǸǦǱȂǳȁǫ ǪǨǫ ǶǫǦǱǮǭǹȄǸǷȅ ǵǴǷǶǫǪǷǸǨǴǲ ǵǫǶǨǴǯ Ǯ ǴǸǱǮǽǦȄǸǷȅ 
ǴǸ ǳǫȆ ǪǶǹǩǮǲǮ ǳǦǷǸǶǴǯǰǦǲǮ ǵǴ ǹǲǴǱǽǦǳǮȄ Ǩ ǷǴǭǪǦǨǦǫǲȁǻ ǷǫǸȅǻ. ǐǴǳǰǶǫǸǳȁǫ ǶǦǭǱǮ-
ǽǮȅ Ǩ ǳǦǷǸǶǴǯǰǦǻ ǳǫ ǶǦǷǰǶȁǨǦȄǸǷȅ Ǩ ǪǴǰǹǲǫǳǸǦǼǮǮ Matlab, ǳǴ ǷǽǮǸǦǫǸǷȅ, ǽǸǴ fitnet  
ǵǶǫǪǳǦǭǳǦǽǫǳǦ ǪǱȅ ǷǴǭǪǦǳǮȅ ǷǫǸǫǯ, ǶǫǾǦȄǿǮǻ ǭǦǪǦǽǮ ǦǵǵǶǴǰǷǮǲǦǼǮǮ, Ǧ patternnet  ð 
ǭǦǪǦǽǮ ǶǦǷǵǴǭǳǦǨǦǳǮȅ/ǰǱǦǷǷǮǺǮǰǦǼǮǮ. ǊǦǱǫǫ ǧǹǪǫǲ ǴǵǮǷȁǨǦǸȂ ǵǶǴǼǫǷǷ ǷǴǭǪǦǳǮȅ 
ǷǫǸǮ Ƿ ǵǴǲǴǿȂȄ ǺǹǳǰǼǮǮ feedforwardnet . 

ǗǵǴǷǴǧ ǮǷǵǴǱȂǭǴǨǦǳǮȅ feedforwardnet  ǷǱǫǪǹȄǿǮǯ: 
 

net  = feedforwardnet (hiddenSizes) 
ǮǱǮ 

net = feedforwardnet(hiddenSizes,trainFcn).  
 

ǈǴǭǨǶǦǿǦǫǲǴǫ ǺǹǳǰǼǮǫǯ ǭǳǦǽǫǳǮǫ ǵǶǫǪǷǸǦǨǱȅǫǸ ǷǴǧǴǯ ǴǧȀǫǰǸ, ǮǳǰǦǵǷǹǱǮǶǹȄ-
ǿǮǯ ǪǦǳǳȁǫ Ǵ ǷǸǶǹǰǸǹǶǫ ǷǴǭǪǦǳǳǴǯ ǷǫǸǮ. ǎǭǲǫǳǫǳǮǫǲ ǷǨǴǯǷǸǨ ȃǸǴǩǴ ǴǧȀǫǰǸǦ ǲǴǬǳǴ 
ǪǴǧǮǸȂǷȅ ǳǦǷǸǶǴǯǰǮ ǵǦǶǦǲǫǸǶǴǨ ǷǴǭǪǦǳǮȅ Ǯ ǴǧǹǽǫǳǮȅ ǷǫǸǮ.  

ǍǪǫǷȂ ǦǶǩǹǲǫǳǸ hiddenSizes ǭǦǪǦȆǸ ǰǴǱǮǽǫǷǸǨǦ ǳǫǯǶǴǳǴǨ Ǩ ǷǰǶȁǸȁǻ ǷǱǴȅǻ. ǔǳ 
ǵǶǫǪǷǸǦǨǱȅǫǸ Ǯǭ Ƿǫǧȅ ǲǦǷǷǮǨ ǽǮǷǫǱ ǶǦǭǲǫǶǦ ί ρ (ǳǦǵǴǲǳǮǲ, ί- ǰǴǱǮǽǫǷǸǨǴ ǷǱǴȆǨ 
ǷǫǸǮ). ǣǱǫǲǫǳǸ ǲǦǷǷǮǨǦ Ƿ ǮǳǪǫǰǷǴǲ Ὥ ǭǦǪǦȆǸ ǰǴǱǮǽǫǷǸǨǴ ǳǫǯǶǴǳǴǨ Ǩ Ὥ-ǲ ǷǱǴǫ. ǓǦǵǶǮ-
ǲǫǶ, ǲǦǷǷǮǨ [10,2,3] ǭǦǪǦȆǸ ǷǫǸȂ ǵǶȅǲǴǩǴ ǶǦǷǵǶǴǷǸǶǦǳǫǳǮȅ, ǷǴǷǸǴȅǿǹȄ Ǯǭ ǽǫǸȁǶȆǻ 
ǷǱǴȆǨ, ǵǶǮǽȆǲ ǵǫǶǨȁǯ ǷǱǴǯ ǮǲǫǫǸ 10 ǳǫǯǶǴǳǴǨ, ǨǸǴǶǴǯ ð 2 Ǯ ǸǶǫǸǮǯ ð 3. 

ǆǶǩǹǲǫǳǸ trainFcn ǭǦǪǦȆǸ ǦǱǩǴǶǮǸǲ ǴǵǸǮǲǮǭǦǼǮǮ, ǰǴǸǴǶȁǯ ǧǹǪǫǸ ǮǷǵǴǱȂǭǴǨǦǳ ǵǶǮ 
ǴǧǹǽǫǳǮǮ ǷǫǸǮ. Ǔǫ ǨǪǦǨǦȅǷȂ Ǩ ǷǶǦǨǳǮǸǫǱȂǳȁǯ ǦǳǦǱǮǭ ǶǦǭǱǮǽǳȁǻ ǲǫǸǴǪǴǨ, ǷǰǦǬǫǲ, ǽǸǴ 
ǳǦǮǧǴǱǫǫ ȃǺǺǫǰǸǮǨǳȁǫ Ƿ ǸǴǽǰǮ ǭǶǫǳǮȅ ǷǰǴǶǴǷǸǮ ǴǧǹǽǫǳǮȅ ǦǱǩǴǶǮǸǲȁ ǴǧȁǽǳǴ ǳǦǮǲǫ-
ǳǫǫ ȃǺǺǫǰǸǮǨǳȁ Ǩ ǷǲȁǷǱǫ ǶǦǷǻǴǪǦ ǵǦǲȅǸǮ. ǕǶǮ ǴǧǹǽǫǳǮǮ ǷǫǸǫǯ Ƿ ǧǴǱȂǾǮǲ ǰǴǱǮǽǫ-
ǷǸǨǴǲ ǳǫǯǶǴǳǴǨ ǵǶǮǻǴǪǮǸǷȅ ǮǷǵǴǱȂǭǴǨǦǸȂ ǧǴǱǫǫ ǲǫǪǱǫǳǳȁǫ ǦǱǩǴǶǮǸǲȁ ǴǧǹǽǫǳǮȅ Ǯǭ-
ǭǦ ǴǩǶǦǳǮǽǫǳǮǯ ǳǦ ǮǷǵǴǱȂǭǹǫǲȁǯ ǴǧȀȆǲ ǵǦǲȅǸǮ. ǔǧǿǮǯ ǷǵǮǷǴǰ ǪǴǷǸǹǵǳȁǻ ǦǱǩǴǶǮǸǲǴǨ 
ǴǧǹǽǫǳǮȅ ǵǶǫǪǷǸǦǨǱǫǳ Ǩ ǸǦǧǱǮǼǫ 1. 

 
ǘǦǧǱǮǼǦ 1. ǗǵǮǷǴǰ ǦǱǩǴǶǮǸǲǴǨ ǴǧǹǽǫǳǮȅ 

ǍǳǦǽǫǳǮǫ trainFcn ǓǦǭǨǦǳǮǫ ǦǱǩǴǶǮǸǲǦ 

'trainlm'  ǒǫǸǴǪ ǑǫǨǫǳǧǫǶǩǦ-ǒǦǶǰǨǦǶǪǸǦ 

'trainbr'  ǇǦǯǫǷǴǨǷǰǦȅ ǶǫǩǹǱȅǶǮǭǦǼǮȅ 

'trainbfg'  ǐǨǦǭǮǳȂȄǸǴǳǴǨǷǰǮǯ ǦǱǩǴǶǮǸǲ ǇǶǴǯǪǫǳǦ, ǚǱǫǸǽǫǶǦ, ǉǴǱȂǪǺǦǶǧǦ Ǯ ǞǦǳǳǴ 

'trainrp'  ǙǷǸǴǯǽǮǨǴǫ ǴǧǶǦǸǳǴǫ ǶǦǷǵǶǴǷǸǶǦǳǫǳǮǫ 

'trainscg' ǆǱǩǴǶǮǸǲ ǲǦǷǾǸǦǧǮǶǴǨǦǳǳȁǻ ǷǴǵǶȅǬǫǳǳȁǻ ǩǶǦǪǮǫǳǸǴǨ 

'traincgb' ǆǱǩǴǶǮǸǲ ǷǴǵǶȅǬǫǳǳȁǻ ǩǶǦǪǮǫǳǸǴǨ Ƿ ǵǫǶǫǭǦǵǹǷǰǴǲ ǕǦǹȃǱǱǦ-ǇǮǱǦ 

'traincgf'  ǒǫǸǴǪ ǷǴǵǶȅǬȆǳǳȁǻ ǩǶǦǪǮǫǳǸǴǨ 

'traincgp' ǒǫǸǴǪ ǷǴǵǶȅǬȆǳǳȁǻ ǩǶǦǪǮǫǳǸǴǨ, ǲǴǪǮǺǮǰǦǼǮȅ ǕǴǱǦǰǦ-ǖǮǧȂǫǶǦ 

'trainoss' ǔǪǳǴǾǦǩǴǨȁǯ ǲǫǸǴǪ ǷǫǰǹǿǮǻ  

'traingdx'  ǉǶǦǪǮǫǳǸǳȁǯ ǷǵǹǷǰ Ƿ ǵǫǶǫǲǫǳǳǴǯ ǷǰǴǶǴǷǸȂȄ ǴǧǹǽǫǳǮȅ 

'traingdm' ǉǶǦǪǮǫǳǸǳȁǯ ǷǵǹǷǰ Ƿ ǮǲǵǹǱȂǷǴǲ 

'traingd' ǉǶǦǪǮǫǳǸǳȁǯ ǷǵǹǷǰ 
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ǕǴ ǹǲǴǱǽǦǳǮȄ ǪǱȅ ǴǧǹǽǫǳǮȅ ǮǷǵǴǱȂǭǹǫǸǷȅ trainlm , Ǹ.ǫ. ǲǫǸǴǪ ǑǫǨǫǳǧǫǶǩǦ-ǒǦǶǰ-
ǨǦǶǪǸǦ. ǣǸǴ ǴǵǸǮǲǦǱȂǳȁǯ ǨȁǧǴǶ ǪǱȅ ǳǫǧǴǱȂǾǮǻ ǷǫǸǫǯ, ǰǴǩǪǦ ǭǦǪǫǯǷǸǨǴǨǦǳǳȁǫ Ǩ ȃǸǴǲ 
ǲǫǸǴǪǫ ǲǦǸǶǮǼȁ ǲǴǩǹǸ ǵǴǲǫǷǸǮǸȂǷȅ Ǩ ǴǵǫǶǦǸǮǨǳǴǯ ǵǦǲȅǸǮ. ǈ ǷǱǹǽǦǫ, ǫǷǱǮ ǴǧȀȆǲ Ǵǵǫ-
ǶǦǸǮǨǳǴǯ ǵǦǲȅǸǮ ǳǫ ǵǴǭǨǴǱȅǫǸ ǻǶǦǳǮǸȂ ǲǦǸǶǮǼȁ, ǦǵǵǶǴǰǷǮǲǮǶǹȄǿǮǫ ǲǦǸǶǮǼǹ ǉǫǷǷǫ, 
ǷǱǫǪǹǫǸ ǮǷǵǴǱȂǭǴǨǦǸȂ ǲǫǸǴǪȁ ǵǫǶǨǴǩǴ ǵǴǶȅǪǰǦ, ǳǦǵǶǮǲǫǶ, traingdx . 

ǔǧǹǽǫǳǮǫ ǳǫǯǶǴǳǳǴǯ ǷǫǸǮ ǵǶȅǲǴǩǴ ǶǦǷǵǶǴǷǸǶǦǳǫǳǮȅ ǲǴǬǫǸ ǵǶǴǮǭǨǴǪǮǸȂǷȅ ǪǨǹǲȅ 
ǺǹǳǰǼǮȅǲǮ ǵǦǰǫǸǦ: train  Ǯ adapt. ǈǸǴǶǦȅ Ǯǭ ǳǮǻ ǳǹǬǳǦ ǪǱȅ ǴǷǴǧȁǻ ǷǱǹǽǦǫǨ, ǳǦǵǶǮǲǫǶ, 
ǪǱȅ ǴǽǫǳȂ ǧǴǱȂǾǮǻ ǷǫǸǫǯ. ǈ Ǵǧȁǽǳȁǻ ǷǮǸǹǦǼǮȅǻ ǷǱǫǪǹǫǸ ǮǷǵǴǱȂǭǴǨǦǸȂ ǺǹǳǰǼǮȄ train . 
ǋȆ ǨǴǭǲǴǬǳǴǷǸǮ ǪǴǨǴǱȂǳǴ ǾǮǶǴǰǮ, Ǹ.ǰ. ǴǳǦ ǵǶǮǲǫǳȅǫǸǷȅ ǪǱȅ ǴǧǹǽǫǳǮȅ ǮǷǰǹǷǷǸǨǫǳǳȁǻ 
ǳǫǯǶǴǳǳȁǻ ǷǫǸǫǯ ǳǫǷǰǴǱȂǰǮǻ ǸǮǵǴǨ. ǒȁ ǴǩǶǦǳǮǽǮǲǷȅ ǶǦǷǷǲǴǸǶǫǳǮǫǲ ǽǦǷǸǮ ǨǴǭǲǴǬ-
ǳǴǷǸǫǯ ȃǸǴǯ ǺǹǳǰǼǮǮ, ǵǶǮǲǫǳǮǲȁǻ ǰ ǷǫǸȅǲ ǵǶȅǲǴǩǴ ǶǦǷǵǶǴǷǸǶǦǳǫǳǮȅ.  ǈȁǭȁǨǦǸȂ 
ǺǹǳǰǼǮȄ ǧǹǪǫǲ ǷǱǫǪǹȄǿǮǲ ǴǧǶǦǭǴǲ: 

 
net1 = train (net, input ,output ).  

 
ǍǪǫǷȂ net ð ǷǴǭǪǦǳǳȁǯ ǶǦǳǫǫ ǴǧȀǫǰǸ ǳǫǯǶǴǳǳǴǯ ǷǫǸǮ, input  - ǲǦǸǶǮǼǦ, ǷǴǷǸǦǨǱǫǳ-

ǳǦȅ ǵǴ ǷǸǴǱǧǼǦǲ Ǯǭ ǨǻǴǪǳȁǻ ǨǫǰǸǴǶǴǨ ǪǱȅ ǴǧǹǽǫǳǮȅ, output  - ǲǦǸǶǮǼǦ, ǷǴǷǸǦǨǱǫǳǳǦȅ 
ǵǴ ǷǸǴǱǧǼǦǲ Ǩ ǸǴǲ Ǭǫ ǵǴǶȅǪǰǫ Ǯǭ ǬǫǱǦǫǲȁǻ ǨȁǻǴǪǴǨ ǴǧǹǽǫǳǳǴǯ ǷǫǸǮ, net1 - ǴǧǹǽǫǳǳǦȅ 
ǷǫǸȂ. ǍǪǫǷȂ ǳǹǬǳǴ ǴǧǶǦǸǮǸȂ ǨǳǮǲǦǳǮǫ ǳǦ ǸǴ, ǽǸǴ ǺǹǳǰǼǮȅ train  ǳǫ ǲǫǳȅǫǸ ǷǨǴǯ ǨǻǴǪǳǴǯ 
ǦǶǩǹǲǫǳǸ, Ǧ ǨǴǭǨǶǦǿǦǫǸ ǳǴǨȁǯ ǴǧȀǫǰǸ, ǷǴǪǫǶǬǦǿǮǯ ǴǧǹǽǫǳǳǹȄ ǷǫǸȂ. ǎǩǳǴǶǮǶǴǨǦǳǮǫ 
ȃǸǴǩǴ ǺǦǰǸǦ ǽǦǷǸǴ ǵǶǮǨǴǪǮǸ ǰ ǴǾǮǧǰǦǲ ǳǦ ǵǫǶǨȁǻ ȃǸǦǵǦǻ ǴǷǨǴǫǳǮȅ ǵǦǰǫǸǦ.  

ǈȁǽǮǷǱǮǸȂ ǨȁǻǴǪ ǴǧǹǽǫǳǳǴǯ ǷǫǸǮ ǳǦ ǭǦǪǦǳǳȁǻ ǵǴǱȂǭǴǨǦǸǫǱǫǲ ǪǦǳǳȁǻ ǲǴǬǳǴ ǷǱǫ-
ǪǹȄǿǮǲ ǴǧǶǦǭǴǲ: 

y= net(x),  
 

ǩǪǫ x ð ǨǻǴǪǳȁǫ ǪǦǳǳȁǫ, y ð ǨȁǽǮǷǱǫǳǳȁǯ ǨȁǻǴǪ ǷǫǸǮ, net ð ǴǧȀǫǰǸ ǴǧǹǽǫǳǳǴǯ 
ǷǫǸǮ. 

ǘǫǵǫǶȂ ǲǴǬǳǴ ǶǦǷǷǲǴǸǶǫǸȂ ǵǶǴǷǸǫǯǾǹȄ ǵǶǴǩǶǦǲǲǹ, ǷǴǭǪǦȄǿǹȄ Ǯ ǴǧǹǽǦȄǿǹȄ 
ǳǫǯǶǴǳǳǹȄ ǷǫǸȂ, Ǧ ǭǦǸǫǲ ǴǸǴǧǶǦǬǦȄǿǹȄ ǳǦ ȃǰǶǦǳǫ ǶǫǭǹǱȂǸǦǸȁ ǴǧǹǽǫǳǮȅ.  

 
% ǆǵǵǶǴǰǷǮǲǦǼǮȅ ǷǮǳǹǷǦ Ƿ ǵǴǲǴǿȂȄ ǎǓǗ 
x=0:0.25:6; % ǲǦǷǷǮǨ ǨǻǴǪǳȁǻ ǪǦǳǳȁǻ ǴǧǹǽǦȄǿǫǯ ǨȁǧǴǶǰǮ 
net = feedforwardnet (6); % ǷǴǭǪǦǳǮǫ ǷǫǸǮ Ǯǭ 2ǻ ǷǱǴȆǨ Ƿ 6 ǳǫǯǶǴǳǦǲǮ  

% Ǩ ǷǰǶȁǸǴǲ ǷǱǴǫ 
net = train (net ,x,sin(x)); % ǴǧǹǽǫǳǮǫ ǷǫǸǮ 
z = net(x); % ǨȁǽǮǷǱǫǳǮǫ ǨȁǻǴǪǦ ǳǦ ǨǻǴǪǳȁǻ ǪǦǳǳȁǻ 
% ǵǶǴǨǫǶǰǦ ǶǫǭǹǱȂǸǦǸǴǨ ǴǧǹǽǫǳǮȅ Ƿ ǵǴǲǴǿȂȄ ǩǶǦǺǮǰǴǨ 
x_dense= 0:0.01:6; 
plot(x_dense,sin(x_dense), 'b-',x,z, 'ro', ...  
x_dense,net(x_dense),'r-',x,sin(x), 'b*');  
 
ǕǶǮǨǫǪȆǳǳǦȅ ǵǶǴǩǶǦǲǲǦ ǷǴǭǪǦȆǸ ǲǴǪǫǱȂ ǪǨǹǻǷǱǴǯǳǴǯ ǷǫǸǮ ǵǶȅǲǴǩǴ ǶǦǷǵǶǴǷǸǶǦ-

ǳǫǳǮȅ Ǯ ǴǧǹǽǦǫǸ ǫȆ ǦǵǵǶǴǰǷǮǲǦǼǮǮ ǺǹǳǰǼǮǮ çǷǮǳǹǷè. ǍǦǲǫǸǮǲ, ǽǸǴ ǵǶǦǰǸǮǽǫǷǰǴǩǴ 
ǷǲȁǷǱǦ Ǩ ȃǸǴǯ ǵǶǴǩǶǦǲǲǫ ǳǫǸ. ǔǳǦ ǮǲǫǫǸ ǽǮǷǸǴ ǲǫǸǴǪǮǽǫǷǰǴǫ ǭǳǦǽǫǳǮǫ. ǈ ǶǫǭǹǱȂǸǦǸǫ 
ǶǦǧǴǸȁ ǵǶǴǩǶǦǲǲȁ ǳǦ ȃǰǶǦǳǫ ǵǴȅǨǱȅȄǸǷȅ ǩǶǦǺǮǰǮ (Ƿǲ. ǶǮǷ. 1). ǗǮǳǮǲ ǼǨǫǸǴǲ ǳǦ ǶǮ-
Ƿǹǳǰǫ ǮǭǴǧǶǦǬȆǳ ǩǶǦǺǮǰ ǷǮǳǹǷǦ, ǷǮǳǮǲǮ ǰǶǹǬǰǦǲǮ ǴǸǲǫǽǫǳȁ ǸǴǽǰǮ, ǰǴǴǶǪǮǳǦǸȁ ǰǴ-
ǸǴǶȁǻ ǧȁǱǮ ǮǷǵǴǱȂǭǴǨǦǳȁ ǵǶǮ ǴǧǹǽǫǳǮǮ ǷǫǸǮ. ǐǶǦǷǳǴǯ ǱǮǳǮǫǯ ǮǭǴǧǶǦǬȆǳ ǩǶǦǺǮǰ 
ǺǹǳǰǼǮǮ ǨȁǻǴǪǦ ǳǫǯǶǴǳǳǴǯ ǷǫǸǮ, ǰǶǦǷǳȁǲǮ ǰǶǹǬǰǦǲǮ ð ǭǳǦǽǫǳǮȅ ǨȁǻǴǪǦ Ǩ ǸǴǽǰǦǻ 
ǴǧǹǽǫǳǮȅ. ǉǶǦǺǮǰ ǵǴǰǦǭȁǨǦǫǸ, ǽǸǴ ǷǴǭǪǦǳǳǦȅ ǳǫǯǶǴǳǳǦȅ ǷǫǸȂ ǪǫǯǷǸǨǮǸǫǱȂǳǴ ǦǵǵǶǴǰ-
ǷǮǲǮǶǹǫǸ ǭǳǦǽǫǳǮȅ ǷǮǳǹǷǦ ǳǦ ǴǸǶǫǭǰǫ ǴǸ 0 ǪǴ 6. 
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ǍǦǲǫǸǮǲ, ǽǸǴ ǵǶǮ ǵǴǨǸǴǶǳǴǲ ǭǦǵǹǷǰǫ ǵǶǴǩǶǦǲǲȁ ǰǦǶǸǮǳǦ ǲǴǬǫǸ ǴǸǱǮǽǦǸȂǷȅ ǴǸ 
ǵǶǮǨǫǪȆǳǳǴǯ ǳǦ ǶǮǷǹǳǰǫ. ǣǸǴ ǨȁǭǨǦǳǴ Ǹǫǲ, ǽǸǴ ǭǦǪǦǽǦ ǴǵǸǮǲǮǭǦǼǮǮ, ǨǴǭǳǮǰǦȄǿǦȅ ǵǶǮ 
ǴǧǹǽǫǳǮǮ ǷǫǸǮ, ǮǲǫǫǸ, ǨǴǴǧǿǫ ǩǴǨǴǶȅ, ǳǫǷǰǴǱȂǰǴ ǶǫǾǫǳǮǯ. ǜǫǱǫǨǦȅ ǺǹǳǰǼǮȅ (3) ǲǴ-
ǬǫǸ ǮǲǫǸȂ ǳǫǷǰǴǱȂǰǴ ǱǴǰǦǱȂǳȁǻ ǲǮǳǮǲǹǲǴǨ, ǵǶǮǽȆǲ ǾǦǳǷȁ ǳǦ ȃǸǴ ǵǴǨȁǾǦȄǸǷȅ ǵǶǮ 
ǹǨǫǱǮǽǫǳǮǮ ǰǴǱǮǽǫǷǸǨǦ ǳǫǯǶǴǳǴǨ. ǓǮǰǦǰǴǩǴ ǴǧǿǫǩǴ ǷǵǴǷǴǧǦ ǵǶǴǨǫǶǰǮ ǸǴǩǴ, ǷǴǴǸǨǫǸ-
ǷǸǨǹǫǸ ǱǮ ǳǦǯǪǫǳǳȁǯ ǳǦǧǴǶ ǨǫǷǴǨ Ǯ ǷǲǫǿǫǳǮǯ ǩǱǴǧǦǱȂǳǴǲǹ ǲǮǳǮǲǹǲǹ (3), ǳǫ Ǯǭ-
ǨǫǷǸǳǴ. ǒǴǬǳǴ ǱǮǾȂ ǵǴǨǸǴǶǳǴ ǵǶǴǮǭǨǴǪǮǸȂ ǴǧǹǽǫǳǮȅ, ǨȁǧǮǶǦȅ ǶǦǭǳȁǫ ǳǦǽǦǱȂǳȁǫ ǭǳǦ-
ǽǫǳǮȅ ǨǫǷǴǨ Ǯ ǷǲǫǿǫǳǮǯ. ǕǴ ǹǲǴǱǽǦǳǮȄ ǺǹǳǰǼǮȅ train  ǪǫǱǦǫǸ ȃǸǴ ǦǨǸǴǲǦǸǮǽǫǷǰǮ, Ǩȁ-
ǧǮǶǦȅ ǳǦǽǦǱȂǳȁǫ ǭǳǦǽǫǳǮȅ ǷǱǹǽǦǯǳȁǲ ǴǧǶǦǭǴǲ. ǣǸǴ ǵǴǭǨǴǱȅǫǸ, ǴǧǹǽǮǨ ǳǫǯǶǴǳǳǹȄ 
ǷǫǸȂ ǳǫǷǰǴǱȂǰǴ ǶǦǭ, ǨȁǧǶǦǸȂ ǳǦǮǱǹǽǾǮǯ ǶǫǭǹǱȂǸǦǸ ǪǱȅ ǪǦǱȂǳǫǯǾǫǩǴ ǮǷǵǴǱȂǭǴǨǦǳǮȅ.  

 
ǖǮǷ.1 ǖǫǭǹǱȂǸǦǸ ǶǦǧǴǸȁ ǵǶǴǩǶǦǲǲȁ çǆǵǵǶǴǰǷǮǲǦǼǮȅ ǷǮǳǹǷǦ Ƿ ǵǴǲǴǿȂȄ ǎǓǗè 
  
ǐǴǷǳȆǲǷȅ ǨǦǬǳǴǩǴ ǨǴǵǶǴǷǦ ǨȁǧǴǶǦ ǰǴǱǮǽǫǷǸǨǦ ǷǱǴȆǨ Ǯ ǳǫǯǶǴǳǴǨ ǷǫǸǮ. ǈ ǵǶǮǨǫ-

ǪȆǳǳǴǯ ǨȁǾǫ ǵǶǴǩǶǦǲǲǫ ǷǴǭǪǦȆǸǷȅ ǳǫǯǶǴǳǳǦȅ ǷǫǸȂ Ƿ ǪǨǹǲȅ ǷǱǴȅǲǮ Ǯ ǾǫǷǸȂȄ ǳǫǯǶǴ-
ǳǦǲǮ Ǩ ǵǫǶǨǴǲ ǷǱǴǫ. ǕǴǽǫǲǹ ǮǲǫǳǳǴ 6? ǝǸǴ ǵǶǴǮǭǴǯǪȆǸ, ǫǷǱǮ ǨȁǧǶǦǸȂ ǧǴǱȂǾǫǫ ǮǱǮ 
ǲǫǳȂǾǫǫ ǰǴǱǮǽǫǷǸǨǴ ǳǫǯǶǴǳǴǨ Ǩ ǷǰǶȁǸǴǲ ǷǱǴǫ? ǔǸ ǰǴǱǮǽǫǷǸǨǦ ǳǫǯǶǴǳǴǨ ǭǦǨǮǷǮǸ ǰǴ-
ǱǮǽǫǷǸǨǴ ǴǵǸǮǲǮǭǮǶǹǫǲȁǻ ǵǦǶǦǲǫǸǶǴǨ ǷǫǸǮ. ǋǷǱǮ Ǯǻ ǧǹǪǫǸ ǷǱǮǾǰǴǲ ǲǦǱǴ, ǺǹǳǰǼǮȅ 
(2) ǴǰǦǬǫǸǷȅ ǷǱǮǾǰǴǲ ǵǶǴǷǸǴǯ Ǯ ǳǫ ǷǲǴǬǫǸ ǪǴǷǸǦǸǴǽǳǴ ǸǴǽǳǴ ǴǧǫǷǵǫǽǮǸȂ ǷǴǴǸǨǫǸǷǸǨǮǫ 
ǲǫǬǪǹ ǬǫǱǦǫǲȁǲǮ Ǯ ǶǫǦǱȂǳȁǲǮ ǭǳǦǽǫǳǮȅǲǮ ǨȁǻǴǪǦ. ǓǴ Ǯ ǷǱǮǾǰǴǲ ǧǴǱȂǾǴǫ ǰǴǱǮǽǫ-
ǷǸǨǴ ǵǦǶǦǲǫǸǶǴǨ ǷǫǸǮ ǳǦ ǵǶǦǰǸǮǰǫ ǳǫǬǫǱǦǸǫǱȂǳǴ, ǵǴǷǰǴǱȂǰǹ ǨǱǫǽȆǸ ǭǦ ǷǴǧǴǯ ǨǴǭǳǮǰ-
ǳǴǨǫǳǮǫ ȅǨǱǫǳǮȅ ǸǦǰ ǳǦǭȁǨǦǫǲǴǩǴ ǵǫǶǫǴǧǹǽǫǳǮȅ. ǔǳǴ ǭǦǰǱȄǽǦǫǸǷȅ Ǩ ǸǴǲ, ǽǸǴ ǻǴǸȅ 
ǭǳǦǽǫǳǮȅ ǨȁǻǴǪǦ ǳǦ ǨǻǴǪǳȁǻ ǭǳǦǽǫǳǮȅǻ Ǯǭ ǴǧǹǽǦȄǿǫǯ ǨȁǧǴǶǰǮ ǧǱǮǭǰǮ ǰ ǬǫǱǦǫǲȁǲ, 
ǨȁǻǴǪ ǳǦ ǪǶǹǩǮǻ ǨǻǴǪǳȁǻ ǭǳǦǽǫǳǮȅǻ ǲǴǬǫǸ ǷǮǱȂǳǴ ǴǸǱǮǽǦǸȂǷȅ ǴǸ ǸǴǩǴ, ǰ ǽǫǲǹ ǷǸǶǫ-
ǲǮǸǷȅ ǵǴǱȂǭǴǨǦǸǫǱȂ. ǓǦ ǶǮǷǹǳǰǦǻ 2 Ǯ 3 ǵǴǰǦǭǦǳȁ ǵǶǮǲǫǶȁ ǩǶǦǺǮǰǴǨ ǨȁǻǴǪǦ ǪǱȅ ǷǱǹ-
ǽǦǫǨ ǳǫǪǴǴǧǹǽǫǳǮȅ Ǯ ǵǫǶǫǴǧǹǽǫǳǮȅ. ǈ ǵǫǶǨǴǲ ǷǱǹǽǦǫ ǧȁǱǦ ǮǷǵǴǱȂǭǴǨǦǳǦ ǷǫǸȂ Ƿ ǪǨǹǲȅ 
ǳǫǯǶǴǳǦǲǮ, ǨǴ ǨǸǴǶǴǲ ð Ƿ 35. 

ǎǭ ǶǮǷǹǳǰǴǨ ǨǮǪǳǴ, ǽǸǴ Ǩ ǷǱǹǽǦǫ ǳǫǪǴǴǧǹǽǫǳǮȅ ǴǾǮǧǰǦ ǨǫǱǮǰǦ ǰǦǰ ǳǦ ǴǧǹǽǦȄǿǫǯ 
ǨȁǧǴǶǰǫ, ǸǦǰ Ǯ ǳǦ ǵǶǴǲǫǬǹǸǴǽǳȁǻ ǪǦǳǳȁǻ, Ǩ ǷǱǹǽǦǫ Ǭǫ ǵǫǶǫǴǧǹǽǫǳǮȅ ǴǾǮǧǰǦ ǳǦ Ǵǧǹ-
ǽǦȄǿǫǯ ǨȁǧǴǶǰǫ ǲǦǱǦ, Ǧ ǳǦ ǵǶǴǲǫǬǹǸǴǽǳȁǻ ǪǦǳǳȁǻ ð ǨǫǱǮǰǦ. 

ǐ ǷǴǬǦǱǫǳǮȄ, ǵǶǴǦǳǦǱǮǭǮǶǴǨǦǸȂ ǰǦǽǫǷǸǨǴ ǴǧǹǽǫǳǮȅ ǩǶǦǺǮǽǫǷǰǮ ǲǴǬǳǴ ǱǮǾȂ ǪǱȅ 
ǷǱǹǽǦǫǨ ǶǦǭǲǫǶǳǴǷǸǮ ǨǻǴǪǴǨ 1 ǮǱǮ 2. ǊǱȅ ǭǦǪǦǽ ǧǴǱǫǫ ǨȁǷǴǰǴǯ ǶǦǭǲǫǶǳǴǷǸǮ ǵǶǮǻǴ-
ǪǮǸǷȅ ǵǶǮǧǫǩǦǸȂ ǰ ǷǱǫǪǹȄǿǫǲǹ ǷǵǴǷǴǧǹ. ǖǦǭǴǧȂȆǲ ǴǧǹǽǦȄǿǹȄ ǨȁǧǴǶǰǹ ǳǦ ǪǨǫ ǽǦǷǸǮ. 
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ǊǦǳǳȁǫ Ǯǭ ǵǫǶǨǴǯ ǽǦǷǸǮ ǧǹǪǫǲ ǮǷǵǴǱȂǭǴǨǦǸȂ ǪǱȅ ǨȁǽǮǷǱǫǳǮȅ ǴǾǮǧǰǮ ǵǴ ǺǴǶǲǹǱǫ (3) 
ǵǶǮ ǴǧǹǽǫǳǮǮ ǷǫǸǮ. ǊǦǳǳȁǫ Ǯǭ ǨǸǴǶǴǯ ǽǦǷǸǮ ǳǫ ǧǹǪǫǲ ǹǽǮǸȁǨǦǸȂ Ǩ ǼǫǱǫǨǴǯ ǺǹǳǰǼǮǮ 
ǴǵǸǮǲǮǭǦǼǮǮ. ǣǸǮ ǪǦǳǳȁǫ ǧǹǪǹǸ ǰǴǳǸǶǴǱȂǳȁǲǮ. ǎǻ ǧǹǪǫǲ ǮǷǵǴǱȂǭǴǨǦǸȂ ǪǱȅ ǵǶǴǨǫǶǰǮ 
ǰǦǽǫǷǸǨǦ ǴǧǹǽǫǳǮȅ ǷǫǸǮ. 

 
ǖǮǷ. 2. ǖǫǭǹǱȂǸǦǸ ǶǦǧǴǸȁ ǵǶǴǩǶǦǲǲȁ Ǩ ǷǱǹǽǦǫ ǳǫǪǴǴǧǹǽǫǳǮȅ 

 

 
ǖǮǷ. 3. ǖǫǭǹǱȂǸǦǸ ǶǦǧǴǸȁ ǵǶǴǩǶǦǲǲȁ Ǩ ǷǱǹǽǦǫ ǵǫǶǫǴǧǹǽǫǳǮȅ 

 
ǚǹǳǰǼǮȅ train  ǵǴ ǹǲǴǱǽǦǳǮȄ ǶǦǭǧǮǨǦǫǸ ǴǧǹǽǦȄǿǹȄ ǨȁǧǴǶǰǹ ǳǦ ǸǶǮ ǽǦǷǸǮ. ǕǫǶǨǦȅ, 

ǴǧǹǽǦȄǿǦȅ (ǮǲǫǫǸ ǳǦǭǨǦǳǮǫ train  Ǩ ǪǴǰǹǲǫǳǸǦǼǮǮ Matlab) ǮǷǵǴǱȂǭǹǫǸǷȅ ǪǱȅ ǴǧǹǽǫǳǮȅ 
ǷǫǸǮ, ǨǸǴǶǦȅ, ǵǶǴǨǫǶǴǽǳǦȅ (validation  Ǩ ǪǴǰǹǲǫǳǸǦǼǮǮ Matlab) ǮǷǵǴǱȂǭǹǫǸǷȅ ǪǱȅ ǰǴǳ-
ǸǶǴǱȅ ǰǦǽǫǷǸǨǦ ǴǧǹǽǫǳǮȅ, Ǯ, ǳǦǰǴǳǫǼ, ǸǶǫǸȂȅ, ǸǫǷǸǴǨǦȅ (test   Ǩ ǪǴǰǹǲǫǳǸǦǼǮǮ Matlab) 
ǳǮǰǦǰ ǳǫ ǮǷǵǴǱȂǭǹǫǸǷȅ Ǩ ǵǶǴǼǫǷǷǫ ǴǧǹǽǫǳǮȅ Ǯ ǲǴǬǫǸ ǧȁǸȂ ǮǷǵǴǱȂǭǴǨǦǳǦ ǵǴǱȂǭǴǨǦǸǫ-
Ǳǫǲ ǪǱȅ ǪǴǵǴǱǳǮǸǫǱȂǳǴǩǴ ǰǴǳǸǶǴǱȅ. ǋǷǱǮ ǵǴǱȂǭǴǨǦǸǫǱȂ ǳǫ ǭǦǪǦǱ ǳǦǷǸǶǴǯǰǮ ǶǦǭǧǮǫǳǮȅ 
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ǴǧǹǽǦȄǿǫǯ ǨȁǧǴǶǰǮ, ǸǴ ǪǱȅ ǴǧǹǽǫǳǮȅ ǷǱǹǽǦǯǳȁǲ ǴǧǶǦǭǴǲ ǴǸǧǮǶǦǫǸǷȅ 70 ǵǶǴǼǫǳǸǴǨ 
ǪǦǳǳȁǻ, Ǧ ǪǱȅ ǵǶǴǨǫǶǰǮ Ǯ ǸǫǷǸǮǶǴǨǦǳǮȅ ð ǵǴ 15 ǵǶǴǼǫǳǸǴǨ. ǕǶǮ ǬǫǱǦǳǮǮ ǵǴǱȂǭǴǨǦǸǫǱȂ 
ǲǴǬǫǸ ǮǭǲǫǳǮǸȂ ȃǸǴ ǷǴǴǸǳǴǾǫǳǮǫ. ǊǱȅ ȃǸǴǩǴ ǳǫǴǧǻǴǪǮǲǴ ǵǴǷǱǫ ǷǴǭǪǦǳǮȅ ǴǧȀǫǰǸǦ 
ǷǫǸǮ, ǳǴ ǵǫǶǫǪ ǫȆ ǴǧǹǽǫǳǮǫǲ ǭǦǪǦǸȂ ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǫ ǰǴǱǮǽǫǷǸǨǦ Ǩ ǨǮǪǫ ǪǴǱǫǯ ǫǪǮ-
ǳǮǼȁ ǽǫǶǫǭ ǷǨǴǯǷǸǨǦ divideParam.trainRatio,  divideParam.valRatio Ǯ divideParam.tes-
tRatio  ǴǧȀǫǰǸǦ ǷǫǸǮ: 

 
net = feedforwardnet(6); % ǷǴǭǪǦǳǮǫ ǷǫǸǮ 
net.divideParam.trainRatio= 0.8; % ǪǱȅ ǴǧǹǽǫǳǮȅ 
net.divideParam.valRatio= 0.2; % ǪǱȅ ǵǶǴǨǫǶǰǮ 
net.divideParam.testRatio= 0; % ǪǱȅ ǸǫǷǸǮǶǴǨǦǳǮȅ 
 
ǈ ǵǶǮǨǫǪȆǳǳǴǲ ǨȁǾǫ ǰǴǪǫ ǪǱȅ ǴǧǹǽǫǳǮȅ ǨȁǪǫǱȅǫǸǷȅ 80 ǵǶǴǼǫǳǸǴǨ ǴǧǹǽǦȄǿǫǯ 

ǨȁǧǴǶǰǮ, ǪǱȅ ǵǶǴǨǫǶǰǮ ð 20. ǊǱȅ ǸǫǷǸǮǶǴǨǦǳǮȅ ǳǫ ǨȁǪǫǱȅǫǸǷȅ ǳǮǽǫǩǴ. 
ǔǪǳǮǲ Ǯǭ ǰǶǮǸǫǶǮǫǨ ǴǷǸǦǳǴǨǰǮ ǴǧǹǽǫǳǮȅ ȅǨǱȅǫǸǷȅ ǳǫǹǧȁǨǦǳǮǫ ǴǾǮǧǰǮ ǳǦ ǵǶǴǨǫ-

ǶǴǽǳȁǻ ǪǦǳǳȁǻ Ǩ ǵǶǴǼǫǷǷǫ ǴǧǹǽǫǳǮȅ. ǋǷǱǮ ȃǸǦ ǴǾǮǧǰǦ ǳǫ ǹǧȁǨǦǫǸ ǳǦ ǵǶǴǸȅǬǫǳǮǮ ǧǴ-
Ǳǫǫ ǽǫǲ net.trainParam.max_fail ǮǸǫǶǦǼǮǯ ǵǴǪǶȅǪ, ǩǪǫ net - ǴǧȀǫǰǸ ǷǫǸǮ, ǴǧǹǽǫǳǮǫ 
ǴǷǸǦǳǦǨǱǮǨǦǫǸǷȅ.  

ǔǷǸǦǱǴǷȂ ǶǦǷǷǰǦǭǦǸȂ Ǵ ǸǴǲ, ǰǦǰ ǵǴǱȂǭǴǨǦǸǫǱȂ ǲǴǬǫǸ ǵǶǴǰǴǳǸǶǴǱǮǶǴǨǦǸȂ ǰǦǽǫǷǸǨǴ 
ǴǧǹǽǫǳǮȅ ǷǫǸǮ Ǯ ǵǶǴǦǳǦǱǮǭǮǶǴǨǦǸȂ ǨǴǭǲǴǬǳǴǫ ǨǱǮȅǳǮǫ ǵǫǶǫ- ǮǱǮ ǳǫǪǴǴǧǹǽǫǳǮȅ. ǈ 
ǵǶǴǼǫǷǷǫ ǶǦǧǴǸȁ ǺǹǳǰǼǮǮ train  ǳǦ ȃǰǶǦǳǫ ǵǴȅǨǱȅǫǸǷȅ ǴǰǳǴ ǮǳǺǴǶǲǦǼǮǮ Ǵ ǻǴǪǫ Ǵǧǹǽǫ-
ǳǮȅ (ǶǮǷ. 4): 

 

 
ǖǮǷ.4 ǔǰǳǴ ǮǳǺǴǶǲǦǼǮǮ Ǵ ǻǴǪǫ ǴǧǹǽǫǳǮȅ 
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ǔǰǳǴ ǮǳǺǴǶǲǦǼǮǮ Ǵ ǻǴǪǫ ǴǧǹǽǫǳǮȅ ǷǴǪǫǶǬǮǸ ǲǦǷǷǹ ǵǴǱǫǭǳǴǯ ǮǳǺǴǶǲǦǼǮǮ Ǵǧ 
ǴǧǹǽǫǳǮǮ ǷǫǸǮ, ǴǪǳǦǰǴ ǳǦǷ ǮǳǸǫǶǫǷǹȄǸ ǱǮǾȂ ǩǶǦǺǮǰǮ ǴǾǮǧǴǰ ǳǦ ǴǧǹǽǦȄǿǫǯ ǨȁǧǴǶǰǫ. 
ǕǶǮ ǳǦǬǦǸǮǮ ǳǦ ǰǳǴǵǰǹ Performance (ǨȁǪǫǱǫǳǦ ǰǶǦǷǳȁǲ ǳǦ ǶǮǷ.4) ǳǦ ȃǰǶǦǳǫ ǵǴȅǨǱȅ-
ǫǸǷȅ ǴǰǳǴ Ƿ ǩǶǦǺǮǰǦǲǮ ǮǭǲǫǳǫǳǮȅ ǴǾǮǧǴǰ ǳǦ ǴǧǹǽǦȄǿǫǯ ǨȁǧǴǶǰǫ Ǩ ǵǶǴǼǫǷǷǫ Ǵǧǹǽǫ-
ǳǮȅ. ǕǴ ǴǷǮ ǦǧǷǼǮǷǷ ǳǦ ǩǶǦǺǮǰǫ ǴǸǱǴǬǫǳǴ ǰǴǱǮǽǫǷǸǨǴ ǨȁǵǴǱǳǫǳǳȁǻ ǮǸǫǶǦǼǮǯ ǴǵǸǮ-
ǲǮǭǦǼǮǴǳǳǴǩǴ ǦǱǩǴǶǮǸǲǦ. ǗǮǳǮǲ ǼǨǫǸǴǲ ǴǸǴǧǶǦǬȆǳ ǩǶǦǺǮǰ ǴǾǮǧǰǮ ǳǦ ǴǧǹǽǦȄǿǮǻ 
ǪǦǳǳȁǻ, ǭǫǱȆǳȁǲ  - ǳǦ ǵǶǴǨǫǶǴǽǳȁǻ Ǯ ǰǶǦǷǳȁǲ ð ǳǦ ǸǫǷǸǴǨȁǻ. ǈ ǷǱǹǽǦǫ ǳǴǶǲǦǱȂǳǴǩǴ 
ǻǴǪǦ ǴǧǹǽǫǳǮȅ ǩǶǦǺǮǰǮ ǴǾǮǧǴǰ ǨȁǩǱȅǪȅǸ ǵǶǮǲǫǶǳǴ ǸǦǰ, ǰǦǰ ǵǴǰǦǭǦǳǴ ǳǦ ǶǮǷ. 5. 

 
ǖǮǷ.5 ǉǶǦǺǮǰǮ ǴǾǮǧǴǰ ǵǶǮ ǳǴǶǲǦǱȂǳǴǲ ǴǧǹǽǫǳǮǮ 

 
ǎǭ ǶǮǷǹǳǰǦ ǨǮǪǳǴ, ǽǸǴ ǴǾǮǧǰǮ ǳǦ ǨǷǫǻ ǸǶȆǻ ǽǦǷǸȅǻ ǴǧǹǽǦȄǿǫǯ ǨȁǧǴǶǰǮ ǹǧȁǨǦȄǸ 

Ǯ ǮǲǫȄǸ ǵǶǮǧǱǮǭǮǸǫǱȂǳǴ ǴǪǳǹ ǨǫǷȂǲǦ ǳǫǧǴǱȂǾǹȄ ǵǴ ǷǶǦǨǳǫǳǮȄ Ƿ ǳǦǽǦǱȂǳȁǲǮ ǭǳǦǽǫ-
ǳǮȅǲǮ ǨǫǱǮǽǮǳǹ. ǣǸǴ ǩǴǨǴǶǮǸ Ǵǧ ǹǷǵǫǾǳǴǲ ǴǧǹǽǫǳǮǮ ǷǫǸǮ. 

ǕǶǮǲǫǶǳȁǯ ǨǮǪ ǩǶǦǺǮǰǴǨ ǴǾǮǧǴǰ Ǩ ǷǱǹǽǦǫ ǵǫǶǫǴǧǹǽǫǳǮȅ ǵǴǰǦǭǦǳ ǳǦ ǶǮǷ. 6. 

 
ǖǮǷ.6 ǉǶǦǺǮǰǮ ǴǾǮǧǴǰ ǵǶǮ ǵǫǶǫǴǧǹǽǫǳǮǮ 
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ǎǭ ǶǮǷǹǳǰǦ 6 ǨǮǪǳǴ, ǽǸǴ ǴǾǮǧǰǦ ǳǦ ǴǧǹǽǦȄǿǫǯ ǽǦǷǸǮ ǨȁǧǴǶǰǮ ǭǳǦǽǮǸǫǱȂǳǴ 
ǲǫǳȂǾǫ, ǽǫǲ ǳǦ ǵǶǴǨǫǶǴǽǳǴǯ Ǯ ǸǫǷǸǴǨǴǯ ǽǦǷǸȅǻ. ǣǸǴ ǩǴǨǴǶǮǸ Ǵ ǵǫǶǫǴǧǹǽǫǳǮǮ ǷǫǸǮ. 

ǕǶǮǲǫǶǳȁǯ ǨǮǪ ǩǶǦǺǮǰǴǨ ǴǾǮǧǴǰ Ǩ ǷǱǹǽǦǫ ǳǫǪǴǴǧǹǽǫǳǮȅ ǵǴǰǦǭǦǳ ǳǦ ǶǮǷ. 7. 

 
ǖǮǷ.7 ǉǶǦǺǮǰǮ ǴǾǮǧǴǰ ǵǶǮ ǵǫǶǫǴǧǹǽǫǳǮǮ 

 
ǔ ǨǴǭǲǴǬǳǴǲ ǳǦǱǮǽǮǮ ǳǫǪǴǴǧǹǽǫǳǮȅ ǭǪǫǷȂ ǩǴǨǴǶǮǸ ǸǴǸ ǺǦǰǸ, ǽǸǴ ǴǾǮǧǰǦ ǳǦ ǨǷǫǻ 

ǸǶȆǻ ǽǦǷǸȅǻ ǪǦǳǳȁǻ ǹǲǫǳȂǾǮǱǦǷȂ ǳǫǭǳǦǽǮǸǫǱȂǳǴ ǵǴ ǴǸǳǴǾǫǳǮȄ ǰ ǮǷǻǴǪǳȁǲ ǭǳǦǽǫǳǮȅǲ. 
ǕǶǴǪǴǱǬǮǸǫǱȂǳȁǫ ǩǴǶǮǭǴǳǸǦǱȂǳȁǫ ǹǽǦǷǸǰǮ ǳǦ ǩǶǦǺǮǰǦǻ ǩǴǨǴǶȅǸ Ǵ ǸǴǲ, ǽǸǴ ǦǱǩǴǶǮǸǲ 
ǴǵǸǮǲǮǭǦǼǮǮ ǴǰǦǭǦǱǷȅ ǳǫǷǵǴǷǴǧǫǳ ǹǲǫǳȂǾǮǸȂ ǴǾǮǧǰǹ ǵǴǷǱǫ ǳǫǷǰǴǱȂǰǮǻ ǹǷǵǫǾǳȁǻ 
ǵǫǶǨȁǻ ǮǸǫǶǦǼǮǯ. ǕǴǷǱǫ 10 ǮǸǫǶǦǼǮǮ ǴǾǮǧǰǦ ǳǦ ǵǶǴǨǫǶǴǽǳȁǻ ǪǦǳǳȁǻ ǵǫǶǫǷǸǦǱǦ ǹǧȁ-
ǨǦǸȂ, ǽǸǴ ǵǴǰǦǭǦǳǴ ǳǦ ǶǮǷǹǳǰǫ ǨǫǶǸǮǰǦǱȂǳǴǯ ǸǴǽǫǽǳǴǯ ǱǮǳǮǫǯ. ǣǸǴ ǵǶǮǨǫǱǴ ǰ ǴǷǸǦ-
ǳǴǨǰǫ ǴǧǹǽǫǳǮȅ ǳǦ 16 ǮǸǫǶǦǼǮǮ. ǍǦǲǫǸǮǲ, ǽǸǴ ǴǾǮǧǰǦ ǳǦ ǪǦǳǳȁǻ ǴǧǹǽǫǳǮȅ ǴǰǦǭǦǱǦǷȂ 
ǪǦǬǫ ǧǴǱȂǾǫ, ǽǫǲ ǳǦ ǵǶǴǨǫǶǴǽǳȁǻ Ǯ ǸǫǷǸǴǨȁǻ ǪǦǳǳȁǻ. 

ǓǦ ȃǸǴǲ ǲȁ ǭǦǰǴǳǽǮǲ ȃǱǫǲǫǳǸǦǶǳǴǫ ǨǨǫǪǫǳǮǫ Ǩ ǷǶǫǪǷǸǨǦ ǵǦǰǫǸǦ Neural Network 
Toolbox. ǊǦǱȂǳǫǯǾǫǫ ǮǭǹǽǫǳǮǫ ǫǩǴ ǨǴǭǲǴǬǳǴǷǸǫǯ ǨȁǻǴǪǮǸ ǭǦ ǶǦǲǰǮ ǪǦǳǳǴǯ ǷǸǦǸȂǮ. ǊǱȅ 
ǷǦǲǴǷǸǴȅǸǫǱȂǳǴǩǴ ǶǫǾǫǳǮȅ ǽǮǸǦǸǫǱȅǲ Ǯ ǷǸǹǪǫǳǸǦǲ ǵǶǫǪǱǦǩǦȄǸǷȅ ǷǱǫǪǹȄǿǮǫ ǭǦǪǦǳǮȅ. 

1. ǓǦǵǮǾǮǸǫ ǵǶǴǩǶǦǲǲǹ, ǷǴǭǪǦȄǿǹȄ ǳǫǯǶǴǳǳǹȄ ǷǫǸȂ ǵǶȅǲǴǩǴ ǶǦǷǵǶǴǷǸǶǦǳǫǳǮȅ 

Ǯ Ƿ ǫȆ ǵǴǲǴǿȂȄ ǦǵǵǶǴǰǷǮǲǮǶǹȄǿǹȄ ǺǹǳǰǼǮȄ ǪǨǹǻ ǵǫǶǫǲǫǳǳȁǻ Ὢὼȟώ ὼ ώ ǳǦ 

ǲǳǴǬǫǷǸǨǫ ὼɴ ςȟς, ώᶰ ςȟς. ǐǦǰǴǯ ǶǦǭǲǫǶ ǴǧǹǽǦȄǿǫǯ ǨȁǧǴǶǰǮ ǪǴǷǸǦǸǴǽǫǳ ǪǱȅ 
ǦǵǵǶǴǰǷǮǲǦǼǮǮ Ƿ ǸǴǽǳǴǷǸȂȄ 0.1? ǕǴǷǸǶǴǯǸǫ ǩǶǦǺǮǰǮ Ὢὼȟώ Ǯ ǺǹǳǰǼǮǮ ǴǧǹǽǫǳǳǴǯ ǷǫǸǮ. 
ǕǶǴǦǳǦǱǮǭǮǶǹǯǸǫ ǨǴǭǲǴǬǳǴǷǸȂ ǳǦǱǮǽǮȅ ǳǫǪǴ- ǮǱǮ ǵǫǶǫǴǧǹǽǫǳǮȅ. 

2. ǓǦǵǮǾǮǸǫ ǵǶǴǩǶǦǲǲǹ, ǷǴǭǪǦȄǿǹȄ ǳǫǯǶǴǳǳǹȄ ǷǫǸȂ ǵǶȅǲǴǩǴ ǶǦǷǵǶǴǷǸǶǦǳǫǳǮȅ 

Ǯ Ƿ ǫȆ ǵǴǲǴǿȂȄ ǦǵǵǶǴǰǷǮǲǮǶǹȄǿǹȄ ǺǹǳǰǼǮȄ ǸǶȆǻ ǵǫǶǫǲǫǳǳȁǻ Ὢὼȟώȟᾀ ὼ ώ
ᾀ  ǳǦ ǲǳǴǬǫǷǸǨǫ ὼɴ ςȟς, ώᶰ ςȟς, ᾀɴ ςȟς. ǕǶǴǦǳǦǱǮǭǮǶǹǯǸǫ ǨǴǭǲǴǬǳǴǷǸȂ 
ǳǦǱǮǽǮȅ ǳǫǪǴ- ǮǱǮ ǵǫǶǫǴǧǹǽǫǳǮȅ Ƿ ǵǴǲǴǿȂȄ ǩǶǦǺǮǰǴǨ ǴǾǮǧǴǰ. 

3. ǓǦǵǮǾǮǸǫ ǵǶǴǩǶǦǲǲǹ, ǷǴǭǪǦȄǿǹȄ ǳǫǯǶǴǳǳǹȄ ǷǫǸȂ ǵǶȅǲǴǩǴ ǶǦǷǵǶǴǷǸǶǦǳǫǳǮȅ 
Ǯ Ƿ ǫȆ ǵǴǲǴǿȂȄ ǰǱǦǷǷǮǺǮǼǮǶǹȄǿǹȄ ǸǴǽǰǮ ǵǱǴǷǰǴǷǸǮ ǷǱǫǪǹȄǿǮǲ ǴǧǶǦǭǴǲ: ǪǱȅ ǸǴǽǫǰ 
ǨǳǹǸǶǮ ǫǪǮǳǮǽǳǴǯ ǴǰǶǹǬǳǴǷǸǮ Ƿ ǼǫǳǸǶǴǲ Ǩ ǳǦǽǦǱǫ ǰǴǴǶǪǮǳǦǸ ǳǦ ǨȁǻǴǪǫ ǷǫǸǮ ǪǴǱǬǳǴ 
ǧȁǸȂ ǭǳǦǽǫǳǮǫ 1, ǪǱȅ ǴǷǸǦǱȂǳȁǻ ǸǴǽǫǰ ð 0. ǕǶǴǨǫǶȂǸǫ ǶǫǭǹǱȂǸǦǸ ǶǦǧǴǸȁ  ǵǶǴǩǶǦǲǲȁ 
ǩǶǦǺǮǽǫǷǰǮǲ ǷǵǴǷǴǧǴǲ.  ǕǶǴǦǳǦǱǮǭǮǶǹǯǸǫ ǨǴǭǲǴǬǳǴǷǸȂ ǳǦǱǮǽǮȅ ǳǫǪǴ- ǮǱǮ ǵǫǶǫǴǧǹ-
ǽǫǳǮȅ. 
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ǍǦǰǱȄǽǫǳǮǫ 
 

ǈ ǳǦǷǸǴȅǿǫǯ ǷǸǦǸȂǫ ǦǨǸǴǶȁ ǳǦ ǴǷǳǴǨǦǳǮǮ ǷǴǧǷǸǨǫǳǳǴǩǴ ǴǵȁǸǦ ǵǶǫǵǴǪǦǨǦǳǮȅ ǵǶǮ-
ǨǴǪȅǸ ǰǴǳǷǵǫǰǸ ǭǦǳȅǸǮȅ ǵǴ ǨǨǫǪǫǳǮȄ Ǩ ǲǴǪǫǱǮǶǴǨǦǳǮǫ ǎǓǗ ǷǶǫǪǷǸǨǦǲǮ Matlab, ǨǰǱȄ-
ǽǦȄǿǮǯ ǴǵǮǷǦǳǮǫ ǴǷǳǴǨǳȁǻ ǺǹǳǰǼǮǯ, ǵǶǮǲǫǳȅǫǲȁǻ ǪǱȅ ǶǦǧǴǸȁ Ƿ ǮǷǰǹǷǷǸǨǫǳǳȁǲǮ 
ǳǫǯǶǴǳǳȁǲǮ ǷǫǸȅǲǮ ǵǶȅǲǴǩǴ ǶǦǷǵǶǴǷǸǶǦǳǫǳǮȅ Ǩ ǷǶǫǪǫ Matlab, ǵǶǮǲǫǶȁ Ǯǻ ǵǶǮǲǫǳǫ-
ǳǮȅ Ǯ ǨǴǭǲǴǬǳȁǫ ǭǦǪǦǳǮȅ ǪǱȅ ǷǦǲǴǷǸǴȅǸǫǱȂǳǴǩǴ ǨȁǵǴǱǳǫǳǮȅ ǷǸǹǪǫǳǸǦǲǮ. ǣǸǦ ǮǳǺǴǶ-
ǲǦǼǮȅ ǲǴǬǫǸ ǧȁǸȂ ǮǷǵǴǱȂǭǴǨǦǳǦ ǵǶǮ ǵǶǴǨǫǪǫǳǮǮ ǭǦǳȅǸǮǯ ǷǴ ǷǸǹǪǫǳǸǦǲǮ ǷǴǴǸǨǫǸǷǸǨǹ-
ȄǿǮǻ ǷǵǫǼǮǦǱȂǳǴǷǸǫǯ. 
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ǔ ǕǔǊǉǔǘǔǈǐǋ ǈǡǕǙǗǐǓǡǛ ǐǈǆǑǎǚǎǐǆǜǎǔǓǓǡǛ ǖǆǇǔǘ Ǔǆ ǘǋǒǡ,  
ǗǈǥǍǆǓǓǡǋ Ǘ ǒǔǊǋǑǎǖǔǈǆǓǎǋǒ ǊǈǎǌǋǓǎǏ ǞǆǉǆǤǟǎǛ ǖǔǇǔǘǔǈ  

 

 

ǆǳǳǴǸǦǼǮȅ 

ǖǦǷǷǲǦǸǶǮǨǦȄǸǷȅ ǲǫǸǴǪǮǽǫǷǰǮǫ ǦǷǵǫǰǸȁ ǨȁǵǴǱǳǫǳǮȅ ǨȁǵǹǷǰǳȁǻ ǰǨǦǱǮǺǮǰǦǼǮǴǳǳȁǻ 
ǶǦǧǴǸ ǷǸǹǪǫǳǸǦǲǮ, ǴǧǹǽǦȄǿǮǲǮǷȅ ǵǴ ǳǦǵǶǦǨǱǫǳǮȄ ǵǴǪǩǴǸǴǨǰǮ çǕǶǮǰǱǦǪǳǦȅ ǲǦǸǫǲǦ-
ǸǮǰǦè Ǯ ǷǵǫǼǮǦǱǮǭǮǶǹȄǿǮǲǮǷȅ Ǩ ǴǧǱǦǷǸǮ ǹǵǶǦǨǱǫǳǮȅ ǾǦǩǦȄǿǮǲǮ ǲǫǻǦǳǮǭǲǦǲǮ. ǕǴ-
ǪǶǴǧǳǴ ǴǧǷǹǬǪǦǫǸǷȅ ǭǦǪǦǽǦ ǹǵǶǦǨǱǫǳǮȅ ǪǨǮǬǫǳǮǫǲ ǵȅǸǮǭǨǫǳǳǴǩǴ ǪǨǹǳǴǩǴǩǴ ǶǴǧǴǸǦ ǵǴ 
ǵǴǨǫǶǻǳǴǷǸǮ Ƿ ǵǶǫǵȅǸǷǸǨǮȅǲǮ ǶǦǭǱǮǽǳȁǻ ǪǱǮǳ Ǯ ǨȁǷǴǸ. ǕǴǰǦǭǦǳǴ, ǰǦǰ ǵǴǷǸǶǴǮǸȂ ǵǫ-
ǶǮǴǪǮǽǫǷǰǴǫ ǪǨǮǬǫǳǮǫ ǶǴǧǴǸǦ ǵǴ ǹǰǦǭǦǳǳǴǯ ǵǴǨǫǶǻǳǴǷǸǮ Ƿ ǻǦǶǦǰǸǫǶǮǷǸǮǰǦǲǮ, ǵǶǮǷǹ-
ǿǮǲǮ ǻǴǪȂǧǫ ǽǫǱǴǨǫǰǦ. ǖǫǭǹǱȂǸǦǸȁ ǶǦǧǴǸȁ ǧǹǪǹǸ ǮǳǸǫǶǫǷǳȁ ǨǷǫǲ, ǰǸǴ ǶǹǰǴǨǴǪǮǸ ǰǹǶ-
ǷǴǨȁǲ Ǯ ǪǮǵǱǴǲǳȁǲ ǵǶǴǫǰǸǮǶǴǨǦǳǮǫǲ ǳǦ Ǹǫǲȁ, ǷǨȅǭǦǳǳȁǫ Ƿ ǶǴǧǴǸǴǸǫǻǳǮǰǴǯ. 

 

ǐǱȄǽǫǨȁǫ ǷǱǴǨǦ 

ǪǨǹǳǴǩǮǯ ǶǴǧǴǸ, ǷǸǦǧǮǱǮǭǦǼǮȅ ǭǦ ǰǴǳǫǽǳǴǫ ǨǶǫǲȅ, ǵǫǶǮǴǪǮǽǫǷǰǴǫ ǪǨǮǬǫǳǮǫ 
 

ǆǈǘǔǖǡ 
 

ǐǦǷǮȅǳǽǹǰ ǊǲǮǸǶǮǯ ǆǱǫǰǷǫǫǨǮǽ,  
ǷǸǹǪǫǳǸ 

ǚǉǇǔǙ ǈǔ çǒǴǷǰǴǨǷǰǮǯ ǩǴǷǹǪǦǶǷǸǨǫǳǳȁǯ ǸǫǻǳǮǽǫǷǰǮǯ  
ǹǳǮǨǫǶǷǮǸǫǸ Ǯǲ. Ǔ. ǣ. ǇǦǹǲǦǳǦè, ǩ. ǒǴǷǰǨǦ 

dmitryk1210@yandex.ru 

 

ǚǫǸǮǷǴǨ ǊǲǮǸǶǮǯ ǆǳǦǸǴǱȂǫǨǮǽ,  
ǪǴǰǸǴǶ ǺǮǭǮǰǴ-ǲǦǸǫǲǦǸǮǽǫǷǰǮǻ ǳǦǹǰ, ǪǴǼǫǳǸ 

ǚǉǇǔǙ ǈǔ çǒǴǷǰǴǨǷǰǮǯ ǩǴǷǹǪǦǶǷǸǨǫǳǳȁǯ ǸǫǻǳǮǽǫǷǰǮǯ  
ǹǳǮǨǫǶǷǮǸǫǸ Ǯǲ. Ǔ. ǣ. ǇǦǹǲǦǳǦè, ǩ. ǒǴǷǰǨǦ 

dfetisov@yandex.ru 

 

 
 

ǈǨǫǪǫǳǮǫ 
 

ǕǴǪǩǴǸǴǨǰǦ Ǯ ǭǦǿǮǸǦ ǨȁǵǹǷǰǳǴǯ ǰǨǦǱǮǺǮǰǦǼǮǴǳǳǴǯ ǶǦǧǴǸȁ ð ǳǫǴǸȀǫǲǱǫǲǦȅ ǽǦǷǸȂ 
ǮǸǴǩǴǨǴǯ ǦǸǸǫǷǸǦǼǮǮ ǷǸǹǪǫǳǸǴǨ, ǴǧǹǽǦȄǿǮǻǷȅ ǵǴ ǵǶǴǩǶǦǲǲǦǲ ǧǦǰǦǱǦǨǶǮǦǸǦ, ǲǦǩǮǷǸǶǦ-
ǸǹǶȁ Ǯ ǷǵǫǼǮǦǱǮǸǫǸǦ. ǈ ǳǦǷǸǴȅǿǫǯ ǶǦǧǴǸǫ ǭǦǸǶǦǩǮǨǦȄǸǷȅ ǲǫǸǴǪǮǽǫǷǰǮǫ ǦǷǵǫǰǸȁ ǵǴǪ-
ǩǴǸǴǨǰǮ ǨȁǵǹǷǰǳȁǻ ǰǨǦǱǮǺǮǰǦǼǮǴǳǳȁǻ ǶǦǧǴǸ ǷǸǹǪǫǳǸǦǲǮ, ǴǧǹǽǦȄǿǮǲǮǷȅ ǵǴ ǳǦǵǶǦǨ-
ǱǫǳǮȄ ǵǴǪǩǴǸǴǨǰǮ çǕǶǮǰǱǦǪǳǦȅ ǲǦǸǫǲǦǸǮǰǦè, ǨȁǧǶǦǨǾǮǲǮ ǵǶǴǺǮǱȂ ǵǴǪǩǴǸǴǨǰǮ çǓǫ-
ǱǮǳǫǯǳȁǫ ǪǮǳǦǲǮǽǫǷǰǮǫ ǷǮǷǸǫǲȁ Ǯ ǵǶǴǼǫǷǷȁ ǹǵǶǦǨǱǫǳǮȅè Ǯ ǷǵǫǼǮǦǱǮǭǮǶǹȄǿǮǲǮǷȅ Ǩ 
ǴǧǱǦǷǸǮ ǹǵǶǦǨǱǫǳǮȅ ǾǦǩǦȄǿǮǲǮ ǲǫǻǦǳǮǭǲǦǲǮ. 

ǕǫǶǫǲǫǿǫǳǮǫ ǱȄǧǴǩǴ ǾǦǩǦȄǿǫǩǴ ǲǫǻǦǳǮǭǲǦ ǴǵǮǷȁǨǦǫǸǷȅ ǸǦǰ ǳǦǭȁǨǦǫǲǴǯ ǩǮ-
ǧǶǮǪǳǴǯ ǷǮǷǸǫǲǴǯ, ǨǰǱȄǽǦȄǿǫǯ Ǩ Ƿǫǧȅ ǷǮǷǸǫǲǹ ǴǧȁǰǳǴǨǫǳǳȁǻ ǪǮǺǺǫǶǫǳǼǮǦǱȂǳȁǻ 
ǹǶǦǨǳǫǳǮǯ ǳǦ ǺǦǭǫ ǴǪǳǴǴǵǴǶǳǴǩǴ ǪǨǮǬǫǳǮȅ Ǯ ǵǶǦǨǮǱǴ ǵǫǶǫǰǱȄǽǫǳǮȅ Ƿ ǴǪǳǴǯ ǸǶǦǫǰ-
ǸǴǶǮǮ ǳǦ ǪǶǹǩǹȄ ǳǦ ǺǦǭǫ ǹǪǦǶǦ. ǉǮǧǶǮǪǳȁǫ ǷǮǷǸǫǲȁ ǷǱǴǬǳȁ ǪǱȅ ǮǷǷǱǫǪǴǨǦǳǮȅ, Ǩ 
ǷǨȅǭǮ Ƿ ǽǫǲ ǶǦǭǱǮǽǳȁǫ ǦǷǵǫǰǸȁ ǹǵǶǦǨǱǫǳǮȅ ǸǦǰǮǲǮ ǷǮǷǸǫǲǦǲǮ ǨȁǭȁǨǦȄǸ ǧǴǱȂǾǴǯ Ǯǳ-
ǸǫǶǫǷ. ǕǫǶǨȁǫ ǶǫǭǹǱȂǸǦǸȁ Ǩ ǴǧǱǦǷǸǮ ǲǴǪǫǱǮǶǴǨǦǳǮȅ ǾǦǩǦȄǿǮǻ ǶǴǧǴǸǴǨ ǵǴȅǨǮǱǮǷȂ Ǩ 
ǰǴǳǼǫ 1970-ȁǻ ǩǴǪǴǨ [1]. ǈ ǲǴǳǴǩǶǦǺǮǮ [2] ǧȁǱ ǵǶǫǪǱǴǬǫǳ ǵǴǪǻǴǪ ǰ ǲǴǪǫǱǮǶǴǨǦǳǮȄ 
ǪǨǮǬǫǳǮǯ ǦǳǸǶǴǵǴǲǴǶǺǳȁǻ ǲǫǻǦǳǮǭǲǴǨ, ǴǷǳǴǨǦǳǳȁǯ ǳǦ ǵǶǮǱǴǬǫǳǮǮ ǮǲǵǹǱȂǷǳȁǻ 
ǹǵǶǦǨǱȅȄǿǮǻ ǨǴǭǪǫǯǷǸǨǮǯ Ǩ ǲǴǲǫǳǸ ǹǪǦǶǦ. ǖǦǭǱǮǽǳȁǫ ǵǶǮǫǲȁ Ǯ ǵǴǪǻǴǪȁ ǰ ǹǵǶǦǨǱǫ-
ǳǮȄ ǾǦǩǦȄǿǮǲǮ ǶǴǧǴǸǦǲǮ ǲǴǬǳǴ ǸǦǰǬǫ ǳǦǯǸǮ Ǩ ǲǴǳǴǩǶǦǺǮȅǻ [3, 4]. ǈ ǴǧǭǴǶǦǻ [5, 6] 
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ǵǶǮǨǫǪǫǳȁ ǴǷǳǴǨǳȁǫ ǶǫǭǹǱȂǸǦǸȁ Ǯ ǴǸǰǶȁǸȁǫ ǵǶǴǧǱǫǲȁ Ǩ ǭǦǪǦǽǦǻ ǲǴǪǫǱǮǶǴǨǦǳǮȅ ǾǦ-
ǩǦȄǿǮǻ ǲǫǻǦǳǮǭǲǴǨ.  

ǓǦǮǧǴǱǫǫ ǵǴǵǹǱȅǶǳȁǲ Ǩ ǭǦǪǦǽǦǻ ǹǵǶǦǨǱǫǳǮȅ ǦǳǸǶǴǵǴǲǴǶǺǳȁǲǮ ǲǫǻǦǳǮǭǲǦǲǮ ȅǨ-
ǱȅǫǸǷȅ ǵǴǪǻǴǪ, ǵǶǫǪǱǴǬǫǳǳȁǯ Ǩ ǶǦǧǴǸǫ [7] Ǯ ǴǷǳǴǨǦǳǳȁǯ ǳǦ ǮǷǷǱǫǪǴǨǦǳǮǮ ǳǫǱǮǳǫǯ-
ǳȁǻ ǷǮǷǸǫǲ Ƿ ǮǲǵǹǱȂǷǳȁǲǮ ȃǺǺǫǰǸǦǲǮ. ǙǰǦǭǦǳǳȁǯ ǵǴǪǻǴǪ ǧȁǱ ǹǷǵǫǾǳǴ ǵǶǮǲǫǳǫǳ ǦǨ-
ǸǴǶǦǲǮ ǪǱȅ ǹǵǶǦǨǱǫǳǮȅ ǵȅǸǮǭǨǫǳǳȁǲ ǪǨǹǳǴǩǮǲ ǶǴǧǴǸǴǲ, ǵǫǶǫǲǫǿǦȄǿǮǲǷȅ ǵǴ ǩǴǶǮ-
ǭǴǳǸǦǱȂǳǴǯ ǵǱǴǷǰǴǷǸǮ. ǓǦ ǴǷǳǴǨǫ ȃǸǴǩǴ ǵǴǪǻǴǪǦ ǧȁǱǮ ǨǵǴǷǱǫǪǷǸǨǮǮ ǶǫǾǫǳȁ ǭǦǪǦǽǮ 
ǹǵǶǦǨǱǫǳǮȅ ǵȅǸǮǭǨǫǳǳȁǲ ǪǨǹǳǴǩǮǲ ǶǴǧǴǸǴǲ, ǪǨǮǬǹǿǮǲǷȅ ǵǴ ǱǫǷǸǳǮǼǫ [8]; ǷǫǲǮǭǨǫǳ-
ǳȁǲ ǪǨǹǳǴǩǮǲ ǶǴǧǴǸǴǲ, ǵǫǶǫǲǫǿǦȄǿǮǲǷȅ ǵǴ ǩǴǶǮǭǴǳǸǦǱȂǳǴǯ ǵǱǴǷǰǴǷǸǮ [9]; ǵȅǸǮǭǨǫǳ-
ǳȁǲ ǪǨǹǳǴǩǮǲ ǶǴǧǴǸǴǲ, ǪǨǮǬǹǿǮǲǷȅ ǵǴ ǵǴǨǫǶǻǳǴǷǸǮ Ƿ ǵǫǶǮǴǪǮǽǫǷǰǮ ǵǴǨǸǴǶȅȄǿǮǲǷȅ 
ǵǶǫǵȅǸǷǸǨǮǫǲ ǵǶǴǷǸǴǯ ǺǴǶǲȁ [10]. ǈ ǳǦǷǸǴȅǿǫǯ ǶǦǧǴǸǫ ǲȁ ǵǴǰǦǭȁǨǦǫǲ, ǰǦǰ ȃǸǴǸ ǵǴǪ-
ǻǴǪ ǲǴǬǫǸ ǧȁǸȂ ǵǶǮǲǫǳǫǳ ǰ ǲǴǪǫǱǮǶǴǨǦǳǮȄ ǪǨǮǬǫǳǮǯ ǵȅǸǮǭǨǫǳǳǴǩǴ ǪǨǹǳǴǩǴǩǴ ǶǴǧǴǸǦ 
ǵǴ ǵǴǨǫǶǻǳǴǷǸǮ Ƿ ǵǶǫǵȅǸǷǸǨǮǫǲ ǧǴǱǫǫ ǷǱǴǬǳǴǯ ǺǴǶǲȁ. 

 

ǒǫǸǴǪǴǱǴǩǮȅ Ǯ ǶǫǭǹǱȂǸǦǸȁ ǮǷǷǱǫǪǴǨǦǳǮȅ 
 

ǕǴǷǸǦǳǴǨǰǦ ǭǦǪǦǽǮ 
ǖǦǷǷǲǦǸǶǮǨǦǫǸǷȅ ǵȅǸǮǭǨǫǳǳȁǯ ǪǨǹǳǴǩǮǯ ǶǴǧǴǸ, ǷǴǷǸǴȅǿǮǯ Ǯǭ ǸǹǱǴǨǮǿǦ Ǯ ǪǨǹǻ 

ǳǴǩ, ǰǦǬǪǦȅ Ǯǭ ǰǴǸǴǶȁǻ ǨǰǱȄǽǦǫǸ Ǩ Ƿǫǧȅ ǧǫǪǶǴ Ǯ ǩǴǱǫǳȂ. ǇǹǪǫǲ ǮǷǵǴǱȂǭǴǨǦǸȂ ǷǱǫǪǹ-

ȄǿǮǫ ǴǧǴǭǳǦǽǫǳǮȅ: Lð ǪǱǮǳǦ ǰǦǬǪǴǩǴ ǭǨǫǳǦ; tm , bm , gm  ð ǲǦǷǷȁ ǸǹǱǴǨǮǿǦ, ǧǫǪǶǦ Ǯ 

ǩǴǱǫǳǮ, ǷǴǴǸǨǫǸǷǸǨǫǳǳǴ; tp ð ǶǦǷǷǸǴȅǳǮǫ ǴǸ ǼǫǳǸǶǦ ǲǦǷǷ ǸǹǱǴǨǮǿǦ ǪǴ ǸǦǭǴǧǫǪǶǫǳǳǴǩǴ 

ǷǹǷǸǦǨǦ; bp ð ǶǦǷǷǸǴȅǳǮǫ ǴǸ ǼǫǳǸǶǦ ǲǦǷǷ ǧǫǪǶǦ ǪǴ ǸǦǭǴǧǫǪǶǫǳǳǴǩǴ ǷǹǷǸǦǨǦ; gp ð ǶǦǷ-

ǷǸǴȅǳǮǫ ǴǸ ǰǴǱǫǳǦ ǪǴ ǼǫǳǸǶǦ ǲǦǷǷ; tJ , bJ , gJ ð ǲǴǲǫǳǸȁ ǮǳǫǶǼǮǮ ǸǹǱǴǨǮǿǦ, ǧǫǪǶǦ Ǯ 

ǩǴǱǫǳǮ, ǷǴǴǸǨǫǸǷǸǨǫǳǳǴ. ǈ ǰǦǽǫǷǸǨǫ ǹǵǶǦǨǱǫǳǮǯ ǶǦǷǷǲǦǸǶǮǨǦȄǸǷȅ ǲǴǲǫǳǸȁ 1u  Ǯ 2u , 

ǵǶǮǱǴǬǫǳǳȁǫ ǲǫǬǪǹ ǸǹǱǴǨǮǿǫǲ Ǯ ǧǫǪǶǦǲǮ, Ǧ ǸǦǰǬǫ ǲǴǲǫǳǸȁ 3u  Ǯ 4u , ǵǶǮǱǴǬǫǳǳȁǫ 

Ǩ ǰǴǱǫǳȅǻ (ǶǮǷ. 1). 

 
ǖǮǷǹǳǴǰ 1. ǗǻǫǲǦ ǶǴǧǴǸǦ 

 
ǖǴǧǴǸ ǪǨǮǬǫǸǷȅ Ǩ ǨǫǶǸǮǰǦǱȂǳǴǯ ǵǱǴǷǰǴǷǸǮ ǷǱǫǨǦ ǳǦǵǶǦǨǴ ǵǴ ǵǴǨǫǶǻǳǴǷǸǮ, ǵǶǫǪ-

ǷǸǦǨǱȅȄǿǫǯ ǷǴǧǴǯ ǵǫǶǮǴǪǮǽǫǷǰǴǫ ǵǴǨǸǴǶǫǳǮǫ ǩǴǶǮǭǴǳǸǦǱȂǳȁǻ ǹǽǦǷǸǰǴǨ Ǯ ǵǶǫǵȅǸ-
ǷǸǨǮǯ ǶǦǭǳȁǻ ǪǱǮǳ Ǯ ǨȁǷǴǸ. ǔǪǮǳ ǵǫǶǮǴǪ ǵǴǨǫǶǻǳǴǷǸǮ, ǵǴ ǰǴǸǴǶǴǯ ǵǫǶǫǲǫǿǦǫǸǷȅ ǶǴ-

ǧǴǸ, ǮǭǴǧǶǦǬǫǳ ǳǦ ǶǮǷ. 2. ǇǹǪǫǲ ǴǧǴǭǳǦǽǦǸȂ ǨȁǷǴǸǹ Ǯ ǪǱǮǳǹ i -ǩǴ ǵǶǫǵȅǸǷǸǨǮȅ ǽǫǶǫǭ 

ih  and il , ǷǴǴǸǨǫǸǷǸǨǫǳǳǴ. ǕǴǱǦǩǦǫǲ, ǽǸǴ ǨȁǷǴǸȁ Ǯ ǪǱǮǳȁ ǩǴǶǮǭǴǳǸǦǱȂǳȁǻ ǹǽǦǷǸǰǴǨ Ǯ 



 
116 Modern European Researches No 3 (ǘ.1) / 202 2 

ǵǶǫǵȅǸǷǸǨǮǯ ǷǨȅǭǦǳȁ ǷǴǴǸǳǴǾǫǳǮȅǲǮ 3 1 2h h h< <  (ǨȁǷǴǸȁ ǴǸǷǽǮǸȁǨǦȄǸǷȅ ǴǸ ǹǶǴǨǳȅ ǩǴ-

ǶǮǭǴǳǸǦǱȂǳȁǻ ǹǽǦǷǸǰǴǨ A1A2 Ǯ A3A4), 1 2 30 5l l l= = ., 1 2 3 4 11 5A A A A l= = .. ǔǪǮǳ ǵǫǶǮǴǪ ǵǴ-

ǨǫǶǻǳǴǷǸǮ, ǵǴ ǰǴǸǴǶǴǯ ǵǫǶǫǲǫǿǦǫǸǷȅ ǶǴǧǴǸ, ǮǲǫǫǸ, ǸǦǰǮǲ ǴǧǶǦǭǴǲ, ǪǱǮǳǹ 17l . ǇǹǪǫǲ 

ǵǴǱǦǩǦǸȂ, ǽǸǴ ǪǱǮǳǦ stl ǴǪǳǴǩǴ ǾǦǩǦ ǶǴǧǴǸǦ (Ǹ.ǫ. ǶǦǷǷǸǴȅǳǮǫ ǲǫǬǪǹ ǰǴǳǼǦǲǮ ǳǴǩ Ǩ 

ǳǦǽǦǱǫ Ǯ Ǩ ǰǴǳǼǫ ǰǦǬǪǴǩǴ ǾǦǩǦ) ǶǦǨǳǦ 1l . ǗǽǮǸǦǫǲ, ǽǸǴ Ǩ ǳǦǽǦǱǫ ǵǫǶǨǴǩǴ ǾǦǩǦ ǰǴǳǫǼ 

ǴǵǴǶǳǴǯ ǳǴǩǮ ǳǦǻǴǪǮǸǷȅ Ǩ ǸǴǽǰǫ1A . 

 
ǖǮǷǹǳǴǰ 2. ǔǪǮǳ ǵǫǶǮǴǪ ǵǴǨǫǶǻǳǴǷǸǮ Ƿ ǵǶǫǵȅǸǷǸǨǮǫǲ 

 
ǜǫǱȂȄ ǶǦǧǴǸȁ ȅǨǱȅǫǸǷȅ ǵǴǷǸǶǴǫǳǮǫ ǵǫǶǮǴǪǮǽǫǷǰǴǩǴ ǪǨǮǬǫǳǮȅ ǶǴǧǴǸǦ ǵǴ ǹǰǦǭǦǳ-

ǳǴǯ ǵǴǨǫǶǻǳǴǷǸǮ. ǊǴǵǴǱǳǮǸǫǱȂǳǴ ǧǹǪǫǲ ǸǶǫǧǴǨǦǸȂ, ǽǸǴǧȁ ǰǴǳǷǸǶǹǮǶǹǫǲǴǫ ǪǨǮǬǫǳǮǫ 
ǹǪǴǨǱǫǸǨǴǶȅǱǴ ǶȅǪǹ ǴǷǴǧǫǳǳǴǷǸǫǯ, ǵǶǮǷǹǿǮǻ ǻǴǪȂǧǫ ǽǫǱǴǨǫǰǦ: 

1) ǹǩǴǱ ǳǦǰǱǴǳǦ ǸǹǱǴǨǮǿǦ ǳǫǧǴǱȂǾǴǯ Ǯ ǵǴǷǸǴȅǳǳȁǯ,  
2) ǸǦǭǴǧǫǪǶǫǳǳȁǯ ǷǹǷǸǦǨ ǶǦǷǵǴǱǴǬǫǳ ǵǴǷǫǶǫǪǮǳǫ ǲǫǬǪǹ ǰǴǳǼǦǲǮ ǳǴǩ, 
3) ǳǦ ǰǦǬǪǴǲ ǾǦǩǫ ǸǶǦǫǰǸǴǶǮȅ ǸǦǭǴǧǫǪǶǫǳǳǴǩǴ ǷǹǷǸǦǨǦ ǧǱǮǭǰǦ ǰ ǵǦǶǦǧǴǱǮǽǫǷǰǴǯ,  
4) ǳǦ ǰǦǬǪǴǲ ǾǦǩǫ ǸǶǦǫǰǸǴǶǮȅ ǰǴǳǼǦ ǵǫǶǫǳǴǷǮǲǴǯ ǳǴǩǮ ǧǱǮǭǰǦ ǰ ǵǦǶǦǧǴǱǮǽǫ-

ǷǰǴǯ.  
ǐǦǰ ǮǭǨǫǷǸǳǴ, ǪǮǳǦǲǮǰǦ ǾǦǩǦȄǿǫǩǴ ǶǴǧǴǸǦ ǴǵǮǷȁǨǦǫǸǷȅ ǷǮǷǸǫǲǴǯ ǴǧȁǰǳǴǨǫǳǳȁǻ 

ǪǮǺǺǫǶǫǳǼǮǦǱȂǳȁǻ ǹǶǦǨǳǫǳǮǯ ǳǦ ǺǦǭǫ ǴǪǳǴǴǵǴǶǳǴǩǴ ǪǨǮǬǫǳǮȅ Ǯ ǦǱǩǫǧǶǦǮǽǫǷǰǮǲ ǷǴ-
ǴǸǳǴǾǫǳǮǫǲ ǳǦ ǺǦǭǫ ǹǪǦǶǦ. 

 
ǚǦǭǦ ǴǪǳǴǴǵǴǶǳǴǩǴ ǪǨǮǬǫǳǮȅ 

ǓǦ ǺǦǭǫ ǴǪǳǴǴǵǴǶǳǴǩǴ ǪǨǮǬǫǳǮȅ ǰǴǳǫǼ ǴǵǴǶǳǴǯ ǳǴǩǮ ǳǦǻǴǪǮǸǷȅ Ǩ ǳǫǵǴǪǨǮǬǳǴǲ 
ǰǴǳǸǦǰǸǫ Ƿ ǵǴǨǫǶǻǳǴǷǸȂȄ, ǵǴ ǰǴǸǴǶǴǯ ǵǫǶǫǲǫǿǦǫǸǷȅ ǶǴǧǴǸ. ǗǱǫǪǴǨǦǸǫǱȂǳǴ, ǳǦ ȃǸǴǯ 
ǺǦǭǫ ǶǴǧǴǸ ǮǲǫǫǸ ǵȅǸȂ ǷǸǫǵǫǳǫǯ ǷǨǴǧǴǪȁ. ǈȁǧǫǶǫǲ Ǩ ǰǦǽǫǷǸǨǫ ǴǧǴǧǿǫǳǳȁǻ ǰǴǴǶǪǮǳǦǸ 

ǹǩǱȁ kq , 11 31 32 41 42k= , , , ,, ǰǦǬǪȁǯ Ǯǭ ǰǴǸǴǶȁǻ ǴǸǷǽǮǸȁǨǦǫǸǷȅ Ǩ ǳǦǵǶǦǨǱǫǳǮǮ ǵǶǴǸǮǨ 

ǽǦǷǴǨǴǯ ǷǸǶǫǱǰǮ (ǶǮǷ. 1).  
ǎǭǨǫǷǸǳǴ [11], ǽǸǴ ǵǴǨǫǪǫǳǮǫ ǶǴǧǴǸǦ ǳǦ ǺǦǭǫ ǴǪǳǴǴǵǴǶǳǴǩǴ ǪǨǮǬǫǳǮȅ ǴǵǮǷȁǨǦ-

ǫǸǷȅ ǷǱǫǪǹȄǿǫǯ ǷǮǷǸǫǲǴǯ ǴǧȁǰǳǴǨǫǳǳȁǻ ǪǮǺǺǫǶǫǳǼǮǦǱȂǳȁǻ ǹǶǦǨǳǫǳǮǯ: 

 ( ) ( ) ( )D q q C q q q G q Bu+ , + =,  (1) 

ǩǪǫ T

11 31 32 41 42( )q q q q q q= , , , ,, T

1 2 3 4( )u u u u u= , , ,, ( )D q ð ǵǴǱǴǬǮǸǫǱȂǳǴ ǴǵǶǫǪǫǱǫǳǳǦȅ 

ǲǦǸǶǮǼǦ ǶǦǭǲǫǶǦ 5 5³  Ƿ ȃǱǫǲǫǳǸǦǲǮ  

 2

11 12 13 32 11 14 15 42 110 0t t t t t t tD m p J D D m p c D D Lp mc- -= + , = , =- , = , =- , 

 2 2

22 23 32 31( )b b g b b b gD m p m L J D m p m L Lc-= + + , =- + , 

 2

24 32 41 25 42 31( )g g b b gD Lp m c D Lp m m L c- -= , =- + , 

 2 2

33 34 32 41( ) ( )t b g b b b g gD L m m m m L p J D m Lp c-= + + + - + , =- , 

 2 2

35 32 42 44( ( 2 ) )t b g b b g g gD L m m m m Lp c D m p J-= + + - , = + , 

 2 2

45 42 41 55 ( 2 ) ( )g g g b t g g gD m Lp c D L m m m m L p J-=- , = + + + - + , 
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 cos( ) 11 31 32 41 42i j i jc q q i j- = - , , = , , , , , 

( )C q q,  ð ǲǦǸǶǮǼǦ ǶǦǭǲǫǶǦ 5 5³  Ƿ ȃǱǫǲǫǳǸǦǲǮ  

 11 12 13 32 11 14 15 42 1132 42
0 0 0t t t tC C C m p Ls C C Lp m sq q- -= , = , = , = , = , 

 21 22 23 32 31 32
0 0 ( )b b tC C C m p m L Ls q-= , = , = + , 

 24 31 41 25 42 3141 42
( )g g b b gC m Lp s C m p m L Lsq q- -= , = + , 

 31 32 11 32 32 31 3311 31
( ) 0t t b b gC m p Ls C m p m L Ls Cq q- -=- , =- + , = , 

 2

34 32 41 35 32 4241 42
( ( 2 ) )g g t b g b bC m Lp s C L m m m m Lp sq q- -=- , = + + - , 

 41 42 31 41 43 32 4131 32
0 g g b bC C m Lp s C m Lp sq q- -= , =- , = , 

 44 45 42 41 51 42 1142 11
0 g g t tC C m Lp s C m Lp sq q- -= , = , =- , 

 2

52 42 31 53 32 4231 32
( ) ( ( 2 ) )b b t t b g b bC m p m L Ls C L m m m m Lp sq q- -=- + , =- + + - , 

 54 42 41 5541
0 sin( ) 11 31 32 41 42g g i j i jC m Lp s C s q q i jq- -=- , = , = - , , = , , , , , 

ǲǦǸǶǮǼȁ ( )G q  Ǯ B ǮǲǫȄǸ ǨǮǪ  

 

11

31

32

41

42

sin

( ) sin

( ( 2 ) ) sin( )

sin

( ( 2 2 ) ) sin

t t

b b g

t b g b b

g g

t b g g g

m gp q

m p m L g q

L m m m m p g qG q

m p g q

L m m m m p g q

å õ
æ ö
æ ö
æ ö
æ ö
æ ö
æ ö
æ ö
æ ö
æ ö
æ ö
æ ö
æ ö
ç ÷

-

- +

+ + -= ,

-

+ + -

       

1 1 0 0

1 0 0 1

0 1 1 0

0 0 0 1

0 0 1 0

B

-å õ
æ ö

-æ ö
æ ö= .- -
æ ö
æ ö
æ ö
ç ÷

 

 
ǈǨǫǪǫǲ ǴǧǴǭǳǦǽǫǳǮǫ x=(q11,q31,q32,q41,q42,q1ᴥ1,q3ᴥ1,q3ᴥ2,q4ᴥ1,q4ᴥ2)T Ǯ ǵǫǶǫǵǮǾǫǲ ǷǮ-

ǷǸǫǲǹ (1) Ǩ ǨǮǪǫ  

 
4

1

( ) ( )j j

j

x f x g x u
=

= +ä ,  (2) 

ǩǪǫ  

 
5 1

1 1
( ) ( )

( )( )( ( ) ( ))
j

j

q
f x g x

D q BD q C q q q G q

å õ
æ ö³
æ ö

- -æ ö
æ ö
ç ÷

Qå õ
= , = ,æ ö
- , +ç ÷

 

p r³Q ð ǳǹǱǫǨǦȅ ǲǦǸǶǮǼǦ ǶǦǭǲǫǶǦ p r³, Ǧ jB ð j -ȁǯ ǷǸǴǱǧǫǼ ǲǦǸǶǮǼȁ B .  

 
ǍǦǪǦǳǮǫ ǨȁǻǴǪǴǨ 

ǊǱȅ ǰǦǬǪǴǯ ǺǦǭȁ ǴǪǳǴǴǵǴǶǳǴǩǴ ǪǨǮǬǫǳǮȅ ǭǦǪǦǪǮǲ ǽǫǸȁǶǫǻǲǫǶǳȁǯ ǨȁǻǴǪ, ǶǦ-
ǨǫǳǷǸǨǴ ǰǴǸǴǶǴǩǴ ǳǹǱȄ ǴǭǳǦǽǦǫǸ ǨȁǵǴǱǳǫǳǮǫ ǹǷǱǴǨǮǯ 1)ð4). ǗǳǦǽǦǱǦ ǲȁ ǶǦǷǷǲǴǸǶǮǲ 
ǷǫǶǮȄ Ǯǭ ǷǫǲǮ ǾǦǩǴǨ (ǶǮǷ.3), ǷǴǨǫǶǾǦǫǲȁǻ ǵǴ ǴǪǳǴǲǹ ǵǫǶǮǴǪǹ ǵǴǨǫǶǻǳǴǷǸǮ, ǮǭǴǧǶǦ-
ǬǫǳǳǴǲǹ ǳǦ ǶǮǷ.2. 

ǔǧǴǭǳǦǽǮǲ ǽǫǶǫǭ 11

diq  ǬǫǱǦǫǲȁǯ ǹǩǴǱ ǳǦǰǱǴǳǦ ǸǹǱǴǨǮǿǦ ǳǦ i -Ǵǲ ǾǦǩǫ Ǯ ǭǦǪǦǪǮǲ 

ǵǫǶǨǹȄ ǷǴǷǸǦǨǱȅȄǿǹȄ 1

iy  ǨȁǻǴǪǦ iy  ǳǦ i -Ǵǲ ǾǦǩǫ ǺǴǶǲǹǱǴǯ 

 1 11 11 1 7i diy q q i= - , = ,..., . 

ǔǽǫǨǮǪǳǴ, ǽǸǴ ǶǦǨǫǳǷǸǨǴ 1 0iy ¹  ǮǲǫǫǸ ǲǫǷǸǴ Ǩ ǸǴǲ Ǯ ǸǴǱȂǰǴ Ǩ ǸǴǲ ǷǱǹǽǦǫ, ǰǴǩǪǦ 

ǨȁǵǴǱǳǫǳǴ ǹǷǱǴǨǮǫ 1).  
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ǖǮǷǹǳǴǰ 3. ǗǫǶǮȅ Ǯǭ ǷǫǲǮ ǲǴǪǫǱǮǶǹǫǲȁǻ ǾǦǩǴǨ 

 

ǈ ǪǫǰǦǶǸǴǨǴǯ ǷǮǷǸǫǲǫ ǰǴǴǶǪǮǳǦǸ 2 2OX Z  ǰǴǴǶǪǮǳǦǸȁ ( )H HX Z,  Ǯ 1 1( )X Z, ǸǦǭǴǧǫǪ-

ǶǫǳǳǴǩǴ ǷǹǷǸǦǨǦ Ǯ ǰǴǳǼǦ ǵǫǶǫǳǴǷǮǲǴǯ ǳǴǩǮ (ǶǮǷ. 1) ǭǦǪǦȄǸǷȅ ǨȁǶǦǬǫǳǮȅǲǮ  

 42 32 42 32(sin sin ) (cos cos )H HX L q q Z L q q= + , =- + , (3) 

 1 31 41 1 31 41(sin sin ) (cos cos )H HX X L q q Z Z L q q= - + , = + + . (4) 

ǝǸǴǧȁ ǨȁǵǴǱǳǮǸȂ ǹǷǱǴǨǮǫ 2), ǵǴǸǶǫǧǹǫǲ, ǽǸǴǧȁ ǷǴǴǸǳǴǾǫǳǮǫ 1 2( ) 2HX X X= + / 

ǨȁǵǴǱǳȅǱǴǷȂ ǳǦ ǰǦǬǪǴǯ ǺǦǭǫ ǴǪǳǴǴǵǴǶǳǴǩǴ ǪǨǮǬǫǳǮȅ. ǕǫǶǫǵǮǷǦǨ ȃǸǴ ǷǴǴǸǳǴǾǫǳǮǫ Ǩ 

ǨǮǪǫ 1 2( ) ( ) 0H HX X X X- + - =, ǭǦǲǫǸǮǲ, ǽǸǴ ǨǸǴǶǹȄ ǷǴǷǸǦǨǱȅȄǿǹȄ 2

iy  ǨȁǻǴǪǦ iy ǷǱǫ-

ǪǹǫǸ ǨȁǧǶǦǸȂ Ǩ ǨǮǪǫ  

 2 1 2 1 7iy d d i= + , = ,...,,  

ǩǪǫ  

 1 1 41 31 2 2 42 32(sin sin ) (sin sin )H Hd X X L q q d X X L q q= - = + , = - = + . (5) 

ǔǷǸǦǨǾǮǫǷȅ ǪǨǫ ǷǴǷǸǦǨǱȅȄǿǮǫ ǨȁǻǴǪǦ iy  ǭǦǪǦǪǮǲ ǨȁǶǦǬǫǳǮȅǲǮ  

 3 2 4 1 1 2( ) ( ) 1 7i di i di

H Hy Z Z d y Z Z d i= - , = - , = ,...,,  

ǩǪǫ 2( )di

HZ d  Ǯ 1 2( )diZ d ð ǬǫǱǦǫǲȁǫ ǭǦǨǮǷǮǲǴǷǸǮ ǵǫǶǫǲǫǳǳȁǻ HZ  Ǯ 1Z  ǴǸ ǨǫǱǮǽǮǳȁ 

2d  ǳǦ i -Ǵǲ ǾǦǩǫ. ǚǹǳǰǼǮǮ 1 2( )diZ d  Ǯ 2( )di

HZ d  ǧǹǪǫǲ ǰǴǳǷǸǶǹǮǶǴǨǦǸȂ ǴǸǪǫǱȂǳǴ ǪǱȅ ǰǦǬ-

ǪǴǩǴ Ǯǭ ǷǫǲǮ ǾǦǩǴǨ. ǍǦǲǫǸǮǲ ǵǶǮ ȃǸǴǲ, ǽǸǴ ǳǦ ǰǦǬǪǴǲ ǾǦǩǫ ǵǫǶǫǲǫǳǳǦȅ 2d  ǲǫǳȅǫǸǷȅ 

ǳǦ ǴǸǶǫǭǰǫ [ 2 2]st stl l- / , /. ǚǹǳǰǼǮǮ 1 2( )diZ d , 2( )di

HZ d  ǧǹǪǫǲ ǮǷǰǦǸȂ Ǩ ǨǮǪǫ ǲǳǴǩǴǽǱǫǳǴǨ 

ǨǸǴǶǴǯ ǷǸǫǵǫǳǮ, ǹǪǴǨǱǫǸǨǴǶȅȄǿǮǻ ǸǶǫǲ ǹǷǱǴǨǮȅǲ, ǴǪǳǴ Ǯǭ ǰǴǸǴǶȁǻ ǭǦǪǦǫǸǷȅ Ǩ ǳǦǽǦǱȂ-
ǳǴǯ ǸǴǽǰǫ, ǴǪǳǴ ð Ǩ ǵǶǴǲǫǬǹǸǴǽǳǴǯ, ǴǪǳǴ ð Ǩ ǰǴǳǫǽǳǴǯ.  

ǈǨǫǪǫǲ ǷǱǫǪǹȄǿǮǫ ǴǧǴǭǳǦǽǫǳǮȅ: 

in

i

HZ ð ǬǫǱǦǫǲǴǫ ǳǦǽǦǱȂǳǴǫ ǭǳǦǽǫǳǮǫ ǨȁǷǴǸȁ ǸǦǭǴǧǫǪǶǫǳǳǴǩǴ ǷǹǷǸǦǨǦ ǳǦ i -Ǵǲ ǾǦǩǫ,  

fin

i

HZ ð ǬǫǱǦǫǲǴǫ ǰǴǳǫǽǳǴǫ ǭǳǦǽǫǳǮǫ ǨȁǷǴǸȁ ǸǦǭǴǧǫǪǶǫǳǳǴǩǴ ǷǹǷǸǦǨǦ ǳǦ i -Ǵǲ ǾǦǩǫ,  

int

i

HZ ð ǬǫǱǦǫǲǴǫ ǵǶǴǲǫǬǹǸǴǽǳǴǫ ǭǳǦǽǫǳǮǫ ǨȁǷǴǸȁ ǸǦǭǴǧǫǪǶǫǳǳǴǩǴ ǷǹǷǸǦǨǦ ǳǦ i -

Ǵǲ ǾǦǩǫ,  

1int

iZ ð ǬǫǱǦǫǲǴǫ ǵǶǴǲǫǬǹǸǴǽǳǴǫ ǭǳǦǽǫǳǮǫ ǨȁǷǴǸȁ ǰǴǳǼǦ ǵǫǶǫǳǴǷǮǲǴǯ ǳǴǩǮ ǳǦ i -

Ǵǲ ǾǦǩǫ.  
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ǔǸǲǫǸǮǲ, ǽǸǴ ǨǷǫ ǹǰǦǭǦǳǳȁǫ ǭǳǦǽǫǳǮȅ ǴǸǷǽǮǸȁǨǦȄǸǷȅ ǴǸ ǹǶǴǨǳȅ ǩǴǶǮǭǴǳǸǦǱȂǳǴǩǴ 

ǹǽǦǷǸǰǦ A1A2. ǕǴǪǽǫǶǰǳǫǲ ǸǦǰǬǫ, ǽǸǴ ǷǮǷǸǫǲȁ ǰǴǴǶǪǮǳǦǸ 2 2OX Z  ǳǦ ǶǦǭǳȁǻ ǾǦǩǦǻ ǶǦǭ-

ǳȁǫ, ǵǶǮǽǫǲ ǳǦǽǦǱǴ ǰǴǴǶǪǮǳǦǸ ð ǸǴǽǰǦ O ð ǨǷǫǩǪǦ ǶǦǷǵǴǱǴǬǫǳǦ Ǩ ǰǴǳǼǫ ǳǴǩǮ, ȅǨǱȅȄ-
ǿǫǯǷȅ ǳǦ ǪǦǳǳǴǲ ǾǦǩǫ ǴǵǴǶǳǴǯ. 

ǞǦǩ 1. ǕǫǶǨȁǯ ǾǦǩ ǷǫǶǮǮ ǨȁǵǴǱǳȅǫǸǷȅ ǳǦ ǩǴǶǮǭǴǳǸǦǱȂǳǴǲ ǹǽǦǷǸǰǫ ǵǴǨǫǶǻǳǴǷǸǮ 

(ǶǮǷ. 3). ǗǱǫǪǴǨǦǸǫǱȂǳǴ, ǹǷǱǴǨǮȅ ǳǦ ǺǹǳǰǼǮȄ 1

1 2( )dZ d  ǮǲǫȄǸ ǨǮǪ  

 ()1 1 1 1

1 1 1int 10 0 0 0
2 2

d d dst stl l
Z Z Z Z
å õ å õ
- = , = > , = .æ ö æ ö
ç ÷ ç ÷

 

ǈ ǶǫǭǹǱȂǸǦǸǫ ǵǴǱǹǽǮǲ, ǽǸǴ ǺǹǳǰǼǮȅ 1

1 2( )dZ d  ǴǵǮǷȁǨǦǫǸǷȅ ǨȁǶǦǬǫǳǮǫǲ 

 ( )
2

1 12
1 2 1int2

4
1d

st

d
Z d Z

l

å õ
= - .æ ö
ç ÷

 

ǌǫǱǦǫǲǦȅ ǸǶǦǫǰǸǴǶǮȅ ǰǴǳǼǦ ǵǫǶǫǳǴǷǮǲǴǯ ǳǴǩǮ ǳǦ ǾǦǩǫ 1 ǵǴǰǦǭǦǳǦ ǳǦ ǶǮǷ. 4.  

ǈȁǧǫǶǫǲ ǷǱǫǪǹȄǿǮǫ ǹǷǱǴǨǮȅ ǳǦ ǺǹǳǰǼǮȄ 1

2( )d

HZ d :  

 
1 1 1 1 1 1 2

in int fin in(0)
2 2

d d dst st
H H H H H H H

l l
Z Z Z Z Z Z Z
å õ å õ
- = , = , = = .æ ö æ ö
ç ÷ ç ÷

 

ǘǴǩǪǦ ǺǹǳǰǼǮȅ 1

2( )d

HZ d  ǧǹǪǫǸ ǴǵǶǫǪǫǱȅǸȂǷȅ ǷǴǴǸǳǴǾǫǳǮǫǲ  

 
1 1 21 2

1 1 2in int inin in
2 int 2 22

2
( ) 2d H H HH H

H H

st st

Z Z ZZ Z
Z d Z d d

l l

- +-
= - + . 

 
ǖǮǷǹǳǴǰ 4. ǌǫǱǦǫǲǦȅ ǸǶǦǫǰǸǴǶǮȅ ǰǴǳǼǦ ǵǫǶǫǳǴǷǮǲǴǯ ǳǴǩǮ ǳǦ ǾǦǩǫ 1 

 
ǞǦǩ 2. ǓǦ ǨǸǴǶǴǲ ǾǦǩǫ ǰǴǳǫǼ ǴǵǴǶǳǴǯ ǳǴǩǮ ǴǷǸǦǫǸǷȅ ǳǦ ǹǶǴǨǳǫ ǭǫǲǱǮ, Ǩ ǸǴ ǨǶǫǲȅ 

ǰǦǰ ǰǴǳǫǼ ǵǫǶǫǳǴǷǮǲǴǯ ǳǴǩǮ ǵǴǪǳǮǲǦǫǸǷȅ ǳǦ ǵǫǶǨǴǫ ǵǶǫǵȅǸǷǸǨǮǫ (ǶǮǷ. 5). ǙǷǱǴǨǮȅ ǳǦ 

ǺǹǳǰǼǮȄ 2

1 2( )dZ d  ǮǲǫȄǸ, ǸǦǰǮǲ ǴǧǶǦǭǴǲ, ǨǮǪ 

 
2 2 2 2

1 1 1int 1 1 10
2 4 2

d d dst st stl l l
Z Z Z h Z h
å õ å õ å õ
- = , = > , = .æ ö æ ö æ ö
ç ÷ ç ÷ ç ÷

 

ǓǫǵǴǷǶǫǪǷǸǨǫǳǳȁǫ ǨȁǽǮǷǱǫǳǮȅ ǵǴǰǦǭȁǨǦȄǸ, ǽǸǴ ǷǦǲǦ ǺǹǳǰǼǮȅ 2

1 2( )dZ d  ǭǦǪǦǫǸǷȅ 

ǷǴǴǸǳǴǾǫǳǮǫǲ  

 
2

2 2 21int 11 2 1
1 2 1int 22

16 124
( )

3 2 3

d

st st

Z hh d h
Z d Z d

l l

-
= - - + . 

ǙǷǱǴǨǮȅ ǳǦ ǺǹǳǰǼǮȄ 2

2( )d

HZ d  ǮǲǫȄǸ ǨǮǪ  

 
2 2 2 2 2 2 3

in int fin in
2 4 2

d d dst st st
H H H H H H H

l l l
Z Z Z Z Z Z Z
å õ å õ å õ
- = , = , = = .æ ö æ ö æ ö
ç ÷ ç ÷ ç ÷
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ǈ ǶǫǭǹǱȂǸǦǸǫ ǺǹǳǰǼǮȅ 2

2( )d

HZ d  ǴǵǶǫǪǫǱȅǫǸǷȅ ǨȁǶǦǬǫǳǮǫǲ  

 
2 2 32 3 2 3

2 2 2in int inin in in in
2 int 2 22

4 34
( ) 4

3 6 2 3

d H H HH H H H
H H

st st

Z Z ZZ Z Z Z
Z d Z d d

l l

- +-
= + - - + . 

 
ǖǮǷǹǳǴǰ 5. ǌǫǱǦǫǲǦȅ ǸǶǦǫǰǸǴǶǮȅ ǰǴǳǼǦ ǵǫǶǫǳǴǷǮǲǴǯ ǳǴǩǮ ǳǦ ǾǦǩǫ 2 

 
ǞǦǩ 3. ǓǦ ǸǶǫǸȂǫǲ ǾǦǩǫ ǰǴǳǫǼ ǴǵǴǶǳǴǯ ǳǴǩǮ ǴǷǸǦǫǸǷȅ ǳǦ ǵǫǶǨǴǲ ǵǶǫǵȅǸǷǸǨǮǮ, Ǧ 

ǵǫǶǫǳǴǷǮǲǦȅ ǳǴǩǦ ǵǴǪǳǮǲǦǫǸǷȅ ǳǦ ǨǸǴǶǴǫ ǵǶǫǵȅǸǷǸǨǮǫ (ǶǮǷ. 6). ǈȁǧǫǶǫǲ ǷǱǫǪǹȄǿǮǫ 

ǹǷǱǴǨǮȅ ǳǦ ǺǹǳǰǼǮȄ 3

1 2( )dZ d :  

 
3 3 3 3 3

1 1 1 1int 1 1 2 1 1int 2
2 4 2

d d dst st stl l l
Z h Z Z h Z h h Z h
å õ å õ å õ
- =- , = - , = - , > .æ ö æ ö æ ö
ç ÷ ç ÷ ç ÷

 

ǑǫǩǰǴ ǨǮǪǫǸȂ, ǽǸǴ Ǩ ȃǸǴǲ ǷǱǹǽǦǫ ǺǹǳǰǼǮȅ 3

1 2( )dZ d  ǭǦǪǦǫǸǷȅ ǷǴǴǸǳǴǾǫǳǮǫǲ  

 
3

3 3 21int 22 2 2
1 2 1int 1 22

16 124
( )

3 2 3

d

st st

Z hh d h
Z d Z h d

l l

-
= - - - + . 

 
ǖǮǷǹǳǴǰ 6. ǌǫǱǦǫǲǦȅ ǸǶǦǫǰǸǴǶǮȅ ǰǴǳǼǦ ǵǫǶǫǳǴǷǮǲǴǯ ǳǴǩǮ ǳǦ ǾǦǩǫ 3 

 

ǍǦǪǦǪǮǲ ǷǱǫǪǹȄǿǮǫ ǹǷǱǴǨǮȅ ǳǦ ǺǹǳǰǼǮȄ 3

2( )d

HZ d :  

3 3 3 3 3 3 4

in 1 int 1 fin 1 in 1
2 4 2

d d dst st st
H H H H H H H

l l l
Z Z h Z Z h Z Z h Z h
å õ å õ å õ
- = - , = - , = - = - .æ ö æ ö æ ö
ç ÷ ç ÷ ç ÷

 

ǈ ǶǫǭǹǱȂǸǦǸǫ 
3

2( )d

HZ d  ǵǶǮǳǮǲǦǫǸ ǨǮǪ 
3 3 43 4 3 4

3 3 2in int inin in in in
2 int 1 2 22

4 34
( ) 4

3 6 2 3

d H H HH H H H
H H

st st

Z Z ZZ Z Z Z
Z d Z h d d

l l

- +-
= + - - - + . 

ǞǦǩ 4. ǓǦ ǽǫǸǨǫǶǸǴǲ ǾǦǩǫ ǰǴǳǫǼ ǴǵǴǶǳǴǯ ǳǴǩǮ ǴǷǸǦǫǸǷȅ ǳǦ ǨǸǴǶǴǲ ǵǶǫǵȅǸǷǸǨǮǮ, 
Ǩ ǸǴ ǨǶǫǲȅ ǰǦǰ ǰǴǳǫǼ ǵǫǶǫǳǴǷǮǲǴǯ ǳǴǩǮ, ǳǦǻǴǪȅǷȂ Ǩ ǳǦǽǦǱǫ ǾǦǩǦ ǳǦ ǵǫǶǨǴǲ ǵǶǫǵȅǸ-
ǷǸǨǮǮ, ǰ ǰǴǳǼǹ ǾǦǩǦ ǴǵǹǷǰǦǫǸǷȅ ǳǦ ǸǶǫǸȂǫ ǵǶǫǵȅǸǷǸǨǮǫ (ǶǮǷ. 7). ǙǷǱǴǨǮȅ ǳǦ ǺǹǳǰǼǮȄ 

4

1 2( )dZ d  ǮǲǫȄǸ ǨǮǪ  
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4 4 4 4 4

1 1 2 1 1int 2 1 3 2 1int 2
2 4 2

d d dst st stl l l
Z h h Z Z h Z h h Z h
å õ å õ å õ
- = - , = - , = - , > .æ ö æ ö æ ö
ç ÷ ç ÷ ç ÷

 

ǗǦǲǦ ǺǹǳǰǼǮȅ 
4

1 2( )dZ d  Ǩ ǶǫǭǹǱȂǸǦǸǫ ǴǵǮǷȁǨǦǫǸǷȅ ǨȁǶǦǬǫǳǮǫǲ 
4

4 4 23 1 3 1 1int 31
1 2 1int 2 2 22

4 34
( ) 4

3 6 2 3

d

st st

h h h h Z hh
Z d Z h d d

l l

- - +
= + - - - + . 

ǈȁǧǫǶǫǲ ǹǷǱǴǨǮȅ ǳǦ ǺǹǳǰǼǮȄ 
4

2( )d

HZ d  Ǩ ǨǮǪǫ  

 
4 4 4 4 4 4 5

in 2 int 2 fin 2 in 2
2 4 2

d d dst st st
H H H H H H H

l l l
Z Z h Z Z h Z Z h Z h
å õ å õ å õ
- = - , = - , = - = - .æ ö æ ö æ ö
ç ÷ ç ÷ ç ÷

 

ǓǫǸǶǹǪǳǴ ǨǮǪǫǸȂ, ǽǸǴ ǺǹǳǰǼǮȅ 
4

2( )d

HZ d  Ǩ ȃǸǴǲ ǷǱǹǽǦǫ ǧǹǪǫǸ ǭǦǪǦǨǦǸȂǷȅ ǷǴǴǸǳǴ-

ǾǫǳǮǫǲ  

 
4 4 54 5 4 5

4 4 2in int inin in in in
2 int 2 2 22

4 34
( ) 4

3 6 2 3

d H H HH H H H
H H

st st

Z Z ZZ Z Z Z
Z d Z h d d

l l

- +-
= + - - - + . 

  
ǖǮǷǹǳǴǰ 7. ǌǫǱǦǫǲǦȅ ǸǶǦǫǰǸǴǶǮȅ ǰǴǳǼǦ ǵǫǶǫǳǴǷǮǲǴǯ ǳǴǩǮ ǳǦ ǾǦǩǫ 4 

 
ǞǦǩ 5. ǓǦ ǵȅǸǴǲ ǾǦǩǫ ǰǴǳǫǼ ǴǵǴǶǳǴǯ ǳǴǩǮ ǳǦǻǴǪǮǸǷȅ ǳǦ ǸǶǫǸȂǫǲ ǵǶǫǵȅǸǷǸǨǮǮ, 

ǸǴǩǪǦ ǰǦǰ ǰǴǳǫǼ ǵǫǶǫǳǴǷǮǲǴǯ ǳǴǩǮ ǴǵǹǷǰǦǫǸǷȅ ǷǴ ǨǸǴǶǴǩǴ ǵǶǫǵȅǸǷǸǨǮȅ ǳǦ ǸǶǫǸȂǫ       

(ǶǮǷ. 8). ǙǷǱǴǨǮȅ ǳǦ ǺǹǳǰǼǮȄ 
5

1 2( )dZ d  ǨȁǧǫǶǫǲ Ǩ ǨǮǪǫ  

 
5 5 5 5 5

1 2 3 1 1int 3 1 1int 20
2 4 2

d d dst st stl l l
Z h h Z Z h Z Z h
å õ å õ å õ
- = - , - = - , = , > .æ ö æ ö æ ö
ç ÷ ç ÷ ç ÷

 

ǚǹǳǰǼǮȅ 
5

1 2( )dZ d  Ǩ ȃǸǴǲ ǷǱǹǽǦǫ ǴǵǮǷȁǨǦǫǸǷȅ ǨȁǶǦǬǫǳǮǫǲ  

 
5

5 5 23 2 3 2 1int 32
1 2 1int 2 22

5 3 44
( ) 4

3 2 6 3

d

st st

h h h h Z hh
Z d Z d d

l l

- - +
= - - - + . 

 
ǖǮǷǹǳǴǰ 8. ǌǫǱǦǫǲǦȅ ǸǶǦǫǰǸǴǶǮȅ ǰǴǳǼǦ ǵǫǶǫǳǴǷǮǲǴǯ ǳǴǩǮ ǳǦ ǾǦǩǫ 5 
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ǍǦǪǦǪǮǲ ǷǱǫǪǹȄǿǮǫ ǹǷǱǴǨǮȅ ǳǦ ǺǹǳǰǼǮȄ 
5

2( )d

HZ d :   

5 5 5 5 5 5 6

in 3 int 3 fin 3 in 3
2 4 2

d d dst st st
H H H H H H H

l l l
Z Z h Z Z h Z Z h Z h
å õ å õ å õ
- = - , - = - , = - = - .æ ö æ ö æ ö
ç ÷ ç ÷ ç ÷

 

ǘǴǩǪǦ ǺǹǳǰǼǮȅ 
5

2( )d

HZ d  ǧǹǪǫǸ ǭǦǪǦǨǦǸȂǷȅ ǷǴǴǸǳǴǾǫǳǮǫǲ  
5 5 65 6 5 6

5 5 2in int inin in in in
2 int 3 2 22

3 44
( ) 4

3 2 6 3

d H H HH H H H
H H

st st

Z Z ZZ Z Z Z
Z d Z h d d

l l

- +-
= - + - - + . 

ǞǦǩ 6. ǓǦ ǾǫǷǸǴǲ ǾǦǩǫ ǰǴǳǫǼ ǴǵǴǶǳǴǯ ǳǴǩǮ ǴǷǸǦǫǸǷȅ ǳǦ ǸǶǫǸȂǫǲ ǵǶǫǵȅǸǷǸǨǮǮ, 
ǸǴǩǪǦ ǰǦǰ ǰǴǳǫǼ ǵǫǶǫǳǴǷǮǲǴǯ ǳǴǩǮ ǴǵǹǷǰǦǫǸǷȅ Ƿ ǸǶǫǸȂǫǩǴ ǵǶǫǵȅǸǷǸǨǮȅ ǳǦ ǹǶǴǨǫǳȂ 

ǭǫǲǱǮ (ǶǮǷ. 9). ǈȁǧǫǶǫǲ ǷǱǫǪǹȄǿǮǫ ǹǷǱǴǨǮȅ ǳǦ ǺǹǳǰǼǮȄ 
6

1 2( )dZ d :   

6 6 6 6 6

1 1 1int 3 1 3 1int 30
2 4 2

d d dst st stl l l
Z Z Z h Z h Z h
å õ å õ å õ
- = , = - , =- , > .æ ö æ ö æ ö
ç ÷ ç ÷ ç ÷

 

ǓǫǵǴǷǶǫǪǷǸǨǫǳǳȁǫ ǨȁǽǮǷǱǫǳǮȅ ǵǴǰǦǭȁǨǦȄǸ, ǽǸǴ ǺǹǳǰǼǮȅ 
6

1 2( )dZ d  Ǩ ȃǸǴǲ ǷǱǹǽǦǫ 

ǭǦǪǦǫǸǷȅ ǨȁǶǦǬǫǳǮǫǲ  

 
6

6 6 23 1int 3 2 3
1 2 1int 22

5 16 44
( )

3 6 3

d

st st

h Z h d h
Z d Z d

l l

-
= - - - . 

ǈȁǧǫǶǫǲ ǷǱǫǪǹȄǿǮǫ ǹǷǱǴǨǮȅ ǳǦ ǺǹǳǰǼǮȄ 
6

2( )d

HZ d :  

 
6 6 6 6 6 6 7

in 3 int 3 fin 3 in 3
2 4 2

d d dst st st
H H H H H H H

l l l
Z Z h Z Z h Z Z h Z h
å õ å õ å õ
- = - , = - , = - = - .æ ö æ ö æ ö
ç ÷ ç ÷ ç ÷

 

ǘǴǩǪǦ ǺǹǳǰǼǮȅ 
6

2( )d

HZ d  ǧǹǪǫǸ ǴǵǶǫǪǫǱȅǸȂǷȅ ǷǴǴǸǳǴǾǫǳǮǫǲ  

 
6 6 76 7 6 7

6 6 2in int inin in in in
2 int 3 2 22

4 34
( ) 4

3 6 2 3

d H H HH H H H
H H

st st

Z Z ZZ Z Z Z
Z d Z h d d

l l

- +-
= + - - - + . 

 
ǖǮǷǹǳǴǰ 9. ǌǫǱǦǫǲǦȅ ǸǶǦǫǰǸǴǶǮȅ ǰǴǳǼǦ ǵǫǶǫǳǴǷǮǲǴǯ ǳǴǩǮ ǳǦ ǾǦǩǫ 6 

 
ǞǦǩ 7. ǓǦ ǷǫǪȂǲǴǲ ǾǦǩǫ ǰǴǳǫǼ ǴǵǴǶǳǴǯ ǳǴǩǮ ǳǦǻǴǪǮǸǷȅ ǳǦ ǩǴǶǮǭǴǳǸǦǱȂǳǴǲ 

ǹǽǦǷǸǰǫ A3A4, ǸǴǩǪǦ ǰǦǰ ǰǴǳǫǼ ǵǫǶǫǳǴǷǮǲǴǯ ǳǴǩǮ ǴǵǹǷǰǦǫǸǷȅ Ƿ ǸǶǫǸȂǫǩǴ ǵǶǫǵȅǸǷǸǨǮȅ ǳǦ 

ȃǸǴǸ ǹǽǦǷǸǴǰ (ǶǮǷ. 10). ǈȁǧǫǶǫǲ ǷǱǫǪǹȄǿǮǫ ǹǷǱǴǨǮȅ ǳǦ ǺǹǳǰǼǮȄ 
7

1 2( )dZ d :  

7 7 7 7

1 3 1 1int 3 1 0
2 4 2

d d dst st stl l l
Z h Z Z h Z
å õ å õ å õ
- = , - = > , = .æ ö æ ö æ ö
ç ÷ ç ÷ ç ÷

 

ǓǫǵǴǷǶǫǪǷǸǨǫǳǳȁǫ ǨȁǽǮǷǱǫǳǮȅ ǵǴǰǦǭȁǨǦȄǸ, ǽǸǴ Ǩ ȃǸǴǲ ǷǱǹǽǦǫ ǺǹǳǰǼǮȅ 
7

1 2( )dZ d  

ǭǦǪǦǫǸǷȅ ǨȁǶǦǬǫǳǮǫǲ  
7

7 7 23 1int 3 2 3
1 2 1int 22

16 124
( )

3 2 3

d

st st

h Z h d h
Z d Z d

l l

-
= - - - . 
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ǖǮǷǹǳǴǰ 10. ǌǫǱǦǫǲǦȅ ǸǶǦǫǰǸǴǶǮȅ ǰǴǳǼǦ ǵǫǶǫǳǴǷǮǲǴǯ ǳǴǩǮ ǳǦ ǾǦǩǫ 7 

 

ǊǱȅ ǺǹǳǰǼǮǮ 
7

2( )d

HZ d  ǭǦǪǦǪǮǲ ǷǱǫǪǹȄǿǮǫ ǹǷǱǴǨǮȅ:  

 
7 7 7 7 7 7

in int fin
2 4 2

d d dst st st
H H H H H H

l l l
Z Z Z Z Z Z
å õ å õ å õ
- = , - = , = .æ ö æ ö æ ö
ç ÷ ç ÷ ç ÷

 

ǑǫǩǰǴ ǨǮǪǫǸȂ, ǽǸǴ ǺǹǳǰǼǮȅ 
7

2( )d

HZ d  ǸǴǩǪǦ ǧǹǪǫǸ ǭǦǪǦǨǦǸȂǷȅ ǷǴǴǸǳǴǾǫǳǮǫǲ  

 
7 7 77 7 7 7

7 7 2in int finin fin in fin
2 int 2 22

3 44
( ) 4

3 2 6 3

d H H HH H H H
H H

st st

Z Z ZZ Z Z Z
Z d Z d d

l l

- +-
= - + - + . 

 
ǗǸǦǧǮǱǮǭǦǼǮȅ ǨȁǻǴǪǴǨ ǭǦ ǰǴǳǫǽǳǴǫ ǨǶǫǲȅ 

ǖǫǾǮǲ ǭǦǪǦǽǹ ǷǸǦǧǮǱǮǭǦǼǮǮ ǨȁǻǴǪǴǨ 
iy , 1 7i é= , ,, ǷǮǷǸǫǲȁ (2). ǗǳǦǽǦǱǦ ǴǵǶǫǪǫ-

ǱǮǲ ǴǸǳǴǷǮǸǫǱȂǳȁǯ ǵǴǶȅǪǴǰ [12] ǰǦǬǪǴǩǴ Ǯǭ ǨȁǻǴǪǴǨ 
iy , 1 7i é= , ,.  

ǊǮǺǺǫǶǫǳǼǮǶǹȅ ǺǹǳǰǼǮȄ 1 11 11

i diy q q= -  Ǩ ǷǮǱǹ ǷǮǷǸǫǲȁ (2), ǵǴǱǹǽǮǲ 

 61 11

i
xy q= = . 

ǕǴǷǰǴǱȂǰǹ ǵǫǶǨǦȅ ǵǶǴǮǭǨǴǪǳǦȅ 1

i
y  ǳǫ ǭǦǨǮǷǮǸ ǴǸ ǹǵǶǦǨǱǫǳǮǯ, ǳǦǯǪǫǲ ǨǸǴǶǹȄ ǵǶǴ-

ǮǭǨǴǪǳǹȄ ǺǹǳǰǼǮǮ 1

iy  Ǩ ǷǮǱǹ ǷǮǷǸǫǲȁ (2):  

 
4

6 6 61

1

( ) ( )
i

k k

k

f x g x uy x
=

= = + .ä  

ǐǦǰ ǨǮǪǮǲ, ǨȁǶǦǬǫǳǮǫ ǪǱȅ ǺǹǳǰǼǮǮ 1

i
y  ǷǴǪǫǶǬǮǸ ǹǵǶǦǨǱǫǳǮȅ, ǵǴȃǸǴǲǹ ǲȁ ǲǴ-

Ǭǫǲ ǵǫǶǫǯǸǮ ǰ ǪǮǺǺǫǶǫǳǼǮǶǴǨǦǳǮȄ ǨǸǴǶǴǯ ǷǴǷǸǦǨǱȅȄǿǫǯ 2

iy . ǕǴǷǰǴǱȂǰǹ 2 1 2

iy d d= + , 

1 7i é= , ,, ǸǴ ǪǮǺǺǫǶǫǳǼǮǶǴǨǦǸȂ Ǩ ǷǮǱǹ ǷǮǷǸǫǲȁ (2) ǳǫǴǧǻǴǪǮǲǴ ǺǹǳǰǼǮǮ 1d  Ǯ 2d . 

ǓǦǵǴǲǳǮǲ, ǽǸǴ 1d  Ǯ 2d  ǭǦǪǦȄǸǷȅ ǷǴǴǸǳǴǾǫǳǮȅǲǮ (5), ǵǴȃǸǴǲǹ  

 41 31 9 4 7 21 41 31
( cos cos ) ( cos cos )L q q L x x x xq qd = + = + , 

 42 32 10 5 8 32 42 32
( cos cos ) ( cos cos )L q q L x x x xq qd = + = + . (6) 

ǘǦǰ ǰǦǰ 1 22

i
y d d= +  ǳǫ ǭǦǨǮǷǮǸ ǴǸ ǹǵǶǦǨǱǫǳǮǯ, ǨȁǽǮǷǱǮǲ ǨǸǴǶȁǫ ǵǶǴǮǭǨǴǪǳȁǫ 

ǺǹǳǰǼǮǯ 1d  Ǯ 2d  Ǩ ǷǮǱǹ ǷǮǷǸǫǲȁ (2). ǈ ǶǫǭǹǱȂǸǦǸǫ ǵǴǱǹǽǮǲ  

 
2 2

9 79 4 7 2 4 21
( sin sin cos cos )L x x x x x xx xd = - - + + , 

 
2 2

10 810 5 8 3 5 32
( sin sin cos cos )L x x x x x xx xd = - - + + . (7) 
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ǍǦǲǫǳȅȅ jx , 7 8 9 10j = , , ,, ǵǶǦǨȁǲǮ ǽǦǷǸȅǲǮ ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǻ ǹǶǦǨǳǫǳǮǯ ǷǮǷǸǫǲȁ 

(2), ǵǴǱǹǽǮǲ  
 

4
2 2

9 4 7 2 9 4 7 2 7 2 9 41

1

sin sin ( )cos ( )cos ( ( )cos ( )cos )k k k

k

L x x x x f x x f x x g x x g x x ud

å õ
æ ö
æ ö
æ ö

=ç ÷

= - - + + + + ,ä  

 
4

2 2

10 5 8 3 10 5 8 3 8 3 10 52

1

sin sin ( )cos ( )cos ( ( )cos ( )cos )k k k

k

L x x x x f x x f x x g x x g x x ud

å õ
æ ö
æ ö,
æ ö

=ç ÷

= - - + + + + .ä  

ǈǮǪǮǲ, ǽǸǴ ǺǹǳǰǼǮǮ 
1d  Ǯ 

2d  ǭǦǨǮǷȅǸ ǴǸ ku . ǒǴǬǳǴ ǵǶǴǨǫǶǮǸȂ (ǳǦǵǶǮǲǫǶ, ǮǷǵǴǱȂ-

ǭǹȅ ǨǴǭǲǴǬǳǴǷǸǮ ǷǶǫǪȁ MATLAB), ǽǸǴ Ǯ ǺǹǳǰǼǮǮ 2

i
y , 1 7i é= , ,, ǸǦǰǬǫ ǭǦǨǮǷȅǸ ǴǸ ku .  

ǖǦǷǷǲǴǸǶǮǲ ǸǫǵǫǶȂ ǸǶǫǸȂȄ ǷǴǷǸǦǨǱȅȄǿǹȄ ǨȁǻǴǪǦ 
iy ð ǺǹǳǰǼǮȄ  3 2( )i di

H Hy Z Z d= - , 

1 7i é= , ,. ǈȁǾǫ ǵǴǰǦǭǦǳǴ, ǽǸǴ ǺǹǳǰǼǮǮ HZ  Ǯ 2( )di

HZ d  ǭǦǪǦȄǸǷȅ ǨȁǶǦǬǫǳǮȅǲǮ  

 
2

5 3 2 2 2(cos cos ) ( )di i i i

H H H H HZ L x x Z d a d b d c=- + , = + +,  

ǩǪǫ 
i

Ha , 
i

Hb , 
i

Hc ð ǳǫǰǴǸǴǶȁǫ ǰǴǳǷǸǦǳǸȁ. ǈȁǽǮǷǱȅȅ ǵǶǴǮǭǨǴǪǳǹȄ ǺǹǳǰǼǮǮ 3

iy  Ǩ ǷǮǱǹ 

ǷǮǷǸǫǲȁ (2), ǵǴǱǹǽǮǲ  

 10 5 8 3 2 2 23
( sin sin ) 2

i i i

H HL x x x x a d by d d= + - - . 

ǘǦǰ ǰǦǰ 
2d  ǳǫ ǭǦǨǮǷǮǸ ǴǸ ǹǵǶǦǨǱǫǳǮǯ (Ƿǲ. ǷǴǴǸǳǴǾǫǳǮǫ (6)), ǸǴ ǳǫ ǭǦǨǮǷǮǸ ǴǸ 

ǹǵǶǦǨǱǫǳǮǯ Ǯ ǺǹǳǰǼǮȅ 3

i
y . ǊǮǺǺǫǶǫǳǼǮǶǹȅ 3

i
y  Ǩ ǷǮǱǹ ǷǮǷǸǫǲȁ (2), ǧǹǪǫǲ ǮǲǫǸȂ  

 
22 2

10 810 5 8 3 5 3 2 2 2 23
( cos cos sin sin ) 2 ( )

i i i

H HL x x x x x x a d by x x d d d= + + + - + - . 

ǚǹǳǰǼǮǮ 8x , 10x  Ǯ 
2d  ǭǦǨǮǷȅǸ ǴǸ ǹǵǶǦǨǱǫǳǮǯ (Ƿǲ. ǷǴǴǸǳǴǾǫǳǮǫ (7)). ǓǫǸǶǹǪǳǴ 

ǹǧǫǪǮǸȂǷȅ (ǮǷǵǴǱȂǭǹȅ, ǳǦǵǶǮǲǫǶ, ǷǮǲǨǴǱȂǳȁǫ ǨȁǽǮǷǱǫǳǮȅ Ǩ ǷǶǫǪǫ MATLAB), ǽǸǴ ǭǦǨǮ-

ǷǫǸȂ ǴǸ ǹǵǶǦǨǱǫǳǮǯ ǧǹǪǫǸ ǸǦǰǬǫ Ǯ ǺǹǳǰǼǮȅ 3

i
y , 1 7i é= , ,.  

ǕǫǶǫǯǪǫǲ ǰ ǽǫǸǨǫǶǸǴǯ ǷǴǷǸǦǨǱȅȄǿǫǯ ǨȁǻǴǪǦ 
iy ð ǺǹǳǰǼǮǮ 4 1 1 2( )i diy Z Z d= - , 

1 7i é= , ,. ǓǦǵǴǲǳǮǲ, ǽǸǴ ǺǹǳǰǼǮǮ 1Z  Ǯ 1 2( )diZ d  ǴǵǶǫǪǫǱȅȄǸǷȅ ǨȁǶǦǬǫǳǮȅǲǮ  

 
2

1 2 3 4 5 1 2 1 2 1 2 1(cos cos cos cos ) ( )di i i iZ L x x x x Z d a d b d c= - + - , = + +,  

ǩǪǫ 1

ia , 1

ib , 1

ic  ð ǳǫǰǴǸǴǶȁǫ ǰǴǳǷǸǦǳǸȁ. ǊǮǺǺǫǶǫǳǼǮǶǹȅ ǺǹǳǰǼǮȄ 4

iy  Ǩ ǷǮǱǹ ǷǮ-

ǷǸǫǲȁ (2), ǵǶǮǪǫǲ ǰ ǷǱǫǪǹȄǿǫǲǹ ǶǫǭǹǱȂǸǦǸǹ:  

 7 2 8 3 9 4 10 5 1 2 12 24
( sin sin sin sin ) 2

i i iL x x x x x x x x a d by d d= - + - + - - . 

ǐǦǰ ǨǮǪǳǴ Ǯǭ ǷǴǴǸǳǴǾǫǳǮȅ (6), ǺǹǳǰǼǮȅ 
2d  ǳǫ ǭǦǨǮǷǮǸ ǴǸ ǹǵǶǦǨǱǫǳǮǯ. ǗǱǫǪǴǨǦ-

ǸǫǱȂǳǴ, ǳǫ ǧǹǪǫǸ ǭǦǨǮǷǫǸȂ ǴǸ ǹǵǶǦǨǱǫǳǮǯ Ǯ ǺǹǳǰǼǮȅ 4

i
y . ǈȁǽǮǷǱȅȅ ǨǸǴǶǹȄ ǵǶǴǮǭǨǴǪ-

ǳǹȄ ǺǹǳǰǼǮǮ 4

iy  Ǩ ǷǮǱǹ ǷǮǷǸǫǲȁ (2), ǵǴǱǹǽǮǲ 

2 2 2 2
7 8 9 107 2 8 3 9 4 10 5 2 3 4 54

( cos cos cos cos sin sin sin sin )
i

L x x x x x x x x x x x xy x x x x= - + - + - + - +ð 

 
2

1 2 12 2 2
2 ( )i ia d bd d d- + - . 

ǚǹǳǰǼǮǮ 7x , 8x , 9x , 10x  Ǯ 
2d  ǭǦǨǮǷȅǸ ǴǸ ǹǵǶǦǨǱǫǳǮǯ. ǓǫǸǶǹǪǳǴ ǹǧǫǪǮǸȂǷȅ (ǮǷ-

ǵǴǱȂǭǹȅ, ǰ ǵǶǮǲǫǶǹ, ǷǮǲǨǴǱȂǳȁǫ ǨȁǽǮǷǱǫǳǮȅ Ǩ ǷǶǫǪǫ MATLAB), ǽǸǴ ǭǦǨǮǷǫǸȂ ǴǸ ǹǵǶǦǨ-

ǱǫǳǮǯ ǧǹǪǫǸ Ǯ ǺǹǳǰǼǮȅ 4

i
y .   
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ǔǷǳǴǨȁǨǦȅǷȂ ǳǦ ǵǶǮǨǫǪǫǳǳȁǻ ǶǦǷǽǫǸǦǻ, ǲǴǬǳǴ ǵǶǫǪǵǴǱǴǬǮǸȂ, ǽǸǴ ǴǸǳǴǷǮǸǫǱȂ-

ǳȁǯ ǵǴǶȅǪǴǰ ǨȁǻǴǪǦ 
T

1 2 3 4( )i i i i iy y y y y= , , , ǶǦǨǫǳ (2 2 2 2), , , ǪǱȅ ǨǷǫǻ 1 7i é= , ,. ǊǱȅ ǪǴǰǦǭǦ-

ǸǫǱȂǷǸǨǦ ȃǸǴǩǴ ǹǸǨǫǶǬǪǫǳǮȅ ǭǦǵǮǾǫǲ ǨȁǶǦǬǫǳǮȅ ǪǱȅ ǨǸǴǶȁǻ ǵǶǴǮǭǨǴǪǳȁǻ ǺǹǳǰǼǮǯ 
i

ky , 1 4k é= , ,, Ǩ ǨǫǰǸǴǶǳǴǲ ǨǮǪǫ:  

 

1

2

3

4

( ) ( ) 1 7

i

i

i ii

i

y

y
P x Q x u i é

y

y

å õ
æ ö
æ ö

= + , = , , ,æ ö
æ ö
æ ö
ç ÷

 (8) 

ǩǪǫ ( )iP x  ð  ǲǦǸǶǮǼǦ ǶǦǭǲǫǶǦ 4 1³, Ǧ ( )iQ x ð ǲǦǸǶǮǼǦ ǶǦǭǲǫǶǦ 4 4³ . ǣǱǫǲǫǳǸȁ ȃǸǮǻ 

ǲǦǸǶǮǼ ǲǴǩǹǸ ǧȁǸȂ ǳǦǯǪǫǳȁ Ƿ ǮǷǵǴǱȂǭǴǨǦǳǮǫǲ ǷǮǲǨǴǱȂǳȁǻ ǨȁǽǮǷǱǫǳǮǯ Ǩ ǷǶǫǪǫ 
MATLAB Ǯ ǳǫ ǵǶǮǨǴǪȅǸǷȅ ǭǪǫǷȂ ǵǴ ǵǶǮǽǮǳǫ ǩǶǴǲǴǭǪǰǴǷǸǮ. ǒǴǬǳǴ ǵǴǰǦǭǦǸȂ, ǽǸǴ ǲǦǸ-

ǶǮǼȁ ( )iQ x , 1 7i é= , ,, ǳǫǨȁǶǴǬǪǫǳȁ ǳǦ ǺǮǭǮǽǫǷǰǮ ǨǴǭǲǴǬǳȁǻ ǰǴǳǺǮǩǹǶǦǼǮȅǻ ǶǴǧǴǸǦ. 

ǔǸǷȄǪǦ ǲǴǬǳǴ ǷǪǫǱǦǸȂ ǨȁǨǴǪ, ǽǸǴ ǴǸǳǴǷǮǸǫǱȂǳȁǯ ǵǴǶȅǪǴǰ ǨȁǻǴǪǦ 
T

1 2 3 4( )i i i i iy y y y y= , , , 

ǪǫǯǷǸǨǮǸǫǱȂǳǴ ǶǦǨǫǳ (2 2 2 2), , , ǪǱȅ ǨǷǫǻ 1 7i é= , ,.  

ǈǨǫǪǫǲ ǳǴǨǴǫ, ǨǷǵǴǲǴǩǦǸǫǱȂǳǴǫ ǹǵǶǦǨǱǫǳǮǫ 
T

1 2 3 4( )i i i i iv v v v v= , , ,, 1 7i é= , ,, ǵǴ ǺǴǶǲǹǱǫ  

 ( ) ( ) 1 7i

i iv P x Q x u i é= + , = , , , (9) 

Ǯ ǵǫǶǫǵǮǾǫǲ ǷǴǴǸǳǴǾǫǳǮǫ (8) Ǩ ǨǮǪǫ ǽǫǸȁǶǫǻ ǹǶǦǨǳǫǳǮǯ ǨǸǴǶǴǩǴ ǵǴǶȅǪǰǦ:  

 1 7 1 4
i i

jj
v i é j éy = , = , , , = , , . (10) 

ǗǸǦǧǮǱǮǭǮǶǹǫǲ Ǩ ǰǦǬǪǴǲ Ǯǭ ȃǸǮǻ ǹǶǦǨǳǫǳǮǯ ǳǹǱǫǨǴǫ ǵǴǱǴǬǫǳǮǫ ǶǦǨǳǴǨǫǷǮȅ. ǔǸ-
ǲǫǸǮǲ ǵǶǮ ȃǸǴǲ, ǽǸǴ ǷǻǴǪǮǲǴǷǸȂ ǰ ǳǹǱȄ ǪǴǱǬǳǦ ǪǴǷǸǮǩǦǸȂǷȅ ǭǦ ǰǴǳǫǽǳǴǫ ǨǶǫǲȅ, 
ǲǫǳȂǾǫ ǱǮǧǴ ǶǦǨǳǴǫ ǵǶǴǪǴǱǬǮǸǫǱȂǳǴǷǸǮ ǾǦǩǦ. ǕǴ ȃǸǴǯ ǵǶǮǽǮǳǫ ǪǱȅ ǶǫǾǫǳǮȅ ǭǦǪǦǽǮ 
ǷǸǦǧǮǱǮǭǦǼǮǮ ǹǪǴǧǳǴ ǨǴǷǵǴǱȂǭǴǨǦǸȂǷȅ ǵǴǪǻǴǪǴǲ, ǵǶǫǪǱǴǬǫǳǳȁǲ Ǩ ǶǦǧǴǸǫ [13]. ǕǴ-
ǪǶǴǧǳǴǫ ǴǧȀȅǷǳǫǳǮǫ, ǰǦǰ ȃǸǴǸ ǵǴǪǻǴǪ ǷǱǫǪǹǫǸ ǵǶǮǲǫǳȅǸȂ Ǩ ǭǦǪǦǽǦǻ ǹǵǶǦǨǱǫǳǮȅ ǾǦǩǦ-
ȄǿǮǲǮ ǶǴǧǴǸǦǲǮ, ǲǴǬǫǸ ǧȁǸȂ ǳǦǯǪǫǳ Ǩ ǶǦǧǴǸǫ [14]. ǒȁ ǭǪǫǷȂ ǪǦǪǮǲ ǱǮǾȂ ǴǰǴǳǽǦ-
ǸǫǱȂǳǴǫ ǨȁǶǦǬǫǳǮǫ ǪǱȅ ǹǵǶǦǨǱǫǳǮȅ, ǷǸǦǧǮǱǮǭǮǶǹȄǿǫǩǴ ǷǮǷǸǫǲǹ (10) ǭǦ ǰǴǳǫǽǳǴǫ 
ǨǶǫǲȅ:  

 
2

1
( ) 1 7 1 4

ii i

j j j j

j

v y i é j éyy e
e
= , , = , , , = , , , (11) 

ǩǪǫ  

 2( ) sign( ) sign( ( )) ( )i i i i i i i i

j j j j j j j jy y y
a
aa

a ay g g g j g j g-, =- | | - , | , | , 

 

 21
( ) sign( )

2

i i i i i

j j j j jy y a

aj g g g
a

-, = + | | ,
-

 

0je>  Ǯ (0 1)aÍ ,ð ǵǦǶǦǲǫǸǶȁ, ǨǱǮȅȄǿǮǫ ǳǦ ǨǶǫǲȅ ǷǻǴǪǮǲǴǷǸǮ ǶǫǾǫǳǮȅ ǰ ǳǹǱȄ.  

ǕǴǷǰǴǱȂǰǹ ǲǦǸǶǮǼȁ ( )iQ x  ǳǫǨȁǶǴǬǪǫǳȁ, Ǯǭ ǷǴǴǸǳǴǾǫǳǮȅ (9) ǨȁǸǫǰǦǫǸ, ǽǸǴ ǮǷ-

ǻǴǪǳǴǫ ǹǵǶǦǨǱǫǳǮǫ u  ǨȁǶǦǬǦǫǸǷȅ ǳǦ i-Ǵǲ ǾǦǩǫ ǽǫǶǫǭ ǳǴǨǴǫ ǹǵǶǦǨǱǫǳǮǫ iv  ǵǴ ǺǴǶ-

ǲǹǱǫ 
1( )( ( ))i

i iu Q x v P x-= - , 1 7i é= , ,. ǍǦǲǫǳȅȅ iv  ǷǸǦǧǮǱǮǭǮǶǹȄǿǮǲ ǹǵǶǦǨǱǫǳǮǫǲ (11), 

ǵǴǱǹǽǮǲ  
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1 1 12

1

2 2 22

21

3 3 32

3

4 4 42

4

1
( )

1
( )

( ) ( ) ( ) 1 7
1

( )

1
( )

ii

ii

i

i i
ii

ii

y y

y y

u x Q x P x i é

y y

y y

y e
e

y e
e

y e
e

y e
e

-

å õå õ
,æ öæ ö

æ öæ ö
æ öæ ö

,æ öæ ö
æ öæ ö= - , = , , .
æ öæ ö

,æ öæ ö
æ öæ ö
æ öæ ö

,æ öæ öæ ö
ç ÷ç ÷

 (12) 

ǕǴǪǷǸǦǨǱȅȅ ǹǵǶǦǨǱǫǳǮǫ (12) Ǩ ǷǮǷǸǫǲǹ (2), ǲȁ ǴǧǫǷǵǫǽǮǲ ǷǻǴǪǮǲǴǷǸȂ ǰ ǳǹǱȄ ǭǦ 

ǰǴǳǫǽǳǴǫ ǨǶǫǲȅ ǨȁǻǴǪǦ 
iy . ǕǦǶǦǲǫǸǶȁ a Ǯ je ǶǫǩǹǱǮǶǹȄǸ ǨǶǫǲȅ ǷǻǴǪǮǲǴǷǸǮ: ǨȁǧǮ-

ǶǦȅ a Ǯ je, ǲǴǬǳǴ ǪǴǧǮǸȂǷȅ, ǽǸǴǧȁ ǨǶǫǲȅ ǷǻǴǪǮǲǴǷǸǮ ǳǫ ǵǶǫǨȁǾǦǱǴ ǵǶǴǪǴǱǬǮǸǫǱȂ-

ǳǴǷǸȂ ǾǦǩǦ.  
ǚǦǭǦ ǹǪǦǶǦ 

ǚǦǭǦ ǹǪǦǶǦ ǳǦǷǸǹǵǦǫǸ, ǰǴǩǪǦ Ǩ ǰǴǳǼǫ ǾǦǩǦ ǵǫǶǫǳǴǷǮǲǦȅ ǳǴǩǦ ǹǪǦǶȅǫǸǷȅ Ǵ ǵǴǨǫǶǻ-
ǳǴǷǸȂ, ǵǴ ǰǴǸǴǶǴǯ ǵǫǶǫǲǫǿǦǫǸǷȅ ǶǴǧǴǸ. ǗǱǫǪǹȅ ǶǦǧǴǸǫ [15], ǧǹǪǫǲ ǵǶǫǪǵǴǱǦǩǦǸȂ, ǽǸǴ 
ǳǦ ǰǦǬǪǴǯ ǺǦǭǫ ǹǪǦǶǦ ǨȁǵǴǱǳȅȄǸǷȅ ǹǷǱǴǨǮȅ:  

- ǹǪǦǶ ǪǱǮǸǷȅ ǧǫǷǰǴǳǫǽǳǴ ǲǦǱǴǫ ǨǶǫǲȅ,  
- ǨǳǫǾǳǮǫ ǷǮǱȁ, ǪǫǯǷǸǨǹȄǿǮǫ ǳǦ ǵǫǶǫǳǴǷǮǲǹȄ ǳǴǩǹ Ǩ ǲǴǲǫǳǸ ǹǪǦǶǦ, ȅǨǱȅȄǸǷȅ 

ǮǲǵǹǱȂǷǳȁǲǮ, 
- ǨǴ ǨǶǫǲȅ ǹǪǦǶǦ ǵǴǱǴǬǫǳǮǫ ǶǴǧǴǸǦ ǳǫ ǲǫǳȅǫǸǷȅ, Ǩ ǸǴ ǨǶǫǲȅ ǰǦǰ ǷǰǴǶǴǷǸǮ ǲǫǳȅ-

ȄǸǷȅ ǷǰǦǽǰǴǴǧǶǦǭǳǴ,  
- ǲǴǲǫǳǸȁ Ǩ ǾǦǶǳǮǶǦǻ ǳǫ ȅǨǱȅȄǸǷȅ ǮǲǵǹǱȂǷǳȁǲǮ,  
- ǴǵǴǶǳǦȅ ǳǴǩǦ Ǩ ǶǫǭǹǱȂǸǦǸǫ ǹǪǦǶǦ ǳǫ ǴǸǷǰǦǰǮǨǦǫǸ Ǯ ǳǫ ǵǶǴǷǰǦǱȂǭȁǨǦǫǸ,  
- ǴǵǴǶǳǦȅ ǳǴǩǦ ǴǸǶȁǨǦǫǸǷȅ ǴǸ ǵǴǨǫǶǻǳǴǷǸǮ, ǵǴ ǰǴǸǴǶǴǯ ǵǫǶǫǲǫǿǦǫǸǷȅ ǶǴǧǴǸ, ǧǫǭ 

ǨǭǦǮǲǴǪǫǯǷǸǨǮȅ Ƿ ǳǫǯ.  
ǚǦǭǦ ǹǪǦǶǦ ǸǶǫǧǹǫǸ ǮǷǵǴǱȂǭǴǨǦǳǮȅ ǷǫǲǮ ǷǸǫǵǫǳǫǯ ǷǨǴǧǴǪȁ, ǵǴȃǸǴǲǹ ǰ ǹǩǱǴǨȁǲ 

ǰǴǴǶǪǮǳǦǸǦǲ iq , 11 31 32 41 42i= , , , ,, ǳǫǴǧǻǴǪǮǲǴ ǪǴǧǦǨǮǸȂ ǪǫǰǦǶǸǴǨȁ ǰǴǴǶǪǮǳǦǸȁ ǰǦ-

ǰǴǯ-ǱǮǧǴ ǸǴǽǰǮ ǶǴǧǴǸǦ. ǒȁ ǧǹǪǫǲ ǮǷǵǴǱȂǭǴǨǦǸȂ Ǩ ǰǦǽǫǷǸǨǫ ǪǴǵǴǱǳǮǸǫǱȂǳȁǻ ǪǨǹǻ ǴǧǴǧ-

ǿǫǳǳȁǻ ǰǴǴǶǪǮǳǦǸ ǳǦ ǺǦǭǫ ǹǪǦǶǦ ǪǫǰǦǶǸǴǨȁ ǰǴǴǶǪǮǳǦǸȁ 2 2( )X Z,  ǰǴǳǼǦ ǸǴǯ ǳǴǩǮ, ǰǴ-

ǸǴǶǦȅ ǧȁǱǦ ǴǵǴǶǳǴǯ ǳǦ ǸǴǱȂǰǴ ǽǸǴ ǭǦǨǫǶǾǮǨǾǫǲǷȅ ǾǦǩǫ (ǶǮǷ. 1). ǈǨǫǪǫǲ ǴǧǴǭǳǦǽǫǳǮǫ 
T

11 31 32 41 42 2 2( )eq q q q q q X Z= , , , , , ,.  ǈ ǶǦǧǴǸǫ [16] ǧȁǱǴ ǵǴǰǦǭǦǳǴ, ǽǸǴ ǵǶǮ ǨȁǵǴǱǳǫǳǮǮ ǵǶǮ-

ǨǫǪǫǳǳȁǻ ǹǷǱǴǨǮǯ ǷǰǴǶǴǷǸǮ e
q
+
 ǵǴǷǱǫ ǹǪǦǶǦ Ǯ ǷǰǴǶǴǷǸǮ e

q
-
 ǪǴ ǹǪǦǶǦ ǷǨȅǭǦǳȁ ǷǴǴǸǳǴ-

ǾǫǳǮǫǲ  

 

T

2 2 2 1

( ) ( ) ( )

( )

ee
D q E q D q qq

E q F

-+ å õå õ- - -
æ öæ ö
æ öæ ö

- æ öæ ö
æ ö æ ö

³ ³ç ÷ ç ÷

å õ-
=æ ö

Q Qç ÷
,  (13) 

ǩǪǫ 
T( )X ZF F F= ,  ð ǨǳǫǾǳȅȅ ǷǮǱǦ, ǪǫǯǷǸǨǹȄǿǦȅ ǳǦ ǵǫǶǫǳǴǷǮǲǹȄ ǳǴǩǹ Ǩ ǲǴǲǫǳǸ 

ǹǪǦǶǦ, ( )D q  ð ǵǴǱǴǬǮǸǫǱȂǳǴ ǴǵǶǫǪǫǱǫǳǳǦȅ ǲǦǸǶǮǼǦ ǶǦǭǲǫǶǦ 7 7³  Ƿ ȃǱǫǲǫǳǸǦǲǮ  

 1 5ij ijD i j éD = , , = , , , 

 

16 1711 11( ) cos ( ) sint t t tq m p q q m p qD D=- , =- , 

26 2731 31( ) ( )cos ( ) ( )sinb b g b b gq m p m L q q m p m L qD D=- + , =- + , 
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36 3732 32( ) (( 2 ) )cos ( ) (( 2 ) )sint b g b b t b g b bq m m m L m p q q m m m L m p qD D= + + - , = + + - , 

46 4741 41( ) cos ( ) sing g g gq m p q q m p qD D=- , =- , 

56 5742 42( ) (( 2 2 ) )cos ( ) (( 2 2 ) )sint b g g g t b g g gq m m m L m p q q m m m L m p qD D= + + - , = + + - , 

66 67 77( ) 2 2 0 ( ) 2 2t b g t b gq m m m q m m mD D D= + + , = , = + + , 

ǲǦǸǶǮǼǦ E  ǮǲǫǫǸ ǨǮǪ  

 31 32 41 42

31 32 41 42

0 cos cos cos cos 1 0
( )

0 sin sin sin sin 0 1

L q L q L q L q
E q

L q L q L q L q

- -å õ
= ,æ ö

- -ç ÷
 

Ǧ q
-
ð ǭǳǦǽǫǳǮȅ ǹǩǱǴǨȁǻ ǰǴǴǶǪǮǳǦǸ Ǩ ǲǴǲǫǳǸ ǵǫǶǫǪ ǹǪǦǶǴǲ.  

ǒǴǬǳǴ ǵǴǰǦǭǦǸȂ, ǽǸǴ ǲǦǸǶǮǼǦ  

 
T

2 2

( ) ( )

( )

D q E q

E q

å õ- -
æ ö
æ ö

-æ ö
æ ö

³ç ÷

-

Q
 

ǳǫǨȁǶǴǬǪǫǳǦ, Ǯ, ǰǦǰ ǷǱǫǪǷǸǨǮǫ, ǷǮǷǸǫǲǦ (13) ǮǲǫǫǸ ǫǪǮǳǷǸǨǫǳǳǴǫ ǶǫǾǫǳǮǫ  

 

1
T

2 2 2 1

( ) ( ) ( )

( )

ee
D q E q D q qq

E qF

- -+ å õå õ- - -
æ öæ ö
æ öæ ö

- æ öæ ö
æ öæ ö

³ ³ç ÷ç ÷

å õ -
= .æ ö

Q Qç ÷
 (14) 

ǕǫǶǨȁǫ ǵȅǸȂ ȃǱǫǲǫǳǸǴǨ ǷǸǴǱǧǼǦ (14) ǴǧǶǦǭǹȄǸ ǨǫǰǸǴǶ ǷǰǴǶǴǷǸǫǯ q
+
 Ǩ ǲǴǲǫǳǸ ǵǴ-

ǷǱǫ ǹǪǦǶǦ.  
ǘǫǵǫǶȂ ǵǶǮǲǫǲ ǨǴ ǨǳǮǲǦǳǮǫ ǸǴǸ ǺǦǰǸ, ǽǸǴ Ǩ ǲǴǲǫǳǸ ǹǪǦǶǦ ǵǶǴǮǷǻǴǪǮǸ ǵǫǶǫǲǫǳǦ 

ǶǴǱǮ ǳǴǩ: ǴǵǴǶǳǦȅ ǳǴǩǦ ǷǸǦǳǴǨǮǸǷȅ ǵǫǶǫǳǴǷǮǲǴǯ, Ǧ ǵǫǶǫǳǴǷǮǲǦȅ ð ǴǵǴǶǳǴǯ. ǣǸǴ ǴǭǳǦ-

ǽǦǫǸ, ǽǸǴ ǷǴǷǸǴȅǳǮǫ ǶǴǧǴǸǦ x+ Ǩ ǲǴǲǫǳǸ ǵǴǷǱǫ ǹǪǦǶǦ Ǯ ǷǴǷǸǴȅǳǮǫ ǶǴǧǴǸǦ x- Ǩ ǲǴǲǫǳǸ 
ǪǴ ǹǪǦǶǦ ǷǨȅǭǦǳȁ ǷǴǴǸǳǴǾǫǳǮǫǲ  

 ( )
T

11 32 31 42 41 11 32 31 42 41
( )x x q q q q q q q q q q

+ + + + ++ - - - - - -=D = , , , , , , , , , . (15) 

ǗǹǲǲǦǶǳǦȅ ǲǴǪǫǱȂ ǵǫǶǫǲǫǿǫǳǮȅ ǶǴǧǴǸǦ ǴǵǮǷȁǨǦǫǸǷȅ ǩǮǧǶǮǪǳǴǯ ǷǮǷǸǫǲǴǯ 

 

4

1

( ) ( )

( )

k k

k

x f x g x u x S

x x x S

-

=

+ - -

ë
= + , Î ,î

ì
î =D , Í ,í

ä
 (16) 

ǩǪǫ ( ){ }1 1fin 1( ) ( ) 0iS q q Z q Z X q= , : = , >, 1 7i { é }Í , , ð ǳǴǲǫǶ ǾǦǩǦ,   

 

1

1fin 2 1

3 2

3

0 1 5 7

2

3

4

6

i

i

h i

Z h h i

h h i

h i

, = , , ;ë
î

, = ;
îî
= - , = ;ì
î - , = ;
î
- , = .îí

 

ǆǱǩǴǶǮǸǲ ǵǴǷǸǶǴǫǳǮȅ ǵǫǶǮǴǪǮǽǫǷǰǴǩǴ ǪǨǮǬǫǳǮȅ 

ǓǦ ǰǦǬǪǴǲ i -Ǵǲ ǾǦǩǫ ǴǧǶǦǸǳǦȅ ǷǨȅǭȂ (12) ǷǸǦǧǮǱǮǭǮǶǹǫǸ ǽǫǸȁǶǫǻǲǫǶǳȁǯ ǨȁǻǴǪ 
iy  ǷǮǷǸǫǲȁ (2). ǈǲǫǷǸǫ Ƿ Ǹǫǲ, ǨȁǧǴǶ ǹǵǶǦǨǱǫǳǮȅ Ǩ ǨǮǪǫ (12) ǳǫ ǴǵǶǫǪǫǱȅǫǸ ǴǪǳǴ-

ǭǳǦǽǳǴ ǶǫǾǫǳǮǫ ǷǮǷǸǫǲȁ (16). ǖǦǷǷǲǴǸǶǮǲ ǭǦǪǦǽǹ ǨȁǧǴǶǦ ǳǦǽǦǱȂǳȁǻ ǹǷǱǴǨǮǯ ǰ ǷǮ-
ǷǸǫǲǫ (16), ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǻ ǵǫǶǮǴǪǮǽǫǷǰǴǲǹ ǶǫǾǫǳǮȄ ǷǮǷǸǫǲȁ. ǕǴǪ ǳǦǽǦǱȂǳȁǲ ǲǴ-
ǲǫǳǸǴǲ ǨǶǫǲǫǳǮ ǲȁ ǧǹǪǫǲ ǵǴǳǮǲǦǸȂ ǲǴǲǫǳǸ ǵǫǶǫǪ ǵǴǷǱǫǪǳǮǲ ǹǪǦǶǴǲ Ǩ ǷǲǴǪǫǱǮǶǴ-

ǨǦǳǳǴǯ ǷǫǶǮǮ Ǯǭ ǷǫǲǮ ǾǦǩǴǨ. ǊǦǱǫǫ ǧǹǪǫǲ ǵǴǱǦǩǦǸȂ, ǽǸǴ ǳǦ i -Ǵǲ ǾǦǩǫ ǷǮǷǸǫǲǦ (16) 
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ǭǦǲǰǳǹǸǦ ǹǵǶǦǨǱǫǳǮǫǲ ( )iu x , ǭǦǪǦǳǳȁǲ ǷǴǴǸǳǴǾǫǳǮǫǲ (12), Ǯ ǵǦǶǦǲǫǸǶȁ je, a Ǩȁ-

ǧǶǦǳȁ ǸǦǰ, ǽǸǴ ǨȁǻǴǪ iy  ǷǻǴǪǮǸǷȅ ǰ ǳǹǱȄ ǭǦ ǨǶǫǲȅ, ǳǫ ǵǶǫǨȁǾǦȄǿǫǫ ǵǶǴǪǴǱǬǮǸǫǱȂ-

ǳǴǷǸȂ i -ǩǴ ǾǦǩǦ.  
ǕǴǰǦǬǫǲ, ǽǸǴ ǵǶǮ ȃǸǮǻ ǹǷǱǴǨǮȅǻ ǵǴǱǴǬǫǳǮǫ ǶǴǧǴǸǦ Ǩ ǳǦǽǦǱȂǳȁǯ ǲǴǲǫǳǸ ǨǶǫǲǫǳǮ 

ǫǪǮǳǷǸǨǫǳǳǴ. ǐǦǰ ǷǱǫǪǹǫǸ Ǯǭ ǨȁǧǴǶǦ ǹǵǶǦǨǱǫǳǮȅ 7( )u x , ǨǷǫ ǰǴǲǵǴǳǫǳǸȁ ǨȁǻǴǪǦ 7y  ǰ 

ǰǴǳǼǹ ǷǫǪȂǲǴǩǴ ǾǦǩǦ ǷǸǦǳǴǨȅǸǷȅ ǶǦǨǳȁǲǮ ǳǹǱȄ. ǐǶǴǲǫ ǸǴǩǴ, Ǩ ǰǴǳǼǫ ǷǫǪȂǲǴǩǴ ǾǦǩǦ 

ǨȁǵǴǱǳǫǳǴ ǹǷǱǴǨǮǫ 1( ) 0Z q = . ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǵǴǱǹǽǦǫǲ ǷǮǷǸǫǲǹ Ǯǭ ǵȅǸǮ ǹǶǦǨǳǫǳǮǯ Ƿ 

ǵȅǸȂȄ ǳǫǮǭǨǫǷǸǳȁǲǮ  

 

7

11 11

1 2

7

2

7

1 1 2

1

0

0

( ) ( ) 0

( ) ( ) 0

( ) 0

d

d

H H

d

q q

d d

Z q Z d

Z q Z d

Z q

ë - = ,
î

+ = ,î
î

- = ,ì
î - = ,
î
î = .í

 (17) 

ǎǭ ǽǫǸǨǫǶǸǴǩǴ Ǯ ǵȅǸǴǩǴ ǹǶǦǨǳǫǳǮǯ ǷǱǫǪǹǫǸ, ǽǸǴ ǮǲǫǫǸ ǲǫǷǸǴ ǶǦǨǫǳǷǸǨǴ 7

1 2( ) 0dZ d =

. ǗǱǫǪǴǨǦǸǫǱȂǳǴ, 2 2std l= /, ǳǴ ǸǴǩǪǦ Ǯǭ ǨǸǴǶǴǩǴ ǹǶǦǨǳǫǳǮȅ ǵǴǱǹǽǦǫǲ ǷǴǴǸǳǴǾǫǳǮǫ 

1 2std l=- /. ǕǴǷǰǴǱȂǰǹ 7 7

fin( 2)d

H st HZ l Z/ =  Ǯ HZ , 1Z  ǭǦǪǦȄǸǷȅ ǨȁǶǦǬǫǳǮȅǲǮ (3) Ǯ (4), ǲȁ 

ǲǴǬǫǲ ǵǫǶǫǵǮǷǦǸȂ ǷǮǷǸǫǲǹ (17) Ǩ ǨǮǪǫ  

 

7

11 11

2

1

7

42 32 fin

7

41 31 fin

0

2

2

(cos cos )

(cos cos )

d

st

st

H

H

q q

d l

d l

L q q Z

L q q Z

ë - = ,
î

= / ,î
î

=- / ,ì
î- + = ,
î
î + =- .í

 

ǕǶǮǳǮǲǦȅ ǨǴ ǨǳǮǲǦǳǮǫ, ǽǸǴ ǵǫǶǫǲǫǳǳȁǫ 1d  and 2d  ǭǦǪǦȄǸǷȅ ǷǴǴǸǳǴǾǫǳǮȅǲǮ (5), 

ǲȁ ǴǰǴǳǽǦǸǫǱȂǳǴ ǵǴǱǹǽǦǫǲ ǷǮǷǸǫǲǹ ǹǶǦǨǳǫǳǮǯ 

 

7

11 11

42 32

41 31

7

fin
42 32

7

fin
41 31

0

sin sin
2

sin sin
2

cos cos

cos cos

d

st

st

H

H

q q

l
q q

L

l
q q

L

Z
q q

L

Z
q q

L

ë - = ,
î
î + = ,
î
î
î + =- ,
ì
î
î + =- ,
î
î
î + =- .
í

 

ǖǫǾǫǳǮǫ ȃǸǴǯ ǷǮǷǸǫǲȁ, ǷǴǴǸǨǫǸǷǸǨǹȄǿǫǫ ǺǮǭǮǽǫǷǰǮ ǶǫǦǱǮǭǹǫǲȁǲ ǰǴǳǺǮǩǹǶǦ-
ǼǮȅǲ ǶǴǧǴǸǦ Ǩ ǲǴǲǫǳǸ ǵǫǶǫǪ ǷǫǪȂǲȁǲ ǹǪǦǶǴǲ, ǵǶǮǨǫǪǫǳǴ Ǩ ǶǦǧǴǸǫ [17] Ǯ ǮǲǫǫǸ ǨǮǪ 
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7

11 11

2 2

31

2 2

32

2 2

41

2 2

42

1 2
arctan arccos

2 2

1 2
arctan arccos

2 2

1 2
arctan arccos

2 2

1 2
arctan arccos

2 2

dq q

a a b
q

b

a a b
q

b

a a b
q

b

a a b
q

b

p

p

p

p

-

-

-

-

-

ë = ,
î

+ -î =- + + ,
î
î

+ -îî = + + ,
ì
î

+ -î =- + - ,
î
î

+ -î = + -
îí

 (18) 

ǩǪǫ  

 
7

fin

2

st H
l Z

a b
L L

= , =- . 

ǕǴǰǦǬǫǲ, ǽǸǴ ǷǰǴǶǴǷǸǮ q
-
 Ǩ ǲǴǲǫǳǸ ǵǫǶǫǪ ǷǫǪȂǲȁǲ ǹǪǦǶǴǲ ȅǨǱȅȄǸǷȅ ǺǹǳǰǼǮȅǲǮ 

ǫǪǮǳǷǸǨǫǳǳǴǩǴ ǵǦǶǦǲǫǸǶǦ, Ǩ ǰǦǽǫǷǸǨǫ ǰǴǸǴǶǴǩǴ ǲǴǬǳǴ ǨȁǧǶǦǸȂ HX
-ð ǵǶǴǫǰǼǮȄ ǷǰǴǶǴ-

ǷǸǮ ǸǦǭǴǧǫǪǶǫǳǳǴǩǴ ǷǹǷǸǦǨǦ ǳǦ ǴǷȂ OX2 Ǩ ǲǴǲǫǳǸ ǵǫǶǫǪ ǷǫǪȂǲȁǲ ǹǪǦǶǴǲ. ǐǦǰ ǧȁǱǴ 

ǴǸǲǫǽǫǳǴ ǨȁǾǫ, ǵǶǴǮǭǨǴǪǳȁǫ ǺǹǳǰǼǮǯ 7

jy , 1 4j é= , ,, Ǩ ǷǮǱǹ ǷǮǷǸǫǲȁ (2), ǭǦǲǰǳǹǸǴǯ 

ǹǵǶǦǨǱǫǳǮǫǲ 7( )u x , ǰ ǰǴǳǼǹ ǷǫǪȂǲǴǩǴ ǾǦǩǦ ǷǸǦǳǴǨȅǸǷȅ ǶǦǨǳȁǲǮ ǳǹǱȄ. ǗǱǫǪǴǨǦǸǫǱȂǳǴ, 

Ǩ ǲǴǲǫǳǸ ǵǫǶǫǪ ǷǫǪȂǲȁǲ ǹǪǦǶǴǲ ǨȁǵǴǱǳȅȄǸǷȅ ǶǦǨǫǳǷǸǨǦ 
7

0
jy = , 1 4j é= , ,. ǊǴǵǴǱǳǮǲ 

ȃǸǮ ǶǦǨǫǳǷǸǨǦ ǷǴǴǸǳǴǾǫǳǮǫǲ 32 4232 42
( cos cos )H L q qq qX

- - -= + , ǩǪǫ ǨǫǱǮǽǮǳǦ HX
-  ǵǶǫǪǵǴ-

ǱǦǩǦǫǸǷȅ ǭǦǪǦǳǳǴǯ, Ǧ 
32

q , 
42

q  ǶǦǷǷǲǦǸǶǮǨǦȄǸǷȅ ǰǦǰ ǳǫǮǭǨǫǷǸǳȁǫ. ǈ ǶǫǭǹǱȂǸǦǸǫ ǵǴǱǹ-

ǽǮǲ ǷǮǷǸǫǲǹ ǱǮǳǫǯǳȁǻ ǦǱǩǫǧǶǦǮǽǫǷǰǮǻ ǹǶǦǨǳǫǳǮǯ ǴǸǳǴǷǮǸǫǱȂǳǴ ǨǫǰǸǴǶǦ ǹǩǱǴǨȁǻ ǷǰǴ-
ǶǴǷǸǫǯ Ǩ ǲǴǲǫǳǸ ǵǫǶǫǪ ǷǫǪȂǲȁǲ ǹǪǦǶǴǲ:  

 

7

32 4232 42

0 1 4

( cos cos )

j

H

j éy

L q qq q X
-- -

ë = , = , ,î
ì

+ = .îí

 

ǔǸǲǫǸǮǲ, ǽǸǴ Ǩ ȃǸǴǯ ǷǮǷǸǫǲǫ ǨǷǫ ǭǳǦǽǫǳǮȅ ǹǩǱǴǨȁǻ ǰǴǴǶǪǮǳǦǸ ǭǦǪǦȄǸǷȅ ǷǴǴǸǳǴ-
ǾǫǳǮȅǲǮ (18). ǊǱȅ ǹǪǴǧǷǸǨǦ ǪǦǱȂǳǫǯǾǮǻ ǨȁǰǱǦǪǴǰ ǵǫǶǫǵǮǾǫǲ ǵǴǱǹǽǫǳǳǹȄ ǷǮǷǸǫǲǹ Ǩ 
ǲǦǸǶǮǽǳǴǯ ǺǴǶǲǫ:  

 T( ) (0 0 0 0 )HM q q X
-- = ,  (19) 

ǩǪǫ ǲǦǸǶǮǼǦ ( )M q-  ǮǲǫǫǸ ǨǮǪ 

 
31 32 41 42

32 1 32 42 1 42

31 32 2 32 41 42 2 42

32 42

1
0 0 0 0

0 cos cos cos cos
( )

0 0 sin cos 0 sin cos

0 sin sin cos sin sin cos

0 0 cos 0 cos

L

q q q q
M q L

q w q q w q

q q w q q q w q

q q

å õ
æ ö
æ ö
æ ö
æ ö

-æ ö- - -
æ ö

- æ ö
- - - -æ ö

æ ö
æ ö- - - - -æ ö
æ ö
æ ö- -
æ ö
ç ÷

= ,
- -

- - - -

 

 

 
7 7 7 77 7

in int fin 3 1int 3in fin
1 2

3 4 4 3
4 4

3 3

H H HH H

st st st st

Z Z Z h Z hZ Z
w w

l l l l

- + --
=- + , =- - . 

ǒǴǬǳǴ ǵǴǰǦǭǦǸȂ, ǽǸǴ ǲǦǸǶǮǼǦ ( )M q-  ǳǫǨȁǶǴǬǪǫǳǦ. ǐǦǰ ǷǱǫǪǷǸǨǮǫ, ǷǮǷǸǫǲǦ (19) 

ǮǲǫǫǸ ǫǪǮǳǷǸǨǫǳǳǴǫ ǶǫǾǫǳǮǫ  

 1 T( )(0 0 0 0 )HM qq X
- -- -= . (20) 
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ǔǧȀǫǪǮǳȅȅ ǷǴǴǸǳǴǾǫǳǮȅ (18) Ǯ (20), ǵǴǱǹǽǮǲ ǨȁǶǦǬǫǳǮǫ ǪǱȅ ǷǴǷǸǴȅǳǮȅ ǶǴǧǴǸǦ Ǩ 
ǲǴǲǫǳǸ ǵǫǶǫǪ ǷǫǪȂǲȁǲ ǹǪǦǶǴǲ:  

 
q

x
q

-

-

-

å õ
= .æ öæ ö
ç ÷

 (21) 

ǊǱȅ ǰǦǬǪǴǩǴ ǭǳǦǽǫǳǮȅ HX
-  ȃǸǴ ǷǴǷǸǴȅǳǮǫ ȅǨǱȅǫǸǷȅ ǫǪǮǳǷǸǨǫǳǳȁǲ. ǍǦǪǦǽǦ ǵǴ-

ǷǸǶǴǫǳǮȅ ǵǫǶǮǴǪǮǽǫǷǰǴǩǴ ǪǨǮǬǫǳǮȅ ǷǨǴǪǮǸǷȅ, ǸǦǰǮǲ ǴǧǶǦǭǴǲ, ǰ ǭǦǪǦǽǫ ǵǴǮǷǰǦ ǸǦǰǴǩǴ 

ǭǳǦǽǫǳǮȅ HX
-, ǰǴǸǴǶǴǫ ǷǴǨǵǦǪǫǸ ǷǴ ǭǳǦǽǫǳǮǫǲ HX , ǨȁǽǮǷǱǫǳǳȁǲ ǰ ǰǴǳǼǹ ǷǱǫǪǹȄǿǫǯ 

ǷǫǶǮǮ Ǯǭ ǷǫǲǮ ǾǦǩǴǨ Ƿ ǵǴǲǴǿȂȄ ǩǮǧǶǮǪǳǴǯ ǲǴǪǫǱǮ (16), ǭǦǲǰǳǹǸǴǯ ǹǵǶǦǨǱǫǳǮǫǲ (12). 
ǝǸǴǧȁ ǶǫǾǮǸȂ ȃǸǹ ǭǦǪǦǽǹ, ǲǴǪǮǺǮǼǮǶǹǫǲ ǦǱǩǴǶǮǸǲ, ǵǶǫǪǱǴǬǫǳǳȁǯ Ǩ ǶǦǧǴǸǫ [18], ǪǱȅ 
ǷǱǹǽǦȅ, ǰǴǩǪǦ ǶǴǧǴǸ ǪǨǮǬǫǸǷȅ ǵǴ ǵǴǨǫǶǻǳǴǷǸǮ Ƿ ǵǶǫǵȅǸǷǸǨǮȅǲǮ ǶǦǭǳȁǻ ǪǱǮǳ Ǯ ǨȁǷǴǸ. 
ǓǦǾ ǦǱǩǴǶǮǸǲ ǮǲǫǫǸ ǷǱǫǪǹȄǿǮǯ ǨǮǪ.  

1) ǈȁǧǶǦǸȂ ǳǫǰǴǸǴǶǴǫ ǭǳǦǽǫǳǮǫ HX
- .  

2) ǎǷǵǴǱȂǭǹȅ ǷǴǴǸǳǴǾǫǳǮȅ (18), (20) Ǯ (21), ǳǦǯǸǮ x-.  

3) ǕǴǱǴǬǮǸȂ 0 0t = , 1i = , 1x x- -= .  

4) ǎǷǵǴǱȂǭǹȅ ǲǴǪǫǱȂ ǹǪǦǶǦ (15), ǨȁǽǮǷǱǮǸȂ ( )i ix x+ -=D .  

5) ǓǦǯǸǮ ǶǫǾǫǳǮǫ ( )x t  ǭǦǪǦǽǮ ǐǴǾǮ  

 
4

1

1

( ) ( ) ( ) ( )i i

j j i

j

x f x g x u x x t x+-

=

= + , =ä ,  

ǩǪǫ ( )iu x  ǭǦǪǦǫǸǷȅ ǨȁǶǦǬǫǳǮǫǲ (12).  

6) ǓǦǯǸǮ ǲǴǲǫǳǸ ǨǶǫǲǫǳǮ it , ǸǦǰǴǯ ǽǸǴ ( )ix t SÍ . ǋǷǱǮ ǸǦǰǴǯ ǲǴǲǫǳǸ ǨǶǫǲǫǳǮ ǳǫ 

ǷǹǿǫǷǸǨǹǫǸ, ǨȁǧǶǦǸȂ ǪǶǹǩǴǫ ǭǳǦǽǫǳǮǫ HX
-  Ǯ ǨǫǶǳǹǸȂǷȅ ǰ ǵǹǳǰǸǹ 2). ǈ ǵǶǴǸǮǨǳǴǲ ǷǱǹ-

ǽǦǫ ǵǴǱǴǬǮǸȂ 1 ( )i

ix x t+ ,-= .  

7) ǋǷǱǮ 1 6i { é }Í , ,, ǹǨǫǱǮǽǮǸȂ i  ǳǦ ǫǪǮǳǮǼǹ Ǯ ǨǫǶǳǹǸȂǷȅ ǰ ǵǹǳǰǸǹ 4). ǈ ǵǶǴǸǮǨǳǴǲ 

ǷǱǹǽǦǫ ǨȁǽǮǷǱǮǸȂ  

 8 8 8 8

7 8 3 10 5( ) ( cos cos )H t L x x x xX
- - - -= + . 

8) ǗǶǦǨǳǮǸȂ ǭǳǦǽǫǳǮȅ HX
-  Ǯ 7( )H tX . ǋǷǱǮ ǴǳǮ ǷǴǨǵǦǪǦȄǸ (Ƿ ǳǫǰǴǸǴǶǴǯ ǨȁǷǴǰǴǯ 

ǸǴǽǳǴǷǸȂȄ), ǸǴ ǭǳǦǽǫǳǮǫ HX
-, ǷǴǴǸǨǫǸǷǸǨǹȄǿǫǫ ǵǫǶǮǴǪǮǽǫǷǰǴǲǹ ǪǨǮǬǫǳǮȄ, ǳǦǯǪǫǳǴ. 

ǈ ǵǶǴǸǮǨǳǴǲ ǷǱǹǽǦǫ ǨȁǧǶǦǸȂ ǪǶǹǩǴǫ ǭǳǦǽǫǳǮǫ HX
-  Ǯ ǵǫǶǫǯǸǮ ǰ ǵǹǳǰǸǹ 2).   

ǝǮǷǱǫǳǳǴǫ ǲǴǪǫǱǮǶǴǨǦǳǮǫ 
ǕǶǮ ǽǮǷǱǫǳǳǴǲ ǲǴǪǫǱǮǶǴǨǦǳǮǮ ǧǹǪǫǲ ǵǴǱǦǩǦǸȂ, ǽǸǴ ǪǱǮǳȁ ǨǷǫǻ ǭǨǫǳȂǫǨ ǶǦǨǳȁ 

1L=ǲ. ǔǷǸǦǱȂǳȁǫ ǲǫǻǦǳǮǽǫǷǰǮǫ ǻǦǶǦǰǸǫǶǮǷǸǮǰǮ ǵǶǫǪǷǸǦǨǱǫǳȁ ǶǴǧǴǸǦ ǵǶǫǪǷǸǦǨǱǫǳȁ 
Ǩ ǸǦǧǱǮǼǫ 1. 

ǘǦǧǱǮǼǦ 1. ǒǫǻǦǳǮǽǫǷǰǮǫ ǻǦǶǦǰǸǫǶǮǷǸǮǰǮ ǭǨǫǳȂǫǨ  
ǕǦǶǦǲǫǸǶ ǘǹǱǴǨǮǿǫ ǇǫǪǶǴ ǉǴǱǫǳȂ 

ǒǦǷǷǦ (ǰǩ) 16tm =  3bm =  2gm =  

ǒǴǲǫǳǸ ǮǳǫǶǼǮǮ (ǰǩňǲ
2

) 6 5tJ = . 2 5bJ = . 0 8gJ = . 

ǕǴǱǴǬǫǳǮǫ ǼǫǳǸǶǦ ǲǦǷǷ (ǲ) 0 5tp = . 0 5bp = . 0 5gp = . 

 

ǕǦǶǦǲǫǸǶȁ ǵǶǫǵȅǸǷǸǨǮǯ ǧȁǱǮ ǨȁǧǶǦǳȁ ǷǱǫǪǹȄǿǮǲǮ: 1 1l =  ǲ, 1 0 4h = . ǲ, 2 0 6h = . 

ǲ, 3 0 2h = . ǲ. ǊǱȅ ǨǷǫǻ i  ǵǶǮǲǫǲ ǬǫǱǦǫǲȁǯ ǹǩǴǱ ǳǦǰǱǴǳǦ ǸǹǱǴǨǮǿǦ ǶǦǨǳȁǲ 11 10diq p=- /

ǶǦǪ. ǔǷǸǦǱȂǳȁǫ ǵǦǶǦǲǫǸǶȁ ǬǫǱǦǫǲȁǻ ǸǶǦǫǰǸǴǶǮǯ ǵǶǫǪǷǸǦǨǱǫǳȁ Ǩ ǸǦǧǱǮǼǫ 2. ǔǸǲǫ-

ǸǮǲ, ǽǸǴ, ǴǽǫǨǮǪǳǴ, ǪǴǱǬǳǴ ǨȁǵǴǱǳȅǸȂǷȅ ǶǦǨǫǳǷǸǨǴ 1 7

in finH HZ Z= .  
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ǘǦǧǱǮǼǦ 2. ǕǦǶǦǲǫǸǶȁ ǬǫǱǦǫǲȁǻ ǸǶǦǫǰǸǴǶǮǯ 

ǓǴǲǫǶ ǾǦǩǦ, i   
in

i

HZ , ǲ  
int

i

HZ , ǲ  
fin

i

HZ , ǲ  
1int

iZ , ǲ   

1  1.7  1.8  1.75  0.25   

2  1.75  1.85  1.8  0.45   

3  1.8  2.05  2.0  0.85   

4  2.0  2.05  1.9  0.85   

5  1.9  1.95  1.75  0.85   

6  1.75  1.8  1.75  0.35   

7  1.75  1.8  1.7  0.35   

ǕǦǶǦǲǫǸǶȁ a  Ǯ je  Ǩ ǴǧǶǦǸǳǴǯ ǷǨȅǭǮ (12) ǧȁǱǮ ǨȁǧǶǦǳȁ ǶǦǨǳȁǲǮ 8 9a= /, 

1 9je= /, 1 4j é= , ,. Ǘ ǮǷǵǴǱȂǭǴǨǦǳǮǫǲ ǵǶǫǪǱǴǬǫǳǳǴǩǴ ǦǱǩǴǶǮǸǲǦ ǧȁǱǴ ǹǷǸǦǳǴǨǱǫǳǴ 

ǭǳǦǽǫǳǮǫ HX
-, ǷǴǴǸǨǫǸǷǸǨǹȄǿǫǫ ǵǫǶǮǴǪǮǽǫǷǰǴǲǹ ǪǨǮǬǫǳǮȄ: 1 1419HX

-= .  ǲ/c. ǉǶǦ-

ǺǮǰǮ ǭǦǨǮǷǮǲǴǷǸǫǯ ǹǩǱǴǨ, ǹǩǱǴǨȁǻ ǷǰǴǶǴǷǸǫǯ Ǯ ǹǵǶǦǨǱȅȄǿǮǻ ǲǴǲǫǳǸǴǨ ǴǸ ǨǶǫǲǫǳǮ ǳǦ 
ǵǶǴǸȅǬǫǳǮǮ 28 ǾǦǩǴǨ ǵǶǫǪǷǸǦǨǱǫǳȁ ǳǦ ǶǮǷ. 11ð13. 

 

 
ǖǮǷǹǳǴǰ 11. ǉǶǦǺǮǰǮ ǺǹǳǰǼǮǯ q11(t ), q31(t ), q32(t ), q41(t ) 
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ǖǮǷǹǳǴǰ 12. ǉǶǦǺǮǰǮ ǺǹǳǰǼǮǯ q42(t ), qkᴥ(t ), k=11,31,32,41,42 

 

 
ǖǮǷǹǳǴǰ 13. ǉǶǦǺǮǰǮ ǺǹǳǰǼǮǯ uk(t ), k=1,é,4 
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ǍǦǰǱȄǽǫǳǮǫ 
 

ǈ ǶǦǧǴǸǫ ǶǦǷǷǲǴǸǶǫǳȁ ǲǫǸǴǪǮǽǫǷǰǮǫ ǦǷǵǫǰǸȁ ǨȁǵǴǱǳǫǳǮȅ ǨȁǵǹǷǰǳȁǻ ǰǨǦǱǮǺǮ-
ǰǦǼǮǴǳǳȁǻ ǶǦǧǴǸ ǷǸǹǪǫǳǸǦǲǮ, ǴǧǹǽǦȄǿǮǲǮǷȅ ǵǴ ǳǦǵǶǦǨǱǫǳǮȄ ǵǴǪǩǴǸǴǨǰǮ çǕǶǮǰǱǦǪ-
ǳǦȅ ǲǦǸǫǲǦǸǮǰǦè Ǯ ǷǵǫǼǮǦǱǮǭǮǶǹȄǿǮǲǮǷȅ Ǩ ǴǧǱǦǷǸǮ ǹǵǶǦǨǱǫǳǮȅ ǾǦǩǦȄǿǮǲǮ ǶǴǧǴ-
ǸǦǲǮ. ǕǴǪǶǴǧǳǴ ǶǦǷǷǲǴǸǶǫǳǦ ǭǦǪǦǽǦ ǹǵǶǦǨǱǫǳǮȅ ǵǫǶǫǲǫǿǫǳǮǫǲ ǵȅǸǮǭǨǫǳǳǴǩǴ ǪǨǹǳǴ-
ǩǴǩǴ ǶǴǧǴǸǦ ǵǴ ǷǱǴǬǳǴǯ ǵǴǨǫǶǻǳǴǷǸǮ, ǴǧǶǦǭǴǨǦǳǳǴǯ ǵǫǶǮǴǪǮǽǫǷǰǮǲ ǵǴǨǸǴǶǫǳǮǫǲ ǩǴ-
ǶǮǭǴǳǸǦǱȂǳȁǻ ǹǽǦǷǸǰǴǨ, Ǧ ǸǦǰǬǫ ǵǶǫǵȅǸǷǸǨǮǯ, ǮǲǫȄǿǮǻ ǶǦǭǱǮǽǳȁǫ ǪǱǮǳȁ Ǯ ǨȁǷǴǸȁ. 
ǕǴǰǦǭǦǳǴ, ǰǦǰ ǵǴǷǸǶǴǮǸȂ ǪǨǮǬǫǳǮǫ ǶǴǧǴǸǦ Ƿ ǻǦǶǦǰǸǫǶǮǷǸǮǰǦǲǮ, ǵǶǮǷǹǿǮǲǮ ǻǴǪȂǧǫ ǽǫ-
ǱǴǨǫǰǦ. ǖǫǭǹǱȂǸǦǸȁ ǶǦǧǴǸȁ ǧǹǪǹǸ ǵǴǱǫǭǳȁ ǨǷǫǲ, ǰǸǴ ǶǹǰǴǨǴǪǮǸ ǪǮǵǱǴǲǳȁǲ Ǯ ǰǹǶǷǴ-
Ǩȁǲ ǵǶǴǫǰǸǮǶǴǨǦǳǮǫǲ ǷǸǹǪǫǳǸǴǨ, ǴǧǹǽǦȄǿǮǻǷȅ ǳǦ ǸǫǻǳǮǽǫǷǰǮǻ ǷǵǫǼǮǦǱȂǳǴǷǸȅǻ ǨǹǭǴǨ. 
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ǒǋǘǔǊǎǝǋǗǐǎǋ ǆǗǕǋǐǘǡ ǎǍǑǔǌǋǓǎǥ ǘǋǒǡ çǐǔǒǕǑǋǐǗǓǡǋ ǝǎǗǑǆè  

 

 

ǆǳǳǴǸǦǼǮȅ 

ǘǫǲǹ çǐǴǲǵǱǫǰǷǳȁǫ ǽǮǷǱǦè ǳǦǽǮǳǦȄǸ ǮǭǹǽǦǸȂ ǫǿǫ Ǩ ǾǰǴǱǫ, ǴǳǦ ǨǻǴǪǮǸ ǨǴ ǨǷǫ ǰǹǶǷȁ 
ǲǦǸǫǲǦǸǮǽǫǷǰǴǩǴ ǦǳǦǱǮǭǦ ǪǱȅ ǷǸǹǪǫǳǸǴǨ ǳǫǩǹǲǦǳǮǸǦǶǳȁǻ ǷǵǫǼǮǦǱȂǳǴǷǸǫǯ. ǙǷǵǫǾǳǴǫ 
ǴǷǨǴǫǳǮǫ ȃǸǴǯ Ǹǫǲȁ ǳǫǴǧǻǴǪǮǲǴ ǪǱȅ ǮǭǹǽǫǳǮȅ ǶȅǪǦ ǪǶǹǩǮǻ ǲǦǸǫǲǦǸǮǽǫǷǰǮǻ ǪǮǷǼǮ-
ǵǱǮǳ. ǜǫǱȂ ǶǦǧǴǸȁ - ǵǴǰǦǭǦǸȂ ǲǫǸǴǪǮǽǫǷǰǮǫ ǦǷǵǫǰǸȁ ǮǭǱǴǬǫǳǮȅ ǪǦǳǳǴǯ Ǹǫǲȁ. ǖǫǭǹǱȂ-
ǸǦǸ ǮǷǷǱǫǪǴǨǦǳǮȅ ǲǴǬǫǸ ǷǱǹǬǮǸȂ ǴǷǳǴǨǴǯ ǪǱȅ ǵǴǪǩǴǸǴǨǰǮ ǭǦǳȅǸǮǯ Ǯ ǵǶǫǪǷǸǦǨǱȅǸȂ Ǯǳ-
ǸǫǶǫǷ ǪǱȅ ǷǸǹǪǫǳǸǴǨ Ǯ ǵǶǫǵǴǪǦǨǦǸǫǱǫǯ.  

 

ǐǱȄǽǫǨȁǫ ǷǱǴǨǦ 

ǰǴǲǵǱǫǰǷǳȁǫ ǽǮǷǱǦ, ǲǴǪǹǱȂ ǰǴǲǵǱǫǰǷǳǴǩǴ ǽǮǷǱǦ,  
ǦǶǩǹǲǫǳǸ ǰǴǲǵǱǫǰǷǳǴǩǴ ǽǮǷǱǦ, ǪǫǯǷǸǨǮǸǫǱȂǳǦȅ ǽǦǷǸȂ, ǲǳǮǲǦȅ ǽǦǷǸȂ,  

ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǦȅ Ǯ ǦǱǩǫǧǶǦǮǽǫǷǰǦȅ ǺǴǶǲȁ ǭǦǵǮǷǮ 
 

ǆǈǘǔǖǡ 
 

ǐǴǷǴǨǦ ǆǳǳǦ ǈǱǦǪǮǲǮǶǴǨǳǦ,  
ǷǸǦǶǾǮǯ ǵǶǫǵǴǪǦǨǦǸǫǱȂ  

ǚǉǇǔǙ ǈǔ çǒǴǷǰǴǨǷǰǮǯ ǩǴǷǹǪǦǶǷǸǨǫǳǳȁǯ ǸǫǻǳǮǽǫǷǰǮǯ  
ǹǳǮǨǫǶǷǮǸǫǸ Ǯǲ. Ǔ. ǣ. ǇǦǹǲǦǳǦè, ǩ. ǒǴǷǰǨǦ  

anna.v.kosova@mail.ru 

 

ǑǦǷǰǴǨǦȅ ǘǦǸȂȅǳǦ ǆǱǫǰǷǫǫǨǳǦ, 
ǷǸǦǶǾǮǯ ǵǶǫǵǴǪǦǨǦǸǫǱȂ  

ǚǉǇǔǙ ǈǔ çǒǴǷǰǴǨǷǰǮǯ ǩǴǷǹǪǦǶǷǸǨǫǳǳȁǯ ǸǫǻǳǮǽǫǷǰǮǯ  
ǹǳǮǨǫǶǷǮǸǫǸ Ǯǲ. Ǔ. ǣ. ǇǦǹǲǦǳǦè, ǩ. ǒǴǷǰǨǦ  

talaskovy@mail.ru 
 

 
 

 

ǈǨǫǪǫǳǮǫ 
 

ǈ ǷǸǦǸȂǫ ǴǧǴǧǿǫǳ ǲǳǴǩǴǱǫǸǳǮǯ ǴǵȁǸ ǵǶǫǵǴǪǦǨǦǳǮȅ Ǩ ǸǫǻǳǮǽǫǷǰǴǲ ǹǳǮǨǫǶǷǮǸǫǸǫ. 
ǓǦ ǲǳǴǩǴǽǮǷǱǫǳǳȁǻ ǵǶǮǲǫǶǦǻ ǶǦǷǷǲǴǸǶǫǳȁ ǴǷǳǴǨǳȁǫ ǲǴǲǫǳǸȁ, ǷǨȅǭǦǳǳȁǫ Ƿ Ǯǭǹǽǫ-
ǳǮǫǲ Ǹǫǲȁ çǐǴǲǵǱǫǰǷǳȁǫ ǽǮǷǱǦè. ǍǦǪǦǽǮ ǸǿǦǸǫǱȂǳǴ ǵǴǪǴǧǶǦǳȁ. ǈ ǵǶǫǪǱǴǬǫǳǳǴǯ ǶǦ-
ǧǴǸǫ ǪǫǲǴǳǷǸǶǮǶǹȄǸǷȅ ǶǦǭǱǮǽǳȁǫ ǵǴǪǻǴǪȁ ǰ ǶǫǾǫǳǮȄ ǴǪǳǴǯ Ǯ ǸǴǯ Ǭǫ ǭǦǪǦǽǮ. ǕǴǪǴǧ-
ǳȁǫ ǵǶǮǲǫǶȁ ǵǴǭǨǴǱȅȄǸ ǷǶǦǨǳǮǨǦǸȂ ǲǫǸǴǪȁ, ǴǸǲǫǽǦȅ ǷǱǦǧȁǫ Ǯ ǷǮǱȂǳȁǫ ǷǸǴǶǴǳȁ, Ǯ 
ǨȁǧǮǶǦǸȂ ǳǦǮǧǴǱǫǫ ǵǶǴǷǸǴǯ Ǯǭ ǳǮǻ. 

ǗǸǦǸȂȅ ǧǹǪǫǸ ǵǴǱǫǭǳǦ ǳǫ ǸǴǱȂǰǴ ǲǴǱǴǪȁǲ ǵǶǫǵǴǪǦǨǦǸǫǱȅǲ, ǰǴǸǴǶȁǫ ǷǲǴǩǹǸ ǮǷ-
ǵǴǱȂǭǴǨǦǸȂ ǫǫ ǵǶǮ ǵǴǪǩǴǸǴǨǰǫ Ǯ ǵǶǴǨǫǪǫǳǮǮ ǭǦǳȅǸǮǯ, ǳǴ Ǯ ǵǴǲǴǬǫǸ ǷǸǹǪǫǳǸǦǲ Ǩ Ǯǭǹ-
ǽǫǳǮǮ ǪǦǳǳǴǯ Ǹǫǲȁ. 

 

ǒǫǸǴǪǴǱǴǩǮȅ Ǯ ǶǫǭǹǱȂǸǦǸȁ ǮǷǷǱǫǪǴǨǦǳǮȅ 
 

ǍǦǳȅǸǮǫ ǵǴ Ǹǫǲǫ ǳǦǽǮǳǦǫǲ Ƿ ǺǴǶǲǹǱǮǶǴǨǰǮ ǴǷǳǴǨǳȁǻ ǴǵǶǫǪǫǱǫǳǮǯ. 

ǈǷǫǨǴǭǲǴǬǳȁǫ ǹǵǴǶȅǪǴǽǫǳǳȁǫ ǵǦǶȁ ǪǫǯǷǸǨǮǸǫǱȂǳȁǻ ǽǮǷǫǱ ( , )z x y= , ǪǱȅ ǰǴǸǴ-

Ƕȁǻ ǴǵǶǫǪǫǱǫǳȁ ǴǵǫǶǦǼǮǮ ǷǱǴǬǫǳǮȅ Ǯ ǹǲǳǴǬǫǳǮȅ: 

1 1 2 2 1 2 1 2 1 1 2 2 1 2 1 2 2 1 1 2( , ) ( , ) ( , ), ( , ) ( , ) ( , )x y x y x x y y x y x y x x y y x y x y+ = + + Ö = - + ǳǦǭȁǨǦȄǸǷȅ ǰǴǲ-

ǵǱǫǰǷǳȁǲǮ ǽǮǷǱǦǲǮ. ǍǪǫǷȂ ʭ-ǪǫǯǷǸǨǮǸǫǱȂǳǦȅ ǽǦǷǸȂ, Ǧ ʫ-ǲǳǮǲǦȅ ǽǦǷǸȂ ǰǴǲǵǱǫǰǷ-

ǳǴǩǴ ǽǮǷǱǦ. 
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ǈȁǶǦǬǫǳǮǫ ǨǮǪǦ z x iy= +  - ǦǱǩǫǧǶǦǮǽǫǷǰǦȅ ǺǴǶǲǦ ǰǴǲǵǱǫǰǷǳǴǩǴ ǽǮǷǱǦ, ǩǪǫ i-

ǲǳǮǲǦȅ ǫǪǮǳǮǼǦ, ǹǪǴǨǱǫǸǨǴǶȅȄǿǦȅ ǹǷǱǴǨǮȄ 2 1i =-. ǗǱǴǬǫǳǮǫ Ǯ ǹǲǳǴǬǫǳǮǫ ǰǴǲ-
ǵǱǫǰǷǳȁǻ ǽǮǷǫǱ ǪǫǱǦȄǸ ǸǦǰ Ǭǫ, ǰǦǰ ǫǷǱǮ ǧȁ ǲȁ ǷǰǱǦǪȁǨǦǱǮ Ǯ ǹǲǳǴǬǦǱǮ ǲǳǴǩǴǽǱǫǳȁ. 

ǊǨǦ ǰǴǲǵǱǫǰǷǳȁǻ ǽǮǷǱǦ ǳǦǭȁǨǦȄǸǷȅ ǶǦǨǳȁǲǮ ǸǴǩǪǦ Ǯ ǸǴǱȂǰǴ ǸǴǩǪǦ, ǰǴǩǪǦ ǶǦǨǳȁ 
ǷǴǴǸǨǫǸǷǸǨǫǳǳǴ Ǯǻ ǪǫǯǷǸǨǮǸǫǱȂǳȁǫ Ǯ ǲǳǮǲȁǫ ǽǦǷǸǮ. 

ǐǴǲǵǱǫǰǷǳǴǫ ǽǮǷǱǴ z x iy= -  ǳǦǭȁǨǦǫǸǷȅ ǷǴǵǶȅǬǫǳǳȁǲ ǰǴǲǵǱǫǰǷǳǴǲǹ ǽǮǷǱǹ 

z x iy= +. ǈǦǬǳǴǫ ǷǨǴǯǷǸǨǴ ǰǴǲǵǱǫǰǷǳǴ-ǷǴǵǶȅǬǫǳǳȁǻ ǽǮǷǫǱ: 2 2z z x yÖ = + Í.  

ǕǶǮǲǫǶ 1. ǓǦǯǸǮ ǪǫǯǷǸǨǮǸǫǱȂǳȁǫ ǶǫǾǫǳǮȅ ǹǶǦǨǳǫǳǮȅ 

(3 )(2 ) ( )(1 2 ) 5 6 .x i i x iy i i- + + - + = + 

ǖǦǷǰǶǴǫǲ ǷǰǴǧǰǮ Ǯ ǵǶǮǨǫǪǫǲ ǵǴǪǴǧǳȁǫ Ǩ ǱǫǨǴǯ ǽǦǷǸǮ ǹǶǦǨǳǫǳǮȅ 

6 1 3 2 2 2 (7 2 1) (5 2)x xi i x y xi yi x y i x y+ + - + + + - = + + + - -.  

ǘǴǩǪǦ (7 2 1) (5 2) 5 6x y i x y i+ + + - - = +. ǣǸǴ ǶǦǨǫǳǷǸǨǴ ȃǰǨǮǨǦǱǫǳǸǳǴ ǷǮǷǸǫǲǫ ǪǨǹǻ 

ǹǶǦǨǳǫǳǮǯ Ƿ ǪǨǹǲȅ ǳǫǮǭǨǫǷǸǳȁǲǮ (ǶǦǨǫǳǷǸǨǴ ǪǫǯǷǸǨǮǸǫǱȂǳȁǻ Ǯ ǲǳǮǲȁǻ ǽǦǷǸǫǯ ǷǴǴǸ-

ǨǫǸǷǸǨǫǳǳǴ): 

20
7 2 1 5 17

5 2 6 36
17

xx y

x y y

ë=+ + =ë î
Úì ì

- - =í =-îí

.  

ǕǶǮǲǫǶ 2. ǈȁǽǮǷǱǮǸȂ 3 3(1 ) (1 ) .i i- - +  

ǔǧǶǦǸǮǸǫ ǨǳǮǲǦǳǮǫ ǷǸǹǪǫǳǸǴǨ, ǽǸǴ ǪǫǯǷǸǨǮȅ Ƿ ǰǴǲǵǱǫǰǷǳȁǲǮ ǽǮǷǱǦǲǮ ǦǳǦǱǴ-
ǩǮǽǳȁ ǦǶǮǺǲǫǸǮǽǫǷǰǮǲ ǴǵǫǶǦǼǮȅǲ Ƿ ǲǳǴǩǴǽǱǫǳǦǲǮ, ǵǴȃǸǴǲǹ ǲǴǬǳǴ ǨǴǷǵǴǱȂǭǴǨǦǸȂǷȅ 

ǺǴǶǲǹǱǦǲǮ ǷǴǰǶǦǿǫǳǳǴǩǴ ǹǲǳǴǬǫǳǮȅ, ǹǽǮǸȁǨǦȅ, ǽǸǴ 
2 1i =-:  

3 3 2 2(1 ) (1 ) (1 1 )((1 ) (1 )(1 ) (1 ) ) 4 .i i i i i i i i i- - + = - - - - + - + + + =- 

ǕǶǮǲǫǶ 3. ǈȁǽǮǷǱǮǸȂ 
5

2

19

2
( ) .

1

i

i

+

+
 

ǕǫǶǫǪ ǶǫǾǫǳǮǫǲ ǪǦǳǳǴǩǴ ǵǶǮǲǫǶǦ, ǷǱǫǪǹǫǸ ǵǶǫǪǱǴǬǮǸȂ ǷǸǹǪǫǳǸǦǲ ǹǵǶǴǷǸǮǸȂ 
ǹǷǱǴǨǮǫ.  

ǕǴǷǰǴǱȂǰǹ 

1, 4

, 4 1

1, 4 2

, 4 3

n

ʝʩʣʠn k

i ʝʩʣʠn k
i

ʝʩʣʠn k

i ʝʩʣʠn k

=ë
î

= +î
=ì
- = +î
î- = +í

 

(ȃǸǮ ǺǴǶǲǹǱȁ ǴǧǹǽǦȄǿǮǫǷȅ ǪǴǱǬǳȁ ǭǦǵǮǷǦǸȂ ǷǦǲǴǷǸǴȅǸǫǱȂǳǴ), ǸǴ 
5

2 2

19

2 2
( ) ( )

1 1

i i

i i

+ +
=

+ -
.  

ǈ ǴǸǨǫǸǫ ǳǫǴǧǻǴǪǮǲǴ ǭǦǵǮǷǦǸȂ ǦǱǩǫǧǶǦǮǽǫǷǰǹȄ ǺǴǶǲǹ ǰǴǲǵǱǫǰǷǳǴǩǴ ǽǮǷǱǦ. ǕǴ-
ȃǸǴǲǹ ǮǭǧǦǨǮǲǷȅ ǴǸ ǲǳǮǲǴǯ ǫǪǮǳǮǼȁ Ǩ ǭǳǦǲǫǳǦǸǫǱǫ, ǪǱȅ ǽǫǩǴ ǪǴǲǳǴǬǮǲ ǫǩǴ ǳǦ ǷǴ-
ǵǶȅǬǫǳǳǴǫ. ǝǮǷǱǮǸǫǱȂ ǳǦǪǴ ǪǴǲǳǴǬǮǸȂ ǳǦ ǸǦǰǹȄ Ǭǫ ǷǰǴǧǰǹ, ǽǸǴǧȁ ǳǫ ǳǦǶǹǾǮǱǴǷȂ ǶǦ-
ǨǫǳǷǸǨǴ 

2 2( 2)(1 ) 1 3
( ) ( )
(1 )(1 ) 2

i i i

i i

+ + +
=

- +
.  

ǈǴǭǨǫǪǫǲ Ǩ ǰǨǦǪǶǦǸ Ǯ ǽǮǷǱǮǸǫǱȂ, Ǯ ǭǳǦǲǫǳǦǸǫǱȂ (ǮǷǵǴǱȂǭǹȅ ǺǴǶǲǹǱǹ ǷǴǰǶǦǿǫǳ-
ǳǴǩǴ ǹǲǳǴǬǫǳǮȅ) Ǯ ǵǶǮǨǫǪǫǲ ǵǴǪǴǧǳȁǫ 

21 3 8 6 3
( ) 2

2 4 2

i i
i

+ - +
= =- +.  

 
ǈǴǭǨǫǪǫǳǮǫ ǨǴ ǨǸǴǶǹȄ ǷǸǫǵǫǳȂ ǳǫ ǷǦǲǦȅ ǷǱǴǬǳǦȅ ǭǦǪǦǽǦ. ǋǷǱǮ Ǭǫ ǸǶǫǧǹǫǸǷȅ ǨǴǭ-

ǨǫǷǸǮ ǽǮǷǱǴ Ǩ ǧǴǱȂǾǹȄ ǷǸǫǵǫǳȂ, ǸǴ ȃǸǴ ǧǹǪǫǸ ǷǪǫǱǦǸȂ ǭǳǦǽǮǸǫǱȂǳǴ ǷǱǴǬǳǫǫ. ǈ ȃǸǴǯ 
ǷǮǸǹǦǼǮǮ ǹǪǴǧǳǫǫ ǵǴǱȂǭǴǨǦǸȂǷȅ ǪǶǹǩǴǯ ǺǴǶǲǴǯ ǭǦǵǮǷǮ ǰǴǲǵǱǫǰǷǳǴǩǴ ǽǮǷǱǦ. 
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ǐǶǴǲǫ ǦǱǩǫǧǶǦǮǽǫǷǰǴǯ ǺǴǶǲȁ ǭǦǵǮǷǮ ǰǴǲǵǱǫǰǷǳǴǩǴ ǽǮǷǱǦ ǷǹǿǫǷǸǨǹȄǸ Ǯ ǪǶǹǩǮǫ. 
ǓǦǵǶǮǲǫǶ, ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǦȅ. ǖǦǷǷǲǴǸǶǮǲ ǫǫ.  

ǐǴǲǵǱǫǰǷǳǴǫ ǽǮǷǱǴ z x iy= +  ǮǭǴǧǶǦǬǦǫǸǷȅ Ǩ ǵǱǴǷǰǴǷǸǮ ʍʆʋ ǸǴǽǰǴǯ ʄ  Ƿ ǰǴǴǶ-

ǪǮǳǦǸǦǲǮ ( , )ʭ ʫ ǱǮǧǴ ǨǫǰǸǴǶǴǲ Ƿ ǳǦǽǦǱǴǲ Ǩ ǳǦǽǦǱǫ ǰǴǴǶǪǮǳǦǸ Ǯ ǰǴǳǼǴǲ Ǩ ǸǴǽǰǫ ʄ . 

ǊǱǮǳǦ ǨǫǰǸǴǶǦ ʆʄ ǳǦǭȁǨǦǫǸǷȅ ǲǴǪǹǱǫǲ ǰǴǲǵǱǫǰǷǳǴǩǴ ǽǮǷǱǦ Ǯ ǴǧǴǭǳǦǽǦǫǸǷȅ z. ǘǦǰ 

2 2z ʭ ʫr= = +. ǙǩǴǱ j, ǴǧǶǦǭǴǨǦǳǳȁǯ ǨǫǰǸǴǶǴǲ ʆʄ Ǯ ǴǷȂȄ ʆʍ, ǳǦǭȁǨǦǫǸǷȅ ǦǶǩǹ-

ǲǫǳǸǴǲ ǰǴǲǵǱǫǰǷǳǴǩǴ ǽǮǷǱǦ z  Ǯ ǴǧǴǭǳǦǽǦǫǸǷȅ Argzj= . ǔǳ ǴǵǶǫǪǫǱȅǫǸǷȅ ǳǫǴǪǳǴ-

ǭǳǦǽǳǴ: arg 2 ( )Argz z k kp= + Í, ǩǪǫ argz - ǩǱǦǨǳǴǫ ǭǳǦǽǫǳǮǫ : argArgz zp p- < ¢.  

ǕǶǮ ȃǸǴǲ 

, 0

, 0, 0

arg , 0, 0

, 0, 0
2

, 0, 0
2

y
arctg ʝʩʣʠ x

x

y
arctg ʝʩʣʠ x y

x

y
z arctg ʝʩʣʠ x y

x

ʝʩʣʠ x y

ʝʩʣʠ x y

p

p

p

p

ë
>î

î
î + < ²
î
î
î
= - + < <ì
î
î

= >î
î
î- = <
îí

.  

 
ǓǴ ȃǸǮ ǺǴǶǲǹǱȁ ǭǦǵǴǲǮǳǦǸȂ ǳǫ ǷǸǴǮǸ. ǕǶǴǿǫ ǮǭǴǧǶǦǭǮǸȂ ǽǮǷǱǴ ǳǦ ǰǴǲǵǱǫǰǷǳǴǯ 

ǵǱǴǷǰǴǷǸǮ Ǯ ǴǵǶǫǪǫǱǮǸȂ argz ǵǴ ǽǫǶǸǫǬǹ. ǕǴǱǴǬǮǸǫǱȂǳǴǫ ǳǦǵǶǦǨǱǫǳǮǫ ǴǸǷǽǫǸǦ ð ǵǶǴ-

ǸǮǨ ǽǦǷǴǨǴǯ ǷǸǶǫǱǰǮ. 

ǊǨǦ ǰǴǲǵǱǫǰǷǳȁǻ ǽǮǷǱǦ 1 2,z z  ǶǦǨǳȁ ǸǴǩǪǦ Ǯ ǸǴǱȂǰǴ ǸǴǩǪǦ, ǰǴǩǪǦ 

1 2 1 2, arg arg 2 ( ).z z k kr r p= = + Í 

 

ǘǴǩǪǦ ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǦȅ ǺǴǶǲǦ ǭǦǵǮǷǮ ǰǴǲǵǱǫǰǷǳǴǩǴ ǽǮǷǱǦ (cos sin ).z ir j j= +   

ǘǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǦȅ ǺǴǶǲǦ ǭǦǵǮǷǮ ǰǴǲǵǱǫǰǷǳǴǩǴ ǽǮǷǱǦ ǹǪǴǧǳǦ ǪǱȅ ǳǦǻǴǬǪǫǳǮȅ 
ǵǶǴǮǭǨǫǪǫǳǮȅ, ǽǦǷǸǳǴǩǴ ǪǨǹǻ ǰǴǲǵǱǫǰǷǳȁǻ ǽǮǷǫǱ, ǨǴǭǨǫǪǫǳǮȅ Ǩ ǷǸǫǵǫǳȂ ǮǱǮ ǮǭǨǱǫǽǫ-
ǳǮȅ ǰǴǶǳȅ ǳǫǰǴǸǴǶǴǯ ǷǸǫǵǫǳǮ Ǯǭ ǰǴǲǵǱǫǰǷǳǴǩǴ ǽǮǷǱǦ. ǚǴǶǲǹǱȁ ǸǦǰǴǨȁ: 

1 2 1 2 1 2 1 2

1 1
1 2 1 2

2 2

(cos(arg arg ) sin(arg arg )),

(cos((arg arg ) sin(arg arg )),

(cos( arg ) sin( arg )),

arg 2 arg 2
(cos sin ), , .

m m

n n

z z z z i z z

z
z z i z z

z

z m z i m z ʪ

z k z k
z i k n

n n

rr

r

r

r

p p
r

= + + +

= - + -

= + Í

+ +
= + Í Í

 

ǈǦǬǳǴǫ ǭǦǲǫǽǦǳǮǫ: ǫǷǱǮ ǸǶǫǧǹǫǸǷȅ ǨǴǭǨǫǷǸǮ ǰǴǲǵǱǫǰǷǳǴǫ ǽǮǷǱǴ Ǩ ǷǸǫǵǫǳȂ 

, ,
ʪ

m n
n

Í , ǸǴ ǭǦǪǦǽǹ ǶǫǾǦȄǸ Ǩ ǪǨǦ ȃǸǦǵǦ: ǷǳǦǽǦǱǦ ǽǮǷǱǴ ǨǴǭǨǴǪȅǸ Ǩ ǷǸǫǵǫǳȂ ʪ, Ǧ 

ǵǴǸǴǲ ǮǭǨǱǫǰǦȄǸ ǰǴǶǫǳȂ n -Ǵǯ ǷǸǫǵǫǳǮ. 
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ǕǶǮǲǫǶ 4. ǈȁǽǮǷǱǮǸȂ 7(2 2 )i- . 

ǗǳǦǽǦǱǦ ǵǶǫǪǱǴǬǮǸǫ ǷǸǹǪǫǳǸǦǲ ǮǭǴǧǶǦǭǮǸȂ ȃǸǴ 
ǽǮǷǱǴ ǳǦ ǰǴǲǵǱǫǰǷǳǴǯ ǵǱǴǷǰǴǷǸǮ, ǽǸǴǧȁ ǧȁǱǴ ǵǶǴǿǫ ǭǦ-
ǵǮǷǦǸȂ ǫǩǴ ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǹȄ ǺǴǶǲǹ. ǕǴǷǰǴǱȂǰǹ ǪǱȅ 

ȃǸǴǩǴ ǽǮǷǱǦ 4 4 2 2, arg
4

z z
p

= + = =- , ǸǴ 

2 2 2 2(cos( ) sin( )
4 4

i i
p p

- = - + -. ǈǦǬǳǴ ǴǧǶǦǸǮǸȂ ǨǳǮǲǦ-

ǳǮǫ ǴǧǹǽǦȄǿǮǻǷȅ: ǫǷǱǮ Ǩ ȃǸǴǯ ǭǦǵǮǷǮ ǨǴǷǵǴǱȂǭǴǨǦǸȂǷȅ 
ǷǨǴǯǷǸǨǦǲǮ ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǮǻ ǺǹǳǰǼǮǯ (ǽǫǸǳǴǷǸȂȄ-
ǳǫǽǫǸǳǴǷǸȂȄ) ǮǱǮ ǵǫǶǫǯǸǮ ǰ ǭǳǦǽǫǳǮȅǲ ǷǮǳǹǷǦ Ǯ ǰǴǷǮ-
ǳǹǷǦ ǷǸǦǳǪǦǶǸǳȁǻ ǹǩǱǴǨ, ǸǴ ǲȁ ǨǫǶǳǫǲǷȅ ǰ ǦǱǩǫǧǶǦǮǽǫ-
ǷǰǴǯ ǭǦǵǮǷǮ ǰǴǲǵǱǫǰǷǳǴǩǴ ǽǮǷǱǴ, ǽǫǩǴ ǪǫǱǦǸȂ ǳǫ ǳǦǪǴ 
(ǶǦǭǨǫ ǸǴǱȂǰǴ ǪǱȅ ǵǶǴǨǫǶǰǮ). 

 
ǈȁǽǮǷǱǮǲ 

7 7 10 107 7
(2 2 ) (2 2(cos( ) sin( )) 2 2(cos( ) sin( )) 2 2(cos sin )

4 4 4 4 4 4
i i i i

p p p p p p
- = - + - = - + - = +

ǒȁ ǵǴǱǹǽǮǱǮ ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǹȄ ǺǴǶǲǹ ǭǦǵǮǷǮ ǮǷǰǴǲǴǩǴ ǽǮǷǱǦ, ǳǴ Ǩ ǴǸǨǫǸǫ, ǰǦǰ 

ǵǶǦǨǮǱǴ, ǭǦǵǮǷȁǨǦȄǸ ǫǩǴ ǦǱǩǫǧǶǦǮǽǫǷǰǹȄ ǺǴǶǲǹ:
 

10 102 2
2 2( ) 2 (1 )

2 2
i i+ = +.  

ǖǦǷǷǲǴǸǶǮǲ ǷǱǫǪǹȄǿǮǯ ǵǶǮǲǫǶ. 

ǕǶǮǲǫǶ 5. ǈȁǽǮǷǱǮǸȂ 3 1 . 

ǚǦǰǸǮǽǫǷǰǮ ǭǪǫǷȂ ǳǦǲ ǳǫǴǧǻǴǪǮǲǴ ǶǫǾǮǸȂ ǹǶǦǨǳǫǳǮǫ 3 1z = . 
ǗǱǫǪǹǫǸ ǳǦǵǴǲǳǮǸȂ ǷǸǹǪǫǳǸǦǲ, ǽǸǴ ǹǶǦǨǳǫǳǮǫ ǮǲǫǫǸ ǷǸǴǱȂǰǴ ǰǴǶǳǫǯ, ǰǦǰǴǨ ǫǩǴ 

ǵǴǶȅǪǴǰ. 
ǣǸǴ ǹǶǦǨǳǫǳǮǫ ǮǲǫǫǸ ǴǪǮǳ ǪǫǯǷǸǨǮǸǫǱȂǳȁǯ Ǯ ǪǨǦ ǰǴǲǵǱǫǰǷǳǴ ð ǷǴǵǶȅǬǫǳǳȁǻ 

ǰǴǶǳȅ: 3 21 0 ( 1)( 1) 0z z z z- = Ú - + + = Ú
22

11
1

1 3 1 3
( ) 01 0

2 4 2 2

zz
z

zz z z i

=è=è=è ééÚ Úé éé + + =+ + = =- °ê
éê ê

.  

ǘǫǵǫǶȂ ǶǫǾǮǲ ȃǸǹ ǭǦǪǦǽǹ, ǵǫǶǫǯǪȅ ǰ ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǴǯ ǺǴǶǲǫ ǰǴǲǵǱǫǰǷǳǴǩǴ 
ǽǮǷǱǦ: 

1
1 cos0 sin0

arg1 0
i

r=
= = +

=
.  

ǕǴȃǸǴǲǹ 3

cos0 sin 0 1, 0

0 2 0 2 2 2 1 3
1 cos sin cos sin , 1

3 3 3 3 2 2

4 4 1 3
cos sin , 2

3 3 2 2

i ʝʩʣʠk

k k
i i ʝʩʣʠk

i ʝʩʣʠk

p p p p

p p

è
é + = =
é

+ + é
= + = + =- + =

é
é
é

+ =- - =éê

.  
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ǈǷǫ ǰǴǶǳǮ ȃǸǴǩǴ ǹǶǦǨǳǫǳǮȅ ǱǫǬǦǸ ǳǦ ǴǰǶǹǬǳǴǷǸǮ Ƿ 

ǼǫǳǸǶǴǲ Ǩ (0,0) ǶǦǪǮǹǷǦ 3 1r= , ǳǦ ǴǪǮǳǦǰǴǨǴǲ ǹǩǱǴǨǴǲ 

ǶǦǷǷǸǴȅǳǮǮ ǪǶǹǩ ǴǸ ǪǶǹǩǦ: 
2

3

p
. ǒȁ ǵǴǱǹǽǮǱǮ, ǰǦǰ Ǯ ǪǴǱǬǳȁ 

ǧȁǱǮ, ǸǶǮ ǶǦǭǱǮǽǳȁǻ ǰǴǶǳȅ, Ǹ.ǰ. ǵǶǮ ǹǨǫǱǮǽǫǳǮǮ k  ǰǴǶǳǮ 
ǧǹǪǹǸ ǵǴǨǸǴǶȅǸȂǷȅ. 
 
 
 

ǕǶǮǲǫǶ 6. ǈȁǽǮǷǱǮǸȂ 
3

4(1 3)i+ . 

ǓǦǽǳǫǲ Ƿ ǭǦǵǮǷǮ ǽǮǷǱǦ 1 3i+  Ǩ ǸǶǮǩǴǳǴǲǫǸǶǮǽǫ-

ǷǰǴǯ ǺǴǶǲǫ (ǳǦǶǮǷǴǨǦǨ ǫǩǴ ǳǦ ǰǴǲǵǱǫǰǷǳǴǯ ǵǱǴǷǰǴǷǸǮ): 
2

21 3 2
1 3 2(cos sin )

3 3arg 3
3

i i
z arctg

r p p
p

= + =
+ = = +

= =
.  

 
ǈǴǭǨǫǪǫǲ ȃǸǴ ǽǮǷǱǴ Ǩ ǸǶǫǸȂȄ ǷǸǫǵǫǳȂ: 

3(1 3) 8(cos sin ) 8i ip p+ = + =-.  

ǘǫǵǫǶȂ ǳǦǲ ǵǶǫǪǷǸǴǮǸ ǨȁǽǮǷǱǫǳǮǫ 4 8-, ǽǸǴ ǶǦǨǳǴ-

ǷǮǱȂǳǴ ǶǫǾǫǳǮȄ ǹǶǦǨǳǫǳǮȅ 4 8 0z + =. ǣǸǴ ǹǶǦǨǳǫǳǮǫ ǳǫ 
ǮǲǫǫǸ ǪǫǯǷǸǨǮǸǫǱȂǳȁǻ ǰǴǶǳǫǯ. ǗǱǫǪǴǨǦǸǫǱȂǳǴ, ǴǳǴ ǮǲǫǫǸ ǸǴǱȂǰǴ ǰǴǲǵǱǫǰǷǳȁǫ ǶǫǾǫ-
ǳǮȅ Ǯ Ǯǻ ǽǫǸȁǶǫ, ǵǴǷǰǴǱȂǰǹ ǹǶǦǨǳǫǳǮǫ ǽǫǸǨǫǶǸǴǩǴ ǵǴǶȅǪǰǦ. 

4

4

3
44 4

4

4

8(cos sin ), 0
4 4

3 3
8(cos sin ), 1

2 2 4 4
(1 3) 8(cos sin ) 8(cos sin ) .

5 54 4
8(cos sin ), 2

4 4

7 7
8(cos sin ), 3

4 4

i ʝʩʣʠk

i ʝʩʣʠk
k k

i i i

i ʝʩʣʠk

i ʝʩʣʠk

p p

p p

p p p p
p p

p p

p p

è
+ =é

é
é + =
é+ +

+ = + = + =é
é + =
é
é

+ =é
ê

ǆǱǩǫǧǶǦǮǽǫǷǰǦȅ ǺǴǶǲǦ ǰǴǲǵǱǫǰǷǳȁǻ ǽǮǷǫǱ:

4

4

3
4

4

4

2
8 (1 )

2

2
8 ( 1 )

2
(1 3) .

2
8 ( 1 )

2

2
8 (1 )

2

i

i

i

i

i

è
+é

é
é

- +é
é+ =
é

- -é
é
é

-é
ê  

ǖǦǷǷǲǴǸǶǮǲ ǸǫǵǫǶȂ ǭǦǪǦǽǮ ǳǫǷǰǴǱȂǰǴ ǮǳǴǩǴ ǵǱǦǳǦ. 

ǕǶǮǲǫǶ 7. ǓǦǶǮǷǴǨǦǸȂ ǰǶǮǨǹȄ 
1 1

Re( )
4z
= .  

ǔǧǱǦǷǸȂ ǴǵǶǫǪǫǱǫǳǮȅ ǪǦǳǳǴǯ ǱǮǳǮǮ: 0z¸ . 
ǈ ǪǦǳǳǴǲ ǹǷǱǴǨǮǮ ǮǷǵǴǱȂǭǴǨǦǳǴ ǴǧǴǭǳǦǽǫǳǮǫ Rez ð ǪǫǯǷǸǨǮǸǫǱȂǳǦȅ ǽǦǷǸȂ ǰǴǲ-

ǵǱǫǰǷǳǴǩǴ ǽǮǷǱǦ (ǻ), Imz  - ǲǳǮǲǦȅ ǽǦǷǸȂ (ǹ). 
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ǍǦǵǮǾǫǲ ǦǱǩǫǧǶǦǮǽǫǷǰǹȄ ǺǴǶǲǹ ǽǮǷǱǦ  

2 2 2 2 2 2

1 1 x iy x y
i

z x iy x y x y x y

-
= = = -
+ + + +

.  

ǘǴǩǪǦ 

2 2 2 2

2 2

1 1
Re 4 0 ( 2) 4.

4

x
x y x x y

z x y
= = Ú + - = Ú - + =
+

 

ǙǶǦǨǳǫǳǮǫ ǭǦǪǦǫǸ ǴǰǶǹǬǳǴǷǸȂ Ƿ ǼǫǳǸǶǴǲ Ǩ ǸǴǽǰǫ (2,0) 
ǶǦǪǮǹǷǦ R=2 Ƿ ǵǶǴǰǴǱǴǸǴǯ ǸǴǽǰǴǯ (0,0). 

 

ǕǶǮǲǫǶ 8. ǐǦǰǦȅ ǴǧǱǦǷǸȂ ǴǵǶǫǪǫǱȅǫǸǷȅ ǹǷǱǴǨǮǫǲ 1z z i- < -? 

ǓǦǽǳǫǲ ǶǫǾǫǳǮǫ ǪǦǳǳǴǯ ǭǦǪǦǽǮ Ƿ ǵǴǷǸǶǴǫǳǮȅ ǩǶǦǳǮǼȁ 1z z i- = -. ǈ ǱǫǨǴǯ Ǯ ǵǶǦ-

ǨǴǯ ǽǦǷǸȅǻ ǶǦǨǫǳǷǸǨǦ ǷǸǴȅǸ ǲǴǪǹǱǮ ǰǴǲǵǱǫǰǷǳȁǻ ǽǮǷǫǱ, ǨȁǽǮǷǱǮǸȂ ǰǴǸǴǶȁǫ ǲȁ ǷǲǴ-
Ǭǫǲ, ǵǫǶǫǯǪȅ ǰ ǦǱǩǫǧǶǦǮǽǫǷǰǴǯ ǺǴǶǲǫ ȃǸǮǻ ǽǮǷǫǱ 

2 2 2 21 ( 1) ( 1) ( 1) ( 1)x iy x iy i x iy x i y x y x y+ - = + - Ú - + = + - Ú - + = + -.  

ǈǴǭǨǫǪǫǲ Ǵǧǫ ǽǦǷǸǮ ǶǦǨǫǳǷǸǨǦ Ǩ ǰǨǦǪǶǦǸ, ǶǦǷ-
ǰǶǴǫǲ ǷǰǴǧǰǮ Ǯ ǵǶǮǨǫǪǫǲ ǵǴǪǴǧǳȁǫ 

2 2 2 22 1 2 1x x y x y y x y- + + = + - + Ú =.  

ǉǶǦǳǮǼǫǯ ȅǨǱȅǫǸǷȅ ǵǶȅǲǦȅ ʫ ʭ= , ǰǴǸǴǶǹȄ ǲȁ 

ǪǴǱǬǳȁ ǮǭǴǧǶǦǭǮǸȂ ǳǦ ǰǴǲǵǱǫǰǷǳǴǯ ǵǱǴǷǰǴǷǸǮ ǵǹǳǰ-
ǸǮǶǳǴǯ ǱǮǳǮǫǯ, ǵǴǷǰǴǱȂǰǹ ǳǫǶǦǨǫǳǷǸǨǴ Ǩ ǹǷǱǴǨǮǮ 
ǷǸǶǴǩǴǫ. ǣǸǦ ǵǶȅǲǦȅ ǪǫǱǮǸ ǵǱǴǷǰǴǷǸȂ ǳǦ ǪǨǫ ǵǴǱǹ-
ǵǱǴǷǰǴǷǸǮ. ǝǸǴǧȁ ǴǵǶǫǪǫǱǮǸȂ, ǰǦǰǹȄ Ǯǭ ǳǮǻ ǳǦǪǴ 
ǾǸǶǮǻǴǨǦǸȂ, ǵǴǪǷǸǦǨǮǲ ǰǦǰǹȄ-ǱǮǧǴ ǸǴǽǰǹ ǨǫǶǻǳǫǯ 

ǵǴǱǹǵǱǴǷǰǴǷǸǮ, ǳǦǵǶǮǲǫǶ (0,1)z i= Ú , Ǩ ǮǷǻǴǪǳǴǫ 

ǳǫǶǦǨǫǳǷǸǨǴ: 1 2 0i i i ʣʦʞʴ- < - Ý < - . ǈȁǧǶǦǳǳǦȅ 

ǸǴǽǰǦ ǳǫ ǹǪǴǨǱǫǸǨǴǶȅǫǸ ǳǫǶǦǨǫǳǷǸǨǹ. ǕǴȃǸǴǲǹ ǮǷǰǴǲǦȅ ǴǧǱǦǷǸȂ ǶǦǷǵǴǱǴǬǫǳǦ ǳǮǬǫ 
ǵǶȅǲǴǯ.  

 

ǕǶǮǲǫǶ 9. ǓǦǶǮǷǴǨǦǸȂ ǭǦǪǦǳǳǹȄ ǴǧǱǦǷǸȂ: 4 1 1 8z z¢ - + + <.  

ǓǦǽǳǫǲ Ƿ ǵǫǶǨǴǯ ǩǶǦǳǮǼȁ: 4 1 1z z= - + +, ǰǴǸǴǶǹȄ ǧǹǪǫǲ ǶǮǷǴǨǦǸȂ ǷǵǱǴǾǳǴǯ ǱǮ-

ǳǮǫǯ (ǳǫǶǦǨǫǳǷǸǨǴ ǳǫ ǷǸǶǴǩǴǫ). ǒǴǬǳǴ ǵǫǶǫǯǸǮ ǰ ǹǶǦǨǳǫǳǮȄ ǸǦǰ Ǭǫ ǰǦǰ Ǯ Ǩ ǵǶǫǪȁǪǹ-
ǿǫǲ ǵǶǮǲǫǶǫ: ǵǫǶǫǻǴǪȅ ǰ ǦǱǩǫǧǶǦǮǽǫǷǰǴǯ ǺǴǶǲǫ ǰǴǲǵǱǫǰǷǳȁǻ ǽǮǷǫǱ, ǨȁǽǮǷǱȅȅ Ǯǻ 
ǲǴǪǹǱǮ. ǣǸǴ ǪǴǷǸǦǸǴǽǳǴ ǸǶǹǪǴǫǲǰǮǯ ǵǶǴǼǫǷǷ. ǕǴȃǸǴǲǹ ǵǶǫǪǱǴǬǮǸǫ ǷǸǹǪǫǳǸǦǲ ǵǶǴǽǮ-
ǸǦǸȂ ȃǸǴ ǹǶǦǨǳǫǳǮǫ. ǈǫǶǴȅǸǳǫǫ ǨǷǫǩǴ, Ǯǲ ǵǶǮǪǫǸǷȅ ǵǴǲǴǽȂ: çǉǫǴǲǫǸǶǮǽǫǷǰǴǫ ǲǫǷǸǴ 
ǸǴǽǫǰ, ǷǹǲǲǦ ǶǦǷǷǸǴȅǳǮǯ ǴǸ ǰǴǸǴǶȁǻ ǪǴ ǪǨǹǻ ǺǮǰǷǮǶǴǨǦǳǳȁǻ ǸǴǽǫǰ, ǫǷǸȂ ǨǫǱǮǽǮǳǦ 
ǵǴǷǸǴȅǳǳǦȅè. ǣǸǴ ǴǵǶǫǪǫǱǫǳǮǫ ȃǱǱǮǵǷǦ. ǕǶǴǨǫǶǮǲ. ǋǷǱǮ ȃǸǴ ȃǱǱǮǵǷ, ǸǴ ǫǩǴ ǺǴǰǹǷȁ Ǩ 

ǸǴǽǰǦǻ (1,0) Ǯ (-1,0), ǸǴ ǫǷǸȂ ǵǴǱǹǺǴǰǹǷǳǴǫ ǶǦǷǷǸǴȅǳǮǫ 1ʩ= , Ǧ ǧǴǱȂǾǦȅ ǵǴǱǹǴǷȂ: 
2 4 2 1ʘ ʘ c= Ý = > =. ǣǸǴ ǪǫǯǷǸǨǮǸǫǱȂǳǴ ȃǱǱǮǵǷ. ǓǦǯǪǫǲ ǫǩǴ ǲǦǱǹȄ ǵǴǱǹǴǷȂ: 

2 2 3b a c= - =. ǚǴǰǹǷȁ ǷǮǲǲǫǸǶǮǽǳȁ ǴǸǳǴǷǮǸǫǱȂǳǴ ǳǦǽǦǱǦ ǰǴǴǶǪǮǳǦǸ Ǯ ǱǫǬǦǸ ǳǦ ǩǴ-

ǶǮǭǴǳǸǦǱȂǳǴǯ ǴǷǮ, ǷǱǫǪǴǨǦǸǫǱȂǳǴ ǹǶǦǨǳǫǳǮǫ ǵǫǶǨǴǯ ǩǶǦǳǮǼȁ 
2 2

1
4 3

ʭ ʫ
+ =.  
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ǕǫǶǫǯǪǫǲ ǰǴ ǨǸǴǶǴǯ ǩǶǦǳǮǼǫ: 1 1 8z z- + + =, ǰǴǸǴǶǹȄ 

ǧǹǪǫǲ ǶǮǷǴǨǦǸȂ ǵǹǳǰǸǮǶǴǲ (ǳǫǶǦǨǫǳǷǸǨǴ ǷǸǶǴǩǴǫ). ǕǶǮ-
ǲǫǳǮǲ ǦǳǦǱǴǩǮǽǳȁǫ ǶǦǷǷǹǬǪǫǳǮȅ. ǘǴǩǪǦ, ǩǶǦǳǮǼǫǯ ȅǨ-

ǱȅǫǸǷȅ ȃǱǱǮǵǷ, ǹǶǦǨǳǫǳǮǫ ǰǴǸǴǶǴǩǴ 
2 2

1
16 15

ʭ ʫ
+ =. 

ǎǳǸǫǶǫǷǹȄǿǦȅ ǳǦǷ ǴǧǱǦǷǸȂ ǴǩǶǦǳǮǽǫǳǦ ǪǨǹǲȅ ȃǸǮǲǮ ȃǱ-
ǱǮǵǷǦǲǮ, ǸǴ ǫǷǸȂ ð ȃǱǱǮǵǸǮǽǫǷǰǴǫ ǰǴǱȂǼǴ.  

 
ǕǶǮǲǫǶ 10. ǎǭǴǧǶǦǭǮǸȂ ǳǦ ǰǴǲǵǱǫǰǷǳǴǯ ǵǱǴǷǰǴ-

ǷǸǮ ǴǧǱǦǷǸȂ, ǹǪǴǨǱǫǸǨǴǶȅȄǿǹȄ ǳǫǶǦǨǫǳǷǸǨǹ 1z i z i- - + ¢.  

ǗǳǴǨǦ ǳǦǽǳǫǲ Ƿ ǵǴǷǸǶǴǫǳǮȅ ǩǶǦǳǮǼȁ: 1z i z i- - + =.  

çǕǶǴǽǮǸǦǫǲè ǹǶǦǨǳǫǳǮǫ: çǉǫǴǲǫǸǶǮǽǫǷǰǴǫ ǲǫǷǸǴ ǸǴǽǫǰ, ǶǦǭǳǴǷǸȂ ǶǦǷǷǸǴȅǳǮǯ ǴǸ 
ǰǴǸǴǶȁǻ ǪǴ ǪǨǹǻ ǺǮǰǷǮǶǴǨǦǳǳȁǻ ǸǴǽǫǰ, ǫǷǸȂ ǨǫǱǮǽǮǳǦ, ǶǦǨǳǦȅ ǫǪǮǳǮǼǫè. ǒǴǬǫǸ ǧȁǸȂ 

ȃǸǴ ǩǮǵǫǶǧǴǱǦ? ǘǴǩǪǦ ǫǫ ǺǴǰǹǷȁ Ǩ ǸǴǽǰǦǻ (0,1) Ǯ (0,-1). ǕǴǱǹǺǴǰǹǷǳǴǫ ǶǦǷǷǸǴȅǳǮǫ 1ʩ=

. ǊǫǯǷǸǨǮǸǫǱȂǳǦȅ ǵǴǱǹǴǷȂ 
1

1
2

ʘ c= < =. ǗǱǫǪǴǨǦǸǫǱȂǳǴ, ȃǸǴ ǪǫǯǷǸǨǮǸǫǱȂǳǴ ǩǮǵǫǶǧǴǱǦ, 

ǲǳǮǲǦȅ ǵǴǱǹǴǷȂ ǰǴǸǴǶǴǯ 2 2 3

2
b c a= - = . 

ǕǶǫǪǱǴǬǮǸǫ ǷǸǹǪǫǳǸǦǲ ǭǦǵǮǷǦǸȂ ǹǶǦǨǳǫǳǮǫ ǩǮǵǫǶǧǴǱȁ, ǳǫ ǭǦǧȁǨ ǵǶǮ ȃǸǴǲ, ǽǸǴ 

ǺǴǰǹǷȁ ǱǫǬǦǸ ǳǦ ǨǫǶǸǮǰǦǱȂǳǴǯ ǴǷǮ, Ǹ.ǫ. ǪǫǯǷǸǨǮǸǫǱȂǳǦȅ ǴǷȂ ð ǴǷȂ ǹ: 
2 2

1
3 1

44

x ʫ
- =-. 

ǈǫǶǾǮǳȁ ȃǸǴǯ ǩǮǵǫǶǧǴǱȁ ǷǴǨǵǦǪǦȄǸ Ƿ ǸǴǽǰǦǲǮ 
1

(0, )
2

 Ǯ 
1

(0, )
2
-  

1

2
z i=° . ǔǧǫ ǱǮ ǨǫǸǨǮ 

ǭǦǪǦǫǸ ǹǶǦǨǳǫǳǮǫ? ǕǹǷǸȂ ǴǧǹǽǦȄǿǮǫǷȅ ǵǴǪǷǸǦǨȅǸ ǰǴǴǶǪǮǳǦǸȁ ǨǫǶǾǮǳ Ǩ ǳǫǩǴ Ǯ ǵǶǴǨǫ-

ǶȅǸ: 

1 1 1 3
1 1 1 1

2 2 2 2

1 1 3 1
1 1 1 1

2 2 2 2

i i i i ʣʦʞʴ

i i i i ʠʩʪʠʥʘ

- - + = Ý - = Ý- = -

- - - - + = Ý - = Ý = -

. ǈȁǨǴǪ ð ǩǶǦǳǮǼǫǯ ȅǨǱȅǫǸǷȅ ǳǮǬǳȅȅ 

ǨǫǸǨȂ ǩǮǵǫǶǧǴǱȁ 
2 2

1
3 1

44

x ʫ
- =-, ǶǦǭǧǮǨǦȄǿǦȅ ǵǱǴǷǰǴǷǸȂ ǳǦ ǪǨǫ ǵǴǱǹǵǱǴǷǰǴǷǸǮ. ǕǴǪ-

ǷǸǦǨǱȅǫǲ ǸǴǽǰǹ (0,0) Ǩ ǮǷǻǴǪǳǴǫ ǳǫǶǦǨǫǳǷǸǨǴ, ǽǸǴǧȁ ǵǶǴǨǫǶǮǸȂ, ǵǶǮǳǦǪǱǫǬǮǸ ǱǮ ǴǳǦ 

ǮǷǰǴǲǴǯ ǴǧǱǦǷǸǮ: 0 0 1 1 0 1i i ʠʩʪʠʥʘ- - + = - = ¢ -. ǉǶǦǳǮǼǹ ǴǧǱǦǷǸǮ ǷǱǫǪǹǫǸ ǶǮǷǴǨǦǸȂ 

ǷǵǱǴǾǳǴǯ ǱǮǳǮǫǯ, Ǹ.ǰ. ǳǫǶǦǨǫǳǷǸǨǴ ǳǫ ǷǸǶǴǩǴǫ, Ǯ ǾǸǶǮǻǴǨǦǸȂ ǵǴǱǹǵǱǴǷǰǴǷǸȂ, ǷǴǪǫǶ-
ǬǦǿǹȄ ǸǴǽǰǹ (0,0). 

 
ǕǶǫǪǱǴǬǮǸǫ ǷǸǹǪǫǳǸǦǲ ǳǦǶǮǷǴǨǦǸȂ ǱǮǳǮȄ, ǭǦ-

ǪǦǳǳǹȄ ǹǶǦǨǳǫǳǮǫǲ 1 1 2z z- - + =. ǗǰǴǶǫǫ ǨǷǫǩǴ, ǴǳǮ 

ǷǳǴǨǦ "ǵǶǴǽǮǸǦȄǸ" ǹǶǦǨǳǫǳǮǫ Ǯ ǶǫǾǦǸ, ǽǸǴ ȃǸǴ ǹǶǦǨǳǫ-
ǳǮǫ ǩǮǵǫǶǧǴǱȁ. ǓǴ ȃǸǴ ǳǫ ǸǦǰ: ǵǴ ǹǶǦǨǳǫǳǮȄ 

1, 1ʩ ʘ ʩ= = =, Ǧ ǪǱȅ ǩǮǵǫǶǧǴǱȁ ʩ a> . ǕǴȃǸǴǲǹ ǪǱȅ ǵǴ-

ǷǸǶǴǫǳǮȅ ǪǦǳǳǴǯ ǱǮǳǮǮ ǳǫǴǧǻǴǪǮǲǴ ǵǴǱȂǭǴǨǦǸȂǷȅ ǵǫ-
ǶǫǻǴǪǴǲ ǰ ǦǱǩǫǧǶǦǮǽǫǷǰǴǯ ǺǴǶǲǫ ǭǦǵǮǷǮ ǰǴǲǵǱǫǰǷ-
ǳǴǩǴ ǽǮǷǱǦ. 
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ǍǦǰǱȄǽǫǳǮǫ 
 

ǈ ǶǦǧǴǸǫ ǵǶǫǪǱǴǬǫǳ ǵǱǦǳ ǭǦǳȅǸǮȅ, ǷǺǴǶǲǹǱǮǶǴǨǦǳȁ ǴǷǳǴǨǳȁǫ ǴǵǶǫǪǫǱǫǳǮȅ, 
ǶǦǭǴǧǶǦǳȁ ǳǦǮǧǴǱǫǫ ǨǦǬǳȁǫ ǵǶǮǲǫǶȁ ǵǴ Ǹǫǲǫ çǐǴǲǵǱǫǰǷǳȁǫ ǽǮǷǱǦè. ǓǫǰǴǸǴǶȁǫ ǵǶǮ-
ǲǫǶȁ ǶǫǾǫǳȁ Ƿ ǴǧǶǦǿǫǳǮǫǲ ǰ ǶǦǭǪǫǱǹ çǐǶǮǨȁǫ ǨǸǴǶǴǩǴ ǵǴǶȅǪǰǦè, ǽǸǴ ǹǵǶǴǿǦǫǸ Ƕǫ-
ǾǫǳǮǫ ǭǦǪǦǽ Ǯ ǵǴǰǦǭȁǨǦǫǸ ǰǶǦǷǴǸǹ ǷǨȅǭǫǯ ǶǦǭǳȁǻ Ǹǫǲ ǲǦǸǫǲǦǸǮǰǮ. 

ǗǗǡǑǐǎ Ǔǆ ǎǗǘǔǝǓǎǐǎ 

1. ˸͍ͦͪͦͦ͊͘ ˤΦ˨Φ ͔͙́ͦͪΎ ͺͯͤ͟ͼ͙͚ ͔͎ͦͣͨͫͤͦͦ͟͟͡ ͔͔͔͎ͨͪͣͤͤͦͦΦ - ˸ ΦΥˮ͒͘-͍ ͦ ˸˥́̂ ͙ͣΦ ˹Φ̏Φˣ͊ͯͣ͊ͤ͊Σ нлллΦ ς рнлͫΦ 
2. ˴͙͍͊ͤ͊ͭͤͦ͟ ˢΦ˹ΦΣ ˴͙ͪ΅͔ͤͦ͟ ˢΦ˽Φ ˢ͙͙ͤ͊ͭ͡;͔ͫ͊͟Ύ ͎͔͔͙ͦͣͭͪΎΦ ς ˸ ΦΥˮ͒͘-͍ ͦ ˸˥́̂ ͙ͣΦ ˹Φ̏Φˣ͊ͯͣ͊ͤ͊Σ нлмпΦ ς плуͫΦ 
3. ˴͍ͪ͊ͫͤͦ ˸Φ˶ΦΣ ˴͙͔͔͍ͫ͡ ˢΦˮΦΣ ˸͔͊͊ͪͤͦ͟͟ ˥ΦˮΦ ̅ͯͤ͟ͼ͙͙ ͔͎ͦͣͨͫͤͦͦ͟͟͡ ͔͔͔͎ͨͪͣͤͤͦͦΦ ˭͊͒͊;͙ ͙ ͙͔ͨͪͣͪ· ͫ ͨͦπ

͒ͪͦ͋ͤ·͙ͣ ͔ͪ΄͔͙ͤΎ͙ͣΦ ς ˸ ΦΥ ̂˾˿˿Σ нллоΦ ς нлрͫΦ 
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ǒǋǘǔǊǎǝǋǗǐǎǋ ǎ ǎǗǘǔǖǎǝǋǗǐǎǋ ǆǗǕǋǐǘǡ  
ǎǍǑǔǌǋǓǎǥ ǘǋǒǡ çǓǋǗǔǇǗǘǈǋǓǓǡǋ ǎǓǘǋǉǖǆǑǡè   

 

 

ǆǳǳǴǸǦǼǮȅ 

ǘǫǲǦ çǓǫǷǴǧǷǸǨǫǳǳȁǯ ǮǳǸǫǩǶǦǱè ȅǨǱȅǫǸǷȅ ǴǧȅǭǦǸǫǱȂǳǴǯ Ǯ ǨǻǴǪǮǸ ǨǴ ǨǷǫ ǰǹǶǷȁ ǲǦǸǫ-
ǲǦǸǮǽǫǷǰǴǩǴ ǦǳǦǱǮǭǦ ǪǱȅ ǷǸǹǪǫǳǸǴǨ ǲǦǸǫǲǦǸǮǽǫǷǰǮǻ Ǯ ǸǫǻǳǮǽǫǷǰǮǻ ǷǵǫǼǮǦǱȂǳǴǷǸǫǯ. 
ǙǷǵǫǾǳǴǫ ǴǷǨǴǫǳǮǫ ȃǸǴǯ Ǹǫǲȁ ǳǫǴǧǻǴǪǮǲǴ ǪǱȅ ǮǭǹǽǫǳǮȅ ǶȅǪǦ ǪǶǹǩǮǻ ǲǦǸǫǲǦǸǮǽǫǷǰǮǻ 
ǪǮǷǼǮǵǱǮǳ. ǔǷǴǧǴǫ ǨǳǮǲǦǳǮǫ Ǩ ǷǸǦǸȂǫ ǹǪǫǱǫǳǴ ǮǳǸǫǶǫǷǳȁǲ ǮǷǸǴǶǮǽǫǷǰǮǲ ǺǦǰǸǦǲ, 
ǰǴǸǴǶȁǫ ǮǱǱȄǷǸǶǮǶǹȄǸ ǶǦǭǨǮǸǮǫ ǲǦǸǫǲǦǸǮǽǫǷǰǴǯ ǲȁǷǱǮ. ǜǫǱȂ ǶǦǧǴǸȁ - ǵǴǰǦǭǦǸȂ, ǰǦǰ 
ǲǴǬǳǴ ǮǷǵǴǱȂǭǴǨǦǸȂ ǺǦǰǸȁ Ǯǭ ǮǷǸǴǶǮǮ ǲǦǸǫǲǦǸǮǰǮ ǵǶǮ ǮǭǱǴǬǫǳǮǮ Ǹǫǲȁ çǓǫǷǴǧǷǸǨǫǳ-
ǳȁǯ ǮǳǸǫǩǶǦǱè, Ǧ ǸǦǰǬǫ ǵǴǰǦǭǦǸȂ ǲǫǸǴǪǮǽǫǷǰǮǫ ǦǷǵǫǰǸȁ ǮǭǱǴǬǫǳǮȅ ȃǸǴǯ Ǹǫǲȁ. ǖǫ-
ǭǹǱȂǸǦǸǴǲ ǮǷǷǱǫǪǴǨǦǳǮȅ ǷǸǦǱ ǲǦǸǫǶǮǦǱ, ǰǴǸǴǶȁǯ ǲǴǬǫǸ ǷǱǹǬǮǸȂ ǴǷǳǴǨǴǯ ǪǱȅ ǵǴǪǩǴ-
ǸǴǨǰǮ ǭǦǳȅǸǮǯ Ǯ ǵǶǫǪǷǸǦǨǱȅǸȂ ǮǳǸǫǶǫǷ ǪǱȅ ǷǸǹǪǫǳǸǴǨ Ǯ ǵǶǫǵǴǪǦǨǦǸǫǱǫǯ.  

 

ǐǱȄǽǫǨȁǫ ǷǱǴǨǦ 

ǮǳǸǫǩǶǦǱȂǳǴǫ ǮǷǽǮǷǱǫǳǮǫ, ǳǫǷǴǧǷǸǨǫǳǳȁǯ ǮǳǸǫǩǶǦǱ,  
ǦǧǷǴǱȄǸǳǦȅ Ǯ ǹǷǱǴǨǳǦȅ ǷǻǴǪǮǲǴǷǸȂ 

 

ǆǈǘǔǖǡ 
 

ǑǦǷǰǴǨǦȅ ǘǦǸȂȅǳǦ ǆǱǫǰǷǫǫǨǳǦ, 
ǷǸǦǶǾǮǯ ǵǶǫǵǴǪǦǨǦǸǫǱȂ  
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ǈǨǫǪǫǳǮǫ 
 

ǘǫǲǦ çǓǫǷǴǧǷǸǨǫǳǳȁǫ ǮǳǸǫǩǶǦǱȁè ȅǨǱȅǫǸǷȅ ǴǪǳǮǲ Ǯǭ ǨǦǬǳȁǻ ǶǦǭǪǫǱǴǨ ǰǹǶǷǦ ǲǦ-
ǸǫǲǦǸǮǽǫǷǰǴǩǴ ǦǳǦǱǮǭǦ. Ǘ ǳǫǷǴǧǷǸǨǫǳǳȁǲǮ ǮǳǸǫǩǶǦǱǦǲǮ ǷǸǹǪǫǳǸȁ ǨǷǸǶǫǽǦȄǸǷȅ ǳǫ 
ǸǴǱȂǰǴ ǳǦ ǵǫǶǨǴǲ ǰǹǶǷǫ, ǵǶǮ ǮǭǹǽǫǳǮǮ ǮǳǸǫǩǶǦǱȂǳǴǩǴ ǮǷǽǮǷǱǫǳǮȅ, ǳǴ Ǯ Ǩ ǪǦǱȂǳǫǯǾǫǲ, 
ǵǶǮ ǮǷǷǱǫǪǴǨǦǳǮǮ ǶȅǪǴǨ Ǯ ǰǶǦǸǳȁǻ ǮǳǸǫǩǶǦǱǴǨ, Ǧ ǸǦǰǬǫ Ǩ ǸǫǴǶǮǮ ǨǫǶǴȅǸǳǴǷǸǫǯ. ǎǭǹ-
ǽǫǳǮǫ ȃǸǴǯ Ǹǫǲȁ ǭǦǽǦǷǸǹȄ ǵǶǫǪǷǸǦǨǱȅǫǸ ǪǱȅ ǷǸǹǪǫǳǸǴǨ ǭǳǦǽǮǸǫǱȂǳȁǫ ǸǶǹǪǳǴǷǸǮ. ǖǫ-
ǾǫǳǮǫ ǭǦǪǦǽ ǳǦ ǷǻǴǪǮǲǴǷǸȂ ǮǳǸǫǶǫǷǳǴ Ǹǫǲ, ǽǸǴ Ǩ ǵǶǴǼǫǷǷǫ ǮǷǷǱǫǪǴǨǦǳǮȅ ǷǸǹǪǫǳǸȁ 
ǵǶǮǲǫǳȅȄǸ Ǯ ǮǷǵǴǱȂǭǹȄǸ ǶǦǳǫǫ Ǯǭǹǽǫǳǳȁǫ Ǹǫǲȁ, ǸǦǰǮǫ ǰǦǰ ǳǦǻǴǬǪǫǳǮǫ ǵǶǫǪǫǱǴǨ, ȃǰ-
ǨǮǨǦǱǫǳǸǳȁǫ ǺǹǳǰǼǮǮ, ǷǶǦǨǳǫǳǮǫ ǳǦ ǧǫǷǰǴǳǫǽǳǴǷǸǮ ǶǴǷǸǦ ǷǸǫǵǫǳǳǴǯ, ǵǴǰǦǭǦǸǫǱȂǳǴǯ 
Ǯ ǱǴǩǦǶǮǺǲǮǽǫǷǰǴǯ ǺǹǳǰǼǮǮ. ǕǴȃǸǴǲǹ ǵǶǮ ǮǭǱǴǬǫǳǮǮ ǲǦǸǫǶǮǦǱǦ ǨǦǬǳǴ ǳǫ ǸǴǱȂǰǴ ǵǴ-
ǰǦǭǦǸȂ ǴǷǳǴǨǳȁǫ ǲǫǸǴǪȁ Ǯ ǷǵǴǷǴǧȁ ǶǫǾǫǳǮȅ ǰǴǳǰǶǫǸǳȁǻ ǭǦǪǦǽ, ǳǴ Ǯ ǴǧǶǦǸǮǸȂǷȅ ǰ ǳǫ-
ǰǴǸǴǶȁǲ ǮǷǸǴǶǮǽǫǷǰǮǲ ǦǷǵǫǰǸǦǲ, ǽǸǴǧȁ ǵǴǰǦǭǦǸȂ ǰǦǰǮǫ ǴǧǷǸǴȅǸǫǱȂǷǸǨǦ ǵǶǮǨǫǱǮ ǰ ǨǴǭ-
ǳǮǰǳǴǨǫǳǮȄ ǵǴǳȅǸǮȅ çǳǫǷǴǧǷǸǨǫǳǳȁǯ ǮǳǸǫǩǶǦǱè Ǯ ǰǦǰ ǭǦǸǫǲ ǴǳǴ ǶǦǭǨǮǨǦǱǴǷȂ. 
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ǒǫǸǴǪǴǱǴǩǮȅ Ǯ ǶǫǭǹǱȂǸǦǸȁ ǮǷǷǱǫǪǴǨǦǳǮȅ 
 

ǐǦǰ ǮǭǨǫǷǸǳǴ, ǸǫǴǶǮȅ ǮǳǸǫǩǶǦǱȂǳǴǩǴ ǮǷǽǮǷǱǫǳǮȅ ǨǴǭǳǮǰǱǦ Ǩ XVIII Ǩǫǰǫ ǵǶǮ ǶǦǷ-
ǷǲǴǸǶǫǳǮǮ ǴǧǶǦǸǳȁǻ ǭǦǪǦǽ ǪǮǺǺǫǶǫǳǼǮǦǱȂǳǴǩǴ ǮǷǽǮǷǱǫǳǮȅ. ǔǪǳǦǰǴ, ǫǷǱǮ ǪǱȅ Ǒǫǯǧ-
ǳǮǼǦ ǮǳǸǫǩǶǮǶǴǨǦǳǮǫ ǧȁǱǴ ǵǶǫǬǪǫ ǨǷǫǩǴ ǷǹǲǲǮǶǴǨǦǳǮǫǲ ǧǫǷǽǮǷǱǫǳǳǴǩǴ ǲǳǴǬǫǷǸǨǦ 
ǧǫǷǰǴǳǫǽǳǴ ǲǦǱȁǻ ǪǮǺǺǫǶǫǳǼǮǦǱǴǨ, ǸǴ ǪǱȅ ǓȂȄǸǴǳǦ Ǯ ǣǯǱǫǶǦ ǮǳǸǫǩǶǦǱȂǳǴǫ ǮǷǽǮǷ-
ǱǫǳǮǫ ȅǨǱȅǱǴǷȂ ǲǫǸǴǪǴǲ ǳǦǻǴǬǪǫǳǮȅ ǵǴ ǪǦǳǳǴǲǹ ǷǴǴǸǳǴǾǫǳǮȄ ǲǫǬǪǹ ǪǮǺǺǫǶǫǳǼǮǦ-
ǱǦǲǮ ǷǴǴǸǳǴǾǫǳǮȅ ǲǫǬǪǹ ǷǦǲǮǲǮ ǰǴǱǮǽǫǷǸǨǦǲǮ. ǊǦǱȂǳǫǯǾǮǫ ǶǦǧǴǸȁ ǲǦǸǫǲǦǸǮǰǴǨ 
ǵǴǨǱǫǰǱǮ ǭǦ ǷǴǧǴǯ ǨȁǪǫǱǫǳǮǫ ǵǴǳȅǸǮȅ ǴǵǶǫǪǫǱǫǳǳǴǩǴ Ǯ ǳǫǴǵǶǫǪǫǱǫǳǳǴǩǴ ǮǳǸǫǩǶǦǱǦ, 
ǰǦǰ ǴǷǴǧȁǻ ǴǧȀǫǰǸǴǨ ǮǷǷǱǫǪǴǨǦǳǮȅ.  

ǈǲǫǷǸǫ Ƿ Ǹǫǲ, ǷǧǱǮǬǫǳǮǫ ǶǦǭǱǮǽǳȁǻ ǰǴǳǼǫǵǼǮǯ ǪǴǱǩǴ ǳǫ ǲǴǩǱǴ ǵǫǶǫǶǦǷǸǮ Ǩ Ǯǻ 
ǷǮǳǸǫǭ, ǵǴǷǰǴǱȂǰǹ ǧȁǱǮ ǨǴǵǶǴǷȁ, ǰǴǸǴǶȁǫ ǹǽǫǳȁǫ XVIII ǨǫǰǦ ǴǧǻǴǪǮǱǮ ǷǸǴǶǴǳǴǯ, ǳǦǭȁ-
ǨǦȅ Ǯǻ çǵǦǶǦǪǴǰǷǦǲǮè. ǆ ǮǲǫǳǳǴ, ǧȁǱǮ ǴǧǳǦǶǹǬǫǳȁ ǺǦǰǸȁ, ǷǨǮǪǫǸǫǱȂǷǸǨǴǨǦǨǾǮǫ Ǵ 
ǸǴǲ, ǽǸǴ ǵǶǫǪǷǸǦǨǱǫǳǮǫ Ǵǧ ǮǳǸǫǩǶǦǱǫ, ǰǦǰ Ǵ Ƿǹǲǲǫ (ǮǱǮ ǵǶǫǪǫǱǫ Ƿǹǲǲȁ) ǳǫ ǨǷǫǩǪǦ 
ǷǴǩǱǦǷǹǫǸǷȅ Ƿ ǴǧǿǮǲ ǵǶǦǨǮǱǴǲ ǨȁǽǮǷǱǫǳǮȅ ǴǵǶǫǪǫǱǫǳǳǴǩǴ ǮǳǸǫǩǶǦǱǦ ǽǫǶǫǭ ǶǦǭǳǴǷǸȂ 
ǵǫǶǨǴǴǧǶǦǭǳȁǻ, ǮǱǮ Ǭǫ Ƿ ǹǧǫǬǪǫǳǮǫǲ Ǩ ǫǪǮǳǷǸǨǫǳǳǴǷǸǮ ǮǳǸǫǩǶǦǱǦ.  

ǘǦǰǮǫ ǺǦǰǸȁ ǧȁǱǮ ǴǧǳǦǶǹǬǫǳȁ Ǩ ǸǫǴǶǮǮ ǳǫǷǴǧǷǸǨǫǳǳȁǻ ǮǳǸǫǩǶǦǱǴǨ. 
ǕǫǶǨȁǲ, ǰǸǴ ǴǧǶǦǸǮǱ ǨǳǮǲǦǳǮǫ ǳǦ ǸǦǰǮǫ ǵǶǮǲǫǶȁ, ǧȁǱ ǊǦǱǦǲǧǫǶ. ǈ ǷǨǴǫǯ ǭǦ-

ǲǫǸǰǫ çǔǧ ǴǪǳǴǲ ǩǫǴǲǫǸǶǮǽǫǷǰǴǲ ǵǦǶǦǪǴǰǷǫè Ǵǳ, Ǩ ǽǦǷǸǳǴǷǸǮ, ǶǦǭǧǮǶǦǱ ǭǦǪǦǽǹ Ǵǧ 

ǮǳǸǫǩǶǦǱǫ 

b

n

ʘ

dx

x
-

ñ , ǨǭȅǸǴǲ ǲǫǬǪǹ ǵǶǫǪǫǱǦǲǮ ǶǦǭǱǮǽǳȁǻ ǭǳǦǰǴǨ (a>0, b>0).  

ǊǫǯǷǸǨǮǸǫǱȂǳǴ, Ǩ ǷǱǹǽǦǫ ǽǫǸǳǴǩǴ ǵǴǱǴǬǮǸǫǱȂǳǴǩǴ ǵǴǰǦǭǦǸǫǱȅ ǷǸǫǵǫǳǮ, ǳǦǵǶǮǲǫǶ 
n=2, ǵǴǳǮǲǦǳǮǫ ǮǳǸǫǩǶǦǱǦ, ǰǦǰ ǵǱǴǿǦǪǮ ǮǱǮ Ǭǫ Ƿǹǲǲȁ ǪǦǫǸ ǪǱȅ ǳǫǩǴ ǧǫǷǰǴǳǫǽǳǴǫ 
ǭǳǦǽǫǳǮǫ (ǵǴǱǴǬǮǸǫǱȂǳǴǫ), Ǩ ǸǴ ǨǶǫǲȅ ǰǦǰ ǨȁǽǮǷǱǫǳǮǫ ǵǴ ǺǴǶǲǹǱǫ ǓȂȄǸǴǳǦ - Ǒǫǯǧ-

ǳǮǼǦ ǪǦǫǸ ǴǸǶǮǼǦǸǫǱȂǳǴǫ ǭǳǦǽǫǳǮǫ:
1 1

0 
b a

å õ
- + <æ ö
ç ÷

. ǣǸǴǸ Ǭǫ ǵǦǶǦǪǴǰǷ ǹǰǦǭǦǱ Ǩ ǪǶǹǩǴǯ 

ǷǨȅǭǮ Ǯ ǑǦǩǶǦǳǬ. ǇȁǱǮ Ǯ ǪǶǹǩǮǫ ǵǶǮǲǫǶȁ. 
ǕǴǪǴǧǳȁǫ ǴǧǷǸǴȅǸǫǱȂǷǸǨǦ ǵǴǨǱǫǰǱǮ ǭǦ ǷǴǧǴǯ ǳǫǴǧǻǴǪǮǲǴǷǸȂ ǮǷǷǱǫǪǴǨǦǳǮȅ ǵǶǴ-

ǧǱǫǲȁ ǷǹǿǫǷǸǨǴǨǦǳǮȅ ǴǵǶǫǪǫǱǫǳǳǴǩǴ ǮǳǸǫǩǶǦǱǦ Ƿ ǵǴǲǴǿȂȄ ǳǴǨȁǻ ǦǳǦǱǮǸǮǽǫǷǰǮǻ 
ǷǶǫǪǷǸǨ. ǓǫǷǲǴǸǶȅ ǳǦ ǸǴ, ǽǸǴ ǫǿǫ ǣǯǱǫǶ ǨǮǪǫǱ ǸǶǹǪǳǴǷǸǮ, ǷǨȅǭǦǳǳȁǫ Ƿ ǸǶǦǰǸǴǨǰǴǯ 
ǮǳǸǫǩǶǦǱǦ ǰǦǰ ǵǶǫǪǫǱǦ Ƿǹǲǲȁ Ǩ ǷǱǹǽǦǫ ǺǹǳǰǼǮǮ Ƿ ǧǫǷǰǴǳǫǽǳȁǲ ǶǦǭǶȁǨǴǲ, ǴǧǿǫǵǶǮ-
ǳȅǸǴǫ ǨǵǴǷǱǫǪǷǸǨǮǮ ǴǵǶǫǪǫǱǫǳǮǫ ǵǴǳȅǸǮȅ ǴǵǶǫǪǫǱǫǳǳǴǩǴ ǮǳǸǫǩǶǦǱǦ ǴǸ ǴǬǶǷǬǷȂǩǴǵǰ 
ǺǹǳǰǼǮǮ Ǩ ǱǵǴǬǾǴȂǼ ǶǷǬǫǬǲǧǼ Ǯ ǫǩǴ ǴǧǴǧǿǫǳǮǫ ǳǦ ǵǶǴǷǸǫǯǾǮǫ ǰǱǦǷǷȁ ǶǦǭǶȁǨǳȁǻ 
ǺǹǳǰǼǮǯ Ǯ ǳǦ ǧǫǷǰǴǳǫǽǳȁǫ ǵǶǴǲǫǬǹǸǰǮ ǮǳǸǫǩǶǮǶǴǨǦǳǮȅ ǪǦǱ ǸǴǱȂǰǴ ǐǴǾǮ Ǩ çǖǫǭȄǲǫ 
ǱǫǰǼǮǯ ǵǴ ǮǷǽǮǷǱǫǳǮȄ ǧǫǷǰǴǳǫǽǳǴ ǲǦǱȁǻè (1823). ǣǸǮ Ǭǫ ǱǫǰǼǮǮ ǷǴǪǫǯǷǸǨǴǨǦǱǮ ǶǦǷ-

ǵǶǴǷǸǶǦǳǫǳǮȄ ǭǳǦǰǦ ǴǵǶǫǪǫǱǫǳǳǴǩǴ ǮǳǸǫǩǶǦǱǦ ( )  

b

ʘ

f x dxñ  Ǩ ǸǴǲ ǨǮǪǫ, ǰǦǰ Ǵǳ ǮǷǵǴǱȂǭǹ-

ǫǸǷȅ ǷǫǯǽǦǷ. 
ǘǫǶǲǮǳ Ǭǫ çǳǫǷǴǧǷǸǨǫǳǳȁǯ ǮǳǸǫǩǶǦǱè, ǵǴ-ǨǮǪǮǲǴǲǹ, ǨǨǫǱ ǔ. ǉȆǱȂǪǫǶ Ǩ 1885ǩ. 
ǈ ǧǴǱȂǾǮǳǷǸǨǫ ǷǴǨǶǫǲǫǳǳȁǻ ǰǹǶǷǴǨ ǲǦǸǫǲǦǸǮǰǮ, ǵǴǳȅǸǮǫ ǮǳǸǫǩǶǦǱǦ ǴǧǴǧǿǦǫǸǷȅ 

ǴǸǪǫǱȂǳǴ ǰǦǰ ǳǦ ǷǱǹǽǦǯ ǳǫǵǶǫǶȁǨǳȁǻ ǺǹǳǰǼǮǯ, ǴǵǶǫǪǫǱǫǳǳȁǻ ǳǦ ǳǫǴǩǶǦǳǮǽǫǳǳȁǻ 
ǵǶǴǲǫǬǹǸǰǦǻ, ǸǦǰ Ǯ ǳǦ ǷǱǹǽǦǯ ǺǹǳǰǼǮǯ, ǴǵǶǫǪǫǱǫǳǳȁǻ ǳǦ ǰǴǳǫǽǳȁǻ ǵǶǴǲǫǬǹǸǰǦǻ, ǳǴ 
ǳǫǴǩǶǦǳǮǽǫǳǳȁǻ ǳǦ ǳǮǻ. ǕǴȃǸǴǲǹ ǳǦ ǭǦǳȅǸǮǮ ǼǫǱǫǷǴǴǧǶǦǭǳǴ ǨǳǦǽǦǱǫ ǰǴǶǴǸǰǴ ǴǷǨǫǸǮǸȂ 
ǮǷǸǴǶǮǽǫǷǰǮǯ ǦǷǵǫǰǸ, ǪǦǸȂ ǴǷǳǴǨǳȁǫ ǴǵǶǫǪǫǱǫǳǮȅ, Ǧ ǭǦǸǫǲ ǵǴǰǦǭǦǸȂ ǴǷǳǴǨǳȁǫ ǲǫǸǴǪȁ 
ǶǫǾǫǳǮȅ ǭǦǪǦǽ.    

ǔǵǶǫǪǫǱǫǳǮǫ 1. ǕǹǷǸȂ ( )f x  ǴǵǶǫǪǫǱǫǳǦ Ǯ ǳǫǵǶǫǶȁǨǳǦ ǳǦ ǵǶǴǲǫǬǹǸǰǫ [ ),ʘ+¤. 

ǘǴǩǪǦ ǴǬǸǵǨǸǹǩǬǴǴȂǳ ǯǴǹǬǪǷǧǲǵǳ ǶǬǷǩǵǪǵ Ƿǵǫǧ ( )
ʘ

f x dx

+¤

ñ  ǳǦǭȁǨǦǫǸǷȅ ǵǶǫǪǫǱ 
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( ) lim ( )

b

b
ʘ a

f x dx f x dx

+¤

­+¤
=ñ ñ .  

ǋǷǱǮ ȃǸǴǸ ǵǶǫǪǫǱ ǷǹǿǫǷǸǨǹǫǸ Ǯ ǰǴǳǫǽǫǳ, ǸǴ ǳǫǷǴǧǷǸǨǫǳǳȁǯ ǮǳǸǫǩǶǦǱ ǵǫǶǨǴǩǴ 

ǶǴǪǦ( )
ʘ

f x dx

+¤

ñ  ǳǦǭȁǨǦǫǸǷȅ ǸǼǵǫȆȀǯǳǸȆ. ǈ ǵǶǴǸǮǨǳǴǲ ǷǱǹǽǦǫ, Ǹ.ǫ. ǫǷǱǮ ǵǶǫǪǫǱ ǧǫǷǰǴ-

ǳǫǽǫǳ ǮǱǮ ǳǫ ǷǹǿǫǷǸǨǹǫǸ ǨǴǨǷǫ, ǳǫǷǴǧǷǸǨǫǳǳȁǯ ǮǳǸǫǩǶǦǱ ǳǦǭȁǨǦǫǸǷȅ ǷǧǸǼǵǫȆȀǯǳǸȆ.  
 
ǊǬǵǳǬǹǷǯǾǬǸǱǯǰ ǸǳȂǸǲ ǳǫǷǴǧǷǸǨǫǳǳǴǩǴ ǮǳǸǫǩǶǦǱǦ 

ǵǫǶǨǴǩǴ ǶǴǪǦ ǵǶǮ ( ) 0f x ²  ð ȃǸǴ ǵǱǴǿǦǪȂ ǧǫǷǰǴǳǫǽǳǴ çǪǱǮǳ-

ǳǴǯè ǰǶǮǨǴǱǮǳǫǯǳǴǯ ǸǶǦǵǫǼǮǮ (ǶǮǷ. 1).  
 
ǆǳǦǱǴǩǮǽǳǴ ǲǴǬǳǴ ǴǵǶǫǪǫǱǮǸȂ: 

( ) lim ( )

b b

a
a

f x dx f x dx
­-¤

-¤

=ñ ñ , ǫǷǱǮ ( )f x  ǴǵǶǫǪǫǱǫǳǦ Ǯ ǳǫ-

ǵǶǫǶȁǨǳǦ ǳǦ ǵǶǴǲǫǬǹǸǰǫ ( ],b-¤ ;  

( ) ( ) ( )

b

b

f x dx f x dx f x dx

+¤ +¤

-¤ -¤

= +ñ ñ ñ , ǫǷǱǮ( )f x  ǴǵǶǫǪǫǱǫǳǦ Ǯ ǳǫǵǶǫǶȁǨǳǦ ǳǦ ǵǶǴǲǫ-

ǬǹǸǰǫ ( ),-¤ +¤.  

ǈ ǵǴǷǱǫǪǳǫǲ ǷǱǹǽǦǫ ǮǳǸǫǩǶǦǱ ( )f x dx

+¤

-¤

ñ  ǷǻǴǪǮǸǷȅ ǸǴǩǪǦ Ǯ ǸǴǱȂǰǴ ǸǴǩǪǦ, ǰǴǩǪǦ ǷǻǴ-

ǪȅǸǷȅ ǴǧǦ ǮǳǸǫǩǶǦǱǦ Ǩ ǵǶǦǨǴǯ ǽǦǷǸǮ. 

ǈ ǸǴǲ ǷǱǹǽǦǫ, ǰǴǩǪǦ ǳǦ [ ),ʘ+¤ ǷǹǿǫǷǸǨǹǫǸ ǵǫǶǨǴǴǧǶǦǭǳǦȅ ( )F x ,  Ǹ.ǫ. ()( )F x f x¡ =  

ǪǱȅ [ ),x ʘ" Í +¤, ǨǴǵǶǴǷ Ǵ ǷǻǴǪǮǲǴǷǸǮ ǳǫǷǴǧǷǸǨǫǳǳǴǩǴ ǮǳǸǫǩǶǦǱǦ ǵǫǶǨǴǩǴ ǶǴǪǦ ǷǨǴ-

ǪǮǸǷȅ ǰ ǳǦǻǴǬǪǫǳǮȄ ǵǶǫǪǫǱǦ: 

( ) lim ( ) lim ( ( ) ( )) lim ( ) ( ) ( )

b

ab b b
ʘ a

f x dx f x dx F b F a F b F a F x

+¤
+¤

­+¤ ­+¤ ­+¤
= = - = - =ñ ñ .  

ǍǦǪǦǽǦ ɲ1. ǎǷǷǱǫǪǴǨǦǸȂ ǳǦ ǷǻǴǪǮǲǴǷǸȂ ǮǳǸǫǩǶǦǱȁ 

a) ( ) ( )2 2 0

0 0

lim lim arctg lim arctg arctg0  
1 1 2

b
b

b b b

dx dx
x b

x x

p
+¤

­¤ ­¤ ­¤
= = = - =

+ +ñ ñ  - ǮǳǸǫǩǶǦǱ ǷǻǴǪǮǸǷȅ; 

b) ( ) ( )
2

2 2

lim lim ln ln lim ln ln ln ln 2
ln ln

b
b

b b b

dx dx
x b

x x x x

+¤

­¤ ­¤ ­¤
= = = - =+¤ñ ñ - ǮǳǸǫǩǶǦǱ ǶǦǷǻǴ-

ǪǮǸǷȅ; 

c) ( )
0

0

sin cos lim cos cos0 1 limcos
b b

xdx x b b

+¤
+¤

­¤ ­¤
=- =- - = -ñ . ǕǴǷǰǴǱȂǰǹ lim cos

b
b

­+¤
 ǳǫ Ƿǹ-

ǿǫǷǸǨǹǫǸ, ǮǳǸǫǩǶǦǱ ǶǦǷǻǴǪǮǸǷȅ. 

ǔǵǶǫǪǫǱǫǳǮǫ 2. ǕǹǷǸȂ ǺǹǳǰǼǮȅ ( )f x  ǳǫ ǴǩǶǦǳǮǽǫǳǦ Ǩ ǱȄǧǴǯ ǴǰǶǫǷǸǳǴǷǸǮ ǸǴǽǰǮ 

ǧ, Ǹ.ǫ. 
0

lim ( )
x a

f x
­ +

=¤Ǯ ǳǫǵǶǫǶȁǨǳǦ ǳǦ ǱȄǧǴǲ ǴǸǶǫǭǰǫ [ ] [ ], ,a b a be+ Ë . ǘǴǩǪǦ ǴǬǸǵǨ-

ǸǹǩǬǴǴȂǳ ǯǴǹǬǪǷǧǲǵǳ ǩǹǵǷǵǪǵ Ƿǵǫǧ  ( )

b

a

f x dxñ  ǳǦǭȁǨǦǫǸǷȅ ǵǶǫǪǫǱ 

0
( ) lim ( )

b b

a a

f x dx f x dx
e

e
­+

+

=ñ ñ .  
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 ǋǷǱǮ ȃǸǴǸ ǵǶǫǪǫǱ ǷǹǿǫǷǸǨǹǫǸ Ǯ ǰǴǳǫǽǫǳ, ǸǴ ǳǫǷǴǧǷǸǨǫǳǳȁǯ ǮǳǸǫǩǶǦǱ ǨǸǴǶǴǩǴ 
ǶǴǪǦ ǳǦǭȁǨǦǫǸǷȅ ǷǻǴǪȅǿǮǲǷȅ. ǈ ǵǶǴǸǮǨǳǴǲ ǷǱǹǽǦǫ ð ǶǦǷǻǴǪȅǿǮǲǷȅ. 

ǆǳǦǱǴǩǮǽǳǴ ǲǴǬǳǴ ǴǵǶǫǪǫǱǮǸȂ: 

0
( ) lim ( )

b b

a a

f x dx f x dx

e

e

-

­+
=ñ ñ , ǫǷǱǮ ( )f x  ǳǫǵǶǫǶȁǨǳǦ ǳǦ ǱȄǧǴǲ ǴǸǶǫǭǰǫ [ ] [ ], ,a b a be- Ë

, Ǯ 
0

lim ( )
x b

f x
­ +

=¤;  

 ( ) ( ) ( )

b c b

a a c

f x dx f x dx f x dx= +ñ ñ ñ , ǫǷǱǮ ( )f x  ǳǫǵǶǫǶȁǨǳǦ ǳǦ [ )( ], ,a c c b , Ǯ  

lim ( )
x ʩ

f x
­

=¤.  

ǈ ǵǴǷǱǫǪǳǫǲ ǷǱǹǽǦǫ ǮǳǸǫǩǶǦǱ ( )

b

a

f x dxñ  ǷǻǴǪǮǸǷȅ ǸǴǩǪǦ Ǯ ǸǴǱȂǰǴ ǸǴǩǪǦ, ǰǴǩǪǦ ǷǻǴ-

ǪȅǸǷȅ ǴǧǦ ǮǳǸǫǩǶǦǱȁ Ǩ ǵǶǦǨǴǯ ǽǦǷǸǮ.  
ǉǫǴǲǫǸǶǮǽǫǷǰǮǯ ǷǲȁǷǱ ǳǫǷǴǧǷǸǨǫǳǳǴǩǴ ǮǳǸǫǩǶǦǱǦ 

ǨǸǴǶǴǩǴ ǶǴǪǦ ǵǶǮ ( ) 0f x ²  ð ȃǸǴ ǵǱǴǿǦǪȂ ǧǫǷǰǴǳǫǽǳǴ çǨȁ-

ǷǴǰǴǯè ǰǶǮǨǴǱǮǳǫǯǳǴǯ ǸǶǦǵǫǼǮǮ (ǶǮǷ. 2). 
 
 

ǈ ǸǴǲ ǷǱǹǽǦǫ, ǰǴǩǪǦ ǹ ǺǹǳǰǼǮǮ ()f x  ǷǹǿǫǷǸǨǹǫǸ 

ǵǫǶǨǴǴǧǶǦǭǳǦȅ ( )F x ,  ǨǴǵǶǴǷ Ǵ ǷǻǴǪǮǲǴǷǸǮ ǳǫǷǴǧǷǸǨǫǳ-

ǳǴǩǴ ǮǳǸǫǩǶǦǱǦ ǵǫǶǨǴǩǴ ǶǴǪǦ ǸǦǰǬǫ ǷǨǴǪǮǸǷȅ ǰ ǳǦǻǴǬǪǫǳǮȄ ǵǶǫǪǫǱǦ: 

00 0 0
( ) lim ( ) lim( ( ) ( )) ( ) lim ( ) ( )

b b
b

a

a a

f x dx f x dx F b F a F b F a F x
e e e

e

e e
+­+ ­+ ­+

+

= = - + = - + =ñ ñ
.  

ǍǦǪǦǽǦ ɲ2. ǎǷǷǱǫǪǴǨǦǸȂ ǳǦ ǷǻǴǪǮǲǴǷǸȂ ǮǳǸǫǩǶǦǱȁ 

a) 
1 1

2 20 0
0

lim lim(arcsin arcsin1)
21 1

dx dx

x xe e
e

p
e

­+ ­+
= = - = Ý

- -
ñ ñ  ǮǳǸǫǩǶǦǱ ǷǻǴǪǮǸǷȅ. 

b) 

1 1 1
2 2 2

2 20 0
00

1 1 1 1
lim lim

1ln ln ln ln ln 2ln
2

dx dx

x x x x xe e
e

e­+ ­

å õ
æ ö= =- =- - = Ý
æ ö
ç ÷

ñ ñ  ǮǳǸǫǩǶǦǱ ǷǻǴǪǮǸǷȅ. 

c) 
3 1 3

2 2 2

0 0 1
( 1) ( 1) ( 1)

dx dx dx

x x x
= +

- - -ñ ñ ñ. ǣǸǴǸ ǮǳǸǫǩǶǦǱ ǷǻǴǪǮǸǷȅ, ǫǷǱǮ ǷǻǴǪȅǸǷȅ ǴǧǦ ǮǳǸǫ-

ǩǶǦǱǦ ǷǵǶǦǨǦ. ǕǴǷǰǴǱȂǰǹ 

11

2

00

1

( 1) 1

dx

x ʭ
=- =¤

- -ñ , ǪǦǳǳȁǯ ǮǳǸǫǩǶǦǱ ǶǦǷǻǴǪǮǸǷȅ. ǗǱǫǪǴ-

ǨǦǸǫǱȂǳǴ, ǮǷǻǴǪǳȁǯ ǮǳǸǫǩǶǦǱ ǸǴǬǫ ǶǦǷǻǴǪǮǸǷȅ. 
Ǘ ǵǴǲǴǿȂȄ ǵǫǶǨǴǴǧǶǦǭǳǴǯ ǵǶǴǨǴǪȅǸ ǮǷǷǱǫǪǴǨǦǳǮǫ ǳǦ ǷǻǴǪǮǲǴǷǸȂ Ǯ Ǩ ǯǴǹǬǪǷǧ-

ǲǧǼ ǋǯǷǯǼǲǬ ǵǫǶǨǴǩǴ Ǯ ǨǸǴǶǴǩǴ ǶǴǪǦ. 

a) ( 0, 0)
p

ʘ

dx
a p

x

+¤

> >ñ  - ǷǻǴǪǮǸǷȅ ǵǶǮ 1ʨ>  Ǯ ǶǦǷǻǴǪǮǸǷȅ ǵǶǮ 0 1.p< ¢ 

b) 
0

b

p

dx

xñ
 ( p > 0 ) - ǷǻǴǪǮǸǷȅ ǵǶǮ 0 1p< < Ǯ ǶǦǷǻǴǪǮǸǷȅ, ǫǷǱǮ 1ʨ² .  

ǈ ǶǦǷǷǲǴǸǶǫǳǳȁǻ ǨȁǾǫ ǵǶǮǲǫǶǦǻ ǪǱȅ ǮǷǷǱǫǪǴǨǦǳǮȅ ǳǦ ǷǻǴǪǮǲǴǷǸȂ ǲȁ ǨȁǽǮǷǱȅǱǮ 
ǮǳǸǫǩǶǦǱȁ, ǵǴǱȂǭǹȅǷȂ ǴǵǶǫǪǫǱǫǳǮȅǲǮ, Ǯ Ǹǫǲ, ǽǸǴ ǵǴǪȁǳǸǫǩǶǦǱȂǳȁǫ ǺǹǳǰǼǮǮ ǮǲǫȄǸ 
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ǵǫǶǨǴǴǧǶǦǭǳȁǫ, ǰǴǸǴǶȁǫ ǲǴǬǳǴ ǱǫǩǰǴ ǵǴǱǹǽǮǸȂ Ǩ ȅǨǳǴǲ ǨǮǪǫ. ǓǴ ǳǦ ǵǶǦǰǸǮǰǫ ȃǸǴ ǨǴǭ-
ǲǴǬǳǴ ǳǫǽǦǷǸǴ. ǎǳǴǩǪǦ ǭǦǪǦǽǦ ǳǦǻǴǬǪǫǳǮȅ ǵǫǶǨǴǴǧǶǦǭǳǴǯ ǴǽǫǳȂ ǷǱǴǬǳǦ, Ǧ ǮǳǴǩǪǦ 
ǸǦǰǴǯ ǺǹǳǰǼǮǮ ǳǫ ǷǹǿǫǷǸǨǹǫǸ (ǸǦǰ ǳǦǭȁǨǦǫǲȁǫ çǳǫǧǫǶǹǿǮǫǷȅè ǮǳǸǫǩǶǦǱȁ). 

ǈ ȃǸǴǲ ǷǱǹǽǦǫ ǳǦǪǴ ǮǷǵǴǱȂǭǴǨǦǸȂ ǷǨǴǯǷǸǨǦ Ǯ ǸǫǴǶǫǲȁ (ǵǶǮǭǳǦǰǮ ǷǻǴǪǮǲǴǷǸǮ). 
ǕǫǶǫǯǪǫǲ ǰ Ǯǻ ǶǦǷǷǲǴǸǶǫǳǮȄ. 

ǍǦǲǫǸǮǲ, ǽǸǴ ǵǴǷǰǴǱȂǰǹ ǨǴǵǶǴǷ Ǵ ǷǻǴǪǮǲǴǷǸǮ ǮǳǸǫǩǶǦǱǴǨ ǶǫǾǦǫǸǷȅ ǴǪǮǳǦǰǴǨǴ, 
ǸǴ Ǯ ǴǷǳǴǨǳȁǫ ǷǨǴǯǷǸǨǦ ǳǫǷǴǧǷǸǨǫǳǳȁǻ ǮǳǸǫǩǶǦǱǴǨ ǨǸǴǶǴǩǴ ǶǴǪǦ ǸǦǰǮǫ Ǭǫ, ǰǦǰ Ǯ ǷǨǴǯ-
ǷǸǨǦ ǳǫǷǴǧǷǸǨǫǳǳȁǻ ǮǳǸǫǩǶǦǱǴǨ ǵǫǶǨǴǩǴ ǶǴǪǦ. ǕǴȃǸǴǲǹ ǼǫǱǫǷǴǴǧǶǦǭǳǴ ǳǦ ǭǦǳȅǸǮǮ 
ǷǺǴǶǲǹǱǮǶǴǨǦǸȂ ǴǷǳǴǨǳȁǫ ǷǨǴǯǷǸǨǦ ǳǫǷǴǧǷǸǨǫǳǳǴǩǴ ǮǳǸǫǩǶǦǱǦ ǳǦ ǵǶǮǲǫǶǫ ǮǳǸǫǩǶǦǱǦ 

ǵǫǶǨǴǩǴ ǶǴǪǦ ( )
ʘ

f x dx

+¤

ñ , Ǧ ǸǦǰǬǫ ǹǰǦǭǦǸȂ ǽǸǴ ǪǶǹǩǮǫ ǸǫǴǶǫǲȁ ǸǦǰǬǫ ǺǴǶǲǹǱǮǶǹȄǸǷȅ 

ǦǳǦǱǴǩǮǽǳǴ, Ƿ ǳǫǧǴǱȂǾǮǲǮ ǵǴǵǶǦǨǰǦǲǮ. 
ǔǷǳǴǨǳȁǫ ǷǨǴǯǷǸǨǦ ǳǫǷǴǧǷǸǨǫǳǳȁǻ ǮǳǸǫǩǶǦǱǴǨ ǵǫǶǨǴǩǴ ǶǴǪǦ 

1.ǗǨǴǯǷǸǨǴ ǱǮǳǫǯǳǴǷǸǮ: 

ǆ) ǋǷǱǮ ǷǻǴǪȅǸǷȅ ǮǳǸǫǩǶǦǱȁ ( )
ʘ

f x dx

+¤

ñ  Ǯ ( )
ʘ

g x dx

+¤

ñ , ǸǴ ǷǻǴǪǮǸǷȅ ǮǳǸǫǩǶǦǱ 

( ( ) ( ))
ʘ

f x g x dx

+¤

+ñ , ǵǶǮǽǫǲ ( ( ) ( )) ( ) ( )
ʘ ʘ ʘ

f x g x dx f x dx g x dx

+¤ +¤ +¤

+ = +ñ ñ ñ.  

Ǉ) ǋǷǱǮ ǷǻǴǪǮǸǷȅ ǮǳǸǫǩǶǦǱ ( )
ʘ

f x dx

+¤

ñ , ǸǴ ǷǻǴǪǮǸǷȅ ǮǳǸǫǩǶǦǱ ( )
ʘ

k f x dx

+¤

Öñ , ǵǶǮǽǫǲ 

( ) ( ) ,
ʘ ʘ

k f x dx k f x dx

+¤ +¤

Ö =ñ ñ  ǩǪǫ k const= .  

2. ǗǨǴǯǷǸǨǴ ǦǪǪǮǸǮǨǳǴǷǸǮ: ǕǹǷǸȂ a b<  ( b-ǱȄǧǴǫ ǰǴǳǫǽǳǴǫ) Ǯ ( )f x  ǳǫǵǶǫǶȁǨǳǦ 

ǳǦ ǮǳǸǫǶǨǦǱǫ [ ),ʘ+¤. ǘǴǩǪǦ ( ) ( ) ( )

b

ʘ ʘ b

f x dx f x dx f x dx

+¤ +¤

= +ñ ñ ñ  Ǯ ǮǳǸǫǩǶǦǱȁ ( )
ʘ

f x dx

+¤

ñ , 

( )
b

f x dx

+¤

ñ  ǨǫǪǹǸ Ƿǫǧȅ ǴǪǮǳǦǰǴǨǴ: ǴǧǦ ǷǻǴǪȅǸǷȅ ǮǱǮ ǴǧǦ ǶǦǷǻǴǪȅǸǷȅ. 

ǕǶǮǭǳǦǰǮ ǷǻǴǪǮǲǴǷǸǮ ǪǱȅ ǭǳǦǰǴǵǴǷǸǴȅǳǳȁǻ ǺǹǳǰǼǮǯ. 

ǕǹǷǸȂ ǺǹǳǰǼǮȅ ( )f x ǳǫǵǶǫǶȁǨǳǦ ǳǦ [ ),a +¤Ǯ ǷǴǻǶǦǳȅǫǸ ǵǴǷǸǴȅǳǳȁǯ ǭǳǦǰ ǳǦ ȃǸǴǲ 

ǵǶǴǲǫǬǹǸǰǫ. Ǉǫǭ ǴǩǶǦǳǮǽǫǳǮȅ ǴǧǿǳǴǷǸǮ, ǧǹǪǫǲ ǷǽǮǸǦǸȂ, ǽǸǴ [ )( ) 0, ,f x x a² " Í +¤.  

ǕǶǮǭǳǦǰ ǷǶǦǨǳǫǳǮȅ ǵǴ ǳǫǶǦǨǫǳǷǸǨǹ. ǕǹǷǸȂ ǪǱȅ ǨǷǫǻ [ ), ( )ʭ ɸ ɸ aÍ +¤ >ǨȁǵǴǱ-

ǳǫǳȁ ǳǫǶǦǨǫǳǷǸǨǦ 0 ( ) ( )f x g x¢ ¢ . ǘǴǩǪǦ, ǫǷǱǮ ǷǻǴǪǮǸǷȅ ǮǳǸǫǩǶǦǱ ( )
ʘ

g x dx

+¤

ñ , ǸǴ ǷǻǴ-

ǪǮǸǷȅ ǮǳǸǫǩǶǦǱ ( )
ʘ

f x dx

+¤

ñ . ǋǷǱǮ ǶǦǷǻǴǪǮǸǷȅ ( )
ʘ

f x dx

+¤

ñ , ǸǴ ǶǦǷǻǴǪǮǸǷȅ Ǯ ( )
ʘ

g x dx

+¤

ñ .  

ǊǱȅ ǳǫǷǴǧǷǸǨǫǳǳȁǻ ǮǳǸǫǩǶǦǱǴǨ ǨǸǴǶǴǩǴ ǶǴǪǦ ǺǴǶǲǹǱǮǶǴǨǰǦ ǦǳǦǱǴǩǮǽǳǦ. 
ǕǶǫǪǫǱȂǳȁǯ ǵǶǮǭǳǦǰ ǷǻǴǪǮǲǴǷǸǮ (ǪǱȅ ǳǫǷǴǧǷǸǨǫǳǳȁǻ ǮǳǸǫǩǶǦǱǴǨ ǵǫǶǨǴǩǴ 

ǶǴǪǦ). ǕǹǷǸȂ ǪǱȅ ǨǷǫǻ [ ), ( )ʭ ɸ ɸ aÍ +¤ >ǨȁǵǴǱǳǫǳȁ ǳǫǶǦǨǫǳǷǸǨǦ ( ) 0, ( ) 0f x g x² > Ǯ 
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ǷǹǿǫǷǸǨǹǫǸ ǰǴǳǫǽǳȁǯ ǵǶǫǪǫǱ 
( )

lim 0
( )x

f x
C

g x­+¤
= ¸. ǘǴǩǪǦ ǳǫǷǴǧǷǸǨǫǳǳȁǫ ǮǳǸǫǩǶǦǱȁ ǵǫǶ-

ǨǴǩǴ ǶǴǪǦ ( )
ʘ

f x dx

+¤

ñ  Ǯ ( )
ʘ

g x dx

+¤

ñ ǨǫǪǹǸ Ƿǫǧȅ ǴǪǮǳǦǰǴǨǴ: ǱǮǧǴ ǴǧǦ ǷǻǴǪȅǸǷȅ, ǱǮǧǴ ǴǧǦ ǶǦǷ-

ǻǴǪȅǸǷȅ. 
ǕǶǫǪǫǱȂǳȁǯ ǵǶǮǭǳǦǰ ǷǻǴǪǮǲǴǷǸǮ (ǪǱȅ ǳǫǷǴǧǷǸǨǫǳǳȁǻ ǮǳǸǫǩǶǦǱǴǨ ǨǸǴǶǴǩǴ 

ǶǴǪǦ). ǕǹǷǸȂ ǺǹǳǰǼǮȅ ( ) 0f x ²  ǳǫ ǴǩǶǦǳǮǽǫǳǦ Ǩ ǱȄǧǴǯ ǴǰǶǫǷǸǳǴǷǸǮ ǸǴǽǰǮ ǧ, Ǹ.ǫ. 

0
lim ( )

x a
f x

­ +
=¤ Ǯ ǳǫǵǶǫǶȁǨǳǦ ǳǦ ǱȄǧǴǲ ǴǸǶǫǭǰǫ [ ] [ ], ,a b a be+ Ë . ǋǷǱǮ ǷǹǿǫǷǸǨǹǫǸ ǰǴ-

ǳǫǽǳȁǯ ǵǶǫǪǫǱ 
( )

lim 0
( )x a

f x
C

g x­
= ¸ , ǸǴ ǳǫǷǴǧǷǸǨǫǳǳȁǫ ǮǳǸǫǩǶǦǱȁ ǨǸǴǶǴǩǴ ǶǴǪǦ ( )

b

ʘ

f x dxñ  Ǯ 

( )

b

ʘ

g x dxñ   ǱǮǧǴ ǴǧǦ ǷǻǴǪȅǸǷȅ, ǱǮǧǴ ǴǧǦ ǶǦǷǻǴǪȅǸǷȅ. 

ǕǶǮ ǮǷǵǴǱȂǭǴǨǦǳǮǮ ȃǸǮǻ ǵǶǮǭǳǦǰǴǨ ǨǦǬǳǴ ǵǴǪǧǮǶǦǸȂ çǻǴǶǴǾǹȄè ǺǹǳǰǼǮȄ ǷǶǦǨ-
ǳǫǳǮȅ, ǮǳǸǫǩǶǦǱ ǴǸ ǰǴǸǴǶǴǯ ǱǫǩǰǴ ǮǷǷǱǫǪǴǨǦǸȂ ǳǦ ǷǻǴǪǮǲǴǷǸȂ. ǈ ǰǦǽǫǷǸǨǫ ǺǹǳǰǼǮǯ 

ǷǶǦǨǳǫǳǮȅ ǽǦǷǸǴ ǮǷǵǴǱȂǭǹȄǸ ǺǹǳǰǼǮǮ ǨǮǪǦ 
1

( )
p

g x
x
= , ǮǳǸǫǩǶǦǱȁ ǴǸ ǰǴǸǴǶȁǻ ȅǨǱȅȄǸǷȅ 

ǮǳǸǫǩǶǦǱǦǲǮ ǊǮǶǮǻǱǫ ǵǫǶǨǴǩǴ Ǯ ǨǸǴǶǴǩǴ ǶǴǪǦ.  
ǈ ǷǱǫǪǹȄǿǮǻ ǵǶǮǲǫǶǦǻ ǮǷǵǴǱȂǭǹǫǲ ǶǦǳǫǫ Ǯǭǹǽǫǳǳȁǫ Ǹǫǲȁ, ǸǦǰǮǫ ǰǦǰ ǳǦǻǴǬǪǫ-

ǳǮǫ ǵǶǫǪǫǱǴǨ, ȃǰǨǮǨǦǱǫǳǸǳȁǫ ǺǹǳǰǼǮǮ, ǷǶǦǨǳǫǳǮǫ ǳǦ ǧǫǷǰǴǳǫǽǳǴǷǸǮ ǶǴǷǸǦ ǷǸǫǵǫǳ-
ǳǴǯ, ǵǴǰǦǭǦǸǫǱȂǳǴǯ Ǯ ǱǴǩǦǶǮǺǲǮǽǫǷǰǴǯ ǺǹǳǰǼǮǮ 

ǍǦǪǦǽǦ ɲ3. ǎǷǷǱǫǪǴǨǦǸȂ ǳǦ ǷǻǴǪǮǲǴǷǸȂ ǮǳǸǫǩǶǦǱ:  
2

ln

dx

x

+¤

ñ . 

ǕǴǷǰǴǱȂǰǹ [ )
1 1

0 ln , 2, ( ) ( )
ln

x x x f x g x
x x

< < " Í +¤ Ý = > =. 

ǎǳǸǫǩǶǦǱ ǴǸ ǲǫǳȂǾǫǯ ǺǹǳǰǼǮǮ 
2 2

( )
dx

g x
x

+¤ +¤

=ñ ñ ǶǦǷǻǴǪǮǸǷȅ, Ǹ.ǰ. 1ʨ= , ǷǱǫǪǴǨǦ-

ǸǫǱȂǳǴ, ǵǴ ǵǶǮǭǳǦǰǹ ǷǻǴǪǮǲǴǷǸǮ ǵǴ ǳǫǶǦǨǫǳǷǸǨǹ, ǶǦǷǻǴǪǮǸǷȅ Ǯ ǮǷǻǴǪǳȁǯ ǮǳǸǫǩǶǦǱ 
(ǴǸ ǧǴǱȂǾǫǯ ǺǹǳǰǼǮǮ). 

ǍǦǪǦǽǦ ɲ4. ǎǷǷǱǫǪǴǨǦǸȂ ǳǦ ǷǻǴǪǮǲǴǷǸȂ ǮǳǸǫǩǶǦǱ:  
32 4

1 1

dx

x x

+¤

- + +
ñ  

ǣǸǴ ǳǫǷǴǧǷǸǨǫǳǳȁǯ ǮǳǸǫǩǶǦǱ ǵǫǶǨǴǩǴ ǶǴǪǦ ǴǸ ǭǳǦǰǴǵǴǱǴǬǮǸǫǱȂǳǴǯ ǺǹǳǰǼǮǮ, ǵǴ-
ȃǸǴǲǹ ǲǴǬǳǴ ǵǶǮǲǫǳǮǸȂ ǵǶǫǪǫǱȂǳȁǯ ǵǶǮǭǳǦǰ Ǯ ǺǹǳǰǼǮȄ ǷǶǦǨǳǫǳǮȅ ǧǹǪǫǲ ǮǷǰǦǸȂ Ǩ 

ǨǮǪǫ 
1

( )
p

g x
x
= . ǔǪǳǦǰǴ, ǳǫǴǧǻǴǪǮǲǴ ǴǧǶǦǸǮǸȂ ǨǳǮǲǦǳǮǫ ǽǸǴ ǺǹǳǰǼǮȅ 

1
( )

p
g x

x
= , ǰǴǸǴ-

ǶǦȅ ǮǷǵǴǱȂǭǹǫǸǷȅ ǪǱȅ ǮǷǷǱǫǪǴǨǦǳǮȅ ǳǦ ǷǻǴǪǮǲǴǷǸȂ, ǮǲǫǫǸ ǶǦǭǶȁǨ Ǩ ǸǴǽǰǫ 0ʭ= , ǸǴǩǪǦ 
ǰǦǰ ǵǴǪȁǳǸǫǩǶǦǱȂǳǦȅ ǺǹǳǰǼǮȅ ǳǫǵǶǫǶȁǨǳǦ Ǩ ȃǸǴǯ ǸǴǽǰǫ.  ǕǴȃǸǴǲǹ ǵǶǮ ǶǫǾǫǳǮǮ ǭǦǪǦǽ 

ǸǴǽǰǫ 0ʭ=  ǳǫǴǧǻǴǪǮǲǴ ǹǪǫǱȅǸȂ ǴǷǴǧǴǫ ǨǳǮǲǦǳǮǫ. ǊǱȅ ȃǸǴǩǴ ǵǶǮǲǫǳǮǲ ǷǨǴǯǷǸǨǴ ǦǪ-
ǪǮǸǮǨǳǴǷǸǮ Ǯ ǵǶǫǪǷǸǦǨǮǲ ǮǳǸǫǩǶǦǱ Ǩ ǨǮǪǫ Ƿǹǲǲȁ ǪǨǹǻ ǮǳǸǫǩǶǦǱǴǨ:  

 
1

3 3 32 4 2 4 2 4
1 1 11 1 1

dx dx dx

x x x x x x

+¤ +¤

- -

= +
+ + + + + +

ñ ñ ñ . ǍǪǫǷȂ ǵǫǶǨǴǫ ǷǱǦǩǦǫǲǴǫ - Ǵǧȁǽǳȁǯ 

ǴǵǶǫǪǫǱǫǳǳȁǯ ǮǳǸǫǩǶǦǱ, Ǹ.ǫ. ǽǮǷǱǴ. ǗǱǫǪǴǨǦǸǫǱȂǳǴ, ǷǻǴǪǮǲǴǷǸȂ ǮǷǻǴǪǳǴǩǴ ǮǳǸǫǩǶǦǱǦ 

32 4
1 1

dx

x x

+¤

- + +
ñ  ǭǦǨǮǷǮǸ ǴǸ ǷǻǴǪǮǲǴǷǸǮ  

32 4
1 1

dx

x x

+¤

+ +
ñ , ǵǶǮǽǫǲ ǸǴǽǰǦ 0ʭ= ǹǬǫ ǳǫ ǧǹǪǫǸ 

ǳǦǲ ǲǫǾǦǸȂ. 
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ǎǷǷǱǫǪǹǫǲ ǳǦ ǷǻǴǪǮǲǴǷǸȂ 
32 4

1 1

dx

x x

+¤

+ +
ñ . ǇǹǪǫǲ ǮǷǵǴǱȂǭǴǨǦǸȂ ǵǶǫǪǫǱȂǳȁǯ ǵǶǮ-

ǭǳǦǰ. ǊǱȅ ǳǦǻǴǬǪǫǳǮȅ ʨ ǨȁǽǮǷǱǮǲ ǵǶǫǪǫǱ:  

232 4

( )
lim lim lim 1 0 2

( ) 1

p p

x x x

f x x x
ʧʨʠ ʨ

g x xx x­+¤ ­+¤ ­+¤
= = = ¸ =

+ +
. ǍǳǦǽǮǸ, ǺǹǳǰǼǮȅ ǷǶǦǨǳǫǳǮȅ 

2

1
( )g x

x
=  . ǕǴǷǰǴǱȂǰǹ 

2

1 1

( )
dx

g x dx
x

+¤ +¤

=ñ ñ  - ǮǳǸǫǩǶǦǱ ǊǮǶǮǻǱǫ ǵǫǶǨǴǩǴ ǶǴǪǦ ǵǶǮ 2 1ʨ= >, 

ǸǴ Ǵǳ ǷǻǴǪǮǸǷȅ. ǗǱǫǪǴǨǦǸǫǱȂǳǴ, Ǯ ǮǳǸǫǩǶǦǱ 
32 4

1 1

dx

x x

+¤

+ +
ñ ǸǴǬǫ ǷǻǴǪǮǸǷȅ, Ǧ ǸǦǰǬǫ ǷǻǴ-

ǪǮǸǷȅ ǮǷǻǴǪǳȁǯ ǮǳǸǫǩǶǦǱ 
32 4

1 1

dx

x x

+¤

- + +
ñ  .  

ǕǶǮǲǫǽǦǳǮǫ: ǈ ǪǦǳǳǴǯ ǭǦǪǦǽǫ ǲǴǬǳǴ ǧȁǱǴ ǧȁ ǨǴǷǵǴǱȂǭǴǨǦǸȂǷȅ Ǯ ǵǶǮǭǳǦǰǴǲ ǷǶǦǨ-

ǳǫǳǮȅ ǵǴ ǳǫǶǦǨǫǳǷǸǨǹ:  
232 4

1 1
0 ( ) ( )

1
f x g x

xx x
¢ = ¢ =

+ +
.  

ǖǫǾǫǳǮǫ ǭǦǪǦǽ ǳǦ ǷǻǴǪǮǲǴǷǸȂ ǮǳǸǫǶǫǷǳǴ Ǹǫǲ, ǽǸǴ Ǩ ǵǶǴǼǫǷǷǫ ǮǷǷǱǫǪǴǨǦǳǮȅ ǷǸǹ-
ǪǫǳǸȁ ǵǴǨǸǴǶȅȄǸ ǶǦǳǫǫ Ǯǭǹǽǫǳǳȁǫ Ǹǫǲȁ, ǸǦǰǮǫ ǰǦǰ ǳǦǻǴǬǪǫǳǮǫ ǵǶǫǪǫǱǴǨ, ȃǰǨǮǨǦ-
ǱǫǳǸǳȁǫ ǺǹǳǰǼǮǮ, ǷǶǦǨǳǫǳǮǫ ǳǦ ǧǫǷǰǴǳǫǽǳǴǷǸǮ ǶǴǷǸǦ ǷǸǫǵǫǳǳǴǯ, ǵǴǰǦǭǦǸǫǱȂǳǴǯ Ǯ ǱǴ-
ǩǦǶǮǺǲǮǽǫǷǰǴǯ ǺǹǳǰǼǮǮ.  ǕǴǰǦǬǫǲ ȃǸǴ ǳǦ ǷǱǫǪǹȄǿǮǻ ǭǦǪǦǽǦǻ. 

ǍǦǪǦǽǦ ɲ5. ǎǷǷǱǫǪǴǨǦǸȂ ǳǦ ǷǻǴǪǮǲǴǷǸȂ ǮǳǸǫǩǶǦǱ 
1

4
3

1

1
( 1)sin

3

ʭʭ ʝ arctg xdx
x

+¤

-ñ . 

ǣǸǴ ǮǳǸǫǩǶǦǱ ǵǫǶǨǴǩǴ ǶǴǪǦ, ( ) 0f x ² . ǓǦǯǪǫǲ ǺǹǳǰǼǮȄ, ȃǰǨǮǨǦǱǫǳǸǳǹȄ ǪǦǳǳǴǯ.  

 
1

4 4
3 3

1 1 1
1 ;  sin ;  

23 3

ʭ

ʭ ʭ ʭ
ʝ arctg x

ʭ x ʭ

p

­+¤ ­+¤ ­+¤
-  

ǗǱǫǪǴǨǦǸǫǱȂǳǴ 
4

3

( ) ( )
6

ʭ
f x g x

x

p

­+¤
= .  

ǎǳǸǫǩǶǦǱ 
4

3
1 1

( )
6

dx
g x dx

x

p
+¤ +¤

=ñ ñ ǷǻǴǪǮǸǷȅ, Ǹ.ǰ. 
4

1
3

ʨ= >, ǷǱǫǪǴǨǦǸǫǱȂǳǴ ǮǷǻǴǪǳȁǯ 

ǮǳǸǫǩǶǦǱ ǸǴǬǫ ǷǻǴǪǮǸǷȅ (ǵǴ ǵǶǫǪǫǱȂǳǴǲǹ ǵǶǮǭǳǦǰǹ). 

ǍǦǪǦǽǦ ɲ6. ǎǷǷǱǫǪǴǨǦǸȂ ǳǦ ǷǻǴǪǮǲǴǷǸȂ ǮǳǸǫǩǶǦǱ 
3

1

ln

1

xdx

x

+¤

+
ñ . 

ǣǸǴ ǮǳǸǫǩǶǦǱ ǵǫǶǨǴǩǴ ǶǴǪǦ, ( ) 0f x ² . ǔǼǫǳǮǲ ǺǹǳǰǼǮȄ ǷǨǫǶǻǹ. 

[ )3 3 33 2 2 2

ln ln 1
( ) ( ),  ( 0),  ʜʣʷ 1,

1

k

k

x x x
f x g x k x

x x x x
-

= < < = = > " Í +¤
+

.  

ǈ ǪǦǳǳǴǲ ǳǫǶǦǨǫǳǷǸǨǫ ǲȁ ǮǷǵǴǱȂǭǴǨǦǱǮ ǸǴǸ ǺǦǰǸ, ǽǸǴ ln ,  0kx x k< " > , Ǹ.ǰ. ǳǦ 

ǧǫǷǰǴǳǫǽǳǴǷǸǮ ǲȅǨǧȆ ǷǸǫǵǫǳǳǦȅ ǺǹǳǰǼǮȅ ǶǦǷǸǫǸ ǧȁǷǸǶǫǫ, ǽǫǲ ǱǴǩǦǶǮǺǲǮǽǫǷǰǦȅ. 

ǍǪǫǷȂ k  ǷǱǫǪǹǫǸ ǨȁǧǶǦǸȂ ǸǦǰ, ǽǸǴǧȁ 
3

2
1 1

( )
k

dx
g x dx

x

+¤ +¤

-
=ñ ñ  ǷǻǴǪǮǱǷȅ. ǕǴǷǰǴǱȂǰǹ ǮǳǸǫǩǶǦǱ 

ǵǫǶǨǴǩǴ ǶǴǪǦ ǷǻǴǪǮǸǷȅ ǪǱȅ 
3

1
2

p k= - >, ǸǴ ǨǴǭȂǲǫǲ, ǳǦǵǶǮǲǫǶ, 
1

4
k= . ǘǴǩǪǦ 

5
1

4
ʨ= > 

Ǯ 
5

4
1

dx

x

+¤

ñ  ǷǻǴǪǮǸǷȅ, ǷǱǫǪǴǨǦǸǫǱȂǳǴ
3

1

ln

1

xdx

x

+¤

+
ñ  ǸǴǬǫ ǷǻǴǪǮǸǷȅ (ǵǴ ǵǶǮǭǳǦǰǹ ǵǴ ǳǫǶǦǨǫǳ-

ǷǸǨǹ).  
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ǍǦǪǦǽǦ ɲ7. ǎǷǷǱǫǪǴǨǦǸȂ ǳǦ ǷǻǴǪǮǲǴǷǸȂ ǮǳǸǫǩǶǦǱ 
1

3 4
0 1

dx

x-
ñ . 

ǣǸǴ ǮǳǸǫǩǶǦǱ ǨǸǴǶǴǩǴ ǶǴǪǦ, ( ) 0f x ²  ǵǶǮ [ )0,1ʭÍ . ǚǹǳǰǼǮȅ ( )f x   ǳǫ ǴǩǶǦǳǮǽǫǳǦ 

Ǩ ǴǰǶǫǷǸǳǴǷǸǮ 
1

1: lim ( )
x

x f x
­

= =¤.  

ǊǱȅ ǮǷǷǱǫǪǴǨǦǳǮȅ ǮǳǸǫǩǶǦǱǦ ǳǦ ǷǻǴǪǮǲǴǷǸȂ ǨǴǷǵǴǱȂǭǹǫǲǷȅ ǵǶǫǪǫǱȂǳȁǲ ǵǶǮǭǳǦ-

ǰǴǲ Ǯ ǺǹǳǰǼǮȄ ǷǶǦǨǳǫǳǮȅ ǧǹǪǫǲ ǮǷǰǦǸȂ Ǩ ǨǮǪǫ 
1

( )
(1 )p

g x
x

=
-

.  

33 4 21 1 1 3

( ) (1 ) (1 ) 1
lim lim lim

( ) 41 (1 )(1 )(1 )

p p

x x x

f x x x

g x x x x x­ ­ ­

- -
= = =

- - + +
 ǵǶǮ 

1
1

3
ʨ= <

1
3

1
( )

(1 )
g x

x
Ý =

-
 Ǯ 

1

0

( )g x dxñ  - ǷǻǴǪǮǸǷȅ. ǗǱǫǪǴǨǦǸǫǱȂǳǴ,  
1 1

3 4
0 0

( )
1

dx
f x dx

x
=

-
ñ ñ  ǸǴǬǫ ǷǻǴǪǮǸǷȅ. 

 
 ǋǷǱǮ Ǭǫ ǨǳǹǸǶǮ ǮǳǸǫǶǨǦǱǦ ǮǳǸǫǩǶǮǶǴǨǦǳǮȅ ǺǹǳǰǼǮȅ ǮǲǫǫǸ ǳǫǷǰǴǱȂǰǴ ǴǷǴǧǫǳǳǴ-

ǷǸǫǯ, ǸǴ ǳǫǴǷǴǧȁǲǮ ǸǴǽǰǦǲǮ ǴǧǱǦǷǸȂ ǮǳǸǫǩǶǮǶǴǨǦǳǮȅ ǶǦǭǧǮǨǦǫǸǷȅ ǳǦ ǽǦǷǸǮ, Ǩ ǰǦǬǪǴǯ 
Ǯǭ ǰǴǸǴǶȁǻ ǺǹǳǰǼǮȅ ǮǲǫǫǸ ǸǴǱȂǰǴ ǴǪǳǹ ǴǷǴǧǫǳǳǴǷǸȂ. ǕǶǮ ȃǸǴǲ ǮǷǻǴǪǳȁǯ ǮǳǸǫǩǶǦǱ 
ǷǻǴǪǮǸǷȅ ǸǴǩǪǦ Ǯ ǸǴǱȂǰǴ ǸǴǩǪǦ, ǰǴǩǪǦ ǨǷǫ ǮǳǸǫǩǶǦǱȁ Ǩ ǵǶǦǨǴǯ ǽǦǷǸǮ ǷǻǴǪȅǸǷȅ. 

ǍǦǪǦǽǦ ɲ8. ǎǷǷǱǫǪǴǨǦǸȂ ǳǦ ǷǻǴǪǮǲǴǷǸȂ ǮǳǸǫǩǶǦǱ 

( )
2

2
1 1

dx

x

+¤

-
ñ  

ǈ ǪǦǳǳǴǲ ǷǱǹǽǦǫ ǳǦ ǵǶǴǲǫǬǹǸǰǫ [ )1,ʭÍ +¤  ǵǴǪȁǳǸǫǩǶǦǱȂǳǦȅ ǺǹǳǰǼǮȅ ǸǫǶǵǮǸ 

ǧǫǷǰǴǳǫǽǳȁǯ ǶǦǭǶȁǨ Ǩ ǸǴǽǰǫ 1x=, ǵǴȃǸǴǲǹ ǭǦǵǮǾǫǲ 

( ) ( ) ( )

2

2 2 2
2 2 2

1 1 21 1 1

dx dx dx

x x x

+¤ +¤

= +
- - -

ñ ñ ñ .  

ǖǦǷǷǲǴǸǶǮǲ ǮǳǸǫǩǶǦǱȁ Ǩ ǵǶǦǨǴǯ ǽǦǷǸǮ. ǕǫǶǨȁǯ ǮǳǸǫǩǶǦǱ 

( )

2

2
2

1 1

dx

x -
ñ  ȅǨǱȅǫǸǷȅ ǳǫ-

ǷǴǧǷǸǨǫǳǳȁǲ ǮǳǸǫǩǶǦǱǴǲ ǨǸǴǶǴǩǴ ǶǴǪǦ. ǕǶǮǲǫǳǮǲ ǵǶǫǪǫǱȂǳȁǯ ǵǶǮǭǳǦǰ. 

 
2 2 2 2 2

1 1 1
( )   ( )

( 1) ( 1) ( 1) 4( 1)
f x g x

x x x x
= = =

- - + -
, ǵǶǮ 1x­ . 

ǘ.ǰ. 
2 2

2

1 1

1 1
( )

4 ( 1)
g x dx dx

x
=

-ñ ñ  - ǶǦǷǻǴǪǮǸǷȅ, ǸǴ Ǯ 

( )

2

2
2

1 1

dx

x -
ñ  ǸǴǬǫ ǶǦǷǻǴǪǮǸǷȅ. 

ǕǴǷǰǴǱȂǰǹ ǪǱȅ ǷǻǴǪǮǲǴǷǸǮ ǮǷǻǴǪǳǴǩǴ ǮǳǸǫǩǶǦǱǦ ǳǫǴǧǻǴǪǮǲǴ, ǽǸǴǧȁ ǴǧǦ ǮǳǸǫ-
ǩǶǦǱǦ Ǩ ǵǶǦǨǴǯ ǽǦǷǸǮ ǷǻǴǪǮǱǮǷȂ, ǲǴǬǳǴ ǹǸǨǫǶǬǪǦǸȂ, ǽǸǴ ǮǷǻǴǪǳȁǯ ǮǳǸǫǩǶǦǱ ǶǦǷǻǴ-
ǪǮǸǷȅ. 

ǎǳǸǫǩǶǦǱȁ ǴǸ ǭǳǦǰǴǵǫǶǫǲǫǳǳȁǻ ǺǹǳǰǼǮǯ. 

ǈ ǷǱǹǽǦǫ, ǰǴǩǪǦ ǺǹǳǰǼǮȅ( )f x  ǳǫ ȅǨǱȅǫǸǷȅ ǭǳǦǰǴǵǴǷǸǴȅǳǳǴǯ ǳǦ ǵǶǴǲǫǬǹǸǰǫ ǮǳǸǫ-

ǩǶǮǶǴǨǦǳǮȅ, ǵǶǮǭǳǦǰǮ ǷǶǦǨǳǫǳǮȅ (ǵǶǫǪǫǱȂǳȁǯ Ǯ ǵǴ ǳǫǶǦǨǫǳǷǸǨǹ) ǵǶǮǲǫǳȅǸȂ ǳǫǱȂǭȅ. ǈ 
ȃǸǴǲ ǷǱǹǽǦǫ ǨǳǦǽǦǱǫ ǳǹǬǳǴ ǵǶǴǨǫǷǸǮ ǮǷǷǱǫǪǴǨǦǳǮǫ ǳǦ ǦǧǷǴǱȄǸǳǹȄ ǷǻǴǪǮǲǴǷǸȂ.   

ǊǦǪǮǲ ǳǫǷǰǴǱȂǰǴ ǴǵǶǫǪǫǱǫǳǮǯ. 

ǔǵǶǫǪǫǱǫǳǮǫ3. ǓǫǷǴǧǷǸǨǫǳǳȁǯ ǮǳǸǫǩǶǦǱ ( )
ʘ

f x dx

+¤

ñ  ǳǦǭȁǨǦǫǸǷȅ ǧǨǸǵǲȅǹǴǵ ǸǼǵ-

ǫȆȀǯǳǸȆ, ǫǷǱǮ ǷǻǴǪǮǸǷȅ ǮǳǸǫǩǶǦǱ  ( )
ʘ

f x dx

+¤

ñ .  
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ǕǶǮǭǳǦǰ ǦǧǷǴǱȄǸǳǴǯ ǷǻǴǪǮǲǴǷǸǮ. ǋǷǱǮ ( )
ʘ

f x dx

+¤

ñ  ǷǻǴǪǮǸǷȅ, ǸǴ ( )
ʘ

f x dx

+¤

ñ  ǸǴǬǫ 

ǷǻǴǪǮǸǷȅ (ǵǴ ǴǵǶǫǪǫǱǫǳǮȄ ȃǸǴ ǴǭǳǦǽǦǫǸ ǦǧǷǴǱȄǸǳǹȄ ǷǻǴǪǮǲǴǷǸȂ). 

ǔǵǶǫǪǫǱǫǳǮǫ 4. ǓǫǷǴǧǷǸǨǫǳǳȁǯ ǮǳǸǫǩǶǦǱ ( )
ʘ

f x dx

+¤

ñ  ǳǦǭȁǨǦǫǸǷȅ ǺǸǲǵǩǴǵ ǸǼǵǫȆ-

ȀǯǳǸȆ, ǫǷǱǮ ȃǸǴǸ ǮǳǸǫǩǶǦǱ ǷǻǴǪǮǸǷȅ, Ǧ ( )
ʘ

f x dx

+¤

ñ  ǶǦǷǻǴǪǮǸǷȅ. 

ǍǦǪǦǽǦ ɲ9. ǎǷǷǱǫǪǴǨǦǸȂ ǳǦ ǷǻǴǪǮǲǴǷǸȂ ǮǳǸǫǩǶǦǱ 
2

2

cosxdx

x
p

+¤

ñ . 

ǣǸǴ ǮǳǸǫǩǶǦǱ ǵǫǶǨǴǩǴ ǶǴǪǦ, ( )f x  ǭǳǦǰǴǵǫǶǫǲǫǳǳǦȅ ǺǹǳǰǼǮȅ. ǎǷǷǱǫǪǹǫǲ ǮǳǸǫ-

ǩǶǦǱ ǳǦ ǦǧǷǴǱȄǸǳǹȄ ǷǻǴǪǮǲǴǷǸȂ: 

 ǔǼǫǳǮǲ  
2 2 2

coscos 1
( ) ( )

xx
f x g x

x x x
= = ¢ = ,  

2

22 2

1 2
( )

dx
g x dx

x xpp p
p

+¤+¤ +¤

= =- =ñ ñ . ǕǴǷǰǴǱȂǰǹ ǮǳǸǫǩǶǦǱ ǴǸ ǧǴǱȂǾǫǯ ǺǹǳǰǼǮǮ ǷǻǴǪǮǸǷȅ, 

ǸǴ ǮǳǸǫǩǶǦǱ ǴǸ ǲǫǳȂǾǫǯ ǺǹǳǰǼǮǮ ǸǴǬǫ ǷǻǴǪǮǸǷȅ (ǵǴ ǵǶǮǭǳǦǰǹ ǵǴ ǳǫǶǦǨǫǳǷǸǨǹ). ǣǸǴ 

ǴǭǳǦǽǦǫǸ, ǽǸǴ 
2

( )f x dx
p

+¤

ñ ǷǻǴǪǮǸǷȅ, Ǧ ǭǳǦǽǮǸ 
2

2

cosxdx

x
p

+¤

ñ   ǷǻǴǪǮǸǷȅ ǦǧǷǴǱȄǸǳǴ. 

ǈ ǰǦǽǫǷǸǨǫ ǵǶǮǲǫǶǦ ǭǦǪǦǽǮ ǳǦ ǹǷǱǴǨǳǹȄ ǷǻǴǪǮǲǴǷǸȂ ǼǫǱǫǷǴǴǧǶǦǭǳǴ ǶǦǷǷǲǴǸǶǫǸȂ 
ǷǱǫǪǹȄǿǹȄ ǭǦǪǦǽǹ. 

ǍǦǪǦǽǦ ɲ10. ǎǷǷǱǫǪǴǨǦǸȂ ǳǦ ǷǻǴǪǮǲǴǷǸȂ ǮǳǸǫǩǶǦǱ 
2

sinx
dx

x
p

+¤

ñ .  

ǣǸǦ ǭǦǪǦǽǦ ǮǳǸǫǶǫǷǳǦ Ǹǫǲ, ǽǸǴ Ƿ ǵǴǲǴǿȂȄ ǮǳǸǫǩǶǮǶǴǨǦǳǮȅ ǵǴ ǽǦǷǸȅǲ ǲǴǬǳǴ ǱǫǩǰǴ 
ǪǴǰǦǭǦǸȂ ǫǩǴ ǷǻǴǪǮǲǴǷǸȂ: 

2

2 2

22 2 2

1
sin cos cos cos

sin cos

dx
U dUx x xdx xdx

dx x x
x x x x

dV xdx V x pp p p

+¤+¤ +¤ +¤= =-
= =- - =-

= =-
ñ ñ ñ ,  

Ǹ.ǰ. 
cos

lim . . . 0
x

x
ʙ ʤ ʦʛʨ

x­+¤
= Ö =. 

ǕǴǷǰǴǱȂǰǹ 
2

2

cosxdx

x
p

+¤

ñ  ǷǻǴǪǮǸǷȅ (Ƿǲ. ǍǦǪǦǽǹ 9), ǸǴ ȃǸǴ ǴǭǳǦǽǦǫǸ, ǽǸǴ ǮǷǻǴǪǳȁǯ Ǯǳ-

ǸǫǩǶǦǱ ǷǻǴǪǮǸǷȅ. 
ǔǪǳǦǰǴ ǦǧǷǴǱȄǸǳǴǯ ǷǻǴǪǮǲǴǷǸǮ ǸǹǸ ǳǫǸ. ǕǴǰǦǬǫǲ, ǽǸǴ Ǵǳ ǷǻǴǪǮǸǷȅ ǹǷǱǴǨǳǴ, ǪǱȅ 

ȃǸǴǩǴ ǴǼǫǳǮǲ ǷǨǫǶǻǹ 
sin

( )
x

f x
x

=  ǵǶǮ [ 2, )x pÍ +¤. 

2
2 sin

sin sin ( ) ( )
x

x x f x g x
x

² Ý ² = - ǺǹǳǰǼǮȅ ǷǶǦǨǳǫǳǮȅ. 

2 2 2 2 2

2sin 1 1 cos 2 1 1 cos 2
( )

2 2 2

x x dx xdx
g x dx dx dx

x x x x
p p p p p

+¤ +¤ +¤ +¤ +¤
-

= = = -ñ ñ ñ ñ ñ .  
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ǈ ǵǶǦǨǴǯ ǽǦǷǸǮ ǶǦǨǫǳǷǸǨǦ ǮǳǸǫǩǶǦǱ 
2

cos 2xdx

x
p

+¤

ñ  - ǷǻǴǪǮǸǷȅ, Ǧ 
2

dx

x
p

+¤

ñ  - ǶǦǷǻǴǪǮǸǷȅ, 

ǷǱǫǪǴǨǦǸǫǱȂǳǴ ǮǳǸǫǩǶǦǱ 
2

( )g x dx
p

+¤

ñ  ǸǴǬǫ ǶǦǷǻǴǪǮǸǷȅ. ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǵǴ ǵǶǮǭǳǦǰǹ ǷǶǦǨ-

ǳǫǳǮȅ ǵǴ ǳǫǶǦǨǫǳǷǸǨǹ ǶǦǷǻǴǪǮǸǷȅ Ǯ ǮǳǸǫǩǶǦǱ 
2 2

sin
( )

x
f x dx dx

x
p p

+¤ +¤

=ñ ñ . ǕǴ ǔǵǶǫǪǫǱǫǳǮȄ 

4 ȃǸǴ ǴǭǳǦǽǦǫǸ, ǽǸǴ 
2

( )f x dx
p

+¤

ñ  ǷǻǴǪǮǸǷȅ ǹǷǱǴǨǳǴ. 

 

ǍǦǰǱȄǽǫǳǮǫ 
 

ǈ ǷǸǦǸȂǫ ǶǦǷǷǲǴǸǶǫǳȁ ǳǫǰǴǸǴǶȁǫ ǲǫǸǴǪǮǽǫǷǰǮǫ Ǯ ǮǷǸǴǶǮǽǫǷǰǮǫ ǦǷǵǫǰǸȁ ǮǭǱǴǬǫ-
ǳǮȅ Ǹǫǲȁ çǓǫǷǴǧǷǸǨǫǳǳȁǯ ǮǳǸǫǩǶǦǱè ǪǱȅ ǷǸǹǪǫǳǸǴǨ ǸǫǻǳǮǽǫǷǰǮǻ ǷǵǫǼǮǦǱȂǳǴǷǸǫǯ. 
ǕǶǫǪǱǴǬǫǳ ǵǶǮǲǫǶǳȁǯ ǵǱǦǳ ǭǦǳȅǸǮȅ, Ǩ ǰǴǸǴǶǴǲ ǹǰǦǭǦǳȁ ǮǷǸǴǶǮǽǫǷǰǮǫ ǺǦǰǸȁ, ǮǭǱǴ-
Ǭǫǳȁ ǳǫǴǧǻǴǪǮǲȁǫ ǴǵǶǫǪǫǱǫǳǮȅ Ǯ ǸǫǴǶǫǲȁ, Ǧ ǸǦǰǬǫ ǶǦǷǷǲǴǸǶǫǳȁ ǴǷǳǴǨǳȁǫ ǲǫǸǴǪȁ 
ǶǫǾǫǳǮȅ ǭǦǪǦǽ ǵǴ ȃǸǴǯ Ǹǫǲǫ.  

ǗǗǡǑǐǎ Ǔǆ ǎǗǘǔǝǓǎǐǎ 
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ǒǋǘǔǊǎǐǆ ǈǈǋǊǋǓǎǥ ǓǆǝǆǑǢǓǡǛ ǕǔǓǥǘǎǏ Ǔǆ ǗǋǒǎǓǆǖǋ  
Ǖǔ ǘǋǒǋ çǊǎǚǚǋǖǋǓǜǎǆǑǢǓǔǋ ǎǗǝǎǗǑǋǓǎǋ ǚǙǓǐǜǎǏ 

ǓǋǗǐǔǑǢǐǎǛ ǕǋǖǋǒǋǓǓǡǛè  

 

 

ǆǳǳǴǸǦǼǮȅ 

ǈ ǷǸǦǸȂǫ ǵǶǫǪǷǸǦǨǱǫǳǦ ǲǫǸǴǪǮǰǦ ǶǫǾǫǳǮȅ ǭǦǪǦǽ ǵǴ ǸǫǲǦǲ: ǳǦǻǴǬǪǫǳǮǫ ǴǧǱǦǷǸǮ ǴǵǶǫ-
ǪǫǱǫǳǮǯ ǺǹǳǰǼǮǯ ǳǫǷǰǴǱȂǰǮǻ ǵǫǶǫǲǫǳǳȁǻ, ǳǦǻǴǬǪǫǳǮǫ ǱǮǳǮǯ ǹǶǴǨǳȅ, ǳǦǻǴǬǪǫǳǮǫ 
ǵǶǫǪǫǱǴǨ; ǪǦǳȁ ǴǷǳǴǨǳȁǫ ǴǵǶǫǪǫǱǫǳǮȅ, ǵǴǰǦǭǦǳȁ ǷǵǴǷǴǧȁ Ǯ ǦǱǩǴǶǮǸǲȁ ǶǫǾǫǳǮȅ ǭǦ-
ǪǦǽ, ǵǶǮǨǫǪǫǳȁ ǵǶǮǲǫǶȁ Ǯ ǵǶǫǪǷǸǦǨǱǫǳ ǮǱǱȄǷǸǶǦǸǮǨǳȁǯ ǲǦǸǫǶǮǦǱ. 

 

ǐǱȄǽǫǨȁǫ ǷǱǴǨǦ 

ǺǹǳǰǼǮǮ ǳǫǷǰǴǱȂǰǮǻ ǵǫǶǫǲǫǳǳȁǻ, ǴǧǱǦǷǸȂ ǴǵǶǫǪǫǱǫǳǮȅ,  
ǱǮǳǮǮ Ǯ ǵǴǨǫǶǻǳǴǷǸǮ ǹǶǴǨǳȅ, ǵǶǫǪǫǱ 

 

ǆǈǘǔǖ 
 

ǓǦǶǦǱǫǳǰǴǨǦ ǎǶǮǳǦ ǎǩǴǶǫǨǳǦ,  
ǪǴǼǫǳǸ ǚǉǇǔǙ ǈǔ çǒǴǷǰǴǨǷǰǮǯ ǩǴǷǹǪǦǶǷǸǨǫǳǳȁǯ ǸǫǻǳǮǽǫǷǰǮǯ  

ǹǳǮǨǫǶǷǮǸǫǸ Ǯǲ. Ǔ. ǣ. ǇǦǹǲǦǳǦè,  
ǪǴǼǫǳǸ ǚǉǇǔǙ ǈǔ çǒǴǷǰǴǨǷǰǮǯ ǩǴǷǹǪǦǶǷǸǨǫǳǳȁǯ ǹǳǮǨǫǶǷǮǸǫǸ  

Ǯǲ. ǒ.ǈ. ǑǴǲǴǳǴǷǴǨǦè, ǩ. ǒǴǷǰǨǦ  
i.i.naralenkova@gmail.com  

 

 
 

ǈǨǫǪǫǳǮǫ 
 

ǚǹǳǰǼǮǮ ǳǫǷǰǴǱȂǰǮǻ ǵǫǶǫǲǫǳǳȁǻ ǰǦǰ ǴǧǴǧǿǫǳǮǫ ǺǹǳǰǼǮǯ ǴǪǳǴǯ ǵǫǶǫǲǫǳǳǴǯ Ǩȁ-
ǪǫǱǮǱǮǷȂ Ǩ ǷǦǲǴǷǸǴȅǸǫǱȂǳȁǯ ǶǦǭǪǫǱ ǲǦǸǫǲǦǸǮǰǮ ǪǴǷǸǦǸǴǽǳǴ ǪǦǨǳǴ Ǯ ȅǨǱȅȄǸǷȅ ǮǳǷǸǶǹ-
ǲǫǳǸǴǲ, ǵǴǭǨǴǱȅȄǿǮǲ ǴǵǮǷǦǸȂ ǲǳǴǩǮǫ ǭǦǰǴǳǴǲǫǶǳǴǷǸǮ, ǷǹǿǫǷǸǨǹȄǿǮǫ Ǩ ǵǶǮǶǴǪǫ 

(ǺǮǭǮǰǫ, ǸǫǻǳǮǰǫ, ȃǰǴǳǴǲǮǰǫ). ǘǦǰ ǫǿǫ ǺǶǦǳǼǹǭǷǰǮǯ ǲǦǸǫǲǦǸǮǰ ǓǮǰǴǱǦǯ ǔǶǫǲ 
(Ǵǰ. 1320 ð 1382) Ǩ ǶǦǧǴǸǫ òǔ ǰǴǳǺǮǩǹǶǦǼǮǮ ǰǦǽǫǷǸǨǦó ǨȁǷǰǦǭǦǱ ǮǪǫȄ ǺǹǳǰǼǮǴǳǦǱȂǳǴǯ 
ǭǦǨǮǷǮǲǴǷǸǮ ǴǸ ǴǪǳǴǯ, ǪǨǹǻ Ǯ ǸǶǫǻ ǵǫǶǫǲǫǳǳȁǻ Ǯ ǫǫ ǩǶǦǺǮǽǫǷǰǴǲ ǮǭǴǧǶǦǬǫǳǮǮ. ǈ 
ǳǦǷǸǴȅǿǫǫ ǨǶǫǲȅ ǵǴǳȅǸǮȅ Ǯ ǲǦǸǫǲǦǸǮǽǫǷǰǮǯ ǦǵǵǦǶǦǸ ǺǹǳǰǼǮǯ, ǭǦǨǮǷȅǿǮǻ ǴǸ ǳǫǷǰǴǱȂ-
ǰǮǻ ǵǫǶǫǲǫǳǳȁǻ, 

ǱǫǬǮǸ Ǩ ǴǷǳǴǨǫ ǲǳǴǩǮǻ ǪǮǷǼǮǵǱǮǳ.  
ǆǰǸǹǦǱȂǳǴǷǸȂ ǴǧǹǷǱǴǨǱǫǳǦ ǼǫǱǫǷǴǴǧǶǦǭǳǴǷǸȂȄ ǶǦǭǶǦǧǴǸǰǮ ǲǫǸǴǪǮǰǮ ǭǳǦǰǴǲǷǸǨǦ 

ǷǸǹǪǫǳǸǴǨ Ƿ ǴǷǳǴǨǳȁǲǮ ǵǴǳȅǸǮȅǲǮ ǸǫǴǶǮǮ ǺǹǳǰǼǮǯ ǳǫǷǰǴǱȂǰǮǻ ǵǫǶǫǲǫǳǳȁǻ, ǵǴ-
ǷǰǴǱȂǰǹ ǪǦǳǳȁǫ ǵǴǳȅǸǮȅ ǱǫǬǦǸ Ǩ ǴǷǳǴǨǫ ǮǭǹǽǫǳǮȅ ǶǦǭǱǮǽǳȁǻ ǪǮǷǼǮǵǱǮǳ (ǪǮǺǺǫǶǫǳ-
ǼǮǦǱȂǳȁǫ ǹǶǦǨǳǫǳǮȅ, ǪǮǺǺǫǶǫǳǼǮǦǱȂǳǦȅ ǩǫǴǲǫǸǶǮȅ, ǸǫǴǶǮȅ ǵǴǱȅ, ȃǰǴǳǴǲǮǰǮ). 

ǜǫǱȂ ǷǴǷǸǴǮǸ Ǩ ǶǦǭǶǦǧǴǸǰǫ ǲǫǸǴǪǮǰǮ, ǵǴǲǴǩǦȄǿǫǯ ǷǸǹǪǫǳǸǦǲ ǴǷǨǴǮǸȂ ǴǷǳǴǨǳȁǫ 
ǵǴǳȅǸǮȅ ǸǫǴǶǮǮ ǺǹǳǰǼǮǯ ǳǫǷǰǴǱȂǰǮǻ ǵǫǶǫǲǫǳǳȁǻ, ǵǴǳȅǸȂ ǦǱǩǴǶǮǸǲȁ ǶǫǾǫǳǮȅ ǭǦǪǦǽ 
ǵǴ ǳǦǻǴǬǪǫǳǮȄ ǴǧǱǦǷǸǮ ǴǵǶǫǪǫǱǫǳǮǯ ǺǹǳǰǼǮǯ ǳǫǷǰǴǱȂǰǮǻ ǵǫǶǫǲǫǳǳȁǻ, ǵǴ ǳǦǻǴǬǪǫ-
ǳǮȄ ǱǮǳǮǯ ǹǶǴǨǳȅ Ǯ ǵǶǫǪǫǱǴǨ. 

 

ǒǫǸǴǪǴǱǴǩǮȅ Ǯ ǶǫǭǹǱȂǸǦǸȁ ǮǷǷǱǫǪǴǨǦǳǮȅ 
ǒǋǘǖǎǐǆ ǎ ǔǐǖǋǗǘǓǔǗǘǎ ǈ ᴙ▪.  

ǖǦǷǷǲǴǸǶǮǲ Ǩ ᴙ, ǫǨǰǱǮǪǴǨǴǲ  n- ǲǫǶǳǴǲ ǵǶǴǷǸǶǦǳǷǸǨǫ ȃǱǫǲǫǳǸȁ x  Ǯ y 

ὼ  ὼ ȟỄȟὼ   
ώ  ώ ȟỄȟώ  ,  

ǩǪǫ ǶǦǷǷǸǴȅǳǮǫ ǶǦǷǷǸǴȅǳǮǫ ǭǦǪǦǳǴ 

”ὼȟώ ὼ ώ ὼ ώ Ễ ὼ ώ .  
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ǕǹǷǸȂ ǭǦǪǦǳǦ ǸǴǽǰǦ  ὥ  ὥ ȟỄȟὥ    ɴᴙ . 
ǔǵǶǫǪǫǱǫǳǮǫ 1.  ǒǳǴǬǫǷǸǨǴ Ὗ ὥȟὶ ὼɴ ᴙȠ ”ὼȟὥ ὶ  ǳǦǭȁǨǦǫǸǷȅ  ǴǸǰǶȁ-

Ǹȁǲ n ð ǲǫǶǳȁǲ ǾǦǶǴǲ ǶǦǪǮǹǷǦ r  Ƿ ǼǫǳǸǶǴǲ Ǩ ǸǴǽǰǫ a. 
ǔǵǶǫǪǫǱǫǳǮǫ 2.  ǒǳǴǬǫǷǸǨǴ ὠ ὥȟὶ ὼɴ ᴙȠ ”ὼȟὥ ὶ  ǳǦǭȁǨǦǫǸǷȅ  ǭǦǲǰǳǹ-

Ǹȁǲ n ð ǲǫǶǳȁǲ ǾǦǶǴǲ ǶǦǪǮǹǷǦ r  Ƿ ǼǫǳǸǶǴǲ Ǩ ǸǴǽǰǫ a. 
ǔǵǶǫǪǫǱǫǳǮǫ 3.  ǒǳǴǬǫǷǸǨǴ Ὓ ὥȟὶ ὼɴ ᴙȠ ”ὼȟὥ ὶ  ǳǦǭȁǨǦǫǸǷȅ   n ð ǲǫǶ-

ǳǴǯ ǷǺǫǶǴǯ ǶǦǪǮǹǷǦ r Ƿ ǼǫǳnǶǴǲ Ǩ ǸǴǽǰǫ a. 

ǕǶǮǲǫǶ 1.  ὃὥȟὦᶰᴙ  ;  ὓὼȟώᶰᴙ  

  ὼ ὥ ώ ὦ ὶ ð ǴǸǰǶȁǸȁǯ ǰǶǹǩ; 

  ὼ ὥ ώ ὦ ὶ ð ǭǦǲǰǳǹǸȁǯ ǰǶǹǩ. 

ǕǶǮǲǫǶ 2. ὼ ὥ ώ ὦ  ᾀ ὧ ὶ  - ǭǦǲǰǳǹǸȁǯ ǾǦǶ. 
ǔǵǶǫǪǫǱǫǳǮǫ 4.  ǒǳǴǬǫǷǸǨǴ ȿὼ ὥȿ Ὠȟȣȟȿὼ ὥȿ Ὠ ǳǦǭȁǨǦǫǸǷȅ   n ð ǲǫǶ-

ǳȁǲ ǵǦǶǦǱǱǫǱǫǵǮǵǫǪǴǲ. 

ǔǵǶǫǪǫǱǫǳǮǫ 5.  ‐ ðǴǰǶǫǷǸǳǴǷǸȂȄ ǸǴǽǰǮ ὥᶰὈṖᴙ  ǳǦǭȁǨǦǫǸǷȅ ǴǸǰǶȁǸȁǯ ǾǦǶ 
ὠ ὥȟ‐ ǶǦǪǮǹǷǦ  ‐ Ƿ ǼǫǳǸǶǴǲ Ǩ ǸǴǽǰǫ a. 

ὠ ὥȟ‐ ὼɴ ᴙȠ ”ὼȟὥ ‐ 
ǔǵǶǫǪǫǱǫǳǮǫ 6.  ǘǴǽǰǦ ὥᶰὈṖᴙ  ǳǦǭȁǨǦǫǸǷȅ ǩǴǺǹǷǬǴǴǬǰ ǹǵǾǱǵǰ ǲǳǴǬǫǷǸǨǦ 

D, ǫǷǱǮ  ɱ‐ ð ǴǰǶǫǷǸǳǴǷǸȂ ǸǴǽǰǮ ǧ ǨǷǫ ǸǴǽǰǮ ǰǴǸǴǶǴǯ  ǵǶǮǳǦǪǱǫǬǦǸ ǲǳǴǬǫǷǸǨǹ D. 
ǔǵǶǫǪǫǱǫǳǮǫ 7.  ǘǴǽǰǦ ὦɴ ὈṖᴙ  ǳǦǭȁǨǦǫǸǷȅ ǪǷǧǴǯǾǴǵǰ ǹǵǾǱǵǰ ǲǳǴǬǫǷǸǨǦ D, 

ǫǷǱǮ  ᶅ‐ ð ǴǰǶǫǷǸǳǴǷǸȂ ȃǸǴǯ ǸǴǽǰǮ ǷǴǪǫǶǬǮǸ ǸǴǽǰǮ, ǰǴǸǴǶȁǫ  ǵǶǮǳǦǪǱǫǬǦǸ ǲǳǴǬǫǷǸǨǹ 
D,  ǸǦǰ Ǯ ǸǴǽǰǮ ǫǲǹ ǳǫ ǵǶǮǳǦǪǱǫǬǦǿǮǫ  

 
ǒǓǔǌǋǗǘǈǆ ǈ ᴙ▪.  

ǔǵǶǫǪǫǱǫǳǮǫ.  ǒǳǴǬǫǷǸǨǴ D ǵǶǴǷǸǶǦǳǷǸǨǦ ᴙ  ǳǦǭȁǨǦǫǸǷȅ ǵǹǱǷȂǹȂǳ ǳǴǵǭǬ-
Ǹǹǩǵǳ, ǫǷǱǮ ǱȄǧǦȅ ǸǴǽǰǦ ȃǸǴǩǴ ǲǳǴǬǫǷǸǨǦ ǨǳǹǸǶǫǳǳȅȅ. 

ǔǵǶǫǪǫǱǫǳǮǫ.  ǋǷǱǮ ǨǷǫ ǸǴǽǰǮ ǲǳǴǬǫǷǸǨǦ ǳǦǻǴǪȅǸǷȅ ǨǳǹǸǶǮ ǳǫǰǴǸǴǶǴǩǴ ǾǦǶǦ 
ǰǴǳǫǽǳǴǩǴ ǶǦǪǮǹǷǦ, ǸǴ ǲǳǴǬǫǷǸǨǴ ǳǦǭȁǨǦǫǸǷȅ ǵǪǷǧǴǯǾǬǴǴȂǳ.  

ǔǵǶǫǪǫǱǫǳǮǫ.  ǔǬǶǷǬǷȂǩǴǧȆ ǱǷǯǩǧȆ Ǩ ǵǶǴǷǸǶǦǳǷǸǨǫ ᴙ  ð ȃǸǴ ǲǳǴǬǫǷǸǨǴ ǸǴǽǫǰ 
ȃǸǴǩǴ ǵǶǴǷǸǶǦǳǷǸǨǦ, ǰǴǴǶǪǮǳǦǸȁ ǰǴǸǴǶȁǻ ǫǷǸȂ ǳǫǵǶǫǶȁǨǳȁǫ ǺǹǳǰǼǮǮ 

ὼ • ὸȟȣ ȟὼ • ὸȟ   ‌ ὸ ‍  
ǔǵǶǫǪǫǱǫǳǮǫ.  ǒǳǴǬǫǷǸǨǴ  ǵǶǴǷǸǶǦǳǷǸǨǦ ᴙ  ǳǦǭȁǨǦǫǸǷȅ ǸǩȆǮǴȂǳ, ǫǷǱǮ ǱȄǧȁǫ 

ǪǨǫ ǫǩǴ ǸǴǽǰǮ ǲǴǬǳǴ ǷǴǫǪǮǳǮǸȂ ǰǶǮǨǴǯ, ǨǷǫ ǸǴǽǰǮ ǰǴǸǴǶǴǯ ǵǶǮǳǦǪǱǫǬǦǸ ȃǸǴǲǹ ǲǳǴ-
ǬǫǷǸǨǹ. 

ǔǵǶǫǪǫǱǫǳǮǫ.  ǕǨǲǧǸǹȃȅ ǳǦǭǴǨǫǲ ǴǸǰǶȁǸǴǫ ǷǨȅǭǳǴǫ ǲǳǴǬǫǷǸǨǴ. 

ǔǵǶǫǪǫǱǫǳǮǫ.  ǕǱǷǬǸǹǴǵǸǹȃȅ ǸǴǽǰǮ  ὥɴ ὈṖᴙ  ǳǦǭǴǨǫǲ ǱȄǧǴǫ ǴǸǰǶȁǸǴǫ ǷǨȅǭ-
ǳǴǫ ǲǳǴǬǫǷǸǨǴ, ǷǴǪǫǶǬǦǿǫǫ ǸǴǽǰǹ ǧ. 

 
ǗǐǆǑǥǖǓǡǋ ǚǙǓǐǜǎǎ  N ǕǋǖǋǒǋǓǓǡǛ ǐǆǐ  ǔǘǔǇǖǆǌǋǓǎǋ  ᴙ▪ᴼᴙ.  
ǕǹǷǸȂ ǪǦǳȁ ǪǨǦ ǲǳǴǬǫǷǸǨǦ  
ὢṒᴙ   (ᴙ  ð n-ǲǫǶǳǴǫ ǫǨǰǱǮǪǴǨǴ ǵǶǴǷǸǶǦǳǷǸǨǴ) Ǯ  ὟṒ ᴙ.  
ǣǱǫǲǫǳǸȁ ǲǳǴǬǫǷǸǨǦ X ǫǷǸȂ  

ὼӶ  ὼ ȟỄȟὼ   
ώ  ώ ȟỄȟώ  ,  

ǣǱǫǲǫǳǸȁ ǲǳǴǬǫǷǸǨǦ U ǫǷǸȂ ǽǮǷǱǦ όᶰὟṒᴙ.  
ǔǵǶǫǪǫǱǫǳǮǫ.  ǛǺǴǱǽǯǬǰ  f  ǳǦǭǴǨǫǲ ǴǸǴǧǶǦǬǫǳǮǫ ὼᶅɴ ὢṒᴙ  Ǩ ǴǪǮǳ ȃǱǫǲǫǳǸ 

όᶰὟṒᴙ.  
ǔǧǴǭǳǦǽǦǫǲ ǸǦǰ:  

ό  Ὢὼ ȟỄȟὼ   

ǮǱǮ        ὪȡὢᴼὟ       ǮǱǮ ὢᴼ Ὗ.  

ǕǶǮǲǫǶ 1.  ό ὼ ώ  ρȠςᴼό ρ τ υ.  
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ǕǶǮǲǫǶ 2.  ό ὼ ώ ᾀ  ρȠςȠρᴼό ρ ς ρ ς.  
ǕǶǮǲǫǶ 3.  ό ὼ ὼ Ễ ὼ  ρȠρȣȠρᴼό ρ ρȣ ρ ὲ.  
ǒǳǴǬǫǷǸǨǴ X ǳǦǭȁǨǦǫǸǷȅ ǵǨǲǧǸǹȃȅ ǵǶǷǬǫǬǲǬǴǯȆ ǻǺǴǱǽǯǯ.  
ὼӶ  ὼ ȟỄȟὼ   - ǦǶǩǹǲǫǳǸ ǺǹǳǰǼǮǮ; 

Ὢὼ  Ὢὼ ȟỄȟὼ   - ǭǳǦǽǫǳǮǫ ǺǹǳǰǼǮǮ ǳǦ ȃǱǫǲǫǳǸǫ ὼ  ὼ ȟỄȟὼ  ᶰὢṒᴙ ;  
Ὢὢ Ὢὼȡὼɴ ὢ ð ǴǧǱǦǷǸȂ ǭǳǦǽǫǳǮǯ ǺǹǳǰǼǮǮ. 

ǚǹǳǰǼǮȅ ǪǨǹǻ ǵǫǶǫǲǫǳǳȁǻ ό ὪὼȠώ, ǫǷǸȂ ǴǸǴǧǶǦǬǫǳǮǫ ᴙ ᴼᴙ.  

ǕǶǮǲǫǶ 4. ǓǦǯǸǮ ǴǧǱǦǷǸȂ ǴǵǶǫǪǫǱǫǳǮȅ ǺǹǳǰǼǮǮ   ό ὼ ώ   

ǗǬǿǬǴǯǬ. ǔǧǱǦǷǸȂȄ ǴǵǶǫǪǫǱǫǳǮȅ ǺǹǳǰǼǮǮ  ό ὼ ώ ȅǨǱȅǫǸǷȅ ǨǷȅ ǵǱǴǷǰǴǷǸȂ 

ǕǶǮǲǫǶ 5. ǓǦǯǸǮ ǴǧǱǦǷǸȂ ǴǵǶǫǪǫǱǫǳǮȅ ǺǹǳǰǼǮǮ ό ρ ὼ ώ   

ǗǬǿǬǴǯǬ. ǚǹǳǰǼǮȅ ό ρ ὼ ώ  ǴǵǶǫǪǫǱǫǳǦ, ǫǷǱǮ ρ ὼ ώ π, ǸǴ ǫǷǸȂ 
ǫǷǱǮ 

 
ὼ ώ ρ. ǘǴ ǫǷǸȂ, ǴǧǱǦǷǸȂȄ ǴǵǶǫǪǫǱǫǳǮȅ ǺǹǳǰǼǮǮ ό ρ ὼ ώ ȅǨǱȅǫǸǷȅ 

ǲǳǴǬǫǷǸǨǴ ǸǴǽǫǰ ǫǪǮǳǮǽǳǴǩǴ ǰǶǹǩǦ Ƿ ǼǫǳǸǶǴǲ Ǩ ǳǦǽǦǱǫ ǰǴǴǶǪǮǳǦǸ. 
ǕǶǮǲǫǶ 6. ǓǦǯǸǮ ǴǧǱǦǷǸȂ ǴǵǶǫǪǫǱǫǳǮȅ ǺǹǳǰǼǮǮ   ό ÌÎ ὼϽρ ώ   
 ǗǬǿǬǴǯǬ.  ǔǧǱǦǷǸȂȄ ǴǵǶǫǪǫǱǫǳǮȅ ǺǹǳǰǼǮǮ ό ÌÎ ὼϽρ ώ  ȅǨǱȅǫǸǷȅ ǲǳǴǬǫ-

ǷǸǨǴ ǸǴǽǫǰ ǵǱǴǷǰǴǷǸǮ ὕὼώ, ǪǱȅ ǰǴǸǴǶȁǻ ǴǵǶǫǪǫǱǫǳǦ ǱǴǩǦǶǮǺǲǮǽǫǷǰǦȅ ǺǹǳǰǼǮȅ: ὼϽ
ρ ώ πȢ 

ὼϽρ ώ π  

ὼ π
ρ ώ π
ὼ π
ρ ώ π

  

ὼ π
ώ ρ
ὼ π
ώ ρ

 

 
ǕǶǮǲǫǶ 7. ǓǦǯǸǮ ǴǧǱǦǷǸȂ ǴǵǶǫǪǫǱǫǳǮȅ ǺǹǳǰǼǮǮ ό  

ǗǬǿǬǴǯǬ. ǚǹǳǰǼǮȅ  ό  ǴǵǶǫǪǫǱǫǳǦ  ǫǷǱǮ,  
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ÌÎυ ὼ ώ ᾀ π

υ ὼ ώ ᾀ π
   

υ ὼ ώ ᾀ ρ

ὼ ώ ᾀ ω
   

ὼ ώ ᾀ τ

ὼ ώ ᾀ υ
. 

ǘǴ ǫǷǸȂ, ǴǧǱǦǷǸȂȄ ǴǵǶǫǪǫǱǫǳǮȅ ȃǸǴǯ ǺǹǳǰǼǮǮ ȅǨǱȅǫǸǷȅ ǲǳǴǬǫǷǸǨǴ ǸǴǽǫǰ ǸǶǫǻ-
ǲǫǶǳǴǩǴ ǵǶǴǷǸǶǦǳǷǸǨǦ ǶǦǷǵǴǱǴǬǫǳǳȁǻ ǨǳǹǸǶǮ ǷǺǫǶȁ Ƿ ǼǫǳǸǶǴǲ Ǩ ǳǦǽǦǱǫ ǰǴǴǶǪǮǳǦǸ 

ǶǦǪǮǹǷǦ Ѝυ, Ǯǭ ǰǴǸǴǶǴǩǴ ǹǪǦǱǫǳǴ ǲǳǴǬǫǷǸǨǴ ǸǴǽǫǰ ǷǺǫǶȁ Ƿ ǼǫǳǸǶǴǲ Ǩ ǳǦǽǦǱǫ ǰǴǴǶǪǮ-
ǳǦǸ ǶǦǪǮǹǷǦ ς. 

ǑǎǓǎǎ ǎ ǕǔǈǋǖǛǓǔǗǘǎ ǙǖǔǈǓǥ 
ǉǫǴǲǫǸǶǮǽǫǷǰǴǫ ǲǫǷǸǴ ǸǴǽǫǰ ὼȟώȟὪὼȠώ  ǳǦǭȁǨǦǫǸǷȅ ǵǴǨǫǶǻǳǴǷǸȂȄ : 
 ό ὪὼȠώ.  

ǓǦǵǶǮǲǫǶ ǩǶǦǺǮǰǴǲ ǺǹǳǰǼǮǮ  ό ὼ ώ ȅǨǱȅǫǸǷȅ ǵǴǨǫǶǻǳǴǷǸȂ ᾀ ὼ ώ ð ǵǦ-
ǶǦǧǴǱǴǮǪ ǨǶǦǿǫǳǮȅ 

 
ǊǱȅ ǩǫǴǲǫǸǶǮǽǫǷǰǴǩǴ ǮǭǹǽǫǳǮȅ ǺǹǳǰǼǮǮ Ὢȡ ᴙ ᴼᴙ ǨǨǴǪǮǸǷȅ ǵǴǳȅǸǮǫ ǱǮǳǮǮ 

ǹǶǴǨǳȅ. 

ǔǵǶǫǪǫǱǫǳǮǫ.  ǒǯǴǯǬǰ ǺǷǵǩǴȆ ǺǹǳǰǼǮǮ  ό ὪὼȠώ ǳǦǭȁǨǦǫǸǷȅ ǩǫǴǲǫǸǶǮǽǫǷǰǴǫ 
ǲǫǷǸǴ ǸǴǽǫǰ ǳǦ ǵǱǴǷǰǴǷǸǮ Oxy, Ǩ ǰǴǸǴǶȁǻ ǺǹǳǰǼǮȅ ǵǶǮǳǮǲǦǫǸ ǴǪǳǴ Ǯ ǸǴ Ǭǫ ǵǴǷǸǴȅǳǳǴǫ 
ǭǳǦǽǫǳǮǫ 

ό ὪὼȠώ,   ό ὅ.  
ǙǶǦǨǳǫǳǮǫ ǱǮǳǮǮ ǹǶǴǨǳȅ: ὪὼȠώ .˞  

ǕǶǮǲǫǶ 8. ǓǦǯǸǮ ǱǮǳǮǮ ǹǶǴǨǳȅ ǺǹǳǰǼǮǮ ό ὼ ώ. 

ǗǬǿǬǴǯǬ. ǙǶǦǨǳǫǳǮǫ ǷǫǲǫǯǷǸǨǦ ǱǮǳǮǯ ǹǶǴǨǳȅ ǮǲǫǫǸ ǨǮǪ  ὼ ώ ȟ˞ὅ ὧέὲίὸȢ 
ǕǶǮ ὅ π ǹǶǦǨǳǫǳǮǫ ǳǫ ǮǲǫǫǸ ǶǫǾǫǳǮȅ. ǕǶǮ ὅ π  ὼ πȟώ π. ǣǸǴ ǸǴǽǰǦ Ƿ ǰǴǴǶǪǮ-
ǳǦǸǦǲǮ πȟπ. ǕǶǮ ˞ π  ǹǶǦǨǳǫǳǮǫ  ὼ ώ  ˞ȅǨǱȅǫǸǷȅ ǹǶǦǨǳǫǳǮǫǲ ǴǰǶǹǬǳǴǷǸǮ Ƿ 

ǶǦǪǮǹǷǴǲ Ѝ˞  Ƿ ǼǫǳǸǶǴǲ Ǩ ǳǦǽǦǱǫ ǰǴǴǶǪǮǳǦǸ. 
 ǑǮȅ ǹǶǴǨǳȅ ὪὼȠώ  ˞ǷǴǨǵǦǪǦǫǸ Ƿ ǵǶǴǫǰǼǮǫǯ ǳǦ ǰǴǴǶǪǮǳǦǸǳǹȄ ǵǱǴǷǰǴǷǸȂ  ὼὕώ 

ǷǫǽǫǳǮȅ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ ǵǱǴǷǰǴǷǸȂȄ ᾀ ὅȢ  
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ǓǦ ǶǮǷǹǳǰǦǻ ǮǭǴǧǶǦǬǫǳȁ ǷǫǽǫǳǮȅ ǵǦǶǦǧǴǱǴǮǪǦ ǨǶǦǿǫǳǮȅ ǵǱǴǷǰǴǷǸȅǲǮ ᾀ ρȟᾀ

ςȟᾀ σ Ǯ ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǫ ǱǮǳǮǮ ǹǶǴǨǳȅ ð ǴǰǶǹǬǳǴǷǸǮ ǶǦǪǮǹǷǦ ρȟЍςȟЍσ.  

 
ǊǱȅ ǩǫǴǲǫǸǶǮǽǫǷǰǴǩǴ ǮǭǹǽǫǳǮȅ ǺǹǳǰǼǮǮ Ὢȡ ᴙ ᴼᴙ ǨǨǴǪǮǸǷȅ ǵǴǳȅǸǮǫ ǵǴǨǫǶǻǳǴ-

ǷǸǮ ǹǶǴǨǳȅ. 

ǔǵǶǫǪǫǱǫǳǮǫ.  ǖǵǩǬǷǼǴǵǸǹȃȅ ǺǷǵǩǴȆ ǺǹǳǰǼǮǮ  ό ὪὼȠώȠᾀ ǳǦǭȁǨǦǫǸǷȅ ǩǫǴ-
ǲǫǸǶǮǽǫǷǰǴǫ ǲǫǷǸǴ ǸǴǽǫǰ Ǩ ǵǶǴǷǸǶǦǳǷǸǨǫ Oxyz, Ǩ ǰǴǸǴǶȁǻ ǺǹǳǰǼǮȅ ǵǶǮǳǮǲǦǫǸ ǴǪǳǴ Ǯ 
ǸǴ Ǭǫ ǵǴǷǸǴȅǳǳǴǫ ǭǳǦǽǫǳǮǫ 

ό ὪὼȠώȠᾀ,   ό ὅ.  
ǙǶǦǨǳǫǳǮǫ ǵǴǨǫǶǻǳǴǷǸǮ ǹǶǴǨǳȅ: ὪὼȠώȠᾀ .˞  

ǕǶǮǲǫǶ 9. ǓǦǯǸǮ ǵǴǨǫǶǻǳǴǷǸǮ ǹǶǴǨǳȅ ǺǹǳǰǼǮǮ ό ὼ ώ ᾀ 

ǗǬǿǬǴǯǬ. ǙǶǦǨǳǫǳǮǫ ǷǫǲǫǯǷǸǨǦ ǵǴǨǫǶǻǳǴǷǸǫǯ ǹǶǴǨǳȅ :  ὼ ώ ᾀ .˞ ǕǶǮ 
 ὅ π ǹǶǦǨǳǫǳǮǫ ǳǫ ǮǲǫǫǸ ǶǫǾǫǳǮȅ. ǕǶǮ ὅ π  ὼ πȟώ πȟᾀ π. ǣǸǴ ǸǴǽǰǦ Ƿ 

ǰǴǴǶǪǮǳǦǸǦǲǮ πȟπȟπ. ǕǶǮ ˞ π  ǹǶǦǨǳǫǳǮǫ  ὼ ώ ᾀ  ˞ȅǨǱȅǫǸǷȅ ǹǶǦǨǳǫǳǮǫǲ 

ǷǺǫǶȁ Ƿ ǶǦǪǮǹǷǴǲ Ѝ˞  Ƿ ǼǫǳǸǶǴǲ Ǩ ǳǦǽǦǱǫ ǰǴǴǶǪǮǳǦǸ.  
 

ǕǖǋǊǋǑ ǚǙǓǐǜǎǎ ǓǋǗǐǔǑǢǐǎǛ ǕǋǖǋǒǋǓǓǡǛ 
ǔǵǶǫǪǫǱǫǳǮǫ.  ǖǷǵǱǵǲǵǹǵǰ ǵǱǷǬǸǹǴǵǸǹȃȅ  ǸǴǽǰǮ   ὥᶰᴙ  ǳǦǭȁǨǦǫǸǷȅ ǴǰǶǫǷǸ-

ǳǴǷǸȂ ǸǴǽǰǮ a ǧǫǭ ǷǦǲǴǯ ǸǴǽǰǮ a: Ὗ ὥȟ‐=  Ὗ ὥȟ‐ ͵ ὥ.  
ǔǵǶǫǪǫǱǫǳǮǫ.  ǝǮǷǱǴ ὃᶰ ᴙ   ǳǦǭȁǨǦǫǸǷȅ ǵǶǫǪǫǱǴǲ ǺǹǳǰǼǮǮ    

ό  Ὢὼ ȟỄȟὼ   ǵǶǮ ὼ ὼ ȟỄȟὼ ᴼὥ ὥ ȟỄȟὥ , ǫǷǱǮ ‐ᶅ π ɱ 

Ὗ ὥȟ‏ȟ̘ ̓ ̏ᶅὼɴ Ὗ ὥȟ‏ ǨȁǵǴǱǳǫǳǴ ǳǫǶǦǨǫǳǷǸǨǴ ȿὪὼ ὃȿ  ‐.  
ǔǧǴǭǳǦǽǦǫǲ ǸǦǰ: ÌÉÍ

ᴼ
Ὢὼ ὃ ǮǱǮ ÌÉÍ

 O  
Ễ

 O  

Ὢὼ ȟỄȟὼ ὃ  

ǊǱȅ ὼɴ ᴙ  ǲǴǬǳǴ ǪǦǸȂ ǸǦǰǴǫ ǴǵǶǫǪǫǱǫǳǮǫ. 

ǔǵǶǫǪǫǱǫǳǮǫ.  ǝǮǷǱǴ ὃᶰ ᴙ   ǳǦǭȁǨǦǫǸǷȅ ǵǶǫǪǫǱǴǲ ǺǹǳǰǼǮǮ    
ᾀ  Ὢὼȟώ  ǵǶǮ ὼO ὼ ȟώᴼώ , ǫǷǱǮ ‐ᶅ π ɱ ‏ ȟ̘‐‏ ̓ ̏ᶅ ὼȟώᶰὈὪ ὼ ὼ ȟώ

ώ ȟ̔ ̠̟̖̅̏̃̌̆̓̃̏̑̉̚ ̟̔̒̌̏̃̉ ὼ ὼ ώ ώ ‏ ǨȁǵǴǱǳǫǳǴ ǳǫǶǦǨǫǳǷǸǨǴ 
ȿὪὼȟώ ὃȿ  ‐.  

ǍǦǲǫǸǮǲ, ǽǸǴ ǫǷǱǮ ǵǶǫǪǫǱ ÌÉÍ
ᴼ
Ὢὼ ὃ ǷǹǿǫǷǸǨǹǫǸ, ǸǴ Ǵǳ ǳǫ ǪǴǱǬǫǳ ǭǦǨǮǷǫǸȂ ǴǸ 

ǵǹǸǮ, ǵǴ ǰǴǸǴǶǴǲǹ ǸǴǽǰǦ x ǷǸǶǫǲǮǸǷȅ ǰ ǸǴǽǰǫ a. 

ǕǶǮǲǫǶ 10. ǓǦǯǸǮ ǵǶǫǪǫǱ ÌÉÍ
ᴼ
 O

. 

ǗǬǿǬǴǯǬ. ǎǲǫǫǲ Ͻώȟ̐ ̑ ̉ώ πȢ ǘǦǰ ǰǦǰ ÌÉÍ
ᴼ
 O

ÌÉÍ
ᴼ

ρ ὼώ

ὸȟώᵅЊ, ǸǴ ÌÉÍ
ᴼ
 O

ÌÉÍ
ᴼ

ÌÉÍ
ᴼ
ώ ς 
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ǕǶǮǲǫǶ 11. ǓǦǯǸǮ ǵǶǫǪǫǱ ÌÉÍ
ᴼ
 O

. 

ǗǬǿǬǴǯǬ. ǈǨǫǪǫǲ ǴǧǴǭǳǦǽǫǳǮǫ ὶ ὼ ώ, ǸǴǩǪǦ ὶ ὼ ώ.  ǕǶǮ ὼO πȟώᴼ
π  Ǯ   ὶO π. ǘǴǩǪǦ 

ÌÉÍ
ᴼ
 O

ὼ ώ

ÌÎρ ὼ ώ
ÌÉÍ
ᴼ

ὶ

ÌÎρ ὶ

π

π

ÌÉÍ
ᴼ

ὶ

ÌÎρ ὶ
 ÌÉÍ
ᴼ

ρ

Ͻ ςὶ
 ÌÉÍ
ᴼ

ρ ὶ

ςὶ
 Њ 

ǕǶǮǲǫǶ 12. ǓǦǯǸǮ ǵǶǫǪǫǱ ÌÉÍ
ᴼ
 O

. 

ǗǬǿǬǴǯǬ. ǕǴǱǴǬǮǲ ώ Ὧὼ (ǨǷǫ ȃǸǮ ǵǶȅǲȁǫ ǵǶǴǻǴǪȅǸ ǽǫǶǫǭ ǸǴǽǰǹ (0, 0)). 

ÌÉÍ
ᴼ
 O

ὼ

Ø Ù
ÌÉÍ
ᴼ

ὼ

Ø ËØ

ρ

ρ Ὧ
 

ǕǴǱǹǽǮǱǮ, ǽǸǴ ǵǶǫǪǫǱ ǭǦǨǮǷǮǸ ǴǸ k. ǘ.ǫ. Ǩ ǭǦǨǮǷǮǲǴǷǸǮ ǴǸ ǶǦǭǱǮǽǳȁǻ k ǵǴǱǹǽǦǫǲ 
ǶǦǭǱǮǽǳȁǫ ǭǳǦǽǫǳǮȅ, ǭǳǦǽǮǸ ǵǶǫǪǫǱ ǳǫ ǷǹǿǫǷǸǨǹǫǸ. 

ǕǶǮǲǫǶ 13. ǓǦǯǸǮ ǵǶǫǪǫǱ ÌÉÍ
ᴼ
 O

. 

ǗǬǿǬǴǯǬ. ǕǴǱǴǬǮǲ ώ Ὧὼ.  ÌÉÍ
ᴼ
 O

ÌÉÍ
ᴼ

ÌÉÍ
ᴼ

π.  

ǍǦǰǱȄǽǫǳǮǫ 
 

ǈ ǪǦǳǳǴǯ ǷǸǦǸȂǫ ǶǦǷǷǲǴǸǶǫǳȁ ǸǴǱȂǰǴ ǳǫǰǴǸǴǶȁǫ ǸǮǵȁ ǭǦǪǦǽ ǵǫǶǨǴǩǴ ǷǫǲǮǳǦǶǦ ǵǴ 
Ǹǫǲǫ çǊǮǺǺǫǶǫǳǼǮǦǱȂǳǴǫ ǮǷǽǮǷǱǫǳǮǫ ǺǹǳǰǼǮǯ ǳǫǷǰǴǱȂǰǮǻ ǵǫǶǫǲǫǳǳȁǻè. ǓǫǴǧǻǴǪǮ-
ǲǴǷǸȂ ǶǦǭǶǦǧǴǸǰǮ ǪǦǳǳǴǩǴ ǲǦǸǫǶǮǦǱǦ ǴǧǹǷǱǴǨǱǫǳǦ ǸǶǹǪǳǴǷǸȅǲǮ, ǰǴǸǴǶȁǫ ǮǷǵȁǸȁǨǦȄǸ 
ǷǸǹǪǫǳǸȁ ǵǶǮ ǳǦǻǴǬǪǫǳǮǮ ǱǮǳǮǯ ǹǶǴǨǳȅ Ǯ ǵǶǫǪǫǱǴǨ ǺǹǳǰǼǮǯ ǲǳǴǩǮǻ ǵǫǶǫǲǫǳǳȁǻ. ǣǸǮ 
ǸǶǹǪǳǴǷǸǮ ǷǨȅǭǦǳȁ Ƿ ǴǷǨǴǫǳǮǫǲ ǳǴǨȁǻ ǵǴǳȅǸǮǯ, ǰǴǸǴǶȁǫ ǵǴǳȅǸǮȅ ǱǫǬǦǸ Ǩ ǴǷǳǴǨǫ Ǯǭǹ-
ǽǫǳǮȅ ǪǮǷǼǮǵǱǮǳ, ǰǴǸǴǶȁǫ ǷǸǹǪǫǳǸȁ ǧǹǪǹǸ ǮǭǹǽǦǸȂ Ǩ ǪǦǱȂǳǫǯǾǫǲ. ǗǱǫǪǹȄǿǮǲ ǾǦǩǴǲ 
Ǩ ǶǦǭǶǦǧǴǸǰǫ ǪǦǳǳǴǯ ǲǫǸǴǪǮǰǮ ǧǹǪǫǸ ǴǵǶǫǪǫǱǫǳǮǫ ǽǦǷǸǳȁǻ ǵǶǴǮǭǨǴǪǳȁǻ Ǯ ǲǫǸǴǪȁ Ƕǫ-
ǾǫǳǮȅ ǭǦǪǦǽ ǵǴ ȃǸǴǯ Ǹǫǲǫ. 

ǗǗǡǑǐǎ Ǔǆ ǎǗǘǔǝǓǎǐǎ 
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ǕǖǔǈǋǊǋǓǎǋ ǗǋǒǎǓǆǖǗǐǔǉǔ ǍǆǓǥǘǎǥ 
çǒǋǘǔǊ ǈǖǆǟǋǓǎǏ ǉǎǈǋǓǗǆè 

 

 

ǆǳǳǴǸǦǼǮȅ 

ǈ ǶǦǧǴǸǫ ǵǶǫǪǷǸǦǨǱǫǳ ǲǦǸǫǶǮǦǱ ǪǱȅ ǵǶǴǨǫǪǫǳǮȅ ǷǫǲǮǳǦǶǷǰǮǻ ǭǦǳȅǸǮǯ ǵǴ ǰǹǶǷǹ çǈȁ-
ǽǮǷǱǮǸǫǱȂǳǦȅ ǲǦǸǫǲǦǸǮǰǦ ǳǦ Pythonè. ǒǫǸǴǪ ǨǶǦǿǫǳǮǯ ǉǮǨǫǳǷǦ ǵǶǫǪǷǸǦǨǱȅǫǸ ǷǴǧǴǯ 
ǴǪǮǳ Ǯǭ ǪǨǹǻ ǴǷǳǴǨǳȁǻ ǲǫǸǴǪǴǨ, ǵǶǮǲǫǳȅǫǲȁǻ ǪǱȅ ǵǴǷǸǶǴǫǳǮȅ QR-ǶǦǭǱǴǬǫǳǮȅ ǲǦǸ-
ǶǮǼȁ Ǯ ǫǩǴ ǮǭǹǽǫǳǮǫ ð ǨǦǬǳǦȅ ǽǦǷǸȂ ǷǴǨǶǫǲǫǳǳǴǩǴ ǰǹǶǷǦ ǨȁǽǮǷǱǮǸǫǱȂǳǴǯ ǲǦǸǫǲǦǸǮǰǮ. 
ǈ ǷǸǦǸȂǫ ǵǶǫǪǱǴǬǫǳȁ: ǸǫǴǶǫǸǮǽǫǷǰǴǫ ǴǧǴǷǳǴǨǦǳǮǫ ǲǫǸǴǪǦ ǨǶǦǿǫǳǮǯ, ǫǩǴ ǵǶǮǱǴǬǫǳǮǫ 
ǰ QR-ǶǦǭǱǴǬǫǳǮȄ ǲǦǸǶǮǼȁ, ǵǶǮǲǫǳǫǳǮǫ QR-ǶǦǭǱǴǬǫǳǮȅ ǰ ǶǫǾǫǳǮȄ ǷǮǷǸǫǲ ǱǮǳǫǯǳȁǻ 
ǦǱǩǫǧǶǦǮǽǫǷǰǮǻ ǹǶǦǨǳǫǳǮǯ (ǗǑǆǙ) Ǯ ǷǶǦǨǳǫǳǮǫ Ƿ ǲǫǸǴǪǴǲ ǴǸǶǦǬǫǳǮǯ ǛǦǹǷǻǴǱǪǫǶǦ, 
ǵǶǮǨǫǪǫǳȁ ǶǫǦǱǮǭǦǼǮǮ ǦǱǩǴǶǮǸǲǴǨ Ǯ ǵǶǴǨǫǪǫǳȁ ǨȁǽǮǷǱǮǸǫǱȂǳȁǫ ȃǰǷǵǫǶǮǲǫǳǸȁ Ƿ ǮǷ-
ǵǴǱȂǭǴǨǦǳǮǫǲ ȅǭȁǰǦ ǵǶǴǩǶǦǲǲǮǶǴǨǦǳǮȅ Python Ǯ ǫǩǴ ǧǮǧǱǮǴǸǫǰ. 

 

ǐǱȄǽǫǨȁǫ ǷǱǴǨǦ 

ǲǫǸǴǪȁ ǨȁǽǮǷǱǫǳǮǯ, ǲǫǸǴǪ ǨǶǦǿǫǳǮǯ, ǲǫǸǴǪ ǉǮǨǫǳǷǦ, ǲǫǸǴǪ ǴǸǶǦǬǫǳǮǯ,  
ǲǫǸǴǪ ǛǦǹǷǻǴǱǪǫǶǦ, QR-ǶǦǭǱǴǬǫǳǮǫ, ǽǮǷǱǫǳǳǴǫ ǶǫǾǫǳǮǫ ǷǮǷǸǫǲ ǱǮǳǫǯǳȁǻ  
ǦǱǩǫǧǶǦǮǽǫǷǰǮǻ ǹǶǦǨǳǫǳǮǯ, ǶǫǾǫǳǮǫ ǸǶǫǹǩǴǱȂǳȁǻ ǷǮǷǸǫǲ, Python, Numpy 

 

ǆǈǘǔǖǡ 

 

ǕǦǳǰǶǦǸǴǨ ǈǱǦǪǮǲǮǶ ǆǱǫǰǷǦǳǪǶǴǨǮǽ,  
ǰǦǳǪǮǪǦǸ ǺǮǭǮǰǴ-ǲǦǸǫǲǦǸǮǽǫǷǰǮǻ ǳǦǹǰ, ǪǴǼǫǳǸ 

ǚǉǇǔǙ ǈǔ çǒǴǷǰǴǨǷǰǮǯ ǩǴǷǹǪǦǶǷǸǨǫǳǳȁǯ ǸǫǻǳǮǽǫǷǰǮǯ ǹǳǮǨǫǶǷǮǸǫǸ  
Ǯǲ. Ǔ. ǣ. ǇǦǹǲǦǳǦè, ǩ. ǒǴǷǰǨǦ  

v.a.pankratov@bmstu.ru  
 

ǘǨǫǶǷǰǦȅ ǋǱǫǳǦ ǗǫǶǩǫǫǨǳǦ,  
ǰǦǳǪǮǪǦǸ ǺǮǭǮǰǴ-ǲǦǸǫǲǦǸǮǽǫǷǰǮǻ ǳǦǹǰ, ǪǴǼǫǳǸ 

ǚǉǇǔǙ ǈǔ çǒǴǷǰǴǨǷǰǮǯ ǩǴǷǹǪǦǶǷǸǨǫǳǳȁǯ ǸǫǻǳǮǽǫǷǰǮǯ ǹǳǮǨǫǶǷǮǸǫǸ  
Ǯǲ. Ǔ. ǣ. ǇǦǹǲǦǳǦè, ǩ. ǒǴǷǰǨǦ  

e_tverskaya@bmstu.ru 
 

 
 

ǈǨǫǪǫǳǮǫ 
 

ǗǫǲǮǳǦǶǷǰǴǫ ǭǦǳȅǸǮǫ çǒǫǸǴǪ ǨǶǦǿǫǳǮǯ ǉǮǨǫǳǷǦè ȅǨǱȅǫǸǷȅ ǱǴǩǮǽǫǷǰǮǲ ǵǶǴǪǴǱ-
ǬǫǳǮǫǲ ǭǦǳȅǸǮȅ çǒǫǸǴǪ ǴǸǶǦǬǫǳǮǯ ǛǦǹǷǻǴǱǪǫǶǦè [1]. ǈǶǦǿǫǳǮǫ, ǰǦǰ Ǯ ǴǸǶǦǬǫǳǮǫ, 
ǵǶǫǪǷǸǦǨǱȅǫǸ ǷǴǧǴǯ ǱǮǳǫǯǳǴǫ ǵǶǫǴǧǶǦǭǴǨǦǳǮǫ, ǷǴǻǶǦǳȅȄǿǫǫ ǳǴǶǲȁ ǨǫǰǸǴǶǴǨ, ǵǴ-
ȃǸǴǲǹ Ǯ ȅǨǱȅǫǸǷȅ ǴǪǳǮǲ Ǯǭ ǧǦǭǴǨȁǻ ǲǫǸǴǪǴǨ, ǵǶǮǲǫǳȅȄǿǮǻǷȅ ǵǶǮ ǵǴǷǸǶǴǫǳǮǮ QR-
ǷǧǮǲǵǭǬǴǯȆ.  

ǈ ǶǦǲǰǦǻ ǭǦǳȅǸǮȅ, ǷǸǹǪǫǳǸȁ, ǪǱȅ ǩǫǴǲǫǸǶǮǽǫǷǰǴǯ ǮǳǸǫǶǵǶǫǸǦǼǮǮ, ǨǷǵǴǲǮǳǦȄǸ 
ǵǶǫǴǧǶǦǭǴǨǦǳǮǫ ǨǶǦǿǫǳǮȅ ǳǦ ǵǱǴǷǰǴǷǸǮ, Ǧ, ǭǦǸǫǲ, ǵǫǶǫǻǴǪȅǸ ǰ ǵǴǨǴǶǴǸǦǲ Ǩ ǵǶǴǷǸǶǦǳ-
ǷǸǨǫ ǵǶǴǮǭǨǴǱȂǳǴǯ ǶǦǭǲǫǶǳǴǷǸǮ, ǰǴǸǴǶȁǫ, Ǩ ǪǦǱȂǳǫǯǾǫǲ, ǵǶǮǲǫǳȅȄǸ ǪǱȅ QR-
ǷǧǮǲǵǭǬǴǯȆ ǵǶǴǮǭǨǴǱȂǳǴǯ ǲǦǸǶǮǼȁ. 

ǈ ǪǦǳǳǴǲ ǲǦǸǫǶǮǦǱǫ ǵǶǫǪǱǴǬǫǳ ǱȄǧǴǵȁǸǳȁǯ ǲǫǸǴǪǮǽǫǷǰǮǯ ǻǴǪ. ǕǴǷǰǴǱȂǰǹ ǴǷ-
ǳǴǨǳǴǫ ǵǶǮǱǴǬǫǳǮǫ QR-ǶǦǭǱǴǬǫǳǮȅ (ǶǫǾǫǳǮǫ ǭǦǪǦǽǮ ǲǫǸǴǪǦ ǳǦǮǲǫǳȂǾǮǻ ǰǨǦǪǶǦ-
ǸǴǨ [2]) ǸǶǫǧǹǫǸ ǧǴǱȂǾǴǩǴ ǴǧȀǫǲǦ ǪǴǵǴǱǳǮǸǫǱȂǳǴǯ ǮǳǺǴǶǲǦǼǮǮ, ǰǴǸǴǶǹȄ ǷǸǹǪǫǳǸȁ 
ǮǭǹǽǦȄǸ ǵǴǭǬǫ, ǵǶǮǨǴǪȅǸǷȅ ǵǶǮǲǫǶȁ ǵǶǮǲǫǳǫǳǮȅ QR-ǶǦǭǱǴǬǫǳǮȅ ǰ ǶǫǾǫǳǮȄ ǗǑǆǙ. 
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ǖǫǾǫǳǮǫ ǗǑǆǙ ǵǴǪǴǧǳȁǲ ǷǵǴǷǴǧǴǲ ǷǨǴǪǮǸǷȅ ǰ ǶǫǾǫǳǮȄ ǸǶǫǹǩǴǱȂǳǴǯ ǷǮǷǸǫǲȁ. ǎ ǳǫ-
ǷǲǴǸǶȅ ǳǦ ǸǴ, ǽǸǴ ǮǭǹǽǫǳǮǫ ǦǱǩǴǶǮǸǲǴǨ ǶǫǾǫǳǮȅ ǸǶǫǹǩǴǱȂǳȁǻ ǷǮǷǸǫǲ, ǴǧȁǽǳǴ ǮǭǹǽǦȄǸ 
Ǩ ǶǦǲǰǦǻ ǭǦǳȅǸǮȅ, ǵǴǷǨȅǿǫǳǳǴǩǴ LU-ǶǦǭǱǴǬǫǳǮȅ, ǪǦǳǳǦȅ ǸǫǲǦ ǴǶǩǦǳǮǽǳǴ ǨǵǮǷȁǨǦǫǸǷȅ 
Ǩ ǵǶǫǪǱǴǬǫǳǳȁǯ ǷǫǲǮǳǦǶ. ǎ, ǴǷǳǴǨȁǨǦȅǷȂ ǳǦ ǲǦǸǫǶǮǦǱǫ, ǮǭǹǽǫǳǳǴǲ Ǩ ǭǦǳȅǸǮǮ çǒǫǸǴǪ 
ǴǸǶǦǬǫǳǮǯ ǛǦǹǷǻǴǱǪǫǶǦè [1], ǴǧǹǽǦȄǿǮǫǷȅ ǷǶǦǨǳǮǨǦȄǸ ǶǦǭǱǮǽǳȁǫ ǦǱǩǴǶǮǸǲȁ ǵǴǷǸǶǴ-
ǫǳǮȅ QR-ǶǦǭǱǴǬǫǳǮǯ. 

ǕǶǮ ǮǭǹǽǫǳǮǮ ǨȁǽǮǷǱǮǸǫǱȂǳǴǯ ǲǦǸǫǲǦǸǮǰǮ, ǹǽǦǿǮǲǷȅ ǳǫǴǧǻǴǪǮǲǴ ǵǴǱǹǽǮǸȂ 
ǳǦǨȁǰǮ Ǩ ǶǦǭǶǦǧǴǸǰǫ ǵǶǴǩǶǦǲǲǳǴǩǴ ǴǧǫǷǵǫǽǫǳǮȅ ǪǱȅ ǽǮǷǱǫǳǳǴǩǴ ǲǴǪǫǱǮǶǴǨǦǳǮȅ. ǔǪ-
ǳǦǰǴ, ǰ ǷǴǬǦǱǫǳǮȄ, ǧǴǱȂǾǮǳǷǸǨǴ ǵǴǷǴǧǮǯ Ǯ ǹǽǫǧǳȁǻ ǰǹǶǷǴǨ [3,4] ǴǶǮǫǳǸǮǶǴǨǦǳȁ ǳǦ 
ǮǭǹǽǫǳǮǫ ǸǫǴǶǮǮ. ǕǶǫǪǱǴǬǫǳǳǴǫ ǷǫǲǮǳǦǶǷǰǴǫ ǭǦǳȅǸǮǫ ǵǶǫǪǳǦǭǳǦǽǫǳǴ ǪǱȅ ǵǴǱǹǽǫǳǮȅ 
ǹǰǦǭǦǳǳȁǻ ǳǦǨȁǰǴǨ. ǈ ǶǦǲǰǦǻ ǭǦǳȅǸǮȅ, ǨǷǫ ǮǭǹǽǦǫǲȁǫ ǦǱǩǴǶǮǸǲȁ ǮǱǱȄǷǸǶǮǶǹȄǸǷȅ 
ǵǶǴǩǶǦǲǲǳȁǲ ǰǴǪǴǲ ǳǦ ȅǭȁǰǫ Python. ǓǦ ǷǫǩǴǪǳȅǾǳǮǯ ǪǫǳȂ, ǵǴ ǪǦǳǳȁǲ ǮǳǪǫǰǷǦ 
Tiobe [5] ǳǦ ǷǫǳǸȅǧǶȂ 2022 ǩ, Python ȅǨǱȅǫǸǷȅ ǷǦǲȁǲ ǵǴǵǹǱȅǶǳȁǲ ȅǭȁǰǴǲ ǵǶǴǩǶǦǲǲǮ-
ǶǴǨǦǳǮȅ. ǥǭȁǰ ǶǦǷǵǶǴǷǸǶǦǳȅǫǸǷȅ ǵǴǪ ǷǨǴǧǴǪǳǴǯ ǱǮǼǫǳǭǮǫǯ Python Software Foundation 
License, ǵǴǭǨǴǱȅȄǿǫǯ ǮǷǵǴǱȂǭǴǨǦǸȂ ǫǩǴ Ǩ ǱȄǧȁǻ ǵǶǮǱǴǬǫǳǮȅǻ, ǽǸǴ ǴǷǴǧǫǳǳǴ ǨǦǬǳǴ Ǩ 
ǹǷǱǴǨǮȅǻ ǭǦǵǦǪǳǴǩǴ ǷǦǳǰǼǮǴǳǳǴǩǴ ǪǦǨǱǫǳǮȅ, ǴǩǶǦǳǮǽǮǨǦȄǿǫǩǴ ǪǴǷǸǹǵ ǰ ǵǶǴǵǶǮǫǸǦǶ-
ǳǴǲǹ ǵǶǴǩǶǦǲǲǳǴǲǹ ǴǧǫǷǵǫǽǫǳǮȄ.  

 

ǒǫǸǴǪǴǱǴǩǮȅ Ǯ ǶǫǭǹǱȂǸǦǸȁ ǮǷǷǱǫǪǴǨǦǳǮȅ 
 

1.  ǈǶǦǿǫǳǮȅ ǳǦ ǵǱǴǷǰǴǷǸǮ 

ǔǵǶǫǪǫǱǫǳǮǫ 1.1.  ǔǶǸǴǩǴǳǦǱȂǳǦȅ 'ᶰᴙ  ǳǦǭȁǨǦǫǸǷȅ ǳǧǹǷǯǽǬǰ ǩǷǧȀǬǴǯȆ, 
ǫǷǱǮ 

'
ÃÏÓʃ ÓÉÎʃ
ÃÏÓʃ ÓÉÎʃ

.  

ǋǷǱǮ ώ Ὃ ὼ, ǸǴ ώ ǵǴǱǹǽǦǫǸǷȅ ǵǴǨǴǶǴǸǴǲ ὼ ǳǦ ǹǩǴǱ ʃ ǵǶǴǸǮǨ ǽǦǷǴǨǴǯ ǷǸǶǫǱǰǮ. 
 

2.  ǒǳǴǩǴǲǫǶǳȁǫ ǨǶǦǿǫǳǮȅ 
ǔǵǶǫǪǫǱǫǳǮǫ 2.1. ǔǶǸǴǩǴǳǦǱȂǳǦȅ ǲǦǸǶǮǼǦ 'ᶰᴙ  ǨǮǪǦ 

'

ở

Ở
Ở
Ở
ờ

ρ ȣ π ȣ π ȣ π
ể Ệ ể ể ể
π ȣ Ã ȣ Ó ȣ π
ể ể Ệ ể ể
π ȣ Ó ȣ Ã ȣ π
ể ể ể Ệ ể
π ȣ π ȣ π ȣ ρỢ

ỡ
ỡ
ỡ
ỠὭ

Ὧ
 

ǩǪǫ Ã ÃÏÓʃ, Ǧ Ó ÓÉÎʃ ǳǦǭȁǨǦǫǸǷȅ ǲǦǸǶǮǼǫǯ ǉǮǨǫǳǷǦ [2,6].  

ǋǷǱǮ ώ Ὃὼ, ǸǴ ώ

ὧὼɀίὼȟ Ὦ Ὥȟ
ίὼ ὧὼȟ Ὦ Ὧȟ
ὼȟ Ὦ ὯȟὭ

. 

ǘǴǩǪǦ ώ ὧὼ ίὼ π, ǨȁǧǶǦǨ ÃÏÓʃ Ã , ÓÉÎʃ Ó .  

 
3.  ǆǱǩǴǶǮǸǲ. ǈȁǽǮǷǱǫǳǮǫ ȃǱǫǲǫǳǸǴǨ ǲǦǸǶǮǼȁ ǵǴǨǴǶǴǸǦ 

ǕǴ ǷǰǦǱȅǶǦǲ ὥ Ǯ ὦ ȃǸǦ ǺǹǳǰǼǮȅ ǴǵǶǫǪǫǱȅǫǸ ὧ ÃÏÓʃ Ǯ ί ÓÉÎʃ ǸǦǰ, ǽǸǴ 

ÃÏÓʃ ÓÉÎʃ
ÓÉÎʃ ÃÏÓʃ

ὥ
ὦ

ὶ
π
ᵼ

ừ
Ử
Ừ

Ử
ứὧ

ȿὦȿ

Ѝὥ ὦ
ȟί

ὥ

ὦρ ὥȾὦ
ȟȿὦȿ ȿὥȿ

ὧ
ȿὥȿ

Ѝὥ ὦ
ȟί

ὦ

ὥ ρ ὥȾὦ
ȟȿὦȿ ȿὥȿ

Ȣ 
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ǕǶǮǲǫǶ 3.1.  ǕǴǪǵǶǴǩǶǦǲǲǦ ǳǦ ȅǭȁǰǫ Python, ǨȁǵǴǱǳȅȄǿǮǯ ǵǴǨǴǶǴǸ ǨǫǰǸǴǶǦ 

ὥȟὦT, ǸǦǰǮǲ ǴǧǶǦǭǴǲ, ǽǸǴ, ǵǴǷǱǫ ǵǴǨǴǶǴǸǦ, ǨǸǴǶǦȅ ǰǴǲǵǴǳǫǳǸǦ ǶǫǭǹǱȂǸǮǶǹȄǿǫǩǴ Ǩǫǰ-
ǸǴǶǦ ǧǹǪǫǸ ǳǹǱǫǨǴǯ. 

def  givens(a,b):  

    if  b==0:  

        c=1; s= 0 

    else :  

        if  np.abs(b)>np.abs(a):  

            tau= - a/b; s= 1/np.sqrt( 1+tau** 2); c=s*tau  

        else :  

            tau= - b/a; c= 1/np.sqrt( 1+tau** 2); s=c*tau  

    return  c,s  
 

ǕǶǮǲǫǶ 3.2.  ǕǴǪǵǶǴǩǶǦǲǲǦ, ǶǫǦǱǮǭǹȄǿǮǯ ǹǲǳǴǬǫǳǮǫ ǳǦ ǲǦǸǶǮǼǹ ǵǴǨǴǶǴǸǦ ǷǱǫǨǦ. 

ǊǱȅ !ᶰᴙ , ̒ ÃÏÓʃ, ί ÓÉÎʃ ǷǱǫǪǹȄǿǮǯ ǦǱǩǴǶǮǸǲ ǭǦǵǮǷȁǨǦǫǸ ǳǦ ǲǫǷǸǴ ὃ ǲǦǸǶǮǼǹ 
ὧ ί
ί ὧ

ẗὃ.  

def  row_rot(A,c,s):  

    a0=np.array(A[ 0,:]); a1=np.array(A[ 1,:])  

    A[ 0,:]=c*a0[:] - s*a1[:]  

    A[ 1,:]=s*a0[:]+c*a1[:]  

 
ǕǶǮǲǫǶ 3.3.  ǕǴǪǵǶǴǩǶǦǲǲǦ, ǶǫǦǱǮǭǹȄǿǮǯ ǹǲǳǴǬǫǳǮǫ ǳǦ ǲǦǸǶǮǼǹ ǵǴǨǴǶǴǸǦ 

ǷǵǶǦǨǦ. ǊǱȅ !ᶰᴙ , ̒ ÃÏÓʃ, ί ÓÉÎʃ ǷǱǫǪǹȄǿǮǯ ǦǱǩǴǶǮǸǲ ǭǦǵǮǷȁǨǦǫǸ ǳǦ ǲǫǷǸǴ ὃ 

ǲǦǸǶǮǼǹ ὃẗ
ὧ ί
ί ὧ

. 

def  col_rot(A,c,s):  

    a0=np.array(A[:, 0]); a1=np.array(A[:, 1])  

    A[:, 0]=c*a0[:] - s*a1[:]  

    A[:, 1]=s*a0[:]+c*a1[:]  
 

4.  QR-ǶǦǭǱǴǬǫǳǮǫ: ǵǶǫǴǧǶǦǭǴǨǦǳǮǫ ǉǮǨǫǳǷǦ 
ǕǶǫǴǧǶǦǭǴǨǦǳǮǫ ǉǮǨǫǳǷǦ, ǸǦǰ Ǭǫ, ǰǦǰ Ǯ ǛǦǹǷǻǴǱǪǫǶǦ, ǲǴǬǳǴ ǮǷǵǴǱȂǭǴǨǦǸȂ ǪǱȅ 

ὗὙ-ǶǦǭǱǴǬǫǳǮȅ ǲǦǸǶǮǼȁ [2,6]. ǘ. ǫ. ǵǶǫǪǷǸǦǨǱǫǳǮȅ ǲǦǸǶǮǼȁ ὃ Ǩ ǨǮǪǫ ὃ ὗὙ, ǩǪǫ ὗ ð 
ǴǶǸǴǩǴǳǦǱȂǳǦȅ ǲǦǸǶǮǼǦ, Ǧ Ὑ ð ǨǫǶǻǳȅȅ ǸǶǫǹǩǴǱȂǳǦȅ ǲǦǸǶǮǼǦ. 

ǕǶǴǨǫǪǫǲ ǮǱǱȄǷǸǶǦǼǮȄ ǳǦ ǵǶǮǲǫǶǫ σ σ-ǲǦǸǶǮǼȁ 

π π
π

π
π π

.  

ǈ Ǵǧǿǫǲ ǷǱǹǽǦǫ, ǴǽǫǨǮǪǳǴ, ǫǷǱǮ ǴǧǴǭǳǦǽǮǸȂ Ὦ-ǫ ǨǶǦǿǫǳǮǫ Ǩ ȃǸǴǲ ǵǶǮǨǫǪǫǳǮǮ ǭǦ 

Ὃ, ǸǴ ǲǦǸǶǮǼǦ ὗTὃ ǧǹǪǫǸ ǨǫǶǻǳǫǯ ǸǶǫǹǩǴǱȂǳǴǯ, ǩǪǫ ὗ ὋẗȣẗὋ Ǯ ὶ ð Ǵǧǿǫǫ ǰǴǱǮǽǫ-
ǷǸǨǴ ǨǶǦǿǫǳǮǯ. 

ǕǴǷǱǫ ǵǶǴǨǫǪǫǳǳȁǻ ǶǦǷǷǹǬǪǫǳǮǯ, ǲǴǬǳǴ ǶǫǦǱǮǭǴǨǦǸȂ ǵǶǴǩǶǦǲǲǳǴǫ ǴǧǫǷǵǫǽǫǳǮǫ, 
ǶǫǦǱǮǭǹȄǿǫǫ ǦǱǩǴǶǮǸǲ QR-ǶǦǭǱǴǬǫǳǮȅ, ǴǷǳǴǨǦǳǳǴǩǴ ǳǦ ǵǶǫǴǧǶǦǭǴǨǦǳǮǮ ǉǮǨǫǳǷǦ. 

ǕǶǮǲǫǶ 4.1.  ǕǴ ǲǦǸǶǮǼǫ !ᶰᴙ  (ά ὲ), ǷǱǫǪǹȄǿǮǯ ǦǱǩǴǶǮǸǲ ǭǦǵǮǷȁǨǦǫǸ ǳǦ 
ǲǫǷǸǴ ὃ ǨǫǶǻǳȄȄ ǸǶǫǹǩǴǱȂǳǹȄ ǲǦǸǶǮǼǹ Ὑ ὗTὃ, ǩǪǫ ὗ ǴǶǸǴǩǴǳǦǱȂǳǦ. ǕǴǪ ǩǱǦǨǳǴǯ 
ǪǮǦǩǴǳǦǱȂȄ Ǩ ǶǫǭǹǱȂǸǮǶǹȄǿǫǯ ǲǦǸǶǮǼǫ ǧǹǪǹǸ ǭǦǵǮǷǦǳȁ ǹǩǱȁ ǵǴǨǴǶǴǸǴǨ, ǷǴǴǸǨǫǸǷǸǨǹ-
ȄǿǮǻ ǵǶǫǴǧǶǦǭǴǨǦǳǮǯ. 
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def  givens_QR(A,store_rot= False ):  

    m,n=A.shape  

    for  j in  range(n):  

        for  i in  range(m- 1,j, - 1):  

            c,s=givens(A[i - 1,j],A[i,j])  

            row_rot(A[i - 1:i+ 1,j:],c,s)  

            if  store_rot:  

                A[i,j]=np.arctan2(s,c)  
 

ǍǦǲǫǽǦǳǮǫ 4.1.  ǈǶǦǿǫǳǮȅ ǉǮǨǫǳǷǦ ǹǪǴǧǳǴ ǮǷǵǴǱȂǭǴǨǦǸȂ ǰǴǩǪǦ ǳǫǴǧǻǴǪǮǲǴ ǮǭǧǮ-
ǶǦǸǫǱȂǳǴǫ ǭǦǳǹǱǫǳǮǫ ȃǱǫǲǫǳǸǴǨ, Ǧ ǴǸǶǦǬǫǳǮȅ ǛǦǹǷǻǴǱǪǫǶǦ ǵǴǱǫǭǳȁ ǵǶǮ ǲǦǷǾǸǦǧǳȁǻ 
ǴǧǳǹǱǫǳǮȅǻ [2].  

ǋǷǱǮ ǳǫǴǧǻǴǪǮǲǴ ǺǴǶǲǮǶǴǨǦǳǮǫ ǲǦǸǶǮǼȁ ὗ, ǸǴ ǪǱȅ ǫǫ ǳǦǻǴǬǪǫǳǮȅ ǸǶǫǧǹǫǸǷȅ ǴǷǹǿǫ-
ǷǸǨǮǸȂ ǳǦǰǴǵǱǫǳǮǫ ǵǶǴǮǭǨǫǪǫǳǮǯ ǲǦǸǶǮǼ ǵǴǨǴǶǴǸǦ. ǆǳǦǱǴǩǮǽǳǴ ǳǦǰǴǵǱǫǳǮȄ ǲǦǸǶǮǼ ǴǸǶǦ-
ǬǫǳǮǯ [6] ǴǧǶǦǸǳȁǯ ǵǴǶȅǪǴǰ ǵǫǶǫǲǳǴǬǫǳǮȅ ǲǦǸǶǮǼ ǵǴǨǴǶǴǸǦ ȃǰǴǳǴǲǮǽǳǫǫ. 

ǕǶǮǲǫǶ 4.2.  ǕǴ ǲǦǸǶǮǼǫ ὃ, ǰǴǸǴǶǦȅ ǧȁǱǦ ǵǶǫǪǨǦǶǮǸǫǱȂǳǴ ǭǦǵǴǱǳǫǳǦ ǦǱǩǴǶǮǸǲǴǲ 
Ǯǭ ǵǶǮǲǫǶǦ 4.1 (ǵǴǪ ǩǱǦǨǳǴǯ ǪǮǦǩǴǳǦǱȂȄ ǰǴǸǴǶǴǯ ǳǦǻǴǪȅǸǷȅ ǹǩǱȁ ǵǴǨǴǶǴǸǴǨ), ǵǶǮǨǫ-
Ǫǫǳǳȁǯ ǷǰǶǮǵǸ ǶǫǦǱǮǭǹǫǸ ǴǧǶǦǸǳǴǫ ǳǦǰǴǵǱǫǳǮǫ ǵǶǴǮǭǨǫǪǫǳǮǯ ǲǦǸǶǮǼ ǵǴǨǴǶǴǸǦ. 

def  givens_rev_accum(A):  

    m,n=A.shape  

    Q=np.eye(m)  

    for  j in  range(n - 1, - 1, - 1):  

        for  i in  range(j,m - 1, 1):  

            theta=A[i+ 1,j]; c=np.cos(theta); s=np.sin(theta)  

            row_rot(Q[i:i+ 2,j:],c, - s)  

    return  Q 
 

ǕǶǮǲǫǶ 4.3.  ǈȁǽǮǷǱǮǸȂ QR-ǶǦǭǱǴǬǫǳǮǫ ǲǦǸǶǮǼȁ 

!

ụ
Ụ
Ụ
Ụ
ợ
ρ ς σ τ
χ ψ ω ρπ
ρςρσρτρυ
ρφρχρψρω
ρωςπςρςςỨ

ủ
ủ
ủ
Ủ

 Ȣױ

A=np.array([[ 1, 2, 3, 4], [ 7, 8, 9, 10], [ 12, 13, 14, 15], [ 16, 17, 18, 19], [ 19, 

20, 21, 22]],dtype= 'float64' )  

givens_QR(A, True )  

 

Q=givens_rev_accum(A)  

 

m,n=A.shape  

R=np.zeros((m,n))  

 

for  j in  range(n):  

    R[:j+ 1,j]=A[:j+ 1,j]  

     

display(Q@R)  
 

ǈ ǶǫǭǹǱȂǸǦǸǫ ǨȁǵǴǱǳǫǳǮȅ ǪǦǳǳǴǩǴ ǷǰǶǮǵǸǦ ǧǹǪǫǸ ǨȁǨǫǪǫǳ ǶǫǭǹǱȂǸǦǸ: 
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array([[ 1., 2., 3., 4.],  

[ 7., 8., 9., 10.],  

[12., 13., 14., 15.],  

[16., 17., 18., 19.],  

[19., 20., 21., 22.]] )  

 
5.  ǕǶǮǲǫǳǫǳǮǫ QR-ǶǦǭǱǴǬǫǳǮǯ ǪǱȅ ǶǫǾǫǳǮȅ ǗǑǆǙ.  

ǖǫǾǫǳǮǫ ǸǶǫǹǩǴǱȂǳȁǻ ǷǮǷǸǫǲ 
ǔǽǫǨǮǪǳȁǲ ǵǶǮǲǫǳǫǳǮǫǲ QR-ǶǦǭǱǴǬǫǳǮǯ ȅǨǱȅǫǸǷȅ ǳǦǻǴǬǪǫǳǮǫ ǶǫǾǫǳǮǯ ǗǑǆǙ. 

ǖǦǷǷǲǴǸǶǮǲ ǗǑǆǙ 
ὃὼ ὦ; !ᶰᴙ ; ØȟÂɴ ᴙ . 

ǕǹǷǸȂ ὃ ὗὙ, ǩǪǫ 1ᶰᴙ  ð ǴǶǸǴǩǴǳǦǱȂǳǦȅ, Ǧ 2ᶰᴙ  ð ǨǫǶǻǳȅȅ ǸǶǫǹǩǴǱȂǳǦȅ 
ǲǦǸǶǮǼǦ. ǘǴǩǪǦ ǷǱǫǪǹȄǿǦȅ ǼǫǵǴǽǰǦ ǶǦǷǷǹǬǪǫǳǮǯ 

ὃὼ ὦ ᵾ ὗὙὼ ὦ ᵾ ὗTὗὙὼ ὗTὦ ᵾ Ὑὼ ὗTὦ 
ǵǶǮǨǴǪǮǸ ǰ ǗǑǆǙ Ƿ ǨǫǶǻǳǫǯ ǸǶǫǹǩǴǱȂǳǴǯ ǲǦǸǶǮǼǫǯ. 

5.1 ǗǬǿǬǴǯǬ ǹǷǬǺǪǵǲȃǴȂǼ ǸǯǸǹǬǳ 
ǕǶǮǲǫǳǫǳǮǫ QR-ǶǦǭǱǴǬǫǳǮǯ ǪǱȅ ǶǫǾǫǳǮȅ ǗǑǆǙ ǨǰǱȄǽǦǫǸ Ǩ Ƿǫǧȅ ǵǶǮǨǫǪǫǳǮǫ ǮǷ-

ǻǴǪǳǴǯ ǰǨǦǪǶǦǸǳǴǯ ǷǮǷǸǫǲȁ ǰ ǸǶǫǹǩǴǱȂǳǴǯ ǷǮǷǸǫǲǫ, ǶǫǾǫǳǮǫ ǰǴǸǴǶǴǯ ǷǴǨǵǦǪǦǫǸ Ƿ ǮǷ-
ǻǴǪǳǴǯ. ǕǴȃǸǴǲǹ ǦǰǸǹǦǱȂǳǴ ǮǷǷǱǫǪǴǨǦǸȂ ǲǫǸǴǪȁ ǶǫǾǫǳǮȅ ǸǶǫǹǩǴǱȂǳȁǻ ǷǮǷǸǫǲ. 

ǆǱǩǴǶǮǸǲȁ ǶǫǾǫǳǮȅ ǳǮǬǳǫǯ ǸǶǫǹǩǴǱȂǳǴǯ ǷǮǷǸǫǲȁ ǳǦǭȁǨǦǫǸǷȅ ǵǶȅǲǴǯ ǵǴǪǷǸǦǳǴǨ-
ǰǴǯ, ǨǫǶǻǳǫǯ ð ǴǧǶǦǸǳǴǯ. 

5.2 ǖǷȆǳǧȆ ǶǵǫǸǹǧǴǵǩǱǧ 
ǖǦǷǷǲǴǸǶǮǲ ǷǱǫǪǹȄǿǹȄ ǳǮǬǳȄȄ ǸǶǫǹǩǴǱȂǳǹȄ ς ς-ǷǮǷǸǫǲǹ: 

ὰ π
ὰ ὰ

ὼ
ὼ

ὦ
ὦ
Ȣ 

ǋǷǱǮ ὰὰ π, ǸǴ ǳǫǮǭǨǫǷǸǳȁǫ ǲǴǩǹǸ ǧȁǸȂ ǴǵǶǫǪǫǱǫǳȁ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴ: 

ὼ
ὦ

ὰ
ȟ

ὼ
ὦ ὰὼ

ὰ
Ȣױ

 

ǣǸǴ ς ς-ǨǫǶǷǮȅ ǦǱǩǴǶǮǸǲǦ, ǮǭǨǫǷǸǳǴǩǴ ǰǦǰ ǵǶȅǲǦȅ ǵǴǪǷǸǦǳǴǨǰǦ. ǔǧǿǹȄ ǵǶǴǼǫ-
ǪǹǶǹ ǵǴǱǹǽǦǫǲ, ǶǦǭǶǫǾǦȅ Ὥ-ǫ ǹǶǦǨǳǫǳǮǫ ǷǮǷǸǫǲȁ ὒὼ ὦ ǴǸǳǴǷǮǸǫǱȂǳǴ ὼ:  

ὼ
ὦ В ὰὼ

ὰ
 Ȣױ

ǋǷǱǮ ǨȁǽǮǷǱǫǳǮȅ ǨȁǵǴǱǳǮǸȂ ǪǱȅ Ὥ ρȟὲ, ǸǴ ǧǹǪǹǸ ǨȁǽǮǷǱǫǳȁ ǨǷǫ ǰǴǲǵǴǳǫǳǸȁ ὼ. 

ǈȁǽǮǷǱǫǳǮǫ В ὰὼ ǲǴǬǳǴ ǮǳǸǫǶǵǶǫǸǮǶǴǨǦǸȂ, ǰǦǰ ǨȁǽǮǷǱǫǳǮǫ ǷǰǦǱȅǶǳǴǩǴ ǵǶǴǮǭǨǫ-

ǪǫǳǮȅ ὒὭȟȡὭẗὼȡὭ. ǕǴǷǰǴǱȂǰǹ ὦ ǷǴǪǫǶǬǮǸǷȅ ǸǴǱȂǰǴ Ǩ ǺǴǶǲǹǱǫ ǪǱȅ ὼ, ǳǦ ǲǫǷǸǫ ὦ 

ǲǴǬǳǴ ǭǦǵǮǷǦǸȂ ὼ.  
 ǕǶǮǲǫǶ 5.2.1.  ǗǱǫǪǹȄǿǮǯ ǦǱǩǴǶǮǸǲ ǵǴ ǳǮǬǳǫǯ ǸǶǫǹǩǴǱȂǳǴǯ ǲǦǸǶǮǼǫ ὒɴ ᴙ  

Ǯ Âɴ ᴙ  ǨȁǽǮǷǱȅǫǸ ǶǫǾǫǳǮǫ ǷǮǷǸǫǲȁ ὒὼ  ὦ Ǯ ǭǦǵǮǷȁǨǦǫǸ ǫǩǴ Ǩ ǨǫǰǸǴǶ ὦ. ǒǦǸǶǮǼǦ ὒ 
ǪǴǱǬǳǦ ǧȁǸȂ ǳǫǨȁǶǴǬǪǫǳǳǴǯ. 

def  dir_subs(L,b):  

    n=len(b)  

    b[ 0]=b[ 0]/L[ 0, 0]  

    for  i in  range( 1,n):  

        b[i]=(b[i] - np.dot(L[i,:i],b[:i]))/L[i,i]  
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ǊǱȅ ǶǫǦǱǮǭǦǼǮǮ ǦǱǩǴǶǮǸǲǦ ǸǶǫǧǹǫǸǷȅ /ὲ  ǴǵǫǶǦǼǮǯ. 
 ǕǶǮǲǫǶ 5.2.2.  ǓǦǯǸǮ ǶǫǾǫǳǮǫ ǗǑǆǙ: 

ς π π π
ρ χ π π
ρ π σ π
ρ ρ ρ ς

ὼ
ὼ
ὼ
ὼ

τ
ω
ς
σ

.  

ǆǳǦǱǮǸǮǽǫǷǰǴǫ ǶǫǾǫǳǮǫ: ὼ ςȟρȟπȟρT 
L=np.array([[ 2, 0, 0, 0], [ 1, 7, 0, 0], [ 1, 0, 3, 0], [ - 1, 1, - 1, 

2]],dtype= 'float64' )  

b=np.array([ 4, 9, 2, - 3],dtype= 'float64' )  

 

dir_subs(L,b)  

 

display(b)  
 

ǈ ǶǫǭǹǱȂǸǦǸǫ ǨȁǵǴǱǳǫǳǮȅ ǪǦǳǳǴǩǴ ǷǰǶǮǵǸǦ ǧǹǪǫǸ ǨȁǨǫǪǫǳ ǶǫǭǹǱȂǸǦǸ: 
array([ 2., 1., 0., - 1.] )  

 
5.3 ǕǨǷǧǹǴǧȆ ǶǵǫǸǹǧǴǵǩǱǧ 

ǕǶǮǲǫǶ 5.3.1.  ǗǱǫǪǹȄǿǮǯ ǦǱǩǴǶǮǸǲ ǵǴ ǨǫǶǻǳǫǯ ǸǶǫǹǩǴǱȂǳǴǯ ǲǦǸǶǮǼǫ Ὗᶰᴙ  
Ǯ ὦɴ ᴙ  ǨȁǽǮǷǱȅǫǸ ǶǫǾǫǳǮǫ ǷǮǷǸǫǲȁ Ὗὼ  ὦ Ǯ ǭǦǵǮǷȁǨǦǫǸ ǫǩǴ Ǩ ǨǫǰǸǴǶ ὦ. ǒǦǸǶǮǼǦ 
Ὗ ǪǴǱǬǳǦ ǧȁǸȂ ǳǫǨȁǶǴǬǪǫǳǳǴǯ. 

def  rev_subs(U,b):  

    n=len(b)  

    b[n - 1]/=U[n - 1,n - 1]  

    for  i in  range(n - 2, - 1, - 1):  

        b[i]=(b[i] - np.dot(U[i,i+ 1:],b[i+ 1:]))/U[i,i]  
 

ǈȁǽǮǷǱǮǸǫǱȂǳǦȅ ǷǱǴǬǳǴǷǸȂ ǷǴǨǵǦǪǦǫǸ Ƿ ǨȁǽǮǷǱǮǸǫǱȂǳǴǯ ǷǱǴǬǳǴǷǸȂȄ ǵǶȅǲǴǯ 
ǵǴǪǷǸǦǳǴǨǰǮ. 

ǕǶǮǲǫǶ 5.3.1.  ǓǦǯǸǮ ǶǫǾǫǳǮǫ ǗǑǆǙ: 
ρ ς ρ ς
π σ π ρ
π π ς ρ
π π π σ

ὼ
ὼ
ὼ
ὼ

ς
χ
χ
τ

.  

ǆǳǦǱǮǸǮǽǫǷǰǴǫ ǶǫǾǫǳǮǫ: ὼ ρȟςȟσȟρT. 
U=np.array([[ 1, 2, - 1, - 2], [ 0, 3, 0, 1], [ 0, 0, 2, 1], [ 0, 0, 0, 

3]],dtype= 'float64' )  

b=np.array([ - 2, 7, 7, 3],dtype= 'float64' )  

 

rev_subs(U,b)  

 

display(b)  

 
ǈ ǶǫǭǹǱȂǸǦǸǫ ǨȁǵǴǱǳǫǳǮȅ ǪǦǳǳǴǩǴ ǷǰǶǮǵǸǦ ǧǹǪǫǸ ǨȁǨǫǪǫǳ ǶǫǭǹǱȂǸǦǸ: 
array([ - 1., 2., 3., 1.] )  

5.4 ǘǹǵǲǨǽǵǩȂǬ ǩǬǷǸǯǯ ǧǲǪǵǷǯǹǳǵǩ 
 ǕǴǷǰǴǱȂǰǹ ǨȁǽǮǷǱǮǸǫǱȂǳȁǫ ǵǶǴǼǫǷǷȁ ǪǱȅ ǨȁǽǮǷǱǫǳǮȅ ǴǽǫǶǫǪǳǴǯ ǰǴǲǵǴǳǫǳǸȁ 

ǶǫǾǫǳǮȅ, Ǩ ǵǶǮǲǫǶǦǻ 5.2.1 Ǯ 5.3.1, ǴǶǩǦǳǮǭǴǨǦǳȁ çǨǪǴǱȂ ǷǸǶǴǰè ǸǦǰǮǫ ǨǫǶǷǮǮ ǦǱǩǴ-
ǶǮǸǲǴǨ ǳǦǭȁǨǦȄǸǷȅ ǷǸǶǴǰǴǨȁǲǮ. ǔǪǳǦǰǴ, ǲǴǬǳǴ ǵǴǷǸǶǴǮǸȂ ǷǸǴǱǧǼǴǨȁǫ ǨǫǶǷǮǮ ǪǦǳǳȁǻ 
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ǲǫǸǴǪǴǨ. ǣǸǮ ǨǫǶǷǮǮ ǲǴǩǹǸ ǧȁǸȂ ǵǴǱǹǽǫǳȁ ǮǭǲǫǳǫǳǮǫǲ ǵǴǶȅǪǰǦ ǨȁǵǴǱǳǫǳǮȅ ǼǮǰǱǴǨ. 
ǔǽǫǨǮǪǳǴ, ǽǸǴ, ǵǶǮ ǵǴǪǴǧǳǴǯ ǲǴǪǮǺǮǰǦǼǮǮ, ǨȁǽǮǷǱǮǸǫǱȂǳǦȅ ǷǱǴǬǳǴǷǸȂ ǳǫ Ǯǭǲǫ-
ǳǮǸǷȅ. 

ǝǸǴǧȁ ǵǴǳȅǸȂ, ǽǸǴ ȃǸǴ ǴǭǳǦǽǦǫǸ Ƿ ǦǱǩǫǧǶǦǮǽǫǷǰǴǯ ǸǴǽǰǮ ǭǶǫǳǮȅ, ǶǦǷǷǲǴǸǶǮǲ ǵǶȅ-

ǲǹȄ ǵǴǪǷǸǦǳǴǨǰǹ. ǕǴǷǱǫ ǳǦǻǴǬǪǫǳǮȅ ὼ ǫǫ ǲǴǬǳǴ ǹǪǦǱǮǸȂ Ǯǭ ǨǷǫǻ ǹǶǦǨǳǫǳǮǯ ςȟὲ, Ǯ 
ǵǶǴǪǴǱǬǮǸȂ ǵǶǴǼǫǷǷ Ƿ ǶǫǪǹǼǮǶǴǨǦǳǳǴǯ ǷǮǷǸǫǲǴǯ 

ὒςȡὲȟςȡὲὼςȡὲ ὦςȡὲ ὼρὒςȡὲȟρ.  

ǓǦ ǷǱǫǪǹȄǿǫǲ ǾǦǩǫ ǨȁǽǮǷǱȅǫǸǷȅ ὼς Ǯ ǫǫ ǸǴǬǫ ǲǴǬǳǴ ǮǷǰǱȄǽǮǸȂ Ǯǭ ǨǷǫǻ ǹǶǦǨ-

ǳǫǳǮǯ σȟὲ, Ǯ Ǹ. Ǫ. 
 ǕǶǮǲǫǶ 5.4.1.  ǆǱǩǴǶǮǸǲ ǵǶȅǲǴǯ ǵǴǪǷǸǦǳǴǨǰǮ, ǷǸǴǱǧǼǴǨǦȅ ǨǫǶǷǮȅ. ǕǹǷǸȂ ,ɴ

ᴙ  ǳǫǨȁǶǴǬǪǫǳǳǦȅ ǳǮǬǳȅȅ ǸǶǫǹǩǴǱȂǳǦȅ ǲǦǸǶǮǼǦ Ǯ Âɴ ᴙ. ǣǸǴǸ ǦǱǩǴǶǮǸǲ ǭǦǲǫǳȅǫǸ 
ὦ ǳǦ ǶǫǾǫǳǮǫ ǷǮǷǸǫǲȁ ὒὼ ὦ.  

def  dir_subs_cols(L,b):  

    n=len(b)  

    for  j in  range(n - 1):  

        b[j]/=L[j,j]  

        b[j+ 1:]=b[j+ 1:] - b[j]*L[j+ 1:,j]  

    b[n - 1]/=L[n - 1,n - 1]  

 
 ǕǶǮǲǫǶ 5.4.2.  ǓǦǯǸǮ ǶǫǾǫǳǮǫ ǗǑǆǙ: 

ς π π π
ρ χ π π
ρ π σ π
ρ ρ ρ ς

ὼ
ὼ
ὼ
ὼ

τ
ω
ς
σ

.  

ǆǳǦǱǮǸǮǽǫǷǰǴǫ ǶǫǾǫǳǮǫ: ὼ ςȟρȟπȟρT. 
L=np.array([[ 2, 0, 0, 0], [ 1, 7, 0, 0], [ 1, 0, 3, 0], [ - 1, 1, - 1, 

2]],dtype= 'float64' )  

b=np.array([ 4, 9, 2, - 3],dtype= 'float64' )  

 

dir_subs_cols(L,b)  

 

display(b)  

 
 
ǈ ǶǫǭǹǱȂǸǦǸǫ ǨȁǵǴǱǳǫǳǮȅ ǪǦǳǳǴǩǴ ǷǰǶǮǵǸǦ ǧǹǪǫǸ ǨȁǨǫǪǫǳ ǶǫǭǹǱȂǸǦǸ: 
 
array([ 2., 1., 0., - 1.] )  

 
 ǕǶǮǲǫǶ 5.4.3.  ǆǱǩǴǶǮǸǲ ǴǧǶǦǸǳǴǯ ǵǴǪǷǸǦǳǴǨǰǮ, ǷǸǴǱǧǼǴǨǦȅ ǨǫǶǷǮȅ. ǕǹǷǸȂ Ὗᶰ

ᴙ  ǳǫǨȁǶǴǬǪǫǳǳǦȅ ǨǫǶǻǳȅȅ ǸǶǫǹǩǴǱȂǳǦȅ ǲǦǸǶǮǼǦ Ǯ ὦɴ ᴙ. ǣǸǴǸ ǦǱǩǴǶǮǸǲ ǭǦǲǫǳȅǫǸ 
ὦ ǳǦ ǶǫǾǫǳǮǫ ǷǮǷǸǫǲȁ 5Ø Â.  

def  rev_subs_cols(U,b):  

    n=len(b)  

    for  j in  range(n - 1, 0, - 1):  

        b[j]/=U[j,j]  

        b[:j]=b[:j] - b[j]*U[:j,j]  

    b[ 0]/=U[ 0, 0]  

 
 ǕǶǮǲǫǶ 5.4.4.  ǓǦǯǸǮ ǶǫǾǫǳǮǫ ǗǑǆǙ: 
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ρ ς ρ ς
π σ π ρ
π π ς ρ
π π π σ

ὼ
ὼ
ὼ
ὼ

ς
χ
χ
τ

.  

ǆǳǦǱǮǸǮǽǫǷǰǴǫ ǶǫǾǫǳǮǫ: Ø ρȟςȟσȟρT. 
U=np.array([[ 1, 2, - 1, - 2], [ 0, 3, 0, 1], [ 0, 0, 2, 1], [ 0, 0, 0, 

3]],dtype= 'float64' )  

b=np.array([ - 2, 7, 7, 3],dtype= 'float64' )  

 

rev_subs_cols(U,b)  

 

display(b)  
 

ǈ ǶǫǭǹǱȂǸǦǸǫ ǨȁǵǴǱǳǫǳǮȅ ǪǦǳǳǴǩǴ ǷǰǶǮǵǸǦ ǧǹǪǫǸ ǨȁǨǫǪǫǳ ǶǫǭǹǱȂǸǦǸ: 
 
array([ - 1., 2., 3., 1.] )  

 
ǝǦǿǫ ǨǷǫǩǴ ǸǴǽǳǴǷǸȂ ǶǫǾǫǳǮȅ ǸǶǫǹǩǴǱȂǳǴǯ ǷǮǷǸǫǲȁ ǳǦ ǹǪǮǨǱǫǳǮǫ ǻǴǶǴǾǦȅ [6].  
 

6.  ǕǶǮǲǫǳǫǳǮǫ QR-ǶǦǭǱǴǬǫǳǮǯ ǪǱȅ ǶǫǾǫǳǮȅ ǗǑǆǙ 
ǕǶǮǨǫǪǫǲ ǷǰǶǮǵǸȁ ǪǱȅ ǶǫǾǫǳǮȅ ǷǮǷǸǫǲ ǱǮǳǫǯǳȁǻ ǦǱǩǫǧǶǦǮǽǫǷǰǮǻ ǹǶǦǨǳǫǳǮǯ Ƿ 

ǵǶǮǲǫǳǫǳǮǫǲ QR-ǶǦǭǱǴǬǫǳǮǯ ǳǦ ǴǷǳǴǨǫ ǵǶǫǴǧǶǦǭǴǨǦǳǮǯ ǛǦǹǷǻǴǱǪǫǶǦ Ǯ ǉǮǨǫǳǷǦ. 
ǕǶǮǲǫǶ 6.1.  ǓǦǯǸǮ ǶǫǾǫǳǮǫ ǷǮǷǸǫǲȁ ǱǮǳǫǯǳȁǻ ǦǱǩǫǧǶǦǮǽǫǷǰǮǻ ǹǶǦǨǳǫǳǮǯ Ƿ ǵǴ-

ǲǴǿȂȄ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ ǴǸǶǦǬǫǳǮǯ. 
ς ρ ς ρ
υ π σ ρ
χ ρ χ ς
π ς ρ ς

ὼ
ὼ
ὼ
ὼ

ς
σ
ω
π

.  

ǆǳǦǱǮǸǮǽǫǷǰǴǫ ǶǫǾǫǳǮǫ: ὼ ρȟςȟπȟςT. 

A=np.array([[ 2, 1, 2, 1], [ 5, 0, - 3, - 1], [ 7, 1, 7, 2], [ 0, 2, 1, 

2]],dtype= 'float64' )  

b=np.array([ 2, 3, 9, 0],dtype= 'float64' )  

 

house_QR(A) 

Q=house_rev_accum(A)  

 

b1=Q.T@b 

rev_subs(A,b1)  

 

display(b1)  
 

ǈ ǶǫǭǹǱȂǸǦǸǫ ǨȁǵǴǱǳǫǳǮȅ ǪǦǳǳǴǩǴ ǷǰǶǮǵǸǦ ǧǹǪǫǸ ǨȁǨǫǪǫǳ ǶǫǭǹǱȂǸǦǸ: 
array([ 1.00000000e+00, - 2.00000000e+00, - 2.15643791e - 15, 2.00000000e+00] )  

 
ǊǦǳǳǴǫ ǶǫǾǫǳǮǫ ǳǫȃǺǺǫǰǸǮǨǳǴ, ǵǴǷǰǴǱȂǰǹ ǸǶǫǧǹǫǸ ȅǨǳǴǩǴ ǺǴǶǲǮǶǴǨǦǳǮȅ ǲǦǸ-

ǶǮǼȁ ὗ, ǧǫǭ ǽǫǩǴ ǲǴǬǳǴ ǴǧǴǯǸǮǷȂ. ǕǶǴǪǫǲǴǳǷǸǶǮǶǹǫǲ ǧǴǱǫǫ ȃǺǺǫǰǸǮǨǳǴǫ ǶǫǾǫǳǮǫ. 
ǝǸǴǧȁ ǫǩǴ ǵǴǷǸǶǴǮǸȂ, ǵǴǸǶǫǧǹǫǸǷȅ ǶǫǦǱǮǭǦǼǮȅ ǵǶǮǲǫǳǫǳǮȅ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ ǛǦǹǷǻǴǱ-
ǪǫǶǦ ǰ ǵǶǴǮǭǨǴǱȂǳǴǲǹ ǨǫǰǸǴǶǹ. 
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ǕǶǮǲǫǶ 6.2.  ǊǱȅ ǨǫǰǸǴǶǦ Øɴ ᴙ  Ǯ ǳǫǳǹǱǫǨǴǩǴ Öɴ ᴙ, ǩǪǫ ὺπ ρ, ǷǱǫǪǹȄǿǮǯ 

ǦǱǩǴǶǮǸǲ ǷǸǶǴǮǸ ǳǦ ǲǫǷǸǫ ǨǫǰǸǴǶǦ ὼ ǨǫǰǸǴǶ ὖὼ Ὁ ς ὼ ὼ ς ẗὺ.  

def  row_house_vec(x,v):  

    beta = - 2.0  * np.dot(v,x) / np.dot(v,v)  

    x += beta * v  
 

ǕǶǮǲǫǶ 6.3.  ǣǺǺǫǰǸǮǨǳȁǯ ǦǱǩǴǶǮǸǲ ǶǫǾǫǳǮȅ ǷǮǷǸǫǲ ǱǮǳǫǯǳȁǻ ǦǱǩǫǧǶǦǮǽǫǷǰǮǻ 
ǹǶǦǨǳǫǳǮǯ, ǴǷǳǴǨǦǳǳȁǯ ǳǦ ǵǶǫǴǧǶǦǭǴǨǦǳǮǮ ǛǦǹǷǻǴǱǪǫǶǦ. ǊǱȅ ǳǫǨȁǶǴǬǪǫǳǳǴǯ ǲǦǸ-
ǶǮǼȁ !ᶰᴙ  Ǯ ǨǫǰǸǴǶǦ Âɴ ᴙ, ǷǱǫǪǹȄǿǮǯ ǦǱǩǴǶǮǸǲ, Ƿ ǵǴǲǴǿȂȄ QR-ǶǦǭǱǴǬǫǳǮȅ ǳǦ 
ǴǷǳǴǨǫ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ ǛǦǹǷǻǴǱǪǫǶǦ, ǵǶǮǨǴǪǮǸ ǗǑǆǙ ὃὼ ὦ ǰ ǨǫǶǻǳǫǯ ǸǶǫǹǩǴǱȂǳǴǯ, 
ǳǦǻǴǪǮǸ ǫǫ ǶǫǾǫǳǮǫ Ǯ ǵǴǲǫǿǦǫǸ ǫǩǴ Ǩ ǨǫǰǸǴǶ ὦ.  

def  solve_house(A,b):  

    house_QR(A) 

 

    _,n=A.shape  

    v=np.zeros(n)  

    for  j in  range(n):  

        v[j]= 1.0 ; v[j+ 1:]=A[j+ 1:,j]  

        row_house_vec(b[j:],v[j:])  

 

    rev_subs(A,b)  
 

ǕǶǮǲǫǶ 6.4.  ǓǦǯǸǮ ǶǫǾǫǳǮǫ ǷǮǷǸǫǲ ǱǮǳǫǯǳȁǻ ǦǱǩǫǧǶǦǮǽǫǷǰǮǻ ǹǶǦǨǳǫǳǮǯ Ƿ ǵǴ-
ǲǴǿȂȄ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ ǴǸǶǦǬǫǳǮǯ. 

ς ρ ς ρ
υ π σ ρ
χ ρ χ ς
π ς ρ ς

ὼ
ὼ
ὼ
ὼ

ς
σ
ω
π

.  

ǆǳǦǱǮǸǮǽǫǷǰǴǫ ǶǫǾǫǳǮǫ: ὼ ρȟςȟπȟςT. 
A=np.array([[ 2, 1, 2, 1], [ 5, 0, - 3, - 1], [ 7, 1, 7, 2], [ 0, 2, 1, 

2]],dtype= 'float64' )  

b=np.array([ 2, 3, 9, 0],dtype= 'float64' )  

 

solve_house(A,b)  

 

display(b)  

 
ǈ ǶǫǭǹǱȂǸǦǸǫ ǨȁǵǴǱǳǫǳǮȅ ǪǦǳǳǴǩǴ ǷǰǶǮǵǸǦ ǧǹǪǫǸ ǨȁǨǫǪǫǳ ǶǫǭǹǱȂǸǦǸ: 
array([ 1.00000000e+00, - 2.00000000e+00, - 1.78463827e - 15, 2.00000000e+00] )  

 
ǆǳǦǱǴǩǮǽǳǴǫ ǶǫǾǫǳǮǫ ǲǴǬǫǸ ǧȁǸȂ ǵǴǱǹǽǫǳǴ Ƿ ǮǷǵǴǱȂǭǴǨǦǳǮǫǲ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ 

ǉǮǨǫǳǷǦ. 
 ǕǶǮǲǫǶ 6.5.  ǆǱǩǴǶǮǸǲ ǹǲǳǴǬǫǳǮȅ ǨǫǰǸǴǶǦ ǳǦ ǲǦǸǶǮǼǹ ǉǮǨǫǳǷǦ ǷǱǫǨǦ. ǕǹǷǸȂ 

Øɴ ᴙ , ̒ ÃÏÓʃ, ί ÓÉÎʃ. ǗǱǫǪǹȄǿǮǯ ǦǱǩǴǶǮǸǲ ǭǦǵǮǷȁǨǦǫǸ ǳǦ ǲǫǷǸǴ ὼ ǨǫǰǸǴǶ 

ώ
ὧὼ ίὼ
ίὼ ὧὼ .  
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def  row_rot_vec(x,c,s):  

    x0=x[ 0]; x1=x[ 1]  

    x[ 0]=c*x0 - s*x1  

    x[ 1]=s*x0+c*x1  
 

ǕǶǮǲǫǶ 6.6.  ǆǱǩǴǶǮǸǲ ǶǫǾǫǳǮȅ ǷǮǷǸǫǲ ǱǮǳǫǯǳȁǻ ǦǱǩǫǧǶǦǮǽǫǷǰǮǻ ǹǶǦǨǳǫǳǮǯ, ǴǷ-
ǳǴǨǦǳǳȁǯ ǳǦ ǵǶǫǴǧǶǦǭǴǨǦǳǮǮ ǉǮǨǫǳǷǦ. ǊǱȅ ǳǫǨȁǶǴǬǪǫǳǳǴǯ ǲǦǸǶǮǼȁ !ᶰᴙ  Ǯ Ǩǫǰ-
ǸǴǶǦ Âɴ ᴙ, ǷǱǫǪǹȄǿǮǯ ǦǱǩǴǶǮǸǲ, Ƿ ǵǴǲǴǿȂȄ QR-ǶǦǭǱǴǬǫǳǮȅ ǳǦ ǴǷǳǴǨǫ ǵǶǫǴǧǶǦǭǴ-

ǨǦǳǮȅ ǉǮǨǫǳǷǦ, ǵǶǮǨǴǪǮǸ ǷǮǷǸǫǲǹ ὃὼ ὦ ǰ ǨǫǶǻǳǫǯ ǸǶǫǹǩǴǱȂǳǴǯ, ǳǦǻǴǪǮǸ ǫǫ ǶǫǾǫǳǮǫ 
Ǯ ǵǴǲǫǿǦǫǸ ǫǩǴ Ǩ ǨǫǰǸǴǶ ὦ.  

def  solve_givens(A,b):  

    givens_QR(A, True )  

 

    _,n=A.shape  

    for  j in  range(n):  

        for  i in  range(n - 1,j, - 1):  

            theta=A[i,j]; c=np.cos(theta); s=np.sin(theta)  

            row_rot_vec(b[i - 1:i+ 1],c,s)  

 

    rev_subs(A,b)  
 

ǕǶǮǲǫǶ 6.7.  ǓǦǯǸǮ ǶǫǾǫǳǮǫ ǷǮǷǸǫǲȁ ǱǮǳǫǯǳȁǻ ǦǱǩǫǧǶǦǮǽǫǷǰǮǻ ǹǶǦǨǳǫǳǮǯ Ƿ ǵǴ-
ǲǴǿȂȄ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ ǴǸǶǦǬǫǳǮǯ. 

ς ρ ς ρ
υ π σ ρ
χ ρ χ ς
π ς ρ ς

ὼ
ὼ
ὼ
ὼ

ς
σ
ω
π

.  

ǆǳǦǱǮǸǮǽǫǷǰǴǫ ǶǫǾǫǳǮǫ: ὼ ρȟςȟπȟςT. 
A=np.array([[ 2, 1, 2, 1], [ 5, 0, - 3, - 1], [ 7, 1, 7, 2], [ 0, 2, 1, 

2]],dtype= 'float64' )  

b=np.array([ 2, 3, 9, 0],dtype= 'float64' )  

 

solve_givens(A,b)  

 

display(b)  

 
ǈ ǶǫǭǹǱȂǸǦǸǫ ǨȁǵǴǱǳǫǳǮȅ ǪǦǳǳǴǩǴ ǷǰǶǮǵǸǦ ǧǹǪǫǸ ǨȁǨǫǪǫǳ ǶǫǭǹǱȂǸǦǸ: 
array([ 1.00000000e+00, - 2.00000000e+00, 7.43599278e - 17, 2.00000000e+00] )  

ǍǦǰǱȄǽǫǳǮǫ 
  
ǈ ǶǦǧǴǸǫ ǧȁǱ ǵǶǫǪǱǴǬǫǳ ǲǦǸǫǶǮǦǱ ǪǱȅ ǵǶǴǨǫǪǫǳǮȅ ǷǫǲǮǳǦǶǷǰǴǩǴ ǭǦǳȅǸǮȅ ǵǴ ǲǫ-

ǸǴǪǹ ǨǶǦǿǫǳǮǯ ǉǮǨǫǳǷǦ. ǊǦǳǳȁǯ ǷǫǲǮǳǦǶ ǪǴǱǬǫǳ ǷǱǫǪǴǨǦǸȂ ǭǦ ǷǫǲǮǳǦǶǷǰǮǲ ǭǦǳȅǸǮǫǲ 
ǵǴ ǲǫǸǴǪǹ ǴǸǶǦǬǫǳǮǯ ǛǦǹǷǻǴǱǪǫǶǦ [1] Ǯ ǱǴǩǮǽǫǷǰǮ ǭǦǨǫǶǾǦǫǸ ǸǫǲǦǸǮǰǹ QR-
ǶǦǭǱǴǬǫǳǮȅ, Ǩ ǹǽǫǧǳǴǲ ǰǹǶǷǫ ǨȁǽǮǷǱǮǸǫǱȂǳǴǯ ǲǦǸǫǲǦǸǮǰǮ ǪǱȅ ǮǳǬǫǳǫǶǳȁǻ ǳǦǵǶǦǨ-
ǱǫǳǮǯ ǴǧǹǽǫǳǮȅ. 

ǈ ǶǦǲǰǦǻ ǷǫǲǮǳǦǶǦ ǧȁǱǴ ǷǺǴǶǲǹǱǮǶǴǨǦǳǴ ǵǴǳȅǸǮǫ ǨǶǦǿǫǳǮǯ ǉǮǨǫǳǷǦ Ǩ  ᴙ, Ǧ 
ǵǴǸǴǲ ǴǵǫǶǦǸǴǶ ǨǶǦǿǫǳǮǯ ǧȁǱ ǮǷǵǴǱȂǭǴǨǦǳ ǪǱȅ ǵǴǷǸǶǴǫǳǮȅ QR-ǶǦǭǱǴǬǫǳǮȅ. Ǘ ǼǫǱȂȄ 
ǮǱǱȄǷǸǶǦǼǮǮ ǵǶǮǲǫǳǫǳǮȅ QR-ǶǦǭǱǴǬǫǳǮǯ ǧȁǱǮ ǵǶǮǨǫǪǫǳȁ ǦǱǩǴǶǮǸǲȁ ǪǱȅ ǶǫǾǫǳǮȅ 
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ǗǑǆǙ Ǯ ǵǶǴǨǫǪǫǳǴ ǷǶǦǨǳǫǳǮǫ ǦǱǩǴǶǮǸǲǴǨ, ǵǴǷǸǶǴǫǳǳȁǻ ǳǦ ǧǦǭǫ ǨǶǦǿǫǳǮǯ Ǯ ǴǸǶǦǬǫ-
ǳǮǯ. ǘǦǰǬǫ, ǪǱȅ ǳǹǬǪ ǳǦǻǴǬǪǫǳǮȅ ǶǫǾǫǳǮǯ ǗǑǆǙ, ǵǶǮǨǫǪǫǳȁ Ǯ ǮǷǷǱǫǪǴǨǦǳȁ ǦǱǩǴ-
ǶǮǸǲȁ ǶǫǾǫǳǮǯ ǸǶǫǹǩǴǱȂǳȁǻ ǗǑǆǙ. 
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ǓǋǏǖǔǓǓǆǥ ǗǋǘǢ, ǐǆǐ ǔǊǓǔ ǎǍ ǕǋǖǗǕǋǐǘǎǈǓǡǛ ǓǆǕǖǆǈǑǋǓǎǏ  
ǎǗǐǙǗǗǘǈǋǓǓǔǉǔ ǎǓǘǋǑǑǋǐǘǆ 

 

 

ǆǳǳǴǸǦǼǮȅ 

ǈ ǷǸǦǸȂǫ ǵǶǴǨǴǪǮǸǷȅ ǴǧǭǴǶ ǴǷǳǴǨ ǲǴǪǫǱǮǶǴǨǦǳǮȅ ǳǫǯǶǴǳǳǴǯ ǷǫǸǮ ǳǦ ǵǶǮǲǫǶǫ ǵǫǶǼǫǵ-
ǸǶǴǳǦ, ǶǫǾǦȄǿǫǩǴ ǭǦǪǦǽǹ ǰǱǦǷǷǮǺǮǰǦǼǮǮ ǴǧȀǫǰǸǴǨ. ǕǶǴǦǳǦǱǮǭǮǶǴǨǦǳȁ ǴǷǳǴǨǳȁǫ ǷǴ-
ǷǸǦǨǱȅȄǿǮǫ ǲǴǪǫǱǮǶǴǨǦǳǮȅ ǵǫǶǼǵǫǸǶǴǳǦ. 

 

ǐǱȄǽǫǨȁǫ ǷǱǴǨǦ 
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ǰǦǳǪǮǪǦǸ ǵǫǪǦǩǴǩǮǽǫǷǰǮǻ ǳǦǹǰ, ǪǴǼǫǳǸ 
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ǈǨǫǪǫǳǮǫ 
 

ǗǫǩǴǪǳȅ ǽǫǱǴǨǫǽǫǷǰǦȅ ǪǫȅǸǫǱȂǳǴǷǸȂ ǴǽǫǳȂ ǸǫǷǳǴ ǷǨȅǭǦǳǦ Ƿ ǮǳǺǴǶǲǦǼǮǴǳǳȁǲǮ 
ǸǫǻǳǴǱǴǩǮȅǲǮ. ǗǴǨǶǫǲǫǳǳȁǫ ǰǴǲǵȂȄǸǫǶǳȁǫ ǵǶǮǱǴǬǫǳǮȅ ǹǽǮǸȁǨǦȄǸ ǴǷǴǧǫǳǳǴǷǸǮ ǽǫ-
ǱǴǨǫǽǫǷǰǴǩǴ ǲǴǭǩǦ, Ǧ ǽǫǱǴǨǫǽǫǷǰǮǯ ǲǴǭǩ ǹǽǮǸȁǨǦǫǸ ǴǷǴǧǫǳǳǴǷǸǮ ǸǫǻǳǴǱǴǩǮǯ Ǯ, ǫǷǱǮ 
ǨǴǭǳǮǰǦǫǸ ǳǫǴǧǻǴǪǮǲǴǷǸȂ Ǩ ǵǴǮǷǰǫ ǲǦǶǾǶǹǸǦ, ǪǱȅ ȃǸǴǩǴ ǲǴǬǳǴ ǮǷǵǴǱȂǭǴǨǦǸȂ ǵǶǮǱǴ-
ǬǫǳǮǫ çǥǳǪǫǰǷ.ǐǦǶǸȁè.  

ǕǴ ǷǹǸǮ, ǳǫǯǶǴǳ ǲǴǬǳǴ ǵǶǫǪǷǸǦǨǮǸȂ Ǩ ǨǮǪǫ ǹǭǱǦ ǷǴ ǲǳǴǩǮǲǮ ǨǻǴǪǦǲǮ Ǯ ǴǪǳǮǲ 
ǨȁǻǴǪǴǲ. ǓǫǯǶǴǷǫǸȂ, Ǩ ǷǨǴȄ ǴǽǫǶǫǪȂ, ǷǰǱǦǪȁǨǦǫǸǷȅ Ǯǭ ǲǳǴǬǫǷǸǨǦ ǨǭǦǮǲǴǷǨȅǭǦǳǳȁǻ 
ǳǫǯǶǴǳǴǨ. ǚǦǰǸǮǽǫǷǰǮ ȃǸǴ çǵǶǮǲǮǸǮǨǳǴǫè ǹǷǸǶǴǯǷǸǨǴ, ǰǴǸǴǶǴǫ ǷǱǹǬǮǸ ǪǱȅ ǵǴǱǹǽǫǳǮȅ 
ǪǦǳǳȁǻ ǳǦ ǨǻǴǪ Ǯ ǨȁǪǦǽǮ ǴǸǨǫǸǦ. ǈ ǳǦǽǦǱǫ ǳǫǯǶǴǳǳǦȅ ǷǫǸȂ ǹǽǮǸǷȅ ǷǴǴǸǳǴǷǮǸȂ ǨǻǴǪȅ-
ǿǮǫ Ǯ ǨȁǻǴǪȅǿǮǫ ǷǮǩǳǦǱȁ ǪǶǹǩ Ƿ ǪǶǹǩǴǲ ð ȃǸǴ ǳǦǭȁǨǦǫǸǷȅ ǴǧǹǽǫǳǮǫǲ. ǆ ǰǴǩǪǦ ǳǫǯǶǴǳ-
ǳǦȅ ǷǫǸȂ ǳǦǽǮǳǦǫǸ ǶǦǧǴǸǦǸȂ, ǴǳǦ ǵǴǱǹǽǦǫǸ ǨǻǴǪǳȁǫ ǪǦǳǳȁǫ, ǩǫǳǫǶǮǶǹȅ ǨȁǻǴǪǳȁǫ ǷǮǩ-
ǳǦǱȁ, ǴǷǳǴǨȁǨǦȅǷȂ ǳǦ ǳǦǰǴǵǱǫǳǳȁǻ ǹǲǫǳǮȅǻ.  

ǕǶǫǪǵǴǱǴǬǮǸǫǱȂǳǴ ǵǫǶǨǴǳǦǽǦǱȂǳǦȅ ȃǨǴǱȄǼǮǴǳǳǦȅ ǭǦǪǦǽǦ ǳǫǯǶǴǷǫǸǮ Ǩ ǵǶǮǶǴǪǫ 
ǭǦǰǱȄǽǦǱǦǷȂ Ǩ ǸǴǲ, ǽǸǴǧȁ ǮǭǴǱǮǶǴǨǦǸȂ ǷǮǩǳǦǱ ǴǸ ǾǹǲǦ. Ǟǹǲ ð ȃǸǴ ǷǱǹǽǦǯǳȁǯ, ǵǱǴǻǴ 
ǨǴǷǷǴǭǪǦǨǦǫǲȁǯ ǵǦǸǸǫǶǳ. ǗǮǩǳǦǱ ð ȃǸǴ ǮǲǵǹǱȂǷ (ȃǱǫǰǸǶǮǽǫǷǰǮǯ, ǲǫǻǦǳǮǽǫǷǰǮǯ, ǲǴǱǫ-
ǰǹǱȅǶǳȁǯ), ǰǴǸǴǶȁǯ ǳǫ ȅǨǱȅǫǸǷȅ ǷǴǨǫǶǾǫǳǳǴ ǷǱǹǽǦǯǳȁǲ. ǈ ǳǦǷǸǴȅǿǫǫ ǨǶǫǲȅ ǳǫǯǶǴǳ-
ǳȁǫ ǷǮǷǸǫǲȁ Ǩ ǸǫǻǳǴǱǴǩǮǮ (ǨǲǫǷǸǫ Ƿ ǧǮǴǱǴǩǮǽǫǷǰǮǲǮ) ǹǬǫ ǳǦǹǽǮǱǮǷȂ ǳǫ ǸǴǱȂǰǴ ǶǦǭ-
ǱǮǽǦǸȂ ǷǮǩǳǦǱȁ Ǯ Ǿǹǲ ǲǫǬǪǹ ǷǴǧǴǯ, ǳǴ ǸǦǰǬǫ ǵǶǴǮǭǨǴǪǮǸȂ ǳǴǨȁǫ ǹǶǴǨǳǮ ǦǧǷǸǶǦǰǼǮǮ 
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ǪǱȅ ǮǪǫǳǸǮǺǮǰǦǼǮǮ ǶǦǭǳȁǻ ǷǴǷǸǴȅǳǮǯ ǴǰǶǹǬǦȄǿǫǩǴ ǳǦǷ ǲǮǶǦ. ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǰǶǴǲǫ 
ǵǶǮǳȅǸǮȅ ǨǴ ǨǳǮǲǦǳǮǫ ǺǦǰǸǴǶǴǨ, ǴǧǴǭǳǦǽǫǳǳȁǻ ǵǶǴǩǶǦǲǲǮǷǸǦǲǮ, ǳǫǯǶǴǷǫǸǮ ǷǵǴ-
ǷǴǧǳȁ ǴǵǶǫǪǫǱȅǸȂ ȃǸǮ ǺǦǰǸǴǶȁ ǷǦǲǴǷǸǴȅǸǫǱȂǳǴ.  

ǐǦǰ Ǯ ǽǫǱǴǨǫǽǫǷǰǮǯ ǲǴǭǩ, ǳǫǯǶǴǳǳȁǫ ǷǫǸǮ ǷǴǷǸǴȅǸ Ǯǭ ǧǴǱȂǾǴǩǴ ǰǴǱǮǽǫǷǸǨǦ ǷǨȅǭǦǳ-
ǳȁǻ ȃǱǫǲǫǳǸǴǨ, ǰǴǸǴǶȁǫ ǮǲǮǸǮǶǹȄǸ ǳǫǯǶǴǳȁ. ǉǱǹǧǴǰǮǫ ǳǫǯǶǴǳǳȁǫ ǷǫǸǮ ǴǷǳǴǨǦǳȁ ǳǦ ǸǦ-
ǰǮǻ ǦǱǩǴǶǮǸǲǦǻ, ǧǱǦǩǴǪǦǶȅ ǰǴǸǴǶȁǲ ǰǴǲǵȂȄǸǫǶȁ ǹǽǦǸǷȅ ǳǦ ǷǴǧǷǸǨǫǳǳǴǲ ǴǵȁǸǫ, ǺǴǶǲǮ-
Ƕǹȅ Ǩ ǵǶǴǼǫǷǷǫ ǴǧǹǽǫǳǮȅ ǲǳǴǩǴǹǶǴǨǳǫǨȁǫ, ǮǫǶǦǶǻǮǽǫǷǰǮǫ ǵǶǫǪǷǸǦǨǱǫǳǮȅ Ǵ ǲǮǶǫ.  

ǖǦǭǶǦǧǴǸǽǮǰǮ ǩǱǹǧǴǰǴǩǴ ǴǧǹǽǫǳǮȅ ǨǷǫǩǪǦ ǹǽǮǸȁǨǦȄǸ ǴǷǴǧǫǳǳǴǷǸǮ ǽǫǱǴǨǫǽǫǷǰǴǩǴ 
ǲǴǭǩǦ ð ǵǴǷǸǶǴǫǳǮǫ ǫǩǴ ǳǫǯǶǴǳǳȁǻ ǷǫǸǫǯ, ǵǶǴǼǫǷǷȁ ǴǧǹǽǫǳǮȅ Ǯ ǵǦǲȅǸǮ Ǯ Ǹ. Ǫ., ǵȁǸǦȅǷȂ 
ǮǷǵǴǱȂǭǴǨǦǸȂ ǵǶǮǳǼǮǵȁ ǷǨǴǫǯ ǶǦǧǴǸȁ Ǯ ǲǴǪǫǱǮǶǹȅ ǷǸǶǹǰǸǹǶǹ ǲǮǱǱǮǦǶǪǴǨ ǨǭǦǮǲǴǷǨȅ-
ǭǦǳǳȁǻ ǳǫǯǶǴǳǴǨ. ǈ ǶǫǭǹǱȂǸǦǸǫ ȃǸǴǩǴ ǩǱǹǧǴǰǴǫ ǴǧǹǽǫǳǮǫ ǵǶǫǪǷǸǦǨǱȅǫǸ ǷǴǧǴǯ ǵǴǾǦǩǴ-
Ǩȁǯ ǵǶǴǼǫǷǷ, ǵǴǻǴǬǮǯ ǳǦ ǵǶǴǼǫǷǷ ǴǧǹǽǫǳǮȅ ǽǫǱǴǨǫǰǦ. ǊǱȅ ǩǱǹǧǴǰǴǩǴ ǴǧǹǽǫǳǮȅ ǳǫǴǧ-
ǻǴǪǮǲǴ ǵǶǫǪǴǷǸǦǨǮǸȂ ǳǫǯǶǴǳǳǴǯ ǷǫǸǮ ǴǩǶǴǲǳǴǫ ǰǴǱǮǽǫǷǸǨǴ ǪǦǳǳȁǻ, ǽǸǴǧȁ ǴǧǹǽǮǸȂ 
ǷǮǷǸǫǲǹ ǽǫǸǰǴ Ǯ ǸǴǽǳǴ ǰǱǦǷǷǮǺǮǼǮǶǴǨǦǸȂ ǪǦǳǳȁǫ.  

ǚǦǰǸǮǽǫǷǰǮ, ǳǫǯǶǴǷǫǸȂ ǵǴǱǹǽǦǫǸ ǩǶǹǵǵǹ ǮǲǵǹǱȂǷǴǨ Ǩ ǰǦǽǫǷǸǨǫ ǨǻǴǪǳȁǻ ǪǦǳǳȁǻ Ǯ 
ǴǧǫǷǵǫǽǮǨǦǫǸ ǨȁǻǴǪǳǴǯ ǷǮǩǳǦǱ ǸǦǰ Ǭǫ, ǰǦǰ Ǯ ǽǫǱǴǨǫǽǫǷǰǮǯ ǲǴǭǩ. ǈ ǱȄǧǴǯ ǲǴǲǫǳǸ 
ǱȄǧǴǯ ǳǫǯǶǴǳ ǮǲǫǫǸ ǽȆǸǰǴǫ ǭǳǦǽǫǳǮǫ (ǲǴǬǳǴ ǵǶǴǨǫǷǸǮ ǦǳǦǱǴǩǮȄ Ƿ ȃǱǫǰǸǶǮǽǫǷǰǮǲ 
ǵǴǸǫǳǼǮǦǱǴǲ ǧǮǴǱǴǩǮǽǫǷǰǮǻ ǳǫǯǶǴǳǴǨ), Ǯ ǫǷǱǮ ȃǸǴ ǭǳǦǽǫǳǮǫ ǵǶǫǨǴǷǻǴǪǮǸ ǵǴǶǴǩǴǨǴǫ, 
ǸǴ ǳǫǯǶǴǳ ǵǫǶǫǷȁǱǦǫǸ ǴǪǮǳ ǮǲǵǹǱȂǷ, Ǯ ǫǩǴ ǭǳǦǽǫǳǮǫ ǳǮǷǵǦǪǦǫǸ ǪǴ ǹǶǴǨǳȅ ǳǮǬǫ ǷǶǫǪ-
ǳǫǩǴ Ǩ ǸǫǽǫǳǮǫ 2-30 ǲǷ (ǦǳǦǱǴǩǮǽǳǴ ǵǶǴǼǫǷǷǹ ǶǫǦǧǮǱǮǸǦǼǮǮ Ǩ ǧǮǴǱǴǩǮǽǫǷǰǮǻ ǳǫǯǶǴ-
ǳǦǻ, ǸǦǰ ǳǦǭȁǨǦǫǲȁǯ ǶǫǺǶǦǰǸǫǶǳȁǯ ǵǫǶǮǴǪ). ǐǴǩǪǦ Ǵǳ ǨȁǻǴǪǮǸ Ǯǭ ǶǦǨǳǴǨǫǷǮȅ, ǵǴǸǫǳ-
ǼǮǦǱ ǳǫǯǶǴǳǦ ǳǦǽǮǳǦǫǸ ǷǸǶǫǲǮǸȂǷȅ ǰ ǷǶǫǪǳǫǲǹ ǭǳǦǽǫǳǮȄ.  

ǆǰǸǹǦǱȂǳǴǷǸȂ ǪǦǳǳǴǯ ǶǦǧǴǸȁ ǴǧǹǷǱǴǨǱǫǳǦ Ǹǫǲ, ǽǸǴ ǳǫǯǶǴǳǳȁǫ ǷǫǸǮ Ǩ ǳǦǷǸǴȅǿǫǫ 
ǨǶǫǲȅ ǦǰǸǮǨǳǴ ǮǭǹǽǦȄǸǷȅ, ǶǦǭǨǮǨǦȄǸǷȅ Ǯ ǶǦǭǶǦǧǦǸȁǨǦȄǸǷȅ. ǈǷǫ ǵǴǮǷǰǴǨȁǫ ǷǮǷǸǫǲȁ, 
ǷǮǷǸǫǲȁ ǼǫǱǫǨǴǯ ǶǫǰǱǦǲȁ, ǷǮǷǸǫǲȁ ǵǶǫǪǱǴǬǫǳǮǯ Ǩ ǷǴǼǮǦǱȂǳȁǻ ǷǫǸȅǻ ǶǦǧǴǸǦȄǸ ǧǱǦ-
ǩǴǪǦǶȅ ǳǫǯǶǴǷǫǸǫǨȁǲ ǸǫǻǳǴǱǴǩǮȅǲ. 

 

ǒǫǸǴǪǴǱǴǩǮȅ Ǯ ǶǫǭǹǱȂǸǦǸȁ ǮǷǷǱǫǪǴǨǦǳǮȅ 
 

ǓǫǯǶǴǳǳǦȅ ǷǫǸȂ ǷǴǷǸǴǮǸ Ǯǭ ǹǭǱǴǨ, ȅǨǱȅȄǿǮǻǷȅ ǦǳǦǱǴǩǦǲǮ ǳǫǶǨǳȁǻ ǰǱǫǸǴǰ ð 
ǳǫǯǶǴǳǴǨ Ǯ Ǯǻ ǷǴǫǪǮǳǫǳǮǯ ð ǷǮǳǦǵǸǮǽǫǷǰǮǻ ǷǨȅǭǫǯ [1]. 

ǕǫǶǼǫǵǸǶǴǳ, ǮǱǮ ǵǫǶǷǫǵǸǶǴǳ (ǦǳǩǱ. perceptron ǴǸ ǱǦǸ. perceptio ð ǨǴǷǵǶǮȅǸǮǫ; 
ǳǫǲ. Perzeptron) ð ǲǦǸǫǲǦǸǮǽǫǷǰǦȅ ǮǱǮ ǰǴǲǵȂȄǸǫǶǳǦȅ ǲǴǪǫǱȂ ǨǴǷǵǶǮȅǸǮȅ ǮǳǺǴǶǲǦǼǮǮ 
ǲǴǭǩǴǲ (ǰǮǧǫǶǳǫǸǮǽǫǷǰǦȅ ǲǴǪǫǱȂ ǲǴǭǩǦ), ǵǶǫǪǱǴǬǫǳǳǦȅ ǚǶȃǳǰǴǲ ǖǴǭǫǳǧǱǦǸǸǴǲ Ǩ 1958 
ǩǴǪǹ. ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǵǫǶǼǫǵǸǶǴǳ ǫǷǸȂ ǵǶǴǷǸǫǯǾǦȅ ǳǫǯǶǴǳǳǦȅ ǷǫǸȂ. 

ǔǳ ǵǶǫǪǷǸǦǨǱȅǫǸ ǷǴǧǴǯ ǹǵǶǴǿǫǳǳǹȄ ǲǴǪǫǱȂ ǧǮǴǱǴǩǮǽǫǷǰǴǩǴ ǳǫǯǶǴǳǦ. ǓǫǷǲǴǸǶȅ 
ǳǦ ǸǴ, ǽǸǴ ǷǱǴǬǳǴǷǸȂ ǧǮǴǱǴǩǮǽǫǷǰǮǻ ǲǴǪǫǱǫǯ ǳǫǯǶǴǳǴǨ ǭǦǽǦǷǸǹȄ ǳǫǴǧǻǴǪǮǲǦ ǪǱȅ ǪǴ-
ǷǸǦǸǴǽǳǴ ǩǱǹǧǴǰǴǩǴ ǵǴǳǮǲǦǳǮȅ ǵǴǨǫǪǫǳǮȅ ǳǫǯǶǴǳǴǨ, ǮǷǷǱǫǪǴǨǦǳǮȅ ǵǴǰǦǭȁǨǦȄǸ, ǽǸǴ 
ǵǫǶǼǫǵǸǶǴǳǴǵǴǪǴǧǳǦȅ ǱǮǳǫǯǳǦȅ ǲǴǪǫǱȂ ǷǵǴǷǴǧǳǦ ǨȁǭȁǨǦǸȂ ǸǦǰǴǫ ǵǴǨǫǪǫǳǮǫ, ǰǴǸǴǶǴǫ 
ǳǦǧǱȄǪǦǫǸǷȅ Ǩ ǶǫǦǱȂǳȁǻ ǳǫǯǶǴǳǦǻ. 

ǕǶǴǷǸǫǯǾǦȅ ǵǴǶǴǩǴǨǦȅ ǺǹǳǰǼǮȅ ǦǰǸǮǨǦǼǮǮ ǷǴǷǸǴǮǸ Ǩ ǸǴǲ, ǽǸǴ ǳǫǯǶǴǳ ǷǹǲǲǮǶǹǫǸ 
ǵǶǴǮǭǨǫǪǫǳǮǫ ȃǳǫǶǩǫǸǮǽǫǷǰǮǻ ǪǴǱǫǯ ǮǲǵǹǱȂǷǦ ǳǦ ǨǫǷǦ ǪǫǳǪǶǮǸǴǨ Ǯ ǨȁǽǮǸǦǫǸ ǵǴǶǴǩǴ-
ǨǴǫ ǭǳǦǽǫǳǮǫ. 

 
ǕǸǴǵǩǴȂǬ ǶǷǯǴǽǯǶȂ ǹǬǵǷǯǯ ǶǬǷǽǬǶǹǷǵǴǵǩ 

ǎǭǨǫǷǸǳǴ, ǽǸǴ ǪǱȅ ǽǫǱǴǨǫǰǦ ǳǫǴǧǻǴǪǮǲǴ ǳǦǱǮǽǮǫ ǭǳǦǳǮǯ Ǩ ǶǦǭǱǮǽǳȁǻ ǷǺǫǶǦǻ. 
ǔǷǴǧǫǳǳǦȅ ǳǫǴǧǻǴǪǮǲǴǷǸȂ ǳǦǱǮǽǮȅ ǴǵǶǫǪǫǱǫǳǳȁǻ ǭǳǦǳǮǯ ǴǿǹǿǦǫǸǷȅ Ǩ ǵǶǴǼǫǷǷǫ ǮǷ-
ǷǱǫǪǴǨǦǳǮȅ, Ǩ ǳǦǹǰǫ. ǋǷǱǮ ǲȁ ǨǵǫǶǨȁǫ ǳǦǽǮǳǦǫǲ ǭǳǦǰǴǲǮǸȂǷȅ Ƿ ǴǵǶǫǪǫǱǫǳǳǴǯ ǸǫǴ-
ǶǮǫǯ, ǵȁǸǦǫǲǷȅ Ǩ ǳǫǯ ǶǦǭǴǧǶǦǸȂǷȅ, ǸǴ ǳǦǱǮǽǮǫ ǳǫǰǴǸǴǶȁǻ ǭǳǦǳǮǯ ǲǴǬǫǸ ǵǴǲǴǽȂ ǳǦǲ 
ǹǷǰǴǶǮǸȂ ȃǸǴǸ ǵǶǴǼǫǷǷ. ǗǱǫǪǴǨǦǸǫǱȂǳǴ, ǳǫǴǧǻǴǪǮǲǴ ǭǳǦǸȂ ǴǷǳǴǨǳȁǫ ǸǫǴǶǫǲȁ Ǯ ǴǷǳǴǨ-
ǳȁǫ ǴǵǶǫǪǫǱǫǳǮȅ. ǣǸǴ ǵǴǲǴǩǦǫǸ ǪǫǸǦǱȂǳǴ Ǯ ǵǴǱǳǴǼǫǳǳǴ ǶǦǭǴǧǶǦǸȂǷȅ Ǩ ǮǭǹǽǫǳǮǮ ǳǫǮǭ-
ǨǫǷǸǳǴǯ ǶǦǳǫǫ ǸǫǴǶǮǮ. 
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ǓǫǰǴǸǴǶȁǫ ǰǴǲǵǴǳǫǳǸȁ ǵǫǶǼǫǵǸǶǴǳǦ ǲǴǩǹǸ ǧȁǸȂ ǽǦǷǸǳȁǲǮ ǷǱǹǽǦȅǲǮ ǮǷǰǹǷǷǸǨǫǳ-
ǳȁǻ ǳǫǯǶǴǳǴǨ Ƿ ǵǴǶǴǩǴǨȁǲǮ ǵǫǶǫǪǦǸǴǽǳȁǲǮ ǺǹǳǰǼǮȅǲǮ.  

ǈǳǦǽǦǱǫ ǳǫǴǧǻǴǪǮǲǴ ǮǪǫǳǸǮǺǮǼǮǶǴǨǦǸȂ ȃǸǮ ǰǴǲǵǴǳǫǳǸȁ. 
ǕǶǴǷǸǴǯ A-ȃǱǫǲǫǳǸ (ǦǷǷǴǼǮǦǸǮǨǳȁǯ) ȅǨǱȅǫǸǷȅ ǱǴǩǮǽǫǷǰǮǲ ǴǵǶǫǪǫǱȅȄǿǮǲ ȃǱǫ-

ǲǫǳǸǴǲ. ǣǸǴǸ ȃǱǫǲǫǳǸ ǪǦǫǸ ǨȁǻǴǪǳǴǯ ǷǮǩǳǦǱ, ǶǦǨǳȁǯ +1, Ǩ ǸǴǲ ǷǱǹǽǦǫ, ǰǴǩǪǦ ǦǱǩǫǧ-
ǶǦǮǽǫǷǰǦȅ ǨǫǱǮǽǮǳǦ Ƿǹǲǲȁ ǨǻǴǪǳȁǻ ǷǮǩǳǦǱǴǨ ǵǶǫǨȁǾǦǫǸ ǴǵǶǫǪǫǱǫǳǳȁǯ ǵǶǫǪǫǱ Ƥ 
(ǴǳǮ ǹǰǦǭȁǨǦȄǸ ǳǦ ǦǰǸǮǨǳǴǷǸȂ ȃǱǫǲǫǳǸǦ), Ǩ ǵǶǴǸǮǨǳǴǲ ǷǱǹǽǦǫ ǨȁǻǴǪǳǴǯ ǷǮǩǳǦǱ ǶǦǨǫǳ 
ǳǹǱȄ. 

ǕǶǴǷǸǴǯ S-ȃǱǫǲǫǳǸ (ǷǫǳǷǴǶǳȁǯ ȃǱǫǲǫǳǸ) ȅǨǱȅǫǸǷȅ ǽǹǨǷǸǨǮǸǫǱȂǳȁǲ ȃǱǫǲǫǳǸǴǲ.  
ǔǳ ǶǫǦǱǮǭǹǫǸ ǵǶǴǼǫǷǷ ǵǴǱǹǽǫǳǮȅ ǷǮǩǳǦǱǴǨ ǴǸ ǨǴǭǪǫǯǷǸǨǮȅ ǨǷǫǻ ǨǮǪǴǨ ȃǳǫǶǩǮǮ (ǳǦǵǶǮ-
ǲǫǶ, ǷǨǫǸǦ, ǸǫǵǱǦ, ǪǦǨǱǫǳǮȅ, ǭǨǹǰǦ Ǯ Ǹ. Ǫ.). ǈ ǷǱǹǽǦǫ, ǰǴǩǪǦ ǨǻǴǪǳǴǯ ǷǮǩǳǦǱ ǵǶǫǨȁǾǦǫǸ 
ǭǦǪǦǳǳȁǯ ǵǴǶǴǩ Ƥ, ǲȁ ǵǴǱǹǽǦǫǲ +1 ǳǦ ǨȁǻǴǪǳǴǯ ȃǱǫǲǫǳǸ, ǫǷǱǮ ǳǫǸ, ǸǴ 0.  

ǕǶǴǷǸǴǯ R-ȃǱǫǲǫǳǸ (ǰǴǸǴǶȁǯ ǶǫǦǩǮǶǹǫǸ, Ǹ. ǫ. ǦǰǸǮǨǫǳ) ð ȃǸǴ ȃǱǫǲǫǳǸ, ǰǴǸǴǶȁǯ 
ǨȁǪǦǫǸ ǷǮǩǳǦǱ +1  Ǩ ǷǱǹǽǦȅǻ, ǰǴǩǪǦ ǰǴǱǮǽǫǷǸǨǴ ǨǻǴǪǳȁǻ ǷǮǩǳǦǱǴǨ ǪǫǯǷǸǨǮǸǫǱȂǳǴ ǵǴ-
ǱǴǬǮǸǫǱȂǳǴ, Ǯ ǷǮǩǳǦǱ ð1, ǰǴǩǪǦ ǰǴǱǮǽǫǷǸǨǴ ǨǻǴǪǳȁǻ ǷǮǩǳǦǱǴǨ ǷǸǶǴǩǴ ǴǸǶǮǼǦǸǫǱȂǳǴ. 

ǈ ǷǱǹǽǦǫ, ǫǷǱǮ ǲȁ ǵǴǱǹǽǦǫǲ ǫǪǮǳǮǼǹ ǳǦ ǨȁǻǴǪǫ ǴǵǶǫǪǫǱǫǳǳǴǩǴ ȃǱǫǲǫǳǸǦ, ǲȁ 
Ǯǲǫǫǲ ǴǷǳǴǨǦǳǮǫ ǵǴǱǦǩǦǸȂ, ǽǸǴ ȃǱǫǲǫǳǸ ǨǴǭǧǹǬǪǫǳ ǮǱǮ Ǭǫ ǦǰǸǮǨǫǳ. 

ǣǸǮ ȃǱǫǲǫǳǸȁ ǶǫǦǱǮǭǹȄǸ ǷǰǦǽǰǴǴǧǶǦǭǳȁǫ ǺǹǳǰǼǮǮ, ǰǴǸǴǶȁǫ ǳǦǭȁǨǦȄǸǷȅ ǵǶǴ-
ǷǸȁǲǮ.  

ǗǴǩǱǦǷǳǴ ǖǴǭǫǳǧǱǦǸǸǹ, ǷǹǿǫǷǸǨǹȄǸ Ǯ ǪǶǹǩǮǫ ǸǮǵȁ ǺǹǳǰǼǮǯ ð ǱǮǳǫǯǳȁǫ. ǖǴǭǫǳ-
ǧǱǦǸǸ ǨǨǴǪǮǸ ǷǱǫǪǹȄǿǫǫ ǴǵǶǫǪǫǱǫǳǮǫ: 

ǕǫǶǼǫǵǸǶǴǳ ð ȃǸǴ ǷǫǸȂ, ǷǴǷǸǴȅǿǦȅ Ǯǭ ȃǱǫǲǫǳǸǴǨ S, A, R, Ƿ ǵǫǶǫǲǫǳǳǴǯ ǲǦǸǶǮǼǫǯ 
ǨǭǦǮǲǴǪǫǯǷǸǨǮȅ W (ȃǱǫǲǫǳǸȁ ij  ǰǴǸǴǶǴǯ ȅǨǱȅȄǸǷȅ ǨǫǷǴǨȁǲǮ ǰǴȃǺǺǮǼǮǫǳǸǦǲǮ), 
ǴǵǶǫǪǫǱȅǫǲǴǯ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸȂȄ ǵǶǴǾǱȁǻ ǷǴǷǸǴȅǳǮǯ ǷǫǸǫǨǴǯ ǦǰǸǮǨǳǴǷǸǮ [2]. 

ǕǫǶǼǫǵǸǶǴǳ Ƿ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳȁǲ ǷǴǫǪǮǳǫǳǮǫǲ ð ȃǸǴ ǷǮǷǸǫǲǦ, Ǩ ǰǴǸǴǶǴǯ ǨǷǫ 
ǷǨȅǭǮ, ǳǦǽǮǳǦȄǿǮǫǷȅ Ƿ ȃǱǫǲǫǳǸǦ Ƿ ǱǴǩǮǽǫǷǰǮǲ ǶǦǷǷǸǴȅǳǮǫǲ d ǴǸ ǧǱǮǬǦǯǾǫǩǴ ȃǱǫ-
ǲǫǳǸǦ S, ǭǦǰǦǳǽǮǨǦȄǸǷȅ ȃǱǫǲǫǳǸǴǲ Ƿ ǱǴǩǮǽǫǷǰǮǲ ǶǦǷǷǸǴȅǳǮǫǲ d + 1 ǴǸ ǧǱǮǬǦǯǾǫǩǴ 
ȃǱǫǲǫǳǸǦ S. 

ǕǶǴǷǸǴǯ ǵǫǶǼǫǵǸǶǴǳ ǲǴǬǫǸ ǵǶǫǪǷǸǦǨǱȅǸȂ ǷǴǧǴǯ ǶǦǭǱǮǽǳȁǫ ǷǮǷǸǫǲȁ. ǊǱȅ ȃǸǴǩǴ 
Ǵǳ ǪǴǱǬǫǳ ǷǴǴǸǨǫǸǷǸǨǴǨǦǸȂ ǴǵǶǫǪǫǱǫǳǳȁǲ ǸǶǫǧǴǨǦǳǮȅǲ: 

1) ȃǸǦ ǷǮǷǸǫǲǦ ǻǦǶǦǰǸǫǶǮǭǹǫǸǷȅ ǳǦǱǮǽǮǫǲ ǸǴǱȂǰǴ ǴǪǳǴǩǴ ȃǱǫǲǫǳǸǦ R (ǨǷǫ ȃǱǫ-
ǲǫǳǸȁ A ǷǨȅǭȁǨǦȄǸǷȅ Ƿ ȃǸǮǲ ȃǱǫǲǫǳǸǴǲ); 

2) ǷǮǷǸǫǲǦ ȅǨǱȅǫǸǷȅ ǵǫǶǼǫǵǸǶǴǳǴǲ Ƿ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳȁǲǮ ǷǨȅǭȅǲǮ. ǊǦǳǳȁǫ ǷǨȅǭǮ 
ǵǶǴǻǴǪȅǸ ǸǴǱȂǰǴ ǴǸ ȃǱǫǲǫǳǸǴǨ S ǪǴ ȃǱǫǲǫǳǸǴǨ A Ǯ ǴǸ ȃǱǫǲǫǳǸǴǨ A ǪǴ ȃǱǫǲǫǳǸǴǨ R; 

3) ǳǫǮǭǲǫǳǳȁǲǮ ǷǴǻǶǦǳȅȄǸǷȅ ǨǫǷǦ ǨǷǫǻ ǷǨȅǭǫǯ ǴǸ ȃǱǫǲǫǳǸǴǨ S ǪǴ ȃǱǫǲǫǳǸǴǨ A 
(ǷǨȅǭǫǯ S-A); 

4) ǨǶǫǲȅ ǵǫǶǫǪǦǽǮ ǰǦǬǪǴǩǴ ǷǴǴǧǿǫǳǮȅ ǶǦǨǳǴ ǳǹǱȄ ǮǱǮ ǵǴǷǸǴȅǳǳǴǯ ǨǫǱǮǽǮǳǫ; 
5) ǨǷǫ ǺǹǳǰǼǮǮ ǦǰǸǮǨǦǼǮǮ ȃǱǫǲǫǳǸǴǨ S, A, R ǮǲǫȄǸ ǨǮǪ U i  ( t  ) = f  ( a I ( t  )), ǩǪǫ           

a I ( t  )Ĭ ǦǱǩǫǧǶǦǮǽǫǷǰǦȅ ǷǹǲǲǦ ǨǷǫǻ ǷǮǩǳǦǱǴǨ, ǰǴǸǴǶȁǫ ǵǴǷǸǹǵǦȄǸ ǳǦ ǨǻǴǪ ȃǱǫǲǫǳǸǦ  u 

i  . 
ǕǫǶǼǫǵǸǶǴǳȁ, Ǩ ǰǴǸǴǶȁǻ ǨǷǫ ȃǱǫǲǫǳǸȁ ǵǶǴǷǸȁǫ, ǳǦǭȁǨǦȄǸǷȅ ȃǱǫǲǫǳǸǦǶǳȁǲǮ 

ǵǫǶǼǫǵǸǶǴǳǦǲǮ. 
ǗǰǶǫǿǫǳǳȁǯ ǵǫǶǼǫǵǸǶǴǳ ð ȃǸǴ ǷǮǷǸǫǲǦ, Ǩ ǰǴǸǴǶǴǯ ǮǲǫȄǸǷȅ ǷǴǫǪǮǳǫǳǮȅ ǲǫǬǪǹ 

ȃǱǫǲǫǳǸǦǲǮ ǴǪǳǴǩǴ ǸǮǵǦ (S, A ǮǱǮ R), ǰǴǸǴǶȁǫ ǶǦǷǵǴǱǴǬǫǳȁ ǳǦ ǴǪǮǳǦǰǴǨǴǲ ǱǴǩǮǽǫ-
ǷǰǴǲ ǶǦǷǷǸǴȅǳǮǮ ǴǸ ȃǱǫǲǫǳǸǦ S, Ǧ ǨǷǫ ǪǶǹǩǮǫ ǷǷȁǱǰǮ ǮǲǫȄǸ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳȁǯ ǸǮǵ [3]. 

ǔǧǶǦǸǳǦȅ ǷǨȅǭȂ ǵǫǶǼǫǵǸǶǴǳǦ ð ȃǸǴ ǷǮǷǸǫǲǦ, Ǩ ǰǴǸǴǶǴǯ ǷǹǿǫǷǸǨǹǫǸ, ǵǴ ǰǶǦǯǳǫǯ 
ǲǫǶǫ, ǴǪǳǴ ǷǴǫǪǮǳǫǳǮǫ ǴǸ ǩǴǶǦǭǪǴ ǧǴǱǫǫ ǱǴǩǮǽǳǴǩǴ ȃǱǫǲǫǳǸǦ ǰ ǧǴǱǫǫ ǪǦǱȂǳǫǲǹ ȃǱǫ-
ǲǫǳǸǹ. ǗǴǩǱǦǷǳǴ ǷǴǨǶǫǲǫǳǳǴǯ ǸǫǶǲǮǳǴǱǴǩǮǮ ȃǸǦ ǷǫǸȂ ǳǦǭȁǨǦǫǸǷȅ ǵǴǨǸǴǶȅȄǿǫǯǷȅ [4]. 

ǕǫǶǼǫǵǸǶǴǳ Ƿ ǵǫǶǫǲǫǳǳȁǲǮ ǷǨȅǭȅǲǮ S-A ð ȃǸǴ ǷǮǷǸǫǲǦ, Ǩ ǰǴǸǴǶǴǯ ǹǷǸǶǦǳǫǳȁ ǺǮǰ-
ǷǮǶǴǨǦǳǳȁǫ ǩǶǦǳǮǽǳȁǫ ǴǩǶǦǳǮǽǫǳǮȅ ǴǸ ȃǱǫǲǫǳǸǦ S ǪǴ ȃǱǫǲǫǳǸǦ A. ǕǹǸǫǲ ǴǵǸǮǲǮǭǦǼǮǮ 
ǷǨȅǭǫǯ S-A ǲǴǬǳǴ ǭǳǦǽǮǸǫǱȂǳǴ ǹǱǹǽǾǮǸȂ ǻǦǶǦǰǸǫǶǮǷǸǮǰǮ ǵǫǶǼǫǵǸǶǴǳǦ [5]. 
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ǈ ǵǶǴǼǫǷǷǫ ǷǶǦǨǳǫǳǮȅ ǶǦǭǶǦǧǴǸǴǰ ǖǴǭǫǳǧǱǦǸǸǦ Ƿ ǷǴǨǶǫǲǫǳǳȁǲǮ ǷǸǦǸȂȅǲǮ Ǯ ǴǧǭǴ-
ǶǦǲǮ ǲǴǬǳǴ ǨȁǪǫǱǮǸȂ ǽǫǸȁǶǫ ǶǦǭǳȁǻ ǰǱǦǷǷǦ ǵǫǶǼǫǵǸǶǴǳǴǨ [6]: 

1. ǕǫǶǼǫǵǸǶǴǳ ǷǴ ǷǰǶȁǸȁǲ ǷǱǴǫǲ. 
ǣǸǴ ǰǱǦǷǷǮǽǫǷǰǮǯ ǵǫǶǼǫǵǸǶǴǳ, ǰǴǸǴǶȁǯ ȅǨǱȅǫǸǷȅ ǴǷǳǴǨǳȁǲ ǵǶǴǪǹǰǸǴǲ ǲǳǴǩǮǻ ǶǦ-

ǧǴǸ ǖǴǭǫǳǧǱǦǸǸǦ. ǔǳ ǮǲǫǫǸ ǸǴǱȂǰǴ ǴǪǮǳ ǷǱǴǯ ȃǱǫǲǫǳǸǴǨ S, A Ǯ R. 
2. ǔǪǳǴǷǱǴǯǳȁǯ ǵǫǶǼǫǵǸǶǴǳ.  
ǣǸǴ ð ǲǴǪǫǱȂ, Ǩ ǰǴǸǴǶǴǯ ǨǻǴǪǳǴǯ ȃǱǫǲǫǳǸ ǳǦǵǶȅǲǹȄ ǷǨȅǭǦǳ Ƿ ǨȁǻǴǪǴǲ ǽǫǶǫǭ ǷǮ-

ǷǸǫǲǹ ǨǭǨǫǾǮǨǦǳǮȅ [6]. ǣǸǴ ǷǦǲǦȅ ǵǶǴǷǸǦȅ ǷǫǸȂ ǵǶȅǲǴǩǴ ǶǦǷǵǶǴǷǸǶǦǳǫǳǮȅ ð ǱǮǳǫǯǳȁǯ 
ǰǱǦǷǷǮǺǮǰǦǸǴǶ Ǯ ǴǷǴǧȁǯ ǷǱǹǽǦǯ ǰǱǦǷǷǮǽǫǷǰǴǩǴ ǵǫǶǼǫǵǸǶǴǳǦ, ǩǪǫ ǰǦǬǪȁǯ ȃǱǫǲǫǳǸ S 
ȅǨǳǴ ǷǴǴǸǨǫǸǷǸǨǹǫǸ ȃǱǫǲǫǳǸǹ A, ǷǨȅǭȂ SA ǮǲǫǫǸ ǨǫǷ +1, Ǧ ǨǷǫ ȃǱǫǲǫǳǸȁ A ǮǲǫȄǸ ǵǴǶǴ-
ǩǴǨǴǫ ǭǳǦǽǫǳǮǫ Ƥ = 1. ǒǴǬǳǴ ǷǰǦǭǦǸȂ, ǽǸǴ ȃǸǴǸ ǴǪǳǴǷǱǴǯǳȁǯ ǵǫǶǼǫǵǸǶǴǳ ǳǦ ǷǦǲǴǲ ǪǫǱǫ 
ȅǨǱȅǫǸǷȅ ǺǴǶǲǦǱȂǳȁǲ ǳǫǯǶǴǳǴǲ ð ǵǴǶǴǩǴǨȁǲ ȃǱǫǲǫǳǸǴǲ ǒǦǰǐǦǱǱǴǰǦ-ǕǮǸǸǷǦ. ǔǳ ǻǦ-
ǶǦǰǸǫǶǮǭǹȄǸǷȅ ǧǴǱȂǾǮǲ ǰǴǱǮǽǫǷǸǨǴǲ ǴǩǶǦǳǮǽǫǳǮǯ. ǓǦǵǶǮǲǫǶ, Ǯǲ ǪǴǨǴǱȂǳǴ ǷǱǴǬǳǴ 
ǴǵǶǫǪǫǱǮǸȂ ǷǮǸǹǦǼǮǮ, ǰǴǩǪǦ ǷǮǩǳǦǱȁ ǲǴǩǹǸ ǧȁǸȂ ǵǴǪǦǳȁ ǳǦ Ǯǻ ǨǻǴǪȁ (çǭǦǪǦǽǦ XORè). 

3. ǒǳǴǩǴǷǱǴǯǳȁǯ ǵǫǶǼǫǵǸǶǴǳ ǖǴǭǫǳǧǱǦǸǸǦ.  
ǣǸǴǸ ǵǫǶǼǫǵǸǶǴǳ ǻǦǶǦǰǸǫǶǮǭǹǫǸǷȅ ǪǴǵǴǱǳǮǸǫǱȂǳȁǲ ǷǴǪǫǶǬǦǳǮǫǲ ǷǱǴȅ A ȃǱǫ-

ǲǫǳǸǦ. ǖǴǭǫǳǧǱǦǸǸ ǦǳǦǱǮǭǮǶǹǫǸ ȃǸǴǸ ǵǫǶǼǫǵǸǶǴǳ Ǩ ǷǨǴǫǯ ǰǳǮǩǫ, ǰǴǸǴǶǦȅ ȅǨǱȅǫǸǷȅ ǸǶǫ-
ǸȂǫǯ ǽǦǷǸȂȄ. 

4. ǒǳǴǩǴǷǱǴǯǳȁǯ ǵǫǶǼǫǵǸǶǴǳ ǖǹǲǫǱȂǻǦǶǸǦ.  
ǈ ȃǸǴǲ ǵǫǶǼǫǵǸǶǴǳǫ ǮǲǫǫǸǷȅ ǪǴǵǴǱǳǮǸǫǱȂǳȁǯ ǹǶǴǨǫǳȂ ȃǱǫǲǫǳǸǦ ǆ. ǔǧǹǽǫǳǮǫ 

ǷǫǸǮ ǨȁǵǴǱǳȅǫǸǷȅ Ƿ ǮǷǵǴǱȂǭǴǨǦǳǮǫǲ ǲǫǸǴǪǦ ǴǾǮǧǰǮ ǴǧǶǦǸǳǴǩǴ ǶǦǷǵǶǴǷǸǶǦǳǫǳǮȅ, Ǯ ǨǷǫ 
ǹǶǴǨǳǮ ȃǱǫǲǫǳǸǦ-ǳǦǧǱȄǪǦǸǫǱȅ ǵǶǴǻǴǪȅǸ ǴǧǹǽǫǳǮǫ (ǨǰǱȄǽǦȅ S-A). ǣǸǴ ǽǦǷǸǳȁǯ ǷǱǹǽǦǯ 
ǲǳǴǩǴǷǱǴǯǳǴǩǴ ǵǫǶǼǫǵǸǶǴǳǦ ǖǴǭǫǳǧǱǦǸǸǦ. 

 
ǇǲǪǵǷǯǹǳȂ ǵǨǺǾǬǴǯȆ ǶǬǷǽǬǶǹǷǵǴǧ 

ǈǦǬǳȁǲ ǷǨǴǯǷǸǨǴǲ ǱȄǧǴǯ ǳǫǯǶǴǳǳǴǯ ǷǫǸǮ ȅǨǱȅǫǸǷȅ ǷǵǴǷǴǧǳǴǷǸȂ ǰ ǴǧǹǽǫǳǮȄ. 
ǕǶǴǼǫǪǹǶǦ ǹǷǸǦǳǴǨǰǮ ǨǫǷǴǨ Ǯ ǵǴǶǴǩǴǨ, ǰǴǸǴǶǦȅ ǪǫǱǦǫǸǷȅ ǪǱȅ ǹǲǫǳȂǾǫǳǮȅ ǶǦǭǳǮǼȁ 
ǲǫǬǪǹ ǬǫǱǦǫǲȁǲ (ǼǫǱǫǨȁǲ) Ǯ ǶǫǭǹǱȂǸǮǶǹȄǿǮǲ ǨȁǻǴǪǳȁǲ ǨǫǰǸǴǶǴǲ, ǳǦǭȁǨǦǫǸǷȅ ǵǶǴ-
ǼǫǷǷǴǲ ǴǧǹǽǫǳǮȅ. ǖǴǭǫǳǧǱǦǸǸ, ǵȁǸǦȅǷȂ ǰǱǦǷǷǮǺǮǼǮǶǴǨǦǸȂ ǶǦǭǱǮǽǳȁǫ ǦǱǩǴǶǮǸǲȁ Ǵǧǹ-
ǽǫǳǮȅ ǵǫǶǼǫǵǸǶǴǳǦ, ǳǦǭȁǨǦǫǸ Ǯǻ çǷǮǷǸǫǲǦǲǮ ǷǧǴǶǦ ǪǦǳǳȁǻè. 

ǖǦǭǳǴǶǴǪǳȁǯ ǳǦǧǴǶ ǵǶǦǨǮǱ, ǳǦ ǴǷǳǴǨǫ ǰǴǸǴǶȁǻ ǽǫǶǫǭ ǳǫǰǴǸǴǶǴǫ ǨǶǫǲȅ Ǯǭǲǫǳȅ-
ǫǸǷȅ ǲǦǸǶǮǼǦ ǨǭǦǮǲǴǪǫǯǷǸǨǮȅ ǵǫǶǼǫǵǸǶǴǳǦ (ǮǱǮ ǷǴǷǸǴȅǳǮǫ ǵǦǲȅǸǮ), ǳǦǭȁǨǦǫǸǷȅ ǷǮ-
ǷǸǫǲǴǯ ǹǷǮǱǫǳǮȅ. 

ǈ ǵǶǴǼǫǷǷǫ ǴǵǮǷǦǳǮȅ ȃǸǴǯ ǷǮǷǸǫǲȁ ǹǷǮǱǫǳǮȅ, Ǧ ǸǦǰǬǫ Ǩ ǵǶǴǼǫǷǷǫ ǴǵǶǫǪǫǱǫǳǮȅ 
ǨǴǭǲǴǬǳȁǻ ǸǮǵǴǨ, ǖǴǭǫǳǧǱǦǸǸ ǴǵǮǶǦǱǷȅ ǳǦ ǮǪǫǮ Ǩ ǴǧǹǽǫǳǮǮ Ǌ. ǛǫǧǧǦ, ǵǶǫǪǱǴǬǫǳǳǴǲ 
Ǩ 1949 ǩǴǪǹ. ǣǸǮ ǮǪǫǮ ǲǴǬǳǴ ǴǧǴǧǿǮǸȂ Ǩ ǷǱǫǪǹȄǿǮǻ ǵǶǦǨǮǱǦǻ. 

1. ǗǮǱǦ ǷǴǫǪǮǳǫǳǮȅ ǹǨǫǱǮǽǮǨǦǫǸǷȅ Ǩ ǸǴǲ ǷǱǹǽǦǫ, ǫǷǱǮ ǵǴ Ǵǧǫ ǷǸǴǶǴǳȁ ǷǮǳǦǵǷǦ 
(ǷǴǫǪǮǳǫǳǮȅ) ǦǰǸǮǨǮǶǴǨǦǸȂ ǪǨǦ ǳǫǯǶǴǳǦ (ǷǮǳǻǶǴǳǳǴ). 

2. ǈ ǷǱǹǽǦǫ, ǰǴǩǪǦ ǵǶǴǮǷǻǴǪǮǸ ǦǰǸǮǨǦǼǮȅ ǪǨǹǻ ǳǫǯǶǴǳǴǨ Ƿ ǴǧǫǮǻ ǷǸǴǶǴǳ ǷǮǳǦǵǷǦ 
ǦǷǮǳǻǶǴǳǳǴ, ǷǮǳǦǵǷ ǲǴǬǫǸ ǴǷǱǦǧǳǹǸȂ ǮǱǮ ǹǲǫǶǫǸȂ. 

 
ǕǨǺǾǬǴǯǬ Ǹ ǺǾǯǹǬǲǬǳ 

ǐǱǦǷǷǮǽǫǷǰǮǯ ǲǫǸǴǪ ǴǧǹǽǫǳǮȅ ǵǫǶǼǫǵǸǶǴǳǴǨ ð ǲǫǸǴǪ ǮǷǵǶǦǨǱǫǳǮȅ ǴǾǮǧǴǰ [7]. 
ǕǶǮ ǸǦǰǴǲ ǸǮǵǫ ǵǴǪǩǴǸǴǨǰǮ Ƿ ǹǽǮǸǫǱǫǲ ǨǫǷ ǷǴǫǪǮǳǫǳǮȅ ǴǷǸǦǫǸǷȅ ǳǫǮǭǲǫǳǳȁǲ, ǵǴǰǦ 
ǸǫǰǹǿǮǯ ǴǸǰǱǮǰ ǵǫǶǼǫǵǸǶǴǳǦ ǴǷǸǦǫǸǷȅ ǳǴǶǲǦǱȂǳȁǲ. ǈ ǷǱǹǽǦǫ ǶǫǦǰǼǮǮ, ǰǴǸǴǶǦȅ ǲǴǬǫǸ 
ǷǽǮǸǦǸȂǷȅ ǳǫǵǶǦǨǮǱȂǳǴǯ, ǨǫǷ ǲǴǬǫǸ ǮǭǲǫǳǮǸȂǷȅ ǳǦ ǫǪǮǳǮǼǹ, Ǧ ǭǳǦǰ ( + / ð), ǳǦǵǶǴǸǮǨ, 
ǷǸǦǳǴǨǮǸǷȅ ǵǶǴǸǮǨǴǵǴǱǴǬǳǴǷǸȂȄ ǭǳǦǰǦ ǴǾǮǧǰǮ. 

ǕǹǷǸȂ, ǳǦǵǶǮǲǫǶ, ǳǦǾǦ ǼǫǱȂ ǷǴǷǸǴǮǸ Ǩ ǸǴǲ, ǽǸǴǧȁ ǴǧǹǽǮǸȂ ǵǫǶǼǫǵǸǶǴǳ ǶǦǭǪǫǱȅǸȂ 
ǪǨǦ ǰǱǦǷǷǦ ǴǧȀǫǰǸǴǨ ǸǦǰ, ǽǸǴǧȁ ǶǫǭǹǱȂǸǦǸ ǵǫǶǼǫǵǸǶǴǳǦ ǧȁǱ ǵǴǱǴǬǮǸǫǱȂǳȁǲ (+1) Ƿ 
ǸǴǽǰǮ ǭǶǫǳǮȅ ǵǶǫǪǷǸǦǨǱǫǳǮȅ ǴǧȀǫǰǸǴǨ ǵǫǶǨǴǩǴ ǰǱǦǷǷǦ, Ǧ Ǩ ǷǱǹǽǦǫ ǵǶǫǪǷǸǦǨǱǫǳǮȅ ǴǧȀ-
ǫǰǸǴǨ ǨǸǴǶǴǩǴ ǰǱǦǷǷǦ ð ǴǸǶǮǼǦǸǫǱȂǳȁǲ ( ð1).  
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ǊǱȅ ǪǴǷǸǮǬǫǳǮȅ ȃǸǴǯ ǼǫǱǮ ǲǴǬǳǴ ǮǷǵǴǱȂǭǴǨǦǸȂ ǷǱǫǪǹȄǿǮǯ ǦǱǩǴǶǮǸǲ. 
1. ǕǴǶǴǩǴǨȁǫ ǭǳǦǽǫǳǮȅ ǪǱȅ ȃǱǫǲǫǳǸǦ A ǨȁǧǮǶǦȄǸ ǷǱǹǽǦǯǳȁǲ ǴǧǶǦǭǴǲ, Ǯ ǭǦǸǫǲ 

ǹǷǸǦǳǦǨǱǮǨǦȄǸ S-A-ǷǴǫǪǮǳǫǳǮȅ (ǴǳǮ ǳǫ ǮǭǲǫǳȅǸǷȅ Ǩ ǧǹǪǹǿǫǲ). 
2. ǓǦǽǦǱȂǳȁǯ ǰǴȃǺǺǮǼǮǫǳǸ wi ǵǴǱǦǩǦȄǸ ǶǦǨǳȁǲ ǳǹǱȄ. 
3. ǔǵǶǫǪǫǱȅȄǸ ǹǽǫǧǳȁǫ ǵǶǮǲǫǶȁ: ǴǧȀǫǰǸȁ (ǳǦǵǶǮǲǫǶ, ǰǨǦǪǶǦǸȁ, ǰǶǹǩǮ), ǰǴǸǴ-

Ƕȁǫ ǹǰǦǭȁǨǦȄǸ ǰǱǦǷǷ, Ǩ ǰǴǸǴǶǴǲ ǴǳǮ ǳǦǻǴǪȅǸǷȅ. 
ǕǫǶǼǫǵǸǶǴǳǹ ǵǴǰǦǭȁǨǦȄǸ ǴǧȀǫǰǸ ǵǫǶǨǴǩǴ ǰǱǦǷǷǦ. ǐǶǴǲǫ ǸǴǩǴ, ǳǫǰǴǸǴǶȁǫ ȃǱǫ-

ǲǫǳǸȁ ǆ ǨǴǭǧǹǬǪǦȄǸ. ǐǴȃǺǺǮǼǮǫǳǸȁ wi, ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǫ ȃǸǮǲ ǨǴǭǧǹǬǪǫǳǳȁǲ ȃǱǫ-
ǲǫǳǸǦǲ, ǹǨǫǱǮǽǮǨǦȄǸǷȅ ǳǦ 1. 

ǍǦǸǫǲ ǵǫǶǼǫǵǸǶǴǳǹ ǵǴǰǦǭȁǨǦȄǸ ǴǧȀǫǰǸ ǨǸǴǶǴǩǴ ǰǱǦǷǷǦ. ǐǴȃǺǺǮǼǮǫǳǸȁ wi Ǹǫǻ ȃǱǫ-
ǲǫǳǸǴǨ A, ǰǴǸǴǶȁǫ ǨǴǭǧǹǬǪǦȄǸǷȅ ǨǴ ǨǶǫǲȅ ǪǦǳǳǴǩǴ ǴǸǴǧǶǦǬǫǳǮȅ. ǹǲǫǳȂǾǦȄǸǷȅ ǳǦ 1. 

4. ǍǦǨǫǶǾǦȄǸ Ǵǧǫ ǽǦǷǸǮ ǾǦǩǦ 3 ǪǱȅ ǨǷǫǩǴ ǴǧǹǽǦȄǿǫǩǴ ǴǧǶǦǭǼǦ. ǈ ǶǫǭǹǱȂǸǦǸǫ Ǵǧǹ-
ǽǫǳǮȅ ǧǹǪǹǸ ǷǺǴǶǲǮǶǴǨǦǳȁ ǭǳǦǽǫǳǮȅ ǨǫǷǴǨ ǷǨȅǭǮ wi.  

ǚ. ǖǴǭǫǳǧǱǦǸǸ ǶǦǭǶǦǧǴǸǦǱ Ǯ ǪǴǰǦǭǦǱ ǸǫǴǶǫǲǹ ǷǻǴǪǮǲǴǷǸǮ ǵǫǶǼǫǵǸǶǴǳǦ. ǣǸǦ ǸǫǴ-
ǶǫǲǦ ǵǴǰǦǭȁǨǦǫǸ, ǽǸǴ ǳǫ ǷǹǿǫǷǸǨǹǫǸ ǳǦǽǦǱȂǳǴǩǴ ǷǴǷǸǴȅǳǮȅ ǨǭǨǫǾǮǨǦǳǮȅ, ǰǴǸǴǶǴǫ ǨǱǮ-
ȅǫǸ ǳǦ ǧǦǭǴǨǹȄ ǸǶǫǳǮǶǴǨǰǹ ǵǫǶǼǫǵǸǶǴǳǦ, ǰǴȃǺǺǮǼǮǫǳǸ ǮǱǮ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸȂ ǷǸǮ-
ǲǹǱǴǨ. ǊǶǹǩǮǲǮ ǷǱǴǨǦǲǮ, ǴǩǶǦǳǮǽǫǳǳǴǫ ǨǶǫǲȅ ǧǫǭǹǷǱǴǨǳǴ ǵǶǮǨǫǪǫǸ ǰ ǶǫǾǫǳǮȄ. ǈ 
ǵǶǴǼǫǷǷǫ ǷǨǴǫǯ ǮǷǷǱǫǪǴǨǦǸǫǱȂǷǰǴǯ ǪǫȅǸǫǱȂǳǴǷǸǮ ǖǴǭǫǳǧǱǦǸǸ ǷǴǸǶǹǪǳǮǽǦǱ Ƿ ǶǦǭǱǮǽ-
ǳȁǲǮ ǹǽǫǳȁǲǮ (ǇǱǴǰ, ǐǫǷǸǫǳ Ǯ ǊǬǴǭǫǺ). 

ǈ ǪǴǵǴǱǳǫǳǮǫ ǰ ǰǱǦǷǷǮǽǫǷǰǴǲǹ ǲǫǸǴǪǹ ǴǧǹǽǫǳǮȅ ǵǫǶǼǫǵǸǶǴǳǦ ǖǴǭǫǳǧǱǦǸǸ ǸǦǰǬǫ 
ǨǨǫǱ ǰǴǳǼǫǵǼǮȄ ǴǧǹǽǫǳǮȅ ǧǫǭ ǹǽǮǸǫǱȅ Ǯ ǵǶǫǪǱǴǬǮǱ ǷǱǫǪǹȄǿǮǯ ǲǫǸǴǪ ǴǧǹǽǫǳǮȅ [7]: 

ǘǦǰǦȅ ǷǮǷǸǫǲǦ ǵǴǪǰǶǫǵǱǫǳǮȅ, ǩǪǫ ǨǫǷǦ ǨǷǫǻ ǦǰǸǮǨǳȁǻ ǷǨȅǭǫǯ Ǹ i  j  , ǰǴǸǴǶȁǫ ǨǫǪǹǸ 
ǰ ȃǱǫǲǫǳǸǹ u i  j  , ǮǭǲǫǳȅȄǸǷȅ ǳǦ ǴǪǳǴ Ǯ ǸǴ Ǭǫ ǴǵǶǫǪǫǱǫǳǳǴǫ ǰǴǱǮǽǫǷǸǨǴ r  , ǳǦǭȁǨǦǫǸǷȅ 
ǦǱȂǺǦ-ǷǮǷǸǫǲǴǯ ǵǴǪǰǶǫǵǱǫǳǮȅ. ǈ ǸǫǽǫǳǮǫ ȃǸǴǩǴ ǨǶǫǲǫǳǮ ǨǫǷǦ ǳǫǦǰǸǮǨǳȁǻ ǷǨȅǭǫǯ ǳǫ 
ǲǫǳȅȄǸǷȅ. 

ǆǱȂǺǦ-ǷǮǷǸǫǲǦ ǲǴǪǮǺǮǼǮǶǹǫǸǷȅ Ǩ ǵǶǴǼǫǷǷǫ ǶǦǭǶǦǧǴǸǰǮ ǰǴǳǼǫǵǼǮǮ ǲǳǴǩǴǷǱǴǯ-
ǳǴǩǴ ǵǫǶǼǫǵǸǶǴǳǦ Ǯ ǮǭǨǫǷǸǳǦ ǰǦǰ ǪǫǱȂǸǦ-ǵǶǦǨǮǱǴ. ǜǫǱȂȄ ǵǴȅǨǱǫǳǮȅ ȃǸǴǯ ǲǴǪǮǺǮǰǦ-
ǼǮǮ ȅǨǱȅǫǸǷȅ ǷǸǶǫǲǱǫǳǮǫ ǷǪǫǱǦǸȂ ǺǹǳǰǼǮȄ ǴǧǹǽǫǳǮȅ ǶǦǭǱǮǽǮǲǴǯ (ǳǦǵǶǮǲǫǶ, ǷǮǩǲǴ-
ǨǮǪǳǦȅ). ǣǸǦ ǷǮǸǹǦǼǮȅ ǳǫǴǧǻǴǪǮǲǦ ǪǱȅ ǮǷǵǴǱȂǭǴǨǦǳǮȅ ǲǫǸǴǪǦ ǩǶǦǪǮǫǳǸǳǴǩǴ ǷǵǹǷǰǦ, 
ǰǴǸǴǶȁǯ ǵǴǭǨǴǱȅǫǸ ǮǭǹǽǦǸȂ ǧǴǱǫǫ ǴǪǳǴǩǴ ǷǱǴȅ. 

ǊǱȅ ǴǧǹǽǫǳǮȅ ǲǳǴǩǴǷǱǴǯǳȁǻ ǷǫǸǫǯ ǶȅǪ ǹǽǫǳȁǻ, Ǩ ǸǴǲ ǽǮǷǱǫ Ǌ. ǖǹǲǫǱȂǻǦǶǸ, ǵǶǫǪ-
ǱǴǬǮǱǮ ǦǱǩǴǶǮǸǲ ǴǧǹǽǫǳǮȅ ǩǶǦǪǮǫǳǸǹ, ǵǫǶǫǪǦȄǿǮǯ ǷǮǩǳǦǱȁ ǴǾǮǧǴǰ, ǰǴǸǴǶȁǫ ǶǦǷǷǽǮ-
ǸȁǨǦȄǸǷȅ ǴǸ ǨȁǻǴǪǦ ǵǫǶǼǫǵǸǶǴǳǦ ǳǦ ǫǩǴ ǨǻǴǪ, ǷǱǴǯ ǭǦ ǷǱǴǫǲ [8]. ǊǦǳǳȁǯ ǲǫǸǴǪ ǷǸǦǱ 
ǴǽǫǳȂ ǵǴǵǹǱȅǶǳȁǲ Ǩ ǷǴǨǶǫǲǫǳǳǴǲ ǲǮǶǫ Ǹ. ǰ. ǴǧǱǦǪǦǫǸ ǳǫǰǴǸǴǶȁǲǮ ǵǶǫǮǲǹǿǫǷǸǨǦǲǮ. 
ǐ ǳǮǲ ǲǴǬǳǴ ǴǸǳǫǷǸǮ ǱǫǩǰǴǷǸȂ ǶǦǷǽǫǸǴǨ ǵǶȅǲǴ ǳǦ ǲǫǷǸǫ, Ǧ ǸǦǰǬǫ ǵǴȅǨǱǫǳǮǫ ǨǫǶǴȅǸ-
ǳǴǷǸǮ ǺǴǶǲǮǶǴǨǦǳǮȅ ǪǱȅ ǷǱǴǫǨ ǳǫǯǶǴǳǳȁǻ ǷǫǸǫǯ. ǗǸǴǮǸ ǭǦǲǫǸǮǸȂ, ǽǸǴ ǸǦǰǴǯ ǲǫǸǴǪ 
ǴǸǱǮǽǦǫǸǷȅ ǪǱǮǳǳǴǯ. ǊǱȅ ǸǴǩǴ ǽǸǴǧȁ ǴǷǹǿǫǷǸǨǮǸȂ ȃǸǴǸ ǲǫǸǴǪ ǳǫǴǧǻǴǪǮǲǴ ǨȁǵǴǱǳǫǳǮǫ 
ǷǱǫǪǹȄǿǫǩǴ ǹǷǱǴǨǮȅ: ǸǶǫǧǹǫǸǷȅ ǴǸǱǮǽǦǸȂ ǵǫǶǫǪǦǸǴǽǳǹȄ ǺǹǳǰǼǮȄ ǳǫǯǶǴǳǴǨ. ǈ ǷǨǴȄ 
ǴǽǫǶǫǪȂ, ǵǫǶǼǫǵǸǶǴǳ ǳǫǴǧǻǴǪǮǲ ǪǱȅ ǮǷǵǴǱȂǭǴǨǦǳǮȅ ǳǫǵǶǫǶȁǨǳǴǩǴ ǭǳǦǽǫǳǮȅ ǳǦ ǨǻǴǪǫ, 
Ǧ ǸǦǰǬǫ ǴǷǸǦǨǱǫǳǮȅ ǪǨǴǮǽǳǴǩǴ ǷǮǩǳǦǱǦ. 

 
ǓǵǫǬǲǯǷǵǩǧǴǯǬ ǶǬǷǽǬǶǹǷǵǴǧ 

ǈ ǲǦǾǮǳǳǴǲ ǴǧǹǽǫǳǮǮ ǵǫǶǼǫǵǸǶǴǳ ð ȃǸǴ ǦǱǩǴǶǮǸǲ ǰǴǳǸǶǴǱǮǶǹǫǲǴǩǴ ǴǧǹǽǫǳǮȅ ǧǮ-
ǳǦǶǳȁǻ ǰǱǦǷǷǮǺǮǰǦǸǴǶǴǨ. ǊǨǴǮǽǳȁǯ ǰǱǦǷǷǮǺǮǰǦǸǴǶ ȅǨǱȅǫǸǷȅ ǺǹǳǰǼǮǫǯ, ǰǴǸǴǶǦȅ ǷǵǴ-
ǷǴǧǳǦ ǴǵǶǫǪǫǱǮǸȂ ǵǶǮǳǦǪǱǫǬǳǴǷǸȂ (ǮǱǮ ǫǫ ǴǸǷǹǸǷǸǨǮǫ) ǨǻǴǪǦ, ǰǴǸǴǶȁǯ ǵǶǫǪǷǸǦǨǱǫǳ 
ǨǫǰǸǴǶǴǲ ǽǮǷǫǱ, ǰ ǳǫǰǴǲǹ ǴǵǶǫǪǫǱǫǳǳǴǲǹ ǰǱǦǷǷǹ. ǊǦǳǳȁǯ ǸǮǵ ǱǮǳǫǯǳǴǩǴ ǰǱǦǷǷǮǺǮ-
ǰǦǸǴǶǦ ǮǱǮ, ǮǳǦǽǫ ǩǴǨǴǶȅ, ǦǱǩǴǶǮǸǲ ǰǱǦǷǷǮǺǮǰǦǼǮǮ, ǴǷǹǿǫǷǸǨǱȅǫǸ ǷǨǴǮ ǵǶǫǪǷǰǦǭǦǳǮȅ 
ǳǦ ǴǷǳǴǨǫ ǱǮǳǫǯǳǴǯ ǺǹǳǰǼǮǮ ǵǶǫǪǮǰǸǴǶǦ, ǰǴǸǴǶǦȅ, Ǩ ǷǨǴȄ ǴǽǫǶǫǪȂ, ǴǧȀǫǪǮǳȅǫǸ ǳǦǧǴǶ 
ǨǫǷǴǨ Ƿ ǨǫǰǸǴǶǴǲ ǵǶǮǭǳǦǰǴǨ. 

ǙǴǱǸǫǶ ǕǮǸǸǷ Ǯ ǙǴǶǶǫǳ ǒǦǰǐǦǱǱǴǻ Ǩ 1943 ǩǴǪǹ Ǩ ǷǸǦǸȂǫ çǑǴǩǮǽǫǷǰǴǫ ǮǷǽǮǷǱǫǳǮǫ 
ǮǪǫǯ, ǷǨȅǭǦǳǳȁǻ Ƿ ǳǫǯǶǴǳǳǴǯ ǪǫȅǸǫǱȂǳǴǷǸȂȄè ǨȁǪǨǮǳǹǱǮ ǰǴǳǼǫǵǼǮȄ ǮǷǰǹǷǷǸǨǫǳǳȁǻ 
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ǳǫǯǶǴǳǳȁǻ ǷǫǸǫǯ. ǊǦǳǳȁǫ ǮǷǷǱǫǪǴǨǦǸǫǱǮ ǵǶǫǪǱǴǬǮǱǮ ǲǴǪǫǱȂ ǮǷǰǹǷǷǸǨǫǳǳȁǻ ǳǫǯǶǴ-
ǳǴǨ. ǍǦǸǫǲ ǊǴǳǦǱȂǪ Ǜǫǧǧ Ǩ ǷǨǴǫǯ ǴǶǩǦǳǮǭǦǼǮǮ ǵǴǨǫǪǫǳǮȅ Ǩ 1949 ǩǴǪǹ ǵǶǫǪǱǴǬǮǱ ǴǷ-
ǳǴǨǳȁǫ ǵǶǮǳǼǮǵȁ ǴǧǹǽǫǳǮȅ ǳǫǯǶǴǳǴǨ. 

ǎǭǨǫǷǸǳȁǯ ǹǽǫǳȁǯ ǚ. ǖǴǭǫǳǧǱǦǸǸ ǷǹǲǫǱ ǵǶǴǪǴǱǬǮǸȂ Ǯ ǶǦǭǨǮǸȂ ǵǶǫǪǱǴǬǫǳǳȁǫ 
ǹǽǫǳȁǲǮ ǮǪǫǮ. ǎǷǷǱǫǪǴǨǦǸǫǱǮ ǵǶǫǪǱǴǬǮǱǮ Ƿǻǫǲǹ ǹǷǸǶǴǯǷǸǨǦ, ǰǴǸǴǶǦȅ ǮǲǮǸǮǶǹǫǸ ǵǶǴ-
ǼǫǷǷ ǽǫǱǴǨǫǽǫǷǰǴǩǴ ǨǴǷǵǶǮȅǸǮȅ. ǖǴǭǫǳǧǱǦǸǸ ǪǦǱ ȃǸǴǲǹ ǹǷǸǶǴǯǷǸǨǹ ǳǦǭǨǦǳǮǫ çǵǫǶǼǫǵ-
ǸǶǴǳè. ǣǸǴ ǹǷǸǶǴǯǷǸǨǴ ǵǫǶǫǪǦǫǸ ǷǮǩǳǦǱȁ ǴǸ ǺǴǸǴȃǱǫǲǫǳǸǴǨ, ǰǴǸǴǶȁǫ ȅǨǱȅȄǸǷȅ Ƿǫǳ-
ǷǴǶǳȁǲǮ ǵǴǱȅǲǮ, ǰ ȃǱǫǰǸǶǴǲǫǻǦǳǮǽǫǷǰǮǲ ȅǽǫǯǰǦǲ ǵǦǲȅǸǮ. ǗǱǫǪǹȅ ǵǶǮǳǼǮǵǦǲ ǷǨȅǭ-
ǳǴǷǸǮ, ȃǸǮ ȅǽǫǯǰǮ ǷǨȅǭǦǳȁ ǷǱǹǽǦǯǳȁǲ ǴǧǶǦǭǴǲ. ǗǮǲǹǱȅǼǮȅ ǵǫǶǼǫǵǸǶǴǳǦ ǳǦ ǰǴǲǵȂȄ-
ǸǫǶǫ IBM 704 ǧȁǱǦ ǹǷǵǫǾǳǴǯ Ǩ 1957 ǩǴǪǹ Ǩ ǱǦǧǴǶǦǸǴǶǮǮ ǦȃǶǴǳǦǨǸǮǰǮ ǐǴǶǳǫǱǱǦ. Ǔǫ-
ǷǰǴǱȂǰǴ ǱǫǸ ǷǵǹǷǸȅ, Ǩ ǐǴǶǳǫǱǱȂǷǰǴǲ ǹǳǮǨǫǶǷǮǸǫǸǫ, 23 ǮȄǳȅ 1960 ǩǴǪǦ, ǵǫǶǨȁǯ ǳǫǯǶǴ-
ǰǴǲǵȂȄǸǫǶ Mark1 ǷǲǴǩ ǶǦǷǵǴǭǳǦǸȂ ǳǫǷǰǴǱȂǰǴ ǧǹǰǨ ǦǳǩǱǮǯǷǰǴǩǴ ǦǱǺǦǨǮǸǦ. 

ǓǫǷǲǴǸǶȅ ǳǦ ǸǴ, ǽǸǴ ǵǫǶǨǴǫ ǮǷǵǴǱȂǭǴǨǦǳǮǫ ǵǫǶǼǫǵǸǶǴǳǦ ǧȁǱǴ Ǩ ǵǶǴǩǶǦǲǲǳǴǲ ǴǧǫǷ-
ǵǫǽǫǳǮǮ ǪǱȅ IBM 704, Ǵǳ ǧȁǱ ǭǦǪǹǲǦǳ ǮǭǳǦǽǦǱȂǳǴ ǳǫ ǰǦǰ ǵǶǴǩǶǦǲǲǦ, Ǧ ǰǦǰ ǲǦǾǮǳǦ. ǈ 
ǪǦǱȂǳǫǯǾǫǲ, Ǩ ǵǴǷǸǶǴǫǳǳǴǲ ǷǵǫǼǮǦǱȂǳǴ ǪǱȅ ȃǸǴǩǴ ǴǧǴǶǹǪǴǨǦǳǮǮ, Ǵǳ ǧȁǱ ǶǫǦǱǮǭǴǨǦǳ ǰǦǰ 
çǵǫǶǼǫǵǸǶǴǳ Mark 1è. ǜǫǱȂȄ ǪǦǳǳǴǯ ǲǦǾǮǳȁ ǧȁǱǴ ǶǦǷǵǴǭǳǦǨǦǳǮǫ ǴǧǶǦǭǴǨ. ǊǦǳǳǦȅ ǲǦ-
ǾǮǳǦ ǮǲǫǱǦ ǲǦǷǷǮǨ Ǯǭ 400 ǺǴǸǴȃǱǫǲǫǳǸǴǨ, ǰǴǸǴǶȁǫ ǧȁǱǮ ǷǴǫǪǮǳǫǳȁ Ƿ çǳǫǯǶǴǳǦǲǮè ǷǱǹ-
ǽǦǯǳǴ. ǈ ǵǴǸǫǳǼǮǴǲǫǸǶǦǻ ǧȁǱǮ ǭǦǰǴǪǮǶǴǨǦǳȁ ǨǫǷǦ. ǈ ǷǨǴȄ ǴǽǫǶǫǪȂ, Ǩ ǵǶǴǼǫǷǷǫ ǴǧǹǽǫǳǮȅ 
ǵǶǮ ǵǴǲǴǿǮ ȃǱǫǰǸǶǴǪǨǮǩǦǸǫǱǫǯ ǴǷǹǿǫǷǸǨǱȅǱǴǷȂ ǴǧǳǴǨǱǫǳǮǫ ǨǫǷǦ. 

ǝǸǴǧȁ çǳǦǹǽǮǸȂè ǵǫǶǼǫǵǸǶǴǳ ǰǱǦǷǷǮǺǮǼǮǶǴǨǦǸȂ ǮǭǴǧǶǦǬǫǳǮȅ, ǧȁǱǮ ǶǦǭǶǦǧǴǸǦǳȁ 
ǷǵǫǼǮǦǱȂǳȁǫ ǲǫǸǴǪȁ ǮǸǫǶǦǸǮǨǳǴǩǴ ǴǧǹǽǫǳǮȅ ǲǫǸǴǪǴǲ ǵǶǴǧ Ǯ ǴǾǮǧǴǰ, ǳǦǵǴǲǮǳǦȄǿǮǫ 
ǽǫǱǴǨǫǽǫǷǰǴǫ ǴǧǹǽǫǳǮǫ ð ǲǫǸǴǪȁ ǮǷǵǶǦǨǱǫǳǮȅ ǴǾǮǧǴǰ [9]. ǈ ǵǶǴǼǫǷǷǫ ǶǦǷǵǴǭǳǦǨǦǳǮȅ 
ǴǵǶǫǪǫǱǫǳǳǴǯ ǧǹǰǨȁ, ǻǦǶǦǰǸǫǶǳȁǫ ǫǫ ǽǫǶǸȁ ǲǴǩǱǮ ǧȁǸȂ ǵǴǪǽǫǶǰǳǹǸȁ ǵǫǶǼǫǵǸǶǴǳǴǲ 
ǵǴ ǷǸǦǸǮǷǸǮǰǫ ǽǦǿǫ, Ǩ ǴǸǱǮǽǮǫ ǴǸ ǳǫǭǳǦǽǮǸǫǱȂǳȁǻ ǶǦǭǱǮǽǮǯ Ǩ ǪǶǹǩǮǻ ǴǸǪǫǱȂǳȁǻ ǷǱǹ-
ǽǦȅǻ. ǘǦǰǮǲ ǴǧǶǦǭǴǲ ǕǫǶǼǫǵǸǶǴǳǹ ǹǪǦǱǴǷȂ Ǩ ǴǪǳǹ ǴǧǿǹȄ ǰǦǶǸǮǳǹ ǴǧǴǧǿǮǸȂ ǧǹǰǨȁ, 
ǰǴǸǴǶȁǫ ǧȁǱǮ ǳǦǵǮǷǦǳȁ ǶǦǭǱǮǽǳȁǲǮ ǷǵǴǷǴǧǦǲǮ (ǵǴǽǫǶǰ). ǔǪǳǦǰǴ, ǳǫǷǲǴǸǶȅ ǳǦ ȃǸǴ, 
ǵǫǶǼǫǵǸǶǴǳ ǧȁǱ ǵǴ-ǵǶǫǬǳǫǲǹ ǴǩǶǦǳǮǽǫǳ Ǩ ǷǨǴǮǻ ǨǴǭǲǴǬǳǴǷǸȅǻ.  

ǕǶǴǼǫǷǷ ǶǦǷǵǴǭǳǦǨǦǳǮȅ ǳǫǰǴǸǴǶȁǻ ǧǹǰǨ ǲǴǬǫǸ ǧȁǸȂ ǪǴǷǸǦǸǴǽǳǴ ǷǱǴǬǫǳ. ǇǹǰǨȁ, 
ǰǴǸǴǶȁǫ ǮǲǫȄǸ ǶǦǭǳȁǯ ǶǦǭǲǫǶ, Ǯ ǧǹǰǨȁ, ǰǴǸǴǶȁǫ ǨǱǴǬǫǳȁ ǽǦǷǸǮǽǳǴ, ǲǴǩǹǸ ǧȁǸȂ ǷǪǨǮ-
ǳǹǸȁ ǮǱǮ ǮǲǫǸȂ ǳǫǰǴǸǴǶǴǫ ǨǶǦǿǫǳǮǫ. ǣǸǴ ǷǴǭǪǦǫǸ ǸǶǹǪǳǴǷǸǮ ǪǱȅ ǲǦǾǮǳȁ: ǵǶǴǼǫǷǷ 
ǪǴǷǸǮǬǫǳǮȅ ǸǴǽǳǴǩǴ ǶǦǷǵǴǭǳǦǨǦǳǮȅ ǷǸǦǳǴǨǮǸǷȅ ǷǱǴǬǳȁǲ. ǈ ǷǨǴȄ ǴǽǫǶǫǪȂ, ǵǶǴǼǫǷǷ 
ǶǦǷǵǴǭǳǦǨǦǳǮȅ ǧǹǰǨ ǳǦ ȃǸǦǵǦǻ ǴǧǹǽǫǳǮȅ ǳǫ ǵǶǫǪǷǸǦǨǱȅǫǸ ǵǴǪǴǧǳǴǯ ǷǱǴǬǳǴǷǸǮ. 

ǈ 1958 ǩǴǪǹ ǨǵǫǶǨȁǫ ǵǴȅǨǮǱǷȅ ǴǸǽǫǸ Ǵ ǶǫǭǹǱȂǸǦǸǦǻ. ǍǦǸǫǲ ǖǴǭǫǳǧǱǦǸǸ ǴǵǹǧǱǮǰǴ-
ǨǦǱ ǷǸǦǸȂȄ çǕǫǶǼǫǵǸǶǴǳ: ǨǫǶǴȅǸǳǴǷǸǳǦȅ ǲǴǪǫǱȂ ǪǱȅ ǻǶǦǳǫǳǮȅ Ǯ ǴǶǩǦǳǮǭǦǼǮǮ ǮǳǺǴǶ-
ǲǦǼǮǮ Ǩ ǲǴǭǩǫè, Ǧ Ǩ 1962 ǩǴǪǹ ǰǳǮǩǹ çǕǶǮǳǼǮǵȁ ǳǫǯǶǴǪǮǳǦǲǮǰǮ: ǵǫǶǼǫǵǸǴǶȁ Ǯ ǸǫǴǶǮȅ 
ǲǫǻǦǳǮǭǲǴǨ ǲǴǭǩǦ, ǲǴǭǩǦ Ǯ ǲǴǭǩǦè, Ǩ ǰǴǸǴǶǴǯ ǴǵǮǷǦǱ ǷǨǴȄ ǩǮǵǴǸǫǭǹ Ǯ ǸǫǴǶǮȄ Ǵ ǵǶǴ-
ǼǫǷǷǫ ǨǴǷǵǶǮȅǸǮȅ. ǈ ȃǸǴǯ ǰǳǮǩǫ ǶǦǷǷǲǦǸǶǮǨǦǫǸǷȅ ǩǴǸǴǨǦȅ ǲǴǪǫǱȂ ǨǴǷǵǶǮȅǸǮȅ ǷǴ ǷǰǶȁ-
ǸȁǲǮ ǷǱǴȅǲǮ Ǯ ǲǳǴǩǴǷǱǴǯǳȁǲǮ ǷǨȅǭȅǲǮ Ƿ ǵǫǶǫǷǫǽǫǳǮȅǲǮ (Ǩ ǸǶǫǸȂǫǯ ǩǱǦǨǫ) Ǯ ǴǧǶǦǸ-
ǳȁǲǮ ǨǭǦǮǲǴǷǨȅǭȅǲǮ (Ǩ ǽǫǸǨǫǶǸǴǯ ǩǱǦǨǫ), Ǧ ǸǦǰǬǫ ǮǭǱǦǩǦȄǸǷȅ Ǯ ǨǨǴǪȅǸǷȅ ǨǦǬǳȁǫ ǸǫǴ-
Ƕǫǲȁ Ǯ ǮǪǫǮ, ǵǶǫǪǷǸǦǨǱǫǳǳȁǫ, ǳǦǵǶǮǲǫǶ, Ǩ ǵǶǴǼǫǷǷǫ ǪǫǲǴǳǷǸǶǦǼǮǮ ǸǫǴǶǫǲȁ ǷǻǴǪǮ-
ǲǴǷǸǮ ǨǴǷǵǶǮȅǸǮȅ. 

ǓǫǷǲǴǸǶȅ ǳǦ ǸǴ, ǽǸǴ ǷǳǦǽǦǱǦ ǵǫǶǼǫǵǸǶǴǳ ǪǱȅ ǲǳǴǩǮǻ ǰǦǭǦǱǷȅ ǲǳǴǩǴǴǧǫǿǦȄǿǮǲ, 
ǨǷǰǴǶǫ ǧȁǱǴ ǪǴǰǦǭǦǳǴ, ǽǸǴ ǵǫǶǼǫǵǸǶǴǳȁ ǳǫ ǲǴǩǹǸ ǧȁǸȂ Ǵǧǹǽǫǳȁ ǶǦǷǵǴǭǳǦǨǦǸȂ ǲǳǴǩǮǫ 
ǰǱǦǷǷȁ ǵǦǸǸǫǶǳǴǨ. ǊǦǳǳǴǫ ǴǧǷǸǴȅǸǫǱȂǷǸǨǴ ǨǵǴǷǱǫǪǷǸǨǮǮ ǵǶǮǨǫǱǴ ǰ ǸǴǲǹ, ǽǸǴ Ǩ Ǹǫǽǫ-
ǳǮǫ ǪǴǱǩǮǻ ǱǫǸ ǷǺǫǶǦ ǮǷǷǱǫǪǴǨǦǳǮȅ ǳǫǯǶǴǳǳȁǻ ǷǫǸǫǯ ǳǦǻǴǪǮǱǦǷȂ Ǩ ǷǴǷǸǴȅǳǮǮ ǭǦǷǸǴȅ. 
ǣǸǴ ǵǶǴǮǷǻǴǪǮǱǴ ǪǴ Ǹǫǻ ǵǴǶ, ǵǴǰǦ ǳǫ ǧȁǱǴ ǵǶǮǭǳǦǳǴ, ǽǸǴ Ǩ ǴǸǱǮǽǮǫ ǴǸ ǵǫǶǼǫǵǸǶǴǳǴǨ Ƿ 
ǴǪǳǮǲ ǷǱǴǫǲ (ǴǪǳǴǷǱǴǯǳȁǯ ǵǫǶǼǫǵǸǶǴǳ) ǧǴǱȂǾǫǯ ǨȁǽǮǷǱǮǸǫǱȂǳǴǯ ǲǴǿǳǴǷǸȂȄ ǴǧǱǦ-
ǪǦǫǸ ǵǶȅǲǦȅ ǳǫǯǶǴǳǳǦȅ ǷǫǸȂ Ƿ ǪǨǹǲȅ ǮǱǮ ǧǴǱǫǫ ǷǱǴȅǲǮ (ǸǦǰ ǳǦǭȁǨǦǫǲȁǯ ǲǳǴǩǴǷǱǴǯ-
ǳȁǯ ǵǫǶǼǫǵǸǶǴǳ). 

ǔǪǳǴǷǱǴǯǳȁǫ ǵǫǶǼǫǵǸǶǴǳȁ ǷǵǴǷǴǧǳȁ ǮǭǹǽǦǸȂ ǸǴǱȂǰǴ ǱǮǳǫǯǳǴ ǶǦǭǪǫǱȅǫǲȁǫ ǵǦǸ-
ǸǫǶǳȁ. ǊǱȅ ǭǦǪǦǽǮ ǰǱǦǷǷǮǺǮǰǦǼǮǮ Ƿ ǳǫǰǴǸǴǶǴǯ ǺǹǳǰǼǮǫǯ ǦǰǸǮǨǦǼǮǮ ǾǦǩǦ ǴǪǮǳ ǹǭǫǱ 
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ǧǹǪǫǸ ǮǲǫǸȂ ǴǪǳǹ ǱǮǳǮȄ, ǶǦǭǪǫǱȅȄǿǹȄ ǸǴǽǰǮ ǪǦǳǳȁǻ, ǴǧǶǦǭǹȄǿǮǫ ǾǦǧǱǴǳȁ. ǇǴǱȂǾǫǫ 
ǽǮǷǱǴ ǹǭǱǴǨ ǲǴǬǫǸ ǷǴǭǪǦǸȂ ǧǴǱȂǾǫ ǶǦǭǪǫǱǮǸǫǱȂǳȁǻ ǱǮǳǮǯ, ǳǴ ȃǸǮ ǱǮǳǮǮ ǪǴǱǬǳȁ ǧȁǸȂ 
ǰǦǰǮǲ-ǸǴ ǴǧǶǦǭǴǲ ǴǧȀǫǪǮǳǫǳȁ ǪǱȅ ǺǴǶǲǮǶǴǨǦǳǮȅ ǧǴǱǫǫ ǷǱǴǬǳȁǻ ǰǱǦǷǷǮǺǮǰǦǼǮǯ. 
ǈǸǴǶǴǯ ǷǱǴǯ ǵǫǶǼǫǵǸǶǴǳǴǨ, ǮǱǮ ǪǦǬǫ ǱǮǳǫǯǳȁǻ ǹǭǱǴǨ, ǪǴǷǸǦǸǴǽǫǳ ǪǱȅ ǶǫǾǫǳǮȅ ǲǳǴ-
ǬǫǷǸǨǦ ǪǶǹǩǮǻ ǳǫǶǦǭǶȁǨǳȁǻ ǭǦǪǦǽ. 

ǈ 1969 ǩǴǪǹ ǭǳǦǲǫǳǮǸǦȅ ǰǳǮǩǦ ǒǦǶǨǮǳǦ ǒǮǳǷǰǮ Ǯ ǗǫǯǲǹǶǦ ǕǦǵǫǶǸǦ ǵǴǪ ǳǦǭǨǦǳǮǫǲ 
çǕǫǶǼǫǵǸǶǴǳȁè ǵǴǰǦǭǦǱǦ, ǽǸǴ ǪǱȅ ȃǸǮǻ ǰǱǦǷǷǴǨ ǷǫǸǫǯ ǳǫǨǴǭǲǴǬǳǴ ǮǭǹǽǮǸȂ ǺǹǳǰǼǮȄ 
XOR (ǮǷǰǱȄǽǦȄǿǫǫ ǎǑǎ). ǝǦǷǸǴ ǷǽǮǸǦǫǸǷȅ (ǴǾǮǧǴǽǳǴ), ǽǸǴ ǴǳǮ ǸǦǰǬǫ ǵǶǫǪǵǴǱǴǬǮǱǮ, 
ǽǸǴ ǵǴǪǴǧǳȁǯ ǶǫǭǹǱȂǸǦǸ ǧǹǪǫǸ ǮǲǫǸȂ ǭǳǦǽǫǳǮǫ ǱǮǾȂ ǪǱȅ ǲǳǴǩǴǷǱǴǯǳǴǯ ǷǫǸǮ ǵǫǶǼǫǵ-
ǸǶǴǳǴǨ. ǔǪǳǦǰǴ ǪǦǳǳǴǫ ǴǧǷǸǴȅǸǫǱȂǷǸǨǴ ǴǾǮǧǴǽǳǴ, ǵǴǸǴǲǹ ǰǦǰ ǕǦǵǵǫǶǸ Ǯ ǒǮǳǷǰǮ ǧȁǱǮ 
ǹǬǫ ǴǷǨǫǪǴǲǱǫǳȁ Ǵ ǷǵǴǷǴǧǳǴǷǸǮ ǲǳǴǩǴǷǱǴǯǳȁǻ ǵǫǶǼǫǵǸǶǴǳǴǨ ǰ ǵǶǴǮǭǨǴǪǷǸǨǹ ǺǹǳǰǼǮǮ 
XOR. ǓǴ, ǨǷǫ Ǭǫ, ǴǾǮǧǴǽǳȁǯ ǸǫǰǷǸ ǕǦǵǵǫǶǸǦ Ǯ ǒǮǳǷǰǮ ǮǲǫǱ ǴǵǶǫǪǫǱǫǳǳȁǫ ǵǴǷǱǫǪ-
ǷǸǨǮȅ, ǰǴǸǴǶȁǫ ǵǶǮǨǫǱǮ ǰ ǴǿǹǸǮǲǴǲǹ ǷǳǮǬǫǳǮȄ ǳǫ ǸǴǱȂǰǴ ǮǳǸǫǶǫǷǦ Ǩ ǴǧǱǦǷǸǮ ǳǫǯǶǴǳ-
ǳȁǻ ǷǫǸǫǯ, ǳǴ Ǯ, ǨǷǱǫǪǷǸǨǮǫ ȃǸǴǩǴ, ǰ ǹǲǫǳȂǾǫǳǮȄ ǺǮǳǦǳǷǮǶǴǨǦǳǮȅ ǮǷǷǱǫǪǴǨǦǳǮǯ. 
ǘǴǱȂǰǴ Ǩ 1987 ǩǴǪǹ, ǷǵǹǷǸȅ ǪǫǷȅǸȂ ǱǫǸ, ȃǸǦ ǰǳǮǩǦ ǧȁǱǦ ǵǫǶǫǮǭǪǦǳǦ, ǽǫǲǹ ǷǵǴǷǴǧǷǸǨǴ-
ǨǦǱ ǮǳǸǫǶǫǷ ǰ ǨǴǭǶǴǬǪǫǳǮȄ ǮǷǷǱǫǪǴǨǦǳǮȅ Ǩ ǴǧǱǦǷǸǮ ǳǫǯǶǴǳǳȁǻ ǷǫǸǫǯ, ǰǴǸǴǶǴǫ ǵǶǴ-
ǮǭǴǾǱǴ Ǩ 1980-ǻ ǩǴǪǦǻ.  

ǋǿǫ Ǩ 1964 ǩǴǪǹ ǆǯǭǫǶǲǦǳǴǲ Ǯ ǪǶǹǩǮǲǮ ǧȁǱ ǵǶǫǪǷǸǦǨǱǫǳ ǦǱǩǴǶǮǸǲ ǵǫǶǼǫǵǸǶǴǳǦ 
ȅǪǶǦ. ǕǴǭǬǫ, Ǩ 1998 ǩǴǪǹ, ǚǶǫǯǳǪǴǲ Ǯ ǞǦǵǮǶǴǲ ǧȁǱǮ ǪǦǳȁ ǩǦǶǦǳǸǮǮ ǲǦǶǬǮǳǦǱȂǳȁǻ 
ǩǶǦǳǮǼ ǪǱȅ ǦǱǩǴǶǮǸǲǦ ǵǫǶǼǫǵǸǶǴǳǦ Ǩ Ǵǧǿǫǲ ǳǫǴǸǪǫǱǮǲǴǲ ǷǱǹǽǦǫ. ǈǵǴǷǱǫǪǷǸǨǮǮ, Ǩ 
2013 ǩǴǪǹ, ǖǴǷǸǦǲǮǭǦǪǫ Ǯ ǒǴǶǹ ǹǪǦǱǴǷȂ ǶǦǷǾǮǶǮǸȂ ǵǶǫǪȁǪǹǿǮǫ ǶǫǭǹǱȂǸǦǸȁ Ǯ ǵǶǫǪ-
ǷǸǦǨǮǸȂ ǳǴǨȁǫ ǩǶǦǳǮǼȁ L1. 

ǕǫǶǼǫǵǸǶǴǳ ȅǨǱȅǫǸǷȅ ǹǵǶǴǿǫǳǳǴǯ ǲǴǪǫǱȂȄ ǧǮǴǱǴǩǮǽǫǷǰǴǩǴ ǳǫǯǶǴǳǦ. ǛǴǸȅ ǷǱǴǬ-
ǳǴǷǸȂ ǧǮǴǱǴǩǮǽǫǷǰǮǻ ǲǴǪǫǱǫǯ ǳǫǯǶǴǳǴǨ ǽǦǷǸǴ ǸǶǫǧǹǫǸǷȅ ǪǱȅ ǵǴǱǳǴǩǴ ǵǴǳǮǲǦǳǮȅ ǳǫǯǶǴǳ-
ǳǴǩǴ ǵǴǨǫǪǫǳǮȅ, ǮǷǷǱǫǪǴǨǦǳǮȅ ǵǴǰǦǭȁǨǦȄǸ, ǽǸǴ ǵǴǪǴǧǳǦȅ ǵǫǶǼǫǵǸǶǴǳǹ ǱǮǳǫǯǳǦȅ ǲǴǪǫǱȂ 
ǲǴǬǫǸ ǨȁǭǨǦǸȂ ǳǫǰǴǸǴǶǴǫ ǵǴǨǫǪǫǳǮǫ, ǳǦǧǱȄǪǦǫǲǴǫ Ǩ ǶǫǦǱȂǳȁǻ ǳǫǯǶǴǳǦǻ [10]. 

ǎǪǫȅ ǵǫǶǼǫǵǸǶǴǳǦ ǦǳǦǱǴǩǮǽǳǦ ǵǶǮǳǼǮǵǹ ǪǫǯǷǸǨǮȅ ǴǷǳǴǨǳǴǯ ǴǧǶǦǧǦǸȁǨǦȄǿǫǯ 
ǫǪǮǳǮǼȁ ǲǴǭǩǦ-ǳǫǯǶǴǳǦ. ǓǫǯǶǴǳ ǷǴǷǸǴǮǸ Ǯǭ ǲǳǴǬǫǷǸǨǦ ǨǻǴǪǳȁǻ ǷǮǩǳǦǱǴǨ, ǵǫǶǫǳǴǷǮ-
ǲȁǻ ǪǫǳǪǶǮǸǦǲǮ, ǸǫǱǴǲ ǰǱǫǸǰǮ Ǯ ǴǪǳǴǩǴ ǨȁǻǴǪǳǴǩǴ ǷǮǩǳǦǱǦ, ǵǫǶǫǳǴǷǮǲǴǩǴ ǵǴ ǦǰǷǴǳǹ. 
ǓǫǯǶǴǳ ǭǦǵǹǷǰǦǫǸ ǷǮǩǳǦǱ ǪǫǯǷǸǨǮȅ, ǰǴǩǪǦ ǰǱǫǸǰǦ ǪǴǷǸǮǩǦǫǸ ǴǵǶǫǪǫǱǫǳǳǴǩǴ ǵǴǶǴǩǦ. ǣǸǴ 
ǪǫǯǷǸǨǮǫ ǱǮǧǴ ǵǶǴǮǷǻǴǪǮǸ, ǱǮǧǴ ǳǫǸ. çǝǦǷǸǮǽǳǴǩǴè ǷǶǦǧǦǸȁǨǦǳǮȅ ǳǫǯǶǴǳǦ ǧȁǸȂ ǳǫ 
ǲǴǬǫǸ. 

ǆǳǦǱǴǩǮǽǳǴ, ǵǫǶǼǫǵǸǶǴǳ ǮǲǫǫǸ ǲǳǴǬǫǷǸǨǴ ǨǻǴǪǴǨ (ǽǦǷǸǴ ǳǦǭȁǨǦǫǲȁǻ ǵǶǮǭǳǦ-
ǰǦǲǮ), ǰǴǸǴǶȁǫ ǵǴǪǦȄǸǷȅ Ǩ ǱǮǳǫǯǳǹȄ ǫǪǮǳǮǼǹ, ǰǴǸǴǶǦȅ ǵǶǴǮǭǨǴǪǮǸ ǴǪǮǳ ǪǨǴǮǽǳȁǯ 
ǨȁǻǴǪ. ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǵǫǶǼǫǵǸǶǴǳȁ ǲǴǩǹǸ ǧȁǸȂ ǵǶǮǲǫǳǫǳȁ ǵǶǮ ǶǫǾǫǳǮǮ ǭǦǪǦǽ ǧǮ-
ǳǦǶǳǴǯ ǰǱǦǷǷǮǺǮǰǦǼǮǮ, ǰǴǩǪǦ ǨȁǧǴǶǰǦ ǪǴǱǬǳǦ ǧȁǸȂ ǮǪǫǳǸǮǺǮǼǮǶǴǨǦǳǦ ǰǦǰ ǵǶǮǳǦǪ-
ǱǫǬǦǿǦȅ ǰ ǴǪǳǴǲǹ Ǯǭ ǵǶǫǪǴǵǶǫǪǫǱǫǳǳȁǻ ǪǨǹǻ ǰǱǦǷǷǴǨ. 

 

ǍǦǰǱȄǽǫǳǮǫ 
 

ǎǷǰǹǷǷǸǨǫǳǳǦȅ ǳǫǯǶǴǳǳǦȅ ǷǫǸȂ ǮǱǮ ǷǴǰǶǦǿȆǳǳǴ çǳǫǯǶǴǷǫǸȂè ð ǵǶǴǩǶǦǲǲǦ, Ǩ ǴǷ-
ǳǴǨǫ ǰǴǸǴǶǴǯ ǱǫǬǮǸ ǵǶǮǳǼǮǵ ǽǫǱǴǨǫǽǫǷǰǴǩǴ ǲǴǭǩǦ. ǗǫǩǴǪǳȅǾǳǮǯ ǪǫǳȂ ǳǫǨǴǭǲǴǬǫǳ 
ǧǫǭ ǵǴǳȅǸǮȅ çǮǷǰǹǷǷǸǨǫǳǳȁǯ ǮǳǸǫǱǱǫǰǸè, Ǧ ǳǫǯǶǴǳǳȁǫ ǷǫǸǮ ð ǴǪǳǴ Ǯǭ ǨǦǬǳǫǯǾǮǻ ǫǩǴ 
ǳǦǵǶǦǨǱǫǳǮǯ. ǎǷǷǱǫǪǴǨǦǳǮȅǲǮ Ǩ ȃǸǴǯ ǴǧǱǦǷǸǮ ǭǦǳǮǲǦȄǸǷȅ ǸǦǰǮǫ ǰǴǲǵǦǳǮǮ, ǰǦǰ 
Microsoft Ǯ Google. ǕǶǴǩǶǫǷǷ Ǩ ǳǦǵǶǦǨǱǫǳǮǮ ǶǦǭǨǮǸǮȅ ǳǫǯǶǴǷǫǸǫǯ ǮǪȆǸ ǪǴǷǸǦǸǴǽǳǴ 
ǧȁǷǸǶȁǲǮ ǸǫǲǵǦǲǮ. ǔǳǮ ǦǰǸǮǨǳǴ ǮǷǵǴǱȂǭǹȄǸǷȅ Ǩ ǷǺǫǶǫ ǧǫǭǴǵǦǷǳǴǷǸǮ, ǧǮǭǳǫǷǫ, ǲǦǶ-
ǰǫǸǮǳǩǴǨǴǯ ǶǦǧǴǸǫ, ǶǦǭǨǱǫǽǫǳǮȅ Ǯ ǪǶǹǩǮǻ ǴǧǱǦǷǸȅǻ Ǯ ǵǴǲǴǩǦȄǸ Ǩ ǶǫǾǫǳǮǮ ǧǴǱȂǾǴǩǴ 
ǽǮǷǱǦ ǭǦǪǦǽ.  
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ǔǇ ǔǗǓǔǈǓǡǛ ǒǆǘǋǒǆǘǎǝǋǗǐǎǛ ǘǖǙǊǆǛ  
ǆǑǋǐǗǋǥ ǎǈǆǓǔǈǎǝǆ ǒǆǤǖǔǈǆ (1780-1848) 

 

 

ǆǳǳǴǸǦǼǮȅ 

ǗǸǦǸȂȅ ǵǴǷǨȅǿǫǳǦ ǮǷǷǱǫǪǴǨǦǳǮȄ ǴǷǳǴǨǳȁǻ ǸǶǹǪǴǨ ǶǴǷǷǮǯǷǰǴǩǴ ǲǦǸǫǲǦǸǮǰǦ ǒǦȄǶǴǨǦ 
ǆǱǫǰǷǫȅ ǎǨǦǳǴǨǮǽǦ (1780-1848). ǜǫǱȂȄ ǳǦǵǮǷǦǳǮȅ ǷǸǦǸȂǮ ȅǨǱȅǫǸǷȅ ǴǭǳǦǰǴǲǱǫǳǮǫ ǷǴ-
ǨǶǫǲǫǳǳǴǯ ǶǴǷǷǮǯǷǰǴǯ ǦǹǪǮǸǴǶǮǮ Ƿ ǬǮǭǳȂȄ Ǯ ǸǨǴǶǽǫǷǸǨǴǲ ǳǫǭǦǹǶȅǪǳǴǩǴ ǽǫǱǴǨǫǰǦ, 
ǷǴǨǲǫǿǦǨǾǫǩǴ ǲǦǸǫǲǦǸǮǽǫǷǰǹȄ ǪǫȅǸǫǱȂǳǴǷǸȂ Ƿ ǨǴǫǳǳǴǯ Ǯ ǩǴǷǹǪǦǶǷǸǨǫǳǳǴǯ ǷǱǹǬǧǴǯ. 
ǔǷǳǴǨǳȁǲ ǲǫǸǴǪǴǲ ǮǷǷǱǫǪǴǨǦǳǮȅ ȅǨǱȅǫǸǷȅ ǮǭǹǽǫǳǮǫ Ǯ ǷǶǦǨǳǫǳǮǫ ǩǱǦǨǳȁǻ ǴǵǹǧǱǮǰǴ-
ǨǦǳǳȁǻ ǶǦǧǴǸ ǒǦȄǶǴǨǦ ǆ.ǎ. ǒǦǸǫǶǮǦǱȁ ǷǸǦǸȂǮ ǲǴǩǹǸ ǧȁǸȂ ǵǴǱǫǭǳȁǲǮ ǮǷǸǴǶǮǰǦǲ Ǵǧ-
ǶǦǭǴǨǦǳǮȅ Ǯ ǳǦǹǰǮ, Ǧ ǸǦǰǬǫ ǵǶǫǵǴǪǦǨǦǸǫǱȅǲ ǨȁǷǾǫǯ ǾǰǴǱȁ. 
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ǭǳǦǰǴǲǷǸǨǴ ǷǴǨǶǫǲǫǳǳǮǰǴǨ Ƿ ǳǮǲǮ ȅǨǱȅǫǸǷȅ ǴǪǳǴǯ Ǯǭ ǨǦǬǳȁǻ ǭǦǪǦǽ ǴǧǶǦǭǴǨǦǳǮȅ Ǯ 
ǨǴǷǵǮǸǦǳǮȅ. 

ǆǱǫǰǷǫǯ ǎǨǦǳǴǨǮǽ ǒǦȄǶǴǨ (1780-1848) ǵǶǴǬǮǱ ȅǶǰǹȄ ǳǦǷȁǿǫǳǳǹȄ ǷǴǧȁǸǮȅǲǮ Ǯ 
ǶǦǭǳǴǴǧǶǦǭǳȁǲǮ ǸǶǹǪǦǲǮ ǬǮǭǳȂ. ǕǶǴǮǷǻǴǪǮǱ Ǯǭ ǪǨǴǶȅǳ ǈǴǱǴǩǴǪǷǰǴǯ ǩǹǧǫǶǳǮǮ. ǕǫǶ-
ǨǴǳǦǽǦǱȂǳǴ ǵǴǷǸǹǵǮǱ ǳǦ ǨǴǫǳǳǹȄ ǷǱǹǬǧǹ, ǭǦǸǫǲ ǵǫǶǫǾǫǱ Ǩ ǩǶǦǬǪǦǳǷǰǹȄ, Ǯ ǰǦǰ ǸǦ-
ǱǦǳǸǱǮǨȁǯ ǮǳǬǫǳǫǶ ǧȁǱ ǵǶǮǩǱǦǾǫǳ Ǯǭ ǉǴǶǳǴǩǴ ǪǫǵǦǶǸǦǲǫǳǸǦ Ǩ ǊǫǵǦǶǸǦǲǫǳǸ ǨǴǪȅǳȁǻ 
ǰǴǲǲǹǳǮǰǦǼǮǯ. ǔǸǵǶǦǨǱǫǳ (1808-1811) ǭǦ ǩǴǷǹǪǦǶǷǸǨǫǳǳȁǯ ǷǽǫǸ ǳǦ ǹǽǫǧǹ ǨǴ ǚǶǦǳǼǮȄ 
Ǩ ǕǴǱǮǸǫǻǳǮǽǫǷǰǹȄ ǾǰǴǱǹ, Ǧ ǸǦǰǬǫ Ǩ ǞǰǴǱǹ ǲǴǷǸǴǨ Ǯ ǪǴǶǴǩ, ǴǸǰǹǪǦ ǨǴǭǨǶǦǸǮǱǷȅ Ƿ 
ǪǮǵǱǴǲǦǲǮ. ǈ ǕǦǶǮǬǫ ǷǸǦǱ ǮǭǨǫǷǸǫǳ Ǩ ǦǰǦǪǫǲǮǽǫǷǰǴǲ ǴǧǿǫǷǸǨǫ. ǈ 1811 ǩǴǪǹ ǧȁǱ ǵǶǮ-
ǵǮǷǦǳ ǰ ǎǳǷǸǮǸǹǸǹ ǰǴǶǵǹǷǦ ǮǳǬǫǳǫǶǴǨ ǵǹǸǫǯ ǷǴǴǧǿǫǳǮȅ Ǩ ǭǨǦǳǮǮ ǵǴǪǵǴǱǰǴǨǳǮǰǦ, ǩǪǫ 
ǵǴǱǹǽǮǱ ǪǴǱǬǳǴǷǸȂ ǵǶǴǺǫǷǷǴǶǦ. ǒǦȄǶǴǨǹ ǵǶǮǳǦǪǱǫǬǮǸ ǵǫǶǨȁǯ ǵǫǶǫǨǴǪ ǳǦ ǶǹǷǷǰǮǯ 
ȅǭȁǰ ǹǽǫǧǳǮǰǦ ǞǦǶǱȅ ǇǴǷǷȄ çǎǷǷǱǫǪǴǨǦǳǮȅ Ǵ ǳǦǮǨȁǩǴǪǳǫǯǾǫǲ ǵǴǷǸǶǴǫǳǮǮ ǵǱǴǸǮǳè. 
ǈ 1812 ǩǴǪǹ ǵǶǫǵǴǪǦǨǦǱ ǳǦ  ǰǶǦǸǰǴǷǶǴǽǳȁǲ ǰǹǶǷǦǻ ǴǺǮǼǫǶǦǲ, ǵǶǮǫǻǦǨǾǮǲ Ǩ ǎǳǷǸǮǸǹǸ 
Ƿ ǺǶǴǳǸǦ ǔǸǫǽǫǷǸǨǫǳǳǴǯ ǨǴǯǳȁ. Ǘ ǴǩǶǴǲǳȁǲ ǸǶǹǪǴǲ ǪǴǧǮǱǷȅ ǳǦǭǳǦǽǫǳǮȅ Ǩ ǪǫǯǷǸǨǹȄ-
ǿǹȄ ǦǶǲǮȄ ǱǫǸǴǲ 1813 ǩǴǪǦ. ǙǽǦǷǸǨǴǨǦǱ Ǩ ǧǮǸǨǦǻ ǵǴǪ ǊǶǫǭǪǫǳǴǲ, ǑǫǯǵǼǮǩǴǲ Ǯ ǪǶǹ-
ǩǮǻ. ǈ 1814 ǩǴǪǹ ǰǴǲǦǳǪǴǨǦǱ ǰǴǶǵǹǷǴǲ. ǇȁǱ ǵǶǮǵǮǷǦǳ ǰ ǗǨǮǸǫ ǮǲǵǫǶǦǸǴǶǦ ǆǱǫǰǷǦǳǪǶǦ 
I. ǓǦǩǶǦǬǪǫǳ ǶǴǷǷǮǯǷǰǮǲǮ Ǯ ǮǳǴǷǸǶǦǳǳȁǲǮ ǴǶǪǫǳǦǲǮ. 

ǈ 1815 ǩǴǪǹ ǒǦȄǶǴǨ ǨǫǶǳǹǱǷȅ ǪǱȅ ǵǶǫǵǴǪǦǨǦǳǮȅ Ǩ ǎǳǷǸǮǸǹǸ ǰǴǶǵǹǷǦ ǮǳǬǫǳǫǶǴǨ 
ǵǹǸǫǯ ǷǴǴǧǿǫǳǮȅ [1] Ǯ ǧȁǱ ǮǭǧǶǦǳ ǽǱǫǳǴǲ-ǰǴǶǶǫǷǵǴǳǪǫǳǸǴǲ ǕǫǸǫǶǧǹǶǩǷǰǴǯ ǆǰǦǪǫǲǮǮ 
ǳǦǹǰ. ǈ 1817 ǩǴǪǹ ǮǭǪǦǱ ǵǫǶǨȁǯ ǳǦ ǶǹǷǷǰǴǲ ȅǭȁǰǫ ǹǽǫǧǳǮǰ ǵǴ ǦǳǦǱǮǸǮǽǫǷǰǴǯ ǩǫǴǲǫǸ-
ǶǮǮ çǈȁǾǳȅȅ ǩǫǴǲǫǸǶǮȅ Ǩ ǵǶǴǷǸǶǦǳǷǸǨǦǻ, ǮǱǮ ǕǶǮǱǴǬǫǳǮǫ ǦǳǦǱǮǭǦ ǰ ǳǦǽǫǶǸǦǸǫǱȂǳǴǯ 
ǩǫǴǲǫǸǶǮǮ. Ǘ ǮǭǱǴǬǫǳǮǫǲ ǸǫǴǶǮǮ ǪǫǺǮǱǮǶǴǨǦǳǮȅ ǰǶǫǵǴǷǸǳȁǻ ǷǸǶǴǫǳǮǯè. 

ǈ 1817 ǩǴǪǹ ǴǵȅǸȂ ǴǸǧȁǱ ǳǦ ǨǴǫǳǳǹȄ ǷǱǹǬǧǹ Ǯ ǰǴǲǦǳǪǴǨǦǱ 37-ǲ ǫǩǫǶǷǰǮǲ ǵǴǱǰǴǲ. 
ǈ 1821 ǩǴǪǹ ǒǦȄǶǴǨ ð ǩǫǳǫǶǦǱ-ǵǴǱǮǼǲǫǯǷǸǫǶ, Ǩ 1822 ǩǴǪǹ ǨȁǾǫǱ Ǩ ǴǸǷǸǦǨǰǹ. 

Ǘ 1822 ǩǴǪǦ ǒǦȄǶǴǨ Ǩ ǽǮǳǫ ǪǫǯǷǸǨǮǸǫǱȂǳǴǩǴ ǷǸǦǸǷǰǴǩǴ ǷǴǨǫǸǳǮǰǦ ǳǦǭǳǦǽǫǳ ǰ ǩǫ-
ǳǫǶǦǱ-ǩǹǧǫǶǳǦǸǴǶǹ ǔǪǫǷǷȁ Ǯ ǓǴǨǴǶǴǷǷǮǯǷǰǴǩǴ ǰǶǦȅ ǷǴǨǫǸǳǮǰǴǲ ǵǴ ǴǷǴǧȁǲ ǵǴǶǹǽǫ-
ǳǮȅǲ. ǌǮǱ Ǩ ǔǪǫǷǷǫ. ǍǦǳǮǲǦǱǷȅ ǲǦǸǫǲǦǸǮǰǴǯ, ǮǭǴǧǶǫǸǦǸǫǱȂǷǸǨǴǲ, ǩǫǴǱǴǩǮǫǯ, ǵǦǱǫ-
ǴǳǸǴǱǴǩǮǫǯ, ǵǦǱǫǴǰǱǮǲǦǸǴǱǴǩǮǫǯ, ǦǷǸǶǴǳǴǲǮǫǯ, ǷǫǱȂǷǰǮǲ ǻǴǭȅǯǷǸǨǴǲ, ǧǱǦǩǴǸǨǴǶǮ-
ǸǫǱȂǳǴǷǸȂȄ. ǇȁǱ ǮǭǧǶǦǳ ǨǮǼǫ-ǵǶǫǭǮǪǫǳǸǴǲ ǎǲǵǫǶǦǸǴǶǷǰǴǩǴ ǴǧǿǫǷǸǨǦ ǷǫǱȂǷǰǴǩǴ ǻǴ-
ǭȅǯǷǸǨǦ ǤǬǳǴǯ ǖǴǷǷǮǮ [2]. 

ǈ 1833 ǩǴǪǹ ǒǦȄǶǴǨ ǴǵǹǧǱǮǰǴǨǦǱ ǲǦǸǫǲǦǸǮǽǫǷǰǹȄ ǲǴǳǴǩǶǦǺǮȄ "Nouvelle th®orie 
sur la r®solution des ®quations num®riques des tous les degr®s" (çǓǴǨǫǯǾǮǯ ǲǫǸǴǪ ǶǫǾǫǳǮȅ 
ǽǮǷǱǫǳǳȁǻ ǹǶǦǨǳǫǳǮǯ ǨǷǫǻ ǷǸǫǵǫǳǫǯè), ǧȁǱ ǵǶǮǳȅǸ Ǩ ǕǦǶǮǬǷǰǹȄ ǦǰǦǪǫǲǮȄ ǳǦǹǰ [3]. 

ǈ ǪǦǳǳǴǯ ǷǸǦǸȂǫ ǵǶǴǨǫǪǫǳǴ ǷǶǦǨǳǫǳǮǫ ǲǦǸǫǲǦǸǮǽǫǷǰǮǻ ǸǶǹǪǴǨ ǆǱǫǰǷǫȅ ǎǨǦǳǴ-
ǨǮǽǦ ǒǦȄǶǴǨǦ çǈȁǾǳȅȅ ǩǫǴǲǫǸǶǮȅ Ǩ ǵǶǴǷǸǶǦǳǷǸǨǦǻ, ǮǱǮ ǕǶǮǱǴǬǫǳǮǫ ǦǳǦǱǮǭǦ ǰ ǳǦǽǫǶ-
ǸǦǸǫǱȂǳǴǯ ǩǫǴǲǫǸǶǮǮ. Ǘ ǮǭǱǴǬǫǳǮǫǲ ǸǫǴǶǮǮ ǪǫǺǮǱǮǶǴǨǦǳǮȅ ǰǶǫǵǴǷǸǳȁǻ ǷǸǶǴǫǳǮǯè 
1817 ǩǴǪǦ ǳǦ ǶǹǷǷǰǴǲ ȅǭȁǰǫ [4] Ǯ çNouvelle th®orie sur la r®solution des ®quations 
num®riques des tous les degr®sè (çǓǴǨǫǯǾǮǯ ǲǫǸǴǪ ǶǫǾǫǳǮȅ ǽǮǷǱǫǳǳȁǻ ǹǶǦǨǳǫǳǮǯ ǨǷǫǻ 
ǷǸǫǵǫǳǫǯè) 1833 ǩǴǪǦ ǳǦ ǺǶǦǳǼǹǭǷǰǴǲ ȅǭȁǰǫ [5]. 

 

ǒǫǸǴǪǴǱǴǩǮȅ Ǯ ǶǫǭǹǱȂǸǦǸȁ ǮǷǷǱǫǪǴǨǦǳǮȅ 
 

ǊǨǦ ǰǶǹǵǳȁǻ ǲǦǸǫǲǦǸǮǽǫǷǰǮǻ ǸǶǹǪǦ ǒǦȄǶǴǨǦ ǆ.ǎ. ǷǮǱȂǳǴ ǴǸǱǮǽǦȄǸǷȅ ǪǶǹǩ ǴǸ 
ǪǶǹǩǦ.  

ǓǦ ǸǮǸǹǱȂǳǴǲ ǱǮǷǸǫ ǵǫǶǨǴǯ ǰǳǮǩǮ [6] ǳǦǵǫǽǦǸǦǳȁ ǰǶǦǸǰǮǫ ǷǨǫǪǫǳǮȅ Ǵǧ ǦǨǸǴǶǫ: 
çǗǴǽǮǳǫǳǮǫ ǆǱǫǰǷǫȅ ǒǦȄǶǴǨǦ, ǗǨǮǸȁ ǫǩǴ ǮǲǵǫǶǦǸǴǶǷǰǦǩǴ ǨǫǱǮǽǫǷǸǨǦ ǮǳǬǫǳǫǶ ǵǴǱ-
ǰǴǨǳǮǰǦ, ǎǲǵǫǶǦǸǴǶǷǰǴǯ ǗǦǳǰǸ-ǕǫǸǫǶǧǹǶǩǷǰǴǯ ǆǰǦǪǫǲǮǮ ǳǦǹǰ Ǯ ǕǦǶǮǬǷǰǦǩǴ ǦǰǦǪǫǲǮ-
ǽǫǷǰǦǩǴ ǴǧǿǫǷǸǨǦ ǳǦǹǰ ǽǱǫǳǦè. ǙǽǫǧǳǮǰ ǳǦǵǫǽǦǸǦǳ Ǩ ǗǦǳǰǸ-ǕǫǸǫǶǧǹǶǩǫ Ǩ ǒǴǶǷǰǴǯ ǸǮ-
ǵǴǩǶǦǺǮǮ. ǓǦ ǸǮǸǹǱȂǳǴǲ ǱǮǷǸǫ ǨǸǴǶǴǯ ǰǳǮǩǮ [7] ǹǰǦǭǦǳǴ: çǆǱǫǰǷǫǯ ǒǦȄǶǴǨ, ǊǫǯǷǸǨǮ-
ǸǫǱȂǳȁǯ ǷǸǦǸǷǰǮǯ ǷǴǨǫǸǳǮǰ, ǰǦǨǦǱǫǶ ǳǫǷǰǴǱȂǰǮǻ ǶǴǷǷǮǯǷǰǮǻ Ǯ ǮǳǴǷǸǶǦǳǳȁǻ ǴǶǪǫǳǴǨ, 
ǗǦǳǰǸ-ǕǫǸǫǶǧǹǶǩǷǰǴǯ ǆǰǦǪǫǲǮǮ ǳǦǹǰ Ǯ ǶȅǪǦ ǶǴǷǷǮǯǷǰǮǻ Ǯ ǭǦǶǹǧǫǬǳȁǻ ǦǰǦǪǫǲǮǽǫǷǰǮǻ 
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ǴǧǿǫǷǸǨè. ǒǴǳǴǩǶǦǺǮȅ ǳǦǵǫǽǦǸǦǳǦ Ǩ ǗǦǳǰǸ-ǕǫǸǫǶǧǹǶǩǫ Ǩ ǽǦǷǸǳǴǯ ǘǮǵǴǩǶǦǺǮǮ ǝǦǶǱȂǭǦ 
ǐǶǫȅ. 

16 ǱǫǸ ǱǫǬǮǸ ǲǫǬǪǹ ǲǦǸǫǲǦǸǮǽǫǷǰǮǲǮ ǶǦǧǴǸǦǲǮ ǒǦȄǶǴǨǦ ǆ.ǎ., ǦǨǸǴǶ ǵǶǴǾǫǱ 
ǧǴǱȂǾǴǯ ǬǮǭǳǫǳǳȁǯ ǵǹǸȂ, ǴǪǳǦǰǴ ǷǸǮǱȂ ǶǦǧǴǸ ǷǸǴǱȂ ǶǦǭǱǮǽǫǳ, ǽǸǴ ǲǴǬǳǴ ǵǶǫǪǵǴǱǴ-
ǬǮǸȂ ǷǹǿǫǷǸǨǴǨǦǳǮǫ ǨǫǷǰǮǻ ǵǶǮǽǮǳ ǪǱȅ ȃǸǴǩǴ.  

ǕǫǶǨǦȅ ǰǳǮǩǦ çǈȁǾǳȅȅ ǩǫǴǲǫǸǶǮȅ Ǩ ǵǶǴǷǸǶǦǳǷǸǨǦǻ, ǮǱǮ ǕǶǮǱǴǬǫǳǮǫ ǦǳǦǱǮǭǦ ǰ 
ǳǦǽǫǶǸǦǸǫǱȂǳǴǯ ǩǫǴǲǫǸǶǮǮ c ǮǭǱǴǬǫǳǮǫǲ ǸǫǴǶǮǮ ǪǫǺǮǱǮǶǴǨǦǳǮȅ ǰǶǫǵǴǷǸǳȁǻ ǷǸǶǴǫ-
ǳǮǯè 1817 ǩǴǪǦ ð ȃǸǴ ǵǴǪǶǴǧǳǫǯǾǮǯ ǹǽǫǧǳǮǰ ǵǴ ǦǳǦǱǮǸǮǽǫǷǰǴǯ ǩǫǴǲǫǸǶǮǮ, ǨǵǫǶǨȁǫ 
ǳǦǵǮǷǦǳǳȁǯ ǳǦ ǶǹǷǷǰǴǲ ȅǭȁǰǫ, ǨǰǱȄǽǦȄǿǮǯ Ǩ Ƿǫǧȅ Ǯ ǷǸǫǶǫǴǲǫǸǶǮȄ, Ǯ ǵǱǦǳǮǲǫǸǶǮȄ, 
ǵǶǮǽȆǲ ǵǱǦǳǮǲǫǸǶǮȅ ǮǭǱǦǩǦǫǸǷȅ ǰǦǰ ǶǦǭǪǫǱ ǷǸǫǶǫǴǲǫǸǶǮǮ (ǰǦǰ ǩǫǴǲǫǸǶǮȅ ǷǫǽǫǳǮǯ ǵǴ-
ǨǫǶǻǳǴǷǸǫǯ 2-ǩǴ ǵǴǶȅǪǰǦ). 

ǙǽǫǧǳǮǰ Ƿ ǵǶǮǱǴǬǫǳǮȅǲǮ ǭǦǳǮǲǦǫǸ 235 ǷǸǶǦǳǮǼ. ǔǳ  ǷǴǷǸǴǮǸ Ǯǭ ǵȅǸǮ ǩǱǦǨ (188 
ǷǸǶǦǳǮǼ) Ǯ ǕǶǮǧǦǨǱǫǳǮȅ (47 ǷǸǶǦǳǮǼ). ǈ ǴǩǱǦǨǱǫǳǮǮ ǹǽǫǧǳǮǰǦ ǪǫǸǦǱȂǳǴ ǵǶǴǵǮǷǦǳȁ Ǯǭ-
ǱǦǩǦǫǲȁǫ Ǹǫǲȁ. ǕǶǮǧǦǨǱǫǳǮǫ ǴǭǦǩǱǦǨǱǫǳǴ çǗǴǪǫǶǬǦǿǫǫ Ǩ Ƿǫǧǫ ǳǴǨȁǯ ǷǵǴǷǴǧ ǪǫǺǮ-
ǱǮǶǴǨǦǳǮȅ ǰǶǫǵǴǷǸǳȁǻ ǷǸǶǴǫǳǮǯè, Ǩ ǳǫǲ ǶǦǭǴǧǶǦǳǴ ǪǨǦ ǨǴǵǶǴǷǦ, Ǩ ǰǦǬǪǴǲ ð ǵǴ ǳǫ-
ǷǰǴǱȂǰǴ ǷǱǹǽǦǫǨ. 

ǆǨǸǴǶ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴ ǨǨǴǪǮǸ ǽǮǸǦǸǫǱȅ Ǩ ǵǶǫǪǲǫǸ, ǮǷǵǴǱȂǭǹȅ ǴǧǶǦǿǫǳǮǫ çǽǮǸǦ-
ǸǫǱȂè. ǗǴǴǧǿǦǫǸ, ǽǸǴ ǧǹǪǹǸ ǮǭǹǽǦǸȂǷȅ ǵǶǮǱǴǬǫǳǮȅ ǆǱǩǫǧǶȁ ǰ ǉǫǴǲǫǸǶǮǮ, ǺǮǭǮǽǫǷǰǮǫ 
ǴǧǶǦǭȁ ǆǱǩǫǧǶǦǮǽǫǷǰǮǻ ǨȁǶǦǬǫǳǮǯ, ǮǭǱǴǬǫǳǳȁǫ ǳǦ ǆǳǦǱǮǸǮǽǫǷǰǴǲ ȅǭȁǰǫ. ǕǶǫǪǵǴǱǦ-
ǩǦȅ ǭǳǦǰǴǲǷǸǨǴ ǽǮǸǦǸǫǱȅ Ƿ ǩǫǴǲǫǸǶǮǫǯ ǳǦ ǵǱǴǷǰǴǷǸǮ Ǯ ǸǶǮǩǴǳǴǲǫǸǶǮǫǯ ǷǴǴǧǿǦǫǸ, ǽǸǴ 
ǧǹǪǫǸ ǶǦǷǷǹǬǪǦǸȂ Ǵ ǩǫǴǲǫǸǶǮǮ Ǩ ǵǶǴǷǸǶǦǳǷǸǨǫ. ǐǶǮǨȁǫ ǨǸǴǶǴǩǴ ǵǴǶȅǪǰǦ ǧǹǪǹǸ ǴǵǮǷȁ-
ǨǦȄǸǷȅ ǦǨǸǴǶǴǲ ǰǦǰ ǷǫǽǫǳǮȅ ǵǴǨǫǶǻǳǴǷǸǫǯ ǨǸǴǶǴǩǴ ǵǴǶȅǪǰǦ. ǆǨǸǴǶ ǵǴǪǶǴǧǳǴ ǮǭǱǦǩǦǫǸ 
ǳǫǴǧǻǴǪǮǲȁǫ ǨǴǵǶǴǷȁ ǵǶǴǫǰǸǮǶǴǨǦǳǮȅ ǱǮǳǮǯ ǳǦ ǵǱǴǷǰǴǷǸȂ. ǍǦǲǫǽǦǫǸ, ǽǸǴ ǮǭǱǦǩǦǫǲȁǫ 
ǸǫǴǶǫǲȁ ǮǷǵǴǱȂǭǹȄǸǷȅ Ǩ ǒǫǻǦǳǮǰǫ Ǯ ǆǷǸǶǴǳǴǲǮǮ ǺǮǭǮǽǫǷǰǴǯ (ǦǨǸǴǶ ǮǷǵǴǱȂǭǹǫǸ ǵǶǴ-
ǵǮǷǳȁǫ ǧǹǰǨȁ Ǩ ȃǸǮǻ ǳǦǭǨǦǳǮȅǻ). 

ǕǹǳǰǸȁ ǮǭǱǴǬǫǳǮȅ ǮǲǫȄǸ ǷǰǨǴǭǳǹȄ ǳǹǲǫǶǦǼǮȄ ǦǶǦǧǷǰǮǲǮ ǼǮǺǶǦǲǮ Ǯ ǳǫ ǮǲǫȄǸ 
ǭǦǩǴǱǴǨǰǴǨ. ǔǭǦǩǱǦǨǱǫǳȁ ǸǴǱȂǰǴ ǩǱǦǨȁ, ǦǧǭǦǼȁ Ǭǫ ǳǫ ǨȁǪǫǱǫǳȁ ǹǨǫǱǮǽǫǳǳȁǲǮ ǮǳǸǫǶ-
ǨǦǱǦǲǮ. 

ǍǳǦǽǮǸǫǱȂǳȁǫ ǸǫǴǶǫǲȁ ǦǨǸǴǶ ǨȁǪǫǱȅǫǸ ǰǹǶǷǮǨǴǲ (ǧǫǭ ǭǦǩǴǱǴǨǰǴǨ ǘǫǴǶǫǲǦ), Ǧ 
ǪǴǰǦǭǦǸǫǱȂǷǸǨǦ ǸǫǴǶǫǲ ǵǶǫǪǾǫǷǸǨǹȄǸ Ǯǻ ǺǴǶǲǹǱǮǶǴǨǰǦǲ (ǶǮǷǹǳǴǰ 1). ǊǴǰǦǭǦǸǫǱȂǷǸǨǦ 
ǨǷǫǻ ǸǫǴǶǫǲ ǵǶǴǨǫǪǫǳȁ Ǩ Ǵǧǿǫǲ ǨǮǪǫ [8, c. 26].  

 
ǖǮǷǹǳǴǰ 1. ǕǶǮǲǫǶ ǸǫǴǶǫǲȁ Ǩ çǈȁǾǳǫǯ ǩǫǴǲǫǸǶǮǮè ǒǦȄǶǴǨǦ ǆ.ǎ. 

  
ǈ ȃǸǴǯ ǶǦǧǴǸǫ ǵǶǮǲǫǶȁ Ǯ ǭǦǪǦǽǮ, ǰǦǰ Ǯ ǸǫǴǶǫǲȁ, ǳǫ ǷǳǦǧǬǫǳȁ ǵǶǫǪǨǦǶǮǸǫǱȂǳȁǲǮ 

ǭǦǩǴǱǴǨǰǦǲǮ, ǷǺǴǶǲǹǱǮǶǴǨǦǳȁ Ǯ ǶǦǭǴǧǶǦǳȁ Ǩ ǧǹǰǨǫǳǳȁǻ ǨȁǶǦǬǫǳǮȅǻ (Ǩ Ǵǧǿǫǲ ǨǮǪǫ) 
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(ǶǮǷǹǳǴǰ 2) [9, c. 27]. ǈ ǶǦǧǴǸǫ ǳǫǸ ǳǮ ǴǪǳǴǩǴ ǵǶǮǲǫǶǦ Ƿ ǽǮǷǱǴǨȁǲǮ ǰǴȃǺǺǮǼǮǫǳǸǦǲǮ 
ǳǮ Ǩ ǴǷǳǴǨǳǴǯ ǽǦǷǸǮ, ǳǮ Ǩ ǕǶǮǧǦǨǱǫǳǮǮ. 

 

 
ǖǮǷǹǳǴǰ 2. ǕǶǮǲǫǶ ǭǦǪǦǽǮ Ǩ çǈȁǾǳǫǯ ǩǫǴǲǫǸǶǮǮè ǒǦȄǶǴǨǦ ǆ.ǎ. 

 
ǗǱǫǪǷǸǨǮȅ ǦǨǸǴǶ ǺǴǶǲǹǱǮǶǹǫǸ ǽǦǷǸǴ ǷǵǮǷǰǴǲ, ǳǹǲǫǶǹȅ ǶǮǲǷǰǮǲǮ ǼǮǺǶǦǲǮ (ǶǮ-

ǷǹǳǴǰ 3) [10, c. 36].  
 

 
ǖǮǷǹǳǴǰ 3. ǕǶǮǲǫǶ ǷǱǫǪǷǸǨǮǯ Ǩ çǈȁǾǳǫǯ ǩǫǴǲǫǸǶǮǮè ǒǦȄǶǴǨǦ ǆ.ǎ. 

 
ǐǳǮǩǦ ǷǴǪǫǶǬǮǸ ǲǳǴǩǴ ǽǫǶǸǫǬǫǯ, ǰǴǸǴǶȁǫ ǶǦǷǵǴǱǴǬǫǳȁ ǳǦ ǵǴǷǱǫǪǳǮǻ ǷǸǶǦǳǮǼǦǻ.  
ǕǴǷǰǴǱȂǰǹ ǹǽǫǧǳǮǰ ǳǦǵǮǷǦǳ Ƿ ǼǫǱȂȄ ǵǴǪǩǴǸǴǨǰǮ ǨǴǫǳǳȁǻ ǮǳǬǫǳǫǶǴǨ, ǸǴ ǦǨǸǴǶ 

ǷǴǰǶǦǿǦǫǸ ǮǭǱǴǬǫǳǮǫ ǳǫǰǴǸǴǶȁǻ ǶǦǭǪǫǱǴǨ ǦǳǦǱǮǸǮǽǫǷǰǴǯ ǩǫǴǲǫǸǶǮǮ, ǮǭǹǽǫǳǮǫ ǰǴǸǴ-
Ƕȁǻ ǭǦǳȅǱǴ ǧȁ ǪǴǵǴǱǳǮǸǫǱȂǳǴǫ ǨǶǫǲȅ Ǯ ǳǫ ǮǲǫǱǴ ǧȁ ǵǶǦǰǸǮǽǫǷǰǮǻ ǵǶǮǱǴǬǫǳǮǯ. ǕǶǮ 
ȃǸǴǲ Ǵǳ ǪǦȆǸ ǴǧǴǷǳǴǨǦǳǮǫ ǸǦǰǴǲǹ ǷǴǰǶǦǿǫǳǮȄ.  

ǎǷǸǴǶǮǽǫǷǰǮǯ ȃǰǷǰǹǶǷ Ǩ ǶǦǭǨǮǸǮǫ ǦǳǦǱǮǸǮǽǫǷǰǴǯ ǩǫǴǲǫǸǶǮǮ Ǩ ǵǫǶǨǴǯ ǰǳǮǩǮ ǴǸ-
ǷǹǸǷǸǨǹǫǸ, ǽǸǴ ǸǦǰǬǫ ȅǨǱȅǫǸǷȅ ǫǷǸǫǷǸǨǫǳǳȁǲ Ǩ ǷǴǴǸǨǫǸǷǸǨǮǮ Ƿ ǼǫǱȅǲǮ ǹǽǫǧǳǮǰǦ. 

ǈ ǹǽǫǧǳǮǰǫ ǴǸǷǹǸǷǸǨǹǫǸ ǷǵǮǷǴǰ ǴǵǫǽǦǸǴǰ. ǆǨǸǴǶǦǲǮ ǷǸǦǸȂǮ ǴǵǫǽǦǸǰǮ ǸǦǰǬǫ ǳǫ 
ǳǦǯǪǫǳȁ.  

ǕǴǪǶǴǧǳȁǯ ǦǳǦǱǮǭ ǵǫǶǨǴǯ ǰǳǮǩǮ ǒǦȄǶǴǨǦ ǵǶǴǨǫǪǫǳ ǦǨǸǴǶǦǲǮ Ǩ [11].  
ǈǸǴǶǦȅ ǰǳǮǩǦ çNouvelle th®orie sur la r®solution des ®quations num®riques des tous 

les degr®sè (çǓǴǨǫǯǾǮǯ ǲǫǸǴǪ ǶǫǾǫǳǮȅ ǽǮǷǱǫǳǳȁǻ ǹǶǦǨǳǫǳǮǯ ǨǷǫǻ ǷǸǫǵǫǳǫǯè) 1833 
ǩǴǪǦ ð ȃǸǴ ǳǫǧǴǱȂǾǦȅ ǲǴǳǴǩǶǦǺǮȅ ǵǴ ǵǶǦǰǸǮǽǫǷǰǮǲ ǲǫǸǴǪǦǲ ǶǫǾǫǳǮȅ ǦǱǩǫǧǶǦǮǽǫǷǰǮǻ 
ǹǶǦǨǳǫǳǮǯ ǱȄǧȁǻ ǷǸǫǵǫǳǫǯ Ƿ ǼǫǱȁǲǮ ǰǴȃǺǺǮǼǮǫǳǸǦǲǮ ǨǮǪǦ 

x n + a 1 ň x n ð 1 + a 2 ň x n ð 2 + é + a n ð 1 ň x  + a n = 0. 
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ǒǴǳǴǩǶǦǺǮȅ ǷǴǪǫǶǬǮǸ Ǩ ǝǦǷǸǮ I ǴǽǫǳȂ ǰǶǦǸǰǮǯ ǴǧǭǴǶ ǮǭǨǫǷǸǳȁǻ ǦǨǸǴǶǹ ǲǫǸǴǪǴǨ 
ǶǫǾǫǳǮȅ ǦǱǩǫǧǶǦǮǽǫǷǰǮǻ ǹǶǦǨǳǫǳǮǯ ǴǸ ǋǨǰǱǮǪǦ Ǯ ǊǮǴǺǦǳǸǦ ǪǴ ǴǵǹǧǱǮǰǴǨǦǳǳȁǻ Ǩ 1831 
ǩǴǪǹ ǸǶǹǪǴǨ ǚǹǶȂǫ.  ǔǸǲǫǸǮǲ, ǽǸǴ ǰǳǮǩǦ ǷǪǦǳǦ Ǩ ǵǫǽǦǸȂ Ǩ 1832 ǩǴǪǹ. ǆǨǸǴǶ ǵǴǪǽȆǶǰǮ-
ǨǦǫǸ Ǵǧǿǫǫ ǳǫǷǴǨǫǶǾǫǳǷǸǨǴ ǨǷǫǻ ǮǭǨǫǷǸǳȁǻ ǫǲǹ ǲǫǸǴǪǴǨ Ǯ ǩǴǨǴǶǮǸ Ǵǧ ǹǳǮǨǫǶǷǦǱȂǳǴ-
ǷǸǮ Ǯ ǵǶǴǷǸǴǸǫ ǳǦǯǪǫǳǳǴǩǴ Ǯǲ ǲǫǸǴǪǦ ǶǫǾǫǳǮȅ. 

ǒǴǳǴǩǶǦǺǮȅ ǷǴǷǸǴǮǸ ǕǶǫǪǮǷǱǴǨǮȅ (4 ǷǸǶǦǳǮǼȁ) Ǯ ǵȅǸǮ ǽǦǷǸǫǯ (85 ǷǸǶǦǳǮǼȁ). 
ǈ ǰǦǬǪǴǯ ǽǦǷǸǮ ǳǹǲǫǶǦǼǮȅ ǵǦǶǦǩǶǦǺǴǨ ǳǦǽǮǳǦǫǸǷȅ ǭǦǳǴǨǴ. ǓǫǰǴǸǴǶȁǫ ǽǦǷǸǮ Ǩ 

ǷǨǴȄ ǴǽǫǶǫǪȂ ǷǴǷǸǴȅǸ Ǯǭ ǳǫǷǰǴǱȂǰǮǻ ǽǦǷǸǫǯ, ǴǪǳǦǰǴ ǪǫǱǫǳǮǫ ǶǦǧǴǸȁ ǳǦ ǽǦǷǸǮ ǳǫ ȅǨ-
ǱȅǫǸǷȅ ǽǫǸǰǮǲ Ǩ ǷǴǴǸǨǫǸǷǸǨǮǮ Ƿ Ǯǻ ǷǴǪǫǶǬǦǳǮǫǲ. ǐǦǰ Ǯ Ǩ ǵǫǶǨǴǯ ǰǳǮǩǫ ǦǧǭǦǼȁ ǳǫ 
ǨȁǪǫǱȅȄǸǷȅ  ǹǨǫǱǮǽǫǳǳȁǫ ǮǳǸǫǶǨǦǱǦǲǮ. 

ǒǦȄǶǴǨ ǆ.ǎ. ǵǴǰǦǭȁǨǦǫǸ ǶǦǧǴǸǹ ǵǶǫǪǱǦǩǦǫǲǴǩǴ Ǯǲ ǲǫǸǴǪǦ ǪǱȅ ǶǫǾǫǳǮȅ ǹǶǦǨǳǫ-

ǳǮǯ, ǮǲǫȄǿǮǻ ǼǫǱȁǫ ǶǫǾǫǳǮȅ (ǝǦǷǸȂ II) Ǯ ǶǫǾǫǳǮȅ ǨǮǪǦ  p ° ή, ǩǪǫ p, q Í Z  (ǮǶǶǦ-

ǼǮǴǳǦǱȂǳȁǫ Ǯ ǰǴǲǵǱǫǰǷǳȁǫ) (ǝǦǷǸǮ III Ǯ IV), Ǧ ǸǦǰǬǫ ǳǦǻǴǬǪǫǳǮǫ ǵǶǮǧǱǮǬǫǳǮǯ ǶǫǾǫ-
ǳǮǯ, ȅǨǱȅȄǿǮǻǷȅ ǧǫǷǰǴǳǫǽǳȁǲǮ ǪǫǷȅǸǮǽǳȁǲǮ ǪǶǴǧȅǲǮ (ǳǫ ǶǦǭǱǮǽǦȅ ǶǦǼǮǴǳǦǱȂǳȁǫ Ǯ 
ǮǶǶǦǼǮǴǳǦǱȂǳȁǫ ǶǫǾǫǳǮȅ) (ǝǦǷǸȂ V) .  

ǕǴǷǱǫǪǳȅȅ ǽǦǷǸȂ ǰǳǮǩǮ ǵǴǷǨȅǿǫǳǦ ǳǦǻǴǬǪǫǳǮȄ ǵǶǮǧǱǮǬǫǳǳȁǻ ǶǫǾǫǳǮǯ ǦǱǩǫǧ-
ǶǦǮǽǫǷǰǮǻ ǹǶǦǨǳǫǳǮǯ Ƿ ǼǫǱȁǲǮ ǰǴȃǺǺǮǼǮǫǳǸǦǲǮ, ǫǷǱǮ ǶǫǾǫǳǮȅ ǨȁǶǦǬǦȄǸǷȅ ǧǫǷǰǴ-
ǳǫǽǳȁǲǮ ǪǫǷȅǸǮǽǳȁǲǮ ǪǶǴǧȅǲǮ. 

ǕǶǦǰǸǮǽǫǷǰǮ Ǩ ǰǦǬǪǴǯ ǽǦǷǸǮ ǶǦǧǴǸȁ ǦǨǸǴǶ ǺǴǶǲǹǱǮǶǹǫǸ ǵǶǦǨǮǱǦ ǶǫǾǫǳǮȅ ǹǶǦǨ-
ǳǫǳǮǯ ǷǨǴǮǲ ǲǫǸǴǪǴǲ ǱǮǧǴ ǵǴ ǵǹǳǰǸǦǲ, ǱǮǧǴ ǵǶǮ ǶǫǾǫǳǮǮ ǰǴǳǰǶǫǸǳȁǻ ǹǶǦǨǳǫǳǮǯ. 
ǕǶǦǨǮǱǦ ǳǫ ǴǻǨǦǸȁǨǦȄǸ ǨǷǫǻ ǨǴǭǲǴǬǳȁǻ ǷǱǹǽǦǫǨ: ǵǶǮ ǶǫǾǫǳǮǮ ǹǶǦǨǳǫǳǮǯ ǦǨǸǴǶ ǮǳǴ-
ǩǪǦ ǵǶǫǪǱǦǩǦǫǸ ǷǱǫǪǴǨǦǸȂ ǵǴ ǮǳǴǲǹ ǵǹǸǮ. ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǷǺǴǶǲǹǱǮǶǴǨǦǳǳȁǫ ǵǶǦǨǮǱǦ 
ǳǫ ȅǨǱȅȄǸǷȅ ǹǳǮǨǫǶǷǦǱȂǳȁǲǮ. 
ǔǧǴǷǳǴǨǦǳǮǯ ǵǶǫǪǱǦǩǦǫǲȁǻ ǵǶǦǨǮǱ Ǩ ǰǳǮǩǫ ǳǫǸ. ǎǻ ǵǶǮǲǫǳǫǳǮǫ ǪǫǲǴǳǷǸǶǮǶǹǫǸǷȅ ǳǦ 
ǰǴǳǰǶǫǸǳȁǻ ǹǶǦǨǳǫǳǮȅǻ Ƿ ǽǮǷǱǴǨȁǲǮ (ǳǫ ǧǹǰǨǫǳǳȁǲǮ!) ǰǴȃǺǺǮǼǮǫǳǸǦǲǮ. ǓǫǰǴǸǴǶȁǫ 
Ǯǭ ǹǶǦǨǳǫǳǮǯ ǨǭȅǸȁ Ǯǭ ǸǶǹǪǴǨ ǪǶǹǩǮǻ ǦǨǸǴǶǴǨ (ǓȂȄǸǴǳǦ, ǑǦǩǶǦǳǬǦ, ǑǦǰǶǹǦ Ǘ.ǚ.) (ǶǮ-
ǷǹǳǴǰ 4) [12, c. 42] , Ǯ Ǯǻ ǹǬǫ ǮǭǨǫǷǸǳȁǫ ǶǫǾǫǳǮȅ ǳǦǻǴǪȅǸǷȅ ǦǨǸǴǶǷǰǮǲ ǲǫǸǴǪǴǲ.  

 

ǖǮǷǹǳǴǰ 4. ǕǶǮǲǫǶ ǹǶǦǨǳǫǳǮȅ Ǯǭ ǸǶǹǪǴǨ ǑǦǰǶǹǦ Ǘ.ǚ. 
Ǩ çǓǴǨǫǯǾǫǲ ǲǫǸǴǪǫè ǒǦȄǶǴǨǦ ǆ.ǎ. 

 
ǆǨǸǴǶ ǳǫ ǨǨǴǪǮǸ ǳǴǨȁǻ ǵǴǳȅǸǮǯ Ǯ ǳǫ ǺǴǶǲǹǱǮǶǹǫǸ ǳǮ ǴǪǳǴǯ ǸǫǴǶǫǲȁ (ǳǮ ǷǨǴǫǯ, 

ǳǮ Ǯǭ ǹǬǫ ǮǭǨǫǷǸǳȁǻ) ǪǱȅ ǴǧǴǷǳǴǨǦǳǮȅ ǷǨǴǫǩǴ ǲǫǸǴǪǦ. ǎǳǴǩǪǦ ǰ ǵǶǦǨǮǱǦǲ ǪǴǧǦǨǱȅȄǸǷȅ 
ǳǴǨȁǫ ǭǦǲǫǽǦǳǮȅ, ǸǦǰǬǫ ǳǫ ǴǧǴǷǳǴǨǦǳǳȁǫ. 

ǙǶǦǨǳǫǳǮȅ Ƿ ǳǫǼǫǱȁǲǮ ǰǴȃǺǺǮǼǮǫǳǸǦǲǮ ǳǫ ǶǦǷǷǲǦǸǶǮǨǦȄǸǷȅ.  
ǕǶǮǨǫǪȆǲ ǵǶǫǪǱǦǩǦǫǲȁǫ ǆ.ǎ. ǒǦȄǶǴǨȁǲ ǵǶǦǨǮǱǦ ǳǦǻǴǬǪǫǳǮȅ ǼǫǱȁǻ ǶǫǾǫǳǮǯ ǶǦǷ-

ǷǲǦǸǶǮǨǦǫǲȁǻ ǹǶǦǨǳǫǳǮǯ. ǓǦǵǴǲǳǮǲ, ǽǸǴ ǵǴ ǸǫǴǶǫǲǫ ǈǮǫǸǦ ǰǴȃǺǺǮǼǮǫǳǸȁ ǹǶǦǨǳǫǳǮȅ 
ȅǨǱȅȄǸǷȅ ǷǹǲǲǦǲǮ ǰǴǶǳǫǯ, Ǯǻ ǨǷǫǨǴǭǲǴǬǳȁǻ ǵǴǵǦǶǳȁǻ ǵǶǴǮǭǨǫǪǫǳǮǯ, ǵǶǴǮǭǨǫǪǫǳǮǯ ǵǴ 
ǸǶǮ Ǯ Ǹ. Ǫ., ǨǭȅǸȁǻ Ƿ ǽǫǶǫǪǹȄǿǮǲǮǷȅ ǭǳǦǰǦǲǮ, ǳǦǽǮǳǦȅ Ƿ ǲǮǳǹǷǦ, ǵǴǷǱǫǪǳǮǯ Ǭǫ ǰǴȃǺǺǮ-
ǼǮǫǳǸ ǶǦǨǫǳ ǵǶǴǮǭǨǫǪǫǳǮȄ ǰǴǶǳǫǯ Ƿ ǵǱȄǷǴǲ ǮǱǮ Ƿ ǲǮǳǹǷǴǲ Ǩ ǭǦǨǮǷǮǲǴǷǸǮ ǴǸ ǽǫǸǳǴǷǸǮ 
ǮǱǮ ǳǫǽǫǸǳǴǷǸǮ ǷǸǫǵǫǳǮ ǹǶǦǨǳǫǳǮȅ. ǆǨǸǴǶ ǵǶǫǪǱǦǩǦǫǸ ǪǫǱǮǸȂ ǸǶǫǸǮǯ ǰǴȃǺǺǮǼǮǫǳǸ ǳǦ 
ǨǸǴǶǴǯ, ǽǫǸǨǫǶǸȁǯ ð ǳǦ ǴǷǸǦǸǴǰ ǴǸ ǵǫǶǨǴǩǴ ǪǫǱǫǳǮȅ Ǯ Ǹ. Ǫ. [13, c. 17-18].  
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ça) ǋǷǱǮ ǵǶǮ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǲ ǪǫǱǫǳǮǮ Ƿǹǲǲ ǴǪǮǳ Ǯǭ ǴǷǸǦǸǰǴǨ ǷǸǦǳǴǨǮǸǷȅ ǶǦǨ-
ǳȁǲ ǳǹǱȄ ǮǱǮ ǫǪǮǳǮǼǫ, ǸǴ ǪǱȅ ǷǱǫǪǹȄǿǮǻ ǪǫǱǫǳǮǯ ǷǱǫǪǹǫǸ ǮǷǵǴǱȂǭǴǨǦǸȂ ǸǴǸ Ǭǫ Ǫǫ-
ǱǮǸǫǱȂ, ǰǴǸǴǶȁǯ ǪǦǱ ȃǸǴǸ ǴǷǸǦǸǴǰè.  

ǊǦǱǫǫ ǦǨǸǴǶ ǮǿǫǸ ǸǦǰ ǳǦǭȁǨǦǫǲǴǫ ǵǶǮǲǮǸǮǨǳǴǫ ǽǮǷǱǴ (ǼǫǱȁǯ ǰǴǶǫǳȂ ǹǶǦǨǳǫǳǮȅ 
ǱǮǧǴ ǽǮǷǱǴ ǪǱȅ ǭǦǲǫǳȁ ǵǫǶǫǲǫǳǳǴǯ Ǩ ǮǷǻǴǪǳǴǲ ǹǶǦǨǳǫǳǮǮ). 

çb) ǕǴǷǰǴǱȂǰǹ ǴǷǸǦǸǴǰ ǴǸ ǵǴǷǱǫǪǳǫǩǴ ǪǫǱǫǳǮȅ ð ȃǸǴ ǸǴ, ǽǸǴ ǲȁ ǴǸǳǴǷǮǲ ǰ ǵǶǮǲǮ-
ǸǮǨǳǴǲǹ ǽǮǷǱǹ, ǫǷǱǮ ȃǸǴǸ ǴǷǸǦǸǴǰ ǶǦǨǫǳ ǳǹǱȄ, ǸǴ ǪǫǱǮǸǫǱȂ, ǪǦǨǾǮǯ ǫǩǴ, ǷǱǫǪǹǫǸ ǵǶǮ-
ǳǮǲǦǸȂ ǭǦ ǵǶǮǲǮǸǮǨǳǴǫ ǽǮǷǱǴ, ǳǴ ǫǷǱǮ ȃǸǴǸ ǴǷǸǦǸǴǰ ǶǦǨǫǳ ǫǪǮǳǮǼǫ, ǸǴ ǵǶǮǲǮǸǮǨǳǴǫ 
ǽǮǷǱǴ ǳǦǪǴ ǵǶǮǳǮǲǦǸȂ ǭǦ ǫǪǮǳǮǼǹ. 

c) ǋǷǱǮ Ǩ ǰǦǰǴǲ-ǱǮǧǴ ǪǫǱǫǳǮǮ ǴǷǸǦǨǾǦȅǷȅ ǼǮǺǶǦ ǳǫ ǲǴǬǫǸ ǷǴǪǫǶǬǦǸȂ ǪǫǱǮǸǫǱȅ, 
Ǩ ȃǸǴǲ ǷǱǹǽǦǫ ǳǫǴǧǻǴǪǮǲǴ ǧǹǪǫǸ ǷǱǫǪǴǨǦǸǫǱȂ ǴǧȁǽǳǴǲǹ ǵǶǦǨǮǱǹ, Ǹ. ǫ. ǹǲǳǴǬǮǸȂ 
ǴǷǸǦǨǾǹȄǷȅ ǼǮǺǶǹ ǳǦ ǪǫǷȅǸȂ, ǷǸǴ Ǯ Ǹ. Ǫ. Ǯ ǷǪǫǱǦǸȂ ǶǦǭǪǫǱǫǳǮǫ. ǕǴǱǹǽǫǳǳȁǯ ǴǷǸǦǸǴǰ 
ǷǱǫǪǹǫǸ ǵǶǮǳǮǲǦǸȂ ǭǦ ǪǫǱǮǸǫǱȂ ǵǶǮ ǷǱǫǪǹȄǿǫǲ ǪǫǱǫǳǮǮ. 

d) ǈǴ ǨǷǫǻ ǭǦǸǶǹǪǳǮǸǫǱȂǳȁǻ ǷǱǹǽǦȅǻ, ǰǴǸǴǶȁǫ ǵǶǫǪǱǴǬǮǸ ǳǦǲ ǵǶǮǲǫǳǫǳǮǫ ǲǫ-
ǸǴǪǦ, ǲȁ ǪǴǱǬǳȁ ǭǦǲǫǳǮǸȂ ǳǫǮǭǨǫǷǸǳǴǫ ǵǱȄǷ ǫǪǮǳǮǼǹ ǨǲǫǷǸǴ x Ǩ ǵǶǫǪǱǴǬǫǳǳǴǲ Ǯ 
ǨǴǭǪǫǯǷǸǨǴǨǦǸȂ ǳǦ ǵǴǱǹǽǫǳǳǹȄ Ǩ ǶǫǭǹǱȂǸǦǸǫ ǸǶǦǳǷǺǴǶǲǦǼǮȄ ǸǦǰ Ǭǫ, ǰǦǰ Ǯ ǳǦ ǵǶǫǪǱǴ-
ǬǫǳǳǹȄè  

ǕǶǮ ǪǫǱǫǳǮǮ ǰǴȃǺǺǮǼǮǫǳǸǴǨ ǦǨǸǴǶ ǨǷǫǩǪǦ ǧǫǶȆǸ Ǯǻ ǷǴ ǭǳǦǰǴǲ ǵǱȄǷ. 
ǕǴȅǷǳǮǲ ǳǫǰǴǸǴǶȁǫ ǵǶǫǪǱǦǩǦǫǲȁǫ ǒǦȄǶǴǨȁǲ ǆ.ǎ. ǵǶǦǨǮǱǦ. ǈǨǫǪȆǲ ǴǧǴǭǳǦǽǫǳǮȅ 
 
| a 2 | = I 0 ň | a 1 | + r  1 ,  
| a 3 | = I 1 ň r 1 + r 2 ,  
| a 4 | = I 2 ň r 2 + r 3 ,  
ééééééééé. 
| a n | = I n ð 2 ň r n ð 2 + r n ð 1 . 
 
ǊǦǱǫǫ ǷǱǫǪǹǫǸ ǭǦǲǫǳǦ  x = y + r  n - 1.  
ǋǷǱǮ Ǩ ǳǴǨǴǲ ǹǶǦǨǳǫǳǮǮ y n + b 1 ň y n ð 1 + b 2 ň y n ð 2 + é + b n ð 1 ň y  + b n = 0 ǴǸǳǴǷǮǸǫǱȂǳǴ 

ǵǫǶǫǲǫǳǳǴǯ  y  ǷǨǴǧǴǪǳȁǯ ǽǱǫǳ  b n  ǴǰǦǬǫǸǷȅ: 
Ǧ) ǶǦǨǳȁǲ ǳǹǱȄ, ǸǴ ǭǳǦǽǮǸ  r  n ð 1  ȅǨǱȅǱǷȅ ǰǴǶǳǫǲ ǮǷǻǴǪǳǴǩǴ ǹǶǦǨǳǫǳǮȅ; 
ǧ) ǳǫ ǶǦǨǳȁǲ ǳǹǱȄ, ǸǴ ǳǫǴǧǻǴǪǮǲǴ ǨǳǴǨȂ ǪǫǱǮǸȂ ǰǴȃǺǺǮǼǮǫǳǸȁ: 
 
| b 2 | =  m 0 ň | b 1 | + s 1 ,  
| b 3 | = m 1 ň s 1 + s 2 ,  
| b 4 | = m 2 ň s 2 + s3 ,  
ééééééééé. 
| b n | = m n ð 2 ň s n ð 2 + s n ð 1 .  
 
ǊǦǱǫǫ ǴǵȅǸȂ ǷǱǫǪǹǫǸ ǭǦǲǫǳǦ  y = z + s n ð 1  Ǯ Ǹ. Ǫ. 
ǆǳǦǱǴǩǮǽǳǹȄ ǵǶǴǼǫǪǹǶǹ ǳǫǴǧǻǴǪǮǲǴ ǵǴǨǸǴǶȅǸȂ ǪǴ Ǹǫǻ ǵǴǶ, ǵǴǰǦ ǷǨǴǧǴǪǳȁǯ ǽǱǫǳ 

Ǩ ǹǶǦǨǳǫǳǮǮ ǴǸǳǴǷǮǸǫǱȂǳǴ ǴǽǫǶǫǪǳǴǯ ǳǴǨǴǯ ǵǫǶǫǲǫǳǳǴǯ ǳǫ ǴǰǦǬǫǸǷȅ ǶǦǨǳȁǲ ǳǹǱȄ. 
ǘǦǰǮǲ ǴǧǶǦǭǴǲ ǹǪǦǫǸǷȅ ǳǦǯǸǮ ǰǴǶǫǳȂ ǹǶǦǨǳǫǳǮȅ ǴǸ ǵǶǫǪȁǪǹǿǫǯ ǵǫǶǫǲǫǳǳǴǯ. ǍǦǸǫǲ 
ǵǹǸȆǲ ǴǧǶǦǸǳȁǻ ǭǦǲǫǳ ǷǱǫǪǹǫǸ ǨȁǶǦǭǮǸȂ ǰǴǶǫǳȂ ǽǫǶǫǭ ǵǫǶǫǲǫǳǳǹȄ Ǽ.  

ǕǶǮ ǨȁǵǴǱǳǫǳǮǮ ǵǹǳǰǸǦ Ǧ) ǪǦǳǳǴǩǴ ǦǱǩǴǶǮǸǲǦ ǦǨǸǴǶ ǹǰǦǭȁǨǦǫǸ, ǽǸǴ, ǫǷǱǮ ǰǦǰǴǯ-
ǱǮǧǴ Ǯǭ ǴǷǸǦǸǰǴǨ r  i  , i = 1, 2, é, n ð 2 ǶǦǨǫǳ 0 ǮǱǮ 1, ǳǦǵǶǮǲǫǶ, 

| a 2 | = I 0 ň | a 1 | + 1 (ǭǪǫǷȂ r  1 = 1 ) ǮǱǮ 
| a 2 | = I 0 ň | a 1 |  (ǭǪǫǷȂ r  1 = 0 ),  
ǸǴ ǷǱǫǪǹȄǿǮǯ Ǩ ǪǫǱǫǳǮǮ ǰǴȃǺǺǮǼǮǫǳǸ ǳǹǬǳǴ ǪǫǱǮǸȂ ǳǦ ǪǫǱǮǸǫǱȂ ǵǶǫǪȁǪǹǿǫǩǴ 

ǪǫǱǫǳǮȅ. ǈ ǳǦǾǫǲ ǵǶǮǲǫǶǫ 
| a 3 | = I 1 ň | a 1 | + r  2 .  
ǋǷǱǮ Ǭǫ  r  n ð 1 = 0, ǸǴ  x = y + r  n - 2. 
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ǋǷǱǮ  a 2 < a 1, ǸǴ ǦǨǸǴǶ ǵǶǫǪǱǦǩǦǫǸ ǷǪǫǱǦǸȂ ǭǦǲǫǳǹ x = y + 1.  
ǓǴ ǦǨǸǴǶ ǳǫ ǴǧǴǷǳǴǨȁǨǦǫǸ, ǽǸǴ ǰǴǱǮǽǫǷǸǨǴ ǭǦǲǫǳ ǵǫǶǫǲǫǳǳȁǻ ǰǴǳǫǽǳǴ, Ǯ ǲȁ Ǩ 

ǮǸǴǩǫ ǳǦǯǪȆǲ ǼǫǱȁǯ ǰǴǶǫǳȂ ǮǷǻǴǪǳǴǩǴ ǹǶǦǨǳǫǳǮȅ.  
ǈ ǽǦǷǸǳǴǷǸǮ, ǪǱȅ ǹǶǦǨǳǫǳǮȅ Ƿ ǵǴǱǴǬǮǸǫǱȂǳȁǲǮ ǼǫǱȁǲǮ ǰǴȃǺǺǮǼǮǫǳǸǦǲǮ (Ǯ 

ǸǴǱȂǰǴ ǪǱȅ ǸǦǰǮǻ ǹǶǦǨǳǫǳǮǯ!) ǦǨǸǴǶ ǪǫǱǦǫǸ ǭǦǲǫǳǹ y = x ð r  n ð 1 , ǴǸǲǫǽǦȅ, ǽǸǴ ǪǦǳǳǴǫ 
ǹǶǦǨǳǫǳǮǫ ǳǫ ǲǴǬǫǸ ǮǲǫǸȂ ǵǴǱǴǬǮǸǫǱȂǳȁǻ ǰǴǶǳǫǯ. ǣǸǴ, ǰǴǳǫǽǳǴ, ǫǷǸǫǷǸǨǫǳǳǴ, Ǹ. ǰ. 
ǮǳǦǽǫ ǽǮǷǱǴ ǭǦǲǫǳ ǵǫǶǫǲǫǳǳȁǻ ǷǸǦǳǫǸ ǧǫǷǰǴǳǫǽǳȁǲ, Ǧ ǷǨǴǧǴǪǳȁǯ ǽǱǫǳ ǳǮǰǴǩǪǦ ǳǫ 
ǷǸǦǳǫǸ ǶǦǨǳȁǲ ǳǹǱȄ. ǓǴ ǵǴǽǫǲǹ Ǩ Ǯǳȁǻ ǷǱǹǽǦȅǻ ǷǪǨǮǩǮ ǸǮǵǦ  x = y + r  n - 1. ǳǫ ǵǶǮǨǫǪǹǸ 
ǳǦǷ ǰ ǦǳǦǱǴǩǮǽǳǴǯ ǷǮǸǹǦǼǮǮ? 

ǈ ǳǫǰǴǸǴǶȁǻ ǷǱǹǽǦȅǻ ǪǫǯǷǸǨǮȅ ǵǴ ǵǶǦǨǮǱǦǲ, ǵǶǫǪǱǦǩǦǫǲȁǲ ǦǨǸǴǶǴǲ, ǭǦǼǮǰǱǮ-
ǨǦȄǸ ǦǱǩǴǶǮǸǲ, ǨǴǭǨǶǦǿǦȅ ǳǦǷ ǰ ǮǷǻǴǪǳǴǲǹ ǹǶǦǨǳǫǳǮȄ. ǆǨǸǴǶ ǵǮǾǫǸ, ǽǸǴ ȃǸǴ ǨǴǭ-
ǲǴǬǳǴ ǵǶǮ ǽȆǸǳȁǻ ǰǴȃǺǺǮǼǮǫǳǸǦǻ ǹǶǦǨǳǫǳǮȅ, ǵǶǫǪǱǦǩǦǫǸ ǨǷǫ ǰǴȃǺǺǮǼǮǫǳǸȁ, ǮǷ-
ǵǴǱȂǭǹǫǲȁǫ Ǩ ǦǱǩǴǶǮǸǲǫ, ǹǲǫǳȂǾǮǸȂ Ǩ 2 ǶǦǭǦ Ǯ ǵǶǮǨǴǪǮǸ ǵǴǪǸǨǫǶǬǪǦȄǿǮǯ ǵǶǮǲǫǶ 
ǧǫǭ ǴǧǿǫǩǴ ǴǧǴǷǳǴǨǦǳǮȅ (ǶǮǷǹǳǴǰ 5) [14, c. 22].  

 
ǖǮǷǹǳǴǰ 5. ǔǧǷǹǬǪǫǳǮǫ  ǷǱǹǽǦȅ ǭǦǼǮǰǱǮǨǦǳǮȅ 

Ǩ çǓǴǨǫǯǾǫǲ ǲǫǸǴǪǫè ǒǦȄǶǴǨǦ ǆ.ǎ. 
 
ǆǨǸǴǶ ǧǫǭǹǷǱǴǨǳǴ ǭǳǦǫǸ, ǽǸǴ ǵǶǴǨǫǶǮǸȂ, ǮǲǫǫǸ ǱǮ ǹǶǦǨǳǫǳǮǫ ǼǫǱǴǽǮǷǱǫǳǳȁǫ Ƕǫ-

ǾǫǳǮȅ, ǲǴǬǳǴ, ǵǫǶǫǧǶǦǨ ǨǷǫ ǪǫǱǮǸǫǱǮ ǷǨǴǧǴǪǳǴǩǴ ǽǱǫǳǦ. ǓǴ ǫǲǹ ǳǹǬǳǴ ǵǴǰǦǭǦǸȂ ǲǫ-
ǸǴǪ, ǰǴǸǴǶȁǯ ǲǴǬǳǴ ǮǷǵǴǱȂǭǴǨǦǸȂ ǪǱȅ ǹǶǦǨǳǫǳǮǯ Ƿ ǶǫǾǫǳǮȅǲǮ ǪǶǹǩǴǩǴ ǸǮǵǦ.  

ǊǱȅ ǶǫǾǫǳǮȅ ǹǶǦǨǳǫǳǮǯ Ƿ ǰǴǶǳȅǲǮ ǨǮǪǦ  p ° ή, ǩǪǫ p, q Í Z , Ǹ. ǫ. ǮǶǶǦǼǮǴǳǦǱȂ-

ǳȁǲǮ ǪǦǳǳǴǩǴ ǨǮǪǦ Ǯ ǰǴǲǵǱǫǰǷǳȁǲǮ, ǵǶǫǪǱǦǩǦǫǸǷȅ ǦǳǦǱǴǩǮǽǳȁǯ ǦǱǩǴǶǮǸǲ ǪǱȅ ǵǴǮǷǰǦ 
Ƿ [15, c. 29]. ǓǴ ǳǫ ǹǰǦǭǦǳȁ ǰǶǮǸǫǶǮǮ, ǵǴǭǨǴǱȅȄǿǮǫ ǴǵǶǫǪǫǱǮǸȂ, ǮǲǫǫǸ ǱǮ ǮǷǻǴǪǳǴǫ 
ǹǶǦǨǳǫǳǮǫ ǸǴǱȂǰǴ ǼǫǱȁǫ ǮǱǮ ǫǿȆ Ǯ Ǯǳȁǫ ǶǫǾǫǳǮȅ.  

ǕǴǷǰǴǱȂǰǹ ǦǨǸǴǶ ǵǶǫǪǱǦǩǦǫǸ ǳǦǯǸǮ ǷǨǴǮǲ ǲǫǸǴǪǴǲ ǶǫǾǫǳǮȅ ǹǶǦǨǳǫǳǮǯ, ǭǳǦȅ Ǯǭ-
ǳǦǽǦǱȂǳǴ ǨǮǪ ǶǫǾǫǳǮǯ, ǸǴ Ǵǳ ǮǳǴǩǪǦ ǶǦǷǷǲǦǸǶǮǨǦǫǸ Ǩ ǰǦǽǫǷǸǨǫ ǵǶǮǲǫǶǴǨ ǮǭǨǫǷǸǳȁǫ 
ǹǶǦǨǳǫǳǮȅ Ƿ ǮǭǨǫǷǸǳȁǲǮ ǶǫǾǫǳǮȅǲǮ Ǯ ǪǫǯǷǸǨǮǸǫǱȂǳǴ ǳǦǻǴǪǮǸ Ǯǻ ǷǨǴǮǲ ǲǫǸǴǪǴǲ!  

ǘǶǹǪǳǴ ǵǶǫǪǵǴǱǴǬǮǸȂ, ǽǸǴ ǦǨǸǴǶ çǈȁǾǳǫǯ ǩǫǴǲǫǸǶǮǮè ǲǴǬǫǸ ǧȁǸȂ ǹǪǴǨǱǫǸǨǴǶǫǳ 
ǽǮǷǱǴǨȁǲǮ ǵǶǮǲǫǶǦǲǮ Ǩ ǰǦǽǫǷǸǨǫ ǪǴǰǦǭǦǸǫǱȂǷǸǨ Ǯ ǳǫǽȆǸǰǮǲǮ ǵǶǦǨǮǱǦǲǮ Ǩ ǰǦǽǫǷǸǨǫ 
ǹǰǦǭǦǳǮǯ ǰ ǪǫǯǷǸǨǮȄ. ǗǴǭǪǦȆǸǷȅ ǨǵǫǽǦǸǱǫǳǮǫ, ǽǸǴ ǆ.ǎ. ǒǦȄǶǴǨ ǷǵǫǾǮǸ ǷǴǴǧǿǮǸȂ ǲǦ-
ǸǫǲǦǸǮǽǫǷǰǴǲǹ ǷǴǴǧǿǫǷǸǨǹ ǵǶǫǪǱǦǩǦǫǲȁǯ, ǳǴ ǳǫ ǪǴǰǦǭǦǳǳȁǯ Ǯǲ ǲǫǸǴǪ. ǊǫǯǷǸǨǮ-
ǸǫǱȂǳǴ, ǳǦ ǵǫǶǨǴǯ ǷǸǶǦǳǮǼǫ ǕǶǫǪǮǷǱǴǨǮȅ ǳǦǵǮǷǦǳǴ, ǽǸǴ ǮǷǵǴǱȂǭǹǫǲǴǫ ǷǨǴǯǷǸǨǴ ǽǮǷǫǱ 
ǴǧǳǦǶǹǬǫǳǴ ǦǨǸǴǶǴǲ ǸǶǮ ǩǴǪǦ ǳǦǭǦǪ, ǷǴǴǧǿǫǳǴ ǴǪǳǴǲǹ Ǯǭ ǪǶǹǭǫǯ, Ǧ Ǵǳ ǵǴǲǫǷǸǮǱ ȃǸǴ 
ǴǸǰǶȁǸǮǫ Ǩ ǩǦǭǫǸȁ. ǈǫǶǴȅǸǳǴ, ǦǨǸǴǶ ǧǫǭǹǷǵǫǾǳǴ ǵȁǸǦǱǷȅ ǴǧǴǷǳǴǨǦǸȂ ǷǨǴǮ ǪǴǩǦǪǰǮ. ǈ 
ǽǦǷǸǳǴǷǸǮ, ǳǫ ǵǴǲǴǩǱǴ ǫǲǹ ǪǦǬǫ ǮǭǹǽǫǳǮǫ ǲǫǲǹǦǶǴǨ ǚǹǶȂǫ, ǮǭǪǦǳǳȁǻ Ǩ 1831 ǩǴǪǹ. 
ǑȄǧǴǵȁǸǳǴǯ ǺǮǩǹǶǴǯ ȅǨǱȅǫǸǷȅ ǹǵǴǲȅǳǹǸȁǯ ǆǳǴǳǮǲ, ǵǶǫǪǱǴǬǮǨǾǮǯ ǦǨǸǴǶǹ ǹǶǦǨǳǫǳǮǫ 
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10-ǯ ǷǸǫǵǫǳǮ, ǰǴǸǴǶǴǫ ǳǫǨǴǭǲǴǬǳǴ ǧȁǱǴ ǶǫǾǮǸȂ ǲǫǸǴǪǴǲ ǚǹǶȂǫ, Ǯ ǷǪǫǱǦǨǾǮǯ ǳǫǰǴ-
ǸǴǶȁǫ ǭǦǲǫǽǦǳǮȅ [16. C. 55]. ǆ.ǎ. ǒǦȄǶǴǨ ǨȁǶǦǬǦǫǸ ǧǱǦǩǴǪǦǶǳǴǷǸȂ ȃǸǴǲǹ ǆǳǴǳǮǲǹ Ǩ 
ǷǳǴǷǰǫ (ǶǮǷǹǳǴǰ 6)  [17, c. 58].  

 
ǖǮǷǹǳǴǰ 6. ǈȁǶǦǬǫǳǮǫ ǧǱǦǩǴǪǦǶǳǴǷǸǮ ǦǳǴǳǮǲǹ 

Ǩ çǓǴǨǫǯǾǫǲ ǲǫǸǴǪǫè ǒǦȄǶǴǨǦ ǆ.ǎ. 
 
ǐǳǮǩǦ çǓǴǨǫǯǾǮǯ ǲǫǸǴǪè ǷǴǪǫǶǬǮǸ ǴǩǶǴǲǳǴǫ ǰǴǱǮǽǫǷǸǨǴ ǴǵǫǽǦǸǴǰ (ǳǦǲǳǴǩǴ ǵǶǫ-

ǨǴǷǻǴǪȅǿǫǫ Ǯǻ ǷǵǮǷǴǰ Ǩ ǳǦǽǦǱǫ ǰǳǮǩǮ). ǊǦǳǳǴǫ ǴǧǷǸǴȅǸǫǱȂǷǸǨǴ ǲǴǬǳǴ ǴǧȀȅǷǳǮǸȂ ǭǦ-
ǳȅǸǴǷǸȂȄ ǦǨǸǴǶǦ ǷǱǹǬǫǧǳȁǲǮ ǪǫǱǦǲǮ Ǯ ǳǫǨǴǭǲǴǬǳǴǷǸȂȄ ǨȁǽǮǸǦǸȂ ǸǫǰǷǸ ǷǴǧǷǸǨǫǳǳǴǯ 
ǲǴǳǴǩǶǦǺǮǮ. 

ǙǪǮǨǮǸǫǱȂǳǴ ǶǦǭǶǫǾǮǸǫǱȂǳǴǫ ǭǦǰǱȄǽǫǳǮǫ ǼǫǳǭǴǶǦ ǴǸ ǆǰǦǪǫǲǮǮ ǳǦǹǰ ǰ ǮǭǪǦǳǮȄ 
ǲǴǳǴǩǶǦǺǮǮ. ǔǪǳǦǰǴ ǳǦ ǸǮǸǹǱȂǳǴǲ ǱǮǷǸǫ ǲǴǳǴǩǶǦǺǮǮ ǹǰǦǭǦǳǴ, ǽǸǴ ǴǳǦ ǵǶǴǽǮǸǦǳǦ Ǩ 
ǆǰǦǪǫǲǮǮ ǳǦǹǰ 28 ǳǴȅǧǶȅ 1832 ǩǴǪǦ. ǈǴǭǲǴǬǳǴ, ǵǶǮ ǹǷǸǳǴǲ ǪǴǰǱǦǪǫ Ǩ ǆǰǦǪǫǲǮǮ ǳǦǹǰ 
ǨǴǵǶǴǷȁ ǰ ǳǴǨǴǲǹ ǲǫǸǴǪǹ ǴǰǦǭǦǱǮǷȂ ǶǦǭǶǫǾǫǳȁ, ǴǪǳǦǰǴ ǦǨǸǴǶȁ ǷǸǦǸȂǮ ǳǫ ǳǦǾǱǮ ȃǸǴǲǹ 
ǵǴǪǸǨǫǶǬǪǫǳǮȅ. ǗǴǴǧǿǦǫǸǷȅ, ǽǸǴ ǒǦȄǶǴǨ ǆ.ǎ. ǰǦǰ ǦǨǸǴǶ çNouvelle th®orie sur la 
r®solution des ®quations num®riques des tous les degr®sè ǧȁǱ ǵǶǮǳȅǸ Ǩ ǕǦǶǮǬǷǰǹȄ ǦǰǦ-
ǪǫǲǮȄ ǳǦǹǰ [18].  

 

ǍǦǰǱȄǽǫǳǮǫ 
 

ǒǦȄǶǴǨ ǆǱǫǰǷǫǯ ǎǨǦǳǴǨǮǽ (1780-1848) ȅǨǱȅǫǸǷȅ ǵǶǮǲǫǶǴǲ ǲǳǴǩǴǩǶǦǳǳǴǩǴ Ǯ 
ȃǳǫǶǩǮǽǳǴǩǴ ǪǫȅǸǫǱȅ ǳǦǽǦǱǦ XIX ǨǫǰǦ, ǷǴǫǪǮǳǮǨǾǫǩǴ Ǩ Ƿǫǧǫ Ǯ ǱȄǧǴǨȂ ǰ ǳǦǹǰǦǲ, Ǩ 
ǵǫǶǨǹȄ ǴǽǫǶǫǪȂ, ǰ ǲǦǸǫǲǦǸǮǰǫ, Ǯ ǱȄǧǴǨȂ ǰ ǔǸǫǽǫǷǸǨǹ. 

ǎǭǹǽǫǳǮǫ ǧǮǴǩǶǦǺǮǮ Ǯ ǸǶǹǪǴǨ ǒǦȄǶǴǨǦ ǆ.ǎ. ǵǴǰǦǭȁǨǦǫǸ ǳǦǲ, ǽǸǴ ǭǳǦǽǮǸǫǱȂǳȁǫ 
ǶǫǭǹǱȂǸǦǸȁ Ǩ ǲǦǸǫǲǦǸǮǰǫ (ǰǦǰ Ǯ Ǩ ǪǶǹǩǮǻ ǴǧǱǦǷǸȅǻ ǪǫȅǸǫǱȂǳǴǷǸǮ) ǪǴǷǸǮǩǦȄǸǷȅ, ǰǦǰ 
ǵǶǦǨǮǱǴ, ǳǫ ǸǴǱȂǰǴ ǧǱǦǩǴǪǦǶȅ ǹǷǮǱǮȅǲ ǩǫǳǮǫǨ, ǳǴ ǧǱǦǩǴǪǦǶȅ ǳǦǹǽǳǴǲǹ Ǯ ǵǫǪǦǩǴǩǮǽǫ-
ǷǰǴǲǹ ǸǶǹǪǹ Ǯ ȃǳǸǹǭǮǦǭǲǹ ǴǷǸǦǱȂǳȁǻ ǸǶǹǬǫǳǮǰǴǨ Ƿ ǶǦǭǳȁǲǮ ǨǴǭǲǴǬǳǴǷǸȅǲǮ Ǯ ǷǵǴǷǴǧ-
ǳǴǷǸȅǲǮ, Ǯǻ ǴǧǿǫǳǮȄ Ǯ ǴǧǷǹǬǪǫǳǮȄ, Ǩ ǸǴǲ ǽǮǷǱǫ ǲǫǬǪǹǳǦǶǴǪǳǴǲǹ, ǮǭǹǽǫǳǮȄ ǴǵȁǸǦ 
Ǯ ǶǦǧǴǸ ǪǶǹǩ ǪǶǹǩǦ. 

ǕǫǶǷǵǫǰǸǮǨǦǲǮ ǪǦǱȂǳǫǯǾǫǩǴ ǮǷǷǱǫǪǴǨǦǳǮȅ ȅǨǱȅǫǸǷȅ ǨȁȅǷǳǫǳǮǫ ǨǴǵǶǴǷǦ, ǰǦǰǮǫ 
ǫǿǫ ǶǦǧǴǸȁ ǵǶǮǳǦǪǱǫǬǦǸ ǒǦȄǶǴǨǹ Ǯ ǰǸǴ ǵǶǮǳǮǲǦǱ ǹǽǦǷǸǮǫ Ǩ Ǯǻ ǴǧǷǹǬǪǫǳǮǮ, Ǧ ǸǦǰǬǫ 
ǧȁǱ ǱǮ ǹǷǴǨǫǶǾǫǳǷǸǨǴǨǦǳ Ǯ ǷǸǶǴǩǴ ǪǴǰǦǭǦǳ ǲǫǸǴǪ ǆ.ǎ. ǒǦȄǶǴǨǦ, ǮǭǱǴǬǫǳǳȁǯ Ǯǲ Ǩ 
ǰǳǮǩǫ çǓǴǨǫǯǾǮǯ ǲǫǸǴǪ ǶǫǾǫǳǮȅ ǽǮǷǱǫǳǳȁǻ ǹǶǦǨǳǫǳǮǯ ǨǷǫǻ ǷǸǫǵǫǳǫǯè. 
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ǕǖǎǒǋǓǋǓǎǋ ǒǋǘǔǊǆ ǕǔǗǑǋǊǔǈǆǘǋǑǢǓǡǛ ǕǖǎǇǑǎǌǋǓǎǏ  
Ǖǖǎ ǖǋǞǋǓǎǎ ǐǖǆǋǈǡǛ ǍǆǊǆǝ ǕǖǎǓǜǎǕǆ ǒǆǐǗǎǒǙǒǆ Ǔǆ Ǖǖǎǒǋǖǋ ǍǆǊǆǝǎ 

ǙǕǖǆǈǑǋǓǎǥ ǖǆǗǐǖǙǝǎǈǆǓǎǋǒ ǊǈǙǛǒǆǗǗǔǈǔǏ ǗǎǗǘǋǒǡ1 

 

 

ǆǳǳǴǸǦǼǮȅ 
ǖǦǷǷǲǦǸǶǮǨǦǫǸǷȅ ǹǵǶǦǨǱȅǫǲǦȅ ǲǫǻǦǳǮǽǫǷǰǦȅ ǷǮǷǸǫǲǦ ǲǳǴǩǮǻ ǸǫǱ, ǷǴǷǸǴȅǿǦȅ Ǯǭ ǳǫǷǹ-
ǿǫǩǴ ǪǮǷǰǦ, ǨǶǦǿǦȄǿǫǩǴǷȅ ǨǴǰǶǹǩ ǷǨǴǫǯ ǴǷǮ, ǭǦǰǶǫǵǱǫǳǳǴǯ Ǩ ǵǶǴǷǸǶǦǳǷǸǨǫ, Ǯ ǳǫǷǴ-
ǲǴǩǴ ǪǮǷǰǦ, ǵǶǮǷǴǫǪǮǳǫǳǳǴǩǴ ǰ ǳǫǲǹ ǵǶǮ ǵǴǲǴǿǮ ǳǫǨǫǷǴǲȁǻ ǹǵǶǹǩǮǻ ȃǱǫǲǫǳǸǴǨ. ǓǦ 
ǪǴǷǸǦǸǴǽǳǴ ǧǴǱȂǾǴǲ ǮǳǸǫǶǨǦǱǫ ǨǶǫǲǫǳǮ ǶǫǾǦǫǸǷȅ ǭǦǪǦǽǦ Ǵ ǶǦǷǰǶǹǽǮǨǦǳǮǮ ǷǮǷǸǫǲȁ 
ǵǶǮ ǵǴǲǴǿǮ ǲǴǲǫǳǸǦ ǷǮǱ, ǵǶǮǱǴǬǫǳǳǴǩǴ ǰ ǳǫǷǹǿǫǲǹ ǪǮǷǰǹ, Ƿ ǴǪǳǴǨǶǫǲǫǳǳȁǲ ǩǦǾǫ-
ǳǮǫǲ ǰǴǱǫǧǦǳǮǯ ǼǫǳǸǶǦ ǲǦǷǷ ǳǫǷǴǲǴǩǴ ǪǮǷǰǦ. ǜǫǱȂȄ ǶǦǧǴǸȁ ȅǨǱȅǫǸǷȅ ǪǫǲǴǳǷǸǶǦǼǮȅ 
ǲǫǸǴǪǮǰǮ ǵǶǮǲǫǳǫǳǮȅ ǽǮǷǱǫǳǳǴǩǴ ǲǫǸǴǪǦ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳȁǻ ǵǶǮǧǱǮǬǫǳǮǯ ǪǱȅ ǶǫǾǫ-
ǳǮȅ ǭǦǪǦǽ ǴǵǸǮǲǦǱȂǳǴǩǴ ǹǵǶǦǨǱǫǳǮȅ. ǗǴǪǫǶǬǦǳǮǫ ǷǸǦǸȂǮ ǧǹǪǫǸ ǵǴǱǫǭǳǴ ǷǸǹǪǫǳǸǦǲ, 
ǦǷǵǮǶǦǳǸǦǲ, Ǧ ǸǦǰǬǫ ǵǶǫǵǴǪǦǨǦǸǫǱȅǲ ǨǸǴǶǴǩǴ ǰǹǶǷǦ ǲǦǩǮǷǸǶǦǸǹǶȁ Ǯ ǦǷǵǮǶǦǳǸǹǶȁ. 

 

ǐǱȄǽǫǨȁǫ ǷǱǴǨǦ 
ǴǵǸǮǲǦǱȂǳǴǫ ǹǵǶǦǨǱǫǳǮǫ, ǶǫǱǫǯǳǴǫ ǹǵǶǦǨǱǫǳǮǫ, ǵǶǮǳǼǮǵ ǲǦǰǷǮǲǹǲǦ,  

ǭǦǪǦǽǦ ǷǴ ǷǨǴǧǴǪǳȁǲ ǵǶǦǨȁǲ ǰǴǳǼǴǲ, ǰǶǦǫǨǦȅ ǭǦǪǦǽǦ, ǲǫǸǴǪ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳȁǻ 
ǵǶǮǧǱǮǬǫǳǮǯ, ǷǮǷǸǫǲǦ ǲǳǴǩǮǻ ǸǫǱ, ǹǵǶǦǨǱȅǫǲǴǫ ǨǶǦǿǫǳǮǫ, ǩǦǾǫǳǮǫ ǰǴǱǫǧǦǳǮǯ 

 
 

ǆǈǘǔǖǡ 
 

ǖǫǾǲǮǳ ǗǫǶǩǫǯ ǆǱǫǰǷǦǳǪǶǴǨǮǽ,  
ǩǱǦǨǳȁǯ ǳǦǹǽǳȁǯ ǷǴǸǶǹǪǳǮǰ ǱǦǧǴǶǦǸǴǶǮǮ ǲǫǻǦǳǮǰǮ ǷǮǷǸǫǲ,  
ǚǉǇǙǓ çǎǳǷǸǮǸǹǸ ǵǶǴǧǱǫǲ ǲǫǻǦǳǮǰǮ Ǯǲ. ǆ.Ǥ. ǎǾǱǮǳǷǰǴǩǴ  

ǖǴǷǷǮǯǷǰǴǯ ǦǰǦǪǫǲǮǮ ǳǦǹǰè; 
ǵǶǴǺǫǷǷǴǶ  

ǚǉǇǔǙ ǈǔ çǒǴǷǰǴǨǷǰǮǯ ǩǴǷǹǪǦǶǷǸǨǫǳǳȁǯ ǸǫǻǳǮǽǫǷǰǮǯ ǹǳǮǨǫǶǷǮǸǫǸ  
Ǯǲ. Ǔ. ǣ. ǇǦǹǲǦǳǦè;  

ǵǶǴǺǫǷǷǴǶ, ǎǳǬǫǳǫǶǳǦȅ ǦǰǦǪǫǲǮȅ 
ǚǉǆǔǙ ǈǔ çǖǴǷǷǮǯǷǰǮǯ ǹǳǮǨǫǶǷǮǸǫǸ ǪǶǹǬǧȁ ǳǦǶǴǪǴǨè, ǩ. ǒǴǷǰǨǦ 

reshmin@ipmnet.ru 
 

ǈǦǷǫǳǮǳ ǗǸǫǵǦǳ ǆǳǦǸǴǱȂǫǨǮǽ,  
ǮǳǬǫǳǫǶ ǱǦǧǴǶǦǸǴǶǮǮ ǲǫǻǦǳǮǰǮ ǷǮǷǸǫǲ,  

ǚǉǇǙǓ çǎǳǷǸǮǸǹǸ ǵǶǴǧǱǫǲ ǲǫǻǦǳǮǰǮ Ǯǲ. ǆ.Ǥ. ǎǾǱǮǳǷǰǴǩǴ  
ǖǴǷǷǮǯǷǰǴǯ ǦǰǦǪǫǲǮǮ ǳǦǹǰè; 

ǷǸǹǪǫǳǸ 
ǚǉǇǔǙ ǈǔ çǒǴǷǰǴǨǷǰǮǯ ǩǴǷǹǪǦǶǷǸǨǫǳǳȁǯ ǸǫǻǳǮǽǫǷǰǮǯ ǹǳǮǨǫǶǷǮǸǫǸ  

Ǯǲ. Ǔ. ǣ. ǇǦǹǲǦǳǦè, ǩ. ǒǴǷǰǨǦ 
 

 
 

ǈǨǫǪǫǳǮǫ 
 

ǈ ǷǸǦǸȂǫ ǶǦǷǷǲǦǸǶǮǨǦǫǸǷȅ ǭǦǪǦǽǦ Ǵ ǶǦǷǰǶǹǽǮǨǦǳǮǮ ǷǮǷǸǫǲȁ ǪǨǹǻ ǨǭǦǮǲǴǷǨȅǭǦǳǳȁǻ 
ǪǮǷǰǴǨ (ǶǮǷ. 1) Ƿ ǴǪǳǴǨǶǫǲǫǳǳȁǲ ǵǴǪǦǨǱǫǳǮǫǲ ǶǦǪǮǦǱȂǳȁǻ ǹǵǶǹǩǮǻ ǰǴǱǫǧǦǳǮǯ (Ǯǲǫ-
ǫǸǷȅ Ǩ ǨǮǪǹ ǮǭǲǫǳǫǳǮǫ ǶǦǷǷǸǴȅǳǮǫ ǲǫǬǪǹ ǴǷȅǲǮ ǪǮǷǰǴǨ). ǙǽǮǸȁǨǦǫǸǷȅ ǳǦǱǮǽǮǫ ǳǫǱǮ-
ǳǫǯǳǴǷǸǮ Ǩ ǲǴǪǫǱǮ ǹǵǶǹǩǴǩǴ ǨǭǦǮǲǴǪǫǯǷǸǨǮȅ. ǊǱȅ ǵǴǷǸǶǴǫǳǮȅ ǹǵǶǦǨǱǫǳǮȅ ǳǦ ǧǴǱȂǾǴǲ 

                                                                 
1  ǎǷǷǱǫǪǴǨǦǳǮǫ ǨȁǵǴǱǳǫǳǴ ǭǦ ǷǽǫǸ ǩǶǦǳǸǦ ǖǴǷǷǮǯǷǰǴǩǴ ǳǦǹǽǳǴǩǴ ǺǴǳǪǦ ɲ 18-11-00307, 
https://rscf.ru/project/18 -11-00307/.  
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ǮǳǸǫǶǨǦǱǫ ǨǶǫǲǫǳǮ ǵǶǫǪǱǦǩǦǫǸǷȅ ǶǦǭǧǮǨǦǸȂ ǫǩǴ ǳǦ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸȂ ǰǴǶǴǸǰǮǻ Ǯǳ-
ǸǫǶǨǦǱǴǨ Ǯ ǮǷǵǴǱȂǭǴǨǦǸȂ ǳǦ ǳǮǻ ǲǫǸǴǪ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳȁǻ ǵǶǮǧǱǮǬǫǳǮǯ [1] ǪǱȅ ǶǫǾǫǳǮȅ 
ǷǴǴǸǨǫǸǷǸǨǹȄǿǫǯ ǰǶǦǫǨǴǯ ǭǦǪǦǽǮ ǵǶǮǳǼǮǵǦ ǲǦǰǷǮǲǹǲǦ Ǒ.Ǘ. ǕǴǳǸǶȅǩǮǳǦ [2].  

ǕǶǫǪǵǴǱǦǩǦǫǸǷȅ, ǽǸǴ ǨǴǭǲǴǬǳǴǷǸǮ ǵǶǮǰǱǦǪȁǨǦǫǲǴǩǴ ǰ ǴǪǳǴǲǹ Ǯǭ ǪǮǷǰǴǨ ǲǴǲǫǳ-
ǸǴǨ ǨǫǱǮǰǮ, ǸǦǰ ǽǸǴ Ǩ ǵǶǴǼǫǷǷǫ ǹǵǶǦǨǱǫǳǮȅ ǹǩǴǱ ǰǶǹǸǮǱȂǳǴǯ ǪǫǺǴǶǲǦǼǮǮ, Ǹ.ǫ. ǶǦǭ-
ǳǴǷǸȂ ǹǩǱǴǨ ǨǶǦǿǫǳǮȅ ǪǮǷǰǴǨ, ǲǴǬǫǸ ǮǭǲǫǳȅǸȂǷȅ ǷǰǴǱȂ ǹǩǴǪǳǴ ǧȁǷǸǶǴ Ǩ ǭǦǪǦǳǳȁǻ ǵǶǫ-
ǪǫǱǦǻ. ǙǰǦǭǦǳǳȁǯ ǹǩǴǱ ǰǶǹǽǫǳǮȅ ǨȁǧǮǶǦǫǸǷȅ Ǩ ǰǦǽǫǷǸǨǫ ǳǴǨǴǩǴ ǹǵǶǦǨǱǫǳǮȅ, ǰǴǸǴǶǴǫ 
ǩǦǷǮǸ ǦǲǵǱǮǸǹǪǹ ǶǦǪǮǦǱȂǳȁǻ ǰǴǱǫǧǦǳǮǯ. ǋǷǱǮ ǵǶǮ ȃǸǴǲ ǨȁǧǶǦǸȂ ǪǴǱǬǳȁǲ ǴǧǶǦǭǴǲ 
ǪǴǵǹǷǸǮǲȁǯ ǪǮǦǵǦǭǴǳ ǮǭǲǫǳǫǳǮȅ ǹǵǶǦǨǱǫǳǮȅ (ǹǩǱǦ ǰǶǹǽǫǳǮȅ), ǸǴ ǲǴǬǳǴ ǴǧǫǷǵǫǽǮǸȂ 
ǪǴǵǴǱǳǮǸǫǱȂǳǴ Ǯ ǸǶǫǧǹǫǲǹȄ ǶǦǷǰǶǹǸǰǹ ǷǮǷǸǫǲȁ Ǩ ǼǫǱǴǲ. 

ǈ ǪǦǳǳǴǯ ǶǦǧǴǸǫ ǽǮǷǱǴ ǵǫǶǫǰǱȄǽǫǳǮǯ ǹǵǶǦǨǱǫǳǮȅ ǴǰǦǭǦǱǴǷȂ ǨǫǱǮǰǴ, ǽǸǴ ǨǱǮȅǫǸ 
ǳǦ ǷǻǴǪǮǲǴǷǸȂ ǽǮǷǱǫǳǳǴǩǴ ǲǫǸǴǪǦ. ǕǴȃǸǴǲǹ ǪǱǮǸǫǱȂǳȁǯ ǮǷǻǴǪǳȁǯ ǨǶǫǲǫǳǳǴǯ ǮǳǸǫǶ-
ǨǦǱ ǶǦǭǧǮǨǦǫǸǷȅ ǳǦ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸȂ ǶǦǨǳȁǻ ǰǴǶǴǸǰǮǻ ǮǳǸǫǶǨǦǱǴǨ ǨǶǫǲǫǳǮ ǸǦǰ, 
ǽǸǴǧȁ ǳǦ ǰǦǬǪǴǲ Ǯǭ ǳǮǻ ǵǶǴǮǷǻǴǪǮǱǴ ǨǷǫǩǴ ǱǮǾȂ ǳǫǷǰǴǱȂǰǴ ǰǴǱǫǧǦǳǮǯ. ǊǦǱǫǫ ǳǦ ǰǦǬ-
ǪǴǲ ǮǳǸǫǶǨǦǱǫ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴ ǶǫǾǦǫǸǷȅ ǭǦǪǦǽǦ ǲǮǳǮǲǮǭǦǼǮǮ ǺǹǳǰǼǮǴǳǦǱǦ ǸǮǵǦ ǑǦ-
ǩǶǦǳǬǦ, ǵǶǮǽǫǲ ǵǴǪ ǭǳǦǰǴǲ ǮǳǸǫǩǶǦǱǦ ǷǸǴǮǸ ǨǫǱǮǽǮǳǦ, ǵǶǴǵǴǶǼǮǴǳǦǱȂǳǦȅ ǰǨǦǪǶǦǸǹ 
ǴǸǰǱǴǳǫǳǮȅ ǴǷǮ ǳǫǷǴǲǴǩǴ ǪǮǷǰǦ ǴǸ ǫǩǴ ǶǦǨǳǴǨǫǷǳǴǩǴ ǵǴǱǴǬǫǳǮȅ. ǓǦ ǰǦǬǪǴǲ ǰǴǶǴǸǰǴǲ 
ǮǳǸǫǶǨǦǱǫ ǷǸǶǴǮǸǷȅ ǴǵǸǮǲǦǱȂǳǴǫ ǹǵǶǦǨǱǫǳǮǫ ǪǱȅ ǽǦǷǸǮǽǳǴǩǴ ǵǴǪǦǨǱǫǳǮȅ ǰǴǱǫǧǦǳǮǯ. 
ǈ ǶǫǭǹǱȂǸǦǸǫ ǵǴǷǱǫ ǴǧȀǫǪǮǳǫǳǮȅ ǶǫǾǫǳǮȅ, ǵǴǱǹǽǫǳǳǴǩǴ ǪǱȅ ǨǷǫǻ ǹǽǦǷǸǰǴǨ, ǹǪǦǫǸǷȅ 
ǵǴǷǸǶǴǮǸȂ ǶǫǾǫǳǮǫ ǮǷǻǴǪǳǴǯ ǭǦǪǦǽǮ. ǔǳǴ, ǷǸǶǴǩǴ ǩǴǨǴǶȅ, ǳǫ ȅǨǱȅǫǸǷȅ ǴǵǸǮǲǦǱȂǳȁǲ, 
ǳǴ ǵǶǮ ǫǩǴ ǵǴǷǸǶǴǫǳǮǮ ǮǷǵǴǱȂǭǹȄǸǷȅ ȃǱǫǲǫǳǸȁ ǸǫǴǶǮǮ ǴǵǸǮǲǮǭǦǼǮǮ. ǖǦǧǴǸǴǷǵǴǷǴǧ-
ǳǴǷǸȂ ǹǵǶǦǨǱǫǳǮȅ ǵǶǮ ǸǦǰǴǲ ȃǨǶǮǷǸǮǽǫǷǰǴǲ ǵǴǪǻǴǪǫ, ǷǹǿǫǷǸǨǫǳǳǴ ǹǵǶǴǿǦȄǿǫǲ Ǩȁ-
ǽǮǷǱǫǳǮȅ, ǵǴǪǸǨǫǶǬǪǦǫǸǷȅ ǽǮǷǱǫǳǳȁǲǮ ǶǦǷǽǫǸǦǲǮ Ǯ ǷǴǵǴǷǸǦǨǱǫǳǮǫǲ Ƿ ǪǶǹǩǮǲ ǶǫǱǫǯ-
ǳȁǲ ǹǵǶǦǨǱǫǳǮǫǲ ǵǴ ǴǧǶǦǸǳǴǯ ǷǨȅǭǮ.  

ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǲǦǸǫǶǮǦǱ ǷǸǦǸȂǮ ǮǲǫǫǸ ǵǶȅǲǴǫ ǴǸǳǴǾǫǳǮǫ ǰ ǷǵǫǼǮǦǱȂǳǴǲǹ ǩǴǪǴ-
ǨǴǲǹ ǰǹǶǷǹ ǵǴ ǸǫǴǶǮǮ ǴǵǸǮǲǦǱȂǳǴǩǴ ǹǵǶǦǨǱǫǳǮȅ, ǰǴǸǴǶȁǯ ǽǮǸǦǱǷȅ ǳǫǷǰǴǱȂǰǴ ǱǫǸ ǳǦ 
ǰǦǺǫǪǶǫ ǚǓ-12 ǲǦǩǮǷǸǶǦǲ ǨǸǴǶǴǩǴ ǩǴǪǦ ǴǧǹǽǫǳǮȅ. 

ǐǶǴǲǫ ǸǴǩǴ, ǮǭǹǽǫǳǮǫ ǦǳǦǱǴǩǮǽǳǴǯ ǳǫǱǮǳǫǯǳǴǯ ǲǦǸǫǲǦǸǮǽǫǷǰǴǯ ǲǴǪǫǱǮ ǹǵǶǹǩǴǯ 
ǷǮǷǸǫǲȁ ǨǻǴǪǮǸ Ǩ ǰǹǶǷ "ǐǴǲǵȂȄǸǫǶǳǴǫ ǲǴǪǫǱǮǶǴǨǦǳǮǫ ǺǮǭǮǽǫǷǰǮǻ ǨǭǦǮǲǴǪǫǯǷǸǨǮǯ Ǩ 
ǲǫǻǦǳǮǽǫǷǰǮǻ ǷǮǷǸǫǲǦǻ" ǪǱȅ ǦǷǵǮǶǦǳǸǴǨ ǨǸǴǶǴǩǴ ǩǴǪǦ ǴǧǹǽǫǳǮȅ. ǋǫ ǲǴǬǳǴ ǵǶǮǲǫǳȅǸȂ, 
ǳǦǵǶǮǲǫǶ, ǵǶǮ ǲǴǪǫǱǮǶǴǨǦǳǮǮ ǹǵǶǦǨǱȅǫǲǴǯ ǪǮǳǦǲǮǰǮ ǰǴǱǫǷ Ƿ ǳǫǨǫǷǴǲǴǯ ǾǮǳǴǯ Ǩ Ǹǫǻ 
ǷǱǹǽǦȅǻ, ǩǪǫ ǳǫǴǧǻǴǪǮǲǴ ǹǽǫǷǸȂ ǵǫǶǫǪǦǽǹ ǨǭǦǮǲǴǪǫǯǷǸǨǮȅ ǲǫǬǪǹ ǶǦǭǳȁǲǮ ǰǴǱǫǧǦ-
ǸǫǱȂǳȁǲǮ ǷǸǫǵǫǳȅǲǮ ǷǨǴǧǴǪȁ ǵǶǮ ǰǴǳǸǦǰǸǫ Ƿ ǴǷǳǴǨǦǳǮǫǲ. 

ǍǦǲǫǸǮǲ, ǽǸǴ ǷǹǿǫǷǸǨǹȄǸ ǽǮǷǱǫǳǳȁǫ ǲǫǸǴǪȁ ǶǦǷǽǫǸǦ ǴǵǸǮǲǦǱȂǳǴǩǴ ǵǶǴǩǶǦǲǲ-
ǳǴǩǴ ǹǵǶǦǨǱǫǳǮȅ, ǴǷǳǴǨǦǳǳȁǫ ǳǦ ȃǨǴǱȄǼǮǴǳǳȁǻ ǦǱǩǴǶǮǸǲǦǻ [3]. ǘǦǰǬǫ ǴǸǲǫǸǮǲ, ǽǸǴ 
ǴǩǶǦǳǮǽǫǳǮȅ ǳǦ ǨǫǱǮǽǮǳǹ ǹǵǶǦǨǱȅȄǿǫǩǴ ǨǴǭǪǫǯǷǸǨǮȅ ǽǦǷǸǴ ǹǽǮǸȁǨǦȄǸǷȅ Ǩ ǭǦǪǦǽǦǻ 
ǹǵǶǦǨǱǫǳǮȅ ǸǫǻǳǮǽǫǷǰǮǲǮ ǷǮǷǸǫǲǦǲǮ. ǕǴǮǷǰ Ǯ ǴǼǫǳǰǦ ǽǮǷǱǦ ǵǫǶǫǰǱȄǽǫǳǮǯ ǶǫǱǫǯǳǴǩǴ 
ǴǵǸǮǲǦǱȂǳǴǩǴ ǹǵǶǦǨǱǫǳǮȅ ǵǶǴǨǴǪǮǱǮǷȂ Ǩ ǶǦǧǴǸǦǻ [4-12]. ǗǱǴǬǳȁǫ ǭǦǪǦǽǮ Ƿ ǴǩǶǦǳǮǽǫ-
ǳǮȅǲǮ ǳǦ ǹǵǶǦǨǱǫǳǮǫ ǧȁǱǮ ǮǷǷǱǫǪǴǨǦǳȁ Ǩ [13-16]. ǔǵǸǮǲǦǱȂǳǴǫ ǮǭǲǫǳǫǳǮǫ ǴǶǮǫǳǸǦ-
ǼǮǮ ǪǨǹǻǲǦǷǷǴǨǴǯ ǷǮǷǸǫǲȁ ǵǶǴǨǴǪǮǱǴǷȂ Ǩ [17-22]. ǕǶǮǲǫǳǮǲȁ Ǯ Ǯǳȁǫ ǲǫǸǴǪȁ ǶǫǾǫ-
ǳǮȅ ǭǦǪǦǽǮ ǴǵǸǮǲǦǱȂǳǴǩǴ ǹǵǶǦǨǱǫǳǮȅ. ǈ [23] ǵǶǫǪǱǦǩǦǫǸǷȅ ǦǱǩǴǶǮǸǲ ǷǸǦǧǮǱǮǭǦǼǮǮ 
ǪǨǮǬǫǳǮȅ ǸǶǴǷǴǨǴǯ ǷǮǷǸǫǲȁ Ǩ ǴǰǶǫǷǸǳǴǷǸǮ ǲǫǷǸǳǴǯ ǨǫǶǸǮǰǦǱǮ, ǴǷǳǴǨǦǳǳȁǯ ǳǦ ǵǶǮǳ-
ǼǮǵǫ ǪǮǳǦǲǮǽǫǷǰǴǩǴ ǵǶǴǩǶǦǲǲǮǶǴǨǦǳǮȅ ǇǫǱǱǲǦǳǦ [24]. 

 

ǒǫǸǴǪǴǱǴǩǮȅ Ǯ ǶǫǭǹǱȂǸǦǸȁ ǮǷǷǱǫǪǴǨǦǳǮȅ 
 

ǕǶǯǸǧǴǯǬ ǳǬǹǵǫǯǱǯ ǶǷǯǳǬǴǬǴǯȆ ǳǬǹǵǫǧ ǶǵǸǲǬǫǵǩǧǹǬǲȃǴȂǼ ǶǷǯǨǲǯǭǬǴǯǰ 
 

ǈ ȃǸǴǲ ǶǦǭǪǫǱǫ ǵǶǮǨǫǪǫǳǴ ǰǶǦǸǰǴǫ ǴǵǮǷǦǳǮǫ ǲǫǸǴǪǮǰǮ ǵǶǮǲǫǳǫǳǮȅ ǽǮǷǱǫǳǳǴǩǴ 
ǲǫǸǴǪǦ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳȁǻ ǵǶǮǧǱǮǬǫǳǮǯ ǪǱȅ ǶǫǾǫǳǮȅ ǷǴǴǸǨǫǸǷǸǨǹȄǿǫǯ ǰǶǦǫǨǴǯ ǭǦ-
ǪǦǽǮ.  
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ǕǹǷǸȂ ǶǦǷǷǲǦǸǶǮǨǦǫǸǷȅ ǭǦǪǦǽǦ ǴǵǸǮǲǦǱȂǳǴǩǴ ǹǵǶǦǨǱǫǳǮȅ ǲǫǻǦǳǮǽǫǷǰǴǯ ǷǮǷǸǫǲǴǯ 
ǳǦ ǺǮǰǷǮǶǴǨǦǳǳǴǲ ǮǳǸǫǶǨǦǱǫ ǷǴ ǷǨǴǧǴǪǳȁǲ ǵǶǦǨȁǲ ǰǴǳǼǴǲ ǸǶǦǫǰǸǴǶǮǮ. ǕǶǮ ǵǴǷǸǦ-
ǳǴǨǰǫ ǭǦǪǦǽǮ ǳǫǴǧǻǴǪǮǲǴ, ǵǶǫǬǪǫ ǨǷǫǩǴ, ǨȁǵǮǷǦǸȂ ǪǮǺǺǫǶǫǳǼǮǦǱȂǳȁǫ ǹǶǦǨǳǫǳǮȅ 
ǪǨǮǬǫǳǮȅ, ǳǦǵǶǮǲǫǶ ǹǶǦǨǳǫǳǮȅ ǑǦǩǶǦǳǬǦ ǨǸǴǶǴǩǴ ǶǴǪǦ. ǊǦǱǫǫ ǪǱȅ ǵǴǷǸǶǴǫǳǮȅ ǴǵǸǮ-
ǲǦǱȂǳǴǩǴ ǹǵǶǦǨǱǫǳǮȅ ǮǱǮ ȃǰǷǸǶǫǲǦǱǫǯ ǳǹǬǳǴ, ǨǴ-ǵǫǶǨȁǻ, ǷǴǷǸǦǨǮǸȂ ǷǴǴǸǳǴǾǫǳǮȅ 
ǵǶǮǳǼǮǵǦ ǲǦǰǷǮǲǹǲǦ [2], ǨǴ-ǨǸǴǶȁǻ, ǽǮǷǱǫǳǳǴ ǶǫǾǮǸȂ Ǯǻ Ƿ ǮǷǵǴǱȂǭǴǨǦǳǮǫǲ ǲǫǸǴǪǦ 
ǵǴǷǱǫǪǴǨǦǸǫǱȂǳȁǻ ǵǶǮǧǱǮǬǫǳǮǯ [1].  

ǊǱȅ ǶǫǾǫǳǮȅ ǵǫǶǨǴǯ ǵǴǪǭǦǪǦǽǮ (ǷǴǷǸǦǨǱǫǳǮȅ ǰǶǦǫǨǴǯ ǭǦǪǦǽǮ) ǷǱǫǪǹǫǸ ǨȁǵǴǱ-
ǳǮǸȂ ǳǦǧǴǶ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳȁǻ ǷǸǦǳǪǦǶǸǳȁǻ ǪǫǯǷǸǨǮǯ, Ǧ ǮǲǫǳǳǴ ǨǨǫǷǸǮ ǷǴǵǶȅǬǫǳǳȁǫ 
ǵǫǶǫǲǫǳǳȁǫ, ǷǴǷǸǦǨǮǸȂ ǩǦǲǮǱȂǸǴǳǮǦǳ, ǨȁǵǮǷǦǸȂ ǷǴǵǶȅǬǫǳǳǹȄ ǷǮǷǸǫǲǹ, ǳǦǯǸǮ ǴǧǿǮǯ 
ǨǮǪ ǹǵǶǦǨǱǫǳǮȅ, ǲǦǰǷǮǲǮǭǮǶǹȄǿǫǩǴ ǩǦǲǮǱȂǸǴǳǮǦǳ Ǩ ǰǦǬǪȁǯ ǲǴǲǫǳǸ ǨǶǫǲǫǳǮ, ǪǴǧǦ-
ǨǮǸȂ ǳǦǽǦǱȂǳȁǫ ǹǷǱǴǨǮȅ ǪǱȅ ǴǷǳǴǨǳȁǻ ǵǫǶǫǲǫǳǳȁǻ Ǯ ǩǶǦǳǮǽǳȁǫ ǹǷǱǴǨǮȅ ǪǱȅ ǷǴǵǶȅ-
Ǭǫǳǳȁǻ ǵǫǶǫǲǫǳǳȁǻ ǳǦ ǵǶǦǨǴǲ ǰǴǳǼǫ ǸǶǦǫǰǸǴǶǮǮ (ǹǷǱǴǨǮȅ ǸǶǦǳǷǨǫǶǷǦǱȂǳǴǷǸǮ). 

ǊǱȅ ǶǫǾǫǳǮȅ ǨǸǴǶǴǯ ǵǴǪǭǦǪǦǽǮ (ǽǮǷǱǫǳǳǴǩǴ ǶǫǾǫǳǮȅ ǰǶǦǫǨǴǯ ǭǦǪǦǽǮ) ǷǱǫǪǹǫǸ 
ǨȁǧǶǦǸȂ Ǯ ǮǷǵǴǱȂǭǴǨǦǸȂ ǵǴǪǻǴǪȅǿǹȄ ǲǴǪǮǺǮǰǦǼǮȄ ǽǮǷǱǫǳǳǴǩǴ ǲǫǸǴǪǦ ǵǴǷǱǫǪǴǨǦ-
ǸǫǱȂǳȁǻ ǵǶǮǧǱǮǬǫǳǮǯ Ǩ ǵǶǴǷǸǶǦǳǷǸǨǫ ǹǵǶǦǨǱǫǳǮǯ ǪǱȅ ǭǦǪǦǽǮ ǴǵǸǮǲǦǱȂǳǴǩǴ ǹǵǶǦǨǱǫ-
ǳǮȅ ǷǴ ǷǨǴǧǴǪǳȁǲ ǵǶǦǨȁǲ ǰǴǳǼǴǲ [1]. ǗǳǦǽǦǱǦ ǮǭǱǴǬǮǲ ǵǶǴǷǸǫǯǾǮǯ ǨǦǶǮǦǳǸ ȃǸǴǩǴ 
ǲǫǸǴǪǦ. 

ǙǵǶǦǨǱȅǫǲǦȅ ǷǮǷǸǫǲǦ ǴǵǮǷȁǨǦǫǸǷȅ ǹǶǦǨǳǫǳǮȅǲǮ Ƿ ǳǦǽǦǱȂǳȁǲǮ ǹǷǱǴǨǮȅǲǮ Ǯ ǴǩǶǦ-
ǳǮǽǫǳǮȅǲǮ 

0 0 0( , , ), ( ) , ( ) , .
dx

f t x u x t x u t U t t
dt
= = Í ²                                      (1) 

ǍǪǫǷȂ 1( , , )nx x x=  ð n -ǲǫǶǳȁǯ ǨǫǰǸǴǶ ǺǦǭǴǨȁǻ ǰǴǴǶǪǮǳǦǸ, 1( , , )mu u u=  ð m -

ǲǫǶǳȁǯ ǨǫǰǸǴǶ ǹǵǶǦǨǱȅȄǿǮǻ ǺǹǳǰǼǮǯ, t  ð ǨǶǫǲȅ, 1( , , )nf f f=  ð ǭǦǪǦǳǳǦȅ ǨǫǰǸǴǶ-

ǺǹǳǰǼǮȅ, 0x  ð ǵǴǷǸǴȅǳǳȁǯ ǨǫǰǸǴǶ, 0t  ð ǳǦǽǦǱȂǳȁǯ ǲǴǲǫǳǸ ǨǶǫǲǫǳǮ, U  ð ǭǦǲǰǳǹǸǴǫ 

ǲǳǴǬǫǷǸǨǴ m -ǲǫǶǳǴǩǴ ǵǶǴǷǸǶǦǳǷǸǨǦ. ǊǴǵǹǷǸǮǲȁǲǮ ǹǵǶǦǨǱǫǳǮȅǲǮ ǧǹǪǫǲ ǳǦǭȁǨǦǸȂ ǰǹ-

ǷǴǽǳǴ-ǳǫǵǶǫǶȁǨǳȁǫ ǺǹǳǰǼǮǮ ( )u t , ǹǪǴǨǱǫǸǨǴǶȅȄǿǮǫ ǴǩǶǦǳǮǽǫǳǮȄ (1). 

ǕǴǷǸǦǨǮǲ ǭǦǪǦǽǹ Ǵǧ ǴǵǶǫǪǫǱǫǳǮǮ ǪǴǵǹǷǸǮǲǴǩǴ ǹǵǶǦǨǱǫǳǮȅ ( )u t , ǲǮǳǮǲǮǭǮǶǹȄ-

ǿǫǩǴ ǺǹǳǰǼǮǴǳǦǱ: 

0( , ( )), .J c x T T t= >                                                 (2) 

ǍǪǫǷȂ T  ð ǭǦǪǦǳǳȁǯ ǲǴǲǫǳǸ ǨǶǫǲǫǳǮ, 1( , , )nʩ ʩ c=  ð ǳǫǳǹǱǫǨǴǯ ǵǴǷǸǴȅǳǳȁǯ Ǩǫǰ-

ǸǴǶ, ǷǰǴǧǰǦǲǮ ǴǧǴǭǳǦǽǫǳǴ ǷǰǦǱȅǶǳǴǫ ǵǶǴǮǭǨǫǪǫǳǮǫ ǨǫǰǸǴǶǴǨ. ǇǹǪǫǲ ǵǶǫǪǵǴǱǦǩǦǸȂ, 

ǽǸǴ ǵǴǷǸǦǨǱǫǳǳǦȅ ǭǦǪǦǽǦ ǮǲǫǫǸ ǶǫǾǫǳǮǫ Ǩ ǰǱǦǷǷǫ ǪǴǵǹǷǸǮǲȁǻ ǹǵǶǦǨǱǫǳǮǯ ( )u t , ȃǸǴ 

ǶǫǾǫǳǮǫ ǧǹǪǫǲ ǳǦǭȁǨǦǸȂ ǴǵǸǮǲǦǱȂǳȁǲ ǹǵǶǦǨǱǫǳǮǫǲ. ǐ ǨǮǪǹ (2) ǵǶǮǨǴǪǮǸǷȅ ǵǴǷǱǫ 
ǨǨǫǪǫǳǮȅ ǪǴǵǴǱǳǮǸǫǱȂǳȁǻ ǺǦǭǴǨȁǻ ǰǴǴǶǪǮǳǦǸ ǾǮǶǴǰǮǯ ǰǱǦǷǷ ǮǳǸǫǩǶǦǱȂǳȁǻ ǺǹǳǰǼǮ-
ǴǳǦǱǴǨ. 

ǈǨǫǪǫǲ n -ǲǫǶǳȁǯ ǨǫǰǸǴǶ 1( , , )np p p=  ǷǴǵǶȅǬǫǳǳȁǻ ǵǫǶǫǲǫǳǳȁǻ, ǺǹǳǰǼǮȄ ǉǦ-

ǲǮǱȂǸǴǳǦ H  Ǯ ǭǦǵǮǾǫǲ ǷǴǵǶȅǬǫǳǳǹȄ ǷǮǷǸǫǲǹ Ǯ ǹǷǱǴǨǮȅ ǸǶǦǳǷǨǫǶǷǦǱȂǳǴǷǸǮ: 

( , , , ) ( , ( , , )),H t x p u p f t x u=                                                (3) 

1

( , , )
, ( ) .

n
ji

j

ji i

f t x udp H
p p T c

dt x x=

µµ
=- =- =-
µ µ
ä                                  (4) 

ǗǴǩǱǦǷǳǴ ǵǶǮǳǼǮǵǹ ǲǦǰǷǮǲǹǲǦ, ǮǷǰǴǲǴǫ ǴǵǸǮǲǦǱȂǳǴǫ ǹǵǶǦǨǱǫǳǮǫ ǪǴǷǸǦǨǱȅǫǸ 

ǺǹǳǰǼǮǮ H  Ǯǭ (3) ǲǦǰǷǮǲǹǲ ǵǴ u UÍ  ǵǶǮ ǱȄǧǴǲ 0[ , ],t t TÍ  ǫǷǱǮ x  Ǯ p  ǹǪǴǨǱǫǸǨǴǶȅȄǸ 

ǹǶǦǨǳǫǳǮȅǲ Ǯ ǩǶǦǳǮǽǳȁǲ ǹǷǱǴǨǮȅǲ (1) Ǯ (4). 

ǈ ǰǦǽǫǷǸǨǫ ǳǦǽǦǱȂǳǴǩǴ ǵǶǮǧǱǮǬǫǳǮȅ 1( )u t  ǭǦǪǦǪǮǲ ǳǫǰǴǸǴǶǴǫ ǪǴǵǹǷǸǮǲǴǫ  ǹǵǶǦǨ-

ǱǫǳǮǫ. ǒǫǸǴǪ ǷǴǷǸǴǮǸ Ǯǭ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳȁǻ ǮǸǫǶǦǼǮǯ; k -ȅ ǮǸǫǶǦǼǮȅ ǭǦǰǱȄǽǦǫǸǷȅ Ǩ 

ǷǱǫǪǹȄǿǫǲ ( 1,2, ) :k=  
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1) ǶǫǾǦȅ ǭǦǪǦǽǹ ǐǴǾǮ (1) Ƿ ǹǵǶǦǨǱǫǳǮǫǲ ( ),ku u t=  ǴǵǶǫǪǫǱȅǫǲ ǸǶǦǫǰǸǴǶǮȄ 

( )kx x t=  ǳǦ ǮǳǸǫǶǨǦǱǫ 0[ , ];t T  

2) ǶǫǾǦȅ ǭǦǪǦǽǹ ǐǴǾǮ (4) çǷǵǶǦǨǦ ǳǦǱǫǨǴè ǴǸ ǲǴǲǫǳǸǦ t T=  ǪǴ 0t t=  ǵǶǮ 

( ), ( ),k ku u t x x t= =  ǴǵǶǫǪǫǱȅǫǲ ǷǴǵǶȅǬǫǳǳȁǫ ǵǫǶǫǲǫǳǳȁǫ ( )kp t  ǳǦ ǮǳǸǫǶǨǦǱǫ 0[ , ];t T  

3) ǴǵǶǫǪǫǱȅǫǲ ǹǵǶǦǨǱǫǳǮǫ 1( )ku t+  ǳǦ ǮǳǸǫǶǨǦǱǫ 0[ , ]t T  Ǯǭ ǹǷǱǴǨǮȅ 
1( , ( ), ( ), ( )) max ( , ( ), ( ), )k k k k k

u U
H t x t p t u t H t x t p t u+

Í
=                              (5)  

Ǯ ǵǴǷǱǫ ȃǸǴǩǴ ǵǫǶǫǻǴǪǮǲ ǰ ǷǱǫǪǹȄǿǫǯ ǮǸǫǶǦǼǮǮ. 
 
ǋǷǱǮ ǵǶǴǼǫǷǷ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳȁǻ ǵǶǮǧǱǮǬǫǳǮǯ ǷǻǴǪǮǸǷȅ, ǸǴ ǵǶǴǪǴǱǬǦǫǲ ǫǩǴ ǪǴ 

Ǹǫǻ ǵǴǶ, ǵǴǰǦ ǵǴǷǱǫǪǹȄǿǮǫ ǵǶǮǧǱǮǬǫǳǮȅ ǳǫ ǧǹǪǹǸ ǴǸǱǮǽǦǸȂǷȅ ǪǶǹǩ ǴǸ ǪǶǹǩǦ Ǩ ǵǶǫǪǫ-
ǱǦǻ ǭǦǪǦǳǳǴǯ ǸǴǽǳǴǷǸǮ. ǕǴǱǹǽǫǳǳǴǫ ǶǫǾǫǳǮǫ ǧǹǪǫǸ ǹǪǴǨǱǫǸǨǴǶȅǸȂ ǵǶǮǳǼǮǵǹ ǲǦǰǷǮ-
ǲǹǲǦ. 

ǔǵǮǷǦǳǳȁǯ ǵǶǴǷǸǫǯǾǮǯ ǨǦǶǮǦǳǸ ǮǸǫǶǦǼǮǴǳǳǴǩǴ ǵǶǴǼǫǷǷǦ ǳǫ ǨǷǫǩǪǦ ǷǻǴǪǮǸǷȅ Ǯ Ǩ 
ǷǱǹǽǦǫ ǳǦǾǫǯ ǷǮǷǸǫǲȁ ǸǦǰǴǫ ǵǶǴǮǭǴǾǱǴ. ǖǦǷǷǲǴǸǶǮǲ ǵǶǮǫǲ, ǵǴǭǨǴǱȅȄǿǮǯ ǪǴǧǮǸȂǷȅ 
ǷǻǴǪǮǲǴǷǸǮ ǮǸǫǶǦǼǮǯ [1]. ǔǧǴǭǳǦǽǮǲ ǽǫǶǫǭ ʌ ǴǵǫǶǦǸǴǶ, ǰǴǸǴǶȁǯ ǰǦǬǪǴǲǹ ǪǴǵǹǷǸǮ-

ǲǴǲǹ ǹǵǶǦǨǱǫǳǮȄ ( )ku t  ǷǸǦǨǮǸ Ǩ ǷǴǴǸǨǫǸǷǸǨǮǫ ǳǴǨǴǫ ǵǶǮǧǱǮǬǫǳǮǫ ǵǴ Ƿǻǫǲǫ, ǴǵǮǷǦǳ-

ǳǴǯ ǨȁǾǫ (Ƿǲ. (5)): 
1( ) ( ( )), 1,2,k ku t ʌ u t k+ = =  

ǘǴǩǪǦ ǳǴǨǴǫ ǵǶǮǧǱǮǬǫǳǮǫ ǲǴǪǮǺǮǼǮǶǴǨǦǳǳǴǩǴ ǲǫǸǴǪǦ ǴǵǶǫǪǫǱȅǫǸǷȅ ǵǴ ǷǱǫǪǹȄ-
ǿǫǯ Ƿǻǫǲǫ: 

' ''

01

' ''

( ), [ , ] [ , ];
( )

( ( )), [ , ].

k

k

k

u t t t t t T
u t

ʌ u t t t t

+
ë Î Ëî
=ì

Íîí
 

ǍǪǫǷȂ ǮǳǸǫǶǨǦǱ ' ''[ , ]t t , ǨǻǴǪȅǿǮǯ Ǩ ǮǳǸǫǶǨǦǱ 0[ , ]t T , ǨȁǧǮǶǦǫǸǷȅ ǸǦǰ, ǽǸǴǧȁ ǴǧǫǷ-

ǵǫǽǮǸȂ ǹǷǱǴǨǮǫ: 
1 ,k kJ J+<  

ǩǪǫ 1,k kJ J +  ð ǭǳǦǽǫǳǮȅ ǺǹǳǰǼǮǴǳǦǱǦ, ǴǸǨǫǽǦȄǿǮǫ ǹǵǶǦǨǱǫǳǮȅǲ 1, .k ku u +  

ǕǴǪǧǴǶ ǽǮǷǫǱ ' '',t t  ǳǦ ǰǦǬǪǴǯ ǮǸǫǶǦǼǮǮ ǵǶǴǮǷǻǴǪǮǸ ǷǱǫǪǹȄǿǮǲ ǴǧǶǦǭǴǲ: 

' * ,
2

h
t t= -

     

'' * ,
2

h
t t= +  

0

* 1

[ , ]
arg max [ ( ( ), ( ), ( ), ) ( ( ), ( ), ( ), )],k k k k k k

t t T
t H p t x t u t t H p t x t u t t+

Í
= -  

ǩǪǫ h  ð ǵǦǶǦǲǫǸǶ, ǨȁǧǮǶǦǫǲȁǯ ǵǶǴǮǭǨǴǱȂǳǴ. ǕǶǴǼǫǷǷ ǮǸǫǶǦǼǮǯ ǭǦǰǦǳǽǮǨǦǫǸǷȅ, 
ǰǴǩǪǦ ǪǱȅ ǹǵǶǦǨǱǫǳǮȅ ǧǹǪǫǸ ǨȁǵǴǱǳǫǳ ǵǶǮǳǼǮǵ ǲǦǰǷǮǲǹǲǦ. 

 
ǖǵǸǹǧǴǵǩǱǧ ǮǧǫǧǾǯ ǺǶǷǧǩǲǬǴǯȆ ǫǩǺǼǳǧǸǸǵǩǵǰ ǸǯǸǹǬǳǵǰ 

 
ǖǦǷǷǲǦǸǶǮǨǦǫǸǷȅ ǭǦǪǦǽǦ ǴǵǸǮǲǦǱȂǳǴǩǴ ǹǵǶǦǨǱǫǳǮȅ ǪǱȅ ǲǫǻǦǳǮǽǫǷǰǴǯ ǷǮǷǸǫǲȁ, 

ǷǴǷǸǴȅǿǫǯ Ǯǭ ǪǨǹǻ ǪǮǷǰǴǨ, ǷǴǫǪǮǳǫǳǳȁǻ ǲǫǬǪǹ ǷǴǧǴǯ ǵǶǮ ǵǴǲǴǿǮ ǳǫǨǫǷǴǲȁǻ ǵǶǫǪ-

ǨǦǶǮǸǫǱȂǳǴ ǶǦǷǸȅǳǹǸȁǻ ǵǶǹǬǮǳ (ǶǮǷ. 1). ǖǦǪǮǹǷ ǵǫǶǨǴǩǴ ǪǮǷǰǦ  ǶǦǨǫǳ ar . ǖǦǪǮǹǷ ǨǳǹǸ-

Ƕǫǳǳǫǯ ǵǴǱǴǷǸǮ ǨǸǴǶǴǩǴ ǪǮǷǰǦ ǶǦǨǫǳ br . ǙǩǱȁ ǵǴǨǴǶǴǸǴǨ ǪǮǷǰǴǨ ǴǧǴǭǳǦǽǫǳȁ ǽǫǶǫǭ a 

Ǯ b. ǔǷǮ ǨǶǦǿǫǳǮȅ ǵǦǶǦǱǱǫǱȂǳȁ, ǵǶǮǽǫǲ ǴǷȂ ǨǶǦǿǫǳǮȅ ǵǫǶǨǴǩǴ ǪǮǷǰǦ Ǯ ǫǩǴ ǼǫǳǸǶ 

ǲǦǷǷ ǭǦǺǮǰǷǮǶǴǨǦǳȁ Ǩ ǵǶǴǷǸǶǦǳǷǸǨǫ. ǕǴǱǴǬǫǳǮǫ ǼǫǳǸǶǦ ǲǦǷǷ ǨǸǴǶǴǩǴ  ǻǦǶǦǰǸǫǶǮǭǹ-

ǫǸǷȅ ǴǸǳǴǷǮǸǫǱȂǳȁǲǮ ǰǴǴǶǪǮǳǦǸǦǲǮ ,x y Ǩ ǵǶȅǲǴǹǩǴǱȂǳǴǯ ǷǮǷǸǫǲǫ ǰǴǴǶǪǮǳǦǸ Ǩ ǵǱǴǷ-

ǰǴǷǸǮ, ǰǴǸǴǶǦȅ ǵǫǶǵǫǳǪǮǰǹǱȅǶǳǦ ǴǷȅǲ ǨǶǦǿǫǳǮȅ. ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǵǶǮ 0x=  Ǯ 0y=  

ǴǷǮ ǨǶǦǿǫǳǮȅ ǷǴǨǵǦǪǦȄǸ.  
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ǖǮǷ.1 

 
ǕǶǫǪǵǴǱǦǩǦǫǸǷȅ, ǽǸǴ ǵǴǸǫǳǼǮǦǱȂǳǦȅ ȃǳǫǶǩǮȅ P ǨǭǦǮǲǴǪǫǯǷǸǨǮȅ ǮǲǫǫǸ ǷǱǫǪǹȄ-

ǿǮǯ ǨǮǪ [25]: 

0 2 2 0 2 2 2 2 2 2 2 41 1
( ) ( ) ( ) 2 ( )( ) ( ) ,

2 4

r

r r rk x y k k x y k x y kj j

j ja b a b a bè ø è øP= + + - + + + + - + -ê ú ê ú 

ǩǪǫ 0 0, , , ,r

r r rk k k k kj j

j j ð ǭǦǪǦǳǳȁǫ ǵǴǷǸǴȅǳǳȁǫ ǰǴȃǺǺǮǼǮǫǳǸȁ. ǈǨǴǪȅ ǴǧǴǭǳǦǽǫǳǮȅ ǶǦ-

ǪǮǦǱȂǳǴǯ Ǯ ǰǶǹǸǮǱȂǳǴǯ ǬǫǷǸǰǴǷǸǮ 

( ) ( )
20 2 2 ,r

r r r rk k k x y kj a b= + + + -
     

( ) ( )
20 2 2

rk k k x y kj j

j j ja b= + + + - 

Ǯ ǹǽǮǸȁǨǦȅ ǨȁǶǦǬǫǳǮǫ ǪǱȅ ǰǮǳǫǸǮǽǫǷǰǴǯ ȃǳǫǶǩǮǮ 

( )2 2 2 21
,

2
k a b bE I I m x ya bè ø= + + +

ê ú 

ǷǴǷǸǦǨǮǲ ǹǶǦǨǳǫǳǮȅ ǑǦǩǶǦǳǬǦ ǨǸǴǶǴǩǴ ǶǴǪǦ: 

( )2 ,aI k Mja a b+ - =
     

( ) 0,bI kjb a b- - =
     

0,b rm x k x+ =
     

0.b rm y k y+ =
     

(6) 

ǍǦ ǷǽǫǸ ǨȁǧǴǶǦ ǲǴǲǫǳǸǦ ( )M t  ǸǶǫǧǹǫǸǷȅ ǶǦǷǰǶǹǸǮǸȂ ǷǮǷǸǫǲǹ, ǹǲǫǳȂǾǦȅ, 

ǳǦǷǰǴǱȂǰǴ ȃǸǴ ǨǴǭǲǴǬǳǴ, ǶǦǪǮǦǱȂǳȁǫ ǰǴǱǫǧǦǳǮȅ Ǩ ǵǶǴǼǫǷǷǫ ǹǵǶǦǨǱǫǳǮȅ. ǕǶǫǪǵǴǱǦ-
ǩǦǫǲ, ǽǸǴ ǰǶǹǸȅǿǮǯ ǲǴǲǫǳǸ ǲǴǬǫǸ ǧȁǸȂ ǪǴǷǸǦǸǴǽǳǴ ǧǴǱȂǾǮǲ. ǕǴȃǸǴǲǹ Ǩ ǰǦǽǫǷǸǨǫ ǳǴ-
ǨǴǩǴ ǹǵǶǦǨǱǫǳǮȅ ǨȁǧǮǶǦǫǲ ǹǩǴǱ ǰǶǹǽǫǳǮȅ Ǯ ǷǽǮǸǦǫǲ, ǽǸǴ Ǵǳ ǴǩǶǦǳǮǽǫǳ:  

( ) ( ) ( ),U t t ta b= -      00 ( ) ,U t U¢ ¢     
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ǩǪǫ 0U  ð ǭǦǪǦǳǳǦȅ ǵǴǷǸǴȅǳǳǦȅ, ǰǴǸǴǶǦȅ ǪǴǱǬǳǦ ǧȁǸȂ ǪǴǷǸǦǸǴǽǳǴ ǲǦǱǦ, ǽǸǴǧȁ Ǩȁ-

ǵǴǱǳȅǱǴǷȂ ǷǪǫǱǦǳǳǴǫ ǶǦǳǫǫ ǵǶǫǪǵǴǱǴǬǫǳǮǫ Ǵ ǶǦǭǱǴǬǮǲǴǷǸǮ Ǩ ǲǳǴǩǴǲǫǶǳȁǯ ǶȅǪ ǘǫǯ-

ǱǴǶǦ ǵǴǸǫǳǼǮǦǱȂǳǴǯ ȃǳǫǶǩǮǮ P. ǚǹǳǰǼǮȅ ( )U t  ǵǶǫǪǵǴǱǦǩǦǫǸǷȅ ǰǹǷǴǽǳǴ-ǳǫǵǶǫǶȁǨ-

ǳǴǯ. ǕǶǮ ȃǸǴǲ ǳǫǴǸǶǮǼǦǸǫǱȂǳǴǷǸȂ  ǹǵǶǦǨǱǫǳǮȅ ǴǧǫǷǵǫǽǮǨǦǫǸ ǵǴǷǸǫǵǫǳǳǴǫ ǶǦǷǰǶǹǽǮ-
ǨǦǳǮǫ ǷǮǷǸǫǲȁ. ǍǦǪǦǽǦ ǹǵǶǦǨǱǫǳǮȅ ǶǦǷǷǲǦǸǶǮǨǦǫǸǷȅ ǳǦ ǰǴǳǫǽǳǴǲ ǭǦǪǦǳǳǴǲ ǮǳǸǫǶǨǦǱǫ 

ǨǶǫǲǫǳǮ [ ]0, .t TÍ  

ǘǦǰ ǰǦǰ ǹǵǶǦǨǱǫǳǮǫǲ ȅǨǱȅǫǸǷȅ ǶǦǭǳǴǷǸȂ ǹǩǱǴǨ ǵǴǨǴǶǴǸǴǨ ǪǮǷǰǴǨ, ǸǴ ǵǫǶǨȁǫ ǪǨǦ 

ǹǶǦǨǳǫǳǮȅ (6) ǲǴǬǳǴ ǳǫ ǶǦǷǷǲǦǸǶǮǨǦǸȂ. ǈǨǫǪǫǲ ǳǴǨȁǫ ǵǫǶǫǲǫǳǳȁǫ: xu  ð ǷǰǴǶǴǷǸȂ Ǯǭ-

ǲǫǳǫǳǮȅ ǰǴǴǶǪǮǳǦǸȁ x , 
yu  ð ǷǰǴǶǴǷǸȂ ǮǭǲǫǳǫǳǮȅ ǰǴǴǶǪǮǳǦǸȁ y. ǕǫǶǫǯǪǫǲ ǰ ǷǮǷǸǫǲǫ 

ǽǫǸȁǶǫǻ ǹǶǦǨǳǫǳǮǯ ǵǫǶǨǴǩǴ ǵǴǶȅǪǰǦ, ǴǵǮǷȁǨǦȄǿǮǻ ǪǨǹǲǫǶǳȁǯ ǴǷǼǮǱǱȅǸǴǶ: 

, ,r
x x

b

xk
x

m
u u

-
= =

   

, .r
y y

b

yk
y

m
u u

-
= =  

ǗǮǷǸǫǲǫ ǴǸǨǫǽǦȄǸ ǳǦǽǦǱȂǳȁǫ ǹǷǱǴǨǮȅ 0 0 0 0(0) , (0) , (0) , (0) .x x y yx x y yu u u u= = = = 

 
ǑǷǧǬǩǧȆ ǮǧǫǧǾǧ ǶǷǯǴǽǯǶǧ ǳǧǱǸǯǳǺǳǧ 

 
ǈȁǧǫǶǫǲ ǮǳǸǫǩǶǦǱȂǳȁǯ ǺǹǳǰǼǮǴǳǦǱ ǸǮǵǦ ǑǦǩǶǦǳǬǦ, ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǯ ǲǮǳǮǲǮ-

ǭǦǼǮǮ ǦǲǵǱǮǸǹǪȁ ǶǦǪǮǦǱȂǳȁǻ ǰǴǱǫǧǦǳǮǯ ǷǮǷǸǫǲȁ: 

( )0 2 2

0

0 0

1
.

2

T T

rJ f dt k x y dt= = +ñ ñ  

ǊǱȅ ǶǫǾǫǳǮȅ ǭǦǪǦǽǮ Ƿ ǸǦǰǮǲ ǺǹǳǰǼǮǴǳǦǱǴǲ ǧǹǪǫǲ ǮǷǵǴǱȂǭǴǨǦǸȂ ǵǶǮǳǼǮǵ ǲǦǰǷǮ-
ǲǹǲǦ. ǈǨǫǪǫǲ ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǫ ǷǴǵǶȅǬǫǳǳȁǫ ǵǫǶǫǲǫǳǳȁǫ: 

0 1 2 3 4( ), ( ), ( ), ( ), ( ),p t p t p t p t p t  

ǵǶǮǽǫǲ
 0( )p t =const 1.=- ǍǦǵǮǾǫǲ ǩǦǲǮǱȂǸǴǳǮǦǳ: 

( ) ( )
( )( )0 2 2 2

20 2 2

1 3

1
,

2

r

r r r

r x y

b

p x k k x y k U
H p f k x y p p

m

j

u u
+ + +

= =- + + - + - 

( )( )0 2 2 2

4

.

r

r r r

b

p y k k x y k U

m

j+ + +
-  

ǍǪǫǷȂ Ǩ ǷǰǦǱȅǶǳǴǲ ǵǶǴǮǭǨǫǪǫǳǮǮ p  ð ǨǫǰǸǴǶ ǷǴǵǶȅǬǫǳǳȁǻ ǵǫǶǫǲǫǳǳȁǻ, f  ð Ǩǫǰ-

ǸǴǶ-ǺǹǳǰǼǮȅ, ǹ ǰǴǸǴǶǴǯ ǰǴǲǵǴǳǫǳǸȁ Ƿ ǳǫǳǹǱǫǨȁǲ ǮǳǪǫǰǷǴǲ ǭǦǪǦȄǸ ǵǶǦǨǹȄ ǽǦǷǸȂ ǷǮ-
ǷǸǫǲȁ. ǗǴǵǶȅǬǫǳǳǦȅ ǷǮǷǸǫǲǦ ǮǲǫǫǸ ǨǮǪ: 

( )( )2 0 2 2
2

20 2 4
1

2 2
,

r
r r

r r r
r r

r

b b b

p k U k k x yH k p x k p xy
p k x

x m m m

j + + +µ
=- = + + +
µ

    
2 1,

x

H
p p

u

µ
=- =-
µ

 

( )( )2 0 2 2
2

40 4 2
3

2 2
,

r
r r

r r r
r r

r

b b b

p k U k k x yH k p y k p xy
p k y

y m m m

j + + +µ
=- = + + +
µ

   
4 3.

y

H
p p

u

µ
=- =-
µ

 

ǉǶǦǳǮǽǳȁǫ ǹǷǱǴǨǮȅ (ǹǷǱǴǨǮȅ ǸǶǦǳǷǨǫǶǷǦǱȂǳǴǷǸǮ) ǪǱȅ ǵǴǱǹǽǫǳǳǴǯ ǷǮǷǸǫǲȁ ǭǦ-
ǪǦǳȁ ǳǦ ǵǶǦǨǴǲ ǰǴǳǼǫ ǸǶǦǫǰǸǴǶǮǮ: 

1 2 3 4( ) 0, ( ) 0, ( ) 0, ( ) 0.p T p T p T p T= = = = 

ǔǵǸǮǲǦǱȂǳǴǫ ǹǵǶǦǨǱǫǳǮǫ ǪǴǱǬǳǴ ǲǦǰǷǮǲǮǭǮǶǴǨǦǸȂ ǩǦǲǮǱȂǸǴǳǮǦǳ, ǵǴȃǸǴǲǹ ǵǴǱǦǩǦǫǲ 

2 4

0 2 4

0, 0,
( )

, 0.

p x p y
U t

U p x p y

+ >ë
=ì

+ ¢í
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ǕǸǵǨǬǴǴǵǸǹȃ ǶǷǯǳǬǴǬǴǯȆ ǳǬǹǵǫǧ ǶǵǸǲǬǫǵǩǧǹǬǲȃǴȂǼ ǶǷǯǨǲǯǭǬǴǯǰ 
 
ǕǶǮ ǶǫǦǱǮǭǦǼǮǮ ǲǫǸǴǪǦ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳȁǻ ǵǶǮǧǱǮǬǫǳǮǯ ǧȁǱǴ ǴǧǳǦǶǹǬǫǳǴ, ǽǸǴ 

ǹǵǶǦǨǱǫǳǮǫ ǪǴǱǬǳǴ ǷǴǨǫǶǾǦǸȂ ǪǴǨǴǱȂǳǴ ǽǦǷǸȁǫ ǵǫǶǫǰǱȄǽǫǳǮȅ. ǊǦǳǳǴǫ ȅǨǱǫǳǮǫ ǴǰǦ-
ǭȁǨǦǫǸ ǨǱǮȅǳǮǫ ǳǦ ǷǻǴǪǮǲǴǷǸȂ ǲǫǸǴǪǦ ǵǶǮ ǶǫǾǫǳǮǮ ǵǴǷǸǦǨǱǫǳǳǴǯ ǭǦǪǦǽǮ ǳǦ ǪǱǮǸǫǱȂ-
ǳǴǲ ǮǳǸǫǶǨǦǱǫ ǨǶǫǲǫǳǮ. ǕǴȃǸǴǲǹ ǭǦǪǦǽǦ ǲǮǳǮǲǮǭǦǼǮǮ ǮǳǸǫǩǶǦǱȂǳǴǩǴ ǺǹǳǰǼǮǴǳǦǱǦ ǳǦ 
ǰǴǳǫǽǳǴǲ ǮǳǸǫǶǨǦǱǫ ǨǶǫǲǫǳǮ ǧȁǱǦ ǷǨǫǪǫǳǦ ǰ ǷǴǨǴǰǹǵǳǴǷǸǮ ǦǳǦǱǴǩǮǽǳȁǻ ǭǦǪǦǽ ǳǦ ǧǴ-

Ǳǫǫ ǰǴǶǴǸǰǮǻ ǮǳǸǫǶǨǦǱǦǻ ǨǶǫǲǫǳǮ, ǵǴǱǹǽǫǳǳȁǻ ǵǶǮ ǶǦǭǧǮǫǳǮǮ ǴǸǶǫǭǰǦ ǨǶǫǲǫǳǮ [ ]0,T

. ǘǦǰǮǲǮ ǪǫǯǷǸǨǮȅǲǮ ǪǴǷǸǮǩǦǫǸǷȅ ǹǲǫǳȂǾǫǳǮǫ ǰǴǱǮǽǫǷǸǨǦ ǵǫǶǫǰǱȄǽǫǳǮǯ ǹǵǶǦǨǱǫǳǮȅ 
ǳǦ ǰǴǶǴǸǰǮǻ ǴǸǶǫǭǰǦǻ ǨǶǫǲǫǳǮ, ǽǸǴ ǹǱǹǽǾǦǫǸ ǷǻǴǪǮǲǴǷǸȂ ǲǫǸǴǪǦ. ǔǸǲǫǸǮǲ, ǽǸǴ ǴǵǸǮ-

ǲǦǱȂǳǴǫ ǶǫǾǫǳǮǫ U  ǳǦ ǴǸǶǫǭǰǫ ǨǶǫǲǫǳǮ [ ]0,T  Ǩ Ǵǧǿǫǲ ǷǱǹǽǦǫ ǳǫ ǷǴǨǵǦǪǦǫǸ Ƿ ǰǴǲǵǴ-

ǭǮǼǮǫǯ ǶǫǾǫǳǮǯ ǭǦǪǦǽ, ǵǴǱǹǽǫǳǳȁǻ ǳǦ ǰǴǶǴǸǰǮǻ ǵǴǪȁǳǸǫǶǨǦǱǦǻ. ǆǳǦǱǮǭǮǶǹȅ ǮǭǱǴǬǫǳ-
ǳȁǯ ǵǶǮǳǼǮǵ ǵǶǦǰǸǮǽǫǷǰǴǩǴ ǹǱǹǽǾǫǳǮȅ ǷǻǴǪǮǲǴǷǸǮ, ǵǶǮǻǴǪǮǲ ǰ ǭǦǰǱȄǽǫǳǮȄ, ǽǸǴ ǷǴ-
ǵǶȅǬǫǳǳȁǫ ǵǫǶǫǲǫǳǳȁǫ Ǩ ǰǴǳǼǫ ǰǦǬǪǴǩǴ ǵǴǪȁǳǸǫǶǨǦǱǦ ǧǹǪǹǸ ǵǶǮǳǮǲǦǸȂ ǳǹǱǫǨȁǫ ǭǳǦ-
ǽǫǳǮȅ. 

 
ǕǶǷǬǫǬǲǬǴǯǬ ǱǵȄǻǻǯǽǯǬǴǹǵǩ ǺǶǷǺǪǵǰ ǳǵǫǬǲǯ 

 

ǔǵǶǫǪǫǱǮǲ ǰǴȃǺǺǮǼǮǫǳǸȁ 0 0, , , ,r

r r rk k k k kj j

j j Ǩ ǷǱǹǽǦǫ, ǰǴǩǪǦ Ǩ ǰǦǽǫǷǸǨǫ ǹǵǶǹǩǮǻ 

ȃǱǫǲǫǳǸǴǨ (Ƿǲ. ǶǮǷ. 1) ǨȁǷǸǹǵǦȄǸ ǱǮǳǫǯǳȁǫ ǵǶǹǬǮǳȁ, ǹ ǰǴǸǴǶȁǻ ǩǶǦǺǮǰ çǳǦǩǶǹǭǰǦ-

ǪǫǺǴǶǲǦǼǮȅè ǵǶǫǪǷǸǦǨǱȅǫǸ ǷǴǧǴǯ ǵǶȅǲǹȄ ǱǮǳǮȄ. ǖǦǷǷǲǴǸǶǮǲ ǷǮǷǸǫǲǹ Ǯǭ N  ǵǶǹǬǮǳ 

ǬǫǷǸǰǴǷǸǮ k, ǵǶǮǽǫǲ ǪǱǮǳǦ Ǩ ǷǨǴǧǴǪǳǴǲ ǷǴǷǸǴȅǳǮǮ ǰǦǬǪǴǯ Ǯǭ ǳǮǻ ǶǦǨǳǦ b al r r< -.  

ǊǱȅ ǶǦǷǽǫǸǦ ǰǴȃǺǺǮǼǮǫǳǸǴǨ ǹǵǶǹǩǴǯ ǲǴǪǫǱǮ ǧǹǪǫǲ ǮǷǵǴǱȂǭǴǨǦǸȂ ǷǱǫǪǹȄǿǮǫ ǷǴ-

ǴǸǳǴǾǫǳǮȅ, ǵǴǱǹǽǫǳǳȁǫ Ǩ [25] ǪǱȅ 5N² :  

( ) ( )
0 0

3
1 , 1 , ,

2 4

a b
r b a r

b a b a b a

kNlr rl l
k kN k kN r r k

r r r r r r

j

j

å õ å õ
= - = - =æ ö æ öæ ö- - -ç ÷ç ÷

 

( )

( )
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2 2

3 3
, 1 .

616

a a b br

r a b

b a b a

l r r r rkNl kN
k k r r

r r r r

j

j

å õ+ +
æ ö=- =- -
æ ö- -
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ǞǯǸǲǬǴǴǵǬ ǶǵǸǹǷǵǬǴǯǬ ȄǱǸǹǷǬǳǧǲǬǰ 

 
ǕǶǮ ǶǦǷǽǫǸǫ ǧȁǱǮ ǮǷǵǴǱȂǭǴǨǦǳȁ ǷǱǫǪǹȄǿǮǫ ǵǦǶǦǲǫǸǶȁ ǷǮǷǸǫǲȁ Ƿ ǳǫǳǹǱǫǨǴǯ 

ǳǦǽǦǱȂǳǴǯ ǹǩǱǴǨǴǯ ǷǰǴǶǴǷǸȂȄ Ǯ ǳǫǳǹǱǫǨȁǲ ǳǦǽǦǱȂǳȁǲ ǴǸǰǱǴǳǫǳǮǫǲ: 

1, 3.61, 4, 2, 1.9, 1000,b a b b aʪ I I r r k= = = = = = 

01, 0.09, 10, 14.4, 0.01,am l N T U= = = = = 

(0) 0.02, (0) 0.01, (0) 0.02, (0) 0.01.x yx yu u= =- = = 

ǇȁǱǮ ǵǴǱǹǽǫǳȁ ǷǱǫǪǹȄǿǮǫ ǰǴȃǺǺǮǼǮǫǳǸȁ ǹǵǶǹǩǴǯ ǲǴǪǫǱǮ: 
0 05500, 3800, 855000, 56250, 6497366.r

r r rk k k k kj j

j j= = = =- =  

ǔǸǶǫǭǴǰ [ ]0,T  ǵǶǮ ǶǦǷǽǫǸǫ ǹǵǶǦǨǱǫǳǮȅ ǧȁǱ ǶǦǭǧǮǸ ǳǦ ǵǴǪȁǳǸǫǶǨǦǱȁ ǪǱǮǸǫǱȂǳǴ-

ǷǸȂȄ 0.4.  
ǊǱȅ ǴǼǫǳǮǨǦǳǮȅ ȃǺǺǫǰǸǮǨǳǴǷǸǮ ǵǴǷǸǶǴǫǳǳǴǩǴ ǹǵǶǦǨǱǫǳǮȅ ǷǶǦǨǳǮǲ ǫǩǴ Ƿ ǪǶǹǩǮǲ 

ǹǵǶǦǨǱǫǳǮǫǲ, ǴǵǶǫǪǫǱȅǫǲȁǲ ǵǴ Ƿǻǫǲǫ: 

0, ( 0) ( 0);
( )

0, ( 0) ( 0).

U xx yy
FC t

xx yy

> >ë
=ì

¢ ¢í                                          

(7) 
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ǊǦǳǳǴǫ ǹǵǶǦǨǱǫǳǮǫ ǴǸǳǴǷǮǸǷȅ ǰ ǰǱǦǷǷǹ ǹǵǶǦǨǱǫǳǮǯ Ƿ ǴǧǶǦǸǳǴǯ ǷǨȅǭȂȄ, ǵǴǭǨǴǱȅ-
ȄǿǮǻ ǹǲǫǳȂǾǦǸȂ ǦǲǵǱǮǸǹǪǹ ǰǴǱǫǧǦǳǮǯ ǷǮǷǸǫǲȁ. ǔǪǳǦǰǴ ȃǸǴ ǹǵǶǦǨǱǫǳǮǫ ǳǫ ȅǨǱȅǫǸǷȅ 

ǴǵǸǮǲǦǱȂǳȁǲ. ǊǱȅ ǷǶǦǨǳǫǳǮȅ ǵǴǷǸǶǴǮǲ ( ), ( )U t FC t  ǳǦ ǴǪǳǴǲ ǩǶǦǺǮǰǫ (Ƿǲ. ǶǮǷ. 2, ǩǪǫ 

ǵǴǰǦǭǦǳ ǵǶǴǼǫǷǷ ǸǴǱȂǰǴ Ǩ ǸǫǽǫǳǮǫ ǵǫǶǨǴǩǴ ǨǶǫǲǫǳǳǴǩǴ ǵǴǪȁǳǸǫǶǨǦǱǦ [ ]0,0.4). ǆǳǦǱǴ-

ǩǮǽǳǴ ǵǴǷǸǹǵǮǲ Ǯ Ƿ ǺǹǳǰǼǮǫǯ ( )J t , ǮǷǵǴǱȂǭǹȅ ǪǦǳǳȁǫ, ǵǴǱǹǽǫǳǳȁǫ ǵǶǮ ǮǳǸǫǩǶǮǶǴǨǦ-

ǳǮǮ ǷǮǷǸǫǲȁ ǵǶǮ ǪǨǹǻ ǹǵǶǦǨǱǫǳǮȅǻ ( ), ( )U t FC t . ǗǮǳǮǯ ǼǨǫǸ ǳǦ ǩǶǦǺǮǰǦǻ ǷǴǴǸǨǫǸǷǸǨǹǫǸ 

ǹǵǶǦǨǱǫǳǮȄ ( )FC t , ǰǶǦǷǳȁǯ ð ǹǵǶǦǨǱǫǳǮȄ ( )U t . 

  

 
ǖǮǷ. 2 

 

ǎǭ ǩǶǦǺǮǰǴǨ ǨǮǪǳǴ, ǽǸǴ ǹǵǶǦǨǱǫǳǮȅ ( ), ( )U t FC t  ǮǲǫȄǸ ǴǸǳǴǷǮǸǫǱȂǳǴ ǵǴǻǴǬǮǯ ǻǦ-

ǶǦǰǸǫǶ ǵǫǶǫǰǱȄǽǫǳǮȅ, ǳǴ ǸǦǰǬǫ ǮǲǫȄǸǷȅ Ǯ ǴǸǱǮǽǮȅ. ǓǦ ǩǶǦǺǮǰǫ ( )J t  ǵǴǰǦǭǦǳǴ, ǽǸǴ 

ǵǶǮ ǴǵǸǮǲǦǱȂǳǴǲ ǹǵǶǦǨǱǫǳǮǮ ( )U t  ǺǹǳǰǼǮǴǳǦǱ J  ǵǶǮǳǮǲǦǫǸ ǲǫǳȂǾǫǫ ǭǳǦǽǫǳǮǫ, ǽǫǲ 

ǵǶǮ ǹǵǶǦǨǱǫǳǮǮ ( )FC t .  

ǕǴǱǳȁǫ ǶǫǭǹǱȂǸǦǸȁ ǶǦǷǽǫǸǦ ǵǶǮ ǹǵǶǦǨǱǫǳǮǮ ( )U t  ǳǦ ǪǱǮǸǫǱȂǳǴǲ ǮǳǸǫǶǨǦǱǫ 

ǵǶǫǪǷǸǦǨǱǫǳȁ ǳǦ ǶǮǷ. 3. ǘǫǲǵ ǩǦǾǫǳǮȅ ǰǴǱǫǧǦǳǮǯ ǴǰǦǭǦǱǷȅ ǵǴǽǸǮ ǸǦǰǮǲ Ǭǫ, ǰǦǰ Ǯ 
ǵǶǮ ǶǫǱǫǯǳǴǲ ǹǵǶǦǨǱǫǳǮǮ ǵǴ ǴǧǶǦǸǳǴǯ ǷǨȅǭǮ (7).   
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ǍǦǰǱȄǽǫǳǮǫ 
 

ǕǶǮǲǫǳǫǳǮǫ ǲǫǸǴǪǦ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳȁǻ ǵǶǮǧǱǮǬǫǳǮǯ ǪǱȅ ǵǴǮǷǰǦ ǴǵǸǮǲǦǱȂǳǴǩǴ 
ǹǵǶǦǨǱǫǳǮȅ ǹǩǱǴǲ ǰǶǹǽǫǳǮȅ ǶǦǷǷǲǴǸǶǫǳǳǴǯ ǪǨǹǻǲǦǷǷǴǨǴǯ ǷǮǷǸǫǲȁ ǳǦ ǨǷǫǲ ǮǳǸǫǶǨǦǱǫ 
ǴǰǦǭǦǱǴǷȂ ǭǦǸǶǹǪǳǮǸǫǱȂǳȁǲ. ǗǰǴǶǫǫ ǨǷǫǩǴ, ǴǳǴ ǶǫǱǫǯǳǴǫ Ƿ ǲǳǴǬǫǷǸǨǴǲ ǵǫǶǫǰǱȄǽǫ-
ǳǮǯ, ǸǦǰ ǰǦǰ ǷǮǷǸǫǲǦ ǰǴǱǫǧǦǸǫǱȂǳǦȅ. ǕǴȃǸǴǲǹ Ǩ ǷǸǦǸȂǫ ǵǶǫǪǱǴǬǫǳ ǧǴǱǫǫ ǵǶǴǷǸǴǯ ȃǨ-
ǶǮǷǸǮǽǫǷǰǮǯ ǵǴǪǻǴǪ, ǮǷǵǴǱȂǭǹȄǿǮǯ ǲǫǸǴǪ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳȁǻ ǵǶǮǧǱǮǬǫǳǮǯ ǳǦ ǲǳǴ-
ǬǫǷǸǨǫ ǧǴǱǫǫ ǰǴǶǴǸǰǮǻ ǮǳǸǫǶǨǦǱǴǨ, ǽǸǴ ǵǶǮǨǴǪǮǸ ǰ ǶǦǷǰǶǹǽǮǨǦǳǮȄ ǨǷǫǯ ǷǮǷǸǫǲȁ Ǯ 
ǵǴǪǦǨǱǫǳǮȄ ǰǴǱǫǧǦǳǮǯ ǴǷǮ ǳǫǷǴǲǴǩǴ ǪǮǷǰǦ. ǔǸǲǫǸǮǲ, ǽǸǴ ǷǹǿǫǷǸǨǹȄǸ ȃǨǶǮǷǸǮǽǫǷǰǮǫ 
ǽǮǷǱǫǳǳȁǫ ǲǫǸǴǪȁ, ǳǫ ǴǷǳǴǨǦǳǳȁǫ ǳǦ ǵǶǮǳǼǮǵǫ ǲǦǰǷǮǲǹǲǦ, ǹǷǵǫǾǳǴ ǳǦǻǴǪȅǿǮǫ Ǵǵ-
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ǔǗǔǇǋǓǓǔǗǘǎ ǕǔǗǘǖǔǋǓǎǥ ǣǐǔǓǔǒǋǘǖǎǝǋǗǐǎǛ ǒǔǊǋǑǋǏ 

 

 

ǆǳǳǴǸǦǼǮȅ 
ǈ ǹǷǱǴǨǮȅ ǶȁǳǴǽǳǴǯ ȃǰǴǳǴǲǮǰǮ ǴǷǴǧǴǫ ǲǫǷǸǴ ǹǪǫǱȅǫǸǷȅ ǲǫǸǴǪǴǱǴǩǮǮ ǵǴ ǵǶǴǩǳǴǭǮǶǴ-
ǨǦǳǮȄ ǵǶǦǰǸǮǽǫǷǰǮ ǨǷǫ ǺǮǳǦǳǷǴǨȁǻ ǵǦǶǦǲǫǸǶǴǨ Ǯ ǵǴǰǦǭǦǸǫǱǫǯ ǵǶǫǪǵǶǮȅǸǮȅ, ǽǸǴ ǵǴǭ-
ǨǴǱȅǫǸ ǶǦǭǶǦǧǦǸȁǨǦǸȂ ǪǴǱǩǴǷǶǴǽǳȁǫ Ǯ ǰǶǦǸǰǴǷǶǴǽǳȁǫ ǧǮǭǳǫǷ-ǵǱǦǳȁ. ǈ ǼǫǱȅǻ ǵǴǨȁǾǫ-
ǳǮȅ ǹǶǴǨǳȅ ǸǫǴǶǫǸǮǽǫǷǰǴǯ Ǯ ǵǶǦǰǸǮǽǫǷǰǴǯ ǵǴǪǩǴǸǴǨǰǮ ǷǸǹǪǫǳǸǴǨ, ǶǦǭǨǮǸǮȅ ǳǦǨȁǰǴǨ 
ǵǴǷǸǶǴǫǳǮȅ ȃǰǴǳǴǲǫǸǶǮǽǫǷǰǮǻ ǲǴǪǫǱǫǯ; ǨȁǶǦǧǴǸǰǮ ǹǲǫǳǮǯ ǵǶǮǲǫǳȅǸȂ ǲǫǸǴǪȁ ǵǶǴ-
ǩǳǴǭǮǶǴǨǦǳǮȅ ǵǶǮ ǶǫǾǫǳǮǮ ǵǶǦǰǸǮǽǫǷǰǮǻ ǭǦǪǦǽ Ǩ ȃǰǴǳǴǲǮǰǫ Ǯ ǹǵǶǦǨǱǫǳǮǮ ǶǦǭǶǦǧǴ-
ǸǦǳǴ ǹǽǫǧǳǴǫ ǵǴǷǴǧǮǫ. 

 

ǐǱȄǽǫǨȁǫ ǷǱǴǨǦ 
ǵǶǴǩǳǴǭǮǶǴǨǦǳǮǫ, ȃǰǴǳǴǲǫǸǶǮǰǦ, ǲǦǸǫǲǦǸǮǽǫǷǰǴǫ ǲǴǪǫǱǮǶǴǨǦǳǮǫ,  

ȃǰǴǳǴǲǮǰǴ-ǲǦǸǫǲǦǸǮǽǫǷǰǮǫ ǲǫǸǴǪȁ Ǯ ǲǴǪǫǱǮ, ǹǽǫǧǳǴ-ǲǦǸǫǲǦǸǮǽǫǷǰǴǫ ǵǴǷǴǧǮǫ,  
ǷǦǲǴǷǸǴȅǸǫǱȂǳǦȅ ǶǦǧǴǸǦ ǷǸǹǪǫǳǸǴǨ 

 
 

ǆǈǘǔǖ 
 

ǗǦǳǦǫǨǦ ǘǦǸȂȅǳǦ ǆǱǫǰǷǦǳǪǶǴǨǳǦ,  
ǰǦǳǪǮǪǦǸ ǺǮǭǮǰǴ-ǲǦǸǫǲǦǸǮǽǫǷǰǮǻ ǳǦǹǰ, ǪǴǼǫǳǸ 

ǚǉǇǔǙ ǈǔ çǒǴǷǰǴǨǷǰǮǯ ǩǴǷǹǪǦǶǷǸǨǫǳǳȁǯ ǹǳǮǨǫǶǷǮǸǫǸ  
ǵǮǿǫǨȁǻ ǵǶǴǮǭǨǴǪǷǸǨè, ǩ. ǒǴǷǰǨǦ  

tatyanasanaeva@yandex.ru 

 

 
 

ǈǨǫǪǫǳǮǫ 
 

ǈ ǷǴǨǶǫǲǫǳǳǴǲ ǲǮǶǫ Ǩ ǹǷǱǴǨǮȅǻ ǶȁǳǴǽǳǴǯ ȃǰǴǳǴǲǮǰǮ ǪǫȅǸǫǱȂǳǴǷǸȂ ǰǶǹǵǳȁǻ Ǯ 
ǲǫǱǰǮǻ ǵǶǫǪǵǶǮȅǸǮǯ Ǩ ǧǴǱȂǾǫǯ ǷǸǫǵǫǳǮ ǭǦǨǮǷǮǸ ǴǸ ǸǴǩǴ, ǳǦǷǰǴǱȂǰǴ ǪǴǷǸǴǨǫǶǳǴ ǴǳǮ 
ǲǴǩǹǸ ǵǶǫǪǨǮǪǫǸȂ ǵǫǶǷǵǫǰǸǮǨȁ ǷǨǴǫǩǴ ǶǦǭǨǮǸǮȅ. ǔǼǫǳǰǦ ǧǹǪǹǿǫǩǴ ǷǴǷǸǴȅǳǮȅ ǵǶǫǪ-
ǵǶǮȅǸǮȅ, ǶǦǭǶǦǧǴǸǰǦ ǨǦǶǮǦǳǸǴǨ ǶǦǭǨǮǸǮȅ ǧǮǭǳǫǷǦ ǭǦǨǮǷǮǸ Ǩ ǭǳǦǽǮǸǫǱȂǳǴǯ ǷǸǫǵǫǳǮ ǴǸ 
ǵǶǴǩǳǴǭǮǶǴǨǦǳǮȅ ǧǹǪǹǿǮǻ ǷǴǧȁǸǮǯ ǮǱǮ ǹǷǱǴǨǮǯ Ǯǻ ǨǴǭǳǮǰǳǴǨǫǳǮȅ.  

ǕǶǴǩǳǴǭǮǶǴǨǦǳǮǫ ǴǧǹǷǱǴǨǱǫǳǴ ǵǶǴǼǫǷǷǴǲ ǶǦǭǶǦǧǴǸǰǮ ȃǰǴǳǴǲǮǽǫǷǰǮǻ ǵǶǴǩǳǴǭǴǨ, 
ǴǷǳǴǨǦǳǳȁǻ ǳǦ ǳǦǹǽǳȁǻ ǲǫǸǴǪǦǻ ǵǴǭǳǦǳǮȅ ȃǰǴǳǴǲǮǽǫǷǰǮǻ ȅǨǱǫǳǮǯ, ǮǷǵǴǱȂǭǴǨǦǳǮȅ ǷǴ-
ǨǴǰǹǵǳǴǷǸǮ ǲǫǸǴǪǴǨ, ǷǶǫǪǷǸǨ Ǯ ǷǵǴǷǴǧǴǨ ȃǰǴǳǴǲǮǽǫǷǰǴǯ ǵǶǴǩǳǴǷǸǮǰǮ. ǣǺǺǫǰǸǮǨǳǦȅ 
ǷǮǷǸǫǲǦ ǵǶǴǩǳǴǭǮǶǴǨǦǳǮȅ ǪǴǱǬǳǦ ǧȁǸȂ ǴǷǳǴǨǦǳǦ ǳǦ ǰǦǽǫǷǸǨǫǳǳǴǲ Ǯ ǰǴǱǮǽǫǷǸǨǫǳǳǴǲ 
ǦǳǦǱǮǭǫ ǶǫǦǱȂǳȁǻ ȃǰǴǳǴǲǮǽǫǷǰǮǻ ǵǶǴǼǫǷǷǴǨ, ǨȁȅǨǱǫǳǮǮ ǴǧȀǫǰǸǮǨǳȁǻ ǹǷǱǴǨǮǯ, ǺǦǰ-
ǸǴǶǴǨ ǶǦǭǨǮǸǮȅ ǺǮǳǦǳǷǴǨǴǩǴ ǷǴǷǸǴȅǳǮȅ ǵǶǫǪǵǶǮȅǸǮǯ. 

ǐǦǽǫǷǸǨǫǳǳǴ, ǩǶǦǲǴǸǳǴ ǷǪǫǱǦǳǳȁǯ ǵǶǴǩǳǴǭ ǵǴǭǨǴǱȅǫǸ ǴǵǶǫǪǫǱǮǸȂ ǺǮǳǦǳǷǴǨȁǫ 
ǵǴǰǦǭǦǸǫǱǮ ǧǮǭǳǫǷǦ, ǺǮǳǦǳǷǴǨǴǫ ǷǴǷǸǴȅǳǮǫ ǵǶǫǪǵǶǮȅǸǮȅ ǳǦ ǰǶǦǸǰǴǷǶǴǽǳǹȄ Ǯ ǪǴǱǩǴ-
ǷǶǴǽǳǹȄ ǵǫǶǷǵǫǰǸǮǨȁ. ǍǳǦȅ ǭǦǰǴǳǴǲǫǶǳǴǷǸȂ ǮǭǲǫǳǫǳǮȅ ǱȄǧǴǩǴ ǵǴǰǦǭǦǸǫǱȅ, ǲǴǬǳǴ 
ǷǳǮǭǮǸȂ ǶǮǷǰǮ ǵǶǮ ǵǱǦǳǮǶǴǨǦǳǮǮ Ǯ ǵǶǴǩǳǴǭǮǶǴǨǦǳǮǮ ǺǮǳǦǳǷǴǨȁǻ ǶǫǭǹǱȂǸǦǸǴǨ, Ǧ ǵǶǦ-
ǨǮǱȂǳȁǯ Ǯ ǴǵǸǮǲǦǱȂǳȁǯ ǨȁǧǴǶ ǮǭǲǫǳǫǳǮȅ ǵǴǰǦǭǦǸǫǱǫǯ ǵǴǭǨǴǱȅǫǸ ǷǳǮǭǮǸȂ ǶǮǷǰǮ, ǽǸǴ 
ǷǳǮǭǮǸ ǳǫǵǶǫǪǨǮǪǫǳǳȁǫ ǮǭǪǫǶǬǰǮ. 

 

ǒǫǸǴǪǴǱǴǩǮȅ Ǯ ǶǫǭǹǱȂǸǦǸȁ ǮǷǷǱǫǪǴǨǦǳǮȅ 
 

ǗǹǿǫǷǸǨǹǫǸ ǲǳǴǬǫǷǸǨǴ ǶǦǭǱǮǽǳȁǻ ǲǫǸǴǪǴǨ Ǯ ǲǴǪǫǱǫǯ ǵǶǴǩǳǴǭǮǶǴǨǦǳǮȅ. ǣǺǺǫǰ-
ǸǮǨǳǴǷǸǮ ǵǫǶǷǵǫǰǸǮǨ ǶǦǭǨǮǸǮȅ ǵǶǫǪǵǶǮȅǸǮȅ Ǯ ǵǶǴǩǳǴǭǮǶǴǨǦǳǮȅ ǺǮǳǦǳǷǴǨǴǩǴ ǹǵǶǦǨǱǫ-
ǳǮȅ ǭǦǨǮǷǮǸ ǴǸ ǵǶǦǨǮǱȂǳǴǩǴ ǨȁǧǴǶǦ ǲǫǸǴǪǦ ǮǱǮ ǲǴǪǫǱǮ. ǕǴǷǸǶǴǫǳǮǫ ǲǴǪǫǱǮ ǵǶǴǩǳǴ-
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ǭǮǶǴǨǦǳǮȅ ǵǶǫǪǷǸǦǨǱȅǫǸ ǷǴǧǴǯ ǲǴǪǫǱȂ ǮǷǷǱǫǪǹǫǲǴǩǴ ǴǧȀǫǰǸǦ, ǭǦǵǮǷǦǳǳǹȄ Ǩ ǲǦǸǫǲǦ-
ǸǮǽǫǷǰǴǯ ǺǴǶǲǫ. ǕǶǮ ǴǵǶǫǪǫǱǫǳǮǮ ǵǶǴǩǳǴǭǳǴǯ ǲǴǪǫǱǮ ǵǶǮǲǫǳȅȄǸ ǴǪǮǳ ǮǱǮ ǳǫ-
ǷǰǴǱȂǰǴ ǲǫǸǴǪǴǨ. 

ǕǶǮ ǨȁǧǴǶǫ Ǹǫǻ ǮǱǮ Ǯǳȁǻ ǲǫǸǴǪǴǨ ǵǴǷǸǶǴǫǳǮȅ ǵǶǴǩǳǴǭǳȁǻ ǲǴǪǫǱǫǯ ǵǶǫǪǵǴǱǦǩǦ-
ǫǸǷȅ: 

1) ǎǷǵǴǱȂǭǴǨǦǳǮǫ ǪǦǳǳȁǻ Ǵ ǪǮǳǦǲǮǰǫ ǵǴǰǦǭǦǸǫǱǫǯ, ǴǧǹǷǱǦǨǱǮǨǦǫǸ ǨȁǧǴǶ ǪǮǳǦ-
ǲǮǽǫǷǰǴǩǴ ǦǳǦǱǮǭǦ Ǯ ǦǳǦǱǮǭǦ Ƿ ǵǴǲǴǿȂȄ ǦǨǸǴǶǫǩǶǫǷǷǮǴǳǳȁǻ ǭǦǨǮǷǮǲǴǷǸǫǯ. ǊǦǳǳȁǯ 
ǲǫǸǴǪ, Ǧ ǮǲǫǳǳǴ ǳǦǱǮǽǮǫ ǨǶǫǲǫǳǳǴǩǴ ǶȅǪǦ, ǽǦǷǸǴ ǮǷǵǴǱȂǭǹǫǸǷȅ ǳǦ ǵǶǦǰǸǮǰǫ. 

2) ǕǶǮ ǴǸǷǹǸǷǸǨǮǮ ǷǸǦǸǮǷǸǮǽǫǷǰǮǻ ǪǦǳǳȁǻ Ǵ ǵǴǰǦǭǦǸǫǱǫ ǮǱǮ ǫǩǴ ǭǳǦǽǫǳǮǫ ǴǵǶǫ-
ǪǫǱȅǫǸǷȅ ǨǱǮȅǳǮǫǲ ǳǫǰǴǸǴǶȁǻ ǺǦǰǸǴǶǴǨ, ǴǧǹǷǱǦǨǱǮǨǦǫǸ ǵǶǮǲǫǳǫǳǮǫ ǲǳǴǩǴǺǦǰǸǴǶ-
ǳǴǩǴ ǶǫǩǶǫǷǷǮǴǳǳǴǩǴ ǦǳǦǱǮǭǦ, Ǹ.ǫ. ǵǶǫǪǷǸǦǨǱȅǫǸ ǷǴǧǴǯ ǶǦǷǵǶǴǷǸǶǦǳǫǳǮǫ ǪǮǳǦǲǮǽǫ-
ǷǰǴǩǴ ǦǳǦǱǮǭǦ ǳǦ ǲǳǴǩǴǲǫǶǳȁǯ ǷǱǹǽǦǯ. 

3) ǕǶǮǲǫǳǫǳǮǫ ǵǶǴǷǸǶǦǳǷǸǨǫǳǳǴ-ǨǶǫǲǫǳǳǴǯ ǷǴǨǴǰǹǵǳǴǷǸǮ ǴǧǹǷǱǴǨǱǫǳǴ ǷǱǫǪǹȄ-
ǿǮǲǮ ǷǱǹǽǦȅǲǮ:  

Ǧ) ǵǶǮ ǵǴǷǸǶǴǫǳǮǮ ǷǸǦǸǮǷǸǮǽǫǷǰǮ ǭǳǦǽǮǲȁǻ ǵǶǴǩǳǴǭǴǨ ǶȅǪȁ ǪǮǳǦǲǮǰǮ ǵǴ ǷǨǴǫǯ 
ǪǱǮǳǫ ǳǫǪǴǷǸǦǸǴǽǳȁ; 

ǧ) ǮǷǵǴǱȂǭǴǨǦǳǮǫ Ǩ ǵǶǴǩǳǴǭǫ ǺǦǰǸǴǶǴǨ, ǶǦǭǱǮǽǦȄǿǮǻǷȅ ǵǴ ȃǰǴǳǴǲǮǽǫǷǰǴǯ ǵǶǮ-
ǶǴǪǫ Ǯ Ǯǻ ǪǮǳǦǲǮǰǫ. 

ǈ ȃǸǴǲ ǷǱǹǽǦǫ ǨǻǴǪǳȁǲǮ ǪǦǳǳȁǲǮ ȅǨǱȅȄǸǷȅ ǲǦǸǶǮǼȁ ǵǴǰǦǭǦǸǫǱǫǯ, ȃǱǫǲǫǳǸǦǲǮ 
ǰǴǸǴǶǴǯ ǷǱǹǬǦǸ ǵǴǰǦǭǦǸǫǱǮ ǭǦ ǶǦǭǱǮǽǳȁǫ ǵǫǶǮǴǪȁ ǮǱǮ ǳǦ ǶǦǭǳȁǫ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳȁǫ 
ǪǦǸȁ. ǚǮǳǦǳǷǴǨǦȅ ǲǴǪǫǱȂ, ǵǴǷǸǶǴǫǳǳǦȅ ǳǦ ǴǧǶǦǧǴǸǰǫ ǵǴǱǹǽǫǳǳǴǯ ǮǳǺǴǶǲǦǼǮǮ, ǵǴǭ-
ǨǴǱȅǫǸ ǴǼǫǳǮǸȂ ǵǶǴǩǳǴǭ ǷǴǷǸǴȅǳǮȅ ǵǶǫǪǵǶǮȅǸǮȅ Ƿ ǨȁǷǴǰǴǯ ǷǸǫǵǫǳȂȄ ǸǴǽǳǴǷǸǮ [1].  

ǕǶǴǩǳǴǭǮǶǴǨǦǳǮǫ ǶǫǭǹǱȂǸǦǸǴǨ ǪǫȅǸǫǱȂǳǴǷǸǮ Ǯ ǺǮǳǦǳǷǴǨǴǯ ǴǸǽǫǸǳǴǷǸǮ ȅǨǱȅǫǸǷȅ 
ǦǰǸǹǦǱȂǳǴǯ ǭǦǪǦǽǫǯ. 

ǜǮǰǱ ǵǶǴǩǳǴǭǮǶǴǨǦǳǮȅ ǲǴǬǳǴ ǵǶǫǪǷǸǦǨǮǸȂ Ǩ ǨǮǪǫ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴ ǵǶǴǨǴǪǮǲȁǻ 
ȃǸǦǵǴǨ: 

1 ȃǸǦǵ: ǦǳǦǱǮǭ ǨǳǫǾǳǮǻ Ǯ ǨǳǹǸǶǫǳǳǮǻ ǺǦǰǸǴǶǴǨ, ǨǱǮȅȄǿǮǻ ǳǦ ǺǮǳǦǳǷǴǨȁǫ Ƕǫ-
ǭǹǱȂǸǦǸȁ ǪǫȅǸǫǱȂǳǴǷǸǮ, Ǯǻ ǰǱǦǷǷǮǺǮǰǦǼǮȅ Ǯ ǹǷǸǦǳǴǨǱǫǳǮǫ ǵǶǴǩǳǴǭǳȁǻ ǭǳǦǽǫǳǮǯ; 

2 ȃǸǦǵ: ǨȁǧǴǶ ǷǵǴǷǴǧǦ ǦǳǦǱǮǭǦ, ǨǰǱȄǽǦȄǿǫǩǴ ǦǳǦǱǮǭ ǲǫǸǴǪǴǨ ǵǶǴǩǳǴǭǮǶǴǨǦǳǮȅ, 
ǦǳǦǱǮǭ ǲǫǸǴǪǴǨ ǺǮǳǦǳǷǴǨǴǩǴ ǵǱǦǳǮǶǴǨǦǳǮȅ, ǦǳǦǱǮǭ ǲǫǸǴǪǴǨ ǶǦǷǽǫǸǦ ǷǸǴǮǲǴǷǸǮ ǰǦǵǮ-
ǸǦǱǦ Ǯ ǦǳǦǱǮǭ ǲǫǸǴǪǴǨ ǴǼǫǳǰǮ ǷǸǴǮǲǴǷǸǮ ǧǮǭǳǫǷǦ; 

3 ȃǸǦǵ: ǺǮǳǦǳǷǴǨǴǫ ǵǱǦǳǮǶǴǨǦǳǮǫ Ǯ ǷǴǷǸǦǨǱǫǳǮǫ ǧȄǪǬǫǸǴǨ ǰǦǵǮǸǦǱȂǳȁǻ ǨǱǴǬǫ-
ǳǮǯ Ǯ ǸǫǰǹǿǮǻ ǭǦǸǶǦǸ, ǧȄǪǬǫǸǴǨ ǪǴǻǴǪǴǨ, ǶǦǷǻǴǪǴǨ Ǯ ǪǨǮǬǫǳǮȅ ǪǫǳǫǬǳȁǻ ǵǴǸǴǰǴǨ, 
ǷǴǷǸǦǨǱǫǳǮǫ ǵǶǴǩǳǴǭǳǴǩǴ ǧǹǻǩǦǱǸǫǶǷǰǴǩǴ ǧǦǱǦǳǷǦ Ǯ ǴǸǽǫǸǦ Ǵ ǵǶǮǧȁǱȅǻ Ǯ ǹǧȁǸǰǦǻ; 

4 ȃǸǦǵ: ǶǦǷǽǫǸ Ǽǫǳȁ ǵǶǮǨǱǫǽǫǳǳǴǩǴ ǰǦǵǮǸǦǱǦ, ǵǴǭǨǴǱȅȄǿǫǩǴ ǴǵǶǫǪǫǱǮǸȂ ǷǸǴǮǲǴǷǸȂ 
ǴǸǪǫǱȂǳȁǻ ǮǷǸǴǽǳǮǰǴǨ ǺǮǳǦǳǷǮǶǴǨǦǳǮȅ Ǯ ǷǶǫǪǳǫǨǭǨǫǾǫǳǳǹȄ ǷǸǴǮǲǴǷǸȂ ǰǦǵǮǸǦǱǦ; 

5 ȃǸǦǵ: ǶǦǷǽǫǸ ǷǸǴǮǲǴǷǸǮ ǧǮǭǳǫǷǦ, ǵǹǸǫǲ ǴǵǶǫǪǫǱǫǳǮȅ ǪǮǷǰǴǳǸǮǶǴǨǦǳǳȁǻ ǪǫǳǫǬ-
ǳȁǻ ǵǴǸǴǰǴǨ ǵǶǴǩǳǴǭǳǴǩǴ Ǯ ǵǶǴǪǱǫǳǳǴǩǴ ǵǫǶǮǴǪǦ. 

ǈ ǳǦǷǸǴȅǿǫǫ ǨǶǫǲȅ ǵǶǴǼǫǷǷȁ ǶǦǭǨǮǸǮȅ ȃǰǴǳǴǲǮǰǮ, ǵǶǴǲȁǾǱǫǳǳǴǷǸǮ Ǯ ǸǫǻǳǮǽǫ-
ǷǰǴǩǴ ǴǧǶǦǭǴǨǦǳǮȅ ǻǦǶǦǰǸǫǶǮǭǹȄǸǷȅ ǵǴǸǶǫǧǳǴǷǸȂȄ Ǩ ǷǵǫǼǮǦǱǮǷǸǦǻ ǳǴǨǴǩǴ ǵǴǰǴǱǫǳǮȅ - 
ǶǦǭǶǦǧǴǸǽǮǰǦǻ ǨȁǷǴǰǴȃǺǺǫǰǸǮǨǳȁǻ ǸǫǻǳǴǱǴǩǮǯ, ǨǱǦǪǫȄǿǮǻ ǷǦǲȁǲ ǷǴǨǶǫǲǫǳǳȁǲ Ǯǳ-
ǷǸǶǹǲǫǳǸǦǶǮǫǲ, Ǩ ǸǴǲ ǽǮǷǱǫ ǷǴǨǶǫǲǫǳǳȁǲǮ ǲǦǸǫǲǦǸǮǽǫǷǰǮǲǮ ǲǫǸǴǪǦǲǮ. ǗǵǫǼǮǦǱǮ-
ǷǸȁ ǳǴǨǴǩǴ ǵǴǰǴǱǫǳǮȅ ð ȃǸǴ ǨȁǷǴǰǴǰǨǦǱǮǺǮǼǮǶǴǨǦǳǳȁǫ ǷǵǫǼǮǦǱǮǷǸȁ, ǷǵǴǷǴǧǳȁǫ ǰ ǶǦ-
ǧǴǸǫ ǵǴ ǷǵǫǼǮǦǱȂǳǴǷǸǮ ǳǦ ǹǶǴǨǳǫ ǲǮǶǴǨȁǻ ǷǸǦǳǪǦǶǸǴǨ, ǩǴǸǴǨȁǫ ǰ ǵǴǷǸǴȅǳǳǴǲǹ ǵǶǴ-
ǺǫǷǷǮǴǳǦǱȂǳǴǲǹ ǶǴǷǸǹ, ǷǴǼǮǦǱȂǳǴǯ Ǯ ǵǶǴǺǫǷǷǮǴǳǦǱȂǳǴǯ ǲǴǧǮǱȂǳǴǷǸǮ. ǕǴǪǩǴǸǴǨǰǦ Ǩ 
Ǩǹǭǫ ǸǦǰǮǻ ǷǵǫǼǮǦǱǮǷǸǴǨ ȅǨǱȅǫǸǷȅ ǷǴǼǮǦǱȂǳȁǲ ǭǦǰǦǭ ǴǧǿǫǷǸǨǦ. 

ǔǷǳǴǨǳǦȅ ǼǫǱȂ ǵǶǴǺǫǷǷǮǴǳǦǱȂǳǴǩǴ ǴǧǶǦǭǴǨǦǳǮȅ - ǵǴǪǩǴǸǴǨǰǦ ǰǨǦǱǮǺǮǼǮǶǴǨǦǳ-
ǳǴǩǴ ǶǦǧǴǸǳǮǰǦ ǷǴǴǸǨǫǸǷǸǨǹȄǿǫǩǴ ǹǶǴǨǳȅ Ǯ ǵǶǴǺǮǱȅ, ǰǴǳǰǹǶǫǳǸǴǷǵǴǷǴǧǳǴǩǴ ǳǦ Ƕȁǳǰǫ 
ǸǶǹǪǦ, ǰǴǲǵǫǸǫǳǸǳǴǩǴ, ǴǸǨǫǸǷǸǨǫǳǳǴǩǴ, ǷǨǴǧǴǪǳǴ ǨǱǦǪǫȄǿǫǩǴ ǷǨǴǫǯ ǵǶǴǺǫǷǷǮǫǯ Ǯ 
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ǴǶǮǫǳǸǮǶǴǨǦǳǳǴǩǴ Ǩ ǷǲǫǬǳȁǻ ǴǧǱǦǷǸȅǻ ǪǫȅǸǫǱȂǳǴǷǸǮ, ǷǵǴǷǴǧǳǴǩǴ ǰ ȃǺǺǫǰǸǮǨǳǴǯ ǶǦ-
ǧǴǸǫ ǵǴ ǷǵǫǼǮǦǱȂǳǴǷǸǮ ǳǦ ǹǶǴǨǳǫ ǲǮǶǴǨȁǻ ǷǸǦǳǪǦǶǸǴǨ, ǩǴǸǴǨǴǩǴ ǰ ǵǴǷǸǴȅǳǳǴǲǹ ǵǶǴ-
ǺǫǷǷǮǴǳǦǱȂǳǴǲǹ ǶǴǷǸǹ, ǷǴǼǮǦǱȂǳǴǯ Ǯ ǵǶǴǺǫǷǷǮǴǳǦǱȂǳǴǯ ǲǴǧǮǱȂǳǴǷǸǮ [2].  

ǕǴȃǸǴǲǹ ǴǽǫǳȂ ǨǦǬǳǴ ǳǦǹǽǮǸȂ ǷǸǹǪǫǳǸǴǨ - ǧǹǪǹǿǮǻ ǶǹǰǴǨǴǪǮǸǫǱǫǯ ǵǶǫǪǵǶǮȅǸǮǯ, 
ǺǮǶǲ Ǯ Ǹ.Ǫ. -  ǮǷǵǴǱȂǭǴǨǦǸȂ ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǯ ǲǦǸǫǲǦǸǮǽǫǷǰǮǯ ǦǵǵǦǶǦǸ Ǯ ǮǳǷǸǶǹǲǫǳ-
ǸǦǱȂǳȁǫ ǷǶǫǪǷǸǨǦ ǪǱȅ ǴǧǶǦǧǴǸǰǮ, ǦǳǦǱǮǭǦ Ǯ ǷǮǷǸǫǲǦǸǮǭǦǼǮǮ ǮǳǺǴǶǲǦǼǮǮ ǵǴ Ǹǫǲǫ ǮǷ-
ǷǱǫǪǴǨǦǳǮȅ; ǴǷǹǿǫǷǸǨǱȅǸȂ ǶǦǭǶǦǧǴǸǰǹ Ǯ ǮǷǷǱǫǪǴǨǦǳǮǫ ǲǦǸǫǲǦǸǮǽǫǷǰǮǻ ǲǴǪǫǱǫǯ ǵǴǪ-
ǪǫǶǬǰǮ ǵǶǮǳȅǸǮȅ ǶǫǾǫǳǮǯ Ǩ ȃǰǴǳǴǲǮǰǫ Ǯ ǧǮǭǳǫǷǫ.  

ǘǦǰ Ǭǫ ǷǸǹǪǫǳǸ Ǩ ǷǨǴǫǯ ǧǹǪǹǿǫǯ ǵǶǴǺǫǷǷǮǴǳǦǱȂǳǴǯ ǪǫȅǸǫǱȂǳǴǷǸǮ, ǰǶǴǲǫ ǭǳǦǳǮǯ, 
ǹǲǫǳǮǯ ǵǴ ǵǶǫǪǲǫǸǦǲ ǷǵǫǼǮǦǱǮǭǦǼǮǮ, ǪǴǱǬǫǳ ǴǧǱǦǪǦǸȂ ǮǳǺǴǶǲǦǼǮǴǳǳǴǯ ǰǹǱȂǸǹǶǴǯ, 
ǹǲǫǸȂ ǵǶǮǲǫǳȅǸȂ ǷǶǫǪǷǸǨǦ ǮǳǺǴǶǲǦǼǮǴǳǳȁǻ ǸǫǻǳǴǱǴǩǮǯ. ǕǶǮǲǫǳǫǳǮǫ ǰǴǲǵȂȄǸǫǶǳȁǻ 
ǸǫǻǳǴǱǴǩǮǯ ǵǶǮ ǴǧǶǦǧǴǸǰǫ, ǦǳǦǱǮǭǦ Ǯ ǷǮǷǸǫǲǦǸǮǭǦǼǮǮ ǮǳǺǴǶǲǦǼǮǮ ǵǴǭǨǴǱȅǫǸ ǴǧǱǫǩ-
ǽǮǸȂ ǵǶǴǼǫǷǷ ǲǴǪǫǱǮǶǴǨǦǳǮȅ ǺǮǳǦǳǷǴǨȁǻ ǵǴǰǦǭǦǸǫǱǫǯ ǵǶǫǪǵǶǮȅǸǮȅ. ǒǫǸǴǪȁ Ǯ ǲǴ-
ǪǫǱǮ  ǵǶǴǩǳǴǭǮǶǴǨǦǳǮȅ ǶǦǷǷǲǦǸǶǮǨǦȄǸǷȅ Ǩ ǶǦǭǱǮǽǳȁǻ ǪǮǷǼǮǵǱǮǳǦǻ: ǸǫǴǶǮȅ ǨǫǶǴȅǸǳǴ-
ǷǸǮ, ǲǦǸǫǲǦǸǮǽǫǷǰǦȅ ǷǸǦǸǮǷǸǮǰǦ, ȃǰǴǳǴǲǮǰǴ-ǲǦǸǫǲǦǸǮǽǫǷǰǴǫ ǲǴǪǫǱǮǶǴǨǦǳǮǫ, ȃǰǴǳǴ-
ǲǫǸǶǮǰǦ, ǦǳǦǱǮǭ ǪǦǳǳȁǻ.  

ǕǶǮ ǨȁǧǴǶǫ ǲǦǸǫǲǦǸǮǽǫǷǰǴǩǴ ǦǵǵǦǶǦǸǦ ǪǱȅ ǷǴǭǪǦǳǮȅ ǰǦǽǫǷǸǨǫǳǳǴǯ ǺǴǶǲǦǱǮǭǴ-
ǨǦǳǳǴǯ  ǲǴǪǫǱǮ ǵǴǲǴǩǹǸ ǶǦǭǱǮǽǳȁǫ ȃǱǫǰǸǶǴǳǳȁǫ, ǹǽǫǧǳȁǫ ǵǴǷǴǧǮȅ ǵǴ ǲǦǸǫǲǦǸǮǽǫ-
ǷǰǮǲ ǲǫǸǴǪǦǲ Ǯ ǲǴǪǫǱȅǲ.  

ǈ ǵǴǲǴǿȂ ǷǸǹǪǫǳǸǦǲ ǶǦǭǶǦǧǴǸǦǳǴ ǹǽǫǧǳǴǫ ǵǴǷǴǧǮǫ çǐǴǲǵȂȄǸǫǶǳȁǯ ǵǶǦǰǸǮǰǹǲ ǵǴ 
ȃǰǴǳǴǲǫǸǶǮǰǫè,  ǨǰǱȄǽǦȄǿǫǫ Ǩ Ƿǫǧȅ ǷǱǫǪǹȄǿǮǫ Ǹǫǲȁ: 

- ǕǶǴǷǸǫǯǾǦȅ ǴǧǶǦǧǴǸǰǦ ǪǦǳǳȁǻ. ǑǮǳǫǯǳǦȅ ǶǫǩǶǫǷǷǮȅ; 
- ǕǶǴǨǫǶǰǦ ǰǦǽǫǷǸǨǦ ǹǶǦǨǳǫǳǮǯ ǱǮǳǫǯǳǴǯ ǶǫǩǶǫǷǷǮǮ; 
- ǓǫǱǮǳǫǯǳȁǫ ǲǴǪǫǱǮ; 
- ǕǶǴǩǳǴǭǮǶǴǨǦǳǮǫ ǳǦ ǴǷǳǴǨǦǳǮǮ ǱǮǳǫǯǳǴǯ ǶǫǩǶǫǷǷǮǮ; 
- ǒǳǴǩǴǺǦǰǸǴǶǳǦȅ ǱǮǳǫǯǳǦȅ ǶǫǩǶǫǷǷǮȅ; 
- ǕǴǷǸǶǴǫǳǮǫ ǱǮǳǫǯǳǴǩǴ, ǱǴǩǦǶǮǺǲǮǽǫǷǰǴǩǴ, ǵǴǱǮǳǴǲǮǳǦǱȂǳǴǩǴ, ǷǸǫǵǫǳǳǴǩǴ, 

ȃǰǷǵǴǳǫǳǼǮǦǱȂǳǴǩǴ ǸǶǫǳǪǴǨ; 
- ǆǨǸǴǰǴǶǶǫǱȅǼǮȅ ǹǶǴǨǳǫǯ ǨǶǫǲǫǳǳǴǩǴ ǶȅǪǦ; 
- ǆǳǦǱǮǭ ǷǫǭǴǳǳȁǻ ǰǴǱǫǧǦǳǮǯ.  
ǊǦǳǳǴǫ ǵǴǷǴǧǮǫ ǧȁǱǴ ǶǦǭǶǦǧǴǸǦǳǴ Ƿ ǼǫǱȂȄ ǵǶǮǴǧǶǫǸǫǳǮȅ ǷǸǹǪǫǳǸǦǲǮ ǳǦǨȁǰǴǨ 

ǮǷǵǴǱȂǭǴǨǦǳǮȅ ǴǷǳǴǨǳȁǻ ǵǶǮǫǲǴǨ ǴǧǶǦǧǴǸǰǮ ǷǸǦǸǮǷǸǮǽǫǷǰǮǻ ǪǦǳǳȁǻ, ǵǴǷǸǶǴǫǳǮǫ ȃǰǴ-
ǳǴǲǫǸǶǮǽǫǷǰǮǻ ǲǴǪǫǱǫǯ, ǹǲǫǳǮȅ ǵǶǮǳǮǲǦǸȂ ǳǦǮǱǹǽǾǮǫ ǶǫǾǫǳǮȅ ǪǱȅ ǪǴǷǸǮǬǫǳǮȅ ǵǴ-
ǷǸǦǨǱǫǳǳǴǯ ǼǫǱǮ, ǴǷǹǿǫǷǸǨǱȅǸȂ ǵǶǴǩǳǴǭǮǶǴǨǦǳǮǫ ǵǴǨǫǪǫǳǮȅ ǴǧȀǫǰǸǦ.  

ǈ ǵǴǷǴǧǮǫ ǮǭǱǦǩǦǫǸǷȅ ǸǫǴǶǫǸǮǽǫǷǰǮǯ ǲǦǸǫǶǮǦǱ: ǴǷǳǴǨǳȁǫ ǵǴǳȅǸǮȅ,  ǴǵǶǫǪǫǱǫ-
ǳǮȅ, ǺǴǶǲǹǱȁ, ǳǫǴǧǻǴǪǮǲȁǫ ǪǱȅ ǶǫǾǫǳǮȅ ǵǴǷǸǦǨǱǫǳǳǴǯ ǭǦǪǦǽǮ; ǵǶǮǨǫǪǫǳȁ ǲǫǸǴǪǮ-
ǽǫǷǰǮǫ ǶǫǰǴǲǫǳǪǦǼǮǮ ǵǴ ǵǴǷǸǶǴǫǳǮȄ ǲǦǸǫǲǦǸǮǽǫǷǰǮǻ ǲǴǪǫǱǫǯ; ǭǦǪǦǳǮȅ ǪǱȅ ǷǦǲǴǷǸǴ-
ȅǸǫǱȂǳǴǩǴ ǶǫǾǫǳǮȅ. 

ǈ ǰǦǬǪǴǲ ǶǦǭǪǫǱǫ ǵǴǷǴǧǮȅ ǵǶǫǪǷǸǦǨǱǫǳ ǸǫǴǶǫǸǮǽǫǷǰǮǯ ǲǦǸǫǶǮǦǱ, ǵǶǮǨǫǪǫǳȁ ǵǶǮ-
ǲǫǶȁ Ƿ ǨȁǨǴǪǦǲǮ ǵǴ ǰǦǬǪǴǲǹ ǵǹǳǰǸǹ ǹǷǱǴǨǮȅ ǭǦǪǦǽ, ǲǫǸǴǪǮǽǫǷǰǮǫ ǹǰǦǭǦǳǮȅ ǰ ǨȁǵǴǱǳǫ-
ǳǮȄ ǷǦǲǴǷǸǴȅǸǫǱȂǳǴǯ ǶǦǧǴǸȁ. ǗǴǷǸǦǨǱǫǳǴ 20 ǨǦǶǮǦǳǸǴǨ ǭǦǪǦǳǮǯ ǵǴ ǰǦǬǪǴǯ Ǹǫǲǫ. 

ǖǦǷǷǲǴǸǶǮǲ ǴǪǮǳ Ǯǭ ǶǦǭǪǫǱǴǨ ǵǴǪǶǴǧǳǫǫ. ǈ ǶǦǭǪǫǱǫ çǓǫǱǮǳǫǯǳȁǫ ǲǴǪǫǱǮè ǷǸǹ-
ǪǫǳǸȁ ǪǴǱǬǳȁ ǳǦǹǽǮǸȂǷȅ ǷǸǶǴǮǸȂ ǳǫǱǮǳǫǯǳȁǫ ǲǴǪǫǱǮ, ǵǶǴǨǫǶǮǸȂ ǰǦǽǫǷǸǨǴ ǵǴǷǸǶǴǫǳ-
ǳȁǻ ǲǴǪǫǱǫǯ Ǯ ǨȁǽǮǷǱǮǸȂ ǵǶǴǩǳǴǭǳȁǫ ǭǳǦǽǫǳǮȅ. 

ǊǱȅ ǵǴǨȁǾǫǳǮȅ ȃǺǺǫǰǸǮǨǳǴǷǸǮ ǷǮǷǸǫǲȁ ǵǶǴǩǳǴǭǮǶǴǨǦǳǮȅ ǺǮǳǦǳǷǴǨȁǻ ǶǫǭǹǱȂ-
ǸǦǸǴǨ ǵǶǫǪǵǶǮȅǸǮȅ, Ǩ ǰǦǽǫǷǸǨǫ ǵǶǴǩǳǴǭǮǶǹǫǲǴǩǴ ǵǴǰǦǭǦǸǫǱȅ ǨǴǭȂǲǫǲ ǽǮǷǸǹȄ ǵǶǮǧȁǱȂ 
ǵǶǫǪǵǶǮȅǸǮȅ ǭǦ 10 ǱǫǸ [3]. ǊǱȅ ǸǴǽǳǴǷǸǮ ǵǶǴǩǳǴǭǦ ǽǮǷǸǴǯ ǵǶǮǧȁǱǮ ǨǴǷǵǴǱȂǭǹǫǲǷȅ ǱǮ-
ǳǫǯǳǴǯ, ǷǸǫǵǫǳǳǴǯ, ȃǰǷǵǴǳǫǳǼǮǦǱȂǳǴǯ, ǴǧǶǦǸǳǴǯ Ǯ ǵǴǱǹǰǨǦǪǶǦǸǮǽǳǴǯ ǲǴǪǫǱȂȄ Ƕǫ-
ǩǶǫǷǷǮǮ. ǊǱȅ ǰǦǬǪǴǯ ǲǴǪǫǱǮ ǴǵǶǫǪǫǱǫǳȁ ǰǴȃǺǺǮǼǮǫǳǸ ǰǴǶǶǫǱȅǼǮǮ Ǯ ǫǩǴ ǭǳǦǽǮǲǴǷǸȂ, 
ǷǸǦǸǮǷǸǮǽǫǷǰǦȅ ǭǳǦǽǮǲǴǷǸȂ ǰǴȃǺǺǮǼǮǫǳǸǴǨ, ǵǴǷǸǶǴǫǳǴ ǹǶǦǨǳǫǳǮǫ ǶǫǩǶǫǷǷǮǮ Ǯ ǴǼǫǳǰǦ 
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ǰǦǽǫǷǸǨǦ ǵǴǷǸǶǴǫǳǳǴǯ ǲǴǪǫǱǮ. ǔǼǫǳǰǹ ǷǸǦǸǮǷǸǮǽǫǷǰǴǯ ǭǳǦǽǮǲǴǷǸǮ ǰǴȃǺǺǮǼǮǫǳǸǦ 
ǰǴǶǶǫǱȅǼǮǮ ǵǶǴǨǫǪǫǳǴ Ƿ ǵǴǲǴǿȂȄ t -ǰǶǮǸǫǶǮȅ ǗǸȂȄǪǫǳǸǦ.  

ǖǦǷǷǲǴǸǶǫǨ ǨǷǫ ǨǮǪȁ ǭǦǨǮǷǮǲǴǷǸǫǯ ǽǮǷǸǴǯ ǵǶǮǧȁǱǮ ǴǸ ǨǶǫǲǫǳǮ, ǷǴǷǸǦǨǱǫǳǦ ǰǶǮ-
ǸǫǶǮǦǱȂǳǦȅ ǸǦǧǱǮǼǦ ǪǱȅ ǨȁǧǴǶǦ ǭǦǰǴǳǴǲǫǶǳǴǷǸǮ ǶǴǷǸǦ ǽǮǷǸǴǯ ǵǶǮǧȁǱǮ ǵǴ ǰǴȃǺǺǮǼǮ-
ǫǳǸǹ ǶǫǩǶǫǷǷǮǮ, ǴǾǮǧǰǮ ǦǵǵǶǴǰǷǮǲǦǼǮǮ. 

 
ɲ ǓǦǭǨǦǳǮǫ ǲǴǪǫǱǮ 

ǙǶǦǨǳǫǳǮǫ 
ǐǴȃǺǺǮǼǮǫǳǸ ǰǴǶǶǫ-

ǱȅǼǮǮ 

ǔǾǮǧǰǦ 
ǦǵǵǶǴǰǷǮǲǦ-

ǼǮǮ 

1 ǑǮǳǫǯǳǦȅ x(t )=4065,5+3995,6t  0,97076 5,5 

2 ǗǸǫǵǫǳǳǦȅ 7102,0*35,7490 tx=
 

0,9796 6,7 

3 ǣǰǷǵǴǳǫǳǼǮǦǱȂǳǦȅ tåx 3208,0*63,5907=
 

0,9627 5,9 

4 ǕǴǱǹǰǨǦǪǶǦǸǮǽǳǦȅ 41,4495766,12076 -= tx  
0,9844 4,6 

5 ǉǮǵǫǶǧǴǱǮǽǫǷǰǦȅ (Ǵǧ-
ǶǦǸǳǦȅ) 

t
x

346,15379
14,22067 -=

 

-0,972 6,2 

 
ǎǭ ǸǦǧǱǮǼȁ ǨǮǪǳǴ, ǽǸǴ ǳǦǮǧǴǱǫǫ ǴǵǸǮǲǦǱȂǳȁǲ ȅǨǱȅǫǸǷȅ ǵǴǱǹǰǨǦǪǶǦǸǮǽǳǦȅ ǭǦǨǮ-

ǷǮǲǴǷǸȂ ǽǮǷǸǴǯ ǵǶǮǧȁǱǮ. ǓǦ ǴǷǳǴǨǦǳǮǮ ǵǴǱǹǽǫǳǳǴǯ ǭǦǨǮǷǮǲǴǷǸǮ ǲǴǬǳǴ ǷǵǶǴǩǳǴǭǮǶǴ-
ǨǦǸȂ ǽǮǷǸǹȄ ǵǶǮǧȁǱȂ  

82,2250641,44955766,12076)11( =-=x
ǸȁǷ. Ƕǹǧ. 

5,2508641,44956766,12076)12( =-=x
ǸȁǷ. Ƕǹǧ. 

ǐǴȃǺǺǮǼǮǫǳǸ ǰǴǶǶǫǱȅǼǮǮ ǶǦǨǫǳ 0,9844, ǭǳǦǽǮǸ ǷǨȅǭȂ  ǽǮǷǸǴǯ ǵǶǮǧȁǱǮ ǴǸ ǨǶǫ-
ǲǫǳǮ ǮǲǫǫǸ ǵǴǱǴǬǮǸǫǱȂǳǹȄ Ǯ ǨȁǷǴǰǹȄ ǸǫǳǪǫǳǼǮȄ. ǈ ǷǶǫǪǳǫǲ ǶǦǷǽǫǸǳȁǫ ǭǳǦǽǫǳǮȅ 
ǴǸǰǱǴǳȅȄǸǷȅ ǴǸ ǺǦǰǸǮǽǫǷǰǮǻ ǳǦ 4,6%. ǗǶǫǪǳȅȅ ǴǾǮǧǰǦ ǦǵǵǶǴǰǷǮǲǦǼǮǮ ǳǫ ǵǶǫǨȁǾǦǫǸ 
8-10%, ǸǴǩǪǦ ǰǦǽǫǷǸǨǴ ǵǴǷǸǶǴǫǳǳǴǯ ǲǴǪǫǱǮ ǴǼǫǳǮǨǦǫǸǷȅ ǰǦǰ ǻǴǶǴǾǫǫ. ǐǦǽǫǷǸǨǴ ǹǶǦǨ-
ǳǫǳǮȅ ǶǫǩǶǫǷǷǮǮ ǴǧǹǷǱǴǨǱǫǳǴ ǨȁǷǴǰǮǲ ǰǴȃǺǺǮǼǮǫǳǸǴǲ ǪǫǸǫǶǲǮǳǦǼǮǮ.  

 
ǔǸǳǴǷǮǸǫǱȂǳȁǫ ǵǴǩǶǫǾǳǴǷǸǮ ǵǶǴǩǳǴǭǴǨ ǵǶǮ ǶǦǭǱǮǽǳȁǻ ǹǶǴǨǳȅǻ ǳǦǪǫǬǳǴǷǸǮ  
 

ǙǶǴǨǫǳȂ ǳǦǪǫǬǳǴǷǸǮ 80% 90% 95% 

ǔǸǳǴǷǮǸǫǱȂǳǦȅ ǵǴǩǶǫǾǳǴǷǸȂ 10,5% 12,8% 15,3% 

 
ǕǴǨȁǾǫǳǮǫ ǹǶǴǨǳȅ ǳǦǪǫǬǳǴǷǸǮ Ƿ 0% ǪǴ 95% ǷǳǮǬǦǫǸ ǸǴǽǳǴǷǸȂ ǵǶǴǩǳǴǭǦ Ǩ 1,46 ǶǦǭ. 
 

ǍǦǰǱȄǽǫǳǮǫ 
 

ǈ ǹǷǱǴǨǮȅ ǶȁǳǴǽǳǴǯ ȃǰǴǳǴǲǮǰǮ ǴǷǴǧǴǫ ǲǫǷǸǴ ǹǪǫǱȅǫǸǷȅ ǲǫǸǴǪǴǱǴǩǮǮ ǵǴ ǵǶǴǩǳǴ-
ǭǮǶǴǨǦǳǮȄ ǵǶǦǰǸǮǽǫǷǰǮ ǨǷǫ ǺǮǳǦǳǷǴǨȁǻ ǵǦǶǦǲǫǸǶǴǨ Ǯ ǵǴǰǦǭǦǸǫǱǫǯ ǵǶǫǪǵǶǮȅǸǮȅ, ǽǸǴ 
ǵǴǭǨǴǱȅǫǸ ǶǦǭǶǦǧǦǸȁǨǦǸȂ ǪǴǱǩǴǷǶǴǽǳȁǫ Ǯ ǰǶǦǸǰǴǷǶǴǽǳȁǫ ǧǮǭǳǫǷ-ǵǱǦǳȁ. ǈ ǼǫǱȅǻ ǵǴ-
ǨȁǾǫǳǮȅ ǹǶǴǨǳȅ ǸǫǴǶǫǸǮǽǫǷǰǴǯ Ǯ ǵǶǦǰǸǮǽǫǷǰǴǯ ǵǴǪǩǴǸǴǨǰǮ ǷǸǹǪǫǳǸǴǨ, ǶǦǭǨǮǸǮȅ ǳǦǨȁ-
ǰǴǨ ǵǴǷǸǶǴǫǳǮȅ ȃǰǴǳǴǲǫǸǶǮǽǫǷǰǮǻ ǲǴǪǫǱǫǯ; ǨȁǶǦǧǴǸǰǮ ǹǲǫǳǮǯ ǵǶǮǲǫǳȅǸȂ ǲǫǸǴǪȁ 
ǵǶǴǩǳǴǭǮǶǴǨǦǳǮȅ ǵǶǮ ǶǫǾǫǳǮǮ ǵǶǦǰǸǮǽǫǷǰǮǻ ǭǦǪǦǽ Ǩ ȃǰǴǳǴǲǮǰǫ Ǯ ǹǵǶǦǨǱǫǳǮǮ ǶǦǭǶǦ-
ǧǴǸǦǳǴ ǹǽǫǧǳǴǫ ǵǴǷǴǧǮǫ. 

ǙǽǫǧǳǴǫ ǵǴǷǴǧǮǫ ǧǹǪǫǸ ǵǴǱǫǭǳǴ ǷǸǹǪǫǳǸǦǲ, ǮǭǹǽǦȄǿǮǲ ǪǮǷǼǮǵǱǮǳȁ çǣǰǴǳǴǲǮǰǴ-
ǲǦǸǫǲǦǸǮǽǫǷǰǮǫ ǲǫǸǴǪȁ Ǯ ǲǴǪǫǱǮè, çǣǰǴǳǴǲǫǸǶǮǰǦè Ǯ ǨȁǵǴǱǳȅȄǿǮǲ ǮǳǪǮǨǮǪǹǦǱȂ-
ǳȁǫ Ǯ ǷǦǲǴǷǸǴȅǸǫǱȂǳȁǫ ǭǦǪǦǳǮȅ ǵǴ ǵǶǫǪǲǫǸǹ. ǘǦǰ Ǭǫ ǵǴǷǴǧǮǫ ǲǴǬǫǸ ǧȁǸȂ ǮǷǵǴǱȂǭǴ-
ǨǦǳǴ ǵǶǫǵǴǪǦǨǦǸǫǱȅǲǮ ǳǦ ǦǹǪǮǸǴǶǳȁǻ ǵǶǦǰǸǮǽǫǷǰǮǻ ǭǦǳȅǸǮȅǻ Ǯ ǪǱȅ ǴǶǩǦǳǮǭǦǼǮǮ ǷǦ-
ǲǴǷǸǴȅǸǫǱȂǳǴǯ ǶǦǧǴǸȁ ǷǸǹǪǫǳǸǴǨ.  
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ǈǳǫǪǶǫǳǮǫ ǮǳǺǴǶǲǦǼǮǴǳǳȁǻ ǸǫǻǳǴǱǴǩǮǯ ǴǧǫǷǵǫǽǮǨǦǫǸ ǳǴǨǴǫ ǰǦǽǫǷǸǨǴ ǲǦǸǫǲǦ-
ǸǮǽǫǷǰǴǩǴ ǴǧǶǦǭǴǨǦǳǮȅ, ǶǦǷǾǮǶȅǫǸ ǨǴǭǲǴǬǳǴǷǸǮ ǮǷǵǴǱȂǭǴǨǦǳǮȅ ǳǴǨȁǻ ǲǫǸǴǪǮǰ Ǯ Ǹǫǻ-
ǳǴǱǴǩǮǯ Ǩ ǮǭǱǴǬǫǳǮǮ ǸǫǴǶǫǸǮǽǫǷǰǴǩǴ Ǯ ǵǶǦǰǸǮǽǫǷǰǴǩǴ ǲǦǸǫǶǮǦǱǦ, Ǩ ǭǦǪǦǽǦǻ ǰǴǲǵȂȄ-
ǸǫǶǳǴǩǴ ǲǴǪǫǱǮǶǴǨǦǳǮǮ ǶǦǭǱǮǽǳȁǻ ǵǶǴǼǫǷǷǴǨ, Ǧ ǸǦǰǬǫ ǷǸǮǲǹǱǮǶǹǫǸ ǦǰǸǮǨǳǴǫ ǴǸǳǴǾǫ-
ǳǮǫ ǷǸǹǪǫǳǸǴǨ ǰ ǹǽǫǧǫ, ǵǴǲǴǩǦǫǸ ǴǶǩǦǳǮǭǴǨǦǸȂ ǷǦǲǴǷǸǴȅǸǫǱȂǳǹȄ ǶǦǧǴǸǹ, ǵǴǨȁǾǦǫǸ ȃǺ-
ǺǫǰǸǮǨǳǴǷǸȂ ǴǧǹǽǫǳǮȅ. 
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Features of the construction of econometric models  
Annotation . In the conditions of a market economy, a special place is given to the methodology for fore-
casting almost all financial parameters and indicators of the enterprise, which allows developing long -term 
and short-term business plans. In order to increase the level of theoretical and practical training of students, 
the development  of skills in constructing econometric models; the development of skills to apply forecasting 
methods in solving practical problems in economics and management, an educational and methodological 
manual has been developed. 
Keywords:  forecasting, econometric s, mathematical modeling, economic and mathematical methods and 
models, educational and mathematical manual, independent.  
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 ǣǕǎǗǘǋǒǔǑǔǉǎǝǋǗǐǆǥ ǗǙǟǓǔǗǘǢ ǊǋǈǎǆǓǘǓǔǏ ǓǆǙǐǎ 
 

 

 

ǆǳǳǴǸǦǼǮȅ 

ǆǰǸǹǦǱȂǳǴǷǸȂ ǮǷǷǱǫǪǴǨǦǳǮȅ ǴǧǹǷǱǴǨǱǫǳǦ ǶǫǭǰǮǲ ǹǷǰǴǶǫǳǮǫǲ ǵǶǴǼǫǷǷǦ ǶǫǩǫǳǫǶǦǼǮǮ 
ǪǨǴǯǳǮǰǴǨ ǳǦǹǰǮ. ǜǫǱȂ ǮǷǷǱǫǪǴǨǦǳǮȅ - ǴǼǫǳǮǸȂ Ǯ ǵǶǴǦǳǦǱǮǭǮǶǴǨǦǸȂ ǨǫǪǹǿǮǫ ǳǴǶǲǦ-
ǸǮǨǳȁǫ ǴǸǰǱǴǳǫǳǮȅ, ǰǴǸǴǶȁǫ ǷǴǷǸǦǨǱȅȄǸ ǷǴǪǫǶǬǦǳǮǫ ǪǫǨǮǦǳǸǳǴǯ ǳǦǹǰǮ. ǈȁȅǨǱǫǳǴ, 
ǽǸǴ ǪǫǨǮǦǳǸǳǦȅ ǳǦǹǰǦ ǵǶǫǪǷǸǦǨǱȅǫǸ ǷǴǧǴǯ ǷǮǷǸǫǲǹ ǴǸǰǱǴǳǫǳǮǯ ǴǸ ǴǷǳǴǨǳȁǻ ǼǫǳǳǴǷǸǫǯ 
ǵǴǪǱǮǳǳǴǯ ǳǦǹǰǮ. ǊǫǺǴǶǲǦǼǮǮ ǳǦǹǰǮ ǰǦǷǦȄǸǷȅ ǮǪǫǦǱǴǨ, ǺǮǱǴǷǴǺǷǰǮǻ ǵǶǮǳǼǮǵǴǨ Ǯ 
ǳǴǶǲ ǳǦǹǽǳǴǩǴ ǮǷǷǱǫǪǴǨǦǳǮȅ. ǖǫǭǹǱȂǸǦǸȁ ǶǦǧǴǸȁ ǲǴǩǹǸ ǧȁǸȂ ǮǷǵǴǱȂǭǴǨǦǳȁ ǵǶǮ ǶǦǭǶǦ-
ǧǴǸǰǫ ǱǫǰǼǮǴǳǳȁǻ ǰǹǶǷǴǨ ǵǴ ǪǮǷǼǮǵǱǮǳǦǲ çǎǷǸǴǶǮȅ Ǯ ǺǮǱǴǷǴǺǮȅ ǳǦǹǰǮè, çǒǫǸǴǪǴǱǴ-
ǩǮȅ ǳǦǹǰǮè. 

 

ǐǱȄǽǫǨȁǫ ǷǱǴǨǦ 

ǳǦǹǽǳǴǫ ǵǴǭǳǦǳǮǫ, ǰǶǮǸǫǶǮǮ ǳǦǹǽǳǴǷǸǮ, ǪǫǨǮǦǳǸǳǦȅ ǳǦǹǰǦ 
  

 

ǆǈǘǔǖǡ 

 

ǙǸǰǮǳǦ ǓǦǪǫǬǪǦ ǈǫǳǮǦǲǮǳǴǨǳǦ,  
ǰǦǳǪǮǪǦǸ ǺǮǱǴǷǴǺǷǰǮǻ ǳǦǹǰ, ǪǴǼǫǳǸ  

ǚǉǇǔǙ ǈǔ çǒǴǷǰǴǨǷǰǮǯ ǩǴǷǹǪǦǶǷǸǨǫǳǳȁǯ ǸǫǻǳǮǽǫǷǰǮǯ  
ǹǳǮǨǫǶǷǮǸǫǸ Ǯǲ. Ǔ. ǣ. ǇǦǹǲǦǳǦè, ǩ. ǒǴǷǰǨǦ  

utkina -nv@yandex.ru 
 

ǉǴǱǹǧǫǨ ǆǱǫǰǷǫǯ ǋǨǩǫǳȂǫǨǮǽ,  
ǰǦǳǪǮǪǦǸ ǺǮǭǮǰǴ-ǲǦǸǫǲǦǸǮǽǫǷǰǮǻ ǳǦǹǰ, ǪǴǼǫǳǸ  

ǚǉǇǔǙ ǈǔ çǒǴǷǰǴǨǷǰǮǯ ǩǴǷǹǪǦǶǷǸǨǫǳǳȁǯ ǸǫǻǳǮǽǫǷǰǮǯ  
ǹǳǮǨǫǶǷǮǸǫǸ Ǯǲ. Ǔ. ǣ. ǇǦǹǲǦǳǦè,  

ǷǸǦǶǾǮǯ ǳǦǹǽǳȁǯ ǷǴǸǶǹǪǳǮǰ ǱǦǧǴǶǦǸǴǶǮǮ ǲǫǻǦǳǮǰǮ ǷǮǷǸǫǲ 
ǚǉǇǙǓ çǎǳǷǸǮǸǹǸ ǵǶǴǧǱǫǲ ǲǫǻǦǳǮǰǮ Ǯǲ. ǆ.Ǥ. ǎǾǱǮǳǷǰǴǩǴ  

ǖǴǷǷǮǯǷǰǴǯ ǦǰǦǪǫǲǮǮ ǳǦǹǰè, ǩ. ǒǴǷǰǨǦ  
v-avgolu@hotmail.com 

 

 
 

ǈǨǫǪǫǳǮǫ 
 

ǓǦǹǽǳǴ-ǮǷǷǱǫǪǴǨǦǸǫǱȂǷǰǦȅ ǪǫȅǸǫǱȂǳǴǷǸȂ ǵǴǪǽǮǳǫǳǦ, ǵǶǫǬǪǫ ǨǷǫǩǴ, ǵǶǮǶǦǿǫǳǮȄ 
ǮǷǸǮǳǳǴǩǴ ǭǳǦǳǮȅ Ǵ ǲǮǶǫ. ǓǦǹǰǫ ǵǶǫǪǳǦǭǳǦǽǫǳǦ ǶǴǱȂ ǵǶǴǮǭǨǴǪǮǸȂ çǮǷǸǮǳǹ ǴǷǴǧǫǳǳǴǯ 
ǪǴǧǶǴǰǦǽǫǷǸǨǫǳǳǴǷǸǮè [1]. ǣǸǦ ǵǴǪǽǮǳǫǳǳǴǷǸȂ Ǯ ǨȁǶǦǬǦǫǸ ǷǹǿǳǴǷǸǳǹȄ ǻǦǶǦǰǸǫǶǮ-
ǷǸǮǰǹ ǳǦǹǽǳǴ-ǵǴǭǳǦǨǦǸǫǱȂǳǴǯ ǪǫȅǸǫǱȂǳǴǷǸǮ, ǮǧǴ ǧǱǦǩǴǪǦǶȅ ǫǯ ǵǶǮǧǱǮǭǮǸǫǱȂǳȁǫ ǴǽǫǶ-
ǸǦǳǮȅ ǵǴǭǳǦǨǦǫǲǴǯ ǶǫǦǱȂǳǴǷǸǮ ǵǶǫǴǧǶǦǭǹȄǸǷȅ Ǩ ǬǫǷǸǰǮǫ ǵǦǶǦǲǫǸǶȁ ǮǪǫǦǱȂǳȁǻ ǳǦǹǽ-
ǳȁǻ ǲǴǪǫǱǫǯ ǶǦǭǱǮǽǳȁǻ ǺǶǦǩǲǫǳǸǴǨ ǲǮǶǦ. ǊǫǨǮǦǳǸǳǦȅ ǳǦǹǰǦ ǷǴǽǫǸǦǫǸ Ǩ Ƿǫǧǫ ǪǫǲǴǳ-
ǷǸǶǦǸǮǨǳǹȄ ǩǴǸǴǨǳǴǷǸȂ ǷǱǫǪǴǨǦǸȂ ǼǫǱȅǲ ǳǦǹǰǮ, ǳǴ ǳǦǶǹǾǦǫǸ Ǹǫ ǮǱǮ Ǯǳȁǫ ǸǶǫǧǴǨǦǳǮȅ 
ǳǦǹǽǳǴǷǸǮ, Ǩ ǶǫǭǹǱȂǸǦǸǫ ǽǫǩǴ Ǯ ǨǴǭǳǮǰǦǫǸ çǱǴǬǳǴǫè, çǳǫǨǫǶǳǴǫè, çǮǭǨǶǦǿǫǳǳǴǫ ǭǳǦ-
ǳǮǫè, ǱǮǾȂ ǨǳǫǾǳǫ ǵǴǪǶǦǬǦȄǿǫǫ ǮǷǸǮǳǳǴǲǹ, ǨǫǶǳǴǲǹ, ǵǶǦǨǮǱȂǳǴǲǹ ǳǦǹǽǳǴǲǹ ǭǳǦ-
ǳǮȄ. ǙǷǱǴǨǮȅ ǮǷǸǮǳǳǴǷǸǮ ǭǪǫǷȂ ǹǷǸǦǳǦǨǱǮǨǦȄǸǷȅ Ǩ ǷǴǴǸǨǫǸǷǸǨǮǮ Ƿ ǱǴǰǦǱȂǳȁǲǮ ǵǶǦǩ-
ǲǦǸǮǽǫǷǰǮǲǮ ǸǶǫǧǴǨǦǳǮȅǲǮ. ǊǫǨǮǦǳǸǳȁǫ ǳǦǹǰǮ ǳǫ ǷǵǴǷǴǧǳȁ ǵǶǴǮǭǨǴǪǮǸȂ ǪǴǷǸǴǨǫǶ-
ǳǴǫ ǭǳǦǳǮǫ, ǴǳǮ ǳǫ ǷǵǴǷǴǧǷǸǨǹȄǸ ǫǩǴ ǳǫǵǶǫǶȁǨǳǴǲǹ ǶǴǷǸǹ, ǳǫ ǴǧǴǩǦǿǦȄǸ ǳǦǹǰǹ, Ǧ ǭǦ-
ǷǴǶȅȄǸ ǫǫ. 
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ǒǫǸǴǪǴǱǴǩǮȅ Ǯ ǶǫǭǹǱȂǸǦǸȁ ǮǷǷǱǫǪǴǨǦǳǮȅ 
 

ǔǸǰǱǴǳǫǳǮȅ Ǩ ǳǦǹǽǳǴǲ ǲȁǾǱǫǳǮǮ. ǈ ǪǫǨǮǦǳǸǳȁǻ ǳǦǹǰǦǻ ǷǵǫǰǸǶ ǵǶǴǧǱǫǲ ǴǧȁǽǳǴ 

ǳǫǨǫǱǮǰ Ǯ ǩǱǦǨǳȁǲ ǴǧǶǦǭǴǲ ǳǴǷǮǸ ǵǶǦǰǸǮǽǫǷǰǹȄ ǳǦǵǶǦǨǱǫǳǳǴǷǸȂ, ǸǦǰǮǫ ǴǧǱǦǷǸǮ ǮǷ-

ǷǱǫǪǴǨǦǳǮȅ ǺǦǰǸǮǽǫǷǰǮ ǵǶǫǪǷǸǦǨǱȅȄǸ ǷǴǧǴǯ ǧǫǭǶǫǭǹǱȂǸǦǸǮǨǳȁǫ ǪǫǯǷǸǨǮȅ, ǮǲǮǸǮǶǹ-

ȄǿǮǫ ǺǴǶǲǹ ǶǫǭǹǱȂǸǦǸǮǨǳȁǻ. ǕǶǫǬǪǫ ǽǫǲ ǹǷǸǦǳǴǨǮǸȂ ǲǫǸǴǪǴǱǴǩǮǽǫǷǰǮǫ ǪǫǺǫǰǸȁ Ǩ 

ǺǴǶǲǦǻ ǭǳǦǳǮȅ, ǲȁ ǪǴǱǬǳȁ ǴǸǨǫǸǮǸȂ ǳǦ ǨǦǬǳȁǫ ǨǴǵǶǴǷȁ. ǐǦǰǮǫ ǪǶǹǩǮǫ ǵǶǴǧǱǫǲȁ 

ǰǶǴǲǫ ǷǨǴǮǻ ǷǴǧǷǸǨǫǳǳȁǻ ǶǫǾǦǫǸ ǮǱǮ ǵǴǲǴǩǦǫǸ ǶǫǾǦǸȂ ǪǦǳǳǦȅ ǴǧǱǦǷǸȂ ǮǷǷǱǫǪǴǨǦǳǮȅ? 

ǎǲǫȄǸ ǱǮ ǴǳǮ ǫǷǸǫǷǸǨǫǳǳǴǫ ǵǶǴǮǷǻǴǬǪǫǳǮǫ ǮǱǮ ǮǷǰǹǷǷǸǨǫǳǳǴ ǷǺǦǧǶǮǰǴǨǦǳȁ? ǓǦǵǶǮ-

ǲǫǶ, ǦǷǸǶǴǱǴǩǮȅ ǩǱǦǨǳȁǲ ǴǧǶǦǭǴǲ ǶǫǾǦǫǸ ǸǴǱȂǰǴ Ǹǫ ǵǶǴǧǱǫǲȁ, ǰǴǸǴǶȁǫ ǨȁǪǨǮǳǹǱǦ 

ǷǦǲǦ. ǓǦ ǫǪǮǳǷǸǨǫǳǳȁǯ Ǯ ǫǷǸǫǷǸǨǫǳǳȁǯ ǨǴǵǶǴǷ, ǰǴǸǴǶȁǯ ǵȁǸǦǫǸǷȅ ǶǦǭǶǫǾǮǸȂ ǦǷǸǶǴ-

ǱǴǩǮȅ ð çǕǴǽǫǲǹ ǹ ǶǦǭǱǮǽǳȁǻ ǱȄǪǫǯ ǶǦǭǱǮǽǳȁǫ ǻǦǶǦǰǸǫǶȁ?è ð ǧǴǱǫǫ ǰǴǲǵǫǸǫǳǸǳǴ ǴǸ-

ǨǫǸȅǸ ǩǫǳǫǸǮǰǦ, ȃǰǷǵǫǶǮǲǫǳǸǦǱȂǳǦȅ ǵǷǮǻǴǱǴǩǮȅ Ǯ ǷǴǼǮǴǱǴǩǮȅ. ǕǶǴǧǱǫǲȁ ǵǷǫǨǪǴǦǶ-

ǻǫǴǱǴǩǮǮ ǣ. ǺǴǳ ǊǦǳǮǰǫǳǦ ǸǦǰǬǫ ǷǺǦǧǶǮǰǴǨǦǳȁ, ǮǷǷǱǫǪǴǨǦǸǫǱȂ ǵǶǴǷǸǴ ǮǷǵǴǱȂǭǹǫǸ 

ǫǷǸǫǷǸǨǫǳǳȁǫ ǵǶǴǧǱǫǲȁ ǴǧȁǽǳǴǯ ǦǶǻǫǴǱǴǩǮǮ, ǵǶǫǨǶǦǿǦǫǸ Ǯǻ Ǩ ǸǦǯǳȁ, ǴǧȀȅǷǳǮǸȂ ǰǴ-

ǸǴǶȁǫ, ǵǴ ǫǩǴ ǲǳǫǳǮȄ, ǲǴǬǳǴ ǸǴǱȂǰǴ ǫǩǴ Ǭǫ ǷǴǧǷǸǨǫǳǳǴǯ ǩǮǵǴǸǫǭǴǯ Ǵ Ǩǳǫǭǫǲǳȁǻ ǵǶǮ-

ǾǫǱȂǼǦǻ. ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǩǮǵǴǸǫǭǦ ǣ. ǺǴǳ ǊǦǳǮǰǫǳǦ ǶǫǾǦǫǸ ǵǶǴǧǱǫǲȁ ǸǴǱȂǰǴ ǵǷǫǨǪǴ-

ǦǶǻǫǴǱǴǩǮǮ Ǯ ǵǦǶǦǭǮǸǮǶǹǫǸ ǳǦ ǷǹǿǫǷǸǨǹȄǿǮǻ ǳǦǹǽǳȁǻ ǵǶǴǧǱǫǲǦǻ ǪǶǹǩǮǻ ǴǧǱǦǷǸǫǯ ǮǷ-

ǷǱǫǪǴǨǦǳǮȅ.  

ǕǦǶǦǵǷǮǻǴǱǴǩǮȅ ǭǦǶǴǬǪǦǱǦǷȂ Ǯǭ ǫǷǸǫǷǸǨǫǳǳǴǯ ǵǶǴǧǱǫǲȁ Ǵ ǳǫǴǧȁǽǳȁǻ ǽǫǱǴǨǫǽǫ-

ǷǰǮǻ ȅǨǱǫǳǮȅǻ, Ǩ ǸǴ ǨǶǫǲȅ ǰǴǩǪǦ ǧȁǱ Ǩ ǲǴǪǫ ǷǵǮǶǮǸǮǭǲ.  ǓǫǰǴǸǴǶȁǫ ǱȄǪǮ ǪǫǯǷǸǨǮ-

ǸǫǱȂǳǴ ǴǧǱǦǪǦȄǸ ǦǳǴǲǦǱȂǳȁǲǮ (ǻǴǸȅ ǳǫǵǦǸǴǱǴǩǮǽǫǷǰǮǲǮ) ǷǵǴǷǴǧǳǴǷǸȅǲǮ. ǚǮǱǴǷǴǺǦ 

ǳǦǹǰǮ Ǩ ǵǫǶǨǹȄ ǴǽǫǶǫǪȂ ǮǳǸǫǶǫǷǹǫǸ ǨǴǵǶǴǷ, ǲǴǩǹǸ ǱǮ ȃǸǮ ǦǳǴǲǦǱȂǳȁǫ ǷǵǴǷǴǧǳǴǷǸǮ 

ǧȁǸȂ ǴǧȀȅǷǳǫǳȁ Ǩ ǵǶǫǪǫǱǦǻ ǵǦǶǦǪǮǩǲȁ ǳǦǹǽǳǴǯ ǧǮǴǵǷǮǻǴǱǴǩǮǮ, ǮǱǮ ǳǦǲ ǳǫǴǧǻǴǪǮǲǴ 

ǴǧǴǩǦǸǮǸȂ ȃǸǹ ǵǦǶǦǪǮǩǲǹ ǵǦǶǦǳǴǶǲǦǱȂǳȁǲǮ ȅǨǱǫǳǮȅǲǮ. ǔǪǳǦǰǴ, ǽǫǲ ǹǷǵǫǾǳǫǫ ǳǦǹǰǮ, 

ǨǰǱȄǽǦȅ ǷǴǨǶǫǲǫǳǳǹȄ ǳǫǯǶǴǳǦǹǰǹ, ǷǸǦǱǮ ǴǧȀȅǷǳȅǸȂ ǦǳǴǲǦǱȂǳȁǫ ȅǨǱǫǳǮȅ, Ǹǫǲ ǲǫǳȂǾǫ 

ǨǴǭǳǮǰǦǱǦ ǳǫǴǧǻǴǪǮǲǴǷǸȂ Ǩ ǴǧȀȅǷǳǫǳǮǮ ȅǨǱǫǳǮǯ, ǴǸǳǴǷȅǿǮǻǷȅ ǰ ǷǨǫǶǻȀǫǷǸǫǷǸǨǫǳǳȁǲ 

ǷǹǿǳǴǷǸȅǲ Ǯ ǵǶǴǼǫǷǷǦǲ. ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǵǦǶǦǵǷǮǻǴǱǴǩǮȅ ǺǦǰǸǮǽǫǷǰǮ ǵǴǸǫǶȅǱǦ ǷǨǴǯ 

ǮǷǸǴǽǳǮǰ ǫǷǸǫǷǸǨǫǳǳȁǻ ǵǶǴǧǱǫǲ, ǻǴǸȅ ǱȄǪǮ ǵǶǴǪǴǱǬǦȄǸ ǮǷǵȁǸȁǨǦǸȂ ǳǫǴǧȁǽǳȁǫ ȅǨ-

ǱǫǳǮȅ. Ǔǫ ǬǫǱǦȅ ǴǸǰǦǭȁǨǦǸȂǷȅ ǴǸ ǩǮǵǴǸǫǭȁ çǵǷǮè, ǵǦǶǦǵǷǮǻǴǱǴǩǮ ǳǦǽǦǱǮ ǺǦǧǶǮǰǴǨǦǸȂ 

ǳǴǨȁǫ ǵǶǴǧǱǫǲȁ. ǔǳǮ ǷǸǦǱǮ ǮǭǹǽǦǸȂ ǵǶǴǮǭǨǴǱȂǳȁǫ ǰǴǶǶǫǱȅǼǮǮ ǲǫǬǪǹ ǽǫǱǴǨǫǰǴǲ Ǯ 

ǱȄǧȁǲ ǪǶǹǩǮǲ ǺǦǰǸǮǽǫǷǰǮ ǨǴǭǲǴǬǳȁǲ ǴǧȀǫǰǸǴǲ, ǴǸǽǦȅǳǳǴ ǴǸȁǷǰǮǨǦȅ ǷǸǦǸǮǷǸǮǽǫǷǰǮ 

ǭǳǦǽǮǲȁǫ ǴǸǰǱǴǳǫǳǮȅ ǴǸ ǷǱǹǽǦǯǳǴǩǴ ǴǬǮǪǦǳǮȅ (ǸǴ ǫǷǸȂ ǦǳǴǲǦǱǮǮ), ǰǴǸǴǶȁǫ ǲǴǩǹǸ ǸǴ-

ǩǪǦ ǮǳǸǫǶǵǶǫǸǮǶǴǨǦǸȂǷȅ ǰǦǰ ǪǴǰǦǭǦǸǫǱȂǷǸǨǴ çǵǷǮè. ǖǫǭǹǱȂǸǦǸȁ ǸǦǰǮǻ ǮǷǷǱǫǪǴǨǦǳǮǯ 

ǴǸǱǮǽǦȄǸǷȅ ǷǱǴǬǳǴǷǸȂȄ, ǴǳǮ ǫǷǱǮ Ǯ ǳǫ ǴǸǶǮǼǦǸǫǱȂǳȁǫ, ǸǴ Ǩ ǱǹǽǾǫǲ ǷǱǹǽǦǫ ǳǫǹǧǫǪǮ-

ǸǫǱȂǳȁǫ. ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǫǷǱǮ ǧȁ ǳǫ ǧȁǱǴ ǷǦǲǴǯ ǵǦǶǦǵǷǮǻǴǱǴǩǮǮ, ǸǴ Ǯ ǳǫ ǷǹǿǫǷǸǨǴ-

ǨǦǱǮ ǧȁ ǷǴǨǶǫǲǫǳǳȁǫ ǵǶǴǧǱǫǲȁ ǵǦǶǦǵǷǮǻǴǱǴǩǮǮ.  

ǓǫǴǧǻǴǪǮǲǴ ǴǸǲǫǸǮǸȂ, ǽǸǴ ǳǫǰǴǸǴǶȁǫ ǪǨǴǯǳǮǰǮ ǳǦǹǰǮ ǽǦǷǸǴ ǭǦǮǲǷǸǨǹȄǸ Ǯ ǮǷ-

ǵǴǱȂǭǹȄǸ ǫǫ ǲǫǸǴǪȁ. ǓǦǵǶǮǲǫǶ, ǷǸǦǸǮǷǸǮǽǫǷǰǮǫ ǲǫǸǴǪȁ, ǵǶǮǲǫǳȅǫǲȁǫ Ǩ ǵǦǶǦǵǷǮǻǴ-

ǱǴǩǮǮ, ǮǳǴǩǪǦ ǧǫǭǹǵǶǫǽǳȁ. ǐǶǴǲǫ ǸǴǩǴ, ǪǦǬǫ ǴǽǫǨǮǪǳǴ ǮǷǵǴǱȂǭǴǨǦǳǮǫ ǴǧǿǫǩǴ ǳǦǹǽ-

ǳǴǩǴ ǲǫǸǴǪǦ. ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǲǳǴǩǮǫ ǪǫǨǮǦǳǸǳȁǫ ǳǦǹǰǮ, Ǩ ǴǷǴǧǫǳǳǴǷǸǮ ǵǦǶǦǵǷǮǻǴǱǴ-

ǩǮȅ Ǯ ǦǷǸǶǴǱǴǩǮȅ, ǽǦǷǸǴ ǪǫǲǴǳǷǸǶǮǶǹȄǸ ǳǦǮǨǳǹȄ ǳǦǹǽǳǴ-ȃǲǵǮǶǮǽǫǷǰǹȄ ǧǦǭǹ. ǔǳǮ ǵǴ-

ǱǦǩǦȄǸ, ǽǸǴ ǮǷǵǴǱȂǭǴǨǦǳǮȅ ǳǦǹǽǳȁǻ ǲǫǸǴǪǴǨ ǨǵǴǱǳǫ ǪǴǷǸǦǸǴǽǳǴ, ǽǸǴǧȁ ǵǶǮǪǦǸȂ Ǯǻ Ǵǧ-

ǱǦǷǸǮ ǮǷǷǱǫǪǴǨǦǳǮȅ ǳǦǹǽǳȁǯ ǷǸǦǸǹǷ. ǊǫǯǷǸǨǮǸǫǱȂǳǴ, ǵǦǶǦǵǷǮǻǴǱǴǩǮ ǲǳǴǩǴǲǹ ǳǦǹǽǮ-

ǱǮǷȂ ǴǸ ǰǶǮǸǮǰǴǨ Ǯ ǹǱǹǽǾǮǱǮ ǲǫǶȁ ǵǶǫǪǴǷǸǴǶǴǬǳǴǷǸǮ ǵǶǴǸǮǨ ǲǴǾǫǳǳǮǽǫǷǸǨǦ Ǯ ǷǦǲǴ-

ǴǧǲǦǳǦ. ǓǫǴǧǻǴǪǮǲǴ ǭǦǲǫǸǮǸȂ, ǽǸǴ ȃǸǮ ǹǷǴǨǫǶǾǫǳǷǸǨǴǨǦǳǮȅ ǵǶǴǮǷǻǴǪȅǸ Ǩ ǭǳǦǽǮǸǫǱȂ-

ǳǴǯ ǷǸǫǵǫǳǮ Ǯǭ-ǭǦ ǨǳǫǾǳǫǩǴ ǪǦǨǱǫǳǮȅ, Ǧ ǳǫ ǨǳǹǸǶǫǳǳǫǩǴ ǵǶǴǩǶǫǷǷǦ. ǘǦǰǮǲ ǴǧǶǦǭǴǲ, 

ǵǦǶǦǵǷǮǻǴǱǴǩǮ ǵǴǱǦǩǦȄǸ, ǽǸǴ ǭǦǳǮǲǦȄǸǷȅ ǳǦǷǸǴȅǿǫǯ ǳǦǹǰǴǯ, Ǯ ǴǸǰǱǴǳȅȄǸ ǶǦǭǱǮǽǳȁǫ 

ǲǫǸǴǪǴǱǴǩǮǽǫǷǰǮǫ Ǯ ǪǶǹǩǮǫ ǺǮǱǴǷǴǺǷǰǮǫ ǨǴǭǶǦǬǫǳǮȅ, ǰǦǰ ȅǨǳȁǯ ǮǪǫǴǱǴǩǮǽǫǷǰǮǯ 
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ǪǴǩǲǦǸǮǭǲ.  ǔǳǮ ǳǫ Ǩ ǷǴǷǸǴȅǳǮǮ ǵǴǳȅǸȂ, ǽǸǴ ǰǴǳǼǫǵǸǹǦǱȂǳǦȅ ǰǶǮǸǮǰǦ ȅǨǱȅǫǸǷȅ ǳǫǴǸȀ-

ǫǲǱǫǲǴǯ ǽǦǷǸȂȄ ǳǦǹǰǮ. 

ǔǸǰǱǴǳǫǳǮȅ Ǩ ǴǼǫǳǰǦǻ ǶǫǭǹǱȂǸǦǸǴǨ ǳǦǹǰǮ.  ǊǫǨǮǦǳǸǳǹȄ ǳǦǹǰǹ ǽǦǷǸǴ ǰǶǮǸǮǰǹȄǸ 

ǭǦ ǴǸǷǹǸǷǸǨǮǫ Ǩ ǶǫǭǹǱȂǸǦǸǦǻ ǮǷǷǱǫǪǴǨǦǳǮȅ ǶǦǼǮǴǳǦǱȂǳǴǩǴ ǫǪǮǳǷǸǨǦ Ǯ ǳǦǶǹǾǫǳǮǫ ǳǴǶǲ 

ǰǴǩǳǮǸǮǨǳǴǯ ǷǨȅǭǳǴǷǸǮ. ǣǸǮ ǰǶǮǸǫǶǮǮ ǵǶǫǪǵǴǱǦǩǦȄǸ ǻǴǸȅ ǧȁ ǰǴǷǨǫǳǳȁǫ, ǳǴ ǽǫǸǰǴ ǵǶǴ-

ǷǱǫǬǮǨǦǫǲȁǫ ǷǨȅǭǮ Ƿ ȃǲǵǮǶǮǫǯ, ǨǰǱȄǽǦȅ ǫȆ ǴǧȀȅǷǳǫǳǮǫ Ǯ ǵǶǫǪǷǰǦǭǦǳǮǫ. ǓǦǱǮǽǮǫ 

ǵǴǭǳǦǨǦǸǫǱȂǳȁǻ ǮǭȀȅǳǴǨ ǷǮǩǳǦǱǮǭǮǶǹǫǸ Ǵ ǷǹǿǫǷǸǨǴǨǦǳǮǮ ǰǦǰǮǻ-ǸǴ ǪǫǺǫǰǸǴǨ ǱǴǩǮǽǫ-

ǷǰǴǯ ǳǴǶǲȁ. ǕǴǷǱǫǪǴǨǦǸǫǱǮ ǪǫǨǮǦǳǸǳȁǻ ǳǦǹǰ ǮǳǴǩǪǦ ǴǧǻǴǪȅǸǷȅ ǴǸǳǴǷǮǸǫǱȂǳǴ ǵǶǴǷǸǴǯ 

ǮǳǸǫǶǵǶǫǸǦǼǮǫǯ ǳǦǹǽǳȁǻ ǺǦǰǸǴǨ, ǮǷǵǴǱȂǭǹȄǸ Ǩ ǷǨǴǫǲ ǶǦǷǵǴǶȅǬǫǳǮǮ ǽǮǷǸǴ ǴǵǮǷǦǸǫǱȂ-

ǳȁǫ ǺǦǰǸȁ, ǷǹǿǫǷǸǨǹȄǿǮǫ ǷǦǲǮ ǵǴ Ƿǫǧǫ, Ǩǳǫ ǷǨȅǭǮ Ƿ ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǲǮ ǸǫǴǶǮȅǲǮ. 

ǙǷǸǦǳǴǨǱǫǳǮǫ ǷǨȅǭǮ ǺǦǰǸǴǨ ǳǦǹǰǮ Ƿ ǸǫǴǶǮǫǯ Ǩ ǷǻǫǲǦǸǮǽǳǴǲ ǵǱǦǳǫ ǳǫ ǷǨǴǪǮǸǷȅ ǰ Ǫǫ-

ǪǹǰǸǮǨǳǴǲǹ ǨȁǨǴǪǹ ǵǫǶǨȁǻ Ǯǭ ǸǫǴǶǫǸǮǽǫǷǰǴǩǴ ǭǳǦǳǮȅ.  

ǈǴ ǨǸǴǶǴǯ ǵǴǱǴǨǮǳǫ XVIII ǨǫǰǦ ǨǫǷȂǲǦ ǦǰǸǹǦǱȂǳǴǯ ǧȁǱǦ ǵǶǴǧǱǫǲǦ ǸȅǩǴǸǫǳǮȅ. ǘǶǫ-

ǧǴǨǦǱǴǷȂ ǴǧȀǫǪǮǳǮǸȂ ǺǦǰǸȁ Ǯ ȃǲǵǮǶǮǽǫǷǰǮǫ ǭǦǰǴǳȁ ǸǫǴǶǫǸǮǽǫǷǰǴǯ ǰǴǳǼǫǵǼǮǫǯ. ǎ. 

ǓȂȄǸǴǳ ǵǶǫǪǱǴǬǮǱ ǴǩǶǦǳǮǽǮǸȂǷȅ ǺǴǶǲǹǱǴǯ ǨǷǫǲǮǶǳǴǩǴ ǸȅǩǴǸǫǳǮȅ  

(
2

21

r

mm
Fʛʨ

Ö
=g ) Ǯ ǳǫ ǮǭǲȁǾǱȅǸȂ ǰǦǽǫǷǸǨǫǳǳȁǻ ǩǮǵǴǸǫǭ ǩǶǦǨǮǸǦǼǮǮ. ǚǶǦǳǼǹǭ ǖ. ǊǫǰǦǶǸ 

Ǯ ǫǩǴ ǷǸǴǶǴǳǳǮǰǮ ǨȁǪǨǮǳǹǱǮ ǩǮǵǴǸǫǭǹ ǨǮǻǶǫǯ, ǷǴǩǱǦǷǳǴ ǰǴǸǴǶǴǯ ǨǷǫ ǲǳǴǩǴǴǧǶǦǭǮǫ 

ǺǮǭǮǽǫǷǰǮǻ ǲǮǰǶǴǽǦǷǸǮǼ ǳǦǻǴǪǮǸǷȅ Ǩ ǳǫǵǶǫǶȁǨǳǴǲ ǨǶǦǿǫǳǮǮ, Ǯ ǸǦǰǴǫ ǪǨǮǬǫǳǮǫ ǪǨǮ-

ǩǦǫǸ ǧǴǱȂǾǮǫ ǸǫǱǦ ǪǶǹǩ ǰ ǪǶǹǩǹ. ǚǮǭǮǽǫǷǰǴǫ ǷǴǴǧǿǫǷǸǨǴ ǵǶǮǳȅǱǴ ǵǴǭǮǼǮȄ ǓȂȄǸǴǳǦ, 

Ǯ ǴǳǦ ǷǸǦǱǦ ǳǴǶǲǦǸǮǨǳǴǯ. ǉǮǵǴǸǫǭǦ Ǭǫ ǨǮǻǶǫǯ ǷǸǦǱǦ ǲǦǶǩǮǳǦǱȂǳǴǯ, Ǯ ǫȆ ǵǶǫǪǦǱǮ ǭǦ-

ǧǨǫǳǮȄ. ǎ ǨǷȆ Ǭǫ ǴǳǦ ǳǫ ǮǷǽǫǭǦǱǦ ǳǦǨǷǫǩǪǦ Ǯ Ǩ ǰǴǳǼǫ XX ǨǫǰǦ ǴǧǶǫǱǦ ǨǮǪ ǩǮǵǴǸǫǭȁ 

ǸǴǶǷǮǴǳǳǴǩǴ ǵǴǱȅ. ǖǴǷǷǮǯǷǰǮǫ ǺǮǭǮǰǮ ǆ. ǋ. ǆǰǮǲǴǨ Ǯ ǉ. ǎ. ǞǮǵǴǨ ǵǴǱǦǩǦȄǸ, ǽǸǴ ǳǦ 

ǹǶǴǨǳǫ ǲǦǸǫǶǮǮ ǧǴǱǫǫ ǩǱǹǧǴǰǴǲ, ǽǫǲ Ǵǧȁǽǳȁǫ ȃǱǫǲǫǳǸǦǶǳȁǫ ǽǦǷǸǮǼȁ, ǷǹǿǫǷǸǨǹȄǸ 

ǨǦǰǹǹǲǳȁǫ ǷǸǶǹǰǸǹǶȁ ǰǶǹǽǫǳǮȅ, ǮǱǮ ǸǴǶǷǮǴǳǳȁǫ ǵǴǱȅ. ǎǻ ǵǶǴȅǨǱǫǳǮȅǲǮ ǨȁǷǸǹǵǦȄǸ 

ǲǮǰǶǴǴǧȀǫǰǸȁ Ǯ Ǹǫ ǳǫǴǧȁǽǳȁǫ ǺǫǳǴǲǫǳȁ, ǰǴǸǴǶȁǫ ǷǴǨǶǫǲǫǳǳǦȅ ǳǦǹǰǦ ǴǧȀȅǷǳǮǸȂ ǳǫ 

ǲǴǬǫǸ, ǳǦǭȁǨǦȅ Ǯǻ ǵǦǶǦǳǴǶǲǦǱȂǳȁǲǮ ȅǨǱǫǳǮȅǲǮ [2]. ǕǶǫǪǷǸǦǨǮǸǫǱǮ ǦǰǦǪǫǲǮǽǫǷǰǴǯ 

ǳǦǹǰǮ ǴǼǫǳǮǨǦȄǸ ȃǸǹ ǩǮǵǴǸǫǭǹ ǰǦǰ ǪǫǨǮǦǳǸǳǹȄ. 

ǣǲǵǮǶǮǽǫǷǰǮǫ ǺǦǰǸȁ, ǵǶǴǸǮǨǴǶǫǽǦǿǮǫ ǵǴǷǸǶǴǫǳǮȅǲ ǦǨǸǴǶǦ ǪǫǨǮǦǳǸǳǴǯ ǸǫǴǶǮǮ, 

ǲǴǩǹǸ ǮǩǳǴǶǮǶǴǨǦǸȂǷȅ, ǮǷǰǦǬǦǸȂǷȅ ǮǱǮ ǹǲǦǱǽǮǨǦǸȂǷȅ. ǓǦǵǶǮǲǫǶ, Ǩ 30-ǻ ǩǴǪǦǻ ǛǛ ǨǫǰǦ 

ǘ. Ǌ. ǑȁǷǫǳǰǴ ǵǶǫǪǱǴǬǮǱ ǳǴǨȁǯ ǲǫǸǴǪ ǷǫǱǫǰǼǮǮ ǵǾǫǳǮǼȁ çȅǶǴǨǮǭǦǼǮȄè. ǥǶǴǨǮǭǦǼǮȅ 

ǸǴǩǪǦ ǾǮǶǴǰǴ ǶǫǰǱǦǲǮǶǴǨǦǱǦǷȂ Ǯ ǧȁǱǦ ǴǧȀȅǨǱǫǳǦ ǹǳǮǨǫǶǷǦǱȂǳȁǲ ǵǶǮǫǲǴǲ ǵǴǨȁǾǫ-

ǳǮȅ ǹǶǴǬǦǯǳǴǷǸǮ ǵǴ ǨǷǫǯ ǷǸǶǦǳǫ. ǣǳǸǹǭǮǦǷǸȁ-ȅǶǴǨǮǭǦǸǴǶȁ ǹǬǫ ǷǸǦǨǮǱǮ ǴǵȁǸȁ ǳǦ Ǹȁ-

ǷȅǽǦǻ ǩǫǰǸǦǶǴǨ. ǎ ǨǴǸ ǑȁǷǫǳǰǴ ǹǨǮǪǫǱ, ǽǸǴ, ǳǫǷǲǴǸǶȅ ǳǦ ǷǴǨǫǶǾǫǳǷǸǨǴǨǦǳǮǫ ǮǳǷǸǶǹǰ-

ǼǮǯ, ǵǴǱǹǽǦǫǸǷȅ ǶǦǭǧǶǴǷ ǶǫǭǹǱȂǸǦǸǴǨ. ǎǻ ǴǧǶǦǧǴǸǰǦ ǳǫ ǲǴǩǱǦ ǵǶǮǨǫǷǸǮ ǰ ǳǹǬǳȁǲ ǫǲǹ 

ǨȁǨǴǪǦǲ. ǎ Ǵǳ ǷǸǦǱ ǹǽǮǸȁǨǦǸȂ ǱǮǾȂ Ǹǫ ǪǦǳǳȁǫ, ǰǴǸǴǶȁǫ ǩǴǨǴǶǮǱǮ Ǩ ǵǴǱȂǭǹ ȅǶǴǨǮǭǦǼǮǮ, 

Ǯ ǴǸǧǶǦǷȁǨǦǸȂ ǨǷǫ ǴǸǶǮǼǦǸǫǱȂǳȁǫ ð ǵǴǪ ǵǶǫǪǱǴǩǴǲ ǳǫǷǴǧǱȄǪǫǳǮȅ ǮǳǷǸǶǹǰǼǮǮ. ǆǰǦǪǫ-

ǲǮǰǮ Ǖ. ǎ. ǑǮǷǮǼȁǳ Ǯ Ǖ. Ǔ. ǐǴǳǷǸǦǳǸǮǳǴǨ, ǵǶǴǨǴǪǮǨǾǮǫ ǸǴǽǳȁǫ ǰǴǳǸǶǴǱȂǳȁǫ ǴǵȁǸȁ Ǩ 

ǸǫǽǫǳǮǫ ǽǫǸȁǶǫǻ ǱǫǸ (1932ð1936), ǹǷǸǦǳǴǨǮǱǮ, ǽǸǴ Ǩ ǳǫǰǴǸǴǶȁǻ ǶǦǯǴǳǦǻ Ǩ ǴǸǪǫǱȂǳȁǫ 

ǩǴǪȁ ȅǶǴǨǮǭǦǼǮȅ ǪǫǯǷǸǨǮǸǫǱȂǳǴ ǪǦǫǸ ǵǴǱǴǬǮǸǫǱȂǳȁǯ ȃǺǺǫǰǸ, Ǩ ǪǶǹǩǮǻ Ǭǫ ð ǴǸǶǮǼǦ-

ǸǫǱȂǳȁǯ. ǑȁǷǫǳǰǴ ǴǸǰǦǭǦǱǷȅ ǷǽǮǸǦǸȂǷȅ Ƿ Ǯǻ ǪǦǳǳȁǲǮ. ǔǷǳǴǨȁǨǦȅǷȂ ǳǦ ǴǸǪǫǱȂǳȁǻ 

ǹǪǦǽǳȁǻ ǵǶǮǲǫǶǦǻ, Ǵǳ ǭǦȅǨǱȅǱ, ǽǸǴ ȅǶǴǨǮǭǦǼǮȅ ǪǦǫǸ ǵǶǮǧǦǨǰǹ ǳǫ ǲǫǳȂǾǫ ǴǪǳǴǩǴ ǼǫǳǸ-

ǳǫǶǦ ǳǦ ǩǫǰǸǦǶ, Ǯ ǲǳǴǬǮǱ ȃǸǴǸ ǼǫǳǸǳǫǶ ǳǦ ǷǸǴ ǲǮǱǱǮǴǳǴǨ ǩǫǰǸǦǶǴǨ, ǭǦǳȅǸȁǻ Ǩ ǗǗǗǖ 

ǵǴǪ ǭǫǶǳǴǨȁǲǮ. ǗǸǶǦǳǫ ǳǹǬǫǳ ǧȁǱ ǻǱǫǧ, Ǯ ǴǽǫǳȂ ǻǴǸǫǱǴǷȂ ǨǫǶǮǸȂ ǑȁǷǫǳǰǴ, Ǧ ǳǫ ǫǩǴ 

ǳǦǹǽǳȁǲ ǵǶǴǸǮǨǳǮǰǦǲ: ǷǱǮǾǰǴǲ ǭǦǲǦǳǽǮǨȁ ǧȁǱǮ ǫǩǴ ǴǧǫǿǦǳǮȅ. ǑȁǷǫǳǰǴ ǵǶǫǪǱǦǩǦǱ 

ǨȁǨǴǪǮǸȂ ǳǴǨȁǯ ǷǴǶǸ ǭǦ ǪǨǦ Ƿ ǵǴǱǴǨǮǳǴǯ ǩǴǪǦ, ǪǫǱǦǸȂ ǧǶǦǰǴǨǰǹ ǩǮǧǶǮǪǴǨ ǹǬǫ Ǩ ǵǫǶǨǴǲ 

ǵǴǰǴǱǫǳǮǮ (ǵǴ ǒǫǳǪǫǱȄ, Ǩ ǩǮǧǶǮǪǦǻ ǵǫǶǨǴǩǴ ǵǴǰǴǱǫǳǮȅ ǶǫǼǫǷǷǮǨǳȁǫ ǵǶǮǭǳǦǰǮ ǶǴǪǮ-
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ǸǫǱȂǷǰǴǯ ǺǴǶǲȁ ǳǫ ǵǶǴȅǨǱȅȄǸǷȅ). ǎǷǷǱǫǪǴǨǦǸǫǱȂ ǳǫ ǬǫǱǦǱ ǵǶǮǭǳǦǨǦǸȂ ǳǫ ǸǴǱȂǰǴ ǰǦ-

ǰǮǫ-ǱǮǧǴ ǸǫǴǶǫǸǮǽǫǷǰǮǫ ǵǴǱǴǬǫǳǮȅ, ǰǶǴǲǫ ǷǨǴǮǻ ǷǴǧǷǸǨǫǳǳȁǻ, ǳǴ ǪǦǬǫ ȃǱǫǲǫǳǸǦǶ-

ǳȁǫ ǺǦǰǸȁ, ǾǮǶǴǰǴ ǮǭǨǫǷǸǳȁǫ Ǩ ǳǦǹǽǳǴǯ ǱǮǸǫǶǦǸǹǶǫ, ǴǸǶǮǼǦǱ Ƿ ǵǴǶǴǩǦ, ǩǴǨǴǶǮǱ, ǽǸǴ 

ǨǫǶǮǸ ǱǮǾȂ Ǹǫǲ ǺǦǰǸǦǲ, ǰǴǸǴǶȁǫ ǵǴǱǹǽǮǱ ǷǦǲ Ǯ ǫǩǴ ǷǴǸǶǹǪǳǮǰǮ [3]. ǊǦǳǳȁǫ ǵǶǮǲǫǶȁ 

ǮǱǱȄǷǸǶǮǶǹȄǸ, ǽǸǴ ǪǫǨǮǦǳǸǳȁǫ ǳǦǹǰǮ ǷǸǶǦǪǦȄǸ ǳǫ ǸǴǱȂǰǴ ǳǫǪǴǷǸǦǸǰǴǲ ǹǧǫǪǮǸǫǱȂǳǴǩǴ 

ǴǧǴǷǳǴǨǦǳǮȅ, ǳǴ Ǯ ǳǫǷǴǨǲǫǷǸǮǲǴǷǸȂȄ ǷǴ ǷǱǴǬǮǨǾǮǲǷȅ ǲǦǷǷǮǨǴǲ ǳǦǹǽǳǴǩǴ ǭǳǦǳǮȅ Ǯ 

ǹǸǨǫǶǪǮǨǾǮǲǮǷȅ ǲǫǸǴǪǴǱǴǩǮǽǫǷǰǮǲǮ ǴǷǳǴǨǦǳǮȅǲǮ ǵǴǪǱǮǳǳȁǻ ǳǦǹǰ [4]. 

ǖǫǭǹǱȂǸǦǸǴǲ ǮǷǷǱǫǪǴǨǦǳǮȅ ǲǴǬǫǸ ǷǸǦǸȂ ǭǳǦǳǮǫ Ƿ ǵǶǮǭǳǦǰǦǲǮ çǨǫǱǮǰǴǩǴ ǴǸǰǶȁ-

ǸǮȅè: ǵǫǶǫǨǴǶǴǸǹ ǵǴǪǨǫǶǩǦǫǸǷȅ ǳǫ ǰǦǰǴǯ-ǳǮǧǹǪȂ ǴǪǮǳ ǨǴǵǶǴǷ, Ǧ ǷǶǦǭǹ ǨǷǫ ǶǫǭǹǱȂǸǦǸȁ 

ǳǦǹǰǮ [5]. ǓǦǱǮǼǴ ǳǦǶǹǾǫǳǮǫ ǪǶǹǩǴǯ ǳǴǶǲȁ ǳǦǹǰǮ, ǸǶǫǧǹȄǿǫǯ ǶǦǼǮǴǳǦǱȂǳǴǩǴ ǷǴǩǱǦ-

ǷǴǨǦǳǮȅ ǳǴǨǴǯ ǩǮǵǴǸǫǭȁ ǷǴ ǷǱǴǬǮǨǾǮǲǮǷȅ Ǯ ǹǬǫ ǴǧǴǷǳǴǨǦǳǳȁǲǮ ǲǦǷǷǮǨǦǲǮ ǭǳǦǳǮǯ 

(ǵǶǮǳǼǮǵ ǷǴǴǸǨǫǸǷǸǨǮȅ). ǒǳǴǩǮǫ ǪǫǨǮǦǳǸǳȁǫ ǩǮǵǴǸǫǭȁ ǳǫ ǹǪǴǨǱǫǸǨǴǶȅȄǸ ȃǸǴǯ ǳǴǶǲǫ 

Ǯ ǪǫǲǴǳǷǸǶǮǶǹȄǸ ǮǭǱǮǾǳȄȄ ȃǰǭǴǸǮǽǳǴǷǸȂ Ǯ ȃǰǷǸǶǦǨǦǩǦǳǸǳǴǷǸȂ. ǈ ǸǦǰǴǲ Ǭǫ ǵǴǱǴǬǫǳǮǮ 

ǳǦǻǴǪǮǸǷȅ ǲǳǴǬǫǷǸǨǴ ǩǮǵǴǸǫǸǮǽǫǷǰǮǻ ǰǴǳǼǫǵǼǮǯ Ǯǭ ǶȅǪǦ ǳǦǹǽǳȁǻ ǪǮǷǼǮǵǱǮǳ: ǮǪǫȅ 

ǶǴǷǷǮǯǷǰǴǩǴ ǹǽǫǳǴǩǴ ǆ. ǉ. ǉǹǶǨǮǽǦ Ǵ ǧǮǴǵǴǱǫ, ǸǫǴǶǮȅ ǦǳǩǱǮǯǷǰǴǩǴ ǧǮǴǱǴǩǦ ǖ. 

ǞǫǱǪǶǫǯǰǦ Ǵ ǲǴǶǺǴǩǫǳǫǸǮǽǫǷǰǮǻ ǵǴǱȅǻ, ǩǮǵǴǸǫǭǦ ǶǴǷǷǮǯǷǰǴǩǴ ǮǷǸǴǶǮǰǦ Ǒ. Ǔ. ǉǹǲǮ-

ǱǫǨǦ Ǵ ǨǱǮȅǳǮǮ ǩǫǴǩǶǦǺǮǽǫǷǰǴǩǴ ǱǦǳǪǾǦǺǸǦ ǳǦ ǷǸǦǳǴǨǱǫǳǮǫ ǱǮǽǳǴǷǸǫǯ-ǵǦǷǷǮǴǳǦǶǮǫǨ 

Ǯ ǲǳǴǩǴǫ ǪǶǹǩǴǫ [6]. ǓǦ ǽǸǴ ǳǦǪǫȅǱǮǷȂ ȃǸǮ ǹǽǫǳȁǫ? ǎǻ ǵǴǪǪǫǶǬǮǨǦǱǦ ǨǫǶǦ Ǩ ǸǦǰǹȄ 

ǮǭǲǫǳǽǮǨǴǷǸȂ ǳǦǹǰǮ, ǰǴǸǴǶǦȅ ǲǴǬǫǸ Ǩ ǧǹǪǹǿǫǲ ǨȁǭǨǦǸȂ ǨǫǸǫǶ ǵǫǶǫǲǫǳ, Ǯ Ǵǳ ǳǦǪǹǫǸ 

Ǯǻ ǵǦǶǹǷǦ. ǎǷǸǴǶǮȅ ǳǦǹǰǮ ǷǨǮǪǫǸǫǱȂǷǸǨǹǫǸ Ǵ ǸǴǲ, ǽǸǴ ǨǷǫ ǳǴǨȁǫ ǸǫǴǶǮǮ ǵǶǮǻǴǪǮǱǮ 

ǷǳǦǽǦǱǦ ǳǫǷǱȁǾǳǴ çǳǦ ǩǴǱǹǧǮǳȁǻ ǱǦǵǰǦǻè (ǚ. ǓǮǼǾǫ). ǕǴǸǴǲ Ǯǻ ǾǹǲǳǴ ǴǸǨǫǶǩǦǱǮ, Ǯ, 

Ǩ ǰǴǳǼǫ ǰǴǳǼǴǨ, ǴǳǮ ǷǸǦǳǴǨǮǱǮǷȂ ǵǶǮǨȁǽǳȁǲǮ. Ǉǫǭ ǷǲǫǱȁǻ Ǯ ǦǨǦǳǸȄǶǳȁǻ ǩǮǵǴǸǫǭ ǳǫǸ 

ǳǦǹǽǳǴǩǴ ǵǴǮǷǰǦ Ǯ ǵǶǴǩǶǫǷǷǦ, ǳǴ ǸǶǦǪǮǼǮȅ ǨǷǫǩǪǦ ǷǴǵǶǴǸǮǨǱȅǫǸǷȅ ǳǴǨǴǲǹ. ǔǪǳǦǰǴ ǷǸǫ-

ǵǫǳȂ ȃǰǷǸǶǦǨǦǩǦǳǸǳǴǷǸǮ ǸǫǴǶǮǮ ǮǱǮ ǫǫ ǳǫǵǶǮǭǳǦǳǳǴǷǸȂ ǫǿǫ ǳǫ ȅǨǱȅǫǸǷȅ ǪǴǷǸǦǸǴǽǳȁǲ 

ǵǶǮǭǳǦǰǴǲ ǫǫ ǳǴǨǮǭǳȁ Ǯ ǳǦǹǽǳǴǷǸǮ, ǻǴǸȅ ǲǳǴǩǮǫ ǮǷǷǱǫǪǴǨǦǸǫǱǮ ǷǰǱǴǳǳȁ ǦǵǫǱǱǮǶǴ-

ǨǦǸȂ ǰ ȃǸǴǲǹ. ǎ ǨǷǫ Ǭǫ ǳǫǰǴǸǴǶȁǫ Ǯ ǶǫǪǰǮǫ ǩǮǵǴǸǫǭȁ ǶǦǳǴ ǮǱǮ ǵǴǭǪǳǴ ǷǵǴǷǴǧǳȁ ǵǫ-

ǶǫǯǸǮ Ǩ ǶǦǳǩ ǪǴǷǸǴǨǫǶǳȁǻ Ǯ ǴǧǿǫǭǳǦǽǮǲȁǻ ǸǫǴǶǮǯ. ǈǵǴǱǳǫ ǨǴǭǲǴǬǳǴ, ǽǸǴ ǳȁǳǫ ǵǦǶǦ-

ǵǷǮǻǴǱǴǩǮȅ, ǰǴǸǴǶǹȄ ǳǫ ǵǶǮǭǳǦȄǸ ǳǦǹǰǴǯ Ǯǭ-ǭǦ ǳǫǴǧȁǽǳǴǷǸǮ ǮǷǷǱǫǪǴǨǦǳǮǯ ȃǰǷǸǶǦǷǫǳ-

ǷǴǶǳȁǻ ȅǨǱǫǳǮǯ, Ǩ ǵǫǶǷǵǫǰǸǮǨǫ ǧǹǪǫǸ ǱǮǪǫǶǴǲ ǳǦǹǰǮ.  

ǊǶǹǩǮǲ ǵǶǮǲǫǶǴǲ ǳǦǶǹǾǫǳǮȅ ǵǶǮǳǼǮǵǦ ǷǴǴǸǨǫǸǷǸǨǮȅ ǲǴǬǫǸ ǷǱǹǬǮǸȂ ǰǴǳǼǫǵǼǮȅ 

ǧǫǱǴǶǹǷǷǰǴǩǴ ǺǮǭǮǰǦ ǆ. ǎ. ǈǫǯǳǮǰǦ. ǗǨǴǯ ǵǴǪǻǴǪ Ǩ ǰǳǮǩǫ çǘǫǶǲǴǪǮǳǦǲǮǰǦè Ǵǳ ǴǵǶǫ-

ǪǫǱǮǱ, ǰǦǰ çǳǫǴǧǻǴǪǮǲǴǷǸȂ ǮǲǫǸȂ ǪǴǷǸǦǸǴǽǳǴ ǴǧǿǹȄ (ǫǪǮǳǹȄ) ǮǷǻǴǪǳǹȄ ǸǫǴǶǮȄ ǵǶǮ-

ǶǴǪȁ, ǴǻǨǦǸȁǨǦȄǿǹȄ ǨǷǫ ǳǹǬǳȁǫ ǺǴǶǲȁ ǪǨǮǬǫǳǮȅ ǲǦǸǫǶǮǮè. ǕǴ ǷǹǸǮ ǪǫǱǦ, ǭǪǫǷȂ ǳǫǸ 

ǺǮǭǮǰǮ, Ǧ ǫǷǸȂ ǺǮǱǴǷǴǺǮȅ ǲǦǸǫǶǮǦǱǮǭǲǦ. ǆǨǸǴǶ ǨȁǷǸǶǦǮǨǦǫǸ ǶȅǪ ǵǴǷǸǹǱǦǸǴǨ Ǯ ǧǦǭǮǷ-

ǳȁǲ ǺǴǶǲǦǱǮǭǲǴǲ çǸǫǴǶǮǮ ǨǷǫǩǴè ǪǫǱǦǫǸ ǵǶǴǮǭǨǫǪǫǳǮǫ çǴǧǴǧǿǫǳǳǴǩǴ ǭǦǶȅǪǦè ǳǦ 

çǴǧǴǧǿǫǳǳȁǯ ǵǴǸǫǳǼǮǦǱè [7]. ǘǦǰǦȅ ǸǫǴǶǮȅ ǷǴǩǱǦǷǹǫǸǷȅ ǸǴǱȂǰǴ Ƿ ǰǱǦǷǷǮǽǫǷǰǴǯ ǲǫǻǦ-

ǳǮǰǴǯ Ǯ ǴǸǨǫǶǩǦǫǸ Ǵǧǫ ǸǫǴǶǮǮ ǴǸǳǴǷǮǸǫǱȂǳǴǷǸǮ Ǯ ǰǨǦǳǸǴǨǹȄ ǸǫǴǶǮȄ. ǈǲǫǷǸǴ ǷǴǩǱǦǷǴ-

ǨǦǳǮȅ ǳǴǨǴǯ ǩǮǵǴǸǫǭȁ ǷǴ ǨǷǫǲǮ ǷǸǦǶȁǲǮ Ǯ ǴǧǴǷǳǴǨǦǳǳȁǲǮ ǸǫǴǶǮȅǲǮ çǘǫǶǲǴǪǮǳǦ-

ǲǮǰǦè ǈǫǯǳǮǰǦ ǪǦǫǸ ǳǫǴǬǮǪǦǳǳȁǫ ǷǱǫǪǷǸǨǮȅ: ǹǷǸǦǳǴǨǱǫǳ ǺǦǰǸ ǷǹǿǫǷǸǨǴǨǦǳǮȅ ǷǨǫǶǻ-

ǸǴǳǰǮǻ ǲǮǶǴǨ, ǰǴǸǴǶȁǫ ǬǮǨǹǸ Ǩǳǫ ǨǶǫǲǫǳǮ Ǯ ǵǶǴǷǸǶǦǳǷǸǨǦ Ǯ ǨǭǦǮǲǴǪǫǯǷǸǨǹȄǸ Ƿ ǳǦǲǮ 

ǵǴ ǭǦǰǴǳǦǲ ǪǴǧǶǦ Ǯ ǭǱǦ [8]. ǊǫǯǷǸǨǮǫǲ ȃǸǮǻ ǲǮǶǴǨ ǦǨǸǴǶ ǴǧȀȅǷǳȅǫǸ ǪǫǨǮǦǳǸǳȁǫ Ǻǫ-

ǳǴǲǫǳȁ ð ǨǫǿǮǫ Ƿǳȁ, ȅǷǳǴǨǮǪǫǳǮǫ, ǵǴǱǸǫǶǩǫǯǷǸ, ǓǑǔ Ǯ Ǹ. ǵ. 

ǇǴǱȂǾǮǳǷǸǨǴ ǧǫǱǴǶǹǷǷǰǮǻ ǹǽǫǳȁǻ ǴǼǫǳǮǱǴ ȃǸǮ ǶǦǷǷǹǬǪǫǳǮȅ ǰǦǰ ǦǳǴǶǲǦǱȂǳǴǫ 

ǭǳǦǳǮǫ, ǪǦǱǫǰǴǫ ǴǸ ǳǦǷǸǴȅǿǫǯ ǳǦǹǰǮ. ǐǶǴǲǫ ǵǶǮǳǼǮǵǦ ǷǴǴǸǨǫǸǷǸǨǮȅ çǴǧǿǦȅ ǸǫǴǶǮȅ 

ǸǫǵǱǴǸȁè ǮǩǳǴǶǮǶǹǫǸ ǳǴǶǲǹ ǳǦǹǽǳǴǯ ǵǶǴǧǱǫǲǳǴǷǸǮ, ǸǶǫǧǹȄǿǹȄ ǴǸ ǹǽǫǳǴǩǴ ǳǦǽǮǳǦǸȂ 

ǮǷǷǱǫǪǴǨǦǳǮǫ ǵǴǷǸǦǳǴǨǰǴǯ ǰǴǳǰǶǫǸǳǴǩǴ ǨǴǵǶǴǷǦ. ǈǫǯǳǮǰ Ǭǫ ǮǷǻǴǪǮǸ Ǯǭ ǳǦǸǹǶǺǮǱǴ-

ǷǴǺǷǰǴǯ ǵǶǴǧǱǫǲȁ, ǰǴǩǪǦ ǪǫǰǱǦǶǮǶǹǫǸ ǷǨǴȄ ǼǫǱȂ ð çǴǻǨǦǸǮǸȂ ǨǷǫ ǺǴǶǲȁ ǪǨǮǬǫǳǮȅ 

ǲǦǸǫǶǮǮè. ǘǫǲ ǷǦǲȁǲ Ǵǳ ǷǶǦǭǹ ǷǸǦǨǮǸ Ƿǫǧȅ Ǩǳǫ ǳǦǹǰǮ. ǚǮǱǴǷǴǺǷǰǮǫ ǴǷǳǴǨǦǳǮȅ ǳǹǬǳȁ 
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ǸǫǴǶǫǸǮǰǹ, ǳǴ ǸǴǱȂǰǴ ǳǫ ǳǦ ǷǸǹǵǫǳǮ ǵǶǴǧǱǫǲǦǸǮǭǦǼǮǮ, Ǧ Ǩ ǷǸǦǪǮǮ ǶǫǾǫǳǮȅ ǮǷǷǱǫǪǴǨǦ-

ǸǫǱȂǷǰǴǯ ǭǦǪǦǽǮ, ǰǴǩǪǦ ǺǴǶǲǮǶǹǫǸǷȅ ǲǫǸǴǪ. ǈȁǧǴǶ ǸǴǯ ǮǱǮ ǮǳǴǯ ǺǮǱǴǷǴǺǷǰǴǯ ǮǪǫǮ 

ǴǵǶǫǪǫǱȅǫǸǷȅ ǴǷǴǧǫǳǳǴǷǸȅǲǮ ǳǦǹǽǳǴǯ ǵǶǴǧǱǫǲȁ. ǈǷǫǯ ȃǸǴǯ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ Ǫǫǯ-

ǷǸǨǮǯ ǹ ǈǫǯǳǮǰǦ ǳǫǸ. 

 ǐǴǳǫǽǳǴ, Ǯǭ ǵǫǶǫǽǮǷǱǫǳǳȁǻ ǵǶǮǲǫǶǴǨ ǳǫ ǷǱǫǪǹǫǸ, ǽǸǴ ǳǹǬǳǴ ǴǸǧǶǴǷǮǸȂ ǨǷǫ 

ǺǦǰǸȁ, ǰǴǸǴǶȁǫ ǷǸǴǶǴǳǳǮǰǮ ǪǫǨǮǦǳǸǳȁǻ ǸǫǴǶǮǯ ǵȁǸǦȄǸǷȅ ǮǷǵǴǱȂǭǴǨǦǸȂ Ǩ ǷǨǴǮǻ ǵǴ-

ǷǸǶǴǫǳǮȅǻ: ǫǷǱǮ ȃǸǴ ǶǫǦǱȂǳȁǫ ǺǦǰǸȁ, ǸǴ ǴǳǮ ǪǴǱǬǳȁ ǵǴǱǹǽǮǸȂ ǮǳǸǫǶǵǶǫǸǦǼǮȄ Ǩ ǶǦǲ-

ǰǦǻ ǳǦǹǽǳȁǻ ǸǫǴǶǮǯ. ǈǷǫ ǨǫǱǮǰǮǫ ǵǫǶǫǨǴǶǴǸȁ Ǩ ǳǦǹǰǫ ǳǦǽǮǳǦǱǮǷȂ ǳǫ Ƿ ǸǴǩǴ, ǽǸǴ ǰǸǴ-

ǸǴ ǭǦȅǨǱȅǱ, ǧǹǪǸǴ ǷǴǭǪǦǱ ǳǴǨǹȄ ǳǦǹǰǹ, ǰǴǸǴǶǦȅ ǨǷǫ ǵǫǶǫǨǴǶǦǽǮǨǦǫǸ ǷǨǫǶǻǹ ǪǴǳǮǭǹ Ǯ 

ǴǸǧǶǦǷȁǨǦǫǸ ǨǷǫ ǷǸǦǶǴǫ. ǐǴǩǪǦ ǣǯǳǾǸǫǯǳ ǷǴǭǪǦǨǦǱ ǷǨǴȄ ǸǫǴǶǮȄ, ǸǴ ǳǦǽǦǱ Ƿ ǶǫǾǫǳǮȅ 

ǶǫǦǱȂǳǴǯ ǵǶǴǧǱǫǲȁ Ǯ ǴǽǫǳȂ ǷǰǶǴǲǳǴ ǴǭǦǩǱǦǨǮǱ ǷǸǦǸȂȄ çǐ ȃǱǫǰǸǶǴǪǮǳǦǲǮǰǫ ǪǨǮǬǹ-

ǿǮǻǷȅ ǸǫǱè, Ǩ ǰǴǸǴǶǴǯ ǮǭǱǦǩǦǱǮǷȂ ǴǷǳǴǨȁ ǸǫǴǶǮǮ ǴǸǳǴǷǮǸǫǱȂǳǴǷǸǮ. ǣǯǳǾǸǫǯǳ ǨǴǾǫǱ 

Ǩ ǳǦǹǰǹ Ƿ ǳǴǨȁǲǮ ǶǫǭǹǱȂǸǦǸǦǲǮ, ǰǴǸǴǶȁǫ ǨǵǮǷȁǨǦǱǮǷȂ Ǩ ǳǦǹǽǳǹȄ ǸǶǦǪǮǼǮȄ, ǻǴǸȅ ǲǳǴ-

ǩǴǫ ǱǴǲǦǱǮ Ǩ ǵǶǫǬǳǫǯ ǰǦǶǸǮǳǫ ǲǮǶǦ. ǣǸǴ ǴǽǫǳȂ ǨǦǬǳȁǯ ǰǶǮǸǫǶǮǯ: ǫǷǱǮ ǳǫǰǸǴ ǵǶǫǸǫǳ-

ǪǹǫǸ ǳǦ ǳǴǨǴǫ ǨǮǪǫǳǮǫ, ǴǸǧǶǦǷȁǨǦȅ ǸǫǴǶǮǮ, ǦǵǶǴǧǮǶǴǨǦǳǳȁǫ Ǩ ǳǦǹǰǫ, ǵǴǱǦǩǦȅ, ǽǸǴ ǴǳǮ 

ǳǫǪǫǯǷǸǨǮǸǫǱȂǳȁ, ǸǴ ȃǸǴ ǷǮǩǳǦǱ, ǽǸǴ, ǨǫǶǴȅǸǳǫǫ ǨǷǫǩǴ, ǲȁ Ǯǲǫǫǲ ǪǫǱǴ Ƿ ǪǫǨǮǦǳǸǳǴǯ 

ǰǴǳǼǫǵǼǮǫǯ.  ǗǸǦǶȁǫ ǸǫǴǶǮǮ ǲǴǬǳǴ ǵǫǶǫǵǮǷǦǸȂ Ǩ ǳǴǨǴǲ ȅǭȁǰǫ, ǸǦǰ ǨǷǫǩǪǦ Ǯ ǪǫǱǦǫǸǷȅ 

Ǩ ǵǴǪǱǮǳǳǴǯ ǳǦǹǰǫ, ǳǴ ǵǶǮ ȃǸǴǲ ǴǧȅǭǦǸǫǱȂǳǴ ǷǴǻǶǦǳȅǫǸǷȅ Ǯǻ ǷǴǪǫǶǬǦǳǮǫ, ǷǨȅǭǦǳǳǴǫ 

Ƿ ǭǦǰǴǳǴǲ, ǰǴǸǴǶȁǯ ǴǧȀȅǷǳȅǱǮ Ǯ ǵǶǫǪǷǰǦǭȁǨǦǱǮ ǴǵȁǸǳȁǫ ǺǦǰǸȁ. ǎ, ǰǴǳǫǽǳǴ Ǭǫ, ǵǶǫǪ-

ǱǦǩǦǫǲȁǫ ǳǴǨȁǫ ǸǫǴǶǮǮ Ǯ ǰǴǳǼǫǵǼǮǮ ǪǴǱǬǳȁ ǧȁǸȂ ǨǳǹǸǶǫǳǳǫ ǳǫǵǶǴǸǮǨǴǶǫǽǮǨȁ. 

ǗǱǫǪǹȄǿǫǯ ǻǦǶǦǰǸǫǶǮǷǸǮǰǴǯ ǪǫǨǮǦǳǸǳȁǻ ǸǫǴǶǮǯ ȅǨǱȅǫǸǷȅ ǽǶǫǭǲǫǶǳǦȅ ǷǱǴǬ-

ǳǴǷǸȂ Ǯǻ ǰǴǳǷǸǶǹǰǼǮǯ. ǓǦǵǶǮǲǫǶ, ǸǫǴǶǮȅ ǦǷǸǶǴǱǴǩǮǮ ǨǰǱȄǽǦǫǸ Ǩ Ƿǫǧȅ ǳǫǷǰǴǱȂǰǴ ǰǴǳ-

ǼǫǵǸǹǦǱȂǳȁǻ ǵǴǪǷǮǷǸǫǲ. ǈǴ-ǵǫǶǨȁǻ, ǴǳǦ ǷǴǪǫǶǬǮǸ Ǩ Ƿǫǧǫ ǪǴǨǴǱȂǳǴ ǭǳǦǽǮǸǫǱȂǳȁǯ ǲǦǷ-

ǷǮǨ ǴǧȀǫǰǸǮǨǳȁǻ ǷǨǫǪǫǳǮǯ Ǵ ǳǫǧǫǷǳȁǻ ǸǫǱǦǻ, ǻǦǶǦǰǸǫǶǫ Ǯǻ ǪǨǮǬǫǳǮǯ, ǸǶǦǫǰǸǴǶǮȅǻ Ǯ 

ǨǭǦǮǲǳǴǲ ǶǦǷǵǴǱǴǬǫǳǮǮ. ǈǴ-ǨǸǴǶȁǻ, ǸǫǴǶǫǸǮǽǫǷǰǦȅ ǷǮǷǸǫǲǦ ǦǷǸǶǴǱǴǩǮǮ ǷǴǪǫǶǬǮǸ Ƿǫ-

ǶǮȄ ǮǳǸǫǶǵǶǫǸǦǸǮǨǳȁǻ ǩǮǵǴǸǫǭ, ǵǶǮǵǮǷȁǨǦȄǿǮǻ ǴǧȀǫǰǸǮǨǳȁǲ ǳǫǧǫǷǳȁǲ ǷǴǧȁǸǮȅǲ, 

ǸǫǱǦǲ Ǯ Ǯǻ ǰǴǳǷǸǫǱǱȅǼǮȅǲ ǭǫǲǳǴǯ ǷǲȁǷǱ. ǕǶǴǷǸǶǦǳǷǸǨǫǳǳǴǫ ǵǴǱǴǬǫǳǮǫ, ǨǭǦǮǲǴǶǦǷ-

ǵǴǱǴǬǫǳǮǫ Ǯ ǪǮǳǦǲǮǰǦ ǳǫǧǫǷǳȁǻ ǸǫǱ ǮǷǸǴǱǰǴǨȁǨǦȄǸǷȅ Ǩ ǸǫǶǲǮǳǦǻ ǭǫǲǳȁǻ ǷǮǸǹǦǼǮǯ 

Ǯ ǱȄǪǷǰǮǻ ǨǭǦǮǲǴǴǸǳǴǾǫǳǮǯ. ǕǱǦǳǫǸǦ ǒǦǶǷ, ǳǦǵǶǮǲǫǶ, ǵǶǫǪǷǸǦǫǸ Ǩ ȃǸǮǻ ǩǮǵǴǸǫǭǦǻ 

ǰǦǰ ǳǴǷǮǸǫǱȂ ǲǮǱǮǸǦǶǮǷǸǷǰǴǩǴ, ǲǹǬǷǰǴǩǴ ǳǦǽǦǱǦ, ǦǩǶǫǷǷǮǨǳǴǷǸȂ ǰǴǸǴǶǴǩǴ, ǨǵǶǴǽǫǲ, 

ǲǴǬǫǸ ǳǫǷǰǴǱȂǰǴ ǹǲǫǶȅǸȂǷȅ (ǸǫǴǶǮǮ ȃǰǭǦǱȂǸǦǼǮǯ Ǯ ǪǫǵǶǫǷǷǮǯ) ǬǫǳǷǸǨǫǳǳǴǷǸȂȄ ǈǫ-

ǳǫǶȁ, ǫǷǱǮ ǸǦ ǶǦǷǵǴǱǴǬǫǳǦ ǵǴǪ ǷǸǶǴǩǴ ǴǵǶǫǪǫǱǫǳǳȁǲ ǹǩǱǴǲ ǰ ǒǦǶǷǹ (ǸǫǴǶǮȅ ǦǷǵǫǰǸǴǨ) 

Ǯ ǫǷǱǮ ǒǦǶǷ ǴǰǦǬǫǸǷȅ Ǩ ǷǴǭǨǫǭǪǮǮ çǴǻǱǦǬǪǦȄǿǫǯè ǖȁǧȁ, ǳǴ ǫǷǱǮ ǒǦǶǷ ǴǰǦǭȁǨǦǫǸǷȅ 

Ǩ ǷǴǭǨǫǭǪǮǮ ǳǦǷǮǱȂǳǮǰǦ-ǑȂǨǦ ǮǱǮ ǹ Ƿǫǧȅ çǪǴǲǦè (ǸǫǴǶǮȅ ǬǮǱǮǿ) Ǩ ǷǴǭǨǫǭǪǮǮ ǔǨǳǦ, ǪǦ 

ǫǿǫ Ǩ ǲǦǶǸǫ, ǫǩǴ ǨǱǮȅǳǮǫ ǷǸǦǳǴǨǮǸǷȅ ǴǷǴǧǫǳǳǴ ǦǰǸǮǨǳȁǲ Ǯ Ǵǳ ǴǷǴǧǫǳǳǴ ǮǳǸǫǳǷǮǨǳǴ 

ǧǹǪǫǸ ǵǴǰǶǴǨǮǸǫǱȂǷǸǨǴǨǦǸȂ ǵǴǨǦǶǦǲ, ǨǴǮǳǦǲ, ǵǦǱǦǽǦǲ Ǯ ǨǶǦǽǦǲ ð ǨǷǫǲ Ǹǫǲ, ǰǸǴ ǸǦǰ 

ǮǱǮ ǮǳǦǽǫ ǵǶǴǱǮǨǦǫǸ ǰǶǴǨȂ. ǒǦǶǷ ð ǵǱǦǳǫǸǦ ǲǹǬǷǰǦȅ, ǑǹǳǦ Ǯ ǈǫǳǫǶǦ ð ǬǫǳǷǰǮǫ, Ǧ ǒǫǶ-

ǰǹǶǮǯ (ǉǫǶǲǫǷ) ð ǩǫǶǲǦǺǶǴǪǮǸ, ǳǴ ǨǫǪǫǸ Ƿǫǧȅ ǷǶǫǪǮ ǲǹǬǷǰǮǻ ǵǱǦǳǫǸ ǰǦǰ ǲǹǬǽǮǳǦ, Ǧ 

ǷǶǫǪǮ ǬǫǳǷǰǮǻ ð ǰǦǰ ǬǫǳǿǮǳǦ [9]. 

ǕǷǮǻǴǦǳǦǱǮǭ Ǎ. ǚǶǫǯǪǦ ǵǶǫǪǷǸǦǨǱȅǫǸ ǷǴǧǴǯ ǸǦǰǬǫ ǰǶǦǯǳǫ ǵǶǴǸǮǨǴǶǫǽǮǨǴǫ ǹǽǫ-

ǳǮǫ, Ǩ ǰǴǸǴǶǴǲ ǺǦǰǸȁ ǷǴǷǹǿǫǷǸǨǹȄǸ Ƿ ǪǴǲȁǷǱǦǲǮ, ȅǭȁǰ ǷǸǶǴǩǴǯ ǳǦǹǰǮ ǷǴǨǲǫǿǦǫǸǷȅ Ƿ 

ȅǭȁǰǴǲ ǮǳǴǷǰǦǭǦǳǮǯ Ǯ ǴǧǶǦǭǴǨ. ǕǶǮǽǫǲ Ǩ ǧǴǱȂǾǮǳǷǸǨǫ ǷǱǹǽǦǫǨ ǵǴǭǮǸǮǨǳȁǫ ǲǴǲǫǳǸȁ 

ǳǫ ǪǦǳȁ Ǩ ǸǫǴǶǮǮ ǚǶǫǯǪǦ Ǩ ǽǮǷǸǴǲ ǨǮǪǫ. ǔǳǮ ǷǵǱǴǾȂ Ǯ ǶȅǪǴǲ ǭǦǸǫǲǳǫǳȁ Ǯ ǮǷǰǦǬǫǳȁ 

ǸǫǶǲǮǳǴǱǴǩǮǽǫǷǰǮǲǮ ǹǻǮǿǶǫǳǮȅǲǮ, ǵǶǴǮǭǨǴǱȂǳȁǲǮ ǭǦǰǱȄǽǫǳǮȅǲǮ Ǯ ǳǫǵǶǴǨǫǶǫǳ-

ǳȁǲǮ ǩǮǵǴǸǫǭǦǲǮ [10].  

ǈ ǪǫǨǮǦǳǸǳȁǻ ǳǦǹǰǦǻ ǳǦǹǽǳȁǫ ǩǮǵǴǸǫǭȁ ǮǷǵǴǱȂǭǹȄǸǷȅ çǳǫ ǵǴ ǷǨǴǫǲǹ ǳǦǭǳǦǽǫǳǮȄè, 

ǸǴ ǫǷǸȂ ǭǦ ǶǦǲǰǦǲǮ Ǯǻ ǵǶǫǪǲǫǸǳǴǯ ǴǧǱǦǷǸǮ (ǵǶǮǳǮǲǦȄǸǷȅ ǩǮǵǴǸǫǭȁ ad hoc ð ǨǷǫ, ǽǸǴ 

ǹǩǴǪǳǴ ǰ ǪǦǳǳǴǲǹ ǷǱǹǽǦȄ). ǈǫǶǴȅǸǳǴ, ǽǦǿǫ ǨǷǫǩǴ ǭǦǮǲǷǸǨǹǫǸǷȅ Ǯǭ ǳǦǹǰǮ ǰǨǦǳǸǴǨǦȅ 
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ǸǫǴǶǮȅ, ǰǴǸǴǶǦȅ ǷǸǦǱǦ ǴǧȀȅǷǳǮǸǫǱȂǳǴǯ ǵǦǳǦǼǫǫǯ ǪǱȅ ǲǳǴǩǮǻ ǪǫǨǮǦǳǸǳȁǻ ǳǦǹǰ, ǳǦǵǶǮ-

ǲǫǶ Ǩ ǪǨǮǬǫǳǮǮ çǓȂȄ-ǣǯǪǬè (ǴǸ ǦǳǩǱ. New Age, ð çǓǴǨǦȅ ǣǶǦè, ǮǱǮ çǣǶǦ ǈǴǪǴǱǫȅè), 

ǵǦǶǦǵǷǮǻǴǱǴǩǮǮ, ǻǴǱǮǷǸǮǽǫǷǰǴǯ ǲǫǪǮǼǮǳǫ (ǴǸ ǩǶǫǽ. holos ð ǼǫǱǴǫ) [11]. ǓǦǸǹǶǦǱǮǷǸǮ-

ǽǫǷǰǮ ǴǶǮǫǳǸǮǶǴǨǦǳǳǦȅ ǽǦǷǸȂ ǷǴǨǶǫǲǫǳǳȁǻ ǵǦǶǦǵǷǮǻǴǱǴǩǴǨ ǹǸǨǫǶǬǪǦǫǸ, ǽǸǴ ǷǨǫǶǻȀ-

ǫǷǸǫǷǸǨǫǳǳȁǫ ȅǨǱǫǳǮȅ ȅǨǱȅȄǸǷȅ, ǷǰǴǶǫǫ, ǲǮǰǶǴȃǺǺǫǰǸǦǲǮ, Ǧ ǳǫ ǲǦǰǶǴȃǺǺǫǰǸǦǲǮ, 

ǰǴǸǴǶȁǫ ǲǴǩǹǸ ǧȁǸȂ ǵǶǮǳȅǸȁ ǨǴ ǨǳǮǲǦǳǮǫ ǰǨǦǳǸǴǨǴǯ ǸǫǴǶǮǫǯ. ǕǴ Ǯǻ ǲǳǫǳǮȄ, ǸǫǱǫǵǦ-

ǸǮȅ, ǳǦǵǶǮǲǫǶ, ǳǫ ǶǦǷǷǲǦǸǶǮǨǦǫǸǷȅ ǧǴǱȂǾǫ, ǰǦǰ ǺǴǶǲǦ ǽǫǱǴǨǫǽǫǷǰǴǯ ǰǴǲǲǹǳǮǰǦǼǮǮ, 

Ǧ, ǵǴ ǰǶǦǯǳǫǯ ǲǫǶǫ, ǰǦǰ ǷǱǹǽǦǯ ǳǫǱǴǰǦǱȂǳȁǻ ǰǴǶǶǫǱȅǼǮǯ ǲǫǬǪǹ ǰǨǦǳǸǴǨȁǲǮ ȅǨǱǫǳǮ-

ȅǲǮ Ǩ ǲǴǭǩǫ ǪǨǹǻ ǱȄǪǫǯ ǮǱǮ ǲǫǬǪǹ ǲǴǭǩǴǲ ǽǫǱǴǨǫǰǦ Ǯ ǰǦǰǮǲ-ǳǮǧǹǪȂ ǪǶǹǩǮǲ ǴǧȀǫǰǸǴǲ, 

ǵǴǪǴǧǳȁǲ ǩǫǳǫǶǦǸǴǶǹ ǷǱǹǽǦǯǳȁǻ ǽǮǷǫǱ. Ǔǫ ǹǪǮǨǮǸǫǱȂǳǴ, ǽǸǴ ǮǷǵǴǱȂǭǴǨǦǳǮǫ ǰǨǦǳǸǴ-

ǨǴǯ ǸǫǴǶǮǮ Ǩ ǪǫǨǮǦǳǸǳȁǻ ǳǦǹǰǦǻ ǽǦǷǸǴ ǵǶǮǨǴǪǮǸ ǰ ǷǫǶȂǫǭǳȁǲ ǮǷǰǦǬǫǳǮȅǲ, Ǩ ǽǦǷǸǳǴǷǸǮ 

ǨǴǭǨǶǦǸǹ ǰ ǷǹǧȀǫǰǸǮǨǮǷǸǷǰǮǲ ǮǳǸǫǶǵǶǫǸǦǼǮȅǲ. ǐǶǴǲǫ ǸǴǩǴ, ǽǦǿǫ ǨǷǫǩǴ ǮǷǵǴǱȂǭǹȄǸ 

ǷǱǴǨǦǶȂ ǰǨǦǳǸǴǨǴǯ ǸǫǴǶǮǮ, ǳǴ ǶǫǪǰǴ ð ǫǫ ǵǴǳȅǸǮȅ [12]. ǎǸǴǩ ǸǦǰǴǨ: ǫǷǱǮ Ǩȁ ǳǫ ǭǳǦǫǸǫ, 

ǽǸǴ ȃǸǴ Ǯ ǰǦǰ ȃǸǴ ǶǦǧǴǸǦǫǸ, ǸǴ ǴǧǶǦǸǮǸǫǷȂ ǭǦ ǵǴǲǴǿȂȄ ǰ ǰǨǦǳǸǴǨǴǯ ǸǫǴǶǮǮ.  

ǓǫǴǧǻǴǪǮǲǴ ǴǸǲǫǸǮǸȂ, ǽǸǴ Ǩ ǵǦǶǦǵǷǮǻǴǱǴǩǮǮ ǪǦǳǳǦȅ ǸǫǳǪǫǳǼǮȅ ǵǶǴǮǷǻǴǪǮǸ Ǯǭ-ǭǦ 

ǵǴǵȁǸǰǮ ǴǷǸǦǸȂǷȅ Ǩ ǵǶǫǪǫǱǦǻ ǩǶǦǳǮǼ ǳǦǸǹǶǦǱǮǷǸǮǽǫǷǰǴǯ ǴǳǸǴǱǴǩǮǮ. ǈ ǸǴ Ǭǫ ǷǦǲǴǫ 

ǨǶǫǲȅ ȃǸǴ ǵǶǫǪǵǴǱǦǩǦǫǸ ǶǦǪǮǰǦǱȂǳǹȄ ǶǫǪǹǰǼǮǴǳǮǷǸǷǰǹȄ ǸǴǽǰǹ ǭǶǫǳǮȅ, ǵǴǸǴǲǹ ǽǸǴ ǴǳǦ 

ǮǩǳǴǶǮǶǹǫǸ ǹǶǴǨǳǫǨǹȄ ǷǸǶǹǰǸǹǶǹ ǲǮǶǦ, ǸǴ ǫǷǸȂ ǺǦǰǸ, ǽǸǴ ǲǦǰǶǴǴǧȀǫǰǸȁ, ǸǦǰǮǫ, ǰǦǰ 

ǳǫǶǨǳȁǫ ǷǰǴǵǱǫǳǮȅ, ǮǲǫȄǸ ǷǮǷǸǫǲǳȁǫ ǷǨǴǯǷǸǨǦ, ǸǦǰ ǽǸǴ ǳǦ Ǯǻ ǵǴǨǫǪǫǳǮǫ ǴǧȁǽǳǴ ǳǫ 

ǨǱǮȅȄǸ ǲǮǰǶǴǷǴǧȁǸǮȅ, ǵǶǴǮǷǻǴǪȅǿǮǫ ǳǦ ǰǨǦǳǸǴǨǴǲ ǹǶǴǨǳǫ. ǓǦǵǶǮǲǫǶ, ǳǫǯǶǴǹǽǫǳȁǫ 

ǭǳǦȄǸ, ǽǸǴ ǹǲǷǸǨǫǳǳȁǫ ǵǶǴǼǫǷǷȁ, ǸǦǰǮǫ, ǰǦǰ ǨǴǷǵǶǮȅǸǮǫ Ǯ ǲȁǾǱǫǳǮǫ, ǵǶǫǪǵǴǱǦǩǦȄǸ 

ǲǮǱǱǮǴǳȁ, ǫǷǱǮ ǳǫ ǲǮǱǱǮǦǶǪȁ ǷǱǴǬǳǴ ǨǭǦǮǲǴǪǫǯǷǸǨǹȄǿǮǻ ǳǫǯǶǴǳǴǨ Ǯ Ǯǻ ǷǰǴǴǶǪǮ-

ǳǮǶǴǨǦǳǳȁǫ ǪǫǯǷǸǨǮȅ ǳǦ ǶǦǭǱǮǽǳȁǻ ǴǶǩǦǳǮǭǦǼǮǴǳǳȁǻ ǹǶǴǨǳȅǻ. ǎǪǫȅ Ǵ ǸǴǲ, ǽǸǴ ǰǨǦǳ-

ǸǴǨȁǫ ȅǨǱǫǳǮȅ, ǵǶǴǮǷǻǴǪȅǿǮǫ ǳǦ ǹǶǴǨǳǫ ȃǱǫǲǫǳǸǦǶǳȁǻ ǽǦǷǸǮǼ ǮǱǮ ǧǴǱȂǾǮǳǷǸǨǦ ǦǸǴ-

ǲǴǨ, Ǩ ǷǴǷǸǴȅǳǮǮ ǵǴǨǱǮȅǸȂ ǳǦ ǪǦǳǳȁǫ ǴǽǫǳȂ ǷǱǴǬǳȁǫ ǳǫǯǶǴǳǳȁǫ ǷǮǷǸǫǲȁ ǰǴǴǶǪǮǳǮ-

ǶǴǨǦǳǳȁǲ ǷǵǴǷǴǧǴǲ, ǽǶǫǭǨȁǽǦǯǳǴ ǳǫǵǶǦǨǪǴǵǴǪǴǧǳǦ [13]. 

ǈ ǮǷǵǴǱȂǭǴǨǦǳǮǮ ǩǮǵǴǸǫǭ ad hoc ǲǴǬǳǴ ǹǱǮǽǮǸȂ Ǯ Ǎ. ǚǶǫǯǪǦ. ǓǦǵǶǮǲǫǶ, ǳǦ ǷǰǱǴǳǫ 

ǱǫǸ ǵǷǮǻǴǦǳǦǱǮǸǮǰ ǵǶǮǾǫǱ ǰ ǭǦǰǱȄǽǫǳǮȄ, ǽǸǴ ǷǴǪǫǶǬǦǳǮǫ ǳǫǰǴǸǴǶȁǻ ǷǳǴǨǮǪǫǳǮǯ ǳǫ 

ǲǴǬǫǸ ǧȁǸȂ ǵǶǴǷǱǫǬǫǳǴ ǪǴ ǷǴǧȁǸǮǯ ǬǮǭǳǮ ǨǭǶǴǷǱǴǩǴ ǮǳǪǮǨǮǪǦ ǮǱǮ ǫǩǴ ǭǦǧȁǸǴǩǴ ǪǫǸ-

ǷǸǨǦ. ǋǷǱǮ ȃǸǴ ǭǦǰǱȄǽǫǳǮǫ ǵǶǦǨǮǱȂǳǴ (ǳǴ ǰǦǰ Ǵǳ ǲǴǩ ǧȁ ǹǭǳǦǸȂ ȃǸǴ?), ǸǴ ǴǳǴ ǺǦǱȂǷǮ-

ǺǮǼǮǶǴǨǦǱǴ ǧȁ ǩǮǵǴǸǫǭǹ Ǵ ǵǶǴǮǷǻǴǬǪǫǳǮǮ ǷǴǪǫǶǬǦǳǮȅ ǷǳǴǨǮǪǫǳǮǯ Ǯǭ ǧǫǷǷǴǭǳǦǸǫǱȂ-

ǳǴǩǴ. ǚǶǫǯǪ ǳǫ ǷǪǫǱǦǱ ǸǦǰǴǩǴ ǨȁǨǴǪǦ. ǈǲǫǷǸǴ ȃǸǴǩǴ ǵǷǮǻǴǦǳǦǱǮǸǮǰ ǵǶǫǪǱǴǬǮǱ ǳǴǨǹȄ 

ǨǷǵǴǲǴǩǦǸǫǱȂǳǹȄ ǩǮǵǴǸǫǭǹ ǪǱȅ çǷǵǦǷǫǳǮȅè ǮǷǻǴǪǳǴǩǴ ǵǴǱǴǬǫǳǮȅ, Ǧ ǮǲǫǳǳǴ: ǲȁ 

ǪǴǱǬǳȁ ǵǴǳǮǲǦǸȂ ǸǦǰǴǫ ǷǴǪǫǶǬǦǳǮǫ ǷǳǴǨǮǪǫǳǮǯ ǰǦǰ ǽǦǷǸȂ ǧǫǷǷǴǭǳǦǸǫǱȂǳǴǩǴ, ǦǶǻǦǮ-

ǽǫǷǰǴǩǴ ǳǦǷǱǫǪǷǸǨǦ, ǰǴǸǴǶǴǫ ǶǫǧǫǳǴǰ ǵǴǪ ǨǱǮȅǳǮǫǲ ǷǨǴǮǻ ǵǶǫǪǰǴǨ ǵǶǮǳǴǷǮǸ Ǩ ǲǮǶ 

[14]. ǣǸǦ ǩǮǵǴǸǫǭǦ Ǵ ǨǶǴǬǪǫǳǳȁǻ ǮǪǫȅǻ ȅǨǱȅǫǸǷȅ ǰǴǳǷǸǶǹǰǼǮǫǯ ad hoc. ǋǫ ǫǪǮǳǷǸǨǫǳ-

ǳǦȅ ǺǹǳǰǼǮȅ ǭǦǰǱȄǽǦǫǸǷȅ Ǩ ǷǵǦǷǫǳǮǮ ǪǶǹǩǴǯ ǩǮǵǴǸǫǭȁ, Ǯ ǫǪǨǦ ǱǮ ǴǳǦ ǲǴǬǫǸ ǧȁǸȂ ǷǴ-

ǻǶǦǳǫǳǦ Ǩ ȃǲǵǮǶǮǽǫǷǰǴǯ ǸǫǴǶǮǮ. ǋǷǱǮ ǵǶǮǳȅǸȂ ȃǸǹ çǪǴǵǴǱǳǮǸǫǱȂǳǹȄ ǩǮǵǴǸǫǭǹè, ǸǴ 

ǷǸǦǳǴǨǮǸǷȅ ǳǫǨǴǭǲǴǬǳȁǲ ǺǦǱȂǷǮǺǮǼǮǶǴǨǦǸȂ ǸǫǭǮǷ Ǵ ǸǴǲ, ǽǸǴ ǷǳǴǨǮǪǫǳǮǫ ǵǴǱǹǽǦǫǸ 

ǷǴǪǫǶǬǦǳǮǫ Ǯǭ ǧǫǷǷǴǭǳǦǸǫǱȂǳǴǩǴ.  
 

ǍǦǰǱȄǽǫǳǮǫ 
 

ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǪǫǨǮǦǳǸǳǦȅ ǳǦǹǰǦ ǵǶǫǪǷǸǦǨǱȅǫǸ ǷǴǧǴǯ ǲǳǴǩǴǴǧǶǦǭǮǫ ǶǦǭǱǮǽǳȁǻ 

ǪǫǺǴǶǲǦǼǮǯ ǵǴǭǳǦǨǦǸǫǱȂǳȁǻ ǼǫǳǳǴǷǸǫǯ ǳǦǹǽǳǴǩǴ ǵǴǭǳǦǳǮȅ, ǴǧȀǫǪǮǳǫǳǳȁǫ Ǩ ǴǸǳǴǷǮ-

ǸǫǱȂǳǴ ǼǫǱǴǷǸǳǹȄ ǷǮǷǸǫǲǹ. ǛǦǶǦǰǸǫǶǳȁǫ ǴǷǴǧǫǳǳǴǷǸǮ ǪǫǨǮǦǳǸǳȁǻ ǺǴǶǲ ǵǴǭǳǦǳǮȅ ǳǫ 

ǶǦǨǳǴǭǳǦǽǳȁ ǵǴ ǷǨǴǫǯ ǷǹǸǮ. ǓǫǰǴǸǴǶȁǫ ǳǦǶǹǾǫǳǮȅ ǷǽǮǸǦȄǸǷȅ ǧǴǱǫǫ ǭǳǦǽǮǲȁǲǮ, ǽǫǲ 

ǪǶǹǩǮǫ, Ǯ Ǯǻ ǵǶǮǷǹǸǷǸǨǮǫ ȅǨǱȅǫǸǷȅ ǨǦǬǳȁǲ ǮǳǪǮǰǦǸǴǶǴǲ ǪǫǨǮǦǳǸǳǴǷǸǮ. ǓǦǵǶǮǲǫǶ, 

ǴǸǰǱǴǳǫǳǮǫ ǴǸ ǳǫǰǴǸǴǶȁǻ ǴǷǳǴǨǳȁǻ ǺǮǱǴǷǴǺǷǰǮǻ ǵǶǮǳǼǮǵǴǨ ǶǦǷǼǫǳǮǨǦǫǸǷȅ ǰǦǰ ǧǴǱǫǫ 

http://dic.academic.ru/dic.nsf/ruwiki/6161
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ǷǫǶȂǫǭǳȁǯ ǳǫǪǴǷǸǦǸǴǰ, ǽǫǲ ǳǫǪǴǽǫǸȁ Ǩ ǲǫǸǴǪǦǻ, ǰǴǸǴǶȁǫ ǲǴǬǳǴ Ǳǫǩǽǫ ǹǷǸǶǦǳǮǸȂ. ǚǮ-

ǱǴǷǴǺǹ ǳǦǹǰǮ ǷǱǫǪǹǫǸ ǧȁǸȂ ǧǴǱǫǫ ǴǷǸǴǶǴǬǳȁǲ Ǯ ǵȁǸǦǸȂǷȅ ǨǷǫǷǸǴǶǴǳǳǫ ǴǼǫǳǮǸȂ ǵǴǪǴ-

ǭǶǫǨǦǫǲǴǫ ǴǧǶǦǭǴǨǦǳǮǫ. ǘǦǰǴǯ ǦǳǦǱǮǭ ǪǴǱǬǫǳ ǵǴǭǨǴǱǮǸȂ ǳǦǲ ǷǪǫǱǦǸȂ ǻǴǶǴǾǴ ǦǶǩǹ-

ǲǫǳǸǮǶǴǨǦǳǳǴǫ ǭǦǰǱȄǽǫǳǮǫ ǴǸǳǴǷǮǸǫǱȂǳǴ ǳǦǹǽǳǴǩǴ ǮǱǮ ǪǫǨǮǦǳǸǳǴǩǴ ǷǸǦǸǹǷǦ ǺǴǶǲȁ 

ǵǴǭǳǦǳǮȅ.  
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ǔ ǕǖǔǈǋǊǋǓǎǎ ǍǆǓǥǘǎǏ  
Ǔǆ ǘǋǒǙ çǈǡǝǎǗǑǋǓǎǋ ǐǖǎǈǔǑǎǓǋǏǓǡǛ ǎǓǘǋǉǖǆǑǔǈè 

 

 

ǆǳǳǴǸǦǼǮȅ 

Ǘ ǼǫǱȂȄ ǵǴǨȁǾǫǳǮȅ ǹǶǴǨǳȅ ǲǦǸǫǲǦǸǮǽǫǷǰǴǯ ǵǴǪǩǴǸǴǨǰǮ ǷǸǹǪǫǳǸǴǨ ǳǫǴǧǻǴǪǮǲǴ ǴǷǴǧǴǫ 
ǨǳǮǲǦǳǮǫ ǹǪǫǱȅǸȂ ǧǦǭǴǨȁǲ ǨǴǵǶǴǷǦǲ ǲǦǸǫǲǦǸǮǰǮ. ǎǭǹǽǫǳǮǫ ǰǶǮǨǴǱǮǳǫǯǳȁǻ ǮǳǸǫǩǶǦ-
ǱǴǨ ȅǨǱȅǫǸǷȅ ǨǦǬǳǴǯ ǷǴǷǸǦǨǱȅȄǿǫǯ ǲǦǸǫǲǦǸǮǽǫǷǰǴǩǴ ǴǧǶǦǭǴǨǦǳǮȅ ǷǸǹǪǫǳǸǴǨ Ǯ ȅǨǱȅ-
ǫǸǷȅ ǴǧȅǭǦǸǫǱȂǳǴǯ ǸǫǲǴǯ Ǩ ǰǹǶǷǫ ǲǦǸǫǲǦǸǮǽǫǷǰǴǩǴ ǦǳǦǱǮǭǦ ǪǱȅ ǷǸǹǪǫǳǸǴǨ ǲǦǸǫǲǦǸǮǽǫ-
ǷǰǮǻ Ǯ ǸǫǻǳǮǽǫǷǰǮǻ ǷǵǫǼǮǦǱȂǳǴǷǸǫǯ. ǙǷǵǫǾǳǴǫ ǴǷǨǴǫǳǮǫ ȃǸǴǯ Ǹǫǲȁ ǵǴǲǴǩǦǫǸ ǷǸǹǪǫǳǸǦǲ 
ǶǫǾǦǸȂ ǸǫǴǶǫǸǮǽǫǷǰǮǫ Ǯ ǵǶǮǰǱǦǪǳȁǫ ǭǦǪǦǽǮ ǺǮǭǮǰǮ, ǲǫǻǦǳǮǰǮ Ǯ ǷǲǫǬǳȁǻ ǮǳǬǫǳǫǶǳȁǻ 
ǪǮǷǼǮǵǱǮǳ. ǗǴǪǫǶǬǦǳǮǫ ǷǸǦǸȂǮ ǵǶǫǪǷǸǦǨǱȅǫǸ ǮǳǸǫǶǫǷ, ǰǦǰ ǪǱȅ ǵǶǫǵǴǪǦǨǦǸǫǱǫǯ, ǸǦǰ Ǯ 
ǪǱȅ ǷǸǹǪǫǳǸǴǨ. 
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ǓǦǻǴǬǪǫǳǮǫ ǲǦǷǷȁ ǲǦǸǫǶǮǦǱȂǳǴǯ ǰǶǮǨǴǯ ǵǴ ǫȆ ǵǱǴǸǳǴǷǸǮ, ǨȁǽǮǷǱǫǳǮǫ ǶǦǧǴǸȁ 
ǷǮǱǴǨǴǩǴ ǵǴǱȅ ǨǪǴǱȂ ǳǫǰǴǸǴǶǴǩǴ ǵǹǸǮ Ǯ ǶȅǪ ǪǶǹǩǮǻ ǭǦǪǦǽ ǸǶǫǧǹȄǸ ǹǲǫǳǮȅ ǳǦǻǴǪǮǸȂ 
ǮǳǸǫǩǶǦǱȁ ǴǸ ǺǹǳǰǼǮǯ, ǭǦǪǦǳǳȁǻ ǨǪǴǱȂ ǰǶǮǨȁǻ, Ǹ.ǫ. ǰǶǮǨǴǱǮǳǫǯǳȁǻ ǮǳǸǫǩǶǦǱǴǨ. ǖǦǭ-
ǨǮǸǮȄ ǹ ǷǸǹǪǫǳǸǴǨ ȃǸǴǩǴ ǹǲǫǳǮȅ, ǨǦǬǳǴǩǴ ǰǦǰ ǪǱȅ ǷǦǲǴǩǴ ǲǦǸǫǲǦǸǮǽǫǷǰǴǩǴ ǦǳǦǱǮǭǦ, 
ǸǦǰ Ǯ ǪǱȅ ǫǩǴ ǺǮǭǮǽǫǷǰǮǻ ǵǶǮǱǴǬǫǳǮǯ, ǵǴǷǨȅǿǫǳǦ ȃǸǦ ǷǸǦǸȂȅ. 

ǊǦǳǳǦȅ ǷǸǦǸȂȅ ȅǨǱȅǫǸǷȅ ǱǴǩǮǽǫǷǰǮǲ ǵǶǴǪǴǱǬǫǳǮǫǲ ǶǦǧǴǸ [1] Ǯ [2], Ǩ ǰǴǸǴǶȁǻ 
ǶǦǷǷǲǴǸǶǫǳ ǵǫǶǫǻǴǪ ǰ ǰǶǮǨǴǱǮǳǫǯǳȁǲ ǷǮǷǸǫǲǦǲ ǰǴǴǶǪǮǳǦǸ ǪǱȅ ǨȁǽǮǷǱǫǳǮȅ ǪǨǴǯǳȁǻ 
Ǯ ǸǶǴǯǳȁǻ ǮǳǸǫǩǶǦǱǴǨ.  

 

ǒǫǸǴǪǴǱǴǩǮȅ Ǯ ǶǫǭǹǱȂǸǦǸȁ ǮǷǷǱǫǪǴǨǦǳǮȅ 
 

ǘǫǲǦ çǨȁǽǮǷǱǫǳǮǫ ǰǶǮǨǴǱǮǳǫǯǳȁǻ ǮǳǸǫǩǶǦǱǴǨè ǴǧȁǽǳǴ ǮǪǫǸ Ǩ ǰǹǶǷǫ ǲǦǸǫǲǦǸǮ-
ǽǫǷǰǴǩǴ ǦǳǦǱǮǭǦ ǵǴǷǱǫ Ǹǫǲȁ çǨȁǽǮǷǱǫǳǮǫ ǰǶǦǸǳȁǻ ǮǳǸǫǩǶǦǱǴǨè. ǓǦ ǳǫǫ ǨȁǪǫǱȅǫǸǷȅ Ǩ 
ǭǦǨǮǷǮǲǴǷǸǮ ǴǸ ǷǱǴǬǳǴǷǸǮ Ǯ ǵǶǴǪǴǱǬǮǸǫǱȂǳǴǷǸǮ ǰǹǶǷǦ ǴǸ ǪǨǹǻ ǪǴ ǽǫǸȁǶȆǻ ǭǦǳȅǸǮǯ. 
ǕǶǮ ȃǸǴǲ ǵǶǫǪǵǴǱǦǩǦǫǸǷȅ, ǽǸǴ ǷǸǹǪǫǳǸȁ ǹǬǫ ǭǳǦȄǸ ǴǷǳǴǨǳȁǫ ǷǵǴǷǴǧȁ ǮǳǸǫǩǶǮǶǴǨǦǳǮȅ, 
ǮǲǫȄǸ ǳǦǨȁǰǮ ǵǴǷǸǶǴǫǳǮȅ ǰǶǮǨȁǻ ǳǦ ǵǱǴǷǰǴǷǸǮ Ǯ Ǩ ǸǶǫǻǲǫǶǳǴǲ ǵǶǴǷǸǶǦǳǷǸǨǫ, Ǧ ǸǦǰǬǫ 
ǹǲǫȄǸ ǨȁǽǮǷǱȅǸȂ ǪǨǴǯǳȁǫ ǮǳǸǫǩǶǦǱȁ. 
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ǘǫǴǶǫǸǮǽǫǷǰǮǯ ǲǦǸǫǶǮǦǱ [3,5], ǵǶǮǲǫǶȁ ǶǫǾǫǳǮȅ ǭǦǪǦǽ [4-7], ǭǦǪǦǽǮ ǪǱȅ ǷǦǲǴ-
ǷǸǴȅǸǫǱȂǳǴǩǴ ǶǫǾǫǳǮȅ ǵǶǫǵǴǪǦǨǦǸǫǱȂ ǲǴǬǫǸ ǶǦǭǲǫǷǸǮǸȂ ǳǦ ǷǨǴǫǲ ǷǦǯǸǫ, ǵǫǶǷǴǳǦǱȂ-
ǳǴǯ ǷǸǶǦǳǮǼǫ ǴǺǮǼǮǦǱȂǳǴǩǴ ǷǦǯǸǦ ǨǹǭǦ ǮǱǮ ǮǷǵǴǱȂǭǴǨǦǸȂ ǴǧǱǦǽǳȁǫ ǸǫǻǳǴǱǴǩǮǮ, ǽǸǴǧȁ 
ǱȄǧǴǯ Ǯǭ ǷǸǹǪǫǳǸǴǨ ǮǲǫǱ ǪǴǷǸǹǵ ǰǴ ǨǷǫǲ ǲǦǸǫǶǮǦǱǦǲ Ǩ ǱȄǧǴǫ ǹǪǴǧǳǴǫ ǨǶǫǲȅ. ǊǫǱǦǸȂ 
ȃǸǴ ǷǱǫǪǹǫǸ ǭǦ ǳǫǰǴǸǴǶǴǫ ǨǶǫǲȅ ǪǴ ǵǶǴǨǫǪǫǳǮȅ ǵǶǦǰǸǮǽǫǷǰǮǻ ǭǦǳȅǸǮǯ. 

ǖǦǷǷǲǴǸǶǫǳǮǫ ǶǦǭǱǮǽǳȁǻ ǭǦǪǦǽ, ǷǨȅǭǦǳǳȁǻ Ƿ ǮǳǸǫǩǶǮǶǴǨǦǳǮǫǲ ǺǹǳǰǼǮǯ ǨǪǴǱȂ 
ǱǮǳǮǯ ǵǶǮǨǴǪǮǸ ǰ ǳǫǴǧǻǴǪǮǲǴǷǸǮ ǶǦǷǷǲǴǸǶǫǳǮȄ ǪǨǹǻ ǸǮǵǴǨ ǰǶǮǨǴǱǮǳǫǯǳȁǻ ǮǳǸǫǩǶǦ-
ǱǴǨ, ǳǦǭȁǨǦǫǲȁǻ ǴǧȁǽǳǴ ǰǶǮǨǴǱǮǳǫǯǳȁǲǮ ǮǳǸǫǩǶǦǱǦǲǮ ǵǫǶǨǴǩǴ Ǯ ǨǸǴǶǴǩǴ ǶǴǪǦ. 

 

ǐǶǮǨǴǱǮǳǫǯǳȁǫ ǮǳǸǫǩǶǦǱȁ ǵǫǶǨǴǩǴ ǶǴǪǦ 
 

ǕǶǮ ǮǭǹǽǫǳǮǮ ǰǶǮǨǴǱǮǳǫǯǳȁǻ ǮǳǸǫǩǶǦǱǴǨ ǵǫǶǨǴǩǴ ǶǴǪǦ ǷǱǫǪǹǫǸ ǪǦǸȂ ǴǷǳǴǨǳȁǫ 
ǴǵǶǫǪǫǱǫǳǮȅ, ǵǫǶǫǽǮǷǱǮǸȂ ǴǷǳǴǨǳȁǫ ǷǨǴǯǷǸǨǦ, Ǧ ǸǦǰǬǫ ǶǦǷǷǰǦǭǦǸȂ Ǵ ǵǶǮǰǱǦǪǳȁǻ ǭǦ-
ǪǦǽǦǻ, ǰǴǸǴǶȁǫ ǷǨǴǪȅǸǷȅ ǰ ǨȁǽǮǷǱǫǳǮȄ ǸǦǰǮǻ ǮǳǸǫǩǶǦǱǴǨ. ǕǴǷǱǫ ȃǸǴǩǴ ǳǫǴǧǻǴǪǮǲǴ 
ǨȁǵǮǷǦǸȂ ǺǴǶǲǹǱȁ ǪǱȅ ǨȁǽǮǷǱǫǳǮȅ ǰǶǮǨǴǱǮǳǫǯǳȁǻ ǮǳǸǫǩǶǦǱǴǨ ǵǫǶǨǴǩǴ ǶǴǪǦ Ǩ ǷǱǹǽǦǫ 
ǵǱǴǷǰǮǻ ǰǶǮǨȁǻ: 

1) ǋǷǱǮ ǰǶǮǨǦȅ ǭǦǪǦǳǦ ǵǦǶǦǲǫǸǶǮǽǫǷǰǮǲǮ ǹǶǦǨǳǫǳǮȅǲǮ ),(
),(

),(
baÍ

í
ì
ë

=

=
t

tyy

txx
 Ǯ 

ǵǶǫǪǵǴǱǦǩǦǫǸǷȅ, ǽǸǴ a=t  ǷǴǴǸǨǫǸǷǸǨǹǫǸ ǸǴǽǰǫ ɸ, Ǧ b=t  ǷǴǴǸǨǫǸǷǸǨǹǫǸ ǸǴǽǰǫ ɺ, ǸǴ 

dttytxtytxfdsyxf
ɸɺ

ñ ñ +=

b

a

22 ))('())('())(),((),( ;  

2) ǋǷǱǮ ǰǶǮǨǦȅ ɸɺ ȅǨǱȅǫǸǷȅ ǩǶǦǺǮǰǴǲ ǺǹǳǰǼǮǮ ],[),( baxxyy Í=  Ǯ ǵǶǫǪǵǴǱǦǩǦ-

ǫǸǷȅ, ǽǸǴ a Ǯ b ñ ǦǧǷǼǮǷǷȁ ǸǴǽǫǰ ɸ Ǯ ɺ ȃǸǴǯ ǰǶǮǨǴǯ, ǸǴ 

          dxxyxyxfdsyxf
ɸɺ

b

ʘ

ñ ñ += 2))('(1))(,(),( ;                                 (1)  

3) ǋǷǱǮ ǰǶǮǨǦȅ ɸɺ ȅǨǱȅǫǸǷȅ ǩǶǦǺǮǰǴǲ ǺǹǳǰǼǮǮ ],[),( dcyyxʭ Í=  Ǯ ǵǶǫǪǵǴǱǦǩǦ-

ǫǸǷȅ, ǽǸǴ Ƿ Ǯ d ñ ǴǶǪǮǳǦǸȁ ǸǴǽǫǰ ɸ Ǯ ɺ ȃǸǴǯ ǰǶǮǨǴǯ, ǸǴ 

          dyyxyyxfdsyxf
ɸɺ

d

c

ñ ñ += 2))('(1)),((),( ;  

4) ǋǷǱǮ ǰǶǮǨǦȅ ɸɺ ǭǦǪǦǳǦ Ǩ ǵǴǱȅǶǳǴǯ ǷǮǷǸǫǲǫ ǰǴǴǶǪǮǳǦǸ ǹǶǦǨǳǫǳǮǫǲ 

],[),( 21 jjjj Í=rr , ǸǴ 

jjjjjjj

j

j

drrrrfdsyxf
ɸɺ

ñ ñ +=
2

1

22 ))('()()sin)(,cos)((),( .                  (2) 

ǘǦǰǬǫ ǷǱǫǪǹǫǸ ǶǦǭǴǧǶǦǸȂ ǳǫǷǰǴǱȂǰǴ ǵǶǮǲǫǶǴǨ ǳǦǻǴǬǪǫǳǮȅ ǰǶǮǨǴǱǮǳǫǯǳȁǻ ǮǳǸǫ-
ǩǶǦǱǴǨ ǵǫǶǨǴǩǴ ǶǴǪǦ Ǩ ǷǱǹǽǦǫ ǵǱǴǷǰǮǻ ǰǶǮǨȁǻ. 

ǕǶǮǲǫǶ 1. ǈȁǽǮǷǱǮǲ ǰǶǮǨǴǱǮǳǫǯǳȁǯ ǮǳǸǫǩǶǦǱ ǵǫǶǨǴǩǴ ǶǴǪǦ ñ
ɸɺ

ds
x

y
, ǩǪǫ ɸɺ - 

ǪǹǩǦ ǵǦǶǦǧǴǱȁ 2xy=  ǴǸ ǸǴǽǰǮ )1,1(ɸ  ǪǴ ǸǴǽǰǮ )4,2(B . 

ǈ ȃǸǴǲ ǷǱǹǽǦǫ dxxdxxyds 22 4/12))('(1 +=+= , Ǯ ǵǴ ǺǴǶǲǹǱǫ (1) ǵǴǱǹǽǦǫǲ: 

12

551717
)

4

1
(

3

2
4/12

2

1

2/322

2

1

-
=+=+=ññ xdxxxds

x

y

ɸɺ

.  

ǕǶǮǲǫǶ 2. ǈȁǽǮǷǱǮǲ ǰǶǮǨǴǱǮǳǫǯǳȁǯ ǮǳǸǫǩǶǦǱ ǵǫǶǨǴǩǴ ǶǴǪǦ ñ +
L

dsyx 22 , ǩǪǫ L  

- ǵǶǦǨȁǯ ǱǫǵǫǷǸǴǰ ǱǫǲǳǮǷǰǦǸȁ ǇǫǶǳǹǱǱǮ, ǰǴǸǴǶǦȅ Ǩ ǵǴǱȅǶǳȁǻ ǰǴǴǶǪǮǳǦǸǦǻ ǴǵǮǷȁǨǦ-

ǫǸǷȅ ǹǶǦǨǳǫǳǮǫǲ j2cosAr = , ]4/,4/[ ppj -Í .  
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ǈ ȃǸǴǲ ǷǱǹǽǦǫ 
jj

j
jjj

2cos
))

2cos

2sin
(2(cos))('()( 2222 A

Arr =-+=+ , 

j2cos),( 22 Aryxyxf ==+= , Ǯ, ǵǶǮǲǫǳǮǨ ǺǴǶǲǹǱǹ (2), ǵǴǱǹǽǦǫǲ: 

22cos
2cos 2

4/

4/

22 p

j

j
j

p

p

A
Ad

Adsyx
L

==+ ññ
-

.  

ǘǦǰǬǫ ǷǱǫǪǹǫǸ ǶǦǭǴǧǶǦǸȂ Ǯ ǷǱǹǽǦǯ ǵǦǶǦǲǫǸǶǮǽǫǷǰǮ ǭǦǪǦǳǳǴǯ ǵǶǴǷǸǶǦǳǷǸǨǫǳǳǴǯ 

ǰǶǮǨǴǯ ɸɺ ),(

),(

),(

),(

baÍ
î
í

î
ì

ë

=

=

=

t

tzz

tyy

txx

. ǈ ȃǸǴǲ ǷǱǹǽǦǫ ǰǶǮǨǴǱǮǳǫǯǳȁǯ ǮǳǸǫǩǶǦǱ ǨȁǽǮǷǱȅǫǸǷȅ 

ǵǴ ǺǴǶǲǹǱǫ 

 dttztytxtztytxfdszyxf
ɸɺ

ñ ñ ++=

b

a

222 ))('())('())('())(),(),((),,( .                  (3) 

ǕǶǮǲǫǶ 3.  ǈȁǽǮǷǱǮǲ ǰǶǮǨǴǱǮǳǫǯǳȁǯ ǮǳǸǫǩǶǦǱ ǵǫǶǨǴǩǴ ǶǴǪǦ ñ+
ɸɺ

ds
x

yz

1
, ǩǪǫ ɸɺ 

- ǰǶǮǨǦȅ, ǭǦǪǦǳǳǦȅ ǵǦǶǦǲǫǸǶǮǽǫǷǰǮǲǮ ǹǶǦǨǳǫǳǮȅǲǮ )1,0(

,3/8

,

,

3

2 Í
î
í

î
ì

ë

=

=

=

t

tz

ty

tx

.  

ǊǱȅ ǳǦǾǫǯ ǰǶǮǨǴǯ dttdtttdttztytxds )1(21))('())('())('( 2222 +=++=++= . ǕǴ 

ǺǴǶǲǹǱǫ (3) ǵǴǱǹǽǦǫǲ 
27

22
)1(

13

2

1

1

0

2/7

=+
+

=
+ ññ dtt

t

t
ds

x

yz

ɸɺ

.  

ǈȁǽǮǷǱǫǳǮǫ ǷǱǫǪǹȄǿǮǻ ǰǶǮǨǴǱǮǳǫǯǳȁǻ ǮǳǸǫǩǶǦǱǴǨ ǵǫǶǨǴǩǴ ǶǴǪǦ ǸǦǰǬǫ ǷǱǫǪǹǫǸ 
ǶǦǭǴǧǶǦǸȂ ǮǱǮ ǪǦǸȂ ǷǸǹǪǫǳǸǦǲ ǪǱȅ ǷǦǲǴǷǸǴȅǸǫǱȂǳǴǩǴ ǨȁǵǴǱǳǫǳǮȅ [6,7]: 

1)ñ
++C yx

ds

422
, ǩǪǫ ʉ - ǴǸǶǫǭǴǰ ǵǶȅǲǴǯ, ǷǴǫǪǮǳȅȄǿǫǯ ǸǴǽǰǮ (0;0) Ǯ (1;2); 

2)ñ
C

xyds, ǩǪǫ ʉ - ǽǫǸǨǫǶǸȂ ȃǱǱǮǵǷǦ 1
2

2

2

2

=+
b

y

a

x
, ǱǫǬǦǿǦȅ Ǩ ǵǫǶǨǴǲ ǰǨǦǪǶǦǳǸǫ; 

3)ñ
C

dsy2 , ǩǪǫ ʉ - ǵǫǶǨǦȅ ǦǶǰǦ ǼǮǰǱǴǮǪȁ )sin( ttax -= , )cos1( tay -= ; 

4)ñ+
C

dszx )( , ǩǪǫ ʉ - ǪǹǩǦ ǰǶǮǨǴǯ tx= , 2/3 2ty= , 3tz= , ]1,0[Ít . 

 

ǐǶǮǨǴǱǮǳǫǯǳȁǫ ǮǳǸǫǩǶǦǱȁ ǨǸǴǶǴǩǴ ǶǴǪǦ 
 

ǕǶǮ ǮǭǹǽǫǳǮǮ ǰǶǮǨǴǱǮǳǫǯǳȁǻ ǮǳǸǫǩǶǦǱǴǨ ǨǸǴǶǴǩǴ ǶǴǪǦ ǸǦǰǬǫ ǷǱǫǪǹǫǸ ǪǦǸȂ Ǯǻ 
ǴǵǶǫǪǫǱǫǳǮǫ, ǵǫǶǫǽǮǷǱǮǸȂ ǴǷǳǴǨǳȁǫ ǷǨǴǯǷǸǨǦ, Ǯ ǵǶǮǨǫǷǸǮ ǵǶǮǲǫǶ ǵǶǮǰǱǦǪǳǴǯ ǭǦ-
ǪǦǽǮ, ǰǴǸǴǶǦȅ ǷǨǴǪǮǸǷȅ ǰ ǨȁǽǮǷǱǫǳǮȄ ǸǦǰǮǻ ǮǳǸǫǩǶǦǱǴǨ, ǳǦǵǶǮǲǫǶ, ǭǦǪǦǽǮ ǨȁǽǮǷǱǫ-
ǳǮȅ ǶǦǧǴǸȁ ǷǮǱȁ ǵǶǮ ǵǫǶǫǲǫǿǫǳǮǮ ǲǦǸǫǶǮǦǱȂǳǴǯ ǸǴǽǰǮ ǵǴ ǰǶǮǨǴǱǮǳǫǯǳǴǲǹ ǵǹǸǮ. 
ǗǱǫǪǹǫǸ ǶǦǷǷǰǦǭǦǸȂ Ǵǧ ǴǷǴǧǫǳǳǴǷǸǮ ǰǶǮǨǴǱǮǳǫǯǳȁǻ ǮǳǸǫǩǶǦǱǴǨ ǨǸǴǶǴǩǴ ǶǴǪǦ ǵǴ ǭǦ-
ǲǰǳǹǸȁǲ ǰǴǳǸǹǶǦǲ Ǯ Ǵ ǳǦǵǶǦǨǱǫǳǮǮ ǴǧǻǴǪǦ ǸǦǰǮǻ ǰǴǳǸǹǶǴǨ. 

ǘǦǰǬǫ ǳǫǴǧǻǴǪǮǲǴ ǨȁǵǮǷǦǸȂ ǴǷǳǴǨǳȁǫ ǺǴǶǲǹǱȁ ǪǱȅ ǨȁǽǮǷǱǫǳǮȅ ǰǶǮǨǴǱǮǳǫǯǳȁǻ 
ǮǳǸǫǩǶǦǱǴǨ ǨǸǴǶǴǩǴ ǶǴǪǦ Ǩ ǷǱǹǽǦǫ ǵǱǴǷǰǮǻ Ǯ ǵǶǴǷǸǶǦǳǷǸǨǫǳǳȁǻ ǰǶǮǨȁǻ: 
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1) ǋǷǱǮ ǵǱǴǷǰǦȅ ǰǶǮǨǦȅ ǭǦǪǦǳǦ ǵǦǶǦǲǫǸǶǮǽǫǷǰǮǲǮ ǹǶǦǨǳǫǳǮȅǲǮ 

),(
),(

),(
baÍ

í
ì
ë

=

=
t

tyy

txx
 Ǯ ǵǶǫǪǵǴǱǦǩǦǫǸǷȅ, ǽǸǴ a=t  ǷǴǴǸǨǫǸǷǸǨǹǫǸ ǸǴǽǰǫ ɸ, Ǧ b=t  ǷǴǴǸ-

ǨǫǸǷǸǨǹǫǸ ǸǴǽǰǫ ɺ, ǸǴ 

dttytytxQtxtytxPdyyxQdxyxP
ɸɺ

ñ ñ +=+

b

a

))('))(),(()('))(),(((),(),( ;  

2) ǋǷǱǮ ǵǱǴǷǰǦȅ ǰǶǮǨǦȅ ɸɺ ȅǨǱȅǫǸǷȅ ǩǶǦǺǮǰǴǲ ǺǹǳǰǼǮǮ ],[),( baxxyy Í=  Ǯ 

ǵǶǫǪǵǴǱǦǩǦǫǸǷȅ, ǽǸǴ a Ǯ b ñ ǦǧǷǼǮǷǷȁ ǸǴǽǫǰ ɸ Ǯ ɺ ȃǸǴǯ ǰǶǮǨǴǯ, ǸǴ 

dxxyxyxQxyxPdyyxQdxyxP
ɸɺ

b

a

ñ ñ +=+ ))('))(,())(,((),(),( ;                    (4)  

3) ǋǷǱǮ ǵǱǴǷǰǦȅ ǰǶǮǨǦȅ ɸɺ ȅǨǱȅǫǸǷȅ ǩǶǦǺǮǰǴǲ ǺǹǳǰǼǮǮ ],[),( dcyyxʭ Í=  Ǯ 

ǵǶǫǪǵǴǱǦǩǦǫǸǷȅ, ǽǸǴ Ƿ Ǯ d ñ ǴǶǪǮǳǦǸȁ ǸǴǽǫǰ ɸ Ǯ ɺ ȃǸǴǯ ǰǶǮǨǴǯ, ǸǴ 

dyyyxQyxyyxPdyyxQdxyxP
ɸɺ

d

c

ñ ñ +=+ ))),(()(')),(((),(),( ;  

4) ǋǷǱǮ ǵǶǴǷǸǶǦǳǷǸǨǫǳǳǦȅ ǰǶǮǨǦȅ ɸɺ ǭǦǪǦǳǦ ǵǦǶǦǲǫǸǶǮǽǫǷǰǮǲǮ ǹǶǦǨǳǫǳǮȅǲǮ 

),(

),(

),(

),(

baÍ
î
í

î
ì

ë

=

=

=

t

tzz

tyy

txx

, ǸǴ 

ñ =++
ɸɺ

dzzyxRdyzyxQdxzyxP ),,(),,(),,(  

dttztztytxRtytztytxQtxtztytxPñ ++=

b

a

))('))(),(),(()('))(),(),(()('))(),(),(( .             (5) 

ǘǦǰǬǫ ǷǱǫǪǹǫǸ ǶǦǭǴǧǶǦǸȂ ǳǫǷǰǴǱȂǰǴ ǵǶǮǲǫǶǴǨ ǳǦǻǴǬǪǫǳǮȅ ǰǶǮǨǴǱǮǳǫǯǳȁǻ ǮǳǸǫ-
ǩǶǦǱǴǨ ǨǸǴǶǴǩǴ ǶǴǪǦ. 

ǕǶǮǲǫǶ 4. ǈȁǽǮǷǱǮǲ ǰǶǮǨǴǱǮǳǫǯǳȁǯ ǮǳǸǫǩǶǦǱ ǨǸǴǶǴǩǴ ǶǴǪǦ ydyxdxyx
ɸɺ

ñ +- 22)2(

, ǩǪǫ ɸɺ - ǪǹǩǦ ǵǦǶǦǧǴǱȁ xy 2=  ǴǸ ǸǴǽǰǮ )0,0(ɸ  ǪǴ ǸǴǽǰǮ )2,1(B .  

ǈ ǷǴǴǸǨǫǸǷǸǨǮǮ Ƿ ǺǴǶǲǹǱǴǯ (4), ǵǴǱǹǽǦǫǲ: 

.1)
3

4

3

4
()

2

2
2222(2)2(

1

0

32/322

1

0

2 =+-=+-=+- ññ xxxdx
x

xxxxydyxdxyx
ɸɺ

    

ǕǶǮǲǫǶ 5. ǈȁǽǮǷǱǮǲ ǰǶǮǨǴǱǮǳǫǯǳȁǯ ǮǳǸǫǩǶǦǱ ǨǸǴǶǴǩǴ ǶǴǪǦ ,

xydzdyzdxyx
ɸɺ

+++ñ 2)(  ǨǪǴǱȂ ǵǶǴǷǸǶǦǳǷǸǨǫǳǳǴǯ ǰǶǮǨǴǯ ɸɺ, ǭǦǪǦǳǳǴǯ ǵǦǶǦǲǫǸǶǮǽǫ-

ǷǰǮǲǮ ǹǶǦǨǳǫǳǮȅǲǮ  )2,1(

,3

,

,
2 Í

î
í

î
ì

ë

-=

=

=

t

tz

ty

tx

.  

ǈ ǪǦǳǳǴǲ ǷǱǹǽǦǫ dtdx= , tdtdy 2= , dtdz -= . ǎǷǵǴǱȂǭǹȅ ǷǴǴǸǨǫǸǷǸǨǹȄǿǹȄ ǺǴǶ-

ǲǹǱǹ (5), ǵǴǱǹǽǦǫǲ: 

.
4

35
)

4

1

2

13
()2)3(2(2)(

2

1

432

2

1

32 =--=--++=+++ ññ tttdttttttxydzdyzdxyx
ɸɺ

 

ǈȁǽǮǷǱǫǳǮǫ ǷǱǫǪǹȄǿǮǻ ǰǶǮǨǴǱǮǳǫǯǳȁǻ ǮǳǸǫǩǶǦǱǴǨ ǨǸǴǶǴǩǴ ǶǴǪǦ ǸǦǰǬǫ ǷǱǫǪǹǫǸ 
ǶǦǭǴǧǶǦǸȂ ǮǱǮ ǪǦǸȂ ǷǸǹǪǫǳǸǦǲ ǪǱȅ ǷǦǲǴǷǸǴȅǸǫǱȂǳǴǩǴ ǨȁǵǴǱǳǫǳǮȅ [6,7]: 
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1) dyyyxdxxyx
ɸɺ

)2()2( 22 ++-ñ , ǩǪǫ ɸɺ - ǪǹǩǦ ǵǦǶǦǧǴǱȁ 2xy=  ǴǸ ǸǴǽǰǮ )1;1(ɸ  ǪǴ 

ǸǴǽǰǮ )4,2(ɺ ;  

2) dyxxydx
ʆɸɺ

ñ + 22 , ǩǪǫ ʆɸɺ - ǱǴǲǦǳǳǦȅ, ǷǴǫǪǮǳȅȄǿǦȅ ǸǴǽǰǮ )0;0(ʆ , )0;2(ɸ , )1,2(ɺ

;  

3) dyxdxy
C

22

ñ + , ǩǪǫ ʉ - ǨǫǶǻǳȅȅ ǵǴǱǴǨǮǳǦ ȃǱǱǮǵǷǦ tax cos= , tby sin= , ǵǶǴǧǫǩǦ-

ǫǲǦȅ ǵǴ ǻǴǪǹ ǽǦǷǴǨǴǯ ǷǸǶǫǱǰǮ; 

4) dzyxdyxzdxzy
C

)()()( -+-+-ñ  ǩǪǫ ʉ - ǵǫǶǨȁǯ ǨǮǸǴǰ ǨǮǳǸǴǨǴǯ ǱǮǳǮǮ tax cos= , 

tay sin= , btz= .  
 

ǚǴǶǲǹǱǦ ǉǶǮǳǦ Ǯ ǫȆ ǵǶǮǲǫǳǫǳǮǫ 
 

ǕǶǮǲǫǳǫǳǮǫ ǺǴǶǲǹǱȁ ǉǶǮǳǦ ǪǱȅ ǨȁǽǮǷǱǫǳǮȅ ǰǶǮǨǴǱǮǳǫǯǳȁǻ ǮǳǸǫǩǶǦǱǴǨ ǨǸǴǶǴǩǴ 
ǶǴǪǦ ǵǴ ǭǦǲǰǳǹǸǴǲǹ ǰǴǳǸǹǶǹ Ǯ ǳǫ ǸǴǱȂǰǴ ȅǨǱȅǫǸǷȅ ǫǿȆ ǴǪǳǴǯ ǳǫǲǦǱǴǨǦǬǳǴǯ Ǯ 
ǮǳǸǫǶǫǷǳǴǯ ǸǫǲǴǯ ȃǸǴǩǴ ǶǦǭǪǫǱǦ ǲǦǸǫǲǦǸǮǽǫǷǰǴǩǴ ǦǳǦǱǮǭǦ.  

ǘǫǴǶǫǲǦ 1. ǕǹǷǸȂ ǭǦǲǰǳǹǸǦȅ ǴǧǱǦǷǸȂ D  ǴǩǶǦǳǮǽǫǳǦ ǰǹǷǴǽǳǴ-ǩǱǦǪǰǮǲ ǰǴǳǸǹǶǴǲ 

L , Ǧ ǺǹǳǰǼǮǮ ),( yxP  Ǯ ),( yxQ  ǳǫǵǶǫǶȁǨǳȁ Ǩ D  ǨǲǫǷǸǫ ǷǴ ǷǨǴǮǲǮ ǽǦǷǸǳȁǲǮ 

ǵǶǴǮǭǨǴǪǳȁǲǮ. ǘǴǩǪǦ ǷǵǶǦǨǫǪǱǮǨǦ ǺǴǶǲǹǱǦ ǉǶǮǳǦ: 

.)( dxdy
y

P

x

Q
QdyPdx

L D
µ

µ
-

µ

µ
=+ñ ññ  

ǚǴǶǲǹǱǹ ǉǶǮǳǦ ǲǴǬǳǴ ǵǶǮǲǫǳȅǸȂ ǳǫǵǴǷǶǫǪǷǸǨǫǳǳǴ ǪǱȅ ǨȁǽǮǷǱǫǳǮȅ 
ǰǶǮǨǴǱǮǳǫǯǳȁǻ ǮǳǸǫǩǶǦǱǴǨ ǵǴ ǭǦǲǰǳǹǸȁǲ ǰǴǳǸǹǶǦǲ. 

ǕǶǮǲǫǶ 6. ǈȁǽǮǷǱǮǲ ǰǶǮǨǴǱǮǳǫǯǳȁǯ ǮǳǸǫǩǶǦǱ dyyxdxyx

yx

)()3( 2

122

++-ñ
=+

.  

ǕǴ ǺǴǶǲǹǱǫ ǉǶǮǳǦ Ǯǲǫǫǲ: 

ñññ
¢+=+

==--=++-

1

2

1 2222

4)(2))1(1()()3(

yxyx

DSdxdydyyxdxyx p, ǩǪǫ S(D) ð ǵǱǴǿǦǪȂ ǰǶǹǩǦ 

122 ¢+yx .  

ǘǦǰǬǫ ǺǴǶǲǹǱǹ ǉǶǮǳǦ ǲǴǬǳǴ ǵǶǮǲǫǳȅǸȂ ǪǱȅ ǨȁǽǮǷǱǫǳǮȅ ǰǶǮǨǴǱǮǳǫǯǳȁǻ 
ǮǳǸǫǩǶǦǱǴǨ ǨǸǴǶǴǩǴ ǶǴǪǦ ǵǴ ǳǫǭǦǲǰǳǹǸȁǲ ǰǴǳǸǹǶǦǲ. 

ǕǶǮǲǫǶ 7. ǈȁǽǮǷǱǮǲ ǰǶǮǨǴǱǮǳǫǯǳȁǯ ǮǳǸǫǩǶǦǱ ñ +
L

xydydxy 32 , ǩǪǫ L ð ǹǽǦǷǸǴǰ 

ǵǦǶǦǧǴǱȁ 2xy=  ǴǸ ǸǴǽǰǮ ǴǸ ǸǴǽǰǮ )1,1(-ɸ  ǪǴ ǸǴǽǰǮ )1,1(B .  

ǈ ȃǸǴǲ ǷǱǹǽǦǫ ǰǴǳǸǹǶ ǲǴǬǳǴ ǮǷǰǹǷǷǸǨǫǳǳǴ ǭǦǲǰǳǹǸȂ ǴǸǶǫǭǰǴǲ BA, ǴǧǴǭǳǦǽǮǲ 

ǵǴǱǹǽǫǳǳȁǯ ǭǦǲǰǳǹǸȁǯ ǰǴǳǸǹǶ g. ǘǴǩǪǦ ǵǴ ǺǴǶǲǹǱǫ ǉǶǮǳǦ Ǯǲǫǫǲ: 

==-=+=+++ ñññññññ
-

1

1

1

222

2

)23(333

xDɺɸL

ydydxdxdyyyxydydxyxydydxyxydydxy
g

 

5

4

10
1)

22

1
(

1

1

541

1

=-=-=

--

ñ
x

dx
x

.  

ǔǸǰǹǪǦ ǵǴǱǹǽǦǫǲ, ǽǸǴ ǮǷǰǴǲȁǯ ǮǳǸǫǩǶǦǱ: 

5

14
2

5

4
1

5

4
3

5

4
3

5

4
3

1

1

222 =+=+=++=+-=+ ññññ
-

dxxydydxyxydydxyxydydxy
ɸɺɺɸL

, Ǹ.ǰ. ǪǱȅ 

ǵǶȅǲǴǯ Ǉǉ Ǯǲǫǫǲ 1=y  Ǯ 0=dy . 
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ǘǦǰǬǫ ǺǴǶǲǹǱǹ ǉǶǮǳǦ ǲǴǬǳǴ ǮǷǵǴǱȂǭǴǨǦǸȂ ǪǱȅ ǳǦǻǴǬǪǫǳǮȅ ǵǱǴǿǦǪǮ ǵǱǴǷǰǮǻ 
ǺǮǩǹǶ ǽǫǶǫǭ ǰǶǮǨǴǱǮǳǫǯǳȁǫ ǮǳǸǫǩǶǦǱȁ: 

ñññ ñ ñ -==-==
LD L L

ydxxdyxdyydxdxdyS
2

1
.  

ǕǶǮǲǫǶ 8. ǈȁǽǮǷǱǮǲ ǵǱǴǿǦǪȂ ǺǮǩǹǶȁ, ǴǩǶǦǳǮǽǫǳǳǴǯ ȃǱǱǮǵǷǴǲ Ƿ ǵǴǱǹǴǷȅǲǮ a  Ǯ b . 

ǍǦǪǦǪǮǲ ȃǸǴǸ ȃǱǱǮǵǷ ǵǦǶǦǲǫǸǶǮǽǫǷǰǮ ]2,0[
,sin

,cos
pÍ

í
ì
ë

=

=
t

tby

tʘx
, Ǯǲǫǫǲ 

abdttabtabydxxdyS
L

p
p

=+=-= ññ )sincos(
2

1

2

1 2

2

0

2
.  

ǍǦǪǦǽǮ ǳǦ ǨȁǽǮǷǱǫǳǮǫ ǷǱǫǪǹȄǿǮǻ ǰǶǮǨǴǱǮǳǫǯǳȁǻ ǮǳǸǫǩǶǦǱǴǨ ǨǸǴǶǴǩǴ ǶǴǪǦ Ǯ 
ǵǱǴǿǦǪǮ ǵǱǴǷǰǮǻ ǺǮǩǹǶ ǵǶǮ ǵǴǲǴǿǮ ǺǴǶǲǹǱȁ ǉǶǮǳǦ ǸǦǰǬǫ ǷǱǫǪǹǫǸ ǶǦǭǴǧǶǦǸȂ ǮǱǮ 
ǪǦǸȂ ǷǸǹǪǫǳǸǦǲ ǪǱȅ ǷǦǲǴǷǸǴȅǸǫǱȂǳǴǩǴ ǨȁǵǴǱǳǫǳǮȅ [6,7]: 

1) dyyxdxyx
C

222 )()(2 +++ñ , ǩǪǫ C  - ǰǴǳǸǹǶ ǸǶǫǹǩǴǱȂǳǮǰǦ Ƿ ǨǫǶǾǮǳǦǲǮ )1;1(ɸ , 

)2;2(ɺ , )3,1(ʉ ;  

2) dyxydxyx

Ryx

22

222

+-ñ
=+

;  

3) ǈȁǽǮǷǱǮǸȂ ǵǱǴǿǦǪȂ ǦǷǸǶǴǮǪȁ  tax 3cos= , tʘy 3sin= .  
 

ǙǷǱǴǨǮȅ ǳǫǭǦǨǮǷǮǲǴǷǸǮ ǰǶǮǨǴǱǮǳǫǯǳǴǩǴ ǮǳǸǫǩǶǦǱǦ ǴǸ ǵǹǸǮ ǮǳǸǫǩǶǮǶǴǨǦǳǮȅ 
ǋǿȆ ǴǪǳǴǯ ǨǦǬǳǴǯ Ǯ ǴǧȅǭǦǸǫǱȂǳǴǯ ǪǱȅ ǮǭǹǽǫǳǮȅ ȅǨǱȅǫǸǷȅ ǸǫǴǶǫǲǦ Ǵ ǽǫǸȁǶȆǻ 

ȃǰǨǮǨǦǱǫǳǸǳȁǻ ǹǷǱǴǨǮȅǻ ǳǫǭǦǨǮǷǮǲǴǷǸǮ ǮǳǸǫǩǶǦǱǦ ǴǸ ǵǹǸǮ ǮǳǸǫǩǶǮǶǴǨǦǳǮȅ. 

ǘǫǴǶǫǲǦ 2. ǕǹǷǸȂ ǺǹǳǰǼǮǮ ),( yxP  Ǯ ),( yxQ  ǳǫǵǶǫǶȁǨǳȁ Ǩ ǴǪǳǴǷǨȅǭǳǴǯ ǴǧǱǦǷǸǮ 

D  ǨǲǫǷǸǫ ǷǴ ǷǨǴǮǲǮ ǽǦǷǸǳȁǲǮ ǵǶǴǮǭǨǴǪǳȁǲǮ. ǘǴǩǪǦ ǷǱǫǪǹȄǿǮǫ ǽǫǸȁǶǫ ǹǷǱǴǨǮȅ 
ȃǰǨǮǨǦǱǫǳǸǳȁ: 

1) ǈȁǶǦǬǫǳǮǫ dyyxQdxyxP ),(),( +  ȅǨǱȅǫǸǷȅ Ǩ ǴǧǱǦǷǸǮ D  ǵǴǱǳȁǲ 

ǪǮǺǺǫǶǫǳǼǮǦǱǴǲ ǳǫǰǴǸǴǶǴǯ ǺǹǳǰǼǮǮ ),( yxF ; 

2) ǈǷȄǪǹ Ǩ D  ǨǫǶǳǴ ǶǦǨǫǳǷǸǨǴ 
x

yxQ

y

yxP

µ

µ
=

µ

µ ),(),(
;  

3) ǊǱȅ ǱȄǧǴǩǴ ǭǦǲǰǳǹǸǴǩǴ ǰǹǷǴǽǳǴ-ǩǱǦǪǰǴǩǴ ǰǴǳǸǹǶǦ L, ǼǫǱǮǰǴǲ ǱǫǬǦǿǫǩǴ Ǩ D

, ǨǫǶǳǴ ǶǦǨǫǳǷǸǨǴ 0),(),( =+ñ
L

dyyxQdxyxP ;  

4) ǐǶǮǨǴǱǮǳǫǯǳȁǯ ǮǳǸǫǩǶǦǱ ǨǸǴǶǴǩǴ ǶǴǪǦ ǴǸ ǺǹǳǰǼǮǯ ),( yxP  Ǯ ),( yxQ  Ǩ ǴǧǱǦǷǸǮ 

D  ǳǫ ǭǦǨǮǷǮǸ ǴǸ ǵǹǸǮ ǮǳǸǫǩǶǮǶǴǨǦǳǮȅ. 

ǣǸǦ ǸǫǴǶǫǲǦ ǵǴǭǨǴǱȅǫǸ ǪǱȅ ǺǹǳǰǼǮǯ ),( yxP , ),( yxQ  Ǯ ),( yxF , ǹǪǴǨǱǫǸǨǴǶȅȄǿǮǻ 

ǹǷǱǴǨǮȅǲ ǸǫǴǶǫǲȁ ǨȁǨǫǷǸǮ ǺǴǶǲǹǱǹ, ǰǴǸǴǶǹȄ ǽǦǷǸǴ ǳǦǭȁǨǦȄǸ ǺǴǶǲǹǱǴǯ ǓȂȄǸǴǳǦ-
ǑǫǯǧǳǮǼǦ ǪǱȅ ǰǶǮǨǴǱǮǳǫǯǳȁǻ ǮǳǸǫǩǶǦǱǴǨ: 

),(),(),(),( 1122

),(

),(

22

11

yxFyxFdyyxQdxyxP

yx

yx

-=+ñ .  

ǕǶǮǲǫǶ 9. ǈȁǽǮǷǱǮǲ ǰǶǮǨǴǱǮǳǫǯǳȁǯ ǮǳǸǫǩǶǦǱ ǨǸǴǶǴǩǴ ǶǴǪǦ ñ +

)2,2(

)1,1(

xdyydx .  

ǈ ȃǸǴǲ ǷǱǹǽǦǫ ǱǫǩǰǴ ǳǫǵǴǷǶǫǪǷǸǨǫǳǳǴ ǳǦǯǸǮ xyyxF =),( , ǪǫǯǷǸǨǮǸǫǱȂǳǴ, Ǩ ȃǸǴǲ 

ǷǱǹǽǦǫ xdyydxyxdF +=),( . ǕǴ ǺǴǶǲǹǱǫ ǓȂȄǸǴǳǦ-ǑǫǯǧǳǮǼǦ Ǯǲǫǫǲ: 

314
)2,2(

)1,1(

)2,2(

)1,1(

=-==+ñ xyxdyydx .  
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ǕǶǮǲǫǶ 10.  ǈȁǽǮǷǱǮǲ ǰǶǮǨǴǱǮǳǫǯǳȁǯ ǮǳǸǫǩǶǦǱ ǨǸǴǶǴǩǴ ǶǴǪǦ 

ñ öö
÷

õ
ææ
ç

å
+

+
+öö

÷

õ
ææ
ç

å
-

-
)5,1(

)2,2(

2

2

2

2 11
dy

y

x

x

x
dx

x

y

y

y .  

ǓǫǸǶǹǪǳǴ ǹǧǫǪǮǸȂǷȅ, ǽǸǴ ǹǷǱǴǨǮǫ 
x

yxQ

y

yxP

µ

µ
=

µ

µ ),(),(
 ǨȁǵǴǱǳǫǳǴ, Ǧ ǭǳǦǽǮǸ, 

dyyxQdxyxP ),(),( +  ȅǨǱȅǫǸǷȅ ǵǴǱǳȁǲ ǪǮǺǺǫǶǫǳǼǮǦǱǴǲ ǳǫǰǴǸǴǶǴǯ ǺǹǳǰǼǮǮ ),( yxF , 

ǴǪǳǦǰǴ, ǳǦǯǸǮ ȃǸǹ ǺǹǳǰǼǮǮ çǷ ǻǴǪǹè ǵǶǴǧǱǫǲǦǸǮǽǳǴ. ǈ ȃǸǴǲ ǷǱǹǽǦǫ ǼǫǱǫǷǴǴǧǶǦǭǳǴ 
ǵǶǮǧǫǩǳǹǸȂ ǰ ǳǫǵǴǷǶǫǪǷǸǨǫǳǳǴǲǹ ǨȁǽǮǷǱǫǳǮȄ ȃǸǴǩǴ ǮǳǸǫǩǶǦǱǦ ǵǴ çǹǪǴǧǳǴǲǹè ǵǹǸǮ 

ǮǳǸǫǩǶǮǶǴǨǦǳǮȅ, ǷǳǦǽǦǱǦ ǨǪǴǱȂ ǵǶȅǲǴǯ 2=x  ])5,2[( Íy , ǵǴǸǴǲ ǨǪǴǱȂ ǵǶȅǲǴǯ 5=y  

])1,2[( Íx . ǕǴǱǹǽǦǫǲ: 

=ö
÷

õ
æ
ç

å
-

-
+öö

÷

õ
ææ
ç

å
+

+
=öö

÷

õ
ææ
ç

å
+

+
+öö

÷

õ
ææ
ç

å
-

-
ñññ dx

x
dy

y
dy

y

x

x

x
dx

x

y

y

y
1

2

2

5

2

2

)5,1(

)2,2(

2

2

2

2 5

5

1102

2

1411  

5

445

5

92

2

15
2

1

5

2

=---=
xy

.  

ǈȁǽǮǷǱǫǳǮǫ ǷǱǫǪǹȄǿǮǻ ǰǶǮǨǴǱǮǳǫǯǳȁǻ ǮǳǸǫǩǶǦǱǴǨ ǨǸǴǶǴǩǴ ǶǴǪǦ ǴǸ ǨȁǶǦǬǫǳǮǯ, 
ȅǨǱȅȄǿǮǻǷȅ ǵǴǱǳȁǲǮ ǪǮǺǺǫǶǫǳǼǮǦǱǦǲǮ, ǸǦǰǬǫ ǷǱǫǪǹǫǸ ǶǦǭǴǧǶǦǸȂ ǮǱǮ ǪǦǸȂ ǷǸǹǪǫǳ-
ǸǦǲ ǪǱȅ ǷǦǲǴǷǸǴȅǸǫǱȂǳǴǩǴ ǨȁǵǴǱǳǫǳǮȅ [6,7]: 

1) ñ +

)4,3(

)1,0(

ydyʭdx ;                                             2) ñ +++

)1,1(

)0,0(

)()( dyyxdxyʭ ;    

3) ñ
-

)1,2(

)2,1(

2y

xdyydx  (ǵǴ ǵǹǸǮ, ǳǫ ǵǫǶǫǷǫǰǦȄǿǫǲǹ ǵǶȅǲǹȄ 0=y );  

4) ñ +

++
)1,3(

)1,1(

2)(

)2(

yx

ydydxyx  (ǵǴ ǵǹǸǮ, ǳǫ ǵǫǶǫǷǫǰǦȄǿǫǲǹ ǵǶȅǲǹȄ xy -= ).  

ǍǦǰǱȄǽǫǳǮǫ 
 

ǕǶǮ ǴǶǩǦǳǮǭǦǼǮǮ ǦǹǪǮǸǴǶǳǴǯ Ǯ ǨǳǫǦǹǪǮǸǴǶǳǴǯ ǶǦǧǴǸȁ ǷǸǹǪǫǳǸǴǨ ǵǴ Ǹǫǲǫ çǨȁǽǮǷ-
ǱǫǳǮǫ ǰǶǮǨǴǱǮǳǫǯǳȁǻ ǮǳǸǫǩǶǦǱǴǨè ǲǴǬǳǴ ǶǹǰǴǨǴǪǷǸǨǴǨǦǸȂǷȅ ǮǭǱǴǬǫǳǳȁǲ ǲǦǸǫǶǮǦ-
ǱǴǲ. ǈ ǶǦǧǴǸǫ ǴǵǮǷǦǳȁ ǴǷǳǴǨǳȁǫ ǨǮǪȁ ǰǶǮǨǴǱǮǳǫǯǳȁǻ ǮǳǸǫǩǶǦǱǴǨ Ǯ ǷǵǴǷǴǧȁ Ǯǻ Ǩȁ-
ǽǮǷǱǫǳǮȅ, ǶǦǭǴǧǶǦǳȁ ǵǶǮǲǫǶȁ, ǹǰǦǭǦǳȁ ǳǦǩǱȅǪǳȁǫ ǦǱǩǴǶǮǸǲȁ, ǪǦǳȁ ǵǴȅǷǳǫǳǮȅ ǵǴ 
ǴǶǩǦǳǮǭǦǼǮǮ ǹǽǫǧǳǴǩǴ ǵǶǴǼǫǷǷǦ Ǯ ǶǫǾǫǳǮȄ ǭǦǪǦǽ, ǽǸǴ ǵǴǭǨǴǱȅȄǸ Ǩ ǷǬǦǸȁǫ ǷǶǴǰǮ Ǯ Ǩ 
ǵǴǱǳǴǲ ǴǧȀȆǲǫ ǹǷǵǫǾǳǴ ǹǷǨǴǮǸȂ ǹǽǫǧǳȁǯ ǲǦǸǫǶǮǦǱ. 

ǗǗǡǑǐǎ Ǔǆ ǎǗǘǔǝǓǎǐǎ 

1. ͍̆͊ͫ͊ͤͦ ˹ΦˢΦΣ ˣ͙ͪΌ͍ͦ͟ ˻Φ˹Φ ˻ ͍͔͔͙͙ͨͪͦ͒ͤ ͊ͤ͘Ύ͙͚ͭ ͤ͊ ͔ͭͣͯ ζ˭͔͊ͣͤ͊ ͔͔͔ͨͪͣͤͤ·ͻ ͒͡Ύ ͍·;͙͔͙ͫͤ͡Ύ ͍͚͒ͦͤ·ͻ 
͙͔͎͍ͤͭͪ͊ͦ͡ηκκ aƻŘŜǊƴ 9ǳǊƻǇŜŀƴ wŜǎŜŀǊŎƘŜǎΣ 2021. -  ́ Φ мΣ Ѕ оΦ - P. 131-138. 

2. ͍̆͊ͫ͊ͤͦ ˹ΦˢΦΣ ˣ͙ͪΌ͍ͦ͟ ˻Φ˹Φ ˻ ͍͔͔͙͙ͨͪͦ͒ͤ ͊ͤ͘Ύ͙͚ͭ ͤ͊ ͔ͭͣͯ ζ˭͔͊ͣͤ͊ ͔͔͔ͨͪͣͤͤ·ͻ ͒͡Ύ ͍·;͙͔͙ͫͤ͡Ύ ͚ͭͪͦͤ·ͻ 
͙͔͎͍ͤͭͪ͊ͦ͡ηκκ aƻŘŜǊƴ 9ǳǊƻǇŜŀƴ wŜǎŜŀǊŎƘŜǎΣ нлннΦ -  ́ Φ мΣ Ѕ мΦ - P. 133-139. 

3. ˣͯ͒͊͟ ˣΦ˸ΦΣ ͙̅ͦͣͤ ˿ΦˤΦ ˴ͯͪͫ ͍·ͫ΄͔͚ ͔͙͙ͣ͊ͭͣ͊ͭ͟ ͙ ͔͙ͣ͊ͭͣ͊ͭ;͔͚ͫͦ͟ ͺ͙͙͙͘͟Φ ́ͦͣ нΦ - ˸ ΦΥ ˹͊ͯ͊͟Σ мфсрΣ - слт ͫΦ 
4. ˥͍͙͍͊ͪͦ͡ ˤΦ˾ΦΣ ˮ͍͍͊ͤͦ͊ ˩Φ˩ΦΣ ˸͍ͦͪͦͦ͊͘ ˤΦ˨Φ ˴ͪ͊ͭͤ·͔ ͙ ͙͍͙͔͚ͪͦͤͤ͟͡·͔ ͙͔͎ͤͭͪ͊͡·Φ ͔͔̏ͣͤͭ͡· ͔͙͙ͭͦͪ ͨͦ͡ΎΦ 

- ˸ ΦΥ ˮ͒͘-͍ͦ ˸˥́̂ ͙ͣΦ ˹Φ̏Φ ˣ͊ͯͣ͊ͤ͊Σ нллмΦ- пфн ͫΦ 
5. ˽͙͍ͫͯͤͦ͟ ˹Φ˿Φ ˨͙ͺͺ͔͔ͪͤͼ͙͊͡Έ͔ͤͦ ͙ ͙͔͎ͤͭͪ͊͡Έ͔ͤͦ ͙ͫ;͙͔͙ͫͤ͡ΎΦ ̂;͔͋Φ ͙͔ͨͦͫͦ͋ ͒͡Ύ ͍͍ͭͯͦ͘Φ ́ͦͣ нΦ - ˸ΦΥ ˮͤπ

͔͎ͭͪ͊͡-˽͔ͪͫͫΣ нллмΣ - рпп ͫΦ 
6. ˨͔͙͍͙ͣ͒ͦ; ˣΦ˽Φ ˿͙͋ͦͪͤ͟ ͊͒͊͘; ͙ ͔͙͚ͯͨͪ͊͗ͤͤ ͨͦ ͔͙ͣ͊ͭͣ͊ͭ;͔ͫͦͣͯ͟ ͙͊ͤ͊ͯ͘͡ ͒͡Ύ ͍͍ͭͯͦ͘Υ ̂;͔͔͋ͤͦ ͙͔ͨͦͫͦ͋ 

͒͡Ύ ͔͍ͫͭͯ͒ͤͭͦ ͍·ͫ΄͙ͻ ͔ͭͻ͙ͤ;͔͙ͫ͟ͻ ͯ;͔͋ͤ·ͻ ͍͔͔͙͚͊͒ͤ͘Φ - ˸ ΦΥ ˮ͒͘-͍ͦ ˢ͔ͫͭͪ͡ΈΣ нлл4. - пфр ͫΦ 
7. ˨͔͙͍͙ͣ͒ͦ; ˣΦ˽Φ ˿͙͋ͦͪͤ͟ ͊͒͊͘; ͙ ͔͙͚ͯͨͪ͊͗ͤͤ ͨͦ ͔͙ͣ͊ͭͣ͊ͭ;͔ͫͦͣͯ͟ ͙͊ͤ͊ͯ͘͡Υ ̂;͔͔͋ͤͦ ͙͔ͨͦͫͦ͋Φ - ˸ΦΥ ˮ͒͘-

͍ͦ ˸͍͎ͦͫͦͫͦͦ͟͟ ͯͤ-ͭ͊Σ ͔̉˾ͦΣ мффтΦ - снп ͫΦ 
 

 

  



 
216 Modern European Researches No 3 (ǘ.1) / 202 2 

Nail A . Khasanov, 
Candidate of Physical and Mathematical Sciences, Associate Professor, Moscow State Technical University  
named after N.E.  Bauman, Moscow 
nail_khasanov@mail.ru 
Oleg N. Biryukov,  
Candidate of Physical and Mathematical Sciences, Associate Professor, Moscow State Technical University 
named after N.E. Bauman, Moscow 
onbiryukov@bmstu.ru 
About conducting classes on the topic " calculation of curvilinear integrals " 
Abstract.  In order to improve the level of mathematical training of students, it is necessary to pay special 
attention to the basic issues of mathematics. The study of curvilinear integrals is an important component 
of the mathematical education of students and is a mandatory topic in the course of mathematical analysis 
for students of mathematical and technical specialties. Successful mastering of this topic helps students to 
solve theoretical and applied problems of physics, mechanics and related engineering disciplines. The con-
tent of the article is of interest to both teachers and students.  
Keyword: calculation of curvilinear integrals, application of curvilinear integrals, Green 's equation.  
  



 
217 Modern European Researches No 3 (ǘ.1) / 202 2 

 

Ǔǋǐǔǘǔǖǡǋ ǒǋǘǔǊǎǝǋǗǐǎǋ ǈǔǕǖǔǗǡ ǕǖǋǕǔǊǆǈǆǓǎǥ  
ǔǕǘǎǒǆǑǢǓǔǉǔ ǙǕǖǆǈǑǋǓǎǥ ǈ ǘǋǛǓǎǝǋǗǐǔǒ ǙǓǎǈǋǖǗǎǘǋǘǋ 

 

 

ǆǳǳǴǸǦǼǮȅ 

ǈ ǷǸǦǸȂǫ ǵǶǫǪǱǴǬǫǳǦ ǲǫǸǴǪǮǰǦ ǮǭǱǴǬǫǳǮȅ Ǹǫǲȁ çǍǦǪǦǽǦ ǴǵǸǮǲǦǱȂǳǴǩǴ ǹǵǶǦǨǱǫǳǮȅ Ǩ 
ǺǴǶǲǫ ǕǴǳǸǶȅǩǮǳǦè Ǩ ǶǦǲǰǦǻ ǰǹǶǷǦ (ǲǴǪǹǱȅ) çǈǦǶǮǦǼǮǴǳǳǴǫ ǮǷǽǮǷǱǫǳǮǫè. ǖǦǷǷǲǴǸǶǫǳ 
ǲǫǸǴǪ ǶǫǾǫǳǮȅ ǵǶǴǷǸǫǯǾǫǩǴ ǨǦǶǮǦǳǸǦ ǭǦǪǦǽǮ ǕǴǳǸǶȅǩǮǳǦ Ƿ ǺǮǰǷǮǶǴǨǦǳǳȁǲǮ ǩǶǦǳǮ-
ǼǦǲǮ Ǯ ǧǫǭ ǴǩǶǦǳǮǽǫǳǮǯ ǸǮǵǦ ǳǫǶǦǨǫǳǷǸǨ. ǕǶǮǨǫǪǫǳǦ ǺǴǶǲǹǱǮǶǴǨǰǦ ǵǶǮǳǼǮǵǦ ǲǦǰǷǮ-
ǲǹǲǦ ǕǴǳǸǶȅǩǮǳǦ ǪǱȅ ǪǦǳǳǴǩǴ ǨǮǪǦ ǭǦǪǦǽ ǴǵǸǮǲǦǱȂǳǴǩǴ ǹǵǶǦǨǱǫǳǮȅ. ǕǴǪǶǴǧǳǴ ǶǦǭǴ-
ǧǶǦǳ ǵǶǮǲǫǶ ǶǫǾǫǳǮȅ ǭǦǪǦǽǮ. ǗǴǪǫǶǬǦǳǮǫ ǷǸǦǸȂǮ ǧǹǪǫǸ ǵǴǱǫǭǳǴ ǷǸǹǪǫǳǸǦǲ Ǯ ǵǶǫǵǴǪǦ-
ǨǦǸǫǱȅǲ ǸǫǻǳǮǽǫǷǰǮǻ ǹǳǮǨǫǶǷǮǸǫǸǴǨ. 

 

ǐǱȄǽǫǨȁǫ ǷǱǴǨǦ 

ǺǹǳǰǼǮǴǳǦǱ, ǨǦǶǮǦǼǮǴǳǳǦȅ ǭǦǪǦǽǦ, ǭǦǪǦǽǦ ǴǵǸǮǲǦǱȂǳǴǩǴ ǹǵǶǦǨǱǫǳǮȅ,  
ǴǵǸǮǲǦǱȂǳȁǯ ǵǶǴǼǫǷǷ, ǵǶǮǳǼǮǵ ǲǦǰǷǮǲǹǲǦ ǕǴǳǸǶȅǩǮǳǦ  
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ǈǨǫǪǫǳǮǫ 
 

ǔǧǶǦǭǴǨǦǸǫǱȂǳȁǫ ǵǶǴǩǶǦǲǲȁ ǵǴ ǶǦǭǱǮǽǳȁǲ ǳǦǵǶǦǨǱǫǳǮȅǲ ǵǴǪǩǴǸǴǨǰǮ ǷǸǹǪǫǳǸǴǨ 
ǒǉǘǙ Ǯǲ. Ǔ.ǣ.ǇǦǹǲǦǳǦ ǨǰǱȄǽǦȄǸ Ǩ Ƿǫǧȅ ǲǴǪǹǱȂ çǈǦǶǮǦǼǮǴǳǳǴǫ ǮǷǽǮǷǱǫǳǮǫè. ǈ ǶǦǲǰǦǻ 
ȃǸǴǩǴ ǲǴǪǹǱȅ ǸǶǦǪǮǼǮǴǳǳǴ ǮǭǱǦǩǦȄǸǷȅ ǲǫǸǴǪȁ ǶǫǾǫǳǮȅ ǶǦǭǱǮǽǳȁǻ ǨǦǶǮǦǼǮǴǳǳȁǻ ǭǦ-
ǪǦǽ, Ǧ ǸǦǰǬǫ ǴǧǿǦȅ ǭǦǪǦǽǦ ǑǦǩǶǦǳǬǦ Ǩ ǺǴǶǲǫ ǕǴǳǸǶȅǩǮǳǦ, ǰǴǸǴǶǹȄ ǵǶǮǳȅǸǴ ǺǴǶǲǹ-
ǱǮǶǴǨǦǸȂ Ǩ ǶǦǲǰǦǻ ǲǦǸǫǲǦǸǮǽǫǷǰǴǯ ǲǴǪǫǱǮ ǹǵǶǦǨǱȅǫǲǴǩǴ ǴǧȀǫǰǸǦ (Ƿǲ., ǳǦǵǶǮǲǫǶ, [1-
5]). ǍǦǪǦǽǦ ǑǦǩǶǦǳǬǦ ǴǧȀǫǪǮǳȅǫǸ Ǩ ǷǨǴǫǯ ǵǴǷǸǦǳǴǨǰǫ ǹǷǱǴǨǮȅ ǨǦǶǮǦǼǮǴǳǳȁǻ ǭǦǪǦǽ 
ǳǫǷǰǴǱȂǰǮǻ ǸǮǵǴǨ Ǯ ǲǴǬǫǸ ǧȁǸȂ ǶǫǾǫǳǦ ǲǫǸǴǪǦǲǮ ǨǦǶǮǦǼǮǴǳǳǴǩǴ ǮǷǽǮǷǱǫǳǮȅ. ǕǴ ȃǸǴǯ 
ǵǶǮǽǮǳǫ ǪǦǳǳǦȅ ǭǦǪǦǽǦ ǴǸǳǴǷǮǸǷȅ ǰ ǰǱǦǷǷǹ ǭǦǪǦǽ ǨǦǶǮǦǼǮǴǳǳǴǩǴ ǮǷǽǮǷǱǫǳǮȅ. ǓǦǵǴǲ-
ǳǮǲ, ǽǸǴ ǺǹǳǰǼǮǮ, ǴǸ ǰǴǸǴǶȁǻ ǭǦǨǮǷǮǸ ǺǹǳǰǼǮǴǳǦǱ Ǩ ǭǦǪǦǽǦǻ ǰǱǦǷǷǮǽǫǷǰǴǩǴ ǨǦǶǮǦǼǮ-
ǴǳǳǴǩǴ ǮǷǽǮǷǱǫǳǮȅ, ǵǶǫǪǵǴǱǦǩǦȄǸǷȅ ǳǫǵǶǫǶȁǨǳǴ ǪǮǺǺǫǶǫǳǼǮǶǹǫǲȁǲǮ (Ǯ, ǫǷǱǮ ǳǫǴǧ-
ǻǴǪǮǲǴ, ǳǫǷǰǴǱȂǰǴ ǶǦǭ), Ǧ ǹǵǶǦǨǱǫǳǮǫ Ǩ ǭǦǪǦǽǫ ǑǦǩǶǦǳǬǦ ǪǴǱǬǳǴ ǧȁǸȂ ǭǦǪǦǳǴ ǳǫǵǶǫ-
ǶȁǨǳȁǲǮ ǺǹǳǰǼǮȅǲǮ.  

ǋǷǱǮ ǴǷǱǦǧǮǸȂ ǹǷǱǴǨǮȅ ǳǦ ǺǹǳǰǼǮǮ, ǸǴ ǳǦǶǹǾǦǸǷȅ ǹǷǱǴǨǮȅ ǸǫǴǶǫǲ Ǵ ǳǫǴǧǻǴǪǮǲȁǻ 
ǹǷǱǴǨǮȅǻ ȃǰǷǸǶǫǲǹǲǴǨ ǺǹǳǰǼǮǴǳǦǱǴǨ Ǩ ǨǦǶǮǦǼǮǴǳǳȁǻ ǭǦǪǦǽǦǻ, ǸǫǴǶǫǲȁ ǽǦǷǸǮǽǳǴ ǵǫ-
ǶǫǷǸǦǳǹǸ ǶǦǧǴǸǦǸȂ Ǯ ǵǴǸǶǫǧǹǫǸǷȅ ǵǶǮǲǫǳǫǳǮǫ ǪǶǹǩǮǻ ǲǫǸǴǪǴǨ ǶǫǾǫǳǮȅ ǵǴǷǸǦǨǱǫǳǳȁǻ 
ǭǦǪǦǽ. ǎǲǫǳǳǴ ǲǳǴǬǫǷǸǨǴ ǪǴǵǹǷǸǮǲȁǻ ǺǹǳǰǼǮǯ ǴǵǶǫǪǫǱȅǫǸ ǰ ǰǦǰǴǲǹ ǸǮǵǹ ǴǸǳǴǷǮǸǷȅ 
ǶǦǷǷǲǦǸǶǮǨǦǫǲǦȅ ǭǦǪǦǽǦ: ǰ ǭǦǪǦǽǦǲ ǨǦǶǮǦǼǮǴǳǳǴǩǴ ǮǷǽǮǷǱǫǳǮȅ ǮǱǮ ǴǵǸǮǲǦǱȂǳǴǩǴ 
ǹǵǶǦǨǱǫǳǮȅ. ǕǶǫǪǷǸǦǨǱȅǫǸǷȅ ǰǶǦǯǳǫ ǵǴǱǫǭǳȁǲ Ǩ ǶǦǲǰǦǻ ǴǪǳǴǩǴ ǰǹǶǷǦ ǷǶǦǨǳǮǸȂ ǲǫ-
ǸǴǪȁ ǶǫǾǫǳǮȅ ǪǨǹǻ ǭǦǪǦǽ ǸǫǴǶǮǮ ǴǵǸǮǲǮǭǦǼǮǮ, ǵǴǷǸǦǳǴǨǰǮ ǰǴǸǴǶȁǻ ǴǽǫǳȂ ǵǴǻǴǬǮ. 
ǕǴȃǸǴǲǹ ǮǭǹǽǫǳǮǫ Ǹǫǲȁ çǍǦǪǦǽǦ ǕǴǳǸǶȅǩǮǳǦè Ǩ ǶǦǲǰǦǻ ǰǹǶǷǦ (ǮǱǮ ǲǴǪǹǱȅ) çǈǦǶǮǦǼǮ-
ǴǳǳǴǫ ǮǷǽǮǷǱǫǳǮǫè ǵǶǫǪǷǸǦǨǱȅǫǸǷȅ ǴǧǴǷǳǴǨǦǳǳȁǲ. ǘǦǰǬǫ ȃǸǦ ǸǫǲǦ ǮǭǹǽǦǫǸǷȅ Ǩ ǰǹǶǷǫ 
çǔǵǸǮǲǦǱȂǳǴǫ ǹǵǶǦǨǱǫǳǮǫè. 
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ǒǫǸǴǪǴǱǴǩǮȅ Ǯ ǶǫǭǹǱȂǸǦǸȁ ǮǷǷǱǫǪǴǨǦǳǮȅ 
 

ǍǦǪǦǽǦ ǕǴǳǸǶȅǩǮǳǦ ǺǴǶǲǹǱǮǶǹǫǸǷȅ Ǩ ǶǦǲǰǦǻ ǲǦǸǫǲǦǸǮǽǫǷǰǴǯ ǲǴǪǫǱǮ ǹǵǶǦǨǱȅǫ-
ǲǴǩǴ ǴǧȀǫǰǸǦ, ǮǷǵǴǱȂǭǹǫǲǴǯ Ǩ ǴǵǸǮǲǦǱȂǳǴǲ ǹǵǶǦǨǱǫǳǮǮ (Ƿǲ., ǳǦǵǶǮǲǫǶ, [2],[5]).   

 
ǕǴǷǸǦǳǴǨǰǦ ǭǦǪǦǽǮ ǕǴǳǸǶȅǩǮǳǦ 

ǖǦǷǷǲǴǸǶǮǲ ǷǱǫǪǹȄǿǹȄ ǭǦǪǦǽǹ ǴǵǸǮǲǦǱȂǳǴǩǴ ǹǵǶǦǨǱǫǳǮȅ Ǩ ǵǴǳǸǶȅǩǮǳǷǰǴǯ 
ǺǴǶǲǫ (ǭǦǪǦǽǹ ǕǴǳǸǶȅǩǮǳǦ):  

ὐὼȟό ὪὸȟὼȟόὨὸ ‪ ὸȟὸȟὼὸȟὼὸ  άὭὲȟ 

 ὼ  •ὸȟὼȟόȟ   (i)  
 

   ᷿ ὪὸȟὼȟόὨὸ ‪ ὸȟὸȟὼὸȟὼὸ πȟὮ ρȟȣȟάȟ (ii)  

 όὸᶰὟȟᶅὸɴ ɝ ὸȟὸȟὟᶰὙȟ (iii)  

ὼ ὼȟȣȟὼ ȟό όȟȣȟό ȟ• •ȟȣȟ• ȟ 
 ὼ ὸȟȣȟὼ ὸ ɴὑὅɝȟό ὸȟȣȟό ὸ ɴὑὅɝȢ  (iv) 

 
 ǙǸǴǽǳǮǲ ǳǫǰǴǸǴǶȁǫ ǪǫǸǦǱǮ ǵǴǷǸǦǳǴǨǰǮ ǭǦǪǦǽǮ ǕǴǳǸǶȅǩǮǳǦ. ǝǮǷǱǦ ὸȟὸ , ǺǹǳǰǼǮǮ 

•ȟὪȟ‪ ǹǰǦǭǦǳǳȁǻ ǵǫǶǫǲǫǳǳȁǻ Ǯ ǵǨǲǧǸǹȃ ǺǶǷǧǩǲǬǴǯȆ ὟᶰὙ  ǵǶǫǪǵǴǱǦǩǦȄǸǷȅ ǭǦǪǦǳ-

ǳȁǲǮ. ǓǦ ǺǹǳǰǼǮǮ •ȟὪȟ‪ ǪǦǱǫǫ ǧǹǪǹǸ ǳǦǱǴǬǫǳȁ ǪǴǵǴǱǳǮǸǫǱȂǳȁǫ ǹǷǱǴǨǮȅ ǪǮǺǺǫ-

ǶǫǳǼǮǶǹǫǲǴǷǸǮ. ǗǮǲǨǴǱǴǲ ὑὅɝ  ǴǧǴǭǳǦǽǫǳǴ ǵǶǴǷǸǶǦǳǷǸǨǴ ǰǹǷǴǽǳǴ-ǳǫǵǶǫǶȁǨǳȁǻ 
ǺǹǳǰǼǮǯ ǳǦ ǴǸǶǫǭǰǫ ɝ. ǣǸǴ ǵǶǴǷǸǶǦǳǷǸǨǴ ǷǴǷǸǴǮǸ ǺǹǳǰǼǮǯ, ǮǲǫȄǿǮǻ ǳǦ ǴǸǶǫǭǰǫ ɝ ǳǫ 
ǧǴǱǫǫ ǰǴǳǫǽǳǴǩǴ ǽǮǷǱǦ ǸǴǽǫǰ ǶǦǭǶȁǨǦ, ǵǶǮǽǫǲ ǨǷǫ ǸǴǽǰǮ ǶǦǭǶȁǨǦ ȅǨǱȅȄǸǷȅ ǸǴǽǰǦǲǮ 
ǶǦǭǶȁǨǦ ǵǫǶǨǴǩǴ ǶǴǪǦ (Ǩ ǸǴǽǰǦǻ ǶǦǭǶȁǨǴǨ ǷǹǿǫǷǸǨǹȄǸ ǰǴǳǫǽǳȁǫ ǵǶǫǪǫǱȁ ǷǱǫǨǦ Ǯ 
ǷǵǶǦǨǦ, ǳǦ ǰǴǳǼǦǻ ǴǸǶǫǭǰǦ ǴǪǳǴǷǸǴǶǴǳǳǮǫ ǵǶǫǪǫǱȁ ǸǦǰǬǫ ǷǹǿǫǷǸǨǹȄǸ Ǯ ǰǴǳǫǽǳȁ). 

ǕǶǴǷǸǶǦǳǷǸǨǴ ὑὅɝ ǷǴǷǸǴǮǸ Ǯǭ ǺǹǳǰǼǮǯ, ǳǫǵǶǫǶȁǨǳȁǻ ǳǦ ǴǸǶǫǭǰǫ ɝ, ǵǶǴǮǭǨǴǪǳȁǫ 
ǰǴǸǴǶȁǻ ȅǨǱȅȄǸǷȅ ǰǹǷǴǽǳǴ-ǳǫǵǶǫǶȁǨǳȁǲǮ ǺǹǳǰǼǮȅǲǮ ǳǦ ȃǸǴǲ ǴǸǶǫǭǰǫ. 

ǕǴǷǸǦǨǱǫǳǳǦȅ ǭǦǪǦǽǦ ǵǶǫǪǷǸǦǨǱȅǫǸ ǷǴǧǴǯ ǹǵǶǴǿǫǳǳȁǯ ǨǦǶǮǦǳǸ ǭǦǪǦǽǮ ǕǴǳǸǶȅ-
ǩǮǳǦ (ǴǸǶǫǭǴǰ ǮǳǸǫǩǶǮǶǴǨǦǳǮȅ ǭǦǪǦǳ Ǯ ǴǸǷǹǸǷǸǨǹȄǸ ǴǩǶǦǳǮǽǫǳǮȅ ǸǮǵǦ ǳǫǶǦǨǫǳǷǸǨ ǳǦ 
ǺǹǳǰǼǮǴǳǦǱȁ ǨǮǪǦ (2)) Ǯ ǫǩǴ ǧǹǪǫǸ ǪǴǷǸǦǸǴǽǳǴ ǪǱȅ ǪǫǲǴǳǷǸǶǦǼǮǮ ǲǫǸǴǪǴǨ ǸǫǴǶǮǮ Ǵǵ-
ǸǮǲǦǱȂǳǴǩǴ ǹǵǶǦǨǱǫǳǮȅ. ǔǧǿǹȄ ǵǴǷǸǦǳǴǨǰǹ ǭǦǪǦǽǮ Ǯ ǲǫǸǴǪȁ ǫǫ ǶǫǾǫǳǮȅ ǲǴǬǳǴ ǳǦǯǸǮ, 
ǳǦǵǶǮǲǫǶ, Ǩ [2-3].  

ǔǸǲǫǸǮǲ ǪǨǦ ǶǦǭǱǮǽǮȅ ǵǴǷǸǦǳǴǨǴǰ ǭǦǪǦǽ ǑǦǩǶǦǳǬǦ Ǯ ǕǴǳǸǶȅǩǮǳǦ (Ƿǲ., ǳǦǵǶǮǲǫǶ, 
[3],[5]). ǈǴ-ǵǫǶǨȁǻ, Ǩ ǭǦǪǦǽǫ ǕǴǳǸǶȅǩǮǳǦ ǵǴȅǨǱȅȄǸǷȅ ǴǩǶǦǳǮǽǫǳǮȅ ǳǦ ǹǵǶǦǨǱȅȄǿǮǫ 

ǵǦǶǦǲǫǸǶȁ, ǴǵǶǫǪǫǱȅǫǲȁǫ ǴǧǱǦǷǸȂȄ ǹǵǶǦǨǱǫǳǮȅ ὟᶰὙ . ǈǴ-ǨǸǴǶȁǻ, ǮǭǲǫǳȅȄǸǷȅ 

ǰǱǦǷǷȁ ǺǹǳǰǼǮǯ, ǴǵǶǫǪǫǱȅȄǿǮǫ ǺǦǭǴǨǹȄ ǸǶǦǫǰǸǴǶǮȄ ὼὸ ὼ ὸȟȣȟὼ ὸ  Ǯ ǹǵǶǦǨ-

ǱǫǳǮǫ όὸ ό ὸȟȣȟό ὸȢ ǓǦǱǮǽǮǫ ǹǷǱǴǨǮǯ (4) ǳǫ ǵǴǭǨǴǱȅǫǸ ǴǸǳǫǷǸǮ ǶǦǷǷǲǦǸǶǮǨǦ-
ǫǲǹȄ ǭǦǪǦǽǹ ǰ ǰǱǦǷǷǹ ǭǦǪǦǽ ǨǦǶǮǦǼǮǴǳǳǴǩǴ ǮǷǽǮǷǱǫǳǮȅ Ǯ ǶǫǾǦǸȂ ǫǫ ǷǴǴǸǨǫǸǷǸǨǹȄ-

ǿǮǲǮ ǲǫǸǴǪǦǲǮ. ǓǦǱǮǽǮǫ ǹǷǱǴǨǮȅ ǰǹǷǴǽǳǴǯ ǳǫǵǶǫǶȁǨǳǴǷǸǮ ǨǫǰǸǴǶǳǴǯ ǺǹǳǰǼǮǮ όὸ 
Ǩ ǭǦǪǦǽǫ ǕǴǳǸǶȅǩǮǳǦ ǸǶǫǧǹǫǸ ǵǶǮǲǫǳǫǳǮȅ ǲǫǸǴǪǴǨ ǴǵǸǮǲǦǱȂǳǴǩǴ ǹǵǶǦǨǱǫǳǮȅ.  

ǓǦǵǴǲǳǮǲ ǷǱǫǪǹȄǿǮǫ ǴǵǶǫǪǫǱǫǳǮȅ. 
1. ǕǦǶǦ ‚ ὼὸȟόὸ  ǳǦǭȁǨǦǫǸǷȅ ǺǶǷǧǩǲȆǬǳȂǳ ǶǷǵǽǬǸǸǵǳ (ǙǕ) Ǩ ǭǦǪǦǽǫ ǕǴǳǸ-

ǶȅǩǮǳǦ, ǫǷǱǮ ǴǳǦ ǹǪǴǨǱǫǸǨǴǶȅǫǸ ǹǷǱǴǨǮȅǲ (3), (4) Ǯ ǨǴ ǨǷǫǻ ǸǴǽǰǦǻ ǳǫǵǶǫǶȁǨǳǴǷǸǮ 
ǹǵǶǦǨǱǫǳǮȅ όὸ ǳǦ ǮǳǸǫǶǨǦǱǫ ὸȟὸ  ǨȁǵǴǱǳǫǳǴ ǹǷǱǴǨǮǫ (1).  

2. ǙǵǶǦǨǱȅǫǲȁǯ ǵǶǴǼǫǷǷ ‚ ὼὸ,όὸ  ǳǦǭȁǨǦǫǸǷȅ ǫǵǶǺǸǹǯǳȂǳ ǺǶǷǧǩǲȆǬǳȂǳ 
ǶǷǵǽǬǸǸǵǳ (ǊǙǕ), ǫǷǱǮ ǪǱȅ ǳǫǩǴ ǨȁǵǴǱǳȅȄǸǷȅ ǹǷǱǴǨǮȅ (2).  
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3. ǊǴǵǹǷǸǮǲȁǯ ǹǵǶǦǨǱȅǫǲȁǯ ǵǶǴǼǫǷǷ ‚ ὼὸ, όὸ, ǳǦǭȁǨǦǫǸǷȅ (ǱǴǰǦǱȂǳǴ) ǵǶ-
ǹǯǳǧǲȃǴȂǳ ǶǷǵǽǬǸǸǵǳ (ǔǕ), ǫǷǱǮ ǷǹǿǫǷǸǨǹǫǸ ǸǦǰǴǫ ‏ π, ǽǸǴ ǪǱȅ ǱȄǧǴǩǴ ǪǴǵǹǷǸǮ-
ǲǴǩǴ ǹǵǶǦǨǱȅǫǲǴǩǴ ǵǶǴǼǫǷǷǦ ‚ ὼὸ, όὸ  , ǪǱȅ ǰǴǸǴǶǴǩǴ ᴁὼὸ ὼὸᴁ πȟ ǨȁǵǴǱ-
ǳȅǫǸǷȅ ǳǫǶǦǨǫǳǷǸǨǴ ὐὼȟό  ὐὼȟό .  

ǒǫǸǴǪ ǶǫǾǫǳǮȅ ǭǦǪǦǽǮ ǕǴǳǸǶȅǩǮǳǦ (Ǹ.ǫ. ǳǦǻǴǬǪǫǳǮǫ ǨǷǫǻ ǴǵǸǮǲǦǱȂǳȁǻ ǵǶǴǼǫǷ-

ǷǴǨ ‚ ὼὸ, όὸ  ǴǷǳǴǨǦǳ ǳǦ ǷǱǫǪǹȄǿǫǯ ǸǫǴǶǫǲǫ.  
 

ǕǶǮǳǼǮǵ ǲǦǰǷǮǲǹǲǦ ǕǴǳǸǶȅǩǮǳǦ 

ǕǹǷǸȂ ‚ ὼὸ, όὸ  ð ǴǵǸǮǲǦǱȂǳȁǯ ǵǶǴǼǫǷǷ Ǩ ǭǦǪǦǽǫ ǕǴǳǸǶȅǩǮǳǦ, ǺǹǳǰǼǮǮ •ȟὪ 

Ǯ Ǯǻ ǽǦǷǸǳȁǫ ǵǶǴǮǭǨǴǪǳȁǫ ǳǫǵǶǫǶȁǨǳȁ ǳǦ ǲǳǴǬǫǷǸǨǫ ὠ Ὗȟ ǩǪǫ ὠ ð ǳǫǰǴǸǴǶǦȅ ǴǰǶǫǷǸ-

ǳǴǷǸȂ ǲǳǴǬǫǷǸǨǦ ὸȟὼὸ ὸ᷄ɴ ɝ, Ǧ ǺǹǳǰǼǮǮ ‪  ǳǫǵǶǫǶȁǨǳǴ ǪǮǺǺǫǶǫǳǼǮ-Ƕǹǫǲȁ Ǩ 

ǴǰǶǫǷǸǳǴǷǸǮ ǸǴǽǰǮ ὸȟὸȟὼὸȟὼὸ . 
ǘǴǩǪǦ ǳǦǯǪǹǸǷȅ ǲǳǴǬǮǸǫǱǮ ǑǦǩǶǦǳǬǦ ɤ ‗ȟὴ  ‗ȟȣȟ‗ȟὴ ὸȟȣȟὴ ὸ ),  

‗ȟȣȟ‗ ᶰὙȟὴ ὸȟȣȟὴ ὸ ɴ ὑὅ ɝ, ǳǫ ǶǦǨǳȁǫ ǳǹǱȄ ǴǪǳǴǨǶǫǲǫǳǳǴ, Ǯ ǸǦǰǮǫ, ǽǸǴ 
ǪǱȅ ǺǹǳǰǼǮǮ ǑǦǩǶǦǳǬǦ 

 ὒ  В ‗ Ὢὸȟὼȟό В ὴ ὸὼ • ὸȟὼȟό  (v) 

ǨȁǵǴǱǳǫǳȁ ǹǷǱǴǨǮȅ 

1. ǷǸǦǼǮǴǳǦǶǳǴǷǸǮ ǵǴ ὼ ð ǹǶǦǨǳǫǳǮȅ ǣǯǱǫǶǦ-ǑǦǩǶǦǳǬǦ ǵǴ ὼȡ ὴ ὒ Ƞ 

2. ǸǶǦǳǷǨǫǶǷǦǱȂǳǴǷǸǮ ǵǴ ὼ: ὴὸ ρ   ȟὯ πȟρ, ǩǪǫ  

 ὰ  В ‗‪ ὸȟὸȟὼὸȟὼὸ Ƞ (vi) 

3. ǴǵǸǮǲǦǱȂǳǴǷǸǮ ǵǴ ό ð ǵǶǮǳǼǮǵ ǲǮǳǮǲǹǲǦ Ǩ ǱǦǩǶǦǳǬǫǨǴǯ ǺǴǶǲǫ 

 ÍÉÎ
ᶰ
ὒὸȟὼὸȟὼ ὸȟό  ὒὸȟὼὸȟὼ ὸȟόὸ ȟ  

ǮǱǮ Ǩ ǩǦǲǮǱȂǸǴǳǴǨǴǯ (ǵǴǳǸǶȅǩǮǳǷǰǴǯ) ǺǴǶǲǫ Ǩ ǨǮǪǫ ǶǷǯǴǽǯǶǧ ǳǧǱǸǯǳǺǳǧ 

 ÍÁØ
ᶰ
Ὄὸȟὼὸȟόȟὴὸ Ὄὸȟὼὸȟόὸȟὴὸȟ (vii)  

ǩǪǫ Ὄ ð ǺǹǳǰǼǮȅ ǕǴǳǸǶȅǩǮǳǦ (ǺǹǳǰǼǮȅ ǉǦǲǮǱȂǸǴǳǦ ǮǱǮ ǩǦǲǮǱȂǸǴǳǮǦǳ): 

 Ὄὸȟὼȟόȟὴ ὴὼ ὒ В ὴ ὸ• ὸȟὼȟό  В ‗ ὪὸȟὼȟόȢ (viii)  

ǗǻǫǲǦ ǶǫǾǫǳǮȅ ǭǦǪǦǽǮ ǑǦǩǶǦǳǬǦ 
1. ǗǴǷǸǦǨǮǸȂ ǨǷǵǴǲǴǩǦǸǫǱȂǳȁǯ ǺǹǳǰǼǮǴǳǦǱ 

ὐὼȟόȠὴȟ‗ ὒ Ὠὸ ὰ ȟ 

ǩǪǫ ǺǹǳǰǼǮǮ ὒ Ǯ ὰ ǭǦǪǦȄǸǷȅ ǺǴǶǲǹǱǦǲǮ (5) Ǯ (6).  
ǈǫǰǸǴǶ ɤ ‗ȟὴ  ‗ȟȣȟ‗ȟὴ ὸȟȣȟὴ ὸ ), ‗ȟȣȟ‗ ᶰὙȟὴ ὸȟȣȟὴ ὸ ɴ

 ὑὅ ɝȟ ǳǦǭȁǨǦǫǸǷȅ ǩǬǱǹǵǷǵǳ ǳǴǵǭǯǹǬǲǬǰ ǒǧǪǷǧǴǭǧ.  
2. ǈȁǵǮǷǦǸȂ ǳǫǴǧǻǴǪǮǲȁǫ ǹǷǱǴǨǮȅ ǴǵǸǮǲǦǱȂǳǴǩǴ ǵǶǴǼǫǷǷǦ:  

(a) ǹǶǦǨǳǫǳǮȅ ǣǯǱǫǶǦ-ǑǦǩǶǦǳǬǦ ǪǱȅ ὼ: ὴ ὒ  ;  

(b) ǹǷǱǴǨǮȅ ǸǶǦǳǷǨǫǶǷǦǱȂǳǴǷǸǮ: ὴὸ ρ   ȟὯ πȟρȠ 

(c) ǴǵǸǮǲǦǱȂǳǴǷǸȂ ǵǴ ό ð ǵǶǮǳǼǮǵ ǲǦǰǷǮǲǹǲǦ (7):  

 όὸ  ÁÒÇ  ÍÁØ
ᶰ
Ὄὸȟὼὸȟόȟὴὸȟ (ix) 

 
ǩǪǫ Ὄ ð ǺǹǳǰǼǮȅ ǕǴǳǸǶȅǩǮǳǦ (8). 
3. ǓǦǯǸǮ ǪǴǵǹǷǸǮǲȁǫ ǹǵǶǦǨǱȅǫǲȁǫ ǵǶǴǼǫǷǷȁ, ǪǱȅ ǰǴǸǴǶȁǻ ǨȁǵǴǱǳǫǳȁ ǹǷǱǴǨǮȅ 

ǵ.2 ǪǱȅ ǨǫǰǸǴǶǦ ǲǳǴǬǮǸǫǱǫǯ ǑǦǩǶǦǳǬǦ ɤ π. ǘǦǰǮǫ ǵǶǴǼǫǷǷȁ ǧǹǪǫǲ ǳǦǭȁǨǦǸȂ ȃǰǷǸǶǫ-
ǲǦǱȂǳȁǲǮ ǪǴǵǹǷǸǮǲȁǲǮ ǹǵǶǦǨǱȅǫǲȁǲǮ ǵǶǴǼǫǷǷǦǲǮ (ǣǊǙǕ).  

ǍǦǲǫǽǦǳǮǫ. ǕǶǮ ǴǸȁǷǰǦǳǮǮ ǣǊǙǕ ǧȁǨǦǫǸ ǹǪǴǧǳȁǲ ǶǦǷǷǲǴǸǶǫǸȂ ǴǸǪǫǱȂǳǴ ǪǨǦ ǷǱǹ-
ǽǦȅ: 1) ‗ π Ǯ ‗ π. ǈǴ ǨǸǴǶǴǲ ǷǱǹǽǦǫ ǲǴǬǳǴ ǵǴǱǴǬǮǸȂ ‗ ρ ǮǱǮ ǱȄǧǴǯ ǪǶǹǩǴǯ 
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ǵǴǱǴǬǮǸǫǱȂǳǴǯ ǰǴǳǷǸǦǳǸǫ Ǩ ǭǦǪǦǽǫ ǴǸȁǷǰǦǳǮȅ ǲǮǳǮǲǹǲǦ Ǯ ǵǶǴǮǭǨǴǱȂǳǴǯ ǴǸǶǮǼǦǸǫǱȂ-
ǳǴǯ ǰǴǳǷǸǦǳǸǫ Ǩ ǭǦǪǦǽǫ ǴǸȁǷǰǦǳǮȅ ǲǦǰǷǮǲǹǲǦ. 

4. ǗǶǫǪǮ ǳǦǯǪǫǳǳȁǻ Ǩ ǵ.3 ȃǰǷǸǶǫǲǦǱȂǳȁǻ ǪǴǵǹǷǸǮǲȁǻ ǹǵǶǦǨǱȅǫǲȁǻ ǵǶǴǼǫǷǷǴǨ 
ǴǸȁǷǰǦǸȂ ǶǫǾǫǳǮǫ ǭǦǪǦǽǮ ǕǴǳǸǶȅǩǮǳǦ ǮǱǮ ǪǴǰǦǭǦǸȂ, ǽǸǴ ǭǦǪǦǽǦ ǳǫ ǮǲǫǫǸ ǶǫǾǫǳǮǯ. 

 
ǕǶǮǲǫǶ ǶǫǾǫǳǮȅ ǭǦǪǦǽǮ ǕǴǳǸǶȅǩǮǳǦ 

 ǖǦǷǷǲǴǸǶǮǲ ǷǱǫǪǹȄǿǹȄ ǭǦǪǦǽǹ: 

ὐὼ ὼὨὸάὭὲȟ 

ȿὼȿ ςȟὼ π ὼς ὼς π.  
ǖǫǾǫǳǮǫ. ǕǶǮǨǫǪǫǲ ǭǦǪǦǽǹ ǰ ǨǮǪǹ ǭǦǪǦǽǮ ǕǴǳǸǶȅǩǮǳǦ, ǨǨǫǪȅ ǳǴǨȁǫ ǵǫǶǫǲǫǳǳȁǫ 

ὼ ὼȟὼ  ὼ Ǯ ǹǵǶǦǨǱǫǳǮǫ ό ὼ :  

ὐὼ ὼὨὸ άὭὲȟ 

 
ὼ ὼȟ
 ὼ  όȟ

 

 

ȿόȿ ςȟὼ ς ὼ π ὼ ς πȢ 
 

ǇǹǪǫǲ ǵǶǫǪǵǴǱǦǩǦǸȂ, ǽǸǴ όὸᶰ ὑὅ πȟς . ǘǴǩǪǦ ὼ ὸᶰὑὅ πȟς , ὼὸ ὼ ὸᶰ
ὑὅ πȟς Ȣ ǍǦǲǫǸǮǲ, ǽǸǴ ǵǴǷǱǫǪǳǮǫ ǪǨǦ ǹǷǱǴǨǮȅ ǴǵǶǫǪǫǱȅȄǸǷȅ ǵǫǶǨȁǲ ǹǷǱǴǨǮǫǲ ǪǱȅ 
όὸ.  

 
1. ǗǴǷǸǦǨǮǲ ǨǷǵǴǲǴǩǦǸǫǱȂǳȁǯ ǺǹǳǰǼǮǴǳǦǱ 

ὐὼȟόȠὴȟ‗ ὒὨὸὰȟ 

ǩǪǫ  

ὒ ‗ὼ  ὴ ὸὼ ὼ ὴ ὸὼ ό ȟ 
 

ὰ ‗ὼ ς ‗ ὼ π ‗ ὼ ςȢ  
 

 ǈǨǫǪǫǲ ǨǫǰǸǴǶ ǲǳǴǬǮǸǫǱǫǯ ǑǦǩǶǦǳǬǦ: ɤ ‗ȟὴ  ‗ȟ‗ȟ‗ ȟ‗ȟὴ ὸȟὴ ὸ).   
 
2. ǈȁǵǮǾǫǲ ǳǫǴǧǻǴǪǮǲȁǫ ǹǷǱǴǨǮȅ ǴǵǸǮǲǦǱȂǳǴǩǴ ǵǶǴǼǫǷǷǦ:  

(a) ǹǶǦǨǳǫǳǮȅ ǣǯǱǫǶǦ-ǑǦǩǶǦǳǬǦ ǪǱȅ ὼ: ὴ ὒ ȟὭ ρȟςᵾ
ὴ ‗ȟ
ὴ ὴȠ

  

(b) ǹǷǱǴǨǮȅ ǸǶǦǳǷǨǫǶǷǦǱȂǳǴǷǸǮ ὴὸ ρ   ȟὭ ρȟςȟὯ πȟρȡ 

 ὴ π πȟ ὴ ς ‗ȟὴ π ‗ ȟ ὴ ς ‗ Ƞ  
 
(c) ǴǵǸǮǲǦǱȂǳǴǷǸȂ ǵǴ ό ð ǵǶǮǳǼǮǵ ǲǦǰǷǮǲǹǲǦ:  

 όὸ  ÁÒÇ  ÍÁØ
ᶰ ȟ

Ὄὸȟὼὸȟόȟὴὸ ÁÒÇ  ÍÁØ
ᶰ ȟ

ὴ ὼ ὴ ό ‗ ὼ ȟ (x) 

 
ǩǪǫ Ὄ ὴ ὼ ὴ ό ‗ὼ ð ǺǹǳǰǼǮȅ ǕǴǳǸǶȅǩǮǳǦ. 
 
3. ǓǦǯǪǫǲ ǪǴǵǹǷǸǮǲȁǫ ǹǵǶǦǨǱȅǫǲȁǫ ǵǶǴǼǫǷǷȁ, ǪǱȅ ǰǴǸǴǶȁǻ ǨȁǵǴǱǳǫǳȁ ǹǷǱǴǨǮȅ 

ǵ.2 ǵǶǮ ɤ π.  
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1) ǕǹǷǸȂ ǷǳǦǽǦǱǦ ‗ πȢ ǈ ȃǸǴǲ ǷǱǹǽǦǫ Ǯǭ ǹǶǦǨǳǫǳǮǯ ǣǯǱǫǶǦ-ǑǦǩǶǦǳǬǦ Ǯ ǵǫǶǨǴǩǴ 
ǹǷǱǴǨǮȅ ǸǶǦǳǷǨǫǶǷǦǱȂǳǴǷǸǮ ǧǹǪǫǸ ǷǱǫǪǴǨǦǸȂ, ǽǸǴ ὴ πȟ‗ πȟὴ ὧέὲίὸȢ  

ǒǦǰǷǮǲǹǲ ǺǹǳǰǼǮǮ ǕǴǳǸǶȅǩǮǳǦ Ὄ ὴ ὼ ὴ ό ‗ὼ ǮǿǫǸǷȅ ǵǴ ǵǫǶǫǲǫǳǳǴǯ όᶰ
ςȟς, ǵǶǮ ȃǸǴǲ ǴǷǸǦǱȂǳȁǫ ǦǶǩǹǲǫǳǸȁ ǺǹǳǰǼǮǮ Ὄ  ǵǶǫǪǵǴǱǦǩǦȄǸǷȅ ǵǴǷǸǴȅǳǳȁǲǮ. ǕǴ-

ȃǸǴǲǹ ǵǶǮǳǼǮǵ ǲǦǰǷǮǲǹǲǦ (10) ǲǴǬǳǴ ǭǦǵǮǷǦǸȂ Ǩ ǨǮǪǫ 

 όὸ  ÁÒÇ  ÍÁØ
ᶰ ȟ

ὴ ό ς ÓÉÇÎ ὴ Ô Ȣ (xi)  

ǑǮǳǫǯǳǦȅ ǺǹǳǰǼǮȅ ὴ ό ǳǦ ǴǸǶǫǭǰǫ ςȟς ǪǴǷǸǮǩǦǫǸ ǳǦǮǧǴǱȂǾǫǩǴ ǭǳǦǽǫǳǮȅ ǳǦ ǴǪ-

ǳǴǲ Ǯǭ ǫǩǴ ǰǴǳǼǴǨ. ǕǴȃǸǴǲǹ ǺǹǳǰǼǮȅ όὸ ǵǴǷǸǴȅǳǳǦ ǳǦ ǴǸǶǫǭǰǫ πȟς Ǯ όὸḳ ςȢ ǗǱǫ-

ǪǴǨǦǸǫǱȂǳǴ, ὼ ὸ ὅὸ ὅ. ǑǫǩǰǴ ǨǮǪǫǸȂ, ǽǸǴ Ǵǧǫ ȃǸǮ ǺǹǳǰǼǮǮ ǳǫ ǲǴǩǹǸ ǹǪǴǨǱǫ-
ǸǨǴǶȅǸȂ ǨǷǫǲ ǸǶǫǲ ǩǶǦǳǮǽǳȁǲ ǹǷǱǴǨǮȅǲ ǮǷǻǴǪǳǴǯ ǭǦǪǦǽǮ. ǗǱǫǪǴǨǦǸǫǱȂǳǴ, Ǩ ǷǱǹǽǦǫ 
‗ π ǭǦǪǦǽǦ ǕǴǳǸǶȅǩǮǳǦ ǶǫǾǫǳǮǯ ǳǫ ǮǲǫǫǸ. 

 2) ǕǹǷǸȂ ǸǫǵǫǶȂ ‗ πȢ ǈ ȃǸǴǲ ǷǱǹǽǦǫ Ǩ ǭǦǪǦǽǫ ǴǸȁǷǰǦǳǮȅ ǲǮǳǮǲǹǲǦ ǲǴǬǳǴ ǵǴ-
ǱǴǬǮǸȂ ‗  ρ ǮǱǮ ǱȄǧǴǯ ǪǶǹǩǴǯ ǵǴǱǴǬǮǸǫǱȂǳǴǯ ǰǴǳǷǸǦǳǸǫ. ǕǴǱǴǬǮǲ ‗  ρ. ǘǴǩǪǦ 
Ǯǭ ǹǶǦǨǳǫǳǮǯ ǣǯǱǫǶǦ-ǑǦǩǶǦǳǬǦ Ǯ ǵǫǶǨǴǩǴ ǹǷǱǴǨǮȅ ǸǶǦǳǷǨǫǶǷǦǱȂǳǴǷǸǮ ǵǴǱǹǽǮǲ, ǽǸǴ 

ὴ ὸȟὴ ὸ ὅ. ǊǱȅ ǪǦǱȂǳǫǯǾǫǩǴ ǶǫǾǫǳǮȅ ǳǦǲ ǵǴǳǦǪǴǧǮǸǷȅ ǸǴǱȂǰǴ ǺǹǳǰǼǮȅ 

ὴ ὸȢ ǎǭ ǵǶǮǳǼǮǵǦ ǲǦǰǷǮǲǹǲǦ (11) ǷǱǫǪǹǫǸ, ǽǸǴ ǴǵǸǮǲǦǱȂǳǴǫ ǹǵǶǦǨǱǫǳǮǫ όὸ ǵǶǮǳǮ-
ǲǦǫǸ ǭǳǦǽǫǳǮǫ 2 Ǩ ǸǴǽǰǦǻ, ǩǪǫ ὴ Ô π , Ǯ ǭǳǦǽǫǳǮǫ -2, ǫǷǱǮ ὴ Ô π. ǐǶǴǲǫ ǸǴǩǴ, 
ǶǦǷǷǹǬǪǫǳǮȅ Ǩ ǷǱǹǽǦǫ ‗ π ǵǴǰǦǭǦǱǮ, ǽǸǴ ǺǹǳǰǼǮȅ όὸ ǳǫ ǲǴǬǫǸ ǧȁǸȂ ǵǴǷǸǴȅǳǳǴǯ 
ǳǦ ǨǷǫǲ ǴǸǶǫǭǰǫ πȟς. ǗǱǫǪǴǨǦǸǫǱȂǳǴ, ǺǹǳǰǼǮȅ ὴ ὸ ǪǴǱǬǳǦ ǵǶǮǳǮǲǦǸȂ ǭǳǦǽǫǳǮȅ ǶǦǭ-

ǳȁǻ ǭǳǦǰǴǨ ǳǦ ǴǸǶǫǭǰǫ πȟς , ǸǴ ǫǷǸȂ ǵǦǶǦǧǴǱǦ ὴ ὸ ὅ ǪǴǱǬǳǦ ǵǫǶǫǷǫǰǦǸȂ ǴǸ-

ǶǫǭǴǰ πȟς ǳǦ ǴǷǮ ὸ. ǕǹǷǸȂ ὴ † πȟ†ɴ πȟς (ǫǷǸȂ ǸǴǱȂǰǴ ǴǪǳǦ ǸǴǽǰǦ ǵǫǶǫǷǫǽǫǳǮȅ). 
ǘǴǩǪǦ  

 

 όὸ
ςȟὸ ɴ πȟ†ȟ

ςȟὸ ɴ †ȟςȟ
 ᵼ ὼὸ

ὸ ὅ ὸ  ὅȟὸ ɴ πȟ†ȟ

ὸ ὅ ὸ ὅȟὸ ɴ †ȟςȢ
 

 
ǈ ǵǴǱǹǽǫǳǳǴǲ ǨȁǶǦǬǫǳǮǮ ǪǱȅ ὼὸ  ǳǫǮǭǨǫǷǸǳȁǲǮ ȅǨǱȅȄǸǷȅ 5 ǵǴǷǸǴȅǳǳȁǻ: 

ὅȟὅ ȟὅ ȟὅ Ǯ †. ǊǱȅ Ǯǻ ǳǦǻǴǬǪǫǳǮȅ ǮǷǵǴǱȂǭǹǫǲ ǩǶǦǳǮǽǳȁǫ ǹǷǱǴǨǮȅ ǮǷǻǴǪǳǴǯ ǭǦǪǦǽǮ 
Ǯ ǹǷǱǴǨǮȅ ǳǫǵǶǫǶȁǨǳǴǷǸǮ ǺǹǳǰǼǮǮ ὼὸ Ǯ ǫǫ ǵǶǴǮǭǨǴǪǳǴǯ (ǨǸǴǶǦȅ ǵǶǴǮǭǨǴǪǳǦȅ ǰǹ-
ǷǴǽǳǴ ǳǫǵǶǫǶȁǨǳǦ). ǎǷǵǴǱȂǭǹȅ ǩǶǦǳǮǽǳȁǫ ǹǷǱǴǨǮȅ, ǵǴǱǹǽǮǲ 

 ὼὸ
ὸ ὅȟὸ ɴ πȟ†ȟ

 ὸ τ ὸ τȟὸ ɴ †ȟςȢ
 

 
ǈȁǵǮǾǫǲ ǸǫǵǫǶȂ ǹǷǱǴǨǮȅ ǳǫǵǶǫǶȁǨǳǴǷǸǮ ǺǹǳǰǼǮǮ ὼὸ Ǯ ǫǫ ǵǶǴǮǭǨǴǪǳǴǯ Ǩ ǸǴǽǰǫ †: 

ὸ ὅ᷄   ὸ τ ὸ τ᷄ ȟ
 ςὸ᷄ ςὸ τ᷄ Ȣ

 

 
ǣǸǦ ǷǮǷǸǫǲǦ ǵǴǭǨǴǱȅǫǸ ǴǪǳǴǭǳǦǽǳǴ ǳǦǯǸǮ ǭǳǦǽǫǳǮȅ ǴǷǸǦǱȂǳȁǻ ǰǴǳǷǸǦǳǸ: 

 ὼὸ
ὸ ςȟὸ ɴ πȟρȟ

 ὸ ς ȟὸ ɴ ρȟςȢ
 

4. ǈȁǵǴǱǳǮǲ ǵǶǴǨǫǶǰǹ ǴǵǸǮǲǦǱȂǳǴǷǸǮ ǳǦǯǪǫǳǳǴǩǴ ǶǫǾǫǳǮȅ. ǊǱȅ ȃǸǴǩǴ ǶǦǷǷǲǴǸ-

ǶǮǲ ǵǶǴǮǭǨǴǱȂǳǹȄ ǺǹǳǰǼǮȄ ὼὸᶰὑὅ πȟς , ǹǪǴǨǱǫǸǨǴǶȅȄǿǹȄ ǹǷǱǴǨǮȅǲ ȿὼȿ 
ςȟὼ π ὼς ὼς π, Ǯ ǷǶǦǨǳǮǲ ǭǳǦǽǫǳǮȅ ǺǹǳǰǼǮǴǳǦǱǴǨ ὐὼ Ǯ ὐὼȢ ǊǱȅ ȃǸǴǩǴ 
ǵǶǫǪǷǸǦǨǮǲ ὼ Ǩ ǨǮǪǫ ὼ ὼ Ὣ, ǩǪǫ ǺǹǳǰǼǮȅ Ὣᶰὑὅ πȟς  ǹǪǴǨǱǫǸǨǴǶȅǫǸ ǹǷǱǴǨǮȅǲ 

  ὼ Ὣ ςȟὫ π Ὣς Ὣς πȢ (xii)  

ǘǫǵǫǶȂ ǴǼǫǳǮǲ ǭǳǦǽǫǳǮǫ ǺǹǳǰǼǮǴǳǦǱǦ 
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ὐὼ ὼὨὸ ὼ ὫὨὸὐὼ ὼὨὸȢ 

 
ǊǱȅ ǪǴǰǦǭǦǸǫǱȂǷǸǨǦ ǲǮǳǮǲǦǱȂǳǴǷǸǮ ǭǳǦǽǫǳǮȅ ὐὼ ǪǴǷǸǦǸǴǽǳǴ ǪǴǰǦǭǦǸȂ, ǽǸǴ  

ὼὨὸ ὼὨὸ ὼὨὸπȢ 

ǣǸǴ ǱǫǩǰǴ ǵǶǴǨǫǶǮǸȂ, ǮǷǵǴǱȂǭǹȅ ǷǨǴǯǷǸǨǦ ǺǹǳǰǼǮǮ Ὣὸ. ǊǫǯǷǸǨǮǸǫǱȂǳǴ, Ǩ ǷǮǱǹ 
ǵǫǶǨǴǩǴ ǳǫǶǦǨǫǳǷǸǨǦ Ǩ ǹǷǱǴǨǮȅǻ (12) ǺǹǳǰǼǮȅ Ὣὸ ǨȁǵǹǰǱǦ ǨǨǫǶǻ ǳǦ ǴǸǶǫǭǰǫ πȟρ Ǯ 
ǨȁǵǹǰǱǦ ǨǳǮǭ ǳǦ ǴǸǶǫǭǰǫ ρȟς. ǙǷǱǴǨǮȅ Ὣς Ὣς π ǴǭǳǦǽǦȄǸ, ǽǸǴ Ǩ ǸǴǽǰǫ ὸ ς 
ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ ὼ Ὣὸ ǰǦǷǦǫǸǷȅ ǴǷǮ ὸ, Ǯ, Ǩ ǷǮǱǹ ǨȁǵǹǰǱǴǷǸǮ ǨǳǮǭ ǳǦ ǴǸǶǫǭǰǫ ρȟςȟ 

ǱǫǬǮǸ ǳǫ ǳǮǬǫ ǷǨǴǫǯ ǰǦǷǦǸǫǱȂǳǴǯ ὼ π Ǩ ǸǴǽǰǫ ὸ ς. ǗǱǫǪǴǨǦǸǫǱȂǳǴ, ᷿ὼὨὸπ Ǯ 

Ὣρ π . ǓǦ ǴǸǶǫǭǰǫ πȟρ ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ ὼ  Ὣὸ ǶǦǷǵǴǱǴǬǫǳ ǳǫ ǨȁǾǫ ǷǨǴǫǯ ǰǦǷǦ-
ǸǫǱȂǳǴǯ ὼ Ὣπ. ǘǦǰ ǰǦǰ Ὣρ π, ǸǴ Ὣπ π. ǈ ǷǮǱǹ ǨȁǵǹǰǱǴǷǸǮ ǳǦ ǴǸǶǫǭǰǫ πȟρ 
ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ ὼ Ὣὸ ǳǦ ȃǸǴǲ ǴǸǶǫǭǰǫ ǱǫǬǮǸ ǳǫ ǳǮǬǫ ǷǨǴǫǯ Ƿǫǰǹǿǫǯ, ǷǴǫǪǮǳȅȄ-

ǿǫǯ ǸǴǽǰǮ πȟὫπ  Ǯ ρȟὫρ  . ǗǱǫǪǴǨǦǸǫǱȂǳǴ, ᷿ὼὨὸπȢ ǕǶǴǨǫǶǰǦ ǨȁǵǴǱǳǫǳǦ.  

 
ǍǦǰǱȄǽǫǳǮǫ 

 

ǈ ǶǦǧǴǸǫ ǵǴǰǦǭǦǳǦ ǼǫǱǫǷǴǴǧǶǦǭǳǴǷǸȂ ǮǭǹǽǫǳǮȅ Ǹǫǲȁ çǍǦǪǦǽǦ ǴǵǸǮǲǦǱȂǳǴǩǴ 
ǹǵǶǦǨǱǫǳǮȅ Ǩ ǺǴǶǲǫ ǕǴǳǸǶȅǩǮǳǦè Ǩ ǶǦǲǰǦǻ ǰǹǶǷǦ (ǲǴǪǹǱȅ) çǈǦǶǮǦǼǮǴǳǳǴǫ ǮǷǽǮǷǱǫ-
ǳǮǫè, ǮǭǹǽǦǫǲǴǩǴ Ǩ ǸǫǻǳǮǽǫǷǰǴǲ ǹǳǮǨǫǶǷǮǸǫǸǫ. ǕǶǫǪǱǴǬǫǳǦ ǲǫǸǴǪǮǰǦ ǮǭǱǴǬǫǳǮȅ 
ȃǸǴǯ Ǹǫǲȁ ǪǱȅ ǷǱǹǽǦȅ ǭǦǪǦǽǮ ǕǴǳǸǶȅǩǮǳǦ Ƿ ǺǮǰǷǮǶǴǨǦǳǳȁǲǮ ǩǶǦǳǮǼǦǲǮ Ǯ ǧǫǭ ǴǩǶǦǳǮ-
ǽǫǳǮǯ ǸǮǵǦ ǳǫǶǦǨǫǳǷǸǨ.  

ǗǗǡǑǐǎ Ǔǆ ǎǗǘǔǝǓǎǐǎ 

1. ̏͡Έ͎ͫͦ͡Έͼ ˶Φ̏Φ ˤ͙͊ͪ͊ͼ͙͔ͦͤͤͦ ͙ͫ;͙͔͙͔ͫͤ͡Φ ς ˸ ΦΥ ͙͙̏͒ͭͦͪ͊͡ ̂˾˿˿Σ нлмпΦ нлу ͫΦ 
2. ˤ͊ͤΈͦ͟ ˤΦˮΦΣ ˩ͪͣͦ΄͙ͤ͊ ˻ΦˤΦΣ ˴͍ͯ·͙ͪͤ͟ ˥Φ˹Φ ˤ͙͊ͪ͊ͼ͙͔ͦͤͤͦ ͙ͫ;͙͔͙͔ͫͤ͡ ͙ ͙ͦͨͭͣ͊͡Έ͔ͤͦ ͍͔͙͔ͯͨͪ͊ͤ͡Φ ς ˸ ΦΥ ˮ͒͘-

͍ͦ ˸˥́̂Σ нллсΦ ς пут ͫΦ 
3. ˢ͔͔͔͍ͫ͟͡ ˤΦ˸ΦΣ ˥͔͔͍͊͡ ̏Φ˸ΦΣ ͙́ͻ͙͍ͦͣͪͦ ˤΦ˸Φ ˿͙͋ͦͪͤ͟ ͊͒͊͘; ͨͦ ͙͙ͦͨͭͣ͊͘ͼ͙͙Φ ͔͙́ͦͪΎΦ ˽͙͔ͪͣͪ·Φ ˭͊͒͊;͙Φ ς ˸ ΦΥ 

̅ˮ˭˸ˢ́˶ˮ́Σ нллтΦ ς нрр ͫΦ  
4. ˥͔͔͍͊͡ ̏Φ˸Φ ˻͙͙ͨͭͣ͊͘ͼ͙ΎΥ ͔͙́ͦͪΎΣ ͙͔ͨͪͣͪ·Σ ͊͒͊͘;͙Φ ˮ͒͘ΦсΣ ͙ͫͨͪΦ ς ˸ ΦΥ͙͙̏͒ͭͦͪ͊͡ ̂˾˿˿Σ нлмрΦ ς 3пп ͫΦ  
5. ̆ͦͪΈ͍ͦ͊͟ ˹Φ˥Φ ˻ ͔ͤͦͭͦͪ͟·ͻ ͔͙ͣͭͦ͒;͔͙ͫ͟ͻ ͔͊ͫͨͭ͊͟ͻ ͔͍͙ͨͪͨͦ͒͊͊ͤΎ ͔ͭͣ· ζ˭͊͒͊;͊ ˶͎͊ͪ͊ͤ͗͊ ͍ ͺ͔ͦͪͣ ˽ͦͤͭͪΎπ

͎͙ͤ͊η ͍ ͪ͊ͣ͊͟ͻ ͯͪͫ͊͟ ζˤ͙͊ͪ͊ͼ͙͔ͦͤͤͦ ͙ͫ;͙͔͙͔ͫͤ͡ηκκaƻŘŜǊƴ 9ǳǊƻǇŜŀƴ wŜǎŜŀǊŎƘŜǎΦ ς Salzburg, 2021. ς ¢ΦмΣ ЅоΦ 
ς ˿ Φмоуς145. 
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Some methodological aspects of teaching optimal control at a technical university  
Abstract.  The article proposes a methodology for presenting the topic "Optimal control problem in the 
Pontryagin form" within the course (module) "Calculus of variations". A method for solving the simplest 
version of the Pontryagin problem with fixed boundaries and without constraints of inequalities type is 
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ǚǔǖǒǎǖǔǈǆǓǎǋ ǒǔǘǎǈǆǜǎǎ ǐ ǕǖǔǋǐǘǓǔǏ ǊǋǥǘǋǑǢǓǔǗǘǎ ǔǇǙǝǆǤǟǎǛǗǥ  
Ǔǆ Ǖǖǎǒǋǖǋ ǎǍǙǝǋǓǎǥ ǘǋǒǡ çǕǖǎǒǋǓǋǓǎǋ ǕǖǔǎǍǈǔǊǓǔǏè 

 

 

ǆǳǳǴǸǦǼǮȅ 

ǆǰǸǹǦǱȂǳǴǷǸȂ ǶǦǷǷǲǦǸǶǮǨǦǫǲǴǯ ǵǶǴǧǱǫǲȁ ǴǧǹǷǱǴǨǱǫǳǦ ǨǦǬǳǴǷǸȂȄ ǺǴǶǲǮǶǴǨǦǳǮȅ 
ǳǦǨȁǰǴǨ Ǯ ǲǴǸǮǨǦǼǮǮ ǴǧǹǽǦȄǿǮǻǷȅ ǰ ǮǷǷǱǫǪǴǨǦǸǫǱȂǷǰǴǯ Ǯ ǵǶǴǫǰǸǳǴǯ ǪǫȅǸǫǱȂǳǴǷǸǮ. 
ǓǦ ǵǶǮǲǫǶǫ ǮǭǹǽǫǳǮȅ Ǹǫǲȁ çǕǶǮǲǫǳǫǳǮǫ ǵǶǴǮǭǨǴǪǳǴǯè Ǩ ǷǸǦǸȂǫ ǶǦǷǷǲǴǸǶǫǳȁ ǳǫǰǴǸǴ-
Ƕȁǫ ǭǦǪǦǽǮ ǵǶǮǱǴǬǫǳǮȅ ǵǶǴǮǭǨǴǪǳǴǯ Ǩ ǲǦǸǫǲǦǸǮǰǫ, ǩǫǴǲǫǸǶǮǮ, ǰǴǳǷǸǶǹǮǶǴǨǦǳǮǮ, 
ǦǳǦǱǮǭǫ ȃǰǴǳǴǲǮǽǫǷǰǮǻ ȅǨǱǫǳǮǯ Ǯ ǪǶǹǩǮǻ ǶǦǭǱǮǽǳȁǻ ǴǧǱǦǷǸȅǻ ǳǦǹǰǮ Ǯ ǵǶǦǰǸǮǰǮ. ǜǫ-
ǱȂȄ ǶǦǧǴǸȁ ȅǨǱȅǫǸǷȅ ǬǫǱǦǳǮǫ ǨȁǭǨǦǸȂ ǮǳǸǫǶǫǷ Ǯ ǲǴǸǮǨǦǼǮȄ ǹ ǹǽǦǿǮǻǷȅ ǰ ǪǦǳǳǴǯ 
Ǹǫǲǫ, ǵǴǰǦǭǦǸȂ ǨǦǬǳǴǷǸȂ ǮǭǹǽǫǳǮȅ ǵǴǳȅǸǮȅ ǵǶǴǮǭǨǴǪǳǴǯ ǽǫǶǫǭ ǶǦǷǷǲǴǸǶǫǳǮǫ ǳǫ ǵǶǴ-
ǷǸǴ ǦǧǷǸǶǦǰǸǳȁǻ ǭǦǪǦǽ, Ǧ ǵǶǮǲǫǶǴǨ ǵǶǮǰǱǦǪǳǴǩǴ ǻǦǶǦǰǸǫǶǦ. ǗǴǪǫǶǬǦǳǮǫ ǷǸǦǸȂǮ ǧǹǪǫǸ 
ǵǴǱǫǭǳǴ ǾǰǴǱȂǳǮǰǦǲ, ǷǸǹǪǫǳǸǦǲ ǲǱǦǪǾǮǻ ǰǹǶǷǴǨ, Ǧ ǸǦǰǬǫ ǵǶǫǵǴǪǦǨǦǸǫǱȅǲ. 

 

ǐǱȄǽǫǨȁǫ ǷǱǴǨǦ 

ǵǶǴǮǭǨǴǪǳǦȅ, ǲǦǰǷǮǲǹǲ, ǲǮǳǮǲǹǲ, ȃǰǷǸǶǫǲǹǲ, ǰǶǮǸǮǽǫǷǰǮǫ ǸǴǽǰǮ,  
ǳǦǮǧǴǱȂǾǫǫ Ǯ ǳǦǮǲǫǳȂǾǫǫ ǭǳǦǽǫǳǮȅ ǺǹǳǰǼǮǮ,  
ȃǰǴǳǴǲǮǽǫǷǰǦȅ ǸǫǴǶǮȅ, ǵǶǴǪǹǰǼǮȅ, ǵǶǮǧȁǱȂ 

 

ǆǈǘǔǖǡ 
 

ǝǮǩǮǶȆǨǦ ǔǱȂǩǦ ǤǶȂǫǨǳǦ,  
ǰǦǳǪǮǪǦǸ ǺǮǭǮǰǴ-ǲǦǸǫǲǦǸǮǽǫǷǰǮǻ ǳǦǹǰ, ǪǴǼǫǳǸ 

ǚǉǇǔǙ ǈǔ çǒǴǷǰǴǨǷǰǮǯ ǩǴǷǹǪǦǶǷǸǨǫǳǳȁǯ ǸǫǻǳǮǽǫǷǰǮǯ ǹǳǮǨǫǶǷǮǸǫǸ 
Ǯǲ. Ǔ. ǣ. ǇǦǹǲǦǳǦè, ǩ. ǒǴǷǰǨǦ  

mkfn12@yandex.ru 

 

ǆǻǲǫǸǴǨǦ ǚǦǳǮȅ ǛǦǶǮǷǴǨǳǦ,  
ǰǦǳǪǮǪǦǸ ǺǮǭǮǰǴ-ǲǦǸǫǲǦǸǮǽǫǷǰǮǻ ǳǦǹǰ, ǪǴǼǫǳǸ  

ǚǉǇǔǙ ǈǔ çǒǴǷǰǴǨǷǰǮǯ ǩǴǷǹǪǦǶǷǸǨǫǳǳȁǯ ǸǫǻǳǮǽǫǷǰǮǯ ǹǳǮǨǫǶǷǮǸǫǸ  
Ǯǲ. Ǔ. ǣ. ǇǦǹǲǦǳǦè, ǩ. ǒǴǷǰǨǦ  

dobrich2@mail.ru 
 

ǆǧǪǹǱǱǮǳǦ ǣǱȂǨǮǶǦ ǎǶǫǰǴǨǳǦ,  
ǰǦǳǪǮǪǦǸ ȃǰǴǳǴǲǮǽǫǷǰǮǻǳǦǹǰ, ǪǴǼǫǳǸ 

ǓǦǧǫǶǫǬǳǴǽǫǱǳǮǳǷǰǮǯ ǮǳǷǸǮǸǹǸ ǚǉǆǔǙ ǈǔ çǐǦǭǦǳǷǰǮǯ (ǕǶǮǨǴǱǬǷǰǮǯ) 
ǺǫǪǫǶǦǱȂǳȁǯ ǹǳǮǨǫǶǷǮǸǫǸè, ǩ. ǓǦǧǫǶǫǬǳȁǫ ǝǫǱǳȁ 

abdullina_ei@mail.ru  

 

 
 

ǈǨǫǪǫǳǮǫ 
 

ǒǦǸǫǲǦǸǮǽǫǷǰǮǫ ǲǫǸǴǪȁ ǪǦǨǳǴ Ǯ ǹǷǵǫǾǳǴ ǮǷǵǴǱȂǭǴǨǦǱǮǷȂ Ǩ ǸǦǰǮǻ ǸǴǽǳȁǻ ǳǦǹǰǦǻ, 
ǰǦǰ ǲǫǻǦǳǮǰǦ, ǺǮǭǮǰǦ, ǦǷǸǶǴǳǴǲǮȅ, ǳǦǻǴǪǮǱǮ ǾǮǶǴǰǴǫ ǵǶǮǲǫǳǫǳǮǫ Ǩ ǸǫǻǳǮǰǫ. ǈ ǵǴ-
ǷǱǫǪǳǫǫ ǨǶǫǲȅ ǷǹǿǫǷǸǨǫǳǳǴ ǶǦǷǾǮǶǮǱǴǷȂ ǵǶǮǱǴǬǫǳǮǫ ǲǦǸǫǲǦǸǮǰǮ Ǩ ȃǰǴǳǴǲǮǰǫ, ǻǮ-
ǲǮǮ, ǲǫǪǮǼǮǳǫ Ǯ Ǩ ǪǶǹǩǮǻ ǩǹǲǦǳǮǸǦǶǳȁǻ ǳǦǹǰǦǻ. ǗǸǦǱǮ ǵǶǮǨȁǽǳȁǲǮ ǷǴǽǫǸǦǳǮȅ ǷǱǴǨ 
çǲǦǸǫǲǦǸǮǽǫǷǰǦȅ ȃǰǴǳǴǲǮǰǦè, çǲǦǸǫǲǦǸǮǽǫǷǰǦȅ ǧǮǴǱǴǩǮȅè, ǳǴ ȃǰǷǵǦǳǷǮȅ ǲǦǸǫǲǦǸǮǰǮ 
ǵǶǴǪǴǱǬǦǫǸǷȅ, Ǯ ȃǸǴ ǸǫǵǫǶȂ ǹǬǫ ǳǫ ǨȁǭȁǨǦǫǸ ǹǪǮǨǱǫǳǮȅ. 
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ǝǫǲ Ǭǫ ǴǧȀȅǷǳǮǸȂ ǸǦǰǹȄ ǧǴǱȂǾǹȄ ǶǴǱȂ, ǰǴǸǴǶǹȄ ǮǩǶǦǫǸ Ǩ ǬǮǭǳǮ ǽǫǱǴǨǫǽǫǷǰǴǩǴ 
ǴǧǿǫǷǸǨǦ ǷǸǴǱȂ ǦǧǷǸǶǦǰǸǳǦȅ Ǯ, ǰǦǭǦǱǴǷȂ ǧȁ, ǴǸǴǶǨǦǳǳǦȅ ǴǸ ǶǫǦǱȂǳǴǷǸǮ ǳǦǹǰǦ? 

ǕǶǴȅǨǱǫǳǮǫ ǽǫǱǴǨǫǽǫǷǰǴǩǴ ǮǳǸǫǱǱǫǰǸǦ Ǩ ǱȄǧǴǯ ǰǴǳǰǶǫǸǳǴǯ ǴǧǱǦǷǸǮ ǴǧȁǽǳǴ ǷǨȅ-
ǭǦǳǴ ǳǫ ǸǴǱȂǰǴ Ƿ ǶǦǷǷǲǴǸǶǫǳǮǫǲ ǰǦǽǫǷǸǨǫǳǳȁǻ ǴǷǴǧǫǳǳǴǷǸǫǯ ǶǦǭǱǮǽǳȁǻ ǴǧȀǫǰǸǴǨ, ȅǨ-
ǱǫǳǮǯ Ǯ ǵǶǴǼǫǷǷǴǨ, ǳǴ Ǯ Ƿ ǦǳǦǱǮǭǴǲ Ǯǻ ǵǶǴǷǸǶǦǳǷǸǨǫǳǳȁǻ Ǯ ǰǴǱǮǽǫǷǸǨǫǳǳȁǻ ǻǦǶǦǰǸǫ-
ǶǮǷǸǮǰ, ǪǱȅ ǴǵǮǷǦǳǮȅ Ǯ ǮǭǹǽǫǳǮȅ ǰǴǸǴǶȁǻ ǳǫǴǧǻǴǪǮǲ ǴǧǿǮǯ ǲǫǸǴǪ. ǎǲǫǳǳǴ ǸǦǰǴǯ ǲǫ-
ǸǴǪ, ǵǶǮǩǴǪǳȁǯ ǪǱȅ ǷǦǲȁǻ ǶǦǭǳǴǴǧǶǦǭǳȁǻ ǵǶǮǱǴǬǫǳǮǯ, ǪǦǫǸ ǲǦǸǫǲǦǸǮǰǦ [1]. 

ǈ ǳǦǷǸǴȅǿǫǫ ǨǶǫǲȅ ǲǦǸǫǲǦǸǮǽǫǷǰǮǫ ǲǫǸǴǪȁ ǮǷǷǱǫǪǴǨǦǳǮȅ ǳǦǻǴǪȅǸ ǨǷǫ ǧǴǱȂǾǫǫ 
ǵǶǮǲǫǳǫǳǮǫ ǵǶǮ ǶǦǭǶǫǾǫǳǮǮ ǶǦǭǳȁǻ ǬǮǭǳǫǳǳǴ-ǨǦǬǳȁǻ ǷǮǸǹǦǼǮǯ. ǔǳǮ ȅǨǱȅȄǸǷȅ Ǯǳ-
ǷǸǶǹǲǫǳǸǦǲǮ ǦǳǦǱǮǭǦ ǶǦǭǱǮǽǳȁǻ ǵǶǴǼǫǷǷǴǨ Ǯ, ǳǦǵǶǮǲǫǶ, ȃǰǴǳǴǲǮǽǫǷǰǮǻ ȅǨǱǫǳǮǯ. 
ǗǰǦǬǫǲ, ǧǫǭ ǵǶǮǲǫǳǫǳǮȅ ǲǦǸǫǲǦǸǮǽǫǷǰǴǩǴ ǵǴǪǻǴǪǦ ǳǫǨǴǭǲǴǬǳǴ ȃǺǺǫǰǸǮǨǳǴǫ ǶǦǭǨǮ-
ǸǮǫ ȃǰǴǳǴǲǮǰǮ, ǵǴǷǰǴǱȂǰǹ ǮǷǵǴǱȂǭǴǨǦǳǮǫ ǲǦǸǫǲǦǸǮǽǫǷǰǮǻ ǲǴǪǫǱǫǯ Ǯ ǦǳǦǱǮǭ ǵǴǨǫǪǫ-
ǳǮȅ ȃǰǴǳǴǲǮǽǫǷǰǮǻ ǷǹǧȀǫǰǸǴǨ ǪǦȄǸ ǨǴǭǲǴǬǳǴǷǸȂ ǵǶǴǩǳǴǭǮǶǴǨǦǸȂ ǪǮǳǦǲǮǰǹ Ǯ ǪǦǱȂǳǫǯ-
ǾǮǫ ǪǫǯǷǸǨǮȅ ǷǹǧȀǫǰǸǦ ǳǦ ǴǵǶǫǪǫǱǫǳǳȁǻ ǨǶǫǲǫǳǳȁǻ ǮǳǸǫǶǨǦǱǦǻ. ǣǸǴ ǷǵǴǷǴǧǷǸǨǹǫǸ 
ǧǴǱǫǫ ǵǴǱǳǴǲǹ ǮǭǹǽǫǳǮȄ ǨǱǮȅǳǮȅ ǴǸǪǫǱȂǳȁǻ ǺǦǰǸǴǶǴǨ ǳǦ ǮǳǸǫǩǶǮǶǴǨǦǳǳȁǫ ȃǰǴǳǴǲǮ-
ǽǫǷǰǮǫ ǵǴǰǦǭǦǸǫǱǮ, ǵǴǨȁǾǦǫǸǷȅ ǸǴǽǳǴǷǸȂ ǵǶǴǨǫǪǫǳǮȅ ȃǰǴǳǴǲǮǽǫǷǰǮǻ ǶǦǷǽǫǸǴǨ, ǶǫǾǦ-
ȄǸǷȅ ǲǳǴǩǴǲǫǶǳȁǫ ǦǳǦǱǮǸǮǽǫǷǰǮǫ ǭǦǪǦǽǮ, ǰǴǸǴǶȁǫ ǳǫ ǳǦǻǴǪȅǸ ǶǫǾǫǳǮȅ ǸǶǦǪǮǼǮǴǳ-
ǳȁǲǮ ǲǫǸǴǪǦǲǮ [2,3]. 

ǕǶǴǫǰǸǳǦȅ ǪǫȅǸǫǱȂǳǴǷǸȂ ǾǰǴǱȂǳǮǰǴǨ Ǯ ǷǸǹǪǫǳǸǴǨ ǮǩǶǦǫǸ ǨǦǬǳǹȄ ǶǴǱȂ Ǩ ǴǧǶǦǭǴ-
ǨǦǸǫǱȂǳǴǲ ǵǶǴǼǫǷǷǫ. ǗǴǽǫǸǦȅ Ǩ Ƿǫǧǫ ǵǴǭǳǦǨǦǸǫǱȂǳȁǯ Ǯ ǮǷǷǱǫǪǴǨǦǸǫǱȂǷǰǮǯ ǨǮǪȁ Ǫǫȅ-
ǸǫǱȂǳǴǷǸǮ, ǴǳǦ ǵǴǭǨǴǱȅǫǸ ǨȁǭǨǦǸȂ ǮǳǸǫǶǫǷ ǴǧǹǽǦȄǿǮǻǷȅ ǰ ǶǫǾǫǳǮȄ ǵǶǦǰǸǮǽǫǷǰǮǻ ǭǦ-
ǪǦǽ ǲǦǸǫǲǦǸǮǽǫǷǰǮǲǮ ǲǫǸǴǪǦǲǮ Ǯ ǪǦǫǸ ǨǴǭǲǴǬǳǴǷǸȂ ǶǦǷǰǶȁǸȂ ǸǨǴǶǽǫǷǰǮǯ ǵǴǸǫǳǼǮǦǱ. 

 

ǒǫǸǴǪǴǱǴǩǮȅ Ǯ ǶǫǭǹǱȂǸǦǸȁ ǮǷǷǱǫǪǴǨǦǳǮȅ 
 

ǚǴǶǲǮǶǴǨǦǳǮǫ ǲǴǸǮǨǦǼǮǮ ǰ ǵǶǴǫǰǸǳǴǯ ǪǫȅǸǫǱȂǳǴǷǸǮ ǴǷǹǿǫǷǸǨǱȅǫǸǷȅ Ǩ ǶǫǭǹǱȂ-
ǸǦǸǫ ǪǴǷǸǮǬǫǳǮȅ ǷǱǫǪǹȄǿǮǻ ǽǬǲǬǰ:  

 ǵǨǺǾǧȅȀǬǰ   ╖   ǵǶǮǴǧǶǫǸǫǳǮǫ ǹǽǦǿǮǲǮǷȅ ǭǳǦǳǮǯ ǵǴǳȅǸǮȅ ǵǶǴǮǭǨǴǪǳǴǯ Ǯ ǳǦǨȁ-
ǰǴǨ ǫǫ ǵǶǮǲǫǳǫǳǮȅ ǪǱȅ ǶǫǾǫǳǮȅ ǭǦǪǦǽ; 

 ǩǵǸǶǯǹȂǩǧȅȀǬǰ   ╖   ǨȁǭǨǦǸȂ ǮǳǸǫǶǫǷ ǰ ǷǵǴǷǴǧǦǲ ǲǦǸǫǲǦǸǮǽǫǷǰǮǻ ǪǫǯǷǸǨǮǯ Ǩ 
ǹǽǫǧǳȁǻ Ǯ ǬǮǭǳǫǳǳȁǻ ǷǮǸǹǦǼǮȅǻ; 

 ǷǧǮǩǯǩǧȅȀǬǰ ╖ ǵǶǴǪǴǱǬǮǸȂ ǺǴǶǲǮǶǴǨǦǳǮǫ ǵǴǭǳǦǨǦǸǫǱȂǳȁǻ ǹǲǫǳǮǯ: ǷǸǦǨǮǸȂ 
ǵǶǴǧǱǫǲǹ, ǪǫǱǦǸȂ ǨȁǨǴǪȁ. 

ǈ ǶǦǧǴǸǫ ǶǦǷǷǲǦǸǶǮǨǦǫǸǷȅ ǶȅǪ ǵǶǮǲǫǶǴǨ ǳǦ ǵǶǮǲǫǳǫǳǮǫ ǵǶǴǮǭǨǴǪǳǴǯ ǪǱȅ ǶǫǾǫ-
ǳǮȅ ȃǰǴǳǴǲǮǽǫǷǰǮǻ ǭǦǪǦǽ ǷǱǫǪǹȄǿǮǻ ǸǮǵǴǨ: 

 ǭǦǪǦǽǦ Ǵ ǲǦǰǷǮǲǮǭǦǼǮǮ ǵǶǮǧȁǱǮ; 
 ǭǦǪǦǽǦ Ǵǧ ǴǵǸǮǲǦǱȂǳǴǲ ǨȁǵǹǷǰǫ ǵǶǴǪǹǰǼǮǮ; 
 ǭǦǪǦǽǦ Ǵ ǳǦǮǲǫǳȂǾǫǲ ǶǦǷǻǴǪǫ ǲǦǸǫǶǮǦǱǦ (ǳǦǻǴǬǪǫǳǮǫ ǷǴǴǸǳǴǾǫǳǮǯ ǩǫǴǲǫǸ-

ǶǮǽǫǷǰǮǻ ǶǦǭǲǫǶǴǨ ǵǶǴǷǸǶǦǳǷǸǨǫǳǳȁǻ ǺǮǩǹǶ, ǮǲǫȄǿǮǻ ǳǦǮǲǫǳȂǾǹȄ ǵǱǴǿǦǪȂ ǵǴǨǫǶǻ-
ǳǴǷǸǮ ǵǶǮ ǭǦǪǦǳǳǴǲ ǭǳǦǽǫǳǮǮ ǴǧȀǫǲǦ). 

ǕǴǳȅǸǮǫ ǵǶǴǮǭǨǴǪǳǴǯ ȅǨǱȅǫǸǷȅ ǴǪǳǮǲ Ǯǭ ǴǷǳǴǨǳȁǻ ǲǦǸǫǲǦǸǮǽǫǷǰǮǻ ǵǴǳȅǸǮǯ. ǔǳǴ 
ǾǮǶǴǰǴ ǮǷǵǴǱȂǭǹǫǸǷȅ ǵǶǮ ǶǫǾǫǳǮǮ ǼǫǱǴǩǴ ǶȅǪǦ ǭǦǪǦǽ, Ǩ ǴǷǴǧǫǳǳǴǷǸǮ ǵǶǮ ǮǭǹǽǫǳǮǮ ǷǰǴ-
ǶǴǷǸǮ ǵǶǴǸǫǰǦǳǮȅ ǶǦǭǱǮǽǳȁǻ ǵǶǴǼǫǷǷǴǨ, ǵǶǮ ǳǦǻǴǬǪǫǳǮǮ ǳǦǮǧǴǱȂǾǫǩǴ ǮǱǮ ǳǦǮǲǫǳȂǾǫǩǴ 
ǭǳǦǽǫǳǮȅ ǴǧȀǫǲǦ, ǵǱǴǿǦǪǮ ǵǴǨǫǶǻǳǴǷǸǮ Ǯ ǪǶǹǩǮǻ ǻǦǶǦǰǸǫǶǮǷǸǮǰ ǴǧȀǫǰǸǦ. 

ǕǶǮ ǮǭǹǽǫǳǮǮ Ǹǫǲȁ çǕǶǴǮǭǨǴǪǳǦȅè ǴǧǹǽǦȄǿǮǫǷȅ ǷǸǦǱǰǮǨǦȄǸǷȅ Ƿ ǸǦǰǮǲǮ ǵǴǳȅǸǮ-
ȅǲǮ, ǰǦǰ ǲǦǰǷǮǲǹǲ Ǯ ǲǮǳǮǲǹǲ ǺǹǳǰǼǮǯ, ǳǦǮǧǴǱȂǾǫǫ Ǯ ǳǦǮǲǫǳȂǾǫǫ ǭǳǦǽǫǳǮȅ Ǻǹǳǰ-
ǼǮǮ ǳǦ ǴǸǶǫǭǰǫ, ǳǫǴǧǻǴǪǮǲȁǫ Ǯ ǪǴǷǸǦǸǴǽǳȁǫ ǹǷǱǴǨǮȅ ǷǹǿǫǷǸǨǴǨǦǳǮȅ ȃǰǷǸǶǫǲǹǲǦ. ǕǴ-
ȃǸǴǲǹ, ǵǶǫǬǪǫ ǽǫǲ ǵǫǶǫǯǸǮ ǰ ǮǱǱȄǷǸǶǦǼǮǮ ǭǦǪǦǽ Ƿ ǵǶǮǲǫǳǫǳǮǫǲ ǵǶǴǮǭǨǴǪǳǴǯ, ǦǨǸǴǶȁ 
ǵǶǫǪǱǦǩǦȄǸ ǦǰǸǹǦǱǮǭǮǶǴǨǦǸȂ ǭǳǦǳǮȅ ǹǽǦǿǮǻǷȅ ǵǴ ǶǦǳǫǫ Ǯǭǹǽǫǳǳȁǲ ǸǫǲǦǲ. 

ǕǴǨǸǴǶǫǳǮǫ Ǹǫǲ: çǕǶǦǨǮǱǦ ǨȁǽǮǷǱǫǳǮȅ ǵǶǴǮǭǨǴǪǳǴǯè, çǕǶǴǮǭǨǴǪǳǦȅ ǷǱǴǬǳǴǯ 
ǺǹǳǰǼǮǮè. ǆǰǸǹǦǱǮǭǦǼǮȄ ǭǳǦǳǮǯ ǹǽǦǿǮǻǷȅ ǲǴǬǳǴ ǵǶǴǨǫǷǸǮ Ǩ ǵǮǷȂǲǫǳǳǴǯ ǺǴǶǲǫ. 
ǕǶǮǨǫǪǫǲ ǸǮǵǴǨȁǫ ǭǦǪǦǳǮȅ. 
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1. ǓǦǯǪǮǸǫ ǵǶǴǮǭǨǴǪǳǹȄ ǺǹǳǰǼǮǮ Ǩ ǱȄǧǴǯ ǸǴǽǰǫ ǫǫ ǴǧǱǦǷǸǮ ǴǵǶǫǪǫǱǫǳǮȅ: 

ǧ) Ὢὼ ὼ σὼ ὼ υȠ Ǩ) Ὢὼ ὼ ὧέίὼ ὼ ςȠ ǩ) Ὢὼ Ƞ 

Ǫ) Ὢὼ ЍὼȠ ǫ) Ὢὼ Ѝσὼ υὼ τ. 
2. ǔǵǶǫǪǫǱǮǸǫ, ǵǶǮ ǰǦǰǮǻ ǭǳǦǽǫǳǮȅǻ ὼ ǵǶǴǮǭǨǴǪǳǦȅ ǺǹǳǰǼǮǮ Ὢὼ ὼ τὼ υ 
ǧ) ǶǦǨǳǦ ǳǹǱȄ; Ǩ) ǵǴǱǴǬǮǸǫǱȂǳǦ; ǩ) ǴǸǶǮǼǦǸǫǱȂǳǦ. 
ǒǴǸǮǨǦǼǮȅ ǮǭǹǽǫǳǮȅ Ǹǫǲȁ çǕǶǮǲǫǳǫǳǮǫ ǵǶǴǮǭǨǴǪǳǴǯè: ǵǶǮǲǫǶȁ ǵǴǷǸǦǳǴǨǴǰ ǭǦ-

ǪǦǽ ǳǦ ǳǦǻǴǬǪǫǳǮǫ ǳǦǮǲǫǳȂǾǫǩǴ (ǳǦǮǧǴǱȂǾǫǩǴ) ǭǳǦǽǫǳǮȅ ǺǹǳǰǼǮǮ. ǊǱȅ ǺǴǶǲǮǶǴǨǦ-
ǳǮȅ ǮǳǸǫǶǫǷǦ ǰ ǵǶǴǫǰǸǳǴǯ ǪǫȅǸǫǱȂǳǴǷǸǮ ǦǨǸǴǶȁ ǷǸǦǸȂǮ ǵǶǫǪǱǦǩǦȄǸ ǷǴǭǪǦǸȂ ǵǶǴǧǱǫǲ-
ǳǹȄ ǷǮǸǹǦǼǮȄ ╖ ǵǶǴǮǱǱȄǷǸǶǮǶǴǨǦǸȂ ǳǦ ǵǶǮǲǫǶǦǻ ǳǫǴǧǻǴǪǮǲǴǷǸȂ ǮǭǹǽǫǳǮȅ ǳǴǨǴǩǴ ǹǽǫǧ-
ǳǴǩǴ ǲǦǸǫǶǮǦǱǦ. Ǘ ȃǸǴǯ ǼǫǱȂȄ ǵǶǮǨǴǪȅǸǷȅ ǭǦǪǦǽǮ, ǪǱȅ ǶǫǾǫǳǮȅ ǰǴǸǴǶȁǻ ǹǽǦǿǮǫǷȅ 
ǪǴǱǬǳȁ ǴǨǱǦǪǫǸȂ ǳǫǮǭǨǫǷǸǳȁǲ ǳǦ ǪǦǳǳǴǲ ȃǸǦǵǫ ǴǧǹǽǫǳǮȅ ǲǫǸǴǪǴǲ ǳǦǻǴǬǪǫǳǮȅ 
ǳǦǮǲǫǳȂǾǫǩǴ (ǳǦǮǧǴǱȂǾǫǩǴ) ǭǳǦǽǫǳǮȅ ǺǹǳǰǼǮǮ. 

ǕǶǮǲǫǶ 1. ǐǦǶǸǴǳǳǦȅ ǰǴǶǴǧǰǦ (ǭǦǰǶȁǸǦȅ) ǮǲǫǫǸ ǺǴǶǲǹ ǵǶȅǲǴǹǩǴǱȂǳǴǩǴ ǵǦǶǦǱǱǫ-
ǱǫǵǮǵǫǪǦ (ǶǮǷ.1), ǴǷǳǴǨǦǳǮǫǲ ǰǴǸǴǶǴǩǴ ȅǨǱȅǫǸǷȅ ǰǨǦǪǶǦǸ. ǓǦǯǸǮ ǾǮǶǮǳǹ Ǯ ǨȁǷǴǸǹ ǰǴ-
ǶǴǧǰǮ ǭǦǪǦǳǳǴǩǴ ǴǧȀǫǲǦ ὠ, ǮǲǫȄǿǫǯ ǳǦǮǲǫǳȂǾǹȄ ǵǱǴǿǦǪȂ ǵǴǨǫǶǻǳǴǷǸǮ. 

 
ǕǹǷǸȂ ὼ  ╖ ǷǸǴǶǴǳǦ ǰǨǦǪǶǦǸǦ ǴǷǳǴǨǦǳǮȅ ǵǶȅǲǴǹǩǴǱȂǳǴǩǴ ǵǦ-

ǶǦǱǱǫǱǫǵǮǵǫǪǦ, Ǧ Ὤ  ╖   ǨȁǷǴǸǦ. 
ǎǭ ǹǷǱǴǨǮȅ ǭǦǪǦǽǮ ǵǴǱǹǽǦǫǲ ǴǩǶǦǳǮǽǫǳǮǫ ǳǦ ǭǳǦǽǫǳǮȅ ǳǫ-

ǮǭǨǫǷǸǳǴǯ ὼȡ  ὼ πȢ 
ǘǴǩǪǦ ǴǧȀǫǲ ǵǦǶǦǱǱǫǱǫǵǮǵǫǪǦ ǶǦǨǫǳ ὠ ὼὬȟ Ǧ ǵǱǴǿǦǪȂ 

ǫǩǴ ǵǴǨǫǶǻǳǴǷǸǮ ǶǦǨǳǦ Ƿǹǲǲǫ ǵǱǴǿǦǪǫǯ ǴǷǳǴǨǦǳǮǯ (ǨǫǶǻǳǫǩǴ Ǯ 

ǳǮǬǳǫǩǴ) Ǯ 4-ǻ ǧǴǰǴǨȁǻ ǩǶǦǳǫǯ, ǸǴ ǫǷǸȂ Ὓ ςὼ τὼὬȢ 
ǈȁǶǦǬǦȅ ǨȁǷǴǸǹ ǵǦǶǦǱǱǫǱǫǵǮǵǫǪǦ ǽǫǶǫǭ ǴǧȀǫǲ, ǵǴǱǹǽǦǫǲ 

ǭǦǨǮǷǮǲǴǷǸȂ ǵǱǴǿǦǪǮ ǫǩǴ ǵǴǨǫǶǻǳǴǷǸǮ ǴǸ ǷǸǴǶǴǳȁ ǴǷǳǴǨǦǳǮȅ:  

Ὓὼ ςὼ τȢ 

ǈ ǶǫǭǹǱȂǸǦǸǫ ǵǶǮǻǴǪǮǲ ǰ ǭǦǪǦǽǫ Ǵ ǳǦǻǴǬǪǫǳǮǮ ǳǦǮǲǫǳȂǾǫǩǴ ǭǳǦǽǫǳǮȅ ǺǹǳǰǼǮǮ 

Ὓὼ ςὼ τ  ǳǦ ǵǶǴǲǫǬǹǸǰǫ ὼɴ πȟЊȢ  

ǕǶǮǲǫǶ 2. ǌǫǷǸȅǳǦȅ ǧǦǳǰǦ (Ƿ ǰǶȁǾǰǴǯ) ǮǲǫǫǸ ǺǴǶǲǹ ǼǮǱǮǳǪǶǦ (ǶǮǷ.2). ǓǦǯǸǮ 
ǪǮǦǲǫǸǶ Ǯ ǨȁǷǴǸǹ ǧǦǳǰǮ ǭǦǪǦǳǳǴǩǴ ǴǧȀǫǲǦ ὠ, ǮǲǫȄǿǫǯ ǳǦǮǲǫǳȂǾǹȄ ǵǱǴǿǦǪȂ ǵǴǨǫǶǻ-
ǳǴǷǸǮ. 

ǆǰǸǹǦǱǮǭǦǼǮȄ ǭǳǦǳǮǯ ǹǽǦǿǮǻǷȅ ǵǴ ǩǫǴǲǫǸǶǮǮ ǲǴǬǳǴ ǵǶǴǨǫǷǸǮ Ǩ 
ǺǴǶǲǫ ǺǶǴǳǸǦǱȂǳǴǩǴ ǴǵǶǴǷǦ. ǊǱȅ ȃǸǴǩǴ ǲǴǬǳǴ ǶǫǰǴǲǫǳǪǴǨǦǸȂ ǷǱǫǪǹ-
ȄǿǮǯ ǵǫǶǫǽǫǳȂ ǨǴǵǶǴǷǴǨ. 

1. ǐǦǰǴǫ ǸǫǱǴ ǳǦǭȁǨǦǫǸǷȅ ǼǮǱǮǳǪǶǴǲ? ǝǸǴ ǸǦǰǴǫ ǨȁǷǴǸǦ Ǯ ǶǦ-
ǪǮǹǷ ǼǮǱǮǳǪǶǦ? 

2. ǝǸǴ ǳǦǭȁǨǦȄǸ ǧǴǰǴǨǴǯ ǵǴǨǫǶǻǳǴǷǸȂȄ ǼǮǱǮǳǪǶǦ? ǎǭǴǧǶǦǭǮǸǫ 
ǶǦǭǨǫǶǸǰǹ ǧǴǰǴǨǴǯ ǵǴǨǫǶǻǳǴǷǸǮ ǼǮǱǮǳǪǶǦ. 

3. ǍǦǵǮǾǮǸǫ ǺǴǶǲǹǱȁ ǪǱȅ ǨȁǽǮǷǱǫǳǮȅ ǴǧȀǫǲǦ Ǯ ǵǱǴǿǦǪǮ ǵǴǱ-
ǳǴǯ ǵǴǨǫǶǻǳǴǷǸǮ ǼǮǱǮǳǪǶǦ. 

4. ǕǹǷǸȂ ὼ  ╖   ǶǦǪǮǹǷ ǼǮǱǮǳǪǶǦ, Ǧ Ὤ  ╖   ǨȁǷǴǸǦ. 
5. ǎǭ ǹǷǱǴǨǮȅ ǭǦǪǦǽǮ ǵǴǱǹǽǦǫǲ ǴǩǶǦǳǮǽǫǳǮǫ ǳǦ ǭǳǦǽǫǳǮȅ ǳǫǮǭ-

ǨǫǷǸǳǴǯ ὼȡ  ὼ πȢ 
6. ǘǴǩǪǦ ǴǧȀǫǲ ǼǮǱǮǳǪǶǦ ǶǦǨǫǳ ὠ “ὼὬȟ Ǧ ǵǱǴǿǦǪȂ ǫǩǴ ǵǴǨǫǶǻǳǴǷǸǮ ǶǦǨǳǦ 
Ƿǹǲǲǫ ǵǱǴǿǦǪǫǯ ǴǷǳǴǨǦǳǮǯ (ǨǫǶǻǳǫǩǴ Ǯ ǳǮǬǳǫǩǴ) Ǯ ǧǴǰǴǨǴǯ ǵǴǨǫǶǻǳǴǷǸǮ, ǸǴ 

ǫǷǸȂ Ὓ ς“ὼ ς“ὼὬȢ 
7. ǈȁǶǦǬǦȅ ǨȁǷǴǸǹ ǼǮǱǮǳǪǶǦ ǽǫǶǫǭ ǴǧȀǫǲ, ǵǴǱǹǽǦǫǲ ǭǦǨǮǷǮǲǴǷǸȂ ǵǱǴǿǦǪǮ ǫǩǴ 

ǵǴǨǫǶǻǳǴǷǸǮ ǴǸ ǷǸǴǶǴǳȁ ǴǷǳǴǨǦǳǮȅ:  Ὓὼ ς“ὼ ςȢ 

ǖǮǷ.1. 

ǖǮǷ.2. 




