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ǕǖǎǒǋǓǋǓǎǋ ǕǔǑǙǐǔǑǋǜ Ǖǖǎ ǖǋǞǋǓǎǎ ǍǆǊǆǝǎ ǕǔǗǘǖǔǋǓǎǥ  
ǐǖǆǘǝǆǏǞǎǛ ǕǙǘǋǏ ǈ ǉǖǆǚǋ ǈ ǓǆǙǝǓǔ-ǎǗǗǑǋǊǔǈǆǘǋǑǢǗǐǔǏ ǖǆǇǔǘǋ 

 

 

ǆǳǳǴǸǦǼǮȅ 

ǈ ǳǦǹǽǳǴ-ǮǷǷǱǫǪǴǨǦǸǫǱȂǷǰǴǯ ǶǦǧǴǸǫ ǨǦǬǳǹȄ ǶǴǱȂ ǮǩǶǦǫǸ ǲǫǸǴǪǮǽǫǷǰǴǫ ǴǧǫǷǵǫǽǫǳǮǫ. 
ǐǱǦǷǷǮǽǫǷǰǮǫ ǵǴǪǻǴǪȁ ǲǴǬǳǴ ǳǦǯǸǮ Ǩ ǳǦǹǽǳǴǯ ǱǮǸǫǶǦǸǹǶǫ ǮǱǮ ǹǭǳǦǸȂ Ǯǭ ǹǽǫǧǳȁǻ ǰǹǶ-
ǷǴǨ, Ǩ ǸǴ ǨǶǫǲȅ ǰǦǰ ǵǶǮ ǶǫǾǫǳǮǮ ǷǫǶȂǫǭǳȁǻ ǮǷǷǱǫǪǴǨǦǸǫǱȂǷǰǮǻ ǭǦǪǦǽ ǮǳǴǩǪǦ ǵǶǮǻǴ-
ǪǮǸǷȅ ȃǸǮ ǵǴǪǻǴǪȁ ǲǴǪǮǺǮǼǮǶǴǨǦǸȂ ǮǱǮ ǰǴǲǧǮǳǮǶǴǨǦǸȂ. ǈ ǷǸǦǸȂǫ ǶǦǷǷǲǴǸǶǫǳǦ ǻǴǶǴǾǴ 
ǮǭǨǫǷǸǳǦȅ ǭǦǪǦǽǦ ǵǴǷǸǶǴǫǳǮȅ ǰǶǦǸǽǦǯǾǮǻ ǵǹǸǫǯ Ǩ ǩǶǦǺǫ. ǊǱȅ ǳǫǫ ǮǭǱǴǬǫǳǦ ǲǫǸǴǪǮǰǦ 
ǶǫǾǫǳǮȅ, ǴǷǳǴǨǦǳǳǦȅ ǳǦ ǵǴǳȅǸǮȅǻ Ǯ ǲǫǸǴǪǦǻ ǸǫǴǶǮǮ ǵǴǱǹǰǴǱǫǼ. ǕǶǴǦǳǦǱǮǭǮǶǴǨǦǳ ǵǶǮ-
ǲǫǶ ǶǫǾǫǳǮȅ ǭǦǪǦǽǮ Ƿ ǮǷǵǴǱȂǭǴǨǦǳǮǫǲ ǵǶǫǪǱǴǬǫǳǳǴǯ ǲǫǸǴǪǮǰǮ. 
 

ǐǱȄǽǫǨȁǫ ǷǱǴǨǦ 

ǩǶǦǺȁ, ǵǹǸǮ, 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 ǷǸǦǸȂǫ ǮǭǱǴǬǫǳ ǲǫǸǴǪǮǽǫǷǰǮǯ ǵǴǪǻǴǪ ǰ ǨȁǵǴǱǳǫǳǮȄ ǳǦǹǽǳǴ-ǮǷǷǱǫǪǴǨǦǸǫǱȂ-
ǷǰǴǯ ǶǦǧǴǸȁ, ǵǶǫǪǱǦǩǦǫǲǴǯ ǷǸǹǪǫǳǸǦǲ ǷǸǦǶǾǮǻ ǰǹǶǷǴǨ ǳǦǵǶǦǨǱǫǳǮȅ çǕǶǮǰǱǦǪǳǦȅ ǲǦ-
ǸǫǲǦǸǮǰǦ 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 ǶǫǾǫǳǮȅ ǭǦǪǦǽ. ǐǶǴǲǫ ǸǴǩǴ, 
ǴǵǶǫǪǫǱǫǳǳǴǫ ǨǳǮǲǦǳǮǫ ǹǪǫǱȅǫǸǷȅ ǪǴǰǦǭǦǸǫǱȂǷǸǨǦǲ ǳǫǰǴǸǴǶȁǻ ǺǦǰǸǴǨ. ǣǸǮ ǪǴǰǦǭǦ-
ǸǫǱȂǷǸǨǦ ǸǶǫǧǹȄǸǷȅ ǪǱȅ ǵǴǱǳǴǸȁ ǮǭǱǴǬǫǳǮȅ Ǯ ǵǴǳǮǲǦǳǮȅ ǵǶǫǪǲǫǸǦ. ǖȅǪ ǹǸǨǫǶǬǪǫǳǮǯ 
ǵǶǮ ȃǸǴǲ ǪǴǰǦǭǦǳ ǳǫ Ǩ Ǵǧǿǫǯ ǷǮǸǹǦǼǮǮ, Ǧ ǪǱȅ ǽǦǷǸǳȁǻ ǷǱǹǽǦǫǨ, Ƿ ǹǽǫǸǴǲ ǷǵǫǼǮǺǮǰǮ 
ǶǦǷǷǲǦǸǶǮǨǦǫǲǴǯ ǭǦǪǦǽǮ. 

ǓǦǷǸǴȅǿǹȄ ǷǸǦǸȂȄ ǲǴǬǳǴ ǶǦǷǷǲǦǸǶǮǨǦǸȂ ǰǦǰ ǵǶǴǪǴǱǬǫǳǮǫ ǶǦǧǴǸȁ [1]. ǈ ǳǫǯ 
ǴǷǨǫǿǫǳȁ ǳǫǰǴǸǴǶȁǫ ǳǴǨȁǫ ǲǴǲǫǳǸȁ Ǩ ǵǶǮǲǫǳǫǳǮǮ ǦǱǩǫǧǶǦǮǽǫǷǰǮǻ ǲǫǸǴǪǴǨ ǰ ǶǫǾǫ-
ǳǮȄ ǭǦǪǦǽ ǸǫǴǶǮǮ ǩǶǦǺǴǨ. 

ǍǦǪǦǽǦ ǵǴǷǸǶǴǫǳǮȅ ǰǶǦǸǽǦǯǾǮǻ ǵǴ ǰǴǱǮǽǫǷǸǨǹ ǶǫǧǫǶ ǵǹǸǫǯ Ǩ ǴǶǮǫǳǸǮǶǴǨǦǳǳǴǲ 
ǩǶǦǺǫ ȅǨǱȅǫǸǷȅ ǴǪǳǴǯ Ǯǭ ǰǱǦǷǷǮǽǫǷǰǮǻ ǭǦǪǦǽ ǸǫǴǶǮǮ ǩǶǦǺǴǨ. ǣǸǦ ǭǦǪǦǽǦ ǻǴǶǴǾǴ Ǯǭǹ-
ǽǫǳǦ Ǯ ǮǭǨǫǷǸǫǳ ǼǫǱȁǯ ǶȅǪ ǦǱǩǴǶǮǸǲǴǨ ǫǫ ǶǫǾǫǳǮȅ (Ƿǲ., ǳǦǵǶǮǲǫǶ, [2]). ǔǸǱǮǽǮǫ ǦǱ-
ǩǴǶǮǸǲǦ, ǵǶǫǪǱǦǩǦǫǲǴǩǴ Ǩ ǪǦǳǳǴǯ ǷǸǦǸȂǫ, ǴǸ ǾǮǶǴǰǴ ǮǭǨǫǷǸǳȁǻ ǦǱǩǴǶǮǸǲǴǨ ǷǴǷǸǴǮǸ Ǩ 
ǸǴǲ, ǽǸǴ Ǵǳ ǵǴǭǨǴǱȅǫǸ ǳǦǻǴǪǮǸȂ ǨǷǫ ǰǶǦǸǽǦǯǾǮǫ ǵǹǸǮ ǲǫǬǪǹ ǨǷǫǲǮ ǵǦǶǦǲǮ ǨǫǶǾǮǳ 
ǩǶǦǺǦ. 



 
7 Modern European Researches No 1 (ǘ.1) / 2023  

ǗǸǶǹǰǸǹǶǦ ǶǦǧǴǸȁ ǸǦǰǴǨǦ: Ǩ ǵǫǶǨǴǲ ǵǴǪǶǦǭǪǫǱǫ ǵǶǮǨǫǪǫǳȁ ǴǷǳǴǨǳȁǫ ǵǴǳȅǸǮȅ 
ǸǫǴǶǮǮ ǵǴǱǹǰǴǱǫǼ; ǪǦǱǫǫ ǴǵǮǷǦǳǴ ǵǴǱǹǰǴǱȂǼǴ ȅǭȁǰǴǨ Ǯ ǪǴǰǦǭǦǳǴ ǹǷǱǴǨǮǫ ǫǪǮǳǷǸǨǫǳ-
ǳǴǷǸǮ ǶǫǾǫǳǮȅ ǹǶǦǨǳǫǳǮȅ Ǩ ȃǸǴǲ ǵǴǱǹǰǴǱȂǼǫ (ǸǫǴǶǫǲǦ 2); Ǩ ǸǶǫǸȂǫǲ ǵǴǪǶǦǭǪǫǱǫ ǴǵǮ-
ǷȁǨǦǫǸǷȅ ǵǴǱǹǰǴǱȂǼǴ ǲǦǸǶǮǼ Ǯ ǴǧǷǹǬǪǦǫǸǷȅ ǲǫǸǴǪ ǮǷǰǱȄǽǫǳǮȅ ǳǫǮǭǨǫǷǸǳȁǻ ǪǱȅ Ƕǫ-
ǾǫǳǮȅ ǷǮǷǸǫǲȁ ǹǶǦǨǳǫǳǮǯ Ǩ ǵǴǱǹǰǴǱȂǼǫ; Ǩ ǷǱǫǪǹȄǿǮǻ ǵǴǪǶǦǭǪǫǱǦǻ ǵǶǮǨǫǪǫǳȁ ǳǫǰǴ-
ǸǴǶȁǫ ǵǴǳȅǸǮȅ ǸǫǴǶǮǮ ǩǶǦǺǴǨ Ǯ ǷǺǴǶǲǹǱǮǶǴǨǦǳǦ ǭǦǪǦǽǦ Ǵ ǰǶǦǸǽǦǯǾǮǻ ǵǹǸǦǻ; Ǩ ǵǴǪ-
ǶǦǭǪǫǱǫ 6 ǵǶǮǨǫǪǫǳ ǵǶǮǲǫǶ ǶǫǾǫǳǮȅ ǭǦǪǦǽǮ Ǵ ǰǶǦǸǽǦǯǾǮǻ ǵǹǸȅǻ Ƿ ǮǷǵǴǱȂǭǴǨǦǳǮǫǲ 
ǮǭǱǴǬǫǳǳǴǯ ǶǦǳǫǫ ǲǫǸǴǪǮǰǮ. 

  
ǒǫǸǴǪǴǱǴǩǮȅ Ǯ ǶǫǭǹǱȂǸǦǸȁ ǮǷǷǱǫǪǴǨǦǳǮȅ 

 
1. ǔǷǳǴǨǳȁǫ ǵǴǳȅǸǮȅ ǸǫǴǶǮǮ ǵǴǱǹǰǴǱǫǼ 
ǖǦǷǷǲǴǸǶǮǲ ǦǱǩǫǧǶǦǮǽǫǷǰǹȄ ǷǸǶǹǰǸǹǶǹ ה ὛȠȟẗȟȟ, Ǩ ǰǴǸǴǶǴǯ ò+ó Ǯ òẗó ð ǧǮ-

ǳǦǶǳȁǫ ǴǵǫǶǦǼǮǮ ǷǱǴǬǫǳǮȅ Ǯ ǹǲǳǴǬǫǳǮȅ, ȟ ð ǰǴǳǷǸǦǳǸȁ (ǳǹǱȂǦǶǳȁǫ ǴǵǫǶǦǼǮǮ). 

ǆǱǩǫǧǶǦǮǽǫǷǰǦȅ ǷǸǶǹǰǸǹǶǦ ה ǳǦǭȁǨǦǫǸǷȅ ǶǵǲǺǱǵǲȃǽǵǳ, ǫǷǱǮ ǨȁǵǴǱǳǫǳȁ ǷǱǫǪǹȄ-
ǿǮǫ ǸǴǬǪǫǷǸǨǦ (ǦǰǷǮǴǲȁ ǵǴǱǹǰǴǱȂǼǦ): 

1) ὥ ὦ ὧ ὥ ὦ ὧ,  5) ẗὥ ὥẗ ὥ,  
2) ὥ ὦ ὦ ὥ,  6) ὥẗὦ ὧ ὥẗὦ ὥẗὧ,  
3) ὥ ὥ,  7) ὦ ὧẗὥ ὦẗὥ ὧẗὥ,  
4) ὥẗὦẗὧ ὥẗὦẗὧ,  8) ẗὥ ὥẗ .  

 
ǕǴǱǹǰǴǱȂǼǴ ה ǳǦǭȁǨǦǫǸǷȅ ǯǫǬǳǶǵǹǬǴǹǴȂǳ, ǫǷǱǮ ǴǵǫǶǦǼǮȅ ǷǱǴǬǫǳǮȅ ǮǪǫǲǵǴ-

ǸǫǳǸǳǦ, Ǹ.ǫ. ὥ ὥ ὥ ǪǱȅ ǱȄǧǴǩǴ ὥᶰὛ.  
ǕǶǮǨǫǪǫǳǳȁǫ ǭǪǫǷȂ Ǯ ǪǦǱǫǫ ǴǵǶǫǪǫǱǫǳǮȅ Ǯ ǹǸǨǫǶǬǪǫǳǮȅ ǲǴǬǳǴ ǳǦǯǸǮ, ǳǦǵǶǮ-

ǲǫǶ, Ǩ [3, 4]. 
ǓǦ ǳǴǷǮǸǫǱǫ Ὓ ǵǴǱǹǰǴǱȂǼǦ ה ǶǦǷǷǲǴǸǶǮǲ ǴǸǳǴǾǫǳǮǫ ǫǷǸǫǷǸǨǫǳǳǴǩǴ ǵǴǶȅǪǰǦ ה, 

ǷǴǩǱǦǷǴǨǦǳǳǴǫ Ƿ ǴǵǫǶǦǼǮȅǲǮ:  הὥ; ǫǷǱǮ ὥ ὦ, ǸǴ ὥẗὧה ὦẗὧ Ǯ ὧẗὥה  ὧẗὦ ǪǱȅה
ǱȄǧȁǻ ὥȟὦȟὧɴ Ὓ. ǔǸǷȄǪǦ ǷǱǫǪǹǫǸ, ǽǸǴ ὥ ὥה ὦ. ǈ Ǵǧǿǫǲ ǷǱǹǽǦǫ ǫǷǸǫǷǸǨǫǳǳȁǯ ǵǴǶȅ-
ǪǴǰ ȅǨǱȅǫǸǷȅ ǽǦǷǸǮǽǳȁǲ ǵǴǶȅǪǰǴǲ. 

ǈ ǮǪǫǲǵǴǸǫǳǸǳǴǲ ǵǴǱǹǰǴǱȂǼǫ ὥ ὦ ǸǴǩǪǦ Ǯ ǸǴǱȂǰǴ ǸǴǩǪǦ, ǰǴǩǪǦ ὥה ὦ ὦ. Ǌǫǯ-
ǷǸǨǮǸǫǱȂǳǴ, ǵǹǷǸȂ ὥ ὦ, ǸǴǩǪǦ, Ƿ ǴǪǳǴǯ ǷǸǴǶǴǳȁ, ὥה ὦ ὦה ὦ ὦ, Ƿ ǪǶǹǩǴǯ ǷǸǴ-
ǶǴǳȁ, ὦ ὥה ὦ. ǘǫǵǫǶȂ ǵǹǷǸȂ ὥ ὦ ὦ, ǸǴǩǪǦ ὥ ὥה ὦ ὦ.  

ǔǸǷȄǪǦ ǷǱǫǪǹǫǸ, ǽǸǴ ὥ ὦ ÓÕÐהὥȟὦ, ǩǪǫ ÓÕÐה ǴǧǴǭǳǦǽǦǫǸ ǸǴǽǳǹȄ ǨǫǶǻǳȄȄ 

ǩǶǦǳȂ Ǩ ǫǷǸǫǷǸǨǫǳǳǴǲ ǵǴǶȅǪǰǫ ה.  
ǒǳǴǬǫǷǸǨǴ ὖ ǳǦǭȁǨǦǫǸǷȅ ǾǧǸǹǯǾǴǵ ǺǶǵǷȆǫǵǾǬǴǴȂǳ, ǫǷǱǮ ǳǦ ǳǫǲ ǴǵǶǫǪǫǱǫǳǴ ǴǸ-

ǳǴǾǫǳǮǫ ǽǦǷǸǮǽǳǴǩǴ ǵǴǶȅǪǰǦ. ǓǫǵǹǷǸǴǫ ǵǴǪǲǳǴǬǫǷǸǨǴ Ὀ ǽǦǷǸǮǽǳǴ ǹǵǴǶȅǪǴǽǫǳǳǴǩǴ 
ǲǳǴǬǫǷǸǨǦ ὖ ǳǦǭȁǨǦǫǸǷȅ ǴǧǶǷǧǩǲǬǴǴȂǳ, ǫǷǱǮ ǰǦǬǪǦȅ ǵǦǶǦ ȃǱǫǲǫǳǸǴǨ ǵǴǪǲǳǴǬǫǷǸǨǦ 

Ὀ ǮǲǫǫǸ ǸǴǽǳǹȄ ǨǫǶǻǳȄȄ ǩǶǦǳȂ Ǩ Ὀ. ǔǽǫǨǮǪǳǴ, ǽǸǴ Ǩ ǮǪǫǲǵǴǸǫǳǸǳǴǲ ǵǴǱǹǰǴǱȂǼǫ Ƿ 
ǴǸǳǴǾǫǳǮǫǲ ǫǷǸǫǷǸǨǫǳǳǴǩǴ ǵǴǶȅǪǰǦ ǱȄǧǴǫ ǵǴǪǲǳǴǬǫǷǸǨǴ, ǭǦǲǰǳǹǸǴǫ ǴǸǳǴǷǮǸǫǱȂǳǴ 
ǷǱǴǬǫǳǮȅ, ȅǨǱȅǫǸǷȅ ǳǦǵǶǦǨǱǫǳǳȁǲ. 

ǔǸǴǧǶǦǬǫǳǮǫ Ὢȡὖᴼὗ, ǩǪǫ ὖ Ǯ ὗ ð ǽǦǷǸǮǽǳǴ ǹǵǴǶȅǪǴǽǫǳǳȁǫ ǲǳǴǬǫǷǸǨǦ, ǳǦǭȁǨǦ-
ǫǸǷȅ ǴǬǶǷǬǷȂǩǴȂǳ, ǫǷǱǮ ǴǳǴ ǷǴǻǶǦǳȅǫǸ ǸǴǽǳǹȄ ǨǫǶǻǳȄȄ ǩǶǦǳȂ ǰǦǬǪǴǩǴ ǳǦǵǶǦǨǱǫǳ-
ǳǴǩǴ ǲǳǴǬǫǷǸǨǦ, Ǹ.ǫ. ǰǴǩǪǦ ὪÓÕÐὈ ÓÕÐὪὈ  ǪǱȅ ǱȄǧǴǩǴ ὈṖὖ ǸǦǰǴǩǴ, ǽǸǴ ÓÕÐὈ Ƿǹ-
ǿǫǷǸǨǹǫǸ.  

ǎǪǫǲǵǴǸǫǳǸǳǴǫ ǵǴǱǹǰǴǱȂǼǴ ה ǳǦǭȁǨǦǫǸǷȅ ǴǬǶǷǬǷȂǩǴȂǳ, ǫǷǱǮ  
1) ǪǱȅ ǱȄǧǴǩǴ ǳǦǵǶǦǨǱǫǳǳǴǩǴ ǲǳǴǬǫǷǸǨǦ ὢṖὛ ǷǹǿǫǷǸǨǹǫǸ ǸǴǽǳǦȅ ǨǫǶǻǳȅȅ ǩǶǦǳȂ 

ǴǸǳǴǷǮǸǫǱȂǳǴ ǫǷǸǫǷǸǨǫǳǳǴǩǴ ǵǴǶȅǪǰǦ ȃǸǴǩǴ ǵǴǱǹǰǴǱȂǼǦ; 
2) ǪǱȅ ǱȄǧǴǩǴ ὥᶰὛ Ǯ ǪǱȅ ǱȄǧǴǩǴ ǳǦǵǶǦǨǱǫǳǳǴǩǴ ǲǳǴǬǫǷǸǨǦ ὢṖὛ ǨȁǵǴǱǳǫǳȁ ǶǦ-

ǨǫǳǷǸǨǦ  
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ὥ ÓÕÐהὢ ÓÕÐהὥ ὢȟ 
ὥẗÓÕÐהὢ ÓÕÐהὥẗὢȟ       ÓÕÐהὢ ẗὥ ÓÕÐהὢẗὥȟ 

ǩǪǫ ὥ ὢ ὥ ὼȡὼɴ ὢ,  ὥẗὢ ὥẗὼȡὼɴ ὢ, ὢẗὥ ὼẗὥȡὼɴ ὢ. 
ǕǴǱǹǰǴǱȂǼǴ ה ǳǦǭȁǨǦǫǸǷȅ ǶǵǲǺǱǵǲȃǽǵǳ ǑǵǴǩǬȆ, ǫǷǱǮ Ǩ ǳǫǲ ǲǴǬǳǴ ǴǵǶǫǪǫǱǮǸȂ 

ǹǳǦǶǳǹȄ ǴǵǫǶǦǼǮȄ ὥᴼὥᶻ, ǪǱȅ ǰǴǸǴǶǴǯ ǨȁǵǴǱǳȅȄǸǷȅ ǸǴǬǪǫǷǸǨǦ 
1) ὥ ὦᶻ ὥᶻὦᶻὦᶻ,  
2) ὥὦᶻ ὥὦὥᶻὦ.  
ǈ ǵǴǱǹǰǴǱȂǼǫ ה ǪǱȅ ǱȄǧǴǩǴ ὥᶰὛ ǵǴǱǴǬǮǲ ǵǴ ǴǵǶǫǪǫǱǫǳǮȄ ὥ , ὥ ὥẗὥ  

ǵǶǮ ǳǦǸǹǶǦǱȂǳǴǲ ὲ π.  
ǈ ǳǫǵǶǫǶȁǨǳǴǲ ǵǴǱǹǰǴǱȂǼǫ ǭǳǦǽǫǳǮǫ ὥᶻ ǳǦǭȁǨǦǫǸǷȅ ǯǹǬǷǧǽǯǬǰ ȃǱǫǲǫǳǸǦ ὥ Ǯ ǲǴ-

ǬǫǸ ǧȁǸȂ ǴǵǶǫǪǫǱǫǳǴ ǰǦǰ ǸǴǽǳǦȅ ǨǫǶǻǳȅȅ ǩǶǦǳȂ ǲǳǴǬǫǷǸǨǦ ὥȡὲᶰᴓ᷾π :  

ὥᶻ ÓÕÐהὥȡὲᶰᴓ᷾π Ȣ 
ǗǵǶǦǨǫǪǱǮǨǴ (Ƿǲ. [5]) 
 

ǙǸǨǫǶǬǪǫǳǮǫ 1. ǒȅǨǵǬ ǴǬǶǷǬǷȂǩǴǵǬ ǶǵǲǺǱǵǲȃǽǵ ȆǩǲȆǬǹǸȆ ǶǵǲǺǱǵǲȃǽǵǳ ǑǵǴǩǬȆ. 
 
ǈ ǳǫǵǶǫǶȁǨǳǴǲ ǵǴǱǹǰǴǱȂǼǫ ה ǶǦǷǷǲǴǸǶǮǲ ǹǶǦǨǳǫǳǮǫ 

ὼ ὥẗὼ ὦȢ ρ 
ǊǦǱǫǫ ǪǱȅ ǰǶǦǸǰǴǷǸǮ ǷǮǲǨǴǱ çẗè Ǩ ǺǴǶǲǹǱǦǻ ǧǹǪǫǲ ǴǵǹǷǰǦǸȂ. 

ǎǭ ǵǹǳǰǸǦ 2 ǴǵǶǫǪǫǱǫǳǮȅ ǵǴǱǹǰǴǱȂǼǦ ǐǴǳǨǫȅ ǷǱǫǪǹǫǸ ǽǸǴ, ὥᶻ ὥὥᶻ. ǍǳǦǽǮǸ, 
ὼ ὥᶻὦ ȅǨǱȅǫǸǷȅ ǴǪǳǮǲ Ǯǭ ǶǫǾǫǳǮǯ ǹǶǦǨǳǫǳǮȅ ρ.  

 

ǘǫǴǶǫǲǦ 1. ǋǲȆ ǷǬǿǬǴǯȆ ὼ ǺǷǧǩǴǬǴǯȆ ρ ǩ ǶǵǲǺǱǵǲȃǽǬ ה ǸǶǷǧǩǬǫǲǯǩǵ 
1. ὼ ;ὦה  
2. ὼ ;ὥὼה  
3. ὼ ὥה

ᶻὦ.  
ǏǮ ǶǺǴǱǹǧ 3 ǸǲǬǫǺǬǹ, Ǿǹǵ ὼ ὥᶻὦ ð ǴǧǯǳǬǴȃǿǬǬ ǷǬǿǬǴǯǬ ǺǷǧǩǴǬǴǯȆ ρ .  

ǊǴǰǦǭǦǸǫǱȂǷǸǨǴ. 1. ǕǶǮǧǦǨǮǲ ǰ ǴǧǫǮǲ ǽǦǷǸȅǲ ǶǦǨǫǳǷǸǨǦ ρ ǷǱǦǩǦǫǲǴǫ ὦ. ǘǴǩǪǦ, 
ǨǨǮǪǹ ǮǪǫǲǵǴǸǫǳǸǳǴǷǸǮ, 

ὼ ὦ ὥὼ ὦ ὦ ὥὼ ὦ ὼȟ 
ǴǸǰǹǪǦ ὼ  .ὦה

2. ǕǶǮǧǦǨǮǲ ǰ ǴǧǫǮǲ ǽǦǷǸȅǲ ǶǦǨǫǳǷǸǨǦ ρ ǷǱǦǩǦǫǲǴǫ ὥὼ. ǘǴǩǪǦ, ǨǨǮǪǹ ǮǪǫǲǵǴ-
ǸǫǳǸǳǴǷǸǮ, 

ὼ  ὥὼ  ὥὼ  ὦ  ὥὼ  ὥὼ  ὦ  ὼȟ 
ǴǸǰǹǪǦ ὼ  .ὥὼה

3. ǙǲǳǴǬǦȅ ǳǫǶǦǨǫǳǷǸǨǴ ὼ  ὥὼ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴ ǷǱǫǨǦ ǳǦ ὥ, ǵǴǱǹǽǮǲ ǼǫǵǴǽǰǹה
ǳǫǶǦǨǫǳǷǸǨ 

ὼ ὥὼהὥὼה ȣה ὥὼה ὥה ὼ ȣȢה ς 
ǔǸǷȄǪǦ ὥᶻὼ  ÓÕÐהὼȟὥὼȟὥὼȟȢȢȢȟὥὼȟȢȢȢ  ὼ.  

ǙǲǳǴǬǮǲ ǳǫǶǦǨǫǳǷǸǨǴ ὼ ὦ ǷǱǫǨǦ ǳǦ ὥᶻ. ǕǴǱǹǽǮǲ ὼה ὥᶻὼ ὥה
ᶻὦ, ǽǸǴ Ǯ ǸǶǫǧǴ-

ǨǦǱǴǷȂ. 
 
2. ǕǴǱǹǰǴǱȂǼǴ ȅǭȁǰǴǨ 

ǔǵǶǫǪǫǱǫǳǮǫ ǵǴǱǹǰǴǱȂǼǦ ȅǭȁǰǴǨ flὃ ς
ᶻ
Ƞȟẗ ȟɲȟ‗  Ǩ ǰǴǳǫǽǳǴǲ ǦǱǺǦǨǮǸǫ ὃ 

ǪǦǳǴ, ǳǦǵǶǮǲǫǶ, Ǩ [6]. 
ǓǦǵǴǲǳǮǲ, ǽǸǴ ὒ ὒ ὒ᷾ὒ,  ὒẗὒ όẗύȡόᶰὒȟύᶰὒ , ǩǪǫ όẗύ ð ǰǴǳǰǦ-

ǸǫǳǦǼǮȅ ǷǱǴǨ όȟύᶰὃᶻ, ‗ ð ǵǹǷǸǴǫ ǷǱǴǨǴ.  
ǋǲǯǴǧ ǷǱǴǨǦ ύᶰὃᶻ ð ǰǴǱǮǽǫǷǸǨǴ ǧǹǰǨ Ǩ ǳǫǲ.  
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ǒǴǬǳǴ ǪǴǰǦǭǦǸȂ, ǽǸǴ flὃ ς
ᶻ
Ƞȟẗ ȟɲȟ‗  ȅǨǱȅǫǸǷȅ ǳǫǵǶǫǶȁǨǳȁǲ ǵǴǱǹǰǴǱȂǼǴǲ. 

ǕǶǮ ȃǸǴǲ ǴǸǳǴǾǫǳǮǫ ǵǴǶȅǪǰǦ fl  ð ȃǸǴ ǴǸǳǴǾǫǳǮǫ ǨǰǱȄǽǫǳǮȅ. ǗǱǫǪǴǨǦǸǫǱȂǳǴ, ǮǸǫ-

ǶǦǼǮȅ ȅǭȁǰǦ ὒ ð ȃǸǴ ǴǧȀǫǪǮǳǫǳǮǫ ǨǷǫǻ ǫǩǴ ǷǸǫǵǫǳǫǯ: 

ὒᶻ ÓÕÐfl ὒ ὒ ὒȢ 

 
ǘǫǴǶǫǲǦ 2. ǖǺǸǹȃ ὒȟὔṖὃᶻ. ǌǸǲǯ ‗ɵ ὒ, ǹǵ ǺǷǧǩǴǬǴǯǬ 

ὼ ὒὼὔ σ 

ǩ ǶǵǲǺǱǵǲȃǽǬ flὃ ς
ᶻ
Ƞȟẗ ȟɲȟ‗  ǯǳǬǬǹ ǬǫǯǴǸǹǩǬǴǴǵǬ ǷǬǿǬǴǯǬ. 

ǊǴǰǦǭǦǸǫǱȂǷǸǨǴ. ǈ ǷǮǱǹ ǸǫǴǶǫǲȁ 1, ǶǫǾǫǳǮǫǲ ǹǶǦǨǳǫǳǮȅ σ ȅǨǱȅǫǸǷȅ ȅǭȁǰ ὒᶻὔ, ǵǶǮ-
ǽǫǲ ȃǸǴ ǶǫǾǫǳǮǫ ð ǳǦǮǲǫǳȂǾǫǫ ǵǴ ǨǰǱȄǽǫǳǮȄ. ǖǦǷǷǲǴǸǶǮǲ ǵǶǴǮǭǨǴǱȂǳȁǯ ȅǭȁǰ ὄṖὃᶻ 
ǸǦǰǴǯ, ǽǸǴ ὒᶻὔ fl ὄ, Ǹ.ǫ. ὒᶻὔṒὄ, Ǯ ǵǴǱǴǬǮǲ ὓ ὄ ὒʌᶻὔ. ǕǴǪǷǸǦǨǮǲ ὄ Ǩ ǵǶǦǨǹȄ 

ǽǦǷǸȂ ǹǶǦǨǳǫǳǮȅ σ: 

ὒὄ ὔ ὒὓ ὒᶻὔ ὔ ὒὓ ὒὒᶻὔ ὔ ὒὓ ὒᶻὔȢ 
ǕǴ ǵǶǫǪǵǴǱǴǬǫǳǮȄ ǲǳǴǬǫǷǸǨǴ ὓ ǳǫ ǵǹǷǸǴ, ǵǹǷǸȂ ὶ π ð ǲǮǳǮǲǦǱȂǳǦȅ ǪǱǮǳǦ ǷǱǴǨǦ Ǩ 
ȅǭȁǰǫ ὓ. ǖǦǷǷǲǴǸǶǮǲ ǵǶǴǮǭǨǴǱȂǳǴǫ ǷǱǴǨǴ όᶰὓ, ǮǲǫȄǿǫǫ ǪǱǮǳǹ ὶ. ǕǴǷǰǴǱȂǰǹ ‗ɵ ὒ, 
ǲǮǳǮǲǦǱȂǳǦȅ ǪǱǮǳǦ ǷǱǴǨǦ Ǩ ȅǭȁǰǫ ὒὓ ǳǫ ǲǫǳȂǾǫ ὶ ρ. ǗǱǫǪǴǨǦǸǫǱȂǳǴ, όᶱὒὓ, Ǹ.ǫ. 
ὓ ὒὓ. ǕǴ ǵǴǷǸǶǴǫǳǮȄ όᶱὒᶻὔ, ǭǳǦǽǮǸ, 

ὄ ὓ ὒᶻὔ ὒὓ ὒᶻὔ ὒὄ ὔȟ 
Ǹ.ǫ. ȅǭȁǰ ὄ ǳǫ ȅǨǱȅǫǸǷȅ ǶǫǾǫǳǮǫǲ ǹǶǦǨǳǫǳǮȅ σ, ǽǸǴ Ǯ ǸǶǫǧǴǨǦǱǴǷȂ. 

 
3. ǕǴǱǹǰǴǱȂǼǴ ǲǦǸǶǮǼ. ǎǸǫǶǦǼǮȅ ǲǦǸǶǮǼȁ 

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

ǆǱǩǫǧǶǦ ִי ה ὓ 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 Ǯ ǴǧǱǦǪǦǫǸ Ǹǫǲ Ǭǫ ǳǦǧǴǶǴǲ ǷǨǴǯǷǸǨ, ǽǸǴ Ǯ ǵǴǱǹǰǴǱȂǼǴ ה (Ƿǲ., 
ǳǦǵǶǮǲǫǶ, [7]). 

ǗǱǫǪǴǨǦǸǫǱȂǳǴ, Ǩ ǮǪǫǲǵǴǸǫǳǸǳǴǲ ǳǫǵǶǫǶȁǨǳǴǲ ǵǴǱǹǰǴǱȂǼǫ ִי -ǲǴǬǳǴ ǶǦǷ ה
ǷǲǦǸǶǮǨǦǸȂ ǹǶǦǨǳǫǳǮǫ 

ὢ ὅὢ ὄ σ 
ǴǸǳǴǷǮǸǫǱȂǳǴ ǲǦǸǶǮǼȁ ὢ, ǵǶǮǽǫǲ ǴǪǳǮǲ Ǯǭ ǫǩǴ ǶǫǾǫǳǮǯ ȅǨǱȅǫǸǷȅ ǲǦǸǶǮǼǦ ὢ ὅᶻὄ, 

ǩǪǫ ὅᶻ ð ǮǸǫǶǦǼǮȅ ǲǦǸǶǮǼȁ ὅ Ǩ ִי  .ה
ǕǴǱǴǬǮǨ ὄ  Ǩ ǹǶǦǨǳǫǳǮǮ σ, ǵǴǱǹǽǮǲ, ǽǸǴ ǲǦǸǶǮǼǦ ὢ ὅᶻ ȅǨǱȅǫǸǷȅ ǶǫǾǫ-

ǳǮǫǲ ǹǶǦǨǳǫǳǮȅ 

ὢ ὅὢ Ȣ 
 
ǈ ǶǦǧǴǸǦǻ [8, 9] ǵǶǮǨǫǪǫǳȁ ǵǶǮǲǫǶȁ ǮǷǵǴǱȂǭǴǨǦǳǮȅ ǸǫǴǶǮǮ ǵǴǱǹǰǴǱǫǼ ǵǶǮ ǶǫǾǫ-

ǳǮǮ ǳǫǰǴǸǴǶȁǻ ǭǦǪǦǽ ǸǫǴǶǮǮ ǩǶǦǺǴǨ. ǈ ȃǸǮǻ ǵǶǮǲǫǶǦǻ ǷǹǿǫǷǸǨǫǳǳǹȄ ǶǴǱȂ ǮǩǶǦǫǸ ǮǸǫ-

ǶǦǼǮȅ ǲǦǸǶǮǼȁ ὅᶰὓ ς
ᶻ

, ǵǴȃǸǴǲǹ ǵǶǫǪǷǸǦǨǱȅȄǸ ǮǳǸǫǶǫǷ ǲǫǸǴǪȁ ǳǦǻǴǬǪǫǳǮȅ ȃǸǴǯ 

ǲǦǸǶǮǼȁ. ǐǦǰ ǧȁǱǴ ǴǸǲǫǽǫǳǴ ǶǦǳǫǫ, Ǩ ǳǫǵǶǫǶȁǨǳǴǲ ǵǴǱǹǰǴǱȂǼǫ ִי flὃ  ǲǦǸǶǮǼǦ ὅᶻ 
ȅǨǱȅǫǸǷȅ ǴǪǳǮǲ Ǯǭ ǶǫǾǫǳǮǯ ǲǦǸǶǮǽǳǴǩǴ ǹǶǦǨǳǫǳǮȅ 

ὢ ὅὢ Ȣ τ 
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ǖǦǷǷǲǴǸǶǮǲ ǨǫǰǸǴǶǳǴǫ ǹǶǦǨǳǫǳǮǫ ǴǧǿǫǩǴ ǨǮǪǦ 

ὼᴆ ὅὼᴆ ὦᴆȟ υ 

ǩǪǫ ὅᶰὓ ς
ᶻ

, ὦᴆ ὦȟȣȟὦ , ὦᶰς
ᶻ
, ὼᴆ ὼȟȣȟὼ  Ǯ ǴǵǮǾǫǲ ǹǷǱǴǨǮȅ ǫǪǮǳ-

ǷǸǨǫǳǳǴǷǸǮ ǫǩǴ ǶǫǾǫǳǮȅ Ǯ ǳǬǹǵǫ ǯǸǱǲȅǾǬǴǯȆ ǴǬǯǮǩǬǸǹǴȂǼ ǳǦǻǴǬǪǫǳǮȅ ὼᴆ.  
 

ǘǫǴǶǫǲǦ 3. ǌǸǲǯ ǳǧǹǷǯǽǧ ὅᶰὓ ς
ᶻ

 ǹǧǱǵǩǧ, Ǿǹǵ ‗ɵ ὧ  ǫǲȆ ǩǸǬǼ ὭȟὯ ρȟȣȟὲ, ǹǵ 
ǩǬǱǹǵǷǴǵǬ ǺǷǧǩǴǬǴǯǬ υ  ǯǳǬǬǹ ǬǫǯǴǸǹǩǬǴǴǵǬ ǷǬǿǬǴǯǬ. 

ǊǴǰǦǭǦǸǫǱȂǷǸǨǴ: ǙǶǦǨǳǫǳǮǫ υ ǵǶǫǪǷǸǦǨǮǲ Ǩ ǨǮǪǫ ǷǮǷǸǫǲȁ ǱǮǳǫǯǳȁǻ ǦǱǩǫǧǶǦǮǽǫ-
ǷǰǮǻ (ǦǺǺǮǳǳȁǻ) ǹǶǦǨǳǫǳǮǯ  

ὼ ὧὼ ὧὼ Ễ ὧ ὼ ὦȟ
ὼ ὧὼ ὧὼ Ễ ὧ ὼ ὦȟ

ȣ
 ὼ ὧ ὼ ὧ ὼ Ễ ὧ ὼ ὦȢ

 

ǈ ǷǮǱǹ ǸǫǴǶǫǲȁ 2, Ǯǭ Ὥ-ǩǴ ǹǶǦǨǳǫǳǮȅ ǲǴǬǳǴ ǴǪǳǴǭǳǦǽǳǴ ǨȁǶǦǭǮǸȂ ǳǫǮǭǨǫǷǸǳǹȄ ὼ. Ǔǫ 
ǴǩǶǦǳǮǽǮǨǦȅ ǴǧǿǳǴǷǸǮ, ǶǦǷǷǲǴǸǶǮǲ Ὥ ρ:  

ὼ ὧᶻ ὧὼ Ễ ὧ ὼ ὦ Ȣ 
ǊǦǱǫǫ ǲǴǬǳǴ ǵǴǪǷǸǦǨǮǸȂ ȃǸǴ ǨȁǶǦǬǫǳǮǫ ǨǴ ǨǷǫ ǴǷǸǦǱȂǳȁǫ ǹǶǦǨǳǫǳǮȅ, Ǹǫǲ ǷǦǲȁǲ ǮǷ-
ǰǱȄǽǮǨ Ǯǭ ǳǮǻ ǳǫǮǭǨǫǷǸǳǹȄ ὼ. ǈ ǵǴǱǹǽǮǨǾǫǯǷȅ ǷǮǷǸǫǲǫ Ὥ-ǫ ǹǶǦǨǳǫǳǮǫ ǪǱȅ ǱȄǧǴǩǴ Ὥ
ρ ǧǹǪǫǸ ǮǲǫǸȂ ǨǮǪ 

ὼ ὧ ὧὧᶻὧ ὼ Ễ ὧ ὧὧᶻὧ ὼ ὦ ὧὧᶻὦ ȟ 
ǵǶǮ ȃǸǴǲ ‗ɵ ὧ ὧὧᶻὧ , ǩǪǫ Ὧ ςȟȣȟὲ. 

ǘǦǰ ǪǱȅ ǱȄǧǴǩǴ ὶ ǲǴǬǳǴ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴ ǮǷǰǱȄǽǮǸȂ Ǯǭ ὶ-ǩǴ ǹǶǦǨǳǫǳǮȅ ǳǫǮǭ-
ǨǫǷǸǳȁǫ ὼȟȣȟὼ . ǘǴǩǪǦ ὲ-e ǹǶǦǨǳǫǳǮǫ ǵǶǮǲǫǸ ǨǮǪ 

ὼ ὑὼ ὒȟ 
ǩǪǫ ὑȟὒ Ṓὃᶻ. ǎǭ ǸǫǴǶǫǲȁ 2 ǷǱǫǪǹǫǸ, ǽǸǴ ȃǸǴ ǹǶǦǨǳǫǳǮǫ ǮǲǫǫǸ ǫǪǮǳǷǸǨǫǳǳǴǫ ǶǫǾǫ-
ǳǮǫ ὼ ὑᶻὒ. ǓǦǯǪǫǳǳǴǫ ǭǳǦǽǫǳǮǫ ǳǫǮǭǨǫǷǸǳǴǯ ǲǴǬǳǴ ǵǴǪǷǸǦǨǮǸȂ Ǩ ǴǷǸǦǱȂǳȁǫ ǹǶǦǨ-
ǳǫǳǮȅ, ȃǸǴ ǵǴǭǨǴǱǮǸ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴ ǳǦǯǸǮ ǭǳǦǽǫǳǮȅ ǳǫǮǭǨǫǷǸǳȁǻ ὼ ȟȣȟὼ. ǕǶǮ 
ȃǸǴǲ ǰǦǬǪǴǫ ǳǦǯǪǫǳǳǴǫ ǸǦǰǮǲ ǴǧǶǦǭǴǲ ǭǳǦǽǫǳǮǫ ǳǫǮǭǨǫǷǸǳǴǯ ȅǨǱȅǫǸǷȅ ǫǪǮǳǷǸǨǫǳǳǴ 
ǨǴǭǲǴǬǳȁǲ, ǹǪǴǨǱǫǸǨǴǶȅȄǿǮǲ υ,  ǽǸǴ Ǯ ǸǶǫǧǴǨǦǱǴǷȂ. 

 

ǕǶǮ Ὧ ρȟȣȟὲ ǴǧǴǭǳǦǽǮǲ ǽǫǶǫǭ Ὡᴆ ȟɲȣȟɲȟ‗ȟɲȟȣȟɲ  ǫǪǮǳǮǽǳȁǯ ǨǫǰǸǴǶ-

ǷǸǴǱǧǫǼ (Ὧ-ǯ ǷǸǴǱǧǫǼ ǲǦǸǶǮǼȁ ). ǘǴǩǪǦ Ὧ-ǯ ǷǸǴǱǧǫǼ ǲǦǸǶǮǼȁ ὅᶻ ȅǨǱȅǫǸǷȅ ǴǪǳǮǲ Ǯǭ 
ǶǫǾǫǳǮǯ ǹǶǦǨǳǫǳǮȅ  

ὼᴆ ὅὼᴆ Ὡᴆ Ȣ 
 

ǗǱǫǪǷǸǨǮǫ 1. ǌǸǲǯ ǩȂǶǵǲǴǬǴȂ ǺǸǲǵǩǯȆ ǹǬǵǷǬǳȂ 3, ǹǵ ǳǧǹǷǯǽǧ ὅᶻ ȆǩǲȆǬǹǸȆ ǬǫǯǴ-
ǸǹǩǬǴǴȂǳ ǷǬǿǬǴǯǬǳ ǺǷǧǩǴǬǴǯȆ τ.  

 
4. ǔǷǳǴǨǳȁǫ ǵǴǳȅǸǮȅ ǸǫǴǶǮǮ ǩǶǦǺǴǨ 
ǓǦǵǴǲǳǮǲ ǳǫǰǴǸǴǶȁǫ ǵǴǳȅǸǮȅ ǸǫǴǶǮǮ ǩǶǦǺǴǨ (Ƿǲ. [10]). ǕǷǯǬǴǹǯǷǵǩǧǴǴȂǳ ǪǷǧ-

ǻǵǳ (ǵǷǪǷǧǻǵǳ) ǳǦǭȁǨǦǫǸǷȅ ǵǦǶǦ Ὃ ὠȟὉ, ǩǪǫ ὠ ὺȟὺȟȣȟὺ , ὉṖὠ . ǖǷǵǸǹǵǰ 
ǵǷǪǷǧǻ ð ȃǸǴ ǩǶǦǺ, Ǩ ǰǴǸǴǶǴǲ ὺȟὺ ᶱὉ ǪǱȅ ǨǷǫǻ Ὥ ρȟȣȟὲ.  

ǓǧǷǿǷǺǹ Ǩ ǵǶǴǷǸǴǲ ǩǶǦǺǫ ð ȃǸǴ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸȂ ǨǫǶǾǮǳ ὺȟὺȟȣȟὺ , ǩǪǫ 

ὺȟὺ ᶰὉ ǪǱȅ ǨǷǫǻ Ὧ πȟρȟȣȟά ρ. ǇǹǪǫǲ ǳǦǭȁǨǦǸȂ ǫǩǴ ὺȟὺ -ǲǦǶǾǶǹǸǴǲ Ǯ 

ǴǧǴǭǳǦǽǦǸȂ ὺ ᴼὺ ᴼỄᴼὺ ᴼὺ . ǋǷǱǮ ὺ ὺ , ǸǴ ǲǦǶǾǶǹǸ ǳǦǭȁǨǦǫǸǷȅ Ǯǧ-

ǳǱǴǺǹȂǳ. ǖǺǹȃ (ǵǶǴǷǸǴǯ ǵǹǸȂ) ð ǲǦǶǾǶǹǸ, ǨǷǫ ǨǫǶǾǮǳȁ ǰǴǸǴǶǴǩǴ, ǰǶǴǲǫ, ǨǴǭǲǴǬǳǴ, 
ǵǫǶǨǴǯ Ǯ ǵǴǷǱǫǪǳǫǯ, ǶǦǭǱǮǽǳȁ. 

ǝǮǷǱǴ ά, ǶǦǨǳǴǫ ǰǴǱǮǽǫǷǸǨǹ ǶǫǧǫǶ ǲǦǶǾǶǹǸǦ, ǳǦǭȁǨǦǫǸǷȅ ǫǲǯǴǵǰ ǳǧǷǿǷǺǹǧ. 
ǒǦǶǾǶǹǸ ǪǱǮǳȁ 0 ð ǵǶǴǮǭǨǴǱȂǳǦȅ ǨǫǶǾǮǳǦ ǩǶǦǺǦ. 
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ǖǦǷǷǲǴǸǶǮǲ ǦǱǺǦǨǮǸ ὃ ὥȟὥȟȣȟὥ . ǊǱȅ ǵǶǴǷǸǴǩǴ ǴǶǩǶǦǺǦ Ὃ ὠȟὉ ǴǵǶǫǪǫ-

ǱǮǲ Ǩ ǵǴǱǹǰǴǱȂǼǫ ִי flὃ  ǲǦǸǶǮǼǹ ǲǫǸǴǰ ὅὋ ǷǱǫǪǹȄǿǮǲ ǴǧǶǦǭǴǲ: 

ὧ ‏ ὺȟὺ
ὥȟ ̆̒̌̉ ὺȟὺ ᶰὉȟ

 ɲ              ̘̉̎́̆Ȣ
 

ǒǫǸǰǹ ǲǦǶǾǶǹǸǦ ὖ ὺ ᴼὺ ᴼỄᴼὺ ᴼὺ  ǴǵǶǫǪǫǱǮǲ ǰǦǰ 

ὖ‏ ὥ Ȣ 

ǋǷǱǮ ὖ ð ǲǦǶǾǶǹǸ ǪǱǮǳȁ 0, ǸǴ ǵǴǱǦǩǦȄǸ ‏ὖ ‗.  
ǚǴǶǲǦǱȂǳǴ ǲǫǸǰǦ ǲǦǶǾǶǹǸǦ ȅǨǱȅǫǸǷȅ ȅǭȁǰǴǲ, ǷǴǷǸǴȅǿǮǲ Ǯǭ ǫǪǮǳǷǸǨǫǳǳǴǩǴ 

ǷǱǴǨǦ. ǊǦǱǫǫ ǪǱȅ ǹǪǴǧǷǸǨǦ ǧǹǪǫǲ ǳǦǭȁǨǦǸȂ ǲǫǸǰǹ ǲǦǶǾǶǹǸǦ ǷǱǴǨǴǲ. 
ǍǦǲǫǸǮǲ, ǽǸǴ ǪǱȅ ǱȄǧǴǩǴ ὺȟὺ -ǲǦǶǾǶǹǸǦ ǳǫǳǹǱǫǨǴǯ ǪǱǮǳȁ ǵǴǷǱǫǪǳǫǯ ǧǹǰǨǴǯ Ǩ 

ǲǫǸǰǫ ȃǸǴǩǴ ǲǦǶǾǶǹǸǦ ȅǨǱȅǫǸǷȅ ὥ.  
ǗǵǶǦǨǫǪǱǮǨǴ 
 

ǙǸǨǫǶǬǪǫǳǮǫ 2. ǖǷǯ ὰ π ȄǲǬǳǬǴǹ ὧ  ǳǧǹǷǯǽȂ ὅ ǷǧǩǬǴ ǸǺǳǳǬ ǳǬǹǵǱ ǩǸǬǼ ὺȟὺ -

ǳǧǷǿǷǺǹǵǩ ǫǲǯǴȂ ὰ.  
 

ǈ ǵǴǱǹǰǴǱȂǼǫ ִי flὃ  ǮǸǫǶǦǼǮȄ ǲǦǸǶǮǼȁ ὅ ǲǴǬǳǴ ǴǵǶǫǪǫǱǮǸȂ ǰǦǰ 

ὅᶻ ὅ Ȣ 

ǎǭ ǹǸǨǫǶǬǪǫǳǮȅ 2 ǷǱǫǪǹǫǸ, ǽǸǴ ȃǱǫǲǫǳǸ ὧᶻ ǲǦǸǶǮǼȁ ὅᶻ ǶǦǨǫǳ Ƿǹǲǲǫ ǲǫǸǴǰ ǨǷǫǻ ǰǴ-
ǳǫǽǳȁǻ ὺȟὺ -ǲǦǶǾǶǹǸǴǨ. 

 
ǓǫǷǱǴǬǳǴ ǵǶǴǨǫǶǮǸȂ, ǽǸǴ, ǨǨǮǪǹ ǮǪǫǲǵǴǸǫǳǸǳǴǷǸǮ ǴǵǫǶǦǼǮǮ ǷǱǴǬǫǳǮȅ, ǶǫǾǫ-

ǳǮǫǲ ǹǶǦǨǳǫǳǮȅ 

ὼᴆ ὅẗὼᴆ Ὡᴆ φ 

ȅǨǱȅǫǸǷȅ ǷǹǲǲǦ ǨǷǫǻ ǷǸǴǱǧǼǴǨ ǲǦǸǶǮǼȁ ὅᶻ. ǐǶǴǲǫ ǸǴǩǴ, ‗ɵ ὧ  ǪǱȅ ǱȄǧȁǻ ὭȟὯ. ǙǶǦǨǳǫ-
ǳǮǫ φ ǵǴǱǹǽǦǫǸǷȅ Ǯǭ ǹǶǦǨǳǫǳǮȅ υ, ǫǷǱǮ ǵǴǱǴǬǮǸȂ ὦȟȣȟὦ ‗ȟȣȟ‗ .  

ǍǳǦǽǮǸ, ǪǱȅ ǳǦǻǴǬǪǫǳǮȅ ǲǦǸǶǮǼȁ ὅᶻ ǪǴǷǸǦǸǴǽǳǴ ǶǦǷǷǲǴǸǶǫǸȂ ǸǴǱȂǰǴ ǹǶǦǨǳǫǳǮǫ 
φ. ǊǫǯǷǸǨǮǸǫǱȂǳǴ, ǵǹǷǸȂ ὒȟȣȟὒ  ð ǶǫǾǫǳǮǫ ǹǶǦǨǳǫǳǮȅ φ. ǖǦǷǷǲǴǸǶǮǲ ȅǭȁǰ ὒ Ǯ 

ǵǴǱǴǬǮǲ ὒ ύᶰὒȡ ύ ὥ ȣὥ ὥ . ǎǭ ǷǰǦǭǦǳǳǴǩǴ ǨȁǾǫ ǷǱǫǪǹǫǸ, ǽǸǴ ǵǶǮ Ὥ Ὧ 

ὧᶻ ὒ, Ǧ ὧᶻ ὒ ᷾‗.  

  
5. ǍǦǪǦǽǦ ǵǴǷǸǶǴǫǳǮȅ ǨǷǫǻ ǰǶǦǸǽǦǯǾǮǻ ǵǹǸǫǯ Ǩ ǩǶǦǺǫ 

ǕǹǷǸȂ ǪǦǳ ǵǶǴǷǸǴǯ ǴǶǩǶǦǺ Ὃ ὠȟὉ . ǑǷǧǹǾǧǰǿǯǳ ὺȟὺ -ǶǺǹǬǳ ǳǦǭȁǨǦǫǸǷȅ 

ὺȟὺ -ǵǹǸȂ, ǮǲǫȄǿǮǯ ǲǮǳǮǲǦǱȂǳǹȄ ǪǱǮǳǹ. 

ǔǪǳǴǯ Ǯǭ ǨǦǬǳǫǯǾǮǻ ǭǦǪǦǽ ȅǨǱȅǫǸǷȅ ǷǱǫǪǹȄǿǦȅ: ǪǱȅ ǭǦǪǦǳǳȁǻ ǨǫǶǾǮǳ ό Ǯ ὺ 
ǳǦǯǸǮ ǰǶǦǸǽǦǯǾǮǯ όȟὺ-ǵǹǸȂ. ǊǱȅ ǫǫ ǶǫǾǫǳǮȅ ǲǴǬǳǴ ǮǷǵǴǱȂǭǴǨǦǸȂ, ǳǦǵǶǮǲǫǶ, ǲǫǸǴǪ 
ǵǴǮǷǰǦ Ǩ ǾǮǶǮǳǹ. 

ǝǦǷǸǴ ǨǲǫǷǸǴ ȃǸǴǯ ǭǦǪǦǽǮ ǶǦǷǷǲǦǸǶǮǨǦǫǸǷȅ ǧǴǱǫǫ ǴǧǿǦȅ: ǳǦǯǸǮ ǰǶǦǸǽǦǯǾǮǫ ǵǹǸǮ 

Ǯǭ ǺǮǰǷǮǶǴǨǦǳǳǴǯ ǨǫǶǾǮǳȁ ὺ ǨǴ ǨǷǫ ǴǷǸǦǱȂǳȁǫ ǨǫǶǾǮǳȁ. ǊǱȅ ǶǫǾǫǳǮȅ ȃǸǴǯ ǭǦǪǦǽǮ 
ǲǴǬǳǴ ǮǷǵǴǱȂǭǴǨǦǸȂ ǲǫǸǴǪ ǵǴǮǷǰǦ Ǩ ǾǮǶǮǳǹ, ǦǱǩǴǶǮǸǲ ǚǴǶǪǦ-ǇǫǱǱǲǦǳǦ, ǦǱǩǴǶǮǸǲ 
ǊǫǯǰǷǸǶȁ Ǯ ǪǶǹǩǮǫ. 

ǋǿǫ ǴǪǳǦ ǭǦǪǦǽǦ ǷǴǷǸǴǮǸ Ǩ ǳǦǻǴǬǪǫǳǮǮ ǰǶǦǸǽǦǯǾǮǻ ǵǹǸǫǯ ǲǫǬǪǹ ǨǷǫǲǮ ǵǦǶǦǲǮ 
ǨǫǶǾǮǳ. ǋǫ ǲǴǬǳǴ ǶǫǾǮǸȂ, ǳǦǵǶǮǲǫǶ, Ƿ ǵǴǲǴǿȂȄ ǦǱǩǴǶǮǸǲǦ ǚǱǴǯǪǦ. 
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ǈǷǫ ǵǫǶǫǽǮǷǱǫǳǳȁǫ ǦǱǩǴǶǮǸǲȁ ǪǱȅ ǰǦǬǪǴǯ ǵǦǶȁ ǨǫǶǾǮǳ ǷǸǶǴȅǸ ǸǴǱȂǰǴ ǴǪǮǳ 
ǰǶǦǸǽǦǯǾǮǯ ǵǹǸȂ, ǫǷǱǮ Ǵǳ ǫǷǸȂ. ǕǶǫǪǱǦǩǦǫǲȁǯ ǪǦǱǫǫ ǦǱǩǴǶǮǸǲ ǵǴǭǨǴǱȅǫǸ ǵǴǷǸǶǴǮǸȂ 
ǲǳǴǬǫǷǸǨǴ ǨǷǫǻ ǰǶǦǸǽǦǯǾǮǻ ǵǹǸǫǯ ǲǫǬǪǹ ǨǷǫǲǮ ǵǦǶǦǲǮ ǨǫǶǾǮǳ ǩǶǦǺǦ Ὃ.  

ǔǵǶǫǪǫǱǮǲ ǲǦǸǶǮǼǹ ὈὭίὋ  ǷǱǫǪǹȄǿǮǲ ǴǧǶǦǭǴǲ: ȃǱǫǲǫǳǸ Ὧ-ǯ ǷǸǶǴǰǮ Ǯ Ὦ-ǩǴ 

ǷǸǴǱǧǼǦ ȃǸǴǯ ǲǦǸǶǮǼȁ ǵǴǱǴǬǮǲ ǶǦǨǳȁǲ Ƿǹǲǲǫ ǲǫǸǴǰ ǨǷǫǻ ǰǶǦǸǽǦǯǾǮǻ ὺȟὺ -ǵǹǸǫǯ. 

ǔǽǫǨǮǪǳǴ, ǽǸǴ ὈὭίὋ יִ fl ὅᶻ  (ǷǶǦǨǳǫǳǮǫ ǲǦǸǶǮǼ ǨȁǵǴǱǳȅǫǸǷȅ ǵǴȃǱǫ-

ǲǫǳǸǳǴ). ǗǱǫǪǴǨǦǸǫǱȂǳǴ, ǪǱȅ ǸǴǩǴ, ǽǸǴǧȁ ǶǫǾǮǸȂ ǭǦǪǦǽǹ Ǵ ǨǷǫǻ ǰǶǦǸǽǦǯǾǮǻ ǵǹǸȅǻ, ǪǴ-

ǷǸǦǸǴǽǳǴ, ǳǦǵǶǮǲǫǶ, ǳǦǯǸǮ ǲǦǸǶǮǼǹ ὅᶻ Ǯ Ǩ ǰǦǬǪǴǲ ȅǭȁǰǫ ὧᶻ ǳǦǯǸǮ ǨǷǫ ǷǱǴǨǦ ǲǮǳǮ-

ǲǦǱȂǳǴǯ ǪǱǮǳȁ. 
 

ǙǸǨǫǶǬǪǫǳǮǫ 3. ǌǸǲǯ ǩ ǪǷǧǻǬ Ὃ ǸǺȀǬǸǹǩǺǬǹ όȟὺ-ǳǧǷǿǷǺǹ, ǹǵ ǸǺȀǬǸǹǩǺǬǹ ǯ 

όȟὺ-ǶǺǹȃ. 
 

ǙǸǨǫǶǬǪǫǳǮǫ 4. ǒȅǨǵǰ ǶǵǫǶǺǹȃ ǱǷǧǹǾǧǰǿǬǪǵ ǶǺǹǯ ǩ ǪǷǧǻǬ ȆǩǲȆǬǹǸȆ ǱǷǧǹǾǧǰǿǯǳ 
ǶǺǹǬǳ. 

 
ǓǦ ǴǷǳǴǨǦǳǮǮ ǷǰǦǭǦǳǳǴǩǴ ǨȁǾǫ ǷǺǴǶǲǹǱǮǶǹǫǲ ǭǦǲǫǽǦǳǮȅ: 
 

ǍǦǲǫǽǦǳǮǫ 1. ǒǫǸǰǴǯ ǵǹǸǮ ȅǨǱȅǫǸǷȅ ǷǱǴǨǴ, Ǩ ǰǴǸǴǶǴǲ ǧǹǰǨȁ ǳǫ ǵǴǨǸǴǶȅȄǸǷȅ. 
 

ǍǦǲǫǽǦǳǮǫ 2. ǐǶǦǸǽǦǯǾǮǯ ὺȟὺ -ǵǹǸȂ ǷǴǷǸǴǮǸ Ǯǭ ǫǪǮǳǷǸǨǫǳǳǴǯ ǨǫǶǾǮǳȁ Ǯ ǮǲǫǫǸ 
ǲǫǸǰǹ ‗. 

 
ǍǦǲǫǽǦǳǮǫ 3. ǕǶǮ Ὥ Ὧ ǲǫǸǰǴǯ ǰǶǦǸǽǦǯǾǫǩǴ ὺȟὺ -ǵǹǸǮ ȅǨǱȅǫǸǷȅ ǳǫǵǹǷǸǴǫ ǷǱǴǨǴ 

ǨǮǪǦ ὥ ȣὥ ὥ Ǯǭ ȅǭȁǰǦ ὧᶻ, ǮǲǫȄǿǫǫ ǲǮǳǮǲǦǱȂǳǹȄ ǪǱǮǳǹ. ǐǶǦǸǽǦǯǾǮǻ ǵǹǸǫǯ (ǰǦǰ 

Ǯ ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǻ Ǯǲ ǷǱǴǨ) ǲǴǬǫǸ ǧȁǸȂ ǳǫǷǰǴǱȂǰǴ. 
 
6. ǕǶǮǲǫǶ ǶǫǾǫǳǮȅ ǭǦǪǦǽǮ  
ǕǶǮǨǫǪǫǲ ǵǶǮǲǫǶ ǶǫǾǫǳǮȅ ǭǦǪǦǽǮ ǵǴǷǸǶǴǫǳǮȅ ǨǷǫǻ ǰǶǦǸǽǦǯǾǮǻ ǵǹǸǫǯ Ǩ ǩǶǦǺǫ. 

 
ǗǯǸ. 1 

 
ǊǱȅ ǩǶǦǺǦ Ὃ, ǮǭǴǧǶǦǬǫǳǳǴǩǴ ǳǦ ǶǮǷ. 1, ǲǦǸǶǮǼǦ ǲǫǸǴǰ ǮǲǫǫǸ ǨǮǪ 

ὅ ὅὋ

ở

Ở
ờ

ᶮ
ᶮ
ᶮ
ὥ
ὥ

ᶮ
ᶮ
ὥ
ὥ
ᶮ

ὥ
ᶮ
ᶮ
ᶮ
ὥ

ᶮ
ὥ
ᶮ
ᶮ
ὥ

ᶮ
ὥ
ᶮ
ᶮ
ᶮỢ

ỡ
Ỡ
Ȣ 

 
ǊǦǱǫǫ ǲȁ ǧǹǪǫǲ ǴǵǹǷǰǦǸȂ ǺǮǩǹǶǳȁǫ ǷǰǴǧǰǮ Ǩ ǴǧǴǭǳǦǽǫǳǮǮ ȅǭȁǰǴǨ, ǵǴǪǶǦǭǹǲǫ-

ǨǦȅ, ǽǸǴ 

ὥ ὥ ȟ ὥ ‗ ὥȟ‗ȟ      ὥ ‗ὥ ὥὥȟὥ Ȣ  
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ǗǴǷǸǦǨǮǲ ǷǮǷǸǫǲǹ ǹǶǦǨǳǫǳǮǯ ǨǮǪǦ φȡ 

ừ
Ử
Ừ

Ử
ứ
ὼ ὥὼ ‗ȟ
ὼ ὥὼ ὥὼ ‗ȟ
ὼ ὥὼ ‗ȟ
ὼ ὥὼ ὥὼ ‗ȟ
ὼ ὥὼ ὥὼ ὥὼ ‗Ȣ

χ 

 
ǕǶǮǲǫǳǮǲ ǰ ȃǸǴǯ ǷǮǷǸǫǲǫ ǲǫǸǴǪ ǮǷǰǱȄǽǫǳǮȅ ǳǫǮǭǨǫǷǸǳȁǻ, ǴǵǮǷǦǳǳȁǯ Ǩ ǪǴǰǦǭǦ-

ǸǫǱȂǷǸǨǫ ǸǫǴǶǫǲȁ 3. ǔǪǳǦǰǴ ǴǸǲǫǸǮǲ, ǽǸǴ ǲȁ ǳǫ ǧǹǪǫǲ ǮǷǰǦǸȂ ǫǫ ǶǫǾǫǳǮǫ, Ǹ.ǫ. ǲǦǸ-

ǶǮǼǹ ὅᶻ. ǓǦǾǦ ǼǫǱȂ ð ǳǦǯǸǮ ǲǦǸǶǮǼǹ ǰǶǦǸǽǦǯǾǮǻ ǵǹǸǫǯ ὈὭίὋ . 
ǎǭ ǭǦǲǫǽǦǳǮǯ 1 - 3 ǷǱǫǪǹǫǸ, ǽǸǴ ǵǶǮ ǮǷǰǱȄǽǫǳǮǮ ǳǫǮǭǨǫǷǸǳȁǻ, Ǧ ǸǦǰǬǫ ǵǶǮ ǵǴ-

ǷǱǫǪǴǨǦǸǫǱȂǳǴǲ ǨȁǽǮǷǱǫǳǮǮ ǭǳǦǽǫǳǮǯ ǳǫǮǭǨǫǷǸǳȁǻ ǲǴǬǳǴ ǴǸǧǶǦǷȁǨǦǸȂ ǷǱǴǨǦ, ȅǨǱȅ-
ȄǿǮǫǷȅ ǲǫǸǰǦǲǮ ǼǮǰǱǴǨ, ǲǫǸǰǦǲǮ ǲǦǶǾǶǹǸǴǨ, ǪǱǮǳǦ ǰǴǸǴǶȁǻ ǧǴǱȂǾǫ ǪǱǮǳȁ ǹǬǫ 
ǳǦǯǪǫǳǳȁǻ ǲǦǶǾǶǹǸǴǨ, Ǧ ǸǦǰǬǫ ǲǫǸǰǦǲǮ ǲǦǶǾǶǹǸǴǨ, ǳǫ ȅǨǱȅȄǿǮǻǷȅ (ǵǶǴǷǸȁǲǮ) ǵǹ-
ǸȅǲǮ. ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǲȁ ǧǹǪǫǲ ǵǫǶǫǻǴǪǮǸȂ ǳǫ ǰ ǶǦǨǳǴǷǮǱȂǳȁǲ ǷǮǷǸǫǲǦǲ, Ǧ ǰ ǷǮǷǸǫ-
ǲǦǲ, ǮǲǫȄǿǮǲ ǧǴǱǫǫ ǵǶǴǷǸǴǯ ǨǮǪ, ǳǫ ǸǫǶȅȅ ǵǶǮ ȃǸǴǲ ǮǷǰǴǲȁǻ ǶǫǾǫǳǮǯ.  

ǕǶǴǦǳǦǱǮǭǮǶǹǫǲ ǷǮǷǸǫǲǹ χ. ǈ Ὥ-ǲ ǹǶǦǨǳǫǳǮǮ ǷǱǦǩǦǫǲǴǫ ǨǮǪǦ ὥὼ ǴǭǳǦǽǦǫǸ, ǽǸǴ 

Ǩ ǩǶǦǺǫ ǫǷǸȂ ǶǫǧǶǴ ὺȟὺ , Ǧ ǭǳǦǽǮǸ, ǪǱǮǳǦ ǰǶǦǸǽǦǯǾǫǩǴ ὺȟὺ -ǵǹǸǮ ǶǦǨǳǦ 1. ǗǱǦǩǦǫ-
ǲǴǫ ‗ ǴǭǳǦǽǦǫǸ, ǽǸǴ ǪǱǮǳǦ ǰǶǦǸǽǦǯǾǫǩǴ ὺȟὺ -ǵǹǸǮ ǶǦǨǳǦ 0. 

ǕǶȅǲȁǲ ǻǴǪǴǲ ǧǹǪǫǲ ǮǷǰǱȄǽǦǸȂ ǳǫǮǭǨǫǷǸǳȁǫ Ǩ ǵǴǶȅǪǰǫ ὼȟȣȟὼ. 
 

1) ǎǷǰǱȄǽǮǲ ὼ. ǈ ǵǫǶǨǴǲ ǹǶǦǨǳǫǳǮǮ ǳǫǮǭǨǫǷǸǳǦȅ ὼ ǹǬǫ ǨȁǶǦǬǫǳǦ ǽǫǶǫǭ ǴǷǸǦǱȂǳȁǫ 
ǳǫǮǭǨǫǷǸǳȁǫ, ǵǴǪǷǸǦǨǮǲ ȃǸǴ ǨȁǶǦǬǫǳǮǫ Ǩ ǴǷǸǦǨǾǮǫǷȅ ǽǫǸȁǶǫ ǹǶǦǨǳǫǳǮȅ: 

ừ
Ử
Ừ

Ử
ứ
ὼ ὥὼ ‗ȟ
ὼ ὥὼ ὥὼ ‗ȟ
ὼ ὥὼ ‗ȟ
ὼ ὥ ὥὼ ὥὥὼ ‗ȟ
ὼ ὥ ὥ ‗ὥὼ ὥὼ ‗Ȣ

 

ǖǦǷǷǲǴǸǶǮǲ Ὥ-ǫ ǹǶǦǨǳǫǳǮǫ ȃǸǴǯ ǷǮǷǸǫǲȁ. ǕǶǮ Ὥ ςȟȣȟυ ǴǳǴ ǮǲǫǫǸ ǨǮǪ 

ὼ ὒὥ ὒὥὼ Ễ ὒὥὼ ‗ȟ 
ǩǪǫ ȅǭȁǰ ὒὥ ǷǴǷǸǴǮǸ Ǯǭ ǲǫǸǴǰ ǳǫǰǴǸǴǶȁǻ ὺȟὺ -ǲǦǶǾǶǹǸǴǨ, ‗ ð ǲǫǸǰǦ ὺȟὺ -ǵǹǸǮ 

ǪǱǮǳȁ 0. 
ǓǦǵǶǮǲǫǶ, Ǩ ǹǶǦǨǳǫǳǮǮ 

ὼ ὥ ὥ ‗ὥὼ ὥὼ ‗ 
ǷǱǦǩǦǫǲǴǫ ὥ ‗ὥὼ ǷǴǪǫǶǬǮǸ ǲǫǸǰǮ ǪǨǹǻ ὺȟὺ -ǵǹǸǫǯ: ǪǱǮǳȁ 1 Ǯ ǪǱǮǳȁ 2. ǗǴ-
ǩǱǦǷǳǴ ǹǸǨǫǶǬǪǫǳǮȄ 4, ǵǹǸȂ ὺᴼὺᴼὺ ǳǫ ǲǴǬǫǸ ǧȁǸȂ ǵǴǪǵǹǸǫǲ ǳǮǰǦǰǴǩǴ ǰǶǦǸǽǦǯ-
ǾǫǩǴ ǵǹǸǮ, ǴǸǧǶǴǷǮǲ ǷǴǴǸǨǫǸǷǸǨǹȄǿǫǫ ǷǱǦǩǦǫǲǴǫ: 

ừ
Ử
Ừ

Ử
ứ
ὼ ὥὼ ‗ȟ
ὼ ὥὼ ὥὼ ‗ȟ
ὼ ὥὼ ‗ȟ
ὼ ὥ ὥὼ ὥὥὼ ‗ȟ
ὼ ὥ ὥὼ ὥὼ ‗Ȣ

 

 
2) ǎǷǰǱȄǽǮǲ ὼ. ǈǴ ǨǸǴǶǴǲ ǹǶǦǨǳǫǳǮǮ ǳǫǮǭǨǫǷǸǳǦȅ ὼ ǹǬǫ ǨȁǶǦǬǫǳǦ ǽǫǶǫǭ ǴǷǸǦǱȂǳȁǫ 
ǳǫǮǭǨǫǷǸǳȁǫ, ǵǴǪǷǸǦǨǮǲ ȃǸǴ ǨȁǶǦǬǫǳǮǫ Ǩ ǴǷǸǦǱȂǳȁǫ ǸǶǮ ǹǶǦǨǳǫǳǮȅ: 

ừ
Ử
Ừ

Ử
ứ
ὼ ὥὼ ‗ȟ
ὼ ὥὼ ὥὼ ‗ȟ
ὼ ὥ ὥὥὼ ὥὥὼ ‗ȟ
ὼ ὥ ὥ ὥὥὼ ὥὥὼ ὥὥὼ ‗ȟ
ὼ ὥ ὥὼ ὥὼ ‗Ȣ
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ǕǶǴǦǳǦǱǮǭǮǶǹǫǲ ǹǶǦǨǳǫǳǮǫ  

ὼ ὥ ὥ ὥὥὼ ὥὥὼ ὥὥὼ ‗Ȣ 
 

ǗǱǦǩǦǫǲǴǫ ὥὥὼ ǷǴǪǫǶǬǮǸ ǲǫǸǰǹ ὺȟὺ -ǵǹǸǮ, ǮǲǫȄǿǫǩǴ ǪǱǮǳǹ 2. ǈ ǷǮǱǹ ǭǦǲǫ-
ǽǦǳǮȅ 2, ǴǸǧǶǴǷǮǲ ȃǸǴ ǷǱǦǩǦǫǲǴǫ: 

ừ
Ử
Ừ

Ử
ứ
ὼ ὥὼ ‗ȟ
ὼ ὥὼ ὥὼ ‗ȟ
ὼ ὥ ὥὥὼ ὥὥὼ ‗ȟ
ὼ ὥ ὥ ὥὥὼ ὥὥὼ ‗ȟ
ὼ ὥ ὥὼ ὥὼ ‗Ȣ

 

 
3) ǎǷǰǱȄǽǮǲ ὼ. ǈ ǸǶǫǸȂǫǲ ǹǶǦǨǳǫǳǮǮ ǳǫǮǭǨǫǷǸǳǦȅ ὼ ǹǬǫ ǨȁǶǦǬǫǳǦ ǽǫǶǫǭ ǴǷǸǦǱȂǳȁǫ 
ǳǫǮǭǨǫǷǸǳȁǫ, ǵǴǪǷǸǦǨǮǲ ȃǸǴ ǨȁǶǦǬǫǳǮǫ Ǩ ǴǷǸǦǱȂǳȁǫ ǪǨǦ ǹǶǦǨǳǫǳǮȅ: 

ừ
Ử
Ừ

Ử
ứ
ὼ ὥὼ ‗ȟ
ὼ ὥὼ ὥὼ ‗ȟ
ὼ ὥ ὥὥὼ ὥὥὼ ‗ȟ
ὼ ὥ ‗ ὥὥ ὥ ὥὥ ὥὥὥὥὼ ὥὥὥ ὥ ὥὼ ‗ȟ
ὼ ὥ ὥὥ ὥ ‗ ὥὥ ὥὼ ὥὥὥὼ ‗Ȣ

 

ǈ ȃǸǴǯ ǷǮǷǸǫǲǫ Ǩ ǹǶǦǨǳǫǳǮǮ 

ὼ ὥ ‗ ὥὥ ὥ ὥὥ ὥὥὥὥὼ ὥὥὥ ὥ ὥὼ ‗ 
ǷǱǦǩǦǫǲǴǫ ‗ ὥὥ ὥ ǷǴǪǫǶǬǮǸ ǲǫǸǰǮ ǪǨǹǻ ὺȟὺ -ǵǹǸǫǯ: ǪǱǮǳȁ 1 Ǯ ǪǱǮǳȁ 3. ǗǱǦǩǦ-
ǫǲǴǫ ὥὥὥ ὥ ὥὼ ǷǴǪǫǶǬǮǸ ǲǫǸǰǮ ǪǨǹǻ ὺȟὺ -ǵǹǸǫǯ: ǪǱǮǳȁ 2 Ǯ ǪǱǮǳȁ 4. ǈǴǷ-
ǵǴǱȂǭǹǫǲǷȅ ǹǸǨǫǶǬǪǫǳǮǫǲ 4 Ǯ ǴǸǧǶǴǷǮǲ ǲǫǸǰǮ ǧǴǱǫǫ ǪǱǮǳǳȁǲ ǵǹǸǫǯ. 

ǗǱǦǩǦǫǲǴǫ ὥὥὥὥὼ ǴǸǧǶǴǷǮǲ Ǩ ǷǮǱǹ ǭǦǲǫǽǦǳǮȅ 2. 
ǐ ǵȅǸǴǲǹ ǹǶǦǨǳǫǳǮȄ ǵǶǮǲǫǳǮǲ ǦǳǦǱǴǩǮǽǳȁǫ ǷǴǴǧǶǦǬǫǳǮȅ, ǵǴǱǹǽǮǲ ǷǮǷǸǫǲǹ 

ừ
Ử
Ừ

Ử
ứ
ὼ ὥὼ ‗ȟ
ὼ ὥὼ ὥὼ ‗ȟ
ὼ ὥ ὥὥὼ ὥὥὼ ‗ȟ
ὼ ὥ ὥ ὥὥ ὥὥὼ ‗ȟ
ὼ ὥ ὥὥ ὥ ὥὼ ‗Ȣ

 

 
4) ǎǷǰǱȄǽǮǲ ὼ:  

ừ
Ử
Ừ

Ử
ứ
ὼ ὥὼ ‗ȟ
ὼ ὥὼ ὥὼ ‗ȟ
ὼ ὥ ὥὥὼ ὥὥὼ ‗ȟ
ὼ ὥ ὥ ὥὥ ὥὥὼ ‗ȟ

ὼ ‗ ὥ ὥ ὥ ὥ ὥ ‗ ὥὥ ὥ ὥ ὥὥὥὼ ‗Ȣ

 

 
ǈ ǷǮǱǹ ǭǦǲǫǽǦǳǮǯ 1 - 3, ǵǫǶǫǯǪǫǲ ǰ ǷǮǷǸǫǲǫ 

ừ
Ử
Ừ

Ử
ứ
ὼ ὥὼ ‗ȟ
ὼ ὥὼ ὥὼ ‗ȟ
ὼ ὥ ὥὥὼ ὥὥὼ ‗ȟ
ὼ ὥ ὥ ὥὥ ὥὥὼ ‗ȟ
ὼ ὥ ὥ ὥ ὥ ὥ ὥ ‗Ȣ

 

 
ǓǦ ȃǸǴǲ ȃǸǦǵǫ ǳǦǯǪǫǳǴ ǭǳǦǽǫǳǮǫ ǳǫǮǭǨǫǷǸǳǴǯ ὼ, Ǹ.ǫ. ǵǴǷǸǶǴǫǳȁ ǨǷǫ ǰǶǦǸǽǦǯǾǮǫ 

ǵǹǸǮ Ǯǭ ὺ  ǨǴ ǨǷǫ ǴǷǸǦǱȂǳȁǫ ǨǫǶǾǮǳȁ, ǵǶǮǽǫǲ ǫǷǸȂ ǪǨǦ ǰǶǦǸǽǦǯǾǮǻ ὺȟὺ -ǵǹǸǮ, 
Ƿǲ. ǶǮǷ. 2. 
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ǗǯǸ. 2.  

 
ǘǫǵǫǶȂ ǨȁǵǴǱǳǮǲ ǴǧǶǦǸǳȁǯ ǻǴǪ Ǯ ǳǦǯǪǫǲ ǭǳǦǽǫǳǮȅ ǴǷǸǦǱȂǳȁǻ ǳǫǮǭǨǫǷǸǳȁǻ. 
 

5) ǕǴǪǷǸǦǨǮǲ Ǩ ǹǶǦǨǳǫǳǮȅ ǳǦǯǪǫǳǳȁǯ ὼ:  

ừ
Ử
Ừ

Ử
ứ
ὼ ὥὼ ‗ȟ

ὼ ὥὥ ὥ ὥ ὥ ὥ ὥὥ ὥὼ ὥὥ ὥ ‗ȟ

ὼ ὥὥὥ ‗ ὥὥ ὥ ὥ ὥ ὥὥὥ ὥὥὼ ὥὥὥ ὥὥ ‗ȟ

ὼ ‗ ὥὥ ὥ ‗ ὥὥ ὥ ὥ ὥ ὥ ὥὥ ὥ ὥὥὥ ὥὥ ‗ȟ

ὼ ὥ ὥ ὥ ὥ ὥ ὥ ‗Ȣ

 

ǈ ǹǶǦǨǳǫǳǮǮ 

ὼ ὥὥὥ ‗ ὥὥ ὥ ὥ ὥ ὥὥὥ ὥὥὼ ὥὥὥ ὥὥ ‗ȟ 
ǷǱǦǩǦǫǲǴǫ ὥὥὼ ǷǴǪǫǶǬǮǸ ǲǫǸǰǹ ὺȟὺ -ǵǹǸǮ ǪǱǮǳȁ 2, ǷǱǦǩǦǫǲǴǫ ὥὥὥ ȅǨǱȅǫǸǷȅ 

ǲǫǸǰǴǯ ὺȟὺ -ǵǹǸǮ ǪǱǮǳȁ 3. ǣǸǴǸ ǵǹǸȂ ǳǫ ȅǨǱȅǫǸǷȅ ǵǴǪǵǹǸǫǲ ǳǮǰǦǰǴǩǴ ǰǶǦǸǽǦǯǾǫǩǴ 
ǵǹǸǮ, ǴǸǧǶǴǷǮǲ ǫǩǴ: 

ừ
Ử
Ừ

Ử
ứ
ὼ ὥὼ ‗ȟ
ὼ ὥὥ ὥὥ ὥὼ ὥὥ ὥ ‗ȟ
ὼ ὥὥὥ ὥ ὥὥὼ ὥὥ ‗ȟ
ὼ ὥ ὥ ὥὥ ὥὥ ‗ȟ
ὼ ὥ ὥ ὥ ὥ ὥ ὥ ‗Ȣ

 

 
6) ǕǴǪǷǸǦǨǮǲ Ǩ ǹǶǦǨǳǫǳǮȅ ǳǦǯǪǫǳǳȁǯ ὼ:  

ừ
Ử
Ừ

Ử
ứ
ὼ ὥὼ ‗ȟ
ὼ ὥ ὥ ὥ ὥὥ ὥ ὥὥ ὥ ‗ ὥ ὥ ‗ ὥὥ ὥ ‗ȟ
ὼ ὥ ὥ ὥ ὥ ‗ ὥὥ ὥ ὥὥὥὥ ὥὥ ὥ ὥὥὥ ὥ ‗ȟ
ὼ ὥ ὥ ὥὥ ὥὥ ‗ȟ
ὼ ὥ ὥ ὥ ὥ ὥ ὥ ‗Ȣ

 

 
ǈ ǷǮǱǹ ǭǦǲǫǽǦǳǮǯ 1 - 3, ǵǫǶǫǯǪǫǲ ǰ ǷǮǷǸǫǲǫ 

ừ
Ử
Ừ

Ử
ứ
ὼ ὥὼ ‗ȟ
ὼ ὥ ὥ ὥ ὥὥ ὥ ὥ ‗ȟ
ὼ ὥ ὥ ὥ ὥ ὥ ὥὥ ὥὥ ‗ȟ
ὼ ὥ ὥ ὥὥ ὥὥ ‗ȟ
ὼ ὥ ὥ ὥ ὥ ὥ ὥ ‗Ȣ

 

 
7) ǕǴǪǷǸǦǨǮǲ Ǩ ǹǶǦǨǳǫǳǮȅ ǳǦǯǪǫǳǳȁǯ ὼ:  

ừ
Ử
Ừ

Ử
ứ
ὼ ὥὥ ὥ ὥ ὥ ὥὥ ὥ ὥὥὥ ὥὥὥ ‗ȟ
ὼ ὥ ὥ ὥ ὥὥ ὥ ὥ ‗ȟ
ὼ ὥ ὥ ὥ ὥ ὥ ὥὥ ὥὥ ‗ȟ
ὼ ὥ ὥ ὥὥ ὥὥ ‗ȟ
ὼ ὥ ὥ ὥ ὥ ὥ ὥ ‗Ȣ
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ǈǴǷǵǴǱȂǭǴǨǦǨǾǮǷȂ ǭǦǲǫǽǦǳǮȅǲǮ 1 ð 3 Ǯ ǹǸǨǫǶǬǪǫǳǮǫǲ 4, ǲȁ ǳǦǾǱǮ ǭǳǦǽǫǳǮȅ ǨǷǫǻ 

ǳǫǮǭǨǫǷǸǳȁǻ: 

ừ
Ử
Ừ

Ử
ứ
ὼ ‗ ὥὥ ὥ ὥὥὥ ὥὥὥȟ
ὼ ὥ ὥ ὥ ‗ ὥὥ ὥ ὥȟ
ὼ ὥ ὥ ὥ ὥ ὥ ‗ ὥὥ ὥὥȟ
ὼ ὥ ὥ ὥὥ ‗ ὥὥȟ
ὼ ὥ ὥ ὥ ὥ ὥ ὥ ‗Ȣ

 

ǓǦǯǪǫǳǳȁǯ ǨǫǰǸǴǶ ǳǫ ȅǨǱȅǫǸǷȅ ǶǫǾǫǳǮǫǲ ǷǮǷǸǫǲȁ χ, ǴǪǳǦǰǴ Ǵǳ ǷǴǪǫǶǬǮǸ ǲǫǸǰǮ 
ǨǷǫǻ ǰǶǦǸǽǦǯǾǮǻ ǵǹǸǫǯ ǲǫǬǪǹ ǨǷǫǲǮ ǵǦǶǦǲǮ ǨǫǶǾǮǳ ǩǶǦǺǦ Ὃ.  

 
ǘǫǵǫǶȂ ǵǴǷǸǶǴǮǲ ǲǦǸǶǮǼǹ ǰǶǦǸǽǦǯǾǮǻ ǵǹǸǫǯ: 

ὈὭίὈὭίὋ

ở

Ở
ờ

‗
ὥ ὥ ὥ

ὥ ὥ ὥ ὥ
ὥ
ὥ

ὥὥ
‗
ὥ
ὥ

ὥ ὥ ὥ

ὥ
ὥὥ
‗
ὥὥ
ὥ

ὥὥὥ
ὥ
ὥὥ
‗
ὥ

ὥὥὥ
ὥ
ὥὥ
ὥὥ
‗ Ợ

ỡ
Ỡ
Ȣ 

 
ǔǸǲǫǸǮǲ Ǩ ǭǦǰǱȄǽǫǳǮǫ ǴǷǳǴǨǳȁǫ ǲǴǲǫǳǸȁ ǵǶǮ ǵǴǷǸǶǴǫǳǮǮ ǰǶǦǸǽǦǯǾǮǻ ǵǹǸǫǯ Ǩ 

ǩǶǦǺǫ Ƿ ǵǶǮǲǫǳǫǳǮǫǲ ǹǶǦǨǳǫǳǮǯ ǳǦǪ ǵǴǱǹǰǴǱȂǼǦǲǮ.  
1) ǝǸǴǧȁ ǳǦǯǸǮ ǨǷǫ ǰǶǦǸǽǦǯǾǮǫ ǵǹǸǮ ǲǫǬǪǹ ǵǦǶǴǯ ǭǦǪǦǳǳȁǻ ǨǫǶǾǮǳ ὺ Ǯ ὺ 

ǩǶǦǺǦ, ǪǴǷǸǦǸǴǽǳǴ ǶǦǷǷǲǴǸǶǫǸȂ ǨǫǰǸǴǶǳǴǫ ǹǶǦǨǳǫǳǮǫ υ, ǵǴǱǴǬǮǸȂ Ǩ ǳǫǲ ὦᴆ Ὡᴆ  Ǯ 

ǳǦǯǸǮ ǭǳǦǽǫǳǮǫ ǳǫǮǭǨǫǷǸǳǴǯ ὼ. 
2) ǝǸǴǧȁ ǳǦǯǸǮ ǨǷǫ ǰǶǦǸǽǦǯǾǮǫ ǵǹǸǮ ǲǫǬǪǹ ǭǦǪǦǳǳǴǯ ǨǫǶǾǮǳǴǯ ὺ Ǯ ǨǷǫǲǮ 

ǴǷǸǦǱȂǳȁǲǮ ǨǫǶǾǮǳǦǲǮ, Ǩ ǹǶǦǨǳǫǳǮǮ υ, ǪǴǷǸǦǸǴǽǳǴ ǵǴǱǴǬǮǸȂ ὦᴆ В Ὡᴆ  Ǯ ǳǦǯǸǮ 

ǭǳǦǽǫǳǮǫ ǳǫǮǭǨǫǷǸǳǴǯ ὼ.  
3) ǝǸǴǧȁ ǳǦǯǸǮ ǨǷǫ ǰǶǦǸǽǦǯǾǮǫ ǵǹǸǮ ǲǫǬǪǹ ǨǷǫǲǮ ǵǦǶǦǲǮ ǨǫǶǾǮǳ ǩǶǦǺǦ, Ǩ ǹǶǦǨ-

ǳǫǳǮǮ υ ǳǦǪǴ ǵǴǱǴǬǮǸȂ ὦᴆ В Ὡᴆ , ǳǦǯǸǮ ǭǳǦǽǫǳǮȅ ǨǷǫǻ ǳǫǮǭǨǫǷǸǳȁǻ Ǯ ǵǴǷǸǶǴǮǸȂ 

ǲǦǸǶǮǼǹ ὈὭί. 
ǍǦǰǱȄǽǫǳǮǫ 

 
ǈ ǶǦǧǴǸǫ ǴǵǮǷǦǳǴ ǵǶǮǲǫǳǫǳǮǫ ǸǫǴǶǮǮ ǵǴǱǹǰǴǱǫǼ ǪǱȅ ǳǦǻǴǬǪǫǳǮȅ ǨǷǫǻ ǰǶǦǸǽǦǯ-

ǾǮǻ ǵǹǸǫǯ Ǩ ǩǶǦǺǫ, ǵǶǮǨǫǪǫǳ ǵǶǮǲǫǶ ǶǫǾǫǳǮȅ ǭǦǪǦǽǮ Ƿ ǵǴǲǴǿȂȄ ǴǵǮǷǦǳǳǴǩǴ ǦǱǩǴ-
ǶǮǸǲǦ. 

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. 
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ǒǋǘǔǊǡ ǕǔǗǘǖǔǋǓǎǥ ǉǖǆǚǎǐǔǈ ǘǖǎǉǔǓǔǒǋǘǖǎǝǋǗǐǎǛ ǚǙǓǐǜǎǏ,  
ǗǔǊǋǖǌǆǟǎǛ ǍǓǆǐ ǈǓǙǘǖǋǓǓǋǉǔ ǒǔǊǙǑǥ 

 

 

ǆǳǳǴǸǦǼǮȅ 

ǈ ǷǸǦǸȂǫ ǶǦǷǷǲǴǸǶǫǳȁ ǵǶǦǰǸǮǽǫǷǰǮǫ ǵǶǮǫǲȁ ǵǴǷǸǶǴǫǳǮȅ ǩǶǦǺǮǰǴǨ ǶǦǭǱǮǽǳǴǩǴ ǹǶǴǨǳȅ 
ǷǱǴǬǳǴǷǸǮ. ǓǦ ǵǶǮǲǫǶǫ ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǮǻ ǺǹǳǰǼǮǯ, ǷǴǪǫǶǬǦǿǮǻ ǭǳǦǰ ǨǳǹǸǶǫǳǳǫǩǴ 
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, ǷǨǴǯǷǸǨ ǲǴ-
ǪǹǱȅ Ǯ ǷǨǴǯǷǸǨ ǽǫǸǳȁǻ, ǳǫǽǫǸǳȁǻ ǺǹǳǰǼǮǯ. ǗǴǪǫǶǬǦǳǮǫ ǷǸǦǸȂǮ ǧǹǪǫǸ ǵǴǱǫǭǳǴ ǷǸǹǪǫǳ-
ǸǦǲ ǲǱǦǪǾǮǻ ǰǹǶǷǴǨ, Ǧ ǸǦǰǬǫ ǵǶǫǵǴǪǦǨǦǸǫǱȅǲ. 

 

ǐǱȄǽǫǨȁǫ ǷǱǴǨǦ 

ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǮǫ ǺǹǳǰǼǮǮ, ǩǶǦǺǮǰǮ ǺǹǳǰǼǮǯ, ǱǮǳǫǯǳȁǫ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ, ǲǴǪǹǱȂ 
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ǆǻǲǫǸǴǨǦ ǚǦǳǮȅ ǛǦǶǮǷǴǨǳǦ,  
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dobrich2@mail.ru 
 

ǉǴǱǴǨǮǳǦ ǆǳǦǷǸǦǷǮȅ ǒǮǻǦǯǱǴǨǳǦ,  
ǰǦǳǪǮǪǦǸ ǺǮǭǮǰǴ-ǲǦǸǫǲǦǸǮǽǫǷǰǮǻ ǳǦǹǰ, ǪǴǼǫǳǸ 
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ǈǨǫǪǫǳǮǫ 
 

ǈ ǳǦǷǸǴȅǿǫǯ ǶǦǧǴǸǫ ǶǫǽȂ ǵǴǯǪȆǸ Ǵ ǵǴǷǸǶǴǫǳǮǮ ǩǶǦǺǮǰǴǨ ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǮǻ 
ǺǹǳǰǼǮǯ, ǷǴǪǫǶǬǦǿǮǻ ǭǳǦǰ ǨǳǹǸǶǫǳǳǫǩǴ ǲǴǪǹǱȅ. ǣǸǦ ǸǫǲǦ ǦǨǸǴǶǦǲǮ ǧȁǱǦ ǨȁǧǶǦǳǦ ǳǫ 
ǷǱǹǽǦǯǳǴ. ǈǴ-ǵǫǶǨȁǻ, ǷǹǿǫǷǸǨǹǫǸ ǧǴǱȂǾǴǫ ǽǮǷǱǴ ǹǽǫǧǳǮǰǴǨ, ǹǽǫǧǳȁǻ Ǯ ǹǽǫǧǳǴ-ǲǫǸǴ-
ǪǮǽǫǷǰǮǻ ǵǴǷǴǧǮǯ, Ǩ ǰǴǸǴǶȁǻ ǴǵǮǷȁǨǦǫǸǷȅ ǵǴǳȅǸǮǫ ǺǹǳǰǼǮǮ, ǫȆ ǷǨǴǯǷǸǨǦ Ǯ ǲǫǸǴǪȁ 
ǵǴǷǸǶǴǫǳǮȅ ǩǶǦǺǮǰǴǨ (ǳǦǵǶǮǲǫǶ, ǶǦǧǴǸȁ [1-4]). ǈǷǫ ǴǳǮ, Ǩ ǴǷǳǴǨǳǴǲ, ǵǶǫǪǳǦǭǳǦǽǫǳȁ 
ǪǱȅ ǹǽǦǿǮǻǷȅ ǷǸǦǶǾǮǻ ǰǱǦǷǷǴǨ.  

ǎǲǫǫǸǷȅ ǸǦǰǬǫ ǶȅǪ ǹǽǫǧǳȁǻ ǵǴǷǴǧǮǯ Ǯ ǷǸǦǸǫǯ ǪǱȅ ǷǸǹǪǫǳǸǴǨ ǳǦǽǦǱȂǳȁǻ ǰǹǶǷǴǨ 
(ǳǦǵǶǮǲǫǶ, ǶǦǧǴǸȁ [5-12]). ǔǪǳǦǰǴ ǨǴ ǨǷǫǻ ȃǸǮǻ ǶǦǧǴǸǦǻ ǾǱǦ ǶǫǽȂ ǱǮǧǴ Ǵ ǵǴǷǸǶǴǫǳǮǮ 
ǩǶǦǺǮǰǴǨ ǴǸǪǫǱȂǳǴ ǨǭȅǸȁǻ ǺǹǳǰǼǮǯ: ǱǮǳǫǯǳȁǻ, ǰǨǦǪǶǦǸǮǽǳȁǻ, ǪǶǴǧǳǴ-ǶǦǼǮǴǳǦǱȂǳȁǻ, 
ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǮǻ Ǯ ǪǶ., ǱǮǧǴ Ǵ ǵǴǷǸǶǴǫǳǮǮ ǩǶǦǺǮǰǴǨ ǺǹǳǰǼǮǯ, ǷǴǪǫǶǬǦǿǮǻ ǭǳǦǰ 
ǲǴǪǹǱȅ ǨǳǫǾǳǫǩǴ ǮǱǮ ǨǳǹǸǶǫǳǳǫǩǴ.  

ǈ ǳǦǷǸǴȅǿǫǯ ǶǦǧǴǸǫ ǧȁǱǴ ǶǫǾǫǳǴ ǴǧȀǫǪǮǳǮǸȂ ǪǨǦ ȃǸǮǻ ǵǴǪǻǴǪǦ Ǯ ǶǦǷǷǰǦǭǦǸȂ Ǵ 
ǵǴǷǸǶǴǫǳǮǮ ǮǲǫǳǳǴ ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǮǻ ǺǹǳǰǼǮǯ, ǵǶǮ ȃǸǴǲ, ǷǴǪǫǶǬǦǿǮǻ ǭǳǦǰ ǨǳǹǸ-
ǶǫǳǳǫǩǴ ǲǴǪǹǱȅ. ǣǸǴ ǧȁǱǴ ǷǪǫǱǦǳǴ ǳǫ ǷǱǹǽǦǯǳǴ. ǎǲǫǳǳǴ ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǮǫ Ǻǹǳǰ-
ǼǮǮ ǨȁǭȁǨǦȄǸ ǳǫǲǦǱǴ ǸǶǹǪǳǴǷǸǫǯ ǳǫ ǸǴǱȂǰǴ ǹ ǷǸǦǶǾǫǰǱǦǷǷǳǮǰǴǨ, ǳǴ Ǯ ǹ ǦǧǮǸǹǶǮǫǳǸǴǨ, 
ǷǸǹǪǫǳǸǴǨ ǵǫǶǨȁǻ ǰǹǶǷǴǨ ǶǦǭǱǮǽǳȁǻ ǨȁǷǾǮǻ ǹǽǫǧǳȁǻ ǭǦǨǫǪǫǳǮǯ. ǋǷǱǮ Ǩ ǦǳǦǱǮǸǮǽǫ-
ǷǰǴǲ ǭǦǪǦǳǮǮ ǺǹǳǰǼǮǮ ǵǶǮǷǹǸǷǸǨǹǫǸ ǭǳǦǰ ǲǴǪǹǱȅ, ǸǴ ǷǸǦǶǾǫǰǱǦǷǷǳǮǰǮ, ǦǧǮǸǹǶǮǫǳǸȁ 
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Ǯ ǷǸǹǪǫǳǸȁ ǵǴǶǴǯ ǸǫǶȅȄǸǷȅ Ǯ ǳǫ ǭǳǦȄǸ Ƿ ǰǦǰǴǯ ǷǸǴǶǴǳȁ çǵǴǪǴǯǸǮè ǰ ǸǦǰǴǯ ǭǦǪǦǽǫ. 
ǎǲǫǳǳǴ ȃǸǴ ȅǨǱȅǫǸǷȅ ǵǫǶǨǴǯ ǵǶǮǽǮǳǴǯ ǨȁǧǴǶǦ ǦǨǸǴǶǦǲǮ Ǹǫǲȁ ǮǷǷǱǫǪǴǨǦǳǮȅ. 

ǈǸǴǶǴǯ ǵǶǮǽǮǳǴǯ ǨȁǧǴǶǦ ǪǦǳǳǴǯ Ǹǫǲȁ ȅǨǱȅȄǸǷȅ ǩǶǦǺǮǽǫǷǰǮǯ ǲǫǸǴǪ ǶǫǾǫǳǮȅ ǪǱȅ 
ǭǦǪǦǽ Ƿ ǵǦǶǦǲǫǸǶǦǲǮ. ǎǲǫǳǳǴ Ǩ ǭǦǪǦǽǦǻ Ƿ ǵǦǶǦǲǫǸǶǦǲǮ ǽǦǷǸǴ ǨǷǸǶǫǽǦȄǸǷȅ ǸǶǮǩǴǳǴ-
ǲǫǸǶǮǽǫǷǰǮǫ ǺǹǳǰǼǮǮ Ǯ ǭǳǦǰ ǲǴǪǹǱȅ. 

ǘǫǵǫǶȂ ǴǧǷǹǪǮǲ ǲǦǸǫǶǮǦǱ, ǮǭǱǴǬǫǳǳȁǯ Ǩ ǶǦǧǴǸǫ. ǕǶǮǨǫǪǫǳǴ ǪǴǷǸǦǸǴǽǳǴ ǧǴǱȂ-
ǾǴǫ ǽǮǷǱǴ ǵǴǪǶǴǧǳǴ ǶǦǭǴǧǶǦǳǳȁǻ ǵǶǮǲǫǶǴǨ ǳǦ ǵǴǷǸǶǴǫǳǮǫ ȃǷǰǮǭǴǨ ǩǶǦǺǮǰǴǨ ǸǶǮǩǴ-
ǳǴǲǫǸǶǮǽǫǷǰǮǻ ǺǹǳǰǼǮǯ, ǷǴǪǫǶǬǦǿǮǻ ǭǳǦǰ ǨǳǹǸǶǫǳǳǫǩǴ ǲǴǪǹǱȅ. ǗǺǴǶǲǹǱǮǶǴǨǦǳ ǦǱ-
ǩǴǶǮǸǲ ǵǴǷǸǶǴǫǳǮȅ ǵǴǪǴǧǳǴǩǴ ǶǴǪǦ ǺǹǳǰǼǮǯ. ǗǨǴǯǷǸǨǦ Ǯ ǵǴǷǸǶǴǫǳǮǫ ǸǶǮǩǴǳǴǲǫǸǶǮǽǫ-
ǷǰǮǻ ǺǹǳǰǼǮǯ, ǷǴǪǫǶǬǦǿǮǻ ǭǳǦǰ ǨǳǫǾǳǫǩǴ ǲǴǪǹǱȅ, Ǩ ȃǸǴǯ ǶǦǧǴǸǫ ǳǫ ǶǦǷǷǲǦǸǶǮǨǦȄǸǷȅ, 
ǸǦǰ ǰǦǰ ȃǸǴ ǹǬǫ ǧȁǱǴ ǴǵǮǷǦǳǴ ǦǨǸǴǶǦǲǮ ǶǦǳǫǫ Ǩ ǶǦǧǴǸǦǻ [13], [14]. 

 
ǒǫǸǴǪǴǱǴǩǮȅ Ǯ ǶǫǭǹǱȂǸǦǸȁ ǮǷǷǱǫǪǴǨǦǳǮȅ 

 

ǕǴǷǸǶǴǫǳǮǫ ȃǷǰǮǭǦ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ |)(| xfy= , ǩǪǫ )(xf  ð ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǦȅ 

ǺǹǳǰǼǮȅ ǵǶǴǨǴǪǮǸǷȅ ǳǫ ǷǶǦǭǹ, Ǧ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴ: 
1. ǗǳǦǽǦǱǦ ǮǭǴǧǶǦǬǦǫǸǷȅ ȃǷǰǮǭ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ )(xfy=  ǸǴǱȂǰǴ ǵǶǮ 0>x .  

2. ǍǦǸǫǲ ǵǶǴǮǭǨǴǪǮǸǷȅ ǷǮǲǲǫǸǶǮǽǳǴǫ ǴǸǳǴǷǮǸǫǱȂǳǴ ǴǷǮ Oy  ǴǸǴǧǶǦǬǫǳǮǫ ȃǷǰǮǭǦ 

ǹǬǫ ǵǴǷǸǶǴǫǳǳǴǩǴ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ. 
ǖǦǷǷǲǴǸǶǮǲ ǵǶǮǲǫǳǫǳǮǫ ǪǦǳǳǴǩǴ ǦǱǩǴǶǮǸǲǦ ǳǦ ǰǴǳǰǶǫǸǳȁǻ ǵǶǮǲǫǶǦǻ. 
 

ǕǶǮǲǫǶ 1. ǎǭǴǧǶǦǭǮǸȂ ȃǷǰǮǭ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ 1||sin2 += xy . 

ǕǴǷǸǶǴǫǳǮǫ ǧǹǪǫǲ ǨȁǵǴǱǳȅǸȂ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴ.  

ǗǳǦǽǦǱǦ ǵǴǷǸǶǴǮǲ ȃǷǰǮǭ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ xy sin= . ǔǸǲǫǸǮǲ, ǽǸǴ ǪǦǳǳǦȅ Ǻǹǳǰ-

ǼǮȅ ȅǨǱȅǫǸǷȅ ǵǫǶǮǴǪǮǽǳǴǯ Ƿ ǵǫǶǮǴǪǴǲ p2=T , RyD =)( , ]1,1[)( -=yE .  

ǍǦǸǫǲ ǵǴǷǸǶǴǮǲ ȃǷǰǮǭ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ xy sin2= . ǊǱȅ ȃǸǴǩǴ ǳǹǬǳǴ ǹǨǫǱǮǽǮǸȂ Ǩ 

ǪǨǦ ǶǦǭǦ ǦǲǵǱǮǸǹǪǹ ǰǴǱǫǧǦǳǮǯ ǺǹǳǰǼǮǮ xy sin= . ǔǧǱǦǷǸȂȄ ǭǳǦǽǫǳǮǯ ǺǹǳǰǼǮǮ 

xy sin2= ȅǨǱȅǫǸǷȅ ǴǸǶǫǭǴǰ ]2,2[- .  

ǊǦǱǫǫ ǷǸǶǴǮǲ ȃǷǰǮǭ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ 1sin2 += xy . ǊǱȅ ȃǸǴǩǴ ȃǷǰǮǭ ǩǶǦǺǮǰǦ 

ǺǹǳǰǼǮǮ xy sin2=  ǷǪǨǮǩǦǫǲ ǳǦ ǴǪǳǹ ǫǪǮǳǮǼǹ ǨǨǫǶǻ ǵǴ ǴǷǮ Oy. ǣǸǴ ǵǶǮǨǫǪȆǸ ǰ ǸǴǲǹ, 

ǽǸǴ ǭǦǨǮǷǮǲǦȅ ǵǫǶǫǲǫǳǳǦȅ y  ǺǹǳǰǼǮǮ 1sin2 += xy  ǧǹǪǫǸ ǵǶǴǧǫǩǦǸȂ ǨǷǫ ǭǳǦǽǫǳǮȅ ǴǸ-

ǶǫǭǰǦ ]3,1[- .  

ǣǷǰǮǭȁ ǩǶǦǺǮǰǴǨ ǺǹǳǰǼǮǯ xy sin= , , 1sin2 += xy , ǭǦǪǦǳǳȁǫ ǳǦ ǨǷǫǯ Ǵǧ-

ǱǦǷǸǮ ǴǵǶǫǪǫǱǫǳǮȅ ǵǶǮǨǫǪǫǳȁ ǳǦ ǶǮǷ.1. 
ǕǶǫǪǵǴǱǴǬǮǲ ǸǫǵǫǶȂ, ǽǸǴ ȃǷǰǮǭ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ 1sin2 += xy  ǮǭǴǧǶǦǬȆǳ ǳǫ ǳǦ 

ǨǷǫǯ ǴǧǱǦǷǸǮ ǴǵǶǫǪǫǱǫǳǮȅ, Ǧ ǸǴǱȂǰǴ ǵǶǮ 0>x . ǕǶǴǨǴǪȅ ǷǮǲǲǫǸǶǮǽǳǴǫ ǴǸǳǴǷǮǸǫǱȂǳǴ 

ǴǷǮ Oy  ǴǸǶǦǬǫǳǮǫ, ǵǴǱǹǽǦǫǲ ȃǷǰǮǭ ǩǶǦǺǮǰǦ ǮǷǰǴǲǴǯ ǺǹǳǰǼǮǮ 1||sin2 += xy , ǰǴǸǴǶȁǯ 

ǵǶǮǨǫǪȆǳ ǳǦ ǶǮǷ. 2. 

xy sin2=
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ǕǶǮǲǫǶ 2. ǎǭǴǧǶǦǭǮǸȂ ȃǷǰǮǭ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ |2|cos3 xy= . 

ǕǴǷǸǶǴǫǳǮǫ ȃǷǰǮǭǦ ǹǰǦǭǦǳǳǴǩǴ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ |2|cos3 xy=  ǨǳǴǨȂ ǨȁǵǴǱǳȅǫǲ 

ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴ. ǓǦǽǮǳǦǫǲ Ƿ ǵǴǷǸǶǴǫǳǮȅ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ xy cos= .  ǣǸǦ ǺǹǳǰǼǮȅ 

ǸǦǰǬǫ ȅǨǱȅǫǸǷȅ ǵǫǶǮǴǪǮǽǳǴǯ Ƿ ǵǫǶǮǴǪǴǲ p2=T , RyD =)( , ]1,1[)( -=yE . ǕǫǶǫǻǴǪǮǲ ǰ 

ǵǴǷǸǶǴǫǳǮȄ ȃǷǰǮǭǦ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ xy cos3= , ǰǴǸǴǶȁǯ ǵǴǱǹǽǦǫǸǷȅ Ǯǭ ǵǶǫǪȁǪǹǿǫǩǴ 

ǹǨǫǱǮǽǫǳǮǫǲ ǦǲǵǱǮǸǹǪȁ ǰǴǱǫǧǦǳǮǯ Ǩ ǸǶǮ ǶǦǭǦ. ǔǧǱǦǷǸȂȄ ǭǳǦǽǫǳǮǯ ǺǹǳǰǼǮǮ xy cos3=  

ȅǨǱȅǫǸǷȅ ǴǸǶǫǭǴǰ ]3,3[- . ǊǦǱǫǫ ǵǫǶǫǻǴǪǮǲ ǰ ǵǴǷǸǶǴǫǳǮȄ ȃǷǰǮǭǦ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ 

xy 2cos3= . ǊǱȅ ȃǸǴǩǴ ǷǬǮǲǦǫǲ ǴǸǳǴǷǮǸǫǱȂǳǴ ǴǷǮ Ox  ȃǷǰǮǭ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ 

xy cos3= . ǚǹǳǰǼǮȅ xy 2cos3=  ȅǨǱȅǫǸǷȅ ǵǫǶǮǴǪǮǽǫǷǰǴǯ Ƿ ǵǫǶǮǴǪǴǲ p
p
==

2

2
ʊ .  

ǈǳǴǨȂ ǵǶǫǪǵǴǱǦǩǦǫǲ, ǽǸǴ ȃǷǰǮǭ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ xy 2cos3=  ǮǭǴǧǶǦǬȆǳ ǳǫ ǳǦ 

ǨǷǫǯ ǴǧǱǦǷǸǮ ǴǵǶǫǪǫǱǫǳǮȅ, Ǧ ǱǮǾȂ ǵǶǮ 0>x . ǕǶǴǨǴǪȅ ǷǮǲǲǫǸǶǮǽǳǴǫ ǴǸǳǴǷǮǸǫǱȂǳǴ 

ǴǷǮ Oy  ǴǸǶǦǬǫǳǮǫ ȃǷǰǮǭǦ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ xy 2cos3= , ǵǴǱǹǽǦǫǲ ȃǷǰǮǭ ǮǭǳǦǽǦǱȂǳǴ 

ǭǦǪǦǳǳǴǩǴ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ |2|cos3 xy= , ǰǴǸǴǶȁǯ ǮǭǴǧǶǦǬȆǳ ǳǦ ǶǮǷ. 3. 

 
 

ǍǦǲǫǽǦǳǮǫ: ǘǦǰ ǰǦǰ ǺǹǳǰǼǮȅ xy cos=  ȅǨǱȅǫǸǷȅ ǽǫǸǳǴǯ, ǸǴ ǫǷǸȂ 

)(cos)cos()( xyxxxy ==-=- , ǸǴ ǩǶǦǺǮǰǮ ǺǹǳǰǼǮǮ xy cos=   Ǯ ||cos xy=  ǷǴǨǵǦǪǦȄǸ. 

ǋǿǫ ǶǦǭ ǵǴǪǽǫǶǰǳǫǲ, ǽǸǴ ǪǦǳǳǴǫ ǷǨǴǯǷǸǨǴ ǳǦǧǱȄǪǦǫǸǷȅ ǸǴǱȂǰǴ ǹ ǽǫǸǳȁǻ ǺǹǳǰǼǮǯ 

)(xfy= .  
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ǕǶǮǲǫǶ 3. ǎǭǴǧǶǦǭǮǸȂ ȃǷǰǮǭ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ 
4

3
2

2
pp
-+= xctgy . 

ǔǧǱǦǷǸȂ ǴǵǶǫǪǫǱǫǳǮȅ ǺǹǳǰǼǮǮ 
4

3
2

2
pp
-+= xctgy  ǶǦǭǧǮǨǦǫǸǷȅ ǸǴǽǰǴǯ 

6

p
-=x  

(ǸǴǽǰǦ, Ǩ ǰǴǸǴǶǴǯ ǨȁǶǦǬǫǳǮǫ, ǷǸǴȅǿǫǫ ǵǴǪ ǭǳǦǰǴǲ ǲǴǪǹǱȅ, ǴǧǶǦǿǦǫǸǷȅ Ǩ ǳǹǱȂ) ǳǦ ǪǨǫ 

ǴǧǱǦǷǸǮ: 
6

p
->x  Ǯ 

6

p
-<x .  

ǈ ǵǫǶǨǴǯ ǴǧǱǦǷǸǮ, ǸǴ ǫǷǸȂ ǵǶǮ 
6

p
->x , ǨȁǶǦǬǫǳǮǫ x3

2
+
p

 ǶǦǷǰǶȁǨǦǫǲ ǷǴ ǭǳǦǰǴǲ 

çǵǱȄǷè. ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǵǶǮ 
6

p
->x  Ǯǲǫǫǲ ǺǹǳǰǼǮȄ 

4
3

2
2

pp
-ö
÷

õ
æ
ç

å
+= xctgy .  

ǈǴ ǨǸǴǶǴǯ ǴǧǱǦǷǸǮ, ǸǴ ǫǷǸȂ ǵǶǮ 
6

p
-<x , ǨȁǶǦǬǫǳǮǫ x3

2
+
p

 ǶǦǷǰǶȁǨǦǫǲ ǷǴ ǭǳǦǰǴǲ 

çǲǮǳǹǷè. ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǵǶǮ 
6

p
-<x  Ǯǲǫǫǲ ǺǹǳǰǼǮȄ

4
3

2
2

4
3

2
2

pppp
-ö
÷

õ
æ
ç

å
+-=-öö

÷

õ
ææ
ç

å
ö
÷

õ
æ
ç

å
+-= xctgxctgy .  

ǈ ǮǸǴǩǫ ǵǴǱǹǽǦǫǲ, ȃǷǰǮǭ ǩǶǦǺǮǰǦ ǰǹǷǴǽǳǴǯ ǺǹǳǰǼǮǮ 

î
í

î
ì

ë

-<-+-

->-+
=-+=

,
6

,
4

)3
2

(2

,
6

,
4

)3
2

(2

4
|3

2
|2

ppp

ppp
pp

xxctg

xxctg
xctgy  ǰǴǸǴǶȁǯ ǵǶǫǪǷǸǦǨǱǫǳ ǳǦ ǶǮǷ. 4.
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ǇǲǪǵǷǯǹǳ ǶǵǸǹǷǵǬǴǯȆ ȄǸǱǯǮǵǩ ǪǷǧǻǯǱǵǩ ǻǺǴǱǽǯǰ 
 
ǎǸǦǰ, ǷǺǴǶǲǹǱǮǶǹǫǲ ǸǫǵǫǶȂ ȃǸǦǵȁ ǵǴǷǸǶǴǫǳǮȅ ǩǶǦǺǮǰǴǨ ǺǹǳǰǼǮǯ ǨǮǪǦ 

|)(| baxfy += , ǩǪǫ )(xf ð ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǦȅ ǺǹǳǰǼǮȅ, 0̧a , bð ǳǫǰǴǸǴǶȁǫ ǽǮǷǱǦ. 

1. ǖǦǭǧǮǨǦǫǲ ǴǧǱǦǷǸȂ ǴǵǶǫǪǫǱǫǳǮȅ ǺǹǳǰǼǮǮ ǳǦ ǵǶǴǲǫǬǹǸǰǮ ǸǴǽǰǦǲǮ, Ǩ ǰǴǸǴǶȁǻ 

ǨȁǶǦǬǫǳǮǫ, ǷǸǴȅǿǫǫ ǵǴǪ ǭǳǦǰǴǲ ǲǴǪǹǱȅ, ǴǧǶǦǿǦǫǸǷȅ Ǩ ǳǹǱȂ. ǓǦǵǶǮǲǫǶ,0=+bax , ǸǴ-

ǩǪǦ 
a

b
x -= . ǕǴǱǹǽǦǫǲ ǪǨǦ ǵǶǴǲǫǬǹǸǰǦ: ǵǫǶǨȁǯ 

a

b
x -> , ǨǸǴǶǴǯ  

a

b
x< . 

2. ǖǦǷǰǶȁǨǦǫǲ ǭǳǦǰ ǲǴǪǹǱȅ Ǩ ǰǦǬǪǴǲ Ǯǭ ǵǴǱǹǽǫǳǳȁǻ ǵǶǴǲǫǬǹǸǰǴǨ ǱǮǧǴ Ƿ çǵǱȄ-
ǷǴǲè, ǱǮǧǴ Ƿ çǲǮǳǹǷǴǲè; ǵǴǱȂǭǹȅǷȂ ǽǫǸǳǴǷǸȂȄ Ǯ ǳǫǽǫǸǳǴǷǸȂȄ ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǮǻ 
ǺǹǳǰǼǮǯ, ǵǶǮǻǴǪǮǲ ǰ ǰǹǷǴǽǳǴǯ ǺǹǳǰǼǮǮ ǨǮǪǦ: 

î
í

î
ì

ë

-<

->
=+=

.),(

,),(
|)(|

a

b
xxh

a

b
xxg

baxfy  

ǍǪǫǷȂ ǺǹǳǰǼǮǮ )(xg  Ǯ )(xh  ǭǦǨǮǷȅǸ ǸǦǰǬǫ ǴǸ ǰǴǳǷǸǦǳǸ a  Ǯ b  Ǯ ǨȁǶǦǬǦȄǸǷȅ ǽǫǶǫǭ 

ǺǹǳǰǼǮȄ )(xfy= . 

3. ǗǸǶǴǮǲ ǩǶǦǺǮǰ, ǵǴǱǹǽǫǳǳǴǯ ǰǹǷǴǽǳǴǯ ǺǹǳǰǼǮǮ. 
 
ǋǿȆ ǶǦǭ ǵǶǴǪǫǲǴǳǷǸǶǮǶǹǫǲ ǪǫǯǷǸǨǮǫ ǪǦǳǳǴǩǴ ǦǱǩǴǶǮǸǲǦ ǳǦ ǰǴǳǰǶǫǸǳȁǻ ǵǶǮǲǫ-

ǶǦǻ. 

ǕǶǮǲǫǶ 4. ǎǭǴǧǶǦǭǮǸȂ ȃǷǰǮǭ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ 
33

2

32

1 pp
+--= xtgy .  

1. ǕǶǮǶǦǨǳǮǨǦǫǲ ǨȁǶǦǬǫǳǮǫ, ǷǸǴȅǿǫǫ ǵǴǪ ǭǳǦǰǴǲ ǲǴǪǹǱȅ, ǰ ǳǹǱȄ 0
3

2

3
=- x

p
 

ǘǴǩǪǦ  x
3

2

3
=

p
 x

3

2

3
=

p
, Ǧ 

2

p
=x  ǘǦǰǮǲ ǴǧǶǦǭǴǲ ǵǴǱǹǽǦǫǲ ǪǨǫ ǴǧǱǦǷǸǮ: 

2

p
>x  

Ǯ 
2

p
<x .  

 

2. ǖǦǷǷǲǦǸǶǮǨǦǫǲ ǰǦǬǪǹȄ ǴǧǱǦǷǸȂ ǵǴ ǴǸǪǫǱȂǳǴǷǸǮ, 

ǵǶǮ 
2

p
>x  Ǯǲǫǫǲ: 

323

2

2

1

33

2

32

1

33

2

32

1 pppppp
+öö
÷

õ
ææ
ç

å
ö
÷

õ
æ
ç

å
--=+ö

÷

õ
æ
ç

å
-=+ö

÷

õ
æ
ç

å
+--= xtgxtgxtgy ,  

ǵǶǮ 
2

p
<x Ǯǲǫǫǲ: 

33

2

32

1 pp
+ö
÷

õ
æ
ç

å
--= xtgy .  

ǈ ǮǸǴǩǫ ǵǴǱǹǽǦǫǲ ǰǹǷǴǽǳǹȄ ǺǹǳǰǼǮȄ:  
 

î
î

í

î
î

ì

ë

<+öö
÷

õ
ææ
ç

å
ö
÷

õ
æ
ç

å
---

>+öö
÷

õ
ææ
ç

å
ö
÷

õ
æ
ç

å
--

=+--=

,2
,
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2

2

1

,2
,

323

2

2

1

3
|)

3

2

3
(|

2

1

ppp

ppp

pp

xxtg

xxtg

xtgy

 

ȃǷǰǮǭ ǩǶǦǺǮǰǦ, ǰǴǸǴǶǴǯ 

ǮǭǴǧǶǦǬȆǳ ǳǦ ǶǮǷ.5.  
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ǍǦǲǫǽǦǳǮǫ: ǔǸǲǫǸǮǲ, ǽǸǴ ȃǷǰǮǭ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ 
323

2

2

1 pp
+öö
÷

õ
ææ
ç

å
ö
÷

õ
æ
ç

å
---= xtgy  ǵǶǮ 

2

p
<x  ǵǴǱǹǽǦǫǸǷȅ ǵǹǸǫǲ ǷǮǲǲǫǸǶǮǽǳǴǩǴ ǴǸǶǦǬǫǳǮȅ ȃǷǰǮǭǦ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ 

323

2

2

1 pp
+öö
÷

õ
ææ
ç

å
ö
÷

õ
æ
ç

å
--= xtgy  ǵǶǮ 

2

p
>x  ǴǸǳǴǷǮǸǫǱȂǳǴ ǵǶȅǲǴǯ 

2

p
=x . ǣǸǮǲ ǺǦǰǸǴǲ ǲǴǬǳǴ 

ǨǴǷǵǴǱȂǭǴǨǦǸȂǷȅ ǵǶǮ ǵǴǷǸǶǴǫǳǮǮ ȃǷǰǮǭǦ ǩǶǦǺǮǰǴǨ ǺǹǳǰǼǮǯ 
33

2

32

1 pp
+ö
÷

õ
æ
ç

å
--= xtgy  ǵǶǮ 

2

p
<x  Ǯ 

323

2

2

1 pp
+öö
÷

õ
ææ
ç

å
ö
÷

õ
æ
ç

å
--= xtgy ǵǶǮ 

2

p
>x .  

 

ǕǶǮǲǫǶ 5. ǎǭǴǧǶǦǭǮǸȂ ȃǷǰǮǭȁ ǩǶǦǺǮǰǴǨ ǺǹǳǰǼǮǯ: Ǧ) |3|4 xtgy= , ǧ) |5|2 xctgy -= .  

 

Ǧ) ǜǫǵǴǽǰǦ ȃǱǫǲǫǳǸǦǶǳȁǻ ǵǶǫǴǧǶǦǭǴǨǦǳǮǯ ǺǹǳǰǼǮǮ tgxy=  ǵǶǮ ǵǴǷǸǶǴǫǳǮǮ ȃǷ-

ǰǮǭǦ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ |3|4 xtgy=  ǮǲǫǫǸ ǷǱǫǪǹȄǿǮǯ ǨǮǪ: 

|3|4344 xtgyxtgytgxytgxy =­=­=­= .  

1. tgxy= , ö
÷

õ
æ
ç

å
++-= kkyD p
p

p
p

2
,

2
)( , ZkÍ , RyE =)( , p=T .  

tgxy 4= . ǕǶǴǮǭǨǴǪǮǲ ǷǬǦǸǮǫ ȃǷǰǮǭǦ ǩǶǦǺǮǰǦ tgxy=  ǴǸǳǴǷǮǸǫǱȂǳǴ ǴǷǮ Oy .  

2. xtgy 34= . ǊǦǳǳǦȅ ǺǹǳǰǼǮȅ ǵǫǶǮǴǪǮǽǳǦȅ Ƿ ǵǫǶǮǴǪǴǲ 
3

p
=T   Ǯ ǴǧǱǦǷǸȂȄ ǴǵǶǫ-

ǪǫǱǫǳǮȅ: ö
÷

õ
æ
ç

å
++-= kkyD

36
,

36
)(

pppp
. ǣǷǰǮǭȁ ǩǶǦǺǮǰǴǨ ǨȁǾǫǹǰǦǭǦǳǳȁǻ ǺǹǳǰǼǮǯ ǮǭǴǧ-

ǶǦǬǫǳȁ ǳǦ ǶǮǷ. 6. 
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3. ǔǸǶǦǬǦǫǲ ǷǮǲǲǫǸǶǮǽǳǴ ǴǷǮ Oy  ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ xtgy 34= , ǵǴǷǸǶǴǫǳǳȁǯ ǵǶǮ 

0>x . ǈ ǮǸǴǩǫ ǵǴǱǹǽǦǫǲ ȃǷǰǮǭ ǩǶǦǺǮǰǦ ǭǦǪǦǳǳǴǯ ǺǹǳǰǼǮǮ, ǰǴǸǴǶȁǯ ǮǭǴǧǶǦǬȆǳ ǳǦ 
ǶǮǷ.7. 
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ǧ) ǖǦǷǷǲǴǸǶǮǲ ǺǹǳǰǼǮȄ |5|2 xctgy -= . 

ǜǫǵǴǽǰǦ ȃǱǫǲǫǳǸǦǶǳȁǻ ǵǶǫǴǧǶǦǭǴǨǦǳǮǯ ǺǹǳǰǼǮǮctgxy=  ǵǶǮ ǵǴǷǸǶǴǫǳǮǮ ȃǷǰǮǭǦ 

ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ |5|2 xctgy -=  ǮǲǫǫǸ ǷǱǫǪǹȄǿǮǯ ǨǮǪ: 

|5|25222 xctgyxctgyctgxyctgxyctgxy -=­-=­-=­=­= .  

1. ctgxy= , ),()( kkyD ppp += , ZkÍ , RyE =)( , p=T .  

ctgxy 2= . ǕǶǴǮǭǨǴǪǮǲ ǷǬǦǸǮǫ Ǩ ǪǨǦ ǶǦǭǦ ǴǸǳǴǷǮǸǫǱȂǳǴ ǴǷǮ OyȃǷǰǮǭǦ ǩǶǦǺǮǰǦ 

ǺǹǳǰǼǮǮ ctgxy=  . 

ctgxy 2-= . ǕǶǴǮǭǨǴǪǮǲ ǭǦǲǫǳǹ ǭǳǦǽǫǳǮǯ ǺǹǳǰǼǮǮ ǷǱǫǪǹȄǿǮǲ ǴǧǶǦǭǴǲ: Ǹǫ ǭǳǦ-

ǽǫǳǮȅ ǺǹǳǰǼǮǮ ctgxy 2= , ǰǴǸǴǶȁǫ ǧȁǱǮ ǵǴǱǴǬǮǸǫǱȂǳȁǲǮ, ǪǱȅ ǺǹǳǰǼǮǮ ctgxy 2-=  ȅǨ-

ǱȅȄǸǷȅ ǴǸǶǮǼǦǸǫǱȂǳȁǲǮ Ǯ ǳǦǴǧǴǶǴǸ.  
 

 
 

2. xctgy 52-= . ǕǶǴǮǭǨǴǪǮǲ ǷǬǦǸǮǫ ȃǷǰǮǭǦ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ ctgxy 2-=  Ǩ ǵȅǸȂ ǶǦǭ 

ǴǸǳǴǷǮǸǫǱȂǳǴ ǴǷǮ ǦǧǷǼǮǷǷ: 
5

p
=T , ö

÷

õ
æ
ç

å
+= kkyD

55
,

5
)(

ppp
, ZkÍ . ǣǷǰǮǭȁ ǩǶǦǺǮǰǴǨ ǨȁǾǫ-

ǹǰǦǭǦǳǳȁǻ ǺǹǳǰǼǮǯ ǮǭǴǧǶǦǬǫǳȁ ǳǦ ǶǮǷ. 8. 

3. ǔǸǶǦǬǦǫǲ ǷǮǲǲǫǸǶǮǽǳǴ ǴǷǮ Oy  ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ xctgy 52-=  ǵǶǮ 0>x  Ǯ ǵǴǱǹ-

ǽǦǫǲ ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ |5|2 xctgy -= .  

ǎǸǴǩǴǨȁǯ ȃǷǰǮǭ ǩǶǦǺǮǰǦ ǭǦǪǦǳǳǴǯ ǺǹǳǰǼǮǮ ǮǭǴǧǶǦǬȆǳ ǳǦ ǶǮǷ. 9. 
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ǍǦǰǱȄǽǫǳǮǫ 
 

ǕǶǫǮǲǹǿǫǷǸǨǴǲ ǩǶǦǺǮǽǫǷǰǴǩǴ ǭǦǪǦǳǮȅ ǺǹǳǰǼǮǮ ȅǨǱȅǫǸǷȅ ǫǩǴ ǳǦǩǱȅǪǳǴǷǸȂ, ǳǫǪǴ-
ǷǸǦǸǰǴǲ ð ǫǩǴ ǳǫǸǴǽǳǴǷǸȂ. ǔǪǳǦǰǴ, ǫǷǱǮ ǰ ǮǭǨǫǷǸǳȁǲ ȃǱǫǲǫǳǸǦǶǳȁǲ ǺǹǳǰǼǮȅǲ Ǧǰǰǹ-
ǶǦǸǳǴ ǵǶǮǲǫǳǮǸȂ Ǹǫ ǮǱǮ Ǯǳȁǫ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ, ǸǴ ǻǦǶǦǰǸǫǶ ǵǴǨǫǪǫǳǮȅ ǺǹǳǰǼǮǮ ǷǸǦ-
ǳǴǨǮǸǷȅ ǨǵǴǱǳǫ ǵǴǳȅǸǳȁǲ Ǯ ǳǦǩǱȅǪǳȁǲ. 

ǔǸǲǫǸǮǲ, ǽǸǴ ǪǦǳǳǦȅ ǶǦǧǴǸǦ ǧǹǪǫǸ ǵǴǱǫǭǳǦ ǷǸǹǪǫǳǸǦǲ ǵǫǶǨǴǩǴ ǰǹǶǷǦ ǒǉǘǙ Ǯǲ. 
Ǔ.ǣ. ǇǦǹǲǦǳǦ ǵǶǦǰǸǮǽǫǷǰǮ ǨǷǫǻ ǷǵǫǼǮǦǱȂǳǴǷǸǫǯ ǵǶǮ ǨȁǵǴǱǳǫǳǮǮ ǵǫǶǨǴǩǴ ǰǴǳǸǶǴǱȂ-
ǳǴǩǴ ǪǴǲǦǾǳǫǩǴ ǭǦǪǦǳǮȅ ǵǴ ǪǮǷǼǮǵǱǮǳǫ ǒǦǸǫǲǦǸǮǽǫǷǰǮǯ ǦǳǦǱǮǭ. 

ǗǗǡǑǐǎ Ǔǆ ǎǗǘǔǝǓǎǐǎ  

1. ǉ. ǎ. ǕǶǴǷǨǫǸǴǨ ǉǶǦǺǮǰǮ Ǯ ǺǹǳǰǼǮǮ. ǍǦǪǦǽǮ Ǯ ǶǫǾǫǳǮȅ. ǎǭǪǦǸǫǱȂǷǸǨǴ: ǆǱȂǺǦ-ǕǶǫǷǷ, 2010 ǩ., 64 
ǷǸǶ. 

2. ǎ.ǒ. ǉǫǱȂǺǦǳǪ, ǋ. ǉ. ǉǱǦǩǴǱǫǨǦ, ǣ. ǣ. ǞǳǴǱȂ: ǚǹǳǰǼǮǮ Ǯ ǩǶǦǺǮǰǮ. ǔǷǳǴǨǳȁǫ ǵǶǮǫǲȁ, ǒǜǓǒǔ, 
2015 ǩ., 120 ǷǸǶ. 

3. ǎǱȂǮǽǫǨ ǆ.ǘ., ǐǹǭǳǫǼǴǨ ǈ.ǈ., ǚǦǱǮǰǴǨǦ ǎ.Ǌ. ǉǶǦǺǮǰǮ ȃǱǫǲǫǳǸǦǶǳȁǻ ǺǹǳǰǼǮǯ. ð ǒ.: ǎǭǪ-ǨǴ ǒǉǘǙ 
Ǯǲ. Ǔ.ǣ. ǇǦǹǲǦǳǦ, 2004 

4. ǐǴǳǰǹǶǷǳȁǫ ǭǦǪǦǽǮ ǵǴ ǲǦǸǫǲǦǸǮǰǫ: ǗǵǶǦǨǴǽǳǴǫ ǵǴǷǴǧǮǫ. ñ ǎǭǪ. 3-ǫ, ǷǸǫǶ. ñ ǒ.: ǚǎǍǒǆǘǑǎǘ, 
2003. ñ 416 Ƿ 

5. ǒ.ǥ. ǈȁǩǴǪǷǰǮǯ ǗǵǶǦǨǴǽǳǮǰ ǵǴ ȃǱǫǲǫǳǸǦǶǳǴǯ ǲǦǸǫǲǦǸǮǰǫ. - ǒ.: ǆǗǘ ǆǷǸǶǫǱȂ, 2019. ð 509 Ƿ. 
6. Ǘ. ǈ. ǇǹǺǫǫǨ ǚǹǳǰǼǮǮ Ǯ ǩǶǦǺǮǰǮ: ǙǽǫǧǳǴǫ ǵǴǷǴǧǮǫ / 2-ǫ ǮǭǪ., ǎǭǪǦǸǫǱȂǷǸǨǴ ǑǫǳǦǳǪ, 2017, 120 

ǷǸǶ. 
7. ǇǦǾǲǦǰǴǨ ǒ.ǎ. ǒǦǸǫǲǦǸǮǰǦ. ǒ.: ǆǰǦǪǫǲǮȅ, 2014. ð 256 Ƿ. 
8. ǐǹǭǳǫǼǴǨ Ǉ.ǘ. ǒǦǸǫǲǦǸǮǰǦ. 2-ǫ ǮǭǪ., ǵǫǶǫǶǦǧ. Ǯ ǪǴǵ. - ǒ.: 2004.ñ 719 Ƿ. 
9. ǉǫǳǪǫǳǾǸǫǯǳ Ǒ.ǣ., ǋǶǾǴǨǦ ǆ.Ǖ., ǋǶǾǴǨǦ ǆ.Ǘ. ǓǦǩǱȅǪǳȁǯ ǷǵǶǦǨǴǽǳǮǰ ǵǴ ǲǦǸǫǲǦǸǮǰǫ Ƿ ǵǶǮǲǫǶǦǲǮ. 

ǊǱȅ ǦǧǮǸǹǶǮǫǳǸǴǨ, ǾǰǴǱȂǳǮǰǴǨ, ǹǽǮǸǫǱǫǯ.ñ ǒ.: ǎǱǫǰǷǦ, 2009,ñ 192 Ƿ. ISBN 978-5-89237-108-7. 
10. ǐǦǭǦǳǪǬǦǳ ǣ.Ǖ. ǉǶǦǺǮǰǮ. ǗǧǴǶǳǮǰ ǭǦǪǦǽ Ƿ ǵǶǮǲǫǶǦǲǮ ǶǫǾǫǳǮǯ ǵǴ ǮǷǷǱǫǪǴǨǦǳǮȄ ǺǹǳǰǼǮǯ Ǯ ǵǴ-

ǷǸǶǴǫǳǮȄ ǩǶǦǺǮǰǴǨ. ð ǒ.: ǎǭǪ-ǨǴ ǒǉǘǙ Ǯǲ. Ǔ.ǣ. ǇǦǹǲǦǳǦ, 2004. 
11. ǎǱȂǮǳ ǈ.ǆ., ǕǴǭǳȅǰ ǣ.ǉ. ǔǷǳǴǨȁ ǲǦǸǫǲǦǸǮǽǫǷǰǴǩǴ ǦǳǦǱǮǭǦ. ǝ. 1. ð 4-ǫ ǮǭǪ., ǵǫǶǫǶǦǧ. Ǯ ǪǴǵ. ð ǒ.: 

ǓǦǹǰǦ, 1982. ð 616 Ƿ. 



 
28 Modern European Researches No 1 (ǘ.1) / 2023  

12. ǉǶǮǳǾǵǴǳ ǎ. ǣ, ǉǶǮǳǾǵǴǳ ǥ. Ǘ. ǣǱǫǲǫǳǸǦǶǳȁǫ ǺǹǳǰǼǮǮ Ǯ Ǯǻ ǩǶǦǺǮǰǮ, ǹǽǫǧǳǴǫ ǵǴǷǴǧǮǫ, ǘǴǲǷǰ, 
ǎǭǪǦǸǫǱȂǷǸǨǴ ǸǴǲǷǰǴǩǴ ǩǴǷǹǪǦǶǷǸǨǫǳǳǴǩǴ ǹǳǮǨǫǶǷǮǸǫǸǦ ǷǮǷǸǫǲ ǹǵǶǦǨǱǫǳǮȅ Ǯ ǶǦǪǮǴȃǱǫǰǸǶǴǳǮǰǮ, 
2017, ǷǸǶ. 91 

13. ǆǻǲǫǸǴǨǦ ǚ. Ǜ., ǉǴǱǴǨǮǳǦ ǆ. ǒ. ǕǴǷǸǶǴǫǳǮǫ ǩǶǦǺǮǰǴǨ ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǮǻ ǺǹǳǰǼǮǯ Ƿ ǵǴǲǴǿȂȄ 
ǱǮǳǫǯǳȁǻ ǵǶǫǴǧǶǦǭǴǨǦǳǮǯ // Modern European Researches. - Salzburg, 2021. ðǘ. 1. ɲ 3. ð P. 5-17. 
ð URL: https://www.elibrary.ru/item.asp?id=47097457  

14. ǆǻǲǫǸǴǨǦ ǚ. Ǜ., ǉǴǱǴǨǮǳǦ ǆ. ǒ. ǒǫǸǴǪȁ ǵǴǷǸǶǴǫǳǮȅ ǩǶǦǺǮǰǴǨ ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǮǻ ǺǹǳǰǼǮǯ, ǷǴ-
ǪǫǶǬǦǿǮǻ ǭǳǦǰ ǨǳǫǾǳǫǩǴ ǲǴǪǹǱȅ // Modern European Researches. - Salzburg, 2022. - ǘ. 1. ɲ3. - P. 
17-25. ð URL: https://elibra ry.ru/item.asp?id=49433654  

 

 

Faniya Kh. Akhmetova , 
Candidate of Physical and Mathematical Sciences, Associate Professor, Bauman Moscow State Technical 

University , MoscowΟ 
dobrich2@mail.ru 
Anastasiya M . Golovina,  
Candidate of Physical and Mathematical Sciences, Associate Professor, Bauman Moscow State Technical 

University , MoscowΟ 
nastya_gm@mail.ru 

Methods for plotting trigonometric functions containing the sign of an internal module  
Abstract. The article discusses practical techniques for plotting graphs of various levels of complexity. Using 
the example of trigonometric functions containing the sign of the internal module, the behavior of graphs 
in the domain of their definition is studied. The purpose of the work is to show how it is possible to construct 
a graph of a complex function as quickly and simply as possible using basic linear transformations, module 
properties and properties of even, odd functions. The content of the article will be useful for junior stu-
dents, as well as teachers.   
Keywords: trigonometric functions, graphs of functions, linear transformations, module.  
  

mailto:dobrich2@mail.ru


 
29 Modern European Researches No 1 (ǘ.1) / 2023  

 

Ǔǋǐǔǘǔǖǡǋ ǒǋǘǔǊǎǝǋǗǐǎǋ ǆǗǕǋǐǘǡ ǎǍǑǔǌǋǓǎǥ ǘǋǒǡ  
çǒǋǘǔǊ ǍǔǑǔǘǔǉǔ ǗǋǝǋǓǎǥè 

 

 

ǆǳǳǴǸǦǼǮȅ 

ǔǪǳǴǯ Ǯǭ Ǹǫǲ ǵǶǮ ǮǭǹǽǫǳǮǮ ǪǮǷǼǮǵǱǮǳȁ çǒǫǸǴǪȁ ǴǵǸǮǲǮǭǦǼǮǮè ȅǨǱȅǫǸǷȅ çǒǫǸǴǪ ǭǴ-
ǱǴǸǴǩǴ ǷǫǽǫǳǮȅè. ǣǸǦ ǪǮǷǼǮǵǱǮǳǦ ǨǻǴǪǮǸ Ǩ ǧǦǭǴǨǹȄ ǽǦǷǸȂ ǴǧǶǦǭǴǨǦǸǫǱȂǳȁǻ ǵǶǴǩǶǦǲǲ 
ǴǧǹǽǫǳǮȅ ǵǴ ǳǫǷǰǴǱȂǰǮǲ ǷǵǫǼǮǦǱȂǳǴǷǸȅǲ Ǩ ǒǉǘǙ Ǯǲ. Ǔ.ǣ. ǇǦǹǲǦǳǦ. ǈ ǷǸǦǸȂǫ ǶǦǷǷǲǦǸ-
ǶǮǨǦǫǸǷȅ ǵǴǷǸǦǳǴǨǰǦ ǭǦǪǦǽǮ ǳǦǻǴǬǪǫǳǮȅ ǸǴǽǰǮ ǲǮǳǮǲǹǲǦ ǺǹǳǰǼǮǮ ǳǦ ǴǸǶǫǭǰǫ Ƿ ǭǦǪǦǳ-
ǳǴǯ ǸǴǽǳǴǷǸȂȄ, ǦǱǩǴǶǮǸǲ ǶǫǾǫǳǮȅ ȃǸǴǯ ǭǦǪǦǽǮ ǲǫǸǴǪǴǲ ǭǴǱǴǸǴǩǴ ǷǫǽǫǳǮȅ, ǵǶǮǨǫǪǫǳ 
ǵǶǮǲǫǶ ǶǫǾǫǳǮȅ ǭǦǪǦǽǮ Ƿ ǮǷǵǴǱȂǭǴǨǦǳǮǫǲ ǶǦǷǷǲǴǸǶǫǳǳǴǩǴ ǦǱǩǴǶǮǸǲǦ. ǜǫǱȂ ǶǦǧǴǸȁ: 
ǵǶǴǮǱǱȄǷǸǶǮǶǴǨǦǸȂ ǴǷǴǧǫǳǳǴǷǸǮ ǲǫǸǴǪǦ ǭǴǱǴǸǴǩǴ ǷǫǽǫǳǮȅ ǪǱȅ ǶǫǾǫǳǮȅ ǭǦǪǦǽǮ ǳǦǻǴǬ-
ǪǫǳǮȅ ǸǴǽǰǮ ǲǮǳǮǲǹǲǦ ǺǹǳǰǼǮǮ ǳǦ ǴǸǶǫǭǰǫ, ǮǷǵǴǱȂǭǴǨǦǳǮȅ ǰǴǸǴǶǴǩǴ ǵǴǭǨǴǱȅǫǸ ǭǳǦ-
ǽǮǸǫǱȂǳǴ ǷǴǰǶǦǸǮǸȂ ǴǧȀǫǲ ǨȁǽǮǷǱǫǳǮǯ ǵǶǮ ǳǦǻǴǬǪǫǳǮǮ ǸǴǽǰǮ ǲǮǳǮǲǹǲǦ ǺǹǳǰǼǮǮ ǳǦ 
ǴǸǶǫǭǰǫ, ǴǷǴǧǫǳǳǴ ǵǶǮ ǨȁǷǴǰǴǯ ǭǦǪǦǳǳǴǯ ǸǴǽǳǴǷǸǮ ǴǵǶǫǪǫǱǫǳǮȅ ȃǸǴǯ ǸǴǽǰǮ. ǙǷǵǫǾǳǴǫ 
ǴǷǨǴǫǳǮǫ ȃǸǴǯ Ǹǫǲȁ ǧǹǪǫǸ ǷǵǴǷǴǧǷǸǨǴǨǦǸȂ ǨȁǶǦǧǴǸǰǫ ǹ ǷǸǹǪǫǳǸǴǨ ǵǶǦǰǸǮǽǫǷǰǮǻ ǳǦǨȁ-
ǰǴǨ ǵǶǮǲǫǳǫǳǮȅ ǲǫǸǴǪǴǨ ǴǵǸǮǲǮǭǦǼǮǮ ǪǱȅ ǶǫǾǫǳǮȅ ǸǫǴǶǫǸǮǽǫǷǰǮǻ Ǯ ǵǶǮǰǱǦǪǳȁǻ ǭǦ-
ǪǦǽ ǵǶǴǺǫǷǷǮǴǳǦǱȂǳǴǯ ǪǫȅǸǫǱȂǳǴǷǸǮ. ǖǫǭǹǱȂǸǦǸǴǲ ǮǷǷǱǫǪǴǨǦǳǮȅ ȅǨǱȅǫǸǷȅ ǲǦǸǫǶǮǦǱ, 
ǰǴǸǴǶȁǯ ǲǴǬǫǸ ǷǱǹǬǮǸȂ ǴǷǳǴǨǴǯ ǪǱȅ ǵǴǪǩǴǸǴǨǰǮ ǵǶǦǰǸǮǽǫǷǰǮǻ Ǯ ǱǦǧǴǶǦǸǴǶǳȁǻ ǭǦǳȅ-
ǸǮǯ Ǯ ǵǶǫǪǷǸǦǨǱȅǸȂ ǮǳǸǫǶǫǷ ǪǱȅ ǷǸǹǪǫǳǸǴǨ Ǯ ǵǶǫǵǴǪǦǨǦǸǫǱǫǯ. 

 

ǐǱȄǽǫǨȁǫ ǷǱǴǨǦ 

ǹǳǮǲǴǪǦǱȂǳǦȅ ǺǹǳǰǼǮȅ, ǪǫǱǫǳǮǫ ǴǸǶǫǭǰǦ, ǵǶǦǨǮǱǴ ǭǴǱǴǸǴǩǴ ǷǫǽǫǳǮȅ, ǴǵǸǮǲǮǭǦǼǮȅ 
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ǈǨǫǪǫǳǮǫ 
 

ǈ ǦǳǸǮǽǳǴǯ ǱǮǸǫǶǦǸǹǶǫ ǪǫǱǫǳǮǫ ǴǸǶǫǭǰǦ Ǩ ǰǶǦǯǳǫǲ Ǯ ǷǶǫǪǳǫǲ ǴǸǳǴǾǫǳǮǮ ǨǵǫǶ-
Ǩȁǫ ǨǷǸǶǫǽǦǫǸǷȅ Ǩ çǓǦǽǦǱǦǻè ǋǨǰǱǮǪǦ (ǴǰǴǱǴ 300 ǱǫǸ ǪǴ ǳ.ȃ.). 
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ǈ ǷǴǴǸǨǫǸǷǸǨǮǮ Ƿ ȃǸǮǲ ǵǶǮǳǼǮǵǴǲ ǧȁǱ ǵǴǷǸǶǴǫǳ ǪǶǫǨǳǫǩǶǫǽǫǷǰǮǯ ǕǦǶǺǫǳǴǳ, ǶǦǷ-
ǵǴǱǴǬǫǳǳȁǯ ǳǦ ǦǺǮǳǷǰǴǲ ǆǰǶǴǵǴǱǫ. ǔǸǳǴǾǫǳǮǫ ǨȁǷǴǸȁ ǰ ǾǮǶǮǳǫ ǺǦǷǦǪǦ ǻǶǦǲǦ ǵǶǮ-
ǧǱǮǬǦǫǸǷȅ ǰ ǽǮǷǱǹ 0,618. ǘǫ Ǭǫ ǷǴǴǸǳǴǾǫǳǮȅ ǵǶǴǷǱǫǬǮǨǦȄǸǷȅ Ǩ ǪǶǫǨǳǫǶǮǲǷǰǮǻ ǦǶǰǦǻ 
Ǯ ǦǰǨǫǪǹǰǦǻ, Ǯǻ ǭǦǲǫǽǦȄǸ Ǩ ǷǨǴǪǦǻ ǗǮǰǷǸǮǳǷǰǴǯ ǰǦǵǫǱǱȁ. 

ǈǱǦǪǫǱǮ ǭǳǦǳǮȅǲǮ Ǵ ǵǶǦǨǮǱǫ ǭǴǱǴǸǴǩǴ ǷǫǽǫǳǮȅ (ǰǴǸǴǶǴǫ ǸǴǩǪǦ ǫǿǫ ǸǦǰ ǳǫ ǳǦǭȁ-
ǨǦǱǴǷȂ) Ǯ ǪǶǫǨǳǮǫ ǫǩǮǵǸȅǳǫ. ǔǧ ȃǸǴǲ ǷǨǮǪǫǸǫǱȂǷǸǨǹǫǸ ǵǮǶǦǲǮǪǦ ǛǫǴǵǷǦ, ǨǴǭǶǦǷǸ ǰǴ-
ǸǴǶǴǯ ǴǼǫǳǮǨǦǫǸǷȅ ǵǶǮǲǫǶǳǴ Ǩ 4500 ǱǫǸ. ǗǴǴǸǳǴǾǫǳǮǫ ǨȁǷǴǸȁ ǵǮǶǦǲǮǪȁ ǛǫǴǵǷǦ ǰ ǴǷ-
ǳǴǨǦǳǮȄ ǶǦǨǳȅǫǸǷȅ 14/22, ǽǸǴ ǴǽǫǳȂ ǧǱǮǭǰǴ ǰ ǰǦǳǴǳǮǽǫǷǰǴǲǹ ǷǴǴǸǳǴǾǫǳǮȄ [1]. 

ǎǭǹǽǫǳǳǴǫ Ǩ ǶǦǧǴǸǦǻ ǲǦǸǫǲǦǸǮǰǴǨ Ǯ ǺǮǱǴǷǴǺǴǨ ǊǶǫǨǳǫǯ ǉǶǫǼǮǮ ǵǶǦǨǮǱǴ ǭǴǱǴ-
ǸǴǩǴ ǷǫǽǫǳǮȅ ǷǳǴǨǦ ǷǸǦǱǴ ǨǱǦǷǸǨǴǨǦǸȂ ǳǦǪ ǹǲǦǲǮ ǸǨǴǶǼǴǨ Ǩ ǵǫǶǮǴǪ ǈǴǭǶǴǬǪǫǳǮȅ [2]. 

ǈ ȃǸǴ ǨǶǫǲȅ ǸǫǴǶǮȄ ǭǴǱǴǸǴǩǴ ǷǫǽǫǳǮȅ ǨȁǶǦǭǮǱ ǲǴǳǦǻ ǑǹǰǦ ǕǦǽǴǱǮ Ǩ ǰǳǮǩǫ çǇǴ-
ǬǫǷǸǨǫǳǳǦȅ ǵǶǴǵǴǶǼǮȅè 1509 ǩǴǪǦ, ǮǱǱȄǷǸǶǦǼǮǮ ǰ ǰǴǸǴǶǴǯ ǷǴǭǪǦǱ ǑǫǴǳǦǶǪǴ ǪǦ ǈǮǳǽǮ. 
ǕǦǽǴǱǮ ǨǮǪǫǱ Ǩ ǭǴǱǴǸǴǲ ǷǫǽǫǳǮǮ ǧǴǬǫǷǸǨǫǳǳǴǫ ǸǶǮǫǪǮǳǷǸǨǴ: ǲǦǱȁǯ ǴǸǶǫǭǴǰ ǴǱǮǼǫ-
ǸǨǴǶȅǱ ǗȁǳǦ, ǧǴǱȂǾǴǯ ð ǔǸǼǦ, Ǧ ǼǫǱǴǫ ð ǗǨȅǸǴǯ Ǌǹǻ. 

ǐǸǴ Ǯ ǰǴǩǪǦ ǮǲǫǳǳǴ ǨǵǫǶǨȁǫ ǨǨǫǱ ǸǫǶǲǮǳ çǭǴǱǴǸǴǫ ǷǫǽǫǳǮǫè ǸǴǽǳǴ ǳǫǮǭǨǫǷǸǳǴ. 
ǓǫǷǲǴǸǶȅ ǳǦ ǸǴ, ǽǸǴ ǳǫǰǴǸǴǶȁǫ ǦǨǸǴǶȁ ǷǨȅǭȁǨǦȄǸ ǵǴȅǨǱǫǳǮǫ ȃǸǴǩǴ ǸǫǶǲǮǳǦ Ƿ ǑǫǴ-
ǳǦǶǪǴ ǪǦ ǈǮǳǽǮ Ǩ XV Ǩǫǰǫ ǮǱǮ ǴǸǳǴǷȅǸ ǵǴȅǨǱǫǳǮǫ ȃǸǴǩǴ ǸǫǶǲǮǳǦ ǰ XVI Ǩǫǰǹ, ǷǦǲǴǫ 
ǶǦǳǳǫǫ ǹǵǴǸǶǫǧǱǫǳǮǫ ȃǸǴǩǴ ǸǫǶǲǮǳǦ ǳǦǻǴǪǮǸǷȅ ǹ ǒǦǶǸǮǳǦ ǔǲǦ Ǩ 1835 ǩǴǪǹ Ǩ ǵǶǮǲǫǽǦ-
ǳǮǮ ǰǴ ǨǸǴǶǴǲǹ ǮǭǪǦǳǮȄ ǫǩǴ ǰǳǮǩǮ çǝǮǷǸǦȅ ȃǱǫǲǫǳǸǦǶǳǦȅ ǲǦǸǫǲǦǸǮǰǦè, Ǩ ǰǴǸǴǶǴǲ ǔǲ 
ǳǦǵǮǷǦǱ, ǽǸǴ ȃǸǴ ǷǫǽǫǳǮǫ ǽǦǷǸǴ ǳǦǭȁǨǦȄǸ ǭǴǱǴǸȁǲ ǷǫǽǫǳǮǫǲ. 

ǈ ǲǦǸǫǲǦǸǮǰǫ ǲǫǸǴǪ ǭǴǱǴǸǴǩǴ ǷǫǽǫǳǮȅ ǵǶǮǲǫǳȅǫǸǷȅ ǪǱȅ ǶǫǾǫǳǮȅ ǭǦǪǦǽǮ ǴǪǳǴ-
ǲǫǶǳǴǯ ǴǵǸǮǲǮǭǦǼǮǮ. 

ǔǵǸǮǲǮǭǦǼǮȅ ð ȃǸǴ ǵǶǴǼǫǷǷ ǨȁǧǴǶǦ ǳǦǮǱǹǽǾǫǩǴ ǨǦǶǮǦǳǸǦ Ǯǭ ǨǷǫǻ ǨǴǭǲǴǬǳȁǻ.  
ǕǴ ǷǴǪǫǶǬǦǳǮȄ ǭǦǪǦǽǮ ǴǵǸǮǲǮǭǦǼǮǮ ǨǫǷȂǲǦ ǶǦǭǳǴǴǧǶǦǭǳȁ. ǔǳǮ ǲǴǩǹǸ ǧȁǸȂ ǷǨȅ-

ǭǦǳȁ Ƿ ǵǶǴǫǰǸǮǶǴǨǦǳǮǫǲ ǸǫǻǳǮǽǫǷǰǮǻ ǹǷǸǶǴǯǷǸǨ Ǯ ǸǫǻǳǴǱǴǩǮǽǫǷǰǮǻ ǵǶǴǼǫǷǷǴǨ, Ƿ ǶǦǷ-
ǵǶǫǪǫǱǫǳǮǫǲ ǴǩǶǦǳǮǽǫǳǳȁǻ ǶǫǷǹǶǷǴǨ Ǯ ǵǱǦǳǮǶǴǨǦǳǮǫǲ ǶǦǧǴǸȁ ǵǶǫǪǵǶǮȅǸǮǯ. 

ǈ ǵǶǴǼǫǷǷǫ ǶǫǾǫǳǮȅ ǭǦǪǦǽǮ ǴǵǸǮǲǮǭǦǼǮǮ ǳǫǴǧǻǴǪǮǲǴ ǳǦǯǸǮ ǴǵǸǮǲǦǱȂǳȁǫ ǭǳǦǽǫ-
ǳǮȅ ǵǦǶǦǲǫǸǶǴǨ, ǴǵǶǫǪǫǱȅȄǿǮǻ ǪǦǳǳǹȄ ǭǦǪǦǽǹ. ǈȁǧǴǶ ǴǵǸǮǲǦǱȂǳǴǩǴ ǶǫǾǫǳǮȅ ǵǶǴǨǴ-
ǪǮǸǷȅ Ƿ ǵǴǲǴǿȂȄ ǼǫǱǫǨǴǯ ǺǹǳǰǼǮǮ.  

ǋǷǱǮ ǼǫǱǫǨǦȅ ǺǹǳǰǼǮȅ ǭǦǨǮǷǮǸ ǴǸ ǴǪǳǴǩǴ ǵǦǶǦǲǫǸǶǦ, ǸǴ ǭǦǪǦǽǦ ǴǵǸǮǲǮǭǦǼǮǮ ȅǨ-
ǱȅǫǸǷȅ ǴǪǳǴǲǫǶǳǴǯ. ǜǫǱȂȄ ǴǪǳǴǲǫǶǳǴǯ ǴǵǸǮǲǮǭǦǼǮǮ ȅǨǱȅǫǸǷȅ ǴǵǶǫǪǫǱǫǳǮǫ ǲǮǳǮ-
ǲǹǲǦ (ǮǱǮ ǲǦǰǷǮǲǹǲǦ) ǺǹǳǰǼǮǮ ǴǪǳǴǯ ǵǫǶǫǲǫǳǳǴǯ, ǭǦǪǦǳǳǴǯ ǳǦ ǮǳǸǫǶǨǦǱǫ ǮǭǲǫǳǫǳǮȅ 
ǦǶǩǹǲǫǳǸǦ [3]. 

ǊǱȅ ǶǫǾǫǳǮȅ ȃǸǴǯ ǭǦǪǦǽǮ ǲǴǩǹǸ ǧȁǸȂ ǮǷǵǴǱȂǭǴǨǦǳȁ ǲǫǸǴǪ ǴǵǸǮǲǦǱȂǳǴǩǴ ǵǦǷǷǮǨ-
ǳǴǩǴ ǵǴǮǷǰǦ, ǲǫǸǴǪȁ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǩǴ ǵǴǮǷǰǦ: ǪǮǻǴǸǴǲǮǮ, ǪǫǱǫǳǮȅ ǴǸǶǫǭǰǦ ǵǴǵǴ-
ǱǦǲ, ǭǴǱǴǸǴǩǴ ǷǫǽǫǳǮȅ, ǰǨǦǪǶǦǸǮǽǳǴǯ ǮǳǸǫǶǵǴǱȅǼǮǮ. ǓǫǰǴǸǴǶȁǫ Ǯǭ ȃǸǮǻ ǲǫǸǴǪǴǨ Ǯǭǹ-
ǽǦȄǸǷȅ Ǩ ǶǦǲǰǦǻ ǪǮǷǼǮǵǱǮǳȁ çǒǫǸǴǪȁ ǴǵǸǮǲǮǭǦǼǮǮè ǳǦ ǷǸǦǶǾǮǻ ǰǹǶǷǦǻ ǒǉǘǙ Ǯǲ. Ǔ.ǣ. 
ǇǦǹǲǦǳǦ. 

ǆǰǸǹǦǱȂǳǴǷǸȂ ǶǫǾǫǳǮȅ ǭǦǪǦǽǮ ǳǦǻǴǬǪǫǳǮȅ ǸǴǽǰǮ ǲǮǳǮǲǹǲǦ ǺǹǳǰǼǮǮ ǳǦ ǭǦǪǦǳǳǴǲ 
ǴǸǶǫǭǰǫ ǲǫǸǴǪǴǲ ǭǴǱǴǸǴǩǴ ǷǫǽǫǳǮȅ ǴǧǹǷǱǴǨǱǫǳǦ Ǹǫǲ, ǽǸǴ ǳǦ ǰǦǬǪǴǯ ǮǸǫǶǦǼǮǮ ǳǦ ǴǸ-
Ƕǫǭǰǫ ǳǫǴǧǻǴǪǮǲǴ ǴǵǶǫǪǫǱȅǸȂ ǸǴǱȂǰǴ ǴǪǳǹ ǸǴǽǰǹ, ǽǸǴ ǭǳǦǽǮǸǫǱȂǳǴ ǷǴǰǶǦǿǦǫǸ ǴǧȀǫǲ 
ǨȁǽǮǷǱǫǳǮǯ, ǴǷǴǧǫǳǳǴ ǵǶǮ ǨȁǷǴǰǴǯ ǭǦǪǦǳǳǴǯ ǸǴǽǳǴǷǸǮ ǳǦǻǴǬǪǫǳǮȅ ǸǴǽǰǮ ǲǮǳǮǲǹǲǦ 

ǺǹǳǰǼǮǮ. 
ǈ ǶǫǭǹǱȂǸǦǸǫ ǮǭǹǽǫǳǮȅ ǪǮǷǼǮǵǱǮǳȁ ǷǸǹǪǫǳǸȁ ǪǴǱǬǳȁ ǭǳǦǸȂ ǴǷǳǴǨǳȁǫ ǲǫǸǴǪȁ ǲǮ-

ǳǮǲǮǭǦǼǮǮ ǺǹǳǰǼǮǯ ǴǪǳǴǯ ǵǫǶǫǲǫǳǳǴǯ Ǯ ǲǳǴǩǮǻ ǵǫǶǫǲǫǳǳȁǻ, ǲǫǸǴǪȁ ǲǦǸǫǲǦǸǮǽǫ-
ǷǰǴǩǴ ǦǳǦǱǮǭǦ Ǯ ǲǴǪǫǱǮǶǴǨǦǳǮȅ, ǸǫǴǶǫǸǮǽǫǷǰǴǩǴ Ǯ ȃǰǷǵǫǶǮǲǫǳǸǦǱȂǳǴǩǴ ǮǷǷǱǫǪǴǨǦ-
ǳǮȅ, ǹǲǫǸȂ ǵǶǮǲǫǳȅǸȂ ȃǸǮ ǲǫǸǴǪȁ ǪǱȅ ǶǫǾǫǳǮȅ ǮǳǬǫǳǫǶǳȁǻ ǭǦǪǦǽ ǵǶǴǺǫǷǷǮǴǳǦǱȂǳǴǯ 
ǪǫȅǸǫǱȂǳǴǷǸǮ, Ǧ ǸǦǰǬǫ ǨǱǦǪǫǸȂ ǳǦǨȁǰǦǲǮ ǶǦǭǶǦǧǴǸǰǮ ǦǱǩǴǶǮǸǲǴǨ Ǯ ǷǴǷǸǦǨǱǫǳǮȅ ǵǶǴ-
ǩǶǦǲǲ, ǶǫǦǱǮǭǹȄǿǮǻ ǴǷǳǴǨǳȁǫ ǲǫǸǴǪȁ ǴǪǳǴǲǫǶǳǴǯ Ǯ ǲǳǴǩǴǲǫǶǳǴǯ ǲǮǳǮǲǮǭǦǼǮǮ. 

ǎǭǹǽǫǳǮǫ ǪǮǷǼǮǵǱǮǳȁ çǒǫǸǴǪȁ ǴǵǸǮǲǮǭǦǼǮǮè ǵǶǫǪǵǴǱǦǩǦǫǸ ǵǶǫǪǨǦǶǮǸǫǱȂǳǴǫ 
ǴǷǨǴǫǳǮǫ ǸǦǰǮǻ ǪǮǷǼǮǵǱǮǳ ǹǽǫǧǳǴǩǴ ǵǱǦǳǦ, ǰǦǰ ǦǳǦǱǮǸǮǽǫǷǰǦȅ ǩǫǴǲǫǸǶǮȅ; ǲǦǸǫǲǦǸǮ-
ǽǫǷǰǮǯ ǦǳǦǱǮǭ; ǱǮǳǫǯǳǦȅ ǦǱǩǫǧǶǦ Ǯ ǺǹǳǰǼǮǮ ǳǫǷǰǴǱȂǰǮǻ ǵǫǶǫǲǫǳǳȁǻ, Ǯ ȅǨǱȅǫǸǷȅ 
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ǵǶǫǪǾǫǷǸǨǹȄǿǫǯ ǪǱȅ ǪǮǷǼǮǵǱǮǳ ǴǧǶǦǭǴǨǦǸǫǱȂǳǴǯ ǵǶǴǩǶǦǲǲȁ, ǷǨȅǭǦǳǳȁǻ Ƿ ǸǫǴǶǮǫǯ 
ǴǵǸǮǲǦǱȂǳǴǩǴ ǹǵǶǦǨǱǫǳǮȅ. 

 
ǒǫǸǴǪǴǱǴǩǮȅ Ǯ ǶǫǭǹǱȂǸǦǸȁ ǮǷǷǱǫǪǴǨǦǳǮȅ 

 
ǖǵǸǹǧǴǵǩǱǧ ǮǧǫǧǾǯ 

 
ǕǹǷǸȂ ǺǹǳǰǼǮȅ f  ( x ) ǴǵǶǫǪǫǱǫǳǦ Ǯ ǳǫǵǶǫǶȁǨǳǦ ǳǦ ǴǸǶǫǭǰǫ [ a 0 , b 0 ]  Ǯ ȅǨǱȅǫǸǷȅ 

ǳǦ ȃǸǴǲ ǴǸǶǫǭǰǫ ǹǳǮǲǴǪǦǱȂǳǴǯ, Ǹ. ǫ. ǮǲǫǫǸ ǸǴǱȂǰǴ ǴǪǮǳ ǱǴǰǦǱȂǳȁǯ ǲǮǳǮǲǹǲ Ǽ*. ǓǫǴǧ-

ǻǴǪǮǲǴ ǳǦǯǸǮ ǸǴǽǰǹ Ǽ* Ƿ ǸǴǽǳǴǷǸȂȄ e .  
 

ǗǬǿǬǴǯǬ ǮǧǫǧǾǯ 
 
ǎǸǫǶǦǼǮǴǳǳȁǯ ǵǶǴǼǫǷǷ ǳǦǻǴǬǪǫǳǮȅ ǸǴǽǰǮ ǲǮǳǮǲǹǲǦ Ǽ* ǺǹǳǰǼǮǮ f  ( x ) ǲǫǸǴǪǴǲ 

ǭǴǱǴǸǴǩǴ ǷǫǽǫǳǮȅ ǨǰǱȄǽǦǫǸ Ǩ Ƿǫǧȅ ǷǱǫǪǹȄǿǮǫ ǿǧǪǯ [4].  
 
ǟǧǪ 1. 

ǓǦ ǴǸǶǫǭǰǫ [ a 0 , b 0 ]  ǨȁǧǮǶǦȄǸ ǪǨǫ ǨǳǹǸǶǫǳǳǮǫ ǸǴǽǰǮ 0ʘ
~  Ǯ 0b

~
 , ǨȁǽǮǷǱȅȄǸ ǭǳǦ-

ǽǫǳǮȅ ǺǹǳǰǼǮǮ f  ( x ) ǳǦ ǰǴǳǼǦǻ ǴǸǶǫǭǰǦ [ a 0 ,  b 0 ]  Ǯ Ǩ ǫǩǴ ǨǳǹǸǶǫǳǳǮǻ ǸǴǽǰǦǻ 0ʘ
~  Ǯ 0b

~
 , 

Ǹ.ǫ. f  ( a 0 ) ,  f  ( 0ʘ
~  ) , f  ( 0b

~
 ) , f  ( b 0 ) , Ǧ ǭǦǸǫǲ ǷǶǫǪǮ ǵǴǱǹǽǫǳǳȁǻ ǭǳǦǽǫǳǮǯ ǨȁǧǮǶǦȄǸ 

ǳǦǮǲǫǳȂǾǫǫ. 

ǕǹǷǸȂ, ǳǦǵǶǮǲǫǶ, ǳǦǮǲǫǳȂǾǫǫ ǭǳǦǽǫǳǮǫ ǺǹǳǰǼǮȅ f  ( x ) ǪǴǷǸǮǩǦǫǸ Ǩ ǸǴǽǰǫ 0ʘ
~

 , 

Ǹ.ǫ. min { f  ( a 0 ) ,  f  ( 0ʘ
~  ) , f  ( 0b

~
 ) , f  ( b 0 ) } = f  ( 0ʘ

~
 ).  ǘǴǩǪǦ, ǴǽǫǨǮǪǳǴ, ǸǴǽǰǦ ǲǮǳǮǲǹǲǦ 

Ǽ* ǺǹǳǰǼǮǮ f  ( x ) ǳǦǻǴǪǮǸǷȅ ǳǦ ǴǪǳǴǲ Ǯǭ ǴǸǶǫǭǰǴǨ, ǵǶǮǱǫǩǦȄǿǮǻ ǰ ǸǴǽǰǫ 0ʘ
~

 . ǕǴȃǸǴǲǹ 

ǴǸǶǫǭǴǰ [  0b
~

 , b 0 ]  ǲǴǬǳǴ ǮǷǰǱȄǽǮǸȂ Ǯ ǪǦǱǫǫ ǶǦǷǷǲǦǸǶǮǨǦǸȂ ǴǸǶǫǭǴǰ [ a 0 ,  0b
~

 ]  .  

 
ǟǧǪ 2. 

ǓǦ ǴǸǶǫǭǰǫ [ a 1 , b 1 ] = [ a 0 ,  0b
~

 ] ǨȁǧǮǶǦȄǸ ǪǨǫ ǨǳǹǸǶǫǳǳǮǫ ǸǴǽǰǮ 1ʘ
~

 Ǯ 1b
~

 Ǯ ǵǴ-

ǨǸǴǶȅȄǸ ǪǫǯǷǸǨǮȅ ǿǧǪǧ 1. ǕǶǮ ȃǸǴǲ Ǩ ǰǦǽǫǷǸǨǫ ǸǴǽǰǮ 1b
~

 ǨȁǧǮǶǦȄǸ ǸǴǽǰǹ 0ʘ
~ . 

ǕǴǷǰǴǱȂǰǹ ǳǦ ǵǶǫǪȁǪǹǿǫǲ ǾǦǩǫ ǮǸǫǶǦǼǮǴǳǳǴǩǴ ǵǶǴǼǫǷǷǦ ǹǬǫ ǳǦǯǪǫǳȁ ǭǳǦǽǫǳǮȅ 

ǺǹǳǰǼǮǮ f  ( x ) ǳǦ ǰǴǳǼǦǻ ǴǸǶǫǭǰǦ [ a 1 , b 1 ] = [ a 0 , 0b
~

 ] Ǯ Ǩ ǴǪǳǴǯ ǫǩǴ ǨǳǹǸǶǫǳǳǫǯ ǸǴǽǰǫ 

1b
~

 = 0ʘ
~

 , ǸǴ ǳǦǻǴǪȅǸ ǭǳǦǽǫǳǮǫ ǺǹǳǰǼǮǮ f  ( x ) ǸǴǱȂǰǴ ǨǴ ǨǳǹǸǶǫǳǳǫǯ ǸǴǽǰǫ 1ʘ
~

 , Ǧ ǭǦǸǫǲ 

ǵǶǴǮǭǨǴǪȅǸ ǳǫǴǧǻǴǪǮǲǴǫ ǷǶǦǨǳǫǳǮȅ ǭǳǦǽǫǳǮǯ ǺǹǳǰǼǮǮ  f  ( a 1 ),  f  ( 1ʘ
~

 ),  f  ( 1b
~

 ),  f  ( b 1 ).  

ǈȁǧǴǶ ǳǦ ǪǦǳǳǴǲ ǾǦǩǫ ǸǴǱȂǰǴ ǴǪǳǴǯ ǨǳǹǸǶǫǳǳǫǯ ǸǴǽǰǮ Ǯ ǨȁǽǮǷǱǫǳǮǫ ǭǳǦǽǫǳǮȅ 
ǺǹǳǰǼǮǮ Ǩ ǳǫǯ ǹǲǫǳȂǾǦǫǸ ǴǧȀǫǲ ǨȁǽǮǷǱǫǳǮǯ ǳǦ ǴǪǳǴǲ ǾǦǩǫ ǮǸǫǶǦǼǮǴǳǳǴǩǴ ǵǶǴǼǫǷǷǦ 
Ǩ 4 ǶǦǭǦ. 

ǎǸǫǶǦǼǮǴǳǳȁǯ ǵǶǴǼǫǷǷ ǵǶǴǪǴǱǬǦȄǸ ǪǴ Ǹǫǻ ǵǴǶ, ǵǴǰǦ ǪǱǮǳǦ ǶǦǷǷǲǦǸǶǮǨǦǫǲǴǩǴ 

ǴǸǶǫǭǰǦ [ a n , b n ]  ǳǫ ǷǸǦǳǫǸ ǲǫǳȂǾǫ ǮǱǮ ǶǦǨǳǴǯ ǭǦǪǦǳǳǴǯ ǸǴǽǳǴǷǸǮ e . ǘǴǩǪǦ Ǩ ǰǦǽǫǷǸǨǫ 

ǸǴǽǰǮ ǲǮǳǮǲǹǲǦ Ǽ* ǨȁǧǮǶǦȄǸ ǸǴǽǰǹ a n ,  n ʘ
~

 ,  n b
~

 ǮǱǮ b n , Ǩ ǰǴǸǴǶǴǯ ǺǹǳǰǼǮȅ f  ( x ) ǮǲǫǫǸ 

ǳǦǮǲǫǳȂǾǫǫ ǭǳǦǽǫǳǮǫ, Ǹ. ǫ. 

Ǽ* = arg min { f  ( a n ) , f  ( n ʘ
~

 ) , f  ( n b
~

 ) , f  ( b n ) }  . 

ǖǦǷǷǲǴǸǶǮǲ ǨǴǵǶǴǷ ǨȁǧǴǶǦ ǨǳǹǸǶǫǳǳǮǻ ǸǴǽǫǰ i ʘ
~  Ǯ i b

~
 ,  i  = 0, 1, é , n .  
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ǓǦ ǰǦǬǪǴǲ ǾǦǩǫ ǮǸǫǶǦǼǮǴǳǳǴǩǴ ǵǶǴǼǫǷǷǦ ǴǸǶǫǭǴǰ [ a i  , b i ] ǪǫǱȅǸ Ƿ ǵǴǲǴǿȂȄ 

ǨǳǹǸǶǫǳǳǮǻ ǸǴǽǫǰ i ʘ
~  Ǯ i b

~
 ǳǦ ǸǶǮ ǽǦǷǸǮ. ǕǶǮ ȃǸǴǲ ǸǴǽǰǮ i ʘ

~  Ǯ i b
~

 ǨȁǧǮǶǦȄǸ ǸǦǰ, ǽǸǴǧȁ 

ǰǦǬǪǦȅ Ǯǭ ǳǮǻ ǴǷǹǿǫǷǸǨǱȅǱǦ çǭǴǱǴǸǴǫ ǷǫǽǫǳǮǫè ǴǸǶǫǭǰǦ [ a i , b i ]  . 
ǕǶǷǬǫǬǲǬǴǯǬ. ǘǴǽǰǦ Ǹ ǴǷǹǿǫǷǸǨǱȅǫǸ çǭǴǱǴǸǴǫ ǷǫǽǫǳǮǫè ǴǸǶǫǭǰǦ [ a , b ]  , ǫǷǱǮ 

ǨȁǵǴǱǳȅǫǸǷȅ ǷǱǫǪǹȄǿǫǫ ǷǴǴǸǳǴǾǫǳǮǫ [5] 
 

 
 

ǔǵǶǫǪǫǱǮǲ ǰǴȃǺǺǮǼǮǫǳǸ l . 
ǕǹǷǸȂ ǪǱǮǳǦ ǴǸǶǫǭǰǦ [ a , b ]  ǶǦǨǳǦ 1 , Ǹ. ǫ. b ð a = 1.  
ǔǧǴǭǳǦǽǮǲ ǪǱǮǳǹ ǴǸǶǫǭǰǦ [ Ǹ , b ]  ǽǫǶǫǭ Ǽ , Ǹ. ǫ. Ǽ = b ð Ǹ .  
ǘǴǩǪǦ ǪǱǮǳǦ ǴǸǶǫǭǰǦ [ a , Ǹ ]  ǧǹǪǫǸ ǶǦǨǳǦ 1 ð Ǽ , Ǹ. ǫ. Ǹ ð a = 1 ð Ǽ. 

ǗǴǩǱǦǷǳǴ ǷǴǴǸǳǴǾǫǳǮȄ (1), Ǯǲǫǫǲ 
1

ʭ
 = 
ʭ

ʭ1-
 = l , ǴǸǰǹǪǦ Ǽ = l . 

ǖǫǾǮǲ ǹǶǦǨǳǫǳǮǫ 
1

ʭ
 = 
ʭ

ʭ1-
 .  

Ǽ 2 = 1 ð Ǽ ,  
Ǽ 2 + Ǽ ð 1 = 0 , 

D = b 2 ð 4Ö aÖ c = 1 + 4 = 5 , 

Ǽ 1 , 2 = 
a2

Db

Ö

°-
 ,  

Ǽ 1 = 
2

51--
 , Ǽ 2 = 

2

51+-
 .  

ǕǴǷǰǴǱȂǰǹ ǪǱǮǳǦ ǴǸǶǫǭǰǦ [  Ǹ , b ]  ǳǫ ǲǴǬǫǸ ǧȁǸȂ ǴǸǶǮǼǦǸǫǱȂǳǴǯ, ǸǴ 

Ǽ = Ǽ 2 = 
2

51+-
 .  

ǆ ǵǴǷǰǴǱȂǰǹ l = Ǽ , ǸǴ l = 
2

15-
 º 0.618 .  

ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǨǳǹǸǶǫǳǳǮǫ ǸǴǽǰǮ i ʘ
~  Ǯ i b

~
 ǴǸǶǫǭǰǦ [ a i  , b i ]  ǨȁǧǮǶǦȄǸ ǸǦǰ, ǽǸǴǧȁ 

ǴǳǮ ǹǪǴǨǱǫǸǨǴǶȅǱǮ ǷǴǴǸǳǴǾǫǳǮȄ (1), Ǹ. ǫ. 
 

i i 

i i 

ab

a~b

-

-
 = 

i i 

i i 

a~b

aa~

-

-
 = 

i i 

i i 

ab

ab
~

-

-
 = 

i i 

i i 

ab
~

b
~

b

-

-
 = l ,  

Ǧ ǸǦǰǬǫ ǷǴǴǸǳǴǾǫǳǮȄ i ʘ
~

 ð a i = b i ð i b
~

.  

ǕǴǷǱǫ ǨȁǵǴǱǳǫǳǮȅ i  - ǩǴ ǾǦǩǦ ǮǸǫǶǦǼǮǴǳǳǴǩǴ ǵǶǴǼǫǷǷǦ ǪǱǮǳǦ ǴǸǶǫǭǰǦ [ a i ð 1 , b i ð 1 ] 

ǹǲǫǳȂǾǦǫǸǷȅ Ǩ 
l

1
 ǶǦǭ Ǯ, ǷǱǫǪǴǨǦǸǫǱȂǳǴ, ǵǴǷǱǫ n ǾǦǩǴǨ ǫǩǴ ǪǱǮǳǦ ǷǸǦǳǴǨǮǸǷȅ ǶǦǨǳǴǯ l nÖ 

( b 0 ð a 0 ) .  
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ǋǷǱǮ n ­ ́  , ǸǴ ǪǱǮǳǦ n - ǩǴ ǴǸǶǫǭǰǦ ǷǸǶǫǲǮǸǷȅ ǰ 0 ǰǦǰ ǩǫǴǲǫǸǶǮǽǫǷǰǦȅ ǵǶǴǩǶǫǷǷǮȅ 

ǷǴ ǭǳǦǲǫǳǦǸǫǱǫǲ l .  
ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǲǫǸǴǪ ǭǴǱǴǸǴǩǴ ǷǫǽǫǳǮȅ ǨǷǫǩǪǦ ǷǻǴǪǮǸǷȅ, ǵǶǮǽǫǲ ǱǮǳǫǯǳǴ. 
 
ǖǷǯǳǬǾǧǴǯȆ.  
1. ǒǫǸǴǪ ǭǴǱǴǸǴǩǴ ǷǫǽǫǳǮȅ ǵǶǮǲǫǳǮǲ Ǯ ǰ ǺǹǳǰǼǮȅǲ, ǳǫ ǪǮǺǺǫǶǫǳǼǮǶǹǫǲȁǲ ǳǦ 

ǴǸǶǫǭǰǫ [ a 0 , b 0 ]  . 
2. ǋǷǱǮ ǳǦ ǴǸǶǫǭǰǫ [ a 0 , b 0 ]  ǺǹǳǰǼǮȅ f  ( x ) ǮǲǫǫǸ ǳǫǷǰǴǱȂǰǴ ǱǴǰǦǱȂǳȁǻ ǲǮǳǮǲǹ-

ǲǴǨ, ǸǴ ǮǸǫǶǦǼǮǴǳǳȁǯ ǵǶǴǼǫǷǷ ǷǻǴǪǮǸǷȅ ǰ ǴǪǳǴǲǹ Ǯǭ ǳǮǻ, ǵǶǮǽǫǲ ǳǫǴǧȅǭǦǸǫǱȂǳǴ ǰ 
ǩǱǴǧǦǱȂǳǴǲǹ. 

 
ǇǲǪǵǷǯǹǳ ǴǧǼǵǭǫǬǴǯȆ ǹǵǾǱǯ ǳǯǴǯǳǺǳǧ Ǽ* ǻǺǴǱǽǯǯ f  ( x ) 

Ǵǧ ǵǹǷǬǮǱǬ [ a 0 , b 0 ] Ǹ ǹǵǾǴǵǸǹȃȅ e ǳǬǹǵǫǵǳ ǮǵǲǵǹǵǪǵ ǸǬǾǬǴǯȆ 
 
ǤǹǧǶ 1. 

1. ǈȁǽǮǷǱȅǫǲ ǪǱǮǳǹ ǴǸǶǫǭǰǦ [  a 0 , b 0 ]  : D 0 = b 0 ð a 0 .  

2. ǈȁǽǮǷǱȅǫǲ ǨǫǱǮǽǮǳǹ D 1 = lÖ D 0 , l º 0.618 .  

3. ǈȁǽǮǷǱȅǫǲ ǨǫǱǮǽǮǳǹ D 2 = D 1 ð D 0 .  

4. ǔǵǶǫǪǫǱȅǫǲ ǨǳǹǸǶǫǳǳǮǫ ǸǴǽǰǮ 0ʘ
~  Ǯ 0b

~
 :  

0ʘ
~  = a 0 + D 2 ; 0b

~
 = b 0 ð D 2 .  

 

5. ǈȁǽǮǷǱȅǫǲ ǭǳǦǽǫǳǮȅ ǺǹǳǰǼǮǮ f  ( x ) Ǩ ǸǴǽǰǦǻ a 0 ,  0ʘ
~

 ,  0b
~

 Ǯ b 0 :  f  ( a 0 ), f  ( 0ʘ
~

 ), 

f  ( 0b
~

 ), f  ( b 0 ).  

6. ǓǦǻǴǪǮǲ ǳǦǮǲǫǳȂǾǫǫ Ǯǭ ǵǴǱǹǽǫǳǳȁǻ Ǩ ǵǹǳǰǸǫ 5 ǭǳǦǽǫǳǮǯ ǺǹǳǰǼǮǮ f  ( x ), Ǹ. ǫ. 

Ǔ = min { f  ( a 0 ), f  ( 0ʘ
~

 ), f  ( 0b
~

 ), f  ( b 0 ) } . 

7. ǕǫǶǫǻǴǪǮǲ ǰ ȄǹǧǶǺ 3, ǵǴǱǦǩǦȅ k = 0 (ǩǪǫ k ð ǳǴǲǫǶ ǮǸǫǶǦǼǮǮ). 
 
ǤǹǧǶ 2. 

1. ǈȁǽǮǷǱȅǫǲ ǨǫǱǮǽǮǳǹ D k + 2 = D k ð D k + 1 .  

2. ǋǷǱǮ Ǔ = f  ( a k ð 1 ) ǮǱǮ Ǔ = f  ( 1  k ʘ
~
-  ), ǸǴ  

1) ǮǷǰǱȄǽǦǫǲ ǴǸǶǫǭǴǰ [ 1  k b
~
-  , b k ð 1 ]  ; 

2) ǵǴǱǦǩǦǫǲ [  a k , b k ] = [  a k ð 1 , 1  k b
~
-  ]  , k b

~
 = 1  k ʘ

~
-  ;  

 

 
 

3) ǴǵǶǫǪǫǱȅǫǲ ǨǳǹǸǶǫǳǳȄȄ ǸǴǽǰǹ k ʘ
~

 : k ʘ
~ = a k + D k + 2 ;  

4) ǨȁǽǮǷǱȅǫǲ ǭǳǦǽǫǳǮǫ ǺǹǳǰǼǮǮ f  ( x ) Ǩ ǸǴǽǰǫ k ʘ
~ , Ǹ.ǫ. f  ( k ʘ

~  ) .  
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ǋǷǱǮ Ǔ = f  ( b k ð 1 ) ǮǱǮ Ǔ = f  ( 1  k b
~
-  ), ǸǴ  

1) ǮǷǰǱȄǽǦǫǲ ǴǸǶǫǭǴǰ [ a k ð 1 ,  1  k ʘ
~
-  ] ;  

2) ǵǴǱǦǩǦǫǲ [  a k , b k ] = [  1  k ʘ
~
-  , b k ð 1 ]  , k ʘ

~ = 1  k b
~
-  ;  

 

 
 

3) ǴǵǶǫǪǫǱȅǫǲ ǨǳǹǸǶǫǳǳȄȄ ǸǴǽǰǹ k b
~

 :  k b
~

 = b k ð D k + 2 ;  

4) ǨȁǽǮǷǱȅǫǲ ǭǳǦǽǫǳǮǫ ǺǹǳǰǼǮǮ f  ( x ) Ǩ ǸǴǽǰǫ k b
~

 , Ǹ. ǫ. f  ( k b
~

 ).  

3. ǓǦǻǴǪǮǲ ǳǦǮǲǫǳȂǾǫǫ Ǯǭ ǭǳǦǽǫǳǮǯ ǺǹǳǰǼǮǮ f  ( x ) Ǩ ǸǴǽǰǦǻ a k ,  k ʘ
~ ,  k b

~
 ,  b k , Ǹ.ǫ. 

Ǔ = min { f  ( a k ) ,  f  ( k ʘ
~

 ) , f  ( k b
~

 ) , f  ( b k ) } . 

4. ǕǫǶǫǻǴǪǮǲ ǰ ȄǹǧǶǺ 3.  
 
ǤǹǧǶ 3. 

ǋǷǱǮ D k > e , ǸǴ ǵǴǱǦǩǦǫǲ k = k + 1 Ǯ ǵǫǶǫǻǴǪǮǲ ǰ ȄǹǧǶǺ 2.  

ǋǷǱǮ D k ¢ e , ǸǴ ǮǸǫǶǦǼǮǴǳǳȁǯ ǵǶǴǼǫǷǷ ǭǦǰǦǳǽǮǨǦǫǲ. ǕǶǮ ȃǸǴǲ Ǩ ǰǦǽǫǷǸǨǫ ǸǴǽǰǮ 

ǲǮǳǮǲǹǲǦ Ǽ* ǨȁǧǮǶǦǫǲ ǸǴǽǰǹ a k ,  k ʘ
~ ,  k b

~
 ǮǱǮ b k , Ǩ ǰǴǸǴǶǴǯ ǺǹǳǰǼǮȅ f  ( x ) ǮǲǫǫǸ 

ǳǦǮǲǫǳȂǾǫǫ ǭǳǦǽǫǳǮǫ, Ǹ. ǫ. 

Ǽ* = arg min  { f  ( a k ) ,  f  ( k ʘ
~

 ) , f  ( k b
~

 ) , f  ( b k ) }.  

 
ǖǷǯǳǬǷ. 

ǓǦǯǸǮ ǸǴǽǰǹ ǲǮǳǮǲǹǲǦ Ǽ* ǺǹǳǰǼǮǮ f  ( x ) = Ǽ 2 ð 2Ö Ǽ + 4 ǳǦ ǴǸǶǫǭǰǫ [ a 0 , b 0 ] = 

= [ 0.6  ,  1.2 ] Ƿ ǸǴǽǳǴǷǸȂȄ e = 0.25. 
 
ǗǬǿǬǴǯǬ. 
 
ǤǹǧǶ 1. 

1. ǈȁǽǮǷǱȅǫǲ ǪǱǮǳǹ ǴǸǶǫǭǰǦ [ a 0 , b 0 ]  : D 0 = b 0 ð a 0 = 1.2 ð 0.6 = 0.6 .  

2. ǈȁǽǮǷǱȅǫǲ ǨǫǱǮǽǮǳǹ D 1 = lÖ D 0 = 0.618 Ö 0.6 = 0.3708 . 

3. ǈȁǽǮǷǱȅǫǲ ǨǫǱǮǽǮǳǹ D 2 = D 1 ð D 0 = 0.6 ð 0.3708 = 0.2292 . 

4. ǔǵǶǫǪǫǱȅǫǲ ǨǳǹǸǶǫǳǳǮǫ ǸǴǽǰǮ 0ʘ
~  Ǯ 0b

~
 :  

0ʘ
~  = a 0 + D 2 = 0.6 + 0.2292 = 0.8292 ;  

0b
~

 = b 0 ð D 2 = 1.2 ð 0.2292 = 0.9708 . 

5. ǈȁǽǮǷǱȅǫǲ ǭǳǦǽǫǳǮȅ ǺǹǳǰǼǮǮ f  ( x ) Ǩ ǸǴǽǰǦǻ a 0 , 0ʘ
~

 , 0b
~

 Ǯ b 0 :  

f  ( a 0 ) = f  ( 0.6 ) = 3.1600 , 

f  ( 0ʘ
~

 ) = f  ( 0.8292 ) = 3.0291 , 

f  ( 0b
~

 ) = f  ( 0.9708 ) = 3.0008 , 

f  ( b 0 ) = f  1.2 ) = 3.0400 . 
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6. ǓǦǻǴǪǮǲ ǳǦǮǲǫǳȂǾǫǫ Ǯǭ ǭǳǦǽǫǳǮǯ ǺǹǳǰǼǮǮ f  ( x ) Ǩ ǸǴǽǰǦǻ a 0 , 0ʘ
~

 , 0b
~

 Ǯ b 0:  

Ǔ = min { f  ( a 0 ) ,  f  ( 0ʘ
~  ) , f  ( 0b

~
 ) , f  ( b 0 ) } = 

= min { 3.1600 , 3.0291 , 3.0008 , 3.0400 } = f  ( 0b
~

 ) = f  ( 0.9708 ) = 3.0008. 

7. ǕǴǱǦǩǦǫǲ k = 0 (ǩǪǫ k ð ǳǴǲǫǶ ǮǸǫǶǦǼǮǮ) Ǯ ǵǫǶǫǻǴǪǮǲ ǰ ȄǹǧǶǺ 3.  
 
ǤǹǧǶ 3. 

ǕǴǷǰǴǱȂǰǹ D 0 = 0.6 > e = 0.25 , ǸǴ ǵǴǱǦǩǦǫǲ k = 1 Ǯ ǵǫǶǫǻǴǪǮǲ ǰ ȄǹǧǶǺ 2.  
 
ǏǹǬǷǧǽǯȆ 1 ( k = 1 ).  
 
ǤǹǧǶ 2. 

1. ǈȁǽǮǷǱȅǫǲ ǨǫǱǮǽǮǳǹ D 3 = D 1 ð D 2 = 0.3708 ð 0.2292 = 0.1416 . 

2. ǕǴǷǰǴǱȂǰǹ Ǔ = f  ( 0b
~

 ) = f  ( 0.9708 ), ǸǴ  

1) ǮǷǰǱȄǽǦǫǲ ǴǸǶǫǭǴǰ [ a 0 , 0ʘ
~

 ] = [ 0.6  ,  0.8292 ]  ;  

2) ǵǴǱǦǩǦǫǲ [ a 1 ,  b 1 ] = [  0ʘ
~

 , b 0 ] = [ 0.8292 ,  1.2 ]  ,  

1 ʘ
~  = 0b

~
 = 0.9708 ;  

 

 
 

3) ǴǵǶǫǪǫǱȅǫǲ ǨǳǹǸǶǫǳǳȄȄ ǸǴǽǰǹ 1 b
~

 :  

1 b
~

 = b 1 ð D 3 = 1.2 ð 0.1416 = 1.0584 ;  

4) ǨȁǽǮǷǱȅǫǲ ǭǳǦǽǫǳǮǫ ǺǹǳǰǼǮǮ f  ( x ) Ǩ ǸǴǽǰǫ 1 b
~

 : 

f  ( 1 b
~

 ) = f  ( 1.0584 ) = 3.0034 .  

 

 
 

3. ǓǦǻǴǪǮǲ ǳǦǮǲǫǳȂǾǫǫ Ǯǭ ǭǳǦǽǫǳǮǯ ǺǹǳǰǼǮǮ f  ( x ) Ǩ ǸǴǽǰǦǻ a 1 ,  1 ʘ
~

 ,  1 b
~

 Ǯ b 1:  

Ǔ = min { f  ( a 1 ) , f  ( 1 ʘ
~

 ) , f  ( 1 b
~

 ) , f  ( b 1 ) } = 

= min { 3.0291 , 3.0008 , 3.0034 , 3.0400 } = f  ( 1 ʘ
~  ) = f  ( 0.9708 ) = 3.0008. 
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4. ǕǫǶǫǻǴǪǮǲ ǰ ȄǹǧǶǺ 3.  
 
ǤǹǧǶ 3. 

ǕǴǷǰǴǱȂǰǹ D 1 = 0.3708 > e = 0.25, ǸǴ ǵǴǱǦǩǦǫǲ k = 2 Ǯ ǵǫǶǫǻǴǪǮǲ ǰ ȄǹǧǶǺ 2.  
 
ǏǹǬǷǧǽǯȆ 2 ( k = 2 ).  
 
ǤǹǧǶ 2. 

1. ǈȁǽǮǷǱȅǫǲ ǨǫǱǮǽǮǳǹ D 4 = D 2 ð D 3 = 0.2292 ð 0.1416 = 0.0876. 

2. ǕǴǷǰǴǱȂǰǹ Ǔ = f  ( 1 ʘ
~

 ) = f  ( 0.9708 ), ǸǴ  

1) ǮǷǰǱȄǽǦǫǲ ǴǸǶǫǭǴǰ [  1 b
~

 ,  b 1 ] = [ 1.0584 ,  1.2 ]  ;  

2) ǵǴǱǦǩǦǫǲ [ a 2 ,  b 2 ] = [  1 ʘ
~

 , b 1 ] = [ 0.8292 ,  1.0584 ] ,  

2 b
~

 = 1 ʘ
~

 = 0.9708 ;  

 

 
 

3) ǴǵǶǫǪǫǱȅǫǲ ǨǳǹǸǶǫǳǳȄȄ ǸǴǽǰǹ 2 ʘ
~

 :  

2 ʘ
~  = a 2 + D 4 = 0.8292 + 0.0876 = 0.9168;  

4) ǨȁǽǮǷǱȅǫǲ ǭǳǦǽǫǳǮǫ ǺǹǳǰǼǮǮ f  ( x ) Ǩ ǸǴǽǰǫ 2 ʘ
~

 : 

f  ( 2 ʘ
~

 ) = f  ( 0.9168 ) = 3.0069.  

 

 

3. ǓǦǻǴǪǮǲ ǳǦǮǲǫǳȂǾǫǫ Ǯǭ ǭǳǦǽǫǳǮǯ ǺǹǳǰǼǮǮ f  ( x ) Ǩ ǸǴǽǰǦǻ a 2 ,  2 ʘ
~

 , 2 b
~

 Ǯ b 2 :  

Ǔ = min { f  ( a 2 ) , f  ( 2 ʘ
~

 ) , f  ( 2 b
~

 ) ,  f  ( b 2 ) } = 

= min { 3.0291 , 3.0069 , 3.0008 , 3.0034 } = f  ( 2 b
~

 ) = f  ( 0.9708 ) = 3.0008. 

4. ǕǫǶǫǻǴǪǮǲ ǰ ȄǹǧǶǺ 3.  
 
ǤǹǧǶ 3. 

ǋǷǱǮ D 2 = 0.2292 < e = 0.25, ǸǴ ǮǸǫǶǦǼǮǴǳǳȁǯ ǵǶǴǼǫǷǷ ǭǦǰǦǳǽǮǨǦǫǲ.  

ǕǴǷǰǴǱȂǰǹ ǳǦǮǲǫǳȂǾǫǫ ǭǳǦǽǫǳǮǫ ǺǹǳǰǼǮȅ f  ( x ) = x 2 ð 2Ö x + 4 ǮǲǫǫǸ Ǩ ǸǴǽǰǫ 2 b
~

 = 

0.9708, ǸǴ ǸǴǽǰǴǯ ǲǮǳǮǲǹǲǦ Ǽ* ǪǦǳǳǴǯ ǺǹǳǰǼǮǮ ǳǦ ǴǸǶǫǭǰǫ [ 0.6  ,  1.2 ] Ƿ ǸǴǽǳǴǷǸȂȄ e = 

0.25 ȅǨǱȅǫǸǷȅ ǸǴǽǰǦ 2 b
~

 = 0.9708. 

ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǴǵǸǮǲǦǱȂǳȁǲ ǶǫǾǫǳǮǫǲ ǭǦǪǦǽǮ ǳǦǻǴǬǪǫǳǮȅ ǸǴǽǰǮ ǲǮǳǮǲǹǲǦ 

ǺǹǳǰǼǮǮ f  ( x ) = Ǽ 2 ð 2Ö Ǽ + 4 ǳǦ ǴǸǶǫǭǰǫ [ 0.6  ,  1.2 ]  Ƿ ǸǴǽǳǴǷǸȂȄ e = 0.25 ȅǨǱȅǫǸǷȅ ǸǴǽǰǦ 
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Ǽ* = 0.9708. ǕǶǮ ȃǸǴǲ ǲǮǳǮǲǦǱȂǳǴǫ ǭǳǦǽǫǳǮǫ ǺǹǳǰǼǮǮ, ǪǴǷǸǮǩǦǫǲǴǫ Ǩ ȃǸǴǯ ǸǴǽǰǫ, 
ǶǦǨǳǴ 3.0008, Ǹ. ǫ. f  min ( x ) = f  ( 0.9708 ) = 3.0008. 

 

ǍǦǰǱȄǽǫǳǮǫ 
 

ǈ ǶǦǧǴǸǫ ǶǦǷǷǲǴǸǶǫǳ ǲǫǸǴǪ ǭǴǱǴǸǴǩǴ ǷǫǽǫǳǮȅ ǶǫǾǫǳǮȅ ǭǦǪǦǽǮ ǳǦǻǴǬǪǫǳǮȅ ǸǴǽǰǮ 
ǲǮǳǮǲǹǲǦ ǺǹǳǰǼǮǮ ǳǦ ǴǸǶǫǭǰǫ Ƿ ǭǦǪǦǳǳǴǯ ǸǴǽǳǴǷǸȂȄ, ǵǶǮǨǫǪǫǳ ǦǱǩǴǶǮǸǲ Ǯ ǵǶǮǲǫǶ 
ǫǩǴ ǮǷǵǴǱȂǭǴǨǦǳǮȅ ǪǱȅ ǶǫǾǫǳǮȅ ǵǴǷǸǦǨǱǫǳǳǴǯ ǭǦǪǦǽǮ. 

ǒǦǸǫǶǮǦǱ, ǵǶǫǪǷǸǦǨǱǫǳǳȁǯ Ǩ ǶǦǧǴǸǫ, ǲǴǬǫǸ ǧȁǸȂ ǮǷǵǴǱȂǭǴǨǦǳ ǵǶǫǵǴǪǦǨǦǸǫǱȅǲǮ 
ǵǶǮ ǵǶǴǨǫǪǫǳǮǮ ǵǶǦǰǸǮǽǫǷǰǮǻ Ǯ ǱǦǧǴǶǦǸǴǶǳȁǻ ǭǦǳȅǸǮǯ ǵǴ Ǹǫǲǫ çǒǫǸǴǪ ǭǴǱǴǸǴǩǴ Ƿǫ-
ǽǫǳǮȅè, Ǧ ǸǦǰǬǫ ǷǸǹǪǫǳǸǦǲǮ ǪǱȅ ǷǦǲǴǷǸǴȅǸǫǱȂǳǴǯ ǶǦǧǴǸȁ.  

ǕǶǮǨǫǪǫǳǳȁǯ Ǩ ǶǦǧǴǸǫ ǦǱǩǴǶǮǸǲ ǶǫǾǫǳǮȅ ǭǦǪǦǽǮ ǳǦǻǴǬǪǫǳǮȅ ǸǴǽǰǮ ǲǮǳǮǲǹǲǦ 

ǺǹǳǰǼǮǮ ǳǦ ǴǸǶǫǭǰǫ ǲǫǸǴǪǴǲ ǭǴǱǴǸǴǩǴ ǷǫǽǫǳǮȅ ǲǴǬǫǸ ǵǴǲǴǽȂ ǷǸǹǪǫǳǸǦǲ ǵǴǱǹǽǮǸȂ 
ǳǦǨȁǰǮ Ǩ ǶǦǭǶǦǧǴǸǰǫ ǵǶǴǩǶǦǲǲǳǴǩǴ ǴǧǫǷǵǫǽǫǳǮȅ ǪǱȅ ǽǮǷǱǫǳǳǴǩǴ ǲǴǪǫǱǮǶǴǨǦǳǮȅ, Ǧ 
ǸǦǰǬǫ ǷǵǴǷǴǧǷǸǨǴǨǦǸȂ ǨȁǶǦǧǴǸǰǫ ǹ ǳǮǻ ǵǶǦǰǸǮǽǫǷǰǮǻ ǳǦǨȁǰǴǨ ǵǶǮǲǫǳǫǳǮȅ ǲǫǸǴǪǴǨ 
ǴǵǸǮǲǮǭǦǼǮǮ ǪǱȅ ǶǫǾǫǳǮȅ ǸǫǴǶǫǸǮǽǫǷǰǮǻ Ǯ ǵǶǮǰǱǦǪǳȁǻ ǭǦǪǦǽ ǵǶǴǺǫǷǷǮǴǳǦǱȂǳǴǯ Ǫǫ-
ȅǸǫǱȂǳǴǷǸǮ. ǣǸǴ ǷǹǿǫǷǸǨǫǳǳǴ ǵǴǨȁǾǦǫǸ ǭǦǮǳǸǫǶǫǷǴǨǦǳǳǴǷǸȂ ǷǸǹǪǫǳǸǴǨ Ǩ ǴǷǨǴǫǳǮǮ 
ǪǮǷǼǮǵǱǮǳȁ Ǯ ǹǱǹǽǾǦǫǸ ȃǺǺǫǰǸǮǨǳǴǷǸȂ Ǯǻ ǴǧǹǽǫǳǮȅ. 
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ǒǋǘǔǊǎǐǆ ǖǋǞǋǓǎǥ ǍǆǊǆǝ ǔǕǘǎǒǆǑǢǓǔǉǔ ǙǕǖǆǈǑǋǓǎǥ ǒǋǛǆǓǎǝǋǗǐǎǒǎ  
ǗǎǗǘǋǒǆǒǎ Ǖǖǎ ǔǉǖǆǓǎǝǋǓǎǎ Ǔǆ ǒǔǊǙǑǢ ǙǕǖǆǈǑǥǤǟǋǏ ǗǎǑǡ1 

 

 

ǆǳǳǴǸǦǼǮȅ 

ǖǦǷǷǲǦǸǶǮǨǦǫǸǷȅ ǪǨǮǬǫǳǮǫ ǮǳǫǶǼǮǴǳǳǴǩǴ ǴǧȀǫǰǸǦ ǵǶǮ ǹǵǶǦǨǱȅǫǲǴǲ ǷǰǴǶǴǷǸǳǴǲ ǲǦ-
ǳȆǨǶǫ Ǩ ǵǱǴǷǰǴǷǸǮ. Ǘ ǵǴǲǴǿȂȄ ǴǩǶǦǳǮǽǫǳǳǴǯ ǵǴ ǲǴǪǹǱȄ ǷǮǱȁ ǸȅǩǮ ǸǶǫǧǹǫǸǷȅ ǵǫǶǫǨǫ-
ǷǸǮ ǴǧȀǫǰǸ ǳǦ ǭǦǪǦǳǳǹȄ ǵǶȅǲǴǱǮǳǫǯǳǹȄ ǸǶǦǫǰǸǴǶǮȄ Ƿ ǲǦǰǷǮǲǮǭǦǼǮǫǯ ǷǰǴǶǴǷǸǮ Ǩ 
ǰǴǳǼǫ ǵǶǴǼǫǷǷǦ. ǆǰǸǹǦǱȂǳǴǷǸȂ ǴǧǹǷǱǴǨǱǫǳǦ ǽǦǷǸȁǲ ǵǶǮǲǫǳǫǳǮǫǲ ǮǷǷǱǫǪǹǫǲǴǩǴ ǭǦ-
ǰǴǳǦ ǪǶǴǧǳǴ-ǱǮǳǫǯǳǴǩǴ ǸǦǳǩǫǳǷǦ ǵǶǮ ǹǵǶǦǨǱǫǳǮǮ ǳǦǵǶǦǨǱǫǳǮǫǲ ǸȅǩǮ Ǩ ǭǦǪǦǽǦǻ ǴǵǸǮ-
ǲǮǭǦǼǮǮ ǶǫǬǮǲǴǨ ǵǴǱȆǸǦ Ǯ ǲǦǳǫǨǶǴǨ Ǩ ǨǫǶǸǮǰǦǱȂǳǴǯ ǵǱǴǷǰǴǷǸǮ, Ǧ ǸǦǰǬǫ Ǹǫǲ, ǽǸǴ Ƕǫ-
ǭǹǱȂǸǦǸȁ ǲǴǩǹǸ ǧȁǸȂ ǵǶǮǲǫǳǫǳȁ ǪǱȅ ǵǴǷǸǶǴǫǳǮȅ ǹǵǶǦǨǱǫǳǮȅ ǰǴǱǫǷǳȁǲǮ ǷǮǷǸǫǲǦǲǮ, 
ǳǦǵǶǮǲǫǶ ǲǴǧǮǱȂǳȁǲǮ ǶǴǧǴǸǦǲǮ, ǵǶǮ Ǯǻ ǪǨǮǬǫǳǮǮ Ǩ ǩǴǶǮǭǴǳǸǦǱȂǳǴǯ ǵǱǴǷǰǴǷǸǮ Ǩ 
ǹǷǱǴǨǮȅǻ ǷǹǻǴǩǴ ǸǶǫǳǮȅ. ǜǫǱȂȄ ȅǨǱȅǫǸǷȅ ǴǧǴǧǿǫǳǮǫ ǦǳǦǱǴǩǮǽǳȁǻ ǮǷǷǱǫǪǴǨǦǳǮǯ ǳǦ 
ǷǱǹǽǦǯ ǳǫǳǹǱǫǨǴǯ ǳǦǽǦǱȂǳǴǯ ǷǰǴǶǴǷǸǮ. ǈ ǶǫǭǹǱȂǸǦǸǫ ǹǷǸǦǳǴǨǱǫǳǦ ǷǨȅǭȂ ǲǫǬǪǹ ǰǴǳ-
ǷǸǦǳǸǦǲǮ ǮǳǸǫǩǶǮǶǴǨǦǳǮȅ Ǩ ǭǦǰǴǳǫ ǴǵǸǮǲǦǱȂǳǴǩǴ ǹǵǶǦǨǱǫǳǮȅ, ǳǦǯǪǫǳǴ ǪǴǵǹǷǸǮǲǴǫ 
ǨǶǫǲȅ ǪǨǮǬǫǳǮǫ, ǭǦǨǮǷȅǿǫǫ ǴǸ ǳǦǽǦǱȂǳȁǻ ǹǷǱǴǨǮǯ. ǕǶǮ ȃǸǴǲ ǮǷǷǱǫǪǴǨǦǳǦ ǨǭǦǮǲǴ-
ǷǨȅǭȂ Ƿ ǪǨǹǲȅ ǪǶǹǩǮǲǮ ǮǭǨǫǷǸǳȁǲǮ ǭǦǪǦǽǦǲǮ ǴǵǸǮǲǦǱȂǳǴǩǴ ǹǵǶǦǨǱǫǳǮȅ, ǶǦǳǫǫ ǵǴǷǸǦǨ-
ǱǫǳǳȁǲǮ Ǯ ǶǫǾǫǳǳȁǲǮ ǪǱȅ ǷǮǷǸǫǲ ǲǫǳȂǾǫǯ ǶǦǭǲǫǶǳǴǷǸǮ. ǗǴǪǫǶǬǦǳǮǫ ǷǸǦǸȂǮ ǧǹǪǫǸ 
ǵǴǱǫǭǳǴ ǷǸǹǪǫǳǸǦǲ, Ǧ ǸǦǰǬǫ ǵǶǫǵǴǪǦǨǦǸǫǱȅǲ ǲǦǩǮǷǸǶǦǸǹǶȁ. 

 

ǐǱȄǽǫǨȁǫ ǷǱǴǨǦ 

ǴǵǸǮǲǦǱȂǳǴǫ ǹǵǶǦǨǱǫǳǮǫ, ǵǶǮǳǼǮǵ ǲǦǰǷǮǲǹǲǦ, ǶǫǦǰǸǮǨǳǦȅ ǸȅǩǦ,  
ǷǹǻǴǫ ǸǶǫǳǮǫ, ǰǴǱǫǷǳȁǫ ǷǮǷǸǫǲȁ 
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ǚǉǇǔǙ ǈǔ çǒǴǷǰǴǨǷǰǮǯ ǩǴǷǹǪǦǶǷǸǨǫǳǳȁǯ ǸǫǻǳǮǽǫǷǰǮǯ ǹǳǮǨǫǶǷǮǸǫǸ  
Ǯǲ. Ǔ. ǣ. ǇǦǹǲǦǳǦè;  

ǵǶǴǺǫǷǷǴǶ, ǎǳǬǫǳǫǶǳǦȅ ǦǰǦǪǫǲǮȅ ǚǉǆǔǙ ǈǔ çǖǴǷǷǮǯǷǰǮǯ ǹǳǮǨǫǶǷǮǸǫǸ  
ǪǶǹǬǧȁ ǳǦǶǴǪǴǨ ǮǲǫǳǮ ǕǦǸǶǮǷǦ Ǒǹǲǹǲǧȁè, ǩ. ǒǴǷǰǨǦ 

reshmin@ipmnet.ru  

 

 
 

ǈǨǫǪǫǳǮǫ 
 

ǈ ǪǦǳǳǴǯ ǶǦǧǴǸǫ Ǩ ǰǦǽǫǷǸǨǫ ǴǧȀǫǰǸǦ ǹǵǶǦǨǱǫǳǮȅ ǶǦǷǷǲǦǸǶǮǨǦǫǸǷȅ ǲǦǸǫǶǮǦǱȂǳǦȅ 
ǸǴǽǰǦ ǵǴǷǸǴȅǳǳǴǯ ǲǦǷǷȁ Ǩ ǵǱǴǷǰǴǷǸǮ ǵǶǮ ǨȁǨǫǪǫǳǮǮ ǫȆ ǳǦ ǵǶȅǲǴǱǮǳǫǯǳǹȄ ǸǶǦǫǰǸǴǶǮȄ 

                                                                 
1 ǎǷǷǱǫǪǴǨǦǳǮǫ ǨȁǵǴǱǳǫǳǴ Ǩ ǎǕǒǫǻ ǖǆǓ ǭǦ ǷǽǫǸ ǩǶǦǳǸǦ ǖǴǷǷǮǯǷǰǴǩǴ ǳǦǹǽǳǴǩǴ ǺǴǳǪǦ (ǵǶǴǫǰǸ ɲ 23-11-
00128). 
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(ǶǮǷ. 1). ǈ Ǵǧǿǫǲ ǷǱǹǽǦǫ ǳǦǽǦǱȂǳȁǫ ǷǰǴǶǴǷǸǮ ǳǫ ǶǦǨǳȁ ǳǹǱȄ. ǍǦǪǦǽǦ ǷǴǷǸǴǮǸ Ǩ ǹǵǶǦǨ-
ǱǫǳǮǮ ǳǦǵǶǦǨǱǫǳǮǫǲ ǸȅǩǮ ǸǦǰǮǲ ǴǧǶǦǭǴǲ, ǽǸǴǧȁ ǭǦ ǭǦǪǦǳǳǴǫ ǰǴǳǫǽǳǴǫ ǨǶǫǲȅ ǵǫǶǫǨǫǷǸǮ 
ǴǧȀǫǰǸ ǳǦ ǹǰǦǭǦǳǳǹȄ ǨȁǧǶǦǳǳǹȄ ǵǶȅǲǹȄ Ǯ ǵǴ ǨǴǭǲǴǬǳǴǷǸǮ ǲǦǰǷǮǲǮǭǮǶǴǨǦǸȂ ǵǶǴǪǴǱȂ-
ǳǹȄ ǷǰǴǶǴǷǸȂ. ǕǴȃǸǴǲǹ ǵǶǮ ǶǫǾǫǳǮǮ ǼǫǱǫǷǴǴǧǶǦǭǳǴ ǮǷǵǴǱȂǭǴǨǦǸȂ ǵǶǮǳǼǮǵ ǲǦǰǷǮǲǹǲǦ 
[1]. ǖǦǳǫǫ ǭǦǪǦǽǮ ǴǵǸǮǲǦǱȂǳǴǩǴ ǹǵǶǦǨǱǫǳǮȅ Ƿ ǵǫǶǫǲǫǳǳǴǯ ǶǫǦǰǸǮǨǳǴǯ ǸȅǩǴǯ ǶǦǷǷǲǦǸ-
ǶǮǨǦǱǮǷȂ Ǩ [2]. ǔǵǸǮǲǦǱȂǳǴǫ ǶǫǾǫǳǮǫ ǦǳǦǱǴǩǮǽǳǴǯ ǭǦǪǦǽǮ Ǩ ǷǱǹǽǦǫ ǳǹǱǫǨǴǯ ǳǦǽǦǱȂǳǴǯ 
ǷǰǴǶǴǷǸǮ ǵǶǮǨǫǪǫǳǴ Ǩ [3, c. 78; 4, Ƿ. 115]. ǊǦǱǫǫ Ǩ ǷǱǹǽǦǫ ǳǹǱǫǨǴǯ ǳǦǽǦǱȂǳǴǯ ǷǰǴǶǴǷǸǮ 
ǵǶǴǨǫǪǫǳǦ ǦǳǦǱǴǩǮȅ Ƿ ǶǫǾǫǳǮǫǲ ǭǦǪǦǽǮ Ǵ ǲǦǰǷǮǲǮǭǦǼǮǮ ǹǩǱǦ ǵǴǨǴǶǴǸǦ ǨǦǱǦ ȃǱǫǰǸǶǴ-
ǪǨǮǩǦǸǫǱȅ [5, Ƿ. 166]. ǕǶǮ ǳǫǳǹǱǫǨǴǯ ǳǦǽǦǱȂǳǴǯ ǷǰǴǶǴǷǸǮ Ǩ ǵǶǫǪǫǱȂǳǴǲ ǷǱǹǽǦǫ ǲǮǳǮ-
ǲǦǱȂǳǴ ǪǴǵǹǷǸǮǲǴǩǴ ǨǶǫǲǫǳǮ ǹǷǸǦǳǴǨǱǫǳǦ ǨǭǦǮǲǴǷǨȅǭȂ Ƿ ǭǦǪǦǽǫǯ ǧȁǷǸǶǴǪǫǯǷǸǨǮȅ ǪǱȅ 
ǴǧȀǫǰǸǦ Ƿ ǴǪǳǴǯ ǷǸǫǵǫǳȂȄ ǷǨǴǧǴǪȁ [6, Ƿ. 236]. ǕǹǸȆǲ ǶǫǾǫǳǮȅ ǹǰǦǭǦǳǳǴǯ ǪǨǴǯǷǸǨǫǳǳǴǯ 
ǭǦǪǦǽǮ ǨȁǨǫǪǫǳǴ ǹǷǱǴǨǮǫ ǶǦǭǶǫǾǮǲǴǷǸǮ ǪǱȅ ǮǷǻǴǪǳǴǯ ǭǦǪǦǽǮ. ǕǴǰǦǭǦǳǴ, ǽǸǴ ǵǴǱǹǽǫǳ-
ǳȁǫ ǶǫǭǹǱȂǸǦǸȁ ǸǦǰǬǫ ǵǶǮǲǫǳǮǲȁ ǪǱȅ ǷǮǷǸǫǲ Ƿ ǸǶǫǳǮǫǲ ǵǶǮ ǪǨǮǬǫǳǮǮ Ǩ ǩǴǶǮǭǴǳǸǦǱȂ-
ǳǴǯ ǵǱǴǷǰǴǷǸǮ, ǸǴǩǪǦ ǷǮǱǦ ǸȅǩǮ ǪǴǱǬǳǦ ǧȁǸȂ ǴǩǶǦǳǮǽǫǳǦ ǲǦǰǷǮǲǦǱȂǳǴǯ ǨǫǱǮǽǮǳǴǯ ǷǮǱȁ 
ǸǶǫǳǮȅ Ǩ ǷǴǴǸǨǫǸǷǸǨǮǮ Ƿ ǭǦǰǴǳǴǲ ǆǲǴǳǸǴǳǦ-ǐǹǱǴǳǦ. ǊǱȅ ǽǮǷǱǫǳǳǴǩǴ ǶǫǾǫǳǮȅ ǭǦǪǦǽǮ 
ǮǷǵǴǱȂǭǴǨǦǱǷȅ ǵǶǴǩǶǦǲǲǳȁǯ ǰǴǪ, ǳǦǵǮǷǦǳǳȁǯ ǳǦ ȅǭȁǰǫ Python Ƿ ǵǴǪǰǱȄǽȆǳǳȁǲǮ ǲǦǸǫ-
ǲǦǸǮǽǫǷǰǮǲǮ Ǯ ǳǦǹǽǳȁǲǮ ǧǮǧǱǮǴǸǫǰǦǲǮ. 

ǒǦǸǫǶǮǦǱ ǷǸǦǸȂǮ ǮǲǫǫǸ ǵǶȅǲǴǫ ǴǸǳǴǾǫǳǮǫ ǰ ǷǵǫǼǮǦǱȂǳǴǲǹ ǩǴǪǴǨǴǲǹ ǰǹǶǷǹ ǵǴ ǸǫǴ-
ǶǮǮ ǴǵǸǮǲǦǱȂǳǴǩǴ ǹǵǶǦǨǱǫǳǮȅ, ǰǴǸǴǶȁǯ ǽǮǸǦǱǷȅ ǳǫǷǰǴǱȂǰǴ ǱǫǸ ǳǦ ǰǦǺǫǪǶǫ ǚǓ-12 ǲǦ-
ǩǮǷǸǶǦǲ ǨǸǴǶǴǩǴ ǩǴǪǦ ǴǧǹǽǫǳǮȅ, ǸǦǰǬǫ Ǵǳ ǮǷǵǴǱȂǭǹǫǸǷȅ ǪǱȅ ǵǴǱǹǩǴǪǴǨǴǩǴ ǰǹǶǷǦ, ǽǮǸǦǫ-
ǲǴǩǴ Ǩ ǪǫǵǦǶǸǦǲǫǳǸǫ ǲǫǻǦǳǮǰǮ Ǯ ǵǶǴǼǫǷǷǴǨ ǹǵǶǦǨǱǫǳǮȅ ǎǳǬǫǳǫǶǳǴǯ ǦǰǦǪǫǲǮǮ ǖǙǊǓ. 
ǐǹǶǷ ǨǰǱȄǽǦǫǸ Ǩ Ƿǫǧȅ ǶǦǭǳȁǫ ǭǦǪǦǽǮ ǴǵǸǮǲǦǱȂǳǴǩǴ ǹǵǶǦǨǱǫǳǮȅ ǲǫǻǦǳǮǽǫǷǰǮǲǮ ǷǮǷǸǫ-
ǲǦǲǮ Ƿ ǴǩǶǦǳǮǽǫǳǳǴǯ ǸȅǩǴǯ: ǲǦǳȆǨǶ Ǩ ǨǫǶǸǮǰǦǱȂǳǴǯ ǵǱǴǷǰǴǷǸǮ, ǲǦǰǷǮǲǮǭǦǼǮȅ ǹǩǱǦ ǵǴ-
ǨǴǶǴǸǦ ǨǦǱǦ ȃǱǫǰǸǶǴǪǨǮǩǦǸǫǱȅ, ǭǦǪǦǽǦ ǧȁǷǸǶǴǪǫǯǷǸǨǮȅ ǪǱȅ ǮǳǫǶǼǮǴǳǳǴǩǴ ǴǧȀǫǰǸǦ Ƿ ǴǪ-
ǳǴǯ ǷǸǫǵǫǳȂȄ ǷǨǴǧǴǪȁ. ǕǫǶǨȁǫ ǪǨǫ ǭǦǪǦǽǮ ǶǦǷǷǲǦǸǶǮǨǦȄǸǷȅ ǳǦ ǺǮǰǷǮǶǴǨǦǳǳǴǲ ǮǳǸǫǶ-
ǨǦǱǫ ǨǶǫǲǫǳǮ, Ǩ ǸǶǫǸȂǫǯ ǨǶǫǲȅ ǳǫ ǺǮǰǷǮǶǴǨǦǳǴ ð ǴǳǴ ǲǮǳǮǲǮǭǮǶǹǫǸǷȅ. ǈ ǵǫǶǨǴǯ ǭǦǪǦǽǫ 
ǶǦǭǲǫǶǳǴǷǸȂ ǶǦǨǳǦ ǽǫǸȁǶǫǲ (ǪǨǫ ǷǸǫǵǫǳǮ ǷǨǴǧǴǪȁ), ǨǴ ǨǸǴǶǴǯ Ǯ ǸǶǫǸȂǫǯ ð ǪǨǹǲ (ǴǪǳǦ 
ǷǸǫǵǫǳȂ ǷǨǴǧǴǪȁ). ǓǫǷǲǴǸǶȅ ǳǦ ǶǦǭǳǴǵǱǦǳǴǨǴǷǸȂ ǭǦǪǦǽ, ǴǳǮ ǴǰǦǭǦǱǮǷȂ ǷǨȅǭǦǳȁ ǲǫǬǪǹ 
ǷǴǧǴǯ. 

ǔǸǲǫǸǮǲ ǭǦǪǦǽǮ ǹǵǶǦǨǱǫǳǮȅ ǵǴǱȆǸǴǲ Ƿ ǹǽȆǸǴǲ ǼǫǳǸǶǴǷǸǶǫǲǮǸǫǱȂǳǴǩǴ ǹǷǰǴǶǫǳǮȅ, 
ǨǴǭǳǮǰǦȄǿǫǩǴ Ǯǭ-ǭǦ ǪǫǯǷǸǨǮȅ ǷǮǱȁ ǸȅǬǫǷǸǮ; Ǩ ǳǮǻ ǸǶǫǧǹǫǸǷȅ ǲǮǳǮǲǮǭǮǶǴǨǦǸȂ ǶǦǷǻǴǪ 
ǸǴǵǱǮǨǦ ð ǴǳǮ ǶǫǾǫǳȁ Ǩ [7, 8, 9]. 

ǗǯǸ.1. ǘǼǬǳǧ ǫǩǯǭǬǴǯȆ. 
 

ǒǫǸǴǪǴǱǴǩǮȅ Ǯ ǶǫǭǹǱȂǸǦǸȁ ǮǷǷǱǫǪǴǨǦǳǮȅ 
 

ǖǵǸǹǧǴǵǩǱǧ ǮǧǫǧǾǯ 
ǕǹǷǸȂ ǶǦǷǷǲǦǸǶǮǨǦǫǸǷȅ ǲǦǸǫǶǮǦǱȂǳǦȅ ǸǴǽǰǦ ǵǴǪ ǪǫǯǷǸǨǮǫǲ ǷǮǱȁ ǸȅǩǮ. ǊǨǮǬǫǳǮǫ 

ǴǵǮǷȁǨǦǫǸǷȅ ǹǶǦǨǳǫǳǮȅǲǮ (1) Ƿ ǩǶǦǳǮǽǳȁǲǮ ǹǷǱǴǨǮȅǲǮ (2): 

 , , cos ( ), sin ( ),x y x yx v y v v a u t v a u t= = = =  (1) 
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() () () ()

() ()

0 0 0 00 0, 0 0, 0 ,

0

,0

, ,

x x y y

y

x x y y v v v v

y T h v T

= = = = = =

= =
 (2) 

 () max,xJ v T= ­  (3) 

ǩǪǫ ,x y ð ǰǴǴǶǪǮǳǦǸȁ, ,x yv v
 
ð ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǫ ǵǶǴǫǰǼǮǮ ǷǰǴǶǴǷǸǮ, a  ð ǵǴǷǸǴȅǳǳǴǫ 

ǹǷǰǴǶǫǳǮǫ ǷǮǷǸǫǲȁ, ( )u t  ð ǳǦǵǶǦǨǱǫǳǮǫ ǸȅǩǮ (ǮǷǰǴǲǦȅ ǰǹǷǴǽǳǴ-ǳǫǵǶǫǶȁǨǳǦȅ ǺǹǳǰǼǮȅ 

ǨǶǫǲǫǳǮ), 
0xv
 
ð ǳǦǽǦǱȂǳǦȅ ǩǴǶǮǭǴǳǸǦǱȂǳǦȅ ǵǶǴǫǰǼǮȅ ǷǰǴǶǴǷǸǮ, 

0yv
 
ð ǳǦǽǦǱȂǳǦȅ ǨǫǶǸǮ-

ǰǦǱȂǳǦȅ ǵǶǴǫǰǼǮȅ ǷǰǴǶǴǷǸǮ, h  ð ǸǶǫǧǹǫǲǦȅ ǨȁǷǴǸǦ ǵǴǪȀȆǲǦ, ()xv T  ð ǭǳǦǽǫǳǮǫ ǺǹǳǰǼǮ-

ǴǳǦǱǦ Ǩ ǰǴǳǫǽǳȁǯ ǲǴǲǫǳǸ ǨǶǫǲǫǳǮ .T  ǘȅǩǦ ǨǫǱǮǰǦ, ǵǴȃǸǴǲǹ ǨǱǮȅǳǮǫǲ ǷǮǱȁ ǸȅǬǫǷǸǮ 
ǳǦ ǪǮǳǦǲǮǰǹ ǵǶǫǳǫǧǶǫǩǱǮ. ǚǹǳǰǼǮǴǳǦǱ, ǰǴǸǴǶȁǯ ǳǦǪǴ ǲǦǰǷǮǲǮǭǮǶǴǨǦǸȂ, ǹǰǦǭǦǳ Ǩ (3). 

 
ǓǬǹǵǫǯǱǧ ǷǬǿǬǴǯȆ ǮǧǫǧǾǯ ǵǶǹǯǳǧǲȃǴǵǪǵ ǺǶǷǧǩǲǬǴǯȆ 

ǊǱȅ ǶǫǾǫǳǮȅ ǳǦǪǴ ǵǫǶǫǺǴǶǲǹǱǮǶǴǨǦǸȂ ǭǦǪǦǽǹ ǸǦǰǮǲ ǴǧǶǦǭǴǲ, ǽǸǴǧȁ ǰ ǳǫǯ ǲǴǬǳǴ 
ǧȁǱǴ ǵǶǮǲǫǳǮǸȂ ǸǫǴǶǫǲǹ ǵǶǮǳǼǮǵǦ ǲǦǰǷǮǲǹǲǦ ǪǱȅ ǦǨǸǴǳǴǲǳȁǻ ǷǮǷǸǫǲ Ƿ ǵǴǪǨǮǬǳȁǲǮ 
ǰǴǳǼǦǲǮ. ǊǱȅ ȃǸǴǩǴ ǨǨǴǪȅǸǷȅ ǪǨǫ ǨǷǵǴǲǴǩǦǸǫǱȂǳȁǫ ǵǫǶǫǲǫǳǳȁǫ: 

0 0 5 5cos , (0) 0, 1, (0) 0.x a u x x x=- = = =
 

ǕǴǷǱǫ ǵǴǪǷǸǦǳǴǨǰǮ ǵǫǶǫǲǫǳǳȁǻ Ǩ (3) ǵǴǱǹǽǮǲ ǮǳǸǫǩǶǦǱȂǳȁǯ ǺǹǳǰǼǮǴǳǦǱ ǸǮǵǦ ǑǦ-
ǩǶǦǳǬǦ: 

()
0

0 cos min.J x a udt

t

t= =- ­ñ  

 

ǘǶǫǧǹȅ ǨȁǵǴǱǳǫǳǮȅ ǪǴǵǴǱǳǮǸǫǱȂǳǴǩǴ ǴǩǶǦǳǮǽǫǳǮȅ ǷǽǮǸǦǫǲ ǨǫǶǻǳǮǯ 
ǵǶǫǪǫǱ ǮǳǸǫǩǶǮǶǴǨǦǳǮȅ ǳǫǺǮǰǷǮǶǴǨǦǳǳȁǲ. 

ǈǨǫǪȆǲ ǴǧǴǭǳǦǽǫǳǮȅ: 

1 1 3 5 5( ) , ( ) , ( ) .y yh y y h h v v h x x T= - = = -
 

ǘǴǩǪǦ ǴǩǶǦǳǮǽǫǳǮȅ ǳǦ ǵǶǦǨǴǲ ǰǴǳǼǫ ǸǶǦǫǰǸǴǶǮǮ ǵǶǮǲǹǸ ǨǮǪ: 

1 2 30, 0, 0, ( ).h h h t t= = = =
 

 ǊǦǱǫǫ ǨǨǴǪȅǸǷȅ ǷǴǵǶȅǬȆǳǳȁǫ ǵǫǶǫǲǫǳǳȁǫ 0 1 2 3 4 5, , , , , ,p p p p p p  ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǫ 

ǨǷǫǲ ǺǦǭǴǨȁǲ ǵǫǶǫǲǫǳǳȁǲ 
0 1 5, , , , , .x yx x y v v x  ǚǹǳǰǼǮȅ ǉǦǲǮǱȂǸǴǳǦ ǵǶǮǲǫǸ ǷǱǫǪǹȄǿǮǯ 

ǨǮǪ: 

0 1 2 3 4 5( cos ) cos sin .x yH p a u p v p v p a u p a u p= - + + + + +
 

ǕǴǱǦǩǦȅ ǶǦǪǮ ǴǵǶǫǪǫǱȆǳǳǴǷǸǮ 0 1,p =- ǳǦǻǴǪǮǲ ǲǦǰǷǮǲǹǲ ǩǦǲǮǱȂǸǴǳǮǦǳǦ ǵǴ u: 

3 4( 1) sin cos 0.
H

p a u p a u
u

µ
=- + + =

µ  
ǔǸǷȄǪǦ ǲǴǬǳǴ ǳǦǯǸǮ ǭǦǰǴǳ ǹǵǶǦǨǱǫǳǮȅ 

4

3

arctg ,
1

p
u

p
=

+
 

(4) 

   
Ǯǲǫǳǹǫǲȁǯ ǭǦǰǴǳǴǲ ǪǶǴǧǳǴ-ǱǮǳǫǯǳǴǩǴ ǸǦǳǩǫǳǷǦ (bilinear  tangent  law).  

ǍǦǵǮǾǫǲ ǷǴǵǶȅǬȆǳǳǹȄ ǷǮǷǸǫǲǹ: 

1 2

3 1 4 2

5

5

0, 0,

, ,

0.

x y

H H
p p

x y

H H
p p p p

v v

H
p

x

µ µ
=- = =- =
µ µ

µ µ
=- =- =- =-
µ µ

µ
=- =
µ
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ǙǷǱǴǨǮȅ ǸǶǦǳǷǨǫǶǷǦǱȂǳǴǷǸǮ ǮǲǫȄǸ ǨǮǪ: 
3 3

1 2 1

1 1

3 3

3 4 2

1 1

3

5 3

1 5

( ) 0, ( ) ,

( ) 0, ( ,

( ) .

)

i i
i i

i i

i i
i i

i ix y

i
i

i

h h
p p

x y

h h
p p

v v

h
p

x

t m t m m

t m t m m

t m m

= =

= =

=

µ µ
= = = =

µ µ

µ µ
= = = =

µ µ

µ
= =

µ

ä ä

ä ä

ä
 

ǎǳǸǫǩǶǮǶǹȅ ǵǶǮ ǳǦǽǦǱȂǳȁǻ ǹǷǱǴǨǮȅǻ, ǵǴǱǹǽǮǲ: 

1 2 1 3 4 1 2( ) 0, ( ) , ( ) 0, ( ) ( ) .p t p t p t p t t Tm m m= = = =- - +
 

ǘǴǩǪǦ ǭǦǰǴǳ ǹǵǶǦǨǱǫǳǮȅ (4) ǵǶǮǳǮǲǦǫǸ ǨǮǪ: 
 

0arctg t( ).g u Ct u= - +
 

(5) 

 
ǕǶǫǴǧǶǦǭǴǨǦǳǳȁǯ ǨǮǪ ǭǦǰǴǳǦ ǳǦǭȁǨǦǫǸǷȅ ǭǦǰǴǳǴǲ ǱǮǳǫǯǳǴǩǴ ǸǦǳǩǫǳǷǦ [10]. 

 
ǏǴǹǬǪǷǯǷǵǩǧǴǯǬ ǸǯǸǹǬǳȂ 

ǎǳǸǫǩǶǮǶǴǨǦǳǮǫ ǷǮǷǸǫǲȁ (1) ǵǶǮ ǹǵǶǦǨǱǫǳǮǮ (5) ǪǦȆǸ ǷǱǫǪǹȄǿǮǫ ǨȁǶǦǬǫǳǮȅ ǪǱȅ 
ǰǴǴǶǪǮǳǦǸ Ǯ ǷǰǴǶǴǷǸǫǯ: 

 

( )

( )

( )

( ) ( )

( )

0

0

0

0 0

0 0
0 0 0 0 02

0 0
0 0 02

1 cos
ln ,

1 cos

sec ,

tg sec tg

sin

sin

sec

tg sec
tg sec sec   ,

2 tg sec

tg sec

ln

sec tg lnsec
tg se

.
2 c

x

y

y

x

y

x

u u

u u

u

a u u
y y v t u u u

C u u

a u u

a
v v

C

a
v v u

x

C

u u u

t u
C u

ux v u
u

è ø
= + + é ù

ê ú

+
= +

+ë
= +î

+
î
î
= + -î

î
ì

+î - - - -
î +
î
î + - -
î +í         

(6) 

 
ǐǶǴǲǫ ȃǸǴǩǴ, Ǩ ǻǴǪǫ ǶǫǾǫǳǮȅ ǷǴǴǸǳǴǾǫǳǮǯ ǵǶǮǳǼǮǵǦ ǲǦǰǷǮǲǹǲǦ ǹǷǸǦǳǴǨǱǫǳǦ ǷǨȅǭȂ 
ǲǫǬǪǹ ǰǴǳǷǸǦǳǸǦǲǮ ǮǳǸǫǩǶǮǶǴǨǦǳǮȅ Ǩ ǭǦǰǴǳǫ ǴǵǸǮǲǦǱȂǳǴǩǴ ǹǵǶǦǨǱǫǳǮȅ:  

 0 0

02 2 2

0 0

2 ( sin )
, ( (0) ).

cos ( )

y

y

a aT u v
C u u

u a T v

+
= =

-
 (7) 

ǓǫǮǭǨǫǷǸǳǦȅ ǵǴǷǸǴȅǳǳǦȅ0u  ǳǦǻǴǪǮǱǦǷȂ Ǯǭ ǽǮǷǱǫǳǳǴǩǴ ǶǫǾǫǳǮȅ ǹǶǦǨǳǫǳǮȅ ()y T h= .   

ǓǦ ǶǮǷǹǳǰǦǻ 2, 3 ǵǶǫǪǴǷǸǦǨǱǫǳȁ ǩǶǦǺǮǰǮ ǪǱȅ ( ), ( )xy t v t  ǵǶǮ Ǵǧǿǫǲ ǨǶǫǲǫǳǮ ǪǨǮǬǫǳǮȅ 

25ʩT=  Ǯ ǲǮǳǮǲǦǱȂǳǴǲ ǨǶǫǲǫǳǮ min 20ʩ.T =  

 
 

 ǗǯǸ. 2. ǊǷǧǻǯǱ ǮǧǩǯǸǯǳǵǸǹǯ ǱǵǵǷǫǯǴǧǹȂ Ǻ 

ǵǹ ǩǷǬǳǬǴǯ t  ( 20.5ʤ/ʩ ,a= 100ʤh= ).  

 ǗǯǸ. 3. ǊǷǧǻǯǱ ǮǧǩǯǸǯǳǵǸǹǯ ǸǱǵǷǵǸǹǯ vx  

ǵǹ ǩǷǬǳǬǴǯ t  ( 20.5ʤ/ʩ ,a= 100ʤh= ).  
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ǎǧǫǧǾǧ ǵ ǶǵǩǵǷǵǹǬ ǩǧǲǧ ȄǲǬǱǹǷǵǫǩǯǪǧǹǬǲȆ 
ǍǦǪǦǽǦ ǲǦǰǷǮǲǮǭǦǼǮǮ ǵǶǴǪǴǱȂǳǴǯ ǷǰǴǶǴǷǸǮ ǷǻǴǬǦ Ƿ ǮǭǨǫǷǸǳǴǯ ǭǦǪǦǽǫǯ Ǵ ǵǴǨǴ-

ǶǴǸǫ ǨǦǱǦ ȃǱǫǰǸǶǴǪǨǮǩǦǸǫǱȅ ǳǦ ǲǦǰǷǮǲǦǱȂǳȁǯ ǹǩǴǱ: 

 1 2 2 ,, ,x x x buu= ¹ ¢ (8) 

 
1 2

2 1

(0) 0,

( .

(0)

( ) ma) x0,

x x

x TTx

==

= ­
 (9) 

ǍǪǫǷȂ 1x  ð ǹǩǴǱ ǵǴǨǴǶǴǸǦ ǨǦǱǦ ǪǨǮǩǦǸǫǱȅ, u  ð ǵǶǮǨǫǪȆǳǳȁǯ ǨǶǦǿǦǸǫǱȂǳȁǯ ǲǴǲǫǳǸ, T ð 

ǭǦǪǦǳǳǴǫ ǨǶǫǲȅ ǴǰǴǳǽǦǳǮȅ ǵǴǨǴǶǴǸǦ. ǘǶǫǧǹǫǸǷȅ ǨȁǧǶǦǸȂ ǹǵǶǦǨǱǫǳǮǫ ǸǦǰ, ǽǸǴǧȁ ǷǰǴ-
ǶǴǷǸȂ ǨǶǦǿǫǳǮȅ ǧȁǱǦ ǶǦǨǳǦ ǳǹǱȄ, Ǧ ǹǩǴǱ ǵǴǨǴǶǴǸǦ ǧȁǱ ǲǦǰǷǮǲǦǱȂǳȁǲ. 

ǈǴǷǵǴǱȂǭǴǨǦǨǾǮǷȂ ǶǫǭǹǱȂǸǦǸǦǲǮ Ǯǭ ǰǳǮǩǮ, ǰǦǷǦȄǿǮǲǮǷȅ ǷǸǶǹǰǸǹǶȁ ǴǵǸǮǲǦǱȂ-
ǳǴǩǴ ǹǵǶǦǨǱǫǳǮȅ, ǳǦǯǪȆǲ ǹǷǱǴǨǮǫ ǶǦǭǶǫǾǮǲǴǷǸǮ ǭǦǪǦǽǮ. ǍǦǺǮǰǷǮǶǹǫǲ ǲǦǰǷǮǲǦǱȂǳȁǯ 

ǹǩǴǱ ǵǴǨǴǶǴǸǦ Ǩ ǨǮǪǫ ǰǴǳǷǸǦǳǸȁ max.j  ǕǴǷǱǫ ǽǫǩǴ ǶǫǾǮǲ ǷǮǷǸǫǲǹ (8) Ƿ ǩǶǦǳǮǽǳȁǲǮ 

ǹǷǱǴǨǮȅǲǮ (9) ǳǦ ǪǨǹǻ ǹǽǦǷǸǰǦǻ ǨǶǫǲǫǳǮ Ƿ ǹǽȆǸǴǲ ǸǴǩǴ, ǽǸǴ ǲǴǲǫǳǸ ǵǫǶǫǰǱȄǽǫǳǮȅ 

2

T
t= :  

2 2 2

2

1 1 1

( ) , 0,

( ) , 0,
2

x t bt C C

bt
x t C C

= + =

= + =
           

( )0 , .
2

T
t u b¢ < =  

 

2 3 3

2

1 4

( ) , ,

( ) ,
2

x t bt C C bT

bt
x t bTt C

=- + =

=- + +
      

( ), .
2

T
t T u b¢ < =- 

ǕǴǷǱǫǪǳȅȅ ǰǴǳǷǸǦǳǸǦ ǮǳǸǫǩǶǮǶǴǨǦǳǮȅ ǴǵǶǫǪǫǱȅǫǸǷȅ ǵǹǸȆǲ ǷǾǮǨǰǮ ǪǨǹǻ ǶǫǾǫǳǮǯ ǵǶǮ 

2

T
t = :  

 

ǔǸǷȄǪǦ ǱǫǩǰǴ ǳǦǯǸǮ ǹǷǱǴǨǮǫ ǶǦǭǶǫǾǮǲǴǷǸǮ, ǨǴǷǵǴǱȂǭǴǨǦǨǾǮǷȂ ǩǶǦǳǮǽǳȁǲǮ ǹǷǱǴǨǮ-
ȅǲǮ: 

  (10) 

ǕǫǶǫǵǮǷȁǨǦȅ ǹǷǱǴǨǮǫ (10) Ǩ ǸǫǶǲǮǳǦǻ ǭǦǪǦǽǮ ǹǵǶǦǨǱǫǳǮȅ ǸȅǩǴǯ Ǯǭ ǵǶǫǪȁǪǹǿǫǩǴ ǶǦǭ-
ǪǫǱǦ, ǵǴǱǹǽǮǲ ǹǷǱǴǨǮǫ ǫȆ ǶǦǭǶǫǾǮǲǴǷǸǮ Ǩ ǷǱǹǽǦǫ ǳǹǱǫǨǴǯ ǳǦǽǦǱȂǳǴǯ ǷǰǴǶǴǷǸǮ: 

       
 

ǚǸǲǵǩǯǬ ǷǧǮǷǬǿǯǳǵǸǹǯ ǩ ǵǨȀǬǳ ǸǲǺǾǧǬ 

ǖǦǷǷǲǴǸǶǮǲ ǵǶǫǪǫǱȂǳȁǯ ǷǱǹǽǦǯ, ǰǴǩǪǦ ǸǴǩǪǦ ǵǶǴǫǰǼǮȅ ǴǵǸǮǲǦǱȂǳǴǯ ǸȅǩǮ 

ǳǦ ǴǷȂ x ǶǦǨǳǦ ǳǹǱȄ. ǈȁǶǦǬǫǳǮǫ ǪǱȅ ǵǶǴǫǰǼǮǮ ǸȅǩǮ ǳǦ ǴǷȂ y ǷǸǶǴǮǸǷȅ ǸǦǰ Ǭǫ, ǰǦǰ Ǯ 
ǮǭǨǫǷǸǳǴǫ ǴǵǸǮǲǦǱȂǳǴǫ ǶǫǾǫǳǮǫ Ǩ ǪǨǹǻǸǴǽǫǽǳǴǯ ǭǦǪǦǽǫ ǧȁǷǸǶǴǪǫǯǷǸǨǮȅ ǵǶǮ ǹǵǶǦǨ-
ǱǫǳǮǮ ǮǳǫǶǼǮǴǳǳȁǲ ǴǧȀǫǰǸǴǲ, ǪǨǮǬǹǿǮǲǷȅ ǨǪǴǱȂ ǴǪǳǴǯ ǵǶȅǲǴǯ, Ǯ ǵǶǮǨǫǪǫǳǮǮ ǫǩǴ Ǩ 
ǭǦǪǦǳǳǹȄ ǸǴǽǰǹ Ƿ ǳǹǱǫǨǴǯ ǷǰǴǶǴǷǸȂȄ: 

 

 

ǕǶǮǽǫǲ Ǩ ǹǰǦǭǦǳǳǴǯ ǪǨǴǯǷǸǨǫǳǳǴǯ ǭǦǪǦǽǫ ǴǩǶǦǳǮǽǫǳǳǴǫ ǵǴ ǲǴǪǹǱȄ ǴǵǸǮǲǦǱȂǳǴǫ 
ǹǵǶǦǨǱǫǳǮǫ ǶǫǱǫǯǳǴ, ǵǶǮǳǮǲǦǫǸ ǷǨǴǮ ǵǶǫǪǫǱȂǳȁǫ ǭǳǦǽǫǳǮȅ Ǯ ǮǲǫǫǸ ǳǫ ǧǴǱǫǫ ǴǪǳǴǩǴ 


