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ǈ ǷǸǦǸȂǫ ǵǶǴǪǫǲǴǳǷǸǶǮǶǴǨǦǳȁ ǵǶǦǰǸǮǽǫǷǰǮǫ ǵǶǮǫǲȁ ǵǴǷǸǶǴǫǳǮȅ ǩǶǦǺǮǰǴǨ ǶǦǭǱǮǽǳǴǩǴ 
ǹǶǴǨǳȅ ǷǱǴǬǳǴǷǸǮ. ǓǦ ǵǶǮǲǫǶǫ ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǮǻ ǺǹǳǰǼǮǯ ǶǦǭǴǧǶǦǳȁ ǴǷǳǴǨǳȁǫ ǱǮ-
ǳǫǯǳȁǫ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ, ǵǴǭǨǴǱȅȄǿǮǫ ǷǨǴǧǴǪǳǴ ǴǵǫǶǮǶǴǨǦǸȂ ǩǶǦǺǮǰǦǲǮ. ǍǦǲǫǸǮǲ, 
ǽǸǴ ǱǮǳǫǯǳȁǫ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ ǲǴǬǳǴ ǵǶǮǲǫǳǮǸȂ Ǯ ǪǱȅ ǪǶǹǩǮǻ ǰǱǦǷǷǴǨ ǺǹǳǰǼǮǯ, Ǧ ǳǫ 
ǸǴǱȂǰǴ ǪǱȅ ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǮǻ. ǜǫǱȂ ǶǦǧǴǸȁ ǭǦǰǱȄǽǦǫǸǷȅ Ǩ ǸǴǲ, ǽǸǴǧȁ ǵǴǰǦǭǦǸȂ, ǰǦǰ 
ǲǦǰǷǮǲǦǱȂǳǴ ǧȁǷǸǶǴ Ǯ ǵǶǴǷǸǴ ǲǴǬǳǴ ǵǴǷǸǶǴǮǸȂ ǩǶǦǺǮǰ ǷǱǴǬǳǴǯ ǺǹǳǰǼǮǮ Ƿ ǵǴǲǴǿȂȄ 
ǴǷǳǴǨǳȁǻ ǱǮǳǫǯǳȁǻ ǵǶǫǴǧǶǦǭǴǨǦǳǮǯ. ǗǴǪǫǶǬǦǳǮǫ ǷǸǦǸȂǮ ǧǹǪǫǸ ǵǴǱǫǭǳǴ ǷǸǹǪǫǳǸǦǲ, Ǧ 
ǸǦǰǬǫ ǵǶǫǵǴǪǦǨǦǸǫǱȅǲ ǵǫǶǨǴǩǴ ǰǹǶǷǦ. 
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ǚǉǇǔǙ ǈǔ çǒǴǷǰǴǨǷǰǮǯ ǩǴǷǹǪǦǶǷǸǨǫǳǳȁǯ ǸǫǻǳǮǽǫǷǰǮǯ ǹǳǮǨǫǶǷǮǸǫǸ  
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ǰǦǳǪǮǪǦǸ ǺǮǭǮǰǴ-ǲǦǸǫǲǦǸǮǽǫǷǰǮǻ ǳǦǹǰ, ǪǴǼǫǳǸ 

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

nastya_gm@mail.ru 

 

 

 

ǈǨǫǪǫǳǮǫ 
 

ǈ ǮǳǬǫǳǫǶǳǴǯ ǵǶǦǰǸǮǰǫ Ƿ ǵǴǷǸǶǴǫǳǮǫǲ ǩǶǦǺǮǰǴǨ ǺǹǳǰǼǮǯ ǵǶǮǻǴǪǮǸǷȅ ǨǷǸǶǫ-
ǽǦǸȂǷȅ ǴǽǫǳȂ ǽǦǷǸǴ. ǕǶǮ ǮǭǹǽǫǳǮǮ ǸǦǰǮǻ ǵǶǫǪǲǫǸǴǨ, ǰǦǰ ǷǴǵǶǴǸǮǨǱǫǳǮǫ ǲǦǸǫǶǮǦǱǴǨ, 
ǸǫǴǶǮȅ ǹǵǶǹǩǴǷǸǮ, ǩǮǪǶǦǨǱǮǰǦ, ȃǱǫǰǸǶǴǸǫǻǳǮǰǦ, ǶǦǪǮǴǸǫǻǳǮǰǦ, ǰ ǵǴǷǸǶǴǫǳǮȄ ǩǶǦǺǮ-
ǰǴǨ ǺǹǳǰǼǮǯ ǵǶǮǻǴǪǮǸǷȅ ǵǶǮǧǫǩǦǸȂ ǧǹǰǨǦǱȂǳǴ ǳǦ ǰǦǬǪǴǲ ǾǦǩǹ. 

ǕǴȃǸǴǲǹ ǷǸǹǪǫǳǸǦǲ, ǴǷǴǧǫǳǳǴ ǸǫǻǳǮǽǫǷǰǮǻ ǷǵǫǼǮǦǱȂǳǴǷǸǫǯ, ǧǹǪǫǸ ǵǴǱǫǭǫǳ ǲǦǸǫ-
ǶǮǦǱ ȃǸǴǯ ǷǸǦǸȂǮ. 

ǎǸǦǰ, ǵǶǴǪǴǱǬǮǲ ǼǮǰǱ ǷǸǦǸǫǯ, ǵǴǷǨȅǿǫǳǳȁǻ ǲǫǸǴǪǦǲ ǵǴǷǸǶǴǫǳǮȅ ǩǶǦǺǮǰǴǨ ǶǦǭ-
ǱǮǽǳȁǻ ǴǪǳǴǭǳǦǽǳȁǻ Ǯ ǲǳǴǩǴǭǳǦǽǳȁǻ ǺǹǳǰǼǮǯ.  

ǖǦǳǫǫ Ǩ ǶǦǧǴǸǦǻ [1-7] ǧȁǱǮ ǮǭǱǴǬǫǳȁ ǵǶǮǳǼǮǵȁ ǵǴǷǸǶǴǫǳǮȅ ǩǶǦǺǮǰǴǨ ǱǮǳǫǯǳȁǻ 
Ǯ ǰǨǦǪǶǦǸǮǽǳȁǻ ǺǹǳǰǼǮǯ, ǷǴǪǫǶǬǦǿǮǻ ǭǳǦǰ ǲǴǪǹǱȅ. ǈ ǳǮǻ ǧȁǱǮ ǶǦǷǷǲǴǸǶǫǳȁ ǴǧǿǮǫ 
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. 
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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 ǪǦǳǳǴǯ ǷǸǦǸȂǫ ǵǫǶǫǯǪǫǲ ǰ ǶǦǷǷǲǴǸǶǫǳǮȄ ǪǶǹǩǴǩǴ ǸǮǵǦ ǺǹǳǰǼǮǯ, Ǧ ǮǲǫǳǳǴ ǸǶǮ-
ǩǴǳǴǲǫǸǶǮǽǫǷǰǮǻ, Ǧ ǸǦǰǬǫ ǶǦǭǧǫǶǫǲ ǨǴǵǶǴǷ ǱǮǳǫǯǳȁǻ ǵǶǫǴǧǶǦǭǴǨǦǳǮǯ ǵǶǮǲǫǳǮ-
ǸǫǱȂǳǴ ǰ ȃǸǴǲǹ ǰǱǦǷǷǹ ǺǹǳǰǼǮǯ. 

 
ǘǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǮǫ ǺǹǳǰǼǮǮ Ǯ Ǯǻ ǩǶǦǺǮǰǮ 

 

ǐ ǴǷǳǴǨǳȁǲ ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǮǲ ǺǹǳǰǼǮȅǲ ǴǸǳǴǷȅǸ ǷǱǫǪǹȄǿǮǫ:, 

, , . ǖǦǷǷǲǴǸǶǮǲ ǵǴǪǶǴǧǳǴ ǰǦǬǪǹȄ Ǯǻ ȃǸǮǻ ǺǹǳǰǼǮǯ. ǓǦǽǳǫǲ Ƿ 

ǺǹǳǰǼǮǮ . ǔǧǱǦǷǸȂȄ ǴǵǶǫǪǫǱǫǳǮȅ ǪǦǳǳǴǯ ǺǹǳǰǼǮǮ ȅǨǱȅǫǸǷȅ ǨǷȅ ǽǮǷǱǴǨǦȅ ǴǷȂ. 

ǔǧǱǦǷǸȂ ǭǳǦǽǫǳǮǯ ð ǴǸǶǫǭǴǰ . ǉǶǦǺǮǰǴǲ ǪǦǳǳǴǯ ǺǹǳǰǼǮǮ ȅǨǱȅǫǸǷȅ ǷǮǳǹǷǴǮǪǦ.  

 

 
 

ǖǮǷ. 1. ǉǶǦǺǮǰ ǺǹǳǰǼǮǮ  

 

ǓǦǵǴǲǳǮǲ, ǽǸǴ ǺǹǳǰǼǮȅ  ȅǨǱȅǫǸǷȅ ǵǫǶǮǴǪǮǽǫǷǰǴǯ Ƿ ǵǫǶǮǴǪǴǲ p2=T , 

Ǧ ǸǦǰǬǫ ǳǫǽǫǸǳǴǯ, ǷǱǫǪǴǨǦǸǫǱȂǳǴ ǫǫ ǩǶǦǺǮǰ ǷǮǲǲǫǸǶǮǽǫǳ ǴǸǳǴǷǮǸǫǱȂǳǴ ǳǦǽǦǱǦ ǰǴǴǶ-
ǪǮǳǦǸ.  

ǚǹǳǰǼǮȅ  ǴǧǱǦǪǦǫǸ ǦǳǦǱǴǩǮǽǳȁǲǮ ǷǨǴǯǷǸǨǦǲǮ: 

1) ;  

2) ]1;1[:)( -=yE ;  

3) xy cos=  ǵǫǶǮǴǪǮǽǫǷǰǦȅ Ƿ ǵǫǶǮǴǪǴǲ p2=T ;  

4) xy cos=  ǽǫǸǳǦȅ, Ǹ.ǫ. ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ ǷǮǲǲǫǸǶǮǽǫǳ ǴǸǳǴǷǮǸǫǱȂǳǴ ǴǷǮ ǴǶǪǮ-

ǳǦǸ.  

ǉǶǦǺǮǰǴǲ ǺǹǳǰǼǮǮ xy cos= ȅǨǱȅǫǸǷȅ ǰǴǷǮǳǹǷǴǮǪǦ. 

xy sin=

xy cos= tgxy= ctgxy=

xy sin=

]1,1[-

xy sin=

xy sin=

xy cos=

),(:)( +¤-¤=yD
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ǖǮǷ. 2. ǉǶǦǺǮǰ ǺǹǳǰǼǮǮ  

 

ǕǫǶǫǯǪǫǲ ǸǫǵǫǶȂ ǰ ǵǴǷǸǶǴǫǳǮȄ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǯ , . ǕǴ ǴǵǶǫǪǫǱǫ-

ǳǮȄ , ǷǱǫǪǴǨǦǸǫǱȂǳǴ, ǴǧǱǦǷǸȂȄ ǴǵǶǫǪǫǱǫǳǮȅ ǸǦǳǩǫǳǷǦ ȅǨǱȅǫǸǷȅ ǨǷȅ ǽǮǷ-

ǱǴǨǦȅ ǴǷȂ, ǭǦ ǮǷǰǱȄǽǫǳǮǫǲ ǸǴǽǫǰ, Ǩ ǰǴǸǴǶȁǻ ǺǹǳǰǼǮȅ  ǴǧǶǦǿǦǫǸǷȅ Ǩ ǳǹǱȂ. Ǘ 

ǹǽǫǸǴǲ ǵǫǶǮǴǪǦ, ǵǴǱǹǽǦǫǲ, ǽǸǴ , . ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǵǶȅǲȁǫ 

, . ȅǨǱȅȄǸǷȅ ǨǫǶǸǮǰǦǱȂǳȁǲǮ ǦǷǮǲǵǸǴǸǦǲǮ. ǔǧǱǦǷǸȂȄ ǭǳǦǽǫǳǮǯ Ǻǹǳǰ-

ǼǮǮ  ȅǨǱȅǫǸǷȅ ǨǷȅ ǽǮǷǱǴǨǦȅ ǴǷȂ.  

ǓǦǵǴǲǳǮǲ ǫǿǫ ǳǫǷǰǴǱȂǰǴ ǷǨǴǯǷǸǨ ǺǹǳǰǼǮǮ :  

1) ǵǫǶǮǴǪǮǽǫǷǰǦȅ Ƿ ǵǫǶǮǴǪǴǲ  (ȃǸǴ ǨǮǪǳǴ Ǯǭ ǩǶǦǺǮǰǦ); 
2) ǳǫǽǫǸǳǦȅ, Ǹ.ǫ. ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ ǷǮǲǲǫǸǶǮǽǫǳ ǴǸǳǴǷǮǸǫǱȂǳǴ ǳǦǽǦǱǦ ǰǴǴǶǪǮǳǦǸ.  

ǉǶǦǺǮǰ ǺǹǳǰǼǮǮ  ǮǲǫǫǸ ǨǮǪ: 

 

 
 

ǖǮǷ. 3. ǉǶǦǺǮǰ ǺǹǳǰǼǮǮ  

 

xy cos=

tgxy= ctgxy=

x

x
tgxy

cos

sin
==

xy cos=

ý
ü
û

í
ì
ë
+= nRyD p
p

2
\)( ZnÍ

nx p
p
+=

2
ZnÍ

tgxy=

tgxy=

p=T

tgxy=

tgxy=
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ǆǳǦǱǴǩǮǽǳȁǲǮ ǷǨǴǯǷǸǨǦǲǮ ǴǧǱǦǪǦǫǸ Ǯ ǺǹǳǰǼǮȅ . ǕǴ ǴǵǶǫǪǫǱǫǳǮȄ 

, ǷǱǫǪǴǨǦǸǫǱȂǳǴ, ǴǧǱǦǷǸȂȄ ǴǵǶǫǪǫǱǫǳǮȅ ǺǹǳǰǼǮǮ  ȅǨǱȅǫǸǷȅ ǨǷȅ 

ǽǮǷǱǴǨǦȅ ǵǶȅǲǦȅ, ǭǦ ǮǷǰǱȄǽǫǳǮǫǲ ǸǴǽǫǰ, Ǩ ǰǴǸǴǶȁǻ ǺǹǳǰǼǮȅ  ǧǹǪǫǸ ǴǧǶǦ-

ǿǦǸȂǷȅ Ǩ ǳǹǱȂ. ǎǸǦǰ, , . ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǵǶȅǲȁǫ ,  ȅǨ-

ǱȅȄǸǷȅ ǨǫǶǸǮǰǦǱȂǳȁǲǮ ǦǷǮǲǵǸǴǸǦǲǮ. ǔǧǱǦǷǸȂȄ ǭǳǦǽǫǳǮǯ ǺǹǳǰǼǮǮ ȅǨǱȅǫǸǷȅ 

ǨǷȅ ǽǮǷǱǴǨǦȅ ǴǷȂ.  

ǓǦǵǴǲǳǮǲ ǫǿǫ ǳǫǷǰǴǱȂǰǴ ǷǨǴǯǷǸǨ ǺǹǳǰǼǮǮ ctgxy= :  

1) ǵǫǶǮǴǪǮǽǫǷǰǦȅ Ƿ ǵǫǶǮǴǪǴǲ  (ȃǸǴ ǨǮǪǳǴ Ǯǭ ǩǶǦǺǮǰǦ); 
2) ǳǫǽǫǸǳǦȅ, Ǹ.ǫ. ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ ǷǮǲǲǫǸǶǮǽǫǳ ǴǸǳǴǷǮǸǫǱȂǳǴ ǳǦǽǦǱǦ ǰǴǴǶǪǮǳǦǸ.  

ǉǶǦǺǮǰ ǺǹǳǰǼǮǮ ǮǲǫǫǸ ǨǮǪ: 

 
 

ǖǮǷ. 4. ǉǶǦǺǮǰ ǺǹǳǰǼǮǮ  

 
ǕǴǷǸǶǴǫǳǮǫ ǩǶǦǺǮǰǴǨ ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǮǻ ǺǹǳǰǼǮǯ  

Ƿ ǵǴǲǴǿȂȄ ǱǮǳǫǯǳȁǻ ǵǶǫǴǧǶǦǭǴǨǦǳǮǯ 
 
ǈ ȃǸǴǲ ǶǦǭǪǫǱǫ ǶǦǷǷǲǴǸǶǮǲ ǩǶǦǺǮǰǮ ǺǹǳǰǼǮǯ, ǰǴǸǴǶȁǫ ǵǴǱǹǽǦȄǸǷȅ Ǯǭ ǵǶǮǨǫǪǫǳ-

ǳȁǻ ǨȁǾǫ Ƿ ǵǴǲǴǿȂȄ ǴǷǳǴǨǳȁǻ ǱǮǳǫǯǳȁǻ (ǩǫǴǲǫǸǶǮǽǫǷǰǮǻ) ǵǶǫǴǧǶǦǭǴǨǦǳǮǯ: 
1) ǲǦǷǾǸǦǧǮǶǴǨǦǳǮǫ (ǷǬǦǸǮǫ ǮǱǮ ǶǦǷǸȅǬǫǳǮǫ) ǨǪǴǱȂ ǰǦǰǴǯ-ǱǮǧǴ Ǯǭ ǴǷǫǯ (ǦǧǷ-
ǼǮǷǷ, ǴǶǪǮǳǦǸ); 

2) ǷǮǲǲǫǸǶǮǽǳǴǫ (ǭǫǶǰǦǱȂǳǴǫ) ǴǸǶǦǬǫǳǮǫ ǴǸǳǴǷǮǸǫǱȂǳǴ ǰǦǰǴǯ-ǱǮǧǴ Ǯǭ ǰǴǴǶǪǮ-
ǳǦǸǳȁǻ ǴǷǫǯ; 

3) ǵǦǶǦǱǱǫǱȂǳȁǯ ǵǫǶǫǳǴǷ (ǷǪǨǮǩ) ǨǪǴǱȂ ǰǦǰǴǯ-ǱǮǧǴ Ǯǭ ǰǴǴǶǪǮǳǦǸǳȁǻ ǴǷǫǯ. 
ǖǦǷǷǲǴǸǶǮǲ ǺǹǳǰǼǮȄ ǨǮǪǦ: ώ ὥὪὦὼὧ Ὠ. ǖǦǭǧǫǶǫǲ ǳǦ ǵǶǮǲǫǶǦǻ, ǰǦǰ ǹǰǦ-

ǭǦǳǳȁǫ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ ǲǴǬǳǴ ǵǶǮǲǫǳǮǸȂ ǰ ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǮǲ ǺǹǳǰǼǮȅǲ Ǯ ǨȁȅǷ-

ǳǮǲ, ǰǦǰǴǯ Ǯǭ ǰǴȃǺǺǮǼǮǫǳǸǴǨ , , ,  ǭǦ ǰǦǰǴǫ ǮǲǫǳǳǴ ǵǶǫǴǧǶǦǭǴǨǦǳǮǫ ǴǸǨǫǽǦǫǸ.  

ǕǶǮǲǫǶ 1. ǕǴǷǸǶǴǮǸȂ ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ . ǍǪǫǷȂ , , 

, .  
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ǜǫǵǴǽǰǦ ǵǶǫǴǧǶǦǭǴǨǦǳǮǯ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ  ǷǱǫǪǹȄǿǦȅ:

. 

ǉǶǦǺǮǽǫǷǰǦȅ ǮǱǱȄǷǸǶǦǼǮȅ ȃǸǦǵǴǨ ǵǴǷǸǶǴǫǳǮȅ: 

1 ǾǦǩ. . ǕǫǶǮǴǪ , ǸǴǽǰǦ ǲǦǰǷǮǲǹǲǦ , ǸǴǽǰǦ ǲǮǳǮǲǹǲǦ 

, ǩǪǫ .  

2 ǾǦǩ. . ǕǫǶǮǴǪ , ǸǴǽǰǦ ǲǦǰǷǮǲǹǲǦ , ǸǴǽǰǦ ǲǮǳǮǲǹǲǦ 

. ǘǴ ǫǷǸȂ ǦǲǵǱǮǸǹǪǦ ǰǴǱǫǧǦǳǮǯ ǺǹǳǰǼǮǮ  ǨǴǭǶǦǷǸǦǫǸ Ǩ ǸǶǮ ǶǦǭǦ. 

3 ǾǦǩ. . ǕǫǶǮǴǪ , ǸǴǽǰǦ ǲǦǰǷǮǲǹǲǦ , ǸǴǽǰǦ ǲǮ-

ǳǮǲǹǲǦ , .  

 

ǖǮǷ. 5. ǉǶǦǺǮǰǮ ǺǹǳǰǼǮǯ , ,  

 

ǘǦǰǮǲ ǴǧǶǦǭǴǲ ǰǴȃǺǺǮǼǮǫǳǸ  ǴǸǨǫǽǦǫǸ ǭǦ ǶǦǷǸȅǬǫǳǮǫ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ 

ǨǪǴǱȂ ǴǷǮ . ǋǷǱǮ , ǸǴ ǩǶǦǺǮǰ ǷǬǮǲǦǫǸǷȅ, ǫǷǱǮ , ǸǴ ǩǶǦǺǮǰ ǶǦǷ-

ǸȅǩǮǨǦǫǸǷȅ. ǓǦǮǲǫǳȂǾǮǯ ǵǴǱǴǬǮǸǫǱȂǳȁǯ ǵǫǶǮǴǪ ǺǹǳǰǼǮǯ  ǨȁǽǮǷǱȅǫǸǷȅ ǵǴ 

ǺǴǶǲǹǱǫ , ǩǪǫ Ǩ ǽǮǷǱǮǸǫǱǫ ǷǸǴǮǸ ǴǷǳǴǨǳǴǯ ǵǫǶǮǴǪ ǺǹǳǰǼǮǮ , Ǧ Ǩ ǭǳǦ-

ǲǫǳǦǸǫǱǫ ǰǴȃǺǺǮǼǮǫǳǸ, ǷǸǴȅǿǮǯ ǵǫǶǫǪ ǦǶǩǹǲǫǳǸǴǲ .  
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4 ǾǦǩ. . ǊǱȅ ǸǴǩǴ, ǽǸǴǧȁ ǵǴǷǸǶǴǮǸȂ ȃǸǴǸ ǩǶǦǺǮǰ, ǳǫǴǧǻǴǪǮǲǴ ǩǶǦǺǮǰ 

ǺǹǳǰǼǮǮ , ǵǴǷǸǶǴǫǳǳȁǯ ǳǦ ǸǶǫǸȂǫǲ ǾǦǩǫ, ǴǸǶǦǭǮǸȂ ǷǮǲǲǫǸǶǮǽǳǴ ǴǸǳǴǷǮ-

ǸǫǱȂǳǴ ǴǷǮ ǦǧǷǼǮǷǷ (Ǹ.ǫ. ǵǴǲǫǳȅǸȂ ǲǫǷǸǦǲǮ ǵǴǱǴǬǮǸǫǱȂǳȁǫ Ǯ ǴǸǶǮǼǦǸǫǱȂǳȁǫ ǭǳǦǽǫǳǮȅ 

ǺǹǳǰǼǮǮ ). ǕǫǶǮǴǪ ǵǶǮ ȃǸǴǲ ǴǷǸǦǫǸǷȅ ǸǦǰǮǲ Ǭǫ . ǆ ǸǴǽǰǮ ǲǦǰǷǮǲǹǲǦ Ǯ ǲǮǳǮ-

ǲǹǲǦ ǲǫǳȅȄǸǷȅ ǲǫǷǸǦǲǮ: ǸǴǽǰǦ ǲǦǰǷǮǲǹǲǦ , ; ǸǴǽǰǦ ǲǮǳǮǲǹǲǦ 

, .  

5 ǾǦǩ. . ǊǱȅ ǸǴǩǴ, ǽǸǴǧȁ ǵǴǷǸǶǴǮǸȂ ǹǰǦǭǦǳǳȁǯ ǩǶǦǺǮǰ ǳǹǬǳǴ 

ǷǪǨǮǳǹǸȂ ǵǶǫǪȁǪǹǿǮǯ ǩǶǦǺǮǰ  ǳǦ ǸǶǮ ǫǪǮǳǮǼȁ ǨǵǶǦǨǴ. ǓǦǮǲǫǳȂǾǮǯ ǵǴ-

ǱǴǬǮǸǫǱȂǳȁǯ ǵǫǶǮǴǪ ǵǶǮ ȃǸǴǲ ǷǴǻǶǦǳȅǫǸǷȅ, Ǹ.ǫ. , Ǧ ǸǴǽǰǮ ǲǦǰǷǮǲǹǲǦ Ǯ ǲǮǳǮ-

ǲǹǲǦ ǵǫǶǫǻǴǪȅǸ Ǩ ǷǱǫǪǹȄǿǮǫ: ǲǦǰǷǮǲǹǲ ð , ; ǲǮǳǮǲǹǲ - 

, .  

6 ǾǦǩ. . ǊǱȅ ǸǴǩǴ, ǽǸǴǧȁ ǵǴǷǸǶǴǮǸȂ ǪǦǳǳȁǯ ǩǶǦǺǮǰ ǳǹǬǳǴ 

ǵǶǫǪȁǪǹǿǮǯ ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ  ǷǲǫǷǸǮǸȂ ǳǦ ǪǨǫ ǫǪǮǳǮǼȁ ǨǳǮǭ. 

ǓǦǮǲǫǳȂǾǮǯ ǵǴǱǴǬǮǸǫǱȂǳȁǯ ǵǫǶǮǴǪ ǵǶǮ ȃǸǴǲ ǳǫ ǲǫǳȅǫǸǷȅ: , Ǧ ǸǴǽǰǮ ǲǦǰǷǮ-

ǲǹǲǦ Ǯ ǲǮǳǮǲǹǲǦ ǵǫǶǫǻǴǪȅǸ Ǩ ǷǱǫǪǹȄǿǮǫ ǸǴǽǰǮ: ǲǦǰǷǮǲǹǲ - , ; 

ǲǮǳǮǲǹǲ - , .  

 

ǖǮǷ. 6. ǉǶǦǺǮǰǮ ǺǹǳǰǼǮǯ , ,  

ǎǸǦǰ, ǵǴǪǨǫǪǫǲ ǮǸǴǩ: ǵǴǱǹǽǦǫǸǷȅ, ǽǸǴ ǰǴȃǺǺǮǼǮǫǳǸ  ǴǸǨǫǽǦǫǸ ǭǦ ǦǲǵǱǮǸǹǪǹ ǰǴ-

ǱǫǧǦǳǮǯ ǷǮǳǹǷǦ, ǰǴȃǺǺǮǼǮǫǳǸ  ǭǦ ǷǬǦǸǮǫ/ǶǦǷǸȅǬǫǳǮǫ ǩǶǦǺǮǰǦ, ǰǴȃǺǺǮǼǮǫǳǸ  ǭǦ 

ǷǪǨǮǩ ǵǴ ǴǷǮ ǦǧǷǼǮǷǷ, Ǧ ǰǴȃǺǺǮǼǮǫǳǸ  ǭǦ ǷǪǨǮǩ ǵǴ ǴǷǮ ǴǶǪǮǳǦǸ. 
ǖǦǷǷǲǴǸǶǮǲ ǸǫǵǫǶȂ ǦǳǦǱǴǩǮǽǳȁǫ ǵǶǮǲǫǶȁ ǪǱȅ ǪǶǹǩǮǻ ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǮǻ ǺǹǳǰǼǮǯ. 
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ǕǶǮǲǫǶ 2: ǕǴǷǸǶǴǮǸȂ ǩǶǦǺǮǰǮ ǺǹǳǰǼǮǯ Ǧ) ;  

 ǧ) ; 

 Ǩ) . 

ǕǴǷǸǶǴǮǲ ǷǳǦǽǦǱǦ ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ Ǧ) . ǍǪǫǷȂ , , 

, .  
 

ǜǫǵǴǽǰǦ ǵǶǫǴǧǶǦǭǴǨǦǳǮǯ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ  ǷǱǫǪǹȄǿǦȅ: 

 

1 ǾǦǩ: , , ǲǦǰǷǮǲǹǲ ð , ; ǲǮǳǮǲǹǲ ð ,  

2 ǾǦǩ: . ǖǦǷǾǮǶȅǫǲ ǦǲǵǱǮǸǹǪǹ ǰǴǱǫǧǦǳǮǯ ǰǴǷǮǳǹǷǦ. , ǲǦǰǷǮǲǹǲ 

ð , ; ǲǮǳǮǲǹǲ ð , .  

3 ǾǦǩ: . ǗǬǮǲǦǫǲ ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ  ǴǸǳǴǷǮǸǫǱȂǳǴ ǴǷǮ . 

, ǲǦǰǷǮǲǹǲ ð , ; ǲǮǳǮǲǹǲ ð , .  

 

ǖǮǷ. 7. ǉǶǦǺǮǰǮ ǺǹǳǰǼǮǯ , ,  
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4 ǾǦǩ: ǕǴǱȂǭǹǫǲǷȅ ǷǨǴǯǷǸǨǴǲ ǽǫǸǳǴǷǸǮ ǺǹǳǰǼǮǮ , ǵǴǱǹǽǦǫǲ 

. ǗǱǫǪǴǨǦǸǫǱȂǳǴ, ǵǶǫǪȁǪǹǿǮǯ ǩǶǦǺǮǰ ȅǨǱȅǫǸǷȅ ǸǦǰǬǫ ǩǶǦǺǮ-

ǰǴǲ ǺǹǳǰǼǮǮ . 

5 ǾǦǩ: . ǈǳǴǨȂ ǵǴǱȂǭǹȅǷȂ ǷǨǴǯǷǸǨǴǲ ǽǫǸǳǴǷǸǮ ǺǹǳǰǼǮǮ , 

ǵǴǱǹǽǦǫǲ: . ǗǪǨǮǩǦǫǲ ǩǶǦ-

ǺǮǰ ǵǴǷǱǫǪǳǫǯ ǺǹǳǰǼǮǮ  ǳǦ ǫǪǮǳǮǼǹ ǨǵǶǦǨǴ. , ǲǦǰǷǮǲǹǲ ð

, ; ǲǮǳǮǲǹǲ ð , .  

6 ǾǦǩ: . ǊǱȅ ǵǴǷǸǶǴǫǳǮȅ ȃǸǴǩǴ ǮǸǴǩǴǨǴǩǴ ǩǶǦ-

ǺǮǰǦ ǷǪǨǮǩǦǫǲ ǩǶǦǺǮǰ, ǵǴǷǸǶǴǫǳǳȁǯ ǳǦ ǵȅǸǴǲ ǾǦǩǫ ǳǦ ǫǪǮǳǮǼǹ ǨǨǫǶǻ. , ǲǦǰǷǮ-

ǲǹǲ ð , ; ǲǮǳǮǲǹǲ ð , .  

 

ǖǮǷ. 8. ǉǶǦǺǮǰǮ ǺǹǳǰǼǮǯ , ,  

 

ǓǦ ȃǸǴǲ ǭǦǪǦǽǦ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ ǩǶǦǺǮǰǦ ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǴǯ ǺǹǳǰǼǮǮ  
ǭǦǰǦǳǽǮǨǦǫǸǷȅ. 
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ǜǫǵǴǽǰǦ ǵǶǫǴǧǶǦǭǴǨǦǳǮǯ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ  ǷǱǫǪǹȄǿǦȅ: 

 

.

 

1 ǾǦǩ: , , , .  

2 ǾǦǩ: . ǘǦǰ ǰǦǰ ǰǴȃǺǺǮǼǮǫǳǸ , ǸǴ ǵǶǴǮǭǨǴǪǮǲ ǷǬǦǸǮǫ ǩǶǦǺǮǰǦ 

ǺǹǳǰǼǮǮ  Ǩ ǪǨǦ ǶǦǭǦ ǨǪǴǱȂ ǴǷǮ ǴǶǪǮǳǦǸ. ǕǫǶǮǴǪ Ǯ ǴǧǱǦǷǸȂ ǴǵǶǫǪǫǱǫǳǮȅ ǵǶǮ 

ȃǸǴǲ ǳǫ ǲǫǳȅȄǸǷȅ. , , .   

3 ǾǦǩ: . ǘǦǰ ǰǦǰ ǰǴȃǺǺǮǼǮǫǳǸ , ǸǴ ǵǶǴǮǭǨǴǪǮǸ ǶǦǷǸȅǩǮǨǦǳǮǫ 

ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ  ǨǪǴǱȂ ǴǷǮ ǦǧǷǼǮǷǷ Ǩ  ǶǦǭ, ǸǴ ǫǷǸȂ Ǩ  ǶǦǭǦ. ǕǫǶǮǴǪ Ǯ 

ǴǧǱǦǷǸȂ ǴǵǶǫǪǫǱǫǳǮȅ ǵǶǮ ȃǸǴǲ ǮǭǲǫǳȅȄǸǷȅ , , 

.  

 

ǖǮǷ. 9. ǉǶǦǺǮǰǮ ǺǹǳǰǼǮǯ , ,  

 

4 ǾǦǩ: . ǗǮǲǲǫǸǶǮǽǳǴ ǴǸǴǧǶǦǬǦǫǲ ǵǴǷǱǫǪǳǮǯ ǩǶǦǺǮǰ ǴǸǳǴǷǮǸǫǱȂǳǴ 

ǴǷǮ ǦǧǷǼǮǷǷ. ǕǫǶǮǴǪ Ǯ ǴǧǱǦǷǸȂ ǴǵǶǫǪǫǱǫǳǮȅ ǵǶǮ ȃǸǴǲ ǳǫ ǲǫǳȅȄǸǷȅ.  
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5 ǾǦǩ: . ǊǱȅ ǸǴǩǴ ǽǸǴǧȁ ǵǴǷǸǶǴǮǸȂ ǩǶǦǺǮǰ ǪǦǳǳǴǯ ǺǹǳǰǼǮǮ, ǳǹǬǳǴ 

ǴǸǶǦǭǮǸȂ ǩǶǦǺǮǰ, ǵǴǷǸǶǴǫǳǳȁǯ ǳǦ ǵǶǫǪȁǪǹǿǫǲ ǾǦǩǫ ǴǸǳǴǷǮǸǫǱȂǳǴ ǴǷǮ ǴǶǪǮǳǦǸ. 
ǒǴǬǳǴ ǵǴǷǸǹǵǮǸȂ Ǯ ǵǴ-ǪǶǹǩǴǲǹ. ǈǴǷǵǴǱȂǭǹǫǲǷȅ ǷǨǴǯǷǸǨǴǲ ǳǫǽǫǸǳǴǷǸǮ ǺǹǳǰǼǮǮ ǸǦǳ-

ǩǫǳǷǦ. ǈ ȃǸǴǲ ǷǱǹǽǦǫ ǨǫǶǳǴ ǶǦǨǫǳǷǸǨǴ: . ǉǶǦǺǮǰ ǺǹǳǰǼǮǮ 

 ǧȁǱ ǵǴǷǸǶǴǫǳ ǳǦ ǸǶǫǸȂǫǲ ǾǦǩǫ. ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ 

 ǵǴǱǳǴǷǸȂȄ ǷǴǨǵǦǪǦǫǸ Ƿ ǩǶǦǺǮǰǴǲ ǺǹǳǰǼǮǮ . 

6 ǾǦǩ: . ǗǪǨǮǩǦǫǲ ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ  ǳǦ  

ǨǵǶǦǨǴ. ǓǦǮǲǫǳȂǾǮǯ ǵǴǱǴǬǮǸǫǱȂǳȁǯ ǵǫǶǮǴǪ Ǯ ǴǧǱǦǷǸȂ ǴǵǶǫǪǫǱǫǳǮȅ ǺǹǳǰǼǮǮ ǵǶǮ 
ȃǸǴǲ ǳǫ ǲǫǳȅȄǸǷȅ.  

7 ǾǦǩ: . ǗǪǨǮǩǦǫǲ ǩǶǦǺǮǰ, ǵǴǷǸǶǴǫǳǳȁǯ ǳǦ ǾǫǷǸǴǲ ǾǦǩǫ 

ǳǦ  ǨǨǫǶǻ. ǕǫǶǮǴǪ Ǯ ǴǧǱǦǷǸȂ ǴǵǶǫǪǫǱǫǳǮȅ ǵǶǮ ȃǸǴǲ ǳǫ ǲǫǳȅȄǸǷȅ.  

 

ǖǮǷ. 10. ǉǶǦǺǮǰǮ ǺǹǳǰǼǮǮ ,  , 

 
 

ǓǦ ȃǸǴǲ ǭǦǪǦǽǦ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ ǩǶǦǺǮǰǦ ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǴǯ ǺǹǳǰǼǮǮ  

ǭǦǰǦǳǽǮǨǦǫǸǷȅ. 

ö
÷

õ
æ
ç

å
--= xtgy

3

2

2

1

xtgxtgy
3

2

2

1

3

2

2

1
=ö
÷

õ
æ
ç

å
--=

xtgy
3

2

2

1
=

ö
÷

õ
æ
ç

å
--= xtgy

3

2

2

1
xtgy

3

2

2

1
=

öö
÷

õ
ææ
ç

å
ö
÷

õ
æ
ç

å
---=

23

2

2

1 p
xtgy ö

÷

õ
æ
ç

å
--= xtgy

3

2

2

1

2

p

323

2

2

1 pp
+öö
÷

õ
ææ
ç

å
ö
÷

õ
æ
ç

å
---= xtgy

3

p

ö
÷

õ
æ
ç

å
--=

3

2

2

1 x
tgy öö

÷

õ
ææ
ç

å
ö
÷

õ
æ
ç

å
---=

23

2

2

1 p
xtgy

323

2

2

1 pp
+öö
÷

õ
ææ
ç

å
ö
÷

õ
æ
ç

å
---= xtgy

tgxy=



 

15 Modern European Researches No 3 (ǘ.1) / 2021  

Ǩ) . ǍǪǫǷȂ , , , .  

ǜǫǵǴǽǰǦ ǵǶǫǴǧǶǦǭǴǨǦǳǮǯ ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ  ǷǱǫǪǹȄǿǦȅ: 

 

1 ǾǦǩ: , , , .   

2 ǾǦǩ: . ǗǬǮǲǦȅ ǩǶǦǺǮǰ  ǨǪǴǱȂ ǴǷǮ ǸǦǰ ǰǦǰ . ǕǫǶǮǴǪ Ǯ 

ǴǧǱǦǷǸȂ ǴǵǶǫǪǫǱǫǳǮȅ ǵǶǮ ȃǸǴǲ ǳǫ ǲǫǳȅȄǸǷȅ.  

3 ǾǦǩ: . ǘǦǰ ǰǦǰ ǰǴȃǺǺǮǼǮǫǳǸ , ǸǴ ǵǶǴǮǭǨǴǪǮǸǷȅ ǶǦǷǸȅǬǫǳǮǫ 

ǩǶǦǺǮǰǦ ǺǹǳǰǼǮǮ  ǨǪǴǱȂ ǴǷǮ ǦǧǷǼǮǷǷ Ǩ  ǶǦǭ, ǸǴ ǫǷǸȂ Ǩ  ǶǦǭ. ǕǫǶǮǴǪ Ǯ Ǵǧ-

ǱǦǷǸȂ ǴǵǶǫǪǫǱǫǳǮȅ ǵǶǮ ȃǸǴǲ ǮǭǲǫǳȅȄǸǷȅ , , .  

 
 

ǖǮǷ. 11. ǉǶǦǺǮǰǮ ǺǹǳǰǼǮǯ , ,  

 

4 ǾǦǩ: . ǗǪǨǮǩǦǫǲ ǩǶǦǺǮǰ ǺǹǳǰǼǮǮ  ǳǦ  ǨǱǫǨǴ. Ǖǫ-

ǶǮǴǪ Ǯ ǴǧǱǦǷǸȂ ǴǵǶǫǪǫǱǫǳǮȅ ǵǶǮ ȃǸǴǲ ǳǫ ǮǭǲǫǳȅȄǸǷȅ.  

5 ǾǦǩ: . ǗǪǨǮǩǦǫǲ ǩǶǦǺǮǰ, ǵǴǷǸǶǴǫǳǳȁǯ ǳǦ ǵǶǫǪȁǪǹǿǫǲ ǾǦǩǫ 

ǳǦ  ǨǳǮǭ. ǕǫǶǮǴǪ Ǯ ǴǧǱǦǷǸȂ ǴǵǶǫǪǫǱǫǳǮȅ ǵǶǮ ȃǸǴǲ ǳǫ ǮǭǲǫǳȅȄǸǷȅ. 
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ǖǮǷ. 12. ǉǶǦǺǮǰǮ ǺǹǳǰǼǮǯ ,  

ǓǦ ȃǸǴǲ ǭǦǪǦǽǦ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ ǩǶǦǺǮǰǦ ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǴǯ ǺǹǳǰǼǮǮ 

ǭǦǰǦǳǽǮǨǦǫǸǷȅ. 
 

ǍǦǰǱȄǽǫǳǮǫ 
 
ǈ ǷǸǦǸȂǫ ǧȁǱǮ ǶǦǷǷǲǴǸǶǫǳȁ ǴǷǳǴǨǳȁǫ ǱǮǳǫǯǳȁǫ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ, ǵǶǮǲǫǳǫǳǳȁǫ 

ǰ ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǮǲ ǺǹǳǰǼǮȅǲ, ǸǦǰǮǫ ǰǦǰ: 
1) ǲǦǷǾǸǦǧǮǶǴǨǦǳǮǫ (ǷǬǦǸǮǫ ǮǱǮ ǶǦǷǸȅǬǫǳǮǫ) ǨǪǴǱȂ ǰǦǰǴǯ-ǱǮǧǴ Ǯǭ ǴǷǫǯ (ǦǧǷ-

ǼǮǷǷ, ǴǶǪǮǳǦǸ); 
2) ǷǮǲǲǫǸǶǮǽǳǴǫ (ǭǫǶǰǦǱȂǳǴǫ) ǴǸǶǦǬǫǳǮǫ ǴǸǳǴǷǮǸǫǱȂǳǴ ǰǦǰǴǯ-ǱǮǧǴ Ǯǭ ǰǴǴǶǪǮ-

ǳǦǸǳȁǻ ǴǷǫǯ; 
3) ǵǦǶǦǱǱǫǱȂǳȁǯ ǵǫǶǫǳǴǷ (ǷǪǨǮǩ) ǨǪǴǱȂ ǰǦǰǴǯ-ǱǮǧǴ Ǯǭ ǰǴǴǶǪǮǳǦǸǳȁǻ ǴǷǫǯ. 
ǔǪǳǦǰǴ, ǰ ǱǮǳǫǯǳȁǲ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅǲ ǴǸǳǴǷȅǸ ǳǫ ǸǴǱȂǰǴ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ ǷǦǲǴǯ 

ǺǹǳǰǼǮǮ Ǯ/ǮǱǮ ǫǫ ǦǶǩǹǲǫǳǸǦ ǰ ǨǮǪǹ ώ ὥὪὦὼὧ Ὠ, ǳǴ Ǯ ǸǦǰǬǫ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ, 
ǷǴǪǫǶǬǦǿǮǫ ǲǴǪǹǱȂ ǦǶǩǹǲǫǳǸǦ Ǯ/ǮǱǮ ǺǹǳǰǼǮǮ.  

ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǵǶǮǲǫǳǫǳǮǫ ǲǴǪǹǱȅ ǸǴǬǫ ǵǶǫǪǷǸǦǨǱȅǫǸ ǷǴǧǴǯ ǱǮǳǫǯǳǴǫ (ǩǫǴǲǫǸ-
ǶǮǽǫǷǰǴǫ) ǵǶǫǴǧǶǦǭǴǨǦǳǮǫ ǩǶǦǺǮǰǦ. ǕǴȃǸǴǲǹ ǰ ǨǴǵǶǴǷǹ ǵǴǷǸǶǴǫǳǮȅ ǧǴǱǫǫ ǷǱǴǬǳȁǻ 
ǴǪǳǴǭǳǦǽǳȁǻ Ǯ ǲǳǴǩǴǭǳǦǽǳȁǻ ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǮǻ ǺǹǳǰǼǮǯ, ǷǴǪǫǶǬǦǿǮǻ ǭǳǦǰ ǲǴ-
ǪǹǱȅ, ǲȁ ǫǿǫ ǨǫǶǳǫǲǷȅ Ǩ ǷǱǫǪǹȄǿǮǻ ǷǸǦǸȂȅǻ.  
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Ǔǋǐǔǘǔǖǡǋ ǒǋǘǔǊǎǝǋǗǐǎǋ ǆǗǕǋǐǘǡ ǎǍǑǔǌǋǓǎǥ ǘǋǒǡ: 
çǖǋǞǋǓǎǋ ǍǆǊǆǝǎ ǔ ǓǆǍǓǆǝǋǓǎǥǛè 

 

 

ǆǳǳǴǸǦǼǮȅ 

ǔǪǳǴǯ Ǯǭ Ǹǫǲ ǵǶǮ ǮǭǹǽǫǳǮǮ ǪǮǷǼǮǵǱǮǳȁ çǘǫǴǶǮȅ ǮǩǶ Ǯ ǮǷǷǱǫǪǴǨǦǳǮǫ ǴǵǫǶǦǼǮǯè ȅǨ-
ǱȅǫǸǷȅ çǍǦǪǦǽǦ Ǵ ǳǦǭǳǦǽǫǳǮȅǻè. ǈ ǷǸǦǸȂǫ ǶǦǷǷǲǦǸǶǮǨǦǫǸǷȅ ǵǴǷǸǦǳǴǨǰǦ ǭǦǪǦǽǮ Ǵ ǳǦǭǳǦ-
ǽǫǳǮȅǻ, ǫǫ ǲǦǸǫǲǦǸǮǽǫǷǰǦȅ ǲǴǪǫǱȂ, ǮǭǱǴǬǫǳ ǨǫǳǩǫǶǷǰǮǯ ǲǫǸǴǪ ǶǫǾǫǳǮȅ ǭǦǪǦǽǮ. ǜǫǱȂ 
ǶǦǧǴǸȁ: ǵǶǴǮǱǱȄǷǸǶǮǶǴǨǦǸȂ ǴǷǴǧǫǳǳǴǷǸǮ ǲǫǸǴǪǦ ǶǫǾǫǳǮȅ ǭǦǪǦǽǮ Ǵ ǳǦǭǳǦǽǫǳǮȅǻ Ǩ ǷǱǹ-
ǽǦǫ ǲǮǳǮǲǮǭǦǼǮǮ Ǯ ǲǦǰǷǮǲǮǭǦǼǮǮ ǼǫǱǫǨǴǯ ǺǹǳǰǼǮǮ. 
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ǨǫǳǩǫǶǷǰǮǯ ǲǫǸǴǪ, ǴǸǲǫǽǫǳǳȁǫ ǳǹǱǮ 
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ǈǨǫǪǫǳǮǫ 
 

ǍǦǪǦǽǦ Ǵ ǳǦǭǳǦǽǫǳǮȅǻ ȅǨǱȅǫǸǷȅ ǽǦǷǸǳȁǲ ǷǱǹǽǦǫǲ ǸǶǦǳǷǵǴǶǸǳǴǯ ǭǦǪǦǽǮ Ǯ ǴǸǳǴ-
ǷǮǸǷȅ ǰ ǰǱǦǷǷǹ ǭǦǪǦǽ ǸǶǦǳǷǵǴǶǸǳǴǩǴ ǸǮǵǦ. ǋǫ ǴǷǴǧǫǳǳǴǷǸȂ ǷǴǷǸǴǮǸ Ǩ ǸǴǲ, ǽǸǴ Ǩ ǳǫǯ 
ǰǴǱǮǽǫǷǸǨǴ ǵǹǳǰǸǴǨ ǴǸǵǶǦǨǱǫǳǮȅ (ǮǱǮ ǰǦǳǪǮǪǦǸǴǨ) ǶǦǨǳǴ ǰǴǱǮǽǫǷǸǨǹ ǵǹǳǰǸǴǨ ǳǦǭǳǦ-
ǽǫǳǮȅ (ǮǱǮ ǨǮǪǴǨ ǶǦǧǴǸ), Ǧ ǲǴǿǳǴǷǸȂ ǰǦǬǪǴǩǴ ǵǹǳǰǸǦ ǴǸǵǶǦǨǱǫǳǮȅ (ǮǱǮ ǰǦǳǪǮǪǦǸǦ) Ǯ 
ǵǹǳǰǸǦ ǳǦǭǳǦǽǫǳǮȅ (ǮǱǮ ǨǮǪǦ ǶǦǧǴǸ) ǶǦǨǳǦ ǫǪǮǳǮǼǫ. 

ǆǰǸǹǦǱȂǳǴǷǸȂ ǶǫǾǫǳǮȅ ǭǦǪǦǽǮ Ǵ ǳǦǭǳǦǽǫǳǮȅǻ ǴǧǹǷǱǴǨǱǫǳǦ Ǹǫǲ, ǽǸǴ ǪǱȅ ǵǴǨȁǾǫǳǮȅ 
ȃǰǴǳǴǲǮǽǫǷǰǴǯ ȃǺǺǫǰǸǮǨǳǴǷǸǮ ǶǦǧǴǸȁ ǵǶǫǪǵǶǮȅǸǮǯ ǲǦǸǫǲǦǸǮǽǫǷǰǦȅ ǲǴǪǫǱȂ ǭǦǪǦǽǮ 
ǵǴǭǨǴǱȅǫǸ ǺǴǶǲǦǱȂǳǴ ǴǵǮǷǦǸȂ Ǯ ǵǶǴǨǫǷǸǮ ǰǴǱǮǽǫǷǸǨǫǳǳȁǯ ǦǳǦǱǮǭ ǵǶǮ ǵǴǪǧǴǶǫ ǵǫǶǷǴ-
ǳǦǱǦ ǳǦ ǨǦǰǦǳǸǳȁǫ ǪǴǱǬǳǴǷǸǮ, ǵǶǮǰǶǫǵǱǫǳǮǮ ǵǹǳǰǸǴǨ ǴǸǵǶǦǨǱǫǳǮȅ ǰ ǵǹǳǰǸǦǲ ǳǦǭǳǦǽǫ-
ǳǮȅ, ǸǶǦǳǷǵǴǶǸǦ ǰ ǴǪǳǴǲǹ Ǯǭ ǲǦǶǾǶǹǸǴǨ ǪǨǮǬǫǳǮȅ, ǴǵǶǫǪǫǱǫǳǮǮ ǶǹǰǴǨǴǪǮǸǫǱǫǯ ǵǶǴǫǰ-
ǸǴǨ Ǯ ǳǦǹǽǳǴ-ǮǷǷǱǫǪǴǨǦǸǫǱȂǷǰǮǻ ǶǦǧǴǸ, ǵǴǧǫǪǮǸǫǱǫǯ ǰǴǳǰǹǶǷǳȁǻ ǸǴǶǩǴǨ Ǯ Ǹ. ǵ. 
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ǒǫǸǴǪǴǱǴǩǮȅ Ǯ ǶǫǭǹǱȂǸǦǸȁ ǮǷǷǱǫǪǴǨǦǳǮȅ 
 

ǖǵǸǹǧǴǵǩǱǧ ǹǷǧǴǸǶǵǷǹǴǵǰ ǮǧǫǧǾǯ 
ǕǹǷǸȂ ǮǲǫǫǸǷȅ n ǨǮǪǴǨ ǶǦǧǴǸ Ǯ n ǰǦǳǪǮǪǦǸǴǨ ǪǱȅ Ǯǻ ǨȁǵǴǱǳǫǳǮȅ.  
ǍǦǸǶǦǸȁ i-ǩǴ ǰǦǳǪǮǪǦǸǦ ǳǦ ǨȁǵǴǱǳǫǳǮǫ j -ǩǴ ǨǮǪǦ ǶǦǧǴǸ ǶǦǨǳȁ c i j , i  = 1, 2,  é , n; j  

= 1, 2,é, n.  
ǐǦǬǪȁǯ ǰǦǳǪǮǪǦǸ ǲǴǬǫǸ ǧȁǸȂ ǳǦǭǳǦǽǫǳ ǸǴǱȂǰǴ ǳǦ ǴǪǮǳ ǨǮǪ ǶǦǧǴǸ, Ǯ ǰǦǬǪȁǯ ǨǮǪ 

ǶǦǧǴǸ ǲǴǬǫǸ ǧȁǸȂ ǨȁǵǴǱǳǫǳ ǸǴǱȂǰǴ ǴǪǳǮǲ ǰǦǳǪǮǪǦǸǴǲ. ǘǶǫǧǹǫǸǷȅ ǶǦǷǵǶǫǪǫǱǮǸȂ ǰǦǳ-
ǪǮǪǦǸǴǨ ǳǦ ǨǮǪȁ ǶǦǧǴǸ, ǵǶǮ ǰǴǸǴǶǴǲ ǷǹǲǲǦǶǳȁǫ ǭǦǸǶǦǸȁ ǳǦ ǨȁǵǴǱǳǫǳǮǫ ǶǦǧǴǸ ǧǹǪǹǸ 
ǲǮǳǮǲǦǱȂǳȁǲǮ [1]. 

 
ǓǧǹǬǳǧǹǯǾǬǸǱǧȆ ǶǵǸǹǧǴǵǩǱǧ ǮǧǫǧǾǯ 

 
ǕǹǷǸȂ x i  j  , i  = 1, 2,  é , n; j  = 1, 2,  é , n ð ǵǫǶǫǲǫǳǳǦȅ, ǭǳǦǽǫǳǮǫ ǰǴǸǴǶǴǯ ǶǦǨǳǴ 1, 

ǫǷǱǮ i-ǯ ǰǦǳǪǮǪǦǸ ǨȁǵǴǱǳȅǫǸ j -ǯ ǨǮǪ ǶǦǧǴǸȁ, Ǯ 0 ð Ǩ ǵǶǴǸǮǨǳǴǲ ǷǱǹǽǦǫ.  
ǗǶǫǪǮ ǵǫǶǫǲǫǳǳȁǻ x i j , i  = 1, 2,  é , n; j  = 1, 2,  é , n ǳǦǯǸǮ ǸǦǰǮǫ, ǰǴǸǴǶȁǫ ǪǴǷǸǦǨ-

ǱȅȄǸ ǲǮǳǮǲǹǲ ǼǫǱǫǨǴǯ ǺǹǳǰǼǮǮ [2] 
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(1) 

Ǯ ǹǪǴǨǱǫǸǨǴǶȅȄǸ ǷǮǷǸǫǲǫ ǴǩǶǦǳǮǽǫǳǮǯ 

1 x
n

1j
j i =ä

=

,  i  = 1, 2, é, n ;  (2) 

1 x
n

1i
j i =ä

=

,  j  = 1, 2, é, n ,  (3) 

x i  j  Í { 0 , 1 }, i  = 1, 2,  é , n; j  = 1, 2,  é , n.  (4) 
 

ǙǷǱǴǨǮǫ (2) ǴǭǳǦǽǦǫǸ, ǽǸǴ ǰǦǬǪȁǯ i-ǯ ǰǦǳǪǮǪǦǸ ǨȁǵǴǱǳȅǫǸ ǸǴǱȂǰǴ ǴǪǳǹ ǶǦǧǴǸǹ. 
ǙǷǱǴǨǮǫ (3) ǴǭǳǦǽǦǫǸ, ǽǸǴ ǰǦǬǪǦȅ j -ȅ ǶǦǧǴǸǦ ǲǴǬǫǸ ǨȁǵǴǱǳȅǸȂǷȅ ǸǴǱȂǰǴ ǴǪǳǮǲ 

ǰǦǳǪǮǪǦǸǴǲ. 
ǙǷǱǴǨǮǫ (4) ǴǭǳǦǽǦǫǸ, ǽǸǴ ǵǫǶǫǲǫǳǳȁǫ x i  j  ǵǶǮǳǮǲǦȄǸ ǭǳǦǽǫǳǮȅ 0 ǮǱǮ 1.  
ǈ ǼǫǱǫǨǹȄ ǺǹǳǰǼǮȄ (1) ǨǻǴǪȅǸ ǸǴǱȂǰǴ Ǹǫ ǭǳǦǽǫǳǮȅ c i j  , i  = 1, é , n; j  = 1, é , n, 

ǪǱȅ ǰǴǸǴǶȁǻ ǵǫǶǫǲǫǳǳȁǫ xi j  ǴǸǱǮǽǳȁ ǴǸ 0, Ǹ. ǫ. ǨǻǴǪȅǸ ǭǦǸǶǦǸȁ, ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǫ 
ǳǦǭǳǦǽǫǳǳȁǲ ǶǦǧǴǸǦǲ.  

ǍǦǸǶǦǸȁ ǰǦǳǪǮǪǦǸǴǨ ǳǦ ǨȁǵǴǱǳǫǳǮǫ ǶǦǧǴǸ ǭǦǵǮǾǫǲ Ƿ ǵǴǲǴǿȂȄ ǲǦǸǶǮǼȁ 
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ǗǸǶǴǰǮ ǲǦǸǶǮǼȁ ǘ ǷǴǴǸǨǫǸǷǸǨǹȄǸ ǰǦǳǪǮǪǦǸǦǲ, Ǧ ǷǸǴǱǧǼȁ ǲǦǸǶǮǼȁ ð ǨǮǪǦǲ ǶǦǧǴǸ. 
ǖǷǯǳǬǾǧǴǯǬ. ǋǷǱǮ Ǩ ǭǦǪǦǽǫ Ǵ ǳǦǭǳǦǽǫǳǮȅǻ ǳǫǴǧǻǴǪǮǲǴ ǳǦǯǸǮ ǵǫǶǫǲǫǳǳȁǫ x i j ,  i 

= 1, 2, é, n; j  = 1, 2, é, n, ǰǴǸǴǶȁǫ ǪǴǷǸǦǨǱȅȄǸ ǲǦǰǷǮǲǹǲ ǼǫǱǫǨǴǯ ǺǹǳǰǼǮǮ, ǸǴ ȃǱǫ-
ǲǫǳǸȁ ǲǦǸǶǮǼȁ ǘ ǹǲǳǴǬǦȄǸ ǳǦ ǰǴȃǺǺǮǼǮǫǳǸ ð 1.  

ǊǱȅ ǶǫǾǫǳǮȅ ǵǴǷǸǦǨǱǫǳǳǴǯ ǭǦǪǦǽǮ Ǵ ǳǦǭǳǦǽǫǳǮȅǻ ǲǴǬǳǴ ǮǷǵǴǱȂǭǴǨǦǸȂ ǨǫǳǩǫǶ-
ǷǰǮǯ ǲǫǸǴǪ, ǦǱǩǴǶǮǸǲ ǰǴǸǴǶǴǩǴ ǨǰǱȄǽǦǫǸ ǷǱǫǪǹȄǿǮǫ ǾǦǩǮ [3, 4]. 

1. ǈ ǰǦǬǪǴǯ ǷǸǶǴǰǫ ǲǦǸǶǮǼȁ ǘ ǳǦǻǴǪȅǸ ǲǮǳǮǲǦǱȂǳȁǯ ȃǱǫǲǫǳǸ Ǯ ǨȁǽǮǸǦȄǸ ǫǩǴ Ǯǭ 
ǨǷǫǻ ȃǱǫǲǫǳǸǴǨ ǷǸǶǴǰǮ. 



 

20 Modern European Researches No 3 (ǘ.1) / 2021  

2. ǈ ǰǦǬǪǴǲ ǷǸǴǱǧǼǫ ǵǴǱǹǽǫǳǳǴǯ ǲǦǸǶǮǼȁ ǳǦǻǴǪȅǸ ǲǮǳǮǲǦǱȂǳȁǯ ȃǱǫǲǫǳǸ Ǯ Ǩȁ-
ǽǮǸǦȄǸ ǫǩǴ Ǯǭ ǨǷǫǻ ȃǱǫǲǫǳǸǴǨ ǷǸǴǱǧǼǦ. 

3. ǓǦǻǴǪȅǸ ǷǸǶǴǰǹ Ƿ ǴǪǳǮǲ ǳǹǱǫǲ. ǣǸǴǸ ǳǹǱȂ ǭǦǰǱȄǽǦȄǸ Ǩ ǰǨǦǪǶǦǸ Ǯ ǳǦǭȁǨǦȄǸ 
ǴǸǲǫǽǫǳǳȁǲ. ǈ ǷǸǴǱǧǼǫ, Ǩ ǰǴǸǴǶǴǲ ǳǦǻǴǪǮǸǷȅ ǴǸǲǫǽǫǳǳȁǯ ǳǹǱȂ, ǨǷǫ ǴǷǸǦǱȂǳȁǫ ǳǹǱǮ 
ǭǦǽǫǶǰǮǨǦȄǸ Ǯ Ǩ ǪǦǱȂǳǫǯǾǫǲ ǳǫ ǶǦǷǷǲǦǸǶǮǨǦȄǸ. ǣǸǴǸ ǾǦǩ ǵǶǴǪǴǱǬǦȄǸ, ǵǴǰǦ ǨǴǭ-
ǲǴǬǳǴ.  

4. ǓǦǻǴǪȅǸ ǷǸǴǱǧǫǼ Ƿ ǴǪǳǮǲ ǳǹǱǫǲ Ǯ ǴǸǲǫǽǦȄǸ ȃǸǴǸ ǳǹǱȂ. ǈ ǷǸǶǴǰǫ, Ǩ ǰǴǸǴǶǴǯ 
ǳǦǻǴǪǮǸǷȅ ǴǸǲǫǽǫǳǳȁǯ ǳǹǱȂ, ǨǷǫ ǴǷǸǦǱȂǳȁǫ ǳǹǱǮ ǭǦǽǫǶǰǮǨǦȄǸ. ǣǸǴǸ ǾǦǩ ǵǶǴǪǴǱǬǦȄǸ, 
ǵǴǰǦ ǨǴǭǲǴǬǳǴ.  

5. ǋǷǱǮ ǵǴǷǱǫ ǾǦǩǴǨ 3 Ǯ 4 ǫǿǫ ǫǷǸȂ ǳǫǴǸǲǫǽǫǳǳȁǫ ǳǹǱǮ, ǸǴ ǴǸǲǫǽǦȄǸ ǱȄǧǴǯ Ǯǭ 
ǳǮǻ, Ǧ Ǩ ǷǸǶǴǰǫ ǮǱǮ ǷǸǴǱǧǼǫ, ǩǪǫ ǳǦǻǴǪǮǸǷȅ ȃǸǴǸ ǴǸǲǫǽǫǳǳȁǯ ǳǹǱȂ, ǨǷǫ ǴǷǸǦǱȂǳȁǫ ǳǹǱǮ 
ǭǦǽǫǶǰǮǨǦȄǸ. 

6. ǋǷǱǮ Ǩ ǰǦǬǪǴǯ ǷǸǶǴǰǫ Ǯ Ǩ ǰǦǬǪǴǲ ǷǸǴǱǧǼǫ ǳǦǻǴǪǮǸǷȅ ǸǴǱȂǰǴ ǴǪǮǳ ǴǸǲǫǽǫǳǳȁǯ 
ǳǹǱȂ, ǸǴ ǵǴǱǹǽǫǳǴ ǴǵǸǮǲǦǱȂǳǴǫ ǶǫǾǫǳǮǫ. ǕǶǮ ȃǸǴǲ ǰǦǬǪȁǯ ǴǸǲǫǽǫǳǳȁǯ ǳǹǱȂ ǹǰǦǭȁ-
ǨǦǫǸ ǳǦ ǳǦǭǳǦǽǫǳǮǫ ǰǦǳǪǮǪǦǸǦ ǳǦ ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǯ ǨǮǪ ǶǦǧǴǸ. 

ǈ ǵǶǴǸǮǨǳǴǲ ǷǱǹǽǦǫ ǵǶǴǨǴǪȅǸ ǲǮǳǮǲǦǱȂǳǴǫ ǰǴǱǮǽǫǷǸǨǴ ǵǫǶǫǷǫǰǦȄǿǮǻǷȅ ǩǴǶǮ-
ǭǴǳǸǦǱȂǳȁǻ Ǯ ǨǫǶǸǮǰǦǱȂǳȁǻ ǵǶȅǲȁǻ ǽǫǶǫǭ ǨǷǫ ǳǹǱǮ ǲǦǸǶǮǼȁ ǘ.  

7. ǗǶǫǪǮ ǳǫǭǦǽǫǶǰǳǹǸȁǻ ǵǶȅǲȁǲǮ ȃǱǫǲǫǳǸǴǨ ǲǦǸǶǮǼȁ ǘ ǳǦǻǴǪȅǸ ǲǮǳǮǲǦǱȂǳȁǯ. 
ǣǸǴǸ ǲǮǳǮǲǦǱȂǳȁǯ ȃǱǫǲǫǳǸ ǨȁǽǮǸǦȄǸ Ǯǭ ǨǷǫǻ ǳǫǭǦǽǫǶǰǳǹǸȁǻ ȃǱǫǲǫǳǸǴǨ ǲǦǸǶǮǼȁ ǘ Ǯ 
ǵǶǮǧǦǨǱȅȄǸ ǰǴ ǨǷǫǲ ȃǱǫǲǫǳǸǦǲ ȃǸǴǯ ǲǦǸǶǮǼȁ, ǳǦǻǴǪȅǿǮǲǷȅ ǳǦ ǵǫǶǫǷǫǽǫǳǮǮ ǵǶȅǲȁǻ. 

ǐ ǵǴǱǹǽǫǳǳǴǯ ǲǦǸǶǮǼǫ ǵǶǮǲǫǳȅȄǸ ǴǵǮǷǦǳǳȁǯ ǦǱǩǴǶǮǸǲ ǶǫǾǫǳǮȅ ǭǦǪǦǽǮ, ǳǦǽǮǳǦȅ 
Ǩ ǾǦǩǦ 3. 

 
ǖǦǷǷǲǴǸǶǮǲ ǵǶǮǲǫǶȁ ǶǫǾǫǳǮȅ ǭǦǪǦǽ Ǵ ǳǦǭǳǦǽǫǳǮȅǻ. 
ǖǷǯǳǬǷ 1. 
ǕǹǷǸȂ ǮǲǫȄǸǷȅ ǽǫǸȁǶǫ ǸǴǶǩǴǨȁǫ ǧǦǭȁ A1 ,  A2 ,  A3 ,  A 4 Ǯ ǽǫǸȁǶǫ ǲǦǩǦǭǮǳǦ B1 , B2 , B3 

, B 4 . 
ǎǭǨǫǷǸǳȁ ǶǦǷǷǸǴȅǳǮȅ c i  j  ǴǸ ǰǦǬǪǴǯ ǸǴǶǩǴǨǴǯ ǧǦǭȁ A i  , i  = 1, 2, 3, 4 ǪǴ ǰǦǬǪǴǩǴ 

ǲǦǩǦǭǮǳǦ B j  ,  j  = 1, 2, 3, 4, ǭǦǵǮǷǦǳǳȁǫ Ǩ ǲǦǸǶǮǼǫ  

ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ

ç

å

=  

10563

23811

7459

612108

 C .  

ǖǦǷǷǸǴȅǳǮǫ ǭǦǪǦǳǴ Ǩ ǰǲ. 
ǓǫǴǧǻǴǪǮǲǴ ǵǶǮǰǶǫǵǮǸȂ ǸǴǶǩǴǨȁǫ ǧǦǭȁ ǰ ǲǦǩǦǭǮǳǦǲ ǸǦǰ, ǽǸǴǧȁ ǷǹǲǲǦǶǳǴǫ ǶǦǷ-

ǷǸǴȅǳǮǫ ǲǫǬǪǹ ǳǮǲǮ ǧȁǱǴ ǲǮǳǮǲǦǱȂǳȁǲ. 
ǗǬǿǬǴǯǬ.  
ǗǴǩǱǦǷǳǴ ǵǶǮǨǫǪǫǳǳǴǲǹ ǦǱǩǴǶǮǸǲǹ ǶǫǾǫǳǮȅ ǭǦǪǦǽǮ ǳǦǻǴǪǮǲ ǲǮǳǮǲǦǱȂǳȁǯ ȃǱǫ-

ǲǫǳǸ Ǩ ǵǫǶǨǴǯ ǷǸǶǴǰǫ ǲǦǸǶǮǼȁ ǘ (ȃǸǴǸ ȃǱǫǲǫǳǸ ǶǦǨǫǳ 6) Ǯ ǨȁǽǮǸǦǫǲ ǫǩǴ Ǯǭ ǨǷǫǻ ȃǱǫ-
ǲǫǳǸǴǨ ȃǸǴǯ ǷǸǶǴǰǮ. ǍǦǸǫǲ ǳǦǻǴǪǮǲ ǲǮǳǮǲǦǱȂǳȁǯ ȃǱǫǲǫǳǸ ǨǴ ǨǸǴǶǴǯ ǷǸǶǴǰǫ ǲǦǸǶǮǼȁ 
ǘ (ȃǸǴǸ ȃǱǫǲǫǳǸ ǶǦǨǫǳ 4) Ǯ ǨȁǽǮǸǦǫǲ ǫǩǴ Ǯǭ ǨǷǫǻ ȃǱǫǲǫǳǸǴǨ ȃǸǴǯ ǷǸǶǴǰǮ. ǈ ǸǶǫǸȂǫǯ 
ǷǸǶǴǰǫ ǲǦǸǶǮǼȁ ǘ ǲǮǳǮǲǦǱȂǳȁǯ ȃǱǫǲǫǳǸ ǶǦǨǫǳ 2, Ǩ ǽǫǸǨǫǶǸǴǯ ǷǸǶǴǰǫ ð 3. ǈȁǽǮǸǦǫǲ 
ȃǸǮ ȃǱǫǲǫǳǸȁ Ǯǭ ǨǷǫǻ ȃǱǫǲǫǳǸǴǨ ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǻ ǷǸǶǴǰ.  

ǈ ǶǫǭǹǱȂǸǦǸǫ ǵǴǱǹǽǦǫǲ ǲǦǸǶǮǼǹ ǘ1 
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 C1 .  
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ǈ ǵǴǱǹǽǫǳǳǴǯ ǲǦǸǶǮǼǫ ǘ1 ǳǦǻǴǪǮǲ ǲǮǳǮǲǦǱȂǳȁǫ ȃǱǫǲǫǳǸȁ Ǩ ǰǦǬǪǴǲ ǷǸǴǱǧǼǫ (ȃǸǴ 
ȃǱǫǲǫǳǸȁ 0, 1, 0, 0  ǷǴǴǸǨǫǸǷǸǨǫǳǳǴ) Ǯ ǨȁǽǮǸǦǫǲ Ǯǻ Ǯǭ ǨǷǫǻ ȃǱǫǲǫǳǸǴǨ ǷǴǴǸǨǫǸǷǸǨǹȄ-
ǿǮǻ ǷǸǴǱǧǼǴǨ.  

ǕǴǱǹǽǦǫǲ ǲǦǸǶǮǼǹ ǘ2 

0010

 

7230

0169

3015

0642

 C1
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=­  

7220

0159

3005

0632

 C2

 

 
ǈ ǵǫǶǨǴǯ ǷǸǶǴǰǫ ǲǦǸǶǮǼȁ ǘ2 ǶǦǷǵǴǱǴǬǫǳ ǸǴǱȂǰǴ ǴǪǮǳ ǳǹǱȂ. ǔǸǲǫǽǦǫǲ ǫǩǴ. ǔǳ 

ǳǦǻǴǪǮǸǷȅ Ǩ ǽǫǸǨǫǶǸǴǲ ǷǸǴǱǧǼǫ, ǵǴȃǸǴǲǹ ǨȁǽǫǶǰǮǨǦǫǲ ǨǷǫ ǴǷǸǦǱȂǳȁǫ ǳǹǱǮ Ǩ ȃǸǴǲ 
ǷǸǴǱǧǼǫ. 

ö
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ö
ö

÷

õ

æ
æ
æ
æ
æ

ç

å

=  

7220

0159

3005

0632

 C2

 
 

ǈ ǽǫǸǨǫǶǸǴǯ ǷǸǶǴǰǫ ǲǦǸǶǮǼȁ ǘ2 ǶǦǷǵǴǱǴǬǫǳ ǸǴǱȂǰǴ ǴǪǮǳ ǳǹǱȂ. ǔǸǲǫǽǦǫǲ ǫǩǴ.  
 

ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ

ç

å

=  

7220

0159

3005

0632

 C2

 
 
ǇǴǱȂǾǫ ǷǸǶǴǰ Ƿ ǴǪǳǮǲ ǳǹǱǫǲ Ǩ ǲǦǸǶǮǼȁ ǘ2 ǳǫǸ, ǳǴ ǫǷǸȂ ǸǴǱȂǰǴ ǴǪǮǳ ǳǹǱȂ ǨǴ ǨǸǴ-

ǶǴǲ ǷǸǴǱǧǼǫ. ǔǸǲǫǽǦǫǲ ǫǩǴ. ǔǳ ǳǦǻǴǪǮǸǷȅ ǨǴ ǨǸǴǶǴǯ ǷǸǶǴǰǫ, ǵǴȃǸǴǲǹ ǨȁǽǫǶǰǮǨǦǫǲ 
ǨǷǫ ǴǷǸǦǱȂǳȁǫ ǳǹǱǮ Ǩ ȃǸǴǯ ǷǸǶǴǰǫ. 

 

ö
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ö
ö

÷

õ

æ
æ
æ
æ
æ

ç

å

=  

7220

0159

3005

0632

 C2

 
 

ǇǴǱȂǾǫ ǳǹǱǫǯ Ǩ ǲǦǸǶǮǼǫ ǘ2 ǳǫǸ. ǕǴǱǹǽǫǳǳǴǫ ǶǦǷǵǶǫǪǫǱǫǳǮǫ ǴǸǲǫǽǫǳǳȁǻ ǳǹǱǫǯ 
ǳǫ ȅǨǱȅǫǸǷȅ ǴǵǸǮǲǦǱȂǳȁǲ, Ǹ. ǰ. Ǩ ǸǶǫǸȂǫǯ ǷǸǶǴǰǫ ǳǫǸ ǴǸǲǫǽǫǳǳǴǩǴ ǳǹǱȅ. 

ǕǴȃǸǴǲǹ ǵǶǴǨǫǪǫǲ ǲǮǳǮǲǦǱȂǳǴǫ ǰǴǱǮǽǫǷǸǨǴ ǵǫǶǫǷǫǰǦȄǿǮǻǷȅ ǩǴǶǮǭǴǳǸǦǱȂǳȁǻ Ǯ 
ǨǫǶǸǮǰǦǱȂǳȁǻ ǵǶȅǲȁǻ ǽǫǶǫǭ ǨǷǫ ǳǹǱǮ ǲǦǸǶǮǼȁ ǘ2 . ǘǦǰǮǻ ǵǶȅǲȁǻ ǧǹǪǫǸ ǸǶǮ 

 

.

ö
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÷

õ
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ç

å

=  

7220

0159

3005

0632

 C2  

ǗǶǫǪǮ ǳǫǭǦǽǫǶǰǳǹǸȁǻ ǵǶȅǲȁǲǮ ǱǮǳǮȅǲǮ ȃǱǫǲǫǳǸǴǨ ǲǦǸǶǮǼȁ ǘ2 ǳǦǻǴǪǮǲ ǲǮǳǮ-
ǲǦǱȂǳȁǯ: min  { 2,  3, 6, 9, 5, 1 } = 1.  
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ǣǸǴǸ ǲǮǳǮǲǦǱȂǳȁǯ ȃǱǫǲǫǳǸ ǨȁǽǮǸǦǫǲ Ǯǭ ǨǷǫǻ ǳǫǭǦǽǫǶǰǳǹǸȁǻ ȃǱǫǲǫǳǸǴǨ Ǯ ǵǶǮ-
ǧǦǨǱȅǫǲ ǰǴ ǨǷǫǲ ȃǱǫǲǫǳǸǦǲ, ǳǦǻǴǪȅǿǮǲǷȅ ǳǦ ǵǫǶǫǷǫǽǫǳǮǮ ǵǶȅǲȁǻ, Ǹ. ǫ. ǰ ȃǱǫǲǫǳǸǦǲ 
3 Ǯ 7.  

ǈ ǶǫǭǹǱȂǸǦǸǫ ǵǴǱǹǽǦǫǲ ǲǦǸǶǮǼǹ ǘ3 
 

.
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8220

0048

4005

0521

 C3  

 
ǈ ǵǫǶǨǴǯ ǷǸǶǴǰǫ ǲǦǸǶǮǼȁ ǘ3 ǶǦǷǵǴǱǴǬǫǳ ǸǴǱȂǰǴ ǴǪǮǳ ǳǹǱȂ. ǔǸǲǫǽǦǫǲ ǫǩǴ. ǔǳ 

ǳǦǻǴǪǮǸǷȅ Ǩ ǽǫǸǨǫǶǸǴǲ ǷǸǴǱǧǼǫ, ǵǴȃǸǴǲǹ ǨȁǽǫǶǰǮǨǦǫǲ ǨǷǫ ǴǷǸǦǱȂǳȁǫ ǳǹǱǮ Ǩ ȃǸǴǲ 
ǷǸǴǱǧǼǫ. 
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=  

8220

0048

4005

0521

 C3  

 
ǈ ǽǫǸǨǫǶǸǴǯ ǷǸǶǴǰǫ ǲǦǸǶǮǼȁ ǘ3 ǶǦǷǵǴǱǴǬǫǳ ǸǴǱȂǰǴ ǴǪǮǳ ǳǹǱȂ. ǔǸǲǫǽǦǫǲ ǫǩǴ.  
ǈ ǸǶǫǸȂǫǯ ǷǸǶǴǰǫ ǲǦǸǶǮǼȁ ǘ3 ǶǦǷǵǴǱǴǬǫǳ ǸǴǱȂǰǴ ǴǪǮǳ ǳǹǱȂ. ǔǸǲǫǽǦǫǲ ǫǩǴ. ǔǳ 

ǳǦǻǴǪǮǸǷȅ Ǩ ǸǶǫǸȂǫǲ ǷǸǴǱǧǼǫ, ǵǴȃǸǴǲǹ ǨȁǽǫǶǰǮǨǦǫǲ ǨǷǫ ǴǷǸǦǱȂǳȁǫ ǳǹǱǮ Ǩ ȃǸǴǲ 
ǷǸǴǱǧǼǫ. 
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0048

4005

0521

 C3  

 
ǘǫǵǫǶȂ ǨǴ ǨǸǴǶǴǯ ǷǸǶǴǰǫ ǲǦǸǶǮǼȁ ǘ3 ǶǦǷǵǴǱǴǬǫǳ ǴǪǮǳ ǳǹǱȂ. ǔǸǲǫǽǦǫǲ ǫǩǴ. 
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ǕǴǷǰǴǱȂǰǹ Ǩ ǲǦǸǶǮǼǫ ǘ3 Ǩ ǰǦǬǪǴǯ ǷǸǶǴǰǫ Ǯ Ǩ ǰǦǬǪǴǲ ǷǸǴǱǧǼǫ ǳǦǻǴǪǮǸǷȅ ǸǴǱȂǰǴ 

ǴǪǮǳ ǴǸǲǫǽǫǳǳȁǯ ǳǹǱȂ, ǸǴ ǵǴǱǹǽǫǳǴ ǴǵǸǮǲǦǱȂǳǴǫ ǶǫǾǫǳǮǫ ǭǦǪǦǽǮ: 
ǸǴǶǩǴǨǹȄ ǧǦǭǹ Ǉ1 ǷǱǫǪǹǫǸ ǵǶǮǰǶǫǵǮǸȂ ǰ ǲǦǩǦǭǮǳǹ ǉ4 , ǸǴǶǩǴǨǹȄ ǧǦǭǹ Ǉ2 ð ǰ ǲǦǩǦǭǮǳǹ 

ǉ2 , ǸǴǶǩǴǨǹȄ ǧǦǭǹ Ǉ3 ð ǰ ǲǦǩǦǭǮǳǹ ǉ3 , ǸǴǶǩǴǨǹȄ ǧǦǭǹ Ǉ4 ð ǰ ǲǦǩǦǭǮǳǹ ǉ1 .  
ǕǶǮ ȃǸǴǲ ǪǱȅ ǴǵǶǫǪǫǱǫǳǮȅ ǷǹǲǲǦǶǳǴǩǴ ǶǦǷǷǸǴȅǳǮȅ ǲǫǬǪǹ ǵǶǮǰǶǫǵǱǫǳǳȁǲǮ ǸǴǶ-

ǩǴǨȁǲǮ ǧǦǭǦǲǮ Ǯ ǲǦǩǦǭǮǳǦǲǮ ǷǰǱǦǪȁǨǦǫǲ ȃǱǫǲǫǳǸȁ ǮǷǻǴǪǳǴǯ ǲǦǸǶǮǼȁ ǘ, ǶǦǷǵǴǱǴ-
Ǭǫǳǳȁǫ ǳǦ ǲǫǷǸǫ ǴǸǲǫǽǫǳǳȁǻ ǳǹǱǫǯ Ǩ ǲǦǸǶǮǼǫ ǘ3 :  

Ǹ = Ǹ 14 + Ǹ 22 + Ǹ 33 + Ǹ 41 = 6 + 5 + 3 + 3 = 17 ǰǲ.  
ǖǷǯǳǬǾǧǴǯǬ. ǈǴǭǲǴǬǳǴ, ǵǴǱǹǽǫǳǳǴǫ ǴǵǸǮǲǦǱȂǳǴǫ ǶǫǾǫǳǮǫ ǳǫ ȅǨǱȅǫǸǷȅ ǫǪǮǳ-

ǷǸǨǫǳǳȁǲ. 
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ǖǷǯǳǬǷ 2.  
ǕǹǷǸȂ ǮǲǫȄǸǷȅ ǽǫǸȁǶǫ ǰǦǳǪǮǪǦǸǦ A1 ,  A2 ,  A3 ,  A 4 ǳǦ ǽǫǸȁǶǫ ǨǦǰǦǳǸǳȁǫ ǪǴǱǬǳǴǷǸǮ 

B1 , B2 , B3 , B 4 . 
ǣǺǺǫǰǸǮǨǳǴǷǸȂ ǶǦǧǴǸȁ ǰǦǬǪǴǩǴ ǰǦǳǪǮǪǦǸǦ ǳǦ ǰǦǬǪǴǯ ǪǴǱǬǳǴǷǸǮ, ǭǦǨǮǷȅǿǦȅ ǴǸ 

ǫǩǴ ǭǳǦǳǮȅ Ǯ ǴǵȁǸǦ, ǭǦǪǦǳǦ Ǩ ǲǦǸǶǮǼǫ ǘ 
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ǩǪǫ c i j  ð ȃǺǺǫǰǸǮǨǳǴǷǸȂ ǶǦǧǴǸȁ i  - ǩǴ ǰǦǳǪǮǪǦǸǦ ǳǦ j -ǯ ǪǴǱǬǳǴǷǸǮ.  

ǓǫǴǧǻǴǪǮǲǴ ǶǦǷǵǶǫǪǫǱǮǸȂ ǰǦǳǪǮǪǦǸǴǨ ǳǦ ǨǦǰǦǳǸǳȁǫ ǪǴǱǬǳǴǷǸǮ ǸǦǰ, ǽǸǴǧȁ Ƿǹǲ-
ǲǦǶǳǦȅ ȃǺǺǫǰǸǮǨǳǴǷǸȂ Ǯǻ ǶǦǧǴǸȁ ǧȁǱǦ ǲǦǰǷǮǲǦǱȂǳǴǯ. 

ǗǬǿǬǴǯǬ. 
ǕǴǷǰǴǱȂǰǹ Ǩ ǭǦǪǦǽǫ ǳǫǴǧǻǴǪǮǲǴ ǲǦǰǷǮǲǮǭǮǶǴǨǦǸȂ ǼǫǱǫǨǹȄ ǺǹǳǰǼǮȄ, ǸǴ ǪǱȅ Ƕǫ-

ǾǫǳǮȅ ǭǦǪǦǽǮ ǹǲǳǴǬǦǫǲ ȃǱǫǲǫǳǸȁ ǲǦǸǶǮǼȁ ǘ ǳǦ ð 1 
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ǒǮǳǮǲǦǱȂǳȁǯ ȃǱǫǲǫǳǸ Ǩ ǵǫǶǨǴǯ ǷǸǶǴǰǫ ǲǦǸǶǮǼȁ ǘ1 ǶǦǨǫǳ ð 8, ǨǴ ǨǸǴǶǴǯ ǷǸǶǴǰǫ 

ǶǦǨǫǳ ð 10, Ǩ ǸǶǫǸȂǫǯ ǷǸǶǴǰǫ ǶǦǨǫǳ ð 8, Ǩ ǽǫǸǨǫǶǸǴǯ ǷǸǶǴǰǫ ǶǦǨǫǳ ð 12. ǈȁǽǮǸǦǫǲ ȃǸǮ 
ȃǱǫǲǫǳǸȁ Ǯǭ ǨǷǫǻ ȃǱǫǲǫǳǸǴǨ ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǻ ǷǸǶǴǰ.  

ǈ ǶǫǭǹǱȂǸǦǸǫ ǵǴǱǹǽǦǫǲ ǲǦǸǶǮǼǹ ǘ2 
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ǒǮǳǮǲǦǱȂǳȁǯ ȃǱǫǲǫǳǸ Ǩ ǵǫǶǨǴǲ ǷǸǴǱǧǼǫ ǲǦǸǶǮǼȁ ǘ2 ǶǦǨǫǳ 0, ǨǴ ǨǸǴǶǴǲ ǷǸǴǱǧǼǫ 

ð 1, Ǩ ǸǶǫǸȂǫǲ ǷǸǴǱǧǼǫ ð 0, Ǩ ǽǫǸǨǫǶǸǴǲ ǷǸǴǱǧǼǫ ð 0. ǈȁǽǮǸǦǫǲ ȃǸǮ ȃǱǫǲǫǳǸȁ Ǯǭ ǨǷǫǻ 
ȃǱǫǲǫǳǸǴǨ ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǻ ǷǸǴǱǧǼǴǨ.  

ǈ ǶǫǭǹǱȂǸǦǸǫ ǵǴǱǹǽǦǫǲ ǲǦǸǶǮǼǹ ǘ3 
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ǈ ǵǫǶǨǴǯ Ǯ ǨǸǴǶǴǯ ǷǸǶǴǰǦǻ ǲǦǸǶǮǼȁ ǘ3 ǳǦǻǴǪȅǸǷȅ ǵǴ ǴǪǳǴǲǹ ǳǹǱȄ. ǔǸǲǫǽǦǫǲ Ǯǻ.  
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ǈ ǽǫǸǨǫǶǸǴǯ ǷǸǶǴǰǫ ǲǦǸǶǮǼȁ ǘ3 ǮǲǫǫǸǷȅ ǸǴǱȂǰǴ ǴǪǮǳ ǳǹǱȂ. ǔǳ ǳǦǻǴǪǮǸǷȅ Ǩ ǸǶǫ-
ǸȂǫǲ ǷǸǴǱǧǼǫ, ǵǴȃǸǴǲǹ ǨȁǽǫǶǰǮǨǦǫǲ ǨǷǫ ǴǷǸǦǱȂǳȁǫ ǳǹǱǮ Ǩ ȃǸǴǲ ǷǸǴǱǧǼǫ. 
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ǘǫǵǫǶȂ Ǩ ǸǶǫǸȂǫǯ ǷǸǶǴǰǫ ǲǦǸǶǮǼȁ ǘ3 ǶǦǷǵǴǱǴǬǫǳ ǴǪǮǳ ǳǹǱȂ. ǔǸǲǫǽǦǫǲ ǫǩǴ. 
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ǕǴǷǰǴǱȂǰǹ Ǩ ǲǦǸǶǮǼǫ ǘ3 Ǩ ǰǦǬǪǴǯ ǷǸǶǴǰǫ Ǯ Ǩ ǰǦǬǪǴǲ ǷǸǴǱǧǼǫ ǳǦǻǴǪǮǸǷȅ ǸǴǱȂǰǴ ǴǪǮǳ 
ǴǸǲǫǽǫǳǳȁǯ ǳǹǱȂ, ǸǴ ǵǴǱǹǽǫǳǴ ǴǵǸǮǲǦǱȂǳǴǫ ǶǦǷǵǶǫǪǫǱǫǳǮǫ ǰǦǳǪǮǪǦǸǴǨ ǵǴ ǪǴǱǬǳǴǷǸȅǲ: 

ǰǦǳǪǮǪǦǸǦ Ǉ1 ǷǱǫǪǹǫǸ ǳǦǭǳǦǽǮǸȂ ǳǦ ǨǦǰǦǳǸǳǹȄ ǪǴǱǬǳǴǷǸȂ ǉ1 , ǰǦǳǪǮǪǦǸǦ Ǉ2 ð ǳǦ 
ǨǦǰǦǳǸǳǹȄ ǪǴǱǬǳǴǷǸȂ ǉ4, ǰǦǳǪǮǪǦǸǦ Ǉ3 ð ǳǦ ǨǦǰǦǳǸǳǹȄ ǪǴǱǬǳǴǷǸȂ ǉ2 , ǰǦǳǪǮǪǦǸǦ Ǉ4 ð 
ǳǦ ǨǦǰǦǳǸǳǹȄ ǪǴǱǬǳǴǷǸȂ ǉ3 .  

ǕǶǮ ȃǸǴǲ ǷǹǲǲǦǶǳǦȅ ȃǺǺǫǰǸǮǨǳǴǷǸȂ ǰǦǳǪǮǪǦǸǴǨ ǧǹǪǫǸ ǶǦǨǳǦ  
Ǹ = Ǹ 11 + Ǹ 24 + Ǹ 32 + Ǹ 43 = 8 + 10 + 7 + 12 = 37. 

 

ǍǦǰǱȄǽǫǳǮǫ 
 

ǍǦǪǦǽǦ Ǵ ǳǦǭǳǦǽǫǳǮȅǻ ǾǮǶǴǰǴ ǮǷǵǴǱȂǭǹǫǸǷȅ Ǩ ǵǶǮǰǱǦǪǳǴǯ ǪǫȅǸǫǱȂǳǴǷǸǮ Ǯ ǮǲǫǫǸ 
ǲǳǴǬǫǷǸǨǴ ǮǳǸǫǶǵǶǫǸǦǼǮǯ.  

ǖǦǷǷǲǴǸǶǫǳȁ ǴǷǴǧǫǳǳǴǷǸǮ ǵǴǷǸǦǳǴǨǰǮ ǭǦǪǦǽǮ Ǵ ǳǦǭǳǦǽǫǳǮǮ Ǯ ǫǫ ǲǦǸǫǲǦǸǮǽǫǷǰǴǯ 
ǲǴǪǫǱǮ.  

ǕǶǮǨǫǪǫǳǳȁǯ ǲǫǸǴǪ ǶǫǾǫǳǮȅ ǵǴǭǨǴǱȅǫǸ ǳǦǯǸǮ ǴǵǸǮǲǦǱȂǳǴǫ ǶǫǾǫǳǮǫ ǭǦǪǦǽǮ, ǰǦǰ 
Ǩ ǷǱǹǽǦǫ ǲǮǳǮǲǮǭǦǼǮǮ ǼǫǱǫǨǴǯ ǺǹǳǰǼǮǮ, ǸǦǰ Ǯ Ǩ ǷǱǹǽǦǫ ǫǫ ǲǦǰǷǮǲǮǭǦǼǮǮ. 

 

ǗǗǡǑǐǎ Ǔǆ ǎǗǘǔǝǓǎǐǎ 
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ǆǑǉǋǇǖǆ ǐǈǆǘǋǖǓǎǔǓǔǈ ǎ ǉǋǔǒǋǘǖǎǥ ǘǖƸǛǒǋǖǓǔǉǔ ǕǖǔǗǘǖǆǓǗǘǈǆ 

 

 

ǆǳǳǴǸǦǼǮȅ 

ǈ ǷǸǦǸȂǫ ǷǶǦǨǳǮǨǦȄǸǷȅ ǪǨǦ ǲǫǸǴǪǦ ǶǫǾǫǳǮȅ ǭǦǪǦǽǮ ǳǦ ǵǴǷǸǶǴǫǳǮǫ Ƿǹǲǲȁ ǨǶǦǿǫǳǮǯ 
ǸǶȆǻǲǫǶǳǴǩǴ ǵǶǴǷǸǶǦǳǷǸǨǦ: ǵǶȅǲǴǯ ǩǫǴǲǫǸǶǮǽǫǷǰǮǯ Ǯ ǦǱǩǫǧǶǦǮǽǫǷǰǮǯ Ƿ ǵǶǮǲǫǳǫǳǮǫǲ 
ǦǱǩǫǧǶȁ ǰǨǦǸǫǶǳǮǴǳǴǨ. ǈǸǴǶǴǯ ǲǫǸǴǪ ǶǦǭǴǧǶǦǳ ǪǴǷǸǦǸǴǽǳǴ ǵǴǪǶǴǧǳǴ Ǯ ǵǴǭǨǴǱȅǫǸ ȃǺ-
ǺǫǰǸǮǨǳǴ Ǯ ǧȁǷǸǶǴ ǶǫǾǦǸȂ ǵǴǷǸǦǨǱǫǳǳǹȄ ǭǦǪǦǽǹ. ǜǫǱȂ ǶǦǧǴǸȁ ð ǪǦǸȂ ǸǫǴǶǫǸǮǽǫǷǰǴǫ 
ǴǧǴǷǳǴǨǦǳǮǫ ǪǱȅ ǵǶǮǲǫǳǫǳǮȅ ǷǨǴǯǷǸǨ ǰǨǦǸǫǶǳǮǴǳǴǨ ǰ ǶǫǾǫǳǮȄ ǩǫǴǲǫǸǶǮǽǫǷǰǮǻ ǭǦ-
ǪǦǽ. ǗǴǪǫǶǬǦǳǮǫ ǷǸǦǸȂǮ ǵǴǱǫǭǳǴ ǷǸǹǪǫǳǸǦǲ Ǯ ǵǶǫǵǴǪǦǨǦǸǫǱȅǲ ǹǳǮǨǫǶǷǮǸǫǸǴǨ. 

 

ǐǱȄǽǫǨȁǫ ǷǱǴǨǦ 

ǰǨǦǸǫǶǳǮǴǳ, ǦǱǩǫǧǶǦ, ǳǴǶǲǦ, ǵǶǫǴǧǶǦǭǴǨǦǳǮǫ ǵǶǴǷǸǶǦǳǷǸǨǦ, ǰǴǲǵǴǭǮǼǮȅ ǵǴǨǴǶǴǸǴǨ 
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Ǯǲ. Ǔ. ǣ. ǇǦǹǲǦǳǦè, ǩ. ǒǴǷǰǨǦ  

alexandr-gribov@list.ru  

 

ǛǴǶȂǰǴǨǦ ǓǮǳǦ ǉǶǮǩǴǶȂǫǨǳǦ,  
ǰǦǳǪǮǪǦǸ ǺǮǭǮǰǴ-ǲǦǸǫǲǦǸǮǽǫǷǰǮǻ ǳǦǹǰ, ǪǴǼǫǳǸ  

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

ninakhorkova@yandex.ru 

 

 
 

ǈǨǫǪǫǳǮǫ  
 

ǈǷǫǲ ǴǧǱǦǪǦǸǫǱȅǲ ǪǮǵǱǴǲǦ Ǵ ǨȁǷǾǫǲ ǸǫǻǳǮǽǫǷǰǴǲ ǴǧǶǦǭǴǨǦǳǮǮ ǮǭǨǫǷǸǳȁ ǴǵǶǫ-
ǪǫǱǫǳǮȅ ǵǴǳȅǸǮǯ ǵǶǫǴǧǶǦǭǴǨǦǳǮȅ ǵǱǴǷǰǴǷǸǮ Ǯ ǵǶǴǷǸǶǦǳǷǸǨǦ, ǵǦǶǦǱǱǫǱȂǳǴǩǴ ǵǫǶǫǳǴǷǦ, 
ǴǷǫǨǴǯ Ǯ ǼǫǳǸǶǦǱȂǳǴǯ ǷǮǲǲǫǸǶǮǯ, Ǧ ǸǦǰǬǫ ǵǴǨǴǶǴǸǦ ǨǴǰǶǹǩ ǴǷǮ. ǣǸǮ ǵǴǳȅǸǮȅ ǵǶǮǨǴ-
ǪȅǸǷȅ Ǩ ǶǦǲǰǦǻ ǷǸǦǳǪǦǶǸǳȁǻ ǰǹǶǷǴǨ ǩǫǴǲǫǸǶǮǮ Ǯ ǷǳǦǧǬǫǳȁ ǸǫǴǶǫǲǦǲǮ Ǵ ǷǨǴǯǷǸǨǦǻ 
ǨǨǫǪȆǳǳȁǻ ǵǴǳȅǸǮǯ Ǯ ǲǫǸǴǪǦǻ ǨȁǽǮǷǱǫǳǮȅ.  

ǔǷǸǦǳǴǨǮǲǷȅ ǳǦ ǵǴǷǱǫǪǳǫǲ Ǯǭ ǳǮǻ ð ǵǴǨǴǶǴǸǫ ǵǶǴǷǸǶǦǳǷǸǨǦ ǨǴǰǶǹǩ ǴǷǮ. ǈȁǽǮǷǱǫ-
ǳǮǫ ǶǫǭǹǱȂǸǦǸǦ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǩǴ ǨȁǽǮǷǱǫǳǮȅ ǪǨǹǻ Ǯ ǧǴǱǫǫ ǵǴǨǴǶǴǸǴǨ ȅǨǱȅǫǸǷȅ ǪǴ-
ǷǸǦǸǴǽǳǴ ǸǶǹǪǴȆǲǰǴǯ ǭǦǪǦǽǫǯ. ǒȁ ǶǦǷǷǲǦǸǶǮǨǦǫǲ ǵǶǴǷǸǴǯ Ƿ ǸǴǽǰǮ ǭǶǫǳǮȅ ǨȁǽǮǷǱǫǳǮǯ 
ǦǱǩǫǧǶǦǮǽǫǷǰǮǯ ǲǫǸǴǪ ǶǫǾǫǳǮȅ ǵǴǷǸǦǨǱǫǳǳǴǯ ǭǦǪǦǽǮ.  

ǔǩǶǦǳǮǽǫǳǮȅ ǵǴ ǵǶǮǲǫǳǫǳǮȄ ȃǸǴǩǴ ǲǫǸǴǪǦ ǲǴǩǹǸ ǧȁǸȂ ǨȁǭǨǦǳȁ ǴǸǷǹǸǷǸǨǮǫǲ ǵǴ-
ǳȅǸǮȅ ǦǱǩǫǧǶȁ ǳǦǪ ǵǴǱǫǲ Ǩ ǵǶǴǩǶǦǲǲǫ ǈǙǍǦ Ǯ ǴǸǷǹǸǷǸǨǮǫǲ ǪǴǷǸǦǸǴǽǳǴǩǴ ǨǶǫǲǫǳǮ ǪǱȅ 
ǶǦǷǷǲǴǸǶǫǳǮȅ ǷǴǴǸǨǫǸǷǸǨǹȄǿǫǩǴ ǸǫǴǶǫǸǮǽǫǷǰǴǩǴ ǲǦǸǫǶǮǦǱǦ. ǒȁ ǵǶǮǨǴǪǮǲ ǨǫǷȂǲǦ 
ǰǶǦǸǰǴǫ ǮǭǱǴǬǫǳǮǫ ǸǫǴǶǮǮ, ǳǫ ǪǴǰǦǭȁǨǦǫǲ ǸǫǴǶǫǲȁ, Ǩ ǶǫǭǹǱȂǸǦǸǫ ǽǫǩǴ ǵǴǱǹǽǦǫǸǷȅ 
ǷǬǦǸȁǯ ǲǦǸǫǶǮǦǱ, ǰǴǸǴǶȁǯ ǲǴǬǳǴ ǮǭǱǴǬǮǸȂ ǭǦ ǴǪǳǴ ǭǦǳȅǸǮǫ. 
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ǔǵǶǫǪǫǱǫǳǮǫ ǰǨǦǸǫǶǳǮǴǳǴǨ 
 

ǐǨǦǸǫǶǳǮǴǳȁ ǧȁǱǮ ǴǵǶǫǪǫǱǫǳȁ ǙǮǱȂȅǲǴǲ ǉǦǲǮǱȂǸǴǳǴǲ. ǔǳǮ ǳǦǾǱǮ ǲǳǴǬǫǷǸǨǴ 
ǵǶǮǱǴǬǫǳǮǯ Ǩ ǲǦǸǫǲǦǸǮǰǫ, ǲǫǻǦǳǮǰǫ, ǺǮǭǮǰǫ. ǒȁ ǶǦǷǷǲǴǸǶǮǲ Ǯǻ ǵǶǮǱǴǬǫǳǮȅ ǰ Ƕǫ-
ǾǫǳǮȄ ǩǫǴǲǫǸǶǮǽǫǷǰǮǻ ǭǦǪǦǽ Ǩ ǸǶȆǻǲǫǶǳǴǲ ǵǶǴǷǸǶǦǳǷǸǨǫ.  

 
ǔǵǶǫǪǫǱǫǳǮǫ ǰǨǦǸǫǶǳǮǴǳǴǨ Ǯ Ǯǻ ǦǶǮǺǲǫǸǮǰǦ 

 

ǔǵǶǫǪǫǱǫǳǮǫ 1. ǐǨǦǸǫǶǳǮǴǳǴǲ ǳǦǭȁǨǦǫǸǷȅ ǨǫǰǸǴǶ ǵǶǴǷǸǶǦǳǷǸǨǦ 4, Ǩ ǰǴǸǴǶǴǲ 

ǨȁǧǶǦǳ ǧǦǭǮǷ ( )1, , ,i j k . ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǱȄǧǴǯ ǨǫǰǸǴǶ ǵǶǴǷǸǶǦǳǷǸǨǦ 4  ǵǶǫǪǷǸǦǨǮǲ Ǩ 

ǨǮǪǫ 1q a b i c j d k= Ö + Ö + Ö + Ö. ǐǨǦǸǫǶǳǮǴǳȁ ǲǴǬǳǴ ǳǫ ǸǴǱȂǰǴ ǷǰǱǦǪȁǨǦǸȂ ǰǦǰ ǨǫǰǸǴǶȁ, 

ǳǴ Ǯ ǹǲǳǴǬǦǸȂ ǳǦ ǪǫǯǷǸǨǮǸǫǱȂǳȁǫ ǽǮǷǱǦ.  
ǐǶǴǲǫ ǸǴǩǴ, ǳǦ ǲǳǴǬǫǷǸǨǫ H ǰǨǦǸǫǶǳǮǴǳǴǨ ǴǵǶǫǪǫǱǫǳǦ Ǯ ǴǵǫǶǦǼǮȅ ǹǲǳǴǬǫǳǮȅ ð 

ǧǮǳǦǶǳǦȅ ǴǵǫǶǦǼǮȅ f , ǷǴǵǴǷǸǦǨǱȅȄǿǦȅ ǵǦǶǫ ǰǨǦǸǫǶǳǮǴǳǴǨ ǸǶǫǸǮǯ: :H H Hf ³ ­ . 

ǝǸǴǧȁ ǭǦǪǦǸȂ ȃǸǹ ǴǵǫǶǦǼǮȄ, ǪǴǷǸǦǸǴǽǳǴ ǴǵǶǫǪǫǱǮǸȂ ǵǶǦǨǮǱǦ ǹǲǳǴǬǫǳǮȅ ǧǦǭǮǷǳȁǻ ȃǱǫ-

ǲǫǳǸǴǨ ( )1, , ,i j k , ǵǴǸǶǫǧǴǨǦǸȂ ǨȁǵǴǱǳǫǳǮǫ ǪǮǷǸǶǮǧǹǸǮǨǳǴǷǸǮ ǹǲǳǴǬǫǳǮȅ ǴǸǳǴǷǮ-

ǸǫǱȂǳǴ ǷǱǴǬǫǳǮȅ: 2 2 2 1, , , , , ,i j k ij k jk i ki j ji k ik j kj i= = =- = = = =- =- =-  

(a bi cj dk)(x yi zj tk)

ax

(ax by cz dt) (ay bx ct dz) i (az bt cx dj) j (at bz cy dx)k

q r

ayi azj atk

bxi by bzk btj

cxj cyk cz cti

dxk dyj dzi dt

Ö = + + + + + + =

= + + + +

+ - + - +

+ - - + +

+ + - - =

= - - - + + + - + - + + + + - +

 

Ǯ ǵǴǸǶǫǧǴǨǦǸȂ ǨȁǵǴǱǳǫǳǮǫ ǹǷǱǴǨǮȅ ǷǴǩǱǦǷǴǨǦǳǳǴǷǸǮ ǹǲǳǴǬǫǳǮȅ ǳǦ ǽǮǷǱǴ Ƿ ǹǲǳǴ-

ǬǫǳǮǫǲ Ǩ ǰǴǱȂǼǫ H : (xq)(yr) (xy)(qr) x, y , ,q r H= " Í " Í  

ǎǸǦǰ, ǰǨǦǸǫǶǳǮǴǳȁ ð ȃǸǴ ǰǴǱȂǼǴ Ǯ ǱǮǳǫǯǳǴǫ ǵǶǴǷǸǶǦǳǷǸǨǴ ǳǦǪ ǵǴǱǫǲ ǴǪǳǴǨǶǫ-
ǲǫǳǳǴ, ǸǴ ǫǷǸȂ ǦǱǩǫǧǶǦ ǳǦǪ ǵǴǱǫǲ .  

ǋǷǱǮ ǭǦǵǮǷǦǸȂ ǰǨǦǸǫǶǳǮǴǳ Ǩ ǨǮǪǫ q a v= +, ǩǪǫ ,a v bi cj dkÍ = + +, ǸǴ Re(q)a=  - 

ǪǫǯǷǸǨǮǸǫǱȂǳǦȅ ǽǦǷǸȂ ǰǨǦǸǫǶǳǮǴǳǦ, Im(q)v=  - ǲǳǮǲǦȅ ǽǦǷǸȂ. ǈ ȃǸǮǻ ǴǧǴǭǳǦǽǫǳǮȅǻ 

ǲǴǬǳǴ ǵǫǶǫǵǮǷǦǸȂ ǴǵǫǶǦǼǮǮ ǳǦǪ ǰǨǦǸǫǶǳǮǴǳǦǲǮ Ǩ ǰǴǲǵǦǰǸǳǴǲ ǨǮǪǫ. 

ǎǸǦǰ, ǵǹǷǸȂ (a,u), (x,v),q a bi cj dk r x yi zj tk= + + + = = + + + =ǸǴǩǪǦ  

(a x,u v)

q ( a, u) .

q r

l l l l

+ = + +

= " Í
  

ǑǫǩǰǴ ǵǶǴǨǫǶȅǫǸǷȅ ǷǱǫǪǹȄǿǫǫ ǷǨǴǯǷǸǨǴ ǴǵǫǶǦǼǮǮ ǹǲǳǴǬǫǳǮȅ ǰǨǦǸǫǶǳǮǴǳǴǨ: 

ǫǷǱǮ (a,u), (x,v),q a bi cj dk r x yi zj tk= + + + = = + + + = ǸǴ 

Re(qr) ax by cz dk ax Re(q)Re(r)= - - - = - .  

ǆǳǦǱǴǩǮǽǳǴǫ ǷǨǴǯǷǸǨǴ ǮǲǫǫǸ ǲǫǷǸǴ Ǯ ǪǱȅ ǲǳǮǲȁǻ ǽǦǷǸǫǯ ǵǶǴǮǭǨǫǪǫǳǮȅ ǰǨǦǸǫǶ-

ǳǮǴǳǴǨ: Im(qr) aIm(r) xIm(q) Im(q) Im(r)= + + ³ .  

ǈ ǳǦǾǮǻ ǰǴǲǵǦǰǸǳȁǻ ǴǧǴǭǳǦǽǫǳǮȅǻ ǪǨǦ ǵǴǷǱǫǪǳǮǻ ǷǨǴǯǷǸǨǦ ǲǴǬǳǴ ǴǧȀǫǪǮǳǮǸȂ Ǩ 

ǵǶǦǨǮǱǴ ǹǲǳǴǬǫǳǮȅ ǰǨǦǸǫǶǳǮǴǳǴǨ: (ax uv,av xu u v).q rÖ = - + + ³ 

ǔǵǶǫǪǫǱǫǳǮǫ 2. ǔǵǶǫǪǫǱǮǲ ǳǴǶǲǹ ǰǨǦǸǫǶǳǮǴǳǦ 
2 2 2 2(a,u) :q a bi cj dk q a b c d= + + + = = + + +.  

ǔǵǶǫǪǫǱǫǳǮǫ 3. ǐǨǦǸǫǶǳǮǴǳ, ǷǴǵǶȅǬǫǳǳȁǯ Ƿ q ǴǵǶǫǪǫǱȅǫǸǷȅ ǸǦǰ:  

(a, u)q a bi cj dk= - - - = -.  
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ǔǵǫǶǦǼǮȅ ǷǴǵǶȅǬǫǳǮȅ ǰǨǦǸǫǶǳǮǴǳǴǨ ǴǧǱǦǪǦǫǸ ǷǨǴǯǷǸǨǴǲ ǰǨǦǭǮǲǹǱȂǸǮǵǱǮǰǦǸǮǨ-

ǳǴǷǸǮ: qr rq= , ǵǶǮǽȆǲ ǮǲǫǳǳǴ Ƿ ǵǫǶǫǷǸǦǳǴǨǰǴǯ ǲǳǴǬǮǸǫǱǫǯ!  

ǓǴǶǲǦ ǹǪǴǨǱǫǸǨǴǶȅǫǸ ǷǴǴǸǳǴǾǫǳǮȄ q qq= . ǐǦǰ ǷǱǫǪǷǸǨǮǫ, ǴǸǷȄǪǦ ǳǦǻǴǪǮǲ 

ǴǧǶǦǸǳȁǯ ǰǨǦǸǫǶǳǮǴǳ: 1

2

q
q

q

- = . ǐǨǦǸǫǶǳǮǴǳ Ƿ ǫǪǮǳǮǽǳǴǯ ǳǴǶǲǴǯ ǳǦǭȁǨǦǫǸǷȅ ǫǪǮǳǮǽ-

ǳȁǲ. ǓǴǶǲǦ ǴǧǱǦǪǦǫǸ ǷǱǫǪǹȄǿǮǲǮ ǷǨǴǯǷǸǨǦǲǮ: ǨǴ-ǵǫǶǨȁǻ, ȃǸǴ ǷǨǴǯǷǸǨǦ ǳǴǶǲȁ Ǩ 

ǴǧȁǽǳǴǲ ǳǴǶǲǮǶǴǨǦǳǳǴǲ ǵǶǴǷǸǶǦǳǷǸǨǫ, ǨǴ-ǨǸǴǶȁǻ, qr q r= . ǗǱǫǪǷǸǨǮǫǲ ǵǴǷǱǫǪ-

ǳǫǩǴ ǷǨǴǯǷǸǨǦ ȅǨǱȅǫǸǷȅ ǸǫǴǶǫǲǦ ǑǦǩǶǦǳǬǦ Ǵ Ƿǹǲǲǫ ǽǫǸȁǶȆǻ ǰǨǦǪǶǦǸǴǨ. 
ǘǫǴǶǫǲǦ ǑǦǩǶǦǳǬǦ Ǵ Ƿǹǲǲǫ ǽǫǸȁǶȆǻ ǰǨǦǪǶǦǸǴǨ. 

2 2 2 2 2 2 2 2 2 2 2

2 2 2 2

, , , , , , , (a b c d )(x )

(at bx cy dz) (ay dx bz ct) (ax ) (az cx dt by) .

qr q r x y z t a b c d y z t

bz ct dx

= Ý" Í + + + + + + =

= - - - + - + + + + + - + + + -
  

 
ǐǨǦǸǫǶǳǮǴǳȁ Ǯ ǨǶǦǿǫǳǮȅ ǵǶǴǷǸǶǦǳǷǸǨǦ 

 
ǘǫǵǫǶȂ ǶǦǷǷǲǴǸǶǮǲ ǵǶǮǱǴǬǫǳǮǫ ǰǨǦǸǫǶǳǮǴǳǴǨ ǰ ǶǫǾǫǳǮȄ ǭǦǪǦǽ Ǩ ǸǶȆǻǲǫǶǳǴǯ 

ǩǫǴǲǫǸǶǮǮ. ǈ ǧǴǱȂǾǮǳǷǸǨǫ ǷǱǹǽǦǫǨ ǵǶǮǨǫǪǫǳǮǫ ǵǦǶȁ ǨǶǦǿǫǳǮǯ Ǩ ǸǶȆǻǲǫǶǳǴǲ ǵǶǴ-
ǷǸǶǦǳǷǸǨǫ ǰ ǶǫǭǹǱȂǸǦǸǹ ǴǪǳǴǩǴ ǨǶǦǿǫǳǮȅ ð ǪǴǷǸǦǸǴǽǳǴ ǷǱǴǬǳǦȅ ǭǦǪǦǽǦ. ǒǴǬǳǴ ǮǷǰǦǸȂ 
ǴǷȂ ǨǶǦǿǫǳǮȅ ǪǱȅ ǰǴǲǵǴǭǮǼǮǮ ǵǴǨǴǶǴǸǴǨ, ǭǦǸǫǲ ǴǵǶǫǪǫǱȅǸȂ ǹǩǴǱ ǵǴǨǴǶǴǸǦ. ǐǨǦǸǫǶǳǮ-

Ǵǳȁ ǵǴǭǨǴǱȅȄǸ ǷǵǶǦǨǮǸȂǷȅ Ƿ ȃǸǴǯ ǭǦǪǦǽǫǯ Ǩ ǵǶǴǷǸǶǦǳǷǸǨǫ 3  ǮǭȅǿǳǴ Ǯ Ƿ ǲǮǳǮǲǹǲǴǲ 
ǨȁǽǮǷǱǫǳǮǯ. 

ǝǸǴǧȁ ǭǦǪǦǸȂ ǵǶǫǴǧǶǦǭǴǨǦǳǮǫ ǵǴǨǴǶǴǸǦ Ǩ ǸǶȆǻǲǫǶǳǴǲ ǵǶǴǷǸǶǦǳǷǸǨǫ, ǪǴǷǸǦǸǴǽǳǴ 

ǭǦǪǦǸȂ ǴǷȂ ǨǶǦǿǫǳǮȅ Ǯ ǹǩǴǱ ǵǴǨǴǶǴǸǦ. ǔǷȂ ǨǶǦǿǫǳǮȅ ǭǦǪǦǪǮǲ ǫǪǮǳǮǽǳȁǲ ǨǫǰǸǴǶǴǲ u

, ǹǩǴǱ ǴǧǴǭǳǦǽǮǲ a. ǍǦǲǫǸǮǲ, ǽǸǴ ǵǦǶǦ ( ,u)a  ǴǵǶǫǪǫǱȅǫǸ ǸǴ Ǭǫ ǨǶǦǿǫǳǮǫ, ǽǸǴ Ǯ ǵǦǶǦ 

( , u)a- - . ǕǴǨǴǶǴǸǹ, ǭǦǪǦǳǳǴǲǹ ǵǫǶǨǴǯ ǵǦǶǴǯ, ǷǴǵǴǷǸǦǨǮǲ ǫǪǮǳǮǽǳȁǯ ǰǨǦǸǫǶǳǮǴǳ 

cos sin
2 2

q u
a aå õ å õ

= +æ ö æ ö
ç ÷ ç ÷

 Ǯ ǵǴǰǦǬǫǲ, ǰǦǰ ǸǦǰǴǫ ǷǴǴǸǨǫǸǷǸǨǮǫ ǴǵǮǷȁǨǦǫǸ ǭǦǪǦǳǳǴǫ ǨǶǦǿǫ-

ǳǮǫ.  
ǍǦǲǫǸǮǲ, ǽǸǴ Ǯǭ ǵǶǮǨǫǪȆǳǳȁǻ ǨȁǾǫ ǷǨǴǯǷǸǨ ǳǴǶǲȁ ǰǨǦǸǫǶǳǮǴǳǴǨ ǨȁǸǫǰǦǫǸ  
ǗǱǫǪǷǸǨǮǫ 1. ǒǳǴǬǫǷǸǨǴ ǫǪǮǳǮǽǳȁǻ ǰǨǦǸǫǶǳǮǴǳǴǨ Ƿ ǴǵǫǶǦǼǮǫǯ ǹǲǳǴǬǫǳǮȅ Ǵǧ-

ǶǦǭǹǫǸ ǩǶǹǵǵǹ.  

ǕǶǮ ȃǸǴǲ ǱȄǧǴǯ ǫǪǮǳǮǽǳȁǯ ǰǨǦǸǫǶǳǮǴǳ (a,u)q= ǲǴǬǳǴ ǭǦǵǮǷǦǸȂ Ǩ ǨǮǪǫ 

() ()1cos sinq uj j= + , ǵǴǷǰǴǱȂǰǹ Ǯǭ ǷǴǴǸǳǴǾǫǳǮȅ 
22 1a u+ = ǷǱǫǪǹǫǸ ǷǹǿǫǷǸǨǴǨǦǳǮǫ ǷǴ-

ǴǸǨǫǸǷǸǨǹȄǿǫǩǴ ǹǩǱǦ [ ]0;2j pÍ : () ()cos , sina uj j= = . ǓǴǶǲǮǶǹǫǲ ǨǫǰǸǴǶ u : 1

u
u

u
= , 

1 1u =. ǔǸǷȄǪǦ ǵǴǱǹǽǦǫǲ ǵǶǫǪǷǸǦǨǱǫǳǮǫ () ()1cos sinq uj j= + .  

ǈȁǧǫǶǫǲ Ǩ ǰǦǽǫǷǸǨǫ ǳǦǵǶǦǨǱȅȄǿǫǩǴ ǨǫǰǸǴǶǦ ǴǷǮ ǨǶǦǿǫǳǮȅ, ǵǶǴǻǴǪȅǿǫǯ ǽǫǶǫǭ 

ǳǦǽǦǱǴ ǰǴǴǶǪǮǳǦǸ, ǨǫǰǸǴǶ 1u . ǊǴǰǦǬǫǲ, ǽǸǴ ǪǱȅ ǴǵǮǷǦǳǮȅ Ǩ ǸǫǶǲǮǳǦǻ ǰǨǦǸǫǶǳǮǴǳǴǨ 

ǵǴǨǴǶǴǸǦ ǨǴǰǶǹǩ ǴǷǮ Ƿ ǳǦǵǶǦǨǱȅȄǿǮǲ ǨǫǰǸǴǶǴǲ 1u  ǳǦ ǹǩǴǱ a Ǩ ǰǦǽǫǷǸǨǫ j ǳǦǪǴ ǨǭȅǸȂ 

2

a
j= .  ǘǴǩǪǦ ǪǦǳǳǴǲǹ ǨǶǦǿǫǳǮȄ ǧǹǪǫǸ ǷǴǴǸǨǫǸǷǸǨǴǨǦǸȂ ǰǨǦǸǫǶǳǮǴǳ 

1cos sin
2 2

q u
a aå õ å õ

= +æ ö æ ö
ç ÷ ç ÷

.  
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ǘǫǴǶǫǲǦ 1. ǕǹǷǸȂ () ()1cos sinq uj j= +  - ǫǪǮǳǮǽǳȁǯ ǰǨǦǸǫǶǳǮǴǳ, 3wÍ . ǘǴǩǪǦ 

ǴǸǴǧǶǦǬǫǳǮǫ 1:f w qwq-­  ȅǨǱȅǫǸǷȅ ǵǴǨǴǶǴǸǴǲ ǵǶǴǷǸǶǦǳǷǸǨǦ 3  ǨǴǰǶǹǩ ǴǷǮ Ƿ ǳǦǵǶǦǨ-

ǱȅȄǿǮǲ ǨǫǰǸǴǶǴǲ 1u  ǳǦ ǹǩǴǱ 2a j= .  

ǑǫǲǲǦ 1. ǕǶȅǲǦȅ Ƿ ǳǦǵǶǦǨǱȅȄǿǮǲ ǨǫǰǸǴǶǴǲ 1u  ǵǫǶǫǻǴǪǮǸ Ǩ Ƿǫǧȅ ǵǶǮ ǵǶǫǴǧǶǦ-

ǭǴǨǦǳǮǮ 1:f w qwq-­ .  

ǍǦǲǫǸǮǲ, ǽǸǴ () ()1

1cos sinq uj j-= - .  

ǑǫǲǲǦ 2. ǕǹǷǸȂ 1u - ǫǪǮǳǮǽǳȁǯ ǨǫǰǸǴǶ Ǩ ǵǶǴǷǸǶǦǳǷǸǨǫ 3. ǕǹǷǸȂ ǨǫǰǸǴǶ 3wÍ  

ǵǫǶǵǫǳǪǮǰǹǱȅǶǫǳ ǨǫǰǸǴǶǹ 1u . ǘǴǩǪǦ ǵǶǮ ǹǲǳǴǬǫǳǮǮ 3wÍ  ǰǦǰ ǰǨǦǸǫǶǳǮǴǳǦ Ƿ ǳǹǱǫǨǴǯ 

ǷǰǦǱȅǶǳǴǯ ǽǦǷǸȂȄ ǳǦ ǰǨǦǸǫǶǳǮǴǳ () ()1cos sinq uj j= + ǷǱǫǨǦ ǵǴǱǹǽǦǫǲ ǶǫǭǹǱȂǸǦǸ ǵǴǨǴ-

ǶǴǸǦ ǨǫǰǸǴǶǦ 3wÍ ǨǴǰǶǹǩ ǴǷǮ 1u  ǳǦ ǹǩǴǱ j.  

ǗǱǫǪǷǸǨǮǫ 2. ǙǲǳǴǬǫǳǮǫ ǨǫǰǸǴǶǦ 3wÍ  Ǯǭ ǹǷǱǴǨǮȅ Ǳǫǲǲȁ 2 ǷǵǶǦǨǦ ǳǦ ǰǨǦǸǫǶ-

ǳǮǴǳ 1q-  ǵǴǨǴǶǦǽǮǨǦǫǸ w  ǳǦ ǸǴǸ Ǭǫ ǹǩǴǱ. 

ǈ ǪǴǰǦǭǦǸǫǱȂǷǸǨǫ Ǳǫǲǲȁ 2 ǳǦǪǴ ǮǷǵǴǱȂǭǴǨǦǸȂ ǶǦǨǫǳǷǸǨǴ cos( ) sin( )qw w wj j= + , 

ǩǪǫ w  - ǨǫǰǸǴǶ Ǩ ǵǱǴǷǰǴǷǸǮ, ǵǫǶǵǫǳǪǮǰǹǱȅǶǳǴǯ ǨǫǰǸǴǶǹ 1u , ǴǧǶǦǭǹȄǿǮǯ Ƿ w  ǵǶȅǲǴǯ 

ǹǩǴǱ (ǶǮǷ.1). 

 
ǖǮǷ. 1 

 
ǐǶǴǲǫ ǸǴǩǴ, ǳǦǪǴ ǮǷǵǴǱȂǭǴǨǦǸȂ ǷǨǴǯǷǸǨǦ ǪǫǯǷǸǨǮǸǫǱȂǳǴǯ Ǯ ǲǳǮǲǴǯ ǽǦǷǸǫǯ ǵǶǴ-

ǮǭǨǫǪǫǳǮȅ ǰǨǦǸǫǶǳǮǴǳǴǨ Ǹ ǩǫǴǲǫǸǶǮǽǫǷǰǮǯ ǷǲȁǷǱ ǨǫǰǸǴǶǳǴǩǴ ǵǶǴǮǭǨǫǪǫǳǮȅ. 

ǑǫǲǲǦ 3. ǕǶǫǴǧǶǦǭǴǨǦǳǮǫ 1:f w qwq-­  ǴǷǹǿǫǷǸǨǱȅǫǸ ǵǴǨǴǶǴǸ ǵǱǴǷǰǴǷǸǮ, ǵǫǶ-

ǵǫǳǪǮǰǹǱȅǶǳǴǯ ǴǷǮ Ƿ ǳǦǵǶǦǨǱȅȄǿǮǲ ǨǫǰǸǴǶǴǲ 1u  ǳǦ ǹǩǴǱ a.  

ǎǭ Ǳǫǲǲȁ 2 Ǯ ǷǱǫǪǷǸǨǮȅ 2 ǨȁǸǫǰǦǫǸ ǷǵǶǦǨǫǪǱǮǨǴǷǸȂ Ǳǫǲǲȁ 3: ǵǶǮ ǵǴǷǱǫǪǴǨǦ-

ǸǫǱȂǳǴǲ ǨȁǵǴǱǳǫǳǮǮ ǹǲǳǴǬǫǳǮǯ ǷǱǫǨǦ ǳǦ q  Ǯ ǷǵǶǦǨǦ ǳǦ 1q-  ǷǹǲǲǦǶǳȁǯ ǹǩǴǱ ǵǴǨǴǶǴǸǦ 

ǶǦǨǫǳ 2j.  

ǗǵǶǦǨǫǪǱǮǨǴǷǸȂ ǸǫǴǶǫǲȁ 1 ǨȁǸǫǰǦǫǸ Ǯǭ Ǳǫǲǲ 1 Ǯ 3. 
 

ǕǶǮǱǴǬǫǳǮǫ ǰǨǦǸǫǶǳǮǴǳǴǨ ǰ ǩǫǴǲǫǸǶǮǮ 
 
Ǘ ǵǴǲǴǿȂȄ ǶǫǭǹǱȂǸǦǸǦ, ǷǺǴǶǲǹǱǮǶǴǨǦǳǳǴǩǴ Ǩ ǸǫǴǶǫǲǫ 2, ǲǴǬǳǴ ǶǫǾǮǸȂ ǷǱǫǪǹȄ-

ǿǹȄ ǩǫǴǲǫǸǶǮǽǫǷǰǹȄ ǭǦǪǦǽǹ.  

ǍǦǪǦǽǦ. ǖǦǷǷǲǴǸǶǮǲ ǵǶǴǷǸǶǦǳǷǸǨǴ 3. ǈȁǵǴǱǳǮǲ ǵǴǨǴǶǴǸȁ ǨǴǰǶǹǩ ǴǷǮ 1l  ǳǦ ǹǩǴǱ 

1j, Ǧ ǭǦǸǫǲ ǨǴǰǶǹǩ ǴǷǮ 2l  ǳǦ ǹǩǴǱ 2j. ǓǦǯǸǮ ǴǷȂ Ǯ ǹǩǴǱ ǷǹǲǲǦǶǳǴǩǴ ǵǴǨǴǶǴǸǦ. 
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 ǖǫǾǫǳǮǫ. ǔǧǴǭǳǦǽǮǲ ǳǦǵǶǦǨǱȅȄǿǮǫ ǨǫǰǸǴǶȁ ǴǷǫǯ ǵǴǨǴǶǴǸǴǨ 1 2,v v . ǍǦǺǮǰǷǮ-

Ƕǹǫǲ ǵǶǴǮǭǨǴǱȂǳȁǯ ǨǫǰǸǴǶ 3wÍ .  

ǕǶǮ ǵǫǶǨǴǲ ǵǴǨǴǶǴǸǫ ǨǫǰǸǴǶ 3wÍ  ǴǸǴǧǶǦǭǮǸǷȅ Ǩ ǨǫǰǸǴǶ 1

1 1 1w q wq-= . ǍǪǫǷȂ 

1 1
1 1cos sin

2 2
q v

j jå õ å õ
= +æ ö æ ö

ç ÷ ç ÷
- ǫǪǮǳǮǽǳȁǯ ǰǨǦǸǫǶǳǮǴǳ Ƿ ǳǦǵǶǦǨǱȅȄǿǮǲ ǨǫǰǸǴǶǴǲ ǴǷǮ 1l  Ǩ ǰǦ-

ǽǫǷǸǨǫ ǨǫǰǸǴǶǳǴǯ ǽǦǷǸǮ.  

ǖǫǭǹǱȂǸǦǸǴǲ ǨǸǴǶǴǩǴ ǵǴǨǴǶǴǸǦ, ǵǶǮǲǫǳȆǳǳǴǩǴ ǹǬǫ ǰ ǨǫǰǸǴǶǹ 1

1 1 1w q wq-= , ǧǹǪǫǸ 

ǨǫǰǸǴǶ ( )1 1 1 1

2 2 1 2 2 1 1 2 2 1 2 1( )w( )w q w q q q wq q q q q q- - - -= = = .  

ǕǴǷǱǫ ǨȁǵǴǱǳǫǳǮȅ ǸǴǬǪǫǷǸǨǫǳǳȁǻ ǵǶǫǴǧǶǦǭǴǨǦǳǮǯ Ǩ ǵǶǴǮǭǨǫǪǫǳǮǮ ǰǨǦǸǫǶǳǮǴ-

ǳǴǨ, ǵǴǱǹǽǦǫǲ ǰǨǦǸǫǶǳǮǴǳ: 2 1 cos( ) vsin( )q q b b= + . ǘǦǰǮǲ ǴǧǶǦǭǴǲ, ǶǫǭǹǱȂǸǮǶǹȄǿǮǲ 

ȅǨǱȅǫǸǷȅ ǵǴǨǴǶǴǸ ǨǴǰǶǹǩ ǴǷǮ Ƿ ǳǦǵǶǦǨǱȅȄǿǮǲ ǨǫǰǸǴǶǴǲ v  ǳǦ ǹǩǴǱ 2b.  

 
ǊǴǰǦǭǦǸǫǱȂǷǸǨǴ ǸǫǴǶǫǲȁ 1 

 

ǊǴǰǦǬǫǲ, ǽǸǴ ǴǵǫǶǦǼǮȅ ǷǴǵǶȅǬǫǳǮȅ ǨǫǰǸǴǶǦ-ǰǨǦǸǫǶǳǮǴǳǦ w  ǰǨǦǸǫǶǳǮǴǳǴǲ 

cos( / 2) v'sin( / 2), ' 1z vq q= + = ǷǴǷǸǴǮǸ Ǩ ǵǴǨǴǶǴǸǫ w  (ǨǲǫǷǸǫ ǷǴ ǨǷǫǲ ǵǶǴǷǸǶǦǳǷǸǨǴǲ 

3) ǳǦ ǹǩǴǱ q ǨǴǰǶǹǩ ǴǷǮ 'v . ǒǴǬǳǴ ǷǰǦǭǦǸȂ, ǽǸǴ ǵǴǨǴǶǴǸ ǨǴǰǶǹǩ ǲǳǮǲǴǯ ǽǦǷǸǮ 'v  ǰǨǦ-

ǸǫǶǳǮǴǳǦ cos( / 2) v'sin( / 2), ' 1z vq q= + = ǵǶǴǮǷǻǴǪǮǸ Ǩ ǵǶǴǷǸǶǦǳǷǸǨǫ 3  ǽǮǷǸǴ ǲǳǮǲȁǻ 

ǰǨǦǸǫǶǳǮǴǳǴǨ. 

ǈǴ-ǵǫǶǨȁǻ, ǴǷȂ 'v  ǵǫǶǫǻǴǪǮǸ ǵǶǮ ǴǵǫǶǦǼǮǮ ǷǴǵǶȅǬǫǳǮȅ ǰǨǦǸǫǶǳǮǴǳǴǲ 

cos( / 2) v'sin( / 2), ' 1z vq q= + = Ǩ Ƿǫǧȅ. ǊǱȅ ǵǶǴǨǫǶǰǮ ǪǴǷǸǦǸǴǽǳǴ ǵǶǮǨǫǷǸǮ ǸǶǮ ǷǱǫǪǹȄ-

ǿǮǻ ǴǽǫǨǮǪǳȁǻ ǺǦǰǸǦ. 

1. ǕǶǮ ǹǲǳǴǬǫǳǮǮ ǳǦ ǪǫǯǷǸǨǮǸǫǱȂǳǴǫ ǽǮǷǱǴ cos( / 2)q  ǱȄǧǦȅ ǵǶȅǲǦȅ, ǵǶǴǻǴǪȅǿǦȅ 

ǽǫǶǫǭ 0, ǵǫǶǫǻǴǪǮǸ Ǩ Ƿǫǧȅ. 

2. ǕǶǮ ǹǲǳǴǬǫǳǮǮ ǳǦ ǽǮǷǸǴ ǲǳǮǲȁǯ ǰǨǦǸǫǶǳǮǴǳ 'v  ǰǨǦǸǫǶǳǮǴǳȁ Ƿ ǴǶǸǴǲ 'v  ǵǫ-
ǶǫǻǴǪȅǸ Ǩ ǰǨǦǸǫǶǳǮǴǳȁ Ƿ ǳǹǱǫǨǴǯ ǲǳǮǲǴǯ ǽǦǷǸȂȄ. ǣǸǴ ǴǧȀȅǷǳȅǫǸǷȅ Ǹǫǲ, ǽǸǴ ǨǫǰǸǴǶǳǴǫ 
ǵǶǴǮǭǨǫǪǫǳǮǫ ǱȄǧǴǩǴ ǨǫǰǸǴǶǦ ǳǦ Ƿǫǧȅ ǶǦǨǳǴ ǳǹǱǫǨǴǲǹ ǨǫǰǸǴǶǹ. 

3. ǙǲǳǴǬǫǳǮǫ ǷǵǶǦǨǦ ǳǦ ǰǨǦǸǫǶǳǮǴǳ 1z-, ǴǧǶǦǸǳȁǯ ǰǨǦǸǫǶǳǮǴǳǹ z , ǴǧǱǦǪǦǫǸ 
ǸǫǲǮ Ǭǫ ǷǨǴǯǷǸǨǦǲǮ 1 Ǯ 2, ǽǸǴ Ǯ ǹǲǳǴǬǫǳǮǫ ǷǱǫǨǦ ǳǦ ǰǨǦǸǫǶǳǮǴǳ z. ǊǫǯǷǸǨǮǸǫǱȂǳǴ, 

ǴǧǶǦǸǳȁǯ ǰǨǦǸǫǶǳǮǴǳ 1z z- =  ǮǲǫǫǸ ǸǦǰǴǯ Ǭǫ ǨǮǪ, ǰǦǰ Ǯ z, ǳǴ Ƿ ǵǶǴǸǮǨǴǵǴǱǴǬǳȁǲ ǭǳǦ-

ǰǴǲ ǵǶǮ q.  
ǎǸǦǰ, ǵǫǶǨǦȅ ǽǦǷǸȂ ǪǴǰǦǭǦǸǫǱȂǷǸǨǦ ǭǦǰǴǳǽǫǳǦ: ǹǸǨǫǶǬǪǫǳǮǫ ǳǫǵǴǪǨǮǬǳǴǷǸǮ ǴǷǮ 

'v  ǨȁǸǫǰǦǫǸ Ǯǭ 1, 2, 3. 

ǈǴ-ǨǸǴǶȁǻ, ǹǩǴǱ ǵǴǨǴǶǴǸǦ ǨǴǰǶǹǩ ǴǷǮ 'v  ǶǦǨǫǳ q. ǊǱȅ ǪǴǰǦǭǦǸǫǱȂǷǸǨǦ ǵǶǮǲǫǳǮǲ 

ǴǵǫǶǦǼǮȄ ǷǴǵǶȅǬǫǳǮȅ ǰǨǦǸǫǶǳǮǴǳǴǲ cos( / 2) v'sin( / 2), ' 1z vq q= + = ǰ ǵǶǴǮǭǨǴǱȂǳǴǲǹ 

ǽǮǷǸǴ ǲǳǮǲǴǲǹ ǰǨǦǸǫǶǳǮǴǳǹ w, ǵǶǮǳǦǪǱǫǬǦǿǫǲǹ ǴǶǸǴǩǴǳǦǱȂǳǴǲǹ ǪǴǵǴǱǳǫǳǮȄ ǴǶǸǦ 

'v  Ǩ ǸǶȆǻǲǫǶǳǴǲ ǵǶǴǷǸǶǦǳǷǸǨǫ 3  ǽǮǷǸǴ ǲǳǮǲȁǻ ǰǨǦǸǫǶǳǮǴǳǴǨ.  

ǕǶǮ ǹǲǳǴǬǫǳǮǮ w  ǳǦ cos( / 2) v'sin( / 2), ' 1z vq q= + = ǷǱǫǨǦ ǨǫǰǸǴǶ w  ǵǴǨǴǶǦǽǮǨǦ-

ǫǸǷȅ Ǩ ǹǰǦǭǦǳǳǴǲ ǴǶǸǴǩǴǳǦǱȂǳǴǲ ǪǴǵǴǱǳǫǳǮǮ ǳǦ ǹǩǴǱ / 2q . ǣǸǴ ǷǱǫǪǹǫǸ Ǯǭ ǵǶǦǨǮǱǦ ǹǲǳǴ-
ǬǫǳǮȅ ǰǴǲǵǱǫǰǷǳȁǻ ǽǮǷǫǱ Ǩ ǸǶǮǩǴǳǴǲǫǸǶǮǽǫǷǰǴǯ ǺǴǶǲǫ: ǦǶǩǹǲǫǳǸȁ ǷǰǱǦǪȁǨǦȄǸǷȅ.  

ǖǦǷǷǲǴǸǶǮǲ ǹǲǳǴǬǫǳǮǫ ǷǵǶǦǨǦ ǳǦ 1z-. ǝǸǴǧȁ ǵǴǳȅǸȂ, ǽǸǴ ǵǶǮ ǸǦǰǴǲ ǹǲǳǴǬǫǳǮǮ 

ǵǴǱǹǽǦǫǲ ǵǴǨǴǶǴǸ ǳǦ / 2q , ǲǴǬǳǴ ǶǦǷǷǹǬǪǦǸȂ ǸǦǰ: ǶǦǷǷǲǴǸǶǮǲ ǶǦǨǫǳǷǸǨǦ 
1wz wz zw-= =  Ǯ ǭǦǲǫǸǮǲ, ǽǸǴ ǵǶǮ ǷǴǵǶȅǬǫǳǮǮ ǽǮǷǸǴ ǲǳǮǲȁǫ ǰǨǦǸǫǶǳǮǴǳȁ ǲǫǳȅȄǸ 

ǭǳǦǰ. ǎǸǦǰ, ǭǦǰǴǳǽǫǳǦ ǨǸǴǶǦȅ ǽǦǷǸȂ ǪǴǰǦǭǦǸǫǱȂǷǸǨǦ ǸǫǴǶǫǲȁ 1, Ǯ Ǹǫǲ ǷǦǲȁǲ, ǸǫǴǶǫǲǦ 
1 ǪǴǰǦǭǦǳǦ. 
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 ǍǦǰǱȄǽǫǳǮǫ 
 

ǒǦǸǫǶǮǦǱ ǪǦǳǳǴǯ ǷǸǦǸȂǮ ǵǶǫǪǳǦǭǳǦǽǫǳ ǪǱȅ ǵǴǨǫǶǻǳǴǷǸǳǴǩǴ ǭǳǦǰǴǲǷǸǨǦ ǦǱǩǫǧǶǴǯ 
ǰǨǦǸǫǶǳǮǴǳǴǨ Ǯ ǫȆ ǵǶǮǱǴǬǫǳǮȅǲǮ. ǜǫǱȂ ð ǮǭǱǴǬǮǸȂ ǲǦǸǫǶǮǦǱ, ǹǲǫǿǦȄǿǮǯǷȅ Ǩ ǶǦǲǰǮ 
ǴǪǳǴǩǴ ǭǦǳȅǸǮȅ, ǵǴ ǲǳǫǳǮȄ ǦǨǸǴǶǴǨ ǪǴǷǸǮǩǳǹǸǦ. ǔǸǷǹǸǷǸǨǮǫ ǳǫǰǴǸǴǶȁǻ ǪǴǰǦǭǦǸǫǱȂǷǸǨ 
ǲǴǬǫǸ ǧȁǸȂ ǰǴǲǵǫǳǷǮǶǴǨǦǳǴ ǶǫǾǫǳǮǫ ǷǴǴǸǨǫǸǷǸǨǹȄǿǮǻ ǭǦǪǦǽ ǳǦ ǺǦǰǹǱȂǸǦǸǮǨǳǴǲ 
ǹǶǴǨǳǫ.  

ǎǳǸǫǶǫǷ ǰ ǦǱǩǫǧǶǫ ǰǨǦǸǫǶǳǮǴǳǴǨ ǵǴǪǷǸȆǩǮǨǦȄǸ ǲǳǴǩǴǽǮǷǱǫǳǳȁǫ ǵǶǮǱǴǬǫǳǮȅ 
ȃǸǴǯ ǷǸǶǹǰǸǹǶȁ Ǩ ǩǫǴǲǫǸǶǮǮ, ǲǫǻǦǳǮǰǫ, ǰǨǦǳǸǴǨǴǯ ǺǮǭǮǰǫ, ǰǴǲǵȂȄǸǫǶǳǴǯ ǩǶǦǺǮǰǫ.  

ǗǗǡǑǐǎ Ǔǆ ǎǗǘǔǝǓǎǐǎ 

1. ˥͔͔͍ͦͪ͒ ˤΦ˹Φ ˴͍͔͙͊ͭͪͤͦͤ· ͙ ͙͍͔͙͋͊ͭͪͤͦͤ͟· ͫ ͙͔͙ͨͪͦ͗ͤ͡Ύ͙ͣ ͍ ͎͔͔͙͙ͦͣͭͪ ͙ ͔ͣͻ͙͔͊ͤ͟Φ ˮ͔͒͊ͭ͘͡Έ͍ͫͭͦ 
ζ˿ͭ͊͡Έη нлмсΦ 
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͔͔ͤͨͪͪ·͍͎ͤͦͦ ͔͙ͣ͊ͭͣ͊ͭ;͔͎ͫͦͦ͟ ͍͙ͦ͋ͪ͊ͦ͊ͤ͘ΎΦ ˸͍ͦͫ͊͟ нллнΦ 
 

Nikolai  V. Bezverkhny ,  
Candidate of Physical and Mathematical Sciences, Associate Professor, Moscow State Technical University  
named after N.E.  Bauman, Moscow 
nbezv@mail.ru 
Alexander F. Gribov ,  
Candidate of Physical and Mathematical Sciences, Associate Professor, Moscow State Technical University 
named after N.E. Bauman, Moscow 
alexandr-gribov@list.ru  
Nina G. Khorkova ,  
Candidate of Physical and Mathematical Sciences, Associate Professor, Moscow State Technical University  
named after N.E.  Bauman, Moscow 
ninakhorkova@bmstu.ru 
Algebra of quaternions and geom etry of three -dimensional space  
Abstract. The article compares  two methods for solving the problem of constructing the sum of rotations of 
a three -dimensional space: direct geometric and algebraic using the algebra of quaternions. The second 
method is analyzed in sufficient detail and allows you to solve the task eff iciently and quickly. The purpose 
of the work is to provide a theoretical justification for applying the properties of quaternions to solving 
geometric problems. The content of the article is useful for university students and teachers .  
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ǔ ǓǋǐǔǘǔǖǡǛ ǒǋǘǔǊǎǝǋǗǐǎǛ ǈǔǕǖǔǗǆǛ ǎǍǑǔǌǋǓǎǥ ǖǆǍǊǋǑǔǈ  
ǘǋǔǖǎǎ ǒǓǔǌǋǗǘǈ ǈ ǐǙǖǗǋ ǊǎǗǐǖǋǘǓǔǏ ǒǆǘǋǒǆǘǎǐǎ 

 
 

ǆǳǳǴǸǦǼǮȅ 

ǆǰǸǹǦǱȂǳǴǷǸȂ ǶǦǷǷǲǦǸǶǮǨǦǫǲȁǻ Ǩ ǷǸǦǸȂǫ ǲǫǸǴǪǮǽǫǷǰǮǻ ǵǶǴǧǱǫǲ ǴǧǷǹǱǴǨǱǫǳǦ Ǹǫǲ, ǽǸǴ ǸǫǴ-
ǶǮȅ ǲǳǴǬǫǷǸǨ ȅǨǱȅǫǸǷȅ ǺǹǳǪǦǲǫǳǸǴǲ Ǩ ǵǴǷǸǶǴǫǳǮǮ ǰǹǶǷǦ ǪǮǷǰǶǫǸǳǴǯ ǲǦǸǫǲǦǸǮǰǮ Ǯ ǳǫǰǴ-
ǸǴǶȁǫ ǫǫ ǨǴǵǶǴǷȁ ǸǶǫǧǹȄǸ ǸǿǦǸǫǱȂǳǴǯ ǲǫǸǴǪǮǽǫǷǰǴǯ ǵǶǴǶǦǧǴǸǰǮ. ǈ ǷǸǦǸȂǫ ǶǦǷǷǲǦǸǶǮǨǦ-
ǫǸǷȅ ǴǪǳǦ Ǯǭ ǨǦǬǳǫǯǾǮǻ ǸǫǴǶǫǲ Ǩ ǸǫǴǶǮǮ ǹǵǴǶȅǪǴǽǫǳǳȁǻ ǲǳǴǬǫǷǸǨ ð ǸǫǴǶǫǲǦ Ǵ ǳǫǵǴǪǨǮǬ-
ǳǴǯ ǸǴǽǰǫ Ǩ ǮǳǪǹǰǸǮǨǳǴ ǹǵǴǶȅǪǴǽǫǳǳǴǲ ǲǳǴǬǫǷǸǨǫ Ǯ, ǳǦ ǧǦǭǫ ȃǸǴǯ ǸǫǴǶǫǲȁ, ǮǭǱǦǩǦǫǸǷȅ 
ǳǴǨǴǫ ǪǴǰǦǭǦǸǫǱȂǷǸǨǴ ǮǭǨǫǷǸǳǴǯ Ǩ ǰǦǳǸǴǶǴǨǷǰǴǯ ǸǫǴǶǮǮ ǲǳǴǬǫǷǸǨ ǸǫǴǶǫǲȁ ǞǶȆǪǫǶǦ-ǇǫǶǳ-
ǾǸǫǯǳǦ Ǵ ǱǮǳǫǯǳǴǷǸǮ ǾǰǦǱȁ ǲǴǿǳǴǷǸǫǯ. ǗǸǦǸȂȅ ǲǴǬǫǸ ǧȁǸȂ ǵǴǱǫǭǳǦ ǷǸǹǪǫǳǸǦǲ Ǯ ǵǶǫǵǴ-
ǪǦǨǦǸǫǱȅǲ Ǩ ǵǶǴǼǫǷǷǫ ǮǭǱǴǬǫǳǮȅ ǰǹǶǷǦ ǪǮǷǰǶǫǸǳǴǯ ǲǦǸǫǲǦǸǮǰǮ. 
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ǐǱȄǽǫǨȁǫ ǷǱǴǨǦ 

ǸǫǴǶǮȅ ǲǳǴǬǫǷǸǨ, ǲǫǸǴǪǮǽǫǷǰǮǫ ǵǶǴǧǱǫǲȁ, ǹǵǴǶȅǪǴǽǫǳǳǴǫ ǲǳǴǬǫǷǸǨǴ,  
ǲǴǿǳǴǷǸȂ ǲǳǴǬǫǷǸǨǦ, ǳǫǵǶǫǶȁǨǳǴǫ ǴǸǴǧǶǦǬǫǳǮǫ,  

ǳǫǵǴǪǨǮǬǳǦȅ ǸǴǽǰǦ ǴǸǴǧǶǦǬǫǳǮȅ, ǪǮǷǰǶǫǸǳǦȅ ǲǦǸǫǲǦǸǮǰǦ  
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ǚǉǇǔǙ ǈǔ çǒǴǷǰǴǨǷǰǮǯ ǩǴǷǹǪǦǶǷǸǨǫǳǳȁǯ ǸǫǻǳǮǽǫǷǰǮǯ ǹǳǮǨǫǶǷǮǸǫǸ  
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ǈǨǫǪǫǳǮǫ 
 

ǒǫǸǴǪǮǰǦ ǵǶǫǵǴǪǦǨǦǳǮȅ ǸǫǴǶǮǮ ǲǳǴǬǫǷǸǨ ǴǷǸǦǫǸǷȅ ǦǰǸǹǦǱȂǳǴǯ ǵǶǴǧǱǫǲǴǯ, ǽǸǴ 
ȅǨǷǸǨǹǫǸ Ǯǭ ǦǳǦǱǮǭǦ ǷǴǨǷǫǲ ǳǫǪǦǨǳǴ ǴǵǹǧǱǮǰǴǨǦǳǳȁǻ ǶǦǧǴǸ. 

ǘǦǰ Ǩ ǷǸǦǸȂǫ [1] ǴǸǲǫǽǦǫǸǷȅ ǨǦǬǳǦȅ ǶǴǱȂ ǸǫǴǶǫǸǮǰǴ-ǲǳǴǬǫǷǸǨǫǳǳǴǯ ǧǦǭȁ ǮǲǫǳǳǴ 
Ǩ ǰǹǶǷǫ ǪǮǷǰǶǫǸǳǴǯ ǲǦǸǫǲǦǸǮǰǮ Ǯ ǵǶǫǪǱǦǩǦǫǸǷȅ ǷǮǳǸǫǭ ǺǴǶǲǦǱȂǳǴ-ǱǴǩǮǽǫǷǰǴǩǴ Ǯ Ǫǫ-
ȅǸǫǱȂǳǴǷǸǳǴǩǴ ǵǴǪǻǴǪǴǨ Ǩ ǵǶǫǵǴǪǦǨǦǳǮǮ ǸǫǴǶǮǮ ǲǳǴǬǫǷǸǨ. ǈ ǶǦǧǴǸǫ [2] ǶǦǷǷǲǦǸǶǮǨǦ-
ȄǸǷȅ ǳǫǰǴǸǴǶȁǫ ǳǦǮǧǴǱǫǫ ǵǶǴǧǱǫǲǳȁǫ ǨǴǵǶǴǷȁ Ǩ ǮǭǱǴǬǫǳǮǮ ǸǫǴǶǮǮ ǲǳǴǬǫǷǸǨ. ǒǫǸǴ-
ǪǮǰǮ ǵǶǫǵǴǪǦǨǦǳǮȅ ǸǫǴǶǮǮ ǲǳǴǬǫǷǸǨ Ǩ ǶǦǲǰǦǻ ǰǹǶǷǦ ǪǮǷǰǶǫǸǳǴǯ ǲǦǸǫǲǦǸǮǰǮ ǴǧǷǹǬ-
ǪǦȄǸǷȅ Ǩ ǶǦǧǴǸǫ [3] Ǯ ǪǮǷǷǫǶǸǦǼǮǮ [4].  

ǈ ǰǹǶǷǫ ǪǮǷǰǶǫǸǳǴǯ ǲǦǸǫǲǦǸǮǰǮ, ǽǮǸǦǫǲǴǯ ǷǸǹǪǫǳǸǦǲ-ǵǶǴǩǶǦǲǲǮǷǸǦǲ Ǩ ǒǉǘǙ Ǯǲ. 
Ǔ.ǣ. ǇǦǹǲǦǳǦ, ǴǷǴǧǹȄ ǶǴǱȂ ǮǩǶǦǫǸ ǸǫǴǶǫǲǦ Ǵ ǳǫǵǴǪǨǮǬǳǴǯ ǸǴǽǰǫ Ǩ ǮǳǪǹǰǸǮǨǳǴ ǹǵǴǶȅǪǴ-
ǽǫǳǳǴǲ ǲǳǴǬǫǷǸǨǫ. ǎǲǫǳǳǴ ǳǦ ǧǦǭǫ ȃǸǴǯ ǸǫǴǶǫǲȁ ǨȁǨǴǪȅǸǷȅ ǰǱȄǽǫǨȁǫ ǶǫǭǹǱȂǸǦǸȁ Ǩ ǸǫǴ-
ǶǮǮ ǵǴǱǹǰǴǱǫǼ ([5], [6]), ǰǴǸǴǶǦȅ, Ǩ ǷǨǴȄ ǴǽǫǶǫǪȂ, ǷǱǹǬǮǸ ǴǷǳǴǨǴǯ ǵǶǮ ǦǳǦǱǮǭǫ ǩǶǦǺǴǨ, 
ǦǨǸǴǲǦǸǴǨ Ǯ ȅǭȁǰǴǨ. ǗǹǿǫǷǸǨǫǳǳǴǫ ǭǳǦǽǫǳǮǫ ȃǸǦ ǸǫǴǶǫǲǦ ǮǲǫǫǸ Ǯ Ǩ ǷǫǲǦǳǸǮǰǫ ȅǭȁǰǴǨ 
ǵǶǴǩǶǦǲǲǮǶǴǨǦǳǮȅ. ǕǶǴǷǸǴǯ ǵǶǮǲǫǶ ǦǳǦǱǮǭǦ ǷǫǲǦǳǸǮǰǮ ȅǭȁǰǦ ǵǶǴǩǶǦǲǲǮǶǴǨǦǳǮȅ Ƿ ǮǷ-
ǵǴǱȂǭǴǨǦǳǮǫǲ ǹǰǦǭǦǳǳǴǯ ǸǫǴǶǫǲȁ ǵǶǮǨǫǪǫǳ Ǩ [7] (Ǩ ǴǪǳǴǲ Ǯǭ ǪǴǵǴǱǳǫǳǮǯ ǰ ǩǱ. 8). 

ǈ ǪǦǳǳǴǯ ǷǸǦǸȂǫ ǶǦǷǷǲǦǸǶǮǨǦǫǸǷȅ ǵǴǳȅǸǮǫ ǮǳǪǹǰǸǮǨǳǴ ǹǵǴǶȅǪǴǽǫǳǳǴǩǴ ǲǳǴǬǫ-
ǷǸǨǦ, ǶǦǭǧǮǶǦȄǸǷȅ ǨǦǬǳȁǫ ǪǱȅ ǪǦǱȂǳǫǯǾǫǩǴ ǮǭǱǴǬǫǳǮȅ ǵǶǮǲǫǶȁ, ǪǴǰǦǭȁǨǦǫǸǷȅ ǷǦǲǦ 
ǸǫǴǶǫǲǦ Ǵ ǳǫǵǴǪǨǮǬǳǴǯ ǸǴǽǰǫ, Ƿ ǳǫǰǴǸǴǶȁǲǮ ǮǭǲǫǳǫǳǮȅǲǮ Ǯ ǹǸǴǽǳǫǳǮȅǲǮ ǴǸǳǴǷǮ-
ǸǫǱȂǳǴ ǮǭǱǴǬǫǳǮȅ Ǩ [8], Ǯ Ǩ ǭǦǰǱȄǽǫǳǮǫ ǮǭǱǦǩǦǫǸǷȅ ǳǴǨǴǫ, ǴǷǳǴǨǦǳǳǴǫ ǳǦ ǹǵǴǲȅǳǹǸǴǯ 
ǸǫǴǶǫǲǫ, ǪǴǰǦǭǦǸǫǱȂǷǸǨǴ ǸǫǴǶǫǲȁ ǞǶǫǪǫǶǦ-ǇǫǶǳǾǸǫǯǳǦ Ǵ ǱǮǳǫǯǳǴǷǸǮ ǾǰǦǱȁ ǲǴǿǳǴ-
ǷǸǫǯ [9]. ǈ ǮǭǨǫǷǸǳǴǲ ǷǲȁǷǱǫ, ȃǸǴ çǵǴǧǴǽǳȁǯè ǶǫǭǹǱȂǸǦǸ, ǳǴ Ǵǳ ǵǴǰǦǭȁǨǦǫǸ ȃǺǺǫǰ-
ǸǮǨǳǴǷǸȂ ǸǫǴǶǫǲȁ Ǵ ǳǫǵǴǪǨǮǬǳǴǯ ǸǴǽǰǫ ǰǦǰ ǮǳǷǸǶǹǲǫǳǸǦ ǵǴǷǸǶǴǫǳǮȅ ǪǴǰǦǭǦǸǫǱȂǷǸǨǦ 
Ǩ ǶǦǭǱǮǽǳȁǻ ǶǦǭǪǫǱǦǻ ǲǦǸǫǲǦǸǮǰǮ. ǐǶǴǲǫ ǸǴǩǴ, ȃǸǴ ǪǴǰǦǭǦǸǫǱȂǷǸǨǴ ǴǰǦǭȁǨǦǫǸǷȅ 
ǵǶǴǿǫ ǰǱǦǷǷǮǽǫǷǰǴǩǴ (Ƿǲ. ǵǶǫǪȁǪǹǿǹȄ ǷǷȁǱǰǹ), ǩǪǫ, Ǩ ǷǹǿǳǴǷǸǮ, Ǯ ǪǴǰǦǭȁǨǦǫǸǷȅ Ƿǹ-
ǿǫǷǸǨǴǨǦǳǮǫ ǳǫǵǴǪǨǮǬǳǴǯ ǸǴǽǰǮ, ǳǴ ǪǱȅ ǳǫǰǴǸǴǶǴǩǴ ǰǴǳǰǶǫǸǳǴǩǴ ǴǸǴǧǶǦǬǫǳǮȅ.  

ǗǸǦǸȂȅ ǴǷǳǴǨǦǳǦ ǳǦ ǰǹǶǷǫ ǱǫǰǼǮǯ, ǽǮǸǦǫǲȁǻ ǦǨǸǴǶǴǲ Ǯ ǫǩǴ ǰǴǱǱǫǩǦǲǮ Ǩ ǒǉǘǙ Ǯǲ. 
Ǔ.ǣ. ǇǦǹǲǦǳǦ ǷǸǹǪǫǳǸǦǲ ǵǶǴǩǶǦǲǲǮǷǸǷǰǮǻ ǷǵǫǼǮǦǱȂǳǴǷǸǫǯ Ǯ ǳǦǻǴǪǮǸǷȅ Ǩ ǶȅǪǹ ǪǶǹǩǮǻ 
ǳǦǹǽǳǴ-ǲǫǸǴǪǮǽǫǷǰǮǻ ǵǹǧǱǮǰǦǼǮǯ ǦǨǸǴǶǦ ǵǴ ǪǦǳǳǴǲǹ ǰǹǶǷǹ (Ƿǲ., ǳǦǵǶǮǲǫǶ, [10], [11]). 

 

ǒǫǸǴǪǴǱǴǩǮȅ Ǯ ǶǫǭǹǱȂǸǦǸȁ ǮǷǷǱǫǪǴǨǦǳǮȅ 
 

ǒǫǸǴǪǴǱǴǩǮȅ ǴǷǳǴǨǦǳǦ ǳǦ ǰǴǳǼǫǵǼǮǮ ǵǴǷǸǶǴǫǳǮȅ ǰǹǶǷǦ ǪǮǷǰǶǫǸǳǴǯ ǲǦǸǫǲǦǸǮǰǮ, 
ǰǦǰ ǴǳǦ ǵǶǫǪǷǸǦǨǱǫǳǦ Ǩ [12]. ǘǫǴǶǮȅ ǲǳǴǬǫǷǸǨ ǵǴǳǮǲǦǫǸǷȅ ǨǵǴǱǳǫ çǳǦǮǨǳǴè Ǩ ǰǦǳǸǴ-
ǶǴǨǷǰǴǲ Ǫǹǻǫ. ǗǱǫǪǹǫǸ ǭǦǲǫǸǮǸȂ, ǽǸǴ ǰ ǲǴǲǫǳǸǹ ǮǭǱǴǬǫǳǮȅ ǸǫǴǶǫǲȁ Ǵ ǳǫǵǴǪǨǮǬǳǴǯ 
ǸǴǽǰǫ ǷǸǹǪǫǳǸǦǲ ǮǭǨǫǷǸǳȁ ǴǷǳǴǨǳȁǫ ǶǫǭǹǱȂǸǦǸȁ ǸǫǴǶǮǮ ǲǳǴǬǫǷǸǨ Ǯ ǴǸǳǴǾǫǳǮǯ, Ǩ ǸǴǲ 
ǽǮǷǱǫ, ǽǸǴ ǴǷǴǧǫǳǳǴ ǨǦǬǳǴ, ǴǸǳǴǾǫǳǮǯ ǵǴǶȅǪǰǦ Ǯ ǹǵǴǶȅǪǴǽǫǳǳȁǻ ǲǳǴǬǫǷǸǨ. 

ǏǴǫǺǱǹǯǩǴǵ ǺǶǵǷȆǫǵǾǬǴǴǵǬ ǳǴǵǭǬǸǹǩǵ 
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ǙǵǴǶȅǪǴǽǫǳǳǴǫ ǲǳǴǬǫǷǸǨǴ ( , )A= ¢A ǳǦǭȁǨǦǫǸǷȅ ǮǳǪǹǰǸǮǨǳǴ ǹǵǴǶȅǪǴǽǫǳǳȁǲ 

(ǮǱǮ ǮǳǪǹǰǸǮǨǳȁǲ ǹǵǴǶȅǪǴǽǫǳǳȁǲ), ǫǷǱǮ  
1: ǴǳǴ ǮǲǫǫǸ ǳǦǮǲǫǳȂǾǮǯ ȃǱǫǲǫǳǸ 
Ǯ 
2: ǱȄǧǦȅ ǳǫǹǧȁǨǦȄǿǦȅ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸȂ ǫǩǴ ȃǱǫǲǫǳǸǴǨ ǮǲǫǫǸ ǸǴǽǳǹȄ ǨǫǶǻ-

ǳȄȄ ǩǶǦǳȂ. 
ǈ ǪǦǱȂǳǫǯǾǫǲ ǮǷǵǴǱȂǭǹǫǸǷȅ ǦǧǧǶǫǨǮǦǸǹǶǦ ǎǙǒ. 
ǖǦǷǷǲǴǸǶǮǲ ǳǫǰǴǸǴǶȁǫ ǵǶǮǲǫǶȁ  

1) ǔǸǶǫǭǴǰ ǽǮǷǱǴǨǴǯ ǵǶȅǲǴǯ Ƿ ǫǷǸǫǷǸǨǫǳǳȁǲ ǽǮǷǱǴǨȁǲ ǵǴǶȅǪǰǴǲ: ([ , ], )a b ¢.  

ǈ ǪǦǳǳǴǲ ǷǱǹǽǦǫ ǳǦǮǲǫǳȂǾǮǯ ȃǱǫǲǫǳǸ ð ǽǮǷǱǴ a(ǱǫǨǦȅ ǩǶǦǳǮǼǦ ǴǸǶǫǭǰǦ), Ǧ Ƿǹ-
ǿǫǷǸǨǴǨǦǳǮǫ ǸǴǽǳǴǯ ǨǫǶǻǳǫǯ ǩǶǦǳǮ ǹ ǱȄǧǴǯ ǳǫǹǧȁǨǦȄǿǫǯ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ ǨȁǸǫ-
ǰǦǫǸ Ǯǭ ǮǭǨǫǷǸǳǴǯ ǸǫǴǶǫǲȁ ǈǫǯǫǶǾǸǶǦǷǷǦ, ǷǴǩǱǦǷǳǴ ǰǴǸǴǶǴǯ ǱȄǧǦȅ ǳǫǹǧȁǨǦȄǿǦȅ Ǯ 
ǴǩǶǦǳǮǽǫǳǳǦȅ ǷǨǫǶǻǹ ǽǮǷǱǴǨǦȅ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸȂ ǮǲǫǫǸ ǵǶǫǪǫǱ, ǰǴǸǴǶȁǯ Ǩ ǪǦǳǳǴǲ 
ǷǱǹǽǦǫ Ǯ ǴǰǦǭȁǨǦǫǸǷȅ ǸǴǽǳǴǯ ǨǫǶǻǳǫǯ ǩǶǦǳȂȄ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ.  

2) ǒǳǴǬǫǷǸǨǴ ǨǷǫǻ ǵǴǪǲǳǴǬǫǷǸǨ ǵǶǴǮǭǨǴǱȂǳǴǩǴ ǲǳǴǬǫǷǸǨǦ M ǴǸǳǴǾǫǳǮǫǲ 

ǨǰǱȄǽǫǳǮȅ: (2 , )M Ì  

ǍǪǫǷȂ ǳǦǮǲǫǳȂǾǮǯ ȃǱǫǲǫǳǸ ð ǵǹǷǸǴǫ ǲǳǴǬǫǷǸǨǴ, Ǧ ǸǴǽǳǦȅ ǨǫǶǻǳȅȅ ǩǶǦǳȂ ǵǶǴǮǭ-
ǨǴǱȂǳǴǯ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ ǴǵǶǫǪǫǱȅǫǸǷȅ ǰǦǰ 

0

sup { : ( )( )}n n n

n

A A x n x A
¤

=

= = $ Í .  

ǖǦǷǷǲǴǸǶǮǲ ȃǸǴ ǵǴǪǶǴǧǳǫǫ. ǍǪǫǷȂ ǹǲǫǷǸǳǴ Ǯ ǨǦǬǳǴ ǵǴǰǦǭǦǸȂ, ǰǦǰ ǪǴǰǦǭȁǨǦǫǸǷȅ, 
ǽǸǴ ȃǱǫǲǫǳǸ ǹǵǴǶȅǪǴǽǫǳǳǴǩǴ ǲǳǴǬǫǷǸǨǦ ȅǨǱȅǫǸǷȅ ǸǴǽǳǴǯ ǨǫǶǻǳǫǯ ǩǶǦǳȂȄ ǵǴǷǱǫǪǴǨǦ-
ǸǫǱȂǳǴǷǸǮ (ǮǱǮ ǵǴǪǲǳǴǬǫǷǸǨǦ). ǗǳǦǽǦǱǦ ǪǴǰǦǭȁǨǦǫǸǷȅ, ǽǸǴ ȃǸǴ ǵǶǴǷǸǴ ǨǫǶǻǳȅȅ ǩǶǦǳȂ. 

ǈ ǪǦǳǳǴǲ ǷǱǹǽǦǫ ȃǸǴ ǱǫǩǰǴ ǹǷǲǦǸǶǮǨǦǫǸǷȅ Ǯǭ ǸǴǩǴ, ǽǸǴ ǫǷǱǮ ȃǱǫǲǫǳǸ 
nx AÍ ǪǱȅ ǳǫǰǴ-

ǸǴǶǴǩǴ n, ǸǴ, ǵǶǴǷǸǴ Ǩ ǷǮǱǹ ǴǵǶǫǪǫǱǫǳǮȅ ǧǫǷǰǴǳǫǽǳǴǩǴ ǴǧȀǫǪǮǳǫǳǮȅ ǲǳǴǬǫǷǸǨ, 

0

n

n

x A
¤

=

Í . ǗǱǫǪǴǨǦǸǫǱȂǳǴ, ȃǸǴ ǴǧȀǫǪǮǳǫǳǮǫ ǫǷǸȂ ǨǫǶǻǳȅȅ ǩǶǦǳȂ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ.  

ǘǫǵǫǶȂ ǵǹǷǸȂ ǲǳǴǬǫǷǸǨǴ BȅǨǱȅǫǸǷȅ ǵǶǴǮǭǨǴǱȂǳǴǯ ǨǫǶǻǳǫǯ ǩǶǦǳȂȄ ǶǦǷǷǲǦǸǶǮǨǦ-

ǫǲǴǯ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ, ǸǴ ǫǷǸȂ ǪǱȅ ǰǦǬǪǴǩǴ 0n² ǮǲǫǫǸ ǲǫǷǸǴ ǨǰǱȄǽǫǳǮǫ nA BÌ

. ǘǴǩǪǦ, ǫǷǱǮ 
0

n

n

x A
¤

=

Í , ǸǴ ǪǱȅ ǳǫǰǴǸǴǶǴǩǴ 0n²
nx AÍ , Ǯ, ǷǱǫǪǴǨǦǸǫǱȂǳǴ, x BÍ , ǸǴ 

ǫǷǸȂ 
0

n

n

A B
¤

=

Ì , ǴǸǰǹǪǦ ǷǱǫǪǹǫǸ, ǽǸǴ ǪǦǳǳǴǫ ǴǧȀǫǪǮǳǫǳǮǫ ǨǷǫǻ ǽǱǫǳǴǨ ǵǴǷǱǫǪǴǨǦǸǫǱȂ-

ǳǴǷǸǮ ǧǹǪǫǸ ǳǦǮǲǫǳȂǾǮǲ ǵǴ ǨǰǱȄǽǫǳǮȄ ǲǳǴǬǫǷǸǨǴǲ, ǷǴǪǫǶǬǦǿǫǲ ǨǷǫ ǽǱǫǳȁ ǵǴǷǱǫ-
ǪǴǨǦǸǫǱȂǳǴǷǸǮ, ǸǴ ǫǷǸȂ ǧǹǪǫǸ ǸǴǽǳǴǯ ǨǫǶǻǳǫǯ ǩǶǦǳȂȄ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ. 

ǋǿǫ ǶǦǭ ǴǧǶǦǸǮǲ ǨǳǮǲǦǳǮǫ ǳǦ ǸǴ, ǽǸǴ ȃǸǴǸ ǷǹǵǶǫǲǹǲ ǴǵǶǫǪǫǱǫǳ ǪǱȅ ǱȄǧǴǯ ǵǴ-
ǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ ǲǳǴǬǫǷǸǨ, Ǧ ǳǫ ǸǴǱȂǰǴ ǪǱȅ ǳǫǹǧȁǨǦȄǿǫǯ. 

3) ǒǳǴǬǫǷǸǨǴ ǳǫǴǸǶǮǼǦǸǫǱȂǳȁǻ ǼǫǱȁǻ ǽǮǷǫǱ Ƿ ǴǸǳǴǾǫǳǮǫǲ ǪǫǱǮǲǴǷǸǮ:0( ,|), 

ǩǪǫ ǵǴ ǴǵǶǫǪǫǱǫǳǮȄ 0| ,a b b ka k= Í .  

ǑȄǧǦȅ ǰǴǳǫǽǳǦȅ ǲǴǳǴǸǴǳǳǴ ǨǴǭǶǦǷǸǦȄǿǦȅ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸȂ ǮǲǫǫǸ, ǴǽǫǨǮǪǳǴ, 
ǷǹǵǶǫǲǹǲ Ǩ ǨǮǪǫ ǳǦǮǧǴǱȂǾǫǩǴ (ǵǴ ǪǫǱǮǲǴǷǸǮ) ǽǮǷǱǦ ȃǸǴǯ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ.  

ǋǷǱǮ Ǭǫ ǨǭȅǸȂ ǲǴǳǴǸǴǳǳǴ ǨǴǭǶǦǷǸǦȄǿǹȄ ǧǫǷǰǴǳǫǽǳǹȄ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸȂ 

0 1 1| | ...| | | ...n na a a a+ , ǸǴ ǫǪǮǳǷǸǨǫǳǳǴǫ ǽǮǷǱǴ, ǰǴǸǴǶǴǫ ǪǫǱǮǸǷȅ ǳǦ ǨǷǫ ǽǱǫǳȁ ȃǸǴǯ ǵǴ-
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ǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ, ǧǹǪǫǸ ǶǦǨǳǴ ǳǹǱȄ, ǸǴ ǫǷǸȂ sup 0na = . ǔǸǷȄǪǦ Ǭǫ ǷǱǫǪǹǫǸ, ǽǸǴ ǹǵǴ-

ǶȅǪǴǽǫǳǳǴǫ ǲǳǴǬǫǷǸǨǴ ( ,|), ǳǴǷǮǸǫǱȂ ǰǴǸǴǶǴǩǴ ǳǫ ǷǴǪǫǶǬǮǸ ǳǹǱȅ, ǹǬǫ ǳǫ ǧǹǪǫǸ 

ǎǙǒ. 
 ǣǸǴǸ ǵǶǮǲǫǶ ǳǫǷǰǴǱȂǰǴ ǵǦǶǦǪǴǰǷǦǱǫǳ, ǳǴ ǵǴǹǽǮǸǫǱǫǳ. 
ǊǴǰǦǬǫǲ ǸǫǵǫǶȂ ǳǫǰǴǸǴǶȁǫ ǹǸǨǫǶǬǪǫǳǮȅ Ǵǧ ǮǳǪǹǰǸǮǨǳǴ ǹǵǴǶȅǪǴǽǫǳǳȁǻ ǲǳǴǬǫ-

ǷǸǨǦǻ. 
 ǑǫǲǲǦ 1. ǋǷǱǮ ǹ ǵǶǴǮǭǨǴǱȂǳǴǯ ǳǫǹǧȁǨǦȄǿǫǯ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ ȃǱǫǲǫǳǸǴǨ 

ǎǙǒ ǴǸǧǶǴǷǮǸȂ ǱȄǧǴǫ ǰǴǳǫǽǳǴǫ ǽǮǷǱǴ ǽǱǫǳǴǨ, ǸǴ ǫǫ ǸǴǽǳǦȅ ǨǫǶǻǳȅȅ ǩǶǦǳȂ ǳǫ Ǯǭǲǫ-
ǳǮǸǷȅ. 

 ǊǴǰǦǭǦǸǫǱȂǷǸǨǴ. ǕǹǷǸȂ ( , )A= ¢A  - ǎǙǒ Ǯ ǵǹǷǸȂ 0{ }n na ²  - ǳǫǹǧȁǨǦȄǿǦȅ ǵǴǷǱǫ-

ǪǴǨǦǸǫǱȂǳǴǷǸȂ ǫǩǴ ȃǱǫǲǫǳǸǴǨ. 

 ǊǱȅ ǳǫǰǴǸǴǶǴǩǴ 0k>  ǶǦǷǷǲǴǸǶǮǲ ǵǴǪǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸȂ 
0{ }n n ka ² >
, ǹǧǶǦǨ Ǹǫǲ 

ǷǦǲȁǲ ǵǫǶǨȁǫ 1k-  ǽǱǫǳǴǨ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ. ǊǴǰǦǬǫǲ, ǽǸǴ 

0sup supn n n k na a a² ²= . ǘǴ, ǽǸǴ ȃǱǫǲǫǳǸ aȅǨǱȅǫǸǷȅ ǵǶǴǷǸǴ ǨǫǶǻǳǫǯ ǩǶǦǳȂȄ çǹǷǫ-

ǽǫǳǳǴǯè ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ, ǴǽǫǨǮǪǳǴ. ǊǴǵǹǷǸǮǲ, ǽǸǴ bǫǷǸȂ ǨǫǶǻǳȅȅ ǩǶǦǳȂ ǵǴǪǵǴ-

ǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ 0{ }n n ka ² >. ǘǴǩǪǦ ǪǱȅ ǱȄǧǴǩǴ n k²
na b¢ , ǳǴ ǵǴǷǰǴǱȂǰǹ ǵǴǷǱǫǪǴǨǦ-

ǸǫǱȂǳǴǷǸȂ 0{ }n na ²  ǳǫ ǹǧȁǨǦǫǸ, ǸǴ 0 1 1... k ka a a a b-¢ ¢ ¢ ¢ ¢, ǸǴ ǫǷǸȂ ȃǱǫǲǫǳǸ b  ȅǨǱȅ-

ǫǸǷȅ ǨǫǶǻǳǫǯ ǩǶǦǳȂȄ ǨǷǫǯ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ 0{ }n na ², ǴǸǰǹǪǦ a b¢  Ǯ supn k na a²= .  

 ǙǸǨǫǶǬǪǫǳǮǫ Ǳǫǲǲȁ ǦǳǦǱǴǩǮǽǳǴ ǮǭǨǫǷǸǳǴǯ ǸǫǴǶǫǲǫ ǲǦǸǫǲǦǸǮǽǫǷǰǴǩǴ ǦǳǦǱǮǭǦ, 
ǷǴǩǱǦǷǳǴ ǰǴǸǴǶǴǯ ǵǶǫǪǫǱ ǷǻǴǪȅǿǫǯǷȅ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ ǳǫ ǮǭǲǫǳǮǸǷȅ, ǫǷǱǮ ǹ ǵǴ-
ǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ ǴǸǧǶǴǷǮǸȂ ǵǶǴǮǭǨǴǱȂǳǴǫ ǽǮǷǱǴ ǵǫǶǨȁǻ ǽǱǫǳǴǨ. ǓǴ ǳǮǰǴǩǪǦ ǳǫǱȂǭȅ 
ǭǦǧȁǨǦǸȂ, ǽǸǴ ǵǴǳȅǸǮȅ ǸǴǽǳǴǯ ǨǫǶǻǳǫǯ ǩǶǦǳǮ ǳǫǹǧȁǨǦȄǿǫǯ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ ǎǙǒ 
Ǯ ǵǴǳȅǸǮǫ ǵǶǫǪǫǱǦ ǽǮǷǱǴǨǴǯ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ ð ǷǴǨǷǫǲ ǶǦǭǳȁǫ ǨǫǿǮ. 

ǔǸǴǧǶǦǬǫǳǮǫ :f A B­  (ǵǶǴǮǭǨǴǱȂǳǴǩǴ) ǹǵǴǶȅǪǴǽǫǳǳǴǩǴ ǲǳǴǬǫǷǸǨǦ ( , )A= ¢A  

Ǩ ǹǵǴǶȅǪǴǽǫǳǳǴǫ ǲǳǴǬǫǷǸǨǴ ( , )B=B  ǳǦǭȁǨǦǫǸǷȅ ǲǴǳǴǸǴǳǳȁǲ, ǫǷǱǮ 

( , )( ( ) ( ))x y A x y f x f y" Í ¢ Ý .  

ǈ ǹǷǱǴǨǮȅǻ ǵǶǫǪȁǪǹǿǫǩǴ ǴǵǶǫǪǫǱǫǳǮȅ, ǫǷǱǮ ǲǳǴǬǫǷǸǨǦ ȅǨǱȅȄǸǷȅ ǮǳǪǹǰǸǮǨǳǴ 

ǹǵǴǶȅǪǴǽǫǳǳȁǲǮ, ǸǴ ǴǸǴǧǶǦǬǫǳǮǫ:f A B­  ǳǦǭȁǨǦǫǸǷȅ ǳǫǵǶǫǶȁǨǳȁǲ, ǫǷǱǮ ǪǱȅ ǱȄ-

ǧǴǯ ǳǫǹǧȁǨǦȄǿǫǯ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ 0{ }n nx ²  ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸȂ 0{ ( )}n nf x ²  ǴǧǶǦ-

ǭǴǨ ǮǲǫǫǸ ǸǴǽǳǹȄ ǨǫǶǻǳȄȄ ǩǶǦǳȂ, ǵǶǮǽǫǲ (sup ) sup ( )n nf x f x=  .  

ǍǦǲǫǸǮǲ, ǽǸǴ Ǩ ȃǸǴǲ ǴǵǶǫǪǫǱǫǳǮǮ ǦǵǶǮǴǶǮ ǳǫ ǵǶǫǪǵǴǱǦǩǦǫǸǷȅ, ǽǸǴ ǵǴǷǱǫǪǴǨǦ-
ǸǫǱȂǳǴǷǸȂ ǴǧǶǦǭǴǨ ǳǫ ǹǧȁǨǦǫǸ. 

ǘǫǴǶǫǲǦ 1.  ǈǷȅǰǴǫ ǳǫǵǶǫǶȁǨǳǴǫ ǴǸǴǧǶǦǬǫǳǮǫ ǴǪǳǴǩǴ ǎǙǒ Ǩ ǪǶǹǩǴǫ ǲǴǳǴǸǴǳǳǴ. 

ǊǴǰǦǭǦǸǫǱȂǷǸǨǴ. ǕǹǷǸȂ ; ,x y x y A¢ Í  (Ǩ ǹǷǱǴǨǮȅǻ ǪǦǳǳȁǻ ǨȁǾǫ ǴǵǶǫǪǫǱǫǳǮǯ). 

ǖǦǷǷǲǴǸǶǮǲ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸȂ , , ,..., ,...x y y y  , Ǩ ǰǴǸǴǶǴǯ ǨǷǫ ȃǱǫǲǫǳǸȁ, ǳǦǽǮǳǦȅ ǷǴ 

ǨǸǴǶǴǩǴ, ǶǦǨǳȁ ǴǪǳǴǲǹ Ǯ ǸǴǲǹ Ǭǫ y . ǘǴǩǪǦ 

sup{ ( ), ( ), ( ),..., ( ),...) sup{ ( ), ( )} (sup{ , }) ( )f x f y f y f y f x f y f x y f y= = = , Ǩ ǷǮǱǹ ǳǫ-

ǵǶǫǶȁǨǳǴǷǸǮ ǴǸǴǧǶǦǬǫǳǮȅ f , ǴǸǰǹǪǦ ( ) ( )f x f y , ǸǴ ǫǷǸȂ ǴǸǴǧǶǦǬǫǳǮǫ ǲǴǳǴǸǴǳǳǴ. 

ǔǸǷȄǪǦ Ǯ ǷǱǫǪǹǫǸ, ǽǸǴ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸȂ ǴǧǶǦǭǴǨ ǳǫǹǧȁǨǦȄǿǫǯ ǵǴǷǱǫǪǴǨǦ-
ǸǫǱȂǳǴǷǸǮ ǸǴǬǫ ǧǹǪǫǸ ǳǫǹǧȁǨǦȄǿǫǯ (ǪǱȅ ǳǫǵǶǫǶȁǨǳǴǩǴ ǴǸǴǧǶǦǬǫǳǮȅ). 

ǎǭ ǸǫǴǶǫǲȁ 1 ǨȁǸǫǰǦǫǸ ǸǦǰǬǫ, ǽǸǴ ǵǴǳȅǸǮȅ ǳǫǵǶǫǶȁǨǳǴǷǸǮ ǴǸǴǧǶǦǬǫǳǮǯ ǎǙǒ Ǯ 
ǳǫǵǶǫǶȁǨǳǴǷǸǮ Ǩ ǰǱǦǷǷǮǽǫǷǰǴǲ ǦǳǦǱǮǭǫ ǪǦǱǫǰǴ ǳǫ ǸǴǬǪǫǷǸǨǫǳǳȁ, ǻǴǸȅ ǴǵǶǫǪǫǱǫǳǳǴǫ 
ǷǻǴǪǷǸǨǴ ǲǫǬǪǹ ȃǸǮǲǮ ǸǮǵǦǲǮ ǳǫǵǶǫǶȁǨǳǴǷǸǮ Ǯ ǫǷǸȂ. 

ǔǷǳǴǨǳǴǯ, Ǯ ǨǦǬǳǫǯǾǮǯ ǪǱȅ ǵǶǮǱǴǬǫǳǮǯ, ǶǫǭǹǱȂǸǦǸ ǸǫǴǶǮǮ ǮǳǪǹǰǸǮǨǳǴ ǹǵǴǶȅ-
ǪǴǽǫǳǳȁǻ ǲǳǴǬǫǷǸǨ, ǫǷǸȂ ǸǫǴǶǫǲǦ Ǵ ǳǦǮǲǫǳȂǾǫǯ ǳǫǵǴǪǨǮǬǳǴǯ ǸǴǽǰǫ: 

ǘǫǴǶǫǲǦ 2. ǈǷȅǰǴǫ ǳǫǵǶǫǶȁǨǳǴǫ ǴǸǴǧǶǦǬǫǳǮǫ ǎǙǒ Ǩ Ƿǫǧȅ ǮǲǫǫǸ ǳǦǮǲǫǳȂǾǹȄ 
ǳǫǵǴǪǨǮǬǳǹȄ ǸǴǽǰǹ. 
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ǊǴǰǦǭǦǸǫǱȂǷǸǨǴ. ǕǹǷǸȂ ( , )A= ¢A  - ǎǙǒ, Ǯ :f A A­  - ǳǫǵǶǫǶȁǨǳǴǫ ǴǸǴǧǶǦǬǫ-

ǳǮǫ. ǔǧǴǭǳǦǽǮǲ ǽǫǶǫǭ OǳǦǮǲǫǳȂǾǮǯ ȃǱǫǲǫǳǸ ǲǳǴǬǫǷǸǨǦ A . 
ǕǴǷǸǶǴǮǲ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸȂ  

, ( ), ( ( )),..., ( ),...nf f f fO O O O ,  

ǩǪǫ 
1 0( ) ( ( )), 1; ( )n nf x f f x n f x x-= ² = - ǶǫǭǹǱȂǸǦǸ n-ǰǶǦǸǳǴǩǴ ǵǶǮǲǫǳǫǳǮȅ 

ǺǹǳǰǼǮǮ f  ǰ ȃǱǫǲǫǳǸǹ x .  

 ǊǴǰǦǬǫǲ, ǽǸǴ ȃǸǦ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸȂ ǳǫ ǹǧȁǨǦǫǸ. ǘǦǰ ǰǦǰ OǳǦǮǲǫǳȂǾǮǯ ȃǱǫ-

ǲǫǳǸ, ǸǴ ( )fO¢ O. ǋǷǱǮ ǪǱȅ ǱȄǧǴǩǴ 0k n¢ >ǵǶǫǪǵǴǱǴǬǮǸȂ, ǽǸǴ 
1( ) ( )k kf f- O ¢ O, 

ǸǴ Ǩ ǷǮǱǹ ǲǴǳǴǸǴǳǳǴǷǸǮ ǳǫǵǶǫǶȁǨǳǴǩǴ ǴǸǴǧǶǦǬǫǳǮȅ f ǵǴǱǹǽǮǲ ǵǶǮ k n=
1 1( ( )) ( ) ( ( )) ( )n n n nf f f f f f- +O = O ¢ O = O,  

ǴǸǰǹǪǦ, Ǩ ǷǮǱǹ ǵǶǮǳǼǮǵǦ ǮǳǪǹǰǼǮǮ, ǪǱȅ ǱȄǧǴǩǴ 0n² ǮǲǫǫǸ ǲǫǷǸǴ 
1( ) ( )n nf f +O ¢ O, ǽǸǴ Ǯ ǴǭǳǦǽǦǫǸ ǳǫǹǧȁǨǦǳǮǫ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ 0{ ( )}n

nf ²O .  

 ǘǴǩǪǦ ȃǸǦ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸȂ ǮǲǫǫǸ ǸǴǽǳǹȄ ǨǫǶǻǳȄȄ ǩǶǦǳȂ. 

 ǕǴǱǴǬǮǲ 0sup ( )n

na f²= O.  

 ǊǴǰǦǬǫǲ, ǽǸǴ ( )f a a= .  

 ǎǲǫǫǲ: 

 
1

0 0 0 1( ) (sup ( )) sup ( ( )) sup ( ) sup ( )n n n n

n n n nf a f f f f f f a+

² ² ² ²= O = O = O = O = 

ǓǦ ǨǸǴǶǴǲ ǾǦǩǫ ȃǸǴǯ ǼǫǵǴǽǰǮ ǮǷǵǴǱȂǭǹǫǸǷȅ ǳǫǵǶǫǶȁǨǳǴǷǸȂ ǴǸǴǧǶǦǬǫǳǮȅ f , Ǧ ǳǫ 

ǵǴǷǱǫǪǳǫǲ ð ǱǫǲǲǦ 1: ǨȁǽǮǷǱȅǫǸǷȅ ǷǹǵǶǫǲǹǲ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ, ǵǴǱǹǽǫǳǳǴǯ Ǯǭ ǮǷ-
ǻǴǪǳǴǯ ǴǸǧǶǦǷȁǨǦǳǮǫǲ ǳǹǱǫǨǴǩǴ ǽǱǫǳǦ. 

ǎǸǦǰ, ǪǴǰǦǭǦǳǴ ǷǹǿǫǷǸǨǴǨǦǳǮǫ ǳǫǵǴǪǨǮǬǳǴǯ ǸǴǽǰǮ ǴǸǴǧǶǦǬǫǳǮȅ f .  

ǊǴǰǦǬǫǲ ǸǫǵǫǶȂ, ǽǸǴ ȃǸǴ ǮǲǫǳǳǴ ǳǦǮǲǫǳȂǾǦȅ ǳǫǵǴǪǨǮǬǳǦȅ ǸǴǽǰǦ.  

ǕǹǷǸȂ ǪǱȅ ǰǦǰǴǩǴ-ǸǴ b AÍ  ǨȁǵǴǱǳȅǫǸǷȅ ( )f b b= . ǘǦǰ ǰǦǰ bO¢, ǸǴ Ǩ ǷǮǱǹ ǲǴ-

ǳǴǸǴǳǳǴǷǸǮ ǱȄǧǴǩǴ ǳǫǵǶǫǶȁǨǳǴǩǴ ǴǸǴǧǶǦǬǫǳǮȅ 

( ) ( ) , ( ( )) ( ( )) ,..., ( )nf f b b f f f f b b f bO ¢ = O ¢ = O ¢  

ǪǱȅ ǱȄǧǴǩǴ 0n² , Ǯ, Ǹǫǲ ǷǦǲȁǲ, ȃǱǫǲǫǳǸ b AÍ ȅǨǱȅǫǸǷȅ ǨǫǶǻǳǫǯ ǩǶǦǳȂȄ ǮǷǻǴǪ-

ǳǴǯ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳǴǷǸǮ, ǴǸǰǹǪǦ 0sup ( )n

na f b²= O ¢. 

ǘǫǴǶǫǲǦ ǵǴǱǳǴǷǸȂȄ ǪǴǰǦǭǦǳǦ. 
ǋǫ ǪǴǰǦǭǦǸǫǱȂǷǸǨǴ ǰǴǳǷǸǶǹǰǸǮǨǳǴ, ǸǦǰ ǰǦǰ ǪǦǫǸ ǺǴǶǲǹǱǹ ǨȁǽǮǷǱǫǳǮȅ ǳǦǮǲǫǳȂ-

Ǿǫǯ ǳǫǵǴǪǨǮǬǳǴǯ ǸǴǽǰǮ ǱȄǧǴǩǴ ǳǫǵǶǫǶȁǨǳǴǩǴ ǴǸǴǧǶǦǬǫǳǮȅ ǎǙǒ Ǩ Ƿǫǧȅ. 
ǘǫǴǶǫǲǹ Ǵ ǳǦǮǲǫǳȂǾǫǯ ǳǫǵǴǪǨǮǬǳǴǯ ǸǴǽǰǫ ǲǴǬǳǴ ǸǶǦǰǸǴǨǦǸȂ, ǰǦǰ ǹǸǨǫǶǬǪǫǳǮǫ 

Ǵ ǷǹǿǫǷǸǨǴǨǦǳǮǮ ǳǦǮǲǫǳȂǾǫǩǴ ǶǫǾǫǳǮȅ ǹǶǦǨǳǫǳǮȅ ( )x f x=  Ǩ ǵǶǴǮǭǨǴǱȂǳǴǲ ǎǙǒ. 

ǣǸǴ ǨǦǬǳǴ Ƿ ǸǴǽǰǮ ǭǶǫǳǮȅ ǵǶǮǱǴǬǫǳǮǯ ȃǸǴǯ ǸǫǴǶǫǲȁ Ǩ ǸǫǴǶǮǮ ǵǴǱǹǰǴǱǫǼ Ǯ ǴǷǳǴǨǦǳǳȁǻ 
ǳǦ ǳǫǯ ǲǫǸǴǪǦǻ ǦǳǦǱǮǭǦ ǩǶǦǺǴǨ Ǯ ǦǨǸǴǲǦǸǴǨ ([12], [13]). 

ǖǦǷǷǲǴǸǶǮǲ Ǩ ȃǸǴǯ ǷǨȅǭǮ ǸǦǰǴǯ ǵǶǮǲǫǶ. 

ǈ ǎǙǒ ǨǷǫǻ ǵǴǪǲǳǴǬǫǷǸǨ ǵǶǴǮǭǨǴǱȂǳǴǩǴ ǲǳǴǬǫǷǸǨǦ M (Ƿǲ. ǵǶǮǲǫǶ 2 ǨȁǾǫ) Ƕǫ-
ǾǮǲ ǹǶǦǨǳǫǳǮǫ 

( )X A X B= Æ Ç  

ǴǸǳǴǷǮǸǫǱȂǳǴ ǳǫǮǭǨǫǷǸǳǴǩǴ ǲǳǴǬǫǷǸǨǦ X .  

ǒǴǬǳǴ ǪǴǰǦǭǦǸȂ, ǽǸǴ ǵǶǦǨǦȅ ǽǦǷǸȂ ȃǸǴǩǴ ǹǶǦǨǳǫǳǮȅ ( ) ( )f X A X B= Æ Ç ǳǫǵǶǫ-

ǶȁǨǳǦ (ȃǸǴ ǪǴǰǦǭȁǨǦǫǸǷȅ Ǩ ǸǫǴǶǮǮ ǵǴǱǹǰǴǱǫǼ, Ƿǲ., ǳǦǵǶǮǲǫǶ, [14]). 
ǈȁǽǮǷǱȅǫǲ ǵǴǷǱǫǪǴǨǦǸǫǱȂǳȁǫ ǵǶǮǧǱǮǬǫǳǮȅ ǰ ǶǫǾǫǳǮȄ: 

( ) , ( ) ( )f B f B A B B BÅ = = Æ Ç =, ǸǴ ǫǷǸȂ ǪǱȅ ǱȄǧǴǩǴ 1n² ( )nf BÅ = . ǣǸǴ Ǯ 

ǫǷǸȂ ǳǦǮǲǫǳȂǾǫǫ ǶǫǾǫǳǮǫ ǹǶǦǨǳǫǳǮȅ. 




