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ȼɜɟɞɟɧɢɟ 

 

      Ɋɟɲɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɡɚɞɚɱ ɞɨɫɬɚɬɨɱɧɨ ɱɚɫɬɨ ɩɪɢɜɨɞɢɬ ɤ ɢɫɫɥɟɞɨɜɚɧɢɸ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ [5,39,42,43], ɢɦɟɸɳɢɯ ɜɢɞ 

                                             ( ) ( ), ,z f t z F t zε= +� ,                                             (1) 

( )(0,1)

( , )ɝɞɟ , ; ;  1 ɦɚɥɵɣ ɩɚɪɚɦɟɬɪ,n

t zf F C D D ε∈ ⊂ −\ �  ɮɨɪɦɚɥɢɡɭɸɳɢɣ ɬɨɬ 

ɮɚɤɬ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɫɥɚɝɚɟɦɨɟ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɜɨɡɦɭɳɟɧɢɟ. ɋɢɫɬɟɦɚ, ɩɨɥɭɱɚɸɳɚɹɫɹ ɩɪɢ 0ε =  ɧɚɡɵɜɚɟɬɫɹ ɩɨɪɨɠɞɚɸɳɟɣ ɢɥɢ 

ɜɵɪɨɠɞɟɧɧɨɣ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɟɟ ɬɨɱɧɨɟ ɪɟɲɟɧɢɟ  ( ),z g t x= , ɝɞɟ ɯ – 

ɧɚɛɨɪ ɩɨɫɬɨɹɧɧɵɯ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, ɢɡɜɟɫɬɧɨ. ɉɨɹɜɥɟɧɢɟ  ɫɤɨɥɶ ɭɝɨɞɧɨ ɦɚɥɨɝɨ 

ɜɨɡɦɭɳɟɧɢɹ ( 0ε ≠ ) ɦɨɠɟɬ ɤɚɱɟɫɬɜɟɧɧɨ ɢɡɦɟɧɢɬɶ ɩɨɜɟɞɟɧɢɟ ɫɢɫɬɟɦɵ, ɱɬɨ ɢ 

ɞɟɥɚɟɬ ɡɚɞɚɱɭ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɨɡɦɭɳɟɧɧɵɯ ɫɢɫɬɟɦ ɫɨɞɟɪɠɚɬɟɥɶɧɨɣ. 

      ȼɨɡɦɭɳɟɧɧɚɹ ɫɢɫɬɟɦɚ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɤɚɡɵɜɚɟɬɫɹ ɧɟ ɢɧɬɟɝɪɢɪɭɟɦɨɣ. Ɉɞɧɚɤɨ 

ɧɚɥɢɱɢɟ ɦɚɥɨɝɨ ɩɚɪɚɦɟɬɪɚ ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɧɹɬɶ ɦɟɬɨɞɵ ɩɪɢɛɥɢɠɟɧɧɨɝɨ 

ɚɧɚɥɢɡɚ. Ɉɫɧɨɜɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ ɬɚɤɨɝɨ ɚɧɚɥɢɡɚ ɹɜɥɹɟɬɫɹ ɦɟɬɨɞ ɨɫɪɟɞɧɟɧɢɹ 

[9,26,27,36,37]. ɇɟ ɜɞɚɜɚɹɫɶ ɜ ɞɟɬɚɥɢ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɭɬɨɱɧɢɬɶ ɜ ɰɢɬɢɪɨɜɚɧɧɨɣ 

ɥɢɬɟɪɚɬɭɪɟ ɢ ɜ ɬɟɤɫɬɟ ɞɚɧɧɨɣ ɪɚɛɨɬɵ, ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɫɭɬɶ ɦɟɬɨɞɚ ɫɨɫɬɨɢɬ ɜ 

ɫɥɟɞɭɸɳɟɦ.  

      ȼɧɚɱɚɥɟ ɫɢɫɬɟɦɚ ɩɪɢɜɨɞɢɬɫɹ ɤ ɫɬɚɧɞɚɪɬɧɨɦɭ ɜɢɞɭ 
                                                     ( ), ,x X t xε ε=�                                                     (2) 

 ɩɪɢ ɩɨɦɨɳɢ ɢɡɜɟɫɬɧɨɣ ɩɪɨɰɟɞɭɪɵ ɜɚɪɢɚɰɢɢ ɩɨɫɬɨɹɧɧɵɯ. Ⱦɚɥɟɟ ɩɪɨɜɨɞɢɬɫɹ 

ɨɫɪɟɞɧɟɧɢɟ ɩɪɚɜɨɣ ɱɚɫɬɢ ɩɨɫɥɟɞɧɟɣ ɫɢɫɬɟɦɵ ɩɨ ɹɜɧɨ ɜɯɨɞɹɳɟɦɭ ɜɪɟɦɟɧɢ t. ȼ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɝɨ, ɹɜɥɹɟɬɫɹ ɥɢ ɩɪɚɜɚɹ ɱɚɫɬɶ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɩɨ t ɢɥɢ ɧɟɬ, 

ɨɫɪɟɞɧɟɧɢɟ ɩɪɨɜɨɞɢɬɫɹ ɧɚ ɩɟɪɢɨɞɟ, ɥɢɛɨ ɛɟɫɤɨɧɟɱɧɨɦ ɩɨɥɭɢɧɬɟɪɜɚɥɟ. ȼ 

ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɟɬɫɹ ɚɜɬɨɧɨɦɧɚɹ ɫɢɫɬɟɦɚ 
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( ) ( )
( ) ( )

( ) ( )

0

0 0

0

1
, , , ɟɫɥɢ , ,  - ɩɟɪɢɨɞɢɱɧɚ ɫ ɩɟɪɢɨɞɨɦ 

, , ,
1

lim , , , ɟɫɥɢ , ,  - ɧɟ ɩɟɪɢɨɞɢɱɧɚ 

T

T

T

X t x dt X t x T
T

x X x X x

X t x dt X t x
T

ε ε
ε ε ε

ε ε
→∞

⎧
⎪
⎪= = ⎨
⎪
⎪⎩

∫

∫
�

ɉɨ ɨɬɧɨɲɟɧɢɸ ɤ ɩɨɥɭɱɟɧɧɵɦ ɭɪɚɜɧɟɧɢɹɦ, ɨɛɪɚɡɭɸɳɢɦ ɫɢɫɬɟɦɭ ɩɟɪɜɨɝɨ 

ɩɪɢɛɥɢɠɟɧɢɹ ɦɟɬɨɞɚ ɨɫɪɟɞɧɟɧɢɹ, ɫɬɚɜɢɬɫɹ ɬɚ ɠɟ ɡɚɞɚɱɚ Ʉɨɲɢ, ɱɬɨ ɢ ɞɥɹ ɬɨɱɧɨɣ 

ɫɢɫɬɟɦɵ (2). Ɋɟɲɟɧɢɟ ɷɬɨɣ ɡɚɞɚɱɢ Ʉɨɲɢ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɮɭɧɤɰɢɸ x(t), 

ɹɜɥɹɸɳɭɸɫɹ ɩɪɢɛɥɢɠɟɧɧɵɦ ɪɟɲɟɧɢɟɦ (2). ȿɟ ɩɨɞɫɬɚɧɨɜɤɚ ɜ ɪɟɲɟɧɢɟ 

ɩɨɪɨɠɞɚɸɳɟɣ ɫɢɫɬɟɦɵ  ɜɦɟɫɬɨ ɩɨɫɬɨɹɧɧɵɯ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɞɚɟɬ 

ɩɪɢɛɥɢɠɟɧɧɨɟ ɪɟɲɟɧɢɟ ɢɫɯɨɞɧɨɣ ɫɢɫɬɟɦɵ (1). Ȼɥɢɡɨɫɬɶ ɩɪɢɛɥɢɠɟɧɧɨɝɨ 

ɪɟɲɟɧɢɹ ɤ ɬɨɱɧɨɦɭ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɜɨɣɫɬɜɚɦɢ ɩɪɚɜɨɣ ɱɚɫɬɢ ɫɢɫɬɟɦɵ (2) ɢ 

ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɨɰɟɧɢɜɚɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɬɟɨɪɟɦɵ ɇ.ɇ. Ȼɨɝɨɥɸɛɨɜɚ [9,26]. 

( , )g t x

      Ȼɨɥɶɲɢɧɫɬɜɨ ɢɡɜɟɫɬɧɵɯ ɦɟɬɨɞɨɜ ɬɟɨɪɢɢ ɜɨɡɦɭɳɟɧɢɣ ɬɚɤɠɟ ɨɫɧɨɜɚɧɵ ɧɚ 

ɢɞɟɟ ɨɫɪɟɞɧɟɧɢɹ, ɥɢɛɨ ɫɩɟɰɢɚɥɶɧɨ ɩɪɢɫɩɨɫɨɛɥɟɧɵ ɞɥɹ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦ 

ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɜɢɞɚ [26]. Ɉɞɧɚɤɨ ɜ ɥɸɛɨɦ ɫɥɭɱɚɟ, ɤɚɤ ɢ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɦɟɬɨɞɚ ɨɫɪɟɞɧɟɧɢɹ,  ɩɪɢɦɟɧɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɧɵɣ ɚɥɝɨɪɢɬɦ, ɡɚɦɟɧɹɸɳɢɣ 

ɢɫɯɨɞɧɭɸ ɫɢɫɬɟɦɭ ɧɚ ɛɨɥɟɟ ɩɪɨɫɬɭɸ ɩɪɢɛɥɢɠɟɧɧɭɸ ɫɢɫɬɟɦɭ, ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 

ɤɨɬɨɪɨɣ ɫɬɚɜɹɬɫɹ ɬɟ ɠɟ ɡɚɞɚɱɢ. 

      ɋɩɨɫɨɛ ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚɞɚɱ, ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɜ ɱɚɫɬɹɯ 1-3 ɞɚɧɧɨɣ 

ɞɢɫɫɟɪɬɚɰɢɢ, ɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɬɨɥɶɤɨ ɱɬɨ ɨɩɢɫɚɧɧɨɣ ɫɯɟɦɵ ɚɧɚɥɢɡɚ ɫ 

ɩɨɦɨɳɶɸ ɬɪɚɞɢɰɢɨɧɧɵɯ ɚɫɢɦɩɬɨɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ. Ɉɬɥɢɱɚɸɬɫɹ ɨɬ 

ɬɪɚɞɢɰɢɨɧɧɵɯ ɢ ɫɚɦɢ ɩɨɫɬɚɧɨɜɤɢ ɡɚɞɚɱ. ɇɢɠɟ ɩɪɢɜɨɞɢɬɫɹ ɤɪɚɬɤɚɹ ɢɫɬɨɪɢɹ 

ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɷɬɢɯ ɡɚɞɚɱ ɢ ɨɩɢɫɚɧɢɟ ɩɨɞɯɨɞɚ ɤ ɢɯ ɪɟɲɟɧɢɸ.   

 

      ȿɳɟ ɜ 1890 ɝɨɞɭ Ȼɪɚɣɚɧ [51], ɢɫɫɥɟɞɭɹ ɞɢɧɚɦɢɤɭ ɫɬɨɹɱɢɯ ɜɨɥɧ ɜ ɭɩɪɭɝɨɦ ɢ 

ɧɟɪɚɫɬɹɠɢɦɨɦ ɤɨɥɶɰɟ, ɜɪɚɳɚɸɳɟɦɫɹ c ɩɨɫɬɨɹɧɧɨɣ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɶɸ, ɩɪɢɲɟɥ 

ɤ ɨɬɤɪɵɬɢɸ ɫɥɟɞɭɸɳɟɝɨ ɷɮɮɟɤɬɚ. 

      ɉɭɫɬɶ ɜ ɤɨɥɶɰɟ ɜɨɡɛɭɠɞɟɧɚ ɫɬɨɹɱɚɹ ɜɨɥɧɚ, ɚ ɫɚɦɨ ɨɧɨ ɜɪɚɳɚɟɬɫɹ ɫ ɭɝɥɨɜɨɣ 

ɫɤɨɪɨɫɬɶɸ constω = , ɨɪɬɨɝɨɧɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɤɨɥɶɰɚ. Ɍɨɝɞɚ ɜ ɫɢɫɬɟɦɟ 
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ɨɬɫɱɟɬɚ, ɜɪɚɳɚɸɳɟɣɫɹ ɫ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɶɸ ω  ɢ ɫɜɹɡɚɧɧɨɣ ɫ ɤɨɥɶɰɨɦ, ɫɬɨɹɱɚɹ 

ɜɨɥɧɚ ɛɭɞɟɬ ɩɨɜɨɪɚɱɢɜɚɬɶɫɹ ɧɚ  ɭɝɨɥ, ɪɚɜɧɵɣ 

( ) 2

2

1
t t

k
ϕ ω= −

+
 

ɝɞɟ k – ɧɨɦɟɪ ɦɨɞɵ ɫɬɨɹɱɟɣ ɜɨɥɧɵ, t - ɜɪɟɦɹ. ɉɪɢɦɟɱɚɬɟɥɶɧɨ, ɱɬɨ ɭɝɨɥ ɩɨɜɨɪɨɬɚ 

ɜɨɥɧɵ ɜɨɨɛɳɟ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɚ ɤɨɥɶɰɚ, ɱɬɨ, ɨɞɧɚɤɨ, ɹɜɥɹɟɬɫɹ 

ɫɥɟɞɫɬɜɢɟɦ ɞɨɩɭɳɟɧɢɹ ɨ ɧɟɪɚɫɬɹɠɢɦɨɫɬɢ ɫɪɟɞɧɟɣ ɥɢɧɢɢ ɤɨɥɶɰɚ.  

      Ɉɤɚɡɚɥɨɫɶ, ɱɬɨ ɷɮɮɟɤɬ ɫɨɯɪɚɧɹɟɬɫɹ ɢ ɜ ɫɥɭɱɚɟ ɩɟɪɟɦɟɧɧɨɣ ɭɝɥɨɜɨɣ 

ɫɤɨɪɨɫɬɢ. ȼ ɫɢɫɬɟɦɟ ɨɬɫɱɟɬɚ, ɫɜɹɡɚɧɧɨɣ ɫ ɤɨɥɶɰɨɦ ɢ ɢɦɟɸɳɟɣ ɩɟɪɟɦɟɧɧɭɸ 

ɭɝɥɨɜɭɸ ɫɤɨɪɨɫɬɶ ( )tω  ɛɭɞɟɬ ɧɚɛɥɸɞɚɬɶɫɹ ɩɨɜɨɪɨɬ ɫɬɨɹɱɟɣ ɜɨɥɧɵ ɧɚ ɭɝɨɥ, 

ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɮɨɪɦɭɥɟ 

                                           ( ) ( )2

2

1
t

k
ϕ = −

+ ∫ t dtω .                                              (3) 

      ɗɬɨ ɫɨɨɬɧɨɲɟɧɢɟ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɜɩɟɪɜɵɟ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɚɜɬɨɪɚɦɢ ɩɚɬɟɧɬɚ “Vibratory rotation gyro”. Ɍɟɨɪɟɬɢɱɟɫɤɢ 

ɫɥɭɱɚɣ ɩɟɪɟɦɟɧɧɨɣ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɛɵɥ ɢɡɭɱɟɧ ȼ.Ɏ. ɀɭɪɚɜɥɟɜɵɦ [27]. Ȼɵɥɨ 

ɩɨɤɚɡɚɧɨ, ɱɬɨ ɮɨɪɦɭɥɚ (3) ɫɥɟɞɭɟɬ ɢɡ ɭɪɚɜɧɟɧɢɹ ɤɨɥɟɛɚɧɢɣ ɭɩɪɭɝɨɝɨ ɤɨɥɶɰɚ ɜ 

ɫɜɨɟɣ ɩɥɨɫɤɨɫɬɢ ɢ ɹɜɥɹɟɬɫɹ ɬɨɱɧɨɣ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɤɨɥɶɤɨ ɭɝɨɞɧɨ ɪɚɡ ɟɟ 

ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɬɶ. Ⱦɜɭɤɪɚɬɧɨɟ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟ, ɨɱɟɜɢɞɧɨ, ɩɪɢɜɨɞɢɬ ɤ 

ɪɟɡɭɥɶɬɚɬɭ 

2

2

1k
ϕ ω=

+
�� ��  

Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɦɨɦɟɧɬ ɜɧɟɲɧɢɯ ɫɢɥ, ɜɵɡɵɜɚɸɳɢɣ ɭɝɥɨɜɨɟ ɭɫɤɨɪɟɧɢɟ 

ɤɨɥɶɰɚ ω��  ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɭɝɥɨɜɨɝɨ ɭɫɤɨɪɟɧɢɹ ɩɪɟɰɟɫɫɢɪɭɸɳɟɣ ɜɨɥɧɵ 

ϕ�� . Ɇɨɠɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɩɪɟɰɟɫɫɢɪɭɸɳɚɹ ɜɨɥɧɚ ɧɟɫɟɬ ɫɨɛɫɬɜɟɧɧɵɣ  

ɤɢɧɟɬɢɱɟɫɤɢɣ ɦɨɦɟɧɬ. ɗɬɢ ɮɚɤɬɵ ɩɨɡɜɨɥɹɸɬ ɝɨɜɨɪɢɬɶ ɨ ɧɨɜɨɦ ɮɢɡɢɱɟɫɤɨɦ 

ɹɜɥɟɧɢɢ, ɧɚɡɵɜɚɟɦɨɦ ɢɧɟɪɬɧɨɫɬɶɸ ɭɩɪɭɝɢɯ ɜɨɥɧ. ɇɚɡɜɚɧɢɟ ɷɮɮɟɤɬɚ ɫɥɟɞɭɟɬ  ɢɡ 

ɚɧɚɥɨɝɢɢ ɩɨɜɟɞɟɧɢɹ ɭɩɪɭɝɢɯ ɜɨɥɧ ɢ ɬɟɥ, ɨɛɥɚɞɚɸɳɢɯ ɦɚɫɫɨɣ. 
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      ɗɮɮɟɤɬ ɢɧɟɪɬɧɨɫɬɢ ɭɩɪɭɝɢɯ ɜɨɥɧ ɧɟ ɬɟɪɹɟɬɫɹ ɢ ɩɪɢ ɭɱɟɬɟ ɫɜɨɣɫɬɜ ɪɟɚɥɶɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ. Ʉɨɧɫɬɪɭɤɰɢɢ ɭɩɪɭɝɢɯ ɪɟɡɨɧɚɬɨɪɨɜ, ɜ ɤɨɬɨɪɵɯ ɧɚɛɥɸɞɚɟɬɫɹ 

ɷɮɮɟɤɬ, ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɥɢɱɧɵɦɢ. ɇɚɪɹɞɭ ɫ ɪɚɫɫɦɨɬɪɟɧɧɵɦ ɤɨɥɶɰɟɜɵɦ 

ɪɟɡɨɧɚɬɨɪɨɦ, ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ ɢ ɩɨɥɭɫɮɟɪɢɱɟɫɤɢɟ 

ɨɛɨɥɨɱɤɢ, ɥɢɛɨ ɫɩɟɰɢɚɥɶɧɵɟ ɫɬɟɪɠɧɟɜɵɟ ɤɨɧɫɬɪɭɤɰɢɢ, ɫɬɪɭɧɵ ɢ ɜɨɨɛɳɟ 

ɩɪɨɢɡɜɨɥɶɧɵɟ ɬɟɥɚ, ɨɛɥɚɞɚɸɳɢɟ ɨɫɟɜɨɣ ɫɢɦɦɟɬɪɢɟɣ. ɋ ɢɯ ɭɫɬɪɨɣɫɬɜɚɦɢ ɦɨɠɧɨ 

ɨɡɧɚɤɨɦɢɬɶɫɹ ɩɨ ɦɚɬɟɪɢɚɥɚɦ [16,21,25,27,52,54,55,59,60,62-64]. ɇɚɢɛɨɥɶɲɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɞɥɹ ɩɪɚɤɬɢɱɟɫɤɢɯ ɧɭɠɞ, ɨɩɢɫɵɜɚɟɦɵɯ ɞɚɥɟɟ, ɩɨɥɭɱɢɥɢ 

ɩɨɥɭɫɮɟɪɢɱɟɫɤɢɟ ɪɟɡɨɧɚɬɨɪɵ.   

      ɇɚɥɢɱɢɟ ɫɜɨɣɫɬɜɚ ɢɧɟɪɬɧɨɫɬɢ ɜɨɥɧ ɩɪɢɜɨɞɢɬ ɤ ɢɞɟɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɭɩɪɭɝɢɯ 

ɪɟɡɨɧɚɬɨɪɨɜ ɜ ɤɚɱɟɫɬɜɟ ɞɚɬɱɢɤɨɜ ɭɝɥɨɜɵɯ ɫɤɨɪɨɫɬɟɣ ɞɥɹ ɛɟɫɩɥɚɬɮɨɪɦɟɧɧɵɯ 

ɢɧɟɪɰɢɚɥɶɧɵɯ ɫɢɫɬɟɦ ɧɚɜɢɝɚɰɢɢ [2,10,14,29,30]. ɗɬɢ ɞɚɬɱɢɤɢ ɧɨɫɹɬ ɧɚɡɜɚɧɢɟ 

ɜɨɥɧɨɜɵɯ ɬɜɟɪɞɨɬɟɥɶɧɵɯ ɝɢɪɨɫɤɨɩɨɜ, ɥɢɛɨ ɜɢɛɪɚɰɢɨɧɧɵɯ ɝɢɪɨɫɤɨɩɨɜ. 

ɉɨɞɪɨɛɧɟɟ ɨ ɧɢɯ ɬɚɤɠɟ ɦɨɠɧɨ ɩɪɨɱɢɬɚɬɶ ɜ ɪɚɛɨɬɚɯ  

[16,21,25,27,52,54,55,59,60,62-64]. 

      ȼɩɟɪɜɵɟ ɩɪɚɤɬɢɱɟɫɤɢɟ ɪɚɡɪɚɛɨɬɤɢ ɬɚɤɢɯ ɝɢɪɨɫɤɨɩɨɜ ɧɚɱɚɥɢɫɶ ɜ ɋɒȺ ɜ 

ɧɚɱɚɥɟ 60-ɯ ɝɨɞɨɜ. ɇɚɱɢɧɚɹ ɫ ɷɬɨɝɨ ɜɪɟɦɟɧɢ ɜ ɋɒȺ, ȼɟɥɢɤɨɛɪɢɬɚɧɢɢ (ɮɢɪɦɚ 

Marconi) ɢ ɋɋɋɊ ɩɨɥɭɱɟɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɚɬɟɧɬɨɜ, ɫɨɞɟɪɠɚɳɢɯ 

ɩɪɟɞɥɨɠɟɧɢɹ ɨ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɢ ɤɨɧɫɬɪɭɤɰɢɢ ɞɚɬɱɢɤɨɜ. Ɉɞɧɚɤɨ ɨɬɫɭɬɫɬɜɢɟ 

ɞɨɫɬɚɬɨɱɧɨɣ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɛɚɡɵ ɧɟɤɨɬɨɪɨɟ ɜɪɟɦɹ ɧɟ ɩɨɡɜɨɥɹɥɨ ɫɨɡɞɚɬɶ 

ɝɢɪɨɫɤɨɩ, ɪɟɚɥɢɡɭɸɳɢɣ ɩɨɬɟɧɰɢɚɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɜ ɩɨɥɧɨɦ ɨɛɴɟɦɟ. ɉɨɫɥɟ 

ɩɨɹɜɥɟɧɢɹ ɩɭɛɥɢɤɚɰɢɢ [62], ɝɞɟ ɛɵɥɢ ɜɩɟɪɜɵɟ ɱɟɬɤɨ ɫɮɨɪɦɭɥɢɪɨɜɚɧɵ 

ɨɫɧɨɜɧɵɟ ɢɞɟɢ ɩɨ ɪɟɚɥɢɡɚɰɢɢ ɜɨɥɧɨɜɵɯ ɝɢɪɨɫɤɨɩɨɜ, ɫɢɬɭɚɰɢɹ ɤɚɪɞɢɧɚɥɶɧɨ 

ɦɟɧɹɟɬɫɹ. Ɏɢɪɦɚ Delco ɫɬɚɧɨɜɢɬɫɹ ɥɢɞɟɪɨɦ ɜ ɷɬɨɣ ɨɬɪɚɫɥɢ ɩɪɢɛɨɪɨɫɬɪɨɟɧɢɹ. 

ɉɨɡɠɟ ɤ ɚɧɚɥɨɝɢɱɧɵɦ ɪɚɡɪɚɛɨɬɤɚɦ ɩɪɢɫɬɭɩɚɸɬ ɢ ɞɪɭɝɢɟ ɤɨɦɩɚɧɢɢ, ɜ ɬɨɦ ɱɢɫɥɟ 

ɢ ɜ ɧɚɲɟɣ ɫɬɪɚɧɟ. ɋɪɟɞɢ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɨɪɝɚɧɢɡɚɰɢɣ ɧɚɢɛɨɥɟɟ ɭɫɩɟɲɧɵɟ 

ɪɚɡɪɚɛɨɬɤɢ ɜɟɥɢɫɶ  ɜ ɊɉɄȻ, ɆɂɗȺ ɢ ɇɂɂɗɆ. Ɍɟɨɪɟɬɢɱɟɫɤɨɟ ɨɛɟɫɩɟɱɟɧɢɟ 

ɷɬɢɯ ɪɚɡɪɚɛɨɬɨɤ ɜɵɩɨɥɧɹɥ ɂɉɆɟɯ ɊȺɇ. 
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      ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɢ ɫɨɡɞɚɧɵ ɪɚɡɥɢɱɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɝɢɪɨɫɤɨɩɨɜ, ɢɦɟɸɳɢɯ 

ɪɚɡɥɢɱɧɵɟ ɤɥɚɫɫɵ ɬɨɱɧɨɫɬɢ. ɇɚ ɛɚɡɟ ɷɬɢɯ ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ  

ɪɟɚɥɢɡɨɜɚɧɵ ɪɚɛɨɬɚɸɳɢɟ ɫɢɫɬɟɦɵ ɧɚɜɢɝɚɰɢɢ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɟ ɜɫɟɦ 

ɬɟɯɧɢɱɟɫɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ. ȼ ɤɚɱɟɫɬɜɟ ɩɪɢɦɟɪɨɜ ɦɨɠɧɨ ɩɪɢɜɟɫɬɢ ɫɟɦɟɣɫɬɜɨ 

ɫɢɫɬɟɦ ɬɢɩɚ Carousel ɮɢɪɦɵ Delco, ɢɦɟɸɳɢɯ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɣ ɤɥɚɫɫ 

ɬɨɱɧɨɫɬɢ. ɋɢɫɬɟɦɚ ɧɚɜɢɝɚɰɢɢ ɮɢɪɦɵ Delco, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɜɨɥɧɨɜɨɦ 

ɬɜɟɪɞɨɬɟɥɶɧɨɦ ɝɢɪɨɫɤɨɩɟ, ɭɫɩɟɲɧɨ ɫɩɪɚɜɢɥɚɫɶ ɫɨ ɫɜɨɢɦɢ ɡɚɞɚɱɚɦɢ ɜɨ ɜɪɟɦɹ 

ɧɟɞɚɜɧɟɣ ɦɢɫɫɢɢ «Ƚɸɣɝɟɧɫ-Ʉɚɫɫɢɧɢ» ɤ ɫɩɭɬɧɢɤɭ ɋɚɬɭɪɧɚ Ɍɢɬɚɧ. ɗɤɫɩɟɪɢɦɟɧɬ 

ɞɥɢɥɫɹ ɨɤɨɥɨ ɜɨɫɶɦɢ ɥɟɬ (ɫ 1997 ɝ.). ȼ ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 

ɢɫɫɥɟɞɨɜɚɧɵ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɝɪɭɧɬɚ ɢ ɩɨɥɭɱɟɧɵ ɮɨɬɨɝɪɚɮɢɢ ɩɨɜɟɪɯɧɨɫɬɢ 

Ɍɢɬɚɧɚ. 

      ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ Ɋɨɫɫɢɢ ɩɪɚɤɬɢɱɟɫɤɢɟ ɪɚɡɪɚɛɨɬɤɢ ɢɧɟɪɰɢɚɥɶɧɵɯ 

ɫɢɫɬɟɦ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɜɨɥɧɨɜɵɯ ɬɜɟɪɞɨɬɟɥɶɧɵɯ ɝɢɪɨɫɤɨɩɚɯ ɜɵɫɨɤɨɝɨ ɢ 

ɫɪɟɞɧɟɝɨ ɤɥɚɫɫɨɜ ɬɨɱɧɨɫɬɢ, ɧɚ ɛɨɥɶɲɢɧɫɬɜɟ ɮɢɪɦ ɩɪɢɨɫɬɚɧɨɜɥɟɧɵ. Ɍɟɦ ɧɟ 

ɦɟɧɟɟ, ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɟ ɩɪɟɤɪɚɳɟɧɵ ɩɨɥɧɨɫɬɶɸ. ɇɚɩɪɢɦɟɪ, ɜ ɊɉɄȻ ɜɟɞɟɬɫɹ 

ɪɚɡɪɚɛɨɬɤɚ ɛɟɫɩɥɚɬɮɨɪɦɟɧɧɨɣ ɧɚɜɢɝɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ Ȼɂɇɋ-ɌȼȽ, ɫɨɡɞɚɧ 

ɨɩɵɬɧɵɣ ɨɛɪɚɡɟɰ ɢ ɩɪɨɜɟɞɟɧɵ ɢɫɩɵɬɚɧɢɹ, ɩɨɤɚɡɚɜɲɢɟ ɫɥɟɞɭɸɳɢɟ ɬɨɱɧɨɫɬɢ 

ɧɚɜɢɝɚɰɢɢ: ɩɨɪɹɞɤɚ 8 ɤɦ/ɱ ɩɨ ɫɤɨɪɨɫɬɹɦ ɢ 13 ɤɦ ɩɨ ɤɨɨɪɞɢɧɚɬɚɦ ɡɚ ɱɚɫ ɪɚɛɨɬɵ 

[16]. 

      Ʉɚɤ ɜɢɞɧɨ ɢɡ ɷɬɢɯ ɞɚɧɧɵɯ, ɫɢɫɬɟɦɚ ɩɨɤɚ ɟɳɟ ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɝɪɭɛɨɣ, 

ɱɬɨ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɨɛɭɫɥɨɜɥɟɧɨ ɤɚɱɟɫɬɜɨɦ ɞɚɬɱɢɤɨɜ ɢɧɟɪɰɢɚɥɶɧɨɣ 

ɢɧɮɨɪɦɚɰɢɢ. ɂɡɝɨɬɨɜɥɟɧɢɟ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɯ ɪɟɡɨɧɚɬɨɪɨɜ ɫɨɩɪɹɠɟɧɨ ɫɨ 

ɡɧɚɱɢɬɟɥɶɧɵɦɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɪɨɛɥɟɦɚɦɢ. Ɉɫɧɨɜɧɵɦɢ ɢɡ ɧɢɯ ɹɜɥɹɸɬɫɹ: 

ɨɞɧɨɪɨɞɧɨɫɬɶ ɦɚɬɟɪɢɚɥɚ, ɨɬɫɭɬɫɬɜɢɟ ɜɧɭɬɪɟɧɧɢɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɢ 

ɞɟɮɟɤɬɨɜ, ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɨɱɟɧɶ ɬɨɱɧɨ ɜɵɞɟɪɠɢɜɚɬɶ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ 

ɪɟɡɨɧɚɬɨɪɚ ɢ ɨɤɪɭɠɚɸɳɢɯ ɟɝɨ ɷɥɟɦɟɧɬɨɜ ɢ ɬ.ɞ. Ʉɪɨɦɟ ɷɬɢɯ, ɢɦɟɟɬɫɹ ɦɧɨɠɟɫɬɜɨ 

ɞɪɭɝɢɯ ɩɪɨɛɥɟɦ, ɫɜɹɡɚɧɧɵɯ, ɧɚɩɪɢɦɟɪ, ɫ ɷɥɟɤɬɪɨɧɢɤɨɣ, ɧɨ ɩɨɫɤɨɥɶɤɭ ɜɫɟ ɷɬɢ 

ɜɨɩɪɨɫɵ ɞɚɥɟɤɢ ɨɬ ɬɟɦɵ ɧɚɫɬɨɹɳɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɨɩɢɫɵɜɚɬɶ ɢɯ ɩɨɞɪɨɛɧɟɟ ɧɟ 

ɛɭɞɟɦ.   
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      Ɉɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɩɪɢɧɰɢɩɢɚɥɶɧɵɯ ɩɪɟɩɹɬɫɬɜɢɣ ɞɥɹ ɫɨɡɞɚɧɢɹ ɜɨɥɧɨɜɵɯ 

ɝɢɪɨɫɤɨɩɨɜ ɮɚɤɬɢɱɟɫɤɢ ɧɟɬ. Ɍɟɨɪɟɬɢɱɟɫɤɢɟ ɪɟɡɭɥɶɬɚɬɵ ɢ ɨɩɵɬ ɪɚɡɪɚɛɨɬɤɢ 

ɞɚɬɱɢɤɨɜ ɪɚɡɥɢɱɧɵɦɢ ɤɨɦɩɚɧɢɹɦɢ ɩɨɡɜɨɥɹɸɬ ɝɨɜɨɪɢɬɶ ɨɛ ɢɯ ɩɟɪɫɩɟɤɬɢɜɧɨɫɬɢ. 

Ʉ ɧɟɫɨɦɧɟɧɧɵɦ ɞɨɫɬɨɢɧɫɬɜɚɦ ɷɬɢɯ ɩɪɢɛɨɪɨɜ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɬɚɤɢɟ ɤɚɱɟɫɬɜɚ, 

ɤɚɤ ɦɚɥɨɟ ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɟ, ɦɚɥɵɟ ɝɚɛɚɪɢɬɵ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɜɵɫɨɤɚɹ 

ɫɬɨɢɦɨɫɬɶ ɩɪɢ ɫɟɪɢɣɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟ (ɜ ɨɫɨɛɟɧɧɨɫɬɢ ɞɥɹ ɞɚɬɱɢɤɨɜ ɧɢɡɤɨɝɨ 

ɤɥɚɫɫɚ ɬɨɱɧɨɫɬɢ) ɢ ɬɚɤɨɟ ɩɪɢɦɟɱɚɬɟɥɶɧɨɟ ɫɜɨɣɫɬɜɨ, ɤɚɤ ɫɨɯɪɚɧɟɧɢɟ 

ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ ɩɪɢ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɦ ɨɬɤɥɸɱɟɧɢɢ ɩɢɬɚɧɢɹ ɩɪɢɛɨɪɚ.  

      ɉɨɫɥɟɞɧɟɟ ɫɜɨɣɫɬɜɨ ɢɦɟɟɬ ɦɟɫɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɪɟɡɨɧɚɬɨɪɨɜ ɫ ɜɵɫɨɤɨɣ 

ɞɨɛɪɨɬɧɨɫɬɶɸ, ɞɨɫɬɚɬɨɱɧɨɣ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɪɢ ɤɪɚɬɤɨɜɪɟɦɟɧɧɨɦ ɨɬɤɥɸɱɟɧɢɢ 

ɤɨɥɟɛɚɧɢɹ ɪɟɡɨɧɚɬɨɪɚ ɧɟ ɭɫɩɟɜɚɥɢ ɡɚɬɭɯɧɭɬɶ ɢɥɢ ɫɭɳɟɫɬɜɟɧɧɨ ɢɡɦɟɧɢɬɶ ɮɨɪɦɭ. 

Ʌɚɡɟɪɧɵɟ ɢ ɜɨɥɨɤɨɧɧɨ-ɨɩɬɢɱɟɫɤɢɟ ɝɨɪɨɫɤɨɩɵ, ɩɨɥɭɱɢɜɲɢɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 

ɧɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɫɟɪɢɣɧɵɯ ɢ ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɯ ɢɧɟɪɰɢɚɥɶɧɵɯ 

ɫɢɫɬɟɦɚɯ ɧɚɜɢɝɚɰɢɢ, ɬɚɤɢɦ ɫɜɨɣɫɬɜɨɦ ɧɟ ɨɛɥɚɞɚɸɬ ɢ ɩɪɢ ɥɸɛɨɦ ɨɬɤɥɸɱɟɧɢɢ 

ɧɟɦɟɞɥɟɧɧɨ ɬɟɪɹɸɬ ɢɧɮɨɪɦɚɰɢɸ.  

      ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɚɤɬɢɜɧɨ ɩɪɨɞɨɥɠɚɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɦɢɤɪɨɦɟɯɚɧɢɱɟɫɤɢɯ 

ɞɚɬɱɢɤɨɜ ɢɧɟɪɰɢɚɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜɢɛɪɚɰɢɨɧɧɵɯ 

ɝɢɪɨɫɤɨɩɨɜ ɜ ɨɛɥɚɫɬɢ ɦɢɤɪɨɦɟɯɚɧɢɤɢ ɬɚɤɠɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ 

ɩɟɪɫɩɟɤɬɢɜɧɵɦ. ɉɪɢɦɟɧɟɧɢɟ ɢɧɵɯ ɬɢɩɨɜ ɝɢɪɨɫɤɨɩɨɜ ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ 

ɪɚɡɦɟɪɨɜ ɱɚɫɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɪɢɧɰɢɩɢɚɥɶɧɵɦ ɬɪɭɞɧɨɫɬɹɦ. ɇɚɩɪɢɦɟɪ, ɬɨɱɧɨɫɬɶ 

ɨɩɬɢɱɟɫɤɢɯ ɝɢɪɨɫɤɨɩɨɜ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɥɨɳɚɞɶɸ ɤɨɧɬɭɪɚ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 

ɭɦɟɧɶɲɚɟɬɫɹ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɤɜɚɞɪɚɬɭ ɥɢɧɟɣɧɨɝɨ ɪɚɡɦɟɪɚ. 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɝɢɪɨɫɤɨɩɵ ɦɚɥɵɯ ɪɚɡɦɟɪɨɜ, ɨɱɟɜɢɞɧɨ, ɬɪɭɞɧɵ ɜ ɢɡɝɨɬɨɜɥɟɧɢɢ.   

      Ɍɚɤɨɜɚ ɤɪɚɬɤɚɹ ɢɫɬɨɪɢɹ ɢ ɩɟɪɫɩɟɤɬɢɜɵ ɪɚɡɜɢɬɢɹ ɝɢɪɨɫɤɨɩɢɱɟɫɤɢɯ 

ɭɫɬɪɨɣɫɬɜ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɷɮɮɟɤɬɚ ɢɧɟɪɬɧɨɫɬɢ ɭɩɪɭɝɢɯ ɜɨɥɧ.  

 

      Ɂɚɞɚɱɢ, ɪɚɫɫɦɨɬɪɟɧɧɵɟ ɜ ɱɚɫɬɹɯ 1,3 ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ, ɜɨɡɧɢɤɥɢ ɢɡ ɬɟɨɪɢɢ 

ɜɵɲɟɨɩɢɫɚɧɧɵɯ ɭɫɬɪɨɣɫɬɜ ɢ ɩɨ ɫɭɳɟɫɬɜɭ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɪɨɞɨɥɠɟɧɢɟ 

ɢɫɫɥɟɞɨɜɚɧɢɣ, ɨɩɭɛɥɢɤɨɜɚɧɧɵɯ ɜ [17]. ȼ ɱɚɫɬɢ 2 ɢɫɫɥɟɞɭɟɬɫɹ ɜɨɩɪɨɫ ɨ 
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ɩɨɫɬɪɨɟɧɢɢ Ȼɂɇɋ ɧɚ ɨɫɧɨɜɟ ɞɜɭɯ ɢɡɨɬɪɨɩɧɵɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ 

ɨɫɰɢɥɥɹɬɨɪɨɜ, ɜ ɤɨɬɨɪɵɯ ɜɨɡɛɭɠɞɟɧɵ ɤɨɥɟɛɚɧɢɹ ɤɪɭɝɨɜɨɣ ɮɨɪɦɵ. ɉɪɢ ɢɯ 

ɪɟɲɟɧɢɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɥɟɞɭɸɳɢɣ ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ.  

      Ɉɫɧɨɜɧɵɦ ɨɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɥɹɸɬɫɹ ɫɢɫɬɟɦɵ ɨɛɵɤɧɨɜɟɧɧɵɯ 

ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ [5,39,42,43], ɤɨɬɨɪɵɟ ɥɢɧɟɣɧɵɦ 

ɧɟɜɵɪɨɠɞɟɧɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ ɩɪɢɜɨɞɹɬɫɹ ɤ ɜɢɞɭ 

( ) 2 2

1, , , , diag ,...,n

nq q Q q q t qε ω ω+Λ = ∈ Λ =�� � \  

 ɝɞɟ ε  - ɦɚɥɵɣ ɩɚɪɚɦɟɬɪ, ɚ ɱɚɫɬɨɬɵ ɩɨɞɱɢɧɟɧɵ ɪɟɡɨɧɚɧɫɧɨɦɭ ɫɨɨɬɧɨɲɟɧɢɸ 

1 1: ... : : ... : ,n nm m miω ω = ]∈

m

. Ɍɚɤɚɹ ɫɢɬɭɚɰɢɹ ɧɚɡɵɜɚɟɬɫɹ ɪɟɡɨɧɚɧɫɨɦ ɬɢɩɚ 

. Ⱦɥɹ ɚɧɚɥɢɡɚ ɭɪɚɜɧɟɧɢɣ ɩɪɢɦɟɧɹɸɬɫɹ ɤɚɤ ɫɬɚɧɞɚɪɬɧɵɟ ɦɟɬɨɞɵ 

ɪɚɛɨɬɵ ɫ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦɢ ɭɪɚɜɧɟɧɢɹɦɢ, ɜ ɬɨɦ ɱɢɫɥɟ ɢɫɩɨɥɶɡɭɸɳɢɟ 

ɩɨɧɹɬɢɹ ɬɟɨɪɢɢ ɝɪɭɩɩ Ʌɢ,  ɬɚɤ  ɢ  ɧɨɜɵɣ  ɩɨɞɯɨɞ, ɜɩɟɪɜɵɟ ɩɪɟɞɥɨɠɟɧɧɵɣ ɜ [17] 

ɢ ɨɩɢɫɚɧɧɵɣ ɞɚɥɟɟ.  

1 : ... : nm

ɂɡ ɫɬɚɧɞɚɪɬɧɵɯ ɚɫɢɦɩɬɨɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɩɪɢɦɟɧɹɟɬɫɹ ɦɟɬɨɞ ɨɫɪɟɞɧɟɧɢɹ ɜ 

ɩɟɪɜɨɦ ɢ ɜɬɨɪɨɦ ɩɪɢɛɥɢɠɟɧɢɹɯ. Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ ɨ ɫɬɚɛɢɥɢɡɚɰɢɢ ɤɨɥɟɛɚɧɢɣ 

ɡɚɞɚɧɧɨɣ ɮɨɪɦɵ ɨɩɢɪɚɟɬɫɹ ɧɚ ɮɚɤɬɵ, ɢɡɜɟɫɬɧɵɟ ɢɡ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɬɟɨɪɢɢ 

ɭɫɬɨɣɱɢɜɨɫɬɢ [11,15,19,33,34,45,50].       

      ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɨɜɨɝɨ ɦɟɬɨɞɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɧɨɝɢɟ ɚɧɚɥɢɬɢɱɟɫɤɢɟ 

ɩɪɨɛɥɟɦɵ ɩɟɪɟɧɨɫɹɬɫɹ ɧɚ ɝɟɨɦɟɬɪɢɱɟɫɤɢɣ ɭɪɨɜɟɧɶ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɡɜɟɫɬɧɵɟ ɢɡ ɝɟɨɦɟɬɪɢɢ ɢ ɥɢɧɟɣɧɨɣ 

ɚɥɝɟɛɪɵ [6,12,44].  

      ɉɨɬɪɟɛɧɨɫɬɶ ɜ ɫɨɡɞɚɧɢɢ ɧɨɜɨɝɨ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɛɵɥɚ 

ɩɪɨɞɢɤɬɨɜɚɧɚ ɫɥɟɞɭɸɳɢɦɢ ɨɛɫɬɨɹɬɟɥɶɫɬɜɚɦɢ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɭɪɚɜɧɟɧɢɣ, 

ɨɩɢɫɵɜɚɸɳɢɯ ɞɢɧɚɦɢɤɭ ɭɩɪɭɝɢɯ ɜɨɥɧ ɜɨ ɜɪɚɳɚɸɳɢɯɫɹ ɨɫɟɫɢɦɦɟɬɪɢɱɧɵɯ 

ɪɟɡɨɧɚɬɨɪɚɯ, ɩɪɢɜɟɥɨ ɤ ɩɨɫɬɚɧɨɜɤɚɦ ɧɨɜɵɯ ɡɚɞɚɱ, ɧɟ ɪɟɲɚɟɦɵɯ ɤɥɚɫɫɢɱɟɫɤɢɦɢ 

ɦɟɬɨɞɚɦɢ ɬɟɨɪɢɢ ɜɨɡɦɭɳɟɧɢɣ ɢ ɬɟɨɪɢɢ  ɭɩɪɚɜɥɟɧɢɹ. ɂɯ ɪɟɲɟɧɢɟ ɢ 

ɩɨɬɪɟɛɨɜɚɥɨ ɫɨɡɞɚɧɢɹ ɧɨɜɨɝɨ ɦɟɬɨɞɚ ɜ ɬɟɨɪɢɢ ɧɟɥɢɧɟɣɧɵɯ ɤɨɥɟɛɚɧɢɣ.  
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      Ɉɧ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ȼ.Ɏ. ɀɭɪɚɜɥɟɜɵɦ ɢ ɨɩɭɛɥɢɤɨɜɚɧ ɜ [17]. ȼ ɷɬɨɣ ɪɚɛɨɬɟ 

ɜɩɟɪɜɵɟ ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɝɟɨɦɟɬɪɢɱɟɫɤɢɣ ɦɟɬɨɞ ɜ ɬɟɨɪɢɢ ɜɨɡɦɭɳɟɧɢɣ 

ɪɟɡɨɧɚɧɫɧɵɯ ɫɢɫɬɟɦ. ɇɢɠɟ ɩɟɪɟɱɢɫɥɟɧɵ ɨɫɧɨɜɧɵɟ ɢɞɟɢ ɷɬɨɝɨ ɩɨɞɯɨɞɚ.   

      ȼ ɪɚɛɨɬɟ [17] ɩɨɤɚɡɚɧɨ, ɱɬɨ ɤɚɠɞɨɣ ɮɨɪɦɟ ɤɨɥɟɛɚɧɢɣ ɩɨɪɨɠɞɚɸɳɟɣ 

ɫɢɫɬɟɦɵ (ɩɨɥɭɱɚɸɳɟɣɫɹ ɢɡ ɢɫɯɨɞɧɨɣ ɫɢɫɬɟɦɵ ɩɪɢ ɢɝɧɨɪɢɪɨɜɚɧɢɢ 

ɜɨɡɦɭɳɟɧɢɣ) ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɩɪɟɞɟɥɟɧɧɨɟ ɦɧɨɝɨɨɛɪɚɡɢɟ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 

ɩɨɫɬɨɹɧɧɵɯ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ. Ⱦɚɧɚ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɷɜɨɥɸɰɢɣ ɮɨɪɦɵ ɤɨɥɟɛɚɧɢɣ 

ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɨɡɦɭɳɟɧɢɣ ɢ ɩɨɫɬɪɨɟɧ ɛɚɡɢɫ ɢɧɮɢɧɢɬɟɡɢɦɚɥɶɧɵɯ ɷɜɨɥɸɰɢɣ. 

ɉɪɟɞɥɨɠɟɧɚ ɢɞɟɹ ɪɚɫɤɥɚɞɵɜɚɬɶ ɫɢɥɵ ɜɨɡɦɭɳɟɧɢɣ ɩɨ ɛɚɡɢɫɭ 

ɢɧɮɢɧɢɬɟɡɢɦɚɥɶɧɵɯ ɷɜɨɥɸɰɢɣ, ɱɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɩɨɡɜɨɥɹɟɬ 

ɤɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ ɫɢɥɵ ɜɨɡɦɭɳɟɧɢɣ ɩɨ ɩɪɢɡɧɚɤɚɦ ɜɵɡɵɜɚɟɦɵɯ ɢɦɢ ɷɜɨɥɸɰɢɣ 

ɮɨɪɦɵ ɤɨɥɟɛɚɧɢɣ. ɉɨɫɬɚɜɥɟɧɚ ɢ ɪɟɲɟɧɚ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɜɚɠɧɚɹ ɡɚɞɚɱɚ 

ɫɬɚɛɢɥɢɡɚɰɢɢ  ɩɪɹɦɨɥɢɧɟɣɧɵɯ ɤɨɥɟɛɚɧɢɣ ɩɪɢ ɩɨɫɬɨɹɧɧɨ ɞɟɣɫɬɜɭɸɳɢɯ 

ɜɨɡɦɭɳɟɧɢɹɯ ɞɥɹ ɪɟɡɨɧɚɧɫɨɜ ɬɢɩɚ 1:1 ɢ 1:1:1. ȿɟ ɡɧɚɱɢɦɨɫɬɶ ɫɜɹɡɚɧɚ ɫ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦɢ ɬɟɯɧɢɱɟɫɤɢɦɢ ɩɪɢɥɨɠɟɧɢɹɦɢ, ɨɩɢɫɚɧɧɵɦɢ ɜɵɲɟ, ɢ ɬɟɦ 

ɮɚɤɬɨɦ, ɱɬɨ ɥɸɛɚɹ ɮɨɪɦɚ ɤɨɥɟɛɚɧɢɣ ɩɨɪɨɠɞɚɸɳɟɣ ɫɢɫɬɟɦɵ ɧɟɭɫɬɨɣɱɢɜɚ ɛɟɡ 

ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɣ ɟɟ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ. ɉɪɹɦɨɥɢɧɟɣɧɚɹ ɮɨɪɦɚ ɜɵɛɢɪɚɟɬɫɹ ɢɡ 

ɫɨɨɛɪɚɠɟɧɢɣ ɦɢɧɢɦɢɡɚɰɢɢ ɞɟɣɫɬɜɢɹ ɜɨɡɦɭɳɟɧɢɣ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɯ 

ɤɜɚɞɪɚɬɭɪɟ (ɩɥɨɳɚɞɢ ɷɥɥɢɩɫɚ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɝɨ ɫɨɛɨɣ ɮɨɪɦɭ ɤɨɥɟɛɚɧɢɣ 

ɩɨɪɨɠɞɚɸɳɟɣ ɫɢɫɬɟɦɵ ɢ ɫɩɨɫɨɛɧɨɝɨ ɜɵɪɨɠɞɚɬɶɫɹ ɜ ɩɪɹɦɭɸ).   

      ȼ ɱɚɫɬɢ 1 ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɩɪɟɞɩɪɢɧɢɦɚɟɬɫɹ ɩɨɩɵɬɤɚ ɨɛɨɛɳɟɧɢɹ ɦɟɬɨɞɚ [17] 

ɧɚ ɪɟɡɨɧɚɧɫɧɵɟ ɫɢɫɬɟɦɵ ɛɨɥɟɟ ɨɛɳɟɝɨ ɜɢɞɚ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨɜɵɲɟɧɢɟ 

ɪɚɡɦɟɪɧɨɫɬɢ ɫɢɫɬɟɦɵ ɢ ɤɪɚɬɧɨɫɬɢ ɪɟɡɨɧɚɧɫɚ ɭɫɥɨɠɧɹɟɬ ɡɚɞɚɱɭ ɢ ɩɨɞɯɨɞɵ, 

ɩɪɟɞɥɨɠɟɧɧɵɟ ɜ [17], ɩɭɬɟɦ ɮɨɪɦɚɥɶɧɨɝɨ «ɤɨɩɢɪɨɜɚɧɢɹ» ɩɪɢɦɟɧɢɬɶ ɧɟ 

ɭɞɚɟɬɫɹ. Ⱦɥɹ ɩɪɟɨɞɨɥɟɧɢɹ ɜɨɡɧɢɤɚɸɳɢɯ ɬɪɭɞɧɨɫɬɟɣ ɩɪɟɞɥɨɠɟɧ ɧɨɜɵɣ ɧɚɛɨɪ 

ɦɟɞɥɟɧɧɵɯ ɩɟɪɟɦɟɧɧɵɯ ɬɢɩɚ ɩɨɥɹɪɧɵɯ ɤɨɨɪɞɢɧɚɬ. ɗɬɨ ɩɨɡɜɨɥɢɥɨ ɫɢɥɶɧɨ 

ɭɩɪɨɫɬɢɬɶ  ɝɟɨɦɟɬɪɢɱɟɫɤɭɸ ɱɚɫɬɶ ɡɚɞɚɱɢ. ɉɪɨɛɥɟɦɚ ɫɬɚɛɢɥɢɡɚɰɢɢ ɮɨɪɦɵ ɬɚɤɠɟ 

ɭɩɪɨɳɚɟɬɫɹ, ɨɞɧɚɤɨ ɩɪɟɞɥɨɠɟɧɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɢɦɟɟɬ ɫɭɳɟɫɬɜɟɧɧɵɣ 

ɧɟɞɨɫɬɚɬɨɤ, ɜɵɡɜɚɧɧɵɣ ɧɟɨɛɯɨɞɢɦɨɫɬɶɸ ɜɨɡɜɪɚɳɟɧɢɹ ɤ ɢɫɯɨɞɧɵɦ 
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ɩɟɪɟɦɟɧɧɵɦ. Ɉɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɩɪɢ ɷɬɨɦ ɧɟɢɡɛɟɠɧɨ ɩɨɹɜɥɹɸɬɫɹ ɮɭɧɤɰɢɢ ɫ 

ɨɫɨɛɟɧɧɨɫɬɹɦɢ.  ɋɪɚɜɧɟɧɢɟ ɭɩɪɚɜɥɟɧɢɣ, ɜɡɹɬɵɯ ɢɡ ɫɬɚɬɶɢ [17] ɢ ɩɨɥɭɱɟɧɧɵɯ ɜ 

ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɨɜɨɞɢɬɫɹ ɜ ɨɞɧɨɦ ɢɡ ɪɚɡɞɟɥɨɜ ɱɚɫɬɢ 1. 

      Ɉɱɟɧɶ ɢɧɬɟɪɟɫɧɵɦ ɮɚɤɬɨɦ, ɜɩɟɪɜɵɟ ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɜ [18], ɹɜɥɹɟɬɫɹ 

ɩɪɢɧɰɢɩɢɚɥɶɧɚɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɫɬɪɨɟɧɢɹ ɩɨɥɧɨɫɬɶɸ ɚɜɬɨɧɨɦɧɨɣ 

ɛɟɫɩɥɚɬɮɨɪɦɟɧɧɨɣ ɢɧɟɪɰɢɚɥɶɧɨɣ ɧɚɜɢɝɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɧɚ ɨɫɧɨɜɟ 

ɟɞɢɧɫɬɜɟɧɧɨɝɨ ɢɡɨɬɪɨɩɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɨɫɰɢɥɥɹɬɨɪɚ. Ɍɟɨɪɢɹ ɬɚɤɨɣ 

ɫɢɫɬɟɦɵ ɩɨɫɬɪɨɟɧɚ ɜ [18] ɢ ɨɫɧɨɜɚɧɚ ɧɚ ɬɟɯ ɠɟ ɨɛɳɢɯ ɩɪɢɧɰɢɩɚɯ, ɱɬɨ ɢ  ɪɚɛɨɬɚ 

[17].  

      ȼ ɱɚɫɬɢ 2 ɞɢɫɫɟɪɬɚɰɢɢ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɭɩɪɨɳɟɧɧɚɹ ɡɚɞɚɱɚ [47], ɤɨɝɞɚ 

ɤɨɥɟɛɚɧɢɹ ɧɟɜɨɡɦɭɳɟɧɧɨɝɨ ɨɫɰɢɥɥɹɬɨɪɚ ɢɦɟɸɬ ɤɪɭɝɨɜɭɸ ɮɨɪɦɭ, ɱɬɨ ɩɪɢɜɨɞɢɬ 

ɤ ɩɨɬɟɪɟ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɨɪɢɟɧɬɚɰɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ, ɨɪɬɨɝɨɧɚɥɶɧɨɣ 

ɩɥɨɫɤɨɫɬɢ ɤɨɥɟɛɚɧɢɣ. Ɉɞɧɚɤɨ ɫɨɞɟɪɠɚɬɟɥɶɧɨɫɬɶ ɡɚɞɚɱɢ ɨɩɪɚɜɞɚɧɚ 

ɜɨɡɧɢɤɚɸɳɢɦ ɩɪɢ ɷɬɨɦ ɡɧɚɱɢɬɟɥɶɧɵɦ ɭɩɪɨɳɟɧɢɟɦ ɩɨ  ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɳɢɦ 

ɫɥɭɱɚɟɦ. ɉɨɬɟɪɸ ɤɨɧɬɪɨɥɹ ɡɚ ɨɞɧɨɣ ɜɪɚɳɚɬɟɥɶɧɨɣ ɫɬɟɩɟɧɶɸ ɫɜɨɛɨɞɵ ɧɟɬɪɭɞɧɨ 

ɤɨɦɩɟɧɫɢɪɨɜɚɬɶ ɭɫɬɚɧɨɜɤɨɣ ɟɳɟ ɨɞɧɨɝɨ ɞɚɬɱɢɤɚ, ɜɨɡɛɭɞɢɜ ɜ ɧɟɦ ɤɨɥɟɛɚɧɢɹ ɜ 

ɩɥɨɫɤɨɫɬɢ, ɨɪɬɨɝɨɧɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɤɨɥɟɛɚɧɢɣ ɩɟɪɜɨɝɨ ɞɚɬɱɢɤɚ.   

      Ⱦɥɹ ɪɟɲɟɧɢɹ ɨɱɟɪɱɟɧɧɨɝɨ ɤɪɭɝɚ ɩɪɨɛɥɟɦ ɨɛɵɱɧɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ 

ɨɫɪɟɞɧɟɧɢɹ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ. Ʉɚɤ ɩɨɤɚɡɵɜɚɟɬ ɩɪɚɤɬɢɤɚ [54,55,60], 

ɞɨɫɬɢɝɚɟɦɚɹ ɩɪɢ ɷɬɨɦ ɬɨɱɧɨɫɬɶ ɨɤɚɡɵɜɚɟɬɫɹ ɩɪɢɟɦɥɟɦɨɣ, ɨɞɧɚɤɨ ɢɡɜɟɫɬɧɨ, ɱɬɨ 

ɡɚ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɟ ɜɪɟɦɹ ɜɟɥɢɱɢɧɵ, ɧɟ ɭɱɢɬɵɜɚɟɦɵɟ ɜ ɩɟɪɜɨɦ 

ɩɪɢɛɥɢɠɟɧɢɢ, ɜ ɩɪɢɧɰɢɩɟ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɤɚɱɟɫɬɜɟɧɧɵɦ ɢɡɦɟɧɟɧɢɹɦ. 

      ɗɬɨɬ ɮɚɤɬ ɨɩɪɚɜɞɵɜɚɟɬ ɢɫɫɥɟɞɨɜɚɧɢɟ ɬɟɯ ɠɟ ɡɚɞɚɱ ɩɪɢ ɩɨɦɨɳɢ ɩɨɫɬɪɨɟɧɢɹ 

ɜɵɫɲɢɯ ɩɪɢɛɥɢɠɟɧɢɣ. ȼ ɱɚɫɬɢ 3 ɩɪɢ ɩɨɦɨɳɢ ɦɟɬɨɞɚ ɨɫɪɟɞɧɟɧɢɹ ɜɨ ɜɬɨɪɨɦ 

ɩɪɢɛɥɢɠɟɧɢɢ ɢɫɫɥɟɞɭɟɬɫɹ ɨɛɪɚɬɧɚɹ ɫɜɹɡɶ, ɩɪɟɞɥɨɠɟɧɧɚɹ ɜ [17]. ɉɨɤɚɡɚɧɨ, ɱɬɨ 

ɭɱɟɬ ɜɬɨɪɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɧɟ ɩɨɡɜɨɥɹɟɬ ɜɵɹɜɢɬɶ ɩɪɢɧɰɢɩɢɚɥɶɧɵɯ ɧɟɞɨɫɬɚɬɤɨɜ 

ɷɬɨɝɨ ɭɩɪɚɜɥɟɧɢɹ. 

      ɑɚɫɬɢ 4 ɢ 5 ɩɨɫɜɹɳɟɧɵ ɪɟɲɟɧɢɸ ɞɜɭɯ ɪɚɡɥɢɱɧɵɯ ɡɚɞɚɱ ɦɟɬɨɞɨɦ 

ɢɧɜɚɪɢɚɧɬɧɨɣ ɧɨɪɦɚɥɢɡɚɰɢɢ ɝɚɦɢɥɶɬɨɧɨɜɵɯ ɫɢɫɬɟɦ, ɪɚɡɪɚɛɨɬɚɧɧɨɝɨ               
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ȼ.Ɏ. ɀɭɪɚɜɥɟɜɵɦ [19,23,24] ɢ ɹɜɥɹɸɳɟɝɨɫɹ ɨɞɧɢɦ ɢɡ ɚɥɝɨɪɢɬɦɨɜ ɩɨɫɬɪɨɟɧɢɹ 

ɧɨɪɦɚɥɶɧɨɣ ɮɨɪɦɵ Ȼɢɪɤɝɨɮɚ [6,17,21,22]. Ɉɫɧɨɜɧɚɹ ɢɞɟɹ ɦɟɬɨɞɚ ɢɧɜɚɪɢɚɧɬɧɨɣ 

ɧɨɪɦɚɥɢɡɚɰɢɢ ɢɡɥɨɠɟɧɚ ɜ ɪɚɛɨɬɟ [17] ɞɥɹ ɫɥɭɱɚɹ ɚɜɬɨɧɨɦɧɵɯ ɫɢɫɬɟɦ. 

Ɉɛɨɛɳɟɧɢɟ ɡɚɞɚɱɢ ɧɨɪɦɚɥɢɡɚɰɢɢ ɝɚɦɢɥɶɬɨɧɢɚɧɚ ɧɚ ɧɟɚɜɬɨɧɨɦɧɵɟ ɫɢɫɬɟɦɵ ɢ ɜ 

ɛɨɥɟɟ ɨɛɳɟɣ ɩɨɫɬɚɧɨɜɤɟ ɫɞɟɥɚɧɨ ɜ [21].  

      Ɇɟɬɨɞ ɢɧɜɚɪɢɚɧɬɧɨɣ ɧɨɪɦɚɥɢɡɚɰɢɢ ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ ɡɧɚɱɢɬɟɥɶɧɵɯ 

ɩɪɟɢɦɭɳɟɫɬɜ  ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɫɩɨɫɨɛɚɦɢ ɧɚɯɨɠɞɟɧɢɹ ɧɨɪɦɚɥɶɧɨɣ 

ɮɨɪɦɵ ɝɚɦɢɥɶɬɨɧɢɚɧɚ. ɉɪɟɠɞɟ ɜɫɟɝɨ, ɧɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ ɧɟɫɨɢɡɦɟɪɢɦɨ 

ɦɟɧɶɲɢɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɬɪɭɞɧɨɫɬɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɚɥɝɨɪɢɬɦɚɦɢ 

ɧɚɯɨɠɞɟɧɢɹ ɧɨɪɦɚɥɶɧɨɣ ɮɨɪɦɵ. ɇɨɪɦɚɥɶɧɚɹ ɮɨɪɦɚ ɥɸɛɨɝɨ ɩɨɪɹɞɤɚ ɫɬɪɨɢɬɫɹ 

ɩɨ ɨɞɧɨɣ ɫɤɚɥɹɪɧɨɣ ɪɟɤɭɪɪɟɧɬɧɨɣ ɮɨɪɦɭɥɟ, ɬɨɝɞɚ ɤɚɤ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɥɸɛɨɝɨ 

ɞɪɭɝɨɝɨ ɫɩɨɫɨɛɚ ɧɚɯɨɠɞɟɧɢɹ ɧɨɪɦɚɥɶɧɨɣ ɮɨɪɦɵ ɫɨɩɪɹɠɟɧɨ ɫ ɤɪɚɣɧɟ 

ɝɪɨɦɨɡɞɤɢɦɢ ɞɟɣɫɬɜɢɹɦɢ, ɬɚɤɢɦɢ, ɤɚɤ ɨɛɪɚɳɟɧɢɟ ɫɬɟɩɟɧɧɵɯ ɪɹɞɨɜ ɜɟɤɬɨɪɧɵɯ 

ɮɭɧɤɰɢɣ.  

      ɂɡɜɟɫɬɧɨ, ɱɬɨ ɧɚɥɢɱɢɟ ɭ ɫɢɫɬɟɦɵ ɪɟɡɨɧɚɧɫɚ  [4,9,26,36,37,46] ɢɥɢ 

ɧɟɚɜɬɨɧɨɦɧɨɫɬɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɡɚɬɪɭɞɧɹɟɬ ɟɟ ɢɫɫɥɟɞɨɜɚɧɢɟ. ɑɬɨɛɵ ɨɛɨɣɬɢ ɷɬɢ 

ɬɪɭɞɧɨɫɬɢ ɩɪɢɯɨɞɢɬɫɹ ɞɟɥɚɬɶ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɡɚɦɟɧɵ ɩɟɪɟɦɟɧɧɵɯ ɢɥɢ 

ɢɫɤɭɫɫɬɜɟɧɧɨ ɩɨɜɵɲɚɬɶ ɩɨɪɹɞɨɤ ɫɢɫɬɟɦɵ. ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɦɟɬɨɞɚ 

ɢɧɜɚɪɢɚɧɬɧɨɣ ɧɨɪɦɚɥɢɡɚɰɢɢ ɜ ɷɬɢɯ ɫɥɭɱɚɹɯ ɧɢɤɚɤɢɯ ɩɪɨɛɥɟɦ ɧɟ ɜɨɡɧɢɤɚɟɬ, 

ɩɨɫɤɨɥɶɤɭ ɩɪɨɰɟɞɭɪɚ ɩɨɫɬɪɨɟɧɢɹ ɧɨɪɦɚɥɶɧɨɣ ɮɨɪɦɵ ɨɫɬɚɟɬɫɹ ɧɟɢɡɦɟɧɧɨɣ ɜɧɟ 

ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɝɨ, ɹɜɥɹɟɬɫɹ ɥɢ ɫɢɫɬɟɦɚ ɚɜɬɨɧɨɦɧɨɣ ɥɢɛɨ ɪɟɡɨɧɚɧɫɧɨɣ ɢɥɢ 

ɧɟɬ. ɗɬɨ ɫɜɨɣɫɬɜɨ, ɨɱɟɜɢɞɧɨ, ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɡɧɚɱɢɬɟɥɶɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɩɨɞɯɨɞɚɦɢ. 

      ȼ ɱɚɫɬɢ 4 ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɡɚɞɚɱɚ ɨ ɬɪɟɯɦɟɪɧɵɯ ɤɨɥɟɛɚɧɢɹɯ ɬɹɠɟɥɨɣ 

ɦɚɬɟɪɢɚɥɶɧɨɣ ɬɨɱɤɢ, ɩɨɞɜɟɲɟɧɧɨɣ ɧɚ ɧɟɜɟɫɨɦɨɣ ɩɪɭɠɢɧɟ ɩɪɢ ɪɟɡɨɧɚɧɫɟ 1:1:2, 

ɝɞɟ 1 – ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɱɚɫɬɨɬɟ ɤɨɥɟɛɚɧɢɣ ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɜ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ, 2 – ɱɚɫɬɨɬɟ ɤɨɥɟɛɚɧɢɣ ɩɨ ɜɟɪɬɢɤɚɥɢ. ɋɱɢɬɚɟɬɫɹ, ɱɬɨ 

ɫɢɥɚ, ɜɨɡɧɢɤɚɸɳɚɹ ɩɪɢ ɞɟɮɨɪɦɚɰɢɢ ɩɪɭɠɢɧɵ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɷɬɨɣ 

ɞɟɮɨɪɦɚɰɢɢ.  
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      ɉɨɞɨɛɧɚɹ ɡɚɞɚɱɚ ɜ ɩɥɨɫɤɨɣ ɩɨɫɬɚɧɨɜɤɟ (ɤɨɝɞɚ ɤɨɥɟɛɚɧɢɹ ɬɨɱɤɢ ɩɪɨɢɫɯɨɞɹɬ 

ɜ ɧɟɤɨɬɨɪɨɣ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ, ɚ ɱɚɫɬɨɬɵ ɬɚɤɠɟ ɫɨɨɬɧɨɫɹɬɫɹ ɤɚɤ 1:2) 

ɛɵɥɚ ɜɜɟɞɟɧɚ ɜ ɪɚɫɫɦɨɬɪɟɧɢɟ ȼɢɬɬɨɦ ɢ Ƚɨɪɟɥɢɤɨɦ ɜ 1933 ɝ. ɞɥɹ ɢɥɥɸɫɬɪɚɰɢɢ 

ɹɜɥɟɧɢɹ ɜɧɭɬɪɟɧɧɟɝɨ ɪɟɡɨɧɚɧɫɚ. ɉɨɡɠɟ ɨɧɚ ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɜ ɞɨɫɬɚɬɨɱɧɨ 

ɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɪɚɛɨɬ, ɧɚɩɪɢɦɟɪ [8,28,37,40,46]. Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 

ɩɪɢ ɪɟɡɨɧɚɧɫɟ ɜ ɫɢɫɬɟɦɟ ɧɚɛɥɸɞɚɟɬɫɹ  ɷɮɮɟɤɬ ɩɟɪɟɤɚɱɤɢ ɷɧɟɪɝɢɢ ɦɟɠɞɭ 

ɜɟɪɬɢɤɚɥɶɧɨɣ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɦɨɞɚɦɢ ɤɨɥɟɛɚɧɢɣ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ  ɫɨɛɨɣ 

ɩɟɪɢɨɞɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɩɟɪɟɫɬɪɨɣɤɢ ɤɨɥɟɛɚɧɢɣ ɢɡ ɩɨɱɬɢ ɜɟɪɬɢɤɚɥɶɧɵɯ ɜ ɩɨɱɬɢ 

ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɢ ɨɛɪɚɬɧɨ.  ɂɫɫɥɟɞɨɜɚɧɢɟ ɡɚɞɚɱɢ ɜ ɷɬɢɯ ɪɚɛɨɬɚɯ ɩɪɨɜɨɞɢɥɨɫɶ 

ɢɡɜɟɫɬɧɵɦɢ ɤɥɚɫɫɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ ɬɟɨɪɢɢ ɜɨɡɦɭɳɟɧɢɣ ɢ, ɤɚɤ ɩɪɚɜɢɥɨ, ɛɵɥɨ 

ɞɨɫɬɚɬɨɱɧɨ ɝɪɨɦɨɡɞɤɢɦ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɧɚɥɢɱɢɟɦ ɪɟɡɨɧɚɧɫɚ.  

      ɉɨɞɯɨɞ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɦɟɬɨɞɟ ɢɧɜɚɪɢɚɧɬɧɨɣ ɧɨɪɦɚɥɢɡɚɰɢɢ, ɩɨɡɜɨɥɹɟɬ 

ɨɛɨɣɬɢ ɫɥɨɠɧɨɫɬɢ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɪɟɡɨɧɚɧɫɨɦ. ȼɩɟɪɜɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɥɨɫɤɨɣ 

ɡɚɞɚɱɢ ɷɬɢɦ ɦɟɬɨɞɨɦ ɛɵɥɢ ɨɩɭɛɥɢɤɨɜɚɧɵ ɜ ɪɚɛɨɬɟ [28]. ɇɚɢɛɨɥɟɟ ɩɨɥɧɵɟ 

ɦɚɬɟɪɢɚɥɵ ɩɨ ɡɚɞɚɱɟ ɩɪɢɜɟɞɟɧɵ  ɜ ɫɬɚɬɶɟ [40]. ȼ ɷɬɨɣ ɪɚɛɨɬɟ ɛɵɥɢ ɜɧɨɜɶ 

ɩɨɥɭɱɟɧɵ ɭɠɟ ɢɡɜɟɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɫɢɫɬɟɦɵ, ɨɞɧɚɤɨ ɩɨɬɪɟɛɨɜɚɜɲɢɟɫɹ ɞɥɹ ɷɬɨɝɨ 

ɪɚɫɱɟɬɵ ɨɤɚɡɚɥɢɫɶ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɤɨɦɩɚɤɬɧɵɦɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɩɪɟɞɵɞɭɳɢɦɢ ɢɫɫɥɟɞɨɜɚɧɢɹɦɢ. Ʉɪɨɦɟ ɫɨɤɪɚɳɟɧɢɣ ɜɵɤɥɚɞɨɤ, ɩɪɢɜɨɞɹɳɢɯ ɤ 

ɢɡɜɟɫɬɧɵɦ ɮɚɤɬɚɦ, ɦɟɬɨɞ ɢɧɜɚɪɢɚɧɬɧɨɣ ɧɨɪɦɚɥɢɡɚɰɢɢ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɪɹɞ 

ɧɨɜɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. ɋɸɞɚ ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ ɜɵɜɨɞɵ ɨɛ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ ɢ ɚɫɢɦɩɬɨɬɢɱɟɫɤɢɟ ɪɚɡɥɨɠɟɧɢɹ ɞɥɹ ɩɟɪɢɨɞɚ 

ɩɟɪɟɫɬɪɨɟɤ.  

      ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɢɧɜɚɪɢɚɧɬɧɨɣ ɧɨɪɦɚɥɢɡɚɰɢɢ ɩɪɢ ɢɡɭɱɟɧɢɢ ɬɪɟɯɦɟɪɧɨɣ 

ɫɢɫɬɟɦɵ [41] ɩɨɡɜɨɥɹɟɬ ɨɛɨɛɳɢɬɶ ɧɚ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɣ ɫɥɭɱɚɣ ɛɨɥɶɲɢɧɫɬɜɨ 

ɮɚɤɬɨɜ, ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɞɥɹ ɩɥɨɫɤɨɣ ɡɚɞɚɱɢ. Ɉɞɧɚɤɨ ɜ ɬɪɟɯɦɟɪɧɨɦ ɫɥɭɱɚɟ 

ɩɨɹɜɥɹɸɬɫɹ ɨɫɨɛɟɧɧɨɫɬɢ, ɩɪɢɫɭɳɢɟ ɢɦɟɧɧɨ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɡɚɞɚɱɟ. ɉɪɢ 

ɧɚɥɢɱɢɢ ɫɤɨɥɶ ɭɝɨɞɧɨ ɦɚɥɨɣ ɩɪɨɟɤɰɢɢ ɤɢɧɟɬɢɱɟɫɤɨɝɨ ɦɨɦɟɧɬɚ ɧɚ ɜɟɪɬɢɤɚɥɶ ɜ 

ɬɪɟɯɦɟɪɧɨɦ ɫɥɭɱɚɟ ɩɨɹɜɥɹɟɬɫɹ ɷɮɮɟɤɬ, ɧɚɡɜɚɧɧɵɣ  ɪɚɡɜɨɪɨɬɨɦ ɩɥɨɫɤɨɫɬɢ 

ɤɨɥɟɛɚɧɢɣ. ɉɟɪɢɨɞ ɩɟɪɟɫɬɪɨɣɤɢ ɦɨɞ ɤɨɥɟɛɚɧɢɣ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɜɫɟɝɞɚ ɤɨɧɟɱɟɧ.  
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      ȼ ɱɚɫɬɢ 5 ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɡɚɞɚɱɚ ɨ ɤɨɥɟɛɚɧɢɹɯ ɝɚɡɨɜɨɝɨ ɩɭɡɵɪɹ 

ɧɟɩɨɞɜɢɠɧɨɝɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɫ ɩɨɜɟɪɯɧɨɫɬɧɵɦ 

ɧɚɬɹɠɟɧɢɟɦ. Ʉɨɥɟɛɚɧɢɹ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɪɚɞɢɚɥɶɧɵɟ, ɫɜɹɡɚɧɧɵɟ ɫ 

ɢɡɦɟɧɟɧɢɟɦ ɪɚɞɢɭɫɚ ɫɮɟɪɢɱɟɫɤɨɝɨ ɩɭɡɵɪɹ, ɢ ɞɟɮɨɪɦɚɰɢɨɧɧɵɟ, ɫɜɹɡɚɧɧɵɟ ɫ 

ɢɡɦɟɧɟɧɢɟɦ ɟɝɨ ɮɨɪɦɵ. Ⱦɟɮɨɪɦɢɪɨɜɚɧɧɚɹ  ɮɨɪɦɚ ɩɭɡɵɪɹ ɚɩɩɪɨɤɫɢɦɢɪɭɟɬɫɹ 

ɷɥɥɢɩɫɨɢɞɨɦ ɜɪɚɳɟɧɢɹ. Ɋɟɲɟɧɢɟ ɷɬɨɣ ɡɚɞɚɱɢ ɜ ɥɢɧɟɣɧɨɣ ɩɨɫɬɚɧɨɜɤɟ ɯɨɪɨɲɨ 

ɢɡɜɟɫɬɧɨ [31,32,38]. Ɍɨɱɧɨɟ ɪɟɲɟɧɢɟ ɧɟɥɢɧɟɣɧɨɣ ɡɚɞɚɱɢ ɩɨɫɬɪɨɢɬɶ ɧɟ ɭɞɚɟɬɫɹ ɢ 

ɞɥɹ ɟɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɤɚɤ ɩɪɚɜɢɥɨ, ɢɫɩɨɥɶɡɭɸɬ ɥɢɛɨ ɱɢɫɥɟɧɧɵɟ, ɥɢɛɨ 

ɚɫɢɦɩɬɨɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ.  ɇɚɩɪɢɦɟɪ, ɜ ɪɚɛɨɬɟ [1] ɞɥɹ ɪɟɲɟɧɢɹ ɚɧɚɥɨɝɢɱɧɨɣ 

ɡɚɞɚɱɢ ɩɪɢ ɧɚɥɢɱɢɢ ɜɧɟɲɧɟɝɨ ɜɨɡɛɭɠɞɟɧɢɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɱɢɫɥɟɧɧɵɣ ɦɟɬɨɞ 

ɫɟɞɶɦɨɝɨ ɩɨɪɹɞɤɚ ɚɩɩɪɨɤɫɢɦɚɰɢɢ. ȼ ɫɬɚɬɶɹɯ [53,56-58] ɩɪɢɦɟɧɹɸɬɫɹ 

ɪɚɡɥɨɠɟɧɢɹ ɩɨ ɦɚɥɨɦɭ ɩɚɪɚɦɟɬɪɭ ɞɟɮɨɪɦɚɰɢɢ ɩɭɡɵɪɹ ɢ ɩɪɢɜɥɟɤɚɟɬɫɹ ɢɞɟɹ 

ɨɫɪɟɞɧɟɧɢɹ. Ⱦɥɹ ɭɧɢɱɬɨɠɟɧɢɹ ɫɟɤɭɥɹɪɧɵɯ ɱɥɟɧɨɜ ɜ ɜɵɪɚɠɟɧɢɢ ɞɥɹ ɷɧɟɪɝɢɢ ɜ 

ɪɚɛɨɬɟ [53] ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ ɞɜɭɯ ɦɚɫɲɬɚɛɨɜ.  

     Ⱦɥɹ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɡɚɞɚɱɢ  ɭɞɨɛɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɥɚɝɪɚɧɠɟɜ 

ɮɨɪɦɚɥɢɡɦ. ɉɪɢ ɷɬɨɦ ɫɩɨɫɨɛɟ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ ɫɩɥɨɲɧɵɯ ɫɪɟɞ, 

ɨɩɢɫɵɜɚɟɬɫɹ ɨɛɵɤɧɨɜɟɧɧɵɦɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦɢ ɭɪɚɜɧɟɧɢɹɦɢ Ʌɚɝɪɚɧɠɚ, ɚ 

ɧɟ ɭɪɚɜɧɟɧɢɹɦɢ ɜ ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ. Ɉɛɨɛɳɟɧɧɵɦɢ ɤɨɨɪɞɢɧɚɬɚɦɢ ɫɥɭɠɚɬ 

ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɩɨɜɟɪɯɧɨɫɬɢ, ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɟɣ ɮɨɪɦɭ ɩɭɡɵɪɹ. 

Ʌɚɝɪɚɧɠɢɚɧ ɞɥɹ ɭɤɚɡɚɧɧɨɣ ɫɢɫɬɟɦɵ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧ ɢɡ ɮɭɧɤɰɢɢ, 

ɩɪɢɜɟɞɟɧɧɨɣ ɜ [31]. ɉɚɪɚɦɟɬɪɵ ɫɢɫɬɟɦɵ (ɜɧɟɲɧɟɟ ɞɚɜɥɟɧɢɟ, ɪɚɞɢɭɫ ɩɭɡɵɪɹ, 

ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɠɢɞɤɨɫɬɢ…) ɩɨɞɛɢɪɚɸɬɫɹ ɬɚɤ, ɱɬɨ ɜ 

ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɣ ɫɢɫɬɟɦɟ ɪɟɚɥɢɡɭɟɬɫɹ ɪɟɡɨɧɚɧɫ 1:2, ɝɞɟ 1 ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɱɚɫɬɨɬɟ 

ɞɟɮɨɪɦɚɰɢɨɧɧɨɣ, ɚ 2 – ɪɚɞɢɚɥɶɧɨɣ ɦɨɞ ɤɨɥɟɛɚɧɢɣ. ɉɨɫɥɟ ɷɬɨɝɨ ɥɚɝɪɚɧɠɢɚɧ 

ɝɚɡɨɜɨɝɨ ɩɭɡɵɪɹ ɪɚɫɤɥɚɞɵɜɚɟɬɫɹ ɞɨ ɱɥɟɧɨɜ ɬɪɟɬɶɟɝɨ ɩɨɪɹɞɤɚ ɜɤɥɸɱɢɬɟɥɶɧɨ ɢ 

ɞɟɥɚɟɬɫɹ ɩɟɪɟɯɨɞ ɤ ɛɟɡɪɚɡɦɟɪɧɵɦ ɤɨɨɪɞɢɧɚɬɚɦ ɢ ɜɪɟɦɟɧɢ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ 

ɭɩɪɨɳɚɟɬ ɟɝɨ ɜɢɞ. ɇɟɤɨɬɨɪɵɟ ɱɥɟɧɵ ɜ ɩɨɥɭɱɟɧɧɨɦ ɪɚɡɥɨɠɟɧɢɢ ɨɤɚɡɵɜɚɸɬɫɹ 

ɪɟɡɨɧɚɧɫɧɵɦɢ.  
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      ɂɫɫɥɟɞɨɜɚɧɢɟ ɞɚɧɧɨɣ ɧɟɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɵ ɬɚɤɠɟ ɩɪɨɜɨɞɢɬɫɹ ɦɟɬɨɞɨɦ 

ɢɧɜɚɪɢɚɧɬɧɨɣ ɧɨɪɦɚɥɢɡɚɰɢɢ, ɞɥɹ ɱɟɝɨ ɞɟɥɚɟɬɫɹ ɩɟɪɟɯɨɞ ɨɬ ɥɚɝɪɚɧɠɟɜɨɣ ɮɨɪɦɵ 

ɭɪɚɜɧɟɧɢɣ ɤ ɢɯ ɝɚɦɢɥɶɬɨɧɨɜɨɣ ɮɨɪɦɟ. Ƚɚɦɢɥɶɬɨɧɢɚɧ ɫɢɫɬɟɦɵ ɩɨɫɥɟ 

ɧɨɪɦɚɥɢɡɚɰɢɢ ɨɤɚɡɵɜɚɟɬɫɹ ɮɚɤɬɢɱɟɫɤɢ ɢɞɟɧɬɢɱɧɵɦ ɝɚɦɢɥɶɬɨɧɢɚɧɭ ɩɥɨɫɤɨɣ 

ɡɚɞɚɱɢ ɨ ɤɚɱɚɸɳɟɣɫɹ ɩɪɭɠɢɧɟ, ɨɬɥɢɱɚɹɫɶ ɨɬ ɧɟɝɨ ɥɢɲɶ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɩɟɪɟɞ 

ɤɭɛɢɱɟɫɤɢɦ ɱɥɟɧɨɦ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɞɨɫɥɨɜɧɨ ɩɟɪɟɧɟɫɬɢ ɜɫɟ ɪɟɡɭɥɶɬɚɬɵ, 

ɢɡɜɟɫɬɧɵɟ ɢɡ ɪɟɲɟɧɢɹ  ɡɚɞɚɱɢ ɨ ɤɚɱɚɸɳɟɣɫɹ ɩɪɭɠɢɧɟ. 

      Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɜɟ ɫɨɜɟɪɲɟɧɧɨ ɪɚɡɧɵɟ ɡɚɞɚɱɢ ɫɜɨɞɹɬɫɹ ɤ ɢɫɫɥɟɞɨɜɚɧɢɸ 

ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɭɪɚɜɧɟɧɢɣ ɨɞɢɧɚɤɨɜɵɦ ɦɟɬɨɞɨɦ. ɉɪɢɦɟɧɟɧɢɟ ɢɧɜɚɪɢɚɧɬɧɨɣ 

ɧɨɪɦɚɥɢɡɚɰɢɢ ɩɨɡɜɨɥɹɟɬ ɨɛɨɣɬɢ ɬɪɭɞɧɨɫɬɢ, ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɞɪɭɝɢɯ ɫɩɨɫɨɛɨɜ ɪɟɲɟɧɢɹ ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɫɨɤɪɚɬɢɬɶ ɜɵɤɥɚɞɤɢ. 

      Ⱦɚɥɟɟ ɚɧɚɥɢɡɢɪɭɟɬɫɹ ɜɨɩɪɨɫ ɨ ɤɨɪɪɟɤɬɧɨɫɬɢ ɩɨɫɬɚɧɨɜɤɢ ɡɚɞɚɱɢ. Ⱦɟɥɨ ɜ ɬɨɦ, 

ɱɬɨ ɜ ɪɟɚɥɶɧɵɯ ɫɪɟɞɚɯ ɧɟɢɡɛɟɠɧɨ ɩɪɨɬɟɤɚɸɬ ɞɢɫɫɢɩɚɬɢɜɧɵɟ ɩɪɨɰɟɫɫɵ. 

ɉɨɷɬɨɦɭ ɢɞɟɚɥɢɡɢɪɨɜɚɧɧɭɸ ɩɨɫɬɚɧɨɜɤɭ ɡɚɞɚɱɢ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɢɦɟɸɳɟɣ 

ɨɬɧɨɲɟɧɢɟ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɥɢɲɶ ɩɪɢ ɭɫɥɨɜɢɢ ɦɚɥɨɣ ɢɧɬɟɧɫɢɜɧɨɫɬɢ 

ɞɢɫɫɢɩɚɬɢɜɧɵɯ ɩɪɨɰɟɫɫɨɜ ɧɚ ɩɪɨɦɟɠɭɬɤɚɯ ɜɪɟɦɟɧɢ, ɯɚɪɚɤɬɟɪɧɵɯ ɞɥɹ ɡɚɞɚɱɢ. 

ȼɵɱɢɫɥɟɧɢɟ ɞɟɤɪɟɦɟɧɬɨɜ ɡɚɬɭɯɚɧɢɹ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɞɥɹ ɜɟɳɟɫɬɜ ɫ ɮɢɡɢɱɟɫɤɢ 

ɪɟɚɥɢɡɭɟɦɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɜɹɡɤɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɜɥɢɹɧɢɟ 

ɞɢɫɫɢɩɚɰɢɢ ɞɨɫɬɚɬɨɱɧɨ ɜɟɥɢɤɨ ɢ ɛɭɞɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɲɚɬɶ ɧɚɛɥɸɞɚɟɦɨɫɬɢ 

ɩɪɨɰɟɫɫɚ ɩɟɪɟɫɬɪɨɣɤɢ ɦɨɞ ɤɨɥɟɛɚɧɢɣ. ɇɭɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɷɬɭ ɨɰɟɧɤɭ 

ɫɨɫɬɨɹɬɟɥɶɧɨɫɬɢ ɢɞɟɚɥɢɡɚɰɢɢ ɡɚɞɚɱɢ ɧɟɥɶɡɹ ɛɵɥɨ ɫɞɟɥɚɬɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ, 

ɩɨɫɤɨɥɶɤɭ ɞɥɹ ɷɬɨɣ ɨɰɟɧɤɢ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɯɚɪɚɤɬɟɪɧɨɟ ɜɪɟɦɹ ɩɟɪɢɨɞɚ 

ɩɟɪɟɫɬɪɨɣɤɢ, ɤɨɬɨɪɨɟ ɧɟɥɶɡɹ ɜɵɱɢɫɥɢɬɶ, ɧɟ ɪɟɲɚɹ ɫɚɦɭ ɡɚɞɚɱɭ.      

      ȼ ɤɚɠɞɨɣ ɱɚɫɬɢ ɪɚɛɨɬɵ, ɜɤɥɸɱɚɹ ɜɜɟɞɟɧɢɟ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɜɨɹ ɧɭɦɟɪɚɰɢɹ 

ɮɨɪɦɭɥ.     
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Ƚɥɚɜɚ 1 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɤɨɥɟɛɚɧɢɣ  ɤɜɚɡɢɥɢɧɟɣɧɵɯ ɪɟɡɨɧɚɧɫɧɵɯ  ɫɢɫɬɟɦ ɢ ɬɟɨɪɢɹ 

ɜɨɡɦɭɳɟɧɢɣ ɢɯ ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɵɯ ɦɧɨɝɨɨɛɪɚɡɢɣ 

         1. ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ. ɉɨɪɨɠɞɚɸɳɚɹ ɫɢɫɬɟɦɚ ɢ ɟɟ ɬɪɚɟɤɬɨɪɢɢ. 

      ɂɫɫɥɟɞɭɸɬɫɹ ɤɜɚɡɢɥɢɧɟɣɧɵɟ ɤɨɥɟɛɚɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ ɜɢɞɚ  

( )tqqQBqqA ,, ��� ε=+  

ɝɞɟ Ⱥ ɢ ȼ – ɫɢɦɦɟɬɪɢɱɟɫɤɢɟ ɩɨɥɨɠɢɬɟɥɶɧɨ ɨɩɪɟɞɟɥɟɧɧɵɟ ɩɨɫɬɨɹɧɧɵɟ ɦɚɬɪɢɰɵ 

ɪɚɡɦɟɪɧɨɫɬɢ , q ɢ Q – ɜɟɤɬɨɪɵ ɪɚɡɦɟɪɧɨɫɬɢ NN × 1,N ε×  ɹɜɥɹɟɬɫɹ ɦɚɥɵɦ 

ɩɚɪɚɦɟɬɪɨɦ, ɬɚɤ ɱɬɨ ɩɪɚɜɚɹ ɱɚɫɬɶ ɫɢɫɬɟɦɵ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɚɥɨɟ 

ɜɨɡɦɭɳɟɧɢɟ. ɉɨɞɯɨɞɹɳɢɦ ɥɢɧɟɣɧɵɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ ɬɚɤɚɹ ɫɢɫɬɟɦɚ ɜɫɟɝɞɚ 

ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɚ ɤ ɛɨɥɟɟ ɩɪɨɫɬɨɣ ɮɨɪɦɟ 

( )tqqQqq iiii ,,2 ��� εω =+           i=1,…,N 

ɉɨɷɬɨɦɭ ɛɟɡ ɨɝɪɚɧɢɱɟɧɢɹ ɨɛɳɧɨɫɬɢ ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɫɢɫɬɟɦɚ ɢɡɧɚɱɚɥɶɧɨ 

ɢɦɟɟɬ ɬɚɤɨɣ ɜɢɞ. 

         ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɜɨɡɦɭɳɟɧɢɣ ( )0=ε  ɩɨɥɭɱɚɟɬɫɹ ɩɨɪɨɠɞɚɸɳɚɹ (ɢɥɢ 

ɜɵɪɨɠɞɟɧɧɚɹ) ɫɢɫɬɟɦɚ, ɜɢɞ ɬɪɚɟɤɬɨɪɢɣ ɤɨɬɨɪɨɣ ɩɪɢɧɰɢɩɢɚɥɶɧɵɦ ɨɛɪɚɡɨɦ 

ɡɚɜɢɫɢɬ ɨɬ ɫɨɨɬɧɨɲɟɧɢɣ ɱɚɫɬɨɬ iω  . Ⱥ ɢɦɟɧɧɨ, ɟɫɥɢ ɜɫɟ ɱɚɫɬɨɬɵ ɧɟɫɨɢɡɦɟɪɢɦɵ, 

ɬɨ ɥɸɛɚɹ ɬɪɚɟɤɬɨɪɢɹ ɩɨɪɨɠɞɚɸɳɟɣ ɫɢɫɬɟɦɵ ɜ ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ 

q ɜɫɸɞɭ ɩɥɨɬɧɚ ɜ ɦɧɨɝɨɦɟɪɧɨɦ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɟ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟ ɦɨɠɟɬ 

ɛɵɬɶ ɡɚɦɤɧɭɬɨɣ ɤɪɢɜɨɣ. ɗɬɨɬ ɫɥɭɱɚɣ ɧɚɡɵɜɚɟɬɫɹ ɧɟɪɟɡɨɧɚɧɫɧɵɦ. ȿɫɥɢ ɪɟɡɨɧɚɧɫ 

ɢɦɟɟɬ ɦɟɫɬɨ, ɬɨ ɟɫɬɶ ɧɟɤɨɬɨɪɵɟ ɱɚɫɬɨɬɵ ɨɤɚɡɵɜɚɸɬɫɹ ɫɨɢɡɦɟɪɢɦɵɦɢ, ɬɨ 

ɫɭɳɟɫɬɜɭɟɬ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɨ ɩɪɨɫɬɪɚɧɫɬɜɚ q, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɷɬɢɦ ɱɚɫɬɨɬɚɦ, 

ɜ ɤɨɬɨɪɨɦ ɬɪɚɟɤɬɨɪɢɢ ɛɭɞɭɬ ɡɚɦɤɧɭɬɵɦɢ ɤɪɢɜɵɦɢ, ɤɨɬɨɪɵɟ ɧɚɡɵɜɚɸɬɫɹ 

ɮɢɝɭɪɚɦɢ Ʌɢɫɫɚɠɭ. Ɏɢɝɭɪɵ Ʌɢɫɫɚɠɭ ɧɟɭɫɬɨɣɱɢɜɵ: ɩɪɢ ɩɨɹɜɥɟɧɢɢ ɫɤɨɥɶ 

ɭɝɨɞɧɨ ɦɚɥɵɯ ɜɨɡɦɭɳɟɧɢɣ ɨɧɢ ɪɚɡɪɭɲɚɸɬɫɹ ɢɥɢ ɩɟɪɟɯɨɞɹɬ ɜ ɮɢɝɭɪɵ ɞɪɭɝɨɣ 

ɮɨɪɦɵ. ɂɦɟɧɧɨ ɷɬɨɬ ɪɟɡɨɧɚɧɫɧɵɣ ɫɥɭɱɚɣ ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɧɚɢɛɨɥɶɲɢɣ 

ɢɧɬɟɪɟɫ, ɜ ɬɨɦ ɱɢɫɥɟ ɜ ɫɜɹɡɢ ɫ ɧɟɤɨɬɨɪɵɦɢ ɬɟɯɧɢɱɟɫɤɢɦɢ ɩɪɢɥɨɠɟɧɢɹɦɢ [3,4], ɢ 
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ɛɭɞɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ [17], ɪɟɲɚɸɬɫɹ 

ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

Ɣ ɉɨɫɬɪɨɢɬɶ ɤɥɚɫɫɢɮɢɤɚɰɢɸ ɮɢɝɭɪ Ʌɢɫɫɚɠɭ ɩɨ ɩɪɢɡɧɚɤɚɦ ɫɢɦɦɟɬɪɢɢ ɢɥɢ 

ɧɚɥɢɱɢɹ ɨɫɨɛɟɧɧɨɫɬɟɣ;  

Ɣ Ⱦɚɬɶ ɨɩɢɫɚɧɢɟ ɬɟɯ ɷɜɨɥɸɰɢɣ, ɤɨɬɨɪɵɦ ɩɨɞɜɟɪɝɚɟɬɫɹ ɮɢɝɭɪɚ ɩɪɢ ɩɨɹɜɥɟɧɢɢ 

ɜɨɡɦɭɳɟɧɢɣ;  

Ɣ  Ʉɥɚɫɫɢɮɢɰɢɪɨɜɚɬɶ ɫɢɥɵ ɜɨɡɦɭɳɟɧɢɣ ɩɨ ɬɢɩɭ ɩɨɪɨɠɞɚɟɦɨɣ ɷɜɨɥɸɰɢɢ;  

Ɣ ɉɨɫɬɪɨɢɬɶ ɭɩɪɚɜɥɟɧɢɟ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɭɫɬɨɣɱɢɜɨɫɬɶ ɮɢɝɭɪɵ ɡɚɞɚɧɧɨɣ  

ɮɨɪɦɵ.  

         ɉɭɫɬɶ ɜɫɟ ɱɚɫɬɨɬɵ ɫɨɢɡɦɟɪɢɦɵ. Ɍɨɝɞɚ ɜ ɫɚɦɨɦ ɨɛɳɟɦ ɫɥɭɱɚɟ ɫɢɫɬɟɦɚ 

ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ  

( ) ( )2

, , , 1,..., , 1,..., ,i i i i i

j j j iq m q Q q q t i n j k m Zε+ = = = ∈�� � i∀

)

 

Ɂɞɟɫɶ ɜɟɪɯɧɢɣ ɢɧɞɟɤɫ ɜɵɞɟɥɹɟɬ ɝɪɭɩɩɭ ɭɪɚɜɧɟɧɢɣ ɫ ɨɞɢɧɚɤɨɜɵɦɢ ɱɚɫɬɨɬɚɦɢ, ɚ 

ɧɢɠɧɢɣ – ɧɨɦɟɪ ɭɪɚɜɧɟɧɢɹ  ɜ ɬɚɤɨɣ ɝɪɭɩɩɟ. Ɍɨ ɟɫɬɶ ɫɢɫɬɟɦɚ ɫɨɫɬɨɢɬ ɢɡ  

∑
=

=
n

i

ikN
1

 

ɭɪɚɜɧɟɧɢɣ, ɤɨɬɨɪɵɟ ɪɚɡɛɢɜɚɸɬɫɹ ɧɚ n ɝɪɭɩɩ ɬɚɤ, ɱɬɨ ɜ i – ɨɣ ɝɪɭɩɩɟ ɫɨɞɟɪɠɢɬɫɹ 

 ɭɪɚɜɧɟɧɢɣ. ɑɚɫɬɨɬɵ  ɦɨɝɭɬ ɫɱɢɬɚɬɶɫɹ ɰɟɥɵɦɢ ɢ ɧɟ ɢɦɟɸɳɟɝɨ ɨɛɳɟɝɨ 

ɞɟɥɢɬɟɥɹ, ɱɟɝɨ ɜ ɫɥɭɱɚɟ ɢɯ ɫɨɢɡɦɟɪɢɦɨɫɬɢ ɜɫɟɝɞɚ ɦɨɠɧɨ ɞɨɛɢɬɶɫɹ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɢɡɦɟɧɟɧɢɟɦ ɦɚɫɲɬɚɛɚ ɜɪɟɦɟɧɢ. Ɋɟɡɨɧɚɧɫ ɩɪɢ ɬɚɤɨɦ 

ɫɨɨɬɧɨɲɟɧɢɢ ɱɚɫɬɨɬ ɛɭɞɟɬ ɢɦɟɬɶ ɬɢɩ   

ik im

.:...::...::...: 11 nn mmmm

Ʉɚɤ ɭɠɟ ɨɬɦɟɱɚɥɨɫɶ, ɬɪɚɟɤɬɨɪɢɹɦɢ ɢɫɫɥɟɞɭɟɦɨɣ ɫɢɫɬɟɦɵ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ 

ɜɨɡɦɭɳɟɧɢɣ ( 0=ε  ɛɭɞɭɬ ɮɢɝɭɪɵ Ʌɢɫɫɚɠɭ. ȼ ɩɪɨɫɬɪɚɧɫɬɜɟ q ɨɧɢ ɡɚɞɚɸɬɫɹ 

ɮɨɪɦɭɥɚɦɢ ( ) ( ).cos i

j

ii

j

i

j tmAtq φ+= , ɝɞɟ ɢi i

j jA φ − ɩɪɨɢɡɜɨɥɶɧɵɟ ɩɨɫɬɨɹɧɧɵɟ.  

ɋɪɟɞɢ ɜɫɟɯ ɷɬɢɯ ɮɢɝɭɪ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɬɪɢ ɤɥɚɫɫɚ ɨɫɨɛɵɯ: 

1) Ⱥɛɫɨɥɸɬɧɨ ɫɢɦɦɟɬɪɢɱɧɵɟ ɮɢɝɭɪɵ. Ɍɚɤɢɟ ɮɢɝɭɪɵ ɫɢɦɦɟɬɪɢɱɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɧɚɱɚɥɚ ɤɨɨɪɞɢɧɚɬ ɢ ɥɸɛɵɯ ɤɨɨɪɞɢɧɚɬɧɵɯ ɩɥɨɫɤɨɫɬɟɣ. 
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2) Ɏɢɝɭɪɵ, ɢɦɟɸɳɢɟ ɬɨɱɤɢ ɜɨɡɜɪɚɬɚ. 

3) Ɏɢɝɭɪɵ ɫɦɟɲɚɧɧɨɝɨ ɬɢɩɚ. Ɍɚɤɢɟ ɮɢɝɭɪɵ ɜɨɡɦɨɠɧɵ, ɬɨɥɶɤɨ ɟɫɥɢ . 

ɉɪɨɟɤɰɢɢ ɷɬɨɣ ɮɢɝɭɪɵ ɧɚ ɧɟɤɨɬɨɪɵɟ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɚ ɩɪɨɫɬɪɚɧɫɬɜɚ q 

ɩɪɢɧɚɞɥɟɠɚɬ ɤ ɩɟɪɜɨɦɭ ɬɢɩɭ, ɬɨɝɞɚ ɤɚɤ ɩɪɨɟɤɰɢɢ ɧɚ ɞɪɭɝɢɟ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɚ – 

ɤɨ ɜɬɨɪɨɦɭ.  

3dim ≥q

ɉɪɢɦɟɪɵ 

1. ɋɥɭɱɚɣ ɪɟɡɨɧɚɧɫɚ 1:1. ɉɨɪɨɠɞɚɸɳɚɹ ɫɢɫɬɟɦɚ ɢɦɟɟɬ ɜɢɞ  

0

0

22

11

=+
=+

qq

qq

��
��

 

Ɍɪɚɟɤɬɨɪɢɹɦɢ ɫɢɫɬɟɦɵ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ q ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɛɭɞɭɬ ɷɥɥɢɩɫɵ, ɨɞɧɚɤɨ 

ɜɨɡɦɨɠɧɵ ɤɪɭɝɨɜɵɟ ɬɪɚɟɤɬɨɪɢɢ (ɮɢɝɭɪɚ ɩɟɪɜɨɝɨ ɬɢɩɚ) ɢ ɬɪɚɟɤɬɨɪɢɢ ɜ ɜɢɞɟ 

ɨɬɪɟɡɤɨɜ ɩɪɹɦɨɣ (ɮɢɝɭɪɚ ɜɬɨɪɨɝɨ ɬɢɩɚ) – ɩɪɹɦɨɥɢɧɟɣɧɵɟ ɤɨɥɟɛɚɧɢɹ: 

 

 

1q

2q

 

1q

2q

 

1q

2q
 

 

 

2. ɋɥɭɱɚɣ ɪɟɡɨɧɚɧɫɚ 1:2 

04

0

22

11

=+
=+

qq

qq

��
��

 

 ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɬɪɚɟɤɬɨɪɢɢ ɢɦɟɸɬ ɜɢɞ  
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1q

2q

 

ɇɨ ɜɨɡɦɨɠɧɵ ɮɢɝɭɪɵ ɬɢɩɚ  

 

 

1q

2q
 

 

1q

2q
 

 

(ɩɟɪɜɵɣ ɬɢɩ)                                                                                 (ɜɬɨɪɨɣ ɬɢɩ) 

3. ɉɪɢɦɟɪɨɦ ɮɢɝɭɪɵ ɬɪɟɬɶɟɝɨ ɬɢɩɚ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɪɟɡɨɧɚɧɫ 1:2:3, ɤɨɝɞɚ ɮɢɝɭɪɚ 

ɢɦɟɟɬ ɜɢɞ 

                                                                     2q

 

 

 

                                                                             3q

 

                                                                                                               1q
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ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɨɟɤɰɢɹ ɮɢɝɭɪɵ ɧɚ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɨ ɩɪɢɧɚɞɥɟɠɢɬ ɤɨ 

ɜɬɨɪɨɦɭ ɬɢɩɭ, ɚ, ɧɚɩɪɢɦɟɪ, ɩɪɨɟɤɰɢɹ ɧɚ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɨ  - ɤ ɩɟɪɜɨɦɭ. 

1 2q q

1 3q q

         Ɉɛɳɟɟ ɫɜɨɣɫɬɜɨ ɮɢɝɭɪ Ʌɢɫɫɚɠɭ – ɜɨɡɦɨɠɧɨɫɬɶ ɢɯ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɜ ɜɢɞɟ 

ɩɪɨɟɤɰɢɢ ɧɟɤɨɬɨɪɨɣ ɞɪɭɝɨɣ ɤɪɢɜɨɣ, ɪɚɫɩɨɥɨɠɟɧɧɨɣ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 

ɪɚɡɦɟɪɧɨɫɬɶ ɤɨɬɨɪɨɝɨ ɩɪɟɜɵɲɚɟɬ dimq, ɧɚ ɩɪɨɫɬɪɚɧɫɬɜɨ q. ɗɬɨ ɭɬɜɟɪɠɞɟɧɢɟ 

ɮɚɤɬɢɱɟɫɤɢ ɨɱɟɜɢɞɧɨ ɢ ɞɨɤɚɡɵɜɚɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɜɜɟɞɟɧɢɹ ɮɢɤɬɢɜɧɵɯ 

ɩɟɪɟɦɟɧɧɵɯ. ɇɚɩɪɢɦɟɪ, ɜɜɟɞɟɦ ɧɚɛɨɪ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɟɪɟɦɟɧɧɵɯ , 

ɨɩɪɟɞɟɥɹɟɦɵɯ ɩɨ ɮɨɪɦɭɥɚɦ  

q~

( ) ( ),sin~ i

j

ii

j

i

j tmAtq φ+=  

ɬɨɝɞɚ ɤɚɤ  

( ) ( )i

j

ii

j

i

j tmAtq φ+= cos . 

ɉɪɢ ɷɬɨɦ ɩɨɫɥɟɞɧɹɹ ɩɟɪɟɦɟɧɧɚɹ ɨɫɬɚɜɥɹɟɬɫɹ ɛɟɡ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ, ɢ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɫɟɝɨ ɢɦɟɟɬɫɹ N – 1 ɩɟɪɟɦɟɧɧɵɯ q

n

kn
q

~ . ɂɡ ɪɚɜɟɧɫɬɜɚ  

( ) ( ) ( )222~ i

j

i

j

i

j Aqq =+  

ɫɥɟɞɭɟɬ, ɱɬɨ ɤɚɠɞɚɹ ɩɚɪɚ ( )i

j

i

j qq ,~
 ɩɪɢɧɚɞɥɟɠɢɬ ɧɟɤɨɬɨɪɨɣ ɨɤɪɭɠɧɨɫɬɢ. əɫɧɨ, 

ɱɬɨ ɞɥɹ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɨɩɢɫɚɧɢɹ ɪɚɞɢɭɫ ɨɤɪɭɠɧɨɫɬɢ ɧɟ ɢɦɟɟɬ ɡɧɚɱɟɧɢɹ ɢ ɨɧɚ 

ɦɨɠɟɬ ɫɱɢɬɚɬɶɫɹ ɟɞɢɧɢɱɧɨɣ. ɉɨɷɬɨɦɭ ɜɫɹ ɫɨɜɨɤɭɩɧɨɫɬɶ ɬɚɤɢɯ ɩɚɪ ɩɪɢɧɚɞɥɟɠɢɬ 

ɬɨɪɭ . ɉɟɪɟɦɟɧɧɚɹ , ɨɫɬɚɜɲɚɹɫɹ ɛɟɡ «ɩɚɪɵ», ɩɪɢɧɚɞɥɟɠɢɬ 

ɦɧɨɠɟɫɬɜɭ ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɱɢɫɟɥ 

111 ... SST N ××=− n

kn
q

1R . Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɫɹ ɫɨɜɨɤɭɩɧɨɫɬɶ 

ɩɟɪɟɦɟɧɧɵɯ ( ) ( )( tqtq )~,  ɩɪɢɧɚɞɥɟɠɢɬ ɦɧɨɝɨɨɛɪɚɡɢɸ , ɨɛɪɚɡɭɹ 

ɧɚ ɧɟɦ ɧɟɤɨɬɨɪɭɸ ɤɪɢɜɭɸ, ɚ ɫɚɦɚ ɮɢɝɭɪɚ Ʌɢɫɫɚɠɭ ɹɜɥɹɟɬɫɹ ɩɪɨɟɤɰɢɟɣ ɷɬɨɣ 

ɤɪɢɜɨɣ ɜɞɨɥɶ ɧɚɩɪɚɜɥɟɧɢɣ 

12
~,

11 −− ⊂× N

qq

N RRT

q~  ɧɚ ɩɪɨɫɬɪɚɧɫɬɜɨ q. ȼ ɫɥɭɱɚɟ ɞɜɭɦɟɪɧɵɯ ɮɢɝɭɪ N 

– 1 = 1 ɢ ɬɨɪ ɜɵɪɨɠɞɚɟɬɫɹ ɜ ɨɤɪɭɠɧɨɫɬɶ, ɚ ɫɚɦɨ ɦɧɨɝɨɨɛɪɚɡɢɟ −×− 11 RT N
 ɜ 
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ɰɢɥɢɧɞɪ. ȼ ɱɚɫɬɧɨɫɬɢ, ɩɨɷɬɨɦɭ ɥɸɛɚɹ ɞɜɭɦɟɪɧɚɹ ɤɪɢɜɚɹ Ʌɢɫɫɚɠɭ ɛɭɞɟɬ 

ɩɪɨɟɤɰɢɟɣ ɧɟɤɨɬɨɪɨɣ ɤɪɢɜɨɣ ɧɚ ɰɢɥɢɧɞɪɟ, ɨ ɱɟɦ ɫɤɚɡɚɧɨ, ɧɚɩɪɢɦɟɪ, ɜ ɤɧɢɝɟ [5].  

Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɢɜɟɞɟɧɧɚɹ ɝɟɨɦɟɬɪɢɱɟɫɤɚɹ ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɧɟ ɟɞɢɧɫɬɜɟɧɧɚ. 

ɇɚɩɪɢɦɟɪ, ɦɨɠɧɨ ɛɵɥɨ ɜɜɟɫɬɢ ɩɟɪɟɦɟɧɧɭɸ ɢ ɩɨɥɭɱɢɬɶ, ɱɬɨ 

. 

n

n

kq�

( ) ( )( ), Nq t q t T∈�

      Ʌɟɝɤɨ ɜɢɞɟɬɶ, ɱɬɨ ɨɬɦɟɱɟɧɧɵɟ ɫɜɨɣɫɬɜɚ ɫɩɪɚɜɟɞɥɢɜɵ ɧɟ ɬɨɥɶɤɨ ɞɥɹ ɮɢɝɭɪ 

Ʌɢɫɫɚɠɭ (ɪɟɡɨɧɚɧɫɧɵɣ ɫɥɭɱɚɣ), ɧɨ ɢ ɩɪɨɢɡɜɨɥɶɧɵɯ  ɬɪɚɟɤɬɨɪɢɣ ɬɢɩɚ 

( ) ( )i

j

i

j

i

j

i

j tAtq φω += cos , ɝɞɟ ɱɚɫɬɨɬɵ ɭɠɟ ɦɨɝɭɬ ɛɵɬɶ ɩɪɨɢɡɜɨɥɶɧɵɦɢ. ɗɬɨ 

ɫɥɟɞɭɟɬ ɢɡ ɩɪɚɜɨɦɟɪɧɨɫɬɢ ɩɪɨɜɟɞɟɧɧɵɯ ɪɚɫɫɭɠɞɟɧɢɣ ɞɥɹ ɥɸɛɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ 

ɱɚɫɬɨɬ.  

         ɇɚɢɛɨɥɟɟ ɩɪɨɫɬɭɸ ɮɨɪɦɭ ɢɦɟɸɬ ɮɢɝɭɪɵ ɜɬɨɪɨɝɨ ɬɢɩɚ ɢ ɩɨɷɬɨɦɭ ɦɨɝɭɬ 

ɧɚɡɵɜɚɬɶɫɹ ɜɵɪɨɠɞɟɧɧɵɦɢ. Ɍɚɤ, ɜ ɫɥɭɱɚɟ 1:…:1 ɮɢɝɭɪɨɣ ɬɚɤɨɝɨ ɬɢɩɚ ɛɭɞɟɬ 

ɨɬɪɟɡɨɤ ɩɪɹɦɨɣ, ɩɪɢɱɟɦ ɢɦɟɧɧɨ ɫ ɷɬɢɦɢ ɩɪɹɦɨɥɢɧɟɣɧɵɦɢ ɤɨɥɟɛɚɧɢɹɦɢ 

ɫɜɹɡɚɧɵ ɧɟɤɨɬɨɪɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɡɚɞɚɱɢ [16,21,25,27,52,54,55,59,60,62-64], 

ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɜɨɥɧɨɜɵɯ ɬɜɟɪɞɨɬɟɥɶɧɵɯ ɢ ɜɢɛɪɚɰɢɨɧɧɵɯ 

ɝɢɪɨɫɤɨɩɨɜ. ɉɨɷɬɨɦɭ ɜɫɟ ɧɚɩɢɫɚɧɧɨɟ ɧɢɠɟ ɛɭɞɟɬ ɨɬɧɨɫɢɬɶɫɹ, ɜ ɨɫɧɨɜɧɨɦ, ɤ 

ɮɢɝɭɪɚɦ ɜɬɨɪɨɝɨ ɬɢɩɚ. Ⱦɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɧɟɨɛɯɨɞɢɦɨ ɜɜɟɫɬɢ ɫɥɟɞɭɸɳɟɟ  

Ɉɩɪɟɞɟɥɟɧɢɟ 

      Ɏɢɝɭɪɚ ɢɦɟɟɬ ɬɨɱɤɭ ɜɨɡɜɪɚɬɚ (ɜɵɪɨɠɞɟɧɚ), ɟɫɥɢ  

( ) i

i

j kjnitqt ,...,1,...,1ext: =∀=∀→∃ ∗∗
 

ɬɨ ɟɫɬɶ ɫɭɳɟɫɬɜɭɟɬ ɬɚɤɨɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ, ɤɨɝɞɚ ɜɫɟ  ɞɨɫɬɢɝɚɸɬ 

ɷɤɫɬɪɟɦɭɦɚ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɟɫɥɢ ɬɚɤɨɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɧɚɣɞɟɧ, ɬɨ  ɛɭɞɭɬ 

ɞɨɫɬɢɝɚɬɶ ɷɤɫɬɪɟɦɭɦɚ ɩɪɢ  

( )tq i

j

( )tq i

j

,, Zkkttk ∈+= ∗∗ π  
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ɩɪɢɱɟɦ ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɦɟɠɞɭ ɞɜɭɦɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɦɢ ɦɨɦɟɧɬɚɦɢ (ɬɨ 

ɟɫɬɶ ɩɪɢ ( )∗
+

∗∈ 1, kk ttt  )ɷɬɨɝɨ ɧɟ ɩɪɨɢɫɯɨɞɢɬ: ɢɧɚɱɟ ɜɫɟ ɱɚɫɬɨɬɵ  ɢɦɟɸɬ ɨɛɳɢɣ 

ɞɟɥɢɬɟɥɶ, ɨɬ ɤɨɬɨɪɨɝɨ ɥɟɝɤɨ ɢɡɛɚɜɢɬɶɫɹ ɩɨɞɯɨɞɹɳɢɦ ɜɵɛɨɪɨɦ ɦɚɫɲɬɚɛɚ 

ɜɪɟɦɟɧɢ.  

im

         Ɇɟɧɟɟ ɨɱɟɜɢɞɧɨɟ ɫɜɨɣɫɬɜɨ ɩɪɨɢɡɜɨɥɶɧɨɣ ɜɵɪɨɠɞɟɧɧɨɣ ɮɢɝɭɪɵ – ɧɚɥɢɱɢɟ 

ɭ ɧɟɟ ɪɨɜɧɨ ɞɜɭɯ ɬɨɱɟɤ ɜɨɡɜɪɚɬɚ. ɉɪɢɜɟɞɟɦ ɞɨɤɚɡɚɬɟɥɶɫɬɜɨ ɷɬɨɝɨ ɭɬɜɟɪɠɞɟɧɢɹ         

      Ɉɛɳɢɣ ɩɟɪɢɨɞ ɮɭɧɤɰɢɣ ( )tq i

j  ɪɚɜɟɧ π2=T , ɬɚɤ ɤɚɤ ɱɚɫɬɨɬɵ ɧɟ ɢɦɟɸɬ 

ɨɛɳɢɯ ɞɟɥɢɬɟɥɟɣ, ɚ ɧɚ ɥɸɛɨɦ ɩɨɥɭɢɧɬɟɪɜɚɥɟ ɞɥɢɧɨɣ 

im

π2  ɫɨɞɟɪɠɢɬɫɹ ɪɨɜɧɨ ɞɜɟ 

ɬɨɱɤɢ ɜɢɞɚ . ɉɨɷɬɨɦɭ ɨɫɬɚɥɨɫɶ ɞɨɤɚɡɚɬɶ, ɱɬɨ ɡɧɚɱɟɧɢɹ ɜɫɟɯ  ɜ ɷɬɢɯ 

ɬɨɱɤɚɯ ɧɟ ɦɨɝɭɬ ɫɨɜɩɚɞɚɬɶ. Ⱦɨɩɭɫɬɢɦ ɩɪɨɬɢɜɧɨɟ. Ɍɨɝɞɚ ɜ ɦɨɦɟɧɬɵ ɜɪɟɦɟɧɢ 

 ɜɫɟ  ɛɭɞɭɬ ɢɦɟɬɶ ɨɞɧɨɬɢɩɧɵɟ ɷɤɫɬɪɟɦɭɦɵ (ɬɨ ɟɫɬɶ ɦɚɤɫɢɦɭɦ 

ɥɸɛɨɝɨ  ɨɫɬɚɧɟɬɫɹ ɦɚɤɫɢɦɭɦɨɦ, ɦɢɧɢɦɭɦ – ɦɢɧɢɦɭɦɨɦ), ɱɬɨ ɜɨɡɦɨɠɧɨ 

ɥɢɲɶ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɜɫɟ ɱɚɫɬɨɬɵ  ɱɟɬɧɵ, ɬɨ ɟɫɬɶ ɢɦɟɸɬ ɨɛɳɢɣ ɞɟɥɢɬɟɥɶ, 

ɪɚɜɧɵɣ ɞɜɭɦ (ɩɪɢ ɢɡɦɟɧɟɧɢɢ t ɨɬ 

∗
kt ( )tq i

j

∗
+

∗
1ɢ kk tt ( )tq i

j

( )tq i

j

im

( )tqtt i

jkk ɭɞɨ 1

∗
+

∗
 «ɧɚɛɟɝɚɟɬ» ɮɚɡɚ 

ɩɨɷɬɨɦɭ ɫɨɯɪɚɧɟɧɢɟ ɬɢɩɚ ɷɤɫɬɪɟɦɭɦɚ ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ ɟɫɥɢ ɱɟɬɧɨ), 

ɱɬɨ ɩɪɨɬɢɜɨɪɟɱɢɬ ɜɵɛɨɪɭ ɱɚɫɬɨɬ. ɍɬɜɟɪɠɞɟɧɢɟ ɞɨɤɚɡɚɧɨ. 

,imπ −im

 

2. Ɇɧɨɝɨɨɛɪɚɡɢɟ ɜɵɪɨɠɞɟɧɧɵɯ ɮɨɪɦ ɢ ɭɱɟɬ ɜɨɡɦɭɳɟɧɢɣ. 

      Ɋɟɲɟɧɢɟ ɫɢɫɬɟɦɵ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɩɨɪɹɞɤɚ 2n ɡɚɜɢɫɢɬ ɨɬ 2n 

ɩɪɨɢɡɜɨɥɶɧɵɯ ɩɨɫɬɨɹɧɧɵɯ. Ɂɚɞɚɧɢɟ ɷɬɢɯ ɩɨɫɬɨɹɧɧɵɯ ɞɥɹ ɩɨɪɨɠɞɚɸɳɟɣ 

ɫɢɫɬɟɦɵ ɨɩɪɟɞɟɥɹɟɬ ɬɢɩ ɮɢɝɭɪɵ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɫɬɚɜɢɬɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ 

ɤɚɠɞɨɦɭ ɬɢɩɭ ɮɢɝɭɪɵ ɧɟɤɨɬɨɪɨɟ ɦɧɨɝɨɨɛɪɚɡɢɟ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɨɫɬɨɹɧɧɵɯ. 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɷɬɨɝɨ ɦɧɨɝɨɨɛɪɚɡɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɜɵɪɨɠɞɟɧɧɨɣ ɮɢɝɭɪɟ, 

ɨɤɚɡɵɜɚɟɬɫɹ ɭɞɨɛɧɵɦ ɡɚɩɢɫɚɬɶ ɪɟɲɟɧɢɟ ɩɨɪɨɠɞɚɸɳɟɣ ɫɢɫɬɟɦɵ ɜ ɜɢɞɟ  

( ) ( ) i

i

j

ii

j

i

j kjnitmAtq ,...,1,,...,1,cos ==+= φ  
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ɍɞɨɛɫɬɜɨ ɷɬɨɣ ɡɚɩɢɫɢ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɬɢɩ ɮɢɝɭɪɵ, ɨɱɟɜɢɞɧɨ, ɧɟ ɡɚɜɢɫɢɬ ɨɬ 

 (ɟɫɥɢ ɷɬɢ ɜɟɥɢɱɢɧɵ ɧɟ ɨɛɪɚɳɚɸɬɫɹ ɜ ɧɨɥɶ), ɚ ɡɚɜɢɫɢɬ ɥɢɲɶ ɨɬ ɫɨɨɬɧɨɲɟɧɢɣ 

ɦɟɠɞɭ ɮɚɡɚɦɢ , ɤɨɬɨɪɵɟ ɢ ɩɪɟɞɫɬɨɢɬ ɜɵɹɫɧɢɬɶ. ɉɨɫɥɟ ɷɬɨɝɨ ɧɭɠɧɨ ɧɚɣɬɢ 

ɤɚɤɨɣ – ɥɢɛɨ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ  , ɬɚɤɨɣ ɱɬɨ  

i

jA

i

jφ

∗t

( ) ( ) extcosext 1

1

11

1 →+⇔→∗ φtmtq  

ɧɚɩɪɢɦɟɪ, ,
1

1

1

m
t

φ
−=∗

 ɢ ɩɨɞɫɬɚɜɢɬɶ ɟɝɨ ɜ ɨɫɬɚɜɲɢɟɫɹ ɭɫɥɨɜɢɹ  

( ) ( )

{ } { }1,1,,,

extcos
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j
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɢɡɜɨɥɶɧɵɟ ɤɨɥɟɛɚɧɢɹ ɫ ɬɨɱɤɚɦɢ ɜɨɡɜɪɚɬɚ ɢɦɟɸɬ ɜɢɞ 

( ) ( ) ( ) { } { 1,1,,cos,cos 1

11

1

1

11

1

1

1 ≠⎟⎟
⎠

⎞
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⎝
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++=+= jin

m

m
tmAtqtmAtq i

j

i
ii

j

i

j πφφ } 

ȿɫɥɢ ɫɱɢɬɚɬɶ, ɱɬɨ «ɚɦɩɥɢɬɭɞɵ»  ɦɨɝɭɬ ɩɪɢɧɢɦɚɬɶ ɨɬɪɢɰɚɬɟɥɶɧɵɟ ɡɧɚɱɟɧɢɹ, 

ɬɨ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬ ɩɚɪɚɦɟɬɪɨɜ  ɦɨɠɟɬ ɛɵɬɶ ɭɱɬɟɧɚ ɩɭɬɟɦ ɜɵɛɨɪɚ ɡɧɚɤɚ 

ɚɦɩɥɢɬɭɞ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɫɥɟɞɧɟɟ ɜɵɪɚɠɟɧɢɟ ɩɪɟɨɛɪɚɡɭɟɬɫɹ ɤ ɜɢɞɭ  

i

jA

i

jn

( ) ( ) ( ) { } { 1,1,,cos,cos 1

11

1

1

11

1

1

1 ≠⎟⎟
⎠

⎞
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⎝

⎛
+=+= ji

m

m
tmAtqtmAtq

i
ii

j

i

j φφ } 

ɂɡ ɷɬɨɣ ɮɨɪɦɭɥɵ ɫɥɟɞɭɟɬ, ɱɬɨ ɮɢɝɭɪɚ ɫɨɯɪɚɧɹɟɬ ɫɜɨɣ ɜɢɞ ɢ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ  

, ɚ ɡɚɜɢɫɢɬ ɨɬ ɜɪɟɦɟɧɢ (ɭɬɜɟɪɠɞɟɧɢɟ ɦɨɠɟɬ ɧɚɪɭɲɚɬɶɫɹ ɜ ɧɟɤɨɬɨɪɵɯ 

ɨɫɨɛɵɯ ɫɥɭɱɚɹɯ, ɧɚɩɪɢɦɟɪ, ɟɫɥɢ  ɢ ɬ.ɩ.). Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ,  ɟɫɥɢ 

const≠1

1φ

tm11

1 −=φ

( ) ( )−=+= t
m

tt ψφφφ
1

1

11

1

1

1 ɬɨ, ɧɟɤɨɬɨɪɚɹ ɮɭɧɤɰɢɹ ɜɪɟɦɟɧɢ ɢ ɮɨɪɦɭɥɚ 
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( ) ( )( )tmAtq ii

j

i

j ψcos=  ɡɚɞɚɟɬ ɮɢɝɭɪɭ ɫ ɬɨɱɤɚɦɢ ɜɨɡɜɪɚɬɚ, ɧɨ ɧɟɪɚɜɧɨɦɟɪɧɨ 

ɦɟɧɹɸɳɢɦɫɹ ɜɪɟɦɟɧɧɵɦ ɩɚɪɚɦɟɬɪɨɦ.  

         ɉɨɩɭɬɧɨ ɫ ɡɚɩɢɫɶɸ ɮɨɪɦɭɥɵ ɞɥɹ ɩɪɨɢɡɜɨɥɶɧɵɯ ɤɨɥɟɛɚɧɢɣ ɢɫɫɥɟɞɭɟɦɨɝɨ 

ɬɢɩɚ ɮɚɤɬɢɱɟɫɤɢ ɞɨɤɚɡɚɧɚ ɫɥɟɞɭɸɳɚɹ  

Ɍɟɨɪɟɦɚ 

Ɇɧɨɝɨɨɛɪɚɡɢɟ ɜɵɪɨɠɞɟɧɧɨɣ ɮɨɪɦɵ ɢɦɟɟɬ ɪɚɡɦɟɪɧɨɫɬɶ  ɢ ɦɨɠɟɬ ɛɵɬɶ 

ɩɪɟɞɫɬɚɜɥɟɧɨ ɤɚɤ  

1+N

NRlM ×=  

Ɂɞɟɫɶ l – ɩɪɹɦɚɹ, ɤɨɬɨɪɚɹ ɡɚɞɚɟɬɫɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ φ  ɭɪɚɜɧɟɧɢɹɦɢ 

ɫɜɹɡɵɜɚɸɳɢɦɢ ɮɚɡɵ 
1

1ɫi

jφ φ , ɚ ɩɪɨɫɬɪɚɧɫɬɜɭ ɩɪɢɧɚɞɥɟɠɚɬ ɚɦɩɥɢɬɭɞɵ 

 ȼ ɩɪɢɧɰɢɩɟ ɷɬɨ ɦɧɨɝɨɨɛɪɚɡɢɟ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɢ ɜ ɞɪɭɝɨɦ ɜɢɞɟ. ɋ ɨɞɧɨɣ 

ɫɬɨɪɨɧɵ, ɦɨɠɧɨ ɡɚɦɟɧɢɬɶ ɩɪɹɦɭɸ l ɫɟɦɟɣɫɬɜɨɦ ɩɚɪɚɥɥɟɥɶɧɵɯ ɩɪɹɦɵɯ (ɱɬɨ 

ɫɜɹɡɚɧɨ ɫ ɧɚɥɢɱɢɟɦ ɱɢɫɟɥ  ɜ ɮɨɪɦɭɥɚɯ ɫɜɹɡɵɜɚɸɳɢɯ ɮɚɡɵ), ɫ ɞɪɭɝɨɣ 

ɫɬɨɪɨɧɵ, ɩɪɹɦɭɸ l ɦɨɠɧɨ ɡɚɦɟɧɢɬɶ ɡɚɦɤɧɭɬɨɣ ɤɪɢɜɨɣ ɧɚ N – ɦɟɪɧɨɦ ɬɨɪɟ (ɞɥɹ 

ɷɬɨɝɨ ɞɨɫɬɚɬɨɱɧɨ ɜ ɮɨɪɦɭɥɚɯ, ɫɜɹɡɵɜɚɸɳɢɯ ɮɚɡɵ, ɞɨɩɢɫɚɬɶ 

NR

.i

jA

i

jn

)2(mod π ). Ɉɞɧɚɤɨ, 

ɞɚɥɶɧɟɣɲɢɟ ɪɚɫɫɭɠɞɟɧɢɹ, ɨɬɧɨɫɹɳɢɟɫɹ ɤ ɩɪɹɦɨɣ l, ɨɫɬɚɧɭɬɫɹ ɫɩɪɚɜɟɞɥɢɜɵɦɢ 

ɞɥɹ ɥɸɛɨɣ ɩɪɹɦɨɣ ɢɡ ɫɟɦɟɣɫɬɜɚ, ɚ ɝɟɨɦɟɬɪɢɹ ɧɚ ɬɨɪɟ ɧɚɦɧɨɝɨ ɫɥɨɠɧɟɟ, ɱɟɦ ɜ 

. Ɋɚɫɫɦɨɬɪɟɧɢɟ ɩɪɹɦɨɣ  l  ɩɨɡɜɨɥɹɟɬ ɢɡɛɟɠɚɬɶ ɷɬɢɯ ɭɫɥɨɠɧɟɧɢɣ.  
NR

         Ʉɪɨɦɟ  ɬɨɝɨ, ɟɫɥɢ ɛɵ ɢɫɫɥɟɞɨɜɚɥɢɫɶ ɤɨɥɟɛɚɧɢɹ (ɮɢɝɭɪɵ) ɞɪɭɝɨɣ ɮɨɪɦɵ, ɬɨ 

ɬɟɨɪɟɦɚ ɨɫɬɚɥɚɫɶ ɛɵ ɫɩɪɚɜɟɞɥɢɜɨɣ, ɬɚɤ ɤɚɤ ɮɨɪɦɚ ɥɸɛɨɣ ɮɢɝɭɪɵ ɡɚɞɚɟɬɫɹ 

ɚɧɚɥɨɝɢɱɧɵɦɢ ɫɨɨɬɧɨɲɟɧɢɹɦɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɮɚɡ, ɨɩɪɟɞɟɥɹɸɳɢɦɢ ɧɟɤɨɬɨɪɭɸ 

ɞɪɭɝɭɸ ɩɪɹɦɭɸ.  

               ȿɳɟ ɨɞɧɢɦ ɜɚɠɧɵɦ ɫɥɭɱɚɟɦ ɹɜɥɹɟɬɫɹ ɨɛɪɚɳɟɧɢɟ ɜ ɧɨɥɶ ɧɟɤɨɬɨɪɵɯ 

ɚɦɩɥɢɬɭɞ , ɤɨɝɞɚ ɩɪɨɢɫɯɨɞɢɬ «ɫɩɥɸɳɢɜɚɧɢɟ» ɮɢɝɭɪ ɜ ɮɢɝɭɪɵ ɦɟɧɶɲɟɣ 

ɪɚɡɦɟɪɧɨɫɬɢ (ɮɢɝɭɪɚ ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ ɫɜɨɸ ɩɪɨɟɤɰɢɸ ɧɚ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɨ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɧɟɧɭɥɟɜɵɦ ɚɦɩɥɢɬɭɞɚɦ). Ɉɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɪɚɡɦɟɪɧɨɫɬɶ 

i

jA



 25

ɦɧɨɝɨɨɛɪɚɡɢɹ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɬɚɤɢɦ ɮɢɝɭɪɚɦ, ɨɫɬɚɟɬɫɹ ɩɪɟɠɧɟɣ, ɯɨɬɹ ɫɚɦɨ 

ɦɧɨɝɨɨɛɪɚɡɢɟ ɫɭɳɟɫɬɜɟɧɧɨ ɢɡɦɟɧɹɟɬɫɹ.  

Ⱦɨɤɚɡɚɬɟɥɶɫɬɜɨ 

      ɉɭɫɬɶ ɢɦɟɟɬɫɹ k ɚɦɩɥɢɬɭɞ , ɪɚɜɧɵɯ ɧɭɥɸ, ɱɬɨ ɨɩɪɟɞɟɥɹɟɬ N – k – ɦɟɪɧɨɟ 

ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɨ ɩɪɨɫɬɪɚɧɫɬɜɚ  Ⱥ, ɡɚɞɚɜɚɟɦɨɟ ɭɪɚɜɧɟɧɢɹɦɢ . Ɍɨɝɞɚ ɬɢɩ 

ɮɢɝɭɪɵ, ɨɱɟɜɢɞɧɨ, ɩɟɪɟɫɬɚɟɬ ɡɚɜɢɫɟɬɶ ɨɬ ɮɚɡ , ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɷɬɢɦ 

ɚɦɩɥɢɬɭɞɚɦ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ,  ɦɨɝɭɬ ɛɵɬɶ ɩɪɨɢɡɜɨɥɶɧɵɦɢ, ɱɬɨ ɨɩɪɟɞɟɥɹɟɬ k – 

ɦɟɪɧɨɟ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɨ  ɩɪɨɫɬɪɚɧɫɬɜɚ ɮɚɡ 

i

jA
′
′

0=′
′

i

jA

i

j

′
′φ

i

j

′
′φ

kR φ . Ɏɚɡɵ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 

ɧɟɧɭɥɟɜɵɦ ɚɦɩɥɢɬɭɞɚɦ, ɞɨɥɠɧɵ ɩɪɢɧɚɞɥɟɠɚɬɶ ɩɪɨɟɤɰɢɢ ɩɪɹɦɨɣ l ɧɚ 

ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɨ ɩɪɨɫɬɪɚɧɫɬɜɚ φ , ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɷɬɢɦ ɚɦɩɥɢɬɭɞɚɦ, ɬɨ ɟɫɬɶ 

ɧɚ ɨɪɬɨɝɨɧɚɥɶɧɨɟ ɞɨɩɨɥɧɟɧɢɟ ɩɪɨɫɬɪɚɧɫɬɜɚ kR . Ɍɚɤɨɣ ɩɪɨɟɤɰɢɟɣ ɛɭɞɟɬ ɞɪɭɝɚɹ 

ɩɪɹɦɚɹ, ɨɛɨɡɧɚɱɚɟɦɚɹ    .l ′

         Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɚɦɩɥɢɬɭɞɵ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɩɪɢɧɚɞɥɟɠɚɬ N – k – ɦɟɪɧɨɦɭ 

ɩɪɨɫɬɪɚɧɫɬɜɭ, ɚ ɮɚɡɵ – (k+1) – ɦɟɪɧɨɦɭ ɩɪɨɫɬɪɚɧɫɬɜɭ . ɗɬɨ ɢ ɨɡɧɚɱɚɟɬ, 

ɱɬɨ ɪɚɡɦɟɪɧɨɫɬɶ ɜɫɟɝɨ ɦɧɨɝɨɨɛɪɚɡɢɹ ɪɚɜɧɚ N+1, ɤɚɤ ɢ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɜɫɟ 

ɚɦɩɥɢɬɭɞɵ ɨɬɥɢɱɧɵ ɨɬ ɧɭɥɹ. 

lR k ′×

         Ɋɚɫɫɦɨɬɪɟɧɧɚɹ ɫɢɬɭɚɰɢɹ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɢɥɥɸɫɬɪɢɪɨɜɚɧɚ. ɉɭɫɬɶ N=3 ɢ 

ɨɞɧɚ ɚɦɩɥɢɬɭɞɚ ɪɚɜɧɚ ɧɭɥɸ, ɧɚɩɪɢɦɟɪ  (ɞɥɹ ɭɞɨɛɫɬɜɚ  ɡɞɟɫɶ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɨɞɢɧ ɢɧɞɟɤɫ). Ɍɨɝɞɚ ɮɚɡɵ ɞɨɥɠɧɵ ɩɪɢɧɚɞɥɟɠɚɬɶ ɩɥɨɫɤɨɫɬɢ, ɩɪɨɯɨɞɹɳɟɣ ɱɟɪɟɡ 

ɨɫɶ 

1A

1φ  ɢ ɩɪɹɦɭɸ l, ɚ ɚɦɩɥɢɬɭɞɵ – ɩɥɨɫɤɨɫɬɢ  32ȺȺ

 

                     3φ                                                                            3A  

 

                                 1φ             l                                                            1A  

 

                                                         2φ                                                                2A  
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Ɍɨ ɟɫɬɶ ɪɚɡɦɟɪɧɨɫɬɶ ɨɞɧɨɣ ɱɚɫɬɢ ɦɧɨɝɨɨɛɪɚɡɢɹ ɭɜɟɥɢɱɢɬɫɹ ɧɚ ɟɞɢɧɢɰɭ, ɞɪɭɝɨɣ 

– ɭɦɟɧɶɲɚɟɬɫɹ ɧɚ ɟɞɢɧɢɰɭ, ɬɨɝɞɚ ɤɚɤ ɫɭɦɦɚɪɧɚɹ ɪɚɡɦɟɪɧɨɫɬɶ ɧɟ ɦɟɧɹɟɬɫɹ.  

Ɋɟɲɟɧɢɟ ɩɨɪɨɠɞɚɸɳɟɣ ɫɢɫɬɟɦɵ ɦɨɠɟɬ ɛɵɬɶ ɡɚɩɢɫɚɧɨ ɜ ɢɧɨɦ ɜɢɞɟ   

( ) ( ) ( )
.ɩɨɫɬɨɹɧɧɵɟɵɟɩɪɨɢɡɜɨɥɶɧɢɝɞɟ

,sincos

−

+=
i

j

i

j

ii

j

ii

j

i

j

yx

tmytmxtq

 

Ɍɚɤɚɹ ɮɨɪɦɚ ɡɚɩɢɫɢ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɜ ɪɚɛɨɬɟ [17] ɢ ɩɨɧɚɞɨɛɢɬɫɹ ɩɨɡɠɟ. ɇɢɠɟ 

ɩɨɥɭɱɟɧɚ ɫɜɹɡɶ ɷɬɢɯ ɩɨɫɬɨɹɧɧɵɯ ɫ ɩɨɫɬɨɹɧɧɵɦɢ  ( )φ,A : 

( ) ( ) ( )

⎪
⎪
⎩

⎪
⎪
⎨
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⎠
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⎠
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⎠

⎞
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⎝

⎛
+=

i

j

i
i

j

i

j
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i

j

i
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i
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i
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j

i

j
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x
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A

m

m
tmA

m

m
tmA

m

m
tmAtq

1

11

1

11

1

11

1

11

1

11

sin
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sinsincoscoscos

φ

φ

φφφ

 

ɉɨɫɥɟɞɧɹɹ ɫɢɫɬɟɦɚ ɦɨɠɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɤɚɤ ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ 

ɦɧɨɝɨɨɛɪɚɡɢɹ Ɇ ɜ ɩɟɪɟɦɟɧɧɵɯ (ɯ,ɭ). 

ɍɱɟɬ ɜɨɡɦɭɳɟɧɢɣ 

         ɉɭɫɬɶ ɬɟɩɟɪɶ .0≠ε  Ɍɨɝɞɚ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɩɨɪɨɠɞɚɸɳɟɣ ɫɢɫɬɟɦɵ ɩɨɹɜɢɬɫɹ 

ɧɟɤɨɬɨɪɨɟ ɜɨɡɦɭɳɟɧɢɟ ɢ ɚɦɩɥɢɬɭɞɵ ɫ ɮɚɡɚɦɢ ɭɠɟ ɩɟɪɟɫɬɚɧɭɬ ɛɵɬɶ 

ɩɨɫɬɨɹɧɧɵɦɢ. Ⱦɥɹ ɧɚɯɨɠɞɟɧɢɹ ɢɯ ɷɜɨɥɸɰɢɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ ɜɚɪɢɚɰɢɢ 

ɩɨɫɬɨɹɧɧɵɯ, ɞɥɹ ɩɪɢɦɟɧɟɧɢɹ ɤɨɬɨɪɨɝɨ ɞɟɥɚɟɬɫɹ ɡɚɦɟɧɚ ɩɟɪɟɦɟɧɧɵɯ 

( ) ( )φ,, Aqq →�  ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɮɨɪɦɭɥɚɦɢ  

( )
( ).sin

cos

i

j

iii

j

i

j

i

j

ii

j

i

j

tmmAq

tmAq

φ

φ

+−=

+=

�  

ɗɬɢ ɮɨɪɦɭɥɵ ɩɨɞɫɬɚɜɥɹɸɬɫɹ ɜ ɭɪɚɜɧɟɧɢɹ ɜɨɡɦɭɳɟɧɧɨɣ ɫɢɫɬɟɦɵ, ɤɨɬɨɪɚɹ ɞɨ 

ɷɬɨɝɨ ɩɟɪɟɩɢɫɵɜɚɟɬɫɹ ɜ ɧɨɪɦɚɥɶɧɨɣ ɮɨɪɦɟ Ʉɨɲɢ, ɢ ɞɟɥɚɸɬɫɹ ɧɟɤɨɬɨɪɵɟ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, ɪɟɡɭɥɶɬɚɬɨɦ ɤɨɬɨɪɵɯ ɨɤɚɡɵɜɚɟɬɫɹ ɫɥɟɞɭɸɳɚɹ ɫɢɫɬɟɦɚ ɞɥɹ 

( )φ,Ⱥ : 
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( ) ( )

( ) ( )

i

i

j
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jii

j

i

j

i

j

ii

ji

i

j

kjni

tmtqqQ
mA

tmtqqQ
m

A

,...,1,...,1

cos,,

sin,,

==

+−=

+−=

φεφ

φε

��

��

                                   (4) 

(ȼ ɩɪɚɜɵɯ ɱɚɫɬɹɯ ɞɚɧɧɵɯ  ɭɪɚɜɧɟɧɢɣ ɞɟɥɚɟɬɫɹ ɩɨɞɫɬɚɧɨɜɤɚ 

( ) ( ), , , , ,q q A t q q A tφ φ= =� � ).  Ȼɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɷɬɢɯ ɭɪɚɜɧɟɧɢɣ 

ɫɥɟɞɭɸɳɭɸ ɫɢɦɜɨɥɢɱɟɫɤɭɸ ɡɚɩɢɫɶ  

( ), ,
A

X A tε φ
φ

=
�
�  

      ɗɬɚ ɫɢɫɬɟɦɚ ɞɥɹ ɦɟɞɥɟɧɧɵɯ ɩɟɪɟɦɟɧɧɵɯ ɢɦɟɟɬ ɫɬɚɧɞɚɪɬɧɭɸ ɮɨɪɦɭ 

ɨɞɧɨɱɚɫɬɨɬɧɨɣ ɫɢɫɬɟɦɵ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞ ɨɫɪɟɞɧɟɧɢɹ. 

ɇɚɩɨɦɧɢɦ ɨɫɧɨɜɧɭɸ ɢɞɟɸ ɷɬɨɝɨ ɦɟɬɨɞɚ ɢ ɞɨɤɚɠɟɦ ɬɟɨɪɟɦɭ ɇ.ɇ. Ȼɨɝɨɥɸɛɨɜɚ, 

ɤɨɬɨɪɚɹ ɫɨɫɬɚɜɥɹɟɬ ɨɫɧɨɜɧɨɣ ɪɟɡɭɥɶɬɚɬ ɬɟɨɪɢɢ. ɉɪɢ ɞɨɤɚɡɚɬɟɥɶɫɬɜɟ ɫɬɪɨɹɬɫɹ 

ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɨɰɟɧɤɢ ɩɨɝɪɟɲɧɨɫɬɟɣ, ɤɨɬɨɪɵɟ ɭɞɚɥɨɫɶ ɭɥɭɱɲɢɬɶ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɨɰɟɧɤɚɦɢ, ɩɪɢɜɟɞɟɧɧɵɦɢ ɜ [26].  

      ɋɬɚɧɞɚɪɬɧɚɹ ɮɨɪɦɚ ɫɢɫɬɟɦɵ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɢɫɫɥɟɞɭɟɦɨɣ 

ɦɟɬɨɞɨɦ ɨɫɪɟɞɧɟɧɢɹ, ɢɦɟɟɬ ɜɢɞ  

( ), , , nx X t x xε ε= ∈� \  

Ɉɫɧɨɜɧɚɹ ɢɞɟɹ ɦɟɬɨɞɚ ɨɫɪɟɞɧɟɧɢɹ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɷɬɚ ɧɟɚɜɬɨɧɨɦɧɚɹ ɫɢɫɬɟɦɚ 

ɡɚɦɟɧɹɟɬɫɹ ɚɜɬɨɧɨɦɧɨɣ ɫɢɫɬɟɦɨɣ 

( )0 ,u X uε ε=�  

ɩɪɚɜɚɹ ɱɚɫɬɶ ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɚɦ 

( ) ( )

( ) ( )

0

0

0

0

1
lim , , ,  ɟɫɥɢ , ,  - ɧɟɩɟɪɢɨɞɢɱɟɤɚɹ ɮɭɧɤɰɢɹ, ɢ

1
, , , ɟɫɥɢ , ,  ɢɦɟɟɬ ɩɟɪɢɨɞ .

T

T

T

X X t u dt X t u
T

X X t u dt X t u Ɍ
T

ε ε

ε ε

→∞
=

=

∫

∫
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Ɍɨ ɟɫɬɶ 0X  ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɟɡɭɥɶɬɚɬ ɨɫɪɟɞɧɟɧɢɹ ɩɨ ɹɜɧɨ ɜɯɨɞɹɳɟɦɭ 

ɜɪɟɦɟɧɢ. ɇɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɭ ɨɛɟɢɯ ɫɢɫɬɟɦ ɨɫɬɚɸɬɫɹ ɬɟɦɢ ɠɟ: ( ) ( )0 0x u= .  

      ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɦɟɬɨɞɚ ɨɫɪɟɞɧɟɧɢɹ ɤɨɪɪɟɤɬɧɨ ɬɨɥɶɤɨ ɜ ɬɨɦ ɫɥɭɱɚɟ, ɤɨɝɞɚ 

ɜɵɩɨɥɧɟɧɵ ɭɫɥɨɜɢɹ ɫɥɟɞɭɸɳɟɣ ɬɟɨɪɟɦɵ [26] 

Ɍɟɨɪɟɦɚ ɇ.ɇ. Ȼɨɝɨɥɸɛɨɜɚ 

      ɋɪɚɜɧɢɜɚɸɬɫɹ ɞɜɟ ɡɚɞɚɱɢ Ʉɨɲɢ  

( ) ( )
( ) ( )

0

0 0

, , ,

0 0

x X t x u X u

x x u x

ε ε ε= =

= =

� � ε
 

ɉɪɚɜɚɹ ɱɚɫɬɶ ( ), ,X t x ε  ɫɱɢɬɚɟɬɫɹ ɨɩɪɟɞɟɥɟɧɧɨɣ ɧɚ ɦɧɨɠɟɫɬɜɟ 

( ) [ ) [ ]1, , 0, 0,t x Dε ε∈ ∞ × × , ɝɞɟ nD ⊂ \  ɧɟɤɨɬɨɪɚɹ ɨɛɥɚɫɬɶ (ɨɬɤɪɵɬɨɟ ɢ ɫɜɹɡɧɨɟ 

ɦɧɨɠɟɫɬɜɨ).  

      Ɍɨɝɞɚ ɟɫɥɢ ɜɵɩɨɥɧɟɧɵ ɭɫɥɨɜɢɹ 

Ⱥ) ( ), ,X t x ε - ɢɡɦɟɪɢɦɚɹ ɩɨ t ɮɭɧɤɰɢɹ ɩɪɢ ɥɸɛɵɯ ɮɢɤɫɢɪɨɜɚɧɧɵɯ ɢ x ε  (ɜ 

ɱɚɫɬɧɨɫɬɢ, ɤɭɫɨɱɧɨ-ɧɟɩɪɟɪɵɜɧɚɹ ɮɭɧɤɰɢɹ, ɦɧɨɠɟɫɬɜɨ ɬɨɱɟɤ ɪɚɡɪɵɜɚ ɤɨɬɨɪɨɣ 

ɧɟ ɢɦɟɟɬ ɬɨɱɟɤ ɫɝɭɳɟɧɢɹ); 

Ȼ) ɦɨɠɧɨ ɧɚɣɬɢ ɬɚɤɢɟ ɞɜɟ ɧɢ ɨɬ ɱɟɝɨ ɧɟ ɡɚɜɢɫɹɳɢɟ ɩɨɫɬɨɹɧɧɵɟ Ɇ  ɢ λ , ɱɬɨ  

( ) ( ) ( ), , ,  ɢ , , , ,X t x M X t x X t x x xε ε ε λ′ ′≤ − ≤ −  (
2

ix x= ∑ ) ɞɥɹ ɥɸɛɵɯ 

ɩɟɪɟɦɟɧɧɵɯ ɢɡ ɨɛɥɚɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ; 

ȼ) ɩɪɟɞɟɥ ( ) ( )0

0

1
, lim , ,

T

T
X u X t u

T
dtε ε

→∞
= ∫  ɫɭɳɟɫɬɜɭɟɬ ɪɚɜɧɨɦɟɪɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ 

[ ]1  ɢ 0,u D ε ε∈ ∈ . 

      Ɍɨ ɟɫɥɢ ɪɟɲɟɧɢɟ u(t) ɡɚɞɚɱɢ Ʉɨɲɢ ɞɥɹ ɨɫɪɟɞɧɟɧɧɨɣ ɫɢɫɬɟɦɵ ɨɩɪɟɞɟɥɟɧɨ 
ɩɪɢ [ )0,t∈ ∞  ɢ ɩɪɢɧɚɞɥɟɠɢɬ ɨɛɥɚɫɬɢ D ɜɦɟɫɬɟ ɫɨ ɫɜɨɟɣ ȡ - ɨɤɪɟɫɬɧɨɫɬɶɸ, ɬɨ  

0 :L ε∀ ∃  

( ) ( ) ( )
[ ) 0 1ɩɪɢ 0, /  ɢ 0

Lx t u t L M e

t L

λλ δ ε

ε ε ε ε

− ≤

∈ ≤ ≤ ≤
 

ɝɞɟ 
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( ) ( ) ( )
/

0
0

0

sup sup , , , 0 ɩɪɢ 0

h

h L x D

X t x X x dt

ε

δ ε ε ε ε ε
< ≤ ∈

= − →⎡ ⎤⎣ ⎦∫ →  

ȿɫɥɢ ɩɪɚɜɚɹ ɱɚɫɬɶ ɫɢɫɬɟɦɵ ɩɟɪɢɨɞɢɱɧɚ ( ) (, , , ,X t T x X t x )ε ε+ ≡ , ɬɨ 

ɩɪɢɜɟɞɟɧɧɚɹ ɨɰɟɧɤɚ ɫɭɳɟɫɬɜɟɧɧɨ ɭɥɭɱɲɚɟɦɚ: 

( ) ( ) 1
2

2

Lx t u t TM L eλλ ε⎛ ⎞− ≤ +⎜ ⎟
⎝ ⎠

  

      ɉɪɢɜɟɞɟɧɧɨɟ ɧɢɠɟ ɞɨɤɚɡɚɬɟɥɶɫɬɜɨ ɮɚɤɬɢɱɟɫɤɢ ɞɨɫɥɨɜɧɨ ɩɨɜɬɨɪɹɟɬ 

ɞɨɤɚɡɚɬɟɥɶɫɬɜɨ, ɞɚɧɧɨɟ ɜ ɦɨɧɨɝɪɚɮɢɢ [29]. Ɉɞɧɚɤɨ ɡɞɟɫɶ ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɧɟɫɤɨɥɶɤɨ ɢɧɚɹ ɚɩɩɪɨɤɫɢɦɚɰɢɹ ɮɭɧɤɰɢɣ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɭɥɭɱɲɢɬɶ ɨɰɟɧɤɢ 

ɩɨɥɭɱɟɧɧɵɟ ɜ [29]. ɗɬɚ ɞɟɬɚɥɶ ɭɤɚɡɚɧɚ ɧɚ ɫɬɪɚɧɢɰɟ 31. 

 

Ⱦɨɤɚɡɚɬɟɥɶɫɬɜɨ 

            ȼɵɱɬɟɦ ɢɡ ɩɟɪɜɨɣ ɫɢɫɬɟɦɵ ɜɬɨɪɭɸ ɢ ɩɟɪɟɣɞɟɦ ɤ ɷɤɜɢɜɚɥɟɧɬɧɵɦ 

ɢɧɬɟɝɪɚɥɶɧɵɦ ɭɪɚɜɧɟɧɢɹɦ: 

( ) ( ) ( ) ( ){ }0

0

, , ,

t

x t u t X t x t X u t dε ε ε− = − t⎡ ⎤ ⎡ ⎤⎣ ⎦ ⎣ ⎦∫  

ɉɨɫɥɟ ɱɟɝɨ ɜ ɩɨɞɵɧɬɟɝɪɚɥɶɧɨɦ ɜɵɪɚɠɟɧɢɢ ɞɨɛɚɜɢɦ ɢ ɜɵɱɬɟɦ ɮɭɧɤɰɢɸ 

( ), ,X t u t ε⎡⎣ ⎤⎦  ɢ ɨɰɟɧɢɦ ɩɨɫɥɟɞɧɟɟ ɫɨɨɬɧɨɲɟɧɢɟ ɩɨ ɧɨɪɦɟ, ɩɨɥɶɡɭɹɫɶ 

ɫɜɨɣɫɬɜɚɦɢ ɧɨɪɦɵ ɢ ɭɫɥɨɜɢɟɦ Ȼ): 

( ) ( ) ( )( ) ( )( ) ( )( )

( ) ( )
[ ]

( )( )

0 0

0, /
0 0

, , , , , ,

sup , , ,

t t

t t

t L

x t u t X t x t X t u t dt X t u t dt

x t u t dt X t u t dt
ε

ε ε ε ε ε

ελ ε ε
∈

− ≤ − +

≤ − +

∫ ∫

∫ ∫

�

�

≤

 

ɝɞɟ ( )( ) ( )( ) ( )( )0, , , , ,X t u t X t u t X u tε ε= −� ε . Ⱦɥɹ ɞɚɥɶɧɟɣɲɢɯ ɨɰɟɧɨɤ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɥɟɦɦɚ Ƚɪɨɧɭɨɥɥɚ [15,19,26]: 

      ȿɫɥɢ ɧɟɨɬɪɢɰɚɬɟɥɶɧɵɟ ɫɤɚɥɹɪɧɵɟ ɧɟɩɪɟɪɵɜɧɵɟ ɮɭɧɤɰɢɢ ( ) ( ) ɢ  t f tα  

ɨɩɪɟɞɟɥɟɧɵ ɧɚ ɢɧɬɟɪɜɚɥɟ [ )0,t∈ ∞  ɢ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɧɟɪɚɜɟɧɫɬɜɭ  
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( ) ( ) ( )
0

t

t C f t t dα α≤ + ∫ t

t

, 

ɝɞɟ ɋ – ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɱɢɫɥɨ, ɬɨ ɞɥɹ ɧɢɯ ɬɚɤɠɟ ɜɟɪɧɨ ɧɟɪɚɜɟɧɫɬɜɨ 

( ) ( )
0

exp

t

t C f t dα ≤ ∫  

ɧɚ ɬɨɦ ɠɟ ɢɧɬɟɪɜɚɥɟ ɜɪɟɦɟɧɢ. ɉɪɢɦɟɧɹɹ ɷɬɭ ɥɟɦɦɭ ɞɥɹ ɨɰɟɧɤɢ ( ) ( )x t u t− , 

ɩɨɥɭɱɢɦ, ɱɬɨ 

( ) ( )
[ ]

( )( )
0, /

0

sup , , ,

t

t L

t L

x t u t e X t u t dt e Jελ λ

ε
ε ε

∈
− ≤ ≤∫ �  

ɝɞɟ 

[ ]
( )( )

0, /
0

sup , ,

t

t L

J X t u t dt
ε
ε ε

∈
= ∫ � . 

Ⱦɥɹ ɨɰɟɧɨɤ ɜɟɥɢɱɢɧɵ J ɩɨɧɚɞɨɛɹɬɫɹ ɫɥɟɞɭɸɳɢɟ ɧɟɪɚɜɟɧɫɬɜɚ: 

( ) ( )
( ) ( )
( ) ( )

0

0 0

, , , , 2

, ,

, , , , 2 .

,

,

X x M X t x M

X x X x x x

X t x X t x x x

ε ε

ε ε λ

ε ε λ

≤ ≤

′ ′− ≤ −

′ ′− ≤

�

� � −
 

      Ɉɰɟɧɤɚ J ɡɚɜɢɫɢɬ ɨɬ ɬɨɝɨ, ɹɜɥɹɟɬɫɹ ɥɢ X�  ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɮɭɧɤɰɢɟɣ t ɢɥɢ 

ɧɟɬ. ȼ ɧɚɱɚɥɟ ɪɚɫɫɦɨɬɪɢɦ ɧɟɩɟɪɢɨɞɢɱɟɫɤɢɣ ɫɥɭɱɚɣ. ȿɫɥɢ u(t) = const - 

ɫɬɚɰɢɨɧɚɪɧɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ Ʉɨɲɢ ɞɥɹ ɫɢɫɬɟɦɵ ɫ ɩɪɚɜɨɣ ɱɚɫɬɶɸ ( )0 ,X x ε , ɬɨ, 

ɩɨɥɚɝɚɹ t = l/İ ɢ ɩɨɥɶɡɭɹɫɶ ɭɫɥɨɜɢɟɦ ȼ) ɬɟɨɪɟɦɵ, ɩɨɥɭɱɢɦ 

[ ]
( )

0,
0

sup , , 0 ɩɪɢ 0

t

l L

J l X t u dt
l

ε ε ε
∈

= → →∫ � . 

Ɉɛɨɡɧɚɱɢɦ ( ) sup
u D

Jδ ε
∈

= ; ( )δ ε  ɫɭɳɟɫɬɜɭɟɬ ɢ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ 

( ) 0 ɩɪɢ 0δ ε ε→ →  ɜ ɫɢɥɭ ɭɫɥɨɜɢɹ ɬɟɨɪɟɦɵ ȼ). Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ 

ɫɬɚɰɢɨɧɚɪɧɨɝɨ ɪɟɲɟɧɢɹ ( ) 0J δ ε≤ → ɩɪɢ 0ε → . Ɉɰɟɧɤɚ ɞɥɹ ɨɛɳɟɝɨ ɫɥɭɱɚɹ 
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ɫɜɨɞɢɬɫɹ ɤ ɫɬɚɰɢɨɧɚɪɧɨɦɭ ɩɪɢ ɩɨɦɨɳɢ ɫɥɟɞɭɸɳɟɝɨ ɩɪɢɟɦɚ. ɂɧɬɟɪɜɚɥ [ ]0, t  

ɪɚɡɛɢɜɚɟɬɫɹ ɧɚ n ɪɚɜɧɵɯ ɢɧɬɟɪɜɚɥɨɜ  

 

 

       ui 

 

 

 

                            t/n                            t(i-1)/n    

ɚ ɞɥɹ ɚɩɩɪɨɤɫɢɦɚɰɢɢ u(t) ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɬɭɩɟɧɱɚɬɚɹ ɮɭɧɤɰɢɹ. ȼ ɨɬɥɢɱɢɟ ɨɬ 

ɚɩɩɪɨɤɫɢɦɚɰɢɢ, ɢɫɩɨɥɶɡɨɜɚɧɧɨɣ ɜ [26], ɜ ɤɚɱɟɫɬɜɟ ui ɜɵɛɢɪɚɟɬɫɹ  ɡɧɚɱɟɧɢɟ u(t) 

ɢɡ ɫɟɪɟɞɢɧɵ, ɚ ɧɟ ɧɚɱɚɥɚ ɢɧɬɟɪɜɚɥɚ ui = u(t(i-1/2)/n). ɗɬɨ ɢ ɩɨɡɜɨɥɹɟɬ ɭɥɭɱɲɢɬɶ 

ɨɰɟɧɤɢ, ɩɨɥɭɱɟɧɧɵɟ ɜ [26]. 

      Ɂɚɩɢɲɟɦ ɧɟɪɚɜɟɧɫɬɜɨ  

( )( ) ( )( ) ( ) ( )
/ /

0
1 1( 1) / ( 1) /

, ,  , , , , , ,

ti n ti nn nt

i i

i it i n t i n

X t u t dt X t u t X t u dt X t u dtε ε ε ε ε ε
= =− −

⎡ ⎤≤ − +⎣ ⎦∑ ∑∫ ∫ ∫� � � ε�

ɉɨ ɬɨɥɶɤɨ ɱɬɨ ɞɨɤɚɡɚɧɧɨɦɭ 

( )
( )

( ) ( )
( )

( )
1 // /

1 / 0 0

, , , , , , 2 .

t i nti n ti n

i i i

t i n

X t u dt X t u dt X t u dtε ε ε ε ε ε δ
−

−

≤ +∫ ∫ ∫� � � ε≤  

 Ⱦɚɥɟɟ ɨɰɟɧɢɦ 

( )( ) ( )
( )

( )
( )

/ /

1 / 1 /

, , , , 2

ti n ti n

i i

t i n t i n

X t u t X t u dt u u dε ε λ τ
− −

⎡ ⎤− ≤⎣ ⎦∫ ∫� � τ−  

ȼɟɥɢɱɢɧɚ ( ) iu uτ −  ɨɰɟɧɢɜɚɟɬɫɹ ɢɡ ɡɚɞɚɱɢ Ʉɨɲɢ 

( ) ( )( )0 , , 1/ 2 / iu X u u t i nε ε= −� u=  

ɋɥɟɞɨɜɚɬɟɥɶɧɨ,  
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( ) , ɝɞɟ    ,
2 2

i

t t
u u M

n n
τ ε τ τ ⎡ ⎤− ≤ ∈ −⎢ ⎥⎣ ⎦

 

ɬɨ ɟɫɬɶ ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɡɚɞɚɱɢ Ʉɨɲɢ ɜɵɛɢɪɚɸɬɫɹ ɢɡ ɫɟɪɟɞɢɧɵ ɢɧɬɟɪɜɚɥɚ 

ɪɚɡɛɢɟɧɢɹ ( )1 / , /t i n ti n−⎡⎣ ⎤⎦ , ɚ ɫɚɦɚ ɡɚɞɚɱɚ ɪɟɲɚɟɬɫɹ ɜ ɩɨɥɨɠɢɬɟɥɶɧɨɦ ɜɪɟɦɟɧɢ 

ɞɥɹ ɩɪɚɜɨɣ ɩɨɥɨɜɢɧɵ ɢɧɬɟɪɜɚɥɚ, ɢ ɜ ɨɬɪɢɰɚɬɟɥɶɧɨɦ ɞɥɹ ɥɟɜɨɣ ɩɨɥɨɜɢɧɵ 

(ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɱɚɥɶɧɨɝɨ ɭɫɥɨɜɢɹ ( )( )1/ 2 / iu t i n u− = ).  

      ɂɧɬɟɝɪɢɪɭɹ ɩɨɫɥɟɞɧɸɸ ɨɰɟɧɤɭ, ɩɨɥɭɱɢɦ, ɱɬɨ 

( )
( )

/ 2

2

1 /

1
2

4

ti n

i

t i n

t
u u d M

n
λ τ τ λε

−

− ≤∫  

      ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɨɤɨɧɱɚɬɟɥɶɧɨɣ ɨɰɟɧɤɟ 

( )( ) ( )
0

1
, , 2

2

t
ML

X t u t dt n
n

λε ε δ≤ +∫ � ε  

ɱɢɫɥɨ n ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ ɦɢɧɢɦɚɥɶɧɨɫɬɢ ɩɪɚɜɨɣ ɱɚɫɬɢ ɩɨɫɥɟɞɧɟɝɨ 

ɫɨɨɬɧɨɲɟɧɢɹ: ( )2

L M
n

λ
δ ε

� . Ɉɬɫɸɞɚ ɩɨɥɭɱɚɟɬɫɹ ɫɥɟɞɭɸɳɚɹ ɨɰɟɧɤɚ 

( ) ( ) ( ).Lu t x t L M eλλ δ ε− ≤  

Ⱦɚɧɧɚɹ ɨɰɟɧɤɚ ɭɥɭɱɲɟɧɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɚɧɚɥɨɝɢɱɧɵɦ ɪɟɡɭɥɶɬɚɬɨɦ, 

ɩɪɢɜɟɞɟɧɧɨɦ ɜ [26], ɜ 2 2  ɪɚɡ.  

      ɉɟɪɟɣɞɟɦ ɤ ɩɟɪɢɨɞɢɱɟɫɤɨɦɭ ɫɥɭɱɚɸ. ɉɭɫɬɶ Ɍ – ɩɟɪɢɨɞ ɢ ( )1 ,t n T nT∈ −⎡ ⎤⎣ ⎦ . 

Ɍɨɝɞɚ  

( )( ) ( )( ) ( )( )

( )( )
( )

0
0

1 1

, , , , , ,

, , 2

nT t
t

nT

iTn

i i T

X t u t dt X t u t dt X t u t dt

X t u t dt MT

ε ε ε ε ε

ε ε ε
= −

≤ + ≤

+

∫ ∫ ∫

∑ ∫

� � �

�
 

Ⱦɥɹ ɞɚɥɶɧɟɣɲɢɯ ɨɰɟɧɨɤ ɢɫɩɨɥɶɡɭɟɦ ɫɨɨɬɧɨɲɟɧɢɟ  
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( )
( )1

, , 0

iT

i

i T

X t u dtε
−

=∫ �
 

ɝɞɟ ( )( )1/ 2iu u i T= − , ɩɨɫɤɨɥɶɤɭ ɛɭɞɟɬ  ɢɫɩɨɥɶɡɨɜɚɧ ɬɨɬ ɠɟ ɩɪɢɟɦ, ɱɬɨ ɢ ɜ 

ɩɪɟɞɵɞɭɳɟɦ ɫɥɭɱɚɟ: ɜɦɟɫɬɨ ɚɩɩɪɨɤɫɢɦɚɰɢɢ u(t) ɧɚ ɨɬɪɟɡɤɟ ( )1 ,i T iT−⎡ ⎤⎣ ⎦  

ɜɟɥɢɱɢɧɨɣ ( )( )1iu u i T= −  ɜɵɛɢɪɚɟɬɫɹ ɡɧɚɱɟɧɢɟ ( )( )1/ 2u i T− .  

      Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɚɟɦ 

( )( ) ( )( ) ( )
( )

( )
( )

10 1

1 1

, , , , , ,

2 2 2

t iTn

i

i i T

iTn

i

i i T

X t u t dt X t u t X t u dt

MT u t u dt MT

ε ε ε ε ε

ε ελ ε

= −

= −

≤ −

+ ≤ − +

∑∫ ∫

∑ ∫

� � � +

 

Ʉɚɤ ɢ ɜ ɩɪɟɞɵɞɭɳɟɦ ɫɥɭɱɚɟ, ( ) , ɝɞɟ    ,
2 2

i

T T
u u Mτ ε τ τ ⎡ ⎤− ≤ ∈ −⎢⎣ ⎥⎦

, ɨɬɤɭɞɚ 

ɫɥɟɞɭɟɬ, ɱɬɨ 

( )( ) 2 2

0

1
, , 2

2

1
2

2

t
L

X t u t dt nMT MT nT

MT L

ε ε ε λ ε
ε

ε λ

≤ +

⎛ ⎞+⎜ ⎟
⎝ ⎠

∫ � � �

�

�

 

ɨɬɤɭɞɚ ɩɨɥɭɱɚɟɬɫɹ ɨɰɟɧɤɚ  

( ) ( ) 1
2 .

2

Lu t x t TM L eλλ ε⎛ ⎞− ≤ +⎜ ⎟
⎝ ⎠

 

ɗɬɚ ɨɰɟɧɤɚ ɬɚɤɠɟ ɭɥɭɱɲɟɧɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɢɜɟɞɟɧɧɨɣ ɜ [26], ɝɞɟ ɛɵɥɨ 

ɭɤɚɡɚɧɨ, ɱɬɨ ( ) ( ) ( )2 .Lu t x t TM L eλλ ε− ≤ +  

      Ɍɟɨɪɟɦɚ ɞɨɤɚɡɚɧɚ. 

      ȼɨɡɜɪɚɳɚɹɫɶ ɤ ɧɚɲɟɣ ɡɚɞɚɱɟ, ɭɱɢɬɵɜɚɹ 2ʌ – ɩɟɪɢɨɞɢɱɧɨɫɬɶ ɩɪɚɜɨɣ ɱɚɫɬɢ, 

ɢɦɟɟɦ: 
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( ), ,
A

X A tε φ
φ

= ⇒
�
�    ( ) ( ) ( )

2

0

1
, , ɝɞɟ , ,

2

Ⱥ ɏ Ⱥ X A X A t dt

π

ε φ φ φ
πφ

= = ∫
�
� , .

)

     (5) 

 

3. Ʌɨɤɚɥɶɧɵɣ ɷɜɨɥɸɰɢɨɧɧɵɣ ɛɚɡɢɫ ɢ ɟɝɨ ɫɜɨɣɫɬɜɚ. Ⱥɥɝɟɛɪɚ Ʌɢ ɜɟɤɬɨɪɧɵɯ 

ɩɨɥɟɣ. 

      ɉɨɹɜɥɟɧɢɟ ɜɨɡɦɭɳɟɧɢɣ ɜ ɩɨɪɨɠɞɚɸɳɟɣ ɫɢɫɬɟɦɟ ɩɪɢɜɨɞɢɬ ɤ ɷɜɨɥɸɰɢɹɦ 

ɮɢɝɭɪ. ɋɭɳɟɫɬɜɭɟɬ ɱɟɬɵɪɟ ɬɢɩɚ ɬɚɤɢɯ ɷɜɨɥɸɰɢɣ: ɢɡɦɟɧɟɧɢɟ ɱɚɫɬɨɬɵ 

ɤɨɥɟɛɚɧɢɣ, ɢɡɦɟɧɟɧɢɟ ɢɯ ɚɦɩɥɢɬɭɞɵ, ɩɪɟɰɟɫɫɢɹ ɮɨɪɦɵ ɢ ɪɚɡɪɭɲɟɧɢɟ ɮɨɪɦɵ, 

ɨɩɪɟɞɟɥɹɟɦɨɟ ɤɚɤ ɬɚɤɚɹ ɷɜɨɥɸɰɢɹ, ɤɨɬɨɪɚɹ ɧɟ  ɦɨɠɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɤɚɤ ɬɪɢ 

ɩɪɟɞɵɞɭɳɢɯ [17]. Ʉɚɠɞɨɦɭ ɬɢɩɭ ɷɜɨɥɸɰɢɣ ɫɬɚɜɢɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ 

ɨɩɪɟɞɟɥɟɧɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ (ɢɥɢ ɫɨɜɨɤɭɩɧɨɫɬɶ ɧɚɩɪɚɜɥɟɧɢɣ) ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 

( φ,Ⱥ , ɬɚɤɢɯ, ɱɬɨ ɜɨɡɦɭɳɟɧɢɟ, ɢɦɟɸɳɟɟ ɩɪɨɟɤɰɢɸ ɧɚ ɤɚɤɨɟ – ɥɢɛɨ ɢɡ ɷɬɢɯ 

ɧɚɩɪɚɜɥɟɧɢɣ, ɜɵɡɵɜɚɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɷɜɨɥɸɰɢɸ. ɍɤɚɡɚɧɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ 

ɨɛɪɚɡɭɸɬ ɥɨɤɚɥɶɧɵɣ ɛɚɡɢɫ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ( )φ,Ⱥ . ɇɢɠɟ ɩɪɢɜɨɞɹɬɫɹ ɜɵɪɚɠɟɧɢɹ 

ɞɥɹ ɜɟɤɬɨɪɨɜ ɛɚɡɢɫɚ ɢ ɢɫɫɥɟɞɭɸɬɫɹ ɟɝɨ ɫɜɨɣɫɬɜɚ.       ɇɚɩɪɚɜɥɟɧɢɹ ɪɚɡɪɭɲɟɧɢɹ  

ɮɨɪɦɵ ɨɛɪɚɡɨɜɚɧɵ ɦɧɨɠɟɫɬɜɨɦ ɧɨɪɦɚɥɟɣ ɤ ɦɧɨɝɨɨɛɪɚɡɢɸ Ɇ: 
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Ɂɞɟɫɶ ɢ ɞɚɥɟɟ ɩɟɪɜɵɟ N ɤɨɨɪɞɢɧɚɬ ɨɬɧɨɫɹɬɫɹ ɤ ɩɪɨɫɬɪɚɧɫɬɜɭ Ⱥ, ɨɫɬɚɥɶɧɵɟ – ɤ 

ɩɪɨɫɬɪɚɧɫɬɜɭ φ . ȼ ɤɚɠɞɨɦ ɩɨɫɥɟɞɭɸɳɟɦ ɜɟɤɬɨɪɟ ɷɥɟɦɟɧɬ  ɫɦɟɳɚɟɬɫɹ ɧɚ 

ɨɞɧɭ ɩɨɡɢɰɢɸ ɜɩɪɚɜɨ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɟɞɵɞɭɳɢɦ. ɋɨɜɨɤɭɩɧɨɫɬɶ ɷɬɢɯ 

ɜɟɤɬɨɪɨɜ ɨɛɪɚɡɭɟɬ ɛɚɡɢɫ ɜ ɨɪɬɨɝɨɧɚɥɶɧɨɦ ɞɨɩɨɥɧɟɧɢɢ ɩɪɹɦɨɣ l. 

1m−

      ɇɚɩɪɚɜɥɟɧɢɟ ɢɡɦɟɧɟɧɢɹ ɱɚɫɬɨɬɵ. ɂɡɦɟɧɟɧɢɟ ɱɚɫɬɨɬɵ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ 

ɪɚɜɧɨɦɟɪɧɨɦ ɞɜɢɠɟɧɢɢ ɩɨ ɩɪɹɦɨɣ l, ɬɚɤ ɤɚɤ ɬɨɝɞɚ 

.1coscos
11

1

11

1 ⎥
⎦

⎤
⎢
⎣

⎡
⎟
⎠
⎞

⎜
⎝
⎛ +=

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
+=⇒= t

m

v
mA

m
tmAqvt ii

j

ii

j

i

j

φ
φ  

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɚɩɪɚɜɥɟɧɢɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɢɡɦɟɧɟɧɢɸ ɱɚɫɬɨɬɵ ɨɛɪɚɡɨɜɚɧɨ 

ɧɚɩɪɚɜɥɹɸɳɢɦ ɜɟɤɬɨɪɨɦ ɩɪɹɦɨɣ l, ɤɨɬɨɪɵɣ ɢɦɟɟɬ ɜɢɞ 

1

1 10,...,0 ,..., ,..., ,..., .

n

T

n n

k k

m m m m��	�
 ��	�
  

         ɇɚɩɪɚɜɥɟɧɢɟ ɢɡɦɟɧɟɧɢɹ ɚɦɩɥɢɬɭɞɵ. Ⱥɦɩɥɢɬɭɞɨɣ ɤɨɥɟɛɚɧɢɣ ɟɫɬɟɫɬɜɟɧɧɨ 

ɫɱɢɬɚɬɶ ɜɟɥɢɱɢɧɭ 

( )∑=
2

maxmax i

jqq  

ȼ ɫɥɭɱɚɟ ɜɵɪɨɠɞɟɧɧɨɣ ɮɨɪɦɵ ɤɨɥɟɛɚɧɢɣ ( )∑=
2

max i

jAq , ɩɨɷɬɨɦɭ 

ɧɚɩɪɚɜɥɟɧɢɟ ɢɡɦɟɧɟɧɢɹ ɚɦɩɥɢɬɭɞɵ ɢɦɟɟɬ ɜɢɞ 

1

1 1

1 1,..., ,..., ,..., 0,...,0
n

T
n n

k kA A A A  

         ɉɪɟɰɟɫɫɢɟɣ ɮɢɝɭɪɵ ɧɚɡɵɜɚɟɬɫɹ ɬɚɤɚɹ ɷɜɨɥɸɰɢɹ, ɩɪɢ ɤɨɬɨɪɨɣ ɧɟ ɦɟɧɹɟɬɫɹ 

ɚɦɩɥɢɬɭɞɚ ɢ ɬɢɩ ɮɢɝɭɪɵ, ɱɬɨ ɜ ɫɥɭɱɚɟ ɜɵɪɨɠɞɟɧɧɨɣ ɮɨɪɦɵ ɪɚɜɧɨɫɢɥɶɧɨ 

ɭɫɥɨɜɢɸ  

( )∑ == const22
RAi

j  

ɗɬɨ ɭɪɚɜɧɟɧɢɟ ɡɚɞɚɟɬ N – 1 – ɦɟɪɧɭɸ ɫɮɟɪɭ ɜ N – ɦɟɪɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ 

ɚɦɩɥɢɬɭɞ Ⱥ. ɉɪɢ ɜɚɪɶɢɪɨɜɚɧɢɢ ɩɚɪɚɦɟɬɪɨɜ  ɩɨ ɫɮɟɪɟ ɩɪɨɢɫɯɨɞɢɬ 

ɪɚɫɬɹɠɟɧɢɟ ɮɢɝɭɪɵ ɜ ɨɞɧɢɯ ɧɚɩɪɚɜɥɟɧɢɹɯ ɢ ɫɠɚɬɢɟ ɜ ɞɪɭɝɢɯ, ɬɚɤ ɱɬɨ 

i

jA
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ɚɦɩɥɢɬɭɞɚ ɨɫɬɚɟɬɫɹ ɧɟɢɡɦɟɧɧɨɣ. ɋ ɬɢɩɨɦ ɮɢɝɭɪ ɞɟɥɨ ɨɛɫɬɨɢɬ ɧɟɫɤɨɥɶɤɨ 

ɫɥɨɠɧɟɟ ɜ ɫɢɥɭ ɬɨɝɨ, ɱɬɨ ɧɟɤɨɬɨɪɵɟ ɢɡ ɚɦɩɥɢɬɭɞ  ɦɨɝɭɬ ɨɛɪɚɬɢɬɶɫɹ ɜ ɧɨɥɶ ɢ 

ɮɢɝɭɪɚ ɦɟɧɹɟɬɫɹ, ɨɞɧɚɤɨ ɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɧɚɩɪɚɜɥɟɧɢɹ ɩɪɟɰɟɫɫɢɢ ɨɛɪɚɡɨɜɚɧɵ 

ɛɚɡɢɫɨɦ ɤɚɫɚɬɟɥɶɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɤ ɫɮɟɪɟ. ȿɫɥɢ , ɬɨ ɜ ɤɚɱɟɫɬɜɟ ɛɚɡɢɫɚ 

ɦɨɠɧɨ ɜɡɹɬɶ ɫɥɟɞɭɸɳɭɸ ɫɨɜɨɤɭɩɧɨɫɬɶ ɜɟɤɬɨɪɨɜ 
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ɤɨɬɨɪɵɟ ɫɬɪɨɹɬɫɹ ɬɚɤ: ɧɚ ɩɟɪɜɨɦ ɦɟɫɬɟ j – ɝɨ ɜɟɤɬɨɪɚ ɫɬɚɜɢɬɫɹ j+1 – ɣ ɷɥɟɦɟɧɬ 

ɜɟɤɬɨɪɚ Ⱥ, ɚ ɧɚ j+1 – ɦ ɦɟɫɬɟ j – ɝɨ ɜɟɤɬɨɪɚ – ɩɟɪɜɵɣ ɷɥɟɦɟɧɬ ɜɟɤɬɨɪɚ Ⱥ, ɜɡɹɬɵɣ 

ɫ ɨɛɪɚɬɧɵɦ ɡɧɚɤɨɦ. ȿɫɥɢ ɠɟ , ɬɨ ɪɨɥɶ  ɦɨɠɟɬ ɫɵɝɪɚɬɶ ɥɸɛɚɹ ɨɬɥɢɱɧɚɹ 

ɨɬ ɧɭɥɹ ɤɨɦɩɨɧɟɧɬɚ ɜɟɤɬɨɪɚ Ⱥ, ɤɨɬɨɪɚɹ ɜɫɟɝɞɚ ɫɭɳɟɫɬɜɭɟɬ, ɬɚɤ ɤɚɤ ɜ ɩɪɨɬɢɜɧɨɦ 

ɫɥɭɱɚɟ ɤɨɥɟɛɚɧɢɹ ɜɨɨɛɳɟ ɨɬɫɭɬɫɬɜɭɸɬ.  

01

1 =Ⱥ 1

1Ⱥ

 

ɋɜɨɣɫɬɜɚ ɛɚɡɢɫɚ. 

      Ɇɚɬɪɢɰɚ Ƚɪɚɦɚ ɩɨɫɬɪɨɟɧɧɨɝɨ ɛɚɡɢɫɚ ɢɦɟɟɬ ɛɥɨɱɧɨ-ɞɢɚɝɨɧɚɥɶɧɵɣ ɜɢɞ  

1

2
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4

,

G

G

G

G

Γ =

0

0

 

ɝɞɟ ɩɟɪɜɵɣ ɛɥɨɤ ɩɨɪɨɠɞɚɟɬɫɹ ɩɭɱɤɨɦ ɪɚɡɪɭɲɟɧɢɹ ɢ ɢɦɟɟɬ ɪɚɡɦɟɪɧɨɫɬɶ 

, ɜɬɨɪɨɣ ɩɨɪɨɠɞɚɟɬɫɹ ɩɭɱɤɨɦ ɩɪɟɰɟɫɫɢɢ ɢ ɢɦɟɟɬ ɬɭ ɠɟ 

ɪɚɡɦɟɪɧɨɫɬɶ, ɬɪɟɬɢɣ ɢ ɱɟɬɜɟɪɬɵɣ ɛɥɨɤɢ ɩɨɪɨɠɞɚɸɬɫɹ ɧɚɩɪɚɜɥɟɧɢɹɦɢ 

ɢɡɦɟɧɟɧɢɹ ɱɚɫɬɨɬɵ ɢ ɚɦɩɥɢɬɭɞɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢ ɢɦɟɸɬ ɪɚɡɦɟɪɧɨɫɬɶ 

11 −×− NN

11× . 

Ȼɥɨɤɢ ɢɦɟɸɬ ɜɢɞ 
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Ʌɟɝɤɨ ɜɢɞɟɬɶ, ɱɬɨ ɜɫɟ ɷɬɢ ɛɥɨɤɢ ɧɟɜɵɪɨɠɞɟɧɵ, ɬɚɤ ɤɚɤ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ 

ɦɚɬɪɢɰɵ Ƚɪɚɦɚ ɬɟɯ ɜɟɤɬɨɪɨɜ, ɥɢɧɟɣɧɚɹ ɧɟɡɚɜɢɫɢɦɨɫɬɶ ɤɨɬɨɪɵɯ ɨɱɟɜɢɞɧɚ.  

         Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɥɭɱɟɧɵ ɫɥɟɞɭɸɳɢɟ ɫɜɨɣɫɬɜɚ ɥɨɤɚɥɶɧɨɝɨ ɛɚɡɢɫɚ: 

 

     1. ȼɟɤɬɨɪɵ ɥɨɤɚɥɶɧɨɝɨ ɛɚɡɢɫɚ ɥɢɧɟɣɧɨ ɧɟɡɚɜɢɫɢɦɵ. 

ɉɨɞɩɪɨɫɬɪɚɧɫɬɜɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɪɚɡɥɢɱɧɵɦ ɷɜɨɥɸɰɢɹɦ, ɨɪɬɨɝɨɧɚɥɶɧɵ. ɗɬɨ 

ɨɡɧɚɱɚɟɬ, ɱɬɨ 
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ȼ ɷɬɨɣ ɮɨɪɦɭɥɟ ɛɭɤɜɚɦɢ «ɟ» ɫ ɢɧɞɟɤɫɚɦɢ ɨɛɨɡɧɚɱɟɧɵ ɜɟɤɬɨɪɵ ɛɚɡɢɫɚ ɢ ɧɚ 

ɩɪɨɬɹɠɟɧɢɢ ɜɫɟɝɨ ɩɨɫɥɟɞɭɸɳɟɝɨ ɬɟɤɫɬɚ ɢɧɞɟɤɫɵ ɩɨɞ ɛɭɤɜɚɦɢ ɨɛɨɡɧɚɱɚɸɬ ɬɢɩ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɷɜɨɥɸɰɢɢ: d ɨɡɧɚɱɚɟɬ ɪɚɡɪɭɲɟɧɢɟ ɮɨɪɦɵ, p – ɩɪɟɰɟɫɫɢɸ, f – 

ɢɡɦɟɧɟɧɢɟ ɱɚɫɬɨɬɵ ɢ a – ɢɡɦɟɧɟɧɢɟ ɚɦɩɥɢɬɭɞɵ. 

 

2. Ⱥɥɝɟɛɪɚ ɨɩɟɪɚɬɨɪɨɜ, ɩɨɪɨɠɞɚɟɦɚɹ ɧɚɩɪɚɜɥɟɧɢɹɦɢ ɥɨɤɚɥɶɧɨɝɨ ɛɚɡɢɫɚ, ɢɦɟɟɬ 

ɪɚɡɦɟɪɧɨɫɬɶ 2N ɢ ɹɜɥɹɟɬɫɹ ɧɟɤɨɦɦɭɬɚɬɢɜɧɨɣ, ɨɞɧɚɤɨ ɛɨɥɶɲɢɧɫɬɜɨ 
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ɤɨɦɦɭɬɚɬɨɪɨɜ  ɨɛɪɚɳɚɟɬɫɹ ɜ ɧɨɥɶ. Ɉɩɟɪɚɬɨɪɵ ɫɬɪɨɹɬɫɹ ɩɨ ɩɪɚɜɢɥɭ 
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ȼ ɨɩɟɪɚɬɨɪɚɯ ɫ ɬɪɟɦɹ ɢɧɞɟɤɫɚɦɢ ɧɭɦɟɪɚɰɢɹ ɧɚɱɢɧɚɟɬɫɹ ɫ {i,j} = {1,2} ɢɥɢ {2,1}, 

ɟɫɥɢ ɩɟɪɜɚɹ ɝɪɭɩɩɚ ɭɪɚɜɧɟɧɢɣ (ɫ ɱɚɫɬɨɬɨɣ ) ɫɨɫɬɨɢɬ ɢɡ ɨɞɧɨɝɨ ɭɪɚɜɧɟɧɢɹ. 

Ɉɩɟɪɚɬɨɪɵ  ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɩɟɪɚɬɨɪɵ ɝɪɭɩɩɵ ɜɪɚɳɟɧɢɣ, ɚ  -  

ɨɩɟɪɚɬɨɪ ɝɪɭɩɩɵ ɩɨɞɨɛɢɹ. Ȼɨɥɶɲɚɹ ɱɚɫɬɶ ɷɬɢɯ ɨɩɟɪɚɬɨɪɨɜ ɤɨɦɦɭɬɢɪɭɸɬ. 

ɂɫɤɥɸɱɟɧɢɟɦ ɛɭɞɭɬ ɥɢɲɶ ɨɩɟɪɚɬɨɪɵ ɝɪɭɩɩɵ ɩɪɟɰɟɫɫɢɢ, ɞɥɹ ɤɨɬɨɪɵɯ 

ɫɩɪɚɜɟɞɥɢɜɵ ɫɨɨɬɧɨɲɟɧɢɹ    
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Ɍɨ ɟɫɬɶ ɢɯ ɤɨɦɦɭɬɚɬɨɪɵ ɹɜɥɹɸɬɫɹ ɨɩɟɪɚɬɨɪɚɦɢ ɝɪɭɩɩɵ ɜɪɚɳɟɧɢɣ. ɂɡ 

ɩɪɢɜɟɞɟɧɧɵɯ ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ ɫɥɟɞɭɟɬ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ 

ɜɨɡɦɨɠɧɨɫɬɶ ɜɨɡɞɟɣɫɬɜɨɜɚɬɶ ɧɚ ɫɢɫɬɟɦɭ ɩɨ ɨɞɧɨɦɭ «ɤɚɧɚɥɭ» ɧɟ ɜɨɡɞɟɣɫɬɜɭɹ 

ɩɪɢ ɷɬɨɦ ɧɚ ɞɪɭɝɢɟ (ɧɚɩɪɢɦɟɪ, ɜɵɡɵɜɚɬɶ ɬɨɥɶɤɨ ɩɪɟɰɟɫɫɢɸ ɧɟ ɢɡɦɟɧɹɹ ɞɪɭɝɢɯ 

ɫɜɨɣɫɬɜ ɢ ɬ.ɩ.).  
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3. Ɇɧɨɝɨɨɛɪɚɡɢɟ  Ɇ ɹɜɥɹɟɬɫɹ ɢɧɜɚɪɢɚɧɬɧɵɦ ɞɥɹ ɝɪɭɩɩ ɩɪɟɰɟɫɫɢɢ, ɢɡɦɟɧɟɧɢɹ 

ɱɚɫɬɨɬɵ ɢ ɚɦɩɥɢɬɭɞɵ. 

 

4. ɗɜɨɥɸɰɢɨɧɧɵɣ ɛɚɡɢɫ ɧɟɝɨɥɨɧɨɦɟɧ, ɬɚɤ ɤɚɤ ɧɚɩɪɚɜɥɟɧɢɹ ɩɪɟɰɟɫɫɢɢ ɧɟ 

ɢɦɟɸɬ ɩɨɬɟɧɰɢɚɥɚ. 

 

4. Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɫɢɥ ɩɨ ɬɢɩɭ ɩɨɪɨɠɞɚɟɦɨɣ ɷɜɨɥɸɰɢɢ. 

      Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɩɪɨɜɨɞɢɬɫɹ ɞɥɹ ɥɢɧɟɣɧɵɯ ɩɨ ɤɨɨɪɞɢɧɚɬɚɦ ɢ ɫɤɨɪɨɫɬɹɦ ɫɢɥ, 

ɧɟ ɡɚɜɢɫɹɳɢɯ ɨɬ ɜɪɟɦɟɧɢ 

( ) ( )

1 1

1 1

n n
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ȼ ɷɬɨɣ ɮɨɪɦɭɥɟ  S – ɫɢɦɦɟɬɪɢɱɟɫɤɚɹ ɦɚɬɪɢɰɚ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɩɨɡɢɰɢɨɧɧɵɯ ɫɢɥ 

ɫɮɟɪɢɱɟɫɤɨɝɨ ɬɢɩɚ, H – ɫɢɦɦɟɬɪɢɱɟɫɤɚɹ ɦɚɬɪɢɰɚ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɩɨɡɢɰɢɨɧɧɵɯ  

ɫɢɥ ɝɢɩɟɪɛɨɥɢɱɟɫɤɨɝɨ ɬɢɩɚ, N – ɤɨɫɨɫɢɦɦɟɬɪɢɱɟɫɤɚɹ ɦɚɬɪɢɰɚ ɰɢɪɤɭɥɹɪɧɵɯ 

ɩɨɡɢɰɢɨɧɧɵɯ ɫɢɥ, D – ɫɢɦɦɟɬɪɢɱɟɫɤɚɹ ɦɚɬɪɢɰɚ ɞɢɫɫɢɩɚɬɢɜɧɵɯ ɫɢɥ 

ɫɮɟɪɢɱɟɫɤɨɝɨ ɬɢɩɚ, R – ɫɢɦɦɟɬɪɢɱɟɫɤɚɹ ɦɚɬɪɢɰɚ ɞɢɫɫɢɩɚɬɢɜɧɵɯ ɫɢɥ 

ɝɢɩɟɪɛɨɥɢɱɟɫɤɨɝɨ ɬɢɩɚ, Ƚ – ɤɨɫɨɫɢɦɦɟɬɪɢɱɟɫɤɚɹ ɦɚɬɪɢɰɚ ɝɢɪɨɫɤɨɩɢɱɟɫɤɢɯ ɫɢɥ. 

Ʉɚɠɞɚɹ ɢɡ ɷɬɢɯ ɦɚɬɪɢɰ ɩɨɫɬɨɹɧɧɚ ɢ ɛɭɞɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɜ ɫɜɨɟɣ 

ɤɚɧɨɧɢɱɟɫɤɨɣ ɮɨɪɦɟ: 
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Ʉɚɧɨɧɢɱɟɫɤɢɣ ɜɢɞ ɦɚɬɪɢɰɵ Ƚ ɬɚɤɨɣ ɠɟ, ɤɚɤ ɭ N , ɬɨɥɶɤɨ ɨɬɥɢɱɧɵɟ ɨɬ ɧɭɥɹ 

ɷɥɟɦɟɧɬɵ Ƚ ɛɭɞɭɬ ɨɛɨɡɧɚɱɚɬɶɫɹ  kγ . ȼɥɢɹɧɢɟ ɫɢɥ ɛɭɞɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ 

ɧɟɡɚɜɢɫɢɦɨ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɩɭɬɟɦ ɩɨɞɫɬɚɧɨɜɤɢ ɜɵɪɚɠɟɧɢɣ ɞɥɹ ɫɢɥ ɜ ɮɨɪɦɭɥɭ (4) 

ɞɥɹ ( tAX ,, )φ , ɩɪɢɜɟɞɟɧɧɭɸ ɧɚ ɫɬɪɚɧɢɰɟ 16, ɢ ɨɫɪɟɞɧɟɧɢɟɦ  ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɮɨɪɦɭɥɨɣ (5) ɧɚ ɫɬɪɚɧɢɰɟ 34. Ɋɟɡɭɥɶɬɚɬɨɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɜɵɱɢɫɥɟɧɢɣ ɛɭɞɟɬ 
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ȼ ɷɬɢɯ ɢ ɜɫɟɯ ɩɨɫɥɟɞɭɸɳɢɯ ɮɨɪɦɭɥɚɯ ɜɟɤɬɨɪɵ ɪɚɡɛɢɬɵ ɧɚ ɞɜɚ ɛɥɨɤɚ 

ɪɚɡɦɟɪɧɨɫɬɢ  ɬɚɤ,  ɱɬɨ ɩɟɪɜɵɣ ɨɬɧɨɫɢɬɫɹ ɤ ɩɪɨɫɬɪɚɧɫɬɜɭ ɚɦɩɥɢɬɭɞ, ɚ 

ɜɬɨɪɨɣ – ɤ ɩɪɨɫɬɪɚɧɫɬɜɭ ɮɚɡ. 

1×N

( )φ,AX N  ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜɵɱɢɫɥɢɬɶ ɞɥɹ ɫɥɭɱɚɹ, 

ɤɨɝɞɚ ɦɚɬɪɢɰɚ N ɫɨɞɟɪɠɢɬ ɥɢɲɶ ɨɞɢɧ ɛɥɨɤ, ɨɬɥɢɱɧɵɣ ɨɬ ɧɭɥɹ, ɬɨ ɟɫɬɶ  
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Ɇɚɬɪɢɰɚ N ɨɛɳɟɝɨ ɜɢɞɚ ɜɫɟɝɞɚ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ ɫɭɦɦɵ ɬɚɤɢɯ 

ɦɚɬɪɢɰ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɟɟ ɪɚɫɫɦɨɬɪɟɧɢɟ ɫɜɨɞɢɬɫɹ ɤ ɷɬɨɦɭ ɫɥɭɱɚɸ. ɉɪɢɱɟɦ 

ɜɚɠɧɨ ɪɚɡɥɢɱɚɬɶ ɞɜɟ ɫɢɬɭɚɰɢɢ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɝɨ ɭɦɧɨɠɚɟɬɫɹ ɥɢ ɨɬɥɢɱɧɵɣ 
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ɧɚ ɝɪɭɩɩɭ ɤɨɨɪɞɢɧɚɬ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɨɞɢɧɚɤɨɜɵɦ ɥɢɛɨ ɪɚɡɧɵɦ ɱɚɫɬɨɬɚɦ, ɬɨ 

ɟɫɬɶ  
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ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ  
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ɨɬɤɭɞɚ ɜɢɞɧɨ, ɱɬɨ ɧɚ ɦɧɨɝɨɨɛɪɚɡɢɢ Ɇ ɰɢɪɤɭɥɹɪɧɵɟ ɫɢɥɵ ɧɟ ɦɨɝɭɬ ɢɡɦɟɧɢɬɶ 

ɚɦɩɥɢɬɭɞɵ, ɬɚɤ ɤɚɤ ɬɨɝɞɚ  ȼɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ  .,1 Znn i
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ɢ ɩɨɷɬɨɦɭ ɬɚɤɢɟ ɫɢɥɵ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɜɨɨɛɳɟ ɧɟ ɜɥɢɹɸɬ ɧɚ ɫɢɫɬɟɦɭ.  
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ɉɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɝɢɪɨɫɤɨɩɢɱɟɫɤɢɯ ɫɢɥ ɧɭɠɧɨ ɨɩɹɬɶ ɜɵɞɟɥɢɬɶ ɞɜɚ ɫɥɭɱɚɹ, 

ɬɨɱɧɨ ɬɚɤ ɠɟ, ɤɚɤ  ɷɬɨ ɞɟɥɚɥɨɫɶ ɫ ɰɢɪɤɭɥɹɪɧɵɦɢ  ɫɢɥɚɦɢ.  ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ  
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ɚ ɜɨ ɜɬɨɪɨɦ ɫɥɭɱɚɟ  

( ) ( ) ( ) ( ) ( )

( ) ( ) ( ) ( )
( ) 0,

,sincos,sincos,

,sinsin,sinsin,,,

1

1

1

11

1

1

1

1

11

1

1

1

1

1

1

1

1

11

1

≡⇒

⎟
⎠

⎞
++−++

++−⎜⎜
⎝

⎛
++=

Γ

++
++

++
++

++
+

++
++

Γ

φ

φφ
γ

φφ
γ

φφ
γ

φφ
γ

φ

AX

tmtm
mA

mA
tmtm

mA

mA

tmtm
m

mA
tmtm

m

mA
tAX

T

i

k

iii

ii

i

k

i

kiii

k

i

ii

k

i

k

i

iii

k

i

i

i

k

i

ki

k

iii

i

i

k

i

i

i

i

i

i

i

i

……

………

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɟɣɫɬɜɢɟ ɝɢɪɨɫɤɨɩɢɱɟɫɤɢɯ ɫɢɥ ɩɟɪɜɨɝɨ ɬɢɩɚ ɧɚ ɦɧɨɝɨɨɛɪɚɡɢɢ 

Ɇ, ɬɨ ɟɫɬɶ ɧɚ ɜɵɪɨɠɞɟɧɧɭɸ ɮɨɪɦɭ ɤɨɥɟɛɚɧɢɣ, ɤɚɤ ɛɵ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ 

ɞɟɣɫɬɜɢɸ ɰɢɪɤɭɥɹɪɧɵɯ ɫɢɥ: ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɨɧɢ ɧɟ ɜɥɢɹɸɬ ɧɚ ɮɚɡɨɜɵɟ 

ɩɟɪɟɦɟɧɧɵɟ. ɉɨɞɫɬɚɧɨɜɤɚ ( )φ,AX Γ  ɩɪɢ ( ) MA ∈φ,  ɜ ɨɫɪɟɞɧɟɧɧɵɟ ɭɪɚɜɧɟɧɢɹ  

(5) ɞɥɹ ( )φ,A , ɧɚɩɢɫɚɧɧɵɟ ɧɚ ɫɬɪɚɧɢɰɟ 34, ɩɪɢɜɨɞɢɬ ɤ ɭɪɚɜɧɟɧɢɹɦ 
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( )const022
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ɢɡ ɤɨɬɨɪɵɯ ɫɥɟɞɭɟɬ, ɱɬɨ ɝɢɪɨɫɤɨɩɢɱɟɫɤɢɟ ɫɢɥɵ ɦɨɝɭɬ ɩɪɢɜɨɞɢɬɶ ɤ ɜɵɪɨɠɞɟɧɢɸ 

ɮɢɝɭɪ ɜ ɮɢɝɭɪɵ ɦɟɧɶɲɟɣ ɪɚɡɦɟɪɧɨɫɬɢ: 

( ) ( ) ( ) .0:cos 00 =∃⇒+= i
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j tAttCAtA ψε  

         Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɜɵɹɜɢɬɶ ɜɥɢɹɧɢɟ ɤɚɤɨɣ – ɥɢɛɨ ɫɢɥɵ ɧɚ ɬɭ ɢɥɢ ɢɧɭɸ 

ɷɜɨɥɸɰɢɸ ɧɭɠɧɨ ɫɩɪɨɟɤɬɢɪɨɜɚɬɶ ɷɬɭ ɫɢɥɭ ɧɚ ɧɚɩɪɚɜɥɟɧɢɹ ɛɚɡɢɫɚ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɷɬɨɣ ɷɜɨɥɸɰɢɢ. Ɋɟɡɭɥɶɬɚɬ ɬɚɤɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɞɥɹ ɬɨɥɶɤɨ 

ɱɬɨ ɜɵɱɢɫɥɟɧɧɵɯ ɨɫɪɟɞɧɟɧɧɵɯ ɫɢɥ ( )φ,AX ∗   ɭɞɨɛɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ 

ɫɥɟɞɭɸɳɟɣ ɬɚɛɥɢɰɵ 

 S H N D R Ƚ 

d
e  + + +    

p
e      + + 

f
e  +  +    

a
e     + +  

 

 

ɜ ɤɨɬɨɪɨɣ ɧɚɥɢɱɢɟ ɩɪɨɟɤɰɢɢ ɨɛɨɡɧɚɱɟɧɨ ɡɧɚɤɨɦ «+», ɚ ɨɬɫɭɬɫɬɜɢɟ ɩɪɨɟɤɰɢɢ 

ɧɢɤɚɤ ɧɟ ɨɬɦɟɱɚɟɬɫɹ. ɂɡ ɷɬɨɣ ɬɚɛɥɢɰɵ ɜɢɞɧɨ, ɱɬɨ, ɧɚɩɪɢɦɟɪ, ɩɨɬɟɧɰɢɚɥɶɧɵɟ 

ɩɨɡɢɰɢɨɧɧɵɟ ɫɢɥɵ ɫɮɟɪɢɱɟɫɤɨɝɨ ɬɢɩɚ (ɫ ɦɚɬɪɢɰɟɣ S) ɩɪɢɜɨɞɹɬ ɤ ɪɚɡɪɭɲɟɧɢɸ 

ɮɨɪɦɵ ɢ ɢɡɦɟɧɟɧɢɸ ɱɚɫɬɨɬɵ, ɝɢɪɨɫɤɨɩɢɱɟɫɤɢɟ ɫɢɥɵ ɜɵɡɵɜɚɸɬ ɥɢɲɶ 

ɩɪɟɰɟɫɫɢɸ ɢ ɬ.ɞ. 

       ȿɫɥɢ ɫɨɫɬɚɜɢɬɶ ɚɧɚɥɨɝɢɱɧɭɸ ɬɚɛɥɢɰɭ ɞɥɹ ɧɟɨɫɪɟɞɧɟɧɧɵɯ ɫɢɥ, ɬɨ ɟɫɬɶ 

( tAX ,, )φ∗ , ɬɨ ɜɫɹ ɬɚɛɥɢɰɚ ɨɤɚɠɟɬɫɹ ɡɚɩɨɥɧɟɧɧɨɣ «ɩɥɸɫɚɦɢ» ɫ ɟɞɢɧɫɬɜɟɧɧɵɦ 

ɢɫɤɥɸɱɟɧɢɟɦ ɞɥɹ ɝɢɪɨɫɤɨɩɢɱɟɫɤɢɯ ɫɢɥ ɩɟɪɜɨɝɨ ɬɢɩɚ, ɞɥɹ ɤɨɬɨɪɵɯ ɨɬɫɭɬɫɬɜɭɟɬ 

ɩɪɨɟɤɰɢɹ ɧɚ ɧɚɩɪɚɜɥɟɧɢɟ ɢɡɦɟɧɟɧɢɹ ɚɦɩɥɢɬɭɞɵ.   



 44

5. ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɢɡɭɱɟɧɢɟ ɥɢɧɟɣɧɵɯ ɫɢɥ. 

      ɂɡɭɱɟɧɢɟ ɥɢɧɟɣɧɵɯ ɫɢɥ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɜɟɞɟɧɨ ɧɚɩɪɹɦɭɸ ɛɟɡ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɨɫɪɟɞɧɟɧɢɹ, ɩɨɫɤɨɥɶɤɭ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɦɨɠɧɨ ɜɵɩɢɫɚɬɶ ɬɨɱɧɵɟ 

ɪɟɲɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɭɪɚɜɧɟɧɢɣ. Ʉ ɬɨɦɭ ɠɟ ɪɟɲɟɧɢɟ ɧɟɨɫɪɟɞɧɟɧɧɵɯ  

ɭɪɚɜɧɟɧɢɣ ɩɨɡɜɨɥɢɬ ɜɵɹɜɢɬɶ ɧɟɤɨɬɨɪɵɟ ɷɮɮɟɤɬɵ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɦɚɥɨɫɬɢ 

( )2ε∝ . ɇɚɢɛɨɥɟɟ ɩɪɨɫɬɚ ɫɢɬɭɚɰɢɹ ɜ ɫɥɭɱɚɟ ɞɢɚɝɨɧɚɥɶɧɵɯ ɦɚɬɪɢɰ. Ɋɟɲɟɧɢɟ 

ɜɵɩɢɫɵɜɚɟɬɫɹ ɷɥɟɦɟɧɬɚɪɧɨ, ɢ ɩɨɡɜɨɥɹɟɬ ɨɛɴɹɫɧɢɬɶ ɬɚɤɢɟ ɷɮɮɟɤɬɵ, ɤɚɤ 

ɪɚɡɪɭɲɟɧɢɟ ɮɨɪɦɵ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɨɡɢɰɢɨɧɧɵɯ ɫɢɥ ɫɮɟɪɢɱɟɫɤɨɝɨ ɬɢɩɚ ɢ 

ɭɜɟɥɢɱɟɧɢɟ ɧɟɤɨɬɨɪɵɯ ɚɦɩɥɢɬɭɞ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɞɢɫɫɢɩɚɬɢɜɧɵɯ ɫɢɥ 

ɝɢɩɟɪɛɨɥɢɱɟɫɤɨɝɨ ɬɢɩɚ.  

         Ⱦɥɹ ɨɛɴɹɫɧɟɧɢɹ ɩɟɪɜɨɝɨ ɷɮɮɟɤɬɚ ɞɨɫɬɚɬɨɱɧɨ ɪɚɫɫɦɨɬɪɟɬɶ ɪɟɡɨɧɚɧɫ 1:2 
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ɬɨ ɟɫɬɶ ɫɨɨɬɧɨɲɟɧɢɟ ɦɟɠɞɭ ɱɚɫɬɨɬɚɦɢ ( )21 :ωω  ɢɡɦɟɧɹɟɬɫɹ ɢ ɩɪɨɢɫɯɨɞɢɬ 

ɪɚɡɪɭɲɟɧɢɟ ɮɢɝɭɪɵ. Ʉɪɨɦɟ ɬɨɝɨ, ɥɟɝɤɨ ɜɢɞɟɬɶ, ɱɬɨ ɜ ɩɨɞɚɜɥɹɸɳɟɦ 

ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɱɚɫɬɨɬɵ ɫɬɚɧɨɜɹɬɫɹ ɧɟɫɨɢɡɦɟɪɢɦɵɦɢ, ɢ ɜ ɫɢɫɬɟɦɟ 

ɢɫɱɟɡɚɟɬ ɪɟɡɨɧɚɧɫ. ɂɫɤɥɸɱɟɧɢɟɦ ɹɜɥɹɟɬɫɹ ɫɥɭɱɚɣ ɪɟɡɨɧɚɧɫɚ 1:…:1, ɤɨɝɞɚ 

ɫɨɨɬɧɨɲɟɧɢɹ ɱɚɫɬɨɬ ɧɟ ɦɟɧɹɸɬɫɹ, ɯɨɬɹ ɫɚɦɢ ɱɚɫɬɨɬɵ ɫɬɚɧɭɬ ɢ ɞɪɭɝɢɦɢ.  

         ȼɥɢɹɧɢɟ ɞɢɫɫɢɩɚɬɢɜɧɵɯ ɫɢɥ ɝɢɩɟɪɛɨɥɢɱɟɫɤɨɝɨ ɬɢɩɚ ɨɩɢɫɵɜɚɟɬɫɹ 
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ɂɡ ɭɫɥɨɜɢɹ ɫɥɟɞɭɟɬ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ ɯɨɬɹ ɛɵ ɨɞɧɚ ɩɚɪɚ ɢɧɞɟɤɫɨɜ 

{i,j}, ɬɚɤɚɹ ɱɬɨ   (ɢɧɚɱɟ ɜɫɟ ). Ⱥɧɚɥɨɝɢɱɧɨ, . 
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(ɡɧɚɤ  «≅ » ɫɬɨɢɬ ɜ ɫɢɥɭ ɬɨɝɨ, ɱɬɨ ɢɡɦɟɧɟɧɢɟ ɱɚɫɬɨɬɵ ɩɪɢ ɦɚɥɵɯ ε  

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ) ɢ ɩɨɷɬɨɦɭ ɨɛɹɡɚɬɟɥɶɧɨ ɢɦɟɸɬɫɹ ɤɚɤ ɤɨɥɟɛɚɧɢɹ ɫ 

ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨ ɜɨɡɪɚɫɬɚɸɳɟɣ ɚɦɩɥɢɬɭɞɨɣ, ɬɚɤ ɢ ɫ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨ 

ɭɛɵɜɚɸɳɟɣ. Ʉɪɨɦɟ ɧɢɯ ɜɨɡɦɨɠɧɵ ɬɚɤɠɟ ɢ ɝɚɪɦɨɧɢɱɟɫɤɢɟ ɤɨɥɟɛɚɧɢɹ, ɟɫɥɢ 

.  

2ε

0=∃ i

jr

         ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɢɥ ɫ ɧɟɞɢɚɝɨɧɚɥɶɧɵɦɢ ɦɚɬɪɢɰɚɦɢ ɩɨɡɜɨɥɹɟɬ ɨɛɧɚɪɭɠɢɬɶ 

ɷɮɮɟɤɬɵ, ɧɟɥɢɧɟɣɧɵɟ ɩɨ ɦɚɥɨɦɭ ɩɚɪɚɦɟɬɪɭ.  

         ȼ ɫɥɭɱɚɟ ɝɢɪɨɫɤɨɩɢɱɟɫɤɢɯ ɫɢɥ ɩɟɪɜɨɝɨ ɬɢɩɚ ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɫɢɫɬɟɦɚ 

ɢɦɟɟɬ ɜɢɞ 
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ɬɚɤ ɤɚɤ ɨɛɳɢɣ ɫɥɭɱɚɣ ɫɜɨɞɢɬɫɹ ɤ ɷɬɨɦɭ. ɉɨɢɫɤ ɪɟɲɟɧɢɹ ɜ ɜɢɞɟ 

ɫɜɨɞɢɬɫɹ ɤ ɨɬɵɫɤɚɧɢɸ ɤɨɪɧɟɣ ɭɪɚɜɧɟɧɢɹ  theq λ=

,0
1

1
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ɤɨɬɨɪɨɟ ɢɦɟɟɬ ɪɟɲɟɧɢɹ 
( ) ( )⇒+⎟

⎠
⎞

⎜
⎝
⎛ ±±=

+±+−
±= εεεεελ oi

2
1

2
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ɧɚɛɥɸɞɚɟɬɫɹ ɷɮɮɟɤɬ ɪɚɡɞɜɨɟɧɢɹ ɱɚɫɬɨɬ: .
2

1,
2

1 21

εωεω −≅+≅  

         Ƚɢɪɨɫɤɨɩɢɱɟɫɤɢɟ ɫɢɥɵ ɜɬɨɪɨɝɨ ɬɢɩɚ ɫɜɨɞɹɬɫɹ ɤ ɫɢɫɬɟɦɟ  
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ɑɬɨɛɵ ɜɵɱɢɫɥɢɬɶ 
0

2

2

=∂
∂

εε
λ

ɭɪɚɜɧɟɧɢɟ (*) ɪɚɫɩɢɫɵɜɚɟɬɫɹ ɜ ɹɜɧɨɦ ɜɢɞɟ ɢ 

ɞɢɮɮɟɪɟɧɰɢɪɭɟɬɫɹ ɩɨ , ɩɨɫɥɟ ɱɟɝɨ ɬɭɞɚ ɩɨɞɫɬɚɜɥɹɸɬɫɹ ɜɵɪɚɠɟɧɢɹ (**). ȼ 

ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɪɚɜɧɟɧɢɸ  
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Ⱥɧɚɥɨɝɢɱɧɵɟ ɜɵɱɢɫɥɟɧɢɹ ɞɥɹ ɜɬɨɪɨɝɨ ɤɨɪɧɹ ɩɪɢɜɨɞɹɬ ɤ ɫɥɟɞɭɸɳɟɦɭ 

ɪɟɡɭɥɶɬɚɬɭ: 

( )⎥⎦
⎤

⎢
⎣

⎡
−

+≅
22

2

2
2

1
mn

n
εω . 

Ɉɬɫɸɞɚ ɜɢɞɧɨ, ɱɬɨ ɝɢɪɨɫɤɨɩɢɱɟɫɤɢɟ ɫɢɥɵ ɜɬɨɪɨɝɨ ɬɢɩɚ ɩɪɢɜɨɞɹɬ ɤ ɭɜɟɥɢɱɟɧɢɸ 

ɛɨɥɶɲɢɯ ɱɚɫɬɨɬ ɢ ɤ ɫɧɢɠɟɧɢɸ ɦɟɧɶɲɢɯ, ɨɞɧɚɤɨ ɷɮɮɟɤɬ ɨɤɚɡɵɜɚɟɬɫɹ 

ɤɜɚɞɪɚɬɢɱɧɵɦ ɩɨ ɦɚɥɨɦɭ ɩɚɪɚɦɟɬɪɭ.  

         ɐɢɪɤɭɥɹɪɧɵɟ ɫɢɥɵ ɢɫɫɥɟɞɭɸɬɫɹ ɬɨɱɧɨ ɬɚɤ ɠɟ, ɤɚɤ ɢ ɝɢɪɨɫɤɨɩɢɱɟɫɤɢɟ. Ⱦɥɹ 

ɫɢɥ ɩɟɪɜɨɝɨ ɬɢɩɚ  
2
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(ɷɮɮɟɤɬ ɢɡɦɟɧɟɧɢɹ ɱɚɫɬɨɬɵ ɢɦɟɟɬ ɩɨɪɹɞɨɤ ). 
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         ɋɢɥɵ ɜɬɨɪɨɝɨ ɬɢɩɚ:       
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ɬɨ ɟɫɬɶ ɜɥɢɹɧɢɟ ɰɢɪɤɭɥɹɪɧɵɯ ɫɢɥ ɜɬɨɪɨɝɨ ɬɢɩɚ ɫɯɨɠɟ ɫ ɞɟɣɫɬɜɢɟɦ 

ɝɢɪɨɫɤɨɩɢɱɟɫɤɢɯ ɫɢɥ ɬɨɝɨ ɠɟ ɬɢɩɚ (ɭɜɟɥɢɱɟɧɢɟ ɛɨɥɶɲɟɣ ɱɚɫɬɨɬɵ ɢ ɫɧɢɠɟɧɢɟ 

ɦɟɧɶɲɟɣ), ɯɨɬɹ ɢ ɨɩɢɫɵɜɚɟɬɫɹ ɞɪɭɝɢɦɢ ɮɨɪɦɭɥɚɦɢ. 

  

6. Ɂɚɞɚɱɚ ɫɬɚɛɢɥɢɡɚɰɢɢ ɜɵɪɨɠɞɟɧɧɨɣ ɮɨɪɦɵ 

      Ʉɚɤ ɭɠɟ ɨɬɦɟɱɚɥɨɫɶ, ɜɵɪɨɠɞɟɧɧɵɟ ɮɢɝɭɪɵ ɧɟɭɫɬɨɣɱɢɜɵ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 

ɢɫɱɟɡɚɸɳɟ ɦɚɥɵɦ ɜɨɡɦɭɳɟɧɢɹɦ. ɉɨɷɬɨɦɭ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɨɫɭɳɟɫɬɜɢɬɶ ɬɚɤɢɟ 

ɤɨɥɟɛɚɧɢɹ ɜ ɥɸɛɨɣ ɪɟɚɥɶɧɨɣ ɫɢɫɬɟɦɟ, ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɬɪɨɢɬɶ ɨɛɪɚɬɧɭɸ ɫɜɹɡɶ 

(ɭɩɪɚɜɥɟɧɢɟ), ɨɛɟɫɩɟɱɢɜɚɸɳɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɷɬɢɯ ɤɨɥɟɛɚɧɢɣ. Ʉɪɨɦɟ ɬɨɝɨ, 

ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɨɞɞɟɪɠɢɜɚɬɶ ɩɨɫɬɨɹɧɧɭɸ ɚɦɩɥɢɬɭɞɭ ɤɨɥɟɛɚɧɢɣ. Ȼɟɡ 

ɨɝɪɚɧɢɱɟɧɢɹ ɨɛɳɧɨɫɬɢ ɟɟ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɟɞɢɧɢɱɧɨɣ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɧɟɫɤɨɥɶɤɨ 

ɭɩɪɨɫɬɢɬɶ ɜɵɤɥɚɞɤɢ. ɋɚɦɚ ɠɟ ɨɛɪɚɬɧɚɹ ɫɜɹɡɶ ɧɟ ɞɨɥɠɧɚ ɩɪɢɜɨɞɢɬɶ ɤ 

ɢɡɦɟɧɟɧɢɸ ɱɚɫɬɨɬɵ ɢ ɩɪɟɰɟɫɫɢɢ ɮɢɝɭɪɵ. ɉɨɫɥɟɞɧɢɟ ɞɜɚ ɬɪɟɛɨɜɚɧɢɹ ɜɵɬɟɤɚɸɬ 

ɢɡ ɜɨɡɦɨɠɧɨɣ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɞɚɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ 

ɜɢɛɪɚɰɢɨɧɧɵɦɢ ɢɥɢ ɜɨɥɧɨɜɵɦɢ ɬɜɟɪɞɨɬɟɥɶɧɵɦɢ ɝɢɪɨɫɤɨɩɚɦɢ. əɫɧɨ, ɱɬɨ 

ɫɢɝɧɚɥ ɥɸɛɨɝɨ ɩɪɢɛɨɪɚ ɞɨɥɠɟɧ ɛɵɬɶ ɫɬɚɛɢɥɶɧɵɦ: ɨɧ ɧɟ ɞɨɥɠɟɧ ɧɢ ɩɪɨɩɚɞɚɬɶ, 

ɧɢ ɫɬɚɧɨɜɢɬɶɫɹ ɫɥɢɲɤɨɦ ɛɨɥɶɲɢɦ. ɗɬɢɦ ɞɢɤɬɭɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 

ɩɨɞɞɟɪɠɚɧɢɹ ɩɨɫɬɨɹɧɧɨɣ ɚɦɩɥɢɬɭɞɵ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɭɩɪɚɜɥɟɧɢɟ ɝɢɪɨɫɤɨɩɦ 

ɧɟ ɞɨɥɠɧɨ ɜɧɨɫɢɬɶ ɩɨɝɪɟɲɧɨɫɬɢ ɜ ɟɝɨ ɩɨɤɚɡɚɧɢɹ, ɨɬɤɭɞɚ ɢ ɫɥɟɞɭɟɬ ɜɬɨɪɚɹ 

ɝɪɭɩɩɚ ɬɪɟɛɨɜɚɧɢɣ, ɩɪɟɞɴɹɜɥɹɟɦɵɯ ɤ ɭɩɪɚɜɥɟɧɢɸ. 

      Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɨɡɧɢɤɚɟɬ ɫɥɟɞɭɸɳɚɹ ɡɚɞɚɱɚ: 

ɇɚɣɬɢ ɨɛɪɚɬɧɭɸ ɫɜɹɡɶ 

( )
( )φφ

φ

,

,

A

AA
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ɬɚɤ, ɱɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɚɫɢɦɩɬɨɬɢɱɟɫɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɦɧɨɝɨɨɛɪɚɡɢɹ 

, ɝɞɟ  - ɟɞɢɧɢɱɧɚɹ ɫɮɟɪɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɚɦɩɥɢɬɭɞ Ⱥ. ɉɪɢ ɷɬɨɦ 

ɨɛɪɚɬɧɚɹ ɫɜɹɡɶ ɧɟ ɞɨɥɠɧɚ ɞɚɜɚɬɶ ɩɪɨɟɤɰɢɣ ɧɚ ɧɚɩɪɚɜɥɟɧɢɹ ɢɡɦɟɧɟɧɢɹ ɱɚɫɬɨɬɵ ɢ 

ɩɪɟɰɟɫɫɢɢ: 

1−∩ NSM 1−NS
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ɝɞɟ ( )⋅  - ɫɤɚɥɹɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ ɜ ɫɦɵɫɥɟ ɩɪɨɫɬɪɚɧɫɬɜɚ . 
NR 2

      ɂɫɩɨɥɶɡɨɜɚɧɢɟ  ɩɟɪɟɦɟɧɧɵɯ ( )φ,A  ɩɨɡɜɨɥɹɟɬ ɩɨɫɬɪɨɢɬɶ ɬɚɤɭɸ ɨɛɪɚɬɧɭɸ 

ɫɜɹɡɶ, ɩɪɢɱɟɦ ɫɬɚɛɢɥɢɡɚɰɢɸ ɚɦɩɥɢɬɭɞɵ ɢ ɮɨɪɦɵ ɦɨɠɧɨ ɩɪɨɜɨɞɢɬɶ 

ɧɟɡɚɜɢɫɢɦɨ, ɱɬɨ ɫɥɟɞɭɟɬ ɤɚɤ ɢɡ ɤɨɦɦɭɬɚɰɢɨɧɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ, ɬɚɤ ɢ ɢɡ ɬɨɝɨ, 

ɱɬɨ ɫɬɚɛɢɥɢɡɚɰɢɹ ɚɦɩɥɢɬɭɞɵ ɨɬɧɨɫɢɬɫɹ ɬɨɥɶɤɨ ɤ ɩɪɨɫɬɪɚɧɫɬɜɭ Ⱥ, ɬɨɝɞɚ ɤɚɤ 

ɫɬɚɛɢɥɢɡɚɰɢɹ ɮɨɪɦɵ – ɬɨɥɶɤɨ ɤ ɩɪɨɫɬɪɚɧɫɬɜɭ ɮɚɡ .φ  ɇɚɢɛɨɥɟɟ ɩɪɨɫɬɨ 

ɫɬɚɛɢɥɢɡɢɪɭɟɬɫɹ ɚɦɩɥɢɬɭɞɚ. Ⱦɥɹ ɷɬɨɝɨ ɜɜɨɞɢɬɫɹ ɮɭɧɤɰɢɹ  

( ,1
2

1 2 −= AS )    ɝɞɟ   ( )∑= 22 i

jAA , 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɨɬɤɥɨɧɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɨɬ ɟɞɢɧɢɱɧɨɣ, ɢ ɜɵɛɢɪɚɟɬɫɹ ɨɛɪɚɬɧɚɹ 

ɫɜɹɡɶ  

0a

A A A
e S

φ φ
⎧ S= −

= − ⇔ ⎨
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� �
� �  

Ɂɞɟɫɶ ɢ ɞɚɥɟɟ ɞɥɹ ɤɪɚɬɤɨɫɬɢ ɨɩɭɫɤɚɟɬɫɹ ɱɢɫɥɨɜɨɣ ɦɧɨɠɢɬɟɥɶ ε  ɩɟɪɟɞ ɩɪɚɜɵɦɢ 

ɱɚɫɬɹɦɢ ɭɪɚɜɧɟɧɢɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ, ɬɚɤ ɤɚɤ ɟɝɨ ɧɚɥɢɱɢɟ ɧɟ ɦɟɧɹɟɬ ɪɟɲɟɧɢɟ 

ɩɪɢɧɰɢɩɢɚɥɶɧɵɦ ɨɛɪɚɡɨɦ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɭɫɥɨɜɢɟ 
10 ɪɚɜɧɨɫɢɥɶɧɨ ɬɨɦɭ, ɱɬɨ  NS A S −= ∈ . Ʌɟɝɤɨ ɜɢɞɟɬɶ, ɱɬɨ ɷɬɚ ɨɛɪɚɬɧɚɹ ɫɜɹɡɶ 

ɢɦɟɟɬ ɩɪɨɟɤɰɢɸ ɬɨɥɶɤɨ ɧɚ ɧɚɩɪɚɜɥɟɧɢɟ ɢɡɦɟɧɟɧɢɹ ɚɦɩɥɢɬɭɞɵ. 

Ⱦɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟ ɮɭɧɤɰɢɢ S ɜ ɫɢɥɭ ɭɤɚɡɚɧɧɨɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɢ ɧɟɤɨɬɨɪɵɟ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢɜɨɞɹɬ ɤ ɭɪɚɜɧɟɧɢɸ  

( ) ,12 SSS +−=�  

ɨɬɤɭɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ  - ɭɫɬɨɣɱɢɜɨɟ ɩɨɥɨɠɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ, ɩɪɢɱɟɦ ɫɬɟɩɟɧɶ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɢɦɟɟɬ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ ɯɚɪɚɤɬɟɪ, ɱɬɨ ɨɡɧɚɱɚɟɬ ɭɫɬɨɣɱɢɜɨɫɬɶ 

 ɩɪɢ ɩɨɫɬɨɹɧɧɨ ɞɟɣɫɬɜɭɸɳɢɯ ɜɨɡɦɭɳɟɧɢɹɯ. 

0=S

AS N ⊂−1
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      Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɨ ɫɬɚɛɢɥɢɡɚɰɢɢ ɮɨɪɦɵ ɩɪɨɫɬɪɚɧɫɬɜɨ φ  ɛɭɞɟɬ 

ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɤɚɤ  ɢ ɜɫɟ ɩɪɨɜɨɞɢɦɵɟ ɞɟɣɫɬɜɢɹ ɫɥɟɞɭɟɬ ɩɨɧɢɦɚɬɶ ɜ 

ɫɦɵɫɥɟ ɷɬɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ.  

NR

      ɉɭɫɬɶ  - ɩɚɪɚɦɟɬɪɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ ɩɪɹɦɨɣ l , ɝɞɟ 

ɧɟɤɨɬɨɪɚɹ ɬɨɱɤɚ, ɥɟɠɚɳɚɹ ɧɚ ɩɪɹɦɨɣ, ɚ ɟ – ɧɚɩɪɚɜɥɹɸɳɢɣ ɜɟɤɬɨɪ ɩɪɹɦɨɣ, 

ɪɚɜɧɵɣ 

es+= 0φφ

−0φ
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Ɍɨɝɞɚ ɜɟɤɬɨɪ ρ , ɩɪɨɜɟɞɟɧɧɵɣ ɢɡ ɩɪɨɢɡɜɨɥɶɧɨɣ ɬɨɱɤɢ φ  ɜ ɬɨɱɤɭ, 

ɩɪɢɧɚɞɥɟɠɚɳɭɸ l , ɬɚɤ ɱɬɨ l⊥ρ , ɢɦɟɟɬ ɜɢɞ 
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                                                              nφ    

                                                                                   l 

 

 

                                                                               ȡ 

                                                                                       φ           1φ  

 

 

 

 

 

             ɂ ɟɫɥɢ ɬɟɩɟɪɶ ɜɵɛɪɚɬɶ ɨɛɪɚɬɧɭɸ ɫɜɹɡɶ  
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ɬɨ ɥɟɝɤɨ ɩɨɥɭɱɢɬɶ ɬɪɟɛɭɟɦɵɣ ɪɟɡɭɥɶɬɚɬ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɞɚɧɧɚɹ ɨɛɪɚɬɧɚɹ ɫɜɹɡɶ 

ɧɟ ɞɚɟɬ ɩɪɨɟɤɰɢɣ ɧɚ ɧɚɩɪɚɜɥɟɧɢɹ ɢɡɦɟɧɟɧɢɹ ɱɚɫɬɨɬɵ ɢ ɩɪɟɰɟɫɫɢɢ. ɋ ɞɪɭɝɨɣ 

ɫɬɨɪɨɧɵ, ɩɪɨɢɡɜɨɥɶɧɵɣ ɜɟɤɬɨɪ φ  ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ,⊥+= φφφ l  ɝɞɟ 

ɜɟɤɬɨɪ lφ  ɢɦɟɟɬ ɧɚɱɚɥɨ ɜ ɩɨɥɸɫɟ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɢ ɤɨɧɟɰ ɧɚ ɩɪɹɦɨɣ l , ɚ 

ɜɟɤɬɨɪ ⊥φ ɨɪɬɨɝɨɧɚɥɟɧ ɩɪɹɦɨɣ l. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɨɛɪɚɬɧɚɹ ɫɜɹɡɶ ɧɟ ɦɟɧɹɟɬ lφ , ɧɨ 

ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ⊥φ  ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɮɨɪɦɭɥɨɣ 

( ) ( ) ,0 tet −
⊥⊥ = φφ  

ɱɬɨ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ ɞɥɹ ɚɦɩɥɢɬɭɞ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɦɧɨɝɨɨɛɪɚɡɢɹ , ɚ ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɢ 

ɟɝɨ ɭɫɬɨɣɱɢɜɨɫɬɶ ɩɪɢ ɩɨɫɬɨɹɧɧɨ ɞɟɣɫɬɜɭɸɳɢɯ ɜɨɡɦɭɳɟɧɢɹɯ.  

1−∩ NSM

         ɑɬɨɛɵ ɨɛɟɫɩɟɱɢɬɶ ɷɬɨ ɭɩɪɚɜɥɟɧɢɟ ɤ ɫɢɫɬɟɦɟ ɧɭɠɧɨ ɩɪɢɥɨɠɢɬɶ 

ɞɢɫɫɢɩɚɬɢɜɧɵɟ ɫɢɥɵ ɫɮɟɪɢɱɟɫɤɨɝɨ ɬɢɩɚ ɢ ɩɨɡɢɰɢɨɧɧɵɟ ɫɢɥɵ ɝɢɩɟɪɛɨɥɢɱɟɫɤɨɝɨ 

ɬɢɩɚ, ɬɨ ɟɫɬɶ  
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ɋɢɬɭɚɰɢɹ ɫ ɞɢɫɫɢɩɚɬɢɜɧɵɦɢ ɫɢɥɚɦɢ ɹɫɧɚ, ɬɚɤ ɤɚɤ ɏD ɟɫɬɶ ɩɪɚɜɚɹ ɱɚɫɬɶ 

ɭɩɪɚɜɥɟɧɢɹ, ɩɨɷɬɨɦɭ ɨɫɬɚɥɨɫɶ ɪɚɡɴɹɫɧɢɬɶ ɫɢɬɭɚɰɢɸ ɫ ɩɨɡɢɰɢɨɧɧɵɦɢ ɫɢɥɚɦɢ, ɚ 

ɢɦɟɧɧɨ ɧɭɠɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɭɪɚɜɧɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ    
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ɜɫɟɝɞɚ ɢɦɟɟɬ ɪɟɲɟɧɢɟ. ɗɬɨ ɫɥɟɞɭɟɬ ɢɡ ɞɜɭɯ ɮɚɤɬɨɜ: 
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ȿɫɥɢ ɪɚɫɫɦɨɬɪɟɬɶ ɜɫɟɜɨɡɦɨɠɧɵɟ ɫɢɥɵ ɬɢɩɚ , ɬɨ ɧɟɬɪɭɞɧɨ ɜɢɞɟɬɶ, ɱɬɨ ɷɬɢ 

ɜɟɤɬɨɪɵ ɡɚɩɨɥɧɹɸɬ ɨɪɬɨɝɨɧɚɥɶɧɨɟ ɞɨɩɨɥɧɟɧɢɟ ɩɪɹɦɨɣ l ɢ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ,   

ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɨɜɨɤɭɩɧɨɫɬɶ ɜɫɟɯ ɜɟɤɬɨɪɨɜ, ɢɡ ɷɬɨɝɨ ɨɪɬɨɝɨɧɚɥɶɧɨɝɨ 

ɞɨɩɨɥɧɟɧɢɹ. 

HX

2. ( )00 φφφφ −⋅+− ee  ɹɜɥɹɟɬɫɹ ɧɨɪɦɚɥɶɸ ɤ ɩɪɹɦɨɣ l.  

       Ⱦɥɹ ɡɚɩɢɫɢ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɜ ɢɫɯɨɞɧɵɯ ɩɟɪɟɦɟɧɧɵɯ  ɧɭɠɧɨ 

ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɮɨɪɦɭɥɚɦɢ ɡɚɦɟɧɵ  
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ɢɡ ɤɨɬɨɪɵɯ ɫɥɟɞɭɟɬ, ɱɬɨ  
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(ɡɧɚɤ  ɭɱɢɬɵɜɚɟɬɫɹ ɡɚ ɫɱɟɬ ɜɜɟɞɟɧɢɹ , ɡɧɚɱɟɧɢɹ ɤɨɬɨɪɵɯ ɦɨɠɧɨ 

ɨɝɪɚɧɢɱɢɬɶ ɞɜɭɦɹ ɱɢɫɥɚɦɢ – 0 ɢ 1). ɉɨɞɫɬɚɧɨɜɤɚ ɷɬɢɯ ɜɵɪɚɠɟɧɢɣ ɜ ɢɫɯɨɞɧɵɟ 

ɭɪɚɜɧɟɧɢɹ ɞɥɹ q, ɝɞɟ ɜɦɟɫɬɨ ɜɨɡɦɭɳɟɧɢɣ  ɩɨɞɫɬɚɜɥɹɟɬɫɹ ɭɩɪɚɜɥɟɧɢɟ, 

ɩɪɢɜɨɞɢɬ ɤ ɜɟɫɶɦɚ ɝɪɨɦɨɡɞɤɢɦ ɭɪɚɜɧɟɧɢɹɦ, ɜɵɩɢɫɵɜɚɬɶ ɤɨɬɨɪɵɟ ɧɟɬ ɨɫɨɛɨɝɨ 

ɫɦɵɫɥɚ ɜɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɢɯ ɹɜɧɵɣ ɜɢɞ ɞɚɥɟɟ ɧɢɝɞɟ ɧɟ ɢɫɩɨɥɶɡɭɟɬɫɹ. ɋ ɞɪɭɝɨɣ 

ɫɬɨɪɨɧɵ, ɢ ɛɟɡ ɬɨɝɨ ɜɢɞɟɧ ɫɭɳɟɫɬɜɟɧɧɵɣ ɧɟɞɨɫɬɚɬɨɤ ɜɵɛɪɚɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ, 

ɫɜɹɡɚɧɧɵɣ ɫ ɧɟɢɡɛɟɠɧɵɦ ɩɨɹɜɥɟɧɢɟɦ ɮɭɧɤɰɢɣ, ɤɨɬɨɪɵɟ ɨɩɪɟɞɟɥɟɧɵ ɧɟ ɧɚ ɜɫɟɦ 

ɩɪɨɦɟɠɭɬɤɟ ɜɪɟɦɟɧɢ:  
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ɗɬɨ ɨɫɥɨɠɧɹɟɬ ɟɝɨ ɩɪɚɤɬɢɱɟɫɤɭɸ ɪɟɚɥɢɡɚɰɢɸ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɞɚɧɧɨɟ 

ɭɩɪɚɜɥɟɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɨɩɪɟɞɟɥɟɧɧɵɣ ɢɧɬɟɪɟɫ, ɨɛɭɫɥɨɜɥɟɧɧɵɣ ɬɟɦ, ɱɬɨ  

ɥɸɛɨɟ ɞɪɭɝɨɟ ɭɩɪɚɜɥɟɧɢɟ ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɞɚɧɧɨɦɭ ɜ ɨɤɪɟɫɬɧɨɫɬɢ 
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ɫɬɚɛɢɥɢɡɢɪɭɟɦɨɝɨ ɦɧɨɝɨɨɛɪɚɡɢɹ,  ɬɨɠɟ ɛɭɞɟɬ ɨɛɟɫɩɟɱɢɜɚɬɶ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɭɸ 

ɭɫɬɨɣɱɢɜɨɫɬɶ ɦɧɨɝɨɨɛɪɚɡɢɹ.  ɗɤɜɢɜɚɥɟɧɬɧɨɫɬɶ ɩɨɧɢɦɚɟɬɫɹ ɜ ɫɦɵɫɥɟ ɥɢɧɟɣɧɨɝɨ 

ɩɪɢɛɥɢɠɟɧɢɹ ɢ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɱɢɫɥɨɜɵɯ ɦɧɨɠɢɬɟɥɟɣ: 

 ɗɬɨ (ɢɥɢ ɥɨɤɚɥɶɧɨ ɷɤɜɢɜɚɥɟɧɬɧɨɟ 

ɟɦɭ) ɭɩɪɚɜɥɟɧɢɟ ɩɪɢɝɨɞɧɨ ɢ ɜ ɫɥɭɱɚɟ ɜɵɪɨɠɞɟɧɢɹ ɮɢɝɭɪɵ ɜ ɮɢɝɭɪɭ ɦɟɧɶɲɟɣ 

ɪɚɡɦɟɪɧɨɫɬɢ (ɱɬɨ ɩɪɨɢɫɯɨɞɢɬ ɩɪɢ ɨɛɪɚɳɟɧɢɢ ɧɟɤɨɬɨɪɵɯ ɚɦɩɥɢɬɭɞ ɜ ɧɨɥɶ), 

ɩɨɫɤɨɥɶɤɭ ɨɧɨ ɩɨɞɞɟɪɠɢɜɚɟɬ ɬɪɟɛɭɟɦɵɟ ɮɚɡɨɜɵɟ ɫɨɨɬɧɨɲɟɧɢɹ ɢ ɩɪɢ «ɜɵɯɨɞɟ» 

ɚɦɩɥɢɬɭɞɵ ɢɡ ɧɭɥɟɜɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɟɣ ɮɚɡɚ ɛɭɞɟɬ «ɧɚ ɦɟɫɬɟ».  

.0,0, >>+⇔+ µλµλ HDHD XXXX

 

7. Ɍɪɚɟɤɬɨɪɢɢ ɫɢɫɬɟɦɵ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ                        

ɜɨɡɦɭɳɟɧɢɣ. 

         ɂɡɭɱɟɧɢɟ ɬɪɚɟɤɬɨɪɢɣ ɭɞɨɛɧɨ ɧɚɱɚɬɶ ɫ ɩɪɨɫɬɟɣɲɟɝɨ ɫɥɭɱɚɹ – ɪɟɡɨɧɚɧɫɚ 1:1. 

Ɉɛɪɚɬɧɚɹ ɫɜɹɡɶ ɢɦɟɟɬ ɜɢɞ  
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ee
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ɢ ɞɥɹ ɫɨɤɪɚɳɟɧɢɹ ɜɵɱɢɫɥɟɧɢɣ (ɧɟ ɫɧɢɠɚɹ ɨɛɳɧɨɫɬɢ) ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ 

. Ɍɨɝɞɚ ɜɬɨɪɨɟ ɭɪɚɜɧɟɧɢɟ ɫɜɹɡɢ ɩɪɢɦɟɬ ɜɢɞ  00 =φ

( )φφφ ⋅+−= ee�  

ɢ ɛɭɞɟɬ ɢɦɟɬɶ ɪɟɲɟɧɢɟ  

( ) ( ) ( ) ( ) ( )1 2 1 2

1 11 1
0 0 0 0

1 12 2

tt eφ φ φ φ φ −= + ⋅ + − ⋅⎡ ⎤ ⎡ ⎤⎣ ⎦ ⎣ ⎦ −
,  

ɝɞɟ ( ) ( )1 20 , 0
T

φ φ   - ɜɟɤɬɨɪ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ. ȼɟɤɬɨɪ 1, 1
T−  ɨɪɬɨɝɨɧɚɥɟɧ 

ɩɪɹɦɨɣ l, ɚ 1,1
T

 - ɟɟ ɧɚɩɪɚɜɥɹɸɳɢɣ ɜɟɤɬɨɪ. ɉɨɷɬɨɦɭ ɬɪɚɟɤɬɨɪɢɢ ( )tφ  

ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɪɹɦɵɟ, ɨɪɬɨɝɨɧɚɥɶɧɵɟ ɩɪɹɦɨɣ l :  
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                                                             2φ             
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ɍɪɚɜɧɟɧɢɹ ɞɥɹ ɚɦɩɥɢɬɭɞ ɜ ɪɚɡɜɟɪɧɭɬɨɦ ɜɢɞɟ ɜɵɝɥɹɞɹɬ ɬɚɤ: 
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Ɉɧɢ ɡɚɞɚɸɬ ɫɟɦɟɣɫɬɜɨ ɥɭɱɟɣ, ɩɪɨɯɨɞɹɳɢɯ ɱɟɪɟɡ ɧɚɱɚɥɨ ɤɨɨɪɞɢɧɚɬ, ɱɬɨ ɥɟɝɤɨ 

ɡɚɦɟɬɢɬɶ ɢɡ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɥɟɞɭɸɳɟɝɨ ɢɡ ɧɢɯ ɭɪɚɜɧɟɧɢɹ  

21

2

1

2

1 CAA
A

A

dA

dA
=⇒=  

ɝɞɟ ɋ – ɩɪɨɢɡɜɨɥɶɧɚɹ ɩɨɫɬɨɹɧɧɚɹ. Ⱥ ɢɡ ɭɪɚɜɧɟɧɢɹ , ɪɟɲɟɧɢɟɦ 

ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ  

( 12 +−= SSS� )

( ) ( )
( )( ) ,

1102

0

+−
= −

−

t

t

eS

eS
tS  

ɫɥɟɞɭɟɬ, ɱɬɨ ɯɚɪɚɤɬɟɪ ɫɬɪɟɦɥɟɧɢɹ ɬɪɚɟɤɬɨɪɢɣ ɤ ɨɤɪɭɠɧɨɫɬɢ  - 

ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ. ɂɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɭ  

1S

( )1
2

1 2 −= AS  

ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɡɚɜɢɫɢɦɨɫɬɶ ( )tA : 

( ) ( )
( ) ( )( ) teAA

A
tA

−−+
=

22
010

0
, 
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ɨɬɤɭɞɚ, ɭɱɢɬɵɜɚɹ ɜɢɞ ɬɪɚɟɤɬɨɪɢɣ, ɥɟɝɤɨ ɩɪɢɣɬɢ ɤ ɜɵɜɨɞɭ ɨ ɬɨɦ, ɱɬɨ ɪɟɲɟɧɢɟ 

A(t) ɢɦɟɟɬ ɜɢɞ 

( ) ( )
( ) ( ) ( )

( ) ( )( ) teAA

A
tA

A

A
tA

−−+
==

22
010

0

0

0
 

ɬɨ ɟɫɬɶ                                  

                                                  2A  

 

                                                          

       

 

 

 

 

 

                                                                                                  

1A

 

      ɉɨɞɫɬɚɧɨɜɤɚ ɷɬɢɯ ɪɟɲɟɧɢɣ ɜ ɜɵɪɚɠɟɧɢɟ ɞɥɹ q(t) ɩɪɢɜɨɞɢɬ ɤ ɫɥɟɞɭɸɳɟɦɭ 

ɪɟɡɭɥɶɬɚɬɭ 

( ) ( )
( ) ( )( ) ( ) ( )( ) ( ) ( )( )

( ) ( )
( ) ( )( ) ( ) ( )( ) ( ) ( )( ) ⎥⎦

⎤
⎢⎣
⎡ −−++

−+
=

⎥⎦
⎤

⎢⎣
⎡ −+++

−+
=

−

−

−

−

t

t

t

t

et

eAA

A
tq

et

eAA

A
tq

00
2

1
00

2

1
cos

010

0

00
2

1
00

2

1
cos

010

0

2121
22

2
2

2121
22

1
1

φφφφ

φφφφ

 

      ɗɬɨ ɪɟɲɟɧɢɟ ɞɥɹ ɛɨɥɟɟ ɫɥɚɛɨɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ, ɤɨɝɞɚ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɫɬɨɢɬ 

ɦɧɨɠɢɬɟɥɶ 1.0=ε , ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɡɚɦɟɧɟ ɜ ɩɨɫɥɟɞɧɢɯ ɮɨɪɦɭɥɚɯ ɧɚ , 

ɢɦɟɟɬ ɩɪɢɦɟɪɧɨ ɬɚɤɨɣ ɜɢɞ: 

te− te 1.0−
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                                                                                                          q2

                                                      

1q  

ɇɟɬɪɭɞɧɨ ɜɵɩɢɫɚɬɶ ɚɧɚɥɨɝɢɱɧɵɟ ɪɟɲɟɧɢɹ ɢ ɞɥɹ ɨɛɳɟɝɨ ɫɥɭɱɚɹ 

( ) ( )
( ) ( )( ) ( )( ) ( )( )[ ],00cos

010

0

22

ti

j

i

j

i

t

i

ji

j etm

eAA

A
tq −

−
++

−+
= φηφξ  

ɝɞɟ ( )( ) ( )( )−0ɢ0 φηφξ i

j

i

j ɧɟɤɨɬɨɪɵɟ ɮɭɧɤɰɢɢ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ( )0φ , ɬɚɤɢɟ, 

ɱɬɨ ɩɪɢ  ɩɨɥɭɱɚɟɬɫɹ ɜɵɪɨɠɞɟɧɧɚɹ ɮɨɪɦɚ ɤɨɥɟɛɚɧɢɣ.  0=i

jη

 

8. Ɉ ɜɨɡɦɨɠɧɨɫɬɢ ɜɵɛɨɪɚ ɞɪɭɝɨɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ. 

      ȼ ɪɚɛɨɬɟ [17] ɞɥɹ ɫɥɭɱɚɹ ɪɟɡɨɧɚɧɫɚ 1:1 ɩɪɟɞɥɚɝɚɥɚɫɶ ɢɧɚɹ ɨɛɪɚɬɧɚɹ ɫɜɹɡɶ. ȼ 

ɩɟɪɟɦɟɧɧɵɯ (ɯ, ɭ) ɨɧɚ ɢɦɟɥɚ ɜɢɞ 

d

x
K e S e

y
= − −

�
� a

,                  (i) 

ɝɞɟ  

( )
1 2 2 1 2 1 2 1 1 2 1 2

2 2 2 2

1 2 1 2

, ,

1
1 .

2

T T

d a
K x y x y e y y x x e x x y y

S x x y y

= − = − − =

= + + + −

,
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ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɚɬɟɪɢɚɥɨɦ, ɢɡɥɨɠɟɧɧɨɦ ɧɚ ɫɬɪɚɧɢɰɟ 26, ɩɟɪɟɦɟɧɧɵɟ (ɯ, ɭ) 

ɜɵɪɚɠɚɸɬɫɹ ɱɟɪɟɡ  ( )φ,A  ɮɨɪɦɭɥɚɦɢ 

222111

222111

sin,sin

cos,cos

φφ

φφ

AyAy

AxAx

−=−=

==

 

ɂɯ ɩɨɞɫɬɚɧɨɜɤɚ ɜ ɭɪɚɜɧɟɧɢɹ (i) ɩɪɢɜɨɞɢɬ ɤ ɭɪɚɜɧɟɧɢɹɦ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ (i) ɜ 

ɩɟɪɟɦɟɧɧɵɯ ( )φ,A : 

( ) ( )

( ) ( )

( )

( )21

2

12

21

2

21

21

2

2

2

12

2

2

2

12

21

22

211

2

2

2

11

2sin
2

1

2sin
2

1

sin1
2

1

sin1
2

1

φφφ

φφφ

φφ

φφ

−−=

−−=

−−−+−=

−−−+−=

A

A

AAAAAA

AAAAAA

�

�

�

�

                   ( ), (
A

V A iiφ
φ

⇔ =
�
� )  

ɗɬɚ ɨɛɪɚɬɧɚɹ ɫɜɹɡɶ, ɜɨɨɛɳɟ ɝɨɜɨɪɹ, ɞɚɟɬ ɩɪɨɟɤɰɢɢ ɧɚ ɧɚɩɪɚɜɥɟɧɢɹ ɢɡɦɟɧɟɧɢɹ 

ɱɚɫɬɨɬɵ ɢ ɩɪɟɰɟɫɫɢɢ: 

( ) ( ) ( ) ( )21

2

2

2

121

22

2

2

1

2

21 2sin,sin φφφφ −−=⎟
⎠
⎞⎜

⎝
⎛ ⋅−−=⎟

⎠
⎞⎜

⎝
⎛ ⋅ AAeVAAAAeV

fp
 

ɤɨɬɨɪɵɟ ɨɛɪɚɳɚɸɬɫɹ ɜ ɧɨɥɶ ɧɚ ɦɧɨɝɨɨɛɪɚɡɢɢ Ɇ, ɬɚɤ ɤɚɤ ɜ ɷɬɨɦ ɫɥɭɱɚɟ 

nπφφ =− 21 ,  . ɉɨɹɜɥɟɧɢɟ ɨɬɥɢɱɧɵɯ ɨɬ ɧɭɥɹ ɩɪɨɟɤɰɢɣ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, 

ɱɬɨ ɜɧɟ ɦɧɨɝɨɨɛɪɚɡɢɹ Ɇ ɦɚɬɪɢɰɚ ɩɟɪɟɯɨɞɚ ɨɬ ɥɨɤɚɥɶɧɨɝɨ ɛɚɡɢɫɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 

(ɯ,ɭ) ɤ ɛɚɡɢɫɭ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 

Zn∈

( )φ,Ⱥ  ɧɟ  ɨɪɬɨɝɨɧɚɥɶɧɚ, ɱɬɨ ɫɥɟɞɭɟɬ ɢɡ ɜɢɞɚ 

ɦɚɬɪɢɰ Ƚɪɚɦɚ ɷɬɢɯ ɛɚɡɢɫɨɜ: 
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( )

2 2

2 2

2 2 2 2

( , ) ( , ) 1 2 1 22 2

2 2

0 0 2

0 2 0
2, , 2, .

0 2 0

2 0 0

x y A

x y K

x y K
diag A A A A

K x y

K x y

φ

+

+ −
Γ = Γ = + +

− +

+

 

(ɧɨɪɦɵ ɟɜɤɥɢɞɨɜɵ). Ʌɢɧɟɚɪɢɡɚɰɢɹ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɦɧɨɝɨɨɛɪɚɡɢɹ 

Ɇ ɩɪɢɜɨɞɢɬ ɤ ɭɪɚɜɧɟɧɢɹɦ 

( ) ( )

( ) ( )21

2

1221

2

21

2

2

2

2

121

2

2

2

11

,

1
2

1
,1

2

1

φφφφφφ −=−−=

−+−=−+−=

AA

AAAAAAAA

��

��

 

(ɜ ɤɚɱɟɫɬɜɟ Ɇ ɜɵɛɪɚɧɨ ɦɧɨɠɟɫɬɜɨ ( )
⎭
⎬
⎫

⎩
⎨
⎧

== 21,1, φφφ AA ). ɉɟɪɜɵɟ ɞɜɚ 

ɭɪɚɜɧɟɧɢɹ ɫɨɜɩɚɞɚɸɬ ɫ ɭɠɟ ɩɨɥɭɱɟɧɧɵɦɢ ɩɪɢ ɢɡɭɱɟɧɢɢ ɩɪɟɞɵɞɭɳɟɣ ɨɛɪɚɬɧɨɣ 

ɫɜɹɡɢ. ɋɢɫɬɟɦɚ ɷɬɢɯ ɞɜɭɯ ɭɪɚɜɧɟɧɢɣ ɹɜɧɨ ɢɧɬɟɝɪɢɪɭɟɬɫɹ ɢ ɩɨɷɬɨɦɭ ɡɚɜɢɫɢɦɨɫɬɶ 

ɚɦɩɥɢɬɭɞ ɨɬ ɜɪɟɦɟɧɢ ɢɡɜɟɫɬɧɚ. ɂɫɩɨɥɶɡɭɹ ɹɜɧɵɣ ɜɢɞ ɡɚɜɢɫɢɦɨɫɬɢ ɚɦɩɥɢɬɭɞ ɨɬ 

ɜɪɟɦɟɧɢ ɥɟɝɤɨ ɩɨɥɭɱɢɬɶ, ɱɬɨ 

( ) ( )
( ) ( ) 0constɢ

101

00
2

1

2

2

1

2

21
21 ≤=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
−=

−+

−
=−

A

A

d

d

eA t φ
φφφφφ , 

ɨɬɤɭɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɬɪɚɟɤɬɨɪɢɢ ɫɢɫɬɟɦɵ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɮɚɡ ɹɜɥɹɸɬɫɹ ɩɪɹɦɵɦɢ 

ɥɢɧɢɹɦɢ ɢ ɢɦɟɸɬ ɜɢɞ 

 

                                                                        2φ                            l 

 

 

 

                                                                                                                  1φ  
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɢɞ ɬɪɚɟɤɬɨɪɢɣ ɫɢɫɬɟɦɵ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ (ii) 

ɨɬɥɢɱɟɧ ɨɬ ɬɪɚɟɤɬɨɪɢɣ  ,ASA −=� ( )φφφ ⋅+−= ee� , ɯɨɬɹ ɜ ɨɛɨɢɯ ɫɥɭɱɚɹɯ 

ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɦɧɨɝɨɨɛɪɚɡɢɹ  
11 SMSM N ∩=∩ −
 

      ȿɫɥɢ ɢɫɫɥɟɞɭɟɦɵɦ ɹɜɥɟɧɢɟɦ ɛɭɞɟɬ ɥɢɲɶ ɩɪɟɰɟɫɫɢɹ ɮɨɪɦɵ, ɚ ɞɪɭɝɢɟ 

ɷɜɨɥɸɰɢɢ ɧɟ ɩɪɟɞɫɬɚɜɥɹɸɬ ɢɧɬɟɪɟɫɚ, ɬɨ ɜɨɡɦɨɠɧɨ ɧɟɤɨɬɨɪɨɟ ɭɩɪɨɳɟɧɢɟ 

ɡɚɞɚɱɢ. Ɇɨɠɧɨ ɫɬɚɛɢɥɢɡɢɪɨɜɚɬɶ ɧɟ ɜɫɸ ɩɪɹɦɭɸ l, ɚ ɤɚɤɭɸ – ɧɢɛɭɞɶ ɬɨɱɤɭ ɧɚ 

ɷɬɨɣ ɩɪɹɦɨɣ, ɧɚɩɪɢɦɟɪ  (ɷɬɨɦɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ N – ɦɟɪɧɚɹ ɩɥɨɫɤɨɫɬɶ 

ɭ = 0 ɩɪɨɫɬɪɚɧɫɬɜɚ (ɯ,ɭ)). Ʉɨɧɟɱɧɨ, ɢɡɦɟɧɟɧɢɟ ɱɚɫɬɨɬɵ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɫɬɚɧɨɜɢɬɫɹ 

ɧɟɜɨɡɦɨɠɧɵɦ, ɧɨ, ɤɚɤ ɭɠɟ ɨɬɦɟɱɚɥɨɫɶ, ɩɪɢ ɬɚɤɨɣ ɩɨɫɬɚɧɨɜɤɟ ɡɚɞɚɱɢ ɷɬɚ 

ɷɜɨɥɸɰɢɹ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫɚ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɡɚɞɚɱɚ ɫɬɚɛɢɥɢɡɚɰɢɢ 

ɬɨɱɤɢ ɝɨɪɚɡɞɨ ɩɪɨɳɟ ɡɚɞɚɱɢ ɫɬɚɛɢɥɢɡɚɰɢɢ ɩɪɹɦɨɣ, ɩɨɫɤɨɥɶɤɭ ɨɬɩɚɞɚɟɬ 

ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɡɚɛɨɬɢɬɶɫɹ ɨ ɬɨɦ, ɱɬɨɛɵ ɨɛɪɚɬɧɚɹ ɫɜɹɡɶ ɧɟ ɞɚɜɚɥɚ ɩɪɨɟɤɰɢɣ ɧɚ 

ɧɚɩɪɚɜɥɟɧɢɟ ɢɡɦɟɧɟɧɢɹ ɱɚɫɬɨɬɵ ɢ ɩɨɹɜɥɹɟɬɫɹ ɛɨɥɶɲɟ ɩɪɨɢɡɜɨɥɚ ɜ ɜɵɛɨɪɟ ɬɚɤɨɣ 

ɫɜɹɡɢ.  

( Ɍ
0,...,0=φ )

         Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɩɟɪɟɦɟɧɧɵɯ ( )φ,Ⱥ  ɩɨɡɜɨɥɹɟɬ ɩɨɫɬɪɨɢɬɶ 

ɨɛɪɚɬɧɭɸ ɫɜɹɡɶ, ɨɛɟɫɩɟɱɢɜɚɸɳɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɦɧɨɝɨɨɛɪɚɡɢɹ Ɇ ɩɪɢ 

ɩɨɫɬɨɹɧɧɨ ɞɟɣɫɬɜɭɸɳɢɯ ɜɨɡɦɭɳɟɧɢɹɯ, ɨɞɧɚɤɨ, ɷɬɨ ɭɩɪɚɜɥɟɧɢɟ ɨɤɚɡɵɜɚɟɬɫɹ 

ɬɪɭɞɧɨ ɪɟɚɥɢɡɭɟɦɵɦ ɧɚ ɩɪɚɤɬɢɤɟ ɜ ɫɢɥɭ ɧɚɥɢɱɢɹ ɫɢɧɝɭɥɹɪɧɨɫɬɟɣ. Ɍɟɦ ɧɟ 

ɦɟɧɟɟ, ɨɧɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɨɩɪɟɞɟɥɟɧɧɵɣ ɢɧɬɟɪɟɫ, ɬɚɤ ɤɚɤ ɥɸɛɨɟ ɞɪɭɝɨɟ 

ɭɩɪɚɜɥɟɧɢɟ, ɷɤɜɢɜɚɥɟɧɬɧɨɟ ɞɚɧɧɨɦɭ ɜ ɦɚɥɨɣ ɨɤɪɟɫɬɧɨɫɬɢ ɫɬɚɛɢɥɢɡɢɪɭɟɦɨɝɨ 

ɦɧɨɝɨɨɛɪɚɡɢɹ Ɇ, ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ ɠɟ ɷɮɮɟɤɬɭ. ɉɨɷɬɨɦɭ ɝɥɚɜɧɵɦ ɜɨɩɪɨɫɨɦ ɜ 

ɡɚɞɚɱɟ ɫɬɚɛɢɥɢɡɚɰɢɢ ɮɨɪɦɵ ɤɨɥɟɛɚɧɢɣ ɫɬɚɧɨɜɢɬɫɹ ɜɨɩɪɨɫ ɨ ɩɨɢɫɤɟ ɞɪɭɝɢɯ 

ɨɛɪɚɬɧɵɯ ɫɜɹɡɟɣ, ɥɢɲɟɧɧɵɯ ɬɟɯ ɨɫɨɛɟɧɧɨɫɬɟɣ, ɤɨɬɨɪɵɟ ɩɪɟɩɹɬɫɬɜɭɸɬ ɢɯ 

ɧɨɪɦɚɥɶɧɨɣ ɩɪɚɤɬɢɱɟɫɤɨɣ ɪɟɚɥɢɡɭɟɦɨɫɬɢ. ɉɨ-ɜɢɞɢɦɨɦɭ, ɰɟɥɟɫɨɨɛɪɚɡɟɧ 

ɫɥɟɞɭɸɳɢɣ ɩɨɞɯɨɞ. Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɬɪɚɟɤɬɨɪɢɣ  ɭɞɨɛɧɨ ɢɡɭɱɚɬɶ ɜ 

ɩɟɪɟɦɟɧɧɵɯ «ɚɦɩɥɢɬɭɞɚ – ɮɚɡɚ», ɩɨɫɤɨɥɶɤɭ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɨɛɴɟɤɬɵ ɢɦɟɸɬ 

ɩɪɨɫɬɟɣɲɢɣ ɜɢɞ ɢɦɟɧɧɨ ɜ ɷɬɢɯ ɩɟɪɟɦɟɧɧɵɯ.  ɑɬɨ ɤɚɫɚɟɬɫɹ ɡɚɞɚɱɢ ɫɬɚɛɢɥɢɡɚɰɢɢ 
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ɮɨɪɦɵ, ɬɨ ɟɟ ɪɚɫɫɦɨɬɪɟɧɢɟ ɧɭɠɧɨ ɩɪɨɜɨɞɢɬɶ ɜ ɞɟɤɚɪɬɨɜɵɯ ɤɨɨɪɞɢɧɚɬɚɯ (ɯ,ɭ), 

ɬɚɤ ɤɚɤ ɨɫɨɛɟɧɧɨɫɬɶ ɩɪɢɜɟɞɟɧɧɨɝɨ ɜɵɲɟ ɭɩɪɚɜɥɟɧɢɹ ɫɜɹɡɚɧɚ ɬɨɥɶɤɨ ɫɨ 

ɫɜɨɣɫɬɜɚɦɢ ɩɨɥɹɪɧɵɯ ɤɨɨɪɞɢɧɚɬ. ɂɦɟɧɧɨ ɧɚɥɢɱɢɟ ɜɵɪɨɠɞɟɧɢɹ ɷɬɨɣ ɫɢɫɬɟɦɵ 

ɤɨɨɪɞɢɧɚɬ ɞɟɥɚɟɬ ɟɟ ɧɟɭɞɨɛɧɨɣ ɩɪɢ ɢɡɭɱɟɧɢɢ ɡɚɞɚɱɢ ɫɬɚɛɢɥɢɡɚɰɢɢ.   
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Ƚɥɚɜɚ 2 

Ɉ ɤɪɭɝɨɜɵɯ ɤɨɥɟɛɚɧɢɹɯ ɜ ɫɢɫɬɟɦɟ ɫ ɬɪɟɯɤɪɚɬɧɵɦ ɪɟɡɨɧɚɧɫɨɦ 

1. ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ.  

      ɂɫɫɥɟɞɭɟɦɚɹ ɫɢɫɬɟɦɚ ɢɦɟɟɬ ɜɢɞ 

( )tqqQqq ,, ��� ε=+  

ɝɞɟ q – ɬɪɟɯɦɟɪɧɵɣ ɜɟɤɬɨɪ, ɚ ɩɪɚɜɚɹ ɱɚɫɬɶ – ɦɚɥɨɟ ɜɨɡɦɭɳɟɧɢɟ, ɧɚ ɱɬɨ 

ɭɤɚɡɵɜɚɟɬ ɦɚɥɵɣ ɩɚɪɚɦɟɬɪ ε . Ɋɟɲɟɧɢɟ ɩɨɪɨɠɞɚɸɳɟɣ ɫɢɫɬɟɦɵ, ɩɨɥɭɱɚɸɳɟɣɫɹ 

ɢɡ ɢɫɯɨɞɧɨɣ ɩɪɢ 0=ε , ɢɦɟɟɬ ɜɢɞ 

( ) t

x

x

x

t

x

x

x

tq sincos

6

5

4

3

2

1

+=  

Ɉɧɨ ɨɩɢɫɵɜɚɟɬ ɨɞɧɭ ɢɡ ɫɥɟɞɭɸɳɢɯ ɬɪɚɟɤɬɨɪɢɣ (ɮɢɝɭɪ) ɜ ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɨɦ 

ɩɪɨɫɬɪɚɧɫɬɜɟ ɫɢɫɬɟɦɵ: ɷɥɥɢɩɫ, ɤɪɭɝ ɢɥɢ ɨɬɪɟɡɨɤ ɩɪɹɦɨɣ. Ⱦɚɥɟɟ ɛɭɞɟɬ 

ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɫɥɭɱɚɣ ɤɪɭɝɨɜɵɯ ɤɨɥɟɛɚɧɢɣ, ɱɬɨ ɨɛɭɫɥɨɜɥɟɧɨ ɢɞɟɟɣ 

ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɨɞɨɛɧɨɣ ɬɨɣ, ɱɬɨ ɢɡɨɛɪɚɠɟɧɚ ɧɚ 

ɪɢɫɭɧɤɟ 

 

 

 

 

 

 

 

 

 

 ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɨɜɨɪɨɬɨɜ ɞɜɢɠɭɳɟɝɨɫɹ ɨɛɴɟɤɬɚ, ɧɚ ɤɨɬɨɪɵɣ ɭɫɬɚɧɨɜɥɟɧɚ 

ɩɨɞɨɛɧɚɹ ɫɢɫɬɟɦɚ, ɜ ɞɜɭɯ ɩɥɨɫɤɨɫɬɹɯ, ɬ.ɤ. ɩɥɨɫɤɨɫɬɶ ɤɨɥɟɛɚɧɢɣ ɱɭɜɫɬɜɢɬɟɥɶɧɨɣ 
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ɦɚɫɫɵ ɫɬɪɟɦɢɬɫɹ ɫɨɯɪɚɧɢɬɶ ɨɪɢɟɧɬɚɰɢɸ ɜ ɢɧɟɪɰɢɚɥɶɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ. Ⱦɚɧɧɵɣ 

ɩɪɢɛɨɪ, ɨɱɟɜɢɞɧɨ, ɞɨɥɠɟɧ ɛɵɬɶ ɠɟɫɬɤɨ ɫɜɹɡɚɧ ɫ ɤɨɪɩɭɫɨɦ ɩɨɞɜɢɠɧɨɝɨ ɨɛɴɟɤɬɚ. 

ȼ ɪɟɚɥɶɧɨɣ ɫɢɫɬɟɦɟ ɜɦɟɫɬɨ ɩɪɭɠɢɧ ɞɨɥɠɧɵ ɭɫɬɚɧɚɜɥɢɜɚɬɶɫɹ ɭɩɪɭɝɢɟ ɷɥɟɦɟɧɬɵ, 

ɩɨɡɜɨɥɹɸɳɢɟ ɤɚɤ ɫɧɢɦɚɬɶ ɢɧɮɨɪɦɚɰɢɸ ɫ ɩɪɢɛɨɪɚ, ɬɚɤ ɢ ɩɟɪɟɞɚɜɚɬɶ 

ɭɩɪɚɜɥɹɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ. Ɍɚɤɢɦɢ ɷɥɟɦɟɧɬɚɦɢ ɦɨɝɭɬ ɛɵɬɶ, ɧɚɩɪɢɦɟɪ, ɭɩɪɭɝɢɟ 

ɫɬɟɪɠɧɢ ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɫɟɱɟɧɢɹ, ɧɚ ɤɨɬɨɪɵɟ ɭɫɬɚɧɨɜɥɟɧɵ ɬɟɧɡɨɞɚɬɱɢɤɢ, 

ɩɨɡɜɨɥɹɸɳɢɟ ɫɱɢɬɵɜɚɬɶ ɢɧɮɨɪɦɚɰɢɸ, ɢ ɭɩɪɚɜɥɹɸɳɢɟ ɷɥɟɦɟɧɬɵ, (ɫɦ. [18]), ɢɥɢ 

ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɩɨɞɜɟɫ, ɜɵɩɨɥɧɹɸɳɢɣ ɬɟ ɠɟ ɮɭɧɤɰɢɢ.    

     Ʉɪɭɝɨɜɚɹ ɮɨɪɦɚ ɤɨɥɟɛɚɧɢɣ ɜɵɛɢɪɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɫɨɨɛɪɚɠɟɧɢɣ 

ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɪɨɫɬɨɬɵ, ɱɬɨ, ɨɞɧɚɤɨ, ɩɪɢɜɨɞɢɬ ɤ ɩɨɬɟɪɟ ɤɨɧɬɪɨɥɹ ɧɚɞ 

ɩɨɜɨɪɨɬɨɦ ɨɛɴɟɤɬɚ ɜ ɩɥɨɫɤɨɫɬɢ ɤɨɥɟɛɚɧɢɣ ɨɫɰɢɥɥɹɬɨɪɚ [18]. 

    ɇɚɪɹɞɭ ɫ ɷɬɢɦ ɜɨɡɦɨɠɧɵɦ ɩɪɢɥɨɠɟɧɢɟɦ, ɛɭɞɭɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ ɡɚɞɚɱɢ ɨɛ 

ɷɜɨɥɸɰɢɢ ɮɨɪɦɵ ɤɨɥɟɛɚɧɢɣ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɜɨɡɦɭɳɟɧɢɣ, ɤɥɚɫɫɢɮɢɤɚɰɢɢ ɫɚɦɢɯ 

ɜɨɡɦɭɳɟɧɢɣ ɩɨ ɩɪɢɡɧɚɤɭ ɜɵɡɵɜɚɟɦɵɯ ɷɜɨɥɸɰɢɣ ɢ ɡɚɞɚɱɚ ɫɬɚɛɢɥɢɡɚɰɢɢ 

ɤɪɭɝɨɜɨɣ ɮɨɪɦɵ. ɗɬɢ ɡɚɞɚɱɢ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɧɟɪɚɡɪɵɜɧɨ ɫɜɹɡɚɧɵ ɫ 

ɜɵɲɟɭɤɚɡɚɧɧɵɦ ɩɪɢɥɨɠɟɧɢɟɦ, ɚ ɫ ɞɪɭɝɨɣ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɚɦɨɫɬɨɹɬɟɥɶɧɵɣ 

ɢɧɬɟɪɟɫ, ɨɛɭɫɥɨɜɥɟɧɧɵɣ ɜɨɡɦɨɠɧɨɫɬɶɸ ɫɨɩɨɫɬɚɜɢɬɶ ɪɟɡɭɥɶɬɚɬɵ ɫ 

ɚɧɚɥɨɝɢɱɧɵɦɢ ɪɟɡɭɥɶɬɚɬɚɦɢ, ɭɠɟ ɩɨɥɭɱɟɧɧɵɟ ɞɥɹ ɩɪɹɦɨɥɢɧɟɣɧɵɯ ɤɨɥɟɛɚɧɢɣ 

[17]. 

 

2. Ɇɧɨɝɨɨɛɪɚɡɢɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɤɪɭɝɨɜɵɦ ɬɪɚɟɤɬɨɪɢɹɦ. 

       Ʉɚɠɞɨɣ ɮɨɪɦɟ ɬɪɚɟɤɬɨɪɢɢ ɩɨɪɨɠɞɚɸɳɟɣ ɫɢɫɬɟɦɵ ɦɨɠɧɨ ɩɨɫɬɚɜɢɬɶ ɜ 

ɫɨɨɬɜɟɬɫɬɜɢɟ ɨɩɪɟɞɟɥɟɧɧɨɟ ɦɧɨɝɨɨɛɪɚɡɢɟ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɩɪɨɢɡɜɨɥɶɧɵɯ 

ɩɨɫɬɨɹɧɧɵɯ ɯ. ɑɬɨɛɵ ɩɨɫɬɪɨɢɬɶ ɬɚɤɨɟ ɦɧɨɝɨɨɛɪɚɡɢɟ ɞɥɹ ɤɪɭɝɨɜɵɯ ɬɪɚɟɤɬɨɪɢɣ 

ɦɨɠɧɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɬɟɦ, ɱɬɨ ɞɥɹ ɷɬɢɯ ɬɪɚɟɤɬɨɪɢɣ ɢ ɬɨɥɶɤɨ ɞɥɹ ɧɢɯ 

ɫɩɪɚɜɟɞɥɢɜɨ ɪɚɜɟɧɫɬɜɨ ( ) const=tq , ɨɬɤɭɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ 

( ) ( ) ( ) ( )
2

22
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txxxttxxxxxxtxxxtq
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ɝɞɟ ɚ – ɚɦɩɥɢɬɭɞɚ ɤɨɥɟɛɚɧɢɣ. ɗɬɨ ɪɚɜɟɧɫɬɜɨ ɪɚɜɧɨɫɢɥɶɧɨ ɫɥɟɞɭɸɳɟɦɭ 

( ) ( ) ( ) 222

6

2

5

2

4635241

2

3

2

2

2

1 sincossin2 atxxxttxxxxxxxxx =++++++++  

ɢɡ ɤɨɬɨɪɨɝɨ, ɭɱɢɬɵɜɚɹ ɫɨɨɬɧɨɲɟɧɢɹ ( ) ( ) 222

3

2

2

2

1

2
0 atqxxxq ==++= , ɜ 

ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɢɦɟɟɦ 

( ) ( ) 0,0 2

6

2

5

2

4

2

3

2

2

2

126352411 =−−−++==++= xxxxxxxSxxxxxxxS  

Ⱦɜɚ ɩɨɫɥɟɞɧɢɯ ɭɪɚɜɧɟɧɢɹ ɡɚɞɚɸɬ ɱɟɬɵɪɟɯɦɟɪɧɨɟ ɦɧɨɝɨɨɛɪɚɡɢɟ N ɜ 

ɩɪɨɫɬɪɚɧɫɬɜɟ ɯ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɤɪɭɝɨɜɵɦ ɤɨɥɟɛɚɧɢɹɦ.   

 

3. ɍɱɟɬ ɜɨɡɦɭɳɟɧɢɣ. 

      ȼɨɡɦɭɳɟɧɢɹ ɩɪɢɜɨɞɹɬ ɤ ɨɞɧɨɦɭ ɢɡ ɱɟɬɵɪɟɯ ɬɢɩɨɜ ɷɜɨɥɸɰɢɣ ɮɢɝɭɪɵ: 

ɢɡɦɟɧɟɧɢɟ ɱɚɫɬɨɬɵ ɤɨɥɟɛɚɧɢɣ, ɢɡɦɟɧɟɧɢɟ ɢɯ ɚɦɩɥɢɬɭɞɵ, ɩɪɟɰɟɫɫɢɹ ɮɢɝɭɪɵ, 

ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɬɪɚɤɬɨɜɚɬɶɫɹ ɤɚɤ ɭɯɨɞ ɝɢɪɨɫɤɨɩɚ, ɢ ɪɚɡɪɭɲɟɧɢɟ ɟɟ ɮɨɪɦɵ. ɉɨɞ 

ɜɨɡɞɟɣɫɬɜɢɟɦ ɜɨɡɦɭɳɟɧɢɣ ɜɟɥɢɱɢɧɵ  ɫɬɚɧɨɜɹɬɫɹ ɦɟɞɥɟɧɧɨ ɦɟɧɹɸɳɢɦɢɫɹ 

ɮɭɧɤɰɢɹɦɢ ɜɪɟɦɟɧɢ. Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɧɚɣɬɢ ɢɯ ɢɡɦɟɧɟɧɢɟ ɫɨ ɜɪɟɦɟɧɟɦ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɡɚɦɟɧɚ ɮɚɡɨɜɵɯ ɩɟɪɟɦɟɧɧɵɯ 

ix

( ) xqq →�,  ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ 

ɮɨɪɦɭɥɚɦɢ 

xtEtEqxtEtEq cos,sin,sin,cos
)33(

−==
×

�  

ȼ ɪɟɡɭɥɶɬɚɬɟ  ɬɚɤɨɣ ɡɚɦɟɧɵ ɫɢɫɬɟɦɚ ɩɟɪɟɩɢɫɵɜɚɟɬɫɹ ɜ ɫɬɚɧɞɚɪɬɧɨɣ ɮɨɪɦɟ, ɤ 

ɤɨɬɨɪɨɣ ɩɪɢɦɟɧɹɟɬɫɹ ɦɟɬɨɞ ɨɫɪɟɞɧɟɧɢɹ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɬɢɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ 

ɩɨɥɭɱɚɟɬɫɹ ɫɢɫɬɟɦɚ 
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4. Ʌɨɤɚɥɶɧɵɣ ɛɚɡɢɫ. 

      Ʉɚɠɞɨɣ ɢɡ ɱɟɬɵɪɟɯ ɷɜɨɥɸɰɢɣ ɮɢɝɭɪ ɦɨɠɧɨ ɩɨɫɬɚɜɢɬɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɟ 

ɫɨɜɨɤɭɩɧɨɫɬɶ ɧɚɩɪɚɜɥɟɧɢɣ, ɬɚɤɢɯ ɱɬɨ ɜɨɡɦɭɳɟɧɢɟ ɏ(ɯ), ɢɦɟɸɳɟɟ ɩɪɨɟɤɰɢɸ ɧɚ 

ɨɞɧɨ ɢɡ ɬɚɤɢɯ ɧɚɩɪɚɜɥɟɧɢɣ, ɜɵɡɵɜɚɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɷɜɨɥɸɰɢɸ. 

ɋɨɜɨɤɭɩɧɨɫɬɶ ɬɚɤɢɯ ɧɚɩɪɚɜɥɟɧɢɣ ɢ ɨɛɪɚɡɭɟɬ ɥɨɤɚɥɶɧɵɣ ɛɚɡɢɫ ɜ ɤɚɠɞɨɣ ɬɨɱɤɟ 

ɩɪɨɫɬɪɚɧɫɬɜɚ ɯ, ɤɨɬɨɪɵɣ ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɩɭɱɤɨɜ: 

     ɚ) ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɪɭɲɟɧɢɹ ɤɪɭɝɨɜɨɣ ɮɨɪɦɵ. ɗɬɢ ɧɚɩɪɚɜɥɟɧɢɹ ɨɛɪɚɡɨɜɚɧɵ 

ɦɧɨɠɟɫɬɜɨɦ ɧɨɪɦɚɥɟɣ ɤ ɦɧɨɝɨɨɛɪɚɡɢɸ N: 

TT
xxxxxxexxxxxxe 65432123216541 , −−−==  

     ɛ) ɧɚɩɪɚɜɥɟɧɢɹ ɩɪɟɰɟɫɫɢɢ ɫɬɪɨɹɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɨɪɬɨɝɨɧɚɥɶɧɨɣ ɦɚɬɪɢɰɵ Ⱥ 

ɜɵɪɚɠɟɧɧɨɣ, ɧɚɩɪɢɦɟɪ, ɱɟɪɟɡ ɭɝɥɵ Ʉɪɵɥɨɜɚ :,, γβα   

( )

T

TT

xxxx
y

e

xxxx
y

exxxx
y

e

xyyytEtExtAtA

56236

4613545124

00

,00,00

,,,sin,cossin,cos

−−=
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=

−−=
∂
∂

=−−=
∂
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=

⇒=⇒=

γ
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γβα

 

(ɩɪɨɢɡɜɨɞɧɵɟ ɜɵɱɢɫɥɹɸɬɫɹ ɩɪɢ 0=== γβα ) 

ɜ) ɧɚɩɪɚɜɥɟɧɢɟ ɢɡɦɟɧɟɧɢɹ ɱɚɫɬɨɬɵ ɨɞɧɨɦɟɪɧɨ ɢ ɫɬɪɨɢɬɫɹ ɤɚɤ 

( ) ( ) ( )
T

xxxxxx
y

e

xyyytEtExtEtE

32165406

,sin,cossin,cos

−−−=
∂
∂

=

⇒=⇒=++

=ττ

τττ

 

ɝ) ɧɚɩɪɚɜɥɟɧɢɟ ɢɡɦɟɧɟɧɢɹ ɚɦɩɥɢɬɭɞɵ ɬɚɤɠɟ ɨɞɧɨɦɟɪɧɨ: 

( ) ( )
T

xxxxxxe

xyyytEtExtEtE

6543217

,sin,cossin,cos1

=

⇒=⇒=+ µµ
 

Ʌɟɝɤɨ ɜɢɞɟɬɶ, ɱɬɨ ɧɚɩɪɚɜɥɟɧɢɹ ɛ) – ɝ) ɧɟ ɡɚɜɢɫɹɬ ɨɬ ɮɨɪɦɵ ɤɨɥɟɛɚɧɢɣ. Ɇɚɬɪɢɰɚ 

Ƚɪɚɦɚ ɩɨɫɬɪɨɟɧɧɨɣ ɫɨɜɨɤɭɩɧɨɫɬɢ ɧɚɩɪɚɜɥɟɧɢɣ ɢɦɟɟɬ ɜɢɞ  
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ɞɚɧɧɚɹ ɦɚɬɪɢɰɚ ɪɚɡɛɢɬɚ ɧɚ ɛɥɨɤɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɟɪɟɦɧɨɠɟɧɢɸ ɜɟɤɬɨɪɨɜ 

ɛɚɡɢɫɚ ɢɡ ɪɚɡɥɢɱɧɵɯ ɩɭɱɤɨɜ,  - ɛɥɨɤ,  ɩɨɪɨɠɞɚɟɦɵɣ ɧɚɩɪɚɜɥɟɧɢɹɦɢ 

ɩɪɟɰɟɫɫɢɢ,  

)33(
0
×

G

( ) ( )

536234251261431

2

3

2

2

2

1

2

0

,,

,,Det

xxxxKxxxxKxxxxK

KKKxKxxKG

−=−=−=

++==
 

Ʉɚɤ ɩɨɤɚɡɚɧɨ ɜ [17], ɭɫɥɨɜɢɟ Ʉ(ɯ)=0 ɪɚɜɧɨɫɢɥɶɧɨ ɬɨɦɭ, ɱɬɨ ɜ ɫɢɫɬɟɦɟ 

ɜɨɡɛɭɠɞɟɧɵ ɩɪɹɦɨɥɢɧɟɣɧɵɟ ɤɨɥɟɛɚɧɢɹ. ɉɨɷɬɨɦɭ ɜ ɫɥɭɱɚɟ ɤɪɭɝɨɜɵɯ ɤɨɥɟɛɚɧɢɣ 

ɷɬɨɬ ɛɥɨɤ ɧɟɜɵɪɨɠɞɟɧ. Ʉɪɨɦɟ ɬɨɝɨ, ɧɚɩɪɚɜɥɟɧɢɹ ɪɚɡɪɭɲɟɧɢɹ ɨɪɬɨɝɨɧɚɥɶɧɵ 

ɨɫɬɚɥɶɧɵɦ ɧɚɩɪɚɜɥɟɧɢɹɦ ɩɪɢ Nx∈ . Ɉɬɦɟɬɢɦ ɢ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɜɟɤɬɨɪ ɫ 

ɤɨɦɩɨɧɟɧɬɚɦɢ ( ) ( ) ( ) T
xKxKxK 213  ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜɟɤɬɨɪ ɧɨɪɦɚɥɢ ɤ 

ɩɥɨɫɤɨɫɬɢ ɤɨɥɟɛɚɧɢɣ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ q. Ɂɧɚɱɢɬ, ɩɨ ɟɝɨ ɢɡɦɟɧɟɧɢɸ ɦɨɠɧɨ ɫɭɞɢɬɶ 

ɨ ɩɨɜɨɪɨɬɚɯ ɷɬɨɣ ɩɥɨɫɤɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɧɟɪɰɢɚɥɶɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ. 

Ɏɚɤɬɢɱɟɫɤɢ ɷɬɨɬ ɜɟɤɬɨɪ ɢɝɪɚɟɬ ɪɨɥɶ ɨɫɢ ɞɜɭɯɫɬɟɩɟɧɧɨɝɨ ɝɢɪɨɫɤɨɩɚ. Ɉ 

ɤɨɧɤɪɟɬɧɨɣ ɩɪɨɰɟɞɭɪɟ ɟɝɨ ɢɡɦɟɪɟɧɢɹ ɛɭɞɟɬ ɧɚɩɢɫɚɧɨ ɩɨɡɠɟ. ɉɨɤɚ ɠɟ 

ɩɟɪɟɱɢɫɥɢɦ   

     ɫɜɨɣɫɬɜɚ ɛɚɡɢɫɚ. 

• ȼ ɨɬɥɢɱɢɟ ɨɬ ɩɪɹɦɨɥɢɧɟɣɧɵɯ ɤɨɥɟɛɚɧɢɣ, ɩɭɱɤɢ ɪɚɡɪɭɲɟɧɢɹ ɢ ɩɪɟɰɟɫɫɢɢ ɧɟ 

ɜɵɪɨɠɞɚɸɬɫɹ ɧɚ N ɢ, ɛɨɥɟɟ ɬɨɝɨ, ɩɭɱɨɤ ɪɚɡɪɭɲɟɧɢɹ ɹɜɥɹɟɬɫɹ ɩɨɱɬɢ ɜɫɸɞɭ ɧɟ 

ɜɵɪɨɠɞɟɧɧɵɦ (ɤɪɨɦɟ ɬɨɱɤɢ ɯ=0). ɗɬɨ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜɢɞɧɨ ɢɡ ɫɬɪɭɤɬɭɪɵ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɛɥɨɤɚ ɦɚɬɪɢɰɵ Ƚ.  
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ɇɚ ɦɧɨɝɨɨɛɪɚɡɢɢ N ɨɪɬɨɝɨɧɚɥɶɧɵ ɩɨɞɩɪɨɫɬɪɚɧɫɬɜɚ 

{ } {
• 

{ } { } { }}

{ } { }

,,,,

76

7654

⎭
⎬⊥

{ } { }
)ɜɫɸɞɭ(

,, 7543 ⎫⊥

,, 321 ⊥

ee

eeee

• Ⱥɥɝɟɛɪɚ ɨɩɟɪɚɬɨɪɨɜ, ɩɨɪɨɠɞɚɟɦɚɹ ɧɚɩɪɚɜɥɟɧɢɹɦɢ , ɫɟɦɢɦɟɪɧɚ ɢ 

ɧɟɤɨɦɦɭɬɚɬɢɜɧɚ, ɯɨɬɹ ɨɩɟɪɚɬɨɪɵ ɝɪɭɩɩ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɪɚɡɥɢɱɧɵɦ 

ɷɜɨ ɤ . ɢ  – 

ɱ

• 

ɳɢɟ ɩɨɬɟɧɰɢɚɥɚ. 

ɢɮɢɤɚɰɢɹ ɜɨɡɦɭɳɟɧɢɣ. 

 ɉɪɨɜɨɞɢɬɫɹ ɩɨ ɩɪɢɡɧɚɤɭ ɜɵɡɵɜɚɟɦɵɯ ɷɜɨɥɸɰɢɣ ɞɥɹ ɫɢɥ ɥɢɧɟɣɧɵɯ ɩɨ 

ɫɤɨɪɨɫɬɹɦ ɢ ɤɨɨɪɞɢɧɚɬ ɟ 

eee

eeee  

ie

ɥɸɰɢɹɦ, ɨɦɦɭɬɢɪɭɸɬ ɂɫɤɥɸɱɟɧɢɟ ɡ ɷɬɨɝɨ ɩɪɚɜɢɥɚ ɨɩɟɪɚɬɨɪɵ ɝɪɭɩɩ  

ɪɚɡɪɭɲɟɧɢɹ ɢ ɢɡɦɟɧɟɧɢɹ ɚɫɬɨɬɵ. 

N – ɢɧɜɚɪɢɚɧɬɧɨɟ ɦɧɨɝɨɨɛɪɚɡɢɟ ɝɪɭɩɩ ɩɪɟɰɟɫɫɢɢ, ɢɡɦɟɧɟɧɢɹ ɱɚɫɬɨɬɵ ɢ 

ɚɦɩɥɢɬɭɞɵ. 

• ɗɜɨɥɸɰɢɨɧɧɵɣ ɛɚɡɢɫ ɧɟɝɨɥɨɧɨɦɟɧ, ɩɨɫɤɨɥɶɤɭ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɜɟɤɬɨɪɧɵɟ 

ɩɨɥɹ ɧɟ ɢɦɟɸ

 

5. Ʉɥɚɫɫ

ɚɦ. ɗɬɢ ɫɢɥɵ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɜ ɜɢɞ

( ) ( )RDqNHSQ q�Γ+++++=  

ɝɞɟ S – ɫɢɦɦɟɬɪɢɱɟɫɤɚɹ ɦɚɬɪɢɰɚ ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɩɨɡɢɰɢɨɧɧɵɯ ɫɢɥ 

ɫɮɟɪɢɱɟɫɤɨɝɨ ɬɢɩɚ,  H – ɚɧɚɥɨɝɢɱɧɚɹ ɦɚɬɪɢɰɚ ɝɢɩɟɪɛɨɥɢɱɟɤɨɝɨ ɬɢɩɚ, N – 

ɰ ɵ

 ɜ

ɤɨɫɨɫɢɦɦɟɬɪɢɱɟɫɤɚɹ ɦɚɬɪɢɰɚ ɢɪɤɭɥɹɪɧ ɯ ɫɢɥ, D – ɫɢɦɦɟɬɪɢɱɟɫɤɚɹ ɦɚɬɪɢɰɚ 

ɞɢɫɫɢɩɚɬɢɜɧɵɯ ɫɢɥ ɫɮɟɪɢɱɟɫɤɨɝɨ ɬɢɩɚ,  R – ɚɧɚɥɨɝɢɱɧɚɹ ɦɚɬɪɢɰɚ 

ɝɢɩɟɪɛɨɥɢɱɟɫɤɨɝɨ ɬɢɩɚ,  Ƚ – ɤɨɫɨɫɢɦɦɟɬɪɢɱɟɫɤɚɹ ɦɚɬɪɢɰɚ ɝɢɪɨɫɤɨɩɢɱɟɫɤɢɯ 

ɫɢɥ. ȼɫɟ ɷɬɢ ɦɚɬɪɢɰɵ ɩɨɫɬɨɹɧɧɵ ɢ ɛɭɞɭɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶɫɹ  ɫɜɨɟɣ 

ɤɚɧɨɧɢɱɟɫɤɨɣ ɮɨɪɦɟ, ɤɨɟɣ ɹɜɥɹɟɬɫɹ  

1d ag s , diag , 0, diag ,S H h h H D d d= = = =" " "3

1 3

i s tr

diag , tr 0R r r R= ="
 

ɚ ɞɥɹ ɤɨɫɨɫɢɦɦɟɬɪɢɱɟɫɤɢɯ ɦɚɬɪɢɰ N ɢ Ƚ 
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ɱɢɫɥɨ. ɨɟɩɪɨɢɡɜɨɥɶɧ,
0

0
,0diag −

−
=∗∗= n

n

n
N  

(ɞɥɹ ɦɚɬɪɢɰɵ Ƚ ɜɦɟɫɬɨ n ɛɭɞɟɬ ɫɬɨɹɬɶ γ ). ȼ ɡɚɩɢɫɢ ɞɥɹ N ɧɭɥɶ ɧɚ ɞɢɚɝɨɧɚɥɢ 

ɧɚɥɨɝɢɱɧɨ). ɋɢɥɵ ɫ ɬɚɤɢɦɢ ɦɚɬɪɢɰɚɦɢ 

ɩɨɞɫɬɚɜɥɹɸɬɫɹ ɜ ɮɨɪɦɭɥɵ (*) ɞɥɹ ɨɫɪɟɞɧɟɧɢɹ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ  

ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɩɪɚɜɵɯ ɱɚɫɬɟɣ ɨɫɪɟɞɧɟɧɧɨɣ ɫɢɫɬɟɦɵ. 

ɉɪɨɟɤɬɢɪɭɹ  ) ɧɚ ɧɚɩɪɚɜɥɟɧɢɹ ɥɨɤɚɥɶɧɨɝɨ ɛɚɡɢɫɚ, 

ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɬɚɛɥɢɰɭ ɜɥɢɹɧɢɹ ɫɢɥ  ɷɜɨɥɸɰɢɢ ɤɪɭɝɨɜɵɯ ɤɨɥɟɛɚɧɢɣ. ɗɬɚ 

ɬɚɛɥɢɰɚ ɩɪɢ ɜɵɝɥɹɞɢɬ ɬɚɤ: 

S H N D R 

ɦɨɠɟɬ ɡɚɧɢɦɚɬɶ ɢ ɞɪɭɝɨɟ ɦɟɫɬɨ (ɞɥɹ Ƚ – ɚ

 ɩɨɥɭɱɚɸɬɫɹ

( ) ( ) 6,..., RxXxX HS ∈  

ɷɬɢ ɜɟɤɬɨɪɵ (ɜ ɫɦɵɫɥɟ 6R

 ɧɚ

 Nx∈  

 Ƚ 

21,ɟɟ   +   +  

543 ,, ɟɟɟ  + +   + + 

6ɟ  + +    + 

7ɟ    + + +  

 ɇɚɥɢɱɢɟ ɩɪɨɟɤɰɢɢ ɨɬɦɟɱɟɧɨ ɡɞɟɫɶ ɩɥɸɫɨɦ. ɂɡ ɩɪɢɜɟɞɟɧɧɨɣ ɬɚɛɥɢɰɵ ɜɢɞɧɨ, 

ɱɬɨ, ɧɚɩɪɢɦɟɪ,  ɫɢɥɵ ɫɮɟɪɢɱɟɫɤɨɝɨ ɬɢɩɚ ɩɪɢɜɨɞɹɬ ɬɨɥɶɤɨ ɤ 

ɢɡɦɟɧɟɧɢɸ ɚɦɩɥɢɬɭɞɵ, ɚ ɚɥɨɝɢɱ ɵɟ ɫɢɥɵ   ɟɳɟ ɢ ɤ 

ɩɪɟɰɟɫɫɢɢ.  

ɥɢɧɟɣɧɨ ɡɚɜɢɫɢɦɵɦɢ ɧɚ ɦɧɨɝɨɨɛɪɚɡɢɢ (ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɯ), 

 ɧɟɡɚɜɢ

ɞɢɫɫɢɩɚɬɢɜɧɵɟ

 ɚɧ ɧ  ɝɢɩɟɪɛɨɥɢɱɟɫɤɨɝɨ ɬɢɩɚ

     ɍɦɟɫɬɧɨ ɫɪɚɜɧɢɬɶ ɷɬɭ ɬɚɛɥɢɰɭ ɫ ɚɧɚɥɨɝɢɱɧɨɣ ɬɚɛɥɢɰɟɣ ɞɥɹ ɫɥɭɱɚɹ 

ɩɪɹɦɨɥɢɧɟɣɧɵɯ ɤɨɥɟɛɚɧɢɣ, ɩɪɢɜɟɞɟɧɧɨɣ ɜ [17]. Ⱦɥɹ ɩɪɹɦɨɥɢɧɟɣɧɵɯ ɤɨɥɟɛɚɧɢɣ 

ɢɦɟɟɬɫɹ ɬɪɢ ɧɚɩɪɚɜɥɟɧɢɹ 321 ,, ɟɟɟ  ɪɚɡɪɭɲɟɧɢɹ ɮɨɪɦɵ, ɤɨɬɨɪɵɟ, ɨɞɧɚɤɨ, 

ɫɬɚɧɨɜɹɬɫɹ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɩɪɹɦɨɥɢɧɟɣɧɵɦ ɤɨɥɟɛɚɧɢɹɦ (ɱɢɫɥɨ ɥɢɧɟɣɧɨ ɫɢɦɵɯ 

ɧɚɩɪɚɜɥɟɧɢɣ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɬɨɠɟ ɪɚɜɧɨ ɞɜɭɦ), ɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɬɚɛɥɢɰɚ ɢɦɟɟɬ 

ɜɢɞ 
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 S H N D R  Ƚ 

321 ,, ɟɟɟ
    

 
+ 

+    

654 ,, ɟɟɟ      + + 

7ɟ  + +     

8ɟ     +  +  

  ɋɨɩɨɫɬɚɜɥɹɹ ɞɚɧɧɵɟ ɬɚɛɥɢɰɵ, ɥɟɝɤɨ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɜɥɢɹɧɢɟ ɨɞɧɢɯ ɢ ɬɟɯ ɠɟ ɫɢɥ 

ɧɚ ɪɚɡɥɢɱɧɵɟ ɬɢɩɵ ɤɨɥɟɛɚɧɢɣ ɨɬɥɢɱɚɟɬɫɹ, ɩɪɢɱɟɦ ɜ ɫɥɭɱ  ɤɪɭɝɨɜ  ɤɨɥɟɛɚɧɢɣ 

ɬɚ ɠ ɫɢɥɚ ɜɵɡɵɜɚɟɬ ɛɨɥɶɲɟɟ ɢɥɢ ɪɚɜɧɨɟ ɱɢɫɥɨ ɜɨɥɸɰɢɣ  ɇɚɩɪɢɦɟɪ, 

ɝɢɪɨɫɤɨɩɢɱɟɫɤɢ ɫɢɥɵ ɜɵɡɵɜɚɸɬ ɨɥɶɤɨ ɥɢ ɶ ɩɪɟɰ ɢɸ ɩɪɹɦɨɥɢɧɟɣɧɵɯ 

 

ɡɦɟɧɟɧɢɸ ɱɚɫɬɨɬɵ ɤɨɥɟɛɚɧɢɣ. 

     Ɋɚɫɫɦɨɬɪɢɦ ɨɛɪɚɬɧɭ

ɚɟ ɵɯ

ɟ ɷ .

ɟ ɬ ɲ ɟɫɫ

ɤɨɥɟɛɚɧɢɣ, ɬɨɝɞɚ ɤɚɤ ɞɥɹ ɤɪɭɝɨɜɵɯ ɤɨɥɟɛɚɧɢɣ ɞɨɛɚɜɥɹɟɬɫɹ ɢɡɦɟɧɟɧɢɟ ɱɚɫɬɨɬɵ.  

 

6. Ɂɚɞɚɱɚ ɫɬɚɛɢɥɢɡɚɰɢɢ ɮɨɪɦɵ. 

       Ɂɚɞɚɱɚ ɷɬɚ ɫɜɨɞɢɬɫɹ ɤ ɩɨɢɫɤɭ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ, ɤɨɬɨɪɚɹ ɨɛɟɫɩɟɱɢɜɚɟɬ 

ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɦɧɨɝɨɨɛɪɚɡɢɹ N ɢ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɩɪɟɰɟɫɫɢɢ ɢ

ɢ

ɸ ɫɜɹɡɶ  

( )⎪
⎩

⎪

⎪
⎪

⎨

⎧

=
++=
−−−=

2

12

6352411

8221

xS

xxxxxxS

SeeSSex�

−=

−−−++

1
2

1 2

2

6

2

5

2

4

2

3

2

2

xS

xxxxx  

ɤɨɬɨɪɚɹ ɢɦɟɟɬ ɫɜɨɟɣ ɰɟɥɶɸ ɧɟ ɬɨɥɶɤɨ ɫɬɚɛɢɥɢɡɚɰɢɸ ɮɨɪɦɵ ɤɨɥɟɛɚɧɢɣ, ɧɨ ɢ 

ɫɬɚɛɢɥɢɡɚɰɢɸ ɢɯ ɟɞɢɧɢɱɧɨɣ ɚɦɩɥɢɬɭɞɵ. Ʉɚɤ ɜɢɞɧɨ ɢɡ ɫɬɪɭɤɬɭɪɵ ɦɚɬɪɢɰɵ 

Ƚɪɚɦɚ ɷɬɚ ɨɛɪɚɬɧɚɹ ɫɜɹɡɶ ɧɟ ɞɚɟɬ ɩɪɨɟɤɰɢɣ ɧɚ ɧɚɩɪɚɜɥɟɧɢɹ ɩɪɟɰɟɫɫɢɢ ɢ 

ɢɡɦɟɧɟɧɢɹ ɱɚɫɬɨɬɵ, ɟɫɥɢ Nx∈ , ɨɬɤɭɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɨɧɚ ɧɟ ɜɵɡɵɜɚɟɬ 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɷɜɨɥɸɰɢɣ.  

     ȼɵɱɢɫɥɢɦ ɩɪɨɢɡɜɨɞɧɵɟ ɮɭɧɤɰɢɣ iSS ɢ  ɜ ɫɢɥɭ ɭɪɚɜɧɟɧɢɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ: 
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( )
⎪
⎨

⎧ + 11 221

S

SSSS

� ( )
⎪ ( )−

−+−=
−−=

222

1

22

21

S

SSSS

S�

 

Ʌɢɧɟɚɪɢɡɚɰɢɹ ɷɬɨɣ ɫɢɫɬɟɦɵ ɢɦɟɟɬ ɪɟɲɟɧɢɟ ɱɬɨ 

ɞɨɤɚɡɵɜɚɟɬ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɭɸ ɫɬɟɩɟɧɶ ɭɫɬɨɣɱɢɜɨɫɬɢ ɧɨɝɨɨɛɪɚɡɢɹ .  

 

  ɨɬ ɝɢɪɨɫɤɨɩɚ. 

      Ʉɚɤ ɭɠɟ ɨɬɦɟɱɚɥɨɫɶ, ɪɨɥɶ ɨɫɢ ɤɢɧɟɬɢɱɟɫɤɨɝɨ ɦɨɦɟɧɬɚ «ɨɛɵɱɧɨɝɨ» 

ɜ ɤɨɬɨɪɨɣ 

ɟɠɢɬ ɤɪɭɝɨɜɚɹ ɬɪɚɟɤɬɨɪɢɹ. ɑɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɨɪɢɟɧɬɚɰɢɸ ɷɬɨɣ ɩɥɨɫɤɨɫɬɢ 

⎩ −+−= 2

2

2

11 SSSS�

( ) ( ) tt

ii eSSeSS −− == 0,0 , 

 ɦ  
5SN ∩

7. Ⱥɥɝɨɪɢɬɦ ɩɨɥɭɱɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ

ɝɢɪɨɫɤɨɩɚ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɫɥɭɱɚɟ ɢɦɟɟɬ ɧɨɪɦɚɥɶ ɤ ɩɥɨɫɤɨɫɬɢ, 

ɥ

ɞɨɫɬɚɬɨɱɧɨ ɧɚɣɬɢ ɜɟɤɬɨɪɵ 
T

xxxx1 = 321 ɢ 
T

xxxx 654 , ɬɨɝɞɚ 

ɜɟɤɬɨɪ 21 xxn ×= ɛɭɞɟɬ ɜɟɤɬɨɪɨɦ ɧɨɪɦɚɥɢ ɤ ɩɥɨɫɤɨɫɬɢ. ȼ ɧɭɥɟɜɨɦ 

ɩɪɢɛɥɢɠɟɧɢɢ, ɤɨɬɨɪɨɟ ɨɩɪɚɜɞɵɜɚɟɬɫɹ ɜɨɡɦɨɠɧɨɣ ɨɛɥɚɫɬɶɸ ɩɪɢɦɟɧɟɧɢɹ ɬɚɤɨɝɨ 

ɝɢɪɨɫɤɨɩɚ, ɤɚɤ ɞɚɬɱɢɤɚ ɧɟ , ɱɬɨ ɡɚ ɜɪɟɦɹ 

ɜɨɡɦɭɳɟɧɢɣ. ɗɬɨ ɩɪɟɞɩɨɥɨɠɟɧɢɟ ɨɛɭɫɥɨɜɥɟɧɨ ɬɟɦ, ɱɬɨ ɱɚɫɬɨɬɚ 

ɤɨɥɟɛɚɧɢɣ ɩɪɟɞɩɨɥɚɝɚɟɦɨɝɨ ɩɪɢɛɨɪɚ ɢɦɟɟɬ ɜɟɥɢɱɢɧɭ ɩɨɪɹɞɤɚ 43 1010 −  Ƚɰ, ɬɚɤ 

ɱɬɨ ɡɚ ɜɪɟɦɹ ɨɞɧɨɝɨ  «ɭɯɨɞ»  ɝɢɪɨɫɤɨɩɚ ɧɟɡɧɚɱɢɬɟɥɟɧ.  

         Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ix  ɭɞɨɛɧɟɟ ɜɫɟɝɨ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɨɬɫɱɟɬɧɵɦ 

ɝɟɧɟɪɚɬɨɪɨɦ [18], ɩɪɢ ɩɨɦɨɳɢ ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ ɜɵɱɢɫɥɢɬɶ 

( )

2 =

ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɢ ɦɨɠɧɨ ɫɱɢɬɚɬɶ, 

ɩɨɪɹɞɤɚ ɤɨɥɟɛɚɧɢɣ ɨɫɰɢɥɥɹɬɨɪɚ ɜɟɤɬɨɪɵ ɧɟ ɦɟɧɹɸɬɫɹ ɩɨɞ 

ɞɟɣɫɬɜɢɟɦ 

ɤɨɥɟɛɚɧɢɹ ɩɨɞɨɛɧɨɝɨ

ɩɟɪɢɨɞɚ ix  

21

2
ɢ0 xqxq =⎟

⎠
⎜
⎝

=
π

. ɉɨɫɥɟɞɧɢɟ ɮɨɪɦɭɥɵ
⎞⎛

 ɨɱɟɜɢɞɧɵɦ ɨɛɪɚɡɨɦ ɫɥɟɞɭɸɬ ɢɡ 

ɨ ɦ  

ɞɨɩ ɟɦ ɹ ɩ

ɱɚɫɬɨɬɟ ɨɬɫɱɟɬɧɨɝɨ ɝɟ

ɤɨɬɨɪɨɟ ɜ ɫɥɭɱɚɟ ɢɞɟɚɥɶɧɨɣ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ ɬɨɠɞɟɫɬɜɟɧɧɨ ɪɚɜɧɨ ɧɭɥɸ, 

ɪɟɲɟɧɢɹ ɩ ɪɨɠɞɚɸɳɟɣ ɟ ɵ, ɤɨɬɨɪɨɟ ɩɪɢɜɟɞɟɧɨ ɧɚ ɫɬɪɚɧɢɰɟ 60. Ʉɪɨɦɟ 

ɬɨɝɨ, ɩɪɢɜɟɞɟɧɧɵɣ ɚɥɝɨɪɢɬɦ ɭɫɤɚɟɬ ɭɬɨɱɧɟɧɢɟ ɩɭɬ ɜɜɟɞɟɧɢ ɨɩɪɚɜɤɢ ɤ 

ɧɟɪɚɬɨɪɚ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɣ ɫɤɚɥɹɪɧɨɦɭ ɩɪɨɢɡɜɟɞɟɧɢɸ 

ɱɬɨ ɜɢɞɧɨ ɢɡ ɩɟɪɜɨɝɨ ɭɪɚɜɧɟɧɢɹ, ɡɚɞɚɸɳɟɝɨ ɦɧɨɝɨɨɛɪɚɡɢɟ N. 

ɫɢɫɬ

21 ɯɯ ⋅ , 



 69

Ƚɥɚɜɚ 3 

 
 ɂɫɫɥɟɞɨɜɚɧɢɟ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɜɨ ɜɬɨɪɨɦ ɩɪɢɛɥɢɠɟɧɢɢ 

      ȼ ɪɚɛɨɬɟ [17] ɪɚɫɫɦɚɬɪɢɜɚɥɚ  ɫɬɚɛɢɥɢɡɚɰɢɢ ɩɪɹɦɨɥɢɧɟɣɧɵɯ 

ɤɨɥɟɛɚɧɢɣ ɫɢɫɬɟɦɟ, 

ɨɩɢɫɵɜɚɟɦɨɣ ɭɪɚɜɧɟɧɢɹɦɢ  

                     

 

1. ȼɜɟɞɟɧɢɟ 
 

ɫɶ ɡɚɞɚɱɚ

 ɩɪɢ ɩɨɫɬɨɹɧɧɨ ɞɟɣɫɬɜɭɸɳɢɯ ɜɨɡɦɭɳɟɧɢɹɯ ɜ 

( ), ,q q Q q q tε+ =�� �                  (1) 

 ɤɨɦɩɨɧɟɧɬɚɦɢɝɞɟ q – ɞɜɭɦɟɪɧɵɣ ɜɟɤɬɨɪ ɫ  1 2

T

, ɚ  ɱɚɫɬɶ 

ɹɜɥɹɟɬɫɹ ɜɨɡɦɭɳɟɧɢɟɦ, ɱɬɨ

q q q=  ɩɪɚɜɚɹ

 ɮɨɪɦɚɥɢɡɨɜɚɧɨ ɧɚɥɢɱɢɟɦ ɦɚɥɨɝɨ ɩɚɪɚɦɟɬɪɚ 

1ε � . Ⱦɥɹ ɚɧɚɥɢɡɚ ɜɥɢɹɧɢɹ ɪɚɡɥɢɱɧɵɯ ɜɨɡɦɭɳɟɧɢɣ ɢ ɩɨɫɬɪɨɟɧɢɹ ɨɛɪɚɬɧɨɣ 

ɫɜɹɡɢ, ɫɬɚɛɢɥɢɡɢɪɭɸɳɟɣ ɩɪɹɦɨɥɢɧɟɣɧɵɟ ɤɨɥɟɛɚɧɢɹ, ɜ [17] ɢɫɩɨɥɶɡɨɜɚɥɫɹ 

ɦɤɚɯ ɷɬɨɝɨ ɩɪ

ɟ

ɩɪɹɦ

 ɩ

2. ɇɟɨɛɯɨɞɢɦɵɟ ɫɜɟɞɟɧɢɹ ɨ ɜɬɨɪɨɦ ɩɪɢɛɥɢɠɟɧɢɢ 

ɦɟɬɨɞ ɨɫɪɟɞɧɟɧɢɹ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ. ȼ ɪɚ ɢɛɥɢɠɟɧɢɹ ɛɵɥɢ 

ɩɨɥɭɱɟɧɵ ɭɪɚɜɧɟɧɢɹ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ, ɨɛ ɫɩɟɱɢɜɚɸɳɟɣ ɭɫɬɨɣɱɢɜɨɫɬɶ 

ɨɥɢɧɟɣɧɨɣ ɮɨɪɦɵ ɤɨɥɟɛɚɧɢɣ ɩɪɢ ɩɨɫɬɨɹɧɧɨ ɞɟɣɫɬɜɭɸɳɢɯ ɜɨɡɦɭɳɟɧɢɹɯ 

ɢ ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɣ ɬɪɟɛɨɜɚɧɢɹɦ, ɨɩɢɫɚɧɧɵɦ ɜ ɩɪɟɞɵɞɭɳɢɯ ɞɜɭɯ ɱɚɫɬɹɯ 

ɞɚɧɧɨɣ ɪɚɛɨɬɵ. 

      Ɉɞɧɚɤɨ ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɡɚɞɚɱɢ ɜ ɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɜɨɡɦɨɠɧɚ 

ɩɨɬɟɪɹ ɬɟɯ ɜɟɥɢɱɢɧ ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ ɭɪɚɜɧɟɧɢɣ, ɤɨɬɨɪɵɟ ɡɚ ɞɨɫɬɚɬɨɱɧɨ 

ɛɨɥɶɲɨɟ ɜɪɟɦɹ ɦɨɝɭɬ ɩɪɢɜɨɞɢɬɶ ɤ ɤɚɱɟɫɬɜɟɧɧɵɦ ɢɡɦɟɧɟɧɢɹɦ ɜ ɩɨɜɟɞɟɧɢɢ 

ɫɢɫɬɟɦɵ.   

      ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫ ɪɚɫɫɦɨɬɪɟɬɶ ɭɪɚɜɧɟɧɢɹ ɩɨɥɭɱɟɧɧɨɣ 

ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɜɨ ɜɬɨɪɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, ɱɬɨ ɢ ɞɟɥɚɟɬɫɹ ɧɢɠɟ.  

 

   Ɋɚɫɫɦɨɬɪɢɦ ɫɢɫɬɟɦɭ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ  

( ), , nx X x t xε= ∈� \  
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ɩɪɚɜɚɹ ɱɚɫɬ ɞɢɱɧɚ ɩɨ t ɢ 

6, ɢɥɢ ɫɦ. ɫɬɪ. 28-34 

ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ]. Ʉɪɨɦɟ ɬɨɝɨ, ɞɨɩɭɫɬɢɦ ɱɬɨ ɜɫɟ ɩɪɨɢɡɜɨɞɧɵɟ, 

 

ɢ ɜ

ɶ ɤɨɬɨɪɨɣ ɫɨɞɟɪɠɢɬ ɦɚɥɵɣ ɩɚɪɚɦɟɬɪ İ, 2ʌ - ɩɟɪɢɨ

ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɹɦ ɬɟɨɪɟɦɵ ɇ.ɇ. Ȼɨɝɨɥɸɛɨɜɚ [2

, 

ɜɵɱɢɫɥɹɟɦɵɟ ɞɚɥɟɟ, ɫɭɳɟɫɬɜɭɸɬ.  

      Ɍɨɝɞɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɟɨɪɟɦɨɣ ɇ.ɇ. Ȼɨɝɨɥɸɛɨɜɚ ɪɟɲɟɧɢɟ ɨɫɪɟɞɧɟɧɧɨɣ 

ɫɢɫɬɟɦɵ ɧɚ ɧɬɟɪɜɚɥɟ ɪɟɦɟɧɢ 10 t ε≤ ≤  

( ) ( ) ( )0 0

0
2

2
1

,X u u t dtX, ɝɞɟu X u

π
ε=�

π  

ɞɟɬ ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɪɟɲɟɧɢɹ ɢɫɯɨ

= ∫
ɛɭ ɞɧɨɣ ɫɢɫɬɟɦɵ ɧɚ ɜɟɥɢɱɢɧɭ, ɨɰɟɧɢɜɚɟɦɭɸ ɩɨ 

ɮɨɪɦɭɥɟ 

( ) ( )x t u t Bε− ≤  

ɝɞɟ 2

ix x= ∑ , ɚ ȼ – ɤɨɧɫɬɚɧɬɚ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɩɪɚɜɨɣ ɱɚɫɬɢ ɢɫɯɨɞɧɨɣ ɫɢɫɬɟɦɵ.  

əɫɧɨ      , ɱɬɨ ɩɨɝɪɟɲɧɨɫɬɶ ɩɨɹɜɥɹɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɨɬɛɪɚɫɵɜɚɧɢɹ ɜɟɥɢɱɢɧɵ  

( ) ( ) ( )0, ,X t x X t x X xε ε= −⎡ ⎤⎣ ⎦�  

ȿɫ ɚɫɵɜɚɟɦɨɟ ɫɥɚɝɚɟɦɨɟ ɢɦɟɥɨ ɜɢɞ 
2ɥɢ ɛɵ ɨɬɛɪ Xε � , ɬɨ ɢ ɩɨɝɪɟɲɧɨɫɬɶ ɢɦɟɥɚ 

ɩɨɪɹɞɨɤ 2Bε . ɗɬɚ ɨɰɟɧɤɚ ɫɩɪɚɜɟɞɥɢɜɚ ɧɚ ɬɨɦ ɠɟ ɢɧɬɟɪɜɚɥɟ ɜɪɟɦɟɧɢ 10 t ε≤ ≤ .  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɩɨɜɵɫɢɬɶ ɩɨɪɹɞɨɤ ɬɨɱɧɨɫɬ ɫɨɨɬɜɟɬɫɬɜɢɹ ɧɭɠɧɨ ɢ 

ɩɪɢɜɟɫɬɢ ɢɫɫɥɟɞɭɟɦɭɸ ɫɢɫɬɟɦɭ ɤ ɜɢɞɭ  

( ) ( )2

0 ,x X x X t xε ε= + ��  

ɝɞɟ ( ),X t x� - ɮɭɧɤɰɢɹ, ɨɛɧɭɥɹɟɦɚɹ ɩɪɢ ɨɫɪɟɞɧɟɧɢɢ ɩɨ ɜɪɟɦɟɧɢ: 

( )
2

1
π

0

, 0
2

X t x dt
π

=∫ �  

     ɩɪɢ  ɛɥɢɡɤɚɹ ɤ 

ɬɨɠɞɟɫɬɜɟɧɧɨɣ ɡɚɦɟɧɚ ɩɟɪɟɦɟɧɧɵɯ

  Ⱦɥɹ ɜɟɞɟɧɢɹ ɫɢɫɬɟɦɵ ɤ ɬɚɤɨɦɭ ɜɢɞɭ ɢɫɩɨɥɶɡɭɟɬɫɹ

 x y→  

( ), ,x y S t yε ε= +  
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ɩɨɞɫɬɚɜɥɹɹ ɷɬɭ ɡɚɦɟɧɭ ɜ ɢɫɯɨɞ ɭɸ ɫɢɫɬɟɦɭ ɩɨɥɭɱɢɦ ɧ , 

( ) (0 , )y y X y S X t y S
t y

S Sε ε ε ε ε+ + +⎜ ⎟∂ ∂⎝ ⎠
�� �  

⎛ ⎞∂ ∂
+ + =

ɋ ɬɨɱɧɨɫɬɶɸ ( )3O ε  ɩɨɫɥɟɞɧɸɸ ɫɢɫɬɟɦɭ ɦɨɠɧɨ ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɤ ɜɢɞɭ 

( ) ( ) ( ) ( )2 3

0 0

,
0 ,

X t yS S S
y X E X t y S X O

y t y y
ε ε ε ε ε

∂⎡ ⎤⎛ ⎞∂ ∂ ∂⎡ ⎤= + − − + − +⎢ ⎥⎜ ⎟ ⎢ ⎥∂ ∂ ∂ ∂⎣ ⎦⎝ ⎠ ⎣ ⎦
��  

(ȿ – ɟɞɢɧɢɱɧɚ ɢɰɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɪɚɡɦɟɪɚ). Ɉɬɫɸɞɚ ɜɢɞɧɨ, ɱɬɹ ɦɚɬɪ ɨ ɟɫɥɢ 

ɩɨɬɪɟɛɨɜɚɬɶ ɜɵɩɨɥɧɟɧɢɹ ɪɚɜɟɧɫɬɜɚ 

( ) ( ) ( ) ( ), 0 , , ,

t
S

0

X t y S t y X t y dt C y
t

ε∂
+ = ⇔ = +∫� �

 

ɧɭɬ ɢ ɫɢɫɬɟɦɚ ɞɥɹ y ɛɭɞɟɬ ɬɚɤɨɣ: 

∂

ɬɨ ɠɟɥɚɟɦɵɣ ɪɟɡɭɥɶɬɚɬ ɛɭɞɟɬ ɞɨɫɬɢɝ

( ) ( )2

0 1 ,y X y X t yε ε= +�  

ɝɞɟ ( ) ( ) ( )1 0

,
,

X t y S
X t y S X y

∂ ∂
= −

y y∂ ∂
ɫɢɫɬɟɦɟ 

ɩɪɨɰɟɞɭɪɭ ɨɫɪɟɞɧɟɧɢɹ, ɩɨɥɭɱɢɦ 

. ɉɪɢɦɟɧɹɹ ɤ ɩɨɫɥɟɞɧɟɣ 

( ) ( ) ( ) ( )
2

2

0 1 1
2

y X t y dt
π

=  

Ɋɟɲɟɧɢɟ ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɹ ɛɭɞɟɬ ɨɬɥɢɱɚɬɶɫɹ

1

0

1
, ,y X y X y X

π

ε ε= + ∫�

 ɨɬ ɬɨɱɧɨɝɨ ɧɚ ɜɟɥɢɱɢɧɭ ɩɨɪɹɞɤɚ 
2Bε∼ , ɨɰɟɧɤɚ ɛɭɞɟɬ ɫɩɪɚɜɟɞɥɢɜɚ ɧɚ ɢɧɬɟɪɜɚɥɟ 10 t ε≤ ≤ . 

 

      Ⱦɥ  ɩɨɞɯɨɞ ɤ ɚɧɚɥɢɡɭ 

ɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɤɥɚɫɫɚ ɫɢɫɬɟɦ, ɩɪɟɞɥɨɠɟɧɧɵɣ ɜ [17].  

       

      3. ɉɨɞɯɨɞ ɤ ɡɚɞɚɱɟ ɫɬɚɛɢɥɢɡɚɰɢɢ ɩɪɹɦɨɥɢɧɟɣɧɵɯ ɤɨɥɟɛɚɧɢɣ 

ɹ ɞɚɥɶɧɟɣɲɢɯ ɩɨɫɬɪɨɟɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɧɚɩɨɦɧɢɬɶ

ɪ

ɋɢɫɬɟɦɚ, ɩɨɥɭɱɚɟɦɚɹ ɢɡ (1) ɩɪɢ ɨɬɛɪɚɫɵɜɚɧɢɢ ɜɨɡɦɭɳɟɧɢɣ (İ = 0) ɢɦɟɟɬ

ɜɢɞ  

0q q+ =��  
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ɢ 

ɜɢ

ɧɚɡɵɜɚɟɬɫɹ ɩɨɪɨɠɞɚɸɳɟɣ (ɢɥɢ ɜɵɪɨɠɞɟɧɧɨɣ). ȿɟ ɪɟɲɟɧɢɟ ɡɚɩɢɫɵɜɚɟɬɫɹ ɜ 

ɞɟ  

( ) 1 3

2 4x x
 

Ʉɪɢɜɚ

cos sin
x x

q t t t= +

ɹ q(t) ɜ ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ q, ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɞɚɧɧɨɦɭ 

ɪɟɲɟɧɢɸ ɢ ɧɚɡɵɜɚɟɦɚɹ ɧɢɠɟ ɮɢɝɭɪɨɣ, ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 

ɷɥɥɢɩɫ, ɫɩɨɫɨɛɧɵɣ ɜɵɪɨɠɞɚɬɶɫɹ ɜ ɨɤɪɭɠɧɨɫɬɶ ɢɥɢ ɨɬɪɟɡɨɤ ɩɪɹɦɨɣ.  

ȼɵɪɨɠɞɟɧɢɟ ɩɪɨɢɫɯɨɞɢɬ, ɟɫɥɢ 

1 3 2 4

2 2 2 2

1 2 3 4

0x x x x

x x x x

+ =⎧
⎨ + = +⎩

  (ɜɵɪɨɠɞɟɧɢɟ ɜ ɨɤɪɭɠɧɨɫɬɶ) 

                                     ( ) 1 4K x x x= − 2 3 0x x =  (ɜɵɪɨɠɞɟɧɢɟ ɜ ɨɬɪɟɡɨɤ) 

ɉɨɫɥɟɞɧɟɟ ɭɪɚɜɧɟɧɢɟ ɡɚɞɚɟ ɱɟɬɵɪɟɯɦɟɪɧɨɦ 

ɩɪɨɫɬɪɚɧɫɬɜɟ  ɯ, ɤɨɬɨɪɵɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɪɹɦɨɥɢɧɟɣɧɵɦ ɤɨɥɟɛɚɧɢɹɦ. 

ɲɟɝɨ ɚɧɚɥɢɡɚ ɭɪɚɜɧɟɧ ɧɚ ɩɟɪɟɦɟɧɧɵɯ 

ɤ

ɬ ɬɪɟɯɦɟɪɧɵɣ ɤɨɧɭɫ ɜ 

      Ⱦɥɹ ɞɚɥɶɧɟɣ ɢɣ (1) ɢɫɩɨɥɶɡɭɟɬɫɹ ɡɚɦɟ

( ),q q x→� , ɨɬɨɪɚɹ ɡɚɞɚɟɬɫɹ ɮɨɪɦɭɥɚɦɢ 

1

2(2 2)

3

4

cos sin

sin cos

x

xq E t E t

xq E t E t

x

×

−�
=

 

Ɉɧɚ ɩɪɢɜɨɞɢɬ ɤ ɫɥɟɞɭɸɳɢɦ ɭɪɚɜɧɟɧɢɹɦ ɞɥɹ ɦɟɞɥɟɧɧɵɯ ɩɟɪɟɦɟɧɧɵɯ  

( ) ( ) 1

2

sin
, ,

cos

QE t
x X t x X x

QE t
ε

−
= =�  

ɬɚɬɟ ɱɟɝɨ 

ɜɦɟɫɬɨ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɪɟɲɚɸɬɫɹ ɭɪɚɜɧɟɧɢɹ  

                     

Ʉ ɧɢɦ ɩɪɢɦɟɧɹɟɬɫɹ ɦɟɬɨɞ ɨɫɪɟɞɧɟɧɢɹ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, ɜ ɪɟɡɭɥɶ

( ) ( ) ( )
2

0
2

1
, ,x X x X x X t x dt

π

ε= = ∫�               (2) π
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      ɉɨɞ ɞɟɣɫɬɜɢɟɦ ɜɨɡɦɭɳɟɧɢɣ ( Qε  ɜ ɩɪɚɜɨɣ ɱɚɫɬɢ (1)) ɬɪɚɟɤɬɨɪɢɢ 

ɩɨɪɨɠɞɚ  ɧɚɱɢɧɚɸɬ ɫɨɜɟɪɲɚɬɶ ɷɜɨɥɸɰɢɢ, ɤɨɬɨɪɵɟ  ɧɚ 4 

ɢ , ɡ  

2), ɢɦɟɸɳɟɟ ɩɪɨɟɤɰɢɸ ɧɚ ɤɚɤɨɟ-ɥɢɛɨ ɢɡ ɷɬɢɯ 

ɸɳɟɣ ɫɢɫɬɟɦɵ  ɞɟɥɹɬɫɹ

ɬɢɩɚ: ɢɡɦɟɧɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɤɨɥɟɛɚɧ ɣ ɢ ɦɟɧɟɧɢɟ ɢɯ ɱɚɫɬɨɬɵ, ɩɪɟɰɟɫɫɢɹ 

(ɩɨɜɨɪɨɬ ɮɢɝɭɪɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɨɪɞɢɧɚɬɧɵɯ ɨɫɟɣ 1q  ɢ 2q  ɛɟɡ ɢɡɦɟɧɟɧɢɹ 

ɮɨɪɦɵ) ɢ ɪɚɡɪɭɲɟɧɢɟ ɮɨɪɦɵ.  

      Ʉɚɠɞɨɣ ɢɡ ɷɬɢɯ ɷɜɨɥɸɰɢɣ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɩɪɟɞɟɥɟɧɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ ɜ 

ɩɪɨɫɬɪɚɧɫɬɜɟ  ɯ. ȼɨɡɦɭɳɟɧɢɟ (

ɧɚɩɪɚɜɥɟɧɢɣ, ɜɵɡɵɜɚɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɷɜɨɥɸɰɢɸ. ȼɵɪɚɠɟɧɢɹ ɞɥɹ 

ɜɟɤɬɨɪɨɜ ɞɚɧɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɢɦɟɸɬ ɜɢɞ 

1 4 3 2 1

2 2 1 4 3

(ɪɚɡɪɭɲɟɧɢɟ ɮɨɪɦɵ

(ɩɪ

T

T

e x x x x

e x x x x

− −

= − −

3 3 4 1 2

4 1 2 3 4

)

ɟɰɟɫɫɢɹ)

(ɢɡɦɟɧɟɧɢɟ ɱɚɫɬɨɬɵ)

(ɢɡɦɟɧɟɧɢɟ ɚɦɩɥɢɬɭɞɵ)

T

T

e x x x x

e x x x x

=

= − −

=

 

ɉɨɹɫɧɢɦ ɫɤɚɡɚɧɧɨɟ ɧɚ ɩɪɢɦɟɪɚɯ. Ⱦɨɩɭɫɬɢɦ, ɱɬɨ ɫɩɪɚɜɟɞɥɢɜɨ  ɧɟɪɚɜɟɧɫɬɜɨ

( )( )1 0X x e⋅ ≠ , ɝɞɟ (·) – ɫɤɚɥɹɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ ɜ .  Ɍɨɝɞɚ ɜɨɡɦɭɳɟɧɢɟ 4\

( )X xε ɢɡ (2) ɛɭɞɟɬ ɩɪɢɜɨɞɢɬɶ ɤ ɪɚɡɪɭɲɟɧɢɸ ɮɨɪɦɵ ɤɨɥɟɛɚɧɢɣ, ɚ ɟɫɥɢ, 

ɧɚɩɪɢɦɟɪ, ( )( )3X x  ɢɡɦɟɧɟɧɢɸ

      ɋɨɜɨɤɭɩɧɨɫɬɶ

0e⋅ ≠ , ɬɨ ɜɨɡɦɭɳɟɧɢɟ ɩɪɢɜɨɞɢɬ ɤ  ɱɚɫɬɨɬɵ.  

 ɜɟɤɬɨɪɨɜ ( ){ }ie x  ɥɨɤɚɥɶɧɵɣ ɛɚɡɢɫ ɜ ɤɚɠɞɨɣ  

ɩɪɨɫɬɪɚɧɫɬ ɣ ɫɬɚɧɨɜɢɬɫɹ ɨɪɬɨɝɨɧɚɥɶɧɵɦ ɧɚ ɦɧɨɝɨɨɛɪɚɡɢ

ɨɛɪɚɡɭɸɬ ɬɨɱɤɟ

ɜɚ ɯ, ɤɨɬɨɪɵ ɢ 

( ){ } { }0 \ 0K x x= = (ɩɪɢ ɯ =  ɜɟɤɬɨɪɵ ɛɚɡɢɫɚ ɫɬɚɧɨɜɹɬɫɹ ɧɭɥɟɜɵɦɢ) ɢ 

ɜɵɪɨɠɞɚɟɬɫɹ ɧɚ ɦɧɨɝɨɨɛɪɚɡɢɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ ɤɪɭɝɨɜɵɦ ɤɨɥɟɛɚɧɢɹɦ. 

ɤɨɥɟɛɚɧɢɣ ɩɨɪɨɠɞɚɸɳɟɣ ɫɢɫɬɟɦɵ ɧɟɭɫɬɨɣɱɢɜɚ ɩɨ 

ɨɬɧɨɲɟɧɢɸ ɤ ɫɤɨɥɶ ɭɝɨɞɧɨ ɦɚɥɵɦ ɜɨɡɦɭɳɟɧɢɹɦ. ɉɪɢ ɷɬɨɦ ɩɪɹɦɨɥɢɧɟɣ

 0 ɜɫɟ

      Ʌɸɛɚɹ ɮɨɪɦɚ 

ɧɚɹ 

ɫ  

ɨ   ɨ

ɮɨɪɦɚ ɤɨɥɟɛɚɧɢɣ ɩɪɟɞɫɬɚɜɥɹɟɬ ɩɪɚɤɬɢɱɟɫɤɢɣ ɢɧɬɟɪɟ , ɫɜɹɡɚɧɧɵɣ ɫ 

ɧɟɤɨɬɨɪɵɦɢ ɬɟɯɧɢɱɟɫɤɢɦɢ ɩɪɢɥɨɠɟɧɢɹɦɢ [16,21,25,27,52,54,55,59,60,62-64]. 

Ɍɚɤɢɦ ɛɪɚɡɨɦ, ɜɨɡɧɢɤɚɟɬ ɡɚɞɚɱɚ ɫɬɚɛɢɥɢɡɚɰɢɢ ɮɨɪɦɵ ɤ ɥɟɛɚɧɢɣ ɩɪɢ 
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ɩɨɫɬɨɹɧɧɨ ɞɟɣɫɬɜɭɸɳɢɯ ɜɨɡɦɭɳɟɧɢɹɯ. Ɉɧɚ ɫɜɨɞɢɬɫɹ ɤ ɩɪɚɜɨɣ ɱɚɫɬɢ ɫɢɫɬɟɦɵ 

(2), ɤɨɬɨɪɚɹ ɞɨɥɠɧɚ  

Ɣ Ɉɛɟɫɩɟɱɢɜɚɬɶ ɚɫɢɦɩɬɨɬɢɱɟɫɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɦɧɨɝɨɨɛɪɚɡɢɹ S K∩  

ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɝɨ ɯɚɪɚɤɬɟɪɚ (S – ɟɞɢɧɢɱɧɚɹ ɫɮɟɪɚ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɯ. ȿɟ 

ɨ ɦ ɚɹ ɛɟɡɩɨɹɜɥɟɧɢɟ ɫɜɹɡɚɧ  ɫ ɤɨɧɬɪɨɥɟɦ ɚ ɩɥɢɬɭɞɵ ɤɨɥɟɛɚɧɢɣ, ɤɨɬɨɪ  

ɨɝɪɚɧɢɱɟɧɢɹ ɨɛɳɧɨɫɬɢ ɜɵɛɢɪɚɟɬɫɹ ɟɞɢɧɢɱɧɨɣ) 

Ɣ   ɂɦɟɬɶ ɧɭɥɟɜɵɟ ɩɪɨɟɤɰɢɢ ɧɚ ɧɚɩɪɚɜɥɟɧɢɹ ɢɡɦɟɧɟɧɢɹ ɱɚɫɬɨɬɵ ɢ ɩɪɟɰɟɫɫɢɢ. 

(ɬ.ɟ. ɧɟ ɞɨɥɠɧɚ ɜɵɡɵɜɚɬɶ ɭɤɚɡɚɧɧɵɯ ɷɜɨɥɸɰɢɣ)  

ȼ [17] ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ ɨɛɪɚɬɧɚɹ ɫɜɹɡɶ  

( ) ( )2

1 4 1 4 2 3

1
1

2
S x= −  

ɤɨɬɨɪɚɹ ɩɨɥɧɨɫɬɶɸ ɪɟɲɚɥɚ ɡɚɞɚɱɭ ɫɬɚɛɢɥɢɡɚɰɢɢ ɩɪɹɦɨɥɢɧɟɣɧɵ ɤɨɥɟɛɚɧɢɣ ɜ 

ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ. ɉɪɚɜɚɹ ɱɚɫɬɶ (1), ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɷɬɨɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ, 

, ,x Ke Se K x x x xε= − + = −�

ɢɦɟɟɬ ɜɢɞ 

( )2 22 1q q q q q q q qε ⎡ ⎤+ = − × × + + −⎣ ⎦�� � � �     (3) 

 

    4. ɂɫɫɥɟɞɨɜɚɧɢɟ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɜɨ ɜɬɨɪɨɦ ɢɠɟɧɢɢ 

      ȼɨɩɪɨɫ ɨ ɜɥɢɹɧɢɢ ɜɵɲɟɭɤɚɡɚɧɧɨɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ɧɚ ɫɢɫɬɟɦɭ ɛɵɥ 

ɞɟɬɚɥɶ ɬɟɨɪɢɢ 

ɧ  

ɢɧɵ, ɧɟɨɛɯɨɞɢɦɵɟ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɜɬɨɪɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ.  

ɩɪɢɛɥ

ɧɨ ɢɫɫɥɟɞɨɜɚɧ ɜ [17] ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ. Ɉɞɧɚɤɨ ɢɡ 

ɜɨɡɦɭɳɟɧɢɣ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɭɱɟɬ ɜɵɫɲɢɯ ɩɪɢɛɥɢɠɟɧɢɣ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ 

ɤɚɱɟɫɬɜɟɧ ɵɦ ɢɡɦɟɧɟɧɢɹɦ ɜ ɩɨɜɟɞɟɧɢɢ ɫɢɫɬɟɦɵ. ɗɬɨ ɢ ɨɩɪɚɜɞɵɜɚɟɬ ɡɚɞɚɱɭ 

ɢɯ ɩɨɫɬɪɨɟɧɢɹ. 

      Ⱦɚɥɟɟ ɫɬɪɨɢɬɫɹ ɜɬɨɪɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɞɥɹ ɩɪɚɜɨɣ ɱɚɫɬɢ (3). ɉɪɢɜɟɞɟɦ 

ɨɫɧɨɜɧɵɟ ɜɟɥɢɱ
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( )

( )( ) ( )( )
( )( ) ( )( )
( )( ) ( )( )
( )( ) ( )( )

( ) ( ) ( )

1 3 2 4

1 3 2 4

2 4 1 3

1 3 2 4

2

1 4 2 3

sin cos 2 cos sin sin

2 cos sin sin cos sin
,

2 cos sin sin cos co

2 cos sin sin cos c

1
, 1

2

S x x t x t K x x t x t t

K x x t x t S x x t x t t
X t x

K x x t x t S x x t x t t

K x x t x t S x x t x t t

K x x x x x S x x

− + − +⎡ ⎤⎣ ⎦
+ + − +⎡ ⎤⎣ ⎦=
+ − − +⎡ ⎤⎣ ⎦

− + + − +⎡ ⎤⎣ ⎦

= − = −

s

os  

Ɉɫɪɟɞɧɹɹ  ɩɪɚɜɭɸ ɱɚɫɬɶ ɫɢɫɬɟɦɵ ɩɨ ɜɪɟɦɟɧɢ, ɩɨɥɭɱɢɦ 

( )

4 1

3 2

2 3

1 4

,

Kx Sx

Kx Sx
X t x

Kx Sx

Kx Sx

− −
−

=
−

− −

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ 

( ) ( ) ( )
( ) ( )
( ) ( )
( ) ( )
( ) ( )

0

1 3 2 4 4 1

2 4 1 3 3 2

1 3 1 4 2 3

2 4 1 3

, ,

2 sin cos sin 2 cos sin sin

2 sin cos sin 2 cos sin sin

2 sin cos cos 2 cos sin cos

2 sin cos cos 2 cos sin cos

X t x X t x X x

S x t x t t K x t x t t Kx Sx

S x t x t t K x t x t t Kx Sx

S x t x t t K x t x t t Kx Sx

S x t x t t K x t x t t K

= − =

− + − + + +
− + + + − +

=
− + + − +
− − + +

�

( ) ( )

( ) ( )
( ) ( )
( ) ( )
( ) ( )

1 4

2

1 4 3 2

2

2 3 4 1

2

3 2 1 4

2

4 1 2 3

sin cos cos

sin cos cos
, ,

sin cos cos

sin cos cos

x Sx

Sx Kx t t Sx Kx t

Sx Kx t t Sx Kx t
S t x X t x dt

Sx Kx t t Sx Kx t

Sx Kx t t Sx Kx t

⇒

+

+ − −
− − +

= =
− + − +
− + − −

∫ �

 

 

Ɏɭɧɤɰɢɹ , ɜɵɱɢɫɥɹɟɦɚɹ ɩɨ ɮɨɪɦɭɥɚɦ ɩɨɫɥɟɞɧɟɝɨ ɚɛɡɚɰɚ ɩ. 2, ɢɦɟɟɬ 

ɜɟɫɶɦɚ ɝɪɨɦɨɡɞɤɢɣ ɜɢɞ, ɱɬɨ ɫɢɥɶɧɨ ɡɚɬɪɭɞɧɹɟɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɣ ɚɧɚɥɢɡ 

ɭɪɚɜɧɟɧɢɣ ɫ ɷɬɨɣ ɩɪɚɜɨɣ ɱɚɫɬɶɸ. Ɉɞɧɚɤɨ ɨɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɧɟɤɨɬɨɪɵɟ 

ɩɪɨɟɤɰɢɢ 

( )1X x

1X  ɧɚ ɜɟɤɬɨɪɵ ɥɨɤɚɥɶɧɨɝɨ ɛɚɡɢɫɚ ɩɪɟɨɛɪɚɡɭɸɬɫɹ ɤ ɞɨɫɬɚɬɨɱɧɨ 

ɤɨɦɩɚɤɬɧɵɦ ɜɵɪɚɠɟɧɢɹɦ 
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( ) ( ) ( ) ( )
( ) ( ) ( )
( ) ( ) ( )

1 1 1 3 2 4

2 2

2

1 4 1 3 2 4

6

6

X e x x x x K x S

X e K x f x

X e x x x x K x

⋅ = −

⋅ =

⋅ = − +

x

 

Ɏɭɧɤɰɢɹ f(x) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɥɢɧɨɦ ɱɟɬɜɟɪɬɵɣ ɫɬɟɩɟɧɢ, ɤɨɬɨɪɵɣ ɢɦɟɟɬ 

ɞɨɜɨɥɶɧɨ ɝɪɨɦɨɡɞɤɢɣ ɜɢɞ ɢ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɧɟ ɭɩɪɨɳɚɟɬɫɹ (ɩɨɩɵɬɤɚ 

ɭɩɪɨɫɬɢɬɶ ɩɨɥɢɧɨɦ ɩɪɢ ɩɨɦɨɳɢ Maple ɧɟ ɩɪɢɜɟɥɚ ɤ ɭɫɩɟɯɭ).  

      ɉɪɨɟɤɰɢɹ  ( )1 3X e⋅  ɭɠɟ ɧɟ ɪɚɫɤɥɚɞɵɜɚɟɬɫɹ ɧɚ ɦɧɨɠɢɬɟɥɢ (Maple), ɨɞɧɚɤɨ 

ɩɪɢ x K S∈ ∩  ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɜɵɪɚɠɟɧɢɟ ɦɨɠɧɨ ɭɩɪɨɫɬɢɬɶ, ɩɨɥɶɡɭɹɫɶ ɬɟɦ, 

ɱɬɨ ɩɪɢ x K S∈ ∩  ɫɩɪɚɜɟɞɥɢɜɵ ɫɥɟɞɭɸɳɢɟ ɪɚɜɟɧɫɬɜɚ  

( ) 1 3 3 1

2 4 4 2

0 ,
x x x x

K x
x x x x

λ λ= = ⇒ = \∈  

ɉɨɞɫɬɚɜɥɹɹ ɜ ɮɨɪɦɭɥɭ ɞɥɹ ɩɪɨɟɤɰɢɢ ɭɫɥɨɜɢɟ ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ  ɜɟɤɬɨɪɨɜ, 

ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ, ɱɬɨ 

( ) ( )( ) ( ) ( )( )2 2 2 2 2 2 2 2 2

1 3 1 2 1 2 1 2

1
1 4 1 1

8x K
X e x x x x x xλ λ λ

∈
1⎡ ⎤ ⎡ ⎤⋅ = − + + + − + + −⎣ ⎦ ⎣ ⎦    (4) 

ɇɨ ɩɪɢ 1x S x∈ ⇔ =  ɦɧɨɠɢɬɟɥɶ Ȝ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɢɡɜɨɥɶɧɵɦ. 

ɉɨɞɫɬɚɜɢɜ ɪɚɜɟɧɫɬɜɚ 3 1 4, 2x x x xλ λ= =  ɜ ɭɫɥɨɜɢɟ 
2

1x = , ɩɨɥɭɱɚɟɦ 

( ) ( )( )2 2 2 2 2 2 2 2

1 2 1 2 1 21 1x x x x x xλ λ+ + + = ⇔ + + = 1 

ɂɡ ɷɬɨɝɨ ɫɨɨɬɧɨɲɟɧɢɹ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɨɫɥɟɞɧɹɹ ɤɜɚɞɪɚɬɧɚɹ ɫɤɨɛɤɚ ɜ (4) 

ɨɛɪɚɳɚɟɬɫɹ ɜ ɧɨɥɶ ɧɚ ɦɧɨɝɨɨɛɪɚɡɢɢ , ɨɬɤɭɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɨɛɪɚɬɧɚɹ ɫɜɹɡɶ 

ɧɟ ɜɥɢɹɟɬ ɧɚ ɢɡɦɟɧɟɧɢɟ ɱɚɫɬɨɬɵ ɢ ɜɨ ɜɬɨɪɨɦ ɩɪɢɛɥɢɠɟɧɢɢ. 

K S∩

      Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɱɟɬ ɜɬɨɪɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɦɟɬɨɞɚ ɨɫɪɟɞɧɟɧɢɹ ɩɨɡɜɨɥɹɟɬ 

ɫɤɚɡɚɬɶ, ɱɬɨ ɨɛɪɚɬɧɚɹ ɫɜɹɡɶ, ɩɪɟɞɥɨɠɟɧɧɚɹ ɜ [17] ɨɛɥɚɞɚɟɬ ɫɥɟɞɭɸɳɢɦɢ 

ɫɜɨɣɫɬɜɚɦɢ: 

Ɣ   ɇɟ ɜɥɢɹɟɬ ɧɚ ɪɚɡɪɭɲɟɧɢɟ ɮɢɝɭɪɵ, ɟɫɥɢ ɜɵɩɨɥɧɟɧɨ ɯɨɬɹ ɛɵ ɨɞɧɨ ɢɡ 

ɭɫɥɨɜɢɣ 
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Ⱥ) Ʉɨɥɟɛɚɧɢɹ ɢɦɟɸɬ ɤɪɭɝɨɜɭɸ ɮɨɪɦɭ  (ɜ ɷɬɨɦ ɫɥɭɱɚɟ 1 3 2 4 0x x x x− = ) 

Ȼ) Ʉɨɥɟɛɚɧɢɹ ɢɦɟɸɬ ɩɪɹɦɨɥɢɧɟɣɧɭɸ ɮɨɪɦɭ (ɬ. ɟ. ɤɨɝɞɚ ) 1 4 2 3 0x x x x− =

ȼ) ɋɩɪɚɜɟɞɥɢɜɨ ɪɚɜɟɧɫɬɜɨ 1x =  

Ʉɪɨɦɟ ɬɨɝɨ, ɢɡ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ( )1 1X e⋅ ɫɥɟɞɭɟɬ, ɱɬɨ ɷɬɚ ɜɟɥɢɱɢɧɚ ɜ 

ɨɤɪɟɫɬɧɨɫɬɢ ɦɧɨɝɨɨɛɪɚɡɢɹ K S∩  ɢɦɟɟɬ ɜɬɨɪɨɣ ɩɨɪɹɞɨɤ ɦɚɥɨɫɬɢ, ɩɨɫɤɨɥɶɤɭ 

ɫɨɞɟɪɠɢɬ ɩɪɨɢɡɜɟɞɟɧɢɟ ɞɜɭɯ ɦɚɥɵɯ ɫɨɦɧɨɠɢɬɟɥɟɣ: KS. 

Ɣ   ɇɟ ɜɵɡɵɜɚɟɬ ɩɪɟɰɟɫɫɢɸ ɮɢɝɭɪɵ ɩɪɢ x K∈  (ɩɪɹɦɨɥɢɧɟɣɧɵɯ ɤɨɥɟɛɚɧɢɹɯ) 

Ɣ ɇɟ ɜɥɢɹɟɬ ɧɚ ɢɡɦɟɧɟɧɢɟ ɚɦɩɥɢɬɭɞɵ ɩɪɢ ɤɪɭɝɨɜɵɯ ɢ ɩɪɹɦɨɥɢɧɟɣɧɵɯ 

ɤɨɥɟɛɚɧɢɹɯ, ɩɪɢɱɟɦ ɟɫɥɢ ɯ ɩɪɢɧɚɞɥɟɠɢɬ ɦɚɥɨɣ ɨɤɪɟɫɬɧɨɫɬɢ ɦɧɨɝɨɨɛɪɚɡɢɹ Ʉ, 

ɬɨ ( )1 4X e⋅ ɛɭɞɟɬ ɜɟɥɢɱɢɧɨɣ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɦɚɥɨɫɬɢ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨɣ 

2K .  

      Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɭɱɟɬ ɜɬɨɪɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɦɟɬɨɞɚ 

ɨɫɪɟɞɧɟɧɢɹ ɞɥɹ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ (3) ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɤɚɤɢɦ ɥɢɛɨ ɤɚɱɟɫɬɜɟɧɧɵɦ 

ɢɡɦɟɧɟɧɢɹɦ. ɍɩɪɚɜɥɟɧɢɟ (3) ɨɛɟɫɩɟɱɢɜɚɟɬ ɚɫɢɦɩɬɨɬɢɱɟɫɤɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ 

ɦɧɨɝɨɨɛɪɚɡɢɹ K S∩  ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɝɨ ɜɢɞɚ. Ⱦɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟ ɮɭɧɤɰɢɣ 

Ʉ(ɯ) ɢ S(x) ɜ ɫɢɥɭ ɨɛɪɚɬɧɨɣ ɫɜɹɡɢ ( ) ( )2

0 1x X x X xε ε= +�  ɩɪɢɜɨɞɢɬ ɤ 

ɪɟɡɭɥɶɬɚɬɭ  

( ) ( )
( ) (

2

1 3 2 4

2 2 2

1 3 2 4

1 2 2 6

1 2 2 6 )
K K S SK SK x x x x

S S S K K x x x x

ε ε

ε ε

= − + + + +⎡ ⎤⎣ ⎦
⎡ ⎤= − + + − +⎣ ⎦

�

�  

Ɉɬɤɭɞɚ ɫɥɟɞɭɟɬ ɚɫɢɦɩɬɨɬɢɱɟɫɤɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɦɧɨɝɨɨɛɪɚɡɢɹ K S∩ ɜ ɫɢɥɭ 

ɬɟɨɪɟɦɵ Ʌɹɩɭɧɨɜɚ ɨɛ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨ ɥɢɧɟɣɧɨɦɭ ɩɪɢɛɥɢɠɟɧɢɸ 

(ɜɵɩɢɫɚɧɧɚɹ ɫɢɫɬɟɦɚ ɧɟ ɡɚɦɤɧɭɬɚ, ɨɞɧɚɤɨ ɜɫɟ ɨɰɟɧɤɢ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɩɪɢ 

ɞɨɤɚɡɚɬɟɥɶɫɬɜɟ ɬɟɨɪɟɦɵ Ʌɹɩɭɧɨɜɚ, ɨɫɬɚɧɭɬɫɹ ɫɩɪɚɜɟɞɥɢɜɵɦɢ, ɩɨɫɤɨɥɶɤɭ 

ɮɭɧɤɰɢɹ 1 3 2 4x x x x+  ɨɝɪɚɧɢɱɟɧɚ ɜ ɨɤɪɟɫɬɧɨɫɬɢ : K S∩ 1 3 2 4 2x x x x+ < ). 
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Ƚɥɚɜɚ 4 

Ɉ ɧɟɥɢɧɟɣɧɵɯ ɤɨɥɟɛɚɧɢɹɯ ɬɹɠɟɥɨɣ ɦɚɬɟɪɢɚɥɶɧɨɣ ɬɨɱɤɢ ɧɚ ɩɪɭɠɢɧɟ 

 

ȼɜɟɞɟɧɢɟ 
 

      Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɡɚɞɚɱɚ ɨ ɤɨɥɟɛɚɧɢɹɯ ɬɹɠɟɥɨɣ ɦɚɬɟɪɢɚɥɶɧɨɣ ɬɨɱɤɢ, 

ɩɨɞɜɟɲɟɧɧɨɣ ɧɚ ɧɟɜɟɫɨɦɨɣ ɩɪɭɠɢɧɟ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɩɪɟɞɲɟɫɬɜɭɸɳɢɯ ɪɚɛɨɬ 

[8,28,37,40,46], ɜ ɤɨɬɨɪɵɯ ɢɡɭɱɚɥɢɫɶ ɤɨɥɟɛɚɧɢɹ ɬɨɱɤɢ ɜ ɜɟɪɬɢɤɚɥɶɧɨɣ 

ɩɥɨɫɤɨɫɬɢ, ɢɫɫɥɟɞɭɟɬɫɹ ɡɚɞɚɱɚ ɨ ɬɪɟɯɦɟɪɧɵɯ ɤɨɥɟɛɚɧɢɹɯ. Ⱦɥɹ ɩɥɨɫɤɢɯ 

ɧɟɥɢɧɟɣɧɵɯ ɤɨɥɟɛɚɧɢɣ ɩɪɢ ɪɟɡɨɧɚɧɫɟ ɱɚɫɬɨɬ 1:2 ɪɚɧɟɟ ɛɵɥ ɭɫɬɚɧɨɜɥɟɧ ɢ 

ɨɩɢɫɚɧ [8,28,37,40,46] ɷɮɮɟɤɬ ɫɪɵɜɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɤɨɥɟɛɚɧɢɣ ɦɚɹɬɧɢɤɚ: ɩɪɢ 

ɥɸɛɨɦ ɫɤɨɥɶ ɭɝɨɞɧɨ ɦɚɥɨɦ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɜɨɡɦɭɳɟɧɢɢ ɜɟɪɬɢɤɚɥɶɧɵɟ 

ɤɨɥɟɛɚɧɢɹ ɩɟɪɟɫɬɪɚɢɜɚɸɬɫɹ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ, ɡɚɬɟɦ ɫɧɨɜɚ ɜ ɜɟɪɬɢɤɚɥɶɧɵɟ ɢ  

ɬ. ɞ. ɉɟɪɢɨɞ ɷɬɢɯ ɩɟɪɟɫɬɪɨɟɤ ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɟɜɵɲɚɟɬ ɩɟɪɢɨɞɵ ɫɨɛɫɬɜɟɧɧɵɯ 

ɤɨɥɟɛɚɧɢɣ ɦɚɹɬɧɢɤɚ 

       ɉɨɜɟɞɟɧɢɟ ɫɢɫɬɟɦɵ ɜ ɬɪɟɯɦɟɪɧɨɦ ɫɥɭɱɚɟ ɜɨ ɦɧɨɝɨɦ ɚɧɚɥɨɝɢɱɧɨ ɩɨɜɟɞɟɧɢɸ 

ɩɥɨɫɤɨɣ ɫɢɫɬɟɦɵ. ɇɚɩɪɢɦɟɪ, ɜ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɫɢɫɬɟɦɟ ɬɚɤɠɟ ɢɦɟɟɬ ɦɟɫɬɨ 

ɷɮɮɟɤɬ ɫɪɵɜɚ ɜɟɪɬɢɤɚɥɶɧɵɯ ɤɨɥɟɛɚɧɢɣ. Ɉɞɧɚɤɨ ɩɪɢ ɫɤɨɥɶ ɭɝɨɞɧɨ ɦɚɥɨɦ 

ɧɟɧɭɥɟɜɨɦ ɤɢɧɟɬɢɱɟɫɤɨɦ ɦɨɦɟɧɬɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ ɩɨɹɜɥɹɟɬɫɹ 

ɷɮɮɟɤɬ, ɩɪɢɫɭɳɢɣ ɬɨɥɶɤɨ ɬɪɟɯɦɟɪɧɨɣ ɫɢɫɬɟɦɟ. Ɋɟɲɚɹ ɥɢɧɟɚɪɢɡɨɜɚɧɧɵɟ 

ɭɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ ɦɨɠɧɨ ɩɨɤɚɡɚɬɶ, ɱɬɨ ɩɪɨɟɤɰɢɹ ɬɪɚɟɤɬɨɪɢɢ ɬɨɱɤɢ ɧɚ 

ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɩɥɨɫɤɨɫɬɶ xy ɹɜɥɹɟɬɫɹ ɷɥɥɢɩɫɨɦ (ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɧɚɱɚɥɶɧɵɯ 

ɭɫɥɨɜɢɹɯ ɨɧ ɦɨɠɟɬ ɜɵɪɨɠɞɚɬɶɫɹ ɜ ɨɬɪɟɡɨɤ ɩɪɹɦɨɣ, ɥɢɛɨ ɜ ɨɤɪɭɠɧɨɫɬɶ). ɍɱɟɬ 

ɧɟɥɢɧɟɣɧɨɫɬɢ ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɩɨɥɭɨɫɢ  ɷɬɨɝɨ ɷɥɥɢɩɫɚ ɧɚɱɢɧɚɸɬ 

ɢɡɦɟɧɹɬɶɫɹ (ɩɪɢ ɛɨɥɶɲɢɧɫɬɜɟ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ), ɚ ɫɚɦ ɷɥɥɢɩɫ ɧɚɱɢɧɚɟɬ 

ɩɪɟɰɟɫɫɢɪɨɜɚɬɶ ɜ ɫɜɨɟɣ ɩɥɨɫɤɨɫɬɢ. ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ ɩɨɥɭɱɟɧɵ 

ɩɭɬɟɦ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɢ ɱɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɫɢɫɬɟɦɵ.  
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1.  ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɢ ɨɛɨɡɧɚɱɟɧɢɹ 

 

      Ɇɚɬɟɪɢɚɥɶɧɚɹ ɬɨɱɤɚ ɦɚɫɫɵ m ɩɨɞɜɟɲɟɧɚ ɧɚ ɧɟɜɟɫɨɦɨɣ ɩɪɭɠɢɧɟ ɠɟɫɬɤɨɫɬɢ k 

ɜ ɩɨɥɟ ɬɹɝɨɬɟɧɢɹ g   
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ɉɨɦɟɫɬɢɦ ɧɚɱɚɥɨ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɜ ɩɨɥɨɠɟɧɢɟ ɪɚɜɧɨɜɟɫɢɹ ɦɚɹɬɧɢɤɚ, 

ɧɚɩɪɚɜɢɜ ɨɫɶ z ɜɧɢɡ, ɢ ɜɜɟɞɟɦ ɩɚɪɚɦɟɬɪɵ l (ɞɥɢɧɚ ɦɚɹɬɧɢɤɚ ɜ ɩɨɥɨɠɟɧɢɢ 

ɪɚɜɧɨɜɟɫɢɹ), ɱɚɫɬɨɬɭ ɥɢɧɟɣɧɵɯ ɤɨɥɟɛɚɧɢɣ ω  ɢ ɨɬɧɨɲɟɧɢɟ µ  ɱɚɫɬɨɬɵ 

ɤɨɥɟɛɚɧɢɣ ɝɪɭɡɚ ɩɪɢ ɧɟɨɬɤɥɨɧɟɧɧɨɣ ɩɪɭɠɢɧɟ ɤ ω  

ɢ 1
g k

l m
ω µ= =

g
+  

      ȿɫɥɢ ɜɵɛɪɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɤɨɨɪɞɢɧɚɬ ɬɨɱɤɢ ɜɟɥɢɱɢɧɵ lx, ly ɢ lz, ɬɨ ɞɥɢɧɚ 

ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɣ ɩɪɭɠɢɧɵ ɛɭɞɟɬ ɜɵɪɚɠɚɬɶɫɹ ɱɟɪɟɡ ɛɟɡɪɚɡɦɟɪɧɵɟ ɤɨɨɪɞɢɧɚɬɵ 

x, y, z ɩɨ ɮɨɪɦɭɥɟ 

2 2, ɝɞɟ (1 )lR R x y z= + + + 2
 

Ʉɢɧɟɬɢɱɟɫɤɚɹ ɢ ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɢ ɫɢɫɬɟɦɵ ɢɦɟɸɬ ɜɢɞ 

( ) ( )2 2

0 0

0 0

2 2 2 2 2

,
2 2

2 2

p

c

k k
E mgz lR l l l

l l

m dx dy dz mgl dx dy dz
E

dt dt dt dt dt dt

= − + − − −

⎡ ⎤ ⎡⎛ ⎞ ⎛ ⎞ ⎛ ⎞ ⎛ ⎞ ⎛ ⎞ ⎛ ⎞= + + = + +⎢ ⎥ ⎢⎜ ⎟ ⎜ ⎟ ⎜ ⎟ ⎜ ⎟ ⎜ ⎟ ⎜ ⎟′ ′ ′⎝ ⎠ ⎝ ⎠ ⎝ ⎠ ⎝ ⎠ ⎝ ⎠ ⎝ ⎠⎢ ⎥ ⎢⎣ ⎦ ⎣

2 ⎤
⎥
⎥⎦

 

ɝɞɟ – ɪɚɡɦɟɪɧɨɟ ɜɪɟɦɹ, t′ t tω ′=  - ɛɟɡɪɚɡɦɟɪɧɨɟ ɜɪɟɦɹ,  - ɞɥɢɧɚ ɩɪɭɠɢɧɵ ɜ 

ɧɟɞɟɮɨɪɦɢɪɨɜɚɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. ȼɜɟɞɟɦ ɛɟɡɪɚɡɦɟɪɧɵɟ ɢɦɩɭɥɶɫɵ 

0l
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, ,u x v y w z= = =� � � (ɬɨɱɤɚ – ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟ ɩɨ ɛɟɡɪɚɡɦɟɪɧɨɦɭ ɜɪɟɦɟɧɢ) ɢ 

ɫɨɫɬɚɜɢɦ ɮɭɧɤɰɢɸ Ƚɚɦɢɥɶɬɨɧɚ  

( ) ( ) ( )( )
2

2 2 2 2 21
1 1 1

2 2

c pE E
H u v w R R

mgl

µ µ
+

= = + + + − − − − z−  

(ɤɨɧɫɬɚɧɬɚ ɜ ɝɚɦɢɥɶɬɨɧɢɚɧɟ ɜɵɛɪɚɧɚ ɬɚɤ, ɱɬɨɛɵ ɩɪɢ ɧɭɥɟɜɵɯ ɡɧɚɱɟɧɢɹɯ ɜɫɟɯ 

ɤɨɨɪɞɢɧɚɬ ɢ ɢɦɩɭɥɶɫɨɜ ɨɧ ɨɛɪɚɳɚɥɫɹ ɜ ɧɨɥɶ [14]).  

 

2. ɍɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ 

Ɂɚɩɢɲɟɦ ɩɟɪɜɭɸ ɝɪɭɩɩɭ ɭɪɚɜɧɟɧɢɣ Ƚɚɦɢɥɶɬɨɧɚ / ,x H u u= ∂ ∂ =� …ɢ 

ɢɫɤɥɸɱɢɦ ɩɟɪɟɦɟɧɧɵɟ  ɢɡ ɜɬɨɪɨɣ ɝɪɭɩɩɵ. Ɍɨɝɞɚ ɩɨɥɭɱɢɦ ɫɥɟɞɭɸɳɭɸ 

ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɤɨɨɪɞɢɧɚɬ ɦɚɹɬɧɢɤɚ  

, ,u v w

2 2 2 2

2 2 2 2

( 1) / , ( 1) / ,

1 (1 ) ( 1) / , (1 )

x x x R y y y R

z z z R R x y

µ µ µ µ

µ µ

= − + − = − + −

= − + + − = + + +

�� ��

�� 2z
 (1) 

ɍɪɚɜɧɟɧɢɹ (1) ɭɞɨɛɧɵ ɞɥɹ ɱɢɫɥɟɧɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɜɢɠɟɧɢɹ ɦɚɹɬɧɢɤɚ. 

 

3. ɉɟɪɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɧɨɪɦɚɥɶɧɨɣ ɮɨɪɦɵ ɩɪɢ ɪɟɡɨɧɚɧɫɟ 

      ɇɢɠɟ ɛɭɞɟɬ ɢɡɭɱɚɬɶɫɹ ɞɜɢɠɟɧɢɟ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɩɨɥɨɠɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ 

ɦɟɬɨɞɨɦ ɧɨɪɦɚɥɶɧɨɣ ɮɨɪɦɵ. ɇɚɢɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɪɟɡɨɧɚɧɫ 1:1:2, 

ɜɨɡɧɢɤɚɸɳɢɣ ɩɪɢ . ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɟɪɜɵɟ ɱɥɟɧɵ ɪɚɡɥɨɠɟɧɢɹ 

ɝɚɦɢɥɶɬɨɧɢɚɧɚ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɩɨɥɨɠɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ ɢɦɟɸɬ ɜɢɞ 

2 4µ =

( )

( )

2 2 2 2 2 2

0

2 2

1

1
4 ,

2

3

2

H u v w x y z

H z x y

= + + + + +

= +
 

      ɉɪɢɜɟɞɟɦ ɝɚɦɢɥɶɬɨɧɢɚɧ 1H  ɤ ɧɨɪɦɚɥɶɧɨɣ ɮɨɪɦɟ Ȼɢɪɤɝɨɮɚ, ɢɫɩɨɥɶɡɭɹ 

ɚɥɝɨɪɢɬɦ ɢɧɜɚɪɢɚɧɬɧɨɣ ɧɨɪɦɚɥɢɡɚɰɢɢ [19,23,24]. Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ɧɨɪɦɚɥɶɧɨɣ 

ɮɨɪɦɵ ɩɟɪɜɨɝɨ ɩɪɢɛɥɢɠɟɧɢɹ ɧɭɠɧɨ ɩɨɞɫɬɚɜɢɬɶ ɪɟɲɟɧɢɟ ɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɵ, 
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ɨɩɪɟɞɟɥɹɟɦɨɣ ɝɚɦɢɥɶɬɨɧɢɚɧɨɦ , ɜ 0H 1H  ɢ ɜɵɱɢɫɥɢɬɶ ɢɧɬɟɝɪɚɥ ɨɬ ɩɨɫɥɟɞɧɟɣ 

ɮɭɧɤɰɢɢ ɩɨ ɜɪɟɦɟɧɢ: 

( ) ( ) ( ) ( )1 1

0

, ,

t

H x y z d H t G f tτ τ τ τ = + +⎡ ⎤⎣ ⎦∫  

ȼɟɥɢɱɢɧɚ 1H  ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɟɪɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɧɨɪɦɚɥɶɧɨɣ ɮɨɪɦɵ 

ɝɚɦɢɥɶɬɨɧɢɚɧɚ ɜɨɡɦɭɳɟɧɢɹ, ɚ G – ɝɟɧɟɪɚɬɨɪ Ʌɢ ɤɚɧɨɧɢɱɟɫɤɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ, 

ɨɫɭɳɟɫɬɜɥɹɸɳɟɝɨ ɩɟɪɟɯɨɞ ɤ ɧɨɜɵɦ ɤɨɨɪɞɢɧɚɬɚɦ, ɜ ɤɨɬɨɪɵɯ ɝɚɦɢɥɶɬɨɧɢɚɧ 

ɢɦɟɟɬ ɧɨɪɦɚɥɶɧɭɸ ɮɨɪɦɭ (ɩɨɞɪɨɛɧɟɟ – ɫɦ. ɧɢɠɟ ɧɚ ɢɫɫɥɟɞɭɟɦɨɦ ɩɪɢɦɟɪɟ). 

      Ɋɟɲɟɧɢɟ ɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɵ ɢɦɟɟɬ ɜɢɞ 

cos sin ,

cos sin ,

cos 2 sin 2
2

x X t U t

y Y t V t

W
z Z t t

= +
= +

= +

             (2) 

ɝɞɟ X, Y, Z – ɧɚɱɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɤɨɨɪɞɢɧɚɬ, U,V,W – 

ɢɦɩɭɥɶɫɨɜ; ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɨɛɨɛɳɟɧɧɵɯ ɢɦɩɭɥɶɫɨɜ u(t), v(t) ɢ w(t) ɞɚɥɟɟ ɧɢɝɞɟ 

ɧɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɢ ɩɨɷɬɨɦɭ ɧɟ ɩɪɢɜɟɞɟɧɵ. ȼɵɱɢɫɥɟɧɢɟ ɜɟɥɢɱɢɧɵ 

( ) ( ) ( )1

0

, ,

T

H x t y t z t dt⎡ ⎤⎣ ⎦∫ , 

ɜɵɞɟɥɟɧɢɟ ɦɧɨɠɢɬɟɥɹ ɩɪɢ t  ɢ ɱɥɟɧɚ, ɧɟ ɡɚɜɢɫɹɳɟɝɨ ɨɬ t, ɩɪɢɜɨɞɢɬ ɤ ɪɟɡɭɥɶɬɚɬɭ  

( ) ( ) ( )2 2 2 2

1

3

8
H Z X Y Z U V W XU YV⎡ ⎤= + − + + +⎣ ⎦  

( ) ( ) (2 2 2 23
4 3 5

64
G Z XU YV W U V W X Y )⎡ ⎤= + + + + +⎣ ⎦  

Ɂɚɦɟɧɚ ɩɟɪɟɦɟɧɧɵɯ, ɩɪɢɜɨɞɹɳɚɹ ɝɚɦɢɥɶɬɨɧɢɚɧ ɤ ɧɨɪɦɚɥɶɧɨɣ ɮɨɪɦɟ, ɬɚɤɨɜɚ 

,

,

,

U X

V Y

W Z

x X G u U G

y Y G v V G

z Z G w W G

= − = +

= − = +

= − = +
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      Ⱦɥɹ ɚɧɚɥɢɡɚ ɫɢɫɬɟɦɵ, ɩɨɪɨɠɞɚɟɦɨɣ 1H , ɭɞɨɛɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɟɪɟɦɟɧɧɵɟ 

Ȼɢɪɤɝɨɮɚ [19], ɩɟɪɟɯɨɞ ɤ ɤɨɬɨɪɵɦ ɡɚɞɚɟɬɫɹ ɤɚɧɨɧɢɱɟɫɤɢɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ 

1 2 3

1
, ,

2
z U iX z V iY z W iZ= + = + = + 2  

ɜɚɥɟɧɬɧɨɫɬɢ 2i. ɍɪɚɜɧɟɧɢɹ Ƚɚɦɢɥɶɬɨɧɚ ɜ ɷɬɢɯ ɩɟɪɟɦɟɧɧɵɯ ɢɦɟɸɬ ɜɢɞ 

0 1, ,i

i

H
z H H

z
H

∂
= = +
∂

���  

( )

( ) ( )
0 1 1 2 2 3 3

2 2 2 2

1 3 1 2 3 1

2

3 2

16

H i z z z z z z

H z z z z z z

= + +

2
⎡ ⎤= + − +⎣ ⎦

�

�  

ɑɬɨɛɵ ɢɡɛɟɠɚɬɶ ɢɡɥɢɲɧɟ ɝɪɨɦɨɡɞɤɢɯ ɨɛɨɡɧɚɱɟɧɢɣ, ɧɢɠɟ " ɩɢɫɚɬɶ ɧɟ ɛɭɞɟɦ. "∼

      Ɉɫɧɨɜɧɵɦ ɫɜɨɣɫɬɜɨɦ ɧɨɪɦɚɥɶɧɨɣ ɮɨɪɦɵ ɝɚɦɢɥɶɬɨɧɢɚɧɚ ɹɜɥɹɟɬɫɹ  

{ }0 1, 0H H =  

ɝɞɟ { },  - ɫɤɨɛɤɚ ɉɭɚɫɫɨɧɚ. Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ [19,23,24], ɱɬɨ ɫɢɫɬɟɦɚ ɫ 

ɝɚɦɢɥɶɬɨɧɢɚɧɨɦ 0 1H H H= +  ɦɨɠɟɬ ɛɵɬɶ ɪɟɲɟɧɚ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:  

ɭɪɚɜɧɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɮɭɧɤɰɢɹɦɢ 0 ɢH 1ɇ , ɪɟɲɚɸɬɫɹ ɧɟɡɚɜɢɫɢɦɨ ɞɪɭɝ ɨɬ 

ɞɪɭɝɚ, ɩɨɫɥɟ ɱɟɝɨ ɪɟɲɟɧɢɟ ɢɫɯɨɞɧɨɣ ɫɢɫɬɟɦɵ ɫɬɪɨɢɬɫɹ ɤɚɤ ɤɨɦɩɨɡɢɰɢɹ ɪɚɧɟɟ 

ɧɚɣɞɟɧɧɵɯ - ɜɦɟɫɬɨ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɜ ɪɟɲɟɧɢɟ ɫɢɫɬɟɦɵ ɫ ɝɚɦɢɥɶɬɨɧɢɚɧɨɦ 

0H  ɫɥɟɞɭɟɬ ɩɨɞɫɬɚɜɢɬɶ ɮɭɧɤɰɢɢ, ɤɨɬɨɪɵɟ ɩɨɥɭɱɚɸɬɫɹ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɩɟɪɟɦɟɧɧɵɯ ɢɡ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɫ ɝɚɦɢɥɶɬɨɧɢɚɧɨɦ 1H .  

 Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɩɨɥɭɱɢɬɶ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɣ ɧɨɪɦɚɥɶɧɨɣ ɮɨɪɦɵ, 

ɧɭɠɧɨ ɩɨɞɫɬɚɜɢɬɶ ɜ ɪɟɲɟɧɢɟ ɧɟɜɨɡɦɭɳɟɧɧɨɣ ɫɢɫɬɟɦɵ 0 /i iz H z= ∂ ∂�  

                         
2

1 1 2 2 3 3, ,it it itz Z e z Z e z Z e= = =    (3) 
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ɩɟɪɟɦɟɧɧɵɟ 1 2,Z Z  ɢ 3Z . Ɉɧɢ ɧɚɯɨɞɹɬɫɹ ɢɡ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ 

Ƚɚɦɢɥɶɬɨɧɚ ɫ ɮɭɧɤɰɢɟɣ 1H . ɍɪɚɜɧɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɷɬɨɣ ɮɭɧɤɰɢɟɣ, ɢɦɟɸɬ 

ɜɢɞ 

                 ( 2 2

1 1 3 2 2 3 3 1

3 2 3 2 3 2
, ,

8 8 16
)2Z Z Z Z Z Z Z Z Z= − = − = +� � �            (4) 

ɝɞɟ ɬɨɱɤɨɣ ɨɛɨɡɧɚɱɟɧɨ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟ ɩɨ . t

 

4.   ɂɧɬɟɝɪɚɥɵ ɧɨɪɦɚɥɶɧɨɣ ɮɨɪɦɵ 

ȼɵɩɢɲɟɦ ɩɟɪɜɵɟ ɢɧɬɟɝɪɚɥɵ ɫɢɫɬɟɦɵ (4) 

( ) ( )

2 2 2 2

1 2 3

2 2 2 2

1 2 3 1 2 3

1 2 1 2

2 const

const

- const,

Z Z Z c

Z Z Z Z Z Z h

Z Z Z Z iσ σ

+ + =

+ − + =

= ∈

�

�

� \
 

(  - ɩɨ ɨɛɨɡɧɚɱɟɧɢɸ). ɉɟɪɜɵɟ ɞɜɚ ɜɵɪɚɠɚɸɬ ɫɨɯɪɚɧɟɧɢɟ ɜɟɥɢɱɢɧ � 0H  ɢ 1H , 

ɬɪɟɬɢɣ – ɡɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɩɪɨɟɤɰɢɢ ɤɢɧɟɬɢɱɟɫɤɨɝɨ ɦɨɦɟɧɬɚ ɧɚ 

ɜɟɪɬɢɤɚɥɶɧɭɸ ɨɫɶ (ɞɥɹ ɩɥɨɫɤɢɯ ɤɨɥɟɛɚɧɢɣ 0σ = ). 

      ɉɨ ɚɧɚɥɨɝɢɢ ɫɨ ɫɥɭɱɚɟɦ ɩɥɨɫɤɢɯ ɤɨɥɟɛɚɧɢɣ [40], ɫɨɫɬɚɜɢɦ ɭɪɚɜɧɟɧɢɟ ɞɥɹ 

ɜɟɥɢɱɢɧɵ 
2

1 2

2
Z Z+ . ȿɟ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟ ɜ ɫɢɥɭ (2) ɩɪɢɜɨɞɢɬ ɤ  

ɜɵɪɚɠɟɧɢɸ 

( ) ( ) ( )2 2 2 2 2 2

1 2 1 2 3 1 2

3 2

4

d
3Z Z Z Z Z Z Z

dt
Z⎡ ⎤+ = − + + +⎣ ⎦  

ɉɨɫɥɟ ɩɨɜɬɨɪɧɨɝɨ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɩɨɥɭɱɢɦ 

( ) ( ) ( )
2

2 2 2 2 2 4 2 2 2 2

1 2 1 2 3 1 1 2 1 2 22

9 9

8 32

d
Z Z Z Z Z Z Z Z Z Z Z

dt
+ = + − + + + 4

 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɩɟɪɜɵɯ ɢɧɬɟɝɪɚɥɨɜ ɫɢɫɬɟɦɵ (2) ɩɨɡɜɨɥɹɟɬ ɩɪɟɨɛɪɚɡɨɜɚɬɶ 

ɩɪɚɜɭɸ ɱɚɫɬɶ ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɹ ɤ ɮɭɧɤɰɢɢ, ɡɚɜɢɫɹɳɟɣ ɬɨɥɶɤɨ ɨɬ 2 2

1 2z z+ : 
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( )2 2 2 2 2 22 2

1 2 3 3 1 2

2 22 2 2 2 2

1 2 1 2 1 2 1 2 1 2

2 22 2 2 2 2

1 2 1 2 1 2

1
2 ;

2

2

2

Z Z Z c Z c Z Z

Z Z Z Z i Z Z Z Z Z Z

Z Z Z Z Z Z

σ σ

σ

+ + = ⇒ = − −

− = ⇒ − + = −

+ = − +

⇒  

ɩɨɞɫɬɚɧɨɜɤɚ ɷɬɢɯ ɫɨɨɬɧɨɲɟɧɢɣ ɜ ɩɪɚɜɭɸ ɱɚɫɬɶ ɭɪɚɜɧɟɧɢɹ ɩɪɢɜɨɞɢɬ ɤ 

ɪɟɡɭɥɶɬɚɬɭ 

( ) ( ) ( )
2 2

2 2 2 2 2 22 2

1 2 1 2 1 22

9 27

16 32 32

d
Z Z c Z Z Z Z

dt

9 σ+ = + − + +  

Ɉɛɨɡɧɚɱɢɜ 
2

1

2

2Z Zξ = + , ɩɟɪɟɩɢɲɟɦ ɭɪɚɜɧɟɧɢɟ ɜ ɜɢɞɟ 

2 29 27 9

16 32 32
c 2ξ ξ ξ= − +�� σ  

Ⱦɚɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɭɞɨɛɧɨ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ ɤɚɤ ɡɚɤɨɧ ɞɜɢɠɟɧɢɹ 

ɦɚɬɟɪɢɚɥɶɧɨɣ ɬɨɱɤɢ ɟɞɢɧɢɱɧɨɣ ɦɚɫɫɵ ɜ ɩɨɬɟɧɰɢɚɥɟ 

( ) ( )3 2 2 29

32
cξ ξ ξ σΠ = − − ξ  

Ⱦɥɹ ɬɚɤɨɝɨ ɞɜɢɠɟɧɢɹ ɫɩɪɚɜɟɞɥɢɜ ɡɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ 

( )21
const

2
Eξ ξ+Π = =�

 

Ƚɪɚɮɢɤ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɮɭɧɤɰɢɢ ɢɦɟɟɬ ɜɢɞ 

 

                                                                             Π  

                                                                   

 

 

                                                   1ξ                         2ξ                3ξ                ξ  

 

                                                                                                                        ȿ 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɟɲɟɧɢɟ ( )tξ , ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɡɧɚɱɟɧɢɸ ɷɧɟɪɝɢɢ ȿ, 

ɢɡɦɟɧɹɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ [ ]2 3,ξ ξ .   

      Ɂɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ ɞɚɟɬ ɭɪɚɜɧɟɧɢɟ ɞɥɹ ξ , ɪɟɲɚɟɦɨɟ ɦɟɬɨɞɨɦ 

ɪɚɡɞɟɥɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ. ɂɫɩɨɥɶɡɭɹ ɨɛɨɡɧɚɱɟɧɢɟ ( ) ( )1
2 P Eξ ξ= − Π , 

ɩɨɥɭɱɢɦ  

( )2 Pξ ξ=�
( )

d
t

P

ξ
ξ

⇒ = ±∫  

ɉɪɢ ɩɨɦɨɳɢ  ɷɬɨɣ ɮɨɪɦɭɥɵ, ɦɨɠɧɨ ɧɚɣɬɢ ɩɟɪɢɨɞ Ɍ ɤɨɥɟɛɚɧɢɣ ɜɟɥɢɱɢɧɵ ξ : 

 

( )

3

2

2
d

T
P

ξ

ξ

ξ
ξ

= ∫  

ɉɨɥɢɧɨɦ ( )P ξ ɢɦɟɟɬ ɬɪɢ ɤɨɪɧɹ 1 2, ɢ 3ξ ξ ξ  ɢ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɜɢɞɟ 

( ) ( )( )(1 2 3

9

16
P )ξ ξ ξ ξ ξ ξ ξ= − − −  

Ɂɚɦɟɧɚ ɩɟɪɟɦɟɧɧɨɣ ( ) 2

3 2 3 sin uξ ξ ξ ξ= + −  ɩɪɟɨɛɪɚɡɭɟɬ ɫɨɨɬɧɨɲɟɧɢɟ, 

ɜɵɪɚɠɚɸɳɟɟ ɩɟɪɢɨɞ, ɤ ɷɥɥɢɩɬɢɱɟɫɤɨɦɭ ɢɧɬɟɝɪɚɥɭ 
/ 2

3 2

2 2
3 103 1

16
, 1

3 1 sin

du
T k

k u

π ξ ξ
ξ ξξ ξ
−

= =
−− −

∫ ≤  

 ȼ ɫɥɭɱɚɟ ɩɥɨɫɤɢɯ ɤɨɥɟɛɚɧɢɣ ɩɟɪɢɨɞ ɚɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɩɪɢɜɨɞɢɬɫɹ ɤ 

ɷɥɥɢɩɬɢɱɟɫɤɨɦɭ ɢɧɬɟɝɪɚɥɭ [14]. ɋɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɮɨɪɦɭɥɚ ɩɨɥɭɱɚɟɬɫɹ ɢɡ 

ɞɚɧɧɨɣ ɜ ɩɪɟɞɟɥɟ ɩɪɢ 0σ → . 

      ȼ ɪɚɛɨɬɟ [40] ɞɥɹ ɩɥɨɫɤɨɣ ɡɚɞɚɱɢ ɩɪɢɜɨɞɢɥɨɫɶ ɜɵɪɚɠɟɧɢɟ ɩɟɪɢɨɞɚ ɱɟɪɟɡ 

ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɢ ɪɚɫɫɦɚɬɪɢɜɚɥɨɫɶ ɱɚɫɬɧɨɟ ɪɟɲɟɧɢɟ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ 

ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ ɷɧɟɪɝɢɢ ( max 0E = ). Ɍɚɤɠɟ ɛɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ 

 ɩɟɪɢɨɞ . ȼ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɡɚɞɚɱɟ ɩɪɢ ɧɚɥɢɱɢɢ ɫɤɨɥɶ 

ɭɝɨɞɧɨ ɦɚɥɨɝɨ 

0ȿ→− Ɍ →∞

0σ ≠  ɞɚɧɧɵɣ ɩɟɪɢɨɞ ɨɤɚɡɵɜɚɟɬɫɹ ɤɨɧɟɱɧɵɦ, ɚ ɦɚɤɫɢɦɚɥɶɧɨɟ 

ɡɧɚɱɟɧɢɟ ɷɧɟɪɝɢɢ  - ɨɬɪɢɰɚɬɟɥɶɧɵɦ 
max 0E < . 
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      ɉɨɤɚɠɟɦ, ɱɬɨ ɷɬɨ ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɬɚɤ. ȼɵɛɟɪɟɦ ɫɥɟɞɭɸɳɢɟ ɧɚɱɚɥɶɧɵɟ 

ɭɫɥɨɜɢɹ 

( ) ( )1 1 2 2 30 , 0 , 2z i z z i 3δ δ δ= = =  

 (ɧɚɱɚɥɶɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɩɨ  ɪɚɜɧɵ 1 ɢz 3z
31 ɢδ δ  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 2δ - 

ɧɚɱɚɥɶɧɵɣ ɢɦɩɭɥɶɫ, ɧɚɩɪɚɜɥɟɧɧɵɣ ɜɞɨɥɶ ɨɫɢ ɭ). ɗɧɟɪɝɢɹ ȿ ɜɵɪɚɠɚɟɬɫɹ  

ɱɟɪɟɡ ɧɢɯ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ 

( ) ( )2 2 2 2 2 2 2

1 2 3 1 2 1 2

9

8
E δ δ δ δ δ δ δ⎡ ⎤= − + + +⎣ ⎦  

ɨɬɤɭɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ 1 2 0δ δ ≠ ( 0σ⇔ ≠ ) ɫɩɪɚɜɟɞɥɢɜɨ ɧɟɪɚɜɟɧɫɬɜɨ ȿ < 0. 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɷɧɟɪɝɢɢ  ɩɪɢ ɮɢɤɫɢɪɨɜɚɧɧɵɯ maxE 1δ  ɢ 

2δ ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ 3δ  = 0  ɢ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɨɬɪɢɰɚɬɟɥɶɧɵɦ.  

      Ɍɟɩɟɪɶ ɧɚɣɞɟɦ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɩɟɪɢɨɞɚ Ɍ ɱɟɪɟɡ ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɢ 

ɩɨɥɭɱɢɦ ɢɡ ɷɬɨɝɨ ɜɵɪɚɠɟɧɢɹ ɮɨɪɦɭɥɭ ɞɥɹ maxE E= ɢ 1 21 0δ δ >� � . 

ɇɟɪɚɜɟɧɫɬɜɨ 1 2δ δ�  ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɥɭɱɚɸ 0σ → , ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜɥɹɟɬ 

ɢɧɬɟɪɟɫ ɜ ɫɜɹɡɢ ɫ ɬɟɦ, ɱɬɨ ɨɧ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɪɟɞɟɥɶɧɨɦɭ ɩɟɪɟɯɨɞɭ ɨɬ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɡɚɞɚɱɢ ɤ ɩɥɨɫɤɨɣ.  

      ȼɵɪɚɠɚɹ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɨɥɢɧɨɦɚ Ɋ(ȟ) ɱɟɪɟɡ ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ, ɩɨɥɭɱɢɦ 

( ) ( ) ( ) ( )( )3 2 2 2 2 2 2 2 2 2 2 2 2 2

1 2 3 1 2 1 2 3 1 2 1 2

9
4 4 4

16
P ξ ξ δ δ δ ξ δ δ ξ δ δ δ δ δ δ δ⎡ ⎤= − − + + − + + + +⎣ ⎦  

ȼɵɩɢɲɟɦ ɟɝɨ ɤɨɪɧɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɧɟɟ ɜɜɟɞɟɧɧɵɦɢ ɨɛɨɡɧɚɱɟɧɢɹɦɢ 

( )
( )

2 4 2 2 2 2 2

1 3 3 3 1 2 1 2

2 22 4 2 2 2 2 2
1 2*2 3 3 3 1 2 1 2

3 3
2 22 2

1 23 1 2

2 2 ,

2 2
ɩɪɢ

2( )

ξ δ δ δ δ δ δ δ

δ δξ δ δ δ δ δ δ δ
δ δ

δ δξ δ δ

= − + + +

⎫ −= + + + + ⎪ ≤ =⎬
+= + ⎪⎭

 

ɩɪɢ 
*

3 3δ δ> ɜɬɨɪɨɣ ɢ ɬɪɟɬɢɣ ɤɨɪɧɢ ɫɥɟɞɭɟɬ ɩɨɦɟɧɹɬɶ ɦɟɫɬɚɦɢ:  

( )2 2 2 4 2 2 2 2

2 1 2 3 3 3 3 1 2 1 2, 2 2 2ξ δ δ ξ δ δ δ δ δ δ δ= + = + + + +  
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɞɭɥɶ ɷɥɥɢɩɬɢɱɟɫɤɨɝɨ ɢɧɬɟɝɪɚɥɚ ɪɚɜɟɧ  

( )
( )

( )
( )

4 2 2 4 2 24
3 1 2 3 1 2 *

3 3
2 2 2 4 2 2 2 2 2

1 2 3 3 1 2 3 1 2

2 2 2 4 2 2 2 2 2

3 1 2 3 1 2 3 1 2
*

3 3
4 2 2 2 2 24
3 1 2 3 1 2

2
ɩɪɢ

2 2

2 2
ɩɪɢ

2

k

k

δ δ δ δ δ δ
δ δ

δ δ δ δ δ δ δ δ δ

δ δ δ δ δ δ δ δ δ
δ δ

δ δ δ δ δ δ

+ + +
= ≤

+ − + + + +

− − + + + +
= >

+ + +

 

      ɗɬɢ ɮɨɪɦɭɥɵ ɩɨɡɜɨɥɹɸɬ ɜɵɱɢɫɥɢɬɶ ɩɟɪɢɨɞɵ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɱɚɫɬɧɵɯ 

ɫɥɭɱɚɟɜ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɫɬɪɨɝɨ ɜɟɪɬɢɤɚɥɶɧɵɯ ɤɨɥɟɛɚɧɢɣ 

 ɢɡ ɜɬɨɪɨɣ ɮɨɪɦɭɥɵ ɩɨɥɭɱɢɦ, ɱɬɨ k = 1, ɱɟɦɭ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ Ɍ = ∞. Ⱦɥɹ ɤɨɥɟɛɚɧɢɣ, ɜɧɚɱɚɥɟ ɛɥɢɡɤɢɯ ɤ ɜɟɪɬɢɤɚɥɶɧɵɦ 

ɫɩɪɚɜɟɞɥɢɜɨ ɧɟɪɚɜɟɧɫɬɜɨ 

3 1 20, 0, 0δ δ δ≠ = =

23 1,δ δ δ� , ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɜɜɟɫɬɢ ɦɚɥɵɟ ɩɚɪɚɦɟɬɪɵ 

1
1 2

3 3

, 2δ δε εδ δ= =  ɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɯ ɞɥɹ ɚɫɢɦɩɬɨɬɢɱɟɫɤɢɯ ɪɚɡɥɨɠɟɧɢɣ. 

ɑɟɪɟɡ ɷɬɢ ɩɚɪɚɦɟɬɪɵ ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɜɟɥɢɱɢɧɭ 21k′ k= − , ɧɟɨɛɯɨɞɢɦɭɸ 

ɞɥɹ ɪɚɡɥɨɠɟɧɢɹ ɷɥɥɢɩɬɢɱɟɫɤɨɝɨ ɢɧɬɟɝɪɚɥɚ ɩɨ ɮɨɪɦɭɥɟ, ɩɪɢɜɟɞɟɧɧɨɣ ɧɢɠɟ. 

ȼɵɪɚɠɟɧɢɟ ɞɥɹ  ɢɦɟɟɬ ɜɢɞ k′

2 2
2 1 2

2 2 2 2 2 2 2

1 2 1 2 1 2 1 2

1 1

2 2 1 4 1
k

ε ε
2ε ε ε ε ε ε ε ε

+′ = − +
+ + + + + +

 

ɂɫɩɨɥɶɡɭɹ ɪɚɡɥɨɠɟɧɢɟ ɷɥɥɢɩɬɢɱɟɫɤɨɝɨ ɢɧɬɟɝɪɚɥɚ ɩɨ ɩɚɪɚɦɟɬɪɭ  [40]  k ′

( ) ( )
2

44 4
ln ln 1 ln

4

k
K k O k k

k k

′ ⎛ ⎞ ′ ′= + − +⎜ ⎟′ ′⎝ ⎠
 

ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɚɫɢɦɩɬɨɬɢɤɭ ɞɥɹ ɩɟɪɢɨɞɚ ɩɟɪɟɫɬɪɨɣɤɢ ɦɨɞ  ɤɨɥɟɛɚɧɢɣ  

( )2 2

1 2
2 2 2 2

3 1 2 1 2

8 4 2 1 4 2
ln ln 1

3 8
T ε ε

δ ε ε ε ε

⎡ ⎤⎛ ⎞
⎢ ⎥⎜ ⎟+ + −

⎜ ⎟⎢ ⎥+ +⎝ ⎠⎣ ⎦
� . 

Ɏɨɪɦɭɥɵ ɞɥɹ ɩɥɨɫɤɨɝɨ ɫɥɭɱɚɹ, ɩɪɢɜɟɞɟɧɧɵɟ ɜ [40], ɩɨɥɭɱɚɸɬɫɹ ɢɡ ɬɨɥɶɤɨ ɱɬɨ 

ɩɨɥɭɱɟɧɧɵɯ, ɟɫɥɢ ɩɨɥɨɠɢɬɶ ɜ ɧɢɯ 2 0ε = .  
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      Ɉɬɞɟɥɶɧɵɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɥɭɱɚɣ 3 0δ = , ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ 

ɦɚɤɫɢɦɚɥɶɧɨɦɭ ɡɧɚɱɟɧɢɸ ɷɧɟɪɝɢɢ ȿ, ɩɨɫɤɨɥɶɤɭ ɜ ɩɥɨɫɤɨɣ ɡɚɞɚɱɟ ɩɪɢ 

ɦɚɤɫɢɦɚɥɶɧɨɣ ɷɧɟɪɝɢɢ ɪɟɲɟɧɢɟ ɧɟ ɹɜɥɹɟɬɫɹ ɩɟɪɢɨɞɢɱɟɫɤɢɦ [40]. Ɏɨɪɦɚɥɶɧɨ 

ɷɬɨɦɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ T . ɉɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɡɚɞɚɱɚ ɛɥɢɡɤɚ ɤ ɩɥɨɫɤɨɣ, ɟɫɥɢ →∞

1 2δ δ� . ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɷɬɨɝɨ ɧɟɪɚɜɟɧɫɬɜɚ ɦɨɠɧɨ  ɜɜɟɫɬɢ ɦɚɥɵɣ 

ɩɚɪɚɦɟɬɪ 2

1

δ
δρ =  ɢ ɩɟɪɟɩɢɫɚɬɶ ɮɨɪɦɭɥɭ ɞɥɹ ɦɨɞɭɥɹ ɷɥɥɢɩɬɢɱɟɫɤɨɝɨ 

ɢɧɬɟɝɪɚɥɚ ɜ ɜɢɞɟ 

1

1
k

ρ
ρ

−
=

+
 

ɉɪɢ , ɱɬɨ ɜɧɨɜɶ ɩɨɡɜɨɥɹɟɬ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɪɚɡɥɨɠɟɧɢɟɦ 

ɷɥɥɢɩɬɢɱɟɫɤɨɝɨ ɢɧɬɟɝɪɚɥɚ ɩɨ ɩɚɪɚɦɟɬɪɭ 

0 1kρ →+ → − 0

k ′  ɢ ɧɚɣɬɢ ɚɫɢɦɩɬɨɬɢɤɭ ɞɥɹ 

ɩɟɪɢɨɞɚ.  

( )
( )

( )
( ) ( )2

2

1

2 1 2 116
ln ln 1 ln

3 1 1
T O

ρ ρρ ρ ρ
δ ρ ρ ρρ

⎡ ⎤⎡ ⎤+ +
= + − +⎢ ⎥⎢ ⎥

+ +⎢ ⎥⎢ ⎥⎣ ⎦⎣ ⎦
 

ȼ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ  

1

8 2
ln

3
T

δ ρ
=  

ɨɬɤɭɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ ı ≠ 0 ɷɬɨɬ ɩɟɪɢɨɞ ɤɨɧɟɱɟɧ. ɂɡ ɷɬɨɣ ɮɨɪɦɭɥɵ ɫɥɟɞɭɟɬ  

ɥɨɝɚɪɢɮɦɢɱɟɫɤɢɣ ɯɚɪɚɤɬɟɪ ɟɝɨ ɫɬɪɟɦɥɟɧɢɹ ɤ ɛɟɫɤɨɧɟɱɧɨɫɬɢ ɩɪɢ ȡ ĺ 0 (ɱɬɨ 

ɪɚɜɧɨɫɢɥɶɧɨ ı ĺ 0). 

      ȼɵɱɢɫɥɟɧɢɟ ɩɟɪɢɨɞɚ ɩɨ ɭɤɚɡɚɧɧɵɦ ɮɨɪɦɭɥɚɦ ɩɪɢ  

1 2 30.01, 0.005, 0.1δ δ δ= = =  ɞɚɟɬ  Ɍ ≅ 106. ɗɬɨ ɯɨɪɨɲɨ ɫɨɝɥɚɫɭɸɬɫɹ ɫ 

ɪɟɡɭɥɶɬɚɬɚɦɢ ɱɢɫɥɟɧɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɧɚ ɫɥɟɞɭɸɳɢɯ 

ɪɢɫɭɧɤɚɯ:  
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      ɇɚ ɷɬɨɦ ɪɢɫɭɧɤɟ ɢɡɨɛɪɚɠɟɧ ɜɢɞ ɩɪɨɟɤɰɢɢ ɬɪɚɟɤɬɨɪɢɢ ɬɨɱɤɢ ɧɚ 

ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɩɥɨɫɤɨɫɬɶ (ɜɢɞ «ɫɜɟɪɯɭ»). ɂɡ ɷɬɨɝɨ ɪɢɫɭɧɤɚ ɜɢɞɟɧ 

ɨɩɢɫɚɧɧɵɣ ɧɢɠɟ ɷɮɮɟɤɬ ɪɚɡɜɨɪɨɬɚ ɩɥɨɫɤɨɫɬɢ ɤɨɥɟɛɚɧɢɣ. 

 

      Ɂɞɟɫɶ ɢɡɨɛɪɚɠɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɜɟɥɢɱɢɧ 
2 2( ) ( )x t y t+  

(ɜɟɪɯɧɢɣ ɪɢɫɭɧɨɤ) ɢ  z(t) (ɧɢɠɧɢɣ). ɀɢɪɧɵɦɢ ɥɢɧɢɹɦɢ ɩɨɜɟɪɯ ɷɬɢɯ ɝɪɚɮɢɤɨɜ 

ɨɬɦɟɱɟɧɵ ɨɝɢɛɚɸɳɢɟ, ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɤɨɬɨɪɵɯ [40] ɬɚɤɠɟ 

ɩɪɢɜɟɞɟɧɵ ɧɢɠɟ. 

 

 

y(t) 

x(t) 

5. ɉɟɪɢɨɞɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ. 

      ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ (4) ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɢ ɦɧɢɦɵɯ ɱɚɫɬɟɣ 

ɩɟɪɟɦɟɧɧɵɯ 1 2,Z Z  ɢ 3Z  ɢɦɟɟɬ ɲɟɫɬɨɣ ɩɨɪɹɞɨɤ. ɉɨɷɬɨɦɭ ɱɟɬɵɪɟɯ ɧɚɣɞɟɧɧɵɯ 
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ɢɧɬɟɝɪɚɥɨɜ ɧɟɞɨɫɬɚɬɨɱɧɨ, ɱɬɨɛɵ ɩɪɨɢɧɬɟɝɪɢɪɨɜɚɬɶ ɫɢɫɬɟɦɭ. Ɉɞɧɚɤɨ ɦɨɠɧɨ 

ɧɚɣɬɢ ɱɚɫɬɧɵɣ ɢɧɬɟɝɪɚɥ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɦɢɧɢɦɭɦɭ ( )ξΠ  ɜ ɬɨɱɤɟ 

2 4
2 2

1 2

3

3

c c
Z Z

2σξ + +
≡ + =   (5) 

ȼ ɩɥɨɫɤɨɣ ɡɚɞɚɱɟ ɬɨɱɤɟ ɦɢɧɢɦɭɦɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɟɪɢɨɞɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ, 

ɧɚɣɞɟɧɧɨɟ ɜ   [40].  

ɉɨɫɬɪɨɢɦ ɪɟɲɟɧɢɟ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɟ ɫɥɟɞɭɸɳɢɦ ɧɚɱɚɥɶɧɵɦ ɭɫɥɨɜɢɹɦ 

                               1 1 2 2 3(0) , (0) , (0) 2z i z z i 3δ δ δ= = =  (6) 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɪɟɲɟɧɢɟ ɭɞɨɜɥɟɬɜɨɪɹɥɨ ɢɧɬɟɝɪɚɥɭ (5), ɜɟɥɢɱɢɧɚ 3δ  ɞɨɥɠɧɚ 

ɢɦɟɬɶ ɫɥɟɞɭɸɳɟɟ ɡɧɚɱɟɧɢɟ 
2 2

1 2
3

2 2

1 22 2

δ δ
δ

δ δ

−
=

+
. 

ɉɪɢ ɷɬɢɯ ɧɚɱɚɥɶɧɵɯ ɡɧɚɱɟɧɢɹɯ ɩɨɫɬɨɹɧɧɵɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɬɚɤɨɜɵ 

( )
( )2

2 2
2 2

1 22 2 2 22 1 2
1 2 1 2 1 22 2 2 2

1 2 1 2

, , 2 ,
2

c h i
δ δδ δδ δ σ

δ δ δ δ

−−
= + + = = = +

+ +
δ δ ξ δ δ  

ɍɦɧɨɠɚɹ ɩɟɪɜɨɟ ɭɪɚɜɧɟɧɢɟ ɫɢɫɬɟɦɵ (4) ɧɚ 1Z , ɜɬɨɪɨɟ - ɧɚ 2Z ɢ ɫɤɥɚɞɵɜɚɹ ɢɯ, 

ɩɨɥɭɱɢɦ 

( ) ( ) ( )2 2 2 22 2

1 2 1 2 3 1 2

3 2 3 2

4 4

d
3Z Z Z Z Z

dt
δ δ+ = − + = − + Z  

ɉɪɨɞɢɮɮɟɪɟɧɰɢɪɭɟɦ ɬɪɟɬɶɟ ɭɪɚɜɧɟɧɢɟ (4) ɢ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɬɨɥɶɤɨ ɱɬɨ 

ɩɨɥɭɱɟɧɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ: 

                     ( ) ( )2 22 2

3 1 2 3 1 2

3 2 9
0

16 32

d
Z Z Z Z Z

dt
δ δ= + ⇒ + +�� ��

3 =                    

Ɋɟɲɟɧɢɟ ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɹ ɫ ɜɵɲɟɭɤɚɡɚɧɧɵɦ ɧɚɱɚɥɶɧɵɦ ɭɫɥɨɜɢɟɦ ɢɦɟɟɬ ɜɢɞ 

( ) ( )2 2

3 3 1

3
2 , 2

8

i tZ t i e ε
2δ ε δ δ±= = +  
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Ⱦɚɥɟɟ ɜ ɩɨɤɚɡɚɬɟɥɟ ɷɤɫɩɨɧɟɧɬɵ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɡɧɚɤ «+». Ɋɟɲɟɧɢɟ ɞɥɹ 

ɩɨɤɚɡɚɬɟɥɹ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɝɨ ɡɧɚɤɚ ɫɬɪɨɢɬɫɹ ɚɧɚɥɨɝɢɱɧɨ.  

      ɉɨɞɫɬɚɧɨɜɤɚ ɪɟɲɟɧɢɹ ( )3Z t  ɜ ɩɟɪɜɨɟ ɢ ɜɬɨɪɨɟ ɭɪɚɜɧɟɧɢɹ ɫɢɫɬɟɦɵ (4) 

ɩɪɢɜɨɞɢɬ ɤ ɫɥɟɞɭɸɳɟɦɭ ɭɪɚɜɧɟɧɢɸ 

                 3

3
, 1

4

i t

k kZ i Z e kεδ= − ⋅ =� , 2          (7) 

Ɂɚɦɟɧɚ  
( / 2)i t

k kZ Z e ε= �  

ɩɪɢɜɨɞɢɬ ɭɪɚɜɧɟɧɢɟ (7)  ɤ ɚɜɬɨɧɨɦɧɨɦɭ ɥɢɧɟɣɧɨɦɭ ɭɪɚɜɧɟɧɢɸ ɫ 

ɩɨɫɬɨɹɧɧɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ 

3

3
0

2 4
k k kZ i Z Z

ε δ⎛ ⎞+ + ⋅⎜ ⎟
⎝ ⎠

�� � � =  

 

ȿɝɨ ɪɟɲɟɧɢɟ ɢɳɟɦ ɜ ɜɢɞɟ 

1 2

i t i t

kZ C e C eν ν−= +�  

ɉɨɞɫɬɚɜɥɹɹ ɷɬɨ ɜɵɪɚɠɟɧɢɟ ɜ ɭɪɚɜɧɟɧɢɟ ɢ ɩɪɢɪɚɜɧɢɜɚɹ ɤɨɷɮɮɢɰɢɟɧɬɵ ɩɪɢ 

ɷɤɫɩɨɧɟɧɬɚɯ, ɩɨɥɭɱɢɦ ɫɥɟɞɭɸɳɭɸ ɫɢɫɬɟɦɭ ɭɪɚɜɧɟɧɢɣ 

 

1

2

3
/ 2

4
0

3
/ 2

4

C

C

ε ν δ

δ ε ν

+
=

−
 

ɂɡ ɪɚɜɟɧɫɬɜɚ ɧɭɥɸ ɨɩɪɟɞɟɥɢɬɟɥɹ ɧɚɣɞɟɦ 

( )
2

2 1 2

3
2 2

1 2

39

4 16 4 2

δ δεν δ
δ δ

= − =
+

 

ɉɪɢ ɷɬɨɦ ɡɧɚɱɟɧɢɢ ν ɩɨɥɭɱɢɦ ɫɥɟɞɭɸɳɟɟ ɭɪɚɜɧɟɧɢɟ ɞɥɹ ɩɨɫɬɨɹɧɧɵɯ 

( ) ( )1 2 1 1 2 2 0C Cδ δ δ δ+ + − = , ɨɬɤɭɞɚ ɧɚɣɞɟɦ 
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( ) ( )1 1 2 2 1,C C C C 2δ δ δ= − = − +δ . ɉɨɞɫɬɚɜɥɹɹ ɷɬɢ ɡɧɚɱɟɧɢɹ ɜ ɜɵɪɚɠɟɧɢɟ kZ� , 

ɡɚɬɟɦ ɜ  kZ ɢ ɜ (3) ɩɨɥɭɱɢɦ ɨɛɳɟɟ ɪɟɲɟɧɢɟ ɞɥɹ ɩɟɪɟɦɟɧɧɵɯ Ȼɢɪɤɝɨɮɚ  

( ) ( )(1 ( / 2))

1 2 1 2 , 1i t i t i t

kz e C e C e kε ν νδ δ δ δ+ −⎡ ⎤= − − +⎣ ⎦ , 2=  

ɂɡ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ (6) ɧɚɣɞɟɦ ɩɪɢ 1: / 2,k C i= =  ɩɪɢ 2 : 1/ 2.k C= = −  

Ɉɬɞɟɥɹɹ ɜ ɧɚɣɞɟɧɧɵɯ ɩɟɪɟɦɟɧɧɵɯ Ȼɢɪɤɝɨɮɚ ɦɧɢɦɵɟ ɱɚɫɬɢ, ɩɨɥɭɱɢɦ 

ɨɤɨɧɱɚɬɟɥɶɧɨɟ ɱɚɫɬɧɨɟ ɪɟɲɟɧɢɟ ɞɥɹ ɤɨɨɪɞɢɧɚɬ ɦɚɹɬɧɢɤɚ ɫ ɧɚɱɚɥɶɧɵɦɢ 

ɭɫɥɨɜɢɹɦɢ   

( ) ( ) ( ) ( ) ( ) ( )
2 2

1 2
1 2

2 2

1 2

0 , 0 0, 0 0, 0 , 0 , 0
2 2

x u y v z w
δ δδ δ

δ δ
−

= = = = =
+

0=      

Ɋɟɲɟɧɢɟ ɭɞɨɛɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ 

( )
( ) ( )

2 2
1 1 2

2 2
2

1 2

coscos sin
, ( ) cos 2

sinsin cos 2 2

x t tt t
z t t

y t tt t

δν ν δ δ
δν ν δ δ

Ω −
= =

Ω− +
Ω  ,  

 ɝɞɟ   
2 2

1 2 1 2

2 2

1 2

3 3
, 1

8 24 2

δ δ δ
ν

δ δ

+
= Ω = +

+

δ
.  

      ɗɬɨɬ ɪɟɡɭɥɶɬɚɬ ɢɦɟɟɬ ɹɫɧɭɸ ɝɟɨɦɟɬɪɢɱɟɫɤɭɸ ɢɧɬɟɪɩɪɟɬɚɰɢɸ: ɩɪɨɟɤɰɢɹ 

ɬɪɚɟɤɬɨɪɢɢ ɬɨɱɤɢ ɧɚ ɩɥɨɫɤɨɫɬɶ ɯɭ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɷɥɥɢɩɫ ɫ 

ɮɢɤɫɢɪɨɜɚɧɧɵɦɢ ɨɫɹɦɢ  1δ  ɢ 2δ , ɤɨɬɨɪɵɣ ɩɪɟɰɟɫɫɢɪɭɟɬ ɫ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɶɸ 

ț, ɹɜɥɹɸɳɟɣɫɹ ɦɚɥɨɣ ɜɟɥɢɱɢɧɨɣ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ, ɡɚɜɢɫɹɳɟɣ ɨɬ ɧɚɱɚɥɶɧɵɯ 

ɭɫɥɨɜɢɣ. ɉɪɢ ɷɬɨɦ ɱɚɫɬɨɬɚ ɨɛɪɚɳɟɧɢɹ ɩɨ ɷɥɥɢɩɫɭ ɨɬɥɢɱɚɟɬɫɹ ɨɬ 1 ɬɚɤɠɟ ɧɚ 

ɦɚɥɭɸ ɜɟɥɢɱɢɧɭ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ, ɡɚɜɢɫɹɳɭɸ ɨɬ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ.  

      ɂɧɬɟɪɟɫɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɩɪɟɰɟɫɫɢɢ ɷɥɥɢɩɫɚ 

ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɟɝɨ ɩɥɨɳɚɞɢ (ɤɜɚɞɪɚɬɭɪɟ). Ⱥɧɚɥɨɝɢɱɧɵɣ ɪɟɡɭɥɶɬɚɬ ɛɵɥ 

ɩɨɥɭɱɟɧ ɜ ɪɚɛɨɬɟ [20] ɞɥɹ ɦɚɹɬɧɢɤɚ Ɏɭɤɨ.  

      ɉɪɢ 1 2δ δ=  ɩɨɥɭɱɚɟɦ ɞɜɢɠɟɧɢɟ ɦɚɹɬɧɢɤɚ ɩɨ ɨɤɪɭɠɧɨɫɬɢ ɜ 

ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ 1 1cos , sin , 0x t y t zδ δ= = = . 
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6. ɗɮɮɟɤɬɵ ɫɪɵɜɚ ɢ ɪɚɡɜɨɪɨɬɚ ɩɥɨɫɤɨɫɬɢ ɤɨɥɟɛɚɧɢɣ 

      ɉɪɢ ɛɨɥɶɲɢɧɫɬɜɟ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ (ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɬɟɯ, ɱɬɨ 

ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ  ɜ ɩɪɟɞɵɞɭɳɟɦ ɩɭɧɤɬɟ), ɜ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɡɚɞɚɱɟ, ɤɚɤ ɢ ɜ 

ɩɥɨɫɤɨɣ [40], ɧɚɛɥɸɞɚɟɬɫɹ ɷɮɮɟɤɬ ɩɟɪɟɤɚɱɤɢ ɷɧɟɪɝɢɢ ɦɟɠɞɭ ɪɚɡɥɢɱɧɵɦɢ  

ɦɨɞɚɦɢ ɤɨɥɟɛɚɧɢɣ. Ɉɧ ɩɪɨɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɨɬɱɟɬɥɢɜɨ, ɤɨɝɞɚ ɜɧɚɱɚɥɟ 

ɦɚɹɬɧɢɤ ɤɨɥɟɛɥɟɬɫɹ ɩɨɱɬɢ ɜɟɪɬɢɤɚɥɶɧɨ ɢ ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸɳɟɦ. ɋɢɫɬɟɦɚ 

ɞɨɫɬɚɬɨɱɧɨ ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ ɩɪɨɞɨɥɠɚɟɬ ɫɨɜɟɪɲɚɬɶ ɤɨɥɟɛɚɧɢɹ, ɛɥɢɡɤɢɟ ɤ 

ɩɨɱɬɢ ɜɟɪɬɢɤɚɥɶɧɵɦ, ɩɨɫɥɟ ɱɟɝɨ ɩɪɨɢɫɯɨɞɢɬ ɜɟɫɶɦɚ ɛɵɫɬɪɚɹ ɩɟɪɟɫɬɪɨɣɤɚ, ɜ 

ɪɟɡɭɥɶɬɚɬɟ ɤɨɬɨɪɨɣ ɜɟɪɬɢɤɚɥɶɧɵɟ ɤɨɥɟɛɚɧɢɹ  ɡɧɚɱɢɬɟɥɶɧɨ ɡɚɬɭɯɚɸɬ, ɬɨɝɞɚ 

ɤɚɤ ɚɦɩɥɢɬɭɞɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɦɨɞɵ ɤɨɥɟɛɚɧɢɣ ɫɭɳɟɫɬɜɟɧɧɨ ɧɚɪɚɫɬɚɟɬ. 

ɉɪɨɟɤɰɢɹ ɬɪɚɟɤɬɨɪɢɢ ɬɨɱɤɢ ɧɚ ɩɥɨɫɤɨɫɬɶ ɯɭ ɩɪɢ ɷɬɢɯ ɩɨɱɬɢ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ 

ɤɨɥɟɛɚɧɢɹɯ ɛɥɢɡɤɚ ɤ ɫɢɥɶɧɨ ɜɵɬɹɧɭɬɨɦɭ ɷɥɥɢɩɫɭ ɫ ɦɟɞɥɟɧɧɨ ɦɟɧɹɸɳɢɦɢɫɹ  

ɩɨɥɭɨɫɹɦɢ. ȿɝɨ ɩɥɨɳɚɞɶ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɚ ɩɪɨɟɤɰɢɢ ɤɢɧɟɬɢɱɟɫɤɨɝɨ ɦɨɦɟɧɬɚ 

ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɨɫɶ.  ɗɬɚ ɦɨɞɚ ɫɭɳɟɫɬɜɭɟɬ ɞɨɫɬɚɬɨɱɧɨ ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ, 

ɩɨɫɥɟ ɱɟɝɨ ɜɧɨɜɶ ɩɟɪɟɫɬɪɚɢɜɚɟɬɫɹ  ɜ ɩɨɱɬɢ ɜɟɪɬɢɤɚɥɶɧɭɸ ɢ ɬ. ɞ.  

       Ⱦɚɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɫɥɟɞɭɟɬ ɢɡ ɫɨɨɬɧɨɲɟɧɢɣ ɩ. 2. Ȼɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ 

ɜɟɥɢɱɢɧɚ ξ , ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɞɜɢɠɟɧɢɹ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ 

ɩɥɨɫɤɨɫɬɢ, ɫɨɜɟɪɲɚɟɬ ɩɟɪɢɨɞɢɱɟɫɤɢɟ ɤɨɥɟɛɚɧɢɹ ɦɟɠɞɭ ɧɚɢɛɨɥɶɲɢɦ ɢ 

ɧɚɢɦɟɧɶɲɢɦ ɡɧɚɱɟɧɢɹɦɢ. ɇɨ ɜ ɫɢɥɭ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ 0H  ɭɦɟɧɶɲɟɧɢɟ 

(ɭɜɟɥɢɱɟɧɢɟ) ξ  ɜɥɟɱɟɬ ɡɚ ɫɨɛɨɣ ɭɜɟɥɢɱɟɧɢɟ (ɭɦɟɧɶɲɟɧɢɟ) 3z . ɉɨɫɥɟɞɧɹɹ 

ɜɟɥɢɱɢɧɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɞɜɢɠɟɧɢɹ ɩɨ ɜɟɪɬɢɤɚɥɢ. Ɉɬɦɟɬɢɦ, 

ɱɬɨ ɩɪɢ 0σ ≠  ɩɟɪɟɦɟɧɧɚɹ ξ  ɧɟ ɦɨɠɟɬ ɨɛɪɚɳɚɬɶɫɹ ɜ ɧɨɥɶ.  ɗɬɨ ɫɥɟɞɭɟɬ ɢɡ 

ɬɨɝɨ, ɱɬɨ xy xyσ ∝ −� � , ɚ 0 0,x y x y 0ξ = ⇔ = = = =� � . 

      Ʉɨɥɟɛɚɧɢɹɦ  ɦɚɹɬɧɢɤɚ, ɢɡɧɚɱɚɥɶɧɨ ɛɥɢɡɤɢɦ ɤ ɜɟɪɬɢɤɚɥɶɧɵɦ, 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ  ξ <<
2

3z .  ɉɪɢ ɩɟɪɟɫɬɪɨɣɤɟ ɦɨɞ ɤɨɥɟɛɚɧɢɹ ɫɬɚɧɨɜɹɬɫɹ ɩɨɱɬɢ 

ɝɨɪɢɡɨɧɬɚɥɶɧɵɦɢ. ɗɬɨ ɪɚɜɧɨɫɢɥɶɧɨ ɬɨɦɭ, ɱɬɨ 2

3zξ � . ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 
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( )min 0 max a maxξ ξ ξ= � ξ  ɢɦɟɟɬ ɬɨɬ ɠɟ ɩɨɪɹɞɨɤ, ɱɬɨ ɢ 

( ) 22

3 3max 0z z= .  ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɷɮɮɟɤɬ ɩɟɪɟɤɚɱɤɢ ɷɧɟɪɝɢɢ ɩɪɨɹɜɥɹɟɬɫɹ 

ɫɢɥɶɧɟɟ ɜɫɟɝɨ ɩɪɢ ɜɵɲɟɭɤɚɡɚɧɧɵɯ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ. 

      ɉɟɪɟɯɨɞ ɨɬ ɨɞɧɨɣ ɦɨɞɵ ɤ ɞɪɭɝɨɣ ɩɪɨɢɫɯɨɞɢɬ ɫ ɩɟɪɢɨɞɨɦ Ɍ/2, 

ɨɩɪɟɞɟɥɟɧɧɵɦ ɜ ɩ.2.  

      ȼ ɩɪɟɞɲɟɫɬɜɭɸɳɢɯ ɩɭɧɤɬɚɯ ɛɵɥ ɩɨɫɬɪɨɟɧ ɪɹɞ ɚɧɚɥɨɝɢɣ ɦɟɠɞɭ ɩɥɨɫɤɨɣ ɢ 

ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɡɚɞɚɱɚɦɢ. Ɉɞɧɚɤɨ ɩɪɢ ɧɚɥɢɱɢɢ ɫɤɨɥɶ ɭɝɨɞɧɨ ɦɚɥɨɝɨ 0σ ≠  

ɤɪɨɦɟ ɤɨɧɟɱɧɨɝɨ ɡɧɚɱɟɧɢɹ ɩɟɪɢɨɞɚ ɩɟɪɟɫɬɪɨɣɤɢ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 

ɦɚɤɫɢɦɭɦɭ ɷɧɟɪɝɢɢ ȿ, ɩɨɹɜɥɹɟɬɫɹ ɟɳɟ ɨɞɧɨ ɢɧɬɟɪɟɫɧɨɟ ɨɬɥɢɱɢɟ.  

      Ⱦɨɩɭɫɬɢɦ, ɱɬɨ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɦɚɬɟɪɢɚɥɶɧɚɹ ɬɨɱɤɚ ɧɚɯɨɞɢɬɫɹ ɧɚ ɨɫɢ  

ɯ ɧɚ ɧɟɤɨɬɨɪɨɦ ɪɚɫɫɬɨɹɧɢɢ ɨɬ ɩɥɨɫɤɨɫɬɢ yz, ɚ ɜɞɨɥɶ ɨɫɢ y ɫɨɨɛɳɚɟɬɫɹ ɫɤɨɥɶ 

ɭɝɨɞɧɨ ɦɚɥɵɣ ɢɦɩɭɥɶɫ. ɂɦɩɭɥɶɫ ɢ ɨɬɤɥɨɧɟɧɢɟ ɞɨɥɠɧɵ ɛɵɬɶ ɬɚɤɢɦɢ, ɱɬɨɛɵ 

ɚɦɩɥɢɬɭɞɚ ɜɨɡɧɢɤɚɸɳɢɯ ɤɨɥɟɛɚɧɢɣ ɛɵɥɚ ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɨɣ, ɚ ɫɚɦɢ 

ɤɨɥɟɛɚɧɢɹ ɜ ɩɟɪɜɨɟ ɜɪɟɦɹ, ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɟɟ ɩɟɪɢɨɞɚ ɩɟɪɟɤɚɱɤɢ ɷɧɟɪɝɢɢ 

ɦɟɠɞɭ ɦɨɞɚɦɢ, ɛɵɥɢ ɛɥɢɡɤɢ ɤ ɩɪɹɦɨɥɢɧɟɣɧɵɦ ɤɨɥɟɛɚɧɢɹɦ ɜɞɨɥɶ ɨɫɢ  ɯ.   

      Ɍɨɝɞɚ ɤɨɥɟɛɚɧɢɹ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɫɩɭɫɬɹ ɧɟɤɨɬɨɪɨɟ ɜɪɟɦɹ  

ɩɟɪɟɫɬɪɨɹɬɫɹ ɜ ɩɨɱɬɢ ɜɟɪɬɢɤɚɥɶɧɵɟ (ɜ  ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɢɡɥɨɠɟɧɧɵɦ ɜ 

ɩɪɟɞɵɞɭɳɟɦ ɩɭɧɤɬɟ). ɉɨ ɩɪɨɲɟɫɬɜɢɢ ɜɪɟɦɟɧɢ ɩɨɪɹɞɤɚ Ɍ ɨɧɢ ɜɧɨɜɶ ɛɭɞɭɬ 

ɛɥɢɡɤɢ ɤ ɝɨɪɢɡɨɧɬɚɥɶɧɵɦ. ɂɡ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ ɢ ɩɪɨɟɤɰɢɢ ɤɢɧɟɬɢɱɟɫɤɨɝɨ 

ɦɨɦɟɧɬɚ ɧɚ ɜɟɪɬɢɤɚɥɶɧɭɸ ɨɫɶ ɫɥɟɞɭɟɬ, ɱɬɨ ɷɬɢ ɤɨɥɟɛɚɧɢɹ ɞɨɥɠɧɵ ɢɦɟɬɶ 

ɮɨɪɦɭ, ɛɥɢɡɤɭɸ ɤ ɩɪɹɦɨɥɢɧɟɣɧɨɣ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɨɡɧɢɤɚɟɬ ɫɥɟɞɭɸɳɢɣ 

ɜɨɩɪɨɫ: ɜɛɥɢɡɢ ɤɚɤɨɣ ɩɪɹɦɨɣ ɧɚ ɩɥɨɫɤɨɫɬɢ xy ɛɭɞɭɬ ɩɪɨɢɫɯɨɞɢɬɶ ɷɬɢ 

ɤɨɥɟɛɚɧɢɹ ? 

      ɑɬɨɛɵ ɨɬɜɟɬɢɬɶ ɧɚ ɷɬɨɬ ɜɨɩɪɨɫ, ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɱɢɫɥɟɧɧɨɟ 

ɢɧɬɟɝɪɢɪɨɜɚɧɢɟ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɫɢɫɬɟɦɵ (1) ɩɪɢ ɪɟɡɨɧɚɧɫɟ  ( ).  
2 4µ =

      Ɍɪɚɟɤɬɨɪɢɹ ɞɜɢɠɟɧɢɹ ɬɨɱɤɢ  ɜ ɤɨɧɮɢɝɭɪɚɰɢɨɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɤɨɝɞɚ 

x(0)=0,01, (0)=0,005, z(0) = 0.1, ɚ ɨɫɬɚɥɶɧɵɟ ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɪɚɜɧɵ y�
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ɧɭɥɸ, ɢɡɨɛɪɚɠɟɧɚ ɧɚ ɜɵɲɟɩɪɢɜɟɞɟɧɧɵɯ ɪɢɫɭɧɤɚɯ. ɂɧɬɟɪɟɫɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ 

ɧɨɜɨɟ ɧɚɩɪɚɜɥɟɧɢɟ, ɜɛɥɢɡɢ ɤɨɬɨɪɨɝɨ ɩɪɨɢɫɯɨɞɹɬ ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɤɨɥɟɛɚɧɢɹ, 

ɛɥɢɡɤɢɟ ɤ ɩɪɹɦɨɥɢɧɟɣɧɵɦ, ɨɤɚɡɵɜɚɟɬɫɹ ɪɚɡɜɟɪɧɭɬɵɦ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɩɟɪɜɨɧɚɱɚɥɶɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɧɚ ɭɝɨɥ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɧɚɱɚɥɶɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ 

ɩɨ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ ( 3δ ). ɇɚɩɪɢɦɟɪ, ɩɪɢ 3 10, 2δ δ δ= �  ɞɚɧɧɵɣ ɭɝɨɥ 

ɨɤɚɡɵɜɚɟɬɫɹ ɪɚɜɧɵɦ   ʌ/2. ɗɬɨɬ  ɪɟɡɭɥɶɬɚɬ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ 

1 ɢ 2δ δ , ɟɫɥɢ ɨɧɢ ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɵ, ɚ ɤɨɥɟɛɚɧɢɹ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɛɥɢɡɤɢ ɤ 

ɩɪɹɦɨɥɢɧɟɣɧɵɦ ɤɨɥɟɛɚɧɢɹɦ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ. ȼɢɞ ɬɪɚɟɤɬɨɪɢɣ 

ɩɪɢ ɥɸɛɵɯ ɞɪɭɝɢɯ ɧɚɱɚɥɶɧɵɯ ɜɨɡɦɭɳɟɧɢɹɯ ɤɚɱɟɫɬɜɟɧɧɨ ɧɟ ɢɡɦɟɧɹɟɬɫɹ, 

ɨɞɧɚɤɨ ɭɝɨɥ ɪɚɡɜɨɪɨɬɚ ɧɚɩɪɚɜɥɟɧɢɹ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɤɨɥɟɛɚɧɢɣ ɨɬɥɢɱɚɟɬɫɹ ɨɬ 

ɩɪɹɦɨɝɨ. ȿɫɥɢ ɜ ɧɚɱɚɥɟ ɢɦɟɟɬɫɹ ɜɨɡɦɭɳɟɧɢɟ ɩɨ ɨɫɢ z, ɬɨ ɜɵɲɟɭɤɚɡɚɧɧɵɣ 

ɭɝɨɥ ɪɚɡɜɨɪɨɬɚ ɦɨɠɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ 90
0
  (ɨɬɥɢɱɢɟ ɧɚ ɩɨɪɹɞɤɢ). 

      ȿɫɥɢ ɪɚɡɥɨɠɢɬɶ ɩɪɚɜɵɟ ɱɚɫɬɢ ɬɨɱɧɵɯ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ, ɨɫɬɚɜɢɜ 

ɬɨɥɶɤɨ ɤɜɚɞɪɚɬɢɱɧɵɟ ɧɟɥɢɧɟɣɧɨɫɬɢ ɢ ɫɧɨɜɚ ɪɟɲɢɬɶ ɷɬɢ ɭɪɚɜɧɟɧɢɹ ɱɢɫɥɟɧɧɨ, 

ɬɨ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ, ɱɬɨ ɞɚɧɧɵɣ ɷɮɮɟɤɬ ɯɨɪɨɲɨ ɨɩɢɫɵɜɚɟɬɫɹ ɭɠɟ ɜ ɷɬɨɦ 

ɩɪɢɛɥɢɠɟɧɢɢ. ȿɫɬɟɫɬɜɟɧɧɨ, ɫɨɨɬɜɟɬɫɬɜɢɟ ɬɟɦ ɥɭɱɲɟ, ɱɟɦ ɦɟɧɶɲɟ ɚɦɩɥɢɬɭɞɚ 

ɤɨɥɟɛɚɧɢɣ, ɩɪɢɱɟɦ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɚɦɩɥɢɬɭɞɵ ɨɧɨ ɦɨɠɟɬ ɢɫɱɟɡɧɭɬɶ ɜɨɜɫɟ. 

ɇɚɩɪɢɦɟɪ, ɩɪɢ ɧɟɤɨɬɨɪɵɯ (ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɢɯ) ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ 

ɩɪɢɛɥɢɠɟɧɧɚɹ ɫɢɫɬɟɦɚ ɢɦɟɟɬ ɧɟɨɝɪɚɧɢɱɟɧɧɨɟ ɪɟɲɟɧɢɟ. 

      ɗɮɮɟɤɬ ɪɚɡɜɨɪɨɬɚ ɩɥɨɫɤɨɫɬɢ ɤɨɥɟɛɚɧɢɣ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɹɜɥɹɟɬɫɹ ɧɨɜɵɦ 

ɪɟɡɭɥɶɬɚɬɨɦ. Ɇɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɜ ɬɪɟɯɦɟɪɧɨɣ ɡɚɞɚɱɟ ɧɚɪɹɞɭ ɫ ɩɟɪɢɨɞɚɦɢ 

ɤɨɥɟɛɚɧɢɣ ɦɚɹɬɧɢɤɚ ɢ ɩɟɪɟɫɬɪɨɣɤɢ ɦɨɞ ɤɨɥɟɛɚɧɢɣ ɩɨɹɜɥɹɟɬɫɹ ɟɳɟ ɢ ɬɪɟɬɢɣ 

ɩɟɪɢɨɞ. Ɉɧ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɪɟɞɧɟɣ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɩɪɟɰɟɫɫɢɢ ɜɨɤɪɭɝ 

ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ. ɉɨɫɤɨɥɶɤɭ ɞɚɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɛɵɥ ɩɨɥɭɱɟɧ ɩɭɬɟɦ 

ɱɢɫɥɟɧɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ, ɜɨɡɧɢɤɚɟɬ ɜɨɩɪɨɫ ɨɛ ɟɝɨ ɚɧɚɥɢɬɢɱɟɫɤɨɦ 

ɨɩɢɫɚɧɢɢ. 

      ɑɢɫɥɟɧɧɨɟ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɩɪɢ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ, 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɟɪɢɨɞɢɱɟɫɤɨɦɭ ɪɟɲɟɧɢɸ, ɩɨɥɭɱɟɧɧɨɦɭ  ɩɭɧɤɬɟ 3, 
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ɩɨɞɬɜɟɪɠɞɚɟɬ ɩɨɥɭɱɟɧɧɵɣ ɬɚɦ ɪɟɡɭɥɶɬɚɬ ɨ ɩɪɟɰɟɫɫɢɢ ɷɥɥɢɩɬɢɱɟɫɤɨɣ 

ɬɪɚɟɤɬɨɪɢɢ ɫ ɩɨɫɬɨɹɧɧɨɣ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɶɸ ɛɟɡ ɢɡɦɟɧɟɧɢɹ ɩɨɥɭɨɫɟɣ 

ɷɥɥɢɩɫɚ.  

      ȼ ɪɚɛɨɬɟ [40], ɩɨɫɜɹɳɟɧɧɨɣ ɢɫɫɥɟɞɨɜɚɧɢɸ ɩɥɨɫɤɨɣ ɡɚɞɚɱɢ, ɛɵɥɢ 

ɩɨɥɭɱɟɧɵ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɜɵɪɚɠɟɧɢɹ, ɨɩɢɫɵɜɚɸɳɢɟ ɡɚɜɢɫɢɦɨɫɬɶ ɚɦɩɥɢɬɭɞ 

ɜɟɪɬɢɤɚɥɶɧɨɣ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɦɨɞ ɤɨɥɟɛɚɧɢɣ ɨɬ ɜɪɟɦɟɧɢ. ɗɬɢ ɠɟ ɮɨɪɦɭɥɵ 

ɯɨɪɨɲɨ ɨɩɢɫɵɜɚɸɬ ɚɧɚɥɨɝɢɱɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜ ɬɪɟɯɦɟɪɧɨɦ ɫɥɭɱɚɟ. 

ɉɪɢɜɟɞɟɦ ɢɯ: 

( ) ( ) ( ) ( )

( ) ( ) ( ) ( ) ( )

3

2 2

1 2

3z 0 3z 0 3
0 th th 1

4 2 4 2

3z 0 3z 0 3
2 0 sech sech

4 2 4 2

T T
Z t z t t

T T
Z t Z t z t t

⎡ ⎤⎛ ⎞ ⎛ ⎞= − + − −⎢ ⎥⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠⎢ ⎥⎣ ⎦

⎡ ⎤⎛ ⎞ ⎛+ = − + − ⎞
⎢ ⎥⎜ ⎟ ⎜

⎝ ⎠ ⎝
⎟
⎠⎣ ⎦

 

 ȼ ɷɬɢɯ ɮɨɪɦɭɥɚɯ Ɍ – ɩɟɪɢɨɞ ɩɟɪɟɫɬɪɨɣɤɢ ɦɨɞ. Ƚɪɚɮɢɤɢ ɷɬɢɯ ɮɭɧɤɰɢɣ 

ɪɚɡɦɟɳɟɧɵ ɧɚ ɪɢɫɭɧɤɚɯ ɷɬɨɣ ɱɚɫɬɢ ɪɚɛɨɬɵ ɜ ɜɢɞɟ ɨɝɢɛɚɸɳɢɯ ɫɜɟɪɯɭ 

ɝɪɚɮɢɤɨɜ ɱɢɫɥɟɧɧɵɯ ɪɟɲɟɧɢɣ.  

      Ⱦɥɹ ɜɨɡɦɨɠɧɨɫɬɢ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ ɷɮɮɟɤɬɚ ɪɚɡɜɨɪɨɬɚ ɩɥɨɫɤɨɫɬɢ 

ɤɨɥɟɛɚɧɢɣ, ɟɫɬɟɫɬɜɟɧɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɷɥɟɦɟɧɬɵ ɨɪɛɢɬɵ, ɩɨɫɤɨɥɶɤɭ 

ɬɪɚɟɤɬɨɪɢɢ ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɢɦɟɸɬ ɷɥɥɢɩɬɢɱɟɫɤɭɸ ɮɨɪɦɭ, ɚ 

ɧɟɥɢɧɟɣɧɨɫɬɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɦɚɥɨɟ ɜɨɡɦɭɳɟɧɢɟ.  ɇɚɩɨɦɧɢɦ, ɤɚɤ 

ɜɜɨɞɹɬɫɹ ɷɥɟɦɟɧɬɵ ɨɪɛɢɬɵ, ɢ ɤɚɤɨɣ ɜɢɞ ɢɦɟɸɬ ɭɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ ɜ ɷɬɢɯ 

ɷɥɟɦɟɧɬɚɯ. Ʉɪɚɬɤɨɟ ɢɡɥɨɠɟɧɢɟ ɦɚɬɟɪɢɥɚ ɛɭɞɟɬ ɨɫɧɨɜɚɧɨ ɧɚ ɪɚɛɨɬɟ [20], ɝɞɟ 

ɧɚɩɢɫɚɧɨ ɨɛ ɷɬɨɦ ɛɨɥɟɟ ɩɨɞɪɨɛɧɨ. 

      ɂɫɫɥɟɞɭɟɦɚɹ ɫɢɫɬɟɦɚ ɢɦɟɟɬ ɜɢɞ 

x x X

y y Y

+ =
+ =

��
��  

ȿɟ ɪɟɲɟɧɢɟ ɩɪɢ ɧɭɥɟɜɵɯ ɩɪɚɜɵɯ ɱɚɫɬɹɯ, ɬ. ɟ. ɩɪɢ X = Y = 0,  ɦɨɠɟɬ ɛɵɬɶ 

ɡɚɩɢɫɚɧɨ ɜ ɜɢɞɟ  
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( ) ( )
( ) ( )

cos cos sin sin

cos sin sin cos

x r t k t

y r t k t

τ θ τ θ

τ θ τ

= + − +

= + + + θ                               (8) 

ɩɨɫɬɨɹɧɧɵɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ , , ,r k θ τ  ɧɚɡɵɜɚɸɬɫɹ ɷɥɟɦɟɧɬɚɦɢ ɨɪɛɢɬɵ. ɂɯ 

ɝɟɨɦɟɬɪɢɱɟɫɤɢɣ ɫɦɵɫɥ ɹɫɟɧ ɢɡ ɫɥɟɞɭɸɳɟɝɨ ɪɢɫɭɧɤɚ 

 

 

 

ɩɚɪɚɦɟɬɪ Ĳ, ɧɟ ɢɡɨɛɪɚɠɟɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ, ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɩɨɥɨɠɟɧɢɟ ɬɨɱɤɢ ɧɚ 

ɷɥɥɢɩɫɟ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ.  

      ɉɪɢ ɨɬɥɢɱɧɵɯ ɨɬ ɧɭɥɹ ɩɪɚɜɵɯ ɱɚɫɬɹɯ X ɢ Y  ɷɥɟɦɟɧɬɵ ɨɪɛɢɬɵ ɢɡɦɟɧɹɸɬɫɹ 

ɫɨ ɜɪɟɦɟɧɟɦ. ɑɬɨɛɵ ɩɨɥɭɱɢɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɭɪɚɜɧɟɧɢɹ, ɧɭɠɧɨ ɫɞɟɥɚɬɶ 

ɡɚɦɟɧɭ ɩɟɪɟɦɟɧɧɵɯ ( ) ( ), , , , , ,x y x y r k θ τ→� �  ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɮɨɪɦɭɥɚɦɢ (8) ɢ  

ɫɥɟɞɭɸɳɢɦɢ ɫɨɨɬɧɨɲɟɧɢɹɦɢ: 

( ) ( )
( ) ( )

sin cos cos sin

sin sin cos cos

x r t k t

y r t k t

τ θ τ θ

τ θ τ

= − + − +

= − + + +

�

� θ  

ɩɨɞɫɬɚɧɨɜɤɚ ɢ ɪɚɡɪɟɲɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɢɡɜɨɞɧɵɯ ɩɪɢɜɨɞɢɬ ɤ 

ɭɪɚɜɧɟɧɢɹɦ  

r 

șk
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( ) ( )
( ) ( )

( ) ( ) ( ) ( )

( ) ( ) ( ) ( )

2 2

2 2

cos sin sin

sin cos cos

1
cos sin cos sin cos sin

1
cos sin cos sin cos sin

r X Y t

k X Y t

k X Y t r X Y t
r k

r X Y t k X Y t
k r

θ θ τ

θ θ τ

θ θ θ τ θ θ τ

τ θ θ τ θ θ

= − + +

= − − +

= + + + −⎡ ⎤⎣ ⎦−

= + + + −⎡ ⎤⎣ ⎦−

�
�

�

� τ

+

+

    (9) 

      ȼ ɢɫɫɥɟɞɭɟɦɨɦ ɫɥɭɱɚɟ ɜ ɢɫɯɨɞɧɵɯ ɞɟɤɚɪɬɨɜɵɯ ɩɟɪɟɦɟɧɧɵɯ (ɫɦ. 

ɪɚɡɥɨɠɟɧɢɟ ɮɭɧɤɰɢɢ Ƚɚɦɢɥɶɬɨɧɚ) 3 , 3X xz Y yz= − = − . ɉɟɪɟɯɨɞ ɤ ɷɥɟɦɟɧɬɚɦ 

ɨɪɛɢɬɵ ɩɪɢɜɨɞɢɬ ɤ ɫɥɟɞɭɸɳɢɦ ɭɪɚɜɧɟɧɢɹɦ 

( ) ( )
( ) ( )

( )

( ) ( )

( ) ( )

2 2

2 2 2 2

2 2

2 2 2 2

3 sin cos

3 sin cos

3
cos 2

3
cos sin

3
4 cos sin

2

r rz t t

k kz t t

rkz
t

r k

z
r t k t

r k

z z r t k t

τ τ

τ τ

θ τ

τ τ τ

τ τ

= + +

= − + +

= − +
−

⎡ ⎤= + −⎣ ⎦−

⎡ ⎤+ = − + + +⎣ ⎦

�
�

�

�

��

+

 

ɑɬɨɛɵ ɩɨɥɭɱɢɬɶ ɡɚɦɤɧɭɬɭɸ ɫɢɫɬɟɦɭ, (9) ɞɨɩɨɥɧɟɧɚ ɭɪɚɜɧɟɧɢɟɦ ɞɥɹ z. 

ɉɨɥɭɱɟɧɧɚɹ ɫɢɫɬɟɦɚ ɧɟɥɢɧɟɣɧɚ ɢ ɨɛɥɚɞɚɟɬ ɨɫɨɛɟɧɧɨɫɬɶɸ ɩɪɢ r = k, ɱɬɨ 

ɡɚɬɪɭɞɧɹɟɬ ɟɟ ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ. ɋɢɬɭɚɰɢɹ ɨɫɥɨɠɧɹɟɬɫɹ ɬɟɦ, ɱɬɨ 

ɢɡ ɱɢɫɥɟɧɧɨɝɨ ɪɟɲɟɧɢɹ ɫɥɟɞɭɟɬ, ɱɬɨ ɫɨ ɜɪɟɦɟɧɟɦ ɷɥɥɢɩɫ, ɹɜɥɹɸɳɢɣɫɹ 

ɩɪɨɟɤɰɢɟɣ ɬɪɚɟɤɬɨɪɢɢ ɬɨɱɤɢ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɩɥɨɫɤɨɫɬɶ, ɫɬɪɟɦɢɬɫɹ ɤ 

ɨɤɪɭɠɧɨɫɬɢ, ɬɨ ɟɫɬɶ ɤ ɬɨɦɭ ɫɚɦɨɦɭ ɜɵɪɨɠɞɟɧɢɸ.  

      Ɉɞɧɚɤɨ ɨɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɧɚɥɢɱɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɧɟ ɦɟɲɚɟɬ ɩɨɫɬɪɨɢɬɶ 

ɱɢɫɥɟɧɧɨɟ ɪɟɲɟɧɢɟ ɫɢɫɬɟɦɵ ɞɥɹ ɷɥɟɦɟɧɬɨɜ ɨɪɛɢɬɵ ɩɪɢ ɩɨɦɨɳɢ Maple. 

ɇɚɢɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ ɩɪɟɞɫɬɚɜɥɹɟɬ ɡɚɜɢɫɢɦɨɫɬɶ   ( )tθ , «ɨɬɜɟɱɚɸɳɚɹ» ɡɚ 

ɷɮɮɟɤɬ ɪɚɡɜɨɪɨɬɚ ɩɥɨɫɤɨɫɬɢ ɤɨɥɟɛɚɧɢɣ. Ɉɧɚ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ 

 

 

 



 99

 

ɗɬɨɬ ɝɪɚɮɢɤ ɩɨɥɭɱɚɟɬɫɹ ɩɪɢ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ r(0) = 0.01, k(0) = 0.005,   

ș(0) = 0, Ĳ = 0, z = 0.1, w(0) = 0. ɂɡ ɧɟɝɨ ɜɢɞɧɚ ɫɥɟɞɭɸɳɚɹ ɬɟɧɞɟɧɰɢɹ: 

ɛɨɥɶɲɭɸ ɱɚɫɬɶ ɜɪɟɦɟɧɢ ɭɝɨɥ ș ɩɨɱɬɢ ɧɟ ɢɡɦɟɧɹɟɬɫɹ, ɚ ɤɨɝɞɚ ɧɚɱɢɧɚɟɬ 

ɩɪɟɨɛɥɚɞɚɬɶ ɜɟɪɬɢɤɚɥɶɧɚɹ ɦɨɞɚ ɤɨɥɟɛɚɧɢɣ, ɷɬɨɬ ɭɝɨɥ ɞɨɫɬɚɬɨɱɧɨ ɛɵɫɬɪɨ 

ɢɡɦɟɧɹɟɬ ɫɜɨɟ ɡɧɚɱɟɧɢɟ.  

      ɉɨɥɭɱɟɧɧɵɣ ɪɟɡɭɥɶɬɚɬ ɩɨɡɜɨɥɹɟɬ ɝɨɜɨɪɢɬɶ ɨ ɬɨɦ, ɱɬɨ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ 

ɡɚɞɚɱɟ ɤɪɨɦɟ ɩɟɪɢɨɞɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɢ ɩɟɪɟɫɬɪɨɣɤɢ ɦɨɞ 

ɩɨɹɜɥɹɟɬɫɹ ɬɪɟɬɢɣ ɩɟɪɢɨɞ. Ɉɧ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɪɟɞɧɟɣ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ 

ɩɪɟɰɟɫɫɢɢ ɩɪɨɟɤɰɢɢ ɬɪɚɟɤɬɨɪɢɢ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɩɥɨɫɤɨɫɬɶ ɢ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

( ) ( )0
2 / ,    ɝɞɟ   =

T
T

T

θ θ
π θ θ

−
′ = , 

ɚ Ɍ – ɩɟɪɢɨɞ ɩɟɪɟɫɬɪɨɣɤɢ ɦɨɞ ɤɨɥɟɛɚɧɢɣ. 

      ɉɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫ ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ș(t). 

Ⱦɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɨɣ ɜɢɞ ɝɪɚɮɢɤɚ ɮɭɧɤɰɢɢ ș(t) ɩɨɡɜɨɥɹɟɬ ɧɚɞɟɹɬɶɫɹ, ɱɬɨ ɬɚɤɨɟ 

ɨɩɢɫɚɧɢɟ ɜɨɡɦɨɠɧɨ. 

 

 

 

 

 

 

 

t 

ș(t) 
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Ƚɥɚɜɚ 5 

 Ɂɚɞɚɱɚ ɨ ɤɨɥɟɛɚɧɢɹɯ ɝɚɡɨɜɨɝɨ ɩɭɡɵɪɹ ɜ ɠɢɞɤɨɫɬɢ ɩɪɢ ɪɟɡɨɧɚɧɫɟ ɱɚɫɬɨɬ 
ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɢ ɪɚɞɢɚɥɶɧɵɯ ɤɨɥɟɛɚɧɢɣ 1:2 

 
ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

      ɂɫɫɥɟɞɭɟɬɫɹ ɡɚɞɚɱɚ ɨ ɤɨɥɟɛɚɧɢɹɯ ɝɚɡɨɜɨɝɨ ɩɭɡɵɪɹ, ɰɟɧɬɪ ɤɨɬɨɪɨɝɨ 

ɧɟɩɨɞɜɢɠɟɧ ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ, ɨɛɥɚɞɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɧɵɦ 

ɧɚɬɹɠɟɧɢɟɦ. ȼ ɪɚɜɧɨɜɟɫɢɢ ɫɢɥɵ ɞɚɜɥɟɧɢɹ ɝɚɡɚ ɜɧɭɬɪɢ ɩɭɡɵɪɹ, ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ 

ɧɚɬɹɠɟɧɢɹ ɠɢɞɤɨɫɬɢ ɢ ɞɚɜɥɟɧɢɹ ɫɨ ɫɬɨɪɨɧɵ ɠɢɞɤɨɫɬɢ ɭɪɚɜɧɨɜɟɲɟɧɵ, ɚ ɩɭɡɵɪɶ, 

ɨɱɟɜɢɞɧɨ, ɢɦɟɟɬ ɫɮɟɪɢɱɟɫɤɭɸ ɮɨɪɦɭ. ɉɪɢ ɜɵɜɟɞɟɧɢɢ ɢɡ ɪɚɜɧɨɜɟɫɧɨɝɨ 

ɫɨɫɬɨɹɧɢɹ ɜ ɫɢɫɬɟɦɟ ɜɨɡɧɢɤɚɸɬ ɤɨɥɟɛɚɧɢɹ, ɤɨɬɨɪɵɟ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɚ 

ɤɥɚɫɫɚ – ɪɚɞɢɚɥɶɧɵɟ, ɫɜɹɡɚɧɧɵɟ ɫ ɢɡɦɟɧɟɧɢɟɦ ɨɛɴɟɦɚ ɩɪɢ ɧɟɢɡɦɟɧɧɨɣ 

(ɫɮɟɪɢɱɟɫɤɨɣ) ɮɨɪɦɟ, ɢ ɞɟɮɨɪɦɚɰɢɨɧɧɵɟ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɢɡɦɟɧɟɧɢɟɦ ɮɨɪɦɵ. 

      ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɨɫɬɟɣɲɚɹ ɞɟɮɨɪɦɚɰɢɨɧɧɚɹ ɦɨɞɚ 

ɤɨɥɟɛɚɧɢɣ ɩɭɡɵɪɹ, ɚɩɩɪɨɤɫɢɦɢɪɭɟɦɚɹ ɷɥɥɢɩɫɨɢɞɨɦ ɜɪɚɳɟɧɢɹ [31], ɱɬɨ ɬɚɤɠɟ 

ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɜɨ ɦɧɨɝɢɯ ɞɪɭɝɢɯ ɪɚɛɨɬɚɯ.  

      ɂɡɜɟɫɬɧɨ, ɱɬɨ ɩɪɢ ɪɟɲɟɧɢɢ ɩɨɞɨɛɧɵɯ ɡɚɞɚɱ ɦɨɠɧɨ ɩɪɢɦɟɧɹɬɶ ɥɚɝɪɚɧɠɟɜ 

ɮɨɪɦɚɥɢɡɦ. Ɉɛɨɛɳɟɧɧɵɦɢ ɤɨɨɪɞɢɧɚɬɚɦɢ ɫɥɭɠɚɬ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ 

ɩɨɜɟɪɯɧɨɫɬɢ, ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɟɣ ɮɨɪɦɭ ɩɭɡɵɪɹ. Ɏɭɧɤɰɢɹ Ʌɚɝɪɚɧɠɚ, 

ɢɫɩɨɥɶɡɭɟɦɚɹ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ, ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɚ ɢɡ ɥɚɝɪɚɧɠɢɚɧɚ, 

ɩɪɢɜɟɞɟɧɧɨɝɨ ɜ [31].  

      Ɏɭɧɤɰɢɹ Ʌɚɝɪɚɧɠɚ ɪɚɫɤɥɚɞɵɜɚɟɬɫɹ ɞɨ ɱɥɟɧɨɜ ɬɪɟɬɶɟɝɨ ɩɨɪɹɞɤɚ. ɉɨ 

ɤɜɚɞɪɚɬɢɱɧɵɦ ɱɥɟɧɚɦ ɧɚɯɨɞɹɬɫɹ ɱɚɫɬɨɬɵ ɥɢɧɟɣɧɵɯ ɤɨɥɟɛɚɧɢɣ ɢ ɭɫɥɨɜɢɹ, ɩɪɢ 

ɤɨɬɨɪɵɯ ɢɯ ɫɨɨɬɧɨɲɟɧɢɟ ɫɬɚɧɨɜɢɬɫɹ ɪɚɜɧɵɦ 1:2. Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɪɚɫɱɟɬɨɜ 

ɜɜɨɞɹɬɫɹ ɛɟɡɪɚɡɦɟɪɧɵɟ ɨɛɨɛɳɟɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ. Ɉɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ  ɧɟɤɨɬɨɪɵɟ 

ɱɥɟɧɵ ɬɪɟɬɶɟɝɨ ɩɨɪɹɞɤɚ ɜ ɪɚɡɥɨɠɟɧɢɢ ɮɭɧɤɰɢɢ Ʌɚɝɪɚɧɠɚ ɹɜɥɹɸɬɫɹ 

ɪɟɡɨɧɚɧɫɧɵɦɢ.  

      Ⱦɥɹ ɚɧɚɥɢɡɚ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɩɪɢ ɪɟɡɨɧɚɧɫɟ ɞɟɥɚɟɬɫɹ ɩɟɪɟɯɨɞ ɤ ɢɯ 

ɝɚɦɢɥɶɬɨɧɨɜɨɣ ɮɨɪɦɟ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɟɬɨɞ ɢɧɜɚɪɢɚɧɬɧɨɣ 
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ɧɨɪɦɚɥɢɡɚɰɢɢ ɝɚɦɢɥɶɬɨɧɨɜɵɯ ɫɢɫɬɟɦ [19,23,24], ɨɛɥɚɞɚɸɳɢɣ ɪɹɞɨɦ 

ɩɪɟɢɦɭɳɟɫɬɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɫɩɨɫɨɛɚɦɢ ɧɚɯɨɠɞɟɧɢɹ ɧɨɪɦɚɥɶɧɨɣ 

ɮɨɪɦɵ. ɉɪɨɰɟɞɭɪɚ ɩɨɫɬɪɨɟɧɢɹ ɧɨɪɦɚɥɶɧɨɣ ɮɨɪɦɵ ɝɚɦɢɥɶɬɨɧɢɚɧɚ ɨɫɬɚɟɬɫɹ 

ɧɟɢɡɦɟɧɧɨɣ ɜ ɚɜɬɨɧɨɦɧɨɦ - ɧɟɚɜɬɨɧɨɦɧɨɦ, ɪɟɡɨɧɚɧɫɧɨɦ - ɧɟɪɟɡɨɧɚɧɫɧɨɦ 

ɫɥɭɱɚɹɯ ɢ ɫɜɨɞɢɬɫɹ ɤ ɫɤɚɥɹɪɧɨɣ ɪɟɤɭɪɪɟɧɬɧɨɣ ɮɨɪɦɭɥɟ. ɂɦɟɧɧɨ ɷɬɨ 

ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɭɩɪɨɫɬɢɬɶ ɢɫɫɥɟɞɨɜɚɧɢɟ 

ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɪɟɡɨɧɚɧɫɧɨɣ ɫɢɫɬɟɦɵ.  

      ɍɤɚɡɚɧɧɵɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɥɟɝɤɨ ɨɬɦɟɬɢɬɶ ɚɧɚɥɨɝɢɸ ɦɟɠɞɭ ɢɫɫɥɟɞɭɟɦɨɣ 

ɡɚɞɚɱɟɣ ɢ ɢɡɜɟɫɬɧɨɣ ɡɚɞɚɱɟɣ ɨ ɤɚɱɚɸɳɟɣɫɹ ɩɪɭɠɢɧɟ [8,28,37,40,46]: ɭɪɚɜɧɟɧɢɹ 

ɧɨɪɦɚɥɶɧɨɣ ɮɨɪɦɵ, ɨɩɢɫɵɜɚɸɳɢɟ ɷɬɢ ɞɜɟ ɫɢɫɬɟɦɵ, ɫɨɜɩɚɞɚɸɬ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ 

ɤɨɷɮɮɢɰɢɟɧɬɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɢɫɫɥɟɞɭɟɦɨɣ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɟ 

ɦɨɠɟɬ ɧɚɛɥɸɞɚɬɶɫɹ ɷɮɮɟɤɬ ɩɟɪɟɤɚɱɤɢ ɷɧɟɪɝɢɢ ɦɟɠɞɭ ɞɟɮɨɪɦɚɰɢɨɧɧɨɣ ɢ 

ɪɚɞɢɚɥɶɧɨɣ ɦɨɞɚɦɢ ɤɨɥɟɛɚɧɢɣ. ɉɨɥɭɱɟɧɵ  ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɩɟɪɢɨɞɚ ɩɟɪɟɫɬɪɨɣɤɢ 

ɦɨɞ ɢ ɫɨɨɬɧɨɲɟɧɢɹ, ɩɨɡɜɨɥɹɸɳɢɟ ɩɨ ɧɚɱɚɥɶɧɵɦ ɭɫɥɨɜɢɹɦ ɨɩɪɟɞɟɥɢɬɶ 

ɞɢɚɩɚɡɨɧɵ ɢɡɦɟɧɟɧɢɹ ɨɛɨɛɳɟɧɧɵɯ ɤɨɨɪɞɢɧɚɬ ɩɪɢ ɤɨɥɟɛɚɧɢɹɯ. 

      ȼ ɩɨɫɥɟɞɧɟɣ ɱɚɫɬɢ ɪɚɛɨɬɵ ɢɫɫɥɟɞɭɟɬɫɹ ɜɨɩɪɨɫ ɨ ɤɨɪɪɟɤɬɧɨɫɬɢ ɦɨɞɟɥɢ 

ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ. ȼ ɥɸɛɨɣ ɪɟɚɥɶɧɨɣ ɫɪɟɞɟ ɩɪɨɢɫɯɨɞɢɬ ɞɢɫɫɢɩɚɰɢɹ ɷɧɟɪɝɢɢ 

ɤɨɥɟɛɚɧɢɣ ɛɥɚɝɨɞɚɪɹ ɧɚɥɢɱɢɸ ɜɹɡɤɨɫɬɢ ɠɢɞɤɨɫɬɢ ɢ ɬɟɩɥɨɨɛɦɟɧɭ  ɦɟɠɞɭ 

ɠɢɞɤɨɫɬɶɸ ɢ ɝɚɡɨɦ. Ⱦɥɹ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɞɢɫɫɢɩɚɰɢɢ ɢɫɩɨɥɶɡɭɸɬɫɹ 

ɚɫɢɦɩɬɨɬɢɤɢ ɞɥɹ ɞɟɤɪɟɦɟɧɬɨɜ ɡɚɬɭɯɚɧɢɹ ɥɢɧɟɣɧɵɯ ɤɨɥɟɛɚɧɢɣ, ɢɡɜɟɫɬɧɵɟ ɤɚɤ 

ɩɪɢ ɛɨɥɶɲɢɯ, ɬɚɤ ɢ ɩɪɢ ɦɚɥɵɯ ɱɢɫɥɚɯ ɉɟɤɥɟ.  

      Ɉɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɩɪɢ ɛɨɥɶɲɢɯ ɱɢɫɥɚɯ ɉɟɤɥɟ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɫɫɢɩɚɰɢɢ 

ɭɛɵɜɚɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɞɢɭɫɚ ɩɭɡɵɪɹ. Ɉɞɧɚɤɨ ɜ ɩɪɟɞɟɥɟ ɭɛɵɜɚɧɢɟ  

ɫɬɚɧɨɜɢɬɫɹ ɜɟɫɶɦɚ ɦɟɞɥɟɧɧɵɦ – ɞɟɤɪɟɦɟɧɬ ɡɚɬɭɯɚɧɢɹ ɨɩɢɫɵɜɚɟɬɫɹ ɮɭɧɤɰɢɟɣ 

41/ r∝ . Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɷɮɮɟɤɬ ɩɟɪɟɤɚɱɤɢ ɷɧɟɪɝɢɢ ɦɟɠɞɭ ɪɚɞɢɚɥɶɧɨɣ ɢ 

ɞɟɮɨɪɦɚɰɢɨɧɧɨɣ ɦɨɞɚɦɢ ɤɨɥɟɛɚɧɢɣ ɧɚɛɥɸɞɚɟɦ ɥɢɲɶ ɩɪɢ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɢɯ 

ɪɚɞɢɭɫɚɯ ɩɭɡɵɪɹ. Ⱦɥɹ ɟɝɨ ɩɪɨɹɜɥɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɡɚ ɩɟɪɢɨɞ 

ɩɟɪɟɫɬɪɨɣɤɢ ɦɨɞ ɤɨɥɟɛɚɧɢɣ, ɜɵɱɢɫɥɟɧɧɵɣ ɞɥɹ ɩɭɡɵɪɹ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ 

ɢɞɟɚɥɶɧɨɫɬɢ ɠɢɞɤɨɫɬɢ, ɡɚɬɭɯɚɧɢɟ  ɛɵɥɨ ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɵɦ. ɍɦɟɧɶɲɟɧɢɹ 



 102

ɪɚɡɦɟɪɚ ɩɭɡɵɪɹ ɩɪɢ ɭɫɥɨɜɢɢ ɫɨɯɪɚɧɟɧɢɹ ɧɚɛɥɸɞɚɟɦɨɫɬɢ ɩɟɪɟɫɬɪɨɣɤɢ ɦɨɞ 

ɤɨɥɟɛɚɧɢɣ, ɦɨɠɧɨ ɞɨɛɢɬɶɫɹ, ɢɫɩɨɥɶɡɭɹ ɜɟɳɟɫɬɜɚ ɫ ɦɚɥɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ 

ɜɹɡɤɨɫɬɢ ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ.  

      ɋɥɭɱɚɣ ɦɚɥɵɯ ɱɢɫɟɥ ɉɟɤɥɟ ɢɧɬɟɪɟɫɟɧ ɬɟɦ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɢɫɫɥɟɞɨɜɚɧɢɸ 

ɩɭɡɵɪɶɤɨɜ ɦɚɥɵɯ ɪɚɡɦɟɪɨɜ, ɤɨɬɨɪɵɟ ɥɟɝɤɨ ɪɟɚɥɢɡɭɟɦɵ. Ɉɞɧɚɤɨ ɨɰɟɧɤɚ 

ɞɟɤɪɟɦɟɧɬɚ ɡɚɬɭɯɚɧɢɹ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɞɚɠɟ ɫɩɟɰɢɚɥɶɧɵɣ ɩɨɞɛɨɪ ɜɟɳɟɫɬɜ ɢ 

ɪɚɞɢɭɫɚ ɩɭɡɵɪɶɤɚ ɢɡ ɫɨɨɛɪɚɠɟɧɢɣ ɦɢɧɢɦɢɡɚɰɢɢ ɞɟɤɪɟɦɟɧɬɚ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɟɝɨ 

ɭɦɟɧɶɲɟɧɢɸ, ɞɨɫɬɚɬɨɱɧɨɦɭ ɞɥɹ ɧɚɛɥɸɞɚɟɦɨɫɬɢ ɩɟɪɟɫɬɪɨɣɤɢ. 

 

1. Ɏɭɧɤɰɢɹ Ʌɚɝɪɚɧɠɚ ɢ ɭɫɥɨɜɢɹ ɪɟɡɨɧɚɧɫɚ 
 

      Ʌɚɝɪɚɧɠɢɚɧ ɝɚɡɨɜɨɝɨ ɩɭɡɵɪɹ, ɰɟɧɬɪ ɤɨɬɨɪɨɝɨ ɧɟɩɨɞɜɢɠɟɧ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɠɢɞɤɨɫɬɢ, ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧ ɢɡ ɜɵɪɚɠɟɧɢɹ, ɩɪɢɜɟɞɟɧɧɨɝɨ ɜ  [31] ɩɪɢ 

ɨɬɛɪɚɫɵɜɚɧɢɢ ɫɥɚɝɚɟɦɨɝɨ, ɫɜɹɡɚɧɧɨɝɨ ɫ ɞɜɢɠɟɧɢɟɦ ɰɟɧɬɪɚ ɩɭɡɵɪɹ. ȼ ɷɬɨɦ 

ɫɥɭɱɚɟ  

( ) ( )

( ) ( ) ( )
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3 5 2

0 1
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0 0

1 1
, , ,

2 2 1
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3 3

l

l

p V
L m l m U l U l S p V V

m l f m l f S l s

V l V l

γ
1 ,γ

ε

ε

ε ε ε σ
γ

πρ ε πρ ε π ε

π π

−
∞= + − = + +

−

= = =

= =

� �

 

ɝɞɟ  
ı    – ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɠɢɞɤɨɫɬɢ,  

p∞  – ɟɟ ɞɚɜɥɟɧɢɟ ɧɚ ɛɟɫɤɨɧɟɱɧɨɫɬɢ, 

V   – ɨɛɴɟɦ ɩɭɡɵɪɹ, ɜɵɪɚɠɚɟɦɵɣ ɱɟɪɟɡ ɪɚɞɢɭɫ ɫɮɟɪɵ ɷɤɜɢɜɚɥɟɧɬɧɨɝɨ ɨɛɴɟɦɚ l, 

 – ɨɛɴɟɦ ɩɭɡɵɪɹ ɜ ɫɨɫɬɨɹɧɢɢ ɪɚɜɧɨɜɟɫɢɹ, 0V

0p – ɞɚɜɥɟɧɢɟ ɜɧɭɬɪɢ ɩɭɡɵɪɹ ɜ ɫɨɫɬɨɹɧɢɢ ɪɚɜɧɨɜɟɫɢɹ,  

Ȗ   – ɩɨɤɚɡɚɬɟɥɶ ɚɞɢɚɛɚɬɵ ɝɚɡɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜɧɭɬɪɢ ɩɭɡɵɪɹ, 

ȡ   – ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ,  
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İ – ɩɚɪɚɦɟɬɪ ɞɟɮɨɪɦɚɰɢɢ ɩɭɡɵɪɹ, ɨɩɪɟɞɟɥɹɟɦɵɣ ɫɨɨɬɧɨɲɟɧɢɟɦ ɩɨɥɭɨɫɟɣ 

ɷɥɥɢɩɫɨɢɞɚ ɢɡ ɮɨɪɦɭɥɵ  1 /x zl lε+ = .  

ɉɨɫɤɨɥɶɤɭ ɛɭɞɭɬ ɢɫɫɥɟɞɨɜɚɬɶɫɹ ɤɨɥɟɛɚɧɢɹ ɩɪɢ ɧɟɡɧɚɱɢɬɟɥɶɧɨɦ ɨɬɤɥɨɧɟɧɢɢ 

ɩɭɡɵɪɹ ɨɬ ɪɚɜɧɨɜɟɫɧɨɣ ɫɮɟɪɢɱɟɫɤɨɣ ɮɨɪɦɵ, ɩɚɪɚɦɟɬɪ İ ɹɜɥɹɟɬɫɹ ɦɚɥɵɦ, ɱɬɨ 

ɩɨɡɜɨɥɹɟɬ ɪɚɡɥɨɠɢɬɶ ɮɭɧɤɰɢɢ ( ) ( )0 1,f fε ε  ɢ s(İ) ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɧɭɥɹ: 

( ) ( ) ( ) ( )

( ) ( )

2 2

0 1

2 3 4

2 88
1 , ,

3 64

4 232
2

45 2835

f O f O

s O

ε ε ε ε ε

ε ε ε ε

= + = − +

= + − +
 

ɉɪɢɜɟɞɟɧɧɵɟ ɮɨɪɦɭɥɵ ɜɵɩɢɫɚɧɵ ɫ ɬɨɱɧɨɫɬɶɸ, ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ 

ɷɮɮɟɤɬɨɜ, ɨɛɭɫɥɨɜɥɟɧɧɵɯ ɤɭɛɢɱɟɫɤɢɦɢ ɱɥɟɧɚɦɢ ɜ ɪɚɡɥɨɠɟɧɢɢ ɥɚɝɪɚɧɠɢɚɧɚ.    

      Ɋɚɜɧɨɜɟɫɧɨɣ ɮɨɪɦɟ ɩɭɡɵɪɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɬɚɰɢɨɧɚɪɧɚɹ ɬɨɱɤɚ 

ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɷɧɟɪɝɢɢ U(l,İ), ɨɩɪɟɞɟɥɹɟɦɚɹ ɢɡ ɭɪɚɜɧɟɧɢɣ  

0, 0
U U

l ε
∂ ∂

= =
∂ ∂

 

ɂɡ ɷɬɨɣ ɫɢɫɬɟɦɵ ɧɚɯɨɞɹɬɫɹ ɫɥɟɞɭɸɳɢɟ ɫɨɨɬɧɨɲɟɧɢɹ  

0 0

0

2
0, l

p p

σε
∞

= =
−  

ɝɞɟ ɢɧɞɟɤɫ «0» ɭɤɚɡɵɜɚɟɬ ɧɚ ɬɨ, ɱɬɨ ɨɬɦɟɱɟɧɧɵɟ ɢɦ ɜɟɥɢɱɢɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɬ 

ɫɨɫɬɨɹɧɢɸ ɪɚɜɧɨɜɟɫɢɹ.  

      ȼɜɟɞɟɦ ɟɳɟ ɨɞɢɧ ɦɚɥɵɣ ɩɚɪɚɦɟɬɪ ɯ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɨɛɴɟɦɧɭɸ 

ɞɟɮɨɪɦɚɰɢɸ ɩɭɡɵɪɹ, ɨɩɪɟɞɟɥɢɜ ɟɝɨ ɤɚɤ  

0 0( ) /x l l l= −  

ɉɨɞɫɬɚɜɥɹɹ ɫɥɟɞɭɸɳɢɟ ɨɬɫɸɞɚ ɪɚɜɟɧɫɬɜɚ  ( )0 1 ,l l x l l x= + =� �
0  ɜ ɮɭɧɤɰɢɸ 

Ʌɚɝɪɚɧɠɚ ɢ ɪɚɫɤɥɚɞɵɜɚɹ ɟɟ ɜ ɪɹɞ ɞɨ ɱɥɟɧɨɜ ɬɪɟɬɶɟɝɨ ɩɨɪɹɞɤɚ ɜɤɥɸɱɢɬɟɥɶɧɨ, 

ɧɚɯɨɞɢɦ L ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɧɟɫɭɳɟɫɬɜɟɧɧɨɣ ɩɨɫɬɨɹɧɧɨɣ 
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(1) 

ɑɚɫɬɨɬɵ ɤɨɥɟɛɚɧɢɣ ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ, ɨɱɟɜɢɞɧɨ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɬɚɤ: 

( )2 2

2 3

0 0

2 1
3 3 1 ,x

x

x

c cp

a l l p a l

ε
ε

ε 0

2σ σω γ γ ω
ρ ρ

∞

∞
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= = + − = =⎢ ⎥

⎣ ⎦
 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ ɪɟɡɨɧɚɧɫɟ : 1:xε 2ω ω =  ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɡɥɨɠɟɧɢɹ 

ɥɚɝɪɚɧɠɢɚɧɚ ɞɨɥɠɧɵ ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɪɚɜɟɧɫɬɜɭ 

                                        ( ) 01 1
3 1

6 4

x

x

c a p l

a c

ε

ε

4
γγ
σ
∞= − + =                                    (2) 

ɨɬɤɭɞɚ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɫɨɨɬɧɨɲɟɧɢɟ, ɫɜɹɡɵɜɚɸɳɟɟ ɩɚɪɚɦɟɬɪɵ , ,p γ σ∞  ɢ 

ɪɚɞɢɭɫ ɩɭɡɵɪɹ ɜ ɪɚɜɧɨɜɟɫɢɢ, ɩɪɢ ɜɵɩɨɥɧɟɧ6ɢɢ ɤɨɬɨɪɨɝɨ ɩɪɨɢɫɯɨɞɢɬ ɪɟɡɨɧɚɧɫ: 

                                                     
0

50
2

3
p

l

σ
γ∞

⎛ ⎞
= −⎜

⎝ ⎠
⎟

=

                                                 (3) 

 ɇɚɩɪɢɦɟɪ, ɞɥɹ ɜɨɡɞɭɲɧɨɝɨ  ɩɭɡɵɪɹ ɜ ɜɨɞɟ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ 

. ɉɨɞɫɬɚɜɥɹɹ ɷɬɢ ɱɢɫɥɚ ɜ ɩɨɫɥɟɞɧɸɸ 

ɮɨɪɦɭɥɭ, ɧɚɯɨɞɢɦ, ɱɬɨ ɪɟɡɨɧɚɧɫ 1:2 ɩɨɥɭɱɚɟɬɫɹ ɩɪɢ , ɬɨ ɟɫɬɶ ɞɥɹ 

ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɵɯ ɩɭɡɵɪɟɣ. 

6 210 / , 70 / , 1, 4p ɞɧ ɫɦ ɞɧ ɫɦσ γ∞ = =

4

0 6.93 10l ɫɦ−= ⋅

 

 

 

 

 

 



 105

2. ȼɜɟɞɟɧɢɟ ɛɟɡɪɚɡɦɟɪɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɭɩɪɨɳɟɧɢɟ ɥɚɝɪɚɧɠɢɚɧɚ 
 

      Ⱦɥɹ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱɟɬɨɜ ɭɞɨɛɧɨ ɜɜɟɫɬɢ ɛɟɡɪɚɡɦɟɪɧɵɟ ɩɟɪɟɦɟɧɧɵɟ ɢ 

ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɥɚɝɪɚɧɠɢɚɧ. Ⱦɟɥɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɡɚɦɟɧɵ:  

      Ɣ  ɜɜɨɞɢɬɫɹ ɛɟɡɪɚɡɦɟɪɧɨɟ ɜɪɟɦɹ 

3

0

12c
t t

a l

ε
ε

ε

t
στ ω

ρ
= = =  

      Ɣ   ɩɨɫɥɟ ɷɬɨɝɨ ɥɚɝɪɚɧɠɢɚɧ ɞɟɥɢɬɫɹ ɧɚ ɩɨɫɬɨɹɧɧɭɸ ɜɟɥɢɱɢɧɭ 248πσρ  

        Ɣ   ɢɫɩɨɥɶɡɭɟɬɫɹ ɭɫɥɨɜɢɟ ɪɟɡɨɧɚɧɫɚ (3) 

      Ɣ   ɞɟɥɚɟɬɫɹ ɪɚɫɬɹɠɟɧɢɟ ɩɟɪɟɦɟɧɧɨɣ İ ɩɨ ɮɨɪɦɭɥɟ 135yε =  

ɗɬɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢɜɨɞɹɬ ɮɭɧɤɰɢɸ Ʌɚɝɪɚɧɠɚ ɤ ɜɢɞɭ  
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    (4) 

      Ɍɚɤɨɣ ɥɚɝɪɚɧɠɢɚɧ, ɨɱɟɜɢɞɧɨ, ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɨɳɟ ɢɫɯɨɞɧɨɝɨ. ɇɨɜɵɟ 

ɨɛɨɛɳɟɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɜɯɨɞɹɬ ɜ ɧɟɝɨ ɪɚɜɧɨɩɪɚɜɧɨ, ɬɨɝɞɚ ɤɚɤ ɜ ɢɫɯɨɞɧɵɯ 

ɩɟɪɟɦɟɧɧɵɯ ɪɚɞɢɚɥɶɧɚɹ ɦɨɞɚ ɤɨɥɟɛɚɧɢɣ ɧɟɫɟɬ ɜ ɫɟɛɟ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ 

ɷɧɟɪɝɢɢ, ɱɟɦ ɞɟɮɨɪɦɚɰɢɨɧɧɚɹ. ɇɚɤɨɧɟɰ, ɛɥɚɝɨɞɚɪɹ ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɭɫɥɨɜɢɹ 

ɪɟɡɨɧɚɧɫɚ, ɥɚɝɪɚɧɠɢɚɧ ɜɨɜɫɟ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɪɚɡɦɟɪɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. 

 

 

3. ɉɨɫɬɪɨɟɧɢɟ ɝɚɦɢɥɶɬɨɧɢɚɧɚ  
 
      ɑɬɨɛɵ ɨɩɢɫɚɬɶ ɜɥɢɹɧɢɟ ɧɟɥɢɧɟɣɧɵɯ ɱɥɟɧɨɜ ɬɪɟɬɶɟɝɨ ɩɨɪɹɞɤɚ ɩɪɢ ɪɟɡɨɧɚɧɫɟ, 

ɭɞɨɛɧɨ ɩɟɪɟɣɬɢ ɨɬ ɥɚɝɪɚɧɠɟɜɨɣ ɮɨɪɦɵ ɭɪɚɜɧɟɧɢɣ ɤ ɝɚɦɢɥɶɬɨɧɨɜɨɣ ɮɨɪɦɟ.  

ɉɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɪɢ ɩɟɪɟɯɨɞɟ ɤ ɭɪɚɜɧɟɧɢɹɦ Ƚɚɦɢɥɶɬɨɧɚ ɬɚɤɠɟ ɫɥɟɞɭɟɬ 

ɩɪɨɜɨɞɢɬɶ ɫ ɬɨɱɧɨɫɬɶɸ ɞɨ ɬɪɟɬɶɟɝɨ ɩɨɪɹɞɤɚ ɜɤɥɸɱɢɬɟɥɶɧɨ. ɉɨɫɤɨɥɶɤɭ 

ɩɨɬɟɧɰɢɚɥɶɧɚɹ ɷɧɟɪɝɢɹ ɩɪɢ ɷɬɨɦ ɩɟɪɟɯɨɞɟ ɧɟ ɢɡɦɟɧɹɟɬɫɹ, ɩɪɢɜɟɞɟɦ ɥɢɲɶ 
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ɮɨɪɦɭɥɵ ɞɥɹ ɤɢɧɟɬɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ. Ɋɚɫɫɦɨɬɪɢɦ, ɧɚɩɪɢɦɟɪ, ɩɟɪɟɯɨɞ ɤ 

ɨɛɨɛɳɟɧɧɨɦɭ ɢɦɩɭɥɶɫɭ u , ɫɨɩɪɹɠɟɧɧɨɦɭ ɤɨɨɪɞɢɧɚɬɟ ɯ. ɉɨ ɨɩɪɟɞɟɥɟɧɢɸ 

( ) ( ) ( )
2 2

2 1
1 1

1

1
1

2 2 2

x
x x x x

x x x x

aL u
u a a x a a x

u

x a a a a

⎛ ⎞∂
= = + ⇒ + = −⎜ ⎟∂ + ⎝ ⎠

� � �
�  

Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɧɟɬɪɭɞɧɨ ɩɨɥɭɱɢɬɶ ɮɨɪɦɭɥɭ 

( )
2

12

1

1
1

2 2

y

y y

y y

av
a a y

a a

⎛ ⎞
+ −⎜ ⎟⎜ ⎟

⎝ ⎠
� �  

Ƚɞɟ v – ɢɦɩɭɥɶɫ ɫɨɩɪɹɠɟɧɧɵɣ ɤɨɨɪɞɢɧɚɬɟ ɭ, ɚ ɤɨɷɮɮɢɰɢɟɧɬɵ 1ɢ , ,i ia a i x y=  ɜ 

ɩɨɫɥɟɞɧɢɯ ɞɜɭɯ ɭɪɚɜɧɟɧɢɹɯ ɫɥɟɞɭɟɬ ɜɵɞɟɥɹɬɶ ɢɡ ɩɪɟɨɛɪɚɡɨɜɚɧɧɨɝɨ 

ɥɚɝɪɚɧɠɢɚɧɚ (4). ɂɡ ɭɤɚɡɚɧɧɨɣ ɮɨɪɦɭɥɵ ɩɨɥɭɱɢɦ, ɱɬɨ 

1 1

44 15
1, 3 , 5

7
x y x ya a a x a x= = = = − y

2

  

      ɋɥɟɞɭɸɳɟɟ  ɭɩɪɨɳɟɧɢɟ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɢɡ ɝɚɦɢɥɶɬɨɧɢɚɧɚ, ɜɵɱɢɫɥɹɟɦɨɝɨ 

ɩɨ ɮɨɪɦɭɥɟ H = T + U,  ɦɨɠɧɨ ɨɬɛɪɨɫɢɬɶ ɧɟɪɟɡɨɧɚɧɫɧɵɟ ɱɥɟɧɵ ɬɪɟɬɶɟɝɨ 

ɩɨɪɹɞɤɚ. ɇɟɪɟɡɨɧɚɧɫɧɵɦɢ ɧɚɡɵɜɚɸɬɫɹ ɱɥɟɧɵ, ɤɨɬɨɪɵɟ ɨɛɧɭɥɹɸɬɫɹ ɩɪɢ 

ɨɫɪɟɞɧɟɧɢɢ ɜɞɨɥɶ ɬɪɚɟɤɬɨɪɢɣ ɩɨɪɨɠɞɚɸɳɟɣ (ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɣ) ɫɢɫɬɟɦɵ. 

Ʉɨɪɪɟɤɬɧɨɫɬɶ ɷɬɨɝɨ ɭɩɪɨɳɟɧɢɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫɥɟɞɭɟɬ ɢɡ ɩɪɢɜɟɞɟɧɧɨɣ ɧɢɠɟ 

ɩɪɨɰɟɞɭɪɵ ɢɧɜɚɪɢɚɧɬɧɨɣ ɧɨɪɦɚɥɢɡɚɰɢɢ.  

      ɉɨɫɤɨɥɶɤɭ ɜ ɥɢɧɟɚɪɢɡɨɜɚɧɧɨɣ ɫɢɫɬɟɦɟ  ɯ ɢ ɢ ɢɡɦɟɧɹɸɬɫɹ ɫ ɱɚɫɬɨɬɨɣ, ɪɚɜɧɨɣ 

ɞɜɭɦ, ɚ ɩɟɪɟɦɟɧɧɵɟ ɭ ɢ v c ɟɞɢɧɢɱɧɨɣ ɱɚɫɬɨɬɨɣ, ɪɟɡɨɧɚɧɫɧɵɦɢ ɱɥɟɧɚɦɢ 

ɪɚɡɥɨɠɟɧɢɹ ɝɚɦɢɥɶɬɨɧɢɚɧɚ ɹɜɥɹɸɬɫɹ ɬɨɥɶɤɨ 2 ɢxy xv . Ⱦɪɭɝɢɟ ɪɟɡɨɧɚɧɫɧɵɟ 

ɱɥɟɧɵ, ɧɚɩɪɢɦɟɪ, ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɵɟ , ɜ ɪɚɡɥɨɠɟɧɢɢ ɮɭɧɤɰɢɢ Ƚɚɦɢɥɶɬɨɧɚ 

ɨɬɫɭɬɫɬɜɭɸɬ. 

2uv

      Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɝɚɦɢɥɶɬɨɧɢɚɧ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ 
0 1

2 2 2
2

0

2
2

1

,

2 ,
2 2 2

5

2

H H H

u v y
H x

xv
H xy

= +

= + + +

= −
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ɝɞɟ 0H  - ɝɚɦɢɥɶɬɨɧɢɚɧ ɥɢɧɟɣɧɨɣ ɩɨɪɨɠɞɚɸɳɟɣ ɫɢɫɬɟɦɵ, 1H  - ɝɚɦɢɥɶɬɨɧɢɚɧ 

ɜɨɡɦɭɳɟɧɢɹ.  
  

4. ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɦɟɬɨɞɨɦ ɢɧɜɚɪɢɚɧɬɧɨɣ ɧɨɪɦɚɥɢɡɚɰɢɢ 
 

      Ɇɟɬɨɞ ɢɧɜɚɪɢɚɧɬɧɨɣ ɧɨɪɦɚɥɢɡɚɰɢɢ ɝɚɦɢɥɶɬɨɧɨɜɵɯ ɫɢɫɬɟɦ [19,23,24] 

ɩɨɡɜɨɥɹɟɬ ɩɨɫɬɪɨɢɬɶ ɧɨɪɦɚɥɶɧɭɸ ɮɨɪɦɭ ɝɚɦɢɥɶɬɨɧɢɚɧɚ ɫ ɥɸɛɨɣ ɫɬɟɩɟɧɶɸ 

ɬɨɱɧɨɫɬɢ ɩɪɢ ɩɨɦɨɳɢ ɨɞɧɨɣ ɫɤɚɥɹɪɧɨɣ ɪɟɤɭɪɪɟɧɬɧɨɣ ɩɪɨɰɟɞɭɪɵ. ɉɪɨɰɟɞɭɪɚ 

ɧɨɪɦɚɥɢɡɚɰɢɢ ɧɟ ɢɡɦɟɧɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɨɝɨ, ɟɫɬɶ ɜ ɫɢɫɬɟɦɟ ɪɟɡɨɧɚɧɫ 

ɢɥɢ ɧɟɬ, ɚ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɥɢ ɫɢɫɬɟɦɚ ɚɜɬɨɧɨɦɧɨɣ, ɥɢɛɨ ɧɟɚɜɬɨɧɨɦɧɨɣ. ɗɬɨ 

ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ ɢ ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɚɹ ɬɪɭɞɨɟɦɤɨɫɬɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ 

ɫɩɨɫɨɛɚɦɢ ɧɚɯɨɠɞɟɧɢɹ ɧɨɪɦɚɥɶɧɨɣ ɮɨɪɦɵ, ɩɨɡɜɨɥɹɟɬ ɝɨɜɨɪɢɬɶ ɨ ɡɧɚɱɢɬɟɥɶɧɵɯ 

ɩɪɟɢɦɭɳɟɫɬɜɚɯ ɦɟɬɨɞɚ ɢɧɜɚɪɢɚɧɬɧɨɣ ɧɨɪɦɚɥɢɡɚɰɢɢ.  

      ɉɨɫɤɨɥɶɤɭ ɛɭɞɟɬ ɢɫɩɨɥɶɡɨɜɚɧɨ ɥɢɲɶ ɩɟɪɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɦɟɬɨɞɚ, ɡɞɟɫɶ 

ɨɩɢɫɚɧɨ ɩɨɥɭɱɟɧɢɟ ɧɨɪɦɚɥɶɧɨɣ ɮɨɪɦɵ ɝɚɦɢɥɶɬɨɧɢɚɧɚ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ. ɋ 

ɦɟɬɨɞɚɦɢ ɩɨɫɬɪɨɟɧɢɹ ɜɵɫɲɢɯ ɩɪɢɛɥɢɠɟɧɢɣ ɦɨɠɧɨ ɨɡɧɚɤɨɦɢɬɶɫɹ ɜ ɪɚɛɨɬɚɯ 

[19,23,24].   

      ɑɬɨɛɵ  ɩɨɫɬɪɨɢɬɶ ɧɨɪɦɚɥɶɧɭɸ ɮɨɪɦɭ ɜ ɩɟɪɜɨɦ ɩɪɢɛɥɢɠɟɧɢɢ, ɧɭɠɧɨ: 

      Ɣ ɧɚɣɬɢ ɪɟɲɟɧɢɟ ɩɨɪɨɠɞɚɸɳɟɣ ɫɢɫɬɟɦɵ ɜ ɜɢɞɟ ɮɭɧɤɰɢɣ ɜɪɟɦɟɧɢ ɢ 

ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ: ( ) ( )( ) ( ) ( )( ), 0 , 0 ,... , , 0 , 0 ,... ,...x x y y x yτ τ  

      Ɣ   ɩɨɞɫɬɚɜɢɬɶ ɷɬɨ ɪɟɲɟɧɢɟ ɜ ɝɚɦɢɥɶɬɨɧɢɚɧ ɜɨɡɦɭɳɟɧɢɹ 

      Ɣ   ɜɵɱɢɫɥɢɬɶ ɢɧɬɟɝɪɚɥ ɨɬ ɷɬɨɝɨ ɝɚɦɢɥɶɬɨɧɢɚɧɚ  

Ɋɟɡɭɥɶɬɚɬ ɬɚɤɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɜɫɟɝɞɚ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɜɢɞɟ 

( ) ( ) ( )1 1

0

,... , ,... ,...H x y d H G f

τ

τ τ τ τ′ ′ ′ = + +⎡ ⎤⎣ ⎦∫ τ  

Ɏɭɧɤɰɢɹ 1H  ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɟɪɜɨɟ ɩɪɢɛɥɢɠɟɧɢɟ ɧɨɪɦɚɥɶɧɨɣ ɮɨɪɦɵ 

ɝɚɦɢɥɶɬɨɧɢɚɧɚ ɜɨɡɦɭɳɟɧɢɹ, ɚ G – ɝɟɧɟɪɚɬɨɪ Ʌɢ, ɡɚɞɚɸɳɢɣ ɤɚɧɨɧɢɱɟɫɤɨɟ 

ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ, ɤɨɬɨɪɨɟ ɢ ɩɪɢɜɨɞɢɬ ɝɚɦɢɥɶɬɨɧɢɚɧ ɤ ɧɨɪɦɚɥɶɧɨɣ ɮɨɪɦɟ.  

      ȼ ɢɫɫɥɟɞɭɟɦɨɦ ɫɥɭɱɚɟ ɪɟɲɟɧɢɟ ɩɨɪɨɠɞɚɸɳɟɣ ɫɢɫɬɟɦɵ ɟɫɬɶ 
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cos sin , sin cos ,

cos 2 sin 2 , 2 sin 2 cos 2
2

y Y V v Y V

U
x X u X U

τ τ τ τ

τ τ τ

= + = − +

= + = − + τ  

ɝɞɟ ɡɚɝɥɚɜɧɵɦɢ ɛɭɤɜɚɦɢ ɨɛɨɡɧɚɱɟɧɵ ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 

ɩɟɪɟɦɟɧɧɵɯ. ɉɨɞɫɬɚɜɥɹɹ ɷɬɨ ɪɟɲɟɧɢɟ ɜ 1H , ɢɧɬɟɝɪɢɪɭɹ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 0 ɞɨ t ɢ 

ɜɵɞɟɥɹɹ ɦɧɨɠɢɬɟɥɶ ɩɪɢ t, ɩɨɥɭɱɢɦ 

( )2 2

1

7

8
H Y V X UVY⎡ ⎤= − +⎣ ⎦  

Ƚɟɧɟɪɚɬɨɪ G ɬɪɟɛɭɟɬɫɹ ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɜɵɫɲɢɯ ɩɪɢɛɥɢɠɟɧɢɣ ɢ ɩɨɷɬɨɦɭ ɧɟ 

ɩɪɢɜɨɞɢɬɫɹ.  

      Ɉɫɧɨɜɧɨɟ ɫɜɨɣɫɬɜɨ ɧɨɪɦɚɥɶɧɨɣ ɮɨɪɦɵ ɝɚɦɢɥɶɬɨɧɢɚɧɚ ɢɦɟɟɬ ɜɢɞ  

{ }0 1, 0H H =  

ɢ ɦɨɠɟɬ ɫɥɭɠɢɬɶ ɨɩɪɟɞɟɥɟɧɢɟɦ ɧɨɪɦɚɥɶɧɨɣ ɮɨɪɦɵ [19,23,24] ({,} – ɫɤɨɛɤɢ 

ɉɭɚɫɫɨɧɚ). ɗɬɨ ɫɜɨɣɫɬɜɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɮɚɡɨɜɵɟ ɩɨɬɤɢ ɫɢɫɬɟɦ ɫ 

ɝɚɦɢɥɶɬɨɧɢɚɧɚɦɢ 0H  ɢ 1H  ɤɨɦɦɭɬɢɪɭɸɬ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɢɧɰɢɩ 

ɫɭɩɟɪɩɨɡɢɰɢɢ ɞɥɹ ɧɟɥɢɧɟɣɧɵɯ ɫɢɫɬɟɦ: ɭɪɚɜɧɟɧɢɹ, ɩɨɪɨɠɞɚɟɦɵɟ 0H  ɢ 1H  

ɪɟɲɚɸɬɫɹ ɧɟɡɚɜɢɫɢɦɨ ɞɪɭɝ ɨɬ ɞɪɭɝɚ, ɩɨɫɥɟ ɱɟɝɨ ɜɦɟɫɬɨ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɜ 

ɪɟɲɟɧɢɟ ɨɞɧɨɣ ɢɡ ɫɢɫɬɟɦ ɩɨɞɫɬɚɜɥɹɟɬɫɹ ɪɟɲɟɧɢɟ ɞɪɭɝɨɣ ɫɢɫɬɟɦɵ. 

      Ɍɚɤɢɦ  ɨɛɪɚɡɨɦ, ɮɚɤɬɢɱɟɫɤɢ ɡɚɞɚɱɚ ɫɜɟɥɚɫɶ ɤ ɚɧɚɥɢɡɭ ɫɢɫɬɟɦɵ, 

ɩɨɪɨɠɞɚɟɦɨɣ ɝɚɦɢɥɶɬɨɧɢɚɧɨɦ 1H . Ⱦɥɹ ɷɬɨɝɨ ɨɤɚɡɵɜɚɟɬɫɹ ɭɞɨɛɧɵɦ ɩɟɪɟɯɨɞ ɤ 

ɩɟɪɟɦɟɧɧɵɦ Ȼɢɪɤɝɨɮɚ, ɤɨɬɨɪɵɣ ɡɚɞɚɟɬɫɹ ɮɨɪɦɭɥɚɦɢ  

1 22 ,
2

U
Z iX Z V iY= + = +  

Ɍɚɤɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɹɜɥɹɟɬɫɹ ɤɚɧɨɧɢɱɟɫɤɢɦ ɫ ɜɚɥɟɧɬɧɨɫɬɶɸ 2i. Ɏɭɧɤɰɢɢ 

Ƚɚɦɢɥɶɬɨɧɚ ɜ ɷɬɢɯ ɩɟɪɟɦɟɧɧɵɯ ɩɪɢɧɢɦɚɸɬ ɜɢɞ  

( ) ( )2 2

0 1 1 2 2 1 1 2 1 2

7
2 ,

8 2
H i z z z z H Z Z Z Z= + = − , 
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ɚ ɫɚɦɢ ɭɪɚɜɧɟɧɢɹ Ƚɚɦɢɥɶɬɨɧɚ ɡɚɩɢɫɵɜɚɸɬɫɹ ɬɚɤ: i
i

Hz
z

∂= ∂� . Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ 

ɩɨɥɭɱɢɬɶ ɪɟɲɟɧɢɟ ɫɢɫɬɟɦɵ ɫ ɝɚɦɢɥɶɬɨɧɢɚɧɨɦ 0 1H H H= + , ɢɫɩɨɥɶɡɭɹ ɩɪɢɧɰɢɩ 

ɫɭɩɟɪɩɨɡɢɰɢɢ, ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɫɬɚɜɢɬɶ ɜ ɪɟɲɟɧɢɟ ɧɟɜɨɡɦɭɳɟɧɧɨɣ ɫɢɫɬɟɦɵ 

         
20

1 1 2 2 1 1 2 22 , ,i i

i

i

H
z z iz z iz z Z e z

z
Z eτ τ∂

= ⇒ = = ⇒ = =
∂

� � �      (5) 

ɜɦɟɫɬɨ ɩɨɫɬɨɹɧɧɵɯ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɪɟɲɟɧɢɟ ɫɢɫɬɟɦɵ 1
i

i

H
Z

Z
∂=

∂
� , ɤɨɬɨɪɚɹ ɜ 

ɪɚɡɜɟɪɧɭɬɨɣ ɡɚɩɢɫɢ ɢɦɟɟɬ ɜɢɞ  

                                                  

2

1 2

2 1

7

8 2

7
,

4 2

Z Z

2Z Z Z

=

= −

�

�
                                               (6) 

      ɉɨɥɭɱɟɧɧɵɟ ɭɪɚɜɧɟɧɢɹ ɢɞɟɧɬɢɱɧɵ ɫɢɫɬɟɦɟ, ɤɨɬɨɪɚɹ ɜɨɡɧɢɤɚɟɬ ɩɪɢ 

ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɷɬɨɝɨ ɠɟ ɫɩɨɫɨɛɚ  ɪɟɲɟɧɢɹ ɞɥɹ ɡɚɞɚɱɢ ɨ ɤɚɱɚɸɳɟɣɫɹ ɩɪɭɠɢɧɟ 

[40]. Ɉɬɥɢɱɢɟ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ ɜ ɭɪɚɜɧɟɧɢɹɯ ɡɚɞɚɱɢ ɨ ɩɪɭɠɢɧɟ ɜɦɟɫɬɨ 

ɱɢɫɥɨɜɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ7 / 8 2  ɜ ɮɭɧɤɰɢɢ Ƚɚɦɢɥɶɬɨɧɚ ɫɥɟɞɭɟɬ ɩɨɞɫɬɚɜɢɬɶ 

ɜɟɥɢɱɢɧɭ  3/ 8 2µ = . 

      ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɚɧɚɥɨɝɢɹ ɩɨɡɜɨɥɹɟɬ ɩɟɪɟɧɟɫɬɢ ɜɫɟ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɜ 

ɪɚɛɨɬɟ [40] ɧɚ ɢɫɫɥɟɞɭɟɦɭɸ ɡɚɞɚɱɭ, ɱɬɨ ɢ ɞɟɥɚɟɬɫɹ ɧɢɠɟ.  

 

5. Ⱥɧɚɥɢɡ ɭɪɚɜɧɟɧɢɣ ɧɨɪɦɚɥɶɧɨɣ ɮɨɪɦɵ: ɩɟɪɢɨɞɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ, ɦɚɥɨɟ 
ɜɨɡɦɭɳɟɧɢɟ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ, ɷɮɮɟɤɬ ɩɟɪɟɤɚɱɤɢ ɷɧɟɪɝɢɢ ɦɟɠɞɭ 

ɦɨɞɚɦɢ ɤɨɥɟɛɚɧɢɣ 

 

      Ɋɟɡɭɥɶɬɚɬɵ ɷɬɨɝɨ ɪɚɡɞɟɥɚ ɛɭɞɭɬ ɢɡɥɨɠɟɧɵ ɜ ɫɠɚɬɨɣ ɮɨɪɦɟ, ɩɨɫɤɨɥɶɤɭ ɫ 

ɬɨɱɧɨɫɬɶɸ ɞɨ ɩɨɫɬɨɹɧɧɵɯ ɨɧɢ ɢɦɟɸɬɫɹ ɜ ɫɬɚɬɶɟ [40], ɩɨɫɜɹɳɟɧɧɨɣ 

ɢɫɫɥɟɞɨɜɚɧɢɸ ɡɚɞɚɱɢ ɨ ɤɚɱɚɸɳɟɣɫɹ ɩɪɭɠɢɧɟ. 

      Ɂɚɦɟɬɢɦ, ɱɬɨ ɫɢɫɬɟɦɚ ɫ ɝɚɦɢɥɶɬɨɧɢɚɧɨɦ ɇ ɢɦɟɟɬ ɩɟɪɜɵɟ ɢɧɬɟɝɪɚɥɵ 

                               
2 2 2

0 1 2 12 = const,     constH Z Z c H= + = =                         (7) 

ɉɟɪɜɵɣ ɢɡ ɧɢɯ – ɡɚɤɨɧ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ, ɧɚɥɢɱɢɟ ɜɬɨɪɨɝɨ ɫɥɟɞɭɟɬ ɢɡ 

ɨɩɪɟɞɟɥɟɧɢɣ ɩɟɪɜɨɝɨ ɢɧɬɟɝɪɚɥɚ ɢ ɧɨɪɦɚɥɶɧɨɣ ɮɨɪɦɵ ɝɚɦɢɥɶɬɨɧɢɚɧɚ.  ɇɚɥɢɱɢɟ 
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ɩɟɪɜɵɯ ɢɧɬɟɝɪɚɥɨɜ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɚɜɬɨɧɨɦɧɨɟ ɭɪɚɜɧɟɧɢɟ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ 

ɞɥɹ 2

2 2 2Z Z Zξ = = . Ⱦɜɚɠɞɵ ɞɢɮɮɟɪɟɧɰɢɪɭɹ ȟ ɜ ɫɢɥɭ (6) ɢ ɩɨɥɶɡɭɹɫɶ 

ɢɧɬɟɝɪɚɥɨɦ ɷɧɟɪɝɢɢ, ɩɨɥɭɱɢɦ ɭɪɚɜɧɟɧɢɟ  

( )2 2 22 2 3cξ µ ξ ξ= −��  

ɤɨɬɨɪɨɟ ɦɨɠɧɨ ɢɧɬɟɪɩɪɟɬɢɪɨɜɚɬɶ ɤɚɤ ɭɪɚɜɧɟɧɢɟ ɨɞɧɨɦɟɪɧɨɝɨ ɞɜɢɠɟɧɢɹ ɬɨɱɤɢ 

ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɫɢɥɵ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɟɬɪɭɞɧɨ ɡɚɩɢɫɚɬɶ ɚɧɚɥɨɝ 

ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ ɷɧɟɪɝɢɢ 

                                      ( )2 3 2 21 49
const

2 64
c Eξ ξ ξ+ − = =�

                                      (8) 

ɝɪɚɮɢɤ ɩɨɬɟɧɰɢɚɥɶɧɨɣ ɮɭɧɤɰɢɢ ( ) (249

64
cξ ξ ξΠ = − )2 ɢɡɨɛɪɚɠɟɧ ɧɚ Ɏɢɝ. 1.  

ɍɪɚɜɧɟɧɢɟ ɞɥɹ ȟ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɫɥɟɞɭɸɳɢɟ ɪɟɡɭɥɶɬɚɬɵ 

      Ⱥ) ɉɟɪɢɨɞɢɱɟɫɤɨɟ  ɪɟɲɟɧɢɟ. ɋɨɨɬɜɟɬɫɬɜɭɟɬ ɬɨɱɤɟ 22
3
cξ = , ɜ ɤɨɬɨɪɨɣ 

ɩɨɬɟɧɰɢɚɥ ( )ξΠ ɞɨɫɬɢɝɚɟɬ  ɦɢɧɢɦɭɦɚ. ɍɱɢɬɵɜɚɹ, ɱɬɨ 
2

2Zξ =  ɢ  ɩɟɪɜɵɣ ɢɡ 

ɡɚɤɨɧɨɜ ɫɨɯɪɚɧɟɧɢɹ (7), ɩɨɥɭɱɢɦ, ɱɬɨ ɜ ɬɨɱɤɟ ɦɢɧɢɦɭɦɚ ɩɨɬɟɧɰɢɚɥɚ 

ɜɵɩɨɥɧɹɸɬɫɹ ɪɚɜɟɧɫɬɜɚ 

1 2

1 2
,

36
Z c Z= = c  

Ɉɧɢ ɩɨɡɜɨɥɹɸɬ ɢɫɤɚɬɶ ɪɟɲɟɧɢɟ (6) ɜ ɜɢɞɟ 

( )( ) ( )( )1 2
1 1 2 36

exp , expZ c i Z c i 1α τ τ β τ τ γ⎡ ⎤= − = − +⎣ ⎦ . ɉɨɞɫɬɚɜɥɹɹ ɷɬɢ 

ɮɨɪɦɭɥɵ ɜ (6) ɧɚɯɨɞɢɦ ɤɨɷɮɮɢɰɢɟɧɬɵ Į, ȕ ɢ Ȗ ɢ ɪɟɲɟɧɢɟ 

                               

( )

( )

1 1

2 1

7
exp 2

6 4 3

2 7
exp 1

3 48 3

c
z i c

i
z c i c

τ τ

πτ τ

⎡ ⎤⎛ ⎞= ± −⎢ ⎥⎜ ⎟
⎝ ⎠⎣ ⎦
⎡ ⎤⎛ ⎞= ± − ±⎢ ⎥⎜ ⎟
⎝ ⎠⎣ ⎦

                             (9) 

(ɢɫɩɨɥɶɡɨɜɚɧ ɩɪɢɧɰɢɩ ɫɭɩɟɪɩɨɡɢɰɢɢ – ɫɦ. (5,6)) 

ȼɵɞɟɥɹɹ ɦɧɢɦɵɟ ɱɚɫɬɢ, ɧɚɯɨɞɢɦ ɡɚɜɢɫɢɦɨɫɬɢ  
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( ) ( )

( ) ( )

1

1

1 7
sin 2 1

12 8 3

2 7
sin 1

3 48 3

x c c

y c c

τ τ τ

πτ τ τ

⎡ ⎤⎛ ⎞= ± −⎢ ⎥⎜ ⎟
⎝ ⎠⎣ ⎦

⎡ ⎤⎛ ⎞= ± − ±⎢ ⎥⎜ ⎟
⎝ ⎠⎣ ⎦

 

      ȼ) Ʉɨɥɟɛɚɧɢɹ ɜɛɥɢɡɢ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ. Ɏɭɧɤɰɢɹ Ȇ(ȟ) ɜɛɥɢɡɢ ɬɨɱɤɢ 

ɦɢɧɢɦɭɦɚ ɯɨɪɨɲɨ ɚɩɩɪɨɤɫɢɦɢɪɭɟɬɫɹ ɩɚɪɚɛɨɥɨɣ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɥɢɧɟɣɧɵɦ 

ɤɨɥɟɛɚɧɢɹɦ ɜɟɥɢɱɢɧɵ ȟ. ɑɚɫɬɨɬɚ ɷɬɢɯ ɤɨɥɟɛɚɧɢɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

22 7

3 4 2
c cω ⎛ ⎞′′= Π =⎜ ⎟

⎝ ⎠
 

ɇɚɩɨɦɧɢɦ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ ɪɟɲɟɧɢɹ ɢɡɦɟɧɹɥɫɹ ɦɚɫɲɬɚɛ ɜɪɟɦɟɧɢ Ĳ=Ȟt ɢ 

ɩɪɢɜɟɞɟɧɧɚɹ ɱɚɫɬɨɬɚ ɨɬɧɨɫɢɬɫɹ ɤ ɛɟɡɪɚɡɦɟɪɧɨɦɭ ɜɪɟɦɟɧɢ Ĳ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ 

ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɬɨɱɤɢ ɦɢɧɢɦɭɦɚ Π(ξ), ɨɩɪɟɞɟɥɹɟɦɨɝɨ ɩɨ ɮɨɪɦɭɥɟ 22
3
cδξ ξ= − , 

ɩɨɥɭɱɚɟɬɫɹ ɭɪɚɜɧɟɧɢɟ  

( )2

2

49 7
0 cos

32 4 2
c cδξ δξ δξ α τ τ⎡ ⎤+ = ⇒ = −⎢ ⎥⎣ ⎦

��
 

ɉɚɪɚɦɟɬɪ α ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɚɦɩɥɢɬɭɞɭ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɩɨɥɨɠɟɧɢɹ ɪɚɜɧɨɜɟɫɢɹ, 2τ  

- ɮɚɡɭ. ɂɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɵ 
2

2 1 2ɢ 2Z Z Z cξ= + = , ɚ ɬɚɤɠɟ ɪɚɡɥɨɠɟɧɢɟ 

2

2

2 2
1

3 3
c c

c

3

4

δξδξ ⎛+ +⎜
⎝ ⎠

� ⎞
⎟ , ɥɟɝɤɨ ɩɨɥɭɱɢɬɶ, ɱɬɨ 

( ) ( )2 2 12 2

2 3 7 3 7
1 cos , 1 cos

3 4 24 2 6 4 2

c
Z c c Z c

c c

α α
2τ τ τ⎡ ⎤ ⎡+ − −⎢ ⎥ ⎢⎣ ⎦ ⎣

� � τ ⎤− ⎥⎦
 

ɉɨɞɫɬɚɧɨɜɤɚ ɷɬɢɯ ɮɭɧɤɰɢɣ ɜ ɩɟɪɢɨɞɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ (9) ɜɦɟɫɬɨ ɩɨɫɬɨɹɧɧɵɯ 

ɫɨɦɧɨɠɢɬɟɥɟɣ ɩɟɪɟɞ ɷɤɫɩɨɧɟɧɬɚɦɢ ɢ ɬɟ ɠɟ ɜɵɤɥɚɞɤɢ, ɱɬɨ ɢ ɜ ɩɭɧɤɬɟ Ⱥ), 

ɩɪɢɜɨɞɹɬ ɤ ɫɥɟɞɭɸɳɢɦ ɜɵɪɚɠɟɧɢɹɦ ɞɥɹ ɤɨɨɪɞɢɧɚɬ: 
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( ) ( ) ( )

( ) ( ) ( )

2 12

2 12

1 3 7 7
1 cos sin 2 1

212 4 2 8 3

2 3 7 7
1 cos sin 1

3 4 44 2 8 3

x c c c
c

y c c c
c

ατ τ τ ,τ τ

α πτ τ τ τ τ

⎡ ⎤⎛ ⎞⎡ ⎤= − − ± −⎢ ⎥⎜ ⎟⎢ ⎥⎣ ⎦ ⎝ ⎠⎣ ⎦
⎡ ⎤⎛ ⎞⎡ ⎤= + − ± − ±⎢ ⎥⎜ ⎟⎢ ⎥⎣ ⎦ ⎝ ⎠⎣ ⎦

 

ɉɪɢ α = 0 ɢɡ ɷɬɢɯ ɮɨɪɦɭɥ ɩɨɥɭɱɚɟɬɫɹ ɩɟɪɢɨɞɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ.  

      ɋ) Ʉɨɥɟɛɚɧɢɹ ɩɪɢ ɩɪɨɢɡɜɨɥɶɧɵɯ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ. ɏɚɪɚɤɬɟɪɢɡɭɸɬɫɹ 

ɩɨɫɬɨɹɧɧɨɣ 
67

48
,0E c⎡ ⎤∈ −⎣ ⎦ , ɝɞɟ ɥɟɜɚɹ ɝɪɚɧɢɰɚ ɢɧɬɟɪɜɚɥɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɦɢɧɢɦɭɦɭ Π(ξ), 0 – ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɨɫɬɨɹɧɧɨɣ ȿ ɩɪɢ ɮɢɡɢɱɟɫɤɢ 

ɪɟɚɥɢɡɭɟɦɵɯ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ. Ɂɚɜɢɫɢɦɨɫɬɶ ξ(t) ɩɨɥɭɱɚɟɬɫɹ ɩɪɢ 

ɢɧɬɟɝɪɢɪɨɜɚɧɢɢ ɭɪɚɜɧɟɧɢɹ (8). Ⱦɥɹ ɭɞɨɛɫɬɜɚ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɰɟɥɟɫɨɨɛɪɚɡɧɨ 

ɢɡɦɟɧɢɬɶ ɦɚɫɲɬɚɛɵ ξ ɢ τ: 2

7
,

8 2c
c

ξη τ ′= = τ . ɉɨɞɫɬɚɧɨɜɤɚ ɷɬɢɯ ɮɨɪɦɭɥ ɜ (8) 

ɩɪɢɜɨɞɢɬ ɤ ɪɟɡɭɥɶɬɚɬɭ 

2 3 2 3 2

0 0 6

1 6

4 4

4

9

E

c
η η η η η+ − = − =�  

Ɋɟɲɟɧɢɟ ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɹ  

( )
( ) ( )( )( )3 2 3 2

0 0 0 1 2

1
, ɝɞɟ    

2

d
P

P

ητ η η η η η η η η η η η
η

′ = = − − + = −∫ − −

2

 

ɤɨɪɧɢ 1 ɢη η ɪɚɜɧɵ 

( )( ) ( )( )1 0 0 0 2 0 0 02 1 1 1 3 , 2 1 1 1 3η η η η η η η= − + − + = − − − + η  

ɉɨɥɭɱɟɧɧɨɟ ɪɟɲɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɜɵɪɚɠɟɧɨ ɱɟɪɟɡ ɷɥɥɢɩɬɢɱɟɫɤɢɟ ɢɧɬɟɝɪɚɥɵ. ɂɡ 

ɩɪɢɜɟɞɟɧɧɵɯ ɮɨɪɦɭɥ ɫɥɟɞɭɟɬ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɩɟɪɢɨɞɚ 0τ  ɮɭɧɤɰɢɢ ξ(τ): 

( )
( )

1

0

0 1
0 0

1 21 2

2
, ,

d
K k k

ɫ P

η

η

0τ η ηητ τ
µ η ηη ηη

′ −′= = = =
−−∫  

ɝɞɟ ( )
/ 2

2 2
0 1 sin

du
K k

k u

π

=
−

∫ . Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɢɡ ɝɪɚɮɢɤɚ ɩɨɬɟɧɰɢɚɥɚ (ɫɦ. ɫɬɪ. 84), 

ɜɢɞɧɨ, ɱɬɨ ɮɭɧɤɰɢɹ ξ(τ) ɢɡɦɟɧɹɟɬɫɹ ɜ ɩɪɟɞɟɥɚɯ [ξ0, ξ1] (ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 
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 η ∈ [η0, η1]) ɢ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɩɟɪɢɨɞɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɪɨɯɨɠɞɟɧɢɸ ɷɬɨɝɨ 

ɢɧɬɟɪɜɚɥɚ ɜ ɩɪɹɦɨɦ ɢ ɨɛɪɚɬɧɨɦ ɧɚɩɪɚɜɥɟɧɢɹɯ.  

      ɂɡ ɩɟɪɢɨɞɢɱɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ξ(τ) ɢ ɡɚɤɨɧɚ ɫɨɯɪɚɧɟɧɢɹ (7) ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ 

ɛɨɥɶɲɢɧɫɬɜɟ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ (ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ ɩɨɩɚɞɚɧɢɹ ɜ ɬɨɱɤɭ 

ɦɢɧɢɦɭɦɚ Π(ξ)) ɜ ɡɚɞɚɱɟ ɢɦɟɟɬ ɦɟɫɬɨ ɩɟɪɟɤɚɱɤɚ ɷɧɟɪɝɢɢ ɦɟɠɞɭ ɪɚɞɢɚɥɶɧɨɣ ɢ 

ɞɟɮɨɪɦɚɰɢɨɧɧɨɣ ɦɨɞɚɦɢ ɤɨɥɟɛɚɧɢɣ. ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɟɫɥɢ, ɧɚɩɪɢɦɟɪ, ɜɧɚɱɚɥɟ 

ɤɨɥɟɛɚɧɢɹ ɛɥɢɡɤɢ ɤ ɪɚɞɢɚɥɶɧɵɦ, ɬɨ ɫɩɭɫɬɹ ɩɨɥɨɜɢɧɭ ɜɵɲɟɭɤɚɡɚɧɧɨɝɨ ɩɟɪɢɨɞɚ 

ɤɨɥɟɛɚɧɢɹ ɛɭɞɭɬ ɩɨɱɬɢ ɞɟɮɨɪɦɚɰɢɨɧɧɵɦɢ, ɫɩɭɫɬɹ ɟɳɟ ɩɨɥɨɜɢɧɭ ɩɟɪɢɨɞɚ – 

ɜɧɨɜɶ ɩɨɱɬɢ ɪɚɞɢɚɥɶɧɵɦɢ ɢ ɬ. ɞ. ɗɬɨɬ ɩɪɨɰɟɫɫ ɛɭɞɟɬ ɧɚɢɛɨɥɟɟ ɢɧɬɟɧɫɢɜɟɧ 

ɜɛɥɢɡɢ ɧɭɥɟɜɨɝɨ ɡɧɚɱɟɧɢɹ ɩɨɫɬɨɹɧɧɨɣ ȿ ɢ ɜɨɜɫɟ ɢɫɱɟɡɧɟɬ ɩɪɢ ɦɢɧɢɦɚɥɶɧɨɦ 

ɡɧɚɱɟɧɢɹ ɷɬɨɣ ɩɨɫɬɨɹɧɧɨɣ, ɱɬɨ ɧɟɬɪɭɞɧɨ ɭɜɢɞɟɬɶ ɧɚ ɪɢɫɭɧɤɟ, ɩɪɢɜɟɞɟɧɧɨɦ ɧɚ 

ɫɬɪɚɧɢɰɟ 84.   

      ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɤɨɥɟɛɚɧɢɹ ɧɚɱɢɧɚɟɬɫɹ ɢɡ ɫɨɫɬɨɹɧɢɹ ɩɨɤɨɹ, ɧɚɱɚɥɶɧɵɟ 

ɭɫɥɨɜɢɹ ɬɚɤɨɜɵ: x(0) = x0, u(0) = 0, y(0) = y0, v(0) = 0 ɢ ɩɟɪɢɨɞ ɜɵɪɚɠɚɟɬɫɹ ɱɟɪɟɡ 

ɩɚɪɚɦɟɬɪ 0

0

y

x
δ = :  

( )

( ) ( )

2 2
2 2 0
0 0 0 2

2 2

1 22 2

4 ,
4 1 / 4

1 1 1 1
,

2 1 / 4 2 1 / 4

y
c x y

c

δη
δ

δ δη η
δ δ

= + = =
+

+ + − +
= =

+ +

 

      Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɣ ɭɞɨɛɧɵ ɪɚɡɥɨɠɟɧɢɹ ɮɭɧɤɰɢɢ Ʉ(ɤ) ɜɛɥɢɡɢ ɬɨɱɟɤ ɤ = 0 ɢ  

ɤ = 1: 

( ) ( )

( ) ( )

2 4

2 2

1
1 1

4 2

4 1 4
1 1 ln ln 1 ln

4

k K k k O k

k k K k k O k
k k

π ⎛ ⎞⇒ = + +⎜ ⎟
⎝ ⎠

⎛ ⎞′ ′= − ⇒ = + − +⎜ ⎟′ ′⎝ ⎠

�

� 4 k′ ′
 

ɉɭɫɬɶ ɞɥɹ ɨɩɪɟɞɟɥɟɧɧɨɫɬɢ 1δ � . ȼ «ɮɢɡɢɱɟɫɤɢɯ» ɩɟɪɟɦɟɧɧɵɯ ɷɬɨ ɨɡɧɚɱɚɟɬ, 

ɱɬɨ x ε� , ɬɨ ɟɫɬɶ ɧɚɱɚɥɶɧɨɟ ɪɚɞɢɚɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɫɭɳɟɫɬɜɟɧɧɨ ɩɪɟɜɵɲɚɟɬ 

ɞɟɮɨɪɦɚɰɢɨɧɧɨɟ. Ɍɨɝɞɚ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɩɟɪɢɨɞɚ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɪɹɞɨɦ 
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( ) ( )2 4

0 2 2

32 3 3 32
ln 17 5ln ln

8 256
O 6τ δ δ δ δ

δ δ
⎛ ⎞′ = + + − + +⎜ ⎟
⎝ ⎠

δ  

      ɉɪɢɜɟɞɟɧɧɵɟ ɮɨɪɦɭɥɵ ɜɵɪɚɠɟɧɵ ɱɟɪɟɡ ɛɟɡɪɚɡɦɟɪɧɵɟ ɩɟɪɟɦɟɧɧɵɟ, ɤɨɬɨɪɵɟ 

ɜɜɨɞɢɥɢɫɶ ɞɥɹ ɭɞɨɛɫɬɜɚ ɪɚɫɱɟɬɨɜ. Ɉɞɧɚɤɨ ɢɧɬɟɪɟɫɧɨ ɩɨɥɭɱɢɬɶ ɡɚɜɢɫɢɦɨɫɬɢ 

ɪɟɚɥɶɧɵɯ «ɮɢɡɢɱɟɫɤɢɯ» ɜɟɥɢɱɢɧ ɨɬ ɪɚɡɦɟɪɧɨɝɨ ɜɪɟɦɟɧɢ. ȼɜɢɞɭ ɬɨɝɨ, ɱɬɨ ɜ 

ɬɟɤɫɬɟ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɧɟɫɤɨɥɶɤɨ ɡɚɦɟɧ ɩɟɪɟɦɟɧɧɵɯ, ɢ ɞɜɚɠɞɵ ɢɡɦɟɧɹɥɫɹ 

ɦɚɫɲɬɚɛ ɜɪɟɦɟɧɢ, ɩɪɢɜɟɞɟɦ ɫɩɢɫɨɤ ɫɨɨɬɧɨɲɟɧɢɣ, ɩɨɡɜɨɥɹɸɳɢɣ ɧɚɯɨɞɢɬɶ 

ɮɨɪɦɭɥɵ ɞɥɹ ɢɫɯɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. 

 

ȼɪɟɦɹ:  

2 2 2

3

0

12 7ɜɪɟɦɹ ɜ ɫɟɤɭɧɞɚɯ, , , , 4
8 2

t t c c x
l

στ ν ν τ τ
ρ

′− = = = = + 2u y v+ +  

Ʉɨɨɪɞɢɧɚɬɵ ɢ ɢɦɩɭɥɶɫɵ: 

( )
3 3

0 01 4
, 1 3 , 1 5

12 1620 21135

l l
y u x x v x

ρ ρ 4ε ε ε
σ σ

⎛ ⎞= = + = + −⎜ ⎟
⎝ ⎠

��  

ɝɞɟ ɬɨɱɤɨɣ ɨɛɨɡɧɚɱɟɧɨ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɟ ɩɨ t.  
 

6. Ɉɰɟɧɤɚ ɤɨɪɪɟɤɬɧɨɫɬɢ ɦɨɞɟɥɢ ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ 

 

      ȼ ɪɟɚɥɶɧɵɯ ɫɪɟɞɚɯ ɜɫɟɝɞɚ ɩɪɨɢɫɯɨɞɹɬ ɞɢɫɫɢɩɚɬɢɜɧɵɟ ɩɪɨɰɟɫɫɵ, 

ɩɪɢɜɨɞɹɳɢɟ ɤ ɡɚɬɭɯɚɧɢɸ ɤɨɥɟɛɚɧɢɣ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɧɟɨɛɯɨɞɢɦɨ ɢɫɫɥɟɞɨɜɚɬɶ 

ɜɨɩɪɨɫ ɨ ɞɨɩɭɫɬɢɦɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɨɞɟɥɢ ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɩɪɢ 

ɢɡɭɱɟɧɢɢ ɞɚɧɧɨɣ ɡɚɞɚɱɢ.  

      Ɂɚɬɭɯɚɧɢɟ ɤɨɥɟɛɚɧɢɣ ɝɚɡɨɜɵɯ ɩɭɡɵɪɟɣ ɜ ɠɢɞɤɨɫɬɢ ɨɛɭɫɥɨɜɥɟɧɨ ɞɜɭɦɹ 

ɮɚɤɬɨɪɚɦɢ – ɜɹɡɤɨɫɬɶɸ ɠɢɞɤɨɫɬɢ ɢ ɬɟɩɥɨɨɛɦɟɧɨɦ ɦɟɠɞɭ ɝɚɡɨɦ ɢ ɠɢɞɤɨɫɬɶɸ. 

ȼɥɢɹɧɢɟ ɷɬɢɯ ɮɚɤɬɨɪɨɜ ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɩɨɫɪɟɞɫɬɜɨɦ ɞɟɤɪɟɦɟɧɬɨɜ ɡɚɬɭɯɚɧɢɹ 

ɪɚɞɢɚɥɶɧɵɯ ɤɨɥɟɛɚɧɢɣ, ɩɪɢɜɟɞɟɧɧɵɯ, ɧɚɩɪɢɦɟɪ, ɜ ɪɚɛɨɬɟ [58]: 
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00

3 1 3 4
, ɝɞɟ    Pe =  ,   
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p l
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π γ γ
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ȼ ɷɬɢɯ ɮɨɪɦɭɥɚɯ − ɬɟɩɥɨɜɨɣ ɞɟɤɪɟɦɟɧɬ ɡɚɬɭɯɚɧɢɹ, TΛ νΛ − ɞɟɤɪɟɦɟɧɬ ɜɹɡɤɨɝɨ 

ɡɚɬɭɯɚɧɢɹ, − ɱɢɫɥɨ ɉɟɤɥɟ, k – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ 

ɠɢɞɤɨɫɬɢ, Ȟ – ɤɨɷɮɮɢɰɢɟɧɬ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɠɢɞɤɨɫɬɢ. Ɉɫɬɚɥɶɧɵɟ 

ɩɚɪɚɦɟɬɪɵ ɭɠɟ ɛɵɥɢ ɨɩɢɫɚɧɵ ɩɪɢ ɪɟɲɟɧɢɢ ɨɫɧɨɜɧɨɣ ɡɚɞɚɱɢ. ɉɪɢɜɟɞɟɧɧɨɟ 

ɫɨɨɬɧɨɲɟɧɢɟ ɞɥɹ 

0Pe

TΛ  ɭɫɬɚɧɨɜɥɟɧɨ ɑɟɩɦɷɧɨɦ ɢ ɉɥɟɫɫɟɬɨɦ ɜ 1971 ɝ. ɢ 

ɫɩɪɚɜɟɞɥɢɜɨ ɩɪɢ ɛɨɥɶɲɢɯ ɱɢɫɥɚɯ ɉɟɤɥɟ:  .  0Pe 1�

      Ⱦɟɤɪɟɦɟɧɬ ɡɚɬɭɯɚɧɢɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɬɟɩɟɧɶ ɭɛɵɜɚɧɢɹ ɚɦɩɥɢɬɭɞɵ 

ɤɨɥɟɛɚɧɢɣ ɡɚ ɩɟɪɢɨɞ ɨɞɧɨɝɨ ɤɨɥɟɛɚɧɢɹ. Ɂɚ ɷɬɨ ɜɪɟɦɹ ɚɦɩɥɢɬɭɞɚ ɭɦɟɧɶɲɢɬɫɹ 

ɜ  ɪɚɡ. ɉɨɷɬɨɦɭ ɪɟɡɭɥɶɬɢɪɭɸɳɢɣ ɞɟɤɪɟɦɟɧɬ ɪɚɜɟɧ  (exp i−Λ )

T νΛ = Λ +Λ . 

       ȼɵɪɚɠɟɧɢɹ (10) ɫɩɪɚɜɟɞɥɢɜɵ ɩɪɢ ɩɪɨɢɡɜɨɥɶɧɨɦ ɫɨɨɬɧɨɲɟɧɢɢ ɱɚɫɬɨɬ 

ɞɟɮɨɪɦɚɰɢɨɧɧɨɣ ɢ ɪɚɞɢɚɥɶɧɨɣ ɦɨɞ ɤɨɥɟɛɚɧɢɣ. Ɉɞɧɚɤɨ ɩɪɢ ɪɟɡɨɧɚɧɫɟ 

ɧɟɨɛɯɨɞɢɦɨ ɭɱɟɫɬɶ ɮɨɪɦɭɥɭ (3), ɢɡ ɤɨɬɨɪɨɣ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɚɪɚɦɟɬɪɵ 0 ɢ   p l∞   

ɭɠɟ ɧɟɥɶɡɹ ɫɱɢɬɚɬɶ ɧɟɡɚɜɢɫɢɦɵɦɢ. ɋ ɭɱɟɬɨɦ ɷɬɨɝɨ ɞɟɤɪɟɦɟɧɬɵ ɡɚɬɭɯɚɧɢɹ 

ɩɪɟɨɛɪɚɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ 

( )
( )

( )
2

4
4

0 0

3 1 4
,

4 50 6 50 6
T

k

l l
ν

π γρ ρ π
σ γ σ γ

−
Λ = Λ =

− −
ν

. 

ɂɡ ɩɪɢɜɟɞɟɧɧɵɯ ɮɨɪɦɭɥ ɫɥɟɞɭɟɬ, ɱɬɨ ɞɟɤɪɟɦɟɧɬ ɡɚɬɭɯɚɧɢɹ ɫɬɪɟɦɢɬɫɹ ɤ 

ɛɟɫɤɨɧɟɱɧɨɫɬɢ ɤɚɤ 1/ 0l  ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɪɚɞɢɭɫɚ ɩɭɡɵɪɹ. ɉɨɷɬɨɦɭ ɤɨɥɟɛɚɧɢɹ  

ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɵɯ ɩɭɡɵɪɟɣ ɫɢɥɶɧɨ ɡɚɬɭɯɚɸɬ ɢ ɪɟɡɭɥɶɬɚɬ, ɩɨɥɭɱɟɧɧɵɣ ɜ 

ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɢɞɟɚɥɶɧɨɫɬɢ ɠɢɞɤɨɫɬɢ, ɬɟɪɹɟɬ ɫɦɵɫɥ.        

      ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɟɨɛɯɨɞɢɦɵɦ ɭɫɥɨɜɢɟɦ ɧɚɛɥɸɞɚɟɦɨɫɬɢ ɩɟɪɟɫɬɪɨɣɤɢ ɦɨɞ 

ɤɨɥɟɛɚɧɢɣ ɩɪɢ  ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɣ ɪɚɞɢɭɫ ɩɭɡɵɪɹ. 

ȿɫɬɟɫɬɜɟɧɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ, ɱɬɨ ɟɫɥɢ ɡɚ ɩɟɪɢɨɞ ɷɬɨɣ ɩɟɪɟɫɬɪɨɣɤɢ ɚɦɩɥɢɬɭɞɚ 

ɢɡɦɟɧɢɬɫɹ ɫɥɚɛɨ, ɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɦɨɞɟɥɢ ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɫ 

ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɧɚɬɹɠɟɧɢɟɦ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɤɨɪɪɟɤɬɧɵɦ. ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, 

0Pe 1�
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ɱɬɨ ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɪɚɞɢɭɫɚ ɩɭɡɵɪɹ ɞɟɤɪɟɦɟɧɬ ɡɚɬɭɯɚɧɢɹ ɜɟɞɟɬ ɫɟɛɹ ɤɚɤ 4
01/ l , 

ɨɬɤɭɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɟɝɨ ɭɦɟɧɶɲɟɧɢɟ ɨɱɟɧɶ ɦɟɞɥɟɧɧɨ. ɏɚɪɚɤɬɟɪɧɵɣ ɜɢɞ 

ɡɚɜɢɫɢɦɨɫɬɢ ɞɟɤɪɟɦɟɧɬɚ ɨɬ ɪɚɞɢɭɫɚ ɩɭɡɵɪɹ, ɩɨɥɭɱɟɧɧɵɣ ɞɥɹ ɜɨɡɞɭɲɧɨɝɨ 

ɩɭɡɵɪɹ ɜ ɜɨɞɟ, ɢɦɟɟɬ ɜɢɞ 

 

 ɉɪɢɜɟɞɟɦ  ɜɵɪɚɠɟɧɢɹ ɞɟɤɪɟɦɟɧɬɚ ɡɚɬɭɯɚɧɢɹ ɞɥɹ  ɷɬɢɯ ɜɟɳɟɫɬɜ ɫ ɱɢɫɥɨɜɵɦɢ 

ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ: 

3

4
0 0

0.158 2.4 10

l l

−⋅
Λ ≈ + . 

ȼɵɱɢɫɥɟɧɢɟ ɩɨ ɷɬɨɣ ɮɨɪɦɭɥɟ ɞɥɹ ɩɭɡɵɪɹ ɪɚɞɢɭɫɨɦ 50 ɫɦ ɩɪɢɜɨɞɢɬ ɤ 

ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɦɭ ɡɧɚɱɟɧɢɸ 0.06Λ = .  

      Ɍɟɩɟɪɶ ɩɟɪɟɣɞɟɦ ɤ ɚɫɢɦɩɬɨɬɢɤɟ ɞɥɹ ɦɚɥɵɯ ɱɢɫɟɥ ɉɟɤɥɟ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɣ 

ɧɚɢɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ, ɩɨɫɤɨɥɶɤɭ ɢɦɟɧɧɨ ɬɚɤɚɹ ɫɢɬɭɚɰɢɹ ɪɟɚɥɢɡɭɟɬɫɹ ɞɥɹ  ɦɚɥɵɯ 

ɩɭɡɵɪɟɣ, ɤɨɬɨɪɵɟ ɧɟɬɪɭɞɧɨ ɫɨɡɞɚɬɶ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ. Ʉ  ɬɨɦɭ ɠɟ ɜ 

ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɩɭɡɵɪɶ ɫɱɢɬɚɟɬɫɹ ɧɟɩɨɞɜɢɠɧɵɦ ɨɬɧɨɫɢɬɟɥɶɧɨ ɠɢɞɤɨɫɬɢ. Ɍɚɤɚɹ 

ɢɞɟɚɥɢɡɚɰɢɹ ɩɪɢ ɧɚɥɢɱɢɢ ɬɹɝɨɬɟɧɢɹ ɦɨɠɟɬ ɫɱɢɬɚɬɶɫɹ ɫɩɪɚɜɟɞɥɢɜɨɣ ɥɢɲɶ ɞɥɹ 

ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɵɯ ɩɭɡɵɪɶɤɨɜ, ɤɨɝɞɚ ɜɥɢɹɧɢɟ ɫɢɥɵ Ⱥɪɯɢɦɟɞɚ ɦɨɠɟɬ ɫɱɢɬɚɬɶɫɹ 

ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɵɦ.  

      Ⱦɥɹ ɦɚɥɵɯ ɱɢɫɟɥ ɉɟɤɥɟ 0Pe 5<  ɫɩɪɚɜɟɞɥɢɜɚ ɚɫɢɦɩɬɨɬɢɤɚ  

( ) 0

3/2

-1 Pe
=

15
T

π γ
γ

Λ  

ɉɨɞɫɬɚɜɢɜ ɜ ɧɟɟ ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɱɢɫɥɚ ɉɟɤɥɟ, ɢ ɜɨɫɩɨɥɶɡɨɜɚɜɲɢɫɶ ɭɫɥɨɜɢɟɦ 

ɪɟɡɨɧɚɧɫɚ, ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɮɨɪɦɭɥɭ 
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( )
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4 1 3

15
T l
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−
Λ = . 

ȼɵɪɚɠɟɧɢɟ ɞɥɹ ɞɟɤɪɟɦɟɧɬɚ ɜɹɡɤɨɣ ɞɢɫɫɢɩɚɰɢɢ ɧɟ ɩɪɟɬɟɪɩɟɜɚɟɬ ɢɡɦɟɧɟɧɢɣ.     

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɫɭɦɦɚɪɧɵɣ ɞɟɤɪɟɦɟɧɬ ɡɚɬɭɯɚɧɢɹ ɩɪɢ ɦɚɥɵɯ 

ɱɢɫɥɚɯ ɉɟɤɥɟ ɨɩɢɫɵɜɚɟɬɫɹ ɮɭɧɤɰɢɟɣ ɜɢɞɚ  

0

0

=
b

a l
l

Λ +  

Ɇɢɧɢɦɚɥɶɧɨɟ  ɡɧɚɱɟɧɢɟ ɩɨɥɭɱɟɧɧɨɣ ɮɭɧɤɰɢɢ ɪɚɜɧɨ 

min =2 abΛ  

ɉɨɞɫɬɚɜɢɜ ɜ ɷɬɭ ɮɨɪɦɭɥɭ ɜɵɪɚɠɟɧɢɹ ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɚ ɢ b, ɩɨɥɭɱɢɦ 

ɫɥɟɞɭɸɳɭɸ ɮɨɪɦɭɥɭ ɞɥɹ ɦɢɧɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɪɟɡɭɥɶɬɢɪɭɸɳɟɝɨ 

ɞɟɤɪɟɦɟɧɬɚ ɡɚɬɭɯɚɧɢɹ, ɫɩɪɚɜɟɞɥɢɜɭɸ ɩɪɢ ɦɚɥɵɯ ɱɢɫɥɚɯ ɉɟɤɥɟ: 

min 3/ 2

1 3
= 8

15 50 6 k

γ νπ
γ γ

⎡ ⎤−⎢ ⎥Λ ⋅
−⎢ ⎥⎣ ⎦

 

Ʉɨɷɮɮɢɰɢɟɧɬ, ɡɚɤɥɸɱɟɧɧɵɣ ɜ ɤɜɚɞɪɚɬɧɵɣ ɫɤɨɛɤɢ, ɩɪɢ 1.4γ =  ɢɦɟɟɬ ɜɟɥɢɱɢɧɭ 

ɩɨɪɹɞɤɚ 1.6 ɢ ɞɨɫɬɚɬɨɱɧɨ ɫɥɚɛɨ ɡɚɜɢɫɢɬ ɨɬ  γ  ɩɪɢ ɮɢɡɢɱɟɫɤɢ ɜɨɡɦɨɠɧɵɯ 

ɜɟɥɢɱɢɧɚɯ ɷɬɨɝɨ ɩɚɪɚɦɟɬɪɚ.  

      ɉɪɢɜɟɞɟɦ ɞɚɧɧɵɟ ɨ ɡɧɚɱɟɧɢɹɯ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɢ 

ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ ɧɟɤɨɬɨɪɵɯ ɜɟɳɟɫɬɜ, ɩɨɞɛɟɪɟɦ ɩɚɪɭ ɫ ɧɚɢɦɟɧɶɲɢɦ 

ɞɟɤɪɟɦɟɧɬɨɦ ɡɚɬɭɯɚɧɢɹ ɢ ɫɪɚɜɧɢɦ ɟɝɨ ɜɟɥɢɱɢɧɭ ɫɨ ɡɧɚɱɟɧɢɟɦ, ɩɨɥɭɱɚɸɳɢɦɫɹ 

ɞɥɹ ɜɨɡɞɭɲɧɨɝɨ ɩɭɡɵɪɹ ɜ ɜɨɞɟ. 

 

    ɀɢɞɤɨɫɬɶ  Ʉɢɧɟɦɚɬɢɱɟɫɤɚɹ 
 ɜɹɡɤɨɫɬɶ ɠɢɞɤɨ- 

 ɫɬɢ 

               Ƚɚɡ  Ʉɨɷɮɮɢɰɢɟɧɬ 
 ɬɟɦɩɟɪɚɬɭɪɨɩɪɨ- 
 ɜɨɞɧɨɫɬɢ ɝɚɡɚ 

 ȼɨɞɚ            0.0105  ȼɨɡɞɭɯ          0.266 

 Ⱥɰɟɬɟɥɶɞɟɝɢɞ            0.00297  Ⱥɪɝɨɧ          0.34 

 Ⱥɰɟɬɨɧ            0.00439  ȼɨɞɨɪɨɞ          1.851 

 ɇ-ɝɟɤɫɚɧ            0.0054  Ƚɟɥɢɣ          26.89 

 ɂɡɨɩɪɟɧ            0.00348  ɍɝɥɟɤɢɫɥɵɣ ɝɚɡ          0.122 
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 ɉɟɧɬɚɧ            0.00376  Ʉɢɫɥɨɪɨɞ          0.266 

 ɇ-ɩɟɧɬɚɧ            0.00387  Ɇɟɬɚɧ          0.239 

      

      ɂɡ ɩɪɢɜɟɞɟɧɧɨɣ ɬɚɛɥɢɰɵ ɢ ɮɨɪɦɭɥɵ ɞɥɹ ɦɢɧɢɦɚɥɶɧɨɝɨ ɞɟɤɪɟɦɟɧɬɚ 

ɡɚɬɭɯɚɧɢɹ ɫɥɟɞɭɟɬ, ɱɬɨ ɞɥɹ ɜɨɡɞɭɲɧɨɝɨ ɩɭɡɵɪɹ ɜ ɜɨɞɟ    , ɱɬɨ, 

ɨɱɟɜɢɞɧɨ ɩɪɟɩɹɬɫɬɜɭɟɬ ɧɚɛɥɸɞɚɟɦɨɫɬɢ ɩɟɪɟɫɬɪɨɣɤɢ ɦɨɞ. Ɇɢɧɢɦɚɥɶɧɨɟ 

ɡɧɚɱɟɧɢɟ ɞɟɤɪɟɦɟɧɬɚ ɡɚɬɭɯɚɧɢɹ ɞɨɫɬɢɝɚɟɬɫɹ ɞɥɹ ɝɟɥɢɟɜɨɝɨ ɩɭɡɵɪɹ ɜ 

ɚɰɟɬɟɥɶɞɟɝɢɞɟ ɢ ɪɚɜɧɨ  , ɬɨ ɟɫɬɶ ɬɚɤɠɟ ɞɨɫɬɚɬɨɱɧɨ ɜɟɥɢɤɨ.  

min = 0.3Λ

min = 0.014Λ

      Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɟɥɢɱɢɧɚ ɞɟɤɪɟɦɟɧɬɚ ɡɚɬɭɯɚɧɢɹ 

ɫɭɳɟɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ ɡɚɜɢɫɢɬ ɨɬ ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 

ɜɟɳɟɫɬɜ, ɨɛɪɚɡɭɸɳɢɯ ɢɫɫɥɟɞɭɟɦɭɸ ɫɢɫɬɟɦɭ. Ɉɞɧɚɤɨ ɤɚɪɞɢɧɚɥɶɧɨ ɭɦɟɧɶɲɢɬɶ 

ɞɟɤɪɟɦɟɧɬ ɡɚɬɭɯɚɧɢɹ, ɩɨɞɛɢɪɚɹ ɝɚɡ ɢ ɠɢɞɤɨɫɬɶ ɢɡ ɫɨɨɛɪɚɠɟɧɢɣ ɦɢɧɢɦɢɡɚɰɢɢ 

ɨɬɧɨɲɟɧɢɹ / kν  ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɦɚɥɨɜɟɪɨɹɬɧɵɦ. ɂɡ ɬɚɛɥɢɰ ɮɢɡɢɱɟɫɤɢɯ 

ɫɜɨɣɫɬɜ ɜɟɳɟɫɬɜ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɚɪɚɦɟɬɪɵ ɜɹɡɤɨɫɬɢ ɢ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ 

ɪɚɡɥɢɱɧɵɯ ɩɚɪ ɜɟɳɟɫɬɜ ɦɨɝɭɬ ɨɬɥɢɱɚɬɶɫɹ ɨɬ ɚɧɚɥɨɝɢɱɧɵɯ ɜɟɥɢɱɢɧ ɞɥɹ ɜɨɞɵ ɢ 

ɜɨɡɞɭɯɚ ɩɪɢɦɟɪɧɨ ɧɚ ɩɨɪɹɞɨɤ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɟɥɢɱɢɧɚ / kν  ɩɭɬɟɦ «ɩɨɞɛɨɪɚ» 

ɜɟɳɟɫɬɜ ɦɨɠɟɬ ɛɵɬɶ ɢɡɦɟɧɟɧɚ ɧɚ ɞɜɚ ɩɪɹɞɤɚ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ,  / kν  - ɧɚ 

ɩɨɪɹɞɨɤ. ɗɬɨɝɨ ɹɜɧɨ ɧɟ ɞɨɫɬɚɬɨɱɧɨ ɞɥɹ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɭɦɟɧɶɲɟɧɢɹ ɞɟɤɪɟɦɟɧɬɚ 

ɡɚɬɭɯɚɧɢɹ. 

       

  

7. ȼɵɜɨɞɵ 

 

      ɉɪɢɥɨɠɟɧɢɟ ɚɩɩɚɪɚɬɚ ɥɚɝɪɚɧɠɟɜɨɣ ɢ ɝɚɦɢɥɶɬɨɧɨɜɨɣ ɦɟɯɚɧɢɤɢ ɤ ɡɚɞɚɱɟ ɨ 

ɤɨɥɟɛɚɧɢɹɯ ɝɚɡɨɜɨɝɨ ɩɭɡɵɪɹ ɜ ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɫ ɩɨɜɟɪɯɧɨɫɬɧɵɦ 

ɧɚɬɹɠɟɧɢɟɦ, ɩɨɡɜɨɥɹɟɬ ɭɫɬɚɧɨɜɢɬɶ ɟɟ ɚɧɚɥɨɝɢɸ ɫ ɢɡɜɟɫɬɧɨɣ ɡɚɞɚɱɟɣ ɨ 

ɤɚɱɚɸɳɟɣɫɹ ɩɪɭɠɢɧɟ [40]. ɉɪɢ ɨɩɪɟɞɟɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ (ɫɦ. (2)) ɱɚɫɬɨɬɵ 

ɞɟɮɨɪɦɚɰɢɨɧɧɨɣ ɢ ɪɚɞɢɚɥɶɧɨɣ ɦɨɞ ɤɨɥɟɛɚɧɢɣ ɩɭɡɵɪɹ ɫɨɨɬɧɨɫɹɬɫɹ ɤɚɤ 1:2, ɱɬɨ 

ɩɪɢɜɨɞɢɬ ɤ ɬɨɦɭ, ɱɬɨ ɧɟɤɨɬɨɪɵɟ ɤɭɛɢɱɟɫɤɢɟ ɱɥɟɧɵ ɪɚɡɥɨɠɟɧɢɹ ɥɚɝɪɚɧɠɢɚɧɚ  

ɫɬɚɧɨɜɹɬɫɹ ɪɟɡɨɧɚɧɫɧɵɦɢ. Ⱦɥɹ ɚɧɚɥɢɡɚ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɞɟɥɚɟɬɫɹ ɩɟɪɟɯɨɞ 
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ɨɬ ɭɪɚɜɧɟɧɢɣ Ʌɚɝɪɚɧɠɚ ɤ ɭɪɚɜɧɟɧɢɹɦ Ƚɚɦɢɥɶɬɨɧɚ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɦɟɬɨɞ ɢɧɜɚɪɢɚɧɬɧɨɣ ɧɨɪɦɚɥɢɡɚɰɢɢ ɝɚɦɢɥɶɬɨɧɨɜɵɯ ɫɢɫɬɟɦ [19,23,24]. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɩɨɡɜɨɥɹɟɬ ɨɛɨɣɬɢ ɬɪɭɞɧɨɫɬɢ, ɨɛɵɱɧɨ 

ɜɨɡɧɢɤɚɸɳɢɟ ɩɪɢ ɪɟɡɨɧɚɧɫɟ ɜ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɪɭɝɢɯ ɩɨɞɯɨɞɨɜ, ɢ 

ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ ɧɨɪɦɚɥɶɧɵɟ ɮɨɪɦɵ ɝɚɦɢɥɶɬɨɧɢɚɧɨɜ ɡɚɞɚɱ ɨ ɤɚɱɚɸɳɟɣɫɹ 

ɩɪɭɠɢɧɟ ɢ ɨ ɝɚɡɨɜɨɦ ɩɭɡɵɪɟ ɨɬɥɢɱɚɸɬɫɹ ɥɢɲɶ ɩɨɫɬɨɹɧɧɵɦɢ ɱɢɫɥɨɜɵɦɢ 

ɫɨɦɧɨɠɢɬɟɥɹɦɢ.  

      ɂɡ ɷɬɨɝɨ ɫɥɟɞɭɟɬ, ɱɬɨ ɜ ɡɚɞɚɱɟ ɨ ɤɨɥɟɛɚɧɢɹɯ ɝɚɡɨɜɨɝɨ ɩɭɡɵɪɹ ɩɪɢ ɪɟɡɨɧɚɧɫɟ 

1:2 ɢɦɟɟɬ ɦɟɫɬɨ ɩɟɪɟɤɚɱɤɚ ɷɧɟɪɝɢɢ ɦɟɠɞɭ ɪɚɞɢɚɥɶɧɨɣ ɢ ɞɟɮɨɪɦɚɰɢɨɧɧɨɣ 

ɦɨɞɚɦɢ ɤɨɥɟɛɚɧɢɣ. ɉɨɥɭɱɟɧɵ ɮɨɪɦɭɥɵ ɞɥɹ ɩɟɪɢɨɞɚ ɩɟɪɟɤɚɱɤɢ ɢ ɭɤɚɡɚɧɵ 

ɝɪɚɧɢɰɵ ɢɧɬɟɪɜɚɥɨɜ, ɜɧɭɬɪɢ ɤɨɬɨɪɵɯ ɢɡɦɟɧɹɸɬɫɹ ɚɦɩɥɢɬɭɞɵ ɦɨɞ ɤɨɥɟɛɚɧɢɣ.  

Ⱦɥɹ ɩɪɨɜɟɪɤɢ ɩɪɚɜɢɥɶɧɨɫɬɢ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɜɟɞɟɧɨ ɫɪɚɜɧɟɧɢɟ ɫ ɱɢɫɥɟɧɧɵɦɢ 

ɪɟɲɟɧɢɹɦɢ ɫɢɫɬɟɦ ɫ ɭɱɟɬɨɦ ɜɫɟɯ ɤɭɛɢɱɟɫɤɢɯ ɱɥɟɧɨɜ ɪɚɡɥɨɠɟɧɢɹ ɥɚɝɪɚɧɠɢɚɧɚ ɢ 

ɫ ɭɱɟɬɨɦ ɥɢɲɶ ɪɟɡɨɧɚɧɫɧɵɯ ɱɥɟɧɨɜ. Ɋɟɡɭɥɶɬɚɬ ɫɪɚɜɧɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧ ɬɚɤɨɜ 
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ɇɚ ɩɟɪɜɨɦ ɪɢɫɭɧɤɟ ɩɪɢɜɟɞɟɧɨ ɱɢɫɥɟɧɧɨɟ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɫ 

ɭɱɟɬɨɦ ɜɫɟɯ ɤɭɛɢɱɟɫɤɢɯ ɱɥɟɧɨɜ ɜ ɪɚɡɥɨɠɟɧɢɢ ɝɚɦɢɥɶɬɨɧɢɚɧɚ. Ɋɟɡɭɥɶɬɚɬ, 

ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɜɬɨɪɨɦ ɪɢɫɭɧɤɟ – ɱɢɫɥɟɧɧɨɟ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ 

ɫɢɫɬɟɦɵ, ɞɥɹ ɤɨɬɨɪɨɣ ɨɫɬɚɜɥɟɧɵ ɬɨɥɶɤɨ ɪɟɡɨɧɚɧɫɧɵɟ ɱɥɟɧɵ ɜ ɪɚɡɥɨɠɟɧɢɢ 

ɝɚɦɢɥɶɬɨɧɢɚɧɚ. ɉɨɞɛɨɪɨɦ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜɥɢɹɧɢɟ 

ɧɟɪɟɡɨɧɚɧɫɧɵɯ ɤɭɛɢɱɟɫɤɢɯ ɱɥɟɧɨɜ ɪɚɡɥɨɠɟɧɢɹ ɥɚɝɪɚɧɠɢɚɧɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ 

ɪɨɫɬɨɦ ɚɦɩɥɢɬɭɞɵ ɤɨɥɟɛɚɧɢɣ ɢ ɩɪɢɜɨɞɢɬ ɤ ɨɫɥɚɛɥɟɧɢɸ ɷɮɮɟɤɬɚ ɩɟɪɟɤɚɱɤɢ 

ɷɧɟɪɝɢɢ ɦɟɠɞɭ ɦɨɞɚɦɢ ɤɨɥɟɛɚɧɢɣ.  

      ɉɟɪɢɨɞ ɩɟɪɟɤɚɱɤɢ ɷɧɟɪɝɢɢ ɡɚɜɢɫɢɬ ɨɬ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ. Ʉɚɤ ɜɢɞɧɨ ɢɡ 

ɩɪɢɜɟɞɟɧɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ, ɨɧ ɨɛɪɚɬɧɨ ɩɪɨɩɨɪɰɢɨɧɚɥɟɧ ɜɟɥɢɱɢɧɟ ɫ, 

ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɣ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɧɚɱɚɥɶɧɵɯ ɜɨɡɦɭɳɟɧɢɣ. ɉɨɷɬɨɦɭ ɱɟɦ ɫɥɚɛɟɟ 

ɧɚɱɚɥɶɧɨɟ ɜɨɡɦɭɳɟɧɢɟ ɩɭɡɵɪɹ, ɬɟɦ ɦɟɞɥɟɧɧɟɟ ɛɭɞɟɬ ɢɞɬɢ ɩɪɨɰɟɫɫ ɩɟɪɟɫɬɪɨɣɤɢ 

ɦɨɞ ɤɨɥɟɛɚɧɢɣ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɩɪɢ ɭɦɟɧɶɲɟɧɢɢ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ 

ɭɛɵɜɚɟɬ ɜɥɢɹɧɢɟ ɧɟɪɟɡɨɧɚɧɫɧɵɯ ɧɟɥɢɧɟɣɧɵɯ ɱɥɟɧɨɜ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɢ 

ɪɟɡɨɧɚɧɫ ɞɨɥɠɟɧ ɩɪɨɹɜɢɬɶɫɹ ɛɨɥɟɟ ɨɬɱɟɬɥɢɜɨ.    

      ɉɪɢɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɜɥɢɹɧɢɹ ɞɢɫɫɢɩɚɬɢɜɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ ɩɪɢ 

ɛɨɥɶɲɢɯ ɱɢɫɥɚɯ ɉɟɤɥɟ ɨɫɧɨɜɧɨɣ ɜɤɥɚɞ ɜ ɡɚɬɭɯɚɧɢɟ ɤɨɥɟɛɚɧɢɣ ɜɧɨɫɢɬ 

ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ. Ⱦɟɤɪɟɦɟɧɬ ɡɚɬɭɯɚɧɢɹ ɭɛɵɜɚɟɬ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɞɢɭɫɚ 

ɩɭɡɵɪɹ, ɨɞɧɚɤɨ ɷɬɨ ɭɛɵɜɚɧɢɟ ɨɤɚɡɵɜɚɟɬɫɹ ɨɱɟɧɶ ɦɟɞɥɟɧɧɵɦ. Ⱥɫɢɦɩɬɨɬɢɤɚ ɞɥɹ 
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ɞɟɤɪɟɦɟɧɬɚ ɩɪɢ ɦɚɥɵɯ ɱɢɫɥɚɯ ɉɟɤɥɟ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɡɚɬɭɯɚɧɢɟ 

ɟɳɟ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɨ ɮɚɤɬɢɱɟɫɤɢ ɞɥɹ ɥɸɛɵɯ ɪɟɚɥɶɧɵɯ ɜɟɳɟɫɬɜ. 

      ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɪɟɡɭɥɶɬɚɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɨɠɧɨ ɭɤɚɡɚɬɶ ɧɚ 

ɩɪɨɬɢɜɨɪɟɱɢɜɨɫɬɶ ɬɪɟɛɨɜɚɧɢɣ ɤ ɧɚɱɚɥɶɧɵɦ ɭɫɥɨɜɢɹɦ, ɧɟɨɛɯɨɞɢɦɵɦ ɞɥɹ 

ɧɚɛɥɸɞɚɟɦɨɫɬɢ ɪɟɡɨɧɚɧɫɧɨɝɨ ɷɮɮɟɤɬɚ ɩɟɪɟɤɚɱɤɢ ɷɧɟɪɝɢɢ ɞɥɹ ɪɟɚɥɶɧɵɯ 

ɠɢɞɤɨɫɬɟɣ ɢ ɝɚɡɨɜ. Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ: ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɜɥɢɹɧɢɹ ɧɟɪɟɡɨɧɚɧɫɧɵɯ 

ɧɟɥɢɧɟɣɧɵɯ ɱɥɟɧɨɜ ɧɟɨɛɯɨɞɢɦɨ ɭɦɟɧɶɲɚɬɶ ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ, ɱɬɨ, ɜ ɫɜɨɸ 

ɨɱɟɪɟɞɶ, ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɩɟɪɢɨɞɚ ɩɟɪɟɫɬɪɨɣɤɢ. ȼ ɪɟɡɭɥɶɬɚɬɟ 

ɨɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɜɪɟɦɹ ɩɟɪɟɫɬɪɨɣɤɢ ɞɨɥɠɧɨ ɜɤɥɸɱɚɬɶ ɜ ɫɟɛɹ ɞɨɫɬɚɬɨɱɧɨ ɦɧɨɝɨ 

ɩɟɪɢɨɞɨɜ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɩɭɡɵɪɹ. ɇɨ ɞɟɤɪɟɦɟɧɬ ɡɚɬɭɯɚɧɢɹ ɞɥɹ 

ɪɟɚɥɶɧɵɯ ɪɚɡɦɟɪɨɜ ɩɭɡɵɪɟɣ ɜɟɫɶɦɚ ɜɟɥɢɤ ɢ ɷɬɨ, ɤɚɤ ɢ ɧɟɥɢɧɟɣɧɵɟ 

ɧɟɪɟɡɨɧɚɧɫɧɵɟ ɱɥɟɧɵ, ɛɭɞɟɬ ɩɪɟɩɹɬɫɬɜɨɜɚɬɶ ɧɚɛɥɸɞɚɟɦɨɫɬɢ.  

      Ɉɬɫɸɞɚ, ɜ ɱɚɫɬɧɨɫɬɢ, ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɫɨɛɫɬɜɟɧɧɵɯ 

ɤɨɥɟɛɚɧɢɣ ɦɚɥɵɯ ɩɭɡɵɪɟɣ ɪɚɡɦɟɪɨɦ ɜ ɞɨɥɢ ɦɢɥɥɢɦɟɬɪɚ ɞɢɫɫɢɩɚɰɢɹ ɫɬɨɥɶ 

ɜɟɥɢɤɚ, ɱɬɨ ɦɨɞɟɥɶ ɢɞɟɚɥɶɧɨɣ ɠɢɞɤɨɫɬɢ ɫɨɜɟɪɲɟɧɧɨ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɢ ɪɟɡɨɧɚɧɫɧɵɟ ɹɜɥɟɧɢɹ, ɬɢɩɚ ɨɩɢɫɚɧɧɵɯ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ, ɜ 

ɬɚɤɢɯ ɫɢɫɬɟɦɚɯ ɧɟ ɩɪɨɢɫɯɨɞɹɬ, ɢɛɨ ɪɟɡɨɧɚɧɫ 1:2 ɹɜɥɹɟɬɫɹ ɫɚɦɵɦ ɝɪɭɛɵɦ. 

ȼɥɢɹɧɢɟ ɪɟɡɨɧɚɧɫɨɜ ɞɪɭɝɢɯ ɩɨɪɹɞɤɨɜ ɡɧɚɱɢɬɟɥɶɧɨ  ɦɟɧɟɟ ɜɵɪɚɠɟɧɨ. 
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