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Аɧɧɨɬɚɰиɹ. ɉɪɟɞɥɨɠɟɧɵ ɭɪɚɜɧɟɧɢɹ, ɨɩɢɫɵɜɚɸɳɢɟ ɩɨɜɟɪɯɧɨɫɬɶ ɞɧɚ ɬɪɚɧɲɟɢ ɩɪɢ 
ɤɨɩɚɧɢɢ ɪɨɬɨɪɧɵɦɢ ɷɤɫɤɚɜɚɬɨɪɚɦɢ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɨɜɟɪɯɧɨɫɬɶ ɞɧɚ ɬɪɚɧɲɟɢ ɞɥɹ 
ɢɦɟɸɳɢɯɫɹ ɪɨɬɨɪɧɵɯ ɷɤɫɤɚɜɚɬɨɪɨɜ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɩɥɨɫɤɨɫɬɢ. 
ɉɪɟɞɫɬɚɜɥɟɧɨ ɭɪɚɜɧɟɧɢɟ, ɫɜɹɡɵɜɚɸɳɟɟ ɦɟɪɭ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɢ 
ɞɧɚ ɬɪɚɧɲɟɢ ɨɬ ɩɥɨɫɤɨɫɬɢ ɫ ɤɨɧɫɬɪɭɤɬɢɜɧɵɦɢ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ 
ɪɨɬɨɪɧɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɟɞɥɨɠɟɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɧɟ ɢɦɟɟɬ ɚɧɚɥɢɬɢ-
ɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ, ɧɨ ɩɨɫɥɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɩɪɢɜɨɞɢɬɫɹ ɤ ɧɨɦɨ-
ɝɪɚɮɢɪɭɟɦɨɣ ɮɨɪɦɟ. ɉɪɢɜɨɞɹɬɫɹ ɭɪɚɜɧɟɧɢɹ ɲɤɚɥ ɧɨɦɨɝɪɚɦɦɵ.  

 

Кɥɸɱеɜые ɫɥɨɜɚ: ɞɧɨ ɬɪɚɧɲɟɢ, ɩɚɪɚɦɟɬɪɵ ɪɨɬɨɪɧɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ, ɧɨɦɨɝɪɚɦɦɚ, 
ɭɪɚɜɧɟɧɢɹ. 

 

ȼɜɟɞɟɧɢɟ 
Ⱦɨ ɫɢɯ ɩɨɪ ɨɬɫɭɬɫɬɜɭɟɬ ɱɟɬɤɚɹ ɦɟɬɨɞɢɤɚ 

ɨɰɟɧɤɢ ɨɬɤɥɨɧɟɧɢɹ ɞɧɚ ɬɪɚɧɲɟɢ ɨɬ ɩɥɨɫɤɨɫɬɢ 
ɩɪɢ ɤɨɩɚɧɢɢ ɪɨɬɨɪɧɵɦɢ ɷɤɫɤɚɜɚɬɨɪɚɦɢ. ɇɟ 
ɢɫɫɥɟɞɨɜɚɧɨ ɜɥɢɹɧɢɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɢ ɬɟɯ-
ɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɪɨɬɨɪɧɵɯ ɷɤɫɤɚɜɚ-
ɬɨɪɨɜ ɧɚ ɫɬɟɩɟɧɶ ɧɟɪɨɜɧɨɫɬɢ ɞɧɚ ɬɪɚɧɲɟɢ. 
ɉɚɪɚɦɟɬɪɵ ɪɨɬɨɪɧɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ ɞɨɥɠɧɵ 
ɛɚɬɶ ɬɚɤɨɜɵɦɢ, ɱɬɨɛɵ ɫɬɟɩɟɧɶ ɧɟɪɨɜɧɨɫɬɢ 
ɞɧɚ ɬɪɚɧɲɟɢ ɛɵɥɨ ɦɢɧɢɦɚɥɶɧɨɣ. 

ɇɨɦɨɝɪɚɦɦɚ ɜɡɚɢɦɨɫɜяɡɢ ɧɟɪɨɜɧɨɫɬɢ 
ɞɧɚ ɬɪɚɧɲɟɢ ɫ ɩɚɪɚɦɟɬɪɚɦɢ ɪɨɬɨɪɧɨɝɨ 
эɤɫɤɚɜɚɬɨɪɚ 

ȿɫɥɢ ɫɨɟɞɢɧɢɬɶ ɪɟɠɭɳɢɟ ɤɪɨɦɤɢ ɤɨɜɲɟɣ ɫ 
ɰɟɧɬɪɨɦ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ, ɬɨ ɬɪɚɟɤɬɨɪɢɢ ɪɟ-
ɠɭɳɢɯ ɤɪɨɦɨɤ ɞɜɭɯ ɫɨɫɟɞɧɢɯ ɤɨɜɲɟɣ ɜ ɫɢɫɬɟɦɟ 
ɛɟɡɪɚɡɦɟɪɧɵɯ ɤɨɨɪɞɢɧɚɬ, ɩɪɢɧɹɬɵɯ ɧɚ ɪɢɫɭɧɤɟ 
1, ɦɨɠɧɨ ɨɩɢɫɚɬɶ ɭɪɚɜɧɟɧɢɹɦɢ Д1Ж, Д2Ж: 

111 cos   kx ;                       (1) 
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11 siny ;                                  (2) 

2022 )cos(   kx ;                  (3) 

)sin( 022  y ,                         (4) 

ɝɞɟ 1  ɢ 2  - ɭɝɥɵ ɩɨɜɨɪɨɬɚ ɪɟɠɭɳɢɯ 
ɤɪɨɦɨɤ ɫɨɫɟɞɧɢɯ ɤɨɜɲɟɣ, ɨɬɫɱɢɬɚɧɧɵɯ ɫ ɨɫɢ 
x , 0 - ɭɝɨɥ ɦɟɠɞɭ ɨɬɪɟɡɤɚɦɢ 01  ɢ 02 , ɫɨ-
ɟɞɢɧɹɸɳɢɦɢ ɰɟɧɬɪ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ ɫ ɪɟ-
ɠɭɳɢɦɢ ɤɪɨɦɤɚɦɢ ɤɨɜɲɟɣ; k  - ɛɟɡɪɚɡɦɟɪɧɵɣ 
ɤɨɷɮɮɢɰɢɟɧɬ, ɪɚɜɧɵɣ ɨɬɧɨɲɟɧɢɸ ɫɤɨɪɨɫɬɢ 
ɞɜɢɠɟɧɢɹ ɛɚɡɨɜɨɣ ɦɚɲɢɧɵ ɤ ɨɬɧɨɫɢɬɟɥɶɧɨɣ 
ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɪɟɠɭɳɟɣ ɤɪɨɦ-

ɤɢ..Ȼɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ k  ɨɩɪɟɞɟɥɹ-
ɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɣ ɡɚɜɢɫɢɦɨɫɬɢ 

R
vk





,                             (5)  

v  - ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɛɚɡɨɜɨɣ ɦɚɲɢɧɵ, 
ɦ/ɫ;   - ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ, 
ɪɚɞ/ɫ; R - ɪɚɞɢɭɫ ɜɪɚɳɟɧɢɹ ɪɟɠɭɳɟɣ ɤɪɨɦɤɢ 
ɤɨɜɲɚ, ɦ. 

Ȼɟɡɪɚɡɦɟɪɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ix  ɢ iy  ɨɩɪɟ-
ɞɟɥɹɸɬɫɹ ɤɚɤ ɨɬɧɨɲɟɧɢɟ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ ɤɨ-
ɨɪɞɢɧɚɬɵ ɤ ɪɚɞɢɭɫɭ ɜɪɚɳɟɧɢɹ R  ɪɟɠɭɳɟɣ 
ɤɪɨɦɤɢ ɤɨɜɲɚ. 

 

.  
Ɋɢɫ. 1. Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɞɥɹ ɜɵɜɨɞɚ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɪɟɠɭɳɢɯ ɤɪɨɦɨɤ 1 ɢ 2 

 
ɇɚ ɪɢɫɭɧɤɟ 2, ɚ ɩɨɤɚɡɚɧɵ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢ-

ɠɟɧɢɹ ɬɨɱɟɤ 1 ɢ 2 ɡɚ ɨɞɢɧ ɩɨɥɧɵɣ ɨɛɨɪɨɬ ɪɨ-
ɬɨɪɚ, ɤɨɬɨɪɵɟ ɞɜɚɠɞɵ ɩɟɪɟɫɟɤɚɸɬɫɹ. ɇɚ ɪɢ-
ɫɭɧɤɟ 2, ɛ ɩɨɤɚɡɚɧ ɭɜɟɥɢɱɟɧɧɵɣ ɮɪɚɝɦɟɧɬ 
ɨɤɪɟɫɬɧɨɫɬɢ ɧɢɠɧɟɣ ɬɨɱɤɢ ɩɟɪɟɫɟɱɟɧɢɹ. 

Ⱥɧɚɥɢɡɢɪɭɹ ɪɢɫɭɧɨɤ 2, ɛ ɡɚɤɥɸɱɚɟɦ, ɱɬɨ 
ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɪɟɠɭɳɢɯ ɤɪɨɦɨɤ ɞɜɭɯ 
ɫɨɫɟɞɧɢɯ ɤɨɜɲɟɣ ɩɟɪɟɫɟɤɚɸɬɫɹ ɜ ɬɨɱɤɟ K , 
ɥɟɠɚɳɟɣ ɜɵɲɟ ɩɥɨɫɤɨɫɬɢ ɞɧɚ ɬɪɚɧɲɟɢ. ɋɥɟ-
ɞɨɜɚɬɟɥɶɧɨ, ɩɨɜɟɪɯɧɨɫɬɶ ɞɧɚ ɬɪɚɧɲɟɢ ɜ ɜɵ-
ɲɟɭɤɚɡɚɧɧɨɦ ɦɟɫɬɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɤɪɢɜɨɥɢ-
ɧɟɣɧɵɣ ɬɪɟɭɝɨɥɶɧɢɤ MKN . ɉɨɜɟɪɯɧɨɫɬɶ ɞɧɚ 
ɬɪɚɧɲɟɢ ɫɨɫɬɨɢɬ ɢɡ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɱɟɪɟ-
ɞɭɸɳɢɯɫɹ ɬɪɟɭɝɨɥɶɧɢɤɨɜ MKN , ɧɚɩɨɦɢɧɚɹ 
ɩɢɥɨɨɛɪɚɡɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ. ȿɫɥɢ ɜɵɫɨɬɚ ɷɬɢɯ 
ɬɪɟɭɝɨɥɶɧɢɤɨɜ ɧɢɱɬɨɠɧɨ ɦɚɥɚ, ɬɨ ɩɨɜɟɪɯ-
ɧɨɫɬɶ ɞɧɚ ɬɪɚɧɲɟɢ ɛɭɞɟɬ ɩɨɯɨɠɚ ɧɚ ɩɥɨɫ-
ɤɨɫɬɶ. 

ȼ ɬɨɱɤɟ ɩɟɪɟɫɟɱɟɧɢɹ ɥɢɧɢɣ 1 ɢ 2  ɞɨɥɠɧɵ 
ɛɵɬɶ ɫɨɛɥɸɞɟɧɵ ɪɚɜɟɧɫɬɜɚ 

21 yy  ;                           (6) 

21 xx  .                            (7) 

ɉɨɞɫɬɚɜɥɹɹ ɜɵɪɚɠɟɧɢɹ (2), (4)  ɜ ɪɚɜɟɧɫɬ-
ɜɨ (6) ɢɦɟɟɦ 

102 sin)sin(   .              (8) 

ɂɡ ɩɨɫɥɟɞɧɟɝɨ ɭɪɚɜɧɟɧɢɹ ɜɵɬɟɤɚɟɬ 

0)
2

cos()
2

sin(2 102102 






 . (9) 

Ɉɬɤɭɞɚ 

n





2
102 ;             (10) 

n





2
22

102 .       (11) 
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Ɋɢɫ. 2. Ɍɪɚɟɤɬɨɪɢɢ ɪɟɠɭɳɢɯ ɤɪɨɦɨɤ ɫɨɫɟɞɧɢɯ ɤɨɜɲɟɣ: 
ɚ) ɡɚ ɨɞɢɧ ɨɛɨɪɨɬ ɪɨɬɨɪɚ; ɛ) ɭɜɟɥɢɱɟɧɧɵɣ ɮɪɚɝɦɟɧɬ ɧɢɠɧɟɣ ɨɤɪɟɫɬɧɨɫɬɢ ɧɢɠɧɟɣ ɬɨɱɤɢ ɩɟɪɟɫɟɱɟɧɢɹ 

 

ɉɨɥɨɠɢɦ n =0, ɬɨɝɞɚ ɢɦɟɟɦ ɞɜɚ ɪɟɲɟɧɢɹ 
ɭɪɚɜɧɟɧɢɹ (9) 

012   ;                       (12) 

012   .                  (13) 

ɉɨɞɫɬɚɜɢɦ ɩɨɥɭɱɟɧɧɵɟ ɜɵɪɚɠɟɧɢɹ ɜ 
ɭɪɚɜɧɟɧɢɟ (7) ɫ ɭɱɟɬɨɦ ɜɵɪɚɠɟɧɢɣ (1) ɢ (3). 
ɉɨɞɫɬɚɧɨɜɤɚ ɜɵɪɚɠɟɧɢɹ (12) ɞɚɟɬ ɪɟɲɟɧɢɟ, 
ɤɨɬɨɪɨɟ ɹɜɥɹɟɬɫɹ ɧɟɤɨɪɪɟɤɬɧɵɦ 

00  .                            (14) 

ɉɨɫɥɟ ɩɨɞɫɬɚɧɨɜɤɢ ɜɵɪɚɠɟɧɢɹ (13) ɧɚɯɨ-
ɞɢɦ ɞɜɚ ɭɪɚɜɧɟɧɢɹ 

0)(2cos2 011   kk ;  (15) 

0)(2cos2 011   kk . (16) 

Ɋɟɲɟɧɢɸ ɭɪɚɜɧɟɧɢɹ (15) ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɜɟɪɯɧɹɹ ɬɨɱɤɚ ɩɟɪɟɫɟɱɟɧɢɹ ɤɪɢɜɵɯ 1 ɢ 2 , 
(ɫɦ. ɪɢɫ. 2), ɤɨɬɨɪɚɹ ɧɚɫ ɧɟ ɢɧɬɟɪɟɫɭɟɬ. ȿɫɥɢ 
ɛɵ ɭɞɚɥɨɫɶ ɧɚɣɬɢ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ (16) 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɭɝɥɚ 1 , ɬɨ ɨɰɟɧɢɬɶ ɦɚɤɫɢ-
ɦɚɥɶɧɨɟ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɩɪɨɮɢɥɹ 
ɞɧɚ ɨɬ ɩɥɨɫɤɨɫɬɢ ɦɨɠɧɨ ɩɨ ɮɨɪɦɭɥɟ 

1sin1                    .  (17) 

Ɉɞɧɚɤɨ ɭɪɚɜɧɟɧɢɟ (16) ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɟ-
ɪɟɦɟɧɧɨɣ 1  ɧɟ ɢɦɟɟɬ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɪɟɲɟ-
ɧɢɹ. Ɇɨɠɧɨ ɩɪɟɞɥɨɠɢɬɶ ɧɚ ɨɫɧɨɜɟ ɡɚɜɢɫɢɦɨ-
ɫɬɢ (16) ɧɨɦɨɝɪɚɮɢɱɟɫɤɢɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ. 
Ⱦɥɹ ɱɟɝɨ ɡɚɩɢɲɟɦ ɭɪɚɜɧɟɧɢɟ (16) ɜ ɜɢɞɟ 

0
cos2cos

1

1

0

1

1 










k
.           (18) 

ɂɡ ɜɵɪɚɠɟɧɢɹ (17) ɧɚɯɨɞɢɦ ɨɱɟɜɢɞɧɵɟ 
ɫɨɨɬɧɨɲɟɧɢɹ 

 1sin 1 ;                     (19) 

2
1 )(1cos   ;           (20) 

)1arcsin(1   .          (21) 

x x

у у
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ɉɨɞɫɬɚɜɥɹɹ ɫɨɨɬɧɨɲɟɧɢɹ (19) - (21), ɚ 
ɬɚɤɠɟ ɭɱɢɬɵɜɚɹ ɱɬɨ 

,2
0 z

 
                          (22) 

ɝɞɟ г – ɤɨɥɢɱɟɫɬɜɨ ɤɨɜɲɟɣ.  
ɭɪɚɜɧɟɧɢɟ (18) ɩɪɢɧɢɦɚɟɬ ɜɢɞ 

.0
)1(12

2

)1(1

)1arcsin(1
22



















 z
k

  (23) 

ɍɪɚɜɧɟɧɢɟ (23) ɩɪɟɞɫɬɚɜɥɹɟɬ ɧɨɦɨɝɪɚɮɢ-
ɪɭɟɦɭɸ ɮɨɪɦɭ 

.011213  hgfff             (24) 

.11 f                               (25)  

.1
3 k
f                              (26) 

.
22 z

f 
                          (27) 

.
)1(1

1
21


g                  (28)   

.
)1(1

)1arcsin(
21








h            (29) 

ɍɪɚɜɧɟɧɢɹ ɲɤɚɥ ɧɨɦɨɝɪɚɦɦɵ ɢɦɟɸɬ ɜɢɞ 
Д3Ж, Д4Ж  

Шɤɚɥɚ 3 (ɩɟɪɟɦɟɧɧɨɣ k ): 
;03 x                                (30) 

).( 33 afmy                    (31) 

Шɤɚɥɚ 2 (ɩɟɪɟɦɟɧɧɨɣ z ): 

;2 Hx                     (32) 

).( 22 bfny                    (33) 

Шɤɚɥɚ 1(ɩɟɪɟɦɟɧɧɨɣ  ): 

  
;

11

1
1 gmfn

gmHx



           (34) 

,(

11

111
1 gmfn

hgbfanmy



   (35) 

ɝɞɟ m , n . a , b , H - ɩɨɫɬɨɹɧɧɵɟ ɩɚɪɚ-

ɦɟɬɪɵ ɧɨɦɨɝɪɚɦɦɵ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɟɟ ɪɚɡ-

ɦɟɪɵ. 

ɇɚ ɪɢɫɭɧɤɟ 3 ɩɨɤɚɡɚɧɚ ɧɨɦɨɝɪɚɦɦɚ, ɨɩɪɟ-
ɞɟɥɹɸɳɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɨ-
ɝɪɟɲɧɨɫɬɢ ɩɪɨɮɢɥɹ ɞɧɚ ɬɪɚɧɲɟɢ ɨɬ ɱɢɫɥɚ 
ɤɨɜɲɟɣ ɪɨɬɨɪɧɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ ɢ ɛɟɡɪɚɡɦɟɪ-
ɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ k . 

 
Ɋɢɫ. 3. ɇɨɦɨɝɪɚɦɦɚ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɩɪɨɮɢɥɹ ɞɧɚ ɬɪɚɧɲɟɢ 

ɨɬ ɱɢɫɥɚ ɤɨɜɲɟɣ ɪɨɬɨɪɧɨɝɨ ɷɤɫɤɚɜɚɬɨɪɚ ɢ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ k  
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ɉɨɪɹɞɨɤ ɩɨɥɶɡɨɜɚɧɢɹ ɧɨɦɨɝɪɚɦɦɨɣ ɫɥɟ-
ɞɭɸɳɢɣ. ɇɚ ɲɤɚɥɚɯ k  ɢ z  ɩɨɦɟɱɚɟɦ ɬɨɱɤɢ 
A  ɢ B , ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɷɬɢɦ ɩɟɪɟɦɟɧɧɵɦ, 
ɫɨɟɞɢɧɹɟɦ ɢɯ ɩɪɹɦɨɣ ɥɢɧɢɟɣ ɢ ɩɪɨɞɨɥɠɚɟɦ 
ɟɟ ɞɨ ɩɟɪɟɫɟɱɟɧɢɹ ɫɨ ɲɤɚɥɨɣ  . Ʉɨɨɪɞɢɧɚɬɚ 
ɩɨɥɭɱɟɧɧɨɣ ɬɨɱɤɢ 3 ɞɚɫɬ ɢɫɤɨɦɨɟ ɡɧɚɱɟɧɢɹ   

ɂɡ Д5Ж ɧɚɯɨɞɢɦ, ɱɬɨ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢ-
ɟɧɬɚ k  ɞɥɹ ɫɭɳɟɫɬɜɭɸɳɢɯ ɪɨɬɨɪɧɵɯ ɷɤɫɤɚɜɚ-
ɬɨɪɨɜ ɦɟɧɹɟɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ 0.0001- 0.07, ɱɬɨ 
ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɢɚɩɚɡɨɧɭ ɢɡɦɟɧɟɧɢɹ k  ɜ 
ɧɨɦɨɝɪɚɦɦɟ ɧɚ ɪɢɫɭɧɤɟ 3. 

Ɇɨɠɧɨ ɤɨɧɟɱɧɨ ɩɟɪɟɫɬɪɨɢɬɶ ɧɨɦɨɝɪɚɦɦɭ ɫ 
ɬɪɟɛɭɟɦɵɦ ɞɢɚɩɚɡɨɧɨɦ ɢɡɦɟɧɟɧɢɹ ɩɟɪɟɦɟɧ-
ɧɨɣ k . Ɉɞɧɚɤɨ ɜ ɷɬɨɦ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ. Ʉɚɤ 
ɩɨɤɚɡɵɜɚɸɬ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɩɪɢ 1.0k  ɭɪɚɜ-
ɧɟɧɢɟ (16) ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɟɪɟɦɟɧɧɨɣ 1  ɢɦɟ-
ɟɬ ɩɪɢɛɥɢɠɟɧɧɨɟ ɚɧɚɥɢɬɢɱɟɫɤɨɟ ɪɟɲɟɧɢɟ. 
Ⱦɥɹ ɷɬɨɝɨ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ (16) ɩɪɟɞɫɬɚ-
ɜɢɦ ɜ ɜɢɞɟ ɪɹɞɚ ɩɨ ɦɚɥɨɦɭ ɩɚɪɚɦɟɬɪɭ k  Д6Ж 

.)0( 1
11 k

dk
d




                   (36) 

ɉɨɥɚɝɚɹ ɜ ɭɪɚɜɧɟɧɢɢ (16) k =0 ɧɚɯɨɞɢɦ 

,
2

)0(1
                            (37) 

ɝɞɟ )0(1 , 
dk
d 1  - ɡɧɚɱɟɧɢɹ ɮɭɧɤɰɢɢ 

)(1 k  ɢ ɟɟ ɩɟɪɜɨɣ ɩɪɨɢɡɜɨɞɧɨɣ ɩɪɢ k =0. 
ɉɨ ɩɪɚɜɢɥɭ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ ɧɟɹɜɧɨ 

ɡɚɞɚɧɧɨɣ ɮɭɧɤɰɢɢ Д1Ж 

,

1

1











F
k
F

dk
d

                      (38)  

ɝɞɟ F - ɮɭɧɤɰɢɹ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɥɟɜɨɣ ɱɚ-
ɫɬɶɸ ɭɪɚɜɧɟɧɢɹ (16).  

ȼɵɱɢɫɥɹɹ ɱɚɫɬɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɷɬɨɣ 

ɮɭɧɤɰɢɢ ɢ ɩɨɥɚɝɚɹ ɜ ɧɢɯ 
21
   ɢ 0k  ɢɡ 

ɜɵɪɚɠɟɧɢɹ (38) ɧɚɯɨɞɢɦ 

.
2

01 


dk
d

                          (39) 

ɋ ɭɱɟɬɨɦ ɜɵɪɚɠɟɧɢɣ (37), (39) ɢ (22) ɪɟ-
ɲɟɧɢɟ (36) ɩɪɢɧɢɦɚɟɬ ɜɢɞ 

.
21 z

k

                          (40) 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ 
ɩɪɨɮɢɥɹ ɞɧɚ ɨɬ ɩɥɨɫɤɨɫɬɢ ɨɩɪɟɞɟɥɹɟɦ ɩɨ 
ɮɨɪɦɭɥɟ (17) 

).(sin2 2

z
k


                     (41) 

Ɍɨɝɞɚ ɦɚɤɫɢɦɚɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɩɪɨɮɢɥɹ 
ɞɧɚ ɨɬ ɩɥɨɫɤɨɫɬɢ ɫɨɫɬɚɜɢɬ 

).(sin2 2

z
kRR 


            (42) 

Ɋɚɫɱɟɬ ɩɨ ɮɨɪɦɭɥɟ (42) ɞɥɹ ɫɭɳɟɫɬɜɭɸ-
ɳɢɯ ɪɨɬɨɪɧɵɯ ɷɤɫɤɚɜɚɬɨɪɨɜ Д5Ж, Д6Ж ɩɨɤɚɡɵɜɚ-
ɟɬ, ɱɬɨ 7.0 ɦɦ. 

ȼыɜɨɞы 
1. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɩɪɨɮɢɥɹ 

ɞɧɚ ɬɪɚɧɲɟɢ ɨɬ ɩɥɨɫɤɨɫɬɢ ɩɪɢ ɤɨɩɚɧɢɢ ɫɨ-
ɜɪɟɦɟɧɧɵɦɢ ɪɨɬɨɪɧɵɦɢ ɷɤɫɤɚɜɚɬɨɪɚɦɢ ɜɟɥɢ-
ɱɢɧɚ ɧɟɡɧɚɱɢɬɟɥɶɧɚɹ. 

2. ɉɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɧɨɜɵɯ ɪɨɬɨɪɧɵɯ 
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A.B. LОtopoХsФв, D.S. SОmФТn 

 
AЛstrКМt. TСО ОquКtТons tСКt НОsМrТЛО tСО surПКМО 

oП tСО Лottom oП tСО trОnМС НТРРТnР rotКrв ОбМКЯКtors. 
It Тs sСoаn tСКt tСО Лottom surПКМО oП tСО trОnМС to 
ОбТstТnР rotКrв ОбМКЯКtors prКМtТМКХХв Нo not НТППОr Пrom 
tСО pХКnО. PrОsОntОН ОquКtТon rОХКtТnР tСО mОКsurО oП 
tСО mКбТmum НОЯТКtТon oП tСО Лottom surПКМО oП tСО 
trОnМС Пrom tСО pХКnО to tСО НОsТРn КnН tОМСnoХoРТМКХ 
pКrКmОtОrs oП ЛuМФОt аСООХ ОбМКЯКtor. It Тs sСoаn tСКt 
tСО proposОН ОquКtТon СКs Кn КnКХвtТМКХ soХutТon, Лut 
КПtОr КpproprТКtО trКnsПormКtТon to nomoРrКpСКЛТХТtв 
Пorm. TСО ОquКtТons nomoРrКm sМКХОs. 

 
KОваШrНs: trОnМС Лottom, pКrКmОtОrs oП tСО rotor 

ОбМКЯКtor, nomoРrКm, ОquКtТons. 
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