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ɍȾɄ 531.38 

Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɚɫɩɟɤɬɵ ɜ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɞɜɢɠɟɧɢɣ ɝɢɞɪɨɫɬɚɬɚ ɫ 
ɧɟɩɨɞɜɢɠɧɨɣ ɬɨɱɤɨɣ  

 

Ƚ.ȼ. Ƚɨɪɪ1, Ⱥ.Ⱥ. ɂɥɸɯɢɧ2
, Ⱥ.Ɇ. Ʉɨɜɚɥɟɜ1 

1 Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɱɪɟɠɞɟɧɢɟ “ɂɧɫɬɢɬɭɬ ɩɪɢɤɥɚɞɧɨɣ ɦɚɬɟɦɚɬɢɤɢ ɢ ɦɟɯɚɧɢɤɢ”, ȾɇɊ, 
ɨɬɞɟɥ ɩɪɢɤɥɚɞɧɨɣ ɦɟɯɚɧɢɤɢ, ɨɬɞɟɥ ɬɟɯɧɢɱɟɫɤɨɣ ɦɟɯɚɧɢɤɢ; 

2 Ɍɚɝɚɧɪɨɝɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɩɟɞɚɝɨɝɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ, (ɝ. Ɍɚɝɚɧɪɨɝ, Ɋɨɫɫɢɹ), 
ɤɚɮɟɞɪɚ ɦɚɬɟɦɚɬɢɤɢ 

E-mail:  kovalev@iamm.su 
  

  

Ƚɨɪɪ Ƚ.ȼ., ɂɥɸɯɢɧ Ⱥ.Ⱥ., Ʉɨɜɚɥɟɜ Ⱥ.Ɇ. Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɚɫɩɟɤɬɵ ɜ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɞɜɢɠɟɧɢɣ 
ɝɢɪɨɫɬɚɬɚ ɫ ɧɟɩɨɞɜɢɠɧɨɣ ɬɨɱɤɨɣ. Ⱦоɤɥɚɞ ɩоɫвɹщеɧ ɢɫɫɥеɞовɚɧɢɸ ɦɚɬеɦɚɬɢɱеɫɤɢɯ ɩоɞɯоɞов в 
ɦоɞеɥɢɪовɚɧɢɢ ɫɥоɠɧɵɯ ɦеɯɚɧɢɱеɫɤɢɯ ɫɢɫɬеɦ ɤɥɚɫɫɚ “ɝɢɪоɫɬɚɬ”. Ɋɚɫɫɦоɬɪеɧɵ ɞве ɡɚɞɚɱɢ о 
ɞвɢɠеɧɢɢ ɝɢɪоɫɬɚɬɚ ɫ ɧеɩоɞвɢɠɧоɣ ɬоɱɤоɣ. ɉеɪвɚɹ ɡɚɞɚɱɚ ɩоɫвɹщеɧɚ ɦоɞеɥɢɪовɚɧɢɸ ɞвɢɠеɧɢɹ 
ɝɢɪоɫɬɚɬɚ ɫ ɩоɫɬоɹɧɧɵɦ ɝɢɪоɫɬɚɬɢɱеɫɤɢɦ ɦоɦеɧɬоɦ в ɩоɥе ɫɢɥɵ ɬɹɠеɫɬɢ. Ⱦɥɹ ɧее ɭɤɚɡɚɧɵ 
ɦеɬоɞɵ ɢɧɬеɝɪɢɪовɚɧɢɹ ɭɪɚвɧеɧɢɣ ɞвɢɠеɧɢɣ ɫ ɩоɦощɶɸ ɩеɪвɵɯ ɢɧɬеɝɪɚɥов. ȼɬоɪɚɹ ɡɚɞɚɱɚ 
ɯɚɪɚɤɬеɪɢɡɭеɬɫɹ ɩеɪеɦеɧɧɵɦ ɝɢɪоɫɬɚɬɢɱеɫɤɢɦ ɦоɦеɧɬоɦ, оɛɭɫɥовɥеɧɧɵɦ ɧеɪɚвɧоɦеɪɧɵɦ 
вɪɚщеɧɢеɦ ɧеɫоɦɵɯ ɬеɥ. ɍɤɚɡɚɧ ɦеɬоɞ ɢɫɫɥеɞовɚɧɢɹ ɩɪоɝɪɚɦɦɧɵɯ (ɦоɞеɥɢɪɭеɦɵɯ) ɞвɢɠеɧɢɣ, 
оɫɧовɚɧɧɵɣ ɧɚ ɬеоɪɢɢ ɢɧвɚɪɢɚɧɬɧɵɯ ɫооɬɧоɲеɧɢɣ ɧеɚвɬоɧоɦɧɵɯ ɞɢɮɮеɪеɧɰɢɚɥɶɧɵɯ ɭɪɚвɧеɧɢɣ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɝɢɪɨɫɬɚɬ, ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ, ɢɧɬɟɝɪɚɥ, ɷɧɟɪɝɢɹ 

 

ȼɜɟɞɟɧɢɟ 

ȼ ɫɨɜɪɟɦɟɧɧɨɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ 
ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɫɥɨɠɧɵɯ ɨɛɴɟɤɬɨɜ ɬɟɯɧɢɱɟɫɤɢɯ 
ɤɨɧɫɬɪɭɤɰɢɣ (ɪɨɛɨɬɨɜ, ɦɚɧɢɩɭɥɹɬɨɪɨɜ, ɫɩɭɬɧɢɤɨɜ 
ɢ ɝɢɪɨɫɤɨɩɢɱɟɫɤɢɯ ɩɪɢɛɨɪɨɜ) ɲɢɪɨɤɨɟ 
ɩɪɢɦɟɧɟɧɢɟ ɩɨɥɭɱɢɥɚ ɦɨɞɟɥɶ ɫɢɫɬɟɦɵ ɫɜɹɡɚɧɧɵɯ 
ɬɜɟɪɞɵɯ ɬɟɥ, ɧɚɡɵɜɚɟɦɚɹ ɝɢɪɨɫɬɚɬɨɦ. 
ɏɚɪɚɤɬɟɪɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɷɬɨɣ ɦɨɞɟɥɢ 
ɹɜɥɹɸɬɫɹ ɫɜɨɣɫɬɜɚμ ɬɟɥɨ-ɧɨɫɢɬɟɥɶ ɢɦɟɟɬ 
ɩɪɨɢɡɜɨɥɶɧɭɸ ɮɨɪɦɭ; ɧɟɫɨɦɵɟ ɬɟɥɚ 
ɫɢɦɦɟɬɪɢɱɧɨɣ ɮɨɪɦɵ ɢɦɟɸɬ ɞɜɚ ɪɟɠɢɦɚ 
ɜɪɚɳɟɧɢɹ (ɞɥɹ ɩɟɪɜɨɝɨ ɪɟɠɢɦɚ ɫɤɨɪɨɫɬɢ ɧɟɫɨɦɵɯ 
ɝɢɪɨɫɤɨɩɨɜ ɩɨɫɬɨɹɧɧɵ, ɞɥɹ ɜɬɨɪɨɝɨ ɪɟɠɢɦɚ ɨɧɢ 
ɡɚɜɢɫɹɬ ɨɬ ɜɪɟɦɟɧɢ).  

ȼ ɞɨɤɥɚɞɟ ɪɚɫɫɦɨɬɪɟɧɵ ɨɛɚ ɭɤɚɡɚɧɧɵɯ 
ɫɥɭɱɚɹ.  

ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɩɪɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɦ 
ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɭɪɚɜɧɟɧɢɹ ɗɣɥɟɪɚ–
ɉɭɚɫɫɨɧɚ ɢ ɢɯ ɩɟɪɜɵɟ ɢɧɬɟɝɪɚɥɵ. ɂɫɫɥɟɞɨɜɚɧɵ 
ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɩɟɪɜɵɯ ɢɧɬɟɝɪɚɥɨɜ ɩɪɢ 
ɢɧɬɟɝɪɢɪɨɜɚɧɢɢ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɝɢɪɨɫɬɚɬɚ.  

ɉɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɜɬɨɪɨɝɨ ɫɥɭɱɚɹ, ɜ ɫɢɥɭ 
ɨɬɫɭɬɫɬɜɢɹ ɭ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 
ɢɧɬɟɝɪɚɥɚ ɷɧɟɪɝɢɢ, ɩɪɟɞɥɚɝɚɟɬɫɹ ɦɟɬɨɞ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɝɪɚɦɦɧɵɯ ɞɜɢɠɟɧɢɣ, 
ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɦɟɬɨɞɟ ɢɧɜɚɪɢɚɧɬɧɵɯ 
ɫɨɨɬɧɨɲɟɧɢɣ ɧɟɚɜɬɨɧɨɦɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ 
ɭɪɚɜɧɟɧɢɣ. 

ɉɪɢɦɟɧɟɧɢɟ ɩɟɪɜɵɯ ɢɧɬɟɝɪɚɥɨɜ 
ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ ɝɢɪɨɫɬɚɬɚ ɫ 

ɩɨɫɬɨɹɧɧɵɦ ɝɢɪɨɫɬɚɬɢɱɟɫɤɢɦ 
ɦɨɦɟɧɬɨɦ  

ȼ ɞɨɤɥɚɞɟ ɪɚɫɫɦɨɬɪɟɧɚ ɫɢɫɬɟɦɚ 
ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 
           ),()( νexλxx  sa     xνν a ,    (1) 

ɤɨɬɨɪɚɹ ɞɨɩɭɫɤɚɟɬ ɬɪɢ ɩɟɪɜɵɯ ɢɧɬɟɝɪɚɥɚ 
1νν ,  k νλx )( , 

(2) 
    Esa 2)(2  νexx ,                    

 ɝɞɟ k  ɢ E  – ɩɪɨɢɡɜɨɥɶɧɵɟ ɩɨɫɬɨɹɧɧɵɟ.  
ɉɟɪɟɦɟɧɧɵɦɢ ɡɚɞɚɱɢ ɹɜɥɹɸɬɫɹ ɜɟɤɬɨɪ-

ɮɭɧɤɰɢɢ )(txx  , )(tνν  . ȼɟɤɬɨɪɵ λe, ,  

ɦɚɬɪɢɰɚ )( ijaa  , ɩɨɫɬɨɹɧɧɚɹ s  ɯɚɪɚɤɬɟɪɢɡɭɸɬ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɦɚɫɫ ɬɟɥɚ, ɝɢɪɨɫɬɚɬɢɱɟɫɤɢɣ 
ɦɨɦɟɧɬ, ɝɢɪɚɰɢɨɧɧɵɣ ɬɟɧɡɨɪ.  

ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɪɟɞɭɤɰɢɢ ɭɪɚɜɧɟɧɢɣ (1) 
ɤ ɫɢɫɬɟɦɟ ɦɟɧɶɲɟɝɨ ɩɨɪɹɞɤɚ ɜ ɪɹɞɟ ɫɬɚɬɟɣ (ɫɦ., 
ɧɚɩɪɢɦɟɪ, Д1Ж) ɜɦɟɫɬɨ ɭɪɚɜɧɟɧɢɣ ɉɭɚɫɫɨɧɚ ɢɡ (1) 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɟɪɜɵɟ ɢɧɬɟɝɪɚɥɵ (ɨɛɡɨɪ 
ɪɟɡɭɥɶɬɚɬɨɜ ɩɨ ɪɟɞɭɤɰɢɢ (1), (2) ɞɚɧ ɜ ɦɨɧɨɝɪɚɮɢɢ 
Д2Ж). Ɍɨ ɟɫɬɶ ɢɫɯɨɞɧɚɹ ɫɢɫɬɟɦɚ (1) ɡɚɦɟɧɹɟɬɫɹ 
ɩɟɪɜɵɦ ɭɪɚɜɧɟɧɢɟɦ ɢɡ (1) ɢ ɢɧɬɟɝɪɚɥɚɦɢ (2). 
ɉɨɷɬɨɦɭ ɚɤɬɭɚɥɶɧɚ ɩɪɨɛɥɟɦɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ 
ɷɤɜɢɜɚɥɟɧɬɧɨɫɬɢ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ (1) ɫɢɫɬɟɦɟ, 
ɫɨɫɬɨɹɳɟɣ ɢɡ ɩɟɪɜɨɝɨ ɭɪɚɜɧɟɧɢɹ ɫɢɫɬɟɦɵ (1) ɢ 
ɢɧɬɟɝɪɚɥɨɜ (2). 

ȼ ɞɨɤɥɚɞɟ ɪɚɫɫɦɨɬɪɟɧ ɩɪɢɦɟɪ ɪɟɲɟɧɢɹ, 
ɤɨɬɨɪɨɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɩɟɪɜɨɦɭ ɭɪɚɜɧɟɧɢɸ ɢɡ (1) 
ɢ ɫɨɨɬɧɨɲɟɧɢɹɦ (2), ɧɨ ɧɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɬɨɪɨɦɭ 
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ɭɪɚɜɧɟɧɢɸ ɢɡ (1). ɉɨɥɨɠɢɦ 0λ , 012 a ,  

2211 aa  ,  023 a   ɢ  ɩɚɪɚɦɟɬɪɵ ɪɟɲɟɧɢɹ.  
cos*1 ax  ,  

                             sin*2 ax  ,                            (3) 

nx 3 , 

     cos13*1 naas   ,               

ɩɨɞɱɢɧɢɦ ɭɫɥɨɜɢɹɦ 

)( 2
*

22
13

22
nanans  ,  

                           )( 22
*13 nanaks  ,                           (4) 

 *2
33

2
11

2
*2 naaaE   .                     

ȼ (3), (4) na ,*  – ɩɨɫɬɨɹɧɧɵɟ,   – 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɚɹ ɩɟɪɟɦɟɧɧɚɹ. ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨɣ 
ɩɨɞɫɬɚɧɨɜɤɨɣ (3), (4) ɜ (1), (2) ɧɟɬɪɭɞɧɨ ɭɛɟɞɢɬɶɫɹ 
ɜ ɬɨɦ, ɱɬɨ ɪɟɲɟɧɢɟ (3), (4) ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɩɟɪɜɨɦɭ 
ɭɪɚɜɧɟɧɢɸ ɢɡ (1),  ɫɨɨɬɧɨɲɟɧɢɹɦ (2), ɚ ɜɬɨɪɨɦɭ 
ɭɪɚɜɧɟɧɢɸ ɢɡ (1) ɧɟ ɭɞɨɜɥɟɬɜɨɪɹɟɬ. ȼ ɫɬɚɬɶɟ Д3Ж 
ɬɚɤɢɟ ɪɟɲɟɧɢɹ ɧɚɡɜɚɧɵ ɨɫɨɛɵɦɢ (ɢɥɢ 
ɩɨɫɬɨɪɨɧɧɢɦɢ) ɢ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɟɞɭɤɰɢɢ (1) 
ɧɚ ɩɟɪɜɵɯ ɢɧɬɟɝɪɚɥɚɯ (2) ɜɵɱɢɫɥɟɧɵ ɩɪɨɢɡɜɨɞɧɵɟ 
ɫɨɨɬɧɨɲɟɧɢɣ (2) ɜ ɫɢɥɭ ɬɨɥɶɤɨ ɩɟɪɜɨɝɨ ɭɪɚɜɧɟɧɢɹ 
ɫɢɫɬɟɦɵ (1)μ 

,0)(  xννe a  

                         0)()(  xννλx a ,                (5) 

     0)(  xννν a .                        

ɂɡ ɭɪɚɜɧɟɧɢɣ (5) ɫɥɟɞɭɟɬ, ɱɬɨ ɟɫɥɢ ɜɟɤɬɨɪɵ 
νλxe ,,   ɧɟ ɹɜɥɹɸɬɫɹ ɤɨɦɩɥɚɧɚɪɧɵɦɢ, ɬɨ 

ɜɵɩɨɥɧɹɟɬɫɹ ɜɬɨɪɨɟ ɭɪɚɜɧɟɧɢɟ ɢɡ (1). ȼ ɫɥɭɱɚɟ, 
ɤɨɝɞɚ ɢɦɟɟɬ ɦɟɫɬɨ ɪɚɜɟɧɫɬɜɨ ɢɡ (5) 

                   0)()(  νeλx ,                      (6) 

ɜɬɨɪɨɟ ɭɪɚɜɧɟɧɢɟ ɢɡ (1) ɦɨɠɟɬ ɧɟ ɢɦɟɬɶ ɦɟɫɬɚ. Ɍɨ 
ɟɫɬɶ ɩɨɫɬɪɨɟɧɧɵɟ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ (1) ɜɨɡɧɢɤɚɸɬ 
ɧɚ ɦɧɨɝɨɨɛɪɚɡɢɢ (6). ɋɥɟɞɫɬɜɢɟɦ ɭɫɥɨɜɢɹ (6) 
ɹɜɥɹɟɬɫɹ ɪɚɜɟɧɫɬɜɨ 

                              22)( n λx  ,                             (7) 

ɤɨɬɨɪɨɟ ɜɵɬɟɤɚɟɬ ɢɡ ɩɟɪɜɨɝɨ ɭɪɚɜɧɟɧɢɹ 
ɫɢɫɬɟɦɵ (1). ȼ ɫɬɚɬɶɟ Д4Ж ɩɨɤɚɡɚɧɨ, ɱɬɨ 
ɢɧɜɚɪɢɚɧɬɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɞɥɹ ɢɫɯɨɞɧɨɣ ɫɢɫɬɟɦɵ 
(1) ɦɨɠɟɬ ɜɵɩɨɥɧɹɬɶɫɹ ɬɨɥɶɤɨ ɧɚ ɦɧɨɠɟɫɬɜɟ M  

ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɦɧɨɠɟɫɬɜɚ )( NMN  , ɤɨɬɨɪɨɟ 
ɨɩɢɫɵɜɚɟɬɫɹ ɩɪɟɰɟɫɫɢɹɦɢ ɝɢɪɨɫɬɚɬɚ Д2Ж. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ 
ɝɢɪɨɫɬɚɬɚ ɜ ɫɥɭɱɚɟ (1) ɦɨɞɟɥɢɪɨɜɚɧɢɟ 
ɩɪɟɰɟɫɫɢɨɧɧɵɯ ɞɜɢɠɟɧɢɣ ɝɢɪɨɫɬɚɬɚ ɞɨɥɠɧɨ 
ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨ. ɗɬɨ ɫɜɨɣɫɬɜɨ 
ɞɨɥɠɧɨ ɭɱɢɬɵɜɚɬɶɫɹ ɢ ɜ ɦɨɞɟɥɢɪɨɜɚɧɢɢ 
ɞɜɢɠɟɧɢɣ ɝɢɪɨɫɬɚɬɚ ɜ ɩɨɥɹɯ ɫɥɨɠɧɨɣ ɫɬɪɭɤɬɭɪɵ 
(ɧɚɩɪɢɦɟɪ, ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɝɢɪɨɫɬɚɬ ɞɜɢɠɟɬɫɹ ɜ 
ɦɚɝɧɢɬɧɨɦ, ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɢ ɧɶɸɬɨɧɨɜɫɤɨɦ 
ɩɨɥɹɯ).  

Ⱦɜɢɠɟɧɢɟ ɝɢɪɨɫɬɚɬɚ ɫ ɩɟɪɟɦɟɧɧɵɦ 
ɝɢɪɨɫɬɚɬɢɱɟɫɤɢɦ ɦɨɦɟɧɬɨɦ 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɞɜɢɠɟɧɢɟ ɝɢɪɨɫɬɚɬɚ 
ɨɩɢɫɵɜɚɟɬɫɹ ɧɟɚɜɬɨɧɨɦɧɨɣ ɫɢɫɬɟɦɨɣ  
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ. Ɋɚɫɫɦɨɬɪɢɦ 
ɨɛɳɢɣ ɫɥɭɱɚɣ ɬɚɤɨɣ ɫɢɫɬɟɦɵμ 
                ),1(,...,1 nitx,xX

dt

dx
x ni

i
i   .        (8) 

ȼ ɫɢɫɬɟɦɟ (8) t  – ɧɟɡɚɜɢɫɢɦɚɹ ɩɟɪɟɦɟɧɧɚɹ, 
nx,x ...,1  – ɧɟɢɡɜɟɫɬɧɵɟ ɮɭɧɤɰɢɢ ɷɬɨɣ 

ɩɟɪɟɦɟɧɧɨɣ, ɚ iX  – ɮɭɧɤɰɢɢ ɨɬ 1n  ɩɟɪɟɦɟɧɧɵɯ, 
ɡɚɞɚɧɧɵɟ ɧɚ ɧɟɤɨɬɨɪɨɦ ɨɬɤɪɵɬɨɦ ɦɧɨɠɟɫɬɜɟ U  

ɩɪɨɫɬɪɚɧɫɬɜɚ ɪɚɡɦɟɪɧɨɫɬɢ 1n , ɜ ɤɨɬɨɪɨɦ 
ɤɨɨɪɞɢɧɚɬɚɦɢ ɹɜɥɹɸɬɫɹ ɤɨɦɩɨɧɟɧɬɵ ɜɟɤɬɨɪɚ 
 tx,x n ,...,1 . Ȼɭɞɟɦ ɩɪɟɞɩɨɥɚɝɚɬɶ, ɱɬɨ ɮɭɧɤɰɢɢ 

  ),1(,...,1 nitx,xX ni   ɢɦɟɸɬ ɧɟɩɪɟɪɵɜɧɵɟ 
ɱɚɫɬɧɵɟ ɩɪɨɢɡɜɨɞɧɵɟ ɥɸɛɨɝɨ ɩɨɪɹɞɤɚ. 
ɉɪɢ ɪɚɫɫɦɨɬɪɟɧɢɢ ɧɟɚɜɬɨɧɨɦɧɨɣ ɫɢɫɬɟɦɵ (8) 
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɪɟɨɛɪɚɡɨɜɚɬɶ ɟɟ ɤ ɚɜɬɨɧɨɦɧɨɦɭ 

ɜɢɞɭ. ɉɨɥɚɝɚɹ 1 nxt , ɭɪɚɜɧɟɧɢɹ (8) ɦɨɠɧɨ 
ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ 

                )1,1(..., 11   niu,uYu nii  ,        (9) 

ɝɞɟ  1;,1, 1  nii YniXY . Ɋɟɲɟɧɢɸ ɭɪɚɜɧɟɧɢɣ 

(8) ɫ ɧɚɱɚɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦɢ 
)0(

0)( ii xtx  ɛɭɞɟɬ 
ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɣ (λ)  
ɧɚɱɚɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦɢ 

            ),1()0( )0(
nixu ii  , 1 0(0) .

n
u t   (10) 

ɗɬɨ ɫɨɨɬɜɟɬɫɬɜɢɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶɸ  
),1()()( 0 nittutx ii  . 

Ɉɩɪɟɞɟɥɟɧɢɟ 1. ɇɟɩɭɫɬɨɟ ɦɧɨɠɟɫɬɜɨ UM   
ɧɚɡɵɜɚɟɬɫɹ ɢɧɜɚɪɢɚɧɬɧɵɦ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ (λ), 

ɟɫɥɢ ɞɥɹ ɥɸɛɨɣ ɬɨɱɤɢ ),...,,( 0
)0()0(

1 txx n   ɢɡ M  
ɪɟɲɟɧɢɟ ɭɪɚɜɧɟɧɢɹ (λ) ɫ ɧɚɱɚɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦ 
(10) ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɭɫɥɨɜɢɸ   Mtu,tu n  )(...,)( 11  

ɩɪɢ ),( 0201 ttttt  , ɝɞɟ ),( 21 tt  – ɢɧɬɟɪɜɚɥ 
ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɪɟɲɟɧɢɹ 
ɫɢɫɬɟɦɵ (8). 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɨɝɪɚɦɦɧɨɟ ɞɜɢɠɟɧɢɟ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ, ɤɨɬɨɪɨɟ ɡɚɞɚɧɨ 
ɭɪɚɜɧɟɧɢɟɦ 
                        0..., 11 nu,uf  .                      (11) 

ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɮɭɧɤɰɢɹ  11 ..., nu,uf  
ɞɢɮɮɟɪɟɧɰɢɪɭɟɦɚ ɩɨ ɜɫɟɦ ɩɟɪɟɦɟɧɧɵɦ ɞɨ 
ɩɪɨɢɡɜɨɥɶɧɨɝɨ ɩɨɪɹɞɤɚ, ɜ ɱɚɫɬɧɨɫɬɢ ɞɨ ɩɨɪɹɞɤɚ 

1  n , ɢ 

                       0...,,
11















nu

f

u

f                 (12) 

ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɨɛɥɚɫɬɢ U . 
Ɉɩɪɟɞɟɥɟɧɢɟ 2. ɋɨɨɬɧɨɲɟɧɢɟ (11) 

ɧɚɡɵɜɚɟɬɫɹ ɢɧɜɚɪɢɚɧɬɧɵɦ ɫɨɨɬɧɨɲɟɧɢɟɦ (ɂɋ) 
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ɫɢɫɬɟɦɵ (λ), ɟɫɥɢ ɦɧɨɠɟɫɬɜɨ G  ɬɨɱɟɤ, 
ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɯ ɷɬɨɦɭ ɫɨɨɬɧɨɲɟɧɢɸ, ɫɨɞɟɪɠɢɬ 
ɧɟɤɨɬɨɪɨɟ ɢɧɜɚɪɢɚɧɬɧɨɟ ɦɧɨɠɟɫɬɜɨ. 

ɉɨɫɤɨɥɶɤɭ ɢɧɜɚɪɢɚɧɬɧɨɟ ɦɧɨɠɟɫɬɜɨ ɩɨ 
ɨɩɪɟɞɟɥɟɧɢɸ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɩɭɫɬɵɦ, ɬɨ ɢ ɂɋ 
ɞɨɥɠɧɨ ɛɵɬɶ ɫɨɜɦɟɫɬɧɵɦ (ɬ.ɟ. ɞɨɥɠɧɚ 
ɫɭɳɟɫɬɜɨɜɚɬɶ ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ ɨɞɧɚ ɬɨɱɤɚ, ɞɥɹ 
ɤɨɬɨɪɨɣ (4) ɜɵɩɨɥɧɟɧɨ). ɉɨɫɬɚɜɢɦ ɡɚɞɚɱɭ ɨɛ 
ɢɫɫɥɟɞɨɜɚɧɢɢ ɭɫɥɨɜɢɣ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɂɋ (11) 
ɫɢɫɬɟɦɵ (λ). 

ȼ ɞɨɤɥɚɞɟ ɞɥɹ ɮɭɧɤɰɢɢ (11) ɩɨɫɬɪɨɟɧɚ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɮɭɧɤɰɢɣ 

   1111
)1( ...,...,   nn u,ufu,uf  

     11

1

1

11
1

11
)1( ...,

...,
..., 








  


 nj

n

j j

n
l

n u,uY
u

u,uf
u,uf

,    (13) 

 ,3,2l , 

ɱɥɟɧɵ ɤɨɬɨɪɨɣ ɹɜɥɹɸɬɫɹ ɩɪɨɢɡɜɨɞɧɵɦɢ ɨɬ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɮɭɧɤɰɢɣ ɜ ɫɢɥɭ ɭɪɚɜɧɟɧɢɣ (λ). 

Ʌɟɦɦɚ 1. ɉɭɫɬɶ ɞɥɹ ɭɪɚвɧеɧɢɣ (9) 
ɫооɬɧоɲеɧɢе (11) – ɢɧвɚɪɢɚɧɬɧое, ɢ ɦɧоɠеɫɬво 
G , оɩɪеɞеɥɹеɦое ɢɦ, ɫоɞеɪɠɢɬ ɢɧвɚɪɢɚɧɬɧое 
ɦɧоɠеɫɬво M . Ɍоɝɞɚ ɞɥɹ ɬоɱеɤ ɦɧоɠеɫɬвɚ M   

ɞоɥɠɧɵ вɵɩоɥɧɹɬɶɫɹ ɭɪɚвɧеɧɢɹ 

  0..., 11
)1( nu,uf  

                          0..., 11
)2( nu,uf  ,            (14) 

  0..., 11
)( n

l
u,uf  

        . . .      . . .      . . .   
Ⱦɨɤɚɡɚɬɟɥɶɫɬɜɨ. Ɋɚɫɫɦɨɬɪɢɦ ɦɧɨɠɟɫɬɜɨ M . 

ȼɵɛɟɪɟɦ ɩɪɨɢɡɜɨɥɶɧɭɸ ɬɨɱɤɭ ),...,,( 0
)0()0(

1 txx n  

(ɨɛɨɡɧɚɱɢɦ ɟɟ 
)0(

u  ɷɬɨɝɨ ɦɧɨɠɟɫɬɜɚ ɢ ɜɨɡɶɦɟɦ 

ɪɟɲɟɧɢɟ )(tuu ii  , ɭɞɨɜɥɟɬɜɨɪɹɸɳɟɟ ɧɚɱɚɥɶɧɵɦ 
ɭɫɥɨɜɢɹɦ (10)). ɉɨɫɤɨɥɶɤɭ GM  , ɬɨ ɜ ɫɢɥɭ 
ɨɩɪɟɞɟɥɟɧɢɹ ɂɋ ɩɪɢ ɩɨɞɫɬɚɧɨɜɤɟ ɪɟɲɟɧɢɹ ɜ 
ɭɪɚɜɧɟɧɢɹ (11) ɩɨɥɭɱɢɦ ɬɨɠɞɟɫɬɜɨ ɩɨ t :  

        0)(...,)( 11
)1(  tu,tuf n .                 (15) 

 

Ɇɧɨɝɨɤɪɚɬɧɨ ɞɢɮɮɟɪɟɧɰɢɪɭɹ ɷɬɨ ɬɨɠɞɟɫɬɜɨ ɩɨ t , 
ɩɨɥɭɱɢɦ 

  0)(...,)( 11
)2(  tu,tuf n  , 

                                          . . .                                   (16) 

  0)(...,)( 11
)(  tu,tuf n

l  , 
. . .      . . .      . . .   

ɉɨɫɤɨɥɶɤɭ ɬɨɠɞɟɫɬɜɚ (15) ɢ (16) ɫɩɪɚɜɟɞɥɢɜɵ ɞɥɹ 
ɜɫɟɯ t , ɬɨ ɨɧɢ ɜɟɪɧɵ ɢ ɩɪɢ 0t , ɚ ɡɧɚɱɢɬ ɢ ɞɥɹ 

ɬɨɱɤɢ )0(
u . ȼ ɫɢɥɭ ɠɟ ɩɪɨɢɡɜɨɥɶɧɨɫɬɢ )0(

u  
ɩɨɥɭɱɚɟɦ, ɱɬɨ ɫɨɨɬɧɨɲɟɧɢɹ (14) ɜɵɩɨɥɧɟɧɵ ɜɫɸɞɭ 
ɧɚ M . 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɜ ɨɛɳɟɦ ɫɥɭɱɚɟ ɞɥɹ 
ɫɨɫɬɚɜɥɟɧɢɹ ɰɟɩɨɱɤɢ ɩɪɨɢɡɜɨɞɧɵɯ ɧɟɨɛɯɨɞɢɦɨ 

ɩɨɬɪɟɛɨɜɚɬɶ ɛɟɫɤɨɧɟɱɧɭɸ ɞɢɮɮɟɪɟɧɰɢɪɭɟɦɨɫɬɶ 

ɮɭɧɤɰɢɢ   11 ..., nu,uf
. 

ȼ ɞɨɤɥɚɞɟ ɞɨɤɚɡɚɧɚμ 
Ɍɟɨɪɟɦɚ 1. ȿɫɥɢ в ɩоɫɥеɞовɚɬеɥɶɧоɫɬɢ (13) 

ɫɭщеɫɬвɭеɬ k  ɧеɡɚвɢɫɢɦɵɯ ɱɥеɧов, ɬо 
ɧеɡɚвɢɫɢɦɵɦɢ ɛɭɞɭɬ ɢ ɩеɪвɵе k  ɱɥеɧов 
ɩоɫɥеɞовɚɬеɥɶɧоɫɬɢ (13). 

ɂɡ ɷɬɨɣ ɬɟɨɪɟɦɵ ɜɵɬɟɤɚɟɬ ɫɥɟɞɫɬɜɢɟ. 
ɋɥɟɞɫɬɜɢɟ 1. ȿɫɥɢ ɫɭщеɫɬвɭеɬ ɧеɩɭɫɬое 

ɦɧоɠеɫɬво M , оɩɪеɞеɥɹеɦое ɭɪɚвɧеɧɢɹɦɢ (14), 
ɬо ɫɢɫɬеɦɚ (14) ɪɚвɧоɫɢɥɶɧɚ ɫвоɢɦ ɩеɪвɵɦ k  

ɭɪɚвɧеɧɢɹɦ, ɝɞе k  – ɦɚɤɫɢɦɚɥɶɧое ɤоɥɢɱеɫɬво 
ɧеɡɚвɢɫɢɦɵɯ ɮɭɧɤɰɢɣ в ɩоɫɥеɞовɚɬеɥɶɧоɫɬɢ (13). 

ɉɭɫɬɶ ɩɨɫɬɚɜɥɟɧɚ ɡɚɞɚɱɚ ɨ ɧɚɯɨɠɞɟɧɢɢ 
ɭɪɚɜɧɟɧɢɣ, ɨɩɪɟɞɟɥɹɸɳɢɯ ɦɧɨɠɟɫɬɜɨ M  ɩɪɢ 
ɡɚɞɚɧɧɨɦ ɂɋ (11). ɋɨɝɥɚɫɧɨ ɞɨɤɚɡɚɧɧɨɣ ɜɵɲɟ 
ɬɟɨɪɟɦɟ, ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɬɪɨɢɬɶ ɰɟɩɨɱɤɭ 
ɩɪɨɢɡɜɨɞɧɵɯ (13). Ɂɚɬɟɦ ɧɭɠɧɨ ɩɨɷɬɚɩɧɨ 
ɩɪɨɜɟɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜɯɨɞɹɳɢɯ ɜ 
(11) ɭɪɚɜɧɟɧɢɣ. Ɍɨ ɟɫɬɶ ɧɚ ɩɟɪɜɨɦ ɷɬɚɩɟ ɫɥɟɞɭɟɬ 
ɩɪɨɜɟɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɨɢɡɜɨɞɧɨɣ 

 11
)2( ..., nu,uf

 ɨɬ ɫɨɨɬɧɨɲɟɧɢɹ (11). ȿɫɥɢ 
ɛɭɞɭɬ ɧɚɣɞɟɧɵ ɭɫɥɨɜɢɹ, ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɤɨɬɨɪɵɯ 

 
 

0...,
0...,

11
)2(

11
)1(





nu,uf

nu,uf , 

ɬɨ ɦɧɨɠɟɫɬɜɨ G  ɹɜɥɹɟɬɫɹ ɢɧɜɚɪɢɚɧɬɧɵɦ. 
Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɞɚɥɶɧɟɣɲɟɦ ɢɡɭɱɟɧɢɢ 

ɫɢɫɬɟɦɵ (14) ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɨɬɪɟɬɶ ɫɥɭɱɚɢ 
Ⱦɜɢɠɟɧɢɟ ɝɢɪɨɫɬɚɬɚ ɫ ɩɟɪɟɦɟɧɧɵɦ 

ɝɢɪɨɫɬɚɬɢɱɟɫɤɢɦ ɦɨɦɟɧɬɨɦ 

 
   

0...,
0...,,...,0...,

11
)(

11
)1(

11
)1(








 n

l

n u,ufu,uf
n

l
u,uf

 ȼ ɞɨɤɥɚɞɟ ɢɡɥɨɠɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɢɦɟɧɟɧɵ ɜ 
ɡɚɞɚɱɟ ɨ ɞɜɢɠɟɧɢɢ ɝɢɪɨɫɬɚɬɚ ɫ ɩɟɪɟɦɟɧɧɵɦ 
ɝɢɪɨɫɬɚɬɢɱɟɫɤɢɦ ɦɨɦɟɧɬɨɦ. ɂɡɭɱɟɧɵ ɭɫɥɨɜɢɹ 
ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɪɚɜɧɨɦɟɪɧɵɯ ɜɪɚɳɟɧɢɣ ɝɢɪɨɫɬɚɬɚ 
ɫ ɩɟɪɟɦɟɧɧɵɦ ɝɢɪɨɫɬɚɬɢɱɟɫɤɢɦ ɦɨɦɟɧɬɨɦ ɩɨɞ 
ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ ɬɹɠɟɫɬɢμ 

,A A       ω L λ ω ω ω s ν  
                           , ν ν ω                         (17) 

.λ L  
ȼ ɭɪɚɜɧɟɧɢɹɯ (17) ɜɜɟɞɟɧɵ ɨɛɨɡɧɚɱɟɧɢɹμ 

),,( 321 ω  – ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɬɟɥɚ-

ɧɨɫɢɬɟɥɹ; ),,( 321 ȞȞȞν  – ɟɞɢɧɢɱɧɵɣ ɜɟɤɬɨɪ, 
ɭɤɚɡɵɜɚɸɳɢɣ ɧɚɩɪɚɜɥɟɧɢɟ ɫɢɥɵ ɬɹɠɟɫɬɢ; 

),,( 321 λ
 – ɝɢɪɨɫɬɚɬɢɱɟɫɤɢɣ ɦɨɦɟɧɬ; L  – 

ɜɟɤɬɨɪ-ɮɭɧɤɰɢɹ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɚɹ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɬɟɥɚ-ɧɨɫɢɬɟɥɹ ɢ ɧɨɫɢɦɵɯ ɬɟɥ; A  

– ɬɟɧɡɨɪ ɢɧɟɪɰɢɢ; ),,( 321 ssss
 – ɜɟɤɬɨɪ, 

ɫɨɧɚɩɪɚɜɥɟɧɧɵɣ ɫ ɜɟɤɬɨɪɨɦ OC , ɝɞɟ O  – 
ɧɟɩɨɞɜɢɠɧɚɹ ɬɨɱɤɚ, C  ɰɟɧɬɪ ɬɹɠɟɫɬɢ ɝɢɪɨɫɬɚɬɚ.  

ɇɚ ɨɫɧɨɜɟ ɬɟɨɪɟɦɵ 1 ɧɚɣɞɟɧɵ ɭɫɥɨɜɢɹ 
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ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɪɚɜɧɨɦɟɪɧɵɯ ɜɪɚɳɟɧɢɣ ɝɢɪɨɫɬɚɬɚ. 
Ⱦɚɧɧɚɹ ɦɟɬɨɞɢɤɚ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɜ 
ɞɪɭɝɢɯ ɡɚɞɚɱɚɯ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɞɜɢɠɟɧɢɣ 
ɝɢɪɨɫɬɚɬɚ.  
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Ƚɨɪɪ1
 Ƚ.ȼ., ɂɥɸɯɢɧ2

 Ⱥ.Ⱥ., Ʉɨɜɚɥɟɜ1
 Ⱥ.Ɇ.  

1 Ⱦеɪɠɚвɧɚ ɭɫɬɚɧовɚ "Іɧɫɬɢɬɭɬ ɩɪɢɤɥɚɞɧоʀ ɦɚɬеɦɚɬɢɤɢ ɿ ɦеɯɚɧɿɤɢ", ȾɇɊ, вɿɞɞɿɥ ɩɪɢɤɥɚɞɧоʀ ɦеɯɚɧɿɤɢ, 
вɿɞɞɿɥ ɬеɯɧɿɱɧоʀ ɦеɯɚɧɿɤɢν 
2 Ɍɚɝɚɧɪоɡɶɤɢɣ ɞеɪɠɚвɧɢɣ ɩеɞɚɝоɝɿɱɧɢɣ ɿɧɫɬɢɬɭɬ, (ɦ. Ɍɚɝɚɧɪоɝ, Ɋоɫɿɹ), ɤɚɮеɞɪɚ ɦɚɬеɦɚɬɢɤɢ 

Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɚɫɩɟɤɬɵ ɜ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɞɜɢɠɟɧɢɣ ɝɢɪɨɫɬɚɬɚ ɫ ɧɟɩɨɞɜɢɠɧɨɣ ɬɨɱɤɨɣ.  
Ⱦоɩовɿɞɶ ɩɪɢɫвɹɱеɧо ɞоɫɥɿɞɠеɧɧɸ ɦɚɬеɦɚɬɢɱɧɢɯ ɩɿɞɯоɞɿв ɭ ɦоɞеɥɸвɚɧɧɿ ɫɤɥɚɞɧɢɯ ɦеɯɚɧɿɱɧɢɯ ɫɢɫɬеɦ 
ɤɥɚɫɭ "ɝɿɪоɫɬɚɬ". Ɋоɡɝɥɹɧɭɬо ɞвɿ ɡɚɞɚɱɿ ɩɪо ɪɭɯ ɝɢɪоɫɬɚɬɚ ɡ ɧеɪɭɯоɦоɸ ɬоɱɤоɸ. ɉеɪɲɚ ɡɚɞɚɱɚ 
ɩɪɢɫвɹɱеɧɚ ɦоɞеɥɸвɚɧɧɸ ɪɭɯɭ ɝɢɪоɫɬɚɬɚ ɡ ɩоɫɬɿɣɧɢɦ ɝɢɪоɫɬɚɬɢɱеɫɤɢɦ ɦоɦеɧɬоɦ  ɭ ɩоɥɿ ɫɢɥɢ 
ɬɹɠɿɧɧɹ. Ⱦɥɹ ɧеʀ вɤɚɡɚɧɿ ɦеɬоɞɢ ɿɧɬеɝɪɭвɚɧɧɹ ɪɿвɧɹɧɶ ɪɭɯɿв ɡ ɞоɩоɦоɝоɸ ɩеɪɲɢɯ ɿɧɬеɝɪɚɥɿв. Ⱦɪɭɝɚ 
ɡɚɞɚɱɚ ɯɚɪɚɤɬеɪɢɡɭєɬɶɫɹ ɡɦɿɧɧɢɦ ɝɢɪоɫɬɚɬɢɱеɫɤɢɦ ɦоɦеɧɬоɦ, оɛɭɦовɥеɧɢɦ ɧеɪɿвɧоɦɿɪɧɢɦ 
оɛеɪɬɚɧɧɹɦ ɧеɫоɦɢɯ ɬɿɥ. ȼɤɚɡɚɧɢɣ ɦеɬоɞ ɞоɫɥɿɞɠеɧɧɹ ɩɪоɝɪɚɦɧɢɯ (ɦоɞеɥɶовɚɧɢɯ) ɪɭɯɿв, ɡɚɫɧовɚɧɢɣ ɧɚ 
ɬеоɪɿʀ ɿɧвɚɪɿɚɧɬɧɢɯ ɫɩɿввɿɞɧоɲеɧɶ ɧеɚвɬоɧоɦɧɢɯ ɞɢɮеɪеɧɰɿɚɥɶɧɢɯ ɪɿвɧɹɧɶ.  
 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɝɿɞɪɨɫɬɚɬ, ɞɢɮɟɪɟɧɰɿɚɥɶɧɿ ɪɿɜɧɹɧɧɹ, ɿɧɬɟɝɪɚɥ, ɟɧɟɪɝɿɹ.  
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Mathematical aspects of modeling motions of a gyrostat with a fixed point.  
The report focuses on the study of mathematical approaches in modeling of complex mechanical systems class 

"gyrostat". Considered two problems of motion of a gyrostat with a fixed point. The first task deals with the 

modeling of motion of a gyrostat with constant virostaticski point in the gravity field. For it illustrates the 

methods of numerical integration of equations of motions using the first integrals. The second task is 

characterized by a variable gyrostatic momentum, due to the uneven rotation of the carried bodies. This method 

of research software (simulated) movements based on the theory of invariant ratios of no autonomous 

differential equations.  
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