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Ʉɭɡɶɦɢɱ Ʌ.ȼ., ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ, ɞɨɤɬɨɪɚɧɬ 

ɇɚɰɿɨɧɚɥɶɧɢɣ ɚɜɿɚɰɿɣɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ , klv@nau.edu.ua 

ɇȿɉȺɊȺɆȿɌɊɂɑɇȺ ȱȾȿɇɌɂɎȱɄȺɐȱə ɓȱɅɖɇɈɋɌȱ ɊɈɁɉɈȾȱɅɍ 
ȼȱɊɈȽȱȾɇɈɋɌȱ ȼ ɋɄɅȺȾɇȱɃ ɉɈɋɌȱɃɇɈ ɁɆȱɇɇȱɃ ɁȺȼȺȾɈȼȱɃ ɈȻɋɌȺɇɈȼɐȱ 

ȼ ɭɦɨɜɚɯ ɫɶɨɝɨɞɟɧɧɹ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɩɨɫɬɿɣɧɢɣ ɪɿɫɬ ɫɤɥɚɞɧɨɫɬɿ ɡɚɩɪɨɩɨɧɨɜɚɧɢɯ 
ɿɧɮɨɪɦɚɰɿɣɧɨ-ɜɢɦɿɪɸɜɚɥɶɧɢɯ ɫɢɫɬɟɦ, ɚɩɚɪɚɬɭɪɢ, ɡɚɫɨɛɿɜ ɚɜɬɨɦɚɬɢɡɚɰɿʀ. Ɋɚɡɨɦ ɡ ɬɢɦ 
ɩɿɞɜɢɳɭɸɬɶɫɹ ɜɢɦɨɝɢ ɳɨɞɨ ɟɮɟɤɬɢɜɧɨɫɬɿ ɤɟɪɭɜɚɧɧɹ ɰɢɦɢ ɫɢɫɬɟɦɚɦɢ, ɫɤɨɪɨɱɟɧɧɹ ɬɟɪɦɿɧɿɜ 
ɪɨɡɪɨɛɤɢ ɬɚ ɜɢɩɪɨɛɨɜɭɜɚɧɶ ɞɚɧɢɯ ɫɢɫɬɟɦ.  

ɋɭɱɚɫɧɿ ɿɧɮɨɪɦɚɰɿɣɧɨ-ɜɢɦɿɪɸɜɚɥɶɧɿ ɫɢɫɬɟɦɢ ɩɪɚɰɸɸɬɶ ɜ ɫɤɥɚɞɧɿɣ ɩɨɫɬɿɣɧɨ ɡɦɿɧɧɿɣ 
ɡɚɜɚɞɨɜɿɣ ɨɛɫɬɚɧɨɜɰɿ ɩɿɞ ɜɩɥɢɜɨɦ ɫɢɥɶɧɢɯ ɡɚɜɚɞ. Ɉɞɧɢɦ ɿɡ ɟɮɟɤɬɢɜɧɢɯ ɦɟɬɨɞɿɜ ɛɨɪɨɬɶɛɢ ɡ 
ɰɢɦɢ ɡɚɜɚɞɚɦɢ є ɡɚɫɬɨɫɭɜɚɧɧɹ ɧɟɥɿɧɿɣɧɢɯ ɡɚɫɨɛɿɜ ɩɪɢɝɧɿɱɭɜɚɧɧɹ, ɚɦɩɥɿɬɭɞɧɿ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɹɤɢɯ ɡɚɥɟɠɚɬɶ ɜɿɞ ɳɿɥɶɧɨɫɬɿ ɪɨɡɩɨɞɿɥɭ ɜɿɪɨɝɿɞɧɨɫɬɿ ɡɚɜɚɞ. 

ɉɪɨɛɥɟɦɚ ɧɟɩɚɪɚɦɟɬɪɢɱɧɨʀ ɿɞɟɧɬɢɮɿɤɚɰɿʀ ɳɿɥɶɧɨɫɬɿ ɪɨɡɩɨɞɿɥɭ ɜɿɪɨɝɿɞɧɨɫɬɿ ɡɚɜɚɞ є 
ɧɚɣɛɿɥɶɲ ɫɤɥɚɞɧɨɸ ɿ ɦɿɫɬɢɬɶ ɡɧɚɱɧɢɣ ɨɛɫɹɝ ɿɧɮɨɪɦɚɰɿɣɧɢɯ ɞɠɟɪɟɥ. ɋɟɪɟɞ ɜɿɞɨɦɢɯ 
ɧɟɩɚɪɚɦɟɬɪɢɱɧɢɯ ɨɰɿɧɨɤ ɳɿɥɶɧɨɫɬɿ ɪɨɡɩɨɞɿɥɭ ɜɿɪɨɝɿɞɧɨɫɬɿ ɡɚɜɚɞ є ɹɞɟɪɧɚ ɨɰɿɧɤɚ 
Ɋɨɡɟɧɛɥɚɬɬɚ – ɉɚɪɡɟɧɚ – ɑɟɧɰɨɜɚ ɡ ɝɚɭɫɫɨɜɢɦ ɹɞɪɨɦ, ɹɤɚ ɩɪɢ ɨɰɿɧɸɜɚɧɧɿ ɨɞɧɨɦɿɪɧɨʀ 
ɳɿɥɶɧɨɫɬɿ ɪɨɡɩɨɞɿɥɭ ɜɿɪɨɝɿɞɧɨɫɬɿ  ɡɚɜɚɞ ɦɚє ɜɢɝɥɹɞ: 

  ,  (1) 

ɞɟ N – ɨɛ‘єɦ ɜɢɛɿɪɤɢ; 
 – ɧɟɡɚɥɟɠɧɿ ɫɩɨɫɬɟɪɟɠɟɧɧɹ ɫɬɚɰɿɨɧɚɪɧɨʀ ɡɚɜɚɞɢ ɜ ɦɨɦɟɧɬɢ ɱɚɫɭ ti , ɞɟ  i=1, 2, ..., N; 

 – ɞɢɫɩɟɪɫɿɹ ɡɚɜɚɞɢ ɚɛɨ ʀʀ ɜɢɛɿɪɤɨɜɚ ɨɰɿɧɤɚ;  
h(N) – ɩɚɪɚɦɟɬɪ ɡɝɥɚɞɠɭɜɚɧɧɹ ɨɰɿɧɤɢ ɳɿɥɶɧɨɫɬɿ ɪɨɡɩɨɞɿɥɭ ɜɿɪɨɝɿɞɧɨɫɬɿ ɡɚɜɚɞ, ɹɤɢɣ 
ɜɢɛɢɪɚєɬɶɫɹ ɬɚɤɢɦ ɱɢɧɨɦ, ɳɨɛ ɩɪɢ  ɪɹɞ (1) ɫɯɨɞɢɜɫɹ ɿɡ ɡɚɛɟɡɩɟɱɟɧɧɹɦ 
ɜɿɞɩɨɜɿɞɧɢɯ ɹɤɨɫɬɟɣ ɨɰɿɧɤɢ. 

ȼ ɪɨɛɨɬɿ [2] ɩɚɪɚɦɟɬɪ h(N) ɪɟɤɨɦɟɧɞɭєɬɶɫɹ ɜɢɛɢɪɚɬɢ ɡ ɭɦɨɜɢ: 

 

ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɨɰɿɧɤɚ (1) ɛɭɞɟ ɫɯɨɠɨɸ ɧɚ ɩɨɥɿɝɚɭɫɫɨɜɭ ɚɩɪɨɤɫɢɦɚɰɿɸ: 

  , (2) 

ɞɟ ;  – ɜɚɝɨɦɢɣ ɤɨɟɮɿɰɿєɧɬ, ɳɨ, ɡɚɡɜɢɱɚɣ, ɿɧɬɟɪɩɪɟɬɭєɬɶɫɹ ɹɤ ɚɩɪɿɨɪɧɚ 
ɜɿɪɨɝɿɞɧɿɫɬɶ ɿ-ɣ ɝɚɭɫɫɨɜɨʀ ɫɤɥɚɞɨɜɨʀ; 

 ɬɚ  – ɩɚɪɚɦɟɬɪɢ ɿ-ɣ ɫɤɥɚɞɨɜɨʀ ɳɿɥɶɧɨɫɬɿ ɪɨɡɩɨɞɿɥɭ ɜɿɪɨɝɿɞɧɨɫɬɿ ɡɚɜɚɞ. 

ɉɪɟɞɫɬɚɜɥɟɧɧɹ ɳɿɥɶɧɨɫɬɿ ɪɨɡɩɨɞɿɥɭ ɜɿɪɨɝɿɞɧɨɫɬɿ ɡɚɜɚɞ ɭ ɜɢɝɥɹɞɿ ɩɨɥɿɝɚɭɫɫɨɜɨɝɨ ɪɹɞɭ (2) 
ɞɨɡɜɨɥɹє ɿɫɬɨɬɧɨ ɫɩɪɨɫɬɢɬɢ ɪɨɡɜ‘ɹɡɨɤ ɡɚɞɚɱɿ ɧɟɥɿɧɿɣɧɨʀ ɨɛɪɨɛɤɢ. Ɍɚɤɢɦ ɱɢɧɨɦ, ɧɟɥɿɧɿɣɧɢɣ 
ɮɿɥɶɬɪ ɡɜɨɞɢɬɶɫɹ ɞɨ ɫɭɤɭɩɧɨɫɬɿ ɮɿɥɶɬɪɿɜ Ʉɚɥɦɚɧɚ ɿ ɫɭɦɭɜɚɧɧɸ ʀɯ ɨɰɿɧɨɤ. Ɉɞɧɚɤ ɪɹɞ (2) ɩɪɢ 

 ɧɟ ɫɯɨɞɢɬɶɫɹ. 
ɇɚ ɜɿɞɦɿɧɭ ɜɿɞ (2) ɨɰɿɧɤɚ (1) ɦɚє ɧɚɹɜɧɟ ɫɯɨɞɠɟɧɧɹ, ɞɨ ɬɨɝɨ ɠ ʀʀ ɦɨɠɧɚ ɿɧɬɟɪɩɪɟɬɭɜɚɬɢ 

ɹɤ ɩɨɥɿɝɚɭɫɫɨɜɭ ɚɩɪɨɤɫɢɦɚɰɿɸ ɪɹɞɭ (2) ɡɚ ɭɦɨɜɢ ;  ;  ; 

. ɐɟ ɞɨɡɜɨɥɹє ɫɭɦɿɫɧɨ ɡɚɫɬɨɫɨɜɭɜɚɬɢ ɞɨɫɬɨʀɧɫɬɜɚ ɨɛɨɯ ɨɰɿɧɨɤ (1) ɬɚ (2) ɩɪɢ ɫɢɧɬɟɡɿ 
ɩɪɢɫɬɪɨʀɜ ɧɟɥɿɧɿɣɧɨʀ ɨɛɪɨɛɤɢ. 

ɋɩɢɫɨɤ ɩɨɫɢɥɚɧɶ 

1. ɇɨɜɨɫɟɥɨɜ Ɉ. ɇ. Ɉɫɧɨɜɵ ɬɟɨɪɢɢ ɢ ɪɚɫɱɟɬɚ ɢɧɮɨɪɦɚɰɢɨɧɧɨ – ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ. [Ɍɟɤɫɬ] / 
Ɉ. ɇ. ɇɨɜɨɫɟɥɨɜ, Ⱥ. Ɏ.Ɏɨɦɢɧ. – Ɇ.: Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ, 1991. – 311 ɫ. 
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2. ɒɚɥɵɝɢɧ Ⱥ.ɋ. ɉɪɢɤɥɚɞɧɵɟ ɦɟɬɨɞɵ ɫɬɚɬɢɫɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. [Ɍɟɤɫɬ] / Ⱥ.ɋ. ɒɚɥɵɝɢɧ, 
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Ɉɛɨɪɫɤɢɣ Ƚ.Ⱥ., ɞɨɤɬ. ɬɟɯɧ. ɧɚɭɤ, ɩɪɨɮɟɫɨɪ 

ɉɪɨɤɨɩɨɜɢɱ ɂ.ȼ., ɞɨɤɬ. ɬɟɯɧ. ɧɚɭɤ, ɞɨɰɟɧɬ 

Ɇɨɪɝɭɧ Ȼ.Ⱥ., ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ, ɞɨɰɟɧɬ 

Ɇɨɪɝɭɧ ɘ.Ȼ., ɫɬ. ɩɪɟɩɨɞɚɜɚɬɟɥɶ 

Ɉɞɟɫɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, i.v.prokopovich@opu.ua 

ɈɐȿɇɄȺ ɄɈɇɌɊɈɅɂɊɍȿɆɕɏ ɉȺɊȺɆȿɌɊɈȼ ȾɂɇȺɆɂɄɂ 
ȼȿɌɊɈȾȼɂȽȺɌȿɅə ɆȿɌɈȾɈɆ ɆɈȾȿɅɂɊɈȼȺɇɂə 

Ⱥɜɬɨɪɚɦɢ ɪɚɡɪɚɛɨɬɚɧ ɧɨɜɵɣ ɬɢɩ ɜɟɬɪɨɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ (ȼɗɍ) ɫ ɚɞɚɩɬɢɜɧɵɦ 
ɭɩɪɚɜɥɟɧɢɟɦ ɮɨɪɦɨɣ ɥɨɩɚɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ ɜɟɬɪɚ ɢ ɧɚɝɪɭɡɤɢ ɧɚ ɜɚɥɭ ɪɨɬɨɪɚ [1]. 

Ⱦɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɥɢɹɧɢɹ ɜɧɟɲɧɢɯ ɮɚɤɬɨɪɨɜ ɧɚ ɚɜɬɨɦɚɬɢɱɟɫɤɭɸ ɫɢɫɬɟɦɭ 
ɪɟɝɭɥɢɪɨɜɚɧɢɹ (ȺɋɊ) ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ȼɗɍ ɫɨɫɬɚɜɥɹɟɦ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɦɨɞɟɥɶ, 
ɨɩɢɫɵɜɚɸɳɭɸ ɟɟ ɩɨɜɟɞɟɧɢɟ ɜ ɧɟɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɫɨɫɬɨɹɧɢɢ.  

ȼ ɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɫɨɫɬɨɹɧɢɢ ȼɗɍ ɦɨɦɟɧɬ ɞɜɢɠɭɳɢɯ ɫɢɥ ɭɪɚɜɧɨɜɟɲɢɜɚɟɬɫɹ ɦɨɦɟɧɬɨɦ 
ɫɢɥ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. Ⱦɜɢɠɭɳɟɣ ɫɢɥɨɣ ȼɗɍ ɹɜɥɹɟɬɫɹ ɷɧɟɪɝɢɹ ɜɟɬɪɨɜɨɝɨ ɞɜɢɝɚɬɟɥɹ, ɦɨɦɟɧɬ 
ɤɨɬɨɪɨɝɨ ɨɛɨɡɧɚɱɢɦ Ɇɜɞ, ɫɢɥɨɣ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ȼɗɍ ɹɜɥɹɟɬɫɹ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɝɟɧɟɪɚɬɨɪ, 
ɦɨɦɟɧɬ ɤɨɬɨɪɨɝɨ  Ɇɝ. ȼ ɧɟɭɫɬɚɧɨɜɢɜɲɟɦɫɹ ɫɨɫɬɨɹɧɢɢ, ɤɨɝɞɚ ɆɜɞɆɝ, ɩɨɹɜɥɹɟɬɫɹ 
ɞɢɧɚɦɢɱɟɫɤɢɣ ɦɨɦɟɧɬ Ɇɞ, ɫ ɭɱɟɬɨɦ ɤɨɬɨɪɨɝɨ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ: 

 ɜɞ ɝ ɞM Ɇ Ɇ   (1) 

ɝɞɟ ɞ
ω

;
J

M
dt


   

J – ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɪɨɬɨɪɚ ȼɗɍ, ɤɝɦ2
;  

ω – ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ, ɫ–1
. 

ɍɪɚɜɧɟɧɢɟ ɞɢɧɚɦɢɤɢ ɪɨɬɨɪɚ 

 ɜɞ ɝ
(Δω)Jd

M Ɇ .
dt

    (2) 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɬɤɥɨɧɟɧɢɣ ɦɨɦɟɧɬɨɜ ɫɢɥ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɫɥɟɞɭɸɳɢɦɢ 
ɡɚɜɢɫɢɦɨɫɬɹɦɢ:  

 ɜɞ ɜɞ ɜɞωM P    ɢ   ɝ ɝ ɝω ,M N  (3) 

ɝɞɟ ɜɞ ɜɞ( )M f P ; ɜɞ 1( ,ρ, , )Ɋ f Cp v s  – ɦɨɳɧɨɫɬɶ ɜɟɬɪɨɞɜɢɝɚɬɟɥɹ, ȼɚɬ:  
2 ( )Cp f Z  – ɤɨɷɮɮɢɰɢɟɧɬ ɦɨɳɧɨɫɬɢ;  

3( , , )Z f R v   – ɤɨɷɮɮɢɰɢɟɧɬ ɛɵɫɬɪɨɯɨɞɧɨɫɬɢ;  

4( , )S f R   – ɨɦɟɬɚɟɦɚɹ ɩɥɨɳɚɞɶ, ɦ2
;  

ɝ 5 ɝ ɝ( ,ω )M f N ; 

ɝN  – ɦɨɳɧɨɫɬɶ ɝɟɧɟɪɚɬɨɪɚ, ȼɚɬ;  
ĳ – ɭɝɨɥ ɨɬɤɥɨɧɟɧɢɹ ɝɨɧɞɨɥɵ ɫ ɪɨɬɨɪɨɦ, ɝɪɚɞ. 

Ⱦɥɹ ɭɩɪɚɜɥɟɧɢɹ ɨɛɨɪɨɬɚɦɢ ɪɨɬɨɪɚ ɢɫɩɨɥɶɡɭɟɦ ɦɟɬɨɞ ɜɵɜɨɞɚ ɪɨɬɨɪɚ ɢɡ-ɩɨɞ ɜɟɬɪɚ [2], 

ɤɨɬɨɪɵɣ ɭɦɟɧɶɲɚɟɬ ɩɪɨɟɤɰɢɸ ɨɦɟɬɚɟɦɨɣ ɩɥɨɳɚɞɢ ɪɨɬɨɪɚ ɧɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɭɸ ɜɟɬɪɭ 


