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ȺɇȺɅɂɁ ɂ ɋɂɇɌȿɁ ɊȺɋɑȿɌɇɕɏ ɋɏȿɆ ɉɈȾɔȿɆɇɕɏ 

ɆȿɏȺɇɂɁɆɈȼ ɉȺɋɋȺɀɂɊɋɄɂɏ ɅɂɎɌɈȼ 

Аɧɧɨɬаɰɢɹ. Cɬɚɬɶɹ ɩɨɫɜɹɳɟɧɚ ɫɢɧɬɟɡɭ ɢ ɚɧɚɥɢɡɭ ɧɟɥɢɧɟɣɧɵɯ ɷɤɜɢɜɚɥɟɧɬɧɵɯ ɫɯɟɦ, ɤɨɬɨɪɵɟ ɩɪɢɦɟɧɹ-
ɸɬɫɹ ɞɥɹ ɨɩɢɫɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɠɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ ɥɢɮɬɨɜɵɯ ɩɨɞɴɟɦɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɫ ɭɱɟɬɨɦ ɭɩɪɭ-
ɝɢɯ ɫɜɹɡɟɣ. Ɉɩɪɟɞɟɥɟɧɚ ɨɛɨɛɳɟɧɧɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɜɵɩɨɥɧɹɬɶ ɚɧɚɥɢɡ ɧɟɥɢɧɟɣɧɵɯ ɤɨ-
ɥɟɛɚɬɟɥɶɧɵɯ ɥɢɮɬɨɜɵɯ ɫɢɫɬɟɦ, ɤɚɤ ɨɛɴɟɤɬɨɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ, ɩɪɢ ɩɪɨɢɡɜɨɥɶɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɩɨɞɴɟɦɧɵɯ ɦɟɯɚ-
ɧɢɡɦɨɜ ɢ ɩɪɨɢɡɜɨɥɶɧɵɯ ɡɚɤɨɧɚɯ ɭɩɪɚɜɥɟɧɢɹ. 

Кɥɸɱɟɜɵɟ ɫɥɨɜа: ɩɚɫɫɚɠɢɪɫɤɢɣ ɥɢɮɬ, ɷɥɟɤɬɪɨɩɪɢɜɨɞ, ɩɨɞɴɟɦɧɵɣ ɦɟɯɚɧɢɡɦ, ɪɚɫɱɟɬɧɵɟ ɫɯɟɦɵ, ɭɩɪɭɝɢɟ 
ɫɜɹɡɢ, ɤɨɥɟɛɚɬɟɥɶɧɵɟ ɫɢɫɬɟɦɵ, ɦɟɯɚɧɢɱɟɫɤɢɟ ɩɟɪɟɞɚɱɢ. 
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ȺɇȺɅɂɁ ȱ ɋɂɇɌȿɁ ɊɈɁɊȺɏɍɇɄɈȼɂɏ ɋɏȿɆ ɉȱȾɃɈɆɇɂɏ 

ɆȿɏȺɇɂɁɆȱȼ ɉȺɋȺɀɂɊɋɖɄɂɏ ɅȱɎɌȱȼ 

Аɧɨɬаɰіɹ. ɋɬɚɬɬɹ ɩɪɢɫɜɹɱɟɧɚ ɫɢɧɬɟɡɭ ɬɚ ɚɧɚɥɿɡɭ ɧɟɥɿɧɿɣɧɢɯ ɟɤɜɿɜɚɥɟɧɬɧɢɯ ɫɯɟɦ, ɹɤɿ ɡɚɫɬɨɫɨɜɭɸɬɶɫɹ 
ɞɥɹ ɨɩɢɫɭ ɩɚɪɚɦɟɬɪɿɜ ɪɭɯɭ ɟɥɟɤɬɪɨɩɪɢɜɨɞɿɜ ɥɿɮɬɨɜɢɯ ɩɿɞɣɨɦɧɢɯ ɦɟɯɚɧɿɡɦɿɜ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɩɪɭɠɧɢɯ ɡɜ'ɹɡɤɿɜ.  
ȼɢɡɧɚɱɟɧɨ ɭɡɚɝɚɥɶɧɟɧɭ ɫɬɪɭɤɬɭɪɧɭ ɫɯɟɦɭ, ɹɤɚ ɞɨɡɜɨɥɹє ɜɢɤɨɧɭɜɚɬɢ ɚɧɚɥɿɡ ɧɟɥɿɧɿɣɧɢɯ ɤɨɥɢɜɚɥɶɧɢɯ ɥɿɮɬɨɜɢɯ ɫɢ-
ɫɬɟɦ, ɹɤ ɨɛ'єɤɬɿɜ ɪɟɝɭɥɸɜɚɧɧɹ, ɩɪɢ ɞɨɜɿɥɶɧɢɯ ɩɚɪɚɦɟɬɪɚɯ ɩɿɞɣɨɦɧɢɯ ɦɟɯɚɧɿɡɦɿɜ ɿ ɞɨɜɿɥɶɧɢɯ ɡɚɤɨɧɿɜ ɤɟɪɭɜɚɧɧɹ. 

Кɥɸɱɨɜі ɫɥɨɜа: ɩɚɫɚɠɢɪɫɶɤɢɣ ɥɿɮɬ, ɟɥɟɤɬɪɨɩɪɢɜɨɞ, ɩɿɞɣɨɦɧɢɣ ɦɟɯɚɧɿɡɦ, ɪɨɡɪɚɯɭɧɤɨɜɿ ɫɯɟɦɢ, ɩɪɭɠɧɿ ɡɜ'ɹ-
ɡɤɭ, ɤɨɥɢɜɚɥɶɧɿ ɫɢɫɬɟɦɢ, ɦɟɯɚɧɿɱɧɿ ɩɟɪɟɞɚɱɿ  
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ȼɟɞɟɧɢɟ. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɫɜɨɣɫɬɜ ɢ ɜɨɡɦɨɠɧɨɫɬɟɣ ɷɥɟɤɬɪɨɩɪɢɜɨɞɨɜ 
(ɗɉ) ɩɚɫɫɚɠɢɪɫɤɢɯ ɥɢɮɬɨɜ, ɪɟɚɥɶɧɚɹ ɤɢɧɟ-
ɦɚɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɩɨɞɴɟɦɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɡɚ-
ɦɟɧɹɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɪɚɫɱɟɬɧɨɣ. ȼ ɡɚ-
ɜɢɫɢɦɨɫɬɢ ɨɬ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɫɯɟɦɵ ɤɨɧ-
ɤɪɟɬɧɨɝɨ ɩɚɫɫɚɠɢɪɫɤɨɝɨ ɥɢɮɬɚ ɢ ɬɢɩɚ ɪɟɲɚ-
ɟɦɵɯ ɡɚɞɚɱ ɦɨɝɭɬ ɩɪɢɦɟɧɹɬɶɫɹ: ɪɚɫɱɟɬɧɚɹ 
ɫɯɟɦɚ, ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɦɟɯɚ-
ɧɢɡɦɚ ɩɨɞɴɟɦɚ ɥɢɮɬɚ ɜ ɜɢɞɟ ɠɟɫɬɤɨɣ ɫɢɫɬɟ-
ɦɵ ɫ ɩɪɢɜɟɞɟɧɧɵɦɢ ɦɨɦɟɧɬɚɦɢ ɢɧɟɪɰɢɢ ɢ 
ɦɨɦɟɧɬɚɦɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ; ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ, 
ɨɫɧɨɜɚɧɧɚɹ ɧɚ ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɦɟɯɚɧɢɡɦɚ 

ɩɨɞɴɟɦɚ ɜ ɜɢɞɟ ɭɩɪɭɝɨɣ ɞɜɭɯ-, ɬɪɟɯ- ɢɥɢ n-

ɦɚɫɫɨɜɨɣ ɫɢɫɬɟɦɨɣ; ɪɚɫɱɟɬɧɚɹ ɫɯɟɦɚ, ɨɫɧɨ-
ɜɚɧɧɚɹ ɧɚ ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɱɚ-
ɫɬɢ ɜ ɜɢɞɟ ɫɢɫɬɟɦɵ ɫ ɪɚɫɩɪɟɞɟɥɟɧɧɵɦɢ ɩɚ-
ɪɚɦɟɬɪɚɦɢ ɢ ɞɪ. [1, 2].  

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɚɧɚɥɢɡ ɦɧɨɝɨɦɚɫɫɨ-
ɜɵɯ ɪɚɫɱɟɬɧɵɯ ɫɯɟɦ ɥɢɮɬɨɜɵɯ ɩɨɞɴɟɦɧɵɯ 
ɦɟɯɚɧɢɡɦɨɜ ɢ ɫɢɧɬɟɡ ɨɛɨɛɳɟɧɧɨɣ ɫɬɪɭɤɬɭɪ-
ɧɨɣ ɫɯɟɦɵ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɢɬ ɜɵɩɨɥɧɹɬɶ ɚɧɚ-
ɥɢɡ ɧɟɥɢɧɟɣɧɵɯ ɤɨɥɟɛɚɬɟɥɶɧɵɯ ɥɢɮɬɨɜɵɯ 
ɫɢɫɬɟɦ, ɤɚɤ ɨɛɴɟɤɬɨɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ,
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Ɋɢɫ. 1 - Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ  
ɭɩɪɭɝɨɣ ɞɜɭɯɦɚɫɫɨɜɨɣ ɫɢɫɬɟɦɵ 

 

ɩɪɢ ɩɪɨɢɡɜɨɥɶɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɩɨɞɴɟɦɧɵɯ 
ɦɟɯɚɧɢɡɦɨɜ ɢ ɩɪɨɢɡɜɨɥɶɧɵɯ ɡɚɤɨɧɚɯ ɢɯ 
ɭɩɪɚɜɥɟɧɢɹ. 

Ɇɚɬɟɪɢɚɥɵ ɢɫɫɥɟɞɨɜɚɧɢɹ. ɉɪɢ ɩɪɢɦɟ-
ɧɟɧɢɢ ɫɯɟɦɵ ɜ ɜɢɞɟ ɠɟɫɬɤɨɣ ɫɢɫɬɟɦɵ,  ɞɜɢ-
ɠɟɧɢɟ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ ɨɩɢɫɵɜɚɟɬɫɹ ɭɪɚɜɧɟ-
ɧɢɟɦ  

 

1 2 3 1 3 c1 c3

dV
(m m m ) F- (m - m )g - F - F

dt
                (1) 

ɝɞɟ ɞɜ

ɤɲ

F
R


 – ɫɢɥɚ ɪɚɡɜɢɜɚɟɦɚɹ ɞɜɢɝɚɬɟɥɟɦ  

 

ɥɟɛɟɞɤɢ ɧɚ ɨɛɨɞɟ ɤɚɧɚɬɨɜɟɞɭɳɟɝɨ ɲɤɢɜɚ 
(Ʉȼɒ), ɇ; Ɇɞɜ – ɦɨɦɟɧɬ, ɪɚɡɜɢɜɚɟɦɵɣ ɞɜɢɝɚɬɟ-
ɥɟɦ, ɇɦ; Rɤɲ – ɪɚɞɢɭɫ Ʉȼɒ, ɦ; Fc1, Fc3  – ɫɢɥɵ 
ɬɪɟɧɢɹ ɜ ɧɚɩɪɚɜɥɹɸɳɢɯ ɤɚɛɢɧɵ ɢ ɩɪɨɬɢɜɨɜɟɫɚ, 
ɇ; Р – ɭɫɤɨɪɟɧɢɟ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ, ɦ/ɫ2

; m1, 

m2, m3 – ɩɪɢɜɟɞɟɧɧɵɟ ɤ ɜɚɥɭ ɞɜɢɝɚɬɟɥɹ ɦɚɫɫɵ 
ɤɚɛɢɧɵ ɫ ɝɪɭɡɨɦ, ɞɜɢɝɚɬɟɥɹ ɫ ɪɟɞɭɤɬɨɪɨɦ ɢ 
Ʉȼɒ, ɩɪɨɬɢɜɨɜɟɫɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɤɝ. 

ɉɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɦɚɫɫ m1, m2, ɢ m3 ɢ 
ɨɛɹɡɚɬɟɥɶɧɵɦ ɹɜɥɹɟɬɫɹ ɭɱɟɬ ɪɚɫɩɪɟɞɟɥɟɧɧɨɣ 
ɦɚɫɫɵ ɤɚɧɚɬɨɜ Д3Ж. Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ, ɜ ɠɟɫɬ-
ɤɨɣ ɫɢɫɬɟɦɟ, ɨɩɬɢɦɚɥɶɧɵɯ ɡɚɤɨɧɨɜ ɢɡɦɟɧɟ-
ɧɢɹ ɫɤɨɪɨɫɬɢ ɢ ɭɫɤɨɪɟɧɢɹ, ɪɚɡɜɢɜɚɟɦɚɹ ɫɢɥɚ 
ɞɨɥɠɧɚ ɢɡɦɟɧɹɬɶɫɹ ɩɨ ɡɚɤɨɧɭ  

1 1 2 3 ɧ 2 1 2 3 1 3F k (m m m )r t k (m m m ) (m - m )g        (2) 

ɝɞɟ Ыɧ, ɚɧ, vɧ – ɧɨɦɢɧɚɥɶɧɵɟ ɥɢɧɟɣɧɵɟ ɡɧɚɱɟ-
ɧɢɹ ɪɵɜɤɚ, ɭɫɤɨɪɟɧɢɹ ɢ ɫɤɨɪɨɫɬɢ ɤɚɛɢɧɵ, 
ɦ/ɫ3, ɦ/ɫ2, ɦ/ɫ; Ф1…Ф4  – ɩɟɪɟɤɥɸɱɚɸɳɢɟ 
ɮɭɧɤɰɢɢ (ɢɡ ɜ ɬɚɛɥ. 1 ɜ ɮɭɧɤɰɢɢ ɭɱɚɫɬɤɨɜ 
ɞɢɚɝɪɚɦɦɵ ɞɜɢɠɟɧɢɹ [4]). 

Ɋɚɫɱɟɬɧɚɹ ɫɯɟɦɚ ɭɩɪɭɝɨɣ ɞɜɭɯɦɚɫɫɨɜɨɣ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ 
ɪɢɫ.1. Ⱦɜɢɠɟɧɢɟ ɗɉ, ɩɪɢ ɷɬɨɦ, ɨɩɢɫɵɜɚɟɬɫɹ 
ɭɪɚɜɧɟɧɢɹɦɢ 

 

   

1 12 1 c1

ɤɲ
2 3 12 3 c3

ɤɲ12

12 ɤɲ 12 12

m F - m g - F

dV
m m F - F m g F (3)

dt

d V VdF
c V V c T

dt dt




    



   


            

 

ɝɞɟ ɤɲ ɤɲ ɤɲV R   – ɫɤɨɪɨɫɬɶ ɧɚ ɨɛɨɞɟ Ʉȼɒ, 
ɦ/ɫ; ɤɲ  – ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɤɚɧɚɬɨɜɟɞɭɳɟɝɨ 
ɲɤɢɜɚ, ɪɚɞ/ɫ; 12F  – ɫɢɥɚ ɜ ɭɩɪɭɝɨɦ ɷɥɟɦɟɧɬɟ 
ɜɟɬɜɢ ɤɚɧɚɬɚ, ɇ; k k

12

12

E S
c

l


  – ɤɨɷɮɮɢɰɢɟɧɬ 

ɠɟɫɬɤɨɫɬɢ ɜɟɬɜɢ ɤɚɧɚɬɚ, ɇ/ɦ; 
12l  – ɞɥɢɧɚ 

ɜɟɬɜɢ ɤɚɧɚɬɚ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɩɨɥɨɠɟɧɢɹ ɤɚɛɢ-
ɧɵ ɥɢɮɬɚ, ɦ; 

kE  – ɦɨɞɭɥɶ ɭɩɪɭɝɨɫɬɢ ɤɚɧɚɬɚ, 
ɉɚ; 

kS  – ɫɟɱɟɧɢɹ ɤɚɧɚɬɚ, ɦ; 
12T – ɩɨɫɬɨɹɧɧɚɹ 

ɜɪɟɦɟɧɢ, ɭɱɢɬɵɜɚɸɳɚɹ ɞɟɣɫɬɜɢɟ ɞɢɫɫɢɩɚ-
ɬɢɜɧɵɯ ɫɢɥ, ɫ.  
 

Ɍɚɛɥɢɰɚ 1 - Ɂɧɚɱɟɧɢɹ ɩɟɪɟɤɥɸɱɚɸɳɢɯ 
ɮɭɧɤɰɢɣ 

 

 

 

 

 

ɉɪɢ ɚɧɚɥɢɡɟ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɫ 
ɭɩɪɭɝɨɣ ɫɜɹɡɶɸ ɧɟɨɛɯɨɞɢɦɵɦ ɹɜɥɹɟɬɫɹ ɭɱɟɬ 
ɞɢɫɫɢɩɚɬɢɜɧɵɯ ɫɢɥ, ɬ.ɟ ɫɢɥ, ɩɪɢ ɞɟɣɫɬɜɢɢ 
ɤɨɬɨɪɵɯ ɧɚ ɫɢɫɬɟɦɭ ɟɺ ɩɨɥɧɚɹ ɦɟɯɚɧɢɱɟɫɤɚɹ 
ɷɧɟɪɝɢɹ ɭɛɵɜɚɟɬ, ɞɢɫɫɢɩɢɪɭɟɬ, ɩɟɪɟɯɨɞɹ ɜ 
ɞɪɭɝɢɟ, ɧɟɦɟɯɚɧɢɱɟɫɤɢɟ ɮɨɪɦɵ ɷɧɟɪɝɢɢ, 
ɧɚɩɪɢɦɟɪ, ɜ ɬɟɩɥɨɬɭ. ɉɪɢɧɰɢɩɢɚɥɶɧɨ ɭɱɟɬ 
ɞɟɣɫɬɜɢɹ ɞɢɫɫɢɩɚɬɢɜɧɵɯ ɫɢɥ ɜ ɦɟɯɚɧɢɱɟɫɤɨɣ 
ɫɢɫɬɟɦɟ ɪɢɫ. 1. ɦɨɠɟɬ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɪɚɡ-
ɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ Д2,5Ж. Ɉɞɧɚɤɨ ɫɥɟɞɭɟɬ 
ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɢ ɨɞɢɧ ɢɡ ɩɪɟɞɥɚɝɚɟɦɵɯ ɫɩɨ-
ɫɨɛɨɜ ɭɱɟɬɚ ɞɟɣɫɬɜɢɹ ɞɢɫɫɢɩɚɰɢɢ ɧɟ ɭɱɢɬɵ-
ɜɚɟɬ ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɫɥɨɠɧɵɟ ɩɪɨɰɟɫɫɵ 
ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɤɨɥɟɛɚɧɢɣ ɤɚɧɚɬɚ. ɉɪɢ ɷɬɨɦ,  

№ 

ɍɱ-

ɤɚ 

Ⱦɥɢɬ. 

ɭɱɚɫɬɤɚ  
ɞɢɚɝɪ. 

ɞɜɢɠɟɧɢɹ 

ȼɟɥɢɱɢɧɵ ɮɭɧɤ-
ɰɢɣ 

k1 k2 k3 k4 

1 tA 1 0 0 0 

2 tB 0 1 1 0 

3 tA -1 1 -1 0 

4 tV 0 0 0 1 

5 tA -1 0 0 1 

6 tB 0 -1 -1 1 

7 tA 1 -1 1 0 
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ɧɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ,  ɩɪɢ ɢɫɫɥɟɞɨ-
ɜɚɧɢɢ ɥɢɮɬɨɜɵɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɢɫɬɟɦ ɫ 
ɭɩɪɭɝɢɦɢ ɫɜɹɡɹɦɢ, ɩɨɥɭɱɢɥ ɫɩɨɫɨɛ ɭɱɟɬɚ, 
ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɞɟɦɩɮɢɪɨɜɚɧɢɹ ɤɨɥɟɛɚɧɢɣ, ɢɥɢ ɷɤɜɢɜɚɥɟɧɬ-
ɧɨɣ ɷɬɨɦɭ ɤɨɷɮɮɢɰɢɟɧɬɭ, ɩɨɫɬɨɹɧɧɨɣ ɜɪɟ-
ɦɟɧɢ (

12T ) [6]. 

Ɋɚɫɱɟɬɧɚɹ ɬɪɟɯɦɚɫɫɨɜɚɹ ɫɯɟɦɚ ɭɩɪɭɝɨɣ 
ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 
2. Ⱦɜɢɠɟɧɢɟ ɗɉ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ, ɨɩɢɫɵɜɚɟɬɫɹ: 

 

   

   

1 12 1 c1

ɤɲ
2 12 23

ɤɲ
3 3 23 c3

ɤɲ12

12 ɤɲ 12 12

ɩɪ ɤɲ23

23 ɩɪ ɤɲ 23 23

dV
m F m g F

dt

dV
m F F F

dt

dV
m m g F F (4)

dt

d V VdF
C V V C T

dt dt

d V VdF
C V V C T

dt dt


  



   



   



   


  


 

ɝɞɟ ɩɪV  – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɩɪɨɬɢɜɨɜɟ-
ɫɚ, ɦ/ɫ; 

23F – ɫɢɥɚ, ɪɚɡɜɢɜɚɟɦɚɹ ɜ ɭɩɪɭɝɨɦ 
ɷɥɟɦɟɧɬɟ ɜɟɬɜɢ ɤɚɧɚɬɚ, ɫɨɟɞɢɧɹɸɳɟɝɨ     ɤɚ-
ɧɚɬɨɜɟɞɭɳɢɣ ɲɤɢɜ ɢ ɩɪɨɬɢɜɨɜɟɫ, ɇ; 

k k
23

23

E S
c

l


  – ɠɟɫɬɤɨɫɬɶ ɷɬɨɣ ɜɟɬɜɢ ɤɚɧɚɬɚ, 

ɇ/ɦ; 23l  – ɞɥɢɧɚ ɜɟɬɜɢ ɤɚɧɚɬɚ, ɦ; 
23T  – ɩɨɫɬɨ-

ɹɧɧɚɹ ɜɪɟɦɟɧɢ, ɭɱɢɬɵɜɚɸɳɚɹ ɞɟɣɫɬɜɢɟ ɞɢɫ-
ɫɢɩɚɬɢɜɧɵɯ ɫɢɥ ɜ ɷɬɨɣ ɜɟɬɜɢ ɤɚɧɚɬɚ, ɫ. 

ɉɪɢɜɟɞɟɧɧɵɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ 
(ɪɢɫ 1,2) ɹɜɥɹɸɬɫɹ ɫɢɫɬɟɦɚɦɢ ɫ ɫɨɫɪɟɞɨɬɨ-
ɱɟɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. Ɍɨɱɧɵɣ ɚɧɚɥɢɡ ɫɢ-

ɫɬɟɦ ɫ ɪɚɫɩɪɟɞɟɥɟɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɫɥɨ-
ɠɟɧ, ɩɨɫɤɨɥɶɤɭ ɨɧɢ ɨɩɢɫɵɜɚɸɬɫɹ ɭɪɚɜɧɟɧɢ-
ɹɦɢ ɜ ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ, ɩɨɷɬɨɦɭ ɜ 
ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɫɢɫɬɟɦɭ ɫ ɪɚɫɩɪɟɞɟ-
ɥɟɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɫɜɨɞɹɬ ɤ ɷɤɜɢɜɚɥɟɧɬ-
ɧɨɣ ɫɢɫɬɟɦɟ ɫ ɫɨɫɪɟɞɨɬɨɱɟɧɧɵɦɢ ɩɚɪɚɦɟɬ-
ɪɚɦɢ. ɉɪɢ ɷɬɨɦ ɪɚɫɩɪɟɞɟɥɟɧɧɚɹ ɦɚɫɫɚ ɤɚɧɚ-
ɬɨɜ ɭɱɢɬɵɜɚɟɬɫɹ ɩɪɢ ɨɩɪɟɞɟɥɟɧɢɢ ɦɚɫɫ 

1 2 3m ,m ,m  Д4Ж. Ɍɚɤɨɣ ɩɨɞɯɨɞ ɞɚɟɬ ɯɨɪɨɲɢɟ ɪɟ-
ɡɭɥɶɬɚɬɵ ɞɚɠɟ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɲɚɯɬɧɵɯ 
ɩɨɞɴɟɦɧɵɯ ɦɚɲɢɧ, ɜ ɤɨɬɨɪɵɯ ɞɥɢɧɚ ɤɚɧɚɬɚ 
ɜɟɥɢɤɚ Д7Ж. Ɍɟɦ ɛɨɥɟɟ ɩɪɚɜɨɦɟɪɧɵɦ ɩɪɟɞ-
ɫɬɚɜɥɹɟɬɫɹ ɬɚɤɨɟ ɞɨɩɭɳɟɧɢɟ ɩɪɢ ɚɧɚɥɢɡɟ ɞɢ-
ɧɚɦɢɤɢ ɥɢɮɬɨɜ, ɭ ɤɨɬɨɪɵɯ ɞɥɢɧɵ ɜɟɬɜɟɣ ɤɚ-
ɧɚɬɚ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ Д8Ж. 

ɉɭɬɟɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɢɡ (1) ɦɨɝɭɬ ɛɵɬɶ 
ɩɨɥɭɱɟɧɵ ɭɪɚɜɧɟɧɢɹ (2) 

 

 

 

 

 

01

03

2 2

2 12 ɤɲ ɤɲ
1 12 12 1 c12 2

12 12 1 c1

2 2

2 23 ɤɲ ɤɲ
3 23 3 23 c32 2

23 3 23 c3

d F dV d V
T m T F m g F

dtdt dt

d
T F m g F

dt
(5)

d F dV d V
T m T m g F F

dtdt dt

d
T m g F F

dt

 
       

  

  



            


   

ɝɞɟ      
01

1

12

m
T

C
        (6) 

03

3

23

m
T

C
        (7) 

 

ȿɫɥɢ ɩɟɪɟɞɚɬɨɱɧɵɟ ɮɭɧɤɰɢɢ ɡɜɟɧɶɟɜ ɡɚ-
ɩɢɫɚɬɶ ɜ ɜɢɞɟ Д9Ж 

01

1 12

1 2 2

2 12

m T p 1
H (p)

m T p T p 1

 
     

             (8) 

3 23

3 2 2

2 03 23

m T p 1
H (p)

m T p T p 1

 
    

            (9) 

 

ɬɨ ɭɪɚɜɧɟɧɢɹ (5) ɜ ɨɩɟɪɚɬɨɪɧɨɣ ɮɨɪɦɟ ɦɨɝɭɬ 
ɛɵɬɶ ɡɚɩɢɫɚɧɵ  
 

 2

12 2 1 ɤɲ 1 1 М1
1

m
F m H (p)pV H (p) gm F

m
        (10) 

 2

23 2 3 ɤɲ 3 3 М3
3

m
F m H (p)pV H (p) gm F

m
       (11) 

 

ɂɡ ɱɟɬɜɟɪɬɨɝɨ ɭɪɚɜɧɟɧɢɹ (5) ɫ ɭɱɟɬɨɦ (9)  
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Ɋɢɫ. 3 – Ɋɚɫɱɟɬɧɚɹ ɫɬɪɭɤɬɭɪɧɚɹ 
ɫɯɟɦɚ ɭɩɪɭɝɨɣ ɬɪɟɯɦɚɫɫɨɜɨɣ ɫɢ-
ɫɬɟɦɵ ɥɢɮɬɚ 

   21 2 2 1

12 ɤɲ ɤɲ 1 М1
112 12

H (p)m m H (p)
C V V p V p m g F

mT p 1 T p 1
   

 
  (12) 

Ɉɛɨɡɧɚɱɢɜ 

 

01

2

1

2 2 2

12 12

m p
H (p)

C T p T p 1

 
     

      (13) 

 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɢɞ ɭɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ ɗɉ ɜ 
ɨɩɟɪɚɬɨɪɧɨɣ ɮɨɪɦɟ 

 

   2

ɤɲ 2 ɤɲ 1 М3
1

H (p)
p V V H (p)pV m g F

m
                     (14)  

 

 

 

 

 

 ɉɪɢ ɭɱɟɬɟ ɢɧɟɪɰɢɨɧɧɨɫɬɢ ɜɟɬɜɟɣ ɤɚ-
ɧɚɬɚ, ɜɵɫɬɭɩɚɸɳɢɯ ɜ ɪɨɥɢ ɩɟɪɟɞɚɸɳɢɯ ɡɜɟ-
ɧɶɟɜ ɩɟɪɟɞɚɬɨɱɧɵɟ ɮɭɧɤɰɢɢ 

1H (p)  ɢ 
2H (p)  

ɩɪɢɧɢɦɚɸɬ ɜɢɞ  

01

2 2

1 k12 12

1 2 2

2 12

m T p T p 1
H (p)

m T p T p 1

  
     

              (15) 

2 2

3 k23 23

3 2 2

2 03 23

m T p T p 1
H (p)

m T p T p 1

  
    

              (16) 

ɝɞɟ k12

k12

12

m
T

C



, k23

k23

23

m
T

C



 – ɩɨɫɬɨɹɧɧɵɟ ɜɪɟ-

ɦɟɧɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɢɧɟɪɰɢɨɧɧɵɟ ɫɜɨɣ-
ɫɬɜɚ ɩɟɪɟɞɚɸɳɢɯ ɡɜɟɧɶɟɜ, ɫ 

k12m , 
k23m  – ɦɚɫɫɵ 

ɜɟɬɜɟɣ ɤɚɧɚɬɚ, ɤɝ. 
ɉɪɢ ɷɬɨɦ ɞɜɚ ɩɨɫɥɟɞɧɢɯ ɭɪɚɜɧɟɧɢɹ ɢɡ (4) 

ɩɪɢɧɢɦɚɸɬ ɜɢɞ 

 

   

 

ɤɲ12

12 ɤɲ 12 12

2

ɤɲ
12 k12 2

d V VdF
C V V C T

dt dt

d V V
C T

dt


   




   (17) 

   

 

ɩɪ ɤɲ23

23 ɩɪ ɤɲ 23 23

2

ɩɪ ɤɲ
23 k23 2

d V VdF
C V V C T

dt dt

d V V
C T

dt


   

 


 (18) 

 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɜɵɪɚɠɟɧɢɣ (10), (11) ɢ 
(12) ɦɨɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧ ɫɢɧɬɟɡ ɫɬɪɭɤɬɭɪ-
ɧɨɣ ɫɯɟɦɵ, ɤɨɬɨɪɚɹ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 3. ɗɬɚ 
ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɫɯɟɦɚ ɩɨɡɜɨɥɹɟɬ ɜɵɩɨɥɧɹɬɶ 
ɜɚɪɢɚɬɢɜɧɵɣ ɞɢɧɚɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɧɟɥɢɧɟɣ-
ɧɨɣ ɤɨɥɟɛɚɬɟɥɶɧɨɣ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢ-
ɫɬɟɦɵ ɥɢɮɬɨɜɨɝɨ ɩɨɞɴɟɦɧɨɝɨ ɦɟɯɚɧɢɡɦɚ, ɤɚɤ 
ɨɛɴɟɤɬɚ ɪɟɝɭɥɢɪɨɜɚɧɢɹ. ȿɟ ɩɪɢɦɟɧɟɧɢɟ, ɩɨɡ-
ɜɨɥɹɟɬ: 

- ɨɩɪɟɞɟɥɹɬɶ ɜɥɢɹɧɢɟ ɭɩɪɭɝɢɯ ɫɜɹɡɟɣ ɫɢ-
ɫɬɟɦɵ ɧɚ ɯɚɪɚɤɬɟɪ ɞɜɢɠɟɧɢɹ ɩɨɞɴɟɦɧɵɯ ɦɟ-
ɯɚɧɢɡɦɨɜ ɩɪɨɢɡɜɨɥɶɧɵɯ ɩɚɫɫɚɠɢɪɫɤɢɯ ɥɢɮ-
ɬɨɜ; 

- ɫ ɭɱɟɬɨɦ ɭɩɪɭɝɢɯ ɫɜɨɣɫɬɜ ɦɟɯɚɧɢɱɟ-
ɫɤɨɣ  ɩɟɪɟɞɚɱɢ, ɜɵɩɨɥɧɹɬɶ ɪɚɫɱɟɬ ɮɚɤɬɢɱɟ-
ɫɤɢɯ ɞɢɚɝɪɚɦɦ ɞɜɢɠɟɧɢɹ ɩɚɫɫɚɠɢɪɫɤɢɯ ɥɢɮ-
ɬɨɜ, ɨɩɪɟɞɟɥɹɬɶ ɦɚɤɫɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɫɤɨ-
ɪɨɫɬɢ, ɭɫɤɨɪɟɧɢɹ ɢ ɪɵɜɤɚ, ɩɪɢ ɩɪɨɢɡɜɨɥɶɧɵɯ 
ɡɚɤɨɧɚɯ ɭɩɪɚɜɥɟɧɢɹ; 

- ɜɵɹɜɥɹɬɶ ɜɥɢɹɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɥɢɮɬɨɜɨɣ 
ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ (ɜ ɬɨɦ ɱɢɫɥɟ 
ɭɩɪɚɜɥɹɸɳɢɯ ɢ ɜɨɡɦɭɳɚɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ) 
ɧɚ ɟɟ ɤɨɥɟɛɚɬɟɥɶɧɨɫɬɶ, ɢ ɪɟɲɚɬɶ ɡɚɞɚɱɭ ɦɢ-
ɧɢɦɢɡɚɰɢɢ ɤɨɥɟɛɚɬɟɥɶɧɵɯ ɩɪɨɰɟɫɫɨɜ ɷɥɟ-
ɦɟɧɬɨɜ ɩɨɞɴɟɦɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɩɚɫɫɚɠɢɪ-
ɫɤɢɯ ɥɢɮɬɨɜ.  

ȼɵɜɨɞɵ. Ɉɩɢɫɚɧɧɵɟ ɪɚɫɱɟɬɧɵɟ ɫɯɟɦɵ 
ɭɱɢɬɵɜɚɸɬ ɫɩɟɰɢɮɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɩɚ-
ɪɚɦɟɬɪɨɜ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɱɚ-
ɫɬɢ ɩɚɫɫɚɠɢɪɫɤɢɯ ɥɢɮɬɨɜ. ɋɢɧɬɟɡɢɪɨɜɚɧɧɚɹ 
ɪɚɫɱɟɬɧɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɥɢɮɬɨɜɨɣ ɫɢ-
ɫɬɟɦɵ ɭɧɢɜɟɪɫɚɥɶɧɚ ɢ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨ-
ɜɚɧɚ, ɤɚɤ ɞɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɜɥɢɹ-
ɧɢɹ ɭɩɪɭɝɢɯ ɫɜɹɡɟɣ ɧɚ ɞɢɚɝɪɚɦɦɭ ɞɜɢɠɟɧɢɹ 
ɤɚɛɢɧɵ ɩɪɨɢɡɜɨɥɶɧɵɯ ɩɚɫɫɚɠɢɪɫɤɢɯ ɥɢɮɬɨɜ, 
ɬɚɤ ɢ ɩɪɢ ɫɢɧɬɟɡɟ ɢɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɡɚɤɨɧɨɜ 
ɭɩɪɚɜɥɟɧɢɹ. 
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