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Аɧɧɨɬаɰиɹ. Ɉɛɨɫɧɨɜɚɧɚ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɨɩɢɫɵɜɚɸɳɚɹ ɜɨɡɦɨɠɧɵɟ ɬɢɩɵ ɞɜɢ-
ɠɟɧɢɣ ɝɪɟɣɮɟɪɚ, ɩɨɞɜɟɲɟɧɧɨɝɨ ɧɚ ɝɢɛɤɨɦ ɩɨɞɜɟɫɟ, ɩɪɢ ɩɨɜɨɪɨɬɚɯ ɤɪɚɧɚ. Ⱦɥɹ ɚɧɚɥɢɡɚ ɤɢɧɟɦɚ-
ɬɢɱɟɫɤɢɯ ɢ ɫɢɥɨɜɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɭɤɚɡɚɧɧɵɯ ɞɜɢɠɟɧɢɣ ɢɫɩɨɥɶɡɨɜɚɧ ɦɟɬɨɞ ɮɚɡɨɜɵɯ ɩɨɪɬɪɟ-
ɬɨɜ (ɤɥɚɫɫɢɱɟɫɤɨɝɨ ɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɩɨɪɹɞɤɨɜ). 
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Аɧɨɬаɰіɹ. Ɉɛґɪɭɧɬɨɜɚɧɨ ɮɿɡɢɤɨ-ɦɟɯɚɧɿɱɧɭ ɦɨɞɟɥɶ, ɹɤɚ ɨɩɢɫɭє ɦɨɠɥɢɜɿ ɬɢɩɢ ɪɭɯɿɜ ɝɪɟɣɮɟɪɚ, 
ɩɿɞɜɿɲɟɧɨɝɨ ɧɚ ɝɧɭɱɤɨɦɭ ɩɿɞɜɿɫɿ, ɩɪɢ ɩɨɜɨɪɨɬɚɯ ɤɪɚɧɚ. Ⱦɥɹ ɚɧɚɥɿɡɭ ɤɿɧɟɦɚɬɢɱɧɢɯ ɿ ɫɢɥɨɜɢɯ ɯɚɪɚ-
ɤɬɟɪɢɫɬɢɤ ɜɤɚɡɚɧɢɯ ɪɭɯɿɜ ɜɢɤɨɪɢɫɬɚɧɨ ɦɟɬɨɞ ɮɚɡɨɜɢɯ ɩɨɪɬɪɟɬɿɜ (ɤɥɚɫɢɱɧɨɝɨ ɬɚ ɛɿɥɶɲ ɜɢɫɨ-
ɤɢɯ ɩɨɪɹɞɤɿɜ). 
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Abstract. A mechanical and physical model describing possible types of motions of a clamshell sus-

pended on a flexible suspension during a crane turning has been proposed. The method of phase por-

traits (classical one and of higher orders) has been used to analyze kinematic and force characteris-

tics of these motions. 
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ɋɨɫɬɨɹɧɢɟ ɪɚɡɜɢɬɢɹ ɩɨɞɴёɦɧɨ-ɬɪɚɧɫɩɨɪɬ-
ɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɬɪɟɛɭɟɬ ɞɚɥɶɧɟɣɲɟɝɨ 

ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟ-
ɥɟɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɭɩɪɚɜɥɟɧɢɹ, 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɬɨɱɧɨɫɬɢ ɩɨɡɢɰɢɨɧɢ-

ɪɨɜɚɧɢɹ ɝɪɭɡɚ ɩɪɢ ɩɨɜɨɪɨɬɟ ɤɪɚɧɚ. Ɋɟɲɟɧɢɟ 

ɭɤɚɡɚɧɧɵɯ ɩɪɨɛɥɟɦ ɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 
ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɞɜɢɠɟɧɢɹ ɝɪɭɡɚ ɧɚ 
ɬɪɨɫɟ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɩɪɢ ɪɚɜ-
ɧɨɭɫɤɨɪɟɧɧɨɦ ɩɨɜɨɪɨɬɟ ɤɪɚɧɚ. Ɍɚɤɠɟ ɫɭɳɟ-
ɫɬɜɭɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɪɚɫɱёɬɚ ɫɨɛɫɬɜɟɧɧɵɯ 

ɤɨɥɟɛɚɧɢɣ, ɤɨɬɨɪɵɟ ɜɨɡɧɢɤɚɸɬ ɩɪɢ ɪɚɫɤɚɱɢ-

ɜɚɧɢɢ ɝɪɭɡɚ ɜɞɨɥɶ ɩɟɪɟɧɨɫɧɨɝɨ ɜɪɚɳɚɬɟɥɶɧɨ-
ɝɨ ɞɜɢɠɟɧɢɹ ɫɬɪɟɥɨɜɨɣ ɫɢɫɬɟɦɵ ɤɪɚɧɚ. Ɋɚɫ-
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ɱёɬɧɵɣ ɚɧɚɥɢɡ ɦɟɯɚɧɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ «ɫɬɪɟ-
ɥɚ ɤɪɚɧɚ – ɝɢɛɤɢɣ ɩɨɞɜɟɫ – ɝɪɟɣɮɟɪ» ɞɚёɬ 
ɩɭɬɶ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɞɢɧɚɦɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ 
ɧɚ ɨɫɧɨɜɧɵɟ ɷɥɟɦɟɧɬɵ ɧɟɫɭɳɟɣ ɤɨɧɫɬɪɭɤɰɢɢ 

ɤɪɚɧɚ. 
 

Ɉɞɧɨɣ ɢɡ ɩɪɢɱɢɧ ɭɦɟɧɶɲɟɧɢɹ ɩɪɨɢɡɜɨɞɢ-

ɬɟɥɶɧɨɫɬɢ ɤɪɚɧɨɜ ɫ ɩɨɞɜɟɲɟɧɧɵɦ ɝɪɟɣɮɟɪɨɦ 

ɹɜɥɹɟɬɫɹ ɢɦɟɧɧɨ ɪɚɫɤɚɱɢɜɚɧɢɟ ɝɪɭɡɚ ɧɚ ɝɢɛ-

ɤɨɦ ɩɨɞɜɟɫɟ (ɤɚɧɚɬɟ). Ⱦɥɹ ɫɬɪɟɥɨɜɵɯ ɤɪɚɧɨɜ 
ɧɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɧɵɦ ɹɜɥɹɟɬɫɹ ɪɚɫɤɚɱɢɜɚ-
ɧɢɟ ɡɚɯɜɚɬɚ ɫ ɝɪɭɡɨɦ ɩɪɢ ɩɨɜɨɪɨɬɟ ɟɝɨ ɫɬɪɟ-
ɥɵ. ɉɨɦɢɦɨ ɞɟɣɫɬɜɢɹ ɰɟɧɬɪɨɛɟɠɧɨɣ ɫɢɥɵ, 

ɫɢɥɵ Ʉɨɪɢɨɥɢɫɚ, ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɩɨɜɨɪɨɬɟ 
ɫɬɪɟɥɵ ɤɪɚɧɚ, ɧɚ ɝɪɭɡ ɬɚɤɠɟ ɞɟɣɫɬɜɭɟɬ ɢ ɫɢɥɚ 
ɢɧɟɪɰɢɢ, ɢɡ-ɡɚ ɤɨɬɨɪɨɣ ɭɝɨɥ ɨɬɤɥɨɧɟɧɢɹ ɤɚ-
ɧɚɬɚ ɨɬ ɜɟɪɬɢɤɚɥɢ ɦɚɤɫɢɦɚɥɟɧ ɩɪɢ ɩɭɫ-
ɤɟ/ɨɫɬɚɧɨɜɤɟ ɦɟɯɚɧɢɡɦɚ ɩɨɜɨɪɨɬɚ ɤɪɚɧɚ. Ƚɪɭɡ 
ɫɨɜɟɪɲɚɟɬ ɤɨɥɟɛɚɧɢɹ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨ-
ɛɨɣ ɫɥɨɠɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɟ ɞɜɢɠɟɧɢɟ. 
Ⱦɥɹ ɭɦɟɧɶɲɟɧɢɹ ɤɨɥɟɛɚɧɢɣ ɦɨɠɧɨ ɭɜɟɥɢ-

ɱɢɬɶ ɜɪɟɦɹ ɩɟɪɟɯɨɞɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɨɞɧɚɤɨ 
ɷɬɨ ɭɜɟɥɢɱɢɜɚɟɬ ɜɪɟɦɹ ɪɚɛɨɱɟɝɨ ɰɢɤɥɚ, ɱɬɨ, ɜ 
ɫɜɨɸ ɨɱɟɪɟɞɶ, ɫɧɢɠɚɟɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɦɟɯɚɧɢɡɦɚ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɢɦɟɧɹɸɬ 
ɷɥɟɤɬɪɨɩɪɢɜɨɞ ɫ ɦɟɯɚɬɪɨɧɧɨɣ ɢɧɮɨɪɦɚɰɢɨɧ-

ɧɨɣ ɫɢɫɬɟɦɨɣ ɭɩɪɚɜɥɟɧɢɹ, ɩɨɡɜɨɥɹɸɳɟɣ ɡɚ-
ɞɚɜɚɬɶ ɩɪɨɝɪɚɦɦɭ ɭɩɪɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɩɪɢɜɨ-

ɞɨɦ ɦɟɯɚɧɢɡɦɚ ɩɨɜɨɪɨɬɚ ɤɪɚɧɚ, ɚ ɬɚɤɠɟ ɫ 
ɩɨɦɨɳɶɸ ɪɟɝɭɥɢɪɭɟɦɨɝɨ ɦɨɞɚɥɶɧɨɝɨ ɪɟɝɭɥɹ-
ɬɨɪɚ ɷɮɮɟɤɬɢɜɧɨ ɝɚɫɢɬɶ ɧɟɠɟɥɚɬɟɥɶɧɵɟ ɤɨ-
ɥɟɛɚɧɢɹ ɝɪɭɡɚ ɧɚ ɬɪɨɫɟ. ȿɫɬɟɫɬɜɟɧɧɨ, ɱɬɨ ɞɥɹ 
ɫɨɫɬɚɜɥɟɧɢɹ ɩɨɞɨɛɧɨɣ ɩɪɨɝɪɚɦɦɵ ɭɩɪɚɜɥɟ-
ɧɢɹ ɞɜɢɠɟɧɢɟɦ ɤɪɚɧɚ ɧɟɨɛɯɨɞɢɦɨ ɩɨɞɨɛɪɚɬɶ 
ɪɟɠɢɦ ɟɝɨ ɩɨɜɨɪɨɬɚ, ɤɨɬɨɪɵɣ ɛɵ ɭɱɢɬɵɜɚɥ 
ɜɥɢɹɧɢɟ ɟɝɨ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɢ 

ɨɛɟɫɩɟɱɢɜɚɥ ɩɪɨɫɬɨɬɭ ɭɩɪɚɜɥɟɧɢɹ ɫɚɦɢɦ ɦɟ-
ɯɚɧɢɡɦɨɦ. 

 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ ɬɪɟɛɭɟɬɫɹ 
ɡɧɚɧɢɟ ɨɛɨɛɳёɧɧɵɯ ɭɪɚɜɧɟɧɢɣ ɞɜɢɠɟɧɢɹ, 
ɭɱɢɬɵɜɚɸɳɢɯ ɜɟɫɶ ɫɩɟɤɬɪ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ 
ɧɚ ɝɪɟɣɮɟɪ ɫ ɝɪɭɡɨɦ, ɩɨɞɜɟɲɟɧɧɵɣ ɧɚ ɤɚɧɚɬɟ 
ɤɪɚɧɚ. ɉɨɞɨɛɧɵɟ ɭɪɚɜɧɟɧɢɹ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱ-
ɧɨ ɦɨɝɭɬ ɨɩɢɫɵɜɚɬɶ ɩɨɜɟɞɟɧɢɟ ɝɪɭɡɚ ɜ ɪɟɠɢ-

ɦɟ ɪɟɚɥɶɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɪɚɧɚ. 
 

  

 

Ɋɚɫɱёɬɧɵɟ ɩɨɞɯɨɞɵ, ɭɱɢɬɵɜɚɸɳɢɟ ɜɥɢɹɧɢɟ 
ɰɟɧɬɪɨɛɟɠɧɵɯ ɫɢɥ ɢɧɟɪɰɢɢ ɧɚ ɯɚɪɚɤɬɟɪ ɤɨ-
ɥɟɛɚɧɢɹ ɝɪɭɡɚ ɩɪɢ ɩɨɜɨɪɨɬɟ ɫɬɪɟɥɵ ɤɪɚɧɚ, 
ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɪɚɛɨɬɚɯ [1–10]. ȼ [11] ɩɪɨɜɟ-
ɞɟɧ ɚɧɚɥɢɡ ɞɢɧɚɦɢɱɟɫɤɢɯ ɪɟɠɢɦɨɜ ɪɚɫɤɚɱɢ-

ɜɚɧɢɹ ɝɪɭɡɚ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɤɨ-
ɥɟɛɚɧɢɣ ɫ ɭɱёɬɨɦ ɜɥɢɹɧɢɹ ɭɫɤɨɪɟɧɢɹ 

Ʉɨɪɢɨɥɢɫɚ ɧɚ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɬɪɚɟɤɬɨɪɢɸ 

ɝɪɭɡɚ ɧɚ ɤɚɧɚɬɟ. Ⱥɜɬɨɪɵ [12, 13] ɨɛɨɫɧɨɜɵ-

ɜɚɸɬ ɭɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ ɝɪɭɡɚ ɧɚ ɝɢɛɤɨɦ 

ɩɨɞɜɟɫɟ ɩɪɢ ɩɨɜɨɪɨɬɟ ɤɪɚɧɚ, ɨɞɧɚɤɨ ɛɟɡ ɭɱё-
ɬɚ ɫɢɥ Ʉɨɪɢɨɥɢɫɚ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ 
[11] ɪɚɫɫɦɨɬɪɟɧ ɪɚɜɧɨɦɟɪɧɵɣ ɩɨɜɨɪɨɬ ɫɬɪɟ-
ɥɵ ɤɪɚɧɚ, ɚ ɜ [13] – ɧɟɪɚɜɧɨɦɟɪɧɵɣ.  

 

    

 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɨɛɨɫɧɨɜɚɧɢɟ ɦɚɬɟɦɚ-
ɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɨɩɢɫɵɜɚɸɳɟɣ ɞɢɧɚɦɢɤɭ ɢ 

ɨɩɪɟɞɟɥɹɸɳɟɣ ɜɢɞ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɬɪɚɟɤɬɨ-
ɪɢɢ ɞɜɢɠɟɧɢɹ ɝɪɟɣɮɟɪɚ ɫ ɝɪɭɡɨɦ ɧɚ ɬɪɨɫɟ 
ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ ɩɨɜɨɪɨɬɚ ɫɬɪɟɥɵ 

ɤɪɚɧɚ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɤɨɥɟɛɚɧɢɣ 

(ɫ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɭɱёɬɨɦ ɤɚɤ ɨɬɧɨɫɢɬɟɥɶɧɨ-
ɝɨ ɩɨɜɨɪɨɬɚ ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɤɨɥɟɛɚ-
ɧɢɣ ɝɪɭɡɚ, ɬɚɤ ɢ ɜɥɢɹɧɢɹ ɭɫɤɨɪɟɧɢɹ Ʉɨɪɢɨ-
ɥɢɫɚ ɧɚ ɜɢɞ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɬɪɚɟɤɬɨɪɢɢ ɝɪɭɡɚ, 
ɤɨɬɨɪɵɣ ɪɚɫɤɚɱɢɜɚɟɬɫɹ ɧɚ ɤɚɧɚɬɟ). Ⱦɥɹ ɞɨ-
ɫɬɢɠɟɧɢɹ ɰɟɥɢ ɪɚɛɨɬɵ ɢɫɩɨɥɶɡɨɜɚɧ ɦɟɬɨɞ 

(ɤɥɚɫɫɢɱɟɫɤɨɝɨ) ɮɚɡɨɜɨɝɨ ɩɨɪɬɪɟɬɚ ɢ ɦɟɬɨɞ 

ɮɚɡɨɜɵɯ ɩɨɪɬɪɟɬɨɜ ɜɵɫɲɢɯ ɩɨɪɹɞɤɨɜ, ɩɟɪ-
ɜɵɣ ɢɡ ɤɨɬɨɪɵɯ ɩɪɢɦɟɧёɧ ɜ [13]. 

 

      

 ,   

 ,    

 

ɂɫɩɨɥɶɡɭɹ ɪɟɡɭɥɶɬɚɬɵ ɪɚɛɨɬ [1, 13], ɦɨɠɧɨ 
ɩɨɥɭɱɢɬɶ ɭɪɚɜɧɟɧɢɟ ɞɜɢɠɟɧɢɹ ɝɪɭɡɚ ɧɚ ɤɚɧɚ-
ɬɟ, ɤɨɬɨɪɨɟ ɚɞɟɤɜɚɬɧɨ ɨɩɢɫɵɜɚɟɬ ɟɝɨ ɫɨɛ-

ɫɬɜɟɧɧɵɟ ɤɨɥɟɛɚɧɢɹ 
   2sin cos sin 0          , (1)

 

ɝɞɟ ɜɜɟɞɟɧɵ ɨɛɨɡɧɚɱɟɧɢɹ ɪɚɛɨɬɵ [13]: 
2

2
,

d

dt

   t – ɜɪɟɦɹ, θ – ɭɝɨɥ ɨɬɤɥɨɧɟɧɢɹ ɤɚɧɚ-

ɬɚ ɨɬ ɜɟɪɬɢɤɚɥɢ; ω – ɭɝɥɨɜɚɹ ɱɚɫɬɨɬɚ ɜɪɚɳɟ-
ɧɢɹ ɫɬɪɟɥɵ ɤɪɚɧɚ ɩɪɢ ɟɝɨ ɩɨɜɨɪɨɬɟ (ɜ (1)  

ω = const); ȕ = g/l, 0r

l
  , g = 9,81ɦ/ɫ2, l – 

ɞɥɢɧɚ ɝɢɛɤɨɝɨ ɩɨɞɜɟɫɚ ɝɪɭɡɚ (ɪɢɫ. 1). 

 

ȿɫɥɢ ɜ (1) ɭɱɟɫɬɶ (ɜɹɡɤɨɟ) ɬɪɟɧɢɟ – ɡɚɬɭɯɚɧɢɟ 
ɤɨɥɟɛɚɧɢɣ θ(t), ɬɨɝɞɚ (1) ɩɪɢɨɛɪɟɬɚɟɬ ɜɢɞ 

   2sin cos sin 0,              (2)

 

ɝɞɟ Ȗ – ɤɨɷɮɮɢɰɢɟɧɬ (ɩɪɢɜɟɞɟɧɧɵɣ) ɜɹɡɤɨɝɨ 

ɬɪɟɧɢɹ, / .d dt    
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Ⱦɥɹ ɦɚɥɵɯ ɭɝɥɨɜ (θ<1) ɢɡ (2) ɥɟɝɤɨ ɩɨɥɭɱɢɬɶ 
  2 2.           (3)

 

Ɋɢɫ. 1. Ⱦɢɧɚɦɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɞɜɢɠɟɧɢɹ ɤɪɚɧɚ 
 

Ɋɟɲɟɧɢɟ (3) ɜ ɨɛɳɟɦ ɜɢɞɟ ɢɦɟɟɬ ɜɢɞ 
 

 
   
2

2

2 2
1 2

exp

sin cos ,

t

c t c t

     
       

 

(4)
 

ɝɞɟ ɤɨɧɫɬɚɧɬɵ c1 ɢ c2 ɧɚɯɨɞɢɦ ɢɡ ɧɚɱɚɥɶɧɵɯ 
ɭɫɥɨɜɢɣ 
 

0 0 0 0;       . t t         (5)

 

Ⱥɧɚɥɢɡ ɪɟɲɟɧɢɹ (4) ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɢ 

ɭɫɥɨɜɢɢ 
 

2 ,   (6)

 

ɬɨ ɟɫɬɶ ɩɪɢ ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɪɟɡɨɧɚɧɫɚ 
 

   (7)

 

ɜɨɡɧɢɤɚɟɬ ɪɟɡɤɨɟ ɪɚɫɤɚɱɢɜɚɧɢɟ ɝɪɭɡɚ ɧɚ ɬɪɨ-

ɫɟ ɤɪɚɧɚ. Ɂɚɦɟɬɢɦ, ɱɬɨ g

l
   – ɭɝɥɨɜɚɹ 

ɱɚɫɬɨɬɚ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɦɚɬɟɦɚɬɢɱɟ-
ɫɤɨɝɨ ɦɚɹɬɧɢɤɚ. 
 

ɑɢɫɥɟɧɧɵɣ ɚɧɚɥɢɡ ɭɪɚɜɧɟɧɢɹ (2) ɩɪɢ α=2, 

ȕ=0,3 ɫ-2, l=30 ɦ, r0=60 ɦ ɢ ɧɭɥɟɜɵɯ ɧɚɱɚɥɶ-
ɧɵɯ ɭɫɥɨɜɢɹɯ (5) ɩɪɨɜɟɞɟɧ ɧɚ ɉɗȼɆ ɞɥɹ 
ɫɥɭɱɚɹ, ɤɨɝɞɚ ( )t   [13], ɚ ɪɟɡɭɥɶɬɚɬɵ 

ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 2. 
 

2
0

0

( ) sin ;   5 ;  
2

 0,8 ɪɚɞ/ɫ,   0

ɩ
ɩ

ɩ

t t t ɫ
t

t t

      
   

 

(8)
 

 

θ 

 t 

  

 t 

  

 t 

  

  

  

  
 

 

Ɋɢɫ. 2. Ƚɪɚɮɢɤɢ ɮɭɧɤɰɢɣ ɭɝɥɚ ɨɬɤɥɨɧɟɧɢɹ 
ɤɚɧɚɬɚ ɨɬ ɜɟɪɬɢɤɚɥɢ – θ, ɫɤɨɪɨɫɬɢ –  , 

ɭɫɤɨɪɟɧɢɹ –   ɢ ɢɯ ɮɚɡɨɜɵɯ ɩɨɪɬɪɟɬɨɜ 
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ɉɪɨɜɟɞёɧ ɬɚɤɠɟ ɱɢɫɥɟɧɧɵɣ ɚɧɚɥɢɡ ɭɪɚɜɧɟ-
ɧɢɹ (2) ɫ ɭɱёɬɨɦ ɡɚɬɭɯɚɧɢɹ ɤɨɥɟɛɚɧɢɣ ɝɪɭɡɚ 
ɩɪɢ α=2, ȕ=2,6 ɫ-2, l=3,77ɦ, r0=7,54 ɦ, Ȗ=0,5-1 ɫ 
ɧɭɥɟɜɵɦɢ ɧɚɱɚɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦɢ (ɪɢɫ. 3). 

 

        θ 

 t 

           

 t 

        

 t 

             

  

        

  

Ɋɢɫ. 3. Ƚɪɚɮɢɤɢ ɮɭɧɤɰɢɣ θ,  ,   ɢ ɢɯ ɮɚɡɨ-
ɜɵɯ ɩɨɪɬɪɟɬɨɜ ɫ ɭɱёɬɨɦ ɡɚɬɭɯɚɧɢɣ ɤɨɥɟ-
ɛɚɧɢɹ ɝɪɭɡɚ 

ɇɚ ɪɢɫ. 2 ɢ 3 ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ 

( ),  ( ),  ( )t t t     ɢ ɮɚɡɨɜɵɟ ɩɨɪɬɪɟɬɵ, ɯɚɪɚɤɬɟ-
ɪɢɡɭɸɳɢɟ ɞɜɢɠɟɧɢɟ ɝɪɭɡɚ ɧɚ ɤɚɧɚɬɟ: 1) ɤɥɚɫ-
ɫɢɱɟɫɤɢɣ – ( ,    ); 2) ɜɵɫɲɢɯ ɩɨɪɹɞɤɨɜ 
( ,     ) – ɞɥɹ ɪɚɡɧɵɯ ɡɧɚɱɟɧɢɣ ɢɫɯɨɞɧɵɯ ɩɚ-
ɪɚɦɟɬɪɨɜ.  
 

Ⱥɧɚɥɢɡ ɝɪɚɮɢɤɨɜ ɧɚ ɪɢɫ. 2 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ 

ɩɪɢ ɞɚɧɧɵɯ ɡɧɚɱɟɧɢɹɯ ɩɚɪɚɦɟɬɪɨɜ (α, ȕ, l, r0) 

ɧɚɛɥɸɞɚɸɬɫɹ ɤɨɥɟɛɚɧɢɹ ɭɝɥɚ ɨɬɤɥɨɧɟɧɢɹ 
ɝɪɭɡɚ ɨɬ ɜɟɪɬɢɤɚɥɢ (θ), ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɭɝ-
ɥɨɜɨɣ ɫɤɨɪɨɫɬɢ (  ) ɢ ɭɝɥɨɜɨɦɭ ɭɫɤɨɪɟɧɢɸ 

( ) (ɮɚɡɨɜɵɟ ɩɨɪɬɪɟɬɵ ɜ ɩɥɨɫɤɨɫɬɹɯ (θ,  ), 

( , ) ɢɦɟɸɬ ɡɚɦɤɧɭɬɵɟ ɬɪɚɟɤɬɨɪɢɢ).  

 

Ⱥɧɚɥɢɡ ɝɪɚɮɢɤɨɜ ɧɚ ɪɢɫ. 3 ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ 
ɩɪɢ ɞɚɧɧɵɯ ɡɧɚɱɟɧɢɹɯ ɩɚɪɚɦɟɬɪɨɜ (α, ȕ, l, r0, 
Ȗ) ɤɨɥɟɛɚɧɢɹ ɝɪɭɡɚ ɫɨ ɜɪɟɦɟɧɟɦ ɡɚɬɭɯɚɸɬ, 
ɫɚɦ ɭɝɨɥ ɨɬɤɥɨɧɟɧɢɹ (θ) ɨɬ ɜɟɪɬɢɤɚɥɢ ɫɬɚɛɢ-

ɥɢɡɢɪɭɟɬɫɹ ɢ ɫɨɫɬɚɜɥɹɟɬ θ≈ 0,55 ɪɚɞ (ɮɚɡɨɜɵɟ 
ɩɨɪɬɪɟɬɵ ɜ ɩɥɨɫɤɨɫɬɹɯ (θ,  ), ( , ) ɨɩɢɫɵ-

ɜɚɸɬ ɩɟɪɟɯɨɞ ɫɢɫɬɟɦɵ ɢɡ ɧɚɱɚɥɶɧɨɣ ɬɨɱɤɢ 

(0;0) ɜ ɬɨɱɤɭ ɭɫɬɨɣɱɢɜɨɝɨ ɮɨɤɭɫɚ (θ;0) ɢɥɢ 

(0;0) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). 
 

     

,     

 ,     

 

ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɤɨɥɟɛɚɧɢɹ ɝɪɭɡɚ ɫɨɜɟɪɲɚɸɬ-
ɫɹ ɜɧɟ ɩɥɨɫɤɨɫɬɢ ɤɚɱɚɧɢɹ ɫɬɪɟɥɵ ɤɪɚɧɚ [13], 

ɨɧɢ ɩɪɢɨɛɪɟɬɚɸɬ ɜɢɞ 

 

 
   

2

2

2

cos sin cos cos

sin cos sin 0

sin 2 cos

cos sin 0,

                          

 


  



 (9)

 

ɝɞɟ φ(t) – ɭɝɨɥ ɦɟɠɞɭ ɩɪɨɟɤɰɢɟɣ ɩɨɞɜɟɫɚ ɧɚ 
ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ ɩɥɨɫɤɨɫɬɶ OXY ɢ ɨɫɶɸ OX 

(ɪɢɫ. 1). ɉɪɢ ɷɬɨɦ ɞɥɹ ( )t  ɢɦɟɟɦ 

 

0( ) sin ,   0<t .
2

ï

ï ï

t
t t

t t

         (10)

 

ɉɨɫɬɪɨɢɦ ɝɪɚɮɢɤɢ ɮɭɧɤɰɢɣ ɭɝɥɨɜ θ, φ ɢ ɢɯ 

ɮɚɡɨɜɵɟ ɩɨɪɬɪɟɬɵ ɞɥɹ ɫɥɟɞɭɸɳɢɯ ɡɧɚɱɟɧɢɣ 

ɩɚɪɚɦɟɬɪɨɜ: α = 0,377, ȕ = 0,491 ɫ-2, l = 20 ɦ, 

r0 = 7,54 ɦ ɢ ɧɭɥɟɜɵɯ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɣ  

(ɪɢɫ. 4, 5). 
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         θ 

 t 

           

 t 

          

t 

          

 θ 
  

  

Ɋɢɫ. 4. Ƚɪɚɮɢɤɢ ɮɭɧɤɰɢɣ ɭɝɥɚ ɨɬɤɥɨɧɟɧɢɹ 
ɤɚɧɚɬɚ ɨɬ ɜɟɪɬɢɤɚɥɢ – θ, ɫɤɨɪɨɫɬɢ –  , 

ɭɫɤɨɪɟɧɢɹ –   ɢ ɢɯ ɮɚɡɨɜɵɯ ɩɨɪɬɪɟɬɨɜ 

          

 t 

           

 t 

           

 t 

           

  

           

  

Ɋɢɫ. 5. Ƚɪɚɮɢɤɢ ɮɭɧɤɰɢɣ ɭɝɥɚ ɨɬɤɥɨɧɟɧɢɹ 
ɦɚɹɬɧɢɤɚ ɨɬ ɜɟɪɬɢɤɚɥɢ ɜ ɩɥɨɫɤɨɫɬɢ ɩɨ-
ɜɨɪɨɬɚ – φ, ɫɤɨɪɨɫɬɢ –  , ɭɫɤɨɪɟɧɢɹ – 

  ɢ ɢɯ ɮɚɡɨɜɵɯ ɩɨɪɬɪɟɬɨɜ 
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ɇɚ ɪɢɫ. 4, 5 ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ θ(t), 
φ(t) ɢ ɢɯ ɩɪɨɢɡɜɨɞɧɵɯ ɞɨ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɩɨ 

t ɜɤɥɸɱɢɬɟɥɶɧɨ, ɚ ɬɚɤɠɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
ɮɚɡɨɜɵɟ ɩɨɪɬɪɟɬɵ ɞɥɹ ɪɚɡɧɵɯ ɡɧɚɱɟɧɢɣ ɢɫ-
ɯɨɞɧɵɯ ɩɚɪɚɦɟɬɪɨɜ.  
 

ɂɡ ɪɢɫ. 4 ɜɢɞɧɨ, ɱɬɨ ɡɚɤɨɧɵ ɞɜɢɠɟɧɢɹ θ(t), 
 (t),  (t) ɧɨɫɹɬ ɤɨɥɟɛɚɬɟɥɶɧɵɣ (ɰɢɤɥɢɱɟ-
ɫɤɢɣ) ɯɚɪɚɤɬɟɪ (ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɮɚɡɨɜɵɟ 
ɩɨɪɬɪɟɬɵ ɜ ɩɥɨɫɤɨɫɬɹɯ (θ,  ) ɢ ( , ) ɯɚɪɚɤ-
ɬɟɪɢɡɭɸɬɫɹ ɡɚɦɤɧɭɬɵɦɢ ɬɪɚɟɤɬɨɪɢɹɦɢ).  

 

Ɋɢɫ. 5 ɨɩɢɫɵɜɚɟɬ ɡɚɤɨɧɵ ɞɜɢɠɟɧɢɹ ɝɪɭɡɚ ɧɚ 
ɤɚɧɚɬɟ ɜ ɩɥɨɫɤɨɫɬɢ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɤ ɜɟɪ-
ɬɢɤɚɥɶɧɨɣ (ɨɩɢɫɵɜɚɸɳɟɣ ɤɨɥɟɛɚɧɢɹ θ(t), 
 (t),  (t)) ɢ ɯɚɪɚɤɬɟɪɢɡɭɟɦɨɣ ɭɝɥɨɦ ɨɬɤɥɨ-
ɧɟɧɢɹ φ (t). ɉɪɢ ɞɥɢɬɟɥɶɧɨɦ ɧɚɛɥɸɞɟɧɢɢ ɡɚ 
ɜɟɥɢɱɢɧɨɣ φ (t) (t ≈ 45 ɫ) ɨɧɚ ɧɨɫɢɬ ɰɢɤɥɢɱɟ-
ɫɤɢɣ ɯɚɪɚɤɬɟɪ. ȼ ɬɟɱɟɧɢɟ ɜɪɟɦɟɧɢ ɩɨɜɨɪɨɬɚ 
(t ≈ 1 ɫ) φ (t),  (t),  (t) – ɚɰɢɤɥɢɱɧɵ (ɮɚɡɨ-
ɜɵɟ ɩɨɪɬɪɟɬɵ ɜ ɩɥɨɫɤɨɫɬɹɯ (φ,  ) ɢ ( , ) 

ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɩɟɪɟɯɨɞɨɦ ɫɢɫɬɟɦɵ ɢɡ ɩɨ-
ɥɨɠɟɧɢɹ (0;0) ɜ ɭɫɬɨɣɱɢɜɵɣ ɮɨɤɭɫ (–2;0) ɢɥɢ 

(0;0) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ). 
 

 

 

ɉɨɥɭɱɟɧɧɵɟ ɪɟɲɟɧɢɹ ɭɪɚɜɧɟɧɢɣ ɨɬɧɨɫɢ-

ɬɟɥɶɧɨɝɨ (ɚɛɫɨɥɸɬɧɨɝɨ) ɞɜɢɠɟɧɢɹ ɝɪɭɡɚ ɭɱɢ-

ɬɵɜɚɸɬ ɜɥɢɹɧɢɟ ɬɢɩɢɱɧɵɯ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨ-
ɜɢɣ ɡɚɞɚɱɢ, ɚ ɬɚɤɠɟ ɨɛɥɚɞɚɸɬ 
«ɪɟɡɨɧɚɧɫɧɵɦɢ» ɫɜɨɣɫɬɜɚɦɢ, ɩɪɨɹɜɥɹɸɳɢɦɢ 

ɫɟɛɹ ɜ ɫɢɥɶɧɨɦ (ɩɨ ɚɦɩɥɢɬɭɞɟ) ɪɚɫɤɚɱɢɜɚɧɢɢ 

ɝɪɭɡɚ,  
ɜɵɯɨɞɟ ɤɨɥɟɛɚɧɢɣ ɢɡ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫ-
ɤɨɫɬɢ, ɤɨɝɞɚ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɫɬɪɟɥɵ ɤɪɚɧɚ 
ɫɨɜɩɚɞɚɟɬ ɫ ɫɨɛɫɬɜɟɧɧɨɣ ɱɚɫɬɨɬɨɣ ɭɝɥɨɜɵɯ 
ɤɨɥɟɛɚɧɢɣ (ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɚɹɬɧɢɤɚ) ɫɢ-

ɫɬɟɦɵ. ɉɨɞɨɛɧɵɯ ɫɢɬɭɚɰɢɣ ɫɥɟɞɭɟɬ ɢɡɛɟɝɚɬɶ 
ɜ ɪɟɠɢɦɚɯ ɪɟɚɥɶɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɪɚɧɚ. 
 

Ɋɟɡɭɥɶɬɚɬɵ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨ-
ɛɨɣ ɨɫɧɨɜɭ ɞɥɹ ɞɚɥɶɧɟɣɲɟɝɨ ɢɡɭɱɟɧɢɹ ɞɢɧɚ-
ɦɢɤɢ ɪɚɫɤɚɱɢɜɚɧɢɹ ɝɪɭɡɚ ɧɚ ɝɢɛɤɨɦ ɩɨɞɜɟɫɟ, 
ɞɥɹ ɩɨɫɬɪɨɟɧɢɹ ɷɩɸɪ ɜɧɭɬɪɟɧɧɢɯ ɫɢɥɨɜɵɯ 

ɮɚɤɬɨɪɨɜ ɜ ɧɟɫɭɳɢɯ ɤɨɧɫɬɪɭɤɰɢɹɯ ɟɝɨ ɫɬɪɟ-
ɥɵ, ɞɥɹ ɚɧɚɥɢɡɚ ɫɬɚɬɢɱɟɫɤɢɯ ɢ ɞɢɧɚɦɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɢ ɪɭɱɧɵɯ ɫɢ-

ɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ, ɚ ɬɚɤɠɟ ɞɥɹ ɭɬɨɱɧɟɧɢɹ ɢ 

ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɢɧɠɟɧɟɪɧɵɯ ɦɟɬɨɞɨɜ 
ɪɚɫɱɟɬɚ ɩɨɞɨɛɧɵɯ ɫɢɫɬɟɦ ɤɚɤ ɧɚ ɫɬɚɞɢɹɯ ɢɯ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ/ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ, ɬɚɤ ɢ ɜ 
ɪɟɠɢɦɚɯ ɪɟɚɥɶɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ. 
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