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Аɧɧɨɬаɰиɹ. ɉɪɨɜɟɞɟɧ ɨɛɡɨɪ ɫɨɜɪɟɦɟɧɧɵɯ ɩɪɢɰɟɩɧɵɯ ɝɪɟɣɞɟɪɨɜ ɫ ɦɧɨɝɨɨɬɜɚɥɶɧɨɣ ɫɢɫɬɟɦɨɣ. 
Ɉɩɪɟɞɟɥɟɧɵ ɨɬɥɢɱɢɬɟɥɶɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɢ ɨɛɥɚɫɬɶ ɩɪɢɦɟɧɹɟɦɨɫɬɢ ɦɚɲɢɧɵ. ɋɮɨɪɦɭɥɢɪɨɜɚ-
ɧɚ ɡɚɞɚɱɚ ɚɧɚɥɢɡɚ ɩɥɚɧɢɪɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ. ɉɪɟɞɥɨɠɟɧɚ ɦɟɬɨɞɢɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢ-
ɟɧɬɚ ɫɝɥɚɠɢɜɚɧɢɹ ɜ ɩɪɨɞɨɥɶɧɨɦ ɢ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɹɯ.  
 

Клɸɱевые ɫлɨва: ɩɪɢɰɟɩɧɨɣ ɝɪɟɣɞɟɪ, ɩɥɚɧɢɪɭɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ, ɤɨɷɮɮɢɰɢɟɧɬ ɫɝɥɚɠɢɜɚɧɢɹ, 
ɦɢɤɪɨɩɪɨɮɢɥɶ, ɤɨɪɪɟɥɹɰɢɨɧɧɚɹ ɮɭɧɤɰɢɹ. 
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Аɧɨɬаɰіɹ. Ɂɞɿɣɫɧɟɧɨ ɨɝɥɹɞ ɫɭɱɚɫɧɢɯ ɩɪɢɱɿɩɧɢɯ ɝɪɟɣɞɟɪɿɜ ɿɡ ɛɚɝɚɬɨɜɿɞɜɚɥɶɧɨɸ ɫɢɫɬɟɦɨɸ. ȼɢ-
ɡɧɚɱɟɧɨ ɜɿɞɦɿɬɧɿ ɨɫɨɛɥɢɜɨɫɬɿ ɣ ɝɚɥɭɡɶ ɡɚɫɬɨɫɨɜɧɨɫɬɿ ɦɚɲɢɧɢ. ɋɮɨɪɦɭɥɶɨɜɚɧɨ ɡɚɜɞɚɧɧɹ ɚɧɚɥɿɡɭ 
ɩɥɚɧɭɜɚɥɶɧɨʀ ɡɞɚɬɧɨɫɬɿ. Ɂɚɩɪɨɩɨɧɨɜɚɧɨ ɦɟɬɨɞɢɤɭ ɜɢɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿєɧɬɚ ɡɝɥɚɞɠɭɜɚɧɧɹ ɜ ɩɨ-
ɞɨɜɠɧɶɨɦɭ ɿ ɩɨɩɟɪɟɱɧɨɦɭ ɧɚɩɪɹɦɤɚɯ.  
 

Клɸɱɨві ɫлɨва: ɩɪɢɱɿɩɧɢɣ ɝɪɟɣɞɟɪ, ɩɥɚɧɭɜɚɥɶɧɚ ɡɞɚɬɧɿɫɬɶ, ɤɨɟɮɿɰɿєɧɬ ɡɝɥɚɞɠɭɜɚɧɧɹ, ɦɿɤɪɨ-
ɩɪɨɮɿɥɶ, ɤɨɪɟɥɹɰɿɣɧɚ ɮɭɧɤɰɿɹ. 
 

A TOWED GRADER. ESTIMATION OF DESIGNING PROPERTY  
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Abstract. The review of the modern towed graders is conducted with the multiturn system. Distinctive 

features and area of applied of machine utilization have been determined. The task of analysis of de-

signing ability has been formulated. The method of determining the coefficient of smoothing out in 

longitudinal and transversal directions has been offered.  

 

Key words: towed grader, designing ability, coefficient of smoothing out, cross-correlation function. 

 

 

 

 

ɉɨɜɵɲɟɧɢɟ ɤɚɱɟɫɬɜɚ, ɫɧɢɠɟɧɢɟ ɫɪɨɤɨɜ ɢ ɫɟ-
ɛɟɫɬɨɢɦɨɫɬɢ ɞɨɪɨɠɧɨɝɨ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɧɟɪɚɡ-
ɪɵɜɧɨ ɫɜɹɡɚɧɵ ɫ ɩɪɨɛɥɟɦɚɦɢ ɷɮɮɟɤɬɢɜɧɨɝɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɡɟɦɥɟɪɨɣɧɨ-ɬɪɚɧɫɩɨɪɬɧɵɯ ɦɚ-
ɲɢɧ (ɁɌɆ). ɉɨɫɤɨɥɶɤɭ ɧɚ ɡɟɦɥɹɧɵɟ ɪɚɛɨɬɵ 
ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɞɨɪɨɝ ɩɪɢɯɨɞɢɬɫɹ ɛɨɥɟɟ 
ɩɨɥɨɜɢɧɵ ɦɚɬɟɪɢɚɥɶɧɵɯ ɡɚɬɪɚɬ, ɤ ɁɌɆ 
ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɜɫɟ ɛɨɥɟɟ ɜɵɫɨɤɢɟ ɬɪɟɛɨɜɚ-
ɧɢɹ ɩɨ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɬɨɱɧɨɫɬɢ ɜɵ-
ɩɨɥɧɹɟɦɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ. Ɉɞ-

ɧɨɣ ɢɡ ɫɚɦɵɯ ɦɚɫɫɨɜɵɯ ɡɟɦɥɟɪɨɣɧɨ-ɬɪɚɧɫ-
ɩɨɪɬɧɵɯ ɦɚɲɢɧ, ɩɪɢɦɟɧɹɟɦɵɯ ɜ ɞɨɪɨɠɧɨɦ 
ɫɬɪɨɢɬɟɥɶɫɬɜɟ, ɹɜɥɹɟɬɫɹ ɚɜɬɨɝɪɟɣɞɟɪ. ɇɚ ɞɨ-
ɥɸ ɚɜɬɨɝɪɟɣɞɟɪɚ ɨɬɜɨɞɹɬɫɹ ɩɥɚɧɢɪɨɜɨɱɧɵɟ ɢ 
ɩɪɨɮɢɥɢɪɨɜɨɱɧɵɟ ɪɚɛɨɬɵ ɩɪɢ ɜɨɡɜɟɞɟɧɢɢ 
ɡɟɦɥɹɧɨɝɨ ɩɨɥɨɬɧɚ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɪɵɧɨɤ 
ɫɬɪɨɢɬɟɥɶɧɨɣ  ɢ ɞɨɪɨɠɧɨɣ ɬɟɯɧɢɤɢ ɩɨɩɨɥɧɹ-
ɟɬɫɹ ɧɨɜɵɦɢ ɫɨɜɪɟɦɟɧɧɵɦɢ ɦɨɞɟɥɹɦɢ ɩɪɢ-
ɰɟɩɧɵɯ ɝɪɟɣɞɟɪɨɜ. Ɉɞɧɨɣ ɢɡ ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ 
ɬɚɤɢɯ ɦɚɲɢɧ ɹɜɥɹɸɬɫɹ ɝɪɟɣɞɟɪɵ ɫ ɦɧɨɝɨɨɬ-
ɜɚɥɶɧɨɣ  ɫɢɫɬɟɦɨɣ (ɪɢɫ. 1 ɢ 2) [1, 2]. 
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Ɋɢɫ. 1. ɉɪɢɰɟɩɧɨɣ ɝɪɟɣɞɟɪ STARK TL 4030  

 

 
 

Ɋɢɫ. 2. Ƚɪɟɣɞɟɪ ɞɨɪɨɠɧɵɣ ɩɪɢɰɟɩɧɨɣ FMG, 

ɫɟɪɢɹ TLN  

 

ɉɨ ɫɜɨɟɣ ɮɭɧɤɰɢɨɧɚɥɶɧɨɫɬɢ ɬɚɤɢɟ ɝɪɟɣɞɟɪɵ 

ɦɨɝɭɬ ɹɜɥɹɬɶɫɹ ɩɨɥɧɨɰɟɧɧɨɣ ɚɥɶɬɟɪɧɚɬɢɜɨɣ 

ɚɜɬɨɝɪɟɣɞɟɪɭ, ɩɪɢ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟɣ ɫɬɨ-
ɢɦɨɫɬɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦ ɪɚɫɯɨɞɚɦ. ɗɬɨ 
ɡɚɦɟɱɚɬɟɥɶɧɵɣ ɜɧɟɫɟɡɨɧɧɵɣ ɢɧɫɬɪɭɦɟɧɬ ɞɥɹ 
ɨɛɫɥɭɠɢɜɚɧɢɹ ɝɪɚɜɢɣɧɵɯ ɞɨɪɨɝ, ɱɬɨ, ɧɟɫɨ-
ɦɧɟɧɧɨ, ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɵɦ ɞɥɹ ɥɟɫɯɨɡ ɢ 

ɫɟɥɶɯɨɡɩɪɟɞɩɪɢɹɬɢɣ.  

 

Ƚɪɟɣɞɟɪ ɢɦɟɟɬ ɱɟɬɵɪɟ ɧɨɠɚ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 
ɡɧɚɱɢɬɟɥɶɧɨ ɭɦɟɧɶɲɢɬɶ ɜɪɟɦɹ ɨɛɪɚɛɨɬɤɢ 

ɡɟɦɥɹɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. ɇɚɤɥɨɧ ɝɪɟɣɞɟɪɚ 
ɦɨɠɧɨ ɪɟɝɭɥɢɪɨɜɚɬɶ ɧɚɤɥɨɧɨɦ ɤɨɥɟɫ, ɱɬɨɛɵ 

ɩɪɢɫɩɨɫɨɛɢɬɶɫɹ ɤ ɞɨɪɨɠɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. 

Ɍɚɤɠɟ ɦɨɠɧɨ ɨɬɞɟɥɶɧɨ ɪɟɝɭɥɢɪɨɜɚɬɶ ɜɵɫɨɬɭ 

ɩɟɪɟɞɧɟɣ ɢ ɡɚɞɧɟɣ ɱɚɫɬɟɣ ɝɪɟɣɞɟɪɚ. 
 

ɉɪɢɰɟɩɧɨɣ ɝɪɟɣɞɟɪ ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ ɩɪɟɢɦɭ-
ɳɟɫɬɜ. ɍɜɟɥɢɱɟɧɧɚɹ ɞɥɢɧɚ ɝɪɟɣɞɟɪɚ ɢ ɭɜɟɥɢ-

ɱɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɨɬɜɚɥɨɜ ɩɨɜɵɲɚɸɬ ɤɚɱɟ-
ɫɬɜɨ ɩɥɚɧɢɪɨɜɨɱɧɵɯ ɪɚɛɨɬ, ɝɪɟɣɞɟɪ ɯɨɪɨɲɨ 
ɪɚɛɨɬɚɟɬ ɩɨ ɦɹɝɤɢɦ ɢ ɜɥɚɠɧɵɦ ɝɪɭɧɬɚɦ. 

ɉɪɢɰɟɩɧɵɦ ɝɪɟɣɞɟɪɨɦ ɦɨɠɧɨ ɨɫɭɳɟɫɬɜɥɹɬɶ 
ɩɟɪɟɦɟɲɢɜɚɧɢɟ ɝɪɭɧɬɚ ɫ ɜɹɠɭɳɢɦɢ ɦɚɬɟɪɢɚ-
ɥɚɦɢ ɩɪɢ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɞɨɪɨɝ. ɉɪɢ ɷɬɨɦ ɡɧɚ-
ɱɢɬɟɥɶɧɨ ɭɦɟɧɶɲɚɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɯɨɞɨɜ 
ɩɨ ɨɛɪɚɛɚɬɵɜɚɟɦɨɦɭ ɡɟɦɥɹɧɨɦɭ ɩɨɥɨɬɧɭ, ɬɚɤ 
ɤɚɤ ɧɚɥɢɱɢɟ ɧɟɫɤɨɥɶɤɢɯ ɨɬɜɚɥɨɜ ɫɩɨɫɨɛɫɬɜɭ-

ɟɬ ɛɨɥɟɟ ɬɳɚɬɟɥɶɧɨɦɭ ɩɟɪɟɦɟɲɢɜɚɧɢɸ.  

 

  

 

Ɉɛɨɫɧɨɜɚɧɧɵɣ ɚɧɚɥɢɡ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɡɟɦɥɟ-
ɪɨɣɧɨ-ɬɪɚɧɫɩɨɪɬɧɵɯ ɦɚɲɢɧ ɧɟ ɦɨɠɟɬ ɛɵɬɶ 
ɨɫɭɳɟɫɬɜɥɟɧ ɛɟɡ ɜɵɹɜɥɟɧɢɹ ɜɡɚɢɦɨɫɜɹɡɢ ɫɢ-

ɫɬɟɦɵ ɩɨɤɚɡɚɬɟɥɟɣ ɦɚɲɢɧɵ ɫ ɩɨɤɚɡɚɬɟɥɹɦɢ 

ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɢɯ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ. ɋɪɚɜ-
ɧɢɬɟɥɶɧɚɹ ɨɰɟɧɤɚ ɬɨɥɶɤɨ ɩɨ ɩɨɤɚɡɚɬɟɥɸ ɩɪɨ-
ɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɛɟɡ ɭɱɟɬɚ ɩɨɤɚɡɚɬɟɥɟɣ, ɯɚ-
ɪɚɤɬɟɪɢɡɭɸɳɢɯ ɩɥɚɧɢɪɭɸɳɢɟ ɫɜɨɣɫɬɜɚ 
ɚɜɬɨɝɪɟɣɞɟɪɚ, ɧɟ ɩɨɡɜɨɥɹɟɬ ɨɛɴɟɤɬɢɜɧɨ ɢ 

ɜɫɟɫɬɨɪɨɧɧɟ ɨɰɟɧɢɬɶ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɦɚɲɢ-

ɧɵ. ȼ ɤɚɱɟɫɬɜɟ ɤɪɢɬɟɪɢɟɜ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ 
ɬɨɱɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɝɪɭɧɬɚ ɢ ɩɥɚɧɢɪɭɸɳɭɸ 

ɫɩɨɫɨɛɧɨɫɬɶ ɝɪɟɣɞɟɪɚ, ɦɨɝɭɬ ɛɵɬɶ ɜɵɛɪɚɧɵ 

ɤɨɷɮɮɢɰɢɟɧɬɵ ɫɝɥɚɠɢɜɚɧɢɹ ɜ ɩɪɨɞɨɥɶɧɨɦ 

yk  ɢ ɩɨɩɟɪɟɱɧɨɦ k  ɧɚɩɪɚɜɥɟɧɢɹɯ, ɪɚɜɧɵɟ 
ɨɬɧɨɲɟɧɢɸ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɢɯ ɨɬɤɥɨɧɟ-
ɧɢɣ ɧɟɪɨɜɧɨɫɬɟɣ ɪɟɥɶɟɮɚ ɞɨ ɢ ɩɨɫɥɟ ɩɪɨɯɨɞɚ 
ɦɚɲɢɧɵ [3, 4]. ɇɚ ɩɨɤɚɡɚɬɟɥɶ ɩɪɨɢɡɜɨɞɢ-

ɬɟɥɶɧɨɫɬɢ ɛɨɥɶɲɨɟ ɜɥɢɹɧɢɟ ɨɤɚɡɵɜɚɟɬ ɤɨɥɢ-

ɱɟɫɬɜɨ ɩɪɨɯɨɞɨɜ ɚɜɬɨɝɪɟɣɞɟɪɚ ɩɨ ɨɛɪɚɛɚɬɵ-

ɜɚɟɦɨɦɭ ɭɱɚɫɬɤɭ ɞɨ ɞɨɫɬɢɠɟɧɢɹ ɬɨɱɧɨɫɬɢ, 

ɭɫɬɚɧɨɜɥɟɧɧɨɣ ȾȻɇ. Ɉɫɨɛɟɧɧɨɫɬɢ ɪɚɛɨɱɟɝɨ 
ɩɪɨɰɟɫɫɚ ɝɪɟɣɞɟɪɚ, ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɩɥɚɧɢɪɨ-
ɜɨɱɧɵɯ ɪɚɛɨɬ, ɩɨɡɜɨɥɹɸɬ ɩɪɢ ɫɨɤɪɚɳɟɧɢɢ 

ɥɢɲɧɢɯ ɩɪɨɯɨɞɨɜ ɫɧɢɡɢɬɶ ɡɚɬɪɚɬɵ ɪɚɫɯɨɞɧɨ-
ɝɨ ɦɚɬɟɪɢɚɥɚ.  
 

ɇɚ ɬɨɱɧɨɫɬɶ ɩɥɚɧɢɪɨɜɨɱɧɵɯ ɪɚɛɨɬ ɫɭɳɟ-
ɫɬɜɟɧɧɨ ɜɥɢɹɸɬ ɩɚɪɚɦɟɬɪɵ ɩɨɜɟɪɯɧɨɫɬɢ 

ɝɪɭɧɬɚ, ɩɨ ɤɨɬɨɪɨɦɭ ɚɜɬɨɝɪɟɣɞɟɪ ɞɜɢɠɟɬɫɹ ɜ 
ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ. Ⱦɥɹ ɨɬɪɚɠɟɧɢɹ ɜɥɢɹɧɢɹ 
ɦɢɤɪɨɪɟɥɶɟɮɚ ɧɚ ɁɌɆ ɢɫɩɨɥɶɡɭɸɬɫɹ ɟɝɨ ɦɚ-
ɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ. Ⱦɥɹ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ 
ɦɢɤɪɨɪɟɥɶɟɮɚ ɧɚ ɢɡɦɟɧɟɧɢɹ ɩɨɥɨɠɟɧɢɹ ɪɚ-
ɛɨɱɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ (ɊɈ) ɫ ɞɨɫɬɚɬɨɱɧɨɣ 

ɬɨɱɧɨɫɬɶɸ ɦɢɤɪɨɪɟɥɶɟɮ ɦɨɠɧɨ ɨɩɢɫɵɜɚɬɶ 
ɞɜɭɦɹ ɮɭɧɤɰɢɹɦɢ ɦɢɤɪɨɩɪɨɮɢɥɹ ɩɨ ɥɟɜɨɣ ɢ 

ɩɪɚɜɨɣ ɤɨɥɟɹɦ ɚɜɬɨɝɪɟɣɞɟɪɚ, ɚ ɩɨɩɟɪɟɱɧɵɣ 

ɭɤɥɨɧ ɜ ɩɪɨɢɡɜɨɥɶɧɨɦ ɫɟɱɟɧɢɢ – ɨɰɟɧɢɜɚɬɶ 
ɩɨ ɜɟɪɬɢɤɚɥɶɧɵɦ ɤɨɨɪɞɢɧɚɬɚɦ ɥɟɜɨɣ ɢ ɩɪɚ-
ɜɨɣ ɤɨɥɟɹɦ. Ȼɨɥɶɲɢɧɫɬɜɨ ɝɪɭɧɬɨɜɵɯ ɩɨɜɟɪɯ-
ɧɨɫɬɟɣ, ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ ɚɜɬɨɝɪɟɣɞɟɪɨɦ, 

ɢɦɟɟɬ ɤɨɪɪɟɥɹɰɢɨɧɧɵɟ ɮɭɧɤɰɢɢ, ɤɨɬɨɪɵɟ 
ɦɨɝɭɬ ɨɩɢɫɵɜɚɬɶɫɹ ɜɵɪɚɠɟɧɢɹɦɢ [5]  
 

2( ) xR x e    ;      (1) 
 

2( ) cos( )xR x e x     ,         (2) 
 

ɝɞɟ 2  – ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ 
ɢɫɯɨɞɧɨɝɨ ɦɢɤɪɨɪɟɥɶɟɮɚ; ,    – ɤɨɷɮɮɢɰɢ-

ɟɧɬɵ ɡɚɬɭɯɚɧɢɹ ɢ ɩɟɪɢɨɞɢɱɧɨɫɬɢ ɤɨɪɪɟɥɹɰɢ-

ɨɧɧɵɯ ɮɭɧɤɰɢɣ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɬɢɩɚ ɩɪɨɮɢɥɹ; 
x  – ɩɭɬɟɜɚɹ ɤɨɨɪɞɢɧɚɬɚ. 
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ɐɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɫɨɩɨɫɬɚɜɥɟɧɢɟ 
ɩɥɚɧɢɪɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɚɜɬɨɝɪɟɣɞɟɪɚ ɢ 

ɦɧɨɝɨɨɬɜɚɥɶɧɨɝɨ ɩɪɢɰɟɩɧɨɝɨ ɝɪɟɣɞɟɪɚ. ȼ 

ɤɚɱɟɫɬɜɟ ɛɚɡɨɜɨɝɨ ɩɪɢɧɹɬ ɚɜɬɨɝɪɟɣɞɟɪ 
Ƚɋ 18.01 ɫ ɤɨɥɟɫɧɨɣ ɮɨɪɦɭɥɨɣ 1×2×3.  

 

  

 

Ɋɟɲɟɧɢɟ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɬɪɟɛɭɟɬ ɫɨɫɬɚɜ-
ɥɟɧɢɹ ɭɪɚɜɧɟɧɢɣ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɚɜɬɨ-
ɝɪɟɣɞɟɪɚ, ɪɚɫɫɦɨɬɪɟɧɢɹ ɩɟɪɟɦɟɳɟɧɢɹ ɪɚɛɨɱɟ-
ɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɜɨɡɦɭɳɚ-
ɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɹɯ ɫɨ ɫɬɨɪɨɧɵ ɦɢɤɪɨɪɟɥɶɟɮɚ 
ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ (ɪɢɫ. 3, 4).  

 

ɇɚ ɨɫɧɨɜɟ ɩɪɢɜɟɞɟɧɧɨɣ ɜɵɲɟ ɦɚɬɟɦɚɬɢɱɟ-
ɫɤɨɣ ɦɨɞɟɥɢ ɦɨɠɧɨ ɫɦɨɞɟɥɢɪɨɜɚɬɶ ɦɢɤɪɨɪɟ-
ɥɶɟɮ ɝɪɭɧɬɚ ɫ ɡɚɞɚɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. 

 

 
Ɋɢɫ. 3. Ɏɪɚɝɦɟɧɬ ɪɟɚɥɢɡɚɰɢɢ ɦɢɤɪɨɪɟɥɶɟɮɚ 

ɝɪɭɧɬɚ 

 
 

Ɋɢɫ. 4. Ɏɪɚɝɦɟɧɬ ɪɟɚɥɢɡɚɰɢɢ ɦɢɤɪɨɪɟɥɶɟɮɚ 
ɩɨ ɥɟɜɨɣ (1) ɢ ɩɪɚɜɨɣ (2) ɤɨɥɟɟ 

 

ɉɪɢ ɫɨɫɬɚɜɥɟɧɢɢ ɪɚɫɱɟɬɧɨɣ ɫɯɟɦɵ (ɪɢɫ. 5) 

ɛɵɥɢ ɩɪɢɧɹɬɵ ɫɥɟɞɭɸɳɢɟ ɞɨɩɭɳɟɧɢɹ: ɚɜɬɨ-
ɝɪɟɣɞɟɪ ɹɜɥɹɟɬɫɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɦ ɦɧɨɝɨ-
ɡɜɟɧɧɢɤɨɦ; ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɷɥɟɦɟɧɬɵ ɚɜɬɨ-

ɝɪɟɣɞɟɪɚ ɚɛɫɨɥɸɬɧɨ ɠɟɫɬɤɢɟ; ɷɥɟɦɟɧɬɵ ɯɨ-
ɞɨɜɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢɦɟɸɬ ɩɨɫɬɨɹɧɧɵɣ 

ɤɨɧɬɚɤɬ ɫ ɝɪɭɧɬɨɦ ɢ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɫɱɢ-

ɬɚɟɬɫɹ ɚɛɫɨɥɸɬɧɨ ɠɟɫɬɤɢɦɢ; ɜ ɩɪɨɰɟɫɫɟ ɤɨ-
ɩɚɧɢɹ ɩɟɪɟɫɬɚɧɨɜɤɚ ɷɥɟɦɟɧɬɨɜ ɪɚɛɨɱɟɝɨ ɨɛɨ-
ɪɭɞɨɜɚɧɢɹ ɧɟ ɩɪɨɢɡɜɨɞɢɬɫɹ, ɭɝɥɵ ɜɵɧɨɫɚ 
ɬɹɝɨɜɨɣ ɪɚɦɵ ɢ ɩɨɜɨɪɨɬɚ ɨɬɜɚɥɚ ɧɟ ɦɟɧɹɸɬ-
ɫɹ. ɉɨɥɨɠɟɧɢɟ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɊɈ ɰɟɥɟɫɨɨɛ-
ɪɚɡɧɨ ɨɩɪɟɞɟɥɹɬɶ ɩɨ ɤɨɨɪɞɢɧɚɬɟ ɟɝɨ ɰɟɧ-

ɬɪɚɥɶɧɨɣ ɬɨɱɤɢ y ɢ ɭɝɥɭ ɩɟɪɟɤɨɫɚ  . 

L

G

L
s

L
s

 L
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L
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L
1

L
4

v

Lɜɵɧ

 
 

Ɋɢɫ. 5. Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɚɜɬɨɝɪɟɣ-

ɞɟɪɚ 
 

1ɉ 1Ʌ
1 1ɉ

2

y y
y y

  ; ɉȻ ɅȻ
2 ɉȻ

2

y y
y y

  ; 

2ɉ 3ɉ
ɉȻ 3ɉ

2Ʌ 3Ʌ
ɅȻ 3Ʌ

2

2

y y
y y

y y
y y

 
 

;    (3) 

1 2
3 2

y y
y L y

L

   ;  ɅȻ ɉȻtg
y y

G

  , 

 

ɝɞɟ y1ɉ, y2ɉ, y3ɉ, y1Ʌ, y2Ʌ, y3Ʌ – ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɜɟɪɬɢɤɚɥɶɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɝɪɭɧɬɚ ɜ ɭɫɥɨɜɧɵɯ 

ɬɨɱɤɚɯ ɤɨɧɬɚɤɬɚ ɩɟɪɜɵɯ, ɜɬɨɪɵɯ ɢ ɬɪɟɬɶɢɯ 

ɩɪɚɜɵɯ ɢ ɥɟɜɵɯ ɤɨɥɟɫ ɚɜɬɨɝɪɟɣɞɟɪɚ; yɉȻ,  

yɅȻ – ɭɫɥɨɜɧɵɟ ɜɟɪɬɢɤɚɥɶɧɵɟ ɤɨɨɪɞɢɧɚɬɵ 

ɩɪɚɜɨɝɨ ɢ ɥɟɜɨɝɨ ɛɚɥɚɧɫɢɪɨɜ; y1 ɢ y2 – ɭɫɥɨɜ-
ɧɵɟ ɜɟɪɬɢɤɚɥɶɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɩɟɪɟɞ-
ɧɟɣ ɢ ɡɚɞɧɟɣ ɨɫɟɣ. 
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Ɉɪɞɢɧɚɬɚ ɥɸɛɨɣ ɬɨɱɤɢ ɤɪɨɦɤɢ ɨɬɜɚɥɚ ɜ ɡɚɜɢ-

ɫɢɦɨɫɬɢ ɨɬ ɭɝɥɚ ɭɫɬɚɧɨɜɤɢ ɨɬɜɚɥɚ ɜ ɩɥɚɧɟ   

 

ɜɵɧ
ɨɬɜ tg( ).

cos( )

L
y y     (4) 

 

ɉɪɢ ɩɟɪɟɦɟɳɟɧɢɢ ɚɜɬɨɝɪɟɣɞɟɪ ɤɨɥɟɫɚɦɢ ɛɚ-
ɥɚɧɫɢɪɧɨɣ ɬɟɥɟɠɤɢ ɨɛɵɱɧɨ ɞɜɢɠɟɬɫɹ ɩɨ ɨɛ-
ɪɚɛɨɬɚɧɧɨɦɭ ɝɪɭɧɬɭ. 
 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɱɢɫɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɜɟɪɬɢ-

ɤɚɥɶɧɵɯ ɤɨɨɪɞɢɧɚɬ ɚɧɚɥɢɡɢɪɭɟɦɨɝɨ ɦɢɤɪɨ-
ɪɟɥɶɟɮɚ ɫ ɡɚɞɚɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɤɨɪɪɟɥɹ-
ɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɩɪɨɝɪɚɦɦɚ 
Mathcad. ȼɯɨɞɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɹɜɥɹɸɬɫɹ 
ɤɨɷɮɮɢɰɢɟɧɬɵ ɡɚɬɭɯɚɧɢɹ  ɢ ɩɟɪɢɨɞɢɱɧɨɫɬɢ  ɤɨɪɪɟɥɹɰɢɨɧɧɨɣ ɮɭɧɤɰɢɢ, ɫɪɟɞɧɟɤɜɚɞɪɚ-
ɬɢɱɧɨɟ ɨɬɤɥɨɧɟɧɢɟ  ɦɢɤɪɨɪɟɥɶɟɮɚ ɦɨɞɟɥɢ-

ɪɭɟɦɨɝɨ ɝɪɭɧɬɚ, ɚ ɜɵɯɨɞɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ – 

ɜɟɪɬɢɤɚɥɶɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɬɨɱɟɤ ɪɟɠɭɳɟɣ 

ɤɪɨɦɤɢ ɊɈ ɨɬɜy , ɤɨɬɨɪɵɟ ɮɚɤɬɢɱɟɫɤɢ ɹɜɥɹ-
ɸɬɫɹ ɜɟɪɬɢɤɚɥɶɧɵɦɢ ɤɨɨɪɞɢɧɚɬɚɦɢ ɮɨɪɦɢ-

ɪɭɟɦɨɝɨ ɦɢɤɪɨɪɟɥɶɟɮɚ (ɪɢɫ. 6). 

 
Ɋɢɫ. 6. Ɏɪɚɝɦɟɧɬ ɦɢɤɪɨɪɟɥɶɟɮɚ ɝɪɭɧɬɚ ɩɨɫɥɟ 

ɩɟɪɜɨɝɨ ɩɪɨɯɨɞɚ ɚɜɬɨɝɪɟɣɞɟɪɚ ( 5,0 ɦz  ) 

 

ɑɢɫɥɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɤɨɷɮɮɢɰɢɟɧ-

ɬɨɜ ɫɝɥɚɠɢɜɚɧɢɹ k ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ. 7, 8. 

 

 
 

Ɋɢɫ. 7. Ɂɚɜɢɫɢɦɨɫɬɢ k  ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɤɨɪɪɟ-
ɥɹɰɢɨɧɧɵɯ ɮɭɧɤɰɢɣ ɦɢɤɪɨɩɪɨɮɢɥɹ: 1 – 

ɨɬ ; 2 – ɨɬ  

 
 

Ɋɢɫ. 8. Ɂɚɜɢɫɢɦɨɫɬɶ k  ɨɬ ɭɝɥɚ ɡɚɯɜɚɬɚ   

 

Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɭɟɦɨɣ ɬɨɱɧɨɫɬɢ Ʉ  

ɮɨɪɦɢɪɭɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɧɟɪɨɜɧɨɫɬɶ ɤɨɬɨ-
ɪɨɣ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɇ , ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɢɡ-
ɜɟɫɬɢ ɪɚɫɱɟɬ ɱɢɫɥɚ ɩɪɨɯɨɞɨɜ ɉɅn  (ɪɢɫ. 9). 

Ⱥɜɬɨɝɪɟɣɞɟɪ, ɩɥɚɧɢɪɭɸɳɢɟ ɫɜɨɣɫɬɜɚ ɤɨɬɨ-
ɪɨɝɨ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ yk  ɢ k , ɞɨɥɠɟɧ ɫɨ-
ɜɟɪɲɢɬɶ ɩɨ ɨɛɪɚɛɚɬɵɜɚɟɦɨɦɭ ɭɱɚɫɬɤɭ ɱɢɫɥɨ 
ɩɪɨɯɨɞɨɜ, ɪɚɜɧɨɟ 
 

 
ɇ K 
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lg( / )

lg

y y

y

y

n
k

  ;  (5) 

ɇ K 

ɉɅ 

lg( / )
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n

k

 



  .  (6) 

 

 
Ɋɢɫ. 9. Ɂɚɜɢɫɢɦɨɫɬɢ ɱɢɫɥɚ ɩɪɨɯɨɞɨɜ ɉɅ n  ɨɬ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɝɥɚɠɢɜɚɧɢɹ k :1 – ɝɪɟɣ-

ɞɟɪɵ ɫ ɦɧɨɝɨɨɬɜɚɥɶɧɨɣ ɫɢɫɬɟɦɨɣ; 2 – 

ɚɜɬɨɝɪɟɣɞɟɪ 
 

 

 

ɉɪɢɰɟɩɧɵɟ ɞɨɪɨɠɧɵɟ ɝɪɟɣɞɟɪɵ, ɜ ɫɪɚɜɧɟɧɢɢ 

ɫ ɭɧɢɜɟɪɫɚɥɶɧɨɫɬɶɸ ɚɜɬɨɝɪɟɣɞɟɪɚ, ɞɨɫɬɚɬɨɱ-
ɧɨ ɨɝɪɚɧɢɱɟɧɵ ɜ ɩɪɢɦɟɧɟɧɢɢ. Ɉɞɧɚɤɨ ɧɚ ɩɨ-
ɪɹɞɨɤ ɦɟɧɶɲɚɹ ɫɬɨɢɦɨɫɬɶ, ɩɨɜɵɲɟɧɧɚɹ ɩɥɚ-
ɧɢɪɨɜɨɱɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ, ɡɚ ɫɱɟɬ ɦɟɧɶɲɟɝɨ 
ɤɨɥɢɱɟɫɬɜɚ ɩɪɨɯɨɞɨɜ, ɧɟɫɨɦɧɟɧɧɨ, ɞɟɥɚɸɬ 
ɷɬɭ ɦɚɲɢɧɭ ɩɪɢɜɥɟɤɚɬɟɥɶɧɨɣ ɞɥɹ ɧɟɛɨɥɶɲɢɯ 
ɩɪɟɞɩɪɢɹɬɢɣ, ɤɨɬɨɪɵɟ ɫɬɚɥɤɢɜɚɸɬɫɹ ɫ ɡɚɞɚ-
ɱɚɦɢ ɨɛɫɥɭɠɢɜɚɧɢɹ ɝɪɭɧɬɨɜɵɯ ɢ ɝɪɚɜɢɣɧɵɯ 

ɞɨɪɨɝ. 
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1. ɍɧɢɜɟɪɫɚɥɶɧɨɟ ɧɚɜɟɫɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ 
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