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Аɧɧɨɬаɰиɹ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɞɥɹ ɨɩɢɫɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɡɟɦɥɟɪɨɣɧɨ-ɬɪɚɧɫɩɨɪɬɧɵɯ ɦɚɲɢɧ (ɁɌɆ) 

ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɛɨɤɨɜɨɟ ɫɦɟɳɟɧɢɟ ɢ ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɦɚɲɢɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨ-
ɞɨɥɶɧɨɣ ɨɫɢ. ɋɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɚɜɬɨɝɪɟɣɞɟɪɚ ɨɤɚɡɵɜɚɟɬ ɧɟɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɮɨɪɦɢ-
ɪɨɜɚɧɢɟ ɩɨɤɚɡɚɬɟɥɟɣ ɤɭɪɫɨɜɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ. ɇɚɢɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɩɚɪɚɦɟɬɪɵ 

ɤɭɪɫɨɜɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɜɬɨɝɪɟɣɞɟɪɚ ɨɤɚɡɵɜɚɟɬ ɭɝɨɥ ɭɫɬɚɧɨɜɤɢ ɨɬɜɚɥɚ ɜ ɩɥɚɧɟ. 
 

Клɸɱевые ɫлɨва: ɡɟɦɥɟɪɨɣɧɨ-ɬɪɚɧɫɩɨɪɬɧɚɹ ɦɚɲɢɧɚ, ɤɭɪɫɨɜɚɹ ɭɫɬɨɣɱɢɜɨɫɬɶ, ɬɪɚɟɤɬɨɪɢɹ 
ɞɜɢɠɟɧɢɹ, ɚɜɬɨɝɪɟɣɞɟɪ, ɛɨɤɨɜɨɟ ɫɦɟɳɟɧɢɟ. 
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Аɧɨɬаɰіɹ. ɉɨɤɚɡɚɧɨ, ɳɨ ɞɥɹ ɨɩɢɫɭ ɩɚɪɚɦɟɬɪɿɜ ɡɟɦɥɟɪɢɣɧɨ-ɬɪɚɧɫɩɨɪɬɧɢɯ ɦɚɲɢɧ (ɁɌɆ) ɞɨɰɿ-
ɥɶɧɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɛɿɱɧɢɣ ɡɫɭɜ ɿ ɤɭɬ ɩɨɜɨɪɨɬɭ ɦɚɲɢɧɢ ɜɿɞɧɨɫɧɨ ɩɨɡɞɨɜɠɧɶɨʀ ɨɫɿ. Шɜɢɞ-
ɤɿɫɬɶ ɪɭɯɭ ɚɜɬɨɝɪɟɣɞɟɪɚ ɫɩɪɚɜɥɹє ɧɟɿɫɬɨɬɧɢɣ ɜɩɥɢɜ ɧɚ ɮɨɪɦɭɜɚɧɧɹ ɩɨɤɚɡɧɢɤɿɜ ɤɭɪɫɨɜɨʀ ɫɬɿɣ-
ɤɨɫɬɿ. ɇɚɣɛɿɥɶɲ ɿɫɬɨɬɧɢɣ ɜɩɥɢɜ ɧɚ ɩɚɪɚɦɟɬɪɢ ɤɭɪɫɨɜɨʀ ɫɬɿɣɤɨɫɬɿ ɚɜɬɨɝɪɟɣɞɟɪɚ ɦɚє ɤɭɬ 

ɭɫɬɚɧɨɜɤɢ ɜɿɞɜɚɥɚ ɭ ɩɥɚɧɿ.  
 

Клɸɱɨві ɫлɨва: ɡɟɦɥɟɪɢɣɧɨ-ɬɪɚɧɫɩɨɪɬɧɚ ɦɚɲɢɧɚ, ɤɭɪɫɨɜɚ ɫɬɿɣɤɿɫɬɶ, ɬɪɚєɤɬɨɪɿɹ ɪɭɯɭ, ɚɜɬɨɝ-
ɪɟɣɞɟɪ, ɛɿɱɧɢɣ ɡɫɭɜ. 

 

EXPERIMENTAL RESEARCH OF THE IMPACT OF THE MOTOR-GRADER 

COURSE STABILITY PARAMETERS 

 

V. Shevchenko, Assoc. Prof., Cand., Eng. Sc., A. Chaplygina, postgraduate,  

Kharkiv National Automobile and Highway University 

 
Abstract. Both a side shift of earth-moving machines and the rotation angle relative to the machine 

longitudinal axis have been shown to describe the parameters of earth-moving machines. The travel 

speed of the motor-grader has an insignificant impact on the formation of course stability parameters. 

The blade angle in the plane has the most influential impact on motor-grader course stability parame-

ters.  

 

Key words: earth-moving machines, course stability, motion path, motor grader, side shift. 

 

 

 

 

Ɉɫɧɨɜɧɵɦɢ ɪɚɛɨɱɢɦɢ ɨɩɟɪɚɰɢɹɦɢ ɚɜɬɨɝɪɟɣ-

ɞɟɪɚ ɹɜɥɹɸɬɫɹ ɩɪɨɮɢɥɢɪɨɜɚɧɢɟ ɢ ɩɥɚɧɢɪɨ-
ɜɚɧɢɟ ɞɨɪɨɠɧɨɝɨ ɩɨɥɨɬɧɚ, ɩɟɪɟɦɟɳɟɧɢɟ ɢ 

ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɝɪɭɧɬɚ ɢ ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟ-

ɪɢɚɥɨɜ. ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɭɤɚɡɚɧɧɵɯ ɨɩɟɪɚ-
ɰɢɣ, ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɛɨɱɢɯ ɭɫɥɨɜɢɣ, ɨɫ-
ɧɨɜɧɨɣ ɨɬɜɚɥ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɪɚɫɩɨɥɚɝɚɬɶ ɫ 
ɭɝɥɨɦ ɡɚɯɜɚɬɚ 90–45 (ɩɪɢ ɜɵɪɟɡɚɧɢɢ ɤɸɜɟ-
ɬɨɜ 40–20) ɢ ɭɝɥɨɦ ɩɟɪɟɤɨɫɚ ɜ ɜɟɪɬɢɤɚɥɶ-
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ɧɨɣ ɩɥɨɫɤɨɫɬɢ 0–18 (ɩɪɢ ɫɪɟɡɚɧɢɢ ɨɬɤɨɫɨɜ 
ɞɨ 60). 
 

ɉɨɞɨɛɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɨɬɜɚɥɚ ɩɨ ɨɬɧɨɲɟ-
ɧɢɸ ɤ ɨɫɧɨɜɧɨɣ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɦɚɲɢ-

ɧɵ ɩɪɢɜɨɞɢɬ ɤ ɮɨɪɦɢɪɨɜɚɧɢɸ ɫɥɨɠɧɨɣ ɩɪɨ-
ɫɬɪɚɧɫɬɜɟɧɧɨɣ ɫɯɟɦɵ ɟɝɨ ɧɚɝɪɭɠɟɧɢɹ. ȼ 

ɱɚɫɬɧɨɫɬɢ, ɩɨɦɢɦɨ ɩɪɨɞɨɥɶɧɨɣ ɝɨɪɢɡɨɧɬɚɥɶ-
ɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɚɱɟɧɢɸ, 

ɜɨɡɧɢɤɚɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɛɨɤɨɜɵɟ ɢ ɜɟɪ-
ɬɢɤɚɥɶɧɵɟ ɫɢɥɵ ɫɨɩɪɨɬɢɜɥɟɧɢɹ. ȼɨɡɞɟɣɫɬɜɢɟ 
ɩɨɫɥɟɞɧɢɯ ɩɪɢɜɨɞɢɬ ɤ ɫɦɟɳɟɧɢɸ ɚɜɬɨɝɪɟɣ-

ɞɟɪɚ ɫ ɩɪɹɦɨɥɢɧɟɣɧɨɣ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ 
ɜ ɩɪɨɰɟɫɫɟ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɱɟɣ ɨɩɟɪɚɰɢɢ.  

 

ɇɚ ɩɪɚɤɬɢɤɟ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɤɭɪɫɨɜɨɣ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɩɟɪɚɬɨɪɭ ɩɪɢɯɨɞɢɬɫɹ ɩɨɫɬɨ-
ɹɧɧɨ ɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɩɨɥɨɠɟɧɢɟ ɦɚɲɢɧɵ. 

Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɩɨɬɟɪɹ ɤɭɪɫɨɜɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɤɚɱɟɫɬɜɟɧɧɵɯ ɩɨɤɚɡɚ-
ɬɟɥɟɣ ɜɵɩɨɥɧɹɟɦɵɯ ɪɚɛɨɱɢɯ ɨɩɟɪɚɰɢɣ, ɧɟɨɛ-
ɯɨɞɢɦɨɫɬɢ ɪɟɚɥɢɡɚɰɢɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɪɨ-
ɯɨɞɨɜ. ȼ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟ ɷɬɨ ɜɟɞɟɬ ɤ ɩɚɞɟɧɢɸ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɭɜɟɥɢɱɟɧɢɸ ɫɟɛɟɫɬɨɢ-

ɦɨɫɬɢ ɜɵɩɨɥɧɹɟɦɵɯ ɪɚɛɨɬ ɢ ɭɞɟɥɶɧɨɝɨ ɪɚɫ-
ɯɨɞɚ ɬɨɩɥɢɜɚ.  

 

  

 

ɉɪɨɛɥɟɦɚ ɤɭɪɫɨɜɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɲɢɪɨɤɨ 
ɞɢɫɤɭɬɢɪɭɟɬɫɹ ɩɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɬɟɯɧɨɥɨɝɢɱɟ-
ɫɤɢɦ ɨɛɴɟɤɬɚɦ, ɢɫɩɵɬɵɜɚɸɳɢɦ ɡɧɚɱɢɬɟɥɶɧɵɟ 
ɛɨɤɨɜɵɟ ɧɚɝɪɭɡɤɢ ɜɨ ɜɪɟɦɹ ɞɜɢɠɟɧɢɹ. 
 

ɉɪɢ ɞɜɢɠɟɧɢɢ ɧɚ ɩɨɜɨɪɨɬɚɯ, ɚ ɬɚɤɠɟ ɩɨ ɩɨ-
ɜɟɪɯɧɨɫɬɹɦ, ɢɦɟɸɳɢɦ ɩɨɩɟɪɟɱɧɵɣ ɭɤɥɨɧ, 

ɩɪɨɢɫɯɨɞɢɬ ɩɨɩɟɪɟɱɧɚɹ ɞɟɮɨɪɦɚɰɢɹ ɲɢɧ 

ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ [1]. ɉɪɨɢɫɯɨɞɢɬ ɷɬɨ 
ɜɫɥɟɞɫɬɜɢɟ ɜɨɡɞɟɣɫɬɜɢɹ ɛɨɤɨɜɨɣ ɧɚɝɪɭɡɤɢ .Y  

ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɩɨɤɚɡɚɬɟɥɟɦ 

ɤɭɪɫɨɜɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɞɥɹ ɷɬɨɣ ɝɪɭɩɩɵ ɦɚ-
ɲɢɧ ɹɜɥɹɟɬɫɹ ɭɝɨɥ ɛɨɤɨɜɨɝɨ ɭɜɨɞɚ   ɢɥɢ ɤɨ-
ɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɛɨɤɨɜɨɦɭ ɭɜɨɞɭ 

 

y .
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K
d

    (1) 

 

Ⱦɚɧɧɵɣ ɩɨɞɯɨɞ ɤ ɨɰɟɧɤɟ ɤɭɪɫɨɜɨɣ ɭɫɬɨɣɱɢ-

ɜɨɫɬɢ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɪɟɚɥɢɡɨ-
ɜɚɧ ɞɥɹ ɤɨɥɟɫɧɵɯ ɡɟɦɥɟɪɨɣɧɨ-ɬɪɚɧɫɩɨɪɬɧɵɯ 
ɦɚɲɢɧ (ɁɌɆ), ɩɨɫɤɨɥɶɤɭ, ɜ ɫɜɹɡɢ ɫ ɨɫɨɛɟɧ-

ɧɨɫɬɹɦɢ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɱɢɯ ɨɩɟɪɚɰɢɣ, ɧɚ 
ɧɢɯ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɦɧɨɝɨɫɥɨɣɧɵɟ ɲɢɧɵ, 

ɨɛɥɚɞɚɸɳɢɟ ɡɧɚɱɢɬɟɥɶɧɨɣ ɩɨɩɟɪɟɱɧɨɣ ɠɟɫɬ-
ɤɨɫɬɶɸ. Ʉɪɨɦɟ ɬɨɝɨ, ɞɥɹ ɁɌɆ, ɩɨ ɫɪɚɜɧɟɧɢɸ 

ɫ ɬɪɚɧɫɩɨɪɬɧɨɣ ɬɟɯɧɢɤɨɣ, ɪɟɚɥɢɡɭɟɬɫɹ ɢɧɚɹ 

ɤɚɪɬɢɧɚ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɢɥ, ɞɟɫɬɚɛɢɥɢɡɢɪɭ-

ɸɳɢɯ ɩɚɪɚɦɟɬɪɵ ɤɭɪɫɨɜɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ. ȼ 

ɪɚɛɨɬɟ [2] ɚɜɬɨɪɵ ɨɛɪɚɬɢɥɢ ɜɧɢɦɚɧɢɟ ɧɚ ɷɤɫ-
ɩɟɪɢɦɟɧɬɚɥɶɧɨ ɡɚɮɢɤɫɢɪɨɜɚɧɧɭɸ ɩɨɬɟɪɸ 

ɭɫɬɨɣɱɢɜɨɫɬɢ ɯɨɞɚ ɚɜɬɨɝɪɟɣɞɟɪɚ ɡɚ ɫɱɟɬ ɛɨ-
ɤɨɜɨɝɨ ɫɤɨɥɶɠɟɧɢɹ ɩɟɪɟɞɧɟɝɨ ɦɨɫɬɚ. ɉɨ ɦɧɟ-
ɧɢɸ ɚɜɬɨɪɨɜ, ɩɪɢɱɢɧɨɣ ɷɬɨɝɨ ɹɜɥɹɟɬɫɹ ɧɟ-
ɩɪɚɜɢɥɶɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɨɩɨɪɧɵɯ ɪɟɚɤɰɢɣ 

ɧɚ ɦɨɫɬɚɯ ɦɚɲɢɧɵ. Ɉɰɟɧɤɭ ɷɬɨɝɨ ɩɨɤɚɡɚɬɟɥɹ 
ɩɪɟɞɥɚɝɚɟɬɫɹ ɜɵɩɨɥɧɹɬɶ ɫ ɩɨɦɨɳɶɸ ɤɨɷɮɮɢ-

ɰɢɟɧɬɨɜ 
 

1 2
1 2,

G G
C C

G G
  ,  (2) 

 

ɝɞɟ G  – ɫɢɥɚ ɬɹɠɟɫɬɢ ɚɜɬɨɝɪɟɣɞɟɪɚ; 1 2,G G  – 

ɫɢɥɚ ɬɹɠɟɫɬɢ, ɩɪɢɯɨɞɹɳɚɹɫɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɧɚ ɩɟɪɟɞɧɢɣ ɢ ɡɚɞɧɢɣ ɦɨɫɬ ɦɚɲɢɧɵ. 
 

Ⱦɥɹ ɨɰɟɧɤɢ ɫɬɟɩɟɧɢ ɤɭɪɫɨɜɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɚɜɬɨɝɪɟɣɞɟɪɚ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɤɨɷɮɮɢɰɢɟɧɬ [2] 
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R
 ,           (3) 

 

ɝɞɟ xR  – ɧɚɢɛɨɥɶɲɚɹ ɩɪɨɞɨɥɶɧɚɹ ɫɨɫɬɚɜɥɹ-
ɸɳɚɹ ɪɟɚɤɰɢɢ ɝɪɭɧɬɚ ɧɚ ɧɨɠ, ɩɪɢ ɤɨɬɨɪɨɣ 

ɟɳɟ ɧɟ ɬɟɪɹɟɬɫɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɯɨɞɚ ɜ ɞɚɧɧɵɯ 

ɭɫɥɨɜɢɹɯ ɪɚɛɨɬɵ ɢ ɩɪɢ ɞɚɧɧɨɣ ɪɚɡɜɟɫɤɟ ɩɨ 

ɦɨɫɬɚɦ; maxxR  – ɧɚɢɛɨɥɶɲɚɹ ɩɪɨɞɨɥɶɧɚɹ ɫɨ-
ɫɬɚɜɥɹɸɳɚɹ ɪɟɚɤɰɢɢ ɝɪɭɧɬɚ ɧɚ ɧɨɠ, ɩɪɢ ɤɨ-
ɬɨɪɨɣ ɟɳɟ ɧɟ ɬɟɪɹɟɬɫɹ ɭɫɬɨɣɱɢɜɨɫɬɶ ɯɨɞɚ ɜ 
ɬɟɯ ɠɟ ɭɫɥɨɜɢɹɯ ɪɚɛɨɬɵ, ɧɨ ɩɪɢ ɧɚɢɜɵɝɨɞ-
ɧɟɣɲɟɣ ɪɚɡɜɟɫɤɟ ɩɨ ɦɨɫɬɚɦ. 

 

ɇɟɞɨɫɬɚɬɨɤ ɞɚɧɧɨɝɨ ɩɨɞɯɨɞɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɬɨɦ, ɱɬɨ ɚɜɬɨɪɵ ɧɟ ɭɱɢɬɵɜɚɸɬ ɞɟɣɫɬɜɢɟ ɜɟɪ-
ɬɢɤɚɥɶɧɨɣ ɢ ɛɨɤɨɜɨɣ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɹ ɤɚɱɟɧɢɸ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɨɬɜɚɥ. 
Ʉɪɨɦɟ ɷɬɨɝɨ, ɨɰɟɧɤɚ ɤɭɪɫɨɜɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ 

ɩɪɨɜɨɞɢɬɫɹ ɞɥɹ ɪɟɠɢɦɚ ɫɬɚɬɢɱɟɫɤɨɝɨ ɧɚɝɪɭ-

ɠɟɧɢɹ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ, ɜ ɬɨ ɜɪɟɦɹ ɤɚɤ ɞɥɹ 
ɥɸɛɨɣ ɁɌɆ ɪɚɛɨɱɢɣ ɩɪɨɰɟɫɫ ɪɚɡɪɚɛɨɬɤɢ 

ɝɪɭɧɬɚ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɨɹɜɥɟɧɢɟɦ ɞɨɩɨɥɧɢ-

ɬɟɥɶɧɵɯ ɢɧɟɪɰɢɨɧɧɵɯ ɧɚɝɪɭɡɨɤ, ɜɵɡɜɚɧɧɵɯ 

ɧɟɭɫɬɚɧɨɜɢɜɲɢɦɫɹ ɪɟɠɢɦɨɦ ɞɜɢɠɟɧɢɹ ɦɚ-
ɲɢɧɵ. 

 

ȼ ɪɚɛɨɬɟ [3] ɪɚɫɫɦɨɬɪɟɧɵ ɭɫɥɨɜɢɹ ɨɛɟɫɩɟɱɟ-
ɧɢɹ ɤɭɪɫɨɜɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɭɧɢɜɟɪɫɚɥɶɧɵɯ 
ɡɟɦɥɟɪɨɣɧɵɯ ɦɚɲɢɧ ɫ ɤɚɱɚɸɳɢɦɫɹ ɪɚɛɨɱɢɦ 

ɨɪɝɚɧɨɦ. Ⱥɜɬɨɪ ɩɪɟɞɥɚɝɚɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ 
ɤɚɱɟɫɬɜɟ ɨɰɟɧɤɢ ɤɭɪɫɨɜɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɁɌɆ 

ɫ ɝɭɫɟɧɢɱɧɵɦ ɯɨɞɨɜɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɤɨ-
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ɷɮɮɢɰɢɟɧɬ ɤɭk , ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɨɬɧɨ-
ɲɟɧɢɟɦ ɦɨɦɟɧɬɚ, ɭɞɟɪɠɢɜɚɸɳɟɝɨ ɦɚɲɢɧɭ ɨɬ 
ɩɨɜɨɪɨɬɚ, ɨɩɆ , ɤ ɞɟɣɫɬɜɭɸɳɟɦɭ ɪɚɡɜɨɪɚɱɢ-

ɜɚɸɳɟɦɭ ɦɨɦɟɧɬɭ ɩɆ  

 

ɨɩ
ɤɭ

ɩ
1 .

Ɇ
k

Ɇ
          (4) 

 

ȼ ɪɚɛɨɬɟ ɚɜɬɨɪ ɨɬɦɟɱɚɟɬ, ɱɬɨ ɦɚɲɢɧɵ, ɪɚɛɨ-
ɱɢɣ ɩɪɨɰɟɫɫ ɤɨɬɨɪɵɯ ɫɨɩɪɹɠɟɧ ɫ ɜɨɡɜɪɚɬɧɨ 

ɩɨɫɬɭɩɚɬɟɥɶɧɵɦ ɞɜɢɠɟɧɢɟɦ ɪɚɛɨɱɟɝɨ ɨɪɝɚɧɚ, 
ɞɨɥɠɧɵ ɛɵɬɶ ɨɛɨɪɭɞɨɜɚɧɵ ɫɢɫɬɟɦɚɦɢ ɫɧɢ-

ɠɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɯ ɧɚɝɪɭɡɨɤ. ɉɨɷɬɨɦɭ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ (4) ɭɱɢɬɵɜɚɸɬɫɹ ɩɪɟɞɟɥɶɧɵɟ 
ɫɬɚɬɢɱɟɫɤɢɟ ɦɨɦɟɧɬɵ ɢ ɧɟ ɭɱɢɬɵɜɚɸɬɫɹ ɞɢ-

ɧɚɦɢɱɟɫɤɢɟ ɫɨɫɬɚɜɥɹɸɳɢɟ ɜɧɟɲɧɟɝɨ ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɹ. 
 

    

 

ɐɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ 
ɨɰɟɧɤɚ ɜɥɢɹɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫ-
ɫɚ ɚɜɬɨɝɪɟɣɞɟɪɚ ɧɚ ɩɨɤɚɡɚɬɟɥɢ ɤɭɪɫɨɜɨɣ 

ɭɫɬɨɣɱɢɜɨɫɬɢ. 

 

    

   

 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ ɜ ɭɫɥɨ-
ɜɢɹɯ ɍɇɉȻ ɏɇȺȾɍ ɛɵɥɢ ɩɨɞɝɨɬɨɜɥɟɧɵ ɢ 

ɩɪɨɜɟɞɟɧɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɧɚ ɚɜɬɨɝɪɟɣɞɟɪɟ ȾɁɤ–251. ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ 

ɨɩɵɬɨɜ ɪɟɚɥɢɡɨɜɵɜɚɥɫɹ ɩɪɨɰɟɫɫ ɪɟɡɚɧɢɹ 
ɝɪɭɧɬɚ II ɤɚɬɟɝɨɪɢɢ ɭɝɥɨɦ ɨɫɧɨɜɧɨɝɨ ɨɬɜɚɥɚ 
ɫɬɪɭɠɤɨɣ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ. Ɉɬɧɨɫɢɬɟɥɶ-
ɧɚɹ ɜɥɚɠɧɨɫɬɶ ɝɪɭɧɬɚ ɫɨɫɬɚɜɥɹɥɚ 19–25 %. ȼ 

ɤɚɱɟɫɬɜɟ ɜɚɪɶɢɪɭɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɛɵɥɢ ɜɵ-

ɛɪɚɧɵ ɧɚɱɚɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɚɜɬɨɝɪɟɣɞɟɪɚ ɢ 

ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɨɬɜɚɥɚ ɜ ɩɥɚɧɟ (ɬɚɛɥ. 1). 

 
Ɍɚɛɥɢɰɚ 1 ɍɪɨɜɧɢ ɜɚɪɶɢɪɨɜɚɧɢɹ ɮɚɤɬɨɪɨɜ 

 

ȼɚɪɶɢɪɭɟɦɚɹ 
ɜɟɥɢɱɢɧɚ 

Ɉɛɨ-
ɡɧɚɱɟ-
ɧɢɟ 

ȿɞɢɧɢɰɵ 

ɢɡɦɟɪɟ-
ɧɢɹ 

ɍɪɨɜɧɢ 
ɜɚɪɶɢɪɨ-
ɜɚɧɢɹ  
ɮɚɤɬɨɪɚ 

ɍɝɨɥ ɭɫɬɚ-
ɧɨɜɤɢ ɨɬɜɚɥɚ 
ɜ ɩɥɚɧɟ 

α ɝɪɚɞ 
45 
90 
13 

ɋɤɨɪɨɫɬɶ 
ɞɜɢɠɟɧɢɹ 
ɦɚɲɢɧɵ 

V ɦ/ɫ 
1,01 

1,4 

1,57 

 

ɉɚɪɚɦɟɬɪɵ ɮɚɤɬɨɪɨɜ ɡɚɞɚɜɚɥɢɫɶ ɧɚ ɨɫɧɨɜɟ 
ɪɟɤɨɦɟɧɞɨɜɚɧɧɵɯ ɡɧɚɱɟɧɢɣ ɞɥɹ ɨɫɧɨɜɧɵɯ 

ɪɟɠɢɦɨɜ ɪɚɛɨɬɵ ɚɜɬɨɝɪɟɣɞɟɪɚ. ȼ ɩɪɨɰɟɫɫɟ 
ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɛɵɥɨ ɨɬɦɟɱɟɧɨ, 
ɱɬɨ ɩɨɬɟɪɹ ɤɭɪɫɨɜɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɜɬɨɝɪɟɣ-

ɞɟɪɚ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ ɛɨɤɨɜɨɝɨ ɫɤɨɥɶɠɟ-
ɧɢɹ ɩɟɪɟɞɧɟɝɨ ɦɨɫɬɚ (ɪɢɫ. 1). 

 

 
 

Ɋɢɫ. 1. ɇɚɝɥɹɞɧɨɟ ɩɪɟɞɫɬɚɜɥɟɧɢɟ ɞɜɢɠɟɧɢɹ 
ɦɚɲɢɧɵ ɜ ɯɨɞɟ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ 

 

ɉɪɢ ɷɬɨɦ ɬɪɚɟɤɬɨɪɢɹ ɞɜɢɠɟɧɢɹ ɦɚɲɢɧɵ ɫɨ-
ɫɬɨɢɬ ɢɡ ɩɪɹɦɨɥɢɧɟɣɧɵɯ ɭɱɚɫɬɤɨɜ ɢ ɭɱɚɫɬ-
ɤɨɜ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɜɨɪɨɬ ɚɜɬɨɝɪɟɣɞɟɪɚ 
(ɪɢɫ. 2). 

 
 

Ɋɢɫ. 2. ɋɯɟɦɚ ɞɜɢɠɟɧɢɹ ɦɚɲɢɧɵ 

 

ȼ ɫɜɹɡɢ ɫ ɢɡɥɨɠɟɧɧɵɦ, ɤɪɢɬɟɪɢɹɦɢ ɨɰɟɧɤɢ 

ɩɨɬɟɪɢ ɤɭɪɫɨɜɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɜɬɨɝɪɟɣɞɟɪɚ 
ɛɵɥɢ ɩɪɢɧɹɬɵ ɛɨɤɨɜɨɟ ɫɦɟɳɟɧɢɟ ɢ ɭɝɨɥ ɩɨ-
ɜɨɪɨɬɚ ɦɚɲɢɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɞɨɥɶɧɨɣ 

ɨɫɢ. 
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Ɂɚɦɟɪɵ ɛɨɤɨɜɨɝɨ ɫɦɟɳɟɧɢɹ ɢ ɭɝɥɚ ɩɨɜɨɪɨɬɚ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ ɦɚɲɢɧɵ ɩɪɨ-
ɢɡɜɨɞɢɥɢɫɶ ɩɨ ɫɯɟɦɟ, ɭɤɚɡɚɧɧɨɣ ɧɚ ɪɢɫ. 3. 

 

 
Ɋɢɫ. 3. ɋɯɟɦɚ ɡɚɦɟɪɚ ɩɚɪɚɦɟɬɪɨɜ, ɯɚɪɚɤɬɟɪɢ-

ɡɭɸɳɢɯ ɤɭɪɫɨɜɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɚɜɬɨ-
ɝɪɟɣɞɟɪɚ 

Ɍɨɱɤɨɣ Ⱥ ɨɛɨɡɧɚɱɟɧ ɤɪɚɣ ɨɬɜɚɥɚ, ɤɨɬɨɪɵɦ 

ɩɪɨɢɡɜɨɞɢɥɨɫɶ ɪɟɡɚɧɢɟ ɝɪɭɧɬɚ. Ⱦɚɧɧɵɟ ɡɚɦɟ-
ɪɨɜ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɪɢɜɟɞɟɧɧɨɣ ɫɢɫɬɟɦɟ 
ɤɨɨɪɞɢɧɚɬ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥ. 2. 

 

Ɍɚɛɥɢɰɚ 2 ɉɚɪɚɦɟɬɪɵ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ  
ɤɭɪɫɨɜɭɸ ɭɫɬɨɣɱɢɜɨɫɬɶ ɚɜɬɨɝɪɟɣɞɟɪɚ 

 

ɗɤɫɩɟɪɢɦɟɧ-

ɬɚɥɶɧɵɟ  
ɞɚɧɧɵɟ 

ɋɦɟɳɟɧɢɟ, ɦ 

ȕ 
–
 ɭ
ɝɨ
ɥ 

 

ɩɨ
ɜɨ
ɪɨ
ɬɚ

 

ɦɚ
ɲ
ɢɧ
ɵ

 

α, 

ɝɪɚɞ 
V, 

ɦ/ɫ 

h1 –

ɩɟɪɟɞɧɢɟ 
ɤɨɥɟɫɚ 

h2 –

ɡɚɞɧɢɟ 
ɤɨɥɟɫɚ 

45 

1,01 3,471 2,575 47°44' 

1,4 0,339 0,764 22°26' 

1,57 0,160 0,228 3°57' 

90 

1,01 0,339 0,299 2º17' 

1,4 1,454 1,352 6°4' 

1,57 2,411 2,306 6°5' 

135 

1,01 1,427 1,329 5°50' 

1,4 0,937 0,674 17°6' 

1,57 0,287 1,567 65°31' 

 
 

Ɍɚɛɥɢɰɚ 3 ɉɚɪɚɦɟɬɪɵ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɬɪɚɟɤɬɨɪɢɸ ɞɜɢɠɟɧɢɹ ɚɜɬɨɝɪɟɣɞɟɪɚ 
 

ɍɝɨɥ  
ɭɫɬɚɧɨɜɤɢ  
ɨɬɜɚɥɚ 

ɋɤɨɪɨɫɬɶ, ɦ/ɫ 
ȼɟɥɢɱɢɧɚ ɫɦɟɳɟɧɢɹ, ɦ 

0 2 4 6 8 10 12 14 16 18 20 

90° 

1,01 0 0,09 0,55 0,28 0,45 0,51 0,69 0,7 0,69 0,73 0,84

1,4 0 0 –0,06 0,21 0,23 0,45 0,37 0,52 0,71 0,91 1 

1,57 0 –0,4 –0,2 0,6 0,8 0,9 1,1 1,3 1,5 1,7 1,7 

45° 

1,01 0 0,23 0,43 0,73 1 1,23 1,43 1,63 1,91 2,18 2,43

1,4 0 0,2 0,36 0,4 0,35 0,2 0,25 0,23 0 0,01 0,12

1,57 0 0,12 0,25 0,33 0,59 0,74 0,75 0,75 0,66 0,7 0,7 

135° 

1,01 0 0,09 0,02 –0,03 –0,19 –0,31 –0,57 –0,72 –0,83 –1,03 –1,04

1,4 0 –0,12 –0,26 –0,48 –0,66 –0,81 –0,76 –0,83 –0,87 –0,83 –0,88

1,57 0 –0,05 –0,13 –0,3 –0,42 –0,6 –0,79 –0,99 –1 –1,23 –1,4
 

ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥ. 3 ɉɚɪɚɦɟɬɪɵ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɬɪɚɟɤɬɨɪɢɸ ɞɜɢɠɟɧɢɹ ɚɜɬɨɝɪɟɣɞɟɪɚ 
 

ɍɝɨɥ ɭɫɬɚɧɨɜɤɢ ɨɬɜɚɥɚ ɋɤɨɪɨɫɬɶ, ɦ/ɫ ɍɪɚɜɧɟɧɢɟ ɪɟɝɪɟɫɫɢɢ 

90° 

1,01 2
0,0014 0,0664 0,0406     R S S     

1,4 2
0,0016 0.0210 0,0410R S S    

1,57 2
0,0010 0,1206 0,2193R S S     

45° 

1,01 0,1210 0,0100R S   

1,4 0,0076  0,2509R S   

1,57 
2

0,0033 0,1032 0,0576R S S    

135° 

1,01 2
0,0017 0,0287 0,1121R S S    

1,4 
2

 0,0032 0,1088 0,0495     R S S    

1,57 
2

0,0009 0,0561  0,0517  R S S     
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Ⱥɧɚɥɢɡ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɩɨ-
ɤɚɡɵɜɚɟɬ, ɱɬɨ ɩɪɟɞɟɥɶɧɵɟ ɛɨɤɨɜɵɟ ɫɦɟɳɟɧɢɹ 
ɩɟɪɟɞɧɟɣ ɨɫɢ ɧɚ ɡɚɯɜɚɬɤɟ 20 ɦ ɫɨɫɬɚɜɥɹɸɬ  
3,5 ɦ, ɚ ɡɚɞɧɟɝɨ ɦɨɫɬɚ – 2,6 ɦ. ɍɝɨɥ ɩɨɜɨɪɨɬɚ 
ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ ɦɚɲɢɧɵ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɪɚ-
ɜɟɧ 20º–65º. Ɋɟɡɚɧɢɟ ɨɩɟɪɟɠɚɸɳɢɦ ɭɝɥɨɦ 

ɨɬɜɚɥɚ ɩɪɢɜɨɞɢɬ ɤ ɫɦɟɳɟɧɢɸ ɢ ɩɨɜɨɪɨɬɭ 
ɦɚɲɢɧɵ ɜ ɫɬɨɪɨɧɭ ɩɪɢɤɥɚɞɵɜɚɟɦɨɣ ɧɚɝɪɭɡ-
ɤɢ. ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɪɟɡɚɧɢɟ ɜɵɩɨɥɧɹɟɬɫɹ ɨɬ-
ɫɬɚɸɳɢɦ ɭɝɥɨɦ ɨɬɜɚɥɚ, ɫɦɟɳɟɧɢɟ ɢ ɩɨɜɨɪɨɬ 
ɦɚɲɢɧɵ ɩɪɨɢɫɯɨɞɹɬ ɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ 

ɧɚɩɪɚɜɥɟɧɢɢ. 

 

Ɉɛɪɚɛɨɬɤɚ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ ɫ ɩɨɦɨɳɶɸ 

ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ MATLAB ɩɨɡɜɨ-
ɥɢɥɚ ɩɨɥɭɱɢɬɶ ɪɹɞ ɪɟɝɪɟɫɫɢɨɧɧɵɯ ɡɚɜɢɫɢɦɨ-
ɫɬɟɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɬɚɛɥ. 3. 

 

Ƚɪɚɮɢɱɟɫɤɚɹ ɢɧɬɟɪɩɪɟɬɚɰɢɹ ɩɨɥɭɱɟɧɧɵɯ ɪɟ-
ɡɭɥɶɬɚɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 4–6 ɜ ɜɢɞɟ 
ɬɪɚɟɤɬɨɪɢɣ ɞɜɢɠɟɧɢɹ ɦɚɲɢɧɵ ɩɪɢ ɫɦɟɧɧɵɯ 

ɮɚɤɬɨɪɚɯ. 
 

 

Ɋɢɫ. 4. Ƚɪɚɮɢɤ ɭɪɚɜɧɟɧɢɣ ɪɟɝɪɟɫɫɢɢ ɩɪɢ ɭɝɥɟ 
ɡɚɯɜɚɬɚ α = 45° 

 

 

Ɋɢɫ. 5. Ƚɪɚɮɢɤ ɭɪɚɜɧɟɧɢɣ ɪɟɝɪɟɫɫɢɢ ɩɪɢ ɭɝɥɟ 
ɡɚɯɜɚɬɚ α = 90° 

 

Ɋɢɫ. 6. Ƚɪɚɮɢɤ ɭɪɚɜɧɟɧɢɣ ɪɟɝɪɟɫɫɢɢ ɩɪɢ ɭɝɥɟ 
ɡɚɯɜɚɬɚ α = 135° 

 

Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨɤɚɡɚɥ, ɱɬɨ ɧɚɢɛɨɥɟɟ 
ɯɚɪɚɤɬɟɪɧɨ ɞɜɢɠɟɧɢɟ ɦɚɲɢɧɵ ɜɨɫɩɪɨɢɡɜɨ-
ɞɢɬɫɹ ɭɪɚɜɧɟɧɢɟɦ ɪɟɝɪɟɫɫɢɢ ɜɬɨɪɨɣ ɫɬɟɩɟɧɢ. 

Ɍɚɤ, ɩɪɢ ɭɜɟɥɢɱɟɧɢɢ ɫɤɨɪɨɫɬɢ ɨɬ 1,01 ɞɨ  
1,57 ɦ/ɫ ɛɨɤɨɜɨɟ ɫɦɟɳɟɧɢɟ ɧɨɫɢɥɨ ɫɥɭɱɚɣ-

ɧɵɣ ɯɚɪɚɤɬɟɪ: ɜ ɨɞɧɢɯ ɫɥɭɱɚɹɯ ɧɚɛɥɸɞɚɥɫɹ 
ɟɝɨ ɪɨɫɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɫɤɨɪɨɫɬɢ, ɜ ɞɪɭ-

ɝɢɯ, ɩɪɢ ɦɚɥɵɯ ɩɨɤɚɡɚɬɟɥɹɯ ɫɤɨɪɨɫɬɢ, – ɡɧɚ-
ɱɟɧɢɟ ɫɦɟɳɟɧɢɹ ɭɜɟɥɢɱɢɜɚɥɨɫɶ. ɇɟ ɛɵɥɨ ɡɚ-
ɦɟɱɟɧɨ ɫɬɪɨɝɨɣ ɡɚɤɨɧɨɦɟɪɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ 
ɩɨɤɚɡɚɬɟɥɟɣ ɤɭɪɫɨɜɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɬɧɨɫɢ-

ɬɟɥɶɧɨ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɦɚɲɢɧɵ. ȼɵɫɨ-
ɤɢɟ ɡɧɚɱɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɵɯ ɞɚɧɧɵɯ ɨɛɴɹɫɧɹɸɬɫɹ ɩɨɜɵɲɟɧɧɨɣ 

ɜɥɚɠɧɨɫɬɶɸ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɝɪɭɧɬɚ, 
ɦɚɥɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɫɰɟɩɥɟɧɢɹ ɞɜɢɠɢɬɟ-
ɥɟɣ ɫ ɝɪɭɧɬɨɦ, ɜɵɫɨɤɢɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ 

ɫɤɨɥɶɠɟɧɢɹ. 
 

 

 

Ⱦɥɹ ɛɨɥɟɟ ɬɨɱɧɨɝɨ ɨɩɢɫɚɧɢɹ ɩɚɪɚɦɟɬɪɨɜ ɤɭɪ-
ɫɨɜɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɁɌɆ, ɜ ɱɚɫɬɧɨɫɬɢ ɚɜɬɨ-
ɝɪɟɣɞɟɪɚ, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɜɚ 
ɩɨɤɚɡɚɬɟɥɹ – ɛɨɤɨɜɨɟ ɫɦɟɳɟɧɢɟ ɢ ɭɝɨɥ ɩɨɜɨ-
ɪɨɬɚ ɦɚɲɢɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ. 

 

ɋɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɚɜɬɨɝɪɟɣɞɟɪɚ ɨɤɚɡɵɜɚɟɬ 
ɧɟɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ 
ɩɨɤɚɡɚɬɟɥɟɣ ɤɭɪɫɨɜɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ. ȼ ɯɨɞɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚ ɧɟ ɛɵɥɨ ɡɚɦɟɱɟɧɨ ɫɬɪɨɝɨɣ ɡɚ-
ɤɨɧɨɦɟɪɧɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɩɨɤɚɡɚɬɟɥɟɣ ɤɭɪɫɨ-
ɜɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɡɦɟɧɟɧɢɹ 
ɫɤɨɪɨɫɬɢ ɦɚɲɢɧɵ. 

 

ɇɚɢɛɨɥɟɟ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɩɨɤɚɡɚ-
ɬɟɥɢ ɤɭɪɫɨɜɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɜɬɨɝɪɟɣɞɟɪɚ 
ɨɤɚɡɵɜɚɟɬ ɭɝɨɥ ɭɫɬɚɧɨɜɤɢ ɨɬɜɚɥɚ ɜ ɩɥɚɧɟ. 
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Ɋɟɡɚɧɢɟ ɨɩɟɪɟɠɚɸɳɢɦ ɢɥɢ ɨɬɫɬɚɸɳɢɦ ɭɝ-
ɥɨɦ ɨɬɜɚɥɚ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɧɚɩɪɚɜɥɟ-
ɧɢɹ ɛɨɤɨɜɨɝɨ ɫɦɟɳɟɧɢɹ, ɤɨɬɨɪɨɟ ɥɟɠɢɬ ɜ 
ɩɪɟɞɟɥɚɯ: ɩɪɢ ɪɟɡɚɧɢɢ ɨɩɟɪɟɠɚɸɳɢɦ ɭɝɥɨɦ 

– 0,12–2,43 ɦ; ɩɪɢ ɪɟɡɚɧɢɢ ɨɬɫɬɚɸɳɢɦ ɭɝɥɨɦ 

– 0,8–1,4 ɦ; ɩɪɢ ɭɝɥɟ ɡɚɯɜɚɬɚ 90 ɜɧɟɰɟɧɬɪɟɧ-

ɧɨɟ ɩɪɢɥɨɠɟɧɢɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɚɱɟɧɢɸ 

ɩɪɢɜɨɞɢɬ ɤ ɛɨɤɨɜɨɦɭ ɫɦɟɳɟɧɢɸ 0,8–1,7 ɦ ɧɚ 
ɞɥɢɧɟ ɡɚɛɨɹ 20 ɦ. 
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