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ɇȺ ɈɋɇɈȼȿ ɊȿȺɅɂɁɍȿɆɕɏ ɋɐȿɉɅȿɇɂɃ ȿȽɈ ɄɈɅȿɋ  
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ɤ.ɬ.ɧ., ɏɚɪɶɤɨɜɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɚɜɬɨɦɨɛɢɥɶɧɨ-ɞɨɪɨɠɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

 
Аɧɧɨɬаɰиɹ. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɢ ɨɛɨɛɳɟɧɵ ɨɫɧɨɜɧɵɟ ɫɩɨɫɨɛɵ ɪɚɫɱɟɬɚ ɜɟɥɢɱɢɧɵ ɡɚɦɟɞɥɟɧɢɹ 
ɞɜɭɯɨɫɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ, ɚ ɬɚɤɠɟ ɩɪɟɞɥɨɠɟɧ ɫɩɨɫɨɛ ɪɚɫɱɟɬɚ ɡɚɦɟɞɥɟɧɢɹ ɦɧɨɝɨɨɫɧɨɝɨ ɚɜɬɨɦɨ-
ɛɢɥɹ ɧɚ ɨɫɧɨɜɟ ɪɟɚɥɢɡɭɟɦɵɯ ɫɰɟɩɥɟɧɢɣ ɟɝɨ ɤɨɥɟɫ ɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɦɚɫɫ. 
Вɵɩɨɥɧɟɧ ɚɧɚɥɢɡ ɩɪɟɞɥɨɠɟɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɢ ɫɞɟɥɚɧɵ ɜɵɜɨɞɵ. 
 
Клɸɱевые ɫлɨва: ɪɟɚɥɢɡɭɟɦɨɟ ɫɰɟɩɥɟɧɢɟ, ɡɚɦɟɞɥɟɧɢɟ, ɦɚɫɫɚ, ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɜɟɫɚ, ɤɨɷɮɮɢɰɢɟɧɬ 
ɬɨɪɦɨɠɟɧɢɹ, ɫɰɟɩɥɟɧɢɟ ɤɨɥɟɫ ɚɜɬɨɦɨɛɢɥɹ ɫ ɞɨɪɨɝɨɣ, ɜɥɢɹɧɢɟ ɫɰɟɩɥɟɧɢɹ ɧɚ ɭɫɤɨɪɟɧɢɟ ɚɜɬɨɦɨɛɢɥɹ. 
 
ɋɉɈɋȱȻ ȼɂɁɇȺɑȿɇɇə ɍɉɈȼȱɅɖɇȿɇɇə ȻȺȽȺɌɈȼȱɋɇɈȽɈ ȺȼɌɈɆɈȻȱɅə 

ɇȺ ɈɋɇɈȼȱ ɁɑȿɉɅȿɇɖ, ɓɈ ɊȿȺɅȱɁɍɘɌɖɋə ɃɈȽɈ ɄɈɅȿɋȺɆɂ,  
ɌȺ ɊɈɁɌȺɒɍȼȺɇɇə ɄɈɈɊȾɂɇȺɌɂ ɐȿɇɌɊȺ ɆȺɋ 
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ɞɨɰ., ɤ.ɬ.ɧ., ɏɚɪɤɿɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɚɜɬɨɦɨɛɿɥɶɧɨ-ɞɨɪɨɠɧɿɣ ɭɧɿɜɟɪɫɢɬɟɬ 

 
Аɧɨɬаɰіɹ. ɉɪɨɚɧɚɥɿɡɨɜɚɧɨ ɬɚ ɭɡɚɝɚɥɶɧɟɧɨ ɨɫɧɨɜɧɿ ɫɩɨɫɨɛɢ ɪɨɡɪɚɯɭɧɤɭ ɜɟɥɢɱɢɧɢ ɭɩɨɜɿɥɶɧɟɧɧɹ 
ɞɜɨɜɿɫɧɨɝɨ ɚɜɬɨɦɨɛɿɥɹ, ɚ ɬɚɤɨɠ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɫɩɨɫɿɛ ɪɨɡɪɚɯɭɧɤɭ ɭɩɨɜɿɥɶɧɟɧɧɹ ɛɚɝɚɬɨɜɿɫɧɨɝɨ 
ɚɜɬɨɦɨɛɿɥɹ ɧɚ ɨɫɧɨɜɿ ɡɱɟɩɥɟɧɶ, ɳɨ ɪɟɚɥɿɡɭɸɬɶɫɹ ɣɨɝɨ ɤɨɥɟɫɚɦɢ, ɬɚ ɪɨɡɬɚɲɭɜɚɧɧɹ ɤɨɨɪɞɢɧɚɬɢ 
ɰɟɧɬɪɚ ɦɚɫ. Вɢɤɨɧɚɧɨ ɚɧɚɥɿɡ ɡɚɩɪɨɩɨɧɨɜɚɧɢɯ ɡɚɥɟɠɧɨɫɬɟɣ ɬɚ ɡɪɨɛɥɟɧɨ ɜɢɫɧɨɜɤɢ. 
 
Клɸɱɨві ɫлɨва: ɡɱɟɩɥɟɧɧɹ, ɳɨ ɪɟɚɥɿɡɭєɬɶɫɹ, ɭɩɨɜɿɥɶɧɟɧɧɹ, ɦɚɫɚ, ɪɨɡɩɨɞɿɥ ɜɚɝɢ, ɤɨɟɮɿɰɿєɧɬ ɝɚ-
ɥɶɦɭɜɚɧɧɹ, ɡɱɟɩɥɟɧɧɹ ɤɨɥɿɫ ɚɜɬɨɦɨɛɿɥɹ ɡ ɞɨɪɨɝɨɸ, ɜɩɥɢɜ ɡɱɟɩɥɟɧɧɹ ɧɚ ɩɪɢɫɤɨɪɟɧɧɹ ɚɜɬɨɦɨɛɿɥɹ. 
 

METHOD OF DETERMINING MULTIAXLE TRUCK DECELERATION BASED 
ON THE ADHESION OF WHEELS AND 

THE CENTER OF MASS COORDINATE LOCATION 
 

A. Turenko, Prof., D. Sc. (Eng.), V. Bogomolov, Prof., D. Sc. (Eng.),  
D. Leontiev, Sr. Researcher, Assoc. Prof., Cand. Sc. (Eng.),  

Kharkɿv National Automobile and Highway University 
 
Abstract. The main methods of determining deceleration of a two-axle vehicle are analyzed and sum-
marized as well as a method for calculating the deceleration of a multiaxle truck based on the adhe-
sion of the wheels and the location of the coordinates of the center of mass is provided. Analysis of 
dependencies proposed is carried out and conclusions are drawn. 
 
Key words: adhesion, deceleration, mass, weight distribution, braking rate, wheel adhesion with the 
road, Influence of coupling on vehicle acceleration.  
 
 

ȼɜɟɞɟɧɢɟ 
 
ɂɧɬɟɧɫɢɜɧɨɟ ɪɚɡɜɢɬɢɟ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɩɪɨ-
ɦɵɲɥɟɧɧɨɫɬɢ ɟɜɪɨɩɟɣɫɤɢɯ ɫɬɪɚɧ ɢ ɫɬɪɚɧ 

ɋɇȽ ɫɩɨɫɨɛɫɬɜɨɜɚɥɨ ɜɧɟɞɪɟɧɢɸ ɜ ɬɨɪɦɨɡɧɨɟ 
ɭɩɪɚɜɥɟɧɢɟ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ (ȧȦ) 

ɷɥɟɤɬɪɨɧɧɵɯ ɫɢɫɬɟɦ, ɩɨɜɵɲɚɸɳɢɯ ɚɤɬɢɜɧɭɸ 
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ɛɟɡɨɩɚɫɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɧɟɢɡɛɟɠɧɨ ɜɥɢɹɟɬ ɧɚ 
ɛɟɡɨɩɚɫɧɨɫɬɶ ɞɨɪɨɠɧɨɝɨ ɞɜɢɠɟɧɢɹ. ɇɟ ɢɫ-
ɤɥɸɱɟɧɢɟɦ ɫɬɚɥɢ ɢ ɦɧɨɝɨɨɫɧɵɟ ɚɜɬɨɦɨɛɢɥɢ, 
ɤɨɬɨɪɵɟ ɢɫɩɨɥɶɡɭɸɬ ɜ ɝɪɚɠɞɚɧɫɤɢɯ ɰɟɥɹɯ 
ɤɚɤ ɫɚɦɨɫɜɚɥɵ, ɛɟɬɨɧɨɜɨɡɵ, ɫɟɞɟɥɶɧɵɟ ɬɹɝɚ-
ɱɢ ɢ ɩɟɪɟɞɜɢɠɧɵɟ ɩɨɞɴɟɦɧɵɟ ɤɪɚɧɵ. Ɉɱɟ-
ɜɢɞɧɨ, ɱɬɨ, ɭɱɚɫɬɜɭɹ ɜ ɞɨɪɨɠɧɨɦ ɞɜɢɠɟɧɢɢ 
ɧɚɪɹɞɭ ɫ ɨɛɵɱɧɵɦɢ ɚɜɬɨɦɨɛɢɥɹɦɢ, ɨɧɢ ɨɤɚ-
ɡɵɜɚɸɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɛɟɡ-
ɨɩɚɫɧɨɫɬɶ ɞɨɪɨɠɧɨɝɨ ɞɜɢɠɟɧɢɹ ɢ ɜ ɬɨɦ ɱɢɫ-
ɥɟ – ɧɚ ɛɟɡɨɩɚɫɧɨɫɬɶ ɩɟɲɢɯ ɟɝɨ ɭɱɚɫɬɧɢɤɨɜ. 
 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 
 

ɉɨɫɤɨɥɶɤɭ ɛɟɡɨɩɚɫɧɨɫɬɶ ɭɱɚɫɬɧɢɤɨɜ ɞɨɪɨɠ-
ɧɨɝɨ ɞɜɢɠɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɫɤɨɪɨɫɬɟɣ ɞɜɢɠɟ-
ɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɟɝɨ ɬɨɪɦɨ-
ɠɟɧɢɹ, ɬɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɨɩɪɨɫɚ ɨɩɪɟɞɟɥɟɧɢɹ 
ɡɚɦɟɞɥɟɧɢɹ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɹɜɥɹɟɬɫɹ 
ɩɟɪɜɨɨɱɟɪɟɞɧɨɣ ɡɚɞɚɱɟɣ ɩɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ 
ɟɝɨ ɞɢɧɚɦɢɱɟɫɤɢɯ ɤɚɱɟɫɬɜ. ɂɡɦɟɧɟɧɢɟ ɜɟɥɢ-
ɱɢɧɵ ɡɚɦɟɞɥɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ, ɨɫɨɛɟɧɧɨ ɚɜ-
ɬɨɦɨɛɢɥɹ ɛɨɥɶɲɨɣ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɢ, ɫɥɨɠɧɨ 
ɨɩɢɫɚɬɶ ɤɥɚɫɫɢɱɟɫɤɢɦɢ ɩɨɞɯɨɞɚɦɢ, ɢɡɥɨɠɟɧ-
ɧɵɦɢ ɜ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɟ ɩɨ 
ɬɟɨɪɢɢ ɚɜɬɨɦɨɛɢɥɹ Д1–6Ж, ɩɨɷɬɨɦɭ ɩɪɢ ɨɰɟɧɤɟ 
ɞɢɧɚɦɢɤɢ ɬɨɪɦɨɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɩɟɪɟɞ ɢɫ-
ɫɥɟɞɨɜɚɬɟɥɟɦ ɜɨɡɧɢɤɚɟɬ ɜɨɩɪɨɫ ɜɵɛɨɪɚ ɦɚɬɟ-
ɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ, ɩɨɡɜɨɥɹɸɳɟɣ ɚɞɟɤɜɚɬɧɨ 
ɨɩɪɟɞɟɥɢɬɶ ɡɚɦɟɞɥɟɧɢɟ ɚɜɬɨɦɨɛɢɥɹ. 
 
Ɂɚɞɚɱɚ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɡɚɦɟɞɥɟ-
ɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɧɚɢɛɨɥɟɟ 
ɫɥɨɠɧɵɯ ɢ ɧɚɭɤɨɟɦɤɢɯ ɜ ɬɟɨɪɢɢ ɚɜɬɨɦɨɛɢɥɹ, 
ɩɨɫɤɨɥɶɤɭ ɧɚ ɞɜɢɠɭɳɢɣɫɹ ɚɜɬɨɦɨɛɢɥɶ ɨɤɚ-
ɡɵɜɚɟɬ ɜɥɢɹɧɢɟ ɦɧɨɠɟɫɬɜɨ ɢɡɦɟɧɹɸɳɢɯɫɹ 
ɮɚɤɬɨɪɨɜ (ɫɤɨɪɨɫɬɶ ɟɝɨ ɞɜɢɠɟɧɢɹ, ɬɢɩ, ɮɨɪ-
ɦɚ ɢ ɫɨɫɬɨɹɧɢɟ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɫɜɨɣ-
ɫɬɜɚ ɲɢɧ ɢ ɞɪ.). Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɞɥɹ ɟɟ ɪɚɡɪɟ-
ɲɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɜɫɟɫɬɨɪɨɧɧɢɣ 
ɚɧɚɥɢɡ ɞɚɧɧɨɝɨ ɜɨɩɪɨɫɚ ɧɚ ɨɫɧɨɜɟ ɬɟɨɪɟɬɢɱɟ-
ɫɤɨɝɨ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ. 
 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 
 
ȼ ɨɛɳɟɢɡɜɟɫɬɧɨɣ ɥɢɬɟɪɚɬɭɪɟ [1–6] ɨɬɦɟɱɚɟɬ-
ɫɹ, ɱɬɨ ɡɚɦɟɞɥɟɧɢɟ ɚɜɬɨɦɨɛɢɥɹ ɦɨɠɧɨ ɨɩɪɟ-
ɞɟɥɢɬɶ, ɢɫɩɨɥɶɡɭɹ ɡɚɜɢɫɢɦɨɫɬɶ ɜɢɞɚ 
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ɚ ɜ ɪɚɛɨɬɚɯ [9–11] ɢ ɧɨɪɦɚɬɢɜɧɵɯ ɞɨɤɭɦɟɧ-
ɬɚɯ [7, 8] 
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Ɂɚɜɢɫɢɦɨɫɬɶ (1) ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɜ 
ɫɥɭɱɚɟ ɡɚɩɢɫɢ ɜɟɥɢɱɢɧɵ ɬɨɪɦɨɡɧɨɣ ɫɢɥɵ, ɱɬɨ 
ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɩɨɤɚ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ 
ɜɨɡɦɨɠɧɵɦ ɢɡ-ɡɚ ɨɬɫɭɬɫɬɜɢɹ ɧɚɞɟɠɧɵɯ ɛɟɫ-
ɩɪɨɜɨɞɧɵɯ ɞɚɬɱɢɤɨɜ ɭɫɢɥɢɹ, ɜɦɨɧɬɢɪɨɜɚɧ-
ɧɵɯ ɜ ɲɢɧɵ ɚɜɬɨɦɨɛɢɥɟɣ. 
 
ɑɚɳɟ ɞɥɹ ɨɰɟɧɤɢ ɞɢɧɚɦɢɤɢ ɬɨɪɦɨɠɟɧɢɹ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɡɚɜɢɫɢ-
ɦɨɫɬɶ (β), ɜ ɤɨɬɨɪɨɣ ɜɟɥɢɱɢɧɚ z  ɟɫɬɶ ɧɟ ɱɬɨ 
ɢɧɨɟ, ɤɚɤ ɭɞɟɥɶɧɚɹ ɬɨɪɦɨɡɧɚɹ ɫɢɥɚ, ɞɟɣɫɬɜɭ-
ɸɳɚɹ ɧɚ ɚɜɬɨɦɨɛɢɥɶ Д8–10Ж, ɢɥɢ, ɤɚɤ ɟɟ ɟɳɟ 
ɧɚɡɵɜɚɸɬ, – ɤɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ɬɪɚɧɫ-
ɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ Д7, 11Ж, ɚ g  – ɜɟɥɢɱɢɧɚ 
ɭɫɤɨɪɟɧɢɹ ɫɜɨɛɨɞɧɨɝɨ ɩɚɞɟɧɢɹ (g = 9,81 ɦ/ɫ2). 

 
Ɋɚɫɫɦɚɬɪɢɜɚɹ ɩɥɨɫɤɭɸ ɦɨɞɟɥɶ ɞɜɭɯɨɫɧɨɝɨ 
ɚɜɬɨɦɨɛɢɥɹ, ɧɟɡɚɜɢɫɢɦɨ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɚɜɬɨ-
ɪɵ ɪɚɛɨɬ [9, 10] ɩɨɥɭɱɢɥɢ ɡɚɜɢɫɢɦɨɫɬɶ (γ), ɫ 
ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɣ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɜɟɥɢ-
ɱɢɧɭ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɨɪɦɨɠɟɧɢɹ ( z ) ɞɜɭɯɨɫ-
ɧɨɝɨ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ, ɡɧɚɹ ɤɨɨɪɞɢɧɚ-
ɬɵ ɪɚɫɩɨɥɨɠɟɧɢɹ ɰɟɧɬɪɚ ɟɝɨ ɬɹɠɟɫɬɢ (ɪɢɫ. 1), 
ɤɨɥɟɫɧɭɸ ɛɚɡɭ ɚɜɬɨɦɨɛɢɥɹ ( L ), ɚ ɬɚɤɠɟ ɪɟɚ-
ɥɢɡɭɟɦɵɟ ɫɰɟɩɥɟɧɢɹ ( 1f ) ɢ ( 2f ) ɲɢɧ ɧɚ ɩɟ-
ɪɟɞɧɟɣ ɢ ɡɚɞɧɟɣ ɨɫɹɯ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
 

 
 
Ɋɢɫ. 1. ɋɯɟɦɚ ɫɢɥ, ɤɨɬɨɪɵɟ ɞɟɣɫɬɜɭɸɬ ɜ ɩɪɨ-

ɞɨɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɧɚ ɬɪɚɧɫɩɨɪɬɧɨɟ 
ɫɪɟɞɫɬɜɨ ɩɪɢ ɬɨɪɦɨɠɟɧɢɢ 

 

1 2

1 2

.
g

f b f a
z

L h f f
 (3) 

 
ȼ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ 
ɦɨɞɟɥɢ ɤɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ɚɜɬɨɦɨɛɢ-
ɥɹ, ɢɦɟɸɳɟɝɨ ɞɜɟ ɨɫɢ, ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ 
ɡɚɜɢɫɢɦɨɫɬɢ (4), ɨɩɢɫɚɧɧɨɣ ɜ ɪɚɛɨɬɟ [15] 
 

1 1 2 2 1 2

3 1 2 4 1 2

.
2 2

L L R R

L L R R

g

A f b f a A f b f a
z

B L h B A f f A f f

 (4) 
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ȼ ɡɚɜɢɫɢɦɨɫɬɢ (4) ɤɨɷɮɮɢɰɢɟɧɬɵ А1–А4 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɡ ɫɥɟɞɭɸɳɢɯ ɜɵɪɚɠɟɧɢɣ: 
 

1 3 52A B A A  
2 4 5A A A  

4
3 1

2

A
A

B
         

4 cos 2 sin ,
g

A B h  

 
ɫ ɭɱɟɬɨɦ ɜɵɪɚɠɟɧɢɹ 
 

5

2 cos sin a

g x a

d
h B V a

dt
A

g
. 

 
Ɂɚɜɢɫɢɦɨɫɬɶ (4) ɭɱɢɬɵɜɚɟɬ ɭɤɥɨɧ ɞɨɪɨɝɢ ɜ 
ɩɨɩɟɪɟɱɧɨɣ ɩɥɨɫɤɨɫɬɢ ( ), ɤɨɥɟɸ ɚɜɬɨɦɨɛɢ-
ɥɹ (В), ɞɟɣɫɬɜɢɟ ɥɢɧɟɣɧɨɣ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟ-
ɧɢɹ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɚɜɬɨɦɨɛɢɥɹ (Vx), ɭɝɥɨɜɨɣ 
ɫɤɨɪɨɫɬɢ (

a
), ɭɝɥɨɜɨɝɨ ɭɫɤɨɪɟɧɢɹ ɚɜɬɨɦɨ-

ɛɢɥɹ (
a

d /dt ), ɧɟɪɚɜɟɧɫɬɜɨ ɪɟɚɥɢɡɭɟɦɵɯ 
ɫɰɟɩɥɟɧɢɣ ɦɟɠɞɭ ɲɢɧɚɦɢ ɢ ɞɨɪɨɝɨɣ ɧɚ ɩɟ-
ɪɟɞɧɟɣ ( 1

L
f , 1

R
f ) ɢ ɡɚɞɧɟɣ ɨɫɹɯ ( 2

L
f , 2

R
f ), ɚ 

ɬɚɤɠɟ ɧɟɪɚɜɟɧɫɬɜɨ ɪɟɚɥɢɡɭɟɦɵɯ ɫɰɟɩɥɟɧɢɣ 
ɩɨɞ ɥɟɜɵɦɢ ( 1

L
f , 2

L
f ) ɢ ɩɪɚɜɵɦɢ ɲɢɧɚɦɢ 

ɨɞɧɨɣ ɨɫɢ ( 1

R
f , 2

R
f ) ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ. 

 
Ⱥɧɚɥɢɡ ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɵ [12–
14], ɩɨɫɜɹɳɟɧɧɨɣ ɞɢɧɚɦɢɤɟ ɬɨɪɦɨɠɟɧɢɹ 
ɦɧɨɝɨɨɫɧɵɯ ɚɜɬɨɦɨɛɢɥɟɣ, ɩɨɤɚɡɚɥ, ɱɬɨ ɜɨ-
ɩɪɨɫɭ ɨɩɪɟɞɟɥɟɧɢɹ ɜɟɥɢɱɢɧɵ ɡɚɦɟɞɥɟɧɢɹ 
ɪɚɫɱɟɬɧɵɦ ɫɩɨɫɨɛɨɦ ɭɞɟɥɹɥɨɫɶ ɧɟɞɨɫɬɚɬɨɱɧɨ 
ɜɧɢɦɚɧɢɹ ɢɡ-ɡɚ ɫɥɨɠɧɨɫɬɢ ɪɟɲɟɧɢɹ ɫɬɚɬɢɱɟ-
ɫɤɢ ɧɟɨɩɪɟɞɟɥɢɦɵɯ ɡɚɞɚɱ, ɩɨɷɬɨɦɭ ɜ ɞɚɧɧɨɣ 
ɪɚɛɨɬɟ ɢ ɩɪɟɞɥɚɝɚɟɬɫɹ ɫɩɨɫɨɛ ɨɩɪɟɞɟɥɟɧɢɹ 
ɡɚɦɟɞɥɟɧɢɹ ɦɧɨɝɨɨɫɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɧɚ ɨɫ-
ɧɨɜɟ ɪɟɚɥɢɡɭɟɦɵɯ ɫɰɟɩɥɟɧɢɣ ɟɝɨ ɤɨɥɟɫ ɢ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ ɦɚɫɫ. 
 

ɋɩɨɫɨɛ ɨɩɪɟɞɟɥɟɧɢɹ ɡɚɦɟɞɥɟɧɢɹ  
ɦɧɨɝɨɨɫɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ 

 

Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɨɩɪɟɞɟɥɢɬɶ ɡɚɦɟɞɥɟɧɢɟ ɦɧɨ-
ɝɨɨɫɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ, ɧɟɨɛɯɨɞɢɦɨ ɞɥɹ ɧɚɱɚɥɚ 
ɨɩɪɟɞɟɥɢɬɶ ɩɨɥɨɠɟɧɢɟ ɤɨɨɪɞɢɧɚɬɵ ɰɟɧɬɪɚ 
ɦɚɫɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɟɣ ɦɧɨɝɨɨɫɧɨɝɨ ɚɜɬɨɦɨ-
ɛɢɥɹ. ɇɟɫɦɨɬɪɹ ɧɚ ɫɬɚɬɢɱɟɫɤɭɸ ɧɟɨɩɪɟɞɟɥɢ-
ɦɨɫɬɶ ɫɯɟɦɵ (ɪɢɫ. β), ɫɞɟɥɚɬɶ ɷɬɨ ɜɨɡɦɨɠɧɨ, 
ɩɪɟɞɫɬɚɜɢɜ ɚɜɬɨɦɨɛɢɥɶ ɜ ɜɢɞɟ ɞɜɭɯ ɦɚɫɫ, ɪɚɫ-
ɩɪɟɞɟɥɟɧɧɵɯ ɧɚɞ ɩɟɪɟɞɧɢɦɢ ɢ ɡɚɞɧɢɦɢ ɨɫɹɦɢ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ, ɤɨɬɨɪɵɟ ɢ ɨɩɪɟɞɟɥɹ-
ɸɬ ɩɨɥɨɠɟɧɢɟ ɰɟɧɬɪɚ ɦɚɫɫ ɚɜɬɨɦɨɛɢɥɹ. ɂɡ 
ɫɯɟɦɵ, ɢɡɨɛɪɚɠɟɧɧɨɣ ɧɚ ɪɢɫ. β, ɜɢɞɧɨ, ɱɬɨ 
ɦɚɫɫɚ 1m  ɨɤɚɡɵɜɚɟɬ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɩɟɪɜɵɣ ɢ 
ɜɬɨɪɨɣ ɦɨɫɬɵ, ɚ ɦɚɫɫɚ 2m  – ɧɚ ɬɪɟɬɢɣ ɢ ɱɟɬ-
ɜɟɪɬɵɣ.  

mm1 m2

x y
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Ɋɢɫ. β. ɋɯɟɦɚ ɫɢɥ ɢ ɪɚɫɩɨɥɨɠɟɧɢɹ ɤɨɨɪɞɢɧɚɬ 

ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ ɜ ɩɪɨɞɨɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ 
ɞɥɹ ɱɟɬɵɪɟɯɨɫɧɨɝɨ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞ-
ɫɬɜɚ 

 
Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɡɚɞɚɱɚ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɨɪɞɢɧɚɬ 
ɰɟɧɬɪɚ ɦɚɫɫ, ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɣ ɧɟɨɩɪɟɞɟɥɢɦɨ-
ɫɬɢ ɫɯɟɦɵ, ɦɨɠɟɬ ɛɵɬɶ ɪɟɲɟɧɚ, ɟɫɥɢ ɩɪɢɧɹɬɶ 
ɜɨ ɜɧɢɦɚɧɢɟ ɬɨ ɨɛɫɬɨɹɬɟɥɶɫɬɜɨ, ɱɬɨ ɭɫɥɨɜɧɨɟ 
ɩɨɥɨɠɟɧɢɟ ɦɚɫɫɵ 1m  ɧɚɯɨɞɢɬɫɹ ɧɚ ɭɞɚɥɟɧɢɢ 
x  ɨɬ ɰɟɧɬɪɚ ɦɚɫɫ, ɚ ɦɚɫɫɵ 2m  – ɧɚ ɭɞɚɥɟɧɢɢ 
y . ɉɪɢ ɷɬɨɦ ɧɟɢɡɜɟɫɬɧɵɟ ɤɨɨɪɞɢɧɚɬɵ x , y , 

1y , 2y , 1x , 2x , t  ɢ k , ɤɨɬɨɪɵɟ ɢɡɦɟɪɢɬɶ ɧɚ 
ɪɟɚɥɶɧɨɦ ɦɧɨɝɨɨɫɧɨɦ ɬɪɚɧɫɩɨɪɬɧɨɦ ɫɪɟɞ-
ɫɬɜɟ ɤɪɚɣɧɟ ɫɥɨɠɧɨ, ɦɨɝɭɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɵ 
ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɯɟɦɨɣ, ɢɡɨɛɪɚɠɟɧɧɨɣ ɧɚ 
ɪɢɫ. β, ɢɡ ɜɵɪɚɠɟɧɢɣ 

 
1 2 1 2; ; ; ;y k y y k c y x t x x t b x  
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Ɉɩɪɟɞɟɥɢɜ ɤɨɨɪɞɢɧɚɬɵ ɩɨɥɨɠɟɧɢɹ ɰɟɧɬɪɚ 
ɬɹɠɟɫɬɢ ɦɧɨɝɨɨɫɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ, ɩɪɢɫɬɭɩɢɦ 
ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɜɟɥɢɱɢɧɵ ɟɝɨ ɡɚɦɟɞɥɟɧɢɹ. 
Ⱦɥɹ ɷɬɨɝɨ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɜɵɪɚɠɟɧɢɟɦ (β) ɢ, 
ɩɨ ɚɧɚɥɨɝɢɢ ɫ ɜɵɪɚɠɟɧɢɹɦɢ (γ) ɢ (4), ɡɚɩɢ-
ɲɟɦ ɜɵɪɚɠɟɧɢɟ (5) ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮ-
ɮɢɰɢɟɧɬɚ ɬɨɪɦɨɠɟɧɢɹ z  ɱɟɬɵɪɟɯɨɫɧɨɝɨ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ: 
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1 2 3 4

1 2 1 2 1 2

1 2 3 4

1 2 1 2 1 2

,

g

L f f L f f
y x

L x L x L y L y
z

L f f L f f
L h

L x L x L y L y

 (5) 
 
ɝɞɟ x  ɢ y – ɩɪɨɞɨɥɶɧɵɟ ɤɨɨɪɞɢɧɚɬɵ ɪɚɫɩɨ-
ɥɨɠɟɧɢɹ ɦɚɫɫ 

1m  ɢ 
2m  ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚ 

ɦɚɫɫ ɦɧɨɝɨɨɫɧɨɝɨ ɚɜɬɨɦɨɛɿɥɹ, ɦ; 
gh  – ɜɵɫɨ-

ɬɚ ɪɚɫɩɨɥɨɠɟɧɢɹ ɰɟɧɬɪɚ ɦɚɫɫ ɧɚɞ ɩɨɜɟɪɯɧɨ-
ɫɬɶɸ ɞɨɪɨɝɢ, ɦ Д19, β0Ж; L  – ɭɫɥɨɜɧɚɹ ɤɨɥɟɫ-
ɧɚɹ ɛɚɡɚ ɚɜɬɨɦɨɛɢɥɹ, ɦ; 1f , 2f , 3f  ɢ 4f  – 
ɪɟɚɥɢɡɭɟɦɵɟ ɫɰɟɩɥɟɧɢɹ ɲɢɧ ɫɨɨɬɜɟɬɫɬɜɭɸ-
ɳɢɯ ɨɫɟɣ ɚɜɬɨɦɨɛɢɥɹ; 1  ɢ 2  – ɤɨɷɮɮɢɰɢ-
ɟɧɬɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɚɝɪɭɡɤɢ ɦɟɠɞɭ ɫɦɟɠ-
ɧɵɦɢ ɩɟɪɟɞɧɢɦɢ ɢ ɡɚɞɧɢɦɢ ɦɨɫɬɚɦɢ ɱɟɬɵ-
ɪɟɯɨɫɧɨɝɨ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɜ ɫɬɚɬɢɱɟ-
ɫɤɨɦ ɫɨɫɬɨɹɧɢɢ. 
 
ȿɫɥɢ ɩɪɟɞɩɨɥɨɠɢɬɶ ɱɬɨ ɩɟɪɟɞɧɟɣ ɨɫɢ ɭ ɱɟ-
ɬɵɪɟɯɨɫɧɨɝɨ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɧɟɬ 
( 1 0f , ɚ 1 =1), ɬɨ ɭɪɚɜɧɟɧɢɟ (5) ɦɨɠɧɨ ɩɟ-
ɪɟɩɢɫɚɬɶ ɞɥɹ ɬɪɟɯɨɫɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɜ ɜɢɞɟ 
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 (6) 

 
Ⱥɧɚɥɨɝɢɱɧɵɦ ɨɛɪɚɡɨɦ ɦɨɠɧɨ ɩɪɢɣɬɢ ɢ ɤ 
ɭɪɚɜɧɟɧɢɸ (γ) ɢɡ ɭɪɚɜɧɟɧɢɹ (5), ɟɫɥɢ ɩɪɟɞ-
ɩɨɥɨɠɢɬɶ ɱɬɨ ɭ ɱɟɬɵɪɟɯɨɫɧɨɝɨ ɚɜɬɨɦɨɛɢɥɹ 
ɨɬɫɭɬɫɬɜɭɟɬ ɨɞɧɚ ɩɟɪɟɞɧɹɹ ɢ ɨɞɧɚ ɡɚɞɧɹɹ ɨɫɶ, 
ɧɚɩɪɢɦɟɪ ɩɟɪɜɚɹ ɢ ɱɟɬɜɟɪɬɚɹ ( 1 0f  ɢ 

4 0f , ɚ 1= 2 =1). 

 
ȼ ɭɪɚɜɧɟɧɢɹɯ (γ)–(6) ɨɞɧɢɦ ɢɡ ɨɩɪɟɞɟɥɹɸ-
ɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɹɜɥɹɟɬɫɹ ɪɟɚɥɢɡɭɟɦɨɟ ɫɰɟɩ-
ɥɟɧɢɟ ɦɟɠɞɭ ɲɢɧɨɣ ɢ ɨɩɨɪɧɨɣ ɩɨɜɟɪɯɧɨ-
ɫɬɶɸ. ȼ ɪɚɛɨɬɚɯ Д9, 16, 17Ж ɩɨɤɚɡɚɧɨ, ɱɬɨ ɩɪɢ 
ɡɚɛɥɨɤɢɪɨɜɚɧɧɵɯ ɤɨɥɟɫɚɯ ɪɟɚɥɢɡɭɟɦɵɟ ɫɰɟɩ-
ɥɟɧɢɹ ɪɚɜɧɵ ɤɨɷɮɮɢɰɢɟɧɬɭ ɬɪɟɧɢɹ ( if ) ɢ 
ɡɚɜɢɫɹɬ ɬɨɥɶɤɨ ɨɬ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɬɪɚɧɫ-
ɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ (ɞɨ β0 %). ɂɧɚɹ ɠɟ ɤɚɪɬɢ-
ɧɚ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɤɚɱɟɧɢɢ ɤɨɥɟɫɚ. ɂɡɜɟɫɬ-
ɧɨ, ɱɬɨ ɪɟɚɥɢɡɭɟɦɨɟ ɫɰɟɩɥɟɧɢɟ ɤɚɬɹɳɟɝɨɫɹ 
ɤɨɥɟɫɚ ɡɚɜɢɫɢɬ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ ɫɨ-
ɨɬɜɟɬɫɬɜɭɸɳɟɣ ɲɢɧɵ ɨ ɞɨɪɨɠɧɭɸ ɩɨɜɟɪɯ-
ɧɨɫɬɶ Д16, 17Ж, ɨɬ ɤɨɧɫɬɪɭɤɰɢɢ ɲɢɧɵ (ɟɟ ɤɪɭ-
ɬɢɥɶɧɨɣ ɠɟɫɬɤɨɫɬɢ ɢ ɭɝɥɨɜɨɣ ɞɟɮɨɪɦɚɰɢɢ) 
[18Ж, ɚ ɬɚɤɠɟ ɨɬ ɭɫɥɨɜɢɣ ɟɟ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

ɉɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɧɟ ɫɥɟɞɭɟɬ ɩɪɟɧɟɛɪɟɝɚɬɶ 
ɬɟɦ ɮɚɤɬɨɦ, ɱɬɨ ɪɟɚɥɢɡɭɟɦɨɟ ɫɰɟɩɥɟɧɢɟ ɤɚ-
ɬɹɳɟɝɨɫɹ ɤɨɥɟɫɚ ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɢɬ ɨɬ 
ɫɤɨɪɨɫɬɢ ɤɚɱɟɧɢɹ ɤɨɥɟɫɚ (ɞɨ β0 %), ɨɲɢɧɨɜ-
ɤɢ ɤɨɥɟɫɚ ɢ ɧɚɝɪɭɡɤɢ, ɩɪɢɯɨɞɹɳɟɣɫɹ ɧɚ ɤɨɥɟ-
ɫɨ (ɞɨ 60 %) Д16Ж, ɩɨɷɬɨɦɭ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɢ ɭɪɚɜɧɟɧɢɣ (γ)–(6) ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟ-
ɥɹɬɶ ɡɧɚɱɟɧɢɟ ɪɟɚɥɢɡɭɟɦɨɝɨ ɫɰɟɩɥɟɧɢɹ ɩɨ 
ɡɚɜɢɫɢɦɨɫɬɢ (7) Д18Ж, ɢ ɬɨɥɶɤɨ ɜ ɢɫɤɥɸɱɢ-
ɬɟɥɶɧɵɯ ɫɥɭɱɚɹɯ, ɩɪɢ ɪɟɚɥɶɧɨ ɢɡɜɟɫɬɧɵɯ 
ɡɧɚɱɟɧɢɹɯ ɪɟɚɥɢɡɭɟɦɨɝɨ ɫɰɟɩɥɟɧɢɹ, ɞɨɩɭɫɤɚ-
ɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɱɢɫɥɨɜɵɯ ɡɧɚɱɟɧɢɣ 
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xi
C  – ɤɪɭɬɢɥɶɧɚɹ ɠɟɫɬɤɨɫɬɶ i-ɣ ɲɢɧɵ, 

ɇ·ɦ/ɪɚɞ; xi  – ɭɝɨɥ ɡɚɤɪɭɬɤɢ i-ɣ ɲɢɧɵ, ɪɚɞ; 
di

r  – ɞɢɧɚɦɢɱɟɫɤɢɣ ɪɚɞɢɭɫ i-ɝɨ ɚɜɬɨɦɨɛɢɥɶ-
ɧɨɝɨ ɤɨɥɟɫɚ, ɦ;

i
N  – ɧɚɝɪɭɡɤɚ, ɩɪɢɯɨɞɹɳɚɹɫɹ 

ɧɚ i-ɟ ɚɜɬɨɦɨɛɢɥɶɧɨɟ ɤɨɥɟɫɨ, ɇ. 
 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ, ɧɚ ɩɪɢɦɟɪɟ ɬɪɟɯɨɫɧɨɝɨ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ, ɩɨɞɬɜɟɪɠɞɚɸɬ, ɫ 
ɬɨɱɧɨɫɬɶɸ ɞɨ 6 %, ɢɡɥɨɠɟɧɧɵɟ ɜ ɞɚɧɧɨɣ ɪɚ-
ɛɨɬɟ ɬɟɨɪɟɬɢɱɟɫɤɢɟ ɩɪɟɞɩɨɫɵɥɤɢ. ɏɨɬɟɥɨɫɶ 
ɛɵ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫɚɦɢ ɱɢɫɥɟɧɧɵɟ ɪɟɲɟɧɢɹ 
ɧɟ ɹɜɥɹɥɢɫɶ ɨɫɧɨɜɨɣ ɞɚɧɧɨɣ ɩɭɛɥɢɤɚɰɢɢ, 
ɩɨɷɬɨɦɭ ɢ ɧɟ ɩɪɢɜɨɞɹɬɫɹ ɜ ɧɟɣ. 
 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɚ ɨɫ-
ɧɨɜɟ ɪɟɚɥɢɡɭɟɦɵɯ ɫɰɟɩɥɟɧɢɣ ɲɢɧ ɦɧɨɝɨɨɫ-
ɧɨɝɨ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɢ ɟɝɨ ɤɨɨɪɞɢɧɚɬ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɰɟɧɬɪɚ ɦɚɫɫ ɜɨɡɦɨɠɧɨ ɨɩɪɟ-
ɞɟɥɟɧɢɟ ɡɚɦɟɞɥɟɧɢɹ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɬɨɱɧɨ-
ɫɬɶɸ ɞɥɹ ɢɧɠɟɧɟɪɧɵɯ ɪɚɫɱɟɬɨɜ ɛɟɡ ɢɫɩɨɥɶ-
ɡɨɜɚɧɢɹ ɫɥɨɠɧɨɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ. 
 

ȼɵɜɨɞɵ 
 
Ʉɨɷɮɮɢɰɢɟɧɬ ɬɨɪɦɨɠɟɧɢɹ ɦɨɠɟɬ ɢɡɦɟɧɹɬɶɫɹ 
ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 0 ɞɨ 0,95 ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɦɚɫɫɨ-ɝɚɛɚɪɢɬɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɚɜɬɨɦɨɛɢɥɹ 
ɞɚɠɟ ɩɪɢ ɧɟɢɡɦɟɧɧɵɯ ɫɰɟɩɧɵɯ ɫɜɨɣɫɬɜɚɯ 
ɩɚɪɵ «ɲɢɧɚ–ɞɨɪɨɝɚ».  
 
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɚɦɟɞɥɟɧɢɟ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɫɪɟɞɫɬɜɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɰɟɩɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ 
ɩɚɪɵ «ɲɢɧɚ–ɞɨɪɨɝɚ» ɢ ɤɨɨɪɞɢɧɚɬɚɦɢ ɪɚɫɩɨ-
ɥɨɠɟɧɢɹ ɟɝɨ ɰɟɧɬɪɚ ɦɚɫɫ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ 
ɦɚɫɫɵ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɟɝɨ ɡɚɦɟɞɥɟ-
ɧɢɟ ɫɧɢɠɚɟɬɫɹ ɢɡ-ɡɚ ɢɡɦɟɧɟɧɢɹ ɫɨɨɬɧɨɲɟɧɢɹ 
ɤɨɨɪɞɢɧɚɬ ɰɟɧɬɪɚ ɦɚɫɫ ɢ ɫɧɢɠɟɧɢɹ ɫɰɟɩɧɵɯ 
ɫɜɨɣɫɬɜ ɩɚɪɵ «ɲɢɧɚ–ɞɨɪɨɝɚ». 
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