
ǮȐȠȜȚȜȏȖșȪțȩȗ ȠȞȎțȟȝȜȞȠ, Ȑȩȝ. 29, 2011 

 
114 

ɍȾɄ 629.117 

 

 

ɉɈȼɕɒȿɇɂȿ ɌɈɑɇɈɋɌɂ ɈɐȿɇɄɂ ɗɇȿɊȽɈɇȺȽɊɍɀȿɇɇɈɋɌɂ 

ɌɈɊɆɈɁɇɕɏ ɆȿɏȺɇɂɁɆɈȼ 

 

Ɇ.Ⱥ. ɉɨɞɪɢɝɚɥɨ, ɩɪɨɮɟɫɫɨɪ, ɞ.ɬ.ɧ., ɘ.ȼ. Ɍɚɪɚɫɨɜ, ɞɨɰɟɧɬ, ɤ.ɬ.ɧ.,  

ȼ.ɋ. ɒɟɢɧ, ɚɫɩɢɪɚɧɬ, ɏɇȺȾɍ  

 
Ⱥɧɧɨɬɚɰɢɹ. だäëñÑñ¿ñÖ▲ ïÜïöíç¿　0àóñ ~ÖñëÇñöóôñï¡ÜÇÜ ßí¿íÖïí £íöÜë½í¢óçíñ½ÜÇÜ íçöÜ-
½Üßó¿　, ¡ÜöÜë▲ñ ½ÜÇÜö ß▲öá óïäÜ¿á£ÜçíÖ▲ äëó ÜäëñÑñ¿ñÖóó ~ÖñëÇÜÖíÇëÜ¢ñÖÖÜïöó öÜë½Ü£-
Ö▲ê ½ñêíÖó£½Üç Ñ¿　 ÜöÜôÖ、ÖÖÜÇÜ í¿ÇÜëóö½í äëÜçñÑñÖó　 ¡çí¿ó½ñöëóôñï¡Üú ÜîñÖ¡ó. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ~ÖñëÇñöóôñï¡óú ßí¿íÖï, ~ÖñëÇÜÖíÇëÜ¢ñÖÖÜïöá, öÜë½Ü£ÖÜñ Üäëíç¿ñÖóñ, öñä-
¿ÜçÜú ëñ¢ó½, ëíïäëñÑñ¿ñÖóñ ~ÖñëÇóó, äíëîóí¿áÖ▲ñ Üï¡ÜëñÖó　. 
 

ɉȱȾȼɂɓȿɇɇə ɌɈɑɇɈɋɌȱ ɈɐȱɇɄɂ ȿɇȿɊȽɈɇȺȼȺɇɌȺɀȿɇɇə 

ȽȺɅɖɆȱȼɇɂɏ ɆȿɏȺɇȱɁɆȱȼ 

 

Ɇ.Ⱥ. ɉɨɞɪɢɝɚɥɨ, ɩɪɨɮɟɫɨɪ, ɞ.ɬ.ɧ., ɘ.ȼ. Ɍɚɪɚɫɨɜ, ɞɨɰɟɧɬ, ɤ.ɬ.ɧ.,  

ȼ.ɋ. ɒɟʀɧ, ɚɫɩɿɪɚɧɬ, ɏɇȺȾɍ 

 
Ⱥɧɨɬɚɰɿɹ. ゑó£ÖíôñÖÜ ï¡¿íÑÜç： ñÖñëÇñöóôÖÜÇÜ ßí¿íÖïÜ íçöÜ½Üß：¿　, àÜ Çí¿á½Ü．öáï　, 　¡： ½Ü-
¢Üöá ßÜöó çó¡ÜëóïöíÖ： äëó çó£ÖíôñÖÖ： ñÖñëÇÜÖíçíÖöí¢ñÖÖ　 Çí¿á½：çÖóê ½ñêíÖ：£½：ç Ñ¿　 ÜöÜô-
ÖñÖÜÇÜ í¿ÇÜëóö½Ü äëÜçñÑñÖÖ　 ¡çí¿：½ñöëóôÖÜ； Üî：Ö¡ó. 
 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ñÖñëÇñöóôÖóú ßí¿íÖï, ñÖñëÇÜÖíçíÖöí¢ñÖÖ　, Çí¿á½：çÖñ ¡ñëÜçíÖÖ　, öñä¿Üçóú 
ëñ¢ó½, ëÜ£äÜÑ：¿ ñÖñëÇ：；, äíëî：í¿áÖ： äëóï¡ÜëñÖÖ　. 
 

INCREASE OF ACCURACY ESTIMATION OF BRAKING MECHANISM ENERGY 

LOADING 

 

M. Podrigalo, Professor, Doctor of Technical Science, Yu. Tarasov, Associate Professor, 

Candidate of Technical Science, V. Shein, postgraduate KhNAHU 

 
Abstract. The components of the energy balance of the braking vehicle that can be used at braking 

mechanisms energy loading for specified algorithm of qualimetric estimation carrying out are deter-

mined. 

 

Key words: energy balance, energy loading, braking control, thermal conditions, energy distribution, 

fractional acceleration. 
 

 

 

ȼɜɟɞɟɧɢɟ 
 

Ɍɨɪɦɨɡɧɵɟ ɦɟɯɚɧɢɡɦɵ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ 
ɧɚɝɪɭɠɟɧɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɬɨɪɦɨɡɧɨɝɨ ɭɩɪɚɜ-
ɥɟɧɢɹ, ɜ ɤɨɬɨɪɵɯ ɧɚɤɚɩɥɢɜɚɟɬɫɹ ɢ ɪɚɫɫɟɢɜɚɟ-
ɬɫɹ ɜɵɞɟɥɹɟɦɚɹ ɜ ɩɪɨɰɟɫɫɟ ɬɨɪɦɨɠɟɧɢɹ ɛɨ-
ɥɶɲɚɹ ɱɚɫɬɶ ɤɢɧɟɬɢɱɟɫɤɨɣ ɢ ɩɨɬɟɧɰɢɚɥɶɧɨɣ 

ɷɧɟɪɝɢɢ ɚɜɬɨɦɨɛɢɥɹ. 
 

ɉɪɢ ɨɰɟɧɤɟ ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ ɬɨɪɦɨɡɧɵɯ 
ɦɟɯɚɧɢɡɦɨɜ ɢ ɧɨɪɦɢɪɨɜɚɧɢɢ ɞɨɥɝɨɜɟɱɧɨɫɬɢ 

ɮɪɢɤɰɢɨɧɧɵɯ ɩɚɪ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɬɭ ɱɚɫɬɶ 
ɷɧɟɪɝɢɢ, ɤɨɬɨɪɚɹ ɪɚɫɫɟɢɜɚɟɬɫɹ ɧɟɩɨɫɪɟɞɫɬ-
ɜɟɧɧɨ ɭɤɚɡɚɧɧɵɦɢ ɦɟɯɚɧɢɡɦɚɦɢ. Ɋɟɲɟɧɢɟ 
ɷɬɨɣ ɡɚɞɚɱɢ, ɨɫɭɳɟɫɬɜɥɺɧɧɨɟ ɜ ɪɚɛɨɬɚɯ ɦɧɨ-
ɝɢɯ ɚɜɬɨɪɨɜ, ɧɨɫɢɬ ɩɪɢɛɥɢɡɢɬɟɥɶɧɵɣ (ɨɰɟɧɨ-
ɱɧɵɣ) ɯɚɪɚɤɬɟɪ. ȼ ɷɬɢɯ ɪɚɛɨɬɚɯ ɧɟ ɨɩɪɟɞɟɥɟ-
ɧɚ ɜɡɚɢɦɨɫɜɹɡɶ ɪɟɠɢɦɨɜ ɬɨɪɦɨɠɟɧɢɹ 
ɚɜɬɨɦɨɛɢɥɹ ɫ ɞɨɥɟɣ ɷɧɟɪɝɢɢ, ɪɚɫɫɟɢɜɚɟɦɨɣ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɬɨɪɦɨɡɧɵɯ ɦɟɯɚɧɢɡɦɚɯ. 
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ȼ ɫɬɚɬɶɟ ɨɩɪɟɞɟɥɟɧɵ ɫɨɫɬɚɜɥɹɸɳɢɟ ɷɧɟɪɝɟ-
ɬɢɱɟɫɤɨɝɨ ɛɚɥɚɧɫɚ ɚɜɬɨɦɨɛɢɥɹ ɩɪɢ ɬɨɪɦɨɠɟ-
ɧɢɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɚɪɰɢɚɥɶɧɵɯ ɭɫɤɨɪɟ-
ɧɢɣ.  
 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 
 

ɉɪɨɜɟɞɺɧɧɵɣ ɚɧɚɥɢɡ ɥɢɬɟɪɚɬɭɪɵ ɩɨɤɚɡɚɥ, 
ɱɬɨ ɢɡɜɟɫɬɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɫɜɢɞɟɬɟɥɶɫɬɜɭɸ-

ɳɢɟ ɨ ɪɟɚɥɶɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɢ ɷɧɟɪɝɢɢ ɡɚɬɨ-
ɪɦɚɠɢɜɚɟɦɨɝɨ ɥɟɝɤɨɜɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɩɨ ɜɢ-

ɞɚɦ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɜɢɠɟɧɢɸ, ɨɩɪɟɞɟɥɟɧɵ 

[1] ɬɨɥɶɤɨ ɞɥɹ ɧɚɱɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ 
Va = 50 ɤɦ/ɱ (13,9 ɦ/ɫ), ɤɨɧɤɪɟɬɧɨɣ ɦɨɞɟɥɢ 

ɦɚɲɢɧɵ ɢ ɧɨɫɹɬ ɨɰɟɧɨɱɧɵɣ (ɩɪɢɛɥɢɠɺɧɧɵɣ) 

ɯɚɪɚɤɬɟɪ. ɗɬɨ ɡɚɬɪɭɞɧɹɟɬ ɩɪɨɜɟɞɟɧɢɟ ɫɟɪɬɢ-

ɮɢɤɚɰɢɨɧɧɵɯ ɬɨɪɦɨɡɧɵɯ ɢɫɩɵɬɚɧɢɣ ɚɜɬɨɦɨ-
ɛɢɥɟɣ, ɜɜɢɞɭ ɨɬɫɭɬɫɬɜɢɹ ɜ ɢɡɜɟɫɬɧɨɣ ɥɢɬɟɪɚ-
ɬɭɪɟ [1, 2] ɨɩɢɫɚɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɦɟɬɨɞɨɜ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɢɥɢ ɷɤɫɩɟɪɢɦɟɧɬɚ-
ɥɶɧɨɝɨ ɩɨɥɭɱɟɧɢɹ ɢɧɬɟɪɟɫɭɸɳɢɯ ɪɟɡɭɥɶɬɚ-
ɬɨɜ. ɗɬɨ ɧɟ ɞɚɺɬ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɜɟɫɬɢ ɬɨɱ-
ɧɨɟ ɨɩɪɟɞɟɥɟɧɢɟ ɷɧɟɪɝɨɧɚɝɪɭɠɟɧɧɨɫɬɢ 

ɬɨɪɦɨɡɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɚɜɬɨɦɨɛɢɥɟɣ. Ɉɩɪɟ-
ɞɟɥɟɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɛɚɥɚɧɫɚ ɚɜɬɨɦɨɛɢɥɹ 
ɩɨɡɜɨɥɹɟɬ ɛɨɥɟɟ ɬɨɱɧɨ ɨɰɟɧɢɬɶ ɷɧɟɪɝɨɧɚɝɪɭ-

ɠɟɧɧɨɫɬɶ ɬɨɪɦɨɡɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɩɪɢ ɬɨɪ-
ɦɨɠɟɧɢɢ. 

 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

ɐɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɩɨɜɵɲɟɧɢɟ 
ɬɨɱɧɨɫɬɢ ɨɰɟɧɤɢ ɷɧɟɪɝɨɧɚɝɪɭɠɟɧɧɨɫɬɢ ɬɨɪ-
ɦɨɡɧɵɯ ɦɟɯɚɧɢɡɦɨɜ ɩɭɬɺɦ ɨɩɪɟɞɟɥɟɧɢɹ ɷɧɟ-
ɪɝɢɢ ɡɚɬɨɪɦɚɠɢɜɚɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɩɨ ɜɢɞɚɦ 

ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɜɢɠɟɧɢɸ. 

 

ɗɬɚ ɰɟɥɶ ɞɨɫɬɢɝɚɟɬɫɹ ɩɭɬɺɦ ɫɨɫɬɚɜɥɟɧɢɹ ɭɪɚ-
ɜɧɟɧɢɹ ɞɢɧɚɦɢɤɢ ɬɨɪɦɨɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɢ 

ɨɩɪɟɞɟɥɟɧɢɹ ɫɨɫɬɚɜɥɹɸɳɢɯ ɟɝɨ ɱɥɟɧɨɜ. 
 

ɍɪɚɜɧɟɧɢɟ ɞɢɧɚɦɢɤɢ ɬɨɪɦɨɠɟɧɢɹ  

ɚɜɬɨɦɨɛɢɥɹ 

 

ɍɪɚɜɧɟɧɢɟ ɞɢɧɚɦɢɤɢ ɬɨɪɦɨɠɟɧɢɹ ɚɜɬɨɦɨɛɢ-

ɥɹ ɢɦɟɟɬ ɜɢɞ 
 

ϕττ −−−−−= PPPPPVm Wfaa
'$ ,       (1) 

 

ɝɞɟ Pτ – ɬɨɪɦɨɡɧɚɹ ɫɢɥɚ, ɫɨɡɞɚɜɚɟɦɚɹ ɮɪɢɤ-
ɰɢɨɧɧɵɦɢ ɩɚɪɚɦɢ ɬɨɪɦɨɡɧɵɯ ɦɟɯɚɧɢɡɦɨɜ; 

'
τP – ɫɢɥɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜ ɚɝɪɟɝɚɬɚɯ ɬɪɚɧɫ-
ɦɢɫɫɢɢ, ɩɪɢɜɟɞɺɧɧɵɟ ɤ ɜɟɞɭɳɢɦ ɤɨɥɺɫɚɦ;  

Pf – ɫɢɥɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɚɱɟɧɢɸ ɤɨɥɺɫ ɚɜ-
ɬɨɦɨɛɢɥɹ  ma – ɨɛɳɚɹ ɦɚɫɫɚ ɚɜɬɨɦɨɛɢɥɹ;  
PW – ɫɢɥɚ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟ-

ɧɢɹ; aV$  – ɥɢɧɟɣɧɨɟ ɭɫɤɨɪɟɧɢɟ ɚɜɬɨɦɨɛɢɥɹ; 
Pϕ – ɫɢɥɚ, ɫɨɡɞɚɜɚɟɦɚɹ ɜ ɤɨɧɬɚɤɬɟ ɤɨɥɺɫ ɫ ɞɨ-
ɪɨɝɨɣ ɡɚ ɫɱɺɬ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɩɪɨɫɤɚɥɶɡɵɜɚ-
ɧɢɹ ɬɪɭɳɢɯɫɹ ɩɨɜɟɪɯɧɨɫɬɟɣ. Ɉɩɪɟɞɟɥɢɦ ɫɢɥɭ 

Pϕ. Ⱦɥɹ ɷɬɨɝɨ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ϕx-Sx ɞɢɚɝɪɚɦ-

ɦɨɣ [2, 3] (ɪɢɫ. 1). 

 

 
 

Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ϕx ɩɪɨɞɨ-
ɥɶɧɨɝɨ ɫɰɟɩɥɟɧɢɹ ɨɬ ɤɨɷɮɮɢɰɢɟɧɬɚ Sx 

ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɩɪɨɞɨɥɶɧɨɝɨ ɫɤɨɥɶɠɟ-
ɧɢɹ: ϕmax – ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ  
ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɰɟɩɥɟɧɢɹ; Sxɤɪ – ɤɪɢɬɢ-

ɱɟɫɤɨɟ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɩɪɨɞɨɥɶɧɨɟ ɫɤɨ-
ɥɶɠɟɧɢɟ 

 

Ʉɪɢɬɢɱɟɫɤɨɟ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɫɤɨɥɶɠɟɧɢɟ Sxɤɪ 

ɞɟɥɢɬ ɨɛɥɚɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɮɭɧɤɰɢɢ ϕê(Sx) ɧɚ 
ɭɫɬɨɣɱɢɜɭɸ (Sx ≤ Sxɤɪ) ɢ ɧɟɭɫɬɨɣɱɢɜɭɸ  

(Sx > Sxɤɪ) ɡɨɧɵ. ȼ ɧɟɭɫɬɨɣɱɢɜɨɣ ɡɨɧɟ ɤɨɥɟɫɨ 

ɛɵɫɬɪɨ ɛɥɨɤɢɪɭɟɬɫɹ; ɩɪɢ ɷɬɨɦ ɷɧɟɪɝɢɹ ɡɚɬɨ-
ɪɦɚɠɢɜɚɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɛɭɞɟɬ ɩɪɟɨɛɪɚɡɨ-
ɜɵɜɚɬɶɫɹ ɜ ɬɟɩɥɨ ɜ ɩɹɬɧɟ ɟɝɨ ɤɨɧɬɚɤɬɚ ɫ ɞɨ-
ɪɨɝɨɣ. Ɍɚɤɨɟ ɜɨɡɦɨɠɧɨ ɩɪɢ ɷɤɫɬɪɟɧɧɨɦ 

ɬɨɪɦɨɠɟɧɢɢ ɚɜɬɨɦɨɛɢɥɹ, ɤɨɬɨɪɨɟ ɫɨɫɬɚɜɥɹɟɬ 
1–2 % ɨɬ ɨɛɳɟɝɨ ɱɢɫɥɚ ɬɨɪɦɨɠɟɧɢɣ [2, 6]. 

ɉɪɢ ɫɥɭɠɟɛɧɵɯ ɬɨɪɦɨɠɟɧɢɹɯ, ɚ ɬɚɤɠɟ ɩɪɢ 

ɩɪɨɜɟɞɟɧɢɢ ɬɨɪɦɨɡɧɵɯ ɢɫɩɵɬɚɧɢɣ ɧɚ ɧɚɝɪɟɜ 
ɬɨɪɦɨɡɨɜ (ɬɢɩ 1) ɤɨɥɺɫɚ ɧɟ ɞɨɜɨɞɹɬɫɹ ɞɨ ɤɪɢ-

ɬɢɱɟɫɤɨɝɨ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɩɪɨɫɤɚɥɶɡɵɜɚɧɢɹ, 
ɬ.ɟ. ɧɚɯɨɞɹɬɫɹ ɜ ɭɫɬɨɣɱɢɜɨɣ ɡɨɧɟ (ɪɢɫ. 1). 

 

Ɍɚɤɠɟ ɫɢɥɚ ɬɪɟɧɢɹ Pϕ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟ-
ɧɚ ɱɟɪɟɡ ɦɨɳɧɨɫɬɶ Nϕ ɬɪɟɧɢɹ ɜ ɩɹɬɧɟ ɤɨɧɬɚɤ-
ɬɚ ɤɨɥɟɫɚ ɫ ɞɨɪɨɝɨɣ 

 

ê¡ëaa SVmP ⋅⋅−=ϕ
$ .  (2) 

 

ɋɢɥɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɜ ɚɝɪɟɝɚɬɚɯ ɬɪɚɧɫɦɢɫ-
ɫɢɢ, ɩɪɢɜɟɞɺɧɧɚɹ ɤ ɜɟɞɭɳɢɦ ɤɨɥɺɫɚɦ, ɨɩɪɟ-
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ɞɟɥɹɟɬɫɹ ɱɟɪɟɡ ɫɭɦɦɚɪɧɵɣ ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɹ ɜ ɬɪɚɧɫɦɢɫɫɢɢ 

で
どづぜ  

 
C ɋɌ Ʉɂɇ Ⱦɂɇ

' TP ɌɊ ɌɊ ɌɊ

ɞ ɞ ɞ ɞ

M ぜ ぜ ぜ
P

r r r r
τ = = + − ,  (3) 

 

ɝɞɟ ɋɌ
ɌɊぜ , 

Ʉɂɇ
ɌɊぜ , 

Ⱦɂɇ
ɌɊぜ  – ɦɨɦɟɧɬ ɫɨɩɪɨɬɢɜ-

ɥɟɧɢɹ ɜ ɬɪɚɧɫɦɢɫɫɢɢ, ɨɛɭɫɥɨɜɥɟɧɧɵɣ ɫɢɥɚɦɢ 

ɫɭɯɨɝɨ ɬɪɟɧɢɹ, ɫɢɥɚɦɢ ɜɹɡɤɨɝɨ ɬɪɟɧɢɹ, ɢ ɦɨ-
ɦɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɞɢɧɚɦɢɱɟɫɤɢɣ, ɨɛɭɫɥɨɜ-
ɥɟɧɧɵɣ ɩɨɬɟɪɹɦɢ ɧɚ ɪɚɡɝɨɧ (ɬɨɪɦɨɠɟɧɢɟ) 
ɜɪɚɳɚɸɳɢɯɫɹ ɦɚɫɫ ɞɜɢɝɚɬɟɥɹ ɢ ɬɪɚɧɫɦɢɫɫɢɢ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ [4]. ɍɪɚɜɧɟɧɢɟ (1) ɫ ɭɱɺɬɨɦ 

(2), (3) ɩɪɢɦɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ  

 
ɋɌ

ɩɪɌɊ 1

ɞ ɞ ɞ

2
ɤɪ.

a a a a

a a a a ê

Iぜ と
m V P V V

r r r

m g f kFV m V S

τ= − − − ⋅ − ⋅ −

− ⋅ ⋅ − + ⋅ ⋅

$ $

$
  (4) 

 

ɉɪɟɨɛɪɚɡɨɜɚɜ ɭɪɚɜɧɟɧɢɟ (4), ɩɨɥɭɱɢɦ  

 
ɋɌ

ɩɪ ɌɊ
ɤɪ2

ɞɞ

21

ɞ

1a a ê
a
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I ぜ
m V S P

rm r

と
m g f V kFV

r

τ

⎛ ⎞
⋅ + − = − − −⎜ ⎟⎜ ⎟⋅⎝ ⎠

− ⋅ ⋅ − ⋅ −

$

. (5) 

 

Ɋɚɡɞɟɥɢɜ ɥɟɜɭɸ ɢ ɩɪɚɜɭɸ ɱɚɫɬɢ (5) ɧɚ ma, ɚ 
ɡɚɬɟɦ ɩɪɢɜɟɞɟɦ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɟ ɭɪɚɜɧɟɧɢɟ 
ɞɢɧɚɦɢɤɢ ɬɨɪɦɨɠɟɧɢɹ ɤ ɭɪɚɜɧɟɧɢɸ ɩɚɪɰɢɚ-
ɥɶɧɵɯ ɭɫɤɨɪɟɧɢɣ [5] 
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S S
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⋅ + ⋅
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δ − δ −

⋅
− ⋅ − ⋅

δ − δ −
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 (6) 

 

ȼ ɜɵɪɚɠɟɧɢɢ (6) δɜɪ – ɤɨɷɮɮɢɰɢɟɧɬ ɭɱɺɬɚ 
ɜɪɚɳɚɸɳɢɯɫɹ ɦɚɫɫ ɬɪɚɧɫɦɢɫɫɢɢ ɢ ɞɜɢɝɚɬɟɥɹ 
 

ɩɪ
ɜɪ 2

ɞ

1
a

I

m r
δ = +

⋅
.  (7) 

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɭɱɺɬɚ ɜɪɚɳɚɸɳɢɯɫɹ ɦɚɫɫ ɬɪɚ-
ɧɫɦɢɫɫɢɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡɜɟɫɬɧɨɣ ɡɚɜɢɫɢɦɨ-
ɫɬɶɸ [6] 

 

2
ɜɪ ɤ1,03 0,05óδ = + ,  (8) 

 

ɝɞɟ óɤ – ɩɟɪɟɞɚɬɨɱɧɨɟ ɱɢɫɥɨ ɤɨɪɨɛɤɢ ɩɟɪɟɞɚɱ 

ɚɜɬɨɦɨɛɢɥɹ. 
 

ɉɪɢ ɬɨɪɦɨɠɟɧɢɢ ɫ ɨɬɤɥɸɱɺɧɧɵɦ ɞɜɢɝɚɬɟɥɟɦ 

(ɧɚ ɧɟɣɬɪɚɥɶɧɨɣ ɩɟɪɟɞɚɱɟ ɢɥɢ ɩɪɢ ɜɵɤɥɸ-

ɱɟɧɧɨɦ ɫɰɟɩɥɟɧɢɢ) uɤ=0 ɢ δɜɪ=1,03. 

 

ȼɵɜɨɞ 

 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɺɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɨɩ-

ɪɟɞɟɥɟɧɵ ɫɨɫɬɚɜɥɹɸɳɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ 

ɛɚɥɚɧɫɚ ɡɚɬɨɪɦɚɠɢɜɚɟɦɨɝɨ ɚɜɬɨɦɨɛɢɥɹ, ɤɨ-
ɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɢ ɨɩɪɟɞɟ-
ɥɟɧɢɢ ɷɧɟɪɝɨɧɚɝɪɭɠɟɧɧɨɫɬɢ ɬɨɪɦɨɡɧɵɯ ɦɟ-
ɯɚɧɢɡɦɨɜ.  
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