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Abstract. The article deals with the task of 
theoretical modeling for elastic properties of soils 
under compacting action. That problem is of sufficient 
practical value for selection of optimal working 
parameters for soil compaction process in building 
and road construction. The model of interaction 
between rigid working tool of cylindrical shape and 
deformable soil is considered in the article. This shape 
corresponds to the metal drum of road roller and was 
used to calculate the stiffness of the soil volume which 
interacts with it. The tangent resistant force which 
ШММЮrs ТЧ МКsО ШП rШХХОr’s ЦШЭТШЧ аКs КХsШ МКХМЮХКЭОН. 

 

Keywords: soil compaction, rigid drum, modeling 
of mechanical properties, soil stiffness, elastic-
viscous-plastic media. 

 

References 
 

1. Harhuta N. Ja., Vasil'ev Ju. M., Ohramenko. 
R. K. Uplotnenie gruntov dorozh-nyh nasypej [Soil 
compaction of road fills]. Moscow, Avtotransizdat, 
1958. 144 p. 

2. Gersevanov N.M., Pol'shin D.E. 
Teoreticheskie osnovy mehaniki gruntov i ih 
prakticheskoe primenenie [Theoreical foundations of 
soil compaction and teir applications]. Moscow, 
Gosstroj-izdat, 1948. 551 p. 

3. Ovchinnikov P.F. Vibroreologija 
[Vibrorheology]. Kiev: Naukova Dumka, 1983. 272 p. 

4. Kaluzhskij Ja. A., Batrakov O. T. Uplotnenie 
zemljanogo polotna i dorozhnyh odezhd: ucheb. 
posobie [Compaction of earth bed and road sufasing]. 
Moscow, Transport, 1970. 160 p. 

5. Barkan D. D. Ustrojstvo osnovanij so-
oruzhenij s primeneniem vibrirovanija [Basement 

construction with use of vibration]. Moscow, Izd-vo 
Minstroja predprijatij mashinostroenija, 1949. 123 p. 

6. Miheev V. V., Savel'ev S. V. Issledovanija 
naprjazhenno-deformiruemogo sostojanija uprugo-
vjazkoj sredy pri vibracionnom nagruzhenii 
[Investigation of stress and strain behavior of visco-
elastic media under vibratory loading]. Vestnik SibADI, 
2012, no 3(25). pp. 83-86. 

7. Mooney M. A., Robert V. Rinehart, Norman 
W. Facas, Odon M. Musimbi Intelligent Soil Compac-
tion Systems // NCHRP Report 676 .Washington, D. 
C., 2010. 166 p. 

8. Florin N. A. Osnovy mehaniki gruntov 
[Foundations of soil mechanics]. L.-M.: Gosstrojizdat, 
1959-1961. T. 1-2. 408 p. 
 

Ɇɢɯɟɟɜ ȼɢɬɚɥɢɣ ȼɢɤɬɨɪɨɜɢɱ (Ɉɦɫɤ,  ɨɫɫɢɹ) – 
ɤɚɧɞɢɞɚɬ ɮɬɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ, ɞɨɰɟɧɬ 
ɤɚɮɟɞɪɵ « ɨɦɩɥɟɤɫɧɚɹ ɡɚɳɢɬɚ ɢɧɮɨɪɦɚɰɢɢ» 
ɎȽȻɈɍ ȼɉɈ «ɈɦȽɌɍ» (644055, ɝ. Ɉɦɫɤ, ɩɪ. 
Ɇɢɪɚ,11 ɤ.8, e-mail: vvm125@mail.ru). 

 

ɋɚɜɟɥɶɟɜ ɋɟɪɝɟɣ ȼɚɥɟɪɶɟɜɢɱ (Ɉɦɫɤ,  ɨɫɫɢɹ) – 
ɞɨɤɬɨɪ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɞɨɰɟɧɬ, ɩɪɨɮɟɫɫɨɪ 
ɤɚɮɟɞɪɵ «ɗɤɫɩɥɭɚɬɚɰɢɹ ɢ ɫɟɪɜɢɫ ɬɪɚɧɫɩɨɪɬɧɨ - 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɦɚɲɢɧ ɢ ɤɨɦɩɥɟɤɫɨɜ ɜ 
ɫɬɪɨɢɬɟɥɶɫɬɜɟ» ɎȽȻɈɍ ȼɉɈ «ɋɢɛȺȾИ» (644080, 
ɝ. Ɉɦɫɤ, ɩɪ. Ɇɢɪɚ, 5, e-mail: saveliev_sergval@mail.ru). 

 

Mikheyev Vitaly Viktorovich. (Omsk, Russian 
Federation) – candidate physical and mathematical 
sciences, ass. professor, department of complex 
information protection, Omsk State Technical University 
(644055, Prospect Mira, 11/8, Omsk, Russian 
Federation, e-mail: vvm125@mail.ru). 

 

Savel'ev Serguey Valer'evich (Omsk, Russian 
Federation) – doctor of technical sciences, professor, 
department of operation and maintenance of 
transportation and technological machines and 
complexes, The Sibirian State Automobile and Highway 
Academy (SibADI) (644080, Prospect Mira, 5, Omsk, 
Russian Federation, e-mail: saveliev_sergval@mail.ru) 

  

 
 
ɍȾɄ 629.3 
 

ɉȿɊɋɉȿɄɌɂȼɇɕȿ ɄɈɇɋɌɊɍɄɐɂɈɇɇɕȿ ɆȺɌȿɊɂȺɅɕ  
ɂ ɌȿɏɇɈɅɈȽɂɂ ȼ ȺȼɌɈɌɊȺɇɋɉɈɊɌɇɈɆ ɆȺɒɂɇɈɋɌɊɈȿɇɂɂ 

 

ɘ.ɉ. ɋɵɫɬɟɪɨɜ, ȼ.ȼ. ȿɜɫɬɢɮɟɟɜ, Ⱥ.ȼ. ȿɜɫɬɢɮɟɟɜ 
ɎȽȻɈɍ ȼɈ ɋɢɛȺȾɂ, Ɋɨɫɫɢɹ, ɝ. Ɉɦɫɤ. 

 

Аɧɧɨɬɚɰиɹ. ȼ ɫɨɜɪɟɦɟɧɧɨɦ ɬɪɚɧɫɩɨɪɬɧɨɦ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ ɩɪɨɢɫɯɨɞɢɬ 
ɧɟɩɪɟɪɵɜɧɨɟ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɣ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɚɥɟɣ ɢ ɭɡɥɨɜ ɦɚɲɢɧ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɢ ɧɟɦɟɬɚɥɥɢɱɟɫɤɢɯ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, 
ɢɡɦɟɧɹɸɬɫɹ ɩɪɢɧɰɢɩɵ ɫɛɨɪɤɢ ɤɭɡɨɜɨɜ ɢ ɷɥɟɦɟɧɬɨɜ ɞɜɢɝɚɬɟɥɟɣ, ɜɧɟɞɪɹɸɬɫɹ ɧɨɜɵɟ 
ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɨɥɟɫ ɢ ɲɢɧ, ɜɫɟ ɛɨɥɶɲɟɟ ɤɨɥɢɱɟɫɬɜɨ ɦɚɲɢɧ ɨɫɧɚɳɚɟɬɫɹ 
ɷɥɟɤɬɪɢɱɟɫɤɢɦɢ ɢ ɝɢɛɪɢɞɧɵɦɢ ɩɪɢɜɨɞɚɦɢ. ȼɧɟɞɪɟɧɢɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ 
ɬɟɯɧɨɥɨɝɢɣ ɨɬɪɚɠɚɟɬɫɹ, ɟɫɬɟɫɬɜɟɧɧɨ, ɧɚ ɤɚɱɟɫɬɜɟ, ɬɚɤɬɢɤɨ-ɬɟɯɧɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɢ ɧɚɞɟɠɧɨɫɬɢ.    
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Кɥɸɱеɜые ɫɥɨɜɚ: ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɢ ɤɨɦɩɨɡɢɬɧɵɟ ɦɚɬɟɪɢɚɥɵ ɤɭɡɨɜɨɫɬɪɨɟɧɢɹ; 
ɬɟɯɧɨɥɨɝɢɢ ɢ ɦɚɬɟɪɢɚɥɵ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɦɟɧɬɨɜ ɞɜɢɝɚɬɟɥɟɣ ɢ ɯɨɞɨɜɨɣ ɱɚɫɬɢ, 
ɫɢɥɨɜɵɯ ɩɟɪɟɞɚɱ ɢ ɦɟɯɚɧɢɡɦɨɜ ɭɩɪɚɜɥɟɧɢɹ. 
 

ȼɜɟɞɟɧɢɟ 
Ɏɢɪɦɵ – ɩɪɨɢɡɜɨɞɢɬɟɥɢ ɚɜɬɨɦɨɛɢɥɶɧɨɣ 

ɬɟɯɧɢɤɢ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɦɚɲɢɧ 
ɨɪɢɟɧɬɢɪɭɸɬɫɹ ɧɚ ɫɨɛɫɬɜɟɧɧɵɣ ɢ ɡɚɪɭɛɟɠɧɵɣ 
ɨɩɵɬ, ɚ ɬɚɤɠɟ ɧɚ ɬɨ, ɤɚɤɢɟ ɦɚɬɟɪɢɚɥɵ ɢ 
ɬɟɯɧɨɥɨɝɢɢ ɨɧɢ ɜ ɫɨɫɬɨɹɧɢɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨ 
ɬɟɯɧɢɱɟɫɤɨɦɭ ɨɫɧɚɳɟɧɢɸ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ 
ɤɜɚɥɢɮɢɤɚɰɢɢ ɫɩɟɰɢɚɥɢɫɬɨɜ, ɞɥɹ ɤɚɤɢɯ ɰɟɥɟɣ 
ɩɪɟɞɧɚɡɧɚɱɚɟɬɫɹ ɬɟɯɧɢɤɚ, ɭɪɨɜɟɧɶ ɟɟ 
ɧɚɞɟɠɧɨɫɬɢ ɢ ɞɨɥɝɨɜɟɱɧɨɫɬɢ. ȼ ɭɫɥɨɜɢɹɯ 
ɠɟɫɬɤɨɣ ɤɨɧɤɭɪɟɧɰɢɢ ɧɚ ɪɵɧɤɚɯ ɩɪɢɧɢɦɚɸɬɫɹ 
ɪɟɲɟɧɢɹ ɨ ɜɯɨɠɞɟɧɢɢ ɜ ɨɩɪɟɞɟɥɟɧɧɭɸ 
ɰɟɧɨɜɭɸ ɧɢɲɭ. ɇɨ ɜ ɥɸɛɨɦ ɫɥɭɱɚɟ 
ɩɪɢɯɨɞɢɬɫɹ ɦɨɞɟɪɧɢɡɢɪɨɜɚɬɶ ɩɪɨɢɡɜɨɞɫɬɜɨ, ɚ 
ɡɧɚɱɢɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɧɨɜɵɟ ɦɚɬɟɪɢɚɥɵ, 
ɧɨɜɵɟ ɬɟɯɧɨɥɨɝɢɢ, ɩɪɢɨɛɪɟɬɚɬɶ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ. 

ȼɧɟɞɪɟɧɢɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɣ 
ɇɚɢɛɨɥɟɟ ɫɥɨɠɧɵɦɢ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ 
ɬɟɯɧɨɥɨɝɢɢ ɤɭɡɨɜɨɫɬɪɨɟɧɢɹ, ɬɚɤ ɤɚɤ ɞɚɠɟ ɩɪɢ 
ɧɟɛɨɥɶɲɨɦ ɢɡɦɟɧɟɧɢɢ ɮɨɪɦɵ ɤɭɡɨɜɚ ɦɨɠɟɬ 
ɫɭɳɟɫɬɜɟɧɧɨ ɢɡɦɟɧɢɬɶɫɹ ɜɫɹ ɰɟɩɨɱɤɚ 
ɨɩɟɪɚɰɢɣ, ɚ ɢɧɨɝɞɚ ɬɪɟɛɭɸɬɫɹ ɧɨɜɵɟ 
ɦɚɬɟɪɢɚɥɵ ɢ ɫɩɟɰɢɚɥɶɧɨɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ. Ȼɨɥɶɲɢɧɫɬɜɨ 
ɚɜɬɨɫɬɪɨɢɬɟɥɶɧɵɯ ɮɢɪɦ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɭɡɨɜɨɜ ɥɢɫɬɨɜɭɸ ɫɬɚɥɶ. 
Ɍɟɯɧɨɥɨɝɢɢ ɯɨɪɨɲɨ ɨɬɪɚɛɨɬɚɧɵ, ɜɩɥɨɬɶ ɞɨ 
ɪɨɛɨɬɢɡɢɪɨɜɚɧɧɨɣ ɤɨɧɬɚɤɬɧɨɣ ɫɜɚɪɤɢ 
ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ ɧɚ ɤɨɧɜɟɣɟɪɟ. 
Ɍɪɭɞɨɟɦɤɨɫɬɶ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɚɹ. ɇɨ 
ɬɪɟɛɭɟɬɫɹ ɬɳɚɬɟɥɶɧɚɹ ɚɧɬɢɤɨɪɪɨɡɢɨɧɧɚɹ 
ɨɛɪɚɛɨɬɤɚ. ɂ ɟɳɟ ɨɞɢɧ ɫɭɳɟɫɬɜɟɧɧɵɣ 
ɧɟɞɨɫɬɚɬɨɤ – ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɨɥɶɲɚɹ ɦɚɫɫɚ 
ɜɫɟɝɨ ɚɜɬɨɦɨɛɢɥɹ. ɏɨɬɹ, ɜ ɧɟɤɨɬɨɪɵɯ ɫɥɭɱɚɹɯ 
ɡɚɝɨɬɨɜɤɢ ɱɚɫɬɟɣ ɤɭɡɨɜɚ ɫɜɚɪɢɜɚɸɬ ɜɫɬɵɤ ɢɡ 
ɥɢɫɬɨɜ ɫɬɚɥɢ ɪɚɡɧɨɣ ɬɨɥɳɢɧɵ (ɢ ɫ 
ɚɧɬɢɤɨɪɪɨɡɢɨɧɧɵɦɢ ɩɨɤɪɵɬɢɹɦɢ ɪɚɡɧɨɣ 
ɜɟɥɢɱɢɧɵ), ɚ ɡɚɬɟɦ ɲɬɚɦɩɭɸɬ (ɪɢɫ. 1). 
ɉɨɷɬɨɦɭ ɩɨɫɬɨɹɧɧɨ ɢɞɭɬ ɩɨɢɫɤɢ ɥɟɝɤɢɯ, ɢ ɜ 
ɬɨɠɟ ɜɪɟɦɹ ɩɪɨɱɧɵɯ, ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ 

ɤɭɡɨɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɇɚ ɞɚɧɧɨɦ ɷɬɚɩɟ 
ɪɚɡɜɢɬɢɹ ɬɟɯɧɨɥɨɝɢɢ ɤɭɡɨɜɨɫɬɪɨɟɧɢɹ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɚɥɸɦɢɧɢɟɜɵɟ ɫɩɥɚɜɵ ɜ 
ɫɨɱɟɬɚɧɢɢ ɫ ɬɪɚɞɢɰɢɨɧɧɵɦɢ (ɫɬɚɥɶ, ɬɢɬɚɧ, 
ɦɚɝɧɢɣ, «ɫɬɟɤɥɨɩɥɚɫɬɢɤɢ»). ɉɪɨɢɡɜɨɞɢɬɟɥɢ 
ɚɜɬɨɦɨɛɢɥɟɣ Jaguar, Ɏɟɪɪɚɪɢ, Ⱥɭɞɢ 
ɢɫɩɨɥɶɡɭɸɬ ɚɥɸɦɢɧɢɟɜɵɟ ɫɩɥɚɜɵ: ɤɨɧɰɟɩɬ 
AЮНТ ASF (ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɚɹ ɪɚɦɚ Ⱥɭɞɢ), ɝɞɟ 
ɜɫɟ ɭɫɢɥɢɬɟɥɢ ɧɟɫɭɳɟɝɨ ɤɭɡɨɜɚ ɛɵɥɢ 
ɫɞɟɥɚɧɵ ɢɡ ɚɥɸɦɢɧɢɹ, ɛɵɥ ɩɪɟɞɫɬɚɜɥɟɧ ɜ 
1993 ɝɨɞɭ, ɚ ɭɠɟ ɜ 1994-ɦ ɧɚɱɚɥɫɹ ɫɟɪɢɣɧɵɣ 
ɜɵɩɭɫɤ ɫɟɞɚɧɚ AЮНТ A8 – ɩɟɪɜɨɝɨ ɜ ɦɢɪɟ 
ɦɚɫɫɨɜɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɫ ɩɨɥɧɨɫɬɶɸ 
ɚɥɸɦɢɧɢɟɜɵɦ ɤɭɡɨɜɨɦ [1]; ɚɜɬɨɦɨɛɢɥɶ JКРЮКr 
БJ ɫ ɩɨɥɧɨɫɬɶɸ ɚɥɸɦɢɧɢɟɜɵɦ ɧɟɫɭɳɢɦ 
ɤɭɡɨɜɨɦ ɛɵɥ ɜɵɩɭɳɟɧ ɜ 2003 ɝɨɞɭ. ɑɬɨɛɵ 
ɢɡɛɟɠɚɬɶ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɭɸ ɤɨɪɪɨɡɢɸ ɜ 
ɦɟɫɬɚɯ ɫɬɵɤɨɜɤɢ ɚɥɸɦɢɧɢɟɜɵɯ ɤɨɧɫɬɪɭɤɰɢɣ 
ɫɨ ɫɬɚɥɶɸ ɩɪɢ ɫɛɨɪɤɟ ɤɭɡɨɜɨɜ ɧɚ ɡɚɤɥɟɩɤɢ (ɚ 
ɢɯ, ɧɚɩɪɢɦɟɪ, ɜ ɫɟɞɚɧɟ AЮНТ A8 – 1847) 
ɧɚɧɨɫɹɬɫɹ ɧɟɣɬɪɚɥɶɧɵɟ ɩɨɤɪɵɬɢɹ, ɢɥɢ 
ɢɫɩɨɥɶɡɭɸɬ ɢ ɞɪɭɝɢɟ ɫɩɨɫɨɛɵ ɫɛɨɪɤɢ               
(202 ɬɨɱɤɢ ɫɜɚɪɤɢ, 44 ɦ ɤɥɟɟɧɵɯ ɫɨɟɞɢɧɟɧɢɣ, 
25 ɦ ɫɜɚɪɤɢ ɜ ɫɪɟɞɟ ɢɧɟɪɬɧɵɯ ɝɚɡɨɜ, 6 ɦ 
ɥɚɡɟɪɧɨɣ ɫɜɚɪɤɢ, 630 ɛɨɥɬɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ).  

ɇɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɚɥɸɦɢɧɢɟɜɵɟ ɤɭɡɨɜɚ 
ɥɟɝɱɟ ɫɬɚɥɶɧɵɯ, ɥɟɝɤɨ ɲɬɚɦɩɭɸɬɫɹ ɢ 
ɪɟɦɨɧɬɢɪɭɸɬɫɹ, ɭ ɧɢɯ ɟɫɬɶ ɫɭɳɟɫɬɜɟɧɧɵɣ 
ɧɟɞɨɫɬɚɬɨɤ – ɜɵɫɨɤɚɹ ɫɬɨɢɦɨɫɬɶ ɢɡ-ɡɚ 
ɛɨɥɶɲɢɯ ɡɚɬɪɚɬ ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɩɪɢ 
ɩɪɨɢɡɜɨɞɫɬɜɟ ɦɟɬɚɥɥɚ. ɉɨɷɬɨɦɭ ɜɫɟ ɱɚɳɟ ɜ 
ɤɭɡɨɜɨɫɬɪɨɟɧɢɢ ɧɚɱɚɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɭɝɥɟɩɥɚɫɬɢɤɢ ɜ ɪɚɡɧɵɯ ɩɪɨɩɨɪɰɢɹɯ ɫ 
ɦɟɬɚɥɥɨɦ, ɤɚɤ ɷɬɨ ɫɞɟɥɚɧɨ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ 
BMW i3 ɢɥɢ BMW 7 (ɪɢɫ. 2). ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ 
ɧɟɫɭɳɚɹ ɪɚɦɚ ɜɵɩɨɥɧɟɧɚ ɢɡ ɚɥɸɦɢɧɢɟɜɵɯ 
ɫɩɥɚɜɨɜ, ɚ ɛɨɤɨɜɢɧɵ, ɤɪɵɲɚ, ɤɚɩɨɬ ɢ ɞɪɭɝɢɟ 
ɨɮɨɪɦɥɹɸɳɢɟ ɷɥɟɦɟɧɬɵ – ɢɡ ɤɚɪɛɨɧɚ; ɜɨ 
ɜɬɨɪɨɦ ɫɥɭɱɚɟ ɫɪɟɞɧɹɹ ɱɚɫɬɶ ɤɭɡɨɜɚ (ɹɞɪɨ) 
ɫɞɟɥɚɧɚ ɢɡ ɤɨɦɩɨɡɢɬɚ [1]. 
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Ɋɢɫ. 2. Ʉɭɡɨɜɚ ɚɜɬɨɦɨɛɢɥɟɣ:  
ɚ – BMW i3 (ɚɥɸɦɢɧɢɟɜɵɣ – ɧɢɡ ɢ ɤɚɪɛɨɧɨɜɵɣ – ɜɟɪɯ); ɛ – BMW 7 (ɤɚɪɛɨɧɨɜɨɟ ɹɞɪɨ) 

 

ɇɨ ɩɟɪɜɵɣ ɨɩɵɬ ɜ ɷɬɨɦ ɧɚɩɪɚɜɥɟɧɢɢ 
ɩɪɢɨɛɪɟɥɢ ɚɜɬɨɫɬɪɨɢɬɟɥɢ ȽȾɊ. ɉɟɪɜɵɣ ɜ 
ɦɢɪɟ ɚɜɬɨɦɨɛɢɥɶ, ɤɭɡɨɜ ɤɨɬɨɪɨɝɨ ɛɵɥ 
ɢɡɝɨɬɨɜɥɟɧ ɢɡ ɩɥɚɫɬɢɤɚ, ɢɦɟɥ ɧɚɡɜɚɧɢɟ 
«Ɍɪɚɛɚɧɬ». Ⱦɟɬɚɥɢ ɤɭɡɨɜɚ (ɪɢɫ. 3ɚ) 
ɢɡɝɨɬɚɜɥɢɜɚɥɢ ɢɡ ɮɟɧɨɥɮɨɪɦɚɥɶɞɟɝɢɞɧɨɣ 
ɫɦɨɥɵ, ɫɦɟɲɚɧɧɨɣ ɫ ɨɬɯɨɞɚɦɢ ɯɥɨɩɤɨɜɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ. Ⱦɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɞɧɨɣ 
ɨɛɥɢɰɨɜɨɱɧɨɣ ɞɟɬɚɥɢ ɭɯɨɞɢɥɨ ɜɫɟɝɨ 10 
ɦɢɧɭɬ. ɂ ɛɵɥɨ ɜɵɩɭɳɟɧɨ 3 ɦɥɧ. ɚɜɬɨɦɨɛɢɥɟɣ 
[3]. ɋɟɣɱɚɫ ɡɚ ɧɢɦɢ ɩɨɫɥɟɞɨɜɚɥɢ ɮɢɪɦɵ 
Ɇɚɪɭɫɹ Д4Ж, Ɍɟɫɥɚ (ɪɢɫ. 3ɝ) Д5], Pagani [7], 
Motive industries Inc.[6Ж. ɇɚɩɪɢɦɟɪ, Ɇɚɪɭɫɹ 
ɢɫɩɨɥɶɡɨɜɚɥɚ ɛɚɡɚɥɶɬɨɜɨɟ ɜɨɥɨɤɧɨ ɞɥɹ 
ɢɡɝɨɬɨɜɥɟɧɢɹ ɜɧɟɲɧɢɯ ɞɟɬɚɥɟɣ (ɪɢɫɭɧɨɤ 3ɛ) ɢ 
ɷɥɟɦɟɧɬɨɜ ɜɧɭɬɪɟɧɧɟɣ ɨɬɞɟɥɤɢ ɫɚɥɨɧɨɜ, 
ɤɨɬɨɪɨɟ  ɩɨɥɭɱɚɸɬ ɜ ɨɞɧɭ ɫɬɚɞɢɸ ɩɨ 
ɫɥɟɞɭɸɳɟɣ ɫɯɟɦɟ Д2Ж: ɛɚɡɚɥɶɬɨɜɵɣ ɳɟɛɟɧɶ ɫ 
ɨɩɪɟɞɟɥɟɧɧɨɣ ɤɪɭɩɧɨɫɬɶɸ ɩɨɪɰɢɨɧɧɨ 
ɡɚɝɪɭɠɚɟɬɫɹ ɜ ɦɚɥɨɝɚɛɚɪɢɬɧɭɸ ɩɥɚɜɢɥɶɧɭɸ 
ɭɫɬɚɧɨɜɤɭ, ɝɞɟ ɨɧ ɩɥɚɜɢɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
(1460 – 1600) °ɋ. ɋ ɭɫɬɚɧɨɜɤɢ ɜɨɥɨɤɧɨ 
ɩɟɪɟɞɚɟɬɫɹ ɧɚ ɭɱɚɫɬɨɤ ɬɪɨɳɟɧɢɹ ɢ 
ɩɟɪɟɦɨɬɤɢ, ɝɞɟ ɜ ɫɥɭɱɚɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɟɪɟɦɨɬɤɚ ɢ ɩɨɥɭɱɟɧɢɟ 
ɤɪɭɱɟɧɵɯ ɧɢɬɟɣ.  

Ɇɨɧɨɤɨɤ Pagani ГШЧНК R Д7Ж ɜɵɩɨɥɧɟɧ ɢɡ 
ɭɝɥɟɪɨɞɧɨ-ɬɢɬɚɧɨɜɨɝɨ ɤɨɦɩɨɡɢɬɚ. Ɂɚ ɫɱɟɬ 
ɩɪɢɦɟɧɟɧɢɹ ɧɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜɨɡɪɨɫɥɚ 
ɠɟɫɬɤɨɫɬɶ ɩɪɢ ɡɧɚɱɢɬɟɥɶɧɨɦ ɫɧɢɠɟɧɢɢ ɜɟɫɚ. 
ɉɟɪɟɞɧɢɣ ɢ ɡɚɞɧɢɣ ɩɨɞɪɚɦɧɢɤɢ ɢɡɝɨɬɨɜɥɟɧɵ 
ɢɡ ɯɪɨɦɨɦɨɥɢɛɞɟɧɨɜɨɝɨ ɫɩɥɚɜɚ, ɚ ɜɧɟɲɧɢɟ 
ɤɭɡɨɜɧɵɟ ɩɚɧɟɥɢ ɢɡ ɭɝɥɟɜɨɥɨɤɧɚ MD SвsЭОЦ. 
Ⱦɥɹ ɞɟɬɚɥɟɣ ɩɨɞɜɟɫɤɢ ɤɨɧɫɬɪɭɤɬɨɪ Ƚɨɪɚɰɢɨ 
ɉɚɝɚɧɢ ɜɵɛɪɚɥ ɚɥɸɦɢɧɢɟɜɵɣ ɫɩɥɚɜ AЯТШЧ AХ, 
ɞɥɹ ɫɬɪɭɤɬɭɪɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɭɞɟɪɠɢɜɚɸɳɢɯ 
ɞɜɢɝɚɬɟɥɶ ɢ ɤɨɪɨɛɤɭ ɩɟɪɟɞɚɱ - ɫɩɥɚɜ ErР Al. 
Ȼɥɚɝɨɞɚɪɹ ɷɬɢɦ ɦɟɪɚɦ ɫɧɚɪɹɠɟɧɧɵɣ ɜɟɫ 
ɦɚɲɢɧɵ ɫɨɫɬɚɜɥɹɟɬ ɜɫɟɝɨ 1070 ɤɝ. 

Ʉɭɡɨɜɚ ɚɜɬɨɦɨɛɢɥɟɣ Kestler (ɪɢɫɭɧɨɤ 3ɜ)  
ɢɡɝɨɬɚɜɥɢɜɚɸɬɫɹ ɢɡ ɤɨɧɨɩɥɹɧɨɝɨ ɜɨɥɨɤɧɚ 
(ɦɚɪɢɯɭɚɧɵ), Д6Ж. ɋɬɟɛɥɢ ɤɨɧɨɩɥɢ ɩɪɟɫɫɭɸɬɫɹ, 
ɚ ɩɨɬɨɦ ɡɚɥɢɜɚɸɬɫɹ ɛɢɨɩɨɥɢɦɟɪɨɦ. 
Ȼɢɨɤɨɦɩɨɡɢɬ ɩɨɥɭɱɚɟɬɫɹ ɧɚɫɬɨɥɶɤɨ ɝɢɛɤɢɦ ɢ 
ɩɪɨɱɧɵɦ, ɱɬɨ ɧɟ ɭɫɬɭɩɚɟɬ ɩɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ 

ɞɟɬɚɥɹɦ ɢɡ ɭɝɥɟɪɨɞɧɵɯ ɜɨɥɨɤɧ, ɢɡ ɤɨɬɨɪɵɯ 
ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɤɨɪɩɭɫɧɵɟ ɞɟɬɚɥɢ ɫɩɨɪɬɤɚɪɨɜ. 
ɇɨ ɦɚɫɫɚ ɤɭɡɨɜɚ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ, ɱɟɦ ɭ 
ɢɡɝɨɬɨɜɥɟɧɧɵɯ ɢɡ ɫɬɚɥɢ.  

Ɉɬɪɚɫɥɶ ɚɜɬɨɫɬɪɨɟɧɢɹ ɧɚɫɬɪɨɟɧɚ ɬɚɤ, ɱɬɨ 
«ɤɚɠɞɵɣ ɱɚɫ» ɜɵɞɚɟɬ ɱɬɨ-ɬɨ ɧɨɜɨɟ. ɇɟ ɬɚɤ 
ɞɚɜɧɨ ɮɢɪɦɚ BMW ɨɫɜɨɢɥɚ ɩɪɨɢɡɜɨɞɫɬɜɨ 
ɛɥɨɤɚ ɞɜɢɝɚɬɟɥɹ, ɭ ɤɨɬɨɪɨɝɨ ɜɧɭɬɪɟɧɧɹɹ ɱɚɫɬɶ 
ɨɬɥɢɬɚ ɢɡ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ, ɚ ɡɚɬɟɦ ɧɚ 
ɥɢɬɶɟɜɨɣ ɦɚɲɢɧɟ ɡɚɥɢɬɚ ɛɨɥɟɟ ɥɟɝɤɢɦ 
ɦɚɝɧɢɟɜɵɦ ɫɩɥɚɜɨɦ (ɪɢɫ. 4ɚ), [8]. Ɇɚɫɫɚ 
ɬɚɤɨɝɨ ɛɥɨɤɚ ɫɭɳɟɫɬɜɟɧɧɨ ɦɟɧɶɲɟ, ɱɟɦ 
ɦɨɧɨɥɢɬɧɨɝɨ. Ʉɫɬɚɬɢ, ɢɡ ɦɚɝɧɢɟɜɵɯ ɫɩɥɚɜɨɜ 
ɢɧɨɝɞɚ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɜɧɭɬɪɟɧɧɢɟ ɱɚɫɬɢ 
ɞɜɟɪɟɣ. ȼɯɨɞɢɬ ɜ ɩɪɚɤɬɢɤɭ ɩɪɟɰɢɡɢɨɧɧɚɹ 
ɫɛɨɪɤɚ ɲɚɬɭɧɨɜ ɫ ɤɪɵɲɤɚɦɢ ɩɨɫɥɟ ɨɬɞɟɥɟɧɢɹ 
ɩɨɫɥɟɞɧɟɣ ɪɚɡɥɨɦɨɦ (ɪɢɫ. 4ɛ), [9]. Ɉɱɟɧɶ 
ɱɚɫɬɨ ɩɨɫɥɟ ɫɨɝɥɚɫɢɹ ɫ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦ 
ɧɚɡɧɚɱɟɧɢɟɦ ɢ ɨɫɧɨɜɧɵɦɢ ɪɚɡɦɟɪɚɦɢ 
ɞɟɬɚɥɟɣ ɫɩɟɰɢɚɥɢɫɬɵ ɩɪɢɯɨɞɹɬ ɤ ɜɵɜɨɞɭ, ɱɬɨ 
ɫɥɟɞɭɟɬ ɢɡɦɟɧɢɬɶ ɬɟɯɧɨɥɨɝɢɸ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɞɟɬɚɥɢ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɫɬɨɣɤɨɫɬɢ 
ɢɧɫɬɪɭɦɟɧɬɨɜ ɢ ɭɜɟɥɢɱɟɧɢɹ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. ɇɚɩɪɢɦɟɪ, ɜ [10, 11] 
ɩɪɟɞɥɚɝɚɟɬɫɹ ɲɬɚɦɩɨɜɤɚ ɲɚɪɨɜɵɯ ɩɚɥɶɰɟɜ ɫ 
ɩɨɥɨɣ ɝɨɥɨɜɤɨɣ ɢɥɢ ɩɨɥɵɦ ɫɬɟɪɠɧɟɦ (ɪɢɫ. 4ɝ). 
ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɫɧɢɡɢɬɶ ɧɚɝɪɭɡɤɢ ɧɚ 
ɢɧɫɬɪɭɦɟɧɬɵ ɢ ɞɚɠɟ ɩɟɪɟɜɟɫɬɢ ɢɡɝɨɬɨɜɥɟɧɢɟ 
ɧɚ ɪɨɬɨɪɧɵɟ ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ ɥɢɧɢɢ ɫ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɞɨ 300-500 ɲɬɭɤ ɜ 
ɦɢɧɭɬɭ. Ʉɨɥɟɫɚ ɩɪɨɢɡɜɨɞɹɬɫɹ ɩɨ ɬɪɚɞɢɰɢɢ 
ɥɢɫɬɨɜɨɣ ɲɬɚɦɩɨɜɤɨɣ ɫɨ ɫɜɚɪɤɨɣ ɨɛɟɱɚɣɤɢ ɢ 
ɞɢɫɤɚ, ɥɢɬɶɟɦ ɜ ɤɨɤɢɥɶ ɢɥɢ ɝɨɪɹɱɟɣ ɨɛɴɟɦɧɨɣ 
ɲɬɚɦɩɨɜɤɨɣ. ɍ ɤɚɠɞɨɣ ɢɡ ɷɬɢɯ ɬɟɯɧɨɥɨɝɢɣ 
ɟɫɬɶ ɩɪɟɢɦɭɳɟɫɬɜɚ ɢ ɧɟɞɫɬɚɬɤɢ, ɇɨ ɧɚɢɛɨɥɟɟ 
ɩɟɪɫɩɟɤɬɢɜɧɨɣ, ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɩɪɨɱɧɨɫɬɢ ɢ 
ɪɟɦɨɧɬɨɩɪɢɝɨɞɧɨɫɬɢ, ɹɜɥɹɟɬɫɹ ɪɚɫɤɚɬɤɚ 
ɥɢɬɨɝɨ ɢɥɢ ɲɬɚɦɩɨɜɚɧɧɨɝɨ ɩɨɥɭɮɚɛɪɢɤɚɬɚ ɧɚ 
ɫɬɚɧɚɯ ɫ ɱɢɫɥɨɜɵɦ ɭɩɪɚɜɥɟɧɢɟɦ. ɑɬɨ 
ɤɚɫɚɟɬɫɹ ɜɧɟɞɪɟɧɢɹ ɧɨɜɵɯ ɬɢɩɨɜ ɲɢɧ, ɬɨ ɜɫɟ 
ɦɢɪɨɜɵɟ ɩɪɨɢɡɜɨɞɢɬɟɥɢ (Polaris, Bridgestone, 
Michelin, Hankook iFlex ɢ ɞɪ.) ɨɬɪɚɛɚɬɵɜɚɸɬ 
ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɛɟɡɜɨɡɞɭɲɧɵɯ 
ɩɥɚɫɬɢɤɨɜɵɯ ɤɨɥɟɫ, ɤɨɬɨɪɵɟ ɧɟ ɛɨɹɬɫɹ 
ɩɪɨɤɨɥɨɜ ɢ ɥɟɝɤɨ ɩɟɪɟɪɚɛɚɬɵɜɚɸɬɫɹ ɩɨɫɥɟ 

https://ru.wikipedia.org/wiki/%D0%9C%D0%BE%D0%BD%D0%BE%D0%BA%D0%BE%D0%BA
https://ru.wikipedia.org/wiki/%D0%A3%D0%B3%D0%BB%D0%B5%D1%80%D0%BE%D0%B4
https://ru.wikipedia.org/wiki/%D0%A2%D0%B8%D1%82%D0%B0%D0%BD_%28%D1%8D%D0%BB%D0%B5%D0%BC%D0%B5%D0%BD%D1%82%29
https://ru.wikipedia.org/wiki/%D0%9A%D0%BE%D0%BC%D0%BF%D0%BE%D0%B7%D0%B8%D1%82
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ɩɨɥɧɨɝɨ ɢɡɧɨɫɚ. Ɉɩɵɬɧɵɟ ɩɚɪɬɢɢ ɫɬɚɜɢɬ 
ɚɦɟɪɢɤɚɧɫɤɚɹ ɚɪɦɢɹ ɧɚ ɛɪɨɧɟɦɚɲɢɧɵ 
Hummere (Polaris), ɮɢɪɦɚ Michelin ɡɚɩɭɫɤɚɟɬ 

ɢɯ ɫɟɪɢɣɧɨɟ ɤɨɦɦɟɪɱɟɫɤɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ [12], 
(ɪɢɫ. 4, ɜ ). 

 
ɚ) 

 

ɛ) 
 

 

ɜ) 

 

ɝ) 

 

 
 Ɋɢɫ. 3. Ʉɭɡɨɜɚ ɚɜɬɨɦɨɛɢɥɟɣ ɩɥɚɫɬɢɤɨɜɵɯ ɤɨɦɩɨɡɢɬɨɜ: 
 ɚ – «Ɍɪɚɛɚɧɬ», ɛ – «Ɇɚɪɭɫɹ», ɜ – «Kestler», ɝ – «Tesla»                                          

                       
  

 
   ɚ)                                                       ɛ)                                                                                       

                             
                                                       ɜ)                                                              ɝ) 

Ɋɢɫ. 4. Ɉɬɥɢɜɤɚ ɛɥɨɤɚ ɞɜɢɝɚɬɟɥɹ BMW  (ɚ); ɫɥɨɦ ɲɚɬɭɧɚ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɣ ɫɛɨɪɤɢ ɛɟɡ ɫɦɟɳɟɧɢɹ 
ɪɚɡɨɛɳɟɧɧɵɯ ɱɚɫɬɟɣ (ɛ); ɤɨɥɟɫɚ ɮɢɪɦɵ Michelin ɫ ɛɟɡɜɨɡɞɭɲɧɵɦɢ ɲɢɧɚɦɢ (ɜ); ɲɚɪɨɜɵɣ ɩɚɥɟɰ ɩɨɥɵɣ (ɝ)  

    

ɉɨɪɲɧɢ ɞɜɢɝɚɬɟɥɟɣ ɢɡɝɨɬɚɜɥɢɜɚɸɬɫɹ  
ɥɢɬɶɟɦ ɜ ɤɨɤɢɥɶ ɢɥɢ ɝɨɪɹɱɟɣ ɨɛɴɟɦɧɨɣ 
ɲɬɚɦɩɨɜɤɨɣ. ȿɫɥɢ ɩɨɪɲɧɢ ɨɬɥɢɬɵ ɜ ɤɨɤɢɥɶ, 
ɬɨ ɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɨɧɢ ɢɦɟɸɬ ɧɟɜɵɫɨɤɭɸ 

ɩɥɨɬɧɨɫɬɶ, ɫɜɹɡɚɧɧɭɸ ɫ ɜɵɯɨɞɨɦ ɝɚɡɨɜ ɩɪɢ 
ɨɫɬɵɜɚɧɢɢ ɪɚɫɩɥɚɜɚ ɦɟɬɚɥɥɚ. Ɉɞɧɚɤɨ ɷɬɨ 
ɫɚɦɵɣ ɞɟɲɟɜɵɣ ɢ ɩɪɢɟɦɥɟɦɵɣ ɞɥɹ 
ɤɪɭɩɧɨɫɟɪɢɣɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɟɬɨɞ. ɑɬɨɛɵ 
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ɩɨɥɭɱɢɬɶ ɩɥɨɬɧɭɸ ɫɬɪɭɤɬɭɪɭ ɦɨɠɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɟɯɧɨɥɨɝɢɸ, ɩɨɯɨɠɭɸ ɧɚ ɥɢɬɶɟ 
ɩɨɞ ɞɚɜɥɟɧɢɟɦ, ɠɢɞɤɨɣ ɲɬɚɦɩɨɜɤɢ. ȼ 
ɤɚɱɟɫɬɜɟ ɢɧɫɬɪɭɦɟɧɬɚ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɭɧɢɜɟɪɫɚɥɶɧɵɟ ɨɛɨɝɪɟɜɚɟɦɵɟ ɲɬɚɦɩɨɜɵɟ 
ɛɥɨɤɢ ɫɨ ɫɦɟɧɧɵɦɢ ɪɚɛɨɱɢɦɢ ɜɫɬɚɜɤɚɦɢ Д13Ж. 
ɇɚɥɨɠɟɧɢɟ ɞɚɜɥɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɜ 
ɩɪɨɰɟɫɫɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɫɩɥɚɜɚ, ɤɨɝɞɚ 
ɦɟɬɚɥɥ, ɤɨɧɬɚɤɬɢɪɭɸɳɢɣ ɫ ɢɧɫɬɪɭɦɟɧɬɨɦ, 
ɡɚɬɜɟɪɞɟɟɬ. Ⱦɚɜɥɟɧɢɟ ɭɫɬɪɚɧɹɟɬ ɦɢɤɪɨ-
ɩɨɥɨɫɬɢ, ɭɥɭɱɲɚɟɬ ɫɬɪɭɤɬɭɪɭ ɦɚɬɟɪɢɚɥɚ 
ɩɨɪɲɧɹ, ɚ ɡɧɚɱɢɬ – ɢ ɫɜɨɣɫɬɜɚ ɢɡɞɟɥɢɹ Д14Ж.  

ɀɢɞɤɚɹ ɲɬɚɦɩɨɜɤɚ ɩɪɢɜɥɟɤɚɟɬ ɬɟɦ, ɱɬɨ 
ɩɨɡɜɨɥɹɟɬ «ɡɚɥɢɜɚɬɶ» ɜɫɬɚɜɤɢ ɢɡ ɤɨɦɩɨɡɢɬɨɜ, 
ɱɭɝɭɧɨɜ ɢ ɬ.ɞ. Ɉɧɚ ɥɟɝɤɨ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɫɨɟɞɢɧɟɧɢɟ ɬɟɥɚ ɩɨɪɲɧɹ, ɧɚɩɪɢɦɟɪ, ɫ 
ɧɢɪɟɡɢɫɬɨɜɨɣ ɜɫɬɚɜɤɨɣ, ɜ ɤɨɬɨɪɨɣ 
ɩɪɨɬɚɱɢɜɚɟɬɫɹ ɤɚɧɚɜɤɚ ɩɨɞ ɜɟɪɯɧɟɟ 

ɤɨɦɩɪɟɫɫɢɨɧɧɨɟ ɤɨɥɶɰɨ. ɇɢɪɟɡɢɫɬ – 
ɧɢɤɟɥɟɜɵɣ ɱɭɝɭɧ ɫ ɚɭɫɬɟɧɢɬɧɨɣ ɫɬɪɭɤɬɭɪɨɣ, 
ɠɚɪɨɩɪɨɱɧɵɣ, ɪɨɫɬɨɭɫɬɨɣɱɟɜɵɣ, ɧɟɦɚɝɧɢɬɧɵɣ 
[15]. Ɉɞɢɧ ɢɡ ɱɭɝɭɧɨɜ ɫɨɞɟɪɠɢɬ (ɜ %):                  
C – 2,75; Si – (1,0 – 2,0); Mn – (0,4 – 0,8); Ni – 
(28 – 32); Cu – ɞɨ 0,5; Cr 2,5 – 3,5. Ɉɞɧɚ ɢɡ 
ɤɨɧɫɬɪɭɤɰɢɣ ɧɢɪɟɡɢɫɬɨɜɨɣ ɜɫɬɚɜɤɢ ɩɨɤɚɡɚɧɚ 
ɧɚ ɪɢɫɭɧɤɟ 5. ȼɫɬɚɜɤɚ ɢɦɟɟɬ ɧɟɛɨɥɶɲɢɟ 
ɛɭɪɬɵ ɜɜɟɪɯɭ ɢ ɜɧɢɡɭ, ɚ ɮɨɪɦɚ ɩɨɩɟɪɟɱɧɨɝɨ 
ɫɟɱɟɧɢɹ ɫɢɦɦɟɬɪɢɱɧɚɹ ɫɨ ɫɤɨɫɚɦɢ. ɗɬɨ 
ɩɨɡɜɨɥɹɟɬ ɥɟɝɱɟ ɨɪɢɟɧɬɢɪɨɜɚɬɶ ɜɫɬɚɜɤɭ ɩɪɢ 
ɭɤɥɚɞɵɜɚɧɢɢ ɟɟ ɜ ɦɚɬɪɢɰɭ. Ⱦɥɹ ɯɨɪɨɲɟɝɨ 
ɫɰɟɩɥɟɧɢɹ ɜɫɬɚɜɤɢ ɫ ɨɫɧɨɜɧɵɦ ɦɚɬɟɪɢɚɥɨɦ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɟɟ ɨɛɟɡɠɢɪɢɜɚɧɢɟ, 
ɚɥɢɬɢɪɨɜɚɧɢɟ (ɩɟɪɟɯɨɞɧɨɣ ɞɢɮɮɭɡɢɨɧɧɵɣ 
ɫɥɨɣ, ɬɨɥɳɢɧɚ ɤɨɬɨɪɨɝɨ ɫɨɫɬɚɜɥɹɟɬ, ɤɚɤ 
ɩɪɚɜɢɥɨ, 30 – 50 ɦɤɦ).    

 
                                                        ɚ)                                                  ɛ)  

Ɋɢɫ. 5.  Ʌɢɬɚɹ ɡɚɝɨɬɨɜɤɚ ɩɨɪɲɧɹ (ɚ);  
ɫɟɱɟɧɢɟ ɩɨɪɲɧɹ ɜ ɦɟɫɬɟ ɭɫɬɚɧɨɜɤɢ ɧɢɪɟɡɢɫɬɨɜɨɣ ɜɫɬɚɜɤɢ (ɛ) 

 

Ɇɚɬɟɪɢɚɥɵ ɞɥɹ ɬɨɪɦɨɡɧɵɯ ɤɨɥɨɞɨɤ ɦɨɠɧɨ 
ɪɚɡɞɟɥɢɬɶ ɧɚ ɚɫɛɟɫɬɨɜɵɟ ɢ ɛɟɡ ɚɫɛɟɫɬɨɜɵɟ. 
Ⱥɫɛɟɫɬ (ɚɪɦɢɪɭɸɳɢɣ ɦɚɬɟɪɢɚɥ) ɩɪɢɦɟɧɹɸɬ 
ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɛɵɱɧɵɯ ɬɨɪɦɨɡɧɵɯ 
ɤɨɥɨɞɨɤ. Ȼɟɡ ɚɫɛɟɫɬɨɜɵɟ ɤɨɥɨɞɤɢ ɫɨɞɟɪɠɚɬ ɜ 
ɤɚɱɟɫɬɜɟ ɚɪɦɢɪɭɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ ɫɬɚɥɶɧɭɸ 
ɜɚɬɭ, ɦɟɞɧɭɸ ɢɥɢ ɥɚɬɭɧɧɭɸ ɫɬɪɭɠɤɭ ɢ 
ɩɨɥɢɦɟɪɧɵɟ ɦɚɬɟɪɢɚɥɵ (ɪɢɫɭɧɨɤ 6ɚ). ɂɡɧɨɫ 
ɞɢɫɤɨɜ ɦɢɧɢɦɚɥɟɧ, ɟɫɥɢ ɦɟɬɚɥɥɢɱɟɫɤɢɟ 
ɮɪɚɤɰɢɢ ɢɦɟɸɬ ɦɚɥɵɟ ɪɚɡɦɟɪɵ. Ɍɨɪɦɨɡɧɵɟ 
ɞɢɫɤɢ ɢɡɝɨɬɚɜɥɢɜɚɸɬɫɹ ɨɛɵɱɧɨ ɢɡ ɦɟɬɚɥɥɨɜ. 
ɋɟɣɱɚɫ ɧɚ ɫɦɟɧɭ ɢɦ ɩɪɢɲɥɢ ɢ ɤɟɪɚɦɢɱɟɫɤɢɟ 
ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɞɢɫɤɢ (ɪɢɫ. 6ɛ), Д16]. Ɉɧɢ 
ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ, ɜ ɨɫɧɨɜɧɨɦ, ɧɚ ɫɤɨɪɨɫɬɧɵɯ 
ɚɜɬɨɦɨɛɢɥɹɯ, ɬɚɤ ɤɚɤ ɨɧɢ ɢɦɟɸɬ ɭɞɟɥɶɧɵɣ 
ɜɟɫ ɦɟɧɶɲɢɣ, ɱɟɦ ɭ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɞɢɫɤɨɜ. 
ȼɚɠɧɵɦ ɞɨɫɬɨɢɧɫɬɜɨɦ, ɹɜɥɹɟɬɫɹ ɢ ɬɨ, ɱɬɨ ɨɧɢ 
ɫɩɨɫɨɛɧɵ ɜɵɞɟɪɠɢɜɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɞɨ   
+1000 °ɋ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɨɝɭɬ ɛɟɡɨɬɤɚɡɧɨ 
ɩɪɨɫɥɭɠɢɬɶ ɜ ɞɟɫɹɬɤɢ ɪɚɡ ɞɨɥɶɲɟ, ɢɯ 
ɦɟɬɚɥɥɢɱɟɫɤɢɟ. Ʉɟɪɚɦɢɱɟɫɤɢɟ ɞɢɫɤɢ ɫɨɫɬɨɹɬ 
ɢɡ ɭɝɥɟɜɨɥɨɤɧɚ, ɤɪɟɦɧɢɹ ɢ ɫɢɧɬɟɬɢɱɟɫɤɨɣ 
ɫɦɨɥɵ, ɱɬɨ ɩɪɢɞɚɟɬ ɢɦ ɨɫɨɛɭɸ ɩɪɨɱɧɨɫɬɶ. ɂ, 
ɤɪɨɦɟ ɬɨɝɨ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɢ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɯɢɦɢɤɨ-ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɫɬɚɥɨ 
ɜɨɡɦɨɠɧɵɦ ɫɨɡɞɚɜɚɬɶ ɩɪɢ ɩɪɟɫɫɨɜɚɧɢɢ 

ɪɚɞɢɚɥɶɧɵɟ ɤɚɧɚɥɵ ɜɟɧɬɢɥɹɰɢɢ, ɚ ɬɚɤɠɟ 
ɭɩɪɨɱɧɹɬɶ ɞɢɫɤɢ ɡɚ ɫɱɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɤɚɪɛɢɞɚ 
ɤɪɟɦɧɢɹ. ɉɪɢ ɨɬɪɚɛɨɬɤɟ ɧɨɜɵɯ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɫ ɭɞɟɲɟɜɥɟɧɢɟɦ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, 
ɜɨɡɦɨɠɧɨ, ɛɭɞɟɬ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɤɟɪɚɦɢɱɟɫɤɢɟ 
ɞɢɫɤɢ ɢ ɞɥɹ ɚɜɬɨɦɨɛɢɥɟɣ ɥɸɛɵɯ ɤɥɚɫɫɨɜ. 

ɉɨɪɨɲɤɨɜɵɟ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ, 
ɦɧɨɝɢɟ ɢɡ ɤɨɬɨɪɵɯ ɢɦɟɸɬ ɭɧɢɤɚɥɶɧɵɟ 
ɫɜɨɣɫɬɜɚ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɢ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɞɟɬɚɥɟɣ ɪɚɡɥɢɱɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ: ɩɨɞɲɢɩɧɢɤɢ 
ɫɤɨɥɶɠɟɧɢɹ [17, 18Ж, ɪɚɫɩɨɪɧɵɟ ɜɬɭɥɤɢ, 
ɬɨɤɨɫɴɟɦɧɢɤɢ, ɬɨɪɰɟɜɵɟ ɭɩɥɨɬɧɟɧɢɹ, ɲɚɣɛɵ, 
ɩɨɞɩɹɬɧɢɤɢ, ɪɵɱɚɝɢ, ɢɡɨɥɹɬɨɪɵ ɫɜɟɱɟɣ 
ɡɚɠɢɝɚɧɢɹ ɢ ɩɥɢɬɤɢ ɛɪɨɧɟɜɨɣ ɡɚɳɢɬɵ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ Al2O3, ɞɢɫɤɢ ɬɨɪɦɨɡɨɜ, 
ɮɢɥɶɬɪɵ ɢ ɞɪ. (ɪɢɫ. 6). ɋɩɟɱɟɧɧɵɟ 
ɩɨɪɨɲɤɨɜɵɟ ɮɪɢɤɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ 
ɩɨɥɭɱɚɸɬ, ɧɚɩɪɢɦɟɪ, ɧɚ ɦɟɞɧɨɣ ɢɥɢ 
ɠɟɥɟɡɧɨɣ ɨɫɧɨɜɟ. ȼ ɤɚɱɟɫɬɜɟ ɧɚɩɨɥɧɢɬɟɥɟɣ ɢ 
ɞɨɛɚɜɨɤ ɢɫɩɨɥɶɡɭɸɬ ɦɚɬɟɪɢɚɥɵ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɫɬɚɛɢɥɶɧɨɫɬɶ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɪɟɧɢɹ (ɤɚɪɛɢɞɵ ɢ ɨɤɫɢɞɵ 
ɦɟɬɚɥɥɨɜ), ɨɬɫɭɬɫɬɜɢɟ ɫɯɜɚɬɵɜɚɧɢɹ (ɝɪɚɮɢɬ, 
ɚɫɛɟɫɬ, MШS2, CЮS, ГЧS), ɭɥɭɱɲɟɧɢɟ 
ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ (ɰɜɟɬɧɵɟ ɦɟɬɚɥɥɵ). 



ɌɊȺɇɋɉɈɊɌɇɈȿ, ȽɈɊɇɈȿ ɂ ɋɌɊɈɂɌȿɅɖɇɈȿ ɆȺɒɂɇɈɋɌɊɈȿɇɂȿ 
 

 

Веɫɬɧиɤ СиɛАДИ, ɜыɩɭɫɤ 4 (50), 2016                                                                            41 

 
    ɚ)                                                     ɛ) 

Ɋɢɫ. 6. Ʉɨɥɨɞɤɢ (ɚ) ɢ ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɞɢɫɤɢ (ɛ) ɫɨɜɪɟɦɟɧɧɵɯ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɪɟɞɫɬɜ 
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Ɋɢɫ. 7. Ⱦɟɬɚɥɢ, ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɢɡ ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ: ɚ – ɲɟɫɬɟɪɧɹ;  ɛ – ɫɬɭɩɢɰɚ ɦɭɮɬɵ  

ɫɢɧɯɪɨɧɢɡɚɬɨɪɚ 1,2 ɩɟɪɟɞɚɱ; ɜ – ɲɟɫɬɟɪɧɹ  ɧɚɫɨɫɚ; ɝ – ɤɨɥɟɫɨ  ɛɚɪɚɛɚɧɚ; ɞ – ɩɨɪɲɟɧɶ ɚɦɨɪɬɢɡɚɬɨɪɚ;  
ɟ – ɷɤɫɰɟɧɬɪɢɤ; ɠ – ɧɚɩɪɚɜɥɹɸɳɚɹ; ɡ – ɪɵɱɚɝ; ɢ – ɫɭɯɚɪɶ ɜɢɥɨɤ ɩɟɪɟɤɥɸɱɟɧɢɹ ; ɤ – ɩɨɞɲɢɩɧɢɤɢ ɫɤɨɥɶɠɟɧɢɹ 

Д17,18Ж; ɥ – ɞɟɬɚɥɢ ɚɜɬɨɩɪɢɰɟɩɚ 
 

Ɂɚɤɥɸɱɟɧɢɟ  
ȼɧɟɞɪɟɧɢɟ ɜ ɩɪɚɤɬɢɤɭ ɚɜɬɨɫɬɪɨɟɧɢɹ 

ɨɪɢɝɢɧɚɥɶɧɵɯ ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɫɢɫɬɟɦ 
ɨɛɟɫɩɟɱɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɣ ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɢ 
ɦɚɲɢɧ, ɬɟɯɧɨɥɨɝɢɣ ɩɨɥɭɱɟɧɢɹ ɲɬɚɦɩɨɜɚɧɧɵɯ, 
ɥɢɬɵɯ ɢ ɩɨɪɨɲɤɨɜɵɯ ɢɡɞɟɥɢɣ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 
ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɧɚɧɨɬɟɯɧɨɥɨɝɢɣ ɢ 
ɦɟɬɨɞɨɜ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɨɡɜɨɥɢɬ ɫɨɤɪɚɳɚɬɶ 
ɦɚɬɟɪɢɚɥɨɟɦɤɨɫɬɶ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɡɚɬɪɚɬɵ 
ɩɪɨɢɡɜɨɞɫɬɜɚ. 
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ADVANCED CONSTRUCTION MATERIALS AND 
TECHNOLOGIES OF MOTOR ENGINEERING 

 

Y.P. Systerov, V.V. Evstifeev, A.V. Evstifeev 
 

Abstract. In modern transport engineering is a 
continuous improvement of the manufacture of parts 
and units of machines with technology of metal and 
non-metallic composite materials, changing the 
principles of body assembly and engine components, 
introducing new production technology wheels and 
tires, a growing number of cars equipped with electric 
and hybrid drives. The introduction of advanced 
materials and technologies is reflected, of course, on 
the quality, performance characteristics and reliability. 

 

Keywords: metal and composite materials of the 
bodywork; technology and materials production 
elements of engines and chassis, power transmission 
and control mechanisms. 
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