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ɍȾɄ  625.73 
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Аɧɨɬаɰіɹ. Ɋɨɡɝɥɹɧɭɬɨ ɮɿɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɧɭ ɦɨɞɟɥɶ, ɹɤɚ ɞɚɫɬɶ ɦɨɠɥɢɜɿɫɬɶ ɨɰɿɧɢɬɢ ɫɬɭɩɿɧɶ 
ɭɳɿɥɶɧɟɧɧɹ ґɪɭɧɬɿɜ ɩɪɨɮɿɥɶɧɢɦɢ ɩɨɜɟɪɯɧɹɦɢ ɿ ɩɨɪɿɜɧɹɬɢ ʀʀ ɡ ɩɨɤɚɡɧɢɤɚɦɢ ɿɫɧɭɸɱɢɯ ɦɚɲɢɧ.  
Ɍɚɤɨɠ ɩɪɢ ɨɛɪɨɛɰɿ ɪɟɡɭɥɶɬɚɬɿɜ ɦɨɠɧɚ ɜɢɞɿɥɢɬɢ ɩɚɪɚɦɟɬɪɢ, ɳɨ ɞɨɡɜɨɥɹɸɬɶ ɨɩɬɢɦɿɡɭɜɚɬɢ 

ɩɪɨɰɟɫ ɭɳɿɥɶɧɟɧɧɹ ґɪɭɧɬɭ. 
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Аɧɧɨɬаɰиɹ. Ɋɚɫɫɦɨɬɪɟɧɚ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ, ɤɨɬɨɪɚɹ ɞɚɫɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɰɟ-
ɧɢɬɶ ɫɬɟɩɟɧɶ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɨɜ ɩɪɨɮɢɥɶɧɵɦɢ ɩɨɜɟɪɯɧɨɫɬɹɦɢ ɢ ɫɪɚɜɧɢɬɶ ɟɟ ɫ ɩɨɤɚɡɚɬɟɥɹɦɢ 
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A PHYSICAL AND MATHEMATICAL MODEL OF SOILCOMPACTION WITH 
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Abstract. The considered physical and mathematical model allows evaluating the degree of soil com-

paction made by rammers and comparing it to indexes of existing machines. During result processing, 

parameters can be identified to improve soil compacting. 
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ȼɫɬɭɩ 

 

ɉɪɢ ɪɨɡɪɨɛɰɿ ɦɚɬɟɦɚɬɢɱɧɨʀ ɦɨɞɟɥɿ ɭɳɿɥɶ-
ɧɟɧɧɹ ʉɪɭɧɬɭ ʉɪɭɧɬɨɭɳɿɥɶɧɸɜɚɥɶɧɢɦ ɨɛɥɚɞ-

ɧɚɧɧɹɦ ɡ ɩɨɜɟɪɯɧɹɦɢ ɛɥɨɤɭɜɚɥɶɧɝɨ ɬɢɩɭ ɫɥɿɞ 
ɜɪɚɯɭɜɚɬɢ ɞɟɹɤɿ ɱɢɧɧɢɤɢ, ɚ ɫɚɦɟ ɫɩɿɜɜɿɞɧɨ-
ɲɟɧɧɹ ɞɨɬɢɱɧɢɯ ɿ ɧɨɪɦɚɥɶɧɢɯ ɧɚɩɪɭɠɟɧɶ ɭ 
ɦɿɫɰɹɯ ɤɨɧɬɚɤɬɭ ɩɨɜɟɪɯɧɿ ɪɨɛɨɱɨɝɨ ɨɪɝɚɧɚ ɡ 

ʉɪɭɧɬɨɦ, ɜɩɥɢɜ ɪɟɠɢɦɭ ɪɨɛɨɬɢ ɩɨɜɟɪɯɧɿ ɱɟ-
ɪɟɡ ɤɨɟɮɿɰɿєɧɬ ɡɧɢɠɟɧɧɹ ɧɨɪɦɚɥɶɧɨɝɨ ɩɢɬɨ-
ɦɨɝɨ ɨɩɨɪɭ ʉɪɭɧɬɭ ɩɪɢ ɭɳɿɥɶɧɟɧɧɿ ɣɨɝɨ ɧɚ 
ɩɟɜɧɭ ɝɥɢɛɢɧɭ ɡɚɥɟɠɧɨ ɜɿɞ ɤɨɜɡɚɧɧɹ ɫɭɦɚɪ-
ɧɨʀ ɩɥɨɳɿ ɩɨɜɟɪɯɧɿ ɪɨɛɨɱɨɝɨ ɨɪɝɚɧɚ ɩɨ ʉɪɭɧ-

ɬɭ ɬɚ ɡɦɿɧɢ ɩɢɬɨɦɨɝɨ ɬɢɫɤɭ ɩɪɢ ɤɨɧɬɚɤɬɿ ɪɨ-
ɛɨɱɨɝɨ ɨɪɝɚɧɚ, ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɝɥɢɛɢɧɢ 

ɡɚɧɭɪɟɧɧɹ ɭ ʉɪɭɧɬ ɛɥɨɤɭɸɱɢɯ ɟɥɟɦɟɧɬɿɜ.  
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Ⱥɧɚɥɿɡ ɩɭɛɥɿɤɚɰɿɣ 

 

ɍ ɧɚɭɤɨɜɨ-ɬɟɯɧɿɱɧɿɣ ɥɿɬɟɪɚɬɭɪɿ ɪɨɡɝɥɹɞɚɸɬɶ-
ɫɹ ɦɚɬɟɦɚɬɢɱɧɿ ɦɨɞɟɥɿ ɜɡɚєɦɨɞɿʀ ʉɪɭɧɬɨɭɳɿ-
ɥɶɧɸɜɚɥɶɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɬɿɥɶɤɢ ɡ ɬɪɚɞɢɰɿɣ-

ɧɢɦ ɩɥɨɫɤɢɦ ɜɢɤɨɧɚɧɧɹɦ ɩɨɜɟɪɯɧɿ ɪɨɛɨɱɨʀ 
ɩɥɢɬɢ. ȼɿɞɨɦɨɫɬɿ ɳɨɞɨ ɩɪɨɮɿɥɶɧɨɝɨ ɜɢɤɨ-
ɧɚɧɧɹ ɪɨɛɨɱɨʀ ɩɨɜɟɪɯɧɿ ɡ ɚɤɰɟɧɬɨɦ ɧɚ ɛɥɨ-
ɤɭɸɱɭ ɞɿɸ ɧɚ ʉɪɭɧɬ ɜɿɞɫɭɬɧɿ. 
 

Ɇɟɬɚ ɿ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɿ 
 

Ɇɟɬɨɸ ɪɨɛɨɬɢ є ɪɨɡɪɨɛɤɚ ɮɿɡɢɤɨ-ɦɚɬɟɦɚ-
ɬɢɱɧɨʀ ɦɨɞɟɥɿ ɭɳɿɥɶɧɟɧɧɹ ʉɪɭɧɬɿɜ, ɹɤɚ ɞɚɫɬɶ 
ɦɨɠɥɢɜɿɫɬɶ ɨɰɿɧɢɬɢ ɫɬɭɩɿɧɶ ɭɲɿɥɶɧɟɧɧɹ ʉɪɭ-

ɧɬɿɜ ɩɪɢ ɜɢɤɨɪɢɫɬɚɧɧɿ ʉɪɭɧɬɨɭɳɿɥɶɧɸɜɚɥɶ-
ɧɨɝɨ ɨɛɥɚɞɧɚɧɧɹ ɡ ɩɨɜɟɪɯɧɹɦɢ ɛɥɨɤɭɜɚɥɶɧɨ-
ɝɨ ɬɢɩɭ. 

 

Ɏɿɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɧɚ ɦɨɞɟɥɶ ɭɳɿɥɶɧɟɧɧɹ 

ʉɪɭɧɬɿɜ 

 

Ɇɚɬɟɦɚɬɢɱɧɢɣ ɨɩɢɫ ɩɪɨɰɟɫɭ ɜɡɚєɦɨɞɿʀ ʉɪɭɧ-

ɬɨɭɳɿɥɶɧɸɜɚɥɶɧɨɝɨ ɪɨɛɨɱɨɝɨ ɨɪɝɚɧɚ ɡ ʉɪɭɧ-

ɬɨɦ ɡɚ ɜɿɞɨɦɢɯ  ɪɨɡɦɿɪɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɧɚɜɚɧ-

ɬɚɠɟɧɶ, ɚ ɬɚɤɨɠ ɮɿɡɢɤɨ-ɦɟɯɚɧɿɱɧɢɯ ɜɥɚɫɬɢ-

ɜɨɫɬɟɣ ʉɪɭɧɬɭ, ɞɨɡɜɨɥɹє ɪɨɡɪɚɯɭɧɤɨɜɢɦ 

ɲɥɹɯɨɦ ɜɢɡɧɚɱɢɬɢ ɜɫɿ ɨɰɿɧɸɜɚɥɶɧɿ ɩɨɤɚɡɧɢ-

ɤɢ ɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɰɶɨɝɨ ɩɪɨɰɟɫɭ ɭ ɮɭɧɤɰɿʀ 
ɩɚɪɚɦɟɬɪɿɜ ɧɚɜɚɧɬɚɠɟɧɧɹ, ɝɥɢɛɢɧɢ ɭɳɿɥɶ-
ɧɟɧɧɹ ɿ ɬ.ɞ. 

 

ɇɚ ɨɫɧɨɜɿ ɚɧɚɥɿɡɭ ɧɚɭɤɨɜɨ-ɬɟɯɧɿɱɧɨʀ ɥɿɬɟɪɚ-
ɬɭɪɢ ɩɟɪɟɞɛɚɱɚєɬɶɫɹ, ɳɨ ɟɮɟɤɬɢɜɧɚ ɪɨɛɨɬɚ ɡ 
ɭɳɿɥɶɧɟɧɧɹ ɡɞɿɣɫɧɸєɬɶɫɹ ɩɪɢ ɤɨɟɮɿɰɿєɧɬɚɯ 
ɭɳɿɥɶɧɟɧɧɹ kɭɳ =0,90–0,92. 

 

ɍ ɪɟɡɭɥɶɬɚɬɿ ɬɟɨɪɟɬɢɱɧɢɯ ɿ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶ-
ɧɢɯ ɞɨɫɥɿɞɠɟɧɶ ɭɳɿɥɶɧɟɧɧɹ ʉɪɭɧɬɿɜ 2 ɨɬɪɢ-

ɦɚɧɨ ɮɨɪɦɭɥɭ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿєɧɬɚ 
ɭɳɿɥɶɧɟɧɧɹ kɭɳ ɦ2/Ɇɇ 
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ɞɟ  qmax – ɫɟɪɟɞɧɿɣ ɦɚɤɫɢɦɚɥɶɧɢɣ ɬɢɫɤ ɪɨɛɨ-
ɱɨɝɨ ɨɪɝɚɧɚ ɧɚ ʉɪɭɧɬ, Ɇɇ/ɦ2 
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qmax i  – ɦɚɤɫɢɦɚɥɶɧɢɣ ɬɢɫɤ ɪɨɛɨɱɨɝɨ ɨɪɝɚɧɚ 
ɧɚ ʉɪɭɧɬ ɩɿɞ i-ɦ ɨɩɨɪɧɢɦ  ɩɪɨɮɿɥɟɦ,  Ɇɇ/ɦ2;  

ni  – ɤɿɥɶɤɿɫɬɶ ɨɩɨɪɧɢɯ ɩɪɨɮɿɥɟɣ; ɇ  – ɧɚɣ-

ɛɿɥɶɲɚ ɝɥɢɛɢɧɚ ɭɳɿɥɶɧɟɧɧɹ ɲɚɪɭ ʉɪɭɧɬɭ ɜɿɞ  

qmax (ɇ 2 b), ɦ;  0  – ɤɨɟɮɿɰɿєɧɬ ɩɨɪɢɫɬɨɫɬɿ 
ɞɨ ɩɨɱɚɬɤɭ ɞɟɮɨɪɦɚɰɿʀ, ɹɤɢɣ ɹɜɥɹє ɫɨɛɨɸ 

ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɨɛ’єɦɭ ɩɭɫɬɨɬ ɭ ʉɪɭɧɬɿ ɞɨ 
ɨɛ’єɦɭ, ɹɤɢɣ ɡɚɣɦɚɸɬɶ ɬɿɥɶɤɢ ʉɪɭɧɬɨɜɿ ɱɚɫɬ-
ɤɢ 5;  h  – ɡɚɝɚɥɶɧɚ ɝɥɢɛɢɧɚ ɭɳɿɥɶɧɟɧɧɹ 
ʉɪɭɧɬɭ (ɞɟɮɨɪɦɚɰɿɹ ʉɪɭɧɬɭ), ɦ. 

Ɂɚɝɚɥɶɧɚ ɝɥɢɛɢɧɚ ɞɟɮɨɪɦɚɰɿʀ ʉɪɭɧɬɭ  h - ɰɟ 
ɫɭɦɚ ɞɟɮɨɪɦɚɰɿɣ ɩɪɭɠɧɨʀ  h1  ɬɚ ɡɫɭɜɭ ɱɚ-
ɫɬɨɤ  h2  3 
 

h = h1 + h2. 

 

Ⱦɟɮɨɪɦɚɰɿɹ ɡɫɭɜɭ ɜɢɡɧɚɱɚєɬɶɫɹ ɧɟɫɭɱɨɸ ɡɞɚ-
ɬɧɿɫɬɸ ʉɪɭɧɬɭ qs ɿ ɡɚɥɟɠɢɬɶ ɜɿɞ ɡɚɝɚɥɶɧɨʀ ɞɟ-
ɮɨɪɦɚɰɿʀ.  
 

Ⱦɟɹɤɿ ɞɠɟɪɟɥɚ 3, 5 ɨɩɢɫɭɸɬɶ ɰɟɣ ɡɜ’ɹɡɨɤ 
ɬɚɤɢɦ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦ 
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ɞɟ  q0  – ɫɟɪɟɞɧɿɣ ɬɢɫɤ ɧɚ ʉɪɭɧɬ, Ɇɇ/ɦ2. 

 

Ɂ ɭɪɚɯɭɜɚɧɧɹɦ ɩɟɪɟɬɜɨɪɟɧɶ ɨɬɪɢɦɭєɦɨ ɜɢɪɚɡ 
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ȼɟɪɬɢɤɚɥɶɧɚ ɞɟɮɨɪɦɚɰɿɹ ʉɪɭɧɬɭ ɜɢɧɢɤɚє ɜ 
ɨɫɧɨɜɧɨɦɭ ɩɿɞ ɞɿєɸ  ɦɚɤɫɢɦɚɥɶɧɢɯ ɧɨɪɦɚɥɶ-
ɧɢɯ ɧɚɩɪɭɠɟɧɶ , 1, 4. Ɇɚɤɫɢɦɚɥɶɧɟ ɧɚ-
ɩɪɭɠɟɧɧɹ z   ɡɚɥɟɠɢɬɶ ɜɿɞ ɫɟɪɟɞɧɶɨɝɨ ɩɢɬɨ-
ɦɨɝɨ ɬɢɫɤɭ ɪɨɛɨɱɨɝɨ ɨɪɝɚɧɚ ɧɚ ʉɪɭɧɬ q0, 

ɞɨɜɠɢɧɢ ɨɩɨɪɧɨʀ ɩɨɜɟɪɯɧɿ ɪɨɛɨɱɨɝɨ 
ɨɪɝɚɧɚ  L,  ɡɚɝɚɥɶɧɨʀ ɲɢɪɢɧɢ ɞɿɥɹɧɨɤ ɨɩɨɪ-
ɧɢɯ  ɩɪɨɮɿɥɿɜ  b  ɧɚ ɪɿɡɧɢɯ ɝɨɪɢɡɨɧɬɚɥɶɧɢɯ 
ɩɟɪɟɪɿɡɚɯ  z  2 
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ɞɟ  – ɤɨɟɮɿɰɿєɧɬ, ɹɤɢɣ ɯɚɪɚɤɬɟɪɢɡɭє ɜɩɥɢɜ 
ɜɥɚɫɬɢɜɨɫɬɟɣ ʉɪɭɧɬɭ (ɬɢɩ, ɜɨɥɨɝɿɫɬɶ, ɫɬɭɩɿɧɶ 
ɪɨɡɩɭɲɭɜɚɧɧɹ) ɧɚ ɪɨɡɩɨɞɿɥ ɧɚɩɪɭɠɟɧɶ ɡɚ ɬɨ-
ɜɳɢɧɨɸ (ɤɨɟɮɿɰɿєɧɬ ɉɭɚɫɫɨɧɚ ɞɥɹ ʉɪɭɧɬɿɜ) 5. əɤɳɨ ɩɪɢɩɭɫɬɢɬɢ, ɳɨ ɩɪɭɠɧɚ ɞɟɮɨɪ-
ɦɚɰɿɹ ɥɿɧɿɣɧɨ ɡɚɥɟɠɢɬɶ ɜɿɞ ɧɚɩɪɭɠɟɧɶ  
(ɪɢɫ. 1) 
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ɞɟ  ȿ0 – ɦɨɞɭɥɶ ɞɟɮɨɪɦɚɰɿʀ ʉɪɭɧɬɭ ɡɚ ɜɿɞɫɭɬ-
ɧɨɫɬɿ ɡɫɭɜɿɜ, Ɇɉɚ;   –  ɤɨɟɮɿɰɿєɧɬ, ɹɤɢɣ ɯɚ-
ɪɚɤɬɟɪɢɡɭє ɛɿɱɧɟ ɪɨɡɲɢɪɟɧɧɹ ʉɪɭɧɬɭ 5 
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Ɋɢɫ. 1. Ɋɨɡɪɚɯɭɧɤɨɜɚ ɫɯɟɦɚ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ 

ɞɟɮɨɪɦɚɰɿʀ ɩɪɢ ɭɳɿɥɶɧɟɧɧɿ ʉɪɭɧɬɭ: 1 – 

ɩɨɜɟɪɯɧɹ ʉɪɭɧɬɭ; 2 – ɧɟɭɳɿɥɶɧɟɧɢɣ 

ʉɪɭɧɬ; 3 – ɭɳɿɥɶɧɟɧɢɣ ʉɪɭɧɬ 
 

ȼɢɪɿɲɭɸɱɢ  ɪɿɜɧɹɧɧɹ (3) ɿ (4) ɬɚ ɿɧɬɟɝɪɭɸɱɢ  

ɪɟɡɭɥɶɬɚɬ ɭ ɦɟɠɚɯ ɜɿɞ  z = 0   ɞɨ  z = H, ɨɬɪɢ-

ɦɚєɦɨ ɮɨɪɦɭɥɭ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɩɪɭɠɧɨʀ ɞɟ-
ɮɨɪɦɚɰɿʀ ɭɳɿɥɶɧɟɧɧɹ ʉɪɭɧɬɭ 4
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Ƚɥɢɛɢɧɚ ɡɚɧɭɪɟɧɧɹ ɪɨɛɨɱɨɝɨ ɨɪɝɚɧɚ ɭ ʉɪɭɧɬ 
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ȼɢɡɧɚɱɢɜɲɢ ɜɢɪɚɡ ɭ ɞɭɠɤɚɯ ɱɟɪɟɡ , ɨɬɪɢɦɚ-
єɦɨ 
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ɞɟ  – ɤɨɟɮɿɰɿєɧɬ, ɹɤɢɣ ɯɚɪɚɤɬɟɪɢɡɭє ɨɩɿɪ 
ʉɪɭɧɬɭ, ɦ3/Ɇɇ; 
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ɞɟ ɯ – ɤɨɟɮɿɰɿєɧɬ, ɹɤɢɣ ɯɚɪɚɤɬɟɪɢɡɭє ɫɩɿɜɜɿɞ-

ɧɨɲɟɧɧɹ ɞɨɜɠɢɧɢ ɨɩɨɪɧɨʀ ɩɨɜɟɪɯɧɿ L ɞɨ ʀʀ 
ɲɢɪɢɧɢ b. 

 

ȼɢɫɧɨɜɨɤ 

 

Ɉɬɪɢɦɚɧɟ ɪɿɜɧɹɧɧɹ (1) ɞɚɫɬɶ ɦɨɠɥɢɜɿɫɬɶ ɨɰɿ-
ɧɢɬɢ ɫɬɭɩɿɧɶ ɭɳɿɥɶɧɟɧɧɹ  ʉɪɭɧɬɿɜ ɩɪɢ ɜɢɤɨ-
ɪɢɫɬɚɧɧɿ ʉɪɭɧɬɨɭɳɿɥɶɧɸɜɚɥɶɧɨɝɨ ɨɛɥɚɞɧɚɧ-

ɧɹ ɡ ɩɨɜɟɪɯɧɹɦɢ ɛɥɨɤɭɜɚɥɶɧɨɝɨ ɬɢɩɭ – 

ɨɛʉɪɭɧɬɭɜɚɬɢ ɪɚɰɿɨɧɚɥɶɧɿ ɩɚɪɚɦɟɬɪɢ ɩɨɜɟɪɯ-
ɧɿ ɪɨɛɨɱɨɝɨ ɨɪɝɚɧɚ ɬɚ ɞɨɡɜɨɥɢɬɶ ɿɧɬɟɧɫɢɮɿ-
ɤɭɜɚɬɢ ɩɪɨɰɟɫ ɭɳɿɥɶɧɟɧɧɹ ʉɪɭɧɬɭ. 
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