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ɊȺɋɑȿɌ ɋɌȺɅȿȻȿɌɈɇɇɕɏ ȻȺɅɈɄ ɉɈ ɇȿɋɍɓȿɃ ɋɉɈɋɈȻɇɈɋɌɂ, 

ɂɋɄɅɘɑȺɘɓȿɃ ɊȺȻɈɌɍ ɊȺɋɌəɇɍɌɈɃ ɁɈɇɕ ȻȿɌɈɇȺ 

 

ȿ.ɇ. Ʉɨɛɡɟɜɚ,  ɞɨɰɟɧɬ, ɤ.ɬ.ɧ., Ⱥ.ȼ. ɂɝɧɚɬɟɧɤɨ, ɚɫɫɢɫɬɟɧɬ, ɏɇȺȾɍ 
 

Ⱥɧɧɨɬɚɰɢɹ. ɉɪɟɞɥɨɠɟɧ ɚɥɝɨɪɢɬɦ ɩɨɞɛɨɪɚ ɪɚɡɦɟɪɨɜ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɛɟɬɨɧɚ ɢ ɫɬɚɥɶɧɨɣ 
ɩɨɥɨɫɵ ɫɬɚɥɟɛɟɬɨɧɧɵɯ ɛɚɥɨɤ ɩɨ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɡɚɤɨɧɚ Ƚɭɤɚ. Ɋɚɡɪɭɲɟ-
ɧɢɟ ɛɚɥɤɢ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɧɨɪɦɚɥɶɧɨɦɭ ɫɟɱɟɧɢɸ. ɉɪɢ ɷɬɨɦ ɜ ɛɟɬɨɧɟ ɢ ɫɬɚɥɶɧɨɣ ɩɨɥɨɫɟ ɜ ɨɩɚɫ-
ɧɵɯ ɬɨɱɤɚɯ ɞɟɣɫɬɜɭɸɬ ɩɪɟɞɟɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ.   
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɬɚɥɟɛɟɬɨɧɧɚɹ ɛɚɥɤɚ, ɧɟɫɭɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ, ɨɩɚɫɧɵɟ ɬɨɱɤɢ, ɩɪɟɞɟɥɶɧɵɟ 
ɧɚɩɪɹɠɟɧɢɹ. 
 

ɊɈɁɊȺɏɍɇɈɄ ɋɌȺɅȿȻȿɌɈɇɇɂɏ ȻȺɅɈɄ ɁȺ ɇȿɋɍɑɈɘ ɁȾȺɌɇȱɋɌɘ,  

ɓɈ ȼɂɄɅɘɑȺȯ ɊɈȻɈɌɍ ɊɈɁɌəȽɇɍɌɈȲ ɁɈɇɂ ȻȿɌɈɇɍ 
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Ⱥɧɨɬɚɰɿɹ. Ɂɚɩɪɨɩɨɧɨɜɚɧɨ ɚɥɝɨɪɢɬɦ ɩɿɞɛɨɪɭ ɪɨɡɦɿɪɿɜ ɩɨɩɟɪɟɱɧɨɝɨ ɩɟɪɟɪɿɡɭ ɛɟɬɨɧɭ ɬɚ ɫɬɚɥɟɜɨʀ 
ɫɦɭɝɢ ɫɬɚɥɟɛɟɬɨɧɧɢɯ ɛɚɥɨɤ ɡɚ ɧɟɫɭɱɨɸ ɡɞɚɬɧɿɫɬɸ  ɩɪɢ ɜɢɤɨɧɚɧɧɿ ɡɚɤɨɧɭ Ƚɭɤɚ. Ɋɭɣɧɭɜɚɧɧɹ ɛɚɥ-
ɤɢ ɡɞɿɣɫɧɸɽɬɶɫɹ ɡɚ ɧɨɪɦɚɥɶɧɢɦ ɩɟɪɟɪɿɡɨɦ. ɉɪɢ ɰɶɨɦɭ ɭ ɛɟɬɨɧɿ ɬɚ ɫɬɚɥɟɜɿɣ ɫɦɭɡɿ ɜ ɧɟɛɟɡɩɟɱɧɢɯ 
ɬɨɱɤɚɯ ɞɿɸɬɶ ɝɪɚɧɢɱɧɿ ɧɚɩɪɭɠɟɧɧɹ.  
 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɫɬɚɥɟɛɟɬɨɧɧɚ ɛɚɥɤɚ, ɧɟɫɭɱɚ ɡɞɚɬɧɿɫɬɶ, ɧɟɛɟɡɩɟɱɧɿ ɬɨɱɤɢ, ɝɪɚɧɢɱɧɿ ɧɚɩɪɭɠɟɧɧɹ. 
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Abstract. The matching algorithm of cross-sectional dimensions of concrete and steel strip of rein-

forced concrete beams on the carrying capacity of Hooke's law in the performance is offered. Beam 

fracture occurs on a normal section. In this case, both in concrete and in the steel strip unsafe points 

limiting stresses act. 
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ȼɜɟɞɟɧɢɟ 
 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɫɬɚɥɟɛɟɬɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ 
ɩɪɹɦɨɭɝɨɥɶɧɨɝɨ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɜ ɤɨɧ-

ɫɬɪɭɤɰɢɹɯ ɫ ɜɧɟɲɧɢɦ ɚɪɦɢɪɨɜɚɧɢɟɦ ɷɤɨɧɨ-
ɦɢɱɟɫɤɢ ɜɵɝɨɞɧɨ ɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ [1]. ɇɟɫɭ-

ɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɠɟɥɟɡɨɛɟɬɨɧɧɵɯ ɛɚɥɨɤ 
ɦɨɠɧɨ ɫɭɳɟɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɬɶ, ɡɚɦɟɧɢɜ 
ɫɬɟɪɠɧɟɜɭɸ ɚɪɦɚɬɭɪɭ ɧɚ ɥɢɫɬɨɜɭɸ, ɩɪɢ ɨɞɢ-

ɧɚɤɨɜɨɦ ɪɚɫɯɨɞɟ ɫɬɚɥɢ. 

 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 
 

ȼɨɩɪɨɫɚɦɢ ɪɚɫɱɟɬɚ ɫɬɚɥɟɛɟɬɨɧɧɵɯ ɛɚɥɨɤ ɡɚ-
ɧɢɦɚɥɢɫɶ ɦɧɨɝɢɟ ɚɜɬɨɪɵ [1–5] ɢ ɞɪ. ȼɨ ɦɧɨ-
ɝɢɯ ɫɬɚɬɶɹɯ ɭɞɟɥɹɟɬɫɹ ɜɧɢɦɚɧɢɟ ɢɫɫɥɟɞɨɜɚ-
ɧɢɸ ɪɚɛɨɬɵ ɝɢɛɤɢɯ ɚɧɤɟɪɨɜ [2, 3], ɮɨɪɦɚɦ 
ɪɚɡɪɭɲɟɧɢɹ ɫɬɚɥɟɛɟɬɨɧɧɵɯ ɛɚɥɨɤ [4], ɨɩɪɟ-
ɞɟɥɟɧɢɸ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɫɬɚɥɟɛɟɬɨɧ-
ɧɵɯ ɛɚɥɨɤ ɩɪɢ ɪɚɡɪɭɲɟɧɢɢ ɩɨ ɧɨɪɦɚɥɶɧɨɦɭ 
ɫɟɱɟɧɢɸ ɢ ɩɨ ɤɨɧɬɚɤɬɭ [5]. ȼ [6] ɩɪɟɞɥɨɠɟɧ 
ɪɚɫɱɟɬ ɫɬɚɥɟɛɟɬɨɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɫ ɢɫɩɨɥɶɡɨ-
ɜɚɧɢɟɦ ɬɟɨɪɢɢ əɲɢɧɚ. 
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ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

ɉɪɚɤɬɢɤɚ ɪɚɫɱɟɬɨɜ ɫɬɚɥɟɛɟɬɨɧɧɵɯ ɛɚɥɨɤ ɩɨ-
ɤɚɡɵɜɚɟɬ, ɱɬɨ ɞɨɫɬɢɱɶ ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɪɟ-
ɞɟɥɶɧɵɯ ɧɚɩɪɹɠɟɧɢɣ ɜ ɫɠɚɬɨɣ ɢ  ɪɚɫɬɹɧɭɬɨɣ 

ɡɨɧɟ ɛɟɬɨɧɚ, ɚ ɬɚɤɠɟ ɜ ɫɬɚɥɶɧɨɣ ɩɨɥɨɫɟ ɧɟ 
ɭɞɚɟɬɫɹ. ɉɪɢ ɷɬɨɦ ɪɚɫɬɹɧɭɬɚɹ ɡɨɧɚ ɛɟɬɨɧɚ 
ɩɪɚɤɬɢɱɟɫɤɢ ɜ ɪɚɛɨɬɟ ɧɟ ɭɱɚɫɬɜɭɟɬ. ɉɨɷɬɨɦɭ 
ɩɪɟɞɩɪɢɧɹɬɚ ɩɨɩɵɬɤɚ ɩɨɥɭɱɢɬɶ ɚɥɝɨɪɢɬɦ 

ɪɚɫɱɟɬɚ ɫɬɚɥɟɛɟɬɨɧɧɨɣ ɛɚɥɤɢ ɛɟɡ ɭɱɟɬɚ ɪɚɛɨ-
ɬɵ ɪɚɫɬɹɧɭɬɨɣ ɡɨɧɵ ɛɟɬɨɧɚ, ɧɨ ɫ ɩɪɟɞɟɥɶɧɵ-

ɦɢ ɧɚɩɪɹɠɟɧɢɹɦɢ ɜ ɫɠɚɬɨɣ ɡɨɧɟ ɛɟɬɨɧɚ ɢ ɜ 
ɫɬɚɥɶɧɨɣ ɩɨɥɨɫɟ. Ⱦɥɹ ɫɬɚɥɟɛɟɬɨɧɧɨɣ ɛɚɥɤɢ, ɫ 
ɡɚɞɚɧɧɨɣ ɜɧɟɲɧɟɣ ɧɚɝɪɭɡɤɨɣ ɢ ɡɚɞɚɧɧɵɦɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɛɟɬɨɧɚ ɢ ɫɬɚɥɢ, ɧɟɨɛɯɨɞɢ-

ɦɨ ɪɚɡɪɚɛɨɬɚɬɶ ɚɥɝɨɪɢɬɦ ɩɨɞɛɨɪɚ ɪɚɡɦɟɪɨɜ 
ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɛɟɬɨɧɚ  ɢ ɫɬɚɥɶɧɨɣ ɩɨ-
ɥɨɫɵ, ɫ ɬɚɤɢɦ ɪɚɫɱɟɬɨɦ, ɱɬɨɛɵ ɦɚɤɫɢɦɚɥɶ-
ɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɫɠɚɬɨɣ ɡɨɧɟ ɛɟɬɨɧɚ ɪɚɜɧɹ-
ɥɢɫɶ ɢɯ ɩɪɟɞɟɥɶɧɵɦ ɡɧɚɱɟɧɢɹɦ  (ɩɪɢɡɦɟɧɧɨɣ 

ɩɪɨɱɧɨɫɬɢ  ɛɟɬɨɧɚ b bnR  ), ɚ ɦɚɤɫɢɦɚɥɶɧɵɟ 
ɧɚɩɪɹɠɟɧɢɹ ɜ ɫɬɚɥɶɧɨɣ ɩɨɥɨɫɟ ɪɚɜɧɹɥɢɫɶ ɢɯ 
ɩɪɟɞɟɥɶɧɵɦ ɡɧɚɱɟɧɢɹɦ (ɩɪɟɞɟɥɭ ɬɟɤɭɱɟɫɬɢ  

s snR  ). 

 

ɉɨɞɛɨɪ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ  

ɫɬɚɥɟɛɟɬɨɧɧɨɣ ɛɚɥɤɢ 

 

ȼ ɪɚɫɱɟɬɚɯ ɛɵɥɢ ɩɪɢɧɹɬɵ ɫɥɟɞɭɸɳɢɟ ɩɪɟɞ-

ɩɨɫɵɥɤɢ: 

1. ȼ ɪɚɫɬɹɧɭɬɨɣ ɡɨɧɟ ɛɟɬɨɧɚ ɧɚɩɪɹɠɟɧɢɹ ɨɬ-
ɫɭɬɫɬɜɭɸɬ 0b

  , ɚ ɩɨ ɜɫɟɣ ɜɵɫɨɬɟ ɜ ɫɠɚɬɨɣ 

ɡɨɧɟ ɞɟɣɫɬɜɭɸɬ ɧɚɩɪɹɠɟɧɢɹ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ 

ɡɧɚɱɟɧɢɟɦ, ɪɚɜɧɵɦ ɩɪɢɡɦɟɧɧɨɣ ɩɪɨɱɧɨɫɬɢ 

ɩɪɢ ɫɠɚɬɢɢ b bnR  . 

2. Ɇɟɠɞɭ ɛɟɬɨɧɨɦ ɢ ɫɬɚɥɶɧɵɦ ɥɢɫɬɨɦ ɚɛɫɨ-
ɥɸɬɧɨ ɠɟɫɬɤɨɟ ɫɨɟɞɢɧɟɧɢɟ. 
3. ɉɪɢɦɟɧɢɦɚ ɝɢɩɨɬɟɡɚ ɩɥɨɫɤɢɯ ɫɟɱɟɧɢɣ. 

4. ɉɪɢɦɟɧɢɦ ɡɚɤɨɧ Ƚɭɤɚ. 
5. Ɇɨɞɭɥɶ ɞɟɮɨɪɦɚɰɢɢ ɛɟɬɨɧɚ bE  ɜɟɥɢɱɢɧɚ 
ɩɨɫɬɨɹɧɧɚɹ. 
6. ȼ ɫɬɚɥɶɧɨɦ ɥɢɫɬɟ ɞɟɣɫɬɜɭɸɬ ɧɚɩɪɹɠɟɧɢɹ, 
ɪɚɜɧɵɟ ɩɪɟɞɟɥɭ ɬɟɤɭɱɟɫɬɢ sns R . 

 

Ɋɚɫɫɦɨɬɪɢɦ ɭɫɥɨɜɢɹ ɪɚɜɧɨɜɟɫɢɹ ɜɵɞɟɥɟɧɧɨ-
ɝɨ ɷɥɟɦɟɧɬɚ dx  ɫɬɚɥɟɛɟɬɨɧɧɨɣ ɛɚɥɤɢ (ɪɢɫ. 1).  

Ⱦɟɣɫɬɜɢɟ ɥɟɜɨɣ ɱɚɫɬɢ ɛɚɥɤɢ ɧɚ ɫɟɱɟɧɢɟ ɩɪɟɞ-

ɫɬɚɜɢɦ ɜ ɜɢɞɟ ɢɡɝɢɛɚɸɳɟɝɨ ɦɨɦɟɧɬɚ yM . 

Ⱦɟɣɫɬɜɢɟ ɩɪɚɜɨɣ ɱɚɫɬɢ ɛɚɥɤɢ ɧɚ ɫɟɱɟɧɢɟ 
ɷɥɟɦɟɧɬɚ ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ ɷɥɟɦɟɧɬɚɪɧɵɯ 
ɫɢɥ .dA  Ɉɬ ɞɟɣɫɬɜɢɹ ɢɡɝɢɛɚɸɳɟɝɨ ɦɨɦɟɧ-

ɬɚ ɜɟɪɯɧɹɹ ɱɚɫɬɶ ɛɟɬɨɧɚ ɛɭɞɟɬ ɫɠɚɬɚ, ɚ ɧɢɠ-

ɧɹɹ – ɪɚɫɬɹɧɭɬɚ. ɋɨɫɬɚɜɢɦ ɭɫɥɨɜɢɟ ɪɚɜɧɨɜɟ-
ɫɢɹ ɷɥɟɦɟɧɬɚ dx . ;0 X   
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Ɋɢɫ. 1  ɗɥɟɦɟɧɬ ɫɬɚɥɟɛɟɬɨɧɧɨɣ ɛɚɥɤɢ 

 

 

ɉɨɞɫɬɚɜɢɦ ɩɪɟɞɟɥɵ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ  
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ɂɡ ɤɭɪɫɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɦɚɬɟɪɢɚɥɨɜ [7] ɢɡ-
ɜɟɫɬɧɨ, ɱɬɨ ɜ ɪɚɫɬɹɧɭɬɨɣ ɡɨɧɟ ɧɨɪɦɚɥɶɧɵɟ 
ɧɚɩɪɹɠɟɧɢɹ ɨɩɪɟɞɟɥɹɸɬɫɹ ɡɚɜɢɫɢɦɨɫɬɶɸ 
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z


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ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɧɚɲɟɦɭ ɫɥɭɱɚɸ (ɫɦ. ɪɢɫ. 1)   
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ɍɱɢɬɵɜɚɹ, ɱɬɨ 
 

bb dzbdA  , ss dzbdA  , 

 

ɩɨɞɫɬɚɜɢɦ ɜ (1) ɷɬɢ ɡɧɚɱɟɧɢɹ ɢ ɩɪɨɢɧɬɟɝɪɢ-

ɪɭɟɦ: 
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
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ȼɜɟɞɟɦ  ɨɛɨɡɧɚɱɟɧɢɟ 
 

                  ;
b

s

E

E
n                         (3) 

 

ɢ ɩɨɫɥɟ ɧɟɫɥɨɠɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɩɨɥɭɱɢɦ 

 

.022 22  nhnznz             (4) 

 

Ɋɟɲɚɹ ɤɜɚɞɪɚɬɧɨɟ ɭɪɚɜɧɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ 

z , ɩɨɥɭɱɢɦ 

 

       
















 1
2

1
n

h
nz  .          (5) 

 

 

Ɍɚɤ ɤɚɤ ɛɚɥɤɚ ɪɚɛɨɬɚɟɬ ɜ ɭɩɪɭɝɨɣ ɫɬɚɞɢɢ, ɬɨ, 
ɢɫɩɨɥɶɡɭɹ ɪɢɫ. 2, ɚ, ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ 
 

zhz

sb







,  ɧɨ  
b

b
b

E


 ,  

s
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E


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b


s


h


z
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Y

2



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z
h

b

 

Ɋɢɫ. 2. ɋɟɱɟɧɢɟ ɫɬɚɥɟɛɟɬɨɧɧɨɣ ɛɚɥɤɢ: ɚ – 

ɷɩɸɪɚ ɨɬɧɨɫɢɬɟɥɶɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɛɟ-
ɬɨɧɚ ɢ ɫɬɚɥɢ; ɛ – ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɢ-

ɜɟɞɟɧɧɨɝɨ ɨɫɟɜɨɝɨ ɦɨɦɟɧɬɚ ɢɧɟɪɰɢɢ 

 

Ɍɨɝɞɚ 
 

 zhE

z

E s

s

b

b







   ɢɥɢ     zhn

zs
b 


 . 

 

ɉɪɟɨɛɪɚɡɭɟɦ ɢ ɩɨɥɭɱɢɦ 

 

     hnnz bbs . 

 

Ɉɬɫɸɞɚ 
 

          
 

bs

b

n

hn
z




 .                (6) 

 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɜɵɫɨɬɨɣ 

ɛɟɬɨɧɚ h  ɢ ɬɨɥɳɢɧɨɣ ɫɬɚɥɶɧɨɝɨ ɥɢɫɬɚ   

ɩɪɢɪɚɜɧɹɟɦ ɮɨɪɦɭɥɵ (6) ɢ (5). 

 

 
bs

b

n

hn

n

h
n


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


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











 1
2

1 .   (7) 

 

ɉɨɫɥɟ ɧɟɫɥɨɠɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɩɨɥɭɱɢɦ 

ɜɵɪɚɠɟɧɢɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɬɧɨɲɟɧɢɹ 
ɦɟɠɞɭ  ɜɟɥɢɱɢɧɚɦɢ   ɢ h : 

 

 
 

2 2 2 2 2

2 2 2 22 0.

b b s

s b s b b

n n

h n n n h

       

        
 

 

Ɋɟɲɚɹ ɤɜɚɞɪɚɬɧɨɟ ɭɪɚɜɧɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ 

 , ɩɨɥɭɱɢɦ: 

           

 
 

 
 
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2 2

2 2 2

2
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1 1 .
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                  

    (8) 

 

ɂɦɟɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɛɟɬɨɧɚ ɢ ɫɬɚɥɢ, ɫɪɚɡɭ 

ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɜɟɥɢ-

ɱɢɧɚɦɢ   ɢ h .   

 

Ɉɩɪɟɞɟɥɢɦ ɲɢɪɢɧɭ ɫɬɚɥɟɛɟɬɨɧɧɨɣ ɛɚɥɤɢ b . 

Ɂɚɩɢɲɟɦ ɭɪɚɜɧɟɧɢɟ ɫɬɚɬɢɤɢ (ɪɢɫ. 1, ɚ) 
0 yM . 
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ȼɵɧɟɫɟɦ ɢɡ-ɩɨɞ ɡɧɚɤɚ ɢɧɬɟɝɪɚɥɚ ɩɨɫɬɨɹɧɧɵɟ 
ɜɟɥɢɱɢɧɵ     
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ɂɧɬɟɝɪɚɥɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɨɫɟɜɵɟ ɦɨ-
ɦɟɧɬɵ ɢɧɟɪɰɢɢ ɫɟɱɟɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ, 

ɨɝɪɚɧɢɱɢɜɚɸɳɟɣ ɜɵɫɨɬɭ ɫɠɚɬɨɣ ɡɨɧɵ ɛɟɬɨɧɚ. 
 

;2 
bA

bbb dAzJ     .2 
s

s
A

ss
dAzJ  

 

Ɍɨɝɞɚ        0





 s
s

b
b

y J
E

J
E

M . 

 

Ɉɬɫɸɞɚ 

                  ssbby JEJEM 



1

.            (9) 

 

ɂɡ [1] ɢɡɜɟɫɬɧɨ, ɱɬɨ 
zE 





1

. 

 

Ɉɩɪɟɞɟɥɢɦ ɧɚɩɪɹɠɟɧɢɟ ɜ ɫɠɚɬɨɣ ɡɨɧɟ ɛɟɬɨ-
ɧɚ. Ⱦɥɹ ɷɬɨɝɨ ɩɨɞɫɬɚɜɢɦ ɡɧɚɱɟɧɢɟ 

bb

b

zE 




1

 ɜ  (9) 

 ssbb

bb

b
y JEJE

zE
M 




 , 

ɢɥɢ 

 sb

bb

bb
y JnJ

zE

E
M 




 . 

Ɉɬɫɸɞɚ 

               
ɩɪ

y b

b

M z

J


  ,                   (10) 

 

ɝɞɟ bz  –  ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɨɫɢ, ɨɝɪɚɧɢɱɢɜɚɸɳɟɣ 

ɜɵɫɨɬɭ ɫɠɚɬɨɣ ɡɨɧɵ ɛɟɬɨɧɚ, ɞɨ ɬɨɱɤɢ ɫɠɚɬɨɣ 

ɡɨɧɵ ɛɟɬɨɧɚ, ɜ ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɩɪɹ-
ɠɟɧɢɟ (ɧɚɢɛɨɥɶɲɢɟ ɧɚɩɪɹɠɟɧɢɹ ɛɭɞɭɬ ɟɫɥɢ 

zzb  ); ɩɪJ  – ɩɪɢɜɟɞɟɧɧɵɣ ɨɫɟɜɨɣ ɦɨɦɟɧɬ 
ɢɧɟɪɰɢɢ ɫɬɚɥɟɛɟɬɨɧɧɨɝɨ ɫɟɱɟɧɢɹ, ɭɱɢɬɵɜɚ-
ɸɳɢɣ ɪɚɛɨɬɭ ɫɠɚɬɨɣ ɡɨɧɵ ɛɟɬɨɧɚ ɢ ɫɬɚɥɶɧɨ-
ɝɨ ɥɢɫɬɚ,  ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 
 

                           ɩɪ b sJ J n J                  (11) 

 

ɂɡ ɮɨɪɦɭɥɵ (10) ɨɩɪɟɞɟɥɹɟɦ 

 

                              ɩɪ
b

y bM z
J





.                (12) 

 

ɑɢɫɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪJ  ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ 
ɮɨɪɦɭɥɟ (12). ɉɪɢ ɷɬɨɦ ɩɪɢɧɢɦɚɟɬɫɹ:

y
M – 

ɦɚɤɫɢɦɚɥɶɧɵɣ ɦɨɦɟɧɬ, ɜɡɹɬɵɣ ɢɡ ɩɪɟɞɜɚɪɢ-

ɬɟɥɶɧɨ ɩɨɫɬɪɨɟɧɧɨɣ ɷɩɸɪɵ ɦɨɦɟɧɬɨɜ (ɞɥɢɧɚ 

ɛɚɥɤɢ ɢ ɞɟɣɫɬɜɭɸɳɚɹ ɧɚɝɪɭɡɤɚ ɢɡɜɟɫɬɧɵ), 

zzb  (ɧɚɣɞɟɧɚ ɜɵɲɟ), b bnR  . 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɪɢɫ. 2, ɛ, ɩɪɢɜɟɞɟɧɧɵɣ ɨɫɟɜɨɣ 

ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɞɥɹ ɫɬɚɥɟɛɟɬɨɧɧɨɣ ɛɚɥɤɢ 

ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ, ɭɱɢɬɵɜɚɸ-

ɳɟɣ ɞɟɣɫɬɜɢɟ ɬɨɥɶɤɨ ɫɠɚɬɨɣ ɡɨɧɵ ɛɟɬɨɧɚ ɢ 

ɫɬɚɥɶɧɨɝɨ ɥɢɫɬɚ 
 

        

23 2

ɩɪ
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J nb h z

          
   

.   (13) 

 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɲɢɪɢɧɭ ɫɬɚɥɟɛɟɬɨɧɧɨɣ ɛɚɥɤɢ 

ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɢɡ ɜɵɪɚɠɟɧɢɹ (13).  
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23 3z
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ȼɵɩɨɥɧɢɦ ɩɪɨɜɟɪɨɱɧɵɣ ɪɚɫɱɟɬ. Ⱦɥɹ ɷɬɨɝɨ 
ɨɩɪɟɞɟɥɢɦ ɦɚɤɫɢɦɚɥɶɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɜ 
ɫɬɚɥɶɧɨɦ ɥɢɫɬɟ. ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɞɨɥɠ-

ɧɨ ɛɵɬɶ ɛɥɢɡɤɨ ɤ snR . ɉɨɞɫɬɚɜɢɦ ɡɧɚɱɟɧɢɟ 

ss

s

zE 
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 ɜ (9), ɬɨɝɞɚ 
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E
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E z n z
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Ɉɬɫɸɞɚ:  

               
ɩɪ

y s

s

M z n

J

 
  ,               (15) 

 

ɝɞɟ sz  – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɨɫɢ, ɨɝɪɚɧɢɱɢɜɚɸɳɟɣ 

ɜɵɫɨɬɭ ɫɠɚɬɨɣ ɡɨɧɵ ɛɟɬɨɧɚ, ɞɨ ɬɨɱɤɢ ɫɬɚɥɶ-
ɧɨɝɨ ɥɢɫɬɚ, ɜ ɤɨɬɨɪɨɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚɩɪɹɠɟ-
ɧɢɟ (ɧɚɢɛɨɥɶɲɢɟ ɧɚɩɪɹɠɟɧɢɹ ɛɭɞɭɬ ɟɫɥɢ  

zhzs  ). 

 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɩɨɥɭɱɟɧɧɵɯ ɮɨɪɦɭɥ ɩɪɟɞɥɚɝɚ-
ɟɬɫɹ ɚɥɝɨɪɢɬɦ ɩɨɞɛɨɪɚ ɪɚɡɦɟɪɨɜ ɩɨɩɟɪɟɱɧɵɯ 
ɫɟɱɟɧɢɣ ɛɟɬɨɧɚ ɢ ɫɬɚɥɶɧɨɣ ɩɨɥɨɫɵ ɫɬɚɥɟɛɟ-
ɬɨɧɧɨɣ ɛɚɥɤɢ. 

 

1. Ⱦɥɹ ɡɚɞɚɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɚɬɟɪɢɚɥɨɜ, 
ɜɧɟɲɧɟɣ ɧɚɝɪɭɡɤɢ ɢ ɜɵɫɨɬɵ ɫɟɱɟɧɢɹ ɛɟɬɨɧɚ 
h  ɩɨ ɮɨɪɦɭɥɟ (8) ɨɩɪɟɞɟɥɹɟɦ ɬɨɥɳɢɧɭ 

ɫɬɚɥɶɧɨɣ ɩɨɥɨɫɵ  . 
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2. ɉɨ ɮɨɪɦɭɥɟ (6) ɨɩɪɟɞɟɥɹɟɦ ɜɵɫɨɬɭ ɫɠɚɬɨɣ 

ɡɨɧɵ ɛɟɬɨɧɚ .z  

3. ɉɨ ɮɨɪɦɭɥɟ (12) ɨɩɪɟɞɟɥɹɟɦ ɬɪɟɛɭɟɦɵɣ 

ɩɪɢɜɟɞɟɧɧɵɣ ɨɫɟɜɨɣ ɦɨɦɟɧɬ ɢɧɟɪɰɢɢ ɩɨɩɟ-
ɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɫɬɚɥɟɛɟɬɨɧɧɨɣ ɛɚɥɤɢ ɩɪJ . 

4. ɉɨ ɮɨɪɦɭɥɟ (14) ɨɩɪɟɞɟɥɹɟɦ ɲɢɪɢɧɭ ɫɬɚ-
ɥɟɛɟɬɨɧɧɨɣ ɛɚɥɤɢ .b  

5. ɉɨ ɮɨɪɦɭɥɚɦ (10) ɢ (15) ɩɪɨɜɟɪɹɟɦ ɦɚɤ-
ɫɢɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɛɟɬɨɧɟ ɢ ɫɬɚɥɶɧɨɦ 

ɥɢɫɬɟ. ɗɬɢ ɧɚɩɪɹɠɟɧɢɹ ɞɨɥɠɧɵ ɫɨɨɬɜɟɬɫɬɜɨ-
ɜɚɬɶ ɡɚɞɚɧɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɦɚɬɟɪɢɚɥɨɜ. 
 

ȼɵɜɨɞɵ 

 

ɉɪɟɞɥɨɠɟɧ ɚɥɝɨɪɢɬɦ ɩɨɞɛɨɪɚ ɪɚɡɦɟɪɨɜ ɩɨ-
ɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɛɟɬɨɧɚ ɢ ɫɬɚɥɶɧɨɣ ɩɨɥɨɫɵ 

ɫɬɚɥɟɛɟɬɨɧɧɵɯ ɛɚɥɨɤ ɩɨ ɧɟɫɭɳɟɣ ɫɩɨɫɨɛɧɨ-
ɫɬɢ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɡɚɤɨɧɚ Ƚɭɤɚ. Ɋɚɡɪɭɲɟ-
ɧɢɟ ɛɚɥɤɢ ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɧɨɪɦɚɥɶɧɨɦɭ ɫɟɱɟ-
ɧɢɸ. ɉɪɢ ɷɬɨɦ ɜ ɛɟɬɨɧɟ ɢ ɫɬɚɥɶɧɨɣ ɩɨɥɨɫɟ ɜ 
ɨɩɚɫɧɵɯ ɬɨɱɤɚɯ ɞɟɣɫɬɜɭɸɬ ɩɪɟɞɟɥɶɧɵɟ 
ɧɚɩɪɹɠɟɧɢɹ.   
 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɚɥɝɨɪɢɬɦɚ ɹɜɥɹɟɬɫɹ ɬɨ ɨɛɫɬɨɹ-
ɬɟɥɶɫɬɜɨ, ɱɬɨ ɞɥɹ ɡɚɞɚɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɦɚɬɟɪɢɚɥɨɜ, ɜɧɟɲɧɟɣ ɧɚɝɪɭɡɤɢ ɢ ɡɚɞɚɧɧɨɣ 

ɜɵɫɨɬɵ ɫɟɱɟɧɢɹ ɛɟɬɨɧɚ ɫɪɚɡɭ ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɨɫɬɚɥɶɧɵɟ ɪɚɡɦɟɪɵ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɛɟ-
ɬɨɧɚ ɢ ɫɬɚɥɢ. ɗɬɢ ɪɚɡɦɟɪɵ ɹɜɥɹɸɬɫɹ ɟɞɢɧ-

ɫɬɜɟɧɧɵɦɢ ɞɥɹ ɡɚɞɚɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫ ɢɯ 
ɩɪɟɞɟɥɶɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɜ ɨɩɚɫɧɵɯ ɬɨɱɤɚɯ. 
ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɚɡɦɟɪɵ ɩɨ-
ɩɟɪɟɱɧɵɯ ɫɟɱɟɧɢɣ ɦɟɧɹɸɬɫɹ.  
 

ɗɬɨɬ ɚɥɝɨɪɢɬɦ ɩɨɡɜɨɥɹɟɬ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ 
ɫɟɱɟɧɢɹ ɫɬɚɥɟɛɟɬɨɧɧɵɯ ɛɚɥɨɤ.   
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