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ɈɉɊȿȾȿɅȿɇɂȿ ɁȺȼɂɋɂɆɈɋɌɂ ȼɊȿɆȿɇɂ ɉɊɈȿɁȾȺ ɉȿɊȿɄɊȿɋɌɄȺ  

ɈɌ ȼȿɅɂɑɂɇɕ ɈɑȿɊȿȾɂ ɌɊȺɇɋɉɈɊɌɇɕɏ ɋɊȿȾɋɌȼ ɂ ɉȺɊȺɆȿɌɊɈȼ 
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Ⱥɧɧɨɬɚɰɢɹ. ɋɮɨɪɦɭɥɢɪɨɜɚɧɵ ɨɫɧɨɜɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɢ ɩɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ ɫɨɨɬɧɨɲɟɧɢɹ ɩɚɪɚ-
ɦɟɬɪɨɜ ɫɟɝɦɟɧɬɚ ɞɨɪɨɠɧɨɣ ɫɟɬɢ ɢ ɩɚɪɚɦɟɬɪɨɜ ɬɪɚɧɫɩɨɪɬɧɵɯ ɩɨɬɨɤɨɜ ɧɚ ɪɟɝɭɥɢɪɭɟɦɨɦ ɩɟ-
ɪɟɤɪɟɫɬɤɟ. 
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Ⱥɧɨɬɚɰɿɹ. ɋɮɨɪɦɭɥɶɨɜɚɧɨ ɨɫɧɨɜɧɿ ɡɚɥɟɠɧɨɫɬɿ ɬɚ ɩɪɨɜɟɞɟɧɚ ɨɰɿɧɤɚ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ 
ɩɚɪɚɦɟɬɪɿɜ ɫɟɝɦɟɧɬɚ ɞɨɪɨɠɧɶɨʀ ɦɟɪɟɠɿ ɬɚ ɩɚɪɚɦɟɬɪɿɜ ɬɪɚɧɫɩɨɪɬɧɢɯ ɩɨɬɨɤɿɜ ɧɚ ɪɟɝɭɥɶɨɜɚɧɨɦɭ 
ɩɟɪɟɯɪɟɫɬɿ. 
 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɬɪɚɧɫɩɨɪɬɧɚ ɦɟɪɟɠɚ, ɦɨɧɿɬɨɪɢɧɝ ɬɪɚɧɫɩɨɪɬɧɢɯ ɩɨɬɨɤɿɜ, ɭɩɪɚɜɥɿɧɧɹ ɪɭɯɨɦ.  
 

DETERMINATION OF INTERSECTION CROSSING TIME DEPENDENCE FROM 
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Abstract. The main dependences are expounded. The estimation of correlation of the road net and 
transport flɨws parameters segment at the regulated intersection is carried out. 
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ȼɜɟɞɟɧɢɟ 
 

Ⱦɥɹ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧ-

ɧɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɞɨɪɨɠɧɵɦ ɞɜɢɠɟ-
ɧɢɟɦ (ȺɋɍȾ) ɬɪɟɛɭɟɬɫɹ ɢɧɮɨɪɦɚɰɢɹ ɨ ɩɥɨɬ-
ɧɨɫɬɢ, ɢɧɬɟɧɫɢɜɧɨɫɬɢ, ɫɤɨɪɨɫɬɢ ɬɪɚɧɫɩɨɪɬ-
ɧɵɯ ɩɨɬɨɤɨɜ, ɡɚɝɪɭɠɟɧɧɨɫɬɢ ɫɟɝɦɟɧɬɨɜ 
ɞɨɪɨɠɧɨɣ ɫɟɬɢ, ɚ ɬɚɤɠɟ ɜɡɚɢɦɨɫɜɹɡɢ ɷɬɢɯ 
ɩɚɪɚɦɟɬɪɨɜ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨ-
ɜɟɫɬɢ ɨɰɟɧɤɭ ɫɨɨɬɧɨɲɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɫɟɝ-
ɦɟɧɬɨɜ ɞɨɪɨɠɧɨɣ ɫɟɬɢ ɜ ɭɫɥɨɜɢɹɯ ɧɟɨɩɪɟɞɟ-
ɥɟɧɧɨɫɬɢ, ɞɥɹ ɫɟɬɢ ɞɚɬɱɢɤɨɜ ɩɪɢ 

ɦɨɧɢɬɨɪɢɧɝɟ ɩɚɪɚɦɟɬɪɨɜ ɬɪɚɧɫɩɨɪɬɧɵɯ ɩɨ-
ɬɨɤɨɜ. ɗɬɭ ɡɚɞɚɱɭ ɪɟɲɚɟɬ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɚɹ 
ɬɪɚɧɫɩɨɪɬɧɚɹ ɫɢɫɬɟɦɚ (ɂɌɋ). 
 

Ⱦɥɹ ɩɨɫɬɪɨɟɧɢɹ ȺɋɍȾ ɩɨ ɩɪɢɧɰɢɩɚɦ ɂɌɋ 

ɬɪɟɛɭɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɨɩɬɢ-

ɦɚɥɶɧɨɝɨ ɩɨɫɬɪɨɟɧɢɹ ɬɪɟɯ ɟɟ ɫɨɫɬɚɜɥɹɸɳɢɯ 

ɱɚɫɬɟɣ: ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ (ɂɋ), ɜɵ-

ɱɢɫɥɢɬɟɥɶɧɨɝɨ ɰɟɧɬɪɚ (ȼɐ), ɦɚɪɲɪɭɬɢɡɚɰɢɢ 

ɢ ɫɟɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɦɟɠɞɭ ȼɐ ɢ ɩɨɥɶɡɨ-
ɜɚɬɟɥɹɦɢ. ɉɪɢɜɟɞɟɧɧɵɟ ɫɜɟɞɟɧɶɹ ɩɨ ɂɌɋ ɢ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɬɪɚɧɫɩɨɪɬɧɵɯ ɩɨɬɨɤɨɜ ɧɟ ɜ 
ɩɨɥɧɨɣ ɦɟɪɟ ɨɬɪɚɠɚɸɬ ɡɚɜɢɫɢɦɨɫɬɢ ɩɪɨɩɭ-

ɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɨɜ ɫɟɝɦɟɧɬɚ 
ɫɟɬɢ ɢ ɪɟɠɢɦɨɜ ɫɜɟɬɨɮɨɪɧɨɝɨ ɪɟɝɭɥɢɪɨɜɚ-
ɧɢɹ. 
 

Ɋɚɫɫɦɨɬɪɢɦ ɪɟɝɭɥɢɪɭɟɦɵɣ ɩɟɪɟɤɪɟɫɬɨɤ, ɞɥɹ 
ɤɨɬɨɪɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɜɥɢɹɧɢɟ 
ɨɱɟɪɟɞɢ ɩɟɪɟɞ ɫɜɟɬɨɮɨɪɨɦ ɧɚ ɟɝɨ ɩɪɨɩɭɫɤ-
ɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɢ ɧɚ ɜɪɟɦɹ ɩɪɨɟɡɞɚ ɜ ɡɚɜɢ-

ɫɢɦɨɫɬɢ ɨɬ ɞɥɢɧɵ ɨɱɟɪɟɞɢ ɬɪɚɧɫɩɨɪɬɧɵɯ 
ɫɪɟɞɫɬɜ (Ɍɋ), ɫɩɨɫɨɛɧɵɯ ɜɴɟɯɚɬɶ ɢ ɩɪɨɟɯɚɬɶ 



ǮȐȠȜȚȜȏȖșȪțȩȗ ȠȞȎțȟȝȜȞȠ, Ȑȩȝ. 29, 2011 265

ɫɟɝɦɟɧɬ ɡɚ ɜɪɟɦɹ ɪɚɡɪɟɲɚɸɳɟɝɨ ɫɢɝɧɚɥɚ ɫɜɟ-
ɬɨɮɨɪɚ. 

 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

 

ɂɡɜɟɫɬɧɨ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɬ, ɩɨɫɜɹ-
ɳɟɧɧɵɯ ɪɚɡɪɚɛɨɬɤɟ ɂɌɋ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɜ 
ɪɚɛɨɬɟ [1] ɛɵɥɨ ɪɚɫɫɦɨɬɪɟɧɨ ɜɥɢɹɧɢɟ ɢɧɬɟɥ-
ɥɟɤɬɭɚɥɶɧɵɯ ɫɢɫɬɟɦ ɧɚ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɪɚɧɫɩɨɪɬɧɵɯ ɩɨɬɨɤɨɜ, ɚ ɜ 
[2, 3] ɪɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜɧɵɟ ɩɪɢɧɰɢɩɵ ɞɥɹ 
ɩɨɫɬɪɨɟɧɢɹ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɝɨ ɨɩɬɢɦɚɥɶɧɨ-
ɝɨ ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɟɦ. ȼɥɢɹɧɢɟ ɦɨɳɧɨ-
ɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɚɜɬɨɦɨɛɢɥɹ ɢ ɞɨɪɨɝɢ ɧɚ 
ɢɡɦɟɧɟɧɢɟ ɜɪɟɦɟɧɢ ɩɪɨɟɡɞɚ ɪɟɝɭɥɢɪɭɟɦɨɝɨ 
ɩɟɪɟɤɪɟɫɬɤɚ ɪɚɫɫɦɨɬɪɟɧɨ ɜ ɪɚɛɨɬɟ [4]. 

 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

Ɋɚɫɫɦɨɬɪɢɦ ɮɚɤɬɨɪɵ, ɜɨɡɞɟɣɫɬɜɭɸɳɢɟ ɧɚ 
ɜɟɥɢɱɢɧɭ ɭɫɤɨɪɟɧɢɹ Ɍɋ: ɦɨɳɧɨɫɬɧɵɟ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤɢ ɚɜɬɨɦɨɛɢɥɹ, ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɞɨɪɨ-
ɝɢ, ɤɨɷɮɮɢɰɢɟɧɬ ɭɱɟɬɚ ɜɪɚɳɚɸɳɢɯ ɦɚɫɫ[2]. 

ȼɟɥɢɱɢɧɭ ɫɪɟɞɧɟɝɨ ɭɫɤɨɪɟɧɢɹ j  ɜ ɧɚɲɟɦ 

ɫɥɭɱɚɟ ɨɩɪɟɞɟɥɹɸɬ ɞɥɹ ɩɟɪɜɵɯ 3-ɯ ɩɟɪɟɞɚɱ  

ɢɡ ɭɪɚɜɧɟɧɢɹ 
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ȿɫɥɢ ɛɵ ɧɟ ɛɵɥɨ ɨɱɟɪɟɞɢ, ɬɨ ɜɪɟɦɹ ɧɟɨɛɯɨ-
ɞɢɦɨɟ ɞɥɹ  ɩɪɨɟɡɞɚ ɩɟɪɟɤɪɟɫɬɤɚ Ɍɋ, ɧɚ ɪɚɡ-
ɪɟɲɟɧɧɵɣ ɫɢɝɧɚɥ ɫɜɟɬɨɮɨɪɚ ɨɩɪɟɞɟɥɹɥɨɫɶ 
ɛɵ ɢɡ ɮɨɪɦɭɥɵ 
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ɝɞɟ ðV  – ɪɚɡɪɟɲɟɧɧɚɹ ɫɤɨɪɨɫɬɶ ɚɜɬɨɦɨɛɢɥɹ; 

ijl  – ɞɥɢɧɚ ɩɟɪɟɤɪɟɫɬɤɚ. 
 

ȼɪɟɦɹ ɩɪɨɟɡɞɚ ɩɭɬɢ Ɍɋ ɦɚɤɫɢɦɚɥɶɧɨɣ ɞɥɢɧɵ 

ɨɱɟɪɟɞɢ maxijn , ɤɨɬɨɪɭɸ ɨɧ ɭɫɩɟɟɬ ɩɪɨɟɯɚɬɶ, 
ɪɚɜɧɨ ɜɪɟɦɟɧɢ ɪɚɡɪɟɲɚɸɳɟɝɨ ɫɜɟɬɨɮɨɪɚ ɢ 

ɜɪɟɦɟɧɢ ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɡɚɜɟɪɲɟɧɢɹ ɦɚ-
ɧɟɜɪɚ 3ijɌ   

 

3 max 1 ɩɪij ijɌ n t t= + ,    (3) 

 

ɝɞɟ 1t  – ɡɚɞɟɪɠɤɚ ɫɬɚɪɬɚ ɨɱɟɪɟɞɧɨɝɨ Ɍɋ, ɩɪt – 

ɜɪɟɦɹ ɩɪɨɟɡɞɚ Ɍɋ ɢɡ ɨɱɟɪɟɞɢ; maxijn  – ɦɚɤɫɢ-

ɦɚɥɶɧɚɹ ɞɥɢɧɚ ɨɱɟɪɟɞɢ. 

ɉɪɢ ɷɬɨɦ ɩɨɫɥɟ ɤɚɠɞɨɝɨ ɫɬɚɪɬɚ Ɍɋ ɟɝɨ ɜɪɟɦɹ 
ɩɪɨɟɡɞɚ ɩɪt  ɡɚɜɢɫɢɬ ɨɬ ɟɝɨ ɨɱɟɪɟɞɧɨɫɬɢ maxijn  

ɢ ɨɬ ɪɚɫɫɬɨɹɧɢɹ ɞɨ ɜɵɟɡɞɚ ɢɡ ɩɟɪɟɤɪɟɫɬɤɚ. 
 

ɂɫɯɨɞɹ ɢɡ ɭɫɪɟɞɧɟɧɧɨɝɨ ɭɫɤɨɪɟɧɢɹ, ɫɦɨɠɟɦ 

ɨɩɪɟɞɟɥɢɬɶ ɜɪɟɦɹ ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɩɪɨɟɡɞɚ 
ɩɟɪɟɤɪɟɫɬɤɚ ɫ ɭɱɟɬɨɦ ɩɨɥɨɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ 
ɩɟɪɟɞ ɩɟɪɟɤɪɟɫɬɤɨɦ 
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= , maxijȺ n= ; ɫɬl∆ – ɪɚɫ-

ɫɬɨɹɧɢɟ ɦɟɠɞɭ ɚɜɬɨɦɨɛɢɥɹɦɢ ɜ ɨɱɟɪɟɞɢ. 

 

Ɉɫɧɨɜɧɨɣ ɰɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ 
ɨɩɪɟɞɟɥɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɜɪɟɦɟɧɢ ɩɪɨɟɡɞɚ 
ɩɟɪɟɤɪɟɫɬɤɚ ɨɬ ɪɚɡɦɟɪɚ ɨɱɟɪɟɞɢ ɢ ɭɫɤɨɪɟɧɢɹ 
Ɍɋ. 

 

Ɋɟɲɟɧɢɟ ɡɚɞɚɱɢ 

 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɞɫɬɚɧɨɜɢɦ 

ɮɨɪɦɭɥɭ (4) ɜ ɮɨɪɦɭɥɭ (3), ɩɨɥɭɱɢɦ 

 
2

3 max 1 max 1ij ij ijɌ n t ȼ n Ⱥ t ȼȺ= + = + . (5) 

 

Ɉɩɪɟɞɟɥɢɦ ɦɚɤɫɢɦɚɥɶɧɨɟ ɱɢɫɥɨ Ɍɋ ɜ ɨɱɟɪɟ-
ɞɢ, ɤɨɬɨɪɨɟ ɭɫɩɟɜɚɟɬ ɩɪɨɟɯɚɬɶ ɧɚ ɪɚɡɪɟɲɚɸ-

ɳɢɣ ɫɢɝɧɚɥ ɫɜɟɬɨɮɨɪɚ ɢ ɩɨɤɢɧɭɬɶ ɩɟɪɟɤɪɟ-
ɫɬɨɤ ɫ ɭɱɟɬɨɦ ɜɪɟɦɟɧɢ ɩɪɨɟɡɞɚ Ɍɋ ɢ ɜɫɟɣ 

ɨɱɟɪɟɞɢ. Ⱦɥɹ ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɟɦ ɤɜɚɞɪɚɬɧɨɟ 
ɭɪɚɜɧɟɧɢɟ (4) ɜ ɮɨɪɦɭɥɟ (6) 

 
2

1 3 0ijt Ⱥ ȼȺ T+ − = .                (6) 

 

ɂɡ ɤɜɚɞɪɚɬɧɨɝɨ ɭɪɚɜɧɟɧɢɹ (6) ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɦɚɤɫɢɦɚɥɶɧɨ ɱɢɫɥɨ Ɍɋ (ɞɥɢɧɵ ɨɱɟɪɟɞɢ 

maxijn ), ɤɨɬɨɪɵɟ ɩɪɨɟɞɭɬ ɩɟɪɟɤɪɟɫɬɨɤ. Ɋɚɡɪɟ-
ɲɢɦ ɭɪɚɜɧɟɧɢɟ (7) ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɚɪɚɦɟɬɪɚ 
Ⱥ . Ɍɨɝɞɚ  
 

2
3 1

1

4

2

ijȼ T t ȼ
Ⱥ

t

+ −
= . 

 

Ɉɰɟɧɢɦ ɩɚɪɚɦɟɬɪɵ max, ijnȼ , ɢɫɯɨɞɹ ɢɡ ɪɟ-
ɚɥɶɧɵɯ ɞɚɧɧɵɯ. ɂɡɜɟɫɬɧɨ, ɱɬɨ ɫɪɟɞɧɟɟ ɭɫɤɨ-
ɪɟɧɢɟ ɞɥɹ ɥɟɝɤɨɜɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɧɚɯɨɞɢɬɫɹ ɜ 
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ɩɪɟɞɟɥɚɯ 2
ɫɪ 1,7 2,4 ɦ/cj ≈ − . Ⱦɥɹ ɝɪɭɡɨɜɵɯ 

ɠɟ Ɍɋ ɭɫɤɨɪɟɧɢɟ ɧɢɠɟ, ɱɟɦ ɭ ɥɟɝɤɨɜɨɝɨ ɚɜ-
ɬɨɦɨɛɢɥɹ, ɧɨ ɧɚɯɨɞɢɬɫɹ ɜ ɬɨɦ ɠɟ ɩɪɟɞɟɥɟ. 
Ɉɬɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ 3 14 ijT t ȼ>> . ɉɨɷɬɨɦɭ 
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3 1
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɤɫɢɦɚɥɶɧɨɟ ɱɢɫɥɨ 
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1 12

ij
ij
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. (8) 

 

Ɍɋ ɢɡ ɨɱɟɪɟɞɢ, ɤɨɬɨɪɵɟ ɦɨɠɟɬ ɩɪɨɟɯɚɬɶ ɫɟɝ-
ɦɟɧɬ ɫɟɬɢɡɚ ɨɞɢɧ ɰɢɤɥ ɫɜɟɬɨɮɨɪɚ, ɪɚɜɧɨ  
 

3

max

1

ij
ij

T
n

t
≈ .                      (9) 

 

ȿɫɥɢ ɱɢɫɥɨ Ɍɋ, ɫɬɨɹɳɢɯ ɜ ɨɱɟɪɟɞɢ ɩɟɪɟɞ 

ɫɜɟɬɨɮɨɪɨɦ, ɦɟɧɶɲɟ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɱɢɫɥɚ  
maxijn  ɢ ɪɚɜɧɨ ijn , ɬɨ ɜɪɟɦɹ ɩɪɨɟɡɞɚ ɫɟɝɦɟɧɬɚ 

ɫɟɬɢ ɫɬɚɬɢɱɟɫɤɢɦɢ Ɍɋ (ɢɡ ɨɱɟɪɟɞɢ) ɪɚɜɧɨ 
 

1 ,ijCT ij ijt n t ȼ n= +                 (10) 

 

ɝɞɟ            max 3,ijɫɬ ij ijɫɬ ijn n t T≤ ≤ .               (11) 

 

ȼɪɟɦɹ ɩɪɨɟɡɞɚ ɫɟɝɦɟɧɬɚ ɩɨɫɥɟɞɧɢɦ Ɍɋ ɢɡ 
ɨɱɟɪɟɞɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɟɥɢɧɟɣɧɭɸ 

ɮɭɧɤɰɢɸ ɨɬ ɪɚɡɦɟɪɚ ɨɱɟɪɟɞɢ, ɧɨ ɜɜɢɞɭ ɦɚɥɨ-
ɫɬɢ ɩɚɪɚɦɟɬɪɚ ȼ  – ɩɨɱɬɢ ɥɢɧɟɣɧɭɸ ɡɚɜɢɫɢ-

ɦɨɫɬɶ.  
 

ȿɫɥɢ ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ (11), ɬɨ ɩɨɹɜɥɹɟɬ-
ɫɹ ɢɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ 
 

3 1ijɞ ij ij ijt T n t ȼ n∆ = − − ,        (12) 

 

ɜ ɬɟɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɦɨɝɭɬ ɩɪɨɟɯɚɬɶ ɫɟɝɦɟɧɬ 
ɞɢɧɚɦɢɱɟɫɤɢɟ Ɍɋ. Ɉɞɧɚɤɨ, ɞɢɧɚɦɢɱɟɫɤɢɟ Ɍɋ 

ɦɨɝɭɬ ɩɪɨɟɯɚɬɶ ɫɟɝɦɟɧɬ, ɟɫɥɢ ɞɥɢɧɚ ɢɯ ɩɪɨ-
ɟɡɞɚ ɡɚ ɷɬɨ ɜɪɟɦɹ p ijäV t∆  ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ 
ɞɥɢɧɵ ɫɟɝɦɟɧɬɚ ijl . Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɢɫɥɨ ɞɢ-

ɧɚɦɢɱɟɫɤɢɯ Ɍɋ, ɭɫɩɟɜɚɸɳɢɯ ɩɪɨɟɯɚɬɶ ɫɟɝ-
ɦɟɧɬ ɩɪɢ ɭɫɥɨɜɢɢ (11), ɪɚɜɧɨ 

3 1

ijä

ì ä

( )p ij ij ij ijV T n t Â n l
n

l l

− − −
=

+ ∆
.  (13) 

 

Ɂɚɜɢɫɢɦɨɫɬɶ ɱɢɫɥɚ ɞɢɧɚɦɢɱɟɫɤɢɯ Ɍɋ ɨɬ ɞɥɢ-

ɧɵ ɨɱɟɪɟɞɢ ɬɚɤɠɟ ɧɟɥɢɧɟɣɧɚɹ, ɧɨ ɜɩɨɥɧɟ ɞɨ-
ɩɭɫɤɚɟɬ ɥɢɧɟɣɧɭɸ ɚɩɩɪɨɤɫɢɦɚɰɢɸ ɫ ɬɨɱɧɨ-
ɫɬɶɸ, ɩɪɢɦɟɪɧɨ 15 %. Ɇɚɤɫɢɦɚɥɶɧɨɟ ɱɢɫɥɨ 

d  ɞɢɧɚɦɢɱɟɫɤɢɯ Ɍɋ, ɩɪɨɟɡɠɚɸɳɢɯ ɫɟɝɦɟɧɬ, 
ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɢɡ ɜɵɪɚɠɟɧɢɹ (13) ɩɪɢ 

ijn =0. Ɍɨɝɞɚ 
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 .                    (14) 

 

ɉɪɢ ɧɟɤɨɬɨɪɨɦ, ɤɪɢɬɢɱɧɨɦ, ɡɧɚɱɟɧɢɢ ɪɚɡɦɟ-
ɪɚ ɨɱɟɪɟɞɢ ijkpn ɱɢɫɥɨ ɞɢɧɚɦɢɱɟɫɤɢɯ Ɍɋ ɪɚɜ-
ɧɨ ɧɭɥɸ. ɂɡ ɭɫɥɨɜɢɹ ɪɚɜɟɧɫɬɜɚ ɧɭɥɸ ɜɵɪɚ-
ɠɟɧɢɹ (13) ɩɨɥɭɱɢɦ ɤɜɚɞɪɚɬɧɨɟ ɭɪɚɜɧɟɧɢɟ 
(15) 

 

3 ì ä2
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ì ä p

. 0
p ij ijV T l l l

t Ñ ÂÑ
l l V

− + ∆
+ − =

+ ∆
 , (15) 

 

ɝɞɟ 2
ijkpɋ n=  – ɤɪɢɬɢɱɟɫɤɢɣ (ɞɥɹ ɞɢɧɚɦɢɱɟ-

ɫɤɢɯ Ɍɋ) ɪɚɡɦɟɪ ɨɱɟɪɟɞɢ. 

 

ɋ ɭɱɟɬɨɦ (14) ɭɪɚɜɧɟɧɢɟ ɭɩɪɨɫɬɢɬɫɹ  
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Ɋɟɲɟɧɢɟɦ ɹɜɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟ 
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ɉɨɫɤɨɥɶɤɭ ɱɢɫɥɨ ɞɢɧɚɦɢɱɟɫɤɢɯ Ɍɋ ɟɫɬɶ ɜɟ-
ɥɢɱɢɧɚ ɫɥɭɱɚɣɧɚɹ ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ ɪɚɡɪɟɲɟɧ-

ɧɨɝɨ ɫɢɝɧɚɥɚ ɫɜɟɬɨɮɨɪɚ ɧɚ ɜɯɨɞɟ ɫɟɝɦɟɧɬɚ 
ɪɚɜɧɨɣ ½, ɬɨ ɫɪɟɞɧɢɟ ɩɨ ɜɟɪɨɹɬɧɨɫɬɢ ɡɧɚɱɟ-
ɧɢɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɢ ɤɪɢɬɢɱɟɫɤɨɝɨ ɱɢɫɥɚ 
ɞɢɧɚɦɢɱɟɫɤɢɯ Ɍɋ ɛɭɞɭɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ 

ɜɞɜɨɟ ɦɟɧɶɲɟ. ɇɚ ɪɢɫ. 1 ɩɪɟɞɫɬɚɜɥɟɧ ɜ ɥɢ-

ɧɟɣɧɨɦ ɩɪɢɛɥɢɠɟɧɢɢ ɯɚɪɚɤɬɟɪ ɡɚɜɢɫɢɦɨɫɬɢ 

ɫɭɦɦɚɪɧɨɣ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ (ɥɨɦɚ-
ɧɚɹ fag) ɫɟɝɦɟɧɬɚ ɫɟɬɢ ɨɬ ɱɢɫɥɚ Ɍɋ ɜ ɨɱɟɪɟɞɢ.  
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Ɂɚɞɚɧɧɨɟ ɜɪɟɦɹ ɪɚɡɪɟɲɟɧɧɨɝɨ ɫɢɝɧɚɥɚ ɫɜɟ-
ɬɨɮɨɪɚ ɧɚ ɜɯɨɞɟ ɫɟɝɦɟɧɬɚ ɟɳɟ ɧɟ ɝɚɪɚɧɬɢɪɭɟɬ 
ɜɵɫɨɤɭɸ ɩɪɨɩɭɫɤɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɫɟɝɦɟɧɬɚ 
ɩɪɢ ɡɚɝɪɭɡɤɟ ɩɟɪɟɤɪɟɫɬɤɚ, ɦɟɧɶɲɟɣ ɤɪijn . 

 
 

Ɋɢɫ. 1. Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɥɢɱɟɫɬɜɚ ɩɪɨɟɯɚɜɲɢɯ 
Ɍɋ ɨɬ ɞɥɢɧɵ ɨɱɟɪɟɞɢ ɡɚ ɨɞɢɧ ɰɢɤɥ 

 

ɉɨɷɬɨɦɭ ɦɟɧɹɬɶ ɩɚɪɚɦɟɬɪɵ ɫɟɝɦɟɧɬɚ ɞɥɹ 
ɭɜɟɥɢɱɟɧɢɹ ɩɚɪɚɦɟɬɪɚ ijkpn  ɞɥɹ ɦɧɨɝɨɮɭɧɤ-
ɰɢɨɧɚɥɶɧɨɣ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ 

ɭɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɟɦ ɜ ɞɨɪɨɠɧɨɣ ɫɟɬɢ ɧɟ-
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɜ ɪɟɠɢɦɟ ɛɨɥɶɲɨɣ ɡɚɝɪɭɠɟɧ-

ɧɨɫɬɢ ɩɟɪɟɤɪɟɫɬɤɚ. ɉɪɢ ɦɚɥɨɣ ɡɚɝɪɭɠɟɧɧɨ-
ɫɬɢ ɩɟɪɟɤɪɟɫɬɤɚ, ɦɟɧɶɲɟɣ ɤɪɢɬɢɱɟɫɤɨɣ, 

ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɪɚɛɨɬɵ ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɨɣ 

ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɭɦɟɧɶɲɚɟɬɫɹ, ɬɚɤ ɤɚɤ 
ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ 

ɬɚɤɠɟ ɞɨɫɬɚɬɨɱɧɨ. Ƚɚɪɚɧɬɢɪɨɜɚɧɧɵɦ ɭɪɨɜ-
ɧɟɦ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɦɨɠɟɬ ɫɥɭɠɢɬɶ 
ɬɨɥɶɤɨ ɬɚɤɨɣ ɩɚɪɚɦɟɬɪ ɩɟɪɟɤɪɟɫɬɤɚ, ɤɚɤ ɜɟ-
ɥɢɱɢɧɚ maxijn . ɉɨɷɬɨɦɭ ɝɚɪɚɧɬɢɪɨɜɚɧɧɵɦ 

ɜɪɟɦɟɧɟɦ ɩɪɨɟɡɞɚ ɨɬɞɟɥɶɧɨɝɨ Ɍɋ ɫ ɧɨɦɟɪɨɦ 

ɨɱɟɪɟɞɢ maxij ijn n<  ɧɚ ɤɚɠɞɨɦ ɩɟɪɟɤɪɟɫɬɤɟ 
ɹɜɥɹɟɬɫɹ ɜɪɟɦɹ, ɪɚɜɧɨɟ ɫɬijt  (10) ɩɥɸɫ ɜɪɟɦɹ 
ɤɪɚɫɧɨɝɨ ɢ ɠɟɥɬɨɝɨ ɫɢɝɧɚɥɚ ɫɜɟɬɨɮɨɪɚ. ɉɪɢ 

ɛɨɥɶɲɨɣ ɨɱɟɪɟɞɢ, ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɸ-

ɳɟɣ maxijn , ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɟ ɜɪɟɦɹ ɩɪɨɟɡɞɚ 
ɩɟɪɟɤɪɟɫɬɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚ-
ɡɨɦ 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɩɭɫɤɧɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɪɟ- 
ɛɪɚ ɢɥɢ ɩɟɪɟɫɟɱɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ 
Ɍɋ ɫɬɨɹɳɢɯ ɜ ɨɱɟɪɟɞɢ, ɩɚɪɚɦɟɬɪɨɜ ɪɟɛɪɚ, 
ɪɟɠɢɦɚ ɩɟɪɟɤɪɟɫɬɤɚ ɢ ɫɨɫɬɚɜɚ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɩɨɬɨɤɚ.  

ɉɚɪɚɦɟɬɪɵ ɫɟɝɦɟɧɬɚ ɢ ɪɟɠɢɦɚ ɩɟɪɟɤɪɟɫɬɤɚ 
ɦɨɝɭɬ ɛɵɬɶ ɪɚɫɫɱɢɬɚɧɵ ɡɚɪɚɧɟɟ, ɚ ɱɢɫɥɨ Ɍɋ ɢ 

ɫɨɫɬɚɜ ɜ ɨɱɟɪɟɞɢ ɫɥɟɞɭɟɬ ɨɩɪɟɞɟɥɹɬɶ ɫɩɟɰɢ-

ɚɥɶɧɵɦɢ ɞɚɬɱɢɤɚɦɢ ɡɚɝɪɭɠɟɧɧɨɫɬɢ ɩɟɪɟɤɪɟ-
ɫɬɤɨɜ. 

ȼɵɜɨɞɵ 

 

Ⱦɥɹ ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɰɟɧɬɪɚɥɢɡɨɜɚɧ-

ɧɨɣ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɞɨɪɨɠɧɵɦ ɞɜɢɠɟ-
ɧɢɟɦ ɜ ɝɨɪɨɞɚɯ ɢ ɪɟɝɢɨɧɚɯ ɩɨɥɭɱɟɧɵ ɫɨɨɬ-
ɧɨɲɟɧɢɹ ɞɥɹ ɪɚɫɱɟɬɚ ɢ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɹ 
ɫɥɟɞɭɸɳɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫɟɝɦɟɧɬɨɜ ɢ ɪɟɠɢɦɨɜ 
ɪɟɝɭɥɢɪɨɜɚɧɧɵɯ ɩɟɪɟɤɪɟɫɬɤɨɜ: 
– ɩɪɨɝɧɨɡɢɪɭɟɦɨɟ ɜɪɟɦɹ ɩɪɨɟɡɞɚ ɫɟɝɦɟɧɬɚ 
ɞɨɪɨɠɧɨɣ ɫɟɬɢ, ɡɚɜɢɫɹɳɟɟ ɨɬ ɪɟɡɭɥɶɬɚɬɨɜ 
ɢɡɦɟɪɟɧɢɹ ɫɨɫɬɚɜɚ ɨɱɟɪɟɞɢ; 

– ɡɚɜɢɫɢɦɨɫɬɶ ɩɨɥɧɨɣ ɩɪɨɩɭɫɤɧɨɣ ɫɩɨɫɨɛɧɨ-
ɫɬɢ ɫɟɝɦɟɧɬɚ ɡɚ ɨɞɢɧ ɰɢɤɥ ɞɥɹ ɫɬɚɬɢɱɟɫɤɢɯ ɢ 

ɞɢɧɚɦɢɱɟɫɤɢɯ Ɍɋ ɨɬ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ 

ɫɨɫɬɚɜɚ ɨɱɟɪɟɞɢ; 

– ɩɪɢɛɥɢɠɟɧɧɵɟ ɤɚɧɨɧɢɱɟɫɤɢɟ ɫɨɨɬɧɨɲɟɧɢɹ 
ɢ ɨɰɟɧɤɚ ɢɯ ɬɨɱɧɨɫɬɢ. 
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