
ВеȟȠник ХНАДУ, вып. 60, 2013 

 
77 

ȻȿɁɈɉȺɋɇɈɋɌЬ ȾȼɂɀȿɇɂЯ 

 

 

ɍȾɄ 331.461 

 

 

        

      

 

. . ,  . . .,   , 

. . ,      

 . .  
 

Аɧɧɨɬаɰиɹ. Иɫɩɨɥɶɡɭɹ ɬɟɨɪɢɸ ɨɞɧɨɪɨɞɧɵɯ ɦɚɪɤɨɜɫɤɢɯ ɩɪɨɰɟɫɫɨɜ ɫ ɞɢɫɤɪɟɬɧɵɦ ɱɢɫɥɨɦ ɫɨ-
ɫɬɨɹɧɢɣ ɢ ɧɟɩɪɟɪɵɜɧɵɦ ɜɪɟɦɟɧɟɦ, ɩɪɟɞɥɨɠɟɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɚ ɮɨɪɦɢɪɨɜɚ-
ɧɢɹ ɤɚɬɚɫɬɪɨɮ ɧɚ ɬɪɚɧɫɩɨɪɬɟ. 
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ɫɬɚɧɿɜ ɿ ɛɟɡɩɟɪɟɪɜɧɢɦ ɱɚɫɨɦ, ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɦɚɬɟɦɚɬɢɱɧɭ ɦɨɞɟɥɶ ɩɪɨɰɟɫɭ ɮɨɪɦɭɜɚɧɧɹ ɤɚɬɚ-
ɫɬɪɨɮ ɧɚ ɬɪɚɧɫɩɨɪɬɿ. 
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Abstract. Using the theory of uniform Markov’s processes with a discrete number of states and con-

tinuous time, one can propose ɚ mathematical model of the process of accidents formation in the 

transport industry. 
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ɉɨ ɞɚɧɧɵɦ ȿɜɪɨɩɟɣɫɤɨɣ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɤɨ-
ɦɢɫɫɢɢ ɈɈɇ, ɜ 2009 ɝɨɞɭ ɜ ɍɤɪɚɢɧɟ ɩɪɨ-
ɢɡɨɲɥɨ 37 049 ɞɨɪɨɠɧɨ-ɬɪɚɧɫɩɨɪɬɧɵɯ 
ɩɪɨɢɫɲɟɫɬɜɢɣ (ȾɌɉ), ɜ ɤɨɬɨɪɵɯ ɩɨɝɢɛɥɨ 

5 348 ɱɟɥɨɜɟɤ.  
 

  

 

Ɉɛɡɨɪ ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɪɨɛɥɟɦ ɜ ɨɛɥɚɫɬɢ ɛɟɡ-
ɨɩɚɫɧɨɫɬɢ ɬɨɩɥɢɜɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɤɨɦ-

ɩɥɟɤɫɚ ɍɤɪɚɢɧɵ ɜɵɩɨɥɧɟɧ ɜ [1]. ȼ [2] ɢɡɥɚ-
ɝɚɟɬɫɹ ɤɪɚɬɤɢɣ ɤɭɪɫ ɬɟɨɪɢɢ ɫɥɭɱɚɣɧɵɯ ɩɪɨ-
ɰɟɫɫɨɜ, ɨɫɧɨɜɧɵɟ ɪɚɡɞɟɥɵ ɫɨɜɪɟɦɟɧɧɨɝɨ 
ɫɬɨɯɚɫɬɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ. Ɋɚɫɫɦɨɬɪɟɧɵ ɨɫɧɨɜ-
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ɧɵɟ ɩɨɧɹɬɢɹ ɬɟɨɪɢɢ ɧɚɞɟɠɧɨɫɬɢ, ɩɨɤɚɡɚɬɟɥɢ 

ɧɚɞɟɠɧɨɫɬɢ ɢ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ 

ɦɟɠɞɭ ɧɢɦɢ, ɜɨɩɪɨɫɵ ɧɚɞɟɠɧɨɫɬɢ ɩɪɨɝɪɚɦɦ-

ɧɨɝɨ ɢ ɚɩɩɚɪɚɬɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɩɨɧɹɬɢɹ  
ɬɟɨɪɢɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ, ɧɚɞɟɠɧɨɫɬɶ ɜɨɫɫɬɚ-
ɧɚɜɥɢɜɚɟɦɵɯ ɢ ɧɟɜɨɫɫɬɚɧɚɜɥɢɜɚɟɦɵɯ ɬɟɯɧɢ-

ɱɟɫɤɢɯ ɭɫɬɪɨɣɫɬɜ, ɫɬɪɭɤɬɭɪɧɵɟ ɫɯɟɦɵ ɧɚɞɟɠ-

ɧɨɫɬɢ, ɜɨɩɪɨɫɵ ɨɰɟɧɤɢ ɧɚɞɟɠɧɨɫɬɢ 

ɚɩɩɚɪɚɬɧɨ-ɩɪɨɝɪɚɦɦɧɵɯ ɤɨɦɩɥɟɤɫɨɜ ɫ ɭɱɟɬɨɦ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɨɝɪɚɦɦɧɨɝɨ ɢ ɢɧɮɨɪɦɚɰɢ-

ɨɧɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɩɪɚɤɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ 

ɫɬɚɬɢɫɬɢɱɟɫɤɨɣ ɨɰɟɧɤɢ ɧɚɞɟɠɧɨɫɬɢ [3]. Ɉɩɢ-

ɫɚɧɵ ɨɫɧɨɜɵ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɜɵɱɢɫɥɟɧɢɣ [4]. 

Ɉɩɢɫɚɧɵ ɤɪɢɬɟɪɢɢ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 

ɦɟɪ ɢ ɫɪɟɞɫɬɜɚ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ 

ɩɪɢɦɟɧɟɧɢɹ ɷɥɟɤɬɪɨɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɲɚɯɬɚɯ 
[5]. 

 

    

 

ɐɟɥɶɸ ɞɚɧɧɨɣ ɫɬɚɬɶɢ ɹɜɥɹɟɬɫɹ ɪɚɫɫɦɨɬɪɟɧɢɟ 
ɜɨɩɪɨɫɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɨɩɪɟɞɟɥɟɧɢɟɦ ɢ ɨɰɟɧ-

ɤɨɣ ɪɢɫɤɨɜ ɞɥɹ ɱɟɥɨɜɟɤɚ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 

ɚɜɬɨɦɨɛɢɥɶɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ, ɜɵɹɜɥɟɧɢɟ ɮɚɤ-
ɬɨɪɨɜ, ɤɨɬɨɪɵɟ ɜɥɢɹɸɬ ɧɚ ɛɟɡɨɩɚɫɧɨɫɬɶ ɥɸ-

ɞɟɣ, ɢ ɪɚɡɪɚɛɨɬɤɚ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɵɯ ɨɪɝɚɧɢ-

ɡɚɰɢɨɧɧɵɯ ɢ ɬɟɯɧɢɱɟɫɤɢɯ ɦɟɪɨɩɪɢɹɬɢɣ ɩɨ 
ɟɝɨ ɫɧɢɠɟɧɢɸ, ɩɨɫɤɨɥɶɤɭ ɜɫɟ ɜɵɲɟɢɡɥɨɠɟɧ-

ɧɨɟ ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɵɦɢ ɧɚɭɱɧɨ-ɬɟɯɧɢ-

ɱɟɫɤɢɦɢ ɡɚɞɚɱɚɦɢ. 

 

 ,   

  

 

ɉɨɞ ɪɢɫɤɨɦ ɞɥɹ ɱɟɥɨɜɟɤɚ ɛɭɞɟɦ ɩɨɧɢɦɚɬɶ 
ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɝɢɛɧɭɬɶ ɥɢɛɨ ɛɵɬɶ ɬɪɚɜɦɢɪɨ-
ɜɚɧɧɵɦ ɜ ɬɟɱɟɧɢɟ ɜɪɟɦɟɧɢ t, ɩɪɢ ɡɚɞɚɧɧɵɯ 

ɭɫɥɨɜɢɹɯ ɢ ɨɩɪɟɞɟɥɟɧɧɨɦ ɜɢɞɟ ɟɝɨ ɞɟɹɬɟɥɶ-
ɧɨɫɬɢ. ɇɚɩɪɢɦɟɪ: ɱɟɥɨɜɟɤ ɩɟɪɟɛɟɝɚɟɬ ɚɜɬɨ-
ɦɨɛɢɥɶɧɭɸ ɬɪɚɫɫɭ ɜ ɧɟɩɨɥɨɠɟɧɧɨɦ ɦɟɫɬɟ; 
ɜɨɞɢɬɟɥɶ ɚɜɬɨɦɨɛɢɥɹ ɩɪɨɟɡɠɚɟɬ ɩɟɪɟɤɪɟɫɬɨɤ, 
ɢɝɧɨɪɢɪɭɹ ɫɢɝɧɚɥɵ ɫɜɟɬɨɮɨɪɚ; ɩɨɹɜɥɟɧɢɟ 
ɱɟɥɨɜɟɤɚ ɧɚ ɬɪɚɫɫɟ ɜ ɧɟɬɪɟɡɜɨɦ ɜɢɞɟ ɢ ɬ.ɞ. ȼɨ 

ɜɫɟɯ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɫɢɬɭɚɰɢɹɯ ɱɟɥɨɜɟɤ ɩɨɞ-

ɜɟɪɝɚɟɬɫɹ ɜɩɨɥɧɟ ɨɩɪɟɞɟɥɟɧɧɨɦɭ ɪɢɫɤɭ ɛɵɬɶ 
ɭɛɢɬɵɦ ɥɢɛɨ ɬɪɚɜɦɢɪɨɜɚɧɧɵɦ. 

 

ɂɡɦɟɪɢɬɶ ɪɢɫɤ ɦɨɠɧɨ ɱɚɫɬɨɬɨɣ ɩɨɹɜɥɟɧɢɹ 
ɤɚɬɚɫɬɪɨɮ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ ɩɪɢ ɡɚɞɚɧɧɵɯ 

ɭɫɥɨɜɢɹɯ ɢ ɨɩɪɟɞɟɥɟɧɧɨɦ ɜɢɞɟ ɞɟɹɬɟɥɶɧɨɫɬɢ 

ɱɟɥɨɜɟɤɚ, ɥɢɛɨ ɜɟɪɨɹɬɧɨɫɬɶɸ ɩɨɹɜɥɟɧɢɹ ɤɚ-
ɬɚɫɬɪɨɮɵ ɜ ɬɟɱɟɧɢɟ ɨɩɪɟɞɟɥɟɧɧɨɝɨ ɨɬɪɟɡɤɚ 
ɜɪɟɦɟɧɢ. ɉɨɞ ɤɚɬɚɫɬɪɨɮɨɣ ɛɭɞɟɦ ɩɨɧɢɦɚɬɶ 
ɚɜɚɪɢɸ, ɩɪɢ ɤɨɬɨɪɨɣ ɝɢɛɧɭɬ ɥɸɞɢ [1]. Ƚɢɛɟɥɶ 
ɞɚɠɟ ɨɞɧɨɝɨ ɱɟɥɨɜɟɤɚ ɞɥɹ ɟɝɨ ɫɟɦɶɢ – ɷɬɨ 
ɤɚɬɚɫɬɪɨɮɚ. 

   

 

ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɤɚɬɚɫɬɪɨɮɚ ɫ ɭɱɚɫɬɢɟɦ ɚɜ-
ɬɨɦɨɛɢɥɶɧɨɝɨ ɬɪɚɧɫɩɨɪɬɚ ɧɚ ɬɪɚɫɫɟ ɩɪɨɢɫɯɨ-
ɞɢɬ ɩɪɢ ɫɥɭɱɚɣɧɨɦ ɫɨɜɩɚɞɟɧɢɢ ɜ ɩɪɨɫɬɪɚɧɫɬ-
ɜɟ ɢ ɜɪɟɦɟɧɢ ɞɜɭɯ ɫɥɭɱɚɣɧɵɯ ɩɪɨɰɟɫɫɨɜ: 
ɞɜɢɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɫ ɧɚɪɭɲɟɧɢɟɦ ɫɤɨɪɨɫɬ-
ɧɨɝɨ ɪɟɠɢɦɚ ɢ ɩɟɪɟɯɨɞɚ ɱɟɥɨɜɟɤɨɦ ɬɪɚɫɫɵ ɜ 
ɧɟɩɨɥɨɠɟɧɧɨɦ ɦɟɫɬɟ (ɧɚɪɭɲɟɧɢɟ ɩɪɚɜɢɥ ɞɨ-
ɪɨɠɧɨɝɨ ɞɜɢɠɟɧɢɹ). 
 

ɉɪɢɦɟɦ ɞɨɩɭɳɟɧɢɟ ɨ ɬɨɦ, ɱɬɨ ɟɫɥɢ ɜɨɞɢɬɟɥɶ 
ɚɜɬɨɦɨɛɢɥɹ ɧɟ ɩɪɟɜɵɲɚɟɬ ɫɤɨɪɨɫɬɢ, ɬɨ ɜ 
ɫɥɭɱɚɟ, ɤɨɝɞɚ ɱɟɥɨɜɟɤ ɩɟɪɟɛɟɝɚɟɬ ɬɪɚɫɫɭ, ɜɨ-
ɞɢɬɟɥɶ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ ɭɫɩɟɜɚɟɬ ɫɪɟ-
ɚɝɢɪɨɜɚɬɶ ɧɚ ɟɝɨ ɞɟɣɫɬɜɢɹ (ɡɚɬɨɪɦɨɡɢɬɶ ɢɥɢ 

ɨɛɴɟɯɚɬɶ ɧɚɪɭɲɢɬɟɥɹ ɞɨɪɨɠɧɨɝɨ ɞɜɢɠɟɧɢɹ). 
 

Ɉɛɨɡɧɚɱɢɦ ɱɟɪɟɡ ( )t  ɫɥɭɱɚɣɧɭɸ ɮɭɧɤɰɢɸ, 

ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɩɪɢɧɢɦɚɬɶ ɞɜɚ ɡɧɚɱɟɧɢɹ: 0 – 

ɢɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ ɦɟɠɞɭ ɩɨɹɜɥɟɧɢɹɦɢ ɦɚ-
ɲɢɧ, ɟɞɭɳɢɯ ɫ ɩɨɜɵɲɟɧɧɨɣ ɫɤɨɪɨɫɬɶɸ (ɧɚ-
ɪɭɲɟɧɢɟ ɫɤɨɪɨɫɬɧɨɝɨ ɪɟɠɢɦɚ) ɢ 1 – ɞɥɢɬɟɥɶ-
ɧɨɫɬɶ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɬɚɤɨɝɨ ɫɤɨɪɨɫɬɧɨɝɨ 
ɪɟɠɢɦɚ (ɜɪɟɦɹ ɞɜɢɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɫ ɧɚ-
ɪɭɲɟɧɢɟɦ ɩɪɚɜɢɥ ɞɨɪɨɠɧɨɝɨ ɞɜɢɠɟɧɢɹ). 
 

ɏɚɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɮɭɧɤɰɢɢ ( )t  ɫ ɬɟɱɟɧɢ-

ɟɦ ɜɪɟɦɟɧɢ ɫɥɟɞɭɸɳɢɣ: ɫɭɳɟɫɬɜɭɸɬ ɱɟɪɟ-
ɞɭɸɳɢɟɫɹ ɨɬɪɟɡɤɢ ɜɪɟɦɟɧɢ 

(0)
1 , 

(0)
2 , …, (0)

n  

ɢ 
(1)
1 , 

(1)
2 , …, (1) ,n  ɞɥɹ ɤɨɬɨɪɵɯ ɩɨɫɥɟɞɨɜɚ-

ɬɟɥɶɧɨ 
1( ) 0t   ɢ 

1( ) 1t  , ɝɞɟ (0)
i , i  – ɫɥɭ-

ɱɚɣɧɵɣ ɢɧɬɟɪɜɚɥ ɜɪɟɦɟɧɢ ɦɟɠɞɭ ɫɦɟɠɧɵɦɢ 

ɩɨɹɜɥɟɧɢɹɦɢ ɦɚɲɢɧ, ɟɞɭɳɢɯ ɫ ɧɚɪɭɲɟɧɢɟɦ 

ɫɤɨɪɨɫɬɧɨɝɨ ɪɟɠɢɦɚ; (1)
i  – ɞɥɢɬɟɥɶɧɨɫɬɶ 

ɞɜɢɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɫ ɧɟɞɨɩɭɫɬɢɦɨ ɜɵɫɨ-
ɤɨɣ ɫɤɨɪɨɫɬɶɸ. 
 

ɋɥɭɱɚɣɧɨɟ ɩɨɹɜɥɟɧɢɟ ɱɟɥɨɜɟɤɚ ɧɚ ɩɪɨɟɡɠɟɣ 

ɱɚɫɬɢ ɬɪɚɫɫɵ ɨɛɨɡɧɚɱɢɦ ɮɭɧɤɰɢɟɣ α(t), ɯɚ-
ɪɚɤɬɟɪ ɢɡɦɟɧɟɧɢɹ ɤɨɬɨɪɨɣ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟ-
ɧɢ ɫɥɟɞɭɸɳɢɣ: ɫɭɳɟɫɬɜɭɸɬ ɱɟɪɟɞɭɸɳɢɟɫɹ 
ɨɬɪɟɡɤɢ ɜɪɟɦɟɧɢ ɦɟɠɞɭ ɩɨɹɜɥɟɧɢɟɦ ɱɟɥɨɜɟɤɚ 
ɧɚ ɩɪɨɟɡɠɟɣ ɱɚɫɬɢ ɬɪɚɫɫɵ, ɡɚɩɪɟɳɟɧɧɨɣ ɞɥɹ 
ɩɟɪɟɯɨɞɚ, ɬ.ɟ. (0)

1 , 
(0)
2 ,…

(0)
n  ɞɥɹ ɷɬɢɯ ɢɧ-

ɬɟɪɜɚɥɨɜ ɜɪɟɦɟɧɢ α(t)=0, ɚ ɩɨɫɪɟɞɫɬɜɨɦ 
(1)
1 , 

(1)
2 ,…, 

(1)
n  ɨɛɨɡɧɚɱɢɦ ɫɥɭɱɚɣɧɵɟ ɢɧɬɟɪɜɚ-

ɥɵ ɜɪɟɦɟɧɢ ɧɚɯɨɠɞɟɧɢɹ ɱɟɥɨɜɟɤɚ ɧɚ ɩɪɨɟɡ-
ɠɟɣ ɱɚɫɬɢ (ɜɪɟɦɹ ɩɟɪɟɫɟɱɟɧɢɹ ɱɟɥɨɜɟɤɨɦ 

ɬɪɚɫɫɵ) – ɜ ɷɬɨɦ ɫɥɭɱɚɟ α(t)=1. Ⱦɨɪɨɠɧɨ-
ɬɪɚɧɫɩɨɪɬɧɨɟ ɩɪɨɢɫɲɟɫɬɜɢɟ (ȾɌɉ) ɩɪɨɢɡɨɣ-

ɞɟɬ ɜ ɦɨɦɟɧɬ ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɹ, ɧɚɩɪɢɦɟɪ, 
ɩɪɨɦɟɠɭɬɤɨɜ ɜɪɟɦɟɧɢ 

)1(

3  ɢ 
(1)
2  (ɪɢɫ. 1).  
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Ɋɢɫ. 1. ȼɨɡɦɨɠɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɩɪɨɰɟɫɫɚ ɮɨɪ-
ɦɢɪɨɜɚɧɢɹ ɤɚɬɚɫɬɪɨɮɵ ɩɪɢ ɫɥɭɱɚɣɧɨɦ 

ɩɟɪɟɫɟɱɟɧɢɢ ɱɟɥɨɜɟɤɨɦ ɚɜɬɨɦɨɛɢɥɶɧɨɣ 

ɬɪɚɫɫɵ ɜ ɧɟɩɨɥɨɠɟɧɧɨɦ ɦɟɫɬɟ: ɟ1(0,0); 

ɟ2(1,0); ɟ3(0,1); ɟ4(1,1) – ɫɨɫɬɨɹɧɢɹ ɫɢɫ-
ɬɟɦɵ «ɩɟɲɟɯɨɞ–ɚɜɬɨɦɨɛɢɥɶ»; i  – ɜɪɟ-
ɦɹ ɩɪɟɛɵɜɚɧɢɹ ɫɢɫɬɟɦɵ «ɩɟɲɟɯɨɞ–

ɚɜɬɨɦɨɛɢɥɶ» ɜ ɤɚɠɞɨɦ ɢɡ ɜɨɡɦɨɠɧɵɯ 
ɫɨɫɬɨɹɧɢɣ; )(t , α(t) – ɪɟɝɭɥɹɪɧɵɟ ɨɞ-

ɧɨɪɨɞɧɵɟ ɦɚɪɤɨɜɫɤɢɟ ɫɥɭɱɚɣɧɵɟ ɩɪɨ-
ɰɟɫɫɵ ɫ ɞɢɫɤɪɟɬɧɵɦ ɱɢɫɥɨɦ ɫɨɫɬɨɹɧɢɣ ɢ 

ɧɟɩɪɟɪɵɜɧɵɦ ɜɪɟɦɟɧɟɦ; 
)0(

i , 
)1(

i  – 

ɫɥɭɱɚɣɧɵɟ ɢɧɬɟɪɜɚɥɵ ɜɪɟɦɟɧɢ ɦɟɠɞɭ 
ɩɨɹɜɥɟɧɢɹɦɢ ɚɜɬɨɦɨɛɢɥɹ, ɟɞɭɳɟɝɨ ɫ ɩɨ-
ɜɵɲɟɧɧɨɣ ɫɤɨɪɨɫɬɶɸ, ɢ ɜɪɟɦɹ ɩɟɪɟɫɟɱɟ-
ɧɢɹ ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɨɣ ɞɥɹ ɱɟɥɨɜɟɤɚ ɡɨɧɵ 

ɧɚ ɞɨɪɨɝɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; (0)
i , 

(1)
i  – 

ɫɥɭɱɚɣɧɵɟ ɢɧɬɟɪɜɚɥɵ ɜɪɟɦɟɧɢ ɦɟɠɞɭ 
ɩɨɹɜɥɟɧɢɹɦɢ ɩɟɲɟɯɨɞɨɜ, ɩɟɪɟɯɨɞɹɳɢɯ 
ɞɨɪɨɝɭ ɜ ɧɟɩɨɥɨɠɟɧɧɨɦ ɦɟɫɬɟ, ɢ ɜɪɟɦɹ 
ɩɟɪɟɫɟɱɟɧɢɹ ɨɩɚɫɧɨɣ ɡɨɧɵ ɞɨɪɨɝɢ ɫɨɨɬ-
ɜɟɬɫɬɜɟɧɧɨ; (0)

1 , 
(0)
m  – ɜɪɟɦɹ ɞɨ ɩɟɪɜɨɣ 

ɚɜɚɪɢɢ (ɤɚɬɚɫɬɪɨɮɵ) 

 

ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɯɚɪɚɤɬɟɪ ȾɌɉ ɧɟ ɛɭɞɟɬ 
ɡɚɜɢɫɟɬɶ ɨɬ ɞɥɢɧɵ ɨɛɳɟɣ ɱɚɫɬɢ ɧɚɥɨɠɢɜ-
ɲɢɯɫɹ ɩɪɨɦɟɠɭɬɤɨɜ ɜɪɟɦɟɧɢ 

)1(

3  ɢ 
(1)
2 , ɚ 

ɥɢɲɶ ɨɬ ɬɨɝɨ, ɫɨɩɪɢɤɨɫɧɭɥɢɫɶ ɨɧɢ ɢɥɢ ɧɟɬ. 

ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ ɩɪɨɰɟɫɫɵ ( )t  ɢ ( )t  ɧɟ 
ɩɪɨɬɢɜɨɪɟɱɚɬ ɨɞɧɨɪɨɞɧɵɦ ɦɚɪɤɨɜɫɤɢɦ ɫɥɭ-

ɱɚɣɧɵɦ ɩɪɨɰɟɫɫɚɦ ɫ ɞɢɫɤɪɟɬɧɵɦ ɱɢɫɥɨɦ ɫɨ-
ɫɬɨɹɧɢɣ ɢ ɧɟɩɪɟɪɵɜɧɵɦ ɜɪɟɦɟɧɟɦ ɫ ɩɚɪɚ-
ɦɟɬɪɚɦɢ 1 , 1  ɢ 2 , 2  ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ [2]. 

 

ɉɭɫɬɶ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ( )t =0, 

( )t = 0. ɉɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ 1 , 1 ; 2 , 2  – 

ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɨɜ ( )t , ( )t  
ɢɡɜɟɫɬɧɵ ɢ 

ɬɪɟɛɭɟɬɫɹ ɨɩɪɟɞɟɥɢɬɶ ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɹɜɥɟɧɢɹ 
ɤɚɬɚɫɬɪɨɮɵ ɜ ɬɟɱɟɧɢɟ ɜɪɟɦɟɧɢ t, ɬ.ɟ. F(t), 

ɫɪɟɞɧɟɟ ɜɪɟɦɹ τ1 ɢ ɞɢɫɩɟɪɫɢɸ D1 ɞɨ ɧɚɫɬɭɩ-

ɥɟɧɢɹ ɤɚɬɚɫɬɪɨɮɵ. 

 

ɋɨɜɨɤɭɩɧɨɫɬɶ ɩɪɨɰɟɫɫɨɜ ( )t  ɢ α(t) ɪɚɫɫɦɨɬ-
ɪɢɦ ɤɚɤ ɨɞɢɧ ɪɟɝɭɥɹɪɧɵɣ ɨɞɧɨɪɨɞɧɵɣ ɦɚɪ-
ɤɨɜɫɤɢɣ ɩɪɨɰɟɫɫ χ(t) c ɱɟɬɵɪɶɦɹ ɞɢɫɤɪɟɬɧɵ-

ɦɢ ɫɨɫɬɨɹɧɢɹɦɢ ɢ ɧɟɩɪɟɪɵɜɧɵɦ ɜɪɟɦɟɧɟɦ. 

 

ȼ ɥɸɛɨɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t ɩɪɨɰɟɫɫ χ(t) ɦɨ-
ɠɟɬ ɧɚɯɨɞɢɬɶɫɹ ɜ ɨɞɧɨɦ ɢɡ ɱɟɬɵɪɟɯ ɧɟɫɨɜɦɟ-
ɫɬɧɵɯ ɫɨɫɬɨɹɧɢɣ: ɟ1(0,0); ɟ2(1,0); ɟ3(0,1); 

ɟ4(1,1). ȼɟɪɨɹɬɧɨɫɬɶ ɩɨɹɜɥɟɧɢɹ ɤɚɬɚɫɬɪɨɮɵ 

ɧɚ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɬɪɚɫɫɟ ɜ ɬɟɱɟɧɢɟ ɜɪɟɦɟɧɢ t 

ɦɨɠɧɨ ɧɚɣɬɢ, ɩɨɥɶɡɭɹɫɶ ɮɨɪɦɭɥɨɣ 

 

F(t)=1–[P1(t)+ P2(t)+ P3(t)], (1) 

 

ɝɞɟ P1(t), P2(t), P3(t) – ɜɟɪɨɹɬɧɨɫɬɶ ɧɚɯɨɠɞɟ-
ɧɢɹ ɫɢɫɬɟɦɵ ɜ ɬɟɱɟɧɢɟ ɜɪɟɦɟɧɢ t ɜ ɫɨɫɬɨɹɧɢ-

ɹɯ ɟ1(0,0); ɟ2(1,0); ɟ3(0,1) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
 

ȼɟɪɨɹɬɧɨɫɬɢ P1(t), P2(t), P3(t) ɧɚɯɨɞɹɬɫɹ ɢɡ 
ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɥɢɧɟɣɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶ-
ɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɡɚɩɢɫɚɧɧɵɯ ɜ ɦɚɬɪɢɱɧɨɣ 

ɮɨɪɦɟ [3] 

 

( ) ( ) ,P t P t A
      

(2) 

 

ɝɞɟ 1 2 3( ) ( ) ( ) ( )P t P t P t P t
     – ɜɟɤɬɨɪ-

ɫɬɪɨɤɚ; )()()()( 321 tPtPtPtP  – ɜɟɤɬɨɪ-
ɫɬɪɨɤɚ; 
 

1 2 1 2

1 1 2

2 1 2

( )

( ) 0

0 ( )

A

                   
. 

 

ɋɢɫɬɟɦɚ ɥɢɧɟɣɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜ-
ɧɟɧɢɣ ɪɟɲɚɟɬɫɹ ɩɪɢ ɧɚɱɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ: 

0)0(;0)0(;1)0( 321  PPP . 
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ɂɫɩɨɥɶɡɭɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ʌɚɩɥɚɫɚ, ɫɢɫɬɟɦɭ 
ɥɢɧɟɣɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ (2) 

ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ ɫɢɫɬɟɦɵ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ 
ɭɪɚɜɧɟɧɢɣ ɜɢɞɚ (3) 
   1

( ) (0)Ɋ S P S I N
    ;  (3) 

 

1

2

3

( ) 1

( ) 0

( ) 0

T T
P S

P S

P S

                
                    (4) 

1

1 2 1 2

1

1 2

2 1 2

( )
0 0

0 0 0
( )

0 0
0 ( )

S

S

S

                             

 

 

ɂɡ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ (5) ɧɚɯɨɞɢɦ 
 

1 2 1 2
1 3 2

( ) ( )
( )

S S
P S

S a S b S ɫ
           ; (5) 

1 1 2
2 3 2

( )
( )

S
P S

S a S b S ɫ
          ;        (6) 

 

2 1 2
3 3 2

( )
( )

S
P S

S a S b S ɫ
          ,         (7) 

 

ɝɞɟ 1 1 2 22 2 ;  a        

      1 2 1 2 1( );  b          

      1 2 1 2 1 2( ). c           

 

Ɏɨɪɦɭɥɭ (1) ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ 
  1

1 2 3( ) L ( ) ( ) ( )F t P S P S P S    .      (8) 

 

ɂɫɩɨɥɶɡɭɹ (5), (6), (7), ɮɨɪɦɭɥɭ (8) ɩɪɟɞɫɬɚ-
ɜɢɦ ɜ ɜɢɞɟ 
 

2
1 1

3 2
( ) 1

S a S b
F t L

S a S b S ɫ
              ,  (9) 

 

ɝɞɟ 1 1 22b b    . 

 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɨɛɪɚɬɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
Ʌɚɩɥɚɫɚ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɮɨɪɦɭɥɨɣ [4] 

 

'
1

( )
( )

( )
k

n
S tk

k k

G S
R t e

Z S




  ,           (10) 

 

ɝɞɟ kS  – ɤɨɪɧɢ ɤɭɛɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ. 
 

3 2( ) 0Z S S a S b S ɫ       ;       (11) 

2
1( )G S S a S b    .            (12) 

 

ɂɫɩɨɥɶɡɭɹ ɮɨɪɦɭɥɭ (9) ɢ (10), ɧɚɯɨɞɢɦ 

 
3

'
1

( )
( ) 1

( )
kS tk

k k

G S
F t e

Z S




   , (13) 

 

ɝɞɟ       ' 2
1 1 1( ) 3 2Z S S a S b     ; 

' 2
2 2 2( ) 3 2Z S S a S b     ;

 ' 2
3 3 3( ) 3 2Z S S a S b     ; 

 
2

1 1 1 1( )G S S a S b    ;

 2
2 2 2 1( )G S S a S b    ;

 2
3 3 3 1( )G S S a S b    . 

 

ɋɪɟɞɧɟɟ ɜɪɟɦɹ ɞɨ ɩɟɪɜɨɣ ɤɚɬɚɫɬɪɨɮɵ 1 , ɟɫ-
ɥɢ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɫɢɫɬɟɦɚ 
«ɩɟɲɟɯɨɞ–ɚɜɬɨɦɨɛɢɥɶ» ɧɚɯɨɞɢɥɚɫɶ ɜ ɫɨ-
ɫɬɨɹɧɢɢ ɟ1(0,0), ɨɩɪɟɞɟɥɢɦ, ɩɨɥɶɡɭɹɫɶ 
ɫɢɫɬɟɦɨɣ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ, 

ɡɚɩɢɫɚɧɧɨɣ ɜ ɦɚɬɪɢɱɧɨɦ ɜɢɞɟ 
 

1

1 1 2 1 2

2 1 1 2

3 2 1 2

1

0 1

0 1

                                       
.  (14) 

 

ɂɡ ɪɟɲɟɧɢɹ ɫɢɫɬɟɦɵ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟ-
ɧɢɣ (14) ɧɚɯɨɞɢɦ 

         1 2 1 2 1 1 2 2 1 2
1

1 2 1 2 1 2

                          ;(15) 

     1 1 2 1 1 2 2 2 1
2

1 2 1 2 1 2

                       ;  (16) 

     2 1 2 1 2 2 1 1 2
3

1 2 1 2 1 2

                        ,  (17) 

  

 

ɝɞɟ 2 , 3  
– ɫɪɟɞɧɟɟ ɜɪɟɦɹ ɞɨ ɩɟɪɜɨɣ ɤɚɬɚɫɬ-

ɪɨɮɵ, ɟɫɥɢ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 

ɫɢɫɬɟɦɚ ɧɚɯɨɞɢɥɚɫɶ ɜ ɫɨɫɬɨɹɧɢɢ ɟ2(1,0); 

ɟ3(0,1) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 
 

ȼ ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ 
 

100i i   ,  1,2i  ,  (18) 

 

ɮɨɪɦɭɥɵ (15), (16), (17) ɩɪɢɦɭɬ ɜɢɞ 
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1 2
1 2 3

1 2 1 2( )

            ,        (19) 

 

ɝɞɟ 11 1 / d  ; 1d  – ɫɪɟɞɧɢɣ ɢɧɬɟɪɜɚɥ ɜɪɟɦɟ-
ɧɢ ɦɟɠɞɭ ɫɦɟɠɧɵɦɢ ɦɚɲɢɧɚɦɢ, ɤɨɬɨɪɵɟ 
ɞɜɢɠɭɬɫɹ ɩɨ ɬɪɚɫɫɟ ɫ ɩɨɜɵɲɟɧɧɨɣ ɫɤɨɪɨ-
ɫɬɶɸ; 22 1 / d  ; 2d  – ɫɪɟɞɧɢɣ ɢɧɬɟɪɜɚɥ 
ɜɪɟɦɟɧɢ ɦɟɠɞɭ ɫɦɟɠɧɵɦɢ ɧɚɪɭɲɟɧɢɹɦɢ 

ɩɪɚɜɢɥ ɛɟɡɨɩɚɫɧɨɫɬɢ ɞɨɪɨɠɧɨɝɨ ɞɜɢɠɟɧɢɹ ɩɟ-
ɲɟɯɨɞɚ (ɱɟɥɨɜɟɤ ɩɟɪɟɛɟɝɚɟɬ ɬɪɚɫɫɭ ɜ ɧɟɩɨɥɨ-
ɠɟɧɧɨɦ ɦɟɫɬɟ); 1 11/ d  ; 1d  – ɫɪɟɞɧɟɟ ɜɪɟɦɹ, 
ɡɚ ɤɨɬɨɪɨɟ ɦɚɲɢɧɚ ɧɚ ɩɨɜɵɲɟɧɧɨɣ ɫɤɨɪɨɫɬɢ 

ɩɟɪɟɫɟɤɚɟɬ ɨɩɚɫɧɵɣ ɭɱɚɫɬɨɤ ɞɨɪɨɝɢ; 

2 21/ d  ; 2d  – ɫɪɟɞɧɟɟ ɜɪɟɦɹ, ɱɟɪɟɡ ɤɨɬɨɪɨɟ 
ɱɟɥɨɜɟɤ, ɧɚɪɭɲɚɹ ɩɪɚɜɢɥɚ ɞɨɪɨɠɧɨɝɨ ɞɜɢɠɟ-
ɧɢɹ, ɩɟɪɟɛɟɝɚɟɬ ɚɜɬɨɦɨɛɢɥɶɧɭɸ ɬɪɚɫɫɭ 
(«ɨɩɚɫɧɵɣ» ɭɱɚɫɬɨɤ ɞɨɪɨɝɢ). 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɮɨɪɦɭɥɚ (19) ɩɪɢɦɟɬ ɜɢɞ [5]  

 

1 2

1 2 3

1 2

d d

d d

       .  (20) 

 

Ⱦɢɫɩɟɪɫɢɸ ɜɪɟɦɟɧɢ ɞɨ ɧɚɫɬɭɩɥɟɧɢɹ ɤɚɬɚɫɬ-
ɪɨɮɵ 1D , ɟɫɥɢ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ 

ɫɢɫɬɟɦɚ ɧɚɯɨɞɢɥɚɫɶ ɜ ɫɨɫɬɨɹɧɢɢ ɟ1(0,0), ɨɩ-

ɪɟɞɟɥɢɦ, ɩɨɥɶɡɭɹɫɶ ɫɢɫɬɟɦɨɣ ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ 
ɭɪɚɜɧɟɧɢɣ 

 
1

1 1 2 1 2

2 1 1 2

3 2 1 2

2 0

0

D

D

D

                              
 

1

2

3

2

1

2
2

2
3

1 0 0

0 1 0

0 0 1

                                    
.         (21) 

 

ɂɡ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɧɚɯɨɞɢɦ 
     1 2 1 2

1 1

1 2 1 2 1 2

2
1D

                      1 2
2

2 1 2 1 2

2
1

                ; 

  1 2
3

1 1 2 1 2

2
1

                 (22) 

 

ȼɨ ɜɫɟɯ ɫɥɭɱɚɹɯ, ɟɫɥɢ ɩɪɢ ɪɚɫɱёɬɚɯ ɩɨɥɭɱɢɦ, 

ɱɬɨ 

1 1D  ,   (23) 

ɜɟɪɨɹɬɧɨɫɬɶ ɧɚɫɬɭɩɥɟɧɢɹ ɤɚɬɚɫɬɪɨɮɵ ɧɚ ɞɨ-
ɪɨɝɟ ɜ ɬɟɱɟɧɢɟ ɜɪɟɦɟɧɢ t ɦɨɠɧɨ ɨɰɟɧɢɬɶ ɫ 
ɩɨɦɨɳɶɸ ɮɨɪɦɭɥɵ 

 

1

1

1
( ) 1 expF t t

          . (24) 

 

ɉɨɥɭɱɟɧɧɵɟ ɜ ɪɚɛɨɬɟ ɮɨɪɦɭɥɵ ɩɨɡɜɨɥɹɸɬ 
ɨɰɟɧɢɬɶ ɪɢɫɤ, ɤɨɬɨɪɨɦɭ ɩɨɞɜɟɪɝɚɟɬɫɹ ɱɟɥɨ-
ɜɟɤ ɩɪɢ ɧɚɪɭɲɟɧɢɢ ɩɪɚɜɢɥ ɞɨɪɨɠɧɨɝɨ ɞɜɢ-

ɠɟɧɢɹ. 
 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪ, ɜ ɤɨɬɨɪɨɦ, ɢɫɩɨɥɶɡɭɹ 
ɪɟɝɢɫɬɪɚɬɨɪ ɫɤɨɪɨɫɬɢ ɧɚ ɨɞɧɨɣ ɢɡ ɬɪɚɫɫ ɜ  
ɝ. Ɇɚɤɟɟɜɤɚ (ɪɢɫ. 2), ɛɵɥɨ ɡɚɮɢɤɫɢɪɨɜɚɧɨ 
 

1d  = 2,4 ɱ; 2d  = 1,4 ɱ; 
1d  = 0,025 ɫ; 2d  = 3 ɫ. 

 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɭɱɚɫɬɤɟ 
ɬɪɚɫɫɵ ɱɚɫɬɨɬɚ ɚɜɚɪɢɣ ɫɨɫɬɚɜɥɹɟɬ  
Н0 = 2 ɱɟɥ./ɝɨɞ.  

 

 
 

Ɋɢɫ. 2. Ⱦɜɢɠɟɧɢɟ ɚɜɬɨɦɨɛɢɥɟɣ ɫ ɩɨɜɵɲɟɧɧɨɣ 

ɫɤɨɪɨɫɬɶɸ ɩɨ ɬɪɚɫɫɟ ɢ ɥɸɞɢ, ɤɨɬɨɪɵɟ 
ɩɟɪɟɛɟɝɚɸɬ ɞɨɪɨɝɭ ɜ ɧɟɩɨɥɨɠɟɧɧɨɦ ɦɟ-
ɫɬɟ: 1 – ɱɟɥɨɜɟɤ, ɩɟɪɟɛɟɝɚɸɳɢɣ ɬɪɚɫɫɭ; 
2 – ɚɜɬɨɦɨɛɢɥɶ, ɞɜɢɠɭɳɢɣɫɹ ɫ ɩɨɜɵ-

ɲɟɧɧɨɣ ɫɤɨɪɨɫɬɶɸ; 3 – ɚɜɬɨɦɨɛɢɥɶɧɚɹ 
ɬɪɚɫɫɚ 
 

Ɉɩɪɟɞɟɥɢɬɶ  ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɩɚɞɚɧɢɹ ɱɟɥɨɜɟɤɚ 
ɜ ɚɜɚɪɢɸ ɜ ɬɟɱɟɧɢɟ ɜɪɟɦɟɧɢ t ɩɪɢ ɧɚɪɭɲɟɧɢɢ 

ɢɦ ɩɪɚɜɢɥ ɛɟɡɨɩɚɫɧɨɫɬɢ (ɩɟɪɟɫɟɱɟɧɢɟ ɚɜɬɨɦɨ-
ɛɢɥɶɧɨɣ ɬɪɚɫɫɵ ɜ ɧɟɩɨɥɨɠɟɧɧɨɦ ɦɟɫɬɟ) ɢ ɧɚ-
ɪɭɲɟɧɢɟ ɜɨɞɢɬɟɥɟɦ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ 
ɫɤɨɪɨɫɬɧɨɝɨ ɪɟɠɢɦɚ. 
 

Ɉɩɪɟɞɟɥɢɬɶ ɫɪɟɞɧɟɟ ɜɪɟɦɹ τ1 ɢ ɞɢɫɩɟɪɫɢɸ D1 

ɞɨ ɫɬɨɥɤɧɨɜɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ ɫ ɱɟɥɨɜɟɤɨɦ. 

 

ɂɫɩɨɥɶɡɭɹ ɢɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɩɪɢɦɟɪɚ, ɮɨɪɦɭ-
ɥɭ (19) ɢ (22), ɧɚɯɨɞɢɦ τ1=5 787 ɱ, D1=33 489 

583 ɱ2, ɬ.ɟ. 
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1 1D  , 

 

ɬɨɝɞɚ, ɢɫɩɨɥɶɡɭɹ (24), ɧɚɯɨɞɢɦ 

 
1

8760
5787

1(8760) 1 0,78F e
    . 

 

ɑɢɫɥɨ ɤɚɬɚɫɬɪɨɮ ɜ ɟɞɢɧɢɰɭ ɜɪɟɦɟɧɢ ɧɚ ɪɚɫ-
ɫɦɚɬɪɢɜɚɟɦɨɦ ɭɱɚɫɬɤɟ ɞɨɪɨɝɢ 

 

4
1

1

1 1 1 1
1,73 10 1,95

5787 ɱ ɝɨɞ
Н      . 

  

Ⱥɧɚɥɨɝɢɱɧɨɟ ɡɧɚɱɟɧɢɟ 1(8760)F  ɩɨɥɭɱɢɦ ɜ 
ɬɨɦ ɫɥɭɱɚɟ, ɟɫɥɢ ɛɭɞɟɦ ɩɪɨɜɨɞɢɬɶ ɪɚɫɱɟɬ ɩɨ 
ɬɨɱɧɨɣ ɮɨɪɦɭɥɟ (13). 

 

 

 

ɂɡ ɪɚɜɟɧɫɬɜɚ 10 НН 
 

ɫɥɟɞɭɟɬ ɩɨɞɬɜɟɪɠɞɟ-
ɧɢɟ ɝɢɩɨɬɟɡɵ ɨ ɬɨɦ, ɱɬɨ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɟ 
ɩɪɨɰɟɫɫɵ )(t  ɢ α(t) ɧɟ ɩɪɨɬɢɜɨɪɟɱɚɬ ɪɟ-
ɝɭɥɹɪɧɨɦɭ ɨɞɧɨɪɨɞɧɨɦɭ ɦɚɪɤɨɜɫɤɨɦɭ ɩɪɨ-
ɰɟɫɫɭ ɫ ɞɢɫɤɪɟɬɧɵɦ ɱɢɫɥɨɦ ɫɨɫɬɨɹɧɢɣ ɢ ɧɟ-
ɩɪɟɪɵɜɧɵɦ ɜɪɟɦɟɧɟɦ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɟɞ-

ɥɚɝɚɟɦɚɹ ɜ ɪɚɛɨɬɟ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ 
ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɨɰɟɧɤɢ ɢ ɩɪɨ-
ɝɧɨɡɢɪɨɜɚɧɢɹ ɫɬɟɩɟɧɢ ɪɢɫɤɚ ɞɥɹ ɩɟɲɟɯɨɞɚ 
ɩɨɝɢɛɧɭɬɶ ɩɪɢ ɩɟɪɟɫɟɱɟɧɢɢ ɢɦ ɞɨɪɨɝɢ ɜ ɧɟ-
ɩɨɥɨɠɟɧɧɨɦ ɦɟɫɬɟ. 
 

ɇɚɩɪɢɦɟɪ, ɟɫɥɢ ɧɚ ɨɩɚɫɧɨɦ ɭɱɚɫɬɤɟ ɞɨɪɨɝɢ 

ɭɫɬɚɧɨɜɢɬɶ «ɥɟɠɚɱɟɝɨ ɩɨɥɢɰɟɣɫɤɨɝɨ», ɥɢɛɨ   
ɪɚɡɦɟɬɢɬɶ ɩɪɨɟɡɠɭɸ ɱɚɫɬɶ «ɡɟɛɪɨɣ», ɬɨ, ɩɨ 
ɷɤɫɩɟɪɬɧɵɦ ɨɰɟɧɤɚɦ, ɨɤɨɥɨ 80 % ɦɚɲɢɧ ɛɭ-
ɞɭɬ ɫɧɢɠɚɬɶ ɫɤɨɪɨɫɬɶ ɧɚ ɩɨɞɴɟɡɞɟ ɤ ɩɪɨɛɥɟɦ-

ɧɨɦɭ ɭɱɚɫɬɤɭ ɞɨɪɨɝɢ, ɝɞɟ ɬɪɚɫɫɭ ɩɟɪɟɫɟɤɚɸɬ 
ɥɸɞɢ, ɢ ɬɨɝɞɚ 1d  =13,5 ɱ ɢ ɪɢɫɤ ɩɨɝɢɛɧɭɬɶ 
ɞɥɹ ɱɟɥɨɜɟɤɚ, ɩɟɪɟɛɟɝɚɸɳɟɝɨ ɬɪɚɫɫɭ, ɫɧɢɡɢɬɫɹ 

ɞɨ ɜɟɥɢɱɢɧɵ 5
1 4,4 10Н  

 

1/ɱ
 

, ɬ.ɟ. ɭɦɟɧɶ-
ɲɢɬɫɹ ɜ 4 ɪɚɡɚ. 
 

ȿɫɥɢ, ɤɪɨɦɟ ɷɬɨɝɨ, ɟɳё ɭɫɬɚɧɨɜɢɬɶ ɧɚ ɩɪɨɬɢ-

ɜɨɩɨɥɨɠɧɵɯ ɫɬɨɪɨɧɚɯ ɡɚɩɪɟɳɚɸɳɢɣ ɩɟɪɟɯɨɞ 
ɡɧɚɤ, ɬɨɝɞɚ ɟɳё ɨɤɨɥɨ 20 % ɥɸɞɟɣ ɩɪɟɤɪɚɬɹɬ 
ɧɚɪɭɲɚɬɶ ɩɪɚɜɢɥɚ ɞɨɪɨɠɧɨɝɨ ɞɜɢɠɟɧɢɹ ɢ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, 2d  ɭɜɟɥɢɱɢɬɫɹ ɧɚ 20 %, ɬ.ɟ. 
ɫɬɚɧɟɬ ɪɚɜɧɵɦ 1,75 ɱ, ɢ ɬɨɝɞɚ ɫɬɟɩɟɧɶ ɪɢɫɤɚ 
ɩɨɝɢɛɧɭɬɶ ɞɥɹ ɩɟɲɟɯɨɞɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɢɫɯɨɞɧɨɦɭ ɜɚɪɢɚɧɬɭ ɭɦɟɧɶɲɢɬɫɹ ɜ 4,9 ɪɚɡɚ. 
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