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ɍȾɄ 622.734.001.57 

Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɯɟɦ ɫɭɲɤɢ 
ɨɛɨɝɚɳёɧɧɨɝɨ ɭɝɥɹ 

 
ȼ.ɇ. ɉɚɜɥɵɲ, ɂ.ȼ. Ɍɚɪɚɛɚɟɜɚ, Ƚ.ɂ. Ɍɭɪɱɚɧɢɧ   

Ⱦɨɧɟɰɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ 
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ɉɚɜɥɵɲ ȼ.ɇ., Ɍɚɪɚɛɚɟɜɚ ɂ.ȼ.,  Ɍɭɪɱɚɧɢɧ Ƚ.ɂ. Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɯɟɦ ɫɭɲɤɢ ɨɛɨɝɚɳёɧɧɨɝɨ ɭɝɥɹ. Ɋɚɫɫɦɚɬɪɢвɚеɬɫɹ ɡɚɞɚɱɚ ɪɚɡɪɚɛоɬɤɢ 
ɫɬɪɭɤɬɭɪɵ ɢ ɩɪɢɧɰɢɩов ɮɭɧɤɰɢоɧɢɪовɚɧɢɹ ɫɢɫɬеɦɵ ɚвɬоɦɚɬɢɡɢɪовɚɧɧоɝо 
ɩɪоеɤɬɢɪовɚɧɢɹ ɬеɯɧоɥоɝɢɱеɫɤɢɯ ɫɯеɦ ɫɭɲɤɢ оɛоɝɚщеɧɧоɝо ɭɝɥɹ. ɉоɤɚɡɚɧо, ɱɬо ɧɚɢɛоɥее 
ɷɮɮеɤɬɢвɧɵɦ ɦеɬоɞоɦ ɫɭɲɤɢ ɹвɥɹеɬɫɹ ɫɩоɫоɛ «ɤɢɩɹщеɝо ɫɥоɹ». ȼ оɫɧовɭ 
ɦɚɬеɦɚɬɢɱеɫɤоɝо оɛеɫɩеɱеɧɢɹ ɫɢɫɬеɦɵ ɩоɥоɠеɧɚ ɞеɬеɪɦɢɧɢɪовɚɧɧɚɹ  ɦɚɬеɦɚɬɢɱеɫɤɚɹ 
ɦоɞеɥɶ ɩɪоɰеɫɫɚ ɫɭɲɤɢ в вɢɞе ɫɢɫɬеɦɵ ɭɪɚвɧеɧɢɣ ɦɚɬеɦɚɬɢɱеɫɤоɣ ɮɢɡɢɤɢ. 

          

ȼɜɟɞɟɧɢɟ 

ȼ ɪɹɞɟ ɨɬɪɚɫɥɟɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɞɥɹ  
ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟɛɭɟɦɨɝɨ ɤɚɱɟɫɬɜɚ ɤɨɧɟɱɧɵɯ 
ɩɪɨɞɭɤɬɨɜ, ɩɨɥɭɱɚɟɦɵɯ ɜ ɜɢɞɟ ɜɥɚɠɧɵɯ 
ɫɵɩɭɱɢɯ ɦɚɫɫ, ɩɪɢɦɟɧɹɸɬɫɹ ɪɚɡɥɢɱɧɵɟ 
ɫɩɨɫɨɛɵ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɫɯɟɦɵ 
ɨɛɟɡɜɨɠɢɜɚɧɢɹ ɜɥɚɝɨɫɨɞɟɪɠɚɳɢɯ ɦɚɬɟɪɢɚɥɨɜ. 
ɉɪɢɦɟɧɟɧɢɟ ɫɩɨɫɨɛɨɜ ɢ ɫɯɟɦ ɨɛɟɡɜɨɠɢɜɚɧɢɹ 
ɹɜɥɹɟɬɫɹ ɡɚɜɟɪɲɚɸɳɟɣ ɫɬɚɞɢɟɣ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɰɢɤɥɚ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɚ 
ɫɬɚɞɢɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɢ 
ɩɪɨɢɡɜɨɞɫɬɜɚ. ȼɚɠɧɟɣɲɟɟ ɡɧɚɱɟɧɢɟ ɷɬɨɬ 
ɩɪɨɰɟɫɫ ɢɝɪɚɟɬ ɧɚ ɡɚɜɟɪɲɚɸɳɟɣ ɫɬɚɞɢɢ 
ɨɛɨɝɚɳɟɧɢɹ ɭɝɥɟɣ Д1Ж.  

Ɉɞɧɚɤɨ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɩɪɨɰɟɫɫɚ ɧɟ 
ɜɫɟɝɞɚ ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɨɬɜɟɱɚɟɬ ɩɨɫɬɚɜɥɟɧɧɵɦ 
ɬɪɟɛɨɜɚɧɢɹɦ. Ɉɞɧɨɣ ɢɡ ɩɪɢɱɢɧ ɷɬɨɝɨ ɹɜɥɹɟɬɫɹ 
ɬɨ, ɱɬɨ ɧɚ ɷɬɚɩɟ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɚɹ ɨɰɟɧɤɚ ɫɯɟɦ ɜɟɫɶɦɚ 
ɡɚɬɪɭɞɧɟɧɚ ɜɜɢɞɭ ɫɥɨɠɧɨɫɬɢ ɩɪɨɰɟɫɫɚ. 
ɉɪɢɦɟɧɟɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 
ɩɨɡɜɨɥɹɟɬ ɭɥɭɱɲɢɬɶ ɤɚɱɟɫɬɜɨ ɩɪɢɧɢɦɚɟɦɵɯ 
ɩɪɨɟɤɬɧɵɯ ɪɟɲɟɧɢɣ. ȼ ɷɬɨɣ ɫɜɹɡɢ ɬɟɦɚ ɪɚɛɨɬɵ 
ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ. 

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɵ. 
ɉɪɨɰɟɫɫ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɜɤɥɸɱɚɟɬ ɪɹɞ 

ɷɬɚɩɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɪɚɫɫɦɨɬɪɟɧɢɟ ɢ ɨɰɟɧɤɚ 
ɜɚɪɢɚɧɬɨɜ ɩɪɨɟɤɬɨɜ, ɨɛɨɫɧɨɜɚɧɢɟ ɢ 
ɜɟɪɢɮɢɤɚɰɢɹ ɩɪɢɧɢɦɚɟɦɵɯ ɩɪɨɟɤɬɧɵɯ 
ɪɟɲɟɧɢɣ. ɉɨ ɦɟɪɟ ɭɫɥɨɠɧɟɧɢɹ ɬɟɯɧɨɥɨɝɢɣ, 
ɪɚɫɲɢɪɟɧɢɹ ɱɢɫɥɚ ɜɨɡɦɨɠɧɵɯ ɜɚɪɢɚɧɬɨɜ 
ɩɪɨɟɤɬɨɜ ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ 
ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɦɟɬɨɞɨɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɢ ɗȼɆ Д2Ж. ɋ ɷɬɨɣ ɰɟɥɶɸ 
ɪɚɡɪɚɛɚɬɵɜɚɟɬɫɹ ɩɨɞɫɢɫɬɟɦɚ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɯɟɦ, ɩɪɢɡɜɚɧɧɚɹ ɩɨɜɵɫɢɬɶ 

ɤɚɱɟɫɬɜɨ ɩɪɨɟɤɬɨɜ ɡɚ ɫɱɟɬ ɷɮɮɟɤɬɢɜɧɨɝɨ 
ɩɪɢɦɟɧɟɧɢɹ ɤɨɦɩɶɸɬɟɪɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɞɥɹ 
ɪɟɚɥɢɡɚɰɢɢ ɬɪɭɞɨɟɦɤɢɯ ɪɭɬɢɧɧɵɯ ɮɭɧɤɰɢɣ. 

Ⱥɧɚɥɢɡ ɜɵɩɨɥɧɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ 
ɬɟɦɟ ɪɚɛɨɬɵ. 

ɇɚ ɨɫɧɨɜɚɧɢɢ  ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ 
ɪɚɡɪɚɛɨɬɨɤ, ɜɵɩɨɥɧɟɧɧɵɯ ɭɱɟɧɵɦɢ ɜ ɞɚɧɧɨɣ 
ɨɛɥɚɫɬɢ,  ɫɨɡɞɚɧɵ ɢ ɮɭɧɤɰɢɨɧɢɪɭɸɬ ɧɚ 
ɪɚɡɥɢɱɧɵɯ ɩɪɟɞɩɪɢɹɬɢɹɯ ɭɫɬɚɧɨɜɤɢ, 
ɨɫɭɳɟɫɬɜɥɹɸɳɢɟ ɩɪɨɰɟɫɫ ɨɛɟɡɜɨɠɢɜɚɧɢɹ 
ɫɵɩɭɱɢɯ ɦɚɬɟɪɢɚɥɨɜ. ȼɦɟɫɬɟ ɫ ɬɟɦ, ɭɱɢɬɵɜɚɹ 
ɩɨɫɬɨɹɧɧɨ ɢɡɦɟɧɹɸɳɢɟɫɹ ɭɫɥɨɜɢɹ 
ɷɤɫɩɥɭɚɬɚɰɢɢ, ɫɜɹɡɚɧɧɵɟ ɤɚɤ ɫ ɞɟɮɢɰɢɬɨɦ 
ɷɧɟɪɝɨɪɟɫɭɪɫɨɜ, ɬɚɤ ɢ ɫ ɭɠɟɫɬɨɱɚɸɳɢɦɢɫɹ 
ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɷɤɨɥɨɝɢɱɟɫɤɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ 
ɞɟɹɬɟɥɶɧɨɫɬɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ, 
ɩɪɨɞɨɥɠɚɸɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɰɟɫɫɨɜ ɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɯɟɦ ɫ ɰɟɥɶɸ ɢɯ ɞɚɥɶɧɟɣɲɟɝɨ 
ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ. 

Ɋɟɡɭɥɶɬɚɬɚɦɢ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ 
ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɨɛɨɫɧɨɜɚɧɨ, ɱɬɨ ɧɚɢɛɨɥɟɟ 
ɩɪɨɝɪɟɫɫɢɜɧɵɦ ɫɩɨɫɨɛɨɦ ɹɜɥɹɟɬɫɹ ɫɭɲɤɚ ɜ 
ɤɢɩɹɳɟɦ ɫɥɨɟ, ɩɨɞɱɟɪɤɢɜɚɟɬɫɹ ɟɝɨ 
ɷɤɨɧɨɦɢɱɧɨɫɬɶ, ɛɨɥɟɟ ɧɢɡɤɚɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɞɪɭɝɢɦɢ ɫɩɨɫɨɛɚɦɢ ɷɤɨɥɨɝɢɱɟɫɤɚɹ ɜɪɟɞɧɨɫɬɶ, ɚ 
ɬɚɤɠɟ ɜɵɫɨɤɚɹ ɫɬɟɩɟɧɶ «ɦɨɞɟɥɢɪɭɟɦɨɫɬɢ» [3]. 

ɂɫɩɨɥɶɡɭɹ ɦɟɬɨɞɢɤɭ, ɪɚɡɪɚɛɨɬɚɧɧɭɸ 
ɩɪɨɮ. ȼ.ɇ. Ɍɤɚɱɟɧɤɨ, ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɥɨɬɧɨɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɱɚɫɬɢɰ ɩɨ ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ ɜ 
ɩɫɟɜɞɨɨɠɢɠɟɧɧɨɦ ɫɥɨɟ ɦɟɬɨɞɨɦ 
ɜɵɱɢɫɥɢɬɟɥɶɧɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ [4]. 

ȼ ɬɚɛɥɢɰɟ 1 ɩɪɢɜɟɞɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɨɞɧɨɝɨ 
ɢɡ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. Ɂɞɟɫɶ ɧɚɞ 
ɪɚɡɞɟɥɢɬɟɥɶɧɨɣ ɱɟɪɬɨɣ ɭɤɚɡɚɧɚ ɜɟɥɢɱɢɧɚ ɦɚ-

ɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɠɢɞɚɧɢɹ, ɩɨɞ ɪɚɡɞɟɥɢɬɟɥɶɧɨɣ 
ɱɟɪɬɨɣ – ɫɪɟɞɧɟɟ ɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ 
ɫɥɭɱɚɣɧɨɣ ɜɟɥɢɱɢɧɵ.  
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Ɍɚɛɥɢɰɚ 1. ȼɟɪɨɹɬɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɟɦɩɟɪɚɬɭɪ ɢ ɫɬɟɩɟɧɢ ɨɛɟɡɜɨɠɢɜɚɧɢɹ ɱɚɫɬɢɰ ɩɪɢ ɪɚɡɥɢɱɧɵɯ 
ɡɧɚɱɟɧɢɹɯ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮɮɭɡɢɢ ɢ ɡɚɤɨɧɚɯ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɪɟɦɟɧɢ ɩɪɟɛɵɜɚɧɢɹ. 

 

Ʉɨɷɮɮɢɰɢɟɧɬ 
ɞɢɮɮɭɡɢɢ 

ɦ2
 / ɫ 

ɋ.ɤ.ɨ. 
ɜɪɟɦɟɧɢ 

ɩɪɟɛɵɜɚɧɢɹ 
(ɦɢɧ) 

Ɍɟɦɩɟɪɚɬɭɪɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰɵ 

( °ɋ) 

ɋɪɟɞɧɟɦɚɫɫɨɜɚɹ ɬɟɦ-

ɩɟɪɚɬɭɪɚ 

( °ɋ) 

ɋɬɟɩɟɧɶ 
ɨɛɟɡɜɨɠɢɜɚɧɢɹ ɱɚɫ-

ɬɢɰɵ 

(%) 

0,0 0 94,5 62,5 82 

0,0001 8,3 

95,4 

--------- 

4,1 

72 

--------- 

5,3 

81 

--------- 

4,4 

0,0003 10,8 

95,2 

----------- 

5,9 

71 

--------- 

7,8 

80 

---------- 

5,7 

Ⱥɩɩɪɨɤɫɢɦɚɰɢɹ ɧɨɪɦɚɥɶɧɵɦ ɡɚɤɨɧɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

0,0003 8,6 

95,2 

---------- 

7,3 

71 

--------- 

7,5 

82 

--------- 

7,6 

0,0005 12,6 

95,2 

--------- 

8,3 

91 

7.9  

80 

--------- 

7,5 

0,0010 17,5 

95 

--------- 

8,2 

90 

--------- 

10,4 

79 

--------- 

9,9 

Ɋɟɠɢɦ ɢɞɟɚɥɶɧɨɝɨ ɫɦɟɳɟɧɢɹ (ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɵɣ ɡɚɤɨɧ) 

∞ 40,0 

98 

---------- 

18,2 

89 

----------- 

16,1 

68 

---------- 

13,8 

 

 
         ȼ ɪɟɡɭɥɶɬɚɬɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧɨ, 
ɱɬɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɜɪɟɦɟɧɢ 
ɩɪɟɛɵɜɚɧɢɹ ɱɚɫɬɢɰɵ ɜ ɚɤɬɢɜɧɨɣ ɡɨɧɟ ɫɨɫɬɚɜɥɹɟɬ 
ɛɨɥɟɟ 11 ɦɢɧ, ɱɟɦ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ, ɱɬɨ ɫɭɲɤɚ ɜ 
«ɤɢɩɹɳɟɦ ɫɥɨɟ» ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɨɥɟɟ ɞɥɢɬɟɥɶɧɵɣ 
ɤɨɧɬɚɤɬ ɦɚɬɟɪɢɚɥɚ ɫ ɫɭɲɢɥɶɧɵɦ ɚɝɟɧɬɨɦ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɫɯɟɦɚɦɢ, ɢ ɩɨ ɷɬɨɣ 
ɩɪɢɱɢɧɟ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɨɣ 
ɬɟɯɧɨɥɨɝɢɟɣ ɨɛɟɡɜɨɠɢɜɚɧɢɹ. 

Цɟɥɶ ɪɚɛɨɬɵ.   
           Ɉɛɨɫɧɨɜɚɧɢɟ ɫɬɪɭɤɬɭɪɵ ɢ ɚɥɝɨɪɢɬɦɨɜ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɯɟɦ ɫɭɲɤɢ 
ɜɥɚɠɧɨɣ ɫɵɩɭɱɟɣ ɦɚɫɫɵ. 

Ɂɚɞɚɱɢ ɪɚɛɨɬɵ: 

 ɪɚɡɪɚɛɨɬɤɚ ɨɛɳɟɣ ɫɬɪɭɤɬɭɪɵ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɯɟɦ ɨɛɟɡɜɨɠɢɜɚɧɢɹ; 

 ɪɚɡɪɚɛɨɬɤɚ ɮɭɧɤɰɢɨɧɚɥɶɧɨ-ɥɨɝɢɱɟɫɤɨɣ 
ɫɯɟɦɵ ɬɟɯɧɨɥɨɝɢɢ ɨɛɟɡɜɨɠɢɜɚɧɢɹ; 

 ɪɚɡɪɚɛɨɬɤɚ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ 
ɨɛɟɫɩɟɱɟɧɢɹ ɋȺɉɊ.  

Ɉɫɧɨɜɧɨɟ ɫɨɞɟɪɠɚɧɢɟ ɪɚɛɨɬɵ. 

Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɨɫɧɨɜɧɵɯ ɜɢɞɨɜ ɬɟɯɧɨɥɨɝɢɢ 
ɫɭɲɤɢ ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥ. 2 ɢ ɧɚ ɪɢɫ. 1.  

ɇɚ ɪɢɫ. 2 ɩɪɢɜɟɞɟɧɚ ɮɭɧɤɰɢɨɧɚɥɶɧɨ-

ɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ (ɋȺɉɪ) ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɰɟɫɫɚ 
ɫɭɲɤɢ. 

Ʉɚɤ ɩɨɤɚɡɵɜɚɟɬ ɩɪɚɤɬɢɤɚ ɨɪɝɚɧɢɡɚɰɢɢ 
ɪɚɛɨɬ ɩɨ ɫɨɡɞɚɧɢɸ ɫɭɲɢɥɶɧɵɯ ɚɝɪɟɝɚɬɨɜ, 
ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɜ 
ɬɟɯɧɨɥɨɝɢɢ ɨɛɟɡɜɨɠɢɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɫɭɲɤɚ ɜ 
«ɤɢɩɹɳɟɦ ɫɥɨɟ» Д1, 3Ж. 

ɋɭɲɢɥɤɚ «ɤɢɩɹɳɟɝɨ ɫɥɨɹ» ɩɨɡɜɨɥɹɟɬ 
ɭɜɟɥɢɱɢɬɶ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɭɲɤɢ ɦɚɬɟɪɢɚɥɚ 
ɜɨ ɦɧɨɝɨ ɪɚɡ ɢ ɪɟɝɭɥɢɪɨɜɚɬɶ ɟɟ ɜ ɨɱɟɧɶ ɲɢɪɨɤɢɯ 
ɩɪɟɞɟɥɚɯ Д4Ж. ɗɬɨɬ ɩɪɢɧɰɢɩ ɫɭɲɤɢ ɧɚɢɛɨɥɟɟ 
ɩɪɢɟɦɥɟɦ ɞɥɹ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, 
ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɫɭɲɤɢ ɤɨɬɨɪɵɯ ɢɫɱɢɫɥɹɟɬɫɹ 
ɞɟɫɹɬɤɚɦɢ ɫɟɤɭɧɞ ɢɥɢ ɦɢɧɭɬɚɦɢ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɫɭɲɤɚ ɦɚɬɟɪɢɚɥɨɜ ɜ «ɤɢɩɹɳɟɦ ɫɥɨɟ» ɩɨɡɜɨɥɹɟɬ 
ɡɧɚɱɢɬɟɥɶɧɨ ɪɚɫɲɢɪɢɬɶ ɨɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ 
ɦɟɬɨɞɚ ɫɭɲɤɢ ɜɨ ɜɡɜɟɲɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. 

ɍɩɪɨɳɟɧɧɚɹ ɫɯɟɦɚ ɚɩɩɚɪɚɬɚ, 
ɜɵɩɨɥɧɹɸɳɟɝɨ ɫɭɲɤɭ ɜ «ɤɢɩɹɳɟɦ ɫɥɨɟ», 
ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 3, ɤɚɪɬɢɧɚ ɩɨɬɨɤɨɜ ɜ 
«ɩɫɟɜɞɨɨɠɢɠɟɧɧɨɦ ɫɥɨɟ» ɩɪɢɜɨɞɢɬɫɹ ɧɚ ɪɢɫ. 4.  

B ɤɚɦɟɪɭ ɫɭɲɢɥɤɢ, ɫɧɚɛɠɟɧɧɨɣ 
ɝɚɡɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɪɟɲɟɬɤɨɣ, ɩɨɦɟɳɚɟɬɫɹ 
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ɫɵɩɭɱɢɣ ɦɚɬɟɪɢɚɥ. 
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Ɋɢɫ. 2. Ɏɭɧɤɰɢɨɧɚɥɶɧɨ-ɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɯɟɦ ɫɭɲɤɢ 
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Ɍɚɛɥɢɰɚ 2.Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɫɭɲɢɥɶɧɵɯ ɭɫɬɚɧɨɜɨɤ 

ɉɪɢɡɧɚɤ 
ɤɥɚɫɫɢɮɢɤɚɰɢɢ 

Ɍɢɩɵ ɫɭɲɢɥɨɤ 

ɉɨ ɫɩɨɫɨɛɭ 
ɩɨɞɜɨɞɚ ɬɟɩɥɚ ɤ 
ɦɚɬɟɪɢɚɥɭ 

 

 

Ʉɨɧɜɟɤɬɢɜɧɵɟ,   
ɤɨɧɬɚɤɬɧɵɟ (ɫɭɲɤɚ ɧɚ 
ɝɨɪɹɱɢɯ ɩɨɜɟɪɯɧɨɫɬɹɯ), 
ɪɚɞɢɚɰɢɨɧɧɵɟ  (ɫɭɲɤɚ 
ɢɧɮɪɚɤɪɚɫɧɵɦɢ ɥɭɱɚɦɢ),   
ɷɥɟɤɬɪɢɱɟɫɤɢɟ  (ɫɭɲɤɚ  ɜ 
ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨɥɟ) 

ɉɨ   ɞɚɜɥɟɧɢɸ  ɜ  
ɪɚɛɨɱɟɦ 
ɩɪɨɫɬɪɚɧɫɬɜɟ 

Ⱥɬɦɨɫɮɟɪɧɵɟ ɜɚɤɭɭɦɧɵɟ 

ɉɨ ɫɩɨɫɨɛɭ 
ɞɟɣɫɬɜɢɹ 

ɉɟɪɢɨɞɢɱɟɫɤɨɝɨ  ɢɥɢ  

ɧɟɩɪɟɪɵɜɧɨɝɨ ɞɟɣɫɬɜɢɹ 

ɋɭɲɢɥɶɧɵɣ 
ɚɝɟɧɬ 

ȼɨɡɞɭɯ, ɬɨɩɨɱɧɵɟ ɝɚɡɵ, 
ɫɦɟɫɶ ɜɨɡɞɭɯɚ  ɫ 
ɬɨɩɨɱɧɵɦɢ ɝɚɡɚɦɢ, 
ɩɟɪɟɝɪɟɬɵɣ ɩɚɪ  ɢ 
ɢɧɟɪɬɧɵɟ ɝɚɡɵ 

ɉɨ ɧɚɩɪɚɜɥɟɧɢɸ 
ɞɜɢɠɟɧɢɹ 
ɫɭɲɢɥɶɧɨɝɨ 
ɚɝɟɧɬɚ 
ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɦɚɬɟɪɢɚɥɚ 

C ɩɪɹɦɨɬɨɤɨɦ, ɩɪɨɬɢɜɨ-

ɬɨɤɨɦ, ɩɟɪɟɤɪɟɫɬɧɵɦ 
ɬɨɤɨɦ ɢ ɪɟɜɟɪɫɢɜɧɵɟ 

ɉɨ ɯɚɪɚɤɬɟɪɭ 
ɰɢɪɤɭɥɹɰɢɢ 
ɫɭɲɢɥɶɧɨɝɨ 
ɚɝɟɧɬɚ 

C ɟɫɬɟɫɬɜɟɧɧɨɣ  ɢ  
ɩɪɢɧɭɞɢɬɟɥɶɧɨɣ 
ɰɢɪɤɭɥɹɰɢɟɣ 

ɉɨ ɫɩɨɫɨɛɭ 
ɧɚɝɪɟɜɚ 
ɫɭɲɢɥɶɧɨɝɨ 
ɚɝɟɧɬɚ 

C ɩɚɪɨɜɵɦɢ ɜɨɡɞɭɯɨ-

ɩɨɞɨɝɪɟɜɚɬɟɥɹɦɢ, 
ɨɝɧɟɜɵɦɢ ɜɨɡɞɭɯɨ-

ɩɨɞɨɝɪɟɜɚɬɟɥɹɦɢ, ɩɭɬɟɦ   
ɫɦɟɲɟɧɢɹ  ɫ   ɬɨɩɨɱɧɵɦɢ 
ɝɚɡɚɦɢ, ɫ ɷɥɟɤɬɪɨɧɚ-

ɝɪɟɜɨɦ 

ɋɯɟɦɚ ɧɚɝɪɟɜɚ 
ɫɭɲɢɥɶɧɨɝɨ 
ɚɝɟɧɬɚ 

C   ɰɟɧɬɪɚɥɢɡɨɜɚɧɧɵɦ   
ɩɨɞɨɝɪɟɜɨɦ, ɫ  ɩɨɞɨɝɪɟ-

ɜɨɦ   ɢɧɞɢɜɢ-ɞɭɚɥɶɧɵɦɢ 
ɚɝɪɟɝɚɬɚɦɢ  ɢ ɫ ɩɪɨɦɟ-

ɠɭɬɨɱɧɵɦ ɩɨɞɨɝɪɟɜɨɦ 

 

Ⱦɥɹ ɫɨɡɞɚɧɢɹ ɪɟɠɢɦɚ ɥɨɤɚɥɶɧɨɝɨ 
ɮɨɧɬɚɧɢɪɨɜɚɧɢɹ ɱɟɪɟɡ ɝɚɡɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɭɸ 
ɪɟɲɟɬɤɭ ɜ ɩɫɟɜɞɨɨɠɢɠɟɧɧɵɣ ɫɥɨɣ ɜɜɨɞɢɬɫɹ 
ɨɠɢɠɚɸɳɢɣ ɚɝɟɧɬ ɫ ɜɵɫɨɤɨɣ ɫɤɨɪɨɫɬɶɸ. 
Ȼɥɚɝɨɞɚɪɹ ɷɬɨɦɭ ɜ ɫɥɨɟ ɨɛɪɚɡɭɸɬɫɹ ɡɨɧɵ, ɜ 
ɤɨɬɨɪɵɯ ɱɚɫɬɢɰɚ ɢ ɫɪɟɞɚ ɞɜɢɠɭɬɫɹ ɫ ɛɨɥɟɟ 
ɜɵɫɨɤɢɦ, ɱɟɦ ɜ ɫɥɨɟ, ɫɤɨɪɨɫɬɹɦɢ, ɚ ɨɛɦɟɧ ɦɟɠɞɭ 
ɷɬɢɦɢ ɡɨɧɚɦɢ ɞɟɥɚɟɬ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɵɦɢ 
ɩɪɨɰɟɫɫɵ ɬɟɩɥɨ- ɢ ɦɚɫɫɨɨɛɦɟɧɚ. 

Ƚɢɞɪɨɞɢɧɚɦɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ ɩɨɬɨɤɨɜ, 
ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɥɨɤɚɥɶɧɨɦ ɜɜɨɞɟ ɨɠɢɠɚɸɳɟɝɨ 
ɚɝɟɧɬɚ ɜ ɩɫɟɜɞɨɨɠɢɠɟɧɧɵɣ ɫɥɨɣ, ɭɤɚɡɵɜɚɟɬ ɧɚ 
ɧɚɥɢɱɢɟ ɱɟɬɵɪɟɯ ɡɨɧ ɩɟɪɟɦɟɲɢɜɚɧɢɹ (ɪɢɫ. 2). 

Ɂɨɧɚ I - ɮɨɧɬɚɧ ɢɡ ɱɚɫɬɢɰ, ɞɜɢɠɭɳɢɯɫɹ 
ɜɜɟɪɯ. 

Ɂɨɧɚ II - ɩɪɢɪɟɲɟɬɨɱɧɚɹ ɚɤɬɢɜɧɚɹ ɡɨɧɚ. 
Ɋɚɜɧɨɞɟɣɫɬɜɭɸɳɚɹ ɫɢɥ ɧɚ ɱɚɫɬɢɰɵ ɜ 

ɷɬɨɣ ɡɨɧɟ ɧɚɩɪɚɜɥɟɧɚ ɜ ɫɬɨɪɨɧɭ ɮɨɧɬɚɧɚ 
ɜɫɥɟɞɫɬɜɢɟ ɢɧɬɟɧɫɢɜɧɨɝɨ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɢ 
ɜɬɹɝɢɜɚɸɳɟɣ ɫɢɥɵ ɮɨɧɬɚɧɚ. 

Ɂɨɧɚ III - ɡɨɧɚ ɫɥɨɹ, ɩɪɢɥɟɝɚɸɳɟɝɨ ɤ 
ɮɨɧɬɚɧɭ ɢ ɚɤɬɢɜɧɨ ɩɢɬɚɸɳɚɹ ɮɨɧɬɚɧ. 

Ɂɨɧɚ I↑ - ɧɚɢɦɟɧɟɟ ɚɤɬɢɜɧɚɹ ɡɨɧɚ ɫ 
ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɵɦ ɞɜɢɠɟɧɢɟɦ ɜɧɢɡ ɡɚ ɫɱɟɬ 
ɨɛɦɟɧɚ ɫ ɚɤɬɢɜɧɨɣ ɩɪɢɪɟɲɟɬɨɱɧɨɣ ɡɨɧɨɣ II ɢ 
ɡɨɧɨɣ III. 

 

 

Ɋɢɫ. 3  ɋɯɟɦɚ ɫɭɲɢɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ 

 

 

 

 

Ɋɢɫ. 4  ɋɯɟɦɚ ɫɬɪɭɤɬɭɪɵ ɩɨɬɨɤɨɜ ɩɪɢ ɧɚɥɨɠɟɧɢɢ 
ɧɚ ɩɫɟɜɞɨɨɠɢɠɚɸɳɢɣ ɫɥɨɣ ɪɟɠɢɦɚ 

ɮɨɧɬɚɧɢɪɨɜɚɧɢɹ 

 

ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɩɪɨɰɟɫɫɚ ɜɵɞɟɥɢɦ 
ɬɪɢ ɨɫɧɨɜɧɵɯ ɜɟɥɢɱɢɧɵ, ɢɡɦɟɧɟɧɢɟ ɤɨɬɨɪɵɯ 
ɛɭɞɟɬ ɢɫɫɥɟɞɨɜɚɬɶɫɹμ ɬɟɦɩɟɪɚɬɭɪɚ, ɤɨɧɰɟɧɬɪɚɰɢɹ 
ɢ ɫɤɨɪɨɫɬɶ ɜɥɚɠɧɨɝɨ ɫɵɩɭɱɟɝɨ ɦɚɬɟɪɢɚɥɚ. 
ɂɦɟɸɳɢɣɫɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ ɚɩɩɚɪɚɬ ɭɪɚɜɧɟɧɢɣ 
ɜ ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɩɨɡɜɨɥɹɟɬ ɦɨɞɟɥɢɪɨɜɚɬɶ 
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ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɬɢɯ ɜɟɥɢɱɢɧ no ɫɟɱɟɧɢɸ ɤɚɦɟɪɵ 
ɫɭɲɢɥɤɢ, ɫɢɫɬɟɦɚ ɩɨɥɭɱɟɧɧɵɯ ɭɪɚɜɧɟɧɢɣ 
ɫɨɫɬɚɜɥɹɟɬ ɨɫɧɨɜɭ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ 
ɪɚɡɪɚɛɚɬɵɜɚɟɦɨɣ ɫɢɫɬɟɦɵ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ. 

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ ɫɬɪɨɢɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. 

B ɫɭɲɢɥɶɧɨɦ ɚɩɩɚɪɚɬɟ ɬɪɟɛɭɟɬɫɹ 
ɨɩɪɟɞɟɥɢɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɪɢ 

ɡɚɞɚɧɧɨɦ ɤɨɥɢɱɟɫɬɜɟ ɭɡɥɨɜ (ɨɬɜɟɪɫɬɢɣ) ɧɚ 
ɝɚɡɨɪɚɫɩɪɟɞɟɥɢɬɟɥɶɧɨɣ ɪɟɲɟɬɤɟ. 

Ɍɚɤɢɟ ɡɚɞɚɱɢ ɨɬɧɨɫɹɬɫɹ ɤ ɤɥɚɫɫɭ ɤɪɚɟɜɵɯ 
ɡɚɞɚɱ ɫɨ ɫɦɟɲɚɧɧɵɦɢ ɤɪɚɟɜɵɦɢ ɭɫɥɨɜɢɹɦɢ, ɚ 
ɫɚɦɨ ɭɪɚɜɧɟɧɢɟ ɟɫɬɶ ɭɪɚɜɧɟɧɢɟ ɷɥɥɢɩɬɢɱɟɫɤɨɝɨ 
ɬɢɩɚ. 

Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɤɪɚɟɜɵɟ ɭɫɥɨɜɢɹ 
ɢɦɟɸɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞμ 
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ɝɞɟ U – ɬɟɦɩɟɪɚɬɭɪɚ  ɩɨɫɬɭɩɚɸɳɟɝɨ ɝɚɡɚ; c –  

ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ ɫɵɩɭɱɟɣ ɫɪɟɞɵ;  ρ – 

ɩɥɨɬɧɨɫɬɶ ɫɪɟɞɵ;  ω – ɫɤɨɪɨɫɬɶ ɩɨɫɬɭɩɚɸɳɟɝɨ 
ɝɚɡɚ; k  – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ 
ɫɪɟɞɵ; α  – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɛɦɟɧɚ;   TS    – 

ɬɟɦɩɟɪɚɬɭɪɚ ɜɧɟɲɧɟɝɨ ɫɥɨɹ. 
Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɫɤɨɪɨɫɬɢ ɫɬɪɨɢɬɫɹ ɧɚ ɨɫɧɨɜɚɧɢɢ ɫɥɟɞɭɸɳɢɯ 
ɫɨɨɛɪɚɠɟɧɢɣ. ɉɭɫɬɶ u(x,y) – ɩɪɨɞɨɥɶɧɚɹ, a v(x,y) 

– ɩɨɩɟɪɟɱɧɚɹ ɫɤɨɪɨɫɬɶ ɜɟɳɟɫɬɜɚ ɜ ɫɭɲɢɥɤɟ. ɗɬɢ 
ɤɨɦɩɨɧɟɧɬɵ ɫɤɨɪɨɫɬɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɤɚɤ ɪɟɲɟɧɢɟ 
ɫɥɟɞɭɸɳɟɣ ɤɪɚɟɜɨɣ ɡɚɞɚɱɢμ 
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ɩɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɹɯ. 
Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɩɨɥɹ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɜ ɤɚɦɟɪɟ ɫɭɲɢɥɤɢ ɨɫɧɨɜɵɜɚɟɬɫɹ 
ɧɚ ɫɥɟɞɭɸɳɢɯ ɩɨɥɨɠɟɧɢɹɯ.  Ɏɭɧɤɰɢɹ  C(x,y,t) 

ɹɜɥɹɟɬɫɹ ɪɟɲɟɧɢɟɦ ɤɨɧɜɟɤɬɢɜɧɨɝɨ ɭɪɚɜɧɟɧɢɹ 
ɞɢɮɮɭɡɢɢ 
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ɝɞɟ Д – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ;  
v1(x,y), v2(x,y) – ɩɪɨɞɨɥɶɧɚɹ ɢ ɩɨɩɟɪɟɱɧɚɹ 
ɤɨɦɩɨɧɟɧɬɵ ɫɤɨɪɨɫɬɢ, ɤɨɬɨɪɵɟ  ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ 
ɪɟɲɟɧɢɹ ɤɪɚɟɜɨɣ ɡɚɞɚɱɢ (2). 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɪɚɡɪɚɛɨɬɚɧɧɵɟ 
ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɵɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ 
ɨɫɧɨɜɧɵɯ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɩɪɢ ɫɭɲɤɟ 
ɜɥɚɠɧɨɝɨ ɫɵɩɭɱɟɝɨ ɦɚɬɟɪɢɚɥɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɫɩɨɫɨɛɚ «ɤɢɩɹɳɟɝɨ ɫɥɨɹ», ɚɞɟɤɜɚɬɧɨ 
ɩɪɟɞɫɬɚɜɥɹɸɬ ɩɪɨɰɟɫɫ ɤɚɤ ɨɛɴɟɤɬ ɫ 
ɪɚɫɩɪɟɞɟɥɟɧɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɢ ɞɚɸɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɨɛɨɫɧɨɜɚɧɢɹ ɪɚɰɢɨɧɚɥɶɧɵɯ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɫɭɲɢɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ.    

Ɏɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɫɢɫɬɟɦɵ 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɝɨɥɨɜɧɨɣ ɩɪɨɝɪɚɦɦɨɣ. 

ɇɚ ɪɢɫ. 5  ɩɪɢɜɟɞɟɧɚ ɨɛɨɛɳɟɧɧɚɹ ɛɥɨɤ-

ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɝɨɥɨɜɧɨɣ 
ɩɪɨɝɪɚɦɦɵ.  

Ȼɥɨɤ 1 ɫɨɞɟɪɠɢɬ ɢɧɮɨɪɦɚɰɢɸ ɨ ɫɨɫɬɚɜɟ 
ɢ ɫɜɨɣɫɬɜɚɯ ɦɚɬɟɪɢɚɥɚ, ɩɨɫɬɭɩɚɸɳɟɝɨ ɧɚ ɫɭɲɤɭ. 
ɂɧɮɨɪɦɚɰɢɹ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɦɚɫɫɢɜɚ ɢɥɢ 
ɮɚɣɥɚ ɫ ɤɚɤ ɦɨɠɧɨ ɛɨɥɟɟ ɩɨɥɧɵɦ ɧɚɛɨɪɨɦ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ. 

ȼ ɷɬɨɦ ɠɟ ɛɥɨɤɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ 
ɢɧɮɨɪɦɚɰɢɹ ɨ ɫɭɲɢɥɶɧɨɦ ɚɝɟɧɬɟ, ɡɚ ɫɱɟɬ 
ɜɨɡɞɟɣɫɬɜɢɹ ɤɨɬɨɪɨɝɨ ɫɨɡɞɚɟɬɫɹ ɷɮɮɟɤɬ 
«ɩɫɟɜɞɨɨɠɢɠɟɧɢɹ».      

ȼ ɛɥɨɤɟ 2 ɩɨɦɟɳɚɟɬɫɹ ɢɧɮɨɪɦɚɰɢɹ ɨ ɬɟɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɯ ɤɨɧɟɱɧɨɝɨ ɩɪɨɞɭɤɬɚ, ɤɨɬɨɪɵɟ 
ɞɨɥɠɧɵ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧɵ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɜɨɡɞɟɣɫɬɜɢɹ. Ɉɫɧɨɜɧɵɟ ɢɡ ɧɢɯ – ɷɬɨ ɜɥɚɠɧɨɫɬɶ 
ɧɚ ɜɵɯɨɞɟ ɢ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɚɩɩɚɪɚɬɚ, 
ɨɞɧɚɤɨ ɜ ɩɪɨɰɟɫɫɟ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɨɝɭɬ ɛɵɬɶ 
ɪɚɫɫɦɨɬɪɟɧɵ ɢ ɞɪɭɝɢɟ ɩɨɤɚɡɚɬɟɥɢ. 

Ȼɥɨɤ 3 – ɨɫɧɨɜɧɨɣ ɪɚɫɱɟɬɧɵɣ ɛɥɨɤ. 
Ɂɞɟɫɶ ɜɵɩɨɥɧɹɟɬɫɹ ɱɢɫɥɟɧɧɚɹ ɪɟɚɥɢɡɚɰɢɹ ɜɫɟɯ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɨɞɟɥɟɣ, ɜɤɥɸɱɚɟɦɵɯ ɜ 
ɩɪɟɞɦɟɬɧɭɸ ɨɛɥɚɫɬɶ ɋȺɉɪ. ɇɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɷɬɨ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪɵ ɦɚɬɟɪɢɚɥɚ ɜ ɤɚɦɟɪɟ ɫɭɲɢɥɤɢ, 
ɫɤɨɪɨɫɬɢ ɱɚɫɬɢɰ ɢ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɨɛɪɚɛɚɬɵɜɚɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

Ʉɚɤ ɪɟɡɭɥɶɬɚɬ ɪɚɛɨɬɵ ɛɥɨɤɚ ɩɨɥɭɱɚɸɬɫɹ 
ɡɧɚɱɟɧɢɹ ɭɤɚɡɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɢ ɜɵɱɢɫɥɹɸɬɫɹ 
ɜɫɟ ɞɪɭɝɢɟ ɜɟɥɢɱɢɧɵ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ 
ɩɨɤɚɡɚɬɟɥɢ ɪɚɛɨɬɵ ɭɫɬɚɧɨɜɤɢ. 

ȼ ɛɥɨɤɟ 4 ɜɵɩɨɥɧɹɟɬɫɹ ɜɟɪɢɮɢɤɚɰɢɹ 
ɪɚɫɱɟɬɧɵɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɨɜ ɩɨ ɡɚɞɚɧɧɵɦ 
ɡɧɚɱɟɧɢɹɦ ɩɨɤɚɡɚɬɟɥɟɣ, ɨɩɪɟɞɟɥɹɸɳɢɯ 
ɬɪɟɛɨɜɚɧɢɹ ɤ ɤɨɧɟɱɧɨɦɭ ɩɪɨɞɭɤɬɭ. ȼɟɪɢɮɢɤɚɰɢɹ 
ɦɨɠɟɬ ɛɵɬɶ ɩɨɫɬɪɨɟɧɚ ɤɚɤ ɩɨ ɩɪɢɧɰɢɩɭ 
«ɤɨɧɫɟɧɫɭɫɚ», ɤɨɝɞɚ ɨɬɤɥɨɧɟɧɢɟ ɯɨɬɹ ɛɵ ɨɞɧɨɝɨ 
ɩɚɪɚɦɟɬɪɚ ɜɵɡɵɜɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɤɨɪɪɟɤɰɢɢ 
ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ ɢ ɩɨɜɬɨɪɟɧɢɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, 
ɬɚɤ ɢ ɩɨ ɢɧɬɟɝɪɚɥɶɧɨɦɭ ɩɪɢɧɰɢɩɭ ɫ 



                                                        ɂɇɎɈɊɆȺɌɂɄȺ ɂ ɄɂȻȿɊɇȿɌɂɄȺ                                 № 2(4), 2016     

                                                                                                                                                   Ⱦɨɧɟɰɤ ȾɨɧɇɌɍ                                 
                                                                                                                              

                                          

55 

 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ, ɧɚɩɪɢɦɟɪ, ɦɟɬɨɞɚ ɧɚɢɦɟɧɶɲɢɯ 
ɤɜɚɞɪɚɬɨɜ. 

 

 
 

Ɋɢɫ. 5  Ȼɥɨɤ-ɫɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɝɨɥɨɜɧɨɣ 
ɩɪɨɝɪɚɦɦɵ 

ȼɵɜɨɞɵ 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɧɵɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɚɡɪɚɛɨɬɚɧɚ ɫɬɪɭɤɬɭɪɚ ɫɢɫɬɟɦɵ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 
ɬɟɯɧɨɥɨɝɢɢ ɫɭɲɤɢ ɢ ɚɥɝɨɪɢɬɦɵ 

ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɟё ɩɨɞɫɢɫɬɟɦ. Ɉɛɨɫɧɨɜɚɧ 
ɫɨɫɬɚɜ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɫɢɫɬɟɦɵ, 
ɨɫɧɨɜɭ ɤɨɬɨɪɨɝɨ ɫɨɫɬɚɜɥɹɸɬ ɭɪɚɜɧɟɧɢɹ 
ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɮɢɡɢɤɢ, ɨɛɪɚɡɭɸɳɢɟ 
ɞɟɬɟɪɦɢɧɢɪɨɜɚɧɧɭɸ ɦɨɞɟɥɶ ɩɪɨɰɟɫɫɨɜ. 
Ɉɫɧɨɜɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɫɢɫɬɟɦɵ 
ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ 
ɬɨ, ɱɬɨ ɫ ɟɟ ɩɨɦɨɳɶɸ ɭɞɚɟɬɫɹ ɩɨɥɭɱɢɬɶ 
ɞɨɫɬɚɬɨɱɧɨ ɩɨɥɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɪɚɡɥɢɱɧɵɯ 
ɜɚɪɢɚɧɬɚɯ ɩɪɨɟɤɬɚ, ɩɪɢ ɷɬɨɦ ɢɡɛɟɠɚɬɶ ɦɚɫɫɵ 
ɪɭɬɢɧɧɵɯ ɨɩɟɪɚɰɢɣ ɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 
ɩɪɨɜɟɞɟɧɢɹ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ 
ɞɨɪɨɝɨɫɬɨɹɳɢɯ ɩɪɨɦɵɲɥɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ.  
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ɉɚɜɥɵɲ ȼ.ɇ., Ɍɚɪɚɛɚɟɜɚ ɂ.ȼ.,  Ɍɭɪɱɚɧɢɧ Ƚ.ɂ. Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ 
ɫɯɟɦ ɫɭɲɤɢ ɨɛɨɝɚɳёɧɧɨɝɨ ɭɝɥɹ Ɋɚɫɫɦɚɬɪɢвɚеɬɫɹ ɡɚɞɚɱɚ ɪɚɡɪɚɛоɬɤɢ ɫɬɪɭɤɬɭɪɵ ɢ ɩɪɢɧɰɢɩов 
ɮɭɧɤɰɢоɧɢɪовɚɧɢɹ ɫɢɫɬеɦɵ ɚвɬоɦɚɬɢɡɢɪовɚɧɧоɝо ɩɪоеɤɬɢɪовɚɧɢɹ ɬеɯɧоɥоɝɢɱеɫɤɢɯ ɫɯеɦ ɫɭɲɤɢ 
оɛоɝɚщеɧɧоɝо ɭɝɥɹ. ɉоɤɚɡɚɧо, ɱɬо ɧɚɢɛоɥее ɷɮɮеɤɬɢвɧɵɦ ɦеɬоɞоɦ ɫɭɲɤɢ ɹвɥɹеɬɫɹ ɫɩоɫоɛ «ɤɢɩɹщеɝо 
ɫɥоɹ». ȼ оɫɧовɭ ɦɚɬеɦɚɬɢɱеɫɤоɝо оɛеɫɩеɱеɧɢɹ ɫɢɫɬеɦɵ ɩоɥоɠеɧɚ ɞеɬеɪɦɢɧɢɪовɚɧɧɚɹ  
ɦɚɬеɦɚɬɢɱеɫɤɚɹ ɦоɞеɥɶ ɩɪоɰеɫɫɚ ɫɭɲɤɢ в вɢɞе ɫɢɫɬеɦɵ ɭɪɚвɧеɧɢɣ ɦɚɬеɦɚɬɢɱеɫɤоɣ ɮɢɡɢɤɢ. Ɉɫɧовɧɵɦ 
ɩɪеɢɦɭщеɫɬвоɦ ɫɢɫɬеɦɵ ɚвɬоɦɚɬɢɡɢɪовɚɧɧоɝо ɩɪоеɤɬɢɪовɚɧɢɹ ɹвɥɹеɬɫɹ ɬо, ɱɬо ɫ ее ɩоɦощɶɸ 
ɭɞɚеɬɫɹ ɩоɥɭɱɢɬɶ ɞоɫɬɚɬоɱɧо ɩоɥɧɭɸ ɢɧɮоɪɦɚɰɢɸ о ɪɚɡɥɢɱɧɵɯ вɚɪɢɚɧɬɚɯ ɩɪоеɤɬɚ, ɩɪɢ ɷɬоɦ 
ɢɡɛеɠɚɬɶ ɦɚɫɫɵ ɪɭɬɢɧɧɵɯ оɩеɪɚɰɢɣ ɢ ɧеоɛɯоɞɢɦоɫɬɢ ɩɪовеɞеɧɢɹ ɡɧɚɱɢɬеɥɶɧоɝо ɤоɥɢɱеɫɬвɚ 
ɞоɪоɝоɫɬоɹщɢɯ ɩɪоɦɵɲɥеɧɧɵɯ ɷɤɫɩеɪɢɦеɧɬов.  
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Pavlysh V.N., Tarabayeva S.V., Turchanin G.I. The automatic projecting of enriched coal drying 

technological schemes. The problem of creation of structure and principles of activity of system of automatic 

projecting of technological schemes of drying of enriched coal is considered. Provided most effective method of 

НrвТnР “ЛoТlТnР lКвОr”.. TСО ЛКsО oП mКtСОmКtТМКl soПt oП system is determined mathematical model of process of 

drying as the system of equations of mathematical physics. The main preference of automatic projecting system 

is the ability of obtaining enough full information about various variants of project without grate number of 

routine operations and many industrial experiments   

 Key words: process, technology, mathematical model, structure, algorithm. 
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