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1. ゑçñÑñÖóñ 
Ɇɟɬɚɥɥɢɱɟɫɤɢɟ ɩɨɪɨɲɤɢ ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɨ ɦɧɨɝɢɯ ɫɨɜɪɟɦɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɹɯ, ɚ ɬɚɤ ɠɟ 

ɨɧɢ ɧɚɲɥɢ ɫɜɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɜɢɞɟ ɧɚɩɨɥɧɢɬɟɥɟɣ ɪɚɡɥɢɱɧɵɯ ɤɨɦɩɨɡɢɬɨɜ. ȼ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɜ ɪɹɞɟ 
ɫɥɭɱɚɟɜ, ɩɪɨɜɨɞɹɬ ɩɪɟɞɜɚɪɢɬɟɥɶɧɭɸ ɚɤɬɢɜɚɰɢɸ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɪɨɲɤɨɜ, ɭɥɭɱɲɚɹ ɫɨɜɦɟɫɬɢɦɨɫɬɶ 
ɧɚɩɨɥɧɢɬɟɥɹ ɢ ɦɚɬɪɢɰɵ. 

Ⱥɤɬɢɜɚɰɢɹ ɩɨɪɨɲɤɚ ɦɨɠɟɬ ɨɤɚɡɵɜɚɬɶ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɢɡɦɟɧɟɧɢɟ ɮɢɡɢɤɨ-
ɯɢɦɢɱɟɫɤɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɩɪɢ ɫɩɟɤɚɧɢɢ ɥɭɱɨɦ ɥɚɡɟɪɚ, ɬɟɦ ɫɚɦɵɦ ɢɡɦɟɧɹɹ ɫɜɨɣɫɬɜɚ ɤɨɦɩɨɡɢɬɚ [1]. 

ɉɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɤɨɦɩɨɡɢɬɨɜ ɧɚ ɨɫɧɨɜɟ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɪɨɲɤɨɜ ɜɨɡɧɢɤɚɟɬ ɩɪɨɛɥɟɦɚ ɦɟɠ-

ɝɪɚɧɢɱɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɦɟɬɚɥɥ-ɦɟɬɚɥɥ, ɤɨɬɨɪɚɹ ɨɛɭɫɥɨɜɥɟɧɚ ɧɢɡɤɨɣ ɚɤɬɢɜɧɨɫɬɶɸ ɩɨɜɟɪɯɧɨɫɬɢ 

ɱɚɫɬɢɰ ɤɨɦɩɨɡɢɬɚ. Ɉɫɨɛɟɧɧɨ ɷɬɨ ɯɨɪɨɲɨ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɢ ɩɨɫɥɨɣɧɨɦ ɥɚɡɟɪɧɨɦ ɫɩɟɤɚɧɢɢ ɢ ɩɪɨɹɜɥɹ-
ɟɬɫɹ ɜ ɜɢɞɟ ɷɮɮɟɤɬɚ ɤɨɚɝɭɥɹɰɢɢ. ɋɭɬɶ ɞɚɧɧɨɝɨ ɷɮɮɟɤɬɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɤɨɧɟɱɧɚɹ ɫɬɚɞɢɹ ɩɪɨ-
ɰɟɫɫɚ ɫɩɟɤɚɧɢɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɚɥɢɱɢɟɦ ɜ ɨɛɪɚɡɰɟ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɤɪɭɩɧɵɯ ɩɨɪ. ɗɬɨ ɹɜɥɟɧɢɟ ɨɤɚ-
ɡɵɜɚɟɬ ɫɭɳɟɫɬɜɟɧɧɨɟ, ɱɚɫɬɨ ɧɟɝɚɬɢɜɧɨɟ, ɜɥɢɹɧɢɟ ɧɚ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɨɥɭɱɚɟɦɵɯ ɦɚ-
ɬɟɪɢɚɥɨɜ. Ɋɟɲɢɬɶ ɞɚɧɧɭɸ ɩɪɨɛɥɟɦɭ ɦɨɠɧɨ ɩɪɢɦɟɧɹɹ ɪɚɡɥɢɱɧɵɟ ɯɢɦɢɱɟɫɤɢɟ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɩɨɫɨ-
ɛɵ ɚɤɬɢɜɚɰɢɢ [2]. 

Ɉɞɧɚɤɨ ɩɪɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɚɤɬɢɜɚɰɢɢ ɦɟɞɧɨɝɨ ɩɨɪɨɲɤɚ ɩɪɨɢɫɯɨɞɢɬ ɟɝɨ ɪɚɫɤɥɟɩɵɜɚɧɢɟ, ɩɨɪɨ-
ɲɨɤ ɩɪɢɧɢɦɚɟɬ ɮɨɪɦɭ ɜ ɜɢɞɟ ɱɟɲɭɟɤ, ɱɬɨ ɧɟɞɨɩɭɫɬɢɦɨ ɞɥɹ ɩɨɫɥɨɣɧɨɝɨ ɥɚɡɟɪɧɨɝɨ ɫɢɧɬɟɡɚ. Ɍɚɤɢɦ 

ɨɛɪɚɡɨɦ, ɧɟɨɛɯɨɞɢɦɨ ɧɚɣɬɢ ɬɚɤɨɣ ɫɩɨɫɨɛ ɚɤɬɢɜɚɰɢɢ, ɤɨɬɨɪɵɣ ɛɵ ɩɨɡɜɨɥɹɟɬ ɢɡɦɟɧɹɬɶ ɫɬɪɭɤɬɭɪɭ ɢ 

ɫɜɨɣɫɬɜɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɪɨɲɤɚ, ɧɨ ɩɪɢ ɷɬɨɦ ɧɟ ɢɡɦɟɧɹɥ ɛɵ ɮɨɪɦɭ ɱɚɫɬɢɰ [3].  
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ɤɰɢɹ 2: ɂɧɧɨ

Ɉɞɧɢɦ ɢɡ ɬɚ
ɨɬɤɚ ɦɚɬɟɪɢɚɥ
ɚɥɶɧɵɟ ɦɟɯɚ
ɨɣ ɫɬɪɭɤɬɭɪɵ

2. ぜñöÜÑ
Ⱥɤɬɢɜɚɰɢɹ ɩ
» ɧɚ ɨɫɧɨɜɟ ɢ
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ɩɪɟɞɫɬɚɜɥɹɟɬ
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ɨɡɚɦɢ ɨɛɥɭɱɟ
5) ɫ ɧɟɫɥɨɢɫɬ
 

ɗɤɫɩɟɪɢɦɟɧɬ
ɚ ɭɫɬɚɧɨɜɤɟ ɩ
ɨɣ ɬɟɯɧɨɥɨɝɢ
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ɝɨ ɫɬɨɥɚ, ɩɟɪ
ɂɬɬɟɪɛɢɟɜɵɣ 

100 ȼɬ.  
ɂɡɝɨɬɚɜɥɢɜɚɥ
ɤɢɣ ɪɟɠɢɦ ɫɩ
ɉɆɋ-1 ɫɨɫ
ɧ.; ɲɚɝ ɫɤɚɧɢ
ɫɩɟɤɚɥɢɫɶ ɜ 

3. づñ£Ü¿á
ȼ ɪɟɡɭɥɶɬɚɬɟ
ɦɟɞɢ ɧɟ ɧɚɛɥ
ɉɪɢ ɫɩɟɤɚɧɢ
ɤɚɯ 2 ɢ 3, ɡɧɚ
ɚ ɢɦɟɧɧɨ ɩɨɪ
ɬɟɥɶɧɵɯ ɢɡɦɟ
ɪɚɡɰɵ ɩɨɥɭɱɢ
ȼɫɥɟɞɫɬɜɢɟ ɬ
ɪɢɜɨɞɢɬ ɤ ɚɤɬ
 ɜ ɱɚɫɬɧɨɫɬɢ
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ɚɤɢɯ ɫɩɨɫɨɛɨɜ
ɥɨɜ ɢɨɧɢɡɢɪɭ
ɚɧɢɱɟɫɤɢɟ ɧɚɩ
ɵ [4,5].  

Ñ▲ ó ÜßÜëÜÑÜ
ɩɨɜɟɪɯɧɨɫɬɢ 

ɢɡɨɬɨɩɚ ɋɨ60

ɚɞɢɨɚɤɬɢɜɧɨ
ɬ ɫɨɛɨɣ ɫɜɢɧɰ
ɜɚ ɦɟɬɪɚ. ȼ ɰ
ɛɴɺɦ ɪɚɛɨɱɟɣ
ɟɧɢɹ ɨɬ 104 ɞɨ
ɬɨɣ ɫɬɪɭɤɬɭɪ

Ɋɢɫ. 1. Ƚɚɦ

ɬɚɥɶɧɵɟ ɢɫɫɥ
ɩɨɫɥɨɣɧɨɝɨ ɥ
ɢɱɟɫɤɢɣ ɥɚɡɟ
ɪɦɵ. Ɉɧɚ ɫɨɫ
ɫɨɧɚɥɶɧɨɝɨ ɤ
ɜɨɥɨɤɨɧɧɵɣ 

ɥɢɫɶ ɨɛɪɚɡɰɵ
ɩɟɤɚɧɢɹ ɨɛɪɚ
ɬɚɜɥɹɥɚ 15 ɢ
ɢɪɨɜɚɧɢɹ (x, 

ɡɚɳɢɬɧɨɣ ɫɪ
áöíö▲ ó ÜßïÜ
ɟ ɩɪɟɞɜɚɪɢɬɟ
ɥɸɞɚɟɬɫɹ. 
ɢɢ ɨɛɪɚɡɰɨɜ 
ɚɱɢɬɟɥɶɧɵɟ ɢ
ɪɢɫɬɨɫɬɶ ɫɩɟɱ
ɟɧɟɧɢɣ ɜ ɫɩɟ
ɢɥɢɫɶ ɨɱɟɧɶ 
ɬɨɝɨ, ɱɬɨ ɚɤɬ
ɬɢɜɧɨɦɭ ɜɡɚɢ
ɢ, ɫ ɤɢɫɥɨɪɨɞ

ɬɟɯɧɨɥɨɝɢɢ ɩ

ɜ, ɤɨɬɨɪɵɣ ɦ
ɭɸɳɢɦ ɢɡɥɭɱ
ɩɪɹɠɟɧɢɹ, ɤɨ

ÜçíÖóñ ~¡ïäñ
ɩɨɪɨɲɤɚ ɨɫɭ
, ɩɪɟɞɫɬɚɜɥɟɧ
ɝɨ ɢɡɨɬɨɩɚ ɋ
ɰɨɜɵɣ ɤɨɧɬɟɣ
ɰɟɧɬɪɟ ɤɨɧɬɟɣ
ɣ ɤɚɦɟɪɵ ɪɚɜ
ɨ 106 Ɋ. Ƚɚɦɦ
ɨɣ. 

ɦɦɚ-ɭɫɬɚɧɨɜɤ

ɥɟɞɨɜɚɧɢɹ ɩɨ
ɥɚɡɟɪɧɨɝɨ ɫɢɧ
ɟɪɧɵɣ ɤɨɦɩɥ
ɬɨɢɬ ɢɡ ɢɬɬɟɪ
ɤɨɦɩɶɸɬɟɪɚ, 
ɥɚɡɟɪ ɫ ɞɥɢɧ

ɵ ɤɜɚɞɪɚɬɧɨɣ
ɚɡɰɨɜ ɡɚɞɚɜɚɥ
ɢ 30 ȼɬ; ɫɤɨ
y, z) 0,2 ɦɦ; 

ɟɞɟ ɝɚɡɚ Ar. ȼ
Ü¢ÑñÖóñ 
ɟɥɶɧɨɣ ɚɤɬɢɜ

ɢɡ ɩɪɟɞɜɚɪɢɬ
ɢɡɦɟɧɟɧɢɹ ɧɚ
ɱɟɧɧɵɯ ɨɛɪɚɡ
ɟɱɟɧɧɵɯ ɨɛɪɚ
ɯɪɭɩɤɢɦɢ ɢ ɤ
ɬɢɜɚɰɢɹ ɩɪɨɢ
ɢɦɨɞɟɣɫɬɜɢɸ
ɞɨɦ. ɉɨɞɨɛɧɵ
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ɦɨɠɟɬ ɛɵɬɶ ɢ
ɱɟɧɢɟɦ. ɇɚɩɪ
ɨɬɨɪɵɟ ɫɭɳɟ

ñëó½ñÖöí¿áÖ
ɭɳɟɫɬɜɥɹɥɚɫɶ
ɧɧɨɣ ɧɚ ɪɢɫɭ
ɋɨ60 ɫɨ ɫɪɟɞɧ
ɣɧɟɪ, ɭɫɬɚɧɨɜ
ɣɧɟɪɚ ɧɚɯɨɞɢ
ɜɟɧ ɩɪɢɦɟɪɧɨ
ɦɚ-ɢɡɥɭɱɟɧɢɸ

ɤɚ «ɂɫɫɥɟɞɨɜ
 

ɨ ɫɩɟɤɚɧɢɸ ɚ
ɧɬɟɡɚ ɨɪɢɝɢɧ
ɥɟɤɫ ɮɨɪɦɢɪɨ
ɪɛɢɟɜɨɝɨ ɜɨɥ
ɫɢɫɬɟɦɵ ɑɉ
ɧɨɣ ɜɨɥɧɵ 10

ɣ ɮɨɪɦɨɣ ɫɨ ɫ
ɥɫɹ ɫɥɟɞɭɸɳ
ɨɪɨɫɬɶ ɫɤɚɧɢ
ɧɚɱɚɥɶɧɚɹ ɬ
ȼ ɤɚɱɟɫɬɜɟ ɩɨ

ɚɰɢɢ ɡɧɚɱɢɬɟ

ɬɟɥɶɧɨ ɚɤɬɢɜ
ɚɛɥɸɞɚɥɢɫɶ ɭ
ɡɰɨɜ ɩɨɧɢɠɚɥ
ɚɡɰɚɯ, ɩɨ ɫɪɚ
ɤɪɨɲɢɥɢɫɶ ɩ
ɢɫɯɨɞɢɥɚ ɧɚ ɜ
ɸ ɩɨɜɟɪɯɧɨɫɬ
ɵɟ ɧɚɛɥɸɞɟɧ

ɨɛɪɚɛɨɬɤɢ ɦɚ

ɢɫɩɨɥɶɡɨɜɚɧ ɞ
ɪɢɦɟɪ, ɢɡɜɟɫɬ
ɟɫɬɜɭɸɬ ɜ ɬɜɟ

ÖÜÇÜ óïï¿ñÑÜ
ɶ ɨɛɥɭɱɟɧɢɟɦ
ɭɧɤɟ 1. Ɋɚɛɨɬ
ɧɟɣ ɷɧɟɪɝɢɟɣ
ɜɥɟɧɧɵɣ ɧɚ ɫɬ
ɢɬɫɹ ɨɛɥɭɱɚɬɟ
ɨ 4200 ɫɦ3. Ⱥ
ɸ ɩɨɞɜɟɪɝɚɥɫɹ

ɜɚɬɟɥɶ» ɧɚ ɢɡ

ɚɤɬɢɜɢɪɨɜɚɧɧ
ɚɥɶɧɨɣ ɤɨɧɫɬ
ɨɜɚɧɢɹ ɩɨɜɟɪ
ɥɨɤɨɧɧɨɝɨ ɥɚ
ɉɍ, ɢ ɫɩɟɰɢɚ
070 ɧɦ ɩɨɡɜɨ

ɫɬɨɪɨɧɚɦɢ 10

ɳɢɦɢ ɩɚɪɚɦɟɬ
ɢɪɨɜɚɧɢɹ  ɦɟ
ɟɦɩɟɪɚɬɭɪɚ ɩ
ɨɞɥɨɠɤɢ ɢɫɩɨ

ɟɥɶɧɨɝɨ ɢɡɦɟ

ɜɢɪɨɜɚɧɧɵɯ ɩ
ɭ ɩɨɪɨɲɤɚ ɉɆ
ɥɚɫɶ. ɉɪɢ ɞɨɡ
ɚɜɧɟɧɢɸ ɫ ɧɟ
ɪɢ ɦɚɥɟɣɲɟɦ
ɜɨɡɞɭɯɟ, ɬɨ ɭ
ɬɢ ɱɚɫɬɢɰ ɩɨɪ
ɧɢɹ ɦɨɠɧɨ ɜɫ

ɚɬɟɪɢɚɥɨɜ ɜ ɦ

ɞɥɹ ɚɤɬɢɜɚɰɢ
ɬɧɨ, ɱɬɨ ɝɚɦɦ
ɟɪɞɨɦ ɬɟɥɟ, ɛ

çíÖó　 

ɦ ɧɚ ɝɚɦɦɚ-ɭ
ɬɚ ɟɺ ɨɫɧɨɜɚɧ
ɤɜɚɧɬɨɜ ɨɤɨ
ɬɚɧɢɧɟ, ɞɢɚɦ
ɟɥɶ ɜ ɜɢɞɟ ɤɚ
Ⱥɤɬɢɜɚɰɢɹ ɩɨ
ɹ ɩɨɪɨɲɨɤ ɦ

ɡɨɬɨɩɟ ɋɨ60 

ɧɨɝɨ ɦɟɞɧɨɝɨ
ɬɪɭɤɰɢɢ. ɍɫɬ
ɪɯɧɨɫɬɟɣ ɞɟɬ
ɚɡɟɪɚ ɅɄ – 10

ɚɥɶɧɨɝɨ ɩɪɨɝɪ
ɨɥɹɟɬ ɪɟɝɭɥɢɪ

0 ɦɦ ɢ ɬɨɥɳɢ
ɬɪɚɦɢ: ɦɨɳɧ
ɟɧɹɥɚɫɶ ɜ ɞɢ
ɩɨɪɨɲɤɚ 27 °

ɨɥɶɡɨɜɚɥɚɫɶ ɫ

ɟɧɟɧɢɟ ɧɚɫɵɩ

ɩɨɪɨɲɤɨɜ, ɤɨ
Ɇɋ-1 ɩɪɢ ɞɨ
ɡɟ ɝɚɦɦɚ-ɨɛɥɭ
ɟɨɛɥɭɱɟɧɧɵɦ
ɦ ɜɨɡɞɟɣɫɬɜɢɢ
ɭɜɟɥɢɱɟɧɢɟ ɩ
ɪɨɲɤɚ ɫ ɷɥɟɦ
ɫɬɪɟɬɢɬɶ ɜ ɪɚ

ɦɚɲɢɧɨɫɬɪɨɟɧ

ɢɢ ɩɨɪɨɲɤɚ ɹ
ɦɚ-ɢɡɥɭɱɟɧɢɟ
ɛɟɡ ɨɛɪɚɡɨɜɚ

ɭɫɬɚɧɨɜɤɟ «ɂ
ɧɚ ɧɚ ɢɫɩɨɥɶɡ
ɨɥɨ 1,25 Ɇɷȼ
ɦɟɬɪɨɦ ɨɤɨɥɨ
ɚɫɫɟɬɵ ɫ ɢɫɬɨ
ɨɪɨɲɤɚ ɨɫɭɳ
ɦɚɪɤɢ ɉɆɋ-1

ɨ ɩɨɪɨɲɤɚ ɩɪ
ɬɚɧɨɜɤɚ, ɩɪɟɞ
ɬɚɥɟɣ ɫɥɨɠɧɨ
00 – ȼ, ɬɪɟɯɤ
ɪɚɦɦɧɨɝɨ ɨɛ
ɪɨɜɚɬɶ ɦɨɳɧ

ɢɧɨɣ 5 ɦɦ. Ɍɟ
ɧɨɫɬɶ ɥɚɡɟɪɚ 
ɢɚɩɚɡɨɧɟ 200

°ɋ. ȼɫɟ ɨɛɪɚɡ
ɫɬɚɥɶɧɚɹ ɩɥɚɫ

ɩɧɨɣ ɩɥɨɬɧɨ

ɨɬɨɪɵɟ ɩɨɤɚɡ
ɨɡɟ ɝɚɦɦɚ-ɨɛɥ
ɭɱɟɧɢɹ ɪɚɜɧɨ
ɦɢ, ɧɟ ɧɚɛɥɸ
ɢ ɧɚ ɧɢɯ. 
ɩɨɜɟɪɯɧɨɫɬɧɨ
ɦɟɧɬɚɦɢ ɜɨɡɞ
ɚɛɨɬɟ [6]. ȼɟ

ɧɢɢ 

ɜɥɹɟɬɫɹ 
 ɫɧɢɦɚ-
ɚɧɢɹ ɞɟ-

ɂɫɫɥɟɞɨ-
ɡɨɜɚɧɢɢ 

ȼ. ɍɫɬɚ-
 ɨɞɧɨɝɨ 
ɱɧɢɤɨɦ 

ɳɟɫɬɜɥɹ-
 (ȽɈɋɌ 

ɪɨɜɨɞɢ-

ɞɫɬɚɜɥɹ-
ɨɣ ɩɪɨ-
ɤɨɨɪɞɢ-

ɛɟɫɩɟɱɟ-
ɧɨɫɬɶ ɨɬ 

ɟɯɧɨɥɨ-
ɞɥɹ ɩɨ-

00–3000 

ɡɰɵ ɩɨ-
ɫɬɢɧɚ. 

ɫɬɢ ɩɨ-

ɡɚɧɵ ɧɚ 
ɥɭɱɟɧɢɹ 
ɨɣ 104 Ɋ 

ɸɞɚɥɨɫɶ. 

ɨɣ ɷɧɟɪ-
ɞɭɲɧɨɣ 

ɪɨɹɬɧɨ, 



 

 

ɫɧɢɠɟɧ
ɥɟɧɢɟɦ
ɪɚɡɰɚɯ
ɨɛ ɨɤɢ
ɩɨɪɨɲ

ɧɢɸ ɫɩ
ɨɛɥɭɱɟ
ɬɨɱɧɚɹ
ɬɢɬɶ ɜ 
ɞɚɪɬɧɭ
ɜ ɫɩɟɱɟ

ɚ)

ɰɢɹ ɩɨ
ɧɢɟ ɩɨɪ

 

ɧɢɟ ɩɥɨɬɧɨɫɬ
ɦ ɨɤɫɢɞɨɜ ɧɚ 
ɯ, ɫ ɭɜɟɥɢɱɟɧɧ
ɢɫɥɟɧɧɨɫɬɢ ɩɨ
ɤɚ, ɤɨɬɨɪɚɹ ɩ
ɍɜɟɥɢɱɟɧɢɟ 
ɩɟɱɟɧɧɵɯ ɦɚɬ
ɟɧɢɟ ɚɤɬɢɜɢɡ
ɹ ɷɧɟɪɝɢɹ, ɱɬɨ
ɪɚɛɨɬɟ [7]. 

ɭɸ ɞɥɹ ɷɬɨɝɨ 
ɟɧɧɨɦ ɨɛɪɚɡɰ
 

  ɚ)   

Ɋɢɫ. 
) ɧɟɨɛɥɭɱɟɧ.,

 

Ɇɨɠɧɨ ɝɨɜɨɪ
ɨɪɨɲɤɚ ɜɵɡɵ
ɪ, ɩɪɢɜɨɞɹɳɟ

   ɚ)       

 

Ɋɢ
ɚ) ɧɟɨɛɥɭɱ

V Ɇɟɠɞ
«ɂɧɧɨɜɚɰɢɨ

ɬɢ ɫɩɟɱɟɧɧɵɯ
ɩɨɜɟɪɯɧɨɫɬɢ
ɧɵɦ ɫɨɞɟɪɠɚ
ɨɪɨɲɤɚ. Ɍɚɤɢ
ɩɪɨɹɜɥɹɟɬɫɹ ɜ
ɞɨɡɵ ɨɛɥɭɱɟ
ɬɟɪɢɚɥɨɜ. ɂɡ
ɢɪɭɟɬ ɢɯ. Ɇ
ɨ ɩɪɢɜɨɞɢɬ ɤ
ɋɥɟɞɨɜɚɬɟɥɶ
ɩɨɪɨɲɤɚ ɬɟɦ
ɰɟ.  

   
                      

2. ɋɩɟɱɟɧɧɵ
, ɛ) ɞɨɡɚ ɝɚɦɦ

ɨɛɥɭɱɟ

ɪɢɬɶ ɨ ɬɨɦ, ɱ
ɜɚɸɬ ɝɨɦɨɝɟɧ
ɟɟ ɤ ɭɫɚɞɤɟ ɫɩ

   
                     

ɢɫ. 3. ɋɩɟɱɟɧ
ɟɧ., ɛ) ɞɨɡɚ ɝɚ

ɨɛɥɭɱɟ

ɞɭɧɚɪɨɞɧɚɹ ɧ
ɨɧɧɵɟ ɬɟɯɧɨɥ

ɯ ɨɛɪɚɡɰɨɜ ɢ
ɢ ɱɚɫɬɢɰ, ɱɬɨ
ɚɧɢɹ ɤɢɫɥɨɪɨ
ɢɦ ɨɛɪɚɡɨɦ, ɩ
ɜ ɞɢɫɫɨɰɢɚɰɢ
ɟɧɢɹ ɩɨɪɨɲɤɚ
ɡɜɟɫɬɧɨ, ɱɬɨ ɩ
ɨɠɧɨ ɩɪɟɞɩɨ
ɤ ɭɫɤɨɪɟɧɢɸ 

ɶɧɨ, ɬɟɦɩɟɪɚ
ɦɩɟɪɚɬɭɪɭ ɩɥ

            ɛ)      

ɟ ɨɛɪɚɡɰɵ ɩɪ
ɦɚ-ɨɛɥɭɱɟɧɢɹ
ɟɧɢɹ 5,7·105 Ɋ

ɱɬɨ ɨɛɥɭɱɟɧɧ
ɧɢɡɚɰɢɸ ɩɨɪ
ɩɟɤɚɟɦɨɝɨ ɨɛ

         ɛ)         

ɧɧɵɟ ɨɛɪɚɡɰɵ
ɚɦɦɚ-ɨɛɥɭɱɟ
ɟɧɢɹ 5,7·105 Ɋ
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ɡ ɦɟɞɢ ɫ ɪɨɫ
ɨ ɦɨɠɧɨ ɭɜɢɞ
ɨɞɚ, ɧɚɛɥɸɞɚ
ɩɪɟɞɜɚɪɢɬɟɥɶ
ɢɢ ɨɤɫɢɞɨɜ ɜɨ
ɚ (ɪɢɫ.2, ɝ ɢ ɪ
ɩɨɜɟɪɯɧɨɫɬɶ 
ɨɥɨɠɢɬɶ, ɱɬɨ
ɩɪɨɰɟɫɫɚ ɫɩɟ
ɚɬɭɪɚ ɩɥɚɜɥɟɧ
ɚɜɥɟɧɢɹ, ɱɬɨ

   
                     

ɞ) 

ɪɢ ɦɨɳɧɨɫɬɢ 

ɹ 104 Ɋ , ɜ) ɞɨɡ
Ɋ , ɞ) ɞɨɡɚ ɝɚɦ

ɧɵɣ ɩɨɪɨɲɨɤ
ɪɢɫɬɨɝɨ ɬɟɥɚ,
ɛɪɚɡɰɚ 

   
                     

ɞ) 

ɵ ɩɪɢ ɦɨɳɧɨɫ
ɧɢɹ 104 Ɋ , ɜ)
Ɋ , ɞ) ɞɨɡɚ ɝɚɦ

ɢɱɟɫɤɚɹ ɤɨɧɮ
ɨɦɢɤɚ ɜ ɦɚɲɢ

ɫɬɨɦ ɞɨɡɵ ɝɚɦ
ɞɟɬɶ ɜɢɡɭɚɥɶɧ
ɚɟɬɫɹ ɪɚɞɭɠɧ
ɶɧɨɟ ɝɚɦɦɚ-ɨ
ɨ ɜɪɟɦɹ ɫɩɟɤɚ
ɪɢɫ.3, ɝ) ɩɪɢɜ
ɩɨɪɨɲɤɚ ɢɦ
ɨ ɭ ɨɛɥɭɱɟɧɧ
ɟɤɚɧɢɹ. ɉɨɞɨ
ɧɢɹ ɨɛɥɭɱɟɧ
ɢ ɩɪɢɜɨɞɢɬ

         ɜ)          

 

ɥɚɡɟɪɚ 15 ȼɬ
ɡɚ ɝɚɦɦɚ-ɨɛɥɭ
ɦɦɚ-ɨɛɥɭɱɟɧɢ

ɤ ɚɤɬɢɜɢɪɨɜɚɧ
, ɦɚɫɫɨɩɟɪɟɧɨ

          ɜ)         

 

ɫɬɢ ɥɚɡɟɪɚ 30

 ɞɨɡɚ ɝɚɦɦɚ-ɨ
ɦɦɚ-ɨɛɥɭɱɟɧɢ

ɮɟɪɟɧɰɢɹ  
ɢɧɨɫɬɪɨɟɧɢɢ»

ɦɦɚ-ɨɛɥɭɱɟɧ
ɧɨ (ɪɢɫ.3, ɝ, ɞ
ɧɚɹ ɨɤɪɚɫɤɚ, ɱ
ɨɛɥɭɱɟɧɢɟ ɩɪ
ɚɧɢɹ. 
ɜɨɞɢɬ ɤ ɡɧɚɱɢ
ɟɟɬ ɪɚɡɨɪɜɚɧ
ɨɝɨ ɩɨɪɨɲɤɚ
ɨɛɧɵɟ ɧɚɛɥɸɞ
ɧɨɝɨ ɩɨɪɨɲɤ
ɤ ɩɪɨɰɟɫɫɭ ɭ

   
                     

ɬ, V = 2000 ɦɦ
ɭɱɟɧɢɹ 105 Ɋ,

ɢɟ 106 Ɋ 

ɧ, ɩɨ ɩɪɢɱɢɧ
ɨɫ ɢ, ɜɵɡɜɚɧ

   
                     

0 ȼɬ, V = 3000

ɨɛɥɭɱɟɧɢɹ 10

ɢɹ 106 Ɋ 

» 

ɧɢɹ ɫɜɹɡɚɧɨ ɫ
ɞ). ȼ ɫɩɟɱɟɧɧ
ɱɬɨ ɫɜɢɞɟɬɟɥ
ɪɢɜɨɞɢɬ ɤ ɚɤɬ

ɢɬɟɥɶɧɨɦɭ ɭɩ
ɧɧɵɟ ɫɜɹɡɢ, ɚ 
ɚ ɩɨɜɵɲɚɟɬɫɹ
ɞɟɧɢɹ ɦɨɠɧɨ
ɤɚ ɩɪɟɜɵɲɚɟ
ɭɩɥɨɬɧɟɧɢɹ ɩ

      ɝ) 

ɦ/ɦɢɧ  

, ɝ) ɞɨɡɚ ɝɚɦɦ

ɧɟ  ɬɨɝɨ, ɱɬɨ 
ɧɨɟ ɷɬɢɦ, ɭɦ

           ɝ)  

0 ɦɦ/ɦɢɧ 

05 Ɋ, ɝ) ɞɨɡɚ ɝɚ

 ɧɚɤɨɩ-

ɧɵɯ ɨɛ-
ɶɫɬɜɭɟɬ 
ɬɢɜɚɰɢɢ 

ɩɥɨɬɧɟ-
ɝɚɦɦɚ-
ɹ ɢɡɛɵ-

ɨ ɜɫɬɪɟ-
ɟɬ ɫɬɚɧ-

ɨɪɨɲɤɚ 

  

ɦɚ-

ɚɤɬɢɜɚ-
ɦɟɧɶɲɟ-

      

ɚɦɦɚ-
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4. ゑ▲çÜÑ▲ 

Ⱦɨɡɚ ɝɚɦɦɚ-ɨɛɥɭɱɟɧɢɹ ɩɨɪɨɲɤɚ ɦɟɞɢ ɪɚɜɧɚɹ 5,7·105 Ɋ, ɡɧɚɱɢɬɟɥɶɧɨ ɢɡɦɟɧɹɟɬ ɮɢɡɢɤɨ-
ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɩɨɪɨɲɤɚ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɜɨɡɧɢɤɧɨɜɟɧɢɟɦ ɨɤɢɫɥɟɧɧɨɫɬɢ ɢ ɭɩɥɨɬɧɟɧɢɸ 

ɫɩɟɱɟɧɧɨɝɨ ɨɛɪɚɡɰɚ. 
ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɚɤɬɢɜɚɰɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɪɨɲɤɚ ɝɚɦɦɚ-ɢɡɥɭɱɟɧɢɟɦ 

ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɢɡɨɬɨɩɚ ɋɨ60 ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ ɫɜɨɣɫɬɜ ɩɨɜɟɪɯɧɨɫɬɢ ɫɩɟɱɟɧɧɨɝɨ ɨɛɪɚɡɰɚ: ɭɩ-

ɥɨɬɧɟɧɢɟ ɫɩɟɱɟɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɭɜɟɥɢɱɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɤɢɫɥɨɪɨɞɚ ɜ ɩɨɪɨɲɤɟ, ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ 
ɨɛ ɚɤɬɢɜɚɰɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɪɨɲɤɚ. 

ɇɟɨɛɯɨɞɢɦɨ ɩɪɨɞɨɥɠɢɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɚɤɬɢɜɚɰɢɢ ɩɨɪɨɲɤɚ ɦɟɞɢ ɨɛɥɭɱɟɧɢɟɦ ɝɚɦɦɚ-ɤɜɚɧɬɚɦɢ 

ɜ ɜɵɹɜɥɟɧɧɨɣ ɨɛɥɚɫɬɢ ɞɨɡ, ɩɪɢ ɷɬɨɦ ɧɟɨɛɯɨɞɢɦɨ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɪɚɡɪɚɛɨɬɚɬɶ ɫɢɫɬɟɦɭ ɡɚɳɢɬɵ ɩɨɪɨɲɤɚ 
ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ ɫɪɟɞɵ ɫ ɩɨɜɵɲɟɧɧɵɦ ɫɨɞɟɪɠɚɧɢɟ ɨɡɨɧɚ ɧɚ ɩɨɪɨɲɨɤ ɜ ɩɪɨɰɟɫɫɟ ɨɛɥɭɱɟɧɢɹ.  
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ゑçñÑñÖóñ 
Ʌɨɤɚɥɢɡɚɰɢɹ ɦɚɤɪɨɫɤɨɩɢɱɟɫɤɨɣ ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ ɩɪɢ ɧɚɝɪɭɠɟɧɢɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ 

ɬɜɟɪɞɵɯ ɬɟɥ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɹɜɥɹɟɬɫɹ ɧɚɞɟɠɧɨ ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɮɚɤɬɨɦ. Ɉɧɚ ɪɚɡɜɢɜɚɟɬɫɹ ɜ ɜɢɞɟ ɚɜɬɨ-
ɜɨɥɧ ɥɨɤɚɥɢɡɨɜɚɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ, ɩɪɢɱɟɦ ɬɢɩ ɚɜɬɨɜɨɥɧɵ ɡɚɞɚɟɬɫɹ ɫɬɚɞɢɣɧɨɫɬɶɸ ɞɟɮɨɪɦɚɰɢɨɧɧɨɣ 

ɞɢɚɝɪɚɦɦɵ ɦɚɬɟɪɢɚɥɚ [1]. Ⱥɜɬɨɜɨɥɧɵ ɥɨɤɚɥɢɡɨɜɚɧɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɪɨɰɟɫɫ, ɩɪɨ-
ɬɟɤɚɸɳɢɣ ɢ ɜ ɮɨɧɨɧɧɨɣ ɩɨɞɫɢɫɬɟɦɟ, ɢ ɩɨɞɫɢɫɬɟɦɟ ɞɟɮɨɪɦɚɰɢɨɧɧɵɯ ɞɟɮɟɤɬɨɜ [2]. ɋ ɷɬɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ 
ɷɮɮɟɤɬɢɜɧɵɦɢ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɵ, ɜ ɤɨɬɨɪɵɯ ɨɞɧɨɜɪɟɦɟɧɧɨ ɚɧɚɥɢɡɢɪɭɸɬɫɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɥɨɤɚɥɶɧɵɯ ɞɟɮɨɪɦɚɰɢɣ ɢ ɥɨɤɚɥɶɧɵɯ ɭɩɪɭɝɢɯ ɢɫɤɚɠɟɧɢɣ, ɤɚɤ ɷɬɨ ɫɞɟɥɚɧɨ, ɧɚɩɪɢɦɟɪ, ɜ [3]. 

ȼ ɪɚɛɨɬɚɯ [4-6] ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɜ ɧɚɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɢ ɭɥɶɬɪɚɦɟɥɤɨɡɟɪɧɢɫɬɵɯ ɦɚɬɟɪɢɚɥɚɯ 
ɷɜɨɥɸɰɢɹ ɤɚɪɬɢɧ ɥɨɤɚɥɢɡɚɰɢɢ ɞɟɮɨɪɦɚɰɢɢ, ɩɨɞɱɢɧɹɹɫɶ ɨɛɳɢɦ ɡɚɤɨɧɨɦɟɪɧɨɫɬɹɦ, ɨɬɥɢɱɚɟɬɫɹ ɨɩɪɟ-


