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ɋɨɜɪɟɦɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɨɛɥɚɫɬɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɢɡ ɫɬɚɥɟɣ ɪɚɡɥɢɱɧɨ-
ɝɨ ɤɥɚɫɫɚ ɧɚɩɪɚɜɥɟɧɵ ɧɚ ɭɩɪɚɜɥɟɧɢɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɪɨɰɟɫɫɚ ɩɨɥɭɱɟɧɢɹ ɧɟɪɚɡɴɟɦ-

ɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɡɚ ɫɱɟɬ ɧɚɥɨɠɟɧɢɹ ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɯ ɢɦɩɭɥɶɫɨɜ [1, 2], ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨ-
ɜɚɧɢɹ ɩɟɪɟɯɨɞɚ ɤɚɩɥɢ ɜ ɫɜɚɪɨɱɧɭɸ ɜɚɧɧɭ ɩɪɢ ɩɨɦɨɳɢ ɢɦɩɭɥɶɫɧɨɣ ɩɨɞɚɱɢ ɫɜɚɪɨɱɧɨɣ ɩɪɨɜɨɥɨɤɢ [3] ɢ 

ɩɪɢɦɟɧɟɧɢɹ ɢɧɜɟɪɬɨɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ [4]. ɉɪɢ ɷɬɨɦ ɱɚɫɬɢɱɧɨ ɭɩɪɚɜɥɹɟɬɫɹ ɬɟɩɥɨɩɟɪɟɧɨɫ, ɧɨ 
ɭɩɪɚɜɥɟɧɢɟ ɫɬɪɭɤɬɭɪɨɣ ɩɨɫɪɟɞɫɬɜɨɦ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨɝɨ ɜɜɟɞɟɧɢɹ ɰɟɧɬɪɨɜ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɨɬɫɭɬɫɬ-
ɜɭɟɬ ɩɨɥɧɨɫɬɶɸ. 

ɇɚ ɩɪɚɤɬɢɤɟ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɟɦ ɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɫɜɚɪɧɵɯ 
ɫɨɟɞɢɧɟɧɢɣ [5] ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɚɦɟɪɟɧɧɨɟ ɜɜɟɞɟɧɢɟ ɜ ɪɚɫɩɥɚɜ ɬɭɝɨɩɥɚɜɤɢɯ ɱɚɫɬɢɰ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ 
ɱɢɫɥɚ ɰɟɧɬɪɨɜ ɢɧɞɭɰɢɪɨɜɚɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɤɨɬɨɪɨɟ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɥɶɱɟɧɢɸ ɡɟɪɧɚ ɩɪɢ ɡɚɬɜɟɪ-
ɞɟɜɚɧɢɢ. Ɍɚɤɨɣ ɩɪɢɟɦ ɩɪɢɦɟɧɹɟɬɫɹ ɢ ɞɥɹ ɢɡɦɟɥɶɱɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ ɧɚɩɥɚɜɥɹɟɦɨɝɨ 
ɦɟɬɚɥɥɚ [6, 7]. ȼɜɟɞɟɧɢɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɫɜɚɪɨɱɧɭɸ ɜɚɧɧɭ ɧɚɧɨɞɢɫɩɟɪɫɧɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɢ ɧɟ-
ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɨɪɨɲɤɨɜ-ɦɨɞɢɮɢɤɚɬɨɪɨɜ ɩɨɜɵɲɚɟɬ ɷɮɮɟɤɬ ɭɩɪɚɜɥɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɨɣ.  

ɋɪɟɞɢ ɢɡɜɟɫɬɧɵɯ ɮɢɡɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɩɨɥɭɱɟɧɢɹ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɩɨɪɨɲɤɨɜ (ɇɉ) ɨɫɨɛɨɟ ɦɟɫɬɨ 
ɡɚɧɢɦɚɟɬ ɦɟɬɨɞ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɜɡɪɵɜɚ ɩɪɨɜɨɞɧɢɤɚ (ɗȼɉ) ɹɜɥɹɸɳɢɣɫɹ ɢɦɩɭɥɶɫɧɵɦ ɛɵɫɬɪɨɩɪɨɬɟ-
ɤɚɸɳɢɦ ɩɪɨɰɟɫɫɨɦ. Ɇɟɬɨɞ ɗȼɉ ɜɵɝɨɞɧɨ ɨɬɥɢɱɚɟɬɫɹ ɨɬ ɞɪɭɝɢɯ ɦɟɬɨɞɨɜ ɰɟɥɵɦ ɪɹɞɨɦ ɞɨɫɬɨɢɧɫɬɜ: 
ɜɨɡɦɨɠɧɨɫɬɶɸ ɨɛɟɫɩɟɱɢɬɶ ɩɟɪɟɞɚɱɭ ɜɟɳɟɫɬɜɭ ɷɧɟɪɝɢɢ ɛɨɥɶɲɨɣ ɩɥɨɬɧɨɫɬɢ ɢ ɫ ɧɟɨɛɯɨɞɢɦɨɣ ɞɨɡɢɪɨɜ-
ɤɨɣ; ɷɧɟɪɝɢɹ, ɩɨɞɜɨɞɢɦɚɹ ɜ ɢɦɩɭɥɶɫɧɨɦ ɪɟɠɢɦɟ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɫ ɛɨɥɶɲɢɦ ɄɉȾ; ɨɛɟɫɩɟɱɢɜɚɸɬɫɹ ɜɵ-

ɫɨɤɢɟ ɫɤɨɪɨɫɬɢ ɢɡɦɟɧɟɧɢɹ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ ɢ ɜɨɡɦɨɠɧɨɫɬɢ ɬɨɧɤɨɝɨ ɜɥɢɹɧɢɹ 
ɧɚ ɫɬɪɭɤɬɭɪɭ ɜɟɳɟɫɬɜɚ ɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɨɬɞɟɥɶɧɵɯ ɱɚɫɬɢɰ. ɗɬɨɬ ɦɟɬɨɞ ɪɚɡɪɚɛɨɬɚɧ ɜ ɇɂɂ 

ɜɵɫɨɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɩɪɢ Ɍɉɍ (ɫɟɝɨɞɧɹ ɷɬɨ ɂɧɫɬɢɬɭɬ ɮɢɡɢɤɢ ɜɵɫɨɤɢɯ ɬɟɯɧɨɥɨɝɢɣ ɇɚɰɢɨɧɚɥɶɧɨɝɨ 

ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ Ɍɨɦɫɤɨɝɨ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ) [8]. ɗɬɢɦ ɦɟɬɨɞɨɦ ɩɨɥɭɱɚɸɬ ɧɟ ɬɨɥɶ-
ɤɨ ɩɨɪɨɲɤɢ ɱɢɫɬɵɯ ɦɟɬɚɥɥɨɜ, ɧɨ ɢ ɩɨɪɨɲɤɢ ɪɚɡɥɢɱɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɧɚ ɨɫɧɨɜɟ ɦɟɬɚɥɥɨɜ (ɤɚɪɛɢɞɵ, ɨɤ-
ɫɢɞɵ, ɧɢɬɪɢɞɵ, ɫɭɥɶɮɢɞɵ ɢ ɞɪ.). ɑɚɫɬɢɰɵ ɢɦɟɸɬ ɫɮɟɪɢɱɟɫɤɭɸ ɮɨɪɦɭ, ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɱɚɫɬɢɰ ɩɨ ɪɚɡɦɟ-
ɪɚɦ ɩɨɞɱɢɧɹɟɬɫɹ ɧɨɪɦɚɥɶɧɨ-ɥɨɝɚɪɢɮɦɢɱɟɫɤɨɦɭ ɡɚɤɨɧɭ, ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚɫɬɢɰ ɥɟɠɢɬ ɜ ɞɢɚɩɚɡɨɧɟ 100 – 

500 ɧɦ. ɑɚɫɬɢɰɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɩɨɥɢɤɪɢɫɬɚɥɥɵ, ɜɟɥɢɱɢɧɚ ɫɬɪɭɤɬɭɪɧɵɯ ɮɪɚɝɦɟɧɬɨɜ ɧɚɯɨɞɢɬɫɹ ɜ 
ɨɛɥɚɫɬɢ 20–30 ɧɦ. Ɂɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɦɚɬɟɪɢɚɥɚ ɧɚɯɨɞɢɬɫɹ ɜ ɪɟɧɬɝɟɧ-ɚɦɨɪɮɧɨɦ ɫɨɫɬɨɹɧɢɢ.  

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɨɞɧɨ ɢɡ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɩɪɢɦɟɧɟɧɢɹ ɷɬɢɯ ɩɨɪɨɲɤɨɜ – ɦɨ-
ɞɢɮɢɤɚɰɢɹ ɫɜɨɣɫɬɜ ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ [9]. 

Ɉɩɢɪɚɹɫɶ ɧɚ ɢɦɟɸɳɢɟɫɹ ɪɟɡɭɥɶɬɚɬɵ, ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɦɵ ɢɫɫɥɟɞɨɜɚɥɢ ɜɨɩɪɨɫ ɭɩɪɚɜɥɟɧɢɹ 
ɫɬɪɭɤɬɭɪɨɨɛɪɚɡɨɜɚɧɢɟɦ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɪɢ ɩɨɦɨɳɢ ɧɚɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɩɨɪɨɲɤɨɜ, ɩɨɥɭ-
ɱɟɧɧɵɯ ɦɟɬɨɞɨɦ ɗȼɉ, ɧɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɭ ɫɜɚɪɧɨɝɨ ɲɜɚ. 

ȼ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɢɫɩɨɥɶɡɨɜɚɥɢ ɧɚɧɨɩɨɪɨɲɨɤ ɦɨɥɢɛɞɟɧɚ, ɢɡɝɨɬɨɜɥɟɧɧɵɣ ɜ ɂɧɫɬɢɬɭɬɟ ɮɢɡɢɤɢ 

ɜɵɫɨɤɢɯ ɬɟɯɧɨɥɨɝɢɣ ɇɚɰɢɨɧɚɥɶɧɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ Ɍɨɦɫɤɨɝɨ ɩɨɥɢɬɟɯɧɢɱɟɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ. ȼɜɟ-
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ɰɟ ʋ 1

ɧɚɧɨɩɨɪɨɲɤɨ
ɧɨɦ ɭɫɬɪɨɣɫɬ
ȼ ɫɨɫɬɚɜ ɷɤɫ
ɣɫɬɜɨɦ [10], ɢ
ɪɨɱɧɭɸ ɩɪɨɜ
Ɉɛɪɚɡɰɵ ɧɚɩ
ɚɜɤɚ ɜ ɫɪɟɞɟ 
ɞɟɧɚ ɜ ɡɚɳɢɬ
ɧɨɝɨ ɫɟɱɟɧɢɹ
ɜɚɪɧɨɝɨ ɲɜɚ
ɬɪɭɤɬɭɪɢɪɨɜɚ
ɚɪɝɨɧɚ ɩɪɨɜɨ
ɧɨɦ ɝɚɡɟ 40 ɦ
ɂɫɫɥɟɞɨɜɚɧɢ
ɋɬɪɭɤɬɭɪɚ ɨɫ
ɟɣ ɫɬɚɥɢ 12ɏ1

ȼ ɯɨɞɟ ɢɫɫɥɟ
ɨɹ, ɤɨɬɨɪɵɟ ɪ
ɚɩɥɚɜɥɟɧɧɨɝɨ
ɥɚɜɥɟɧɧɨɝɨ ɦ
ɦɢɤɪɨɫɬɪɭɤɬɭ
ȼ ɨɛɥɚɫɬɢ Ⱦ
ɬɫɬɜɭɟɬ ɫɬɚɥɢ
Ɇɢɤɪɨɫɬɪɭɤɬ
ɛɪɚɡɰɚɯ ɱɟɬɤ
ɜɥɟɧɧɨɝɨ ɦɟɬɚ

ɚ 

  

Ɋɢɫ. 1. ɋɬɪɭ
ɛ 

 

ɉɟɪɜɵɣ ɫɥɨɣ
ȼ ɷɬɨɦ ɫɥɨɟ 

1 ɢ ʋ4 (ɪɢɫ. 2

ɋɟɤɰɢɹ 1: ɂ
ɧɟɪ

ɨɜ ɜ ɫɜɚɪɨɱɧɭ
ɬɜɟ ɦɟɧɹɥɚɫɶ ɤ
ɩɟɪɢɦɟɧɬɚɥɶ
ɢɫɬɨɱɧɢɤ ɩɢɬ
ɨɥɨɤɭ 12ɏ18

ɩɥɚɜɥɹɥɢɫɶ ɩ
ɚɪɝɨɧɚ ɩɪɨɜɨ
ɬɧɨɦ ɝɚɡɟ 10 

ɹ ɫ ɤɨɧɰɟɧɬɪ
ɚ; ʋ4 – ɧɚɩɥɚ
ɚɧɧɨɝɨ ɦɨɥɢɛ
ɨɥɨɤɨɣ ɫɩɥɨɲ
ɦɝ ɧɚ ɦɟɬɪ ɫɜɚ
ɢɟ ɦɢɤɪɨɫɬɪɭ
ɫɧɨɜɧɨɝɨ ɦɟɬ
18ɇ10Ɍ. 

ɟɞɨɜɚɧɢɹ ɦɢɤ
ɪɚɡɥɢɱɚɸɬɫɹ 
ɨ ɦɟɬɚɥɥɚ, ȼ. 

ɦɟɬɚɥɥɚ ɤ ɨɫɧɨ
ɭɪɵ ɲɜɨɜ ɜɵɛ
 ɮɢɤɫɢɪɨɜɚɥ
ɢ 12ɏ18ɇ10Ɍ
ɬɭɪɚ ɝɪɚɧɢɰɵ
ɤɨ ɧɟ ɜɵɹɜɥɹ
ɚɥɥɚ ɤ ɩɨɥɢɷɞ

 
 

        ɝ 
ɭɤɬɭɪɚ ɝɪɚɧɢɰ
– ɨɛɪɚɡɟɰ ʋ

ɣ (ɨɛɥɚɫɬɶ Ⱥ)

ɧɚɛɥɸɞɚɸɬɫ
2 ɚ, ɝ).  

ɂɧɧɨɜɚɰɢɨɧɧ
ɪɚɡɴɟɦɧɵɯ ɫɨ

ɭɸ ɜɚɧɧɭ ɨɫɭ
ɤɨɧɰɟɧɬɪɚɰɢɹ
ɶɧɨɣ ɭɫɬɚɧɨɜɤ
ɬɚɧɢɹ ȼɋ-300

8ɇ9Ɍ ɞɢɦɟɬɪɨ
ɨ ɩɹɬɢ ɪɚɡɥɢ
ɨɥɨɤɨɣ ɫɩɥɨɲ
ɦɝ ɧɚ ɦɟɬɪ ɫ
ɚɰɢɟɣ ɧɚɧɨɫɬ
ɚɜɤɚ ɜ ɫɪɟɞɟ 
ɛɞɟɧɚ ɜ ɡɚɳɢ
ɲɧɨɝɨ ɫɟɱɟɧɢ
ɚɪɧɨɝɨ ɲɜɚ. Ɋ
ɭɤɬɭɪ ɩɪɨɜɨɞɢ
ɬɚɥɥɚ ɜɨ ɜɫɟɯ

ɤɪɨɫɬɪɭɤɬɭɪ ɛ
ɦɟɠɞɭ ɫɨɛɨɣ
– ɧɢɠɧɢɣ ɫɥ
ɨɜɧɨɦɭ ɢ Ⱦ –

ɛɪɚɧɚ ɜ ɫɨɨɬɜ
ɚɫɶ ɫɬɪɭɤɬɭɪ
Ɍ. 

ɵ ɫɩɥɚɜɥɟɧɢɹ
ɹɟɬɫɹ. Ⱦɚɥɟɟ 
ɞɪɢɱɟɫɤɨɣ ɡɺ

 

 

ɰɵ ɫɩɥɚɜɥɟɧɢ
ʋ 2, ɜ – ɨɛɪɚɡɟ

) ɦɨɠɧɨ ɯɚɪɚ
ɫɹ ɩɨɥɢɷɞɪɢɱ

 

 

 

 

 

ɧɵɟ ɬɟɯɧɨɥɨɝɢ
ɨɟɞɢɧɟɧɢɣ ɜ ɦ
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ɭɳɟɫɬɜɥɹɥɨɫɶ
ɹ ɧɚɧɨɫɬɪɭɤɬɭ
ɤɢ ɜɯɨɞɢɥɢ: ɫ
0Ȼ. Ⱦɥɹ ɧɚɩɥɚ
ɨɦ 1,2 ɦɦ. 

ɢɱɧɵɦ ɜɚɪɢɚɧ
ɲɧɨɝɨ ɫɟɱɟɧɢ
ɫɜɚɪɧɨɝɨ ɲɜɚ
ɬɪɭɤɬɭɪɢɪɨɜɚ
ɚɪɝɨɧɚ ɩɪɨɜ
ɢɬɧɨɦ ɝɚɡɟ 30

ɢɹ ɫ ɤɨɧɰɟɧɬɪ
Ɋɟɠɢɦɵ ɫɜɚɪ
ɢɥɢɫɶ ɩɨ ɦɟɬ
ɯ ɫɥɭɱɚɹɯ ɫɨɨ

ɛɵɥɨ ɜɵɹɜɥɟ
ɣ. Ⱥ – ɜɟɪɯɧɢ
ɥɨɣ ɧɚɩɥɚɜɥɟɧ
– ɨɫɧɨɜɧɨɣ ɦɟ
ɜɟɬɫɬɜɢɢ ɫ ɦɟɬ
ɪɚ ɨɫɧɨɜɧɨɝɨ 

ɹ ɢ ɡɨɧɵ ɬɟɪɦ
ɩɪɨɢɫɯɨɞɢɬ 
ɺɪɟɧɧɨɣ ɫɬɪɭɤ

ɛ

ɢɹ ɢ ɡɨɧɵ ɬɟɪ
ɟɰ ʋ 3, ɝ – ɨɛ

ɚɤɬɟɪɢɡɨɜɚɬɶ
ɱɟɫɤɢɟ ɡɟɪɧɚ ɚ

 

ɢɢ ɩɨɥɭɱɟɧɢɹ
ɦɚɲɢɧɨɫɬɪɨɟ

ɶ ɱɟɪɟɡ ɭɫɬɪɨɣ
ɭɪɢɪɨɜɚɧɧɵɯ
ɫɜɚɪɨɱɧɚɹ ɝɨ
ɚɜɤɢ ɨɛɪɚɡɰɨ

ɧɬɚɦ: ʋ1 – ɧ
ɢɹ ɫ ɤɨɧɰɟɧɬɪ
ɚ; ʋ3 – ɧɚɩɥ
ɚɧɧɨɝɨ ɦɨɥɢɛ
ɨɥɨɤɨɣ ɫɩɥɨɲ

0 ɦɝ ɧɚ ɦɟɬɪ 
ɪɚɰɢɟɣ ɧɚɧɨɫɬ
ɪɤɢ ɞɥɹ ɜɫɟɯ ɜ
ɬɨɞɢɤɟ, ɨɩɢɫɚ
ɨɬɜɟɬɫɬɜɭɟɬ ɫ

ɧɨ, ɱɬɨ ɧɚɩɥ
ɢɣ ɫɥɨɣ ɧɚɩɥ
ɧɧɨɝɨ ɦɟɬɚɥɥ
ɟɬɚɥɥ. ɋɯɟɦɚ 
ɬɨɞɢɤɨɣ, ɩɪɟɞ
ɦɟɬɚɥɥɚ, ɨɧɚ

ɦɢɱɟɫɤɨɝɨ ɜɥ
ɩɥɚɜɧɵɣ ɩɟɪ
ɤɬɭɪɟ ɡɨɧɵ ɬɟ

 

 

ɪɦɢɱɟɫɤɨɝɨ ɜ
ɛɪɚɡɟɰ ʋ 4, ɞ

 ɤɚɤ ɫɥɨɣ ɫ ɩ
ɚɭɫɬɟɧɢɬɚ. ɗɬ

ɹ ɢ ɤɨɧɬɪɨɥɹ 
ɟɧɢɢ 

ɣɫɬɜɨ [10]. ɉ
ɯ ɩɨɪɨɲɤɨɜ ɜ 
ɨɥɨɜɤɚ Ƚɋɉ-2

ɨɜ ɢɡ ɫɬɚɥɢ 12

ɧɚɩɥɚɜɤɚ ɛɟɡ ɞ
ɪɚɰɢɟɣ ɧɚɧɨɫ
ɥɚɜɤɚ ɜ ɫɪɟɞɟ
ɛɞɟɧɚ ɜ ɡɚɳɢ
ɲɧɨɝɨ ɫɟɱɟɧ
ɫɜɚɪɧɨɝɨ ɲɜ
ɬɪɭɤɬɭɪɢɪɨɜ
ɜɚɪɢɚɧɬɨɜ ɨɞ
ɚɧɧɨɣ ɜ ɪɚɛɨɬ
ɫɬɪɭɤɬɭɪɟ ɝɨ

ɚɜɥɟɧɧɵɣ ɦɟ
ɥɚɜɥɟɧɧɨɝɨ ɦ
ɥɚ,  ɚ ɬɚɤɠɟ Ƚ
ɪɚɫɩɨɥɨɠɟɧɢ
ɞɫɬɚɜɥɟɧɧɨɣ ɜ
ɚ ɨɞɢɧɚɤɨɜɚ ɞ

ɢɹɧɢɹ (ɨɛɥɚɫ
ɪɟɯɨɞ ɨɬ ɞɟɧ
ɟɪɦɢɱɟɫɤɨɝɨ 

ɞ 

ɜɥɢɹɧɢɹ; ɚ – ɨ
ɞ – ɨɛɪɚɡɟɰ ʋ

ɩɨɥɢɷɞɪɢɱɟɫɤ
ɬɨɬ ɫɥɨɣ ɫɥɚɛ

 

ɉɪɢ ɩɨɦɨɳɢ ɜ
ɡɚɳɢɬɧɨɦ ɝɚɡ

2, ɭɤɨɦɩɥɟɤɬɨ
2ɏ18ɇ10Ɍ ɩɪ

ɞɨɛɚɜɥɟɧɢɹ ɇ
ɫɬɪɭɤɬɭɪɢɪɨɜ
ɟ ɚɪɝɨɧɚ ɩɪɨɜ
ɢɬɧɨɦ ɝɚɡɟ 2
ɢɹ ɫ ɤɨɧɰɟɧɬ
ɜɚ; ʋ5 – ɧɚɩ
ɚɧɧɨɝɨ ɦɨɥɢ
ɢɧɚɤɨɜɵ. 

ɬɟ [10]. 

ɪɹɱɟɤɚɬɚɧɨɣ 

ɟɬɚɥɥ ɪɚɡɞɟɥɹ
ɦɟɬɚɥɥɚ, Ȼ – ɫ
Ƚ – ɭɱɚɫɬɨɤ ɩ
ɢɹ ɨɛɥɚɫɬɟɣ ɢ
ɜ ɪɚɛɨɬɟ [10].

ɞɥɹ ɜɫɟɯ ɨɛɪ

ɫɬɶ Ƚ) (ɪɢɫ. 1
ɧɞɪɢɬɧɨɣ ɫɬɪ
ɜɥɢɹɧɢɹ. 

ɜ 

 

ɨɛɪɚɡɟɰ ʋ 1, 

ʋ 5 

ɤɨɣ ɡɺɪɟɧɧɨɣ
ɛɨ ɜɵɪɚɠɟɧ ɜ

ɜɟɧɬɢɥɹ 
ɡɟ. 
ɨɜɚɧɧɚɹ 
ɪɢɦɟɧɹ-

ɇɉ; ʋ2 

ɜɚɧɧɨɝɨ 
ɜɨɥɨɤɨɣ 

0 ɦɝ ɧɚ 
ɬɪɚɰɢɟɣ 

ɩɥɚɜɤɚ ɜ 
ɛɞɟɧɚ ɜ 

ɧɟɪɠɚ-

ɹɟɬɫɹ ɧɚ 
ɫɪɟɞɧɢɣ 

ɟɪɟɯɨɞɚ 
ɢɫɫɥɟɞɨ-
. 

ɚɡɰɨɜ ɢ 

 ɚ-ɞ) ɜɨ 
ɪɭɤɬɭɪɵ 

 

 

ɣ ɫɬɪɭɤ-
ɜ ɨɛɪɚɡ-



 

 

Ɋɢɫ. 2

 

ɫɤɨɣ ɦɨ

ɰɢɢ ɞɟ
ɜɚɧɧɵɯ

 

ɚ 

. Ɇɢɤɪɨɫɬɪɭɤ

ɋɢɥɶɧɨ ɩɟɪɜɵ
ɨɪɮɨɥɨɝɢɢ. ȼ 

ȼɬɨɪɨɣ ɫɥɨɣ
ɧɞɪɢɬɨɜ. ɗɬɨ
ɯ ɞɟɧɞɪɢɬɨɜ ɜ

ɚ 

Ɋɢɫ. 3. Ɇ
ɛ 

 

ɋɥɨɣ ɧɟɨɪɢɟɧ

V Ɇɟɠɞ
«ɂɧɧɨɜɚɰɢɨ

 
 

ɝ 
ɤɬɭɪɚ ɫɥɨɹ ɩɨ

ɵɣ ɫɥɨɣ ɫɥɨɣ 
ɨɛɪɚɡɰɟ ʋ 2 ɢ
ɣ (ɨɛɥɚɫɬɶ Ȼ) 

ɨɬ ɫɥɨɣ ɫɥɚɛɨ
ɜɵɪɚɠɟɧ ɜ ɨɛ

 
 

ɝ 
Ɇɢɤɪɨɫɬɪɭɤɬ
– ɨɛɪɚɡɟɰ ʋ

ɧɬɢɪɨɜɚɧɧɵɯ ɞ

ɞɭɧɚɪɨɞɧɚɹ ɧ
ɨɧɧɵɟ ɬɟɯɧɨɥ

 

 

ɨɥɢɷɞɪɢɱɟɫɤɢ
3, ɝ – ɨɛɪɚɡ

ɜɵɪɚɠɟɧ ɜ ɨɛ
ɢ ʋ5 (ɪɢɫ. 2 ɛ
ɫɨɫɬɨɢɬ ɢɡ ɪ
ɨ ɜɵɪɚɠɟɧ ɜ ɨ
ɛɪɚɡɰɟ ʋ 3 (ɪ

 

 

ɬɭɪɚ ɫɥɨɹ ɧɟɨ
ʋ 2, ɜ – ɨɛɪɚɡɟ

ɞɟɧɞɪɢɬɨɜ ɩɥɚɜ

 

 

 

 

 

ɧɚɭɱɧɨ-ɩɪɚɤɬɢ
ɨɝɢɢ ɢ ɷɤɨɧɨ
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ɛ

 

ɢɯ ɡɟɪɟɧ; ɚ –
ɡɟɰ ʋ 4, ɞ – ɨ

ɛɪɚɡɰɟ ʋ 3 (ɪɢ
ɛ, ɞ) ɞɚɧɧɚɹ ɫɬɪ
ɪɚɡɜɟɬɜɥɟɧɧɵ
ɨɛɪɚɡɰɟ ʋ 5 

ɪɢɫ. 3 ɜ).  

ɛ

 

ɨɪɢɟɧɬɢɪɨɜɚɧ
ɟɰ ʋ 3, ɝ – ɨɛ

ɜɧɨ ɩɟɪɟɯɨɞɢɬ

ɢɱɟɫɤɚɹ ɤɨɧɮ
ɨɦɢɤɚ ɜ ɦɚɲɢ

 

ɨɛɪɚɡɟɰ ʋ 1,

ɨɛɪɚɡɟɰ ʋ 5

ɢɫ. 2 ɜ). Ɂɞɟɫɶ
ɬɪɭɤɬɭɪɚ ɬɚɤɠɟ
ɵɯ, ɧɟ ɢɦɟɸɳ

(ɪɢɫ. 3 ɞ). ɇ

 

ɧɧɵɯ ɞɟɧɞɪɢɬ
ɛɪɚɡɟɰ ʋ 4, ɞ

ɬ ɜ ɫɥɟɞɭɸɳɢɣ

ɮɟɪɟɧɰɢɹ 
ɢɧɨɫɬɪɨɟɧɢɢ»

ɞ 

, ɛ – ɨɛɪɚɡɟɰ 

ɶ ɯɨɪɨɲɨ ɜɢɞɧ
ɟ ɧɚɛɥɸɞɚɟɬɫɹ
ɳɢɯ ɩɪɟɢɦɭɳ
ɇɚɢɛɨɥɟɟ ɹɪɤɨ

ɞ 

ɬɨɜ; ɚ – ɨɛɪɚɡ
ɞ – ɨɛɪɚɡɟɰ ʋ

ɣ ɫɥɨɣ ɨɪɢɟɧɬɢ

» 

ɜ 

 

ʋ 2, ɜ – ɨɛɪɚ

ɧɵ ɡɟɪɧɚ ɩɨɥɢ
ɹ ɞɨɫɬɚɬɨɱɧɨ ɱ
ɳɟɫɬɜɟɧɧɨɣ ɨɪ
ɨ ɫɥɨɣ ɧɟɨɪɢɟ

ɜ 

 

ɡɟɰ ʋ 1,  

ʋ 5  

ɢɪɨɜɚɧɧɵɯ ɞɟɧ

 

ɚɡɟɰ ʋ 

ɢɷɞɪɢɱɟ-
ɱɟɬɤɨ. 
ɪɢɟɧɬɚ-
ɟɧɬɢɪɨ-

 

ɧɞɪɢɬɨɜ. 



 

ɧɢɰɟ ɫ
ɛ). ɇɚɢ

 

Ɋ

 

ɋ
 

ɡɚɳɢɬɧ

20 ɦɝ ɧ

Ɍɪɟɬɢɣ ɫɥɨɣ
ɩɥɚɜɥɟɧɢɹ. ɇ
ɢɛɨɥɟɟ ɬɨɧɤɢ

Ɋɢɫ. 4. Ɇɢɤɪɨ

ɋɪɟɞɧɢɣ ɪɚɡɦ

 

ゑ▲çÜÑ▲: 

1. ɍɫɬɚɧɨɜɥɟ
ɧɨɦ ɝɚɡɟ, ɩɨɡɜ
2. ɇɚɢɛɨɥɟɟ 
ɧɚ ɦɟɬɪ ɫɜɚɪɧ
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ɋɟɤɰɢɹ 1: ɂ
ɧɟɪ

ɣ (ɨɛɥɚɫɬɶ ȼ) 

ɇɚɢɛɨɥɟɟ ɪɚɡ
ɟ ɢ ɫɥɚɛɨɪɚɡɜ

 
ɚ  

ɝ 
ɨɫɬɪɭɤɬɭɪɚ ɫɥ

ɨɛɪɚ

ɦɟɪ ɞɟɧɞɪɢɬɨɜ

ɟɧɨ, ɱɬɨ ɩɪɢ
ɜɨɥɹɟɬ ɩɨɥɭɱ
ɱɟɬɤɨ ɫɥɨɣ ɩ
ɧɨɝɨ ɲɜɚ). ɋɥ

0

4

6

0

4

6

1

ɂɧɧɨɜɚɰɢɨɧɧ
ɪɚɡɴɟɦɧɵɯ ɫɨ

ɫɨɫɬɨɢɬ ɢɡ ɨ
ɡɜɟɬɜɥɟɧɧɵɟ ɢ
ɜɟɬɜɥɟɧɧɵɟ ɞ

 

 

ɥɨɹ ɨɪɢɟɧɬɢɪ
ɚɡɟɰ ʋ 3, ɝ –

ɜ ɩɪɟɞɫɬɚɜɥɟɧ

Ɋɢɫ. 5

ɢɦɟɧɟɧɢɟ ɪɚɡ
ɱɚɬɶ ɪɚɡɥɢɱɧɭ
ɩɨɥɢɷɞɪɢɱɟɫɤ
ɥɨɣ ɧɟɨɪɢɟɧɬɢ

2 3

ɇɨɦɟɪ ɨ

 

 

 

 

 

ɧɵɟ ɬɟɯɧɨɥɨɝɢ
ɨɟɞɢɧɟɧɢɣ ɜ ɦ
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ɨɪɢɟɧɬɢɪɨɜɚɧ
ɢ ɬɨɥɫɬɵɟ ɞɟ
ɞɟɧɞɪɢɬɵ ɧɚɛ

 ɛ

 

ɨɜɚɧɧɵɯ ɞɟɧ
ɨɛɪɚɡɟɰ ʋ 4

ɧ ɧɚ ɪɢɫ. 5. 

5. Ɋɚɡɦɟɪ ɞɟɧɞ

ɡɧɨɣ ɤɨɧɰɟɧɬ
ɭɸ ɦɢɤɪɨɫɬɪɭ
ɤɢɯ ɡɟɪɟɧ ɧɚ
ɢɪɨɜɚɧɧɵɯ ɞɟ

3 4

ɨɛɪɚɡɰɚ

ɢɢ ɩɨɥɭɱɟɧɢɹ
ɦɚɲɢɧɨɫɬɪɨɟ

ɧɧɵɯ ɞɥɢɧɧɵ
ɟɧɞɪɢɬɵ ɧɚɛɥ
ɛɥɸɞɚɸɬɫɹ ɜ 

ɧɞɪɢɬɨɜ; ɚ – ɨ
4, ɞ – ɨɛɪɚɡɟɰ

ɞɪɢɬɨɜ 

ɬɪɚɰɢɢ ɧɚɧɨɫ
ɭɤɬɭɪɭ ɧɚɩɥɚ
ɚɛɥɸɞɚɟɬɫɹ ɜ
ɟɧɞɪɢɬɨɜ ɧɚɢ

5

ɹ ɢ ɤɨɧɬɪɨɥɹ 
ɟɧɢɢ 

ɵɯ ɞɟɧɞɪɢɬɨɜ
ɥɸɞɚɸɬɫɹ ɜ ɨ
ɨɛɪɚɡɰɟ ʋ 3 

 ɜ 

ɞ 

ɨɛɪɚɡɟɰ ʋ 1, 

ɰ ʋ 5 

ɫɬɪɭɤɬɭɪɢɪɨɜ
ɚɜɥɟɧɧɨɝɨ ɦɟ
ɜ ɨɛɪɚɡɰɟ ʋ3

ɢɛɨɥɟɟ ɲɢɪɨɤ

ɒɢɪɢɧɚ ɞ

Ɍɨɥɳɢɧɚ ɞ

 

ɜ ɧɨɪɦɚɥɶɧɵɯ
ɨɛɪɚɡɰɟ ʋ 2 

(ɪɢɫ. 4 ɜ). 
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ɜɚɧɧɵɯ ɩɨɪɨ
ɟɬɚɥɥɚ. 
3 (ɤɨɧɰɟɧɬɪɚɰ
ɤ ɜ ɨɛɪɚɡɰɟ ʋ

ɞɟɧɞɪɢɬɚ

ɞɟɧɞɪɢɬɚ

ɯ ɤ ɝɪɚ-
(ɪɢɫ. 4 
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ɰɢɹ Mo 

ʋ3 (ɤɨɧ-
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ɰɟɧɬɪɚɰɢɹ Mo 20 ɦɝ ɧɚ ɦɟɬɪ ɫɜɚɪɧɨɝɨ ɲɜɚ). ɇɚɢɛɨɥɟɟ ɪɚɡɜɟɬɜɥɟɧɧɵɟ ɢ ɬɨɥɫɬɵɟ ɞɟɧɞɪɢɬɵ ɧɚɛɥɸɞɚɸɬɫɹ 
ɜ ɨɛɪɚɡɰɟ ʋ 2 (ɤɨɧɰɟɧɬɪɚɰɢɹ Mo 10 ɝ. ɧɚ ɦɟɬɪ ɫɜɚɪɧɨɝɨ ɲɜɚ). ɇɚɢɛɨɥɟɟ ɬɨɧɤɢɟ ɢ ɫɥɚɛɨɪɚɡɜɟɬɜɥɟɧɧɵɟ 
ɞɟɧɞɪɢɬɵ ɧɚɛɥɸɞɚɸɬɫɹ ɜ ɨɛɪɚɡɰɟ ʋ 3 (ɤɨɧɰɟɧɬɪɚɰɢɹ Mo 20 ɦɝ ɧɚ ɦɟɬɪ ɫɜɚɪɧɨɝɨ ɲɜɚ). 

3. ɇɚɢɛɨɥɟɟ ɪɚɜɧɨɜɟɫɧɚɹ ɫɬɪɭɤɬɭɪɚ, ɩɨ ɪɚɡɦɟɪɭ ɞɟɧɞɪɢɬɚ, ɞɨɫɬɢɝɚɟɬɫɹ ɩɪɢ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚ-
ɧɨɫɬɪɭɤɬɭɪɢɪɨɜɚɧɧɵɯ ɩɨɪɨɲɤɨɜ ɜ ɡɚɳɢɬɧɨɦ ɝɚɡɟ – 20 ɦɝ ɧɚ ɦɟɬɪ ɫɜɚɪɧɨɝɨ ɲɜɚ. 
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ȼ ɨɬɟɱɟɫɬɜɟɧɧɨɣ ɥɢɬɟɪɚɬɭɪɟ ɩɪɚɤɬɢɱɟɫɤɢ ɨɬɫɭɬɫɬɜɭɸɬ ɫɜɟɞɟɧɢɹ ɨ ɫɜɚɪɤɟ ɢ ɧɚɩɥɚɜɤɢ ɫɬɚɥɟɣ 

ɚɭɫɬɟɧɢɬɧɨɝɨ ɤɥɚɫɫɚ ɜ ɚɪɝɨɧɟ ɢ ɚɡɨɬɟ ɩɪɨɜɨɥɨɤɨɣ ɞɢɚɦɟɬɪɨɦ 0,8;1,2 ɦɦ ɬɨɤɨɦ ɦɟɧɟɟ 50 Ⱥ [1]. 

ɇɚ ɦɢɧɢɦɚɥɶɧɵɯ ɬɨɤɚɯ ɩɟɪɟɧɨɫ ɦɟɬɚɥɥɚ ɜ ɞɭɝɟ ɜ ɚɪɝɨɧɟ ɤɪɭɩɧɨɤɚɩɟɥɶɧɵɣ [2], ɚ ɧɚ ɩɪɹɦɨɣ ɩɨ-
ɥɹɪɧɨɫɬɢ ɮɨɪɦɢɪɨɜɚɧɢɟ ɲɜɨɜ ɭɯɭɞɲɚɟɬɫɹ ɢ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɩɨɜɵɲɟɧɧɵɦ ɪɚɡɛɪɵɡɝɢɜɚɧɢɟɦ [3]. 

ɉɪɢ ɧɚɩɥɚɜɤɟ ɚɜɬɨɦɚɬɨɦ ɩɪɨɜɨɥɨɤɚɦɢ ɞɢɚɦɟɬɪɨɦ 0,8;1,2 ɦɦ ɬɨɤɨɦ ɛɨɥɟɟ 20 Ⱥ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 
ɭɞɨɜɥɟɬɜɨɪɢɬɟɥɶɧɨɟ ɮɨɪɦɢɪɨɜɚɧɢɟ ɲɜɨɜ [1]. 

Ⱥɡɨɬ ɨɤɚɡɵɜɚɟɬ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɯɪɨɦɨɧɢɤɟɥɟɜɨɣ ɫɬɚɥɢ ɬɢɩɚ 
18-10 ɫ ɧɢɡɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɭɝɥɟɪɨɞɚ [4]. 

ɉɨ ɞɚɧɧɵɦ [5] ɩɪɢ ɫɜɚɪɤɟ ɫɬɚɥɢ 1ɏ18ɇ9Ɍ ɩɪɨɜɨɥɨɤɨɣ ɋȼ-06ɏ18ɇ9Ɍ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɡɚɢɦɨɞɟɣ-

ɫɬɜɢɹ ɫ ɚɡɨɬɨɦ ɮɟɪɪɢɬ ɜ ɲɜɟ ɢɫɱɟɡ, ɢ ɜɦɟɫɬɨ ɧɟɝɨ ɩɨɹɜɢɥɢɫɶ ɧɢɬɪɢɞɵ. ɉɪɢ ɫɨɞɟɪɠɚɧɢɢ ɚɡɨɬɚ ɜ ɫɬɚɥɢ 

0,198 % ɠɚɪɨɩɪɨɱɧɨɫɬɶ ɢɡɦɟɧɢɥɚɫɶ ɦɚɥɨ. 
ȼ ɫɪɚɜɧɟɧɢɢ ɫ ɨɛɪɚɬɧɨɣ ɩɨɥɹɪɧɨɫɬɶɸ ɧɚ ɩɪɹɦɨɣ ɩɨɥɹɪɧɨɫɬɢ ɩɪɢ ɨɞɢɧɚɤɨɜɨɣ ɫɤɨɪɨɫɬɢ ɩɨɞɚɱɢ 

ɩɪɨɜɨɥɨɤɢ ɬɨɤ ɜ 1,5-1,8 ɪɚɡɚ ɦɟɧɶɲɟ ɢ ɭɦɟɧɶɲɚɟɬɫɹ ɝɥɭɛɢɧɚ ɩɪɨɩɥɚɜɥɟɧɢɹ[6]. 

ɐɟɥɶ ɪɚɛɨɬɵ - ɨɛɟɫɩɟɱɢɬɶ ɮɨɪɦɢɪɨɜɚɧɢɟ ɲɜɨɜ ɩɪɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɢ ɦɟɯɚɧɢɡɢɪɨɜɚɧɧɨɣ ɫɜɚɪ-
ɤɟ ɜ ɚɪɝɨɧɟ ɢ ɚɡɨɬɟ ɧɚ ɦɢɧɢɦɚɥɶɧɨɦ ɬɨɤɟ. 

ɉɪɨɜɨɥɨɤɨɣ ɞɢɚɦɟɬɪɨɦ 0,8 ɦɦ(AWSER ER 308LSI) ɢ ɩɪɨɜɨɥɨɤɨɣ ɞɢɚɦɟɬɪɨɦ 1,2 ɦɦ 

(1ɏ18ɇ9Ɍ) ɧɚ ɦɚɥɨɭɝɥɟɪɨɞɢɫɬɭɸ ɫɬɚɥɶ ɢ ɫɬɚɥɶ ɚɭɫɬɟɧɢɬɧɨɝɨ ɤɥɚɫɫɚ ɧɚɩɥɚɜɥɹɥɢɫɶ ɨɞɢɧɨɱɧɵɟ ɜɚɥɢ-


