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ȼ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɜɥɢɹɧɢɟ ɧɚ ɪɟɠɢɦ 
ɪɚɛɨɬɵ ɢɡɨɥɹɰɢɢ ɤɪɨɦɟ ɪɟɠɢɦɧɵɯ ɩɚɪɚɦɟɬɪɨɜ 
ɨɤɚɡɵɜɚɸɬ ɢ ɮɚɤɬɨɪɵ ɦɨɧɬɚɠɚ ɬɪɚɫɫɵ ɤɚɛɟɥɶɧɨɣ 
ɥɢɧɢɢ, ɜɵɛɨɪɚ ɝɥɭɛɢɧɵ ɩɪɨɤɥɚɞɤɢ Д1–4]. 

ɉɪɨɜɟɞɟɧɧɵɣ ɧɚɦɢ ɪɚɧɟɟ ɚɧɚɥɢɡ ɧɚɩɪɹɠɟɧɧɨ-
ɞɟɮɨɪɦɢɪɨɜɚɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɢ ɞɜɢɠɟɧɢɹ ɝɪɭɧɬɚ, 
ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɟɝɨ ɫ ɤɚɛɟɥɟɦ ɜɨ ɜɪɟɦɹ ɜɟɫɟɧɧɟ-
ɝɨ ɭɜɥɚɠɧɟɧɢɹ ɢ ɡɢɦɧɟɝɨ ɩɪɨɦɟɪɡɚɧɢɹ, ɩɨɤɚɡɚɥ 
ɜɨɡɦɨɠɧɨɫɬɶ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɭɫɬɨɬ, ɫɩɨɫɨɛɧɵɯ 
ɫɬɚɬɶ ɩɪɢɱɢɧɨɣ ɩɟɪɟɝɪɟɜɚ ɭɱɚɫɬɤɨɜ ɤɚɛɟɥɶɧɵɯ ɥɢ-
ɧɢɣ Д3]. Ʉ ɚɧɚɥɨɝɢɱɧɵɦ ɜɵɜɨɞɚɦ ɩɪɢɜɟɥɢ ɢ ɩɪɚɤ-
ɬɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɚ ɨɩɵɬɧɵɯ ɢ ɞɟɣɫɬɜɭɸ-
ɳɢɯ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɹɯ ɜ ɝɪɭɧɬɟ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɜɨɡɦɨɠɧɵɯ ɩɨɞɜɢɠɟɤ ɤɚɛɟɥɹ 
ɜ ɝɪɭɧɬɟ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫ-
ɬɚɧɨɜɤɚ ɜ ɪɟɚɥɶɧɵɯ ɩɨɥɟɜɵɯ ɭɫɥɨɜɢɹɯ. ɇɚ ɫɩɟɰɢ-

ɚɥɶɧɨ ɜɵɞɟɥɟɧɧɨɣ ɩɥɨɳɚɞɤɟ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ 
ɰɟɩɧɨɣ ɡɟɦɥɟɪɨɣɧɨɣ ɦɚɲɢɧɨɣ ɛɵɥɚ ɩɪɨɪɵɬɚ 10-
ɦɟɬɪɨɜɚɹ ɬɪɚɧɲɟɹ ɝɥɭɛɢɧɨɣ 0,7 ɦ, ɲɢɪɢɧɨɣ 
200 ɦɦ. ȼ ɤɚɛɟɥɶɧɭɸ ɬɪɚɧɲɟɸ ɛɵɥɢ ɩɪɨɥɨɠɟɧɵ 
ɞɪɭɝ ɡɚ ɞɪɭɝɨɦ ɞɜɚ 4-ɦɟɬɪɨɜɵɯ ɤɭɫɤɚ ɫɢɥɨɜɨɝɨ 
ɤɚɛɟɥɹ (ɬɢɩ ɤɚɛɟɥɹ ɬɪɟɯɠɢɥɶɧɵɣ ȺȺɒɜɍ, ɫɟɱɟɧɢ-
ɟɦ ɠɢɥ 120 ɦɦ2, ɧɚ ɧɚɩɪɹɠɟɧɢɟ 6 ɤȼ). Ɉɞɢɧ ɢɡ 
ɤɭɫɤɨɜ ɛɵɥ ɩɪɨɥɨɠɟɧ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɡɟɦɥɸ, ɚ 
ɜɬɨɪɨɣ – ɫ ɩɨɞɭɲɤɚɦɢ ɢɡ ɩɪɨɫɟɹɧɧɨɝɨ ɩɟɫɤɚ 
(ɪɢɫ. 1, ɚ). ȼ ɧɚɱɚɥɟ ɬɪɚɧɲɟɢ ɞɥɹ ɡɚɦɟɪɚ ɬɟɦɩɟɪɚ-
ɬɭɪɵ ɧɚ ɝɥɭɛɢɧɟ ɩɪɨɤɥɚɞɤɢ ɤɚɛɟɥɟɣ ɛɵɥɚ ɡɚɥɨɠɟɧɚ 
ɬɟɪɦɨɩɚɪɚ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɟɪɟɦɟɳɟɧɢɹ ɤɚɛɟɥɟɣ 
ɜ ɝɪɭɧɬɟ ɧɚ ɤɚɠɞɵɣ ɤɚɛɟɥɶ ɫ ɞɜɭɯ ɫɬɨɪɨɧ ɛɵɥɢ 
ɭɫɬɚɧɨɜɥɟɧɵ ɭɤɚɡɚɬɟɥɢ ɩɟɪɟɦɟɳɟɧɢɹ ɤɚɛɟɥɹ.  

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ 
ɞɟɧɶ ɜɤɥɸɱɚɸɬ ɜ ɫɟɛɹ ɟɠɟɞɧɟɜɧɵɟ ɞɚɧɧɵɟ ɨ ɫɦɟ-
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ȼ ANSВS ɋ ɍɑȿɌɈɆ ɉɈȾȼɂɀȿɄ ȽɊɍɇɌȺ ɂ ɍɋɌȺȼɈɄ 
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ȼ ɫɬɚɬɶɟ ɧɚ ɩɪɢɦɟɪɟ ɞɟɣɫɬɜɭɸɳɢɯ ɝɨɪɨɞɫɤɢɯ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ 6(10) ɤȼ ɢ ɨɩɵɬɧɵɯ ɨɛɪɚɡɰɨɜ ɨɩɪɟ-
ɞɟɥɟɧɵ ɩɨɞɜɢɠɤɢ ɝɪɭɧɬɚ ɢ ɤɚɛɟɥɹ ɜ ɬɟɱɟɧɢɟ ɝɨɞɨɜɨɝɨ ɰɢɤɥɚ ɷɤɫɩɥɭɚɬɚɰɢɢ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟ-
ɞɨɜɚɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɩɭɬɟɦ ɡɚɦɟɪɨɜ ɝɥɭɛɢɧɵ ɡɚɥɟɝɚɧɢɹ ɜ ɜɵɛɪɚɧɧɵɯ ɬɨɱɤɚɯ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ, ɩɪɨɥɨ-
ɠɟɧɧɵɯ ɜ ɪɚɡɧɵɯ ɭɫɥɨɜɢɹɯ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɢɛɨɪɚ RIDGID SООkTОМС SR-20. Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɩɨ-
ɤɚɡɚɥ, ɱɬɨ ɩɨɞɜɢɠɤɢ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ ɜ ɬɟɱɟɧɢɟ ɝɨɞɨɜɨɝɨ ɰɢɤɥɚ ɡɧɚɱɢɦɵ ɢ ɦɨɝɭɬ ɩɪɢɜɨɞɢɬɶ ɤ 
ɨɛɪɚɡɨɜɚɧɢɸ ɨɩɚɫɧɵɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɧɚɩɪɹɠɟɧɢɣ ɢ ɨɛɪɚɡɨɜɚɧɢɸ ɩɭɫɬɨɬ. Ⱦɥɹ ɨɰɟɧɤɢ ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ 
ɢɡɨɥɹɰɢɢ ɤɚɛɟɥɟɣ ɫ ɭɱɟɬɨɦ ɜɟɪɨɹɬɧɵɯ ɪɚɡɦɟɪɨɜ, ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɢ ɩɨɞɜɢɠɤɚɯ ɤɚɛɟɥɹ ɢ ɝɪɭɧɬɚ ɩɭɫɬɨɬ, 
ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ 2D-ɦɨɞɟɥɢ ɡɜɟɧɚ «ɤɚɛɟɥɶ 6(10) ɤȼ – ɝɪɭɧɬ» ɜ ANSВS. Ɍɟɩɥɨɜɨɣ ɪɟɠɢɦ ɪɚɛɨɬɵ ɢɡɨɥɹ-
ɰɢɢ ɚɧɚɥɢɡɢɪɨɜɚɥɫɹ ɜ ɪɚɛɨɱɢɯ ɢ ɚɜɚɪɢɣɧɵɯ ɪɟɠɢɦɚɯ ɪɚɛɨɬɵ ɤɚɛɟɥɹ ɫ ɭɱɟɬɨɦ ɩɪɢɧɹɬɵɯ ɭɫɬɚɜɨɤ ɭɫɬ-
ɪɨɣɫɬɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɛɵɥɢ ɨɩɪɟɞɟɥɟɧɵ ɜɟɪɨɹɬɧɵɟ ɡɨ-
ɧɵ ɩɟɪɟɝɪɟɜɚ ɢɡɨɥɹɰɢɢ ɤɚɛɟɥɹ ɢ ɫɤɨɪɪɟɤɬɢɪɨɜɚɧɚ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ, ɩɪɢɦɟɧɹɟɦɚɹ ɞɥɹ ɪɚɫɱɟɬɚ 
ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɯ ɬɨɤɨɜ. 

Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɤɚɛɟɥɶ, ɢɡɨɥɹɰɢɹ, ɪɟɥɟɣɧɚɹ ɡɚɳɢɬɚ, ɬɟɩɥɨɜɨɣ ɪɚɫɱёɬ, ɝɪɭɧɬ, ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ. 
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Ɋɢɫ. 1. ɉɪɨɫɚɞɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɤɭɫɤɚ ɄɅ ɩɪɢ ɧɨɜɨɣ ɩɪɨɤɥɚɞɤɟ (ɚ), ɫɦɟɳɟɧɢɟ ɞɨ 9 ɫɦ ɡɚ 45 ɞɧɟɣ (ɛ), 
ɩɪɢɱɢɧɚ: ɧɟ ɜɵɩɨɥɧɟɧɨ ɯɨɪɨɲɟɟ ɭɩɥɨɬɧɟɧɢɟ ɝɪɭɧɬɚ, ɨɩɚɫɧɵɣ ɭɱɚɫɬɨɤ ɩɨ ɞɚɧɧɨɦɭ ɮɚɤɬɨɪɭ, ɧɚɩɪɢɦɟɪ, ɩɨɫɥɟ ɪɟ-
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ɳɟɧɢɹɯ ɤɚɛɟɥɹ, ɬɟɦɩɟɪɚɬɭɪɟ, ɜɥɚɠɧɨɫɬɢ ɜɨɡɞɭɯɚ ɢ 
ɩɨɱɜɵ, ɧɚɱɢɧɚɹ ɫ 27 ɮɟɜɪɚɥɹ 2007 ɝɨɞɚ.  

Ⱥɧɚɥɢɡ ɞɢɚɝɪɚɦɦ ɩɟɪɟɦɟɳɟɧɢɹ ɩɨɡɜɨɥɹɟɬ 
ɤɨɧɫɬɚɬɢɪɨɜɚɬɶ (ɪɢɫ. 1, ɛ): 

1. Ʉɚɛɟɥɶ, ɩɪɨɥɨɠɟɧɧɵɣ ɜ ɩɟɫɤɟ, ɭɝɥɭɛɢɥɫɹ ɞɨ 
8,5 ɫɦ, ɜ ɝɪɭɧɬɟ ɫɦɟɳɟɧɢɟ ɫɨɫɬɚɜɢɥɨ 3 ɦɦ. 

2. ɉɪɨɰɟɫɫ ɭɝɥɭɛɥɟɧɢɹ ɜ ɩɟɫɤɟ ɩɪɨɢɫɯɨɞɢɥ ɜ 
ɧɟɫɤɨɥɶɤɨ ɷɬɚɩɨɜ. Зɚ ɩɟɪɜɵɟ 4 ɞɧɹ ɧɚɛɥɸɞɚɥɚɫɶ 
ɢɧɬɟɧɫɢɜɧɚɹ ɩɪɨɫɚɞɤɚ ɤɚɛɟɥɹ ɞɨ 3,3 ɫɦ. ɉɨɫɥɟ-
ɞɭɸɳɢɟ 17 ɞɧɟɣ ɦɚɪɬɚ – ɩɟɪɢɨɞ ɫɬɚɛɢɥɢɡɚɰɢɢ ɫ 
ɩɨɫɥɟɞɭɸɳɢɦ ɭɝɥɭɛɥɟɧɢɟɦ ɞɨ 6,9 ɫɦ ɡɚ ɩɨɫɥɟɞɧɢɟ 
11 ɞɧɟɣ ɦɚɪɬɚ (ɩɟɪɢɨɞ ɨɬɬɚɢɜɚɧɢɹ ɢ ɭɜɥɚɠɧɟɧɢɹ 
ɝɪɭɧɬɚ). Ⱦɚɥɶɧɟɣɲɚɹ ɩɪɨɫɚɞɤɚ ɤɚɛɟɥɹ ɧɚɛɥɸɞɚɥɚɫɶ 
ɜ ɨɫɟɧɧɢɣ ɩɟɪɢɨɞ 2007 ɝɨɞɚ. 

3. ȼ ɩɟɪɢɨɞɵ ɪɟɡɤɨɝɨ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ 
ɢ ɜɥɚɠɧɨɫɬɢ (ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ 02.2013 ɝ.) 
ɧɚɛɥɸɞɚɸɬɫɹ ɩɨɞɜɢɠɤɢ ɤɚɛɟɥɶɧɨɣ ɥɢɧɢɢ. 

ɉɨɥɭɱɟɧɧɵɟ ɧɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɞɚɧɧɵɟ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɜɥɢɹɧɢɢ ɧɚ ɩɟɪɟɦɟɳɟɧɢɹ ɫɢɥɨ-
ɜɨɝɨ ɤɚɛɟɥɹ ɤɚɤ ɬɟɦɩɟɪɚɬɭɪɵ ɝɪɭɧɬɚ, ɬɚɤ ɢ ɟɝɨ ɫɨ-
ɫɬɚɜɚ. ɇɚɢɛɨɥɟɟ ɧɚɩɪɹɠɟɧɧɵɦɢ, ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ 
ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɝɪɭɧɬɚ, ɭɱɚɫɬɤɚɦɢ ɤɚ-
ɛɟɥɹ ɹɜɥɹɸɬɫɹ: ɭɱɚɫɬɤɢ, ɩɪɨɥɨɠɟɧɧɵɟ ɜ ɪɚɡɧɵɯ 
ɭɫɥɨɜɢɹɯ; ɧɨɜɵɟ ɭɱɚɫɬɤɢ, ɩɪɨɤɥɚɞɵɜɚɟɦɵɟ ɜɦɟɫɬɟ 
ɫ ɦɭɮɬɚɦɢ; ɭɱɚɫɬɤɢ ɤɚɛɟɥɹ, ɩɨɞ ɤɨɬɨɪɵɦɢ ɩɪɨɢɡ-
ɜɨɞɢɥɚɫɶ ɩɨɞɤɨɩɤɚ ɝɪɭɧɬɚ, ɧɚɩɪɢɦɟɪ ɞɥɹ ɪɟɦɨɧɬɚ 
ɬɟɩɥɨɬɪɚɫɫɵ (ɪɢɫ. 1, ɛ). 

ɉɨɞɨɛɧɚɹ ɫɯɟɦɚ ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɵɥɚ ɩɪɢɦɟɧɟɧɚ 
ɢ ɧɚ ɞɟɣɫɬɜɭɸɳɟɦ ɫɢɥɨɜɨɦ ɤɚɛɟɥɟ ɦɚɪɤɢ ȺȺȻ ɫɟɱɟ-

ɧɢɟɦ 3120 ɦɦ2. ɋ 13.07.2007 ɝ. ɛɵɥɢ ɭɫɬɚɧɨɜɥɟɧɵ 
ɬɪɢ ɞɚɬɱɢɤɚ ɩɟɪɟɦɟɳɟɧɢɹ. ɉɟɪɜɨɧɚɱɚɥɶɧɵɟ ɩɨɞɜɢɠ-
ɤɢ ɤɚɛɟɥɹ ɩɪɨɲɥɢ ɜ ɩɟɪɜɵɟ ɞɜɚ ɞɧɹ ɩɨɫɥɟ ɭɫɬɚɧɨɜɤɢ. 
Ɉɧɢ ɛɵɥɢ ɫɜɹɡɚɧɵ ɫ ɩɪɨɰɟɫɫɨɦ ɭɩɥɨɬɧɟɧɢɹ ɝɪɭɧɬɚ. 
ɋɥɟɞɭɸɳɢɣ ɩɟɪɢɨɞ ɩɪɨɫɚɞɤɢ, ɤɨɬɨɪɵɣ ɧɚɛɥɸɞɚɥɫɹ ɜ 
ɧɨɹɛɪɟ 2007 ɝɨɞɚ, ɛɵɥ ɨɛɭɫɥɨɜɥɟɧ ɩɟɪɟɯɨɞɨɦ ɨɬ ɩɨ-
ɥɨɠɢɬɟɥɶɧɵɯ ɤ ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɬɟɦɩɟɪɚɬɭɪɚɦ ɜ 
ɝɪɭɧɬɟ. 

Ⱦɥɹ ɨɰɟɧɤɢ ɩɨɞɜɢɠɟɤ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɪɚɛɨɬɟ 
ɄɅ ɧɚ ɛɚɡɟ ɤɚɛɟɥɶɧɵɯ ɫɟɬɟɣ ɝ. ɇɟɮɬɟɤɚɦɫɤɚ, ɛɵɥɢ 
ɬɚɤ ɠɟ ɜɵɛɪɚɧɵ ɩɹɬɶ ɄɅ. Зɚɦɟɪɵ ɢɯ ɩɨɞɜɢɠɟɤ 
ɩɪɨɯɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɢɛɨɪɚ RIDGID 
SООkTОМС SR-20. ɋɜɨɞɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɡɚ ɨɫɟɧɧɟ-
ɜɟɫɟɧɧɢɣ ɩɟɪɢɨɞ 2012-2013 ɝ. ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1. 

Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚ-
ɧɢɣ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɫɭɳɟɫɬɜɭɸɬ ɩɨɞɜɢɠɤɢ ɤɚ-
ɛɟɥɶɧɵɯ ɥɢɧɢɣ ɜ ɬɟɱɟɧɢɟ ɝɨɞɨɜɨɝɨ ɰɢɤɥɚ ɢ ɧɟɨɛ-
ɯɨɞɢɦɨɫɬɶ ɫɬɪɨɝɨɝɨ ɫɨɛɥɸɞɟɧɢɹ ɩɪɚɜɢɥ ɭɤɥɚɞɤɢ 
ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ ɜ ɝɪɭɧɬɨɜɵɯ ɦɚɫɫɢɜɚɯ. Ʉɪɨɦɟ 
ɬɨɝɨ, ɦɨɠɧɨ ɪɟɤɨɦɟɧɞɨɜɚɬɶ: 

1) ɩɪɨɜɨɞɢɬɶ ɚɧɚɥɢɡ ɬɟɦɩɟɪɚɬɭɪɵ, ɜɥɚɠɧɨɫɬɢ, 
ɫɬɪɭɤɬɭɪɵ ɝɪɭɧɬɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɨɜɨɝɨ ɰɢɤɥɚ ɧɟɩɨ-
ɫɪɟɞɫɬɜɟɧɧɨ ɜ ɦɟɫɬɟ ɩɪɨɤɥɚɞɤɢ ɤɚɛɟɥɶɧɨɣ ɥɢɧɢɢ; 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɜɨɡɦɨɠɧɵɯ ɧɚɩɪɹɠɟɧɧɨ-ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ ɫɨ-
ɫɬɨɹɧɢɣ ɝɪɭɧɬɨɜɵɯ ɦɚɫɫɢɜɨɜ, ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ 
ɫ ɤɚɛɟɥɟɦ ɫ ɬɟɱɟɧɢɟɦ ɜɪɟɦɟɧɢ ɩɨ ɦɟɪɟ ɧɟɫɤɨɥɶɤɢɯ 
ɰɢɤɥɨɜ ɟɝɨ ɷɤɫɩɥɭɚɬɚɰɢɢ; 

2) ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɨɩɚɫɧɵɯ ɦɟɯɚɧɢɱɟɫɤɢɯ 
Ɍɚɛɥɢɰɚ 1 

ɉɨɞɜɢɠɤɢ ɞɟɣɫɬɜɭɸɳɢɯ ɄɅ, ɨɰɟɧɤɚ ɩɪɢɛɨɪɨɦ RIDGID SООkTОМС SR-20 
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1 04.10.2012 +7 63,5 158 139 74 113 116 

2 30.10.2012 +2 58,7 158 139 68 112 116 

3 08.11.2012 +4 64,2 158 139 70 107 115 

4 13.12.2012 –20 32,4 158 139 69 107 117 

5 26.12.2012 –15 36,1 158 140 70 107 116 

6 10.01.2013 –10 40,4 158 142 70 110 120 

7 24.01.2013 –17 56,7 153 149 71 107 117 

8 04.02.2013 –9 82,3% 153 149 72 108 118 

Дɜиɠɟɧиɟ ɤɚɛɟɥɹ   5 10 6 6 5 
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ɜɨɡɞɟɣɫɬɜɢɣ ɦɟɪɡɥɵɯ ɝɪɭɧɬɨɜɵɯ ɦɚɫɫɢɜɨɜ ɧɚ ɢɡɨɥɹ-
ɰɢɸ ɤɚɛɟɥɹ ɜɨ ɜɪɟɦɹ ɦɨɪɨɡɧɨɝɨ ɩɭɱɟɧɢɹ ɝɪɭɧɬɚ ɢ 
ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɨɞɜɢɠɟɤ ɤɚɛɟɥɹ ɜ ɪɟɠɢɦɚɯ 
ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɤɥɚɞɵɜɚɬɶ ɤɚ-
ɛɟɥɶɧɭɸ ɥɢɧɢɸ ɧɢɠɟ ɡɨɧɵ ɩɪɨɦɟɪɡɚɧɢɹ; 

3) ɧɚ ɫɥɨɠɧɵɯ ɬɪɚɫɫɚɯ ɝɨɪɨɞɫɤɢɯ ɤɚɛɟɥɶɧɵɯ 
ɥɢɧɢɣ ɧɟɨɛɯɨɞɢɦɨ ɫ ɭɱɟɬɨɦ ɤɨɥɢɱɟɫɬɜɚ ɩɨɜɨɪɨɬɨɜ 
ɢ ɢɡɦɟɧɟɧɢɣ ɜ ɬɢɩɟ ɝɪɭɧɬɚ ɩɨ ɬɪɚɫɫɟ ɭɜɟɥɢɱɢɜɚɬɶ 
ɤɨɥɢɱɟɫɬɜɨ ɤɨɦɩɟɧɫɢɪɭɸɳɢɯ ɭɱɚɫɬɤɨɜ. Ɋɟɤɨɦɟɧ-
ɞɭɟɦ ɭɤɥɚɞɵɜɚɬɶ ɤɨɦɩɟɧɫɚɬɨɪɵ ɩɟɪɟɞ ɩɨɜɨɪɨɬɨɦ ɢ 
ɩɨɫɥɟ ɩɨɜɨɪɨɬɚ ɬɪɚɫɫɵ ɤɚɛɟɥɶɧɨɣ ɥɢɧɢɢ; ɩɟɪɟɞ ɢ 
ɩɨɫɥɟ ɩɟɪɟɫɟɱɟɧɢɹ ɤɚɛɟɥɟɦ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɞɨɪɨɝɢ 
ɞɥɹ ɫɧɢɠɟɧɢɹ ɜɢɛɪɚɰɢɨɧɧɵɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɜɨɡ-
ɞɟɣɫɬɜɢɣ; ɧɚ ɩɨɝɪɚɧɢɱɧɵɯ ɭɱɚɫɬɤɚɯ ɫ ɪɚɡɥɢɱɧɵɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɝɪɭɧɬɚ; 

4) ɧɚ ɬɪɚɫɫɚɯ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ, ɞɥɹ ɤɨɬɨɪɵɯ 
ɯɚɪɚɤɬɟɪɧɵ ɩɨɞɜɢɠɤɢ ɝɪɭɧɬɚ ɜ ɡɢɦɧɢɯ ɭɫɥɨɜɢɹɯ, 
ɦɨɠɧɨ ɪɟɤɨɦɟɧɞɨɜɚɬɶ ɩɪɨɤɥɚɞɵɜɚɬɶ ɤɨɦɩɟɧɫɚɬɨ-
ɪɵ ɜ ɫɩɟɰɢɚɥɶɧɵɯ ɩɭɫɬɵɯ ɥɨɬɤɚɯ, ɨɞɧɚɤɨ ɧɟɨɛɯɨ-
ɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɬɟɩɥɨɜɨɣ ɪɟɠɢɦ ɪɚɛɨɬɵ ɤɚɛɟɥɹ; 

5) ɭɥɭɱɲɟɧɢɟ ɭɫɥɨɜɢɣ ɭɬɪɚɦɛɨɜɤɢ ɝɪɭɧɬɚ ɩɪɢ 
ɪɚɛɨɬɟ ɩɨ ɪɟɦɨɧɬɭ ɝɨɪɨɞɫɤɢɯ ɤɨɦɦɭɧɢɤɚɰɢɣ ɧɢɠɟ 
ɬɪɚɫɫɵ ɄɅ ɫ ɜɵɞɟɪɠɤɨɣ ɩɨ ɜɪɟɦɟɧɢ ɡɚɫɵɩɤɢ ɬɪɚɫ-
ɫɵ ɞɨ ɧɟɫɤɨɥɶɤɢɯ ɞɧɟɣ, ɥɢɛɨ ɪɚɡɧɟɫɟɧɢɟ ɬɪɚɫɫ ɄɅ 
ɢ ɬɟɩɥɨɬɪɚɫɫ ɫ ɭɜɟɥɢɱɟɧɢɟɦ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ 
ɧɢɦɢ. 

ȼɨɩɪɨɫ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚ 
ɢɡɨɥɹɰɢɢ ɤɚɛɟɥɹ ɜ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɹɜɥɹɟɬ-
ɫɹ ɚɤɬɭɚɥɶɧɨɣ ɢ ɫɥɨɠɧɨɣ ɡɚɞɚɱɟɣ. Ⱦɥɹ ɩɪɚɤɬɢɱɟ-
ɫɤɨɣ ɨɰɟɧɤɢ ɧɚɝɪɟɜɚ ɢɡɨɥɹɰɢɢ ɤɚɛɟɥɟɣ ɷɥɟɤɬɪɨ-
ɬɟɯɧɢɱɟɫɤɢɣ ɩɟɪɫɨɧɚɥ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɡɚɦɟɪɵ 
ɬɟɦɩɟɪɚɬɭɪɵ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɬɟɪɦɨɩɚɪ, ɭɫɬɚɧɨɜ-
ɥɟɧɧɵɯ ɜ ɯɚɪɚɤɬɟɪɧɵɯ ɬɨɱɤɚɯ ɝɪɭɧɬɚ ɜɛɥɢɡɢ ɬɪɚɫ-
ɫɵ ɤɚɛɟɥɹ, ɱɬɨ ɧɟ ɞɚɟɬ ɩɨɥɧɨɣ ɬɟɩɥɨɜɨɣ ɤɚɪɬɢɧɵ. 
Ɋɚɡɪɚɛɚɬɵɜɚɸɬɫɹ ɫɩɨɫɨɛɵ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɨɩɬɨ-
ɜɨɥɨɤɨɧɧɵɯ ɤɚɧɚɥɨɜ, ɜɫɬɪɨɟɧɧɵɯ ɜ ɫɬɪɭɤɬɭɪɭ ɤɚ-
ɛɟɥɹ. Ɍɚɤɠɟ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɤɥɚɫɫɢɱɟɫɤɢɣ 
ɬɟɩɥɨɜɨɣ ɪɚɫɱɟɬ ɩɨ ɬɟɩɥɨɜɨɣ ɫɯɟɦɟ ɡɚɦɟɳɟɧɢɹ, ɜ 
ɤɨɬɨɪɨɣ ɭɱɚɫɬɜɭɸɬ ɬɟɩɥɨɜɵɟ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢɡɨ-
ɥɹɰɢɢ, ɡɚɳɢɬɧɵɯ ɩɨɤɪɨɜɨɜ ɢ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ.  

Ɉɰɟɧɤɭ ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɢɡɨɥɹɰɢɢ 
ɫɢɥɨɜɵɯ ɤɚɛɟɥɟɣ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɫ ɭɱɟ-
ɬɨɦ ɯɚɪɚɤɬɟɪɧɵɯ ɪɟɠɢɦɧɵɯ (ɭɫɬɚɧɨɜɢɜɲɢɟɫɹ ɪɟ-
ɠɢɦɵ ɢ ɪɟɠɢɦɵ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ) ɢ ɷɤɫɩɥɭɚ-
ɬɚɰɢɨɧɧɵɯ ɭɫɥɨɜɢɣ, ɧɚɩɪɢɦɟɪ, ɥɨɤɚɥɶɧɵɯ ɩɭɫɬɨɬ, 
ɨɛɪɚɡɭɸɳɢɯɫɹ ɩɪɢ ɩɨɞɜɢɠɤɚɯ ɤɚɛɟɥɹ ɢ ɝɪɭɧɬɚ, 
ɩɪɢɜɨɞɹɳɢɯ ɤ ɥɨɤɚɥɶɧɨɦɭ ɩɟɪɟɝɪɟɜɭ ɨɬɞɟɥɶɧɵɯ 
ɭɱɚɫɬɤɨɜ ɤɚɛɟɥɹ, ɦɨɠɧɨ ɩɪɨɜɨɞɢɬɶ ɫ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɟɦ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ɩɪɨ-
ɝɪɚɦɦɧɨɦ ɩɪɨɞɭɤɬɟ ANSВS, ɨɫɧɨɜɚɧɧɨɦ ɧɚ ɦɟɬɨ-
ɞɟ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ. ANSВS ɩɨɞɞɟɪɠɢɜɚɟɬ 
ɨɫɧɨɜɧɵɟ ɜɢɞɵ ɬɟɩɥɨɩɟɪɟɞɚɱɢ: ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, 
ɤɨɧɜɟɤɰɢɸ, ɢɡɥɭɱɟɧɢɟ. 

Ⱦɥɹ ɚɧɚɥɢɡɚ ɩɟɪɟɝɪɟɜɚ ɢɡɨɥɹɰɢɢ ɜ ɩɭɫɬɨɬɚɯ, 
ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɩɪɢ ɩɨɞɜɢɠɤɚɯ ɤɚɛɟɥɹ ɢ ɝɪɭɧɬɚ, ɜ 
ɩɪɨɝɪɚɦɦɧɨɦ ɩɚɤɟɬɟ ANSВS MЮlЭТpСвsТМs, ɧɚɦɢ 
ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɡɜɟɧɚ 
«ɤɚɛɟɥɶɧɚɹ ɥɢɧɢɹ – ɝɪɭɧɬ» ɫ ɭɱɟɬɨɦ ɝɟɨɦɟɬɪɢɱɟ-
ɫɤɢɯ ɢ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɫɢɥɨɜɵɯ 
ɤɚɛɟɥɟɣ ɦɚɪɤɢ ȺȺɒɜɍ – 3×120 – 10 ɤȼ ɢ ɦɚɪɤɢ 
1×Ⱥɉɜɉ – 500 – 10 ɤȼ, ɪɚɫɫɦɨɬɪɟɧɵ ɪɚɛɨɱɢɟ ɪɟ-
ɠɢɦɵ ɢ ɪɟɠɢɦɵ ɤɨɪɨɬɤɢɯ ɡɚɦɵɤɚɧɢɣ. Зɚɞɚɱɚ ɪɟ-
ɲɟɧɚ ɜ ɞɜɭɯɦɟɪɧɨɣ ɩɨɫɬɚɧɨɜɤɟ, ɪɢɫ. 2.  ɋɜɨɞɧɵɟ 
ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 2. 

Ⱥɧɚɥɢɡ ɩɨɥɭɱɟɧɧɵɯ ɤɚɪɬɢɧ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɬɟɦɩɟɪɚɬɭɪ ɜ ɡɜɟɧɟ «ɤɚɛɟɥɶɧɚɹ ɥɢɧɢɹ – ɝɪɭɧɬ» ɩɨ-
ɤɚɡɚɥ, ɱɬɨ ɜ ɩɭɫɬɨɬɚɯ, ɨɛɪɚɡɨɜɚɜɲɢɯɫɹ ɜɨ ɜɥɚɠɧɨɦ 
ɢ ɦɟɪɡɥɨɦ ɝɪɭɧɬɚɯ ɩɪɢ ɩɨɞɜɢɠɤɚɯ ɝɪɭɧɬɚ ɢ ɭɱɚɫɬ-
ɤɨɜ ɤɚɛɟɥɶɧɨɣ ɥɢɧɢɢ, ɭɫɥɨɜɢɹ ɨɬɜɨɞɚ ɬɟɩɥɚ ɨɬ ɤɚ-
ɛɟɥɶɧɨɣ ɥɢɧɢɢ ɡɧɚɱɢɬɟɥɶɧɨ ɭɯɭɞɲɚɸɬɫɹ (ɪɢɫ. 2). 
Ɍɚɤ, ɜ ɫɥɨɹɯ ɮɚɡɧɨɣ ɢ ɩɨɹɫɧɨɣ ɢɡɨɥɹɰɢɢ ɭ ɠɢɥɵ, 
ɩɪɢɥɟɝɚɸɳɟɣ ɤ ɩɭɫɬɨɬɟ ɩɪɢ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜ ɦɨ-
ɞɟɥɢ ɭɫɥɨɜɢɹɯ, ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɪɚɫɬɚɟɬ ɧɚ 9–14 %, 
ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ 
ɬɪɚɫɫ ɤɚɛɟɥɶɧɵɯ ɥɢɧɢɣ ɢ ɩɪɨɜɟɞɟɧɢɢ ɬɟɩɥɨɜɨɝɨ 
ɪɚɫɱɟɬɚ. ɋɨɝɥɚɫɧɨ ɩɪɚɜɢɥɭ Ɇɨɧɬɡɢɧɝɟɪɚ Д5] ɷɤɫɩɟ-
ɪɢɦɟɧɬɚɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɥɹ ɨɪɝɚɧɢɱɟɫɤɨɣ 
ɢɡɨɥɹɰɢɢ ɫɤɨɪɨɫɬɶ ɯɢɦɢɱɟɫɤɢɯ ɪɟɚɤɰɢɣ ɩɪɨɰɟɫɫɨɜ 
ɪɚɡɥɨɠɟɧɢɹ ɨɛɵɱɧɨ ɜɨɡɪɚɫɬɚɟɬ ɩɪɢɦɟɪɧɨ ɜɞɜɨɟ ɫ 
ɭɜɟɥɢɱɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɤɚɠɞɵɟ 10 °ɋ.  

 
ɚ)                                                                                                ɛ) 

Ɋɢɫ. 2. ɂɫɫɥɟɞɨɜɚɧɢɟ ɬɟɩɥɨɜɨɝɨ ɪɟɠɢɦɚ ɜ ɡɜɟɧɟ «ɤɚɛɟɥɶɧɚɹ ɥɢɧɢɹ – ɝɪɭɧɬ»  
ɜ ɩɪɨɝɪɚɦɦɧɨɦ ɩɚɤɟɬɟ ANSВS MЮlЭТpСвЬТМЬ: ɚ – ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɛɟɡ ɧɚɥɢɱɢɹ ɩɭɫɬɨɬ; 

ɛ – ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɭɫɬɨɬɵ, ɡɚɩɨɥɧɟɧɧɨɣ ɜɨɡɞɭɯɨɦ 
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Ⱦɥɹ ɨɰɟɧɤɢ ɩɟɪɟɝɪɟɜɚ ɢɡɨɥɹɰɢɢ ɄɅ ɜ ɡɚɜɢɫɢ-
ɦɨɫɬɢ ɨɬ ɪɚɡɦɟɪɨɜ ɢ ɜɢɞɚ ɩɭɫɬɨɬ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ 
ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɩɪɢ ɩɨɞɜɢɠɤɚɯ ɄɅ ɢ ɨɬ ɷɥɟɤɬɪɨ-
ɞɢɧɚɦɢɱɟɫɤɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɩɪɢ ɄЗ, ɛɵɥɢ ɩɪɨɜɟɞɟ-
ɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɦɨɞɟɥɢ ɬɪɟɯ-
ɠɢɥɶɧɨɝɨ ɄɅ ɜ ANSВS ɫ ɭɱɟɬɨɦ ɭɫɬɚɜɨɤ ɭɫɬ-
ɪɨɣɫɬɜ ɪɟɥɟɣɧɨɣ ɡɚɳɢɬɵ ɢ ɚɜɬɨɦɚɬɢɤɢ Д4]. 
Ɋɚɫɫɦɨɬɪɟɧɨ ɞɜɚ ɜɢɞɚ ɩɭɫɬɨɬɵ: 1) ɤɪɭɝɨɜɚɹ; 
2) ɩɭɫɬɨɬɚ ɪɚɡɦɟɪɨɦ 2/3 ɨɤɪɭɠɧɨɫɬɢ. Ɋɚɛɨɱɢɣ ɪɟ-
ɠɢɦ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧ ɫ ɬɨɤɨɦ ɧɚɝɪɭɡɤɢ 390 Ⱥ, 
ɞɥɢɬɟɥɶɧɨɫɬɶ ɨɬ 0 ɞɨ 4500 ɫ, ɞɚɥɟɟ ɢɞɟɬ ɪɟɠɢɦ 
ɞɜɭɯɮɚɡɧɨɝɨ ɄЗ ɫ ɬɨɤɨɦ 9000 Ⱥ, ɞɥɢɬɟɥɶɧɨɫɬɶɸ 
0,7 ɫ, ɩɨɫɥɟ ɱɟɝɨ ɞɨ 9000 ɫ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɪɨ-
ɰɟɫɫ ɨɫɬɵɜɚɧɢɹ ɢɡɨɥɹɰɢɢ. ɇɚ ɪɢɫ. 3 ɩɪɢɜɟɞɟɧɵ 
ɤɚɪɬɢɧɵ ɬɟɦɩɟɪɚɬɭɪɵ ɢɡɨɥɹɰɢɢ ɄɅ ɞɥɹ ɜɪɟɦɟɧɢ 
4500,7 ɫ (ɫɪɚɡɭ ɩɨɫɥɟ ɪɟɠɢɦɚ ɄЗ) ɫ ɤɪɭɝɨɜɨɣ ɩɭɫ-
ɬɨɬɨɣ ɢ ɩɭɫɬɨɬɨɣ 2/3 ɨɤɪɭɠɧɨɫɬɢ.  

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜ ANSВS ɩɨ ɩɪɢɪɨɫɬɭ ɬɟɦɩɟɪɚɬɭ-
ɪɵ ɜ ɢɡɨɥɹɰɢɢ ɄɅ ɨɬ ɪɚɡɦɟɪɨɜ ɩɭɫɬɨɬɵ, ɤɨɬɨɪɚɹ 
ɦɨɠɟɬ ɨɛɪɚɡɨɜɵɜɚɬɶɫɹ ɤɚɤ ɩɪɢ ɩɨɞɜɢɠɤɚɯ ɝɪɭɧɬɚ, 

ɬɚɤ ɢ ɩɪɢ ɄЗ ɨɬ ɞɟɣɫɬɜɢɹ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɢɯ 
ɫɢɥ, ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɜɢɞɟ ɝɪɚɮɢɤɨɜ ɧɚ ɪɢɫ. 4.  

ɍɫɬɚɧɨɜɥɟɧɧɵɟ ɡɚɜɢɫɢɦɨɫɬɢ ɪɢɫ. 4 ɦɨɠɧɨ 
ɨɩɢɫɚɬɶ ɫɬɟɩɟɧɧɵɦ ɬɪɟɧɞɨɦ: 

ɩɭɫɉɪ (%) ( )T
nk R  ,     (1) 

ɝɞɟ ɉɪ (%)T  – ɩɪɢɪɨɫɬ ɬɟɦɩɟɪɚɬɭɪɵ ɢɡɨɥɹɰɢɢ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɚɡɦɟɪɨɜ ɩɭɫɬɨɬɵ ɩɭɫR ; ɩɭɫR  – 
ɪɚɡɦɟɪ ɩɭɫɬɨɬɵ ɩɨ ɝɪɚɧɢɰɟ ɨɬ ɄɅ ɞɨ ɞɚɥɶɧɟɣ ɫɬɨ-
ɪɨɧɵ ɩɭɫɬɨɬɵ ɜ ɦɦ; k, n – ɩɨɫɬɨɹɧɧɵɟ ɤɨɷɮɮɢɰɢ-
ɟɧɬɵ, ɨɩɪɟɞɟɥɹɟɦɵɟ ɬɢɩɨɦ ɩɭɫɬɨɬɵ, ɪɟɠɢɦɨɦ ɪɚ-
ɛɨɬɵ ɄɅ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɭɫɥɨɜɢɣ ɪɚɛɨɱɟɝɨ ɪɟɠɢɦɚ 
(2/3 ɩɭɫɬɨɬɵ): 13k  , 0,31n  . 

Ʉɥɚɫɫɢɱɟɫɤɚɹ ɬɟɩɥɨɜɚɹ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ, 
ɩɪɢɦɟɧɹɟɦɚɹ ɞɥɹ ɪɚɫɱɟɬɚ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɯ 
ɬɨɤɨɜ ɞɥɹ ɷɤɫɩɥɭɚɬɢɪɭɟɦɵɯ ɄɅ, ɩɪɢɜɟɞɟɧɚ ɧɚ 
ɪɢɫ. 5. ɇɚ ɪɢɫ. 6 ɩɪɢɜɟɞɟɧɚ ɪɟɤɨɦɟɧɞɨɜɚɧɧɚɹ ɩɨ 
ɪɟɡɭɥɶɬɚɬɚɦ ɜɵɲɟɩɪɢɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ 
ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ, ɭɱɢɬɵɜɚɸɳɚɹ ɨɛɪɚɡɨɜɚɧɢɟ 
ɩɭɫɬɨɬ. 

Ɍɚɛɥɢɰɚ 2 
ɂɡɦɟɧɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪ ɜ ɫɥɨɹɯ ɤɚɛɟɥɹ ɢ ɩɪɢɥɟɝɚɸɳɟɝɨ ɤ ɧɟɦɭ ɝɪɭɧɬɚ 

ɋɥɨɣ 

Ɍɟɦɩɟɪɚɬɭɪɚ, °ɋ 

ɋɥɭɱɚɣ ɛɟɡ ɧɚɥɢɱɢɹ  
ɩɭɫɬɨɬ (ɪɢɫ. 2, ɚ) 

ɋɥɭɱɚɣ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɭɫɬɨɬɵ, ɡɚɩɨɥɧɟɧɧɨɣ 
ɜɨɡɞɭɯɨɦ (ɪɢɫ. 2, ɛ) 

Ʌɟɜɚɹ ɠɢɥɚ ɉɪɚɜɚɹ ɠɢɥɚ 
Ɇɟɠɮɚɡɧɨɟ ɡɚɩɨɥɧɟɧɢɟ 77 86 
ɋɥɨɣ ɮɚɡɧɨɣ ɢɡɨɥɹɰɢɢ 77 86 86 
Ⱥɥɸɦɢɧɢɟɜɚɹ ɠɢɥɚ 77 86 86 
ɋɥɨɣ ɮɚɡɧɨɣ ɢɡɨɥɹɰɢɢ ɨɬ 67 ɞɨ 77 ɨɬ 77 ɞɨ 86 ɨɬ 77 ɞɨ 86 
ɉɨɹɫɧɚɹ ɢɡɨɥɹɰɢɹ ɨɬ 64 ɞɨ 67 ɨɬ 73 ɞɨ 77 ɨɬ 73 ɞɨ 77 
Ⱥɥɸɦɢɧɢɟɜɚɹ ɨɛɨɥɨɱɤɚ 64 73 73 
ɉɨɞɭɲɤɚ ɢɡ ɛɢɬɭɦɚ ɨɬ 58 ɞɨ 64 ɨɬ 72 ɞɨ 73 ɨɬ 65 ɞɨ 73 
ɉȼХ ɲɥɚɧɝ ɨɬ 55 ɞɨ 58 ɨɬ 71 ɞɨ 72 ɨɬ 60 ɞɨ 65 
ɉɭɫɬɨɬɚ – ɨɬ 42 ɞɨ 71 – 
Ƚɪɭɧɬɨɜɵɣ ɫɥɨɣ – 4,5 ɫɦ 
 ɨɬ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɛɟɥɹ ɨɬ 44 ɞɨ 55 ɨɬ 38 ɞɨ 71 ɨɬ 47 ɞɨ 60 

 

 
                                              ɚ)                                                                          ɛ) 

 
Ɋɢɫ. 3. Ⱦɢɧɚɦɢɤɚ ɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɪɟɠɢɦɚ ɜ ɢɡɨɥɹɰɢɢ ɬɪɟɯɠɢɥɶɧɨɣ ɄɅ,  

ɪɚɛɨɱɢɣ ɪɟɠɢɦ 0-4500 ɫ (390 Ⱥ)+ɪɟɠɢɦ ɄɁ 4500-4500,8 (9000Ⱥ):  
ɚ – ɤɪɭɝɨɜɚɹ ɩɭɫɬɨɬɚ 20 ɦɦ; ɛ – ɩɭɫɬɨɬɚ 2/3 ɨɤɪɭɠɧɨɫɬɢ 20 ɦɦ 
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Ɋɢɫ. 4. ɉɪɢɪɨɫɬ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɢɡɨɥɹɰɢɢ (%) ɬɪɟɯɠɢɥɶɧɨɝɨ ɄɅ ɨɬ ɪɚɡɦɟɪɨɜ ɩɭɫɬɨɬɵ (ɦɦ) 
ɢ ɪɟɠɢɦɚ ɪɚɛɨɬɵ (ɪɚɛɨɱɢɣ ɪɟɠɢɦ, ɪɟɠɢɦ ɄɁ) 

 

 
Ɋɢɫ. 5.Ɍɟɩɥɨɜɚɹ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɪɚɫɱɟɬɚ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɯ ɬɨɤɨɜ ɄɅ, 

ɪɟɤɨɦɟɧɞɨɜɚɧɧɚɹ ɪɚɧɟɟ 
 
 

 
 

Ɋɢɫ. 6.Ɍɟɩɥɨɜɚɹ ɫɯɟɦɚ ɡɚɦɟɳɟɧɢɹ ɞɥɹ ɪɚɫɱɟɬɚ ɞɥɢɬɟɥɶɧɨ ɞɨɩɭɫɬɢɦɵɯ ɬɨɤɨɜ ɄɅ, 
 ɪɟɤɨɦɟɧɞɭɟɦɚɹ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫ ɭɱɟɬɨɦ ɜɟɪɨɹɬɧɵɯ ɩɭɫɬɨɬ 
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ɍɪɚɜɧɟɧɢɟ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɞɥɹ 1, 2 ɠɢɥɵ 
ɫɯɟɦɵ ɪɢɫ. 6 ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ: 

   
ɠ1 0 ɠ1 ɢɡ1 Эɩ1 Эɜɤɥ1 Э01

ɢɡ1 ɢɡ1 Эɩ1 Эɜɤɥ1 Э01

ɨɛ1 Эɩ1 Эɜɤɥ1 Э01 .

T T P R R R R
P R R R R
P R R R

       
     
   

    
(2)

 

Ⱦɥɹ 3 ɠɢɥɵ:    
ɠ3 0 ɠ3 ɢɡ3 Эɩ3 Э03

ɢɡ3 ɢɡ3 Эɩ3 Э03

ɨɛ3 Эɩ3 Э03 ,

T T P R R R
P R R R
P R R

     
    
  

      
(3)

 

ɝɞɟ ɠT  – ɬɟɦɩɟɪɚɬɭɪɚ ɠɢɥɵ; 0T  – ɬɟɦɩɟɪɚɬɭɪɚ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ; ɢɡR  – ɬɟɪɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜ-
ɥɟɧɢɟ ɢɡɨɥɹɰɢɢ ɤɚɛɟɥɹ; ЭɩR  – ɬɟɪɦɢɱɟɫɤɨɟ ɫɨɩɪɨ-
ɬɢɜɥɟɧɢɟ ɡɚɳɢɬɧɵɯ ɩɨɤɪɨɜɨɜ; ЭɜɤɥR  – ɬɟɪɦɢɱɟɫɤɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɤɥɸɱɟɧɢɣ (ɨɛɭɫɥɨɜɥɟɧɧɨɟ ɨɛɪɚɡɨ-
ɜɚɧɢɟɦ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜɵɲɟ ɩɭɫɬɨɬ); Э0R  – ɬɟɪ-
ɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ;  

ɠP  – ɦɨɳɧɨɫɬɶ, ɜɵɞɟɥɹɟɦɚɹ ɜ ɠɢɥɟ; ɢɡP  – ɞɢ-
ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɩɨɬɟɪɢ ɜ ɢɡɨɥɹɰɢɢ; ɨɛP  – ɦɨɳ-
ɧɨɫɬɶ ɨɬ ɧɚɝɪɟɜɚ ɡɚɳɢɬɧɨɣ ɨɛɨɥɨɱɤɢ ɄɅ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɩɨɡɜɨɥɢɥɢ ɭɫɬɚɧɨɜɢɬɶ, ɱɬɨ ɜ ɭɫɥɨɜɢɹɯ ɷɤɫɩɥɭɚɬɚ-
ɰɢɢ ɧɚɛɥɸɞɚɸɬɫɹ ɩɨɞɜɢɠɤɢ ɤɚɛɟɥɹ, ɨɛɭɫɥɨɜɥɟɧ-
ɧɵɟ ɥɢɛɨ ɩɨɞɜɢɠɤɚɦɢ ɝɪɭɧɬɚ, ɥɢɛɨ ɩɨɞɜɢɠɤɚɦɢ 
ɤɚɛɟɥɹ ɩɪɢ ɄЗ ɨɬ ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɢɯ ɜɡɚɢɦɨ-
ɞɟɣɫɬɜɢɣ, ɩɪɢɜɨɞɹɳɢɟ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɩɭɫɬɨɬ ɜɨ 
ɜɥɚɠɧɨɦ ɢ ɦɟɪɡɥɨɦ ɝɪɭɧɬɚɯ. ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɪɚɡɦɟɪɨɜ ɩɭɫɬɨɬɵ ɢ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɄɅ (ɪɚɛɨɱɢɣ, 
ɪɟɠɢɦ ɤɨɪɨɬɤɨɝɨ ɡɚɦɵɤɚɧɢɹ) ɜɨɡɧɢɤɚɟɬ ɩɟɪɟɝɪɟɜ 

ɢɡɨɥɹɰɢɢ ɞɨ 40 % ɩɪɢ ɤɪɭɝɨɜɨɣ ɩɭɫɬɨɬɟ ɪɚɡɦɟɪɨɦ 
ɫ ɞɢɚɦɟɬɪ ɄɅ. ɉɪɢ ɧɚɢɛɨɥɟɟ ɜɟɪɨɹɬɧɨɣ ɩɭɫɬɨɬɟ ɜ 
2/3 ɨɤɪɭɠɧɨɫɬɢ ɫ ɪɚɡɦɟɪɨɦ, ɪɚɜɧɵɦ ɞɢɚɦɟɬɪɭ ɤɚ-
ɛɟɥɹ – ɞɨ 15 % , ɱɬɨ ɧɟ ɭɱɢɬɵɜɚɟɬɫɹ ɧɚ ɫɟɝɨɞɧɹɲ-
ɧɢɣ ɞɟɧɶ ɩɪɢ ɦɨɧɬɚɠɟ ɬɪɚɫɫ ɄɅ, ɪɚɫɱɟɬɟ ɞɥɢɬɟɥɶ-
ɧɨ ɞɨɩɭɫɬɢɦɨɝɨ ɬɨɤɚ ɧɚɝɪɭɡɤɢ ɢ ɨɰɟɧɤɟ ɪɟɫɭɪɫɚ 
ɢɡɨɥɹɰɢɢ. 
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EЬЭТЦКЭТoЧ oП ЭСОЫЦКl МoЧНТЭТoЧЬ oП ТЧЬЮlКЭТoЧ ТЧ ЭСО ANSВS 2D ЦoНОl 
oП lТЧk «МКЛlО lТЧО 6(10) kV – ЬoТl» аТЭС МoЧЬТНОЫКЭТoЧ ПoЫ ЦoЯОЦОЧЭЬ 
oП ЬoТl КЧН ЫОlКв pЫoЭОМЭТoЧ ЬОЭ ЯКlЮОЬ 
A.V. Korгhov, South Ural State University, Chelyabinsk, Russian Federation  
 

IЧ ЭСТs КrЭТМlО mШvОmОЧЭs ШП sШТl КЧН МКЛlОs НЮrТЧР ЭСО КЧЧЮКl МвМlО ШП ОбplШТЭКЭТШЧ КrО НОЭОrmТЧОН, Кs Об-
ОmplТПТОН Лв МТЭв КМЭТvО МКЛlО lТЧОs 6(10) kV КЧН ЭОsЭ mШНОls. TСО ОбpОrТmОЧЭs аОrО МШЧНЮМЭОН Лв mОКsЮrТЧР 
ЭСО НОpЭС ШП ЛОННТЧР ШП sОlОМЭОН pШТЧЭs ШП МКЛlО lТЧОs lвТЧР ТЧ НТППОrОЧЭ МШЧНТЭТШЧs ЮsТЧР ЭСО НОvТМО  RIDGID-
SООkTОМСSR-20. TСО КЧКlвsТs ШП ЭСО КМqЮТrОН НКЭК sСШаОН ЭСКЭ ЭСО МКЛlО lТЧОs mШvОmОЧЭs МКЧ lОКН ЭШ ПШrmКЭТШЧ 
ШП НКЧРОrШЮs mОМСКЧТМКl ЭОЧsТШЧ КЧН СШllШаs. FШr ЭСО ОsЭТmКЭТШЧ ШП ЭСОrmКl МШЧНТЭТШЧs ШП ТЧsЮlКЭТШЧ аТЭС МШЧ-
sТНОrКЭТШЧ ПШr prШЛКЛlО sТгОs ШП ЭСО СШllШаs, ЭСКЭ КrО ПШrmОН НЮrТЧР ЭСО mШvОmОЧЭs ШП МКЛlО lТЧОs ТЧ ЭСО sШТl,  
2D mШНОls ШП lТЧk “МКЛlО lТЧО – sШТl” аОrО НОvОlШpОН аТЭС ANSВS. TСОrmКl МШЧНТЭТШЧs ШП ТЧsЮlКЭТШЧ аОrО КЧК-
lвгОН НЮrТЧР ШpОrКЭТШЧ mШНОs КЧН sСШrЭ-МТrМЮТЭ rОРТmОs аТЭС ЭСО МШЧsТНОrКЭТШЧ ПШr rОlКв prШЭОМЭТШЧ КЧН КЮЭШmК-
ЭТШЧ sОЭ vКlЮОs. PrШЛКЛlО гШЧОs ШП ТЧsЮlКЭТШЧ ШvОrСОКЭТЧР КrО НОЭОrmТЧОН, ЭСО ОqЮТvКlОЧЭ ЭСОrmКl МТrМЮТЭ ПШr КН-
mТssТЛlО МЮrrОЧЭs МКlМЮlКЭТШЧ Тs МШrrОМЭОН ЛКsОН ШЧ ЭСО rОsЮlЭs ШП mШНОlТЧР. 

KОваorНs: МablО, ТnsЮlaЭТon, rОlaв proЭОМЭТon, ЭСОrmal analвsТs, soТl, ОqЮТvalОnЭ МТrМЮТЭ.  
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