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ȼȼȿȾȿɇɂȿ 

 

ȼ Ɋɨɫɫɢɢ ɫɭɳɟɫɬɜɭɸɬ ɤɪɭɩɧɟɣɲɢɟ, ɦɢɪɨɜɵɟ ɨɪɝɚɧɢɡɚɰɢɣ, ɤɨɬɨɪɵɟ ɡɚɧɢɦɚ-

ɸɬɫɹ ɞɨɛɵɱɟɣ ɝɚɡɚ ɢ ɧɟɮɬɢ, ɬɚɤɢɟ ɤɚɤ "Ƚɚɡɩɪɨɦ" ɢ "Ɋɨɫɧɟɮɬɶ"  

Ⱦɥɹ ɦɟɠɞɭɧɚɪɨɞɧɨɝɨ ɢɦɩɨɪɬɚ ɢ ɷɤɫɩɨɪɬɚ ɜ ɞɚɧɧɨɣ ɫɮɟɪɟ ɢɫɩɨɥɶɡɭɸɬ ɧɟɮɬɟ- 

ɢ ɝɚɡɨɩɪɨɜɨɞɵ, ɫɨɫɬɚɜɥɹɸɳɢɟ ɤɨɬɨɪɵɯ ɞɨɥɠɧɵ ɨɛɥɚɞɚɬɶ ɜɵɫɨɤɨɣ ɩɪɨɢɡɜɨɞɢ-

ɬɟɥɶɧɨɫɬɶɸ. Ʉ ɤɚɱɟɫɬɜɭ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɬɚɤɠɟ ɩɪɢɦɟɧɹɸɬ ɜɵɫɨɤɢɟ ɬɪɟɛɨɜɚ-

ɧɢɹ 

 ɇɚ  ɡɚɜɨɞɚɯ, ɢɡɝɨɬɚɜɥɢɜɚɸɳɢɯ ɞɟɬɚɥɢ ɞɥɹ  ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɬɨɩɥɢɜɚ, ɬɚɤɢɯ 

ɤɚɤ ɬɪɭɛɵ, ɨɬɜɨɞ, ɬɪɨɣɧɢɤɢ ɩɪɢɦɟɧɹɸɬ ɜ ɨɫɧɨɜɧɨɦ ɪɭɱɧɭɸ ɞɭɝɨɜɭɸ ɫɜɚɪɤɭ 

ɲɬɭɱɧɵɦɢ ɷɥɟɤɬɪɨɞɚɦɢ, ɥɢɛɨ ɦɟɯɚɧɢɡɢɪɨɜɚɧɧɚɹ ɞɭɝɨɜɚɹ ɜ ɫɪɟɞɟ ɡɚɳɢɬɧɵɯ ɝɚɡɨɜ 

ȼ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɩɪɨɰɟɫɫɟ, ɜ ɛɚɡɨɜɨɦ ɜɚɪɢɚɧɬɟ ɩɪɢɦɟɧɹ-

ɟɬɫɹ ɪɭɱɧɚɹ ɞɭɝɨɜɚɹ ɫɜɚɪɤɚ ɲɬɭɱɧɵɦɢ ɷɥɟɤɬɪɨɞɚɦɢ. ɉɪɟɞɥɚɝɚɟɬɫɹ ɭɫɨɜɟɪɲɟɧɫɬ-

ɜɨɜɚɬɶ ɩɪɨɰɟɫɫ ɩɭɬɟɦ ɡɚɦɟɧɵ ɧɚ ɚɜɬɨɦɚɬɢɱɟɫɤɭɸ ɫɜɚɪɤɭ ɩɨɞ ɫɥɨɟɦ ɮɥɸɫɚ ɧɚ ɤɟ-

ɪɚɦɢɱɟɫɤɢɯ ɩɨɞɤɥɚɞɤɚɯ. ɉɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɬɪɨɣɧɢɤɨɜ ɦɚɝɢɫɬɪɚɥɶɧɵɯ ɧɟɮɬɟɩɪɨ-

ɜɨɞɨɜ ɫ ɤɥɚɫɫɨɦ ɩɪɨɱɧɨɫɬɢ Ʉηθ ɦɚɝɢɫɬɪɚɥɶ ɢ ɤɚɬɭɲɤɚ ɢɡɝɨɬɚɜɥɢɜɚɸɬɫɹ ɢɡ ɫɜɚɪ-

ɧɨɣ ɢɥɢ ɛɟɫɲɨɜɧɨɣ ɬɪɭɛɵ. ɉɪɢ ɷɬɨɦ ɫɜɚɪɤɚ ɨɬɜɟɬɜɥɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɪɭɱɧɨɣ ɞɭ-

ɝɨɜɨɣ ɫɜɚɪɤɨɣ ɥɢɛɨ ɦɟɯɚɧɢɡɢɪɨɜɚɧɧɨɣ ɜ ɫɪɟɞɟ ɡɚɳɢɬɧɵɯ ɝɚɡɨɜ. 

ȼ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɪɨɜɟɫɬɢ ɭɫɨɜɟɪɲɟɧɫɬ-

ɜɨɜɚɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɫɜɚɪɤɢ ɤɨɥɶɰɟɜɨɝɨ ɫɬɵɤɚ ɬɪɨɣɧɢɤɚ 10β0×7β0 ɤɥɚɫɫɚ ɩɪɨɱɧɨ-

ɫɬɢ Ʉηθ ɩɭɬɟɦ ɡɚɦɟɧɵ ɪɭɱɧɨɝɨ ɫɩɨɫɨɛɚ ɫɜɚɪɤɢ ɧɚ ɚɜɬɨɦɚɬɢɱɟɫɤɭɸ ɩɨɞ ɫɥɨɟɦ 

ɮɥɸɫɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɤɟɪɚɦɢɱɟɫɤɢɯ ɩɨɞɤɥɚɞɨɤ. 
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1 ɌȿɏɇɈɅɈȽɂɑȿɋɄɂɃ ɊȺɁȾȿɅ 

 

      1.1 Ɉɩɢɫɚɧɢɟ ɫɜɚɪɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ 

 

Ɍɪɨɣɧɢɤ - ɫɨɟɞɢɧɢɬɟɥɶɧɚɹ ɞɟɬɚɥɶ, ɤɨɬɨɪɚɹ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ  ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɨɬɨɤɨɜ ɩɨ ɬɪɭɛɨɩɪɨɜɨɞɚɦ. Ɉɧ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɰɟɥɶɧɨɫɜɚɪ-

ɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ, ɫɨɫɬɨɹɳɭɸ ɢɡ ɨɫɧɨɜɧɨɣ ɦɚɝɢɫɬɪɚɥɢ ɢ ɨɬɜɟɬɜɥɟɧɢɹ. Ɇɚɝɢɫɬ-

ɪɚɥɶ ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ ɢɡ ɫɜɚɪɧɨɣ ɨɞɧɨɲɨɜɧɨɣ ɬɪɭɛɵ ɤɥɚɫɫɚ ɩɪɨɱɧɨɫɬɢ Ʉηθ ɪɚɡ-

ɦɟɪɚ 10β0×γ0 ɦɦ. Ʉɚɬɭɲɤɚ ɨɬɜɟɬɜɥɟɧɢɹ ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ ɢɡ ɫɜɚɪɧɨɣ ɨɞɧɨɲɨɜɧɨɣ 

ɬɪɭɛɵ ɤɥɚɫɫɚ ɩɪɨɱɧɨɫɬɢ Ʉηβ ɪɚɡɦɟɪɨɦ 7β0×10 ɦɦ. 

 

 ɇɚ ɪɢɫɭɧɤɟ 1.1 ɩɪɟɞɫɬɚɜɥɟɧ ɨɛɳɢɣ ɜɢɞ ɬɪɨɣɧɢɤɚ  

 

 

1 – Ɇɚɝɢɫɬɪɚɥɶ; 2 – Ʉɚɬɭɲɤɚ 

Ɋɢɫɭɧɨɤ 1.1 – Ɉɛɳɢɣ ɜɢɞ ɬɪɨɣɧɢɤɚ 
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Ʉ ɞɚɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɩɪɟɞɴɹɜɥɹɸɬ ɜɵɫɨɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɩɨ ɤɚɱɟɫɬɜɭ ɢɡɝɨɬɨɜ-

ɧɢɹ, ɩɨ ɩɪɢɱɢɧɟ ɬɨɝɨ, ɱɬɨ ɨɧ ɷɤɫɩɥɭɚɬɢɪɭɟɬɫɹ ɜ ɬɪɭɞɧɵɯ ɭɫɥɨɜɢɹɯ ɩɪɢ ɜɨɡɞɟɣɫɬ-

ɜɢɢ ɞɚɜɥɟɧɢɹ ɨɬ ɩɟɪɟɤɚɱɢɜɚɟɦɨɣ ɫɪɟɞɵ, ɢɫɬɢɪɚɧɢɹ ɢ ɧɚɩɪɹɠɟɧɢɹ ɫɚɦɨɝɨ ɬɪɭɛɨ-

ɩɪɨɜɨɞɚ  

 

1.β Ɉɩɢɫɚɧɢɟ ɩɪɢɦɟɧɹɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ 

 

 Ɇɚɝɢɫɬɪɚɥɶ ɬɪɨɣɧɢɤɚ  ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ ɢɡ ɧɢɡɤɨɭɝɥɟɪɨɞɢɫɬɨɣ ɧɢɡɤɨɥɟɝɢɪɨ-

ɜɚɧɧɨɣ ɫɬɚɥɢ, ɤɥɚɫɫɚ ɩɪɨɱɧɨɫɬɢ  Ʉηθ, ɦɚɪɤɢ 1βȽβɋȻ.  ɉɪɟɞɨɫɬɚɜɥɟɧɧɚɹ ɫɬɚɥɶ ɢɫ-

ɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɭɡɥɨɜ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ ɢɦɟɟɬ ɯɨɪɨɲɭɸ ɫɜɚɪɢɜɚɟ-

ɦɨɫɬɶ. ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɬɚɥɢ 1βȽβɋȻ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.1. 

Ɍɚɛɥɢɰɚ 1.1 – ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɬɚɥɢ 1βȽβɋȻ (ȽɈɋɌ 19β81-2014) 

ȼ ɩɪɨɰɟɧɬɚɯ  

ɏɢɦɢɱɟɫɤɢɣ 

ɷɥɟɦɟɧɬ 
C Si Mn 

V S P 
Nb Ti 

ɇɟ ɛɨɥɟɟ 

Ʉɨɥɢɱɟɫɬɜɨ 
0,1–

0,14 

0,25–

0,5 
1,4–1,75 0,08 0,02 0,025 

0,04 – 

0,07 

0,005 – 

0,02 

 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɬɚɥɢ 1βȽβɋȻ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.β. 

Ɍɚɛɥɢɰɚ 1.β – Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɬɚɥɢ 1βȽβɋȻ 

Ʉɥɚɫɫ 

ɩɪɨɱɧɨɫɬɢ 

ɉɪɟɞɟɥ 

ɬɟɤɭɱɟɫɬɢσɬ, Ɇɉɚ, 

ɧɟ ɦɟɧɟɟ 

ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢσɜ, 

Ɇɉɚ, ɧɟ ɦɟɧɟɟ 

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ 

ɭɞɥɢɧɟɧɢɟ δ5, %, 

ɧɟ ɦɟɧɟɟ 

Ʉηθ 410 550 20 

 

Ⱦɥɹ ɫɬɚɥɢ 1βȽβɋȻ ɞɚɧɧɵɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɞɨɫɬɢɝɚɸɬɫɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ 

ɩɪɢ ɢɡɝɨɬɨɜɥɟɧɢɢ ɤɨɧɬɪɨɥɢɪɭɟɦɨɣ ɩɪɨɤɚɬɤɢ ɢɥɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ 

ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ   
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ɋɜɚɪɢɜɚɟɦɨɫɬɶ ɫɬɚɥɢ 1βȽβɋȻ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (1) ɢɡ ȽɈɋɌ 19β81-2014: 

 

ɋɗ=ɋ+
Mn

6
+

Cr+Mo+  V+Ti+Nb 
5

+
Cu+Ni

15
 (1) 

 ,ɝɞɟ C, Mn, Cr, Mo, V,Ti, Nb,Ni, Cu – ɦɚɫɫɨɜɵɟ ɞɨɥɢ ɜ ɫɬɚɥɢ ɭɝɥɟɪɨɞɚ (ɋ), 

ɦɚɪɝɚɧɰɚ (Mn), ɯɪɨɦɚ (Cr), ɦɨɥɢɛɞɟɧɚ (Mo), ɜɚɧɚɞɢɹ (V),ɬɢɬɚɧɚ (Ti), ɧɢɨɛɢɹ (Nb), 

ɧɢɤɟɥɹ (Ni) ɢ ɦɟɞɢ (Cu) ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɤɨɜɲɨɜɨɣ ɩɪɨɛɵ, %. 

Ɉɩɪɟɞɟɥɢɦ ɡɧɚɱɟɧɢɟ ɋɗ, ɩɭɬɟɦ ɩɨɞɫɬɚɜɥɟɧɢɹ ɦɚɤɫɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ 

ɫɨɞɟɪɠɚɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɞɥɹ ɫɬɚɥɢ 1βȽβɋȻ, ɨɬɦɟɱɟɧɧɵɟ ɜ ɬɚɛɥɢɰɟ 1.1, 

ɜ ɮɨɪɦɭɥɭ (1)  

ɋɗ=0,14+
1,75

6
+

0,08+0,07+0,02

5
=0,47 %. 

 

ɉɨɥɭɱɟɧɧɨɟ ɢɡ ɪɚɫɱɟɬɚ ɡɧɚɱɟɧɢɟ ɷɤɜɢɜɚɥɟɧɬɚ ɭɝɥɟɪɨɞɚ ɩɪɟɜɵɲɚɟɬ ɦɚɤɫɢɦɚɥɶɧ

ɨ ɞɨɩɭɫɬɢɦɨɟ(ɋɗ MAX = 0,43%), ɩɪɢ ɤɨɬɨɪɨɦ ɞɨɩɭɫɤɚɟɬɫɹ ɧɟ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɟɞɜɚɪ

ɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ ɧɚ 0,04%. Ɉɬ ɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ ɫɜɚɪɤɟ ɧɟɨɛɯɨɞɢɦ ɩɪɟɞɜɚɪ

ɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ. 

Ɋɚɫɫɱɢɬɚɟɦ ɬɟɦɩɟɪɚɬɭɪɭ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɩɨ ɮɨɪɦɭɥɟ (β) 

 

Ɍ0=350∙  ɋ ɗ-0,25 0,5, (2) 

 

ɝɞɟ ɋ ɗ – ɩɨɥɧɵɣ ɷɤɜɢɜɚɥɟɧɬ ɭɝɥɟɪɨɞɚ, %. 

ɇɚɣɞɟɦ ɩɨɥɧɵɣ ɷɤɜɢɜɚɥɟɧɬ ɭɝɥɟɪɨɞɚ  ɋ ɗ ɩɨ ɮɨɪɦɭɥɟ (γ)  

  ɋ ɗ= ɋ ɏ+ ɋ Ɋ, (3) 

 

ɝɞɟ ɋ ɏ – ɯɢɦɢɱɟɫɤɢɣ ɷɤɜɢɜɚɥɟɧɬ ɭɝɥɟɪɨɞɚ, %;  ɋ Ɋ – ɪɚɡɦɟɪɧɵɣ ɷɤɜɢɜɚɥɟɧɬ ɭɝɥɟɪɨɞɚ, %.  
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ɇɚɣɞɟɦ ɯɢɦɢɱɟɫɤɢɣ ɷɤɜɢɜɚɥɟɧɬ ɭɝɥɟɪɨɞɚ  ɋ ɏ ɩɨ ɮɨɪɦɭɥɟ (4)  

  ɋ ɏ=ɋ+
Mn+Cr

9
+

Ni

18
+

7Mo

90
, 

(4) 

 

 

ɝɞɟ C, Mn, Cr, Mo, Ni – ɦɚɫɫɨɜɵɟ ɞɨɥɢ ɜ ɫɬɚɥɢ ɭɝɥɟɪɨɞɚ (ɋ), ɦɚɪɝɚɧɰɚ (Mn), ɯɪɨɦɚ 

(Cr), ɦɨɥɢɛɞɟɧɚ (Mo), ɧɢɤɟɥɹ (Ni) ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɤɨɜɲɨɜɨɣ ɩɪɨɛɵ, %. 

 

 Ɉɩɪɟɞɟɥɢɦ  ɯɢɦɢɱɟɫɤɢɣ ɷɤɜɢɜɚɥɟɧɬ ɭɝɥɟɪɨɞɚ  ɋ ɏ, ɩɨɞɫɬɚɜɢɜ ɧɟɨɛɯɨɞɢɦɵɟ ɡɧ

ɚɱɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɮɨɪɦɭɥɭ (4)  

  ɋ ɏ=0,14+
1,75

9
=0,34%. 

 

ɇɚɣɞɟɦ ɪɚɡɦɟɪɧɵɣ ɷɤɜɢɜɚɥɟɧɬ ɭɝɥɟɪɨɞɚ  ɋ Ɋ ɩɨ ɮɨɪɦɭɥɟ (η)  

  ɋ Ɋ=0,005S ɋ ɏ, (5) 

 

ɝɞɟ S=30 – ɬɨɥɳɢɧɚ ɞɟɬɚɥɟɣ, ɩɨɞɥɟɠɚɳɢɯ ɫɜɚɪɤɟ, ɦɦ. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (η) ɩɨɥɭɱɢɦ, ɱɬɨ 

  ɋ Ɋ=0,005∙30∙0,34=0,051 %. 

 

Ɉɩɪɟɞɟɥɢɦ ɩɨɥɧɵɣ ɷɤɜɢɜɚɥɟɧɬ ɭɝɥɟɪɨɞɚ  ɋ ɗ, ɩɨɞɫɬɚɜɢɜ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ  ɋ ɏ ɢ  ɋ Ɋ ɜ ɮɨɪɦɭɥɭ (γ)  

  ɋ ɗ=0,34+0,051=0,391, %. 

 

ɇɚɣɞɟɦ ɬɟɦɩɟɪɚɬɭɪɭ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ Ɍ0 

Ɍ0=350∙ 0,391-0,25 0,5=131,4 °ɋ. 
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Ɇɢɧɢɦɚɥɶɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɭɸ 

135°ɋ. 

Ⱦɥɹ ɦɚɬɟɪɢɚɥɚ ɤɚɬɭɲɟɤ ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɢɡɤɨɭɝɥɟɪɨɞɢɫɬɚɹ ɧɢɡɤɨɥɟɝɢɪɨɜɚɧɧɚɹ 

ɫɬɚɥɶ ɦɚɪɤɢ 17Ƚ1ɋ, ɤɥɚɫɫɚ ɩɪɨɱɧɨɫɬɢ  Ʉηβ. ɗɬɚ ɫɬɚɥɶ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟ-

ɧɢɹ ɭɡɥɨɜ ɬɪɭɛɨɩɪɨɜɨɞɨɜ ɢ ɨɛɥɚɞɚɟɬ ɯɨɪɨɲɟɣ ɫɜɚɪɢɜɚɟɦɨɫɬɶɸ.  

Ⱦɥɹ ɫɬɚɥɢ 17Ƚ1ɋ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɭɤɚɡɚɧ ɜ ɬɚɛɥɢɰɟ 1.γ. 

Ɍɚɛɥɢɰɚ 1.γ – ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɫɬɚɥɢ17Ƚ1ɋ (ȽɈɋɌ 19β81-2014) 

ȼ ɩɪɨɰɟɧɬɚɯ 

C Si Mn 
V S P 

Al Ti 
ɇɟ ɛɨɥɟɟ 

0,15–

0,2 

0,4–

0,6 

1,15–

1,55 
0,08 0,03 0,035 

0,02 – 

0,05 
0,04 

 

 

Ⱦɥɹ ɫɬɚɥɢ 17Ƚ1ɋ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɭɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 1.4. 

 

Ɍɚɛɥɢɰɚ 1.4 – Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɫɬɚɥɢ 17Ƚ1ɋ 

Ʉɥɚɫɫ 

ɩɪɨɱɧɨɫɬɢ 

ɉɪɟɞɟɥ 

ɬɟɤɭɱɟɫɬɢσɬ, Ɇɉɚ, 

ɧɟ ɦɟɧɟɟ 

ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢσɜ, 

Ɇɉɚ, ɧɟ ɦɟɧɟɟ 

Ɉɬɧɨɫɢɬɟɥɶɧɨɟ 

ɭɞɥɢɧɟɧɢɟ δ5, %, 

ɧɟ ɦɟɧɟɟ 

Ʉηβ 355 510 20 

 

 

ɇɚɣɞɟɦ ɫɜɚɪɢɜɚɟɦɨɫɬɶ ɫɬɚɥɢ 17Ƚ1ɋ  ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (1)  

 

ɋɗ=0,2+
1,55

6
+

0,08+0,04

5
=0,48 %. 

ɉɨɥɭɱɟɧɧɨɟ ɢɡ ɪɚɫɱɟɬɚ ɡɧɚɱɟɧɢɟ ɷɤɜɢɜɚɥɟɧɬɚ ɭɝɥɟɪɨɞɚ ɩɪɟɜɵɲɚɟɬ ɦɚɤɫɢɦɚɥɶ- 

ɧɨ ɞɨɩɭɫɬɢɦɨɟ(ɋɗ MAX = 0,43%), ɩɪɢ ɤɨɬɨɪɨɦ ɞɨɩɭɫɤɚɟɬɫɹ ɧɟ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ ɧɚ 0,05%. Ɉɬ ɫɸɞɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ ɫɜɚɪɤɟ ɧɟɨɛ-
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ɯɨɞɢɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ. 

Ɉɩɪɟɞɟɥɢɦ ɯɢɦɢɱɟɫɤɢɣ ɷɤɜɢɜɚɥɟɧɬ ɭɝɥɟɪɨɞɚ  ɋ ɏ, ɩɭɬɟɦ ɩɨɞɫɬɚɜɥɟɧɢɹ  ɧɟɨɛɯɨ

ɞɢɦɵɯ ɡɧɚɱɟɧɢɣ ɫɨɞɟɪɠɚɧɢɹ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɮɨɪɦɭɥɭ (4)   ɋ ɏ=0,2+
1,55

9
=0,37%. 

 

Ɋɚɡɦɟɪɧɵɣ ɷɤɜɢɜɚɥɟɧɬ ɭɝɥɟɪɨɞɚ  ɋ Ɋ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (η) ɩɪɢ ɭɫɥɨɜɢɢ, 

ɱɬɨ S=10 ɦɦ.  

  ɋ Ɋ=0,005∙10∙0,37=0,019 %. 

 

Ɉɩɪɟɞɟɥɢɦ ɩɨɥɧɵɣ ɷɤɜɢɜɚɥɟɧɬ ɭɝɥɟɪɨɞɚ  ɋ ɗ, ɩɨɞɫɬɚɜɢɦ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ  ɋ ɏ ɢ  ɋ Ɋ ɜ ɮɨɪɦɭɥɭ (γ) 

  ɋ ɗ=0,37+0,019=0,389 %. 

 

Ɉɩɪɟɞɟɥɢɦ ɬɟɦɩɟɪɚɬɭɪɭ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ Ɍ0, ɩɨ ɮɨɪɦɭɥɟ (β) 

 

Ɍ0=350∙ 0,389-0,25 0,5=130,5 °ɋ. 

 

Ɇɢɧɢɦɚɥɶɧɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɩɪɢɧɢɦɚɟɦ ɪɚɜɧɭɸ  

135 °ɋ. 

 

1.γ ɋɭɳɟɫɬɜɭɸɳɢɣ ɩɪɨɰɟɫɫ ɢɡɝɨɬɨɜɥɟɧɢɹ ɭɡɥɚ 

 

ɉɟɪɜɵɦ ɞɟɥɨɦ, ɤɚɤ ɩɪɚɜɢɥɨ, ɤɚɠɞɵɣ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɩɪɨɯɨɞɢɬ ɜɯɨɞ-

ɧɨɣ ɤɨɧɬɪɨɥɶ, ɫɨɝɥɚɫɧɨ ɜɧɭɬɪɟɧɧɢɦ ɧɨɪɦɚɬɢɜɧɵɦ ɞɨɤɭɦɟɧɬɚɦ ɡɚɜɨɞɚ . ȼ ɷɬɨɬ 

ɩɪɨɰɟɫɫ ɜɯɨɞɢɬ ɩɪɨɜɟɪɤɚ ɫɟɪɬɢɮɢɤɚɬɧɵɯ ɞɚɧɧɵɯ ɧɚ ɬɪɭɛɭ, ɜ ɧɚɥɢɱɢɢ ɤɨɬɨɪɵɯ 

ɞɨɥɠɟɧ ɛɵɬɶ ɭɤɚɡɚɧ  ɡɚɜɨɞ-ɢɡɝɨɬɨɜɢɬɟɥɶ ɬɪɭɛɵ, ɧɨɦɟɪ ɩɚɪɬɢɢ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟ-

ɧɢɣ, ɧɨɦɟɪ ɩɥɚɜɤɢ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ, ɬɢɩɨɪɚɡɦɟɪ ɢ ɧɨɦɟɪ ɩɨɫɬɚɜɥɹɟɦɨɣ ɬɪɭɛɵ, ɚ 
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ɬɚɤɠɟ ɫɜɟɞɟɧɢɹ ɨ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ, ɢɧɮɨɪɦɚɰɢɹ ɨ ɯɢɦɢɱɟɫɤɨɦ ɫɨɫɬɚɜ, 

ɞɚɧɧɵɟ ɨ ɩɪɨɜɟɞɟɧɢɢ ɤɨɧɬɪɨɥɹ ɭɥɶɬɪɚɡɜɭɤɨɦ  ɢ, ɤɨɧɟɱɧɨ  ɠɟ ɨɬɦɟɬɤɚ ɈɌɄ ɨ ɩɪɢ-

ɟɦɤɟ  

Ⱦɚɥɟɟ ɜɵɩɨɥɧɹɟɬɫɹ ɜɢɡɭɚɥɶɧɵɣ ɨɫɦɨɬɪ ɩɨɜɟɪɯɧɨɫɬɟɣ ɧɚ ɩɪɟɞɦɟɬ ɞɟɮɟɤɬɨɜ ɦɟ-

ɬɚɥɥɚ, ɤɨɬɨɪɵɟ ɜɵɜɨɞɹɬ ɬɨɥɳɢɧɭ ɫɬɟɧɤɢ ɡɚ ɩɪɟɞɟɥɵ ɞɨɩɭɫɤɚ, ɚ ɬɚɤɠɟ ɩɪɨɢɡɜɨ-

ɞɢɬɫɹ ɤɨɧɬɪɨɥɶ  ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɬɪɭɛ 

ɉɨɫɥɟ ɬɪɭɛɚ ɨɬɩɪɚɜɥɹɟɬɫɹ ɧɚ ɪɟɡɤɭ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɬɪɟɛɭɟɦɨɣ ɝɟɨɦɟɬɪɢɢ ɞɟɬɚ-

ɥɟɣ  

ɉɨ ɡɚɜɟɪɲɟɧɢɢ ɜɫɟɯ ɡɚɝɨɬɨɜɢɬɟɥɶɧɵɯ ɨɩɟɪɚɰɢɣ, ɜɵɩɨɥɧɹɟɬɫɹ ɤɨɧɬɪɨɥɶ ɤɚɱɟ-

ɫɬɜɚ ɡɚɝɨɬɨɜɨɤ. ɇɚ ɪɢɫɭɧɤɚɯ 1.2 ɢ 1.γ ɩɪɟɞɫɬɚɜɥɟɧ ɨɛɳɢɣ ɜɢɞ ɦɚɝɢɫɬɪɚɥɢ ɢ ɤɚ-

ɬɭɲɤɢ ɬɪɨɣɧɢɤɚ ɩɨ ɨɤɨɧɱɚɧɢɢ ɡɚɝɨɬɨɜɢɬɟɥɶɧɵɯ ɨɩɟɪɚɰɢɣ   

 

 

 

Ɋɢɫɭɧɨɤ 1.β – Ɉɛɳɢɣ ɜɢɞ ɦɚɝɢɫɬɪɚɥɢ ɩɨɫɥɟ ɡɚɝɨɬɨɜɢɬɟɥɶɧɵɯ ɨɩɟɪɚɰɢɣ 
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Ɋɢɫɭɧɨɤ 1.γ – Ɉɛɳɢɣ ɜɢɞ ɤɚɬɭɲɤɢ ɩɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ ɡɚɝɨɬɨɜɢɬɟɥɶɧɵɯ ɨɩɟɪɚ-

ɰɢɣ 

 

ȼ ɫɥɭɱɚɟ, ɟɫɥɢ ɧɚ ɩɥɨɫɤɨɫɬɢ ɦɚɝɢɫɬɪɚɥɢ ɢɥɢ ɤɚɬɭɲɤɢ ɬɪɨɣɧɢɤɚ ɩɪɢɫɭɬɫɬɜɭɸɬ 

ɧɟɞɨɩɭɫɬɢɦɵɟ ɞɟɮɟɤɬɵ, ɬɨ ɢɯ ɩɨɩɪɚɜɥɹɸɬ ɡɚɱɢɫɬɤɨɣ .   

ɉɪɢ ɨɛɧɚɪɭɠɟɧɢɢ ɧɟɫɨɨɬɜɟɬɫɬɜɢɣ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɬɪɟɛɨɜɚɧɢɹɦ 

ɇɌȾ, ɢɯ ɮɢɤɫɢɪɭɸɬ ɜ ɠɭɪɧɚɥɟ ɜɯɨɞɧɨɝɨ ɤɨɧɬɪɨɥɹ. ȿɫɥɢ ɢɡɞɟɥɢɟ  ɧɟɩɨɩɪɚɜɢɦɨ, ɬɨ 

ɧɚ ɧɟɝɨ ɫɨɫɬɚɜɥɹɸɬ ɫɩɟɰɢɚɥɶɧɵɣ ɫɨɩɪɨɜɨɞɢɬɟɥɶɧɵɣ ɞɨɤɭɦɟɧɬ, ɚ ɫɚɦɭ ɡɚɝɨɬɨɜɤɭ 

ɨɬɩɪɚɜɥɹɸɬ ɜ ɛɪɚɤ  

ɉɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɜɫɟɯ ɨɩɟɪɚɰɢɢ ɧɚ ɜɯɨɞɧɨɦ ɤɨɧɬɪɨɥɟ ɢ ɤɨɧɬɪɨɥɟ ɡɚɝɨɬɨɜɤɢ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɞɝɨɬɨɜɤɚ ɤ  ɫɛɨɪɤɢ ɢ ɫɜɚɪɤɢ. ɇɚ ɞɚɧɧɨɣ ɨɩɟɪɚɰɢɢ ɜɵɩɨɥɧɹɟɬɫɹ 

ɤɨɧɬɪɨɥɶ ɤɪɨɦɨɤ, ɡɚɱɢɫɬɤɚ ɨɤɨɥɨ ɲɨɜɧɨɣ ɡɨɧɵ ɨɬ ɨɤɚɥɢɧɵ ɢ ɫɥɟɞɨɜ ɪɠɚɜɱɢɧɵ ɞɨ 

ɱɢɫɬɨɝɨ ɦɟɬɚɥɥɚ. ɉɪɨɜɨɞɹɬ ɜɬɨɪɢɱɧɵɣ ɨɫɦɨɬɪ ɧɚ ɩɪɢɫɭɬɫɬɜɢɟ ɞɟɮɟɤɬɨɜ ɩɨɜɟɪɯɧɨ-

ɫɬɢ. ɉɪɢ  ɨɛɧɚɪɭɠɟɧɢɢ ɜɵɩɨɥɧɹɸɬ ɩɨɩɪɚɜɤɭ. ɇɚ ɷɬɨɦ ɩɨɞɝɨɬɨɜɤɚ ɤ ɫɛɨɪɤɟ ɡɚɤɚɧ-

ɱɢɜɚɟɬɫɹ  

 ɋɛɨɪɤɚ ɜɵɩɨɥɧɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɧɚɪɭɠɧɨɝɨ ɰɟɧɬɪɚɬɨɪɚ. ȿɝɨ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ 

ɛɨɥɟɟ ɬɨɱɧɨɝɨ ɜɵɫɬɚɜɥɟɧɢɹ ɬɪɟɛɭɟɦɨɝɨ ɡɚɡɨɪɚ ɩɪɢ ɫɜɚɪɤɟ  ɢ ɭɫɬɪɚɧɟɧɢɹ ɫɦɟɳɟɧɢɹ 

ɤɪɨɦɨɤ. 
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ɉɪɢ ɫɛɨɪɤɟ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɫɦɟɳɟɧɢɟ ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ ɡɧɚɱɟɧɢɹ β ɦɦ, ɚ 

ɜɟɥɢɱɢɧɚ ɡɚɡɨɪɚ ɜ ɫɬɵɤɟ ɞɨɥɠɧɚ ɧɚɯɨɞɢɬɶɫɹ ɜ ɩɪɟɞɟɥɚɯ β…γ ɦɦ. 

Ⱦɚɥɟɟ ɩɪɨɢɡɜɨɞɹɬ ɭɫɬɚɧɨɜɤɭ ɩɪɢɯɜɚɬɨɤ.  

ɉɪɢ ɢɯ ɭɫɬɚɧɨɜɤɢ ɞɨɥɠɧɵ ɫɨɛɥɸɞɚɬɶɫɹ ɫɥɟɞɭɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹ: 

-ɦɢɧɢɦɭɦ 4 ɲɬ  

-ɞɥɢɧɧɚ ɩɪɢɯɜɚɬɤɢ  ɜ ɩɪɟɞɟɥɚɯ 1η0..β00 ɦɦ  

-ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɩɨ ɩɟɪɢɦɟɬɪɭ ɫɬɵɤɚ  

 

ɋɜɚɪɤɭ ɩɪɢɯɜɚɬɨɤ ɩɪɨɢɡɜɨɞɹɬ ɷɥɟɤɬɪɨɞɚɦɢ ɦɚɪɤɢ LB-52U ɞɢɚɦɟɬɪɨɦ β,η ɦɦ. 

 ȼ ɬɚɛɥɢɰɟ 1.η ɭɤɚɡɚɧ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɦɟɬɚɥɥɚ, ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɞɚɧɧɨɣ ɦɚɪɤɨɣ 

ɷɥɟɤɬɪɨɞɨɜ  

Ɍɚɛɥɢɰɚ 1.η – ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɦɟɬɚɥɥɚ, ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɷɥɟɤɬɪɨɞɚɦɢ LB-

52U 

ȼ ɩɪɨɰɟɧɬɚɯ 

C Si Mn 
S P Cr Ni Ɇɨ 

ɇɟ ɛɨɥɟɟ 

0,06 0,52 1 0,005 0,011 0,03 0,01 0,3 

 

Ɋɟɠɢɦɵ ɫɜɚɪɤɢ ɩɪɢɯɜɚɬɨɤ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.θ. 

Ɍɚɛɥɢɰɚ 1.θ – Ɋɟɠɢɦɵ ɫɜɚɪɤɢ ɩɪɢɯɜɚɬɨɤ 

ɉɨɥɨɠɟɧɢɟ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ dɗ, ɦɦ ICB, A 

ɇɢɠɧɟɟ 

2,5 

80…90 

ɉɨɬɨɥɨɱɧɨɟ 70…80 

ȼɟɪɬɢɤɚɥɶɧɨɟ 70…90 

 

 Ɋɚɫɩɨɥɨɠɟɧɢɟ ɩɪɢɯɜɚɬɨɤ ɞɨɥɠɧɨ ɛɵɬɶ ɧɟ ɦɟɧɟɟ, ɱɟɦ 100 ɦɦ ɨɬ ɡɚɜɨɞɫɤɨɝɨ 

ɩɪɨɞɨɥɶɧɨɝɨ ɲɜɚ ɤɚɬɭɲɤɢ. ɋɜɚɪɤɭ ɩɪɨɢɡɜɨɞɹɬ ɞɜɚ ɫɜɚɪɳɢɤɚ ɨɞɧɨɜɪɟɦɟɧɧɨ. 
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ɇɚ ɪɢɫɭɧɤɟ 1.4 ɩɪɟɞɫɬɚɜɥɟɧɵ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɫɬɵɤɚ, ɫɨɛɪɚɧɧɨɝɨ 

ɩɨɞ ɫɜɚɪɤɭ 

 

Ɋɢɫɭɧɨɤ 1.4 – Ƚɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɫɬɵɤɚ, ɫɨɛɪɚɧɧɨɝɨ ɩɨɞ ɫɜɚɪɤɭ 

 

ɉɨ ɨɤɨɧɱɚɧɢɢ ɫɜɚɪɤɢ ɜɵɩɨɥɧɹɟɬɫɹ ɨɫɦɨɬɪ ɩɪɢɯɜɚɬɨɤ ɧɚ ɩɪɟɞɦɟɬ ɨɬɫɭɬɫɬɜɢɹ 

ɬɪɟɳɢɧ, ɤɪɚɬɟɪɨɜ, ɧɟɫɩɥɚɜɥɟɧɢɣ. ɉɪɢ ɜɵɹɜɥɟɧɢɢ ɩɨɪ, ɬɪɟɳɢɧ ɩɪɢɯɜɚɬɤɚ ɭɞɚɥɹ-

ɟɬɫɹ ɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɡɚɧɨɜɨ. Ʉɨɧɰɟɜɵɟ ɭɱɚɫɬɤɢ ɩɪɢɯɜɚɬɨɤ ɡɚɱɢɳɚɸɬɫɹ ɲɥɢɮɨ-

ɜɚɥɶɧɨɣ ɦɚɲɢɧɤɨɣ. 

ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɩɪɢɯɜɚɬɤɢ ɭɫɬɚɧɨɜɢɥɢ, ɩɪɨɩɚɧɨɜɨɣ ɝɨɪɟɥɤɨɣ ɜɵɩɨɥɧɹɸɬ ɩɪɟɞ-

ɜɚɪɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ(1η0 ɦɦ ɜ ɨɛɟ ɫɬɨɪɨɧɵ ɨɬ ɫɬɵɤɚ). 

 ɂɫɯɨɞɹ ɢɡ ɪɚɫɱɟɬɨɜ, ɫɬɵɤ ɧɭɠɧɨ ɩɪɨɝɪɟɬɶ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɟ ɦɟɧɟɟ 1γη°ɋ. 

Ʉɨɧɬɪɨɥɶ ɨɫɭɳɟɫɬɜɥɹɸɬ ɩɢɪɨɦɟɬɪɨɦ, ɧɟ ɦɟɧɟɟ ɱɟɦ ɜ 4 ɬɨɱɤɚɯ, ɤɨɬɨɪɵɟ ɧɚɯɨɞɹɬɫɹ 

ɪɚɜɧɨɦɟɪɧɨ ɩɨ ɩɟɪɢɦɟɬɪɭ ɫɬɵɤɚ ɧɚ ɪɚɫɫɬɨɹɧɢɢ η0…70 ɦɦ ɨɬ ɫɬɵɤɚ ɜ ɨɛɟ ɫɬɨɪɨɧɵ. 

Ⱦɚɥɟɟ ɧɚɱɢɧɚɟɬɫɹ ɩɪɨɰɟɫɫ ɪɭɱɧɨɣ ɞɭɝɨɜɨɣ ɫɜɚɪɤɢ ɲɬɭɱɧɵɦɢ ɷɥɟɤɬɪɨɞɚɦɢ. ȼ 

ɨɛɳɟɦ ɫɥɭɱɚɟ, ɫɜɚɪɧɨɣ ɲɨɜ ɫɨɫɬɨɢɬ ɢɡ  ɤɨɪɧɟɜɨɝɨ, ɩɨɞɜɚɪɨɱɧɨɝɨ,ɡɚɩɨɥɧɹɸɳɟɝɨ ɢ 

ɨɛɢɰɨɜɨɱɧɨɝɨ ɫɥɨɹ, ɤɚɠɞɵɣ ɢɡ ɤɨɬɨɪɵɯ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚ ɨɞɢɧ ɩɪɨɯɨɞ 

Ʉɨɪɧɟɜɨɝɨ ɫɥɨɣ ɜɚɪɹɬ ɦɟɬɨɞɨɦ «ɧɚ ɩɨɞɴɟɦ», ɞɪɭɝɢɦɢ ɫɥɨɜɚɦɢ ɬɨɱɤɚ 

ɡɚɠɢɝɚɧɢɹ ɞɭɝɢ ɧɚɯɨɞɢɬɫɹ ɧɢɠɟ ɬɨɱɤɢ ɨɤɨɧɱɚɧɢɹ ɟɟ ɝɨɪɟɧɢɹ. Ⱥɧɚɥɨɝɢɱɧɨ ɜɚɪɹɬ 

ɡɚɩɨɥɧɹɸɳɢɣ ɢ ɨɛɥɢɰɨɜɨɱɧɵɣ ɫɥɨɣ. 

ɉɨɞɜɚɪɨɱɧɵɣ ɫɥɨɣ ɜɚɪɹɬ ɫɩɨɫɨɛɨɦ «ɧɚ ɩɨɞɴɟɦ» ɜ ɦɟɫɬɟ, ɪɚɫɩɨɥɨɠɟɧɧɨɦ ɜɵɲɟ 

ɧɢɠɧɟɣ ɬɪɟɬɢ ɩɟɪɢɦɟɬɪɚ. ɉɪɢ ɫɜɚɪɤɟ ɜ ɧɢɠɧɟɣ ɬɪɟɬɢ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɩɨɫɨɛ «ɧɚ 

ɫɩɭɫɤ», ɞɪɭɝɢɦɢ ɫɥɨɜɚɦɢ, ɬɨɱɤɚ ɡɚɠɢɝɚɧɢɹ ɞɭɝɢ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜɵɲɟ ɬɨɱɤɢ ɟɟ 

ɨɛɪɵɜɚ. 
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ȼɫɟɯ ɫɥɨɢ ɫɜɚɪɧɨɝɨ ɲɜɚ ɜɵɩɨɥɧɹɟɬɫɹ ɧɚ ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ ɨɛɪɚɬɧɨɣ 

ɩɨɥɹɪɧɨɫɬɢ. 

ɋɜɚɪɤɚ ɤɨɪɧɟɜɨɝɨ ɩɪɨɯɨɞɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɷɥɟɤɬɪɨɞɚɦɢ Lȼ-52U ɞɢɚɦɟɬɪɨɦ β,η 

ɦɦ, ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɤɨɬɨɪɵɯ ɭɤɚɡɚɧ ɜ ɬɚɛɥɢɰɟ 1.η. 

ɉɨɞɜɚɪɨɱɧɵɣ, ɡɚɩɨɥɧɹɸɳɢɣ ɢ ɨɛɥɢɰɨɜɨɱɧɵɣ ɩɪɨɯɨɞɵ ɜɚɪɹɬɫɹ ɷɥɟɤɬɪɨɞɚɦɢ 

ɦɚɪɤɢ ɍɈɇɂ 1γ/ηη ɞɢɚɦɟɬɪɨɦ 4 ɦɦ ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɢɪɦɵ Esab   

ȼ ɬɚɛɥɢɰɟ 1.7 ɭɤɚɡɚɧ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɦɟɬɚɥɥɚ, ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɷɥɟɤɬɪɨɞɚɦɢ 

ɍɈɇɂ 1γ/ηη, ɚ ɜ ɬɚɛɥɢɰɟ 1.8 ɩɪɢɜɟɞɟɧɵ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ, ɦɟɬɚɥɥɚ 

ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɷɬɢɦɢ ɷɥɟɤɬɪɨɞɚɦɢ 

 

Ɍɚɛɥɢɰɚ 1.7 – ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ, ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɷɥɟɤɬɪɨɞɚɦɢ ɍɈɇɂ 1γ/ηη 

ȼ ɩɪɨɰɟɧɬɚɯ 

ɏɢɦɢɱɟɫɤɢɣ 

ɷɥɟɦɟɧɬ 
C Si Mn S P 

Ʉɨɥɢɱɟɫɬɜɨ ɇɟ ɛɨɥɟɟ 0,11 0,3 0,95 ɇɟ ɛɨɥɟɟ 0,0γ 

 

Ɍɚɛɥɢɰɚ 1.8 – Ɇɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɦɟɬɚɥɥɚ, ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɷɥɟɤɬɪɨɞɚɦɢ 

ɍɈɇɂ 1γ/ηη 

ɉɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢσɜ, Ɇɉɚ Ɉɬɧɨɫɢɬɟɥɶɧɨɟ ɭɞɥɢɧɟɧɢɟ δ5, % 

ɇɟ ɦɟɧɟɟ 

490 20 

 

Ʉɨɪɧɟɜɨɣ ɫɥɨɣ ɜɚɪɢɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨ ɞɜɭɦɹ ɫɜɚɪɳɢɤɚɦɢ. Ɂɚɠɢɝɚɧɢɟ ɞɭɝɢ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɞɜɭɯ ɞɢɚɦɟɬɪɚɥɶɧɨ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɬɨɱɤɚɯ. Ⱦɥɢɧɚ 

ɩɪɨɜɚɪɟɧɧɨɝɨ ɭɱɚɫɬɤɚ ɫɨɫɬɚɜɥɹɟɬ β00…βη0 ɦɦ. ɉɨ ɨɤɨɧɱɚɧɢɢ ɫɜɚɪɤɢ ɤɚɠɞɨɝɨ 

ɭɱɚɫɬɤɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɫɦɨɬɪ ɢ ɡɚɱɢɫɬɤɚ ɦɟɫɬ ɧɚɱɚɥɚ ɢ ɨɤɨɧɱɚɧɢɹ ɫɜɚɪɤɢ. 

Ɂɚɦɤɨɜɵɣ ɲɨɜ ɞɨɥɠɟɧ ɪɚɫɩɨɥɚɝɚɬɶɫɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɧɟ ɦɟɧɟɟ γ0 ɦɦ ɨɬ 

ɩɪɨɞɨɥɶɧɨɝɨ ɫɜɚɪɧɨɝɨ ɲɜɚ ɤɚɬɭɲɤɢ. Ɂɚɦɤɨɜɵɣ ɲɨɜ ɩɨ ɨɤɨɧɱɚɧɢɢ ɫɜɚɪɤɢ 

ɡɚɱɢɳɚɟɬɫɹ ɞɨ ɭɪɨɜɧɹ ɨɫɧɨɜɧɨɝɨ ɲɜɚ. 
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ɇɚ ɪɢɫɭɧɤɟ 1.η ɢɡɨɛɪɚɠɟɧ ɩɨɪɹɞɨɤ ɫɜɚɪɤɢ ɤɨɪɧɟɜɨɝɨ ɫɥɨɹ  

 

1…11 – ɉɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɫɜɚɪɢɜɚɟɦɵɯ ɭɱɚɫɬɤɨɜ 

Ɋɢɫɭɧɨɤ 1.η – ɉɨɪɹɞɨɤ ɫɜɚɪɤɢ ɤɨɪɧɟɜɨɝɨ ɫɥɨɹ 

 

ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɫɜɚɪɤɚ ɤɨɪɧɟɜɨɝɨ ɫɥɨɹ ɡɚɜɟɪɲɟɧɚ ,ɜɵɩɨɥɧɹɟɬɫɹ ɨɫɦɨɬɪ . ɉɪɢ 

ɨɛɧɚɪɭɠɟɧɢɢ ɞɟɮɟɤɬɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ  ɪɟɦɨɧɬ.  

 

ȼ ɬɚɛɥɢɰɟ 1.9 ɭɤɚɡɚɧɵ ɪɟɠɢɦɵ ɫɜɚɪɤɢ ɤɨɪɧɟɜɨɝɨ ɫɥɨɹ ɲɜɚ  

Ɍɚɛɥɢɰɚ 1.9 – Ɋɟɠɢɦɵ ɫɜɚɪɤɢ ɤɨɪɧɟɜɨɝɨ ɫɥɨɹ 

ɉɚɪɚɦɟɬɪ 
ɉɨɥɨɠɟɧɢɟ ɩɪɢ ɫɜɚɪɤɟ 

ɇɢɠɧɟɟ  ȼɟɪɬɢɤɚɥɶɧɨɟ  ɉɨɬɨɥɨɱɧɨɟ  

ɋɢɥɚ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ, Ⱥ 80…90 70…90 70…80 

ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɞɭɝɟ, ȼ β1,θ…β1,8 β1,4…β1,8 β1,4…β1,θ 

ɋɤɨɪɨɫɬɶ ɫɜɚɪɤɢ, ɫɦ/ɫ 0,3 0,2 0,2 
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       ɉɪɢ ɫɜɚɪɤɟ ɩɨɞɜɚɪɨɱɧɨɝɨ ɫɥɨɹ ɞɨɥɠɧɨ ɜɵɩɨɥɧɹɬɶɫɹ ɬɪɟɛɨɜɚɧɢɟ ɩɨ ɲɢɪɢɧɟ ɢ 

ɜɵɫɨɬɟ ɜɚɥɢɤɚ ɭɫɢɥɟɧɢɹ: 

– ɲɢɪɢɧɚ θ…10 ɦɦ; 

– ɜɵɫɨɬɚ 1…γ ɦɦ. 

ɍ ɩɨɞɜɚɪɨɱɧɨɝɨ ɫɥɨɹ ɲɜɚ ɞɨɥɠɟɧ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧ ɩɥɚɜɧɵɣ ɩɟɪɟɯɨɞ ɨɬ ɲɜɚ ɤ 

ɨɫɧɨɜɧɨɦɭ ɦɟɬɚɥɥɭ. ɉɨɞɜɚɪɨɱɧɵɣ ɫɥɨɣ ɜɚɪɢɬɫɹ ɩɨɫɥɟ ɫɜɚɪɤɢ ɤɨɪɧɟɜɨɝɨ ɫɥɨɹ. 

ɇɚ ɪɢɫɭɧɤɟ 1.θ ɩɪɟɞɫɬɚɜɥɟɧ ɩɨɪɹɞɨɤ ɫɜɚɪɤɢ ɩɨɞɜɚɪɨɱɧɨɝɨ ɲɜɚ   

 

 

 

1…11 – ɉɨɪɹɞɤɨɜɵɣ ɧɨɦɟɪ ɫɜɚɪɢɜɚɟɦɵɯ ɭɱɚɫɬɤɨɜ 

Ɋɢɫɭɧɨɤ 1.θ – ɉɨɪɹɞɨɤ ɫɜɚɪɤɢ ɩɨɞɜɚɪɨɱɧɨɝɨ ɫɥɨɹ 

 

ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɫɜɚɪɤɚ ɩɨɞɜɚɪɨɱɧɨɝɨ ɫɥɨɹ ɡɚɜɟɪɲɟɧɚ, ɜɵɩɨɥɧɹɟɬɫɹ ɨɫɦɨɬɪ . 

ɉɪɢ ɨɛɧɚɪɭɠɟɧɢɢ ɞɟɮɟɤɬɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ  ɪɟɦɨɧɬ. 
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ȼ ɬɚɛɥɢɰɟ 1.10 ɭɤɚɡɚɧɵ ɪɟɠɢɦɵ ɫɜɚɪɤɢ ɩɨɞɜɚɪɨɱɧɨɝɨ ɫɥɨɹ 

 

Ɍɚɛɥɢɰɚ 1.10 – Ɋɟɠɢɦɵ ɫɜɚɪɤɢ ɩɨɞɜɚɪɨɱɧɨɝɨ ɫɥɨɹ 

ɉɚɪɚɦɟɬɪ 
ɉɨɥɨɠɟɧɢɟ ɩɪɢ ɫɜɚɪɤɟ 

ɇɢɠɧɟɟ  ȼɟɪɬɢɤɚɥɶɧɨɟ  ɉɨɬɨɥɨɱɧɨɟ  

ɋɢɥɚ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ, Ⱥ 1γ0…1θ0 1β0…1θ0 1β0…1η0 

ɇɚɩɪɹɠɟɧɢɟ ɧɚ ɞɭɝɟ, ȼ ββ,θ…βγ,β ββ,4…βγ,β ββ,4…βγ 

ɋɤɨɪɨɫɬɶ ɫɜɚɪɤɢ, ɫɦ/ɫ 0,3 0,2 0,2 

 

ɉɨ ɨɤɨɧɱɚɧɢɢ ɫɜɚɪɤɢ ɩɨɞɜɚɪɨɱɧɨɝɨ ɫɥɨɹ ɜɵɩɨɥɧɹɟɬɫɹ ɫɜɚɪɤɚ ɡɚɩɨɥɧɹɸɳɢɯ ɫɥ

ɨɟɜ. Ɂɚɩɨɥɧɹɸɳɢɟ ɫɥɨɢ ɜɚɪɹɬɫɹ ɷɥɟɤɬɪɨɞɚɦɢ ɦɚɪɤɢ ɍɈɇɂ 1γ/ηη ɞɢɚɦɟɬɪɨɦ 4 ɦɦ, 

ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɢ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɭɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɚɯ 1.7 ɢ 1.8. 

ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɫɜɚɪɤɢ ɡɚɩɨɥɧɹɸɳɢɯ ɫɥɨɟɜ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɪɹɞɤɭ ɫɜɚɪɤɢ 

ɤɨɪɧɟɜɨɝɨ ɫɥɨɹ ɢ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 1.η. ɉɚɪɚɦɟɬɪɵ ɪɟɠɢɦɚ ɫɜɚɪɤɢ 

ɡɚɩɨɥɧɹɸɳɢɯ ɫɥɨɟɜ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɪɟɛɭɟɦɵɦ ɜ ɬɚɛɥɢɰɟ 1.10. 

ɉɨ ɨɤɨɧɱɚɧɢɢ ɫɜɚɪɤɢ ɤɚɠɞɨɝɨ ɡɚɩɨɥɧɹɸɳɟɝɨ ɫɥɨɹ ɜɵɩɨɥɧɹɟɬɫɹ  ɨɫɦɨɬɪ ɢ 

ɭɫɬɪɚɧɟɧɢɟ ɞɟɮɟɤɬɨɜ. Ɇɟɠɫɥɨɣɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɞɨɥɠɧɚ ɛɵɬɶ ɜ ɞɢɚɩɚɡɨɧɟ 

 η0…βη0 ɋ.  ɋɜɚɪɳɢɤ ɫ ɩɨɦɨɳɶɸ ɛɟɫɤɨɧɬɚɤɬɧɨɝɨ ɩɢɪɨɦɟɬɪɚ ɤɨɧɬɪɨɥɢɪɭɟɬ ɜɟɫɶ 

ɩɪɨɰɟɫɫ. ȿɫɥɢ ɬɟɦɩɟɪɚɬɭɪɚ ɫɬɵɤɚ ɧɢɠɟ 50 ɋ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɨɩɭɬɫɬɜɭɸɳɢɣ 

ɩɨɞɨɝɪɟɜ. 

ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɫɜɚɪɤɚ ɡɚɩɨɥɧɹɸɳɢɯ ɫɥɨɟɜ ɨɤɨɧɱɟɧɚ , ɜɵɩɨɥɧɹɟɬɫɹ ɡɚɱɢɫɬɤɚ 

ɡɨɧɵ ɫɜɚɪɤɢ . ɉɨɫɥɟ ɧɚɱɢɧɚɟɬɫɹ ɫɜɚɪɤɚ ɨɛɥɢɰɨɜɨɱɧɨɝɨ ɫɥɨɹ. ȿɝɨ ɜɚɪɹɬ 

ɷɥɟɤɬɪɨɞɚɦɢ ɦɚɪɤɢ ɍɈɇɂ 1γ/ηη ɞɢɚɦɟɬɪɨɦ 4 ɦɦ, ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɢ 

ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɤɨɬɨɪɵɯ ɭɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɚɯ 1.7 ɢ 1.8. ɉɨɪɹɞɨɤ ɫɜɚɪɤɢ 

ɨɛɥɢɰɨɜɨɱɧɨɝɨ ɫɥɨɹ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 1.η. ɉɚɪɚɦɟɬɪɵ ɪɟɠɢɦɚ ɫɜɚɪɤɢ 

ɡɚɩɨɥɧɹɸɳɢɯ ɫɥɨɟɜ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɭɤɚɡɚɧɵɦ ɜ ɬɚɛɥɢɰɟ 1.10. 
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ɇɚ ɪɢɫɭɧɤɟ 1.7 ɩɪɟɞɫɬɚɜɥɟɧ ɨɛɳɢɣ ɜɢɞ ɫɜɚɪɧɨɝɨ ɲɜɚ  

 

 

Ɋɢɫɭɧɨɤ 1.7 – Ɉɛɳɢɣ ɜɢɞ ɫɜɚɪɧɨɝɨ ɲɜɚ 

Ɉɛɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɫɜɚɪɤɟ: 

– ɡɚɠɢɝɚɧɢɟ ɞɭɝɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɪɚɡɞɟɥɤɟ ɤɪɨɦɨɤ ɢɥɢ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɭɠɟ 

ɫɜɚɪɟɧɧɵɯ ɭɱɚɫɬɤɨɜ ɲɜɚ; 

– ɭɞɚɥɟɧɢɟ ɧɚɪɭɠɧɨɝɨ ɰɟɧɬɪɚɬɨɪɚ ɞɨɩɭɫɤɚɟɬɫɹ ɩɨɫɥɟ ɜɵɩɨɥɧɟɧɢɹ ɧɟ ɦɟɧɟɟ 

θ0% ɨɬ ɜɫɟɝɨ ɩɟɪɢɦɟɬɪɚ ɤɨɪɧɟɜɨɝɨ ɫɥɨɹ. ɉɪɢ ɷɬɨɦ ɭɱɚɫɬɤɢ ɤɨɪɧɟɜɨɝɨ ɩɪɨɯɨɞɚ 

ɞɨɥɠɧɵ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɩɨ ɩɟɪɢɦɟɬɪɭ ɫɬɵɤɚ; 

– ɞɨɩɭɫɤɚɟɬɫɹ ɞɟɦɨɧɬɢɪɨɜɚɬɶ ɧɚɪɭɠɧɵɣ ɰɟɧɬɪɚɬɨɪ ɩɨɫɥɟ ɫɜɚɪɤɢ ɩɪɢɯɜɚɬɨɤ. 

ɉɨɷɬɨɦɭ ɨɧɢ ɭɞɚɥɹɸɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɫɜɚɪɤɢ ɤɨɪɧɟɜɨɝɨ ɫɥɨɹ ɲɜɚ; 

– ɫɜɚɪɤɚ ɜɫɟɯ ɫɥɨɟɜ, ɩɨɦɢɦɨ ɩɨɞɜɚɪɨɱɧɨɝɨ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɞɜɭɦɹ 

ɫɜɚɪɳɢɤɚɦɢ; 

– ɤɨɪɧɟɜɨɣ ɫɥɨɣ ɩɪɨɜɟɪɹɟɬɫɹ ɜɢɡɭɚɥɶɧɵɦ ɢ ɢɡɦɟɪɢɬɟɥɶɧɵɦ ɤɨɧɬɪɨɥɟɦ ɢɡɧɭɬɪɢ 

ɫɜɚɪɢɜɚɟɦɵɯ ɷɥɟɦɟɧɬɨɜ; 

– ɫɦɟɠɧɵɟ ɜɚɥɢɤɢ ɩɪɢ ɫɜɚɪɤɟ ɡɚɩɨɥɧɹɸɳɢɯ ɢ ɨɛɥɢɰɨɜɨɱɧɨɝɨ ɫɥɨɟɜ ɞɨɥɠɧɵ 

ɩɟɪɟɤɪɵɜɚɬɶ ɞɪɭɝ ɞɪɭɝɚ ɧɚ ɜɟɥɢɱɢɧɭ, ɤɨɬɨɪɚɹ ɧɟ ɦɟɧɶɲɟ 1/γ ɨɬ ɨɛɳɟɣ ɲɢɪɢɧɵ 

ɨɞɧɨɝɨ ɜɚɥɢɤɚ; 

– ɩɪɢ ɫɜɚɪɤɟ ɲɜɚ ɜɵɩɨɥɧɹɟɬɫɹ ɡɚɱɢɫɬɤɚ ɲɥɢɮɨɜɚɥɶɧɨɣ ɦɚɲɢɧɤɨɣ ɜɫɟɯ ɫɥɨɟɜ 

ɨɬ ɲɥɚɤɚ ɢ ɛɪɵɡɝ ɦɟɬɚɥɥɚ; 

– ɫɜɚɪɤɚ ɥɸɛɨɝɨ ɫɥɨɹ ɞɨɥɠɧɚ ɧɚɱɢɧɚɬɶɫɹ ɢ ɡɚɤɚɧɱɢɜɚɬɶɫɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɧɟ 

ɦɟɧɶɲɟ 100 ɦɦ ɨɬ ɡɚɜɨɞɫɤɢɯ ɩɪɨɞɨɥɶɧɵɯ ɲɜɨɜ ɤɚɬɭɲɤɢ % 

– ɤɚɠɞɵɣ ɩɨɫɥɟɞɭɸɳɢɣ ɩɪɨɯɨɞ ɜ ɪɚɡɪɟɡɟ ɨɞɧɨɝɨ ɫɥɨɹ ɫɦɟɳɚɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɧɚɱɚɥɚ ɩɪɟɞɵɞɭɳɟɝɨ ɫɥɨɹ ɧɚ ɜɟɥɢɱɢɧɭ ɧɟ ɦɟɧɶɲɟ γ0 ɦɦ; 
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– ɦɟɫɬɨ ɨɛɪɵɜɚ ɞɭɝɢ ɩɪɢ ɫɜɚɪɤɟ ɫɦɟɠɧɵɯ ɩɪɨɯɨɞɨɜ ɫɦɟɳɚɟɬɫɹ ɨɬɧɨɫɢɬɟɥɶɧɨ 

ɧɚ ɪɚɫɫɬɨɹɧɢɟ ɧɟ ɦɟɧɶɲɟ 70…100 ɦɦ; 

– ɧɟɡɚɤɨɧɱɟɧɧɵɦɢ ɫɜɚɪɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɨɫɬɚɜɥɹɬɶ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ. 

ɉɪɢ ɨɬɫɭɬɫɬɜɢɢ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɥɧɨɫɬɶɸ ɡɚɜɟɪɲɢɬɶ ɫɜɚɪɤɭ ɫɬɵɤɚ ɞɨɥɠɧɵ 

ɫɨɛɥɸɞɚɬɶɫɹ ɫɥɟɞɭɸɳɢɟ ɬɪɟɛɨɜɚɧɢɹ: 

– ɡɚɩɨɥɧɟɧɢɟ ɫɬɵɤɚ ɧɟ ɞɨɥɠɧɨ ɛɵɬɶ ɦɟɧɶɲɟ β/γ ɨɬ ɬɨɥɳɢɧɵ ɫɬɟɧɤɢ; 

–ɫɬɵɤ ɞɨɥɠɟɧ ɛɵɬɶ ɧɚɤɪɵɬɵɦ ɜɨɞɨɧɟɩɪɨɧɢɰɚɟɦɵɦ ɬɟɩɥɨɢɡɨɥɢɪɭɸɳɢɦ 

ɩɨɹɫɨɦ, ɫɩɨɫɨɛɫɬɜɭɸɳɢɦ ɦɟɞɥɟɧɧɨɦɭ ɢ ɛɨɥɟɟ ɪɚɜɧɨɦɟɪɧɨɦɭ ɨɫɬɵɜɚɧɢɸ; 

– ɩɟɪɟɞ ɧɚɱɚɥɨɦ ɫɜɚɪɤɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ ɞɨ 

ɬɪɟɛɭɟɦɨɣ ɬɟɦɩɟɪɚɬɭɪɵ; 

– ɫɬɵɤ ɞɨɥɠɟɧ ɛɵɬɶ ɩɨɥɧɨɫɬɶɸ ɫɜɚɪɟɧ ɡɚ β4 ɱɚɫɚ. 

Ɂɚɡɟɦɥɟɧɢɟ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɩɨɥɭɱɟɧɢɟ ɷɧɟɪɝɢɢ ɨɬ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ 

ɞɨɥɠɧɨ ɛɵɬɶ ɩɪɢɫɨɟɞɢɧɟɧɨ ɧɚ ɪɚɡɥɢɱɧɵɟ ɤɨɧɬɚɤɬɧɵɟ ɭɫɬɪɨɣɫɬɜɚ, ɢɫɤɥɸɱɚɸɳɢɟ 

ɨɛɪɚɡɨɜɚɧɢɟ ɢɫɤɪ ɧɚ ɨɫɧɨɜɧɨɦ ɦɟɬɚɥɥɟ ɦɚɝɢɫɬɪɚɥɢ ɬɪɨɣɧɢɤɚ ɢ ɤɚɬɭɲɤɢ ɜ 

ɩɪɨɰɟɫɫɟ ɫɜɚɪɤɢ. Ɍɨɤɨɩɨɞɜɨɞ ɞɨɥɠɟɧ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɜ ɪɚɡɞɟɥɤɭ ɤɪɨɦɨɤ. 

ɉɨ ɨɤɨɧɱɚɧɢɢ ɫɜɚɪɤɢ ɜɵɩɨɥɧɹɟɬɫɹ ɡɚɱɢɫɬɤɚ ɫɜɚɪɧɨɝɨ ɲɜɚ ɢ ɨɤɨɥɨ ɲɨɜɧɨɣ 

ɡɨɧɵ ɧɚ ɪɚɫɫɬɨɹɧɢɢ η0 ɦɦ ɢ ɛɨɥɶɲɟ ɜ ɨɛɟ ɫɬɨɪɨɧɵ ɨɬ ɲɜɚ ɞɥɹ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ. 

Ʉɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ ɞɥɹ ɫɬɵɤɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɢɡɭɚɥɶɧɨ ɢɡɦɟɪɢɬɟɥɶɧɵɦ, ɭɥɶɬɪɚɡɜ

ɭɤɨɜɵɦ, ɪɚɞɢɨɝɪɚɮɢɱɟɫɤɢɦ, ɰɜɟɬɧɵɦ ɦɟɬɨɞɨɦ. 

ɉɪɢ ɫɜɚɪɤɟ ɢɫɩɨɥɶɡɭɸɬ ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɜɵɩɪɹɦɢɬɟɥɶ ɦɚɪɤɢ ȼȾ-

η0θȾɄ. ɇɚ ɪɢɫɭɧɤɟ 1.8 ɩɨɤɚɡɚɧ ɟɝɨ ɨɛɳɢɣ ɜɢɞ  

 

 

Ɋɢɫɭɧɨɤ 1.8 – Ɉɛɳɢɣ ɜɢɞ ɜɵɩɪɹɦɢɬɟɥɹ ȼȾ-η0θȾɄ 
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Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɵɩɪɹɦɢɬɟɥɹ ȼȾ-η0θȾɄ ɭɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 1.11. 

Ɍɚɛɥɢɰɚ 1.11 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɵɩɪɹɦɢɬɟɥɹ ȼȾ-η0θȾɄ 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɂɧɚɱɟɧɢɟ 

ɇɚɩɪɹɠɟɧɢɟ ɩɢɬɚɸɳɟɣ ɫɟɬɢ, ȼ γ×γ80 

ɑɚɫɬɨɬɚ ɩɢɬɚɸɳɟɣ ɫɟɬɢ, Ⱥ 50 

Ⱦɢɚɩɚɡɨɧ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ, Ⱥ θ0…η00 

ɇɚɩɪɹɠɟɧɢɟ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, ȼ 95 

ɉɨɬɪɟɛɥɹɟɦɚɹ ɦɨɳɧɨɫɬɶ, ɧɟ ɛɨɥɟɟ, ɤȼȺ 36 

Ƚɚɛɚɪɢɬɵ, ɦɦ θ1η×400×θ70 

ȼɟɫ, ɤɝ 160 

 

 

         1.4 ɇɟɫɨɜɟɪɲɟɧɫɬɜɨ ɛɚɡɨɜɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ  

 

Ɍɟɯɧɨɥɨɝɢɹ , ɤɨɬɨɪɚɹ ɛɵɥɚ ɪɚɫɫɦɨɬɪɟɧɚ  ɜ ɩɪɟɞɵɞɭɳɢɯ ɩɭɧɤɬɚɯ , ɹɜɥɹɟɬɫɹ 

ɦɚɥɨ ɷɮɮɟɤɬɢɜɧɨɣ ɩɨ ɫɥɟɞɭɸɳɢɦ ɩɪɢɱɢɧɚɦ: 

   

1) ɧɢɡɤɢɣ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɥɟɡɧɨɝɨ ɞɟɣɫɬɜɢɹ (η0-80%); 

2) ɜɪɟɞɧɵɟ ɭɫɥɨɜɢɹ ɬɪɭɞɚ 

3) ɧɟɭɞɨɛɫɬɜɨ ɩɪɢ ɜɟɞɟɧɢɢ ɩɪɨɰɟɫɫɚ ɫɜɚɪɤɢ 

      4)ɤɚɱɟɫɬɜɨ ɫɜɚɪɧɨɝɨ ɲɜɚ ɡɚɜɢɫɢɬ ɨɬ ɥɢɱɧɵɯ ɧɚɜɵɤɨɜ ɫɜɚɪɳɢɤɚ; 
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         1.5 ɐɟɥɢ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ 

 

ȼɥɢɹɧɢɹ ɧɟɝɚɬɢɜɧɵɯ ɮɚɤɬɨɪɨɜ ɧɚ ɤɚɱɟɫɬɜɨ ɫɜɚɪɧɨɝɨ ɲɜɚ ɩɪɢɜɚɪɤɢ ɤɚɬɭɲɤɢ ɤ 

ɦɚɝɢɫɬɪɚɥɢ ɜɨɡɦɨɠɧɨ ɭɦɟɧɶɲɢɬɶ ,ɟɫɥɢ :  

–ɪɭɱɧɭɸ ɞɭɝɨɜɭɸ ɫɜɚɪɤɭ ɲɬɭɱɧɵɦɢ ɷɥɟɤɬɪɨɞɚɦɢ ɡɚɦɟɧɢɬɶ ɧɚ ɚɜɬɨɦɚɬɢɱɟɫɤɭɸ 

ɫɜɚɪɤɭ ɩɨɞ ɫɥɨɟɦ ɮɥɸɫɚ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɤɟɪɚɦɢɱɟɫɤɢɯ ɩɨɞɤɥɚɞɨɤ  

–ɩɨɦɟɧɹɬɶ ɫɜɚɪɨɱɧɵɟ ɦɚɬɟɪɢɚɥɵ ,ɩɨɦɟɧɹɬɶ  ɩɚɪɚɦɟɬɪɵ ɪɟɠɢɦɚ ɫɜɚɪɤɢ; 

– ɩɨɫɬɚɜɢɬɶ ɜɧɭɬɪɟɧɧɢɣ ɰɟɧɬɪɚɬɨɪ , ɜɦɟɫɬɨ ɧɚɪɭɠɧɨɝɨ , ɷɬɨ ɩɨɫɩɨɫɨɛɫɬɜɭɟɬ 

ɛɨɥɟɟ ɤɚɱɟɫɬɜɟɧɧɨɦɭ , ɚ ɬɚɤɠɟ ɛɵɫɬɪɨɦɭ ɩɪɨɰɟɫɫɭ ɫɛɨɪɤɢ 

 

 

 

1.6 ɋɪɚɜɧɟɧɢɟ ɫɩɨɫɨɛɨɜ ɫɜɚɪɤɢ 

 

Ɂɚɦɟɧɢɬɶ ɪɭɱɧɭɸ ɞɭɝɨɜɭɸ ɫɜɚɪɤɭ ɲɬɭɱɧɵɦɢ ɷɥɟɤɬɪɨɞɚɦɢ , ɦɨɠɧɨ ɥɢɛɨ 

ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɜɚɪɤɨɣ ɩɨɞ ɫɥɨɟɦ ɮɥɸɫɚ , ɥɢɛɨ ɫɜɚɪɤɨɣ ɜ ɫɪɟɞɟ ɡɚɳɢɬɧɵɯ ɝɚɡɨɜ  

ȿɫɥɢ ɫɪɚɜɧɢɜɚɬɶ ɦɟɠɞɭ ɫɨɛɨɣ ɞɜɚ ɩɪɟɞɥɨɠɟɧɧɵɯ ɜɚɪɢɚɧɬɚ , ɬɨ ɜ ɩɟɪɜɨɦ(ɩɨɞ 

ɫɥɨɟɦ ɮɥɸɫɚ) ɨɬɦɟɱɚɟɬɫɹ ɫɬɚɛɢɥɶɧɨɟ ɤɚɱɟɫɬɜɨ ɫɜɚɪɧɨɝɨ ɲɜɚ, ɚ ɬɚɤɠɟ ɦɚɥɵɣ 

ɪɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɢ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ  ɢ, ɤɨɧɟɱɧɨ ɠɟ ɛɨɥɶɲɚɹ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ , ɤɨɬɨɪɚɹ ɜɨɡɪɚɫɬɚɟɬ ɛɥɚɝɨɞɚɪɹ ɩɪɢɦɟɧɟɧɢɸ ɛɨɥɟɟ ɜɵɫɨɤɢɯ 

ɡɧɚɱɟɧɢɣ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ,ɷɬɨ ɜɨɡɦɨɠɧɨ ɢɡ-ɡɚ ɨɛɪɚɡɨɜɚɧɢɹ ɜ 

ɡɚɤɪɢɫɬɚɥɥɢɡɨɜɚɜɲɟɝɨɫɹ ɜ ɡɨɧɟ ɫɜɚɪɤɢ ɮɥɸɫɚ , ɤɨɬɨɪɵɣ ɢ ɡɚɳɢɳɚɟɬ ɫɜɚɪɨɱɧɭɸ 

ɜɚɧɧɭ , ɩɥɸɫ ɟɳɟ ɧɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɡɚɱɢɳɚɬɶ ɩɨɜɟɪɯɧɨɫɬɶ ɫɜɚɪɢɜɚɟɦɵɯ ɞɟɬɚɥɟɣ 

ɨɬ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ   

ɇɟɞɨɫɬɚɬɤɢ ɷɬɨɝɨ ɦɟɬɨɞɚ ɜ ɫɥɟɞɭɸɳɟɦ:  

- ɬɨɥɶɤɨ ɜ ɧɢɠɧɟɦ ɩɨɥɨɠɟɧɢɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɬɚɛɢɥɶɧɨɫɬɶ ɞɚɧɧɨɝɨ ɩɪɨɰɟɫɫɚ 

-ɬɪɟɛɭɟɬɫɹ ɜɵɫɨɤɚɹ ɬɨɱɧɨɫɬɶ ɩɪɢ ɫɛɨɪɤɟ ɞɟɬɚɥɟɣ 

-ɜɵɝɨɞɧɵɣ ɞɢɚɩɚɡɨɧ ɬɨɥɳɢɧ ɫɜɚɪɢɜɚɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ θ ɦɦ  
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ɉɪɢ ɜɬɨɪɨɦ ɜɚɪɢɚɧɬɟ (ɫɜɚɪɤɚ ɜ ɫɪɟɞɟ ɡɚɳɢɬɧɵɯ ɝɚɡɨɜ) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫɨ  

ɫɜɚɪɤɨɣ ɩɨɞ ɫɥɨɟɦ ɮɥɸɫɚ ɨɬɦɟɱɚɟɬɫɹ ɦɚɥɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ , ɧɨ ɢɡ-ɡɚ 

ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɨɧɚ ɨɫɬɚɟɬɫɹ ɧɚ ɩɨɪɹɞɨɤ ɜɵɲɟ ,ɱɟɦ ɭ ɪɭɱɧɨɣ ɞɭɝɨɜɨɣ.   

Ⱦɨɫɬɨɢɧɫɬɜɚ ɫɜɚɪɤɢ ɜ ɫɪɟɞɟ ɡɚɳɢɬɧɵɯ ɝɚɡɨɜ ɡɚɤɥɸɱɚɸɬɫɹ ɜ ɬɨɦ ,ɱɬɨ ɨɧɚ 

ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ, ɜɨɡɦɨɠɧɨɫɬɶɸ ɜɵɩɨɥɧɹɬɶ ɩɪɨɰɟɫɫ ɜ 

ɪɚɡɧɵɯ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɩɨɥɨɠɟɧɢɹɯ , ɚ ɬɚɤɠɟ ɜ ɩɪɨɫɬɨɬɟ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 

ɫɜɚɪɨɱɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

Ɋɚɫɫɦɨɬɪɟɜ ɞɜɚ ɩɪɟɞɥɨɠɟɧɧɵɯ ɜɚɪɢɚɧɬɚ ɡɚɦɟɧɵ ɪɭɱɧɨɣ ɞɭɝɨɜɨɣ ɫɜɚɪɤɢ , 

ɞɟɥɚɸ ɜɵɜɨɞ , ɱɬɨ ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɫɜɚɪɤɚ ɩɨɞ ɫɥɨɟɦ ɮɥɸɫɚ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦɭ ɩɪɨɰɟɫɫɭ , ɩɨ ɩɪɢɱɢɧɟ ɬɨɝɨ ,ɱɬɨ ɤɟɪɚɦɢɱɟɫɤɢɟ  

ɩɨɞɤɥɚɞɤɢ  ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ  ɧɟ ɬɟɪɹɹ 

ɬɪɟɛɭɟɦɨɝɨ ɤɚɱɟɫɬɜɚ ɫɜɚɪɧɨɝɨ ɲɜɚ 

 

        1.7 Ɉɩɢɫɚɧɢɟ ɩɪɟɞɥɚɝɚɟɦɨɣ ɬɟɯɧɨɥɨɝɢɢ 

 

ȼ ɛɚɡɨɜɨɦ ɜɚɪɢɚɧɬɟ ɢɡɝɨɬɨɜɥɟɧɢɹ ɬɪɨɣɧɢɤɚ ɩɪɢɦɟɧɹɟɬɫɹ ɦɟɬɨɞ ɪɭɱɧɨɣ ɞɭɝɨ-

ɜɨɣ ɫɜɚɪɤɢ ɲɬɭɱɧɵɦɢ ɷɥɟɤɬɪɨɞɚɦɢ. ɗɬɨɦɭ ɩɪɨɰɟɫɫɭ ɩɪɢɫɭɳɢ  ɧɟɫɨɜɟɪɲɟɧɫɬɜɚ, 

ɩɨ ɷɬɨɣ ɩɪɢɱɢɧɟ , ɩɪɟɞɥɚɝɚɟɬɫɹ  ɡɚɦɟɧɢɬɶ ɪɭɱɧɭɸ ɞɭɝɨɜɭɸ ɫɜɚɪɤɭ ɧɚ ɚɜɬɨɦɚɬɢɱɟ-

ɫɤɭɸ  ɩɨɞ ɫɥɨɟɦ ɮɥɸɫɚ ɧɚ ɤɟɪɚɦɢɱɟɫɤɢɯ ɩɨɞɤɥɚɞɤɚɯ. 

Ɍɟɯɧɨɥɨɝɢɹ ɡɚɝɨɬɨɜɢɬɟɥɶɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ. 

ɉɪɢ ɫɛɨɪɤɟ ɞɨɥɠɧɵ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ  ɬɪɟɛɨɜɚɧɢɹ, ɬɟ ɱɬɨ ɢ ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɛɚ-

ɡɨɜɨɝɨ ɜɚɪɢɚɧɬɚ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ. Ⱥ ɢɦɟɧɧɨ , ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɫɦɟɳɟɧɢɟ 

ɤɪɨɦɨɤ ɧɟ ɞɨɥɠɧɨ ɩɪɟɜɵɲɚɬɶ β ɦɦ ; ɜɟɥɢɱɢɧɚ ɡɚɡɨɪɚ ɞɨɥɠɧɚ ɛɵɬɶ ɜ ɩɪɟɞɟɥɚɯ ɨɬ β 

ɞɨ 4 ɦɦ  ; ɤɨɥɢɱɟɫɬɜɨ ɩɪɢɯɜɚɬɨɤ ɧɟ ɦɟɧɟɟ 4 ɲɬ , ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ ɞɨɥɠɧɚ ɛɵɬɶ 

ɞɥɢɧɧɨɣ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 1η0 ɞɨ β00 ɦɦ ,  ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɩɨ ɩɟɪɢɦɟɬɪɭ 

ɫɬɵɤɚ 

ɋ ɩɨɦɨɳɶɸ ɜɧɭɬɪɟɧɧɟɝɨ ɰɟɧɬɪɚɬɨɪɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ . 

ɉɨɫɥɟ ɭɫɬɚɧɨɜɤɢ ɩɪɢɯɜɚɬɨɤ ɫ ɜɧɭɬɪɟɧɧɟɣ ɫɬɨɪɨɧɵ ɫɬɵɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɭɫɬɚ-

ɧɨɜɤɚ ɤɟɪɚɦɢɱɟɫɤɢɯ ɩɨɞɤɥɚɞɨɤ. ɉɪɢ ɩɨɦɨɳɢ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɤɨɬɱɚ ɨɫɭɳɟɫɬɜɥɹ-

ɟɬɫɹ ɢɯ ɮɢɤɫɚɰɢɹ. 
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Ⱦɚɥɟɟ ɫɨɛɪɚɧɧɵɣ ɭɡɟɥ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɚ ɫɜɚɪɨɱɧɵɣ ɩɨɡɢɰɢɨɧɟɪ, ɭ ɤɨɬɨɪɨɝɨ 

ɧɚɱɚɥɶɧɨɟ ɩɨɥɨɠɟɧɢɟ ɩɥɚɧɲɚɣɛɵ ɩɚɪɚɥɥɟɥɶɧɨ ɩɨɥɭ. ɉɨɫɥɟ ɫɨɛɪɚɧɧɵɣ ɭɡɟɥ ɡɚɤɪɟ-

ɩɥɹɟɬɫɹ ɧɚ ɩɥɚɧɲɚɣɛɟ ɩɪɢ ɩɨɦɨɳɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɢɠɢɦɨɜ. Ⱦɚɥɟɟ ɩɥɚɧɲɚɣɛɚ 

ɩɨɜɨɪɚɱɢɜɚɟɬɫɹ ɧɚ ɭɝɨɥ 90. 

Ⱦɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɩɪɨɰɟɫɫɚ ɫɜɚɪɤɢ ɩɨɞ ɫɥɨɟɦ ɮɥɸɫɚ ɩɪɟɞɥɚɝɚɟɬɫɹ ɜɧɟɞɪɢɬɶ 

ɫɜɚɪɨɱɧɭɸ ɤɨɥɨɧɧɭ ɫ ɭɫɬɚɧɨɜɥɟɧɧɨɣ ɧɚ ɧɟɣ ɫɜɚɪɨɱɧɨɣ ɝɨɥɨɜɤɨɣ. 

ɇɚɱɢɧɚɟɬɫɹ ɩɪɨɰɟɫɫ ɫɜɚɪɤɢ  ɜ ɪɚɡɞɟɥɤɟ ɤɪɨɦɨɤ. Ɉɩɟɪɚɬɨɪ ɫɜɚɪɨɱɧɨɣ ɭɫɬɚɧɨɜɤɢ 

ɨɛɹɡɚɧ ɫɥɟɞɢɬɶ ɡɚ ɫɜɚɪɧɵɦ ɲɜɨɦ , ɩɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɤɨɪɪɟɤɬɢɪɭɹ ɪɟɠɢɦɵ 

ɫɜɚɪɤɢ ɢ ɩɨɥɨɠɟɧɢɟ ɩɪɨɜɨɥɨɤɢ ɧɚɞ ɫɬɵɤɨɦ. 

ɉɨɫɥɟ ɡɚɜɟɪɲɟɧɢɹ   ɫɜɚɪɤɢ, ɬɪɨɣɧɢɤ ɨɬɩɪɚɜɥɹɟɬɫɹ ɧɚ ɬɟɪɦɨɨɛɪɚɛɨɬɤɭ ɞɥɹ ɫɧɹ-

ɬɢɹ ɨɫɬɚɬɨɱɧɵɯ ɧɚɩɪɹɠɟɧɢɣ (ɜɵɫɨɤɢɣ ɨɬɩɭɫɤ). 

ȼ ɤɨɧɰɟ ɩɪɨɰɟɫɫɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɤɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ. 

 

      1.8 Ɉɩɢɫɚɧɢɟ ɫɜɚɪɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 

 

ɉɪɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɜɚɪɤɢ ɩɨɞ ɫɥɨɟɦ ɮɥɸɫɚ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɫɜɚ-

ɪɨɱɧɭɸ ɩɪɨɜɨɥɨɤɭ ɦɚɪɤɢ ɋɜ-10ɇɆȺ ɞɢɚɦɟɬɪɨɦ 4 ɦɦ( ȽɈɋɌ ββ4θ-70). 

ȼ ɬɚɛɥɢɰɟ 1.1β ɭɤɚɡɚɧ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɪɨɜɨɥɨɤɢ ɋɜ-10ɇɆȺ  

 

Ɍɚɛɥɢɰɚ 1.12 – ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɩɪɨɜɨɥɨɤɢ ɋɜ-10ɇɆȺ 

ȼ ɩɪɨɰɟɧɬɚɯ 

ɏɢɦɢɱɟɫɤɢɣ 

ɷɥɟɦɟɧɬ 
C Si Mn Ni Mo 

Cr S Ɋ 

ɇɟ ɛɨɥɟɟ 

Ʉɨɥɢɱɟɫɬɜɨ 
0,07 –

0,12 

0,12 –

0,35 

0,4 –

0,7 

1 –

1,5 

0,4 –

0,55 
0,2 0,025 0,03 

 

ɋɤɥɨɧɧɨɫɬɶ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɝɨɪɹɱɢɯ ɬɪɟɳɢɧ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɨ ɮɨɪɦɭɥɟ (θ) ɢɡ ДγЖ 
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HCS=
C  S+P+

Si

25
+0,01Ni 10

3

3Mn+Cr+Mo+V
, (6) 

 

ɝɞɟ ɋ, S, P, Si, Ni, Mn, Cr, Mo, V – ɦɚɫɫɨɜɵɟ ɞɨɥɢ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɜ ɫɜɚ-

ɪɨɱɧɨɣ ɩɪɨɜɨɥɨɤɟ, %. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨ ɮɨɪɦɭɥɟ (θ) 
 

HCS=
0,12∙  0,025+0,03+

0,35

25
+ 0,01∙1,5 ∙ 10

3

3∙0,7+0,2+0,55
=3,54 ɟɞ. 

 

ɋɜɚɪɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ɧɟ ɫɤɥɨɧɧɨ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɝɨɪɹɱɢɯ ɬɪɟɳɢɧ, ɬɚɤ ɤɚɤ  

3,54 < 4. 

ȼ ɤɚɱɟɫɬɜɟ ɡɚɳɢɬɵ ɫɜɚɪɨɱɧɨɣ ɜɚɧɧɵ ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɮɥɸɫ ɦɚɪɤɢ Ⱥɧ-43( 

ȽɈɋɌ 9087-81). 

 ȼ ɬɚɛɥɢɰɟ 1.1γ ɭɤɚɡɚɧ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɮɥɸɫɚ Ⱥɧ-43  

 

Ɍɚɛɥɢɰɚ 1.1γ – ɏɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɮɥɸɫɚ Ⱥɧ-43 

ɏɢɦɢɱɟ-

ɫɤɢɣ ɷɥɟ-

ɦɟɧɬ 

SiO2 MnO CaO MgO Al2O3 CaF2 Na2O K2O 

Ʉɨɥɢɱɟ-

ɫɬɜɨ 
1η…ββ γ…θ β…θ 16...22 ββ…βη 14…18 β…4 
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     1.9 Ɋɚɫɱɟɬ ɪɟɠɢɦɨɜ ɫɜɚɪɤɢ 

 

ɇɚ ɪɢɫɭɧɤɟ 1.9 ɩɪɟɞɫɬɚɜɥɟɧ ɨɛɳɢɣ ɜɢɞ ɫɜɚɪɧɨɝɨ ɲɜɚ ɩɪɢɜɚɪɤɢ ɤɚɬɭɲɤɢ ɤ ɦɚ-

ɝɢɫɬɪɚɥɢ ɬɪɨɣɧɢɤɚ  

 

Ɋɢɫɭɧɨɤ 1.9 – Ɉɛɳɢɣ ɜɢɞ ɫɜɚɪɧɨɝɨ ɲɜɚ ɩɪɢɜɚɪɤɢ ɤɚɬɭɲɤɢ ɤ ɦɚɝɢɫɬɪɚɥɢ ɬɪɨɣ-

ɧɢɤɚ 

Ɂɚɞɚɟɦ ɫɜɚɪɨɱɧɵɣ ɬɨɤ ɩɨɫɬɨɹɧɧɵɣ ɩɪɹɦɨɣ ɩɨɥɹɪɧɨɫɬɢ. ɉɪɢɧɢɦɚɟɦ, ɱɬɨ ɜɵɥɟɬ 

ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɫɨɫɬɚɜɥɹɟɬ 35 ɦɦ. ȼɵɫɨɬɚ ɫɥɨɹ ɮɥɸɫɚ ɫɨɫɬɚɜɥɹɟɬ γη ɦɦ. 

Ɍɪɟɛɭɟɦɚɹ ɩɥɨɳɚɞɶ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (7) ɢɡ 

[2] 

 

Fɇ=pS+h
2
tg α

2 +0,73C 2htg α
2 +p+6  (7) 

 

,ɝɞɟ ɪ = β,η – ɜɟɥɢɱɢɧɚ ɡɚɡɨɪɚ, ɦɦ; 

S = 10 – ɬɨɥɳɢɧɚ ɫɨɟɞɢɧɹɟɦɵɯ ɷɥɟɦɟɧɬɨɜ, ɦɦ; 

h = 8,2 – ɜɟɥɢɱɢɧɚ ɝɥɭɛɢɧɵ ɪɚɡɞɟɥɤɢ, ɦɦ; 

α = θ0 – ɭɝɨɥ ɪɚɡɞɟɥɤɢ, ɝɪɚɞ; 

ɋ = β – ɬɪɟɛɭɟɦɚɹ ɜɵɫɨɬɚ ɜɚɥɢɤɚ ɭɫɢɥɟɧɢɹ, ɦɦ. 

  ɩɨ ɮɨɪɦɭɥɟ (7) ɩɨɥɭɱɢɦ, ɱɬɨ 

Fɇ=2,5∙10+8,2
2∙tg30+0,73∙2∙ 2∙8,2∙tg30+2,5+6 =90 ɦɦ2=0,9 ɫɦ2. 

 

ȼɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ  ɪɚɫɫɱɢɬɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɩɥɨɳɚɞɢ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ 
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ɪɚɜɧɨ 0,9 ɫɦ2, ɬɨ ɫɜɚɪɤɭ ɛɭɞɟɦ ɜɟɫɬɢ ɡɚ ɞɜɚ ɩɪɨɯɨɞɚ. ɉɪɢɧɢɦɚɟɦ, ɱɬɨ ɬɪɟɛɭɟɦɚɹ 

ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɜɚɥɢɤɚ ɭɫɢɥɟɧɢɹ ɪɚɜɧɚ  0,4β ɫɦ2
. Ɍɨɝɞɚ, ɬɪɟɛɭɟɬɫɹ ɡɚɩɨɥɧɢɬɶ 

ɪɚɡɞɟɥɤɭ ɩɥɨɳɚɞɶɸ 0,48 ɫɦ 

ɇɚɣɞɟɦ ɩɚɪɚɦɟɬɪɵ ɪɟɠɢɦɚ ɫɜɚɪɤɢ ɤɨɥɶɰɟɜɨɝɨ ɲɜɚ ɩɪɢɜɚɪɤɢ ɤɚɬɭɲɤɢ ɤ ɦɚ-

ɝɢɫɬɪɚɥɢ ɢɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɹ ɨɬɫɭɬɫɬɜɢɹ ɪɚɡɞɟɥɤɢ ɤɪɨɦɨɤ ɢ ɡɚɡɨɪɚ. ɉɪɢɦɟɦ ,ɱɬɨ   

ɫɢɥɚ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɞɥɹ ɞɢɚɦɟɬɪɚ ɩɪɨɜɨɥɨɤɢ 4 ɦɦ ɪɚɜɧɹɟɬɫɹ 700 Ⱥ. 

ɇɚɣɞɟɦ ɩɥɨɬɧɨɫɬɶ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɩɨ ɮɨɪɦɭɥɟ (8) ɢɡ [2] 

 

j=
4ICB

πdɗ
2

=
4∙700

3,14∙42
=55,7

Ⱥ
ɦɦ2

. 
(8) 

 

ɉɪɢ ɞɢɚɦɟɬɪɟ ɷɥɟɤɬɪɨɞɚ 4 ɦɦ ɩɥɨɬɧɨɫɬɶ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɧɚɯɨɞɢɬɫɹ ɜ ɢɧɬɟɪ-

ɜɚɥɟ 40…70 Ⱥ/ɦɦ2
 [2]. ɇɚɣɞɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɩɨɩɚɞɚɟɬ ɜ ɞɚɧɧɵɣ ɢɧɬɟɪɜɚɥ. 

ɇɚɣɞɟɦ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɞɭɝɟ ɩɨ ɮɨɪɦɭɥɟ (9)  

 

UȾ=20+
0,05 dɗ

ICB±1, B, (9) 

 

ɝɞɟ dɗ = 4 – ɞɢɚɦɟɬɪ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ, ɦɦ; 

ICB = 700 – ɫɢɥɚ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ, Ⱥ. 

ɉɨ ɮɨɪɦɭɥɟ (10) ɨɩɪɟɞɟɥɢɦ, ɱɬɨ 

 

UȾ=20+
0,05 4

∙700±1≈37,5±1 ȼ. 

ɇɚɣɞɟɦ ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ ɩɪɢ ɜɵɛɪɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɪɟɠɢɦɚ ɩɨ ɮɨɪɦɭɥɟ (10)  

VCB=
VɉɈȾ

FH

∙FɗɅ,
ɫɦ
ɫ

, (10) 

 

ɝɞɟ VɉɈȾ – ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ, ɫɦ/ɫ; 

FH=0,42 – ɬɪɟɛɭɟɦɚɹ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ 

ɜɚɥɢɤɚ ɭɫɢɥɟɧɢɹ, ɫɦ2
; 
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Fɗ =0,126 – ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɷɥɟɤɬɪɨɞɚ, ɫɦ2
. 

Ɋɚɫɫɱɢɬɚɟɦ ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ VɉɈȾ ɩɨ ɮɨɪɦɭɥɟ (11)  

VɉɈȾ=
αɊICB

3600FɗɅȖ
,
ɫɦ
ɫ

, (11) 

 

ɝɞɟ αɊ – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɥɚɜɥɟɧɢɹ, ɝ/Ⱥɱ; 

FɗɅ = 0,126 – ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ, ɫɦ2
; 

Ȗ = 7,8η – ɩɥɨɬɧɨɫɬɶ ɦɟɬɚɥɥɚ, ɝ/ɫɦ3
. 

Ɉɩɪɟɞɟɥɢɦ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɥɚɜɥɟɧɢɹ ɩɨ ɮɨɪɦɭɥɟ (12) 

 

αɊ=αɊ
' +ΔαɊ, (12) 

 

ɝɞɟ α’Ɋ – ɫɨɫɬɚɜɥɹɸɳɚɹ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɬɟɩɥɨɜɥɨɠɟɧɢɟɦ ɞɭɝɢ, ɝ/Ⱥɱ; 

ΔαɊ – ɫɨɫɬɚɜɥɹɸɳɚɹ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɬɟɩɥɨɜɥɨɠɟɧɢɹ ɜɫɥɟɞɫɬɜɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶ-

ɧɨɝɨ ɧɚɝɪɟɜɚ ɜɵɥɟɬɚ ɷɥɟɤɬɪɨɞɚ ɩɪɨɬɟɤɚɸɳɢɦ ɬɨɤɨɦ, ɝ/Ⱥɱ. 

ɋɨɫɬɚɜɥɹɸɳɚɹ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɬɟɩɥɨɜɥɨɠɟɧɢɟɦ ɞɭɝɢ α’Ɋ ɩɪɢ ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ 

ɩɪɹɦɨɣ ɩɨɥɹɪɧɨɫɬɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (13)  

 

αɊ
' =6,3+

0,0702ICB

dɗ
1,035

=6,3+
0,0702∙700

41,035
=18

ɝ
Ⱥɱ

. (13) 

ɋɨɫɬɚɜɥɹɸɳɚɹ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɬɟɩɥɨɜɥɨɠɟɧɢɹ ɜɫɥɟɞɫɬɜɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 

ɧɚɝɪɟɜɚ ɜɵɥɟɬɚ ɷɥɟɤɬɪɨɞɚ ɩɪɨɬɟɤɚɸɳɢɦ ɬɨɤɨɦ ΔαɊ ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɡ ɭɫɥɨɜɢɹ (14) 

ɢɡ [2] 

 

ΔαɊ=
3600Qɉɉ

qɗICB

, (14) 

 

ɝɞɟ Qɉɉ – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɪɚɫɯɨɞɭɟɦɨɟ ɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ ɜɵ-

ɥɟɬɚ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɩɪɨɬɟɤɚɸɳɢɦ ɩɨ ɧɟɦɭ ɬɨɤɨɦ, ɤɚɥ; 
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qɗ = 325 – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɧɟɨɛɯɨɞɢɦɨɟ ɞɥɹ ɪɚɫɩɥɚɜɥɟɧɢɹ 1 ɝ ɷɥɟɤɬɪɨɞ-

ɧɨɣ ɩɪɨɜɨɥɨɤɢ, ɤɚɥ/ɝ. 

Ɉɩɪɟɞɟɥɢɦ ɡɧɚɱɟɧɢɟ Qɉɉ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ (15)  

 

Qɉɉ=0,1884j
2ρ

0
dɗ

2  Vɗ

ɚαȕ
 ɟ-ɪ

2
l − 1 - α ɌɉɅ-Ɍ0 

ɪ
1

 , (15) 

 

ɝɞɟ j = 5570 – ɩɥɨɬɧɨɫɬɶ ɬɨɤɚ ɜ ɷɥɟɤɬɪɨɞɟ, Ⱥ/ɫɦ2
; 

ρ0 = 0,000014 – ɭɞɟɥɶɧɨɟ ɷɥɟɤɬɪɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨ-

ɥɨɤɢ ɩɪɢ ɧɭɥɟ ɝɪɚɞɭɫɨɜ, Ɉɦ/ɫɦ; 

dɗ = 0,4 – ɞɢɚɦɟɬɪ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ, ɫɦ; 

Vɗ – ɭɫɥɨɜɧɚɹ ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɷɥɟɤɬɪɨɞɚ, ɫɦ/ɫ; 

ɚ = 0,08 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɨɩɪɨɜɨɞɧɨɫɬɢ, ɫɦ2/ɫ; 

α = 0,008γ – ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɦɟɧɟɧɢɹ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɫ ɢɡɦɟ-

ɧɟɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ, °ɋ-1
; 

ȕ – ɤɨɷɮɮɢɰɢɟɧɬ, ɟɞ; 

l = 3,5 – ɜɵɥɟɬ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ, ɫɦ; 

ɌɉɅ = 1500 – ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɩɪɨɜɨɥɨɤɢ, °ɋ; 

ɌɈ = 20 – ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɩɪɨɜɨɥɨɤɢ, °ɋ; 

ɪ1 ɢ ɪ2 – ɤɨɷɮɮɢɰɢɟɧɬɵ, ɟɞ. 

ɇɚɣɞɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ȕ ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ (16)  

ȕ=
0,24j

2ρ
0

acȖ
=

0,24∙55702∙0,000014

0,08∙1,25
=1043ɟɞ. (16) 

 

ɝɞɟ ɫȖ = 1,βη – ɨɛɴɟɦɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ, ɤɚɥ/ɫɦ3
. 

Ɋɚɫɫɱɢɬɚɟɦ  ɭɫɥɨɜɧɭɸ ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ ɩɨ ɮɨɪɦɭɥɟ (17)  

 

Vɗ=
4αɊ

' ICB

3600πȖdɗ
2

=
4∙18∙700

3600∙3,14∙7,85∙0,42
=3,6 ɫɦ/ɫ. (17) 
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ɇɚɣɞɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɪ1 ɢ ɪ2 ɢɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɹ (18)  

 

    
   p

1
=-

Vɗ

2ɚ
- Vɗ

2

4ɚ2
-αȕ=-

3,6

2∙0,08
- 3,62

4∙0,08
2

-0,0083∙1043=-44,8 ɟɞ;

p
2
=-

Vɗ

2ɚ
+ Vɗ

2

4ɚ2
-αȕ=-

3,6

2∙0,08
+ 3,6

2

4∙0,08
2 -0,0083∙1043=-0,2 ɟɞ.

  (18) 

 

 

ɉɨ ɮɨɪɦɭɥɟ (1η) ɨɩɪɟɞɟɥɢɦ, ɱɬɨ 

 

Qɉɉ=0,1884∙5570
2∙0,000014∙0,4

2∙  3,6

0,08∙0,0083∙1043
 ɟ-0,4∙3,5-1 - 0,0083∙ 1500-20 

-44,8
 = 

=211,5 ɤɚɥ. 

 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (14) 

 

ΔαɊ=
3600∙211,5

325∙700
=3,4

ɝ
Ⱥɱ

. 

 

ɉɨ ɮɨɪɦɭɥɟ (1γ) ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɥɚɜɥɟɧɢɹ 

 

αɊ=18+3,4=21,4 ɝ/Ⱥɱ. 

ɉɨ ɮɨɪɦɭɥɟ (11) ɩɨɥɭɱɢɦ ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ VɉɈȾ 

 

VɉɈȾ=
21,4∙700

3600∙0,126∙7,85
=4,2 

ɫɦ
ɫ

. 

    ɉɨ ɮɨɪɦɭɥɟ (10) ɩɨɥɭɱɢɦ  ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ VCB 

 

VCB=
4,2

0,42
∙0,126=1,26 

ɫɦ
ɫ

. 
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ɇɚɣɞɟɦ ɩɨɝɨɧɧɭɸ ɷɧɟɪɝɢɸ ɩɪɢ ɫɜɚɪɤɟ ɩɨ ɮɨɪɦɭɥɟ (19)  

 

qɉɈȽ=
0,24UȾICBȘ

VCB

,
ɤɚɥ
ɫɦ

, (19) 

 

ɝɞɟ Ș=0,9 – ɷɮɮɟɤɬɢɜɧɵɣ ɄɉȾ ɧɚɝɪɟɜɚ ɢɡɞɟɥɢɹ ɞɭɝɨɣ ɩɪɢ ɫɜɚɪɤɟ ɩɨɞ ɫɥɨɟɦ 

ɮɥɸɫɚ. 

ɉɨ ɮɨɪɦɭɥɟ (19) ɨɩɪɟɞɟɥɢɦ 

 

qɉɈȽ=
0,24∙37,5∙700∙0,9

1,26
=4500 

ɤɚɥ
ɫɦ

. 

 

ɇɚɣɞɟɦ ɝɥɭɛɢɧɭ ɩɪɨɜɚɪɚ ɩɨ ɮɨɪɦɭɥɟ (20)  

 

h=0,0156 qɉ
ȥɉɊ

, (20) 

 

ɝɞɟ qɉ – ɜɟɥɢɱɢɧɚ ɩɨɝɨɧɧɨɣ ɷɧɟɪɝɢɢ, ɤɚɥ/ɫɦ; 

ȥɉɊ – ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɩɪɨɜɚɪɚ, ɟɞ. 

Ɉɩɪɟɞɟɥɢɦ ɤɨɷɮɮɢɰɢɟɧɬ ɮɨɪɦɵ ɲɜɚ ɩɨ ɮɨɪɦɭɥɟ (21) ɢɡ [2] 

 

ȥɉɊ=
k' 19-0,01ICB dɗUȾ

ICB

, (21) 

 

ɝɞɟ k’ – ɤɨɷɮɮɢɰɢɟɧɬ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɩɥɨɬɧɨɫɬɢ ɢ ɩɨɥɹɪɧɨɫɬɢ ɬɨɤɚ, ɟɞ. 
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ɇɚ ɩɨɫɬɨɹɧɧɨɦ ɬɨɤɟ ɩɪɹɦɨɣ ɩɨɥɹɪɧɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬ k’ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪ-

ɦɭɥɟ (22 

 

k'=
2,82

j
0,1925

=
2,82

55,70,1925
=1,3. (22) 

 

ɉɨ ɮɨɪɦɭɥɟ (ββ) ɨɩɪɟɞɟɥɢɦ 

 

ȥɉɊ=
1,3∙ 19-0,01∙700 ∙4∙37,5

700
=3,34 ɟɞ. 

 

ɉɨ ɮɨɪɦɭɥɟ (β0) ɝɥɭɛɢɧɚ ɩɪɨɜɚɪɚ ɪɚɜɧɹɟɬɫɹ 

 

h=0,0156∙ 4500

3,34
=0,57 ɫɦ. 

 

Ɋɚɫɫɱɢɬɚɟɦ ɲɢɪɢɧɭ ɲɜɚ ɩɨ ɮɨɪɦɭɥɟ (23)  

 

B=ȥɉɊh=3,34∙0,57=1,904 ɫɦ. (23) 

 

ɇɚɣɞɟɦ ɜɵɫɨɬɭ ɜɚɥɢɤɚ ɩɨ ɮɨɪɦɭɥɟ 

 

ɋ=
Fɇ

0,73ȼ
=

0,42

0,73∙1,904
=0,302 ɫɦ. 

 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɜɵɫɨɬɵ ɲɜɚ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɪɟɛɭɟɦɨɦɭ, ɩɨɷɬɨɦɭ, ɬɪɟ-

ɛɭɟɬɫɹ ɫɤɨɪɪɟɤɬɢɪɨɜɚɬɶ ɩɚɪɚɦɟɬɪɵ ɪɟɠɢɦɚ ɫɜɚɪɤɢ. ɉɪɢɦɟɦ, ɱɬɨ ɧɚɩɪɹɠɟɧɢɟ ɧɚ 

ɞɭɝɟ ɫɨɫɬɚɜɥɹɟɬ 38 ȼ. Ɍɨɝɞɚ: 

– qɉ = 4ηθ0 ɤɚɥ/ɫɦ; 

– ȥɉɊ = 3,387; 
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– h = 0,57; 

– ȼ = 1,9γ7 ɫɦ; 

– ɋ = 0,β97 ɫɦ. 

Ɉɛɳɚɹ ɜɵɫɨɬɚ ɲɜɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ 

 

D=h+C=0,57+0,297=0,867 ɫɦ. 

 

ɇɚɣɞɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɜɵɫɨɬɵ ɢ ɲɢɪɢɧɵ ɲɜɚ ɪɚɫɫɱɢɬɚɧɵ ɢɡ ɭɫɥɨɜɢɹ, ɱɬɨ ɫɜɚɪɤɚ 

ɩɪɨɢɡɜɨɞɢɬɫɹ ɛɟɡ ɪɚɡɞɟɥɤɢ ɤɪɨɦɨɤ ɢ ɛɟɡ ɡɚɡɨɪɚ.  

ȼɵɩɨɥɧɢɦ ɪɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɪɟɠɢɦɚ ɫɜɚɪɤɢ ɩɪɢ ɩɟɪɜɨɦ ɩɪɨɯɨɞɟ. ɉɪɢɧɢɦɚɟɦ, 

ɱɬɨ ɩɥɨɳɚɞɶ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɩɪɢ ɩɟɪɜɨɦ ɩɪɨɯɨɞɟ ɫɨɫɬɚɜɥɹɟɬ 0,48 ɫɦ2, ɚ 

ɫɢɥɚ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɫɨɫɬɚɜɥɹɟɬ 700 Ⱥ. ɉɥɨɬɧɨɫɬɶ ɩɪɢɧɹɬɨɝɨ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɩɪɢ 

ɞɢɚɦɟɬɪɟ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ 4 ɦɦ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (8) ɢ ɪɚɜɧɹɟɬɫɹ 

 

j=
4ICB

πdɗ
2

=
4∙700

3,14∙42
=55,7

Ⱥ
ɦɦ2

. 

 

ɉɪɢ ɞɢɚɦɟɬɪɟ ɷɥɟɤɬɪɨɞɚ 4 ɦɦ ɢ ɩɪɢ ɫɜɚɪɤɟ ɫɬɵɤɨɜɨɝɨ ɲɜɚ ɩɥɨɬɧɨɫɬɶ ɫɜɚɪɨɱ-

ɧɨɝɨ ɬɨɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ 40…70 Ⱥ/ɦɦ2
. ɇɚɣɞɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɜɯɨɞɢɬ ɜ 

ɭɤɚɡɚɧɧɵɣ ɢɧɬɟɪɜɚɥ. 

ɇɚɣɞɟɦ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɞɭɝɟ ɩɨ ɮɨɪɦɭɥɟ (9) 

 

UȾ=20+
0,05 4

∙700±1≈37,5±1 ȼ. 

 

ɇɚɣɞɟɦ ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ ɩɪɢ ɜɵɛɪɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɪɟɠɢɦɚ ɩɨ ɮɨɪɦɭɥɟ (10) ɫ 

ɭɱɟɬɨɦ ɮɨɪɦɭɥ (11)…(17). Ɍɨɝɞɚ ɩɨɥɭɱɢɦ, ɱɬɨ: 

– ɫɨɫɬɚɜɥɹɸɳɚɹ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɬɟɩɥɨɜɥɨɠɟɧɢɟɦ ɞɭɝɢ α’Ɋ = 18 ɝ/Ⱥɱ; 

– ɭɫɥɨɜɧɚɹ ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ Vɗ = 3,6 ɫɦ/ɫ; 

– ɤɨɷɮɮɢɰɢɟɧɬ ȕ = 1043 ɟɞ; 
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– ɤɨɷɮɮɢɰɢɟɧɬ ɪ1 = -44,8 ɟɞ, ɪ2 = -0,2 ɟɞ; 

– ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɪɚɫɯɨɞɭɟɦɨɟ ɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ ɜɵɥɟɬɚ 

ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɩɪɨɬɟɤɚɸɳɢɦ ɩɨ ɧɟɦɭ ɬɨɤɨɦ Qɉɉ = 211,5 ɤɚɥ; 

– ɫɨɫɬɚɜɥɹɸɳɚɹ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɬɟɩɥɨɜɥɨɠɟɧɢɹ ɜɫɥɟɞɫɬɜɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 

ɧɚɝɪɟɜɚ ɜɵɥɟɬɚ ɷɥɟɤɬɪɨɞɚ ɩɪɨɬɟɤɚɸɳɢɦ ɬɨɤɨɦ ΔαɊ = 3,4 ɝ/Ⱥɱ; 

– ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɥɚɜɥɟɧɢɹ αɊ = 21,4 ɝ/Ⱥɱ; 

– ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ VɉɈȾ = 4,2 ɫɦ/ɫ; 

– ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ Vɋȼ = 1,1 ɫɦ/ɫ. 

ɉɨ ɮɨɪɦɭɥɟ (18) ɪɚɫɫɱɢɬɵɜɚɟɦ ɩɨɝɨɧɧɭɸ ɷɧɟɪɝɢɸ 

 

qɉɈȽ=
0,24∙37,5∙700∙0,9

1,1
=5155 

ɤɚɥ
ɫɦ

. 

 

Ɉɩɪɟɞɟɥɢɦ ɦɝɧɨɜɟɧɧɭɸ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɦɟɬɚɥɥɚ ɩɨ ɮɨɪɦɭɥɟ (24)  

 

ω=ω 2πλ  ɌɆ-Ɍ0 2

k1qɉɈȽ
,
ɋ
ɫ

, ɝɞɟ (24) 

 

    ω  – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɪɢɬɟɪɢɣ ɩɪɨɰɟɫɫɚ, ɟɞ; 

λ = 0,1 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɤɚɥ/ɫɦ ɫ °ɋ; 

ɌɆ =500 – ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɢɦɟɧɶɲɟɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɭɫɬɟɧɢɬɚ, °ɋ;  

Ɍ0 = 135 – ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɢɡɞɟɥɢɹ, °ɋ; 

k1– ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ, ɟɞ. 

Ɋɚɫɫɱɢɬɚɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ ɩɨ ɮɨɪɦɭɥɟ (βη)  

 

k1=k2=
180°

180°-α
=

180

180-60
=1,5 ɟɞ. (25) 
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Ȼɟɡɪɚɡɦɟɪɧɵɣ ɤɪɢɬɟɪɢɣ ɩɪɨɰɟɫɫɚ ω  ɡɚɜɢɫɢɬ ɨɬ ɞɪɭɝɨɝɨ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɤɪɢɬɟ-

ɪɢɹ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (βθ)  

 

1

ș
=

2k1qɉɈȽ
π δk2 2cȖ ɌɆ-Ɍ0 =

2∙1,5∙5155

3,14∙ 1∙1,5 2∙1,25∙ 500-135 =4,8. (26) 

 

,ɝɞɟ ɫȖ =1,βη – ɨɛɴɟɦɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ, ɤɚɥ/ɫɦ3°ɋ; 

   k2 = 1,5 – ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢɜɟɞɟɧɢɹ, ɟɞ. 

ɉɪɢ ɡɧɚɱɟɧɢɢ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɤɪɢɬɟɪɢɹ 4,8 ɜɟɥɢɱɢɧɚ ω  ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɫɥɟ-

ɞɭɸɳɟɣ ɮɨɪɦɭɥɟ (β7)  

 

ω=
2

π∙ 1
ș =

2

3,14∙4,8
=0,133. 

(27) 

 

ɉɨ ɮɨɪɦɭɥɟ (24) ɨɩɪɟɞɟɥɢɦ 

 

ω=0,133∙2∙3,14∙0,1∙
 500-135 2

1,5∙5155
=4,32

ɋ
ɫ

. 

 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɦɝɧɨɜɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɜɯɨɞɢɬ ɜ ɬɪɟɛɭɟɦɵɣ 

ɢɧɬɟɪɜɚɥ ɦɝɧɨɜɟɧɧɵɯ ɫɤɨɪɨɫɬɟɣ ɨɯɥɚɠɞɟɧɢɹ ɞɥɹ ɫɬɚɥɢ 17Ƚ1ɋ ɢ ɫɬɚɥɢ 1βȽβɋȻ.  

ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɩɚɪɚɦɟɬɪɨɜ ɪɟɠɢɦɚ ɫɜɚɪɤɢ ɩɪɢ ɜɬɨɪɨɦ ɩɪɨɯɨɞɟ. ɉɪɢɦɟɦ, 

ɱɬɨ ɩɥɨɳɚɞɶ ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɞɨɥɠɧɚ ɛɵɬɶ 0,42 ɫɦ2
. 

Ɂɚɞɚɞɢɦ ɡɧɚɱɟɧɢɟ ɫɢɥɵ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ 700 Ⱥ. ɋɜɚɪɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɩɨɫɬɨɹɧ-

ɧɨɦ ɬɨɤɟ ɩɪɹɦɨɣ ɩɨɥɹɪɧɨɫɬɢ. 

ɉɥɨɬɧɨɫɬɶ ɩɪɢɧɹɬɨɝɨ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ ɩɪɢ ɞɢɚɦɟɬɪɟ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ 

44 ɦɦ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (8) ɢ ɫɨɫɬɚɜɥɹɟɬ 

j=
4ICB

πdɗ
2

=
4∙700

3,14∙42
=55,7

Ⱥ
ɦɦ2

. 
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ɉɪɢ ɞɢɚɦɟɬɪɟ ɷɥɟɤɬɪɨɞɚ 4 ɦɦ ɢ ɩɪɢ ɫɜɚɪɤɟ ɫɬɵɤɨɜɨɝɨ ɲɜɚ ɩɥɨɬɧɨɫɬɶ ɫɜɚɪɨɱ-

ɧɨɝɨ ɬɨɤɚ ɧɚɯɨɞɢɬɫɹ ɜ ɢɧɬɟɪɜɚɥɟ 40…70 Ⱥ/ɦɦ2
. Ɋɚɫɫɱɢɬɚɧɧɨɟ ɡɧɚɱɟɧɢɟ ɜɯɨɞɢɬ ɜ 

ɭɤɚɡɚɧɧɵɣ ɢɧɬɟɪɜɚɥ. 

ɇɚɣɞɟɦ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɞɭɝɟ ɩɨ ɮɨɪɦɭɥɟ (9) 

 

UȾ=20+
0,05 4

∙700±1≈37,5±1 ȼ. 

 

ɇɚɣɞɟɦ ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ ɩɪɢ ɜɵɛɪɚɧɧɵɯ ɩɚɪɚɦɟɬɪɚɯ ɪɟɠɢɦɚ ɩɨ ɮɨɪɦɭɥɟ (10) ɫ 

ɭɱɟɬɨɦ ɮɨɪɦɭɥ (11)…(17). ɂ ɩɨɥɭɱɢɦ ,ɱɬɨ : 

– ɫɨɫɬɚɜɥɹɸɳɚɹ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɬɟɩɥɨɜɥɨɠɟɧɢɟɦ ɞɭɝɢ α’Ɋ = 18 ɝ/Ⱥɱ; 

– ɭɫɥɨɜɧɚɹ ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ Vɗ = 3,6 ɫɦ/ɫ; 

– ɤɨɷɮɮɢɰɢɟɧɬ ȕ = 1043 ɟɞ; 

– ɤɨɷɮɮɢɰɢɟɧɬ ɪ1 = -44,8 ɟɞ, ɪ2 = -0,2 ɟɞ; 

– ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɪɚɫɯɨɞɭɟɦɨɟ ɧɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ ɜɵɥɟɬɚ 

ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɩɪɨɬɟɤɚɸɳɢɦ ɩɨ ɧɟɦɭ ɬɨɤɨɦ Qɉɉ = 211,5 ɤɚɥ; 

– ɫɨɫɬɚɜɥɹɸɳɚɹ, ɡɚɜɢɫɹɳɚɹ ɨɬ ɬɟɩɥɨɜɥɨɠɟɧɢɹ ɜɫɥɟɞɫɬɜɢɟ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ 

ɧɚɝɪɟɜɚ ɜɵɥɟɬɚ ɷɥɟɤɬɪɨɞɚ ɩɪɨɬɟɤɚɸɳɢɦ ɬɨɤɨɦ ΔαɊ = 3,4 ɝ/Ⱥɱ; 

– ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɥɚɜɥɟɧɢɹ αɊ = 21,4 ɝ/Ⱥɱ; 

– ɫɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ VɉɈȾ = 4,2 ɫɦ/ɫ; 

– ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ Vɋȼ = 1,26 ɫɦ/ɫ. 

Ⱦɚɥɟɟ ɩɨ ɮɨɪɦɭɥɟ (18) ɨɩɪɟɞɟɥɹɟɦ ɩɨɝɨɧɧɭɸ ɷɧɟɪɝɢɸ 

 

qɉɈȽ=
0,24∙37,5∙700∙0,9

1,26
=4500 

ɤɚɥ
ɫɦ

. 

 

Ɉɩɪɟɞɟɥɹɟɦ ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɲɜɚ ɩɨ ɮɨɪɦɭɥɚɦ (β0)…(βγ). Ɍɨ-

ɝɞɚ: 

– ȥɉɊ = 3,34; 

– h = 0,η7 ɫɦ; 
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– ȼ = 1,9 ɫɦ; 

– ɋ = 0,γ0γ ɫɦ. 

Ɍɚɤ ɤɚɤ ɡɧɚɱɟɧɢɟ ɜɵɫɨɬɵ ɜɚɥɢɤɚ ɩɪɟɜɵɲɚɟɬ ɬɪɟɛɭɟɦɨɟ, ɬɨ ɫɤɨɪɪɟɤɬɢɪɭɟɦ ɩɚ-

ɪɚɦɟɬɪɵ ɪɟɠɢɦɚ ɫɜɚɪɤɢ. ɉɪɢɦɟɦ, ɱɬɨ ɧɚɩɪɹɠɟɧɢɟ ɧɚ ɞɭɝɟ ɫɨɫɬɚɜɥɹɟɬ γ9 ȼ. Ɍɨɝɞɚ: 

– qɉ = 4θ80 ɤɚɥ/ɫɦ; 

– ȥɉɊ = 3,5; 

– h = 0,57 ɫɦ; 

– ȼ = 1,99η ɫɦ; 

– ɋ = 0,β88 ɫɦ. 

ɍɫɥɨɜɢɟ ɜɵɩɨɥɧɹɟɬɫɹ. 

Ɉɩɪɟɞɟɥɢɦ ɦɝɧɨɜɟɧɧɭɸ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɦɟɬɚɥɥɚ ɩɨ ɮɨɪɦɭɥɟ (β8) 

 

ω=ω 2πλ
 ɌɆ-Ɍ0 2

qɉɈȽ
,
ɋ
ɫ

, (28) 

 

ɝɞɟ ω  – ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɪɢɬɟɪɢɣ ɩɪɨɰɟɫɫɚ, ɟɞ; 

λ = 0,1 – ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɤɚɥ/ɫɦ ɫ °ɋ; 

ɌɆ =500 – ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɢɦɟɧɶɲɟɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɚɭɫɬɟɧɢɬɚ, °ɋ;  

Ɍ0 = 135 – ɧɚɱɚɥɶɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɢɡɞɟɥɢɹ, °ɋ. 

Ȼɟɡɪɚɡɦɟɪɧɵɣ ɤɪɢɬɟɪɢɣ ɩɪɨɰɟɫɫɚ ω  ɡɚɜɢɫɢɬ ɨɬ ɞɪɭɝɨɝɨ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɤɪɢɬɟ-

ɪɢɹ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (29)  

1

ș
=

2qɉɈȽ
π δ 2cȖ ɌɆ-Ɍ0 =

2∙4680

3,14∙ 1 2∙1,25∙ 500-135 =6,5. (29) 

 

ɝɞɟ ɫȖ =1,βη – ɨɛɴɟɦɧɚɹ ɬɟɩɥɨɟɦɤɨɫɬɶ, ɤɚɥ/ɫɦ3°ɋ. 

ɉɪɢ ɡɧɚɱɟɧɢɢ ɛɟɡɪɚɡɦɟɪɧɨɝɨ ɤɪɢɬɟɪɢɹ θ,η ɜɟɥɢɱɢɧɚ ω =0,1. Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ 

(28) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

ω=0,1∙2∙3,14∙0,1∙
 500-135 2

4680
=2

ɋ
ɫ
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ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɦɝɧɨɜɟɧɧɨɣ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɜɯɨɞɢɬ ɜ ɬɪɟɛɭɟɦɵɣ 

ɢɧɬɟɪɜɚɥ ɦɝɧɨɜɟɧɧɵɯ ɫɤɨɪɨɫɬɟɣ ɨɯɥɚɠɞɟɧɢɹ ɞɥɹ ɫɬɚɥɢ 1ηɏɋɇȾ. 

 

        1.10 ȼɵɛɨɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɫɜɚɪɤɢ 

 

ɉɪɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɜɚɪɤɟ ɩɨɞ ɫɥɨɟɦ ɮɥɸɫɚ ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ  

ɛɭɞɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ Aristo 1000 AC/DCSaw. ɇɚ ɪɢɫɭɧɤɟ 1.9 ɢɡɨɛɪɚɠɟɧ ɟɝɨ ɨɛɳɢɣ 

ɜɢɞ  

 

Ɋɢɫɭɧɨɤ 1.9 – Ɉɛɳɢɣ ɜɢɞ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ Aristo 1000 AC/DCSaw 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ Aristo 1000 AC/DCSaw ɩɪɟɞ-

ɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.14. 

Ɍɚɛɥɢɰɚ 1.14 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ Aristo 1000 

AC/DCSaw 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɂɧɚɱɟɧɢɟ 

ɇɚɩɪɹɠɟɧɢɟ ɩɢɬɚɸɳɟɣ ɫɟɬɢ, ȼ, ɩɪɢ η0/θ0 Ƚɰ γ80…η7η 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɫɢɥɵ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ, Ⱥ,  

ɩɪɢ ɉȼ 100 % 
1000 

ɇɚɩɪɹɠɟɧɢɟ ɯɨɥɨɫɬɨɝɨ ɯɨɞɚ, ȼ 130 

ɄɉȾ ɩɪɢ ɩɨɥɧɨɣ ɡɚɝɪɭɡɤɟ, ɟɞ 0,88 

Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ, ɦɦ 8θη×θ10×1γβ0 

Ɇɚɫɫɚ, ɤɝ 330 
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ɍɩɪɚɜɥɟɧɢɟ ɩɚɪɚɦɟɬɪɚɦɢ ɩɪɨɰɟɫɫɚ ɩɪɢ ɫɜɚɪɤɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ 

ɤɨɧɬɪɨɥɥɟɪɚ EsabPEK, ɩɨɤɚɡɚɧɧɨɝɨ ɧɚ ɪɢɫɭɧɤɟ 1.10. 

 

Ɋɢɫɭɧɨɤ 1.10 – Ɉɛɳɢɣ ɜɢɞ ɤɨɧɬɪɨɥɥɟɪɚ EsabPEK 

ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɪɨɰɟɫɫɚ ɫɜɚɪɤɢ ɛɭɞɟɦ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɫɜɚɪɨɱɧɨɣ 

ɝɨɥɨɜɤɢ EsabA2 SMiniMaster. Ɉɛɳɢɣ ɜɢɞ ɝɨɥɨɜɤɢ EsabA2 SMiniMaster ɩɨɤɚɡɚɧ ɧɚ 

ɪɢɫɭɧɤɟ 1.11. 

 

Ɋɢɫɭɧɨɤ 1.11 – Ɉɛɳɢɣ ɜɢɞ ɝɨɥɨɜɤɢ EsabA2 SMiniMaster 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɜɚɪɨɱɧɨɣ ɝɨɥɨɜɤɢ EsabA2 SMiniMaster ɩɪɟɞ-

ɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.1η. 

Ɍɚɛɥɢɰɚ 1.1η – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɜɚɪɨɱɧɨɣ ɝɨɥɨɜɤɢ EsabA2 SMi-

niMaster 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɂɧɚɱɟɧɢɟ 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɫɢɥɵ ɬɨɤɚ, Ⱥ ɩɪɢ ɉȼ 100% 800 

Ⱦɢɚɦɟɬɪ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ, ɦɦ 1,θ…4 

ɋɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ, ɦɦ/ɦɢɧ 9000 

Ɇɚɫɫɚ, ɤɝ 50 
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Ⱦɥɹ ɫɛɨɪɚ ɧɟɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɮɥɸɫɚ ɢ ɞɥɹ ɟɝɨ ɩɨɜɬɨɪɧɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɩɪɟɞɥɚ-

ɝɚɟɬɫɹ ɩɪɢɦɟɧɢɬɶ ɫɢɫɬɟɦɭ ɪɟɰɢɪɤɭɥɹɰɢɢ ɮɥɸɫɚ ɦɚɪɤɢ Ⱥɋ-4 ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɢɪɦɵ 

LincolnElectric. Ɉɛɳɢɣ ɜɢɞ ɫɢɫɬɟɦɵ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 1.1β. 

 

Ɋɢɫɭɧɨɤ 1.1β – Ɉɛɳɢɣ ɜɢɞ ɫɢɫɬɟɦɵ ɪɟɰɢɪɤɭɥɹɰɢɢ ɮɥɸɫɚ Ⱥɋ-4 

ɋɢɫɬɟɦɚ ɫɨɫɬɨɢɬ ɢɡ ɛɭɧɤɟɪɚ, ɤɨɬɨɪɵɣ ɭɫɬɚɧɨɜɥɟɧ ɧɚ ɫɜɚɪɨɱɧɭɸ ɝɨɥɨɜɤɭ ɧɚ 

ɛɭɧɤɟɪ ɞɥɹ ɮɥɸɫɚ. ɉɪɢ ɫɜɚɪɤɟ ɩɵɥɟɫɨɫɨɦ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɛɨɪ ɧɟɪɚɫɩɥɚɜɢɜɲɟɝɨɫɹ 

ɮɥɸɫɚ ɢ ɨɧ ɩɪɢɦɟɧɹɟɬɫɹ ɩɨɜɬɨɪɧɨ. 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɫɬɟɦɵ ɪɟɰɢɪɤɭɥɹɰɢɢ ɮɥɸɫɚ Ⱥɋ-4 ɩɪɟɞɫɬɚɜ-

ɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.1θ. 

Ɍɚɛɥɢɰɚ 1.1θ – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɫɬɟɦɵ ɪɟɰɢɪɤɭɥɹɰɢɢ ɮɥɸɫɚ 

ɏɊ-3 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɂɧɚɱɟɧɢɟ 

ɋɟɬɶ ɩɢɬɚɧɢɹ, ȼ/Ƚɰ 200/50 

Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ, ɦɦ 48γ×βηη×β0γ 

Ɇɚɫɫɚ, ɤɝ 10,5 

 

ȼɵɜɨɞ ɩɨ ɪɚɡɞɟɥɭ 1: 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ  ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɥɢ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɬɪɨɣɧɢɤɚ. Ⱦɟɬɚɥɶ-

ɧɨ  ɨɩɢɫɚɧɚ ɛɚɡɨɜɚɹ  ɬɟɯɧɨɥɨɝɢɹ ɢɡɝɨɬɨɜɥɟɧɢɹ, ɜ ɤɨɬɨɪɨɣ ɨɬɦɟɬɢɥɢ ɧɟ ɫɨɜɟɪɲɟɧ-

ɫɬɜɚ. ɉɨɫɥɟ ɱɟɝɨ ɛɵɥɚ ɩɪɟɞɥɨɠɟɧɚ ɢ ɧɨɜɚɹ ɬɟɯɧɨɥɨɝɢɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɜɚɪɤɢ ɩɨɞ 
ɫɥɨɟɦ ɮɥɸɫɚ 

.   
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             β ɄɈɇɋɌɊɍɄɌɈɊɋɄɂɃ ɊȺɁȾȿɅ 

 

Ⱦɥɹ ɭɫɬɚɧɨɜɤɢ ɫɜɚɪɨɱɧɨɣ ɝɨɥɨɜɤɢ ɛɭɞɟɦ ɩɪɢɦɟɧɹɬɶ ɫɜɚɪɨɱɧɭɸ ɤɨɥɨɧɧɭ ɦɚɪɤɢ 

EsabCaB 300S. ȿɺ ɨɛɳɢɣ ɜɢɞ  ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 2.1. 

 

Ɋɢɫɭɧɨɤ 2.1 – Ɉɛɳɢɣ ɜɢɞ ɤɨɥɨɧɧɵ EsabCaB 300S 

Ʉɨɥɨɧɧɚ ɫɨɫɬɨɢɬ ɢɡ ɫɬɨɣɤɢ ,ɨɫɧɨɜɚɧɢɹ , ɤɨɧɫɨɥɢ ɢ ɩɨɞɜɟɫɧɨɣ ɫɜɚɪɨɱɧɨɣ ɝɨɥɨɜ-

ɤɢ   

ɇɚ ɨɫɧɨɜɚɧɢɢ ɤɨɥɨɧɧɵ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ ɢ ɫɢɫɬɟɦɚ ɪɟɰɢɪɤɭ-

ɥɹɰɢɢ ɮɥɸɫɚ. 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɥɨɧɧɵ EsabCaB 300S ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 2.1. 

Ɍɚɛɥɢɰɚ 2.1 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɥɨɧɧɵ EsabCaB 300S 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɂɧɚɱɟɧɢɟ 

ɗɮɮɟɤɬɢɜɧɵɣ ɪɚɛɨɱɢɣ ɞɢɚɩɚɡɨɧ, ɦɦ 3000 

Ɉɛɳɚɹ ɜɵɫɨɬɚ ɤɨɥɨɧɧɵ, ɦɦ 5170 

ɋɤɨɪɨɫɬɶ ɩɨɞɴɟɦɚ, ɦɦ/ɦɢɧ 700 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɨɛɳɚɹ ɧɚɝɪɭɡɤɚ ɧɚ 

ɩɥɚɬɮɨɪɦɭ ɫɜɚɪɨɱɧɨɣ ɤɨɥɨɧɧɵ, ɤɝ 
600 

Ⱦɥɢɧɚ ɜɵɥɟɬɚ ɤɨɧɫɨɥɢ, ɦɦ η40…γη80 

Ⱦɨɩɭɫɬɢɦɚɹ ɧɚɝɪɭɡɤɚ ɧɚ ɤɨɧɫɨɥɶ, ɤɝ 300 

ɋɤɨɪɨɫɬɶ ɫɜɚɪɤɢ, ɦɦ/ɦɢɧ 100…β000 

ɋɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɹ, ɦɦ/ɦɢɧ 2000 
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ȼɪɚɳɟɧɢɟ ɫɨɛɪɚɧɧɨɝɨ ɭɡɥɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɩɨɡɢɰɢɨɧɟɪɚ ɦɚɪɤɢ ɇȼ-

120, ɩɨɤɚɡɚɧɧɨɝɨ ɧɚ ɪɢɫɭɧɤɟ β.β. 

 

Ɋɢɫɭɧɨɤ β.β – ɉɨɡɢɰɢɨɧɟɪ ɦɚɪɤɢ ɇȼ-120 

Ɋɚɫɩɨɥɨɠɟɧɢɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɢ ɨɛɳɢɣ ɜɢɞ ɩɨɜɨɪɨɬɧɨɝɨ ɫɬɨɥɚ ɩɨɡɢɰɢɨɧɟɪɚ 

ɇȼ-120 ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ β.γ. 

 

Ɋɢɫɭɧɨɤ β.γ – Ɋɚɫɩɨɥɨɠɟɧɢɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ ɢ ɨɛɳɢɣ ɜɢɞ ɩɨɜɨɪɨɬɧɨɝɨ ɫɬɨɥɚ 

ɩɨɡɢɰɢɨɧɟɪɚ ɇȼ-120 
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Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɡɢɰɢɨɧɟɪɚ ɇȼ-120 ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ β.β 

. 

Ɍɚɛɥɢɰɚ β.β – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɡɢɰɢɨɧɟɪɚ ɇȼ-120 

 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɂɧɚɱɟɧɢɟ 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɝɪɭɡɨɩɨɞɴɟɦɧɨɫɬɶ, ɤɝ 12000 

ɋɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ, ɨɛ/ɦɢɧ 0,0β…0,η 

ɋɤɨɪɨɫɬɶ ɪɟɜɟɪɫɢɜɧɨɝɨ ɜɪɚɳɟɧɢɹ, ɨɛ/ɦɢɧ 0,37 

Ⱦɢɚɦɟɬɪ ɪɚɛɨɱɟɝɨ ɫɬɨɥɚ, ɦɦ 1800 

 

ȼ ɩɪɟɞɥɚɝɚɟɦɨɦ ɜɚɪɢɚɧɬɟ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɛɨɪɤɚ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ 

ɩɪɢ ɩɨɦɨɳɢ ɥɨɠɟɦɟɧɬɚ, ɢɡɨɛɪɚɠɟɧɧɨɝɨ ɧɚ ɪɢɫɭɧɤɟ β.4. 

 

1 – ɫɬɟɧɤɚ  β – ɨɫɧɨɜɚɧɢɟ; γ – ɫɬɟɧɤɚ ɡɚɞɧɹɹ; 4 – ɥɨɠɟɦɟɧɬ; η – ɪɟɛɪɨ ɠɟɫɬɤɨ-

ɫɬɢ; θ – ɫɬɟɧɤɚ ɩɟɪɟɞɧɹɹ; 7 – ɨɩɨɪɚ; 8, 9 – ɩɪɨɤɥɚɞɤɚ ɪɟɡɢɧɨɜɚɹ 

Ɋɢɫɭɧɨɤ β.4 – Ɉɛɳɢɣ ɜɢɞ ɥɨɠɟɦɟɧɬɚ 

Ⱦɚɧɧɵɣ ɥɨɠɟɦɟɧɬ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɩɪɢɞɚɧɢɹ ɫɨɛɢɪɚɟɦɨɦɭ ɭɡɥɭ ɬɪɟɛɭɟɦɨɝɨ 
ɩɨɥɨɠɟɧɢɹ ɩɪɢ ɫɛɨɪɤɟ.  
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Ⱦɥɹ ɭɫɬɚɧɨɜɤɢ ɤɚɬɭɲɤɢ ɢ ɰɟɧɬɪɚɬɨɪɚ ɜɧɭɬɪɟɧɧɟɝɨ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɨɩɨɪɭ ɝɢɞɪɚɜɥɢɱɟɫɤɭɸ, ɢɡɨɛɪɚɠɟɧɧɭɸ ɧɚ ɪɢɫɭɧɤɟ β.η. 

 

1 – ɭɩɨɪ ɭɞɟɪɠɢɜɚɸɳɢɣ; β – ɲɬɨɤ ɝɢɞɪɨɰɢɥɢɧɞɪɚ; γ – ɝɢɞɪɨɰɢɥɢɧɞɪ;  

4 – ɥɨɠɟɦɟɧɬ; η – ɥɚɩɚ 

Ɋɢɫɭɧɨɤ β.η – Ɉɩɨɪɚ ɝɢɞɪɚɜɥɢɱɟɫɤɚɹ 

Ⱦɥɹ ɫɛɨɪɤɢ ɤɚɬɭɲɤɢ ɫ ɨɬɜɟɬɜɥɟɧɢɟɦ ɬɪɨɣɧɢɤɚ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɝɢɞ-

ɪɚɜɥɢɱɟɫɤɢɣ ɜɧɭɬɪɟɧɧɢɣ ɰɟɧɬɪɚɬɨɪ  ɦɚɪɤɢ ɐȼ85 . Ɉɛɳɢɣ ɜɢɞ ɰɟɧɬɪɚɬɨɪɚ ɢɡɨɛɪɚ-

ɠɟɧ ɧɚ ɪɢɫɭɧɤɟ β.θ [9]. 

 

Ɋɢɫɭɧɨɤ β.θ – Ɉɛɳɢɣ ɜɢɞ ɰɟɧɬɪɚɬɨɪɚ 
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ɐɟɧɬɪɚɬɨɪ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɰɟɧɬɪɢɪɨɜɚɧɢɹ ɬɨɪɰɨɜ ɫɨɛɢɪɚɟɦɵɯ ɬɪɭɛɧɵɯ ɢɡɞɟ-

ɥɢɣ ɩɪɢ ɫɛɨɪɤɟ ɩɨɜɨɪɨɬɧɵɯ ɢ ɧɟɩɨɜɨɪɨɬɧɵɯ ɫɬɵɤɨɜ ɬɪɭɛɨɩɪɨɜɨɞɨɜ. ɐɟɧɬɪɚɬɨɪ 

ɨɛɥɚɞɚɟɬ ɷɥɟɤɬɪɨɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɩɪɢɜɨɞɨɦ, ɩɢɬɚɸɳɢɦɫɹ ɨɬ ɫɟɬɢ γ80 ȼ ɢ ɩɪɟɞɧɚ-

ɡɧɚɱɟɧ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɨɜɚɥɶɧɨɫɬɢ ɫɨɛɢɪɚɟɦɵɯ ɡɚɝɨɬɨɜɨɤ ɢ ɩɪɢɞɚɧɢɹ ɩɪɚɜɢɥɶɧɨɣ 

ɮɨɪɦɵ ɨɤɪɭɠɧɨɫɬɢ ɫɬɵɤɚ. 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɰɟɧɬɪɚɬɨɪɚ ɐȼ-85ɭɤɚɡɚɧɵ ɜ ɬɚɛɥɢɰɟ 2.3 

Ɍɚɛɥɢɰɚ 2.3 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɰɟɧɬɪɚɬɨɪɚ ɐȼ-85 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɂɧɚɱɟɧɢɟ 

Ⱦɢɚɦɟɬɪ ɬɪɭɛ, ɦɦ 7β0…8β0 

Ɍɨɥɳɢɧɚ ɫɬɟɧɤɢ, ɦɦ 7…β2 

ɑɢɫɥɨ ɠɢɦɤɨɜ ɜ ɨɞɧɨɦ ɪɹɞɭ, ɲɬ 12 

ɑɢɫɥɨ ɰɟɧɬɪɢɪɭɸɳɢɯ ɪɹɞɨɜ, ɲɬ 2 

ɋɭɦɦɚɪɧɨɟ ɭɫɢɥɢɟ, ɪɚɡɜɢɜɚɟɦɨɟ ɨɞɧɢɦ ɰɟɧɬɪɢ-

ɪɭɸɳɢɦ ɪɹɞɨɦ, ɤɇ, ɧɟ ɛɨɥɟɟ 
1000…1100 

Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ, ɦɦ: 

 – ɞɥɢɧɚ 

 – ɞɢɚɦɟɬɪ 

 

2520 

7β0…8β0 

Ɇɚɫɫɚ, ɤɝ 780 

 

 

ɉɪɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɜɚɪɤɟ ɩɨɞ ɫɥɨɟɦ ɮɥɸɫɚ ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɟɪɚ-

ɦɢɱɟɫɤɢɟ ɩɨɞɤɥɚɞɤɢ ɦɚɪɤɢ PZ 1500/η4ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɢɪɦɵ Esab. 
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 Ɉɛɳɢɣ ɜɢɞ ɤɟɪɚɦɢɱɟɫɤɨɣ ɩɨɞɤɥɚɞɤɢ PZ 1500/54 ɢɡɨɛɪɚɠɟɧ ɧɚ ɪɢɫɭɧɤɟ β.7. 

 

 

Ɋɢɫɭɧɨɤ β.7 – Ɉɛɳɢɣ ɜɢɞ ɤɟɪɚɦɢɱɟɫɤɨɣ ɩɨɞɤɥɚɞɤɢ PZ 1500/54 

 

ɉɨɞɤɥɚɞɤɚ ɫɨɫɬɨɢɬ ɢɡ ɷɥɟɦɟɧɬɨɜ ɜ ɤɨɥɢɱɟɫɬɜɟ βη ɲɬɭɤ ɞɥɢɧɨɣ θ00 ɦɦ. Ɉɧɚ 

ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɨɛɪɚɬɧɨɝɨ ɜɚɥɢɤɚ ɩɪɢ ɫɜɚɪɤɟ ɜ V-ɨɛɪɚɡɧɭɸ ɪɚɡ-

ɞɟɥɤɭ ɩɪɹɦɨɥɢɧɟɣɧɵɯ ɢ ɤɨɥɶɰɟɜɵɯ ɲɜɨɜ ɩɪɢ ɡɧɚɱɢɬɟɥɶɧɵɯ ɬɟɩɥɨɜɵɯ ɧɚɝɪɭɡɤɚɯ 

ɫɩɨɫɨɛɚɦɢ ɫɜɚɪɤɢ, ɤɨɬɨɪɵɟ ɨɛɪɚɡɭɸɬ ɡɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɲɥɚɤɚ. ɉɨɞɤɥɚɞɤɚ 

ɫɨɛɢɪɚɟɬɫɹ ɧɚ ɫɚɦɨɤɥɟɹɳɟɣɫɹ ɚɥɸɦɢɧɢɟɜɨɣ ɮɨɥɶɝɟ. 

 

ȼɵɜɨɞɵ ɩɨ ɪɚɡɞɟɥɭ β: 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɪɚɫɫɦɨɬɪɟɧɚ ɩɪɟɞɥɚɝɚɟɦɚɹ ɨɫɧɚɫɬɤɚ ɞɥɹ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ 
ɫɛɨɪɤɢ ɢ ɫɜɚɪɤɢ ɬɪɨɣɧɢɤɚ.  
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      γ ɄɈɇɌɊɈɅɖ ɄȺɑȿɋɌȼȺ 

 

Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ ɢɡɝɨɬɨɜɥɟɧɢɹ ɬɪɨɣɧɢɤɚ ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɨɩɟ-

ɪɚɰɢɣ: 

– ɜɯɨɞɧɨɣ ɤɨɧɬɪɨɥɶ ɬɪɭɛ; 

– ɜɯɨɞɧɨɣ ɤɨɧɬɪɨɥɶ ɫɜɚɪɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ; 

– ɤɨɧɬɪɨɥɶ ɡɚɝɨɬɨɜɨɤ ɩɨɫɥɟ ɨɛɪɚɛɨɬɤɢ; 

– ɤɨɧɬɪɨɥɶ ɫɛɨɪɤɢ; 

– ɤɨɧɬɪɨɥɶ ɪɟɠɢɦɨɜ ɫɜɚɪɤɢ; 

– ɤɨɧɬɪɨɥɶ ɫɜɚɪɧɨɝɨ ɲɜɚ. 

ɉɪɢ ɜɯɨɞɧɨɦ ɤɨɧɬɪɨɥɟ ɬɪɭɛ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɨɜɟɪɤɚ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɩɚɫ-

ɩɨɪɬɨɜ ɢ ɫɟɪɬɢɮɢɤɚɬɨɜ. ȼ ɧɢɯ ɩɪɨɜɟɪɹɟɬɫɹ ɫɥɟɞɭɸɳɟɟ: 

– ɡɚɜɨɞ-ɢɡɝɨɬɨɜɢɬɟɥɶ ɬɪɭɛɵ; 

– ɬɢɩɨɪɚɡɦɟɪ ɩɨɫɬɚɜɥɹɟɦɨɣ ɬɪɭɛɵ; 

– ɧɨɦɟɪ ɩɨɫɬɚɜɥɹɟɦɨɣ ɬɪɭɛɵ; 

– ɧɨɦɟɪ ɩɥɚɜɤɢ ɨɫɧɨɜɧɨɝɨ ɦɟɬɚɥɥɚ; 

– ɧɨɦɟɪ ɩɚɪɬɢɢ ɫɜɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ; 

– ɫɜɟɞɟɧɢɹ ɨ ɯɢɦɢɱɟɫɤɨɦ ɫɨɫɬɚɜɟ; 

– ɫɜɟɞɟɧɢɹ ɨ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ, ɜ ɬɨɦ ɱɢɫɥɟ ɭɞɚɪɧɨɣ ɜɹɡɤɨɫɬɢ; 

– ɫɜɟɞɟɧɢɹ ɨ ɩɪɨɜɟɞɟɧɢɢ 100% ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɤɨɧɬɪɨɥɹ ɥɢɫɬɚ ɧɚ ɡɚɜɨɞɟ ɢɡ-

ɝɨɬɨɜɢɬɟɥɟ ɥɢɫɬɨɜɨɝɨ ɩɪɨɤɚɬɚ; 

– ɨɬɦɟɬɤɚ ɈɌɄ ɨ ɩɪɢɟɦɤɟ. 

ɉɨɫɥɟ ɩɪɨɜɟɪɤɢ ɫɟɪɬɢɮɢɤɚɬɧɵɯ ɞɚɧɧɵɯ ɩɪɨɢɡɜɨɞɢɬɫɹ ɤɨɧɬɪɨɥɶ ɝɟɨɦɟɬɪɢɱɟ-

ɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɬɪɭɛ, ɚ ɬɚɤɠɟ ɜɢɡɭɚɥɶɧɵɣ ɨɫɦɨɬɪ ɧɚɪɭɠɧɨɣ ɢ ɜɧɭɬɪɟɧɧɟɣ ɩɨ-

ɜɟɪɯɧɨɫɬɟɣ ɧɚ ɧɚɥɢɱɢɟ ɞɟɮɟɤɬɨɜ ɦɟɬɚɥɥɚ, ɜɵɜɨɞɹɳɢɯ ɬɨɥɳɢɧɭ ɫɬɟɧɤɢ ɡɚ ɩɪɟɞɟɥɵ 

ɞɨɩɭɫɤɚ. ɉɪɢ ɨɛɧɚɪɭɠɟɧɢɢ ɞɟɮɟɤɬɨɜ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɢɯ ɡɚɦɟɪ ɝɥɭ-

ɛɢɧɨɦɟɪɨɦ ɫ ɢɧɞɢɤɚɬɨɪɨɦ ɱɚɫɨɜɨɝɨ ɬɢɩɚ. ɉɪɢ ɪɚɡɦɟɪɟ ɞɟɮɟɤɬɚ ɛɨɥɟɟ ɞɨɩɭɫɤɚɟ-

ɦɨɝɨ ɫɨɫɬɚɜɥɹɟɬɫɹ ɚɤɬ ɢ ɧɚ ɡɚɜɨɞ-ɢɡɝɨɬɨɜɢɬɟɥɶ ɬɪɭɛɵ ɝɨɬɨɜɢɬɫɹ ɩɪɟɬɟɧɡɢɹ. Ⱦɨ ɬɟɯ 

ɩɨɪ ɬɪɭɛɚ ɨɫɬɚɟɬɫɹ ɧɟɩɪɢɧɹɬɨɣ ɜ ɢɡɨɥɹɬɨɪɟ ɛɪɚɤɚ. 

ɉɪɢ ɤɨɧɬɪɨɥɟ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɬɪɭɛ ɩɪɨɜɟɪɹɸɬɫɹ: 
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– ɞɥɢɧɚ ɬɪɭɛɵ; 

– ɬɨɥɳɢɧɚ ɫɬɟɧɤɢ; 

– ɨɬɤɥɨɧɟɧɢɟ ɨɬ ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɨɤɪɭɠɧɨɫɬɢ; 

– ɨɜɚɥɶɧɨɫɬɶ; 

– ɤɨɫɢɧɚ ɪɟɡɚ; 

– ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɮɚɫɤɢ; 

– ɨɛɳɚɹ ɤɪɢɜɢɡɧɚ. 

Ʉɨɧɬɪɨɥɶ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɪɭɥɟɬɤɢ, ɥɢ-

ɧɟɣɤɢ, ɲɬɚɧɝɟɧɰɢɪɤɭɥɹ, ɲɚɛɥɨɧɨɜ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɨɬɤɥɨɧɟɧɢɹ ɨɬ ɬɟɨɪɟɬɢɱɟɫɤɨɣ 

ɨɤɪɭɠɧɨɫɬɢ. 

ɉɪɢ ɨɛɧɚɪɭɠɟɧɢɢ ɧɟɫɨɨɬɜɟɬɫɬɜɢɣ ɯɨɬɹ ɛɵ ɩɨ ɨɞɧɨɦɭ ɩɚɪɚɦɟɬɪɭ, ɬɚɤɠɟ ɝɨɬɨ-

ɜɢɬɫɹ ɩɪɟɬɟɧɡɢɹ. 

ȼɯɨɞɧɨɣ ɤɨɧɬɪɨɥɶ ɫɜɚɪɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɦ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɫɟɪɬɢɮɢɤɚɬɧɵɦ 

ɞɚɧɧɵɦ. Ɂɞɟɫɶ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɜɟɪɤɚ ɫɨɨɬɜɟɬɫɬɜɢɹ ɩɚɪɬɢɢ ɢ ɩɥɚɜɤɢ ɩɪɨɜɨɥɨɤɢ ɩɨ 

ɫɟɪɬɢɮɢɤɚɬɭ ɢ ɩɨ ɮɚɤɬɭ. Ɍɚɤɠɟ ɩɪɢ ɩɨɫɬɭɩɥɟɧɢɢ ɧɨɜɨɣ ɩɚɪɬɢɢ ɥɢɛɨ ɧɨɜɵɯ ɫɜɚ-

ɪɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɜɚɪɤɚ ɤɨɧɬɪɨɥɶɧɵɯ ɨɛɪɚɡɰɨɜ ɢ ɧɚ ɧɢɯ ɩɪɨɜɨ-

ɞɹɬɫɹ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ, ɚ 

ɬɚɤɠɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. Ɍɚɤɠɟ ɩɪɢ ɩɨɦɨɳɢ ɲɬɚɧɝɟɧɰɢɪɤɭɥɹ ɩɪɨɢɡɜɨ-

ɞɢɬɫɹ ɤɨɧɬɪɨɥɶ ɞɢɚɦɟɬɪɚ ɩɪɨɜɨɥɨɤɢ. 

Ɏɥɸɫ ɩɪɨɜɟɪɹɟɬɫɹ ɩɨ ɫɟɪɬɢɮɢɤɚɬɧɵɦ ɞɚɧɧɵɦ, ɚ ɬɚɤɠɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɫɦɨɬɪ 

ɝɪɚɧɭɥ. Ɏɥɸɫ ɬɚɤɠɟ ɩɪɨɯɨɞɢɬ ɩɪɨɜɟɪɤɭ ɧɚ ɜɥɚɠɧɨɫɬɶ. 

ɉɨɫɥɟ ɩɪɨɯɨɠɞɟɧɢɹ ɜɯɨɞɧɨɝɨ ɤɨɧɬɪɨɥɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɨɜɟɪɤɚ ɡɚɝɨɬɨɜɨɤ ɤɨɦ-

ɩɥɟɤɬɭɸɳɢɯ ɞɥɹ ɬɪɨɣɧɢɤɚ. ɇɚ ɷɬɨɣ ɨɩɟɪɚɰɢɢ ɩɪɨɜɟɪɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚ-

ɦɟɬɪɵ: 

– ɞɥɢɧɚ ɤɚɬɭɲɤɢ; 

– ɮɚɫɤɢ ɧɚ ɤɚɬɭɲɤɟ; 

– ɫɬɪɨɢɬɟɥɶɧɚɹ ɜɵɫɨɬɚ ɬɪɨɣɧɢɤɚ; 

– ɫɬɪɨɢɬɟɥɶɧɚɹ ɞɥɢɧɚ ɬɪɨɣɧɢɤɚ; 

– ɮɚɫɤɢ ɧɚ ɬɪɨɣɧɢɤɟ; 

– ɨɫɦɨɬɪ ɩɨɜɟɪɯɧɨɫɬɢ. 
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Ⱦɥɢɧɚ ɩɪɨɜɟɪɹɟɬɫɹ ɪɭɥɟɬɤɨɣ, ɮɚɫɤɢ ɩɪɨɜɟɪɹɸɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɲɬɚɧɝɟɧɰɢɪ-

ɤɭɥɹ, ɭɝɥɨɦɟɪɚ. 

ɉɪɢ ɫɛɨɪɤɟ ɩɪɨɢɡɜɨɞɢɬɫɹ ɤɨɧɬɪɨɥɶ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫɬɵɤɚ, ɬɚɤɢɯ 

ɤɚɤ ɡɚɡɨɪ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɫɦɟɳɟɧɢɟ ɫɜɚɪɢɜɚɟɦɵɯ ɤɪɨɦɨɤ. Ɂɚɡɨɪ ɩɪɨɜɟɪɹɟɬɫɹ ɩɪɢ 

ɩɨɦɨɳɢ ɧɚɛɨɪɚ ɳɭɩɨɜ №4 ɥɢɛɨ ɭɧɢɜɟɪɫɚɥɶɧɨɝɨ ɲɚɛɥɨɧɚ ɫɜɚɪɳɢɤɚ №γ (ɍɒɋ-3). 

ɋɦɟɳɟɧɢɟ ɤɪɨɦɨɤ ɩɪɨɜɟɪɹɟɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɍɒɋ-γ ɥɢɛɨ ɭɝɨɥɶɧɢɤɚ ɩɨɜɟɪɨɱɧɨɝɨ 

ɫ ɧɚɛɨɪɨɦ ɳɭɩɨɜ №4. 

ɉɪɢ ɤɨɧɬɪɨɥɟ ɪɟɠɢɦɨɜ ɫɜɚɪɤɢ ɩɪɨɜɟɪɹɟɬɫɹ ɢɯ ɫɨɨɬɜɟɬɫɬɜɢɟ ɪɚɫɱɟɬɧɵɦ. 

ɉɪɢ ɤɨɧɬɪɨɥɟ ɫɜɚɪɧɨɝɨ ɲɜɚ ɩɪɨɜɟɪɹɸɬɫɹ: 

– ɲɢɪɢɧɚ ɜɚɥɢɤɚ; 

– ɜɵɫɨɬɚ ɜɚɥɢɤɚ. 

Ʉɨɧɬɪɨɥɶ ɩɪɨɢɡɜɨɞɢɬɫɹ ɲɚɛɥɨɧɚɦɢ ɥɢɛɨ ɍɒɋ-3. 

ɉɪɢ ɜɢɡɭɚɥɶɧɨɦ ɨɫɦɨɬɪɟ ɜ ɫɜɚɪɧɨɦ ɲɜɟ ɞɨɥɠɧɵ ɨɬɫɭɬɫɬɜɨɜɚɬɶ ɫɥɟɞɭɸɳɢɟ ɞɟ-

ɮɟɤɬɵ: 

– ɩɨɪɵ, ɜɵɯɨɞɹɳɢɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ; 

– ɬɪɟɳɢɧɵ ɜɫɟɯ ɜɢɞɨɜ ɢ ɧɚɩɪɚɜɥɟɧɢɣ; 

– ɩɨɞɪɟɡɵ ɝɥɭɛɢɧɨɣ ɛɨɥɟɟ 0,η ɦɦ; 

– ɧɚɩɥɵɜɵ; 

– ɧɟɩɨɥɧɨɟ ɡɚɩɨɥɧɟɧɢɟ ɪɚɡɞɟɥɤɢ. 

 

ɉɨɫɥɟ ɜɢɡɭɚɥɶɧɨɝɨ ɢ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɤɨɧɬɪɨɥɹ ɩɪɨɢɡɜɨɞɢɬɫɹ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ 

ɤɨɧɬɪɨɥɶ ɫɜɚɪɧɨɝɨ ɲɜɚ. Ɉɧ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢ ɩɨɦɨɳɢ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɞɟɮɟɤɬɨ-

ɫɤɨɩɚ ɦɚɪɤɢ Olympus Epoch 650.  

  



 

Иɡм. Лɢɫɬ № дɨкɭм. Пɨдɩɢɫь Даɬа 

Лɢɫɬ 

52 1η.0γ.01.β018.14β.00 ɉɁ 

Ɉɛɳɢɣ ɜɢɞ ɞɟɮɟɤɬɨɫɤɨɩɚ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ γ.1. 

 

Ɋɢɫɭɧɨɤ γ.1 – Ɉɛɳɢɣ ɜɢɞ ɞɟɮɟɤɬɨɫɤɨɩɚ Olympus Epoch 650 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɟɮɟɤɬɨɫɤɨɩɚ Olympus Epoch 650 ɭɤɚɡɚɧɵ ɜ ɬɚɛ-

ɥɢɰɟ γ.1. 

Ɍɚɛɥɢɰɚ γ.1 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɟɮɟɤɬɨɫɤɨɩɚOlympus Epoch 650 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɂɧɚɱɟɧɢɟ 

Ɋɚɡɜɟɪɬɤɚ, ɦɤɫ: 

– ɦɢɧɢɦɚɥɶɧɚɹ 

– ɦɚɤɫɢɦɚɥɶɧɚɹ 

 

0…β,θ7 

0…1000 

ɒɚɝ ɪɚɡɜɟɪɬɤɢ, ɦɤɫ 
0,01 / 0,1/ 1/ 

10/ 100 

Ɂɚɞɟɪɠɤɚ, ɦɤɫ -4…1000 

ɒɚɝ ɡɚɞɟɪɠɤɢ, ɦɤɫ 
0,01 / 0,1/ 1/ 

10/ 100 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɞɥɢɧɚ ɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɦɦ 6000 

Ⱦɢɚɩɚɡɨɧ ɫɤɨɪɨɫɬɟɣ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ ɤɨɥɟ-

ɛɚɧɢɣ, ɦ/ɫ 
1000…9999 

Ɂɚɞɟɪɠɤɚ ɜ ɩɪɢɡɦɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ, ɦɤɫ 0..100 

ɒɚɝ ɡɚɞɟɪɠɤɢ ɜ ɩɪɢɡɦɟ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ, ɦɤɫ 
0,01 / 0,1/ 1 ɢ 

10 

Ⱦɟɦɩɮɢɪɨɜɚɧɢɟ, Ɉɦ 25/ 50/ 1000 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ γ.1 

ȼɯɨɞɧɨɣ ɢɦɩɟɧɞɚɧɫ, Ɉɦ 50/600 

ɍɫɢɥɢɬɟɥɶ, ɆȽɰ 0,4…β0 

Ⱦɢɚɩɚɡɨɧ ɪɟɝɭɥɢɪɨɜɤɢ ɭɫɢɥɟɧɢɹ, ɞȻ 100 

ȼɪɟɦɟɧɧɚɹ ɪɟɝɭɥɢɪɨɜɤɚ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ (ȼɊɑ), ɞȻ 0…70 

ɇɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ, ȼ 3,5 

Ⱦɢɚɩɚɡɨɧ ɪɚɛɨɱɢɯ ɬɟɦɩɟɪɚɬɭɪ, °ɋ -γ0…+ηη 

Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ, ɦɦ βγθ×1θ7×70 

Ɇɚɫɫɚ, ɤɝ 1,6 

 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɤɨɧɬɪɨɥɹ ɜ ɫɜɚɪɧɨɦ ɲɜɟ ɞɨɥɠɧɵ ɨɬɫɭɬɫɬɜɨ-

ɜɚɬɶ ɫɥɟɞɭɸɳɢɟ ɞɟɮɟɤɬɵ: 

– ɩɨɪɵ ɞɢɚɦɟɬɪɨɦ ɛɨɥɟɟ 1,θ ɦɦ; 

– ɬɪɟɳɢɧɵ; 

– ɧɟɩɪɨɜɚɪɵ; 

– ɧɟɫɩɥɚɜɥɟɧɢɹ; 

– ɰɟɩɨɱɤɢ ɩɨɪ ɞɥɢɧɨɣ ɛɨɥɟɟ η0 ɦɦ ɫ ɪɚɫɫɬɨɹɧɢɟɦ ɦɟɠɞɭ ɤɪɚɣɧɢɦɢ ɩɨɪɚɦɢ ɦɟ-

ɧɟɟ ɬɪɟɯ ɞɢɚɦɟɬɪɨɜ ɧɚɢɛɨɥɶɲɟɣ ɢɡ ɧɢɯ. 

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɚɞɢɨɝɪɚɮɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ ɩɪɢɦɟɧɹɟɬɫɹ ɪɟɧɬɝɟɧɨɜɫɤɢɣ ɚɩ-

ɩɚɪɚɬ ɦɚɪɤɢ ȺɊɂɇȺ-γ. Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɩɩɚɪɚɬɚ ȺɊɂɇȺ-3 ɩɪɢɜɟ-

ɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 3.2. 

Ɍɚɛɥɢɰɚ 3.2 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɚɩɩɚɪɚɬɚ ȺɊɂɇȺ-3 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ Ɂɧɚɱɟɧɢɟ 

ɗɤɫɩɨɡɢɰɢɨɧɧɚɹ ɞɨɡɚ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɢɡɥɭɱɟɧɢɹ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 

η00±β0 ɦɦ ɨɬ ɬɨɪɰɚ ɪɟɧɬɝɟɧɨɜɫɤɨɝɨ ɛɥɨɤɚ ɜ ɩɪɹɦɨɦ ɩɭɱɤɟ ɡɚ 1,η 

ɦɢɧ,  ɧɟ ɦɟɧɟɟ, ɦɤɄɚɥ/ɤɝ 

206 

Ɍɨɥɳɢɧɚ ɫɬɚɥɢ, ɞɨɫɬɭɩɧɚɹ ɞɥɹ ɪɟɧɬɝɟɧɨɝɪɚɮɢɪɨɜɚɧɢɹ ɫ ɩɨɦɨɳɶɸ 

ɪɟɧɬɝɟɧɨɜɫɤɢɯ ɩɥɟɧɨɤ ɫ ɮɥɭɨɪɟɫɰɟɧɬɧɵɦɢ ɭɫɢɥɢɜɚɸɳɢɦɢ 

ɷɤɪɚɧɚɦɢ, ɦɦ 

40 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ γ.β. 

Ɍɨɥɳɢɧɚ ɫɬɚɥɢ, ɞɨɫɬɭɩɧɚɹ ɞɥɹ ɪɟɧɬɝɟɧɨɝɪɚɮɢɪɨɜɚɧɢɹ ɫ ɩɨɦɨɳɶɸ 

ɜɵɫɨɤɨɧɬɪɚɫɬɧɵɯ ɪɟɧɬɝɟɧɨɜɫɤɢɯ ɩɥɟɧɨɤ, ɦɦ 
20 

ɇɚɩɪɹɠɟɧɢɟ ɩɢɬɚɧɢɹ, ȼ ββ0±ββ 

 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɞɢɨɝɪɚɮɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ ɜ ɫɜɚɪɧɨɦ ɲɜɟ ɞɨɥɠɧɵ ɨɬɫɭɬɫɬ-

ɜɨɜɚɬɶ ɫɥɟɞɭɸɳɢɟ ɞɟɮɟɤɬɵ: 

– ɩɨɪɵ ɞɢɚɦɟɬɪɨɦ ɛɨɥɟɟ 1,θ ɦɦ; 

– ɬɪɟɳɢɧɵ; 

– ɧɟɩɪɨɜɚɪɵ; 

– ɧɟɫɩɥɚɜɥɟɧɢɹ; 

– ɰɟɩɨɱɤɢ ɩɨɪ ɞɥɢɧɨɣ ɛɨɥɟɟ η0 ɦɦ ɫ ɪɚɫɫɬɨɹɧɢɟɦ ɦɟɠɞɭ ɤɪɚɣɧɢɦɢ ɩɨɪɚɦɢ ɦɟ-

ɧɟɟ ɬɪɟɯ ɞɢɚɦɟɬɪɨɜ ɧɚɢɛɨɥɶɲɟɣ ɢɡ ɧɢɯ. 

ȼɵɜɨɞɵ ɩɨ ɪɚɡɞɟɥɭ γ: 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ  ɭɤɚɡɵɜɚɸɬɫɹ ɦɟɬɨɞɵ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ, ɩɪɢɦɟɧɹɟɦɨɟ ɨɛɨ-

ɪɭɞɨɜɚɧɢɟ ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɧɟɞɨɩɭɫɬɢɦɵɯ ɞɟɮɟɤɬɨɜ. 
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       4 ɌȿɏɇɂɑȿɋɄɈȿ ɇɈɊɆɂɊɈȼȺɇɂȿ 

 

       4.1 Ɋɚɫɱɟɬ ɮɨɧɞɨɜ ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ 

       Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɩɪɢ ɫɜɚɪɤɟ ɬɪɨɣɧɢɤɚ ɫ ɤɚɬɭɲɤɨɣ ɧɟɨɛ-

ɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɧɨɦɢɧɚɥɶɧɵɣ ɮɨɧɞ ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ. Ɉɧ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨ-

ɝɥɚɫɧɨ ɤɚɥɟɧɞɚɪɧɨɣ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɝɨɞɚ ɫ ɭɱɟɬɨɦ ɜɵɯɨɞɧɵɯ, ɩɪɚɡɞɧɢɱɧɵɯ ɢ 

ɩɪɟɞɩɪɚɡɞɧɢɱɧɵɯ ɞɧɟɣ.Ɍɨɝɞɚ ɧɨɦɢɧɚɥɶɧɵɣ ɮɨɧɞ ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ ɨɩɪɟɞɟɥɹɟɬɫɹ 

ɩɨ ɮɨɪɦɭɥɟ (γ0) 

 

FH=
DȽtH

DH

, (30) 

 

ɝɞɟ DȽ = 365 – ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɱɢɯ ɞɧɟɣ ɜ ɫɟɡɨɧɟ, ɲɬ; 

Dɇ = 7 – ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɱɢɯ ɞɧɟɣ ɧɟɞɟɥɢ, ɲɬ; 

tɇ=168 –ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɪɚɛɨɱɟɣ ɧɟɞɟɥɢ, ɱ. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (γ0) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

FH=
365∙168

7
=8760 ɱ. 

 

Ɏɨɧɞ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɟɣɫɬɜɢɬɟɥɶɧɵɣ ɡɚɜɢɫɢɬ ɨɬ ɧɨɦɢɧɚɥɶɧɨɝɨ 

ɮɨɧɞɚ ɜɪɟɦɟɧɢ, ɭɱɢɬɵɜɚɸɳɟɝɨ ɫɦɟɧɧɨɫɬɶ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɩɨɬɟɪɢ ɜɪɟ-

ɦɟɧɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɟɝɨ ɪɟɦɨɧɬɨɦ ɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (31) 

 

FȾ=FH  1-
P

100
 , (31) 

 

ɝɞɟ Fɇ= 8760 – ɧɨɦɢɧɚɥɶɧɵɣ ɝɨɞɨɜɨɣ ɮɨɧɞ ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ, ɱ; 

Ɋ=γ,8 – ɩɪɨɰɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɨɬɟɪɢ ɜɪɟɦɟɧɢ ɧɚ ɪɟɦɨɧɬ ɨɛɨɪɭɞɨɜɚɧɢɹ, %. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (31) ɩɨɥɭɱɢɦ, ɱɬɨ ɝɨɞɨɜɨɣ ɮɨɧɞ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨ-

ɜɚɧɢɹ ɮɚɤɬɢɱɟɫɤɢɣ 
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FȾ=8760∙  1-
3,8

100
 =8427 ɱ. 

 

Ɉɩɪɟɞɟɥɢɦ ɧɨɦɢɧɚɥɶɧɵɣ ɮɨɧɞ ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ ɨɞɧɨɣ ɛɪɢɝɚɞɵ ɩɪɢ ɪɚɛɨɬɟɜ 

ɨɞɧɭ ɫɦɟɧɭ ɩɨ ɮɨɪɦɭɥɟ (32)  

 

Fɇ.ȻɊ.=
FH

n
, (32) 

 

,ɝɞɟ Fɇ= 8760 – ɧɨɦɢɧɚɥɶɧɵɣ ɝɨɞɨɜɨɣ ɮɨɧɞ ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ, ɱ; 

  n = 4 – ɤɨɥɢɱɟɫɬɜɨ ɛɪɢɝɚɞ, ɡɚɧɹɬɵɯ ɧɚ ɨɛɴɟɤɬɟ, ɲɬ. ȼ ɫɨɫɬɚɜ ɛɪɢɝɚɞɵ ɩɨ 

ɫɛɨɪɤɟ ɢ ɫɜɚɪɤɟ ɬɪɨɣɧɢɤɚ ɜɯɨɞɹɬ ɞɜɚ ɷɥɟɤɬɪɨɫɜɚɪɳɢɤɚ, ɞɜɚ ɫɛɨɪɳɢɤɚ, ɞɜɚ 

ɫɥɟɫɚɪɹ-ɡɚɱɢɫɬɧɢɤɚ. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (γ2) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

Fɇ.ȻɊ.=
8760

8
=2190 ɱ. 

 

ɗɮɮɟɤɬɢɜɧɵɣ ɮɨɧɞ ɜɪɟɦɟɧɢ ɞɥɹ ɨɞɧɨɣ ɛɪɢɝɚɞɵ ɩɪɢ ɪɚɛɨɬɟ ɜ ɨɞɧɭ ɫɦɟɧɭɨɩɪɟ-

ɞɟɥɹɟɬɫɹ ɜɵɱɢɬɚɧɢɟɦ ɢɡ ɧɨɦɢɧɚɥɶɧɨɝɨ ɮɨɧɞɚ ɩɥɚɧɢɪɭɟɦɵɯ ɞɧɟɜɧɵɯ ɢ ɜɧɭɬɪɢ-

ɫɦɟɧɧɵɯ ɮɨɧɞɨɜ ɜɪɟɦɟɧɢ. Ʉ ɬɚɤɢɦ ɩɨɬɟɪɹɦ ɜɪɟɦɟɧɢ ɨɬɧɨɫɹɬɫɹ: 

– ɨɫɧɨɜɧɨɣ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɣ ɨɬɩɭɫɤ ɜɫɟɯ ɜɢɞɨɜ; 

– ɛɨɥɟɡɧɢ; 

– ɜɵɩɨɥɧɟɧɢɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɯ ɨɛɹɡɚɧɧɨɫɬɟɣ; 

– ɫɨɤɪɚɳɟɧɢɟ ɪɚɛɨɱɟɝɨ ɞɧɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɞɟɣɫɬɜɭɸɳɢɦ ɡɚɤɨɧɨɞɚɬɟɥɶɫɬɜɨɦ. 

Ɋɚɫɱɟɬ ɷɮɮɟɤɬɢɜɧɨɝɨ ɮɨɧɞɚ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɨɞɧɨɝɨ ɪɚɛɨɱɟɝɨ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ 

ɮɨɪɦɭɥɟ: 

 

FȾɊ=Fɇ.ȻɊ. 1-0,01 Ɋɇ+ɊɈ+ɊɈɌɉ+ɊɊ   (33) 

 

 ,ɝɞɟ Fɇ.ȻɊ. = 2190 – ɧɨɦɢɧɚɥɶɧɵɣ ɮɨɧɞ ɪɚɛɨɱɟɝɨ ɜɪɟɦɟɧɢ ɨɞɧɨɣ ɛɪɢɝɚɞɵ, ɱ; 
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Ɋɇ = 4 – ɩɥɚɧɢɪɭɟɦɵɣ ɩɪɨɰɟɧɬ ɧɟɜɵɯɨɞɚ ɧɚ ɪɚɛɨɬɭ, %; 

PO = 6 – ɩɪɨɰɟɧɬ ɩɟɪɟɪɵɜɨɜ ɧɚ ɨɬɞɵɯ, %; 

ɊɈɌɉ= 6 – ɩɪɨɰɟɧɬ ɧɟɜɵɯɨɞɚ ɧɚ ɪɚɛɨɬɭ ɜ ɫɜɹɡɢ ɫ ɨɬɩɭɫɤɨɦ, %; 

PP = 3 – ɩɪɨɰɟɧɬ ɩɨɬɟɪɶ ɜɪɟɦɟɧɢ, ɫɜɹɡɚɧɧɵɯ ɫ ɪɟɦɨɧɬɨɦ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɪɚɛɨ-

ɱɟɟ ɜɪɟɦɹ, %. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (33), ɷɮɮɟɤɬɢɜɧɵɣ ɮɨɧɞ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɨɞɧɨɝɨ ɪɚɛɨɱɟɝɨ 

 

FȾɊ=2190∙ 1-0,01∙ 4+6+6+3  =1774 ɱ. 

 

4.2 Ɋɚɫɱɟɬ ɧɨɪɦ ɲɬɭɱɧɨɝɨ ɜɪɟɦɟɧɢ 

 

ȼɪɟɦɹ ɧɚ ɨɩɟɪɚɰɢɸ ɨɛɪɚɛɨɬɤɢ ɮɚɫɨɤ, ɨɫɦɨɬɪ, ɡɚɱɢɫɬɤɭ ɩɪɢɤɪɨɦɨɱɧɨɣ ɡɨɧɵ ɢ 

ɢɫɩɪɚɜɥɟɧɢɟ ɨɛɧɚɪɭɠɟɧɧɵɯ ɜɢɡɭɚɥɶɧɨ ɞɟɮɟɤɬɨɜ ɫɨɫɬɚɜɥɹɟɬ 20 ɦɢɧ. 

ɉɪɢ ɪɚɫɱɟɬɟ ɧɨɪɦ ɜɪɟɦɟɧɢ ɞɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɜɚɪɤɢ ɩɪɢɦɟɦ ɫɟɪɢɣɧɵɣ ɬɢɩ 

ɩɪɨɢɡɜɨɞɫɬɜɚ. ɋɜɚɪɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫɜɚɪɨɱɧɨɣ ɝɨɥɨɜɤɨɣ. ɍɫɬɚɧɨɜɤɚ ɢ ɩɨɜɨɪɨɬ ɢɡ-

ɞɟɥɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɫɢ ɩɪɢ ɩɨɞɝɨɬɨɜɤɟ ɩɨɞ ɫɜɚɪɤɭ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɭɱɚɫɬɢɟɦ 

ɷɥɟɤɬɪɨɫɜɚɪɳɢɤɚ. ɇɚɫɬɪɨɣɤɭ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɨɢɡɜɨɞɢɬ ɷɥɟɤɬɪɨ-

ɫɜɚɪɳɢɤ[5]. 

Ⱦɥɹ ɞɚɥɶɧɟɣɲɢɯ ɪɚɫɱɟɬɨɜ ɩɨ ɧɨɪɦɢɪɨɜɚɧɢɸ ɬɪɟɛɭɟɬɫɹ ɪɚɫɫɱɢɬɚɬɶ ɩɨɞɝɨɬɨɜɢ-

ɬɟɥɶɧɨ-ɡɚɤɥɸɱɢɬɟɥɶɧɨɟ ɜɪɟɦɹ. Ɉɧɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɭɦɦɭ ɫɥɟɞɭɸɳɢɯ ɷɥɟ-

ɦɟɧɬɨɜ ɩɪɢ ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɨ-ɡɚɤɥɸɱɢɬɟɥɶɧɨɣ ɪɚɛɨɬɟ:  

1. ɉɨɥɭɱɟɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɡɚɞɚɧɢɹ – η ɦɢɧ; 

β. Ɉɡɧɚɤɨɦɥɟɧɢɟ ɫ ɪɚɛɨɬɨɣ – γ ɦɢɧ; 

γ. ɇɚɫɬɪɨɣɤɚ ɫɜɚɪɨɱɧɨɣ ɝɨɥɨɜɤɢ – 1,9 ɦɢɧ, ɢɡ ɤɨɬɨɪɵɯ: 

– ɜɵɫɬɚɜɥɟɧɢɟ ɩɨɥɨɠɟɧɢɹ ɫɜɚɪɨɱɧɨɣ ɩɪɨɜɨɥɨɤɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɵɤɚ – 1 ɦɢɧ; 

– ɭɫɬɚɧɨɜɤɚ ɜɟɥɢɱɢɧɵ ɫɜɚɪɨɱɧɨɝɨ ɬɨɤɚ – 0,2 ɦɢɧ; 

– ɭɫɬɚɧɨɜɤɚ ɫɤɨɪɨɫɬɢ ɫɜɚɪɤɢ – 0,2 ɦɢɧ; 

– ɭɫɬɚɧɨɜɤɚ ɫɤɨɪɨɫɬɢ ɩɨɞɚɱɢ ɩɪɨɜɨɥɨɤɢ – 0,2 ɦɢɧ; 

4. ɋɞɚɱɚ ɪɚɛɨɬɵ – β ɦɢɧ; 

η. ɉɨɞɝɨɬɨɜɤɚ ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ – 10 ɦɢɧ. 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɨ-ɡɚɤɥɸɱɢɬɟɥɶɧɨɟ ɜɪɟɦɹ ɧɚ ɫɜɚɪɤɭ ɫɨɫɬɚɜɥɹɟɬ 

 

ɌɉɁ= tɨɩ.ɩɡ (34) 

 

   ,ɝɞɟ tɨɩ.ɩɡ – ɫɭɦɦɚ ɜɪɟɦɟɧɢ ɧɚ ɨɩɟɪɚɰɢɹɯ ɩɪɢ ɩɨɞɝɨɬɨɜɤɟ ɢ ɡɚɜɟɪɲɟɧɢɢ ɪɚɛɨɬ, 

ɦɢɧ. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (γ4) 

 

ɌɉɁ=5+3+1,9+2+10=21,9 ɦɢɧ. 

ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɨɫɧɨɜɧɨɝɨ ɜɪɟɦɟɧɢ, ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɫɜɚɪɤɢ ɨɞɧɨɝɨ ɫɬɵɤɚ 

ɩɨ ɮɨɪɦɭɥɟ(35) 

 

ɌɈɋɇ=60∙
L

VCB

 (35) 

 

     ,ɝɞɟ L=2,26 – ɞɥɢɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɲɜɚ, ɦ; 

Vɋȼ – ɫɤɨɪɨɫɬɶ ɫɜɚɪɤɢ, ɦ/ɱ. 

Ɉɩɪɟɞɟɥɢɦ ɨɫɧɨɜɧɨɟ ɜɪɟɦɹ ɫɜɚɪɤɢ ɩɨ ɮɨɪɦɭɥɟ (γη) ɞɥɹ: 

–ɩɟɪɜɨɝɨ ɩɪɨɯɨɞɚ ɩɪɢ ɫɤɨɪɨɫɬɢ ɫɜɚɪɤɢ1,1 ɫɦ/ɫ = 39,6 ɦ/ɱ  

 

ɌɈɋɇ=60∙
2,26

39,6
=3,4 ɦɢɧ. 

 

– ɜɬɨɪɨɝɨ ɩɪɨɯɨɞɚ ɩɪɢ ɫɤɨɪɨɫɬɢ ɫɜɚɪɤɢ 1,βθ ɫɦ/ɫ = 4η,4 ɦ/ɱ 

 

ɌɈɋɇ=60∙
2,26

45,4
=3 ɦɢɧ. 
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Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɛɳɟɟ ɨɫɧɨɜɧɨɟ ɜɪɟɦɹ ɫɜɚɪɤɢ ɨɞɧɨɝɨ ɫɬɵɤɚ ɫɨɫɬɚɜɥɹɟɬ 6,4 

ɦɢɧ. ɋɨɝɥɚɫɧɨ ɛɚɡɨɜɨɦɭ ɜɚɪɢɚɧɬɭ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɫɧɨɜɧɨɟ ɜɪɟɦɹ 

ɫɜɚɪɤɢ ɨɞɧɨɝɨ ɫɬɵɤɚ ɫɨɫɬɚɜɥɹɟɬ 4η ɦɢɧ. 

Ɋɚɫɫɱɢɬɚɟɦ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɜɪɟɦɹ, ɡɚɜɢɫɹɳɟɟ ɨɬ ɞɥɢɧɵ ɲɜɚ. Ⱦɥɹ ɷɬɨɝɨ ɩɪɢ-

ɦɟɦ, ɱɬɨ ɜɪɟɦɹ ɧɚ: 

– ɡɚɱɢɫɬɤɭ ɢ ɨɫɦɨɬɪ ɫɜɚɪɢɜɚɟɦɵɯ ɤɪɨɦɨɤ ɫɨɫɬɚɜɥɹɟɬγ ɦɢɧ; 

– ɨɱɢɫɬɤɚ ɲɜɚ ɨɬ ɲɥɚɤɚ, ɨɫɦɨɬɪ ɢ ɩɪɨɦɟɪ ɲɜɚ ɫɨɫɬɚɜɥɹɟɬ 10 ɦɢɧ. 

Ɍɨɝɞɚ, ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɜɪɟɦɹ ɫɨɫɬɚɜɢɬ 

 

Ɍȼɒ=3+10=13 ɦɢɧ. 

 

ɉɪɢɦɟɦ, ɱɬɨ ɤɨɷɮɮɢɰɢɟɧɬ, ɤɨɬɨɪɵɣ ɭɱɢɬɵɜɚɟɬ ɡɚɬɪɚɬɵ ɜɪɟɦɟɧɢ ɧɚ ɨɛɫɥɭɠɢ-

ɜɚɧɢɟ ɪɚɛɨɱɟɝɨ ɦɟɫɬɚ, ɧɚ ɨɬɞɵɯ ɢ ɟɫɬɟɫɬɜɟɧɧɵɟ ɧɚɞɨɛɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ k=1,19, ɬɚɤ 

ɤɚɤ ɜ ɪɚɛɨɬɟ ɩɪɢɧɹɬ ɫɟɪɢɣɧɵɣ ɬɢɩ ɩɪɨɢɡɜɨɞɫɬɜɚ. 

ɇɨɪɦɚ ɲɬɭɱɧɨɝɨ ɜɪɟɦɟɧɢ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ ɬɪɨɣɧɢɤɚ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪ-

ɦɭɥɟ (γθ)  

 

ɌɒɌ=   ɌɈɋɇ+Ɍȼɒ k, (36) 

 

ɝɞɟ ɌɈɋɇ = 6,4 – ɫɭɦɦɚɪɧɨɟ ɨɫɧɨɜɧɨɟ ɜɪɟɦɹ ɧɚ ɩɪɨɜɟɞɟɧɢɟ ɫɜɚɪɨɱɧɵɯ ɪɚɛɨɬ, ɦɢɧ; 

Ɍȼɒ=13– ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɟ ɜɪɟɦɹ ɧɚ ɨɛɫɥɭɠɢɜɚɧɢɟ ɫɬɵɤɚ, ɦɢɧ; 

k=1,19 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɡɚɬɪɚɬɵ ɜɪɟɦɟɧɢ ɧɚ ɨɛɫɥɭɠɢɜɚɧɢɟ ɪɚɛɨ-

ɱɟɝɨ ɦɟɫɬɚ, ɧɚ ɨɬɞɵɯ ɢ ɟɫɬɟɫɬɜɟɧɧɵɟ ɧɚɞɨɛɧɨɫɬɢ, ɟɞ. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (γ6) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

ɌɒɌ= 6,4+13 ∙1,19=23,1 ɦɢɧ. 
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ɉɪɢ ɫɭɳɟɫɬɜɭɸɳɟɦ ɜɚɪɢɚɧɬɟ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɲɬɭɱɧɨɟ ɜɪɟɦɹ ɧɚ ɢɡ-

ɝɨɬɨɜɥɟɧɢɟ ɫɨɫɬɚɜɥɹɟɬ θ9 ɦɢɧ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɪɚɛɨɬ ɞɜɭɦɹ ɫɜɚɪɳɢɤɚɦɢ ɨɞɧɨ-

ɜɪɟɦɟɧɧɨ. 

ɉɪɨɢɡɜɟɞɟɦ ɪɚɫɱɟɬ ɲɬɭɱɧɨɝɨ ɜɪɟɦɟɧɢ ɧɚ ɨɩɟɪɚɰɢɢ ɤɨɧɬɪɨɥɹ ɤɚɱɟɫɬɜɚ ɩɨ ɮɨɪ-

ɦɭɥɟ (37)  

 

ɌɒɌ
Ʉɨɧ= TO+tɜɫɩ k, (37) 

 

ɝɞɟ ɌɈ –ɜɪɟɦɹ ɩɪɨɜɟɞɟɧɢɹɤɨɧɬɪɨɥɹ, ɦɢɧ; 

tɜɫɩ – ɜɪɟɦɹ ɧɚ ɩɨɞɝɨɬɨɜɤɭ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɞɟɬɚɥɢ, ɦɢɧ; 

k=1,19 – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɡɚɬɪɚɬɵ ɜɪɟɦɟɧɢ ɧɚ ɨɛɫɥɭɠɢɜɚɧɢɟ ɪɚɛɨ-

ɱɟɝɨ ɦɟɫɬɚ, ɧɚ ɨɬɞɵɯ ɢ ɟɫɬɟɫɬɜɟɧɧɵɟ ɧɚɞɨɛɧɨɫɬɢ, ɟɞ. 

ȼɪɟɦɹ ɤɨɧɬɪɨɥɹ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ (38)  

 

TO=
L

VɄ
, (38) 

 

ɝɞɟ Lɒ = 2,26– ɞɥɢɧɚ ɫɜɚɪɧɨɝɨ ɲɜɚ, ɦ; 

VɄ – ɫɤɨɪɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɤɨɧɬɪɨɥɹ, ɦ/ɦɢɧ. ɉɪɢɦɟɦ, ɱɬɨɩɪɢ ɜɢɡɭɚɥɶɧɨɦ ɤɨɧ-

ɬɪɨɥɟ ɫɤɨɪɨɫɬɶ ɫɨɫɬɚɜɥɹɟɬ 0,8 ɦ/ɦɢɧ, ɩɪɢ ɭɥɶɬɪɚɡɜɭɤɨɜɨɦ ɤɨɧɬɪɨɥɟ ɫɤɨɪɨɫɬɶ ɤɨɧ-

ɬɪɨɥɹ ɫɨɫɬɚɜɥɹɟɬ 0,β ɦ/ɦɢɧ. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (38) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

TO=
2,26

0,8
+

2,26

0,2
=14,2 ɦɢɧ. 

 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (37) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

ɌɒɌ
Ʉɨɧ= 14,2+5 ∙1,19=23 ɦɢɧ. 
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      4.3 Ɉɪɝɚɧɢɡɚɰɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 

 

Ʉɨɥɢɱɟɫɬɜɨ ɫɜɚɪɨɱɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɪɚɛɨɬ ɨɩɪɟɞɟɥɹ-

ɟɬɫɹ ɪɚɫɱɟɬɨɦ ɢ ɡɚɜɢɫɢɬ ɨɬ ɬɪɭɞɨɟɦɤɨɫɬɢ ɢɡɝɨɬɨɜɥɹɟɦɨɣ ɩɪɨɞɭɤɰɢɢ ɢ ɞɟɣɫɬɜɢ-

ɬɟɥɶɧɨɝɨ ɮɨɧɞɚ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ.  

Ɂɚɝɪɭɡɤɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (39)  

 

ɋɊ=
ɌɒɌN

60FȾKȼɇn
, (39) 

 

ɝɞɟ ɌɒɌ– ɲɬɭɱɧɨɟ ɜɪɟɦɹ ɩɪɨɜɟɞɟɧɢɹ ɨɩɟɪɚɰɢɢ ɞɥɹ ɨɞɧɨɝɨ ɢɡɞɟɥɢɹ, ɦɢɧ; 

N=250 – ɝɨɞɨɜɚɹ ɩɪɨɝɪɚɦɦɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɬɪɨɣɧɢɤɨɜ 10β0×7β0, ɲɬ; 

FȾ= 8760 – ɞɟɣɫɬɜɢɬɟɥɶɧɵɣ ɮɨɧɞ ɜɪɟɦɟɧɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɢ ɞɜɭɯɫɦɟɧɧɨɦ 

ɝɪɚɮɢɤɟ ɜ ɫɭɬɤɢ, ɱ; 

Ʉȼɇ = 1,1 – ɤɨɷɮɮɢɰɢɟɧɬ ɜɵɩɨɥɧɟɧɢɹ ɧɨɪɦ ɜɵɪɚɛɨɬɤɢ; 

n = 1 – ɤɨɥɢɱɟɫɬɜɨ ɫɦɟɧ. 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɋɊ ɨɤɪɭɝɥɹɟɬɫɹ ɞɨ ɛɥɢɠɚɣɲɟɝɨ ɰɟɥɨɝɨ ɱɢɫɥɚ ɋɉɊ, ɤɨɬɨ-

ɪɨɟ ɹɜɥɹɟɬɫɹ ɩɪɢɧɹɬɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (40)  

 

ɄɁ=
ɋɊ

ɋɉɊ
, (40) 

 

ɝɞɟ ɋɊ – ɪɚɫɱɟɬɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɲɬ; 

ɋɉɊ – ɩɪɢɧɹɬɨɟ ɤɨɥɢɱɟɫɬɜɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɲɬ. 

Ɋɚɫɱɟɬ ɤɨɥɢɱɟɫɬɜɚ ɩɪɢɦɟɧɹɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɪɢɜɟɞɟɧ ɜ ɬɚɛɥɢɰɟ 4.1. 

Ɍɚɛɥɢɰɚ 4.1 – Ʉɨɥɢɱɟɫɬɜɨ ɩɪɢɦɟɧɹɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɨɩɟɪɚɰɢɢ ɌɒɌ, ɦɢɧ ɋɊ ɋɉɊ ɄɁ 

Ⱥɜɬɨɦɚɬɢɱɟɫɤɚɹ ɫɜɚɪɤɚ  23,1 0,01 1 0,01 

Ʉɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ 23 0,01 1 0,01 
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Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥɢɰɵ, ɤɨɷɮɮɢɰɢɟɧɬɵ ɡɚɝɪɭɡɤɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ 

ɬɪɨɣɧɢɤɚɫɥɢɲɤɨɦ ɦɚɥɵ. Ɍɚɤɢɟ ɡɧɚɱɟɧɢɹ ɩɨɥɭɱɟɧɵ ɤɨɧɤɪɟɬɧɨ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɬɪɨɣɧɢɤɨɜ ɞɥɹ ɦɚɝɢɫɬɪɚɥɶɧɨɝɨ ɧɟɮɬɟɩɪɨɜɨɞɚ ɪɚɡɦɟɪɨɦ 10β0×7β0. Ɋɚɫɫɦɚɬɪɢɜɚɟ-

ɦɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɚɤɠɟ ɜɵɩɭɫɤɚɟɬ ɬɪɨɣɧɢɤɢ ɞɪɭɝɢɯ ɬɢɩɨɪɚɡɦɟɪɨɜ. 

ɑɢɫɥɟɧɧɨɫɬɶ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɪɚɛɨɱɢɯ ɦɟɧɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 

ɬɪɭɞɨɟɦɤɨɫɬɢ ɪɚɛɨɬ, ɧɨɪɦ ɜɵɪɚɛɨɬɤɢ ɢɥɢ ɧɨɪɦɚɦ ɨɛɫɥɭɠɢɜɚɧɢɹ ɨɛɨɪɭɞɨɜɚɧɢɹ.  

Ʉɨɥɢɱɟɫɬɜɨ ɪɚɛɨɱɢɯ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (41)  

 

RɊ=
ɌɒɌN

60FȾɊKȼS
, (41) 

 

ɝɞɟ ɌɒɌ– ɲɬɭɱɧɨɟ ɜɪɟɦɹ ɩɪɨɜɟɞɟɧɢɟ ɨɩɟɪɚɰɢɢ ɞɥɹ ɨɞɧɨɝɨ ɢɡɞɟɥɢɹ, ɦɢɧ;  

N=250 – ɝɨɞɨɜɚɹ ɩɪɨɝɪɚɦɦɚ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɬɵɤɨɜ, ɲɬ; 

FȾɊ= 1774 – ɞɟɣɫɬɜɢɬɟɥɶɧɵɣ ɝɨɞɨɜɨɣ ɮɨɧɞ ɜɪɟɦɟɧɢ ɪɚɛɨɬɵ ɩɪɢ ɞɜɭɯɫɦɟɧɧɨɦ 

ɝɪɚɮɢɤɟ ɜ ɫɭɬɤɢ, ɱɚɫ/ɝɨɞ;  

S = 1 – ɤɨɥɢɱɟɫɬɜɨ ɫɦɟɧ ɪɚɛɨɬɵ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɲɬ; 

Ʉȼ=1,1 – ɤɨɷɮɮɢɰɢɟɧɬ ɜɵɩɨɥɧɟɧɢɹ ɧɨɪɦ ɜɵɪɚɛɨɬɤɢ, ɟɞ. 

ɉɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ RɊ ɨɤɪɭɝɥɹɟɦ ɞɨ ɛɥɢɠɚɣɲɟɝɨ ɰɟɥɨɝɨ ɱɢɫɥɚ RɉɊ, ɤɨɬɨɪɨɟ 

ɹɜɥɹɟɬɫɹ ɩɪɢɧɹɬɵɦ ɤɨɥɢɱɟɫɬɜɨɦ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɡɚɧɹɬɨɫɬɢ ɪɚɛɨɱɟɝɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (4β): 

 

ɄɁ=
RɊ

RɉɊ
, (42) 

 

ɝɞɟ RɊ – ɪɚɫɱɟɬɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɱɢɯ, ɱɟɥ; 

RɉɊ – ɩɪɢɧɹɬɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɱɢɯ, ɱɟɥ.  
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Ɋɚɫɱɟɬɵ ɱɢɫɥɟɧɧɨɫɬɢ ɨɫɧɨɜɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɪɚɛɨɱɢɯ ɢ ɢɯ ɡɚɧɹɬɨɫɬɢ 

ɫɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɭ 4.2. 

Ɍɚɛɥɢɰɚ 4.β – ɑɢɫɥɟɧɧɨɫɬɶ ɪɚɛɨɱɢɯ 

ɇɚɢɦɟɧɨɜɚɧɢɟ ɨɩɟɪɚɰɢɢ 
ɉɪɨɮɟɫɫɢɹ / 

ɫɩɟɰɢɚɥɶɧɨɫɬɶ 
ɌɒɌ, ɦɢɧ RɊ RɉɊ ɄɁ 

Ⱥɜɬɨɦɚɬɢɱɟɫɤɚɹ ɫɜɚɪɤɚ  ɋɜɚɪɳɢɤ 23,1 0,05 1 0,05 

Ʉɨɧɬɪɨɥɶ ɤɚɱɟɫɬɜɚ Ʉɨɧɬɪɨɥɟɪ 23 0,05 1 0,05 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɬɚɛɥɢɰɵ 4.β, ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɝɪɭɡɤɢ ɪɚɛɨɱɢɯ ɞɨɫɬɚɬɨɱɧɨ 

ɦɚɥ.Ɍɚɤɢɟ ɡɧɚɱɟɧɢɹ ɩɨɥɭɱɟɧɵ ɤɨɧɤɪɟɬɧɨ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɬɪɨɣɧɢɤɨɜ ɞɥɹ ɦɚɝɢɫɬ-

ɪɚɥɶɧɨɝɨ ɧɟɮɬɟɩɪɨɜɨɞɚ ɪɚɡɦɟɪɨɦ 10β0×7β0. Ɋɚɫɫɦɚɬɪɢɜɚɟɦɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɬɚɤɠɟ 

ɜɵɩɭɫɤɚɟɬ ɬɪɨɣɧɢɤɢ ɞɪɭɝɢɯ ɬɢɩɨɪɚɡɦɟɪɨɜ. 

 

           4.4 Ɋɚɫɱɟɬ ɪɚɫɯɨɞɚ ɦɚɬɟɪɢɚɥɨɜ 

 

Ɋɚɫɱɟɬ ɧɨɪɦ ɪɚɫɯɨɞɚ ɦɚɬɟɪɢɚɥɨɜ ɢ ɷɧɟɪɝɨɧɨɫɢɬɟɥɟɣ ɡɚɜɢɫɢɬ ɨɬ ɤɨɥɢɱɟɫɬɜɚ ɧɚ-

ɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ. ȼɟɫ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (43) 

ɢɡ[4] 

 

Qɗ=Qɇk, (43) 

 

ɝɞɟ k = 1,05– ɛɟɡɪɚɡɦɟɪɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɩɨɬɟɪɢ ɧɚ ɭɝɚɪ ɢ ɪɚɡ-

ɛɪɵɡɝɢɜɚɧɢɟ, ɟɞ; 

QH – ɜɟɫ ɦɟɬɚɥɥɚ, ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɧɚ ɨɞɧɨ ɢɡɞɟɥɢɟ, ɤɝ; 

ȼɟɫ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɨɩɪɟɞɟɥɢɦ ɩɨ ɮɨɪɦɭɥɟ (44)  

 

Q
H

=FHLȖ, (44) 
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ɝɞɟ Fɇ= 0,9– ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɲɜɚ ɜ ɩɨɩɟɪɟɱɧɨɦ ɪɚɡɪɟɡɟ, 

ɫɦ2
; 

L = 226 – ɞɥɢɧɚ ɲɜɚ, ɫɦ; 

Ȗ =7,85 – ɭɞɟɥɶɧɵɣ ɜɟɫ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ, ɝ/ɫɦ3
. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (44) 

 

Q
H

=0,9∙226∙7,85=1597 ɝ. 

 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɨ ɮɨɪɦɭɥɟ (43), ɜɟɫ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɧɚ ɨɞɧɨ ɢɡɞɟɥɢɟ: 

 

Qɗ=1597∙1,05=1680 ɝ. 

 

Ɋɚɫɯɨɞ ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɜɨɥɨɤɢ ɧɚ ɝɨɞɨɜɭɸ ɩɪɨɝɪɚɦɦɭ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪ-

ɦɭɥɟ (45)  

 

Qɗ ɈȻɓ=QɗN, (45) 

 

ɝɞɟ Qɗ – ɜɟɫ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ, ɝ; 

N= 250 – ɝɨɞɨɜɚɹ ɩɪɨɝɪɚɦɦɚ ɜɵɩɭɫɤɚ ɤɨɪɩɭɫɨɜ, ɲɬ. 

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (45) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

Qɗ ɈȻɓ=1680∙250=420 ɤɝ. 

 

Ɋɚɫɯɨɞ ɮɥɸɫɚ ɩɪɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɜɚɪɤɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (46)  

 

QɎ=Qɗk, (46) 

 

ɝɞɟ k=1,2 – ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɯɨɞɚ ɮɥɸɫɚ, ɟɞ.  
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Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (46) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

QɎ=1680∙1,2=2016 ɝ. 

 

Ɋɚɫɯɨɞ ɮɥɸɫɚ, ɩɨɬɪɚɱɟɧɧɨɝɨ ɧɚ ɫɜɚɪɤɭ ɧɚ ɝɨɞɨɜɭɸ ɩɪɨɝɪɚɦɦɭ 

 

QɎ ɈȻɓ=2016∙250=504 ɤɝ. 

 

Ɋɚɫɯɨɞ ɷɧɟɪɝɨɧɨɫɢɬɟɥɟɣ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɛɨɬɵ ɫɜɚɪɨɱɧɵɯ ɦɚɲɢɧ ɢ ɚɩɩɚɪɚ-

ɬɨɜ ɜ ɨɛɳɟɦ ɜɢɞɟ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧ ɩɨ ɬɟɯɧɢɱɟɫɤɢɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɨɛɨɪɭ-

ɞɨɜɚɧɢɹ ɢ ɩɨɬɟɪɹɦ ɷɧɟɪɝɢɢ. ȼɨɫɩɨɥɶɡɭɟɦɫɹ ɦɟɬɨɞɢɤɨɣ ɞɥɹ ɞɭɝɨɜɵɯ ɫɩɨɫɨɛɨɜ 

ɫɜɚɪɤɢ, ɨɫɧɨɜɚɧɧɨɣ ɧɚ ɭɱɟɬɟ ɦɚɫɫɵ ɧɚɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɢ ɭɞɟɥɶɧɵɯ ɪɚɫɯɨɞɚɯ 

ɷɧɟɪɝɢɢ. Ɋɚɫɯɨɞ ɷɧɟɪɝɨɧɨɫɢɬɟɥɟɣ ɩɪɢ ɫɜɚɪɤɟ ɧɚ ɝɨɞɨɜɭɸ ɩɪɨɝɪɚɦɦɭ ɧɚɯɨɞɢɬɫɹ ɢɡ 

ɜɵɪɚɠɟɧɢɹ (50)  

 

QɗɅ=Qɗ ɈȻɓgɗ, (47) 

 

ɝɞɟ gɗ=2,5 – ɭɞɟɥɶɧɵɣ ɪɚɫɯɨɞ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ, ɤȼɬ/ɤɝ.  

Ɍɨɝɞɚ, ɩɨ ɮɨɪɦɭɥɟ (47) ɩɨɥɭɱɢɦ, ɱɬɨ 

 

QɗɅ=420∙2,5=1050 ɤȼɬ. 

 

ȼɵɜɨɞɵ ɩɨ ɪɚɡɞɟɥɭ 4: 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɪɨɢɡɜɟɞɟɧɨ ɧɨɪɦɢɪɨɜɚɧɢɟ ɩɨ ɜɪɟɦɟɧɢ ɪɚɛɨɬ. ɉɪɨɢɡɜɟɞɟɧ 

ɪɚɫɱɟɬ ɡɚɬɪɚɬ ɫɜɚɪɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɚ ɬɚɤɠɟ ɪɚɫɫɱɢɬɚɧɨ ɧɟɨɛɯɨɞɢɦɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɫɜɚɪɨɱɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɤɨɧɬɪɨɥɹ , ɪɚɫɫɱɢɬɚɧɚ ɧɟɨɛɯɨɞɢɦɚɹ 

ɱɢɫɥɟɧɧɨɫɬɶ ɩɟɪɫɨɧɚɥɚ. 
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 5 ȻȿɁɈɉȺɋɇɈɋɌɖ ɀɂɁɇȿȾȿəɌȿɅɖɇɈɋɌɂ 

 

5.1 Ⱥɧɚɥɢɡ ɨɫɧɨɜɧɵɯ ɜɪɟɞɧɵɯ ɢ ɨɩɚɫɧɵɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɮɚɤɬɨɪɨɜ 

 

ɉɪɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɜɚɪɤɢ ɩɨɞ ɫɥɨɟɦ ɮɥɸɫɚ , ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɩɨɞɨɝɪɟ-

ɜɨɦ ɨɬɫɭɬɫɬɜɭɸɬ ɨɩɚɫɧɵɟ ɢ ɜɪɟɞɧɵɟ ɮɚɤɬɨɪɵ , ɬɚɤɢɟ ɤɚɤ ɩɨɜɵɲɟɧɧɵɣ ɭɪɨɜɟɧɶ 

ɲɭɦɚ ,ɭɥɶɬɪɚɡɜɭɤɚ , ɗɆɉ , ɦɚɝɧɢɬɧɵɯ ɩɨɥɟɣ , ɢɨɧɢɡɢɪɭɸɳɢɯ ɢɡɥɭɱɟɧɢɣ , ɜɢɞɢ-

ɦɨɝɨ ɫɜɟɬɚ   , ɚ ɬɚɤɠɟ ɨɬɫɭɬɫɬɜɭɸɬ ɢɫɤɪɵ , ɛɪɵɡɝɢ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɢ ɮɢɡɢ-

ɱɟɫɤɢɟ ɩɟɪɟɝɪɭɡɤɢ  

ɇɚɢɛɨɥɟɟ ɜɪɟɞɧɵɦɢ ɢ ɨɩɚɫɧɵɦɢ  ɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɮɚɤɬɨɪɵ: 

-ɩɨɜɵɲɟɧɧɚɹ ɡɚɩɵɥɟɧɧɨɫɬɶ , ɡɚɝɚɡɨɜɚɧɧɨɫɬɶ ɜɨɡɞɭɯɚ ɊɁ  

-ɩɨɜɵɲɟɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɊɁ , ɩɨɜɟɪɯɧɨɫɬɟɣ  ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɦɚɬɟ-

ɪɢɚɥɨɜ 

-ɜɨɡɞɟɣɫɬɜɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ 

-ɫɜɚɪɧɵɟ ɢ ɞɪɭɝɢɟ ɚɷɪɨɡɨɥɢ ,ɝɚɡɵ 

-ɩɫɢɯɨɥɨɝɢɱɟɫɤɢɟ ɮɚɤɬɨɪɵ 

 

 5.2  Ɍɟɯɧɢɤɚ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɫɜɚɪɨɱɧɵɯ ɪɚɛɨɬ 

 

1. Ʉ ɪɚɛɨɬɟ ɧɚ ɚɜɬɨɫɜɚɪɨɱɧɵɯ ɭɫɬɚɧɨɜɤɚɯ ɞɨɩɭɫɤɚɸɬɫɹ ɬɨɥɶɤɨ ɥɢɰɚ, ɫɞɚɜɲɢɟ 

ɷɤɡɚɦɟɧ ɜ ɨɛɴɟɦɟ ɬɟɯɦɢɧɢɦɭɦɚ ɞɥɹ ɚɜɬɨɫɜɚɪɳɢɤɚ ɢ ɢɦɟɸɳɢɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 

ɭɞɨɫɬɨɜɟɪɟɧɢɹ. ɉɪɨɜɟɪɤɚ ɡɧɚɧɢɣ ɚɜɬɨɫɜɚɪɳɢɤɨɜ ɞɨɥɠɧɚ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɟɠɟɝɨɞɧɨ. 

 β. Ʌɢɰɚ, ɨɛɫɥɭɠɢɜɚɸɳɢɟ ɚɜɬɨɫɜɚɪɨɱɧɵɟ ɭɫɬɚɧɨɜɤɢ, ɞɨɥɠɧɵ ɪɚɛɨɬɚɬɶ ɜ ɪɟɡɢɧɨ-

ɜɵɯ ɝɚɥɨɲɚɯ ɢ ɪɟɡɢɧɨɜɵɯ ɩɟɪɱɚɬɤɚɯ. 

 γ. ɉɪɨɜɨɞɚ ɭɩɪɚɜɥɟɧɢɹ ɫɜɚɪɨɱɧɵɦ ɚɩɩɚɪɚɬɨɦ ɢ ɧɟɩɨɞɜɢɠɧɵɦ ɷɥɟɤɬɪɢɱɟɫɤɢɦ 

ɩɪɢɜɨɞɨɦ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɤɥɚɞɵɜɚɬɶ ɜ ɬɪɭɛɤɚɯ. 

 4. ȼɨ ɢɡɛɟɠɚɧɢɟ ɧɚɝɪɟɜɚ ɬɪɭɛ ɜɢɯɪɟɜɵɦɢ ɬɨɤɚɦɢ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ ɩɪɨɤɥɚɞɤɚ ɩɪɨ-

ɜɨɞɨɜ ɫɜɚɪɨɱɧɨɣ ɰɟɩɢ ɜ ɝɚɡɨɜɵɯ ɬɪɭɛɚɯ. 

 η. ɉɨɞɜɢɠɧɵɟ ɝɢɛɤɢɟ ɩɪɨɜɨɞɚ ɞɨɥɠɧɵ ɛɵɬɶ ɡɚɤɥɸɱɟɧɵ ɜ ɪɟɡɢɧɨɜɵɟ ɲɥɚɧɝɢ ɞɥɹ 

ɩɪɟɞɨɯɪɚɧɟɧɢɹ ɨɬ ɦɟɯɚɧɢɱɟɫɤɢɯ ɩɨɜɪɟɠɞɟɧɢɣ. 
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 θ. Ʉɨɧɟɰ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɢ ɫɜɚɪɨɱɧɨɝɨ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ, ɢɞɭɳɢɣ ɤ ɫɜɚɪɢɜɚɟ-

ɦɨɦɭ ɢɡɞɟɥɢɸ, ɚ ɬɚɤɠɟ ɦɟɬɚɥɥɢɱɟɫɤɢɟ ɱɚɫɬɢ ɭɫɬɚɧɨɜɤɢ, ɤɨɬɨɪɵɟ ɧɟ ɹɜɥɹɸɬɫɹ ɬɨ-

ɤɨɜɟɞɭɳɢɦɢ ɱɚɫɬɹɦɢ, ɞɨɥɠɧɵ ɛɵɬɶ ɡɚɡɟɦɥɟɧɵ, ɱɬɨɛɵ ɜ ɚɜɚɪɢɣɧɵɯ ɫɥɭ-

ɱɚɹɯ ɧɟ ɦɨɝɥɢ ɨɤɚɡɚɬɶɫɹ ɩɨɞ ɜɵɫɨɤɢɦ ɧɚɩɪɹɠɟɧɢɟɦ. 

 7. Ʉɚɬɟɝɨɪɢɱɟɫɤɢ ɡɚɩɪɟɳɚɟɬɫɹ ɩɨɥɶɡɨɜɚɬɶɫɹ ɡɚɡɟɦɥɟɧɧɵɦ ɤɨɪɩɭɫɨɦ ɨɞɧɨɝɨ ɩɪɢ-

ɛɨɪɚ ɞɥɹ ɡɚɡɟɦɥɟɧɢɹ ɞɪɭɝɨɝɨ; ɡɚɡɟɦɥɹɸɳɢɣ ɩɪɨɜɨɞ ɨɬ ɤɚɠɞɨɝɨ ɚɩɩɚɪɚɬɚ  ɩɪɢɫɨɟ-

ɞɢɧɹɬɶ ɩɚɪɚɥɥɟɥɶɧɨ ɤ ɨɛɳɟɦɭ ɡɚɡɟɦɥɟɧɢɸ. 

 8. Ʉɚɬɟɝɨɪɢɱɟɫɤɢ ɡɚɩɪɟɳɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɨɧɬɭɪ ɡɚɡɟɦɥɟɧɢɹ ɤɚɤ ɨɛɪɚɬɧɵɣ 

ɫɜɚɪɨɱɧɵɣ ɩɪɨɜɨɞ. 

 9. Ɇɨɧɬɚɠ ɡɚɡɟɦɥɟɧɢɹ ɞɨɥɠɟɧ ɩɪɨɢɡɜɨɞɢɬɶɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ «ɉɪɚɜɢɥɚɦɢ ɭɫɬ-

ɪɨɣɫɬɜɚ ɷɥɟɤɬɪɨɭɫɬɚɧɨɜɨɤ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ». 

 10. ɇɨɪɦɚɥɶɧɵɣ ɬɨɤ ɩɥɚɜɤɢɯ ɩɪɟɞɨɯɪɚɧɢɬɟɥɟɣ ɧɟ ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ ɭɤɚɡɚɧɧɨɝɨ 

ɜ ɫɯɟɦɟ. 

 11. ɍɫɬɪɨɣɫɬɜɨ ɞɥɹ ɩɟɪɟɤɥɸɱɟɧɢɣ ɞɨɥɠɧɨ ɛɵɬɶ ɡɚɳɢɳɟɧɨ ɤɨɠɭɯɨɦ ɨɬ ɫɥɭɱɚɣ-

ɧɵɯ ɩɪɢɤɨɫɧɨɜɟɧɢɣ. 

 1β. Ɋɚɛɨɱɟɟ ɦɟɫɬɨ ɞɨɥɠɧɨ ɛɵɬɶ ɨɫɜɟɳɟɧɨ ɬɚɤ, ɱɬɨɛɵ ɹɫɧɨ ɛɵɥɨ ɜɢɞɧɨ ɜɫɟ ɫɜɚɪɢ-

ɜɚɟɦɨɟ ɢɡɞɟɥɢɟ ɢ ɜɫɟ ɱɚɫɬɢ ɚɩɩɚɪɚɬɨɜ, ɡɚ ɤɨɬɨɪɵɦɢ ɧɟɨɛɯɨɞɢɦɨ ɧɚɛɥɸɞɚɬɶ 

ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɭɫɬɚɧɨɜɤɢ. 

 1γ. Ʉɨɧɬɚɤɬɧɵɟ ɫɨɟɞɢɧɟɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɧɚɞɟɠɧɵɦɢ, ɚ ɩɨɞɜɢɠɧɵɟ ɤɨɧɬɚɤɬɵ, 

ɪɭɛɢɥɶɧɢɤɢ, ɩɟɪɟɤɥɸɱɚɬɟɥɢ ɞɨɥɠɧɵ ɨɫɦɚɬɪɢɜɚɬɶɫɹ ɧɟ ɪɟɠɟ ɨɞɧɨɝɨ ɪɚɡɚ ɜ ɬɪɢ ɞɧɹ 

ɢ ɩɨɞɝɨɪɟɜɲɢɟ ɦɟɫɬɚ ɞɨɥɠɧɵ ɢɫɩɪɚɜɥɹɬɶɫɹ. 

 14. ɋɨɫɬɨɹɧɢɟ ɢɡɨɥɹɰɢɢ ɩɪɨɜɨɞɨɜ ɞɨɥɠɧɨ ɩɪɨɜɟɪɹɬɶɫɹ ɚɜɬɨɫɜɚɪɳɢɤɨɦ ɧɟ ɪɟɠɟ 

ɨɞɧɨɝɨ ɪɚɡɚ ɜ ɦɟɫɹɰ. 

 15. ɂɫɩɪɚɜɥɟɧɢɟ ɫɢɥɨɜɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɰɟɩɟɣ ɞɨɥɠɟɧ ɩɪɨɢɡɜɨɞɢɬɶ ɷɥɟɤɬɪɨɦɨɧ-

ɬɟɪ. 

 1θ. ȿɫɥɢ ɜ ɩɪɨɰɟɫɫɟ ɫɜɚɪɤɢ ɚɜɬɨɫɜɚɪɳɢɤɭ ɧɟɨɛɯɨɞɢɦɨ ɫɢɞɟɬɶ ɢɥɢ ɥɟɠɚɬɶ ɧɚ ɢɡɞɟ-

ɥɢɢ, ɬɨ ɨɧ ɞɨɥɠɟɧ ɩɨɥɶɡɨɜɚɬɶɫɹ ɪɟɡɢɧɨɜɵɦ ɤɨɜɪɢɤɨɦ ɢɥɢ ɞɪɭɝɢɦ ɢɡɨɥɢɪɭɸ-

ɳɢɦ ɦɚɬɟɪɢɚɥɨɦ ɤɚɤ ɩɨɞɤɥɚɞɤɨɣ. 

 17. Ɋɚɛɨɱɟɟ ɦɟɫɬɨ ɚɜɬɨɫɜɚɪɳɢɤɚ ɞɨɥɠɧɨ ɛɵɬɶ ɨɝɪɚɠɞɟɧɨ ɨɬ ɩɨɩɚɞɚɧɢɹ ɥɭɱɟɣ ɫɜɚ-

ɪɨɱɧɨɣ ɞɭɝɢ ɫ ɫɨɫɟɞɧɢɯ ɩɨɫɬɨɜ ɪɭɱɧɨɣ ɫɜɚɪɤɢ. 
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 18. Ⱥɜɬɨɫɜɚɪɳɢɤ ɞɨɥɠɟɧ ɪɚɛɨɬɚɬɶ ɜ ɨɱɤɚɯ ɫ ɩɪɨɫɬɵɦɢ ɫɬɟɤɥɚɦɢ, ɱɬɨɛɵ ɨɛɟɡɨɩɚ-

ɫɢɬɶ ɝɥɚɡɚ ɨɬ ɢɫɤɪ ɢ ɛɪɵɡɝ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɢ ɲɥɚɤɚ ɩɪɢ ɫɥɭɱɚɣɧɵɯ ɩɪɨ-

ɪɵɜɚɯ ɞɭɝɢ ɱɟɪɟɡ ɮɥɸɫ, ɚ ɬɚɤɠɟ ɩɪɢ ɨɱɢɫɬɤɟ ɲɜɚ ɨɬ ɲɥɚɤɚ. 

 19. ɉɪɢ ɨɛɫɥɭɠɢɜɚɧɢɢ ɚɜɬɨɦɚɬɨɜ ɞɥɹ ɷɥɟɤɬɪɨɲɥɚɤɨɜɨɣ ɫɜɚɪɤɢ ɧɟɨɛɯɨɞɢɦɨ ɢɦɟɬɶ 

ɨɱɤɢ ɜ ɱɟɲɭɣɱɚɬɨɣ ɨɩ-

ɪɚɜɟ ɫ ɫɢɧɢɦɢ ɫɜɟɬɨɮɢɥɶɬɪɚɦɢ, ɡɚɞɟɪɠɢɜɚɸɳɢɦɢ ɢɧɮɪɚɤɪɚɫɧɵɟ ɥɭɱɢ. 

 β0. Ⱥɜɬɨɫɜɚɪɳɢɤ ɞɨɥɠɟɧ ɛɵɬɶ ɜɧɢɦɚɬɟɥɶɧɵɦ ɩɪɢ ɤɚɧɬɨɜɤɟ ɬɹɠɟɥɵɯ ɢɡɞɟɥɢɣ, 

ɱɬɨɛɵ ɧɟ ɩɨɞɜɟɪɝɚɬɶ ɫɟɛɹ ɭɲɢɛɚɦ ɢ ɨɩɚɫɧɨɫɬɹɦ ɩɪɢ ɩɨɜɨɪɨɬɟ ɢ ɩɚɞɟɧɢɢ ɬɹɠɟɥɵɯ 

ɞɟɬɚɥɟɣ. 

 

 

ȼɵɜɨɞ ɩɨ ɪɚɡɞɟɥɭ η : 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɛɵɥɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɨɫɧɨɜɧɵɟ ɜɪɟɞɧɵɟ ɢ ɨɩɚɫɧɵɟ ɮɚɤ-

ɬɨɪɵ , ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɪɢɫɭɬɫɬɜɨɜɚɬɶ ɩɪɢ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɜɚɪɤɢ ɩɨɞ ɫɥɨɟɦ 

ɮɥɸɫɚ ɫ ɩɨɞɨɝɪɟɜɨɦ  .Ɍɚɤɠɟ ɛɵɥɚ ɨɩɢɫɚɧɚ ɬɟɯɧɢɤɚ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ 

ɫɜɚɪɨɱɧɵɯ ɪɚɛɨɬ 
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ɁȺɄɅɘɑȿɇɂȿ 

 

ȼ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɬɪɨɣɧɢɤ 10β0×7β0 

ɦɦ ɞɥɹ ɦɚɝɢɫɬɪɚɥɶɧɨɝɨ ɧɟɮɬɟɩɪɨɜɨɞɚ. 

ȼ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɪɚɡɞɟɥɟ ɪɚɫɫɦɨɬɪɟɧɚ ɬɟɯɧɨɥɨɝɢɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɬɪɨɣɧɢɤɚ, 

ɨɫɧɨɜɧɵɟ ɦɚɬɟɪɢɚɥɵ ɞɥɹ ɦɚɝɢɫɬɪɚɥɢ ɢ ɤɚɬɭɲɤɢ. Ⱦɥɹ ɧɢɯ ɨɩɪɟɞɟɥɟɧɚ ɫɜɚɪɢɜɚɟ-

ɦɨɫɬɶ ɢ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ. 

ɉɪɢ ɫɭɳɟɫɬɜɭɸɳɟɣ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɛɨɪɤɚ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɪɢ ɩɨ-

ɦɨɳɢ ɧɚɪɭɠɧɨɝɨ ɰɟɧɬɪɚɬɨɪɚ. ɉɨɫɥɟ ɷɬɨɝɨ ɫɬɚɜɹɬɫɹ ɩɪɢɯɜɚɬɤɢ ɢ ɧɚɱɢɧɚɟɬɫɹ ɨɛ-

ɜɚɪɤɚ ɫɬɵɤɚ ɪɭɱɧɨɣ ɫɜɚɪɤɨɣ ɲɬɭɱɧɵɦɢ ɷɥɟɤɬɪɨɞɚɦɢ. ɋɬɵɤ ɩɪɢ ɷɬɨɦ ɧɟɩɨɜɨɪɨɬ-

ɧɵɣ. 

ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɬɟɯɧɨɥɨɝɢɸ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɩɪɢɦɟɧɟɧɢɟ 

ɪɭɱɧɨɣ ɞɭɝɨɜɨɣ ɫɜɚɪɤɢ ɜ ɫɨɜɪɟɦɟɧɧɵɯ ɭɫɥɨɜɢɹɯɧɟɷɮɮɟɤɬɢɜɧɨ. ɇɚɛɥɸɞɚɟɬɫɹ ɜɵ-

ɫɨɤɢɣ ɩɪɨɰɟɧɬ ɬɪɭɞɨɜɨɝɨ ɭɱɚɫɬɢɹ ɫɜɚɪɳɢɤɚ, ɱɬɨ ɩɨɜɵɲɚɟɬ ɜɥɢɹɧɢɟ ɱɟɥɨɜɟɱɟɫɤɨɝɨ 

ɮɚɤɬɨɪɚ ɧɚ ɜɵɩɨɥɧɟɧɢɟ ɫɜɚɪɧɵɯ ɲɜɨɜ. ɋɜɚɪɤɚ ɜɵɩɨɥɧɹɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɜ ɧɢɠɧɟɦ 

ɩɨɥɨɠɟɧɢɢ, ɧɨ ɢ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ ɢ ɜ ɩɨɬɨɥɨɱɧɨɦ ɩɨɥɨɠɟɧɢɹɯ. 

Ⱦɥɹ ɭɥɭɱɲɟɧɢɹ ɬɟɯɧɨɥɨɝɢɢ ɩɪɟɞɥɨɠɟɧ ɫɩɨɫɨɛ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɫɜɚɪɤɢ ɩɨɞ 

ɫɥɨɟɦ ɮɥɸɫɚ. Ⱦɥɹ ɷɬɨɝɨ ɩɪɟɞɥɚɝɚɟɬɫɹ ɫɞɟɥɚɬɶ ɫɬɵɤ ɩɨɜɨɪɨɬɧɵɦ. ɗɬɨ ɜɨɡɦɨɠɧɨ 

ɫɞɟɥɚɬɶ ɩɪɢɦɟɧɟɧɢɟɦ ɩɨɡɰɢɰɢɨɧɟɪɚ. Ⱦɥɹ ɫɜɚɪɤɢ ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɪɢɦɟɧɢɬɶ ɧɚɜɟɫ-

ɧɭɸ ɫɜɚɪɨɱɧɭɸ ɝɨɥɨɜɤɭ, ɭɫɬɚɧɨɜɥɟɧɧɭɸ ɧɚ ɤɨɥɨɧɧɟ. 

ɉɪɢ ɬɟɯɧɢɱɟɫɤɨɦ ɧɨɪɦɢɪɨɜɚɧɢɢ ɢ ɫɪɚɜɧɟɧɢɢ ɞɜɭɯ ɬɟɯɧɨɥɨɝɢɣ ɛɵɥɨ ɜɵɹɜɥɟɧɨ, 

ɱɬɨ ɫɨɝɥɚɫɧɨ ɩɪɟɞɥɚɝɚɟɦɨɣ ɬɟɯɧɨɥɨɝɢɢ ɜɪɟɦɹ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ ɨɞɧɨɝɨ ɫɬɵɤɚ 

ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɢɦɟɪɧɨ ɧɚ 46 ɦɢɧ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɭɜɟɥɢɱɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɫɬɵɤɨɜ, 

ɫɜɚɪɟɧɧɵɯ ɡɚ ɨɞɧɭ ɫɦɟɧɭ. Ɍɚɤɠɟ ɜ ɫɨɫɬɚɜ ɛɪɢɝɚɞɵ ɞɨɩɭɫɤɚɟɬɫɹ ɜɤɥɸɱɚɬɶ ɬɨɥɶɤɨ 

ɨɞɧɨɝɨ ɫɜɚɪɳɢɤɚ. 
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