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*
 ȼɨɥɝɨɞɨɧɫɤɢɣ ɢɧɠɟɧɟɪɧɨ-ɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ – ɮɢɥɢɚɥ ɇɚɰɢɨɧɚɥɶɧɨɝɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ 

ɹɞɟɪɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ «ɆɂɎɂ», ȼɨɥɝɨɞɨɧɫɤ, Ɋɨɫɬɨɜɫɤɚɹ ɨɛɥ., Ɋɨɫɫɢɹ 
** ȺɈ «ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɢ ɩɪɨɟɤɬɧɨ-ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɣ ɢɧɫɬɢɬɭɬ ɚɬɨɦɧɨɝɨ 

ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ (ȼɇɂɂȺɆ)», Ɇɨɫɤɜɚ, Ɋɨɫɫɢɹ 
*** ȼɫɟɪɨɫɫɢɣɫɤɢɣ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ ɩɨ ɷɤɫɩɥɭɚɬɚɰɢɢ ɚɬɨɦɧɵɯ ɷɥɟɤɬɪɨɫɬɚɧɰɢɣ 

ɈȺɈ «ȼɇɂɂȺɗɋ», Ɇɨɫɤɜɚ, Ɋɨɫɫɢɹ 

 
ɇɚ ɩɨɥɧɨɦɚɫɲɬɚɛɧɨɣ ɦɨɞɟɥɢ ɜɵɩɨɥɧɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɚɷɪɨɞɢɧɚɦɢɤɢ, ɬɟɩɥɨɨɛɦɟɧɚ, 
ɜɢɛɪɚɰɢɢ ɢ ɧɚɩɪɹɠɟɧɢɣ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɚɩɩɚɪɚɬɚ, ɩɨɜɟɪɯɧɨɫɬɶ ɧɚɝɪɟɜɚ ɤɨɬɨɪɨɝɨ ɧɚɛɪɚɧɚ 
ɢɡ ɷɜɨɥɶɜɟɧɬɧɵɯ ɲɢɪɦ. Ɉɰɟɧɟɧɚ ɜɢɛɪɨɩɪɨɱɧɨɫɬɶ ɬɪɭɛɱɚɬɤɢ ɢ ɲɢɛɟɪɚ ɚɩɩɚɪɚɬɚ. Ɉɩɪɟɞɟɥɟɧɨ 
ɜɥɢɹɧɢɟ ɜɵɬɟɫɧɢɬɟɥɟɣ ɢ ɢɯ ɝɟɨɦɟɬɪɢɢ ɧɚ ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɬɟɩɥɨɨɛɦɟɧɚ. 
Ⱦɚɧɵ ɪɟɤɨɦɟɧɞɚɰɢɢ ɩɨ ɜɵɪɚɜɧɢɜɚɧɢɸ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɬɨɤɚ ɜɨɡɞɭɯɚ, ɩɨɜɵɲɟɧɢɸ 
ɧɚɞɟɠɧɨɫɬɢ ɲɢɛɟɪɚ ɢ ɬɪɭɛɱɚɬɤɢ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɬɟɩɥɨɨɛɦɟɧɧɵɣ ɚɩɩɚɪɚɬ, ɩɨɜɟɪɯɧɨɫɬɶ ɧɚɝɪɟɜɚ, ɷɜɨɥɶɜɟɧɬɧɵɟ ɲɢɪɦɵ, 
ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɬɟɩɥɨɨɬɞɚɱɚ, ɜɢɛɪɚɰɢɹ, ɬɟɧɡɨɦɟɬɪɢɪɨɜɚɧɢɟ, ɩɨɥɹ 
ɫɤɨɪɨɫɬɟɣ ɢ ɬɟɦɩɟɪɚɬɭɪ, ɧɚɞɟɠɧɨɫɬɶ, Ⱥɗɋ. 

 

ɉɨɫɬɭɩɢɥɚ ɜ ɪɟɞɚɤɰɢɸμ 15.03.2017 

 

ɄɈɇɋɌɊɍɄɐɂə ɇȺɌɍɊɇɈȽɈ ɌȿɉɅɈɈȻɆȿɇɇɂɄȺ 

 

ɋ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ ɷɧɟɪɝɨɛɥɨɤɨɜ ɫ ɪɟɚɤɬɨɪɚɦɢ 
ɧɚ ɛɵɫɬɪɵɯ ɧɟɣɬɪɨɧɚɯ (Ȼɇ-600 ɢ Ȼɇ-800) ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɫɢɫɬɟɦɚ ɚɜɚɪɢɣɧɨɝɨ 
ɪɚɫɯɨɥɚɠɢɜɚɧɢɹ ɪɟɚɤɬɨɪɚ (ɋȺɊɏ), ɫɨɫɬɨɹɳɚɹ ɢɡ ɬɪɟɯ ɚɜɬɨɧɨɦɧɵɯ ɤɚɧɚɥɨɜ. ɋȺɊɏ 
ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɨɬɜɨɞɚ ɬɟɩɥɚ ɨɬ ɪɟɚɤɬɨɪɚ ɩɪɢ ɚɜɚɪɢɣɧɵɯ ɫɢɬɭɚɰɢɹɯ (ɩɪɟɤɪɚɳɟɧɢɟ 
ɨɬɜɨɞɚ ɬɟɩɥɚ ɤ ɬɪɟɬɶɟɦɭ ɤɨɧɬɭɪɭ). ȼ ɫɨɫɬɚɜ ɤɚɠɞɨɝɨ ɤɚɧɚɥɚ ɋȺɊɏ ɜɯɨɞɹɬ ɜɨɡɞɭɲɧɵɣ 
ɬɟɩɥɨɨɛɦɟɧɧɢɤ (ȼɌɈ) ɫ ɜɨɡɞɭɲɧɵɦɢ ɲɢɛɟɪɚɦɢ, ɞɜɚ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɧɚɫɨɫɚ, 
ɬɪɭɛɨɩɪɨɜɨɞɵ ɨɛɜɹɡɤɢ ɢ ɫɢɫɬɟɦɚ ɷɥɟɤɬɪɨɨɛɨɝɪɟɜɚ. 

ȼ ɤɚɱɟɫɬɜɟ ȼɌɈ ɞɥɹ ɋȺɊɏ ɷɧɟɪɝɨɛɥɨɤɨɜ ɫ ɪɟɚɤɬɨɪɨɦ Ȼɇ-800 ɩɥɚɧɢɪɨɜɚɥɨɫɶ 
ɩɪɢɦɟɧɹɬɶ ɬɟɩɥɨɨɛɦɟɧɧɢɤ, ɪɚɡɪɚɛɨɬɚɧɧɵɣ ɜɨ ȼɇɂɂȺɆ Д1Ж. Ʉɨɧɫɬɪɭɤɬɢɜɧɨ ɨɧ 
ɜɵɩɨɥɧɟɧ ɤɚɤ ɜɟɪɬɢɤɚɥɶɧɵɣ ɤɨɠɭɯɨɬɪɭɛɧɵɣ ɚɩɩɚɪɚɬ ɫ ɩɪɨɬɢɜɨɬɨɱɧɵɦ ɞɜɢɠɟɧɢɟɦ 
ɧɚɬɪɢɹ (ɫɜɟɪɯɭ ɜɧɢɡ) ɢ ɜɨɡɞɭɯɚ (Ɋɢɫɭɧɨɤ 1).  

ȼɧɭɬɪɟɧɧɢɣ ɞɢɚɦɟɬɪ ɤɨɪɩɭɫɚ 1 ɪɚɜɟɧ 4,1 ɦ, ɚ ɜɵɫɨɬɚ (ɩɨ ɨɛɟɱɚɣɤɟ) – 8,5 ɦ. ȼ 
ɤɨɪɩɭɫɟ ɩɨ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɤɨɥɥɟɤɬɨɪ 2 ɫ ɧɚɪɭɠɧɵɦ ɞɢɚɦɟɬɪɨɦ 0,83 ɦ ɢ 
ɜɵɫɨɬɨɣ ɨɤɨɥɨ 3,6 ɦ. ȼ ɤɨɥɥɟɤɬɨɪɟ ɢɦɟɸɬɫɹ 2640 ɨɬɜɟɪɫɬɢɣ ɞɢɚɦɟɬɪɨɦ 16,25 ɦɦ ɞɥɹ 
ɡɚɩɪɟɫɫɨɜɤɢ ɤɨɧɰɨɜ ɬɪɭɛɨɤ. 

Ɍɪɭɛɱɚɬɤɚ ɫɨɫɬɨɢɬ ɢɡ 132 ɲɢɪɦ 3, ɢɡɨɝɧɭɬɵɯ ɩɨ ɷɜɨɥɶɜɟɧɬɟ. ɇɚɱɚɥɨ ɷɜɨɥɶɜɟɧɬɵ 
ɧɚ ɞɢɚɦɟɬɪɟ 1,7 ɦ, ɤɨɧɟɰ – 4,05 ɦ. ɒɚɝ ɦɟɠɞɭ ɲɢɪɦɚɦɢ ɩɨ ɷɜɨɥɶɜɟɧɬɟ – 40 ɦɦ. ɒɢɪɦɚ 
ɧɚɛɪɚɧɚ ɢɡ 10 ɬɪɭɛɨɤ (Ø16 ɯ 1,4ɦɦ) ɫ ɲɚɝɨɦ 36 ɦɦ ɧɚ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɭɱɚɫɬɤɚɯ ɢ 25 ɦɦ 
–ɧɚ ɜɟɪɬɢɤɚɥɶɧɵɯ. ȼɢɞ ɷɜɨɥɶɜɟɧɬɧɵɯ ɲɢɪɦ ɜ ɩɥɚɧɟ ɫɯɟɦɚɬɢɱɧɨ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 2. 
ɑɢɫɥɨ ɪɹɞɨɜ ɬɪɭɛɨɤ ɩɨ ɯɨɞɭ ɜɨɡɞɭɯɚ ɫ ɭɱɟɬɨɦ ɲɚɯɦɚɬɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ – 80. Ⱦɥɢɧɚ 
ɩɨɩɟɪɟɱɧɨ ɨɦɵɜɚɟɦɵɯ ɭɱɚɫɬɤɨɜ ɬɪɭɛɨɤ ɪɚɜɧɚ 8,85 ɦ, ɱɬɨ ɫɨɫɬɚɜɥɹɟɬ 86,2 % ɜɫɟɣ 
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ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ, ɚ ɩɪɨɞɨɥɶɧɨ ɨɦɵɜɚɟɦɵɯ – 1,422 ɦ (13,8 %).ɑɚɫɬɶ ɬɪɭɛɱɚɬɤɢ 
ɜɵɬɟɫɧɟɧɚ ɩɨɞ ɤɨɪɨɛɱɚɬɵɣ ɜɵɬɟɫɧɢɬɟɥɶ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ ɭɞɨɛɫɬɜɚ ɟɟ ɫɛɨɪɤɢ. 
ȼɵɬɟɫɧɢɬɟɥɶ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜ ɤɚɧɚɥɟ ɲɢɪɢɧɨɣ λ4 ɦɦ. ɇɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɚɩɩɚɪɚɬɚ 
ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɲɢɛɟɪɵ 4. 

 

 
 

Ɋɢɫ. 1. – ȼɨɡɞɭɲɧɵɣ ɬɟɩɥɨɨɛɦɟɧɧɢɤμ 
1–ɤɨɪɩɭɫ; 2–ɤɨɥɥɟɤɬɨɪ; 3–ɲɢɪɦɚ; 4–ɲɢɛɟɪ. 

 



70  ȻȿɋȿȾɂɇ ɢ ɞɪ. 

 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 1(22) 2017 

 
 

Ɋɢɫ. 2. – ɋɯɟɦɚ ɷɜɨɥɶɜɟɧɬɧɵɯ ɲɢɪɦ 
 

ɉɚɪɚɦɟɬɪɵ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɩɨ ɜɨɡɞɭɲɧɨɦɭ ɬɪɚɤɬɭμ ɰɢɪɤɭɥɹɰɢɹ 
ɟɫɬɟɫɬɜɟɧɧɚɹ; ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɯɨɞɟ – 30 ɋ; ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ – 300 ɋ; ɪɚɫɯɨɞ 
ɜɨɡɞɭɯɚ – λ4,8 ɤɝ/ɫ; ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɩɪɢ ɩɨɩɟɪɟɱɧɨɦ ɨɦɵɜɚɧɢɢ ɬɪɭɛɱɚɬɤɢ – 5,8 ɦ/ɫ; 
ɱɢɫɥɨ Ɋɟɣɧɨɥɶɞɫɚ– 3028. 

ɉɚɪɚɦɟɬɪɵ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɩɨ ɬɪɚɤɬɭ ɧɚɬɪɢɹμ ɞɚɜɥɟɧɢɟ ɧɚ ɜɯɨɞɟ 
– 0,6 Ɇɉɚ; ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɯɨɞɟ – 500 ɋ; ɬɟɦɩɟɪɚɬɭɪɚ ɧɚ ɜɵɯɨɞɟ – 300 ɋ. 

 

ɄɈɇɋɌɊɍɄɐɂə ɇȺɌɍɊɇɈȽɈ ɒɂȻȿɊȺ 
 

ɒɢɛɟɪ ɹɜɥɹɟɬɫɹ ɡɚɩɨɪɧɵɦ ɨɪɝɚɧɨɦ, ɫɨɫɬɨɹɳɢɦ ɢɡ ɲɟɫɬɢ ɜɪɚɳɚɸɳɢɯɫɹ ɫɬɜɨɪɨɤ, 
ɩɨɜɨɪɚɱɢɜɚɸɳɢɯɫɹ ɧɚ ɭɝɨɥ λ0° (ɪɢɫɭɧɨɤ 3). Ɉɧ ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɭɩɪɚɜɥɟɧɢɹ ɪɚɫɯɨɞɨɦ 
ɜɨɡɞɭɯɚ ɩɭɬɟɦ ɩɟɪɟɤɪɵɬɢɹ ɜɨɡɞɭɯɨɜɨɞɚ.   

 
 

Ɋɢɫ. 3. – ɇɚɬɭɪɧɵɣ ɲɢɛɟɪμ 
1 – ɠɟɥɨɛɨɤ; 2 – ɥɨɩɚɬɤɚ; 3 – ɩɨɥɨɫɤɚ ɭɩɥɨɬɧɹɸɳɚɹ; 4 – ɪɵɱɚɝ; 5 – ɨɫɶ. 

 

ɍɩɥɨɬɧɹɸɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ ɫɥɭɠɚɬ ɜɫɬɪɟɱɧɵɟ ɠɟɥɨɛɤɢ 1, ɤɨɬɨɪɵɟ ɩɪɢɜɚɪɟɧɵ ɤ 
ɥɨɩɚɬɤɚɦ (ɫɬɜɨɪɤɚɦ) 2. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɲɢɛɟɪɚ ɜ ɠɟɥɨɛɤɚɯ ɪɚɫɩɨɥɚɝɚɸɬɫɹ 
ɩɨɥɨɫɤɢ 3 ɢɡ ɬɨɧɤɨɥɢɫɬɨɜɨɣ ɫɬɚɥɢ 08ɏ18ɇ10Ɍ. ȼɪɚɳɟɧɢɟ ɥɨɩɚɬɨɤ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ 
ɩɨɦɨɳɶɸ ɪɵɱɚɝɚ 4, ɫɨɟɞɢɧɟɧɧɨɝɨ ɲɚɪɧɢɪɧɨ ɫ ɨɫɹɦɢ 5. 
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ɄɈɇɋɌɊɍɄɐɂə ɆɈȾȿɅɂ ɌȿɉɅɈɈȻɆȿɇɇɂɄȺ 
 

Ɇɨɞɟɥɶ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɦɢ ɜ ɤɧɢɝɟ Д2Ж. Ɉɧɚ ɫɨɫɬɨɢɬ ɢɡ ɩɹɬɢ ɷɜɨɥɶɜɟɧɬɧɵɯ ɲɢɪɦ ɧɚɬɭɪɧɵɯ 
ɪɚɡɦɟɪɨɜ ɫɨ ɲɬɚɬɧɵɦɢ ɭɫɬɪɨɣɫɬɜɚɦɢ ɞɢɫɬɚɧɰɢɨɧɢɪɨɜɚɧɢɹ ɢ ɤɪɟɩɥɟɧɢɹ. Ɍɪɭɛɤɢ 
ɡɚɩɪɟɫɫɨɜɚɧɵ ɜ ɬɪɭɛɧɵɟ ɞɨɫɤɢ ɩɨ ɲɬɚɬɧɨɣ ɬɟɯɧɨɥɨɝɢɢ. ɒɢɪɦɵ ɪɚɡɦɟɳɟɧɵ ɜ ɤɨɪɨɛɟ, 
ɫɨɫɬɨɹɳɟɦ ɢɡ ɞɜɭɯ ɷɜɨɥɶɜɟɧɬɧɵɯ ɛɨɤɨɜɵɯ ɫɬɟɧɨɤ, ɜɧɭɬɪɟɧɧɟɣ ɫɬɟɧɤɢ ɫ ɪɚɞɢɭɫɨɦ ɝɢɛɚ 
ɪɚɜɧɵɦ ɪɚɞɢɭɫɭ ɤɨɥɥɟɤɬɨɪɚ ɬɟɩɥɨɧɨɫɢɬɟɥɹ (ɧɚɬɪɢɹ) ɢ ɩɟɪɢɮɟɪɢɣɧɨɣ ɫɬɟɧɤɢ ɫ ɪɚɞɢɭɫɨɦ 
ɝɢɛɚ ɪɚɜɧɵɦ ɪɚɞɢɭɫɭ ɨɛɟɱɚɣɤɢ ɤɨɪɩɭɫɚ. ɇɚ ɩɟɪɢɮɟɪɢɢ  ɲɢɪɦ ɛɵɥɢ ɭɫɬɚɧɨɜɥɟɧɵ 
ɲɬɚɬɧɵɟ ɜɵɬɟɫɧɢɬɟɥɢ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɭɥɭɱɲɟɧɢɹ ɭɫɥɨɜɢɣ ɬɟɩɥɨɨɛɦɟɧɚ. ɒɢɪɦɵ 
ɩɪɢɠɢɦɚɥɢɫɶ ɞɪɭɝ ɤ ɞɪɭɝɭ ɛɨɤɨɜɵɦɢ ɫɬɟɧɤɚɦɢ. Ɇɟɠɞɭ ɜɵɬɟɫɧɢɬɟɥɹɦɢ ɢ ɤɨɪɩɭɫɨɦ 
(ɩɟɪɢɮɟɪɢɣɧɨɣ ɫɬɟɧɤɨɣ) ɩɪɟɞɭɫɦɨɬɪɟɧ ɡɚɡɨɪ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɜɵɛɢɪɚɬɶɫɹ ɫ ɩɨɦɨɳɶɸ 
ɫɬɚɥɶɧɨɝɨ ɥɢɫɬɚ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɨɝɨ ɩɨ ɜɫɟɣ ɜɵɫɨɬɟ ɲɢɪɦ. ɇɚ ɜɯɨɞɟ ɬɪɭɛɱɚɬɤɢ 
ɭɫɬɚɧɨɜɥɟɧɚ ɪɟɲɟɬɤɚ ɞɥɹ ɜɵɪɚɜɧɢɜɚɧɢɹ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ ɩɨ ɫɟɱɟɧɢɸ ɦɨɞɟɥɢ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɨɛɪɚɡɰɨɦ (ɧɚɬɭɪɧɵɦ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɦ). 

Ɇɨɞɟɥɶ ɜɵɩɨɥɧɟɧɚ ɪɚɡɴɟɦɧɨɣ ɞɥɹ ɪɟɜɢɡɢɢ ɢ ɪɟɦɨɧɬɚ ɫɪɟɞɫɬɜ ɤɨɧɬɪɨɥɹ ɢ 
ɢɡɦɟɪɟɧɢɹ. 

 

ɆȿɌɈȾɂɄȺ ɂɋɋɅȿȾɈȼȺɇɂə 
 

ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3. ȼ ɤɚɱɟɫɬɜɟ ɬɟɩɥɨɧɨɫɢɬɟɥɹ 
ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɧɚɫɵɳɟɧɧɵɣ ɩɚɪ ɫ ɞɚɜɥɟɧɢɟɦ 0,7 Ɇɉɚ. 

 

 
 

Ɋɢɫ. 3. – ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢμ 
1 – ɩɚɪɨɩɪɨɜɨɞ; 2 – ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ; 3 – ɦɨɞɟɥɶ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ; 4 – ɜɟɧɬɢɥɹɬɨɪ; 5 – ɤɚɥɨɪɢɦɟɬɪ; 6 – 

ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɡɨɧɞ; 7 – ɦɢɤɪɨɦɚɧɨɦɟɬɪ; 8 – ɜɢɛɪɨɞɚɬɱɢɤ; λ, 10, 11 – ɬɟɪɦɨɩɚɪɵ; 12 – ɬɟɧɡɨɞɚɬɱɢɤ; 
13 –ɬɪɭɛɨɩɪɨɜɨɞ ɤɨɧɞɟɧɫɚɬɚ; 14 – ɞɢɮɦɚɧɨɦɟɬɪ 
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ɉɚɪ ɨɬɛɢɪɚɥɫɹ ɢɡ ɩɚɪɨɩɪɨɜɨɞɚ I ɢ ɧɚɩɪɚɜɥɹɥɫɹ ɜ ɩɚɪɨɩɟɪɟɝɪɟɜɚɬɟɥɶ 2, ɩɨɫɥɟ 
ɤɨɬɨɪɨɝɨ – ɜɨ ɜɯɨɞɧɨɣ ɤɨɥɥɟɤɬɨɪ ɦɨɞɟɥɢ 3. ɉɨɫɥɟ ɦɨɞɟɥɢ ɩɚɪ ɫɛɪɚɫɵɜɚɥɫɹ ɜ 
ɩɚɪɨɩɪɨɜɨɞ ɡɚ ɡɚɩɨɪɧɨɣ ɡɚɞɜɢɠɤɨɣ, ɚ ɡɚɬɟɦ ɜ ɩɚɪɨɫɟɩɚɪɚɰɢɨɧɧɨɟ ɭɫɬɪɨɣɫɬɜɨ. Ɋɚɫɯɨɞ 
ɩɚɪɚ ɢɡɦɟɪɹɥɫɹ ɫ ɩɨɦɨɳɶɸ ɞɢɮɦɚɧɨɦɟɬɪɚ. 

ɉɚɪɚɦɟɬɪɵ ɩɚɪɚ ɢɡɦɟɪɹɥɢɫɶ ɜ ɤɨɥɥɟɤɬɨɪɚɯ ɧɚ ɜɯɨɞɟ ɢ ɜɵɯɨɞɟ ɲɢɪɦ. Ⱦɚɜɥɟɧɢɟ - 

ɨɛɪɚɡɰɨɜɵɦɢ ɦɚɧɨɦɟɬɪɚɦɢ ɫɨ ɲɤɚɥɨɣ 0 – 0,1 Ɇɉɚ, ɚ ɬɟɦɩɟɪɚɬɭɪɚ – ɪɬɭɬɧɵɦɢ 
ɬɟɪɦɨɦɟɬɪɚɦɢ ɫ ɰɟɧɨɣ ɞɟɥɟɧɢɹ ɲɤɚɥɵ 0,1  ɋ. 

ȼɨɡɞɭɯ ɩɪɨɤɚɱɢɜɚɥɫɹ ɫ ɩɨɦɨɳɶɸ ɜɟɧɬɢɥɹɬɨɪɚ 4 ɬɢɩɚ ȼȾ–II. Ʉ ɦɨɞɟɥɢ ɨɧ 
ɩɨɞɜɨɞɢɥɫɹ ɩɨ ɜɨɡɞɭɯɨɜɨɞɭ ɤɜɚɞɪɚɬɧɨɝɨ ɫɟɱɟɧɢɹ, ɫɨ ɫɬɨɪɨɧɨɣ 0,5 ɦ. ɉɨɫɥɟ ɦɨɞɟɥɢ 
ɜɨɡɞɭɯ ɫɛɪɚɫɵɜɚɥɫɹ ɜ ɞɵɦɨɜɭɸ ɬɪɭɛɭ. 

Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ ɢɡɦɟɪɹɥɫɹ ɪɚɡɥɢɱɧɵɦɢ ɫɩɨɫɨɛɚɦɢ Д3Ж ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɟɥɢɱɢɧɵ 
ɪɚɫɯɨɞɚ. ɉɪɢ ɦɚɥɵɯ ɡɧɚɱɟɧɢɹɯ – ɤɚɥɨɪɢɦɟɬɪɨɦ 5 ɢ ɬɟɪɦɨɚɧɟɦɨɦɟɬɪɨɦ ɌȺɂɄ-3, ɚ ɩɪɢ 
ɛɨɥɶɲɢɯ – ɬɪɟɯ- ɢ ɩɹɬɢɤɚɧɚɥɶɧɵɦ ɡɨɧɞɚɦɢ 6, ɩɪɨɬɚɪɢɪɨɜɚɧɧɵɦɢ ɜ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɣ 
ɬɪɭɛɟ. 

ɉɚɪɚɦɟɬɪɵ ɜɢɛɪɚɰɢɢ ɢɡɦɟɪɹɥɢɫɶ ɫ ɩɨɦɨɳɶɸ ɜɢɛɪɨɞɚɬɱɢɤɨɜ 8, ɡɚɤɪɟɩɥɟɧɧɵɯ ɧɚ 
ɲɢɪɦɚɯ ɢ ɩɨɞɤɥɸɱɟɧɧɵɯ ɤ ɜɬɨɪɢɱɧɵɦ ɩɪɢɛɨɪɚɦ. 

Ɍɟɦɩɟɪɚɬɭɪɚ ɜɨɡɞɭɯɚ ɜ ɦɟɠɬɪɭɛɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢɡɦɟɪɹɥɚɫɶ ɬɟɪɦɨɩɚɪɚɦɢ ɬɢɩɚ 
ɄɌɆɋ ɞɢɚɦɟɬɪɨɦ 3 ɦɦ, ɡɚɤɪɟɩɥɟɧɧɵɦɢ ɤ ɫɬɟɧɤɚɦ ɦɨɞɟɥɢ. ɋɩɚɢ ɬɟɪɦɨɩɚɪ ɛɵɥɢ 
ɜɵɜɟɞɟɧɵ ɜ ɡɨɧɭ ɫɪɟɞɧɟɣ ɲɢɪɦɵ. Ɍɟɦɩɟɪɚɬɭɪɚ ɦɟɬɚɥɥɚ ɬɪɭɛɨɤ ɢɡɦɟɪɹɥɚɫɶ 
ɩɨɜɟɪɯɧɨɫɬɧɵɦɢ ɬɟɪɦɨɩɚɪɚɦɢ 10. ȼ ɫɬɟɧɤɟ, ɫɨɟɞɢɧɹɸɳɟɣ ɜɯɨɞɧɭɸ ɢ ɜɵɯɨɞɧɭɸ 
ɤɚɦɟɪɵ ɬɟɩɥɨɧɨɫɢɬɟɥɹ, ɛɵɥɢ ɡɚɞɟɥɚɧɵ ɬɟɪɦɨɩɚɪɵ II ɞɥɹ ɤɨɧɬɪɨɥɹ ɟɟ ɬɟɦɩɟɪɚɬɭɪɵ ɫ 
ɰɟɥɶɸ ɨɰɟɧɤɢ ɜɥɢɹɧɢɹ ɪɚɡɧɨɫɬɢ ɬɟɦɩɟɪɚɬɭɪ ɤɨɥɥɟɤɬɨɪɚ ɢ ɞɢɫɬɚɧɰɢɨɧɢɪɭɸɳɢɯ ɩɥɚɧɨɤ 
ɧɚ ɧɚɩɪɹɠɟɧɢɟ ɜ ɦɟɫɬɟ ɡɚɞɟɥɤɢ ɬɪɭɛɨɤ. Ɍɟɪɦɨɩɚɪɵ ɛɵɥɢ ɩɨɞɤɥɸɱɟɧɵ ɤ ɫɚɦɨɩɢɲɭɳɢɦ 
ɩɨɬɟɧɰɢɨɦɟɬɪɚɦ ɬɢɩɚ Ʉɋɉ. 

Ɇɟɯɚɧɢɱɟɫɤɢɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɷɥɟɦɟɧɬɚɯ ɬɪɭɛɱɚɬɤɢ ɨɩɪɟɞɟɥɹɥɢɫɶ ɫ ɩɨɦɨɳɶɸ 
ɬɟɧɡɨɞɚɬɱɢɤɨɜ 12, ɩɨɞɤɥɸɱɟɧɧɵɯ ɤ ɬɟɧɡɨɦɟɬɪɢɱɟɫɤɨɣ ɫɬɚɧɰɢɢ ɬɢɩɚ ɋɂɂɌ. 
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ɉɨɥɟ ɫɤɨɪɨɫɬɟɣ ɜɨɡɞɭɯɚ ɜ ɦɟɠɬɪɭɛɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɦɨɞɟɥɢ ɨɩɪɟɞɟɥɹɥɨɫɶ ɜ ɩɹɬɢ 
ɬɨɱɤɚɯ ɩɨ ɝɥɭɛɢɧɟ ɬɪɭɛɧɨɝɨ ɩɭɱɤɚ. 

Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɬɪɭɛɧɨɝɨ ɩɭɱɤɚ ɨɩɪɟɞɟɥɹɥɨɫɶ ɫ ɩɨɦɨɳɶɸ 
U-ɨɛɪɚɡɧɨɝɨ ɞɢɮɦɚɧɨɦɟɬɪɚ, ɩɨɞɤɥɸɱɟɧɧɨɝɨ ɤ ɜɯɨɞɧɨɦɭ ɢ ɜɵɯɨɞɧɨɦɭ 
ɜɨɡɞɭɯɨɜɨɞɚɦ. 

Ɋɚɫɯɨɞ ɜɨɡɞɭɯɚ ɭɫɬɚɧɚɜɥɢɜɚɥɫɹ ɩɨ ɩɨɥɹɦ ɫɤɨɪɨɫɬɟɣ, ɨɩɪɟɞɟɥɹɟɦɵɦ ɡɨɧɞɨɦ ɩɨ 
ɞɜɭɦ ɜɡɚɢɦɧɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɦ ɧɚɩɪɚɜɥɟɧɢɹɦ ɩɨ 22 ɬɨɱɤɚɦ Д3Ж. 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ, ɫ ɰɟɥɶɸ ɩɪɨɜɟɪɤɢ, ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɟ 
ɫɨɜɩɚɞɟɧɢɟ ɡɧɚɱɟɧɢɣ ɪɚɫɯɨɞɚ, ɧɚɣɞɟɧɧɵɯ ɫ ɩɨɦɨɳɶɸ ɡɨɧɞɚ ɢ ɬɟɪɦɨɚɧɟɦɨɦɟɬɪɚ 
(ɪɚɫɯɨɠɞɟɧɢɟ ɧɟ ɩɪɟɜɵɲɚɥɨ 5 %). ɉɪɹɦɨɥɢɧɟɣɧɨɫɬɶ ɩɨɬɨɤɚ ɧɚ ɤɨɧɬɪɨɥɶɧɨɦ ɭɱɚɫɬɤɟ 
ɛɵɥɚ ɩɨɞɬɜɟɠɞɟɧɚ ɫ ɩɨɦɨɳɶɸ ɩɹɬɢɤɚɧɚɥɶɧɨɝɨ ɲɚɪɨɜɨɝɨ ɡɨɧɞɚ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɲɢɛɟɪɚ ɨɩɪɟɞɟɥɹɥɫɹ ɩɪɢ ɩɨɧɢɠɟɧɧɵɯ ɱɢɫɥɚɯ 
Ɋɟɣɧɨɥɶɞɫɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɜɬɨɪɨɣ ɚɜɬɨɦɨɞɟɥɶɧɨɣ ɨɛɥɚɫɬɢ ɩɪɢ ɫɨɛɥɸɞɟɧɢɢ ɭɫɥɨɜɢɹμ 
Re ɦɨɞɟɥɢ ɛɨɥɶɲɟ ɟɝɨ ɝɪɚɧɢɱɧɨɝɨ ɡɧɚɱɟɧɢɹ Д2, 4]. 

 

ɂɁɆȿɊȿɇɂȿ ɉȺɊȺɆȿɌɊɈȼ ȼɂȻɊȺɐɂɂ 

 

ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɢɛɪɚɰɢɢ ɡɚɤɥɸɱɚɥɨɫɶ ɜ ɢɡɦɟɪɟɧɢɢ 
ɜɟɥɢɱɢɧ ɜɢɛɪɨɭɫɤɨɪɟɧɢɹ ɢ ɫɩɟɤɬɪɚɥɶɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɢɛɪɨɫɢɝɧɚɥɚ ɧɚ 
ɪɚɡɥɢɱɧɵɯ ɭɱɚɫɬɤɚɯ ɲɢɪɦɵ ɢ ɧɚ ɤɨɥɥɟɤɬɨɪɚɯ, ɚ ɬɚɤɠɟ ɪɟɝɢɫɬɪɚɰɢɢ ɫɜɨɛɨɞɧɵɯ 
ɤɨɥɟɛɚɧɢɣ ɲɢɪɦɵ.  
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ȼ ɤɚɱɟɫɬɜɟ ɩɟɪɜɢɱɧɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ λ ɩɶɟɡɨɚɤɫɟɥɟɪɨɦɟɬɪɨɜ 
2ɉȺ-22, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɢɡɦɟɪɟɧɢɟ ɜɢɛɪɚɰɢɢ ɜ ɞɜɭɯ ɜɡɚɢɦɧɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɵɯ 
ɧɚɩɪɚɜɥɟɧɢɹɯ. 

 

ɌȿɇɁɈɆȿɌɊɂɊɈȼȺɇɂȿ 

 

Ɍɟɧɡɨɦɟɬɪɢɪɨɜɚɧɢɟ ɩɪɨɜɨɞɢɥɨɫɶ ɫ ɰɟɥɶɸ ɢɡɦɟɪɟɧɢɹ ɞɟɮɨɪɦɚɰɢɢ ɢ ɧɚɩɪɹɠɟɧɢɣ, 
ɜɨɡɧɢɤɚɸɳɢɯ ɜ ɬɪɭɛɤɚɯ ɜɛɥɢɡɢ ɡɚɞɟɥɤɢ ɜ ɤɨɥɥɟɤɬɨɪ, ɧɚ ɩɨɞɜɟɫɤɚɯ ɬɪɭɛɧɨɝɨ ɩɭɱɤɚ, ɚ 
ɬɚɤɠɟ ɧɚ ɛɥɢɠɚɣɲɟɣ ɤ ɤɨɥɥɟɤɬɨɪɭ ɞɢМɬɚɧɰɢɨɧɢɪɭɸɳɟɣ ɩɥɚɧɤɟ. Ⱦɥɹ ɢɡɦɟɪɟɧɢɹ 
ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɬɟɧɡɨɪɟɡɢɫɬɨɪɵ ɬɢɩɚ ɄɎ5-ɉ1 ɢ ɇɆɌ-450ɫ ɨɫɧɨɜɨɣ ɢɡ ɮɨɥɶɝɢ Д5, 6Ж. 
ɂɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɞɢɧɚɦɢɱɟɫɤɨɦ ɢ ɫɬɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɚɯ.  

 

ɊȿɁɍɅɖɌȺɌɕ ɂɋɋɅȿȾɈȼȺɇɂɃ. 
ȺɗɊɈȾɂɇȺɆɂɑȿɋɄɈȿ ɋɈɉɊɈɌɂȼɅȿɇɂȿ ɒɂȻȿɊȺ 

 

Ɂɚɜɢɫɢɦɨɫɬɢ ɤɨɷɮɮɢɰɢɟɧɬɚ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɲɢɛɟɪɚ (ɨɬɧɟɫɟɧɧɨɝɨ ɤ ɫɤɨɪɨɫɬɢ ɜ 
ɬɪɭɛɨɩɪɨɜɨɞɟ ɩɟɪɟɞ ɲɢɛɟɪɨɦ) x ɨɬ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɫɬɜɨɪɨɤ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɧɵɯ 
ɜɚɪɢɚɧɬɨɜ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɚɯ 1 – 3, ɝɞɟ ɭɤɚɡɚɧɚ ɢ ɩɨɝɪɟɲɧɨɫɬɶ 
ɫɪɟɞɧɟɝɨ ɡɧɚɱɟɧɢɹ ξ, ɪɚɫɫɱɢɬɚɧɧɚɹ ɩɨ Д7Ж ɢ ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɝɥɚɜɧɵɦ ɨɛɪɚɡɨɦ ɨɲɢɛɤɨɣ 
ɭɫɬɚɧɨɜɤɢ ɫɬɜɨɪɨɤ ɲɢɛɟɪɚ ɧɚ ɡɚɞɚɧɧɵɣ ɭɝɨɥ. 

 

Ɍɚɛɥɢɰɚ 1. – Ʉɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ξɞɥɹ ɲɟɫɬɢ ɫɬɜɨɪɨɤ 

 

, ɝɪɚɞ.  ɉɨɝɪɟɲɧɨɫɬɶ, % 

5 330 12 

10 149 12 

20 43 23 

30 18,5 17 

40 7,5 18 

50 3,4 20 

60 1,8 26 

70 0,88 29 

80 0,42 33 

90 0,35 50 
 

Ɍɚɛɥɢɰɚ 2. – Ʉɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ξ ɞɥɹ ɬɪɟɯ ɫɬɜɨɪɨɤ ɪɹɞɨɦ 

 

, ɝɪɚɞ.  ɉɨɝɪɟɲɧɨɫɬɶ, % 

5 855 10 

20 172 9 

30 82 8 

60 12 15 

70 7.7 10 

90 5.6 32 
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Ɍɚɛɥɢɰɚ 3. – Ʉɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ξ ɞɥɹ ɨɞɧɨɣ ɫɬɜɨɪɤɢ 

 

, ɝɪɚɞ.  ɉɨɝɪɟɲɧɨɫɬɶ, % 

5 2155 6 

10 1129 17 

20 598 10 

30 372 12 

40 268 29 

50 209 21 

60 174 22 

70 154 22 

80 154 11 

90 161 17 

 

ɂɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɞɚɧɧɵɯ ɫɥɟɞɭɟɬ, ɱɬɨ ɲɢɛɟɪ ɢɦɟɟɬ ɧɚɢɛɨɥɶɲɟɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ 
ɩɪɢ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɨɞɧɨɣ ɫɬɜɨɪɤɨɣ ɢ ɧɚɢɦɟɧɶɲɟɟ – ɲɟɫɬɶɸ. Ʉɨɷɮɮɢɰɢɟɧɬ ɨɱɟɧɶ 
ɫɢɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ ɭɝɥɚ α ɜ ɞɢɚɩɚɡɨɧɟ ɟɝɨ ɡɧɚɱɟɧɢɣ 0 – 40° ɢ ɫɥɚɛɨ – ɩɪɢ 60 – λ0°. 

Ɂɚɜɢɫɢɦɨɫɬɶ ɜɟɫɨɜɨɝɨ ɪɚɫɯɨɞɚ ɜɨɡɞɭɯɚ, ɨɛɭɫɥɨɜɥɟɧɧɨɝɨ ɯɨɥɨɫɬɵɦɢ ɩɪɨɬɟɱɤɚɦɢ, 
ɨɬ ɧɚɩɨɪɚ ɩɟɪɟɞ ɲɢɛɟɪɨɦ ɞɥɹ ɨɛɪɚɡɰɚ ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥɢɰɟ 4. 
 

Ɍɚɛɥɢɰɚ 4. – Ɋɚɫɯɨɞ ɯɨɥɨɫɬɵɯ ɩɪɨɬɟɱɟɤGx.ɩɪ. 
 

ɇɚɩɨɪ h, ɦɦ ɜɨɞ.ɫɬ. 
 

Ɋɚɫɯɨɞ Gx.ɩɪ, ɤɝ/ɫ 

665 1,76 

659 1,96 

546 1,83 

511 1,74 

476 1,52 

409 1,57 

327 1,23 

130 1,16 

 

ɂɡ ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɞɚɧɧɵɯ ɫɥɟɞɭɟɬ, ɱɬɨ ɯɨɥɨɫɬɵɟ ɩɪɨɬɟɱɤɢ ɜɨɡɞɭɯɚ ɥɢɧɟɣɧɨ 
ɡɚɜɢɫɹɬ ɨɬ ɟɝɨ ɧɚɩɨɪɚ ɩɟɪɟɞ ɲɢɛɟɪɨɦ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɪɚɫɯɨɞ ɯɨɥɨɫɬɵɯ ɩɪɨɬɟɱɟɤ 
ɧɚ ɧɚɬɭɪɧɨɦ ɲɢɛɟɪɟ ɛɭɞɟɬ ɦɟɧɶɲɟ ɡɧɚɱɟɧɢɣ  ɩɪɢɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 4, ɬɚɤ ɤɚɤ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ ɪɚɜɧɨɣ 300 – 500°ɋ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɪɟɠɢɦɚ ɪɚɛɨɬɵ ȼɌɈ, ɟɝɨ 
ɜɹɡɤɨɫɬɶ ɜ 3 – 5 ɪɚɡ ɛɨɥɶɲɟ, ɱɟɦ ɧɚ ɦɨɞɟɥɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 20 – 40°ɋ.  

 

ɇȺɉɊəɀȿɇɂə ȼ ɗɅȿɆȿɇɌȺɏ ɌɊɍȻɑȺɌɄɂ 

 

Ɍɟɧɡɨɦɟɬɪɢɪɨɜɚɧɢɟ ɜɵɩɨɥɧɹɥɨɫɶ ɩɪɢ "ɯɨɥɨɞɧɵɯ" ɩɪɨɞɭɜɤɚɯ (ɬɟɦɩɟɪɚɬɭɪɚ 
ɜɨɡɞɭɯɚ 25–30°ɋ) ɢ ɩɪɢ "ɝɨɪɹɱɢɯ" ɩɪɨɞɭɜɤɚɯ (ɜ ɬɪɭɛɤɚɯ ɩɪɨɬɟɤɚɥ ɩɚɪ ɫɨ ɫɪɟɞɧɟɣ 
ɬɟɦɩɟɪɚɬɭɪɨɣ 120°ɋ). 

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɞɢɧɚɦɢɱɟɫɤɢɟ ɞɟɮɨɪɦɚɰɢɢ, 
ɜɨɡɧɢɤɚɸɳɢɟ ɜ ɷɥɟɦɟɧɬɚɯ ɤɨɧɫɬɪɭɤɰɢɢ ɜɫɥɟɞɫɬɜɢɟ ɢɯ ɜɢɛɪɚɰɢɢ ɦɚɥɵ.  

ɇɚɩɪɹɠɟɧɢɹ ɜ ɬɪɭɛɤɚɯ ɜ ɨɛɥɚɫɬɢ ɡɚɞɟɥɤɢ ɜ ɤɨɥɥɟɤɬɨɪ ɩɪɢ "ɯɨɥɨɞɧɵɯ" ɩɪɨɞɭɜɤɚɯ 
ɢɡɦɟɧɹɥɢɫɶ ɜ ɞɢɚɩɚɡɨɧɟ 6–15 Ɇɉɚ. 

Ɇɚɤɫɢɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɩɪɢ ɝɨɪɹɱɢɯ ɩɪɨɞɭɜɤɚɯ ɛɵɥɢ ɪɚɜɧɵ 66-λ2 Ɇɉɚ. 
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ɉɪɢɜɟɞɟɧɧɵɟ ɞɚɧɧɵɟ ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɜ ɬɪɭɛɤɚɯ 
ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɵɲɚɸɬ ɧɚɩɪɹɠɟɧɢɹ, ɜɨɡɧɢɤɚɸɳɢɟ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɩɨɬɨɤɚ ɜɨɡɞɭɯɚ. 

ɇɚɩɪɹɠɟɧɢɹ ɜ ɩɨɞɜɟɫɤɚɯ ɲɢɪɦ ɩɪɢ "ɯɨɥɨɞɧɵɯ" ɩɪɨɞɭɜɤɚɯ ɧɟ ɩɪɟɜɵɲɚɥɢ 
3,5 Ɇɉɚ, ɚ ɩɪɢ "ɝɨɪɹɱɢɯ" ɩɪɨɞɭɜɤɚɯ ɨɧɢ ɭɜɟɥɢɱɢɥɢɫɶ ɜ ɫɪɟɞɧɟɦ ɜ 3-8 ɪɚɡ ɢ ɞɨɫɬɢɝɥɢ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ ɪɚɜɧɨɝɨ 26 Ɇɉɚ. 

ȼ ɛɥɢɠɚɣɲɟɣ ɤ ɤɨɥɥɟɤɬɨɪɭ ɞɢɫɬɚɧɰɢɨɧɢɪɭɸɳɟɣ ɩɥɚɧɤɟ ɩɪɢ "ɯɨɥɨɞɧɵɯ" 
ɩɪɨɞɭɜɤɚɯ ɞɟɣɫɬɜɨɜɚɥɢ ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɧɚɩɪɹɠɟɧɢɹ, ɞɨɫɬɢɝɚɸɳɢɟ 6 Ɇɉɚ. ɉɪɢ 
"ɝɨɪɹɱɢɯ" ɩɪɨɞɭɜɤɚɯ ɦɚɤɫɢɦɚɥɶɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɭɜɟɥɢɱɢɥɢɫɶ ɞɨ λ,5 Ɇɉɚ. 

ȼɥɢɹɧɢɟ ɫɩɨɫɨɛɚ ɪɚɡɞɟɥɤɢ ɨɬɜɟɪɫɬɢɹ ɜ ɬɪɭɛɧɨɣ ɞɨɫɤɟ (ɤɨɥɥɟɤɬɨɪɟ) ɧɚ 
ɞɟɮɨɪɦɚɰɢɢ, ɜɨɡɧɢɤɚɸɳɢɟ ɜ ɬɪɭɛɤɟ, ɢɡɭɱɚɥɨɫɶ ɞɥɹ ɞɜɭɯ ɫɥɭɱɚɟɜμ ɨɬɜɟɪɫɬɢɟ ɛɟɡ 
ɨɛɪɚɛɨɬɤɢ ɤɪɨɦɤɢ ɢ ɨɬɜɟɪɫɬɢɟ ɫɨ Мɤɪɭɝɥɟɧɢɟɦ ɤɪɨɦɤɢ. Ⱦɟɮɨɪɦɚɰɢɢ ɢɡɦɟɪɹɥɢɫɶ ɧɚ 
ɪɚɡɧɵɯ ɪɚɫɫɬɨɹɧɢɹɯ ɨɬ ɬɪɭɛɧɨɣ ɞɨɫɤɢ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɢɡɝɢɛɟ ɬɪɭɛɤɢ. Ɋɚɫɯɨɠɞɟɧɢɟ 
ɡɧɚɱɟɧɢɣ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɞɟɮɨɪɦɚɰɢɢ ɞɥɹ ɞɜɭɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɫɥɭɱɚɟɜ ɧɟ ɩɪɟɜɵɲɚɥɨ 
13 %,ɱɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɦɚɥɨɦ ɜɥɢɹɧɢɢ ɫɩɨɫɨɛɚ ɪɚɡɞɟɥɤɢ ɤɪɨɦɤɢ ɧɚ ɞɟɮɨɪɦɚɰɢɸ 
ɬɪɭɛɤɢ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɢɡɝɢɛɟ. 

 

ɌȿɉɅɈɈɌȾȺɑȺ ɉɈ ȼɈɁȾɍɒɇɈɃ ɋɌɈɊɈɇȿ 

 

Ɋɟɡɭɥɶɬɚɬɵ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɬɟɩɥɨɨɬɞɚɱɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 5.  
 

Ɍɚɛɥɢɰɚ 5. – Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɬɟɩɥɨɨɬɞɚɱɢ 

 

ɍɫɥɨɜɢɹ ɪɚɛɨɬɵ 
ɋɪɟɞɧɹɹ 

ɫɤɨɪɨɫɬɶ W, ɦ/ɫ 
,  ,  

Ɋɚɫɯɨɠɞɟɧɢɟ 

, % 

ɉɟɪɢɮɟɪɢɣɧɵɣ ɡɚɡɨɪ 

ɒɬɚɬɧɵɟ 
ɜɵɬɟɫɧɢɬɟɥɢ 

7,92 93,08 115,01 -19,1 

5,65 74,72 96,83 -22,8 

Ȼɟɡ ɩɟɪɢɮɟɪɢɣɧɨɝɨ 
ɡɚɡɨɪɚ  

ɒɬɚɬɧɵɟ 
ɜɵɬɟɫɧɢɬɟɥɢ 

7,52 95,74 115,01 -16,8 

5,7 79,38 97,36 -18,5 

 

ȼ ɬɚɛɥɢɰɟ 5μ 
 – ɫɪɟɞɧɢɣ ɩɨ ɩɪɨɯɨɞɧɨɦɭ ɫɟɱɟɧɢɸ ɤɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɨɬ ɬɪɭɛɱɚɬɤɢ ɤ 

ɜɨɡɞɭɯɭ, ɨɩɪɟɞɟɥɟɧɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ; 
 – ɬɨ ɠɟ, ɪɚɫɫɱɢɬɚɧɧɵɣ ɩɨ ɦɟɬɨɞɢɤɟ Д8, λЖ. 

ɂɡ ɬɚɛɥɢɰɵ ɫɥɟɞɭɟɬ, ɱɬɨ ɧɚɢɛɨɥɶɲɟɟ ɪɚɫɯɨɠɞɟɧɢɟ γ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɚɥɢɱɢɸ 
ɩɟɪɢɮɟɪɢɣɧɨɝɨ ɡɚɡɨɪɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɛɚɣɩɚɫɢɪɨɜɚɧɢɸ ɱɚɫɬɢ ɜɨɡɞɭɲɧɨɝɨ ɩɨɬɨɤɚ.  

Ʉɨɷɮɮɢɰɢɟɧɬ ɬɟɩɥɨɨɬɞɚɱɢ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɫ ɪɨɫɬɨɦ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ ɜɨɡɞɭɯɚ ɜ 
ɨɛɨɢɯ ɜɚɪɢɚɧɬɚɯ. 

 

ȼɕȼɈȾɕ ɉɈ ɊȿɁɍɅɖɌȺɌȺɆ ɂɋɋɅȿȾɈȼȺɇɂə 

 

Ɋɟɫɭɪɫ ɪɚɛɨɬɵ ɬɪɭɛɧɨɝɨ ɩɭɱɤɚ ɢɡ ɷɜɨɥɶɜɟɧɬɧɵɯ ɲɢɪɦ, ɪɚɫɫɱɢɬɚɧɧɵɣ ɩɨ ɦɟɬɨɞɢɤɟ 
ɜ Д10Ж, ɪɚɜɟɧ 40 ɥɟɬ c ɭɱɟɬɨɦ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɩɪɟɞɟɥɟɧɧɵɯ ɜɢɛɪɨɩɚɪɚɦɟɬɪɨɜ.   

Ⱥɷɪɨɞɢɧɚɦɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɲɢɛɟɪ ɢɦɟɟɬ ɧɚɢɛɨɥɶɲɟɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɢ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɨɞɧɨɣ ɫɬɜɨɪɤɨɣ ɢ ɧɚɢɦɟɧɶɲɟɟ – ɲɟɫɬɶɸ, ɩɪɢɱɟɦ 
ɤɨɷɮɮɢɰɢɟɧɬ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɱɟɧɶ ɫɢɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ ɭɝɥɚ ɭɫɬɚɧɨɜɤɢ ɫɬɜɨɪɨɤ ɜ 
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ɞɢɚɩɚɡɨɧɟ ɟɝɨ ɡɧɚɱɟɧɢɣ 0 – 40°. ɏɨɥɨɫɬɵɟ ɩɪɨɬɟɱɤɢ ɜɨɡɞɭɯɚ ɥɢɧɟɣɧɨ ɡɚɜɢɫɹɬ ɨɬ ɟɝɨ 
ɧɚɩɨɪɚ ɩɟɪɟɞ ɲɢɛɟɪɨɦ. 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɚ ɲɢɛɟɪɚ ξ = f(α) ɦɨɠɟɬ ɡɚɦɟɬɧɨ ɢɡɦɟɧɢɬɶɫɹ ɩɪɢ ɧɟɬɨɱɧɨɦ 
ɢɡɝɨɬɨɜɥɟɧɢɢ ɢ ɦɨɧɬɚɠɟ, ɚ ɬɚɤɠɟ ɢɡ-ɡɚ ɞɟɮɨɪɦɚɰɢɢ ɢ ɤɨɪɨɛɥɟɧɢɹ ɫɬɜɨɪɨɤ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ ɜɨɡɞɭɯɚ 500 – 550°ɋ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɫɟɪɶɟɡɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɤɨɧɫɬɪɭɤɰɢɢ. 

Ɋɚɫɯɨɠɞɟɧɢɟ ɦɟɠɞɭ ɪɚɫɱɟɬɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɬɟɩɥɨɨɬɞɚɱɢ ɢ ɩɨɥɭɱɟɧɧɵɦ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɧɟ ɩɪɟɜɵɫɢɥɨ 18,5 %. ɉɪɢ ɧɚɥɢɱɢɢ ɩɟɪɢɮɟɪɢɣɧɨɝɨ ɡɚɡɨɪɚ ɡɧɚɱɟɧɢɟ 
ɪɚɫɯɨɠɞɟɧɢɹ ɞɨɫɬɢɝɚɥɨ 23 %, ɱɬɨ ɨɛɴɹɫɧɹɟɬɫɹ ɩɨɝɪɟɲɧɨɫɬɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɢ 
ɜɨɡɞɭɯɚ ɜ ɩɭɱɤɟ ɢɡ-ɡɚ ɛɚɣɩɚɫɢɪɨɜɚɧɢɹ. 

ɉɪɢ ɪɚɛɨɬɟ ɲɢɪɦ ɛɟɡ ɭɩɨɪɚ ɜ ɤɨɪɩɭɫ ɩɪɢ ɫɤɨɪɨɫɬɢ ɜɨɡɞɭɯɚ 4,3 ɦ/ɫ 
ɜɢɛɪɨɩɟɪɟɦɟɳɟɧɢɹ ɧɟ ɩɪɟɜɵɲɚɸɬ ɡɧɚɱɟɧɢɹ 2·10-5

 ɦ, ɚ ɩɪɢ ɭɩɨɪɟ ɲɢɪɦ ɜ ɤɨɪɩɭɫ 
ɜɢɛɪɨɩɟɪɟɦɟɳɟɧɢɹ ɩɪɢ ɫɤɨɪɨɫɬɢ 5,5 ɦ/ɫ ɧɟ ɩɪɟɜɵɲɚɸɬ ɡɧɚɱɟɧɢɹ 10-6

 ɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, 
ɜɢɛɪɨɫɬɨɣɤɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ ɨɛɟɫɩɟɱɟɧɚ, ɤɚɤ ɩɪɢ ɪɚɡɨɝɪɟɜɟ, ɬɚɤ ɢ ɜ ɪɚɛɨɱɟɦ ɪɟɠɢɦɟ. 

Ɍɟɧɡɨɦɟɬɪɢɪɨɜɚɧɢɟ ɬɪɭɛɱɚɬɤɢ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɜɨɡɧɢɤɚɸɳɢɟ ɜɫɥɟɞɫɬɜɢɟ ɜɢɛɪɚɰɢɢ 
ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ ɞɢɧɚɦɢɱɟɫɤɢɟ ɧɚɩɪɹɠɟɧɢɹ ɦɚɥɵ (ımax = 1,5 Ɇɉɚ), ɱɬɨ 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɜɵɫɨɤɨɣ ɜɢɛɪɨɩɪɨɱɧɨɫɬɢ ɬɪɭɛɧɨɝɨ ɩɭɱɤɚ. 

 

ɋɉɂɋɈɄ ɅɂɌȿɊȺɌɍɊɕ 
 

1. Ɂɨɪɢɧ, ȼ.Ⱥ. Ⱥɬɨɦɧɵɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ ДɌɟɤɫɬЖ / ȼ.Ⱥ. Ɂɨɪɢɧ. – Ɇ.μ ɂɡɞɚɬɟɥɶɫɤɢɣ ɞɨɦ Ɇɗɂ, 
2012. – 672 ɫ. 

2. Ɇɢɝɚɣ, ȼ.Ʉ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɬɟɩɥɨɨɛɦɟɧɧɨɝɨ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ДɌɟɤɫɬЖ / ȼ.Ʉ. 
Ɇɢɝɚɣ. – Ʌ.μ ɗɧɟɪɝɨɚɬɨɦɢɡɞɚɬ, 1λ87. – 264 ɫ. 

3. Ȼɥɢɧɨɜ, Ɉ.Ɇ. ɢ ɞɪ. Ɍɟɩɥɨɬɟɯɧɢɱɟɫɤɢɟ ɢɡɦɟɪɟɧɢɹ ɢ ɩɪɢɛɨɪɵ ДɌɟɤɫɬЖ / Ɉ.Ɇ. Ȼɥɢɧɨɜ, Ⱥ.Ɇ. 
Ȼɟɥɟɧɶɤɢɣ, ȼ.Ɏ. Ȼɟɪɞɵɲɟɜ. – Ʌ.μ Ɇɟɬɚɥɥɭɪɝɢɹ, 1993. – 288 ɫ. 

4. ɉɟɬɭɯɨɜ, Ȼ.ɋ. ɢ ɞɪ. Ɍɟɩɥɨɨɛɦɟɧ ɜ ɹɞɟɪɧɵɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɭɫɬɚɧɨɜɤɚɯ ДɌɟɤɫɬЖ / Ȼ.ɋ. ɉɟɬɭɯɨɜ, 
Ʌ.Ƚ. Ƚɟɧɢɧ, ɋ.Ⱥ. Ʉɨɜɚɥɟɜ, ɋ.Ʌ. ɋɨɥɨɜɶɟɜ. Ɇ.μ ɂɡɞ.–ɜɨ Ɇɗɂ, 2003. – 548 ɫ. 

5. Ⱦɚɣɱɚɤ, Ɇ.Ʌ. ɢ ɞɪ. Ɇɟɬɨɞɵ ɢ ɫɪɟɞɫɬɜɚ ɧɚɬɭɪɧɨɣ ɬɟɧɡɨɦɟɬɪɢɢ ДɌɟɤɫɬЖ / Ɇ.Ʌ. Ⱦɚɣɱɚɤ, Ɇ.ɂ. 
ɉɪɢɝɨɪɨɜɫɤɢɣ, Ƚ.ɏ. ɏɭɪɲɭɞɨɜ. – Ɇ.μ Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ, 1λ8λ. – 240 ɫ. 

6. Ʉɨɛɚɹɫɢ, Ⱥ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɦɟɯɚɧɢɤɚ ДɌɟɤɫɬЖ / Ⱥ. Ʉɨɛɚɹɫɢ. – Ɇ.μ Ɇɢɪ, 1λλ0. – 616 ɫ. 
7. ɇɨɜɢɰɤɢɣ, ɉ.ȼ. ɢ ɞɪ. Ɉɰɟɧɤɚ ɩɨɝɪɟɲɧɨɫɬɟɣ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ ДɌɟɤɫɬЖ / ɉ.ȼ. ɇɨɜɢɰɤɢɣ, 

ɂ.Ⱥ. Ɂɨɝɪɚɮ. – Ʌ.μ ɗɧɟɪɝɨɚɬɨɦɢɡɞɚɬ, 1λλ1. – 304 ɫ. 
8. Ʉɢɪɢɥɥɨɜ, ɉ.Ʌ. ɢ ɞɪ. ɋɩɪɚɜɨɱɧɢɤ ɩɨ ɬɟɩɥɨɝɢɞɪɚɜɥɢɱɟɫɤɢɦ ɪɚɫɱɟɬɚɦ (ɹɞɟɪɧɵɟ ɪɟɚɤɬɨɪɵ, 

ɬɟɩɥɨɨɛɦɟɧɧɢɤɢ, ɩɚɪɨɝɟɧɟɪɚɬɨɪɵ) ДɌɟɤɫɬЖ / ɉ.Ʌ. Ʉɢɪɢɥɥɨɜ, ɘ.ɋ. ɘɪɶɟɜ, ȼ.ɉ. Ȼɨɛɤɨɜ. – Ɇ.μ 
ɗɧɟɪɝɨɚɬɨɦɢɡɞɚɬ, 1λ84. – 384 ɫ. 

9. ɊɌɆ 108.031.05 – 84. Ɉɛɨɪɭɞɨɜɚɧɢɟ ɬɟɩɥɨɨɛɦɟɧɧɨɟ Ⱥɗɋ. Ɋɚɫɱɟɬ ɬɟɩɥɨɜɨɣ ɢ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ 
ДɌɟɤɫɬЖ. – Ʌ.μ ɇɉɈ ɐɄɌɂ, 1λ86. – λ6 ɫ. 

10. ɊɌɆ 108.302.03-86. ɉɚɪɨɝɟɧɟɪɚɬɨɪɵ Ⱥɗɋ. Ɋɚɫɱɟɬ ɜɢɛɪɚɰɢɢ ɬɟɩɥɨɨɛɦɟɧɧɵɯ ɬɪɭɛ ДɌɟɤɫɬЖ // 
Ʌ.μ ɇɉɈ ɐɄɌɂ, 1λ87. – 74 ɫ. 

 

REFERENCES 
 

[1] Zorin V.A. Atomnye elektrostancii [Nuclear power plants]. M. Pub. Izdatelskij dom MEI [MPEI 

Publishing house], 2012, ISBN 978-5-383-00604-7, 672 p. (in Russian) 

[2] Migaj V.K. Modelirovanie teploobmennogo energeticheskogo oborudovaniya [Modeling of heat-

exchange power equipment]. Leningrad. Pub. Energoatomizdat [Energoatomizdat], 1987, 264 p. (in 

Russian) 

[3] Blinov O.M.,  Belenkij A.M., Berdyshev V.F. Teplotexnicheskie izmereniya i pribory 

[Thermotechnical measurements and instruments]. Leningrad. Pub. Metallurgia [Metallurgy], 1993, 

ISBN 5-229-00836-9, 288 p. (in Russian) 

[4] Petuxov B.S., Genin L.G., Kovalev S.A., Solovjev S.L. Teploobmen v yadernyh energeticheskih 

ustanovkah [Heat transfer in nuclear power plants]. M. Pub. Izdatelstvo MEI [MPEI Publishing 

house], 2003, ISBN 5-7046-0843-4, 548 p. (in Russian) 

[5] Dajchak M.L. Prigorovskij M.I., Hurshudov G.X. Metody i sredstva naturnoj tenzometrii [Methods 

and means of full strainometry]. M. Pub. Mashinostroenie [Mechanical engineering], 1989, 240 p. 

(in Russian) 

[6] Kobayasi A. Eksperimentalnaya mehanika [Experimental Mechanics]. M. Pub. Mir [Mir], 1990, 

ISBN 5-03-001543-4, 616 p. (in Russian) 

https://bazarknig.ru/publisher/2583/page/1


 ɂɋɋɅȿȾɈȼȺɇɂȿ ɍɋɅɈȼɂɃ ɊȺȻɈɌɕ ȼɈɁȾɍɒɇɈȽɈ ɌȿɉɅɈɈȻɆȿɇɇɂɄȺ 77 

 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 1(22) 2017 

[7] Novickij P.V., Zograf  I.A. Ocenka pogreshnostej rezultatov izmerenij [Estimation of errors in 

measurement results]. Leningrad. Pub. Energoatomizdat [Energoatomizdat], 1991, ISBN 5-283-

04513-7, 304 p. (in Russian) 

[8] Kirillov P.L., Yuryev Yu.S., Bobkov V.P. Spravochnik po teplogidravlicheskim raschetam 

(yadernye reaktory, teploobmenniki, parogeneratory) [Handbook of thermohydraulic calculations 

(nuclear reactors, heat exchangers, steam generators)]. M. Pub. Energoatomizdat [Energoatomizdat], 

1984, 384 p. (in Russian) 

[9] RTM 108.031.05–84. Oborudovanie teploobmennoe AES. Raschet teplovoj i gidravlicheskij [RTM 

108.031.05 - 84. Heat exchanging equipment for nuclear power plants. Thermal and hydraulic 

calculation]. Leningrad. Pub. NPO CKTI [NPO CKTI], 1986, 96 p. (in Russian) 

[10] RTM 108.302.03-86. Parogeneratory AES. Raschet vibracii teploobmennyx trub [RTM 108.302.03-

86. Steam generators of nuclear power plants. Calculation of vibration of heat exchange tubes]. 

Leningrad. Pub. NPO CKTI [NPO CKTI], 1987, 74 p. (in Russian) 

 

Operating Condition Research of Air Heat Exchanger of Emergency Cooling 

 

A.M. Besedin*
1
, A.Yu. Smolin*

2
, A.S. Shamarokov**

3
, S.B. Kravets***

4
,  

A.S. Mirzaliev*
5
 

 
* Volgodonsk Engineering Technical IЧЬЭТЭЮЭО ЭСО ЛrКЧМС ШП NКЭТШЧКХ RОЬОКrМС NЮМХОКr UЧТЯОrЬТЭв “MEPСI”, 

Lenin St., 73/94, Volgodonsk, Rostov region, Russia 347360 

e-mail:  VITIkafAE@mephi.ru 
1 
ORCID iD: 0000-0002-0348-8844 

WoS ResearcherID: F-6138-2017; 
2
 ORCID iD: 0000-0002-0148-2086 

WoS ResearcherID: F-4089-2017; 
5
 ORCID iD: 0000-0003-1704-431X 

WoS ResearcherID: F-7464-2017 

 

** Russian Research and Development Institute for Nuclear Power Production Sector Engineering, 

Kosmonavta Volkova St.. 6A, Moscow, Russia 125171 

e-mail: mail@vniiam.ru 
3
 ORCID iD: 0000-0003-3013-8062 

Researcher ID: G-1504-2017 

 

*** All-Russian Scientific and Research Institute for Nuclear Power Plant Operation, 

Pherganskaya St.. 25. Moscow, Russia 109507 

e-mail: vniiaes@vniiaes.ru 
4
 ORCID iD: 0000-0001-8297-3102 

ResearcherID: F-7817-2017 

 
Abstract – The research of aerodynamics, heat exchange, vibration and tension of the 

heatexchange device which surface of heating being gathering from evolvent screens is made on 

full-scale model. The vibration resistance of the tube and the gate of the apparatus is estimated. 

The influence of propellants and their geometry on the intensity of heat exchange is determined. 

Recommendations are given for equalizing the distribution of the air flow, accessibility of the slide 

and tubing. 
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