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ɂɋɋɅȿȾɈȼȺɇɂȿ ȼɅɂəɇɂə ɌȿɆɉȿɊȺɌɍɊɕ ɇȺ ɏȺɊȺɄɌȿɊɂɋɌɂɄɂ 
ȾȺɌɑɂɄɈȼ ɌɈɄȺ 

ɉɚɲɤɨɜɫɤɢɣ ȼ.ȼ., Ɏɟɞɹɧɢɧ Ⱥ.Ʌ., Ʉɚɪɚɧɤɟɜɢɱ Ⱥ.Ƚ. 
ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ Ɍɨɦɫɤɢɣ ɩɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. Ɍɨɦɫɤ 
 
ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɛɭɞɟɬ ɪɚɫɫɦɨɬɪɟɧɨ ɜɥɢɹɧɢɟ ɢɡɦɟɧɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ ɜɵɯɨɞɧɵɟ 

ɩɚɪɚɦɟɬɪɵ ɞɚɬɱɢɤɨɜ ɬɨɤɚ. Ⱦɚɧɧɵɟ ɞɚɬɱɢɤɢ ɬɨɤɚ ɛɭɞɭɬ ɩɪɢɦɟɧɹɬɶɫɹ ɜ ɫɢɫɬɟɦɟ 
ɦɨɧɢɬɨɪɢɧɝɚ ɩɚɪɚɦɟɬɪɨɜ ɞɜɢɝɚɬɟɥɹ. 

Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɵɯ ɞɚɧɧɵɯ ɛɵɥɚ ɩɪɢɦɟɧɟɧɚ ɦɟɬɨɞɢɤɚ, ɤɨɬɨɪɭɸ ɦɨɠɧɨ 
ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ ɛɥɨɤ ɫɯɟɦɵ, ɢɡɨɛɪɚɠɟɧɧɨɣ ɧɚ ɪɢɫ.1. 

 
Ɋɢɫ. 1. Ȼɥɨɤ ɫɯɟɦɚ ɢɫɩɵɬɚɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ 

 
Ⱦɚɧɧɚɹ ɢɫɩɵɬɚɬɟɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ ɫɨɞɟɪɠɢɬ ɫɥɟɞɭɸɳɢɟ ɷɥɟɦɟɧɬɵ: 
ɂɌ – ɢɫɬɨɱɧɢɤ ɬɨɤɚ ɪɟɝɭɥɢɪɭɟɦɵɣ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɡɧɚɱɟɧɢɹ ɬɨɤɚ ɜ ɩɪɟɞɟɥɟ ɨɬ 0 

ɞɨ 25 Ⱥ. 
ȾɌ – ɞɚɬɱɢɤ ɬɨɤɚ (ɧɚ ɧɨɦɢɧɚɥɶɧɵɣ ɬɨɤ 10Ⱥ), ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɜ ɜɢɞɟ 

ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ. ɂɈ–ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɨɪɝɚɧ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ 2 ɭɫɬɪɨɣɫɬɜɚ: 
1. ɍɫɬɪɨɣɫɬɜɨ ɞɥɹ ɦɨɧɢɬɨɪɢɧɝɚ ɞɜɢɝɚɬɟɥɹ ɍɆɁ (ɩɨɝɪɟɲɧɨɫɬɶ ɧɟ ɛɨɥɟɟ 5%) [1], 

ɩɨɡɜɨɥɹɸɳɟɟ ɨɬɫɥɟɠɢɜɚɬɶ ɡɧɚɱɟɧɢɟ ɬɨɤɚ ɢɡɦɟɪɹɟɦɨɝɨ ɞɚɬɱɢɤɨɦ ɬɨɤɚ. 
2. Ɇɭɥɶɬɢɦɟɬɪ MS8265 (ɬɨɱɧɨɫɬɶ ±(0,5%)) [2], ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɜɵɯɨɞɟ 

ɞɚɬɱɢɤɚ. 
Ⱦɚɬɱɢɤ ɬɨɤɚ ɧɚ ɨɫɧɨɜɟ ɬɪɚɧɫɮɨɪɦɚɬɨɪɚ ɬɨɤɚ. 

ɂɫɫɥɟɞɭɟɦɵɣ ɞɚɬɱɢɤ ɬɨɤɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ, ɧɚɦɨɬɚɧɧɵɣ ɢɡ 
ɥɟɧɬɵ ɷɥɟɤɬɪɨɬɟɯɧɢɱɟɫɤɨɣ ɫɬɚɥɢ ɬɨɥɳɢɧɨɣ 0,1 ɦɦ ɢ ɦɚɪɤɢ 3406(3409). 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ (ɌɌ) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɚɩɩɚɪɚɬ ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɣ ɞɥɹ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɟɪɜɢɱɧɨɝɨ ɬɨɤɚ ɜ ɜɟɥɢɱɢɧɭ, ɭɞɨɛɧɭɸ ɞɥɹ ɢɡɦɟɪɟɧɢɹ [3]. ɉɪɨɫɬɟɣɲɢɣ 
ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɢɦɟɟɬ ɜɢɞ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɣ ɧɚ ɪɢɫ. 2. 

Ɍɪɚɧɫɮɨɪɦɚɬɨɪɵ ɬɨɤɚ ɞɥɹ ɢɡɦɟɪɟɧɢɣ ɩɪɟɞɧɚɡɧɚɱɚɸɬɫɹ ɞɥɹ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ 
ɢɡɦɟɪɢɬɟɥɶɧɵɦ ɩɪɢɛɨɪɚɦ. Ʉɨ ɜɬɨɪɢɱɧɨɣ ɨɛɦɨɬɤɟ ɌɌ ɞɥɹ ɢɡɦɟɪɟɧɢɣ ɩɨɞɤɥɸɱɚɸɬɫɹ 
ɚɦɩɟɪɦɟɬɪɵ, ɬɨɤɨɜɵɟ ɨɛɦɨɬɤɢ ɜɚɬɬɦɟɬɪɨɜ, ɫɱɟɬɱɢɤɨɜ ɢ ɚɧɚɥɨɝɢɱɧɵɯ ɩɪɢɛɨɪɨɜ. Ɍɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ ɞɥɹ ɢɡɦɟɪɟɧɢɣ ɨɛɟɫɩɟɱɢɜɚɟɬ: 



ȼɬɨɪɚɹ ɪɨɫɫɢɣɫɤɚɹ ɦɨɥɨɞɟɠɧɚɹ ɧɚɭɱɧɚɹ ɲɤɨɥɚ-ɤɨɧɮɟɪɟɧɰɢɹ  
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1. ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ ɥɸɛɨɝɨ ɡɧɚɱɟɧɢɹ ɜ ɩɟɪɟɦɟɧɧɵɣ ɬɨɤ, ɩɪɢɟɦɥɟɦɵɣ 
ɞɥɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɢɡɦɟɪɟɧɢɹ ɫ ɩɨɦɨɳɶɸ ɫɬɚɧɞɚɪɬɧɵɯ ɢɡɦɟɪɢɬɟɥɶɧɵɯ 
ɩɪɢɛɨɪɨɜ; 

2. ɢɡɨɥɢɪɨɜɚɧɢɟ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɩɪɢɛɨɪɨɜ, ɤ ɤɨɬɨɪɵɦ ɢɦɟɟɬ ɞɨɫɬɭɩ ɨɛɫɥɭɠɢɜɚɸɳɢɣ 
ɩɟɪɫɨɧɚɥ, ɨɬ ɰɟɩɢ ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ [4]. 

 
Ɋɢɫ. 2. ɉɪɨɫɬɟɣɲɢɣ ɬɪɚɧɫɮɨɪɦɚɬɨɪ ɬɨɤɚ 

 
ɉɪɨɜɟɞɟɧɢɟ ɢɫɩɵɬɚɧɢɣ. 

ɋɭɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɫɬɨɹɥɚ ɜ ɬɨɦ ɱɬɨ ɛɵ ɫɧɹɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɚɬɱɢɤɚ ɬɨɤɚ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ -40,+20,+60ºɋ, ɜ ɞɢɚɩɚɡɨɧɟ ɬɨɤɨɜ ɨɬ 0 ɞɨ 100Ⱥ.  

Ⱦɥɹ ɢɦɢɬɚɰɢɢ ɩɪɨɬɟɤɚɧɢɹ ɛɨɥɶɲɨɝɨ ɬɨɤɚ ɩɟɪɜɢɱɧɚɹ ɨɛɦɨɬɤɚ ɞɚɬɱɢɤɚ ɬɨɤɚ ɛɵɥɚ 
ɞɨɪɚɛɨɬɚɧɚ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɜ ɞɚɧɧɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɱɢɫɥɨ ɜɢɬɤɨɜ ɩɟɪɜɢɱɧɨɣ 
ɨɛɦɨɬɤɢ ɛɵɥɨ ɢɡɦɟɧɟɧɨ ɫ ɨɞɧɨɝɨ ɞɨ ɫɟɦɢ (ɪɢɫ. 3). Ⱦɥɹ ɢɦɢɬɚɰɢɢ ɜɨɡɦɨɠɧɵɯ 
ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɭɫɥɨɜɢɣ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɤɚɦɟɪɚ. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ 
ɤɚɦɟɪɚ ɩɨɡɜɨɥɹɟɬ ɢɡɦɟɧɹɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ -40ºɋ ɞɨ +60ºɋ. 

 
Ɋɢɫ. 3. Ɇɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɞɚɬɱɢɤ ɬɨɤɚ 

 
ȼ ɯɨɞɟ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɣ ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɜɢɫɢɦɨɫɬɢ: 

 ɡɚɜɢɫɢɦɨɫɬɶ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɞɚɬɱɢɤɚ ɨɬ ɬɨɤɚ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ (UȾ(I1)) 
ɪɢɫ.4; 

 ɡɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɪɟɧɧɨɝɨ ɬɨɤɚ ɨɬ ɬɨɤɚ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ ɞɚɬɱɢɤɚ (IɂɁɆ(I1)) ɪɢɫ. 5; 
 ɡɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɪɟɧɧɨɝɨ ɬɨɤɚ ɨɬ ɨɬɤɥɨɧɟɧɢɹ ɬɨɤɚ (IɂɁɆ(∆)) ɪɢɫ.6. 
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Ɋɢɫ. 4. Ɂɚɜɢɫɢɦɨɫɬɶ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɞɚɬɱɢɤɚ ɨɬ ɬɨɤɚ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ 

 

 
Ɋɢɫ. 5. Ɂɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɪɟɧɧɨɝɨ ɬɨɤɚ ɨɬ ɬɨɤɚ ɩɟɪɜɢɱɧɨɣ ɨɛɦɨɬɤɢ ɞɚɬɱɢɤɚ 

 

 
Ɋɢɫ. 6. Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɢɡɦɟɪɟɧɧɨɝɨ ɬɨɤɚ ɨɬ ɨɬɤɥɨɧɟɧɢɹ ɬɨɤɚ 



ȼɬɨɪɚɹ ɪɨɫɫɢɣɫɤɚɹ ɦɨɥɨɞɟɠɧɚɹ ɧɚɭɱɧɚɹ ɲɤɨɥɚ-ɤɨɧɮɟɪɟɧɰɢɹ  
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ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ: 
 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ +60ºɋ ɧɚ ɦɚɥɵɯ ɬɨɤɚɯ ɧɚɛɥɸɞɚɟɬɫɹ ɛɨɥɶɲɨɟ ɨɬɤɥɨɧɟɧɢɟ ɬɨɤɚ, ɷɬɨ 

ɨɛɭɫɥɨɜɥɟɧɨ ɧɟɥɢɧɟɣɧɨɫɬɶɸ ɞɚɬɱɢɤɚ; 
 ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ – 40ºɋ ɫɭɳɟɫɬɜɟɧɧɵɯ ɨɬɤɥɨɧɟɧɢɣ ɧɟ ɧɚɛɥɸɞɚɟɬɫɹ. 

 
ɅɂɌȿɊȺɌɍɊȺ 

1. ɍɫɬɪɨɣɫɬɜɨ ɦɨɧɢɬɨɪɢɧɝɚ ɢ ɡɚɳɢɬɵ ɍɆɁ., ɉɚɫɩɨɪɬ – Ɍɨɦɫɤ 2013. 
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ɍɮɢɦɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɚɜɢɚɰɢɨɧɧɵɣ ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. ɍɮɚ 

 
ȼɚɠɧɨɣ ɡɚɞɚɱɟɣ ɩɪɢ ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɷɥɟɤɬɪɨɦɟɯɚɧɢɱɟɫɤɢɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ 

ɷɧɟɪɝɢɢ ɜ ɰɟɥɨɦ, ɢ ɫɢɧɯɪɨɧɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɫ ɩɨɫɬɨɹɧɧɵɦɢ ɦɚɝɧɢɬɚɦɢ (ɋȾɉɆ) ɜ 
ɱɚɫɬɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɜ 
ɦɚɤɫɢɦɚɥɶɧɨ ɤɨɪɨɬɤɢɟ ɫɪɨɤɢ ɪɚɫɫɦɨɬɪɟɬɶ ɦɧɨɠɟɫɬɜɨ ɩɪɨɟɤɬɧɵɯ ɜɚɪɢɚɧɬɨɜ ɢ ɜɵɛɪɚɬɶ 
ɢɡ ɧɢɯ ɨɩɬɢɦɚɥɶɧɵɣ [1, 2]. 

ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɚɜɬɨɪɚɦɢ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ 
ɚɥɝɨɪɢɬɦɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɋȾɉɆ. ɉɪɢ ɷɬɨɦ ɩɪɢ ɩɪɨɟɤɬɧɵɯ ɪɚɫɱɟɬɚɯ ɫɱɢɬɚɸɬɫɹ 
ɡɚɞɚɧɧɵɦɢ ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɪɨɬɨɪɚ, ɦɚɤɫɢɦɚɥɶɧɚɹ ɥɢɧɟɣɧɚɹ ɫɤɨɪɨɫɬɶ, ɧɨɦɢɧɚɥɶɧɨɟ 
ɧɚɩɪɹɠɟɧɢɟ ɢ ɦɨɳɧɨɫɬɶ ɋȾɉɆ, cos , ɚ ɬɚɤɠɟ ɫɜɨɣɫɬɜɚ ɩɨɫɬɨɹɧɧɵɯ ɦɚɝɧɢɬɨɜ 
(ɨɫɬɚɬɨɱɧɚɹ ɢɧɞɭɤɰɢɹ rB  ɢ ɤɨɷɪɰɢɬɢɜɧɚɹ ɫɢɥɚ cH ). Ɍɚɤɠɟ ɫɱɢɬɚɸɬɫɹ ɡɚɞɚɧɧɵɦɢ 
ɫɩɨɫɨɛ ɫɢɫɬɟɦɵ ɨɯɥɚɠɞɟɧɢɹ ɋȾɉɆ, ɪɟɠɢɦ ɪɚɛɨɬɵ ɩɪɢ ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ.  

Ɂɚɞɚɱɟɣ ɩɪɨɟɤɬɧɨɝɨ ɪɚɫɱɟɬɚ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɨɫɧɨɜɧɵɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ 
ɪɚɡɦɟɪɨɜ ɋȾɉɆ, ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɢ ɬɟɩɥɨɜɵɯ ɧɚɝɪɭɡɨɤ, ɚ ɬɚɤɠɟ ɟɝɨ ɦɚɫɫɨɜɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ. ɂɫɯɨɞɹ ɢɡ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɨɩɪɟɞɟɥɹɸɬɫɹ ɨɫɧɨɜɧɵɟ ɪɚɡɦɟɪɵ ɋȾɉɆ 
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ɝɞɟ MV  - ɨɛɴɟɦ ɩɨɫɬɨɹɧɧɵɯ ɦɚɝɧɢɬɨɜ;  - ɫɬɟɩɟɧɶ ɜɨɡɛɭɠɞɟɧɧɨɫɬɢ ɞɜɢɝɚɬɟɥɹ;  - 
ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɫɬɨɹɧɧɵɯ ɦɚɝɧɢɬɨɜ; 1f  - ɱɚɫɬɨɬɚ ɫɟɬɢ; rB  - ɨɫɬɚɬɨɱɧɚɹ 
ɢɧɞɭɤɰɢɹ ɜ ɦɚɝɧɢɬɟ; cH - ɤɨɷɪɰɢɬɢɜɧɚɹ ɫɢɥɚ ɜ ɦɚɝɧɢɬɟ.   
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ɝɞɟ MD - ɞɢɚɦɟɬɪ ɦɚɝɧɢɬɚ; . .Ɂ Ɇk - ɤɨɷɮɮɢɰɢɟɧɬ ɡɚɩɨɥɧɟɧɢɹ ɦɚɝɧɢɬɨɦ; Ɇ - ɨɬɧɨɲɟɧɢɟ 
ɞɥɢɧɵ ɦɚɝɧɢɬɚ ɤ ɟɝɨ ɞɢɚɦɟɬɪɭ. 


