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ɊȿɎȿɊАɌ 

 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɚɹ 

ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɭɫɬɚɧɨɜɤɨɣ ɜɵɪɚɳɢɜɚɧɢɹ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɤɪɟɦɧɢɹ 

ɦɟɬɨɞɨɦ ɑɨɯɪɚɥɶɫɤɨɝɨ». ɋɨɞɟɪɠɢɬ 67 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 32 

ɪɢɫɭɧɤɚ, 21 ɬɚɛɥɢɰɭ, 17 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, 0 ɩɪɢɥɨɠɟɧɢɣ.   

ȼɕɊȺɓɂȼȺɇɂȿ ɆɈɇɈɄɊɂɋɌȺɅɅɈȼ, ɉȿɑɖ ɑɈɏɊȺɅɖɋɄɈȽɈ, 

ɆȿɌɈȾ ɑɈɏɊȺɅɖɋɄɈȽɈ, ɎɋȺ ɉȿɑɂ ɑɈɏɊȺɅɖɋɄɈȽɈ, 

ɆȺɌȿɆȺɌɂɑȿɋɄȺə ɆɈȾȿɅɖ, SIMULINK, IFIX, SCADA. 

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɛɟɫɩɟɱɟɧɢɟ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ 

ɜɵɪɚɳɢɜɚɧɢɹ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɜ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ ɪɟɠɢɦɟ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɢɦɢɬɚɬɨɪɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. Ⱦɥɹ 

ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬɵ ɛɵɥɚ ɩɪɨɢɡɜɟɞɟɧɚ ɪɚɡɪɚɛɨɬɤɚ Ⱥɋɍ ɛɥɨɤɚ ɧɚɫɨɫɧɨɣ 

ɫɢɫɬɟɦɵ, ɩɟɱɢ ɑɨɯɪɚɥɶɫɤɨɝɨ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɚɜɬɨɦɚɬɢɡɚɰɢɢ, ɚ ɬɚɤɠɟ 

ɫɨɡɞɚɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɜ ɩɚɤɟɬɟ Simulink ɢ ɫɨɡɞɚɧɢɟ SCADA-

ɫɢɫɬɟɦɵ. 

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɛɵɥɢ ɡɚɞɟɣɫɬɜɨɜɚɧɵ ɫɥɟɞɭɸɳɢɟ ɩɪɨɝɪɚɦɦɧɵɟ 

ɩɪɨɞɭɤɬɵ: Microsoft Visio 2013, Matlab R2020b, Proficy iFIX 5.8. 
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ȼȼȿȾȿɇɂȿ 
 

Ⱥɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɟ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ 

ɩɪɨɰɟɫɫɚɦɢ (Ⱥɋɍ Ɍɉ) ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɜɵɪɚɛɨɬɤɢ ɢ ɪɟɚɥɢɡɚɰɢɢ 

ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ ɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɨɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ ɢ 

ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɱɟɥɨɜɟɤɨ-ɦɚɲɢɧɧɵɟ ɫɢɫɬɟɦɵ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɵɣ ɫɛɨɪ ɢ ɨɛɪɚɛɨɬɤɭ ɢɧɮɨɪɦɚɰɢɢ ɞɥɹ ɨɩɬɢɦɢɡɚɰɢɢ 

ɭɩɪɚɜɥɟɧɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦ ɨɛɴɟɤɬɨɦ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɧɹɬɵɦɢ 

ɤɪɢɬɟɪɢɹɦɢ. 

ɇɚ ɞɚɧɧɨɦ ɷɬɚɩɟ ɫɬɪɟɦɢɬɟɥɶɧɨɝɨ ɪɚɡɜɢɬɢɹ ɩɪɨɦɵɲɥɟɧɧɨɣ ɨɬɪɚɫɥɢ, 

ɦɟɬɚɥɥɭɪɝɢɢ ɩɪɨɜɨɞɧɢɤɨɜ, ɧɟɥɶɡɹ ɨɛɨɣɬɢɫɶ ɛɟɡ ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ 

ɤɪɟɦɧɢɹ. Ɉɧ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɢɯ 

ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɢ ɬɜɟɪɞɨɬɟɥɶɧɵɯ ɷɥɟɤɬɪɨɧɧɵɯ ɩɪɢɛɨɪɨɜ. ɉɪɨɢɡɜɨɞɫɬɜɨ 

ɬɚɤɨɝɨ ɧɟɡɚɦɟɧɢɦɨɝɨ ɜɟɳɟɫɬɜɚ ɛɭɞɟɬ ɧɭɠɧɨ ɜ ɛɨɥɶɲɢɯ ɦɚɫɲɬɚɛɚɯ ɟɳё ɞɨɥɝɨɟ 

ɜɪɟɦɹ, ɧɨ ɷɬɨ ɛɭɞɟɬ ɧɟɜɨɡɦɨɠɧɨ ɛɟɡ ɫɢɫɬɟɦ ɚɜɬɨɦɚɬɢɤɢ. Ȼɥɚɝɨɞɚɪɹ ɢɦ 

ɜɨɡɦɨɠɧɨ ɭɫɤɨɪɢɬɶ ɩɪɨɢɡɜɨɞɫɬɜɨ, ɭɦɟɧɶɲɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɨɲɢɛɨɤ ɨɬ 

ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɮɚɤɬɨɪɚ, ɭɜɟɥɢɱɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɨɬɩɭɫɤɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ, ɢ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɭɜɟɥɢɱɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɩɪɢɛɵɥɢ ɩɪɨɢɡɜɨɞɫɬɜɚ. 

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɛɟɫɩɟɱɟɧɢɟ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɦ 

ɜɵɪɚɳɢɜɚɧɢɹ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɜ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɦ ɪɟɠɢɦɟ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɢɦɢɬɚɬɨɪɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ. Ɂɚɞɚɱɚ 

ɫɮɨɪɦɢɪɨɜɚɧɚ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɪɚɛɨɬɚɬɶ ɢɦɢɬɚɰɢɨɧɧɭɸ 

ɦɨɞɟɥɶ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɩɟɱɢ ɜɵɪɚɳɢɜɚɧɢɹ 

ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɤɪɟɦɧɢɹ ɦɟɬɨɞɨɦ ɑɨɯɪɚɥɶɫɤɨɝɨ, ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ 

ɦɨɞɟɥɶ ɤɨɬɨɪɨɝɨ ɛɭɞɟɬ ɩɪɢɛɥɢɠɟɧɚ ɤ ɪɟɚɥɶɧɨɣ ɫɢɫɬɟɦɟ. Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ 

ɨɛɟɫɩɟɱɢɬɶ ɫɜɹɡɶ ɦɨɞɟɥɢ ɢ SCADA-ɫɢɫɬɟɦɵ ɫ ɩɨɦɨɳɶɸ OPC-ɫɟɪɜɟɪɚ. 
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1 Ɉɩɢɫɚɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 

ɜɵɪɚɳɢɜɚɧɢя ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɤɪɟɦɧɢя 

 

1.1 Ɉɛɳɢɟ ɫɜɟɞɟɧɢя ɨ ɦɚɬɟɪɢɚɥɚɯ ɦɢɤɪɨɷɥɟɤɬɪɨɧɢɤɢ  
 

ɉɨɥɭɩɪɨɜɨɞɧɢɤ – ɷɬɨ ɦɚɬɟɪɢɚɥ, ɤɨɬɨɪɵɣ ɡɚɧɢɦɚɟɬ ɩɨ ɩɪɨɜɨɞɢɦɨɫɬɢ 

ɦɟɫɬɨ ɦɟɠɞɭ ɩɪɨɜɨɞɧɢɤɚɦɢ ɢ ɞɢɷɥɟɤɬɪɢɤɚɦɢ, ɬɚɤ ɠɟ ɨɧ ɨɬɥɢɱɚɟɬɫɹ ɨɬ 

ɩɪɨɜɨɞɧɢɤɨɜ ɩɪɨɜɨɞɢɦɨɫɬɶɸ, ɤɨɬɨɪɚɹ ɫɢɥɶɧɨ ɡɚɜɢɫɢɬ ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ 

ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ɜɟɳɟɫɬɜɟ ɩɪɢɦɟɫɟɣ, ɚ ɬɚɤ ɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɢ ɜɨɡɦɨɠɧɨɦ 

ɜɨɡɞɟɣɫɬɜɢɢ ɜɢɞɨɜ ɪɚɡɥɢɱɧɨɝɨ ɢɡɥɭɱɟɧɢɹ. Ƚɥɚɜɧɨɟ ɫɜɨɣɫɬɜɨ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ 

– ɷɬɨ ɭɜɟɥɢɱɟɧɢɟ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ ɧɚ ɩɨɜɵɲɟɧɧɵɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. 

ȼ ɉɟɪɢɨɞɢɱɟɫɤɨɣ ɬɚɛɥɢɰɟ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ, 12 ɢɡ ɤɨɬɨɪɵɯ ɢɦɟɸɬ 

ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ ɫɜɨɣɫɬɜɚ: ɜ 3 ɝɪɭɩɩɟ – ɛɨɪ; ɜ 4 – ɭɝɥɟɪɨɞ, ɤɪɟɦɧɢɣ 

(ɢɫɩɨɥɶɡɭɟɦɚɹ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ), ɝɟɪɦɚɧɢɣ (ɢɫɩɨɥɶɡɭɟɦɚɹ ɜ 

ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ), ɨɥɨɜɨ, ɜ 5 - ɮɨɫɮɨɪ, ɦɵɲɶɹɤ, ɫɭɪɶɦɚ, ɜ 6 - ɫɟɪɚ, 

ɫɟɥɟɧ, ɬɟɥɥɭɪ, ɜ ɩɨɫɥɟɞɧɟɣ, 7 - ɣɨɞ. 

Ɂɚɜɵɲɟɧɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɦɚɬɟɪɢɚɥɚɦ, ɫɜɹɡɚɧɧɵɦ ɫ ɷɥɟɤɬɪɨɧɧɵɦɢ 

ɢɡɞɟɥɢɹɦɢ, ɫ ɬɚɤɢɦɢ ɤɚɤ ɢɧɬɟɝɪɚɥɶɧɵɟ ɦɢɤɪɨɫɯɟɦɵ (ɞɚɥɟɟ ɂɋ) ɢɥɢ ɠɟ 

ɪɚɡɥɢɱɧɵɟ ɩɪɢɛɨɪɵ, ɜ ɤɨɬɨɪɵɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɩɨɥɭɩɪɨɜɨɞɧɢɤɢ, 

ɩɪɟɞɴɹɜɥɹɸɬɫɹ ɢɡ ɡɚ ɟɝɨ ɫɜɨɣɫɬɜ. ɉɨɥɭɩɪɨɜɨɞɧɢɤɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ 

ɭɫɬɪɨɣɫɬɜɚɯ, ɝɞɟ ɜɚɠɧɵ ɬɨɱɧɨɫɬɶ ɢ ɤɚɱɟɫɬɜɨ ɫɨɛɢɪɚɟɦɨɣ ɩɪɨɞɭɤɰɢɢ 

ȼɨɡɦɨɠɧɨɫɬɶ ɷɤɫɩɥɭɚɬɚɰɢɢ ɥɸɛɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢɡ ɫɟɪɢɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ, ɚ 

ɬɚɤ ɠɟ ɟɝɨ ɩɪɢɝɨɞɧɨɫɬɶ ɡɚɜɢɫɢɬ ɨɬ ɟɝɨ ɯɢɦɢɱɟɫɤɢɯ ɢ ɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ 

ɩɚɪɚɦɟɬɪɨɜ. ɋɚɦɵɟ ɜɚɠɧɵɟ ɫɜɨɣɫɬɜɚ ɞɥɹ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ, ɷɬɨ: 

ɷɥɟɤɬɪɨɩɪɨɜɨɞɢɦɨɫɬɶ ɢ ɟё ɬɢɩ, ɤɨɧɰɟɧɬɪɚɰɢɹ, ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ, ɚ ɬɚɤ 

ɠɟ ɩɨɞɜɢɠɧɨɫɬɶ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ. ɇɟɦɚɥɨɜɚɠɧɨ ɭɞɟɥɢɬɶ ɜɧɢɦɚɧɢɹ ɤ 

ɬɟɪɦɨɷɥɟɤɬɪɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ, ɚ ɬɚɤ ɠɟ ɤ ɬɟɩɥɨɬɵ ɢ ɨɩɬɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ 

ɦɚɬɟɪɢɚɥɚ. 
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1.2  Ʉɥɚɫɫɢɮɢɤɚɰɢя ɦɚɬɟɪɢɚɥɨɜ ɦɢɤɪɨɷɥɟɤɬɪɨɧɢɤɢ  
 

Ⱦɥɹ ɦɢɤɪɨɷɥɟɤɬɪɨɧɧɵɯ ɢɡɞɟɥɢɣ ɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɩɪɢɛɨɪɨɜ 

ɩɪɢɧɹɬɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɦɚɬɟɪɢɚɥɵ, ɤɨɬɨɪɵɟ ɩɨ ɢɯ ɫɜɨɣɫɬɜɚɦ ɢ ɩɪɢɝɨɞɧɨɫɬɢ 

ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ: ɨɫɧɨɜɧɵɟ, ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ, ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɢ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ. 

Ɉɫɧɨɜɧɵɟ ɦɚɬɟɪɢɚɥɵ ɹɜɥɹɸɬɫɹ ɬɚɤɢɯ ɭɫɬɪɨɣɫɬɜ, ɤɚɤ: ɂɋ, ɭɫɬɪɨɣɫɬɜɚ 

ɢɦɟɸɳɢɟ ɷɥɟɤɬɪɨɥɸɦɢɧɟɫɰɟɧɬɧɵɟ ɫɜɨɣɫɬɜɚ, ɫɨɥɧɟɱɧɵɟ ɛɚɬɚɪɟɢ, ɥɚɡɟɪɨɜ, 

ɮɨɬɨɚɩɩɚɪɚɬɨɜ ɢ ɪɚɡɥɢɱɧɵɯ ɢɡɞɟɥɢɣ ɦɢɤɪɨɷɥɟɤɬɪɨɧɢɤɢ. 

ȼɢɞɵ ɦɚɬɟɪɢɚɥɨɜ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɢɡɞɟɥɢɣ 

ɦɢɤɪɨɷɥɟɤɬɪɨɧɢɤɢ:  

 ɚɛɪɚɡɢɜɧɵɟ, ɩɪɢɦɟɧɹɟɦɵɟ ɞɥɹ ɨɛɪɚɛɨɬɤɢ; 

 ɥɟɝɢɪɭɸɳɢɟ, ɦɟɧɹɸɳɢɟ ɷɥɟɤɬɪɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ; 

 ɡɚɳɢɬɧɵɟ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɡɚɳɢɬɵ ɨɬ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ; 

 ɱɭɜɫɬɜɢɬɟɥɶɧɵɟ, ɩɪɢɦɟɧɹɟɦɵɟ ɞɥɹ ɢɡɦɟɧɟɧɢɹ ɜɧɟɲɧɟɣ ɫɬɪɭɤɬɭɪɵ, 

ɞɥɹ ɧɚɧɟɫɟɧɢɹ ɪɢɫɭɧɤɚ; 

 ɯɢɦɢɱɟɫɤɢɟ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɤɚɱɟɫɬɜɟ ɬɪɚɜɢɬɟɥɟɣ ɢɥɢ 

ɪɚɫɬɜɨɪɢɬɟɥɟɣ; 

 ɞɢɮɮɭɡɚɧɬɵ, ɩɨɡɜɨɥɹɸɳɢɟ ɫɨɡɞɚɬɶ ɨɩɪɟɞɟɥɟɧɧɭɸ ɨɛɥɚɫɬɶ 

ɞɢɮɮɭɡɢɢ 

ȼɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɦɚɬɟɪɢɚɥɵ ɫɨɡɞɚɸɳɢɟ ɭɫɥɨɜɢɹ, ɞɥɹ ɨɤɢɫɥɟɧɢɹ, 

ɝɟɪɦɟɬɢɡɚɰɢɢ, ɫɭɲɤɢ, ɩɚɣɤɢ ɢ ɬ.ɞ.  

Ʉɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɚɤ ɦɚɬɟɪɢɚɥ ɞɥɹ 

ɢɡɝɨɬɨɜɥɟɧɢɹ ɤɨɪɩɭɫɨɜ, ɬɚɤ ɠɟ ɤ ɧɢɦ ɨɬɧɨɫɹɬɫɹ: ɫɬɟɤɥɨ, ɦɟɬɚɥɥɵ, ɩɥɚɫɬɦɚɫɫɵ, 

ɤɟɪɚɦɢɤɚ ɢ ɤɥɟɢ. 

ɉɨ ɫɜɨɟɦɭ ɯɢɦɢɱɟɫɤɨɦɭ ɫɨɫɬɚɜɭ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ ɦɚɬɟɪɢɚɥɵ 

ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɞɜɟ ɨɫɧɨɜɧɵɟ ɤɚɬɟɝɨɪɢɢ, ɷɬɨ: ɩɪɨɫɬɵɟ ɢ ɫɥɨɠɧɵɟ. 

ɉɟɪɜɵɟ – ɷɬɨ ɯɢɦɢɱɟɫɤɢɟ ɷɥɟɦɟɧɬɵ, ɨɫɧɨɜɧɵɟ ɢɡ ɤɨɬɨɪɵɯ – ɤɪɟɦɧɢɣ (Si) 

ɢ ɝɟɪɦɚɧɢɣ (Ge), ɨɫɬɚɥɶɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɤɚɤ ɞɨɛɚɜɤɢ ɤ ɛɨɥɟɟ 

ɫɥɨɠɧɵɦ ɫɨɟɞɢɧɟɧɢɹɦ: C, B, Se, S.  
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ȼɬɨɪɵɟ – ɷɬɨ ɜɫɟɜɨɡɦɨɠɧɵɟ ɯɢɦɢɱɟɫɤɢɟ ɫɨɟɞɢɧɟɧɢɹ, ɜɤɥɸɱɚɸɳɢɟ ɜ 

ɫɟɛɹ ɞɜɚ ɢ ɛɨɥɟɟ ɷɥɟɦɟɧɬɨɜ. Ɍɚɤɢɟ ɷɥɟɦɟɧɬɵ, ɤɚɤ, Bi2Te3, (ɬɟɥɥɭɪɢɞ ɜɢɫɦɭɬɚ) 

GaAs (ɚɪɫɟɧɢɞ ɝɚɥɥɢɹ) ɢ ɬ.ɩ. ɇɚɢɦɟɧɨɜɚɧɢɟ ɜɫɟɯ ɛɢɧɚɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ 

ɧɚɡɵɜɚɸɬ ɷɥɟɦɟɧɬ, ɱɶɢ ɫɜɨɣɫɬɜɚ ɜɵɪɚɠɟɧɵ ɫɥɚɛɟɟ. ɇɚɩɪɢɦɟɪ, ɜɫɟ ɫɨɟɞɢɧɟɧɢɹ, 

ɫɨɞɟɪɠɚɳɢɟ ɫɟɪɭ, ɧɚɡɵɜɚɸɬ ɫɭɥɶɮɢɞɚɦɢ ɢ ɬ.ɞ. 

Ȼɭɤɜɚɦɢ ɥɚɬɢɧɫɤɨɝɨ ɚɥɮɚɜɢɬɚ ɫ ɰɢɮɪɨɜɵɦɢ ɢɧɞɟɤɫɚɦɢ ɨɛɨɡɧɚɱɚɸɬɫɹ 

ɨɛɴɟɞɢɧёɧɧɵɟ ɫɥɨɠɧɵɟ ɦɚɬɟɪɢɚɥɵ. Ʉ ɬɚɤɢɦ ɫɨɟɞɢɧɟɧɢɹɦ ɨɬɧɨɫɹɬɫɹ:  

Bi2Te3 – 2 3
V VIA B , InP – AIIIBV. 

ɂɧɞɟɤɫɵ ɚɬɨɦɧɨɣ ɞɨɥɢ ɷɥɟɦɟɧɬɨɜ ɨɛɨɡɧɚɱɚɸɬ ɫɢɦɜɨɥɵ, ɜɯɨɞɹɳɢɯ ɜ 

ɬɜɟɪɞɵɟ ɪɚɫɬɜɨɪɵ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ. Ʉ ɩɪɢɦɟɪɭ, (Ge–Si) – Si1-xGex ɢ (InAs–

InP) – InAs1-xPx. 

 

1.3  Ɍɪɟɛɨɜɚɧɢя ɤ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɦ ɦɚɬɟɪɢɚɥɚɦ 

 

ɉɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ ɦɚɬɟɪɢɚɥɵ ɢɦɟɸɬ ɪɹɞ ɬɪɟɛɨɜɚɧɢɣ. 

Ɇɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɫɬɪɭɤɬɭɪɚ. ɉɥɚɫɬɢɧɵ, ɹɜɥɹɸɳɢɟɫɹ 

ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɦ ɦɚɬɟɪɢɚɥɨɦ ɬɪɟɛɭɸɬɫɹ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɛɨɥɶɲɢɧɫɬɜɚ 

ɭɫɬɪɨɣɫɬɜ, ɜ ɤɨɬɨɪɵɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɪɟɲɟɬɤɚ ɬɟɥɚ ɫɥɢɬɤɚ ɧɟɩɪɟɪɵɜɧɚ ɢ ɧɟ 

ɢɦɟɟɬ ɧɢɤɚɤɢɯ ɧɚɪɭɲɟɧɢɣ ɩɨ ɤɪɚɹɦ ɫɥɢɬɤɚ. Ɍɚɤ ɠɟ, ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɢɟ 

ɫɥɢɬɤɢ ɜ ɜɢɞɟ ɩɪɭɬɤɨɜ ɤɪɭɝɥɨɝɨ ɫɟɱɟɧɢɹ ɜɨɡɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɦɟɬɨɞɨɦ 

ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɫɩɥɚɜɨɜ. 

Ɋɚɜɧɨɦɟɪɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɥɟɝɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ. ɉɪɢɦɟɫɢ ɫɩɥɚɜɚ, 

ɫɩɨɫɨɛɧɵɟ ɢɡɦɟɧɢɬɶ ɬɢɩ ɟɝɨ ɩɪɨɜɨɞɢɦɨɫɬɢ (ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ p-ɬɢɩ ɢ n-ɬɢɩ 

ɩɪɨɜɨɞɢɦɨɫɬɢ) ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɦɚɬɟɪɢɚɥɚɯ, ɞɨɥɠɧɵ ɛɵɬɶ ɪɚɜɧɨɦɟɪɧɨ 

ɪɚɫɩɪɟɞɟɥɟɧɵ ɩɨ ɜɫɟɦɭ ɨɛɴɟɦɭ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɫɥɢɬɤɚ. ɗɬɨ ɬɪɟɛɨɜɚɧɢɟ 

ɝɚɪɚɧɬɢɪɭɟɬ ɢɞɟɧɬɢɱɧɵɟ ɩɚɪɚɦɟɬɪɵ ɞɥɹ ɜɫɟɣ ɩɚɪɬɢɢ ɩɥɚɫɬɢɧ, ɢɡɝɨɬɨɜɥɟɧɧɵɯ 

ɢɡ ɫɥɢɬɤɚ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ. Ɍɚɤ ɠɟ, ɷɬɨ ɬɪɟɛɨɜɚɧɢɟ ɩɨɡɜɨɥɹɟɬ 

ɨɛɟɫɩɟɱɢɬɶ ɩɪɨɢɡɜɨɞɫɬɜɨ ɢɧɬɟɝɪɚɥɶɧɵɯ ɫɯɟɦ ɢ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɩɪɢɛɨɪɨɜ 

ɢɦɟɸɳɢɯ ɧɢɡɤɢɣ ɪɚɡɛɪɨɫ ɩɚɪɚɦɟɬɪɨɜ. 
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Ⱥɬɦɨɫɮɟɪɨɫɬɨɣɤɢɣ. Ɇɚɬɟɪɢɚɥɵ, ɫɢɥɶɧɨ ɭɫɬɨɣɱɢɜɵɟ ɤ ɜɨɡɞɟɣɫɬɜɢɹɦ 

ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ: ɤɪɟɦɧɢɣ, ɤɚɪɛɢɞ ɤɪɟɦɧɢɹ, ɝɟɪɦɚɧɢɣ ɢ ɬ.ɞ., ɧɨ ɟɫɬɶ ɩɚɪɚ 

ɢɫɤɥɸɱɟɧɢɣ, ɦɚɬɟɪɢɚɥɵ, ɤɨɬɨɪɵɟ ɧɟɫɭɬ ɡɚ ɫɨɛɨɣ ɩɪɨɛɥɟɦɵ, ɷɬɨ ɧɟɫɬɚɛɢɥɶɧɵɟ 

ɜɨ ɜɥɚɠɧɨɣ ɫɪɟɞɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ ɦɚɬɟɪɢɚɥɵ  

Ɍɟɦɩɟɪɚɬɭɪɨɫɬɨɣɤɨɫɬɶ. ɗɬɨ ɫɜɨɣɫɬɜɨ ɦɚɬɟɪɢɚɥɨɜ, ɪɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ 

ɤɨɬɨɪɵɯ ɦɨɝɭɬ ɞɨɫɬɢɝɚɬɶ ɜɵɫɨɤɢɯ ɡɧɚɱɟɧɢɣ, ɧɚɩɪɢɦɟɪ ɜɟɪɯɧɹɹ  ɝɪɚɧɢɰɚ 

ɬɟɦɩɟɪɚɬɭɪɵ, ɩɪɢ ɤɨɬɨɪɨɣ ɤɪɟɦɧɢɣ ɜ ɂɋ ɛɭɞɟɬ ɪɚɛɨɬɚɬɶ ɛɟɡ ɩɪɨɛɥɟɦ – 180-

200℃ Ⱥ ɜɨɬ ɪɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɤɚɪɛɢɞɚ ɤɪɟɦɧɢɹ ɢɦɟɟɬ ɧɚɦɧɨɝɨ ɛɨɥɶɲɟ 

ɡɧɚɱɟɧɢɟ, ɤɨɬɨɪɨɟ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ 700–800 ℃. 

 ɇɟɦɚɥɨɜɚɠɧɵɦ ɬɪɟɛɨɜɚɧɢɟɦ ɞɥɹ ɬɪɚɧɡɢɫɬɨɪɨɜ ɢ ɂɋ ɹɜɥɹɟɬɫɹ ɩɪɟɞɟɥ 

ɱɚɫɬɨɬ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɧɚɱɟɧɢɟɦ ɩɨɞɜɢɠɧɨɫɬɢ ɷɥɟɤɬɪɨɧɨɦ ɢ 

ɤɨɥɢɱɟɫɬɜɨɦ ɞɵɪɨɤ. Ɇɚɬɟɪɢɚɥɵ ɫ ɛɨɥɶɲɢɦ ɜɪɟɦɟɧɟɦ ɠɢɡɧɢ ɧɨɫɢɬɟɥɟɣ ɡɚɪɹɞɚ 

ɞɥɹ ɬɚɤɢɯ ɭɫɬɪɨɣɫɬɜ ɩɨɞɯɨɞɢɬ ɛɨɥɶɲɟ ɜɫɟɝɨ, ɩɨɬɨɦɭ ɱɬɨ ɨɛɥɚɞɚɟɬ 

ɚɤɰɟɩɬɨɪɧɵɦɢ ɢɥɢ ɞɨɧɨɪɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. 

ɗɮɮɟɤɬ ɏɨɥɥɚ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ, 

ɫɩɨɫɨɛɧɵɯ ɜɵɞɟɪɠɢɜɚɬɶ ɛɨɥɶɲɨɟ ɯɨɥɥɨɜɫɤɨɟ ɧɚɩɪɹɠɟɧɢɟ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɬɪɟɛɨɜɚɧɢɹɦ ɞɥɹ ɬɪɚɧɡɢɫɬɨɪɨɜ ɢ ɂɋ. 

Ɍɚɤ ɠɟ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɬɟɪɦɨɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɪɢɛɨɪɨɜ, ɫɩɨɫɨɛɧɵɯ 

ɞɨɫɬɢɱɶ ɦɚɤɫɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɬɥɢɱɧɨ 

ɩɨɞɯɨɞɹɬ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ ɦɚɬɟɪɢɚɥɵ ɫ ɧɢɡɤɨɣ ɬɟɩɥɨɩɪɨɜɨɞɢɦɨɫɬɶɸ ɢ 

ɜɵɫɨɤɨɣ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶɸ. 

Ɇɚɬɟɪɢɚɥɵ ɫ ɧɟɩɪɨɞɨɥɠɢɬɟɥɶɧɵɦ ɫɪɨɤɨɦ ɫɥɭɠɛɵ ɧɟɨɫɧɨɜɧɵɯ 

ɧɨɫɢɬɟɥɟɣ ɛɨɥɶɲɟ ɜɫɟɝɨ ɩɨɞɯɨɞɹɬ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɮɨɬɨɱɭɜɫɬɜɢɬɟɥɶɧɵɯ 

ɷɥɟɦɟɧɬɨɜ ɢ ɮɨɬɨɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ, ɨɧɢ ɭɦɟɧɶɲɚɸɬ ɢɯ ɢɧɟɪɰɢɸ ɢ ɩɨɜɵɲɚɸɬ 

ɷɮɮɟɤɬɢɜɧɨɫɬɶ. 

Ɇɚɬɟɪɢɚɥɵ ɞɥɹ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɥɚɡɟɪɨɜ ɞɨɥɠɧɵ ɛɵɬɶ ɢɞɟɚɥɶɧɨ 

ɱɢɫɬɵɦɢ ɫ ɢɞɟɚɥɶɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɢ ɢɦɟɬɶ ɜɵɫɨɤɭɸ ɩɨɞɜɢɠɧɨɫɬɶ ɩɪɢ ɡɚɞɚɧɧɨɣ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɡɚɪɹɞɚ. 

Ƚɥɚɜɧɵɣ ɦɚɬɟɪɢɚɥ ɞɥɹ ɫɜɟɬɨɞɢɨɞɚ – ɩɨɥɭɩɪɨɜɨɞɧɢɤɢ, ɫɩɨɫɨɛɧɵɟ 

ɢɡɥɭɱɚɬɶ ɪɟɤɨɦɛɢɧɚɰɢɸ. ɉɨɫɤɨɥɶɤɭ ɢɡɥɭɱɚɟɦɵɣ ɫɜɟɬ ɫɜɟɬɨɞɢɨɞɚ, ɜ 
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ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɞɨɥɠɟɧ ɛɵɬɶ ɜɢɞɢɦɵɦ, ɡɧɚɱɢɬ ɫɩɟɤɬɪ ɢɡɥɭɱɟɧɢɹ ɨɱɟɧɶ 

ɦɚɥɟɧɶɤɢɣ, ɧɭɠɧɚ ɬɨɱɧɚɹ ɭɫɬɚɧɨɜɤɚ, ɫɩɨɫɨɛɧɚɹ ɞɨɡɢɪɨɜɚɬɶ ɩɪɢɦɟɫɶ ɜ 

ɢɞɟɚɥɶɧɵɯ ɩɪɨɩɨɪɰɢɹɯ. 

Ʉɨɥɢɱɟɫɬɜɨ ɬɢɩɨɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɩɪɢɛɨɪɨɜ ɢ ɂɋ ɨɱɟɧɶ ɜɟɥɢɤɨ. 

ɉɨɷɬɨɦɭ ɜɫɟɜɨɡɦɨɠɧɵɯ ɷɥɟɤɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɨɱɟɧɶ ɦɧɨɝɨ, ɡɚ ɤɚɠɞɨɦ ɢɡ 

ɧɢɯ ɫɬɨɢɬ ɨɩɪɟɞɟɥɟɧɧɨɟ ɫɜɨɣɫɬɜɚ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

 

1.3.1  Ƚɟɪɦɚɧɢɣ 
 

Ɉɞɢɧ ɢɡ ɨɫɧɨɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 

ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ – ɝɟɪɦɚɧɢɣ (Ge), ɷɥɟɦɟɧɬ ɉɟɪɢɨɞɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ 

(ɪɢɫɭɧɨɤ 1). Ⱥɬɨɦɧɚɹ ɦɚɫɫɚ 72,58. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ 936 ℃. ɉɥɨɬɧɨɫɬɶ 

ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ 5,35 ɝ/ɫɦ3. ɉɪɢ ɩɥɚɜɥɟɧɢɢ ɩɥɨɬɧɨɫɬɶ ɝɟɪɦɚɧɢɹ 

ɫɤɚɱɤɨɨɛɪɚɡɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ, ɱɬɨ ɫɜɹɡɚɧɨ ɫ ɩɟɪɟɯɨɞɨɦ ɦɚɬɟɪɢɚɥɚ ɢɡ ɬɜɟɪɞɨɝɨ 

ɫɨɫɬɨɹɧɢɹ ɜ ɠɢɞɤɨɟ. ȼ ɬɜɟɪɞɨɦ ɫɨɫɬɨɹɧɢɢ ɝɟɪɦɚɧɢɣ ɨɛɥɚɞɚɟɬ ɯɚɪɚɤɬɟɪɧɵɦ 

ɛɥɟɫɤɨɦ. Ɇɚɬɟɪɢɚɥ ɨɱɟɧɶ ɯɪɭɩɤɢɣ, ɩɨɷɬɨɦɭ ɟɝɨ ɨɛɪɚɛɨɬɤɚ ɫɢɥɶɧɨ ɡɚɬɪɭɞɧɟɧɚ 

ɢ ɜɨɡɦɨɠɧɚ ɬɨɥɶɤɨ ɢɧɫɬɪɭɦɟɧɬɨɦ ɫ ɚɥɦɚɡɧɵɦ ɧɚɩɵɥɟɧɢɟɦ. 

Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɦɭ ɝɟɪɦɚɧɢɸ 

ɜ Ɋɨɫɫɢɢ ɪɟɝɥɚɦɟɧɬɢɪɭɸɬɫɹ ȽɈɋɌ 16153-80. 

 

  
(ɚ) (ɛ) 

 

Ɋɢɫɭɧɨɤ 1 – Ɉɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɚɬɨɦɚ (ɚ) 
ɢ ɜɧɟɲɧɢɣ ɜɢɞ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɝɟɪɦɚɧɢɹ (ɛ) 
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Ʉɨɥɢɱɟɫɬɜɨ ɝɟɪɦɚɧɢɹ ɜ ɡɟɦɥɟ ɨɱɟɧɶ ɦɚɥɨ (0,001%). Ⱦɨɛɵɱɚ ɜɨɡɦɨɠɧɚ 

ɬɨɥɶɤɨ ɜ ɧɟɛɨɥɶɲɢɯ ɤɨɥɢɱɟɫɬɜɚɯ ɢɡ-ɡɚ ɫɥɨɠɧɨɫɬɢ ɷɬɨɝɨ ɩɪɨɰɟɫɫɚ, 

ɜɫɬɪɟɱɚɟɬɫɹ ɜ ɩɪɢɜɵɱɧɵɯ ɧɚɦ ɨɬɯɨɞɚɯ, ɬɚɤɢɯ ɤɚɤ ɡɨɥɚ, ɫɚɠɚ ɢ ɭɝɨɥɶɧɚɹ ɩɵɥɶ. 

ɉɪɢ ɬɟɦɩɟɪɚɬɭɪɟ, ɫɜɵɲɟ 600℃, ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɝɟɪɦɚɧɢɣ ɨɤɢɫɥɹɟɬɫɹ 

ɚ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɯɢɦɢɱɟɫɤɢ ɫɬɚɛɢɥɟɧ. Ƚɟɪɦɚɧɢɣ ɦɨɠɧɨ ɥɟɝɤɨ 

ɪɚɫɬɜɨɪɢɬɶ ɜɨ ɦɧɨɠɟɫɬɜɟ ɤɢɫɥɨɬ (ɫɦɟɫɢ ɚɡɨɬɧɨɣ ɢ ɩɥɚɜɢɤɨɜɨɣ, ɫɨɥɹɧɨɣ, 

ɚɡɨɬɧɨɣ). Ɋɚɫɩɥɚɜɥɟɧɧɵɣ ɝɟɪɦɚɧɢɣ ɧɟ ɜɡɚɢɦɨɞɟɣɫɬɜɭɟɬ ɫ ɤɜɚɪɰɟɦ ɢ 

ɝɪɚɮɢɬɨɦ, ɬɢɝɥɢ, ɥɨɞɨɱɤɢ, ɤɚɫɫɟɬɵ ɢ ɞɪɭɝɢɟ ɭɫɬɪɨɣɫɬɜɚ ɢɡ ɤɜɚɪɰɚ ɢ ɝɪɚɮɢɬɚ 

ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɩɪɨɢɡɜɨɞɫɬɜɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ ɜ ɪɚɡɥɢɱɧɵɯ 

ɬɟɪɦɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɹɯ. 

ɉɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɩɪɢɛɨɪɨɜ ɢ ɦɢɤɪɨɫɯɟɦ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɝɟɪɦɚɧɢɣ ɷɥɟɤɬɪɨɧɧɨɝɨ ɢ ɞɵɪɨɱɧɨɝɨ ɬɢɩɚ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɢ, 

ɤɨɬɨɪɵɣ ɢɦɟɟɬ ɭɞɟɥɶɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɨɬ 0,0001 ɞɨ 45 Ɉɦ • ɫɦ (ɬɚɛɥɢɰɚ 1). 

 

Ɍɚɛɥɢɰɚ 1 – ɋɜɨɣɫɬɜɚ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɩɥɚɫɬɢɧ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ 
ɝɟɪɦɚɧɢɹ (EL-CAT Inc., ɋɒȺ) 
 

Ⱦɢɚɦɟɬɪ, 
ɦɦ 

Ɇɚɬɟɪɢɚɥ 
Ʉɪɢɫɬɚɥɥɢɱɟɫɤɚɹ 

ɨɪɢɟɧɬɚɰɢɹ 
Ɍɨɥɳɢɧɚ 

ɩɥɚɫɬɢɧɵ, ɦɤ 

ɍɞɟɥɶɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ, 

Ɉɦ∙ɫɦ 
2 Ge:Sb n-ɬɢɩɚ [100] 325 1,00–9,00 
2 Ge:Ga p-ɬɢɩɚ [111] 317 0,01–0,02 
3 Ge [100] 325 >30 
3 Ge:Sb n-ɬɢɩɚ [100] 150 0,01–0,04 
4 Ge:Sb n-ɬɢɩɚ [100] 475 0,01–0,020 
4 Ge:Ga p-ɬɢɩɚ [100] 525 >30 

 

1.3.2  Ʉɪɟɦɧɢɣ 
 

ɗɬɨ ɫɚɦɵɣ ɪɚɫɩɪɨɫɬɪɚɧёɧɧɵɣ ɷɥɟɦɟɧɬ ɧɚ ɧɚɲɟɣ ɡɟɦɥɟ, ɢɡ 

ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜ ɞɚɧɧɨɣ ɪɚɛɨɬɟ, ɨɫɧɨɜɧɚɹ ɱɚɫɬɶ ɤɨɬɨɪɨɝɨ ɫɨɞɟɪɠɢɬɫɹ ɜ  

ɝɨɪɧɵɯ ɩɨɪɨɞɚɯ ɢ ɦɢɧɟɪɚɥɚɯ. ɇɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɫɨɟɞɢɧɟɧɢɟɦ 

ɤɪɟɦɧɢɹ ɹɜɥɹɟɬɫɹ ɞɢɨɤɫɢɞ ɤɪɟɦɧɢɹ SiO2, ɤɨɬɨɪɵɣ ɜɫɬɪɟɱɚɟɬɫɹ ɜ ɩɪɢɪɨɞɟ ɜ 

ɜɢɞɟ ɤɜɚɪɰɚ. ɑɢɫɬɵɣ ɤɪɟɦɧɢɣ ɧɢɤɨɝɞɚ ɧɟ ɜɫɬɪɟɬɢɬɫɹ ɜ ɩɪɢɪɨɞ, ɤɪɟɦɧɢɣ 

ɢɦɟɟɬ ɬɪɟɛɨɜɚɧɢɹ, ɪɟɝɥɚɦɟɧɬɢɪɭɟɦɵɟ ɜ ȽɈɋɌ 19658-81. 
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ȼɬɨɪɨɣ ɦɚɬɟɪɢɚɥ, ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɫɱɢɬɚɬɶ ɨɫɧɨɜɧɵɦ, ɷɬɨ ɤɪɟɦɧɢɣ (Si) 

– ɷɥɟɦɟɧɬ ɉɟɪɢɨɞɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ (ɪɢɫɭɧɨɤ 2). Ⱥɬɨɦɧɚɹ ɦɚɫɫɚ ɤɪɟɦɧɢɹ 

28,08. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ 1420. ɉɥɨɬɧɨɫɬɶ ɬɜɟɪɞɨɝɨ ɤɪɟɦɧɢɹ ɩɪɢ 20 

ɫɨɫɬɚɜɥɹɟɬ 2,32 ɝ / ɫɦ3, ɚ ɠɢɞɤɨɝɨ ɤɪɟɦɧɢɹ - 2,53 ɝ / ɫɦ3. ɋɜɨɟɣ ɫɬɪɭɤɬɭɪɨɣ , 

ɤɪɟɦɧɢɣ ɫɢɥɶɧɨ ɩɨɯɨɠ ɧɚ ɚɥɦɚɡ, ɫɩɨɫɨɛɟɧ ɧɚ ɤɨɜɚɥɟɧɬɧɭɸ ɫɜɹɡɶ, ɤɨɬɨɪɚɹ 

ɩɪɨɱɧɟɟ ɝɟɪɦɚɧɢɹ. Ɍɚɤ ɠɟ, ɤɚɤ ɢ ɝɟɪɦɚɧɢɣ, ɷɥɟɦɟɧɬ, ɩɪɢ ɛɨɥɶɲɢɯ 

ɬɟɦɩɟɪɚɬɭɪɚɯ (900 – 1200℃) ɦɨɠɟɬ ɨɤɢɫɥɹɬɶɫɹ. 

 

  
(ɚ) (ɛ) 

 

Ɋɢɫɭɧɨɤ 2 – Ɉɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɚɬɨɦɚ (ɚ) 
ɢ ɜɧɟɲɧɢɣ ɜɢɞ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɤɪɟɦɧɢɹ (ɛ) 

 

Ɍɚɤɢɟ ɦɚɬɟɪɢɚɥɵ, ɤɚɤ ɤɜɚɪɰ ɢ ɝɪɚɮɢɬ, ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ 

ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɫ ɤɪɟɦɧɢɟɦ. ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɤɪɟɦɧɢɹ ɞɨ 200–700 ℃, ɨɧ 

ɫɩɨɫɨɛɟɧ ɧɚ ɪɟɚɤɰɢɸ ɫ ɝɚɥɨɝɟɧɚɦɢ, ɬɟɦ ɫɚɦɵɦ ɨɛɪɚɡɭɹ ɧɨɜɨɟ ɫɨɟɞɢɧɟɧɢɟ –

ɝɚɥɨɝɟɧɢɞ ɤɪɟɦɧɢɹ, ɚ ɟɫɥɢ ɩɨɞɧɹɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɟɳё ɜɵɲɟ, ɞɨ 1100 ℃, ɬɨ 

ɤɪɟɦɧɢɣ ɫɨɟɞɢɧɹɬɶɫɹ ɫ ɚɡɨɬɨɦ ɢ ɭɝɥɟɪɨɞɨɦ, Si3N4 ɢ SiC. Ⱦɥɹ ɨɛɪɚɛɨɬɤɢ 

ɤɪɟɦɧɢɹ ɢɫɩɨɥɶɡɭɸɬ ɫɦɟɫɢ ɚɡɨɬɧɨɣ ɢ ɩɥɚɜɢɤɨɜɨɣ ɤɢɫɥɨɬ, ɚ ɬɚɤɠɟ KOH, NaOH. 
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Ɍɚɛɥɢɰɚ 2 – ɋɜɨɣɫɬɜɚ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɩɥɚɫɬɢɧ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ 

ɤɪɟɦɧɢɹ (EL-CAT Inc., ɋɒȺ) 

 

Ⱦɢɚɦɟɬɪ, 
ɦɦ 

Ɇɚɬɟɪɢɚɥ 
Ʉɪɢɫɬɚɥɥɢɱɟɫɤɚɹ 

ɨɪɢɟɧɬɚɰɢɹ 
Ɍɨɥɳɢɧɚ 

ɩɥɚɫɬɢɧɵ, ɦɤ 

ɍɞɟɥɶɧɨɟ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ, 

Ɉɦ∙ɫɦ 
12,7 Si [100] 127 >10000 
25,4 Si: P n-ɬɢɩɚ [100] 475 1900–2400 
50,8 Si: B p-ɬɢɩɚ [110] 279 >1000 
76,2 Si: B p-ɬɢɩɚ [110] 325 100–200 
101,6 Si: P n-ɬɢɩɚ [111] 1000 0,011–0,013 
127 Si: B p-ɬɢɩɚ [100] 635 >5000 

 

1.4  ɉɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ ɫɨɟɞɢɧɟɧɢя 
 

ɋɨɟɞɢɧɟɧɢɹ ɫ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ ɢɡ III ɝɪɭɩɩɵ ɫ 

ɷɥɟɦɟɧɬɚɦɢ ɢɡ V ɝɪɭɩɩɵ ɫɨɡɞɚɟɬ ɫɬɪɭɤɬɭɪɭ ɰɢɧɤɨɜɨɣ ɨɛɦɚɧɤɢ. 

Ɉɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɫɨɟɞɢɧɟɧɢɣ ɬɢɩɚ AIIIBV (ɬɚɛɥɢɰɚ 3). 

 

Ɍɚɛɥɢɰɚ 3 – ɋɜɨɣɫɬɜɚ ɫɨɟɞɢɧɟɧɢɣ ɬɢɩɚ AIIIBV 

 

ɋɜɨɣɫɬɜɨ 
ɋɨɟɞɢɧɟɧɢɟ 

GaN GaAs GaP InP InAs GaSb InSb 
ɉɨɫɬɨɹɧɧɚɹ 
ɪɟɲɟɬɤɢ, ɧɦ 

0,31 0,56 0,55 0,59 0,61 0,61 0,65 

ɉɥɨɬɧɨɫɬɶ, ɝ/ɫɦ3 6,11 5,32 4,07 4,78 5,67 5,65 5,78 
Ɍɟɦɩɟɪɚɬɭɪɚ 
ɩɥɚɜɥɟɧɢɹ, °C 

1700 1238 1467 1070 942 710 525 

ɒɢɪɢɧɚ 
ɡɚɩɪɟɳɟɧɧɨɣ 

ɡɨɧɵ, ɷȼ 
3,4 1,43 2,26 1,35 0,36 0,72 0,18 

ɉɨɤɚɡɚɬɟɥɶ 
ɩɪɟɥɨɦɥɟɧɢɹ 

2,4 3,6 3,4 3,4 3,5 3,8 4,0 

Ⱦɢɷɥɟɤɬɪɢɱɟɫɤɚɹ 
ɩɪɨɧɢɰɚɟɦɨɫɬɶ 

12,2 13,1 11,1 12,4 15,7 14,6 17,7 

ɉɨɞɜɢɠɧɨɫɬɶ, ɫɦ2/(ȼ·ɫ) 
ɷɥɟɤɬɪɨɧɨɜ 300 8800 200 4600 3000 5000 70 000 

ɞɵɪɨɤ 100 400 120 150 200 1000 1000 
 

ɋɨɟɞɢɧɟɧɢɹ ɬɢɩɚ AIIBVI ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɫɭɥɶɮɢɞɵ, ɫɟɥɟɧɢɞɵ ɢ 

ɬɟɥɥɭɪɢɞɵ ɧɟɤɨɬɨɪɵɯ ɦɟɬɚɥɥɨɜ. ɏɢɦɢɱɟɫɤɚɹ ɫɜɹɡɶ ɧɨɫɢɬ ɫɦɟɲɚɧɧɵɣ 
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ɤɨɜɚɥɟɧɬɧɨ-ɢɨɧɧɵɣ ɯɚɪɚɤɬɟɪ. Ⱥɬɨɦɵ ɷɥɟɦɟɧɬɨɜ I ɝɪɭɩɩɵ (ɦɟɞɶ, ɫɟɪɟɛɪɨ, 

ɡɨɥɨɬɨ) ɦɨɝɭɬ ɡɚɦɟɳɚɬɶ ɜ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɣ ɪɟɲɟɬɤɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɝɨ 

ɫɨɟɞɢɧɟɧɢɹ ɚɬɨɦɵ ɦɟɬɚɥɥɚ (ɰɢɧɤ, ɤɚɞɦɢɣ) ɢ ɩɪɨɹɜɥɹɬɶ ɚɤɰɟɩɬɨɪɧɵɟ ɫɜɨɣɫɬɜɚ, 

ɚ ɚɬɨɦɵ ɷɥɟɦɟɧɬɨɜ III ɝɪɭɩɩɵ (ɚɥɸɦɢɧɢɣ, ɝɚɥɥɢɣ, ɢɧɞɢɣ) ɜɟɞɭɬ ɫɟɛɹ ɤɚɤ 

ɞɨɧɨɪɵ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ ɚɤɰɟɩɬɨɪɧɵɟ ɢ ɞɨɧɨɪɧɵɟ ɫɜɨɣɫɬɜɚ ɩɪɨɹɜɥɹɸɬ ɚɬɨɦɵ 

ɷɥɟɦɟɧɬɨɜ V ɢ VII ɝɪɭɩɩ, ɡɚɦɟɳɚɸɳɢɟ ɜ ɪɟɲɟɬɤɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɨɝɨ 

ɫɨɟɞɢɧɟɧɢɹ ɚɬɨɦɵ ɯɚɥɶɤɨɝɟɧɨɜ. Ɉɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɫɨɟɞɢɧɟɧɢɣ ɬɢɩɚ AIIBVI 

(ɬɚɛɥɢɰɚ 4). 

 

Ɍɚɛɥɢɰɚ 4 – ɋɜɨɣɫɬɜɚ ɫɨɟɞɢɧɟɧɢɣ ɬɢɩɚ AIIBVI 

 

ɋɜɨɣɫɬɜɨ 
ɋɨɟɞɢɧɟɧɢɟ 

CdS CdSe CdTe ZnS ZnSe ZnTe 
ɉɨɫɬɨɹɧɧɚɹ ɪɟɲɟɬɤɢ, ɧɦ 0,58 0,6 0,64 0,54 0,56 0,61 

ɉɥɨɬɧɨɫɬɶ, ɝ/ɫɦ3 4,8 5,8 5,8 4,1 5,4 6,1 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ, °C 1750 1264 1041 1780 1520 1239 

ɒɢɪɢɧɚ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ, ɷȼ 2,5 1,85 1,51 3,74 2,73 2,23 
ɉɨɞɜɢɠɧɨɫɬɶ, ɫɦ2/(ȼ·ɫ) 

ɷɥɟɤɬɪɨɧɨɜ 300 750 1200 140 260 500 
ɞɵɪɨɤ 70 20 60 5 15 30 

 

ɋɨɟɞɢɧɟɧɢɹ ɬɢɩɚ AIVBVI ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɯɚɥɶɤɨɝɟɧɵ ɫɜɢɧɰɚ PbS, 

PbSe, PbTe, ɢɦɟɸɳɢɟ ɤɭɛɢɱɟɫɤɭɸ ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɪɟɲɟɬɤɭ. ɗɥɟɤɬɪɢɱɟɫɤɢɟ 

ɫɜɨɣɫɬɜɚ ɷɬɢɯ ɫɨɟɞɢɧɟɧɢɣ ɜ ɛɨɥɶɲɨɣ ɫɬɟɩɟɧɢ ɡɚɜɢɫɹɬ ɨɬ ɫɨɫɬɚɜɚ. Ɍɚɤ, ɢɡɛɵɬɨɤ 

ɚɬɨɦɨɜ ɫɜɢɧɰɚ ɢɥɢ ɯɚɥɶɤɨɝɟɧɚ ɜɵɡɵɜɚɟɬ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɷɥɟɤɬɪɨɧɧɭɸ ɢɥɢ 

ɞɵɪɨɱɧɭɸ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ. Ⱥɬɨɦɵ ɷɥɟɦɟɧɬɨɜ I ɝɪɭɩɩɵ (ɦɟɞɶ, ɫɟɪɟɛɪɨ) 

ɡɚɦɟɳɚɸɬ ɜ ɪɟɲɟɬɤɟ ɚɬɨɦɵ ɫɜɢɧɰɚ ɢ ɹɜɥɹɸɬɫɹ ɚɤɰɟɩɬɨɪɚɦɢ, ɚ ɚɬɨɦɵ 

ɬɪɟɯɜɚɥɟɧɬɧɨɝɨ ɦɟɬɚɥɥɚ (ɧɚɩɪɢɦɟɪ, ɜɢɫɦɭɬɚ) ɡɚɦɟɳɚɸɬ ɚɬɨɦɵ ɫɜɢɧɰɚ ɢ 

ɹɜɥɹɸɬɫɹ ɞɨɧɨɪɚɦɢ. Ⱦɨɧɨɪɧɵɟ ɫɜɨɣɫɬɜɚ ɩɪɨɹɜɥɹɸɬ ɬɚɤɠɟ ɚɬɨɦɵ ɷɥɟɦɟɧɬɨɜ 

VII ɝɪɭɩɩɵ (ɝɚɥɨɝɟɧɵ). Ɉɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɫɨɟɞɢɧɟɧɢɣ ɬɢɩɚ AIVBVI (ɬɚɛɥɢɰɚ 5). 
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Ɍɚɛɥɢɰɚ 5 – ɋɜɨɣɫɬɜɚ ɫɨɟɞɢɧɟɧɢɣ ɬɢɩɚ AIVBVI 

 

ɋɜɨɣɫɬɜɨ 
ɋɨɟɞɢɧɟɧɢɟ 

PbS PbSe PbTe 
ɉɨɫɬɨɹɧɧɚɹ ɪɟɲɟɬɤɢ, ɧɦ 0,59 0,61 0,64 

ɉɥɨɬɧɨɫɬɶ, ɝ/ɫɦ3 7,6 8,1 6,4 
Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ, °C 1114 1076 917 

ɒɢɪɢɧɚ ɡɚɩɪɟɳɟɧɧɨɣ ɡɨɧɵ, ɷȼ 0,39 0,27 0,32 
ɉɨɞɜɢɠɧɨɫɬɶ, ɫɦ2/(ȼ·ɫ) 

ɷɥɟɤɬɪɨɧɨɜ 600 1200 1800 
ɞɵɪɨɤ 600 1000 900 

 

ɋɨɟɞɢɧɟɧɢɹ AIIIBV ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɜ ɢɡɞɟɥɢɹɯ ɷɥɟɤɬɪɨɧɧɨɣ 

ɬɟɯɧɢɤɢ, ɪɚɛɨɬɚɸɳɢɯ ɧɚ ɫɜɟɪɯɜɵɫɨɤɢɯ ɱɚɫɬɨɬɚɯ. ɋɨɟɞɢɧɟɧɢɹ AIIBV 

ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɷɮɮɟɤɬɢɜɧɵɯ ɥɸɦɢɧɨɮɨɪɨɜ ɜ ɜɢɞɢɦɨɣ ɨɛɥɚɫɬɢ 

ɫɜɟɬɨɞɢɨɞɨɜ, ɞɚɬɱɢɤɨɜ ɏɨɥɥɚ, ɦɨɞɭɥɹɬɨɪɨɜ ɢ ɞɪ. ɋɨɟɞɢɧɟɧɢɹ AIIIBV, AIIBVI ɢ 

AIVBVI ɢɞɭɬ ɧɚ ɢɡɝɨɬɨɜɥɟɧɢɟ ɢɫɬɨɱɧɢɤɨɜ ɢ ɩɪɢɟɦɧɢɤɨɜ, ɫɜɟɬɚ, ɢɧɞɢɤɚɬɨɪɨɜ ɢ 

ɦɨɞɭɥɹɬɨɪɨɜ ɢɡɥɭɱɟɧɢɣ. 

 

1.5 Ɇɚɬɟɪɢɚɥɵ ɞɥя ɥɟɝɢɪɨɜɚɧɢя ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ ɢ 

ɢɡɝɨɬɨɜɥɟɧɢя ɷɥɟɤɬɪɨɞɧɵɯ ɜɵɜɨɞɨɜ  
 

1.5.1 Аɤɰɟɩɬɨɪɧɵɟ ɷɥɟɦɟɧɬɵ 

 

ɉɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ ɦɚɬɟɪɢɚɥɵ ɩɨɫɥɟ ɩɪɨɯɨɠɞɟɧɢɹ ɜɫɟɯ ɪɚɡɥɢɱɧɵɯ 

ɜɢɞɨɜ ɨɱɢɫɬɤɢ ɨɬ ɩɨɫɬɨɪɨɧɧɢɯ ɩɪɢɦɟɫɟɣ ɥɟɝɢɪɭɸɬ ɚɤɰɟɩɬɨɪɧɵɦɢ ɢɥɢ 

ɞɨɧɨɪɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ. 

Ⱥɤɰɟɩɬɨɪɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɞɥɹ ɝɟɪɦɚɧɢɹ ɢ ɤɪɟɦɧɢɹ ɹɜɥɹɸɬɫɹ 

ɚɥɸɦɢɧɢɣ, ɝɚɥɥɢɣ, ɛɨɪ ɢ ɢɧɞɢɣ. 

Ⱥɥɸɦɢɧɢɣ Ⱥl – ɦɟɬɚɥɥ ɫɟɪɟɛɪɢɫɬɨ-ɛɟɥɨɝɨ ɰɜɟɬɚ, ɨɛɥɚɞɚɸɳɢɣ 

ɯɨɪɨɲɢɦɢ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɶɸ ɢ ɤɨɜɤɨɫɬɶɸ, ɛɨɥɶɲɨɣ ɤɨɪɪɨɡɢɨɧɧɨɣ 

ɫɬɨɣɤɨɫɬɶɸ ɢ ɜɵɫɨɤɢɦɢ ɷɥɟɤɬɪɨ- ɢ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ (ɪɢɫɭɧɨɤ 3). Ⱥɬɨɦɧɚɹ 

ɦɚɫɫɚ 26,98. ɉɥɨɬɧɨɫɬɶ ɩɪɢ 20 ℃ ɪɚɜɧɚ 2,7 ɝ/ɫɦ3, ɬɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ 
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660 °C. Ⱦɚɜɥɟɧɢɟ ɩɚɪɨɜ ɩɪɢ 1200 ℃ ɪɚɜɧɨ 0,13 ɉɚ. Ɉɫɧɨɜɧɨɣ ɪɭɞɨɣ ɚɥɸɦɢɧɢɹ 

ɹɜɥɹɸɬɫɹ ɛɨɤɫɢɬɵ. 

 

  
(ɚ) (ɛ) 

 

Ɋɢɫɭɧɨɤ 3 – Ɉɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɚɬɨɦɚ (ɚ) 
ɢ ɜɧɟɲɧɢɣ ɜɢɞ ɫɪɟɡɚ ɫɥɢɬɤɚ ɚɥɸɦɢɧɢɹ (ɛ) 

 

ȼ ɨɬɥɢɱɢɟ ɨɬ ɩɪɟɞɵɞɭɳɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɚɥɸɦɢɧɢɣ, ɥɟɝɤɨ ɨɤɢɫɥɹɟɬɫɹ ɧɚ 

ɜɨɡɞɭɯɟ, ɨɛɪɚɡɭɹ ɩɥɟɧɤɭ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ, ɫɥɭɠɚɳɚɹ ɟɦɭ ɡɚɳɢɬɨɣ. 

Ɍɟɯɧɢɱɟɫɤɢɣ ɚɥɸɦɢɧɢɣ ɨɱɟɧɶ ɱɢɫɬɵɣ (99,9 % ) ɪɚɡɴɟɞɚɟɬɫɹ ɫɨɥɹɧɨɣ 

ɤɢɫɥɨɬɨɣ, ɧɚ ɚɥɸɦɢɧɢɣ ɜɵɫɨɤɨɣ ɱɢɫɬɨɬɵ (99,99 %) ɫɨɥɹɧɚɹ ɤɢɫɥɨɬɚ ɧɟ 

ɞɟɣɫɬɜɭɟɬ. ȼ ɨɫɬɚɥɶɧɵɯ ɫɥɭɱɚɹɯ ɤɢɫɥɨɬɚ ɧɚ ɚɥɸɦɢɧɢɣ ɨɫɨɛɨ ɧɟ ɞɟɣɫɬɜɭɟɬ. ɑɬɨ 

ɛɵ ɡɚɫɬɚɜɢɬɶ ɚɥɸɦɢɧɢɣ ɯɨɪɨɲɨ ɪɟɚɝɢɪɨɜɚɬɶ ɫ ɦɟɬɚɥɥɚɦɢ, ɞɨɫɬɚɬɨɱɧɨ ɟɝɨ 

ɪɚɫɩɥɚɜɢɬɶ. ɉɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɨɤɨɥɨ 1000 ℃ ɚɥɸɦɢɧɢɣ ɥɟɝɤɨ ɦɨɠɟɬ 

ɫɩɥɚɜɢɬɶɫɹ ɫ ɬɚɤɢɦɢ ɷɥɟɦɟɧɬɚɦɢ ɉɟɪɢɨɞɢɱɟɫɤɨɣ ɬɚɛɥɢɰɵ, ɤɚɤ ɝɪɚɮɢɬ ɢ ɤɜɚɪɰ. 

Ƚɚɥɥɢɣ Ga – ɬɜɟɪɞɵɣ ɢ ɯɪɭɩɤɢɣ ɛɥɟɫɬɹɳɢɣ ɦɚɬɟɪɢɚɥ ɫ ɫɟɪɨ-

ɡɟɥɟɧɨɜɚɬɵɦ ɨɬɬɟɧɤɨɦ, ɢɦɟɸɳɢɣ ɧɟɨɛɵɱɧɭɸ ɞɥɹ ɦɟɬɚɥɥɨɜ ɪɨɦɛɢɱɟɫɤɭɸ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɭɸ ɪɟɲɟɬɤɭ (ɪɢɫɭɧɨɤ 4). ɋɤɥɨɧɟɧ ɩɟɪɟɨɯɥɚɠɞɟɧɢɸ ɢ 

ɤɪɢɫɬɚɥɢɡɚɰɢɢ. Ɉɛɵɱɧɨ ɫɨɞɟɪɠɢɬɫɹ ɜ ɚɥɸɦɢɧɢɟɜɵɯ ɢ ɰɢɧɤɨɜɵɯ ɪɭɞɚɯ. 

Ⱥɬɨɦɧɚɹ ɦɚɫɫɚ 69, 72. ɉɥɨɬɧɨɫɬɶ ɩɪɢ 20 ℃ ɪɚɜɧɚ 5,9 ɝ/ɫɦ3. Ɍɟɦɩɟɪɚɬɭɪɚ 

ɩɥɚɜɥɟɧɢɹ 30 °C. Ⱦɚɜɥɟɧɢɟ ɩɚɪɨɜ ɩɪɢ 572 ℃ ɪɚɜɧɨ 1,3·10-5 ɉɚ. 

Ʉɚɤ ɢ ɛɨɥɶɲɢɧɫɬɜɨ ɦɟɬɚɥɥɨɜ, ɝɚɥɥɢɣ ɧɟ ɨɤɢɫɥɹɟɬɫɹ ɧɚ ɜɨɡɞɭɯɟ, ɧɨ 

ɬɨɥɶɤɨ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ƚɚɥɥɢɣ ɭɫɬɨɣɱɢɜ ɜ ɜɨɞɟ, ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ 
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ɤɢɫɥɨɬɚɯ, ɚ ɜ ɟɞɤɢɯ ɳɟɥɨɱɚɯ ɪɚɫɬɜɨɪɹɟɬɫɹ ɦɟɞɥɟɧɧɨ. ȼ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɯ 

ɝɚɥɥɢɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɚɤɰɟɩɬɨɪɧɨɣ ɩɪɢɦɟɫɢ. 

 

  
(ɚ) (ɛ) 

 

Ɋɢɫɭɧɨɤ 4 – Ɉɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɚɬɨɦɚ (ɚ) 
ɢ ɜɧɟɲɧɢɣ ɜɢɞ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɝɚɥɥɢɹ (ɛ) 

 

  
(ɚ) (ɛ) 

 

Ɋɢɫɭɧɨɤ 5 – Ɉɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɚɬɨɦɚ (ɚ) 
ɢ ɜɧɟɲɧɢɣ ɜɢɞ ɫɦɟɫɢ ɚɥɥɨɬɪɨɩɧɵɯ ɮɨɪɦ ɷɥɟɦɟɧɬɚɪɧɨɝɨ ɛɨɪɚ (ɛ) 

 

Ȼɨɪ B ɛɵɜɚɟɬ ɞɜɭɯ ɪɚɡɧɨɜɢɞɧɨɫɬɟɣ: ɚɦɨɪɮɧɵɣ ɜ ɜɢɞɟ ɩɨɪɨɲɤɚ ɛɭɪɨɝɨ 

ɰɜɟɬɚ ɢ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɜ ɜɢɞɟ ɤɪɢɫɬɚɥɥɨɜ ɛɟɥɨɝɨ ɰɜɟɬɚ (ɪɢɫɭɧɨɤ 5).  

Ⱥɬɨɦɧɚɹ ɦɚɫɫɚ 10,81. ɉɥɨɬɧɨɫɬɶ ɚɦɨɪɮɧɨɝɨ ɛɨɪɚ 1,73 ɝ/ɫɦ3, ɚ 

ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ – 2,34 ɝ/ɫɦ3. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ 2000–2500 ℃. 

Ⱦɚɜɥɟɧɢɟ ɩɚɪɨɜ ɩɪɢ 1400 ℃ ɪɚɜɧɨ 1,3·10-6 ɉɚ. 
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ɉɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɛɨɪ ɢɧɟɪɬɟɧ: ɧɟ ɜɫɬɭɩɚɟɬ ɜ ɪɟɚɤɰɢɸ ɫ ɜɨɞɨɣ, 

ɧɟ ɨɤɢɫɥɹɟɬɫɹ ɧɚ ɜɨɡɞɭɯɟ ɢ ɧɟ ɫɨɟɞɢɧɹɟɬɫɹ ɫ ɞɪɭɝɢɦɢ ɷɥɟɦɟɧɬɚɦɢ. ɉɪɢ 

ɛɨɥɶɲɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɛɨɪ ɧɚɦɧɨɝɨ ɚɤɬɢɜɧɟɟ ɢ ɟɝɨ ɫɩɨɫɨɛɧɨɫɬɢ ɤ 

ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɢ ɨɤɢɫɥɟɧɢɸ ɜɨɡɪɚɫɬɚɸɬ ɜ ɪɚɡɵ.  

 

1.5.2  Ⱦɨɧɨɪɧɵɟ ɷɥɟɦɟɧɬɵ 

 

Ⱦɨɧɨɪɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ ɞɥɹ ɝɟɪɦɚɧɢɹ ɢ ɤɪɟɦɧɢɹ ɹɜɥɹɸɬɫɹ ɫɭɪɶɦɚ, 

ɮɨɫɮɨɪ ɢ ɦɵɲɶɹɤ. 

ɋɭɪɶɦɚ Sb – ɯɪɭɩɤɨɟ ɜɟɳɟɫɬɜɨ, ɥɟɝɤɨ ɢɡɦɟɥɶɱɚɸɳɟɟɫɹ ɜ ɩɨɪɨɲɨɤ. ȼ 

ɫɚɦɨɪɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɜɫɬɪɟɱɚɟɬɫɹ ɪɟɞɤɨ (ɪɢɫɭɧɨɤ 6). ȼ ɩɪɢɪɨɞɟ ɧɚɢɛɨɥɟɟ 

ɪɚɫɩɪɨɫɬɪɚɧɟɧ ɫɭɪɦɹɧɵɣ ɛɥɟɫɤ – ɦɢɧɟɪɚɥ, ɢɡ ɤɨɬɨɪɨɝɨ ɞɨɛɵɜɚɸɬ ɫɭɪɶɦɭ. 

Ⱥɬɨɦɧɚɹ ɦɚɫɫɚ 121,75. ɉɥɨɬɧɨɫɬɶ 6,6 ɝ/ɫɦ3. Ɍɟɦɩɟɪɚɬɭɪɚ ɩɥɚɜɥɟɧɢɹ ɪɚɜɧɚ 

630 ℃. Ⱦɚɜɥɟɧɢɟ ɩɚɪɨɜ ɩɪɢ 380 ℃ ɪɚɜɧɨ 1,3·10-3 ɉɚ. 

 

  
(ɚ) (ɛ) 

 

Ɋɢɫɭɧɨɤ 6 – Ɉɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɚɬɨɦɚ (ɚ) 
ɢ ɜɧɟɲɧɢɣ ɜɢɞ ɤɪɢɫɬɚɥɥɚ ɫɭɪɶɦɵ (ɛ) 

 

ɉɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɫɭɪɶɦɚ ɧɟ ɨɤɢɫɥɹɟɬɫɹ, ɚ ɩɪɢ ɧɚɝɪɟɜɚɧɢɢ 

ɫɝɨɪɚɟɬ. ɇɟɨɯɨɬɧɨ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜɨ ɜɫɟɯ ɤɢɫɥɨɬɚɯ, ɤɪɨɦɟ ɚɡɨɬɧɨɣ. ɇɢ ɜ ɜɨɞɟ, 

ɧɢ ɜ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫɬɜɨɪɢɬɟɥɹɯ ɧɟ ɪɚɫɬɜɨɪɹɟɬɫɹ. ɂɦɟɟɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ 

ɫɩɥɚɜɨɜ, ɱɬɨ ɜɥɢɹɟɬ ɧɚ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɤ ɨɤɢɫɥɟɧɢɸ. 
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ɋɭɪɶɦɭ ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɥɟɝɢɪɨɜɚɧɢɹ ɝɟɪɦɚɧɢɹ ɢ ɤɪɟɦɧɢɹ. ɉɪɟɞɟɥɶɧɚɹ 

ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɫɭɪɶɦɵ ɜ ɝɟɪɦɚɧɢɢ 1019 ɫɦ-3, ɚ ɜ ɤɪɟɦɧɢɢ 5·1019 ɫɦ-3. 

Ɏɨɫɮɨɪ P – ɷɥɟɦɟɧɬ, ɢɦɟɸɳɢɣ ɜ ɫɜɨɛɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɧɟɫɤɨɥɶɤɨ 

ɚɥɥɨɬɪɨɩɢɱɟɫɤɢɯ ɮɨɪɦ (ɪɢɫɭɧɨɤ 7), ɢɡ ɤɨɬɨɪɵɯ ɩɪɢɦɟɧɹɸɬ ɞɜɟ: ɤɪɚɫɧɵɣ 

ɮɨɫɮɨɪ ɢ ɛɟɥɵɣ. ɉɪɢ ɛɵɫɬɪɨɦ ɨɯɥɚɠɞɟɧɢɢ ɩɚɪɨɜ ɮɨɫɮɨɪɚ ɩɨɥɭɱɚɟɬɫɹ ɛɟɥɵɣ 

ɮɨɫɮɨɪ, ɤɨɬɨɪɵɣ ɩɪɢ ɯɪɚɧɟɧɢɢ ɧɚ ɫɜɟɬɭ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨ ɩɟɪɟɯɨɞɢɬ ɜ ɛɨɥɟɟ 

ɭɫɬɨɣɱɢɜɭɸ ɮɨɪɦɭ – ɤɪɚɫɧɵɣ ɮɨɫɮɨɪ. ȼ ɫɜɨɛɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ ɮɨɫɮɨɪ ɜ 

ɩɪɢɪɨɞɟ ɧɟ ɜɫɬɪɟɱɚɟɬɫɹ, ɚ ɫɨɞɟɪɠɢɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɦɢɧɟɪɚɥɚɯ. Ⱥɬɨɦɧɚɹ ɦɚɫɫɚ 

30,97. ɉɥɨɬɧɨɫɬɶ ɛɟɥɨɝɨ ɮɨɫɮɨɪɚ 1,8 ɝ/ɫɦ3, ɚ ɤɪɚɫɧɨɝɨ 2,3 ɝ/ɫɦ3. Ɍɟɦɩɟɪɚɬɭɪɚ 

ɩɥɚɜɥɟɧɢɹ ɛɟɥɨɝɨ ɮɨɫɮɨɪɚ 44 ℃. Ʉɪɚɫɧɵɣ ɮɨɫɮɨɪ, ɧɟ ɩɥɚɜɹɫɶ, ɩɟɪɟɯɨɞɢɬ ɜ 

ɩɚɪ. 

 

  
(ɚ) (ɛ) 

 

Ɋɢɫɭɧɨɤ 7 – Ɉɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɚɬɨɦɚ (ɚ) 
ɢ ɜɧɟɲɧɢɣ ɜɢɞ ɩɨɪɨɲɤɚ ɤɪɚɫɧɨɝɨ ɮɨɫɮɨɪɚ (ɛ) 

 

ȼ ɜɨɞɟ ɮɨɫɮɨɪ ɧɟ ɪɚɫɬɜɨɪɹɟɬɫɹ. ɇɚɢɛɨɥɟɟ ɯɚɪɚɤɬɟɪɟɧ ɨɤɫɢɞ ɮɨɫɮɨɪɚ, 

ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɛɟɥɵɣ ɚɦɨɪɮɧɵɣ ɩɨɪɨɲɨɤ ɛɟɡ ɡɚɩɚɯɚ, ɷɧɟɪɝɢɱɧɨ 

ɩɨɝɥɨɳɚɸɳɢɣ ɜɥɚɝɭ. ɉɨɷɬɨɦɭ ɟɝɨ ɱɚɫɬɨ ɩɪɢɦɟɧɹɸɬ ɜ ɤɚɱɟɫɬɜɟ ɨɫɭɲɢɬɟɥɹ. 

ȼ ɩɪɨɢɡɜɨɞɫɬɜɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ ɤɪɚɫɧɵɣ ɮɨɫɮɨɪ, ɢ ɟɝɨ ɫɨɟɞɢɧɟɧɢɹ. 

Ɏɨɫɮɨɪ ɢɦɟɟɬ ɜɵɫɨɤɭɸ ɩɪɟɞɟɥɶɧɭɸ ɪɚɫɬɜɨɪɢɦɨɫɬɶ ɜ ɝɟɪɦɚɧɢɢ (2·1020 ɫɦ-3) ɢ 

ɤɪɟɦɧɢɢ (2·1021 ɫɦ-3). ȼɵɫɨɤɚɹ ɥɟɬɭɱɟɫɬɶ ɧɟ ɩɨɡɜɨɥɹɟɬ ɜɜɨɞɢɬɶ ɮɨɫɮɨɪ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɪɚɫɩɥɚɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ, ɩɨɷɬɨɦɭ ɢɫɩɨɥɶɡɭɸɬ ɫɩɥɚɜɵ. 
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Ɏɨɫɮɨɪ ɱɚɳɟ ɜɫɟɝɨ ɢɫɩɨɥɶɡɭɟɬɫɹ ɜ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɨɝɨ ɥɟɝɢɪɭɸɳɟɝɨ 

ɞɨɧɨɪɧɨɝɨ ɷɥɟɦɟɧɬɚ ɞɥɹ ɝɟɪɦɚɧɢɹ ɢ ɤɪɟɦɧɢɹ. 

Ɇɵɲɶɹɤ As – ɯɪɭɩɤɨɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ ɫɟɪɨ-ɫɬɚɥɶɧɨɝɨ ɰɜɟɬɚ, 

ɢɦɟɸɳɟɟ ɧɚ ɢɡɥɨɦɟ ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɛɥɟɫɤ, ɛɵɫɬɪɨ ɬɭɫɤɧɟɸɳɢɣ ɧɚ ɜɨɡɞɭɯɟ 

(ɪɢɫɭɧɨɤ 8). Ⱥɬɨɦɧɚɹ ɦɚɫɫɚ 74,92. ɉɥɨɬɧɨɫɬɶ – 5,7 ɝ/ɫɦ3. Ɍɟɦɩɟɪɚɬɭɪɚ 

ɩɥɚɜɥɟɧɢɹ ɜ ɡɚɩɚɹɧɧɨɣ ɚɦɩɭɥɟ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 820 ℃. Ⱦɚɜɥɟɧɢɟ ɩɚɪɨɜ ɩɪɢ 

300 °C ɪɚɜɧɨ 1,3 ɉɚ. ɉɪɢ ɧɚɝɪɟɜɚɧɢɢ ɜɵɲɟ 600 ℃ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ 

ɦɵɲɶɹɤ ɜɨɡɝɨɧɹɟɬɫɹ, ɧɟ ɩɥɚɜɹɫɶ. 

 

  
(ɚ) (ɛ) 

 

Ɋɢɫɭɧɨɤ 8 – Ɉɫɧɨɜɧɵɟ ɫɜɨɣɫɬɜɚ ɚɬɨɦɚ (ɚ) 
ɢ ɜɧɟɲɧɢɣ ɜɢɞ ɫɚɦɨɪɨɞɧɨɝɨ ɦɵɲɶɹɤɚ (ɛ) 

 

Ⱦɚɧɧɵɣ ɷɥɟɦɟɧɬ ɢɦɟɟɬ ɫɪɟɞɧɸɸ ɯɢɦɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ, ɢɫɩɨɥɶɡɭɟɬɫɹ 

ɤɚɤ ɥɟɝɢɪɭɸɳɢɣ ɞɨɧɨɪ, ɩɨɫɤɨɥɶɤɭ ɜɵɫɨɤɨɣ ɩɪɟɞɟɥɶɧɨɣ ɪɚɫɬɜɨɪɢɦɨɫɬɶɸ ɜ 

ɝɟɪɦɚɧɢɢ (2·1020 ɫɦ-3) ɢ ɤɪɟɦɧɢɢ (1,8·1021 ɫɦ-3). 

 

1.6 Ɇɟɬɨɞ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢɡ ɪɚɫɩɥɚɜɨɜ  
 

Ʉ ɦɟɬɨɞɚɦ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɦɫɹ 

ɧɚɥɢɱɢɟɦ ɜ ɫɢɫɬɟɦɟ ɮɚɡɨɜɨɣ ɝɪɚɧɢɰɵ (ɮɪɨɧɬɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ) ɢ ɩɨɫɬɨɹɧɧɵɦ 

ɭɦɟɧɶɲɟɧɢɟɦ ɨɛɴɟɦɚ ɪɚɫɩɥɚɜɚ ɜ ɩɪɨɰɟɫɫɟ, ɨɬɧɨɫɹɬɫɹ ɦɟɬɨɞɵ Ȼɪɢɞɠɦɟɧɚ 

(1882–1961) ɢ ɑɨɯɪɚɥɶɫɤɨɝɨ (1885–1953), ɢ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, 

ɜɵɪɚɠɚɸɳɢɣɫɹ ɧɚɥɢɱɢɟɦ ɜ ɫɢɫɬɟɦɟ ɞɜɭɯɮɚɡɨɜɨɣ ɝɪɚɧɢɰɵ (ɮɪɨɧɬ 
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ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ɮɪɨɧɬ ɩɥɚɜɥɟɧɢɹ), ɨɛɴɟɦ ɪɚɫɩɥɚɜɚ ɜɨ ɜɪɟɦɹ ɩɪɨɬɟɤɚɧɢɹ 

ɩɪɨɰɟɫɫɚ ɧɚɡɵɜɚɟɬɫɹ ɡɨɧɧɨɣ ɩɥɚɜɤɨɣ ɢɥɢ ɠɟ ɡɨɧɧɨɣ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɟɣ. 

ɇɟɤɨɧɫɟɪɜɚɬɢɜɧɧɚɹ ɧɚɩɪɚɜɥɟɧɧɚɹ ɤɪɢɫɬɚɥɥɢɡɚɰɢɹ – ɷɬɨ ɫɢɫɬɟɦɚ ɫ 

ɮɪɨɧɬɨɜ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜ ɤɚɱɟɫɬɜɟ ɮɚɡɨɜɨɣ ɝɪɚɧɢɰɵ, ɚ ɤɨɧɫɟɪɜɚɬɢɜɧɚɹ ɢɦɟɟɬ 

ɞɜɟ ɮɚɡɨɜɵɟ ɝɪɚɧɢɰɵ. 
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(ɜ) (ɝ) 

 

ɚ, ɛ – ɜɟɪɬɢɤɚɥɶɧɵɣ ɢ ɝɨɪɢɡɨɧɬɚɥɶɧɵɣ ɦɟɬɨɞɵ Ȼɪɢɞɠɦɟɧɚ; ɜ – ɦɟɬɨɞ ɑɨɯɪɚɥɶɫɤɨɝɨ; 
ɝ – ɦɟɬɨɞ ɡɨɧɧɨɣ ɩɥɚɜɤɢ ɢɥɢ ɩɟɪɟɤɪɢɫɬɚɥɥɢɡɚɰɢɢ; 

1 – ɧɚɝɪɟɜɚɬɟɥɶ (ɪɟɡɢɫɬɢɜɧɵɣ, ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɣ, ɷɥɟɤɬɪɨɧɧɨ-ɥɭɱɟɜɨɣ); 2 – ɤɨɧɬɟɣɧɟɪ 
(ɬɢɝɟɥɶ, ɚɦɩɭɥɚ, ɥɨɞɨɱɤɚ); 3 – ɪɚɫɩɥɚɜ; 4 – ɤɪɢɫɬɚɥɥ; 5 – ɢɫɯɨɞɧɚɹ ɡɚɝɪɭɡɤɚ 

Ɋɢɫɭɧɨɤ 9 – ɋɯɟɦɵ ɧɟɤɨɧɫɟɪɜɚɬɢɜɧɵɯ ɢ ɤɨɧɫɟɪɜɚɬɢɜɧɵɯ ɩɪɨɰɟɫɫɨɜ 
ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɫɩɥɚɜɨɜ: 

 

ɉɪɨɰɟɫɫ, ɛɟɡ ɩɨɜɬɨɪɧɨɣ ɡɚɝɪɭɡɤɢ ɫɥɢɬɤɚ ɧɚɡɵɜɚɟɬɫɹ ɩɪɨɰɟɫɫɨɦ 

ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɚ ɩɪɨɰɟɫɫ, ɩɪɢ ɤɨɬɨɪɨɦ ɦɨɠɧɨ ɧɟɫɤɨɥɶɤɨ ɪɚɡ 

ɡɚɝɪɭɡɢɬɶ ɫɥɢɬɨɤ – ɡɨɧɧɚɹ ɩɥɚɜɤɚ. ɋ ɩɨɦɨɳɶɸ ɡɨɧɧɨɣ ɩɥɚɜɤɢ ɞɨɛɢɜɚɸɬɫɹ 
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ɛɨɥɟɟ ɱɢɫɬɨɣ ɩɪɨɞɭɤɰɢɢ, ɩɨɫɤɨɥɶɤɭ ɨɧɚ ɩɨɡɜɨɥɹɟɬ ɧɟ ɦɟɧɹɬɶ ɩɪɨɰɟɫɫ ɫ ɨɞɧɨ 

ɧɚ ɞɪɭɝɨɣ. 

ɉɪɨɰɟɫɫ ɜɵɪɚɳɢɜɚɧɢɹ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɫɥɢɬɤɚ ɡɚɱɚɫɬɭɸ 

ɩɪɨɢɫɯɨɞɢɬ ɫ ɥɟɝɢɪɨɜɚɧɢɟɦ ɞɨɧɨɪɧɨɣ ɢɥɢ ɚɤɰɟɩɬɨɪɧɨɣ ɩɪɢɦɟɫɢ. 

ɋɨɟɞɢɧɟɧɢɹ ɬɢɩɚ AIIBV ɨɛɪɚɡɭɸɬɫɹ ɛɥɚɝɨɞɚɪɹ ɫɤɥɟɢɜɚɧɢɸ ɱɢɫɬɵɯ 

ɢɫɯɨɞɧɵɯ ɜɟɳɟɫɬɜ. 

ɉɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ ɫɨɟɞɢɧɟɧɢɹ ɩɨ ɬɢɩɭ AIIBVI ɩɪɨɢɡɜɨɞɹɬ ɩɪɢ 

ɧɚɤɚɥɢɜɚɧɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɜɟɳɟɫɬɜ, ɬɚɤɢɯ ɤɚɤ ɫɟɪɚ, ɬɟɥɥɭɪɚ ɢ ɫɟɥɟɧɚ ɫ 

ɦɟɬɚɥɥɨɦ. 

ɉɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɟ ɫɨɟɞɢɧɟɧɢɹ ɩɨ ɬɢɩɭ AIVBVI ɫɨɡɞɚɸɬ ɫ ɩɨɦɨɳɶɸ 

ɫɢɧɬɟɡɚ, ɩɪɢ ɤɨɬɨɪɨɦ, ɢɡɛɵɬɨɤ ɫɜɢɧɰɚ ɫɩɨɫɨɛɟɧ ɜɵɡɵɜɚɬɶ ɷɥɟɤɬɪɨɧɧɭɸ 

ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ, ɚ ɢɡɛɵɬɨɤ Se, S,Te – ɞɵɪɨɱɧɭɸ. 

ɋɨɝɥɚɫɧɨ ɦɟɬɨɞɭ ɑɨɯɪɚɥɶɫɤɨɝɨ, ɦɨɧɨɤɪɢɫɬɚɥɥ ɢɡɜɥɟɤɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɜɟɪɯɧɟɝɨ ɫɬɟɪɠɧɹ, ɧɚ ɤɨɬɨɪɨɦ ɡɚɤɪɟɩɥɟɧɚ ɡɚɬɪɚɜɤɚ ɤɪɢɫɬɚɥɥɚ ɢɡ ɜɚɧɧɵ 

ɪɚɫɩɥɚɜɚ, ɩɨɦɟɳɟɧɧɨɣ ɜ ɬɢɝɟɥɶ, ɫɨɟɞɢɧɟɧɧɨɣ ɨɩɨɪɨɣ ɫ ɧɢɠɧɢɦ ɫɬɟɪɠɧɟɦ. 

Ɉɬɫɭɬɫɬɜɢɟ ɤɨɧɬɚɤɬɚ ɦɟɠɞɭ ɪɚɫɬɭɳɢɦ ɤɪɢɫɬɚɥɥɨɦ ɢ ɫɬɟɧɤɨɣ ɤɨɧɬɟɣɧɟɪɚ 

ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɦɟɬɨɞɨɦ ɑɨɯɪɚɥɶɫɤɨɝɨ ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ ɜ ɬɪɟɛɭɟɦɨɦ 

ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɛɨɥɶɲɢɟ, ɪɚɜɧɨɦɟɪɧɨ ɥɟɝɢɪɨɜɚɧɧɵɟ ɢ 

ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ ɜ ɠɟɥɚɟɦɨɦ ɤɪɢɫɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɦ ɧɚɩɪɚɜɥɟɧɢɢ. 

ɋɢɫɬɟɦɚ ɞɥɹ ɜɵɪɚɳɢɜɚɧɢɹ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ ɦɟɬɨɞɨɦ 

ɑɨɯɪɚɥɶɫɤɨɝɨ ɞɨɥɠɧɚ ɨɛɟɫɩɟɱɢɜɚɬɶ: 

 ɩɨɞɞɟɪɠɚɧɢɟ ɜ ɤɚɦɟɪɟ ɨɫɬɚɬɨɱɧɨɝɨ ɞɚɜɥɟɧɢɹ; 

 ɫɬɚɛɢɥɶɧɨɫɬɶ ɬɟɩɥɨɜɵɯ ɭɫɥɨɜɢɣ; 

 ɜɵɫɨɤɭɸ ɬɨɱɧɨɫɬɶ ɩɨɞɞɟɪɠɚɧɢɹ ɜɵɛɪɚɧɧɵɯ ɫɤɨɪɨɫɬɟɣ 

ɩɟɪɟɦɟɳɟɧɢɹ  

 ɨɬɫɭɬɫɬɜɢɟ ɡɚɝɪɹɡɧɟɧɢɣ ɪɚɫɩɥɚɜɚ; 

 ɜɨɡɦɨɠɧɨɫɬɶ ɢɡɦɟɧɟɧɢɹ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ; 

 ɨɬɫɭɬɫɬɜɢɟ ɜɢɛɪɚɰɢɣ. 
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Ʉɚɦɟɪɵ ɜ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɦɟɬɨɞɚ ɑɨɯɪɚɥɶɫɤɨɝɨ ɦɨɝɭɬ ɛɵɬɶ 

ɝɚɡɨɜɵɦɢ ɢɥɢ ɜɚɤɭɭɦɧɵɦɢ. Ƚɚɡɨɜɵɟ ɢɫɩɨɥɶɡɭɸɬ ɞɥɹ ɪɚɛɨɬɵ ɩɪɢ ɧɨɪɦɚɥɶɧɨɦ 

ɞɚɜɥɟɧɢɢ, ɧɨ ɜɨɡɦɨɠɧɨ ɢ ɭɫɬɚɧɨɜɤɢ ɫ ɜɵɫɨɤɢɦ ɞɚɜɥɟɧɢɟɦ ɢɧɟɪɬɧɨɝɨ ɝɚɡɚ. 

Ɍɪɢ ɝɥɚɜɧɵɯ ɱɚɫɬɢ ɫɨɡɞɚɧɢɹ ɤɪɢɫɬɚɥɥɚ ɦɟɬɨɞɨɦ ɑɨɯɪɚɥɶɫɤɨɝɨ – ɷɬɨ ɞɜɚ 

ɛɥɨɤɚ, ɩɢɬɚɧɢɟ ɢ ɩɟɱɶ, ɚ ɬɚɤ ɠɟ ɩɪɢɥɚɝɚɸɳɢɣɫɹ ɤ ɧɟɦɭ ɩɭɥɶɬ ɭɩɪɚɜɥɟɧɢɹ. 

ɍɫɬɪɨɣɫɬɜɨ ɨɱɢɫɬɤɢ ɝɚɡɚ ɢ ɜɨɞɹɧɵɯ ɫɦɟɫɟɣ ɜɯɨɞɹɬ ɜ ɤɨɦɩɥɟɤɬ. 

ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɜɵɪɚɳɢɜɚɧɢɹ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɦɟɬɨɞɨɦ 

ɑɨɯɪɚɥɶɫɤɨɝɨ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 10, ɩɪɢɦɟɪɵ ɤɨɦɦɟɪɱɟɫɤɢ ɞɨɫɬɭɩɧɵɯ 

ɭɫɬɚɧɨɜɨɤ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫɭɧɤɟ 11 ɢ ɜ ɬɚɛɥɢɰɟ 6. 
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1 – ɪɚɛɨɱɚɹ ɤɚɦɟɪɚ, 2 – ɫɦɨɬɪɨɜɨɟ ɨɤɧɨ, 3 – ɧɚɝɪɟɜɚɬɟɥɶ, 4 – ɷɤɪɚɧ, 5, 11 – ɲɬɨɤɢ ɞɥɹ 
ɜɪɚɳɟɧɢɹ ɬɢɝɥɹ ɢ ɡɚɬɪɚɜɤɢ, 6, 7 – ɝɪɚɮɢɬɨɜɵɣ ɢ ɤɜɚɪɰɟɜɵɣ ɬɢɝɥɢ, 8 – ɪɚɫɩɥɚɜ 

ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ, 9 – ɫɥɢɬɨɤ ɦɨɧɨɤɪɢɫɬɚɥɥɚ, 10 – ɡɚɬɪɚɜɤɚ 

Ɋɢɫɭɧɨɤ 10 – ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɜɵɪɚɳɢɜɚɧɢɹ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢɡ ɪɚɫɩɥɚɜɚ ɦɟɬɨɞɨɦ ɑɨɯɪɚɥɶɫɤɨɝɨ: 

 

Ƚɟɪɦɟɬɢɱɧɵɣ ɤɨɪɩɭɫ ɩɟɱɢ ɫɨɡɞɚɟɬ ɫɜɨɸ ɚɬɦɨɫɮɟɪɭ. ȼɨ ɜɪɟɦɹ ɩɪɨɰɟɫɫɚ 

ɜɵɪɚɳɢɜɚɧɢɹ ɫɬɟɧɤɢ ɨɯɥɚɠɞɚɸɬɫɹ. Ⱦɥɹ ɨɫɨɛɨ ɥɸɛɨɩɵɬɧɵɯ, ɬɭɬ ɞɚɠɟ ɟɫɬɶ 
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ɨɤɨɲɤɨ Ⱦɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ, ɨɫɧɨɜɧɵɟ ɦɟɯɚɧɢɡɦɵ ɜɵɧɟɫɟɧɵ ɡɚ 

ɩɪɢɞɟɥɵ ɤɚɦɟɪɵ.  

 

  
(ɚ) (ɛ) 

 

Ɋɢɫɭɧɨɤ 11 – ɍɫɬɚɧɨɜɤɢ ɞɥɹ ɜɵɪɚɳɢɜɚɧɢɹ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢɡ ɪɚɫɩɥɚɜɚ ɦɟɬɨɞɨɦ ɑɨɯɪɚɥɶɫɤɨɝɨ SC 22 (ɚ) 

ɢ SC 24 (ɛ) (PVA TePla AG., ɎɊȽ) 

 

ɉɪɢ ɩɨɦɨɳɢ ɷɥɟɤɬɪɨɩɪɢɜɨɞɚ, ɪɚɫɩɨɥɨɠɟɧɧɨɝɨ ɜɧɟ ɤɚɦɟɪɵ, ɲɬɨɤ 

ɜɪɚɳɚɟɬɫɹ ɫ ɩɨɫɬɨɹɧɧɨɣ ɱɚɫɬɨɬɨɣ. ɉɪɢ ɷɬɨɦ ɨɧ ɦɨɠɟɬ ɩɟɪɟɦɟɳɚɬɶɫɹ ɜɜɟɪɯ ɢɥɢ 

ɜɧɢɡ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɬɢɝɥɹ ɫ ɪɚɫɩɥɚɜɨɦ ɩɨ 

ɨɬɧɨɲɟɧɢɸ ɤ ɧɚɝɪɟɜɚɬɟɥɶɧɨɦɭ ɷɥɟɦɟɧɬɭ. ɑɟɪɟɡ ɭɩɥɨɬɧɟɧɢɹ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ 

ɧɚ ɜɟɪɯɧɟɦ ɤɨɧɰɟ ɤɚɦɟɪɵ ɫɨɨɫɧɨ ɫ ɧɢɠɧɢɦ ɲɬɨɤɨɦ, ɜ ɤɚɦɟɪɭ ɜɜɨɞɢɬɫɹ 

ɜɨɞɨɨɯɥɚɠɞɚɟɦɵɣ ɲɬɨɤ 11. ɇɚ ɧɢɠɧɟɦ ɤɨɧɰɟ ɲɬɨɤɚ ɩɪɢ ɩɨɦɨɳɢ ɰɚɧɝɨɜɨɝɨ 

ɤɪɟɩɥɟɧɢɹ ɮɢɤɫɢɪɭɟɬɫɹ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɚɹ ɡɚɬɪɚɜɤɚ 10 ɤɪɢɫɬɚɥɥɢɡɭɟɦɨɝɨ 

ɦɚɬɟɪɢɚɥɚ. ɒɬɨɤ 11 ɦɨɠɟɬ ɬɚɤɠɟ ɩɟɪɟɦɟɳɚɬɶɫɹ ɜɜɟɪɯ ɢ ɜɧɢɡ ɫ ɡɚɞɚɧɧɨɣ 

ɫɤɨɪɨɫɬɶɸ ɢ ɜɪɚɳɚɬɶɫɹ ɫ ɩɨɫɬɨɹɧɧɨɣ ɱɚɫɬɨɬɨɣ. ȼ ɩɪɨɰɟɫɫɟ ɪɨɫɬɚ ɤɪɢɫɬɚɥɥ ɢ 

ɬɢɝɟɥɶ ɫ ɪɚɫɩɥɚɜɨɦ ɜɪɚɳɚɸɬɫɹ ɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ. 
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Ɍɚɛɥɢɰɚ 6 – Ɉɫɧɨɜɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɫɬɚɧɨɜɨɤ ɞɥɹ 

ɜɵɪɚɳɢɜɚɧɢɹ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ ɦɟɬɨɞɨɦ ɑɨɯɪɚɥɶɫɤɨɝɨ 

ɩɪɨɢɡɜɨɞɫɬɜɚ PVA TePla AG. (ɎɊȽ) 

 

Ɇɨɞɟɥɶ CGS-Lab SC 22 SC 24 
ɉɚɪɚɦɟɬɪɵ ɝɨɪɹɱɟɣ ɡɨɧɵ 

Ⱦɢɚɦɟɬɪ ɬɢɝɥɹ ɞɨ 10 ɞɸɣɦɨɜ ɞɨ 22 ɞɸɣɦɨɜ ɞɨ 24 ɞɸɣɦɨɜ 
ȼɵɫɨɬɚ ɬɢɝɥɹ – ɞɨ 430 ɦɦ ɞɨ 430 ɦɦ 
ɇɚɱɚɥɶɧɚɹ ɡɚɝɪɭɡɤɚ 
ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɢɦ 
ɤɪɟɦɧɢɟɦ 

ɞɨ 8 ɤɝ ɞɨ 140 ɤɝ ɞɨ 160 ɤɝ 

ɉɚɪɚɦɟɬɪɵ ɜɵɪɚɳɢɜɚɟɦɨɝɨ ɤɪɢɫɬɚɥɥɚ 
Ⱦɢɚɦɟɬɪ ɤɪɢɫɬɚɥɥɚ ɞɨ 100 ɦɦ ɞɨ 230 ɦɦ ɞɨ 230 ɦɦ 
Ⱦɥɢɧɚ ɤɪɢɫɬɚɥɥɚ ɞɨ 300 ɦɦ ɞɨ 2800 ɦɦ ɞɨ 2900 ɦɦ 

ɋɤɨɪɨɫɬɶ ɩɨɞɚɱɢ ɢ ɜɪɚɳɟɧɢɹ 
ɋɤɨɪɨɫɬɶ ɜɵɬɹɝɢɜɚɧɢɹ 
ɤɪɢɫɬɚɥɥɚ 

ɞɨ 10 ɦɦ/ɦɢɧ. 

ȼɪɚɳɟɧɢɟ ɤɪɢɫɬɚɥɥɚ ɞɨ 35 ɨɛ/ɦɢɧ. 
ɋɤɨɪɨɫɬɶ ɩɨɞɴɟɦɚ ɬɢɝɥɹ ɞɨ 2 ɦɦ/ɦɢɧ. 
ȼɪɚɳɟɧɢɟ ɬɢɝɥɹ ɞɨ 35 ɨɛ/ɦɢɧ. 

Ɋɚɡɦɟɪɵ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ 
Ⱦɢɚɦɟɬɪ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ ɨɤɨɥɨ 590 ɦɦ ɨɤɨɥɨ 930 ɦɦ ɨɤɨɥɨ 980 ɦɦ 
ȼɵɫɨɬɚ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ ɨɤɨɥɨ 1 000 ɦɦ ɨɤɨɥɨ 1 520 ɦɦ ɨɤɨɥɨ 1 670 ɦɦ 
Ⱦɢɚɦɟɬɪ ɡɚɩɨɪɧɨɝɨ 
ɤɥɚɩɚɧɚ 

– 304 ɦɦ 304 ɦɦ 

Ɍɢɩ ɩɪɢɟɦɧɨɣ ɤɚɦɟɪɵ ɞɜɟɪɶ ɡɚɦɤɧɭɬɚɹ ɬɪɭɛɚ ɡɚɦɤɧɭɬɚɹ ɬɪɭɛɚ 
Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ 

ȼɵɫɨɬɚ (ɨɬɤɪɵɬɚɹ) 3 400 ɦɦ 8 780 ɦɦ 9 500 ɦɦ 
ȼɵɫɨɬɚ (ɡɚɤɪɵɬɚɹ) 3 200 ɦɦ 7 350 ɦɦ 7 900 ɦɦ 
ɒɢɪɢɧɚ 4 500 ɦɦ 3 900 ɦɦ 3 700 ɦɦ 
Ƚɥɭɛɢɧɚ 2 100 ɦɦ 3 300 ɦɦ 4 200 ɦɦ 
ȼɟɫ 2 500 ɤɝ 8 500 ɤɝ 9 300 ɤɝ 

 

ɋɢɝɧɚɥ ɨɛ ɢɡɦɟɧɟɧɢɢ ɞɢɚɦɟɬɪɚ ɪɚɫɬɭɳɟɝɨ ɦɨɧɨɤɪɢɫɬɚɥɥɚ ɩɨɫɬɭɩɚɟɬ ɜ 

ɫɢɫɬɟɦɭ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɭɫɬɚɧɨɜɤɨɣ ɨɬ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ 

ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɞɢɚɦɟɬɪɚ. Ɉɧɚ ɦɨɠɟɬ ɪɚɛɨɬɚɬɶ ɥɢɛɨ ɩɨ ɨɩɬɢɱɟɫɤɨɦɭ ɩɪɢɧɰɢɩɭ, 

ɥɢɛɨ ɩɨ ɜɟɫɨɜɨɦɭ (ɪɢɫɭɧɨɤ 12). ɉɟɪɜɵɣ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɩɪɢ ɜɵɪɚɳɢɜɚɧɢɢ 

ɦɨɧɨɤɪɢɫɬɚɥɥɚ ɢɡ ɨɬɤɪɵɬɨɝɨ ɪɚɫɩɥɚɜɚ, ɨɫɧɨɜɚɧ ɧɚ ɢɡɦɟɧɟɧɢɢ ɧɚɩɪɚɜɥɟɧɢɹ 

ɢɡɥɭɱɟɧɢɹ ɨɬ ɦɟɧɢɫɤɚ ɫɬɨɥɛɢɤɚ ɪɚɫɩɥɚɜɚ. ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɞɢɚɦɟɬɪɚ ɪɚɫɬɭɳɟɝɨ 

ɦɨɧɨɤɪɢɫɬɚɥɥɚ ɥɭɱ ɫɜɟɬɚ ɨɬ ɦɟɧɢɫɤɚ ɨɬɤɥɨɧɹɟɬɫɹ, ɱɬɨ ɮɢɤɫɢɪɭɟɬɫɹ 

ɱɭɜɫɬɜɢɬɟɥɶɧɵɦ ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɢɦ ɞɚɬɱɢɤɨɦ (ɪɢɫɭɧɨɤ 12, ɚ).  
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1 – ɬɢɝɟɥɶ ɫ ɪɚɫɩɥɚɜɨɦ; 2 – ɬɟɩɥɨɜɨɣ ɭɡɟɥ; 3 – ɮɥɸɫ, 4 – ɪɚɛɨɱɚɹ ɤɚɦɟɪɚ ɭɫɬɚɧɨɜɤɢ; 
5 – ɪɚɫɬɭɳɢɣ ɦɨɧɨɤɪɢɫɬɚɥɥ; 6 – ɡɚɬɪɚɜɤɨɞɟɪɠɚɬɟɥɴ; 7 – ɲɬɨɤ; 8 – ɝɢɛɤɚɹ ɩɨɞɜɟɫɤɚ; 

9 – ɜɟɫɨɢɡɦɟɪɢɬɟɥɶɧɚɹ ɝɨɥɨɜɤɚ ɫ ɞɢɧɚɦɨɦɟɬɪɢɱɟɫɤɢɦ ɞɚɬɱɢɤɨɦ; 10 – ɨɩɬɢɱɟɫɤɚɹ ɝɨɥɨɜɤɚ ɫ 
ɮɨɬɨɷɥɟɤɬɪɢɱɟɫɤɢɦ ɞɚɬɱɢɤɨɦ; 11 – ɧɚɩɪɚɜɥɟɧɢɟ ɥɭɱɚ ɫɜɟɬɚ ɨɬ ɦɟɧɢɫɤɚ ɫɬɨɥɛɢɤɚ ɪɚɫɩɥɚɜɚ 

Ɋɢɫɭɧɨɤ 12 – ɋɯɟɦɵ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɞɢɚɦɟɬɪɚ 
ɦɨɧɨɤɪɢɫɬɚɥɥɚ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ, ɜɵɪɚɳɢɜɚɟɦɨɝɨ ɦɟɬɨɞɨɦ ɑɨɯɪɚɥɶɫɤɨɝɨ ɢɡ 

ɪɚɫɩɥɚɜɚ, ɢɦɟɸɳɟɝɨ ɨɬɤɪɵɬɭɸ (ɚ) ɢ ɡɚɤɪɵɬɭɸ ɮɥɸɫɨɦ (ɛ) ɩɨɜɟɪɯɧɨɫɬɢ: 
 

ȼɬɨɪɨɣ ɩɪɢɧɰɢɩ ɩɪɢɦɟɧɹɟɬɫɹ, ɜ ɬɟɯ ɫɥɭɱɚɹɯ, ɤɨɝɞɚ ɩɨɜɟɪɯɧɨɫɬɶ 

ɪɚɫɩɥɚɜɚ ɩɨɤɪɵɬɚ ɫɥɨɟɦ ɮɥɸɫɚ. Ɋɚɫɬɭɳɢɣ ɦɨɧɨɤɪɢɫɬɚɥɥ ɧɟɩɪɟɪɵɜɧɨ 

ɜɡɜɟɲɢɜɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɱɭɜɫɬɜɢɬɟɥɶɧɵɯ ɬɟɧɡɨɞɚɬɱɢɤɨɜ, ɩɨɞɤɥɸɱɟɧɧɵɯ ɤ 

ɡɚɬɪɚɜɨɱɧɨɦɭ ɞɟɪɠɚɬɟɥɸ (ɪɢɫɭɧɨɤ 12, ɛ). 

Ɉɫɧɨɜɧɚɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɱɚɫɬɶ ɭɫɬɚɧɨɜɤɢ - ɩɟɱɧɨɣ ɚɝɪɟɝɚɬ. Ɉɧ ɢɦɟɟɬ 

ɤɚɪɤɚɫ, ɧɚ ɤɨɬɨɪɨɦ ɫɦɨɧɬɢɪɨɜɚɧɚ ɤɚɦɟɪɚ ɫ ɜɨɞɹɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ, 

ɫɨɞɟɪɠɚɳɚɹ ɧɚɝɪɟɜɚɬɟɥɶɧɵɣ ɷɥɟɦɟɧɬ, ɚ ɬɚɤɠɟ ɩɪɢɜɨɞɵ ɞɥɹ ɩɨɞɴɟɦɚ ɢ 

ɜɪɚɳɟɧɢɹ ɡɚɬɪɚɜɤɨɞɟɪɠɚɬɟɥɹ ɫ ɪɚɫɬɭɳɢɦ ɦɨɧɨɤɪɢɫɬɚɥɥɨɦ ɢ ɬɢɝɟɥɶ ɫ 

ɪɚɫɩɥɚɜɨɦ. 

Ɋɚɛɨɱɢɟ ɤɚɦɟɪɵ ɭɫɬɚɧɨɜɨɤ ɞɥɹ ɜɵɪɚɳɢɜɚɧɢɹ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ 

ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɫ ɜɨɞɹɧɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɢɦɟɸɬ 

ɰɢɥɢɧɞɪɢɱɟɫɤɭɸ ɮɨɪɦɭ. ȼ ɦɨɳɧɵɯ ɭɫɬɚɧɨɜɤɚɯ ɞɥɹ ɜɵɪɚɳɢɜɚɧɢɹ 
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ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɤɪɟɦɧɢɹ ɨɫɧɨɜɧɚɹ ɪɚɛɨɱɚɹ ɤɚɦɟɪɚ ɞɨɩɨɥɧɹɟɬɫɹ ɲɥɸɡɨɜɨɣ 

ɤɚɦɟɪɨɣ. ɋ ɟɝɨ ɩɨɦɨɳɶɸ, ɧɟ ɜɵɤɥɸɱɚɹ ɧɚɝɪɟɜ ɬɢɝɥɹ, ɜɵɪɚɳɟɧɧɵɣ 

ɦɨɧɨɤɪɢɫɬɚɥɥ ɦɨɠɟɬ ɛɵɬɶ ɭɞɚɥɟɧ ɢɡ ɪɚɛɨɱɟɣ ɤɚɦɟɪɵ, ɢ ɩɪɨɢɡɜɨɞɢɬɶ ɞɨɝɪɭɡɤɭ 

ɜ ɬɢɝɟɥɶ ɢɫɯɨɞɧɨɝɨ ɩɨɥɢɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɤɪɟɦɧɢɹ, ɧɟ ɧɚɪɭɲɚɹ 

ɝɟɪɦɟɬɢɱɧɨɫɬɶ ɩɪɨɫɬɪɚɧɫɬɜɚ ɤɚɦɟɪɵ ɢ ɨɯɥɚɠɞɟɧɢɟɦ ɬɢɝɟɥɶ ɫ ɨɫɬɚɬɤɨɦ 

ɪɚɫɩɥɚɜɚ. Ɉɞɧɚɤɨ ɲɥɸɡɨɜɨɟ ɭɫɬɪɨɣɫɬɜɨ ɩɨɡɜɨɥɹɟɬ ɡɚɝɪɭɠɚɬɶ ɜ ɬɢɝɟɥɶ ɬɨɥɶɤɨ 

ɦɚɬɟɪɢɚɥ ɜ ɜɢɞɟ ɫɬɟɪɠɧɟɣ. 

Ɍɟɩɥɨɜɨɣ ɭɡɟɥ, ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɜ ɤɚɦɟɪɟ ɩɟɱɧɨɝɨ ɛɥɨɤɚ, ɫɨɫɬɨɢɬ ɢɡ 

ɩɨɞɫɬɚɜɤɢ, ɧɚɝɪɟɜɚɬɟɥɹ, ɬɢɝɥɹ ɢ ɷɤɪɚɧɧɨɣ ɫɢɫɬɟɦɵ. ɉɨɞɫɬɚɜɤɚ ɢ ɧɚɝɪɟɜɚɬɟɥɶ –

ɝɪɚɮɢɬɨɜɵɟ. Ɇɚɬɟɪɢɚɥ ɷɤɪɚɧɨɜ ɡɚɜɢɫɢɬ ɨɬ ɯɚɪɚɤɬɟɪɚ ɚɬɦɨɫɮɟɪɵ ɜ ɬɟɩɥɨɜɨɦ 

ɭɡɥɟ. Ⱦɥɹ ɜɚɤɭɭɦɚ ɷɤɪɚɧɵ ɢɡɝɨɬɚɜɥɢɜɚɸɬɫɹ ɢɡ ɩɨɥɢɪɨɜɚɧɧɵɯ ɥɢɫɬɨɜ 

ɠɚɪɨɩɪɨɱɧɨɝɨ ɦɟɬɚɥɥɚ (ɧɚɩɪɢɦɟɪ, ɦɨɥɢɛɞɟɧɚ), ɚ ɞɥɹ ɝɚɡɨɜɨɣ ɚɬɦɨɫɮɟɪɟ – ɢɡ 

ɝɪɚɮɢɬɚ ɢɥɢ ɧɟɩɪɨɡɪɚɱɧɨɝɨ (ɫɩɟɱɟɧɧɨɝɨ) ɤɜɚɪɰɚ. Ɍɨɥɳɢɧɚ ɞɧɚ ɢ ɫɬɟɧɨɤ 

ɩɨɞɫɬɚɜɤɢ ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ ɝɪɚɞɢɟɧɬɵ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɪɚɫɩɥɚɜɟ ɢ 

ɦɨɧɨɤɪɢɫɬɚɥɥɟ. ɇɚɝɪɟɜɚɬɟɥɶɧɵɟ ɷɥɟɦɟɧɬɵ ɨɛɟɫɩɟɱɢɜɚɸɬ ɛɨɤɨɜɨɣ ɢ ɞɨɧɧɨ-

ɛɨɤɨɜɨɣ ɩɨɞɜɨɞ ɬɟɩɥɚ ɤ ɪɚɫɩɥɚɜɭ ɜ ɬɢɝɥɟ. ȼ ɩɟɪɜɨɦ ɫɥɭɱɚɟ ɧɚɞ ɪɚɫɩɥɚɜɨɦ 

ɫɨɡɞɚɟɬɫɹ ɪɟɡɤɢɣ ɨɫɟɜɨɣ ɢ ɩɥɚɜɧɵɣ ɪɚɞɢɚɥɶɧɵɣ ɝɪɚɞɢɟɧɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɜɨ 

ɜɬɨɪɨɦ ɪɟɚɥɢɡɭɟɬɫɹ ɨɛɪɚɬɧɚɹ ɡɚɞɚɱɚ. 

ɋɢɫɬɟɦɚ ɫɨɡɞɚɧɢɹ ɜɚɤɭɭɦɚ ɫɨɡɞɚɟɬ ɜ ɪɚɛɨɱɟɣ ɤɚɦɟɪɟ ɩɟɱɧɨɝɨ ɚɝɪɟɝɚɬɚ 

ɭɫɬɚɧɨɜɤɢ ɧɟɨɛɯɨɞɢɦɵɣ ɜɚɤɭɭɦ ɢɥɢ ɞɚɜɥɟɧɢɟ ɢɧɟɪɬɧɨɝɨ ɝɚɡɚ ɢɥɢ ɟɝɨ ɩɨɬɨɤ 

ɩɪɢ ɡɚɞɚɧɧɨɣ ɫɤɨɪɨɫɬɢ, ɱɬɨ ɨɫɨɛɟɧɧɨ ɜɚɠɧɨ ɞɥɹ ɤɪɟɦɧɢɟɜɨɣ ɬɟɯɧɨɥɨɝɢɢ, ɜ 

ɤɨɬɨɪɨɣ ɦɨɧɨɤɪɢɫɬɚɥɥ ɧɚɯɨɞɢɬɫɹ ɩɪɢ ɩɨɧɢɠɟɧɧɨɦ ɨɫɬɚɬɨɱɧɨɦ ɞɚɜɥɟɧɢɢ 

ɰɢɪɤɭɥɢɪɭɸɳɟɝɨ ɢɧɟɪɬɧɨɝɨ ɝɚɡɚ. ɗɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɭɞɚɥɟɧɢɟ ɨɤɫɢɞɚ ɤɪɟɦɧɢɹ 

ɢɡ ɡɨɧɵ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɩɨɩɚɞɚɧɢɟ ɤɨɬɨɪɨɝɨ ɜ ɪɚɫɩɥɚɜ ɧɚɪɭɲɚɟɬ ɪɨɫɬ 

ɦɨɧɨɤɪɢɫɬɚɥɥɚ ɢ ɭɯɭɞɲɚɟɬ ɟɝɨ ɫɬɪɭɤɬɭɪɭ. 

Ɉɫɧɨɜɧɵɦɢ ɫɬɚɞɢɹɦɢ ɪɨɫɬɚ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɩɨ ɦɟɬɨɞɭ ɑɨɯɪɚɥɶɫɤɨɝɨ 

ɹɜɥɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ (ɪɢɫɭɧɤɢ 13–15): 
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Ɋɢɫɭɧɨɤ 13 – ɋɬɚɞɢɢ ɪɨɫɬɚ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɦɟɬɨɞɨɦ ɑɨɯɪɚɥɶɫɤɨɝɨ: 
ɡɚɬɪɚɜɥɢɜɚɧɢɟ ɜɵɪɚɳɢɜɚɟɦɨɝɨ ɦɨɧɨɤɪɢɫɬɚɥɥɚ ɢ ɜɵɪɚɳɢɜɚɧɢɟ ɲɟɣɤɢ 

ɤɪɢɫɬɚɥɥɚ 

 

1) ɡɚɬɪɚɜɥɢɜɚɧɢɟ ɜɵɪɚɳɢɜɚɟɦɨɝɨ ɦɨɧɨɤɪɢɫɬɚɥɥɚ ɩɨɝɪɭɠɟɧɢɟɦ 

ɤɨɧɰɚ ɡɚɬɪɚɜɤɢ ɜ ɪɚɫɩɥɚɜ ɢ ɟɟ ɨɩɥɚɜɥɟɧɢɹ; 

2) ɜɵɪɚɳɢɜɚɧɢɟ ɲɟɣɤɢ ɤɪɢɫɬɚɥɥɚ; 

3) ɜɵɯɨɞ ɦɨɧɨɤɪɢɫɬɚɥɥɚ ɧɚ ɞɢɚɦɟɬɪ; 

4) ɪɨɫɬ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɱɚɫɬɢ ɦɨɧɨɤɪɢɫɬɚɥɥɚ; 

5) ɮɨɪɦɢɪɨɜɚɧɢɟ ɨɛɪɚɬɧɨɝɨ ɤɨɧɭɫɚ ɩɟɪɟɞ ɨɬɪɵɜɨɦ ɜɵɪɚɳɟɧɧɨɝɨ 

ɦɨɧɨɤɪɢɫɬɚɥɥɚ ɨɬ ɪɚɫɩɥɚɜɚ; 

6) ɨɬɪɵɜ ɦɨɧɨɤɪɢɫɬɚɥɥɚ ɨɬ ɪɚɫɩɥɚɜɚ, ɩɨɧɢɠɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ 

ɧɚɝɪɟɜɚɬɟɥɹ. 
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Ɋɢɫɭɧɨɤ 14 – ɋɬɚɞɢɢ ɪɨɫɬɚ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɦɟɬɨɞɨɦ ɑɨɯɪɚɥɶɫɤɨɝɨ: ɜɵɯɨɞ 
ɦɨɧɨɤɪɢɫɬɚɥɥɚ ɧɚ ɞɢɚɦɟɬɪ ɢ ɪɨɫɬ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɱɚɫɬɢ ɦɨɧɨɤɪɢɫɬɚɥɥɚ 

 

ɉɪɨɰɟɫɫ ɩɪɨɢɫɯɨɞɢɬ ɞɚɧɧɵɦ ɨɛɪɚɡɨɦ: ɞɟɬɚɥɶɧɨ ɩɪɨɬɪɚɜɥɟɧɧɵɣ, 

ɩɪɨɦɵɬɵɣ ɢ ɜɵɫɭɲɟɧɧɵɣ ɦɚɬɟɪɢɚɥ ɡɚɝɪɭɠɚɟɬɫɹ ɜ ɬɢɝɟɥɶ, ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 

ɨɱɢɳɟɧɧɭɸ ɤɚɦɟɪɭ, ɝɟɪɦɟɬɢɡɢɪɭɹ ɢ ɜɚɤɭɭɦɢɪɭɹ ɢɥɢ ɩɪɨɞɭɜɚɹ ɱɢɫɬɵɦ 

ɢɧɟɪɬɧɵɦ ɝɚɡɨɦ. 

Ɍɢɝɟɥɶ ɭɫɬɚɧɚɜɥɢɜɚɸɬ ɧɚ ɠɟɥɚɟɦɨɣ ɜɵɫɨɬɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɝɪɟɜɚɬɟɥɹ ɢ 

ɜɪɚɳɚɸɬ. ɉɪɢ ɩɨɫɬɟɩɟɧɧɨɦ ɭɜɟɥɢɱɟɧɢɢ ɦɨɳɧɨɫɬɢ, ɩɨɞɚɜɚɟɦɨɣ ɧɚ 

ɧɚɝɪɟɜɚɬɟɥɶ, ɦɚɬɟɪɢɚɥ ɩɥɚɜɢɬɫɹ ɢ ɧɟɤɨɬɨɪɨɟ ɜɪɟɦɹ ɧɚɯɨɞɢɬɫɹ ɜ ɩɟɪɟɝɪɟɬɨɦ 

ɫɨɫɬɨɹɧɢɢ. 
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Ɋɢɫɭɧɨɤ 15 – ɋɬɚɞɢɢ ɪɨɫɬɚ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɦɟɬɨɞɨɦ ɑɨɯɪɚɥɶɫɤɨɝɨ: 
ɮɨɪɦɢɪɨɜɚɧɢɟ ɨɛɪɚɬɧɨɝɨ ɤɨɧɭɫɚ ɢ ɨɬɪɵɜ ɦɨɧɨɤɪɢɫɬɚɥɥɚ 

 

ɑɬɨɛɵ ɩɪɟɞɨɬɜɪɚɬɢɬɶ ɨɫɚɠɞɟɧɢɟ ɥɟɬɭɱɢɯ ɩɪɢɦɟɫɟɣ ɧɚ ɡɚɬɪɚɜɤɟ, 

ɩɨɫɥɟɞɧɹɹ ɩɨɞɜɨɞɢɬɫɹ ɤ ɡɟɪɤɚɥɭ ɪɚɫɩɥɚɜɚ ɜ ɝɨɪɹɱɟɣ ɡɨɧɟ. Ʉɨɝɞɚ ɡɟɪɤɚɥɨ 

ɨɱɢɳɚɟɬɫɹ, ɫɪɚɛɚɬɵɜɚɟɬ ɚɜɬɨɦɚɬɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ ɤɨɧɬɪɨɥɹ ɬɟɦɩɟɪɚɬɭɪɵ, 

ɤɨɬɨɪɚɹ ɞɨɜɨɞɢɬ ɬɟɦɩɟɪɚɬɭɪɭ ɪɚɫɩɥɚɜɚ ɞɨ ɡɧɚɱɟɧɢɹ, ɧɟɦɧɨɝɨ ɜɵɲɟ 

ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɦɚɬɟɪɢɚɥɚ. Ɂɚɬɪɚɜɨɱɧɵɣ ɦɚɬɟɪɢɚɥ ɦɟɞɥɟɧɧɨ 

ɩɨɞɜɨɞɢɬɫɹ ɤ ɡɟɪɤɚɥɭ, ɤɨɧɟɰ ɡɚɬɪɚɜɤɢ ɨɩɭɫɤɚɟɬɫɹ ɧɚ 2-3 ɦɦ ɜ ɪɚɫɩɥɚɜ ɢ ɲɬɨɤ 

ɨɫɬɚɧɚɜɥɢɜɚɟɬɫɹ. ɉɨɫɥɟ ɧɚɝɪɟɜɚɧɢɹ ɡɚɬɪɚɜɤɢ ɜ ɬɟɱɟɧɢɟ 3-5 ɦɢɧɭɬ ɧɚɱɢɧɚɸɬ 

ɜɵɪɚɳɢɜɚɬɶ ɦɨɧɨɤɪɢɫɬɚɥɥ, ɜɵɬɹɝɢɜɚɹ ɲɬɨɤ ɫ ɡɚɬɪɚɜɤɨɣ. 
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1.7 Ɉɩɢɫɚɧɢɟ ɜɚɤɭɭɦɧɨɣ ɫɢɫɬɟɦɵ ɨɬɤɚɱɤɢ ɜɨɡɞɭɯɚ 
 

ȼɵɫɨɤɨɜɚɤɭɭɦɧɵɟ ɧɚɫɨɫɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜɦɟɫɬɟ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦɢ 

ɧɚɫɨɫɚɦɢ ɫ ɪɚɛɨɱɢɦ ɞɚɜɥɟɧɢɟɦ ɫɢɫɬɟɦɵ 103 Ɍɨɪɪ ɢ ɦɟɧɟɟ. Ɋɚɫɩɨɥɨɠɟɧɢɟ 

ɷɥɟɦɟɧɬɨɜ ɫɢɫɬɟɦɵ ɡɚɜɢɫɢɬ ɨɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɵɩɨɥɧɹɟɦɨɣ ɨɱɢɫɬɤɢ, ɜɤɥɸɱɚɹ 

ɱɢɫɬɨɬɵ, ɜɪɟɦɹ ɰɢɤɥɚ, ɭɪɨɜɟɧɶ ɞɚɜɥɟɧɢɹ ɢ ɬ. ɞ. ȼ ɧɟɤɨɬɨɪɨɣ ɫɬɟɩɟɧɢ ɧɚɥɢɱɢɟ 

ɢ ɫɨɜɦɟɫɬɢɦɨɫɬɶ ɤɨɦɩɨɧɟɧɬɨɜ ɜɥɢɹɟɬ ɧɚ ɤɨɧɫɬɪɭɤɰɢɸ ɫɢɫɬɟɦɵ. ȼ 

ɨɩɪɟɞɟɥɟɧɧɵɯ ɫɥɭɱɚɹɯ ɷɤɨɧɨɦɢɹ ɦɨɠɟɬ ɨɩɪɟɞɟɥɹɬɶ ɜɵɛɨɪ ɤɨɦɩɨɧɟɧɬɨɜ ɢ 

ɤɨɧɫɬɪɭɤɰɢɸ ɫɢɫɬɟɦɵ. 

Ⱦɥɹ ɦɚɤɫɢɦɚɥɶɧɨɣ ɫɤɨɪɨɫɬɢ ɨɬɤɚɱɤɢ ɠɟɥɚɬɟɥɶɧɨ ɫɞɟɥɚɬɶ 

ɩɪɨɦɟɠɭɬɨɱɧɵɟ ɫɨɟɞɢɧɢɬɟɥɶɧɵɟ ɤɚɧɚɥɵ ɦɟɠɞɭ ɤɚɦɟɪɨɣ ɢ ɜɯɨɞɨɦ ɧɚɫɨɫɚ ɤɚɤ 

ɦɨɠɧɨ ɲɢɪɟ ɢ ɤɚɤ ɦɨɠɧɨ ɤɨɪɨɱɟ. Ʉɨɥɢɱɟɫɬɜɨ ɬɪɟɛɭɟɦɵɯ ɥɨɜɭɲɟɤ, 

ɩɟɪɟɝɨɪɨɞɨɤ ɢɥɢ ɞɪɨɫɫɟɥɟɣ ɡɚɜɢɫɢɬ ɨɬ ɠɟɥɚɟɦɨɝɨ ɭɪɨɜɧɹ ɩɨɬɨɤɚ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɝɚɡɚ, ɱɢɫɬɨɬɵ ɜ ɤɚɦɟɪɟ, ɧɟɨɛɯɨɞɢɦɨɝɨ ɭɦɟɧɶɲɟɧɢɹ 

ɨɛɪɚɬɧɨɝɨ ɧɚɬɟɤɚɧɢɹ ɢ ɦɢɝɪɚɰɢɢ ɩɚɪɚ ɪɚɛɨɱɟɣ ɠɢɞɤɨɫɬɢ ɢɥɢ ɦɚɫɥɚ, ɚ ɬɚɤɠɟ 

ɜɨɡɜɪɚɬɚ ɪɚɧɟɟ ɨɬɤɚɱɚɧɧɵɯ ɝɚɡɨɜ. 

Ɋɚɡɦɟɪ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɤɨɥɥɟɤɬɨɪɨɜ ɞɥɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɣ ɨɬɤɚɱɤɢ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɥɢɧɨɣ ɥɢɧɢɢ ɢ ɦɢɧɢɦɚɥɶɧɵɦ ɭɪɨɜɧɟɦ ɞɚɜɥɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɦ 

ɧɚɫɨɫ ɞɨɥɠɟɧ ɪɚɛɨɬɚɬɶ ɷɮɮɟɤɬɢɜɧɨ, ɦɨɳɧɨɫɬɶɸ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɧɚɫɨɫɚ. Ʉɪɨɦɟ 

ɬɨɝɨ, ɪɚɡɦɟɪ ɥɢɧɢɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɧɚɤɚɱɤɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɞɚɜɥɟɧɢɟɦ 

ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɪɚɡɪɹɠɟɧɢɹ ɢ ɬɪɟɛɨɜɚɧɢɹɦɢ ɤ ɭɪɨɜɧɸ ɜɨɡɜɪɚɬɚ ɜ 

ɜɵɫɨɤɨɜɚɤɭɭɦɧɨɦ ɧɚɫɨɫɟ ɜ ɭɫɥɨɜɢɹɯ ɞɟɝɚɡɚɰɢɢ.  

ɉɨɬɪɟɛɧɨɫɬɶ ɜ ɮɨɪɜɚɤɭɭɦɧɨɦ ɧɚɫɨɫɟ, ɤɨɬɨɪɵɣ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ 

ɩɨɞɞɟɪɠɚɧɢɹ ɩɪɟɞɜɚɤɭɭɦɧɨɝɨ ɞɚɜɥɟɧɢɹ ɞɥɹ ɜɵɫɨɤɨɜɚɤɭɭɦɧɨɝɨ ɧɚɫɨɫɚ, 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɧɟɫɤɨɥɶɤɢɦɢ ɮɚɤɬɨɪɚɦɢ, ɜɤɥɸɱɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɩɪɟɞɜɚɤɭɭɦɧɨɝɨ ɞɚɜɥɟɧɢɹ ɜɵɫɨɤɨɜɚɤɭɭɦɧɨɝɨ ɧɚɫɨɫɚ, ɬɪɟɛɨɜɚɧɢɹ ɤ 

ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɰɢɤɥɚ, ɝɟɪɦɟɬɢɡɚɰɢɹ ɢ ɤɨɧɮɢɝɭɪɚɰɢɢ ɤɨɥɥɟɤɬɨɪɚ. ȼɵɛɨɪ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢ ɬɢɩɚ ɦɟɯɚɧɢɱɟɫɤɨɝɨ ɧɚɫɨɫɚ ɛɭɞɟɬ ɡɚɜɢɫɟɬɶ ɨɬ 

ɠɟɥɚɟɦɨɝɨ ɪɚɛɨɱɟɝɨ ɰɢɤɥɚ, ɬɪɟɛɨɜɚɧɢɣ ɤ ɩɪɟɞɜɚɤɭɭɦɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ 
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ɢ ɤ ɞɚɜɥɟɧɢɸ ɧɚɫɨɫɚ, ɚ ɬɚɤɠɟ ɨɬ ɪɚɛɨɱɢɯ ɩɪɨɰɟɞɭɪ, ɩɪɟɞɥɚɝɚɟɦɵɯ ɩɪɢ ɨɬɤɚɱɤɢ 

ɫɢɫɬɟɦɵ. 

Ʉɚɤ ɩɪɚɜɢɥɨ, ɜ ɜɵɫɨɤɨɜɚɤɭɭɦɧɨɣ ɫɢɫɬɟɦɟ, ɨɬɤɚɱɚɧɧɨɣ ɞɨ 106 Ɍɨɪɪ ɦɟɧɟɟ 

ɱɟɦ ɡɚ ɩɨɥɱɚɫɚ, ɜɵɞɟɥɟɧɢɟ ɝɚɡɚ ɧɟ ɛɭɞɟɬ ɡɧɚɱɢɬɟɥɶɧɵɦ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 

ɦɚɤɫɢɦɚɥɶɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɧɚɫɨɫɚ) ɜ ɧɚɱɚɥɶɧɵɣ ɩɟɪɢɨɞ ɩɨɫɥɟ 

ɨɬɤɪɵɬɢɹ ɜɵɫɨɤɨɜɚɤɭɭɦɧɨɝɨ ɤɥɚɩɚɧ. ɇɚ ɩɪɚɤɬɢɤɟ ɢɡ-ɡɚ ɨɬɫɭɬɫɬɜɢɹ ɬɨɱɧɨɝɨ 

ɭɩɪɚɜɥɟɧɢɹ ɤɥɚɩɚɧɨɦ ɩɟɪɢɨɞ ɦɟɠɞɭ ɨɬɤɪɵɬɢɟɦ ɤɥɚɩɚɧɚ ɢ ɬɨɱɤɨɣ, ɜ ɤɨɬɨɪɨɣ 

ɞɨɫɬɢɝɚɟɬɫɹ ɞɚɜɥɟɧɢɟ ɧɚ ɜɯɨɞɟ 0,001 Ɍɨɪɪ, ɦɨɠɟɬ ɛɵɬɶ ɤɨɪɨɱɟ ɩɟɪɢɨɞɚ, 

ɪɚɫɫɱɢɬɚɧɧɨɝɨ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɭɪɚɜɧɟɧɢɹ. ɗɬɨ ɩɪɨɢɫɯɨɞɢɬ ɢɡ-ɡɚ 

ɪɚɫɲɢɪɟɧɢɹ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɜɵɫɨɤɨɜɚɤɭɭɦɧɵɣ ɤɥɚɩɚɧ ɜ ɩɪɨɫɬɪɚɧɫɬɜɨ ɫ ɛɨɥɟɟ 

ɜɵɫɨɤɢɦ ɜɚɤɭɭɦɨɦ. ɉɪɨɫɬɪɚɧɫɬɜɨ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɩɨɬɨɤɚ (ɜɟɪɯɧɹɹ ɱɚɫɬɶ 

ɧɚɫɨɫɚ, ɩɟɪɟɝɨɪɨɞɤɚ, ɥɨɜɭɲɤɚ, ɱɚɫɬɶ ɤɥɚɩɚɧɚ) ɦɨɠɟɬ ɛɵɬɶ ɛɨɥɶɲɢɦ ɩɨ 

ɫɪɚɜɧɟɧɢɸ ɫ ɨɛɴɟɦɨɦ ɤɚɦɟɪɵ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɤɨɝɞɚ ɢɞɟɬ ɡɧɚɱɢɬɟɥɶɧɨɟ 

ɝɚɡɨɜɵɞɟɥɟɧɢɟ, ɧɚɫɨɫ ɦɨɠɟɬ ɛɵɬɶ ɩɟɪɟɝɪɭɠɟɧ ɧɚ ɛɨɥɟɟ ɞɥɢɬɟɥɶɧɵɟ ɩɟɪɢɨɞɵ 

ɜɪɟɦɟɧɢ. Ɍɨ ɠɟ ɫɚɦɨɟ ɜɟɪɧɨ, ɟɫɥɢ ɧɚɫɨɫ ɫɥɢɲɤɨɦ ɦɚɥ ɞɥɹ ɨɛɴɟɦɚ ɤɚɦɟɪɵ. ɋ 

ɷɬɢɦ ɦɨɠɧɨ ɫɬɨɥɤɧɭɬɶɫɹ ɜ ɩɟɱɚɯ ɫ ɩɨɪɢɫɬɵɦɢ ɢɡɨɥɹɰɢɨɧɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɢ 

ɜ ɦɚɲɢɧɚɯ ɞɥɹ ɧɚɧɟɫɟɧɢɹ ɩɨɤɪɵɬɢɣ, ɝɞɟ ɛɨɥɶɲɢɟ ɛɚɪɚɛɚɧɵ ɫ ɬɨɧɤɨɣ 

ɩɥɚɫɬɢɤɨɜɨɣ ɩɥɟɧɤɢ ɧɚɯɨɞɹɬɫɹ ɜ ɜɚɤɭɭɦɧɨɣ ɤɚɦɟɪɟ. ȼ ɬɚɤɢɯ ɫɥɭɱɚɹɯ ɦɨɠɟɬ 

ɛɵɬɶ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦ ɩɪɨɞɥɢɬɶ ɩɟɪɢɨɞ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɜɚɤɭɭɦɢɪɨɜɚɧɢɹ 

ɩɟɪɟɞ ɩɟɪɟɤɥɸɱɟɧɢɟɦ ɧɚ ɨɬɤɚɱɤɭ ɜɵɫɨɤɨɜɚɤɭɭɦɧɨɝɨ ɧɚɫɨɫɚ. Ʉɨɝɞɚ ɩɨɬɨɤ ɝɚɡɚ 

ɩɨɱɬɢ ɩɨɫɬɨɹɧɧɵɣ, ɜɪɟɦɹ ɨɬɤɚɱɤɢ ɛɭɞɟɬ ɨɞɢɧɚɤɨɜɵɦ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɬɨɝɨ, 

ɩɪɢɤɪɵɬ ɥɢ ɜɵɫɨɤɨɜɚɤɭɭɦɧɵɣ ɤɥɚɩɚɧ ɢɥɢ ɩɨɥɧɨɫɬɶɸ ɨɬɤɪɵɬ. Ʉɚɤ ɩɪɚɜɢɥɨ, 

ɜɵɫɨɤɨɜɚɤɭɭɦɧɵɟ ɤɥɚɩɚɧɵ ɞɨɥɠɧɵ ɨɬɤɪɵɜɚɬɶɫɹ ɦɟɞɥɟɧɧɨ, ɱɬɨɛɵ 

ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɬɭɪɛɭɥɟɧɬɧɨɫɬɶ ɢ ɞɟɫɨɪɛɰɢɸ ɱɚɫɬɢɰ ɧɚ ɜɯɨɞɟ. Ⱦɜɢɠɟɧɢɟ 

ɨɛɵɱɧɵɯ ɩɧɟɜɦɚɬɢɱɟɫɤɢɯ ɤɥɚɩɚɧɨɜ ɦɨɠɧɨ ɞɨ ɨɩɪɟɞɟɥɟɧɧɨɣ ɫɬɟɩɟɧɢ 

ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ. Ɇɨɝɭɬ ɛɵɬɶ ɢɡɝɨɬɨɜɥɟɧɵ ɫɩɟɰɢɚɥɶɧɵɟ ɭɫɬɪɨɣɫɬɜɚ 

ɭɩɪɚɜɥɟɧɢɹ ɤɥɚɩɚɧɚɦɢ ɥɢɛɨ ɞɥɹ ɩɨɞɞɟɪɠɚɧɢɹ ɩɪɢɦɟɪɧɨ ɩɨɫɬɨɹɧɧɨɝɨ ɩɨɬɨɤɚ 

ɝɚɡɚ ɩɪɢ ɩɟɪɜɨɧɚɱɚɥɶɧɨɦ ɨɬɤɪɵɬɢɢ, ɥɢɛɨ ɞɥɹ ɜɤɥɸɱɟɧɢɹ / ɜɵɤɥɸɱɟɧɢɹ 

ɩɪɟɪɵɜɚɧɢɹ ɪɚɛɨɬɵ. Ʉɨɝɞɚ ɤɥɚɩɚɧ ɩɨɱɬɢ ɡɚɤɪɵɬ, ɨɧ ɞɟɣɫɬɜɭɟɬ ɤɚɤ 

ɩɟɪɟɝɨɪɨɞɤɚ. 
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ʺе̵̸̛̦̌е̭к̛̜
ʻ̛̚ ков̌куу̥̦ы̜  ̛

̴о̬в̌куу̥̦ы  ̜̦̭̌о̭

Кл̌п̦̌ впу̭к̌ 
во̚ду̵̌

Те̬̥оп̬̦̌ы̜ 
в̌кууо̥ет̬ И̚оля̶̛о̦̦ ы̜ 

кл̌п̦̌

Кл̌п̦̌ впу̭к̌ во̚ду̵̌

Вто̸̛̬̦ы  ̜
̴о̬в̌куу̥̦

ы̜ ̦ ̭̌о̭

Р̌̍о̸̌я 
к̥̌е̬̌

Д̴̴̛у̦̚ы̜ 
̦̭̌о  ̭  ̭

̵олод̦о  ̜
к̬ы к̹о̜

И̚оля̶̛о̦̦ы̜ в̌кууо̥ет̬

Те̬̥оп̬̦̌ы̜ 
в̌кууо̥ет̬

Те̬̥оп̬̦̌ы̜ 
в̌кууо̥ет̬

И̚оля̶̛о̦̦ы̜ 
кл̌п̦̌

 

 

Ɋɢɫɭɧɨɤ 16 – ɋɯɟɦɚ ɛɟɫɤɥɚɩɚɧɧɨɣ ɜɚɤɭɭɦɧɨɣ ɫɢɫɬɟɦɵ 

 

ɇɚ ɪɢɫɭɧɤɟ 16 ɢɡɨɛɪɚɠɟɧɚ ɫɯɟɦɚ ɛɟɫɤɥɚɩɚɧɧɨɣ ɜɚɤɭɭɦɧɨɣ ɫɢɫɬɟɦɵ 

ɢɫɩɨɥɶɡɭɸɳɚɹɫɹ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɩɟɱɟɣ ɑɨɯɪɚɥɶɫɤɨɝɨ.  
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2 Ɋɟɲɟɧɢɟ ɡɚɞɚɱ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ 

 

2.2 Ɉɩɢɫɚɧɢɟ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢя 
ɭɫɬɚɧɨɜɤɨɣ ɜɵɪɚɳɢɜɚɧɢя ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɤɪɟɦɧɢя ɦɟɬɨɞɨɦ 
Чɨɯɪɚɥɶɫɤɨɝɨ 

 

ɑɬɨ ɛɵ ɪɟɚɥɢɡɨɜɚɬɶ ɨɛɦɟɧ ɞɚɧɧɵɦɢ, ɦɟɠɞɭ ɪɚɛɨɱɟɦ ɦɟɫɬɨɦ ɨɩɟɪɚɬɨɪɚ, 

ɢ ɟɝɨ ɞɚɥɶɧɟɣɲɟɣ ɚɜɬɨɦɚɬɢɡɚɰɢɢ, ɢ SCADA-ɫɢɫɬɟɦɨɣ, ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɥɸɛɨɣ 

ɞɨɫɬɭɩɧɨɣ ɜ ɫɜɨɛɨɞɧɨɦ ɞɨɫɬɭɩɟ ɩɪɨɝɪɚɦɦɨɣ ɩɨ ɪɟɚɥɢɡɚɰɢɢ SCADA-ɫɢɫɬɟɦ.  

Ɉɱɟɧɶ ɯɨɪɨɲɢɦ ɪɟɲɟɧɢɟɦ ɛɭɞɟɬ ɜɨɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɟɦɨɧɫɬɪɚɰɢɨɧɧɵɦ 

ɜɚɪɢɚɧɬɨɦ ɩɪɨɝɪɚɦɦɧɵɦ ɨɛɟɫɩɟɱɟɧɢɟɦ Proficy iFIX 5.8, ɪɚɛɨɬɚɸɳɚɹ ɛɟɡ 

ɜɫɹɤɢɯ ɨɝɪɚɧɢɱɟɧɢɣ ɩɨ ɮɭɧɤɰɢɨɧɚɥɭ, ɤɪɨɦɟ ɨɝɪɚɧɢɱɟɧɢɣ ɩɨ ɜɪɟɦɟɧɢ. 

ɋ ɩɨɦɨɳɶɸ ɭɬɢɥɢɬɵ Intellution WorkSpace, ɫɪɟɞɵ Proficy iFIX 5.8, 

ɫɨɡɞɚɟɦ ɝɪɚɮɢɱɟɫɤɢɣ ɢɧɬɟɪɮɟɣɫ ɨɩɟɪɚɬɨɪɚ (ɪɢɫɭɧɨɤ 17) 
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Ɋɢɫɭɧɨɤ 17 – ɂɧɬɟɪɮɟɣɫ ɭɫɬɚɧɨɜɤɢ ɜɵɪɚɳɢɜɚɧɢɹ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ 
ɤɪɟɦɧɢɹ 

 

Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ ɬɟɯɧɢɱɟɫɤɢɦ 

ɞɨɤɭɦɟɧɬɨɦ, ɨɩɪɟɞɟɥɹɸɳɢɦ ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ ɫɬɪɭɤɬɭɪɭ ɢ ɨɛɴɟɦ 

ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɜɵɪɚɳɢɜɚɧɢɹ. 
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ɇɚ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɫɯɟɦɟ (ɪɢɫɭɧɨɤ) ɢɡɨɛɪɚɠɟɧ ɩɪɨɰɟɫɫ ɜɵɪɚɳɢɜɚɧɢɹ 

ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɤɪɟɦɧɢɹ ɫ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɩɪɢɛɨɪɚɦɢ ɢ ɫɪɟɞɫɬɜɚɦɢ 

ɚɜɬɨɦɚɬɢɡɚɰɢɢ 

 

SE

GE

LE

SE

GE

1 2 5..8 13 9..1217

PE

PE

ST GT LTTT GT ST PT

2

ɉɪɢɛɨɪɵ 
ɩɨ ɦɟɫɬɭ

ɉ
ɅɄ

1-ɚ

2-ɛ

1-ɛ 2-ɛ

3-ɚ

6-ɛ

5-ɚ

6-ɚ

4-ɛ 5-ɛ 7-ɛ

7-ɚ

8-ɚ

Ɉ
ɛ/

ɦɢ
ɧ.

TE

TE

TE

TE

3ɝ

3ɚ

3ɛ

3ɜ

ȼɯɨɞ

ȼɵɯɨɞ

1

2
4

3 4 5 6 7 8

3-ɞ

14
16

15

9 10 11 12 13 14 15 16 17 18

PT
8-ɛ

19

20

19

21

22 24 23

20 21 22 23

25

24 25

18

Ɉ
ɛ/

ɦɢ
ɧ.

Ɇ
ɦ/

ɦɢ
ɧ

Ɇ
ɦ/

ɦɢ
ɧ

ɉ
ɚ

°C°C

ɉ
ɚ

 

 

Ɋɢɫɭɧɨɤ 18 – Ɏɭɧɤɰɢɨɧɚɥɶɧɚɹ ɫɯɟɦɚ ɚɜɬɨɦɚɬɢɡɚɰɢɢ 

 

Ⱦɥɹ ɪɟɚɥɢɡɚɰɢɢ ɬɟɦɩɟɪɚɬɭɪɵ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɥɟɞɭɸɳɢɟ ɬɟɯɧɢɱɟɫɤɢɟ 

ɫɪɟɞɫɬɜɚ: (3 ɚ – ɞ) – ɧɚɝɪɟɜɚɬɟɥɶɧɵɣ ɷɥɟɦɟɧɬ, ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɩɟɪɟɦɟɳɟɧɢɹ 

ɬɢɝɥɹ: (1 ɚ – ɛ) ɢ (6 ɚ – ɛ) ɞɜɢɝɚɬɟɥɶ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ, (2 ɚ – ɛ) ɢ 
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ɞɜɢɝɚɬɟɥɶ ɜɪɚɳɟɧɢɹ (5 ɚ – ɛ), ɭɩɪɚɜɥɟɧɢɟ ɧɚɫɨɫɧɨɣ ɫɬɚɧɰɢɟɣ (7 ɚ – ɛ) ɢ (8 ɚ – 

ɛ), ɤɨɧɬɪɨɥɶ ɭɪɨɜɧɹ ɪɨɫɬɚ (3 ɚ – ɛ). 

 

2.3 ɉɟɪɟɱɟɧɶ ɤɨɧɬɪɨɥɢɪɭɟɦɵ ɢ ɭɩɪɚɜɥяɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ Аɋɍ 
 

ɋ ɩɨɦɨɳɶɸ ɢɧɫɬɪɭɦɟɧɬɚ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ Proficy iFix 5.8, ɞɥɹ 

ɫɨɡɞɚɧɢɹ ɢ ɭɩɪɚɜɥɟɧɢɹ ɛɚɡɚɦɢ ɞɚɧɧɵɯ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɭɬɢɥɢɬɨɣ Database 

Manager. ɗɬɚ ɩɪɨɝɪɚɦɦɚ ɩɨɡɜɨɥɹɟɬ ɪɟɞɚɤɬɢɪɨɜɚɬɶ, ɷɤɫɩɨɪɬɢɪɨɜɚɬɶ, 

ɢɦɩɨɪɬɢɪɨɜɚɬɶ ɢ ɨɬɤɪɵɜɚɬɶ ɛɚɡɭ ɞɚɧɧɵɯ SCADA-ɭɡɥɨɜ.  

Ȼɚɡɚ ɞɚɧɧɵɯ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɷɥɟɤɬɪɨɧɧɭɸ ɬɚɛɥɢɰɭ, ɫ ɜɨɡɦɨɠɧɨɫɬɶɸ 

ɟё ɪɟɞɚɤɬɢɪɨɜɚɧɢɹ ɜ ɩɪɢɜɵɱɧɨɦ ɧɚ ɩɪɨɝɪɚɦɦɧɨɦ ɨɛɟɫɩɟɱɟɧɢɢ Microsoft Excel, 

ɷɬɚ ɬɚɛɥɢɰɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɚɛɨɪ ɫɬɪɨɤ, ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɟɞɢɧɢɰɟ ɢɧɮɨɪɦɚɰɢɢ, ɤɨɬɨɪɚɹ ɯɪɚɧɢɬɫɹ ɜ ɛɚɡɟ ɞɚɧɧɵɯ, ɢɧɚɱɟ – ɛɥɨɤɭ, ɚ 

ɤɨɥɨɧɤɚ – ɩɨɥɸ. 

Ʉɚɠɞɵɣ ɢɡ ɛɥɨɤɨɜ ɢɦɟɟɬ ɬɢɩ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɪɚɛɨɬɟ: AI – ɚɧɚɥɨɝɨɜɵɣ 

ɜɜɨɞ, AO – ɚɧɚɥɨɝɨɜɵɣ ɜɵɜɨɞ. 

ɑɬɨ ɛɵ ɞɨɛɚɜɢɬɶ ɧɨɜɵɣ ɛɥɨɤ ɜ ɛɚɡɭ ɞɚɧɧɵɯ, ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɤɨɦɚɧɞɨɣ 

«Ⱦɨɛɚɜɢɬɶ» ɢɥɢ ɞɜɨɣɧɵɦ ɳɟɥɱɤɨɦ ɩɨ ɫɜɨɛɨɞɧɨɦɭ ɩɨɥɸ ɜɵɡɨɜɟɦ ɞɢɚɥɨɝɨɜɨɟ 

ɨɤɧɨ «ȼɵɛɨɪ ɬɢɩɚ ɛɥɨɤɚ» (ɪɢɫɭɧɨɤ 19). Ƚɞɟ ɭɜɢɞɢɦ ɫɩɢɫɨɤ ɜɫɟɯ ɞɨɫɬɭɩɧɵɯ 

ɬɢɩɨɜ ɛɥɨɤɨɜ. 
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Ɋɢɫɭɧɨɤ 19 – Ⱦɢɚɥɨɝɨɜɨɟ ɨɤɧɨ «ȼɵɛɨɪ ɬɢɩɚ ɛɥɨɤɚ» 
 

Ⱦɥɹ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɫɢɫɬɟɦɵ ɫɪɟɞɫɬɜɚɦɢ iFix 5.8 ɛɵɥɚ ɫɨɡɞɚɧɚ ɛɚɡɚ 

ɞɚɧɧɵɯ, ɫɨɫɬɨɹɳɚɹ ɢɡ 32 ɛɥɨɤɚ (ɬɚɛɥɢɰɚ 7). ȼɤɥɸɱɚɸɳɚɹ ɜ ɫɟɛɹ 29 ɛɥɨɤɨɜ ɬɢɩɚ 

AO (ɚɧɚɥɨɝɨɜɵɣ ɜɵɜɨɞ) ɢ 3 ɛɥɨɤɚ ɬɢɩɚ AI (ɚɧɚɥɨɝɨɜɵɣ ɜɜɨɞ). 

 

Ɍɚɛɥɢɰɚ 7 – Ȼɚɡɚ ɞɚɧɧɵɯ ɫɢɫɬɟɦɵ ɞɢɫɩɟɬɱɟɪɢɡɚɰɢɢ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ 
ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɩɟɱɶɸ 
 

Ɍɢɩ ɂɦɹ ɬɟɝɚ Ɉɩɢɫɚɧɢɟ 

Ɇɢɧɢɦɚɥɶ
ɧɨɟ 

ɡɧɚɱɟɧɢɟ 

Ɇɚɤɫɢɦɚɥɶ
ɧɨɟ 

ɡɧɚɱɟɧɢɟ 

AI PE24 Ɂɚɞɜɢɠɤɚ №3 0 1 

AI PE22 Ɂɚɞɜɢɠɤɚ №1 0 1 

AI PE21 Ɂɚɞɜɢɠɤɚ №2 0 1 

AO GT_2-B2 ɉɪɨɣɞɟɧɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɫɬɟɪɠɧɹ 0 100,00 

AO ST_1-B2 ɋɤɨɥɶɤɨ ɝɪɚɞɭɫɨɜ ɩɪɨɲёɥ ɫɬɟɪɠɟɧɶ 0 3 600,00 

AO TT_3-D2 Ɂɚɞɚɧɧɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚɬɟɥɹ 0 1 500,00 

AO KNOPKA 
Ʉɧɨɩɤɚ ɜɤɥɸɱɟɧɢɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ 
ɨɬɤɚɱɤɢ 0 1 

AO ST_1-B1 ɋɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɫɬɟɪɠɧɹ 0 10 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 7 

Ɍɢɩ ɂɦɹ ɬɟɝɚ Ɉɩɢɫɚɧɢɟ 

Ɇɢɧɢɦɚɥɶ
ɧɨɟ 

ɡɧɚɱɟɧɢɟ 

Ɇɚɤɫɢɦɚɥɶ
ɧɨɟ 

ɡɧɚɱɟɧɢɟ 

AO TT_3-D1 Ɂɚɞɚɜɚɟɦɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɝɪɟɜɚɬɟɥɹ 0 1 500,00 

AO GT_2-B1 ɋɤɨɪɨɫɬɶ ɩɟɪɟɦɟɳɟɧɢɟ ɡɚɝɨɬɨɜɤɢ 0 10 

AO DIAMENT Ⱦɢɚɦɟɬɪ ɬɢɝɥɹ  50 250 

AO DLINA Ⱦɥɢɧɚ ɬɢɝɥɹ  0 1 400,00 

AO K0 
Ɋɚɜɧɨɜɟɫɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢɦɟɫɢ 0,01 0,15 

AO C0 
ɇɚɱɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɪɢɦɟɫɢ ɜ 
ɪɚɫɩɥɚɜ 0,01 0,07 

AO 

MATERIAL
_POLUPRO
VOD ɉɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɣ ɦɚɬɟɪɢɚɥ 0 100 

AO 
LEG_PRIME
S Ʌɟɝɢɪɭɸɳɚɹ ɩɪɢɦɟɫɶ 0 100 

AO 
MIN_SKOR
_KRIST 

min ɫɤɨɪɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
ɪɚɫɩɥɚɜɚ 1,0 5,5 

AO 
MAX_SKOR
_KRIST 

max ɫɤɨɪɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
ɪɚɫɩɥɚɜɚ 1,0 5,5 

AO 
MIN_SKOR
_VRASCH 

min ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ 
ɦɨɧɨɤɪɢɫɬɚɥɥɚ 12 60 

AO 
MAX_SKOR
_VRASCH 

max ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ 
ɦɨɧɨɤɪɢɫɬɚɥɥɚ 12 60 

AO 
MASSA_ZA
G_V_TIG Ɇɚɫɫɚ ɡɚɝɪɭɡɤɢ ɜ ɬɢɝɟɥɶ 2500 8500 

AO DELTA Ɍɨɥɳɢɧɚ ɞɢɮɮɭɡɧɨɝɨ ɫɥɨɹ 0 100 

AO VIVOD_K 
Ɂɧɚɱɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɝɨ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 0 10 

AO VIVOD_L 
Ⱦɥɢɧɚ ɭɱɚɫɬɤɚ ɜɵɪɚɳɟɧɧɨɝɨ 
ɦɨɧɨɤɪɢɫɬɚɥɥɚ 0 999 

AO IN_N 
Ʉɨɧɰɟɧɬɪɚɰɢɹ ɩɪɢɦɟɫɢ 
ɦɨɧɨɤɪɢɫɬɚɥɥɚ 0 1 

AO IN_G 
Ⱦɨɥɹ ɡɚɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɝɨ ɪɚɫɩɥɚɜɚ 
ɞɥɹ ɡɚɞɚɧɧɨɝɨ ɫɟɱɟɧɢɹ ɤɪɢɫɬɚɥɥɚ 0 1 
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Ɉɤɨɧɱɚɧɢɟ ɬɚɛɥɢɰɵ 7 

Ɍɢɩ ɂɦɹ ɬɟɝɚ Ɉɩɢɫɚɧɢɟ 

Ɇɢɧɢɦɚɥɶ
ɧɨɟ 

ɡɧɚɱɟɧɢɟ 

Ɇɚɤɫɢɦɚɥɶ
ɧɨɟ 

ɡɧɚɱɟɧɢɟ 

AO VIVOD_T ȼɪɟɦɹ ɜɵɪɚɳɢɜɚɧɢɹ 0 4000 

AO IN_YKR ɉɥɨɬɧɨɫɬɶ ɩɪɨɜɨɞɧɢɤɚ 0 1 

AO 
RASPR_PRI
MES ȼɵɜɨɞ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢɦɟɫɢ -5 1 

AO 
KOEFICIEN
T_K Ʉɨɷɮɮɢɰɢɟɧɬ Ʉ 0 1 

AO 
RASCHET_
KAEF 

Ɋɚɫɱɟɬ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɪɢ 
ɢɞɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ -5 5 

AO 
RASCHET_
KAEF_2 

ȼɵɜɨɞ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢɦɟɫɢ ɫɨ 
ɡɧɚɱɟɧɢɟɦ ɤɨɧɰɟɧɬɪɚɰɢɢ -5 5 

 

 
 

Ɋɢɫɭɧɨɤ 20 – Ⱦɢɚɥɨɝɨɜɨɟ ɨɤɧɨ «ɧɚɫɬɪɨɣɤɚ ɩɚɪɚɦɟɬɪɨɜ ɛɥɨɤɚ» 
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ɉɨɫɥɟ ɜɵɛɨɪɚ ɬɢɩɚ ɛɥɨɤɚ ɢ ɟɝɨ ɞɨɛɚɜɥɟɧɢɹ, ɨɬɤɪɨɟɬɫɹ ɨɤɧɨ «ɇɚɫɬɪɨɣɤɚ 

ɩɚɪɚɦɟɬɪɨɜ» (ɪɢɫɭɧɨɤ 20) 

ȼ ɞɚɧɧɨɦ ɨɤɧɟ ɦɵ ɦɨɟɦ ɡɚɞɚɬɶ ɧɢɠɧɸɸ ɢ ɜɟɪɯɧɸɸ ɝɪɚɧɢɰɭ ɧɚɲɢɯ 

ɛɥɨɤɨɜ ɛɚɡɵ ɞɚɧɧɵɯ, ɞɨɛɚɜɢɬɶ ɨɩɢɫɚɧɢɟ ɢ ɢɡɦɟɧɢɬɶ ɢɦɹ ɬɟɝɚ. 

Ɂɚɬɟɦ, ɞɨɛɚɜɢɥɢ ɧɚ ɫɯɟɦɭ MATLAB Simulink ɛɥɨɤ «OPC Config» ɞɥɹ 

ɧɚɫɬɪɨɣɤɢ ɫɜɹɡɢ ɫ iFIX (ɪɢɫɭɧɨɤ 21). 

 

 
 

Ɋɢɫɭɧɨɤ 21 – Ȼɥɨɤ «OPC Config» 

 

ȼɵɩɨɥɧɢɥɢ ɧɚɫɬɪɨɣɤɭ ɛɥɨɤɚ «OPC Config» (ɪɢɫɭɧɨɤ 22). 

ɉɟɪɟɯɨɞɹ ɤ ɨɤɧɭ «OPC Client Manager» ɢ ɭɛɟɞɢɥɢɫɶ ɜ ɜɨɡɦɨɠɧɨɫɬɢ 

ɫɬɚɛɢɥɶɧɨɝɨ ɩɨɞɤɥɸɱɟɧɢɹ ɤ ɫɟɪɜɟɪɭ (ɪɢɫɭɧɨɤ 23). 

 



40 

 
 

Ɋɢɫɭɧɨɤ 22 – Ȼɥɨɤ ɧɚɫɬɪɨɣɤɢ «OPC Config» 

 

 

 

Ɋɢɫɭɧɨɤ 23 – Ȼɥɨɤ «OPC Client Manager» 

 

ɉɪɢ ɫɬɚɛɢɥɶɧɨɦ ɩɨɞɤɥɸɱɟɧɢɢ ɤ ɫɟɪɜɟɪɭ, ɭɜɢɞɢɦ ɫɬɚɬɭɫ «Connected» 

ɋɥɟɞɭɸɳɢɦ ɞɟɣɫɬɜɢɟɦ ɛɵɥɨ ɫɨɡɞɚɧɢɟ ɬɟɝɨɜ ɛɚɡɵ ɞɚɧɧɵɯ ɧɚ OPC-

ɫɟɪɜɟɪɟ (ɪɢɫɭɧɨɤ 24) 
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Ɋɢɫɭɧɨɤ 24 – Ɉɤɧɨ ɭɩɪɚɜɥɟɧɢɟ OPC-ɫɟɪɜɟɪɨɦ 

 

Ⱦɥɹ ɤɨɪɪɟɤɬɧɨɣ ɪɚɛɨɬɵ ɫɬɚɜɢɦ ɝɚɥɨɱɤɢ ɜ ɩɚɪɚɦɟɬɪɨɜ «Enable» ɢ «Enable 

Block Writes» ɢ ɞɨɛɚɜɥɹɟɦ ɫɨɟɞɢɧɟɧɢɟ ɦɟɠɞɭ ɛɚɡɨɣ ɞɚɧɧɵɯ ɜ iFix ɢ ɧɚɲɢɦɢ 

ɬɟɝɚɦɢ ɧɚ ɫɟɪɜɟɪɟ (ɪɢɫɭɧɨɤ 25) 

 

 
 

Ɋɢɫɭɧɨɤ 25 – Ɉɤɧɨ ɫɨɟɞɢɧɟɧɢɹ ɛɚɡɵ ɞɚɧɧɵɯ ɢ ɬɟɝɨɜ 
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2.4 ɋɬɪɭɤɬɭɪɧɚя ɫɯɟɦɚ Аɋɍ ɭɫɬɚɧɨɜɤɨɣ ɜɵɪɚɳɢɜɚɧɢя 

ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ ɤɪɟɦɧɢя 

 

ɐɟɥɶɸ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɥɸɛɨɣ Ⱥɋɍ Ɍɉ ɹɜɥɹɟɬɫɹ ɨɩɬɢɦɢɡɚɰɢɹ 

ɪɚɛɨɬɵ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ, ɱɬɨ ɩɨɞɪɚɡɭɦɟɜɚɟɬ ɩɨɞ ɫɨɛɨɣ ɩɨɞɞɟɪɠɚɧɢɟ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɢɥɢ ɨɬɞɟɥɶɧɵɯ ɟɝɨ ɩɟɪɟɞɟɥɨɜ ɜ ɪɟɠɢɦɚɯ 

ɦɚɤɫɢɦɚɥɶɧɨ ɩɪɢɛɥɢɠɟɧɧɵɯ ɤ ɨɩɬɢɦɚɥɶɧɵɦ ɩɭɬɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɜɵɛɨɪɚ 

ɭɩɪɚɜɥɹɸɳɢɯ ɜɨɡɞɟɣɫɬɜɢɣ. 

ȼ ɞɚɧɧɨɦ ɪɚɡɞɟɥɟ ɩɪɟɞɫɬɚɜɥɟɧɧɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ, ɤɨɧɫɬɪɭɤɬɢɜɧɨ 

ɩɨɤɚɡɵɜɚɸɳɚɹ ɜɫɟ ɷɥɟɦɟɧɬɵ ɭɩɪɚɜɥɟɧɢɹ. 

 

12

1

2

3

4

5
6

78

910

11

1314

15

16

– ɤɨɧɬɪɨɥɥɟɪ ɜɟɞɭɳɢɣ  – ɞɜɢɝɚɬɟɥɶ ɧɚɫɨɫɚ  – ɞɜɢɝɚɬɟɥɶ ɜɚɤɭɭɦɧɨɝɨ ɧɚɫɨɫɚ  – ɡɚɞɜɢɠɤɚ ɧɚ ɧɚɫɨɫ  –
ɡɚɞɜɢɠɤɚ ɧɚ ɜɚɤɭɭɦɧɵɣ ɧɚɫɨɫ  – ɡɚɞɜɢɠɤɚ ɧɚ ɫɢɫɬɟɦɭ ɨɬɤɚɱɤɢ ɜɨɡɞɭɯɚ  – ɩɪɢɜɨɞ ɩɟɪɟɦɟɳɟɧɢɹ ɡɚɬɪɚɜɤɢ  –
ɞɜɢɝɚɬɟɥɶ ɩɟɪɟɦɟɳɟɧɢɹ ɡɚɬɪɚɜɤɢ  – ɩɪɢɜɨɞ ɜɪɚɳɟɧɢɹ ɡɚɬɪɚɜɤɢ  – ɞɜɢɝɚɬɟɥɶ ɜɪɚɳɟɧɢɹ ɡɚɬɪɚɜɤɢ  – ɩɪɢɜɨɞ 
ɜɪɚɳɟɧɢɹ ɬɢɝɥɹ  – ɞɜɢɝɚɬɟɥɶ ɜɪɚɳɟɧɢɹ ɬɢɝɥɹ ɲɚɝɨɜɵɣ ɩɪɢɜɨɞ ɩɟɪɟɦɟɳɟɧɢɹ ɬɢɝɥɹ ɲɚɝɨɜɵɣ 
ɞɜɢɝɚɬɟɥɶ ɭɩɪɚɜɥɹɟɦɵɣ ɪɟɝɭɥɹɬɨɪ ɬɟɦɩɟɪɚɬɭɪɵ ɫ ɢɫɬɨɱɧɢɤɨɦ ɧɚɝɪɟɜɚ ɧɚɝɪɟɜɚɬɟɥɹ  – ɞɚɬɱɢɤ ɭɪɨɜɧɹ 
ɪɚɫɩɥɚɜɚ

 

 

Ɋɢɫɭɧɨɤ 26 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɩɟɱɢ 

 

ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɭɫɬɚɧɨɜɤɨɣ ɜɵɪɚɳɢɜɚɧɢɹ 

ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɤɪɟɦɧɢɹ ɦɟɬɨɞɨɦ ɑɨɯɪɚɥɶɫɤɨɝɨ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɣ 

ɜɨɡɦɨɠɧɨ ɩɨɧɹɬɶ ɤ ɱɟɦɭ ɨɬɧɨɫɹɬɫɹ ɤɚɠɞɵɣ ɢɡ ɛɥɨɤɨɜ: 1 – ɤɨɧɬɪɨɥɥɟɪ 

ɜɟɞɭɳɢɣ; 2 – ɞɜɢɝɚɬɟɥɶ ɧɚɫɨɫɚ; 3 – ɞɜɢɝɚɬɟɥɶ ɜɚɤɭɭɦɧɨɝɨ ɧɚɫɨɫɚ; 4 – ɡɚɞɜɢɠɤɚ 



43 

ɧɚ ɧɚɫɨɫ; 5 – ɡɚɞɜɢɠɤɚ ɧɚ ɜɚɤɭɭɦɧɵɣ ɧɚɫɨɫ; 6 – ɡɚɞɜɢɠɤɚ ɧɚ ɫɢɫɬɟɦɭ ɨɬɤɚɱɤɢ 

ɜɨɡɞɭɯɚ; 7 – ɩɪɢɜɨɞ ɩɟɪɟɦɟɳɟɧɢɹ ɡɚɬɪɚɜɤɢ; 8 – ɞɜɢɝɚɬɟɥɶ ɩɟɪɟɦɟɳɟɧɢɹ 

ɡɚɬɪɚɜɤɢ; 9 – ɩɪɢɜɨɞ ɜɪɚɳɟɧɢɹ ɡɚɬɪɚɜɤɢ; 10 – ɞɜɢɝɚɬɟɥɶ ɜɪɚɳɟɧɢɹ ɡɚɬɪɚɜɤɢ; 11 

– ɩɪɢɜɨɞ ɜɪɚɳɟɧɢɹ ɬɢɝɥɹ; 12 – ɞɜɢɝɚɬɟɥɶ ɜɪɚɳɟɧɢɹ ɬɢɝɥɹ; 13 - ɲɚɝɨɜɵɣ ɩɪɢɜɨɞ 

ɩɟɪɟɦɟɳɟɧɢɹ ɬɢɝɥɹ; 14 - ɲɚɝɨɜɵɣ ɞɜɢɝɚɬɟɥɶ; 15 - ɭɩɪɚɜɥɹɟɦɵɣ ɪɟɝɭɥɹɬɨɪ 

ɬɟɦɩɟɪɚɬɭɪɵ ɫ ɢɫɬɨɱɧɢɤɨɦ ɧɚɝɪɟɜɚ ɧɚɝɪɟɜɚɬɟɥɹ; 16 – ɞɚɬɱɢɤ ɭɪɨɜɧɹ ɪɚɫɩɥɚɜɚ; 

 

2.5 Ɇɟɬɨɞɢɤɚ ɪɚɫɱɟɬɚ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɨɰɟɫɫɚ 
ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɫɩɥɚɜɚ 

 

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɩɪɢɦɟɫɢ ɩɨ ɞɥɢɧɟ ɜɵɪɚɳɢɜɚɟɦɨɝɨ ɢɡ ɪɚɛɨɱɟɝɨ 

(ɤɪɢɫɬɚɥɥɢɡɭɟɦɨɝɨ) ɪɚɫɩɥɚɜɚ ɤɪɢɫɬɚɥɥɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɪɚɡɥɢɱɧɵɦɢ 

ɩɚɪɚɦɟɬɪɚɦɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ. ɂɯ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɬɪɢ 

ɨɫɧɨɜɧɵɟ ɝɪɭɩɩɵ. ȼ ɩɟɪɜɭɸ, ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɭɸ ɝɪɭɩɩɭ ɜɯɨɞɹɬ ɩɚɪɚɦɟɬɪɵ, 

ɧɨɫɹɳɢɟ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɣ (k0) ɢ ɤɢɧɟɬɢɱɟɫɤɢɣ (Dɠ, γ, α) ɯɚɪɚɤɬɟɪ, ɝɞɟ: 

 k0 – ɪɚɜɧɨɜɟɫɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ; 

  Dɠ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ ɩɪɢɦɟɫɢ ɜ ɪɚɫɩɥɚɜɟ, ɦ2/ɫ; 

 γ – ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɪɚɫɩɥɚɜɚ, ɫɦ2/ɫ; 

 α – ɤɨɷɮɮɢɰɢɟɧɬ ɢɫɩɚɪɟɧɢɹ, ɫɦ/ɫ. 

ȼɨ ɜɬɨɪɭɸ, ɬɟɯɧɨɥɨɝɢɱɟɫɤɭɸ ɝɪɭɩɩɭ ɜɯɨɞɹɬ ɬɚɤɢɟ ɩɚɪɚɦɟɬɪɵ, ɤɚɤ ɜɪɟɦɹ 

ɩɪɨɰɟɫɫɚ t, ɫ, ɫɤɨɪɨɫɬɶ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ f, ɫɦ/ɫ, ɫɟɱɟɧɢɟ ɤɪɢɫɬɚɥɥɚ S ɢ 

ɩɨɜɟɪɯɧɨɫɬɶ ɤɨɧɬɚɤɬɚ ɪɚɫɩɥɚɜɚ ɫ ɚɬɦɨɫɮɟɪɨɣ F, ɫɦ2. Ʉ ɧɟɣ ɨɬɧɨɫɹɬɫɹ ɬɚɤɠɟ 

ɩɚɪɚɦɟɬɪɵ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɭɫɥɨɜɢɹ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɪɚɫɩɥɚɜɚ, 

ɨɩɪɟɞɟɥɹɸɳɢɟ ɬɨɥɳɢɧɭ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ δ, ɫɦ, ɧɚ ɮɪɨɧɬɟ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɷɬɢ ɩɚɪɚɦɟɬɪɵ ɡɚɜɢɫɹɬ ɨɬ ɨɬɧɨɫɢɬɟɥɶɧɨɣ 

ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɤɪɢɫɬɚɥɥɚ ω, ɨɛ/ɦɢɧ, ɮɨɪɦɵ ɤɨɧɬɟɣɧɟɪɚ ɫ ɪɚɫɩɥɚɜɨɦ, 

ɫɩɨɫɨɛɚ ɟɝɨ ɧɚɝɪɟɜɚ (ɪɟɡɢɫɬɢɜɧɵɣ, ɜɵɫɨɤɨɱɚɫɬɨɬɧɵɣ ɢ ɬ. ɩ.) ɢ ɞɪɭɝɢɯ 

ɮɚɤɬɨɪɨɜ. 

Ʉ ɱɢɫɥɭ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ ɢ ɯɚɪɚɤɬɟɪ 

ɝɪɚɧɢɱɚɳɟɣ ɫ ɤɪɢɫɬɚɥɥɢɡɭɟɦɵɦ ɪɚɫɩɥɚɜɨɦ ɫɪɟɞɵ. Ɉɧɚ ɦɨɠɟɬ ɩɪɟɞɫɬɚɜɥɹɬɶ 
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ɫɨɛɨɣ ɢɧɟɪɬɧɵɣ ɝɚɡ, ɩɚɪɵ ɥɟɝɢɪɭɸɳɟɣ ɩɪɢɦɟɫɢ, ɢɦɟɸɳɢɟ ɪɚɡɥɢɱɧɨɟ 

ɞɚɜɥɟɧɢɟ, ɢɥɢ ɜɚɤɭɭɦ. 

ȼ ɬɪɟɬɶɸ, ɬɚɤ ɧɚɡɵɜɚɟɦɭɸ ɦɟɬɨɞɢɱɟɫɤɭɸ ɝɪɭɩɩɭ, ɜɯɨɞɢɬ ɩɚɪɚɦɟɬɪɵ, 

ɨɩɪɟɞɟɥɹɟɦɵɟ ɢɫɩɨɥɶɡɭɟɦɵɦ ɦɟɬɨɞɨɦ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 

ɪɚɫɩɥɚɜɚ (ɦɟɬɨɞɵ ɑɨɯɪɚɥɶɫɤɨɝɨ, ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɞɜɨɣɧɨɝɨ ɬɢɝɥɹ, ɡɨɧɧɚɹ 

ɩɥɚɜɤɚ ɢ ɞɪ.). ɗɬɨ – ɩɚɪɚɦɟɬɪ ɩɨɞɩɢɬɤɢ A, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɞɨɥɸ 

ɦɚɬɟɪɢɚɥɚ, ɩɟɪɟɯɨɞɹɳɟɝɨ ɢɡ ɧɚɱɚɥɶɧɨɣ ɦɚɫɫɵ ɤɪɢɫɬɚɥɥɢɡɭɟɦɨɝɨ ɪɚɛɨɱɟɝɨ 

ɪɚɫɩɥɚɜɚ ɜ ɜɵɪɚɳɟɧɧɵɣ ɤɪɢɫɬɚɥɥ: 

 

 ɪɨ ɪɨ кɪ ɩ

кɪ ɪɨ ɩ кɪ

gM gM M M
A

M gM M M


  


, 

 

ɢɥɢ, ɩɪɟɧɟɛɪɟɝɚɹ ɨɛɴɟɦɧɵɦɢ ɢɡɦɟɧɟɧɢɹɦɢ ɩɪɢ ɩɥɚɜɥɟɧɢɢ, 

 

 ɪɨ ɪɨ кɪ ɩ

кɪ ɪɨ ɩ кɪ

gV gV V V
A

V gV V V


  


, 

 

ɝɞɟ Mɪɨ ɢ Vɪɨ – ɧɚɱɚɥɶɧɵɟ ɦɚɫɫɚ, ɝ, ɢ ɨɛɴɟɦ, ɫɦ3, ɪɚɛɨɱɟɝɨ ɪɚɫɩɥɚɜɚ; 

Mɩ, Vɩ, Mɤɪ ɢ Vɤɪ – ɬɟɤɭɳɢɟ, ɬ. ɟ. ɧɚ ɞɚɧɧɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɦɚɫɫɚ, ɝ, ɢ 

ɨɛɴɟɦ, ɫɦ3, ɩɨɞɩɢɬɵɜɚɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɜɵɪɚɳɟɧɧɨɝɨ ɤɪɢɫɬɚɥɥɚ 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; 

g – ɞɨɥɹ ɡɚɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɣ ɧɚɱɚɥɶɧɨɣ ɦɚɫɫɵ ɢɥɢ ɨɛɴɟɦɚ ɪɚɛɨɱɟɝɨ 

ɪɚɫɩɥɚɜɚ. 

ɂɡɦɟɧɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢɦɟɫɢ ɜ ɪɚɛɨɱɟɦ ɪɚɫɩɥɚɜɟ: 

 

 
 

1

AC kC dg
dC

g





, 

 

ɝɞɟ AC – ɦɚɫɫɚ ɩɪɢɦɟɫɢ ɜ ɨɛɴɟɦɟ ɪɚɛɨɱɟɝɨ ɪɚɫɩɥɚɜɚ; 

kC – ɦɚɫɫɚ ɩɪɢɦɟɫɢ ɫ ɷɮɮɟɤɬɢɜɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ k, 

ɡɚɯɜɚɬɵɜɚɟɦɨɣ ɨɛɴɟɦɨɦ dg ɪɚɫɬɭɳɟɝɨ ɤɪɢɫɬɚɥɥɚ; 
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C – ɬɟɤɭɳɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɪɢɦɟɫɢ ɜ ɪɚɛɨɱɟɦ ɪɚɫɩɥɚɜɟ, ɚɬɨɦ/ɫɦ3; 

(1 – g) – ɨɫɬɚɬɨɤ ɪɚɛɨɱɟɝɨ ɪɚɫɩɥɚɜɚ. 

Ɏɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɩɚɪɚɦɟɬɪɵ ɜ ɪɚɫɱɟɬɚɯ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢɦɟɫɢ ɩɨ 

ɞɥɢɧɟ ɢ ɪɚɫɱɟɬɚɯ ɜɵɪɚɳɢɜɚɧɢɹ ɨɞɧɨɪɨɞɧɨ ɥɟɝɢɪɨɜɚɧɧɵɯ ɤɪɢɫɬɚɥɥɨɜ 

ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɟ ɢɫɩɨɥɶɡɭɸɬɫɹ. Ɉɞɧɚɤɨ ɜ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫ 

ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɨɧɢ ɫɥɭɠɚɬ ɨɫɧɨɜɨɣ ɧɨɜɵɯ, ɧɨɫɹɳɢɯ 

ɤɨɦɩɥɟɤɫɧɵɣ ɯɚɪɚɤɬɟɪ ɩɚɪɚɦɟɬɪɨɜ ɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɨɝɨ ɩɪɨɰɟɫɫɚ. Ɍɚɤ, 

ɪɚɜɧɨɜɟɫɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ k0, ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ ɩɪɢɦɟɫɢ 

ɜ ɪɚɫɩɥɚɜɟ Dɠ, ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɪɚɫɩɥɚɜɚ γ ɜɯɨɞɹɬ ɜ ɜɵɪɚɠɟɧɢɟ ɞɥɹ 

ɷɮɮɟɤɬɢɜɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (ɭɪɚɜɧɟɧɢɟ Ȼɚɪɬɨɧɚ–ɉɪɢɦɚ–

ɋɥɢɯɬɟɪɚ (Ȼɉɋ)): 

 

 

 
0

0 01 exp
ж

k
k

f
k k

D



 

   
 

, 

 

ɝɞɟ δ – ɬɨɥɳɢɧɚ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ, ɫɦ; 

f – ɫɤɨɪɨɫɬɶ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɫɩɥɚɜɚ, ɫɦ/ɫ. 

ɗɮɮɟɤɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɢɧɨɝɞɚ ɧɚɡɵɜɚɟɦɵɣ ɩɨ 

ɢɦɟɧɢ ɩɟɪɜɨɝɨ ɢɡ ɚɜɬɨɪɨɜ ɭɪɚɜɧɟɧɢɹ ɛɚɪɬɨɧɨɜɫɤɢɦ, ɨɬɪɚɠɚɟɬ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ 

ɪɚɫɩɥɚɜɚ ɫ ɤɪɢɫɬɚɥɥɨɦ: 

 

 Nk C , 

 

ɝɞɟ N ɢ C – ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢɦɟɫɢ ɜ ɤɪɢɫɬɚɥɥɟ ɢ ɪɚɫɩɥɚɜɟ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, 

ɚɬɨɦ/ɫɦ3, ɬ. ɟ, ɨɩɪɟɞɟɥɹɟɬ ɫ ɭɱɟɬɨɦ ɦɚɫɫɵ ɤɪɢɫɬɚɥɥɚ ɤɨɥɢɱɟɫɬɜɨ 

ɩɟɪɟɯɨɞɹɳɟɣ ɜ ɧɟɝɨ ɢɡ ɤɪɢɫɬɚɥɥɢɡɭɟɦɨɝɨ ɪɚɫɩɥɚɜɚ ɩɪɢɦɟɫɢ. 

Ʉɨɷɮɮɢɰɢɟɧɬ ɢɫɩɚɪɟɧɢɹ α, ɫɦ/ɫ, ɜɯɨɞɢɬ ɜ ɜɵɪɚɠɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɝɨ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɢɫɩɚɪɟɧɢɹ: 
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 и
F

k
f S

 



, 

 

ɝɞɟ f – ɫɤɨɪɨɫɬɶ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɫɩɥɚɜɚ, ɫɦ/ɫ; 

S – ɩɥɨɳɚɞɶ ɫɟɱɟɧɢɹ ɤɪɢɫɬɚɥɥɚ, ɫɦ2; 

F – ɩɨɜɟɪɯɧɨɫɬɶ ɤɨɧɬɚɤɬɚ ɪɚɫɩɥɚɜɚ ɫ ɚɬɦɨɫɮɟɪɨɣ, ɫɦ2. 

ɋɭɦɦɢɪɭɹ ɷɮɮɟɤɬɢɜɧɵɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɨɬɪɚɠɚɸɳɢɟ 

ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɪɚɫɩɥɚɜɚ ɫ ɤɪɢɫɬɚɥɥɨɦ ɤ ɢ ɤɨɧɬɚɤɬɢɪɭɸɳɟɣ ɫ ɧɢɦ ɚɬɦɨɫɮɟɪɨɣ 

kɢ, ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɨɛɨɛɳɟɧɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢɦɟɫɢ ɜ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɨɦ ɩɪɨɰɟɫɫɟ, ɩɪɨɜɨɞɢɦɨɦ ɜ ɜɚɤɭɭɦɟ: 

 

 и
F

K k k k
f S

 
   


. 

 

Ʉɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢɦɟɫɢ ɜ ɞɜɭɯ ɫɟɱɟɧɢɹɯ ɤɪɢɫɬɚɥɥɚ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜ 

ɧɚɱɚɥɶɧɨɣ N1 ɢ ɤɨɧɟɱɧɨɣ N2 ɟɝɨ ɱɚɫɬɹɯ, ɦɨɝɭɬ ɛɵɬɶ ɜɵɪɚɠɟɧɵ ɭɪɚɜɧɟɧɢɹɦɢ: 

 

    1 1
1 0 1 2 0 21 , 1

k k
N k C g N k C g

         , 

 

ɝɞɟ C0 – ɧɚɱɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɪɢɦɟɫɢ ɜ ɪɚɫɩɥɚɜɟ, ɚɬɨɦ/ɫɦ3; 

g1 ɢ g2 – ɞɨɥɢ ɡɚɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɝɨ ɪɚɫɩɥɚɜɚ ɞɥɹ ɫɟɱɟɧɢɣ ɤɪɢɫɬɚɥɥɚ N1 

ɢ N2 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

Ⱥɧɚɥɢɬɢɱɟɫɤɢ ɷɮɮɟɤɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ 

ɧɚɣɞɟɧ ɩɨ ɭɪɚɜɧɟɧɢɸ Ȼɚɪɬɨɧɚ–ɉɪɢɦɚ–ɋɥɢɯɬɟɪɚ. Ⱦɥɹ ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ 

ɬɨɥɳɢɧɭ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ, ɬɚɤ ɤɚɤ ɨɫɬɚɥɶɧɵɟ ɱɥɟɧɵ ɭɪɚɜɧɟɧɢɹ Ȼɉɋ ɜ 

ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɢɡɜɟɫɬɧɵ. Ɍɨɥɳɢɧɚ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ ɡɚɜɢɫɢɬ ɨɬ 

ɜɟɥɢɱɢɧɵ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮɮɭɡɢɢ, ɜɹɡɤɨɫɬɢ ɪɚɫɩɥɚɜɚ ɢ ɭɫɥɨɜɢɣ ɟɝɨ 

ɩɟɪɟɦɟɲɢɜɚɧɢɹ. ɉɪɚɤɬɢɱɟɫɤɢ ɨɧɚ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɫɤɨɪɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. 

Ⱦɥɹ ɩɪɨɰɟɫɫɚ ɜɵɪɚɳɢɜɚɧɢɹ ɦɨɧɨɤɪɢɫɬɚɥɥɚ ɩɨ ɦɟɬɨɞɭ ɑɨɯɪɚɥɶɫɤɨɝɨ 

ɬɨɥɳɢɧɚ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ ɦɨɠɟɬ ɛɵɬɶ ɪɚɫɫɱɢɬɚɧɚ ɩɨ ɷɦɩɢɪɢɱɟɫɤɨɦɭ 

ɭɪɚɜɧɟɧɢɸ: 
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 1 3 1 6 1 21,6 жD v     , 
 

ɝɞɟ Dɠ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ ɩɪɢɦɟɫɢ ɜ ɪɚɫɩɥɚɜɟ, ɫɦ2/ɫ; 

v – ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɪɚɫɩɥɚɜɚ, ɫɦ2/ɫ; 

ω – ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɤɪɢɫɬɚɥɥɚ, ɪɚɞ/ɫ. 

Ɂɧɚɱɟɧɢɹ ɤɢɧɟɦɚɬɢɱɟɫɤɨɣ ɜɹɡɤɨɫɬɢ ɛɨɥɶɲɢɧɫɬɜɚ ɪɚɫɩɥɚɜɨɜ 

ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ ɥɟɠɚɬ ɜ ɩɪɟɞɟɥɚɯ ɨɞɧɨɝɨ ɩɨɪɹɞɤɚ, ɬ. ɟ. ɫɭɳɟɫɬɜɟɧɧɨ ɧɟ 

ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ ɨɬ ɞɪɭɝɚ. Ɍɚɤ, ɞɥɹ ɝɟɪɦɚɧɢɹ v = 1,35∙10-3, ɚ ɞɥɹ ɤɪɟɦɧɢɹ 

v = 3,48∙10-3 ɫɦ2/ɫ. 

Ɍɨɱɧɨ ɬɚɤ ɠɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɞɢɮɮɭɡɢɢ ɥɟɠɚɬ ɜ ɩɪɟɞɟɥɚɯ 

ɨɞɧɨɝɨ ɩɨɪɹɞɤɚ, ɱɬɨ ɦɨɠɧɨ ɜɢɞɟɬɶ ɢɡ ɩɪɢɜɟɞɟɧɧɵɯ ɧɢɠɟ ɞɚɧɧɵɯ ɞɥɹ 

ɧɟɤɨɬɨɪɵɯ ɥɟɝɢɪɭɸɳɢɯ ɩɪɢɦɟɫɟɣ ɜ ɪɚɫɩɥɚɜɥɟɧɧɵɯ ɝɟɪɦɚɧɢɢ ɢ ɤɪɟɦɧɢɢ ɩɪɢ 

ɬɟɦɩɟɪɚɬɭɪɚɯ ɢɯ ɩɥɚɜɥɟɧɢɹ: 

 

Ɍɚɛɥɢɰɚ 8 – Ɂɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɢɮɮɭɡɢɢ ɜ ɪɚɫɩɥɚɜɟ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜ 

 

 B Al Ga In P As Sb 
DGe, ∙104, ɫɦ2/ɫ 3,0 – 0,75 – – 1,26 0,55 
DSi, ∙104, ɫɦ2/ɫ 2,4 0,23 4,8 6,9 2,3 2,4 1,5 

 

Ⱦɥɹ ɩɪɢɛɥɢɠɟɧɧɵɯ ɪɚɫɱɟɬɨɜ ɦɨɠɧɨ ɩɪɢɧɢɦɚɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ 

ɞɨɧɨɪɧɵɯ ɥɟɝɢɪɭɸɳɢɯ ɩɪɢɦɟɫɟɣ, ɪɚɜɧɵɦ (1 ÷ 2) ∙ 10-4 ɚ ɚɤɰɟɩɬɨɪɧɵɯ 

(2 ÷ 3) ∙ 10-4 ɫɦ2/ɫ. 

ɋɥɟɞɭɟɬ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɷɮɮɟɤɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 

ɨɱɟɧɶ ɱɭɜɫɬɜɢɬɟɥɟɧ ɤ ɢɡɦɟɧɟɧɢɸ ɭɫɥɨɜɢɣ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɪɚɫɩɥɚɜɚ, ɤɨɬɨɪɵɟ 

ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɹɬ ɨɬ ɝɟɨɦɟɬɪɢɢ ɫɨɞɟɪɠɚɳɟɝɨ ɪɚɫɩɥɚɜ ɤɨɧɬɟɣɧɟɪɚ, 

ɤɨɧɫɬɪɭɤɰɢɢ ɬɟɩɥɨɜɨɝɨ ɭɡɥɚ ɭɫɬɚɧɨɜɤɢ ɢ ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ. ɉɨɷɬɨɦɭ ɡɧɚɱɟɧɢɹ 

ɷɮɮɟɤɬɢɜɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɞɧɨɣ ɢ ɬɨɣ ɠɟ ɩɪɢɦɟɫɢ, 

ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ ɨɩɪɟɞɟɥɟɧɧɵɟ ɧɚ ɨɞɧɨɬɢɩɧɵɯ ɭɫɬɚɧɨɜɤɚɯ, ɩɪɢ ɢɡɦɟɧɟɧɢɢ 

ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɮɚɤɬɨɪɨɜ ɦɨɝɭɬ ɛɵɬɶ ɪɚɡɥɢɱɧɵɦɢ. 
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ɗɮɮɟɤɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ k ɹɜɥɹɟɬɫɹ ɱɚɫɬɶɸ 

ɨɛɨɛɳɟɧɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ K, ɨɬɪɚɠɚɸɳɟɝɨ ɢɡɦɟɧɟɧɢɟ 

ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢɦɟɫɢ ɜ ɩɪɨɰɟɫɫɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɫɩɥɚɜɚ, ɥɟɝɢɪɨɜɚɧɧɨɝɨ 

ɥɟɬɭɱɟɣ ɩɪɢɦɟɫɶɸ. 

 

Ɍɚɛɥɢɰɚ 9 – ɉɪɚɤɬɢɱɟɫɤɢɟ ɡɧɚɱɟɧɢɹ ɪɚɜɧɨɜɟɫɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢɦɟɫɟɣ ɜ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚɯ 

 

ɉɪɢɦɟɫɶ Si Ge 
Ȼɨɪ 8∙10-1 17 

Ⱥɥɸɦɢɧɢɹ 3∙10-3 7,3∙10-2 
Ƚɚɥɥɢɣ 8∙10-3 8,7∙10-2 
ɂɧɞɢɣ 4∙10-4 1∙10-3 

Ɏɨɫɮɨɪ 3,5∙10-2 8∙10-2 
Ɇɵɲɶɹɤ 3,0∙10-1 2∙10-2 
ɋɭɪɶɦɚ 2,3∙10-2 3∙10-3 

 

ɍɪɚɜɧɟɧɢɟ Ȼɉɋ, ɩɨɦɢɦɨ ɨɩɪɟɞɟɥɟɧɢɹ ɞɢɫɤɪɟɬɧɵɯ ɡɧɚɱɟɧɢɣ 

ɷɮɮɟɤɬɢɜɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɫɬɪɨɢɬɶ ɟɝɨ 

ɫɤɨɪɨɫɬɧɭɸ ɡɚɜɢɫɢɦɨɫɬɶ, ɧɟɨɛɯɨɞɢɦɭɸ ɞɥɹ ɪɚɫɱɟɬɨɜ ɜɵɪɚɳɢɜɚɧɢɹ ɨɞɧɨɪɨɞɧɨ 

ɥɟɝɢɪɨɜɚɧɧɵɯ ɤɪɢɫɬɚɥɥɨɜ. Ⱦɥɹ ɷɬɨɝɨ ɢɡɜɟɫɬɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɜɧɨɜɟɫɧɨɝɨ (k0) ɢ 

ɷɮɮɟɤɬɢɜɧɨɝɨ (k) ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢɦɟɫɟɣ ɜ ɩɨɥɭɩɪɨɜɨɞɧɢɤɟ 

ɩɨɞɫɬɚɜɥɹɸɬ ɜ ɭɪɚɜɧɟɧɢɟ Ȼɉɋ ɜ ɮɨɪɦɟ 

 

 

 
 

0 0

0
lg

1

lgж

k k k
k

D f e


 
   . 

 

Ɂɚɬɟɦ ɩɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ δ/Dɠ ɩɨɞɫɬɚɜɥɹɸɬ ɜ ɭɪɚɜɧɟɧɢɟ Ȼɉɋ ɢ 

ɪɟɲɚɸɬ ɩɨɫɥɟɞɧɟɟ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɣ ɫɤɨɪɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ f. 

Ɉɫɬɚɬɨɤ ɩɪɢɦɟɫɢ ɜ ɪɚɫɩɥɚɜɟ ɩɨɫɥɟ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɩɨ ɦɟɬɨɞɭ 

ɑɨɯɪɚɥɶɫɤɨɝɨ ɨɩɪɟɞɟɥɹɸɬ ɩɨ ɭɪɚɜɧɟɧɢɸ, ɩɨɥɭɱɟɧɧɨɦɭ ɩɭɬɟɦ ɭɦɧɨɠɟɧɢɹ 

ɥɟɜɨɣ ɢ ɩɪɚɜɨɣ ɱɚɫɬɟɣ ɭɪɚɜɧɟɧɢɹ Ƚɚɥɥɢɜɟɪɚ ɧɚ (1 – g): 
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      1
01 1 1

k
C g C g g

    , 

 

ɝɞɟ  ɋ ɢ ɋ0 – ɬɟɤɭɳɚɹ ɢ ɧɚɱɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢɦɟɫɢ ɜ ɪɚɫɩɥɚɜɟ, 

ɚɬɨɦ/ɫɦ3; 

g – ɞɨɥɹ ɡɚɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɝɨ ɪɚɫɩɥɚɜɚ. 

Ɇɚɫɫɚ ɩɪɢɦɟɫɢ ɜ ɪɚɫɩɥɚɜɟ ɜ ɧɚɱɚɥɟ (g = 0) ɩɪɨɰɟɫɫɚ ɜɵɪɚɳɢɜɚɧɢɹ 

ɤɪɢɫɬɚɥɥɚ 

 

  0 01 0
k

ɧm C C   , 

 

ɚ ɜ ɦɨɦɟɧɬ ɜɵɪɚɳɢɜɚɧɢɹ ɞɨɥɢ g ɤɪɢɫɬɚɥɥɚ 

 

  0 1
k

кm C g  . 

 

ɉɨɞɫɬɚɜɢɜ ɡɧɚɱɟɧɢɹ mɧ ɢ mɤ ɜ ɭɪɚɜɧɟɧɢɟ, ɩɨɥɭɱɢɦ: 

 

  1
kк

ɧ

m gm   . 
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3 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢя ɩɪɟɞɥɨɠɟɧɧɵɯ ɫɪɟɞɫɬɜ 

ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ 

 

3.1 ɉɪɢɦɟɪɵ ɪɟɚɥɢɡɚɰɢɢ ɩɪɨɰɟɞɭɪɵ ɪɚɫɱɟɬɚ ɨɫɧɨɜɧɵɯ 
ɩɚɪɚɦɟɬɪɨɜ ɬɟɯɧɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɜɵɪɚɳɢɜɚɧɢя ɥɟɝɢɪɨɜɚɧɧɵɯ 
ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ 

 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪ ɪɚɫɱɟɬɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ… Ⱦɥɹ ɷɬɨɝɨ 

ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɨɞɧɢɦ ɢɡ ɜɚɪɢɚɧɬɨɜ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɦ ɜ ɬɚɛɥɢɰɟ 10 

 

Ɍɚɛɥɢɰɚ 10 – ȼɚɪɢɚɧɬ ɩɪɢɦɟɪɚ 

 

ɉɚɪɚɦɟɬɪ Ɂɧɚɱɟɧɢɟ 

1. Ɋɚɜɧɨɜɟɫɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢɦɟɫɢ (K0) 0,04 

2. ɇɚɱɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɪɢɦɟɫɢ ɜ ɪɚɫɩɥɚɜɟ, % (C0) 0,02 

3. ɉɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɣ ɦɚɬɟɪɢɚɥ Ge 

4. Ʌɟɝɢɪɭɸɳɚɹ ɩɪɢɦɟɫɶ Sb 

5. Ⱦɢɚɦɟɬɪ ɦɨɧɨɤɪɢɫɬɚɥɥɚ (d), ɦɦ 30 

6. Ɇɚɫɫɚ ɡɚɝɪɭɡɤɢ ɜ ɬɢɝɟɥɶ (Mp), ɝ 1000 

7. Ⱦɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɫɩɥɚɜɚ (f), ɦɦ/ɦɢɧ 3,0–1,0 

8. Ⱦɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɦɨɧɨɤɪɢɫɬɚɥɥɚ (ω), ɨɛ/ɦɢɧ 30–80 

 

Ɋɚɫɫɱɢɬɚɟɦ ɡɧɚɱɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢɦɟɫɢ ɜ ɤɪɢɫɬɚɥɥɟ N ɞɥɹ ɞɨɥɢ 

ɡɚɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɝɨ ɪɚɫɩɥɚɜɚ g = 0; 0,1; 0,3; 0,5; 0,7; 0,9 ɩɨ ɭɪɚɜɧɟɧɢɸ 

ɧɨɪɦɚɥɶɧɨɣ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ: 

 

      1 0,04 1 4
1 0 1 11 0,04 0,02 1 0 8,00 10 %, lg 3,00

k
N k C g N

              , 

      1 0,04 1 4
2 0 2 21 0,04 0,02 1 0,1 8,85 10 %, lg 3,05

k
N k C g N

              , 

      1 0,04 1 3
3 0 3 31 0,04 0,02 1 0,3 1,13 10 %, lg 2,95

k
N k C g N

              , 

      1 0,04 1 3
4 0 4 41 0,04 0,02 1 0,45 1,42 10 %, lg 2,85

k
N k C g N

              , 
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      1 0,04 1 3
5 0 4 41 0,04 0,02 1 0,5 1,56 10 %, lg 2,81

k
N k C g N

              , 

      1 0,04 1 3
6 0 5 51 0,04 0,02 1 0,7 2,54 10 %, lg 2,60

k
N k C g N

              , 

      1 0,04 1 3
7 0 6 61 0,04 0,02 1 0,9 7,30 10 %, lg 2,14

k
N k C g N

              , 

 

ɝɞɟ C0 – ɧɚɱɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɪɢɦɟɫɢ ɜ ɪɚɫɩɥɚɜɟ, ɚɬɨɦ/ɫɦ3; 

k – ɪɚɜɧɨɜɟɫɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ; 

g1–6 – ɞɨɥɢ ɡɚɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɝɨ ɪɚɫɩɥɚɜɚ ɞɥɹ ɫɟɱɟɧɢɣ ɤɪɢɫɬɚɥɥɚ N1–6. 

ɇɚɣɞɟɧɧɵɟ ɡɧɚɱɟɧɢɹ N ɢ lg N ɡɚɩɢɫɵɜɚɟɦ ɜ ɬɚɛɥɢɰɭ 1 ɢ ɜ ɤɨɨɪɞɢɧɚɬɚɯ: 

lg N – g ɫɬɪɨɢɦ ɝɪɚɮɢɤ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢɦɟɫɢ ɩɨ ɞɥɢɧɟ ɫɥɢɬɤɚ (ɪɢɫɭɧɨɤ 20). 

 

Ɍɚɛɥɢɰɚ 11 – Ɋɚɫɫɱɢɬɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢɦɟɫɢ 

 

g 0 0,10 0,30 0,45 0,50 0,70 0,90 
N, % 8,00∙10-4 8,85∙10-4 1,13∙10-3 1,42∙10-3 1,56∙10-3 2,54∙10-3 7,30∙10-3 
lg N –3,00 –3,05 –2,95 –2,85 –2,81 –2,60 –2,14 

 

 

 

Ɋɢɫɭɧɨɤ 27 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɩɪɢɦɟɫɢ ɩɨ ɞɥɢɧɟ ɫɥɢɬɤɚ 

 

Ɋɚɫɫɱɢɬɚɟɦ ɷɮɮɟɤɬɢɜɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢ 

ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 
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ɋɬɪɨɢɦ ɡɚɜɢɫɢɦɨɫɬɶ x = lg k. Ɂɚɞɚɟɦ ɡɧɚɱɟɧɢɹ k = 0,1; 0,25; 0,5; 0,75; 1,0 

ɢ ɧɚɯɨɞɢɦ ɡɧɚɱɟɧɢɹ x: 

 0,10, lg 0,10 , 1,00k x x    , 

 0,25, lg 0,25 , 0,60k x x    , 

 0,50, lg 0,50 , 0,30k x x    , 

 0,75, lg 0,75 , 0,12k x x    , 

 1,00, lg 1,00 , 0k x x   . 

 

ɋɬɪɨɢɦ ɡɚɜɢɫɢɦɨɫɬɶ      
0

lg 1 lg 1
N

y k g k g
C


 

      
 

. Ɂɚɞɚɟɦ 

ɡɧɚɱɟɧɢɹ k = 0,1; 0,25; 0,5; 0,75; 1,0 ɢ ɧɚɯɨɞɢɦ ɡɧɚɱɟɧɢɹ ɮɭɧɤɰɢɢ y. 

 

     0,014
0, lg 1 0,45 0 lg 1 0,45 0,41

0,02
k y k             

, 

     0,014
0,10, lg 1 0,45 0,10 lg 1 0,45 0,39

0,02
k y k             

, 

     0,014
0,25, lg 1 0,45 0,25 lg 1 0,45 0,35

0,02
k y k             

, 

     0,014
0,50, lg 1 0,45 0,50 lg 1 0,45 0,28

0,02
k y k             

, 

     0,014
0,75, lg 1 0,45 0,75 lg 1 0,45 0,22

0,02
k y k             

, 

     0,014
1, lg 1 0,45 1,00 lg 1 0,45 0,15

0,02
k y k             

, 

 

ɝɞɟ N – ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɪɢɦɟɫɢ ɜ ɦɨɧɨɤɪɢɫɬɚɥɥɟ: 

C0 – ɧɚɱɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɪɢɦɟɫɢ ɜ ɪɚɫɩɥɚɜɟ, ɚɬɨɦ/ɫɦ3; 

k – ɪɚɜɧɨɜɟɫɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ; 

g – ɞɨɥɹ ɡɚɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɝɨ ɪɚɫɩɥɚɜɚ ɞɥɹ ɡɚɞɚɧɧɨɝɨ ɫɟɱɟɧɢɹ 

ɤɪɢɫɬɚɥɥɚ. 

ɉɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ x ɢ y ɡɚɩɢɫɚɧɵ ɜ ɬɚɛɥɢɰɟ 2. ɇɟɨɛɯɨɞɢɦɨ ɩɨɫɬɪɨɢɬɶ 

ɝɪɚɮɢɤ (ɪɢɫɭɧɨɤ 2) ɮɭɧɤɰɢɣ x = f(k) ɢ y = φ(k) ɞɥɹ ɪɚɡɧɵɯ ɡɧɚɱɟɧɢɣ k (0; 0,1; 
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0,25; 0,5; 0,75 ɢ 1) ɩɪɢ ɡɚɞɚɧɧɵɯ ɡɧɚɱɟɧɢɹɯ N, C0 ɢ g. Ⱥɛɫɰɢɫɫɚ ɬɨɱɤɢ 

ɩɟɪɟɫɟɱɟɧɢɹ ɝɪɚɮɢɤɨɜ ɛɭɞɟɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɡɧɚɱɟɧɢɸ ɷɮɮɟɤɬɢɜɧɨɝɨ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ kɷɮ ≈ 0,56. 

 

Ɍɚɛɥɢɰɚ 12 – Ɋɚɫɫɱɢɬɚɧɧɵɟ ɡɧɚɱɟɧɢɹ ɤɨɧɰɟɧɬɪɚɰɢɢ ɩɪɢɦɟɫɢ 

 

k 0 0,10 0,25 0,50 0,75 1,00 
x – –1,00 –0,60 –0,30 –0,12 0 
y –0,41 –0,39 –0,35 –0,28 –0,22 –0,15 

 

 

 

Ɋɢɫɭɧɨɤ 28 – ɋɯɟɦɚ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɨɩɪɟɞɟɥɟɧɢɹ 
ɷɮɮɟɤɬɢɜɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢ ɧɚɩɪɚɜɥɟɧɧɨɣ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 

 

ɋɩɪɨɝɪɚɦɦɢɪɭɟɦ ɩɪɨɰɟɫɫ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ  

ɇɚɡɧɚɱɚɟɦ ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɜɵɪɚɳɢɜɚɧɢɹ 

ɦɨɧɨɤɪɢɫɬɚɥɥɚ: 

1) f = 3 ɦɦ/ɦɢɧ, ω = 30 ɨɛ/ɦɢɧ (ɭɫɥɨɜɢɟ 1); 

2) f = 3 ɦɦ/ɦɢɧ, ω = 80 ɨɛ/ɦɢɧ (ɭɫɥɨɜɢɟ 2); 

3) f = 1 ɦɦ/ɦɢɧ, ω = 30 ɨɛ/ɦɢɧ (ɭɫɥɨɜɢɟ 3); 

4) f = 1 ɦɦ/ɦɢɧ, ω = 80 ɨɛ/ɦɢɧ (ɭɫɥɨɜɢɟ 4). 
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Ɋɚɫɫɱɢɬɵɜɚɟɦ ɡɧɚɱɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɥɹ 

ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ, ɢɫɩɨɥɶɡɭɟɦ ɞɥɹ ɷɬɨɝɨ ɭɪɚɜɧɟɧɢɹ Ȼɚɪɬɨɧɚ–ɉɪɢɦɚ–

ɋɥɢɯɬɟɪɚ ɢ ɬɨɥɳɢɧɵ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ: 

 

 
1 1 1

3 6 21,66 жD v 
    , 

 

 
0

0 01 exp
ж

k
k

f
k k

D



 

   
 

, 

 

ɝɞɟ δ – ɬɨɥɳɢɧɚ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ, ɫɦ; 

k0 – ɪɚɜɧɨɜɟɫɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢɦɟɫɟɣ ɜ ɪɚɫɩɥɚɜɟ, 

ɪɚɜɧɨɜɟɫɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɭɪɶɦɵ ɜ ɝɟɪɦɚɧɢɢ K0 = 3∙10-

3; 

f – ɫɤɨɪɨɫɬɶ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɫɩɥɚɜɚ, ɫɦ/ɫ; 

Dɠ – ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɮɮɭɡɢɢ ɩɪɢɦɟɫɢ ɜ ɪɚɫɩɥɚɜɟ, ɫɦ2/ɫ, ɤɨɷɮɮɢɰɢɟɧɬ 

ɞɢɮɮɭɡɢɢ ɫɭɪɶɦɵ ɜ ɪɚɫɩɥɚɜɟ ɝɟɪɦɚɧɢɹ Dɠ = 0,55∙10-4 ɫɦ2/ɫ; 

ν – ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ ɪɚɫɩɥɚɜɚ, ɫɦ2/ɫ, ɞɥɹ ɪɚɫɩɥɚɜɚ ɝɟɪɦɚɧɢɹ 

ν = 1,35∙10-3 ɫɦ2/ɫ; 

ω – ɭɝɥɨɜɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɤɪɢɫɬɚɥɥɚ, ɪɚɞ/ɫ. 

Ⱦɥɹ ɭɫɥɨɜɢɹ 1: 

– f = 3 ɦɦ/ɦɢɧ = 0,005 ɫɦ/ɫ, ω = 30 ɨɛ/ɦɢɧ = 3,14 ɪɚɞ/ɫ 

 

    
1 1 14 33 6 2

1 1,66 0,55 10 1,35 10 3,14 0,012 ɫɦ         , 

 

 

3
3

1
3 3

4

3 10
7,4 10

0,005
3 10 1 3 10 exp 0,012

0,55 10

k




 



  

       

. 

 

Ⱦɥɹ ɭɫɥɨɜɢɹ 2: 

– f = 3 ɦɦ/ɦɢɧ = 0,005 ɫɦ/ɫ, ω = 80 ɨɛ/ɦɢɧ = 8,37 ɪɚɞ/ɫ 
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    
1 1 14 33 6 2

2 1,66 0,55 10 1,35 10 8,37 0,007 ɫɦ         , 

 

 

3
3

2
3 3

4

3 10
5,65 10

0,005
3 10 1 3 10 exp 0,007

0,55 10

k




 



  

       

. 

 

Ⱦɥɹ ɭɫɥɨɜɢɹ 3: 

– f = 1 ɦɦ/ɦɢɧ = 0,0017 ɫɦ/ɫ, ω = 30 ɨɛ/ɦɢɧ = 3,14 ɪɚɞ/ɫ 

 

    
1 1 14 33 6 2

3 1,66 0,55 10 1,35 10 3,14 0,012 ɫɦ         , 

 

 

3
3

3
3 3

4

3 10
4,3 10

0,0017
3 10 1 3 10 exp 0,012

0,55 10

k




 



  

       

. 

 

Ⱦɥɹ ɭɫɥɨɜɢɹ 4: 

– f = 1 ɦɦ/ɦɢɧ = 0,0017 ɫɦ/ɫ, ω = 80 ɨɛ/ɦɢɧ = 8,37 ɪɚɞ/ɫ 

 

    
1 1 14 33 6 2

4 1,66 0,55 10 1,35 10 8,37 0,007 ɫɦ         , 

 

 

3
3

4
3 3

4

3 10
3,7 10

0,0017
3 10 1 3 10 exp 0,007

0,55 10

k




 



  

       

. 

 

ɋɨɫɬɚɜɢɦ ɫɜɨɞɧɭɸ ɬɚɛɥɢɰɭ ɡɧɚɱɟɧɢɣ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ 

ɩɪɨɰɟɫɫɚ ɜɵɪɚɳɢɜɚɧɢɹ ɦɨɧɨɤɪɢɫɬɚɥɥɚ. 

 

Ɍɚɛɥɢɰɚ 13 – ɍɫɥɨɜɢɹ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɜɵɪɚɳɢɜɚɧɢɹ ɦɨɧɨɤɪɢɫɬɚɥɥɚ 

 

f ω k 
3 ɦɦ/ɦɢɧ 30 ɨɛ/ɦɢɧ 7,40∙10-3 
3 ɦɦ/ɦɢɧ 80 ɨɛ/ɦɢɧ 5,65∙10-3 
1 ɦɦ/ɦɢɧ 30 ɨɛ/ɦɢɧ 4,30∙10-3 
1 ɦɦ/ɦɢɧ 80 ɨɛ/ɦɢɧ 3,70∙10-3 
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ɉɨ ɧɚɣɞɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ k ɨɩɪɟɞɟɥɹɟɦ ɬɟɨɪɟɬɢɱɟɫɤɢɣ ɜɵɯɨɞ 

ɦɨɧɨɤɪɢɫɬɚɥɥɚ ɫ ɪɚɜɧɨɦɟɪɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɩɪɢɦɟɫɢ ɩɨ ɞɥɢɧɟ: 

 

 
0,0037

1 1 0,5
0,0074

к

ɧ

k
B

k
     , 

 

ɝɞɟ  kɧ ɢ kɤ – ɧɚɱɚɥɶɧɨɟ ɢ ɤɨɧɟɱɧɨɟ ɡɧɚɱɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ 

ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɥɟɝɢɪɭɸɳɟɣ ɩɪɢɦɟɫɢ. 

Ɋɚɫɫɱɢɬɵɜɚɟɦ ɬɪɢ ɜɚɪɢɚɧɬɚ ɩɪɨɝɪɚɦɦ. 

ȼɚɪɢɚɧɬ I: 

– ɧɚɱɚɥɨ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ f = f(t), ω = const; 

– ɨɤɨɧɱɚɧɢɟ ɩɪɨɰɟɫɫɚ ω = f(t), f = const; 

ȼɚɪɢɚɧɬ II: 

– ɨɞɧɨɜɪɟɦɟɧɧɨɟ ɢɡɦɟɧɟɧɢɟ f = f(t), ω = f(t); 

ȼɚɪɢɚɧɬ III: 

– ɧɚɱɚɥɨ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ω = f(t), f = const; 

– ɨɤɨɧɱɚɧɢɟ ɩɪɨɰɟɫɫɚ f = f(t), ω = const. 

ȼɚɪɢɚɧɬ I. ɉɪɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɢ ɩɨ ɩɟɪɜɨɦɭ ɜɚɪɢɚɧɬɭ ɢɡ ɞɨɥɢ 

ɦɨɧɨɤɪɢɫɬɚɥɥɚ ɫ ɪɚɜɧɨɦɟɪɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɩɪɢɦɟɫɢ (B = 0,5) ɱɚɫɬɶ 

ɪɚɫɩɥɚɜɚ ɛɭɞɟɬ ɡɚɤɪɢɫɬɚɥɥɢɡɨɜɚɧɚ ɩɪɢ ɪɨɫɬɟ ɤɪɢɫɬɚɥɥɚ ɫ ɢɡɦɟɧɟɧɢɟɦ ɫɤɨɪɨɫɬɢ 

ɪɨɫɬɚ gfI, ɚ ɨɫɬɚɥɶɧɚɹ ɱɚɫɬɶ – ɩɪɢ ɢɡɦɟɧɟɧɢɢ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ ɤɪɢɫɬɚɥɥɚ gωI: 

 

 
3

3
3

1

4,3 10
1 1 0,42, 0,5 0,42 0,08

7,4 10fI I RI
k

g g B g
k 






         


. 

 

ȼɚɪɢɚɧɬ II: 

 

 0,5IIg B  . 
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ȼɚɪɢɚɧɬ III: 

 

3
2

3
1

5,65 10
1 1 0,24, 0,5 0,24 0,26

7,4 10fIII III RI
k

g g B g
k 






         


. 

 

Ⱦɥɢɧɭ ɭɱɚɫɬɤɚ ɜɵɪɚɳɟɧɧɨɝɨ ɦɨɧɨɤɪɢɫɬɚɥɥɚ, ɪɚɜɧɨɦɟɪɧɨ ɥɟɝɢɪɨɜɚɧɧɨɝɨ 

ɫɭɪɶɦɨɣ ɨɩɪɟɞɟɥɹɟɦ ɩɨ ɭɪɚɜɧɟɧɢɸ 

 

 21,27 p

кɪ

M g
L

d


 


, 

 

ɝɞɟ Mp – ɦɚɫɫɚ ɪɚɫɩɥɚɜɚ, ɝ; 

g – ɞɨɥɹ ɡɚɤɪɢɫɬɚɥɥɢɡɨɜɚɧɧɨɝɨ ɪɚɫɩɥɚɜɚ; 

γкɪ – ɩɥɨɬɧɨɫɬɶ ɩɨɥɭɩɪɨɜɨɞɧɢɤɚ, ɝ/ɫɦ3 (γɤɪ = 5,35 ɝ/ɫɦ3ɞɥɹ ɝɟɪɦɚɧɢɹ, 

γɤɪ = 2,55 ɝ/ɫɦ3 ɞɥɹ ɤɪɟɦɧɢɹ); 

d – ɞɢɚɦɟɬɪ ɦɨɧɨɤɪɢɫɬɚɥɥɚ, ɫɦ. 

ȼɚɪɢɚɧɬ I. 

 

 
2

2

1000 0,42
1,27 11,08 110,8 ,

5,35 3

1000 0,08
1,27 2,11 21,1 .

5,35 3

fI

I

L ɫɦ ɦɦ

L ɫɦ ɦɦ


   




   


 

 

ȼɚɪɢɚɧɬ II. 

 

 2

1000 0,5
1,27 10,38 103,8

5,35 3IIL ɫɦ ɦɦ
   


. 

 

ȼɚɪɢɚɧɬ III. 
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2

2

1000 0,24
1,27 4,98 49,8 ,

5,35 3

1000 0,26
1,27 5,4 54 .

5,35 3

fIII

III

L ɫɦ ɦɦ

L ɫɦ ɦɦ


   




   


 

 

Ɉɩɪɟɞɟɥɹɟɦ ɜɪɟɦɹ ɜɵɪɚɳɢɜɚɧɢɹ 

 

 
2,303

lg
ɧ к ɧ

L f
t

f f f

 
      

, 

 

ɝɞɟ f – ɬɟɤɭɳɟɟ, ɬ. ɟ. ɥɸɛɨɟ ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɡɧɚɱɟɧɢɟ ɫɤɨɪɨɫɬɢ, ɞɥɹ ɤɨɬɨɪɨɝɨ 

ɨɩɪɟɞɟɥɹɸɬɫɹ ɜɪɟɦɹ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɧɨɝɨ ɜɵɪɚɳɢɜɚɧɢɹ ɤɪɢɫɬɚɥɥɚ; 

fɧ ɢ fɤ – ɧɚɱɚɥɶɧɨɟ ɢ ɤɨɧɟɱɧɨɟ ɡɧɚɱɟɧɢɹ ɫɤɨɪɨɫɬɢ, ɫɦ/ɫ; 

L – ɬɟɤɭɳɚɹ ɞɥɢɧɚ ɭɱɚɫɬɤɚ ɜɵɪɚɳɟɧɧɨɝɨ ɦɨɧɨɤɪɢɫɬɚɥɥɚ, ɫɦ. 

ȼɚɪɢɚɧɬ I. 

 

 

2,303 110,8 1 21,1
lg 60,8 , 21,1 ,

3 1 3 1,0

60,8 21,1 81,9 .

fI I

I

t ɦиɧ t ɦиɧ

t ɦиɧ


          

  
 

 

ȼɚɪɢɚɧɬ II. 

 

 
2,303 103,8 1

lg 56,9
3 1 3IIt ɦиɧ        

. 

 

ȼɚɪɢɚɧɬ III. 

 

 

2,303 54 1 49,8
lg 29,6 , 16,6 ,

3 1 3 3

16,6 29,6 46,2 .

fIII III

III

t ɦиɧ t ɦиɧ

t ɦиɧ


          

  
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ɂɡ ɪɚɫɱёɬɚ ɫɥɟɞɭɟɬ, ɱɬɨ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɛɨɪɚ ɩɪɨɝɪɚɦɦɵ ɜɪɟɦɹ 

ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɨɞɢɧɚɤɨɜɨɣ ɦɚɤɫɢɦɚɥɶɧɨɣ ɞɨɥɢ ɪɚɫɩɥɚɜɚ B ɛɭɞɟɬ ɪɚɡɥɢɱɧɵɦ. 

ɇɚɢɛɨɥɟɟ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵɦ ɫɥɟɞɭɟɬ ɩɪɢɡɧɚɬɶ ɬɪɟɬɢɣ ɜɚɪɢɚɧɬ, ɝɞɟ ɛɨɥɶɲɚɹ 

ɱɚɫɬɶ ɪɚɫɩɥɚɜɚ ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɫɤɨɪɨɫɬɢ ɪɨɫɬɚ ɤɪɢɫɬɚɥɥɚ ɜ 

ɭɫɥɨɜɢɹɯ ɢɡɦɟɧɹɸɳɟɣɫɹ ɫɤɨɪɨɫɬɢ ɟɝɨ ɜɪɚɳɟɧɢɹ. 

ɋɨɨɬɧɨɲɟɧɢɟ ɜɪɟɦɟɧɢ ɜɵɪɚɳɢɜɚɧɢɹ ɨɞɧɨɪɨɞɧɨɝɨ ɥɟɝɢɪɨɜɚɧɧɨɝɨ ɩɨ 

ɞɥɢɧɟ ɦɨɧɨɤɪɢɫɬɚɥɥɚ ɩɨ ɪɚɡɥɢɱɧɵɦ ɩɪɨɝɪɚɦɦɚɦ 

 

3.2 Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢя ɩɪɨɰɟɫɫɚ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ 

 

ȼɨɡɶɦɟɦ ɧɟɫɤɨɥɶɤɨ ɜɚɪɢɚɧɬɨɜ, ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɨɤɚɡɚɬɶ ɮɭɧɤɰɢɨɧɚɥ 

ɩɪɨɝɪɚɦɦɵ. 

 

Ɍɚɛɥɢɰɚ 14 – ȼɚɪɢɚɧɬɵ ɪɚɫɱɟɬɚ 
 

ɉɚɪɚɦɟɬɪ 
ȼɚɪɢɚɧɬ 

1 2 
ɉɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɣ ɦɚɬɟɪɢɚɥ Si 
Ʌɟɝɢɪɭɸɳɚɹ ɩɪɢɦɟɫɶ B In 
Ⱦɢɚɦɟɬɪ ɦɨɧɨɤɪɢɫɬɚɥɥɚ, ɦɦ 50 100 
Ɇɚɫɫɚ ɡɚɝɪɭɡɤɢ ɜ ɬɢɝɟɥɶ, ɝ 2500 4500 
Ɋɚɜɧɨɜɟɫɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɩɪɢɦɟɫɢ 

0,01 0,07 

ɇɚɱɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɪɢɦɟɫɢ ɜ 
ɪɚɫɩɥɚɜɟ, % 

0,01 0,04 

Ⱦɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɫɩɥɚɜɚ, ɦɦ/ɦɢɧ 

1,0–3,0 1,5–5,5 

Ⱦɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ 
ɦɨɧɨɤɪɢɫɬɚɥɥɚ, ɨɛ/ɦɢɧ 

12–30 25–60 

ɉɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɣ ɦɚɬɟɪɢɚɥ Ge 
Ʌɟɝɢɪɭɸɳɚɹ ɩɪɢɦɟɫɶ Sb As 
Ⱦɢɚɦɟɬɪ ɦɨɧɨɤɪɢɫɬɚɥɥɚ, ɦɦ 50 100 
Ɇɚɫɫɚ ɡɚɝɪɭɡɤɢ ɜ ɬɢɝɟɥɶ, ɝ 2500 4500 
Ɋɚɜɧɨɜɟɫɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɩɪɢɦɟɫɢ 

0,01 0,07 

ɇɚɱɚɥɶɧɚɹ ɤɨɧɰɟɧɬɪɚɰɢɹ ɩɪɢɦɟɫɢ ɜ 
ɪɚɫɩɥɚɜɟ, % 

0,01 0,04 

Ⱦɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɫɩɥɚɜɚ, ɦɦ/ɦɢɧ 

1,0–3,0 1,5–5,5 

Ⱦɢɚɩɚɡɨɧ ɢɡɦɟɧɟɧɢɹ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ 
ɦɨɧɨɤɪɢɫɬɚɥɥɚ, ɨɛ/ɦɢɧ 

12–30 25–60 
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Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɞɥɹ ɫɜɹɡɤɢ Si – B.  

 

Ɍɚɛɥɢɰɚ 15 – ɍɫɥɨɜɢɹ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɜɵɪɚɳɢɜɚɧɢɹ ɦɨɧɨɤɪɢɫɬɚɥɥɚ ɞɥɹ 
ɫɜɹɡɤɢ Si – B 
 

 f, ɦɦ/ɦɢɧ ꞷ, ɨɛ/ɦɢɧ δ, ɫɦ k 
ɍɫɥɨɜɢɟ 1 3 12 0,01153 1,329*10^-2 
ɍɫɥɨɜɢɟ 2 3 30 0,00729 9,54*10^-4 
ɍɫɥɨɜɢɟ 3 1 12 0,01153 1,104*10^-4 
ɍɫɥɨɜɢɟ 4 1 30 0,00729 4,568*10^-5 

 

Ɋɚɫɫɱɢɬɚɟɦ ɤɨɷɮɮɢɰɢɟɧɬ B = 0,997 ɞɥɹ ɭɫɥɨɜɢɹ Si – B. 

Ƚɪɚɮɢɤɢ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ ɩɪɢ ɭɫɥɨɜɢɢ ɞɥɹ ɩɟɪɜɨɝɨ 

ɜɚɪɢɚɧɬɚ ɪɚɛɨɬɵ. (ɪɢɫɭɧɨɤ 29-30) 

 

 
 

Ɋɢɫɭɧɨɤ 29 – ɋɯɟɦɚ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɨɩɪɟɞɟɥɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɝɨ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɞɥɹ ɩɟɪɜɨɝɨ 

ɜɚɪɢɚɧɬɚ 
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Ɋɢɫɭɧɨɤ 30 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɩɪɢɦɟɫɢ ɩɨ ɞɥɢɧɟ ɫɥɢɬɤɚ ɞɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ 
 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɞɥɹ ɫɜɹɡɤɢ Si – In. 

 

Ɍɚɛɥɢɰɚ 16 – ɍɫɥɨɜɢɹ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɜɵɪɚɳɢɜɚɧɢɹ ɦɨɧɨɤɪɢɫɬɚɥɥɚ ɞɥɹ 
ɫɜɹɡɤɢ Si – In 
 

 f, ɦɦ/ɦɢɧ ꞷ, ɨɛ/ɦɢɧ δ, ɫɦ k 
ɍɫɥɨɜɢɟ 1 5,5 25 0,06340 8,095*10^-5 
ɍɫɥɨɜɢɟ 2 5,5 60 0,04092 7,688*10^-5 
ɍɫɥɨɜɢɟ 3 1,5 25 0,06340 7,283*10^-5 
ɍɫɥɨɜɢɟ 4 1,5 60 0,04092 7,181*10^-5 

 

Ɋɚɫɫɱɢɬɚɟɦ ɤɨɷɮɮɢɰɢɟɧɬ B = 0,113 ɞɥɹ ɭɫɥɨɜɢɹ Si – In. 

Ƚɪɚɮɢɤɢ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ ɩɪɢ ɭɫɥɨɜɢɢ ɞɥɹ ɩɟɪɜɨɝɨ 

ɜɚɪɢɚɧɬɚ ɪɚɛɨɬɵ. (ɪɢɫɭɧɨɤ 31-32) 
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Ɋɢɫɭɧɨɤ 31 – ɋɯɟɦɚ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɟɬɨɞɚ ɨɩɪɟɞɟɥɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɝɨ 

ɤɨɷɮɮɢɰɢɟɧɬɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢ ɧɚɩɪɚɜɥɟɧɧɨɣ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɞɥɹ ɩɟɪɜɨɝɨ 

ɜɚɪɢɚɧɬɚ 
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Ɋɢɫɭɧɨɤ 32 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɩɪɢɦɟɫɢ ɩɨ ɞɥɢɧɟ ɫɥɢɬɤɚ ɞɥɹ ɩɟɪɜɨɝɨ ɜɚɪɢɚɧɬɚ 
 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɞɥɹ ɫɜɹɡɤɢ Ge – Sb. 

 

Ɍɚɛɥɢɰɚ 17 – ɍɫɥɨɜɢɹ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɜɵɪɚɳɢɜɚɧɢɹ ɦɨɧɨɤɪɢɫɬɚɥɥɚ ɞɥɹ 
ɫɜɹɡɤɢ Ge – Sb 
 

 f, ɦɦ/ɦɢɧ ꞷ, ɨɛ/ɦɢɧ δ, ɫɦ k 
ɍɫɥɨɜɢɟ 1 3 12 0,03296 1,732*10^-5 
ɍɫɥɨɜɢɟ 2 3 30 0,02084 1,415*10^-5 
ɍɫɥɨɜɢɟ 3 1 12 0,03296 1,201*10^-5 
ɍɫɥɨɜɢɟ 4 1 30 0,02084 1,123*10^-5 

 

Ɋɚɫɫɱɢɬɚɟɦ ɤɨɷɮɮɢɰɢɟɧɬ B = 0,352 ɞɥɹ ɭɫɥɨɜɢɹ Ge – Sb. 

Ɋɟɡɭɥɶɬɚɬɵ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɞɥɹ ɫɜɹɡɤɢ Ge – As. 
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Ɍɚɛɥɢɰɚ 18 – ɍɫɥɨɜɢɹ ɩɪɨɜɟɞɟɧɢɹ ɩɪɨɰɟɫɫɚ ɜɵɪɚɳɢɜɚɧɢɹ ɦɨɧɨɤɪɢɫɬɚɥɥɚ ɞɥɹ 
ɫɜɹɡɤɢ Ge – As 
 

 f, ɦɦ/ɦɢɧ ꞷ, ɨɛ/ɦɢɧ δ, ɫɦ k 
ɍɫɥɨɜɢɟ 1 5,5 25 0,00926 4,851*10^-3 
ɍɫɥɨɜɢɟ 2 5,5 60 0,00598 1,082*10^-3 
ɍɫɥɨɜɢɟ 3 1,5 25 0,00926 2,227*10^-4 
ɍɫɥɨɜɢɟ 4 1,5 60 0,00598 1,477*10^-4 

 

Ɋɚɫɫɱɢɬɚɟɦ ɤɨɷɮɮɢɰɢɟɧɬ B = 0,970 ɞɥɹ ɭɫɥɨɜɢɹ Ge – As. 

 

Ɍɚɛɥɢɰɚ 19 – ɉɟɪɜɵɣ ɜɚɪɢɚɧɬ ɩɪɨɝɪɚɦɦɵ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɞɥɹ ɫɜɹɡɤɢ  
 

ɉɚɪɚɦɟɬɪ ȼɚɪɢɚɧɬ 1 ȼɚɪɢɚɧɬ 2 ȼɚɪɢɚɧɬ 3 ȼɚɪɢɚɧɬ 4 
gfI 0,992 0,100 0,307 0,954 
gꞷI 0,005 0,013 0,045 0,016 
LfI 494,05 ɦɦ 22,41 ɦɦ 72,88 ɦɦ 101,91 ɦɦ 
LꞷI 2,49 ɦɦ 2,91 ɦɦ 10,68 ɦɦ 1,71 ɦɦ 
tfI 840,34 ɦɢɧ 16,79 ɦɢɧ 123,96 ɦɢɧ 76,34 ɦɢɧ 
tꞷI 4,24 ɦɢɧ 2,18 ɦɢɧ 18,17 ɦɢɧ 1,28 ɦɢɧ 
tI 844,58 ɦɢɧ 18,97 ɦɢɧ 142,13 ɦɢɧ 77,62 ɦɢɧ 

 

Ɍɚɛɥɢɰɚ 20 – ȼɬɨɪɨɣ ɜɚɪɢɚɧɬ ɩɪɨɝɪɚɦɦɵ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɞɥɹ ɫɜɹɡɤɢ  
 

ɉɚɪɚɦɟɬɪ ȼɚɪɢɚɧɬ 1 ȼɚɪɢɚɧɬ 2 ȼɚɪɢɚɧɬ 3 ȼɚɪɢɚɧɬ 4 
gII 0,997 0,113 0,352 0,970 
LII 496,55 ɦɦ 25,33 ɦɦ 83,56 ɦɦ 103,62 ɦɦ 
tII 844,58 ɦɢɧ 18,97 ɦɢɧ 142,13 ɦɢɧ 77,62 ɦɢɧ 

 

Ɍɚɛɥɢɰɚ 21 – Ɍɪɟɬɢɣ ɜɚɪɢɚɧɬ ɩɪɨɝɪɚɦɦɵ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɞɥɹ ɫɜɹɡɤɢ  

 

ɉɚɪɚɦɟɬɪ ȼɚɪɢɚɧɬ 1 ȼɚɪɢɚɧɬ 2 ȼɚɪɢɚɧɬ 3 ȼɚɪɢɚɧɬ 4 
gfIII 0,928 0,050 0,183 0,777 
gꞷIII 0,069 0,063 0,169 0,193 
LfIII 462,18 ɦɦ 11,21 ɦɦ 43,44 ɦɦ 83,00 ɦɦ 
LꞷIII 34,36 ɦɦ 14,12 ɦɦ 40,12 ɦɦ 20,62 ɦɦ 
tfIII 786,13 ɦɢɧ 8,39 ɦɢɧ 73,89 ɦɢɧ 62,17 ɦɢɧ 
tꞷIII 58,45 ɦɢɧ 10,48 ɦɢɧ 68,24 ɦɢɧ 15,44 ɦɢɧ 
tIII 844,58 ɦɢɧ 18,87 ɦɢɧ 142,13 ɦɢɧ 77,61 ɦɢɧ 
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ɁАɄɅɘЧȿɇɂȿ 
 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɫɨɡɞɚɧɚ 

ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɭɫɬɚɧɨɜɤɨɣ ɜɵɪɚɳɢɜɚɧɢɹ 

ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɤɪɟɦɧɢɹ ɦɟɬɨɞɨɦ ɑɨɯɪɚɥɶɫɤɨɝɨ, ɪɚɡɪɚɛɨɬɚɧɨ 

ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɟ ɪɚɛɨɱɟɟ ɦɟɫɬɨ ɨɩɟɪɚɬɨɪɚ ɢ ɜɵɩɨɥɧɟɧɚ ɢɧɬɟɝɪɚɰɢɹ 

ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɟɞɢɧɵɣ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɪɨɬɨɤɨɥɚ OPC. 

ȼ ɤɚɱɟɫɬɜɟ ɫɪɟɞɵ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜɵɛɪɚɧ ɩɪɨɝɪɚɦɦɧɵɣ ɤɨɦɩɥɟɤɫ 

MATLAB, ɜɤɥɸɱɚɸɳɢɣ ɢɧɫɬɪɭɦɟɧɬ ɜɢɡɭɚɥɶɧɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ Simulink, 

ɫɪɟɞɫɬɜɨ ɨɛɟɫɩɟɱɟɧɢɹ ɫɜɹɡɢ ɫ OPC ɫɟɪɜɟɪɨɦ OPC Toolbox. Ɋɚɫɫɦɚɬɪɢɜɚɟɦɚɹ 

SCADA-ɫɢɫɬɟɦɚ – Proficy iFIX. 

ȼɵɩɨɥɧɟɧɵ ɜɫɟ ɩɨɫɬɚɜɥɟɧɧɵɟ ɰɟɥɢ ɢ ɡɚɞɚɱɢ, ɚ ɢɦɟɧɧɨ: 

1) ɩɪɨɜɟɞɟɧ ɚɧɚɥɢɡ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ; 

2) ɨɫɭɳɟɫɬɜɥɟɧɚ ɪɚɡɪɚɛɨɬɤɚ ɫɬɪɭɤɬɭɪɧɨɣ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɫɯɟɦɵ 

ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ; 

3) ɪɚɡɪɚɛɨɬɚɧɚ ɢɦɢɬɚɰɢɨɧɧɚɹ ɦɨɞɟɥɶ; 

4) ɪɚɡɪɚɛɨɬɚɧ ɝɪɚɮɢɱɟɫɤɢɣ ɢɧɬɟɪɮɟɣɫ ɨɩɟɪɚɬɨɪɚ; 

5) ɭɫɬɚɧɨɜɥɟɧɚ ɫɜɹɡɶ ɱɟɪɟɡ OPC-ɫɟɪɜɟɪ ɦɟɠɞɭ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɶɸ 

ɢ ɢɧɬɟɪɮɟɣɫɨɦ ɨɩɟɪɚɬɨɪɚ; 

6) ɩɪɨɜɟɞёɧ ɦɨɞɟɥɶɧɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɫ ɩɨɞɬɜɟɪɠɞɟɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɢɹ 

ɩɪɟɞɥɨɠɟɧɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ. 

ȼ ɤɚɱɟɫɬɜɟ ɞɨɤɚɡɚɬɟɥɶɫɬɜ ɩɪɟɞɨɫɬɚɜɥɟɧɵ ɝɪɚɮɢɤɢ ɫɪɚɜɧɟɧɢɣ MATLAB 

Simulink ɢ Proficy iFIX. 
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