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 Ɏɪɟɡɵ ɢ ɮɪɟɡɟɪɨɜɚɧɢɟ: ɦɟɬɨɞɢɱɟɫɤɢɟ ɭɤɚɡɚɧɢɹ ɤ ɥɚɛɨɪɚɬɨɪɧɨɣ 
ɪɚɛɨɬɟ ɩɨ ɬɟɯɧɨɥɨɝɢɢ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ/ ɫɨɫɬ.: Ⱥ.ȼ. Ƚɪɨɩɹɧɨɜ, 

ɇ. ɇ. ɋɢɬɨɜ, Ɇ.ɇ. ɀɭɤɨɜɚ; ȼɒɌЭ ɋɉɛȽɍɉɌȾ. - ɋɉɛ., 2017. -14 ɫ., ɢɥ. 14. 
 

 

 

ȼ ɧɚɫɬɨɹɳɟɦ ɢɡɞɚɧɢɢ ɩɪɢɜɟɞɟɧɵ ɬɢɩɵ ɮɪɟɡ, ɞɚɧɚ ɢɯ ɤɥɚɫɫɢɮɢɤɚɰɢɹ 
ɢ ɚɧɚɥɢɡ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ. Ɉɩɢɫɚɧɵ ɫɩɨɫɨɛɵ ɮɪɟɡɟɪɨɜɚɧɢɹ. 

Ɇɟɬɨɞɢɱɟɫɤɢɟ ɭɤɚɡɚɧɢɹ ɩɨɡɜɨɥɹɬ ɫɬɭɞɟɧɬɚɦ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ 
ɩɨɞɝɨɬɨɜɢɬɶɫɹ ɤ ɥɚɛɨɪɚɬɨɪɧɨɣ ɪɚɛɨɬɟ. ɉɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɛɚɤɚɥɚɜɪɨɜ 
ɧɚɩɪɚɜɥɟɧɢɹ 15.03.02 «Ɍɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɦɚɲɢɧɵ ɢ ɨɛɨɪɭɞɨɜɚɧɢɟ».  
 

Ɋɟɰɟɧɡɟɧɬ: ɡɚɦ. ɞɢɪɟɤɬɨɪɚ ɢɧɫɬɢɬɭɬɚ ɛɟɡɨɬɪɵɜɧɵɯ ɮɨɪɦ ɨɛɭɱɟɧɢɹ   ȼɒɌЭ 
ɋɉɛȽɍɉɌȾ, ɤɚɧɞ. ɬɟɯɧ. ɧɚɭɤ, ɞɨɰɟɧɬ ȼ.Ɉ. ȼɚɪɝɚɧɨɜ. 

 

 

ɉɨɞɝɨɬɨɜɥɟɧɵ ɢ ɪɟɤɨɦɟɧɞɨɜɚɧɵ ɤ ɩɟɱɚɬɢ ɤɚɮɟɞɪɨɣ 
ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɢ ɬɟɯɧɨɥɨɝɢɢ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ ȼɵɫɲɟɣ ɲɤɨɥɵ 
ɬɟɯɧɨɥɨɝɢɢ ɢ ɷɧɟɪɝɟɬɢɤɢ ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ  
ɭɧɢɜɟɪɫɢɬɟɬɚ ɩɪɨɦɵɲɥɟɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢ ɞɢɡɚɣɧɚ (ɩɪɨɬɨɤɨɥ №8 ɨɬ 
25.05.2017). 

ɍɬɜɟɪɠɞɟɧɵ ɤ ɢɡɞɚɧɢɸ ɦɟɬɨɞɢɱɟɫɤɨɣ ɤɨɦɢɫɫɢɟɣ ɢɧɫɬɢɬɭɬɚ 
ɬɟɯɧɨɥɨɝɢɢ ȼɒɌЭ ɋɉɛȽɍɉɌȾ (ɩɪɨɬɨɤɨɥ №6 ɨɬ 01.06.2017). 
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Ⱥɧɬɨɧ ȼɚɫɢɥɶɟɜɢɱ Ƚɪɨɩɹɧɨɜ 
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Ɍɟɦɩɥɚɧ 2017ɝ., ɩɨɡ. 83 
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198095,   ɋɚɧɤɬ-ɉɟɬɟɪɛɭɪɝ,  ɭɥ. ɂɜɚɧɚ ɑɟɪɧɵɯ,   4. 
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ȼȼȿȾȿɇɂȿ 

 

Фɪɟɡɟɪɨɜɚɧɢɟ – ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɣ ɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɣ ɦɟɬɨɞ 
ɨɛɪɚɛɨɬɤɢ ɩɨɜɟɪɯɧɨɫɬɟɣ: ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ, ɜɟɪɬɢɤɚɥɶɧɵɯ ɢ ɧɚɤɥɨɧɧɵɯ 
ɩɥɨɫɤɨɫɬɟɣ, ɭɫɬɭɩɨɜ ɢ ɩɚɡɨɜ ɪɚɡɥɢɱɧɨɝɨ ɩɪɨɮɢɥɹ. Ɏɪɟɡɟɪɨɜɚɧɢɟ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɦɧɨɝɨɥɟɡɜɢɣɧɵɦ ɪɟɠɭɳɢɦ ɢɧɫɬɪɭɦɟɧɬɨɦ – ɮɪɟɡɨɣ ɧɚ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨ-, ɜɟɪɬɢɤɚɥɶɧɨ-, ɭɧɢɜɟɪɫɚɥɶɧɨ-ɮɪɟɡɟɪɧɵɯ ɫɬɚɧɤɚɯ, ɚ ɬɚɤɠɟ ɧɚ 
ɤɚɪɭɫɟɥɶɧɨ-, ɛɚɪɚɛɚɧɧɨ- ɢ ɡɭɛɨɮɪɟɡɟɪɧɵɯ. 

ɉɪɢ ɮɪɟɡɟɪɨɜɚɧɢɢ ɝɥɚɜɧɨɟ (ɜɪɚɳɚɬɟɥɶɧɨɟ) ɞɜɢɠɟɧɢɟ ɫɨɜɟɪɲɚɟɬ 
ɮɪɟɡɚ, ɞɜɢɠɟɧɢɟ ɩɨɞɚɱɢ – ɡɚɝɨɬɨɜɤɚ. 

Ɏɪɟɡɵ ɤɥɚɫɫɢɮɢɰɢɪɭɸɬɫɹ ɩɨ ɫɩɨɫɨɛɭ ɤɪɟɩɥɟɧɢɹ: ɨɫɟɜɵɟ ɢ ɤɨɧɰɟɜɵɟ. 
 

ɐȿɅɖ ɊȺȻɈɌɕ 

ɉɪɚɤɬɢɱɟɫɤɨɟ ɨɡɧɚɤɨɦɥɟɧɢɟ ɫ ɤɨɧɫɬɪɭɤɰɢɟɣ ɢ ɬɢɩɚɦɢ ɮɪɟɡ, ɢɯ 
ɷɥɟɦɟɧɬɚɦɢ, ɝɟɨɦɟɬɪɢɟɣ, ɚ ɬɚɤɠɟ ɫɩɨɫɨɛɚɦɢ ɭɫɬɚɧɨɜɤɢ ɮɪɟɡ ɧɚ ɫɬɚɧɤɚɯ. 

 

Ɉɋȿȼɕȿ ɎɊȿɁɕ 

 

Ɉɫɟɜɵɟ ɮɪɟɡɵ ɤɪɟɩɹɬɫɹ ɧɚ ɨɫɢ ɝɨɪɢɡɨɧɬɚɥɶɧɨ- ɢ ɭɧɢɜɟɪɫɚɥɶɧɨ-

ɮɪɟɡɟɪɧɵɯ ɫɬɚɧɤɨɜ. 
Ɉɫɟɜɵɟ ɮɪɟɡɵ ɞɟɥɹɬɫɹ ɧɚ ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ ɢ ɞɢɫɤɨɜɵɟ (ɩɚɡɨɜɵɟ) (ɪɢɫ. 

1). ɍ ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ ɮɪɟɡ ɞɥɢɧɚ ɛɨɥɶɲɟ ɞɢɚɦɟɬɪɚ. 
Ɉɫɟɜɵɟ ɮɪɟɡɵ ɦɨɝɭɬ ɢɦɟɬɶ ɪɟɠɭɳɢɟ ɤɪɨɦɤɢ ɬɨɥɶɤɨ ɧɚ 

ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ – ɨɞɧɨɫɬɨɪɨɧɧɢɟ (ɪɢɫ.1,ɛ), ɧɚ 
ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɨɞɧɨɣ ɢɡ ɬɨɪɰɟɜɵɯ – ɞɜɭɯɫɬɨɪɨɧɧɢɟ, ɧɚ 

ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɢ ɞɜɭɯ ɬɨɪɰɟɜɵɯ – ɬɪɟɯɫɬɨɪɨɧɧɢɟ ɮɪɟɡɵ (ɪɢɫ. 1, ɜ). Ɉɧɢ 
ɬɚɤɠɟ ɦɨɝɭɬ ɛɵɬɶ ɩɪяɦɨɡɭɛɵɦɢ ɢ ɤɨɫɨɡɭɛɵɦɢ. Ʉɨɫɨɡɭɛɵɟ ɮɪɟɡɵ ɫɥɨɠɧɟɟ ɜ 
ɢɡɝɨɬɨɜɥɟɧɢɢ, ɧɨ ɨɧɢ ɪɚɛɨɬɚɸɬ ɫ ɦɟɧɶɲɟɣ ɜɢɛɪɚɰɢɟɣ, ɩɨɷɬɨɦɭ ɞɨɫɬɢɝɚɟɬɫɹ 
ɛɨɥɶɲɚɹ ɬɨɱɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɩɨɜɵɲɚɟɬɫɹ ɫɬɨɣɤɨɫɬɶ 
ɢɧɫɬɪɭɦɟɧɬɚ. 

ɉɨ ɮɨɪɦɟ ɡɭɛɚ ɪɚɡɥɢɱɚɸɬ ɨɫɬɪɨɡɭɛɵɟ ɢ ɡɚɬɵɥɨɜɚɧɧɵɟ ɨɫɟɜɵɟ ɮɪɟɡɵ 

(ɪɢɫ. 2). Ɉɫɬɪɵɣ ɡɭɛ ɡɚɬɚɱɢɜɚɟɬɫɹ ɩɨ ɡɚɞɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ. 
Ɂɚɞɧɹɹ ɩɨɜɟɪɯɧɨɫɬɶ ɡɚɬɵɥɨɜɚɧɧɨɝɨ ɡɭɛɚ ɢɦɟɟɬ ɮɨɪɦɭ ɫɩɢɪɚɥɢ 

Ⱥɪɯɢɦɟɞɚ, ɢ ɩɪɢ ɩɟɪɟɡɚɬɨɱɤɟ ɩɨ ɩɟɪɟɞɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɮɢɥɶ ɡɭɛɚ ɧɟ 
ɢɡɦɟɧɹɟɬɫɹ. Ɂɭɛ ɬɚɤɨɣ ɮɨɪɦɵ ɢɦɟɸɬ ɨɛɵɱɧɨ ɮɚɫɨɧɧɵɟ ɢ ɦɨɞɭɥɶɧɵɟ ɮɪɟɡɵ 
(ɪɢɫ. 3). 

ɇɚ ɝɨɪɢɡɨɧɬɚɥɶɧɨ – ɮɪɟɡɟɪɧɵɯ ɫɬɚɧɤɚɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɬɚɤɠɟ ɬɨɪɰɟɜɵɟ 

ɮɪɟɡɵ (ɪɢɫ. 4), ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ ɨɛɪɚɛɚɬɵɜɚɸɬɫɹ ɜɟɪɬɢɤɚɥɶɧɵɟ ɩɥɨɫɤɢɟ 
ɩɨɜɟɪɯɧɨɫɬɢ, ɢ ɭɝɥɨɜɵɟ (ɞɢɫɤɨɜɵɟ) (ɪɢɫ. 5) ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɧɚɤɥɨɧɧɵɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ. 

ɋɪɟɞɢ ɨɫɟɜɵɯ ɮɪɟɡ ɨɫɨɛɨɟ ɦɟɫɬɨ ɡɚɧɢɦɚɸɬ ɮɚɫɨɧɧɵɟ ɮɪɟɡɵ, 
ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɮɚɫɨɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ (ɪɢɫ. 3). Ʉ ɧɢɦ 
ɨɬɧɨɫɹɬɫɹ ɦɨɞɭɥɶɧɵɟ ɮɪɟɡɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɞɥɹ ɩɪɨɪɟɡɚɧɢɹ ɜɩɚɞɢɧ ɦɟɠɞɭ 
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ɡɭɛɶɹɦɢ ɲɟɫɬɟɪɟɧ. Ɇɨɞɭɥɶɧɵɟ ɮɪɟɡɵ ɦɨɝɭɬ ɛɵɬɶ ɩɚɥɶɰɟɜɵɦɢ (ɪɢɫ. 6), 
ɞɢɫɤɨɜɵɦɢ (ɪɢɫ. 3, ɛ), ɱɟɪɜяɱɧɵɦɢ (ɪɢɫ. 7). Ⱦɢɫɤɨɜɵɟ ɢ ɩɚɥɶɰɟɜɵɟ ɮɪɟɡɵ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɡɭɛɶɟɜ ɲɟɫɬɟɪɟɧ ɦɟɬɨɞɨɦ ɤɨɩɢɪɨɜɚɧɢɹ ɧɚ 
ɮɪɟɡɟɪɧɵɯ ɫɬɚɧɤɚɯ, ɱɟɪɜɹɱɧɵɟ – ɦɟɬɨɞɨɦ ɨɛɤɚɬɤɢ ɧɚ ɡɭɛɨɮɪɟɡɟɪɧɵɯ 
ɫɬɚɧɤɚɯ. 

                          ɚ) 

 
                         ɛ)                                       ɜ) 

 

 
 

Ɋɢɫ. 1. Ɉɫɟɜɵɟ ɮɪɟɡɵ: ɚ – ɰɢɥɢɧɞɪɢɱɟɫɤɚɹ ɮɪɟɡɚ; 
ɛ – ɞɢɫɤɨɜɚɹ ɨɞɧɨɫɬɨɪɨɧɧɹɹ ɮɪɟɡɚ; ɜ – ɞɢɫɤɨɜɚɹ ɬɪɟɯɫɬɨɪɨɧɧɹɹ ɮɪɟɡ 

 

                        ɚ)                                       ɛ) 
 

 
 

Ɋɢɫ. 2. Ɏɨɪɦɚ ɡɭɛɚ ɮɪɟɡɵ: ɚ – ɨɫɬɪɵɣ ɡɭɛ; 
ɛ  – ɡɚɬɵɥɨɜɚɧɧɵɣ ɡɭɛ 
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       ɚ)                                                        ɛ) 

 
 

Ɋɢɫ. 3. Ɏɚɫɨɧɧɚɹ ɮɪɟɡɚ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɮɚɫɨɧɧɵɯ 

ɩɨɜɟɪɯɧɨɫɬɟɣ ɢ ɤɚɧɚɜɨɤ (ɚ); ɦɨɞɭɥɶɧɚɹ ɮɪɟɡɚ 

ɞɥɹ ɩɪɨɪɟɡɚɧɢɹ ɜɩɚɞɢɧ ɦɟɠɞɭ ɡɭɛɶɹɦɢ ɲɟɫɬɟɪɟɧ (ɛ) 
 

 
 

Ɋɢɫ. 4. Ɍɨɪɰɟɜɚɹ ɮɪɟɡɚ 

 

 

 
Ɋɢɫ. 5. ɍɝɥɨɜɚɹ ɮɪɟɡɚ 
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Ɋɢɫ. 6. ɉɚɥɶɰɟɜɚɹ ɮɪɟɡɚ 

 

 

 

 
Ɋɢɫ. 7. ɑɟɪɜɹɱɧɚɹ ɮɪɟɡɚ 

 

 

 

ɄɈɇɐȿȼɕȿ ɎɊȿɁɕ 

 

Кɨɧɰɟɜɵɟ ɯɜɨɫɬɨɜɵɟ ɮɪɟɡɵ ɡɚɤɪɟɩɥɹɸɬɫɹ ɜɟɪɬɢɤɚɥɶɧɨ ɜ ɲɩɢɧɞɟɥɟ 
ɜɟɪɬɢɤɚɥɶɧɨ-ɮɪɟɡɟɪɧɨɝɨ ɫɬɚɧɤɚ. Ɉɧɢ ɢɦɟɸɬ ɪɟɠɭɳɢɟ ɤɪɨɦɤɢ ɤɚɤ ɧɚ 
ɬɨɪɰɟɜɨɣ, ɬɚɤ ɢ ɧɚ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ 
ɩɨɥɭɱɟɧɢɹ ɭɫɬɭɩɨɜ ɢ ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɩɚɡɨɜ. Ʉ ɤɨɧɰɟɜɵɦ ɮɪɟɡɚɦ ɨɬɧɨɫɹɬɫɹ 
ɲɩɨɧɨɱɧɵɟ  ɮɪɟɡɵ (ɪɢɫ. 8), ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɲɩɨɧɨɱɧɵɯ 
ɩɚɡɨɜ (ɪɢɫ. 9, ɛ). 

Ʉɚɤ ɨɫɟɜɵɟ, ɬɚɤ ɢ ɤɨɧɰɟɜɵɟ ɮɪɟɡɵ ɩɨ ɤɨɧɫɬɪɭɤɰɢɢ ɦɨɝɭɬ ɛɵɬɶ 
ɰɟɥɶɧɵɦɢ ɢɥɢ ɫɛɨɪɧɵɦɢ ɫ ɧɚɩɚɹɧɧɵɦɢ ɢ ɜɫɬɚɜɧɵɦɢ (ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ 
ɤɪɟɩɥɟɧɢɟɦ) ɡɭɛɰɚɦɢ. Ⱦɥɹ ɨɛɪɚɛɨɬɤɢ ɩɥɨɫɤɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɛɨɥɶɲɨɣ 
ɩɥɨɳɚɞɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɮɪɟɡɟɪɧɵɟ ɝɨɥɨɜɤɢ – ɤɨɧɰɟɜɵɟ ɮɪɟɡɵ ɛɨɥɶɲɨɝɨ 
ɞɢɚɦɟɬɪɚ ɫ ɦɟɯɚɧɢɱɟɫɤɢɦ ɤɪɟɩɥɟɧɢɟɦ ɫɦɟɧɹɟɦɵɯ ɡɭɛɰɨɜ (ɪɢɫ. 10). 
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Ɋɢɫ. 8. ɒɩɨɧɨɱɧɚɹ ɮɪɟɡɚ 

 

 

                      ɚ)                                          ɛ) 

 

 
 

Ɋɢɫ. 9. ɂɡɝɨɬɨɜɥɟɧɢɟ ɲɩɨɧɨɱɧɨɣ ɤɚɧɚɜɤɢ ɞɢɫɤɨɜɨɣ (ɚ)  
ɢ ɲɩɨɧɨɱɧɨɣ (ɛ) ɮɪɟɡɨɣ 

  

 
 

Ɋɢɫ. 10. Ɏɪɟɡɟɪɧɚɹ ɝɨɥɨɜɤɚ 
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ɊȿɀɂɆ ɊȿɁȺɇɂə ɉɊɂ ɎɊȿɁȿɊɈȼȺɇɂɂ 

 

Ʉ ɪɟɠɢɦɭ ɪɟɡɚɧɢɹ ɩɪɢ ɮɪɟɡɟɪɨɜɚɧɢɢ ɨɬɧɨɫɹɬɫɹ ɫɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ V, 

ɩɨɞɚɱɚ S, ɝɥɭɛɢɧɚ ɪɟɡɚɧɢɹ t ɢ ɲɢɪɢɧɚ ɮɪɟɡɟɪɨɜɚɧɢɹ ȼ. ɋɤɨɪɨɫɬɶ ɪɟɡɚɧɢя V 

= πDn/1000 – ɷɬɨ ɨɤɪɭɠɧɚɹ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ ɮɪɟɡɵ. D – ɞɢɚɦɟɬɪ ɮɪɟɡɵ, 
ɦɦ; n – ɱɚɫɬɨɬɚ ɜɪɚɳɟɧɢɹ ɮɪɟɡɵ, ɨɛ/ɦɢɧ. 

ɉɨɞɚɱɚ – ɜɟɥɢɱɢɧɚ ɩɟɪɟɦɟɳɟɧɢɹ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɡɚɝɨɬɨɜɤɢ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɪɚɳɚɸɳɟɣɫɹ ɮɪɟɡɵ.  

Ɋɚɡɥɢɱɚɸɬ ɬɪɢ ɪɚɡɥɢɱɧɵɟ ɩɨɞɚɱɢ: 
- ɩɨɞɚɱɚ ɧɚ ɨɞɢɧ ɡɭɛ ɮɪɟɡɵ Sz (ɦɦ/ɡɭɛ) – ɜɟɥɢɱɢɧɚ ɩɟɪɟɦɟɳɟɧɢɹ 

ɡɚɝɨɬɨɜɤɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɮɪɟɡɵ ɡɚ ɜɪɟɦɹ ɟɟ ɭɝɥɨɜɨɝɨ ɩɨɜɨɪɨɬɚ ɧɚ ɨɞɢɧ ɡɭɛ; 
- ɩɨɞɚɱɚ ɧɚ ɨɞɢɧ ɨɛɨɪɨɬ ɮɪɟɡɵ So – ɜɟɥɢɱɢɧɚ ɩɟɪɟɦɟɳɟɧɢɹ ɡɚɝɨɬɨɜɤɢ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɮɪɟɡɵ ɡɚ ɨɞɢɧ ɟɟ ɨɛɨɪɨɬ; 
- ɦɢɧɭɬɧɚɹ ɩɨɞɚɱɚ Sɦ – ɜɟɥɢɱɢɧɚ ɩɟɪɟɦɟɳɟɧɢɹ ɡɚɝɨɬɨɜɤɢ ɜ ɦɢɧɭɬɭ.  

ɗɬɢ ɩɨɞɚɱɢ ɫɜɹɡɚɧɵ ɦɟɠɞɭ ɫɨɛɨɣ ɫɥɟɞɭɸɳɢɦɢ ɡɚɜɢɫɢɦɨɫɬɹɦɢ: 
Sɦ= Son = SzZn 

Z – ɱɢɫɥɨ ɡɭɛɶɟɜ ɮɪɟɡɵ. 
Ƚɥɭɛɢɧɚ ɪɟɡɚɧɢя t ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɦɦ. 
Шɢɪɢɧɚ ɮɪɟɡɟɪɨɜɚɧɢя ȼ (ɦɦ) – ɜɟɥɢɱɢɧɚ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ, ɢɡɦɟɪɟɧɧɚɹ ɜ ɧɚɩɪɚɜɥɟɧɢɢ, ɩɚɪɚɥɥɟɥɶɧɨɦ ɨɫɢ ɮɪɟɡɵ ɩɪɢ 
ɰɢɥɢɧɞɪɢɱɟɫɤɨɦ ɮɪɟɡɟɪɨɜɚɧɢɢ ɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦ ɤ ɧɚɩɪɚɜɥɟɧɢɸ ɩɨɞɚɱɢ 
ɩɪɢ ɬɨɪɰɟɜɨɦ ɮɪɟɡɟɪɨɜɚɧɢɢ.  

 

ɋɉɈɋɈȻɕ ɎɊȿɁȿɊɈȼȺɇɂə 

 

Ɏɪɟɡɟɪɨɜɚɧɢɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɪɹɞɨɦ ɨɫɨɛɟɧɧɨɫɬɟɣ. Ʉɚɠɞɵɣ ɡɭɛ 
ɮɪɟɡɵ ɧɚɯɨɞɢɬɫɹ ɜ ɤɨɧɬɚɤɬɟ ɫ ɡɚɝɨɬɨɜɤɨɣ ɧɟɛɨɥɶɲɭɸ ɱɚɫɬɶ ɫɜɨɟɝɨ ɨɛɨɪɨɬɚ, 
ɚ ɨɫɬɚɥɶɧɭɸ ɱɚɫɬɶ ɩɭɬɢ ɩɪɨɯɨɞɢɬ ɛɟɡ ɨɛɪɚɛɨɬɤɢ. «ɏɨɥɨɫɬɨɣ» ɩɨɜɨɪɨɬ ɡɭɛɚ 
ɮɪɟɡɵ ɫɩɨɫɨɛɫɬɜɭɟɬ ɥɭɱɲɟɦɭ ɟɟ ɨɯɥɚɠɞɟɧɢɸ ɢ ɩɨɜɵɲɟɧɢɸ ɪɟɠɭɳɢɯ 

ɫɜɨɣɫɬɜ, ɩɨɷɬɨɦɭ ɫɬɨɣɤɨɫɬɶ ɮɪɟɡɵ ɞɨɫɬɢɝɚɟɬ ɫɨɬɟɧ ɦɢɧɭɬ (ɨɛɵɱɧɨ 300 ɦɢɧ), 

ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ ɫɬɨɣɤɨɫɬɢ, ɧɚɩɪɢɦɟɪ, ɬɨɤɚɪɧɵɯ ɪɟɡɰɨɜ (60 ɦɢɧ). 
ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɜɪɟɡɚɧɢɟ ɡɭɛɶɟɜ ɮɪɟɡɵ ɜ ɡɚɝɨɬɨɜɤɭ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 

ɭɞɚɪɚɦɢ, ɜɢɛɪɚɰɢɹɦɢ. Ʉɪɨɦɟ ɬɨɝɨ, ɢɡ-ɡɚ ɢɡɦɟɧɟɧɢɹ ɬɨɥɳɢɧɵ ɫɪɟɡɚɟɦɨɝɨ 
ɫɥɨɹ (ɫɬɪɭɠɤɚ ɩɪɢ ɮɪɟɡɟɪɨɜɚɧɢɢ ɢɦɟɟɬ ɮɨɪɦɭ ɡɚɩɹɬɨɣ) ɢ ɱɢɫɥɚ ɡɭɛɶɟɜ, 
ɨɞɧɨɜɪɟɦɟɧɧɨ ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɪɚɛɨɬɟ, ɭɫɢɥɢɟ ɪɟɡɚɧɢɹ ɤɨɥɟɛɥɟɬɫɹ. ȼɫɟ ɷɬɨ 
ɩɪɢɜɨɞɢɬ ɤ ɧɟɪɚɜɧɨɦɟɪɧɨɫɬɢ ɩɪɨɰɟɫɫɚ ɮɪɟɡɟɪɨɜɚɧɢɹ, ɜɢɛɪɚɰɢɹɦ, ɱɬɨ ɦɨɠɟɬ 
ɨɬɪɢɰɚɬɟɥɶɧɨ ɫɤɚɡɚɬɶɫɹ ɧɚ ɬɨɱɧɨɫɬɢ ɢ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɨɛɪɚɛɚɬɵɜɚɟɦɵɯ 
ɩɨɜɟɪɯɧɨɫɬɟɣ ɩɪɢ ɧɟɞɨɫɬɚɬɨɱɧɨɣ  ɠɟɫɬɤɨɫɬɢ ɢ ɜɢɛɪɨɭɫɬɨɣɱɢɜɨɫɬɢ ɫɬɚɧɤɨɜ. 

Ȼɨɥɶɲɨɟ ɜɥɢɹɧɢɟ ɧɚ ɩɪɨɰɟɫɫ ɪɟɡɚɧɢɹ ɨɤɚɡɵɜɚɟɬ ɬɚɤɠɟ ɧɚɩɪɚɜɥɟɧɢɟ 
ɩɨɞɚɱɢ ɡɚɝɨɬɨɜɤɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɧɚɩɪɚɜɥɟɧɢɸ ɜɪɚɳɟɧɢɹ ɮɪɟɡɵ. 
Ɋɚɡɥɢɱɚɸɬ ɮɪɟɡɟɪɨɜɚɧɢɟ «ɩɪɨɬɢɜ ɩɨɞɚɱɢ» – ɜɫɬɪɟɱɧɨɟ, ɟɫɥɢ ɧɚɩɪɚɜɥɟɧɢɹ 
ɜɪɚɳɟɧɢɹ ɮɪɟɡɵ ɢ ɩɨɞɚɱɢ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵ (ɪɢɫ. 11, ɚ) ɢ «ɩɨ ɩɨɞɚɱɟ» – 

ɩɨɩɭɬɧɨɟ, ɟɫɥɢ ɧɚɩɪɚɜɥɟɧɢɹ ɫɨɜɩɚɞɚɸɬ (ɪɢɫ. 11, ɛ).  
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ɉɪɢ ɜɫɬɪɟɱɧɨɦ ɮɪɟɡɟɪɨɜɚɧɢɢ ɡɭɛ ɮɪɟɡɵ, ɢɦɟɸɳɢɣ ɨɱɟɧɶ ɦɚɥɵɣ, ɧɨ 
ɨɩɪɟɞɟɥɟɧɧɵɣ ɪɚɞɢɭɫ ɡɚɤɪɭɝɥɟɧɢɹ ɧɚ ɪɟɠɭɳɟɦ ɥɟɡɜɢɢ (ɪɢɫ. 11, ɚ), ɧɚɱɢɧɚɟɬ 
ɪɚɛɨɬɚɬɶ ɫ ɧɭɥɟɜɨɣ ɝɥɭɛɢɧɵ ɪɟɡɚɧɢɹ. ɉɨɷɬɨɦɭ ɨɧ ɫɪɚɡɭ ɜ ɦɟɬɚɥɥ ɧɟ 
ɜɪɟɡɚɟɬɫɹ, ɚ ɫɤɨɥɶɡɢɬ ɩɨ ɧɚɤɥɟɩɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɨɥɭɱɟɧɧɨɣ ɩɨɫɥɟ 
ɨɛɪɚɛɨɬɤɢ ɩɪɟɞɵɞɭɳɢɦ ɡɭɛɨɦ, ɩɨɤɚ ɜɵɫɨɬɚ ɜɚɥɢɤɚ ɦɟɬɚɥɥɚ ɩɟɪɟɞ 
ɪɚɛɨɬɚɸɳɢɦ ɡɭɛɨɦ ɧɟ ɨɤɚɠɟɬɫɹ ɩɪɢɦɟɪɧɨ ɪɚɜɧɨɣ ɪɚɞɢɭɫɭ ɡɚɤɪɭɝɥɟɧɢɹ. 
Ɍɚɤɨɟ ɫɤɨɥɶɠɟɧɢɟ ɡɭɛɚ ɩɪɢɜɨɞɢɬ ɤ ɩɨɜɵɲɟɧɧɨɦɭ ɢɡɧɨɫɭ, ɭɦɟɧɶɲɟɧɢɸ 
ɫɬɨɣɤɨɫɬɢ ɮɪɟɡɵ ɢ ɭɜɟɥɢɱɟɧɢɸ ɲɟɪɨɯɨɜɚɬɨɫɬɢ. ɇɚɝɪɭɡɤɚ ɧɚ ɡɭɛ, 
ɜɨɡɪɚɫɬɚɸɳɚɹ ɩɨ ɦɟɪɟ ɩɨɜɨɪɨɬɚ ɮɪɟɡɵ, ɨɬɪɵɜɚɟɬ ɡɚɝɨɬɨɜɤɭ ɨɬ ɫɬɨɥɚ ɢ 
ɫɩɨɫɨɛɫɬɜɭɟɬ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɜɢɛɪɚɰɢɢ. 

ȼɫɬɪɟɱɧɨɟ ɮɪɟɡɟɪɨɜɚɧɢɟ ɩɪɢɦɟɧɹɸɬ ɱɚɫɬɨ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɡɚɝɨɬɨɜɨɤ ɫ 
ɬɜɟɪɞɨɣ ɤɨɪɤɨɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ (ɱɭɝɭɧɵ – ɨɬɛɟɥɟɧɧɚɹ ɤɨɪɤɚ), ɬɚɤ ɤɚɤ ɡɞɟɫɶ 
ɡɭɛ ɮɪɟɡɵ ɩɨɞɯɨɞɢɬ ɤ ɩɨɜɟɪɯɧɨɫɬɧɨɦɭ ɫɥɨɸ ɫɧɢɡɭ ɢ ɨɬɥɚɦɵɜɚɟɬ ɯɪɭɩɤɭɸ 
ɤɨɪɤɭ. 

ɉɪɢ ɩɨɩɭɬɧɨɦ ɮɪɟɡɟɪɨɜɚɧɢɢ (ɪɢɫ. 11, ɛ) ɡɭɛ ɮɪɟɡɵ ɧɚɱɢɧɚɟɬ ɫ 
ɦɚɤɫɢɦɚɥɶɧɨɣ ɬɨɥɳɢɧɵ. ɉɪɨɫɤɚɥɶɡɵɜɚɧɢɟ ɡɭɛɚ ɨɬɫɭɬɫɬɜɭɟɬ. ɋɢɥɵ ɪɟɡɚɧɢɹ 
ɩɪɢɠɢɦɚɸɬ ɡɚɝɨɬɨɜɤɭ ɤ ɫɬɨɥɭ ɫɬɚɧɤɚ, ɱɬɨ ɭɦɟɧɶɲɚɟɬ ɜɢɛɪɚɰɢɸ.  

ɋɬɚɧɤɢ ɞɥɹ ɩɨɩɭɬɧɨɝɨ ɮɪɟɡɟɪɨɜɚɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɫɩɟɰɢɚɥɶɧɨ 
ɨɛɨɪɭɞɨɜɚɧɵ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ ɡɚɡɨɪɨɜ ɜɢɧɬɨɜɨɣ ɩɚɪɵ ɦɟɯɚɧɢɡɦɚ ɩɨɞɚɱɢ 
ɡɚɝɨɬɨɜɤɢ. Ʉɨɝɞɚ ɡɭɛ ɮɪɟɡɵ ɜɯɨɞɢɬ ɜ ɪɚɛɨɬɭ, ɜɨɡɧɢɤɚɸɳɟɟ ɭɫɢɥɢɟ ɪɟɡɚɧɢɹ 
ɩɟɪɟɦɟɳɚɟɬ ɡɚɝɨɬɨɜɤɭ ɩɨ ɯɨɞɭ ɞɜɢɠɟɧɢɹ, ɩɨɤɚ ɡɚɡɨɪɵ ɜ ɜɢɧɬɨɜɨɣ ɩɚɪɟ 
ɦɟɠɞɭ ɜɢɬɤɚɦɢ ɜɢɧɬɚ ɢ ɝɚɣɤɢ ɧɟ ɛɭɞɭɬ ɜɵɛɪɚɧɵ ɩɨ ɩɪɚɜɵɦ ɫɬɨɪɨɧɚɦ ɜɢɬɤɨɜ 
ɜɢɧɬɚ (ɪɢɫ. 11, ɜ). ɉɨ ɜɵɯɨɞɟ ɡɭɛɚ ɮɪɟɡɵ ɫɢɥɚ ɪɟɡɚɧɢɹ ɭɦɟɧɶɲɚɟɬɫɹ, ɢ ɡɚɡɨɪ 
ɨɤɚɡɵɜɚɟɬɫɹ ɜɵɛɪɚɧɧɵɦ ɭɠɟ ɩɨ ɥɟɜɵɦ ɫɬɨɪɨɧɚɦ ɜɢɬɤɨɜ ɜɢɧɬɚ (ɪɢɫ. 11, ɝ). 

Ɍɚɤɨɟ ɨɫɰɢɥɥɢɪɭɸɳɟɟ ɩɟɪɟɦɟɳɟɧɢɟ ɡɚɝɨɬɨɜɨɤ ɫɨɡɞɚɟɬ ɜɢɛɪɚɰɢɸ ɢ 
ɨɬɪɢɰɚɬɟɥɶɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɤɚɱɟɫɬɜɟ ɨɛɪɚɛɨɬɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. Ⱦɥɹ 
ɢɫɤɥɸɱɟɧɢɹ ɷɬɨɝɨ ɹɜɥɟɧɢɹ ɩɪɢɦɟɧɹɸɬ ɝɢɞɪɚɜɥɢɱɟɫɤɢɣ ɩɨɞɠɢɦ ɫɬɨɥɚ ɢɥɢ 
ɢɫɩɨɥɶɡɭɸɬ ɭɫɬɪɨɣɫɬɜɨ ɢɡ ɞɜɭɯ ɝɚɟɤ, ɫɨɟɞɢɧɹɟɦɵɯ ɪɟɡɶɛɨɜɨɣ ɫɬɹɠɤɨɣ, 
ɤɨɬɨɪɭɸ ɩɟɪɢɨɞɢɱɟɫɤɢ ɩɨɜɨɪɚɱɢɜɚɸɬ ɞɥɹ ɩɟɪɟɦɟɳɟɧɢɹ ɝɚɟɤ ɢ ɜɵɛɨɪɤɢ 
ɡɚɡɨɪɨɜ. ɂɫɩɨɥɶɡɭɸɬ ɬɚɤɠɟ ɩɪɚɤɬɢɱɟɫɤɢ ɛɟɡɡɚɡɨɪɧɵɟ ɲɚɪɢɤɨɜɵɟ ɜɢɧɬɨɜɵɟ 
ɩɚɪɵ. 

 

ȽȿɈɆȿɌɊɂə ɎɊȿɁ 

 

Ƚɟɨɦɟɬɪɢɹ ɮɪɟɡ ɛɭɞɟɬ ɪɚɫɫɦɨɬɪɟɧɚ  ɧɚ ɩɪɢɦɟɪɟ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ 
ɮɪɟɡɵ (ɪɢɫ. 1, ɚ) ɢ ɮɪɟɡɟɪɧɨɣ ɝɨɥɨɜɤɢ (ɪɢɫ. 10). 

Ɂɭɛ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɮɪɟɡɵ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 12. 

γ – ɩɟɪɟɞɧɢɣ ɭɝɨɥ – ɭɝɨɥ ɦɟɠɞɭ ɤɚɫɚɬɟɥɶɧɨɣ ɤ ɩɟɪɟɞɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ 
ɧɚɩɪɚɜɥɟɧɢɟɦ ɪɚɞɢɭɫɚ ɨɤɪɭɠɧɨɫɬɢ ɜɪɚɳɟɧɢɹ ɬɨɱɤɢ ɧɚ ɪɟɠɭɳɟɣ ɤɪɨɦɤɟ. 
ɉɟɪɟɞɧɢɣ ɭɝɨɥ ɢɡɦɟɪɹɟɬɫɹ ɜ ɩɥɨɫɤɨɫɬɢ Ⱥ – Ⱥ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɤ ɪɟɠɭɳɟɣ 
ɤɪɨɦɤɟ. Ɉɧ ɨɛɥɟɝɱɚɟɬ ɨɛɪɚɡɨɜɚɧɢɟ ɢ ɫɯɨɞ ɫɬɪɭɠɤɢ ɢ ɫɨɫɬɚɜɥɹɟɬ ɨɛɵɱɧɨ 10 - 
20°. ɍ ɮɪɟɡ ɫ ɩɥɚɫɬɢɧɤɚɦɢ ɢɡ ɬɜɟɪɞɵɯ ɫɩɥɚɜɨɜ ɩɟɪɟɞɧɢɣ ɭɝɨɥ ɦɨɠɟɬ ɛɵɬɶ 
ɨɬɪɢɰɚɬɟɥɶɧɵɦ ɢ ɞɨɫɬɢɝɚɬɶ γ = -10 – -15°. 
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α – ɝɥɚɜɧɵɣ ɡɚɞɧɢɣ ɭɝɨɥ – ɭɝɨɥ ɦɟɠɞɭ ɤɚɫɚɬɟɥɶɧɨɣ ɤ ɡɚɞɧɟɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɬɨɱɤɟ ɪɟɠɭɳɟɣ ɤɪɨɦɤɢ ɢ ɤɚɫɚɬɟɥɶɧɨɣ ɤ ɬɪɚɟɤɬɨɪɢɢ ɜɪɚɳɟɧɢɹ 
ɬɨɱɤɢ. Ƚɥɚɜɧɵɣ ɡɚɞɧɢɣ ɭɝɨɥ ɢɡɦɟɪɹɟɬɫɹ ɜ ɩɥɨɫɤɨɫɬɢ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɣ ɨɫɢ 
ɮɪɟɡɵ, ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɥɚɝɨɩɪɢɹɬɧɵɟ ɭɫɥɨɜɢɹ ɩɟɪɟɦɟɳɟɧɢɹ ɡɚɞɧɟɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɡɭɛɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɨɜɟɪɯɧɨɫɬɢ ɪɟɡɚɧɢɹ, ɚ ɬɚɤɠɟ ɭɦɟɧɶɲɚɟɬ 
ɬɪɟɧɢɟ ɧɚ ɷɬɢɯ ɩɨɜɟɪɯɧɨɫɬɹɯ. Ɉɛɵɱɧɨ ɨɧ ɫɨɫɬɚɜɥɹɟɬ 10 – 40°. 

 

     ɚ)                                                      ɛ) 

 
 

    ɜ)                                                        ɝ) 
 

 
 

Ɋɢɫ. 11. ȼɢɞɵ ɮɪɟɡɟɪɨɜɚɧɢɹ 

 

α – ɭɝɨɥ ɧɚɤɥɨɧɚ ɡɭɛɶɟɜ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɛɨɥɟɟ ɫɩɨɤɨɣɧɵɟ ɭɫɥɨɜɢɹ 
ɪɟɡɚɧɢɹ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɹɦɵɦ ɡɭɛɨɦ ɢ ɡɚɞɚɟɬ ɧɚɩɪɚɜɥɟɧɢɟ ɫɯɨɞɚ ɫɬɪɭɠɤɢ. 
ɍ ɬɨɪɰɟɜɨɣ ɮɪɟɡɵ ɡɭɛ ɢɦɟɟɬ ɛɨɥɟɟ ɫɥɨɠɧɭɸ ɮɨɪɦɭ (ɪɢɫ. 13); 
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φ – ɝɥɚɜɧɵɣ ɭɝɨɥ ɜ ɩɥɚɧɟ, ɢɡɦɟɪɹɟɦɵɣ ɜ ɨɫɟɜɨɣ ɩɥɨɫɤɨɫɬɢ ɮɪɟɡɵ. 
ɍɝɨɥ ɦɟɠɞɭ ɩɪɨɟɤɰɢɟɣ ɝɥɚɜɧɨɣ ɪɟɠɭɳɟɣ ɤɪɨɦɤɢ ɧɚ ɨɫɟɜɭɸ ɩɥɨɫɤɨɫɬɶ ɢ 
ɧɚɩɪɚɜɥɟɧɢɟɦ ɩɨɞɚɱɢ; 

φ1 – ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɣ ɭɝɨɥ ɜ ɩɥɚɧɟ, ɭɝɨɥ ɦɟɠɞɭ ɩɪɨɟɤɰɢɟɣ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɣ ɪɟɠɭɳɟɣ ɤɪɨɦɤɢ ɧɚ ɨɫɟɜɭɸ ɩɥɨɫɤɨɫɬɶ ɢ ɧɚɩɪɚɜɥɟɧɢɟɦ 
ɩɨɞɚɱɢ.  

Ɉɛɵɱɧɨ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɣ ɭɝɨɥ ɜ ɩɥɚɧɟ ɫɨɫɬɚɜɥɹɟɬ 5 – 10°. ɑɟɦ ɨɧ 
ɦɟɧɶɲɟ, ɬɟɦ ɧɢɠɟ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɨɛɪɚɛɚɬɵɜɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. 

 

 
 

Ɋɢɫ. 12. Ƚɟɨɦɟɬɪɢɹ ɡɭɛɚ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɮɪɟɡɵ:  
1 – ɩɟɪɟɞɧɹɹ ɩɨɜɟɪɯɧɨɫɬɶ; 2 – ɡɚɞɧɹɹ ɩɨɜɟɪɯɧɨɫɬɶ; 

 3 – ɮɚɫɤɚ (ɥɟɧɬɨɱɤɚ); 4 – ɫɩɢɧɤɚ ɡɭɛɚ;  
5 – ɪɟɠɭɳɚɹ ɤɪɨɦɤɚ (ɥɟɡɜɢɟ) 

 

 
 

Ɋɢɫ. 13. Ƚɟɨɦɟɬɪɢɹ ɡɭɛɚ ɬɨɪɰɟɜɨɣ ɮɪɟɡɵ:  
1 – ɝɥɚɜɧɚɹ ɪɟɠɭɳɚɹ ɤɪɨɦɤɚ; 2 – ɩɟɪɟɯɨɞɧɚɹ ɪɟɠɭɳɚɹ ɤɪɨɦɤɚ; 

3 – ɜɫɩɨɦɨɝɚɬɟɥɶɧɚɹ ɪɟɠɭɳɚɹ ɤɪɨɦɤɚ 
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φ0– ɭɝɨɥ ɜ ɩɥɚɧɟ ɧɚ ɩɟɪɟɯɨɞɧɨɣ ɪɟɠɭɳɟɣ ɤɪɨɦɤɟ, φ0=φ/2. ɇɚɥɢɱɢɟ 
ɩɟɪɟɯɨɞɧɨɣ ɪɟɠɭɳɟɣ ɤɪɨɦɤɢ (ɩɟɪɟɯɨɞɧɨɝɨ ɥɟɡɜɢɹ) ɩɨɜɵɲɚɟɬ ɩɪɨɱɧɨɫɬɶ 
ɡɭɛɚ. 

Ʉɨɧɫɬɪɭɤɰɢɹ, ɬɢɩɵ, ɪɚɡɦɟɪɵ ɮɪɟɡ ɪɟɝɥɚɦɟɧɬɢɪɭɸɬɫɹ ȽɈɋɌɚɦɢ. 
 

 

 

ɉɈɊəȾɈɄ ȼɕɉɈɅɇȿɇɂə ɊȺȻɈɌɕ 

 

1. Ɉɡɧɚɤɨɦɢɬɶɫɹ ɫ ɨɫɧɨɜɧɵɦɢ ɬɢɩɚɦɢ ɮɪɟɡ, ɢɯ ɤɥɚɫɫɢɮɢɤɚɰɢɟɣ, 
ɤɨɧɫɬɪɭɤɰɢɣ ɢ ɝɟɨɦɟɬɪɢɟɣ, ɫɩɨɫɨɛɚɦɢ ɮɪɟɡɟɪɨɜɚɧɢɹ ɢ ɪɟɠɢɦɨɦ ɪɟɡɚɧɢɹ 
ɩɪɢ ɮɪɟɡɟɪɨɜɚɧɢɢ. 

2. ɉɨɥɭɱɢɬɶ ɭ ɩɪɟɩɨɞɚɜɚɬɟɥɹ ɞɜɟ ɮɪɟɡɵ ɢ ɨɩɪɟɞɟɥɢɬɶ ɞɥɹ ɧɢɯ 
ɧɚɡɧɚɱɟɧɢɟ ɢ ɨɫɧɨɜɧɵɟ ɷɥɟɦɟɧɬɵ: ɩɨɜɟɪɯɧɨɫɬɢ, ɪɟɠɭɳɢɟ ɤɪɨɦɤɢ ɢ ɬ.ɞ. 

3. ɉɨ ɦɚɪɤɢɪɨɜɤɟ ɨɩɪɟɞɟɥɢɬɶ ɦɚɬɟɪɢɚɥɵ, ɢɡ ɤɨɬɨɪɨɝɨ ɢɡɝɨɬɨɜɥɟɧɵ 
ɮɪɟɡɵ (ɢɥɢ ɢɯ ɪɟɠɭɳɢɟ ɱɚɫɬɢ) ɢ ɪɚɫɲɢɮɪɨɜɚɬɶ ɫɨɫɬɚɜ ɦɚɬɟɪɢɚɥɨɜ 
(ɡɚɞɚɧɢɟ ɜɵɩɨɥɧɹɟɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɉɪɢɥɨɠɟɧɢɹ). 

4. ȼɵɩɨɥɧɢɬɶ ɷɫɤɢɡ ɮɪɟɡ ɫ ɭɤɚɡɚɧɢɟɦ ɢɡ ɪɚɡɦɟɪɨɜ, ɧɟɨɛɯɨɞɢɦɵɯ 
ɩɪɨɟɤɰɢɣ ɢ ɫɟɱɟɧɢɣ.  

5. ɇɚ ɷɫɤɢɡɟ ɩɨɤɚɡɚɬɶ ɝɥɚɜɧɵɣ ɡɚɞɧɢɣ ɭɝɨɥ α, ɩɟɪɟɞɧɢɣ ɭɝɨɥ γ, ɭɝɨɥ 
ɧɚɤɥɨɧɚ ɡɭɛɶɟɜ ω ɢ ɭɝɥɵ φ, φ1, φ0. 

 

ɌɊȿȻɈȼȺɇɂə Ʉ ɈɌɑȿɌɍ 

 

Ɉɬɱɟɬ ɞɨɥɠɟɧ ɫɨɞɟɪɠɚɬɶ: 
- ɧɚɡɜɚɧɢɟ ɥɚɛɨɪɚɬɨɪɧɨɣ ɪɚɛɨɬɵ; 
- ɰɟɥɶ ɪɚɛɨɬɵ; 
- ɤɪɚɬɤɢɟ ɫɜɟɞɟɧɢɹ ɨ ɮɪɟɡɚɯ, ɢɯ ɧɚɡɧɚɱɟɧɢɢ, ɬɢɩɚɯ, ɤɨɧɫɬɪɭɤɰɢɢ ɢ 
ɝɟɨɦɟɬɪɢɢ, ɚ ɬɚɤɠɟ ɨ ɩɪɨɰɟɫɫɟ ɮɪɟɡɟɪɨɜɚɧɢɹ; 
- ɷɫɤɢɡɵ ɜɵɞɚɧɧɵɯ ɢɧɫɬɪɭɦɟɧɬɨɜ ɫ ɨɛɨɡɧɚɱɟɧɢɟɦ ɢɯ ɱɚɫɬɟɣ, ɧɟɨɛɯɨɞɢɦɵɯ 
ɫɟɱɟɧɢɣ ɢ ɜɫɟɯ ɭɝɥɨɜ; 
- ɪɟɡɭɥɶɬɚɬɵ ɪɚɫɲɢɮɪɨɜɤɢ ɫɨɫɬɚɜɚ ɦɚɬɟɪɢɚɥɚ, ɢɡ ɤɨɬɨɪɨɝɨ ɢɡɝɨɬɨɜɥɟɧɵ 
ɮɪɟɡɵ. 

 

ɉɊɂɅɈɀȿɇɂȿ 

ɂɧɫɬɪɭɦɟɧɬɚɥɶɧɵɟ ɦɚɬɟɪɢɚɥɵ 

 

Ȼɵɫɬɪɨɪɟɠɭɳɢɟ ɫɬɚɥɢ. ɇɚɢɛɨɥɟɟ ɲɢɪɨɤɨ ɩɪɢɦɟɧɹɸɬɫɹ ɩɪɢ 
ɢɡɝɨɬɨɜɥɟɧɢɢ ɨɫɟɜɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ: ɫɜɟɪɥɚ, ɡɟɧɤɟɪɨɜ, ɪɚɡɜɟɪɬɨɤ, ɦɟɬɱɢɤɨɜ ɢ 
ɞɥɹ ɪɟɡɶɛɨɜɵɯ ɢ ɫɥɨɠɧɨɩɪɨɮɢɥɶɧɵɯ ɪɟɡɰɨɜ ɢ ɮɚɫɨɧɧɨɝɨ ɢɧɫɬɪɭɦɟɧɬɚ. 

1. ɋɬɚɥɢ ɧɨɪɦɚɥɶɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ (ɩɨɧɢɠɟɧɧɨɣ 
ɬɟɩɥɨɫɬɨɣɤɨɫɬɢ – 615 – 620° ɋ). Ʉ ɧɢɦ ɨɬɧɨɫɹɬɫɹ: ɜɨɥɶɮɪɚɦɨɜɵɟ – Ɋ9, Ɋ12, 
Ɋ18; ɜɨɥɶɮɪɚɦɨɦɨɥɢɛɞɟɧɨɜɵɟ – Ɋ6Ɇ5, Ɋ6Ɇ3; ɛɟɡɜɨɥɶɮɪɚɦɨɜɵɟ – 

9ɏ6Ɇ3Ɏ3ȺȽɋɌ. ɋɤɨɪɨɫɬɶ ɪɟɡɚɧɢɹ ɷɬɢɯ ɫɬɚɥɟɣ Vɪ=35– 40 ɦ/ɦɢɧ. 
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2. ɋɬɚɥɢ ɩɨɜɵɲɟɧɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ (ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɥɟɝɢɪɨɜɚɧɵ 
ɤɨɛɚɥɶɬɨɦ ɢ ɜɚɧɚɞɢɟɦ, ɢɯ ɬɟɩɥɨɫɬɨɣɤɨɫɬɶ – 625 – 640° ɋ). Ʉ ɧɢɦ 
ɨɬɧɨɫɹɬɫɹ: ɜɨɥɶɮɪɚɦɨɤɨɛɚɥɶɬɨɜɵɟ – Ɋ9Ʉ5, Ɋ9Ʉ10, ɜɨɥɶɮɪɚɦɨɜɚɧɚɞɢɟɜɵɟ – 

Ɋ9Ɏ5, Ɋ12Ɏ3, ɜɨɥɶɮɪɚɦɨɦɨɥɢɛɞɟɧɨɜɵɟ ɫ ɤɨɛɚɥɶɬɨɦ ɢ ɜɚɧɚɞɢɟɦ – 

Ɋ6Ɇ5Ʉ5, Ɋ6Ɇ5Ɏ2Ʉ8. 
ɉɨɪɨɲɤɨɜɵɟ ɛɵɫɬɪɨɪɟɠɭɳɢɟ ɫɬɚɥɢ. ɂɯ ɩɨɥɭɱɚɸɬ ɦɟɬɨɞɨɦ 

ɩɨɪɨɲɤɨɜɨɣ ɦɟɬɚɥɥɭɪɝɢɢ. Ɉɧɢ ɢɦɟɸɬ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶ ɩɨ ɤɚɪɛɢɞɧɨɣ ɮɚɡɟ 
ɩɨ 1 – ɦɭ ɢ 2-ɦɭ ɛɚɥɥɚɦ, ɢɦɟɸɬ ɩɨɜɵɲɟɧɧɵɟ ɲɥɢɮɭɟɦɨɫɬɶ ɢ ɩɥɚɫɬɢɱɧɨɫɬɶ 
ɩɪɢ ɯɨɥɨɞɧɨɣ ɢ ɝɨɪɹɱɟɣ ɞɟɮɨɪɦɚɰɢɢ, ɩɨɜɵɲɟɧɧɭɸ ɩɪɨɱɧɨɫɬɶ ɧɚ ɢɡɝɢɛ (500 
– 700 Ɇɉɚ), ɩɪɟɜɨɫɯɨɞɹɬ ɩɨ ɫɬɨɣɤɨɫɬɢ ɛɵɫɬɪɨɪɟɠɭɳɢɟ ɫɬɚɥɢ ɨɛɵɱɧɨɣ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɜ 1,5 – 2 ɪɚɡɚ. ȼ ɦɚɪɤɢɪɨɜɤɟ ɞɨɛɚɜɥɹɸɬɫɹ ɞɜɟ ɛɭɤɜɵ 
Ɇɉ (Ɋ10Ɇ6Ʉ8 – Ɇɉ). 

ɋɬɚɥɢ ɜɵɫɨɤɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ. Ɍɟɩɥɨɫɬɨɣɤɨɫɬɶ 700 – 725° ɋ, 
ɬɜɟɪɞɨɫɬɶ ɩɨɫɥɟ ɡɚɤɚɥɤɢ ɢ ɨɬɩɭɫɤɚ 69 – 70 HRC (ȼ11Ɇ7Ʉ23, ȼ24Ɇ12Ʉ23, 
ȼ18Ʉ25ɏ4 ɢ ɞɪ.). ɉɪɢ ɨɛɪɚɛɨɬɤɟ ɠɚɪɨɩɪɨɱɧɵɯ ɫɬɚɥɟɣ ɢ ɬɢɬɚɧɨɜɵɯ ɫɩɥɚɜɨɜ 
ɢɯ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɜ 30 ɪɚɡ ɜɵɲɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɢɧɫɬɪɭɦɟɧɬɨɦ ɢɡ 
ɫɬɚɥɢ Ɋ18 ɢ ɜ 10 ɪɚɡ ɜɵɲɟ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ ɢɧɫɬɪɭɦɟɧɬɚ ɢɡ ɬɜɟɪɞɨɝɨ 
ɫɩɥɚɜɚ ȼɄ8. Ʉ ɷɬɢɦ ɫɬɚɥɹɦ ɨɬɧɨɫɹɬɫɹ ɤɚɪɛɢɞɨɫɬɚɥɢ. ɂɧɫɬɪɭɦɟɧɬ ɢɡ ɷɬɢɯ 
ɫɬɚɥɟɣ ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ ɦɟɬɨɞɚɦɢ ɩɨɪɨɲɤɨɜɨɣ ɦɟɬɚɥɥɭɪɝɢɢ. Ʉɚɪɛɢɞɨɫɬɚɥɢ– 

ɷɬɨ ɤɨɦɩɨɡɢɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ, ɜ ɤɨɬɨɪɨɦ ɡɟɪɧɚ ɬɭɝɨɩɥɚɜɤɢɯ ɤɚɪɛɢɞɨɜ (ɜ 
ɨɫɧɨɜɧɨɦ TiC) ɪɚɜɧɨɦɟɪɧɨ ɪɚɫɩɪɟɞɟɥɟɧɵ ɜ ɫɜɹɡɤɟ ɢɡ ɥɟɝɢɪɨɜɚɧɧɨɣ ɫɬɚɥɢ. ȼ 
ɧɢɯ ɫɨɱɟɬɚɟɬɫɹ ɬɜɟɪɞɨɫɬɶ ɢ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ ɬɜɟɪɞɵɯ ɫɩɥɚɜɨɜ ɫ ɩɪɨɱɧɨɫɬɶɸ 
ɢ ɜɹɡɤɨɫɬɶɸ ɥɟɝɢɪɨɜɚɧɧɵɯ ɫɬɚɥɟɣ. Ɉɧɢ ɡɚɧɢɦɚɸɬ ɩɪɨɦɟɠɭɬɨɱɧɨɟ 
ɩɨɥɨɠɟɧɢɟ ɦɟɠɞɭ ɛɵɫɬɪɨɪɟɠɭɳɢɦɢ ɫɬɚɥɹɦɢ ɢ ɬɜɟɪɞɵɦɢ ɫɩɥɚɜɚɦɢ, 
ɩɨɞɜɟɪɝɚɸɬɫɹ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɜ ɨɬɨɠɠёɧɧɨɦ ɫɨɫɬɨɹɧɢɢ. ɗɬɢ ɫɬɚɥɢ 
ɬɟɪɦɨɫɬɨɣɤɢ, ɥɟɝɱɟ ɛɵɫɬɪɨɪɟɠɭɳɢɯ ɫɬɚɥɟɣ ɧɚ 13 % ɢ ɬɜɟɪɞɵɯ ɫɩɥɚɜɨɜ ɧɚ  
50 %. Ʉɚɪɛɢɞɨɫɬɚɥɢ ɩɪɨɢɡɜɨɞɹɬɫɹ ɧɚ ɨɫɧɨɜɟ ɞɜɭɯ ɫɬɚɥɟɣ Ɋ6Ɇ5 – ɄɌ20 
(ɦɚɫɫɨɜɚɹ ɞɨɥɹ ɤɚɪɛɢɞɚ ɬɢɬɚɧɚ – 20 %). Ɍɟɩɥɨɫɬɨɣɤɨɫɬɶ ɷɬɢɯ ɫɬɚɥɟɣ 650 – 

690° ɋ, ɬɜɟɪɞɨɫɬɶ HRCɗ=70 – 72, ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɧɚ ɢɡɝɢɛ  
σɂ=2000 – 2500 Ɇɩɚ. ɋɬɨɣɤɨɫɬɶ ɢɧɫɬɪɭɦɟɧɬɚ ɢɡ ɷɬɢɯ ɫɬɚɥɟɣ ɜɵɲɟ, ɱɟɦ 
ɢɧɫɬɪɭɦɟɧɬɚ ɢɡ ɛɵɫɬɪɨɪɟɠɭɳɟɣ ɫɬɚɥɢ Ɋ18 ɜ 10 ɪɚɡ, ɢɡ ɩɨɪɨɲɤɨɜɵɯ ɫɬɚɥɟɣ – 

ɜ 2 ɪɚɡɚ. 
Ɍɜɟɪɞɵɟ ɫɩɥɚɜɵ. ɉɪɨɢɡɜɨɞɹɬɫɹ ɧɚ ɨɫɧɨɜɟ ɤɚɪɛɢɞɨɜ ɜɨɥɶɮɪɚɦɚ, ɬɢɬɚɧɚ 

ɢ ɬɚɧɬɚɥɚ ɧɚ ɤɨɛɚɥɶɬɨɜɨɣ ɫɜɹɡɤɟ. ɋɤɨɪɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɢɧɫɬɪɭɦɟɧɬɨɦ ɢɡ 
ɬɜɟɪɞɵɯ ɫɩɥɚɜɨɜ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɩɪɟɜɵɲɚɟɬ ɫɤɨɪɨɫɬɶ ɨɛɪɚɛɨɬɤɢ 
ɢɧɫɬɪɭɦɟɧɬɨɦ ɢɡ ɛɵɫɬɪɨɪɟɠɭɳɢɯ ɫɬɚɥɟɣ. Ɍɜɟɪɞɵɟ ɫɩɥɚɜɵ ɞɟɥɹɬɫɹ ɧɚ ɬɪɢ 
ɝɪɭɩɩɵ, ɪɚɡɥɢɱɚɸɳɢɟɫɹ ɫɨɫɬɚɜɨɦ ɤɚɪɛɢɞɧɨɣ ɨɫɧɨɜɵ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, 
ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ: 

ɚ) ɜɨɥɶɮɪɚɦɨɜɵɟ ɬɜɟɪɞɵɟ ɫɩɥɚɜɵ – ȼК; 
ɛ) ɬɢɬɚɧɨɜɨɥɶɮɪɚɦɚɜɵɟ – ɌК; 
ɜ) ɬɢɬɚɧɨɬɚɧɬɚɥɨɜɨɥɶɮɪɚɦɨɜɵɟ – ɌɌК. 
ȼɨɥɶɮɪɚɦɨɜɵɟ ɫɩɥɚɜɵ ɬɢɩɚ ȼК ɪɚɡɥɢɱɚɸɬɫɹ ɪɚɡɦɟɪɨɦ ɡɟɪɧɚ 

ɤɚɪɛɢɞɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ. ɉɪɢ ɪɚɡɦɟɪɟ ɤɚɪɛɢɞɧɵɯ ɱɚɫɬɢɰ 3 – 5 ɦɤɦ 
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ɫɬɪɭɤɬɭɪɚ ɫɱɢɬɚɟɬɫɹ ɤɪɭɩɧɨɡɟɪɧɢɫɬɨɣ; 0,5– 1,5 –ɦɟɥɤɨɡɟɪɧɢɫɬɨɣ; ɤɨɝɞɚ 70 % 

ɱɚɫɬɢɰ ɢɦɟɸɬ ɞɢɚɦɟɬɪ ɦɟɧɶɲɟ 1ɦɤɦ – ɨɫɨɛɨ ɦɟɥɤɨɡɟɪɧɢɫɬɚɹ ɫɬɪɭɤɬɭɪɚ. 
ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɞɟɪɠɚɧɢɹ ɤɨɛɚɥɶɬɚ ɩɨɜɵɲɚɟɬɫɹ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ 

ɧɚ ɢɡɝɢɛ, ɫɨɩɪɨɬɢɜɥɹɟɦɨɫɬɶ ɭɞɚɪɧɵɦ ɢ ɰɢɤɥɢɱɟɫɤɢɦ ɧɚɝɪɭɡɤɚɦ, ɧɨ 
ɫɧɢɠɚɸɬɫɹ ɬɜɟɪɞɨɫɬɶ ɢ ɬɟɦɩɟɪɚɬɭɪɚ, ɩɪɢ ɤɨɬɨɪɨɣ ɧɚɛɥɸɞɚɟɬɫɹ ɫɯɜɚɬɵɜɚɧɢɟ 
ɫ ɨɛɪɚɛɚɬɵɜɚɟɦɵɦ ɦɚɬɟɪɢɚɥɨɦ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ ɢɡɧɨɫɚ 
ɢɧɫɬɪɭɦɟɧɬɚ. ɋ ɭɦɟɧɶɲɟɧɢɟɦ ɪɚɡɦɟɪɚ ɡɟɪɧɚ ɫɧɢɠɚɟɬɫɹ ɩɪɨɱɧɨɫɬɶ, ɧɨ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ.  

Ʉɪɭɩɧɨɡɟɪɧɢɫɬɵɟ ɫɩɥɚɜɵ ɩɪɢɦɟɧɹɸɬ ɞɥɹ ɱɟɪɧɨɜɨɣ ɨɛɪɚɛɨɬɤɢ, ɦɟɥɤɨ- 

ɢ ɨɫɨɛɨɦɟɥɤɨɡɟɪɧɢɫɬɵɟ – ɞɥɹ ɱɢɫɬɨɜɨɣ ɨɛɪɚɛɨɬɤɢ ɪɟɡɚɧɢɟɦ.  
Мɚɪɤɢɪɨɜɤɚ: ȼ – ɤɪɭɩɧɨɡɟɪɧɢɫɬɵɟ (ȼɄ8ȼ); Ɇ – ɦɟɥɤɨɡɟɪɧɢɫɬɵɟ 

(ȼɄ6Ɇ); ɈɆ – ɨɫɨɛɨ ɦɟɥɤɨɡɟɪɧɢɫɬɵɟ (ȼɄ6 – ɈɆ). 
ɋɬɨɣɤɨɫɬɶ ɢɧɫɬɪɭɦɟɧɬɚ ɫ ɨɫɨɛɨ ɦɟɥɤɢɦ ɡɟɪɧɨɦ ɜ 3 ɪɚɡɚ ɜɵɲɟ, ɱɟɦ ɫ 

ɦɟɥɤɢɦ ɡɟɪɧɨɦ. ɋɩɥɚɜɵ ɫ ɨɫɨɛɨ ɦɟɥɤɨɡɟɪɧɢɫɬɨɣ ɫɬɪɭɤɬɭɪɨɣ ɥɟɝɢɪɭɸɬ 
ɤɚɪɛɢɞɨɦ ɯɪɨɦɚ (ȼɄ10ɏɈɆ). 

Ɍɢɬɚɧɨɜɨɥɶɮɪɚɦɨɜɵɟ ɬɜɟɪɞɵɟ ɫɩɥɚɜɵ ɌК – ɛɨɥɟɟ ɬɜɟɪɞɵɟ, 
ɬɟɩɥɨɫɬɨɣɤɢɟ ɢ ɢɡɧɨɫɨɫɬɨɣɤɢɟ, ɱɟɦ ɫɩɥɚɜɵ ɬɢɩɚ ȼɄ, ɧɨ ɦɟɧɟɟ ɩɪɨɱɧɵɟ. 
ɉɥɨɯɨ ɜɵɞɟɪɠɢɜɚɸɬ ɭɞɚɪɧɵɟ ɢ ɩɟɪɟɦɟɧɧɵɟ ɧɚɝɪɭɡɤɢ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ 
ɫɩɥɚɜɵ ɝɪɭɩɩɵ ɌɄ ɫ ɦɟɧɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɤɚɪɛɢɞɚ ɬɢɬɚɧɚ ɩɪɢɦɟɧɹɸɬɫɹ 
ɩɪɢ ɱɟɪɧɨɜɨɣ ɨɛɪɚɛɨɬɤɟ (Ɍ5Ʉ10; Ɍ5Ʉ12), ɚ ɫ ɛɨɥɶɲɢɦ ɫɨɞɟɪɠɚɧɢɟɦ TiC 

(T15Ʉ6, Ɍ30Ʉ4) – ɞɥɹ ɱɢɫɬɨɜɨɣ ɨɛɪɚɛɨɬɤɢ. 
Ɍɢɬɚɧɨɬɚɧɬɚɥɨɜɨɥɶɮɪɚɦɨɜɵɟ ɫɩɥɚɜɵ ɌɌК – ɡɚɧɢɦɚɸɬ 

ɩɪɨɦɟɠɭɬɨɱɧɨɟ ɩɨɥɨɠɟɧɢɟ ɩɨ ɫɜɨɢɦ ɦɟɯɚɧɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ ɦɟɠɞɭ 
ɫɩɥɚɜɚɦɢ ȼɄ ɢ ɌɄ. Ⱦɥɹ ɧɢɯ ɯɚɪɚɤɬɟɪɧɚ ɜɵɫɨɤɚɹ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ ɢ 
ɫɨɩɪɨɬɢɜɥɹɟɦɨɫɬɶ ɭɞɚɪɧɵɦ ɢ ɜɢɛɪɚɰɢɨɧɧɵɦ ɧɚɝɪɭɡɤɚɦ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɢɯ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɢ ɱɟɪɧɨɜɨɣ ɨɛɪɚɛɨɬɤɟ (ɫɩɥɚɜ ɌɌ8Ʉ6 ɨɛɥɚɞɚɟɬ ɫɬɨɣɤɨɫɬɶɸ ɜ 
2 – 2,5 ɪɚɡɚ ɛɨɥɶɲɟɣ, ɱɟɦ ɫɩɥɚɜ ȼɄ6Ɇ). 

Ȼɟɡɜɨɥɶɮɪɚɦɨɜɵɟ ɬɜɟɪɞɵɟ ɫɩɥɚɜɵ – ɧɚ ɨɫɧɨɜɟ ɤɚɪɛɢɞɚ ɢ ɧɢɬɪɢɞɚ 
ɬɢɬɚɧɚ, ɫɰɟɦɟɧɬɢɪɨɜɚɧɧɵɟ ɧɢɤɟɥɶɦɨɥɢɛɞɟɧɨɜɨɣ ɫɜɹɡɤɨɣ. Ɉɧɢ ɢɦɟɸɬ 
ɦɟɧɶɲɭɸ ɩɪɨɱɧɨɫɬɶ ɧɚ ɢɡɝɢɛ, ɱɟɦ ɜɨɥɶɮɪɚɦɨɜɵɟ, ɧɨ ɩɨɜɵɲɟɧɧɭɸ 
ɠɚɪɨɫɬɨɣɤɨɫɬɶ (ɞɨ 1000° ɋ) ɢ ɧɢɡɤɭɸ ɫɯɜɚɬɵɜɚɟɦɨɫɬɶ ɫ ɨɛɪɚɛɚɬɵɜɚɟɦɵɦ 
ɦɚɬɟɪɢɚɥɨɦ. Ɉɧɢ ɨɛɥɚɞɚɸɬ ɜɵɫɨɤɨɣ ɩɥɨɬɧɨɫɬɶɸ, ɷɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ 
ɩɪɢ ɡɚɬɨɱɤɟ ɨɫɬɪɭɸ ɪɟɠɭɳɭɸ ɤɪɨɦɤɭ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢ ɱɢɫɬɨɜɨɣ 
ɨɛɪɚɛɨɬɤɟ. ɉɪɢ ɷɬɨɦ ɫɧɢɠɚɟɬɫɹ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ, ɷɬɨ ɩɨɡɜɨɥɹɟɬ 
ɡɚɦɟɧɢɬɶ ɲɥɢɮɨɜɚɧɢɟ ɬɨɱɟɧɢɟɦ ɢ ɩɨɜɵɲɚɟɬ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɜ 2 – 2,5 

ɪɚɡɚ. Ȼɟɡɜɨɥɶɮɪɚɦɨɜɵɟ ɬɜɟɪɞɵɟ ɫɩɥɚɜɵ ɨɛɥɚɞɚɸɬ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ ɜ 1,5 
ɪɚɡɚ ɜɵɲɟ, ɱɟɦ ɭ ɫɩɥɚɜɨɜ ɝɪɭɩɩɵ ɌɄ (ɦɚɪɤɢɪɨɜɤɚ Ɍɇ30; ɄɊɌ16). 

Мɢɧɟɪɚɥɨɤɟɪɚɦɢɱɟɫɤɢɟ ɦɚɬɟɪɢɚɥɵ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɞɜɚ ɜɢɞɚ ɷɬɢɯ ɦɚɬɟɪɢɚɥɨɜ; 

- ɨɤɫɢɞɧɚɹ ɛɟɥɚɹ ɤɟɪɚɦɢɤɚ (ɫɨɞɟɪɠɢɬ 99,7 % ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ); 
- ɨɤɫɢɞɧɨ-ɤɚɪɛɢɞɧɚɹ ɱɟɪɧɚɹ ɤɟɪɚɦɢɤɚ (ɫɨɞɟɪɠɢɬ ɜ ɤɚɱɟɫɬɜɟ ɞɨɛɚɜɤɢ 

ɤɚɪɛɢɞ ɬɢɬɚɧɚ).  
ɇɚ ɨɫɧɨɜɟ ɧɢɬɪɢɞɚ ɤɪɟɦɧɢɹ ɪɚɡɪɚɛɨɬɚɧ ɦɚɬɟɪɢɚɥ ɫɢɥɢɬɢɧ – P (Si3N), 

ɤɨɬɨɪɵɣ ɨɛɥɚɞɚɟɬ ɜɵɫɨɤɨɣ ɫɬɚɛɢɥɶɧɨɫɬɶɸ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɢ 
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ɫɬɪɭɤɬɭɪɵ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. ɂɧɫɬɪɭɦɟɧɬ ɢɡ ɷɬɨɝɨ ɦɚɬɟɪɢɚɥɚ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɱɢɫɬɨɜɨɣ ɨɛɪɚɛɨɬɤɢ. 

ɇɚ ɨɫɧɨɜɟ ɨɤɫɢɞɧɨɣ ɤɟɪɚɦɢɤɢ ɪɚɡɪɚɛɨɬɚɧɵ ɦɚɬɟɪɢɚɥɵ ɈɇɌ-20 

(ɤɚɪɬɢɧɢɬ, ȼɁ, ȼɈɄ-60), ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɫɬɨɣɤɨɫɬɶ ɜ 5 – 10 ɪɚɡ ɛɨɥɶɲɭɸ, 
ɱɟɦ ɭ ɬɜɟɪɞɵɯ ɫɩɥɚɜɨɜ. Ɉɞɧɚ ɪɟɠɭɳɚɹ ɩɥɚɫɬɢɧɚ ɢɡ ɷɬɢɯ ɦɚɬɟɪɢɚɥɨɜ 
ɡɚɦɟɧɹɟɬ 6 – 8 ɬɜɟɪɞɨɫɩɥɚɜɧɵɯ ɩɥɚɫɬɢɧ. 

ɋɜɟɪɯɬɜɟɪɞɵɟ ɦɚɬɟɪɢɚɥɵ – ɦɚɬɟɪɢɚɥɵ ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɧɚ ɨɫɧɨɜɟ 
ɦɨɞɢɮɢɤɚɰɢɣ ɭɝɥɟɪɨɞɚ ɢ ɧɢɬɪɢɞɚ ɛɨɪɚ. ɂɡ ɧɢɯ ɢɡɝɨɬɚɜɥɢɜɚɟɬɫɹ ɜ ɨɫɧɨɜɧɨɦ 

ɢɧɫɬɪɭɦɟɧɬ ɞɥɹ ɝɢɛɤɢɯ ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɥɢɧɢɣ ɢ ɫɬɚɧɤɨɜ ɫ ɑɉɍ. 
ɗɥɶɛɨɪ – P (ɤɨɦɩɨɡɢɬ 1) ɢ ɛɟɥɶɛɨɪ (ɤɨɦɩɨɡɢɬ 2) – ɦɚɬɟɪɢɚɥɵ ɧɚ 

ɨɫɧɨɜɟ ɝɟɤɫɚɝɨɧɚɥɶɧɨɝɨ ɧɢɬɪɢɞɚ ɛɨɪɚ.  
Ɇɚɬɟɪɢɚɥ ɧɚ ɨɫɧɨɜɟ ɤɭɛɢɱɟɫɤɨɝɨ ɧɢɬɪɢɞɚ ɛɨɪɚ ɫ ɥɟɝɢɪɭɸɳɢɦɢ 

ɞɨɛɚɜɤɚɦɢ (ɤɨɦɩɨɡɢɬ 0,5) – ɢɦɟɟɬ ɩɪɟɞɟɥ ɩɪɨɱɧɨɫɬɢ ɧɚ ɢɡɝɢɛ 500 – 1000 

Ɇɩɚ ɢ ɬɟɩɥɨɫɬɨɣɤɨɫɬɶ 1100 – 1300° ɋ. 
ɇɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɨɥɭɱɢɥɢ ɷɥɶɛɨɪ – 

P4, ɝɟɤɫɚɧɢɬP. 
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Ɇɚɬɟɪɢɚɥɨɜɟɞɟɧɢɟ ɢ ɬɟɯɧɨɥɨɝɢɹ ɦɟɬɚɥɥɨɜ/ Ƚ.ɉ. Ɏɟɬɢɫɨɜ,  
Ɇ.Ƚ. Ʉɚɪɢɦɚɤ, ȼ.Ɇ. Ɇɚɬɸɧɢɤ ɢ ɞɪ./; ɩɨɞ. ɪɟɞ. Ƚ.ɉ. Ɏɟɬɢɫɨɜɚ. – Ɇ.: ȼɵɫɲɚɹ 
ɲɤɨɥɚ, 2000. 

ɇɢɤɢɮɨɪɨɜ ȼ.Ɇ. Ɍɟɯɧɨɥɨɝɢɹ ɦɟɬɚɥɥɨɜ ɢ ɞɪɭɝɢɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ 
ɦɚɬɟɪɢɚɥɨɜ. – ɋɉɛ.: ɉɨɥɢɬɟɯɧɢɤɚ, 2000. 

Ɍɟɯɧɨɥɨɝɢɹ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɚɬɟɪɢɚɥɨɜ/ ɂ.Ⱥ. Ⱥɪɭɦɸɧɨɜɚ,  
Ⱥ.Ɇ. Ⱦɚɥɶɫɤɢɣ, Ɍ.Ɇ. Ȼɚɪɫɭɤɨɜɚ ɢ ɞɪ./ ɩɨɞ. ɪɟɞ. Ⱥ.Ɇ. Ⱦɚɥɶɫɤɨɝɨ. – Ɇ.: 
Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ, 1985. 
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