
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ  
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ 
Ɇɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɢ ɬɟɯɧɨɥɨɝɢɣ ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɨɜ 

ɤɚɮɟɞɪɚ 

 
                                                      ɍɌȼȿɊɀȾȺɘ 

                                                                          Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
                                                                    _____  _____________ 
                                                                                                     ɩɨɞɩɢɫɶ      ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

                                                                    «___»  ______  20 __ ɝ. 
 
 
 
 

ȻȺɄȺɅȺȼɊɋɄȺə ɊȺȻɈɌȺ 
 

22.03.01.07 Ɇɚɬɟɪɢɚɥɨɜɟɞɟɧɢɟ ɢ ɬɟɯɧɨɥɨɝɢɢ ɦɚɬɟɪɢɚɥɨɜ ɜ ɦɚɲɢɧɨɫɬɪɨɟɧɢɢ  
ɤɨɞ ɢ ɧɚɢɦɟɧɨɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ 

 
ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɩɨɥɭɱɟɧɢɹ ɥɢɬɵɯ ɡɚɝɨɬɨɜɨɤ ɢɡ ɩɟɧɨɚɥɸɦɢɧɢɹ 

ɬɟɦɚ 

 
 
 
 
ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ                          ________                      ȼ.Ƚ. Ȼɚɛɤɢɧ 
                                                                                                          ɩɨɞɩɢɫɶ, ɞɚɬɚ                                         ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

ȼɵɩɭɫɤɧɢɤ                                         ________                 ɂ.Ɉ. Ƚɚɧɸɝɢɧɚ 
                                                                                                          ɩɨɞɩɢɫɶ, ɞɚɬɚ                                         ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ                                ________              Ʌ.Ⱥ. ɋɜɟɱɧɢɤɨɜɚ 
                                                                                                           ɩɨɞɩɢɫɶ, ɞɚɬɚ                                        ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 

 
 
 

Ʉɪɚɫɧɨɹɪɫɤ 2019 
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Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ  
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

ɉɨɥɢɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ 
Ɇɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ ɢ ɬɟɯɧɨɥɨɝɢɣ ɨɛɪɚɛɨɬɤɢ ɦɚɬɟɪɢɚɥɨɜ 

ɤɚɮɟɞɪɚ 

 
                                                      ɍɌȼȿɊɀȾȺɘ 

                                                                          Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
                                                                    _____  _____________ 
                                                                                                     ɩɨɞɩɢɫɶ      ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

                                                                    «___»  ______  20 __ ɝ. 
 
 
 
 

ɁȺȾȺɇɂȿ 
ɇȺ ȼɕɉɍɋɄɇɍɘ ɄȼȺɅɂɎɂɄȺɐɂɈɇɇɍɘ ɊȺȻɈɌɍ 
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ɋɬɭɞɟɧɬɭ Ƚɚɧɸɝɢɧɨɣ ɂɪɢɧɟ Ɉɥɟɝɨɜɧɟ. 
 
Ƚɪɭɩɩɚ ɆɌ 15-01Ȼ. ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ) 22.03.01  
«Ɇɚɬɟɪɢɚɥɨɜɟɞɟɧɢɟ ɢ ɬɟɯɧɨɥɨɝɢɢ ɦɚɬɟɪɢɚɥɨɜ». 
 
Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ «ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɩɨɥɭ-
ɱɟɧɢɹ ɥɢɬɵɯ ɡɚɝɨɬɨɜɨɤ ɢɡ ɩɟɧɨɚɥɸɦɢɧɢɹ». 
 
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № 19099/ɫ ɨɬ 19.12.2018 ɝ. 
 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ: ȼ.Ƚ. Ȼɚɛɤɢɧ, ɩɪɨɮɟɫɫɨɪ, ɞ. ɬ. ɧ., ɤɚɮɟɞɪɚ ɆɢɌɈɆ. 
 
ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ: ɧɚɭɱɧɵɟ ɩɭɛɥɢɤɚɰɢɢ ɢ ɩɚɬɟɧɬɵ (ɫɩɢɫɨɤ ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ 
ɢɫɬɨɱɧɢɤɨɜ), ɚɥɸɦɢɧɢɣ ɬɟɯɧɢɱɟɫɤɢɣ ȽɈɋɌ 11069–2001, ɦɟɞɶ Ɇ1 ȽɈɋɌ 859–
2001, ɰɢɧɤ ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɣ ȽɈɋɌ 989–75, ɤɚɥɶɰɢɣ ɝɪɚɧɭɥɢɪɨɜɚɧɧɵɣ, ɦɚɝ-
ɧɢɣ ȽɈɋɌ 804–93, ɩɨɪɨɲɨɤ ɝɢɞɪɢɞɚ ɬɢɬɚɧɚ, ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɢɧɬɟɪɜɚɥ ɤɪɢ-
ɫɬɚɥɥɢɡɚɰɢɢ ɫɩɥɚɜɚ Al–Cu–Zn–Mg – 500–530 °C.  
 
ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ: ɚɧɧɨɬɚɰɢɹ, ɪɟɮɟɪɚɬ, ɜɜɟɞɟɧɢɟ, ɨɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ ɩɨ 
ɩɪɨɛɥɟɦɟ, ɦɟɬɨɞɵ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɛɪɚɡɰɨɜ ɢ ɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɷɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɚɹ ɱɚɫɬɶ. 

 
 
 
 
 
 
 
 

Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ                           ________                     ȼ.Ƚ. Ȼɚɛɤɢɧ 
                                                                                                                 ɩɨɞɩɢɫɶ                                             ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
 
Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ       ________                ɂ.Ɉ. Ƚɚɧɸɝɢɧɚ 
                                                                                                                 ɩɨɞɩɢɫɶ                                             ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
 
 

«___» __________ 2019 ɝ. 
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ȺɇɇɈɌȺɐɂə 
 

ȼ ɫɨɜɪɟɦɟɧɧɨɦ ɦɢɪɟ ɫ ɤɚɠɞɵɦ ɞɧɟɦ ɜɨɡɪɚɫɬɚɟɬ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɪɚɡɪɚ-
ɛɨɬɤɚɯ ɢ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɢ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɨɞɧɢɦ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɟɬɫɹ 
ɩɟɧɨɚɥɸɦɢɧɢɣ. Ⱦɚɧɧɵɣ ɜɢɞ ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɨɝɨ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɝɨ ɦɚɬɟ-
ɪɢɚɥɚ ɩɪɢɜɥɟɤɚɟɬ ɫɜɨɟ ɜɧɢɦɚɧɢɟ ɫɨɱɟɬɚɧɢɟɦ ɮɢɡɢɱɟɫɤɢɯ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɫɜɨɣɫɬɜ, ɛɥɚɝɨɞɚɪɹ ɤɨɬɨɪɵɦ ɨɬɤɪɵɜɚɟɬɫɹ ɲɢɪɨɤɢɣ ɞɢɚɩɚɡɨɧ ɨɛɥɚɫɬɢ ɩɪɢɦɟ-
ɧɟɧɢɹ ɜɫɩɟɧɟɧɧɨɝɨ ɦɟɬɚɥɥɚ.  

ȼ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɟ ɜɵɛɪɚɧ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɩɨ-
ɪɢɫɬɨɝɨ ɚɥɸɦɢɧɢɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɨɪɨɨɛɪɚɡɨɜɚɬɟɥɹ TiH2. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɩɟɧɨɚɥɸɦɢɧɢɣ, ɩɟɧɨɦɟɬɚɥɥ, ɩɨɪɨɨɛɪɚɡɨɜɚɬɟɥɶ, ɩɨɪɨ-
ɮɨɪ, ɜɫɩɟɧɢɜɚɬɟɥɶ, ɡɚɤɪɵɬɨ- ɢ ɨɬɤɪɵɬɨɹɱɟɢɫɬɵɣ ɚɥɸɦɢɧɢɣ. 
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ɊȿɎȿɊȺɌ 
 

Ȼɚɤɚɥɚɜɪɫɤɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɩɨɥɭɱɟɧɢɹ ɥɢɬɵɯ 
ɡɚɝɨɬɨɜɨɤ ɢɡ ɩɟɧɨɚɥɸɦɢɧɢɹ», ɫɨɞɟɪɠɢɬ 37 ɫɬɪɚɧɢɰ, 19 ɪɢɫɭɧɤɨɜ, 1 ɮɨɪɦɭɥɭ, 
2 ɬɚɛɥɢɰɵ, 26 ɢɫɩɨɥɶɡɭɟɦɵɯ ɢɫɬɨɱɧɢɤɨɜ. 

ɐɟɥɶ ɪɚɛɨɬɵ: ɉɪɨɜɟɫɬɢ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɧɚɭɱɧɵɯ ɩɭɛɥɢɤɚɰɢɣ ɢ 
ɩɚɬɟɧɬɨɜ ɩɨ ɦɟɬɨɞɚɦ ɩɨɥɭɱɟɧɢɹ ɩɨɪɢɫɬɵɯ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɪɚɡ-
ɪɚɛɨɬɚɬɶ ɬɟɯɧɨɥɨɝɢɸ ɩɨɥɭɱɟɧɢɹ ɩɨɪɢɫɬɵɯ ɥɢɬɵɯ ɢ ɞɟɮɨɪɦɢɪɭɟɦɵɯ ɢɡɞɟɥɢɣ 
ɢɡ ɫɩɥɚɜɨɜ ɧɚ ɨɫɧɨɜɟ ɚɥɸɦɢɧɢɹ. 

Ɂɚɞɚɱɢ: 
1 ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɬɶ ɥɢɬɟɪɚɬɭɪɧɵɟ ɢɫɬɨɱɧɢɤɢ ɩɨ ɬɟɦɟ ɢɫɫɥɟɞɨɜɚɧɢɹ. 
2 ɂɡɝɨɬɨɜɢɬɶ ɨɩɵɬɧɵɟ ɨɛɪɚɡɰɵ ɩɨɪɢɫɬɵɯ ɨɬɥɢɜɨɤ ɢɡ ɬɟɯɧɢɱɟɫɤɨɝɨ 

ɚɥɸɦɢɧɢɹ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɝɢɞɪɢɞɚ ɬɢɬɚɧɚ. 
3 ȼɵɛɪɚɬɶ ɫɨɫɬɚɜ ɢ ɬɟɯɧɨɥɨɝɢɸ ɩɨɥɭɱɟɧɢɹ ɩɨɪɢɫɬɵɯ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ 

ɦɚɬɟɪɢɚɥɨɜ ɢ ɫɩɥɚɜɨɜ ɫɢɫɬɟɦɵ Al–Cu–Zn–Mg. 
4 ɂɡɝɨɬɨɜɢɬɶ ɨɩɵɬɧɵɟ ɨɛɪɚɡɰɵ ɥɢɬɵɯ ɢ ɞɟɮɨɪɦɢɪɭɟɦɵɯ ɦɚɬɟɪɢɚɥɨɜ, 

ɫɨɞɟɪɠɚɳɢɯ ɝɢɞɪɢɞ ɬɢɬɚɧɚ ɢ ɩɨɞɝɨɬɨɜɢɬɶ ɢɯ ɤ ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ ɞɥɹ ɜɫɩɟɧɢ-
ɜɚɧɢɹ. 

ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥ ɩɪɨɜɟɞɟɧ ɪɹɞ ɢɫɫɥɟɞɨɜɚɧɢɣ. ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɧɟ-
ɫɤɨɥɶɤɨ ɥɢɬɟɪɚɬɭɪɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, ɛɵɥɨ ɜɵɞɟɥɟɧɨ ɬɪɢ ɨɫɧɨɜɧɵɯ ɦɟɬɨɞɚ ɩɨ-
ɥɭɱɟɧɢɹ ɩɨɪɢɫɬɨɝɨ ɥɢɬɨɝɨ ɚɥɸɦɢɧɢɹ: ɜɜɟɞɟɧɢɟ ɝɚɡɚ ɧɚɩɪɹɦɭɸ ɜ ɠɢɞɤɢɣ ɦɟ-
ɬɚɥɥ, ɥɢɬɶɟ ɜ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɟ ɫɨɥɢ, ɜɫɩɟɧɢɜɚɧɢɟ ɫ ɩɨɪɨɨɛɪɚɡɨɜɚɬɟɥɟɦ. ȼ 
ɨɫɧɨɜɭ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɛɵɥ ɜɵɛɪɚɧ ɦɟɬɨɞ ɜɫɩɟɧɢɜɚɧɢɟ ɫ ɩɨɪɨɨɛɪɚɡɨɜɚɬɟɥɟɦ. 

ɉɟɪɜɵɣ ɷɤɫɩɟɪɢɦɟɧɬ ɛɚɡɢɪɨɜɚɥɫɹ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɟɯɧɢɱɟɫɤɨɝɨ 
ɚɥɸɦɢɧɢɹ ɫ ɞɨɛɚɜɥɟɧɢɟɦ ɩɨɪɨɨɛɪɚɡɨɜɚɬɟɥɹ – ɞɢɝɢɞɪɢɞɚ ɬɢɬɚɧɚ TiH2. Ɋɟɡɭɥɶ-
ɬɚɬɨɦ ɹɜɥɹɟɬɫɹ ɦɚɥɚɹ ɩɨɪɢɫɬɨɫɬɶ, ɩɨɷɬɨɦɭ ɞɥɹ ɭɫɬɪɚɧɟɧɢɹ ɞɚɧɧɨɝɨ ɧɟɞɨɫɬɚɬ-
ɤɚ ɛɵɥ ɩɪɨɜɟɞɟɧ ɞɪɭɝɨɣ ɨɩɵɬ. Ɉɧ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɪɢɝɨɬɨɜɥɟɧɢɢ ɚɥɸɦɢɧɢɟɜɨ-
ɝɨ ɫɩɥɚɜɚ ɫɢɫɬɟɦɵ Al–Cu–Zn–Mg, ɜɜɟɞɟɧɢɢ ɜɫɩɟɧɢɜɚɬɟɥɹ, ɩɪɨɤɚɬɤɢ ɩɨɥɭ-
ɱɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɢ ɞɚɥɶɧɟɣɲɟɣ ɢɯ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ. Ɍɪɭɞɧɨɫɬɶɸ ɨɩɢ-
ɫɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɹɜɥɹɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟ ɜ ɩɚɬɟɧɬɟ ɬɚɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɤɚɤ: ɬɟɦ-
ɩɟɪɚɬɭɪɚ ɩɪɢ ɨɛɪɚɛɨɬɤɟ ɞɚɜɥɟɧɢɟɦ ɢ ɜɪɟɦɹ ɜɵɞɟɪɠɤɢ ɜ ɩɟɱɢ ɩɪɢ ɬɟɪɦɨɨɛɪɚ-
ɛɨɬɤɟ. ɉɨɷɬɨɦɭ ɛɵɥɨ ɩɪɢɧɹɬɨ ɪɟɲɟɧɢɟ ɩɪɨɜɟɫɬɢ ɞɜɟ ɩɥɚɜɤɢ: ɨɞɢɧ ɨɛɪɚɡɟɰ 
ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɟ ɱɚɫɬɢ ɢ ɩɨɞɜɟɪɝɧɭɬɶ ɨɞɧɭ ɯɨɥɨɞɧɨɣ ɞɟɮɨɪɦɚɰɢɢ, ɜɬɨɪɭɸ – 
ɝɨɪɹɱɟɣ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 350 °ɋ; ɜɬɨɪɨɣ ɨɛɪɚɡɟɰ ɬɟɪɦɢɱɟɫɤɢ ɨɛɪɚɛɨɬɚɬɶ ɛɟɡ 
ɩɥɚɫɬɢɱɟɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ. Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɪɚɛɨɬɟ. 
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ȼȼȿȾȿɇɂȿ 
 

ɉɨɪɢɫɬɵɣ ɥɢɬɨɣ ɚɥɸɦɢɧɢɣ – ɜɵɫɨɤɨɬɟɯɧɨɥɨɝɢɱɧɵɣ ɦɚɬɟɪɢɚɥ, ɩɨɥɭɱɚɟ-
ɦɵɣ ɦɟɬɨɞɨɦ ɩɪɨɩɢɬɤɢ ɧɚɩɨɥɧɢɬɟɥɹ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɟɝɨ ɷɤɫɬɪɚɝɢɪɨɜɚɧɢɟɦ [1]. 

Ɉɫɧɨɜɧɵɦɢ ɬɟɯɧɨɥɨɝɢɹɦɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɟɧɨɦɟɬɚɥɥɨɜ ɹɜɥɹɸɬɫɹ ɥɢɬɶɟ 
ɢ ɩɨɪɨɲɤɨɜɚɹ ɦɟɬɚɥɥɭɪɝɢɹ [2]. ɉɟɪɜɵɣ ɫɩɨɫɨɛ ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɷɤɨɧɨɦɢɱ-
ɧɵɦ ɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜɨ ɜɜɟɞɟɧɢɢ ɜ ɪɚɫɩɥɚɜɥɟɧɧɵɣ ɦɟɬɚɥɥ ɩɨɪɨɨɛɪɚɡɭɸɳɟɝɨ 
ɷɥɟɦɟɧɬɚ, ɧɚɡɵɜɚɟɦɨɝɨ ɩɨɪɨɮɨɪɨɦ. ȼ ɤɚɱɟɫɬɜɟ ɩɨɪɨɮɨɪɚ (blowing agent – 
ɜɫɩɟɧɢɜɚɬɟɥɶ) ɱɚɳɟ ɜɫɟɝɨ ɜɵɫɬɭɩɚɸɬ ɝɢɞɪɢɞɵ TH2, MgH2, ZrH2, ɤɚɪɛɨɧɚɬ 
ɤɚɥɶɰɢɹ CaCO3 ɢ ɭɝɥɟɤɢɫɥɵɣ ɝɚɡ. 

ɉɟɧɨɚɥɸɦɢɧɢɣ ɤɥɚɫɫɢɮɢɰɢɪɭɸɬ ɧɚ ɡɚɤɪɵɬɨ- ɢ ɨɬɤɪɵɬɨɹɱɟɢɫɬɵɣ [3]. ȼ 
ɤɚɱɟɫɬɜɟ ɫɚɦɨɝɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɹɜɥɹɟɬɫɹ ɡɚɤɪɵɬɨɹɱɟɢɫɬɵɣ ɩɟ-
ɧɨɦɟɬɚɥɥ. Ȼɥɚɝɨɞɚɪɹ ɫɜɨɟɣ ɫɬɪɭɤɬɭɪɟ ɨɧ ɨɛɥɚɞɚɟɬ ɦɟɧɶɲɟɣ ɩɥɨɬɧɨɫɬɶɸ, ɱɟɦ 
ɱɢɫɬɵɣ ɚɥɸɦɢɧɢɣ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɧɚɯɨɞɢɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟɧɟɧɢɟ ɜ ɫɭɞɨɫɬɪɨɟ-
ɧɢɢ, ɪɚɤɟɬɨɫɬɪɨɟɧɢɢ, ɫɚɦɨɥɟɬɨɫɬɪɨɟɧɢɢ.  

Ⱥɥɸɦɢɧɢɸ ɧɟ ɡɪɹ ɩɪɢɫɜɚɢɜɚɸɬ ɩɪɨɡɜɢɳɟ «ɤɪɵɥɚɬɵɣ ɦɟɬɚɥɥ», ɟɝɨ 
ɫɩɥɚɜɵ ɫɨɱɟɬɚɸɬ ɜ ɫɟɛɟ ɜɵɫɨɤɢɟ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢ ɧɢɡɤɢɣ ɜɟɫ. ɉɟɧɨɚ-
ɥɸɦɢɧɢɣ ɦɨɠɧɨ ɧɚɡɜɚɬɶ ɟɝɨ ɭɥɭɱɲɟɧɧɨɣ ɜɟɪɫɢɟɣ, ɩɨɫɤɨɥɶɤɭ ɩɥɨɬɧɨɫɬɶ ɫɧɢ-
ɠɚɟɬɫɹ ɧɚ 30–85 % ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɩɨɫɨɛɚ ɩɨɥɭɱɟɧɢɹ [4].  

Ɉɞɧɢɦ ɢɡ ɩɟɪɜɵɯ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɵɯ ɫɩɨɫɨɛɨɜ ɩɨɥɭɱɟɧɢɹ ɩɨɪɢɫɬɨɝɨ 
ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ ɹɜɥɹɟɬɫɹ ɩɚɬɟɧɬ ɋɒȺ «ɋɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɩɟɧɨ-
ɦɟɬɚɥɥɨɜ», ɨɩɭɛɥɢɤɨɜɚɧɧɵɣ ɜ 1948 ɝ. [2]. ɉɪɨɰɟɫɫ ɧɚɱɢɧɚɟɬɫɹ ɜ ɧɚɝɪɟɜɚɧɢɢ 
ɦɟɬɚɥɥɚ ɩɪɢ ɚɬɦɨɫɮɟɪɧɨɦ ɞɚɜɥɟɧɢɢ, ɫɩɥɚɜɨɜ ɢɥɢ ɦɢɧɟɪɚɥɨɜ, ɢɥɢ ɫɦɟɫɢ ɦɟ-
ɬɚɥɥɨɜ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɯɨɞɹɳɟɣɫɹ ɜ ɩɪɨɦɟɠɭɬɤɟ ɦɟɠɞɭ ɥɢɤɜɢɞɭɫ ɢ ɬɟɦɩɟ-
ɪɚɬɭɪɨɣ, ɞɨɫɬɚɬɨɱɧɨɣ ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɩɚɪɚ, ɫɨɞɟɪɠɚɳɟɝɨɫɹ ɜ ɫɦɟɫɢ ɥɟɬɭɱɟɝɨ 
ɦɚɬɟɪɢɚɥɚ. ɉɨɫɥɟ ɞɚɜɥɟɧɢɟ ɩɨɧɢɠɚɸɬ ɢ ɪɚɫɩɥɚɜɥɟɧɧɚɹ ɦɚɫɫɚ ɜɫɩɟɧɢɜɚɟɬɫɹ. 
Ʉɨɧɟɱɧɨɣ ɨɩɟɪɚɰɢɟɣ ɹɜɥɹɟɬɫɹ ɟɟ ɨɯɥɚɠɞɟɧɢɟ, ɮɨɪɦɢɪɭɟɦɨɟ ɩɨɪɢɫɬɵɣ ɦɟɬɚɥɥ. 

ɉɪɢɦɟɧɟɧɢɟ ɥɢɬɟɣɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɟɧɨɦɟɬɚɥɥɚ, ɫɱɢɬɚɸ-
ɳɟɟɫɹ ɨɞɧɢɦ ɢɡ ɩɟɪɜɵɯ ɢɡɨɛɪɟɬɟɧɢɣ ɜ Ɋɨɫɫɢɢ, ɨɩɢɫɚɧɨ ɜ ɚɜɬɨɪɫɤɨɦ ɫɜɢɞɟɬɟɥɶ-
ɫɬɜɟ ɋɋɊ № 125682, ɜɵɞɚɧɧɨɟ ɜ 1960 ɝ [2]. ȼɧɚɱɚɥɟ ɚɥɸɦɢɧɢɟɜɵɣ ɪɚɫɩɥɚɜ ɩɨ-
ɞɨɝɪɟɜɚɸɬ ɜ ɩɟɱɢ-ɦɢɤɫɟɪɟ ɞɨ 600 °ɋ ɢ ɧɟɩɪɟɪɵɜɧɨ ɩɟɪɟɦɟɳɚɸɬ ɩɨ ɥɨɬɤɭ ɫ 
ɨɛɨɝɪɟɜɨɦ. ȼ ɷɬɨ ɜɪɟɦɹ ɢɡ ɛɭɧɤɟɪɚ ɩɨ ɬɪɭɛɤɟ ɱɟɪɟɡ ɞɨɡɚɬɨɪ ɜ ɪɚɫɩɥɚɜ ɧɟɩɪɟ-
ɪɵɜɧɨ ɜɜɨɞɢɬɫɹ ɨɞɢɧ ɢɡ ɝɢɞɪɢɞɨɜ ɦɟɬɚɥɥɚ: TiH2, ZrH2, LiH. ȿɝɨ ɩɟɪɟɦɟɲɢɜɚɧɢɟ 
ɜ ɢɧɬɟɧɫɢɜɧɨɦ ɪɟɠɢɦɟ ɩɪɨɢɫɯɨɞɢɬ ɜ ɫɦɟɫɢɬɟɥɶɧɨɣ ɤɚɦɟɪɟ, ɤɨɬɨɪɚɹ ɭɫɬɚɧɨɜ-
ɥɟɧɧɚ ɜ ɩɟɱɢ. Ɋɚɫɩɥɚɜ ɩɟɪɟɦɟɲɢɜɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɩɪɨɩɟɥɥɟɪɧɨɣ ɦɟɲɚɥɤɢ. Ⱦɚ-
ɥɟɟ ɦɟɬɚɥɥ ɩɨɫɬɭɩɚɟɬ ɢɡ ɤɚɦɟɪɵ ɜ ɷɥɟɤɬɪɨɩɟɱɶ, ɜ ɤɨɬɨɪɨɣ ɬɟɦɩɟɪɚɬɭɪɚ ɞɨɫɬɢɝɚ-
ɟɬ ɩɪɟɞɟɥɨɜ 650–700 °ɋ – ɷɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɟɧɨɨɛɪɚɡɨɜɚɧɢɟ ɪɚɫɩɥɚɜɚ ɭ ɜɵɯɨɞɚ 
ɢɡ ɩɟɱɢ. Ɂɚɬɟɦ ɩɟɧɨɪɚɫɩɥɚɜ ɩɨɫɬɭɩɚɟɬ ɧɚ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ, ɞɜɢɠɭɳɢɣɫɹ ɧɟɩɪɟ-
ɪɵɜɧɨ ɢ ɜɵɩɨɥɧɟɧɧɵɣ ɜ ɜɢɞɟ ɛɟɫɤɨɧɟɱɧɨɣ ɥɟɧɬɵ ɢɡ ɥɚɬɭɧɧɨɣ ɫɟɬɤɢ, ɝɞɟ ɨɧ ɢ 
ɨɯɥɚɠɞɚɟɬɫɹ ɩɭɬɟɦ ɩɨɞɚɱɢ ɜɨɞɵ. 

Ɂɚɢɧɬɟɪɟɫɨɜɚɧɧɨɫɬɶ ɜɨ ɜɫɩɟɧɟɧɧɨɦ ɚɥɸɦɢɧɢɢ ɜɨɡɪɨɫɥɚ ɫ ɧɚɱɚɥɚ 1990-ɯ 
ɝɝ. ȼ ɷɬɨ ɜɪɟɦɹ ɧɚɱɢɧɚɸɬ ɩɪɨɜɨɞɢɬɶɫɹ ɟɜɪɨɩɟɣɫɤɢɟ ɤɨɧɮɟɪɟɧɰɢɢ, ɝɞɟ ɝɥɚɜɧɨɣ 
ɨɛɫɭɠɞɚɟɦɨɣ ɬɟɦɨɣ ɜɵɫɬɭɩɚɟɬ ɩɟɧɨɦɟɬɚɥɥ, ɚ ɫ 1999 ɝ. – ɪɟɝɭɥɹɪɧɨ (ɜ ɢɧɬɟɪɜɚɥɟ 
ɞɜɭɯ ɥɟɬ) ɦɟɠɞɭɧɚɪɨɞɧɵɟ ɤɨɧɮɟɪɟɧɰɢɢ ɩɨ ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɵɦ ɬɟɯɧɨɥɨɝɢɹɦ, 
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ɩɪɨɛɥɟɦɚɦ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɦ ɫɨɨɬɧɨɲɟɧɢɹɦ ɦɟɠɞɭ ɫɬɪɭɤɬɭɪɨɣ 
ɢ ɫɜɨɣɫɬɜɚɦɢ ɹɱɟɢɫɬɵɯ ɦɟɬɚɥɥɨɜ ɢ ɩɟɧɨɦɟɬɬɚɥɥɨɜ (MetFoam). ȼ 2019 ɝɨɞɭ ɨɧɚ 
ɛɭɞɟɬ ɩɪɨɜɨɞɢɬɶɫɹ 20–23 ɚɜɝɭɫɬɚ ɜ ɝɨɪɨɞɟ Ⱦɢɪɛɨɪɧ, ɲɬɚɬ Ɇɢɱɢɝɚɧ, ɋɒȺ [5]. 

ȼ ɤɚɱɟɫɬɜɟ ɩɟɪɫɩɟɤɬɢɜɵ ɦɟɬɚɥɥɢɱɟɫɤɚɹ ɩɟɧɚ ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ ɩɪɟɢɦɭ-
ɳɟɫɬɜ: ɦɚɥɵɣ ɜɟɫ, ɯɨɪɨɲɢɟ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɟ ɢ ɡɜɭɤɨɩɨɝɥɨɳɚɬɟɥɶɧɵɟ 
ɫɜɨɣɫɬɜɚ; ɬɚɤɠɟ ɜɫɩɟɧɟɧɧɵɣ ɦɟɬɚɥɥ ɧɟ ɬɨɤɫɢɱɟɧ ɢ ɧɟ ɝɨɪɸɱ. 

ɋɨɜɪɟɦɟɧɧɵɟ ɫɩɨɫɨɛɵ ɩɨɥɭɱɟɧɢɹ ɩɟɧɨɚɥɸɦɢɧɢɹ ɦɟɬɨɞɨɦ ɥɢɬɶɹ ɜ ɥɚɛɨ-
ɪɚɬɨɪɧɵɯ ɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɦɚɫɲɬɚɛɚɯ ɜ ɛɨɥɶɲɟɣ ɫɬɟɩɟɧɢ ɜɵɹɜɥɟɧɵ ɡɚ ɝɪɚ-
ɧɢɰɟɣ, ɜ Ɋɨɫɫɢɢ ɞɚɧɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ ɧɚɯɨɞɢɬɫɹ ɧɚ ɫɬɚɞɢɢ ɪɚɡɪɚɛɨɬɤɢ. ɂɦɟɧɧɨ 
ɩɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɧɟɨɛɯɨɞɢɦɨ ɢɫɫɥɟɞɨɜɚɬɶ ɞɚɧɧɵɣ ɦɚɬɟɪɢɚɥ ɛɭɞɭɳɟɝɨ ɢ ɧɚɣɬɢ 
ɫɩɨɫɨɛɵ ɪɟɲɟɧɢɹ ɜɜɟɞɟɧɢɹ ɟɝɨ ɜ ɦɚɫɫɨɜɨɟ ɢ ɫɟɪɢɣɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ. 
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1 Ɉɛɡɨɪ ɥɢɬɟɪɚɬɭɪɵ ɩɨ ɩɪɨɛɥɟɦɟ 
 
ɉɟɧɨɦɟɬɚɥɥɵ ɩɪɢɨɛɪɟɬɚɸɬ ɧɚɢɛɨɥɶɲɢɣ ɢɧɬɟɪɟɫ ɛɥɚɝɨɞɚɪɹ ɫɨɱɟɬɚɧɢɸ 

ɮɢɡɢɱɟɫɤɢɯ ɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. ɇɚɩɪɢɦɟɪ, ɜɵɫɨɤɚɹ ɠɟɫɬɤɨɫɬɶ ɦɨɠɟɬ 
ɫɩɨɤɨɣɧɨ ɫɨɜɦɟɳɚɬɶɫɹ ɫ ɧɢɡɤɨɣ ɩɥɨɬɧɨɫɬɶɸ (ɧɢɡɤɢɦ ɭɞɟɥɶɧɵɦ ɜɟɫɨɦ) ɢɥɢ 
ɠɟ ɜɵɫɨɤɚɹ ɝɚɡɨɩɪɨɧɢɰɚɟɦɨɫɬɶ ɝɨɪɦɨɧɢɪɭɟɬ ɫ ɜɵɫɨɤɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ. 
ɋɬɨɢɬ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɧɢɡɤɭɸ ɝɢɝɪɨɫɤɨɩɢɱɧɨɫɬɶ, ɤɨɬɨɪɚɹ ɯɚɪɚɤɬɟɪɢɡɭ-
ɟɬ ɦɨɪɨɡɨɫɬɨɣɤɨɫɬɶ ɢ ɨɬɫɭɬɫɬɜɢɟ ɬɪɟɳɢɧ ɩɪɢ ɩɟɪɟɩɚɞɟ ɬɟɦɩɟɪɚɬɭɪ. Ⱦɟɦɩɮɢ-
ɪɭɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ, ɬɨ ɟɫɬɶ ɫɩɨɫɨɛɧɨɫɬɶ ɩɨɝɥɨɳɚɬɶ ɷɧɟɪɝɢɸ ɭɞɚɪɚ ɢ ɜɢɛɪɚ-
ɰɢɸ, ɬɚɤɠɟ ɜɵɫɨɤɚɹ ɫɬɟɩɟɧɶ ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɹ ɢ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɶ, ɤɨɬɨɪɚɹ 
ɞɨɩɭɫɤɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɮɨɪɦɢɪɨɜɚɬɶ ɢɡ ɩɟɧɨɦɟɬɚɥɥɚ ɨɛɴɟɦɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ 
– ɜɫɟ ɷɬɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɡɜɨɥɹɸɬ ɩɪɢɦɟɧɹɬɶ ɢɡɞɟɥɢɹ ɢɡ ɞɚɧɧɨɝɨ ɦɚɬɟɪɢɚ-
ɥɚ ɜ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɹɯ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ: ɜ ɫɬɪɨɢɬɟɥɶɧɨɣ ɢɧɞɭɫɬɪɢɢ; ɜ ɤɨɧ-
ɫɬɪɭɤɰɢɹɯ ɦɟɬɚɥɥɨɪɟɠɭɳɢɯ ɫɬɚɧɤɨɜ; ɜ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ 
(ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɷɥɟɦɟɧɬɵ); ɜ ɫɭɞɨɫɬɪɨɟɧɢɢ (ɢɡɝɨɬɨɜɥɟɧɢɟ ɤɨɪɩɭɫɨɜ ɩɚɫɫɚ-
ɠɢɪɫɤɢɯ ɫɭɞɨɜ, ɷɥɟɜɚɬɨɪɧɵɟ ɢ ɚɧɬɟɧɧɵɟ ɩɥɚɬɮɨɪɦɵ); ɜ ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɣ ɨɬ-
ɪɚɫɥɢ (ɬɢɬɚɧɨɜɵɟ ɢ ɚɥɸɦɢɧɢɟɜɵɟ ɫɷɧɞɜɢɱ-ɩɚɧɟɥɢ ɢ ɧɟɤɨɬɨɪɵɟ ɞɟɬɚɥɢ ɬɭɪ-
ɛɢɧ); ɜ ɨɛɳɟɫɬɜɟɧɧɨɦ ɝɨɪɨɞɫɤɨɦ ɬɪɚɧɫɩɨɪɬɟ [2].  

 

 
 

Ɋɢɫɭɧɨɤ 1 – ɋɜɨɣɫɬɜɚ ɩɟɧɨɦɟɬɚɥɥɨɜ 
 
ȿɫɥɢ ɝɨɜɨɪɢɬɶ ɨ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ, ɬɨ ɨɧɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɤɨɥɢɱɟ-

ɫɬɜɨɦ, ɮɨɪɦɨɣ, ɪɚɡɦɟɪɚɦɢ ɢ ɯɚɪɚɤɬɟɪɨɦ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɪ ɩɨ ɨɛɴɟɦɭ. ɉɨ-
ɫɤɨɥɶɤɭ ɩɪɨɰɟɫɫ ɩɨɪɨɨɛɪɚɡɨɜɚɧɢɹ ɧɟ ɩɨɞɞɚɟɬɫɹ ɭɩɪɚɜɥɟɧɢɸ ɬɟɯɧɨɥɨɝɢɱɟ-
ɫɤɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɬɨ ɩɨɥɭɱɢɬɶ ɜɫɩɟɧɟɧɧɵɟ ɢɡɞɟɥɢɹ ɫ ɨɞɢɧɚɤɨɜɵɦɢ ɪɚɡɦɟ-
ɪɚɦɢ ɩɨɪ ɢ ɢɯ ɡɚɤɨɧɨɦɟɪɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɜ ɦɟɬɚɥɥɟ ɧɟɜɨɡɦɨɠɧɨ. ɂɫɯɨɞɹ 
ɢɡ ɷɬɨɝɨ, ɛɨɥɶɲɨɣ ɬɪɭɞɧɨɫɬɶɸ ɹɜɥɹɟɬɫɹ ɩɨɥɭɱɢɬɶ ɨɬɥɢɜɤɢ ɫ ɛɥɢɡɤɢɦɢ ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤɚɦɢ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. Ɉɞɧɚɤɨ ɫɭɳɟɫɬɜɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɩɪɨɝ-
ɧɨɡɢɪɨɜɚɬɶ ɫɜɨɣɫɬɜɚ ɩɟɧɨɦɟɬɚɥɥɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɚɬɟɦɚɬɢɱɟɫɤɢ ɬɨɱɧɨɝɨ 
ɦɟɬɨɞɚ ɫɥɭɱɚɣɧɵɯ ɫɟɤɭɳɢɯ ɞɥɹ ɩɨɞɫɱɟɬɚ ɪɚɡɦɟɪɨɜ ɢ ɤɨɥɢɱɟɫɬɜɚ ɩɨɪ. ȼ ɡɚ-
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ɜɟɪɲɟɧɢɢ ɨɰɟɧɤɢ ɩɨɪɢɫɬɨɫɬɢ ɧɚ ɧɟɫɤɨɥɶɤɢɯ ɫɟɱɟɧɢɹɯ ɨɛɪɚɡɰɨɜ ɦɨɠɧɨ ɨɰɟ-
ɧɢɬɶ ɪɚɡɦɟɪɵ, ɤɨɥɢɱɟɫɬɜɨ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɪ ɜ ɨɛɴɟɦɟ ɦɟɬɚɥɥɚ [6]. 

ȼ ɪɚɛɨɬɟ [7] ɞɥɹ ɫɬɚɬɢɱɟɫɤɢɯ ɢɫɩɵɬɚɧɢɣ ɧɚ ɫɠɚɬɢɟ ɜ ɭɫɥɨɜɢɹɯ ɨɞɧɨɨɫ-
ɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢ ɨɛɪɚɡɰɵ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɮɨɪɦɵ ɹɱɟɢɫɬɨɝɨ 
ɚɥɸɦɢɧɢɹ ɫ ɞɢɚɦɟɬɪɨɦ ɩɨɪ 4 ɢ 6 ɦɦ ɢ ɞɥɢɧɨɣ, ɨɬɥɢɱɚɸɳɟɣɫɹ ɨɬ ɞɥɢɧɵ ɨɛ-
ɪɚɡɰɨɜ ɜ ɫɨɫɬɨɹɧɢɢ ɩɨɫɬɚɜɤɢ.  

ɉɟɪɜɵɣ ɷɬɚɩ ɫɨɩɪɨɜɨɠɞɚɥɫɹ ɞɟɮɨɪɦɢɪɨɜɚɧɢɟɦ ɩɟɪɟɦɵɱɟɤ ɦɟɠɞɭ ɩɨ-
ɪɚɦɢ, ɧɚɯɨɞɹɳɢɦɢɫɹ ɜ ɩɥɨɫɤɨɫɬɢ ɩɪɢɥɨɠɟɧɢɹ ɧɚɝɪɭɡɤɢ. Ɉɧ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 
ɥɢɧɟɣɧɨɣ ɢɥɢ ɛɥɢɡɤɨɣ ɤ ɥɢɧɟɣɧɨɣ ɡɚɜɢɫɢɦɨɫɬɶɸ ɧɚɩɪɹɠɟɧɢɣ ɨɬ ɞɟɮɨɪɦɚ-
ɰɢɢ. ȼɬɨɪɨɣ ɷɬɚɩ ɫɜɹɡɵɜɚɸɬ ɫ ɩɥɚɫɬɢɱɟɫɤɢɦ ɭɩɥɨɬɧɟɧɢɟɦ ɨɛɪɚɡɰɨɜ, ɟɝɨ ɯɚ-
ɪɚɤɬɟɪɢɡɭɸɬ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɫɬɨɹɧɧɵɦ ɷɮɮɟɤɬɢɜɧɵɦ ɧɚɩɪɹɠɟɧɢɟɦ ɞɥɹ ɹɱɟɢ-
ɫɬɨɝɨ ɚɥɸɦɢɧɢɹ. Ɍɪɟɬɢɣ ɷɬɚɩ ɨɛɥɚɞɚɟɬ ɪɟɡɤɢɦ ɜɨɡɪɚɫɬɚɧɢɟɦ ɷɮɮɟɤɬɢɜɧɵɯ 
ɧɚɩɪɹɠɟɧɢɣ ɩɪɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɦɚɥɵɯ ɞɟɮɨɪɦɚɰɢɹɯ. Ⱦɚɧɧɵɣ ɷɬɚɩ ɫɨɩɪɨɜɨɠ-
ɞɚɟɬɫɹ ɞɚɥɶɧɟɣɲɢɦ ɡɚɩɨɥɧɟɧɢɟɦ ɩɭɫɬɨɬ ɜ ɨɛɪɚɡɰɚɯ.  

 

        
 

                                          ɚ                                                          ɛ 
 

Ɋɢɫɭɧɨɤ 2 – Ⱦɢɚɝɪɚɦɦɚ ɭɩɥɨɬɧɟɧɢɹ: 
ɚ – ɨɛɪɚɡɰɚ ɡɚɤɪɵɬɨɹɱɟɢɫɬɨɝɨ ɚɥɸɦɢɧɢɹ;  

ɛ – ɢɞɟɚɥɢɡɢɪɨɜɚɧɧɚɹ 
 

Ⱦɢɚɝɪɚɦɦɵ ɧɚɩɪɹɠɟɧɢɟ-ɞɟɮɨɪɦɚɰɢɹ ɨɛɪɚɡɰɨɜ ɩɟɧɨɚɥɸɦɢɧɢɹ ɦɨɝɭɬ 
ɹɜɥɹɬɶɫɹ ɛɚɡɨɣ ɞɥɹ ɪɚɫɱɟɬɚ ɚɦɨɪɬɢɡɢɪɭɸɳɢɯ ɫɜɨɣɫɬɜ, ɤɨɬɨɪɵɟ ɩɪɟɞɫɬɚɜɥɹɸɬ 
ɫɩɨɫɨɛɧɨɫɬɶ ɹɱɟɢɫɬɨɝɨ ɚɥɸɦɢɧɢɹ ɤ ɨɫɥɚɛɥɟɧɢɸ (ɢɡɨɥɹɰɢɢ) ɭɞɚɪɧɵɯ ɜɨɡɞɟɣ-
ɫɬɜɢɣ. ɇɚɪɹɞɭ ɫ ɬɟɪɦɢɧɨɦ «ɚɦɨɪɬɢɡɢɪɭɸɳɢɟ ɫɜɨɣɫɬɜɚ», ɬɚɤɠɟ ɲɢɪɨɤɨɟ ɩɪɢ-
ɦɟɧɟɧɢɟ ɭɞɟɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɸ «ɞɟɦɩɮɢɪɭɸɳɢɟ ɫɜɨɣɫɬɜɚ». 

Ⱦɟɦɩɮɟɪ – ɷɬɨ ɭɫɬɪɨɣɫɬɜɨ, ɫɥɭɠɚɳɟɟ ɞɥɹ ɭɦɟɧɶɲɟɧɢɹ (ɞɟɦɩɮɢɪɨɜɚ-
ɧɢɹ) ɢɥɢ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɜɪɟɞɧɵɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɤɨɥɟɛɚɧɢɣ [7]. 

Аɦɨɪɬɢɡɚɬɨɪ – ɭɫɬɪɨɣɫɬɜɨ ɞɥɹ ɫɦɹɝɱɟɧɢɹ ɭɞɚɪɨɜ ɜ ɤɨɧɫɬɪɭɤɰɢɹɯ ɦɚ-
ɲɢɧ ɢ ɫɨɨɪɭɠɟɧɢɣ ɜ ɰɟɥɹɯ ɢɯ ɡɚɳɢɬɵ ɨɬ ɫɨɬɪɹɫɟɧɢɣ ɢ ɛɨɥɶɲɢɯ ɧɚɝɪɭɡɨɤ [7]. 

ɂɡ ɜɵɲɟɨɩɢɫɚɧɧɵɯ ɬɟɪɦɢɧɨɜ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢɫɭɬɫɬɜɭɟɬ ɪɚɡɥɢɱɢɟ ɜ ɮɢ-
ɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ. ɍ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ ɦɟɬɚɥɥɨɜ ɞɟɦɩɮɢɪɭɸɳɢɟ ɫɜɨɣɫɬɜɚ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɦɨɞɭɥɟɦ ɭɩɪɭɝɨɫɬɢ ɢ ɭɩɪɭɝɢɦɢ ɩɨɫɬɨɹɧɧɵɦɢ, ɚ ɩɪɨɹɜɥɹɸɬɫɹ 
ɩɪɢ ɧɢɡɤɢɯ ɧɚɩɪɹɠɟɧɢɹɯ, ɤɨɬɨɪɵɟ ɧɚɦɧɨɝɨ ɦɟɧɶɲɟ ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ ɦɟɬɚɥ-
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ɥɚ. Ⱥɦɨɪɬɢɡɢɪɭɸɳɢɟ ɫɜɨɣɫɬɜɚ ɩɟɧɨɦɟɬɚɥɥɨɜ ɩɪɨɹɜɥɹɸɬɫɹ ɩɪɢ ɛɨɥɶɲɢɯ ɩɥɚ-
ɫɬɢɱɟɫɤɢɯ ɞɟɮɨɪɦɚɰɢɹɯ, ɜɨɡɧɢɤɚɸɳɢɯ ɩɪɢ ɩɥɚɫɬɢɱɟɫɤɨɦ ɭɩɥɨɬɧɟɧɢɢ.  

ȼ ɢɞɟɚɥɢɡɢɪɨɜɚɧɧɨɣ ɞɢɚɝɪɚɦɦɟ ɭɩɪɭɝɚɹ ɫɬɚɞɢɹ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ I ɭɩ-
ɥɨɬɧɟɧɢɹ ɜɫɩɟɧɟɧɧɨɝɨ ɚɥɸɦɢɧɢɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɚɦɨɪɬɢɡɚɬɨɪɭ-ɚɧɚɥɨɝɭ ɛɟɡ 
ɧɚɱɚɥɶɧɨɣ ɡɚɬɹɠɤɢ ɫ ɩɨɫɬɨɹɧɧɨɣ ɠɟɫɬɤɨɫɬɶɸ. II ɫɬɚɞɢɹ – ɭɩɥɨɬɧɢɬɟɥɶɧɨ-
ɩɥɚɫɬɢɱɟɫɤɚɹ – ɚɦɨɪɬɢɡɚɬɨɪɭ, ɪɚɛɨɬɚɸɳɟɦɭ ɩɪɢ ɢɞɟɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ. ɉɥɚ-
ɫɬɢɱɟɫɤɚɹ ɫɬɚɞɢɹ, ɭɤɚɡɚɧɧɚɹ ɧɚ ɞɢɚɝɪɚɦɦɟ ɩɨɞ ɧɨɦɟɪɨɦ III – ɚɦɨɪɬɢɡɚɬɨɪɭ-
ɚɧɚɥɨɝɭ ɫ ɠɟɫɬɤɨɣ ɧɟɥɢɧɟɣɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ. 

ɇɟ ɫɬɨɢɬ ɬɚɤɠɟ ɢ ɡɚɛɵɜɚɬɶ ɨ ɜɨɡɦɨɠɧɵɯ ɞɟɮɟɤɬɚɯ ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɩɟɧɨɚ-
ɥɸɦɢɧɢɹ. Ʉɚɤ ɨɩɢɫɵɜɚɸɬ ɜ [1], ɨɫɧɨɜɧɵɦɢ ɹɜɥɹɸɬɫɹ ɨɛɪɚɡɨɜɚɧɢɟ ɝɚɡɨɜɨɣ ɪɚ-
ɤɨɜɢɧɵ, ɜɫɩɥɵɬɢɟ ɱɚɫɬɢɰ ɧɚɩɨɥɧɢɬɟɥɹ (ɨɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ 
ɪɚɡɥɢɱɢɟ ɩɥɨɬɧɨɫɬɟɣ ɪɚɫɩɥɚɜɚ ɢ ɧɚɩɨɥɧɢɬɟɥɹ), ɩɪɨɫɟɱɤɢ ɢ ɧɟɩɪɨɩɢɬɤɚ. ȼ ɤɚ-
ɱɟɫɬɜɟ ɧɚɩɨɥɧɢɬɟɥɹ ɢɫɩɨɥɶɡɭɸɬ ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɯ ɫɨɥɟɣ. 
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ɛ ɝ 

 
Ɋɢɫɭɧɨɤ 3 – Ⱦɟɮɟɤɬɵ ɩɟɧɨɚɥɸɦɢɧɢɹ: 

ɚ – ɜɫɩɥɵɬɢɟ ɧɚɩɨɥɧɢɬɟɥɹ; ɛ – ɝɚɡɨɜɚɹ ɪɚɤɨɜɢɧɚ; 
ɜ – ɩɪɨɫɟɱɤɢ; ɝ – ɧɟɩɪɨɩɢɬɤɚ 

 
Ⱦɥɹ ɛɨɪɶɛɵ ɫ ɜɫɩɥɵɬɢɟɦ ɧɚɩɨɥɧɢɬɟɥɹ, ɜ ɨɫɧɨɜɭ ɤɨɬɨɪɨɣ ɜɯɨɞɢɬ ɭɫɬɨɣ-

ɱɢɜɨɫɬɶ ɱɚɫɬɢɰ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɨɦɨɝɚɸɬ ɧɟɫɤɨɥɶɤɨ ɮɚɤɬɨɪɨɜ. ɉɟɪɜɵɣ ɡɚ-
ɤɥɸɱɚɟɬɫɹ ɜ ɫɰɟɩɥɟɧɢɢ ɱɚɫɬɢɰ ɜɨɡɞɭɲɧɵɦɢ ɱɚɫɬɢɰɚɦɢ, ɚɧɚɥɨɝɢɸ ɤɨɬɨɪɨɝɨ 
ɦɨɠɧɨ ɩɪɨɜɟɫɬɢ ɫ ɜɚɤɭɭɦɧɵɦɢ ɩɪɢɫɨɫɤɚɦɢ. ȼɬɨɪɨɣ ɮɚɤɬɨɪ – ɫɧɢɠɟɧɢɟ ɬɟɥɚ 
ɝɢɞɪɨɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɪɚɫɩɥɚɜɚ ɧɚ ɱɚɫɬɢɰɵ ɡɚ ɫɱɟɬ ɩɥɨɳɚɞɢ, ɡɚɧɢɦɚɟ-
ɦɨɣ ɜɨɡɞɭɲɧɵɦɢ ɦɚɧɠɟɬɚɦɢ. ɋɨɛɥɸɞɚɹ ɷɬɢ ɞɜɚ ɮɚɤɬɨɪɚ ɜɫɩɥɵɬɢɟ ɱɚɫɬɢɰ 
ɜɨɡɦɨɠɧɨ ɥɢɲɶ ɩɪɢ ɞɢɧɚɦɢɱɟɫɤɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɫɬɪɭɢ ɪɚɫɩɥɚɜɚ, ɩɪɢ ɬɚɤɨɦ 
ɭɫɥɨɜɢɢ ɱɚɫɬɢɰɵ ɨɬɪɵɜɚɸɬɫɹ ɛɨɥɶɲɢɦɢ ɤɨɧɝɥɨɦɟɪɚɬɚɦɢ [1]. 

ɉɨɫɤɨɥɶɤɭ ɮɪɨɧɬ ɞɚɜɥɟɧɢɹ ɩɨ ɝɪɚɧɢɰɟ ɪɚɫɩɥɚɜ-ɧɚɩɨɥɧɢɬɟɥɶ ɧɟ ɹɜɥɹɟɬ-
ɫɹ ɪɚɜɧɨɦɟɪɧɵɦ, ɬɨ ɨɛɪɚɡɭɸɬɫɹ ɥɨɤɚɥɶɧɵɟ ɩɨɬɨɤɢ ɪɚɫɩɥɚɜɚ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɜ 
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ɦɟɫɬɚɯ ɩɨɜɵɲɟɧɧɨɝɨ ɞɚɜɥɟɧɢɹ ɨɤɚɡɵɜɚɸɬɫɹ ɨɤɪɭɠɟɧɧɵɦɢ ɪɚɫɩɥɚɜɨɦ, ɜɫɥɟɞ-
ɫɬɜɢɟ ɱɟɝɨ ɜɨɡɧɢɤɚɸɬ ɝɚɡɨɜɵɟ ɪɚɤɨɜɢɧɵ, ɹɜɥɹɸɳɢɟɫɹ ɧɟɞɨɩɭɫɬɢɦɵɦ ɞɟɮɟɤ-
ɬɨɦ. ɉɨɷɬɨɦɭ ɜɫɟɝɞɚ ɫɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɭ ɫɬɟɧɤɢ ɤɨɤɢɥɹ ɫɤɨɪɨɫɬɶ ɬɟɱɟɧɢɹ 
ɝɚɡɚ ɜɫɟɝɞɚ ɛɭɞɟɬ ɧɢɠɟ, ɱɟɦ ɜ ɨɛɴɟɦɟ. Ʉ ɞɪɭɝɨɦɭ ɞɟɮɟɤɬɭ, ɤɨɬɨɪɵɣ ɮɨɪɦɢɪɭ-
ɟɬɫɹ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɨɬɥɢɜɤɢ ɩɨ ɩɪɢɱɢɧɟ ɧɢɡɤɨɣ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɨɬɧɨɫɢɬɫɹ 
ɭɫɚɞɨɱɧɚɹ ɪɚɤɨɜɢɧɚ. ɉɪɢɛɵɥɶɧɚɹ ɰɟɥɶɧɨɦɟɬɚɥɥɢɱɟɫɤɚɹ ɱɚɫɬɶ ɨɬɥɢɜɤɢ ɜ ɩɪɨ-
ɰɟɫɫɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɡɚɬɜɟɪɞɟɜɚɟɬ ɛɵɫɬɪɟɟ ɢ ɡɚɯɜɚɬɵɜɚɟɬ ɤɨɦɩɨɡɢɰɢɨɧɧɭɸ 
ɱɚɫɬɶ. ȿɫɥɢ ɩɨɩɵɬɚɬɶɫɹ ɭɜɟɥɢɱɢɬɶ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɤɨɦɩɨɡɢɰɢɨɧɧɨɣ ɱɚɫɬɢ 
ɡɚ ɫɱɟɬ ɩɨɜɵɲɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɪɚɫɩɥɚɜɚ ɜ ɤɨɦɩɨɡɢɬɟ, ɬɨ ɢɡɦɟɧɟɧɢɹ ɨɤɚɠɭɬɫɹ 
ɧɟɡɧɚɱɢɬɟɥɶɧɵɦɢ. Ʌɭɱɲɢɦ ɪɟɲɟɧɢɟɦ ɨɤɚɠɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟ ɞɨɥɢ ɧɚɩɨɥɧɢɬɟɥɹ. 

Пɪɨɫɟɱɤɢ – ɞɟɮɟɤɬ ɜ ɜɢɞɟ ɩɪɨɠɢɥɨɤ ɦɟɬɚɥɥɚ, ɨɛɪɚɡɭɸɳɢɣɫɹ ɩɪɢ ɢɡɝɨ-
ɬɨɜɥɟɧɢɢ ɤɨɦɩɨɡɢɰɢɨɧɧɨɣ ɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ. ɉɨɜɵɲɟɧɧɨɟ ɞɚɜɥɟɧɢɟ (ɝɢɞɪɚɜ-
ɥɢɱɟɫɤɢɣ ɭɞɚɪ) ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ ɪɟɡɤɨɣ ɨɫɬɚɧɨɜɤɢ ɫɩɥɚɜɚ ɜ ɦɨɦɟɧɬ ɨɤɨɧ-
ɱɚɧɢɹ ɩɪɨɩɢɬɤɢ. ɉɪɢ ɜɨɡɞɟɣɫɬɜɢɢ ɧɚ ɜɨɞɨɧɚɫɵɳɟɧɧɵɟ ɦɚɥɨɫɜɹɡɚɧɧɵɟ ɢɥɢ 
ɧɟɫɜɹɡɚɧɧɵɟ ɝɪɭɧɬɵ ɭɞɚɪɧɨɣ ɧɚɝɪɭɡɤɨɣ ɢɥɢ ɜɢɛɪɚɰɢɟɣ ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɪɭɲɟ-
ɧɢɟ ɫɬɪɭɤɬɭɪɵ ɫ ɩɟɪɟɭɩɚɤɨɜɤɨɣ ɱɚɫɬɢɰ. ȼ ɦɟɫɬɚɯ ɫɠɚɬɢɹ ɫɬɨɹɱɟɣ ɭɞɚɪɧɨɣ 
ɜɨɥɧɵ ɝɢɞɪɚɜɥɢɱɟɫɤɨɝɨ ɭɞɚɪɚ ɨɛɪɚɡɭɟɬɫɹ ɤɨɧɫɨɥɢɞɚɰɢɹ ɠɢɞɤɨɫɬɢ ɢ ɧɚɪɭɲɚ-
ɟɬɫɹ ɫɜɹɡɧɨɫɬɶ ɤɚɪɤɚɫɚ ɫɨɥɟɣ. Ɉɛɵɱɧɨ ɨɧɢ ɧɟ ɨɤɚɡɵɜɚɸɬ ɫɭɳɟɫɬɜɟɧɧɨɝɨ 
ɜɥɢɹɧɢɹ ɧɚ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɬɥɢɜɨɤ ɢɡ ɩɟɧɨɚɥɸɦɢɧɢɹ, ɬɚɤ ɤɚɤ ɪɚɫ-
ɩɨɥɨɠɟɧɵ ɩɚɪɚɥɥɟɥɶɧɨ ɩɨɬɨɤɭ ɮɢɥɶɬɪɭɟɦɨɣ ɫɪɟɞɵ. ɇɨ ɞɥɹ ɨɛɴɟɦɚ ɩɪɨɞɚɠ 
ɞɟɬɚɥɟɣ ɢɡ ɩɟɧɨɦɟɬɚɥɥɚ – ɷɬɨ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɮɚɤɬɨɪɨɦ [1].  

Нɟɩɪɨɩɢɬɤɚ – ɧɟɩɨɥɧɨɟ ɡɚɩɨɥɧɟɧɢɟ ɤɨɦɩɨɡɢɰɢɨɧɧɨɣ ɥɢɬɨɣ ɡɚɝɨɬɨɜɤɢ 
ɢɡ-ɡɚ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɠɢɞɤɨɬɟɤɭɱɟɫɬɢ ɫɩɥɚɜɚ ɜ ɤɚɩɢɥɥɹɪɧɵɯ ɡɚɡɨɪɚɯ ɧɚɩɨɥɧɢ-
ɬɟɥɹ. ɂɡɛɟɠɚɬɶ ɞɚɧɧɵɣ ɞɟɮɟɤɬ ɩɨɡɜɨɥɹɟɬ ɢɡɨɬɟɪɦɢɱɟɫɤɚɹ ɩɪɨɩɢɬɤɚ. 

 

1.1 ȼɜɟɞɟɧɢɟ ɝɚɡɚ ɧɚɩɪɹɦɭɸ ɜ ɠɢɞɤɢɣ ɦɟɬɚɥɥ 
 
ɉɪɨɰɟɫɫ, ɢɦɟɧɭɟɦɵɣ Alcan N. Hydro, ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɦɟɠɞɭɧɚɪɨɞɧɨɣ 

ɩɪɨɝɪɚɦɦɨɣ ɆɆɋ (ɤɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɫ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɦɚɬɪɢɰɟɣ). ȼ 
ɤɚɱɟɫɬɜɟ ɜɜɨɞɢɦɵɯ ɜɟɳɟɫɬɜ, ɫɥɭɠɚɳɢɦɢ ɞɥɹ ɭɜɟɥɢɱɟɧɢɹ ɜɹɡɤɨɫɬɢ, ɩɪɢɦɟɧɹɸɬ 
ɤɚɪɛɢɞ ɤɪɟɦɧɢɹ SiC ɢɥɢ ɨɤɫɢɞ ɚɥɸɦɢɧɢɹ Al2O3 ɜ ɤɨɥɢɱɟɫɬɜɟ 5–20 % [8].  

ȼ ɚɥɸɦɢɧɢɣ, ɧɚɝɪɟɬɵɣ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ, ɜɧɟɞɪɹɸɬ ɤɟɪɚɦɢɱɟ-
ɫɤɢɣ ɭɩɪɨɱɧɢɬɟɥɶ. ɋ ɩɨɦɨɳɶɸ ɜɪɚɳɚɸɳɟɣɫɹ ɤɪɵɥɶɱɚɬɤɢ ɜ ɩɨɥɭɱɟɧɧɭɸ 
ɫɦɟɫɶ ɜɜɨɞɹɬ ɝɚɡ (ɚɡɨɬ, ɚɪɝɨɧ ɢɥɢ ɜɨɡɞɭɯ). Ⱦɚɥɟɟ ɩɪɨɢɫɯɨɞɢɬ ɜɵɬɹɠɤɚ ɜɫɩɟ-
ɧɟɧɧɨɣ ɫɭɛɫɬɚɧɰɢɢ ɧɚ ɚɥɸɦɢɧɢɟɜɨɣ ɮɨɥɶɝɟ ɫ ɩɨɦɨɳɶɸ ɥɟɧɬɨɱɧɨɝɨ ɬɪɚɧɫ-
ɩɨɪɬɟɪɚ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɨɥɭɱɚɸɬ ɩɟɧɨɚɥɸɦɢɧɢɣ ɫ ɩɨɪɢɫɬɨɫɬɶɸ ɨɬ 80 ɞɨ 97 %. 

Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɨɩɢɫɵɜɚɟɦɨɝɨ ɦɟɬɨɞɚ, ɫɯɟɦɚ ɤɨɬɨɪɨɝɨ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢ-
ɫɭɧɤɟ 4, ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɩɥɨɯɭɸ ɨɛɪɚɛɚɬɵɜɚɟɦɨɫɬɶ ɩɨɥɭɱɟɧɧɨɣ ɩɟɧɵ, ɹɜɥɹɸ-
ɳɟɣɫɹ ɩɪɢɱɢɧɨɣ ɜɵɫɨɤɨɝɨ ɢɡɧɨɫɚ ɪɟɠɭɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ, ɩɨ ɩɪɢɱɢɧɟ ɫɨɞɟɪ-
ɠɚɧɢɹ ɤɟɪɚɦɢɱɟɫɤɢɯ ɱɚɫɬɢɰ.  
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Ɋɢɫɭɧɨɤ 4 – ɋɯɟɦɚ ɬɟɯɧɨɥɨɝɢɢ ɜɜɟɞɟɧɢɹ  
ɝɚɡɚ ɜ ɠɢɞɤɢɣ ɦɟɬɚɥɥ 

 
Ɉɞɧɢɦ ɢɡ ɜɢɞɨɜ ɦɟɬɨɞɚ ɜɜɟɞɟɧɢɹ ɝɚɡɨɜ ɧɚɩɪɹɦɭɸ ɹɜɥɹɟɬɫɹ ɪɚɛɨɬɚ [9], 

ɝɞɟ ɫɦɟɲɢɜɚɧɢɟ ɢ ɜɫɩɟɧɢɜɚɧɢɟ ɪɚɫɩɥɚɜɚ ɨɫɭɳɟɫɬɜɥɹɸɬ ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɟɦ ɜ 
ɩɨɬɨɤɟ ɪɚɡɪɟɠɟɧɧɨɝɨ ɝɚɡɚ ɫ ɧɟɩɪɟɪɵɜɧɵɦ ɫɠɚɬɢɟɦ ɩɨɥɭɱɚɟɦɨɣ ɫɦɟɫɢ ɞɨ ɚɬ-
ɦɨɫɮɟɪɧɨɝɨ ɞɚɜɥɟɧɢɹ. ɗɬɨ ɩɪɨɢɫɯɨɞɢɬ ɜ ɬɟɱɟɧɢɟ ɜɪɟɦɟɧɢ, ɧɟ ɩɪɟɜɵɲɚɸɳɟɝɨ 
ɜɪɟɦɹ ɪɟɥɚɤɫɚɰɢɢ ɮɨɪɦɵ ɱɚɫɬɢɰ ɞɢɫɩɟɪɝɢɪɨɜɚɧɧɨɝɨ ɪɚɫɩɥɚɜɚ, ɫ ɩɨɫɥɟɞɭɸ-
ɳɢɦ ɩɨɞɞɟɪɠɚɧɢɟɦ ɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɩɨɬɨɤɟ ɞɢɫɩɟɪɝɢɪɨɜɚɧɧɨɝɨ ɪɚɫ-
ɩɥɚɜɚ, ɪɚɜɧɵɦ ɚɬɦɨɫɮɟɪɧɨɦɭ.  

Ɇɟɬɚɥɥɢɱɟɫɤɚɹ ɩɟɧɚ ɨɛɪɚɡɭɟɬɫɹ ɛɥɚɝɨɞɚɪɹ ɛɵɫɬɪɨɦɭ ɫɠɚɬɢɸ ɝɚɡɨɦɟ-
ɬɚɥɥɢɱɟɫɤɨɣ ɞɢɫɩɟɪɫɧɨɣ ɫɦɟɫɢ ɞɨ ɚɬɦɨɫɮɟɪɧɨɝɨ ɞɚɜɥɟɧɢɹ (ɜ ɩɪɨɰɟɫɫɟ ɨɛɪɚ-
ɡɨɜɚɧɢɹ) ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɜɵɞɟɪɠɤɨɣ ɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟɧɢɹ ɜ ɩɨɬɨɤɟ ɩɟɧɵ 
(ɞɨ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɪɚɜɧɵɦ ɚɬɦɨɫɮɟɪɧɨɦɭ).  

ɇɚɢɛɨɥɟɟ ɛɥɚɝɨɩɪɢɹɬɧɵɦ ɭɫɥɨɜɢɟɦ ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɩɟɧɵ ɦɟɬɚɥɥɢɱɟ-
ɫɤɨɝɨ ɪɚɫɩɥɚɜɚ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɥɨɩɚɫɬɧɨɝɨ ɦɟɯɚɧɢɡɦɚ ɬɢɩɚ ɜɨɡɞɭɲ-
ɧɨɝɨ ɜɢɧɬɚ ɩɪɢ ɫɤɨɪɨɫɬɢ ɜɪɚɳɟɧɢɹ 100 ɨɛɨɪɨɬɨɜ ɜ ɦɢɧɭɬɭ (1,7 ɫ-1) ɫ ɩɟɪɢɮɟ-
ɪɢɣɧɵɦ ɩɪɢɜɨɞɨɦ. Ɉɧ ɨɛɟɫɩɟɱɢɜɚɟɬ ɞɢɫɩɟɪɝɢɪɨɜɚɧɢɟ ɪɚɫɩɥɚɜɚ ɜ ɝɚɡɟ ɩɪɢ 
ɧɟɩɪɟɪɵɜɧɨɦ ɫɠɚɬɢɢ ɫɦɟɫɢ ɡɚ ɜɪɟɦɹ, ɧɟ ɩɪɟɜɵɲɚɸɳɟɟ ɜɪɟɦɹ ɞɢɧɚɦɢɱɟɫɤɨɣ 
ɪɟɥɚɤɫɚɰɢɢ (ɧɟ ɦɟɧɟɟ 5·10-3 ɫ) «ɥɟɩɟɫɬɤɨɜɨɣ» ɮɨɪɦɵ ɱɚɫɬɢɰ ɜ ɫɮɟɪɢɱɟɫɤɭɸ. 

ɉɨ ɷɬɨɣ ɬɟɯɧɨɥɨɝɢɢ ɩɪɨɰɟɫɫ ɩɨɥɭɱɟɧɢɹ ɩɟɧɨɦɟɬɚɥɥɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɛɟɡ ɩɪɢɦɟɧɟɧɢɹ ɩɨɪɨɨɛɪɚɡɭɸɳɢɯ (ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɞɨɪɨɝɨɫɬɨɹɳɢɯ) ɢ 
ɞɨɛɚɜɨɤ, ɭɦɟɧɶɲɚɸɳɢɯ ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɢ ɭɜɟɥɢɱɢ-
ɜɚɸɳɢɯ ɜɹɡɤɨɫɬɶ ɪɚɫɩɥɚɜɚ. Ⱦɢɫɩɟɪɫɧɨɫɬɶ ɩɨɪ ɫɨɫɬɚɜɥɹɟɬ 2–3 ɦɦ ɜ ɞɢɚɦɟɬɪɟ 
ɢ ɹɜɥɹɟɬɫɹ ɨɞɧɨɪɨɞɧɨɣ, ɩɨɪɢɫɬɨɫɬɶ ɜɵɫɨɤɚɹ, ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 90 %. 

ɉɨɥɭɱɟɧɧɵɣ ɨɩɢɫɚɧɧɵɦ ɦɟɬɨɞɨɦ ɩɟɧɨɚɥɸɦɢɧɢɣ ɩɨɡɜɨɥɹɟɬ ɨɛɟɫɩɟɱɢɬɶ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ (ɦɚɥɵɣ ɭɞɟɥɶɧɵɣ ɜɟɫ, ɬɟɩɥɨɢɡɨɥɹɰɢɹ, ɡɜɭɤɨɩɨɝɥɨɳɟɧɢɟ, 
ɩɨɝɥɨɳɟɧɢɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ, ɩɥɚɜɭɱɟɫɬɶ, ɚɦɨɪɬɢɡɚɰɢɹ ɭɞɚɪɨɜ, ɜɢɛ-
ɪɨɢɡɨɥɹɰɢɹ), ɞɟɤɨɪɚɬɢɜɧɵɟ ɢ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ ɩɪɢ ɜɵɫɨɤɨɣ ɷɮ-
ɮɟɤɬɢɜɧɨɫɬɢ ɢ ɬɟɯɧɨɥɨɝɢɱɧɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɟɣ ɩɪɨ-
ɦɵɲɥɟɧɧɨɫɬɢ [9]. 

ȼ ɩɚɬɟɧɬɟ [10] ɩɨɬɨɤ ɫɠɚɬɨɣ ɞɢɫɩɟɪɫɧɨɣ ɫɦɟɫɢ ɪɚɫɩɥɚɜɚ ɦɟɬɚɥɥɚ ɫ ɝɚ-
ɡɨɦ ɩɨɞɚɸɬ ɩɨɞ ɭɪɨɜɟɧɶ ɪɚɫɩɥɚɜɚ ɩɨɞ ɞɚɜɥɟɧɢɟɦ, ɩɪɟɜɵɲɚɸɳɟɦ ɫɭɦɦɭ ɦɟ-
ɬɚɥɥɨɫɬɚɬɢɱɟɫɤɨɝɨ ɢ ɚɬɦɨɫɮɟɪɧɨɝɨ ɞɚɜɥɟɧɢɣ. ɉɪɢ ɷɬɨɦ ɜɵɬɟɫɧɹɸɬ ɨɛɥɚɫɬɶ 



14 
 

ɪɚɫɩɥɚɜɚ ɫɦɟɫɶɸ, ɩɪɢɥɟɝɚɸɳɭɸ ɤ ɦɟɫɬɭ ɩɨɞɚɱɢ ɞɢɫɩɟɪɝɢɪɨɜɚɧɧɨɣ ɫɦɟɫɢ, ɚ 
ɱɚɫɬɶ ɧɟɩɪɟɪɵɜɧɨ ɨɬɜɨɞɹɬ ɢ ɨɯɥɚɠɞɚɸɬ ɞɨ ɡɚɬɜɟɪɞɟɜɚɧɢɹ.  

Ƚɥɚɜɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɨɩɢɫɵɜɚɟɦɨɝɨ ɩɪɨɰɟɫɫɚ ɩɨɥɭɱɟɧɢɹ ɜɫɩɟɧɟɧ-
ɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɚɜɬɨɤɨɪɪɟɤɬɢɪɨɜɤɢ ɤɪɚɬɧɨɫɬɢ ɩɟɧɵ ɡɚ 
ɫɱɟɬ ɫɛɪɨɫɚ ɢɡɥɢɲɤɨɜ ɝɚɡɚ ɩɪɢ ɛɚɪɛɨɬɚɠɟ ɢɥɢ ɱɟɪɟɡ ɝɚɡɨɨɬɜɨɞɹɳɭɸ ɬɪɭɛɤɭ. 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɢɫɩɨɥɶɡɭɸɬ: ɨɛɨɝɪɟɜɚɟɦɵɣ ɫɦɟɫɢɬɟɥɶ ɫ ɞɨɡɚɬɨɪɚɦɢ ɝɚɡɚ 
ɢ ɪɚɫɩɥɚɜɚ, ɫɨɞɟɪɠɚɳɢɣ ɫ ɩɟɪɢɮɟɪɢɣɧɵɦ ɩɪɢɜɨɞɨɦ ɜɢɧɬ; ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ ɜ 
ɜɢɞɟ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɢɡɥɨɠɧɢɰɵ, ɤɨɬɨɪɵɣ ɩɟɪɟɦɟɳɚɟɬɫɹ ɜɟɪɬɢɤɚɥɶɧɨ. ɉɪɨ-
ɰɟɫɫ ɥɢɬɶɹ ɨɫɭɳɟɫɬɜɥɹɸɬ ɩɟɪɢɨɞɢɱɟɫɤɢ, ɞɨ ɡɚɩɨɥɧɟɧɢɹ ɢɡɥɨɠɧɢɰɵ. 

Ⱦɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ ɩɟɧɨɚɥɸɦɢɧɢɣ ɫ ɜɵɫɨɤɨɣ ɩɨɪɢɫɬɨ-
ɫɬɶɸ (ɩɨɪɹɞɤɚ 90 %), ɭɩɪɚɜɥɹɟɦɵɦ ɢɧɬɟɪɜɚɥɨɦ ɞɢɫɩɟɪɫɢɢ ɩɨɪ 2–3, 2–7, 5–7 ɦɦ ɫ 
ɪɚɡɥɢɱɧɨɣ ɫɬɟɩɟɧɶɸ ɨɞɧɨɪɨɞɧɨɫɬɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɚɡɧɚɱɟɧɢɹ ɦɚɬɟɪɢɚɥɚ. 

ȼ ɢɡɨɛɪɟɬɟɧɢɢ [11] ɜ ɤɚɱɟɫɬɜɟ ɩɨɪɨɨɛɪɚɡɨɜɚɬɟɥɹ ɢɫɩɨɥɶɡɭɸɬ ɞɜɭɨɤɢɫɶ 
ɭɝɥɟɪɨɞɚ, ɚ ɜ ɤɚɱɟɫɬɜɟ ɭɩɪɨɱɧɹɸɳɢɯ ɱɚɫɬɢɰ – ɨɝɧɟɭɩɨɪɧɵɟ. Ɇɚɬɪɢɰɟɣ ɦɨɠɟɬ 
ɛɵɬɶ ɪɚɫɩɥɚɜɥɟɧɧɵɣ ɤɨɦɩɨɡɢɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ ɢɡ ɚɥɸɦɢɧɢɹ ɢɥɢ ɚɥɸɦɢɧɢɟɜɨ-
ɝɨ ɫɩɥɚɜɚ, ɭɩɪɨɱɧɟɧɧɵɣ ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɢɦɢ ɢɥɢ ɤɟɪɚɦɢɱɟɫɤɢɦɢ ɱɚɫɬɢɰɚɦɢ.  

ɋɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɩɨɞɚɱɟ ɬɨɧɤɨ ɞɢɫɩɟɪɝɢɪɨɜɚɧɧɨɝɨ 
ɝɚɡɚ ɫ ɰɟɥɶɸ ɨɛɪɚɡɨɜɚɧɢɹ ɩɨɪ ɜ ɦɟɬɚɥɥɢɱɟɫɤɭɸ ɦɚɬɪɢɰɭ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ 
ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɭɩɪɨɱɧɟɧɧɭɸ ɱɚɫɬɢɰɚɦɢ. ɉɭɡɵɪɶɤɢ ɝɚɡɚ ɩɨɞ-
ɧɢɦɚɸɬɫɹ ɜɜɟɪɯ ɢ ɨɛɪɚɡɭɸɬ ɩɨɪɢɫɬɵɣ ɦɚɬɟɪɢɚɥ, ɩɨɫɬɟɩɟɧɧɨ ɭɜɟɥɢɱɢɜɚɸ-
ɳɢɣɫɹ ɜ ɨɛɴɟɦɟ. Ɋɚɡɪɭɲɟɧɢɟ ɩɨɪ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɩɥɚɜɚ ɧɟ 
ɧɚɛɥɸɞɚɟɬɫɹ, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɫɬɚɛɢɥɶɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɩɭɡɵɪɶɤɨɜ ɝɚɡɚ. 
ȼɟɪɯɧɹɹ ɱɚɫɬɶ ɦɚɫɫɵ ɦɟɬɚɥɥɚ ɩɟɪɟɯɨɞɢɬ ɜ ɬɜɟɪɞɨɟ ɫɨɫɬɨɹɧɢɟ, ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ 
ɟɟ ɦɨɠɧɨ ɥɟɝɤɨ ɭɞɚɥɢɬɶ. 

 

 
 

Ɋɢɫɭɧɨɤ 5 – Ɍɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɫɯɟɦɚ ɩɨɥɭɱɟɧɢɹ ɩɟɧɨɦɟɬɚɥɥɚ 
 

Ⱦɨɩɭɫɤɚɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɭɞɚɥɟɧɢɹ ɩɟɧɨɦɟɬɚɥɥɚ ɜ ɬɜɟɪɞɨɠɢɞɤɨɦ ɫɨ-
ɫɬɨɹɧɢɢ. ɉɪɢ ɷɬɨɦ ɧɟɬ ɢɡɦɟɧɟɧɢɹ ɹɱɟɢɫɬɨɣ ɫɬɪɭɤɬɭɪɵ ɩɨ ɩɪɢɱɢɧɟ ɜɵɫɨɤɨɣ 
ɜɹɡɤɨɫɬɢ ɩɨɥɭɱɟɧɧɨɝɨ ɜɫɩɟɧɟɧɧɨɝɨ ɦɟɬɚɥɥɚ. ɗɬɨ ɹɜɥɹɟɬɫɹ ɝɥɚɜɧɵɦ ɩɪɟɢɦɭ-
ɳɟɫɬɜɨɦ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ ɜɨɡɦɨɠɧɨ ɨɫɭɳɟɫɬɜɥɟɧɢɟ ɧɟɩɪɟɪɵɜɧɨɣ ɩɟɪɟ-
ɞɚɱɢ ɩɨɥɭɬɜɟɪɞɨɝɨ ɩɟɧɨɦɟɬɚɥɥɚ ɜ ɢɡɥɨɠɧɢɰɵ. ɇɚ ɷɬɨɣ ɫɬɚɞɢɢ ɦɚɬɟɪɢɚɥ ɩɨɞ-
ɜɟɪɝɚɸɬ ɮɨɪɦɨɜɚɧɢɸ, ɱɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɝɢɛɤɨɫɬɶ ɜ ɨɬɧɨɲɟɧɢɢ ɤɨɧɟɱɧɨɣ 
ɮɨɪɦɵ ɩɨɥɭɩɪɨɞɭɤɬɨɜ ɜɫɩɟɧɟɧɧɨɝɨ ɦɟɬɚɥɥɚ.  
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Ʉ ɞɨɫɬɨɢɧɫɬɜɚɦ ɨɩɢɫɵɜɚɟɦɨɣ ɬɟɯɧɨɥɨɝɢɢ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɨɬɫɭɬɫɬɜɢɟ 
ɬɪɟɛɨɜɚɧɢɣ ɤ ɞɚɜɥɟɧɢɸ ɬɟɦɩɟɪɚɬɭɪɟ ɢɥɢ ɪɚɜɧɨɦɟɪɧɨɦɭ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ɩɭ-
ɡɵɪɶɤɨɜ ɝɚɡɚ ɜɨ ɜɪɟɦɹ ɜɫɩɟɧɢɜɚɧɢɹ ɢ ɩɟɪɟɯɨɞɚ ɜ ɬɜɟɪɞɨɟ ɫɨɫɬɨɹɧɢɟ. Ɍɚɤɠɟ 
ɫɸɞɚ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɨɛɨɝɚɳɟɧɢɟ ɧɢɡɤɨɫɨɪɬɧɨɝɨ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ 
ɢɡ ɫɤɪɚɩɚ. ɗɬɨ ɩɪɟɞɫɬɚɜɥɹɟɬ ɪɟɲɟɧɢɟ ɩɪɨɛɥɟɦɵ, ɩɨɫɤɨɥɶɤɭ, ɧɚ ɞɚɧɧɵɣ ɦɨ-
ɦɟɧɬ, ɧɟ ɫɭɳɟɫɬɜɭɟɬ ɜɨɡɦɨɠɧɨɫɬɢ ɟɝɨ ɩɟɪɟɩɥɚɜɢɬɶ ɢɥɢ ɜɤɥɸɱɢɬɶ ɜ ɪɟɰɢɪɤɭ-
ɥɢɪɨɜɚɧɧɵɣ ɜɬɨɪɢɱɧɵɣ ɚɥɸɦɢɧɢɣ [11]. 

ȼ ɪɚɛɨɬɟ [12] ɜ ɤɚɱɟɫɬɜɟ ɝɚɡɚ ɢɫɩɨɥɶɡɭɸɬ ɞɜɭɨɤɢɫɶ ɤɪɟɦɧɢɹ ɜ ɜɢɞɟ ɚɷ-
ɪɨɫɢɥɚ. Ɂɞɟɫɶ ɩɨɬɨɤ ɪɚɫɩɥɚɜɚ ɞɢɫɩɟɪɝɢɪɭɸɬ ɜ ɩɨɬɨɤɟ ɚɷɪɨɡɨɥɹ, ɫɨɞɟɪɠɚɳɟɝɨ 
ɭɥɶɬɪɚɞɢɫɩɟɪɫɧɵɟ ɱɚɫɬɢɰɵ ɬɜɟɪɞɨɝɨ, ɚɞɫɨɪɛɢɪɭɸɳɟɝɨ ɝɚɡ, ɜɟɳɟɫɬɜɚ, ɚ ɫɬɚ-
ɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɭɜɟɥɢɱɢɜɚɸɬ ɞɨ ɚɬɦɨɫɮɟɪɧɨɝɨ ɜ ɩɨɬɨɤɟ ɞɢɫɩɟɪɝɢɪɨɜɚɧɧɨɣ 
ɫɦɟɫɢ ɩɟɪɟɞ ɨɯɥɚɠɞɟɧɢɟɦ. 

ɂɧɬɟɪɟɫɧɵɦɢ ɹɜɥɹɸɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɫɬɚɬɢɱɟɫɤɨɝɨ ɞɚɜɥɟ-
ɧɢɹ. ȼ ɩɨɬɨɤɟ ɩɨɫɥɟ ɬɨɪɦɨɠɟɧɢɹ ɩɪɢ ɫɬɚɬɢɱɟɫɤɨɦ ɞɚɜɥɟɧɢɢ ɧɚɦɧɨɝɨ ɦɟɧɶɲɟ 
ɚɬɦɨɫɮɟɪɧɨɝɨ ɩɪɨɢɫɯɨɞɢɬ ɢɧɠɟɤɰɢɹ ɝɚɡɚ ɜ ɩɨɬɨɤ ɢ ɪɚɡɪɵɜɵ (ɢɡ-ɡɚ ɧɟɭɫɬɨɣɱɢ-
ɜɨɣ ɫɢɫɬɟɦɵ). ȿɫɥɢ ɫɬɚɬɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ ɛɨɥɶɲɟ ɚɬɦɨɫɮɟɪɧɨɝɨ, ɬɨ ɪɚɡɜɢɜɚɟɬ-
ɫɹ ɧɟɭɫɬɨɣɱɢɜɨɫɬɶ ɫɢɫɬɟɦɵ ɫ ɱɚɫɬɢɱɧɵɦ ɜɵɯɨɞɨɦ ɝɚɡɚ ɢɡ ɪɚɫɩɥɚɜɚ. ȿɫɥɢ ɠɟ 
ɨɧɨ ɪɚɜɧɨ ɢɥɢ ɧɚɯɨɞɢɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ – 3 … + 3 ɤɉɚ, ɬɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɚɢɛɨ-
ɥɟɟ ɛɥɚɝɨɩɪɢɹɬɧɵɣ ɪɟɠɢɦ ɞɥɹ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨɥɭɱɟɧɧɨɣ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɟɧɵ. 

ɉɪɢɱɢɧɚɦɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɚɷɪɨɫɢɥɚ ɹɜɥɹɸɬɫɹ: ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɞɨ-
ɩɨɥɧɢɬɟɥɶɧɵɣ ɢɫɬɨɱɧɢɤ ɩɨɪɨɨɛɪɚɡɭɸɳɟɝɨ ɝɚɡɚ; ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɬɪɟɛɨɜɚɧɢɹɦ ɤ 
ɢɫɩɨɥɶɡɨɜɚɧɢɸ ɜ ɤɚɱɟɫɬɜɟ ɡɚɝɭɫɬɢɬɟɥɹ; ɧɟɞɟɮɢɰɢɬɟɧ. 

ɋɥɟɞɭɟɬ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɦɟɬɨɞ ɩɥɚɜɚɸɳɟɣ ɡɨɧɵ [13]. ɉɪɨɰɟɫɫ 
ɩɨɥɭɱɟɧɢɹ ɩɨɪɢɫɬɨɝɨ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɬɟɥɚ, ɭɤɚɡɚɧɧɵɣ ɧɚ ɪɢɫɭɧɤɟ 5, ɜɤɥɸɱɚ-
ɟɬ ɜ ɫɟɛɹ ɫɥɟɞɭɸɳɢɟ ɨɩɟɪɚɰɢɢ. ɋɩɟɪɜɚ ɜɚɤɭɭɦɢɪɭɸɬ ɜɨɡɞɭɯɨɧɟɩɪɨɧɢɰɚɟɦɵɣ 
ɤɨɧɬɟɣɧɟɪ ɱɟɪɟɡ ɜɵɬɹɠɧɭɸ ɬɪɭɛɭ. Ⱦɚɥɟɟ ɜ ɧɟɝɨ ɩɨɞɚɸɬ ɢɧɟɪɬɧɵɣ ɢ ɪɚɫɬɜɨ-
ɪɹɸɳɢɣɫɹ ɝɚɡ ɩɨ ɬɪɭɛɟ ɞɥɹ ɩɨɞɚɱɢ ɝɚɡɚ ɞɨ ɬɟɯ ɩɨɪ, ɩɨɤɚ ɞɚɜɥɟɧɢɟ ɜ ɜɨɡɞɭɯɨ-
ɧɟɩɪɨɧɢɰɚɟɦɨɦ ɤɨɧɬɟɣɧɟɪɟ ɧɟ ɞɨɫɬɢɝɧɟɬ ɡɚɞɚɧɧɨɣ ɜɟɥɢɱɢɧɵ. Ʉɨɧɬɟɣɧɟɪ 
ɝɟɪɦɟɬɢɱɧɨ ɡɚɤɪɵɬ ɩɪɢ ɩɨɦɨɳɢ ɭɩɥɨɬɧɢɬɟɥɟɣ. 

Ɂɚɝɨɬɨɜɤɭ ɩɨɞɚɸɬ ɜ ɤɨɧɬɟɣɧɟɪ ɫ ɡɚɞɚɧɧɨɣ ɫɤɨɪɨɫɬɶɸ ɢ ɧɚɝɪɟɜɚɸɬ ɫ ɩɨ-
ɦɨɳɶɸ ɤɚɬɭɲɤɢ ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɝɨ ɧɚɝɪɟɜɚ, ɫ ɰɟɥɶɸ ɱɚɫɬɢɱɧɨɣ ɧɟɩɪɟɪɵɜɧɨɣ 
ɩɥɚɜɤɢ. ȼ ɨɤɪɭɠɚɸɳɟɣ ɚɬɦɨɫɮɟɪɟ ɪɚɫɬɜɨɪɹɸɳɢɣɫɹ ɝɚɡ ɩɪɨɧɢɤɚɟɬ ɜ ɪɚɫɩɥɚɜɥɟɧ-
ɧɵɣ ɭɱɚɫɬɨɤ ɦɟɬɚɥɥɚ. Ⱦɚɥɟɟ, ɩɪɨɣɞɹ ɨɛɥɚɫɬɶ ɧɚɝɪɟɜɚ, ɡɚɝɨɬɨɜɤɭ ɨɯɥɚɠɞɚɸɬ, ɬɟɦ 
ɫɚɦɵɦ ɫɩɨɫɨɛɫɬɜɭɹ ɩɟɪɟɯɨɞɭ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɬɜɟɪɞɨɟ. 

ȼ ɬɚɤɨɦ ɫɨɫɬɨɹɧɢɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɵɞɟɥɟɧɢɹ ɪɚɫɬɜɨɪɟɧɧɨɝɨ ɝɚɡɚ ɢɡ ɪɚɫ-
ɩɥɚɜɥɟɧɧɨɝɨ ɦɟɬɚɥɥɚ ɨɛɪɚɡɭɸɬɫɹ ɩɭɡɵɪɶɤɢ. Ɉɧɢ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ ɩɪɨɞɨɥɶ-
ɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɩɨɪɢɫɬɨɝɨ ɦɟɬɚɥ-
ɥɢɱɟɫɤɨɝɨ ɬɟɥɚ. ȿɝɨ ɭɞɚɥɹɸɬ ɢɡ ɭɫɬɪɨɣɫɬɜɚ ɱɟɪɟɡ ɭɩɥɨɬɧɢɬɟɥɶ. 

ɍɫɬɪɨɣɫɬɜɨ ɫɧɚɛɠɟɧɨ ɬɪɟɦɹ ɜɢɞɚɦɢ ɨɯɥɚɠɞɚɸɳɢɯ ɦɟɯɚɧɢɡɦɨɜ ɫ ɰɟɥɶɸ 
ɨɯɥɚɠɞɟɧɢɹ ɢɫɯɨɞɧɨɝɨ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ. ȼ ɩɟɪɜɨɦ, ɝɚɡ ɜ ɤɨɧɬɟɣɧɟ-
ɪɟ ɰɢɪɤɭɥɢɪɭɸɬ ɫ ɩɨɦɨɳɶɸ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɞɭɬɶɹ ɢ ɜɵɞɭɜɚɸɬ ɧɚ ɢɫɯɨɞɧɵɣ 
ɦɟɬɚɥɥɢɱɟɫɤɢɣ ɦɚɬɟɪɢɚɥ ɢɡ ɬɪɭɛ ɞɥɹ ɞɭɬɶɹ. ȼɨ ɜɬɨɪɨɦ ɦɟɯɚɧɢɡɦɟ ɩɪɨɢɫɯɨɞɢɬ 
ɨɯɥɚɠɞɟɧɢɟ ɤɨɧɰɟɜɨɝɨ ɭɱɚɫɬɤɚ ɢɫɯɨɞɧɨɣ ɡɚɝɨɬɨɜɤɢ ɩɭɬɟɦ ɰɢɪɤɭɥɹɰɢɢ ɨɯɥɚ-
ɠɞɚɸɳɟɣ ɜɨɞɵ ɩɨ ɬɪɭɛɚɦ ɫ ɩɨɦɨɳɶɸ ɨɯɥɚɠɞɚɸɳɟɝɨ ɛɥɨɤɚ. Ɍɪɟɬɢɣ ɦɟɯɚ-
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ɧɢɡɦ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫ ɰɟɥɶɸ ɤɨɧɬɚɤɬɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ ɜɨɞɨɣ, ɰɢɪɤɭɥɢɪɭɸɳɟɣ 
ɩɨ ɬɪɭɛɚɦ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɨɯɥɚɠɞɚɸɳɟɣ ɪɭɛɚɲɤɢ ɜ ɮɨɪɦɟ ɤɨɥɶɰɚ. Ɍɚɤɢɟ ɩɚ-
ɪɚɦɟɬɪɵ ɤɚɤ: ɞɢɚɦɟɬɪ ɢ ɮɨɪɦɚ ɩɨɪ, ɩɨɪɢɫɬɨɫɬɶ ɢ ɞɪɭɝɢɟ – ɜɨɡɦɨɠɧɨ ɪɟɝɭɥɢ-
ɪɨɜɚɬɶ, ɩɪɢɦɟɧɹɹ ɨɞɢɧ ɢ ɛɨɥɟɟ ɨɩɢɫɚɧɧɵɯ ɦɟɯɚɧɢɡɦɨɜ, ɚ ɬɚɤɠɟ ɞɨɩɭɫɤɚɟɬɫɹ 
ɜɨɡɦɨɠɧɨɫɬɶ ɟɫɬɟɫɬɜɟɧɧɨɝɨ ɨɯɥɚɠɞɟɧɢɹ [13]. 

 

 
                     

                         ɚ 

 

 
 
                              ɛ 

                    
 
                                ɜ 

 
1 – ɜɨɡɞɭɯɨɧɟɩɪɨɧɢɰɚɟɦɵɣ ɤɨɧɬɟɣɧɟɪ; 2, 3 – ɭɩɥɨɬɧɢɬɟɥɢ; 4 – ɜɵɬɹɠɧɚɹ ɬɪɭɛɚ;  

5 – ɬɪɭɛɚ ɞɥɹ ɩɨɞɚɱɢ ɝɚɡɚ; 6 – ɢɫɯɨɞɧɵɣ ɦɚɬɟɪɢɚɥ; 7 – ɤɚɬɭɲɤɚ ɜɵɫɨɤɨɱɚɫɬɨɬɧɨɝɨ 
ɧɚɝɪɟɜɚ; 8 – ɭɫɬɚɧɨɜɤɚ ɞɥɹ ɞɭɬɶɹ; 9Ⱥ, 9ȼ – ɬɪɭɛɵ ɞɥɹ ɞɭɬɶɹ; 10 – ɨɯɥɚɠɞɚɸɳɢɣ  

ɛɥɨɤ; 11, 12 – ɬɪɭɛɵ ɞɥɹ ɰɢɪɤɭɥɹɰɢɢ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ; 13 – ɨɯɥɚɠɞɚɸɳɚɹ ɪɭ-
ɛɚɲɤɚ ɜ ɮɨɪɦɟ ɤɨɥɶɰɚ; 14, 15 – ɬɪɭɛɚ ɞɥɹ ɰɢɪɤɭɥɹɰɢɢ ɨɯɥɚɠɞɚɸɳɟɣ ɜɨɞɵ; 

 
Ɋɢɫɭɧɨɤ 6 – ɋɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɩɟɧɨɚɥɸɦɢɧɢɹ: 

ɚ – ɫɯɟɦɚ ɭɫɬɪɨɣɫɬɜɚ: ɛ ɢ ɜ – ɩɪɨɞɨɥɶɧɨɟ  
ɢ ɩɨɩɟɪɟɱɧɨɟ ɫɟɱɟɧɢɟ ɨɛɪɚɡɰɚ 

 
ȼ ɤɚɱɟɫɬɜɟ ɢɫɯɨɞɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɜɨɡɦɨɠɧɵ ɦɟɬɚɥɥɵ: ɚɥɸɦɢɧɢɣ, ɦɟɞɶ, 

ɧɢɤɟɥɶ, ɠɟɥɟɡɨ, ɭɪɚɧ, ɫɜɢɧɟɰ, ɨɥɨɜɨ, ɦɨɥɢɛɞɟɧ, ɝɚɮɧɢɣ, ɰɢɪɤɨɧɢɣ, ɩɚɥɥɚɞɢɣ, 
ɩɥɚɬɢɧɚ, ɡɨɥɨɬɨ, ɫɟɪɟɛɪɨ, ɬɢɬɚɧ, ɛɟɪɢɥɥɢɣ, ɯɪɨɦ, ɦɚɪɝɚɧɟɰ, ɜɨɥɶɮɪɚɦ, ɤɨ-
ɛɚɥɶɬ, ɦɚɝɧɢɣ ɢ ɢɯ ɫɩɥɚɜɵ. ɗɬɨ ɞɚɟɬ ɨɫɧɨɜɚɧɢɟ ɧɚ ɨɛɲɢɪɧɭɸ ɨɛɥɚɫɬɶ ɩɪɢɦɟ-
ɧɟɧɢɹ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɧɟɦɚɥɨɜɚɠɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɨɩɢɫɵɜɚɟɦɨɣ ɬɟɯɧɨɥɨɝɢɢ. 
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Ʉ ɞɨɫɬɨɢɧɫɬɜɚɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ: ɜɵɫɨɤɭɸ ɦɟɯɚɧɢɱɟɫɤɭɸ ɨɛɪɚɛɚɬɵɜɚɟ-
ɦɨɫɬɶ, ɫɜɚɪɢɜɚɟɦɨɫɬɶ, ɜɵɫɨɤɚɹ ɭɞɟɥɶɧɚɹ ɩɪɨɱɧɨɫɬɶ ɢ ɨɛɥɟɝɱɟɧɧɵɣ ɜɟɫ.  

ɉɨɞɜɟɞɹ ɨɛɳɢɣ ɢɬɨɝ ɨɩɢɫɵɜɚɟɦɵɯ ɦɟɬɨɞɨɜ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ 
ɬɨɦ, ɱɬɨ ɫɩɨɫɨɛ «ɜɜɟɞɟɧɢɟ ɝɚɡɚ ɧɚɩɪɹɦɭɸ» ɹɜɥɹɟɬɫɹ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɦ ɞɥɹ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɩɨ ɩɪɢɱɢɧɚɦ ɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɩɨɪɨɜɨɝɨ 
ɩɪɨɫɬɪɚɧɫɬɜɚ ɢ ɧɟɪɚɜɧɨɦɟɪɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɪ. 

 

1.2 Ʌɢɬɶɟ ɜ ɩɨɪɢɫɬɵɣ ɤɚɪɤɚɫ ɢɡ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɯ ɫɨɥɟɣ 
 
Ⱦɚɧɧɵɣ ɫɩɨɫɨɛ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɥɟɞɭɸɳɢɯ ɞɟɣɫɬɜɢɣ. 

ȼ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɪɚɡɨɝɪɟɬɭɸ ɮɨɪɦɭ ɫ ɜɨɞɨɪɚɫɬɜɨɪɢɦɨɣ ɫɨɥɶɸ (ɧɚɩɪɢɦɟɪ, 
NaCl) ɡɚɥɢɜɚɸɬ ɪɚɫɩɥɚɜ ɚɥɸɦɢɧɢɹ, ɤɨɬɨɪɵɣ ɡɚɩɨɥɧɹɟɬ ɩɨɥɨɫɬɢ ɦɟɠɞɭ ɝɪɚɧɭ-
ɥɚɦɢ. Ɍɟɦɩɟɪɚɬɭɪɚ ɫɩɥɚɜɚ ɞɨɥɠɧɚ ɛɵɬɶ ɧɢɠɟ ɬɟɦɩɟɪɚɬɭɪɵ ɩɥɚɜɥɟɧɢɹ ɫɨɥɢ. 
ȼɚɠɧɨ ɬɚɤɠɟ ɭɱɢɬɵɜɚɬɶ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɩɪɢɫɭɬɫɬɜɢɟ ɯɢɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣ-
ɫɬɜɢɹ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɯ ɫɨɥɟɣ ɢ ɪɚɫɩɥɚɜɚ ɚɥɸɦɢɧɢɹ ɤɚɬɟɝɨɪɢɱɟɫɤɢ ɧɟ ɞɨɩɭɫ-
ɬɢɦɨ. Ⱦɚɥɟɟ ɩɨɥɭɱɟɧɧɭɸ ɨɬɥɢɜɤɭ ɩɨɫɥɟ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɢɡɜɥɟɤɚɸɬ ɢɡ ɮɨɪɦɵ ɢ  
ɩɪɨɦɵɜɚɸɬ ɩɨɞ ɧɚɩɨɪɨɦ ɜɨɞɵ ɞɥɹ ɭɞɚɥɟɧɢɹ ɫɨɥɟɜɵɯ ɝɪɚɧɭɥ. Ɂɚɤɥɸɱɢɬɟɥɶɧɵɦ 
ɷɬɚɩɨɦ ɹɜɥɹɟɬɫɹ ɫɭɲɤɚ, ɩɨɫɥɟ ɱɟɝɨ ɩɨɥɭɱɚɸɬ ɩɟɧɨɦɟɬɚɥɥ ɫ ɨɬɤɪɵɬɵɦɢ ɩɨɪɚɦɢ. 

 

 
 

Ɋɢɫɭɧɨɤ 7 – ɋɯɟɦɚ ɩɨɥɭɱɟɧɢɹ ɩɟɧɨɚɥɸɦɢɧɢɹ 
 

Ʉ ɨɩɢɫɵɜɚɟɦɨɦɭ ɦɟɬɨɞɭ ɨɬɧɨɫɢɬɫɹ ɞɨɫɬɚɬɨɱɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɛɨɬ, ɜ 
ɨɞɧɨɣ ɢɡ ɤɨɬɨɪɵɯ [14] ɜ ɤɚɱɟɫɬɜɟ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɯ ɫɨɥɟɣ ɩɪɢɦɟɧɹɸɬ: ɢɥɢ 
ɯɥɨɪɢɞ ɤɚɥɶɰɢɹ, ɢɥɢ ɮɬɨɪɢɞ ɤɚɥɢɹ, ɢɥɢ ɯɥɨɪɢɞ ɛɚɪɢɹ. ɂɯ ɩɥɨɬɧɨɫɬɶ, ɤɚɤ ɩɪɚ-
ɜɢɥɨ, ɜɵɲɟ ɩɥɨɬɧɨɫɬɢ ɚɥɸɦɢɧɢɟɜɨɝɨ ɪɚɫɩɥɚɜɚ, ɱɬɨ ɧɟ ɩɨɡɜɨɥɹɟɬ ɜɫɩɥɵɜɚɬɶ 
ɝɪɚɧɭɥɚɦ ɩɪɢ ɡɚɩɨɥɧɟɧɢɢ. 

Ʉ ɞɨɫɬɨɢɧɫɬɜɚɦ ɨɩɢɫɵɜɚɟɦɨɝɨ ɦɟɬɨɞɚ ɨɬɧɨɫɹɬ: ɫɧɢɠɟɧɢɟ ɫɟɛɟɫɬɨɢɦɨ-
ɫɬɢ, ɪɚɫɲɢɪɟɧɢɟ ɧɨɦɟɧɤɥɚɬɭɪɵ ɢɡɞɟɥɢɣ, ɚ ɬɚɤɠɟ ɩɨɥɭɱɟɧɢɟ ɨɞɧɨɪɨɞɧɨɣ ɩɨ-
ɪɢɫɬɨɫɬɢ (ɢɫɩɨɥɶɡɭɹ ɨɞɢɧɚɤɨɜɵɟ ɝɪɚɧɭɥɵ), ɱɬɨ ɩɨɜɵɲɚɟɬ ɤɚɱɟɫɬɜɨ ɜɫɩɟɧɟɧ-
ɧɨɝɨ ɚɥɸɦɢɧɢɹ. ɉɪɨɫɬɨɬɚ ɫɩɨɫɨɛɚ ɩɨɡɜɨɥɹɟɬ ɩɪɢɦɟɧɢɬɶ ɬɟɯɧɨɥɨɝɢɸ ɜ ɩɪɨ-
ɦɵɲɥɟɧɧɨɫɬɢ. ɇɟɞɨɫɬɚɬɨɤ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɝɪɚɧɭɥɵ ɩɪɢ ɯɪɚɧɟɧɢɢ ɬɟ-
ɪɹɸɬ ɩɪɨɱɧɨɫɬɶ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ ɢɯ ɪɚɡɪɭɲɟɧɢɹ ɩɪɢ ɡɚɥɢɜɤɟ, ɱɬɨ ɩɪɢ-
ɜɨɞɢɬ ɤ ɭɯɭɞɲɟɧɢɸ ɬɪɟɛɭɟɦɨɝɨ ɤɚɱɟɫɬɜɚ. 

Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɩɚɬɟɧɬɚ [15] ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɨ-
ɥɟɣ: ɛɪɨɦɢɞ ɢɥɢ ɣɨɞɢɞ ɤɚɥɶɰɢɹ (ɛɚɪɢɹ). ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɤɚɱɟɫɬɜɨ 
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ɢɡɞɟɥɢɣ ɢɡ ɩɟɧɨɚɥɸɦɢɧɢɹ ɢ ɭɦɟɧɶɲɢɬɶ ɬɪɭɞɨɟɦɤɨɫɬɶ ɨɩɟɪɚɰɢɢ ɭɞɚɥɟɧɢɹ ɫɨ-
ɥɟɣ ɩɨ ɩɪɢɱɢɧɟ ɭɜɟɥɢɱɟɧɢɹ ɢɯ ɪɚɫɬɜɨɪɢɦɨɫɬɢ ɜ ɜɨɞɟ ɢ ɫɧɢɠɟɧɢɢ ɧɟɪɚɫɬɜɨ-
ɪɢɦɨɝɨ ɨɫɬɚɬɤɚ ɜ ɩɨɪɚɯ. 

ȼ ɢɡɨɛɪɟɬɟɧɢɢ [16] ɢɫɩɨɥɶɡɭɸɬ ɜɨɞɨɪɚɫɬɜɨɪɢɦɭɸ ɫɦɟɫɶ ɢɡ ɫɨɞɵ ɢ ɠɟ-
ɥɚɬɢɧɚ, ɜ ɫɨɨɬɧɨɲɟɧɢɢ: ɠɟɥɚɬɢɧ – 0,5–5 %; ɫɨɞɚ – 95–99,5 %. ɀɟɥɚɬɢɧ ɜɵ-
ɩɨɥɧɹɟɬ ɮɭɧɤɰɢɸ ɫɜɹɡɭɸɳɟɝɨ ɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɥɭɱɟɧɢɟ ɝɪɚɧɭɥ ɫ ɜɵɫɨɤɨɣ 
ɩɪɨɱɧɨɫɬɶɸ. Ʉ ɩɪɟɢɦɭɳɟɫɬɜɚɦ ɷɬɨɣ ɬɟɯɧɨɥɨɝɢɢ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɪɟɝɭɥɢɪɭɟ-
ɦɵɣ ɪɚɡɦɟɪ ɩɨɪ ɢ ɫɬɚɛɢɥɶɧɭɸ ɩɨɪɢɫɬɨɫɬɶ. Ɍɚɤɠɟ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɨ-
ɧɢɠɚɟɬɫɹ ɝɢɝɪɨɫɤɨɩɢɱɧɨɫɬɶ ɝɪɚɧɭɥ ɢ ɩɨɜɵɲɚɟɬɫɹ ɢɯ ɩɪɨɱɧɨɫɬɶ, ɬɟɦ ɫɚɦɵɦ 
ɫɧɢɠɚɟɬɫɹ ɜɟɪɨɹɬɧɨɫɬɶ ɪɚɡɪɭɲɟɧɢɹ ɩɪɢ ɡɚɥɢɜɤɟ, ɱɬɨ ɩɨɜɵɲɚɟɬ ɤɚɱɟɫɬɜɨ ɩɨ-
ɥɭɱɚɟɦɵɯ ɢɡɞɟɥɢɣ ɢɡ ɜɫɩɟɧɟɧɧɨɝɨ ɚɥɸɦɢɧɢɹ. 

ȼ ɪɚɛɨɬɟ [17] ɨɩɢɫɵɜɚɟɬɫɹ ɭɫɬɪɨɣɫɬɜɨ, ɤɨɬɨɪɨɟ ɢɦɟɟɬ ɜɢɞ ɛɟɫɤɚɪɤɚɫɧɨɣ 
ɧɟɪɚɡɴɟɦɧɨɣ ɞɟɬɚɥɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ ɪɚɛɨɱɟɣ ɱɚɫɬɢ (ɩɨɪɢɫɬɵɣ ɰɜɟɬɧɨɣ ɦɟɬɚɥɥ) 
ɢ ɭɡɥɚ ɤɪɟɩɥɟɧɢɹ (ɰɜɟɬɧɨɣ ɦɟɬɚɥɥ). Ɋɚɛɨɱɚɹ ɱɚɫɬɶ ɜɵɩɨɥɧɟɧɚ ɦɟɬɨɞɨɦ ɥɢɬɶɹ 
ɜ ɭɫɥɨɜɢɹɯ ɫɨɡɞɚɧɢɹ ɪɚɡɧɢɰɵ ɞɚɜɥɟɧɢɹ ɜ ɥɢɬɟɣɧɭɸ ɮɨɪɦɭ ɱɚɫɬɢ ɦɟɬɚɥɥɢɱɟ-
ɫɤɨɝɨ ɫɩɥɚɜɚ. Ʌɢɬɟɣɧɚɹ ɮɨɪɦɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɪɚɡɨɝɪɟɬɚ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚ-
ɥɢɜɚɟɦɨɝɨ ɫɩɥɚɜɚ ɢ ɫɨɞɟɪɠɢɬ ɫɥɨɣ ɩɨɪɨɨɛɪɚɡɨɜɚɬɟɥɹ, ɜɵɫɨɬɚ ɤɨɬɨɪɨɝɨ ɫɨɨɬ-
ɜɟɬɫɬɜɭɟɬ ɜɵɫɨɬɟ ɪɚɛɨɱɟɣ ɱɚɫɬɢ. ɐɟɥɶɧɨɦɟɬɚɥɥɢɱɟɫɤɚɹ ɱɚɫɬɶ ɜɵɩɨɥɧɟɧɚ 
ɥɢɬɶɟɦ ɨɫɬɚɥɶɧɨɣ ɱɚɫɬɢ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɪɚɫɩɥɚɜɚ ɜ ɷɬɭ ɠɟ ɮɨɪɦɭ, ɨɞɧɚɤɨ, ɧɚ 
ɜɵɫɨɬɭ ɭɡɥɚ ɤɪɟɩɥɟɧɢɹ. ȼ ɯɨɞɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɮɨɪɦɢɪɭɟɬɫɹ ɧɟɪɚɡɴɟɦɧɨɟ ɫɨ-
ɟɞɢɧɟɧɢɟ, ɚ ɩɨɪɢɫɬɨɫɬɶ ɨɛɪɚɡɭɟɬɫɹ ɭɞɚɥɟɧɢɟɦ ɩɨɪɨɨɛɪɚɡɭɸɳɟɝɨ ɧɚɩɨɥɧɢɬɟɥɹ 
ɩɨɫɥɟ ɨɯɥɚɠɞɟɧɢɹ ɨɬɥɢɜɤɢ. 

ɋɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɥɟɞɭɸɳɢɟ ɨɩɟɪɚɰɢɢ. ɋɩɟɪɜɚ ɩɪɨ-
ɢɡɜɨɞɹɬ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ ɩɨɪɨɨɛɪɚɡɭɸɳɟɝɨ ɧɚɩɨɥɧɢɬɟɥɹ ɞɨ ɬɟɦɩɟ-
ɪɚɬɭɪɵ, ɧɟ ɩɪɟɜɵɲɚɸɳɟɣ ɬɟɦɩɟɪɚɬɭɪɭ ɩɥɚɜɥɟɧɢɹ ɦɟɬɚɥɥɚ. ȼ ɤɚɱɟɫɬɜɟ ɧɚ-
ɩɨɥɧɢɬɟɥɹ ɢɫɩɨɥɶɡɭɸɬ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɟ ɫɨɥɢ: ɯɥɨɪɢɞɵ, ɤɚɪɛɨɧɚɬɵ, ɫɭɥɶɮɚ-
ɬɵ ɢɥɢ ɮɨɫɮɚɬɵ ɳɟɥɨɱɧɵɯ ɢɥɢ ɳɟɥɨɱɧɨɡɟɦɟɥɶɧɵɯ ɦɟɬɚɥɥɨɜ, ɫ ɪɚɡɦɟɪɨɦ 
ɱɚɫɬɢɰ 0,01–5,0 ɦɦ. Ⱦɚɥɟɟ ɩɨɪɨɨɛɪɚɡɨɜɚɬɟɥɶ ɩɨɦɟɳɚɸɬ ɜ ɥɢɬɟɣɧɭɸ ɮɨɪɦɭ ɧɚ 
ɜɵɫɨɬɭ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɜɵɫɨɬɟ ɩɨɪɢɫɬɨɣ ɱɚɫɬɢ ɢɡɞɟɥɢɹ, ɫɥɨɣ ɮɨɪɦɢɪɭɸɬ 
ɭɩɥɨɬɧɢɬɟɥɟɦ. Ɂɚɥɢɜɤɚ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɰɜɟɬɧɨɝɨ ɦɟɬɚɥɥɚ 
ɢɥɢ ɟɝɨ ɫɩɥɚɜɚ ɩɪɨɢɫɯɨɞɢɬ ɜ ɭɫɥɨɜɢɹɯ ɫɨɡɞɚɧɢɹ ɪɚɡɧɢɰɵ ɞɚɜɥɟɧɢɹ ɨɬ 0,2 
ɚɬɦ., ɤɨɥɢɱɟɫɬɜɨ ɤɨɬɨɪɨɝɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɨɩɢɬɤɭ ɩɨɪɨɨɛɪɚɡɨɜɚɬɟɥɹ ɢ ɮɨɪ-
ɦɢɪɨɜɚɧɢɟ ɩɪɢɛɵɥɶɧɨɣ ɢ ɰɟɥɶɧɨɦɟɬɚɥɥɢɱɟɫɤɨɣ ɱɚɫɬɢ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɤɪɢ-
ɫɬɚɥɥɢɡɚɰɢɟɣ ɜ ɥɢɬɟɣɧɨɣ ɮɨɪɦɟ. Ɂɚɬɟɦ ɨɬɥɢɜɤɭ ɩɨɞɜɟɪɝɚɸɬ ɦɟɯɚɧɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɟ ɞɥɹ ɩɪɢɞɚɧɢɹ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɮɨɪɦ ɢ ɭɞɚɥɟɧɢɹ ɰɟɥɶɧɨɦɟɬɚɥɥɢɱɟ-
ɫɤɨɣ ɩɥɟɧɤɢ ɫ ɩɨɪɢɫɬɨɣ ɱɚɫɬɢ. ɉɨɫɥɟ ɩɨɪɨɨɛɪɚɡɭɸɳɟɟ ɜɟɳɟɫɬɜɨ ɭɞɚɥɹɸɬ 
ɜɵɦɵɜɚɧɢɟɦ ɢɥɢ ɜɵɩɚɪɢɜɚɧɢɟɦ (ɢɧɨɝɞɚ ɨɛɟ ɨɩɟɪɚɰɢɢ ɢɞɭɬ ɩɨɫɥɟɞɨɜɚɬɟɥɶ-
ɧɨ). ɉɨɥɭɱɟɧɧɭɸ ɡɚɝɨɬɨɜɤɭ ɫɭɲɚɬ ɢ, ɜ ɡɚɤɥɸɱɟɧɢɢ, ɢɡ ɰɟɥɶɧɨɦɟɬɚɥɥɢɱɟɫɤɨɣ 
ɱɚɫɬɢ ɮɨɪɦɢɪɭɸɬ ɪɟɡɶɛɨɜɨɣ ɢɞɢ ɮɥɚɧɰɟɜɵɣ ɭɡɟɥ ɤɪɟɩɥɟɧɢɹ ɦɟɬɨɞɨɦ ɦɟɯɚ-
ɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ [17]. 

Ɉɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɨɩɢɫɵɜɚɟɦɨɝɨ ɦɟɬɨɞɚ ɩɨɥɭɱɟɧɢɹ ɭɫɬɪɨɣɫɬɜɚ ɜɚɪɶ-
ɢɪɭɟɬɫɹ ɜ ɪɚɡɧɵɯ ɧɚɩɪɚɜɥɟɧɢɹɯ: ɞɥɹ ɮɢɥɶɬɪɚɰɢɢ ɬɨɩɥɢɜɚ ɢ ɦɚɫɟɥ; ɞɥɹ ɚɷɪɚɰɢɢ 
ɜɨɞɵ ɜ ɭɫɬɚɧɨɜɤɚɯ ɨɱɢɫɬɤɢ, ɛɚɫɫɟɣɧɚɯ; ɞɥɹ ɮɢɥɶɬɪɚɰɢɢ ɢ ɪɟɝɟɧɟɪɚɰɢɢ ɦɚɫɟɥ 
ɝɢɞɪɚɜɥɢɱɟɫɤɢɯ ɫɢɫɬɟɦ; ɞɥɹ ɫɧɢɠɟɧɢɹ ɭɪɨɜɧɹ ɲɭɦɚ; ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɜ ɫɢɫɬɟɦɚɯ 
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ɨɱɢɫɬɤɢ ɢ ɨɫɭɲɤɢ ɜɨɡɞɭɯɚ ɩɧɟɜɦɨɫɢɫɬɟɦ ɜ ɤɨɧɞɟɧɫɚɬɨɨɬɜɨɞɱɢɤɚɯ ɜɨɡɞɭɲɧɵɯ 
ɢ ɩɚɪɨɜɵɯ ɫɢɫɬɟɦ; ɜ ɭɫɬɚɧɨɜɤɚɯ ɨɱɢɫɬɤɢ ɝɨɪɹɱɢɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɝɚɡɨɜ ɢ 
ɠɢɞɤɨɫɬɟɣ; ɜ ɫɢɫɬɟɦɚɯ ɩɟɧɧɨɝɨ ɩɨɠɚɪɨɬɭɲɟɧɢɹ ɢ ɩɧɟɜɦɨɬɪɚɧɫɩɨɪɬɚ ɞɥɹ ɫɨɡ-
ɞɚɧɢɹ ɩɫɟɜɞɨɠɢɠɠɟɧɨɝɨ ɫɥɨɹ; ɜ ɤɚɱɟɫɬɜɟ ɮɢɥɶɬɪɭɸɳɟɝɨ ɷɥɟɦɟɧɬɚ ɜ ɮɢɥɶɬɪɚɯ 
ɝɥɭɛɨɤɨɣ ɨɱɢɫɬɤɢ ɧɚ ɬɨɩɥɢɜɨɪɚɡɞɟɥɨɱɧɵɯ ɤɨɥɨɧɧɚɯ; ɞɥɹ ɮɢɥɶɬɪɚɰɢɢ ɜɹɡɤɢɯ 
ɫɩɥɚɜɨɜ, ɜ ɬɨɦ ɱɢɫɥɟ ɪɚɫɩɥɚɜɨɜ ɩɨɥɢɦɟɪɨɜ ɩɪɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ.  

 

 
 

1 – ɪɚɛɨɱɚɹ ɱɚɫɬɶ; 2 – ɰɟɥɶɧɨɦɟɬɚɥɥɢɱɟɫɤɚɹ ɱɚɫɬɶ 
 

Ɋɢɫɭɧɨɤ 8 – ɋɯɟɦɚ ɭɫɬɪɨɣɫɬɜɚ ɢɡ ɩɟɧɨɚɥɸɦɢɧɢɹ 
 

Ⱦɨɫɬɨɢɧɫɬɜɚɦɢ ɞɚɧɧɨɝɨ ɢɡɨɛɪɟɬɟɧɢɹ ɹɜɥɹɸɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ 
ɢɡɞɟɥɢɣ ɥɸɛɵɯ ɪɚɡɦɟɪɨɜ ɢ ɮɨɪɦɵ ɫ ɜɵɫɨɤɢɦ ɪɟɫɭɪɫɨɦ ɪɚɛɨɬɵ. Ɍɚɤɠɟ ɬɚɤɢɦ 
ɫɩɨɫɨɛɨɦ ɩɨɥɭɱɚɸɬ ɢɡɞɟɥɢɹ ɫ ɜɵɫɨɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɶɸ ɢ ɩɨɪɢɫɬɨɫɬɶɸ, ɱɬɨ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɰɟɥɟɜɨɝɨ ɢɡɞɟɥɢɹ. ɉɪɢ ɜɨɫɫɬɚ-
ɧɨɜɥɟɧɢɢ ɨɬɪɚɛɨɬɚɧɧɵɯ ɢɡɞɟɥɢɣ ɢɯ ɨɫɬɚɬɨɱɧɚɹ ɩɪɨɧɢɰɚɟɦɨɫɬɶ ɩɨɡɜɨɥɹɟɬ 
ɨɫɭɳɟɫɬɜɢɬɶ ɦɧɨɝɨɤɪɚɬɧɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ, ɬɨ ɟɫɬɶ ɦɨɠɧɨ ɫɤɚɡɚɬɶ, ɱɬɨ ɪɟɫɭɪɫ 
ɪɚɛɨɬɵ ɩɨɥɭɱɚɟɦɵɯ ɢɡɞɟɥɢɣ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. 

Ɍɚɤɠɟ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜ ɭɫɬɪɨɣɫɬɜɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɧɨɜɵɣ ɩɨɞ-
ɯɨɞ ɫɨɟɞɢɧɟɧɢɹ ɩɨɪɢɫɬɨɣ ɢ ɰɟɥɶɧɨɦɟɬɚɥɥɢɱɟɫɤɨɣ ɱɚɫɬɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɣɫɹ 
ɨɛɪɚɡɨɜɚɧɢɟɦ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɥɨɹ, ɱɬɨ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɝɚɪɚɧɬɢɪɭɟɬ ɜɵɫɨ-
ɤɭɸ ɩɪɨɱɧɨɫɬɶ ɧɟɪɚɡɴɟɦɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. ɗɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ ɪɚɫɲɢɪɟɧɢɸ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɢɡɞɟɥɢɣ, ɫɨɞɟɪɠɚɳɢɯ ɩɨ-
ɪɢɫɬɭɸ ɱɚɫɬɶ ɫ ɭɡɥɨɦ ɤɪɟɩɥɟɧɢɹ. ȼɚɠɧɨ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ, ɱɬɨ ɮɨɪɦɢɪɨɜɚ-
ɧɢɟ ɩɨɪɢɫɬɨɣ ɢ ɰɟɥɶɧɨɦɟɬɚɥɥɢɱɟɫɤɨɣ ɱɚɫɬɢ ɜ ɨɞɧɨ ɞɟɣɫɬɜɢɟ ɫ ɩɨɥɭɱɟɧɢɟɦ 
ɰɟɥɶɧɨɥɢɬɨɣ ɨɬɥɢɜɤɢ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɨɣ ɩɪɨɧɢɰɚɟɦɨɫɬɶɸ ɩɨɪɢɫɬɨɣ ɱɚɫɬɢ 
ɢɡɞɟɥɢɹ ɫ ɭɥɭɱɲɟɧɢɟɦ ɭɫɬɨɣɱɢɜɨɫɬɢ ɤ ɦɟɯɚɧɢɱɟɫɤɢɦ ɜɨɡɞɟɣɫɬɜɢɹɦ ɤɚɤ ɩɨ-
ɪɢɫɬɨɣ ɱɚɫɬɢ, ɬɚɤ ɢ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ.  

ȼ ɢɬɨɝɟ ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɞɚɧɧɵɣ ɦɟɬɨɞ ɩɨɥɭɱɟɧɢɹ ɩɟɧɨɚɥɸɦɢ-
ɧɢɹ: ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɢɬɶ ɢɡɞɟɥɢɹ ɤɚɤ ɫ ɦɟɬɪɢɱɟɫɤɨɣ ɢ ɧɟɫɬɚɧɞɚɪɬɧɨɣ 
ɪɟɡɶɛɨɣ, ɬɚɤ ɢ ɫ ɞɪɭɝɢɦɢ ɜɢɞɚɦɢ ɤɪɟɩɥɟɧɢɹ; ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɫɨɤɨɣ ɦɟɯɚɧɢ-
ɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɶɸ, ɬɟɪɦɨɫɬɨɣɤɨɫɬɶɸ, ɝɪɹɡɟɟɦɤɨɫɬɶɸ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɭɟɬ 
ɪɚɫɲɢɪɟɧɢɸ ɨɛɥɚɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɢ ɭɜɟɥɢɱɟɧɢɸ ɫɪɨɤɨɜ ɪɚɛɨɬɵ ɞɟɬɚɥɟɣ [17]. 
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ɂɡɜɟɫɬɟɧ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɩɟɧɨɚɥɸɦɢɧɢɹ [18], ɜ ɤɨɬɨɪɨɦ ɜɨɞɨɪɚɫɬɜɨ-
ɪɢɦɭɸ ɫɨɥɶ ɫ ɪɚɡɦɟɪɨɦ ɮɪɚɤɰɢɢ 0,64–0,32 ɦɦ ɧɚɝɪɟɜɚɸɬ ɜ ɩɟɱɢ ɢ ɩɟɪɟɫɵɩɚɸɬ 
ɜ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɪɚɡɨɝɪɟɬɵɣ ɤɨɤɢɥɶ, ɞɨɧɧɚɹ ɱɚɫɬɶ ɤɨɬɨɪɨɝɨ ɫɨɟɞɢɧɟɧɚ ɫ ɢɫ-
ɬɨɱɧɢɤɨɦ ɜɚɤɭɭɦɚ. ɉɨɜɟɪɯ ɷɬɨɝɨ ɫɥɨɹ ɧɚɫɵɩɚɸɬ ɧɚɩɨɥɧɢɬɟɥɶ ɬɨɝɨ ɠɟ ɫɨɫɬɚɜɚ, 
ɧɨ ɫ ɛɨɥɟɟ ɦɟɥɤɨɣ ɮɪɚɤɰɢɟɣ 0,32–0,16 ɦɦ. Ⱦɚɥɟɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɧɚɩɨɥɧɢɬɟɥɹ 
ɪɚɡɥɢɜɚɸɬ ɪɚɫɩɥɚɜ ɚɥɸɦɢɧɢɹ. ɉɪɨɩɢɬɤɚ ɚɥɸɦɢɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɭɫɥɨɜɢɹɯ 
ɜɚɤɭɭɦɚ. ɉɨɫɥɟ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɨɬɥɢɜɤɢ ɭɞɚɥɹɸɬ ɭɱɚɫɬɨɤ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚ-
ɛɨɬɤɨɣ, ɤɨɬɨɪɵɣ ɛɵɥ ɡɚɩɨɥɧɟɧ ɦɟɥɤɨɞɢɫɩɟɪɫɧɵɦ ɧɚɩɨɥɧɢɬɟɥɟɦ. Ɉɫɬɚɥɶɧɭɸ 
ɱɚɫɬɶ ɫ ɛɨɥɶɲɢɦ ɪɚɡɦɟɪɨɦ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɯ ɫɨɥɟɣ ɭɞɚɥɹɸɬ ɪɚɫɬɜɨɪɟɧɢɟɦ ɜ 
ɜɨɞɟ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɪɚɜɧɨɦɟɪɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɪ ɜ ɨɬɥɢɜ-
ɤɟ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɤɨɧɬɪɨɥɹ ɫɥɭɱɚɟɜ ɪɚɡɧɨɩɥɨɬɧɨɫɬɢ ɛɨɥɟɟ 2 % ɧɟ ɜɵɹɜɥɟɧɨ.  

ɉɪɨɚɧɚɥɢɡɢɪɨɜɚɜ ɢɫɬɨɱɧɢɤɢ ɩɨ ɦɟɬɨɞɭ ɩɨɥɭɱɟɧɢɹ ɩɟɧɨɚɥɸɦɢɧɢɹ ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɜɨɞɨɪɚɫɬɜɨɪɢɦɵɯ ɫɨɥɟɣ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ ɩɨɥɭ-
ɱɚɟɦɵɟ ɨɬɥɢɜɤɢ ɢɦɟɸɬ ɜɢɞ ɨɬɤɪɵɬɨɹɱɟɢɫɬɨɝɨ ɚɥɸɦɢɧɢɹ. Ⱦɚɧɧɵɣ ɜɢɞ ɚɥɸ-
ɦɢɧɢɹ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɡɚɤɪɵɬɨɹɱɟɢɫɬɨɝɨ, ɢɦɟɟɬ ɛɨɥɟɟ ɧɢɡɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɩɨ 
ɩɪɨɱɧɨɫɬɢ, ɱɬɨ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɫɭɠɚɟɬ ɟɝɨ ɨɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ: ɬɟɩ-
ɥɨɨɛɦɟɧɧɵɟ ɭɫɬɪɨɣɫɬɜɚ; ɨɝɧɟ- ɢ ɩɥɚɦɹɩɪɟɝɪɚɞɢɬɟɥɢ; ɮɢɥɶɬɪɵ [3]. 

 

1.3 ȼɫɩɟɧɢɜɚɧɢɟ ɫ ɩɨɪɨɨɛɪɚɡɨɜɚɬɟɥɟɦ 
 
Ɇɟɬɨɞ ɜɫɩɟɧɢɜɚɧɢɹ ɫ ɩɨɪɨɨɛɪɚɡɨɜɚɬɟɥɟɦ ɩɪɨɯɨɞɢɬ ɜ ɧɟɫɤɨɥɶɤɨ ɷɬɚɩɨɜ. 

ɋɩɟɪɜɚ ɜ ɪɚɫɩɥɚɜ ɚɥɸɦɢɧɢɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 680 °ɋ (ɜɵɲɟ ɬɟɦɩɟɪɚɬɭɪɵ 
ɩɥɚɜɥɟɧɢɹ) ɜɜɨɞɹɬ ɤɚɥɶɰɢɣ, ɜ ɤɨɥɢɱɟɫɬɜɟ 1,5 % ɨɬ ɨɛɳɟɣ ɦɚɫɫɵ ɞɥɹ ɭɜɟɥɢɱɟ-
ɧɢɹ ɜɹɡɤɨɫɬɢ. Ⱦɚɥɟɟ ɪɚɫɩɥɚɜ ɩɟɪɟɥɢɜɚɸɬ ɜ ɮɨɪɦɭ ɫ ɨɞɧɨɜɪɟɦɟɧɧɵɦ ɞɨɛɚɜɥɟ-
ɧɢɟɦ ɩɨɪɨɮɨɪɚ (ɩɨɪɨɨɛɪɚɡɨɜɚɬɟɥɹ) ɩɪɢ ɧɟɩɪɟɪɵɜɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɫ ɩɨ-
ɦɨɳɶɸ ɜɪɚɳɚɸɳɟɣɫɹ ɤɪɵɥɶɱɚɬɤɢ. ȼɫɩɟɧɢɜɚɧɢɟ ɞɢɝɢɞɪɢɞɚ ɬɢɬɚɧɚ (ɩɨɪɨɨɛ-
ɪɚɡɨɜɚɬɟɥɹ) ɩɪɨɢɫɯɨɞɢɬ ɜ ɬɟɱɟɧɢɟ ɩɹɬɧɚɞɰɚɬɢ ɦɢɧɭɬ ɩɪɢ ɩɨɫɬɨɹɧɧɨɣ ɬɟɦɩɟ-
ɪɚɬɭɪɟ, ɪɚɜɧɨɣ 680 °ɋ. ɉɨɥɭɱɟɧɧɭɸ ɨɬɥɢɜɤɭ ɨɯɥɚɠɞɚɸɬ ɫ ɩɨɦɨɳɶɸ ɜɟɧɬɢɥɹ-
ɬɨɪɨɜ ɢ ɪɚɡɪɟɡɚɸɬ ɧɚ ɥɢɫɬɵ ɬɪɟɛɭɟɦɨɣ ɬɨɥɳɢɧɵ. Ⱦɚɧɧɵɣ ɫɩɨɫɨɛ ɛɵɥ ɢɡɨɛɪɟ-
ɬɟɧ ɜ əɩɨɧɢɢ ɤɨɦɩɚɧɢɟɣ Shinko Wire Company, Ltd. ɢ ɧɨɫɢɬ ɧɚɡɜɚɧɢɟ Alporas. 

 

 
 

Ɋɢɫɭɧɨɤ 9 – ɉɨɥɭɱɟɧɢɟ ɩɟɧɢɫɬɨɝɨ ɚɥɸɦɢɧɢɹ ɦɟɬɨɞɨɦ Alporas 
 

Ⱦɚɧɧɵɣ ɫɩɨɫɨɛ ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨ ɬɟɯɧɨɥɨɝɢɱɧɵɦ ɢ ɜɵɛɪɚɧ ɧɚɦɢ ɜ 
ɤɚɱɟɫɬɜɟ ɷɤɫɩɟɪɢɦɟɧɬɚ. Ɉɞɧɚɤɨ ɞɚɧɧɚɹ ɬɟɯɧɨɥɨɝɢɹ ɩɪɢɨɛɪɟɬɚɟɬ ɜɫɟ ɛɨɥɶɲɢɟ 
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ɦɨɞɟɪɧɢɡɚɰɢɢ ɫ ɰɟɥɶɸ ɭɫɬɪɚɧɟɧɢɹ ɬɚɤɢɯ ɧɟɞɨɫɬɚɬɤɨɜ ɤɚɤ ɧɟɤɨɧɬɪɨɥɢɪɭɟɦɵɣ 
ɪɚɡɦɟɪ ɩɨɪ ɢ ɦɚɥɚɹ ɩɨɪɢɫɬɨɫɬɶ. ɂɡɨɛɪɟɬɟɧɢɟ [19] ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɬɟɦ, ɱɬɨ ɜ 
ɤɚɱɟɫɬɜɟ ɧɨɜɨɜɜɟɞɟɧɢɹ ɢɫɩɨɥɶɡɭɸɬ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ (ɩɨɫɥɟ ɨɩɟɪɚɰɢɢ ɜɫɩɟɧɢ-
ɜɚɧɢɹ) ɩɪɢ ɧɟɩɪɟɪɵɜɧɨɦ ɥɢɬɶɟ. ȼɵɬɹɝɢɜɚɧɢɟ ɫɥɢɬɤɚ ɩɪɨɜɨɞɹɬ ɫɨ ɫɤɨɪɨɫɬɶɸ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɟɣ ɡɚɬɜɟɪɞɟɜɚɧɢɟ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ ɫ ɜɜɟɞɟɧɧɵɦ ɩɨɪɨɮɨ-
ɪɨɦ ɞɨ ɧɚɱɚɥɚ ɟɝɨ ɚɤɬɢɜɧɨɝɨ ɪɚɡɥɨɠɟɧɢɹ. Ɂɚɬɟɦ ɫɥɢɬɨɤ ɩɨɞɜɟɪɝɚɸɬ ɝɨɪɹɱɟɣ 
ɞɟɮɨɪɦɚɰɢɢ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɥɨɬɧɨɣ ɡɚɝɨɬɨɜɤɢ ɫ ɤɨɧɮɢɝɭɪɚɰɢɟɣ ɝɨɬɨɜɨɝɨ 
ɢɡɞɟɥɢɹ. Ɉɩɟɪɚɰɢɸ ɜɫɩɟɧɢɜɚɧɢɹ ɨɫɭɳɟɫɬɜɥɹɸɬ ɩɪɢ ɩɨɫɥɟɞɭɸɳɟɣ ɜɵɫɨɤɨ-
ɬɟɦɩɟɪɚɬɭɪɧɨɣ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɩɪɨɤɚɬɚɧɧɵɯ ɥɢɫɬɨɜ. 

Ȼɥɚɝɨɞɚɪɹ ɬɨɦɭ, ɱɬɨ ɫɭɳɟɫɬɜɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɧɟɜɫɩɟɧɟɧɧɨ-
ɝɨ ɫɥɢɬɤɚ, ɬɨ ɩɨɞɨɛɧɨ ɫɥɢɬɤɚɦ ɢɡ ɞɟɮɨɪɦɢɪɭɟɦɵɯ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɩɥɨɬɧɵɯ ɡɚɝɨɬɨɜɨɤ ɬɪɟɛɭɟɦɨɣ ɤɨɧ-
ɮɢɝɭɪɚɰɢɢ ɢ ɩɨɫɥɟɞɭɸɳɟɝɨ ɜɫɩɟɧɢɜɚɧɢɹ ɫ ɩɨɥɭɱɟɧɢɟɦ ɪɚɡɧɨɨɛɪɚɡɧɨɣ ɧɨ-
ɦɟɧɤɥɚɬɭɪɵ ɢɡɞɟɥɢɣ ɢɡ ɩɟɧɨɚɥɸɦɢɧɢɹ (ɧɚɩɪɢɦɟɪ, ɥɢɫɬ, ɩɥɢɬɚ, ɩɪɨɮɢɥɶ, ɬɪɭ-
ɛɚ, ɲɬɚɦɩɨɜɤɚ) ɫ ɪɚɡɥɢɱɧɵɦɢ ɪɚɡɦɟɪɚɦɢ ɢ ɦɚɫɫɨɣ. 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ ɩɨɞɛɢɪɚɸɬ ɬɚɤɨɣ ɚɥɸɦɢɧɢɟɜɵɣ ɫɩɥɚɜ, ɜ 
ɤɨɬɨɪɨɦ ɩɪɢɫɭɬɫɬɜɭɟɬ ɲɢɪɨɤɢɣ ɢɧɬɟɪɜɚɥ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ, ɢ ɬɚɤɠɟ ɛɵɥɨ 
ɨɫɭɳɟɫɬɜɥɟɧɨ ɚɪɦɢɪɨɜɚɧɢɟ ɱɚɫɬɢɰɚɦɢ ɬɭɝɨɩɥɚɜɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɢɧɟɪɬɧɵɯ ɩɨ 
ɨɬɧɨɲɟɧɢɸ ɤ ɪɚɫɩɥɚɜɭ ɦɚɬɪɢɱɧɨɝɨ ɫɨɫɬɚɜɚ ɢ ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɜ ɜɨɞɟ. ȼɵɛɨɪ 
ɩɨɪɨɮɨɪɚ ɨɫɭɳɟɫɬɜɥɹɸɬ ɜ ɩɨɥɶɡɭ ɫɩɨɫɨɛɧɨɫɬɢ ɚɤɬɢɜɧɨ ɪɚɡɥɚɝɚɬɶɫɹ ɫ ɜɵɞɟɥɟ-
ɧɢɟɦ ɝɚɡɚ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɵɲɟ ɫɨɥɢɞɭɫ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ [19]. 

ȿɫɥɢ ɡɚɝɨɬɨɜɤɚ ɢɡ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ ɫɨɞɟɪɠɢɬ ɬɨɥɶɤɨ ɩɨɪɨɮɨɪ, ɬɨ 
ɬɟɪɦɨɨɛɪɚɛɨɬɤɭ ɜɟɞɭɬ ɜ ɢɧɬɟɪɜɚɥɟ ɫɨɥɢɞɭɫ-ɥɢɤɜɢɞɭɫ. ȿɫɥɢ ɠɟ ɨɧɚ ɫɨɞɟɪɠɢɬ 
ɢ ɩɨɪɨɨɛɪɚɡɨɜɚɬɟɥɶ, ɢ ɬɭɝɨɩɥɚɜɤɢɟ ɫɨɟɞɢɧɟɧɢɹ, ɬɨ ɬɟɪɦɨɨɛɪɚɛɨɬɤɭ ɩɪɨɜɨɞɹɬ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɧɢɠɟ ɥɢɧɢɢ ɥɢɤɜɢɞɭɫ. 

Ɇɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɞɚɧɧɵɣ ɫɩɨɫɨɛ ɧɟ ɬɨɥɶɤɨ ɩɨɡɜɨɥɹɟɬ ɪɚɫɲɢɪɢɬɶ 
ɧɨɦɟɧɤɥɚɬɭɪɭ ɩɨɥɭɱɚɟɦɵɯ ɢɡɞɟɥɢɣ ɢɡ ɩɟɧɨɚɥɸɦɢɧɢɹ, ɧɨ ɢ ɩɨɜɵɫɢɬɶ ɷɤɫɩɥɭɚ-
ɬɚɰɢɨɧɧɵɟ ɫɜɨɣɫɬɜɚ, ɬɚɤɢɟ ɤɚɤ ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ ɢ ɠɟɫɬɤɨɫɬɶ, ɜ 1,5–3 ɪɚɡɚ. Ɉɞ-
ɧɚɤɨ ɩɪɢɫɭɬɫɬɜɢɟ ɬɭɝɨɩɥɚɜɤɢɯ ɱɚɫɬɢɰ ɡɚɬɪɭɞɧɹɟɬ ɢɯ ɦɟɯɚɧɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ, 
ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɪɚɡɪɚɛɨɬɚɧ ɞɪɭɝɨɣ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɜɫɩɟɧɟɧɧɨɝɨ ɚɥɸɦɢɧɢɹ. 

ɋɩɨɫɨɛ [20] ɨɬɥɢɱɚɟɬɫɹ ɬɟɦ, ɱɬɨ ɜɧɚɱɚɥɟ ɩɪɢɝɨɬɚɜɥɢɜɚɸɬ ɫɩɥɚɜ ɨɩɪɟɞɟ-
ɥɟɧɧɨɝɨ ɫɨɫɬɚɜɚ: Mg – 5–6 %; Zn – 20–40 %; Cu – 4–6 %; Al – ɨɫɬɚɥɶɧɨɟ. 
Ƚɥɚɜɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɞɚɧɧɨɝɨ ɫɩɥɚɜɚ ɹɜɥɹɟɬɫɹ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ 
ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɩɥɨɬɧɨɝɨ ɫɥɢɬɤɚ ɢɡ ɩɟɧɨɚɥɸɦɢɧɢɹ, ɛɥɚɝɨɞɚɪɹ ɩɪɟɞɨɬɜɪɚɳɟ-
ɧɢɸ ɜɫɩɟɧɢɜɚɧɢɹ ɪɚɫɩɥɚɜɚ ɞɨ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɫɥɢɬɤɚ, ɬɚɤ ɤɚɤ ɬɟɦɩɟɪɚɬɭɪɚ ɥɢ-
ɤɜɢɞɭɫ ɞɚɧɧɨɝɨ ɫɩɥɚɜɚ ɫɨɫɬɚɜɥɹɟɬ 530 °ɋ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɞɟɮɨɪɦɢɪɨɜɚɬɶ ɫɥɢ-
ɬɨɤ ɩɨɞ ɞɚɜɥɟɧɢɟɦ. 

Ɇɟɬɨɞ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɥɟɞɭɸɳɢɯ ɞɟɣɫɬɜɢɣ. ȼ ɩɪɟɞɜɚ-
ɪɢɬɟɥɶɧɨ ɪɚɡɨɝɪɟɬɭɸ ɩɟɱɶ ɩɨɦɟɳɚɸɬ ɚɥɸɦɢɧɢɣ ɢ ɦɚɝɧɢɣ, ɜ ɤɨɥɢɱɟɫɬɜɟ 50 % 
ɨɬ ɬɪɟɛɭɟɦɨɝɨ ɫɨɞɟɪɠɚɧɢɹ, ɢɧɬɟɧɫɢɜɧɨ ɩɟɪɟɦɟɲɢɜɚɸɬ ɢ ɜɵɞɟɪɠɢɜɚɸɬ ɜ ɩɟ-
ɱɢ, ɜ ɬɟɱɟɧɢɟ 8–10 ɦɢɧ. Ⱦɚɥɟɟ ɜ ɪɚɫɩɥɚɜ ɜɜɨɞɢɥɢ ɩɨ ɪɚɫɱɟɬɭ ɦɟɞɶ, ɰɢɧɤ ɢ ɨɫ-
ɬɚɜɲɢɣɫɹ ɦɚɝɧɢɣ. ɉɨɫɥɟ ɜɜɟɞɟɧɢɹ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ, ɪɚɫɩɥɚɜ ɩɟɪɟɥɢ-
ɜɚɥɢ ɜ ɥɢɬɟɣɧɵɣ ɦɢɤɫɟɪ ɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 600 °ɋ ɪɚɡɥɢɜɚɥɢ 
ɦɟɬɨɞɨɦ ɧɟɩɪɟɪɵɜɧɨɝɨ ɥɢɬɶɹ ɜ ɤɪɢɫɬɚɥɥɢɡɚɬɨɪ ɫɤɨɥɶɠɟɧɢɹ. ɉɪɢ ɷɬɨɦ ɨɞɧɨ-
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ɜɪɟɦɟɧɧɨ ɜɜɨɞɢɥɢ ɩɨɪɨɮɨɪ, ɞɢɝɢɞɪɢɞ ɬɢɬɚɧɚ, ɜ ɠɢɞɤɭɸ ɥɭɧɤɭ ɫɩɥɚɜɚ ɜ ɤɪɢ-
ɫɬɚɥɥɢɡɚɬɨɪɟ ɩɪɢ ɧɟɩɪɟɪɵɜɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ, ɢɫɩɨɥɶɡɭɹ ɜɪɚɳɚɸɳɭɸɫɹ 
ɦɟɯɚɧɢɱɟɫɤɭɸ ɦɟɲɚɥɤɭ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ ɩɨɥɭɱɢɥɢ ɫɥɢɬɨɤ ɪɚɜɧɨɦɟɪɧɨ ɪɚɫ-
ɩɪɟɞɟɥɟɧɧɵɯ ɱɚɫɬɢɰ ɩɨɪɨɨɛɪɚɡɨɜɚɬɟɥɹ, ɩɪɢɱɟɦ ɟɝɨ ɫɨɞɟɪɠɚɧɢɟ ɫɨɫɬɚɜɥɹɟɬ 
ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ 1 %. Ⱦɚɥɟɟ ɫɥɢɬɨɤ ɩɪɟɫɫɨɜɚɥɢ ɧɚ ɩɨɥɨɫɭ, ɤɨɬɨɪɭɸ ɨɛɪɚɛɚɬɵ-
ɜɚɥɢ ɞɚɜɥɟɧɢɟɦ ɜ ɥɢɫɬ, ɬɨɥɳɢɧɨɣ 3 ɦɦ, ɤɨɬɨɪɵɣ ɜ ɞɚɥɶɧɟɣɲɟɦ ɪɚɡɪɟɡɚɥɢ ɧɚ 
ɦɟɪɧɵɟ ɡɚɝɨɬɨɜɤɢ. Ɂɚɤɥɸɱɢɬɟɥɶɧɨɣ ɨɩɟɪɚɰɢɟɣ ɹɜɥɹɟɬɫɹ ɬɟɪɦɨɨɛɪɚɛɨɬɤɚ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ ɷɥɟɤɬɪɨɩɟɱɢ 700 °ɋ. ȼ ɪɟɡɭɥɶɬɚɬɟ, ɩɨɥɭɱɟɧɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɞ-
ɧɨɪɨɞɧɵɟ ɨɛɪɚɡɰɵ ɩɟɧɨɚɥɸɦɢɧɢɹ ɫ ɭɞɟɥɶɧɵɦ ɜɟɫɨɦ 0,5 ɝ/ɫɦ3 ɢ ɤɨɷɮɮɢɰɢɟɧ-
ɬɨɦ ɜɫɩɟɧɢɜɚɧɢɹ, ɪɚɜɧɵɦ 6 [20]. 

 

 
 

Ɋɢɫɭɧɨɤ 10 – ɋɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɩɟɧɨɚɥɸɦɢɧɢɹ ɢɡ ɫɩɥɚɜɚ Al–Zn–Cu–Mg 
 

Ⱦɨɫɬɨɢɧɫɬɜɨɦ ɜɵɛɨɪɚ ɞɚɧɧɨɝɨ ɫɩɥɚɜɚ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɜɫɩɟɧɟɧɧɨɝɨ ɚɥɸ-
ɦɢɧɢɹ ɹɜɥɹɟɬɫɹ ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɢɧɬɟɪɜɚɥ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ – 500–530 °ɋ. ɉɨ-
ɫɤɨɥɶɤɭ ɚɤɬɢɜɧɚɹ ɪɟɚɤɰɢɹ ɩɪɢ ɜɜɟɞɟɧɢɢ ɜ ɧɟɝɨ ɩɨɪɨɮɨɪɚ ɩɪɢ ɧɟɩɪɟɪɵɜɧɨɦ ɥɢ-
ɬɶɟ ɧɟ ɩɪɨɢɫɯɨɞɢɬ, ɬɚɤ ɤɚɤ ɬɟɦɩɟɪɚɬɭɪɚ ɚɤɬɢɜɧɨɝɨ ɪɚɡɥɨɠɟɧɢɹ ɝɢɞɪɢɞɚ ɬɢɬɚɧɚ 
ɫɨɫɬɚɜɥɹɟɬ 550–650 °ɋ. ɗɬɨ ɝɚɪɚɧɬɢɪɭɟɬ ɩɨɥɭɱɟɧɢɟ ɧɟɜɫɩɟɧɟɧɧɨɝɨ ɫɥɢɬɤɚ, ɤɨ-
ɬɨɪɵɣ ɫɬɚɧɨɜɢɬɫɹ ɩɪɢɝɨɞɧɵɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɞɟɮɨɪɦɢɪɨɜɚɧɧɵɯ ɩɨɥɭɮɚɛɪɢɤɚ-
ɬɨɜ ɢ ɤɚɱɟɫɬɜɟɧɧɨɝɨ ɩɟɧɨɚɥɸɦɢɧɢɹ, ɤɨɬɨɪɵɣ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɵɫɨɤɢɦ ɤɨɷɮ-
ɮɢɰɢɟɧɬɨɦ ɜɫɩɟɧɢɜɚɧɢɹ ɢ ɨɞɧɨɪɨɞɧɨɫɬɶɸ ɩɨɪɨɜɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ [20]. 

Ɉɞɧɚɤɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɩɨɪɨɨɛɪɚɡɨɜɚɬɟɥɹ ɝɢɞɪɢɞɚ ɬɢɬɚɧɚ 
ɜɵɹɜɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɵɣ ɧɟɞɨɫɬɚɬɨɤ – ɧɟɞɨɫɬɚɬɨɱɧɨɫɬɶ ɬɟɪɦɢɱɟɫɤɨɣ ɫɬɚɛɢɥɶ-
ɧɨɫɬɢ, ɤɨɬɨɪɚɹ ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ ɩɪɟɠɞɟɜɪɟɦɟɧɧɨɣ ɩɨɬɟɪɢ ɝɚɡɚ ɜ ɩɪɨɰɟɫɫɟ 
ɜɜɟɞɟɧɢɹ ɩɨɪɨɲɤɚ ɜ ɪɚɫɩɥɚɜɥɟɧɧɵɣ ɦɟɬɚɥɥ. Ɋɟɲɟɧɢɟ ɷɬɨɣ ɩɪɨɛɥɟɦɟ ɩɪɟɞɥɚ-
ɝɚɟɬɫɹ ɜ ɪɚɛɨɬɚɯ [21–23] ɩɭɬɟɦ ɨɤɢɫɥɟɧɢɹ ɩɨɪɨɮɨɪɚ, ɛɥɚɝɨɞɚɪɹ ɱɟɦɭ ɩɨɞɚɜ-
ɥɹɟɬɫɹ ɩɪɨɰɟɫɫ ɩɪɟɠɞɟɜɪɟɦɟɧɧɨɝɨ ɪɚɡɥɨɠɟɧɢɹ ɝɢɞɪɢɞɚ ɬɢɬɚɧɚ, ɜɫɥɟɞɫɬɜɢɟ 
ɱɟɝɨ ɨɛɪɚɡɭɟɬɫɹ ɜɫɩɟɧɟɧɧɵɣ ɚɥɸɦɢɧɢɣ ɫ ɪɚɡɥɢɱɧɨɣ ɫɬɪɭɤɬɭɪɨɣ ɩɨɪ. 

Ɂɞɟɫɶ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɧɚɢɥɭɱɲɢɟ ɪɟɡɭɥɶɬɚɬɵ ɨɤɢɫɥɟɧɢɹ ɧɚɛɥɸ-
ɞɚɸɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 440 °ɋ ɜ ɬɟɱɟɧɢɟ ɱɚɫɚ [21; 22]. Ɂɚɦɟɬɧɨɟ ɠɟ ɭɜɟɥɢɱɟ-
ɧɢɟ ɭɞɟɥɶɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɝɢɞɪɢɞɚ ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɢɣ ɨɛɪɚɛɨɬɤɢ ɧɚɛɥɸɞɚɟɬ-
ɫɹ, ɟɫɥɢ ɩɨɜɵɫɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɨɤɢɫɥɟɧɢɹ ɜɵɲɟ 500 °ɋ. Ⱥ ɬɚɤɠɟ ɫɬɨɢɬ ɨɛɪɚ-
ɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɬɨ, ɱɬɨ ɩɨɬɟɪɢ ɜɨɞɨɪɨɞɚ ɡɧɚɱɢɬɟɥɶɧɨ ɜɨɡɪɚɫɬɚɸɬ ɜ ɩɪɨɰɟɫɫɟ 
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ɨɤɢɫɥɟɧɢɹ ɬɚɤɠɟ ɩɨ ɩɪɢɱɢɧɟ ɭɜɟɥɢɱɟɧɢɹ ɜɪɟɦɟɧɢ ɩɪɨɝɪɟɜɚ ɩɪɢ ɨɞɧɨɣ ɢ ɬɨɣ 
ɠɟ ɬɟɦɩɟɪɚɬɭɪɟ ɫ ɨɞɧɨɝɨ ɞɨ ɬɪɟɯ ɱɚɫɨɜ. 

ɋɬɨɢɬ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɧɚ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɜɫɩɟɧɟɧɧɨɝɨ ɚɥɸɦɢɧɢɹ 
[23], ɜ ɤɨɬɨɪɨɦ ɩɪɢɦɟɧɹɟɬɫɹ ɬɟɯɧɨɥɨɝɢɹ ɪɚɫɩɵɥɟɧɢɹ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɩɨɪɨɮɨɪ 
ɜɜɨɞɹɬ ɫ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɨɞɝɨɬɨɜɥɟɧɧɵɦ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɦ ɫɩɥɚɜɨɦ ɜ ɜɢɞɟ 
ɩɨɪɨɮɨɪɫɨɞɟɪɠɚɳɢɯ ɱɚɫɬɢɰ. ȼɫɩɨɦɨɝɚɬɟɥɶɧɵɣ ɫɩɥɚɜ ɝɨɬɨɜɹɬ ɢɡ ɞɜɭɯ ɢ ɛɨɥɟɟ 
ɨɫɧɨɜɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɛɚɡɨɜɨɝɨ ɫɨɫɬɚɜɚ, ɡɚɞɚɱɟɣ ɤɨɬɨɪɨɝɨ 
ɹɜɥɹɟɬɫɹ ɭɦɟɧɶɲɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɩɥɚɜɥɟɧɢɹ ɧɢɠɟ 550 °ɋ (ɬɟɦɩɟɪɚɬɭɪɚ ɧɚɱɚ-
ɥɚ ɚɤɬɢɜɧɨɝɨ ɪɚɡɥɨɠɟɧɢɹ ɩɨɪɨɨɛɪɚɡɨɜɚɬɟɥɹ). ɋɚɦ ɦɟɯɚɧɢɡɦ ɩɨɥɭɱɟɧɢɹ ɩɟ-
ɧɨɚɥɸɦɢɧɢɹ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɨɩɟɪɚɰɢɹɯ: ɢɡɝɨɬɨɜɥɟɧɢɢ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɛɚɡɨ-
ɜɨɝɨ ɫɩɥɚɜɚ; ɜɜɟɞɟɧɢɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɫɩɥɚɜɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɜɫɩɟɧɢɜɚɸɳɟɟ 
ɜɟɳɟɫɬɜɨ; ɞɚɥɶɧɟɣɲɟɟ ɪɚɫɩɵɥɟɧɢɟ ɪɚɫɩɥɚɜɚ ɢ ɨɯɥɚɠɞɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɱɚɫ-
ɬɢɰ ɩɨɥɭɮɚɛɪɢɤɚɬɚ.  

Ɉɩɢɪɚɹɫɶ ɧɚ ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɟ ɞɚɧɧɵɟ, ɜ ɤɚɱɟɫɬɜɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥ 
ɜɵɛɪɚɧ ɦɟɬɨɞ «ɜɫɩɟɧɢɜɚɧɢɟ ɫ ɩɨɪɨɨɛɪɚɡɨɜɚɬɟɥɟɦ», ɩɨɫɤɨɥɶɤɭ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɧɚɢɛɨɥɶɲɢɟ ɩɟɪɫɩɟɤɬɢɜɵ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɟɧɨɚɥɸɦɢɧɢɹ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢ 
ɩɪɨɦɵɲɥɟɧɧɵɯ ɭɫɥɨɜɢɹɯ. 
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2 Ɇɟɬɨɞɵ ɢɡɝɨɬɨɜɥɟɧɢɹ ɨɛɪɚɡɰɨɜ ɢ ɢɯ ɢɫɫɥɟɞɨɜɚɧɢɹ 
 
Ɉɩɵɬ ɩɪɨɜɨɞɢɥɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɥɚɜɢɥɶɧɨɣ ɩɟɱɢ 

Ɍɚɦɦɚɧɚ. ȼ ɩɟɱɚɯ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɤɨɫɜɟɧɧɨɝɨ ɧɚɝɪɟɜɚ ɷɥɟɤɬɪɢɱɟɫɤɢɣ ɬɨɤ ɩɪɨ-
ɬɟɤɚɟɬ ɩɨ ɧɚɝɪɟɜɚɬɟɥɶɧɵɦ ɷɥɟɦɟɧɬɚɦ, ɜɵɞɟɥɹɹ ɢɡ ɧɢɯ ɬɟɩɥɨɬɭ, ɩɟɪɟɞɚɸɳɭɸ-
ɫɹ ɧɚɝɪɟɜɚɟɦɵɦ ɢɡɞɟɥɢɹɦ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶɸ, ɤɨɧɜɟɤɰɢɟɣ, ɢɡɥɭɱɟɧɢɟɦ. Ɉɧɢ 
ɨɛɟɫɩɟɱɢɜɚɸɬ ɬɟɦɩɟɪɚɬɭɪɭ ɩɪɢ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɢ ɢ ɪɚɜɧɨɦɟɪɧɨɫɬɢ ɧɚɝɪɟɜɚ, 
ɬɚɤɠɟ ɩɪɨɫɬɵ ɜ ɷɤɫɩɥɭɚɬɚɰɢɢ. 

 

 
 
ɚ 
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1 – ɝɪɚɮɢɬɨɜɚɹ ɧɚɝɪɟɜɚɬɟɥɶɧɚɹ ɬɪɭɛɤɚ; 2 – ɤɨɧɬɚɤɬɧɵɟ ɩɨɥɭɤɨɥɶɰɚ; 3 – ɷɤɪɚɧ;  

4 – ɬɢɝɟɥɶ ɫ ɦɟɬɚɥɥɨɦ; 5 – ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɚɹ ɡɚɫɵɩɤɚ; 6 – ɝɪɚɮɢɬɨɜɚɹ ɩɨɞɫɬɚɜɤɚ;  
7 – ɧɢɠɧɹɹ ɤɪɵɲɤɚ; 8 – ɬɪɚɧɫɮɨɪɦɚɬɨɪ 

 
Ɋɢɫɭɧɨɤ 11 – ɉɥɚɜɢɥɶɧɚɹ ɩɟɱɶ ɫɨɩɪɨɬɢɜɥɟɧɢɹ Ɍɚɦɦɚɧɚ: 

ɚ – ɫɯɟɦɚ ɩɟɱɢ; ɛ – ɜɢɞ ɫɜɟɪɯɭ; ɜ – ɨɛɳɢɣ ɜɢɞ 
 

Ⱦɚɧɧɭɸ ɩɟɱɶ ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ ɤ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɣ, ɩɨɫɤɨɥɶɤɭ ɨɧɚ 
ɫɩɨɫɨɛɧɚ ɪɚɛɨɬɚɬɶ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜɵɲɟ 1250 °ɋ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɞɨɫɬɚɬɨɱ-
ɧɵɦ ɩɚɪɚɦɟɬɪɨɦ ɞɥɹ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɧɟ ɬɨɥɶɤɨ ɚɥɸɦɢɧɢɟɜɵɯ ɫɩɥɚɜɨɜ, ɧɨ ɢ 
ɦɟɞɧɵɯ. ȼ ɧɚɲɟɣ ɪɚɛɨɬɟ ɞɨɫɬɚɬɨɱɧɵɦ ɩɪɟɞɟɥɨɦ ɹɜɥɹɟɬɫɹ 700 °ɋ. Ɂɞɟɫɶ ɠɟ 
ɦɨɠɧɨ ɨɬɦɟɬɢɬɶ ɧɟɞɨɫɬɚɬɨɤ ɩɟɱɢ, ɤɨɬɨɪɵɣ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɪɭɞɧɨɫɬɢ ɩɨɞɞɟɪ-
ɠɢɜɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɩɨɫɬɨɹɧɧɨɣ, ɬɨ ɟɫɬɶ ɨɧɚ ɜɫɟɝɞɚ ɫɬɪɟɦɢɬɫɹ ɤ ɧɚɝɪɟɜɭ, ɩɨ-
ɷɬɨɦɭ ɜɵɞɟɪɠɤɚ ɨɛɪɚɡɰɨɜ ɜ ɩɟɱɢ ɧɟ ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 15–20 ɦɢɧɭɬ. 

ȼ ɤɚɱɟɫɬɜɟ ɧɚɝɪɟɜɚɬɟɥɶɧɨɝɨ ɷɥɟɦɟɧɬɚ ɩɪɢɦɟɧɹɸɬ ɜɨɞɨɨɯɥɚɠɞɚɟɦɭɸ 
ɝɪɚɮɢɬɨɜɭɸ ɬɪɭɛɭ. Ɍɢɝɟɥɶ ɫ ɦɟɬɚɥɥɨɦ ɩɨɦɟɳɚɟɬɫɹ ɧɚ ɝɪɚɮɢɬɨɜɭɸ ɩɨɞɫɬɚɜɤɭ, 
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ɩɭɬɟɦ ɟɟ ɜɟɪɬɢɤɚɥɶɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɹ. ȼ ɰɟɥɹɯ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɟɱɶ ɫɧɚɛɠɟɧɚ 
ɷɤɪɚɧɨɦ ɢ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɨɣ ɡɚɫɵɩɤɨɣ. 

ɉɨɫɤɨɥɶɤɭ ɦɚɬɟɪɢɚɥɵ, ɩɪɢɦɟɧɹɟɦɵɟ ɜ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɯ ɧɚɝɪɟɜɚ-
ɬɟɥɟɣ ɨɛɥɚɞɚɸɬ ɛɨɥɶɲɢɦ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ 
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɢ ɡɚɦɟɬɧɨ ɩɨɞɜɟɪɝɚɸɬɫɹ ɫɬɚɪɟɧɢɸ, ɱɬɨ ɨɬɪɢɰɚɬɟɥɶɧɨ ɫɤɚɡɵɜɚ-
ɟɬɫɹ ɧɚ ɪɚɛɨɬɟ ɩɟɱɢ. ɉɨɷɬɨɦɭ ɧɟɨɛɯɨɞɢɦɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɨɧɢɠɚɸɳɢɟ ɬɪɚɧɫ-
ɮɨɪɦɚɬɨɪɵ ɫ ɲɢɪɨɤɢɦ ɞɢɚɩɚɡɨɧɨɦ ɢɡɦɟɧɟɧɢɹ ɜɬɨɪɢɱɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɜɢɞ 
ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 11. 

ȼ ɩɥɚɜɢɥɶɧɨɣ ɩɟɱɢ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ ɢɡɞɟɥɢɹ ɡɚɝɪɭɠɚɸɬɫɹ ɜ 
ɪɚɛɨɱɟɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɢ ɧɚɝɪɟɜɚɸɬɫɹ ɜ ɧɟɦ, ɧɟ ɩɟɪɟɦɟɳɚɹɫɶ. Ɉɧɢ ɦɚɧɟɜɪɟɧ-
ɧɟɟ ɢ ɭɧɢɜɟɪɫɚɥɶɧɟɟ, ɱɟɦ ɩɟɱɢ ɧɟɩɪɟɪɵɜɧɨɝɨ ɞɟɣɫɬɜɢɹ, ɞɨɩɭɫɤɚɹ ɛɵɫɬɪɵɣ 
ɩɟɪɟɯɨɞ ɨɬ ɨɞɧɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɪɨɰɟɫɫɚ ɤ ɞɪɭɝɨɦɭ. ɉɪɟɢɦɭɳɟɫɬɜɟɧɧɨ 
ɞɚɧɧɭɸ ɩɟɱɶ ɩɪɢɦɟɧɹɸɬ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɢɡɞɟɥɢɣ, ɷɤɫɩɟɪɢ-
ɦɟɧɬɚɥɶɧɨɦ ɢ ɢɧɞɢɜɢɞɭɚɥɶɧɨɦ, ɬɚɤɠɟ ɜɨ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɰɟɯɚɯ (ɢɧɫɬɪɭ-
ɦɟɧɬɚɥɶɧɵɟ, ɪɟɦɨɧɬɧɵɟ) ɩɪɢ ɷɩɢɡɨɞɢɱɟɫɤɨɣ ɡɚɝɪɭɡɤɟ [24]. 

ɉɨɤɚɡɚɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɪɚɡɥɢɱɧɵɯ ɬɨɱɤɚɯ ɪɚɛɨɱɟɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ ɜ 
ɤɚɠɞɵɣ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ ɨɞɢɧɚɤɨɜɵ ɢɥɢ ɢɦɟɸɬ ɨɩɪɟɞɟɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ, ɧɨ 
ɦɨɝɭɬ ɢɡɦɟɧɹɬɶɫɹ ɫɨ ɜɪɟɦɟɧɟɦ (ɤɚɤ ɛɵɥɨ ɭɤɚɡɚɧɧɨ ɜɵɲɟ). ɗɬɨ ɛɥɚɝɨɩɪɢɹɬɧɨ 
ɩɪɢɦɟɧɹɬɶ ɬɚɦ, ɝɞɟ ɩɪɢɫɭɬɫɬɜɭɟɬ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɧɨɪɨɞɧɵɯ ɞɟɬɚɥɟɣ, 
ɬɪɟɛɭɸɳɢɯ  

Ʉ ɧɟɞɨɫɬɚɬɤɚɦ ɷɥɟɤɬɪɨɩɟɱɢ ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɨɬɧɨɫɹɬ: ɬɪɭɞɧɨɫɬɶ ɩɨɥɭɱɟ-
ɧɢɹ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ (ɛɨɥɟɟ 1200 °ɋ), ɩɨɫɤɨɥɶɤɭ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɵɟ 
ɩɟɱɢ ɢɦɟɸɬ ɦɚɥɵɣ ɪɟɫɭɪɫ; ɧɚɝɪɟɜ ɬɨɥɶɤɨ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɢɡɞɟɥɢɣ – ɷɬɨ ɭɜɟɥɢ-
ɱɢɜɚɟɬ ɜɪɟɦɹ ɧɚɝɪɟɜɚ ɨɛɪɚɡɰɚ; ɡɚɬɪɭɞɧɟɧɢɟ ɫ ɪɟɦɨɧɬɨɦ (ɨɯɥɚɠɞɟɧɢɟ ɢ ɩɨɫɥɟ-
ɞɭɸɳɢɣ ɪɚɡɨɝɪɟɜ ɬɪɟɛɭɸɬ ɦɧɨɝɨ ɜɪɟɦɟɧɢ ɢ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ); ɫɥɚɛɚɹ ɤɨɧɰɟɧ-
ɬɪɚɰɢɹ ɦɨɳɧɨɫɬɢ, ɱɬɨ ɭɬɹɠɟɥɹɟɬ ɤɨɧɫɬɪɭɤɰɢɸ ɢ ɞɟɥɚɟɬ ɷɥɟɤɬɪɨɩɟɱɶ ɦɚɥɨ-
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɣ [24]. 

ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɚɫɬɤɢ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɲɚɦɨɬɧɨ-ɝɪɚɮɢɬɨɜɵɣ ɢ ɤɟɪɚɦɢɱɟ-
ɫɤɢɣ ɬɢɝɥɢ. ȼ ɪɨɥɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜɵɫɬɭɩɚɥɢ ɦɟɬɚɥɥɢɱɟ-
ɫɤɢɟ ɤɥɟɳɢ. 

ȼ ɫɨɫɬɚɜ ɲɚɦɨɬɧɨ-ɝɪɚɮɢɬɨɜɨɝɨ ɬɢɝɥɹ ɜɯɨɞɹɬ: ɝɪɚɮɢɬ, ɲɚɦɨɬ ɢ ɩɥɚ-
ɫɬɢɱɟɫɤɚɹ ɨɝɧɟɭɩɨɪɧɚɹ ɝɥɢɧɚ. ɂɡ ɞɚɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢɡɝɨɬɚɜɥɢɜɚɸɬ ɠɟɥɨɛɚ 
ɞɥɹ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɪɚɫɩɥɚɜɥɟɧɧɨɝɨ ɱɭɝɭɧɚ, ɫɬɚɤɚɧɵ ɞɥɹ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɡ-
ɥɢɜɤɢ ɫɬɚɥɢ, ɬɢɝɥɢ ɞɥɹ ɩɥɚɜɤɢ ɫɬɚɥɟɣ ɢ ɪɚɡɥɢɱɧɵɯ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ, ɩɪɨɛɤɢ 
ɞɥɹ ɫɬɨɩɨɪɧɵɯ ɭɫɬɪɨɣɫɬɜ ɩɪɢ ɪɚɡɥɢɜɤɟ ɫɬɚɥɟɣ, ɨɛɥɚɞɚɸɳɢɯ ɧɚɢɛɨɥɶɲɟɣ ɚɝ-
ɪɟɫɫɢɜɧɨɫɬɶɸ [25]. 

ɋɨɫɬɚɜ ɲɚɦɨɬɧɨ-ɝɪɚɮɢɬɨɜɵɯ ɲɢɯɬ ɧɟ ɨɞɢɧɚɤɨɜ ɞɥɹ ɬɢɝɥɟɣ, ɫɬɚɤɚɧɨɜ ɢ 
ɩɪɨɛɨɤ. ȼ ɬɢɝɥɹɯ, ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɫɝɨɪɚɧɢɹ ɢ ɨɤɢɫɥɟɧɢɹ ɝɪɚɮɢɬɚ, ɢɫ-
ɩɨɥɶɡɭɸɬ ɦɹɝɤɢɣ ɝɪɚɮɢɬ ɫ ɪɚɡɦɟɪɚɦɢ ɱɟɲɭɟɤ 0,2–1,2 ɦɦ. ɑɬɨ ɤɚɫɚɟɬɫɹ ɲɚɦɨ-
ɬɚ, ɬɨ ɨɧ ɞɨɥɠɟɧ ɛɵɬɶ ɩɥɨɬɧɵɦ, ɛɟɡɭɫɚɞɨɱɧɵɦ ɢ ɨɝɧɟɭɩɨɪɧɵɦ. ɋɜɹɡɤɨɣ ɜɵ-
ɫɬɭɩɚɟɬ ɜɵɫɨɤɨɩɥɚɫɬɢɱɧɚɹ, ɬɨɧɤɨɞɢɫɩɟɪɫɧɚɹ ɝɥɢɧɚ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ ɫɩɟɤɚɧɢɹ 
1150–1250 °ɋ. Ɉɫɧɨɜɧɨɟ ɟɟ ɞɨɫɬɨɢɧɫɬɜɨ ɜ ɬɨɦ, ɱɬɨ ɨɧɚ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɢɬɶ 
ɜɵɫɨɤɨɩɥɚɫɬɢɱɧɭɸ ɦɚɫɫɭ, ɜ ɤɨɬɨɪɨɣ ɝɪɚɮɢɬ ɡɚɳɢɳɟɧ ɨɬ ɨɤɢɫɥɟɧɢɹ [25]. 
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ɋɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɨɩɢɫɵɜɚɟɦɨɝɨ ɬɢɝɥɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɧɟɫɤɨɥɶɤɨ ɨɩɟ-
ɪɚɰɢɣ. ɋɩɟɪɜɚ ɤɨɦɩɨɧɟɧɬɵ ɲɢɯɬɵ ɜ ɜɢɞɟ ɩɨɪɨɲɤɚ ɞɨɡɢɪɭɸɬ ɩɨ ɦɚɫɫɟ ɢ ɩɟ-
ɪɟɦɟɲɢɜɚɸɬ. Ɂɚɬɟɦ ɭɜɥɚɠɧɹɸɬ ɢ ɜɧɨɜɶ ɩɟɪɟɦɟɲɢɜɚɸɬ, ɩɨɫɥɟ ɱɟɝɨ ɨɛɪɚɛɚɬɵ-
ɜɚɸɬ ɩɨɥɭɱɟɧɧɭɸ ɫɦɟɫɶ ɧɚ ɥɟɧɬɨɱɧɨɦ ɩɪɟɫɫɟ. Ⱦɚɥɟɟ ɟɟ ɜɵɞɟɪɠɢɜɚɸɬ ɜ ɫɩɟ-
ɰɢɚɥɶɧɵɯ ɤɚɦɟɪɚɯ ɜ ɬɟɱɟɧɢɟ 15–20 ɫɭɬɨɤ ɫ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɩɥɚɫɬɢɱɧɨɫɬɢ. 
ɉɨɫɥɟ ɜɵɥɟɠɚɜɲɭɸɫɹ ɦɚɫɫɭ ɩɪɨɩɭɫɤɚɸɬ ɱɟɪɟɡ ɥɟɧɬɨɱɧɵɣ ɩɪɟɫɫ 2–3 ɪɚɡɚ, 
ɢɦɟɸɳɟɝɨ ɨɩɪɟɞɟɥɟɧɧɭɸ ɮɨɪɦɭ ɦɭɧɞɲɬɭɤɚ, ɛɥɚɝɨɞɚɪɹ ɤɨɬɨɪɨɦɭ ɨɛɟɫɩɟɱɢ-
ɜɚɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɡɚɝɨɬɨɜɨɤ ɧɭɠɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ. Ɂɚɤɥɸɱɢɬɟɥɶɧɨɣ ɨɩɟɪɚ-
ɰɢɟɣ ɹɜɥɹɟɬɫɹ ɮɨɪɦɨɜɤɚ ɢɡɞɟɥɢɣ ɩɭɬɟɦ ɞɨɩɪɟɫɫɨɜɤɢ ɩɨɥɭɱɟɧɧɵɯ ɡɚɝɨɬɨɜɨɤ. 
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Ɋɢɫɭɧɨɤ 12 – Ɉɫɧɚɫɬɤɚ: ɚ – ɲɚɦɨɬɧɨ-ɝɪɚɮɢɬɨɜɵɣ ɬɢɝɟɥɶ; 
ɛ – ɤɟɪɚɦɢɱɟɫɤɢɣ ɬɢɝɟɥɶ  

 
ɋɬɨɢɬ ɨɛɪɚɬɢɬɶ ɜɧɢɦɚɧɢɟ ɢ ɧɚ ɫɨɫɬɚɜɧɭɸ ɱɚɫɬɶ ɲɚɦɨɬɧɨ-ɝɪɚɮɢɬɨɜɨɝɨ 

ɬɢɝɥɹ – ɝɪɚɮɢɬ. Ƚɪɚɮɢɬɨɜɵɟ ɬɢɝɥɢ ɨɬɥɢɱɚɸɬɫɹ ɬɟɦ, ɱɬɨ ɨɧɢ ɩɪɢɝɨɞɧɵ ɞɥɹ 
ɛɨɥɶɲɢɧɫɬɜɚ ɦɟɬɚɥɥɨɜ, ɬɚɤ ɤɚɤ ɧɟ ɨɛɪɚɡɭɸɬ ɤɚɪɛɢɞɧɵɟ ɫɨɟɞɢɧɟɧɢɹ. Ƚɪɚɮɢ-
ɬɨɜɵɣ ɬɢɝɟɥɶ ɦɨɠɟɬ ɛɵɬɶ ɜ ɮɨɪɦɟ ɫɬɟɪɠɧɟɣ ɢ ɬɪɭɛ ɪɚɡɥɢɱɧɵɯ ɞɢɚɦɟɬɪɨɜ, ɱɬɨ 
ɛɥɚɝɨɩɪɢɹɬɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɜ ɪɚɛɨɬɟ ɫ ɩɟɱɶɸ ɩɟɪɢɨɞɢɱɟɫɤɨɝɨ ɞɟɣɫɬɜɢɹ, ɤɨɝɞɚ 
ɬɪɟɛɭɟɬɫɹ ɛɵɫɬɪɚɹ ɫɦɟɧɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨɞ ɪɚɡɥɢɱɧɵɣ ɨɛɴɟɦ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ 
ɫɩɥɚɜɚ. ȿɫɥɢ ɬɚɤɨɣ ɬɢɝɟɥɶ ɫɧɚɛɠɟɧ ɤɪɵɲɤɨɣ, ɬɨ ɫɭɳɟɫɬɜɭɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɚ-
ɦɨɩɪɨɢɡɜɨɥɶɧɨɝɨ ɩɪɢɫɭɬɫɬɜɢɹ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɨɣ ɚɬɦɨɫɮɟɪɵ, ɧɟ ɫɦɨɬɪɹ ɧɚ 
ɧɟɛɨɥɶɲɨɣ ɞɨɫɬɭɩ ɤɨɥɢɱɟɫɬɜɚ ɜɨɡɞɭɯɚ. Ɍɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɱɢɫɬɨɝɨ ɝɪɚɮɢɬɚ 
ɦɟɧɶɲɟ, ɱɟɦ ɫɬɚɥɢ, ɧɨ, ɬɟɦ ɧɟ ɦɟɧɟɟ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɶɲɟ, ɱɟɦ ɭ ɛɨɥɶɲɢɧɫɬɜɚ 
ɨɝɧɟɭɩɨɪɧɵɯ ɨɤɢɫɥɨɜ ɢɥɢ ɫɢɥɢɤɚɬɨɜ. Ɍɚɤɠɟ ɤ ɞɨɫɬɨɢɧɫɬɜɚɦ ɝɪɚɮɢɬɨɜɨɝɨ 
ɬɢɝɥɹ ɫɬɨɢɬ ɞɨɛɚɜɢɬɶ ɜɵɫɨɤɢɣ ɫɪɨɤ ɷɤɫɩɥɭɚɬɚɰɢɢ ɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɟɞɨɪɨɝɭɸ 
ɫɬɨɢɦɨɫɬɶ ɜ ɨɬɥɢɱɢɟ ɨɬ ɤɟɪɚɦɢɱɟɫɤɢɯ.  

Ɉɫɧɨɜɧɵɦ ɤɨɦɩɨɧɟɧɬɨɦ ɤɟɪɚɦɢɱɟɫɤɢɣ ɬɢɝɥɟɣ ɹɜɥɹɟɬɫɹ ɨɤɫɢɞ ɚɥɸɦɢ-
ɧɢɹ. Ɉɧɢ ɨɛɥɚɞɚɸɬ ɪɹɞɨɦ ɩɪɟɢɦɭɳɟɫɬɜ: ɜɵɫɨɤɚɹ ɬɟɪɦɨɭɫɬɨɣɱɢɜɨɫɬɶ (ɨɤɨɥɨ 
2000 °ɋ), ɯɢɦɢɱɟɫɤɚɹ ɢɧɟɪɬɧɨɫɬɶ, ɯɨɪɨɲɚɹ ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ, ɦɢɧɢɦɚɥɶɧɵɣ 
ɭɪɨɜɟɧɶ ɩɨɪɢɫɬɨɫɬɢ, ɞɢɷɥɟɤɬɪɢɱɟɫɤɢɟ ɤɚɱɟɫɬɜɚ. ɋɨɱɟɬɚɧɢɟ ɜɵɫɨɤɨɣ ɨɝɧɟ-
ɭɩɨɪɧɨɫɬɢ ɢ ɯɢɦɢɱɟɫɤɨɣ ɫɬɨɣɤɨɫɬɢ ɩɨɡɜɨɥɹɸɬ ɩɪɢɦɟɧɹɬɶ ɞɚɧɧɵɣ ɦɚɬɟɪɢɚɥ ɜ 
ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɚɯ ɥɚɛɨɪɚɬɨɪɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ – ɩɥɚɜɤɢ ɦɟɬɚɥɥɚ ɢ ɫɥɨɠ-
ɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɩɪɨɤɚɥɢɜɚɧɢɹ ɢ ɜɵɫɨɤɨɬɟɦɩɟɪɚɬɭɪɧɨɝɨ ɫɢɧɬɟɡɚ. 
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Ɉɫɧɨɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɤɟɪɚɦɢɱɟɫɤɨɝɨ ɬɢɝɥɹ ɹɜɥɹɟɬɫɹ ɛɵɫɬɪɵɣ ɜɵɯɨɞ 
ɢɡ ɫɬɪɨɹ, ɩɨɫɤɨɥɶɤɭ ɤɟɪɚɦɢɤɚ ɫɢɥɶɧɨ ɩɨɞɜɟɪɠɟɧɚ ɢɫɬɟɪɚɧɢɸ ɢ ɩɪɢ ɜɨɡɞɟɣɫɬ-
ɜɢɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɩɨɪɬɢɬɫɹ ɧɚɦɧɨɝɨ ɛɵɫɬɪɟɟ.  

ȼ ɤɚɱɟɫɬɜɟ ɩɪɨɛɨɩɨɞɝɨɬɨɜɤɢ ɢɫɩɨɥɶɡɨɜɚɥɨɫɶ ɨɛɨɪɭɞɨɜɚɧɢɟ ɮɢɪɦɵ 
Struers – Tegrapol–15. ɒɥɢɮɨɜɚɥɶɧɨ-ɩɨɥɢɪɨɜɚɥɶɧɵɣ ɫɬɚɧɨɤ ɨɛɥɚɞɚɟɬ ɩɟɪɟ-
ɦɟɧɧɨɣ ɫɤɨɪɨɫɬɶɸ 40–600 ɨɛ/ɦɢɧ ɫ ɲɚɝɨɦ 10 ɨɛ/ɦɢɧ. Ⱦɢɚɦɟɬɪ ɞɢɫɤɚ ɫɨɫɬɚɜ-
ɥɹɟɬ 200 ɦɦ. Ɇɨɳɧɨɫɬɶ ɞɜɢɝɚɬɟɥɹ – 370 ȼɬ. Ɉɛɨɪɭɞɨɜɚɧɢɟ ɢɦɟɟɬ ɪɚɫɩɪɟɞɟɥɢ-
ɬɟɥɶɧɵɣ ɹɳɢɤ ɫ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɱɚɫɬɶɸ ɢ ɭɩɪɚɜɥɟɧɢɟɦ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɲɤɚɮɚ.  

 

 
 

Ɋɢɫɭɧɨɤ 13 – ɒɥɢɮɨɜɚɥɶɧɨ-ɩɨɥɢɪɨɜɚɥɶɧɵɣ 
ɫɬɚɧɨɤ Tegrapol–15 

 
Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɫɬɚɧɨɤ ɨɫɧɚɳɟɧ ɨɛɨɪɭɞɨɜɚɧɢɟɦ TegraForce–1. ɍɫɬɚ-

ɧɨɜɤɚ ɩɨɡɜɨɥɹɟɬ ɨɛɪɚɛɚɬɵɜɚɬɶ ɨɛɪɚɡɟɰ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫ ɩɟɪɟɦɟɧɧɨɣ ɫɤɨɪɨ-
ɫɬɶɸ 50–150 ɨɛ/ɦɢɧ ɫ ɲɚɝɨɦ 10 ɨɛ/ɦɢɧ. ɍɫɬɪɨɣɫɬɜɨ ɫɩɨɫɨɛɧɨ ɩɨɥɭɱɚɬɶ ɨɛ-
ɪɚɡɰɵ ɬɨɧɤɨɣ ɬɨɥɳɢɧɵ ɢ ɩɨɥɢɪɨɜɚɬɶ ɨɬ ɨɞɧɨɝɨ ɞɨ ɬɪɟɯ ɡɚɝɨɬɨɜɨɤ, ɡɚɮɢɤɫɢ-
ɪɨɜɚɧɧɵɯ ɜ ɞɟɪɠɚɬɟɥɟ. Ⱦɥɹ ɛɨɥɟɟ ɤɚɱɟɫɬɜɟɧɧɨɣ ɨɛɪɚɛɨɬɤɢ ɨɛɨɪɭɞɨɜɚɧɢɟ ɨɫ-
ɧɚɳɟɧɨ ɬɪɭɛɤɨɣ ɞɥɹ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ, ɞɥɢɧɨɣ 8,0 ɦ. 

 

 
 

Ɋɢɫɭɧɨɤ 14 – Ⱦɟɪɠɚɬɟɥɶ ɨɛɪɚɡɰɨɜ TegraForce–1 
 

Ⱦɨɫɬɨɢɧɫɬɜɚɦɢ ɞɚɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɹɜɥɹɸɬɫɹ ɥɟɝɤɚɹ ɭɫɬɚɧɨɜɤɚ ɨɛ-
ɪɚɡɰɨɜ ɜ ɞɟɪɠɚɬɟɥɶ, ɧɚɞɟɠɧɨɫɬɶ, ɩɪɨɫɬɨɬɚ ɜ ɢɫɩɨɥɶɡɨɜɚɧɢɢ, ɞɢɫɬɚɧɰɢɨɧɧɨɟ 
ɭɩɪɚɜɥɟɧɢɟ, ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɪɚɛɨɬɤɢ ɪɚɞɢɚɰɢɨɧɧɨ-ɫɬɨɣɤɢɯ ɦɚɬɟɪɢɚɥɨɜ, ɦɢ-
ɧɢɦɚɥɶɧɵɟ ɪɚɞɢɨɚɤɬɢɜɧɵɟ ɨɬɯɨɞɵ. 
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Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɫ ɩɨɦɨɳɶɸ ɫɤɚɧɢɪɭɸɳɟɝɨ 
ɷɥɟɤɬɪɨɧɧɨɝɨ ɦɢɤɪɨɫɤɨɩɚ HITACHI S5500. Ɉɧ ɢɫɩɨɥɶɡɭɟɬ ɬɟɯɧɨɥɨɝɢɸ in-lines ɫ 
ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɧɟ ɬɨɥɶɤɨ ɫɜɟɪɯɜɵɫɨɤɨɝɨ ɪɚɡɪɟɲɟɧɢɹ, ɧɨ ɢ ɜɵɫɨɤɨɣ ɱɭɜɫɬɜɢ-
ɬɟɥɶɧɨɫɬɢ ɚɧɚɥɢɡɚ ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɣ ɪɟɧɬɝɟɧɨɜɫɤɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ (EDS). 

 

 
 

Ɋɢɫɭɧɨɤ 15 – ɋɤɚɧɢɪɭɸɳɢɣ ɷɥɟɤɬɪɨɧɧɵɣ  
ɦɢɤɪɨɫɤɨɩ HITACHI S5500 

 
Ɋɚɛɨɬɚ ɷɥɟɤɬɪɨɧɧɨɣ ɩɭɲɤɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɩɨɥɟɜɨɣ ɷɦɢɫɫɢɟɣ ɫ ɯɨɥɨɞ-

ɧɵɦ ɤɚɬɨɞɨɦ. ɍɫɤɨɪɹɸɳɟɟ ɧɚɩɪɹɠɟɧɢɟ ɜɨɡɦɨɠɧɨ ɪɟɝɭɥɢɪɨɜɚɬɶ ɜ ɩɪɟɞɟɥɚɯ 530 
ɤȼ. Ɉɛɨɪɭɞɨɜɚɧɢɟ ɢɦɟɟɬ ɞɜɚ ɪɟɠɢɦɚ ɪɚɡɪɟɲɟɧɢɹ: 0,4 ɧɦ ɩɪɢ 30 ɤȼ (ɜɵɫɨɬɚ ɨɛ-
ɪɚɡɰɚ 1 ɦɦ) ɢ 1,6 ɧɦ ɩɪɢ 1 ɤȼ. Ɇɢɤɪɨɫɤɨɩ ɨɛɨɪɭɞɨɜɚɧ ɫɩɟɤɬɪɨɦɟɬɪɨɦ EDS, ɱɬɨ 
ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɤɚɪɬɢɪɨɜɚɧɢɟ ɢ ɪɟɧɬɝɟɧɨ-ɮɥɭɨɪɟɫɰɟɧɬɧɵɣ ɚɧɚɥɢɡ. 

Ɂɞɟɫɶ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɢɫɬɟɦɚ ɫɮɨɤɭɫɢɪɨɜɚɧɧɨɝɨ ɢɨɧɧɨɝɨ ɩɭɱɤɚ FB–2100 
ɞɥɹ ɩɪɟɰɟɡɢɨɧɧɨɣ ɢ ɛɵɫɬɪɨɣ ɩɨɞɝɨɬɨɜɤɢ ɨɛɪɚɡɰɨɜ ɞɥɹ ɫɤɚɧɢɪɭɸɳɟɣ ɢ ɩɪɨ-
ɫɜɟɱɢɜɚɸɳɟɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ. 

Ʉ ɛɥɚɝɨɩɪɢɹɬɧɵɦ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦ ɦɨɠɧɨ ɨɬɧɟɫɬɢ ɜɨɡɦɨɠɧɨɫɬɶ ɬɪɚɜ-
ɥɟɧɢɹ ɢ ɪɟɡɤɢ ɨɛɪɚɡɰɚ ɫ ɦɢɤɪɨɦɟɬɪɨɜɨɣ ɬɨɱɧɨɫɬɶɸ. Ȼɥɚɝɨɞɚɪɹ ɩɪɢɫɭɬɫɬɜɢɸ 
ɢɨɧɨɜ ɝɚɥɥɢɹ ɫɤɨɪɨɫɬɶ ɬɪɚɜɥɟɧɢɹ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜ 4 ɪɚɡɚ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɫɭ-
ɳɟɫɬɜɭɸɳɢɦɢ ɚɧɚɥɨɝɚɦɢ. ɋɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɫɤɚɧɢɪɭɸɳɢɣ ɢɨɧɧɵɣ ɦɢɤ-
ɪɨɫɤɨɩ ɨɛɥɚɞɚɟɬ ɪɚɡɪɟɲɟɧɢɟɦ, ɪɚɜɧɵɦ 6 ɧɦ. Ɍɚɤɠɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɨɡɦɨɠ-
ɧɨɫɬɶ ɨɫɚɠɞɟɧɢɹ ɢɨɧɨɜ ɭɝɥɟɪɨɞɚ ɢ ɜɨɥɶɮɪɚɦɚ. ȼ ɨɛɨɪɭɞɨɜɚɧɢɟ ɜɤɥɸɱɟɧɵ: 
ɫɢɫɬɟɦɚ ɞɥɹ ɨɬɛɨɪɚ ɦɢɤɪɨɩɪɨɛ ɢɡ ɨɛɪɚɡɰɚ, ɚ ɬɚɤɠɟ ɞɟɪɠɚɬɟɥɶ ɞɥɹ ɨɛɪɚɡɰɨɜ. 
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3 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɱɚɫɬɶ 
 
ȼ ɯɨɞɟ ɪɚɛɨɬɵ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɞɜɚ ɷɤɫɩɟɪɢɦɟɧɬɚ. Ɍɟɯɧɨɥɨɝɢɹ ɩɟɪɜɨɝɨ 

ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥɚ ɨɫɧɨɜɚɧɚ ɧɚ ɦɟɬɨɞɟ Alporas. ȼ ɤɚɱɟɫɬɜɟ ɜɫɩɟɧɢɜɚɸɳɟɝɨ 
ɷɥɟɦɟɧɬɚ ɜɵɛɪɚɧ ɞɢɝɢɞɪɢɞ ɬɢɬɚɧɚ TiH2. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɚɥɸɦɢɧɢɣ ɩɪɢɨɛɪɟɬɚ-
ɟɬ ɩɨɪɢɫɬɭɸ ɫɬɪɭɤɬɭɪɭ, ɛɥɚɝɨɞɚɪɹ ɩɪɨɬɟɤɚɸɳɟɣ ɪɟɚɤɰɢɢ: 

 
TiH2 + 3Al TiAl3 + H2 ,                                                                       (1) 
 

ɬɨ ɟɫɬɶ ɜɵɞɟɥɢɜɲɢɣɫɹ ɜɨɞɨɪɨɞ ɢ ɹɜɥɹɟɬɫɹ ɩɪɢɱɢɧɨɣ ɭɦɟɧɶɲɟɧɢɹ ɩɥɨɬɧɨɫɬɢ 
ɚɥɸɦɢɧɢɹ. 

ɗɤɫɩɟɪɢɦɟɧɬ ɩɪɨɜɨɞɢɥɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɥɟɞɭɸɳɢɯ ɞɟɣɫɬɜɢɣ. ȼ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɪɚɡɨɝɪɟɬɭɸ ɩɟɱɶ, ɫ ɫɢɥɨɣ ɬɨɤɚ 120 Ⱥ, ɩɨɝɪɭɠɚɸɬ ɲɚɦɨɬɧɨ-
ɝɪɚɮɢɬɨɜɵɣ ɬɢɝɟɥɶ, ɜ ɤɨɬɨɪɨɦ ɧɚɯɨɞɢɬɫɹ ɬɟɯɧɢɱɟɫɤɢɣ ɚɥɸɦɢɧɢɣ ɜ ɤɨɥɢɱɟɫɬ-
ɜɟ 193 ɝ. ɉɪɨɰɟɫɫ ɩɥɚɜɥɟɧɢɹ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɫɨɫɬɚɜɥɹɟɬ 30 ɦɢɧ. ɉɨɫɥɟ ɬɢ-
ɝɟɥɶ ɜɵɧɢɦɚɸɬ ɢɡ ɩɟɱɢ ɢ, ɭɞɚɥɢɜ ɨɤɫɢɞɧɭɸ ɩɥɟɧɤɭ, ɜɧɟɞɪɹɸɬ ɤɚɥɶɰɢɣ. Ⱦɚɥɟɟ 
ɩɟɪɟɦɟɲɢɜɚɸɬ, ɢɫɩɨɥɶɡɭɹ ɝɪɚɮɢɬɨɜɵɣ ɫɬɟɪɠɟɧɶ, ɜ ɬɟɱɟɧɢɟ 6 ɦɢɧ. ɉɨɫɥɟ, 
ɬɚɤɠɟ ɭɞɚɥɢɜ ɨɤɫɢɞɧɭɸ ɩɥɟɧɤɭ, ɩɨɝɪɭɠɚɸɬ ɝɢɞɪɢɞ ɬɢɬɚɧɚ. ɉɟɪɟɦɟɲɚɜ ɜ ɬɟ-
ɱɟɧɢɟ 1–2 ɦɢɧ ɩɨɥɭɱɟɧɧɭɸ ɫɦɟɫɶ, ɬɢɝɟɥɶ ɡɚɤɪɵɜɚɸɬ ɤɪɵɲɤɨɣ ɢ ɜɵɞɟɪɠɢɜɚ-
ɸɬ ɜ ɬɟɱɟɧɢɟ 3–5 ɦɢɧ. ɉɨ ɢɫɬɟɱɟɧɢɢ ɫɪɨɤɚ ɫɧɢɦɚɸɬ ɨɤɫɢɞɧɭɸ ɩɥɟɧɤɭ ɢ ɪɚɡ-
ɥɢɜɚɸɬ ɞɚɧɧɵɣ ɪɚɫɩɥɚɜ ɜ ɤɨɤɢɥɶ. ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɚ ɬɚɛɥɢɰɚ ɩɨɫɥɟɞɨɜɚ-
ɬɟɥɶɧɵɯ ɨɩɟɪɚɰɢɣ. 

 
Ɍɚɛɥɢɰɚ 1 – ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ 
 

ɇɚɢɦɟɧɨɜɚɧɢɟ Ɇɚɬɟɪɢɚɥ ȼɟɫ, ɝ ȼɪɟɦɹ, 
ɦɢɧ 

Ɍɟɦɩɟɪɚɬɭɪɚ, °ɋ ɋɢɥɚ ɬɨɤɚ, Ⱥ 

      

ɉɥɚɜɥɟɧɢɟ Alɬɟɯɧ 193 30 680 180 

ȼɧɟɞɪɟɧɢɟ Ca 3 6 685 220 

ȼɧɟɞɪɟɧɢɟ TiH2 3 5 670 220 

Ʌɢɬɶɟ ɜ ɤɨɤɢɥɶ - 199 - - - 

Ɉɯɥɚɠɞɟɧɢɟ ɩɟɧɨɚɥɸɦɢɧɢɣ 160,4 - 24–26 - 

 
Ɍɚɤ ɤɚɤ ɞɥɹ ɩɨɜɵɲɟɧɢɹ ɜɹɡɤɨɫɬɢ ɛɵɥ ɞɨɛɚɜɥɟɧ ɤɚɥɶɰɢɣ, ɬɨ ɫɩɥɚɜ ɨɛɥɚ-

ɞɚɟɬ ɩɥɨɯɨɣ ɠɢɞɤɨɬɟɤɭɱɟɫɬɶɸ. ɉɨɫɥɟ ɨɯɥɚɠɞɟɧɢɹ ɦɚɫɫɚ ɨɛɪɚɡɰɚ ɪɚɜɧɚ 160,4 ɝ. 
ɂɡɦɟɪɢɜ ɨɛɴɟɦ ɢ ɪɚɫɫɱɢɬɚɜ ɩɥɨɬɧɨɫɬɶ, ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ ɨ ɬɨɦ, ɱɬɨ 

ɩɥɨɬɧɨɫɬɶ ɨɛɪɚɡɰɚ ɭɦɟɧɶɲɢɥɚɫɶ ɧɚ 12 %. ɋɬɪɭɤɬɭɪɚ ɩɟɧɨɚɥɸɦɢɧɢɹ ɹɜɥɹɟɬɫɹ 
ɡɚɤɪɵɬɨɹɱɟɢɫɬɨɣ ɢ ɪɚɡɦɟɪ ɹɱɟɟɤ ɫɨɫɬɚɜɥɹɟɬ, ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ, 0,1-0,5 ɦɦ. 
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                       ɚ                                                 ɛ 
 

Ɋɢɫɭɧɨɤ 16 – Ɉɛɪɚɡɟɰ ɩɟɧɨɚɥɸɦɢɧɢɹ: 
ɚ – ɨɬɥɢɜɤɚ; ɛ – ɫɟɱɟɧɢɟ ɨɛɪɚɡɰɚ ɫɨ ɫɤɨɥɨɦ 

 
ɉɨɫɤɨɥɶɤɭ ɬɟɦɩɟɪɚɬɭɪɧɵɣ ɢɧɬɟɪɜɚɥ ɚɤɬɢɜɧɨɝɨ ɪɚɡɥɨɠɟɧɢɹ TiH2 ɫɨ-

ɫɬɚɜɥɹɟɬ 550–650 °ɋ [20], ɬɨ ɩɪɢ ɟɝɨ ɜɜɟɞɟɧɢɢ ɜ ɪɚɫɩɥɚɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 
670–700 °ɋ ɩɪɨɢɡɨɲɥɚ ɛɭɪɧɚɹ ɪɟɚɤɰɢɹ (1). ɗɬɨ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɬɨɦ, ɱɬɨ 
ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɜɨɞɨɪɨɞɚ ɭɲɥɚ ɜ ɚɬɦɨɫɮɟɪɭ. Ɉɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ ɦɨɠɧɨ ɫɱɢ-
ɬɚɬɶ ɧɟɜɨɡɦɨɠɧɨɫɬɶ ɩɨɫɬɨɹɧɧɨ ɩɨɞɞɟɪɠɢɜɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ ɩɪɢ 660–670 °ɋ. 
ȼɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɪɚɡɦɟɪ ɩɨɪ ɧɟ ɞɨɫɬɢɝ ɠɟɥɚɟɦɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɫɬɪɭɤɬɭɪɚ ɨɛ-
ɪɚɡɰɚ ɨɤɚɡɚɥɚɫɶ ɧɟɨɞɧɨɪɨɞɧɨɣ. 

ɇɟɞɨɫɬɚɬɤɨɦ ɞɚɧɧɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɦɚɥɚɹ ɩɨɪɢɫɬɨɫɬɶ. ɉɨɷɬɨɦɭ ɞɥɹ ɪɟ-
ɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ ɛɵɥ ɩɪɟɞɥɨɠɟɧ ɫɩɨɫɨɛ, ɨɩɢɫɵɜɚɟɦɨɣ ɜ ɪɚɛɨɬɟ [20]. 

Ⱦɚɧɧɵɣ ɩɚɬɟɧɬ ɜɵɛɪɚɧ ɜ ɨɫɧɨɜɭ ɜɬɨɪɨɝɨ ɷɤɫɩɟɪɢɦɟɧɬɚ. ɋɩɟɪɜɚ ɜ ɪɚɫ-
ɩɥɚɜ ɬɟɯɧɢɱɟɫɤɨɝɨ ɚɥɸɦɢɧɢɹ ȺȾ31 ɜɜɨɞɢɥɢ ɦɚɝɧɢɣ, ɜ ɤɨɥɢɱɟɫɬɜɟ 50 % ɨɬ 
ɬɪɟɛɭɟɦɨɝɨ ɫɨɫɬɚɜɚ, ɬ.ɟ. 8 ɝ. Ɂɚɬɟɦ ɩɟɪɟɦɟɲɢɜɚɥɢ ɜ ɬɟɱɟɧɢɟ 5 ɦɢɧɭɬ ɢ ɜɵɞɟɪ-
ɠɢɜɚɥɢ ɜ ɩɟɱɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 650 °ɋ. Ⱦɚɥɟɟ ɜɜɨɞɢɥɢ ɩɨ ɪɚɫɱɟɬɭ ɦɟɞɶ (15 ɝ), 
ɰɢɧɤ (106,4 ɝ) ɢ ɨɫɬɚɜɲɢɣɫɹ ɦɚɝɧɢɣ (7 ɝ). Ɇɟɞɶ ɜɧɟɞɪɹɥɢ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, 
ɩɨɫɤɨɥɶɤɭ ɩɪɨɰɟɫɫ ɩɥɚɜɥɟɧɢɹ ɢɡ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɹɜɥɹɟɬɫɹ ɫɚɦɵɦ 
ɞɨɥɝɢɦ. ɐɢɧɤ ɞɨɛɚɜɥɹɥɫɹ ɜ ɜɢɞɟ ɝɪɚɧɭɥ, ɱɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɤɨɪɹɥɨ ɩɪɨɰɟɫɫ 
ɩɥɚɜɤɢ, ɩɨɷɬɨɦɭ ɟɝɨ ɢɫɩɨɥɶɡɨɜɚɥɢ ɜ ɡɚɜɟɪɲɟɧɢɢ ɞɚɧɧɵɯ ɷɥɟɦɟɧɬɨɜ. Ⱦɚɥɟɟ 
ɬɚɤɠɟ ɩɟɪɟɦɟɲɢɜɚɥɢ, ɜɵɞɟɪɠɢɜɚɥɢ ɜ ɩɟɱɢ ɜ ɬɟɱɟɧɢɟ 5 ɦɢɧɭɬ ɢ ɧɚɝɪɟɜɚɥɢ 
ɩɟɱɶ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 700 °ɋ. ɉɨɫɥɟ, ɭɞɚɥɢɜ ɲɥɚɤ, ɩɨɥɭɱɟɧɧɵɣ ɫɩɥɚɜ ɩɟɪɟɥɢ-
ɜɚɥɢ ɜ ɲɚɦɨɬɧɨ-ɝɪɚɮɢɬɨɜɵɣ ɬɢɝɟɥɶ ɢ ɨɯɥɚɠɞɚɥɢ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 550 °ɋ. ɉɪɢ 
ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜɧɟɞɪɹɥɢ ɩɨɪɨɨɛɪɚɡɨɜɚɬɟɥɶ – ɞɢɝɢɞɪɢɞ ɬɢɬɚɧɚ TiH2 – ɩɪɢ 
ɧɟɩɪɟɪɵɜɧɨɦ ɩɟɪɟɦɟɲɢɜɚɧɢɢ ɜ ɤɨɥɢɱɟɫɬɜɟ 1,2 % ɨɬ ɨɛɳɟɣ ɦɚɫɫɵ (3,2 ɝ). Ⱦɚ-
ɥɟɟ ɩɨɥɭɱɟɧɧɭɸ ɫɦɟɫɶ ɩɟɪɟɥɢɜɚɥɢ ɜ ɜɨɞɨɨɯɥɚɠɞɚɟɦɵɣ ɤɨɤɢɥɶ. 

ȼ ɯɨɞɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ 2 ɩɥɚɜɤɢ ɫ ɨɞɢɧɚɤɨɜɵɦ ɫɨɫɬɚɜɨɦ. 
Ɉɞɢɧ ɢɡ ɨɛɪɚɡɰɨɜ ɩɨɞɜɟɪɝɚɥɫɹ ɞɟɮɨɪɦɚɰɢɢ (ɩɪɨɤɚɬɤɟ) ɞɨ ɬɨɥɳɢɧɵ 3 ɦɦ. Ɂɚ-
ɤɥɸɱɢɬɟɥɶɧɵɦ ɷɬɚɩɨɦ ɹɜɥɹɟɬɫɹ ɬɟɪɦɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ, ɩɪɨɜɨɞɢɦɚɹ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 700 °ɋ ɞɥɹ ɮɨɪɦɢɪɨɜɚɧɢɹ ɜ ɫɬɪɭɤɬɭɪɟ ɡɚɝɨɬɨɜɤɢ ɡɚɞɚɧɧɨɣ ɩɨ-
ɪɢɫɬɨɫɬɢ.  
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                                        ɚ                              ɛ                            ɜ 
 

Ɋɢɫɭɧɨɤ 17 – ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɩɟɧɨɚɥɸɦɢɧɢɹ: 
ɚ – ɢɡɜɥɟɱɟɧɢɟ; ɛ – ɜɧɟɞɪɟɧɢɟ, ɩɟɪɟɦɟɲɢɜɚɧɢɟ;  
ɜ – ɪɚɡɥɢɜ ɦɟɬɚɥɥɚ ɜ ɜɨɞɨɨɯɥɚɠɞɚɟɦɵɣ ɤɨɤɢɥɶ 

 
Ƚɥɚɜɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɜɵɛɪɚɧɧɨɣ ɬɟɯɧɨɥɨɝɢɢ ɹɜɥɹɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪ-

ɧɵɣ ɢɧɬɟɪɜɚɥ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɚɥɸɦɢɧɢɟɜɨɝɨ ɫɩɥɚɜɚ – 500–530 °ɋ. Ɍɨ ɟɫɬɶ 
ɩɨɪɨɲɨɤ TiH2, ɜɧɟɞɪɹɟɦɵɣ ɜ ɫɩɥɚɜ ɪɚɫɩɪɟɞɟɥɟɧ ɪɚɜɧɨɦɟɪɧɨ ɢ ɜɫɩɟɧɢɜɚɧɢɟ 
ɩɪɨɢɫɯɨɞɢɬ ɭɠɟ ɩɨɫɥɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, ɜ ɤɨɬɨɪɨɦ ɛɨɥɶɲɚɹ ɱɚɫɬɶ ɜɨ-
ɞɨɪɨɞɚ ɧɚɯɨɞɢɬɫɹ ɜ ɨɬɥɢɜɤɟ. ɉɨ ɷɬɨɣ ɩɪɢɱɢɧɟ ɩɨɜɵɲɚɟɬɫɹ ɨɞɧɨɪɨɞɧɨɫɬɶ ɩɨ-
ɪɨɜɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬ ɜɫɩɟɧɢɜɚɧɢɹ ɢ ɭɞɟɥɶɧɵɣ 
ɜɟɫ ɭɦɟɧɶɲɚɟɬɫɹ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɧɚ 30 %. 

 

     
 

Ɋɢɫɭɧɨɤ 18 – Ɇɢɤɪɨɫɬɪɭɤɬɭɪɵ ɨɛɪɚɡɰɨɜ,  
ɫɨɞɟɪɠɚɳɢɯ ɱɚɫɬɢɰɵ ɞɢɝɢɞɪɢɞɚ ɬɢɬɚɧɚ 

 
ɉɨɫɤɨɥɶɤɭ ɜ ɩɚɬɟɧɬɟ ɧɟ ɨɩɢɫɚɧɨ ɭɫɥɨɜɢɟ ɨɛɪɚɛɨɬɤɢ ɨɬɥɢɜɨɤ ɩɥɚɫɬɢɱɟ-

ɫɤɨɣ ɞɟɮɨɪɦɚɰɢɢ, ɬɨ ɩɟɪɜɵɣ ɨɛɪɚɡɟɰ ɛɵɥ ɩɨɞɟɥɟɧ ɧɚ ɞɜɟ ɱɚɫɬɢ. ɉɟɪɜɚɹ ɱɚɫɬɶ 
ɩɨɞɜɟɪɝɚɥɚɫɶ ɯɨɥɨɞɧɨɣ ɞɟɮɨɪɦɚɰɢɢ (ɜɬɨɪɨɣ ɨɛɪɚɡɟɰ), ɜɬɨɪɚɹ – ɝɨɪɹɱɟɣ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ 350 °ɋ (ɩɟɪɜɵɣ, ɬɪɟɬɢɣ ɢ ɱɟɬɜɟɪɬɵɣ ɨɛɪɚɡɰɵ). ȼ ɨɛɨɢɯ ɫɥɭɱɚɹɯ 
ɩɨɥɭɱɢɬɶ ɨɛɪɚɡɟɰ ɬɨɥɳɢɧɨɣ 3 ɦɦ ɧɟ ɭɞɚɥɨɫɶ, ɩɨɫɤɨɥɶɤɭ ɜ ɫɨɫɬɚɜ ɜɯɨɞɢɬ 
ɰɢɧɤ, ɱɬɨ ɩɨɞɜɟɪɝɚɟɬ ɦɚɬɟɪɢɚɥ ɦɟɧɶɲɟɣ ɩɥɚɫɬɢɱɧɨɫɬɢ ɢ ɛɨɥɶɲɟɣ ɯɪɭɩɤɨɫɬɢ. 
Ɉɞɧɚɤɨ ɩɪɢ ɝɨɪɹɱɟɣ ɨɛɪɚɛɨɬɤɟ ɨɬɥɢɜɤɚ ɩɨɞɜɟɪɝɥɚɫɶ ɪɚɡɪɭɲɟɧɢɸ ɦɟɧɶɲɟ, 
ɱɟɦ ɩɪɢ ɯɨɥɨɞɧɨɣ. 

ȿɳɟ ɨɞɧɢɦ ɡɚɬɪɭɞɧɟɧɢɟɦ ɩɪɢ ɪɚɛɨɬɟ ɛɵɥɨ ɨɬɫɭɬɫɬɜɢɟ ɜ ɢɫɬɨɱɧɢɤɟ ɜɪɟ-
ɦɟɧɢ ɜɵɞɟɪɠɤɢ ɩɪɨɤɚɬɚɧɧɵɯ ɨɛɪɚɡɰɨɜ ɜ ɩɟɱɢ. ɉɨɷɬɨɦɭ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɧɟ-
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ɫɤɨɥɶɤɨ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ ɪɚɡɧɵɦɢ ɭɫɥɨɜɢɹɦɢ ɜɵɞɟɪɠɤɢ ɢ ɧɚɩɪɹɠɟɧɢɟɦ ɜ ɢɧ-
ɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 700–750 °ɋ. ɇɢɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɞɚɧɧɵɟ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛ-
ɪɚɛɨɬɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚ. 

 
Ɍɚɛɥɢɰɚ 2 – Ⱦɚɧɧɵɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɩɪɨɤɚɬɚɧɧɵɯ ɨɛɪɚɡɰɨɜ 
 

ɇɨɦɟɪ  
ɨɛɪɚɡɰɚ 

ɋɢɥɚ ɬɨɤɚ, Ⱥ ȼɪɟɦɹ ɜɵɞɟɪɠɤɢ, ɦɢɧ Ɍɟɦɩɟɪɚɬɭɪɚ, °ɋ 

    

1 160 5-7  
700–750 

 
2 120 6 
3 140 3 
4 140 25 
 
ɉɟɪɜɵɣ ɢ ɜɬɨɪɨɣ ɨɛɪɚɡɰɵ ɧɟ ɢɦɟɥɢ ɮɨɪɦɵ, ɩɨɷɬɨɦɭ ɫɩɥɚɜ, ɪɚɫɬɟɤɚɹɫɶ 

ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ, ɧɟ ɢɦɟɥ ɩɨɪ ɜɢɞɢɦɨɝɨ ɪɚɡɦɟɪɚ. Ɍɪɟɬɢɣ ɨɛɪɚɡɟɰ ɜɵɞɟɪɠɢɜɚɥ-
ɫɹ ɜ ɩɟɱɢ 3 ɦɢɧɭɬɵ, ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɩɪɨɰɟɫɫ ɚɤɬɢɜɧɨɝɨ ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ 
ɢɡ ɩɨɪɨɮɨɪɚ ɧɟ ɩɪɨɢɡɨɲɟɥ ɢ ɩɪɨɰɟɫɫ ɩɥɚɜɥɟɧɢɹ ɧɟ ɧɚɛɥɸɞɚɥɫɹ. 

 

 
 

 
 

ɚ ɜ 
 

 
  

 
ɛ ɝ 

 
Ɋɢɫɭɧɨɤ 19 – Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨɫɥɟ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ: 

ɚ – ɨɛɪɚɡɟɰ 1; ɛ – ɨɛɪɚɡɟɰ 2; ɜ – ɨɛɪɚɡɟɰ 3; ɝ – ɨɛɪɚɡɟɰ 4 
 

ɑɟɬɜɟɪɬɵɣ ɨɛɪɚɡɟɰ ɩɨɞɜɟɪɝɚɥɫɹ ɬɟɪɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɜ ɤɟɪɚɦɢɱɟ-
ɫɤɨɦ (ɤɨɪɭɧɞɨɜɨɦ) ɬɢɝɥɟ. ɋɩɟɪɜɚ ɩɪɨɢɡɜɨɞɢɥɫɹ ɧɚɝɪɟɜ ɞɨ ɩɥɚɜɥɟɧɢɹ ɜ ɬɟɱɟ-
ɧɢɟ 15 ɦɢɧɭɬ, ɡɚɬɟɦ ɡɚɝɨɬɨɜɤɚ ɜɵɞɟɪɠɢɜɚɥɚɫɶ ɜ ɩɟɱɢ ɜ ɬɟɱɟɧɢɟ 10 ɦɢɧɭɬ. 
ɉɪɨɰɟɫɫ ɩɪɨɢɫɯɨɞɢɥ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 700–750 °ɋ. Ⱦɚɥɟɟ ɨɛɪɚɡɟɰ ɨɯ-
ɥɚɠɞɚɥɫɹ ɜɦɟɫɬɟ ɫ ɬɢɝɥɟɦ ɧɚ ɜɨɡɞɭɯɟ, ɬɟɦ ɫɚɦɵɦ ɨɛɟɫɩɟɱɢɜɚɹ ɩɪɨɰɟɫɫ ɩɨɪɨ-
ɨɛɪɚɡɨɜɚɧɢɹ ɜ ɮɨɪɦɟ.  

ȼ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɫɟɱɟɧɢɹ ɨɛɪɚɡɰɚ ɨɛɧɚɪɭɠɟɧɵ ɤɪɭɩɧɵɟ ɩɨɪɵ, ɱɬɨ ɫɜɢ-
ɞɟɬɟɥɶɫɬɜɭɟɬ ɨ ɩɪɢɫɭɬɫɬɜɢɢ ɦɟɥɤɨɩɨɪɢɫɬɵɯ ɹɱɟɟɤ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɞɜɢɠɟɧɢɹ ɝɚ-
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ɡɚ ɩɨɪɵ ɫɨɛɢɪɚɹɫɶ ɢ ɫɥɢɜɚɹɫɶ ɜɦɟɫɬɟ ɭɤɪɭɩɧɹɥɢɫɶ ɜ ɪɚɡɦɟɪɟ, ɚ ɨɤɫɢɞɧɚɹ 
ɚɥɸɦɢɧɢɟɜɚɹ ɩɥɟɧɤɚ ɛɵɥɚ ɩɪɟɩɹɬɫɬɜɢɟɦ ɤ ɜɵɯɨɞɭ ɜɵɞɟɥɢɜɲɟɝɨɫɹ ɜɨɞɨɪɨɞɚ. 
Ɇɟɥɤɨɹɱɟɢɫɬɨɟ ɫɬɪɨɟɧɢɟ ɩɟɧɨɚɥɸɦɢɧɢɹ ɛɥɚɝɨɩɪɢɹɬɧɨ ɫɤɚɡɵɜɚɟɬɫɹ ɧɚ ɦɟɯɚ-
ɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜɚɯ. Ɍɚɤ ɤɚɤ ɫɟɱɟɧɢɟ ɩɨɪ ɨɛɥɚɞɚɟɬ ɩɪɢɛɥɢɡɢɬɟɥɶɧɨ ɨɞɢɧɚɤɨ-
ɜɵɦ ɪɚɡɦɟɪɨɦ, ɬɨ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ ɢɡɞɟɥɢɹ ɢɡɝɨɬɨɜɥɟɧɧɵɟ ɞɚɧɧɵɦ 
ɨɛɪɚɡɨɦ ɛɭɞɭɬ ɨɛɥɚɞɚɬɶ ɢɡɨɬɪɨɩɧɨɫɬɶɸ. ɗɬɨ ɡɧɚɱɢɬɟɥɶɧɨ ɩɨɜɵɲɚɟɬ ɲɚɧɫɵ ɜ 
ɩɪɨɢɡɜɨɞɫɬɜɟ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɞɟɬɚɥɟɣ ɢɡ ɩɟɧɨɚɥɸɦɢɧɢɹ ɨɛɥɚɞɚɸɳɢɯ ɨɞɢɧɚ-
ɤɨɜɵɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ ɨɛɪɚɡɰɵ ɢɦɟɸɬ ɚɧɢɡɨɬɪɨɩ-
ɧɭɸ ɫɬɪɭɤɬɭɪɭ: ɧɢɠɧɹɹ ɱɚɫɬɶ ɨɬɥɢɜɤɢ ɨɛɥɚɞɚɟɬ ɪɚɡɦɟɪɨɦ ɩɨɪ ɦɢɤɪɨɫɤɨɩɢɱɟ-
ɫɤɨɝɨ ɪɚɡɦɟɪɚ, ɜɟɪɯɧɹɹ ɱɚɫɬɶ – ɤɪɭɩɧɵɦɢ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɜ ɩɪɨɰɟɫɫɟ 
ɧɚɝɪɟɜɚ ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ 500–600 °ɋ ɩɪɨɢɫɯɨɞɢɬ ɧɟɩɪɟɪɵɜɧɵɣ ɩɪɨɰɟɫɫ ɪɚɡ-
ɥɨɠɟɧɢɹ ɞɢɝɢɞɪɢɞɚ ɬɢɬɚɧɚ ɢ ɱɚɫɬɶ ɜɨɞɨɪɨɞɚ ɭɞɚɥɹɟɬɫɹ ɢɡ ɪɚɫɩɥɚɜɚ ɜ ɚɬɦɨ-
ɫɮɟɪɭ. ɂɡ ɥɢɬɟɪɚɬɭɪɵ [21, 22] ɫɥɟɞɭɟɬ, ɱɬɨ ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɡɥɨɠɟɧɢɹ TiH2 ɧɚ-
ɱɢɧɚɟɬɫɹ ɫ 300 °ɋ, ɚ ɬɚɤɠɟ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɩɢɤ ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ ɩɪɢ 500–
600 °ɋ. ɉɪɢ ɷɬɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɫɩɥɚɜ ɧɚɯɨɞɢɬɫɹ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ. ɉɨɷɬɨ-
ɦɭ ɱɚɫɬɶ ɜɨɞɨɪɨɞɚ ɭɯɨɞɢɬ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, ɚ ɱɚɫɬɶ ɭɤɪɭɩɧɹɟɬɫɹ ɢ ɡɚ-
ɞɟɪɠɢɜɚɟɬɫɹ ɜ ɨɤɫɢɞɧɨɣ ɩɥɟɧɤɟ. ɉɨɷɬɨɦɭ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɢɡɨɬɪɨɩɧɨɣ ɫɬɪɭɤ-
ɬɭɪɵ ɝɨɬɨɜɨɝɨ ɢɡɞɟɥɢɹ ɧɟɨɛɯɨɞɢɦɨ ɡɚɦɟɞɥɢɬɶ ɩɪɨɰɟɫɫ ɪɚɡɥɨɠɟɧɢɹ ɞɢɝɢɞɪɢɞɚ 
ɬɢɬɚɧɚ. Ⱦɥɹ ɷɬɨɝɨ ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɨɥɭɱɟɧɢɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɱɚɫɬɢɰ TiH2 ɡɚ-
ɳɢɬɧɨɣ ɩɥɟɧɤɢ, ɤɨɬɨɪɚɹ ɛɵ ɫɧɢɡɢɥɚ ɧɚɱɚɥɨ ɪɚɡɥɨɠɟɧɢɹ ɩɨɪɨɨɛɪɚɡɨɜɚɬɟɥɹ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɦɟɸɬɫɹ ɧɟɫɤɨɥɶɤɨ ɜɚɪɢɚɧɬɨɜ ɫɨɡɞɚɧɢɹ ɭɫɥɨɜɢɹ ɞɥɹ 
ɡɚɦɟɞɥɟɧɢɹ ɧɚɱɚɥɚ ɪɚɡɥɨɠɟɧɢɹ TiH2. ɉɟɪɜɵɣ ɫɩɨɫɨɛ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɨɤɢɫɥɟɧɢɢ 
ɞɢɝɢɞɪɢɞɚ ɬɢɬɚɧɚ ɧɚ ɜɨɡɞɭɯɟ (ɨ ɱɟɦ ɨɬɦɟɱɟɧɨ ɜɵɲɟ); ɜɬɨɪɨɣ – ɧɚɩɵɥɟɧɢɟ ɧɢ-
ɤɟɥɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɱɚɫɬɢɰ TiH2. ȼ ɪɚɛɨɬɟ ɩɥɚɧɢɪɭɟɬɫɹ ɢ ɞɪɭɝɢɟ ɛɨɥɟɟ ɞɟɲɟ-
ɜɵɟ ɫɩɨɫɨɛɵ ɞɥɹ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɜɵɞɟɥɟɧɢɹ ɜɨɞɨɪɨɞɚ ɢɡ ɭɤɚɡɚɧɧɨɝɨ ɩɨɪɨɛɪɚ-
ɡɭɸɳɟɝɨ ɩɨɪɨɲɤɚ. ɗɬɢ ɫɩɨɫɨɛɵ ɛɭɞɭɬ ɢɫɫɥɟɞɨɜɚɧɵ ɜ ɩɨɫɥɟɞɭɸɳɟɣ ɪɚɛɨɬɟ. 
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ɉɨɪɢɫɬɵɟ ɚɥɸɦɢɧɢɟɜɵɟ ɨɬɥɢɜɤɢ ɫɩɨɫɨɛɧɵ ɤɨɧɤɭɪɢɪɨɜɚɬɶ ɫ ɢɡɞɟɥɢɹɦɢ 
ɞɪɭɝɢɯ ɦɚɬɟɪɢɚɥɨɜ ɛɥɚɝɨɞɚɪɹ: ɜɨɡɦɨɠɧɨɫɬɢ ɫɨɱɟɬɚɧɢɹ ɜ ɨɞɧɨɦ ɢɡɞɟɥɢɢ ɩɨ-
ɪɢɫɬɨɣ ɢ ɦɨɧɨɥɢɬɧɨɣ ɱɚɫɬɢ; ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɥɭɱɟɧɢɹ ɢɡɞɟɥɢɣ ɡɧɚɱɢɬɟɥɶɧɵɯ 
ɪɚɡɦɟɪɨɜ ɢ ɥɸɛɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɫɨ ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟɣ ɫɟɛɟɫɬɨɢɦɨɫɬɶɸ; 
ɥɭɱɲɢɯ ɦɟɯɚɧɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɩɪɢ ɨɞɢɧɚɤɨɜɨɦ ɝɢɞɪɚɜɥɢɱɟɫɤɨɦ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɢ; ɛɨɥɶɲɟɣ ɝɪɹɡɟɟɦɤɨɫɬɢ; ɛɨɥɶɲɟɣ ɮɢɥɶɬɪɚɰɢɨɧɧɨɣ ɫɩɨɫɨɛɧɨɫɬɢ ɩɪɢ ɨɞɢ-
ɧɚɤɨɜɨɦ ɝɢɞɪɚɜɥɢɱɟɫɤɨɦ ɫɨɩɪɨɬɢɜɥɟɧɢɢ; ɧɢɡɤɨɝɨ ɭɞɟɥɶɧɨɝɨ ɜɟɫɚ. 

ɉɨɪɢɫɬɵɣ ɥɢɬɨɣ ɚɥɸɦɢɧɢɣ ɜɨɫɬɪɟɛɨɜɚɧ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶɸ ɛɥɚɝɨɞɚɪɹ 
ɜɵɫɨɤɨɣ ɭɞɟɥɶɧɨɣ ɩɪɨɱɧɨɫɬɢ ɢ ɤɨɪɪɨɡɢɨɧɧɨɣ ɫɬɨɣɤɨɫɬɢ. Ɍɟɯɧɨɥɨɝɢɹ ɩɪɨ-
ɩɢɬɤɢ ɪɚɫɩɥɚɜɨɦ ɜɨɞɨɪɚɫɬɜɨɪɢɦɨɝɨ ɧɚɩɨɥɧɢɬɟɥɹ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɟɞɢɧɫɬ-
ɜɟɧɧɚɹ ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ ɲɢɪɨɤɢɣ ɫɩɟɤɬɪ ɩɨɪɢɫɬɵɯ ɚɥɸɦɢɧɢɟɜɵɯ ɢɡɞɟɥɢɣ 
– ɨɬ ɞɟɦɩɮɟɪɨɜ ɞɨ ɮɢɥɶɬɪɨɷɥɟɦɟɧɬɨɜ, ɥɸɛɵɯ ɪɚɡɦɟɪɨɜ ɢ ɤɨɧɮɢɝɭɪɚɰɢɢ, ɫɨ-
ɱɟɬɚɸɳɢɯ ɜ ɨɞɧɨɦ ɢɡɞɟɥɢɢ ɩɨɪɢɫɬɭɸ ɢ ɦɨɧɨɥɢɬɧɭɸ ɱɚɫɬɶ. 

Ȼɥɚɝɨɞɚɪɹ ɫɜɨɟɦɭ ɥɟɝɤɨɦɭ ɜɟɫɭ ɚɥɸɦɢɧɢɟɜɚɹ ɩɟɧɚ ɦɨɠɟɬ ɫɬɚɬɶ ɨɱɟɧɶ 
ɜɚɠɧɵɦ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɦ ɦɚɬɟɪɢɚɥɨɦ ɞɥɹ ɚɷɪɨɤɨɫɦɢɱɟɫɤɨɣ ɢ ɚɜɬɨɦɨɛɢɥɶ-
ɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɟɣ. ȼɟɞɶ ɟɫɥɢ ɜɟɫ ɤɨɧɫɬɪɭɤɰɢɢ ɭɦɟɧɶɲɚɟɬɫɹ, ɬɨ ɫɬɚɧɨ-
ɜɢɬɫɹ ɦɟɧɶɲɟ ɢ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ, ɱɬɨ ɩɨɡɢɬɢɜɧɨ ɜɥɢɹɟɬ ɫ ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɬɨɱɤɢ 
ɡɪɟɧɢɹ. Ⱦɟɦɩɮɢɪɭɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɩɨɫɨɛɧɚ ɫɬɚɬɶ ɜɚɠɧɨɣ ɱɚɫɬɶɸ ɜ ɫɥɭɱɚɟ 
ɡɚɦɟɧɵ ɧɟɤɨɬɨɪɵɯ ɞɟɬɚɥɟɣ ɜ ɚɜɬɨɦɨɛɢɥɟ, ɱɬɨ ɝɚɪɚɧɬɢɪɭɟɬ ɧɟ ɬɨɥɶɤɨ ɛɟɡɨɩɚɫ-
ɧɨɫɬɶ ɩɚɫɫɚɠɢɪɚ, ɧɨ ɢ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɤɪɚɬɢɬɶ ɤɨɥɢɱɟɫɬɜɨ ɞɟɬɚɥɟɣ, ɱɬɨ 
ɬɚɤɠɟ ɜɥɢɹɟɬ ɧɚ ɭɦɟɧɶɲɟɧɢɟ ɜɟɫɚ ɢ ɪɚɫɯɨɞ ɬɨɩɥɢɜɚ. 

ȿɳɟ ɨɞɧɢɦ ɜɚɠɧɵɦ ɩɪɟɢɦɭɳɟɫɬɜɨɦ ɹɜɥɹɟɬɫɹ ɢɡɨɬɪɨɩɧɨɫɬɶ ɫɜɨɣɫɬɜ ɢ 
ɨɬɫɭɬɫɬɜɢɟ ɤɚɤɨɝɨ-ɥɢɛɨ ɤɥɟɟɜɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. ɉɨɫɥɟɞɧɟɟ ɦɨɝɥɨ ɛɵ ɩɨɦɨɱɶ 
ɫɨɯɪɚɧɢɬɶ ɰɟɥɨɫɬɧɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ ɜ ɫɥɭɱɚɟ ɩɨɠɚɪɚ. 

Ⱥɥɸɦɢɧɢɟɜɚɹ ɩɟɧɚ ɦɨɠɟɬ ɬɚɤɠɟ ɫɥɭɠɢɬɶ ɜ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɢɡ-
ɝɨɬɨɜɥɟɧɢɹ ɬɟɩɥɨɨɛɦɟɧɧɢɤɨɜ, ɧɨɫɢɬɟɥɟɣ ɞɥɹ ɤɚɬɚɥɢɡɚɬɨɪɨɜ, ɬɟɩɥɨɜɵɯ ɷɤɪɚ-
ɧɨɜ ɢɥɢ ɮɢɥɶɬɪɨɜ. Ⱦɪɭɝɨɣ ɜɨɡɦɨɠɧɨɫɬɶɸ ɹɜɥɹɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɤɚɱɟɫɬɜɟ 
ɦɚɬɟɪɢɚɥɚ ɞɥɹ ɡɚɳɢɬɵ ɨɬ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ ɞɥɹ ɫɬɟɧ ɢ ɩɨɬɨɥɤɨɜ ɩɨɦɟ-
ɳɟɧɢɣ ɫ ɷɥɟɤɬɪɨɧɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ. 

ȼ ɫɬɪɨɢɬɟɥɶɫɬɜɟ ɫɨɨɪɭɠɟɧɢɣ ɢ ɡɞɚɧɢɣ ɟɫɬɶ ɯɨɪɨɲɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɞɥɹ 
ɩɪɢɦɟɧɟɧɢɹ ɚɥɸɦɢɧɢɟɜɨɣ ɩɟɧɵ, ɜ ɨɫɧɨɜɧɨɦ ɢɡ-ɡɚ ɟɟ ɯɨɪɨɲɟɝɨ ɫɨɩɪɨɬɢɜɥɟ-
ɧɢɹ ɩɪɨɧɢɤɧɨɜɟɧɢɸ ɨɝɧɹ ɢ ɬɟɩɥɨɢɡɨɥɹɰɢɨɧɧɵɦ ɫɜɨɣɫɬɜɚɦ. Ɂɜɭɤɨɢɡɨɥɹɰɢɨɧ-
ɧɵɟ ɫɜɨɣɫɬɜɚ ɩɨɡɜɨɥɹɸɬ ɢɡɝɨɬɚɜɥɢɜɚɬɶ ɢɡ ɩɟɧɨɚɥɸɦɢɧɢɹ ɨɛɥɢɰɨɜɤɢ ɜ ɠɟɥɟɡ-
ɧɨɞɨɪɨɠɧɵɯ ɬɨɧɧɟɥɹɯ ɩɨɞ ɦɨɫɬɚɦɢ, ɲɨɫɫɟ ɢɥɢ ɜɧɭɬɪɢ ɡɞɚɧɢɣ ɜ ɤɚɱɟɫɬɜɟ ɡɜɭ-
ɤɨɩɨɝɥɨɳɚɸɳɟɝɨ ɦɚɬɟɪɢɚɥɚ. 

ɇɟɨɛɵɱɧɵɣ ɜɢɞ ɢ ɭɧɢɤɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ ɚɥɸɦɢɧɢɟɜɨɣ ɩɟɧɵ ɢɦɟɸɬ 
ɛɨɥɶɲɨɣ ɩɨɬɟɧɰɢɚɥ ɞɥɹ ɞɢɡɚɣɧɟɪɨɜ ɛɵɬɨɜɵɯ ɩɪɟɞɦɟɬɨɜ ɢ ɦɟɛɟɥɢ. ɗɬɨɬ ɦɚɬɟ-
ɪɢɚɥ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɚɛɚɠɭɪɨɜ, ɫɬɨɟɤ ɪɚɡɥɢɱɧɨɝɨ 
ɧɚɡɧɚɱɟɧɢɹ ɢ ɫɬɟɧɨɜɵɟ ɩɚɧɟɥɢ. ɂɡ ɜɫɩɟɧɟɧɧɨɝɨ ɚɥɸɦɢɧɢɹ ɜ 2012 ɝɨɞɭ ɛɵɥɢ 
ɢɡɝɨɬɨɜɥɟɧɵ ɫɬɟɧɞɵ ɞɥɹ ɜɵɫɬɚɜɤɢ Baselworld. Ⱦɢɡɚɣɧɟɪɵ, ɩɪɢɞɚɜɚɹ ɮɨɪɦɭ 
ɩɨɪɢɫɬɨɦɭ ɥɢɬɨɦɭ ɚɥɸɦɢɧɢɸ, ɫɦɨɝɥɢ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɨɧ ɥɟɝɱɟ ɩɨɞɞɚɟɬɫɹ ɨɛ-
ɪɚɛɨɬɤɟ, ɱɟɦ ɩɟɧɨɦɟɬɚɥɥ, ɩɨɥɭɱɟɧɧɵɣ ɩɨɪɨɲɤɨɜɨɣ ɬɟɯɧɨɥɨɝɢɟɣ [26]. 
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8 Ʉɚɥɢɧɢɱɟɧɤɨ, ȼ.Ⱥ. ɋɩɨɫɨɛɵ ɩɨɥɭɱɟɧɢɹ ɜɫɩɟɧɟɧɧɨɝɨ ɚɥɸɦɢɧɢɹ, ɨɛɥɚɫɬɢ 
ɟɝɨ ɩɪɢɦɟɧɟɧɢɹ ɢ ɪɹɞ ɨɫɨɛɟɧɧɨɫɬɟɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ / ȼ. Ⱥ. Ʉɚɥɢɧɢ-
ɱɟɧɤɨ, Ⱥ. ɋ. Ʉɚɥɢɧɢɱɟɧɤɨ // Ʌɢɬɶɟ ɢ ɦɟɬɚɥɥɭɪɝɢɹ. – 2005. – № 2. – ɋ. 164–169. 

9 ɉɚɬ. 2016113 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, ɆɉɄ ɋ 22 ɋ 1/08. ɋɩɨɫɨɛ ɩɨɥɭ-
ɱɟɧɢɹ ɜɫɩɟɧɟɧɧɨɝɨ ɦɟɬɚɥɥɚ / ȼ.ɇ. Ȼɭɧɶɤɨɜ, ȿ.ɘ. Ɋɟɲɟɬɧɢɤɨɜ, ȼ.ȼ. Ƚɥɵɡɢɧ, 
ɋ.ȼ. Ʌɢɜɚɧɰɨɜ ; ɡɚɹɜɢɬɟɥɶ ɢ ɩɚɬɟɧɬɨɨɛɥɚɞɚɬɟɥɶ Ⱥɤɰɢɨɧɟɪɧɨɟ ɨɛɳɟɫɬɜɨ ɡɚ-
ɤɪɵɬɨɝɨ ɬɢɩɚ – Ɍɨɜɚɪɢɳɟɫɬɜɨ ɫ ɨɝɪɚɧɢɱɟɧɧɨɣ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶɸ "Ɋɟɝɭɥ-
ɛɢɡɧɟɫ" Ʌɬɞ. ; ɡɚɹɜɥ. 20.05.92 ; ɨɩɭɛɥ. 15.07.94. 

10 ɉɚɬ. 2026394 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, ɆɉɄ ɋ 22 ɋ 1/08, ɋ 22 ȼ 21/00. 
ɋɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɜɫɩɟɧɟɧɧɨɝɨ ɚɥɸɦɢɧɢɹ / ȼ.ɇ. Ȼɭɧɶɤɨɜ, ȿ.ɘ. Ɋɟɲɟɬɧɢɤɨɜ, 
ȼ.ɉ. Ȼɭɥɝɚɤɨɜ ; ɡɚɹɜɢɬɟɥɶ ɢ ɩɚɬɟɧɬɨɨɛɥɚɞɚɬɟɥɶ ɇɚɭɱɧɨ-ɜɧɟɞɪɟɧɱɟɫɤɨɟ, ɩɪɨ-
ɟɤɬɧɨ-ɤɨɧɫɬɪɭɤɬɨɪɫɤɨɟ ɢ ɩɨɫɪɟɞɧɢɱɟɫɤɨɟ ɩɪɟɞɩɪɢɹɬɢɟ «ɋɂȻ-ɢɧɞɟɤɫ» ; ɡɚɹɜɥ. 
25.08.92 ; ɨɩɭɛɥ.09.01.95. 

11 ɉɚɬ. 2046151 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, ɆɉɄ ɋ 22 ɋ 1/08. ɋɩɨɫɨɛ ɩɨ-
ɥɭɱɟɧɢɹ ɩɟɧɨɦɟɬɚɥɥɚ / ȼ.Ɋ. ȼɨɥɶɮɝɚɧɝ, Ȼ. Ʉɢɪɤɟɜɚɝ ; ɡɚɹɜɢɬɟɥɶ ɢ ɩɚɬɟɧɬɨɨɛ-
ɥɚɞɚɬɟɥɶ ɇɨɪɫɤ ɏɸɞɪɨ Ⱥ.ɋ. ; ɡɚɹɜɥ. 11.07.90 ; ɨɩɭɛɥ. 20.10.95. 

12 ɉɚɬ. 2068455 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, ɆɉɄ ɋ 22 ɋ 1/08, ɋ 22 ȼ 21/00. 
ɋɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɩɟɧɨɚɥɸɦɢɧɢɹ / ȼ.ɇ. Ȼɭɧɶɤɨɜ, ȿ.ɘ. Ɋɟɲɟɬɧɢɤɨɜ, ɋ.ȼ. Ʌɢ-
ɜɚɧɰɨɜ, ȼ.ȼ. Ƚɥɵɡɢɧ ; ɡɚɹɜɢɬɟɥɶ ɢ ɩɚɬɟɧɬɨɨɛɥɚɞɚɬɟɥɶ ɋɢɛɢɪɫɤɢɣ ɧɚɭɱɧɨ-

https://www.tms.org/portalMEETINGS-___EVENTS/TMS_Meetings___Events/Upcoming_TMS_Meetings/MetFoam2019/portal/Meetings___Events/2019/MetFoam2019/default.aspx?hkey=4d487f9d-5efc-4456-9fc8-4240012095a6
https://www.tms.org/portalMEETINGS-___EVENTS/TMS_Meetings___Events/Upcoming_TMS_Meetings/MetFoam2019/portal/Meetings___Events/2019/MetFoam2019/default.aspx?hkey=4d487f9d-5efc-4456-9fc8-4240012095a6
https://www.tms.org/portalMEETINGS-___EVENTS/TMS_Meetings___Events/Upcoming_TMS_Meetings/MetFoam2019/portal/Meetings___Events/2019/MetFoam2019/default.aspx?hkey=4d487f9d-5efc-4456-9fc8-4240012095a6
https://www.tms.org/portalMEETINGS-___EVENTS/TMS_Meetings___Events/Upcoming_TMS_Meetings/MetFoam2019/portal/Meetings___Events/2019/MetFoam2019/default.aspx?hkey=4d487f9d-5efc-4456-9fc8-4240012095a6
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ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ, ɤɨɧɫɬɪɭɤɬɨɪɫɤɢɣ ɢ ɩɪɨɟɤɬɧɵɣ ɢɧɫɬɢɬɭɬ ɚɥɸɦɢɧɢɟɜɨɣ ɢ 
ɷɥɟɤɬɪɨɞɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ; ɡɚɹɜɥ. 20.05.92 ; ɨɩɭɛɥ. 27.10.96. 

13 ɉɚɬ. 2281980 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, ɆɉɄ ɋ 22 ɋ 1/08, ɇ 05 ȼ 6/00. 
ɋɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɩɨɪɢɫɬɨɝɨ ɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɬɟɥɚ / ɏ. ɇɚɤɚɞɡɢɦɚ ; ɡɚɹɜɢɬɟɥɶ 
ɢ ɩɚɬɟɧɬɨɨɛɥɚɞɚɬɟɥɶ ɏɢɞɟɨ ɇɚɤɚɞɡɢɦɚ ; ɡɚɹɜɥ. 26.08.02 ; ɨɩɭɛɥ. 20.08.06. 

14 ɉɚɬ. 2400552 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, ɆɉɄ ɋ 22 ɋ 1/08, ɋ 22 ȼ 21/00, 
ȼ 22 D 21/04. ɋɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɩɟɧɨɚɥɸɦɢɧɢɹ / Ⱥ.ɂ. Ʉɨɜɬɭɧɨɜ, Ɍ.ȼ. ɑɟɪ-
ɦɚɲɟɧɰɟɜɚ, Ⱦ.Ⱥ. ɋɟɦɢɫɬɟɧɨɜ, ȼ.ɉ. ɋɢɞɨɪɨɜ ; ɡɚɹɜɢɬɟɥɶ ɢ ɩɚɬɟɧɬɨɨɛɥɚɞɚɬɟɥɶ 
Ɉɛɳɟɫɬɜɨ ɫ ɨɝɪɚɧɢɱɟɧɧɨɣ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶɸ ɋɪɟɞɧɟɜɨɥɠɫɤɢɣ ɫɟɪɬɢɮɢɤɚɰɢ-
ɨɧɧɨ-ɞɢɚɝɧɨɫɬɢɱɟɫɤɢɣ ɰɟɧɬɪ "Ⱦɟɥɶɬɚ" ; ɡɚɹɜɥ. 26.11.08 ; ɨɩɭɛɥ. 27.09.10. 

15 ɉɚɬ. 2492257 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, ɆɉɄ ɋ 22 ɋ 1/08. ɋɩɨɫɨɛ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɩɟɧɨɚɥɸɦɢɧɢɹ / Ⱥ.ɂ. Ʉɨɜɬɭɧɨɜ, ɘ.ɘ. ɏɨɯɥɨɜ ; ɡɚɹɜɢɬɟɥɶ ɢ 
ɩɚɬɟɧɬɨɨɛɥɚɞɚɬɟɥɶ Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɛɸɞɠɟɬɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶ-
ɧɨɟ ɭɱɪɟɠɞɟɧɢɟ ɜɵɫɲɟɝɨ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ "Ɍɨɥɶɹɬɬɢɧɫɤɢɣ 
ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ" ; ɡɚɹɜɥ. 20.02.12 ; ɨɩɭɛɥ. 10.09.13. 

16 ɉɚɬ. 2455378 Ɋɨɫɫɢɣɫɤɚɹ ɮɟɞɟɪɚɰɢɹ, ɆɉɄ ɋ 22 ɋ 1/08, ɋ 22 ɋ 21/00. 
ɋɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɩɟɧɨɚɥɸɦɢɧɢɹ / ɘ.ɘ. ɏɨɯɥɨɜ, Ⱥ.ɂ. Ʉɨɜɬɭɧɨɜ, Ⱦ.Ⱥ. ɋɟ-
ɦɢɫɬɟɧɨɜ ;ɡɚɹɜɢɬɟɥɶ ɢ ɩɚɬɟɧɬɨɨɛɥɚɞɚɬɟɥɶ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ 
ɭɱɪɟɠɞɟɧɢɟ ɜɵɫɲɟɝɨ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ "Ɍɨɥɶɹɬɬɢɧɫɤɢɣ ɝɨɫɭ-
ɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ" ; ɡɚɹɜɥ. 14.04.11 ; ɨɩɭɛɥ. 10.07.12. 

17 ɉɚɬ. 2200074 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, ɆɉɄ B 22 D 25/00. ɉɨɪɢɫɬɨɟ 
ɢɡɞɟɥɢɟ ɫ ɰɟɥɶɧɨɦɟɬɚɥɥɢɱɟɫɤɨɣ ɱɚɫɬɶɸ ɢ ɫɩɨɫɨɛ ɟɝɨ ɩɨɥɭɱɟɧɢɹ / Ʌ.ȿ. ɑɟɪ-
ɧɵɣ, Ɇ.Ʌ. ɑɟɪɧɵɣ, ɇ.Ʌ. ɑɟɪɧɵɣ ; ɡɚɹɜɢɬɟɥɢ ɢ ɩɚɬɟɧɬɨɨɛɥɚɞɚɬɟɥɢ ɑɟɪɧɵɣ 
Ʌɟɜ ȿɦɟɥɶɹɧɨɜɢɱ, ɑɟɪɧɵɣ Ɇɚɤɫɢɦ Ʌɶɜɨɜɢɱ, ɑɟɪɧɵɣ ɇɢɤɢɬɚ Ʌɶɜɨɜɢɱ ; ɡɚɹɜɥ. 
30.07.01 ; ɨɩɭɛɥ. 10.03.03. 

18 ɉɚɬ. 2256530 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, ɆɉɄ B 22 D 25/00. ɋɩɨɫɨɛ ɩɨ-
ɥɭɱɟɧɢɹ ɩɨɪɢɫɬɵɯ ɨɬɥɢɜɨɤ / ȿ.Ʌ. Ɏɭɪɦɚɧ, Ⱥ.Ȼ. Ɏɢɧɤɟɥɶɲɬɟɣɧ, ɂ.ȿ. Ɏɭɪɦɚɧ ; 
ɡɚɹɜɢɬɟɥɶ ɢ ɩɚɬɟɧɬɨɨɛɥɚɞɚɬɟɥɶ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟ-
ɧɢɟ ɜɵɫɲɟɝɨ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ "ɍɪɚɥɶɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ 
ɬɟɯɧɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ-ɍɉɂ" ; ɡɚɹɜɥ. 08.01.04 ; ɨɩɭɛɥ. 20.07.05. 

19 ɉɚɬ. 2180361 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, ɆɉɄ C 22 C 1/08, B 22 D 
11/04, B 22 D 21/04. ɋɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɢɡɞɟɥɢɣ ɢɡ ɩɟɧɨɚɥɸɦɢɧɢɹ / ȼ.ɋ. Ɋɨ-
ɦɚɧɨɜɚ, ɂ.ɋ. ɉɨɥɶɤɢɧ, Ⱥ.Ɇ. ɉɨɧɨɦɚɪɟɧɤɨ, ȼ.ȼ. əɤɨɜɟɧɤɨ, Ɇ.Ȼ. ɇɨɜɢɤɨɜɚ, 
ɋ.Ƚ. ȼɚɱɶɹɧɰ, ȼ.Ʉ. Ʉɨɪɨɥɶ ; ɡɚɹɜɢɬɟɥɶ ɢ ɩɚɬɟɧɬɨɨɛɥɚɞɚɬɟɥɶ ɉɨɥɶɤɢɧ ɂɝɨɪɶ 
ɋɬɟɩɚɧɨɜɢɱ ; ɡɚɹɜɥ. 20.07.99 ; ɨɩɭɛɥ. 10.03.02. 

20 ɉɚɬ. 2233346 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, ɆɉɄ C 22 C 21/10, C 22 C 1/08, 
C 22 F 1/053, B 22 D 11/04. Ⱥɥɸɦɢɧɢɟɜɵɣ ɫɩɥɚɜ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɟɧɨɚɥɸɦɢ-
ɧɢɹ ɢ ɫɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɩɟɧɨɚɥɸɦɢɧɢɹ ɢɡ ɧɟɝɨ / Ⱥ.Ɇ. ɉɨɧɨɦɚɪɟɧɤɨ, ɂ.ɋ. 
ɉɨɥɶɤɢɧ, ȼ.ɋ. Ɋɨɦɚɧɨɜɚ, Ɇ.Ȼ. ɇɨɜɢɤɨɜɚ, ȿ.Ɇ. Ɍɪɭɛɤɢɧɚ, Ⱥ.Ɇ. Ȼɢɫɶɟɜ ; ɡɚɹ-
ɜɢɬɟɥɶ ɢ ɩɚɬɟɧɬɨɨɛɥɚɞɚɬɟɥɶ Ɉɬɤɪɵɬɨɟ ɚɤɰɢɨɧɟɪɧɨɟ ɨɛɳɟɫɬɜɨ "ȼɫɟɪɨɫɫɢɣ-
ɫɤɢɣ ɢɧɫɬɢɬɭɬ ɥɟɝɤɢɯ ɫɩɥɚɜɨɜ" ; ɡɚɹɜɥ. 22.04.03 ; ɨɩɭɛɥ. 27.07.04. 

21 Ⱥɧɮɢɥɨɜ, ɇ.ȼ. ɉɪɢɦɟɧɟɧɢɟ ɝɢɞɪɢɞɨɜ ɦɟɬɚɥɥɨɜ ɜ ɤɚɱɟɫɬɜɟ ɩɨɪɨɨɛɪɚ-
ɡɨɜɚɬɟɥɟɣ ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɩɟɧ / ɇ.ȼ. Ⱥɧɮɢɥɨɜ [ɢ ɞɪ.] // Ɍɪɭɞɵ 
ɊɎəɐ-ȼɇɂɂɗɎ. – 2016. – ɑ.2, № 21. – ɋ. 226–233. 
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22 ɐɚɪɟɜ, Ɇ.ȼ. ɂɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɚ ɨɤɢɫɥɟɧɢɹ ɩɨɪɨɲɤɚ ɝɢɞɪɢɞɚ ɬɢ-
ɬɚɧɚ ɦɟɬɨɞɨɦ ɢɡɦɟɪɟɧɢɹ ɟɝɨ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɫɨɩɪɨɬɢɜɥɟɧɢɹ / Ɇ.ȼ. ɐɚɪɟɜ, 
ȼ.ȼ. Ɇɨɤɪɭɲɢɧ, Ⱥ.ȼ. ɋɬɟɧɶɝɚɱ [ɢ ɞɪ.] // ɀɭɪɧɚɥ ɮɢɡɢɱɟɫɤɢɣ ɯɢɦɢɢ. – 2010. – 
Ɍ. 84, № 4. – ɋ. 767–772. 

23 ɉɚɬ. 2312913 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, ɆɉɄ C 22 C 1/08, B 22 F 9/08. 
ɋɩɨɫɨɛ ɩɨɥɭɱɟɧɢɹ ɩɨɥɭɮɚɛɪɢɤɚɬɚ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɟɧɨɦɟɬɚɥɥɚ / ɉ.Ƚ. Ȼɟ-
ɪɟɠɤɨ, Ⱥ.ɂ. Ɍɚɪɚɫɨɜɚ, Ⱥ.Ⱥ. Ʉɭɡɧɟɰɨɜ, ɇ.ȼ. Ⱥɧɮɢɥɨɜ ; ɡɚɹɜɢɬɟɥɶ ɢ ɩɚɬɟɧɬɨɨɛ-
ɥɚɞɚɬɟɥɶ Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɭɧɢɬɚɪɧɨɟ ɩɪɟɞɩɪɢɹɬɢɟ "Ɋɨɫɫɢɣɫɤɢɣ 
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