
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 

ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 
«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 

 

ɂɧɫɬɢɬɭɬ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ ɢ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ 
ɢɧɫɬɢɬɭɬ 

Ʉɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɮɢɡɢɤɨ-ɯɢɦɢɹ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ 
ɤɚɮɟɞɪɚ 

 

ɍɌȼȿɊɀȾȺɘ                       
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
______  Ⱥ.Ɏ. ɒɢɦɚɧɫɤɢɣ 

ɩɨɞɩɢɫɶ   ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ  

« _____»   ___________  2019 ɝ. 
 

 
 
 

ȻȺɄȺɅȺȼɊɋɄȺə ɊȺȻɈɌȺ 
 

22.03.01 Ɇɚɬɟɪɢɚɥɨɜɟɞɟɧɢɟ ɢ ɬɟɯɧɨɥɨɝɢɢ ɦɚɬɟɪɢɚɥɨɜ 
ɤɨɞ  ɢ  ɧɚɢɦɟɧɨɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ  

 
Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɝɢɞɪɨɮɨɛɢɡɢɪɭɸɳɟɝɨ ɚɩɩɪɟɬɢɪɨɜɚɧɢɹ ɧɚɧɨɜɨɥɨɤɨɧ ɨɤɫɢ-

ɞɚ ɚɥɸɦɢɧɢɹ 
ɬɟɦɚ  

 
 
 
 
 

ɇɚɭɱɧɵɣ ɪɭɤɨɜɨɞɢɬɟɥɶ        ________ ɞɨɰ., ɤɚɧɞ.ɯɢɦ.ɧɚɭɤ  ɂ.Ƚ.ȿɮɪɟɦɨɜ 
                                                                   ɩɨɞɩɢɫɶ, ɞɚɬɚ    ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ                                ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ  

 
ȼɵɩɭɫɤɧɢɤ                            _________                                    ɂ.Ⱥ.ɏɚɪɱɟɧɤɨ 

                                                                  ɩɨɞɩɢɫɶ, ɞɚɬɚ                                                                                   ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ  

 
 
 
 
 
 
 

 
Ʉɪɚɫɧɨɹɪɫɤ 2019 



ɉɪɨɞɨɥɠɟɧɢɟ ɬɢɬɭɥɶɧɨɝɨ ɥɢɫɬɚ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ ɩɨ ɬɟɦɟ «Ɋɚɡɪɚɛɨɬɤɚ 
ɦɟɬɨɞɢɤɢ ɝɢɞɪɨɮɨɛɢɡɢɪɭɸɳɟɝɨ ɚɩɩɪɟɬɢɪɨɜɚɧɢɹ ɧɚɧɨɜɨɥɨɤɨɧ ɨɤɫɢɞɚ 
ɚɥɸɦɢɧɢɹ»  
 
 
Ʉɨɧɫɭɥɶɬɚɧɬɵ ɩɨ  
ɪɚɡɞɟɥɚɦ: 
 
Ʌɢɬɟɪɚɬɭɪɧɵɣ ɨɛɡɨɪ    ______________             ɂ.Ƚ.ȿɮɪɟɦɨɜ 
        ɧɚɢɦɟɧɨɜɚɧɢɟ ɪɚɡɞɟɥɚ                                                                    ɩɨɞɩɢɫɶ, ɞɚɬɚ                                 ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
Ɇɟɬɨɞɢɱɟɫɤɚɹ ɱɚɫɬɶ     ______________             ɂ.Ƚ.ȿɮɪɟɦɨɜ 
        ɧɚɢɦɟɧɨɜɚɧɢɟ ɪɚɡɞɟɥɚ                                                                    ɩɨɞɩɢɫɶ, ɞɚɬɚ                                 ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɱɚɫɬɶ    ______________             ɂ.Ƚ.ȿɮɪɟɦɨɜ 
        ɧɚɢɦɟɧɨɜɚɧɢɟ ɪɚɡɞɟɥɚ                                                                    ɩɨɞɩɢɫɶ, ɞɚɬɚ                                 ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 
 
 
 
 
 
 
 
ɇɨɪɦɨɤɨɧɬɪɨɥɟɪ                      __________               ɂ.Ƚ.ȿɮɪɟɦɨɜ 
                                                                          ɩɨɞɩɢɫɶ, ɞɚɬɚ                            ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ 

 

 



 
Ɏɟɞɟɪɚɥɶɧɨɟ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɟ ɚɜɬɨɧɨɦɧɨɟ 

ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɟ ɭɱɪɟɠɞɟɧɢɟ 
ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ 

«ɋɂȻɂɊɋɄɂɃ ɎȿȾȿɊȺɅɖɇɕɃ ɍɇɂȼȿɊɋɂɌȿɌ» 
ɂɧɫɬɢɬɭɬ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ ɢ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ 

ɢɧɫɬɢɬɭɬ 

Ʉɨɦɩɨɡɢɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɢ ɮɢɡɢɤɨ-ɯɢɦɢɹ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ 
ɤɚɮɟɞɪɚ 

 
ɍɌȼȿɊɀȾȺɘ                       
Ɂɚɜɟɞɭɸɳɢɣ ɤɚɮɟɞɪɨɣ 
______  Ⱥ.Ɏ. ɒɢɦɚɧɫɤɢɣ 

 ɩɨɞɩɢɫɶ      ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ  

« _____»   ________  20 ___ ɝ. 
 

 
 

ɁȺȾȺɇɂȿ 
ɇȺ ȼɕɉɍɋɄɇɍɘ ɄȼȺɅɂɎɂɄȺɐɂɈɇɇɍɘ ɊȺȻɈɌɍ 

ɜ ɮɨɪɦɟ ɛɚɤɚɥɚɜɪɫɤɨɣ ɪɚɛɨɬɵ 

 



 

 

ɋɬɭɞɟɧɬɭ ɏɚɪɱɟɧɤɨ ɂɜɚɧɭ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱɭ______________________________ 
ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ  

Ƚɪɭɩɩɚ ɐɆ 15-05Ȼ                  ɇɚɩɪɚɜɥɟɧɢɟ (ɫɩɟɰɢɚɥɶɧɨɫɬɶ) 22.03.01_______ 
    ɧɨɦɟɪ                                                                                                               ɤɨɞ 

Ɇɚɬɟɪɢɚɥɨɜɟɞɟɧɢɟ ɢ ɬɟɯɧɨɥɨɝɢɢ ɦɚɬɟɪɢɚɥɨɜ____________________________ 
                                 ɧɚɢɦɟɧɨɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɢɹ 

Ɍɟɦɚ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ «Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɝɢɞɪɨɮɨɛɢɡɢ-
ɪɭɸɳɟɝɨ ɚɩɩɪɟɬɢɪɨɜɚɧɢɹ ɧɚɧɨɜɨɥɨɤɨɧ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ» 
ɍɬɜɟɪɠɞɟɧɚ ɩɪɢɤɚɡɨɦ ɩɨ ɭɧɢɜɟɪɫɢɬɟɬɭ № 5780/ɫ_____ ɨɬ  30.04.2019 ɝ. 
Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ ɂ.Ƚ. ȿɮɪɟɦɨɜ, ɤɚɧɞ.ɯɢɦ.ɧɚɭɤ, ɞɨɰɟɧɬ ɤɚɮ. «Ʉɨɦɩɨɡɢɰɢɨɧɧɵɟ 
ɦɚɬɟɪɢɚɥɵ ɢ ɮɢɡɢɤɨ-ɯɢɦɢɹ ɦɟɬɚɥɥɭɪɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ»_ 
                                               ɢɧɢɰɢɚɥɵ, ɮɚɦɢɥɢɹ, ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɨɟ ɡɜɚɧɢɟ ɢ ɦɟɫɬɨ ɪɚɛɨɬɵ 

ɂɫɯɨɞɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ȼɄɊ __________________________________________ 
____________________________________________________________________ 
_______________________________________________________________ 
ɉɟɪɟɱɟɧɶ ɪɚɡɞɟɥɨɜ ȼɄɊ Ʌɢɬɟɪɚɬɭɪɧɵɣ ɨɛɡɨɪ, Ɇɟɬɨɞɢɱɟɫɤɚɹ ɱɚɫɬɶ, ɗɤɫɩɟɪɢɦɟɧ-
ɬɚɥɶɧɚɹ ɱɚɫɬɶ 
ɉɟɪɟɱɟɧɶ ɝɪɚɮɢɱɟɫɤɨɝɨ ɦɚɬɟɪɢɚɥɚ  ɩɪɟɡɟɧɬɚɰɢɹ ɩɨ ɬɟɦɟ ɜɵɩɭɫɤɧɨɣ ɤɜɚɥɢɮɢɤɚɰɢ-
ɨɧɧɨɣ ɪɚɛɨɬɵ 
 
 
 
 

      Ɋɭɤɨɜɨɞɢɬɟɥɶ ȼɄɊ            _________________           ɂ.Ƚ. ȿɮɪɟɦɨɜ 
                                                                                   ɩɨɞɩɢɫɶ                                         ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ 

 
 
      Ɂɚɞɚɧɢɟ ɩɪɢɧɹɥ ɤ ɢɫɩɨɥɧɟɧɢɸ   ___________           ɂ.Ⱥ. ɏɚɪɱɟɧɤɨ 

                                                                                    ɩɨɞɩɢɫɶ,                        ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ ɫɬɭɞɟɧɬɚ 

 
                                                                                  « ___ » __________ 20__ ɝ. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



ɊȿɎȿɊȺɌ 
 

ȼɵɩɭɫɤɧɚɹ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɬɟɦɟ «Ɋɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɝɢɞ-

ɪɨɮɨɛɢɡɢɪɭɸɳɟɝɨ ɚɩɩɪɟɬɢɪɨɜɚɧɢɹ ɧɚɧɨɜɨɥɨɤɨɧ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ»  

Ɋɚɛɨɬɚ ɫɨɞɟɪɠɢɬ 65 ɫɬɪɚɧɢɰ ɬɟɤɫɬɨɜɨɝɨ ɞɨɤɭɦɟɧɬɚ, 49 ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ 

ɢɫɬɨɱɧɢɤɨɜ, 24 ɪɢɫɭɧɤɨɜ, 9 ɬɚɛɥɢɰ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: Ƚɢɞɪɨɮɢɥɶɧɵɟ ɢ ɝɢɞɪɨɮɨɛɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɧɚɧɨɜɨɥɨɤɧɚ 

ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ, ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ. 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɹɜɥɹɸɬɫɹ ɝɢɞɪɨɮɨɛɧɵɟ ɧɚɧɨɜɨɥɨɤɧɚ ɨɤɫɢɞɚ 

ɚɥɸɦɢɧɢɹ. 

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɝɢɞɪɨɮɨɛɢɡɢɪɭɸɳɟɝɨ ɚɩɩɪɟ-

ɬɢɪɨɜɚɧɢɹ ɧɚɧɨɜɨɥɨɤɨɧ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ. 

Ɂɚɞɚɱɢ: 

– ɜɵɛɨɪ ɝɢɞɪɨɮɨɛɢɡɢɪɭɸɳɟɝɨ ɚɝɟɧɬɚ; 

– ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɧɚɧɟɫɟɧɢɹ ɝɢɞɪɨɮɨɛɧɨɝɨ ɫɥɨɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ  

ɧɚɧɨɜɨɥɨɤɨɧ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ; 

– ɚɧɚɥɢɡ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɝɢɞɪɨɮɨɛɢɡɢɪɨɜɚɧɧɵɯ ɧɚɧɨɜɨɥɨɤɨɧ ɨɤɫɢ-

ɞɚ ɚɥɸɦɢɧɢɹ. 

Ɋɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɝɢɞɪɨɮɨɛɢɡɢɪɭɸɳɟɝɨ ɚɩɩɪɟɬɢɪɨɜɚɧɢɹ ɧɚɧɨɜɨɥɨ-

ɤɨɧ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɠɢɪɧɵɦɢ ɤɢɫɥɨɬɚɦɢ. ɂɫɫɥɟɞɨɜɚɧ ɝɢɞɪɨɮɨɛɧɵɣ ɯɚɪɚɤɬɟɪ 

ɩɨɥɭɱɟɧɧɵɯ ɦɟɦɛɪɚɧ. Ⱥɧɚɥɢɡ ɝɢɞɪɨɮɨɛɧɵɯ ɫɜɨɣɫɬɜ ɩɪɨɜɨɞɢɥɫɹ ɫ ɩɨɦɨɳɶɸ 

ɩɪɢɛɨɪɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɧɬɚɤɬɧɵɯ ɭɝɥɨɜ ɫ ɜɨɞɨɣ. Ɍɟɪɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɧɚɧɨ-

ɜɨɥɨɤɨɧ ɝɢɞɪɨɮɨɛɢɡɢɪɨɜɚɧɧɵɯ ɫɬɟɚɪɢɧɨɜɨɣ ɤɢɫɥɨɬɨɣ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɱɚɫɬɶ 

ɤɢɫɥɨɬɵ ɢɫɩɚɪɹɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɤɢɩɟɧɢɹ, ɚ ɞɪɭɝɚɹ ɱɚɫɬɶ ɨɬɳɟɩɥɹɟɬɫɹ ɨɬ 

ɫɨɟɞɢɧɟɧɢɹ ɢ ɢɫɩɚɪɹɟɬɫɹ ɜ ɨɛɥɚɫɬɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ, ɷɬɚ ɨɫɨɛɟɧɧɨɫɬɶ ɝɨɜɨ-

ɪɢɬ ɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɨɩɬɢɦɢɡɚɰɢɢ ɬɨɥɳɢɧɵ ɝɢɞɪɨɮɨɛɢɡɢɪɭɸɳɟɝɨ ɫɥɨɹ ɫɬɟɚ-

ɪɢɧɨɜɨɣ ɤɢɫɥɨɬɨɣ. 

ɉɨɥɭɱɟɧɧɵɟ ɝɢɞɪɨɮɨɛɧɵɟ ɧɚɧɨɜɨɥɨɤɧɚ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɦɨɠɧɨ ɜ ɞɚɥɶ-

ɧɟɣɲɟɦ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɨɥɢɦɟɪɧɵɯ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ. 

 

 



6 
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ɋɦɚɱɢɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɞɨɣ, ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɤɨɧɬɚɤɬɧɵɦ ɭɝɥɨɦ, ɤɨ-

ɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɜɦɟɫɬɧɵɦ ɜɥɢɹɧɢɟɦ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɢ ɦɨɪɮɨɥɨɝɢɟɣ 

ɩɨɜɟɪɯɧɨɫɬɢ. ɋɭɩɟɪɝɢɞɪɨɮɨɛɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɢɦɟɸɬ ɭɝɨɥ ɤɨɧɬɚɤɬɚ ɫ ɜɨɞɨɣ ɛɨ-

ɥɟɟ 150 °. Ⱦɚɧɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɜɩɟɪɜɵɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɢɡ ɩɪɢɪɨɞɧɵɯ ɢɫɬɨɱɧɢ-

ɤɨɜ, ɬɚɤɢɯ ɤɚɤ ɥɢɫɬɶɹ ɥɨɬɨɫɚ ɢ ɤɪɵɥɶɹ ɛɚɛɨɱɤɢ, ɢɡ-ɡɚ ɧɚɥɢɱɢɹ ɦɢɤɪɨ- ɢɥɢ ɧɚɧɨ-

ɫɬɪɭɤɬɭɪ ɧɚ ɢɯ ɩɨɜɟɪɯɧɨɫɬɹɯ [1,2]. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɝɢɞɪɨɮɨɛɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɨɹɜɥɹɸɬ ɛɨɥɶɲɨɣ ɢɧɬɟ-

ɪɟɫ ɜ ɧɚɭɤɟ ɛɥɚɝɨɞɚɪɹ ɢɯ ɫɚɦɨɨɱɢɳɟɧɢɸ. Ⱥɥɸɦɢɧɢɣ, ɧɚɯɨɞɢɬ ɲɢɪɨɤɨɟ ɩɪɢɦɟ-

ɧɟɧɢɟ ɜ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɛɥɚɝɨɞɚɪɹ ɥɟɝɤɨɣ ɦɚɫɫɟ, ɜɵɫɨɤɨɣ ɬɟɩɥɨɬɟ ɢ ɷɥɟɤɬɪɨ-

ɩɪɨɜɨɞɧɨɫɬɢ, ɢ ɜɵɫɨɤɢɦ ɦɟɯɚɧɢɱɟɫɤɢɦ ɫɜɨɣɫɬɜɚɦ, ɧɨ ɩɪɢɦɟɧɟɧɢɹ ɚɥɸɦɢɧɢɹ 

ɨɝɪɚɧɢɱɟɧɨ ɢɡ-ɡɚ ɤɨɪɪɨɡɢɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ. ɉɨɷɬɨɦɭ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ ɹɜɥɹ-

ɟɬɫɹ ɫɨɡɞɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɶ Al, ɤɨɬɨɪɚɹ ɨɛɥɚɞɚɟɬ ɫɭɩɟɪɝɢɞɪɨɮɨɛɧɵɦɢ ɫɜɨɣɫɬɜɚ-

ɦɢ. 

 ɇɚɧɨɜɨɥɨɤɧɚ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɹɜɥɹɸɬɫɹ ɜɚɠɧɨɣ ɞɨɛɚɜɤɨɣ ɞɥɹ ɢɡɝɨɬɨɜ-

ɥɟɧɢɹ ɩɨɥɢɦɟɪɧɵɯ ɧɚɧɨɤɨɦɩɨɡɢɬɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɩɨɥɢɦɟɪɧɵɯ ɦɚɬɪɢɰ ɧɚɢɛɨɥɟɟ 

ɜɨɫɬɪɟɛɨɜɚɧɵ ɬɚɤɢɟ ɦɚɬɟɪɢɚɥɵ, ɤɚɤ, ɩɨɥɢɷɬɢɥɟɧ, ɩɨɥɢɩɪɨɩɢɥɟɧ, ɋȼɆɉɗ. Ʉɨ-

ɬɨɪɵɟ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɝɢɞɪɨɮɨɛɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ, ɩɨɷɬɨɦɭ ɨɤɫɢɞɧɵɟ ɧɚɧɨɦɨ-

ɞɢɮɢɤɚɬɨɪɵ ɢɦɟɸɳɢɟ ɧɚ ɫɜɨɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɝɢɞɪɨɤɫɢɥɶɧɵɟ ɝɪɭɩɩɵ, ɢɦɟɸɬ 

ɩɥɨɯɨɟ ɫɪɨɞɫɬɜɨ ɫ ɦɚɬɪɢɰɟɣ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɷɬɨ ɜɥɢɹɟɬ ɧɚ ɦɟɯɚɧɢɱɟɫɤɢɟ ɫɜɨɣ-

ɫɬɜɚ ɤɨɧɟɱɧɨɝɨ ɧɚɧɨɤɨɦɩɨɡɢɬɚ.   

ɐɟɥɶ ɞɚɧɧɨɣ ɪɚɛɨɬɵ – ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɝɢɞɪɨɮɨɛɢɡɢɪɭɸɳɟɝɨ ɚɩɩɪɟ-

ɬɢɪɨɜɚɧɢɹ ɧɚɧɨɜɨɥɨɤɨɧ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ. 

Ɂɚɞɚɱɢ: 

– ɜɵɛɨɪ ɝɢɞɪɨɮɨɛɢɡɢɪɭɸɳɟɝɨ ɚɝɟɧɬɚ; 

– ɪɚɡɪɚɛɨɬɤɚ ɦɟɬɨɞɢɤɢ ɧɚɧɟɫɟɧɢɹ ɝɢɞɪɨɮɨɛɧɨɝɨ ɫɥɨɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ  

ɧɚɧɨɜɨɥɨɤɨɧ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ; 

– ɚɧɚɥɢɡ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ ɝɢɞɪɨɮɨɛɢɡɢɪɨɜɚɧɧɵɯ ɧɚɧɨɜɨɥɨɤɨɧ ɨɤɫɢ-

ɞɚ ɚɥɸɦɢɧɢɹ. 
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ȼ ɩɪɨɰɟɫɫɟ ɜɵɩɨɥɧɟɧɢɹ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɜɡɚɢɦɨɞɟɣɫɬɜɨɜɚɥɢ ɫ ɮɭɧɤɰɢɨ-

ɧɚɥɶɧɵɦɢ ɝɪɭɩɩɚɦɢ, ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ ɧɚɧɨɜɨɥɨɤɧɚ ɦɨɠɧɨ ɛɵɥɨ ɜɜɨɞɢɬɶ ɜ ɪɚɡɧɵɟ 

ɦɚɬɟɪɢɚɥɵ, ɜ ɩɟɪɨɜɭɸ ɨɱɟɪɟɞɶ  ɫɞɟɥɚɥɢ ɝɢɞɪɨɮɢɥɶɧɵɣ ɦɚɬɟɪɢɚɥ, ɝɢɞɪɨɮɨɛ-

ɧɵɦ, ɷɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ ɱɬɨ, ɷɬɨ ɥɟɝɱɟ ɡɚɦɟɬɢɬɶ. ɗɬɨ ɛɵɥɨ ɞɨɫɬɢɝɧɭɬɨ ɫ ɩɨɦɨ-

ɳɶɸ ɩɪɨɫɬɨɝɨ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢ ɷɮɮɟɤɬɢɜɧɨɝɨ ɦɟɬɨɞɚ ɦɨɞɢɮɢɰɢɪɨɜɚɧɢɹ ɩɨ-

ɜɟɪɯɧɨɫɬɢ ɠɢɪɧɵɦɢ ɤɢɫɥɨɬɚɦɢ. Ƚɢɞɪɨɮɨɛɧɵɣ ɫɥɨɣ ɛɵɥ ɩɨɥɭɱɟɧ ɦɟɬɨɞɨɦ ɜɚ-

ɤɭɭɦɧɨɣ ɮɢɥɶɬɪɚɰɢɢ ɫ ɪɚɫɬɜɨɪɟɧɢɟɦ ɧɚɧɨɜɨɥɨɤɨɧ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɜ ɚɥɤɚɧɨ-

ɜɨɣ ɮɪɚɤɰɢɢ ɢ ɩɨɤɪɵɬɢɟɦ ɠɢɪɧɵɦɢ ɤɢɫɥɨɬɚɦɢ. 
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1 Ʌɢɬɟɪɚɬɭɪɧɵɣ ɨɛɡɨɪ 

 

1.1 Ƚɢɞɪɨɮɢɥɶɧɵɟ ɢ ɝɢɞɪɨɮɨɛɧɵɟ ɦɚɬɟɪɢɚɥɵ. ɉɪɢɱɢɧɵ ɫɦɚɱɢɜɚɧɢɹ 

 

ɉɨɞ ɨɩɪɟɞɟɥɟɧɢɟɦ ɝɢɞɪɨɮɨɛɧɵɟ ɦɚɬɟɪɢɚɥɵ ɩɨɞɪɚɡɭɦɟɜɚɸɬɫɹ ɦɚɬɟɪɢɚɥɵ 

ɢ ɩɨɤɪɵɬɢɹ, ɞɥɹ ɤɨɬɨɪɵɯ ɤɪɚɟɜɨɣ ɭɝɨɥ ɫɦɚɱɢɜɚɧɢɹ ɜɨɞɵ ɢ ɜɨɞɧɵɯ ɪɚɫɬɜɨɪɨɜ 

ɩɪɟɜɵɲɚɟɬ 90°. Ɉɫɨɛɟɧɧɨɫɬɶɸ ɬɚɤɢɯ ɦɚɬɟɪɢɚɥɨɜ ɹɜɥɹɟɬɫɹ ɧɟɫɬɚɛɢɥɶɧɨɫɬɶ ɬɨɧ-

ɤɢɯ ɫɦɚɱɢɜɚɸɳɢɯ ɫɥɨɟɜ ɜɨɞɵ ɧɚ ɢɯ ɩɨɜɟɪɯɧɨɫɬɹɯ. 

Ƚɢɞɪɨɮɨɛɧɨɫɬɶ – ɷɬɨ ɩɚɪɚɦɟɬɪ, ɤɨɬɨɪɵɣ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɜɨɣɫɬɜɚɦɢ ɢ 

ɫɬɪɭɤɬɭɪɨɣ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ, ɬɨɥɳɢɧɨɣ ɜ ɧɟɫɤɨɥɶɤɨ ɧɚɧɨɦɟɬɪɨɜ, ɚ ɧɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɦɟɬɨɞɢɤɚ ɩɨɥɭɱɟɧɢɹ 

ɝɢɞɪɨɮɨɛɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɩɨɤɪɵɬɢɣ ɬɪɟɛɭɟɬ: ɚɧɚɥɢɡɚ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹ-

ɳɢɯ ɜ ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɫɢɫɬɟɦɚɯ, ɷɬɨ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɨɣ ɩɪɨɛɥɟɦɨɣ ɧɚɧɨɬɟɯɧɨ-

ɥɨɝɢɣ.  

Ƚɢɞɪɨɮɨɛɧɵɟ ɢ ɫɭɩɟɪɝɢɞɪɨɮɨɛɧɵɟ ɦɚɬɟɪɢɚɥɵ ɨɛɥɚɞɚɸɬ ɧɚɛɨɪɨɦ ɭɧɢ-

ɤɚɥɶɧɵɯ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɫɜɨɣɫɬɜ: 

– ɜɨɞɨɫɬɨɣɤɨɫɬɶ;  

– ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɤɨɪɪɨɡɢɢ; 

– ɭɫɬɨɣɱɢɜɨɫɬɶ ɤ ɛɢɨɥɨɝɢɱɟɫɤɨɦɭ ɨɛɪɚɫɬɚɧɢɸ. 

ɋɚɦɵɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɢ ɢɡɜɟɫɬɧɵɦ ɩɪɢɦɟɪɨɦ ɟɫɬɟɫɬɜɟɧɧɨɣ ɝɢɞɪɨ-

ɮɨɛɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɹɜɥɹɟɬɫɹ ɩɨɜɟɪɯɧɨɫɬɶ ɥɢɫɬɚ ɥɨɬɨɫɚ [1]. Ɋɚɡɥɢɱɧɵɟ ɢɫɫɥɟ-

ɞɨɜɚɧɢɹ ɢ ɞɚɧɧɵɟ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɫɨɱɟɬɚɧɢɟ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɢ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨ-

ɫɬɚɜɚ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɧɟɫɤɨɥɶɤɢɯ ɱɟɲɭɣɤɚɯ [2] ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɥɢɫɬɚ ɥɨɬɨɫɚ, 

ɤɚɤ  ɩɪɢɜɟɞɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 1,a ɩɨɡɜɨɥɹɟɬ ɭɥɚɜɥɢɜɚɬɶ ɦɢɤɪɨɫɤɨɩɢɱɟɫɤɢɟ ɜɨɡ-

ɞɭɲɧɵɟ ɤɚɪɦɚɧɵ ɩɨɞ ɤɚɩɥɟɣ ɜɨɞɵ. ȿɫɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɠɢɞɤɨɫɬɶ ɫ ɦɟɧɶɲɢɦ ɩɨ-

ɜɟɪɯɧɨɫɬɧɵɦ ɧɚɬɹɠɟɧɢɟɦ, ɧɚɩɪɢɦɟɪ, ɤɚɤ ɝɟɤɫɚɞɟɤɚɧ (lv = 27,5 ɦɧ/ɦ2), ɩɪɢɜɨɞɢɬ 

ɤ ɛɵɫɬɪɨɦɭ ɫɦɚɱɢɜɚɧɢɸ ɩɨɜɟɪɯɧɨɫɬɶ ɥɨɬɨɫɚ, ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɢɦɟɟɦ ɭɝɨɥ ɤɨɧɬɚɤ-

ɬɚ ɪɚɜɧɵɣ ~ 0 ɪɢɫɭɧɨɤ 1,ɛ ɩɨɥɭɱɚɹ ɝɢɞɪɨɮɢɥɶɧɨɫɬɶ ɥɢɫɬɚ. 
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ɚ – ɤɚɩɥɹ ɜɨɞɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɥɢɫɬɶɟɜ ɥɨɬɨɫɚ; ɛ – ɜɥɚɠɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɥɢɫɬɶɟɜ ɥɨɬɨ-

ɫɚ ɩɨɫɥɟ ɤɨɧɬɚɤɬɚ ɫ ɤɚɩɥɟɣ ɝɟɤɫɚɞɟɤɚɧɚ; ɜ ɢ ɝ – ɤɚɩɥɢ ɜɨɞɵ, ɨɤɪɚɲɟɧɵ ɦɟɬɢɥɟɧɨɜɵɦ ɫɢɧɢɦ ɢ 

ɦɚɫɥɹɧɵɦ ɤɪɚɫɧɵɦ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɥɢɫɬɶɟɜ ɥɨɬɨɫɚ, ɩɨɤɪɵɬɨɣ ɜɨɥɨɤɧɚɦɢ ɉMMA + Ɏɬɨɪ-

ɉɈɋɋ; ɞ – ɫɨɬɨɜɢɞɧɚɹ ɫɬɪɭɤɬɭɪɚ ɦɧɨɝɨɫɥɨɣɧɨɣ ɩɥɟɧɤɢ ɝɢɞɪɨɮɨɛɧɨɝɨ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɚ, ɩɨ-

ɤɪɵɬɨɣ ɧɚɧɨɱɚɫɬɢɰɚɦɢ ɤɪɟɦɧɟɡɟɦɚ; ɟ – ɤɚɩɥɹ ɜɨɞɵ ɧɚ ɩɨɥɢɷɥɟɤɬɪɨɥɢɬɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

Ɋɢɫɭɧɨɤ 1 – ȿɫɬɟɫɬɜɟɧɧɵɟ ɝɢɞɪɨɮɨɛɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ 
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Ƚɢɞɪɨɮɨɛɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɨɩɪɟɞɟɥɹɸɬɫɹ, ɤɚɤ ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɭɝɥɚɦɢ ɫɨ-

ɩɪɢɤɨɫɧɨɜɟɧɢɹ ɛɨɥɟɟ 150° ɫ ɨɪɝɚɧɢɱɟɫɤɢɦɢ ɠɢɞɤɨɫɬɹɦɢ, ɧɚɩɪɢɦɟɪ, ɫ ɚɥɤɚɧɚɦɢ, 

ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɧɢɡɤɨɟ ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɜɨɞɨɣ [3-4]. 

Ɋɚɫɫɦɨɬɪɢɦ ɩɪɢɦɟɪ ɩɨɥɭɱɟɧɢɹ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɬɟɤɫɬɭɪ, ɤɨɬɨɪɵɟ ɫɨɩɪɨɬɢɜɥɹɸɬ-

ɫɹ ɫɦɚɱɢɜɚɧɢɸ ɠɢɞɤɨɫɬɹɦ, ɩɭɬɟɦ ɫɢɫɬɟɦɚɬɢɱɟɫɤɨɝɨ ɤɨɧɬɪɨɥɹ ɪɟɥɶɟɮɚ ɢ ɩɨ-

ɜɟɪɯɧɨɫɬɧɨɣ ɷɧɟɪɝɢɢ. ɇɚ ɪɢɫɭɧɤɟ 1, ɜ ɩɨɤɚɡɚɧɵ ɩɨɤɪɵɬɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɦ 

ɦɟɬɨɞɨɦ. ɇɚ ɞɚɧɧɵɯ ɢɡɨɛɪɚɠɟɧɢɹ ɦɵ ɜɢɞɢɦ, ɤɚɤ ɫɩɟɰɢɚɥɶɧɨ ɪɚɡɪɚɛɨɬɚɧɧɵɟ 

ɩɨɥɢɦɟɪɧɵɟ ɩɨɤɪɵɬɢɹ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɫɨɡɞɚɧɢɹ ɥɢɨɮɨɛɧɨɫɬɢ ɜ ɞɨɩɨɥɧɟɧɢɟ ɤ 

ɢɦɟɸɳɟɣɫɹ ɫɭɩɟɪɝɢɞɪɨɮɨɛɧɨɫɬɢ ɥɨɬɨɫɚ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 1, ɝ [4-5]. 

ɇɟ ɬɚɤ ɞɚɜɧɨ ɩɨɥɭɱɢɥɨɫɶ ɢɦɢɬɢɪɨɜɚɬɶ ɫɭɩɟɪɝɢɞɪɨɮɨɛɧɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ 

ɥɢɫɬɶɟɜ ɥɨɬɨɫɚ, ɫɨɡɞɚɜ ɫɨɬɨɜɢɞɧɭɸ ɝɢɞɪɨɮɨɛɢɡɢɪɨɜɚɧɧɭɸ ɦɧɨɝɨɫɥɨɣɧɭɸ ɩɨ-

ɥɢɷɥɟɤɬɪɨɥɢɬɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ, ɩɨɤɪɵɬɭɸ ɧɚɧɨɱɚɫɬɢɰɚɦɢ ɤɪɟɦɧɟɡɟɦɚ [6,7,8]. 

ɇɚ ɪɢɫɭɧɤɟ 1, ɞ ɢɡɨɛɪɚɠɟɧɚ ɷɬɚ ɝɢɞɪɨɮɨɛɧɚɹ ɦɧɨɝɨɫɥɨɣɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɩɨɥɢ-

ɷɥɟɤɬɪɨɥɢɬɚ, ɩɨɝɪɭɠɟɧɧɚɹ ɜ ɛɚɫɫɟɣɧ ɫ ɜɨɞɨɣ. ɉɨɦɟɳɟɧɧɚɹ ɜ ɜɨɞɭ ɩɨɜɟɪɯɧɨɫɬɶ 

ɞɟɣɫɬɜɭɟɬ ɤɚɤ ɡɟɪɤɚɥɨ, ɩɪɢ ɩɪɨɫɦɨɬɪɟ ɩɨɞ ɤɪɢɬɢɱɟɫɤɢɦ ɭɝɥɨɦ [11].  

Ⱦɚɥɶɲɟ ɪɚɫɫɦɨɬɪɢɦ ɪɚɛɨɬɭ, ɜ ɤɨɬɨɪɨɣ ɩɨɩɵɬɚɥɢɫɶ, ɢɦɢɬɢɪɨɜɚɬɶ ɩɨɜɟɪɯ-

ɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɪɵɥɶɟɜ ɠɭɤɨɜ ɩɭɫɬɵɧɢ ɇɚɦɢɛ. ɗɬɨ ɛɵɥɨ ɞɨɫɬɢɝɧɭɬɨ 

ɩɭɬɟɦ ɫɨɡɞɚɧɢɹ ɝɢɞɪɨɮɢɥɶɧɵɯ ɢ ɫɭɩɟɪɝɢɞɪɨɮɢɥɶɧɵɯ [11,12] (ɭɝɨɥ ɤɨɧɬɚɤɬɚ ɜɨ-

ɞɵ ≈0), ɞɚɧɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 1, ɟ. ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɫɯɟɦɚ, 

ɢɫɩɨɥɶɡɭɟɦɚɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɷɬɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ, ɨɛɟɫɩɟɱɢɜɚɟɬ ɨɛɳɢɣ ɩɨɞɯɨɞ 

ɞɥɹ ɫɨɡɞɚɧɢɹ ɭɡɨɪɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ 

ɤɨɧɬɪɨɥɹ ɭɞɟɪɠɚɧɢɹ ɤɚɩɟɥɶ ɜɨɞɵ, ɬɨ ɟɫɬɶ, ɫɨɡɞɚɜɚɹ ɤɚɧɚɥɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ 

[9,10]. ɋɨɡɞɚɧɢɟ ɜɨɞɨɨɬɬɚɥɤɢɜɚɸɳɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɢɫɩɨɥɶɡɨ-

ɜɚɧɢɟ ɞɜɭɯ ɩɚɪɚɦɟɬɪɨɜ: ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɷɧɟɪɝɢɟɣ ɢ ɲɟɪɨɯɨɜɚɬɨɫɬɢ [2,13,14]. 

Ɉɛɳɚɹ ɫɜɨɛɨɞɧɚɹ ɷɧɟɪɝɢɹ ɫɢɫɬɟɦɵ ɨɩɪɟɞɟɥɹɟɬ, ɩɨɥɧɨɫɬɶɸ ɥɢ ɫɦɚɱɢɜɚɟɬ 

ɞɚɧɧɚɹ ɠɢɞɤɨɫɬɶ ɢɥɢ ɫɨɡɞɚɟɬ ɨɩɪɟɞɟɥɟɧɧɭɸ ɬɟɤɫɬɭɪɢɪɨɜɚɧɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶɸ 

[15,17,18]. 
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ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɪɹɞ ɲɟɪɨɯɨɜɚɬɵɯ ɢɥɢ ɬɟɤɫɬɭɪɢɪɨɜɚɧɧɵɯ 

ɩɨɞɥɨɠɟɤ ɫ ɩɨɫɬɟɩɟɧɧɨ ɭɦɟɧɶɲɚɸɳɟɣɫɹ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɷɧɟɪɝɢɟɣ ɢɥɢ ɜɨɡɪɚɫ-

ɬɚɸɳɢɦɢ ɪɚɜɧɨɜɟɫɧɵɦɢ ɤɪɚɟɜɵɦɢ ɭɝɥɚɦɢ ɩɨɤɚɡɵɜɚɟɬ ɩɟɪɟɯɨɞ ɢɡ ɩɨɥɧɨɫɬɶɸ 

ɫɦɨɱɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɤɨɦɩɨɡɢɬɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɪɚɡɞɟɥɚ [19-20]. 

ɍɪɚɜɧɟɧɢɟ ɫɨɨɬɧɨɲɟɧɢɣ Cassie1 and Wenzel [13-14] ɨɩɪɟɞɟɥɹɟɬ ɤɪɢɬɢɱɟ-

ɫɤɨɟ ɡɧɚɱɟɧɢɟ ɪɚɜɧɨɜɟɫɧɨɝɨ ɭɝɥɚ θɋ [22] ɞɥɹ ɷɬɨɝɨ ɩɟɪɟɯɨɞɚ. ɍɝɥɵ ɤɨɧɬɚɤɬɚ ɜɵ-

ɲɟ θC ɩɪɢɜɨɞɹɬ ɤ ɦɟɧɶɲɟɣ ɨɛɳɟɣ ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ ɞɥɹ ɫɨɫɬɚɜɧɨɝɨ ɢɧɬɟɪɮɟɣ-

ɫɚ, ɱɟɦ ɞɥɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɩɨɥɧɨɫɬɶɸ ɫɦɨɱɟɧɧɨɝɨ ɢɧɬɟɪɮɟɣɫɚ. 

(1) 

Ɂɞɟɫɶ, r - ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ [17] ɢ - ɷɬɨ ɞɨɥɹ ɬɜɟɪɞɨɝɨ ɬɟɥɚ, ɜɡɚɢɦɨ-

ɞɟɣɫɬɜɭɸɳɟɝɨ ɫ ɠɢɞɤɨɫɬɶɸ [18]. ɂɦɟɟɦ, ɱɬɨ r>1> ,ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɞɥɹ ɥɸɛɨɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɭɪɚɜɧɟɧɢɟ 1 ɩɨɤɚɡɵɜɚɟɬ, cosθc<0 ɢɥɢ θc> 90°. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɧɟ 

ɫɦɚɱɢɜɚɸɳɢɯ ɩɨɜɟɪɯɧɨɫɬɟɣ, ɱɬɨɛɵ ɪɚɜɧɨɜɟɫɧɵɟ ɭɝɥɵ ɤɨɧɬɚɤɬɚ ɧɚɯɨɞɢɥɢɫɶ ɜ 

ɞɢɚɩɚɡɨɧɟ θ>θc>90°. Ⱦɚɧɧɵɟ ɪɚɫɱɟɬɵ ɩɨɤɚɡɵɜɚɸɬ ɬɪɭɞɧɨɫɬɶ ɪɚɡɪɚɛɨɬɤɢ ɩɨ-

ɜɟɪɯɧɨɫɬɟɣ, ɤɨɬɨɪɵɟ ɨɬɬɚɥɤɢɜɚɸɬ ɚɥɤɚɧɵ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜɨɫɤ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɥɢɫɬɚ ɥɨɬɨɫɚ ɫɥɚɛɨ ɝɢɞ-

ɪɨɮɢɥɟɧ (θ≈74°) [21]. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɨɞɚ ɞɨɥɠɧɚ ɩɨɥɧɨɫɬɶɸ ɭɜɥɚɠɧɢɬɶ ɩɨ-

ɜɟɪɯɧɨɫɬɶ ɥɢɫɬɶɟɜ ɥɨɬɨɫɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɜɢɞɢɦɵɦ ɭɝɥɚɦ ɤɨɧ-

ɬɚɤɬɚ θɫ<90°, ɤɚɤ ɢ ɛɵɥɨ ɪɚɫɫɱɢɬɚɧɨ ɜ ɭɪɚɜɧɟɧɢɢ Wenzel [13]. 

Ɋɚɫɫɦɨɬɪɢɦ ɫɯɟɦɵ, ɩɨɤɚɡɚɧɧɵɟ ɧɚ ɪɢɫɭɧɤɚɯ 2,ɚ, ɢ 2,ɛ, ɤɨɬɨɪɵɟ ɢɡɨɛɪɚ-

ɠɚɸɬ ɦɧɢɦɵɣ ɩɪɨɮɢɥɶ ɬɜɟɪɞɨɟ ɬɟɥɨ–ɠɢɞɤɨɫɬɶ–ɩɚɪ ɞɥɹ ɝɢɩɨɬɟɬɢɱɟɫɤɨɣ ɠɢɞɤɨ-

ɫɬɢ ɫ θ ≈ 70° ɧɚ ɞɜɭɯ ɪɚɡɧɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ.  

ȿɫɥɢ θɫ<ψ, ɥɨɤɚɥɶɧɵɣ ɭɝɨɥ ɬɟɤɫɬɭɪɵ, ɧɚ ɪɢɫɭɧɤɟ 2 ɚ, ɫɭɦɦɚɪɧɨɟ ɫɰɟɩɥɟ-

ɧɢɟ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɠɢɞɤɨɫɬɶ-ɩɚɪ ɧɚɩɪɚɜɥɟɧɨ ɜɧɢɡ, ɬɟɦ ɫɚɦɵɦ ɨɛɥɟɝɱɚɟɬ 

ɜɩɢɬɵɜɚɧɢɟ ɠɢɞɤɨɫɬɢ ɜ ɬɜɟɪɞɭɸ ɫɬɪɭɤɬɭɪɭ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɥɧɨɫɬɶɸ ɭɜɥɚɠ-

ɧɟɧɧɨɣ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ. ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɟɫɥɢ θɫ>ψ, ɤɚɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 

2, ɛ ɧɚɩɪɚɜɥɟɧɚ ɜɜɟɪɯ, ɬɟɦ ɫɚɦɵɦ ɩɨɞɞɟɪɠɢɜɚɹ ɮɨɪɦɢɪɨɜɚɧɢɟ ɫɨɫɬɚɜɧɨɝɨ ɢɧ-

ɬɟɪɮɟɣɫɚ [3].  
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ɚ, ɛ – ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɠɢɞɤɨɫɬɶ-ɩɚɪ ɧɚ ɞɜɭɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɫ ɪɚɡɥɢɱɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ 

ɪɚɜɧɨɜɟɫɧɨɝɨ ɤɨɧɬɚɤɬɧɨɝɨ ɭɝɥɚ; ɜ – ɤɪɟɦɧɢɟɜɵɟ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ; ɝ – ɫɯɟɦɚ ɩɨɜɟɪɯɧɨɫɬɢ, 

ɩɪɟɞɥɨɠɟɧɧɚɹ M. Nosonovsky [16], ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɩɨɜɬɨɪɹɸɳɭɸɫɹ ɤɪɢɜɢɡɧɭ 

 

Ɋɢɫɭɧɨɤ 2 – ɋɯɟɦɚɬɢɱɟɫɤɢɟ ɞɢɚɝɪɚɦɦɵ ɝɢɞɪɨɮɨɛɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ  

Ⱥɜɬɨɪ ɪɚɛɨɬɵ [16] ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɥ ɫɬɚɛɢɥɶɧɨɫɬɶ ɫɨɫɬɚɜɧɵɯ ɩɨɜɟɪɯɧɨ-

ɫɬɟɣ ɪɚɡɞɟɥɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɹɯ, ɢɦɟɸɳɢɯ ɪɚɡɥɢɱɧɵɟ ɩɪɨɮɢɥɢ ɲɟɪɨɯɨɜɚɬɨɫɬɢ. 

Ɉɧ ɩɪɟɞɩɨɥɨɠɢɥ, ɱɬɨ ɫɨɡɞɚɧɢɟ ɫɬɚɛɢɥɶɧɨɝɨ ɫɨɫɬɚɜɧɨɝɨ ɢɧɬɟɪɮɟɣɫɚ ɧɚ ɥɸɛɨɣ 

ɲɟɪɨɯɨɜɚɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɬɪɟɛɭɟɬ ɜɵɩɨɥɧɟɧɢɹ ɞɜɭɯ ɤɪɢɬɟɪɢɟɜ. ȼɨ-ɩɟɪɜɵɯ, 

ɞɨɥɠɟɧ ɫɭɳɟɫɬɜɨɜɚɬɶ ɥɨɤɚɥɶɧɵɣ ɭɝɨɥ ɬɟɤɫɬɭɪɵ ψ, ɪɚɜɧɵɣ ɪɚɜɧɨɜɟɫɧɨɦɭ ɤɪɚɟ-

ɜɨɦɭ ɭɝɥɭ θɫ.  

ȼɬɨɪɨɟ ɭɫɥɨɜɢɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɥɨɤɚɥɶɧɨɣ ɨɛɥɚɫɬɢ, 

ɝɞɟ θɫ = ψ, ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɜɟɥɢɱɢɧɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɢɡɦɟɧɟɧɢɹɦɢ ɩɥɨɳɚɞɢ 

ɤɨɧɬɚɤɬɚ ɬɜɟɪɞɨɟ ɬɟɥɨ-ɠɢɞɤɨɫɬɶ (dAsl) ɢ ɥɨɤɚɥɶɧɨɝɨ ɭɝɥɚ ɤɨɧɬɚɤɬɚ (dθ) ɫ ɩɪɨ-

ɞɜɢɠɟɧɢɟɦ ɢɥɢ ɨɩɭɫɤɚɧɢɟɦ ɠɢɞɤɨɫɬɢ ɢɦɟɸɬ ɩɪɨɬɢɜɨɩɨɥɨɠɧɵɟ ɡɧɚɤɢ, ɬɚɤɢɟ, 

ɱɬɨ dAsldθ<0. ɇɚ ɨɫɧɨɜɚɧɢɢ ɷɬɢɯ ɤɪɢɬɟɪɢɟɜ ɨɧ ɩɪɟɞɥɨɠɢɥ ɩɨɜɟɪɯɧɨɫɬɶ ɫ ɜɨɞɨ-

ɨɬɬɚɥɤɢɜɚɸɳɟɣ ɫɬɪɭɤɬɭɪɨɣ ɩɪɹɦɨɭɝɨɥɶɧɵɯ ɫɬɨɥɛɨɜ, ɩɨɤɪɵɬɵɯ ɩɨɥɭɤɪɭɝɥɵɦɢ 

ɜɵɫɬɭɩɚɦɢ ɢ ɤɚɧɚɜɤɚɦɢ, ɩɨɤɚɡɚɧɧɚɹ ɧɚ ɪɢɫɭɧɤɟ 2,ɜ.  

ɂɡ-ɡɚ ɧɚɥɢɱɢɹ ɩɨɜɬɨɪɹɸɳɟɣɫɹ ɤɪɢɜɢɡɧɵ ɜ ɧɟɫɤɨɥɶɤɢɯ ɦɟɫɬɚɯ ɧɚ ɷɬɨɣ 

ɫɬɪɭɤɬɭɪɟ (0° <ψ <90°), ɬɚɤɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟ-

ɧɢɹ ɤɨɦɩɨɡɢɬɧɨɝɨ ɢɧɬɟɪɮɟɣɫɚ ɫ ɥɸɛɨɣ ɠɢɞɤɨɫɬɶɸ, ɞɥɹ ɤɨɬɨɪɨɣ θɫ>0° [5]. ɇɚ 
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ɪɢɫɭɧɤɟ 2,ɝ ɩɨɤɚɡɚɧɚ ɜɵɱɢɫɥɟɧɧɚɹ ɫɜɨɛɨɞɧɚɹ ɷɧɟɪɝɢɹ, ɤɚɤ ɮɭɧɤɰɢɹ ɝɥɭɛɢɧɵ 

ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɝɪɚɧɢɰɚ ɪɚɡɞɟɥɚ ɠɢɞɤɨɫɬɶ-ɩɚɪ (z) ɞɥɹ ɝɢɞɪɨɮɢɥɶɧɵɯ (θɫ= 30 °) ɢ 

ɝɢɞɪɨɮɨɛɧɵɯ (θɫ=150°) ɩɨɜɟɪɯɧɨɫɬɟɣ. Ɇɵ ɜɢɞɢɦ, ɱɬɨ ɧɚ ɝɢɞɪɨɮɢɥɶɧɨɣ ɩɨɜɟɪɯ-

ɧɨɫɬɢ ɦɨɠɧɨ ɫɮɨɪɦɢɪɨɜɚɬɶ ɤɨɦɩɨɡɢɬɧɭɸ ɝɪɚɧɢɰɭ ɪɚɡɞɟɥɚ (z≈1,5) (ɷɬɨ ɩɪɢɜɟɞɟɬ 

ɤ ɛɨɥɶɲɢɦ ɜɢɞɢɦɵɦ ɭɝɥɚɦ ɤɨɧɬɚɤɬɚ), ɞɚɠɟ ɩɪɢ ɭɫɥɨɜɢɢ ɬɨɝɨ, ɱɬɨ ɭɝɨɥ ɪɚɜɧɨ-

ɜɟɫɧɨɝɨ ɤɨɧɬɚɤɬɚ ɞɥɹ ɷɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɫɬɚɜɥɹɟɬ ɜɫɟɝɨ 30°.  

Ɉɞɧɚɤɨ ɷɬɚ ɤɨɧɮɢɝɭɪɚɰɢɹ ɫɨɫɬɚɜɧɨɝɨ ɢɧɬɟɪɮɟɣɫɚ [10,12] ɧɟ ɹɜɥɹɟɬɫɹ ɢɫ-

ɬɢɧɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɪɚɜɧɨɜɟɫɢɹ, ɩɨɫɤɨɥɶɤɭ ɩɨɥɧɨɫɬɶɸ ɫɦɨɱɟɧɧɵɣ ɢɧɬɟɪɮɟɣɫ 

(z≈4) ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɨɛɳɟɣ ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ. ɂ ɩɨɥɭɱɚɟɬɫɹ, ɱɬɨ ɩɪɚ-

ɜɢɥɶɧɵɣ ɜɵɛɨɪ ɬɟɤɫɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɦɨɠɟɬ ɩɪɢɜɟɫɬɢ ɤ ɨɛɪɚɡɨɜɚɧɢɸ «ɦɟɬɚ-

ɫɬɚɛɢɥɶɧɵɯ» (ɷɧɟɪɝɟɬɢɱɟɫɤɢ ɡɚɦɤɧɭɬɵɯ) ɤɨɦɩɨɡɢɬɧɵɯ ɢɧɬɟɪɮɟɣɫɨɜ [3,6,22] ɢ 

ɱɪɟɡɜɵɱɚɣɧɨ ɜɵɫɨɤɢɯ ɜɢɞɢɦɵɯ ɭɝɥɨɜ ɤɨɧɬɚɤɬɚ. 

ɇɟɞɚɜɧɨ ɛɵɥɢ ɨɩɢɫɚɧɵ ɦɨɞɟɥɶɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɩɨɜɬɨɪɹɸɳɟɣɫɹ ɤɪɢ-

ɜɢɡɧɨɣ, ɧɚɡɵɜɚɟɦɵɟ ɧɚɧɨɧɟɣɥɚɦɢ, ɜ ɰɟɥɹɯ ɩɨɥɭɱɟɧɢɹ ɫɭɩɟɪɝɢɞɪɨɮɨɛɧɵɯ ɩɨ-

ɜɟɪɯɧɨɫɬɟɣ ɧɚ ɨɫɧɨɜɟ ɚɧɚɥɨɝɢɱɧɵɯ ɢɞɟɣ [9]. Ⱦɪɭɝɢɦ ɩɪɢɦɟɪɨɦ ɬɟɤɫɬɭɪɢɪɨɜɚɧ-

ɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɩɨɜɬɨɪɹɸɳɟɣɫɹ ɤɪɢɜɢɡɧɨɣ ɹɜɥɹɟɬɫɹ ɧɟɬɤɚɧɵɣ ɦɚɬɟɪɢɚɥ ɢɡ 

ɷɥɟɤɬɪɨɮɨɪɦɨɜɚɧɧɵɯ ɜɨɥɨɤɨɧ [22-24], ɨɛɪɚɡɨɜɚɧɧɵɣ ɢɡ ɫɦɟɫɢ ɝɢɞɪɨɮɢɥɶɧɨɝɨ 

ɩɨɥɢɦɟɪɚ (ɉɆɆȺ) ɢ ɦɨɥɟɤɭɥ ɫ ɱɪɟɡɜɵɱɚɣɧɨ ɧɢɡɤɨɣ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɷɧɟɪɝɢɟɣ 

ɮɬɨɪ-ɉɈɋɋ. 

ɋɥɨɠɧɚɹ ɪɟɟɧɬɟɪɚɛɟɥɶɧɚɹ ɬɨɩɨɝɪɚɮɢɹ ɩɨɡɜɨɥɹɟɬ ɫɨɡɞɚɜɚɬɶ ɫɬɚɛɢɥɶɧɵɟ 

ɤɨɦɩɨɡɢɬɧɵɟ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɫ ɪɚɡɥɢɱɧɵɦɢ ɠɢɞɤɨɫɬɹɦɢ, ɜɤɥɸɱɚɹ ɜɨɞɭ ɢ ɚɥ-

ɤɚɧɵ, ɬɚɤɢɟ ɤɚɤ ɨɤɬɚɧ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɨɛɪɚɠɚɬɶ ɱɪɟɡɜɵɱɚɣɧɨ ɜɵ-

ɫɨɤɢɟ ɜɢɞɢɦɵɟ ɭɝɥɵ ɤɨɧɬɚɤɬɚ, ɞɚɠɟ ɟɫɥɢ ɫɚɦɢ ɫɨɫɬɚɜɥɹɸɳɢɟ ɜɨɥɨɤɧɚ ɹɜɥɹɸɬɫɹ 

ɝɢɞɪɨɮɢɥɶɧɵɦɢ ɢ ɨɥɟɨɮɢɥɶɧɵɦɢ [6,23]. 

ɗɬɨɬ ɷɮɮɟɤɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɢɫɫɥɟɞɭɟɬɫɹ ɜ ɮɨɪɦɟ ɨɛɳɟɣ ɞɢɚɝɪɚɦɦɵ ɫɦɚ-

ɱɢɜɚɧɢɹ, ɩɨɤɚɡɚɧɧɨɣ ɧɚ ɪɢɫɭɧɤɟ 3,ɚ. Ʉɚɠɭɳɢɟɫɹ ɭɝɥɵ ɢ ɭɝɥɵ ɨɬɤɥɨɧɟɧɢɹ ɞɥɹ 

ɜɨɞɵ ɧɚ ɲɟɪɨɯɨɜɚɬɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɷɥɟɤɬɪɨɮɨɪɦɨɜɚɧɢɹ ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɤɨɧ-

ɰɟɧɬɪɚɰɢɣ ɫɦɟɫɟɣ ɉMMA ɢɡɨɛɪɚɠɟɧɵ, ɤɚɤ ɡɚɜɢɫɢɦɨɫɬɶ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɭɝ-

ɥɨɜ ɤɨɧɬɚɤɬɚ ɞɥɹ ɨɩɟɪɟɠɚɸɳɢɯ ɢ ɭɞɚɥɹɸɳɢɯɫɹ ɤɨɧɬɚɤɬɨɜ ɧɚ ɝɥɚɞɤɨɣ ɩɨɜɟɪɯ-

ɧɨɫɬɢ. ɗɤɫɩɟɪɢɦɟɧɬɵ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɤɚɩɥɢ ɜɨɞɵ, ɜɵɫɜɨɛɨɠɞɚɟɦɵɟ ɫ ɞɨɫɬɚ-
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ɬɨɱɧɨ ɛɨɥɶɲɨɣ ɜɵɫɨɬɵ, ɦɨɝɭɬ ɩɪɨɧɢɤɚɬɶ ɢ ɫɦɚɱɢɜɚɬɶ ɜɨɥɨɤɧɢɫɬɵɟ ɦɚɬɟɪɢɚɥɵ, 

ɥɟɠɚɳɢɟ ɜ ɤɜɚɞɪɚɧɬɟ IV, ɩɨɞɬɜɟɪɠɞɚɹ ɦɟɬɚɫɬɚɛɢɥɶɧɨɫɬɶ ɤɨɦɩɨɡɢɬɧɨɣ ɝɪɚɧɢɰɵ 

ɪɚɡɞɟɥɚ ɧɚ ɷɬɢɯ ɩɨɜɟɪɯɧɨɫɬɹɯ.   

 
ɚ – cosθ*adv ɝɞɟ θ*adv – ɭɝɨɥ ɩɪɨɞɜɢɠɟɧɢɹ ɧɚ ɷɥɟɤɬɪɨɮɨɪɦɨɜɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɢ 

cosθ*rec ɝɞɟ θ*rec – ɭɝɨɥ ɨɬɤɥɨɧɟɧɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ; ɛ – ɫɯɟɦɚ ɜɨɥɨɤɨɧ, ɩɨɥɭɱɚɟɦɵɯ ɷɥɟɤɬɪɨ-

ɮɨɪɦɨɜɚɧɢɟɦ; ɫ – ɫɯɟɦɚ, ɩɨɤɚɡɵɜɚɸɳɚɹ ɜɚɠɧɵɟ ɬɨɩɨɝɪɚɮɢɱɟɫɤɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ 

Ɋɢɫɭɧɨɤ 3 – Ⱦɢɚɝɪɚɦɦɚ ɫɦɚɱɢɜɚɧɢɹ 

 ɍɜɟɥɢɱɢɜɚɹ ɦɚɫɫɨɜɭɸ ɞɨɥɸ ɦɨɥɟɤɭɥ ɉɈɋɋ, ɫɦɟɲɚɧɧɵɯ ɫ ɉɆɆȺ, ɦɨɠ-

ɧɨ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢ ɫɧɢɡɢɬɶ ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɞɥɹ ɫɦɟɫɢ ɩɨɥɢɦɟɪ-ɮɬɨɪ 

ɉɈɋɋ. ɂɡ ɪɢɫɭɧɤɚ ɜɢɞɧɨ, ɱɬɨ ɧɟɫɤɨɥɶɤɨ ɬɨɱɟɤ ɞɚɧɧɵɯ ɥɟɠɚɬ ɜ ɧɢɠɧɟɦ ɩɪɚɜɨɦ 

ɤɜɚɞɪɚɧɬɟ (IV) ɷɬɨɣ ɞɢɚɝɪɚɦɦɵ.  ɗɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɝɢɞɪɨɮɢɥɶ-

ɧɵɦ ɫɭɛɫɬɪɚɬɚɦ, ɤɨɬɨɪɵɟ ɫɬɚɧɨɜɹɬɫɹ ɝɢɞɪɨɮɨɛɧɵɦɢ ɱɢɫɬɨ ɢɡ-ɡɚ ɩɨɜɬɨɪɹɸɳɟɣ-

ɫɹ ɬɨɩɨɝɪɚɮɢɢ. ɑɬɨɛɵ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɜɵɹɫɧɢɬɶ ɡɧɚɱɟɧɢɟ ɩɨɜɬɨɪɹɸɳɟɣɫɹ ɤɪɢ-

ɜɢɡɧɵ ɜ ɮɨɪɦɢɪɨɜɚɧɢɢ ɦɟɬɚɫɬɚɛɢɥɶɧɨɣ ɫɨɫɬɚɜɧɨɣ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ, ɝɪɭɩɩɚ 

ɭɱɟɧɧɵɯ ɜ MIT ɪɚɫɫɱɢɬɚɥɚ ɢɡɦɟɧɟɧɢɟ ɭɞɟɥɶɧɨɣ ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ, 

ɜɨɡɧɢɤɚɸɳɟɟ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɨɫɬɟɩɟɧɧɨɝɨ ɩɪɨɧɢɤɧɨɜɟɧɢɹ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɠɢɞ-

ɤɨɫɬɶ-ɜɨɡɞɭɯ ɜ ɪɚɡɥɢɱɧɵɟ ɬɟɤɫɬɭɪɢɪɨɜɚɧɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ. ɗɬɢ ɪɚɫɱɟɬɵ ɨɫɧɨ-

ɜɵɜɚɥɢɫɶ ɧɚ ɮɨɪɦɭɥɢɪɨɜɤɟ, ɨɩɢɫɚɧɧɨɣ Marmur [15]. 
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ɗɧɟɪɝɢɹ ɚɤɬɢɜɚɰɢɢ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɧɟɨɛɪɚɬɢɦɨɝɨ ɩɟɪɟɯɨɞɚ ɨɬ ɫɨɫɬɚɜ-

ɧɨɝɨ ɢɧɬɟɪɮɟɣɫɚ ɤ ɩɨɥɧɨɫɬɶɸ ɫɦɚɱɢɜɚɟɦɨɦɭ ɢɧɬɟɪɮɟɣɫɭ, ɜɨ ɦɧɨɝɢɯ ɫɥɭɱɚɹɯ 

ɱɪɟɡɜɵɱɚɣɧɨ ɦɚɥɚ [5]. Ʉɪɨɦɟ ɬɨɝɨ, ɞɚɠɟ ɧɟɫɦɨɬɪɹ ɧɚ ɬɨ, ɱɬɨ ɩɨɞɯɨɞ ɫ ɢɫɩɨɥɶɡɨ-

ɜɚɧɢɟɦ ɫɜɨɛɨɞɧɨɣ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ [15] ɦɨɠɟɬ ɧɚɞɟɠɧɨ ɩɪɟɞɫɤɚɡɚɬɶ ɫɭɳɟɫɬɜɨ-

ɜɚɧɢɟ ɫɨɫɬɚɜɧɨɝɨ ɢɧɬɟɪɮɟɣɫɚ, ɟɝɨ ɫɩɨɫɨɛɧɨɫɬɶ ɨɰɟɧɢɜɚɬɶ ɧɚɞɟɠɧɨɫɬɶ ɪɟɠɢɦ 

ɨɝɪɚɧɢɱɟɧ, ɬɚɤ ɤɚɤ ɚɧɚɥɢɡ ɨɛɵɱɧɨ ɩɪɟɞɩɨɥɚɝɚɟɬ ɥɨɤɚɥɶɧɨ ɩɥɨɫɤɭɸ ɝɪɚɧɢɰɭ ɪɚɡ-

ɞɟɥɚ ɠɢɞɤɨɫɬɶ-ɩɚɪ. ɋ ɞɟɣɫɬɜɢɬɟɥɶɧɵɦɢ ɤɚɩɥɹɦɢ, ɢɦɟɸɳɢɦɢ ɡɧɚɱɢɬɟɥɶɧɨɟ 

ɜɧɭɬɪɟɧɧɟɟ ɞɚɜɥɟɧɢɟ ɢɥɢ ɩɨɞɜɟɪɝɚɸɳɢɦɢɫɹ ɜɧɟɲɧɟɦɭ ɞɚɜɥɟɧɢɸ, ɦɨɠɟɬ ɩɪɨ-

ɢɡɨɣɬɢ ɡɧɚɱɢɬɟɥɶɧɨɟ ɩɪɨɜɢɫɚɧɢɟ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɠɢɞɤɨɫɬɶ-ɩɚɪ. Ɍɚɤɢɦ ɨɛɪɚ-

ɡɨɦ, ɫɛɨɣ ɫɨɫɬɚɜɧɨɝɨ ɪɟɠɢɦɚ ɨɛɵɱɧɨ ɩɪɨɢɫɯɨɞɢɬ ɧɟ ɢɡ-ɡɚ ɷɧɟɪɝɢɢ ɚɤɬɢɜɚɰɢɢ, 

ɧɟɨɛɯɨɞɢɦɨɣ ɞɥɹ ɩɟɪɟɯɨɞɚ ɦɟɠɞɭ ɫɨɫɬɚɜɧɵɦ ɢ ɩɨɥɧɨɫɬɶɸ ɫɦɨɱɟɧɧɵɦ ɫɨɫɬɨɹ-

ɧɢɹɦ, ɚ ɢɡ-ɡɚ ɧɟɞɨɫɬɚɬɤɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɩɪɨɜɢɫɚɧɢɟɦ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɠɢɞɤɨɫɬɶ-

ɩɚɪ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɧɚɞɟɠɧɨɫɬɶ ɫɨɫɬɚɜɧɨɝɨ ɢɧɬɟɪɮɟɣɫɚ ɦɨɠɟɬ ɛɵɬɶ ɡɧɚɱɢɬɟɥɶ-

ɧɨ ɧɢɠɟ, ɱɟɦ ɡɧɚɱɟɧɢɹ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɪɚɫɱɟɬɨɜ ɷɧɟɪɝɢɢ Ƚɢɛɛɫɚ. ɑɬɨ-

ɛɵ ɨɛɟɫɩɟɱɢɬɶ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɦɟɪɭ ɞɚɜɥɟɧɢɹ, ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɪɚɡɪɭɲɟɧɢɹ 

ɫɨɫɬɚɜɧɨɣ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ, ɝɪɭɩɩɚ ɜ MIT ɪɚɡɪɚɛɨɬɚɥɚ ɛɟɡɪɚɡɦɟɪɧɵɣ ɩɚɪɚɦɟɬɪ 

ɭɫɬɨɣɱɢɜɨɫɬɢ, ɤɨɬɨɪɵɣ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɩɪɨɜɢɫɚɧɢɟ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɠɢɞɤɨɫɬɶ-

ɩɚɪ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɢɫɛɚɥɚɧɫɚ ɞɚɜɥɟɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 3,ɛ . Ɋɚɫɫɦɨɬ-

ɪɢɦ ɢɞɟɚɥɢɡɢɪɨɜɚɧɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɜɨɥɨɤɧɚ, ɬɚɤɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɪɚɡɪɭɲɢɬɫɹ, 

ɟɫɥɢ ɜɵɩɭɤɥɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɪɚɡɞɟɥɚ ɠɢɞɤɨɫɬɶ-ɩɚɪ ɤɨɫɧɟɬɫɹ ɫɥɟɞɭɸɳɟɝɨ ɫɥɨɹ 

ɜɨɥɨɤɨɧ ɢ ɠɢɞɤɨɫɬɶ ɩɪɨɞɨɥɠɢɬ ɫɦɚɱɢɜɚɬɶ ɬɜɟɪɞɭɸ ɩɨɞɥɨɠɤɭ. Ƚɥɭɛɢɧɚ ɩɪɨɜɢ-

ɫɚɧɢɹ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɠɢɞɤɨɫɬɶ-ɜɨɡɞɭɯ (h1) ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ: 

h1 = κ– 1(1−cos [sin− 1(Dκ)]),  (2) 

ɝɞɟ κ – ɤɪɢɜɢɡɧɚ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɠɢɞɤɨɫɬɶ-ɜɨɡɞɭɯ. 

Κ = P / 2Ȗlv, (3) 

ɝɞɟ P – ɞɚɜɥɟɧɢɟ, ɨɧɨ ɫɬɚɧɨɜɢɬɫɹ ɨɛɪɚɬɧɵɦ ɤ ɞɥɢɧɟ ɤɚɩɢɥɥɹɪɚ  

, (4) 

ɞɥɹ ɤɚɩɟɥɶ ɠɢɞɤɨɫɬɢ ɜ ɪɚɜɧɨɜɟɫɢɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ ɬɹɠɟ-

ɫɬɢ, ɩɪɢ ɨɬɫɭɬɫɬɜɢɢ ɤɚɤɨɝɨ-ɥɢɛɨ ɜɧɟɲɧɟɝɨ ɞɚɜɥɟɧɢɹ.  
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Ɂɞɟɫɶ p– ɩɥɨɬɧɨɫɬɶ ɠɢɞɤɨɫɬɢ, ɚ g – ɭɫɤɨɪɟɧɢɟ ɫɢɥɵ ɬɹɠɟɫɬɢ. 

 ɋɢɫɬɟɦɚ ɩɟɪɟɯɨɞɢɬ ɨɬ ɫɨɫɬɚɜɧɨɝɨ ɢɧɬɟɪɮɟɣɫɚ ɤ ɩɨɥɧɨɫɬɶɸ ɭɜɥɚɠɧɟɧɧɨ-

ɦɭ ɢɧɬɟɪɮɟɣɫɭ, ɤɨɝɞɚ ɜɵɫɨɬɚ ɩɪɨɜɢɫɚɧɢɹ (h1) ɫɬɚɧɨɜɢɬɫɹ ɪɚɜɧɨɣ ɩɟɪɜɨɧɚɱɚɥɶ-

ɧɨɦɭ ɡɚɡɨɪɭ ɦɟɠɞɭ ɝɪɚɧɢɰɟɣ ɪɚɡɞɟɥɚ ɠɢɞɤɨɫɬɶ-ɩɚɪ ɢ ɫɥɟɞɭɸɳɢɦ ɭɪɨɜɧɟɦ ɜɨ-

ɥɨɤɨɧ (ɝɥɭɛɢɧɚ ɩɨɪ), 

h2 = R (1- cos θ), (5) 

ɩɪɟɧɟɛɪɟɝɚɹ ɥɸɛɵɦ ɢɡɦɟɧɟɧɢɟɦ ɥɨɤɚɥɶɧɨɝɨ ɭɝɥɚ ɤɨɧɬɚɤɬɚ ɢɡ-ɡɚ ɩɪɨɜɢɫɚɧɢɹ.  

Ʉɨɝɞɚ D <<1 / κ ≈ lcap 

H* = h2/h1=2(1 – cosθ)Rlcap / D
2, (6) 

ȼɬɨɪɨɣ ɪɚɫɱɟɬɧɵɣ ɩɚɪɚɦɟɬɪ, D*–ɤɨɷɮɮɢɰɢɟɧɬ ɪɚɫɫɬɨɹɧɢɹ, ɤɨɬɨɪɵɣ ɫɜɹ-

ɡɵɜɚɟɬ ɩɚɪɚɦɟɬɪɵ ɬɟɤɫɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɜɟɥɢɱɢɧɨɣ ɜɢɞɢɦɵɯ ɭɝɥɨɜ ɤɨɧɬɚɤɬɚ, 

ɩɨɥɭɱɟɧɧɵɯ ɫ ɥɸɛɨɣ ɠɢɞɤɨɫɬɶɸ. Ⱦɥɹ ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɝɟɨɦɟɬɪɢɢ, ɜɨɥɨɤɧɚ ɩɨ-

ɥɭɱɟɧɧɨɝɨ ɷɥɟɤɬɪɨɮɨɪɦɨɜɚɧɢɟɦ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɞɨɥɹ ɫɦɚɱɢɜɚɟɦɨɣ ɩɥɨɳɚɞɢ fs 

ɹɜɥɹɟɬɫɹ ɮɭɧɤɰɢɟɣ ɨɬɧɨɲɟɧɢɹ 

D* = (R + D) / R, (7) 

Ȼɨɥɟɟ ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɨɬɧɨɲɟɧɢɹ ɪɚɫɫɬɨɹɧɢɣ D* ɩɪɢɜɨɞɹɬ ɤ ɛɨɥɟɟ ɧɢɡ-

ɤɢɦ ɡɧɚɱɟɧɢɹɦ fs ɢ ɭɜɟɥɢɱɢɜɚɸɬ ɜɢɞɢɦɵɣ ɭɝɨɥ ɤɨɧɬɚɤɬɚ θ*. ɑɬɨɛɵ ɞɨɫɬɢɱɶ ɤɚɤ 

ɱɪɟɡɜɵɱɚɣɧɨ ɜɵɫɨɤɢɯ ɜɢɞɢɦɵɯ ɭɝɥɨɜ ɤɨɧɬɚɤɬɚ, ɪɚɫɱɟɬɧɵɟ ɩɚɪɚɦɟɬɪɵ D* ɢ H* 

ɞɨɥɠɧɵ ɛɵɬɶ ɦɚɤɫɢɦɢɡɢɪɨɜɚɧɵ ɨɞɧɨɜɪɟɦɟɧɧɨ. 

 ɍɜɟɥɢɱɟɧɢɟ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɜɨɥɨɤɧɚɦɢ (D) ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɟɟ ɜɵɫɨɤɢɦ 

ɡɧɚɱɟɧɢɹɦ D*, ɬɚɤɠɟ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɟɟ ɧɢɡɤɢɦ ɡɧɚɱɟɧɢɹɦ H*, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 

ɛɨɥɟɟ ɫɢɥɶɧɨɦɭ ɩɪɨɜɢɫɚɧɢɸ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɠɢɞɤɨɫɬɶ-ɜɨɡɞɭɯ. ɗɬɨ ɨɛɥɟɝɱɚɟɬ 

ɩɪɨɧɢɤɧɨɜɟɧɢɟ ɠɢɞɤɨɫɬɢ ɱɟɪɟɡ ɫɨɫɬɚɜ.  

ɋ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɫɨɨɬɧɨɲɟɧɢɟ ɪɚɫɫɬɨɹɧɢɣ (7) ɩɪɢɧɢɦɚɟɬ ɧɨɜɭɸ ɮɨɪɦɭ      

,                                                                                            (8) 

Ɋɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɬɪɨɤɚɦɢ (W) ɢ ɜɵɫɨɬɨɣ (H) ɦɨɠɟɬ ɢɡɦɟɧɹɬɶɫɹ ɧɟɡɚɜɢ-

ɫɢɦɨ, ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɪɢɫɭɧɤɟ 3,c, ɫɨɨɬɧɨɲɟɧɢɟ ɪɚɫɫɬɨɹɧɢɣ (D*) ɢ ɩɚɪɚɦɟɬɪ 

ɭɫɬɨɣɱɢɜɨɫɬɢ (H*) ɦɨɠɧɨ ɥɟɝɤɨ ɪɚɡɴɟɞɢɧɢɬɶ, ɬɟɦ ɫɚɦɵɦ ɨɛɟɫɩɟɱɢɜɚɹ ɨɛɚ ɜɢ-

ɞɢɦɵɯ ɭɝɥɚ ɤɨɧɬɚɤɬɚ ɢ ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɨɱɟɧɶ ɩɪɨɱɧɵɣ ɤɨɦɩɨɡɢɬɧɵɣ ɢɧɬɟɪɮɟɣɫ 
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ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ. ɗɬɢ ɩɚɪɚɦɟɬɪɵ ɨɛɟɫɩɟɱɢɜɚɸɬ ɦɟɯɚɧɢɡɦ ɞɥɹ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ 

ɩɨɜɟɪɯɧɨɫɬɟɣ, ɫɩɨɫɨɛɧɵɯ ɩɨɞɞɟɪɠɢɜɚɬɶ ɨɬɬɚɥɤɢɜɚɸɳɢɟ ɫɜɨɣɫɬɜɚ, ɤɚɤ ɫ ɜɵɫɨ-

ɤɢɦɢ ɜɢɞɢɦɵɦɢ ɭɝɥɚɦɢ ɤɨɧɬɚɤɬɚ, ɬɚɤ ɢ ɫ ɩɪɨɱɧɵɦ ɤɨɦɩɨɡɢɬɧɵɦ ɢɧɬɟɪɮɟɣɫɨɦ 

ɜ ɫɨɱɟɬɚɧɢɢ ɫ ɧɢɡɤɢɦ ɝɢɫɬɟɪɟɡɢɫɨɦ ɤɨɧɬɚɤɬɧɵɯ ɭɝɥɨɜ [11].  

ɉɨɧɹɬɢɟ ɝɢɞɪɨɮɨɛɧɨɫɬɢ ɢ ɝɢɞɪɨɮɢɥɶɧɨɫɬɢ ɩɪɢɦɟɧɹɸɬ ɧɟ ɬɨɥɶɤɨ ɤ ɦɚɤ-

ɪɨɫɤɨɩɢɱɟɫɤɢɦ ɬɟɥɚɦ, ɧɨ ɢ ɤ ɦɨɥɟɤɭɥɚɦ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦ ɝɪɭɩɩɚɦ. ȼ ɬɚɛɥɢɰɟ 

1 ɩɪɢɜɟɞɟɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɚɬɨɦɧɵɯ ɝɪɭɩɩɢɪɨɜɨɤ ɜ ɩɨɪɹɞɤɟ ɭɦɟɧɶɲɟɧɢɹ 

ɢɯ ɫɪɨɞɫɬɜɚ ɤ ɜɨɞɟ. 

 

Ɍɚɛɥɢɰɚ 1 – Ɏɭɧɤɰɢɨɧɚɥɶɧɵɟ ɝɪɭɩɩɢɪɨɜɤɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ ɩɨɪɹɞɤɟ ɭɦɟɧɶ-

ɲɟɧɢɹ ɫɪɨɞɫɬɜɚ ɤ ɜɨɞɟ 

Ƚɢɞɪɨɮɢɥɶɧɵɟ ɝɪɭɩɩɵ Ƚɢɞɪɨɮɨɛɧɵɟ ɝɪɭɩɩɵ 

ɋɬɪɭɤɬɭɪɚ ɇɚɡɜɚɧɢɟ ɋɬɪɭɤɬɭɪɚ ɇɚɡɜɚɧɢɟ 

–C(Ɉ)– OH Ʉɚɪɛɨɤɫɢɥɶɧɚɹ –C6H5 Ɏɟɧɢɥ 

–OH Ƚɢɞɪɨɤɫɢɥɶɧɚɹ –CH=C(CH3)–
CH=CH2 

ɂɡɨɩɪɟɧɢɥ 

–C(O)H Ⱥɥɶɞɟɝɢɞɧɚɹ –CnH2n+1 Ⱥɥɤɢɥ 

>C=O Ʉɟɬɨɝɪɭɩɩɚ –C3H7 ɉɪɨɩɢɥ 

–NH2 Ⱥɦɢɧɨɝɪɭɩɩɚ –C2H5 ɗɬɢɥ 

–NH ɂɦɢɧɨɝɪɭɩɩɚ =CH2,>CH2 Ɇɟɬɢɥɟɧ 

–C(O)–NH2 Ⱥɦɢɞɨɝɪɭɩɩɚ –CH3 Ɇɟɬɢɥ 

–C(NH)–OR ɂɦɢɞɨɝɪɭɩɩɚ –SH ɋɭɥɶɮɨɝɢɞɪɢɥɶɧɚɹ 

ɝɪɭɩɩɚ 
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ɋɬɟɩɟɧɶ ɝɢɞɪɨɮɢɥɶɧɨɫɬɢ ɨɰɟɧɢɜɚɸɬ ɩɨ ɱɢɫɥɭ ɝɢɞɪɚɬɚɰɢɣ – ɤɨɥɢɱɟɫɬɜɭ 

ɩɪɨɱɧɨ ɫɜɹɡɵɜɚɟɦɵɯ ɦɨɥɟɤɭɥ ɜɨɞɵ (ɬɚɛɥɢɰɚ – 2). 

 

Ɍɚɛɥɢɰɚ 2 – Ʉɨɥɢɱɟɫɬɜɟɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɢɞɪɨɮɢɥɶɧɨɫɬɢ ɚɬɨɦɧɵɯ ɝɪɭɩ-

ɩɢɪɨɜɨɤ. 
Ⱥɬɨɦɧɚɹ ɝɪɭɩɩɢɪɨɜɤɚ Ƚɢɞɪɚɬɚɰɢɹ ɦɨɥɟɤɭɥ ɜɨɞɵ 

–C(O)OH 4 
–OH 3 
–NH2 2-3 

–C(O)H, >CO, >NH 2 
–CH–NH– (ɜ ɛɟɥɤɟ) 1 

 
Ɉɛɫɭɠɞɚɟɦɵɟ ɪɚɧɟɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɫɨɱɟɬɚɧɢɟ ɯɢɦɢɢ ɩɨ-

ɜɟɪɯɧɨɫɬɢ ɢ ɬɨɩɨɥɨɝɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ 

ɩɨɜɟɪɯɧɨɫɬɟɣ ɫ ɫɭɩɟɪɝɢɞɪɨɮɨɛɧɵɦɢ ɫɚɦɨɨɱɢɳɚɸɳɢɦɢɫɹ ɫɜɨɣɫɬɜɚɦɢ. ɂɡ-ɡɚ 

ɷɬɨɣ ɞɜɨɣɧɨɣ ɲɟɪɨɯɨɜɚɬɨɫɬɢ ɢ ɧɢɡɤɨɝɨ ɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɧɚɬɹɠɟɧɢɹ ɤɪɢɫɬɚɥɥɨɜ 

ɜɨɞɚ ɥɟɝɤɨ ɫɤɚɬɵɜɚɟɬɫɹ ɢ ɫɨɛɢɪɚɟɬ ɩɵɥɶ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɥɢɫɬɶɹ ɥɨɬɨɫɚ ɜɫɟɝɞɚ 

ɱɢɫɬɵ.  

 

1.2 Ɇɟɬɨɞɵ ɝɢɞɪɨɮɨɛɢɡɚɰɢɢ ɩɨɜɟɪɯɧɨɫɬɟɣ 

 

Deng ɢ ɟɝɨ ɫɨɚɜɬɨɪɵ [24-26] ɢɡɝɨɬɨɜɢɥɢ ɩɪɨɡɪɚɱɧɭɸ ɫɭɩɟɪɝɢɞɪɨɮɨɛɧɭɸ 

ɩɨɜɟɪɯɧɨɫɬɶ ɢɡ ɫɜɟɱɧɨɣ ɫɚɠɢ. ɋɬɟɤɥɨ ɞɟɪɠɚɥɢ ɧɚɞ ɩɥɚɦɟɧɟɦ ɩɚɪɚɮɢɧɨɜɨɣ ɫɜɟ-

ɱɢ, ɩɨɡɜɨɥɹɹ ɫɚɠɟ ɨɫɚɠɞɚɬɶɫɹ ɧɚ ɧɟɦ. 

 ɋɤɚɧɢɪɭɸɳɚɹ ɷɥɟɤɬɪɨɧɧɚɹ ɦɢɤɪɨɫɤɨɩɢɹ ɩɨɤɚɡɚɥɚ, ɱɬɨ ɫɥɨɣ ɫɚɠɢ ɫɨɞɟɪ-

ɠɢɬ ɱɚɫɬɢɰɵ ɭɝɥɟɪɨɞɚ (ɪɚɡɦɟɪɨɦ 30-50 ɧɦ), ɨɛɪɚɡɭɸɳɢɟ ɮɪɚɤɬɚɥɶɧɭɸ ɫɬɪɭɤɬɭ-

ɪɭ, ɨɛɥɚɞɚɹ ɫɭɩɟɪɝɢɞɪɨɮɨɛɧɨɫɬɶɸ. Ɉɞɧɚɤɨ, ɤɨɝɞɚ ɤɚɩɥɢ ɜɨɞɵ ɩɟɪɟɜɨɪɚɱɢɜɚɸɬ-

ɫɹ, ɤɚɩɥɢ ɭɧɨɫɹɬ ɱɚɫɬɢɰɵ ɫɚɠɢ ɫ ɩɨɜɟɪɯɧɨɫɬɢ, ɜɵɡɵɜɚɹ ɫɦɚɱɢɜɚɧɢɟ ɩɨɜɟɪɯɧɨ-

ɫɬɢ. ɋɭɩɟɪɝɢɞɪɨɮɨɛɧɨɫɬɶ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɜɵɛɨɪɚ ɲɟɪɨ-

ɯɨɜɚɬɨɫɬɢ, ɬɟɤɫɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɦɚɬɟɪɢɚɥɨɜ ɫ ɧɢɡɤɨɣ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɷɧɟɪ-

ɝɢɟɣ. 
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 Ɋɚɡɥɢɱɧɵɟ ɦɟɬɨɞɵ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɫɭɩɟɪɝɢɞɪɨɮɨɛɧɵɯ ɩɨ-

ɜɟɪɯɧɨɫɬɟɣ. Ɇɟɬɨɞɵ ɢɡɝɨɬɨɜɥɟɧɢɹ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɞɜɚ ɬɢɩɚ:  

– ɩɨɞɯɨɞ «ɫɜɟɪɯɭ–ɜɧɢɡ»; 

– ɩɨɞɯɨɞ «ɫɧɢɡɭ–ɜɜɟɪɯ».  

Ɍɪɟɛɭɟɦɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɩɨɥɭɱɚɟɬɫɹ ɬɪɚɜɥɟɧɢɟɦ ɜ ɩɨɞɯɨɞɟ «ɫɜɟɪɯɭ–ɜɧɢɡ», 

ɬɨ ɠɟ ɫɚɦɨɟ ɩɨɥɭɱɚɟɬɫɹ ɯɢɦɢɱɟɫɤɢɦ ɨɫɚɠɞɟɧɢɟɦ ɜ ɩɨɞɯɨɞɟ «ɫɧɢɡɭ– ɜɜɟɪɯ». 

ɋɭɳɟɫɬɜɭɟɬ ɬɚɤɠɟ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɦɟɬɨɞ, ɫɨɜɦɟɳɚɟɬ ɜ ɫɟɛɹ ɞɜɚ ɨɫɧɨɜɧɵɯ 

ɫɩɨɫɨɛɚ. 

«ɋɜɟɪɯɭ–ɜɧɢɡ» ɞɚɧɧɵɣ ɩɨɞɯɨɞ, ɤɚɤ ɩɪɚɜɢɥɨ, ɨɬɧɨɫɢɬɫɹ ɤ ɩɪɨɰɟɫɫɭ ɭɞɚɥɟ-

ɧɢɹ ɦɚɬɟɪɢɚɥɚ, ɜ ɤɨɬɨɪɨɦ ɢɡɝɨɬɨɜɥɟɧɢɟ ɧɟɨɛɯɨɞɢɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜɵɩɨɥɧɹɟɬɫɹ 

ɩɭɬɟɦ ɦɟɯɚɧɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɢɥɢ ɮɨɪɦɨɜɚɧɢɹ ɫɵɩɭɱɢɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɩɨɦɨ-

ɳɶɸ ɢɧɫɬɪɭɦɟɧɬɨɜ ɢ ɥɚɡɟɪɨɜ. ȼ ɨɫɧɨɜɟ ɫɩɨɫɨɛɨɜ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɭɩɟɪɝɢɞɪɨɮɨɛ-

ɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɥɟɠɢɬ ɫɨɡɞɚɧɢɟ ɥɢɬɨɝɪɚɮɢɢ, ɬɨ ɟɫɬɶ ɫɨɡɞɚɧɢɟ ɲɚɛɥɨɧɨɜ, 

ɦɢɤɪɨɨɛɪɚɛɨɬɤɚ, ɨɛɪɚɛɨɬɤɚ ɩɥɚɡɦɨɣ, ɬɪɚɜɥɟɧɢɟ [27].  

ȼ ɦɟɬɨɞɟ ɲɚɛɥɨɧɨɜ ɫɧɚɱɚɥɚ ɝɨɬɨɜɢɬɫɹ ɦɚɫɬɟɪ ɢɥɢ ɲɚɛɥɨɧ. Ɇɚɬɟɪɢɚɥ ɩɨ-

ɤɪɵɬɢɹ ɡɚɬɟɦ ɡɚɩɨɥɧɹɟɬɫɹ ɢ ɩɪɢɠɢɦɚɟɬɫɹ ɧɚ ɷɬɨɦ ɲɚɛɥɨɧɟ, ɬɚɤ ɱɬɨ ɨɛɪɚɡɭɟɬɫɹ 

ɨɛɪɚɬɧɵɣ ɪɢɫɭɧɨɤ. ɉɨɫɥɟɞɭɸɳɟɟ ɫɧɹɬɢɟ ɲɚɛɥɨɧɚ ɞɚɟɬ ɧɟɨɛɯɨɞɢɦɭɸ ɲɟɪɨɯɨ-

ɜɚɬɭɸ ɩɨɜɟɪɯɧɨɫɬɶ. Ʌɢɬɨɝɪɚɮɢɹ ɹɜɥɹɟɬɫɹ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɦɟɬɨɞɨɦ, ɢɫɩɨɥɶ-

ɡɭɟɦɵɦ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɭɩɟɪɝɢɞɪɨɮɨɛɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ. ɗɬɨɬ ɦɟɬɨɞ ɥɭɱɲɟ 

ɤɨɧɬɪɨɥɢɪɭɟɬ ɦɨɪɮɨɥɨɝɢɸ ɢ ɫɬɪɭɤɬɭɪɭ ɩɨɜɟɪɯɧɨɫɬɢ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɨɞɝɨɬɨ-

ɜɢɬɶ ɪɚɡɥɢɱɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ, ɬɚɤɢɟ ɤɚɤ ɤɪɭɝɥɵɟ ɢ ɤɜɚɞɪɚɬɧɵɟ ɫɬɨɥɛɵ, ɡɜɟɡɞɧɵɟ 

ɢ ɤɜɚɞɪɚɬɧɵɟ ɝɨɪɲɤɢ, ɫ ɪɚɡɥɢɱɧɵɦɢ ɞɢɚɦɟɬɪɚɦɢ, ɜɵɫɨɬɨɣ ɢ ɪɚɫɫɬɨɹɧɢɟɦ. Ɉɧ 

ɫɨɡɞɚɟɬ ɫɭɩɟɪɝɢɞɪɨɮɨɛɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɩɭɬɟɦ ɞɭɛɥɢɪɨɜɚɧɢɹ ɢ ɩɟɪɟɧɨɫɚ ɲɚɛ-

ɥɨɧɚ ɦɚɫɬɟɪɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɩɨɞɥɨɠɤɢ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɮɨɪɦɢɪɨɜɚɬɶ ɪɟɩɥɢɤɭ ɜ 

ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɮɨɪɦɟ. Ʌɢɬɨɝɪɚɮɢɹ, ɨɬɧɨɫɢɬɫɹ ɤ ɮɨɬɨɥɢɬɨɝɪɚɮɢɢ, ɜ ɤɨɬɨɪɨɣ 

ɮɨɬɨ ɚɤɬɢɜɧɵɣ ɩɨɥɢɦɟɪ ɨɛɥɭɱɚɟɬɫɹ ɫɜɟɬɨɦ, ɨɛɵɱɧɨ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɵɦɢ ɥɭɱɚ-

ɦɢ, ɱɟɪɟɡ ɭɡɨɪɧɭɸ ɦɚɫɤɭ (ɦɚɫɬɟɪ). Ʌɢɛɨ ɷɤɫɩɨɧɢɪɨɜɚɧɧɵɣ ɢɥɢ ɧɟɷɤɫɩɨɧɢɪɨ-

ɜɚɧɧɵɣ ɩɨɥɢɦɟɪ ɭɞɚɥɹɟɬɫɹ ɩɪɢ ɨɛɥɭɱɟɧɢɢ, ɢ ɮɨɪɦɢɪɭɟɬɫɹ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɢɥɢ 

ɨɬɪɢɰɚɬɟɥɶɧɨɟ ɢɡɨɛɪɚɠɟɧɢɟ ɭɡɨɪɱɚɬɨɣ ɦɚɫɤɢ.  



21 

 

Ɋɟɧɬɝɟɧɨɜɫɤɢɟ ɥɭɱɢ, ɷɥɟɤɬɪɨɧɧɵɟ ɥɭɱɢ, ɥɚɡɟɪɧɵɟ ɥɭɱɢ. Ɍɚɤɠɟ ɦɨɝɭɬ ɢɫ-

ɩɨɥɶɡɨɜɚɬɶɫɹ ɜɦɟɫɬɨ ɭɥɶɬɪɚɮɢɨɥɟɬɨɜɵɯ ɥɭɱɟɣ. 

ɉɨɞɯɨɞ «ɫɧɢɡɭ–ɜɜɟɪɯ» 

ɋɭɩɟɪɝɢɞɪɨɮɨɛɧɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɞɨɫɬɢɝɧɭɬɚ, ɟɫɥɢ ɞɨɥɹ ɜɨɡɞɭɯɚ ɧɢɡɤɚɹ, ɚ 

ɭɝɨɥ ɫɦɚɱɢɜɚɧɢɹ ɜɵɫɨɤɢɣ. ɉɨɞɯɨɞɵ ɫɜɟɪɯɭ ɜɧɢɡ, ɤɚɤ ɩɪɚɜɢɥɨ, ɦɨɝɭɬ ɛɵɬɶ ɢɫ-

ɩɨɥɶɡɨɜɚɧɵ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɜɨɡɞɭɲɧɨɣ ɮɪɚɤɰɢɢ ɜ ɦɢɤɪɨɦɚɫɲɬɚɛɚɯ, ɧɨ ɨɧɢ ɧɟ 

ɦɨɝɭɬ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶɫɹ ɜ ɧɚɧɨɦɚɫɲɬɚɛɚɯ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɨɞɯɨɞ ɬɪɟɛɭɟɬ ɝɢɞ-

ɪɨɮɨɛɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫ ɛɨɥɶɲɢɦ ɤɪɚɟɜɵɦ ɭɝɥɨɦ, ɱɬɨɛɵ ɩɨɥɭɱɢɬɶ ɫɭɩɟɪɝɢɞɪɨ-

ɮɨɛɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ. 

 ȿɫɥɢ ɩɨɜɟɪɯɧɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɭɱɟɧɚ ɫ ɨɱɟɧɶ ɧɢɡɤɨɣ ɞɨɥɟɣ ɜɨɡɞɭɯɚ ɜ 

ɧɚɧɨɪɚɡɦɟɪɧɵɯ ɦɚɫɲɬɚɛɚɯ, ɫɭɩɟɪɝɢɞɪɨɮɨɛɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ (ɨɤɨɥɨ 180 °) ɦɨɝɭɬ 

ɛɵɬɶ ɩɨɥɭɱɟɧɵ ɞɚɠɟ ɢɡ ɝɢɞɪɨɮɢɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. ȼɨɫɯɨɞɹɳɢɣ ɩɨɞɯɨɞ ɯɨɪɨ-

ɲɨ ɩɨɞɯɨɞɢɬ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɭɩɟɪɝɢɞɪɨɮɨɛɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫ ɨɱɟɧɶ ɧɢɡ-

ɤɨɣ ɞɨɥɟɣ ɜɨɡɞɭɯɚ [29]. ȼɨɫɯɨɞɹɳɢɣ ɩɨɞɯɨɞ ɨɬɧɨɫɢɬɫɹ ɤ ɩɪɨɰɟɫɫɭ ɞɨɛɚɜɥɟɧɢɹ 

ɦɚɬɟɪɢɚɥɚ ɢɥɢ ɩɪɨɰɟɫɫɭ ɫɚɦɨɫɛɨɪɤɢ, ɜ ɤɨɬɨɪɨɦ ɫɥɨɠɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɮɨɪɦɢɪɭ-

ɟɬɫɹ ɩɭɬɟɦ ɞɨɛɚɜɥɟɧɢɹ ɧɚɧɨɦɚɬɟɪɢɚɥɨɜ ɢɥɢ ɦɢɤɪɨɨɛɪɚɛɨɬɤɢ. 

Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɢɡɝɨɬɨɜɥɟɧɢɹ, ɜɤɥɸɱɚɸɬ ɫɥɟɞɭɸɳɢɟ ɦɟɬɨɞɵ: 

– ɯɢɦɢɱɟɫɤɨɟ ɨɫɚɠɞɟɧɢɟ ɢɡ ɩɚɪɨɜɨɣ ɮɚɡɵ (CVD);  

– ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɟ ɨɫɚɠɞɟɧɢɟ;  

– ɩɨɫɥɨɣɧɨɟ ɨɫɚɠɞɟɧɢɟ;  

– ɡɨɥɶ-ɝɟɥɶ ɦɟɬɨɞɵ. 

Ɇɟɬɨɞɵ ɢɡɝɨɬɨɜɥɟɧɢɹ ɜ ɠɢɞɤɨɣ ɮɚɡɟ ɬɪɟɛɭɸɬ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɫɬɜɨɪɢɬɟ-

ɥɟɣ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɪɢɜɟɫɬɢ ɤ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɦ ɩɨɫɥɟɞɫɬɜɢɹɦ. ɉɨɤɪɵɬɢɹ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɠɢɞɤɨɮɚɡɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɪɢɜɨɞɹɬ ɤ ɦɟɯɚɧɢɱɟɫɤɨɣ ɞɟɝɪɚɞɚ-

ɰɢɢ ɢ ɧɟɨɞɧɨɪɨɞɧɵɦ ɩɨɤɪɵɬɢɹɦ. ɉɨɞɜɢɠɧɵɟ ɪɚɫɬɜɨɪɢɬɟɥɢ ɭɞɚɥɹɸɬ ɩɨɤɪɵɬɢɟ, 

ɨɫɬɚɜɥɹɹ ɤɪɚɹ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɛɨɤɨɜɵɟ ɫɬɟɧɤɢ ɛɟɡ ɩɨɤɪɵɬɢɹ. ɗɬɢ ɩɪɨɛɥɟɦɵ ɦɨ-

ɝɭɬ ɛɵɬɶ ɩɪɟɨɞɨɥɟɧɵ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɯɢɦɢɱɟɫɤɨɝɨ ɨɫɚɠɞɟɧɢɹ ɢɡ ɩɚɪɨɜɨɣ 

ɮɚɡɵ (CVD), ɜ ɤɨɬɨɪɨɦ ɩɪɟɤɭɪɫɨɪ ɩɪɨɩɭɫɤɚɟɬɫɹ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɩɚɪɨɜɨɣ ɮɚ-

ɡɟ, ɚ ɩɨɤɪɵɬɢɟ ɩɨɥɭɱɚɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɰɟɫɫɚ ɩɨɥɢɦɟɪɢɡɚɰɢɢ, ɤɨɬɨɪɵɣ ɩɪɨ-

ɢɫɯɨɞɢɬ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ [29]. ɏɢɦɢɱɟɫɤɨɟ ɨɫɚɠɞɟɧɢɟ ɢɡ ɩɚɪɨ-
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ɜɨɣ ɮɚɡɵ ɹɜɥɹɟɬɫɹ ɧɟɭɞɨɛɧɵɦ ɢ ɞɥɢɬɟɥɶɧɵɦ ɩɪɨɰɟɫɫɨɦ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɭɩɟɪ-

ɝɢɞɪɨɮɨɛɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ. ɉɨɫɥɨɣɧɵɣ ɦɟɬɨɞ ɧɟ ɡɚɜɢɫɢɬ ɨɬ ɩɨɞɥɨɠɤɢ ɞɥɹ ɫɨɡ-

ɞɚɧɢɹ ɫɭɩɟɪɝɢɞɪɨɮɨɛɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ [30]. 

ɉɨɫɥɨɣɧɨɟ ɨɫɚɠɞɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɧɚ ɪɚɡɥɢɱɧɵɯ ɩɨɞɥɨɠɤɚɯ 

(ɩɥɨɫɤɢɯ, ɰɢɥɢɧɞɪɢɱɟɫɤɢɯ, ɩɨɪɢɫɬɵɯ ɢ ɤɨɥɥɨɢɞɧɵɯ ɱɚɫɬɢɰ). ɂɡɝɨɬɨɜɥɟɧɢɟ ɦɨ-

ɠɟɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ.  

Ɂɨɥɶ-ɝɟɥɶ ɦɟɬɨɞ ɨɫɧɨɜɚɧ ɧɚ ɪɟɚɤɰɢɹɯ ɪɚɫɬɜɨɪɟɧɢɹ, ɜ ɤɨɬɨɪɵɯ ɦɚɤɪɨɦɨɥɟ-

ɤɭɥɹɪɧɚɹ ɫɟɬɶ, ɩɨɥɭɱɚɟɬɫɹ, ɩɨɫɪɟɞɫɬɜɨɦ ɪɟɚɤɰɢɢ ɝɢɞɪɨɥɢɡɚ ɚɥɤɨɤɫɢɞɧɵɯ ɝɪɭɩɩ 

ɦɟɬɚɥɥɨɜ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɪɟɚɤɰɢɟɣ ɤɨɧɞɟɧɫɚɰɢɢ ɫɢɥɚɧɨɥɨɜ. Ƚɢɞɪɨɮɨɛɧɵɟ ɞɨ-

ɛɚɜɤɢ ɞɨɛɚɜɥɹɸɬ, ɱɬɨɛɵ ɡɨɥɶ-ɝɟɥɟɜɨɟ ɩɨɤɪɵɬɢɟ ɩɪɨɹɜɥɹɥɨ ɫɭɩɟɪɝɢɞɪɨɮɨɛɧɨɫɬɶ 

[31].  

Ɂɨɥɶ ɝɨɬɨɜɹɬ ɢɡ ɪɟɚɤɰɢɢ ɝɢɞɪɨɥɢɡɚ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɢ ɝɟɥɶ 

ɨɛɪɚɡɭɟɬɫɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɩɢɬɤɢ ɡɨɥɹ ɜ ɪɚɫɬɜɨɪɢɬɟɥɟ. Ɂɨɥɶ ɦɨɠɟɬ ɛɵɬɶ ɧɚɧɟ-

ɫɟɧ ɧɚ ɩɨɞɥɨɠɤɭ, ɢ ɫɜɨɣɫɬɜɚ ɩɨɥɭɱɚɟɦɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɡɚɜɢɫɹɬ ɨɬ ɨɛɪɚɛɨɬɤɢ ɡɨ-

ɥɹ ɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ ɡɨɥɹ. ɒɟɪɨɯɨɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɧɬɪɨɥɢɪɭɟɬɫɹ 

ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɫɢɫɬɟɦɧɵɯ ɭɫɥɨɜɢɣ ɢ ɪɟɚɤɰɢɨɧɧɵɯ ɫɦɟɫɟɣ [32].  

Ɉɛɪɚɛɨɬɤɚ ɨɛɵɱɧɨ ɧɟ ɬɪɟɛɭɟɬɫɹ ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɫɭɩɟɪɝɢɞɪɨɮɨɛɧɨɫɬɢ, 

ɩɨɫɤɨɥɶɤɭ ɡɨɥɶ-ɝɟɥɶ-ɦɟɬɨɞ ɢɦɟɟɬ ɦɚɬɟɪɢɚɥɵ ɫ ɧɢɡɤɨɣ ɩɨɜɟɪɯɧɨɫɬɧɨɣ ɷɧɟɪɝɢɟɣ, 

ɭɠɟ ɫɦɟɲɚɧɧɵɟ ɜ ɡɨɥɶ-ɝɟɥɶ-ɩɪɨɰɟɫɫɟ. Ɂɨɥɶ-ɝɟɥɶ-ɦɟɬɨɞ ɨɛɥɚɞɚɟɬ ɪɹɞɨɦ ɭɧɢ-

ɤɚɥɶɧɵɯ ɩɪɟɢɦɭɳɟɫɬɜ, ɬɚɤɢɯ ɤɚɤ ɦɨɞɢɮɢɤɚɰɢɹ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɥɨɤɨɧ, ɧɢɡɤɨ-

ɬɟɦɩɟɪɚɬɭɪɧɚɹ ɨɛɪɚɛɨɬɤɚ ɢ ɨɞɧɨɪɨɞɧɚɹ ɨɞɧɨɪɨɞɧɨɫɬɶ ɤɨɧɟɱɧɵɯ ɩɪɨɞɭɤɬɨɜ. 

ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɟ ɩɪɨɰɟɫɫɵ ɫɩɨɫɨɛɧɵ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɤɚɤ ɲɟɪɨɯɨɜɚ-

ɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ, ɬɚɤ ɢ ɦɨɪɮɨɥɨɝɢɸ ɩɨɜɟɪɯɧɨɫɬɢ, ɞɚɠɟ ɧɚ ɨɱɟɧɶ ɛɨɥɶɲɢɯ ɩɨ-

ɜɟɪɯɧɨɫɬɹɯ. Ⱦɚɧɧɵɟ ɩɪɨɰɟɫɫɵ ɹɜɥɹɸɬɫɹ ɛɵɫɬɪɵɦɢ, ɜɨɫɩɪɨɢɡɜɨɞɢɦɵɦɢ ɢ ɫɩɨ-

ɫɨɛɧɵɦɢ ɩɪɨɢɡɜɨɞɢɬɶ ɛɨɥɶɲɨɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɡɧɨɨɛɪɚɡɧɵɯ ɦɨɪɮɨɥɨɝɢɱɟɫɤɢɯ 

ɩɨɜɟɪɯɧɨɫɬɟɣ. ɇɚɩɪɢɦɟɪ, ɬɚɤɢɟ, ɤɚɤ ɢɝɥɵ, ɫɬɟɪɠɧɢ, ɥɢɫɬɵ, ɬɪɭɛɤɢ, ɜɨɥɨɤɧɚ. 

 ɋɭɳɟɫɬɜɭɟɬ ɱɟɬɵɪɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɯ ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɚ, ɢɫ-

ɩɨɥɶɡɭɟɦɵɯ ɩɪɢ ɨɛɪɚɡɨɜɚɧɢɢ ɫɭɩɟɪɝɢɞɪɨɮɨɛɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ:  

– ɚɧɨɞɢɪɨɜɚɧɢɟ;  

– ɷɥɟɤɬɪɨɨɫɚɠɞɟɧɢɟ ɩɪɨɜɨɞɹɳɢɯ ɩɨɥɢɦɟɪɨɜ;  
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– ɷɥɟɤɬɪɨɨɫɚɠɞɟɧɢɟ ɦɟɬɚɥɥɨɜ ɢ ɨɤɫɢɞɨɜ ɦɟɬɚɥɥɨɜ;  

– ɷɥɟɤɬɪɨɷɥɟɤɬɪɨɧɧɨɟ ɝɚɥɶɜɚɧɢɱɟɫɤɨɟ ɨɫɚɠɞɟɧɢɟ.  

ɉɪɨɰɟɫɫ ɚɧɨɞɢɪɨɜɚɧɢɹ ɫɨɡɞɚɟɬ ɨɤɫɢɞɧɵɣ ɫɥɨɣ (ɩɨɪɢɫɬɵɟ ɧɚɧɨɫɬɪɭɤɬɭɪɵ) 

ɧɚ ɧɟɛɥɚɝɨɪɨɞɧɨɣ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɥɟɤɬɪɨɯɢɦɢ-

ɱɟɫɤɨɣ ɹɱɟɣɤɢ. ɂɨɧɵ ɦɟɬɚɥɥɨɜ ɪɟɚɝɢɪɭɸɬ ɫ ɦɨɥɟɤɭɥɚɦɢ ɜɨɞɵ, ɢ ɧɚ ɩɨɜɟɪɯɧɨ-

ɫɬɢ ɨɛɪɚɡɭɸɬɫɹ ɨɤɫɢɞɵ ɦɟɬɚɥɥɨɜ.  

ɉɪɢ ɷɥɟɤɬɪɨɨɫɚɠɞɟɧɢɢ ɩɪɨɜɨɞɹɳɢɯ ɩɨɥɢɦɟɪɨɜ ɦɨɧɨɦɟɪ ɨɤɢɫɥɹɟɬɫɹ ɜ 

ɷɥɟɤɬɪɨɯɢɦɢɱɟɫɤɨɣ ɹɱɟɣɤɟ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɩɨɥɢɦɟɪɚ, ɨɫɚɠ-

ɞɟɧɧɨɝɨ ɧɚ ɷɥɟɤɬɪɨɞɟ. Ɋɚɡɥɢɱɧɵɟ ɬɟɤɫɬɭɪɵ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɥɭɱɚɸɬ ɩɭɬɟɦ ɤɨɧ-

ɬɪɨɥɹ ɜɪɟɦɟɧɢ ɨɫɚɠɞɟɧɢɹ ɢ ɬɨɤɚ ɨɫɚɠɞɟɧɢɹ. 

ɗɥɟɤɬɪɨɨɫɚɠɞɟɧɢɟ ɦɟɬɚɥɥɨɜ ɢ ɨɤɫɢɞɨɜ ɦɟɬɚɥɥɨɜ – ɷɬɨ ɩɪɨɰɟɫɫ ɷɥɟɤɬɪɨ-

ɯɢɦɢɱɟɫɤɨɝɨ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ, ɩɪɢ ɤɨɬɨɪɨɦ ɢɨɧɵ ɦɟɬɚɥɥɨɜ ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬɫɹ 

ɞɨ ɦɟɬɚɥɥɨɜ ɢ ɨɫɚɠɞɚɸɬɫɹ. 

 ɉɪɢ ɝɚɥɶɜɚɧɢɱɟɫɤɨɦ ɷɥɟɤɬɪɨɨɫɚɠɞɟɧɢɢ ɦɟɬɚɥɥɨɜ ɢ ɨɤɫɢɞɨɜ ɦɟɬɚɥɥɨɜ 

ɩɪɨɢɫɯɨɞɢɬ ɫɚɦɨɩɪɨɢɡɜɨɥɶɧɨɟ ɨɫɚɠɞɟɧɢɟ ɢɨɧɨɜ ɦɟɬɚɥɥɨɜ, ɤɨɝɞɚ ɨɧɢ ɜɫɬɭɩɚɸɬ 

ɜ ɤɨɧɬɚɤɬ ɫ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ (ɩɨɞɥɨɠɤɨɣ), ɢɦɟɸɳɟɣ ɛɨɥɟɟ ɧɢɡɤɢɣ 

ɩɨɬɟɧɰɢɚɥ ɨɤɢɫɥɟɧɢɹ. Ɍɟɤɫɬɭɪɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɥɟɧɤɢ ɡɚɜɢɫɢɬ ɨɬ ɷɥɟɤɬɪɨɥɢɬɚ 

[33,34]. 

ɗɥɟɤɬɪɨɫɩɢɧɧɢɧɝ ɢɫɩɨɥɶɡɭɟɬ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɷɧɟɪɝɢɸ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɧɟɩɪɟɪɵɜɧɵɯ ɜɨɥɨɤɨɧ ɢ ɧɚɧɨɜɨɥɨɤɨɧ ɢɡ ɪɚɫɩɥɚɜɚ ɢɥɢ ɪɚɫɬɜɨɪɚ ɩɨɥɢɦɟɪɚ.  

ɉɨɫɤɨɥɶɤɭ ɧɟɬɤɚɧɵɟ ɩɨɥɨɬɧɚ, ɫɨɫɬɨɹɳɢɟ ɢɡ ɧɟɛɨɥɶɲɢɯ ɜɨɥɨɤɨɧ, ɩɨɯɨɠɢ 

ɧɚ ɫɭɩɟɪɝɢɞɪɨɮɨɛɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɥɢɫɬɶɟɜ ɪɚɫɬɟɧɢɣ, ɬɨ ɢɯ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨ-

ɜɚɬɶ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɫɚɦɨɨɱɢɳɚɸɳɢɯɫɹ ɩɨɜɟɪɯɧɨɫɬɟɣ. ȼ ɧɚ-

ɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ ɬɟɯɧɨɥɨɝɢɣ, ɲɢɪɨɤɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɜ ɬɟɤ-

ɫɬɢɥɶɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɜɨɥɨɤɨɧ ɫ ɞɢɚɦɟɬɪɨɦ ɜ ɫɭɛɦɢɤ-

ɪɨɧɧɵɯ ɢ ɧɚɧɨ-ɞɢɚɩɚɡɨɧɚɯ [35]. ɉɟɪɜɵɟ ɞɜɚ ɦɟɬɨɞɚ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɚɬɶ ɜɨɥɨɤ-

ɧɚ ɞɢɚɦɟɬɪɨɦ 250-300 ɧɦ, ɤɨɬɨɪɵɟ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɢɝɨɬɨɜɥɟɧɵ ɩɪɢ ɜɵɫɨɤɢɯ 

ɫɤɨɪɨɫɬɹɯ ɩɪɨɢɡɜɨɞɫɬɜɚ. 

Ɉɞɧɚɤɨ ɬɨɥɶɤɨ ɬɟɪɦɨɩɥɚɫɬɢɱɧɵɟ ɩɨɥɢɦɟɪɵ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɜ 

ɤɚɱɟɫɬɜɟ ɫɵɪɶɹ ɜ ɷɬɢɯ ɬɟɯɧɨɥɨɝɢɹɯ. ɗɥɟɤɬɪɨɫɩɢɧɧɢɧɝ ɦɨɠɟɬ ɝɟɧɟɪɢɪɨɜɚɬɶ ɜɨ-
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ɥɨɤɧɚ ɢɡ ɥɸɛɨɣ ɩɪɨɜɨɞɹɳɟɣ ɜɹɡɤɨɭɩɪɭɝɨɣ ɠɢɞɤɨɫɬɢ, ɤɨɬɨɪɚɹ ɦɨɠɟɬ ɡɚɬɜɟɪɞɟɬɶ 

[36]. 

ɗɥɟɤɬɪɨɫɩɢɧɧɢɧɝ – ɷɬɨ ɩɪɨɰɟɫɫ, ɢɫɩɨɥɶɡɭɸɳɢɣ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɢɥɵ ɞɥɹ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɟɩɪɟɪɵɜɧɵɯ ɷɥɟɦɟɧɬɚɪɧɵɯ ɧɢɬɟɣ ɢɡ ɪɚɫɬɜɨɪɚ ɩɨɥɢɦɟɪɚ, ɪɚɫɩɥɚ-

ɜɚ ɢɥɢ ɞɪɭɝɢɯ ɜɹɡɤɨɭɩɪɭɝɢɯ ɠɢɞɤɨɫɬɟɣ, ɬɚɤɢɯ ɤɚɤ ɡɨɥɶ-ɝɟɥɢ, ɩɨɥɭɱɟɧɧɵɟ ɜɨ-

ɥɨɤɧɚ ɦɨɝɭɬ ɛɵɬɶ ɫɥɭɱɚɣɧɨ ɪɚɫɩɪɟɞɟɥɟɧɵ ɩɨ ɫɨɛɢɪɚɸɳɟɦɭ ɭɫɬɪɨɣɫɬɜɭ ɞɥɹ 

ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɟɬɤɚɧɨɝɨ ɩɨɥɨɬɧɚ ɢɥɢ ɦɨɝɭɬ ɛɵɬɶ ɜɵɪɨɜɧɟɧɵ ɞɥɹ ɨɛɪɚɡɨɜɚɧɢɹ 

ɨɞɧɨɨɫɧɵɯ ɢɥɢ ɞɜɭɯɨɫɧɵɯ ɫɛɨɪɨɤ ɧɚɧɨɜɨɥɨɤɨɧ [37]. 

ɇɚɧɨɪɚɡɦɟɪɧɨɫɬɶ ɷɥɟɤɬɪɨɮɨɪɦɨɜɚɧɧɵɯ ɜɨɥɨɤɨɧ, ɩɪɨɫɬɨɬɚ ɢ ɭɞɨɛɫɬɜɨ 

ɩɪɨɰɟɫɫɚ ɞɟɥɚɸɬ ɷɥɟɤɬɪɨɫɩɢɧɧɢɧɝ ɭɞɨɛɧɵɦ ɫɩɨɫɨɛɨɦ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ 

ɩɪɨɢɡɜɨɞɫɬɜɟ, ɮɢɥɶɬɪɭɸɳɢɯ ɦɟɦɛɪɚɧ, ɩɟɪɟɜɹɡɨɱɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɧɚɧɨɞɚɬɱɢɤɨɜ 

ɢ ɡɚɳɢɬɧɨɣ ɨɞɟɠɞɵ [38]. 

ɉɪɢɧɰɢɩɵ ɷɥɟɤɬɪɨɫɩɢɧɧɢɧɝɚ ɩɨɤɚɡɚɧɵ ɧɚ ɨɫɧɨɜɟ ɫɯɟɦɚɬɢɱɟɫɤɨɝɨ ɩɪɟɞ-

ɫɬɚɜɥɟɧɢɹ ɧɚ ɪɢɫɭɧɤɟ 4. ɗɥɟɤɬɪɨɩɪɹɞɟɧɢɹ ɫɨɫɬɨɢɬ ɢɡ ɬɪɟɯ ɨɫɧɨɜɧɵɯ ɤɨɦɩɨɧɟɧ-

ɬɨɜ: ɫɢɫɬɟɦɵ ɩɢɬɚɧɢɹ, ɜɵɫɨɤɨɜɨɥɶɬɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɢ ɤɨɥɥɟɤɬɨɪɚ. ɋɢɫ-

ɬɟɦɚ ɩɨɞɚɱɢ ɫɨɫɬɨɢɬ: ɢɡ ɟɦɤɨɫɬɢ ɫ ɠɢɞɤɢɦ ɪɚɫɬɜɨɪɨɦ ɩɨɥɢɦɟɪɚ (ɪɚɫɩɥɚɜɨɦ, 

ɡɨɥɶ-ɝɟɥɟɦ), ɮɢɥɶɟɪɚ (ɬɨɧɤɚɹ ɦɟɬɚɥɥɢɱɟɫɤɚɹ ɢɝɥɚ ɫ ɜɧɭɬɪɟɧɧɢɦ ɞɢɚɦɟɬɪɨɦ ɨɤɨ-

ɥɨ 10 ɦɤɦ) ɢ ɧɚɫɨɫɚ. Ʉɚɩɥɹ ɧɚ ɤɨɧɱɢɤɟ ɢɝɥɵ ɡɚɪɹɠɚɟɬɫɹ ɩɭɬɟɦ ɩɨɞɤɥɸɱɟɧɢɹ ɢɝ-

ɥɵ ɤ ɜɵɫɨɤɨɜɨɥɶɬɧɨɦɭ ɢɫɬɨɱɧɢɤɭ ɩɢɬɚɧɢɹ. ɋɢɥɚ, ɫɨɡɞɚɜɚɟɦɚɹ ɷɥɟɤɬɪɢɱɟɫɤɢɦ 

ɩɨɥɟɦ, ɞɟɣɫɬɜɭɟɬ ɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɤ ɩɨɜɟɪɯɧɨɫɬɧɨɦɭ ɧɚɬɹɠɟ-

ɧɢɸ ɪɚɫɬɜɨɪɚ ɢ ɭɞɥɢɧɹɟɬ ɤɚɩɥɸ ɞɨ ɤɨɧɢɱɟɫɤɨɣ ɮɨɪɦɵ, ɧɚɡɵɜɚɟɦɨɣ ɤɨɧɭɫɨɦ 

Ɍɟɣɥɨɪɚ [36], ɤɨɝɞɚ ɷɥɟɤɬɪɢɱɟɫɤɚɹ ɫɢɥɚ ɞɨɫɬɚɬɨɱɧɨ ɫɢɥɶɧɚ, ɱɬɨɛɵ ɩɪɟɨɞɨɥɟɬɶ 

ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ, ɬɨɧɤɚɹ ɫɬɪɭɹ ɠɢɞɤɨɝɨ ɜɵɛɪɚɫɵɜɚɟɬ ɢɡ ɤɨɧɱɢɤɚ ɤɨɧɭ-

ɫɚ Ɍɟɣɥɨɪɚ. ȼ ɨɩɪɟɞɟɥɟɧɧɵɣ ɦɨɦɟɧɬ ɢɡ-ɡɚ ɧɟɫɬɚɛɢɥɶɧɨɫɬɢ ɜ ɷɥɟɤɬɪɢɱɟɫɤɨɦ ɩɨ-

ɥɟ ɫɬɪɭɹ ɧɚɱɢɧɚɟɬ ɤɨɥɟɛɚɬɶɫɹ ɢ ɯɚɨɬɢɱɧɨ ɞɜɢɝɚɬɶɫɹ. ɗɬɚ ɨɛɥɚɫɬɶ ɬɪɚɟɤɬɨɪɢɢ 

ɫɬɪɭɢ ɧɚɡɵɜɚɟɬɫɹ ɨɛɥɚɫɬɶɸ ɧɟɭɫɬɨɣɱɢɜɨɫɬɢ ɢɡɝɢɛɚ, ɚ ɤɨɥɟɛɚɧɢɟ ɫɬɪɭɢ ɧɚɡɵɜɚ-

ɟɬɫɹ ɞɜɢɠɟɧɢɟɦ ɜɡɛɢɜɚɧɢɹ. ȼɨ ɜɪɟɦɹ ɷɬɨɝɨ ɯɚɨɬɢɱɟɫɤɨɝɨ ɞɜɢɠɟɧɢɹ ɫɬɪɭɹ ɭɞɥɢ-

ɧɹɟɬɫɹ ɢ ɫɬɚɧɨɜɢɬɫɹ ɨɱɟɧɶ ɬɨɧɤɨɣ ɢ ɬɜɟɪɞɨɣ ɡɚ ɫɱɟɬ ɢɫɩɚɪɟɧɢɹ ɪɚɫɬɜɨɪɢɬɟɥɹ 

ɢɥɢ ɡɚɬɜɟɪɞɟɜɚɧɢɹ ɪɚɫɩɥɚɜɚ. Ⱦɨɫɬɢɝɧɭɜ ɤɨɥɥɟɤɬɨɪɚ, ɫɬɪɭɹ ɫɥɭɱɚɣɧɵɦ ɨɛɪɚɡɨɦ 

ɨɫɚɠɞɚɟɬɫɹ, ɫɨɡɞɚɜɚɹ ɧɟɬɤɚɧɵɣ ɦɚɬɟɪɢɚɥ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɬɨɧɤɢɯ ɜɨɥɨɤɨɧ. 
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Ɋɢɫɭɧɨɤ 4 – ɋɯɟɦɚ ɷɥɟɤɬɪɨɫɩɢɧɧɢɧɝɚ 

Ʉɨɧɟɱɧɵɟ ɫɜɨɣɫɬɜɚ ɷɥɟɤɬɪɨɮɨɪɦɨɜɚɧɧɵɯ ɜɨɥɨɤɨɧ ɡɚɜɢɫɹɬ ɨɬ ɩɚɪɚɦɟɬɪɨɜ 

ɨɛɪɚɛɨɬɤɢ. ȼɨɥɨɤɧɚ ɫ ɪɚɡɥɢɱɧɵɦɢ ɞɢɚɦɟɬɪɚɦɢ, ɦɨɪɮɨɥɨɝɢɟɣ, ɜɬɨɪɢɱɧɵɦɢ 

ɫɬɪɭɤɬɭɪɚɦɢ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɪɚɡɧɵɦ ɪɚɫɩɨɥɨɠɟɧɢɟɦ ɜɨɥɨɤɨɧ ɦɨɝɭɬ ɛɵɬɶ ɩɨ-

ɥɭɱɟɧɵ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɭɫɥɨɜɢɹɯ ɷɥɟɤɬɪɨɮɨɪɦɨɜɚɧɧɢɹ. ȼ ɨɛɥɚɫɬɢ ɫɭɩɟɪɝɢɞɪɨ-

ɮɨɛɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɱɚɫɬɨ ɜɵɛɢɪɚɸɬ ɛɢɫɟɪɧɵɟ ɜɨɥɨɤɧɚ ɢ ɱɚɫɬɢɰɵ. ɋɥɟɞɨɜɚ-

ɬɟɥɶɧɨ, ɜɥɢɹɧɢɟ ɩɚɪɚɦɟɬɪɨɜ ɨɛɪɚɛɨɬɤɢ ɛɭɞɟɬ ɨɛɫɭɠɞɚɬɶɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɧɟ 

ɬɨɥɶɤɨ ɜ ɨɬɧɨɲɟɧɢɢ ɞɢɚɦɟɬɪɚ ɜɨɥɨɤɧɚ, ɧɨ ɬɚɤɠɟ ɜ ɨɬɧɨɲɟɧɢɢ ɨɛɪɚɡɨɜɚɧɢɹ ɲɚ-

ɪɢɤɨɜ ɢ ɜɬɨɪɢɱɧɵɯ ɫɬɪɭɤɬɭɪ. ɉɚɪɚɦɟɬɪɵ ɷɥɟɤɬɪɨɫɩɢɧɧɢɧɝɚ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ 

ɧɟɫɤɨɥɶɤɨ ɝɪɭɩɩ, ɜɤɥɸɱɚɹ ɫɜɨɣɫɬɜɚ ɪɟɲɟɧɢɹ, ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ, ɤɨɧɫɬɪɭɤ-

ɰɢɸ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɭɫɥɨɜɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. ɇɚ ɦɨɪɮɨɥɨɝɢɸ ɩɨɥɭɱɟɧɧɵɯ 

ɜɨɥɨɤɨɧ ɜɥɢɹɟɬ ɤɨɦɛɢɧɚɰɢɹ ɜɫɟɯ ɩɚɪɚɦɟɬɪɨɜ ɷɥɟɤɬɪɨɫɩɢɧɧɢɧɝɚ, ɜɹɡɤɨɫɬɶ ɪɚɫ-

ɬɜɨɪɚ ɫɥɟɞɭɟɬ ɜɵɛɢɪɚɬɶ ɜ ɨɩɪɟɞɟɥɟɧɧɨɦ ɞɢɚɩɚɡɨɧɟ, ɱɬɨɛɵ ɩɨɡɜɨɥɢɬɶ ɨɛɪɚɡɨɜɚ-

ɧɢɟ ɜɨɥɨɤɨɧ [37-39]. ȿɫɥɢ ɜɹɡɤɨɫɬɶ ɫɥɢɲɤɨɦ ɧɢɡɤɚɹ, ɫɬɪɭɹ ɪɚɫɩɚɞɚɟɬɫɹ ɧɚ ɤɚɩ-

ɥɢ, ɩɪɟɠɞɟ ɱɟɦ ɢɫɩɚɪɢɬɫɹ ɜɟɫɶ ɪɚɫɬɜɨɪɢɬɟɥɶ. Ɋɚɫɬɜɨɪ ɫɨ ɫɥɢɲɤɨɦ ɜɵɫɨɤɨɣ ɜɹɡ-

ɤɨɫɬɶɸ ɧɟ ɦɨɠɟɬ ɩɪɟɨɞɨɥɟɬɶ ɫɜɨɢ ɜɹɡɤɨɭɩɪɭɝɢɟ ɫɢɥɵ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚ-

ɧɢɸ ɤɚɩɟɥɶ ɜɦɟɫɬɨ ɜɨɥɨɤɨɧ. ȼɹɡɤɨɫɬɶ ɪɚɫɬɜɨɪɚ ɡɚɜɢɫɢɬ ɨɬ ɢɫɩɨɥɶɡɭɟɦɵɯ ɪɚɫ-

ɬɜɨɪɢɬɟɥɟɣ ɢ ɩɨɥɢɦɟɪɨɜ ɢ ɦɨɠɟɬ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶɫɹ ɩɭɬɟɦ ɪɟɝɭɥɢɪɨɜɚɧɢɹ ɤɨɧ-

ɰɟɧɬɪɚɰɢɢ ɩɨɥɢɦɟɪɚ ɢ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɫɬɜɨɪɚ [40]. ȼɥɢɹɧɢɟ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫ-

ɫɵ ɩɨɥɢɦɟɪɚ ɚɧɚɥɨɝɢɱɧɨ ɜɥɢɹɧɢɸ ɜɹɡɤɨɫɬɢ. ɍɜɟɥɢɱɟɧɢɟ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ 

ɩɨɥɢɦɟɪɚ ɭɜɟɥɢɱɢɜɚɟɬ ɞɢɚɦɟɬɪ ɜɨɥɨɤɧɚ ɧɚ 50, ɧɨ ɭɦɟɧɶɲɚɟɬ ɤɨɥɢɱɟɫɬɜɨ ɲɚɪɢ-

ɤɨɜ. ɉɪɢ ɤɨɧɰɟɧɬɪɚɰɢɹɯ, ɩɪɟɜɵɲɚɸɳɢɯ ɤɪɢɬɢɱɟɫɤɭɸ ɤɨɧɰɟɧɬɪɚɰɢɸ ɩɟɪɟɤɪɵ-

ɬɢɹ ɰɟɩɟɣ, ɩɨɥɭɱɚɟɬɫɹ ɨɞɧɨɪɨɞɧɨɟ ɜɨɥɨɤɧɨ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ 
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ɩɨɥɢɦɟɪɚ. ɉɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɪɚɫɬɜɨɪɚ ɡɚɜɢɫɢɬ ɨɬ ɟɝɨ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨ-

ɫɬɚɜɚ ɢ ɞɟɣɫɬɜɭɟɬ, ɱɬɨɛɵ ɦɢɧɢɦɢɡɢɪɨɜɚɬɶ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɵɬɚɹɫɶ ɩɪɟ-

ɜɪɚɬɢɬɶ ɫɬɪɭɸ ɜ ɤɚɩɥɢ. 

Ɋɚɫɬɜɨɪ ɫ ɜɵɫɨɤɢɦ ɩɨɜɟɪɯɧɨɫɬɧɵɦ ɧɚɬɹɠɟɧɢɟɦ ɢɦɟɟɬ ɬɟɧɞɟɧɰɢɸ ɨɛɪɚɡɨ-

ɜɵɜɚɬɶ ɛɨɥɶɲɟ ɲɚɪɢɤɨɜ ɢɥɢ ɤɚɩɟɥɶ. ȿɳɟ ɨɞɧɢɦ ɜɚɠɧɵɦ ɫɜɨɣɫɬɜɨɦ ɪɚɫɬɜɨɪɚ 

ɹɜɥɹɟɬɫɹ ɟɝɨ ɷɥɟɤɬɪɨɩɪɨɜɨɞɧɨɫɬɶ. Ȼɨɥɟɟ ɜɵɫɨɤɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɭɜɟɥɢɱɢɜɚɟɬ 

ɜɥɢɹɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɧɚ ɭɞɥɢɧɟɧɢɟ ɫɬɪɭɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɨɥɭɱɟɧɢɸ 

ɛɨɥɟɟ ɬɨɧɤɢɯ ɢ ɛɨɥɟɟ ɨɞɧɨɪɨɞɧɵɯ ɜɨɥɨɤɨɧ ɫ ɦɟɧɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ ɲɚɪɢɤɨɜ 

[41]. Ʌɟɬɭɱɟɫɬɶ ɪɚɫɬɜɨɪɢɬɟɥɹ ɜɥɢɹɟɬ ɤɚɤ ɧɚ ɞɢɚɦɟɬɪ ɜɨɥɨɤɧɚ, ɬɚɤ ɢ ɧɚ ɲɟɪɨɯɨ-

ɜɚɬɨɫɬɶ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɥɨɤɧɚ. Ȼɵɫɬɪɨɟ ɢɫɩɚɪɟɧɢɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɫɨɤɪɚɳɚɟɬ ɜɪɟ-

ɦɹ ɫɬɪɭɣɧɨɣ ɫɭɲɤɢ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɫɨɡɞɚɟɬ ɛɨɥɟɟ ɝɪɭɛɵɟ ɜɨɥɨɤɧɚ. Ʉɪɨɦɟ ɬɨ-

ɝɨ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɨɦɛɢɧɚɰɢɢ ɞɜɭɯ ɪɚɫɬɜɨɪɢɬɟɥɟɣ ɫ ɪɚɡɥɢɱɧɵɦɢ ɫɤɨɪɨɫɬɹɦɢ 

ɢɫɩɚɪɟɧɢɹ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɩɨɪ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɥɨɤɨɧ ɢɡ-ɡɚ ɷɮɮɟɤɬɚ 

ɪɚɡɞɟɥɟɧɢɹ ɮɚɡ. ɗɬɨɬ ɷɮɮɟɤɬ ɩɪɨɢɫɯɨɞɢɬ ɩɨɬɨɦɭ, ɱɬɨ ɛɵɫɬɪɨ ɢɫɩɚɪɟɧɢɟ ɨɞɧɨɝɨ 

ɪɚɫɬɜɨɪɢɬɟɥɹ ɢɡ ɫɬɪɭɢ ɫɨɡɞɚɟɬ ɨɛɥɚɫɬɢ, ɛɨɝɚɬɵɟ ɩɨɥɢɦɟɪɨɦ ɢ ɨɛɟɞɧɟɧɧɵɟ ɩɨ-

ɥɢɦɟɪɨɦ. Ɉɛɥɚɫɬɢ ɩɟɪɜɨɝɨ ɬɢɩɚ ɛɵɫɬɪɨ ɡɚɬɜɟɪɞɟɜɚɸɬ ɢɡ-ɡɚ ɧɢɡɤɨɝɨ ɫɨɞɟɪɠɚɧɢɹ 

ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ ɨɛɪɚɡɭɸɬ ɦɚɬɪɢɰɭ, ɯɨɬɹ ɭɱɚɫɬɤɢ, ɨɛɟɞɧɟɧɧɵɟ ɩɨɥɢɦɟɪɨɦ, ɨɛɪɚ-

ɡɭɸɬ ɩɨɪɵ. 

ɋɪɟɞɢ ɩɟɪɟɦɟɧɧɵɯ ɩɪɨɰɟɫɫɚ ɧɚɢɛɨɥɟɟ ɜɚɠɧɵɦɢ ɹɜɥɹɸɬɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 

ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ, ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɪɚɫɬɜɨɪɚ ɢ ɪɚɫɫɬɨɹɧɢɟ ɞɨ ɤɨɥɥɟɤɬɨɪɚ. 

ɇɚɩɪɹɠɟɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɞɨɥɠɧɨ ɛɵɬɶ ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɢɦ, ɱɬɨɛɵ 

ɩɪɟɨɞɨɥɟɬɶ ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚɬɹɠɟɧɢɟ ɪɚɫɬɜɨɪɚ ɢ ɢɧɢɰɢɢɪɨɜɚɬɶ ɨɛɪɚɡɨɜɚɧɢɟ 

ɫɬɪɭɢ. Ⱦɚɥɶɧɟɣɲɟɟ ɭɜɟɥɢɱɟɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɨɤɚɡɵɜɚɟɬ ɞɜɨɣɧɨɟ ɜɥɢɹɧɢɟ ɧɚ 

ɫɬɪɭɸ. Ɉɧ ɭɜɟɥɢɱɢɜɚɟɬ ɫɤɨɪɨɫɬɶ ɩɨɬɨɤɚ ɪɚɫɬɜɨɪɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɜɟɥɢɱɟɧɢɸ 

ɞɢɚɦɟɬɪɚ ɜɨɥɨɤɧɚ, ɧɨ ɜ ɬɨ ɠɟ ɜɪɟɦɹ ɨɧ ɫɨɡɞɚɟɬ ɛɨɥɶɲɟ ɧɟɫɬɚɛɢɥɶɧɨɫɬɢ ɜɵɬɢɪɚ-

ɧɢɹ ɩɪɢ ɞɜɢɠɟɧɢɢ ɫɬɪɭɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɟɟ ɜɵɫɨɤɨɦɭ ɭɞɥɢɧɟɧɢɸ. ɉɨɜɵɲɟ-

ɧɢɟ ɧɚɩɪɹɠɟɧɢɹ ɬɚɤɠɟ ɩɪɢɜɨɞɢɬ ɤ ɛɨɥɟɟ ɜɵɫɨɤɨɦɭ ɭɪɨɜɧɸ ɨɛɪɚɡɨɜɚɧɢɹ ɲɚɪɢ-

ɤɨɜ. ɗɥɟɤɬɪɨɫɩɢɧɧɢɧɝ ɩɨɥɨɠɢɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɨɝɨ ɪɚɫɬɜɨɪɚ ɩɪɢɜɨɞɢɬ ɤ ɦɟɧɶ-

ɲɟɦɭ ɤɨɥɢɱɟɫɬɜɭ ɲɚɪɢɤɨɜ ɢ ɛɨɥɟɟ ɨɞɧɨɪɨɞɧɵɦ ɜɨɥɨɤɧɚɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɨɬɪɢ-

ɰɚɬɟɥɶɧɨɣ ɩɨɥɹɪɧɨɫɬɶɸ [42]. 
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Ɋɚɫɫɬɨɹɧɢɟ ɫɛɨɪɚ ɜɨɥɨɤɨɧ ɬɚɤɠɟ ɜɥɢɹɟɬ ɧɚ ɫɜɨɣɫɬɜɚ ɜɨɥɨɤɧɚ. ɇɚ ɤɨɪɨɬɤɢɯ 

ɪɚɫɫɬɨɹɧɢɹɯ ɭ ɫɬɪɭɢ ɧɟɞɨɫɬɚɬɨɱɧɨ ɜɪɟɦɟɧɢ ɞɥɹ ɭɞɥɢɧɟɧɢɹ, ɢ ɩɨɷɬɨɦɭ ɫɨɡɞɚɸɬ-

ɫɹ ɫɥɢɲɤɨɦ ɬɨɥɫɬɵɟ ɢɥɢ ɛɢɫɟɪɧɵɟ ɜɨɥɨɤɧɚ [41]. ɍɜɟɥɢɱɟɧɢɟ ɪɚɫɫɬɨɹɧɢɹ ɫɛɨɪɚ 

ɫɧɢɠɚɟɬ ɩɥɨɬɧɨɫɬɶ ɝɪɚɧɭɥ ɢ ɞɢɚɦɟɬɪ ɜɨɥɨɤɧɚ.  

ɉɪɢ ɷɥɟɤɬɪɨɮɨɪɦɨɜɚɧɢɢ ɪɚɫɬɜɨɪɚ ɜɵɫɨɤɚɹ ɬɟɦɩɟɪɚɬɭɪɚ ɡɨɧɵ ɩɪɹɞɟɧɢɹ 

ɭɜɟɥɢɱɢɜɚɟɬ ɫɤɨɪɨɫɬɶ ɢɫɩɚɪɟɧɢɹ ɪɚɫɬɜɨɪɢɬɟɥɹ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɨɛɪɚɡɨɜɚɧɢɸ ɜɨ-

ɥɨɤɨɧ ɫ ɛɨɥɶɲɢɦ ɞɢɚɦɟɬɪɨɦ [43]. Ʉɨɧɬɪɨɥɶ ɬɟɦɩɟɪɚɬɭɪɵ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ 

ɛɨɥɟɟ ɜɚɠɟɧ ɞɥɹ ɷɥɟɤɬɪɨɮɨɪɦɨɜɚɧɢɹ ɜ ɪɚɫɩɥɚɜɟ, ɱɬɨɛɵ ɞɚɬɶ ɩɨɥɢɦɟɪɭ ɞɨɫɬɚ-

ɬɨɱɧɨ ɜɪɟɦɟɧɢ ɞɥɹ ɭɞɥɢɧɟɧɢɹ ɞɨ ɡɚɬɜɟɪɞɟɜɚɧɢɹ. 

 

Ɇɨɞɢɮɢɤɚɰɢɢ ɷɥɟɤɬɪɨɩɪɹɞɢɥɶɧɨɝɨ ɚɩɩɚɪɚɬɚ ɢ ɬɟɯɧɢɤɢ 

 

Ȼɵɥɨ ɪɚɡɪɚɛɨɬɚɧɨ ɦɧɨɠɟɫɬɜɨ ɦɨɞɢɮɢɤɚɰɢɣ ɨɫɧɨɜɧɨɝɨ ɨɞɧɨɢɝɨɥɶɧɨɝɨ 

ɪɚɫɬɜɨɪɚ ɞɥɹ ɷɥɟɤɬɪɨɫɩɢɧɧɢɧɝɚ, ɱɬɨɛɵ ɪɚɫɲɢɪɢɬɶ ɚɫɫɨɪɬɢɦɟɧɬ ɢɫɩɨɥɶɡɭɟɦɵɯ 

ɩɨɥɢɦɟɪɨɜ, ɩɨɥɭɱɢɬɶ ɦɧɨɝɨɤɨɦɩɨɧɟɧɬɧɵɟ ɜɨɥɨɤɧɚ ɢɥɢ ɩɨɥɨɬɧɚ ɢ ɩɨɜɵɫɢɬɶ 

ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɚ. Ɇɟɬɨɞɵ ɪɚɫɩɥɚɜɚ, ɤɨɚɤɫɢɚɥɶɧɵɟ, ɦɧɨɝɨɫɬɪɭɣɧɵɟ 

ɢ ɧɟɧɭɠɧɵɟ ɷɥɟɤɬɪɨɩɪɹɞɟɧɢɹ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɨɛɫɭɠɞɚɟɦɵɦɢ ɜ ɥɢɬɟɪɚɬɭɪɟ. 

ɇɟɤɨɬɨɪɵɟ ɜɚɠɧɵɟ ɩɨɥɢɦɟɪɵ ɞɥɹ ɧɟɬɤɚɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, ɬɚɤɢɟ ɤɚɤ ɩɨɥɢ-

ɷɬɢɥɟɧ ɢ ɩɨɥɢɩɪɨɩɢɥɟɧ, ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɧɚɞɥɟɠɚɳɢɦ ɨɛɪɚɡɨɦ ɪɚɫɬɜɨɪɟɧɵ ɩɪɢ 

ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɢ ɷɥɟɤɬɪɨɮɨɪɦɨɜɚɧɢɢ ɜ ɪɚɫɬɜɨɪɟ. 

Ɉɞɧɢɦ ɢɡ ɜɨɡɦɨɠɧɵɯ ɫɩɨɫɨɛɨɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɬɚɤɢɯ ɩɨɥɢɦɟɪɨɜ ɹɜɥɹɟɬɫɹ ɷɥɟɤ-

ɬɪɨɩɪɹɞɟɧɢɟ ɢɡ ɪɚɫɩɥɚɜɚ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɨɛɵɱɧɨɝɨ ɷɥɟɤɬɪɨɩɪɹɞɟɧɢɹ ɜ ɪɚɫɬɜɨɪɟ, 

ɷɥɟɤɬɪɨɩɪɹɞɟɧɢɟ ɜ ɪɚɫɩɥɚɜɟ ɬɪɟɛɭɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɫɢɫɬɟɦ ɧɚɝɪɟɜɚ ɞɥɹ ɪɚɫ-

ɩɥɚɜɥɟɧɢɹ ɩɨɥɢɦɟɪɚ ɢ ɞɥɹ ɤɨɧɬɪɨɥɹ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɨɫɚɠɞɟɧɢɹ ɜɨɥɨɤɨɧ. ȼ ɞɨ-

ɩɨɥɧɟɧɢɟ ɤ ɩɨɥɢɦɟɪɧɨɦɭ ɤɨɧɬɟɣɧɟɪɭ, ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɥɹ ɤɨɧɬɪɨɥɹ ɬɟɦɩɟɪɚɬɭɪɵ 

ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɧɚ ɢɝɥɟ, ɚ ɬɚɤɠɟ ɜ ɡɨɧɟ ɩɪɹɞɟɧɢɹ ɢɥɢ ɧɚ ɤɨɥɥɟɤɬɨɪɟ ɞɥɹ 

ɨɛɥɟɝɱɟɧɢɹ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɨɫɚɠɞɟɧɢɹ ɜɨɥɨɤɨɧ [44,45]. 

ɋɭɳɟɫɬɜɭɟɬ ɞɜɟ ɨɫɧɨɜɧɵɟ ɩɪɨɛɥɟɦɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɷɥɟɤɬɪɨɩɪɹɞɟɧɢɟɦ ɢɡ 

ɪɚɫɩɥɚɜɚ: ɨɱɟɧɶ ɧɢɡɤɚɹ ɩɪɨɜɨɞɢɦɨɫɬɶ ɪɚɫɩɥɚɜɨɜ ɢ ɛɨɥɟɟ ɜɵɫɨɤɚɹ ɜɹɡɤɨɫɬɶ ɪɚɫ-

ɩɥɚɜɨɜ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɫɬɜɨɪɚɦɢ ɩɨɥɢɦɟɪɨɜ, ɜɵɫɨɤɚɹ ɜɹɡɤɨɫɬɶ ɩɪɢɜɨɞɢɬ ɤ 
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ɭɜɟɥɢɱɟɧɢɸ ɞɢɚɦɟɬɪɚ ɜɨɥɨɤɧɚ ɢ ɬɪɟɛɭɟɬ ɛɨɥɟɟ ɜɵɫɨɤɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɞɥɹ ɡɚ-

ɩɭɫɤɚ ɫɬɪɭɢ.  

ɉɪɟɢɦɭɳɟɫɬɜɚ ɷɥɟɤɬɪɨɫɩɢɧɧɢɧɝɚ ɜ ɪɚɫɩɥɚɜɟ – ɷɬɨ ɫɩɨɫɨɛɧɨɫɬɶ ɤ ɩɪɹɞɟ-

ɧɢɸ ɧɟɪɚɫɬɜɨɪɢɦɵɯ ɩɨɥɢɦɟɪɨɜ ɢ ɨɬɫɭɬɫɬɜɢɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɜ ɪɚɫɬɜɨɪɢɬɟɥɹɯ. 

ɗɥɟɤɬɪɨɩɪɹɞɟɧɢɟ ɜ ɪɚɫɩɥɚɜɟ ɢɦɟɟɬ ɛɨɥɟɟ ɜɵɫɨɤɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ, ɩɨ-

ɫɤɨɥɶɤɭ ɧɟ ɩɪɨɢɫɯɨɞɢɬ ɩɨɬɟɪɢ ɪɚɫɬɜɨɪɢɬɟɥɟɣ, ɢ ɜɫɟ ɦɚɬɟɪɢɚɥɵ, ɜɵɫɜɨɛɨɠɞɚɟ-

ɦɵɟ ɢɡ ɫɢɫɬɟɦɵ ɩɨɞɚɱɢ, ɨɬɤɥɚɞɵɜɚɸɬɫɹ ɧɚ ɤɨɥɥɟɤɬɨɪɟ. 

 Ɇɟɬɨɞ ɤɨɚɤɫɢɚɥɶɧɨɝɨ ɷɥɟɤɬɪɨɫɩɢɧɧɢɧɝɚ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ, ɱɬɨɛɵ ɢɫɩɨɥɶ-

ɡɨɜɚɬɶ ɷɬɨ ɩɪɟɢɦɭɳɟɫɬɜɨ ɩɪɢ ɩɪɨɢɡɜɨɞɫɬɜɟ ɜɨɥɨɤɨɧ ɫ ɪɚɡɥɢɱɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. 

ȿɞɢɧɫɬɜɟɧɧɨɟ ɪɚɡɥɢɱɢɟ ɜ ɤɨɚɤɫɢɚɥɶɧɨɦ ɨɛɨɪɭɞɨɜɚɧɢɢ ɞɥɹ ɷɥɟɤɬɪɨɮɨɪɦɨɜɚɧɢɹ 

ɢ ɛɚɡɨɜɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɤɨɧɫɬɪɭɤɰɢɢ ɫɢɫɬɟɦɵ ɮɢɥɶɟɪɵ ɢ ɩɨɞɚ-

ɱɢ. Ɉɛɵɱɧɨ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɜɟ ɢɝɥɵ, ɨɞɧɚ ɜɧɭɬɪɢ ɞɪɭɝɨɣ, ɢ ɤɚɠɞɚɹ ɢɝɥɚ ɩɨɞɚɟɬ-

ɫɹ ɢɡ ɨɬɞɟɥɶɧɵɯ ɤɨɧɬɟɣɧɟɪɨɜ ɫ ɪɚɫɬɜɨɪɨɦ. Ɍɚɤɚɹ ɭɫɬɚɧɨɜɤɚ ɩɨɡɜɨɥɹɟɬ ɢɡɝɨɬɚɜ-

ɥɢɜɚɬɶ ɧɟ ɬɨɥɶɤɨ ɜɨɥɨɤɧɚ ɫ ɫɟɪɞɰɟɜɢɧɨɣ ɢ ɨɛɨɥɨɱɤɨɣ ɢɡ ɞɜɭɯ ɷɥɟɤɬɪɨɮɨɪɦɨ-

ɜɚɧɧɵɯ ɩɨɥɢɦɟɪɨɜ, ɧɨ ɬɚɤɠɟ ɩɨɡɜɨɥɹɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɷɥɟɤɬɪɨɫɩɢɧɧɢɧɝ, ɤɨɝɞɚ 

ɪɚɫɬɜɨɪ ɜ ɫɟɪɞɰɟɜɢɧɟ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɩɨɞɜɟɪɝɧɭɬ ɷɥɟɤɬɪɨɫɩɢɧɧɢɧɝɭ ɫɚɦ ɩɨ ɫɟɛɟ 

ɢɡ-ɡɚ ɧɢɡɤɨɣ ɦɨɥɟɤɭɥɹɪɧɨɣ ɦɚɫɫɵ ɢ ɧɢɡɤɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ 

ɜɧɟɲɧɢɣ ɪɚɫɬɜɨɪ ɞɨɥɠɟɧ ɛɵɬɶ ɷɥɟɤɬɪɨɮɨɪɦɨɜɚɧɧɵɦ ɢ ɧɚɩɪɚɜɥɹɬɶ ɦɚɬɟɪɢɚɥ 

ɫɟɪɞɰɟɜɢɧɵ. ɉɨɫɥɟ ɭɞɚɥɟɧɢɹ ɨɛɨɥɨɱɤɢ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɜɨɥɨɤɧɚ, ɨɛɪɚɡɨɜɚɧɧɵɟ 

ɢɡ ɦɚɬɟɪɢɚɥɚ, ɧɟ ɩɨɞɜɟɪɝɧɭɬɨɝɨ ɷɥɟɤɬɪɨɫɩɢɧɧɢɧɝɭ. 

Ʉɨɚɤɫɢɚɥɶɧɵɣ ɷɥɟɤɬɪɨɫɩɢɧɧɢɧɝ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɩɨ-

ɥɵɯ ɜɨɥɨɤɨɧ, ɜɨɥɨɤɨɧ ɫ ɦɢɤɪɨɤɚɩɫɭɥɢɪɨɜɚɧɧɵɦɢ ɫɨɟɞɢɧɟɧɢɹɦɢ ɢɥɢ ɫɢɫɬɟɦ ɫ 

ɩɪɟɪɵɜɢɫɬɵɦ ɜɤɥɸɱɟɧɢɟɦ ɜ ɮɨɪɦɟ ɤɚɩɥɢ. ɉɨɞɨɛɧɨ ɤɨɚɤɫɢɚɥɶɧɨɦɭɷɥɟɤɬɪɨɫ-

ɩɢɧɧɢɧɝɭ, ɮɢɥɶɟɪɚ ɫ ɞɜɭɦɹ ɫɨɩɥɚɦɢ ɪɹɞɨɦ ɞɪɭɝ ɫ ɞɪɭɝɨɦ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ 

ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɞɜɭɯɤɨɦɩɨɧɟɧɬɧɵɟ ɜɨɥɨɤɧɚ. ȼ ɨɬɥɢɱɢɟ ɨɬ ɬɪɚɞɢɰɢɨɧɧɵɯ ɦɟ-

ɬɨɞɨɜ ɷɤɫɬɪɭɡɢɢ ɜɨɥɨɤɨɧ, ɷɥɟɤɬɪɨɩɪɹɞɟɧɢɟ ɡɚɜɢɫɢɬ ɨɬ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɫɢɥɵ, ɤɨ-

ɬɨɪɚɹ ɨɱɟɧɶ ɦɟɞɥɟɧɧɨ ɭɞɥɢɧɹɟɬ ɫɬɪɭɸ.  

Ɉɩɬɢɦɚɥɶɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɷɥɟɤɬɪɨɫɩɢɧɧɢɧɝɚ ɞɥɹ ɦɚɫɫɨɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ 

ɫɨɫɬɨɢɬ ɢɡ ɦɟɞɥɟɧɧɨ ɜɪɚɳɚɸɳɟɝɨɫɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɰɢɥɢɧɞɪɚ ɩɨɝɪɭɠɟɧɧɨɝɨ ɜ 

ɪɚɫɬɜɨɪ ɩɨɥɢɦɟɪɚ. Ɋɚɫɬɜɨɪ ɩɨɞɛɢɪɚɟɬɫɹ ɢ ɩɟɪɟɧɨɫɢɬɫɹ ɧɚ ɜɟɪɯɧɸɸ ɱɚɫɬɶ ɰɢ-
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ɥɢɧɞɪɚ, ɝɞɟ ɩɨɞ ɜɨɡɞɟɣɫɬɜɢɟɦ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɩɨɥɹ ɨɛɪɚɡɭɸɬɫɹ ɦɧɨɝɨɱɢɫɥɟɧ-

ɧɵɟ ɫɬɪɭɢ. ȼɨɥɨɤɧɚ ɨɬɤɥɚɞɵɜɚɸɬɫɹ ɧɚ ɤɨɥɥɟɤɬɨɪɟ ɧɚɞ ɰɢɥɢɧɞɪɨɦ. 

Ʉɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɩɨɞɯɨɞ 

ɉɪɟɢɦɭɳɟɫɬɜɨ ɜɨɫɯɨɞɹɳɟɝɨ ɢ ɧɢɫɯɨɞɹɳɟɝɨ ɩɨɞɯɨɞɨɜ ɦɨɝɭɬ ɛɵɬɶ ɩɨɥɭ-

ɱɟɧɵ ɜ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɦ ɩɨɞɯɨɞɟ. ɗɬɨɬ ɩɨɞɯɨɞ ɩɨɥɟɡɟɧ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɫɭ-

ɩɟɪɝɢɞɪɨɮɨɛɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫ ɞɜɭɯɦɚɫɲɬɚɛɧɨɣ ɲɟɪɨɯɨɜɚɬɨɫɬɶɸ. 

 Ʉɨɦɛɢɧɢɪɨɜɚɧɧɵɣ ɩɨɞɯɨɞ, ɫɥɟɞɭɟɬ ɨɛɨɢɦ ɦɟɬɨɞɚɦ ɲɚɝ ɡɚ ɲɚɝɨɦ. Ɇɢɤ-

ɪɨɦɚɫɲɬɚɛɧɚɹ ɲɟɪɨɯɨɜɚɬɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɫɧɚɱɚɥɚ ɩɨɥɭɱɚɟɬɫɹ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

ɩɨɞɯɨɞɚ «ɫɜɟɪɯɭ– ɜɧɢɡ», ɚ ɡɚɬɟɦ ɞɨɛɚɜɥɹɟɬɫɹ ɧɚɧɨɭɪɨɜɧɟɜɚɹ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɫ 

ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɟɬɨɞɚ «ɫɧɢɡɭ– ɜɜɟɪɯ».  

ɇɟɤɨɬɨɪɵɟ ɤɨɦɛɢɧɢɪɨɜɚɧɧɵɟ ɩɨɞɯɨɞɵ ɧɟ ɞɚɸɬ ɱɟɬɤɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨɛ 

ɷɬɢɯ ɞɜɭɯ ɨɩɟɪɚɰɢɹɯ. 

 ȼ ɷɤɫɩɟɪɢɦɟɧɬɟ Zhao Y ɢ ɟɝɨ ɫɨɚɜɬɨɪɵ [46] ɢɡɝɨɬɨɜɢɥɢ ɫɭɩɟɪɝɢɞɪɨɮɨɛ-

ɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ ɩɭɬɟɦ ɩɨɫɥɨɣɧɨɝɨ ɨɫɚɠɞɟɧɢɹ ɢ ɨɛɪɚɛɨɬɤɢ ɮɬɨɪɚɥɤɢɥɫɢɥɚɧɨɦ. 

ɇɚɧɨɱɚɫɬɢɰɵ ɞɢɨɤɫɢɞɚ ɤɪɟɦɧɢɹ ɧɚɧɨɫɢɥɢ ɧɚ ɩɨɞɥɨɠɤɭ ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɝɢɞɪɨ-

ɮɨɛɢɡɚɰɢɟɣ. ɍɝɨɥ ɤɨɧɬɚɤɬɚ ɭɜɟɥɢɱɢɥɫɹ ɫ 153,9° ɞɨ 157,7° ɢɡ-ɡɚ ɨɛɪɚɛɨɬɤɢ ɮɬɨ-

ɪɚɥɤɢɥɫɢɥɚɧɨɦ.  

Xiu Y et Liu Y [47] ɩɨɞɝɨɬɨɜɢɥɢ ɫɭɩɟɪɝɢɞɪɨɮɨɛɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɧɚ ɤɪɟɦ-

ɧɢɟ ɬɪɚɜɥɟɧɢɟɦ ɫ ɩɨɦɨɳɶɸ KOH, ɚ ɡɚɬɟɦ ɤɚɬɚɥɢɡɢɪɨɜɚɥɢ ɧɚɧɨɱɚɫɬɢɰɵ Au 

ɬɪɚɜɥɟɧɢɟɦ HF ɢ H2O2 ɫ ɩɨɫɥɟɞɭɸɳɟɣ ɨɛɪɚɛɨɬɤɨɣ ɮɬɨɪɢɪɨɜɚɧɢɟɦ. ɉɨɞɝɨɬɨɜ-

ɥɟɧɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɢɦɟɥɚ ɭɝɨɥ ɤɨɧɬɚɤɬɚ 168,1° ɢ ɤɪɚɟɜɨɣ ɭɝɨɥ ɝɢɫɬɟɪɟɡɢɫɚ 2° 

Cortese B et D’Amone [48] ɪɚɡɪɚɛɨɬɚɥɢ ɫɭɩɟɪɝɢɞɪɨɮɨɛɧɵɟ ɩɨɜɟɪɯɧɨɫɬɢ 

ɩɨɥɢɞɢɦɟɬɢɥɫɢɥɨɤɫɚɧɚ (PDMS), ɫɨɱɟɬɚɹ ɦɹɝɤɭɸ ɥɢɬɨɝɪɚɮɢɸ ɢ ɩɥɚɡɦɟɧɧɭɸ ɨɛ-

ɪɚɛɨɬɤɭ. Ʌɢɬɨɝɪɚɮɢɹ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ, ɱɬɨɛɵ ɩɨɞɝɨɬɨɜɢɬɶ ɲɟɪɨɯɨɜɚɬɨɫɬɶ ɦɢɤ-

ɪɨɦɚɫɲɬɚɛɚ ɧɚ PDMS ɢ ɛɵɥɚ ɩɨɡɠɟ ɩɨɞɜɟɪɝɧɭɬɚ ɩɥɚɡɦɟɧɧɨɦɭ ɬɪɚɜɥɟɧɢɸ, ɱɬɨ-

ɛɵ ɩɨɥɭɱɢɬɶ ɭɝɨɥ ɤɨɧɬɚɤɬɚ ɫ ɜɨɞɨɣ ɨɤɨɥɨ 170 °. 
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1.3 ɋɬɪɭɤɬɭɪɚ ɢ ɫɜɨɣɫɬɜɚ ɧɚɧɨɜɨɥɨɤɨɧ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ 

 

ɇɚɧɨɜɨɥɨɤɨɧɚ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ (NafenTM) ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨɢɡɜɨ-

ɞɹɬɫɹ ɧɚ ɨɩɵɬɧɨɦ ɩɪɟɞɩɪɢɹɬɢɢ ɜ ɗɫɬɨɧɢɢ. ɗɬɢ ɜɨɥɨɤɧɚ ɜɵɪɚɳɢɜɚɸɬ ɢɡ ɚɥɸɦɢ-

ɧɢɟɜɨɝɨ ɪɚɫɩɥɚɜɚ ɩɪɢ ɧɚɥɢɱɢɢ ɜ ɧɺɦ ɧɟ ɫɦɚɱɢɜɚɟɦɨɝɨ ɬɭɝɨɩɥɚɜɤɨɝɨ ɤɨɦɩɨɧɟɧɬɚ 

ɜ ɬɜɺɪɞɨɣ ɮɚɡɟ. ɋɤɨɪɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɨɫɬɚɜɥɹɟɬ (ɤɝ/ɱ). ȼɨɥɨɤɧɚ ɩɨɥɭɱɚɸɬɫɹ ɜ 

ɜɵɫɨɤɨ ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ. Ƚɨɬɨɜɵɟ ɩɪɨɞɭɤɬɵ ɦɨɠɧɨ ɭɜɢɞɟɬɶ ɧɚ 

ɪɢɫɭɧɤɟ 5. ɍɫɥɨɜɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɨɝɭɬ ɛɵɬɶ ɢɡɦɟɧɟɧɵ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɜɨɥɨɤɨɧ 

ɜ ɞɢɚɩɚɡɨɧɟ ɞɢɚɦɟɬɪɨɜ ɨɬ 5 ɧɦ ɞɨ 20 ɧɦ. Ⱦɢɚɦɟɬɪ ɜɨɥɨɤɧɚ ɜ ɞɚɧɧɨɣ ɩɚɪɬɢɢ ɹɜ-

ɥɹɟɬɫɹ ɨɱɟɧɶ ɪɚɜɧɨɦɟɪɧɵɦ. Ɉɬɞɟɥɶɧɵɟ ɜɨɥɨɤɧɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɦɨɧɨɤɪɢ-

ɫɬɚɥɥɵ ɢɥɢ ɰɟɩɨɱɤɢ ɦɨɧɨɤɪɢɫɬɚɥɥɨɜ, ɢɦɟɸɳɢɟ ɫɬɪɭɤɬɭɪɭ Ȗ-Al2O3. 

 

 
                   ɚ                                           ɛ                                               ɜ 

ɚ – ɮɨɬɨ; ɛ – ɊɗɆ; ɜ – ɉɗɆ 

Ɋɢɫɭɧɨɤ 5 – Ɇɨɪɮɨɥɨɝɢɹ ɦɚɬɟɪɢɚɥɚ NafenTM 

 

ɋɬɪɭɤɬɭɪɚ NafenTM 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɚɦɵɦ ɞɨɫɬɨɜɟɪɧɵɦ ɢɫɫɥɟɞɨɜɚɧɢɟɦ, ɨɩɢɫɵɜɚɸɳɢɦ 

ɫɬɪɭɤɬɭɪɭ ɇɚɮɟɧ [49], ɹɜɥɹɟɬɫɹ ɫɢɧɯɪɨɧɧɵɣ ɬɟɪɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ (ɪɢɫɭɧɨɤ 6) ɜ 

ɞɢɚɩɚɡɨɧɟ ɞɨ 1200°ɋ. ɇɢɠɟ ɩɪɢɜɟɞɟɧɚ ɬɟɪɦɨɝɪɚɦɦɚ ɩɢɤɨɜ. 

ɗɧɞɨɬɟɪɦɢɱɟɫɤɢɣ ɩɢɤ ɩɪɢ 87,2 °ɋ ɨɞɧɨɡɧɚɱɧɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɩɨɬɟɪɸ ɦɚɬɟ-

ɪɢɚɥɨɦ ɜɨɞɵ ɢɦɟɸɳɭɸ ɜ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ ɮɢɡɢɱɟɫɤɭɸ ɫɜɹɡɶ ɫ ɬɜɺɪɞɨ-

ɬɟɥɶɧɨɣ ɦɚɬɪɢɰɟɣ – ɜ ɜɢɞɟ ɚɞɫɨɪɛɚɬɚ ɢɥɢ ɧɟɩɪɨɱɧɨɝɨ ɤɪɢɫɬɚɥɥɨɝɢɞɪɚɬɚ. ɍɛɵɥɶ 

ɦɚɫɫɵ ɫɨɫɬɚɜɥɹɟɬ 3,47 % ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɧɚɥɢɱɢɟ ɜ ɨɛɪɚɡɰɟ 76,8 ɦɤɝ ɜɨɞɵ. 



31 

 

ɗɤɡɨɬɟɪɦɢɱɟɫɤɢɣ ɩɢɤ ɧɚ 454,9 °ɋ ɭɤɚɡɵɜɚɟɬ ɧɚ ɯɢɦɢɱɟɫɤɭɸ ɪɟɚɤɰɢɸ 9 

2AlOOH → Al2O3 + H2O (9) 

Ⱦɚɧɧɚɹ ɪɟɚɤɰɢɹ ɩɪɢɜɨɞɢɬ ɤ ɭɛɵɥɢ 1,61% ɦɚɫɫɵ ɢɡ ɨɛɪɚɡɰɚ ɜ ɜɢɞɟ 34,39 

ɦɤɝ ɜɨɞɵ. ɋɨɝɥɚɫɧɨ ɩɪɨɩɨɪɰɢɹɦ ɪɟɚɤɰɢɢ, ɬɚɤɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɵ ɦɨɠɟɬ ɩɨɬɟ-

ɪɹɬɶ 0,1146 ɦɝ, ɱɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ 5,18 % ɦɚɬɟɪɢɚɥɚ ɧɚɯɨɞɢɬɫɹ ɜ ɮɚɡɟ AlOOH 

(ɛɟɦɢɬ).  

ȼ ɫɭɦɦɟ ɜɨɞɵ ɜ ɯɢɦɢɱɟɫɤɢ ɢ ɮɢɡɢɱɟɫɤɢ ɫɜɹɡɧɨɦ ɫɨɫɬɨɹɧɢɢ ɜ ɇȺɈ ɨɤɨɥɨ 

5,5-6 % ɩɨ ɦɚɫɫɟ 

ɗɧɞɨɬɟɪɦɢɱɟɫɤɢɣ ɩɢɤ ɩɪɢ 865,3 °ɋ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɮɚɡɨɜɨɦɭ ɩɟɪɟɯɨɞɭ  

Ȗ-Al2O3→δ-Al2O3 (10)    

ɗɧɞɨɬɟɪɦɢɱɟɫɤɢɣ ɩɢɤ ɧɚ 1074,1 °ɋ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɮɚɡɨɜɨɦɭ ɩɟɪɟɯɨɞɭ  

δ-Al2O3→α-Al2O3  

 

 

Ɋɢɫɭɧɨɤ 6 – Ⱦɟɪɢɜɚɬɨɝɪɚɦɦɚ NafenTM [49] 
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Ɏɢɧɚɥɶɧɵɣ ɮɚɡɨɜɵɣ ɩɟɪɟɯɨɞ ɢɡ ɬɟɬɪɚɝɨɧɚɥɶɧɨɣ ɫɢɧɝɨɧɢɢ ɜ ɝɟɤɫɚɝɨɧɚɥɶ-

ɧɭɸ ɞɨɥɠɟɧ ɩɨɥɧɨɫɬɶɸ ɪɚɡɪɭɲɚɬɶ ɫɬɪɭɤɬɭɪɭ NafenTM, ɷɬɨ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 

7. 

 

 
ɚ 

 
ɛ 

ɚ – ɉɗɆ-ɢɡɨɛɪɚɠɟɧɢɟ; ɛ – Ɋɋ-ɫɩɟɤɬɪ. 

Ɋɢɫɭɧɨɤ 7 – NafenTM ɩɨɫɥɟ ɨɬɠɢɝɚ ɩɪɢ 1400° ɋ 
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ɍɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ 

ȼɚɠɧɵɦɢ ɞɚɧɧɵɦɢ, ɹɜɥɹɸɬɫɹ ɬɟɤɫɬɭɪɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɇɚɮɟɧ, ɤɨɬɨ-

ɪɵɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɦɟɬɨɞɨɦ ɫɨɪɛɨɦɟɬɪɢɢ ɚɡɨɬɚ. ɍɞɟɥɶɧɚɹ ɺɦɤɨɫɬɶ ɩɨ ɚɡɨɬɭ ɫɨ-

ɫɬɚɜɢɥɚ 0,222 ɦɥ/ɝ, ɚ ɭɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ 120 ɦ2/ɝ. Ⱦɥɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɨɪ ɩɨ 

ɪɚɡɦɟɪɚɦ ɯɚɪɚɤɬɟɪɧɵ ɞɜɚ ɬɟɤɫɬɭɪɧɵɯ ɩɢɤɚ ɧɚ ɪɢɫɭɧɤɟ 8 ɜɛɥɢɡɢ 20 ɢ 80 ɧɦ, ɨɛɭ-

ɫɥɨɜɥɟɧɧɵɯ ɪɚɡɥɢɱɧɵɦɢ ɝɪɭɩɩɢɪɨɜɤɚɦɢ ɜɨɥɨɤɨɧ ɇɚɮɟɧ. 

 

Ɋɢɫɭɧɨɤ 8 – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɩɨɪ ɩɨ ɪɚɡɦɟɪɚɦ ɜ NafenTM, ɝɪɚɮɢɤ ɪɚɫɩɪɟɞɟ-

ɥɟɧɢɹ ɤɨɥɢɱɟɫɬɜɚ ɩɨɪ ɩɨ ɪɚɡɦɟɪɚɦ 
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2 Ɇɟɬɨɞɢɱɟɫɤɚɹ ɱɚɫɬɶ 

  

2.1 Ɉɩɢɫɚɧɢɟ ɧɚɧɨɜɨɥɨɤɨɧ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ 

 

ɇɚɧɨɜɨɥɨɤɨɧɚ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ (NafenTM) ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɩɪɨɢɡɜɨ-

ɞɹɬɫɹ ɧɚ ɨɩɵɬɧɨɦ ɩɪɟɞɩɪɢɹɬɢɢ ɜ ɗɫɬɨɧɢɢ. ɗɬɢ ɜɨɥɨɤɧɚ ɜɵɪɚɳɢɜɚɸɬ ɢɡ ɚɥɸɦɢ-

ɧɢɟɜɨɝɨ ɪɚɫɩɥɚɜɚ ɩɪɢ ɧɚɥɢɱɢɢ ɜ ɧɺɦ ɧɟ ɫɦɚɱɢɜɚɟɦɨɝɨ ɬɭɝɨɩɥɚɜɤɨɝɨ ɤɨɦɩɨɧɟɧɬɚ 

ɜ ɬɜɺɪɞɨɣ ɮɚɡɟ. ɋɤɨɪɨɫɬɶ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɨɫɬɚɜɥɹɟɬ (ɤɝ/ɱ). ȼɨɥɨɤɧɚ ɩɨɥɭɱɚɸɬɫɹ ɜ 

ɜɵɫɨɤɨ ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ. ɍɫɥɨɜɢɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɨɝɭɬ ɛɵɬɶ ɢɡ-

ɦɟɧɟɧɵ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɜɨɥɨɤɨɧ ɜ ɞɢɚɩɚɡɨɧɟ ɞɢɚɦɟɬɪɨɜ ɨɬ 5 ɧɦ ɞɨ 20 ɧɦ. Ɉɛɥɚ-

ɞɚɟɬ ɫɜɟɪɯɜɵɫɨɤɨɣ ɦɟɯɚɧɢɱɟɫɤɨɣ ɩɪɨɱɧɨɫɬɶɸ, ɩɪɨɱɧɨɫɬɶ ɧɚ ɪɚɡɪɵɜ – 12 Ƚɉɚ ɢ 

ɦɨɞɭɥɶ ɧɚ ɪɚɡɪɵɜ – 400 Ƚɉɚ. ɍɧɢɤɚɥɶɧɵɟ ɫɜɨɣɫɬɜɚ NafenTM : ɫɨɧɚɩɪɚɜɥɟɧɧɨɫɬɶ 

,ɞɢɫɩɟɪɝɢɪɭɟɦɨɫɬɶ , ɩɪɨɱɧɨɫɬɶ , ɝɢɞɪɨɮɢɥɶɧɨɫɬɶ. 

 

2.2 Ɉɩɢɫɚɧɢɟ ɝɢɞɪɨɮɨɛɢɡɢɪɭɸщɢɯ ɞɨɛɚɜɨɤ 

 

ȼ ɤɚɱɟɫɬɜɟ ɝɢɞɪɨɮɨɛɢɡɢɪɭɸɳɢɯ ɞɨɛɚɜɨɤ ɛɵɥɢ ɢɫɩɨɥɶɡɨɜɚɧɵ ɠɢɪɧɵɟ ɤɢ-

ɫɥɨɬɵ, ɚ ɢɦɟɧɧɨ ɨɥɟɢɧɨɜɚɹ, ɫɬɟɚɪɢɧɨɜɚɹ ɢ ɥɚɭɪɢɧɨɜɚɹ ɤɢɫɥɨɬɵ, ɜ ɫɜɹɡɢ ɫ ɞɨɫ-

ɬɭɩɧɨɫɬɶɸ. 

ɀɢɪɧɵɟ ɤɢɫɥɨɬɵ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɞɜɟ ɝɪɭɩɩɵ: ɧɚɫɵɳɟɧɧɵɟ ɢ ɧɟɧɚɫɵ-

ɳɟɧɧɵɟ. Ʉ ɧɟɧɚɫɵɳɟɧɧɨɣ ɤɢɫɥɨɬɟ ɨɬɧɨɫɢɬɫɹ ɨɥɟɢɧɨɜɚɹ ɤɢɫɥɨɬɚ, ɚ ɤ ɧɚɫɵɳɟɧ-

ɧɵɦ ɤɢɫɥɨɬɚɦ: ɫɬɟɚɪɢɧɨɜɚɹ, ɥɚɭɪɢɧɨɜɚɹ ɤɢɫɥɨɬɵ.  

ɇɟɧɚɫɵɳɟɧɧɵɟ ɤɢɫɥɨɬɵ ɜ ɫɜɨɟɦ ɫɬɪɨɟɧɢɢ ɢɦɟɸɬ ɞɜɟ ɢɥɢ ɛɨɥɟɟ ɞɜɨɣɧɵɯ 

ɫɜɹɡɟɣ (ɩɨɥɢɧɟɧɚɫɵɳɟɧɧɵɟ ɤɢɫɥɨɬɵ). Ⱦɜɨɣɧɵɟ ɫɜɹɡɢ ɧɚɯɨɞɹɬɫɹ ɦɟɠɞɭ ɞɟɜɹɬɵɦ 

ɢ ɞɟɫɹɬɵɦ ɚɬɨɦɚɦɢ ɭɝɥɟɪɨɞɚ, ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɪɚɡɞɟɥɟɧɵ ɦɟɬɢɥɟɧɨɜɨɣ 

ɝɪɭɩɩɨɣ ɢ ɢɦɟɸɬ ɰɢɫ-ɤɨɧɮɢɝɭɪɚɰɢɸ. 

ɇɟɧɚɫɵɳɟɧɧɵɟ ɤɢɫɥɨɬɵ ɢɦɟɸɬ ɛɨɥɟɟ ɧɢɡɤɭɸ ɬɟɦɩɟɪɚɬɭɪɭ ɩɥɚɜɥɟɧɢɹ. 

Ɍɚɤ ɠɟ, ɨɧɢ ɛɵɫɬɪɨ ɨɤɢɫɥɹɸɬɫɹ ɧɚ ɨɬɤɪɵɬɨɦ ɜɨɡɞɭɯɟ, ɱɟɦ ɧɚɫɵɳɟɧɧɵɟ. Ʉɢɫɥɨ-

ɪɨɞ ɪɟɚɝɢɪɭɟɬ ɫ ɞɜɨɣɧɵɦɢ ɫɜɹɡɹɦɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɩɟɪɨɤɫɢɞɨɜ ɢ ɫɜɨɛɨɞɧɵɯ ɪɚ-

ɞɢɤɚɥɨɜ. 
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ȼɫɟ ɠɢɪɧɵɟ ɤɢɫɥɨɬɵ ɦɚɥɨ ɪɚɫɬɜɨɪɢɦɵ ɜ ɜɨɞɟ, ɧɨ ɢɯ ɫɨɥɢ ɨɛɪɚɡɭɸɬ ɜ ɜɨɞɟ 

ɦɢɰɟɥɥɵ, ɨɛɥɚɞɚɹ ɝɢɞɪɨɮɨɛɧɵɦɢ ɫɜɨɣɫɬɜɚɦɢ. 

Ɉɥɟɢɧɨɜɚɹ ɤɢɫɥɨɬɚ (ɰɢɫ-9-ɨɤɬɚɞɟɰɟɧɨɜɚɹ ɤɢɫɥɨɬɚ)– ɦɨɧɨɧɟɧɚɫɵɳɟɧɧɚɹ 

ɨɞɧɨɨɫɧɨɜɧɚɹ ɤɚɪɛɨɧɨɜɚɹ ɤɢɫɥɨɬɚ  

CH3(CH2)7CH=CH(CH2)7COOH  

Ȼɟɫɰɜɟɬɧɚɹ ɜɹɡɤɚɹ ɠɢɞɤɨɫɬɶ ɛɟɡ ɡɚɩɚɯɚ, tɩɥ=13,4 °ɋ (ɞɥɹ ɧɟɫɬɚɛɢɥɶɧɨɣ ȕ-

ɦɨɞɢɮɢɤɚɰɢɢ) ɢ 16,3 °ɋ (ɞɥɹ ɫɬɚɛɢɥɶɧɨɣ α-ɦɨɞɢɮɢɤɚɰɢɢ), tɤɢɩ =286 °ɋ. 

 ɇɟ ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɜɨɞɟ, ɪɚɫɬɜɨɪɹɟɬɫɹ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɨɪɝɚɧɢɱɟɫɤɢɯ ɪɚɫ-

ɬɜɨɪɢɬɟɥɟɣ. ɋɨɱɟɬɚɟɬ ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɨɥɟɮɢɧɨɜ ɢ ɤɚɪɛɨɧɨɜɵɯ ɤɢɫɥɨɬ. Ɉɛ-

ɪɚɡɭɟɬ ɩɪɨɢɡɜɨɞɧɵɟ ɩɨ ɤɚɪɛɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɟ, ɩɪɢɫɨɟɞɢɧɹɟɬ ɝɚɥɨɝɟɧɵ ɢ 

H2 ɩɨ ɞɜɨɣɧɨɣ ɫɜɹɡɢ, ɢɡɨɦɟɪɢɡɭɟɬɫɹ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɚɬɚɥɢɡɚɬɨɪɨɜ (NO2, 

SO2) ɜ ɛɨɥɟɟ ɜɵɫɨɤɨɩɥɚɜɤɭɸ ɬɪɚɧс-9-ɨɤɬɚɞɟɰɟɧɨɜɭɸ (ɷɥɚɢɞɢɧɨɜɭɸ) ɤɢɫɥɨɬɭ 

(tɩɥ 44 °ɋ), ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɶɧɵɯ ɨɤɢɫɥɢɬɟɥɟɣ (KMnO4, O3) ɩɪɟɜɪɚɳɚɟɬɫɹ ɜ 

ɧɨɧɚɧɨɜɭɸ ɢ ɧɨɧɚɧɞɢɨɜɭɸ ɤɢɫɥɨɬɵ. 

ɋɬɟɚɪɢɧɨɜɚɹ ɤɢɫɥɨɬɚ ɹɜɥɹɟɬɫɹ ɧɚɫɵɳɟɧɧɨɣ ɤɢɫɥɨɬɨɣ, ɩɨɫɤɨɥɶɤɭ ɦɟɠɞɭ 

ɫɨɫɟɞɧɢɦɢ ɚɬɨɦɚɦɢ ɭɝɥɟɪɨɞɚ ɧɟɬ ɞɜɨɣɧɵɯ ɫɜɹɡɟɣ.  

ɋɇ3–(ɋɇ2)16–ɋɈɈɇ  

ɗɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɭɝɥɟɜɨɞɨɪɨɞɧɚɹ ɰɟɩɶ ɹɜɥɹɟɬɫɹ ɝɢɛɤɨɣ ɢ ɦɨɠɟɬ ɫɤɚɬɵ-

ɜɚɬɶɫɹ ɜ ɲɚɪ ɢɥɢ ɜɵɬɹɝɢɜɚɬɶɫɹ ɜ ɞɥɢɧɧɵɣ ɡɢɝɡɚɝ. ɋɬɟɚɪɢɧɨɜɚɹ ɤɢɫɥɨɬɚ ɧɟɪɚɫ-

ɬɜɨɪɢɦɚ ɜ ɜɨɞɟ ɢ ɪɚɫɬɜɨɪɢɦ ɜ ɷɬɚɧɨɥɟ. ɑɢɫɬɚɹ ɫɬɟɚɪɢɧɨɜɚɹ ɤɢɫɥɨɬɚ – ɷɬɨ ɛɟɥɨɟ 

ɜɨɫɤɨɨɛɪɚɡɧɨɟ ɬɜɟɪɞɨɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɨɟ ɜɟɳɟɫɬɜɨ, ɤɨɬɨɪɨɟ ɩɥɚɜɢɬɫɹ ɩɪɢ ɬɟɦ-

ɩɟɪɚɬɭɪɟ 69° C. ȼɟɳɟɫɬɜɨ ɛɟɡ ɡɚɩɚɯɚ. 

Ʌɚɭɪɢɧɨɜɚɹ ɤɢɫɥɨɬɚ (ɞɨɞɟɤɚɧɨɜɚɹ ɤɢɫɥɨɬɚ) ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɧɚɫɵɳɟɧ-

ɧɭɸ ɠɢɪɧɭɸ ɤɢɫɥɨɬɭ ɫ ɰɟɩɶɸ ɢɡ 12 ɚɬɨɦɨɜ ɭɝɥɟɪɨɞɚ, ɨɛɥɚɞɚɸɳɭɸ ɦɧɨɝɢɦɢ 

ɫɜɨɣɫɬɜɚɦɢ ɫɪɟɞɧɟɰɟɩɨɱɟɱɧɵɯ ɠɢɪɧɵɯ ɤɢɫɥɨɬ. 

ɋɇ3–(ɋɇ2)10–ɋɈɈɇ  

ȼ ɱɢɫɬɨɦ ɜɢɞɟ ɷɬɨ ɛɟɥɵɣ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɣ ɩɨɪɨɲɨɤ, ɧɟɪɚɫɬɜɨɪɢɦɵɣ ɜ 

ɜɨɞɟ, tɩɥ=44°ɋ, ɬɨɱɤɚ ɤɢɩɟɧɢɹ tɤɢɩ=225°C. ɂɦɟɟɬ ɫɥɚɛɵɣ ɡɚɩɚɯ ɞɟɬɫɤɨɝɨ ɦɵɥɚ ɢ 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɜɨ ɦɧɨɝɢɯ ɦɵɥɚɯ ɢ ɲɚɦɩɭɧɹɯ. 

 



36 

 

2.3 ɍɫɬɚɧɨɜɤɚ ɝɢɞɪɨɮɨɛɢɡɚɰɢɢ ɧɚɧɨɜɨɥɨɤɨɧ 

 

ȼ ɤɚɱɟɫɬɜɟ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɝɢɞɪɨɮɨɛɢɡɚɰɢɢ NafenTM ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɬɟɤ-

ɥɹɧɧɚɹ ɜɚɤɭɭɦɧɚɹ ɫɢɫɬɟɦɚ, ɤɨɬɨɪɚɹ ɨɛɵɱɧɨ ɢɡɝɨɬɚɜɥɢɜɚɸɬɫɹ ɢɡ ɛɨɪɨɫɢɥɢɤɚɬɧɨ-

ɝɨ ɫɬɟɤɥɚ ɫ ɧɢɡɤɢɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɪɚɫɲɢɪɟɧɢɹ, ɩɪɢɛɨɪ ɪɚɛɨɬɚɟɬ ɩɨ ɦɟɬɨɞɭ 

ɦɟɦɛɪɚɧɧɨɣ ɮɢɥɶɬɪɚɰɢɢ, ɬɨ ɟɫɬɶ ɢɫɫɥɟɞɭɟɦɵɣ ɪɚɫɬɜɨɪ ɩɪɨɩɭɫɤɚɸɬ ɱɟɪɟɡ ɦɟɦ-

ɛɪɚɧɧɵɣ ɮɢɥɶɬɪ, ɱɚɫɬɢɰɵ ɡɚɞɟɪɠɢɜɚɸɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɮɢɥɶɬɪɚ. 

 Ⱦɚɧɧɚɹ ɭɫɬɚɧɨɜɤɚ ɨɛɥɚɞɚɟɬ ɦɧɨɠɟɫɬɜɨ ɩɪɟɢɦɭɳɟɫɬɜ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɬɟɤ-

ɥɚ ɜ ɤɚɱɟɫɬɜɟ ɜɚɤɭɭɦɧɨɝɨ ɤɨɧɬɟɣɧɟɪɚ. ɇɚɩɪɢɦɟɪ, ɬɚɤɢɟ ɤɚɤ ɧɢɡɤɚɹ ɫɬɨɢɦɨɫɬɶ, 

ɩɪɨɫɬɨɬɚ ɢɡɝɨɬɨɜɥɟɧɢɹ, ɩɪɨɡɪɚɱɧɨɫɬɶ, ɯɢɦɢɱɟɫɤɚɹ ɢɧɟɪɬɧɨɫɬɶ. ɉɪɨɡɪɚɱɧɨɫɬɶ 

ɫɬɟɤɥɚ ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɩɨɡɜɨɥɹɸɬ ɧɚɛɥɸɞɚɬɶ ɷɤɫɩɟɪɢɦɟɧɬɵ 

ɜɧɭɬɪɢ ɜɚɤɭɭɦɧɨɣ ɫɢɫɬɟɦɵ. 

ɋɬɟɤɥɹɧɧɵɣ ɮɢɥɶɬɪɨɞɟɪɠɚɬɟɥɶ ɫ ɜɨɪɨɧɤɨɣ ɫɨɫɬɨɢɬ ɢɡ ɤɨɥɥɟɤɬɨɪɚ ɫ ɨɫɧɨ-

ɜɚɧɢɟɦ, ɧɚ ɜɟɪɯɧɟɦ ɬɨɪɰɟ ɤɨɬɨɪɨɝɨ ɧɚɯɨɞɢɬɫɹ ɦɟɦɛɪɚɧɧɨ ɞɟɪɠɚɬɟɥɶ ɞɥɹ ɪɚɡ-

ɦɟɳɟɧɢɹ ɞɢɫɤɨɜɨɝɨ ɮɢɥɶɬɪɚ. ȼɨɪɨɧɤɚ ɤɪɟɩɢɬɫɹ ɤ ɨɫɧɨɜɚɧɢɸ ɩɪɢ ɩɨɦɨɳɢ ɡɚ-

ɠɢɦɚ. Ʉɪɚɧ ɩɨɡɜɨɥɹɟɬ ɨɬɤɥɸɱɚɬɶ ɢ ɩɨɞɤɥɸɱɚɬɶ ɜɨɪɨɧɤɭ ɤ ɢɫɬɨɱɧɢɤɭ ɜɚɤɭɭɦɚ. 

ȼɨɪɨɧɤɚ ɨɬɩɨɥɢɪɨɜɚɧɚ ɢ ɧɟ ɢɦɟɟɬ ɲɜɨɜ, ɧɚ ɜɧɭɬɪɟɧɧɟɣ ɫɬɨɪɨɧɟ ɜɨɪɨɧɤɢ ɧɚɧɟ-

ɫɟɧɵ ɪɢɫɤɢ, ɩɨɡɜɨɥɹɸɳɢɟ ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ ɡɚɥɢɬɵɣ ɨɛɴɺɦ ɩɨ ɦɥ. Ⱦɥɹ ɫɨɡɞɚɧɢɹ 

ɜɚɤɭɭɦɚ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɚɜɥɟɧɢɹ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɧɚɫɨɫ. 
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1 – Ɉɬɫɨɫɧɚɹ ɤɨɥɛɚ; 2 – ɜɚɤɭɭɦɧɵɣ ɲɥɚɧɝ; 3 – ɫɬɟɤɥɹɧɧɵɣ ɮɢɥɶɬɪɨɞɟɪɠɚɬɟɥɶ ɫ ɜɨɪɨɧɤɨɣ; 4 – 

ɮɢɥɶɬɪɨɜɚɥɶɧɚɹ ɜɨɪɨɧɤɚ; 5 – ɜɚɤɭɭɦɧɵɣ ɧɚɫɨɫ 

Ɋɢɫɭɧɨɤ 9 – ɋɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɝɢɞɪɨɮɨɛɢɡɚɰɢɢ ɧɚɧɨɜɨɥɨɤɨɧ 

  

 

 

2.4 Ɇɟɬɨɞɢɤɚ ɝɢɞɪɨɮɨɛɢɡɚɰɢɢ 

 

Ȼɵɥɨ ɢɡɜɟɫɬɧɨ, ɱɬɨ ɧɟɨɛɪɚɛɨɬɚɧɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɧɚɧɨɜɨɥɨɤɨɧ ɨɤɫɢɞɚ 

ɚɥɸɦɢɧɢɹ ɢɦɟɟɬ ɝɢɞɪɨɮɢɥɶɧɵɣ ɯɚɪɚɤɬɟɪ. ɋɭɩɟɪɝɢɞɪɨɮɨɛɧɨɟ ɩɨɤɪɵɬɢɟ ɧɚ 

ɚɥɸɦɢɧɢɟɜɨɣ ɩɨɞɥɨɠɤɟ ɫɢɧɬɟɡɢɪɨɜɚɥɢ ɫɥɟɞɭɸɳɢɦ ɫɩɨɫɨɛɨɦ: ɩɨɜɟɪɯɧɨɫɬɧɚɹ 

ɷɧɟɪɝɢɹ ɲɟɪɨɯɨɜɚɬɨɣ ɚɥɸɦɢɧɢɟɜɨɣ ɩɨɞɥɨɠɤɢ ɭɦɟɧɶɲɚɥɚɫɶ ɩɨɝɪɭɠɟɧɢɟɦ ɜ 

ɪɚɫɬɜɨɪ ɚɥɤɚɧɨɜɨɣ ɮɪɚɤɰɢɢ.  

ɉɨɥɭɱɟɧɢɟ ɫɭɩɟɪɝɢɞɪɨɮɨɛɧɨɝɨ ɩɨɤɪɵɬɢɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɧɨɜɨɥɨɤɨɧ 

ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɞɜɚ ɷɬɚɩɚ: ɫɧɚɱɚɥɚ ɫɨɡɞɚɧɢɟ ɝɨɦɨɝɟɧɧɨɝɨ 

ɤɨɥɥɨɢɞɧɨɝɨ ɪɚɫɬɜɨɪɚ, ɚ ɡɚɬɟɦ ɦɟɬɨɞɨɦ ɜɚɤɭɭɦɧɨɣ ɮɢɥɶɬɪɚɰɢɢ ɩɪɢ ɩɨɦɨɳɢ 

ɚɰɟɬɚɬ-ɰɟɥɥɸɥɨɡɧɨɝɨ ɮɢɥɶɬɪɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɩɥɨɬɧɵɯ ɩɨɪɢɫɬɵɯ ɞɢɫɤɨɜ.  

Ɇɟɬɨɞɢɤɚ  ɡɚɤɥɸɱɚɥɚɫɶ ɜ ɫɥɟɞɭɸɳɟɦ, ɛɵɥɢ ɜɡɹɬɵ ɬɪɢ ɧɚɜɟɫɤɢ ɧɚɧɨɜɨɥɨ-

ɤɨɧ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ (NafenTM) ɦɚɫɫɨɣ 0,5 ɝɪ. ɤɨɬɨɪɵɟ ɩɨɦɟɳɚɥɢɫɶ ɜ 100 ɦɥ 

http://www.simas.ru/products/neft/filtration/vakuum/a/a_5603.html
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ɪɚɫɬɜɨɪɚ ɠɢɪɧɨɣ ɤɢɫɥɨɬ (ɤɨɧɰɟɧɬɪɚɰɢɹ 1 ɦɚɫɫ %) ɜ ɚɥɤɚɧɨɜɨɣ ɮɪɚɤɰɢɢ ɋ8–

ɋ12. ɉɨɥɭɱɟɧɧɵɣ ɤɨɥɥɨɢɞɧɵɣ ɪɚɫɬɜɨɪ ɩɨɞɜɟɪɝɚɥɢ ɢɡɦɟɥɶɱɟɧɢɸ ɧɚ ɦɚɝɧɢɬɧɨɣ 

ɦɟɲɚɥɤɟ, ɭɫɥɨɜɢɹ ɢɡɦɟɥɶɱɟɧɢɹ ɛɵɥɢ ɫɥɟɞɭɸɳɢɟ ɜ ɬɟɱɟɧɢɟ 3 ɱɚɫɨɜ ɩɪɢ 1000 

ɨɛ/ɦɢɧ. ɉɨɫɥɟ ɩɟɪɟɦɟɲɢɜɚɧɢɹ ɫɦɟɫɶ ɜɵɞɟɪɠɢɜɚɥɚɫɶ ɜ ɪɚɫɬɜɨɪɟ ɜ ɬɟɱɟɧɢɟ ɧɟɞɟ-

ɥɢ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɇɚɮɟɧ ɩɪɨɢɫɯɨɞɢɬ ɨɛɪɚɡɨɜɚɧɢɟ ɝɢɞɪɨ-

ɮɨɛɧɨɝɨ ɫɥɨɹ ɜ ɫɜɹɡɢ ɫ ɩɪɢɫɭɬɫɬɜɢɟɦ ɤɚɪɛɨɤɫɢɥɶɧɨɣ ɝɪɭɩɩɵ, ɤɨɬɨɪɚɹ ɪɟɚɝɢɪɭɟɬ 

ɫ ɚɬɨɦɨɦ Al ɜ ɩɪɨɰɟɫɫɟ ɞɟɝɢɞɪɚɬɚɰɢɢ, ɫɨɝɥɚɫɧɨ ɪɟɚɤɰɢɢ (15). 

 

Al3+ + 3CH3(CH2)10COO− →Al(CH3(CH2)10COO)3  

 

ɇɚ ɪɢɫɭɧɤɟ 10 ɩɨɤɚɡɚɧɨ ɢɡɨɛɪɚɠɟɧɢɹ ɋɗɆ ɝɢɞɪɨɮɨɛɧɵɯ ɧɚɧɨɜɨɥɨɤɨɧ 

ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ. ɉɨɞ ɫɪɟɞɫɬɜɨɦ ɯɢɦɢɱɟɫɤɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɩɪɢɫɨɟɞɢɧɹɟɬ-

ɫɹ ɮɭɧɤɰɢɨɧɚɥɶɧɚɹ ɝɪɭɩɩɚ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ, ɡɚɦɟɧɹɹ ɬɟɦ ɫɚ-

ɦɵɦ ɝɢɞɪɨɤɫɢɥɶɧɭɸ ɮɭɧɤɰɢɨɧɚɥɶɧɭɸ ɝɪɭɩɩɭ.  
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Ɋɢɫɭɧɨɤ 10 – Ƚɢɞɪɨɮɨɛɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɩɨɞ ɭɜɟɥɢɱɟɧɢɟɦ. ɂɫɫɥɟɞɨɜɚɧɢɹ 

ɩɪɨɜɟɞɟɧɵ ɜ ɐɄɉ Ɏɂɐ Ʉɇɐ ɋɈ ɊȺɇ ɧɚ ɫɤɚɧɢɪɭɸɳɟɦ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨ-

ɫɤɨɩɟ Hitachi S5500 

 

Ʉɨɥɥɨɢɞɧɵɣ ɪɚɫɬɜɨɪ ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɨɱɢɳɚɟɬɫɹ ɝɟɤɫɚɧɨɦ (5 ɰɢɤɥɨɜ ɩɪɨ-

ɦɵɜɤɢ ɩɨ 100 ɦɥ)  ɞɥɹ ɬɨɝɨ ɱɬɨɛɵ ɭɞɚɥɢɬɶ ɥɢɲɧɢɟ ɨɫɬɚɬɤɢ ɠɢɪɧɵɯ ɤɢɫɥɨɬ. Ɂɚ-

ɬɟɦ ɩɪɨɦɵɬɵɟ ɫɦɟɫɢ ɞɢɫɩɟɪɝɢɪɨɜɚɥɢ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɨɛɪɚɛɨɬɤɨɣ ɞɥɹ ɬɨɧɤɨɝɨ 

ɪɚɡɦɟɥɶɱɟɧɢɹ NafenTM, ɪɚɡɦɟɥɶɱɟɧɢɟ ɬɜɟɪɞɵɯ ɬɟɥ ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ ɜ 50 ɦɥ ɝɟɤ-

ɫɚɧɚ ɜ ɬɟɱɟɧɢɟ 3–5 ɦɢɧɭɬ ɞɨ ɩɨɥɭɱɟɧɢɹ ɝɨɦɨɝɟɧɧɨɝɨ ɤɨɥɥɨɢɞɧɨɝɨ ɪɚɫɬɜɨɪɚ. Ⱦɚ-

ɥɟɟ ɤɨɥɥɨɢɞɧɵɣ ɪɚɫɬɜɨɪ ɩɪɨɩɭɫɤɚɥɢ ɱɟɪɟɡ ɜɚɤɭɭɦɧɭɸ ɮɢɥɶɬɪɚɰɢɸ ɫ ɢɫɩɨɥɶɡɨ-

ɜɚɧɢɟɦ ɚɰɟɬɚɬ-ɰɟɥɥɸɥɨɡɧɨɝɨ ɮɢɥɶɬɪɚ. ɗɬɨ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɞɥɹ ɨɛɟɡɜɨɠɢɜɚɧɢɹ 

ɧɚɧɨɜɨɥɨɤɨɧ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ, ɩɪɨɰɟɫɫ ɦɨɠɧɨ ɪɚɡɞɟɥɢɬɶ ɧɚ ɞɜɟ ɨɫɧɨɜɧɵɯ ɨɩɟ-

ɪɚɰɢɣ: ɩɟɪɜɨɟ ɷɬɨ ɨɛɪɚɡɨɜɚɧɢɹ ɨɫɚɞɤɚ ɢ ɡɚɤɥɸɱɢɬɟɥɶɧɵɣ ɷɬɚɩ – ɷɬɨ ɫɭɲɤɚ. Ɍɚɤ 

ɠɟ, ɩɪɨɢɡɜɨɞɢɥɚɫɶ ɨɬɤɚɱɤɚ ɜɨɡɞɭɯɚ, ɷɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɨɛɪɚɡɨɜɚɧɢɟ ɨɫɚɞɤɚ 

ɩɪɨɢɫɯɨɞɢɬ ɬɨɥɶɤɨ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ ɜɚɤɭɭɦɚ. ɋɢɥɚ ɜɚɤɭɭɦɚ ɧɚɩɪɚɜɥɟɧɚ 
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ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɤ ɫɢɥɟ ɬɹɠɟɫɬɢ. ȼ ɤɚɱɟɫɬɜɟ ɞɢɫɤɨɜɵɯ ɜɚɤɭɭɦ-ɮɢɥɶɬɪɨɜ ɩɪɢ-

ɦɟɧɹɥɢɫɶ ɚɰɟɬɚɬ-ɰɟɥɥɸɥɨɡɧɵɟ ɮɢɥɶɬɪɵ ɫɨ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ ɩɨɪ 1,5 ɦɤɦ. 

 ɉɨɥɭɱɟɧɧɵɟ ɩɥɨɬɧɵɟ ɩɨɪɢɫɬɵɟ ɞɢɫɤɢ ɞɢɚɦɟɬɪɨɦ 49 ɦɦ ɧɚ ɡɚɤɥɸɱɢɬɟɥɶ-

ɧɨɦ ɷɬɚɩɟ ɩɨɞɜɟɪɝɚɥɢɫɶ ɫɭɲɤɟ ɜ ɦɭɮɟɥɶɧɨɣ ɩɟɱɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ 100-110 °ɋ. 

 

2.5 Ɇɟɬɨɞɢɤɚ ɢɡɦɟɪɟɧɢɹ ɤɨɧɬɚɤɬɧɨɝɨ ɭɝɥɚ ɫ ɜɨɞɨɣ 

 

Ɉɩɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɤɚɩɟɥɶ, ɜɢɫɹɳɢɯ ɧɚ ɞɨɡɢɪɭɸɳɟɣ ɢɝɥɟ ɢɥɢ ɩɨɦɟɳɟɧ-

ɧɵɯ ɧɚ ɬɜɟɪɞɭɸ ɩɨɜɟɪɯɧɨɫɬɶ, ɨɛɥɟɝɱɚɟɬ ɨɩɪɟɞɟɥɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɩɨɜɟɪɯɧɨɫɬɧɵɯ 

ɢ ɦɟɠɮɚɡɧɵɯ ɩɚɪɚɦɟɬɪɨɜ. Ʉɨɧɬɚɤɬɧɵɣ ɭɝɨɥ, ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɦɚɱɢɜɚɟɦɨɫɬɶɸ 

ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɞɨɣ. ɇɚɞɟɠɧɨɟ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɟ ɢɡɦɟɪɟɧɢɟ ɤɨɧɬɚɤɬɧɨɝɨ ɭɝ-

ɥɚ ɩɨɦɨɝɚɟɬ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɩɨɤɪɵɬɢɣ, ɤɨɦɩɨɡɢɰɢɨɧɧɵɯ ɦɚɬɟ-

ɪɢɚɥɨɜ, ɤɪɚɫɨɤ ɢ ɥɚɤɨɜ ɢɥɢ ɱɢɫɬɹɳɢɯ ɫɪɟɞɫɬɜ.   

ɂɡɦɟɪɟɧɢɹ ɭɝɥɚ ɤɨɧɬɚɤɬɚ c ɜɨɞɨɣ ɩɪɨɜɨɞɢɥɢɫɶ ɫ ɩɨɦɨɳɶɸ ɨɩɬɢɱɟɫɤɨɝɨ 

ɩɪɢɛɨɪɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɤɪɚɟɜɨɝɨ ɭɝɥɚ ɈɋȺ 15ȿɋ, ɞɚɧɧɵɣ ɩɪɢɛɨɪ ɩɪɟɞɫɬɚɜɥɟɧ 

ɧɚ ɪɢɫɭɧɤɟ 11. Ɉɫɨɛɟɧɧɨɫɬɶ ɩɪɢɛɨɪɚ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɫɬɨɥ ɞɥɹ ɨɛɪɚɡɰɨɜ 

OCA 15EC ɦɨɠɟɬ ɫɜɨɛɨɞɧɨ ɫɤɨɥɶɡɢɬɶ ɜ ɧɚɩɪɚɜɥɟɧɢɢ X ɢ Y ɢ ɮɢɤɫɢɪɭɟɬɫɹ ɧɚ 

ɫɜɨɟɦ ɦɟɫɬɟ ɫ ɩɨɦɨɳɶɸ ɩɟɪɟɤɥɸɱɚɟɦɨɝɨ ɦɚɝɧɢɬɧɨɝɨ ɨɫɧɨɜɚɧɢɹ.  

Ɉɩɬɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɤɚɩɟɥɶ ɜɨɞɵ ɨɛɴɟɦɨɦ 5 ɦɤɥ, ɩɨɦɟɳɟɧɧɵɯ ɧɚ ɬɜɟɪɞɭɸ 

ɩɨɜɟɪɯɧɨɫɬɶ, ɨɛɥɟɝɱɚɟɬ ɨɩɪɟɞɟɥɟɧɢɟ ɪɚɡɥɢɱɧɵɯ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɢ ɦɟɠɮɚɡɧɵɯ 

ɩɚɪɚɦɟɬɪɨɜ. ɍɝɨɥ ɤɨɧɬɚɤɬɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɫɦɚɱɢɜɚɟɦɨɫɬɶ ɦɟɦɛɪɚɧɵ ɠɢɞɤɨ-

ɫɬɶɸ. ɗɤɫɩɟɪɢɦɟɧɬɵ ɛɵɥɢ ɩɨɜɬɨɪɟɧɵ ɬɪɢ ɪɚɡɚ ɜ ɬɪɟɯ ɬɨɱɤɚɯ ɧɚ ɤɚɠɞɨɦ ɨɛɪɚɡ-

ɰɟ. 

Ɉɫɧɨɜɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɢɛɨɪɚ 

– ɫɬɨɥ ɞɥɹ ɨɛɪɚɡɰɨɜ ɫ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɨɞɜɢɠɧɨɣ ɫɢɫɬɟɦɨɣ; 

– ɜɵɫɨɤɨɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɣ 6-ɤɪɚɬɧɵɣ ɡɭɦ-ɨɛɴɟɤɬɢɜ; 

– ɜɫɬɪɨɟɧɧɵɣ ɧɟɩɪɟɪɵɜɧɵɣ ɬɨɱɧɵɣ ɮɨɤɭɫ ɢ ɪɟɝɭɥɢɪɭɟɦɵɣ ɭɝɨɥ ɧɚɛɥɸɞɟɧɢɹ; 

– ɜɢɞɟɨɢɡɦɟɪɢɬɟɥɶɧɚɹ ɫɢɫɬɟɦɚ ɫ USB-ɤɚɦɟɪɨɣ; 

– ɨɫɜɟɳɟɧɢɟ ɫ ɪɭɱɧɨɣ ɢ ɩɪɨɝɪɚɦɦɧɨɣ ɪɟɝɭɥɢɪɨɜɤɨɣ  ɢɧɬɟɧɫɢɜɧɨɫɬɢ. 
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Ɋɢɫɭɧɨɤ 11 – ɂɡɨɛɪɚɠɟɧɢɟ ɨɩɬɢɱɟɫɤɨɝɨ ɩɪɢɛɨɪɚ ɈɋȺ 15ȿɋ 

 

Ɋɚɜɧɨɜɟɫɢɟ ɜɟɤɬɨɪɧɵɯ ɫɢɥ ɨɩɪɟɞɟɥɹɟɬ ɤɨɧɬɚɤɬɧɵɣ ɭɝɨɥ  ɧɚ ɬɪɟɯɮɚɡɧɨɣ 

ɥɢɧɢɢ ɤɨɧɬɚɤɬɚ ɨɫɚɠɞɟɧɧɨɣ ɤɚɩɥɢ. ɉɨɜɟɪɯɧɨɫɬɧɚɹ ɷɧɟɪɝɢɹ ɬɜɟɪɞɨɝɨ ɬɟɥɚ σS 

ɞɟɣɫɬɜɭɟɬ ɜɞɨɥɶ ɬɜɟɪɞɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. ɗɧɟɪɝɢɹ ɪɚɡɞɟɥɚ ɮɚɡ ɬɜɟɪɞɨɟ ɬɟɥɨ-

ɠɢɞɤɨɫɬɶ SL ɞɟɣɫɬɜɭɟɬ ɜ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ, ɚ ɩɨɜɟɪɯɧɨɫɬɧɨɟ ɧɚ-

ɬɹɠɟɧɢɟ ɠɢɞɤɨɫɬɢ L ɞɟɣɫɬɜɭɟɬ ɬɚɧɝɟɧɰɢɚɥɶɧɨ ɤ ɩɨɜɟɪɯɧɨɫɬɢ ɤɚɩɥɢ. ɗɬɨ ɦɨɠɧɨ 

ɨɩɢɫɚɬɶ ɫɤɚɥɹɪɧɵɦ ɭɪɚɜɧɟɧɢɟɦ, ɭɪɚɜɧɟɧɢɟɦ ɘɧɝɚ (16). 

(16) 

Ʉɚɩɥɹ ɩɪɨɫɦɚɬɪɢɜɚɟɬɫɹ ɜ ɩɪɨɮɢɥɟ ɜɨ ɜɪɟɦɹ ɢɡɦɟɪɟɧɢɹ ɭɝɥɚ ɤɨɧɬɚɤɬɚ. 

ɉɪɨɝɪɚɦɦɧɨɟ ɨɛɟɫɩɟɱɟɧɢɟ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ ɪɚɫɩɨɡɧɚɟɬ ɢ ɡɚɩɢɫɵɜɚ-

ɟɬ ɤɨɧɬɭɪ ɤɚɩɥɢ  ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ 12, ɚ ɬɚɤɠɟ ɛɚɡɨɜɭɸ ɥɢɧɢɸ ɧɚ ɝɪɚɧɢɰɟ 

ɪɚɡɞɟɥɚ ɬɜɟɪɞɨɟ ɬɟɥɨ-ɠɢɞɤɨɫɬɶ, ɢ ɩɨɞɝɨɧɹɟɬ ɦɚɬɟɦɚɬɢɱɟɫɤɭɸ ɮɭɧɤɰɢɸ ɤ ɮɨɪɦɟ 

ɤɚɩɥɢ. 
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Ɋɢɫɭɧɨɤ 12 – ɍɝɨɥ ɤɨɧɬɚɤɬɚ ɧɚ ɥɢɧɢɢ ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɹ ɬɜɟɪɞɨɝɨ ɜɟɳɟɫɬ-

ɜɚ, ɠɢɞɤɨɫɬɢ ɢ ɝɚɡɚ 

 

2.6 Ɇɟɬɨɞɢɤɚ ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ 

 

ɋɢɧɯɪɨɧɧɧɵɣ ɬɟɪɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɪɨɜɟɞɟɧ ɧɚ ɩɪɢɛɨɪɟ SDT Q600, ɪɢɫɭ-

ɧɨɤ 13 ,ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 3, ɤɨɬɨɪɵɣ ɩɨɡɜɨ-

ɥɹɟɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ɪɟɝɢɫɬɪɢɪɨɜɚɬɶ ɢɡɦɟɧɟɧɢɹ ɦɚɫɫɵ ɨɛɪɚɡɰɚ (ɬɟɪɦɨɝɪɚɜɢɦɟɬ-

ɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ) ɢ ɩɪɨɰɟɫɫɵ, ɫɨɩɪɨɜɨɠɞɚɸɳɢɟɫɹ ɜɵɞɟɥɟɧɢɟɦ ɢɥɢ ɩɨɝɥɨɳɟɧɢ-

ɟɦ ɬɟɩɥɚ (ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɚɹ ɫɤɚɧɢɪɭɸɳɚɹ ɤɚɥɨɪɢɦɟɬɪɢɹ/ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ 

ɬɟɪɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ), ɩɨ ɷɬɢɦ ɪɟɡɭɥɶɬɚɬɚɦ ɦɨɠɧɨ ɬɨɱɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɹɜɥɹɟɬɫɹ 

ɥɢ ɧɚɣɞɟɧɧɵɣ ɬɟɩɥɨɜɨɣ ɷɮɮɟɤɬ ɪɟɚɤɰɢɟɣ ɪɚɡɥɨɠɟɧɢɹ, ɨɤɢɫɥɟɧɢɹ ɢɥɢ ɮɚɡɨɜɵɦ 

ɩɟɪɟɯɨɞɨɦ. 

Ɍɟɪɦɨɝɪɚɜɢɦɟɬɪɢɱɟɫɤɢɣ ɚɧɚɥɢɡ TGA ɢɡɦɟɪɹɟɬ ɦɚɫɫɭ ɨɛɪɚɡɰɚ ɜ ɡɚɜɢɫɢɦɨ-

ɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ.  

Ⱦɢɮɮɟɪɟɧɰɢɚɥɶɧɵɣ ɬɟɪɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ DTA, ɨɩɪɟɞɟɥɹɟɬ ɪɚɡɧɨɫɬɶ ɬɟɦ-

ɩɟɪɚɬɭɪ ɦɟɠɞɭ ɨɛɪɚɡɰɨɦ ɢ ɢɧɟɪɬɧɵɦ ɷɬɚɥɨɧɧɵɦ ɜɟɳɟɫɬɜɨɦ ɢɡɦɟɪɹɟɬɫɹ ɜ ɡɚɜɢ-

ɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ.  
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Ɋɢɫɭɧɨɤ 13 – Ɍɟɪɦɨɚɧɚɥɢɡɚɬɨɪ SDTQ600 

 

Ɍɚɛɥɢɰɚ 3 – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɪɢɛɨɪɚ 

Ⱦɢɚɩɚɡɨɧ ɬɟɦɩɟɪɚɬɭɪ ɨɬ ɤɨɦɧɚɬɧɨɣ ɞɨ 1500°C 

Ʉɚɥɢɛɪɨɜɤɚ ɲɤɚɥɵ ɬɟɦɩɟɪɚɬɭɪ Ɇɟɬɚɥɥɢɱɟɫɤɢɟ ɫɬɚɧɞɚɪɬɵ (ɨɬ 1 ɞɨ 5 ɬɨɱɟɤ) 

Ʉɨɧɬɪɨɥɶ ɚɬɦɨɫɮɟɪɵ ɨɛɪɚɡɰɚ 
Ʉɨɧɬɪɨɥɶ ɪɚɫɯɨɞɚ ɝɚɡɨɜɵɯ ɩɨɬɨɤɨɜ ɩɨ ɦɚɫɫɟ  

(ɞɜɚ ɤɚɧɚɥɚ ɫ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ ɩɟɪɟɤɥɸɱɟɧɢɟɦ) 
ɋɤɨɪɨɫɬɶ ɧɚɝɪɟɜɚ – ɞɨ 1000°C Ɉɬ 0.1 ɞɨ 100°C/ɦɢɧ 

ɋɤɨɪɨɫɬɶ ɧɚɝɪɟɜɚ – ɨɬ 1000 ɞɨ 1500°C Ɉɬ 0.1 ɞɨ 25°C/ɦɢɧ 

Ⱥɜɬɨ-ɉɨɲɚɝɨɜɵɣ ɌȽȺ ȿɫɬɶ 

Ɉɯɥɚɠɞɟɧɢɟ ɩɟɱɢ 
ȼɨɡɞɭɲɧɨɟ; 

ɨɬ 1500 ɞɨ 50°C ɡɚ < 30 ɦɢɧ 

Ʉɨɧɫɬɪɭɤɰɢɹ ɜɟɫɨɜ Ⱦɜɭɯɥɭɱɟɜɵɟ, ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ 

Ɇɚɫɫɚ ɨɛɪɚɡɰɚ ɞɨ 200 ɦɝ (350 ɦɝ ɜɦɟɫɬɟ ɫ ɱɚɲɤɨɣ) 
ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɜɟɫɨɜ 0.1 ɦɤɝ 

Ʉɚɥɨɪɢɦɟɬɪɢɱɟɫɤɚɹ ɬɨɱɧɨɫɬɶ / 
ɜɨɫɩɪɨɢɡɜɨɞɢɦɨɫɬɶ 

±2% (ɩɨ ɦɟɬɚɥɥɢɱɟɫɤɢɦ ɫɬɚɧɞɚɪɬɚɦ) 

ɑɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ȾɌȺ 0.001°C 

Ɍɟɪɦɨɩɚɪɵ Pt/Pt-Rh (ɬɢɩ R) 

ȼɚɤɭɭɦ ɞɨ 7 ɉɚ (0.05 ɬɨɪ) 
Ɋɚɛɨɬɚ ɫ ɚɝɪɟɫɫɢɜɧɵɦɢ ɝɚɡɚɦɢ ɂɦɟɟɬɫɹ – ɨɬɞɟɥɶɧɚɹ ɝɚɡɨɜɚɹ ɬɪɭɛɤɚ 

Ɍɢɝɥɢ 
ɉɥɚɬɢɧɨɜɵɟ: 40 ɦɤɥ, 110 ɦɤɥ 

Ʉɟɪɚɦɢɱɟɫɤɢɟ (Al2O3): 40 ɦɤɥ, 90 ɦɤɥ 
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3 ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɱɚɫɬɶ 

 

3.1 ɂɫɫɥɟɞɨɜɚɧɢɟ ɫɦɚɱɢɜɚɟɦɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɞɨɣ 

 

ɋɜɹɡɵɜɚɧɢɟ ɞɥɢɧɧɨɝɨ ɧɟɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɤɨɧɰɚ ɠɢɪɧɨɣ ɤɢɫɥɨɬɵ ɫ ɩɨ-

ɜɟɪɯɧɨɫɬɶɸ NafenTM ɫɨɡɞɚɟɬ ɩɨɜɟɪɯɧɨɫɬɶ ɫ ɧɢɡɤɨɣ ɷɧɟɪɝɢɟɣ. ɗɬɨ ɭɜɟɥɢɱɢɜɚɟɬ 

ɭɝɨɥ ɤɨɧɬɚɤɬɚ ɫ ɜɨɞɨɣ. ɂɡɦɟɪɟɧɧɵɟ ɭɝɥɵ ɤɨɧɬɚɤɬɚ ɫ ɜɨɞɨɣ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛ-

ɥɢɰɚɯ 4 – 6. ȼ ɬɚɛɥɢɰɚɯ ɢɫɩɨɥɶɡɭɟɬɫɹ ɫɥɟɞɭɸɳɢɟ ɨɛɨɡɧɚɱɟɧɢɹ: CA(L) – ɥɟɜɵɣ 

ɤɪɚɟɜɨɣ ɭɝɨɥ, CA(R) – ɩɪɚɜɵɣ ɤɪɚɟɜɨɣ ɭɝɨɥ ɢ CA(M) – ɫɪɟɞɧɢɣ ɤɪɚɟɜɨɣ ɭɝɨɥ ɩɨ 

ɞɜɭɦ ɜɟɥɢɱɢɧɚɦ. ɇɚ ɪɢɫɭɧɤɚɯ14-16 ɩɪɟɞɫɬɚɜɥɟɧɵ ɢɡɨɛɪɚɠɟɧɢɹ ɫ ɨɩɬɢɱɟɫɤɨɝɨ 

ɩɪɢɛɨɪɚ ɈɋȺ 15ȿɋ. 

Ɍɚɛɥɢɰɚ 4 – Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɞɥɹ ɥɚɭɪɢɧɨɜɨɣ ɤɢɫɥɨɬɵ. 

ɇɨɦɟɪ ɢɡɦɟɪɟɧɢɹ CA(M)[°] CA(L)[°] CA(R)[°] 

1 152,9 152,9 152,9 

2 154,2 154,3 154,2 

3 153,4 153,2 153,5 

ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ 153,5 

 

 

Ɋɢɫɭɧɨɤ 14 – Ɏɨɬɨɝɪɚɮɢɹ ɤɚɩɥɢ ɜɨɞɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɧɨɣ ɥɚɭ 

ɪɢɧɨɜɨɣ ɤɢɫɥɨɬɨɣ 
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Ɍɚɛɥɢɰɚ 5 – Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɞɥɹ ɨɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɵ 

ɇɨɦɟɪ ɢɡɦɟɪɟɧɢɹ CA(M)[°] CA(L)[°] CA(R)[°] 

1 142,9 143,0 142,8 

2 146,2 146,1 146,3 

3 144,2 144,3 144,2 

ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ 144,4 

 

 

Ɋɢɫɭɧɨɤ 15 – Ɏɨɬɨɝɪɚɮɢɹ ɤɚɩɥɢ ɜɨɞɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɧɨɣ 

ɨɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɨɣ 

Ɍɚɛɥɢɰɚ 6 – Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɞɥɹ ɫɬɟɚɪɢɧɨɜɨɣ ɤɢɫɥɨɬɵ 

ɇɨɦɟɪ ɢɡɦɟɪɟɧɢɹ CA(M)[°] CA(L)[°] CA(R)[°] 

1 153,9 153,7 154,1 

2 156,3 156,2 156,3 

3 154,0 153,8 154,1 

4 153,2 153,1 153,2 

5 153,5 153,6 153,5 

ɋɪɟɞɧɟɟ ɡɧɚɱɟɧɢɟ 154,2 
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Ɋɢɫɭɧɨɤ 16 – Ɏɨɬɨɝɪɚɮɢɹ ɤɚɩɥɢ ɜɨɞɵ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɨɛɪɚɡɨɜɚɧɧɨɣ ɫɬɟɚ-

ɪɢɧɨɜɨɣ ɤɢɫɥɨɬɨɣ 

 

ɂɡ ɩɪɢɜɟɞɟɧɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɫɥɟɞɭɟɬ, ɱɬɨ ɞɜɚ ɢɡ ɬɪɟɯ ɜɢɞɨɜ ɝɢɞɪɨɮɨɛɢɡɚ-

ɰɢɢ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɚɬɶ ɫɭɩɟɪɝɢɞɪɨɮɨɛɧɵɟ ɩɨɤɪɵɬɢɹ. Ɍɚɤɨɟ ɨɬɥɢɱɢɟ ɜ ɭɝɥɚɯ 

ɞɥɹ ɨɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɨɛɴɹɫɧɹɟɬɫɹ ɧɚɥɢɱɢɟɦ ɞɜɨɣɧɨɣ ɫɜɹɡɢ, ɜ ɫɜɹɡɢ ɫ ɷɬɢɦ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢɫɭɬɫɬɜɭɟɬ ɫɜɨɛɨɞɧɵɣ ɷɥɟɤɬɪɨɧ, ɤɨɬɨɪɵɣ ɩɨɥɹɪɢɡɭɟɬɫɹ ɜɵɲɟ ɢ, 

ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɥɟɢɧɨɜɚɹ ɤɢɫɥɨɬɚ ɫɦɚɱɢɜɚɟɬɫɹ ɥɭɱɲɟ, ɬɟɦ ɫɚɦɵɦ ɦɵ ɩɨɥɭɱɚɟɦ 

ɬɨɧɤɢɣ ɫɥɨɣ ɢɡ ɜɫɟɯ.  

 

3.2 ɋɬɚɪɟɧɢɟ ɢ ɞɟɝɢɞɪɚɬɚɰɢɹ ɫɭɩɟɪɝɢɞɪɨɮɨɛɧɵɯ ɩɨɤɪɵɬɢɣ 

 

ɋɩɨɫɨɛɧɨɫɬɶ ɝɢɞɪɨɮɨɛɧɵɯ ɢ ɫɭɩɟɪɝɢɞɪɨɮɨɛɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫɨɯɪɚɧɹɬɶ 

ɝɢɞɪɨɮɨɛɧɵɟ ɫɜɨɣɫɬɜɚ ɜ ɪɚɛɨɱɢɯ ɭɫɥɨɜɢɹɯ ɢɦɟɟɬ ɝɥɚɜɧɨɟ ɡɧɚɱɟɧɢɟ ɩɪɢ ɨɰɟɧɤɟ  

ɢ ɜɵɛɨɪɟ ɢɯ ɨɛɥɚɫɬɟɣ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. ɋɬɚɪɟɧɢɟ ɢ ɪɚɡɪɭɲɟɧɢɟ, ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 

ɩɨɬɟɪɟɣ ɝɢɞɪɨɮɨɛɧɵɯ ɫɜɨɣɫɬɜ. Ɉɧɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɤɚɤ ɫɜɨɣɫɬɜɚɦɢ ɩɨɤɪɵɬɢɹ, 

ɬɚɤ ɢ ɭɫɥɨɜɢɹɦɢ ɢ ɯɚɪɚɤɬɟɪɨɦ ɟɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɨɣ.  

Ȼɵɥ ɩɪɨɜɟɞɟɧ ɫɥɟɞɭɸɳɢɣ ɷɤɫɩɟɪɢɦɟɧɬ, ɨɛɪɚɡɰɵ ɛɵɥɢ ɩɨɦɟɳɟɧɵ ɜ ɩɪɨ-

ɛɢɪɤɢ ɫ ɜɨɞɨɣ ɧɚ 5 ɧɟɞɟɥɶ. ɋɩɭɫɬɹ ɬɪɢ ɧɟɞɟɥɢ, ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɩɪɨɦɟɠɭɬɨɱɧɵɟ 
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ɢɡɦɟɪɟɧɢɹ ɭɝɥɚ ɤɨɧɬɚɤɬɚ c ɜɨɞɨɣ, ɞɥɹ ɷɬɨɝɨ ɨɛɪɚɡɰɵ ɛɵɥɢ ɜɵɬɚɳɟɧɵ ɢɡ ɜɨɞɵ ɢ 

ɜɵɫɭɲɟɧɵ ɜ ɦɭɮɟɥɶɧɨɣ ɩɟɱɢ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 150 °ɋ ɜ ɬɟɱɟɧɢɟ 4 ɱɚɫɨɜ ɢ ɞɚɥɟɟ 

ɫ ɩɨɦɨɳɶɸ ɨɩɬɢɱɟɫɤɨɝɨ ɩɪɢɛɨɪɚ ɈɋȺ 15ȿɋ ɛɵɥɢ ɢɡɦɟɪɟɧɵ ɤɨɧɬɚɤɬɧɵɟ ɭɝɥɵ ɫ 

ɜɨɞɨɣ. ɉɨɫɥɟ ɷɬɨɝɨ ɨɛɪɚɡɰɵ ɜɧɨɜɶ ɩɨɦɟɫɬɢɥɢ ɜ ɜɨɞɭ ɧɚ ɞɜɟ ɧɟɞɟɥɢ, ɜ ɤɨɧɰɟ ɷɤɫ-

ɩɟɪɢɦɟɧɬɚ ɛɵɥɚ ɩɨɜɬɨɪɟɧɚ ɦɟɬɨɞɢɤɚ ɫ ɢɡɦɟɪɟɧɢɟɦ ɤɨɧɟɱɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɤɨɧ-

ɬɚɤɬɧɨɝɨ ɭɝɥɚ ɫ ɜɨɞɨɣ. ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 7. 

 

Ɍɚɛɥɢɰɚ 7 – Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɤɨɧɬɚɤɬɧɨɝɨ ɭɝɥɚ ɫ ɜɨɞɨɣ. 
Ɉɛɪɚɡɟɰ ɋɪɟɞɧɹɹ ɜɟɥɢɱɢɧɚ ɭɝɥɚ ɫɦɚɱɢɜɚɧɢɹ, ° 

1-ɟ ɜɵɦɚɱɢɜɚɧɢɟ 2-ɟ ɜɵɦɚɱɢɜɚɧɢɟ 

Ʌɚɭɪɢɧɨɜɚɹ ɤ-ɬɚ 116.3 122 

Ɉɥɟɢɧɨɜɚɹ ɤ-ɬɚ 115.3 108 

ɋɬɟɚɪɢɧɨɜɚɹ ɤ-ɬɚ 141.6 127,6 

 

ɇɚ ɪɢɫɭɧɤɚɯ 17–19 ɩɨɤɚɡɚɧɵ ɩɥɚɜɚɸɳɢɟ ɨɛɪɚɡɰɵ ɜ ɜɨɞɟ. Ƚɢɞɪɨɮɨɛɧɵɟ 

ɨɛɪɚɡɰɵ, ɩɨɝɪɭɠɟɧɧɵɟ ɜ ɜɨɞɭ, ɧɚɱɚɥɢ ɩɥɚɜɚɬɶ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɞɵ ɢ ɱɚɫɬɢɱɧɨ 

ɩɨɝɪɭɡɢɥɢɫɶ ɜ ɜɨɞɭ. ɋɭɩɟɪɝɢɞɪɨɮɨɛɧɵɟ ɧɚɧɨɜɨɥɨɤɧɚ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɨɬɬɚɥ-

ɤɢɜɚɸɬ ɜɨɞɭ ɢ ɧɟ ɫɦɚɱɢɜɚɸɬɫɹ. ɇɚ ɪɢɫɭɧɤɟ 21 ɩɨɤɚɡɚɧɵ ɢɡɨɛɪɚɠɟɧɢɹ ɤɚɩɥɢ ɜɨ-

ɞɵ ɧɚ ɝɢɞɪɨɮɨɛɢɡɢɪɨɜɚɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ. 

 
ɚ – ɩɟɪɜɨɟ ɜɵɦɚɱɢɜɚɧɢɟ; ɛ – ɜɬɨɪɨɟ ɜɵɦɚɱɢɜɚɧɢɟ 

Ɋɢɫɭɧɨɤ 17 – Ɇɟɦɛɪɚɧɵ ɧɚɧɨɜɨɥɨɤɨɧ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɩɨɦɟɳɟɧɧɵɟ ɜ 

ɜɨɞɭ, ɮɨɬɨɝɪɚɮɢɢ NafenTM ɝɢɞɪɮɨɛɢɡɢɪɨɜɚɧɧɨɝɨ ɥɚɭɪɢɧɨɜɨɣ ɤɢɫɥɨɬɨɣ  
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ɚ – ɩɟɪɜɨɟ ɜɵɦɚɱɢɜɚɧɢɟ; ɛ – ɜɬɨɪɨɟ ɜɵɦɚɱɢɜɚɧɢɟ 

Ɋɢɫɭɧɨɤ 18 – Ɇɟɦɛɪɚɧɵ ɧɚɧɨɜɨɥɨɤɨɧ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɩɨɦɟɳɟɧɧɵɟ ɜ 

ɜɨɞɭ. Ɏɨɬɨɝɪɚɮɢɢ NafenTM ɝɢɞɪɮɨɛɢɡɢɪɨɜɚɧɧɨɝɨ ɨɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɨɣ  

 

 
ɚ – ɩɟɪɜɨɟ ɜɵɦɚɱɢɜɚɧɢɟ; ɛ – ɜɬɨɪɨɟ ɜɵɦɚɱɢɜɚɧɢɟ 

Ɋɢɫɭɧɨɤ 19 – Ɇɟɦɛɪɚɧɵ ɧɚɧɨɜɨɥɨɤɨɧ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɩɨɦɟɳɟɧɧɵɟ ɜ 

ɜɨɞɭ. Ɏɨɬɨɝɪɚɮɢɢ NafenTM ɝɢɞɪɮɨɛɢɡɢɪɨɜɚɧɧɨɝɨ ɫɬɟɚɪɢɧɨɜɨɣ ɤɢɫɥɨɬɨɣ 

 

 

 

ɇɚ ɪɢɫɭɧɤɟ 20 ɩɪɟɞɫɬɚɜɥɟɧ ɝɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ ɢɡɦɟɧɟɧɢɣ ɤɨɧɬɚɤɬɧɨɝɨ 

ɭɝɥɚ ɨɬ ɜɪɟɦɟɧɢ ɜɵɞɟɪɠɤɢ ɜ ɜɨɞɟ ɞɥɹ ɪɚɡɧɵɯ ɬɢɩɨɜ ɝɢɞɪɨɮɨɛɢɡɚɬɨɪɨɜ. 
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1 – ɥɚɭɪɢɧɨɜɚɹ ɤɢɫɥɨɬɚ; 2 – ɨɥɟɢɧɨɜɚɹ ɤɢɫɥɨɬɚ; 3 – ɫɬɟɚɪɢɧɨɜɚɹ ɤɢɫɥɨɬɚ 

Ɋɢɫɭɧɨɤ 20 – Ɂɚɜɢɫɢɦɨɫɬɶ ɤɨɧɬɚɤɬɧɨɝɨ ɭɝɥɚ ɨɬ ɜɪɟɦɟɧɢ ɜɵɞɟɪɠɤɢ ɜ ɜɨɞɟ 

ɞɥɹ ɥɚɭɪɢɧɨɜɨɣ ɤɢɫɥɨɬɵ 
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ɚ – ɢɡɨɛɪɚɠɟɧɢɟ ɤɚɩɥɢ ɜɨɞɵ ɧɚ ɥɚɭɪɢɧɨɜɨɣ ɤɢɫɥɨɬɟ; ɛ – ɢɡɨɛɪɚɠɟɧɢɟ ɤɚɩɥɢ ɜɨɞɵ ɧɚ 

ɨɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɟ; ɜ – ɢɡɨɛɪɚɠɟɧɢɟ ɤɚɩɥɢ ɜɨɞɵ ɧɚ ɫɬɟɚɪɢɧɨɜɨɣ ɤɢɫɥɨɬɟ 

Ɋɢɫɭɧɨɤ 21– Ɏɨɬɨɝɪɚɮɢɢ ɤɚɩɥɢ ɜɨɞɵ ɨɛɴɟɦɨɦ 5 ɦɤɥ ɧɚ ɝɢɞɪɨɮɨɛɢɡɢɪɨ-

ɜɚɧɧɵɯ ɩɨɜɟɪɯɧɨɫɬɹɯ ɫɩɭɫɬɹ 3 ɧɟɞɟɥɢ ɢ ɫɩɭɫɬɹ 5 ɧɟɞɟɥɶ 
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3.3 ɂɫɫɥɟɞɨɜɚɧɢɟ ɬɟɪɦɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 

 

ɋɢɧɯɪɨɧɧɧɵɣ ɬɟɪɦɢɱɟɫɤɢɣ ɚɧɚɥɢɡ ɩɪɢɦɟɧɹɥɫɹ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɥɢɱɟ-

ɫɬɜɚ ɠɢɪɧɨɣ ɤɢɫɥɨɬɵ ɧɚ ɧɚɧɨɜɨɥɨɤɧɚɯ ɢ ɟɺ ɫɜɹɡɧɨɫɬɢ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɧɚɧɨɜɨ-

ɥɨɤɨɧ. Ȼɵɥɢ ɩɨɥɭɱɟɧɵ ɞɚɧɧɵɟ ɜ ɩɪɢɫɭɬɫɬɜɢɢ ɤɢɫɥɨɪɨɞɚ ɢ ɜ ɚɪɝɨɧɟ. ȼ ɩɪɢɫɭɬ-

ɫɬɜɢɢ ɤɢɫɥɨɪɨɞɚ ɦɵ ɨɩɪɟɞɟɥɹɟɦ ɤɨɥɢɱɟɫɬɜɨ ɩɨ ɦɚɫɫɟ ɠɢɪɧɵɯ ɤɢɫɥɨɬ. Ⱥ ɜ ɜɚ-

ɤɭɭɦɟ ɬɟɦɩɟɪɚɬɭɪɭ ɪɚɡɪɭɲɟɧɢɹ ɫɜɹɡɢ ɦɟɠɞɭ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɝɪɭɩɩɨɣ ɢ ɧɚɧɨ-

ɜɨɥɨɤɧɨɦ, ɩɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 8. 

 

Ɍɚɛɥɢɰɚ 8 – Ⱦɚɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ TGA / DTG 

Ɉɛɪɚɡɟɰ Ⱥɪɝɨɧ Ɂɨɥɶɧɵɣ 

ɨɫɬɚɬɨɤ, 

% 

Ʉɢɫɥɨɪɨɞ Ɂɨɥɶɧɵɣ 

ɨɫɬɚɬɨɤ, 

% 

Ɍɟɦɩɟ-

ɪɚɬɭɪɚ 

ɤɢɩɟɧɢɹ 

ɤɢɫɥɨ-

ɬɵ, ˚C 

ɉɢɤ ɢɫ-

ɩɚɪɟɧɢɹ 

ɤɢɫɥɨɬɵ 

, ˚C 

Ɇɚɫɫɨɜɚɹ 

ɞɨɥɹ ɠɢɪ-

ɧɨɣ ɤɢɫɥɨ-

ɬɵ , % 

Ɇɚɫɫɨɜɚɹ ɞɨɥɹ 

ɠɢɪɧɨɣ ɤɢɫɥɨ-

ɬɵ, % 

Ɍɟɦɩɟɪɚɬɭɪɚ 

ɝɨɪɟɧɢɹ ɤɢ-

ɫɥɨɬɵ, ˚C 

Ʌɚɭɪɢɧɨ-

ɜɚɹ 

453,67 10,6 84,8 10,3 288,22 84,0 298,9 

Ɉɥɟɢɧɨ-

ɜɚɹ 

425 12,0 84,9 13,5 306,78 81,7 360 

ɋɬɟɚɪɢ-

ɧɨɜɚɹ 

375 17,8 76,2 18,2 295,48 75,4 376 

 

ɉɪɨɜɟɞɟɧ ɪɚɫɱɟɬ ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɝɪɭɩɩ ɞɥɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟ-

ɧɢɹ ɦɚɫɫɨɜɨɣ ɞɨɥɢ ɦɨɧɨɦɨɥɟɤɭɥɹɪɧɨɝɨ ɫɥɨɹ ɨɛɪɚɡɨɜɚɧɧɨɝɨ ɩɪɢ ɯɟɦɨɫɨɪɛɰɢɢ 

ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ. 

,                                                                                                  (17) 

ɝɞɟ, – ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɠɢɪɧɨɣ ɤɢɫɥɨɬɵ, – ɦɨɥɟɤɭɥɹɪɧɚɹ ɦɚɫɫɚ ɜɨ-

ɞɵ, 2 – ɤɨɥɢɱɟɫɬɜɨ ɦɨɥɟɤɭɥ ɛɟɦɢɬɚ ɭɱɚɫɬɜɭɸɳɢɯ ɜ ɪɚɡɥɨɠɟɧɢɢ, – , 

 – ɫɨɞɟɪɠɚɧɢɟ ɜɟɳɟɫɬɜɚ ɜ ɦɨɧɨɦɨɥɟɤɭɥɹɪɧɨɦ ɫɥɨɟ ɜ ɨɞɧɭ ɦɨɥɟɤɭɥɭ ɧɚ ɩɨ-

ɜɟɪɯɧɨɫɬɢ ɪɚɡɞɟɥɚ ɮɚɡ. 
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Ⱦɥɹ ɥɚɭɪɢɧɨɜɨɣ ɤɢɫɥɨɬɵ 200,3ɝ/ɦɨɥɶ 

 

Ⱦɥɹ ɨɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɵ 282,47ɝ/ɦɨɥɶ 

 

Ⱦɥɹ ɫɬɟɚɪɢɧɨɜɨɣ ɤɢɫɥɨɬɵ 284,48ɝ/ɦɨɥɶ  

 

 

ȼ ɬɚɛɥɢɰɟ 9 ɩɪɟɞɫɬɚɜɥɟɧɨ ɬɟɨɪɢɬɢɱɟɫɤɨɟ ɫɨɞɟɪɠɚɧɢɟ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɜ 

ɦɨɧɨɦɨɥɟɤɭɥɹɪɧɨɦ ɫɥɨɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɧɨɜɨɥɨɤɨɧ ɢ ɞɟɣɫɬɜɢɬɟɥɶɧɚɹ ɭɛɵɥɶ 

ɦɚɫɫɵ ɜ ɪɟɡɭɥɶɬɚɬɟ ɫɢɧɯɪɨɧɧɨɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ. 

 

Ɍɚɛɥɢɰɚ 9 – Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 

Ɉɛɪɚɡɟɰ ,  Δm, % 

Ʌɚɭɪɢɧɨɜɚɹ 8,9 10,3 

Ɉɥɟɢɧɨɜɚɹ 12,55 13,5 

ɋɬɟɚɪɢɧɨɜɚɹ 12,64 11,8 

 

 

 

Ⱦɥɹ ɨɛɪɚɡɰɚ ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɪɢɫɭɧɨɤ 22 ɤɪɢɜɚɹ TGA ɩɨɤɚɡɵɜɚɟɬ ɷɬɚɩɵ 

ɩɨɬɟɪɢ ɦɚɫɫɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɨɬɟɪɟɣ ɤɨɦɩɨɧɟɧɬɨɜ ɜ ɪɟɡɭɥɶɬɚɬɟ ɝɨɪɟɧɢɹ ɢ ɢɫɩɚ-

ɪɟɧɢɹ. Ɇɟɬɨɞ ɩɨɡɜɨɥɹɟɬ ɢɡɭɱɚɬɶ ɪɚɡɥɨɠɟɧɢɟ ɩɪɨɞɭɤɬɨɜ ɢ ɦɚɬɟɪɢɚɥɨɜ ɢ ɞɟɥɚɬɶ 

ɜɵɜɨɞɵ ɨɛ ɢɯ ɨɬɞɟɥɶɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ. ɉɪɢ ɢɡɦɟɪɟɧɢɢ TGA / DɌG ɢɧɮɨɪɦɚ-

ɰɢɹ ɨ ɜɟɫɟ ɪɟɝɢɫɬɪɢɪɭɟɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨ, ɷɬɨ ɩɨɡɜɨɥɹɟɬ ɨɛɧɚɪɭɠɢɜɚɬɶ ɢ ɨɰɟɧɢ-

ɜɚɬɶ ɷɧɞɨɬɟɪɦɢɱɟɫɤɢɟ ɢɥɢ ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɟ ɷɮɮɟɤɬɵ. ɇɚ ɜɟɪɯɧɟɣ ɞɢɚɝɪɚɦɦɟ ɧɚ 

ɪɢɫɭɧɤɟ 22 ɩɨɤɚɡɚɧɵ ɤɪɢɜɵɟ TGA ɢ DTG ɢɡɦɟɪɟɧɧɵɟ, ɜ ɢɧɟɪɬɧɨɣ ɚɬɦɨɫɮɟɪɟ. 

ɇɢɠɧɹɹ ɞɢɚɝɪɚɦɦɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɤɪɢɜɵɟ, ɢɡɦɟɪɟɧɧɵɟ ɜ 

ɚɬɦɨɫɮɟɪɟ ɤɢɫɥɨɪɨɞɚ.  
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Ʉɪɢɜɚɹ TGA ɧɚ ɜɟɪɯɧɟɦ ɪɢɫɭɧɤɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɞɜɭɦɹ ɷɧɞɨɬɟɪɦɢɱɟ-

ɫɤɢɦɢ ɩɢɤɚɦɢ, ɩɟɪɜɵɣ ɩɪɢ 50°C ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɭɞɚɥɟɧɢɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɫ ɩɨ-

ɜɟɪɯɧɨɫɬɢ, ɚ ɜɬɨɪɨɣ ɩɢɤ ɩɪɢ 453,67 °C ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɢɫɩɚɪɟɧɢɟ ɥɚɭɪɢɧɨɜɨɣ ɤɢ-

ɫɥɨɬɵ, ɨɫɨɛɟɧɧɨɫɬɶ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ tɤɢɩ  ɞɥɹ ɥɚɭɪɢɧɨɜɨɣ ɤɢɫɥɨɬɵ 298,9° 

C , ɩɨɥɭɱɟɧɧɚɹ ɪɚɡɧɢɰɚ ɜ ɬɟɦɩɟɪɚɬɭɪɟ ɨɛɴɹɫɧɹɟɬɫɹ ɬɟɦ, ɥɚɭɪɢɧɨɜɚɹ ɤɢɫɥɨɬɚ ɫɢ-

ɞɢɬ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚ ɧɚɧɨɜɨɥɨɤɨɧ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɢ ɫɥɟɞɨ-

ɜɚɬɟɥɶɧɨ ɩɪɨɢɫɯɨɞɢɬ ɪɚɡɪɵɜ ɫɜɹɡɟɣ. ɍɛɵɥɶ ɦɚɫɫɵ, ɩɪɢɯɨɞɹɳɢɟɫɹ ɧɚ ɩɢɤ ɭɞɚɥɟ-

ɧɢɹ ɠɢɪɧɨɣ ɤɢɫɥɨɬɵ, ɫɨɫɬɚɜɢɥɚ 10,6  ɢ 4,6% ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɪɚɫɬɜɨɪɢɬɟɥɶ ɢ ɨɛ-

ɳɚɹ ɭɛɵɥɶ ɦɚɫɫɵ ɫɨɫɬɚɜɢɥɚ 15,2%. 

  ȼ ɧɢɠɧɟɣ ɨɛɥɚɫɬɢ ɤɪɢɜɚɹ TGA ɩɨɤɚɡɵɜɚɟɬ, ɝɨɪɟɧɢɟ ɥɚɭɪɢɧɨɜɨɣ ɤɢɫɥɨ-

ɬɵ. ɉɪɨɰɟɫɫ ɝɨɪɟɧɢɹ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɪɚɡɥɨɠɟɧɢɟɦ ɤɨɦɩɨɧɟɧɬɨɜ, ɪɚɡɪɵɜɨɦ ɯɢ-

ɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɢ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɝɚɡɨɨɛɪɚɡɧɵɯ ɩɪɨɞɭɤɬɨɜ, ɬɚɤɢɯ ɤɚɤ ɜɨɞɚ, ɞɢ-

ɨɤɫɢɞ ɭɝɥɟɪɨɞɚ ɢɥɢ ɭɝɥɟɜɨɞɨɪɨɞɵ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɚ ɤɪɢɜɨɣ ɢɦɟɟɬɫɹ ɷɤɡɨɬɟɪɦɢ-

ɱɟɫɤɢɣ ɩɢɤ ɩɪɢ 288,22° C ɢ ɨɧ ɝɨɜɨɪɢɬ ɨɛ ɨɤɢɫɥɟɧɢɢ ɥɚɭɪɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢ 

ɭɛɵɥɶ ɦɚɫɫɵ ɤɢɫɥɨɬɵ ɫɨɫɬɚɜɢɥɚ 10,3%. Ⱦɚɧɧɵɣ ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɣ ɩɢɤ ɧɟ ɫɢɦ-

ɦɟɬɪɢɱɧɵɣ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɧɟɦ ɝɨɜɨɪɢɬ ɨɫɬɚɬɨɱɧɚɹ ɮɪɚɤɰɢɹ ɪɚɫɬɜɨɪɢɬɟɥɹ ɢ 

ɨɛɳɚɹ ɭɛɵɥɶ ɦɚɫɫɵ ɫɨɫɬɚɜɢɥɚ 16%. 
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ɚ – ɢɫɩɚɪɟɧɢɟ ɤɢɫɥɨɬɵ ɜ ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ; ɛ – ɝɨɪɟɧɢɟ ɤɢɫɥɨɬɵ ɜ ɤɢɫɥɨɪɨɞɟ 

Ɋɢɫɭɧɨɤ 22 – Ɍɟɪɦɨɝɪɚɦɦɚ ɨɛɪɚɡɰɚ ɥɚɭɪɢɧɨɜɨɣ ɤɢɫɥɨɬɵ 
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Ɉɥɟɢɧɨɜɚɹ ɤɢɫɥɨɬɚ – ɧɟɩɪɟɞɟɥɶɧɚɹ ɤɢɫɥɨɬɚ, ɢɦɟɸɳɚɹ ɞɜɨɣɧɭɸ ɫɜɹɡɶ ɜ 

ɫɜɨɟɦ ɫɬɪɨɟɧɢɢ.   

Ʉɪɢɜɚɹ TGA ɧɚ ɜɟɪɯɧɟɦ ɪɢɫɭɧɤɟ 23, ɚ, ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɞɜɭɦɹ ɷɧɞɨɬɟɪ-

ɦɢɱɟɫɤɢɦɢ ɩɢɤɚɦɢ, ɩɟɪɜɵɣ ɩɪɢ 50°C ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɭɞɚɥɟɧɢɟ ɪɚɫɬɜɨɪɢɬɟɥɹ 

ɫ ɩɨɜɟɪɯɧɨɫɬɢ, ɬɨ ɟɫɬɶ ɚɥɤɚɧɨɜɨɣ ɮɪɚɤɰɢɢ, ɚ ɜɬɨɪɨɣ ɩɢɤ ɩɪɢ 425 °C  ɯɚɪɚɤɬɟɪɢ-

ɡɭɟɬ ɢɫɩɚɪɟɧɢɟ ɥɚɭɪɢɧɨɜɨɣ ɤɢɫɥɨɬɵ, ɨɫɨɛɟɧɧɨɫɬɶ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ tɤɢɩ  

ɞɥɹ ɥɚɭɪɢɧɨɜɨɣ ɤɢɫɥɨɬɵ 360°C , ɨɥɟɢɧɨɜɚɹ  ɤɢɫɥɨɬɚ ɬɚɤɠɟ ɫɢɞɢɬ ɧɚ ɩɨɜɟɪɯɧɨ-

ɫɬɢ ɧɚ ɧɚɧɨɜɨɥɨɤɨɧ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɢ ɜ ɩɟɪɢɨɞ ɢɫɩɚɪɟɧɢɹ 

ɪɚɡɪɵɜɚɸɬɫɹ ɯɢɦɢɱɟɫɤɢɟ ɫɜɹɡɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢ  ɫɥɟɞɨɜɚɬɟɥɶɧɨ ɤɢɫɥɨɬɚ ɭɯɨ-

ɞɢɬ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɧɨɜɨɥɨɤɨɧ. ɍɛɵɥɶ ɦɚɫɫɵ, ɩɪɢɯɨɞɹɳɢɟɫɹ ɧɚ ɩɢɤ ɭɞɚɥɟɧɢɹ 

ɠɢɪɧɨɣ ɤɢɫɥɨɬɵ, ɫɨɫɬɚɜɢɥɚ 12 ɢ 3,1% ɩɪɢɯɨɞɢɬɫɹ ɧɚ ɪɚɫɬɜɨɪɢɬɟɥɶ ɢ ɨɛɳɚɹ 

ɭɛɵɥɶ ɦɚɫɫɵ ɫɨɫɬɚɜɢɥɚ 15,1%.  

ȼ ɧɢɠɧɟɣ ɨɛɥɚɫɬɢ ɤɪɢɜɚɹ TGA ɩɨɤɚɡɵɜɚɟɬ, ɝɨɪɟɧɢɟ ɨɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɵ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɚ ɤɪɢɜɨɣ ɢɦɟɟɬɫɹ ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɣ ɩɢɤ ɩɪɢ 306,78°C ɢ ɨɧ ɝɨɜɨ-

ɪɢɬ ɨɛ ɨɤɢɫɥɟɧɢɢ ɨɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢ ɨɫɬɚɬɨɱɧɨɣ ɚɥɤɚɧɨɜɨɣ ɮɪɚɤɰɢɢ ɪɚɫɬɜɨ-

ɪɢɬɟɥɹ, ɭɛɵɥɶ ɦɚɫɫɵ ɤɢɫɥɨɬɵ ɫɨɫɬɚɜɢɥɚ 13,5%. Ⱦɚɧɧɵɣ ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɣ ɩɢɤ 

ɧɟ ɫɢɦɦɟɬɪɢɱɧɵɣ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɜ ɧɟɦ ɝɨɜɨɪɢɬ ɨɫɬɚɬɨɱɧɚɹ ɮɪɚɤɰɢɹ ɪɚɫɬɜɨ-

ɪɢɬɟɥɹ ɢ ɨɛɳɚɹ ɭɛɵɥɶ ɦɚɫɫɵ ɫɨɫɬɚɜɢɥɚ 18,3%. 
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ɚ – ɢɫɩɚɪɟɧɢɟ ɤɢɫɥɨɬɵ ɜ ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ; ɛ – ɝɨɪɟɧɢɟ ɤɢɫɥɨɬɵ ɜ ɤɢɫɥɨɪɨɞɟ 

Ɋɢɫɭɧɨɤ 23 – Ɍɟɪɦɨɝɪɚɦɦɚ ɨɛɪɚɡɰɚ ɨɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɵ  
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Ʉɪɢɜɚɹ TGA ɧɚ ɜɟɪɯɧɟɦ ɪɢɫɭɧɨɤ 24, ɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɞɜɭɦɹ ɷɧɞɨɬɟɪɦɢ-

ɱɟɫɤɢɦɢ ɩɢɤɚɦɢ, ɩɟɪɜɵɣ ɩɪɢ 50°C ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɣ ɭɞɚɥɟɧɢɟ ɪɚɫɬɜɨɪɢɬɟɥɹ ɫ 

ɩɨɜɟɪɯɧɨɫɬɢ, ɬɨ ɟɫɬɶ ɚɥɤɚɧɨɜɨɣ ɮɪɚɤɰɢɢ, ɚ ɜɬɨɪɨɣ ɲɢɪɨɤɢɣ ɩɢɤ  ɯɚɪɚɤɬɟɪɢɡɭɟɬ 

ɢɫɩɚɪɟɧɢɟ ɫɬɟɚɪɢɧɨɜɨɣ ɤɢɫɥɨɬɵ, ɞɚɧɧɚɹ  ɤɢɫɥɨɬɚ ɬɚɤɠɟ ɫɢɞɢɬ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ 

ɧɚ ɧɚɧɨɜɨɥɨɤɨɧ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɯɢɦɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɢ ɜ ɩɟɪɢɨɞ ɢɫɩɚɪɟɧɢɹ ɪɚɡɪɵ-

ɜɚɸɬɫɹ ɯɢɦɢɱɟɫɤɢɟ ɫɜɹɡɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢ,  ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɤɢɫɥɨɬɚ ɭɯɨɞɢɬ ɫ 

ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɧɨɜɨɥɨɤɨɧ, tɤɢɩ  ɞɥɹ ɫɬɟɚɪɢɧɨɜɨɣ ɤɢɫɥɨɬɵ 376°C. ɍɛɵɥɶ ɦɚɫɫɵ, 

ɩɪɢɯɨɞɹɳɢɟɫɹ ɧɚ ɩɢɤ ɭɞɚɥɟɧɢɹ ɠɢɪɧɨɣ ɤɢɫɥɨɬɵ, ɫɨɫɬɚɜɢɥɚ 17,8 % ɢ 6 % ɩɪɢ-

ɯɨɞɢɬɫɹ ɧɚ ɪɚɫɬɜɨɪɢɬɟɥɶ ɢ ɨɛɳɚɹ ɭɛɵɥɶ ɦɚɫɫɵ ɫɨɫɬɚɜɢɥɚ 23,8%.  

ȼ ɧɢɠɧɟɣ ɨɛɥɚɫɬɢ ɤɪɢɜɚɹ TGA ɩɨɤɚɡɵɜɚɟɬ, ɝɨɪɟɧɢɟ ɫɬɟɚɪɢɧɨɜɨɣ ɤɢɫɥɨɬɵ. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɧɚ ɤɪɢɜɨɣ ɢɦɟɟɬɫɹ ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɣ ɩɢɤ ɩɪɢ 295,48°C ɢ ɨɧ ɝɨɜɨ-

ɪɢɬ ɨɛ ɨɤɢɫɥɟɧɢɢ ɫɬɟɚɪɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢ ɨɫɬɚɬɨɱɧɨɣ ɚɥɤɚɧɨɜɨɣ ɮɪɚɤɰɢɢ ɪɚɫ-

ɬɜɨɪɢɬɟɥɹ, ɭɛɵɥɶ ɦɚɫɫɵ ɤɢɫɥɨɬɵ ɫɨɫɬɚɜɢɥɚ 11,8 ɢ 6,4% ɩɪɢɯɨɞɹɳɢɯɫɹ ɧɚ ɫɥɚɛɨ 

ɥɟɬɭɱɭɸ ɮɪɚɤɰɢɸ ɧɟɮɪɚɫɚ. Ⱦɜɚ ɷɤɡɨɬɟɪɦɢɱɟɫɤɢɯ ɩɢɤɚ ɝɨɜɨɪɢɬ ɨ ɬɨɦ, ɱɬɨ 

ɛɨɥɶɲɢɣ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɝɨɪɟɧɢɸ ɫɬɟɚɪɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɢ ɦɟɧɶɲɢɣ ɩɢɤ ɪɚɫ-

ɬɜɨɪɢɬɟɥɸ. Ɉɫɨɛɟɧɧɨɫɬɶ ɞɚɧɧɨɝɨ ɬɢɩɚ ɝɢɞɪɨɮɨɛɢɡɚɬɨɪɚ ɫɨɫɬɨɢɬ ɜ ɬɨɦ, ɱɬɨ 

ɫɬɟɚɪɢɧɨɜɚɹ ɤɢɫɥɨɬɚ ɬɪɭɞɧɨ ɜɵɦɵɜɚɟɬɫɹ ɢɡ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɞɥɹ ɷɬɨɝɨ ɧɭɠɧɨ 

ɛɨɥɶɲɟ ɜɪɟɦɟɧɢ ɜɵɦɵɜɚɬɶ ɤɢɫɥɨɬɭ, ɢ ɫɥɟɞɭɸɳɚɹ ɨɫɨɛɟɧɧɨɫɬɶ, ɱɬɨ ɱɚɫɬɶ ɤɢ-

ɫɥɨɬɵ ɢɫɩɚɪɹɟɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɤɢɩɟɧɢɹ, ɚ ɞɪɭɝɚɹ ɱɚɫɬɶ ɨɬɳɟɩɥɹɟɬɫɹ ɨɬ ɫɨ-

ɟɞɢɧɟɧɢɹ ɢ ɢɫɩɚɪɹɟɬɫɹ ɜ ɨɛɥɚɫɬɢ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ, ɜɫɟ ɷɬɢ ɨɫɨɛɟɧɧɨɫɬɢ ɝɨ-

ɜɨɪɹɬ ɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɨɩɬɢɦɢɡɚɰɢɢ ɬɨɥɳɢɧɵ ɝɢɞɪɨɮɨɛɢɡɢɪɭɸɳɟɝɨ ɫɥɨɹ ɫɬɟɚ-

ɪɢɧɨɜɨɣ ɤɢɫɥɨɬɨɣ. 
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ɚ – ɢɫɩɚɪɟɧɢɟ ɤɢɫɥɨɬɵ ɜ ɚɬɦɨɫɮɟɪɟ ɚɪɝɨɧɚ; ɛ – ɝɨɪɟɧɢɟ ɤɢɫɥɨɬɵ ɜ ɤɢɫɥɨɪɨɞɟ 

Ɋɢɫɭɧɨɤ 24 – Ɍɟɪɦɨɝɪɚɦɦɚ ɨɛɪɚɡɰɚ ɫɬɟɚɪɢɧɨɜɨɣ ɤɢɫɥɨɬɵ 
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ɁȺɄɅɘɑȿɇɂȿ 

 

1. Ɋɚɡɪɚɛɨɬɚɧɚ ɦɟɬɨɞɢɤɚ ɝɢɞɪɨɮɨɛɢɡɢɪɭɸɳɟɝɨ ɚɩɩɪɟɬɢɪɨɜɚɧɢɹ ɧɚɧɨɜɨɥɨ-

ɤɨɧ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɠɢɪɧɵɦɢ ɤɢɫɥɨɬɚɦɢ. Ɇɟɬɨɞɢɤɚ ɡɚɤɥɸɱɚɥɚɫɶ ɜ ɫɥɟ-

ɞɭɸɳɟɦ: ɛɵɥɢ ɜɡɹɬɵ ɬɪɢ ɬɢɩɚ ɝɢɞɪɨɮɨɛɢɡɚɬɨɪɚ, ɧɚɧɨɜɨɥɨɤɧɚ ɨɤɫɢɞɚ 

ɚɥɸɦɢɧɢɹ ɩɨɦɟɳɚɥɢɫɶ ɜ ɪɚɫɬɜɨɪ ɠɢɪɧɨɣ ɤɢɫɥɨɬɵ ɫɨɜɦɟɫɬɧɨ ɫ ɚɥɤɚɧɨɜɨɣ 

ɮɪɚɤɰɢɟɣ ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɢɡɦɟɥɶɱɟɧɢɟ ɧɚ ɦɚɝɧɢɬɧɨɣ ɦɟɲɚɥɤɟ ɜ ɬɟɱɟɧɢɟ 

3 ɱɚɫɨɜ. Ⱦɚɥɟɟ ɫɦɟɫɶ ɜɵɞɟɪɠɢɜɚɥɚɫɶ ɜ ɪɚɫɬɜɨɪɟ ɜ ɬɟɱɟɧɢɟ ɧɟɞɟɥɢ. Ɂɚɬɟɦ 

ɩɨɥɭɱɟɧɧɵɟ ɫɦɟɫɢ ɩɪɨɦɵɜɚɥɢɫɶ ɧɚ ɮɢɥɶɬɪɟ ɢ ɞɢɫɩɟɪɝɢɪɨɜɚɥɢɫɶ ɜ ɝɟɤɫɚɧɟ 

ɩɨɫɪɟɞɫɬɜɨɦ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɨɛɪɚɛɨɬɤɢ, ɞɨ ɩɨɥɭɱɟɧɢɹ ɝɨɦɨɝɟɧɧɨɝɨ ɤɨɥ-

ɥɨɢɞɧɨɝɨ ɪɚɫɬɜɨɪɚ. ȼ ɤɨɧɰɟ ɦɟɬɨɞɨɦ ɜɚɤɭɭɦɧɨɣ ɮɢɥɶɬɪɚɰɢɢ ɩɪɢ ɩɨɦɨɳɢ 

ɚɰɟɬɚɬ-ɰɟɥɥɸɥɨɡɧɨɝɨ ɮɢɥɶɬɪɚ ɛɵɥɢ ɫɮɨɪɦɢɪɨɜɚɧɵ ɩɥɨɬɧɵɟ ɩɨɪɢɫɬɵɟ 

ɞɢɫɤɢ (ɦɟɦɛɪɚɧɵ). 

2. Ⱥɧɚɥɢɡ ɝɢɞɪɨɮɨɛɧɵɯ ɫɜɨɣɫɬɜ ɧɚɧɨɜɨɥɨɤɨɧ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɡɚɤɥɸɱɚɥɫɹ 

ɜ ɢɡɦɟɪɟɧɢɟ ɤɨɧɬɚɤɬɧɨɝɨ ɭɝɥɚ c ɜɨɞɨɣ ɫ ɩɨɦɨɳɶɸ ɨɩɬɢɱɟɫɤɨɝɨ ɩɪɢɛɨɪɚ 

ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɤɪɚɟɜɨɝɨ ɭɝɥɚ. Ⱦɥɹ ɥɚɭɪɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɤɨɧɬɚɤɬɧɵɣ ɭɝɨɥ ɫ 

ɜɨɞɨɣ ɫɨɫɬɚɜɢɥ 153,5°; ɞɥɹ ɨɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɵ 144,4°. Ɋɚɡɧɢɰɚ ɜ ɭɝɥɚɯ 

ɞɥɹ ɨɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɨɛɴɹɫɧɹɟɬɫɹ ɧɚɥɢɱɢɟɦ ɞɜɨɣɧɨɣ ɫɜɹɡɢ, ɢɡ-ɡɚ ɫɜɨ-

ɛɨɞɧɨɝɨ ɷɥɟɤɬɪɨɧɚ ɩɨɥɹɪɢɡɚɰɢɹ ɜɵɲɟ ɢ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɨɥɟɢɧɨɜɚɹ ɤɢɫɥɨ-

ɬɚ ɫɦɚɱɢɜɚɟɬɫɹ ɱɭɬɶ ɥɭɱɲɟ, ɬɟɦ ɫɚɦɵɦ  ɞɥɹ ɨɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɦɵ  ɩɨɥɭ-

ɱɚɟɦ ɬɨɧɤɢɣ ɫɥɨɣ ɢɡ ɜɫɟɯ ɜɢɞɨɜ ɝɢɞɪɨɮɨɛɢɡɚɬɨɪɨɜ; ɢ ɞɥɹ ɫɬɟɚɪɢɧɨɜɨɣ ɤɢ-

ɫɥɨɬɵ 154,2°. Ʉɚɱɟɫɬɜɨ ɝɢɞɪɨɮɨɛɢɡɚɰɢɢ ɧɚɧɨɜɨɥɨɤɨɧ ɜɵɫɨɤɨɟ, ɨɛ ɷɬɨɦ 

ɝɨɜɨɪɢɬ ɜɟɥɢɱɢɧɚ ɤɨɧɬɚɤɬɧɨɝɨ ɭɝɥɚ ɛɨɥɟɟ 145°,ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɭɩɟɪ-

ɝɢɞɪɨɮɨɛɧɨɦɭ ɫɨɫɬɨɹɧɢɸ ɩɨɜɟɪɯɧɨɫɬɢ ɞɥɹ ɜɫɟɯ ɬɪɟɯ ɬɢɩɨɜ ɝɢɞɪɨɮɨɛɢɡɚ-

ɬɨɪɨɜ. 

3. ɋ ɩɨɦɨɳɶɸ ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɨɩɪɟɞɟɥɢɥɢ ɤɨɥɢɱɟɫɬɜɨ ɠɢɪɧɨɣ ɤɢɫɥɨ-

ɬɵ ɧɚ ɧɚɧɨɜɨɥɨɤɧɚɯ ɢ ɟɺ ɫɜɹɡɧɨɫɬɢ ɫ ɩɨɜɟɪɯɧɨɫɬɶɸ ɧɚɧɨɜɨɥɨɤɨɧ. Ⱦɥɹ 

ɥɚɭɪɢɧɨɜɨɣ ɤɢɫɥɨɬɵ ɭɛɵɥɶ ɦɚɫɫɵ ɫɨɫɬɚɜɢɥɚ 10.4 % ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɡ-

ɪɭɲɟɧɢɹ ɫɜɹɡɢ ɦɟɠɞɭ ɤɢɫɥɨɬɨɣ ɢ ɧɚɧɨɜɨɥɨɤɧɨɦ 288.22°ɋ; ɞɥɹ ɨɥɟɢɧɨɜɨɣ 

ɤɢɫɥɨɬɵ ɭɛɵɥɶ ɦɚɫɫɵ 12% ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɡɪɭɲɟɧɢɹ 306.78°ɋ; ɞɥɹ ɫɬɟɚ-
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ɪɢɧɨɜɨɣ ɤɢɫɥɨɬɵ 17,8%  ɢ ɬɟɦɩɟɪɚɬɭɪɚ ɪɚɡɪɭɲɟɧɢɹ 295.48°ɋ. ɉɨ ɞɚɧɧɵɦ 

ɫɢɧɯɪɨɧɧɨɝɨ ɬɟɪɦɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ ɩɨɤɚɡɚɧ ɢɡɛɵɬɨɤ ɠɢɪɧɵɯ ɤɢɫɥɨɬ ɧɚ 

ɩɨɜɟɪɯɧɨɫɬɢ ɧɚɧɨɜɨɥɨɤɨɧ, ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɨɩɬɢɦɢɡɚɰɢɢ 

ɬɨɥɳɢɧɵ ɝɢɞɪɨɮɨɛɢɡɢɪɭɸɳɟɝɨ ɫɥɨɹ.   

4. ɉɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ, ɧɚɩɪɚɜɥɟɧɧɨɟ ɧɚ ɨɩɪɟɞɟɥɟɧɢɟ ɫɩɨɫɨɛɧɨɫɬɢ ɝɢɞ-

ɪɨɮɨɛɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɫɨɯɪɚɧɹɬɶ ɝɢɞɪɨɮɨɛɧɵɟ ɫɜɨɣɫɬɜɚ ɜ ɪɚɛɨɱɢɯ ɭɫɥɨ-

ɜɢɹɯ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɜɵɹɜɢɥɢ, ɱɬɨ ɩɨɥɭɱɟɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɜ 

ɬɟɱɟɧɢɟ ɞɥɢɬɟɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɫɨɯɪɚɧɹɸɬ ɫɜɨɢ ɝɢɞɪɨɮɨɛɧɵɟ ɫɜɨɣɫɬɜɚ. Ɍɚɤ 

ɞɥɹ ɩɨɜɟɪɯɧɨɫɬɢ ɝɢɞɪɨɮɨɛɢɡɢɪɨɜɚɧɧɨɣ ɥɚɭɪɢɧɨɜɨɣ ɤɢɫɥɨɬɨɣ ɫɪɟɞɧɟɟ 

ɡɧɚɱɟɧɢɟ ɤɨɧɬɚɤɬɧɨɝɨ ɭɝɥɚ ɫɨɫɬɚɜɢɥɨ 122°, ɞɥɹ ɨɥɟɢɧɨɜɨɣ ɤɢɫɥɨɬɵ 108° ɢ 

ɞɥɹ ɫɬɟɚɪɢɧɨɜɨɣ ɤɢɫɥɨɬɵ 127,6°. 
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