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ɎɂɅɂȺɅ ɆɈɋɄɈȼɋɄɈȽɈ ȽɈɋɍȾȺɊɋɌȼȿɇɇɈȽɈ ɍɇɂȼȿɊɋɂɌȿɌȺ 
ɂɆȿɇɂ Ɇ.ȼ. ɅɈɆɈɇɈɋɈȼȺ ȼ Ƚ. ȾɍɒȺɇȻȿ 

ɎɂɅɂȺɅɂ ȾɈɇɂɒȽɈԞɂ ȾȺȼɅȺɌɂɂ ɆɈɋɄȼȺ ȻȺ ɇɈɆɂ 
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ɇȺɍɑɇɕɃ ɀɍɊɇȺɅ ɈɋɇɈȼȺɇ ȼ 2016 ȽɈȾɍ. 
ɆȺЉȺɅɅȺɂ ɂɅɆЇ ɋɈɅɂ 2016 ɌȺɔɋɂɋ ЁɎɌȺȺɋɌ. 

Ɋɟɞɚɤɰɢɨɧɧɵɣ ɫɨɜɟɬ: 
ɋɚɞɨɜɧɢɱɢɣ ȼɢɤɬɨɪ Ⱥɧɬɨɧɨɜɢɱ - ɞɨɤɬɨɪ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ, 
ɚɤɚɞɟɦɢɤ ɊȺɇҲ  Ɋɟɣɦɟɪɫ Ⱥɥɟɤɫɟɣ ɇɢɤɨɥɚɟɜɢɱ - ɤɚɧɞɢɞɚɬ ɝɟɨɥɨɝɨ-ɦɢɧɟɪɚɥɨɝɢɱɟɫɤɢɯ 
ɧɚɭɤ, ɞɨɰɟɧɬ;Ɇɢɪɡɨɟɜ ɋɚɣɴɥɨ ɏɚɛɢɛɭɥɥɨɟɜɢɱ-ɤɚɧɞɢɞɚɬ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ, 
ɞɨɰɟɧɬҲ ɂɥɨɥɨɜ Ɇɚɦɚɞɲɨ-ɞɨɤɬɨɪ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ, ɚɤɚɞɟɦɢɤ 
Ⱥɇ ɊɌҲ Ⱥɤɛɚɪ Ɍɭɪɫɨɧ - ɞɨɤɬɨɪ ɮɢɥɨɫɨɮɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ, ɚɤɚɞɟɦɢɤ Ⱥɇ ɊɌ. 

Ɋɟɞɚɤɰɢɨɧɧɚɹ ɤɨɥɥɟɝɢɹ: 
Ƚɥɚɜɧɵɣ ɪɟɞɚɤɬɨɪ: Ɇɢɪɡɨɟɜ ɋɚɣɴɥɨ ɏɚɛɢɛɭɥɨɟɜɢɱ-ɤɚɧɞɢɞɚɬ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ 

ɧɚɭɤ, ɞɨɰɟɧɬҲ 
Ɂɚɦ. ɝɥ. ɪɟɞɚɤɬɨɪɚ: ɒɭɤɭɪɨɜ Ȼɭɪɢ ɍɪɚɤɨɜɢɱ - ɤɚɧɞɢɞɚɬ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɧɚɭɤ, ɞɨɰɟɧɬ; 
Ɂɚɦ.ɝɥ. ɪɟɞɚɤɬɨɪɚ: Ʉɨɜɬɭɧ Ɇɚɪɢɧɚ Ȼɨɪɢɫɨɜɧɚ-ɤɚɧɞɢɞɚɬ ɮɢɥɨɥɨɝɢɱɟɫɤɢɯ ɧɚɭɤ, ɞɨɰɟɧɬ. 

ɑɥɟɧɵ ɪɟɞɤɨɥɥɟɝɢɢ: 
Ɏɟɞɹɧɢɧ Ⱥɧɞɪɟɣ Ⱥɧɚɬɨɥɶɟɜɢɱ  - ɞɨɤɬɨɪ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪҲ 
ɉɭɳɚɪɨɜɫɤɢɣ Ⱦɦɢɬɪɢɣ ɘɪɶɟɜɢɱ - ɞɨɤɬɨɪ ɝɟɨɥɨɝɨ-ɦɢɧɟɪɚɥɨɝɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ, 
ɚɤɚɞɟɦɢɤ ɊȺɇҲ  
Ⱦɟɦɢɞɨɜɢɱ ɉɚɜɟɥ ɇɢɤɨɥɚɟɜɢɱ- ɤɚɧɞɢɞɚɬ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ, ɞɨɰɟɧɬҲ 
Ɋɟɣɦɟɪɫ Ⱥɥɟɤɫɟɣ ɇɢɤɨɥɚɟɜɢɱ - ɤɚɧɞɢɞɚɬ ɝɟɨɥɨɝɨ-ɦɢɧɟɪɚɥɨɝɢɱɟɫɤɢɯ ɧɚɭɤ, ɞɨɰɟɧɬ; 
ɑɭɛɚɪɢɤɨɜ ȼɥɚɞɢɦɢɪ ɇɢɤɨɥɚɟɜɢɱ - ɞɨɤɬɨɪ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪҲ  
Ɏɚɪɯɨɞ Ɋɚɯɢɦɢ - ɞɨɤɬɨɪ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪҲ 
ɂɥɨɥɨɜ Ɇɚɦɚɞɲɨ - ɞɨɤɬɨɪ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪҲ 
ɍɫɦɨɧɨɜ Ɂɚɮɚɪ Ⱦɠɭɪɚɟɜɢɱ - ɞɨɤɬɨɪ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪҲ 
ɒɚɛɨɡɨɜ Ɇɢɪɝɚɧɞ ɒɚɛɨɡɨɜɢɱ - ɞɨɤɬɨɪ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪҲ  
Ɋɚɯɦɨɧɨɜ Ɂɚɪɭɥɥɨ ɏɭɫɟɣɧɨɜɢɱ - ɞɨɤɬɨɪ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪҲ 
Ɇɭɦɢɧɨɜ ɏɢɤɦɚɬ ɏɚɥɢɦɨɜɢɱ - ɞɨɤɬɨɪ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪҲ  
ɏɚɥɢɤɨɜ Ⱦɠɭɪɚɛɨɣ ɏɚɥɢɤɨɜɢɱ - ɞɨɤɬɨɪ ɯɢɦɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪҲ  
ɘɧɭɫɢ Ɇɚɯɦɚɞɸɫɭɮ Ʉɚɦɚɪɡɨɞɚ - ɞɨɤɬɨɪ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪҲ 
ɉɚɱɚɞɠɚɧɨɜ Ⱦɚɥɟɪ ɇɚɛɢɞɠɚɧɨɜɢɱ - ɞɨɤɬɨɪ ɝɟɨɥɨɝɨ-ɦɢɧɟɪɚɥɨɝɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪҲ 
Ɏɚɣɡɢɟɜ Ⱥɛɞɭɥɯɚɤ Ɋɚɞɠɚɛɨɜɢɱ - ɞɨɤɬɨɪ ɝɟɨɥɨɝɨ-ɦɢɧɟɪɚɥɨɝɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪҲ 
Ʉɨɦɢɥɨɜ Ɏɚɣɡɚɥɢ ɋɚɴɞɭɥɥɨɟɜɢɱ - ɞɨɤɬɨɪ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪҲ 
ɍɦɚɪɨɜɚ Ɍɚɬɶɹɧɚ Ɇɭɯɫɢɧɨɜɧɚ - ɞɨɤɬɨɪ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɞɨɰɟɧɬҲ
Ⱥɛɞɭɤɚɪɢɦɨɜ Ɇɚɯɦɚɞɫɚɥɢɦ Ɏɚɣɡɭɥɥɨɟɜɢɱ - ɤɚɧɞɢɞɚɬ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤҲ 
ɒɨɡɢёɟɜ Ƚɭɥɦɭɪɨɞ ɉɚɪɜɨɧɚɲɨɟɜɢɱ - ɤɚɧɞɢɞɚɬ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ; 
ɒɢɪɨɤɨɜ ȼɥɚɞɢɦɢɪ ɇɢɤɨɥɚɟɜɢɱ - ɤɚɧɞɢɞɚɬ ɝɟɨɥɨɝɨ-ɦɢɧɟɪɚɥɨɝɢɱɟɫɤɢɯ ɧɚɭɤ, ɞɨɰɟɧɬҲ 
ɋɚɥɢɯɨɜ Ɏɚɪɢɞ ɋɚɥɨɯɢɞɞɢɧɨɜɢɱ -  ɤɚɧɞɢɞɚɬ ɝɟɨɥɨɝɨ-ɦɢɧɟɪɚɥɨɝɢɱɟɫɤɢɯ ɧɚɭɤ. 

ȼ ɠɭɪɧɚɥɟ ɫɬɚɬɶɢ ɩɟɱɚɬɚɸɬɫɹ ɧɚ ɪɭɫɫɤɨɦ, ɬɚɞɠɢɤɫɤɨɦ ɢ ɚɧɝɥɢɣɫɤɨɦ ɹɡɵɤɚɯ. 
Ⱦɚɪ ɦɚҷɚɥɥɚ ɦɚқɨɥɚҳɨ ɛɨ ɡɚɛɨɧҳɨɢ ɪɭɫӣ, ɬɨҷɢɤӣ  ɜɚ ɚɧɝɥɢɫӣ ɧɚɲɪ ɦɟɲɚɜɚɧɞ. 
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ɍɜɚɠɚɟɦɵɟ ɤɨɥɥɟɝɢ! 
ɉɪɟɞɫɬɚɜɥɹɟɦ ɜɚɲɟɦɭ ɜɧɢɦɚɧɢɸ ɩɟɪɜɵɣ ɧɨɦɟɪ ɧɨɜɨɝɨ ɢɡɞɚɧɢɹ ɧɚɲɟɝɨ 

ɮɢɥɢɚɥɚ — ɠɭɪɧɚɥ «ȼɟɫɬɧɢɤ Ɏɢɥɢɚɥɚ ɆȽɍ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ ɜ ɝ. 
Ⱦɭɲɚɧɛɟ». ɇɚɡɜɚɧɢɟ ɠɭɪɧɚɥɚ ɜɵɛɪɚɧɨ ɧɟ ɫɥɭɱɚɣɧɨ, ɬɚɤ ɤɚɤ ɭɠɟ ɫɭɳɟɫɬɜɭɟɬ 
«ȼɟɫɬɧɢɤ ɆȽɍ», ɩɨ ɩɪɢɦɟɪɭ ɤɨɬɨɪɨɝɨ ɢ ɦɵ ɪɟɲɢɥɢ ɜɵɩɭɫɬɢɬɶ ɫɜɨɣ ɠɭɪɧɚɥ. 
Ɏɢɥɢɚɥ ɆȽɍ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ ɜ ɝ. Ⱦɭɲɚɧɛɟ ɩɨ ɩɪɚɜɭ ɫɬɚɥ ɭɱɪɟɞɢɬɟɥɟɦ 
ɞɚɧɧɨɝɨ ɢɡɞɚɧɢɹ. ɋɟɝɨɞɧɹ ɆȽɍ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ - ɷɬɨ ɨɞɢɧ ɢɡ ɜɟɞɭɳɢɯ 
ɪɨɫɫɢɣɫɤɢɯ ɜɭɡɨɜ, ɚ ɟɝɨ ɮɢɥɢɚɥ ɜ ɝɨɪɨɞɟ Ⱦɭɲɚɧɛɟ ɹɜɥɹɟɬɫɹ ɨɞɧɢɦ ɢɡ ɥɭɱɲɢɯ ɜ 
Ɍɚɞɠɢɤɢɫɬɚɧɟ, ɜ ɤɨɬɨɪɨɦ ɫɨɡɞɚɧɚ ɩɨɥɧɨɰɟɧɧɚɹ ɢɧɮɪɚɫɬɪɭɤɬɭɪɚ ɞɥɹ ɭɱɟɛɵ, 
ɜɵɩɨɥɧɟɧɢɹ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɪɚɛɨɬ ɢ ɪɟɚɥɢɡɚɰɢɢ ɢɧɧɨɜɚɰɢɨɧɧɵɯ 
ɩɪɨɟɤɬɨɜ. ȼ Ɏɢɥɢɚɥɟ ɆȽɍ ɭɫɩɟɲɧɨ ɞɟɣɫɬɜɭɸɬ Ʌɚɛɨɪɚɬɨɪɢɢ ɩɨ ɯɢɦɢɢ, ɮɢɡɢɤɢ, 
ɝɟɨɥɨɝɢɢ ɢ ɧɚɭɱɧɨ-ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ ɬɟɯɧɨɩɚɪɤ.  

Ɉɝɪɨɦɧɨɟ ɜɧɢɦɚɧɢɟ ɜ ɧɚɲɟɦ ɮɢɥɢɚɥɟ ɭɞɟɥɹɟɬɫɹ ɪɚɡɜɢɬɢɸ 
ɦɟɠɞɭɧɚɪɨɞɧɨɝɨ ɫɨɬɪɭɞɧɢɱɟɫɬɜɚ. ɇɚɲɢ ɩɨɫɬɨɹɧɧɵɟ ɩɚɪɬɧёɪɵ ɜ 
ɢɧɧɨɜɚɰɢɨɧɧɨɣ ɫɮɟɪɟ — Ⱥɤɚɞɟɦɢɹ ɧɚɭɤ ɊɌ, Ɍɚɞɠɢɤɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ 
ɭɧɢɜɟɪɫɢɬɟɬ, ɊɌɋɍ ɢ ɞɪɭɝɢɟ ɧɚɭɱɧɵɟ ɭɱɪɟɠɞɟɧɢɹ Ɋɟɫɩɭɛɥɢɤɢ Ɍɚɞɠɢɤɢɫɬɚɧ. 

ȼ ɮɢɥɢɚɥɟ ɆȽɍ ɢɦɟɧɢ Ɇ. ȼ. Ʌɨɦɨɧɨɫɨɜɚ ɜ ɝ. Ⱦɭɲɚɧɛɟ ɧɚɭɤɚ ɪɚɡɜɢɜɚɟɬɫɹ 
ɞɟɧɶ ɡɚ ɞɧɟɦ. ɉɪɨɜɟɞɟɧɢɟ Ɋɟɫɩɭɛɥɢɤɚɧɫɤɢɯ ɢ Ɇɟɠɞɭɧɚɪɨɞɧɵɯ ɤɨɧɮɟɪɟɧɰɢɣ, 
ɧɚɩɢɫɚɧɢɟ ɧɚɭɱɧɵɯ ɩɪɨɟɤɬɨɜ, ɨɪɝɚɧɢɡɚɰɢɹ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɩɚɪɤɚ, ɩɪɨɜɟɞɟɧɢɟ 
ɟɠɟɧɟɞɟɥɶɧɨɝɨ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɧɚɭɱɧɨɝɨ ɫɟɦɢɧɚɪɚ, ɭɱɚɫɬɢɟ ɫɬɭɞɟɧɬɨɜ ɜ 
ɨɥɢɦɩɢɚɞɚɯ ɢ ɤɨɧɤɭɪɫɚɯ ɪɚɡɥɢɱɧɨɝɨ ɭɪɨɜɧɹ ɢ ɦɧɨɝɨɟ ɞɪɭɝɨɟ ɩɨɞɬɜɟɪɠɞɚɟɬ 
ɧɚɲɢ ɫɥɨɜɚ.  Ɉɞɧɚɤɨ ɦɵ ɫɱɢɬɚɟɦ, ɱɬɨ ɨɪɝɚɧɢɡɚɰɢɹ ȼɟɫɬɧɢɤɚ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɧɵɦ 
ɞɨɫɬɢɠɟɧɢɟɦ ɮɢɥɢɚɥɚ ɜ ɝɨɞɵ ɟɝɨ ɫɭɳɟɫɬɜɨɜɚɧɢɹ. 

ɀɭɪɧɚɥ «ȼɟɫɬɧɢɤ ɮɢɥɢɚɥɚ ɆȽɍ ɢɦɟɧɢ Ɇ. ȼ. Ʌɨɦɨɧɨɫɨɜɚ ɜ ɝ. Ⱦɭɲɚɧɛɟ» 
ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɫɟɪɢɣ - ɫɟɪɢɹ ɟɫɬɟɫɬɜɟɧɧɵɯ ɢ ɫɟɪɢɹ ɝɭɦɚɧɢɬɚɪɧɵɯ ɧɚɭɤ, ɤɚɠɞɚɹ 
ɢɡ ɤɨɬɨɪɵɯ ɜɵɩɭɫɤɚɟɬɫɹ ɞɜɚ ɪɚɡɚ ɜ ɬɟɱɟɧɢɟ ɝɨɞɚ.  

ɍɜɟɪɟɧ, ɱɬɨ ɧɚɲ ɠɭɪɧɚɥ ɫɬɚɧɟɬ ɡɚɦɟɬɧɵɦ ɩɟɪɢɨɞɢɱɟɫɤɢɦ ɧɚɭɱɧɵɦ 
ɢɡɞɚɧɢɟɦ ɜ ɨɛɥɚɫɬɢ ɨɫɜɟɳɟɧɢɹ ɧɚɭɱɧɵɯ ɢ ɢɧɧɨɜɚɰɢɨɧɧɵɯ ɪɚɡɪɚɛɨɬɨɤ, ɚ ɬɚɤɠɟ 
ɢɧɫɬɪɭɦɟɧɬɨɦ ɞɥɹ ɪɟɲɟɧɢɹ ɧɚɭɱɧɨ-ɬɟɨɪɟɬɢɱɟɫɤɢɯ ɢ ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɢɯ 
ɡɚɞɚɱ, ɧɚɩɪɚɜɥɟɧɧɵɯ ɧɚ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɝɥɚɜɧɨɝɨ ɤɪɢɬɟɪɢɹ — ɩɨɜɵɲɟɧɢɹ 
ɤɚɱɟɫɬɜɚ ɠɢɡɧɢ ɱɟɥɨɜɟɤɚ. 

ɉɨɥɶɡɭɹɫɶ ɫɥɭɱɚɟɦ, ɯɨɱɭ ɩɨɡɞɪɚɜɢɬɶ ɜɫɟɯ ɫɨɬɪɭɞɧɢɤɨɜ ɮɢɥɢɚɥɚ ɜ ɫɜɹɡɢ ɫ 
ɜɵɩɭɫɤɨɦ ɩɟɪɜɨɝɨ ɧɨɦɟɪɚ ɧɚɭɱɧɨɝɨ ɠɭɪɧɚɥɚ «ȼɟɫɬɧɢɤ ɮɢɥɢɚɥɚ ɆȽɍ ɢɦɟɧɢ Ɇ. 
ȼ. Ʌɨɦɨɧɨɫɨɜɚ ɜ ɝ. Ⱦɭɲɚɧɛɟ», ɩɨɠɟɥɚɬɶ ɭɞɚɱɢ ɢ ɭɫɩɟɯɨɜ ɜ ɪɚɛɨɬɟ 
ɪɟɞɚɤɰɢɨɧɧɨɝɨ ɤɨɥɥɟɤɬɢɜɚ. 

Ƚɥɚɜɧɵɣ ɪɟɞɚɤɬɨɪ, ɂɫɩɨɥɧɢɬɟɥɶɧɵɣ ɞɢɪɟɤɬɨɪ 
ɮɢɥɢɚɥɚ ɆȽɍ ɢɦɟɧɢ Ɇ. ȼ. Ʌɨɦɨɧɨɫɨɜɚ ɜ ɝ. Ⱦɭɲɚɧɛɟ, 

ɤ.ɮ.-ɦ.ɧ., ɞɨɰɟɧɬ Ɇɢɪɡɨɟɜ ɋ.ɏ. 
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ɍȾɄ 517.958 
Ʉ ɌȿɈɊɂɂ ȽɊȺɇɂɑɇɈȽɈ ɍɋɊȿȾɇȿɇɂə1 

ɑɟɱɤɢɧ Ƚ.Ⱥ. 
Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 

ȼ ɪɚɛɨɬɟ ɦɵ ɪɚɫɫɦɚɬɪɢɜɚɟɦ ɪɚɡɥɢɱɧɵɟ ɡɚɞɚɱɢ ɝɪɚɧɢɱɧɨɝɨ ɭɫɪɟɞɧɟɧɢɹ. Ⱦɥɹ ɢɫɯɨɞɧɵɯ 
ɡɚɞɚɱ ɫ ɦɚɥɵɦ ɩɚɪɚɦɟɬɪɨɦ ɫɬɪɨɢɦ ɩɪɟɞɟɥɶɧɵɟ (ɭɫɪɟɞɧёɧɧɵɟ) ɡɚɞɚɱɢ ɢ ɞɨɤɚɡɵɜɚɸɬɫɹ 
ɬɟɨɪɟɦɵ ɨ ɫɯɨɞɢɦɨɫɬɢ ɪɟɲɟɧɢɣ ɢ ɫɨɛɫɬɜɟɧɧɵɯ ɩɚɪ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɭɫɪɟɞɧɟɧɢɟ, ɚɫɢɦɩɬɨɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ, ɦɚɥɵɣ ɩɚɪɚɦɟɬɪ, 
ɦɢɤɪɨɧɟɨɞɧɨɪɨɞɧɵɟ ɫɪɟɞɵ, ɫɨɟɞɢɧɟɧɢɹ. 

ȼɜɟɞɟɧɢɟ 
ɍɫɪɟɞɧɟɧɢɟ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɨɩɟɪɚɬɨɪɨɜ ɢ ɢɧɬɟɝɪɚɥɶɧɵɯ ɮɭɧɤɰɢɨɧɚɥɨɜ 

— ɫɪɚɜɧɢɬɟɥɶɧɨ ɦɨɥɨɞɚɹ ɱɚɫɬɶ ɬɟɨɪɢɢ ɭɪɚɜɧɟɧɢɣ ɫ ɱɚɫɬɧɵɦɢ ɩɪɨɢɡɜɨɞɧɵɦɢ. 
ɗɬɚ ɧɚɭɤɚ ɢɧɬɟɧɫɢɜɧɨ ɪɚɡɜɢɜɚɟɬɫɹ ɩɨɫɥɟɞɧɢɟ ɩɨɥ ɜɟɤɚ (ɫɦ., ɧɚɩɪɢɦɟɪ, Д1Ж - Д7Ж ɢ 
ɥɢɬɟɪɚɬɭɪɭ, ɩɪɢɜɟɞёɧɧɭɸ ɜ ɷɬɢɯ ɦɨɧɨɝɪɚɮɢɹɯ). Ɉɫɧɨɜɨɩɨɥɨɠɧɢɤɚɦɢ ɷɬɨɣ 
ɧɚɭɤɢ ɹɜɥɹɸɬɫɹ (ɜ ɯɪɨɧɨɥɨɝɢɱɟɫɤɨɦ ɩɨɪɹɞɤɟ) ɬɚɤɢɟ ɜɵɞɚɸɳɢɟɫɹ ɦɚɬɟɦɚɬɢɤɢ 
ɫɨɜɪɟɦɟɧɧɨɫɬɢ ɤɚɤ ɇ.ɇ. Ȼɨɝɨɥɸɛɨɜ, ɘ.Ⱥ. Ɇɢɬɪɨɩɨɥɶɫɤɢɣ, ȿ.ə. ɏɪɭɟɥɨɜ, ȼ.Ⱥ. 
Ɇɚɪɱɟɧɤɨ, ȿ. Ⱦɟ Ⱦɠɨɪɞɠɢ, Ʉ. ɋɩɚɧɶɨɥɨ, ɇ.ɋ. Ȼɚɯɜɚɥɨɜ, ɀ. Ʌ. Ʌɢɨɧɫ, Ⱥ. 
Ȼɟɧɫɭɫɫɚɧ, Ⱦɠ. ɉɚɩɚɧɢɤɨɥɚɭ, ȼ.ȼ. ɀɢɤɨɜ, ɋ.Ɇ. Ʉɨɡɥɨɜ, Ɉ.Ⱥ. Ɉɥɟɣɧɢɤ, ɗ. 
ɋɚɧɱɟɟ-ɉɚɥɟɧɟɢɹ. ɋɩɢɫɨɤ ɞɚɥɟɤɨ ɧɟ ɩɨɥɧɵɣ. 

Ɉɛɫɭɞɢɦ ɝɥɚɜɧɭɸ ɢɞɟɸ ɬɟɨɪɢɢ ɭɫɪɟɞɧɟɧɢɹ. Ɉɧɚ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɚ. 
Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɫɪɟɞɚ ɫ ɦɢɤɪɨɧɟɨɞɧɨɪɨɞɧɨɫɬɹɦɢ. ɇɚɩɪɢɦɟɪ, ɷɬɨ ɦɨɠɟɬ ɛɵɬɶ 
ɩɨɪɢɫɬɨɟ ɬɟɥɨ, ɢɥɢ ɫɥɨɢɫɬɵɣ (ɹɱɟɢɫɬɵɣ) ɤɨɦɩɨɡɢɰɢɨɧɧɵɣ ɦɚɬɟɪɢɚɥ, ɢɥɢ 
ɫɤɟɥɟɬɨɧ (ɪɟɲёɬɱɚɬɚɹ ɤɨɧɫɬɪɭɤɰɢɹ), ɢɥɢ ɬɟɥɨ ɫ ɲɟɪɨɯɨɜɚɬɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɢɥɢ 
ɬɟɥɨ ɫ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɦɢ (ɩɪɢɫɨɟɞɢɧёɧɧɵɦɢ) ɦɚɫɫɚɦɢ. Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ 
ɦɨɞɟɥɶ, ɨɩɢɫɵɜɚɸɳɚɹ ɩɨɜɟɞɟɧɢɟ ɬɚɤɨɣ ɫɪɟɞɵ, ɜɤɥɸɱɚɟɬ ɞɨɜɨɥɶɧɨ ɫɥɨɠɧɵɟ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɟ ɭɪɚɜɧɟɧɢɹ, ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɬɨɪɵɯ ɡɚɜɢɫɹɬ ɨɬ ɦɚɥɨɝɨ 
ɩɚɪɚɦɟɬɪɚ (ɯɚɪɚɤɬɟɪɧɨɝɨ ɪɚɡɦɟɪɚ ɦɢɤɪɨɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ), ɝɪɚɧɢɱɧɵɟ ɢ 
ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ, ɤɨɬɨɪɵɟ, ɜ ɫɜɨɸ ɨɱɟɪɟɞɶ, ɬɨɠɟ ɡɚɜɢɫɹɬ ɨɬ ɦɚɥɨɝɨ 
ɩɚɪɚɦɟɬɪɚ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɬɚɤɢɟ ɭɪɚɜɧɟɧɢɹ ɧɟ ɪɟɲɚɸɬɫɹ ɹɜɧɨ, ɚ ɩɪɢɦɟɧɟɧɢɟ 
ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɫɪɟɞɫɬɜ ɡɚɬɪɭɞɧɟɧɨ. ɑɢɫɥɟɧɧɵɟ ɦɟɬɨɞɵ ɞɥɹ ɡɚɞɚɱ ɫ ɦɚɥɵɦ 
ɩɚɪɚɦɟɬɪɨɦ ɫɜɨɞɹɬ ɪɟɲɟɧɢɟ ɤɪɚɟɜɵɯ ɢ ɧɚɱɚɥɶɧɵɯ ɡɚɞɚɱ ɤ ɪɟɲɟɧɢɸ ɫɢɫɬɟɦ 
ɚɥɝɟɛɪɚɢɱɟɫɤɢɯ ɭɪɚɜɧɟɧɢɣ, ɜ ɤɨɬɨɪɵɯ ɱɢɫɥɨ ɧɟɢɡɜɟɫɬɧɵɯ ɢ ɱɢɫɥɨ ɭɪɚɜɧɟɧɢɣ 

1 Ɋɚɛɨɬɚ ɱɚɫɬɢɱɧɨ ɩɨɞɞɟɪɠɚɧɚ ɊɎɎɂ (ɩɪɨɟɤɬ No 15-01-07920). 
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ɤɪɢɬɢɱɟɫɤɢ ɜɟɥɢɤɨ. Ɍɚɤɢɟ ɡɚɞɚɱɢ ɧɟ ɪɟɲɚɸɬɫɹ ɞɚɠɟ ɫɭɩɟɪɤɨɦɩɶɸɬɟɪɚɦɢ ɜ 
ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ. ɂɞɟɹ ɬɟɨɪɢɢ ɭɫɪɟɞɧɟɧɢɹ ɫɨɫɬɨɢɬ ɜ ɫɥɟɞɭɸɳɟɦ: 
ɧɚɞɨ ɩɨɫɬɪɨɢɬɶ ɡɚɞɚɱɭ ɞɥɹ ɞɪɭɝɨɝɨ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ, ɛɵɬɶ ɦɨɠɟɬ 
ɜ ɛɨɥɟɟ ɩɪɨɫɬɨɣ ɨɛɥɚɫɬɢ ɢ ɫ ɞɪɭɝɢɦɢ ɤɪɚɟɜɵɦɢ ɢ ɧɚɱɚɥɶɧɵɦɢ ɭɫɥɨɜɢɹɦɢ, ɬɚɤ 
ɧɚɡɵɜɚɟɦɭɸ “ɭɫɪɟɞɧёɧɧɭɸ” (ɢɥɢ “ɩɪɟɞɟɥɶɧɭɸ” ɩɪɢ ɫɬɪɟɦɥɟɧɢɢ ɦɚɥɨɝɨ 
ɩɚɪɚɦɟɬɪɚ ɤ ɧɭɥɸ), ɜ ɤɨɬɨɪɨɣ ɧɟ ɛɵɥɨ ɛɵ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɚɥɨɝɨ ɩɚɪɚɦɟɬɪɚ, ɚ 
ɪɟɲɟɧɢɹ ɦɚɥɨ ɜ ɧɟɤɨɬɨɪɨɣ ɧɨɪɦɟ ɨɬɥɢɱɚɥɢɫɶ ɨɬ ɪɟɲɟɧɢɣ ɢɫɯɨɞɧɨɣ ɡɚɞɚɱɢ ɫ 
ɦɚɥɵɦ ɩɚɪɚɦɟɬɪɨɦ. ɉɨ ɫɭɬɢ ɷɬɨ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɩɨɫɬɪɨɟɧɧɚɹ ɭɫɪɟɞɧёɧɧɚɹ 
(“ɩɪɟɞɟɥɶɧɚɹ”) ɡɚɞɚɱɚ ɦɨɞɟɥɢɪɭɟɬ ɷɮɮɟɤɬɢɜɧɨɟ ɩɨɜɟɞɟɧɢɟ ɫɪɟɞɵ ɧɚ ɦɚɤɪɨ 
ɭɪɨɜɧɟ, “ɧɟ ɜɞɚɜɚɹɫɶ ɜ ɩɨɞɪɨɛɧɨɫɬɢ” ɨ ɩɨɜɟɞɟɧɢɢ ɧɚ ɦɢɤɪɨ ɭɪɨɜɧɟ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɵ ɪɚɫɫɦɚɬɪɢɜɚɟɦ ɫɪɟɞɵ ɫ ɧɟɨɞɧɨɪɨɞɧɨɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪɨɣ. 
Ɇɢɤɪɨɧɟɨɞɧɨɪɨɞɧɨɫɬɢ ɜ ɨɛɥɚɫɬɢ ɦɨɝɭɬ ɛɵɬɶ ɪɚɫɩɪɟɞɟɥɟɧɵ ɪɚɜɧɨɦɟɪɧɨ ɢɥɢ 
ɪɚɫɩɨɥɨɠɟɧɵ ɜ ɤɚɤɨɣ- ɬɨ ɱɚɫɬɢ ɨɛɥɚɫɬɢ, ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ ɩɨɥɭɩɟɪɮɨɪɢɪɨɜɚɧɧɵɟ 
ɨɛɥɚɫɬɢ. Ɉɞɢɧ ɢɡ ɢɧɬɟɪɟɫɧɵɯ ɫɥɭɱɚɟɜ, ɤɨɝɞɚ ɦɢɤɪɨɧɟɨɞɧɨɪɨɞɧɨɫɬɢ 
ɥɨɤɚɥɢɡɨɜɚɧɵ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɝɪɚɧɢɰɵ, ɬɚɤɢɟ ɡɚɞɚɱɢ ɢɫɫɥɟɞɭɸɬɫɹ ɫ ɩɨɦɨɳɶɸ 
ɦɟɬɨɞɨɜ ɬɟɨɪɢɢ ɝɪɚɧɢɱɧɨɝɨ ɭɫɪɟɞɧɟɧɢɹ. Ɋɚɫɫɦɨɬɪɢɦ ɧɟɫɤɨɥɶɤɨ ɝɪɭɩɩ 
ɩɪɢɦɟɪɨɜ, ɝɞɟ ɢɫɩɨɥɶɡɭɸɬɫɹ ɦɟɬɨɞɵ ɬɟɨɪɢɢ ɝɪɚɧɢɱɧɨɝɨ ɭɫɪɟɞɧɟɧɢɹ. 

ȼ ɤɚɱɟɫɬɜɟ ɩɟɪɜɨɝɨ ɩɪɢɦɟɪɚ ɦɨɠɧɨ ɪɚɫɫɦɨɬɪɟɬɶ ɦɟɯɚɧɢɡɦ, ɜ ɤɨɬɨɪɨɦ ɞɟɬɚɥɢ 
ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɬ ɞɪɭɝ ɫ ɞɪɭɝɨɦ, ɤɨɧɬɚɤɬɢɪɭɹ ɩɨɜɟɪɯɧɨɫɬɹɦɢ. ȼɧɭɬɪɟɧɧɹɹ 
ɫɬɪɭɤɬɭɪɚ ɞɟɬɚɥɟɣ ɦɟɯɚɧɢɡɦɚ ɫɭɳɟɫɬɜɟɧɧɨɣ ɪɨɥɢ ɜ ɩɪɨɰɟɫɫɟ ɪɚɛɨɬɵ ɧɟ ɢɝɪɚɟɬ, 
ɚ ɦɢɤɪɨɲɟɪɨɯɨɜɚɬɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɫɬɚɧɨɜɹɬɫɹ ɝɥɚɜɧɵɦ ɨɛɴɟɤɬɨɦ 
ɢɫɫɥɟɞɨɜɚɧɢɹ. ɇɚɩɪɢɦɟɪ, ɞɜɢɠɟɧɢɟ ɩɨɪɲɧɹ ɜ ɰɢɥɢɧɞɪɟ ɞɜɢɝɚɬɟɥɹ ɜɧɭɬɪɟɧɧɟɝɨ 
ɫɝɨɪɚɧɢɹ (ɫɦ. ɪɢɫɭɧɨɤ 1) ɩɪɨɢɫɯɨɞɢɬ ɜ ɪɟɡɭɥɶɬɚɬɟ ɞɟɣɫɬɜɢɹ ɫɢɥ ɫɨ ɫɬɨɪɨɧɵ 
ɫɝɨɪɟɜɲɢɯ ɝɚɡɨɜ, ɧɨ ɫɬɟɧɤɢ ɰɢɥɢɧɞɪɚ ɢ ɩɨɪɲɧɹ ɩɪɢ ɞɜɢɠɟɧɢɢ ɫɨɡɞɚɸɬ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɫɢɥɭ ɬɪɟɧɢɹ, ɩɪɟɩɹɬɫɬɜɭɸɳɭɸ ɞɜɢɠɟɧɢɸ. ɑɟɦ ɝɪɭɛɟɟ 
ɨɛɪɚɛɨɬɚɧɚ ɩɨɜɟɪɯɧɨɫɬɶ, ɬɟɦ ɫɢɥɶɧɟɟ ɫɢɥɚ ɬɪɟɧɢɹ ɢ ɧɚɨɛɨɪɨɬ. Ⱦɥɹ ɭɥɭɱɲɟɧɢɹ 
ɪɚɛɨɬɵ ɜɫɟɝɨ ɦɟɯɚɧɢɡɦɚ ɧɟɨɛɯɨɞɢɦɨ ɫɧɚɱɚɥɚ ɢɡɭɱɢɬɶ ɜɥɢɹɧɢɟ 
ɦɢɤɪɨɲɟɪɨɯɨɜɚɬɨɫɬɟɣ ɧɚ ɝɪɚɧɢɰɟ ɧɚ ɦɚɤɪɨɩɨɜɟɞɟɧɢɟ ɜɫɟɯ ɞɟɬɚɥɟɣ ɢ ɩɨ 
ɜɨɡɦɨɠɧɨɫɬɢ ɭɦɟɧɶɲɢɬɶ ɷɬɨ ɜɥɢɹɧɢɟ. 

ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɢɧɠɟɧɟɪɚ ɪɟɲɟɧɢɟ ɷɬɨɣ ɡɚɞɚɱɢ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɨɟ. 
ɇɟɨɛɯɨɞɢɦɨ ɨɬɩɨɥɢɪɨɜɚɬɶ ɩɨɜɟɪɯɧɨɫɬɶ ɦɚɤɫɢɦɚɥɶɧɨ ɤɚɱɟɫɬɜɟɧɧɨ (ɬ.ɟ. ɫɝɥɚɞɢɬɶ 
ɜɫɟ ɦɢɤɪɨɲɟɪɨɯɨɜɚɬɨɫɬɢ). ɋ ɞɪɭɝɨɣ ɠɟ ɫɬɨɪɨɧɵ, ɩɟɪɟɯɨɞɹ ɧɚ ɦɢɤɪɨɭɪɨɜɟɧɶ 
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(ɧɚɩɪɢɦɟɪ, ɩɨɫɦɨɬɪɟɜ ɜ ɦɢɤɪɨɫɤɨɩ), ɥɟɝɤɨ ɭɛɟɞɢɬɶɫɹ, ɱɬɨ ɜɫɟ ɧɟɪɨɜɧɨɫɬɢ 
ɩɨɜɟɪɯɧɨɫɬɢ ɫɝɥɚɞɢɬɶ ɧɟ ɭɞɚɫɬɫɹ, ɞɚɠɟ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɦ ɢɧɫɬɪɭɦɟɧɬɨɦ. 
ɉɨɷɬɨɦɭ ɜɥɢɹɧɢɟ ɨɫɬɚɧɟɬɫɹ, ɚ ɜɨɬ ɟɝɨ ɪɚɫɱёɬ ɜɵɯɨɞɢɬ ɧɚ ɩɟɪɜɨɟ ɦɟɫɬɨ. 

ɉɨɜɟɞɟɧɢɟ ɤɚɠɞɨɣ ɞɟɬɚɥɢ ɦɨɠɧɨ ɫɦɨɞɟɥɢɪɨɜɚɬɶ ɦɚɬɟɦɚɬɢɱɟɫɤɢ ɫ 
ɩɨɦɨɳɶɸ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɜ ɨɛɥɚɫɬɢ ɫ “ɨɫɰɢɥɥɢɪɭɸɳɟɣ 
ɝɪɚɧɢɰɟɣ” ɫɨ ɫɩɟɰɢɚɥɶɧɵɦɢ ɨɫɰɢɥɥɢɪɭɸɳɢɦɢ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ. Ɍɚɤɚɹ 
ɡɚɞɚɱɚ ɛɭɞɟɬ ɜɤɥɸɱɚɬɶ ɜ ɫɟɛɹ ɦɚɥɵɣ ɩɚɪɚɦɟɬɪ ɢ ɞɥɹ ɟё ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɧɟɨɛɯɨɞɢɦɨ ɩɨɫɬɪɨɢɬɶ ɭɫɪɟɞɧёɧɧɭɸ ɡɚɞɚɱɭ ɛɟɡ ɦɚɥɨɝɨ ɩɚɪɚɦɟɬɪɚ (ɡɚɞɚɱɭ ɜ 
ɨɛɥɚɫɬɢ ɫ ɝɥɚɞɤɨɣ ɝɪɚɧɢɰɟɣ, ɧɨ ɞɪɭɝɢɦɢ ɝɪɚɧɢɱɧɵɦɢ ɭɫɥɨɜɢɹɦɢ), ɬ.ɟ. ɡɚɞɚɱɭ, 
ɤɨɬɨɪɚɹ ɛɵ ɨɩɢɫɵɜɚɥɚ ɷɮɮɟɤɬɢɜɧɨɟ ɩɨɜɟɞɟɧɢɟ ɬɪɭɳɢɯɫɹ ɩɨɜɟɪɯɧɨɫɬɟɣ ɫ 
ɭɱёɬɨɦ “ɨɫɰɢɥɥɹɰɢɢ” ɝɪɚɧɢɰɵ. Ɋɟɲɚɹ ɢɫɯɨɞɧɭɸ ɢ ɭɫɪɟɞɧёɧɧɭɸ ɡɚɞɚɱɢ, 
ɫɪɚɜɧɢɜɚɹ ɨɫɨɛɟɧɧɨɫɬɢ ɢɯ ɪɟɲɟɧɢɣ, ɦɚɬɟɦɚɬɢɤ ɦɨɠɟɬ ɞɚɬɶ ɤɨɧɤɪɟɬɧɵɟ 
ɪɟɤɨɦɟɧɞɚɰɢɢ ɢɧɠɟɧɟɪɭ ɨ ɦɚɬɟɪɢɚɥɚɯ, ɢɡ ɤɨɬɨɪɵɯ ɞɨɥɠɧɵ ɛɵɬɶ ɫɞɟɥɚɧɵ 
ɩɨɪɲɟɧɶ ɢ ɫɬɟɧɤɢ ɰɢɥɢɧɞɪɚ, ɨ ɦɟɬɨɞɚɯ ɨɛɪɚɛɨɬɤɢ ɩɨɜɟɪɯɧɨɫɬɢ, ɚ ɬɚɤɠɟ, ɤɚɤ 
ɧɚɞɨ ɩɨɦɟɧɹɬɶ “ɝɪɚɧɢɱɧɵɟ ɭɫɥɨɜɢɹ” ɦɟɠɞɭ ɬɪɭɳɢɦɢɫɹ ɩɨɜɟɪɯɧɨɫɬɹɦɢ, ɬ.ɟ. 
ɤɚɤɭɸ ɫɦɚɡɤɭ ɧɚɞɨ ɢɦɟɬɶ ɜ ɷɬɨɦ ɦɟɯɚɧɢɡɦɟ. 

Ɋɚɫɫɦɨɬɪɟɧɧɚɹ ɦɨɞɟɥɶ — ɷɬɨ , ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ ɡɚɞɚɱɢ ɜ ɨɛɥɚɫɬɹɯ ɫ ɛɵɫɬɪɨɣ 
ɨɫɰɢɥɥɹɰɢɟɣ ɝɪɚɧɢɰɵ. Ɂɞɟɫɶ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɜɵɫɨɬɚ “ɯɨɥɦɢɤɨɜ” ɧɚ 
ɝɪɚɧɢɰɟ ɢɦɟɟɬ ɬɨɬ ɠɟ ɩɨɪɹɞɨɤ ɦɚɥɨɫɬɢ, ɱɬɨ ɢ (ɢɥɢ ɦɟɧɶɲɢɣ, ɱɟɦ) ɪɚɫɫɬɨɹɧɢɟ 
ɦɟɠɞɭ ɧɢɦɢ. ȼɨɡɦɨɠɧɚ ɫɢɬɭɚɰɢɹ, ɤɨɝɞɚ ɨɫɰɢɥɥɹɰɢɹ ɩɟɪɢɨɞɢɱɟɫɤɚɹ, ɥɨɤɚɥɶɧɨ 
ɩɟɪɢɨɞɢɱɟɫɤɚɹ ɢɥɢ ɫɥɭɱɚɣɧɚɹ ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɨɞɧɨɪɨɞɧɚɹ. Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ 
ɦɟɬɨɞɵ ɩɪɢɜɟɞɟɧɵ ɜ ɪɚɛɨɬɚɯ [8] - [11].  

Ⱦɪɭɝɨɣ ɩɪɢɦɟɪ — ɩɨɜɟɞɟɧɢɟ ɱɚɫɬɢɱɧɨ ɡɚɤɪɟɩɥёɧɧɵɯ ɬɟɥ. Ɇɟɦɛɪɚɧɵ ɜ 
ɝɪɨɦɤɨɝɨɜɨɪɢɬɟɥɟ ɩɪɢɤɥɟɢɜɚɸɬɫɹ ɩɨ ɩɟɪɢɦɟɬɪɭ, ɧɨ ɱɚɫɬɨ ɜ ɤɥɟɟ ɨɤɚɡɵɜɚɸɬɫɹ 
ɩɭɡɵɪɶɤɢ ɢ ɝɪɚɧɢɰɚ ɦɟɦɛɪɚɧɵ ɫɦɚɡɵɜɚɟɬɫɹ ɤɥɟɟɦ ɧɟ ɫɩɥɨɲɶ, ɚ ɫ ɩɟɪɟɪɵɜɚɦɢ 
(ɫɦ. ɪɢɫɭɧɨɤ 2). 

Ɋɢɫ. 2. Ƚɪɨɦɤɨɝɨɜɨɪɢɬɟɥɶ 

ȼɨɡɧɢɤɚɟɬ ɜɨɩɪɨɫ, ɤɚɤɨɣ ɩɪɨɰɟɧɬ “ɛɪɚɤɚ” ɦɨɠɧɨ ɞɨɩɭɫɤɚɬɶ, ɱɬɨɛɵ 
ɝɪɨɦɤɨɝɨɜɨɪɢɬɟɥɶ ɜɵɞɚɜɚɥ, ɜɫё-ɬɚɤɢ, ɧɭɠɧɵɟ ɱɚɫɬɨɬɵ? ɇɚ ɷɬɨɬ ɜɨɩɪɨɫ ɨɩɹɬɶ 
ɞɚɸɬ ɨɬɜɟɬ ɦɟɬɨɞɵ ɝɪɚɧɢɱɧɨɝɨ ɭɫɪɟɞɧɟɧɢɹ. Ɉɤɚɡɵɜɚɟɬɫɹ, ɟɫɥɢ ɪɚɫɫɬɨɹɧɢɟ 
ɦɟɠɞɭ ɤɚɩɥɹɦɢ ɤɥɟɹ ɢ ɪɚɡɦɟɪ ɤɚɩɟɥɶ ɢɦɟɸɬ ɨɞɢɧ ɩɨɪɹɞɨɤ (ɢɥɢ ɠɟ ɪɚɫɫɬɨɹɧɢɟ 
ɦɟɧɶɲɟ), ɬɨ ɫɨɛɫɬɜɟɧɧɵɟ ɱɚɫɬɨɬɵ (ɡɜɭɤ) ɬɚɤɨɣ ɦɟɦɛɪɚɧɵ ɛɭɞɭɬ ɛɥɢɡɤɢ ɤ 
ɤɨɥɟɛɚɧɢɹɦ ɩɨɥɧɨɫɬɶɸ ɡɚɤɪɟɩɥёɧɧɨɣ. ɗɬɨ ɞɜɭɦɟɪɧɵɣ ɩɪɢɦɟɪ. 
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Ⱥɧɚɥɨɝɢɱɧɵɟ ɡɚɞɚɱɢ ɜɨɡɧɢɤɚɸɬ ɢ ɜ ɬɪёɯɦɟɪɧɨɦ ɫɥɭɱɚɟ. Ɋɚɫɫɦɨɬɪɢɦ 
ɫɬɪɭɤɬɭɪɭ ɩɨɜɟɪɯɧɨɫɬɢ ɦɧɨɝɨɪɚɡɨɜɨɝɨ ɤɨɫɦɢɱɟɫɤɨɝɨ ɤɨɪɚɛɥɹ, ɨɛɤɥɟɟɧɧɭɸ 
ɩɥɢɬɤɚɦɢ ɬɟɪɦɨɢɡɨɥɹɰɢɨɧɧɨɝɨ ɩɨɤɪɵɬɢɹ. ɉɥɢɬɤɢ ɫɞɟɥɚɧɵ ɢɡ ɥёɝɤɨɝɨ 
ɩɨɪɢɫɬɨɝɨ ɤɨɦɩɨɡɢɰɢɨɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢ ɢɯ ɩɨɜɟɪɯɧɨɫɬɶ ɢɦɟɟɬ ɦɧɨɝɨ 
“ɪɚɤɨɜɢɧ”. ȼɫɥɟɞɫɬɜɢɟ ɷɬɨɝɨ ɤɥɟɣ ɧɚɧɨɫɢɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ “ɫ ɩɟɪɟɪɵɜɚɦɢ”, ɚ 
ɢɧɨɝɞɚ, ɡɚɬɟɤɚɹ ɜ ɪɚɤɨɜɢɧɵ, ɫɨɡɞɚёɬ ɛɨɥɶɲɢɟ ɤɚɩɥɢ. ɉɪɢ ɷɬɨɦ ɤɥɟɣ ɞɨɫɬɚɬɨɱɧɨ 
ɬɹɠёɥɵɣ. ȼɨɡɧɢɤɚɟɬ ɜɨɩɪɨɫ, ɫɤɨɥɶɤɨ ɜ ɩɪɨɰɟɧɬɧɨɦ ɨɬɧɨɲɟɧɢɢ ɦɨɠɧɨ ɢɦɟɬɶ 
“ɩɪɨɩɭɫɤɨɜ” ɛɟɡ ɤɥɟɹ ɢɥɢ ɛɨɥɶɲɢɯ ɤɚɩɟɥɶ ɤɥɟɹ, ɱɬɨɛɵ ɩɥɢɬɤɢ ɧɟ ɨɬɪɵɜɚɥɢɫɶ 
ɩɪɢ ɫɢɥɶɧɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɬɟɦɩɟɪɚɬɭɪ ɢ ɬɪɟɧɢɹ ɨɛ ɚɬɦɨɫɮɟɪɭ. Ɉɬɦɟɬɢɦ, ɱɬɨ 
ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɩɥɢɬɤɢ ɜɨ ɜɪɟɦɹ ɩɨɥёɬɚ ɞɨɫɬɚɬɨɱɧɨ ɫɢɥɶɧɨɟ, ɚ ɢɯ ɨɬɫɭɬɫɬɜɢɟ ɧɚ 
ɧɟɤɨɬɨɪɵɯ ɭɱɚɫɬɤɚɯ ɹɜɥɹɟɬɫɹ ɤɪɢɬɢɱɟɫɤɢɦ ɞɥɹ ɜɫɟɣ ɤɨɧɫɬɪɭɤɰɢɢ, ɜɫɩɨɦɧɢɦ 
ɤɚɬɚɫɬɪɨɮɭ ɚɦɟɪɢɤɚɧɫɤɨɝɨ ɦɧɨɝɨɪɚɡɨɜɨɝɨ ɱɟɥɧɨɤɚ “Columbia”. 

Ɋɢɫ. 3. Ɍɟɪɦɨɢɡɨɥɹɰɢɨɧɧɨɟ ɩɨɤɪɵɬɢɟ ɤɨɪɚɛɥɹ “Ȼɭɪɚɧ” 

ɉɪɢɦɟɧɟɧɢɟ ɦɟɬɨɞɨɜ ɝɪɚɧɢɱɧɨɝɨ ɭɫɪɟɞɧɟɧɢɹ ɞɚɥɨ ɜɨɡɦɨɠɧɨɫɬɶ 
ɪɚɫɫɱɢɬɚɬɶ, ɤɚɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɞɨɥɠɟɧ ɨɛɥɚɞɚɬɶ ɦɚɬɟɪɢɚɥ ɢ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɶ, 
ɱɬɨɛɵ ɩɥɢɬɤɚ ɨɫɬɚɥɚɫɶ ɧɚ ɦɟɫɬɟ ɜ ɬɟɱɟɧɢɟ ɜɫɟɝɨ ɩɨɥёɬɚ. Ɇɚɬɟɦɚɬɢɱɟɫɤɢ ɷɬɨ 
ɨɡɧɚɱɚɟɬ, ɱɬɨ ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɫɩɟɤɬɪɚɥɶɧɚɹ ɡɚɞɚɱɚ (ɡɚɞɚɱɚ ɧɚ ɧɚɯɨɠɞɟɧɢɟ 
ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɢ ɫɨɛɫɬɜɟɧɧɵɯ ɮɭɧɤɰɢɣ ɨɩɟɪɚɬɨɪɚ, ɤɨɬɨɪɵɟ ɨɩɢɫɵɜɚɸɬ 
ɫɨɛɫɬɜɟɧɧɵɟ ɱɚɫɬɨɬɵ ɤɨɥɟɛɚɧɢɣ ɩɥɢɬɤɢ) ɜ ɨɛɥɚɫɬɢ ɫ ɱɚɫɬɨɣ ɫɦɟɧɨɣ ɬɢɩɚ 
ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ, ɚ ɬɚɤɠɟ ɜ ɨɛɥɚɫɬɢ ɫ ɛɨɥɶɲɢɦ ɤɨɥɢɱɟɫɬɜɨɦ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɦɚɫɫ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜɞɨɥɶ ɝɪɚɧɢɰɵ. Ȼɵɥɨ ɩɨɤɚɡɚɧɨ, ɱɬɨ 
ɩɪɢ ɨɩɪɟɞɟɥёɧɧɵɯ ɭɫɥɨɜɢɹɯ ɭɫɪɟɞɧёɧɧɚɹ ɡɚɞɚɱɚ ɢɦɟɟɬ ɬɟ ɠɟ ɫɨɛɫɬɜɟɧɧɵɟ 
ɡɧɚɱɟɧɢɹ, ɱɬɨ ɢ ɡɚɞɚɱɚ ɜ ɨɛɥɚɫɬɢ ɫ ɩɨɥɧɨɫɬɶɸ ɮɢɤɫɢɪɨɜɚɧɧɨɣ ɝɪɚɧɢɰɟɣ ɛɟɡ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɦɚɫɫ. 

   ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɚɜɢɥɶɧɨ ɩɪɨɜɟɞёɧɧɵɯ ɪɚɫɱёɬɨɜ ɩɨɫɥɟ ɩɟɪɜɨɝɨ ɩɨɥёɬɚ 
ɦɧɨɝɨɪɚɡɨɜɨɝɨ ɤɨɪɚɛɥɹ “Ȼɭɪɚɧ” ɨɬɨɪɜɚɥɨɫɶ ɥɢɲɶ ɱɟɬɵɪɟ ɩɥɢɬɤɢ ɢɡ ɧɟɫɤɨɥɶɤɢɯ 
ɬɵɫɹɱ. 

   ȼɬɨɪɚɹ ɝɪɭɩɩɚ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɩɪɢɦɟɪɨɜ ɩɪɢɜɨɞɢɬ ɤ ɬɚɤ ɧɚɡɵɜɚɟɦɵɦ 
ɡɚɞɚɱɚɦ ɫ ɛɵɫɬɪɨ ɦɟɧɹɸɳɢɦɫɹ ɬɢɩɨɦ ɝɪɚɧɢɱɧɵɯ ɭɫɥɨɜɢɣ ɢ ɤ ɡɚɞɚɱɚɦ ɫ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɦɢ ɦɚɫɫɚɦɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɜɞɨɥɶ ɝɪɚɧɢɰɵ. 
Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɟɬɨɞɵ ɩɪɢɜɟɞɟɧɵ ɜ ɪɚɛɨɬɚɯ [12] - [23]. 

Ɂɚɞɚɱɢ ɝɪɚɧɢɱɧɨɝɨ ɭɫɪɟɞɧɟɧɢɹ ɜɨɡɧɢɤɚɸɬ ɬɚɤɠɟ ɜ ɛɢɨɥɨɝɢɢ. Ȼɢɨɥɨɝɢɹ 
ɞɚɜɧɨ ɩɪɢɜɥɟɤɚɟɬ ɭɱёɧɵɯ-ɦɚɬɟɦɚɬɢɤɨɜ ɧɨɜɵɦɢ ɢɧɬɟɪɟɫɧɵɦɢ ɩɨɫɬɚɧɨɜɤɚɦɢ 
ɡɚɞɚɱ. ɉɪɨɜɨɞɢɦɨɫɬɶ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɦɟɦɛɪɚɧ (ɧɚɩɪɢɦɟɪ, ɤɥɟɬɨɱɧɵɯ ɦɟɦɛɪɚɧ) 
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ɞɟɬɚɥɶɧɨ ɢɡɭɱɟɧɚ ɜ ɪɚɛɨɬɟ Д14Ж (ɫɦ. ɪɢɫɭɧɨɤ 4). 

Ɂɚɞɚɱɚ ɨ ɩɪɨɜɨɞɢɦɨɫɬɢ ɦɟɦɛɪɚɧɵ ɨɩɹɬɶ ɫɜɨɞɢɬɫɹ ɤ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɡɚɞɚɱɟ 
ɜ ɨɛɥɚɫɬɢ ɫ ɱɚɫɬɨɣ ɫɦɟɧɨɣ ɬɢɩɚ ɝɪɚɧɢɱɧɨɝɨ ɭɫɥɨɜɢɹ. ɇɚ ɩɨɪɚɯ ɦɟɦɛɪɚɧɵ 
ɫɬɚɜɢɬɫɹ ɭɫɥɨɜɢɟ ɨɞɧɨɝɨ ɬɢɩɚ, ɚ ɦɟɠɞɭ ɩɨɪɚɦɢ (ɝɞɟ ɧɟɬ ɩɨɬɨɤɚ) ɫɬɚɜɢɬɫɹ ɞɪɭɝɨɟ 
ɭɫɥɨɜɢɟ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɦɟɬɨɞɵ ɝɪɚɧɢɱɧɨɝɨ ɭɫɪɟɞɧɟɧɢɹ ɩɨɡɜɨɥɹɸɬ ɩɨɫɬɪɨɢɬɶ 
ɡɚɞɚɱɭ ɷɮɮɟɤɬɢɜɧɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɢ ɨɩɢɫɚɬɶ ɫɜɨɣɫɬɜɚ ɟё ɪɟɲɟɧɢɣ (ɬ.ɟ. ɨɩɢɫɚɬɶ 
ɷɮɮɟɤɬɢɜɧɵɣ ɩɨɬɨɤ ɱɟɪɟɡ ɦɟɦɛɪɚɧɭ). 
Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɡɚɞɚɱ ɦɢɤɪɨɛɢɨɥɨɝɢɢ ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɦɚɥɨɝɨ ɩɚɪɚɦɟɬɪɚ 
ɜ ɭɪɚɜɧɟɧɢɹɯ, ɨɩɢɫɵɜɚɸɳɢɯ ɩɨɜɟɞɟɧɢɟ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɛɢɨɥɨɝɢɱɟɫɤɢɯ 
ɨɛɴɟɤɬɨɜ. ɉɨɜɟɞɟɧɢɟ ɫɥɨɠɧɵɯ ɦɧɨɝɨɤɥɟɬɨɱɧɵɯ ɨɪɝɚɧɢɡɦɨɜ ɩɨɞ ɜɥɢɹɧɢɟɦ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɚɞɟɤɜɚɬɧɨ ɨɩɢɫɵɜɚɟɬɫɹ ɧɚ ɦɢɤɪɨɭɪɨɜɧɟ, ɬ.ɟ. ɧɚ ɤɥɟɬɨɱɧɨɦ 
ɢɥɢ ɞɚɠɟ ɦɨɥɟɤɭɥɹɪɧɨɦ ɭɪɨɜɧɟ. Ɍɚɤɚɹ ɦɨɞɟɥɶ ɢ ɜɤɥɸɱɚɟɬ ɭɪɚɜɧɟɧɢɹ ɫ ɦɚɥɵɦ 
ɩɚɪɚɦɟɬɪɨɦ, ɤɨɬɨɪɵɣ ɫɜɹɡɚɧ ɫ ɯɚɪɚɤɬɟɪɧɵɦ ɪɚɡɦɟɪɨɦ ɤɥɟɬɨɤ ɢɥɢ ɦɨɥɟɤɭɥ. ɇɨ 
ɞɚɠɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɜɟɞɟɧɢɹ ɩɪɨɫɬɟɣɲɢɯ ɨɞɧɨɤɥɟɬɨɱɧɵɯ ɬɪɟɛɭɟɬ ɞɨɜɨɥɶɧɨ 
ɫɥɨɠɧɨɝɨ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɚɩɩɚɪɚɬɚ, ɜɤɥɸɱɚɹ ɦɟɬɨɞɵ ɭɫɪɟɞɧɟɧɢɹ. 

Ɋɚɫɫɦɨɬɪɢɦ ɬɚɤɨɣ ɩɪɢɦɟɪ. Ɇɟɬɚɛɨɥɢɡɦ (ɨɛɦɟɧ ɜɟɳɟɫɬɜ) ɢ ɞɜɢɠɟɧɢɟ 
ɩɪɨɫɬɟɣɲɢɯ ɬɢɩɚ ɢɧɮɭɡɨɪɢɢ ɩɪɨɢɫɯɨɞɢɬ ɛɥɚɝɨɞɚɪɹ ɧɚɥɢɱɢɸ ɪɟɫɧɢɱɟɤ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɢɯ ɬɟɥ (ɫɦ. ɪɢɫɭɧɨɤ 5). 

Ɋɢɫ. 5. ɂɧɮɭɡɨɪɢɹ ɬɭɮɟɥɶɤɚ (Paramecium caudatum) 

ɉɪɨɫɬɟɣɲɢɟ ɢɦɟɸɬ ɫɥɨɠɧɨɟ ɜɧɭɬɪɟɧɧɟɟ ɫɬɪɨɟɧɢɟ. ȼɧɭɬɪɢ ɤɥɟɬɤɢ ɦɨɠɧɨ 
ɭɜɢɞɟɬɶ ɢ ɛɨɥɟɟ ɩɥɨɬɧɵɟ ɜɤɥɸɱɟɧɢɹ (ɮɢɛɪɢɥɥɵ, ɹɞɪɚ, ɦɢɬɨɯɨɧɞɪɢɢ), ɢ 
ɩɭɡɵɪɶɤɢ ɝɚɡɚ (ɫɨɤɪɚɬɢɬɟɥɶɧɚɹ ɜɚɤɭɨɥɶ, ɬɪɢɯɨɰɢɫɬɵ), ɢ ɜɤɥɸɱɟɧɢɹ, ɫɨɫɬɨɹɳɢɟ 
ɢɡ ɠɢɞɤɨɫɬɢ, ɨɤɪɭɠɟɧɧɵɟ ɦɟɦɛɪɚɧɚɦɢ (ɩɢɳɟɜɚɪɢɬɟɥɶɧɚɹ ɜɚɤɭɨɥɶ). 
ɍɫɬɚɧɨɜɢɜɲɢɣɫɹ ɛɢɨ-ɮɢɡɢɱɟɫɤɢɣ ɩɪɨɰɟɫɫ (ɦɟɬɚɛɨɥɢɡɦ) ɜ ɬɚɤɢɯ ɤɥɟɬɤɚɯ ɦɨɠɟɬ 
ɛɵɬɶ ɫɦɨɞɟɥɢɪɨɜɚɧ ɤɪɚɟɜɨɣ ɡɚɞɚɱɟɣ ɜ ɩɟɪɮɨɪɢɪɨɜɚɧɧɨɣ ɨɛɥɚɫɬɢ ɫ ɛɵɫɬɪɨ 
ɨɫɰɢɥɥɢɪɭɸɳɟɣ ɝɪɚɧɢɰɟɣ. Ⱥɦɩɥɢɬɭɞɚ ɨɫɰɢɥɥɹɰɢɢ (ɜɵɫɨɬɚ ɪɟɫɧɢɱɟɤ), ɩɪɢ 
ɷɬɨɦ, ɦɧɨɝɨ ɛɨɥɶɲɟ ɩɟɪɢɨɞɚ (ɬɨɥɳɢɧɵ ɪɟɫɧɢɱɟɤ). ɋɬɪɨɟɧɢɟ ɤɥɟɬɨɤ ɢɧɮɭɡɨɪɢɣ 
ɩɨɞɫɤɚɡɵɜɚɟɬ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɨ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɨɛɥɚɫɬɢ ɫɨ ɫɥɭɱɚɣɧɨɣ 
ɦɢɤɪɨɫɬɪɭɤɬɭɪɨɣ ɢ ɨɫɰɢɥɥɹɰɢɸ ɝɪɚɧɢɰɵ, ɧɟɫɨɝɥɚɫɨɜɚɧɧɭɸ ɫ ɜɧɭɬɪɟɧɧɢɦ 
ɫɬɪɨɟɧɢɟɦ. Ɍɚɤɚɹ ɡɚɞɚɱɚ ɛɵɥɚ ɪɚɫɫɦɨɬɪɟɧɚ, ɧɨ ɨɬɫɭɬɫɬɜɢɟ ɧɟɤɨɬɨɪɨɣ 
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ɭɩɨɪɹɞɨɱɟɧɧɨɫɬɢ ɜɧɭɬɪɟɧɧɟɣ ɫɬɪɭɤɬɭɪɵ ɢ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɟ ɜɧɭɬɪɟɧɧɟɣ ɢ 
ɝɪɚɧɢɱɧɨɣ ɫɬɪɭɤɬɭɪ ɧɟ ɩɨɡɜɨɥɹɸɬ ɩɨɥɭɱɢɬɶ “ɯɨɪɨɲɢɟ” ɨɰɟɧɤɢ ɨɬɤɥɨɧɟɧɢɹ 
ɪɟɲɟɧɢɣ ɢɫɯɨɞɧɨɣ ɡɚɞɚɱɢ ɨɬ ɪɟɲɟɧɢɣ ɭɫɪɟɞɧёɧɧɨɣ, ɯɨɬɹ ɩɨɫɬɪɨɟɧɢɟ 
ɭɫɪɟɞɧёɧɧɨɣ ɡɚɞɚɱɢ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɭɫɩɟɲɧɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ. Ɉɬɦɟɬɢɦ, ɱɬɨ 
ɧɟɤɨɬɨɪɵɟ ɜɢɞɵ ɢɧɮɭɡɨɪɢɣ ɢɦɟɸɬ ɹɪɤɨ ɜɵɪɚɠɟɧɧɵɟ ɥɨɤɚɥɶɧɨ ɩɟɪɢɨɞɢɱɟɫɤɢɟ 
ɜɤɥɸɱɟɧɢɹ - ɩɭɡɵɪɶɤɢ, ɧɚɩɪɢɦɟɪ, ɢɧɮɭɡɨɪɢɹ Strobilidium rapulum (ɫɦ. ɪɢɫɭɧɨɤ 
6). 

Ɋɢɫ. 6. ɂɧɮɭɡɨɪɢɹ Strobilidium rapulum 

ɉɪɨɰɟɫɫɵ ɜ ɬɚɤɢɯ ɤɥɟɬɤɚɯ ɦɨɠɧɨ ɦɨɞɟɥɢɪɨɜɚɬɶ ɭɪɚɜɧɟɧɢɹɦɢ ɜ ɥɨɤɚɥɶɧɨ 
ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɨɛɥɚɫɬɢ ɫ ɨɫɰɢɥɥɢɪɭɸɳɟɣ ɝɪɚɧɢɰɟɣ. ɉɪɢ ɷɬɨɦ ɨɫɰɢɥɥɹɰɢɹ 
ɝɪɚɧɢɰɵ ɫɨɝɥɚɫɨɜɚɧɚ ɫ ɜɧɭɬɪɟɧɧɢɦ ɫɬɪɨɟɧɢɟɦ ɨɛɥɚɫɬɢ. Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ 
ɤɪɚɟɜɚɹ ɡɚɞɚɱɚ ɞɥɹ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɝɨ ɭɪɚɜɧɟɧɢɹ ɜ ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɜ 
ɥɨɤɚɥɶɧɨ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɩɟɪɮɨɪɢɪɨɜɚɧɧɨɣ ɨɛɥɚɫɬɢ ɫ ɨɱɟɧɶ ɛɵɫɬɪɨ 
ɨɫɰɢɥɥɢɪɭɸɳɟɣ ɝɪɚɧɢɰɟɣ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɨɫɰɢɥɥɹɰɢɹ ɝɪɚɧɢɰɵ 
ɫɨɝɥɚɫɨɜɚɧɚ ɫ ɜɧɭɬɪɟɧɧɢɦ ɫɬɪɨɟɧɢɟɦ ɨɛɥɚɫɬɢ ɢ ɚɦɩɥɢɬɭɞɚ ɨɫɰɢɥɥɹɰɢɢ ɦɧɨɝɨ 
ɛɨɥɶɲɟ ɩɟɪɢɨɞɚ. ɉɪɢ ɷɬɨɦ ɧɚ ɝɪɚɧɢɰɟ ɩɨɥɨɫɬɟɣ ɢ ɧɚ ɨɫɰɢɥɥɢɪɭɸɳɟɣ ɝɪɚɧɢɰɟ 
ɫɬɚɜɢɬɫɹ ɤɪɚɟɜɨɟ ɭɫɥɨɜɢɟ, ɤɨɬɨɪɨɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬ ɭɫɬɚɧɨɜɢɜɲɢɣɫɹ ɨɛɦɟɧ 
ɜɟɳɟɫɬɜ (ɢɥɢ ɞɢɮɮɭɡɢɸ ɜɟɳɟɫɬɜ). Ɇɟɬɨɞɚɦɢ ɝɪɚɧɢɱɧɨɝɨ ɭɫɪɟɞɧɟɧɢɹ 
ɩɨɥɭɱɚɸɬɫɹ ɤɨɧɫɬɚɧɬɵ, ɤɨɬɨɪɵɟ ɞɚɸɬ ɱɢɫɥɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɝɨ 
ɦɟɬɚɛɨɥɢɡɦɚ (ɨɛɦɟɧɚ ɜɟɳɟɫɬɜ) ɜ ɤɥɟɬɤɚɯ ɢɧɮɭɡɨɪɢɣ. 

Ɂɚɞɚɱɢ ɜ ɩɟɪɮɨɪɢɪɨɜɚɧɧɵɯ ɨɛɥɚɫɬɹɯ ɫ ɨɫɰɢɥɥɢɪɭɸɳɟɣ ɝɪɚɧɢɰɟɣ 
ɢɡɭɱɚɥɢɫɶ ɜ ɪɚɛɨɬɟ Д9Ж, ɝɞɟ ɪɚɫɫɦɨɬɪɟɧ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɨɫɰɢɥɥɹɰɢɹ ɝɪɚɧɢɰɵ ɢɦɟɟɬ 
“ɨɛɵɱɧɭɸ” ɫɬɪɭɤɬɭɪɭ. Ⱥɦɩɥɢɬɭɞɚ ɢ ɩɟɪɢɨɞ ɨɫɰɢɥɥɹɰɢɢ ɢɦɟɸɬ ɨɞɢɧɚɤɨɜɵɣ 
ɩɨɪɹɞɨɤ. Ɇɨɞɟɥɶɧɚɹ ɡɚɞɚɱɚ ɜ ɨɛɥɚɫɬɢ ɫ ɨɱɟɧɶ ɛɵɫɬɪɨ ɨɫɰɢɥɥɢɪɭɸɳɟɣ 
ɝɪɚɧɢɰɟɣ, ɬ.ɟ. ɤɨɝɞɚ ɚɦɩɥɢɬɭɞɚ ɢ ɩɟɪɢɨɞ ɢɦɟɸɬ ɪɚɡɧɵɣ ɩɨɪɹɞɨɤ, 
ɪɚɫɫɦɚɬɪɢɜɚɥɚɫɶ ɜ Д8Ж, ɫɦ. ɬɚɤɠɟ ɩɪɢɦɟɧɟɧɢɟ ɤ ɛɢɨɥɨɝɢɢ ɜ ɪɚɛɨɬɚɯ Д24Ж, Д25Ж. 

Ɋɢɫ. 7. Ɏɪɚɝɦɟɧɬ ɷɩɢɬɟɥɢɹ ɦɥɟɤɨɩɢɬɚɸɳɢɯ 
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Ɉ ɬɚɤɢɯ ɡɚɞɚɱɚɯ ɦɵ ɩɨɝɨɜɨɪɢɦ ɩɨɞɪɨɛɧɟɟ ɜ ɪɚɛɨɬɟ. Ɇɚɬɟɦɚɬɢɱɟɫɤɢ ɬɚɤɢɟ 
ɦɨɞɟɥɢ ɫɜɨɞɹɬɫɹ ɤ ɢɡɭɱɟɧɢɸ ɤɪɚɟɜɵɯ ɡɚɞɚɱ ɜ ɨɛɥɚɫɬɹɯ ɫ ɤɚɫɤɚɞɧɵɦɢ 
ɦɧɨɝɨɭɪɨɜɧɟɜɵɦɢ ɨɫɰɢɥɥɢɪɭɸɳɢɦɢ ɝɪɚɧɢɰɚɦɢ. ɉɪɢ ɷɬɨɦ ɜ 
“ɬɪɚɧɫɦɢɫɫɢɨɧɧɨɦ” ɫɥɨɟ ɜɨɡɦɨɠɧɨ ɩɨɹɜɥɟɧɢɟ ɷɮɮɟɤɬɚ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ 
ɦɚɫɫ. Ɍɚɤɢɟ ɡɚɞɚɱɢ ɢɫɫɥɟɞɨɜɚɧɵ ɜ ɪɚɛɨɬɚɯ Д27Ж — [32]. 

ȿɳё ɨɞɢɧ ɩɪɢɦɟɪ ɫɜɹɡɚɧ ɫ ɩɨɜɟɞɟɧɢɟɦ ɬɟɥ, ɩɟɪɮɨɪɢɪɨɜɚɧɧɵɯ ɜɞɨɥɶ 
ɝɪɚɧɢɰɵ (ɫɦ. ɪɢɫɭɧɨɤ 8). 

Ɋɢɫ. 8. ɋɨɫɭɞ ɫ ɠɢɞɤɨɫɬɶɸ ɢ ɡɚɝɥɭɛɥɟɧɧɵɦɢ ɩɨɥɵɦɢ ɩɨɩɥɚɜɤɚɦɢ 

ɇɚɦɢ ɪɚɫɫɦɨɬɪɟɧɵ ɧɟɫɤɨɥɶɤɨ ɝɪɭɩɩ ɩɪɢɦɟɪɨɜ, ɜ ɤɨɬɨɪɵɯ ɟɫɬɟɫɬɜɟɧɧɵɦ 
ɨɛɪɚɡɨɦ ɜɨɡɧɢɤɚɸɬ ɡɚɞɚɱɢ ɝɪɚɧɢɱɧɨɝɨ ɭɫɪɟɞɧɟɧɢɹ. Ɇɨɠɧɨ ɟɳё ɩɪɢɜɟɫɬɢ 
ɦɧɨɠɟɫɬɜɨ ɪɚɡɥɢɱɧɵɯ ɩɪɢɦɟɪɨɜ, ɝɞɟ ɬɚɤɢɟ ɡɚɞɚɱɢ ɜɨɡɧɢɤɚɸɬ, ɧɨ ɦɵ ɡɚɬɪɨɧɭɥɢ, 
ɩɨ ɫɭɬɢ, ɨɫɧɨɜɧɵɟ ɬɢɩɵ ɜɨɡɧɢɤɚɸɳɢɯ ɤɥɚɫɫɢɱɟɫɤɢɯ ɡɚɞɚɱ ɝɪɚɧɢɱɧɨɝɨ 
ɭɫɪɟɞɧɟɧɢɹ. ɂɡ ɧɟɨɛɵɱɧɵɯ (ɧɟɤɥɚɫɫɢɱɟɫɤɢɯ) ɩɪɢɦɟɪɨɜ ɦɨɠɧɨ ɩɪɢɜɟɫɬɢ ɨɞɢɧ 
ɢɧɬɟɪɟɫɧɵɣ ɩɪɢɦɟɪ, ɤɨɬɨɪɵɣ, ɩɪɚɜɞɚ, ɩɨɞɪɨɛɧɨ ɨɛɫɭɠɞɚɬɶ ɧɟ ɛɭɞɟɦ. ɗɬɨ 
ɢɫɫɥɟɞɨɜɚɧɢɟ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɩɪɨɜɨɞɢɦɨɫɬɢ ɤɨɪɪɨɞɢɪɨɜɚɧɧɵɯ ɤɨɧɬɚɤɬɨɜ. 
Ɉɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɡɞɟɫɶ ɩɪɢɯɨɞɢɬɫɹ 
ɝɨɜɨɪɢɬɶ ɨ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɹɯ ɧɚ ɮɪɚɤɬɚɥɚɯ. Ɍɚɤɢɟ ɡɚɞɚɱɢ ɬɨɠɟ 
ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ, ɧɨ ɜ ɷɬɨɣ ɫɢɬɭɚɰɢɢ ɩɪɢɯɨɞɢɬɫɹ ɞɚɜɚɬɶ ɧɨɜɵɟ ɨɩɪɟɞɟɥɟɧɢɹ 
ɩɨɧɹɬɢɹ ɩɪɨɢɡɜɨɞɧɵɯ ɢ ɩɨɥɶɡɨɜɚɬɶɫɹ ɧɟɤɥɚɫɫɢɱɟɫɤɢɦɢ ɦɟɬɨɞɚɦɢ 
ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɚɧɚɥɢɡɚ. 

ɉɨɞɜɨɞɹ ɢɬɨɝ, ɫɤɚɠɟɦ, ɱɬɨ ɩɪɢɤɥɚɞɧɵɟ ɡɚɞɚɱɢ ɜ ɨɛɥɚɫɬɹɯ ɫ 
ɦɢɤɪɨɧɟɨɞɧɨɪɨɞɧɨɫɬɹɦɢ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɭɫɩɟɲɧɨ ɪɟɲɚɸɬɫɹ, ɚ ɪɚɡɜɢɬɵɣ 
ɚɩɩɚɪɚɬ ɩɨɡɜɨɥɹɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɦɧɨɠɟɫɬɜɨ ɞɪɭɝɢɯ ɬɢɩɨɜ ɢ ɤɥɚɫɫɨɜ ɬɚɤɢɯ 
ɡɚɞɚɱ. 

Ⱦɚɥɟɟ ɜ ɪɚɛɨɬɟ ɩɨɞɪɨɛɧɨ ɛɭɞɭɬ ɨɛɫɭɠɞɚɬɶɫɹ ɦɨɞɟɥɢ ɜ ɤɚɫɤɚɞɧɵɯ 
ɫɨɟɞɢɧɟɧɢɹɯ ɫ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɦɢ ɦɚɫɫɚɦɢ, ɚ ɬɚɤɠɟ ɡɚɞɚɱɚ ɞɥɹ ɨɩɟɪɚɬɨɪɧɨɝɨ 
ɩɭɱɤɚ, ɜɨɡɧɢɤɚɸɳɚɹ ɜ ɝɢɞɪɨɞɢɧɚɦɢɤɟ, ɤɨɬɨɪɚɹ ɫɜɹɡɚɧɚ ɫ ɦɚɥɵɦɢ ɤɨɥɟɛɚɧɢɹɦɢ 
ɠɢɞɤɨɫɬɢ ɜ ɫɨɫɭɞɟ ɫ ɡɚɝɥɭɛɥɟɧɧɵɦɢ ɩɨɩɥɚɜɤɚɦɢ. 

1. Ɉ ɧɨɜɵɯ ɬɢɩɚɯ ɤɨɥɟɛɚɧɢɣ ɝɭɫɬɵɯ ɤɚɫɤɚɞɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫ
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɦɢ ɦɚɫɫɚɦɢ 

ɗɬɨɬ ɩɚɪɚɝɪɚɮ ɧɚɩɢɫɚɧ ɩɨ ɦɚɬɟɪɢɚɥɚɦ ɪɚɛɨɬɵ Д26Ж. Ɂɚɞɚɱɢ ɜ ɨɛɥɚɫɬɹɯ ɬɢɩɚ 
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ɝɭɫɬɨɝɨ ɤɚɫɤɚɞɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɧɚɱɚɥɢ ɢɡɭɱɚɬɶɫɹ ɫɪɚɜɧɢɬɟɥɶɧɨ ɧɟɞɚɜɧɨ (ɫɦ. 
Д27, 28Ж). Ȼɵɥɨ ɩɨɥɭɱɟɧɨ ɧɨɜɨɟ ɭɫɥɨɜɢɟ ɫɨɩɪɹɠɟɧɢɹ ɧɚ ɢɧɬɟɪɮɟɣɫɟ, ɤɨɬɨɪɨɟ 
ɞɢɤɬɭɟɬɫɹ ɩɨɜɟɞɟɧɢɟɦ ɦɚɥɵɯ ɨɬɪɨɫɬɤɨɜ. ȼ ɪɚɛɨɬɟ Д30Ж ɨɛɧɚɪɭɠɟɧɨ ɜɥɢɹɧɢɟ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɦɚɫɫ ɧɚ ɦɚɥɵɯ ɨɬɪɨɫɬɤɚɯ ɧɚ ɢɡɦɟɧɟɧɢɟ ɭɫɥɨɜɢɣ 
ɫɨɩɪɹɠɟɧɢɹ. Ȼɵɥɨ ɞɨɤɚɡɚɧɨ, ɱɬɨ ɞɥɹ ɫɩɟɤɬɪɚɥɶɧɨɣ ɡɚɞɚɱɢ ɜ ɬɚɤɨɦ ɫɨɟɞɢɧɟɧɢɢ ɫ 
ɥёɝɤɢɦɢ ɢ ɫɪɟɞɧɢɦɢ ɦɚɫɫɚɦɢ ɫɩɟɤɬɪɚɥɶɧɵɣ ɩɚɪɚɦɟɬɪ ɜɨɡɧɢɤɚɟɬ ɟɳё ɢ ɜ 
ɭɫɥɨɜɢɹɯ ɫɨɩɪɹɠɟɧɢɹ, ɬ.ɟ. ɜɨɡɧɢɤɚɟɬ ɭɫɪɟɞɧёɧɧɚɹ ɨɩɟɪɚɬɨɪ-ɮɭɧɤɰɢɹ. ɉɪɢ 
ɭɜɟɥɢɱɟɧɢɢ ɩɥɨɬɧɨɫɬɢ ɦɚɫɫɵ ɨɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɞɥɢɧɧɵɟ ɨɬɪɨɫɬɤɢ ɧɚɱɢɧɚɸɬ 
ɤɨɥɟɛɚɬɶɫɹ, ɩɨɜɬɨɪɹɹ ɤɨɥɟɛɚɧɢɹ ɦɚɥɵɯ ɨɬɪɨɫɬɤɨɜ. ȼɨɡɧɢɤɚɟɬ ɷɮɮɟɤɬ ɨɛɴёɦɧɨɣ 
(ɬɨɥɫɬɨɣ) ɤɨɠɢ ɜ ɬɜёɪɞɨɦ ɬɟɥɟ, ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ “ɨɛɴёɦɧɵɣ ɫɤɢɩ ɷɮɮɟɤɬ. 

 ɇɚɫɬɨɹɳɚɹ ɫɬɚɬɶɹ ɩɨɫɜɹɳɟɧɚ, ɤɚɤ ɪɚɡ, ɢɡɭɱɟɧɢɸ ɧɨɜɵɯ ɷɮɮɟɤɬɨɜ, ɬɚɤɢɯ ɤɚɤ, 
ɩɨɹɜɥɟɧɢɟ ɚɧɚɥɨɝɚ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɥɧ ɜ ɬɜёɪɞɨɦ ɬɟɥɟ, ɜɨɡɧɢɤɧɨɜɟɧɢɟ 
ɨɛɴёɦɧɨɝɨ ɫɤɢɩ ɷɮɮɟɤɬɚ ɢ ɬ.ɩ. (ɫɦ. ɧɟɤɨɬɨɪɵɟ ɩɨɞɪɨɛɧɨɫɬɢ ɜ Д30Ж, ɤɨɬɨɪɵɟ 
ɩɨɹɜɥɹɸɬɫɹ ɜ ɝɭɫɬɵɯ ɤɚɫɤɚɞɧɵɯ ɫɨɟɞɢɧɟɧɢɹɯ ɩɪɢ ɧɚɥɢɱɢɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ 
ɦɚɫɫ. 

ȿɫɥɢ ɝɨɜɨɪɢɬɶ ɨ ɤɨɥɟɛɚɧɢɹɯ ɫɢɫɬɟɦ ɫ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɦɢ ɦɚɫɫɚɦɢ, ɬɨ 
ɧɚɞɨ ɭɩɨɦɹɧɭɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɪɚɛɨɬɵ, ɝɞɟ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɧɚɥɢɱɢɟ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɨɣ ɦɚɫɫɵ ɧɚ ɦɚɥɨɦ ɦɧɨɠɟɫɬɜɟ ɞɢɚɦɟɬɪɚ O(e) ɜɟɞёɬ ɤ ɫɢɥɶɧɨɦɭ 
ɢɡɦɟɧɟɧɢɸ ɱɚɫɬɨɬ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɬɟɥ. ɇɨ ɫɬɪɨɝɨɟ ɢɡɭɱɟɧɢɟ ɜɥɢɹɧɢɹ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɦɚɫɫ ɧɚ ɩɨɜɟɞɟɧɢɟ ɬɚɤɢɯ ɨɛɴɟɤɬɨɜ ɧɚɱɢɧɚɟɬɫɹ ɬɨɥɶɤɨ ɫ 
ɩɨɹɜɥɟɧɢɟɦ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ ɢ ɩɨɞɯɨɞɨɜ, ɬɚɤɢɯ ɤɚɤ ɚɫɢɦɩɬɨɬɢɱɟɫɤɢɣ 
ɚɧɚɥɢɡ ɢ ɬɟɨɪɢɹ ɭɫɪɟɞɧɟɧɢɹ. ȼ ɩɢɨɧɟɪɫɤɨɣ ɪɚɛɨɬɟ ȿ. ɋɚɧɱɟɫ- ɉɚɥɟɧɫɢɢ Д31Ж ɛɵɥ 
ɢɡɭɱɟɧ ɷɮɮɟɤɬ ɥɨɤɚɥɶɧɵɯ ɤɨɥɟɛɚɧɢɣ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɩɨɹɜɢɥɨɫɶ ɦɧɨɝɨ ɞɪɭɝɢɯ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɪɚɛɨɬ ɩɨ ɷɬɨɣ ɬɟɦɟ. ɑɢɬɚɬɟɥɶ ɦɨɠɟɬ ɧɚɣɬɢ ɩɨɞɪɨɛɧɭɸ 
ɛɢɛɥɢɨɝɪɚɮɢɸ ɪɚɛɨɬ, ɩɨɫɜɹɳёɧɧɵɯ ɫɩɟɤɬɪɚɥɶɧɵɦ ɡɚɞɚɱɚɦ ɫ 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɦɢ ɦɚɫɫɚɦɢ ɜ Д30, 5Ж. ȼɩɟɪɜɵɟ ɫɤɢɩ-ɷɮɮɟɤɬ ɛɵɥ ɨɛɧɚɪɭɠɟɧ ɜ 
ɪɚɛɨɬɟ Д34Ж. 

1.1.  ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 
ɉɭɫɬɶ ܽ, ܾଵ, ܾଶ, ℎଵ, ℎଶ — ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɱɢɫɥɚ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɢɟ

ɧɟɪɚɜɟɧɫɬɜɚɦ Ͳ < ܾଵ < ܾଶ < ଵଶ ,    Ͳ < ܾଵ − ℎభଶ ,    ܾଵ + ℎభଶ < ܾଶ − ℎభଶ ,    ܾଶ + ℎభଶ < ଵଶ−ℎమଶ . Ʌɟɝɤɨ ɭɜɢɞɟɬɶ, ɱɬɨ ɢɧɬɟɪɜɚɥɵ ቀܾଵ − ℎభଶ , ܾଵ + ℎభଶ ቁ, ቀܾଶ − ℎభଶ , ܾଶ + ℎభଶ ቁ, ቀଵ−ℎమଶ , ଵ+ℎమଶ ቁ, ቀͳ − ܾଶ − ℎభଶ , ͳ − ܾଶ + ℎభଶ ቁ ɢ ቀͳ − ܾଵ − ℎభଶ , ͳ − ܾଵ + ℎభଶ ቁ ɧɟ 

ɩɟɪɟɫɟɤɚɸɬɫɹ ɢ ɥɟɠɚɬ ɧɚ ሺͲ,ͳሻ. 
Ɋɚɡɞɟɥɢɦ ɨɬɪɟɡɨɤ [Ͳ, ܽ] ɧɚ ܰ ɨɞɢɧɚɤɨɜɵɯ ɨɬɪɟɡɤɨɜ [݆ߝ, ሺ݆ߝ + ͳሻ], ݆ =Ͳ,… , ܰ − ͳ. Ɂɞɟɫɶ ܰ — ɛɨɥɶɲɨɟ ɧɚɬɭɪɚɥɶɧɨɟ ɱɢɫɥɨ ɢ ɩɨɷɬɨɦɭ ߝ = ܽ/ܰ — 

ɦɚɥɵɣ ɞɢɫɤɪɟɬɧɵɣ ɩɚɪɚɦɟɬɪ. 
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Ɋɢɫ. 9. Ƚɭɫɬɨɟ ɤɚɫɤɚɞɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ȳఌ . 
Ɇɨɞɟɥɶɧɨɟ  ɝɭɫɬɨɟ ɤɚɫɤɚɞɧɨɟ ɫɨɟɞɢɧɟɧɢɟ ȳఌ (ɫɦ. ɪɢɫɭɧɨɤ 9) ɫɨɫɬɨɢɬ ɢɡ

ɬɟɥɚ ɫɨɟɞɢɧɟɧɢɹ  ȳ଴ ݔ} = א ܴଶ:  Ͳ < ଵݔ < ܽ,    Ͳ < ଶݔ < ,{ ଵሻݔሺߛ
ɝɞɟ ߛ א ,ଵሺ[Ͳܥ ܽ]ሻ,    min[଴,௔]ߛ =: ଴ߛ > Ͳ  ɢ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɬɨɧɤɢɯ 
ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɜ ܩ௝ሺଵሻሺ݀௞, ሻߝ = ݔ}  א ℝଶ:  |ݔଵ − ሺ݆ ߝ + ݀௞ሻ| <  ఌℎభଶ ଶݔ    , א ሺ−ߝ ݈ଵ, Ͳ]} ,    ݇ = ͳ,… ,Ͷ,ܩ௝ሺଶሻሺߝሻ = ݔ}  א ℝଶ:  |ݔଵ − ሺ݆ ߝ + ଵଶሻ| <  ఌℎమଶ ଶݔ    , א ሺ−݈ଶ, Ͳ]} ,    ݆ = Ͳ,ͳ,… ,ܰ − ͳ,
ɝɞɟ ݀ଵ = ܾଵ, ݀ଶ = ܾଶ, ݀ଷ = ͳ − ܾଶ, ݀ସ = ͳ − ܾଵ.  Ɍɚɤɢɦ ɨɛɪɚɡɨɦ,   ȳఌ = ȳ଴ ఌሺଵሻܩ׫ ׫ ఌሺଵሻܩఌሺଶሻ, ɝɞɟܩ = ே−ଵ௝=଴ڂ ሺڂସ௞=ଵ ,௝ሺଵሻሺ݀௞ܩ ఌሺଶሻܩ        ,ሻሻߝ = ே−ଵ௝=଴ڂ .ሻߝ௝ሺଶሻሺܩ

ɑɢɫɥɨ ɬɨɧɤɢɯ ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɜ ɪɚɜɧɨ ͷܰ; ɬɨɧɤɢɟ ɩɪɹɦɨɭɝɨɥɶɧɢɤɢ 
ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɞɜɚ ɤɥɚɫɫɚ ܩఌሺଵሻ ɢ ܩఌሺଶሻ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɢɯ ɞɥɢɧɵ ɢ ɲɢɪɢɧɵ.
Ⱦɥɢɧɚ ɢ ɲɢɪɢɧɚ ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɜ ɩɟɪɜɨɝɨ ɤɥɚɫɫɚ ɪɚɜɧɚ ݈ߝଵ ɢ ߝℎଵ
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚ ݈ଶ ɢ ߝℎଶ — ɞɥɢɧɚ ɢ ɲɢɪɢɧɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ,
ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɜ ɜɬɨɪɨɝɨ ɤɥɚɫɫɚ. Ȼɨɥɟɟ ɬɨɝɨ, ɬɨɧɤɢɟ ɩɪɹɦɨɭɝɨɥɶɧɢɤɢ ɤɚɠɞɨɝɨ 
ɤɥɚɫɫɚ ߝ-ɩɟɪɢɨɞɢɱɟɫɤɢ ɱɟɪɟɞɭɸɬɫɹ ɜɞɨɥɶ ɡɨɧɵ ɩɪɢɫɨɟɞɢɧɟɧɢɹ, ɨɬɪɟɡɤɚ ܫ଴ :ݔ}= ଵݔ א [Ͳ, ଶݔ    ,[ܽ = Ͳ}.

Ɇɵ ɛɭɞɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɨɥɟɛɚɧɢɹ ȳఌ, ɤɨɬɨɪɵɟ ɡɚɜɢɫɹɬ ɨɬ ɜɪɟɦɟɧɢ, ɤɚɤexГሺ−݅√ݐ  ߣሻ, ɩɨɷɬɨɦɭ ɜ ɨɛɥɚɫɬɢ ȳఌ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɫɥɟɞɭɸɳɚɹ ɫɩɟɤɬɪɚɥɶɧɚɹ
ɡɚɞɚɱɚ :  

{  
  −ȟ௫  ݑሺߝ, ሻݔ = ,ߝሺݑሻݔሻ�ఌሺߝሺߣ ,ሻݔ ݔ  א ȳఌ;− ∂ఔݑሺߝ, ሻݔ = Ͳ, ݔ א Υఌሺଵሻ ׫ Υఌሺଶሻ ׫ Ȟఌ;ݑሺߝ, ሻݔ = Ͳ, ݔ         א Ȟଵ;[ݑ]|�మ=బ = [∂௫మݑ]|�మ=బ = Ͳ, ଵݔ         א ܳఌ . (1) 
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Ɂɞɟɫɶ ∂ఔ = ∂/ ɩɪɨɢɡɜɨɞɧɚɹ ɜɞɨɥɶ ɜɧɟɲɧɟɣ ɟɞɢɧɢɱɧɨɣ ɧɨɪɦɚɥɢҲ — ߥ∂
ɤɜɚɞɪɚɬɧɵɦɢ ɫɤɨɛɤɚɦɢ [⋅] ɨɛɨɡɧɚɱɟɧ ɫɤɚɱɨɤ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɮɭɧɤɰɢɣҲ  Υఌሺ௜ሻ —
ɨɛɴɟɞɢɧɟɧɢɟ ɛɨɤɨɜɵɯ ɫɬɨɪɨɧ ɢ ɧɢɠɧɢɯ ɨɫɧɨɜɚɧɢɣ ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɜ ݅-ɨɝɨ 
ɤɥɚɫɫɚ,  ݅ = ͳ,ʹ;   Ȟଵ = ଶݔ  :ݔ} = ,ଵሻݔሺߛ ଵݔ א [Ͳ, ܽ]};  Ȟఌ = ∂ȳఌ\ሺΥఌሺଵሻ ׫ Υఌሺଶሻ ׫ Ȟଵሻ;
ɮɭɧɤɰɢɹ ɩɥɨɬɧɨɫɬɢ ɢɦɟɟɬ ɜɢɞ  �ఌሺݔሻ = {ͳ, ݔ א ȳ଴ ׫ ఈ−ߝ,ఌሺଶሻܩ , ݔ א ;ఌሺଵሻܩ
 ɩɚɪɚɦɟɬɪ ߙ א ℝ (ɟɫɥɢ ߙ > Ͳ, ɬɨ ɢɦɟɟɦ ɤɨɧɰɟɧɬɪɚɰɢɸ ɦɚɫɫɵ ɧɚ ɬɨɧɤɢɯ 
ɩɪɹɦɨɭɝɨɥɶɧɢɤɚɯ ɩɟɪɜɨɝɨ ɤɥɚɫɫɚ ܩఌሺଵሻሻ;  ܳఌ = ܳఌሺଵሻ ׫ ܳఌሺଶሻ, ܳఌሺ௜ሻ = ఌሺ௜ሻܩ ת :ݔ} ଶݔ =Ͳ}, ݅ = ͳ,ʹ. 

Ʌɟɝɤɨ ɜɢɞɟɬɶ, ɱɬɨ ɞɥɹ ɥɸɛɨɝɨ ɮɢɤɫɢɪɨɜɚɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ߝ ɫɭɳɟɫɬɜɭɟɬ 
ɫɱёɬɧɵɣ ɧɚɛɨɪ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ  Ͳ < ሻߝଵሺߣ < ሻߝଶሺߣ ൑ ⋯ ൑ ሻߝ௡ሺߣ ൑ ⋯ → +∞    ሺ ˒˓ˋ ݊ → ∞ሻ (2)
ɡɚɞɚɱɢ (1). ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɫɨɛɫɬɜɟɧɧɵɟ ɮɭɧɤɰɢɢ {ݑ௡ሺߝ,⋅ሻ:  ݊ א ܰ},
ɩɪɢɧɚɞɥɟɠɚɳɢɟ ɩɪɨɫɬɪɚɧɫɬɜɭ ܪఌ , ɦɨɝɭɬ ɛɵɬɶ ɨɪɬɨɧɨɪɦɢɪɨɜɚɧɵ ɫɥɟɞɭɸɳɢɦ
ɨɛɪɚɡɨɦ:  ሺݑ௡, ഄሺమሻሻீ׫௠ሻ௅మሺΩబݑ + ,௡ݑఈሺ−ߝ ௠ሻ௅మሺீഄሺభሻሻݑ = {݉,݊}    ,௡,௠ߜ א ܰ. (3) 

Ɂɞɟɫɶ ɢ ɞɚɥɟɟ ߜ௡,௠ — ɫɢɦɜɨɥ Ʉɪɨɧɟɤɟɪɚ, ɚ ܪఌ — ɩɪɨɫɬɪɚɧɫɬɜɨ ɋɨɛɨɥɟɜɚ {ݑ :ଵሺȳఌሻܪא ୻భ|ݑ = Ͳ ˅ ˔ˏ˞˔ˎˈ ˔ˎˈˇˑ˅} ɫɨ ɫɤɚɥɹɪɧɵɦ ɩɪɨɢɡɜɟɞɟɧɢɟɦሺݑ, :ሻுഄݒ = Ωഄ׬ ݑ׏ ⋅ ,ݑ  ∀    ݔ݀ ݒ׏ ݒ א ఌܪ .
ɐɟɥɶɸ ɧɚɲɟɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɝɨ 

ɩɨɜɟɞɟɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ {ߣ௡ሺߝሻ:  ݊ א ܰ} ɢ ɫɨɛɫɬɜɟɧɧɵɯ ɮɭɧɤɰɢɣ{ݑ௡ሺߝ,⋅ሻ:  ݊ א ܰ} ɩɪɢ ߝ → Ͳ, ɩɪɢ ɷɬɨɦ ɱɢɫɥɨ ɩɪɢɫɨɟɞɢɧёɧɧɵɯ ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɜ
ɨɛɨɢɯ ɤɥɚɫɫɨɜ ɛɟɫɤɨɧɟɱɧɨ ɜɨɡɪɚɫɬɚɟɬ, ɚ ɢɯ ɬɨɥɳɢɧɚ ɫɬɪɟɦɢɬɫɹ ɤ ɧɭɥɸ. 

ɇɚɞɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɟɪɟɯɨɞ ɤ ɩɪɟɞɟɥɭ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɭɜɟɥɢɱɟɧɢɟɦ 
ɩɥɨɬɧɨɫɬɢ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɦɚɫɫ ɜ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚɯ ɩɟɪɜɨɝɨ ɤɥɚɫɫɚ. 
Ɏɚɤɬɢɱɟɫɤɢ ɜ ɡɚɞɚɱɟ (1) ɩɪɢɫɭɬɫɬɜɭɟɬ ɞɜɚ ɬɢɩɚ ɜɨɡɦɭɳɟɧɢɣ: ɜɨɡɦɭɳɟɧɢɟ 
ɝɟɨɦɟɬɪɢɢ ɨɛɥɚɫɬɢ ɢ ɜɨɡɦɭɳɟɧɢɟ ɩɥɨɬɧɨɫɬɢ. Ɇɵ ɢɫɫɥɟɞɭɟɦ ɜɥɢɹɧɢɟ ɨɛɨɢɯ 
ɮɚɤɬɨɪɨɜ ɧɚ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɟ ɩɨɜɟɞɟɧɢɟ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɢ ɫɨɛɫɬɜɟɧɧɵɯ 
ɮɭɧɤɰɢɣ. 

1.2.  Ɉɫɧɨɜɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 
Ʉɨɦɛɢɧɢɪɭɹ ɦɟɬɨɞ ɫɨɝɥɚɫɨɜɚɧɢɹ ɚɫɢɦɩɬɨɬɢɱɟɫɤɢɯ ɪɚɡɥɨɠɟɧɢɣ (ɫɦ. Д35Ж) 

ɢ ɦɟɬɨɞ ɞɜɭɯɦɚɫɲɬɚɛɧɵɯ ɪɚɡɥɨɠɟɧɢɣ (ɫɦ. Д3Ж), ɦɵ ɜɵɹɜɢɥɢ ɩɹɬɶ ɪɚɡɥɢɱɧɵɯ 
ɫɥɭɱɚɟɜ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɝɨ ɩɨɜɟɞɟɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɮɭɧɤɰɢɣ ɢ ɫɨɛɫɬɜɟɧɧɵɯ 
ɡɧɚɱɟɧɢɣ ɡɚɞɚɱɢ (1) ɩɪɢ ߝ → Ͳ, ɚ ɢɦɟɧɧɨ, ɫɥɭɱɚɣ “ɥёɝɤɢɯ” ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ 
ɦɚɫɫ (ߙ א ሺͲ,ͳሻ), “ɫɪɟɞɧɢɯ” ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɦɚɫɫ (ߙ = ͳ), “ɭɦɟɪɟɧɧɨ 
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ɬɹɠёɥɵɯ” (“sХТРСtХв СОКvв” ɢɥɢ “ЦoНОrКtО СОКvв”) ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɦɚɫɫ 
ߙ) א ሺͳ,ʹሻ), “ɬɹɠёɥɵɯ” (“СОКvв” or “ТntОrЦОНТКtО СОКvв”) ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ 
ɦɚɫɫ (ߙ = ʹ), ɢ “ɫɜɟɪɯɬɹɠёɥɵɯ” (“supОr СОКvв” ɢɥɢ “vОrв СОКvв”) 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɦɚɫɫ (ߙ > ʹ). 

ȼ ɪɚɛɨɬɟ Д30Ж ɛɵɥ ɩɨɞɪɨɛɧɨ ɢɡɭɱɟɧ ɫɥɭɱɚɣ “ɥёɝɤɢɯ” ɢ “ɫɪɟɞɧɢɯ” 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɦɚɫɫ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɨɡɦɭɳɟɧɢɟ ɨɛɥɚɫɬɢ ɢɝɪɚɟɬ 
ɨɩɪɟɞɟɥɹɸɳɭɸ ɪɨɥɶ ɜ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɦ ɩɨɜɟɞɟɧɢɢ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɢ 
ɫɨɛɫɬɜɟɧɧɵɯ ɮɭɧɤɰɢɣ. 

ȿɫɥɢ ߙ א ሺͲ,ͳሻ, ɬɨ ɫɩɟɤɬɪ ɭɫɪɟɞɧёɧɧɨɣ (ɩɪɟɞɟɥɶɧɨɣ) ɡɚɞɚɱɢ ɫɨɜɩɚɞɚɟɬ ɫɨ 
ɫɩɟɤɬɪɨɦ ɡɚɞɚɱɢ ɜ ɨɛɥɚɫɬɢ ɛɟɡ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɦɚɫɫ, ɝɞɟ ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ 
ɧɟɤɨɬɨɪɵɟ ɢɧɬɟɪɟɫɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ ɜ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɟ ɫɩɟɤɬɪɚ, 
ɩɪɢɫɭɬɫɬɜɢɟ  ɥɚɤɭɧҲ ɫɦ. ɬɚɤɠɟ ɪɚɛɨɬɭ Д21Ж, ɝɞɟ ɜɥɢɹɧɢɟ “ɥёɝɤɢɯ” 
ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɦɚɫɫ ɩɪɨɹɜɥɹɟɬɫɹ ɜɨ ɜɬɨɪɨɫɬɟɩɟɧɧɵɯ ɱɥɟɧɚɯ ɚɫɢɦɩɬɨɬɢɤɢ, 
ɚ ɩɪɟɞɟɥɶɧɚɹ (ɭɫɪɟɞɧёɧɧɚɹ) ɡɚɞɚɱɚ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɯ ɦɚɫɫ “ɧɟ ɱɭɜɫɬɜɭɟɬ”). 
Ʉɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɟ ɦɚɫɫɵ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɧɟ ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɟ ɧɚ ɝɥɚɜɧɵɣ 
ɱɥɟɧ ɚɫɢɦɩɬɨɬɢɤɢ, ɜ ɱɚɫɬɧɨɫɬɢ, ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɟ ɪɚɡɥɨɠɟɧɢɟ ɞɥɹ ɫɨɛɫɬɜɟɧɧɵɯ 
ɡɧɚɱɟɧɢɣ ߣ௡ሺߝሻ ɢɦɟɟɬ ɫɥɟɞɭɸɳɢɣ ɜɢɞ (ɢɧɞɟɤɫ ݊ ɦɵ ɨɩɭɫɤɚɟɦ):ߣሺߝሻ ≈ ଴ߣ + ଵ−ఈߣଵ−ఈߝ + ଵߣߝ + ଶ−ఈߣଶ−ఈߝ +⋯ (4)
Ⱦɥɹ ɫɨɛɫɬɜɟɧɧɵɯ ɮɭɧɤɰɢɣ ݑ௡ሺߝ,⋅ሻ ɡɚɞɚɱɢ (1) ɚɫɢɦɩɬɨɬɢɱɟɫɤɢɣ ɚɧɡɚɰ ɢɳɟɬɫɹ ɜ
ɮɨɪɦɟ  ݑሺߝ, ሻݔ ≈ ≈ ሻݔ଴+ሺݒ + +ଵ−ఈݒଵ−ఈߝ ሺݔሻ + ሻݔଵ+ሺݒߝ + +ଶ−ఈݒଶ−ఈߝ ሺݔሻ + ⋯ ,   ˅ ˑ˄ˎ˃˔˕ˋ ȳ଴;  ሺͷሻݑሺߝ, ሻݔ ≈ ,ଵݔ଴−ሺݒ ,ଶݔ ଵߟ − ݆ሻ + −ଵ−ఈݒଵ−ఈߝ ሺݔଵ, ,ଶݔ ଵߟ − ݆ሻ + ,ଵݔଵ−ሺݒߝ ,ଶݔ ଵߟ − ݆ሻ −ଶ−ఈݒଶ−ఈߝ++ ሺݔଵ, ,ଶݔ ଵߟ − ݆ሻ ଵߟ            ,⋯+ = ௫భఌ , (6) 

ɜ ɬɨɧɤɢɯ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚɯ ܩ௝ሺଶሻሺߝሻ  ሺ݆ = Ͳ,… , ܰ − ͳሻ ɢ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɡɨɧɵ
ɫɨɟɞɢɧɟɧɢɹ ɬɟɥɚ ɢ ɬɨɧɤɢɯ ɩɪɹɦɨɭɝɨɥɶɧɢɤɨɜ ɨɛɨɢɯ ɤɥɚɫɫɨɜ ɜ ɜɢɞɟ:  

,ߝሺݑ ሻݔ ≈ ,ଵݔ଴+ሺݒ Ͳሻ + +ଵ−ఈݒଵ−ఈߝ ሺݔଵ, Ͳሻ + ߝ ∑ଶ௜=ଵ ܼଵሺ௜ሻሺߟሻ ∂௫�ݒ଴+ሺݔଵ, Ͳሻ ଶ−ఈሺܼଶ−ఈሺ଴ሻߝ++ ሺߟሻݒ଴+ሺݔଵ, Ͳሻ + ∑ଶ௜=ଵ ܼଶ−ఈሺ௜ሻ ሺߟሻ ∂௫�ݒଵ−ఈ+ ሺݔଵ, Ͳሻሻ + ⋯ , ߟ = ௫ఌ .(7) 

Ɂɞɟɫɶ ߚ = ሺߚଵ, |ߚ| ,ଶሻߚ = ଵߚ + ௜ߚ ,ଶߚ א ଴ܰ, ܦఉ = ∂|ഁ|∂௫భഁ భ ∂௫మഁ మ ɢ  ∂௫� = ∂∂௫�. 
ɉɨɞɫɬɚɜɥɹɹ ɷɬɢ ɫɭɦɦɵ ɜ ɢɫɯɨɞɧɭɸ ɡɚɞɚɱɭ ɢ ɩɪɢɪɚɜɧɢɜɚɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 

ɱɥɟɧɵ ɩɪɢ ɨɞɢɧɚɤɨɜɵɯ ɫɬɟɩɟɧɹɯ ߝ ɩɨɥɭɱɚɟɦ ɡɚɞɚɱɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɪɚɡɥɨɠɟɧɢɣ (5)–(7). Ɍɚɤ, ɮɭɧɤɰɢɹ  ݒ଴ሺݔሻ = ,ሻݔ଴+ሺݒ} ݔ א   ȳ଴,ݒ଴−ሺݔሻ, ݔ א ଶܦ   (8) 
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ɢ ɱɢɫɥɨ ߣ଴ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɡɚɞɚɱɟ

{  
  
  −ȟ௫  ݒ଴+ሺݔሻ = ,ሻݔ଴+ሺݒ଴ߣ ݔ      א ȳ଴,− ∂௫మ௫మଶ ሻݔ଴−ሺݒ = ,ሻݔ଴−ሺݒ  ଴ߣ ݔ      א ሻݔ଴+ሺݒ  ଶ,∂ఔܦ = Ͳ, ݔ      א Ȟଶ,ݒ଴+ሺݔሻ = Ͳ, ݔ      א Ȟଵ,ݒ଴+ሺݔଵ, Ͳሻ = ,ଵݔ଴−ሺݒ Ͳሻ, ଵݔ  א ሺͲ, ܽሻ,∂௫మݒ଴+ሺݔଵ, Ͳሻ = ℎଶ ∂௫మݒ଴−ሺݔଵ, Ͳሻ, ଵݔ  א ሺͲ, ܽሻ,∂௫మݒ଴−ሺݔଵ, −݈ଶሻ = Ͳ, ଵݔ  א ሺͲ, ܽሻ,

(9) 

 ɤɨɬɨɪɚɹ ɧɚɡɵɜɚɟɬɫɹ  ɭɫɪɟɞɧёɧɧɨɣ ɫɩɟɤɬɪɚɥɶɧɨɣ ɡɚɞɚɱɟɣ ɞɥɹ ɡɚɞɚɱɢ (1) ɜ ɫɥɭɱɚɟ ߙ א ሺͲ,ͳሻ, ɝɞɟ ܦଶ = ሺͲ, ܽሻ × ሺ−݈ଶ, Ͳሻ, Ȟଶ: = ∂ȳ଴\ሺȞଵ ׫ ଴ሻ, ɢ ɢɦɟɟɬ ɦɟɫɬɨ ɬɟɨɪɟɦɚܫ
Ɍɟɨɪɟɦɚ 1.  ɋɩɟɤɬɪ ɡɚɞɚɱɢ  (9) ɫɨɞɟɪɠɢɬ ɧɨɪɦɚɥɶɧɵɟ ɫɨɛɫɬɜɟɧɧɵɟ 

ɡɧɚɱɟɧɢɹ ɢ ɥɟɜɨɫɬɨɪɨɧɧɢɟ ɬɨɱɤɢ ɧɚɤɨɩɥɟɧɢɹ { ௠ܲ = ሺగ+ଶగሺ௠−ଵሻଶ௟మ ሻଶ}௠אே , ɤɨɬɨɪɵɟ 

ɞɟɥɹɬ ɫɨɛɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɧɚ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ௠ܲ−ଵ < ଴ሺ௠,ଵሻߣ ൑ ⋯ ൑ ଴ሺ௠,௡ሻߣ ൑ ⋯ →  ௠ܲ     ˒˓ˋ ݊ → ∞,݉ א N, −ܲଵ = Ͳ .
 ɂɡ ɭɫɥɨɜɢɹ ɪɚɡɪɟɲɢɦɨɫɬɢ ɤɪɚɟɜɨɣ ɡɚɞɚɱɢ ɞɥɹ ݒଵ−ఈሺݔሻ = +ଵ−ఈݒ} ሺݔሻ, ݔ א   ȳ଴,ݒଵ−ఈ− ሺݔሻ, ݔ א ,ଶܦ  

ɨɩɪɟɞɟɥɹɟɦ ɱɢɫɥɨ ߣଵ−ఈ = −Ͷℎଵ݈ଵߣ଴ ூబ׬ ሺݒ଴+ሻଶ݀ݔଵ. (10) 

Ʉɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɟ ɦɚɫɫɵ ɧɚɱɢɧɚɸɬ ɩɪɨɹɜɥɹɬɶɫɹ ɜ ɭɫɪɟɞɧёɧɧɨɣ ɡɚɞɚɱɟ ɜ 
ɫɥɭɱɚɟ ߙ = ͳ. 

Ⱦɟɣɫɬɜɭɹ ɚɧɚɥɨɝɢɱɧɨ, ɦɵ ɢɳɟɦ ɝɥɚɜɧɵɟ ɱɥɟɧɵ ɚɫɢɦɩɬɨɬɢɤɢ ɫɨɛɫɬɜɟɧɧɵɯ 
ɡɧɚɱɟɧɢɣ ɜ ɜɢɞɟ  ߣሺߝሻ ≈ ଴ߣ + ଵߣߝ +⋯ (11)

 Ɋɚɡɥɨɠɟɧɢɟ ɫɨɛɫɬɜɟɧɧɵɯ ɮɭɧɤɰɢɣ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɢɳɟɬɫɹ ɚɧɚɥɨɝɢɱɧɨ (5), 
(6), (7) ɫ ɭɱёɬɨɦ ɬɨɝɨ, ɱɬɨ ߙ = ͳ. ɋɨɛɢɪɚɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɱɥɟɧɵ ɩɨɫɥɟ 
ɩɨɞɫɬɚɧɨɜɤɢ ɚɧɡɚɰɟɜ ɜ ɢɫɯɨɞɧɭɸ ɡɚɞɚɱɭ, ɩɨɥɭɱɚɟɦ ɞɥɹ ɮɭɧɤɰɢɢ ݒ଴ (ɫɦ. (8)) ɢ
ɱɢɫɥɚ ߣ଴ ɫɥɟɞɭɸɳɭɸ ɫɩɟɤɬɪɚɥɶɧɭɸ ɡɚɞɚɱɭ:

{  
  
  −ȟ௫  ݒ଴+ሺݔሻ = ,ሻݔ଴+ሺݒ଴ߣ ݔ  א ȳ଴,− ∂௫మ௫మଶ ሻݔ଴−ሺݒ   = ,ሻݔ଴−ሺݒ  ଴ߣ ݔ      א ሻݔ଴+ሺݒ  ଶ,∂ఔܦ = Ͳ, ݔ      א Ȟଶ,ݒ଴+ሺݔሻ = Ͳ, ݔ      א Ȟଵ,ݒ଴+ሺݔଵ, Ͳሻ = ,ଵݔ଴−ሺݒ Ͳሻ, ଵݔ  א ሺͲ, ܽሻ,∂௫మݒ଴+ሺݔଵ, Ͳሻ − ℎଶ ∂௫మݒ଴−ሺݔଵ, Ͳሻ = −Ͷℎଵ݈ଵߣ଴ ݒ଴+ሺݔଵ, Ͳሻ, ଵݔ  א ሺͲ, ܽሻ,∂௫మݒ଴−ሺݔଵ, −݈ଶሻ = Ͳ, ଵݔ   א ሺͲ, ܽሻ

(12) 

 ɫ ɧɟɨɛɵɱɧɵɦ ɭɫɥɨɜɢɟɦ ɫɤɚɱɤɚ ɫɨ ɫɩɟɤɬɪɚɥɶɧɵɦ ɩɚɪɚɦɟɬɪɨɦ ɧɚ ɢɧɬɟɪɮɟɣɫɟ. 
Ɍɚɤɚɹ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɛɥɢɡɤɚ ɤ ɢɡɜɟɫɬɧɵɦ ɡɚɞɚɱɚɦ ɜ ɝɢɞɪɨɞɢɧɚɦɢɤɟ (ɫɦ. 
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Д36Ж), ɝɞɟ ɢɦɟɸɬɫɹ ɜɧɭɬɪɟɧɧɢɟ ɢ ɩɨɜɟɪɯɧɨɫɬɧɵɟ ɜɨɥɧɵ ɜ ɠɢɞɤɨɫɬɢ ɢ 
ɫɩɟɤɬɪɚɥɶɧɵɣ ɩɚɪɚɦɟɬɪ ɩɪɢɫɭɬɫɬɜɭɟɬ ɤɚɤ ɜ ɭɪɚɜɧɟɧɢɢ, ɬɚɤ ɢ ɜ ɤɪɚɟɜɨɦ ɭɫɥɨɜɢɢ, 
ɬ.ɟ. ɜ ɧɚɲɟɣ ɡɚɞɚɱɟ ɩɨɹɜɥɹɟɬɫɹ ɚɧɚɥɨɝ ɩɨɜɟɪɯɧɨɫɬɧɵɯ ɜɨɥɧ ɜ ɬɜёɪɞɨɦ ɬɟɥɟ, ɧɨ 
ɧɚ ɢɧɬɟɪɮɟɣɫɟ. 

ȼ ɪɚɛɨɬɟ Д30Ж ɞɨɤɚɡɚɧɚ ɏɚɭɫɞɨɪɮɨɜɚ ɫɯɨɞɢɦɨɫɬɶ, ɚ ɬɚɤɠɟ ɧɢɡɤɨ- ɢ 
ɜɵɫɨɤɨɱɚɫɬɨɬɧɚɹ ɫɯɨɞɢɦɨɫɬɶ ɫɩɟɤɬɪɚ ɡɚɞɚɱɢ (1) ɤ ɫɩɟɤɬɪɭ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 
ɭɫɪɟɞɧёɧɧɨɣ ɡɚɞɚɱɢ ɩɪɢ ߝ → Ͳ. Ɍɚɤɠɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ 
ɚɫɢɦɩɬɨɬɢɱɟɫɤɢɟ ɨɰɟɧɤɢ ɞɥɹ ɫɨɛɫɬɜɟɧɧɵɯ ɮɭɧɤɰɢɣ ɢ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ. 
Ȼɨɥɟɟ ɬɨɝɨ, ɛɵɥɢ ɨɛɧɚɪɭɠɟɧɵ ɩɫɟɜɞɨɤɨɥɟɛɚɧɢɹ ɞɥɹ ɡɚɞɚɱɢ (1), ɤɨɬɨɪɵɟ ɢɦɟɸɬ 
ɛɵɫɬɪɨɨɫɰɢɥɥɢɪɭɸɳɢɣ ɯɚɪɚɤɬɟɪ ɢ ɩɪɢ ɤɨɬɨɪɵɯ ɪɚɡɥɢɱɧɵɟ ɞɥɢɧɧɵɟ 
ɩɪɹɦɨɭɝɨɥɶɧɢɤɢ ɢɫɯɨɞɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɤɨɥɟɛɥɸɬɫɹ ɧɟɡɚɜɢɫɢɦɨ, ɬ.ɟ. ɤɚɠɞɵɣ 
ɩɪɹɦɨɭɝɨɥɶɧɢɤ ɢɦɟɟɬ ɫɜɨɸ ɫɨɛɫɬɜɟɧɧɭɸ ɱɚɫɬɨɬɭ. 

ɋɥɭɱɚɣ ߙ > ͳ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɬɟɦ, ɱɬɨ ɦɚɫɫɵ ɧɚɱɢɧɚɸɬ ɢɝɪɚɬɶ ɜɟɞɭɳɭɸ 
ɪɨɥɶ ɜ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɦ ɩɨɜɟɞɟɧɢɢ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɢ ɫɨɛɫɬɜɟɧɧɵɯ 
ɮɭɧɤɰɢɣ. Ʉɚɤ ɨɬɦɟɱɚɥɨɫɶ ɜɵɲɟ, ɚɫɢɦɩɬɨɬɢɤɚ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɛɭɞɟɬ ɪɚɡɥɢɱɚɬɶɫɹ 
ɞɥɹ ߙ < ߙ ,ʹ = ʹ ɢ ߙ > ʹ. ȼɟɞɭɳɢɟ ɱɥɟɧɵ ɨɫɬɚɸɬɫɹ ɬɟɦɢ ɠɟ, ɚ ɩɨɩɪɚɜɨɱɧɵɟ 
ɱɥɟɧɵ ɛɭɞɭɬ ɩɟɪɟɫɬɚɜɥɹɬɶɫɹ ɦɟɫɬɚɦɢ. Ɇɵ ɩɨɞɪɨɛɧɨ ɨɫɬɚɧɚɜɥɢɜɚɟɦɫɹ ɬɨɥɶɤɨ ɧɚ 
ɫɥɭɱɚɟ ߙ א ሺͳ,ʹሻ. Ɉɫɬɚɥɶɧɵɟ ɫɥɭɱɚɢ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɚɧɚɥɨɝɢɱɧɨ. 

ɉɪɢɧɰɢɩɢɚɥɶɧɵɦ ɨɬɥɢɱɢɟɦ ɫɥɭɱɚɹ “ɬɹɠёɥɵɯ” ɦɚɫɫ ɨɬ ɩɪɟɞɵɞɭɳɢɯ 
ɫɥɭɱɚɟɜ ɹɜɥɹɟɬɫɹ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɜɫɟ ɫɨɛɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ {ߣ௡ሺߝሻ} ɫɬɪɟɦɹɬɫɹ ɤ
ɧɭɥɸ ɫɨ ɫɤɨɪɨɫɬɶɸ ߝఈ−ଵ ɩɪɢ ߝ → Ͳ (ɫɦ. ɥɟɦɦɭ 1) ɢ ɚɫɢɦɩɬɨɬɢɱɟɫɤɢɣ ɚɧɡɚɰ
ɢɦɟɟɬ ɜɢɞ  ߣሺߝሻ ≈ ଴ߣఈ−ଵߝ + ఈ−ଵߣଶఈ−ଶߝ +⋯ ; (13) 

 ɚɦɩɥɢɬɭɞɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɨɛɫɬɜɟɧɧɵɯ ɤɨɥɟɛɚɧɢɣ ɢɦɟɟɬ ɩɨɪɹɞɨɤ ࣩሺഀߝ−భమ ሻ ɢ 
ɷɬɢ ɤɨɥɟɛɚɧɢɹ ɢɦɟɸɬ ɬɢɩ ɨɛɴёɦɧɨɝɨ ɫɤɢɧ—ɷɮɮɟɤɬɚ (ɫɦ. ɪɢɫɭɧɨɤ 10).  

Ɋɢɫ. 10. ɂɫɯɨɞɧɵɟ ɢ ɭɫɪɟɞɧёɧɧɵɟ ɫɨɛɫɬɜɟɧɧɵɟ ɤɨɥɟɛɚɧɢɹ ɫ ɨɛɴёɦɧɵɦ ɫɤɢɧ—ɷɮɮɟɤɬɨɦ 

Ʌɟɦɦɚ 1.  Ⱦɥɹ ɥɸɛɨɝɨ ɞɨɫɬɚɬɨɱɧɨ ɦɚɥɨɝɨ ߝ ɢɦɟɸɬ ɦɟɫɬɨ ɨɰɟɧɤɢ 
ɧɢɡɤɨɱɚɫɬɨɬɧɨɝɨ ɫɩɟɤɬɪɚ ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɨɛɫɬɜɟɧɧɵɯ ɮɭɧɤɰɢɣ ɜɢɞɚ 
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ܿ଴ ߝఈ−ଵ ൑ ሻߝ௡ሺߣ ൑ ఈ−ଵߝ ଴ሺ݊ሻܥ , ∥ ௡ݑ ∥ுഄ൑ భమ−ഀߝ ଵሺ݊ሻܥ . (14) 

ɇɚ ɨɫɧɨɜɚɧɢɢ ɥɟɦɦɵ 1 ɦɵ ɩɟɪɟɦɚɫɲɬɚɛɢɪɭɟɦ ɫɨɛɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɢ 
ɫɨɛɫɬɜɟɧɧɵɟ ɮɭɧɤɰɢɢ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ :  ߣሺߝሻ = ,ߝሺݑ  ,ሻߝఈ−ଵΛሺߝ ሻݔ = భమ−ഀߝ ,ߝሺݒ  ሻ. (15)ݔ
 ɉɪɢ ɷɬɨɦ ɡɚɞɚɱɚ (1) ɩɟɪɟɩɢɫɵɜɚɟɬɫɹ ɜ ɜɢɞɟ 

{   
   −ȟ௫  ݒሺߝ, ሻݔ = ,ߝሺݒሻߝఈ−ଵΛሺߝ ,ሻݔ ݔ א ȳ଴ ׫ ,ߝሺݒ  ఌሺଶሻ;−ȟ௫ܩ ሻݔ = ,ߝሺݒሻߝଵΛሺ−ߝ ,ሻݔ ݔ א −;ఌሺଵሻܩ ∂ఔݒሺߝ, ሻݔ = Ͳ, ݔ א Υఌሺଵሻ ׫ Υఌሺଶሻ ׫ Ȟఌ;ݒሺߝ, ሻݔ = Ͳ, ݔ         א Ȟଵ;[ݒ]|�మ=బ = [∂௫మݒ]|�మ=బ = Ͳ, ଵݔ         א ܳఌ .

(16) 

 Ɍɟɩɟɪɶ, ɚɫɢɦɩɬɨɬɢɱɟɫɤɢɟ ɪɚɡɥɨɠɟɧɢɹ ɢɳɟɦ ɜ ɜɢɞɟ Λሺߝሻ ≈ ଴ߣ + ఈ−ଵߣఈ−ଵߝ +⋯ ,ߝሺݒ (17) ሻݔ ≈ ሻݔ଴+ሺݒ + +ఈ−ଵݒఈ−ଵߝ ሺݔሻ + ⋯     ˅ ˑ˄ˎ˃˔˕ˋ ݔ א ȳ଴ ,ߝሺݒ (18) ሻݔ ≈ ,ଵݔ଴−ሺݒ ,ଶݔ ଵߟ − ݆ሻ + −ఈ−ଵݒఈ−ଵߝ ሺݔଵ, ,ଶݔ ଵߟ − ݆ሻ + ,ଵݔଵ−ሺݒߝ ,ଶݔ ଵߟ − ݆ሻ +⋯ (19) 

ɜ ɬɨɧɤɢɯ ɩɪɹɦɨɭɝɨɥɶɧɢɤɚɯ ܩ௝ሺଶሻሺߝሻ  ሺ݆ = Ͳ,… , ܰ − ͳሻ ɢ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɡɨɧɵ
ɩɪɢɫɨɟɞɢɧɟɧɢɹ ݒሺߝ, ሻݔ ≈ ,ଵݔ଴+ሺݒ Ͳሻ + +ఈ−ଵݒఈ−ଵߝ ሺݔଵ, Ͳሻ +

ߝ+ ቌܼଵሺ଴ሻ ቀߝݔቁ ,ଵݔ଴+ሺݒ Ͳሻ +∑ଶ௜=ଵ ܼଵሺ௜ሻ ቀߝݔቁ ∂௫�ݒ଴+ሺݔଵ, Ͳሻቍ ,ଵݔ଴+ሺݒሻߝݔఈሺܼఈሺ଴ሻሺߝ++ Ͳሻ + ܺఈሺ଴ሻሺߝݔሻݒఈ−ଵ+ ሺݔଵ, Ͳሻ +∑ଶ௜=ଵ ܺఈሺ௜ሻሺߝݔሻ ∂௫�ݒఈ−ଵ+ ሺݔଵ, Ͳሻሻ + ⋯
(20) 

Ⱦɚɥɟɟ, ɞɟɣɫɬɜɭɹ ɚɧɚɥɨɝɢɱɧɨ ɩɪɟɞɵɞɭɳɢɦ ɫɥɭɱɚɹɦ, ɩɨɥɭɱɚɟɦ, ɱɬɨ ݒ଴− ؠؠ ,ଵݔ଴+ሺݒ Ͳሻ ɜ ܦଶ, ɚ ɞɥɹ ɮɭɧɤɰɢɢ ݒ଴+ ɢ ɱɢɫɥɚ ߣ଴ ɫɥɟɞɭɸɳɭɸ ɫɩɟɤɬɪɚɥɶɧɭɸ
ɡɚɞɚɱɭ ɋɬɟɤɥɨɜɚ :  

{  
  ȟ௫  ݒ଴+ሺݔሻ = Ͳ, ݔ      א ȳ଴∂ఔ  ݒ଴+ሺݔሻ = Ͳ, ݔ      א Ȟଶ,ݒ଴+ሺݔሻ = Ͳ, ݔ      א Ȟଵ,∂௫మݒ଴+ሺݔଵ, Ͳሻ = −Ͷℎଵ݈ଵߣ଴ ݒ଴+ሺݔଵ, Ͳሻ, ଵݔ  א ሺͲ, ܽሻ. (21) 

ȼɬɨɪɨɣ ɱɥɟɧ ɚɫɢɦɩɬɨɬɢɤɢ ɞɥɹ ɫɨɛɫɬɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɜ ɷɬɨɦ ɫɥɭɱɚɟ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ  ߣఈ−ଵ = − ఒబସℎభ௟భ ሺℎଶ݈ଶ + Ωబ׬ ሺݒ଴+ሻଶ ݀ݔሻ (22) 
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 (ɫɪ. ɫ ɮɨɪɦɭɥɨɣ (10) ɞɥɹ ɫɥɭɱɚɹ ߙ א ሺͲ,ͳሻ). 
ɉɭɫɬɶ ߣ଴ሺ௡+ଵሻ = ⋯ = ଴ሺ௡+௥ሻߣ  ɤɪɚɬɧɨɟ ɫɨɛɫɬɜɟɧɧɨɟ ɡɧɚɱɟɧɢɟ-ݎ —

ɭɫɪɟɞɧёɧɧɨɣ ɡɚɞɚɱɢ (21). Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɮɨɪɦɭɥɢɪɨɜɤɢ ɩɪɟɞɩɨɥɨɠɢɦ, ɱɬɨ 
ɫɥɟɞɭɸɳɢɟ ɱɥɟɧɵ ɚɫɢɦɩɬɨɬɢɤɢ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɧɟɪɚɜɟɧɫɬɜɚɦ ߣఈ−ଵሺ௡+ଵሻ < ఈ−ଵሺ௡+ଶሻߣ <⋯ < .ఈ−ଵሺ௡+௥ሻߣ

ɂɦɟɟɬ ɦɟɫɬɨ ɭɬɜɟɪɠɞɟɧɢɟ 

Ɍɟɨɪɟɦɚ 2. Ⱦɥɹ ɥɸɛɨɝɨ ߜ > Ͳ ɢ ݅ א {ͳ,… , ሻߝ௡+௜ሺߣଵ−ఈߝ| ɢɦɟɟɦ {ݎ − ሺߣ଴ሺ௡+௜ሻ + |ఈ−ଵሺ௡+௜ሻሻߣఈ−ଵߝ   ൑ ,ଵሺ݊ܥ   ଵ−ఋߝ ሻߜ ,∥ ఈ−ଵଶ−ߝ ሻ⋅,ߝ௡+௜ሺݑ − ܴఌሺ௡+௜ሻ∥ ܴఌሺ௡+௜ሻ ∥ுഄ ∥ுభሺΩഄሻ൑ ,ଶሺ݊ܥ ଵ−ఋߝሻߜ ,
ɝɞɟ ܴఌሺ௡+௜ሻ — ɚɩɩɪɨɤɫɢɦɢɪɭɸɳɚɹ ɮɭɧɤɰɢɹ, ɩɨɫɬɪɨɟɧɧɚɹ ɫ ɩɨɦɨɳɶɸ  (18)–(20),
ɤɨɬɨɪɚɹ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɧɟɪɚɜɟɧɫɬɜɭ  ∥  ܴఌ  −  ሺߣ଴ + ఌܴఌܣఈ−ଵሻߣఈ−ଵߝ  ∥ுഄ  ൑  ܿሺߜሻ ߝଵ−ఋ ,
ɚ ܣఌ: ఌܪ ↦ .ఌ – ɨɩɟɪɚɬɨɪ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɡɚɞɚɱɢ (16)ܪ

2. Ɉ ɤɨɥɟɛɚɧɢɢ ɠɢɞɤɨɫɬɢ ɫ ɡɚɝɥɭɛɥɟɧɧɨɣ ɩɨɞ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ
«ɤɪɭɩɧɨɹɱɟɢɫɬɨɣ» ɫɟɬɶɸ ɫ ɩɨɩɥɚɜɤɚɦɢ 

 ɗɬɨɬ ɩɚɪɚɝɪɚɮ ɨɫɧɨɜɚɧ ɧɚ ɫɨɜɦɟɫɬɧɵɯ ɪɟɡɭɥɶɬɚɬɚɯ ɫ ɦɨɢɦ ɭɱɟɧɢɤɨɦ ɢɡ 
Ɏɢɥɢɚɥɚ ɆȽɍ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ ɜ ɝɨɪɨɞɟ Ⱦɭɲɚɧɛɟ Ёɪɨɜɵɦ ɋɨɛɢɪɨɦ 
Ɍɚɢɪɨɜɢɱɟɦ. Ɇɵ ɢɡɭɱɚɟɦ ɩɥɨɫɤɢɣ ɚɧɚɥɨɝ ɡɚɞɚɱɢ ɨ ɧɢɡɤɨɱɚɫɬɨɬɧɵɯ ɤɨɥɟɛɚɧɢɹɯ 
ɬɹɠёɥɨɣ ɜɹɡɤɨɣ ɧɟɫɠɢɦɚɟɦɨɣ ɠɢɞɤɨɫɬɢ ɜ ɫɨɫɭɞɟ ɫ ɩɨɦɟɳёɧɧɨɣ ɩɨɞ ɫɜɨɛɨɞɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɶɸ ɫɟɬɶɸ ɫ ɩɨɩɥɚɜɤɚɦɢ. Ɋɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɫɥɭɱɚɣ ɧɨɪɦɚɥɶɧɵɯ 
ɤɨɥɟɛɚɧɢɣ, ɬ.ɟ. ɫɢɬɭɚɰɢɹ, ɤɨɝɞɚ ɡɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɠɢɞɤɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ 
ɢɦɟɟɬ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɭɸ ɮɨɪɦɭ ݁−ఒ௧. Ⱦɥɹ ɩɪɨɫɬɨɬɵ ɪɚɫɫɦɨɬɪɟɧ ɦɨɞɟɥɶɧɵɣ
ɞɜɭɦɟɪɧɵɣ ɫɤɚɥɹɪɧɵɣ ɫɥɭɱɚɣ. ȼ ɬɚɤɨɦ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɩɨɥɭɱɚɟɬɫɹ 
ɫɩɟɤɬɪɚɥɶɧɚɹ ɡɚɞɚɱɚ ɞɥɹ ɤɜɚɞɪɚɬɢɱɧɨɝɨ ɨɩɟɪɚɬɨɪɧɨɝɨ ɩɭɱɤɚ, ɤɨɬɨɪɚɹ 
ɢɫɫɥɟɞɨɜɚɧɚ ɫ ɩɨɦɨɳɶɸ ɫɯɟɦɵ Ʉɨɩɚɱɟɜɫɤɨɝɨ–Ʉɪɟɣɧɚ (ɫɦ. Д36Ж). 

2.1.  ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 
ɉɭɫɬɶ ȳ ⊂ ℝଶ — ɝɥɚɞɤɚɹ ɨɛɥɚɫɬɶ ɜ ɧɢɠɧɟɣ ɩɨɥɭɩɥɨɫɤɨɫɬɢ, ɝɪɚɧɢɰɚ

ɤɨɬɨɪɨɣ ∂ȳ — ɤɭɫɨɱɧɨ ɝɥɚɞɤɚɹ. ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ∂ȳ = Ȟଵ ׫ Ȟଶ, ɱɚɫɬɶ Ȟଶ —
ɨɬɪɟɡɨɤ ɧɚ ɨɫɢ ɚɛɫɰɢɫɫ [−ͳ,ͳ]. ɑɚɫɬɶ Ȟଵ ɜɟɪɬɢɤɚɥɶɧɚ ɜ ɨɤɪɟɫɬɧɨɫɬɢ ɤɨɧɰɨɜ

ɨɬɪɟɡɤɚ [−ͳ,ͳ]. ɉɭɫɬɶ ܤ — ɤɪɭɝ {ߦ: ଵଶߦ + ሺߦଶ + ଵଶሻଶ < ܽଶ}, Ͳ < ܽ < ଵଶ. Ɉɛɨɡɧɚɱɢɦ 
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ఌ௝ܤ = ݔ} א ȳ: ଵݔଵሺ−ߝ − ଵ௝ݔ , ଶሻݔ א ,{ܤ ݆ א ℕ, ఌܤ = ڂ ഄࣨ௝ ఌ௝ܤ , Ȟఌ = ଵ௝ݔ ఌ. Ɍɨɱɤɢܤ∂
ɪɚɫɩɨɥɨɠɟɧɵ ɧɟɩɟɪɢɨɞɢɱɟɫɤɢ ɧɚ ɨɫɢ. ɉɪɢ ɷɬɨɦ ɜ ɨɛɴɟɞɢɧɟɧɢɟ ܤఌ ɜɯɨɞɹɬ ɬɨɥɶɤɨ

ɬɟ ɲɚɪɵ, ɤɨɬɨɪɵɟ ɰɟɥɢɤɨɦ ɩɨɩɚɥɢ ɜ ɨɛɥɚɫɬɶ ȳ. Ȼɨɥɟɟ ɬɨɝɨ, ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ఌࣨ ɢɦɟɟɬ ɩɨɪɹɞɨɤ ࣩሺ|lnߝ|ఈሻ, ߙ א ሺͲ,ͳሻ, ɬ.ɟ. ɤɨɥɢɱɟɫɬɜɨ ɲɚɪɨɜ ɩɪɢ ɫɬɪɟɦɥɟɧɢɢ ߝ
ɤ ɧɭɥɸ ɪɚɫɬёɬ ɞɨɫɬɚɬɨɱɧɨ «ɦɟɞɥɟɧɧɨ». Ɉɩɪɟɞɟɥɢɦ ɨɛɥɚɫɬɶ ȳఌ ɤɚɤ ȳ\ܤఌ (ɫɦ.

ɪɢɫ. 11). 

ɉɭɫɬɶ ܪଵሺȳఌ , Ȟଵ ׫ Ȟఌሻ — ɦɧɨɠɟɫɬɜɨ ɮɭɧɤɰɢɣ ɢɡ ɫɨɛɨɥɟɜɫɤɨɝɨ
ɩɪɨɫɬɪɚɧɫɬɜɚ ܪଵሺȳఌሻ ɫ ɧɭɥɟɜɵɦ ɫɥɟɞɨɦ ɧɚ Ȟଵ ׫ Ȟఌ . Ⱥɧɚɥɨɝɢɱɧɨ, ɱɟɪɟɡ ܪଵሺȳ, Ȟଵሻ
ɛɭɞɟɦ ɨɛɨɡɧɚɱɚɬɶ ɩɨɞɦɧɨɠɟɫɬɜɨ ɮɭɧɤɰɢɣ ɢɡ ܪଵሺȳሻ ɫ ɧɭɥɟɜɵɦ ɫɥɟɞɨɦ ɧɚ Ȟଵ.

Ɂɚɦɟɱɚɧɢɟ 1. ȼ ɞɚɥɶɧɟɣɲɟɦ ɛɭɞɟɦ ɨɬɨɠɞɟɫɬɜɥɹɬɶ ɮɭɧɤɰɢɢ ɢɡ 
ɩɪɨɫɬɪɚɧɫɬɜɚ ܪଵሺȳఌ , Ȟଵ ׫ Ȟఌሻ ɫ ɮɭɧɤɰɢɹɦɢ ɢɡ ܪଵሺȳሻ, ɪɚɜɧɵɦɢ ɧɭɥɸ ɜ ܤఌ, ɚ
ɮɭɧɤɰɢɢ ɢɡ ɩɪɨɫɬɪɚɧɫɬɜɚ ܮଶሺȳఌሻ ɫ ɮɭɧɤɰɢɹɦɢ ɢɡ ܮଶሺȳሻ, ɪɚɜɧɵɦɢ ɧɭɥɸ ɜ ܤఌ. ɋ
ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɞɥɹ ɫɭɠɟɧɢɹ ɮɭɧɤɰɢɣ ɢɡ ܮଶሺȳሻ ɧɚ ȳఌ ɛɭɞɟɦ ɫɨɯɪɚɧɹɬɶ ɢɯ
ɨɛɨɡɧɚɱɟɧɢɹ.  

    Ɋɢɫ. 11. Ɉɛɥɚɫɬɶ ȳఌ, ɧɟɩɟɪɢɨɞɢɱɟɫɤɢ ɩɟɪɮɨɪɢɪɨɜɚɧɧɚɹ ɜɞɨɥɶ ɩɨɜɟɪɯɧɨɫɬɢ 

Ɋɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɫɩɟɤɬɪɚɥɶɧɵɟ ɡɚɞɚɱɢ: 

{ȟݏఌ௞ = ఌ௞ݏ ఌ௞ߣ−      ˅     ȳఌ ఌ௞ݏ, = Ͳ    ː˃  Ȟଵ ׫ Ȟఌ ,డ௦ഄ�డ௫మ = Ͳ ː˃  Ȟଶ,  (23) 

{ ȟݓఌ௞ = Ͳ     ˅     ȳఌ ఌ௞ݓ, = Ͳ    ː˃  Ȟଵ ׫ Ȟఌడ௪ഄ�డ௫మ = ఌ௞ݓఌ௞ߣ−  ː˃  Ȟଶ,   (24) 
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{ȟݑఌ௞ = ఌ௞     ˅     ȳఌݑ ఌ௞ߣ− ఌ௞ݑ, = Ͳ     ː˃ Ȟଵ ׫ Ȟఌ ఌ௞ߣ, డ௪ഄ�డ௫మ − ఌ௞ݑݍ = Ͳ ː˃  Ȟଶ.    (25) 

ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ݍ ؠ ݐݏ݊݋ܿ > Ͳ. Ȼɭɞɟɦ ɢɡɭɱɚɬɶ ɚɫɢɦɩɬɨɬɢɤɭ 
ɫɨɛɫɬɜɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɷɬɢɯ ɡɚɞɚɱ ɩɪɢ ߝ → Ͳ. 

Ɉɬɦɟɬɢɦ, ɱɬɨ ɫɢɧɝɭɥɹɪɧɨ ɜɨɡɦɭɳёɧɧɵɟ ɡɚɞɚɱɢ ɫ ɭɫɥɨɜɢɟɦ ɋɬɟɤɥɨɜɚ (ɤɚɤ 
ɜ ɡɚɞɚɱɟ (24)) ɢɡɭɱɚɥɢɫɶ ɬɚɤɠɟ ɜ ɪɚɛɨɬɚɯ Д37Ж, Д38Ж, Д39Ж. 

ɉɨɫɬɪɨɢɦ ɭɫɪɟɞɧёɧɧɵɟ ɡɚɞɚɱɢ ɢ ɞɨɤɚɠɟɦ ɫɯɨɞɢɦɨɫɬɶ ɫɨɛɫɬɜɟɧɧɵɯ 
ɮɭɧɤɰɢɣ ɢ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɢɫɯɨɞɧɵɯ ɡɚɞɚɱ ɤ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ 
ɫɨɛɫɬɜɟɧɧɵɦ ɮɭɧɤɰɢɹɦ ɢ ɫɨɛɫɬɜɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ɭɫɪɟɞɧёɧɧɵɯ (ɩɪɟɞɟɥɶɧɵɯ) 
ɡɚɞɚɱ. Ɉɬɦɟɬɢɦ, ɱɬɨ ɩɟɪɜɚɹ ɡɚɞɚɱɚ ɜ ɧɟɩɟɪɢɨɞɢɱɟɫɤɨɦ ɫɥɭɱɚɟ ɢɡɭɱɚɥɚɫɶ. Ɍɚɤɠɟ 
ɨɬɦɟɬɢɦ, ɱɬɨ ɜɬɨɪɚɹ ɡɚɞɚɱɚ ɩɪɢɜɨɞɢɬ ɤ ɢɡɭɱɟɧɢɸ ɭɫɪɟɞɧɟɧɢɹ ɨɩɟɪɚɬɨɪɧɵɯ 
ɩɭɱɤɨɜ (ɫɦ., ɧɚɩɪɢɦɟɪ, Д40Ж, Д41Ж, Д42Ж, Д43Ж). 

Ɉɫɧɨɜɧɨɣ ɰɟɥɶɸ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɝɨ 
ɩɨɜɟɞɟɧɢɹ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɢ ɫɨɛɫɬɜɟɧɧɵɯ ɮɭɧɤɰɢɣ ɡɚɞɚɱɢ (25). Ȼɭɞɟɬ 
ɩɨɤɚɡɚɧɨ, ɱɬɨ ɡɚɞɚɱɚ (25) ɷɤɜɢɜɚɥɟɧɬɧɚ ɡɚɞɚɱɟ ɨɛ ɚɫɢɦɩɬɨɬɢɱɟɫɤɨɦ ɩɨɜɟɞɟɧɢɢ 
ɫɨɛɫɬɜɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɨɩɟɪɚɬɨɪɧɨɝɨ ɩɭɱɤɚ. ɋɯɟɦɚ ɢɡ Д36Ж ɩɨɡɜɨɥɹɟɬ ɫɜɟɫɬɢ 
ɡɚɞɚɱɭ ɨɛ ɚɫɢɦɩɬɨɬɢɤɚɯ ɫɨɛɫɬɜɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɭɱɤɚ ɤ ɞɜɭɦ ɛɨɥɟɟ ɩɪɨɫɬɵɦ 
ɫɩɟɤɬɪɚɥɶɧɵɦ ɡɚɞɚɱɚɦ ɞɥɹ ɨɩɟɪɚɬɨɪɚ Ʌɚɩɥɚɫɚ, ɨɞɧɚ ɢɡ ɤɨɬɨɪɵɯ — ɷɬɨ ɡɚɞɚɱɚ 
(23). 

Ⱦɚɥɟɟ, ɜ ɤɨɧɰɟ ɷɬɨɣ ɪɚɛɨɬɵ ɦɵ ɩɨɤɚɠɟɦ, ɱɬɨ ɡɚɞɚɱɚ (25) ɹɜɥɹɟɬɫɹ 
ɫɤɚɥɹɪɧɵɦ ɚɧɚɥɨɝɨɦ ɤɥɚɫɫɢɱɟɫɤɨɣ ɡɚɞɚɱɢ ɢɡ ɥɢɧɟɣɧɨɣ ɝɢɞɪɨɞɢɧɚɦɢɤɢ (ɫɦ. 
[36]). 

2.2.  Ɉɛ ɭɫɪɟɞɧɟɧɢɢ ɤɪɚɟɜɨɣ ɡɚɞɚɱɢ ɜ ɨɛɥɚɫɬɢ, 
ɧɟɩɟɪɢɨɞɢɱɟɫɤɨɣ ɩɟɪɮɨɪɢɪɨɜɚɧɧɨɣ ɜɞɨɥɶ ɝɪɚɧɢɰɵ. 
Ɉɛɨɡɧɚɱɟɧɢɹ ɢ ɮɨɪɦɭɥɢɪɨɜɤɚ ɨɫɧɨɜɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ 

ɂɡɜɟɫɬɧɨ, ɱɬɨ ɡɚɞɚɱɢ (23) ɢ (24) ɢɦɟɸɬ ɞɢɫɤɪɟɬɧɵɣ ɫɩɟɤɬɪ, ɫɨɫɬɨɹɳɢɣ ɢɡ 
ɫɱёɬɧɨɝɨ ɱɢɫɥɚ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɤɨɧɟɱɧɨɣ ɤɪɚɬɧɨɫɬɢ. ɋɱɢɬɚɟɦ, ɱɬɨ 
ɫɨɛɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ {ߣఌ௞} ɡɚɧɭɦɟɪɨɜɚɧɵ ɜ ɩɨɪɹɞɤɟ ɧɟɭɛɵɜɚɧɢɹ, ɬ.ɟ. Ͳ < ఌଵߣ ఌଶߣ> ൑ ⋯ ൑ ఌ௞ߣ ൑ ⋯, ɢ ɩɨɜɬɨɪɹɸɬɫɹ ɫ ɭɱёɬɨɦ ɤɪɚɬɧɨɫɬɢ. ɉɪɢ ɷɬɨɦ  

∫Ω ݔఌ௟݀ݏఌ௞ݏ = ௞௟ߜ ,  ∫Ω ݔఌ௟݀ݓఌ௞ݓ = ௞௟ߜ .

и
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ɉɪɢɜɟɞёɦ ɞɚɥɟɟ ɪɟɡɭɥɶɬɚɬ, ɤɨɬɨɪɵɣ ɛɭɞɭɬ ɞɨɤɚɡɚɧ ɩɨɡɞɧɟɟ. Ɋɚɫɫɦɨɬɪɢɦ 
ɤɪɚɟɜɵɟ ɡɚɞɚɱɢ  

{ȟݏఌ = −݂     ˅     ȳఌ ఌݏ, = Ͳ     ː˃∂௦ഄ∂௫మ = Ͳ     ː˃  Ȟଶ, Ȟଵ ׫ Ȟఌ ,   (26) 

 ɤɨɬɨɪɚɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɩɟɤɬɪɚɥɶɧɨɣ ɡɚɞɚɱɟ (23), 

{ȟݓఌ = Ͳ     ˅     ȳఌ ఌݓ, = Ͳ     ː˃  Ȟଵ ׫ Ȟఌ,∂௪ഄ∂௫మ = −݃   ː˃  Ȟଶ,  (27) 

 ɤɨɬɨɪɚɹ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɩɟɤɬɪɚɥɶɧɨɣ ɡɚɞɚɱɟ (24), ɚ ɬɚɤɠɟ 

{ȟݏ଴ = −݂     ˅     ȳ,ݏ଴ = Ͳ     ː˃  Ȟଵ,∂௦ഄ∂௫మ = Ͳ   ː˃  Ȟଶ        (28) 

 ɢ 

{ȟݓ଴ሺݔሻ = Ͳ  ˅  ȳ,ݓ଴ሺݔሻ = Ͳ  ː˃  Ȟଵ,∂௪బሺ௫ሻ∂௫మ = −݃     ː˃  Ȟଶ.  (29) 

ɂɦɟɟɬ ɦɟɫɬɨ ɬɟɨɪɟɦɚ. 
Ɍɟɨɪɟɦɚ 3.  ɉɭɫɬɶ ݏఌ א ;ଵሺ�ఌܪ ଵ߁ ׫ ଴ݏ ఌሻ ɢ߁ א ;�ଵሺܪ ଵሻ — ɨɛɨɛɳɟɧɧɵɟ߁

ɪɟɲɟɧɢɹ ɡɚɞɚɱ  (26) ɢ  (28), ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɬɨɝɞɚ  ݏఌ → ߝ  ˋ˓˒       ଵሺȳሻܪ        ˅ ଴        ˔ˋˎ˟ːˑݏ → Ͳ.
ɉɭɫɬɶ ɬɚɤɠɟ ݓఌ א ;ଵሺ�ఌܪ ଵ߁ ׫ ଴ݓ ఌሻ ɢ߁ א ;�ଵሺܪ ଵሻ — ɨɛɨɛɳɟɧɧɵɟ ɪɟɲɟɧɢɹ߁
ɡɚɞɚɱ  (27) ɢ  (29), ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɬɨɝɞɚ  ݓఌ → ߝ    ˋ˓˒    ଵሺ�ሻܪ       ˅  ଴       ˔ˋˎ˟ːˑݓ → Ͳ.

Ɍɟɩɟɪɶ ɩɪɢɜɟɞёɦ ɫɩɟɤɬɪɚɥɶɧɵɟ ɡɚɞɚɱɢ  

{ȟݏ଴௞ = ଴௞ݏ଴௞ߣ−     ˅    ȳ,ݏ଴௞ = Ͳ     ː˃  Ȟଵ,∂௦ഄ∂௫మ = Ͳ   ː˃  Ȟଶ,   (30) 

 ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɤɪɚɟɜɨɣ ɡɚɞɚɱɚ (28) ɢ 

{ 
 ȟݓ଴௞ = Ͳ  ˅    ȳ,ݓ଴௞ = Ͳ     ː˃  Ȟଵ,∂௪బ�∂௫మ = ଴௞ݏ଴௞ߣ−    ː˃  Ȟଶ,     (31) 

 ɫɨɨɬɜɟɬɫɬɜɭɸɳɭɸ ɤɪɚɟɜɨɣ ɡɚɞɚɱɚ (29). 
Ⱦɥɹ ɫɩɟɤɬɪɚɥɶɧɵɯ ɡɚɞɚɱ (23) ɢ (30) ɫɩɪɚɜɟɞɥɢɜɨ ɭɬɜɟɪɠɞɟɧɢɟ. 
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Ɍɟɨɪɟɦɚ 4.  ɉɭɫɬɶ ߣఌ௞,  ଴௞ ɹɜɥɹɸɬɫɹ ɫɨɛɫɬɜɟɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɡɚɞɚɱ  (23)ߣ
ɢ  (30), ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɍɨɝɞɚ  |ߣఌ௞ − |଴௞ߣ → Ͳ          ˒˓ˋ    ߝ → Ͳ. 
ȿɫɥɢ ɤɪɚɬɧɨɫɬɶ ɫɨɛɫɬɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ߣ଴௟  ɡɚɞɚɱɢ  (30) ɪɚɜɧɚ ݎ, ɬɨ ɟɫɬɶ ߣ଴௟ == ଴௟+ଵߣ = ⋯ = ଴௟ݏ ଴௟+௥−ଵ, ɬɨ ɞɥɹ ɥɸɛɨɣ ɫɨɛɫɬɜɟɧɧɨɣ ɮɭɧɤɰɢɢߣ  ɡɚɞɚɱɢ  (30),
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɨɛɫɬɜɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ ߣ଴௟ , ∥ ଴ݏ ∥௅మሺΩሻ= ͳ, ɫɭɳɟɫɬɜɭɟɬ
ɥɢɧɟɣɧɚɹ ɤɨɦɛɢɧɚɰɢɹ ݏఌ ɫɨɛɫɬɜɟɧɧɵɯ ɮɭɧɤɰɢɣ ݏఌ௟ , … , ,ఌ௟+௥−ଵ ɡɚɞɚɱɢ  (23)ݏ
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɨɛɫɬɜɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ߣఌ௟ , … , ∥ఌ௟+௥−ଵ ɬɚɤɚɹ, ɱɬɨߣ ఌݏ − ଴௟ݏ ∥௅మሺΩሻ→ Ͳ          ˒˓ˋ    ߝ → Ͳ.

ɉɭɫɬɶ ɬɚɤɠɟ ߣఌ௞,  ,଴௞ ɹɜɥɹɸɬɫɹ ɫɨɛɫɬɜɟɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɡɚɞɚɱ  (24) ɢ  (31)ߣ
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɍɨɝɞɚ  |ߣఌ௞ − |଴௞ߣ → Ͳ          ˒˓ˋ    ߝ → Ͳ. 

ȿɫɥɢ ɤɪɚɬɧɨɫɬɶ ɫɨɛɫɬɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ߣ଴௟   ɡɚɞɚɱɢ  (31) ɪɚɜɧɚ ݎ, ɬɨ ɟɫɬɶߣ଴௟ = ଴௟+ଵߣ = ⋯ = ଴௟ݓ ଴௟+௥−ଵ, ɬɨ ɞɥɹ ɥɸɛɨɣ ɫɨɛɫɬɜɟɧɧɨɣ ɮɭɧɤɰɢɢߣ  ɡɚɞɚɱɢ  (31),
ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɨɛɫɬɜɟɧɧɨɦɭ ɡɧɚɱɟɧɢɸ ߣ଴௟ , ∥ ଴ݓ ∥௅మሺΩሻ= ͳ, ɫɭɳɟɫɬɜɭɟɬ
ɥɢɧɟɣɧɚɹ ɤɨɦɛɢɧɚɰɢɹ ݓఌ ɫɨɛɫɬɜɟɧɧɵɯ ɮɭɧɤɰɢɣ ݓఌ௟ , … , ,ఌ௟+௥−ଵ ɡɚɞɚɱɢ  (24)ݓ
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɫɨɛɫɬɜɟɧɧɵɦ ɡɧɚɱɟɧɢɹɦ ߣఌ௟ , … , ∥ఌ௟+௥−ଵ ɬɚɤɚɹ, ɱɬɨߣ ఌݓ ଴௟ݓ− ∥௅మሺΩሻ→ Ͳ         ˒˓ˋ    ߝ → Ͳ.

2.3.  Ⱥɫɢɦɩɬɨɬɢɱɟɫɤɨɟ ɩɨɜɟɞɟɧɢɟ ɫɨɛɫɬɜɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ 
ɨɩɟɪɚɬɨɪɧɨɝɨ ɩɭɱɤɚ 

2.3.1.  ɋɜɟɞɟɧɢɟ ɡɚɞɚɱɢ ɤ ɨɩɟɪɚɬɨɪɧɨɦɭ ɩɭɱɤɭ 
ȼɟɪɧёɦɫɹ ɤ ɢɫɫɥɟɞɨɜɚɧɢɸ ɡɚɞɚɱɢ (25). 
Ɏɭɧɤɰɢɹ ݑఌ א ;ଵሺȳఌܪ Ȟଵ ׫ Ȟఌሻ ɹɜɥɹɟɬɫɹ ɪɟɲɟɧɢɟɦ ɡɚɞɚɱɢ, ɟɫɥɢ ɨɧɚ

ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɢɧɬɟɝɪɚɥɶɧɨɦɭ ɬɨɠɞɟɫɬɜɭ  ׬Ωഄ ݔሻ݀ݔሺݒ׏ሻݔఌሺݑ׏ − ୻ഄ׬ ௤ఒഄ ሻ݈݀ݔሺݒሻݔఌሺݑ = Ωഄ׬ ݔሻ݀ݔሺݒሻݔఌሺݑఌߣ
ɞɥɹ ɥɸɛɨɣ ݒ א ;ଵሺȳఌܪ Ȟଵ ׫ Ȟఌሻ.

ɉɪɨɞɨɥɠɢɦ, ɤɚɤ ɨɛɫɭɠɞɚɥɢ ɜ ɧɚɱɚɥɟ ɮɭɧɤɰɢɢ ɧɭɥёɦ ɜ ɨɛɴɟɞɢɧɟɧɢɟ 
ɲɚɪɨɜ ɢ ɨɫɬɚɜɢɦ ɡɚ ɧɢɦɢ ɬɟ ɠɟ ɨɛɨɡɧɚɱɟɧɢɹ. Ɉɛɨɡɧɚɱɢɦ ɫɤɚɥɹɪɧɨɟ 
ɩɪɨɢɡɜɟɞɟɧɢɟ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ܪଵሺȳ; Ȟଵ ׫ Ȟఌሻ:ሺݑ, ሻଵ,଴ݒ = Ω׬ ሺݑ׏ሺݔሻ, .ݔ݀  ሻሻݔሺݒ׏
Ɍɚɤɠɟ ɨɛɨɡɧɚɱɢɦ ሺݑ, ሻ଴ݒ ؠ Ω׬ ݔ݀  ሻݔሺݒ ሻݔሺݑ
ɫɤɚɥɹɪɧɨɟ ɩɪɨɢɡɜɟɞɟɧɢɟ ɜ ܮଶሺȳሻ. ɉɟɪɟɩɢɲɟɦ ɢɧɬɟɝɪɚɥɶɧɨɟ ɬɨɠɞɟɫɬɜɨ ɫ ɭɱёɬɨɦ
ɨɛɨɡɧɚɱɟɧɢɣ ɜ ɜɢɞɟ  
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ሺݑఌ , ሻଵ,଴ݒ − ௤ఒഄ ሺݑఌ, ሻ௅మሺ୻ഄሻݒ = ,ఌݑఌሺߣ .ሻ଴ݒ (32) 

ɉɨ ɬɟɨɪɟɦɟ Ɋɢɫɫɚ ɫɭɳɟɫɬɜɭɸɬ ɥɢɧɟɣɧɵɟ ɫɚɦɨɫɨɩɪɹɠёɧɧɵɟ 
ɩɨɥɨɠɢɬɟɥɶɧɵɟ ɤɨɦɩɚɤɬɧɵɟ ɨɩɟɪɚɬɨɪɵ �ఌ ɢ �ఌ ɬɚɤɢɟ, ɱɬɨ׬Ω ሺ׏�ఌ[ݑఌ]ሺݔሻ, ݔ݀  ሻሻݔሺݒ׏ = Ω׬ ݔ݀ ሻݔሺݒሻݔఌሺݑ (33) 

 ɢ ׬Ω ሺ׏�ఌ[ݑఌ]ሺݔሻ, ݔ݀  ሻሻݔሺݒ׏ = ୻ഄ׬ .ݏ݀ ሻݔሺݒሻݔఌሺݑ (34) 

 ɉɪɢ ɷɬɨɦ ɢɧɬɟɝɪɚɥɶɧɨɟ ɬɨɠɞɟɫɬɜɨ (32) ɩɟɪɟɩɢɫɵɜɚɟɬɫɹ ɜ ɜɢɞɟ ሺݑఌ , ሻଵ,଴ݒ − ௤ఒഄ ሺ�ఌ[ݑఌ], ሻଵ,଴ݒ = ,[ఌݑ]ఌሺ�ఌߣ .ሻଵ,଴ݒ
 Ɉɛɨɡɧɚɱɢɦ ܮఌሺߣఌሻ = ܫ − ఌ�ఌߣ − ௤ఒഄ �ఌ , (35) 

 ɝɞɟ ܫ — ɬɨɠɞɟɫɬɜɟɧɧɵɣ ɨɩɟɪɚɬɨɪ. 
ɇɚɣɞёɦ ɤɪɚɟɜɵɟ ɡɚɞɚɱɢ, ɤɨɬɨɪɵɦ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɨɩɟɪɚɬɨɪɵ �ఌ ɢ �ఌ.
ɇɚɩɢɲɟɦ ɢɧɬɟɝɪɚɥɶɧɨɟ ɬɨɠɞɟɫɬɜɨ ɤɪɚɟɜɨɣ ɡɚɞɚɱɢ (26). ɂɦɟɟɦ  ׬Ω ሺݏ׏ఌሺݔሻ, ݔ݀  ሻሻݔሺݒ׏ = Ω׬ ݂ሺݔሻ ݒሺݔሻ ݀ݔ (36) 

ɞɥɹ ɜɫɟɯ ݒ א ;ଵሺȳఌܪ Ȟଵ ׫ Ȟఌሻ. ɍɱɢɬɵɜɚɹ ɢɧɬɟɝɪɚɥɶɧɨɟ ɬɨɠɞɟɫɬɜɨ (36) ɢ
ɪɚɜɟɧɫɬɜɨ (33), ɡɚɤɥɸɱɚɟɦ, ɱɬɨ ɨɩɟɪɚɬɨɪ �ఌ ɞɚёɬ ɨɛɨɛɳёɧɧɨɟ ɪɟɲɟɧɢɟ ɤɪɚɟɜɨɣ
ɡɚɞɚɱɢ (26), ɬ.ɟ. �ఌ[݂] = ఌݏ , ɝɞɟ ݏఌ — ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ (26). Ɉɬɦɟɬɢɦ, ɱɬɨ
ɨɛɪɚɬɧɵɣ ɨɩɟɪɚɬɨɪ �ఌ−ଵ ɢɦɟɟɬ ɞɢɫɤɪɟɬɧɵɣ ɫɩɟɤɬɪ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɫɱёɬɧɨɝɨ ɱɢɫɥɚ
ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ {ߣఌ௡ሺ�ఌ−ଵሻ}௡=ଵ∞ , lim௡→∞ ߣఌ௡ሺ�ఌ−ଵሻ = +∞,

ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɫɨɛɫɬɜɟɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɡɚɞɚɱɢ (23). 
Ɂɚɩɢɲɟɦ ɢɧɬɟɝɪɚɥɶɧɨɟ ɬɨɠɞɟɫɬɜɨ ɡɚɞɚɱɢ (27). ɂɦɟɟɦ ׬Ω ሺݓ׏ఌሺݔሻ, ݔሻሻ݀ݔሺݒ׏ = ୻ഄ׬ ݃ሺݔሻݒሺݔሻ ݀(37) ,ݏ 

ɤɨɬɨɪɨɟ ɢɦɟɟɬ ɦɟɫɬɨ ɞɥɹ ɜɫɟɯ ݒ א ;ଵሺȳఌܪ Ȟଵ ׫ Ȟఌሻ. ɍɱɢɬɵɜɚɹ ɢɧɬɟɝɪɚɥɶɧɨɟ
ɬɨɠɞɟɫɬɜɨ (37) ɢ ɪɚɜɟɧɫɬɜɨ (34), ɡɚɤɥɸɱɚɟɦ, ɱɬɨ ɨɩɟɪɚɬɨɪ �ఌ ɞɚёɬ ɪɟɲɟɧɢɟ
ɤɪɚɟɜɨɣ ɡɚɞɚɱɢ (29), ɬ.ɟ. �ఌ[߮] = ఌݓ , ɝɞɟ ݓఌ — ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ (29). Ɉɬɦɟɬɢɦ,
ɱɬɨ ɨɩɟɪɚɬɨɪ �ఌ−ଵ ɢɦɟɟɬ ɞɢɫɤɪɟɬɧɵɣ ɫɩɟɤɬɪ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɫɱёɬɧɨɝɨ ɱɢɫɥɚ
ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ {ߣఌ௡ሺ�ఌ−ଵሻ}௡=ଵ∞ , lim௡→∞ ఌ௡ሺ�ఌ−ଵሻߣ = +∞,

ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ ɫɨɛɫɬɜɟɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɫɩɟɤɬɪɚɥɶɧɨɣ ɡɚɞɚɱɢ (24). 

2.3.2.  ɋɜɨɣɫɬɜɚ ɨɩɟɪɚɬɨɪɧɵɯ ɩɭɱɤɨɜ 

ȼ ɷɬɨɦ ɩɭɧɤɬɟ ɦɵ ɩɪɢɜɨɞɢɦ ɧɟɤɨɬɨɪɵɟ ɢɡɜɟɫɬɧɵɟ ɨɩɪɟɞɟɥɟɧɢɹ ɢ 
ɭɬɜɟɪɠɞɟɧɢɹ ɢɡ Д36Ж, ɤɨɬɨɪɵɟ ɧɚɦ ɩɨɧɚɞɨɛɹɬɫɹ ɞɥɹ ɚɧɚɥɢɡɚ ɢɫɯɨɞɧɨɣ ɡɚɞɚɱɢ 
ɭɫɪɟɞɧɟɧɢɹ ɜ ɨɛɥɚɫɬɢ ɫ ɤɨɧɰɟɧɬɪɢɪɨɜɚɧɧɵɦɢ ɦɚɫɫɚɦɢ ɧɚ ɝɪɚɧɢɰɟ. 

ɉɭɫɬɶ ܧ — ɫɟɩɚɪɚɛɟɥɶɧɨɟ ɝɢɥɶɛɟɪɬɨɜɨ ɩɪɨɫɬɪɚɧɫɬɜɨ. Ɋɚɫɫɦɨɬɪɢɦ 
ɫɥɟɞɭɸɳɭɸ ɡɚɞɚɱɭ:  
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߮ = [߮]�ߣ + ߣଵ�[߮]        ሺ−ߣ ≠ Ͳሻ, (38)
 ɝɞɟ �: ܧ → ܧ:� ɤɨɦɩɚɤɬɧɵɣ ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɨɩɟɪɚɬɨɪ ɢ — ܧ →  — ܧ
ɤɨɦɩɚɤɬɧɵɣ ɧɟɨɬɪɢɰɚɬɟɥɶɧɵɣ ɨɩɟɪɚɬɨɪ. Ɏɭɧɤɰɢɹ ߮ ɧɚɡɵɜɚɟɬɫɹ ɫɨɛɫɬɜɟɧɧɨɣ 
ɮɭɧɤɰɢɟɣ ɡɚɞɚɱɢ (38), ɟɫɥɢ ɨɧɚ ɭɞɨɜɥɟɬɜɨɪɹɟɬ (38) ɞɥɹ ɧɟɤɨɬɨɪɨɝɨ ߣ. ɑɢɫɥɨ ߣ 
ɧɚɡɵɜɚɟɬɫɹ ɫɨɛɫɬɜɟɧɧɵɦ ɡɧɚɱɟɧɢɟɦ. 

ɇɚɡɨɜёɦ  ɨɩɟɪɚɬɨɪɧɵɦ ɩɭɱɤɨɦ ɡɚɞɚɱɢ (38) ɜɵɪɚɠɟɧɢɟ ɜɢɞɚ ܮሺߣሻ = ܫ − �ߣ − ଵ�. (39)−ߣ
Ɍɟɨɪɟɦɚ 5.  ȿɫɥɢ ɜɵɩɨɥɧɟɧɨ ɭɫɥɨɜɢɟ Ͷ ∥ � ∥ ∥ � ∥< ͳ, (40) 

ɬɨ ɫɩɟɤɬɪ ɨɩɟɪɚɬɨɪɧɨɝɨ ɩɭɱɤɚ ܮሺߣሻ ɜ ℝ ɫɨɫɬɨɢɬ ɢɡ ɫɱёɬɧɨɝɨ ɦɧɨɠɟɫɬɜɚ 
ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɤɨɧɟɱɧɭɸ ɤɪɚɬɧɨɫɬɶ. ɋɨɛɫɬɜɟɧɧɵɟ 
ɡɧɚɱɟɧɢɹ ɪɚɫɩɨɥɨɠɟɧɵ ɧɚ ɢɧɬɟɪɜɚɥɚɯ ሺͲ, ,+ݎሻ, ሺ−ݎ +∞ሻ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ ɨɫɢ, ɝɞɟݎ± = ଵ±√ଵ−ସ∥۰∥ ∥ۯ∥ଶ∥ۯ∥ ,  Ͳ < −ݎ < ,+ݎ
ɢ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɫɟɦɟɣɫɬɜ {ߣ௞+}௞=ଵ∞ ∞௞=ଵ{−௞ߣ} ,  ɫ ɬɨɱɤɚɦɢ ɧɚɤɨɩɥɟɧɢɹ +∞ ɢ Ͳ,
ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɬ.ɟ. ߣ௡− → Ͳ ɩɪɢ ݊ → ∞, ɢ ߣ௡+ → +∞ ɩɪɢ ݊ → ∞, ɩɪɢ ɷɬɨɦ ߣ௞− ݇ ,+௝ߣ≠ , ݆ א ℕ.

ɂɦɟɸɬ ɦɟɫɬɨ ɫɥɟɞɭɸɳɢɟ ɮɨɪɦɭɥɵ: ߣ௡ሺ�ሻ ൑ −௡ߣ ൑ ఒ�ሺ୆ሻଵ−ଶఒ�ሺ୆ሻ∥୅∥  ሺ݊ = ͳ,ʹ,⋯ ሻ, 
 ɬ.ɟ. ߣ௡− = ௡ሺ�ሻሺͳߣ + ሺͳሻሻ    ˒˓ˋ     n݋ → +∞
 ɢ ଵఒ�ሺ୅ሻ− ʹ ∥ � ∥൑ +௡ߣ ൑ ଵఒ�ሺ୅ሻ  ሺ݊ = ͳ,ʹ,⋯ ሻ, 
 ɬ.ɟ. ߣ௡+ = ଵఒ�ሺ୅ሻ + ܱሺͳሻ  ˒˓ˋ  n → +∞. 

2.3.3.  ɇɟɨɛɯɨɞɢɦɵɟ ɡɚɦɟɱɚɧɢɹ 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚɲɚ ɡɚɞɚɱɚ ɨɛ ɭɫɪɟɞɧɟɧɢɢ ɨɩɟɪɚɬɨɪɧɨɝɨ ɩɭɱɤɚ (35) 
ɪɚɫɩɚɞɚɟɬɫɹ ɧɚ ɡɚɞɚɱɢ ɨɛ ɭɫɪɟɞɧɟɧɢɢ ɞɜɭɯ ɤɥɚɫɫɢɱɟɫɤɢɯ ɤɪɚɟɜɵɯ ɡɚɞɚɱ (23) ɢ 
(24), ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɯɟɦɟ ɢɡ ɦɨɧɨɝɪɚɮɢɢ Д36Ж. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ ɫɜɨɣɫɬɜɚɦɢ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɡɚɞɚɱ, ɨɩɟɪɚɬɨɪ �ఌ —
ɤɨɦɩɚɤɬɧɵɣ ɢ ɩɨɥɨɠɢɬɟɥɶɧɵɣ, ɨɩɟɪɚɬɨɪ �ఌ — ɤɨɦɩɚɤɬɧɵɣ ɢ ɧɟɨɬɪɢɰɚɬɟɥɶɧɵɣ.
ɋɥɟɞɨɜɚɬɟɥɶɧɨ, (35) — ɱɚɫɬɧɵɣ ɫɥɭɱɚɣ ɨɩɟɪɚɬɨɪɧɨɝɨ ɩɭɱɤɚ (39) ɫ � = �ఌ, � .ఌ�ݍ=

ȼɵɛɟɪɟɦ ɤɨɧɫɬɚɧɬɭ ݍ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɜɵɩɨɥɧɹɥɨɫɶ ɭɫɥɨɜɢɟ (40). 
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ɂɡ ɬɟɨɪɟɦɵ 5 ɜɵɬɟɤɚɟɬ ɫɥɟɞɭɸɳɟɟ ɭɬɜɟɪɠɞɟɧɢɟ. 
Ɍɟɨɪɟɦɚ 6. Ɂɚɞɚɱɚ (35) ɨɛɥɚɞɚɟɬ ɫɥɟɞɭɸɳɢɦɢ ɫɜɨɣɫɬɜɚɦɢ. • ɋɩɟɤɬɪ ɡɚɞɚɱɢ (35) ɞɢɫɤɪɟɬɧɵɣ ɢ ɫɨɫɬɨɢɬ ɢɡ ɫɱёɬɧɨɝɨ ɦɧɨɠɟɫɬɜɚ

ɞɟɣɫɬɜɢɬɟɥɶɧɵɯ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɤɨɧɟɱɧɨɣ ɤɪɚɬɧɨɫɬɢ, ɤɨɬɨɪɵɟ 
ɪɚɫɩɨɥɨɠɟɧɵ ɧɚ ɢɧɬɟɪɜɚɥɚɯ ሺͲ, ,+ݎሻ, ሺ−ݎ +∞ሻ ɞɟɣɫɬɜɢɬɟɥɶɧɨɣ ɨɫɢ, ɝɞɟݎ± = ଵ±√ଵ−ସ௤∥஺ഄ∥ ∥஻ഄ∥ଶ∥஺ഄ∥ ,  Ͳ < −ݎ < ,+ݎ
ɢ ɫɨɫɬɨɢɬ ɢɡ ɞɜɭɯ ɫɟɦɟɣɫɬɜ {ሺߣఌ௞ሻ+}௞=ଵ∞ , {ሺߣఌ௞ሻ−}௞=ଵ∞  ɫ ɬɨɱɤɚɦɢ ɧɚɤɨɩɥɟɧɢɹ +∞
ɢ Ͳ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɬ.ɟ. ሺߣఌ௞ሻ− → Ͳ ɩɪɢ ݇ → ∞, ɢ ሺߣఌ௞ሻ+ → +∞ ɩɪɢ ݇ → ∞, ɩɪɢ
ɷɬɨɦ ߣ௞− ≠ ݇ ,+௝ߣ , ݆ א ℕ.• ɋɩɪɚɜɟɞɥɢɜɵ ɫɥɟɞɭɸɳɢɟ ɨɰɟɧɤɢ ɢ ɚɫɢɦɩɬɨɬɢɱɟɫɤɢɟ ɮɨɪɦɭɥɵ:ଵఒഄ�ሺ୅ഄሻ− ݍʹ ∥ �ఌ ∥൑ ሺߣఌ௞ሻ+ ൑ ଵఒഄ�ሺ୅ഄሻ  ሺ݇ = ͳ,ʹ,⋯ ሻ, ሺߣఌ௞ሻ+ = ଵఒഄ�ሺ୅ഄሻ [ͳ + ݇      ˋ˓˒  [ሺͳሻ݋ → ఌ௞ሺ�ఌሻߣݍ ,∞+ ൑ ሺߣఌ௞ሻ− ൑ ௤ఒഄ�ሺ୆ഄሻଵ−ଶ௤ఒഄ�ሺ୆ഄሻ∥୅ഄ−భ∥  ሺ݇ = ͳ,ʹ,⋯ ሻ, ሺߣఌ௞ሻ− = ఌ௞ሺ�ఌሻ[ͳߣݍ + ˋ˓˒     [ሺͳሻ݋  ݇ → +∞. 

2.3.4. Ɍɟɨɪɟɦɚ ɭɫɪɟɞɧɟɧɢɹ 
ɉɟɪɟɩɢɲɟɦ ɢɧɬɟɝɪɚɥɶɧɨɟ ɬɨɠɞɟɫɬɜɨ ɡɚɞɚɱɢ (28) ɜ ɜɢɞɟ ሺݏ଴, ሻଵ,଴ݒ = ሺ݂, ሻ଴. (41)ݒ
ɉɨ ɬɟɨɪɟɦɟ Ɋɢɫɫɚ ɞɥɹ ɥɢɧɟɣɧɨɝɨ ɧɟɩɪɟɪɵɜɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ ሺ݂, ሻ଴ ɜݒ

ɩɪɨɫɬɪɚɧɫɬɜɟ ܪଵሺȳ; Ȟଵሻ ɫɭɳɟɫɬɜɭɟɬ ɨɩɟɪɚɬɨɪ �ℎ௢௠, ɬɚɤɨɣ ɱɬɨሺ�ℎ௢௠[݂], ሻଵ,଴ݒ = ሺ݂, ሻ଴. (42)ݒ
 ɍɱɢɬɵɜɚɹ ɢɧɬɟɝɪɚɥɶɧɨɟ ɬɨɠɞɟɫɬɜɨ (41) ɢ ɪɚɜɟɧɫɬɜɨ (42), ɡɚɤɥɸɱɚɟɦ, ɱɬɨ 
ɨɩɟɪɚɬɨɪ �ℎ௢௠ ɞɚёɬ ɨɛɨɛɳёɧɧɨɟ ɪɟɲɟɧɢɟ ɤɪɚɟɜɨɣ ɡɚɞɚɱɢ (28), ɬ.ɟ. �ℎ௢௠[݂] ଴ — ɪɟɲɟɧɢɟ ɤɪɚɟɜɨɣ ɡɚɞɚɱɢ (28). Ɉɬɦɟɬɢɦ, ɱɬɨ ɨɛɪɚɬɧɵɣ ɨɩɟɪɚɬɨɪ�ℎ௢௠−ଵݏ ଴, ɝɞɟݏ=  ɢɦɟɟɬ ɞɢɫɤɪɟɬɧɵɣ ɫɩɟɤɬɪ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɫɱёɬɧɨɝɨ ɱɢɫɥɚ ɩɨɥɨɠɢɬɟɥɶɧɵɯ
ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ {ߣ଴௡ሺ�ℎ௢௠−ଵ ሻ}௡=ଵ∞ , lim௡→∞ ଴௡ሺ�ℎ௢௠−ଵߣ ሻ = +∞, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ

ɫɨɛɫɬɜɟɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɫɩɟɤɬɪɚɥɶɧɨɣ ɡɚɞɚɱɢ (30). 
Ɍɟɩɟɪɶ ɩɟɪɟɩɢɲɟɦ ɢɧɬɟɝɪɚɥɶɧɨɟ ɬɨɠɞɟɫɬɜɨ ɤɪɚɟɜɨɣ ɡɚɞɚɱɢ (29) ɫ ɭɱёɬɨɦ 

ɨɛɨɡɧɚɱɟɧɢɣ, ɜɜɟɞёɧɧɵɯ ɪɚɧɟɟ. ɂɦɟɟɦ ሺݓ଴, ሻଵ,଴ݒ = ሺ݃, ሻ௅మሺ୻మሻ. (43)ݒ

ɉɨ ɬɟɨɪɟɦɟ Ɋɢɫɫɚ ɞɥɹ ɥɢɧɟɣɧɨɝɨ ɧɟɩɪɟɪɵɜɧɨɝɨ ɮɭɧɤɰɢɨɧɚɥɚ ሺ݃, ሻ௅మሺ୻మሻ ɜݒ
ɩɪɨɫɬɪɚɧɫɬɜɟ ܪଵሺȳ; Ȟଵሻ ɫɭɳɟɫɬɜɭɟɬ ɨɩɟɪɚɬɨɪ �ℎ௢௠, ɬɚɤɨɣ ɱɬɨሺ�ℎ௢௠[݃], ሻଵ,଴ݒ = ሺ݃, .ሻ௅మሺ୻మሻݒ (44) 
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 ɍɱɢɬɵɜɚɹ ɢɧɬɟɝɪɚɥɶɧɨɟ ɬɨɠɞɟɫɬɜɨ (43) ɢ ɪɚɜɟɧɫɬɜɨ (44), ɡɚɤɥɸɱɚɟɦ, ɱɬɨ 
ɨɩɟɪɚɬɨɪ �ℎ௢௠ ɞɚёɬ ɨɛɨɛɳёɧɧɨɟ ɪɟɲɟɧɢɟ ɤɪɚɟɜɨɣ ɡɚɞɚɱɢ (29), ɬ.О. �ℎ௢௠[߮] ଴ — ɪɟɲɟɧɢɟ ɤɪɚɟɜɨɣ ɡɚɞɚɱɢ (29). Ɉɬɦɟɬɢɦ, ɱɬɨ ɨɩɟɪɚɬɨɪ �ℎ௢௠−ଵݓ ଴, ɝɞɟݓ=  ɢɦɟɟɬ
ɞɢɫɤɪɟɬɧɵɣ ɫɩɟɤɬɪ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɫɱёɬɧɨɝɨ ɱɢɫɥɚ ɩɨɥɨɠɢɬɟɥɶɧɵɯ ɫɨɛɫɬɜɟɧɧɵɯ 
ɡɧɚɱɟɧɢɣ {ߣ଴௡ሺ�ℎ௢௠−ଵ ሻ}௡=ଵ∞ , lim௡→∞ ଴௡ሺ�ℎ௢௠−ଵߣ ሻ = +∞, ɤɨɬɨɪɵɟ ɹɜɥɹɸɬɫɹ 

ɫɨɛɫɬɜɟɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɫɩɟɤɬɪɚɥɶɧɨɣ ɡɚɞɚɱɢ (31). 
ɂɦɟɸɬ ɦɟɫɬɨ ɭɬɜɟɪɠɞɟɧɢɹ. 
Ɍɟɨɪɟɦɚ 7.  ɉɭɫɬɶ ߣఌ௞ሺܣఌሻ — ɫɨɛɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɨɩɟɪɚɬɨɪɚ ܣఌ, ɬɚɤɢɟ

ɱɬɨ ߣఌଵሺܣఌሻ > ఌሻܣఌଶሺߣ ൒ ⋯ > Ͳ; ߣఌ௞ሺܤఌሻ — ɫɨɛɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɨɩɟɪɚɬɨɪɚ ܤఌ,
ɬɚɤɢɟ ɱɬɨ ߣఌଵሺܤఌሻ > ఌሻܤఌଶሺߣ ൒ ⋯ > Ͳ; ߣ଴௞ሺܣℎ௢௠ሻ — ɫɨɛɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ
ɨɩɟɪɚɬɨɪɚ ܣℎ௢௠, ɬɚɤɢɟ ɱɬɨ ߣ଴ଵሺܣℎ௢௠ሻ > ℎ௢௠ሻܣ଴ଶሺߣ ൒ ⋯ > Ͳ, ɢ ɩɭɫɬɶ ߣ଴௞ሺܤℎ௢௠ሻ
— ɫɨɛɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɨɩɟɪɚɬɨɪɚ ܤℎ௢௠, ɬɚɤɢɟ ɱɬɨ ߣ଴ଵሺܤℎ௢௠ሻ > ℎ௢௠ሻܤ଴ଶሺߣ ൒⋯ > Ͳ. Ɂɞɟɫɶ ɜɫɟ ɧɚɛɨɪɵ ɫɨɛɫɬɜɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɩɟɪɟɧɭɦɟɪɨɜɚɧɵ ɫ ɭɱёɬɨɦ 
ɤɪɚɬɧɨɫɬɢ. 

Ɍɨɝɞɚ ɩɪɢ ߝ → Ͳ ɢɦɟɟɬ ɦɟɫɬɨ ɫɯɨɞɢɦɨɫɬɶ |ߣఌ௞ሺ�ఌሻ − |଴௞ሺ�ℎ௢௠ሻߣ → Ͳ,        |ߣఌ௞ሺ�ఌሻ − |଴௞ሺ�ℎ௢௠ሻߣ → Ͳ.
Ɍɟɨɪɟɦɚ 8.  ɉɭɫɬɶ ݑఌ — ɫɨɛɫɬɜɟɧɧɚɹ ɮɭɧɤɰɢɹ ɡɚɞɚɱɢ (25), ɬɨɝɞɚ ݑఌ ଴ݑ 

ɫɥɚɛɨ ɜ ܪଵሺ�ሻ ɩɪɢ ߝ → Ͳ, ɝɞɟ

{ȟݑ଴ = ଴ݑ,଴         ˅         ȳݑߣ− = Ͳ  ː˃  Ȟଵ,ఒ ∂௨బ∂௫మ − ଴ݑݍ = Ͳ   ː˃  Ȟଶ. (45) 

ɇɚɩɢɲɟɦ ɢɧɬɟɝɪɚɥɶɧɨɟ ɬɨɠɞɟɫɬɜɨ ɡɚɞɚɱɢ (45) ɫ ɭɱёɬɨɦ ɜɜɟɞёɧɧɵɯ ɪɚɧɟɟ 
ɨɛɨɡɧɚɱɟɧɢɣ. ɂɦɟɟɦ ሺݑ଴, ሻଵ,଴ݒ − ௤ఒ ሺݑ଴, ሻ௅మሺ୻మሻݒ = ,଴ݑሺߣ .ሻ଴ݒ (46) 

 ɋ ɭɱёɬɨɦ (42) ɢ (44) ɩɟɪɟɩɢɫɵɜɚɟɦ ɬɨɠɞɟɫɬɜɨ (46) ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ሺݑ଴, ሻଵ,଴ݒ − ௤ఒ ሺ�ℎ௢௠[ݑ଴], ሻଵ,଴ݒ = ,[଴ݑ]ሺ�ℎ௢௠ߣ .ሻଵ,଴ݒ
 ɋɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɨɩɟɪɚɬɨɪɧɵɣ ɩɭɱɨɤ ɢɦɟɟɬ ɜɢɞ ̂ܮሺߣሻ = ܫ − ℎ௢௠�ߣ − ௤ఒ �ℎ௢௠.

Ɉɩɪɟɞɟɥɟɧɢɟ 1. ɇɚɡɨɜёɦ ɨɩɟɪɚɬɨɪɧɵɣ ɩɭɱɨɤ ̂ܮሺߣሻ — ɭɫɪɟɞɧёɧɧɵɦ 
ɨɩɟɪɚɬɨɪɧɵɦ ɩɭɱɤɨɦ ɞɥɹ ɢɫɯɨɞɧɨɝɨ ɨɩɟɪɚɬɨɪɧɨɝɨ ɩɭɱɤɚ ܮఌሺߣఌሻ, ɡɚɞɚɧɧɨɝɨ ɜ
(35).  

2.4.  Ɇɚɥɵɟ ɤɨɥɟɛɚɧɢɹ ɜɹɡɤɨɣ ɧɟɨɞɧɨɪɨɞɧɨɣ ɠɢɞɤɨɫɬɢ ɜ ɨɬɤɪɵɬɨɦ 
ɧɟɩɨɞɜɢɠɧɨɦ ɫɨɫɭɞɟ ɫ ɡɚɝɥɭɛɥɟɧɧɨɣ ɨɤɨɥɨ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 

ɫɟɬɶɸ ɫ ɩɨɩɥɚɜɤɚɦɢ. ɇɨɪɦɚɥɶɧɵɟ ɤɨɥɟɛɚɧɢɹ 
 ȼ ɷɬɨɦ ɪɚɡɞɟɥɟ ɦɵ ɩɪɢɜɨɞɢɦ ɪɚɫɫɭɠɞɟɧɢɹ ɢɡ Д36, ɝɥ.7Ж. 
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ɉɪɟɞɩɨɥɚɝɚɟɬɫɹ, ɱɬɨ ɩɨɞ ɨɬɤɪɵɬɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɠɢɞɤɨɫɬɢ ɧɚɯɨɞɢɬɫɹ 
ɦɟɥɤɨɹɱɟɢɫɬɚɹ ɠёɫɬɤɚɹ ɫɟɬɤɚ ɫ ɩɨɩɥɚɜɤɚɦɢ. 

ɋɱɢɬɚɟɦ, ɱɬɨ ɬɹɠёɥɚɹ ɜɹɡɤɚɹ ɠɢɞɤɨɫɬɶ ɩɥɨɬɧɨɫɬɢ � ɡɚɩɨɥɧɹɟɬ 
ɧɟɩɨɞɜɢɠɧɵɣ ɨɬɤɪɵɬɵɣ ɫɨɫɭɞ ɢ ɡɚɧɢɦɚɟɬ ɜ ɫɨɫɬɨɹɧɢɢ ɩɨɤɨɹ ɨɛɥɚɫɬɶ ȳ, 
ɨɝɪɚɧɢɱɟɧɧɭɸ ɬɜёɪɞɨɣ ɫɬɟɧɤɨɣ ܵ, ɠёɫɬɤɨɣ ɫɟɬɤɨɣ ߛఌ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɢ
ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ Ȟఌ . Ʉɥɚɫɫɢɱɟɫɤɚɹ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɨ ɦɚɥɵɯ
ɞɜɢɠɟɧɢɹɯ, ɛɥɢɡɤɢɯ ɤ ɫɨɫɬɨɹɧɢɸ ɩɨɤɨɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɥɢɧɟɚɪɢɡɨɜɚɧɧɵɟ 
ɭɪɚɜɧɟɧɢɹ ɇɚɜɶɟ–ɋɬɨɤɫɚ:  ∂ ௨ ∂௧ = − ଵఘ݌׏ + +  ݑȟߥ =  ݑ   ݒ݅݀  ,݂ Ͳ    ˅    ȳ, (47) 

ɝɞɟ     ݑ  = ,ݐሺ  ݑ     ሻݔ = ሺݑଵሺݐ, ,ሻݔ ,ݐଶሺݑ ,ሻݔ ,ݐଷሺݑ ݌ ,ሻሻ — ɩɨɥɟ ɫɤɨɪɨɫɬɟɣݔ ,ݐሺ݌= ,ݐሻ — ɞɢɧɚɦɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ, ݂ሺݔ  ɜɹɡɤɨɫɬɶ — ߥ ,ሻ — ɩɨɥɟ ɜɧɟɲɧɢɯ ɫɢɥݔ
ɠɢɞɤɨɫɬɢ. 

ɇɚ ɬɜёɪɞɨɣ ɫɬɟɧɤɟ ܵ ɢ ɫɟɬɤɟ ߛఌ ɜɵɩɨɥɧɹɟɬɫɹ ɭɫɥɨɜɢɟ ɩɪɢɥɢɩɚɧɢɹ ݑ  = Ͳ         ː˃  ܵ ׫ ఌߛ , (48)
ɚ ɧɚ ɫɜɨɛɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ Ȟఌ ɜɵɩɨɥɧɹɸɬɫɹ ɞɢɧɚɦɢɱɟɫɤɢɟ ɢ ɤɢɧɟɦɚɬɢɱɟɫɤɢɟ
ɭɫɥɨɜɢɹ. ȿɫɥɢ ɫɜɨɛɨɞɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ Ȟఌ ɡɚɞɚёɬɫɹ ɧɟɢɡɜɟɫɬɧɨɣ ɮɭɧɤɰɢɟɣݔଶ = Ξሺݐ, ,ଵݔ ,ଶሻݔ
 ɬɨ ɷɬɢ ɭɫɥɨɜɢɹ ɢɦɟɸɬ ɜɢɞ ቀ∂௨�∂௫య + ∂௨య∂௫�ቁ = Ͳ,  ݅ = ͳ,ʹ,−݌ + ߥ�ʹ ∂௨య∂௫య = �݃Ξ, ∂Ξ∂௧ = ː˃   Ȟఌ  ݑ ௡ߛ− , (49) 

- ɝɞɟ ߛ௡    ݑ ∶= ଵ݊ଵݑ + ଶ݊ଶݑ + ݊ ଷ݊ଷ, ɚݑ = ሺ݊ଵ, ݊ଶ, ݊ଷሻ — ɜɟɤɬɨɪ ɟɞɢɧɢɱɧɨɣ
ɜɧɟɲɧɟɣ ɧɨɪɦɚɥɢ ɤ ɝɪɚɧɢɰɟ ɨɛɥɚɫɬɢ. 

Ɋɚɫɫɦɨɬɪɢɦ ɧɨɪɦɚɥɶɧɵɟ ɤɨɥɟɛɚɧɢɹ, ɬ.ɟ. ɬɚɤɢɟ ɪɟɲɟɧɢɹ ɨɞɧɨɪɨɞɧɨɣ 
ɡɚɞɚɱɢ (47)–(49), ɞɥɹ ɤɨɬɨɪɵɯ      ݑ  ሺݐ, ሻݔ = ݁−ఒ௧  ݑ ሺݔሻ,݌ሺݐ, ሻݔ = ݁−ఒ௧݌ሺݔሻ,Ξሺݐ, ,ଵݔ ଶሻݔ = ݁−ఒ௧Ξሺݔଵ, .ଶሻݔ (50) 

ɉɨɞɫɬɚɜɥɹɹ (50) ɜ ɭɪɚɜɧɟɧɢɟ (47) ɢ ɜ ɤɪɚɟɜɵɟ ɭɫɥɨɜɢɹ (48), (49), ɩɨɥɭɱɚɟɦ 
ɡɚɞɚɱɭ  

{  
  ଵఘ݌׏ − ݑȟߥ = , ݑߣ =  ݑ ݒ݅݀  Ͳ   ˅     ȳ, ݑ = Ͳ ː˃     ܵ ׫ ఌߛ ,ቀ∂௨i∂௫య + ∂௨య∂௫iቁ = Ͳ, ݅ = ͳ,ʹ,−Г + ʹρߥ ∂௨య∂௫య = ρg ଵఒ ݑ௡ߛ ː˃   Ȟఌ (51) 

 Ⱦɚɥɟɟ, ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɞɜɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɡɚɞɚɱɢ • ɉɟɪɜɚɹ ɡɚɞɚɱɚ ɫ ɨɞɧɨɪɨɞɧɵɦ ɭɫɥɨɜɢɟɦ ɧɚ Ȟఌ:
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{  
ଵ݌׏   − =  ݏ ȟߥ Ȳ,  ݀݅ݏ  ݒ  = Ͳ  ˅     ȳ, ݏ = Ͳ  ː˃     ܵ ׫ ఌߛ  ,ቀ∂௦i∂௫య + ∂௦య∂௫iቁ = Ͳ,      ݅ = ͳ,ʹ,−Г + ௨య∂௫య∂ ߥʹ = Ͳ  ː˃   Ȟఌ , (52) 

• ȼɬɨɪɚɹ ɡɚɞɚɱɚ — ɫ ɨɞɧɨɪɨɞɧɨɣ ɩɪɚɜɨɣ ɱɚɫɬɶɸ ɭɪɚɜɧɟɧɢɹ ɢ
ɧɟɨɞɧɨɪɨɞɧɵɦ ɭɫɥɨɜɢɟɦ ɧɚ Ȟఌ:

{  
ଶ݌׏   − ݓ ȟߥ = Ͳ,      ݀݅ݓ ݒ  = Ͳ  ˅     ȳ, ݓ = Ͳ  ː˃   ܵ ׫ ఌߛ ,ቀ∂௪i∂௫య + ∂௪య∂௫i ቁ = Ͳ,  ݅ = ͳ,ʹ,−Г + ௨య∂௫య∂ ߥʹ = Ͳ  ː˃   Ȟఌ ׬  , ߯݀Ȟ = Ͳ  ୻ഄ . (53) 

ɉɭɫɬɶ ɬɟɩɟɪɶ ɮɭɧɤɰɢɢ     ݑ = ݌ ሻ ɢݔሺݑ =  ሻ ɹɜɥɹɸɬɫɹ ɤɥɚɫɫɢɱɟɫɤɢɦɢݔሺ݌
ɪɟɲɟɧɢɹɦɢ ɡɚɞɚɱɢ (51). Ɍɨɝɞɚ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ   ݑ ሺݔሻ = ሻݔሺ ݏ     + ሻ, ଵఘݔሺ ݓ  ሻݔሺ݌ = ሻݔଵሺ݌ + ,ሻݔଶሺ݌ (54) 

ɝɞɟ     ݏ  ሺݔሻ, ݌ଵሺݔሻ — ɪɟɲɟɧɢɟ ɤɪɚɟɜɨɣ ɡɚɞɚɱɢ (52) ɫ ɩɪɚɜɨɣ ɱɚɫɬɶɸ Ȳ = ߯ ሻ — ɪɟɲɟɧɢɟ ɤɪɚɟɜɨɣ ɡɚɞɚɱɢ (53) ɫ ɧɟɨɞɧɨɪɨɞɧɨɫɬɶɸݔଶሺ݌ ,ሻݔሺ ݓɚ ,  ݑ ߣ = ݃ ଵఒ .  ݑ ௡ߛ
ɇɚɩɢɲɟɦ ɡɚɞɚɱɭ (51) ɜ ɨɩɟɪɚɬɨɪɧɨɣ ɮɨɪɦɟ. ɉɭɫɬɶ � — ɨɩɟɪɚɬɨɪ, ɬɚɤɨɣ 

ɱɬɨ ߥ−ଵ�[Ȳ] = [߯]�ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ (52), ɚ � — ɨɩɟɪɚɬɨɪ, ɬɚɤɨɣ ɱɬɨ —  ݏ    ɝɞɟ ,  ݏ  = ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ (53). ɉɨɥɨɠɢɦ Ȳ —  ݓ    ɝɞɟ ,  ݓ = ߯ ɢ  ݑ ߣ = ݃ ଵఒ . ݑ    ௡ߛ
Ɍɨɝɞɚ ɜ ɨɩɟɪɚɬɨɪɧɨɣ ɮɨɪɦɟ ɡɚɞɚɱɢ (52) ɢ (53) ɢɦɟɸɬ ɜɢɞ ߥ�−ଵ[ ݏ ] = = ݓ  ߥ, ݑ ߣ ݃ ଵఒ = ݑ ,[ ݑ ]� + ݏ . ݓ   (55) 

ɂɫɤɥɸɱɚɟɦ     ݑ  ሺݔሻ ɢɡ ɪɚɜɟɧɫɬɜ (55). ɂɦɟɟɦ −ݏ ߣ = [ ݏ]ଵ−�ߥ− + +  ݏ ]�ଵ−ߥ݃ =  ݓ ߣ−,[ݓ +  ݏ]�ଵ−ߥ݃− .[ݓ  (56) 

ɋɤɥɚɞɵɜɚɹ ɨɛɚ ɭɪɚɜɧɟɧɢɹ, ɜɵɜɨɞɢɦ  ݏ ߥ  = +  ݏ ]�ߣ =  ݓ ߥ        ,[ ݓ  ௚ఒ +  ݏ ]�  .[ ݓ 
ȿɫɥɢ ɬɟɩɟɪɶ ɫɧɨɜɚ ɫɥɨɠɢɬɶ ɭɪɚɜɧɟɧɢɹ, ɭɱɢɬɵɜɚɹ (54), ɬɨ ɩɪɢɜɟɞёɦ ɤ 

ɨɫɧɨɜɧɨɣ ɫɩɟɤɬɪɚɥɶɧɨɣ ɡɚɞɚɱɟ  ݑ  ߥ  = [  ݑ  ]�ߣ + ௚ఒ (57) .[  ݑ ]�

Ɂɞɟɫɶ ɨɩɟɪɚɬɨɪ � — ɩɨɥɨɠɢɬɟɥɶɧɵɣ ɢ ɤɨɦɩɚɤɬɧɵɣ, ɚ � — 
ɛɟɫɤɨɧɟɱɧɨɦɟɪɧɵɣ ɧɟɨɬɪɢɰɚɬɟɥɶɧɵɣ ɤɨɦɩɚɤɬɧɵɣ ɨɩɟɪɚɬɨɪ ɫ 
ɛɟɫɤɨɧɟɱɧɨɦɟɪɧɵɦ ɹɞɪɨɦ. 
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Ɉɩɟɪɚɬɨɪɧɵɣ ɩɭɱɨɤ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɡɚɞɚɱɟ (57), ɢɦɟɟɬ ɜɢɞ ܮሺߣሻ = ܫߥ − �ߣ − ௚ఒ �. (58) 

Ɂɚɦɟɱɚɧɢɟ 2. Ⱦɥɹ ɷɬɨɝɨ ɩɭɱɤɚ ɫɩɪɚɜɟɞɥɢɜɚ ɬɟɨɪɟɦɚ  5. ɉɪɢ ɷɬɨɦ • ɋɨɛɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ߣ௞+ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɧɨɪɦɚɥɶɧɵɦ ɤɨɥɟɛɚɧɢɹɦ
ɜɹɡɤɨɣ ɠɢɞɤɨɫɬɢ, ɧɚɡɵɜɚɟɦɵɦ  ɜɧɭɬɪɟɧɧɢɦɢ ɞɢɫɫɢɩɚɬɢɜɧɵɦɢ ɜɨɥɧɚɦɢ. • ɋɨɛɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ߣ௞− ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɧɨɪɦɚɥɶɧɵɦ ɤɨɥɟɛɚɧɢɹɦ
ɜɹɡɤɨɣ ɠɢɞɤɨɫɬɢ, ɧɚɡɵɜɚɟɦɵɦ  ɩɨɜɟɪɯɧɨɫɬɧɵɦɢ ɝɪɚɜɢɬɚɰɢɨɧɧɵɦɢ ɜɨɥɧɚɦɢ. 

Ɉɩɟɪɚɬɨɪɧɵɣ ɩɭɱɨɤ (35) ɢɦɟɟɬ ɬɭ ɠɟ ɫɬɪɭɤɬɭɪɭ ɢ ɬɟ ɠɟ ɫɜɨɣɫɬɜɚ 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɱɬɨ ɢ ɨɩɟɪɚɬɨɪɧɵɣ ɩɭɱɨɤ (58). ȼ ɫɢɥɭ ɷɬɨɝɨ ɦɨɠɧɨ ɝɨɜɨɪɢɬɶ ɨ 
ɪɚɫɫɦɨɬɪɟɧɧɨɣ ɡɚɞɚɱɟ (25), ɤɚɤ ɨ ɩɥɨɫɤɨɦ ɫɤɚɥɹɪɧɨɦ ɚɧɚɥɨɝɟ ɭɪɚɜɧɟɧɢɣ 
ɥɢɧɟɣɧɨɣ ɝɢɞɪɨɞɢɧɚɦɢɤɢ. 
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ɑɟɱɤɢɧ Ƚ.Ⱥ. 

Ⱦɨɧɢɲɝɨҳɢ ɞɚɜɥɚɬɢɢ Ɇɨɫɤɜɚ ɛɚ ɧɨɦɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜ 
Ⱦɚɪ ɤɨɪ ɦɨ ɦɚɫɴɚɥɚԟɨɢ ɝɭɧɨɝɭɧɢ ɦɢёɧɚɤɭɧɨɧɢɢ ɫɚɪԟɚɞɢɪɨ ɞɢɞɚ ɦɟɛɚɪɨɟɦ. Ȼɚɪɨɢ ɢɧ 

ɝɭɧɚ ɦɚɫɴɚɥɚԟɨ ɛɨ ɩɚɪɚɦɟɬɪɢ ɯɭɪɞ ɦɚɫɴɚɥɚԟɨɢ ԟɭɞɭɞӣ ɫɨɯɬɚ ɲɭɞɚ, ɬɟɨɪɟɦɚԟɨ ɞɚɪ ɛɨɪɚɢ 
ɧɚɡɞɢɤɲɚɜɢɢ ԟɚɥԟɨ ɜɚ ҷɭɮɬԟɨɢ ɯɨɫ ɢɫɛɨɬ ɤɚɪɞɚ ɦɟɲɚɜɚɧɞ. 
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Ʉɚɥɢɦɚԟɨɢ ɤɚɥɢɞश: ɦɢёɧɚɤɭɧɨɧӣ, ɭɫɭɥԟɨɢ ɚɫɢɦɩɬɨɬɢɤӣ, ɩɚɪɚɦɟɬɪɢ ɯɭɪɞ, ɦɭԟɢɬԟɨɢ 
ɦɢɤɪɨғɚɣɪɢɹɤҷɢɧɫɚɜӣ, ɩɚɣɜɚɫɬɤɭɧɢԟɨ. 

THE THEORY OF BOUNDARY AVERAGING 
Chechkin G.A. 

Lomonosov Moscow State University 
In the paper we consider various problems of boundary homogenization. For the initial 

problems with small parameter we construct limit (homogenized) problems and prove the 
convergence theorems for solutions and eigenpairs. 

Key words: homogenization, asymptotic methods, small parameter, microinhomogeneous 
media, junctions. 

ɋɜɟɞɟɧɢɹ ɨɛ ɚɜɬɨɪɟ. ɑɟɱɤɢɧ Ƚɪɢɝɨɪɢɣ Ⱥɥɟɤɫɚɧɞɪɨɜɢɱ, ɞɨɤɬɨɪ ɮɢɡɢɤɨ 
ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ ɤɚɮɟɞɪɵ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ Ɇɟɯɚɧɢɤɨ-
ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɮɚɤɭɥɶɬɟɬɚ ɆȽɍ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, 119991 Ɇɨɫɤɜɚ, Ʌɟɧɢɧɫɤɢɟ 
Ƚɨɪɵ, ɞ.1, Ɇɟɯɚɧɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɣ ɮɚɤɭɥɶɬɟɬ. Ɍɟɥ. +7 (495) 939-1631. ȿ-
mail:  chechkin@mech.math.msu.su 

ɍȾɄ 517.956 

Ɉ ɇȿɄɈɌɈɊɕɏ ɇȿɅɂɇȿɃɇɕɏ ɋɂɋɌȿɆȺɏ ȾɂɎɎȿɊȿɇɐɂȺɅɖɇɕɏ 
ɍɊȺȼɇȿɇɂɃ ȼ ɑȺɋɌɇɕɏ ɉɊɈɂɁȼɈȾɇɕɏ ȼɌɈɊɈȽɈ  ɉɈɊəȾɄȺ 

ɉɢɪɨɜ Ɋ. 
Ɍɚɞɠɢɤɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɩɟɞɚɝɨɝɢɱɟɫɤɢɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ ɋ. Аɣɧɢ 

         ȼ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɧɟɥɢɧɟɣɧɵɟ ɫɢɫɬɟɦɵ ɩɹɬɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɜ 
ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɚ ɫ ɨɞɧɨɣ ɢ ɞɜɭɦɹ ɧɟɢɡɜɟɫɬɧɵɦɢ ɮɭɧɤɰɢɹɦɢ. ɉɨɥɭɱɟɧɵ 
ɹɜɧɵɟ ɭɫɥɨɜɢɹ ɫɨɜɦɟɫɬɧɨɫɬɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɨɞɧɨɡɧɚɱɧɭɸ ɪɚɡɪɟɲɢɦɨɫɬɶ ɡɚɞɚɱ ɫ 
ɧɚɱɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ. 
         Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ:  ɭɫɥɨɜɢɹ ɫɨɜɦɟɫɬɧɨɫɬɢ, ɦɧɨɝɨɨɛɪɚɡɢɹ ɪɟɲɟɧɢɣ, ɩɟɪɟɨɩɪɟɞɟɥɟɧɧɵɟ 
ɫɢɫɬɟɦɵ. 

1. ȼɜɟɞɟɧɢɟ
       ȼ ɦɨɧɨɝɪɚɮɢɢ Д1Ж ɪɚɫɫɦɚɬɪɢɜɚɥɢɫɶ ɫɢɫɬɟɦɵ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 
ɜ ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ ɫ ɨɞɧɨɣ ɧɟɢɡɜɟɫɬɧɨɣ ɮɭɧɤɰɢɟɣ  (1921 
ɝ). 
       ɇɚɱɢɧɚɹ ɫ 70-ɯ ɝɨɞɨɜ ɩɪɨɲɥɨɝɨ ɜɟɤɚ, ɩɟɪɟɨɩɪɟɞɟɥɟɧɧɵɟ  ɫɢɫɬɟɦɵ 
ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ (ɞ.ɭ) ɜ ɱɚɫɬɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ɫ ɞɜɭɦɹ, ɬɪɟɦɹ ɢ 
ɛɨɥɟɟ ɧɟɢɡɜɟɫɬɧɵɦɢ  ɢɡɭɱɟɧɵ ɜ ɪɹɞɟ ɪɚɛɨɬ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɲɤɨɥɵ ɚɤɚɞɟɦɢɤɚ 
Ɇɢɯɚɣɥɨɜɚ Ʌ.Ƚ. (ɫɦ. ɤ ɩɪɢɦɟɪɭ  Д2-4]). 
        ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ  ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɧɟɥɢɧɟɣɧɵɟ ɫɢɫɬɟɦɵ ɜɢɞɚ 
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ܷ௫௫, ܷ௫௬ , ܷ௬௬, ܷ௬௭, ௭ܷ௭ = ݂௜(ݔ, ,ݕ ,ݖ ܷ, ܷ௫, ܷ௬ , ௭ܷ, ܷ௫௭), ݅ = ͳ,ͷ̅̅ ̅̅ , ሺݔ, ,ݕ ሻݖ א ܴଷ  (1.1)

ɢ ܷ௫௫, ܷ௬௬ , ௫ܸ௫, ௫ܸ௬ , ௬ܸ௬ = ݂௜(ݔ, ,ݕ ܷ, ܷ௫, ܷ௬ , ௫ܸ, ௬ܸ , ܷ௫௬), ݅ = ͳ,ͷ̅̅ ̅̅ , ሺݔ, ሻݕ א ܴଶ.     (1.2)

Ɉɞɢɧɚɤɨɜɵɟ ɨɛɨɡɧɚɱɟɧɢɹ ݂௜ ɞɥɹ ɮɭɧɤɰɢɣ, ɡɚɜɢɫɹɳɢɯ ɨɬ ɪɚɡɥɢɱɧɨɝɨ ɱɢɫɥɚ
ɚɪɝɭɦɟɧɬɨɜ  (8 ɢ 9 ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ), ɨɩɪɚɜɞɚɧɨ ɬɟɦ, ɱɬɨ ɷɬɢ ɫɢɫɬɟɦɵ ɢɡɭɱɚɸɬɫɹ 
ɧɟɡɚɜɢɫɢɦɨ ɞɪɭɝ ɨɬ ɞɪɭɝɚ. 
        Ɉɝɨɜɨɪɢɦɫɹ ɫɪɚɡɭ, ɱɬɨ ɧɟɢɡɜɟɫɬɧɵɟ ɮɭɧɤɰɢɢ ܷሺݔ, ,ݕ ,ݔሻ  ɜ (1.1) ɢ ܷሺݖ ,ሻݕ ܸሺݔ, .ସܥ ሻ ɜ (1.2) ɢɳɭɬɫɹ ɜ ɤɥɚɫɫɟݕ
         Ɉɫɧɨɜɧɨɣ ɦɟɬɨɞ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɨɫɬɨɢɬ ɜ ɡɚɦɟɧɟ ɩɪɨɢɡɜɨɞɧɵɯ ɩɟɪɜɨɝɨ ɢ 
ɜɬɨɪɨɝɨ ɩɨɪɹɞɤɨɜ ɩɪɚɜɵɯ ɱɚɫɬɟɣ ɧɚ ɧɨɜɵɟ ɧɟɢɡɜɟɫɬɧɵɟ ɮɭɧɤɰɢɢ, ɩɟɪɟɯɨɞɟ ɤ 
ɫɢɫɬɟɦɚɦ ɫ ɛɨɥɶɲɢɦ ɱɢɫɥɨɦ ɧɟɢɡɜɟɫɬɧɵɯ ɮɭɧɤɰɢɣ ɢ ɜ ɭɫɬɚɧɨɜɥɟɧɢɢ ɫɜɹɡɟɣ ɫ 
ɞɨɫɬɚɬɨɱɧɨ ɢɡɭɱɟɧɧɵɦɢ ɫɢɫɬɟɦɚɦɢ ɜ ɩɨɥɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɚɯ (ɩ.ɞ.-ɫɢɫɬɟɦɚ). 
Ɉɬɦɟɬɢɦ, ɱɬɨ ɷɬɢɦ ɦɟɬɨɞɨɦ ɪɚɫɫɦɨɬɪɟɧɵ ɫɢɫɬɟɦɵ ɢɡɭɱɟɧɧɵɟ ɜ Д5-8]. 

2. ɉɟɪɟɨɩɪɟɞɟɥɟɧɧɵɟ ɫɢɫɬɟɦɵ ɢɡ ɩɹɬɢ ɭɪɚɜɧɟɧɢɣ ɫ ɨɞɧɨɣ ɧɟɢɡɜɟɫɬɧɨɣ
      ɉɭɫɬɶ ɞɚɧɚ ɫɢɫɬɟɦɚ (1.1).  ɑɟɪɟɡ Π = Πሺܽ; ܾሻ ɨɛɨɡɧɚɱɢɦ ɩɪɹɦɨɭɝɨɥɶɧɢɤ ɜ 
ɩɪɨɫɬɪɚɧɫɬɜɟ     ଼ܴ, ɡɚɞɚɧɧɵɣ   ɧɟɪɚɜɟɧɫɬɜɚɦɢ:    |ݔ − |଴ݔ ൑ ݕ|     ,ܽ − |଴ݕ ൑ ܽ,|ܷ − ܷ଴| ൑ ܾ,    |ܸ − ଴ܸ| ൑ ܾ,     |ܷ௫ − ܷ௫଴| ൑ ܾ,    |ܷ௬ − ܷ௬଴| ൑ ܾ,    | ௫ܸ − ௫ܸ଴| ൑ ܾ,| ௬ܸ − ௬ܸ଴| ൑ ܾ,   | ௫ܷ௬ − ܷ௫௬଴ | ൑ ܾ.

ɂɧɞɟɤɫ "ɧɨɥɢɤ" ɨɡɧɚɱɚɟɬ ɡɧɚɱɟɧɢɹ ɮɭɧɤɰɢɣ ɜ ɬɨɱɤɟ ሺݔ଴, ,଴ݕ .଴ሻݖ
ȼ ɫɢɥɭ ɡɚɦɟɧ ܷ௫ = ܲሺݔ, ,ݕ ,ሻݖ ܷ௬ = ,ݔሺݍ ,ݕ ,ሻݖ ௭ܷ = ܹሺݔ, ,ݕ ,ሻݖ ܷ௫௭ = ௭݌ =ܴሺݔ, ,ݕ  ሻ  (1.1)  ɦɨɠɧɨ ɩɪɢɜɟɫɬɢ ɤ ɫɢɫɬɟɦɟݖ

{  
  ܷ௫ = ,݌ ܷ௬ = ,ݍ ௭ܷ = ௫݌,ܹ = ݂ଵ,   ݌௬ = ݂ଶ,    ݌௭ = ௫ݍ,ܴ = ݂ଶ,   ݍ௬ = ݂ଷ,    ݍ௭ = ݂ସ,௫ܹ = ܴ,   ௬ܹ = ݂ସ,    ௭ܹ = ݂ହ,  ሺʹ.ͳሻ 

ɝɞɟ ݂௜ = ݂௜ሺݔ, ,ݕ ;ݖ ܷ, ܷ௫, ,݌ ,ܹ,ݍ ܴሻ, ݅ = ͳ,ͷ̅̅ ̅̅ .  Ɉɩɟɪɚɰɢɢ ɩɟɪɟɤɪɟɫɬɧɨɝɨ
ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ (ɨ.ɩ.ɞ) ݌௫௬ = ௬௫݌ , ௬௭݌  = ௭௬݌ , ௫௭݌  = ௫௬݌ , ௫௬ݍ  = ,௬௫ݍ ௭௫ݍ ,௫௭ݍ= ௭௬ݍ = ,௬௭ݍ  ௫ܹ௬ = ௬ܹ௫,  ௬ܹ௭ = ௭ܹ௬ ,  ௫ܹ௭ = ௫ܹ௬  ɩɪɢɜɨɞɹɬ ɤ ɞɟɜɹɬɢ
ɧɟɪɚɡɪɟɲɟɧɧɵɦ ɭɪɚɜɧɟɧɢɹɦ ோ݂ଶܴ௫ − ோ݂ଵܴ௬ = ௬݂ଵ − ௫݂ଶ + ௎݂ଵݍ − ௎݂ଶܲ + ௉݂ଵ݂ଶ − ௉݂ଶ݂ଵ − ௤݂ଵ݂ଷ − ௤݂ଶ݂ଶ ++ ௐ݂ଵ݂ସ − ௐ݂ଶܴሺؠ ℎଵሺݔ, ,ݕ ;ݖ ܷ, ,݌ ,ܹ,ݍ ܴሻሻ,ܴ௬ − ோ݂ଶܴ௫ = ௭݂ଶ + ௎݂ଶܹ + ௉݂ଶܴ + ௤݂ଶ݂ସ + ௐ݂ଶ݂ହ(ؠ ℎଶሺݔ, ,ݕ ;ݖ ܷ, ,݌ ,ܹ,ݍ ܴሻ),−ܴ௫ + ோ݂ଵܴ௭ = ௭݂ଵ + ௎݂ଵܹ + ௣݂ଵܴ + ௤݂ଵ݂ସ + ௐ݂ଵ݂ହ(ؠ ℎଷሺݔ, ,ݕ ;ݖ ܷ, ,݌ ,ܹ,ݍ ܴሻ),ோ݂ଷܴ௫ − ோ݂ଶܴ௬ = − ௫݂ଷ + ௬݂ଶ − ௎݂ଷ݌ + ௎݂ଶݍ − ௣݂ଷ݂ଵ + ௣݂ଶ݂ଶ − ௤݂ଷ݂ଶ + ௤݂ଶ݂ଷ −− ௐ݂ଷܴ + ௐ݂ଶ݂ସ(ؠ ℎସሺݔ, ,ݕ ;ݖ ܷ, ,݌ ,ܹ,ݍ ܴሻ),



37 

ோ݂ସܴ௬ − ோ݂ଷܴ௭ = ௬݂ସ + ௭݂ଷ − ௎݂ସݍ + ௎݂ଷܹ − ௣݂ସ݂ଶ + ௣݂ଷܴ + ௤݂ସ݂ଷ − ௤݂ଷ݂ସ +
(2.2)   + ௐ݂ସ݂ସ   − ௐ݂ଷ݂ହ(ؠ ℎହሺݔ, ,ݕ ;ݖ ܷ, ,݌ ,ܹ,ݍ ܴሻ),ோ݂ଶܴ௭ − ோ݂ସܴ௫ = ௭݂ଷ − ௫݂ସ + ௎݂ଷݍ − ௎݂ସ݌ + ௣݂ଷܴ − ௣݂ସ݂ଵ + ௤݂ସ݂ସ − ௤݂ଷ݂ଶ + ௐ݂ଷ݂ହ −− ௐ݂ସܴ(ؠ ℎ଺ሺݔ, ,ݕ ;ݖ ܷ, ,݌ ,ܹ,ݍ ܴሻ),ோ݂ସܴ௫ − ܴ௬ = ௫݂ସ + ௎݂ସ݌ + ௣݂ସ݂ଵ + ௤݂ସ݂ଶ + ௐ݂ସܴ(ؠ ℎ଻ሺݔ, ,ݕ ;ݖ ܷ, ,݌ ,ܹ,ݍ ܴሻ),ோ݂ହܴ௬ − ோ݂ସܴ௭ = ௭݂ସ − ௬݂ହ + ௎݂ସݍ − ௎݂ଽܹ + ௣݂ସ݂ଵ − ௣݂ହܴ + ௤݂ସ݂ଶ − ௤݂ହ݂ସ + ௐ݂ସ݂ହ −− ௐ݂ସ݂ସ(ؠ ℎ଼ሺݔ, ,ݕ ;ݖ ܷ, ,݌ ,ܹ,ݍ ܴሻ),− ோ݂ହܴ௫ + ܴ௭ = ௫݂ହ + ௎݂ହ݌ + ௣݂ହ݂ଵ + ௤݂ହ݂ଶ + ௐ݂ହܴ(ؠ ℎଽሺݔ, ,ݕ ;ݖ ܷ, ,݌ ,ܹ,ݍ ܴሻ)

ɞɥɹ ɤɨɬɨɪɵɯ ɢɦɟɸɬ ɦɟɫɬɚ  ɫɥɟɞɭɸɳɢɟ ɥɟɝɤɨ ɩɪɨɜɟɪɹɟɦɵɟ ɪɚɜɟɧɫɬɜɚ: ܪଵሺݔ, ,ݕ ;ݖ ܷ, ,݌ ,ܹ,ݍ ܴሻ ؠ  ℎଵ + ோ݂ଷℎଶ + ோ݂ଶℎଷ = Ͳ,ܪଶሺݔ, ,ݕ ;ݖ ܷ, ,݌ ,ܹ,ݍ ܴሻ ؠ ோ݂ସ ℎସ + ோ݂ଶℎହ + ோ݂ଷℎ଺ = Ͳ, ,ݔଷሺܪ (2.3)      ,ݕ ;ݖ ܷ, ,݌ ,ܹ,ݍ ܴሻ ؠ  ℎଵ + ଼݂ + ோ݂ସℎଽ = Ͳ.
ɍɱɢɬɵɜɚɹ ɷɬɨ, (2.2) ɩɟɪɟɩɢɲɟɦ ɜ ɜɢɞɟ 

{  
  ோ݂ଶܴ௫ − ோ݂ଵܴ௬ = ℎଵ,   ܴ௭ − ோ݂ଶܴ௬ = ℎଶ,ோ݂ଷܴ௫ − ோ݂ଶܴ௬ = ℎସ,   ܴ௬ − ோ݂ଷܴ௭ = ℎହ,ோ݂ସܴ௫ − ܴ௬ = ℎ଻,   ோ݂ହܴ௬ − ோ݂ସܴ௭ = ℎ଼,ܪ௜ሺݔ, ,ݕ ;ݖ ܷ, ,݌ ,ܹ,ݍ ܴሻ ؠ Ͳ,   ݅ = ͳ,͵,̅̅ ̅̅ ̅       (2.4) 

ɝɞɟ   ܪ௜ , ݅ = ͳ.͵̅̅ ̅̅  ɢɦɟɸɬ ɹɜɧɵɣ ɜɢɞ (2.3). ȿɫɥɢ ܪ௜ ؠ Ͳ, ɬɨɝɞɚ ɩɪɢ  ோ݂ଵ ோ݂ଷ − ሺ ோ݂ଶሻଶ ≠Ͳ  ɢ  ோ݂ଶ ≠ Ͳ  ɢɡ (2.4)   ɦɨɠɧɨ ɧɚɣɬɢ ܴ௫ ɢ  ܴ௬:ܴ௫, ܴ௬ = ݂௞ሺݔ, ,ݕ ;ݖ ܷ, ,݌ ,ܹ,ݍ ܴሻ, ݇ = ͸,͹ ,   (2.5) 

ɝɞɟ ہ ோ݂ଵ ோ݂ଷ − ሺ ோ݂ଶሻଶ݂ۂ଺ = ℎସ ோ݂ଵ − ݂ଵ ோ݂ଶ,ہ ோ݂ଵ ோ݂ଷ − ሺ ோ݂ଶሻଶ݂ۂ଻ = ோ݂ଶℎସ − ݂ଵ ோ݂ଷ,      (2.6) 
ɉɨɞɫɬɚɜɥɹɹ ɧɚɣɞɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ܴ௬  ɜ (2.4) ɩɪɢ ோ݂ଶ ≠ Ͳ, ɧɚɯɨɞɢɦܴ௭ = ଼݂ሺݔ, ,ݕ ;ݖ ܷ, ,݌ ,ܹ,ݍ ܴሻ,   (2.7) 
ɝɞɟ ோ݂ଶ଼݂ = ℎ଻ − ℎଶ.                                                   (2.8)

ɋ ɰɟɥɶɸ ɫɨɯɪɚɧɟɧɢɹ ɫɨɜɦɟɫɬɧɨɫɬɢ (2.4) ɨɬɦɟɬɢɦ, ɱɬɨ ɧɚɣɞɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ܴ௫, ܴ௬ ɢ ܴ௭, ɞɨɥɠɧɵ   ɭɞɨɜɥɟɬɜɨɪɹɬɶ ɨɫɬɚɥɶɧɵɦ ɬɪɟɦ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɦ
ɭɪɚɜɧɟɧɢɹɦ (2.4), ɬ.ɟ. ɢɦɟɸɬ ɦɟɫɬɨ  ோ݂ସ݂଻ − ோ݂ଷ଼݂ ؠ Ͳ, ோ݂ସ݂଺ − ݂଻ ؠ Ͳ,ோ݂ହ݂଻ − ோ݂ସ଼݂ ؠ Ͳ.                                                   (2.9)
ɉɪɢɫɨɟɞɢɧɹɹ (2.5) ɢ (2.7) ɤ (2.1), ɩɨɥɭɱɢɦ ɩ.ɞ.-ɫɢɫɬɟɦɭ  ɫ ɩɹɬɶɸ ɧɟɢɡɜɟɫɬɧɵɦɢ ܷ, ,݌ ,ܹ,ݍ ܴ: 
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{  
  ܷ௫ = ,ݔሺ݌ ,ݕ ሻ,   ܷ௬ݖ = ,ݔሺݍ ,ݕ ,ሻݖ ௭ܷ = ܹሺݔ, ,ݕ ௫݌        ,ሻݖ , ௬݌ = ݂௜ሺݔ, ,ݕ ;ݖ ܷ, ,݌ ,ܹ,ݍ ܴሻ, ݅ = ͳ,ʹ, ௭݌ = ܴሺݔ, ,ݕ ,௫ݍ,ሻݖ ௬ݍ , ௭ݍ = ݂௞ሺݔ, ,ݕ ;ݖ ܷ, ,݌ ,ܹ,ݍ ܴሻ,   ݇ = ʹ,͵,Ͷ,                ௫ܹ = ܴሺݔ, ,ݕ ,ሻݖ ௬ܹ , ௭ܹ = ݂௜ሺݔ, ,ݕ ;ݖ ܷ, ,݌ ,ܹ,ݍ ܴሻ, ݅ = Ͷ,ͷ,ܴ௫, ܴ௬ , ܴ௭ = ݂௦ሺݔ, ,ݕ ;ݖ ܷ, ,݌ ,ܹ,ݍ ܴሻ, ݏ = ͸,͹,ͺ.

          (2.10)

ɋɢɫɬɟɦɚ   (2.10),  ɷɤɜɢɜɚɥɟɧɬɧɚɹ ɢɫɯɨɞɧɨɦɭ, ɫɨɜɦɟɫɬɧɚ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ 
ɬɪɟɯ ɭɫɥɨɜɢɣ (ɨɫɬɚɥɶɧɵɟ  ɜɵɩɨɥɧɹɸɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ)  ܦ௬݂଺ ؠ ,௫݂଻ܦ ௭݂଻ܦ ؠ ,௬଼݂ܦ ௭݂଺ܦ ؠ ௫଼݂                           (2.11)ܦ

ɉɪɢɦɟɧɹɟɦ ɤ (2.10) ɩ.ɞ.-ɬɟɨɪɢɸ (ɫɦ. ɤ ɩɪɢɦɟɪɭ Д9Ж) ɫɨ ɫɥɟɞɭɸɳɟɣ ɡɚɞɚɱɟɣ ɫ 
ɧɚɱɚɥɶɧɵɦɢ  ɞɚɧɧɵɦɢ: [ܷ]଴ = ܿଵ, ଴[݌] = ܿଶ, ଴[ݍ] = ܿଷ, [ܹ]଴ = ܿସ, [ܴ]଴ = ܿହ .                       (2.12)
ɗɬɚ ɡɚɞɚɱɚ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ (1.1)  ɩɪɢɦɟɬ ɜɢɞ: [ܷ]଴ = ܿଵ, [ܷ௫]଴ = ܿଶ, [ܷ௬]଴ = ܿଷ, [ ௭ܷ]଴ = ܿସ, [ܷ௫௭]଴ = ܿହ                        (2.13)

Ɍɟɨɪɟɦɚ 1.  ɉɭɫɬɶ ɜ ɫɢɫɬɟɦɟ (1.1) ݂௜߳ ܥଶሺΠሻ, ݅ = ͳ,ͷ̅̅ ̅̅  . ோ݂ଵ ோ݂ଷ − ሺ ோ݂ଶሻଶ ≠Ͳ, ோ݂ଶ ≠ Ͳ ɢ ɢɦɟɸɬ ɦɟɫɬɨ ɭɫɥɨɜɢɹ (2.3) ɢ (2.9). ȿɫɥɢ ɫɨɨɬɧɨɲɟɧɢɹ (2.11) ɜ
ɧɟɤɨɬɨɪɨɣ ɨɤɪɟɫɬɧɨɫɬɢ ɬɨɱɤɢ (ݔ଴, ,଴ݕ ,଴ݖ ܷ଴, ܷ௫଴, ܷ௬଴, ௭ܷ଴, ܷ௫௬଴ ) ɜɵɩɨɥɧɹɸɬɫɹ

ɬɨɠɞɟɫɬɜɟɧɧɨ, ɬɨ ɧɚ Πሺߙ, ܾሻ, ɝɞɟ ߙ ൑ ݉݅݊ ቀܽ, ௕ெቁ ܯ. = ,|௜݂|ݔܽ݉ ݅ = ͳ,ͷ̅̅ ̅̅ ,   ɡɚɞɚɱɚ
(1.1)  (2.13) ɪɚɡɪɟɲɢɦɚ ɟɞɢɧɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ. 
         Ɂɚɦɟɱɚɧɢɟ. ɂɡ ɷɬɨɣ ɬɟɨɪɟɦɵ ɫɥɟɞɭɟɬ, ɱɬɨ ɦɧɨɝɨɨɛɪɚɡɢɟ ɪɟɲɟɧɢɣ ɫɢɫɬɟɦɵ 
(1.1) ɫɨɞɟɪɠɢɬ ɩɹɬɶ ɩɪɨɢɡɜɨɥɶɧɵɯ ɩɨɫɬɨɹɧɧɵɯ ܿଵ, ܿଶ, ܿଷ, ܿସ, ܿହ.

3. ɇɟɥɢɧɟɣɧɚɹ ɫɢɫɬɟɦɚ (1.2)
ɑɟɪɟɡ  Π = Πሺܽ; ܾሻ ɨɛɨɡɧɚɱɢɦ ɩɪɹɦɨɭɝɨɥɶɧɢɤ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ܴଽ, ɡɚɞɚɧɧɵɣ

ɧɟɪɚɜɟɧɫɬɜɚɦɢ:  |ݔ − |଴ݔ ൑ ܽ, ݕ| − |଴ݕ ൑ ܽ, |ܷ − ܷ଴| ൑ ܾ, |ܸ − ଴ܸ| ൑ܾ, |ܷ௫ − ܷ௫଴| ൑ ܾ, |ܷ௬ − ܷ௬଴| ൑ ܾ, | ௫ܸ − ௫ܸ଴| ൑ ܾ, | ௬ܸ − ௬ܸ଴| ൑ ܾ, |ܷ௫௬ − ܷ௫௬଴ | ൑ ܾ.
ȼ ɨɬɥɢɱɢɟ ɨɬ ɫɢɫɬɟɦɵ (1.1) ɡɞɟɫɶ ɛɭɞɟɦ ɫɧɚɛɠɚɬɶ ɡɧɚɱɟɧɢɹ ɬɟɯ ɢɥɢ ɢɧɵɯ 
ɮɭɧɤɰɢɣ ɜ ɬɨɱɤɟ  ሺݔ଴, .଴ሻݕ

ɉɭɫɬɶ ݂௜߳ ܥଶሺΠሻ, ݅ = ͳ,ͷ̅̅ ̅̅  . Ɉɫɭɳɟɫɬɜɥɹɟɦ ɡɚɦɟɧɭ ܷ௫ = ;ݔሺ݌ ,ሻݕ ܷ௬ ;ݔሺݍ= ,ሻݕ ௫ܸ = �ሺݔ; ,ሻݕ ௬ܸ = ,ݔሺߠ ,ሻݕ ܷ௫௬ = ௫݌ = ,ݔሺݐ ሻ.  Ɍɨɝɞɚ ɢɦɟɸɬ ɦɟɫɬɨݕ
ɨɱɟɜɢɞɧɵɟ ɬɨɠɞɟɫɬɜɚ: ݌௬ ؠ ,௫ݍ �௬ ؠ ௫.  ȼ ɫɢɥɭ ɷɬɢɯ ɡɚɦɟɧ ɫɢɫɬɟɦɚ  (1.2)ߠ
ɩɪɢɦɟɬ ɜɢɞ: 

{  
  ܷ௫ = ;ݔሺ݌ ,ሻݕ ܷ௬ = ;ݔሺݍ ,ሻݕ ௫ܸ = �ሺݔ; ,ሻݕ ௬ܸ = ;ݔሺߠ ௫݌,ሻݕ = ݂௜ሺݔ, ;ݕ ܷ, ܸ, ,݌ ,ݍ �, ,ߠ ,ሻݐ ௬݌ = ;ݔሺݐ ௫ݍ,ሻݕ = ;ݔሺݐ ,ሻݕ ௬ݍ = ݂ଶሺݔ, ;ݕ ܷ, ܸ, ,݌ ,ݍ �, ,ߠ ,ሻ,                     �௫ݐ �௬ = ݂௝ሺݔ, ;ݕ ܷ, ܸ, ,݌ ,ݍ �, ,ߠ ,ሻݐ ݆ = ͵,Ͷ,ߠ௫, ௬ߠ = ݂௞ሺݔ, ;ݕ ܷ, ܸ, ,݌ ,ݍ �, ,ߠ ݇   ,ሻݐ = Ͷ,ͷ.

                       (3.1)
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Ɂɚ ɫɱɟɬ ɩɟɪɟɤɪɟɫɬɧɨɝɨ ɞɢɮɮɟɪɟɧɰɢɪɨɜɚɧɢɹ, ɬ.ɟ. ɩɪɢɪɚɜɧɢɜɚɧɢɹ ሺ݌௫ሻ௬  ɢ(݌௬)௫, ሺݍ௫ሻ௬  ɢ  (ݍ௬)௫  ɜɵɜɨɞɢɦ ɟɳɟ ɞɜɚ ɭɪɚɜɧɟɧɢɹ, ɧɟɪɚɡɪɟɲɟɧɧɵɟ
ɨɬɧɨɫɢɬɟɥɶɧɨ ݐ௫ ɢ  ݐ௬:ݐ௫ − ௧ଵݐ ∙ ௬ݐ = ௬݂ଵ + ௎݂ଵ ∙ ݍ + ௏݂ଵ ∙ ߠ + ௣݂ଵݐ + ௤݂ଵ ∙ ݂ଶ + �݂ଵ ௧݂ସ + �݂ ∙ ݂ହ, ሺؠ ,ଵሻܮ

  (3.2) − ௧݂ଶ ∙ ݈௫ + ݈௬ = ௫݂ଶ + ௎݂ଶ ∙ ݌ + ௏݂ଶ ∙ � + ௣݂ଶ݂ଵ + ௤݂ଶ ∙ ݈ + �݂ଶ݂ଷ + �݂ଶ݂ସ, ሺؠ .ଶሻܮ
əɫɧɨ, ɱɬɨ ɩɪɢ ͳ − ௟݂ଵ ∙ ௟݂ଶ ≠ Ͳ, ௟݂ଵ ≠ Ͳ, ௟݂ଶ ≠ Ͳ  ɢɡ (3.2) ɦɨɠɧɨ ɧɚɣɬɢ:ݐ௫ , ௬ݐ = ݂௡ሺݔ, ;ݕ ܷ, ܸ, ,݌ ,ݍ �, ,ߠ ,ሻݐ ݊ = ͸,͹,                                  (3.3)

ɝɞɟ  ݂଺ ɢ  ݂଻ ɢɦɟɸɬ ɜɢɞ:ሺͳ − ௧݂ଵ ∙ ௧݂ଶሻ ∙ ݂଺ = ଵܮ + ௟݂ଵܮଶ, ሺͳ − ௧݂ଵ ∙ ௧݂ଶሻ ∙ ݂଻ = ଶܮ + ௧݂ଶ ∙ ଵ.      (3.4)ܮ
ɉɪɢɫɨɟɞɢɧɹɹ (3.3) ɤ (3.1), ɩɨɥɭɱɢɦ ɩ.ɞ.-ɫɢɫɬɟɦɭ ɫ ɫɟɦɶɸ ɧɟɢɡɜɟɫɬɧɵɦɢ 
ɮɭɧɤɰɢɹɦɢ ݔ, ;ݕ ܷ, ܸ, ,݌ ,ݍ �, ,ߠ  .ݐ

ɉɪɨɜɟɪɤɚ ɪɚɜɟɧɫɬɜ ɜɬɨɪɵɯ ɫɦɟɳɟɧɧɵɯ ɩɪɨɢɡɜɨɞɧɵɯ ܷ௫௬ = ܷ௬௫,  ௫ܸ௬ =௬ܸ௫, ௫௬݌ = ௬௫݌     ɢ ݍ௫௬ = ௬௫ ɜ ɫɢɫɬɟɦɚɯ (3.1), (3.3) ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɪɨɫɬɵɦݍ
ɩɨɞɫɱɟɬɨɦ: ɤɫɬɚɬɢ, ɨɧɢ ɨɞɧɚɠɞɵ ɢɫɩɨɥɶɡɨɜɚɥɢɫɶ ɩɪɢ ɩɨɩɨɥɧɟɧɢɢ ɫɢɫɬɟɦɵ. 
Ɉɫɬɚɥɶɧɵɟ ɬɪɢ ɪɚɜɟɧɫɬɜɚ �௫௬ = �௬௫, ௫௬ߠ = ௫௬ݐ ௬௫  ɢߠ = ௬௫  ɜ ɤɨɧɟɱɧɨɦ ɢɬɨɝɟݐ
ɩɪɟɨɛɪɚɡɭɸɬɫɹ ɜ ɫɥɟɞɭɸɳɢɟ: ܪଵሺݔ, ;ݕ ܷ, ܸ, ,݌ ,ݍ �, ,ߠ ሻݐ ؠ ௬݂ଷ − ௫݂ସ + ௎݂ଷ ∙ ݌ − ௎݂ସ ∙ ݌ + ௣݂ଷ ∙ ݐ − ௣݂ସ ∙ ݂ଵ −− ௤݂ସ ∙ ݐ + �݂ଷ ∙ ݂ସ − �݂ସ ∙ ݂ଷ + �݂ଷ ∙ ݂ହ − �݂ସ ∙ ݂ସ + ௧݂ଷ݂଻ − ௧݂ସ ∙ ݂଺ = Ͳ,ܪଶሺݔ, ;ݕ ܷ, ܸ, ,݌ ,ݍ �, ,ߠ ሻݐ ؠ ௬݂ସ − ௫݂ହ + ௎݂ସ ∙ ݌ − ௎݂ହ ∙ ݍ + ௏݂ସ ∙ ߠ − ௏݂ହ ∙ � ++ ௣݂ସ ∙ ݐ − ௣݂ହ ∙ ݂ଵ + ௤݂ଷ ∙ ݂ଶ − ௤݂ହ ∙ ݐ + �݂ସ ∙ ݂ସ − �݂ସ݂ଷ + �݂ସ ∙ ݂ହ − �݂ହ ∙ ݂ସ +

(3.5) + ௧݂ସ ∙ ݂଻ − ௧݂ହ ∙ ݂଺ = Ͳ,ܪଷሺݔ, ;ݕ ܷ, ܸ, ,݌ ,ݍ �, ,ߠ ሻݐ ؠ ௬݂଺ − ௫݂଻ + ௎݂଺ ∙ ݍ − ௎݂଻ ∙ ݌ + ௏݂଺ ∙ ߠ − ௏݂ ∙ � + ௣݂଺ ∙ ݐ −− ௣݂଻ ∙ ݂ଵ + ௤݂଺݂ଶ − ௤݂଻ݐ + �݂଺݂ସ − �݂଻݂ଷ + �݂଺ ∙ ݂ହ − �݂଻ ∙ ݂ସ + ௧݂଺ ∙ ݂଻ − ௧݂଻݂଺ = Ͳ
ɉɨɫɤɨɥɶɤɭ (3.1) ɢ (3.3) ɩɨɥɭɱɟɧɵ ɷɤɜɢɜɚɥɟɧɬɧɵɦɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɦɢ ɢɡ 

(1.2), ɬɨ ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ ɞɥɹ ɷɬɨɣ ɫɢɫɬɟɦɵ ɡɚɞɚɸɬɫɹ ɜ ɜɢɞɟ [ܷ]଴ = ܿଵ, [ܸ]଴ = ܿଶ, [ܷ௫] = ܿଷ, [ܷ௬]଴ = ܿସ, [ ௫ܸ]଴ = ܿହ, [ ௬ܸ]଴ = ܿ଺, [ܷ௫௬]଴ = ܿ଻. ሺ͵.͸ሻ
        ɇɚ ɨɫɧɨɜɟ ɜɵɲɟɢɡɥɨɠɟɧɧɨɣ ɫɯɟɦɵ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɩɪɢɜɨɞɹɳɟɣ ɧɟɥɢɧɟɣɧɭɸ 
ɫɢɫɬɟɦɭ ɤ ɤɜɚɡɢɥɢɧɟɣɧɨɣ ɫɢɫɬɟɦɟ ɜ ɩɨɥɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɚɯ, ɦɨɠɧɨ ɫɱɢɬɚɬɶ 
ɞɨɤɚɡɚɧɧɨɣ ɫɥɟɞɭɸɳɭɸ ɬɟɨɪɟɦɭ. 

Ɍɟɨɪɟɦɚ 2.  ɉɭɫɬɶ  ݂௜߳ ܥଶሺΠሻ  ɢ ɜɵɩɨɥɧɹɸɬɫɹ ɭɫɥɨɜɢɹ ௧݂ଵ ≠ Ͳ, ௧݂ଶ ≠ Ͳ, ͳ −௧݂ଵ ∙ ௧݂ଶ ≠ Ͳ. ȿɫɥɢ ɬɨɠɞɟɫɬɜɟɧɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ ܷ, ܸ, ܷ௫, ܷ௬ , ௫ܸ, ௬ܸ , ܷ௫௬
ɜɵɩɨɥɧɹɸɬɫɹ ɜɫɟ ɬɪɢ ɭɫɥɨɜɢɹ (3.5) ɢ ߙ ൑ ݉݅݊ ቀܽ, ௕ெቁ ܯ. = ,௜|,    ɬɨ ɧɚ Πሺ݂ܽ|ݔܽ݉ ܾሻ ɡɚɞɚɱɚ (1.2), (3.6) ɪɚɡɪɟɲɢɦɚ ɟɞɢɧɫɬɜɟɧɧɵɦ ɨɛɪɚɡɨɦ. 
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         ɂɧɵɦɢ ɫɥɨɜɚɦɢ, ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ ɭɫɥɨɜɢɣ ɬɟɨɪɟɦɵ 2 ɦɧɨɝɨɨɛɪɚɡɢɟ 
ɪɟɲɟɧɢɣ ɫɢɫɬɟɦɵ (1.2) ɫɨɞɟɪɠɢɬ ɫɟɦɶ ɩɪɨɢɡɜɨɥɶɧɵɯ ɩɨɫɬɨɹɧɧɵɯ ܿଵ, ܿଶ, ܿଷ, ܿସ, ܿହ, ܿ଺, ܿ଻.
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ȾȺɊ ȻɈɊȺɂ ȻȺɔɁȿ ɋɂɋɌȿɆȺЊɈɂ ЃȺɃɊɂɏȺɌɂɂ ɆɍɈȾɂɅȺЊɈɂ 
ȾɂɎɎȿɊȿɇɋɂȺɅЇ ȻɈ ЊɈɋɂɅȺЊɈɂ ɏɍɋɍɋɂɂ ɌȺɊɌɂȻɂ Ⱦɍ 

ɉɢɪɨɜ Ɋ. 
Ⱦɨɧɢɲɝɨҳɢ ɞɚɜɥɚɬɢɢ ɨɦӯɡɝɨɪɢɢ Ɍɨҷɢɤɢɫɬɨɧ ɛɚ ɧɨɦɢ ɋ. Аɣɧӣ 

Ⱦɚɪ ɤɨɪ  ɫɢɫɬɟɦɚԟɨɢ ғɚɣɪɢɯɚɬɢɢ ɩɚɧҷ ɦɭɨɞɢɥɚɞɨɪɢ ԟɨɫɢɥɚԟɨɢ ɯɭɫɭɫɢɞɨɪɢ  ɬɚɪɬɢɛɢ ɞɭɢ 
ɹɤ ɜɚ ɞɭ ɧɨɦɚɴɥɭɦ ɞɨɲɬɚ ɨɦӯɯɬɚ ɲɭɞɚɚɧɞ. Ȼɚɪɨɹɲɨɧ ɲɚɪɬԟɨɢ ɨɲɤɨɪɢ ԟɚɦҷɨɹɝӣ ёɮɬɚ 
ɲɭɞɚɚɧɞ, ɤɢ ɦɚɜҷɭɞɢɹɬ ɜɚ ɹɝɨɧɚɝɢɢ ԟɚɥɥɢ ɦɚɫɴɚɥɚɪɨ ɛɨ ɲɚɪɬԟɨɢ ɢɛɬɢɞɨӣ ɬɚɴɦɢɧ ɦɟɧɚɦɨɹɞ. 

 Ʉɚɥɢɦɚԟɨɢ ɤɚɥɢɞश: ɲɚɪɬԟɨɢ ԟɚɦҷɨɹɝӣ, ɦɚҷɦɭɚɢ ԟɚɥԟɨ, ɫɢɫɬɟɦɚԟɨɢ 
ɛɚɪɡɢёɞɦɭɚɣɹɧɲɭɞɚ. 

ABOUT OF THE NONLINEAR SYSTEM OF PARTIAL DIFFERENTIAL 
EQUATION OF SECOND ORDER 

Pirov R. 
Tajik State Pedagogical University named by S. Ayni 

In the paper the one nonlinear system, the five differential equation in the partial differential 
the second order with the one unknow function in the place. Obtain the explicit conditions 
compatibility, securing the unique solvability problems with initial data. 

Key words: compatibility conditions, the variety of solutions, overdetermined systems. 
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ɚɧɚɥɢɡɚ ɌȽɉɍ ɢɦɟɧɢ ɋ. Ⱥɣɧɢ. 734003, Ⱦɭɲɚɧɛɟ, ɭɥ. ɋ. ɇɨɫɢɪɨɜɚ 27, ɤɜ.93, ɬɟɥ: 919437075, 
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ɍȾɄ 517.968.2. 

 Ɉ ɇЁɌȿɊɈȼɈɋɌɂ ɂ ɂɇȾȿɄɋȿ ɇȿɄɈɌɈɊɕɏ ɄɅȺɋɋɈȼ 

ȾȼɍɆȿɊɇɕɏ ɂɇɌȿȽɊȺɅɖɇɕɏ ɈɉȿɊȺɌɈɊɈȼ ɋ ɉɈȾȼɂɀɇɕɆɂ ɂ 

ɎɂɄɋɂɊɈȼȺɇɇɕɆɂ ɈɋɈȻȿɇɇɈɋɌəɆɂ  

 Ⱦɠɚɧɝɢɛɟɤɨɜ Ƚ.1,  Ɉɞɢɧɚɛɟɤɨɜ Ⱦ.Ɇ. 2, ɏɭɞɠɚɧɚɡɚɪɨɜɚ Ƚ.ɏ. 1

1Ɍɚɞɠɢɤɫɤɢɣ ɧɚɰɢɨɧɚɥɶɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 
2 Ɏɢɥɢɚɥ ɆȽɍ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ ɜ ɝ. Ⱦɭɲɚɧɛɟ 

  ȼ ɪɚɛɨɬɟ ɢɡɭɱɚɸɬɫɹ ɧɟɤɨɬɨɪɵɟ ɤɥɚɫɫɵ ɞɜɭɦɟɪɧɵɯ ɫɢɧɝɭɥɹɪɧɵɯ ɢɧɬɟɝɪɚɥɶɧɵɯ 
ɨɩɟɪɚɬɨɪɨɜ ɫ ɩɨɞɜɢɠɧɵɦɢ ɢ ɮɢɤɫɢɪɨɜɚɧɵɦɢ ɨɫɨɛɟɧɧɨɫɬɹɦɢ ɩɨ ɨɝɪɚɧɢɱɟɧɧɨɣ ɨɛɥɚɫɬɢ. 
ɇɚɣɞɟɧɵ ɷɮɮɟɤɬɢɜɧɵɟ ɧɟɨɛɯɨɞɢɦɵɟ ɢ ɞɨɫɬɚɬɨɱɧɵɟ ɭɫɥɨɜɢɹ ɧёɬɟɪɨɜɨɫɬɢ ɨɩɟɪɚɬɨɪɨɜ ɜ 
ɥɟɛɟɝɨɜɵɯ ɩɪɨɫɬɪɚɧɫɬɜɚɯ ɢ ɩɨɥɭɱɟɧɚ ɮɨɪɦɭɥɚ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɢɧɞɟɤɫɚ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɢɧɝɭɥɹɪɧɵɟ ɢɧɬɟɝɪɚɥɶɧɵɟ ɨɩɟɪɚɬɨɪɵ, ɧёɬɟɪɨɜɨɫɬɶ ɨɩɟɪɚɬɨɪɚ, 
ɢɧɞɟɤɫ ɨɩɟɪɚɬɨɪɚ, ɫɢɦɜɨɥ ɨɩɟɪɚɬɨɪɚ. 
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ɉɭɫɬɶ ܦ ɤɨɧɟɱɧɚɹ ɨɞɧɨɫɜɹɡɧɚɹ ɨɛɥɚɫɬɶ ɤɨɦɩɥɟɤɫɧɨɣ ɩɥɨɫɤɨɫɬɢ, 
ɨɝɪɚɧɢɱɟɧɧɚɹ ɩɪɨɫɬɨɣ ɡɚɦɤɧɭɬɨɣ ɤɪɢɜɨɣ Ʌɹɩɭɧɨɜɚ Ȟ ɢ ɫɨɞɟɪɠɚɳɚɹ ɜɧɭɬɪɢ 
ɬɨɱɤɭ   ݖ = Ͳ; ܦ = ܦ ׫ Ȟ. 

ȼ ɜɟɫɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ܮఉ−ଶ/௣௣ ሺܦሻ:ܮఉ−ଶ/௣ሺܦሻ = {݂ሺݖሻ: |ݖ|ఉ−ଶ/௣݂ሺݖሻ = ሻݖሺܨ א ,ሻܦ௣ሺܮ ||݂||௅ഁ−మ/� = ௅�}ሺͳ||ܨ|| < ݌ < ∞, Ͳ < ߚ < ʹሻ ɛɭɞɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɢɧɬɟɝɪɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ሺ݂ܣሻሺݖሻ ؠ ܽሺݖሻ݂ሺݖሻ + ܾሺݖሻ ( ௡(|ݖ|ݖ ሺ݂ܵሻሺݖሻ + ܿሺݖሻሺ݂ܤሻሺݖሻ + ݀ሺݖሻ(݂ܤ)ሺݖሻ + + ݁ሺݖሻ(݂ܤ)ሺݖሻ + ሻݖሺ(݂ܤ)ሻݖሺݍ + ሻݖሺ(݂ܤܵ)ሻݖሺߣ + ሻݖሺ(݂ܵܤ)ሻݖሺߤ + + ሻݖሺ(݂ܵܤܵ)ሻݖሺߥ + ሻݖሻሺ݂ܤሻሺܵݖሺߛ + ሻݖሺ(݂ܵܤ)ሻݖሺߜ + + ሺܪଵ݂ሻሺݖሻܭ + ሺܪଶ݂ሻሺݖሻ = ݃ሺݖሻ,    ݖ א ሺͳሻ         ,ܦ
ɝɞɟ ݊ – ɰɟɥɨɟ ɱɢɫɥɨ,  ܽሺݖሻ, ܾሺݖሻ, ܿሺݖሻ, ݀ሺݖሻ, ݁ሺݖሻ, ,ሻݖሺݍ ,ሻݖሺߣ ,ሻݖሺߤ ,ሻݖሺߥ ,ሻݖሺߛ  ܦ ሻ ɧɟɩɪɟɪɵɜɧɵɟ ɜݖሺߜ

ɮɭɧɤɰɢɢ, ɚ ɨɩɟɪɚɬɨɪɵ ܭ, ܵ, ܵ, ,ܤ ,ܤ  ɞɟɣɫɬɜɭɸɬ ɩɨ ɮɨɪɦɭɥɚɦ ܪ

ሺ݂ܭሻሺݖሻ = ݂ሺݖሻ,    ሺ݂ܵሻሺݖሻ = − ଵగ׭� ௙ሺ఍ሻௗ௦അሺ఍−௭ሻమ ,    ܵ = ሻݖሻሺ݂ܤሺ ,ܵܭ = ଵగ׭� ఠ′ሺ௭ሻఠ′ሺ఍ሻ௙ሺ఍ሻሺଵ−ఠሺ௭ሻఠሺ఍ሻሻమ ఍ݏ݀ ܤ    , = ሻݖଵ݂ሻሺܪሺ,ܤܭ = ଵ|௭|మ ቀ ௭|௭|ቁ௡−ଶ׭� ܳଵሺݖ, ሻℎଵߞ ቀ఍௭ቁ ݂ሺߞሻ݀ݏ఍ ,ሺܪଶ݂ሻሺݖሻ = ଵ|௭|మ׭� ܳଶሺݖ, ሻℎଶߞ ቀ఍௭ቁ ݂ሺߞሻ݀ݏ఍ ,
ɝɞɟ ߱ሺݖሻ – ɨɞɧɨɥɢɫɬɧɨɟ ɤɨɦɮɨɪɦɧɨɟ ɨɬɨɛɪɚɠɟɧɢɟ ɨɛɥɚɫɬɢ ܦ ɧɚ ɟɞɢɧɢɱɧɵɣ 
ɤɪɭɝ ɫ ɰɟɧɬɪɨɦ ɜ ɧɚɱɚɥɟ ɤɨɨɪɞɢɧɚɬ, ɩɪɢɱɟɦ ߱ሺͲሻ = Ͳ,߱′ሺͲሻ > Ͳ. ɒɬɪɢɯ
ɨɛɨɡɧɚɱɚɟɬ ɩɪɨɢɡɜɨɞɧɭɸ, ɱɟɪɬɚ ɧɚɞ ɮɭɧɤɰɢɟɣ – ɨɩɟɪɚɰɢɸ ɤɨɦɩɥɟɤɫɧɨɝɨ 
ɫɨɩɪɹɠɟɧɢɹ, ܳ௝ሺݖ, ሻ ሺ݆ߞ = ͳ,ʹሻ – ɢɡɦɟɪɢɦɵɟ ɨɝɪɚɧɢɱɟɧɧɵɟ ɮɭɧɤɰɢɢ, ɢɦɟɸɳɢɟ
ɩɪɟɞɟɥɵ  lim௭,఍→଴ܳ௝ሺݖ, ሻߞ = ܳ௝ሺͲ,Ͳሻ;ℎଵሺ�ሻ - ɢɡɦɟɪɢɦɵɟ ɧɚ ɜɫɟɣ ɩɥɨɫɤɨɫɬɢ ɮɭɧɤɰɢɢ, ɩɪɢɱɟɦ׭|�|<ଵ |ℎ௝ሺ�ሻ||�|−ఉ݀ݏ� < ∞, (2) 

ɝɞɟ ߚ - ɧɟɤɨɬɨɪɨɟ ɱɢɫɥɨ ɢɡ ɢɧɬɟɪɜɚɥɚ ሺͲ,ʹሻ, ݀ݏ� - ɷɥɟɦɟɧɬ ɩɥɨɫɤɨɣ ɦɟɪɵ
Ʌɟɛɟɝɚ. 

ɉɨɫɤɨɥɶɤɭ ɭɪɚɜɧɟɧɢɟ (1) ɫɨɞɟɪɠɢɬ ɤɨɦɩɥɟɤɫɧɨ ɫɨɩɪɹɠɟɧɧɨɟ ɡɧɚɱɟɧɢɟ 
ɢɫɤɨɦɨɣ ɮɭɧɤɰɢɢ, ɬɨ ɩɪɨɫɬɪɚɧɫɬɜɨ ܮఉ−ଶ/௣௣ ሺܦሻ ɛɭɞɟɦ ɫɱɢɬɚɬɶ ɜɟɳɟɫɬɜɟɧɧɵɦ,
ɬ.ɟ. ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɟɝɨ ɤɚɤ ɥɢɧɟɣɧɨɟ ɦɧɨɠɟɫɬɜɨ ɧɚɞ ɩɨɥɟɦ ɜɟɳɟɫɬɜɟɧɧɵɯ ɱɢɫɟɥ. 
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Ɍɨɝɞɚ ɜɫɟ ɨɩɟɪɚɬɨɪɵ ɢɡ (1) ɛɭɞɭɬ ɨɛɵɱɧɵɦɢ ɥɢɧɟɣɧɵɦɢ ɨɝɪɚɧɢɱɟɧɧɵɦɢ 
ɨɩɟɪɚɬɨɪɚɦɢ. 

ɏɚɪɚɤɬɟɪɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɭɪɚɜɧɟɧɢɹ (1) ɹɜɥɹɟɬɫɹ, ɬɨ, ɱɬɨ ɨɧɨ ɫɨɞɟɪɠɢɬ 
ɤɚɤ ɢɧɬɟɝɪɚɥ ɫ ɩɨɞɜɢɠɧɨɣ ߞ =  ɨɫɨɛɟɧɧɨɫɬɶɸ, ɬɚɤ ɢ ɢɧɬɟɝɪɚɥɵ (ɫɢɧɝɭɥɹɪɧɵɣ) ݖ
ɫ ɧɟɩɨɞɜɢɠɧɨɣ ߞ =  ɨɫɨɛɟɧɧɨɫɬɶɸ, ɩɪɢɱɟɦ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢ ɫɢɧɝɭɥɹɪɧɨɦ ݖ
ɢɧɬɟɝɪɚɥɟ ɢɦɟɟɬ ɜ ɬɨɱɤɟ ݖ = Ͳ ɫɭɳɟɫɬɜɟɧɧɵɣ ɪɚɡɪɵɜ ɜɢɞɚ ሺݖ|/ݖ|ሻ௡, ݊ - ɰɟɥɨɟ
ɱɢɫɥɨ. Ʉɚɤ ɜɵɹɫɧɹɟɬɫɹ, ɧɚɥɢɱɢɟ ɷɬɨɝɨ ɪɚɡɪɵɜɚ ɫɭɳɟɫɬɜɟɧɧɨ ɜɥɢɹɟɬ ɧɚ 
ɧɟɬɟɪɨɜɨɫɬɶ ɢ ɢɧɞɟɤɫ ɭɪɚɜɧɟɧɢɹ (1). Ɋɚɡɥɢɱɧɵɟ ɱɚɫɬɧɵɟ ɫɥɭɱɚɢ ɭɪɚɜɧɟɧɢɹ (1) 
ɢɡɭɱɟɧɵ ɜ ɪɚɛɨɬɚɯ Д1-5] (ɫɦ.ɬɚɠɟ ɦɨɧɨɝɪɚɮɢɸ Д6Ж). ɂɧɬɟɝɪɚɥɶɧɵɦ ɨɩɟɪɚɬɨɪɚɦ ɫ 
ɫɭɦɦɢɪɭɟɦɵɦɢ ɨɞɧɨɪɨɞɧɵɦɢ ɹɞɪɚɦɢ ɩɨɫɜɹɳɟɧɵ ɪɚɛɨɬɵ Д7-10]. 

1. ɇɟɤɨɬɨɪɵɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɟ ɭɬɜɟɪɠɞɟɧɢɹ

ɉɪɟɠɞɟ ɜɫɟɝɨ ɡɚɦɟɬɢɦ, ɱɬɨ ɨɝɪɚɧɢɱɟɧɧɨɫɬɶ ɜ ɜɟɫɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ܮఉ−ଶ/௣௣ ሺܦሻ,ͳ < ݌ < ∞, Ͳ < ߚ < ʹ ɫɢɧɝɭɥɹɪɧɨɝɨ ɨɩɟɪɚɬɨɪɚ ܵ ɢ ɨɩɟɪɚɬɨɪɨɜ ܪଵ, ,ଶܪ
ɫ ɫɭɦɦɢɪɭɟɦɵɦɢ ɨɞɧɨɪɨɞɧɵɦɢ ɹɞɪɚɦɢ ɫɬɟɩɟɧɢ (-2), ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ Мɥɟɞɭɟɬ ɢɡ 
Д11Ж ɢ Д7,10Ж. Ⱦɚɥɟɟ ɢɦɟɟɬ ɦɟɫɬɨ  

Ʌɟɦɦɚ 1.  ɉɭɫɬɶ ܽሺݖሻ ɧɟɩɪɟɪɵɜɧɚ ɜ ܦ. Ɍɨɝɞɚ ɨɩɟɪɚɬɨɪ ܽܵ − ܵܽ ɜɩɨɥɧɟ 
ɧɟɩɪɟɪɵɜɟɧ ɜ ܮఉ−మ�௣ ሺܦሻ, ͳ < ݌ < ∞, Ͳ < ߚ < ʹ. 

Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɭɛɟɞɢɬɶɫɹ ɜ ɫɩɪɚɜɟɞɥɢɜɨɫɬɢ ɷɬɨɣ ɥɟɦɦɵ, ɞɨɫɬɚɬɨɱɧɨ 
ɪɚɜɧɨɦɟɪɧɨ ɚɩɩɪɨɤɫɢɦɢɪɨɜɚɬɶ ܽሺݖሻ ɮɭɧɤɰɢɹɦɢ, ɧɟɩɪɟɪɵɜɧɵɦɢ ɩɨ Ƚ ɢ 
ɫɨɫɥɚɬɶɫɹ ɡɚɬɟɦ ɧɚ Д12Ж (ɫɬɪ.38). 

Ʌɟɦɦɚ 2.  ȿɫɥɢ ݂ሺݖሻ א ఉ−ଶ/௣௣ܮ ሺܦሻ, ɬɨ ሺ݂ܵܵሻሺݖሻ = ݂ሺݖሻ − ሺ݂ܤሻሺݖሻ + ሺ݂ܶሻሺݖሻ,    ݖ א  ,ܦ
ɝɞɟ ܶ - ɜɩɨɥɧɟ ɧɟɩɪɟɪɵɜɧɵɣ ɜ ܮఉ−ଶ/௣௣ ሺܦሻ ɨɩɟɪɚɬɨɪ.

ɋɥɟɞɫɬɜɢɟ 1. Ɉɩɟɪɚɬɨɪɵ ܤ ɢ ܤ ɨɝɪɚɧɢɱɟɧɵ ɜ ܮఉ−ଶ/௣௣ ሺܦሻ. 
Ʌɟɦɦɚ 3.  Ɉɩɟɪɚɬɨɪɵ ܵܤ, ,ܵܤ ,ܤܤ ఉ−ଶ/௣௣ܮ ɜɩɨɥɧɟ ɧɟɩɪɟɪɵɜɧɵ ɜ ܤܵܤ ሺܦሻ. 
 Ʌɟɦɦɚ 4.  ɂɧɬɟɝɪɚɥɶɧɵɟ ɨɩɟɪɚɬɨɪɵ ܤ, ,ܤܵ ,ܵܤ  ɧɟ ɹɜɥɹɸɬɫɹ ɜɩɨɥɧɟ ܵܤܵ

ɧɟɩɪɟɪɵɜɧɵɦɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ܮఉ−ଶ/௣௣ ሺܦሻ, ɩɪɢɱɟɦ ɢɯ ɹɞɪɚ ɬɟɪɹɸɬ

ɧɟɩɪɟɪɵɜɧɨɫɬɶ, ɥɢɲɶ ɩɪɢ ɫɨɜɩɚɞɟɧɢɢ ɨɛɟɢɯ ɩɟɪɟɦɟɧɧɵɯ ɧɚ ɝɪɚɧɢɰɟ ߁. 
 Ʌɟɦɦɚ 5.  ȿɫɥɢ ܿሺݖሻ ɧɟɩɪɟɪɵɜɧɚ ɜ ܦ ɢ ܿሺݐሻ = Ͳ ɩɪɢ ݐ א ఉ−ଶ/௣௣ܮ ɜɩɨɥɧɟ ɧɟɩɪɟɪɵɜɟɧ ɜ ܤሻݖɬɨ ɨɩɟɪɚɬɨɪ ܿሺ ,߁ ሺܦሻ.
 Ⱦɨɤɚɡɚɬɟɥɶɫɬɜɨ ɥɟɦɦ 2-5 ɦɨɠɧɨ ɧɚɣɬɢ ɜ ɪɚɛɨɬɟ Д4Ж. 
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2. Ɇɨɞɟɥɶɧɨɟ ɢɧɬɟɝɪɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ ɫ ɨɞɧɨɪɨɞɧɵɦɢ ɹɞɪɚɦɢ
ȼ ɷɬɨɦ ɩɭɧɤɬɟ ɛɭɞɟɦ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɫɥɟɞɭɸɳɟɟ ɦɨɞɟɥɶɧɨɟ ɢɧɬɟɝɪɚɥɶɧɨɟ 

ɭɪɚɜɧɟɧɢɟ  ሺܣ଴݂ሻሺݖሻ ؠ ܽሺͲሻ݂ሺݖሻ − ௕ሺ଴ሻగ ቀ ௭|௭|ቁ௡׭� ௙ሺ఍ሻሺ఍−௭ሻమ ఍ݏ݀ ++ ௖బగ �׭ ௙ሺ఍ሻௗ௦അሺଵ−௭఍ሻమ + ொభሺ଴,଴ሻ|௭|మ ቀ ௭|௭|ቁ௡−ଶ׭� ℎଵ ቀ఍௭ቁ ݂ሺߞሻ݀ݏ఍ ++ ொమሺ଴,଴ሻ|௭|మ �׭ ℎଶ ቀ఍௭ቁ ݂ሺߞሻ݀ݏ఍ = ݃ሺݖሻ,    ݖ א ,ܦ (3) 

ɝɞɟ ܿ଴ = Ͳ,  ɟɫɥɢ ܽሺͲሻ ≠ Ͳ,  ɪɚɜɧɨ 1, ɟɫɥɢ  ܽሺͲሻ = Ͳ;   ݊  – ɰɟɥɨɟ ɱɢɫɥɨ. ȼɪɟɦɟɧɧɨ
ɛɭɞɟɦ ɫɱɢɬɚɬɶ, ɱɬɨ ܦ = :ݖ} |ݖ| < ͳ}. 

Ʉɚɤ ɩɨɤɚɡɚɧɨ ɜ Д3Ж ɦɨɞɟɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ (3) ɪɟɞɭɰɢɪɭɟɬɫɹ ɤ ɛɟɫɤɨɧɟɱɧɨɣ 
ɫɨɜɨɤɭɩɧɨɫɬɢ ɢɧɬɟɝɪɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɫ ɹɞɪɚɦɢ ɨɞɧɨɪɨɞɧɵɦɢ ɩɨɪɹɞɤɚ -1 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɷɮɮɢɰɢɟɧɬɨɜ Ɏɭɪɶɟ ௞݂ሺݎሻ ɢɫɤɨɦɨɣ ɮɭɧɤɰɢɢ ݂ሺݖሻ:݂ሺݖሻ = ∑∞௞=−∞ ௞݂ሺݎሻ݁௜௞ఝ ,    ௞݂ሺݎሻ = ଵଶగ ଶగ଴׬ ݂ሺݖሻ݁−௜௞ఝ݀߮,    ݖ = ௜ఝ݁ݎ .

Ⱦɨɤɚɡɵɜɚɟɬɫɹ, ɱɬɨ ɧɚɣɞɟɧɧɚɹ ɢɡ ɷɬɢɯ ɭɪɚɜɧɟɧɢɣ ɫɢɫɬɟɦɚ ɮɭɧɤɰɢɣ { ௞݂ሺݎሻ} -
ɨɛɪɚɡɭɟɬ ɫɨɜɨɤɭɩɧɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɨɜ Ɏɭɪɶɟ ɧɟɤɨɬɨɪɵɣ ɮɭɧɤɰɢɢ ɢɡ 
ɩɪɨɫɬɪɚɧɫɬɜɚ ܮఉ−ଶ/௣௣ ሺܦሻ. Ɂɚɬɟɦ ɩɪɢɦɟɧɹɹ ɤ ɷɬɢɦ ɨɞɧɨɦɟɪɧɵɦ ɢɧɬɟɝɪɚɥɶɧɵɦ
ɭɪɚɜɧɟɧɢɹɦ ɪɟɡɭɥɶɬɚɬɵ ɢɡ Д9Ж, ɞɥɹ ɭɪɚɜɧɟɧɢɹ (3) ɩɨɥɭɱɢɦ ɧɟɨɛɯɨɞɢɦɵɟ ɢ 
ɞɨɫɬɚɬɨɱɧɵɟ ɭɫɥɨɜɢɹ ɧɟɬɟɪɨɜɨɫɬɢ ɢ ɜɵɱɢɫɥɟɧ ɢɯ ɢɧɞɟɤɫ. 

ɉɨɥɨɠɢɦ �௠ሺݔ; ሻߚ = ͳ|ܽሺͲሻ|ଶ − |ܾሺͲሻ|ଶ [ℋ௠ሺଶሻሺݔ; ሻℋ̃−௠+௡−ଶሺଶሻߚ ሺݔ; ሻߚ − − ℋ̃௠ሺଵሻሺݔ; ሻℋ−௠+௡−ଶሺଵሻߚ ሺݔ;  ሻ],        (4)ߚ

ɝɞɟ  ݉ = ݊଴, ݊଴ + ͳ, ݊଴ + ʹ,… , ߚ − чˋ˔ˎˑ ˋˊ ሺʹሻ,−∞ < ݔ < ∞,݊଴ – ɰɟɥɚɹ ɱɚɫɬɶ ɱɢɫɥɚ ௡−ଵଶ ; ℋఔሺଵሻሺݔ; ሻߚ = ܾሺͲሻ ఔ+ఉ−௜௫ఔ+ଶ−ఉ+௜௫ + ܳଵሺͲ,Ͳሻ׭|�|<∞ ℎଵሺ�ሻ݁−௜ఔఈ|�|−ఉ+௜௫݀ݏ� ,
ℋ̃ఔሺଵሻሺݔ; ሻߚ = ܾሺͲሻ ఔ+ఉ−௜௫ఔ+ଶ−ఉ+௜௫ + ܳଵሺͲ,Ͳሻ׭|�|<∞ ℎଵሺ�ሻ݁−௜ఔఈ|�|−ఉ+௜௫݀ݏ� ,

ℋఔሺଶሻሺݔ; ሻߚ = ܽሺͲሻ + ܳଶሺͲ,Ͳሻ׭|�|<∞ ℎଶሺ�ሻ݁−௜ఔఈ|�|−ఉ+௜௫݀ݏ� ,
ℋ̃ఔሺଶሻሺݔ; ሻߚ = ܽሺͲሻ + ܳଶሺͲ,Ͳሻ׭|�|<∞ ℎଶሺ�ሻ݁−௜ఔఈ|�|−ఉ+௜௫݀ݏ� ߙ ,ɰɟɥɨɟ ɱɢɫɥɨ -ߥ, =  .�݃ݎܽ

Ɏɭɧɤɰɢɢ �௠ሺݔ; ∞− ሻ ɧɟɩɪɟɪɵɜɧɵ ɩɪɢߚ < ݔ < ∞, ɩɪɢɱɟɦ Оё   ɩɪɟɞɟɥ ɧɚ
ɛɟɫɤɨɧɟɱɧɨɫɬɢ lim|௫|→∞�௠ሺݔ; ሻߚ = ͳ.
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Ɍɟɨɪɟɦɚ 1. Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɭɪɚɜɧɟɧɢɟ (3) ɛɵɥɨ ɧɟɬɟɪɨɜɵɦ ɜ ܮఉ−ଶ/௣௣ ሺܦሻሺͳ < ݌ < ∞, Ͳ < ߚ < ʹሻ, ɧɟɨɛɯɨɞɢɦɨ ɢ ɞɨɫɬɚɬɨɱɧɨ ɜɵɩɨɥɧɟɧɢɟ 
ɭɫɥɨɜɢɣ: 

  ܽ ሻ    |ܽሺݖሻ| = |ܾሺݖሻ|,    ݖ א ;ݔሻ    �௠ሺܾ ,ܦ ሻߚ ≠ Ͳ, −∞ < ݔ < ∞, ݉ = ݊଴, ݊ + ͳ,…,
ɩɪɢɱɟɦ ɢɧɞɟɤɫ ɭɪɚɜɧɟɧɢɹ (3) ɪɚɜɟɧ æ = ʹ∑ேబ௞=௡బ+ଵ ;ݔ௠ሺܩ∞>௫>∞−݀݊ܫ ሻߚ + ;ݔ௡బሺܩ∞>௫>∞−݀݊ܫߤ ,ሻߚ
ɝɞɟ ଴ܰ - ɧɟɤɨɬɨɪɨɟ ɧɚɬɭɪɚɥɶɧɨɟ ɱɢɫɥɨ, µ=1, ɟɫɥɢ n ɱɟɬɧɨ ɢ µ=2, ɟɫɥɢ n ɧɟɱɟɬɧɨ

Ɍɟɨɪɟɦɚ 2. ȿɫɥɢ ɭɫɥɨɜɢɹ К), Л) ɧɚɪɭɲɟɧɵ, ɬɨ ɨɩɟɪɚɬɨɪ ܣ଴ ɢɡ (3) ɧɟ ɦɨɠɟɬ
ɢɦɟɬɶ ɧɢ ɥɟɜɨɝɨ, ɧɢ ɩɪɚɜɨɝɨ ɨɝɪɚɧɢɱɟɧɧɵɯ ɪɟɝɭɥɹɪɢɡɚɬɨɪɨɜ ɜ ܮఉ−ଶ/௣௣ ሺܦሻ.

3. Ⱥɥɝɟɛɪɚ ɫɢɧɝɭɥɹɪɧɵɯ ɨɩɟɪɚɬɨɪɨɜ ɫ ɧɟɩɪɟɪɵɜɧɵɦɢ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ
ȼ ɷɬɨɦ ɩɭɧɤɬɟ ɪɚɫɫɦɨɬɪɢɦ ɚɥɝɟɛɪɭ ℛ, ɩɨɪɨɠɞɟɧɧɭɸ ɜɫɟɦɢ ɞɟɣɫɬɜɭɸɳɢɦɢ

ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ܮఉ−ଶ/௣௣ ሺͳ < ݌ < ∞, Ͳ < ߚ < ʹሻ ɨɩɟɪɚɬɨɪɚɦɢ ɜɢɞɚ ℳ = ܫܽ + ܭܾܵ + ܤܿ + ܤ݀ + ܭܤ݁ + ܭܤݍ + ܭܤܵߣ ܭܵܤߤ++ + ܵܤܵߥ + ܤܵߛ + ܵܤߜ + ܶ, (5) 

ɝɞɟ ɜɫɟ ɤɨɷɮɮɢɰɢɟɧɬɵ – ɧɟɩɪɟɪɵɜɧɵɟ ɜ ܦ ɮɭɧɤɰɢɢ, ܶ - ɜɩɨɥɧɟ ɧɟɩɪɟɪɵɜɧɵɣ 
ɨɩɟɪɚɬɨɪ.  

Ʌɟɦɦɚ 6.  Ɉɩɟɪɚɬɨɪ ℳ, ɡɚɞɚɧɧɵɣ ɮɨɪɦɭɥɨɣ (5), ɹɜɥɹɟɬɫɹ ɷɥɟɦɟɧɬɨɦ 
ɚɥɝɟɛɪɵ ℛ; ɢ ɨɛɪɚɬɧɨ ɜɫɹɤɢɣ ɨɩɟɪɚɬɨɪ ɢɡ ɚɥɝɟɛɪɵ ℛ ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ (5), 
ɩɪɢ ɷɬɨɦ, ɟɫɥɢ ɨɩɟɪɚɬɨɪɵ ℳ௝ ɫ ɤɨɷɮɮɢɰɢɟɧɬɚɦɢ௝ܽ , ௝ܾ , ௝ܿ , ௝݀ , ௝݁ , ௝ݍ , ௝ߣ , ௝ߤ , ௝ߥ , ௝ߛ , ௝ߜ  ሺ݆ = Ͳ,ͳሻ ɢɦɟɸɬ ɜɢɞ (5), ɬɨ ɨɩɟɪɚɬɨɪ ℳ =ℳଵℳଶ ɢɦɟɟɬ ɬɚɤɨɣ ɠɟ ɜɢɞ, ɩɪɢɱёɦ ɟɝɨ ɤɨɷɮɮɢɰɢɟɧɬɵ ɧɚɯɨɞɹɬɫɹ ɩɨ
ɫɥɟɞɭɸɳɢɦ ɮɨɪɦɭɥɚɦ:  ܽ = ܽଵܽଶ + ܾଵܾଶ̅̅ ̅, ܾ = ܽଵܾଶ + ܽଶܾଵ, ܿ = ሺܽଵ + ܿଵሻܿଶ + ܿଵܽଶ + ݁ଵݍଶ + ଶߛଵߜ − ܾଵܾଶ,݀ = ሺܽଵ + ݀ଵሻ݀ଶ + (ܾଶ + ଵߤ(ଶߣ + ܽଶ݀ଵ + ଵ݁ଶݍ + ܾଵߣଶ,݁ = ሺܽଵ + ܿଵሻ݁ଶ + ሺܾଶ + ଵߜଶሻߣ + (ܽଶ + ݀ଶ)݁ଵ,ݍ = ሺܽଵ + ݀ଵሻݍଶ + ሺܽଶ + ܿଶሻݍଵ + ሺܾଵ + ଶ,ɉߛଵሻߤ = ሺܽଵ + ݀ଵሻߣଶ + (ܽଶ + ݀ଶ)ߣଵ + ܾଶߥଵ + ܾଵ݀ଶ + ଵ݁ଶ,Ɋߛ = ሺܽଵ + ݀ଵሻߤଶ + ሺܽଶ + ଵߤଶሻߥ + ܾଶ݀ଵ + ܾଵߥଶ + ଶ,ɋߜଵݍ = ሺܽଵ + ଶߥ଴ଵሻߥ + ܽଶߥଵ + ܾଶߣଵ + ଶߜଵߛ + ሺߣଵ + ܾଶሻߤଶ,ߛ = ሺܽଵ + ଶߛଵሻߥ + ሺܽଶ + ܿଶሻߛଵ + ሺܾଵ + ߜ,ଶݍଵሻߣ = ሺܽଵ + ܿଵሻߜଶ + ሺܽଶ + ଵߜଶሻߥ + (ܾଶ + ଶ)݁ଵ.  ሺ͸ሻߤ
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 Ʉɚɠɞɨɦɭ ɨɩɟɪɚɬɨɪɭ ℳ א ℛ ɫɨɩɨɫɬɚɜɢɦ ɜ ɤɚɱɟɫɬɜɟ ɫɢɦɜɨɥɚ ɦɚɬɪɢɰɭ ɜɢɞɚ �ℳሺݖ, ሻݐ = ሻݖሺ߂) ͲͲ ,(ሻݐሺܦ
 ɝɞɟ ߂ሺݖሻ = ቆܽሺݖሻ ܾሺݖሻܾሺݖሻ ܽሺݖሻቇ , ݖ א ሻݐሺܦ ,ܦ = ቌܽሺݐሻ + ܿሺݐሻ ݁ሺݐሻ ሻݐሺݍሻݐሺߜ ܽሺݐሻ + ݀ሺݐሻ ܾሺݐሻ + ሻݐሺߛሻݐሺߤ ܾሺݐሻ + ሻݐሺߣ ܽሺݐሻ + ሻቍݐሺߥ , ݐ א Ȟ, 
ɬ.ɟ. ɦɚɬɪɢɰɚ-ɮɭɧɤɰɢɹ �ℳሺݖ, ܦ ሻ ɧɟɩɪɟɪɵɜɧɚ ɧɚ ɤɨɦɩɚɤɬɟݐ × Ȟ. Ɇɧɨɠɟɫɬɜɨ
ɨɩɪɟɞɟɥɟɧɧɵɯ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɫɢɦɜɨɥɨɜ ɨɛɨɡɧɚɱɢɦ ɱɟɪɟɡ ࣨ.  

Ʌɟɦɦɚ 7.  ɋɢɦɜɨɥ �ℳሺݖ, ሻݐ א ࣨ ɨɩɟɪɚɬɨɪɚ ℳ א ℛ ɬɨɠɞɟɫɬɜɟɧɧɨ ɪɚɜɟɧ
ɧɭɥɸ ɬɨɝɞɚ ɢ ɬɨɥɶɤɨ ɬɨɝɞɚ, ɤɨɝɞɚ ℳ א �, ɝɞɟ � ɨɛɨɡɧɚɱɚɟɬ ɢɞɟɚɥ 
ɫɨɞɟɪɠɚɳɢɯɫɹ ɜ ℛ ɜɩɨɥɧɟ ɧɟɩɪɟɪɵɜɧɵɯ ɨɩɟɪɚɬɨɪɨɜ. 

 Ɍɟɨɪɟɦɚ 3.  Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɩɪɨɢɡɜɨɥɶɧɵɣ ɨɩɟɪɚɬɨɪ ℳ ɢɡ ɚɥɝɟɛɪɵ ℛ ɛɵɥ 
ɧɟɬɟɪɨɜɵɦ ɜ ܮఉ−ଶ/௣௣ ሺܦሻሺͳ < ݌ < ∞, Ͳ < ߚ < ʹሻ, ɧɟɨɛɯɨɞɢɦɨ ɢ ɞɨɫɬɚɬɨɱɧɨ,
ɱɬɨɛɵ |ܽሺݖሻ| ≠ |ܾሺݖሻ|   ˒˓ˋ  ݖ א ,ܦ ሻݐሺܦݐ݁݀ ≠ Ͳ ˒˓ˋ ݐ א ʒ. 

ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɷɬɢɯ ɭɫɥɨɜɢɣ ɢɧɞɟɤɫ ɨɩɟɪɚɬɨɪɚ ℳ ɪɚɜɟɧ  ᴂ = − ଵగ [argdetܦሺݐሻ]୻.
4. ɂɫɯɨɞɧɨɟ ɢɧɬɟɝɪɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ (1)

ȼ ɷɬɨɦ ɩɭɧɤɬɟ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ܮఉ−ଶ/௣௣ ሺܦሻሺͳ < ݌ < ∞,Ͳ < ߚ < ʹሻ 
ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɢɫɯɨɞɧɨɟ ɫɢɧɝɭɥɹɪɧɨɟ ɢɧɬɟɝɪɚɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ (1). 

Ʌɟɦɦɚ 8.  ɉɭɫɬɶ ܽሺݖሻ, ܾሺݖሻ, ܿሺݖሻ, ݀ሺݖሻ, ݁ሺݖሻ, ,ሻݖሺݍ ,ሻݖሺߣ ,ሻݖሺߤ ,ሻݖሺߥ ,ሻݖሻ, ܳଵሺݖሺߜ ,ሻݖሺߛ ܳଶሺݖሻ, ℎଵሺ�ሻ, ℎଶሺ�ሻ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɭɤɚɡɚɧɧɵɦ ɜɵɲɟ ɭɫɥɨɜɢɹɦ ɢ|ܽሺͲሻ| ≠ |ܾሺͲሻ|. Ɍɨɝɞɚ  ܣ = +଴ℳܣ ܶ, (7)
ɝɞɟ ܶ – ɜɩɨɥɧɟ ɧɟɩɪɟɪɵɜɧɵɣ ɨɩɟɪɚɬɨɪ, ܣ଴ ɢ ℳ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɨɩɟɪɚɬɨɪɵ ɢɡ
(3) ɢ ሺͷሻ ɩɪɢɱɟɦ ɜɫɟ ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɩɟɪɚɬɨɪɚ ℳ ɧɟɩɪɟɪɵɜɧɵ ɜ ܦ ɢ 
ɨɩɪɟɞɟɥɹɸɬɫɹ ɱɟɪɟɡ ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɩɟɪɚɬɨɪɨɜ ܣ ɢ ܣ଴ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ
ɮɨɪɦɭɥɨɣ (6). ɉɪɢ ɷɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬ ɩɪɢ ɫɢɧɝɭɥɹɪɧɨɦ ɨɩɟɪɚɬɨɪɟ ܵ ɜ ℳ 
ɨɛɪɚɳɚɟɬɫɹ ɜ ɬɨɱɤɟ ݖ = Ͳ ɜ ɧɨɥɶ.   

Ɍɟɩɟɪɶ ɡɧɚɹ ɪɟɡɭɥɶɬɚɬɵ ɞɥɹ ɨɩɟɪɚɬɨɪɨɜ ܣ଴,ℳ, ɧɚ ɨɫɧɨɜɟ ɢɡɜɟɫɬɧɵɯ
ɮɚɤɬɨɜ ɬɟɨɪɢɢ ɥɢɧɟɣɧɵɯ ɨɩɟɪɚɬɨɪɨɜ ɦɨɠɟɦ ɩɨɥɭɱɢɬɶ ɭɫɥɨɜɢɹ ɧɟɬɟɪɨɜɨɫɬɢ 
ɭɪɚɜɧɟɧɢɹ (1) ɜ ܮఉ−ଶ/௣௣ ሺͳ < ݌ < ∞,Ͳ < ߚ < ʹሻ ɢ ɮɨɪɦɭɥɭ ɞɥɹ ɜɵɱɢɫɥɟɧɢɹ ɟɝɨ
ɢɧɞɟɤɫɚ ɜ ɫɥɭɱɚɟ, ɤɨɝɞɚ ܦ = :ݖ} |ݖ| < ͳ}. 
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ɉɭɫɬɶ ɬɟɩɟɪɶ ܦ – ɩɪɨɢɡɜɨɥɶɧɚɹ ɨɛɥɚɫɬɶ, ɨɩɢɫɚɧɧɚɹ ɜ ɧɚɱɚɥɟ ɫɬɚɬɶɢ. 
ɉɪɨɢɡɜɟɞɟɦ ɜ ɭɪɚɜɧɟɧɢɢ (1) ɡɚɦɟɧɭ ɩɟɪɟɦɟɧɧɵɯ: ݖ = ߯ሺ�ሻ, ߞ = ߯ሺݓሻ, ɝɞɟ ߯ሺ�ሻ – 
ɨɬɨɛɪɚɠɟɧɢɟ, ɨɛɪɚɬɧɨɟ ɤ ߱ሺݖሻ ɢɡ ɮɨɪɦɭɥɵ ɞɥɹ ɹɞɪɚ ɨɩɟɪɚɬɨɪɚ ܤ. ȼ ɪɟɡɭɥɶɬɚɬɟ, 
ɭɱɢɬɵɜɚɹ ɧɟɤɨɬɨɪɵɟ ɫɜɨɣɫɬɜɚ ɤɨɧɮɨɪɦɧɨɝɨ ɨɬɨɛɪɚɠɟɧɢɹ (ɫɦ.Д13,М.399,411Ж), 
ɩɨɥɭɱɢɦ ɷɤɜɢɜɚɥɟɧɬɧɨɟ ܣ଴ ɨɩɟɪɚɬɨɪ ଴ଵܣ == ܽ଴ଵሺ�ሻ ଵ݂ሺ�ሻ + ௕బభሺ�ሻగ ቀ �|�|ቁ௡׭|௪|<ଵ ௙భሺ௪ሻሺ௪−�ሻమ ௪ݏ݀ + ௖బభሺ�ሻగ ௪|<ଵ|׭ ௙భሺ௪ሻሺଵ−௪�ሻమ ௪ݏ݀ ++ ொభሺ଴,଴ሻ|ఞሺ�ሻ|మ ቀ ఞሺ�ሻ|ఞሺ�ሻ|ቁ௡−ଶ׭|௪|<ଵ ℎଵ ቀఞሺ௪ሻఞሺ�ሻቁ |߯′ሺݓሻ|ଶ ଵ݂ሺݓሻ݀ݏ௪ ++ ொమሺ଴,଴ሻ|ఞሺ�ሻ|మ׭|௪|<ଵ |߯′ሺݓሻ|ଶℎଶ ቀఞሺ௪ሻఞሺ�ሻቁ ଵ݂ሺݓሻ݀ݏ௪ + ሺ ଶܶ ଵ݂ሻሺ�ሻ,
ɝɞɟ ଶܶ – ɜɩɨɥɧɟ ɧɟɩɪɟɪɵɜɧɵɣ ɜ ܮఉ−ଶ/௣௣ ሺܦሻ ɨɩɟɪɚɬɨɪ, ଵ݂ሺ�ሻ = ݂ሺ߯ሺ�ሻሻ, ܽଵሺ�ሻ =ܽሺ߯ሺ�ሻሻ, ܿଵሺ�ሻ = ܿሺ߯ሺ�ሻሻ,ܾ଴ଵሺ�ሻ = ቀ|�|ఞሺ�ሻ�|ఞሺ�ሻ|ቁ௡ ఞ′ሺ�ሻఞ′ሺ�ሻ ܾሺ߯ሺ�ሻሻ. 

ɉɪɢ ɷɬɨɦ, ɟɫɥɢ ݂ሺݖሻ א ఉ−ଶ/௣௣ܮ ሺܦሻ, ɬɨ ଵ݂ሺ�ሻ א ఉ−ଶ/௣௣ܮ ሺ|�| < ͳሻ ɢ ɨɛɪɚɬɧɨ, ɚ 
ɢɡ ɧɟɩɪɟɪɵɜɧɨɫɬɢ ܽሺݖሻ, ܾሺݖሻ, ܿሺݖሻ ɜ ܦ ɫɥɟɞɭɟɬ ɧɟɩɪɟɪɵɜɧɨɫɬɶ ܽ଴ଵሺ�ሻ, ܾ଴ଵሺ�ሻ, ܿ଴ଵሺ�ሻ ɩɪɢ |�| ൑ ͳ. ɉɨɫɤɨɥɶɤɭ ɢɡ ɭɫɥɨɜɢɹ ߱′ሺͲሻ > Ͳ ɜɵɬɟɤɚɟɬ,
ɱɬɨ ߯′ሺͲሻ > Ͳ, ɬɨ ܾ଴ଵሺͲሻ = ܾሺͲሻ.

ɋɥɟɞɭɸɳɚɹ ɥɟɦɦɚ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɢɬɶ ɭɫɥɨɜɢɹ ɧɟɬɟɪɨɜɨɫɬɢ ɢ 
ɢɧɞɟɤɫ ɭɪɚɜɧɟɧɢɹ (1) ɩɨ ɫɯɟɦɟ ɩɭɧɤɬɚ 1.  

Ʌɟɦɦɚ 9.   ɉɭɫɬɶ ߯ሺ�ሻ – ɨɞɧɨɥɢɫɬɧɨɟ ɤɨɧɮɨɪɦɧɨɟ ɨɬɨɛɪɚɠɟɧɢɟ 
ɟɞɢɧɢɱɧɨɝɨ ɤɪɭɝɚ |�| < ͳ ɧɚ ɨɛɥɚɫɬɶ ܦ, ɩɪɢɱɟɦ ߯ሺͲሻ = Ͳ, ߯′ሺͲሻ > Ͳ, ɚ ℎሺ�ሻ –
ɢɡɦɟɪɢɦɚɹ ɮɭɧɤɰɢɹ, ɭɞɨɜɥɟɬɜɨɪɹɸɳɚɹ ɭɫɥɨɜɢɸ (2) ɢ ݊-ɰɟɥɨɟ ɱɢɫɥɨ. Ɍɨɝɞɚ 
ɨɩɟɪɚɬɨɪ �,  ሺȣ݂ሻሺݖሻ = ଵ|ఞሺ�ሻ|మ ቀ ఞሺ�ሻ|ఞሺ�ሻ|ቁ௡׭|ఠ|<ଵ ℎ ቀఞሺఠሻఞሺ�ሻቁ |߯′ሺ߱ሻ|ଶ݂ሺ߱ሻ݀ݏఠ −− ଵ|�|మ ቀ �|�|ቁ௡׭|ఠ|<ଵ ℎ ቀఠ�ቁ ݂ሺ߱ሻ݀ݏఠ,  |�| < ͳ,
ɜɩɨɥɧɟ ɧɟɩɪɟɪɵɜɟɧ ɜ ܮఉ−మ�௣ ሺ|�| < ͳሻ,     Ͳ < ߚ < ʹ,      ͳ < ݌ < ∞.   

Ɍɟɨɪɟɦɚ 4.  Ⱦɥɹ ɬɨɝɨ ɱɬɨɛɵ ɭɪɚɜɧɟɧɢɟ (1) ɛɵɥɨ ɧɟɬɟɪɨɜɵɦ ɜ ܮఉ−మ�௣ ሺܦሻ ሺͳ ݌> < ∞, Ͳ < ߚ < ʹሻ, ɧɟɨɛɯɨɞɢɦɨ ɢ ɞɨɫɬɚɬɨɱɧɨ ɜɵɩɨɥɧɟɧɢɟ ɭɫɥɨɜɢɣ:  ܽሻ    |ܽሺݖሻ| = |ܾሺݖሻ|,    ݖ א ;ܦ     detܦሺݐሻ ≠ Ͳ,    ݐ א Ȟ, ܾሻ    �௠ሺݔ; ሻߚ ≠ Ͳ, −∞ < ݔ < ∞, ݉ = ݊଴, ݊ + ͳ,…,
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ɩɪɢɱɟɦ ɢɧɞɟɤɫ ɭɪɚɜɧɟɧɢɹ (1) ɪɚɜɟɧ ᴂ = − ଵగ [argdetܦሺݐሻ]୻ + ʹ∑ேబ௞=௡బ+ଵ ;ݔ௠ሺܩ∞>௫>∞−݀݊ܫ ሻߚ ;ݔ௡బሺܩ∞>௫>∞−݀݊ܫߤ+ ,ሻߚ
ɝɞɟ ଴ܰ - ɧɟɤɨɬɨɪɨɟ ɧɚɬɭɪɚɥɶɧɨɟ ɱɢɫɥɨ, µ=1, ɟɫɥɢ n ɱɟɬɧɨ ɢ µ=2, ɟɫɥɢ n
ɧɟɱɟɬɧɨ. 

Ɍɟɨɪɟɦɚ 5.  ȿɫɥɢ ɭɫɥɨɜɢɹ К), Л) ɧɚɪɭɲɟɧɵ, ɬɨ ɨɩɟɪɚɬɨɪ ܣ ɢɡ (1) ɧɟ ɦɨɠɟɬ 
ɢɦɟɬɶ ɧɢ ɥɟɜɨɝɨ, ɧɢ ɩɪɚɜɨɝɨ ɨɝɪɚɧɢɱɟɧɧɵɯ ɪɟɝɭɥɹɪɢɡɚɬɨɪɨɜ ɜ ܮఉ−ଶ/௣௣ ሺܦሻ.
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УДК 517.927 

К ТЕОРИИ ДИФФЕРЕНЦИАЛЬНЫХ УРАВНЕНИЙ НА ГРАФАХ 

Ɇɭɫɬɚɮɨɤɭɥɨɜ Ɋ.1, ɋɨɥɢɟɜ ɋ.Ʉ.2
1Филиал МГУ имени М.В. Ломоносова в г. Душанбе 

2Таджикский национальный университет 

В статье определяются понятия геометрического графа, дифференциального 
уравнения и краевой задачи на графах, приводятся условия разрешимости одной краевой 
задачи для дифференциального уравнения 4-го порядка на геометрическом графе. 

Ключевые слова: геометрический граф, краевая задача на графе, невырожденность, 
знакорегулярность. 

В последние годы дифференциальные уравнения на графах 
привлекают внимание многих исследователей. Это объясняется тем, что 
многие современные технические конструкции часто допускают 
структурную формализацию в виде одномерных континиумов, 
взаимодействующих через связывающие их узлы. Протекающие в таких 
устройствах процессы описываются классическими математическими 
моделями, реализуемыми на геометрических графах (см. [1]). 

В настоящей работе определяется понятие дифференциального 
уравнения 4 - го порядка на геометрических графах, ставятся для таких 
уравнений краевые задачи и приводятся условия их разрешимости. 
Отметим, что дифференциальное уравнение 4 - го порядка на случай 
общего графе было изучено подробно в работе [2], а в работе [3] такое 
уравнение было рассмотрено на одномерном графе - цепочке. 
Относительно терминологий и обозначений (см. [1]). 

Под геометрическим графом понимается связное ограниченное 
множество Ȟ, имеющее структуру сети и вложенное в �ଶ. Ребро графа - это 
интервал, а вершины графа - точки, являющиеся концом одного или 
нескольких ребер. Будем считать, что ребра графа занумерованы и 
обозначим их через ߛ௜, а вершины через ܽ или ܽ௜. Множество всех ребер 
графа обозначим через �ሺȞሻ, а множество всех его вершин - через VሺȞሻ; при 
этом, вершины, к которым примыкают два и более ребра, называются 
внутренними; их множество обозначается через ℐሺȞሻ, а вершины, к которым 
примыкает только одно ребро - граничными; их множество обозначается 
через �Ȟ. Граф - это объединение множеств �ሺȞሻ и ℐሺȞሻ; множество �Ȟ не 
входит в граф Ȟ. 
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Ребра, примыкающие к граничным вершинам, называются плечевыми. 

Внутренняя вершина графа, к которой примыкает хотя бы одно плечевое 
ребро, называется приграничным. Те вершины ܽ א ℐሺȞሻ, к которым 
примыкают только внутренние ребра графа, называются строго 
внутренними вершинами графа. 

Множество индексов ݅, для которых ܽ א .௜, обозначим через Ȥሺܽሻߛ
Под функцией на графе Ȟ понимается отображение ݑ: Ȟ → �ଵ. Через ݑ௜ሺݔሻ обозначается сужение функции ݑሺݔሻ на ребро ߛ௜. Через C[�ሺȞሻ]

обозначается пространство функций, равномерно непрерывных на каждом 
ребре графа Ȟ. Для каждой функции ݑሺݔሻ א C[�ሺȞሻ] в каждой вершине ܽ ݅ VሺȞሻ приא א Ȥሺܽሻ существует предел ݑሺݔሻ = ௜ሺܽሻఊ�∋௫→௔  ୪i୫ݑ      . При этом, при ܽ ,݅ ℐሺȞሻ, для различныхא ݆ א Ȥሺܽሻ величины ݑ௜ሺܽሻ и ݑ௝ሺܽሻ не обязаны совпадать
как между собой, так и с самым значением функции ݑሺܽሻ. Выделим из 
пространства C[�ሺȞሻ] множества функций, для которых в каждой вершине ܽ א ℐሺȞሻ при любом ݅ א Ȥሺܽሻ выполнено равенство ݑ௜ሺܽሻ = ሺܽሻ. Обозначимݑ
это множество через CሺȞሻ и назовём их непрерывными на графе Ȟ. 

Производная функции, заданной на графе Ȟ определяется следующим 
образом. Пусть μ: �ሺȞሻ → �ଵ - голоморфное отображение каждого ребра ߛ௜ ⊂ �ሺȞሻ на некоторый конечный интервал ሺͲ, ݈௜ሻ. Функция ݑሺݔሻ א C[�ሺȞሻ]
называется дифференцируемой на графе Ȟ, если для каждого ребра ߛ௜ ⊂ �ሺȞሻсужение ݑ௜ሺݔሻ дифференцируемо на ߛ௜ относительно функции ߤ௜ሺݔሻ. При
этом для точки ݔ଴ א ௜ߛ  полагается  ݑ′௜ሺݔ଴ሻ = ଴ሻݔ௜ሺߤ଴ሻ݀ݔ௜ሺݑ݀ = limఊ�∋௫→௫బ ሻݔሺݑ − ሻݔሺߤ଴ሻݔሺݑ −  ଴ሻ.Аналогично определяются производные высших порядков. Отметим, чтоݔሺߤ
так определенные производные нечётных порядков зависят от ориентации 
ребер графа, а производные чётных порядков от ориентации ребер не 
зависят. В дальнейшем, при записи условий согласований с производными 
в вершинах графа, мы будем пользоваться обозначением ݑ௜′ሺܽ + Ͳሻ (ݑ௜′ሺܽ −Ͳሻ), которое означает производную по направлению “от вершин” 
(соответственно “к вершине”). 

Под дифференциальным уравнением на графе Ȟ понимается 
совокупность уравнений на ребрах ߛ௜: ሺ݌௜ሺݔሻݑ௜′′ሻ′′ − ሺݍ௜ሺݔሻݑ௜′ሻ′ = ௜݂ሺݔሻ          (ݔ א ௜ߛ ⊂ �ሺȞሻ),            ሺͳሻ
где ݌ሺݔሻ א Cଶ[�ሺȞሻ], ݍሺݔሻ א Cଵ[�ሺȞሻ], ݂ሺݔሻ א C[�ሺȞሻ], вместе с условиями 
согласования в каждой вершине ܽ א VሺȞሻ: ݑ௜ሺܽሻ = ,݅∀  ௝ሺܽሻݑ ݆ א Ȥሺܽሻ,ߤ௜ሺܽሻݑ௜′′ሺܽሻ − ௜′ሺܽݑ௜ሺܽሻߥ + Ͳሻ = Ͳ  (݅ א Ȥሺܽሻ),}  ሺʹሻ 
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где ߤ௜ሺܽሻ, ߥ௜ሺܽሻ ൒ Ͳ, причем ߤ௜ሺܽሻ + ௜ሺܽሻߥ > Ͳ для всех ܽ א VሺȞሻ и условиями
с третьими производными во внутренних вершинах ܽ א ℐሺȞሻ: ∑ ௜ሺܽݑଷܦ + Ͳሻ௜אΙሺ௔ሻ + �ሺܽሻݑሺܽሻ = ሺܽሻ,                             ሺ͵ሻܨ
где через ܦଷݑ обозначена третья квазипроизводная ሺ݌ሺݔሻݑ′′ሻ′ −  а ,′ݑሻݔሺݍ
коэффициент �ሺܽሻ считается заданным и неотрицательным. 

Для уравнения на графе рассматривается краевая задача, задавая в 
каждой из граничных вершин ܽ א �Ȟ, наряду с ሺʹሻ, ещё условия вида         ݑሺܽሻ − ሺܽሻݑଷܦሺܽሻߙ = Ͳ,                                              ሺͶሻ 
где ߙሺܽሻ ൒ Ͳ для всех ܽ א �Ȟ. Если коэффициент ߙሺܽሻ = Ͳ ሺܽ א �Ȟሻ, то 
соответствующая краевая задача называется задачей Дирихле. 

Решением краевой задачи ሺͳሻ − ሺͶሻ на графе Ȟ называется всякая 
функция ݑሺݔሻ א Cସ[�ሺȞሻ], удовлетворяющая на каждом ребре ߛ௜соответствующему уравнению ሺͳሻ, а в каждой вершине ܽ א ℐሺȞሻ - условиям 
связи ሺʹሻ, ሺ͵ሻ и граничным условиям ሺʹሻ, ሺͶሻ в граничных вершинах ܽ א �Ȟ. 

К задаче ሺͳሻ − ሺͶሻ приводит, например, вопрос о малых деформациях 
натянутой решётки упруго соединенных стержней, имеющей упругие 
опоры. При этом краевые условия ሺʹሻ, ሺͶሻ охватывают все реально 
известные виды закрепления концов решётки. 

Отметим, что уравнение ሺʹሻ на графе в случае жёсткого сочленения 
стержней было исследовано также в работе [Ͷ]. 

Теорема 1. Неоднородная краевая задача ሺͳሻ − ሺͶሻ имеет единственное 
решение для любых правых частей ௜݂ሺݔሻ на рёбрах ߛ௜ и значений ܨሺܽሻ во
внутренних вершинах ܽ א ℐሺȞሻ тогда и только тогда, когда 
соответствующая однородная задача имеет только нулевое решение. 

Для доказательства этой теоремы заметим, что краевая задача ሺͳሻ −ሺͶሻ на графе Ȟ эквивалентна некоторой двухточечной краевой задаче для 
векторного дифференциального уравнения четвёртого порядка. 
Утверждение теоремы 1 следует тогда из соответствующего результата 
теории краевых задач для дифференциального уравнения на отрезке. 

Определение 1. Задача ሺͳሻ − ሺͶሻ называется невырожденной, если 
соответствующая однородная краевая задача имеет только нулевое 
решение. 

Заметим, что теорема 1 не обеспечивает однозначную разрешимость 
задачи, а лишь сводит её к невырожденности. 

Определение 2. Краевая задача ሺͳሻ − ሺͶሻ называется знакорегулярной, 

если коэффициенты удовлетворяют следующим условиям: 
ሻݔሺ݌ - > Ͳ, ݍሺݔሻ ൒ Ͳ, но ݍሺݔሻ ء Ͳ при ݔ א �ሺȞሻ; 
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- если же ݍሺݔሻ ؠ Ͳ при ݔ א �ሺȞሻ, то в условии связи ሺ͵ሻ коэффициенты ݍሺܽሻ + �ሺܽሻ > Ͳ для всех ܽ א ℐሺȞሻ; 
Условия невырожденности краевой задачи определяются следующей 

теоремой. 
Теорема 2. Знакорегулярная краевая задача ሺͳሻ − ሺͶሻ на графе Ȟ 

является невырожденной. 
Доказательство. В силу теоремы 1 нам достаточно показать, что в 

условиях теоремы 2 соответствующая однородная задача ሺͳሻ − ሺͶሻ ( ௜݂ሺݔሻ ݔ Ͳ приؠ א ሺܽሻܨ ,௜ߛ = Ͳ при ܽ א ℐሺȞሻ) имеет в Ȟ только тривиальное решение.
Пусть ݑ௜ሺݔሻ - ненулевое и не являющаяся константой решение

однородного уравнения ሺ݌௜ሺݔሻݑ௜′′ሻ′′ − ሺݍ௜ሺݔሻݑ௜′ሻ′ = Ͳ
на ребре ߛ௜ = ሺܽ, ܾሻ, удовлетворяющее условиямߤ௜ሺܽሻݑ௜′′ሺܽሻ − ௜′ሺܽሻݑ௜ሺܽሻߥ = Ͳ,     ߤ௜ሺܾሻݑ௜′′ሺܾሻ − ௜′ሺܾሻݑ௜ሺܾሻߥ = Ͳ,где ߤ௜ሺ∙ሻ, ߥ௜ሺ∙ሻ ൒ Ͳ, причем ߤ௜ሺ∙ሻ + ௜ሺ∙ሻߥ > Ͳ. Из результатов работы [2]
следует, что ݑ௜ሺݔሻ является монотонной на ߛ௜ функцией.

Соединим функции ݑ௜ሺݔሻ во внутренних вершинах ܽ א ℐሺȞሻ условиями
непрерывности ݑ௜ሺܽሻ = ,݅) ௝ሺܽሻݑ ݆ א Ȥሺܽሻ). Таким образом определенное
решение ݑሺݔሻ уравнения ሺͷሻ на всем графе Ȟ, не может иметь экстремумов в 
точках множества �ሺȞሻ. Во внутренних же вершинах ܽ א ℐሺȞሻ функция ݑሺݔሻ, 
в силу условия ሺ͵ሻ, при ݍሺܽሻ + �ሺܽሻ > Ͳ не имеет неотрицательного 
максимума и неположительного минимума, а при ݍሺܽሻ = �ሺܽሻ = Ͳ не имеет 
вообще экстремума в этих вершинах (см. [2]). 

С другой стороны, если ݑሺݔሻ в граничных вершинах ܽ א �Ȟ 

удовлетворяет условиям ሺʹሻ и ሺͶሻ, то ݑሺݔሻ имеет в этих вершинах либо 
положительный минимум, либо отрицательный максимум, чего не может 
быть. 

Полученное противоречие означает, что ݑሺݔሻ ؠ ሺܽሻݑ на всем графа Ȟ. Тогда из условия ሺͶሻ следует, что ݐݏ݊݋ܿ = Ͳ. Следовательно, ݑሺݔሻ ؠ Ͳ на 
всем графе Ȟ. Теорема 2 доказана. 

Замечание. Пусть в условиях теоремы 2 коэффициенты ݍሺܽሻ = �ሺܽሻ =Ͳ для всех ܽ א ℐሺȞሻ. Тогда, если в условиях ሺʹሻ коэффициент ߥሺܽሻ = Ͳ для 
всех ܽ א �Ȟ, то задача ሺͳሻ − ሺͶሻ является вырожденной и размерность 
пространствɚ её решений равна количеству внутренних вершин графа Ȟ. 

Если же ߥሺܽሻ ≠ Ͳ для всех ܽ א �Ȟ, то задача ሺͳሻ − ሺͶሻ является 
невырожденной лишь в случае отсутствия в графе строго внутренних 
вершин. Если же граф содержит строго внутренние вершины, то задача 
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ሺͳሻ − ሺͶሻ является вырожденной и размерность пространства её решений 
равна числу строго внутренних вершин графа Ȟ. 
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ɍȾɄ 574.6:477.63/64 

Ɉ ȼɕɑɂɋɅɂɌȿɅɖɇɈɃ ɉɊɈȽɊȺɆɆȿ ɂɆɂɌȺɐɂɈɇɇɈɃ 
ɆɈȾȿɅɂ ɗɄɈɋɂɋɌȿɆɕ ɊɕȻɈȼɈȾɇɈȽɈ ɉɊɍȾȺ 

Ʉɨɦɢɥɨɜ Ɏ.ɋ., Ɇɢɪɡɨɟɜ ɋ.ɏ. 
Ɏɢɥɢɚɥ ɆȽɍ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ ɜ ɝ. Ⱦɭɲɚɧɛɟ 

ɋɬɚɬɶɹ ɩɨɫɜɹɳɟɧɚ ɚɥɝɨɪɢɬɦɢɡɚɰɢɢ ɢ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɸ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ 
ɷɤɨɫɢɫɬɟɦɵ ɨɩɵɬɧɨɝɨ ɪɵɛɨɜɨɞɧɨɝɨ ɩɪɭɞɚ ɧɚ ɨɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɦ ɹɡɵɤɟ 
ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɋ#. ȼ ɧɟɣ ɨɩɢɫɚɧɚ ɬɟɯɧɨɥɨɝɢɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɨɣ ɩɪɨɝɪɚɦɦɵ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɦɨɞɟɥɶ, ɚɥɝɨɪɢɬɦ, ɩɪɨɝɪɚɦɦɚ, ɨɩɟɪɚɬɨɪ, ɤɨɦɩɶɸɬɟɪ, ɩɪɭɞ, ɪɵɛɚ. 

Аɥɝɨɪɢɬɦɢɡɚɰɢɹ ɡɚɞɚɱɢ. ȼ ɦɟɫɬɧɨɫɬɹɯ ɫ ɤɨɧɬɢɧɟɧɬɚɥɶɧɵɦ ɤɥɢɦɚɬɨɦ, ɤɚɤ 
ɨɛɵɱɧɨ, ɫɟɡɨɧ ɜɵɪɚɳɢɜɚɧɢɹ ɩɪɭɞɨɜɨɣ ɪɵɛɵ ɡɚɣɦёɬ 150 ɫɭɬɨɤ. ɂɫɯɨɞɹ ɢɡ ɷɬɨɝɨ, 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɣ ɪɵɛɨɜɨɞɧɵɣ ɩɪɭɞ ɦɨɞɟɥɢɪɭɟɬɫɹ ɜ ɬɟɱɟɧɢɟ 5 ɦɟɫɹɰɟɜ (ɦɚɣ-
ɫɟɧɬɹɛɪɶ).  

Ɇɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɢɫɫɥɟɞɭɟɦɨɣ ɷɤɨɫɢɫɬɟɦɵ ɪɵɛɨɜɨɞɧɨɝɨ ɩɪɭɞɚ 
ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɢɫɬɟɦɭ 9 ɧɟɥɢɧɟɣɧɵɯ ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ 
ɭɪɚɜɧɟɧɢɣ (ɈȾɍ) ɩɟɪɜɨɝɨ ɩɨɪɹɞɤɚ Д1, 2Ж. Ⱦɥɹ ɱɢɫɥɟɧɧɨɝɨ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ 
ɫɢɫɬɟɦɵ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ ɧɚ ɤɨɦɩɶɸɬɟɪɟ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɦɟɬɨɞ 
Ɋɭɧɝɟ-Ʉɭɬɬɚ-Ɇɟɪɫɨɧɚ ɫ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ ɢɡɦɟɧɟɧɢɟɦ ɲɚɝɚ Д3Ж ɜ ɢɧɬɟɪɜɚɥɟ (1, 
150). 

ɉɪɢ ɚɥɝɨɪɢɬɦɢɡɚɰɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ ɜɜɟɞɟɧɵ ɫɥɟɞɭɸɳɢɟ 
ɨɛɨɡɧɚɱɟɧɢɹ: 
 n – ɱɢɫɥɨ ɭɪɚɜɧɟɧɢɣ (n=9);
 ti – ɧɟɡɚɜɢɫɢɦɚɹ ɩɟɪɟɦɟɧɧɚɹ, ɩɪɟɞɫɬɚɜɥɹɸɳɚɹ i-ɣ ɦɨɞɟɥɶɧɵɣ ɞɟɧɶ

(i=1,2,…,150)Ҳ
 t1 – ɧɚɱɚɥɨ ɜɪɟɦɟɧɧɨɝɨ ɢɧɬɟɪɜɚɥɚҲ
 t150 – ɤɨɧɟɰ ɜɪɟɦɟɧɧɨɝɨ ɢɧɬɟɪɜɚɥɚҲ
 yil  – ɡɧɚɱɟɧɢɟ l-ɝɨ ɡɚɜɢɫɢɦɨɝɨ ɩɟɪɟɦɟɧɧɨɝɨ ɜ i-ɣ ɞɟɧɶ (l=1,2,…,n;

i=1,2,…,150)Ҳ
 y11=y1(t1), y21=y2(t1), y31=y3(t1), y41=y4(t1), y51=y5(t1), y61=y6(t1), y71=y7(t1),

y81=y8(t1), y91=y9(t1) – ɧɚɱɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɡɚɜɢɫɢɦɵɯ ɩɟɪɟɦɟɧɧɵɯҲ
 ξl – ɩɪɚɜɚɹ ɱɚɫɬɶ l-ɝɨ ɭɪɚɜɧɟɧɢɹ ɫɢɫɬɟɦɵ ɈȾɍҲ
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 χkl – k-ɣ ɤɨɷɮɮɢɰɢɟɧɬ ɦɟɬɨɞɚ Ɋɭɧɝɟ-Ʉɭɬɬɚ-Ɇɟɪɫɨɧɚ (k=1,2,3,4,5) ɩɪɢ 
ɜɵɱɢɫɥɟɧɢɢ ɡɧɚɱɟɧɢɹ yli – l-ɝɨ ɩɟɪɟɦɟɧɧɨɣ ɦɨɞɟɥɢ (l=1,2,…,n) ɜ i-ɣ 
ɪɚɫɱёɬɧɵɣ ɞɟɧɶ (i=1,2,…,150); 

 h – ɲɚɝ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ (ɟɝɨ ɧɚɱɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɪɚɜɧɨ 1, ɞɚɥɟɟ ɜɵɛɢɪɚɟɬɫɹ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢ)Ҳ 

  – ɩɨɝɪɟɲɧɨɫɬɶ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ( =0.0005).  
Ɇɟɬɨɞ Ɋɭɧɝɟ-Ʉɭɬɬɚ-Ɇɟɪɫɨɧɚ (ɊɄɆ), ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɩɪɢɛɥɢɠɟɧɧɭɸ 

ɨɰɟɧɤɭ ɩɨɝɪɟɲɧɨɫɬɢ ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ (ɩɨɪɹɞɨɤ ɩɨɝɪɟɲɧɨɫɬɢ 
ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ ɪɚɜɟɧ R~(h5)), ɪɟɚɥɢɡɭɟɬɫɹ ɧɚ ɜɪɟɦɟɧɧɨɦ ɢɧɬɟɪɜɚɥɟ (t1, t150) 
ɫɨɝɥɚɫɧɨ ɫɥɟɞɭɸɳɟɦɭ ɚɥɝɨɪɢɬɦɭ: 
1) ȼɜɨɞ ɡɧɚɱɟɧɢɹ n, , h, t1, y11, y21,…,вn1. 
2) i:=0; l:=0. 
3) i:=i +1. 
4) l:=l +1. 
5) ȼɵɱɢɫɥɟɧɢɟ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɱɢɫɥɟɧɧɨɝɨ ɦɟɬɨɞɚ ɊɄɆ:  ;;:1 liill yth    

;
3

1
;

3

1
: 12 


  lliill yhth   

;
6

1

6

1
;

3

1
: 213 


  llliill yhth   

;
8

3

8

1
;

2

1
: 314 


  llliill yhth   

.2
2

3

2

1
;: 4315 


  lllliill yhth   

6) ȼɵɱɢɫɥɟɧɢɟ ɡɧɚɱɟɧɢɹ ɩɟɪɟɦɟɧɧɨɣ yl(i+1) ɢ ɩɨɝɪɟɲɧɨɫɬɶ ɦɟɬɨɞɚ Rl(i+1) ɞɥɹ 
ɩɨɫɥɟɞɭɸɳɟɝɨ ɦɨɞɟɥɶɧɨɝɨ ɞɧɹ ti+1 ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɚɫɱёɬɚɦɢ ɩɨɫɥɟɞɧɟɝɨ 
ɜɧɭɬɪɟɧɧɟɝɨ ɰɢɤɥɚ χ5l: 

  6
4

: 541
1

lll
liil yy

   

  .
30

892
: 5431

1
llll

ilR
   

7) ɉɪɨɜɟɪɤɚ ɜɵɩɨɥɧɟɧɢɹ ɭɫɥɨɜɢɣ: 

    .
30

, 11

   ilil RR  

ɉɪɢ ɧɟ ɜɵɩɨɥɧɟɧɢɢ ɩɟɪɜɨɝɨ ɭɫɥɨɜɢɹ, ɲɚɝ ɢɧɬɟɝɪɢɪɨɜɚɧɢɹ h ɞɟɥɢɬɫɹ ɧɚ 2 
(h:=h/2) ɢ ɜɵɱɢɫɥɟɧɢɟ ɩɨ ɦɟɬɨɞɭ ɩɨɜɬɨɪɹɟɬɫɹ ɫ 5-ɝɨ ɩɭɧɤɬɚ (ɷɬɚɩɚ) 
ɚɥɝɨɪɢɬɦɚ. ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɩɟɪɜɨɝɨ ɭɫɥɨɜɢɹ, ɚ ɧɟ ɜɵɩɨɥɧɟɧɢɢ ɜɬɨɪɨɝɨ, ɲɚɝ 
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h ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɜɞɜɨɟ (h:=h∙2) ɢ ɜɵɱɢɫɥɟɧɢɟ ɨɩɹɬɶ ɩɨɜɬɨɪɹɟɬɫɹ ɫ 5-ɝɨ 
ɩɭɧɤɬɚ. ɉɪɢ ɨɞɧɨɜɪɟɦɟɧɧɨɦ ɜɵɩɨɥɧɟɧɢɢ ɨɛɨɢɯ ɭɫɥɨɜɢɣ, ɭɩɪɚɜɥɟɧɢɟ 
ɩɟɪɟɞɚёɬɫɹ ɤ ɩɭɧɤɬɭ 8. 

8) ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɹ l<n. ɉɪɢ ɟɝɨ ɜɵɩɨɥɧɟɧɢɢ ɭɩɪɚɜɥɟɧɢɟ ɩɟɪɟɞɚёɬɫɹ ɤ ɩɭɧɤɬɭ 
4, ɚ ɩɪɢ ɧɟ ɜɵɩɨɥɧɟɧɢɢ – ɤ ɩɭɧɤɬɭ 9. 

9) ȼɵɱɢɫɥɟɧɢɟ ti+1:=ti+h, ɜɵɜɨɞ ɧɚ ɩɟɱɚɬɶ ɡɧɚɱɟɧɢɹ ti+1, y1(i+1), y2(i+1),…,yn(i+1).  
10) ɉɪɨɜɟɪɤɚ ɭɫɥɨɜɢɹ iҳ150. ɉɪɢ ɟɝɨ ɜɵɩɨɥɧɟɧɢɢ ɭɩɪɚɜɥɟɧɢɟ ɩɟɪɟɞɚёɬɫɹ ɤ 

ɩɭɧɤɬɭ 3, ɢɧɚɱɟ ɤ ɩɭɧɤɬɭ 11. 
11) Ɂɚɜɟɪɲɟɧɢɟ ɪɚɛɨɬɵ. 

Ɍɟɤɫɬ ɪɚɛɨɱɟɣ ɩɪɨɝɪɚɦɦɵ – ɢɧɫɬɪɭɦɟɧɬɚ ɩɨ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɸ 
ɞɢɧɚɦɢɤɢ ɷɤɨɫɢɫɬɟɦɵ ɪɵɛɨɜɨɞɧɨɝɨ ɩɪɭɞɚ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɚɥɝɨɪɢɬɦɨɦ 
ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɧɚ ɨɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɦ ɹɡɵɤɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɋ# (C 
Sharp) ɪɚɡɪɚɛɨɬɚɧɚ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɩɪɨɝɪɚɦɦɚ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ 
ɷɤɨɫɢɫɬɟɦɵ ɨɩɵɬɧɨɝɨ ɪɵɛɨɜɨɞɧɨɝɨ ɩɪɭɞɚ, ɩɨɥɧɵɣ ɤɨɞɨɜɵɣ ɬɟɤɫɬ ɤɨɬɨɪɨɣ 
ɩɪɟɞɫɬɚɜɥɟɧ ɧɢɠɟ:  
//ɋɢɫɬɟɦɧɵɟ ɛɢɛɥɢɨɬɟɤɢ ɮɭɧɤɰɢɣ, ɩɪɨɰɟɞɭɪ, ɮɨɪɦ ɢ ɬ.ɞ., ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ 
ɩɪɨɝɪɚɦɦɟ, ɤɨɬɨɪɵɟ ɫɨɡɞɚɸɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ 

using System; 
using System.Collections.Generic; 
using System.ComponentModel; 
using System.Data; 
using System.Drawing; 
using System.Linq; 
using System.Text; 
using System.Threading.Tasks; 
using System.Windows.Forms; 

//ɋɨɡɞɚɧɢɟ ɩɪɨɫɬɪɚɧɫɬɜɚ ɢɦёɧ (Mahzanho), ɚ ɬɚɤɠɟ ɨɛɴɹɜɥɟɧɢɟ ɝɥɨɛɚɥɶɧɵɯ ɢ 
ɥɨɤɚɥɶɧɵɯ ɮɨɪɦ ɢ ɩɟɪɟɦɟɧɧɵɯ (ɱɚɫɬɶ ɢɡ ɤɨɬɨɪɵɯ ɫɨɡɞɚёɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ)  

namespace Mahzanho 
{  
public partial class Form1 : Form 
{ 
public Form1() 
{ 
InitializeComponent(); 
} 

double karp=0; 
double tolst=0;  

private void button1_Click(object sender, EventArgs e) 
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{ 
//ɋɨɡɞɚɧɢɟ ɧɭɦɟɪɨɜɚɧɧɵɯ ɛɥɨɤɨɜ (listBox) ɞɥɹ ɡɧɚɱɟɧɢɹ ɡɚɜɢɫɢɦɵɯ ɢ 
ɧɟɡɚɜɢɫɢɦɨɣ ɩɟɪɟɦɟɧɧɵɯ ɦɨɞɟɥɢ ɢ ɨɱɢɳɟɧɢɟ ɢɯ ɫɨɞɟɪɠɢɦɨɝɨ ɩɟɪɟɞ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 

listBox1.Items.Clear(); 
listBox2.Items.Clear(); 
listBox3.Items.Clear(); 
listBox4.Items.Clear(); 
listBox5.Items.Clear(); 
listBox6.Items.Clear(); 
listBox7.Items.Clear(); 
listBox8.Items.Clear(); 
listBox9.Items.Clear(); 
listBox10.Items.Clear(); 

//Ɂɚɞɚɧɢɟ ɦɚɫɫɢɜɚ ɧɚɱɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɩɟɪɟɦɟɧɧɵɯ ɦɨɞɟɥɢ – W(9): 
double[] W={0,0.214,37.990,2.5,1.88,7.3,18.4,5.00,1.00,5.00}; 

//Ɉɬɨɛɪɚɠɟɧɢɟ ɡɚɝɨɥɨɜɤɚ ɪɟɡɭɥɶɬɚɬɢɜɧɨɣ ɬɚɛɥɢɰɵ ɧɚ ɷɤɪɚɧɟ  
label11.Text = "Ɂɧɚɱɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ ɦɨɞɟɥɢ ɜ ɧɚɱɚɥɟ ɫɟɡɨɧɚ"Ҳ 
//ɁȺȾȺɇɂȿ ɁɇȺɑȿɇɂɃ ɆȺɋɋɂȼɈȼ, ɂɋɉɈɅɖɁɍȿɆɕɏ ȼ ɉɊɈȽɊȺɆɆȿ: 
//Ɂɚɞɚɧɢɟ ɦɚɫɫɢɜɚ ɡɧɚɱɟɧɢɣ ɜɨɞɧɵɯ ɬɟɦɩɟɪɚɬɭɪ – TT(150): 
double[] TT=  
{0,20,20.1,20.2,20.3,20.5,20.8,21,21.2,21.4,21.5,21.8,22,26,26,26,25,23,24,25,25.5, 
25.5,25.5,26,26,26,26,26,26,26,26.5,27,26,26.5,26.5,27,27.2,28,28.5,29,28.5,28.7, 
28.28,27.5,27,26,26.4,27.5,27.5,28.5,29.7,30,30.4,30.7,30.9,31,31,31,31,31.5,32,32, 
31.6,31.4,31,31,30.5,30,30,30.3,30.6,31,31,31,31,31,31,31,31,31,31,30.5,30,29.5,29, 
29.9,30,30.5,30.5,31,31,31,30.8,30.5,30,30,29.5,29.5,29,31,31,31,29,29,29,29,29,29, 
28.5,28,28,28,28,28,28,28,28,28,28,28,28,28,28,28,27.6,27.5,27.4,27,27,27,27,27,26, 
26,26,26,26,26,25.5,25.5,25.5,25.5,25,25,25,24.5,24,24,24,24}; 
//Ɂɚɞɚɧɢɟ ɦɚɫɫɢɜɚ ɡɧɚɱɟɧɢɣ ɫɨɥɧɟɱɧɵɯ ɪɚɞɢɚɰɢɣ – I0(150): 
double[] I0=  
{0,0.32,0.35,0.49,0.37,0.50,0.48,0.21,0.22,0.48,0.51,0.49,0.36,0.43,0.50,0.38,0.40,0.
14,0.55,0.51,0.51,0.49,0.51,0.43,0.50,0.56,0.44,0.43,0.42,0.17,0.22,0.45,0.43,0.29,0.
43, 
0.56,0.25,0.53,0.52,0.48,0.35,0.36,0.50,0.54,0.24,0.23,0.53,0.53,0.53,0.53,0.48,0.41, 
0.42,0.46,0.51,0.50,0.51,0.52,0.53,0.52,0.51,0.51,0.52,0.52,0.43,0.40,0.35,0.47,0.49, 
0.53,0.53,0.53,0.47,0.51,0.52,0.49,0.47,0.46,0.43,0.33,0.31,0.47,0.25,0.29,0.47,0.51, 
0.50,0.46,0.49,0.49,0.50,0.49,0.44,0.42,0.28,0.29,0.42,0.46,0.40,0.48,0.48,0.47,0.47, 
0.47,0.48,0.47,0.48,0.47,0.45,0.39,0.41,0.42,0.44,0.45,0.46,0.47,0.46,0.44,0.43,0.44, 
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0.43,0.56,0.50,0.49,0.48,0.43,0.44,0.45,0.47,0.47,0.48,0.49,0.49,0.40,0.49,0.42,0.47, 
0.46,0.46,0.44,0.38,0.44,0.44,0.44,0.44,0.42,0.41,0.42,0.40,0.44,0.20}; 
//Ɂɚɞɚɧɢɟ ɦɚɫɫɢɜɚ ɡɧɚɱɟɧɢɣ ɤɭɤɨɥɨɤ ɬɭɬɨɜɨɝɨ ɲɟɥɤɨɩɪɹɞɚ – CU(150): 
double[] CU=  
{0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0.5,0.6,0.7,0.7,0.7,0.8,0.8,0.9,0.9,0.9,0.9,0.9,0.9,0
.9,0.9,0.9,0.9,0.9,0.9,0.9,0.9,0.9,0.9,0.9,0.9,0.9,0.9,0.9,0.9,0.9,0.9,0.9,0.9,0.9,0.9, 
0.9,0.9,0.9,0.9,1,1,1.5,1.5,2,2,2.5,2.5,3,3,3.5,3.5,4,4,4.5,4.5,5,5,4.5,4.5,4,4,3.5,3.5,3.5, 
3.5,3.5,3.5,3.5,3.5,3,3,3,3,3,2.5,2.5,2.5,2.5,2.5,2,2,2,2,2,1.5,1.5,1.5,1.5,1.5,1.3,1.3,1.3, 
1.3,1.3,1.3,1.3,1.3,1.3,1.3,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1}; 

//Ɂɚɞɚɧɢɟ ɦɚɫɫɢɜɚ ɡɧɚɱɟɧɢɣ ɤɨɦɛɢɤɨɪɦɚ – CO(150): 
double[] CO=  
{0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,200,300,350,350,400,400,400,400,400,426
, 
426,426,426,426,426,426,426,426,426,426,426,426,426,426,426,426,426,426,426,42
6,426,426,426,426,426,426,426,426,426,500,600,700,800,900,1000,1100,1200,1300, 
1400,1500,1600,1700,1800,1900,2000,2100,2200,2300,2400,2300,2200,2100,2000, 
1900,1800,1800,1700,1600,1500,1300,1300,1200,1200,1100,1100,1000,1000,1000, 
1000,900,900,900,900,900,900,900,900,900,900,800,800,700,700,700,700,700,700, 
600,600,533,533,533,533,533,533,533,533,533,533,533,533,533,533,533,532,532,53
2,532,532,532,532,532,532,532,532,532,532,532,532}; 
//Ɂɚɞɚɧɢɟ ɦɚɫɫɢɜɚ ɡɧɚɱɟɧɢɣ ɚɦɦɢɚɱɧɨɣ ɫɟɥɢɬɪɵ – SE(150): 
double[] SE=  
{0,0,0,0,0,0,0,0,0,0,0,0,0.5,0,0,0,0,0,0,0.5,0,0,0,0,1,0,0,0,0,0,0,0,1,1,1,1,1,1,0.6,4.7,4.7,4.7,4
.7,4.7,4.7,4.7,3.4,3.4,3.4,3.4,3.4,3.2,3.2,3.2,3.2,3.2,0,0,0,0,0,0,0,2.4,2.4,2.4,0.8,0, 
0,0,0,0,0,0,0,0,0,0,0,0,0.25,0,0,0,0,1.2,1.2,0,0,0,0,0.2,0.2,0.4,0.4,0.2,0.2,0.2,0.25,0.25, 
0,0,0,0,0,0.25,0.25,0,0.4,0.2,0,0,0,0,0,0,0,0.2,0.2,0,0,1,1,1,1,1,1,1,1,1,1,1,1,1,1,1,0.5, 
0.5,0.5,0.5,0,0,0,0,0,0,0,0,0,0,0}; 

//Ɂɚɞɚɧɢɟ ɦɚɫɫɢɜɚ ɡɧɚɱɟɧɢɣ ɫɭɩɟɪɮɨɫɮɚɬɚ – SU(150): 
double[] SU=  
{0,0,0,0,0,0,0,0,0,0,0,0,0.35,0,0,0,0,0,0,0.35,0,0,0,0,0.5,0,0,0,0,0,0,0,0.5,0.5,0.5,0.5,0.5,0.5,
0.4,2.3,2.3,2.3,2.3,2.3,2.3,2.3,1.7,1.7,1.7,1.7,1.7,1.6,1.6,1.6,1.6,1.6,0,0,0,0,0,0,0, 
1.2,1.2,1.2,0.4,0,0,0,0,0,0,0,0,0,0,0,0,0,0.125,0,0,0,0,0.6,0.6,0,0,0,0,0.1,0.1,0.2,0.2,0.1,0.25,
0.25,0.125,0.25,0,0,0,0,0,0.125,0.125,0,0.2,0.1,0,0,0,0,0,0,0,0.1,0.1,0,0,0.5,0.5, 
0.5,0.5,0.5,0.5,0.5,0.5,0.5,0.5,0.5,0.5,0.5,0.5,0.5,0.25,0.25,0.25,0.25,0,0,0,0,0,0,0,0,0,0,0}; 

//Ɂɚɞɚɧɢɟ ɦɚɫɫɢɜɚ ɡɧɚɱɟɧɢɣ ɩɥɨɳɚɞɟɣ ɩɪɭɞɚ – SS(150): 
double[] SS=  
{0,2,2,2.1,2.1,2.1,2.2,2.2,2.2,2.3,2.3,2.3,2.4,2.5,2.6,2.7,3,3.2,3.5,4,4,4.1,4.2,4.4,4.8,4.8,4.8,4
.9,4.9,5,5,5.1,5.2,5.2,5.2,5.2,5.2,5.2,5.6,6.4,6.4,6.4,6.4,6.4,6.4,6.4,6.4,6.4,6.4,6.4, 
6.4,5.6,5.6,5.6,5.6,5.6,5.5,5.5,5.4,5.4,5.3,5.3,5.3,5.2,5.2,5.2,5.2,5.3,5.3,5.3,5.3,5.4,5.4, 
5.4,5.5,5.5,5.5,5.5,5.5,5.5,5.6,5.7,5.7,5.8,5.9,6,6,6,6,6,6,6,6.4,6.4,6.4,6.4,6.4,6.4,6.4, 
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6.4,6.4,6.4,6.4,6.4,6.4,6.4,6.4,5.8,5.6,6.4,6.3,6.2,6.1,6,5.9,5.8,5.7,5.7,5.6,5.6,5.8,6,6.4, 
6,6,6,6,6,6,6,6,6,6,6,6,6,6,6.4,6.4,6.4,6.3,6.3,6.2,6.2,6.3,6.2,6.2,6.2,6.4,6.4,6.4}; 

//Ɂɚɞɚɧɢɟ ɦɚɫɫɢɜɚ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɚɤɫɢɦɚɥɶɧɵɯ ɫɤɨɪɨɫɬɟɣ 
ɩɨɬɪɟɛɥɟɧɢɹ – MU(15): 
mfp,mfn,mufz,mubz,mube,mudb,muec,muzc,muft,mubt,mudt, mub,mub,muco,mucu 

double[] MU={0,1.0,4.0,1.0,0.6,8.9,0.65,6.9,6.9,3.5,3.5,2.5,1.8,1.8,0.3,0.3}; 
//Ɂɚɞɚɧɢɟ ɦɚɫɫɢɜɚ ɡɧɚɱɟɧɢɣ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɩɨɥɭɧɚɫɵɳɟɧɢɹ – K(15): 
kpf,knf,kfz,kbz,kbe, kdb,kec,kzc,kft,kbt,kdt,kpb,knb,kcoc,kcuc 

double[] K={0, 20,18,15,20,15,15.6,5,1,2,7,60,23,19,12,13}; 
//Ɂɚɞɚɧɢɟ ɦɚɫɫɢɜɚ ɡɧɚɱɟɧɢɣ ɨɩɬɢɦɚɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ – TOPT(6): 
toptf,toptz,topte, toptb, toptc,toptt 

double[] TOPT={0, 23, 24, 24, 25, 24, 25}; 
//Ɂɚɞɚɧɢɟ ɦɚɫɫɢɜɚ ɡɧɚɱɟɧɢɣ ɦɢɧɢɦɚɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ – TMIN(6): 
tminf,tminz,tmine, tminb,tminc,tmint 

double[] TMIN={0,11,11,9,17,12,14}; 
//Ɂɚɞɚɧɢɟ ɦɚɫɫɢɜɚ ɡɧɚɱɟɧɢɣ ɦɚɤɫɢɦɚɥɶɧɵɯ ɬɟɦɩɟɪɚɬɭɪ – TMAX(6): tmaxf,tmaxz, 
tmaxe,tmaxb,tmaxc,tmaxt 

double[] TMAX={0, 34, 31, 30, 34, 34, 35}; 
//Ɂɚɞɚɧɢɟ ɦɚɫɫɢɜɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɫɦɟɪɬɧɨɫɬɢ ɨɪɝɚɧɢɡɦɨɜ – CMOR(6): cmorf, 
cmorz,cmore, cmorb,cmorc,cmort 

double[] CMOR={ 0,0.01,0.2,0.02,0.025,0.0001,0.0001};  
//Ɂɚɞɚɧɢɟ ɦɚɫɫɢɜɚ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɟɬɚɛɨɥɢɡɦɚ – MB(8): mbf,mbz,mbe,mbb, 
mbc,mbt,mbbc,mbbt 

double[] MB={0, 0.11, 0.17, 0.15, 0.05, 0.05, 0.035, 0.06, 0.01}; 
double RTMAX=13, RCMAX=11; 

//Ɉɩɪɟɞɟɥɟɧɢɟ ɡɧɚɱɟɧɢɹ ɨɫɬɚɥɶɧɵɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɢ ɩɚɪɚɦɟɬɪɨɜ, ɜɯɨɞɹɳɢɯ ɜ 
ɦɨɞɟɥɢ (ɜɫɟɝɨ 29): 

double ALAME=1, ALAMF=1, ALAMB=1, FP=1, FH=18, FC=100, BP=1, 
BN=20, BC=100, DP=1, DN=10, DC=100, DS=5, EK=0.8, MEE=10, 
MFF=15, MBB=8, IOPTF=0.3, FCR=1.5, ECR=1, BCR=3, ALP=0.85, 
BET=0.9, KW=0.2, KF=0.03, KD=0.4, KPD=0.5, HF=1, DES=0.7; 

//Ɉɛɴɹɜɥɟɧɢɟ ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɜɟɥɢɱɢɧ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɜ ɩɪɨɝɪɚɦɦɟ 
double XX=0, H=1, E1=0.0005, F, Z, E, B, C, T, D, P, N, FTT, FTD, J, I, FIF, 
FPNC, MINF, AB, MFMAX , QMINF, QPF, QNF, BPNC, MINB, AC, MBMAX , 
QMINB, QPB, QNB, DPNCS, QDPNC, QDP, QDN, QDS, COL, CUL, QFT, 
QFZ, QBZ, QBE, QEC, QCOC, QCUC, ETAF, Y1, Y2, MIN12, QBT, Y3, Y4, 
MIN34, QZC, Y5, Y6, MIN15, MIN52, QDT, RT, RC, QFD, QZD, QBD, QED, 
QTD, QCD, E2; 

//Ɉɛɴɹɜɥɟɧɢɟ ɢɦёɧ ɦɚɫɫɢɜɨɜ, ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɜ ɦɟɬɨɞɟ ɊɄɆ 
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double[] Y = new double[10]; 
double [] FT=new double[7]; 
double [] S=new double[10]; 
double [] XA=new double[10]; 
double [] XB=new double[10]; 
double [] XC=new double[10]; 
double [] XD=new double[10]; 
double [] XE=new double[10]; 

int L=0; 
int M=0; 
for (L=1; L<=9; L++) 
{ 
Y[L] = W[L ]; 
}  

//ȼɵɜɨɞ ɧɚɱɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɩɟɪɟɦɟɧɧɵɯ ɦɨɞɟɥɢ ɡɚ ɡɚɝɨɥɨɜɤɢ ɮɨɪɦɵ 
textBox1.Text 
="F="+Y[1].ToString()+"\tZ="+String.Format("{0:0.000}",Y[2])+"\tE="+ 
String.Format("{0:0.000}",Y[3])+"\tB="+String.Format("{0:0.000}",Y[4])+"\tC="+ 
String.Format("{0:0.000}",Y[5])+"\tT="+String.Format("{0:0.000}",Y[6])+"\tD="+ 
String.Format("{0:0.000}",Y[7])+"\tP="+String.Format("{0:0.000}",Y[8])+"\tN="+ 
String.Format("{0:0.000}",Y[9]); 
//ɉɟɪɟɫɱёɬ ɡɧɚɱɟɧɢɣ ɤɨɧɰɟɧɬɪɚɰɢɣ ɦɚɫɫɢɜɨɜ ɞɚɧɧɵɯ 

for (L=1; L<=150; L++) 
{ SS[L]=SS[L]*10000; 
SU[L]=SU[L]*1000000/SS[L]; 
SE[L]=SE[L]*1000000/SS[L]; 
CU[L]=CU[L]*1000/SS[L]; 
CO[L]=CO[L]*1000/SS[L]; 
} 
int X1=0, X2=0, X=0, E3=0; 

//Ɉɬɨɛɪɚɠɟɧɢɟ ɧɚɱɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɩɟɪɟɦɟɧɧɵɯ ɦɨɞɟɥɢ ɜ ɧɚɱɚɥɟ ɨɬɪɟɡɤɚ 
ɜɪɟɦɟɧɧɨɝɨ ɫɟɡɨɧɚ 

listBox10.Items.Add((X).ToString()); 
listBox1.Items.Add(String.Format("{0:0.0000000}",Y[1])); 
listBox2.Items.Add(String.Format("{0:0.0000000}",Y[2])); 
listBox3.Items.Add(String.Format("{0:0.0000000}",Y[3])); 
listBox4.Items.Add(String.Format("{0:0.0000000}",Y[4])); 
listBox5.Items.Add(String.Format("{0:0.0000000}",Y[5])); 
listBox6.Items.Add(String.Format("{0:0.0000000}",Y[6])); 
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listBox7.Items.Add(String.Format("{0:0.0000000}",Y[7])); 
listBox8.Items.Add(String.Format("{0:0.0000000}",Y[8])); 
listBox9.Items.Add(String.Format("{0:0.0000000}",Y[9])); 

for (X1=0; X1<=139; X1+=10) 
{ for (X2=1; X2<=10; X2++) 
{ 
X=X1+X2; 
L1000: E3=0; 
M=1; 
L2000: 
F=Y[1]; Z=Y[2]; E=Y[3]; B=Y[4]; C=Y[5]; T=Y[6]; D=Y[7]; P=Y[8]; N=Y[9]; 

//ȼɵɱɢɫɥɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɧɵɯ ɮɭɧɤɰɢɣ 
for (L=1; L<=6; L++) 
{  
FT[L]=Math.Exp (-1.25*Math.Pow(((TOPT[L]-TT[X])/(TOPT[L]-
TMIN[L])),2)); 
FTT=Math.Exp (-1.25*Math.Pow(((TT[X]-TOPT[L])/(TMAX[L]-
TOPT[L])),2)); 
if (TT[X] >=TOPT[L])  
 {  
FT[L]=FTT; 
 } 
} 

//ȼɵɱɢɫɥɟɧɢɟ ɮɨɪɦɭɥɵ ȼɚɧɬ-Ƚɨɮɮɚ 
TD=Math.Pow(2,((TT[X]-20)/10)); 

//ȼɵɱɢɫɥɟɧɢɟ ɮɭɧɤɰɢɢ ɨɫɜɟɳɟɧɧɨɫɬɢ 
J=KW+KF*F+KD*D*KPD; 
I=I0[X]*Math.Exp (-J*HF); 
FIF = I*Math.Exp(1-I/IOPTF)/IOPTF; 

//ȼɵɱɢɫɥɟɧɢɟ ɩɪɨɰɟɫɫɚ ɩɨɬɪɟɛɥɟɧɢɹ ɛɢɨɝɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɮɢɬɨɩɥɚɧɤɬɨɧɨɦ 
FPNC=FP+FH+FC; 
MINF=Math.Pow(P,2)/(Math.Pow(K[1],2)+Math.Pow(P,2)); 
AB=Math.Pow(N,2)/(FH*(Math.Pow(K[2],2)+Math.Pow(N,2))); 
if (MINF >=AB) {MINF=AB;} 
MFMAX=MU[1]; 
QMINF=FT[1]*FIF*MFMAX*FPNC*MINF*F*(1-MB[1]); 
QPF=FP*QMINF/FPNC; 
QNF=FH*QMINF/FPNC; 

//ȼɵɱɢɫɥɟɧɢɟ ɩɪɨɰɟɫɫɚ ɩɨɬɪɟɛɥɟɧɢɹ ɛɢɨɝɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɛɚɤɬɟɪɢɹɦɢ 
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BPNC=BP+BN+BC; 
MINB=Math.Pow(P,2)/(Math.Pow(K[12],2)+Math.Pow(P,2)); 
AC=Math.Pow(N,2)/(BN*(Math.Pow(K[13],2)+Math.Pow(N,2))); 
if( MINB>=AC) { MINB=AC;} 
MBMAX=MU[12]; 
QMINB=FT[4]*MBMAX*BPNC*MINB*B*(1-MB[4]); 
QPB=BP*QMINB/BPNC; 
QNB=BN*QMINB/BPNC; 

//ȼɵɱɢɫɥɟɧɢɟ ɩɪɨɰɟɫɫɚ ɪɚɡɥɨɠɟɧɢɹ ɞɟɬɪɢɬɚ ɞɨ ɛɢɨɝɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ 
ɛɚɤɬɟɪɢɹɦɢ 

DPNCS=DP+DN+DC+DS; 
QDPNC=FTD*DES*R(D,B,MU[6],K[6]); 
QDP=EK*DP*QDPNC/DPNCS; 
QDN=EK*DN*QDPNC/DPNCS; 
QDS=DS*QDPNC/DPNCS; 

//ȼɵɱɢɫɥɟɧɢɟ ɬɪɨɮɢɱɟɫɤɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɦɟɠɞɭ ɩɟɪɟɦɟɧɧɵɦɢ ɦɨɞɟɥɢ 
COL=ALP*CO[X]; 
CUL=BET*CU[X]; 
QFT=FT[6]*R(F,T,MU[9],K[9])*(1-MB[6]); 
QFZ=FT[2]*R(F,Z,MU[3],K[3])*(1-MB[2]); 
QBZ=FT[2]*R(B,Z,MU[4],K[4])*(1-MB[2]); 
QBE=FT[3]*R(B,E,MU[5],K[5])*(1-MB[3]); 
QEC=FT[5]*R(E,C,MU[7],K[7])*(1-MB[5]); 
QCOC=FT[5]*R(COL,C,MU[14],K[14])*(1-MB[5]); 
QCUC=FT[5]*R(CUL,C,MU[15],K[15])*(1-MB[5]); 

//ȼɵɱɢɫɥɟɧɢɟ ɩɪɨɰɟɫɫɚ ɩɨɬɪɟɛɥɟɧɢɹ ɛɚɤɬɟɪɢɣ ɬɨɥɫɬɨɥɨɛɢɤɨɦ 
ETAF=ETA(ALAMF,MFF,F); 
Y1=R(FCR,T,MU[9],K[9])-R(F,T,MU[9],K[9]); 
Y2=R(B,T,MU[10],K[10])*ETAF; 
MIN12=Y1; 
if( Y2<Y1) { MIN12=Y2; } 
QBT=FT[6]* MIN12*(1-MB[6]); 

//ȼɵɱɢɫɥɟɧɢɟ ɩɪɨɰɟɫɫɚ ɩɨɬɪɟɛɥɟɧɢɹ ɡɨɨɩɥɚɧɤɬɨɧɚ ɤɚɪɩɨɦ 
Y3=R(ECR,C,MU[7],K[7])-R(E,C,MU[7],K[7]); 
Y4=R(Z,C,MU[8],K[8])*ETA(ALAME,MEE,E); 
MIN34=Y3; 
if( Y4<Y3) { MIN34=Y4; } 
QZC=FT[5]* MIN34*(1-MB[5]); 

//ȼɵɱɢɫɥɟɧɢɟ ɩɪɨɰɟɫɫɚ ɩɨɬɪɟɛɥɟɧɢɹ ɞɟɬɪɢɬɚ ɬɨɥɫɬɨɥɨɛɢɤɨɦ  
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Y5=R(BCR,T,MU[10],K[10])*ETAF; 
Y6=R(D,T,MU[11],K[11])*ETAF*ETA(ALAMB,MBB,B); 
MIN15=Y1; 
if( Y5<Y1) { MIN15=Y5; } 
MIN52=MIN15-MIN12; 
if( Y6<MIN52) { MIN52=Y6; } 
QDT=FT[6]*MIN52*(1-MB[6]); 

//ȼɵɱɢɫɥɟɧɢɟ ɩɪɨɰɟɫɫɚ ɫɦɟɪɬɧɨɫɬɢ ɠɢɜɵɯ ɨɪɝɚɧɢɡɦɨɜ  
RT=QFT+QBT+QDT; 
RC=QEC+QZC+QCOC+QCUC; 
QFD=MB[1]*QMINF/(1-MB[1])+CMOR[1]*F; 
QZD=MB[2]*(QFZ+QBZ)/(1-MB[2])+CMOR[2]*Z; 
QBD=MB[4]*QMINB/(1-MB[4])+CMOR[4]*B; 
QED=MB[3]*QBE/(1-MB[3])+CMOR[3]*E; 
QTD=(MB[6]+MB[8]*RT/RTMAX)*RT/(1-MB[6])+CMOR[6]*T; 
QCD=(MB[5]+MB[7]*RC/RCMAX)*RC/(1-MB[5])+CMOR[5]*C; 

//ȼɵɱɢɫɥɟɧɢɟ ɩɪɚɜɵɯ ɱɚɫɬɟɣ ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ ɭɪɚɜɧɟɧɢɣ 
S[1]=QMINF-QFT-QFZ-QFD; 
S[2]=QFZ+QBZ-QZC-QZD; 
S[3]=QBE-QEC-QED; 
S[4]=QMINB+(1-EK)*QDPNC-QBZ-QBE-QBT-QBD; 
S[5]=QEC+QZC+QCOC+QCUC-QCD; 
S[6]=QFT+QBT+QDT-QTD; 
S[7]=QFD+QZD+QED+QBD+QTD+QCD+(1-ALP)*CO[X]+(1-BET)*CU[X]-
QDPNC-QDT-QDS; 
S[8]=QDP-QPF-QPB+SU[X]; 
S[9]=QDN-QNF-QNB+SE[X]; 

//Ɇɟɬɨɞ Ɋɭɧɝɟ-Ʉɭɬɬɚ-Ɇɟɪɫɨɧɚ 
if(M==1) goto L3860; if(M==2) goto L3930; 
if(M==3) goto L3970; if(M==4) goto L4030; 
if (M==5) goto L4090; 
L3860: XX= 0; 
for (L=1; L<=9; L++) 
{ 
XA[L]=H*S[L]; 
Y[L]=W[L]+XA[L]/3; 
} 
X=X+(int)H/3; 
M=2; 
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goto L2000; 
L3930: 
for (L=1; L<=9; L++) 
{ XB[L]=H*S[L]; 
Y[L]=W[L]+(XA[L]+XB[L])/6; 
}  
M= 3; goto L2000; 
L3970: 
for (L=1; L<=9; L++) 
{ 
XC[L]=H*S[L]; 
Y[L]=W[L]+XA[L]/8+0.375*XC[L]; 
}  
X=X+(int)H/6; 
M=4; 
goto L2000; 
L4030: 
for (L=1; L<=9; L++) 
{ 
XD[L]=H*S[L]; 
Y[L]=W[L]+XA[L]/2-1.5*XC[L]+2*XD[L]; 
}  
X=X+(int)H/2; 
M= 5; goto L2000; 
L4090: 
for (L=1; L<=9; L++) 
{  
XE[L]=H*S[L]; 
Y[L]=W[L]+(XA[L]+4*XD[L]+XE[L])/6; 
E2=Math.Abs(-2*XA[L]+9*XC[L]-8*XD[L]+XE[L])/30; 
if( E2<=E1) goto L4160; 
E3=1; 
goto L4170; 
L4160: if(E2<E1/30) XX=XX+1; 
L4170: ; 
} 
if(E3==0) goto L4250; 
X=X-(int)H; 
for (L=1; L<=9; L++) 
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{ 
Y[L]=W[L]; 
} 
H=H/2; 
goto L1000; 
L4250: if(XX==9) H=H+H; 
for (L=1; L<=9; L++) 
{ 
W[L]=Y[L];  
} 
 } 

//Ɉɬɨɛɪɚɠɟɧɢɟ ɜɵɱɢɫɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ ɧɟɡɚɜɢɫɢɦɨɣ ɢ ɡɚɜɢɫɢɦɵɯ ɩɟɪɟɦɟɧɧɵɯ 
ɦɨɞɟɥɢ ɫ 10-ɞɧɟɜɧɵɦ ɲɚɝɨɦ  

listBox10.Items.Add((X).ToString()); 
listBox1.Items.Add(String.Format("{0:0.0000000}",Y[1])); 
listBox2.Items.Add(String.Format("{0:0.0000000}",Y[2])); 
listBox3.Items.Add(String.Format("{0:0.0000000}",Y[3])); 
listBox4.Items.Add(String.Format("{0:0.0000000}",Y[4])); 
listBox5.Items.Add(String.Format("{0:0.0000000}",Y[5])); 
listBox6.Items.Add(String.Format("{0:0.0000000}",Y[6])); 
listBox7.Items.Add(String.Format("{0:0.0000000}",Y[7])); 
listBox8.Items.Add(String.Format("{0:0.0000000}",Y[8])); 
listBox9.Items.Add(String.Format("{0:0.0000000}",Y[9])); 

 } 
//Ɉɬɨɛɪɚɠɟɧɢɟ ɫɭɦɦɚɪɧɵɯ ɡɧɚɱɟɧɢɣ ɦɨɞɟɥɶɧɵɯ ɪɵɛ ɜ ɧɚɱɚɥɟ ɢ ɜ ɤɨɧɰɟ ɨɬɪɟɡɤɚ 
ɜɪɟɦɟɧɧɨɝɨ ɫɟɡɨɧɚ 
label10.Text="Ʉɚɪɩ – ɩɨɫɚɠɟɧɨ 584 ɤɝ, ɜɵɥɨɜɥɟɧɨ "+String.Format 
("{0:0.000000}",YД5Ж*80)+" ɤɝ"+"\n"+"Ɍɨɥɫɬɨɥɨɛɢɤ – ɩɨɫɚɠɟɧɨ 1470 ɤɝ, 
ɜɵɥɨɜɥɟɧɨ "+String.Format("{0:0.000000}",Y[6]*80).ToString()+" ɤɝ"Ҳ 
karp=Y[5]; 
tolst=Y[6]; 
 } 
//Ɉɛɴɹɜɥɟɧɢɟ ɥɨɤɚɥɶɧɨɣ ɮɭɧɤɰɢɢ, ɜɵɱɢɫɥɹɸɳɟɣ ɡɧɚɱɟɧɢɹ Ь-ɨɛɪɚɡɧɵɯ 
ɬɪɨɮɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ 

private double R(double J1,double J2,double UM,double UK) 
{  
 return UM*Math.Pow (J1,2)*J2/(Math.Pow( UK,2)+Math.Pow(J1,2)); 
} 
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//Ɉɛɴɹɜɥɟɧɢɟ ɥɨɤɚɥɶɧɨɣ ɮɭɧɤɰɢɢ, ɜɵɱɢɫɥɹɸɳɟɣ ɩɪɨɰɟɫɫ ɩɢɬɚɧɢɹ ɪɵɛ ɫ 
ɩɟɪɟɤɥɸɱɟɧɢɟɦ 

private double ETA(double AL,double AE,double AX)  
 {  
return Math.Exp(-AL*(AX-AE))/(1+Math.Exp (-AL*(AX-AE))); 
 } 

private void button1_Click_1(object sender, EventArgs e) 
{ 
try 
{  
//ɉɪɨɰɟɞɭɪɚ ɩɪɢɜɹɡɤɢ ɩɪɨɝɪɚɦɦɵ C# ɫ ɷɥɟɤɬɪɨɧɧɨɣ ɬɚɛɥɢɰɟɣ MS EбМОХ 

Microsoft.Office.Interop.Excel.Application objex=new 
Microsoft.Office.Interop.Excel.Application(); 

//Ɉɩɟɪɚɬɨɪɵ, ɫɨɡɞɚɸɳɢɟ ɪɚɛɨɱɭɸ ɤɧɢɝɭ ɢ ɪɚɛɨɱɢɯ ɥɢɫɬɨɜ ɜ MS EбМОХ 
Microsoft.Office.Interop.Excel.Workbook objwb; 
Microsoft.Office.Interop.Excel.Worksheet objwsh;  
objwb=objex.Workbooks.Add(System.Reflection.Missing.Value); 
objwsh=(Microsoft.Office.Interop.Excel.Worksheet)objwb.Sheets[1]; 
int j=1; 
for (int i=1; i<= listBox1.Items.Count; i++) 
{ 
j++; 

//Ɉɩɟɪɚɬɨɪɵ, ɩɨɦɟɳɚɸɳɢɟ ɡɧɚɱɟɧɢɹ ɩɟɪɟɦɟɧɧɵɯ ɦɨɞɟɥɢ ɜ ɹɱɟɣɤɚɯ ɗɌ MS 
EбМОХ ɢ ɤɨɧɜɟɪɬɢɪɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɛɥɨɤɨɜ listBox ɜ ɜɟɳɟɫɬɜɟɧɧɵɟ ɱɢɫɥɚ 

objwsh.Cells[j,1]=Convert.ToDouble(listBox10.Items[i-1]); 
objwsh.Cells[j,2]=Convert.ToDouble(listBox1.Items[i-1]); 
objwsh.Cells[j,3]=Convert.ToDouble(listBox2.Items[i-1]); 
objwsh.Cells[j,4]=Convert.ToDouble(listBox3.Items[i-1]); 
objwsh.Cells[j,5]=Convert.ToDouble(listBox4.Items[i-1]); 
objwsh.Cells[j,6]=Convert.ToDouble(listBox5.Items[i-1]); 
objwsh.Cells[j,7]=Convert.ToDouble(listBox6.Items[i-1]); 
objwsh.Cells[j,8]=Convert.ToDouble(listBox7.Items[i-1]); 
objwsh.Cells[j,9]=Convert.ToDouble(listBox8.Items[i-1]); 
objwsh.Cells[j,10]=Convert.ToDouble(listBox9.Items[i-1]); 

} 
//Ɉɩɟɪɚɬɨɪɵ, ɤɨɧɤɪɟɬɢɡɢɪɭɸɳɢɟ ɡɧɚɱɟɧɢɹ ɹɱɟɣɤɢ 1-ɣ ɫɬɪɨɤɢ ɬɚɛɥɢɰɵ MS EбМОХ 
ɩɨɞ ɩɟɪɟɦɟɧɧɵɯ ɦɨɞɟɥɢ  

objwsh.Cells[1,1Ж="ȼɪɟɦɹ"Ҳ 
objwsh.CellsД1,2Ж="Ɏɢɬɨɩɥ"Ҳ 
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objwsh.CellsД1,3Ж="Ɂɨɨɩɥ "Ҳ 
objwsh.CellsД1,4Ж="Ȼɟɧɬɨɫ"Ҳ 
objwsh.CellsД1,5Ж="Ȼɚɤɬ"Ҳ 
objwsh.CellsД1,6Ж="Ʉɚɪɩ"Ҳ 
objwsh.CellsД1,7Ж="Ɍɨɥɫɬ"Ҳ 
objwsh.CellsД1,8Ж="Ⱦɟɬɪɢɬ"Ҳ 
objwsh.CellsД1,9Ж="Ɏɨɫɮɨɪ"Ҳ 
objwsh.CellsД1,10Ж="Ⱥɡɨɬ"Ҳ 

//Ɉɬɨɛɪɚɠɟɧɢɟ ɫɭɦɦɚɪɧɵɯ ɡɧɚɱɟɧɢɣ ɦɨɞɟɥɶɧɵɯ ɪɵɛ ɜ ɧɚɱɚɥɟ ɢ ɜ ɤɨɧɰɟ ɨɬɪɟɡɤɚ 
ɜɪɟɦɟɧɧɨɝɨ ɫɟɡɨɧɚ ɧɚ ɪɚɛɨɱɟɦ ɥɢɫɬɟ ɗɌ MS EбМОХ  

objwsh.Cells[j+2,1]="\t Ʉɚɪɩ – ɩɨɫɚɠɟɧɨ 584 ɤɝ, ɜɵɥɨɜɥɟɧɨ "+karp*80+" ɤɝ"Ҳ 
objwsh.Cells[j+3,1]="\t Ɍɨɥɫɬɨɥɨɛɢɤ – ɩɨɫɚɠɟɧɨ 1470 ɤɝ, ɜɵɥɨɜɥɟɧɨ 
"+tolst*80+" ɤɝ"Ҳ 

//ɋɬɚɧɞɚɪɬɧɨ-ɫɢɫɬɟɦɧɵɟ ɨɩɟɪɚɬɨɪɵ, ɜɢɡɭɚɥɢɡɢɪɭɸɳɢɟ ɪɚɛɨɱɟɣ ɤɧɢɝɢ MS 
EбМОХ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɢ ɨɬɨɛɪɚɠɚɸɳɢɟ ɧɚ ɷɤɪɚɧɟ ɫɢɫɬɟɦɧɵɟ ɨɲɢɛɤɢ 

objex.Visible=true;  
objex.UserControl=true; 

 } 
 catch (Exception ex) 
 { 

MessageBox.Show(ex.Message); 
 } 

 } 
 } 

} 
ɉɨɹɫɧɢɬɟɥɶɧɚɹ ɡɚɩɢɫɤɚ ɩɨ ɩɪɨɝɪɚɦɦɟ. ɉɨ ɬɟɤɫɬɭ ɤɨɞɨɜ ɦɨɠɧɨ ɡɚɦɟɬɢɬɶ, 

ɱɬɨ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɩɪɨɝɪɚɦɦɚ ɫɨɫɬɨɢɬ ɢɡ ɧɟɫɤɨɥɶɤɢɯ ɜɡɚɢɦɨɫɜɹɡɚɧɧɵɯ ɱɚɫɬɟɣ, 
ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɞɥɹ ɨɛɴɹɜɥɟɧɢɹ ɬɢɩɨɜ ɜɟɥɢɱɢɧ (ɩɟɪɟɦɟɧɧɵɟ, ɦɚɫɫɢɜɵ ɞɚɧɧɵɯ, 
ɮɨɪɦ, ɮɭɧɤɰɢɣ ɢ ɬ.ɩ.), ɞɥɹ ɡɚɞɚɧɢɹ ɧɚɱɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ ɷɬɢɦ ɜɟɥɢɱɢɧɚɦ, ɞɥɹ 
ɜɵɱɢɫɥɟɧɢɹ ɢɯ ɧɨɜɵɯ ɡɧɚɱɟɧɢɣ (ɫɨɝɥɚɫɧɨ ɚɥɝɨɪɢɬɦɭ ɡɚɞɚɱɢ), ɞɥɹ ɨɬɨɛɪɚɠɟɧɢɹ 
ɷɬɢɯ ɡɧɚɱɟɧɢɣ ɧɚ ɷɤɪɚɧɟ, ɞɥɹ ɩɪɢɜɹɡɵɜɚɧɢɹ ɨɩɟɪɚɬɨɪɨɜ ɹɡɵɤɚ C# ɫ ɪɚɛɨɱɢɦɢ 
ɥɢɫɬɚɦɢ ɷɥɟɤɬɪɨɧɧɨɣ ɬɚɛɥɢɰɵ MS EбМОХ ɢ ɬ.ɞ. 

ȼ ɧɚɱɚɥɟ ɩɪɨɝɪɚɦɦɵ ɩɪɢɜɟɞɟɧɵ 9 ɫɬɚɧɞɚɪɬɧɵɯ ɫɢɫɬɟɦɧɵɯ ɨɩɟɪɚɬɨɪɨɜ 
ɨɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɝɨ ɹɡɵɤɚ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ C#, 
ɤɨɬɨɪɵɟ ɫɨɡɞɚɸɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ ɫɚɦɨɣ ɫɢɫɬɟɦɨɣ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɢɫɬɟɦɧɵɯ ɛɢɛɥɢɨɬɟɤ ɮɭɧɤɰɢɣ ɢ ɩɪɨɰɟɞɭɪ ɩɨ ɫɨɡɞɚɧɢɸ ɢ 
ɨɛɪɚɛɨɬɤɢ ɬɟɤɫɬɨɜ, ɱɢɫɥɨɜɵɯ ɢ ɧɟɱɢɫɥɨɜɵɯ ɞɚɧɧɵɯ, ɪɢɫɭɧɤɨɜ, ɮɨɪɦ, ɬɚɛɥɢɰ ɢ 
ɬ.ɞ. ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɦɨɠɧɨ ɤ ɷɬɨɦɭ ɦɧɨɠɟɫɬɜɭ ɫɢɫɬɟɦɧɵɯ ɨɩɟɪɚɬɨɪɨɜ 
ɞɨɛɚɜɢɬɶ ɧɨɜɵɟ ɱɚɫɬɧɵɟ (ɫɨɛɫɬɜɟɧɧɵɟ) ɩɨɥɶɡɨɜɚɬɟɥɶɫɤɢɟ ɨɩɟɪɚɬɨɪɵ. 
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Ⱦɚɥɟɟ ɫɨɡɞɚɧɨ ɩɪɨɫɬɪɚɧɫɬɜɨ ɢɦёɧ ɫɢɫɬɟɦ – ЧКЦОЬpКМО MКСгКЧСШ, ɩɨɞ 
ɨɛɳɢɦ ɧɚɡɜɚɧɢɟɦ «MКСгКЧСШ», ɤɨɬɨɪɨɟ «ɨɬɜɟɱɚɟɬ» ɡɚ ɞɚɥɶɧɟɣɲɢɦ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟɦ ɩɪɨɝɪɚɦɦɵ ɜ ɰɟɥɨɦ. ȼ ɩɪɨɫɬɪɚɧɫɬɜɟ ɢɦёɧ ɫɢɫɬɟɦ, ɤɚɤ 
ɩɪɚɜɢɥɨ, ɜɤɥɸɱɚɸɬɫɹ ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɟ ɢ ɛɚɡɨɜɵɟ ɤɥɚɫɫɵ, ɨɩɪɟɞɟɥɹɸɳɢɟ ɱɚɫɬɨ 
ɢɫɩɨɥɶɡɭɟɦɵɟ ɬɢɩɵ ɡɧɚɱɟɧɢɣ ɢ ɫɫɵɥɨɱɧɵɟ ɞɚɧɧɵɟ, ɫɨɛɵɬɢɹ ɢ ɨɛɪɚɛɨɬɱɢɤɢ 
ɫɨɛɵɬɢɣ, ɢɧɬɟɪɮɟɣɫɵ, ɚɬɪɢɛɭɬɵ ɢ ɬ.ɞ. 

ɋɥɟɞɭɸɳɚɹ ɝɪɭɩɩɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ 10 ɨɩɟɪɚɬɨɪɨɜ ɜɢɞɚ ХТЬЭBШб.IЭОЦЬ.CХОКЫ(), 
ɩɪɢɡɜɚɧɚ ɞɥɹ ɫɨɡɞɚɧɢɹ ɧɭɦɟɪɨɜɚɧɧɵɯ ɛɥɨɤɨɜ (ɫ 1 ɩɨ 10) ɩɨ ɫɨɞɟɪɠɚɧɢɸ 
ɡɧɚɱɟɧɢɹ ɡɚɜɢɫɢɦɵɯ ɢ ɧɟɡɚɜɢɫɢɦɵɯ ɩɟɪɟɦɟɧɧɵɯ ɦɨɞɟɥɢ ɢ ɨɱɢɳɟɧɢɹ ɢɯ 
ɫɨɞɟɪɠɢɦɨɝɨ ɩɟɪɟɞ ɩɟɪɜɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ. 

ɉɨɫɥɟɞɭɸɳɢɟ ɨɩɟɪɚɬɨɪɵ ɫɥɭɠɚɬ ɞɥɹ ɨɩɢɫɚɧɢɹ ɬɢɩɨɜ ɩɟɪɟɦɟɧɧɵɯ, 
ɤɨɷɮɮɢɰɢɟɧɬɨɜ, ɩɚɪɚɦɟɬɪɨɜ ɦɨɞɟɥɢ ɢ ɦɚɫɫɢɜɨɜ ɞɚɧɧɵɯ, ɚ ɬɚɤɠɟ ɡɚɞɚɧɢɹ ɢɯ 
ɱɢɫɥɨɜɵɯ ɡɧɚɱɟɧɢɣ. ȼ ɩɪɨɝɪɚɦɦɟ ɢɫɩɨɥɶɡɨɜɚɧɨ 7 ɨɞɧɨɦɟɪɧɵɯ ɦɚɫɫɢɜɨɜ 
ɨɞɢɧɚɤɨɜɨɣ ɞɥɢɧɵ (150), ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɯ ɜɧɟɲɧɢɟ ɮɭɧɤɰɢɢ ɦɨɞɟɥɢ, ɬɚɤɢɟ 
ɤɚɤ ɤɥɢɦɚɬɢɱɟɫɤɢɟ ɮɚɤɬɨɪɵ (ɦɚɫɫɢɜ ɬɟɦɩɟɪɚɬɭɪ – TT, ɦɚɫɫɢɜ ɨɫɜɟɳёɧɧɨɫɬɟɣ – 
I0), ɭɩɪɚɜɥɹɸɳɢɟ ɮɚɤɬɨɪɵ (ɤɭɤɨɥɤɢ ɬɭɬɨɜɨɝɨ ɲɟɥɤɨɩɪɹɞɚ – CU, ɤɨɦɛɢɤɨɪɦ – 
CO, ɚɦɦɢɚɱɧɚɹ ɫɟɥɢɬɪɚ – SE, ɫɭɩɟɪɮɨɫɮɚɬ – SU), ɦɚɫɫɢɜ ɩɥɨɳɚɞɟɣ ɨɩɵɬɧɨɝɨ 
ɪɵɛɨɜɨɞɧɨɝɨ ɩɪɭɞɚ – SS, ɚ ɬɚɤɠɟ 16 ɦɚɫɫɢɜɨɜ ɪɚɡɥɢɱɧɨɣ ɞɥɢɧɵ. ɗɬɢ ɦɚɫɫɢɜɵ 
ɞɚɧɧɵɯ ɡɚɞɟɣɫɬɜɨɜɚɧɵ ɞɥɹ ɨɩɢɫɚɧɢɹ ɬɢɩɨɜ ɢ ɡɚɞɚɧɢɹ ɧɚɱɚɥɶɧɵɯ, 
ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɢ ɤɨɧɟɱɧɵɯ ɡɧɚɱɟɧɢɣ ɬɟɦ ɱɢɫɥɨɜɵɦ ɜɟɥɢɱɢɧɚɦ, ɢɦɟɧɚ ɢ ɫɦɵɫɥ 
ɤɨɬɨɪɵɯ, ɭɤɚɡɚɧɵ ɜ ɤɨɦɦɟɧɬɢɪɭɸɳɢɯ ɫɬɪɨɤɚɯ (ɫɬɪɨɤɢ, ɧɚɱɢɧɚɸɳɢɟɫɹ ɫ ɞɜɭɦɹ 
ɫɥɷɲɚɦɢ – //), ɩɪɢɜɟɞёɧɧɵɯ ɜ ɧɚɱɚɥɟ ɤɚɠɞɨɣ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɝɪɭɩɩɵ 
ɨɩɟɪɚɬɨɪɨɜ.  

ɇɟɫɤɨɥɶɤɨ ɩɨɫɥɟɞɭɸɳɢɯ ɨɩɟɪɚɬɨɪɨɜ ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɥɹ ɨɛɴɹɜɥɟɧɢɹ 
ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɜɟɥɢɱɢɧ ɩɪɨɝɪɚɦɦɵ, ɚ ɬɚɤɠɟ ɢɦɟɧɚ ɦɚɫɫɢɜɨɜ, 
ɢɫɩɨɥɶɡɨɜɚɧɧɵɯ ɜ ɦɟɬɨɞɟ ɊɄɆ ɢ ɜɵɜɨɞɚ ɧɚ ɷɤɪɚɧ ɧɚɱɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ 
ɩɟɪɟɦɟɧɧɵɯ ɦɨɞɟɥɢ ɩɨ ɨɩɪɟɞɟɥёɧɧɨɣ ɮɨɪɦɟ. Ⱦɚɥɟɟ ɡɚɞɟɣɫɬɜɨɜɚɧɵ ɨɩɟɪɚɬɨɪɵ 
ɩɪɨɝɪɚɦɦɵ ɞɥɹ ɩɟɪɟɫɱёɬɚ ɤɨɧɰɟɧɬɪɚɰɢɣ ɭɩɪɚɜɥɹɸɳɢɯ ɦɚɫɫɢɜɨɜ ɞɚɧɧɵɯ, 
ɤɨɬɨɪɵɟ ɡɚɜɢɫɹɬ ɨɬ ɞɢɧɚɦɢɤɢ ɡɚɞɚɧɧɨɝɨ ɦɚɫɫɢɜɚ ɩɥɨɳɚɞɟɣ ɨɩɵɬɧɨɝɨ 
ɧɚɝɭɥɶɧɨɝɨ ɩɪɭɞɚ. 

Ɂɚɬɟɦ ɩɪɨɝɪɚɦɦɚ ɜ ɰɢɤɥɟ (150 ɪɚɡ, ɬ.ɟ. ɟɠɟɞɧɟɜɧɨ), ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ 
ɨɛɪɚɛɚɬɵɜɚɟɬ ɫɦɵɫɥɨɜɭɸ ɱɚɫɬɶ ɚɥɝɨɪɢɬɦɚ ɡɚɞɚɱɢ, ɩɪɢɱёɦ, ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ 
ɪɟɡɭɥɶɬɚɬɵ ɧɚ ɩɟɱɚɬɶ, ɨɧɚ ɜɵɞɚёɬ ɱɟɪɟɡ ɤɚɠɞɵɟ 10 ɞɧɟɣ. ɋɧɚɱɚɥɚ ɩɪɨɝɪɚɦɦɚ 
ɜɵɱɢɫɥɹɟɬ ɬɟɦɩɟɪɚɬɭɪɧɵɟ ɮɭɧɤɰɢɢ ɞɥɹ ɠɢɜɵɯ ɨɪɝɚɧɢɡɦɨɜ ɦɨɞɟɥɢ. Ɂɚɬɟɦ 
ɫɥɟɞɭɸɬ ɨɩɟɪɚɬɨɪɵ ɜɵɱɢɫɥɟɧɢɹ ɮɨɪɦɭɥɵ ȼɚɧɬ-Ƚɨɮɮɚ, ɮɭɧɤɰɢɢ ɨɫɜɟɳёɧɧɨɫɬɢ, 
ɩɪɨɰɟɫɫɨɜ ɩɨɬɪɟɛɥɟɧɢɹ ɛɢɨɝɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɮɢɬɨɩɥɚɧɤɬɨɧɨɦ ɢ ɛɚɤɬɟɪɢɹɦɢ ɩɨ 
ɡɚɤɨɧɚɦ ɫɬɟɯɢɨɦɟɬɪɢɢ ɢ ɥɢɦɢɬɢɪɭɸɳɢɯ ɮɚɤɬɨɪɨɜ Ʌɢɛɢɯɚ, ɪɚɡɥɨɠɟɧɢɹ ɞɟɬɪɢɬɚ 
ɞɨ ɛɢɨɝɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɛɚɤɬɟɪɢɹɦɢ, ɬɪɨɮɢɱɟɫɤɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɦɟɠɞɭ 
ɩɟɪɟɦɟɧɧɵɦɢ ɦɨɞɟɥɢ, ɩɟɪɟɯɨɞɚ ɪɵɛ ɫ ɨɞɧɨɝɨ ɜɢɞɚ ɤɨɪɦɚ ɧɚ ɞɪɭɝɨɣ (ɜ ɫɥɭɱɚɟ 
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ɧɟɞɨɫɬɚɬɤɚ ɢɡɥɸɛɥɟɧɧɨɝɨ ɢɥɢ ɡɚɦɟɧɹɸɳɟɝɨ ɟɝɨ ɤɨɪɦɨɜ, ɧɚɩɪɢɦɟɪ, ɩɨɬɪɟɛɥɟɧɢɹ 
ɛɚɤɬɟɪɢɣ ɬɨɥɫɬɨɥɨɛɢɤɨɦ, ɡɨɨɩɥɚɧɤɬɨɧɚ ɤɚɪɩɨɦ, ɞɟɬɪɢɬɚ ɬɨɥɫɬɨɥɨɛɢɤɨɦ) ɢ 
ɩɪɨɰɟɫɫɚ ɫɦɟɪɬɧɨɫɬɢ ɠɢɜɵɯ ɨɪɝɚɧɢɡɦɨɜ.  

Ⱦɟɜɹɬɶ ɩɨɫɥɟɞɭɸɳɢɯ ɨɩɟɪɚɬɨɪɨɜ ɩɪɢɫɜɚɢɜɚɧɢɹ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ 
ɜɵɱɢɫɥɟɧɢɹ ɩɪɚɜɵɯ ɱɚɫɬɟɣ ɩɨɬɨɤɨɜɵɯ ɨɛɵɤɧɨɜɟɧɧɵɯ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɵɯ 
ɭɪɚɜɧɟɧɢɣ, ɬ.ɟ. ɫɚɦɨɣ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɦɨɞɟɥɢ. Ⱦɥɹ ɷɬɨɣ ɰɟɥɢ ɡɚɞɟɣɫɬɜɨɜɚɧ 
ɨɞɧɨɪɨɞɧɵɣ ɱɢɫɥɨɜɨɣ ɦɚɫɫɢɜ S, ɞɥɢɧɵ 9.  

ɋɥɟɞɭɸɳɢɟ ɨɩɟɪɚɬɨɪɵ ɩɪɨɝɪɚɦɦɵ ɪɟɚɥɢɡɭɸɬ ɦɟɬɨɞ Ɋɭɧɝɟ-Ʉɭɬɬɚ-Ɇɟɪɫɨɧɚ. 
Ɍɟɤɫɬ ɤɨɞɨɜ ɷɬɨɣ ɱɚɫɬɢ ɩɪɨɝɪɚɦɦɵ ɫɱɢɬɚɟɬɫɹ ɫɚɦɵɦ ɨɛɴёɦɧɵɦ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɞɪɭɝɢɦ ɬɟɤɫɬɚɦ ɱɚɫɬɟɣ ɩɪɨɝɪɚɦɦɵ. ȼ ɧёɦ ɮɢɝɭɪɢɪɭɸɬ ɛɨɥɟɟ 60 ɨɩɟɪɚɬɨɪɨɜ. 
Ⱦɚɧɧɚɹ ɱɚɫɬɶ ɩɪɨɝɪɚɦɦɵ ɩɨɥɧɨɫɬɶɸ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɨɩɢɫɚɧɧɨɦɭ ɜɵɲɟ 
ɚɥɝɨɪɢɬɦɭ (ɪɢɫ. 1). 

Ⱦɚɥɟɟ ɨɩɹɬɶ ɫɥɟɞɭɟɬ ɝɪɭɩɩɚ ɨɩɟɪɚɬɨɪɨɜ ХТЬЭBШб, ɧɨ ɭɠɟ ɜ 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɦ ɜɢɞɟ ХТЬЭBШб.IЭОЦЬ.AНН (String.Format("{0:0.0000000}", 
ВДЖ)), ɤɨɬɨɪɚɹ ɬɟɩɟɪɶ ɫɥɭɠɢɬ ɞɥɹ ɨɬɨɛɪɚɠɟɧɢɹ ɜɵɱɢɫɥɟɧɧɵɯ ɡɧɚɱɟɧɢɣ 
ɧɟɡɚɜɢɫɢɦɨɣ ɢ ɡɚɜɢɫɢɦɵɯ ɩɟɪɟɦɟɧɧɵɯ ɦɨɞɟɥɢ ɫ 10-ɞɧɟɜɧɵɦ ɲɚɝɨɦ. 
ɇɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɡɚ ɷɬɨɣ ɝɪɭɩɩɨɣ ɨɩɟɪɚɬɨɪɨɜ ɫɥɟɞɭɸɬ ɨɩɟɪɚɬɨɪɵ, 
ɨɬɨɛɪɚɠɚɸɳɢɟ ɧɚ ɷɤɪɚɧɟ ɫɭɦɦɚɪɧɵɟ ɡɧɚɱɟɧɢɹ ɦɨɞɟɥɶɧɵɯ ɪɵɛ ɜ ɧɚɱɚɥɟ ɢ ɜ 
ɤɨɧɰɟ ɨɬɪɟɡɤɚ ɜɪɟɦɟɧɧɨɝɨ ɫɟɡɨɧɚ. 

ɋɥɟɞɭɸɳɢɦɢ ɨɩɟɪɚɬɨɪɚɦɢ ɩɪɨɝɪɚɦɦɵ ɹɜɥɹɸɬɫɹ ɨɩɟɪɚɬɨɪɵ ɨɩɢɫɚɧɢɹ ɞɜɭɯ 
ɥɨɤɚɥɶɧɵɯ ɮɭɧɤɰɢɣ, ɜɵɱɢɫɥɹɸɳɢɟ s-ɨɛɪɚɡɧɵɯ ɬɪɨɮɢɱɟɫɤɢɯ ɮɭɧɤɰɢɣ ɠɢɜɵɯ 
ɨɪɝɚɧɢɡɦɨɜ ɷɤɨɫɢɫɬɟɦɵ ɢ ɩɢɬɚɧɢɹ ɪɵɛ ɫ ɩɟɪɟɤɥɸɱɟɧɢɟɦ ɫ ɨɞɧɨɝɨ ɜɢɞɚ ɤɨɪɦɚ 
ɧɚ ɞɪɭɝɨɣ. 

ɇɚ ɷɬɨɦ ɦɟɫɬɟ, ɫɨɛɫɬɜɟɧɧɨ ɝɨɜɨɪɹ, ɢ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɜɵɱɢɫɥɢɬɟɥɶɧɵɣ ɪɚɡɞɟɥ 
ɩɪɨɝɪɚɦɦɵ ɜ ɨɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɦ ɹɡɵɤɟ C#. Ⱦɚɥɟɟ ɧɚɱɢɧɚɸɬɫɹ 
ɦɟɠɩɪɨɝɪɚɦɦɧɵɟ (ɫɜɹɡɧɵɟ) ɨɩɟɪɚɬɨɪɵ. Ɉɩɟɪɚɬɨɪɵ «MТМЫШЬШПЭ.OППТМО.IЧЭОЫШp. 
EбМОХ.AppХТМКЭТШЧ ШЛУОб=ЧОа» ɢ «MТМЫШЬШПЭ.OППТМО.IЧЭОЫШp.EбМОХ.AppХТМКЭТШЧ()» 
ɩɪɢɡɜɚɧɵ ɢɦɟɧɧɨ ɞɥɹ ɩɪɢɜɹɡɤɢ ɹɡɵɤɚ C# ɫ ɷɥɟɤɬɪɨɧɧɨɣ ɬɚɛɥɢɰɟɣ MS EбМОХ. 
Ⱦɪɭɝɢɟ, ɩɨɫɥɟɞɧɢɟ ɝɪɭɩɩɵ ɨɩɟɪɚɬɨɪɨɜ ɨɛɳɟɣ ɩɪɨɝɪɚɦɦɵ, ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ 
ɫɨɡɞɚɧɢɹ ɪɚɛɨɱɟɣ ɤɧɢɝɢ ɢ ɪɚɛɨɱɢɯ ɥɢɫɬɨɜ ɜ MS EбМОХ, ɩɨɦɟɳɟɧɢɹ ɡɧɚɱɟɧɢɣ 
ɩɟɪɟɦɟɧɧɵɯ ɦɨɞɟɥɢ ɜ ɹɱɟɣɤɚɯ ɗɌ MS EбМОХ, ɤɨɧɜɟɪɬɢɪɨɜɚɧɢɹ ɡɧɚɱɟɧɢɣ ɛɥɨɤɨɜ 
ХТЬЭBШб ɜ ɜɟɳɟɫɬɜɟɧɧɵɟ ɱɢɫɥɚ, ɨɬɨɛɪɚɠɟɧɢɹ ɫɨɞɟɪɠɚɧɢɣ ɹɱɟɟɤ ɪɚɛɨɱɟɝɨ ɥɢɫɬɚ 
ɷɥɟɤɬɪɨɧɧɨɣ ɬɚɛɥɢɰɵ ɧɚ ɷɤɪɚɧɟ, ɨɮɨɪɦɥɟɧɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɫ 
ɩɨɦɨɳɶɸ MS EбМОХ ɢ ɬ.ɞ.  

Ɍɟɯɧɨɥɨɝɢɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɨɝɪɚɦɦɵ. Ɋɚɛɨɱɚɹ ɩɪɨɝɪɚɦɦɚ ɡɚɝɪɭɠɚɟɬɫɹ ɫ 
ɩɨɦɨɳɶɸ ɜɵɩɨɥɧɹɟɦɨɝɨ ɮɚɣɥɚ Mahzanho.exe, ɤɨɬɨɪɵɣ ɪɚɫɩɨɥɨɠɟɧ ɩɨ ɚɞɪɟɫɭ 
Prud\Mahzanho\bin\Debug\Mahzanho.exe.  
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Ɉɛɹɡɚɬɟɥɶɧɵɦ ɚɬɪɢɛɭɬɨɦ ɪɚɛɨɬɵ ɫ 
ɩɪɨɝɪɚɦɦɨɣ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɭ Ɉɋ 
ɤɨɦɩɶɸɬɟɪɚ ɩɨɥɶɡɨɜɚɬɟɥɹ ɩɪɨɝɪɚɦɦɧɨɣ 
ɩɥɚɬɮɨɪɦɵ .NET Framework ɜɟɪɫɢɢ 4.5 ɢ 
ɜɵɲɟ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɜɵɩɨɥɧɟɧɢɹ ɮɚɣɥɚ 
Mahzanho.exe ɧɚ ɷɤɪɚɧɟ ɩɨɹɜɥɹɟɬɫɹ 
(ɚɤɬɢɜɢɡɢɪɭɟɬɫɹ) ɬɚɛɥɢɱɧɚɹ ɮɨɪɦɚ, ɜɢɞ 
ɤɨɬɨɪɨɣ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫ. 1. 

ɉɨ ɪɢɫɭɧɤɭ ɡɚɦɟɬɧɨ, ɱɬɨ ɮɨɪɦɚ 
ɫɨɞɟɪɠɢɬ 4 ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɬɪɨɤ, 10 
ɢɦɟɧɨɜɚɧɧɵɯ ɫɬɨɥɛɰɨɜ ɢ 2 ɤɨɦɚɧɞɧɵɟ ɤɧɨɩɤɢ. Ⱦɜɟ ɩɟɪɜɵɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ 
ɫɬɪɨɤɢ, ɧɚɯɨɞɹɳɢɟɫɹ ɜ ɜɟɪɯɧɟɣ ɱɚɫɬɢ ɮɨɪɦɵ, ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɨɬɨɛɪɚɠɟɧɢɹ 
ɢɦёɧ ɩɟɪɟɦɟɧɧɵɯ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ɢ ɢɯ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɡɧɚɱɟɧɢɣ ɜ 
ɫɚɦɨɦ ɧɚɱɚɥɟ ɫɟɡɨɧɚ ɜɵɪɚɳɢɜɚɧɢɹ ɪɵɛ ɜ ɨɩɵɬɧɨɦ ɪɵɛɨɜɨɞɧɨɦ ɩɪɭɞɭ. Ⱦɜɟ 
ɩɨɫɥɟɞɭɸɳɢɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɫɬɪɨɤɢ, ɧɚɯɨɞɹɳɢɟɫɹ ɜ ɧɢɠɧɟɣ ɱɚɫɬɢ ɮɨɪɦɵ 
(ɩɨɫɥɟ ɢɦɟɧɨɜɚɧɧɵɯ ɫɬɨɥɛɰɨɜ), ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ ɨɬɨɛɪɚɠɟɧɢɹ ɛɢɨɦɚɫɫ ɪɵɛ ɜ 
ɧɚɱɚɥɟ ɢ ɜ ɤɨɧɰɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɫɟɡɨɧɚ.  

ɋɬɨɥɛɰɵ ɮɨɪɦɵ ɩɪɟɞɧɚɡɧɚɱɟɧɵ 
ɞɥɹ ɨɬɨɛɪɚɠɟɧɢɹ ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ 
ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢ ɩɨ ɤɚɠɞɨɦɭ 
ɤɨɧɤɪɟɬɧɨɦɭ ɩɟɪɟɦɟɧɧɨɦɭ, ɤɨɬɨɪɵɟ 
ɜɵɜɨɞɹɬɫɹ ɧɚ ɷɤɪɚɧ ɫ 10-ɞɧɟɜɧɵɦ 
ɲɚɝɨɦ. Ʉɨɦɚɧɞɧɚɹ ɤɧɨɩɤɚ «Ɋɟɡɭɥɶɬɚɬ» 
ɫɥɭɠɢɬ ɞɥɹ ɡɚɝɪɭɡɤɢ ɩɪɨɝɪɚɦɦɵ, ɟё 

ɪɚɡɨɜɨɝɨ ɜɵɩɨɥɧɟɧɢɹ ɢ ɜɵɜɨɞɚ ɧɚ 
ɷɤɪɚɧ ɟё ɜɵɱɢɫɥɢɬɟɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. 
ɋ ɟё ɧɚɠɚɬɢɟɦ ɧɚ ɷɤɪɚɧɟ ɩɨɹɜɥɹɟɬɫɹ ɡɚɩɨɥɧɟɧɧɚɹ ɮɨɪɦɚ, ɩɪɢɦɟɪɧɨ ɜ 
ɫɥɟɞɭɸɳɟɦ ɜɢɞɟ (ɪɢɫ. 2). 

Ʉɨɦɚɧɞɧɚɹ ɤɧɨɩɤɚ «ɋɨɯɪɚɧɢɬɶ» 
ɫɥɭɠɢɬ ɞɥɹ ɚɜɬɨɦɚɬɢɱɟɫɤɨɣ ɩɟɪɟɞɚɱɢ 
ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ ɨɛɴɟɤɬɧɨ-
ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɝɨ ɹɡɵɤɚ 
ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɋ# ɜ ɷɥɟɤɬɪɨɧɧɵɯ 
ɬɚɛɥɢɰɚɯ ɨɮɢɫɧɨɣ ɩɪɨɝɪɚɦɦɵ MS Excel, 
ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɢɯ ɫɨɯɪɚɧɟɧɢɹ ɢ 
ɨɮɨɪɦɥɟɧɢɹ ɜ ɜɢɞɟ ɝɪɚɮɢɤɨɜ ɢ 
ɞɢɚɝɪɚɦɦ. ɉɨɫɥɟ ɟё ɧɚɠɚɬɢɹ ɧɚ ɷɤɪɚɧɟ 
ɩɨɹɜɥɹɟɬɫɹ ɬɚɛɥɢɰɚ MS Excel, 

Ɋɢɫ. 1. Ɉɛɳɢɣ ɜɢɞ ɷɤɪɚɧɧɨɣ ɮɨɪɦɵ ɜɵɜɨɞɚ 
ɪɟɡɭɥɶɬɚɬɨɜ ɦɨɞɟɥɢ ɧɚ ɤɨɦɩɶɸɬɟɪɟ 

Ɋɢɫ. 2. Ɋɟɡɭɥɶɬɢɪɭɸɳɚɹ ɷɤɪɚɧɧɚɹ ɮɨɪɦɚ 

Ɋɢɫ. 3. Ɍɪɚɧɫɮɨɪɦɢɪɨɜɚɧɧɚɹ ɷɤɪɚɧɧɚɹ ɮɨɪɦɚ C# 
ɧɚ ɪɚɛɨɱɟɦ ɥɢɫɬɟ MS EбМОХ 
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ɩɪɢɦɟɪɧɵɣ ɜɢɞ ɤɨɬɨɪɨɣ ɩɨɤɚɡɚɧ ɧɚ ɪɢɫ. 3. 
Ʉɚɤ ɬɨɥɶɤɨ ɦɵ ɫ ɞɨɫɬɚɬɨɱɧɨɣ ɭɜɟɪɟɧɧɨɫɬɶɸ ɭɛɟɞɢɥɢɫɶ ɜ ɬɨɦ, ɱɬɨ 

ɩɨɥɭɱɟɧɧɚɹ ɜ ɪɟɡɭɥɶɬɚɬɟ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɜɵɱɢɫɥɟɧɢɹ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ 
ɞɢɧɚɦɢɤɚ ɩɟɪɟɦɟɧɧɵɯ ɦɨɠɟɬ ɜɩɨɥɧɟ ɚɞɟɤɜɚɬɧɨ ɨɬɪɚɠɚɬɶ ɪɟɚɥɶɧɭɸ ɤɚɪɬɢɧɭ 
ɪɚɡɜɢɬɢɹ ɷɤɨɫɢɫɬɟɦɵ ɨɩɵɬɧɨɝɨ ɪɵɛɨɜɨɞɧɨɝɨ ɩɪɭɞɚ ɜ ɬɟɱɟɧɢɟ ɨɞɧɨɝɨ ɫɟɡɨɧɚ, ɬɨ 
ɬɪɚɧɫɮɨɪɦɢɪɨɜɚɥɢ ɦɨɞɟɥɶ ɜ  ɢɧɫɬɪɭɦɟɧɬ ɩɨ ɩɪɨɝɧɨɡɢɪɨɜɚɧɢɸ ɟё ɞɢɧɚɦɢɤɢ. 

 Ɂɚ ɢɫɯɨɞɧɵɦ ɜɚɪɢɚɧɬɨɦ ɪɚɡɜɢɬɢɹ ɷɤɨɫɢɫɬɟɦɵ ɦɨɞɟɥɶɧɨɝɨ ɨɩɵɬɧɨɝɨ 
ɪɵɛɨɜɨɞɧɨɝɨ ɩɪɭɞɚ, ɩɪɢɧɢɦɚɹ ɜɟɪɢɮɢɤɚɰɢɨɧɧɵɟ ɜɵɱɢɫɥɢɬɟɥɶɧɵɟ ɪɟɡɭɥɶɬɚɬɵ 
ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ (ɪɢɫ. 4), ɧɚ ɤɨɦɩɶɸɬɟɪɟ ɛɵɥɢ ɪɚɡɵɝɪɚɧɵ 35 
ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢ ɭɩɪɚɜɥɟɧɱɟɫɤɢɯ ɫɰɟɧɚɪɧɵɯ ɜɚɪɢɚɧɬɨɜ ɪɚɡɜɢɬɢɹ ɞɢɧɚɦɢɤɢ ɟё 
ɩɟɪɟɦɟɧɧɵɯ. 

 

 
 
Ɋɢɫ. 4. ȼɟɪɢɮɢɤɚɰɢɨɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɢɦɢɬɚɰɢɨɧɧɨɣ ɦɨɞɟɥɢ ɫ ɧɚɱɚɥɶɧɵɦɢ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɞɚɧɧɵɦɢ 
ɨɩɵɬɧɨɝɨ ɪɵɛɨɜɨɞɧɨɝɨ ɩɪɭɞɚ ɡɚ 1986ɝ: - – ɤɪɢɜɵɟ ɫɪɚɜɧɟɧɢɹ ɦɨɞɟɥɶɧɵɯ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ 
ɛɢɨɦɚɫɫɚɦ ɪɵɛ,  – ɜɟɫ ɪɵɛ (ɤɝ) ɜ ɧɚɱɚɥɟ ɢ ɤɨɧɰɟ ɫɟɡɨɧɚ,  – ɫɨɨɬɧɨɲɟɧɢɟ ɨɬɥɨɜɥɟɧɧɵɯ ɪɵɛ ɡɚ ɫɟɡɨɧ 
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Ʌɢɬɟɪɚɬɭɪɚ 

1.  Ʉɨɦɢɥɨɜ Ɏ.ɋ. ɍɱёɬ ɝɢɞɪɨ-ɤɥɢɦɚɬɢɱɟɫɤɢɯ ɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɷɤɨɫɢɫɬɟɦɵ ɪɵɛɨɜɨɞɧɨɝɨ ɩɪɭɞɚ ɩɪɢ ɟё ɤɨɦɩɶɸɬɟɪɧɨɦ 
ɦɨɞɟɥɢɪɨɜɚɧɢɢ  / Ɏ. ɋ. Ʉɨɦɢɥɨɜ, ɋ.ɏ. Ɇɢɪɡɨɟɜ, Ɏ. Ⱥɤɨɛɢɪɡɨɞɚ // ȼɟɫɬɧɢɤ 
Ɍɚɞɠɢɤɫɤɨɝɨ ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ (ɧɚɭɱɧɵɣ ɠɭɪɧɚɥ), ɫɟɪ. ɟɫɬɟɫɬɜ. 
ɧɚɭɤ, 1/1(156). – Ⱦɭɲɚɧɛɟ: «ɋɢɧɨ», 2015. – ɋ. 19-27. 

2.  Ʉɨɦɢɥɨɜ Ɏ.ɋ. Ɇɢɤɪɨɛɢɨɥɨɝɢɱɟɫɤɢɟ ɨɫɧɨɜɵ ɤɨɦɩɶɸɬɟɪɧɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɷɤɨɫɢɫɬɟɦɵ ɪɵɛɨɜɨɞɧɨɝɨ ɩɪɭɞɚ  / Ɏ.ɋ. Ʉɨɦɢɥɨɜ, ɋ.ɏ. 
Ɇɢɪɡɨɟɜ, Ɏ. Ⱥɤɨɛɢɪɡɨɞɚ, ɂ. ɗɪɝɚɲɛɨɟɜ // ɂɡɜɟɫɬɢɹ Ⱥɇ Ɋɟɫɩɭɛɥɢɤɢ 
Ɍɚɞɠɢɤɢɫɬɚɧ, ɨɬɞ. ɛɢɨɥ. ɢ ɦɟɞ. ɧɚɭɤ. - № 2 (190). – 2015.  
 – ɋ. 54-62.  

3. Ⱦɶɹɤɨɧɨɜ ȼ.ɉ. ɋɩɪɚɜɨɱɧɢɤ ɩɨ ɚɥɝɨɪɢɬɦɚɦ ɢ ɩɪɨɝɪɚɦɦɚɦ ɧɚ ɹɡɵɤɟ Ȼɟɣɫɢɤ 
ɞɥɹ ɩɟɪɫɨɧɚɥɶɧɵɯ ɗȼɆ. – Ɇ.: ɇɚɭɤɚ, 1987. – 240 ɫ. 

 
ɈɂȾ ȻȺ ȻȺɊɇɈɆȺɂ ԞɂɋɈȻȻȺɊɈɊɂɂ ȺɆɋɂɅȺɂ 

ɌȺҚɅɂȾɂɂ ɗɄɈɋɂɋɌȿɆȺɂ ԞȺȼɁɂ ɆɈԞɂɉȺɊȼȺɊव 
Ʉɨɦɢɥɨɜ Ɏ.ɋ., Ɇɢɪɡɨɟɜ ɋ.Ԟ. 

Ɏɢɥɢɚɥɢ ȾȾɆ ɛɚ ɧɨɦɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜ ɞɚɪ ɲ. Ⱦɭɲɚɧɛɟ 
Ɇɚқɨɥɚ ɛɚ ɚɥɝɨɪɢɬɦɫɨɡӣ ɜɚ ɛɚɪɧɨɦɚɪɟɡɢɢ ɚɦɫɢɥɚɢ ɪɢёɡɢɢ ɷɤɨɫɢɫɬɟɦɚɢ ԟɚɜɡɢ 

ɦɨԟɢɩɚɪɜɚɪӣ ɞɚɪ ɡɚɛɨɧɢ ɛɚɪɧɨɦɚɫɨɡɢɢ ɨɛɴɟɤɬɝɚɪɨɢ ɋ# ɛɚɯɲɢɞɚ ɲɭɞɚɚɫɬ. Ⱦɚɪ ɨɧ 
ɬɟɯɧɨɥɨɝɢɹɢ ɢɫɬɢɮɨɞɚɢ ɛɚɪɧɨɦɚɢ ԟɢɫɨɛɛɚɪɨɪӣ ɬɚɫɜɢɪ ёɮɬɚɚɫɬ. 

Ʉɚɥɢɦɚԟɨɢ ɤɚɥɢɞश: ɚɦɫɢɥɚ, ɚɥɝɨɪɢɬɦ, ɛɚɪɧɨɦɚ, ɨɩɟɪɚɬɨɪ, ɤɨɦɩɸɬɟɪ, ԟɚɜɡ, ɦɨԟӣ. 
 

ABOUT OF COMPUTING PROGRAM SIMULATIONS MODEL 
OF FISHPONDS ECOSYSTEM 

Komilov F.S., Mirzoev S.H. 
2The branch of Lomonosov Moscow State University in Dushanbe 

The article investigates to algorithms and programming mathematical model of experienced 
fishponds ecosystem on object-oriented programming language C#. It describes the use of computer 
technology program. 

Key words: model, algorithm, program, operator, computer, pond, fish. 
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ɍȾɄ 536.12.32.24 

ɄɈɗɎɎɂɐɂȿɇɌ ɆȺɋɋɈɈɌȾȺɑɂ ɄɈȻȺɅɖɌɈȼɕɏ 
ɄȺɌȺɅɂɁȺɌɈɊɈȼ ɇȺ ɈɋɇɈȼȿ ɉɈɊɂɋɌɈɃ ȽɊȺɇɍɅɂɊɈȼȺɇɇɈɃ 

ɈɄɂɋɂ ȺɅɘɆɂɇɂə ȼ ɋɊȿȾȿ ȺȼɂȺɐɂɈɇɇɈȽɈ ɄȿɊɈɋɂɇȺ 
ɋɚɮɚɪɨɜ Ɇ.Ɇ.1, Ⱥɛɞɭɧɚɡɚɪɨɜ ɋ.ɋ.2  

1Ɏɢɥɢɚɥ ɆȽɍ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ  ɜ ɝ. Ⱦɭɲɚɧɛɟ 
2Эɧɟɪɝɟɬɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ Ɍɚɞɠɢɤɢɫɬɚɧɚ ɜ ɝ.Ʉɭɪɝɚɧ-ɬɸɛɟ 

 
 ȼ ɪɚɛɨɬɟ ɩɪɢɜɨɞɹɬɫɹ ɪɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɝɨ ɢɫɫɥɟ-ɞɨɜɚɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɦɚɫɫɨɨɬɞɚɱɢ ɤɨɛɚɥɶɬɨɜɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 293Ʉ ɢ ɞɚɜɥɟɧɢɢ 0,101Ɇɉɚ. 
Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɚɫɨɨɬɞɚɱɢ ɨɛɪɚɡɰɨɜ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɪɚɡɧɨɫɬɶ ɦɚɫɫɵ  
ɨɛɪɚɡɰɚ ɢ ɜɪɟɦɹ ɜɵɞɟɪɠɤɢ ɤɚɬɚɥɢɡɚɬɨɪɚ ɜ ɩɪɨɰɟɫɫɟ ɭɜɥɚɠɧɟɧɢɹ. ɉɨɝɪɟɲɧɨɫɬɶ ɪɚɫɱɟɬɚ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɚɫɫɨɨɬɞɚɱɢ ɡɚɜɢɫɢɬ ɨɬ ɩɨɝɪɟɲɧɨɫɬɢ ɢɫɯɨɞɧɵɯ ɞɚɧɧɵɯ, ɜɯɨɞɹɳɢɯ ɜ 
ɪɚɫɱɟɬɧɭɸ ɮɨɪɦɭɥɭ. Ɉɛɳɚɹ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɦɚɫɫɨɨɬɞɚɱɢ ɩɪɢ ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɜɟɪɨɹɬɧɨɫɬɢ α=0,95 ɪɚɜɧɚ  0,5 %. ɂɫɩɨɥɶɡɭɹ ɡɚɤɨɧ 
ɫɨɨɬɜɟɬɫɬɜɟɧɧɵɯ ɫɨɫɬɨɹɧɢɣ ɢ ɷɤɫɩɟ-ɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨɥɭɱɟɧɨ ɷɦɩɢɪɢɱɟɫɤɨɟ 
ɭɪɚɜɧɟɧɢɟ, ɩɨɡɜɨɥɹɸɳɟɟ ɪɚɫɫɱɢɬɚɬɶ ɤɨɷɮɮɢɰɢɟɧɬ ɦɚɫɫɨɨɬɞɚɱɢ ɧɟɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɢɫɬɟɦ. 
 Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɚɜɢɚɰɢɨɧɧɵɣ ɤɟɪɨɫɢɧ, ɤɚɬɚɥɢɡɚɬɨɪ, ɤɨɛɚɥɶɬ, ɤɨɷɮɮɢ-ɰɢɟɧɬ 
ɦɚɫɫɨɨɬɞɚɱɢ, ɨɤɢɫɶ ɚɥɸɦɢɧɢɹ. 
 
       Ɍɟɩɥɨɨɛɦɟɧɧɵɟ ɚɩɩɚɪɚɬɵ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɤɨɧɞɟɧɫɚɰɢɢ ɩɚɪɚ, ɲɢɪɨɤɨ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɪɚɡɥɢɱɧɵɯ ɨɬɪɚɫɥɹɯ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ (ɯɢɦɢ-ɱɟɫɤɢɯ, 
ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ, ɬɟɩɥɨɷɧɟɪɝɟɬɢɱɟɫɤɢɯ, ɢ ɞɪ.). Ⱥɤɬɭɚɥɶɧɨɣ ɹɜɥɹɟɬɫɹ ɡɚɞɚɱɚ 
ɭɦɟɧɶɲɟɧɢɹ ɢɯ ɝɚɛɚɪɢɬɨɜ ɢ ɦɟɬɚɥɥɨɟɦɤɨɫɬɢ, ɜ ɫɜɹɡɢ ɫ ɱɟɦ ɩɪɢ-ɦɟɧɹɸɬɫɹ 
ɪɚɡɥɢɱɧɵɟ ɫɩɨɫɨɛɵ ɢɧɬɟɧɫɢɮɢɤɚɰɢɢ ɬɟɩɥɨɨɛɦɟɧɚ ɩɪɢ ɤɨɧɞɟɧ-ɫɚɰɢɢ, ɧɚɩɪɢɦɟɪ, 
ɭɜɟɥɢɱɟɧɢɟ ɫɤɨɪɨɫɬɢ ɩɚɪɚ ɢɥɢ ɨɪɟɛɪɟɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɬɟɩɥɨɨɛɦɟɧɚ. ȼɟɫɶɦɚ 
ɷɮɮɟɤɬɢɜɧɵɦ ɹɜɥɹɟɬɫɹ ɬɚɤɨɣ ɫɩɨɫɨɛ ɢɧɬɟɧɫɢɮɢɤɚ-ɰɢɢ ɬɟɩɥɨɨɛɦɟɧɚ, ɤɚɤ 
ɩɟɪɟɯɨɞ ɨɬ ɩɥɟɧɨɱɧɨɝɨ ɪɟɠɢɦɚ ɤɨɧɞɟɧɫɚɰɢɢ ɤ ɤɚɩɟɥɶɧɨɦɭ, ɱɬɨ ɨɛɵɱɧɨ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ ɩɪɢɦɟɧɟɧɢɹ ɧɟ ɫɦɚɱɢ-ɜɚɟɦɵɯ ɤɨɧɞɟɧɫɚɬɨɦ (ɞɥɹ 
ɤɨɧɞɟɧɫɚɰɢɢ ɜɨɞɹɧɨɝɨ ɩɚɪɚɝɢɞɪɨɮɨɛɧɵɦ) ɩɨɜɟɪɯɧɨɫɬɟɣ ɬɟɩɥɨɨɛɦɟɧɚ. ȼ 
ɧɚɭɱɧɨɣ ɥɢɬɟɪɚɬɭɪɟ ɜɪɟɦɹ ɨɬ ɜɪɟɦɟɧɢ ɩɨɹɜɥɹɸɬɫɹ ɫɨɨɛɳɟɧɢɹ ɨɛ ɭɫɩɟɲɧɨɦ 
ɩɪɢɦɟɧɟɧɢɢ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨ-ɜɢɹɯ ɬɨɝɨ ɢɥɢ ɢɧɨɝɨ ɫɩɨɫɨɛɚ ɫɨɠɠɟɧɢɹ 
ɝɢɞɪɨɮɨɛɧɵɯ ɢ ɫɭɩɟɪɝɢɞɪɨɮɨɛ-ɧɵɯ ɩɨɜɟɪɯɧɨɫɬɟɣ, ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ- ɫ 
ɩɪɢɦɟɧɟɧɢɟɦ ɧɚɧɨɬɟɯɧɨɥɨɝɢɣ. Ɉɛɳɢɦ ɦɟɬɨɞɨɦ ɩɪɢɝɨɬɨɜɥɟɧɢɹ ɢɫɫɥɟɞɭɟɦɵɯ ɜ 
ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɧɚɧɟɫёɧɧɨɝɨ ɬɢɩɚ (ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɩɪɢɪɨɞɵ 
ɦɟɬɚɥɥɚ) ɹɜɥɹɟɬ-ɫɹ ɨɞɧɨ – ɢɥɢ ɦɧɨɝɨɤɪɚɬɧɚɹ ɩɪɨɩɢɬɤɚ ɩɨɪɢɫɬɵɯ ɧɨɫɢɬɟɥɟɣ 
ɜɨɞɧɵɦ ɪɚɫɬɜɨ-ɪɨɦ ɫɨɥɟɣ, ɫɨɞɟɪɠɚɳɢɯ ɚɤɬɢɜɧɵɣ ɤɨɦɩɨɧɟɧɬ – ɦɟɬɚɥɥ. 
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ɉɪɨɩɢɬɚɧɧɵɟ ɧɨɫɢɬɟɥɢ ɬɟɪɦɨɨɛɪɚɛɚɬɵɜɚɸɬ ɧɚ ɜɨɡɞɭɯɟ ɢɥɢ ɜ ɫɪɟɞɟ ɢɧɟɪɬɧɨɝɨ 
ɝɚɡɚ ɫ ɰɟɥɶɸ ɪɚɡɥɨɠɟɧɢɹ ɧɚɧɟɫɟɧɧɵɯ ɫɨɥɟɣ ɢ ɩɨɞɜɟɪɝɚɸɬ ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ ɜ 
ɜɨɞɨɪɨɞɟ, ɜ ɩɪɨɰɟɫɫɟ ɤɨɬɨɪɨɣ ɪɚɡɥɨɠɟɧɧɵɟ ɫɨɥɢ ɜɨɫɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɞɨ 
ɦɟɬɚɥɥɨɜ Д1Ж. Ʉɨɧɟɱɧɵɟ ɬɟɦɩɟɪɚɬɭɪɵ ɪɚɡɥɨɠɟɧɢɹ ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɧɚɧɟɫɟɧɧɵɯ 
ɫɨɥɟɣ ɨɛɵɱɧɨ ɫɨɫɬɚɜɥɹɸɬ 523–773Ʉ, ɡɚɤɥɸɱɢɬɟɥɶɧɨɣ ɫɬɚɞɢɟɣ ɩɪɢɝɨɬɨɜɥɟɧɢɹ 
ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɹɜɥɹɟɬɫɹ ɩɚɫɫɢɜɚɰɢɹ ɜɨɫɫɬɚɧɨɜɥɟɧɧɨɝɨ ɤɚɬɚɥɢɡɚɬɨɪɚ ɩɪɢ 
ɬɟɦɩɟɪɚɬɭɪɟ ɨɬ 323Ʉ ɞɨ ɤɨɦɧɚɬɧɨɝɨ ɚɡɨɬɚ, ɫɨɞɟɪɠɚɳɟɝɨ ɧɟ ɛɨɥɟɟ 1% ɨɛɴɟɦɧɨɝɨ 
ɤɢɫɥɨɪɨɞɚ. ɋɬɚɞɢɹ ɩɚɫɫɢɜɚɰɢɢ  ɧɟɨɛɯɨɞɢɦɚ ɞɥɹ ɭɞɚɥɟɧɢɹ ɫ ɩɨɜɟɪɯɧɨɫɬɢ 
ɦɟɬɚɥɥɚ ɚɞɫɨɪɛɢɪɨɜɚɧɧɨɝɨ ɜɨɞɨɪɨɞɚ ɢ ɩɪɟɞ-ɨɬɜɪɚɳɟɧɢɹ ɧɟɭɩɪɚɜɥɹɟɦɨɝɨ 
ɩɪɨɰɟɫɫɚ ɟɝɨ ɨɤɢɫɥɟɧɢɹ ɩɪɢ ɜɵɝɪɭɡɤɟ ɢɡ ɪɟɚɤɬɨɪɚ ɜɨɫɫɬɚɧɨɜɥɟɧɢɹ ɧɚ ɜɨɡɞɭɯɟ. 
         Ʉɨɛɚɥɶɬɨɜɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɩɪɟɞɫɬɚɜɥɹɸɬ ɫɨɛɨɣ ɞɢɫɩɟɪɝɢɪɨɜɚɧɧɵɣ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɧɨɫɢɬɟɥɹ ɤɨɛɚɥɶɬ. ɋɬɪɭɤɬɭɪɧɨ – ɩɪɨɱɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɤɚɬɚɥɢɡɚɬɨɪɨɜ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɫɯɨɞɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɧɨɫɢɬɟɥɹ (ɬɚɛɥɢɰɚ 
1). Ʉɨɛɚɥɶɬɨɜɵɟ ɤɚɬɚɥɢɡɚɬɨɪɵ ɢɦɟɸɬ ɛɨɥɟɟ ɧɢɡɤɭɸ ɚɤɬɢɜɧɨɫɬɶ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ 
ɢɪɢɞɢɟɜɵɦɢ ɢ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ ɤɚɬɚɥɢɬɢɱɟɫɤɢɯ ɩɚɤɟɬɚɯ ɢɡɞɟɥɢɣ Ɋɟɫɩɭɛɥɢɤɢ 
Ɍɚɞɠɢɤɢɫɬɚɧ ɜ ɤɨɦɩɨɡɢɰɢɹɯ ɫ ɢɪɨɞɢɟɜɵɦɢ ɤɚɬɚɥɢɡɚ-ɬɨɪɚɦɢ ɥɢɛɨ  
ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɫ ɩɨɞɨɝɪɟɜɨɦ ɞɨ 373–423 Ʉ. 
 

Ʉɨɧɰɟɧɬɪɚɰɢɹ 
ɦɟɬɚɥɥɚ, % 

ɍɞɟɥɶɧɚɹ 
ɩɨɜɟɪɯɧɨɫɬɶ, ɦ2/ɝ 

ɋɭɦɦɚɪɧɵɣ 
ɨɛɴёɦ ɩɨɪ,ɫɦ3/ɝ 

ɇɚɫɵɩɧɚɹ 
ɩɥɨɬɧɨɫɬɶ, ɝ/ɦ3 

11,4 105 0,26 1,162 
15,7 85 0,24 1,277 
19,4 83 0,21 1,376 
25 72 0,15 1,459 

Ɍɚɛɥɢɰɚ 1. Ɉɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɤɨɛɚɥɶɬɨɜɵɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ. 
          

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɚɫɫɨɨɬɞɚɱɢ ɧɭɠɧɨ ɡɧɚɬɶ ɦɚɫɫɭ ɡɚɫɵɩɤɢ ɜ 

ɫɭɯɨɦ ɫɨɫɬɨɹɧɢɢ ɢ ɜ ɫɪɟɞɟ ɭɜɥɚɠɧɟɧɢɹ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɡɧɚɱɟɧɢɹ ɦɚɫɫɵ 

ɡɟɪɧɢɫɬɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɭɜɥɚɠɧɟɧɧɵɯ ɩɚɪɚɦɢ ɜɨɞɵ ɞɨ ɭɜɥɚɠɧɟɧɢɹ ɢ ɩɨɫɥɟ 

ɤɚɠɞɵɯ 30 ɦɢɧɭɬ ɜɡɜɟɲɢɜɚɟɦ ɦɚɫɫɭ ɫ ɩɨɦɨɳɶɸ ɜɟɫɨɜ.  

         Ʉɨɷɮɮɢɰɢɟɧɬ ɦɚɫɫɨɨɬɞɚɱɢ ɨɩɪɟɞɟɥɹɟɬɫɹ  ɩɨ ɮɨɪɦɭɥɟ Д2Ж: 

  βɗ = 
୼୫t ,                                                              (1) 

ɝɞɟ, ∆m =m2 – m1– ɢɡɦɟɧɟɧɢɟ ɦɚɫɫɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɚɱɚɥɶɧɨɣ, ɝ.; m2 – 
ɢɡɦɟɧɟɧɢɟ ɦɚɫɫɵ ɜ ɩɟɪɢɨɞ ɜɪɟɦɟɧɢ, ɝ.; m1 – ɧɚɱɚɥɶɧɚɹ ɦɚɫɫɚ, ɝ.; t – ɜɪɟɦɹ. 
         ɋ ɩɨɦɨɳɶɸ ɭɪɚɜɧɟɧɢɹ (1) ɧɚɯɨɞɢɦ ɤɨɷɮɮɢɰɢɟɧɬ ɦɚɫɨɨɬɞɚɱɢ ɢ ɟɟ 
ɡɧɚɱɟɧɢɟ ɜɧɨɫɢɦ ɜ ɬɚɛɥɢɰɭ 2. 
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t, 

ɱɚɫ 

 
m1, 
ɝ. 

m2, ɝ. ȟm = m2 – m1 β =∆m/t *10-6 , ɝ./ɫ 
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0,5  0,5 0,510 0,508 0,507 0,505 0,010 0,008 0,007 0,005 5,5 4,4 3,8 2,7 
1,0 0,5 0,516 0,514 0,511 0,509 0,016 0,014 0,011 0,009 4,4 3,8 3,0 2,5 
1,5 0,5 0,522 0,519 0,515 0,513 0,022 0,019 0,015 0,013 4,0 3,5 2,7 2,4 
2,0 0,5 0,527 0,523 0,519 0,516 0,027 0,023 0,019 0,016 3,7 3,1 2,6 2,2 
2,5 0,5 0,532 0,527 0,523 0,520 0,032 0,027 0,023 0,020 3,5 3,0 2,5 2,2 
3,0 0,5 0,536 0,531 0,526 0,523 0,036 0,031 0,026 0,023 3,3 2,8 2,4 2,1 
3,5 0,5 0,540 0,535 0,529 0,526 0,040 0,035 0,029 0,026 3,1 2,7 2,3 2,0 
4.0 0,5 0,543 0,538 0,532 0,529 0,043 0,038 0,032 0,029 2,9 2,6 2,2 2,0 
4,5 0,5 0,546 0,54 0,534 0,531 0,046 0,040 0,034 0,031 2,8 2,4 2,0 1,9 
5.0 0,5 0,548 0,542 0,536 0,533 0,048 0,042 0,036 0,033 2,6 2,3 2,0 1,8 
5,5 0,5 0,549 0,544 0,538 0,535 0,049 0,044 0,038 0,035 2,4 2,2 1,9 1,7 
6.0 0,5 0,550 0,545 0,540 0,537 0,050 0,045 0,040 0,037 2,3 2,0 1,8 1,7 
6,5 0,5 0,551 0,546 0,541 0,538 0,051 0,046 0,041 0,038 2,1 1,9 1,7 1,6 

 Ɍɚɛɥɢɰɚ 2. Ɉɩɵɬɧɵɟ ɞɚɧɧɵɟ ɞɥɹ ɪɚɫɱɟɬɚ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɚɫɫɨɨɬɞɚɱɢ ɜ ɪɚɡɥɢɱɧɨɟ ɜɪɟɦɹ 
ɭɜɥɚɠɧɟɧɢɹ ɜ ɫɪɟɞɟ ɚɜɢɚɰɢɨɧɧɨɝɨ ɤɟɪɨɫɢɧɚ. 
 
         Ʉɚɤ ɜɢɞɧɨ, ɢɡ ɬɚɛɥɢɰɵ 2 ɤɨɷɮɮɢɰɢɟɧɬ ɦɚɫɫɨɨɬɞɚɱɢ ɢɡɦɟɧɹɟɬɫɹ  ɤɚɠɞɵɟ 
ɩɨɥ ɱɚɫɚ, ɬ. ɟ ɭɦɟɧɶɲɚɟɬɫɹ. ɂɫɩɨɥɶɡɭɹ ɬɚɛɥɢɰɭ 2, ɩɨɫɬɪɨɢɦ ɝɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ  
ɤɨɷɮɮɢɰɢɟɧɬɚ  ɦɚɫɫɨɨɬɞɚɱɢ  β  ɨɬ ɜɪɟɦɟɧɢ t.  
          ɉɪɢɱɢɧɵ ɬɚɤɨɝɨ ɢɡɦɟɧɟɧɢɹ ɮɨɪɦɵ ɝɪɚɮɢɤɚ ɡɚɜɢɫɹɬ ɨɬ ɢɡɦɟɧɟɧɢɹ ɦɚɫɫɵ ɜ 
ɫɪɟɞɟ ɭɜɥɚɠɧɟɧɢɹ ɢ ɢɫɬɟɱɟɧɢɟ ɜɪɟɦɟɧɢ. ɉɪɢ ɭɜɟɥɢɱɟɧɢɢ ɤɨɥɢɱɟɫɬɜɚ ɜɪɟɦɟɧɢ 
ɤɨɷɮɮɢɰɢɟɧɬ ɚɞɫɨɪɛɰɢɢ ɦɟɞɥɟɧɧɨ ɭɦɟɧɶɲɚɟɬɫɹ. ɉɪɢ ɷɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬ 
ɦɚɫɫɨɨɬɞɚɱɢ ɬɨɠɟ ɭɦɟɧɶɲɚɟɬɫɹ. Ʉɨɷɮɮɢɰɢɟɧɬ ɦɚɫɫɨɨɬɞɚɱɢ ɫɜɹɡɚɧ ɫ 
ɤɨɧɰɟɧɬɪɚɰɢɟɣ ɧɚɧɨɧɚɩɨɥɧɢɬɟɥɹ, ɬ. ɟ. ɱɟɦ ɦɟɧɶɲɟ ɤɨɧɰɟɧɬɪɚɰɢɢ 
ɧɚɧɨɧɚɩɨɥɧɢɬɟɥɹ, ɬɟɦ ɜɵɲɟ ɤɨɷɮɮɢɰɢɟɧɬ ɦɚɫɫɨɨɬɞɚɱɢ. ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ 
ɬɚɛɥɢɰɚ 2 ɜ ɩɨɥɭɱɟɧɢɢ ɷɦɩɢɪɢɱɟɫɤɨɝɨ ɭɪɚɜɧɟɧɢɹ ɧɭɠɧɚ, ɱɬɨɛɵ ɨɛɨɛɳɢɬɶ ɢ 
ɨɛɪɚɛɨɬɚɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɟ ɞɚɧɧɵɟ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ.  
         Ⱦɥɹ ɨɛɨɛɳɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɩɨ ɤɨɷɮɮɢɰɢɟɧɬɭ ɦɚɫɫɨ-
ɨɬɞɚɱɢ ɧɚɦɢ ɢɫɩɨɥɶɡɨɜɚɧɨ ɫɥɟɞɭɸɳɟɟ ɜɵɪɚɠɟɧɢɟ: 

β/β1=f (t/t1),                                                           (2) 
ɝɞɟ, β,β1 – ɤɨɷɮɮɢɰɢɟɧɬ ɦɚɫɫɨɨɬɞɚɱɢ ɨɛɪɚɡɰɨɜ ɩɪɢ ɪɚɡɥɢɱɧɨɦ ɜɪɟɦɟɧɢ  t ɢ t1: 
t1=3,5ɱ. 
Ɉɛɳɚɹ ɤɪɢɜɚɹ ɨɩɢɫɵɜɚɟɬɫɹ ɩɨɥɢɧɨɦɚɦɢ ɜɬɨɪɨɣ ɫɬɟɩɟɧɢ:  

       β = (0,25 (
ttభ)2– 0,902 ሺ ttభ) + 1,618) ∙ β1,                                         (3) 

ɝɞɟ β1 – ɫɪɟɞɧɹɟ ɡɧɚɱɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɚɫɫɨɨɬɞɚɱɢ, ɝ/ɫ ɩɪɢ  t1; t –ɜɪɟɦɹ, ɫ. 
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               Ⱥɧɚɥɢɡ ɡɧɚɱɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɚɫɫɨɨɬɞɚɱɢ β1 ɩɨɤɚɡɚɥ, ɱɬɨ ɨɧɨ 
ɡɚɜɢɫɢɬ ɨɬ  ɤɨɧɰɟɧɬɪɚɰɢɢ ɤɨɛɚɥɶɬɚ  n (ɬɚɛɥɢɰɚ 3). 
 

 
β1 

10-6
, 

ɝ./ɫ 

Ʉɚɬɚɥɢɡɚɬɨɪɵ ɧɚ ɨɫɧɨɜɟ ɩɨɪɢɫɬɨɣ ɝɪɚɧɭɥɢɪɨɜɚɧɧɨɣ ɨɤɢɫɢ ɚɥɸɦɢɧɢɹ 
Al 2O3+11,44% ɋɨ Al 2O3+15,7% ɋɨ Al 2O3+19,43% ɋɨ Al 2O3+25% ɋɨ 

3,1 2,7 2,3 2 

     Ɍɚɛɥɢɰɚ 3.Ɂɚɜɢɫɢɦɨɫɬɶ (β110-6
, ɝ/ɫ) ɨɬ ɤɨɧɰɟɧɬɪɚɰɢɢ (n) ɧɚɩɨɥɧɢɬɟɥɹ ɤɨɛɚɥɶɬɚ. 

 
       ɂɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ ɬɚɛɥɢɰɵ 3., ɩɨɫɬɪɨɢɦ ɝɪɚɮɢɤ ɡɚɜɢɫɢɦɨɫɬɢ   β1 =f(n). 
                        ɍɪɚɜɧɟɧɢɟ ɩɪɹɦɨɣ ɥɢɧɢɢ ɢɦɟɟɬ ɜɢɞ: 

             β1 = (- 0,0823 ∙ n + 3,997),ɝ./c                                                   (4) 
ɝɞɟ,  nɋɨ – ɤɨɧɰɟɧɬɪɚɰɢɹ ɧɚɩɨɥɧɢɬɟɥɹ, ɬ. ɟ. ɤɨɛɚɥɶɬɚ, %. 
                           ɂɡ ɭɪɚɜɧɟɧɢɹ (3) ɫ ɭɱɟɬɨɦ (4)  ɩɨɥɭɱɢɦ: 

β = (0,25 (
ttభ)2 - 0,902 ሺ ttభ) + 1,618) ∙ (-0,0823∙n + 3,997), ɝ./c               (5) 

        Ɋɟɡɭɥɶɬɚɬɵ ɜɵɱɢɫɥɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ βɜɵɱ  ɞɥɹ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɨɜ 
ɩɪɟɞɫɬɚɜɥɟɧɵ  ɜ ɬɚɛɥɢɰɟ 4. 
 

βɷ ∙10-6,ɝ/ɫ βɜɵɱ ∙10-6, ɝ/ɫ(ɪɚɫɱɟɬ ɩɨ ɮɨɪɦɭɥɟ 5) ∆, % (ɪɚɫɱɟɬ ɩɨ ɮɨɪɦɭɥɟ 6) 
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5,5 4,4 3,8 2,7 4,56 4,0 3,57 2,89 17 9 6 -7 
4,4 3,8 3,0 2,5 4,20 3,73 3,30 2,67 4,54 1,94 -10 -6,8 
4,0 3,5 2,7 2,4 3,89 3,45 3,00 2,47 2,75 1,48 -11 -2,9 
3,7 3,1 2,6 2,2 3,60 3,19 2,80 2,29 2,7 -2,9 -7,7 -4 
3,5 3,0 2,5 2,2 3,35 2,96 2,60 2,13 4,28 1,33 -4 3 
3,3 2,8 2,4 2,1 3,12 2,76 2,45 1,99 5,45 1,43 -2 5,4 
3,1 2,7 2,3 2,0 2,93 2,59 2,29 1,86 5,55 4,0 0,43 7 
2,9 2,6 2,2 2,0 2,75 2,43 2,15 1,74 5,34 6,5 2,3 13 
2,8 2,4 2,0 1,9 2,62 2,32 2,05 1,68 6,43 3,33 -2,5 11,6 
2,6 2,3 2,0 1,8 2,53 2,24 1,98 1,60 2,69 2,6 1 11 
2,4 2,2 1,9 1,7 2,44 2,16 1,90 1,55 -1,66 1,8 0 8,8 
2,3 2,0 1,8 1,7 2,40 2,13 1,89 1,54 -4,35 -6,5 -5 9,7 
2,1 1,9 1,7 1,6 2,40 2,10 1,88 1,53 -14.0 -10 -10,6 4,4 

Ɍɚɛɥɢɰɚ 4.Ɋɟɡɭɥɶɬɚɬɵ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɦɚɫɫɨɨɬɞɚɱɢ βɷ ɢ βɜɵɱ. ɩɨ ɮɨɪɦɭɥɟ (5). 
         ɂɫɩɨɥɶɡɭɹ ɡɧɚɱɟɧɢɹ ɬɚɛɥɢɰɵ 4, ɨɩɪɟɞɟɥɢɦ ɩɨɝɪɟɲɧɨɫɬɶ ɜɵɱɢɫɥɟɧɢɹ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɦɚɫɫɨɨɬɞɚɱɢ ɦɟɠɞɭ ɷɤɫɩɟɪɢɦɟɧɬɨɦ ɢ ɪɚɫɱɟɬɨɦ  βɷ, βɜɵɱ ɩɨ 
ɮɨɪɦɭɥɟ: 

 ∆ = 
βЭ−βʑЫЧβЭ ͳͲͲ% .                                                        (6) 

         ɉɨɞɨɛɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɞɪɭɝɢɯ ɤɚɬɚɥɢɡɚɬɨɪɨɜ  ɢ ɩɨɥɢɦɟɪɨɜ ɧɚɦɢ ɛɵɥɨ 
ɨɩɭɛɥɢɤɨɜɚɧɨ ɜ ɪɚɛɨɬɚɯ [3-10].  
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ȺȼɂȺɌɋɂɈɇЇ  

ɋɚɮɚɪɨɜ Ɇ.Ɇ.1, Ⱥɛɞɭɧɚɡɚɪɨɜ ɋ.ɋ.2 
1Ɏɢɥɢɚɥɢ ȾȾɆ ɛɚ ɧɨɦɢ Ɇ.ȼ. ɅɈɆɈɇɈɋɈȼ ɞɚɪ ɲ. Ⱦɭɲɚɧɛɟ 
2Иɧɫɬɢɬɭɬɢ ɷɧɟɪɝɟɬɢɤɢɢ Ɍɨҷɢɤɢɫɬɨɧ ɞɚɪ ɲ. Ќɭɪғɨɧɬɟɩɩɚ 

       Ⱦɚɪ ɤɨɪɢ ɦɚɡɤɭɪ ɧɚɬɢҷɚԟɨɢ ɬɚɬқɢқɨɬɢɢ ɤɨɷɮɮɢɬɫɢɟɧɬɢ ɦɚɫɚɞɢԟɢɢ ɤɚɬɚɥɢɡɚɬɨɪԟɨɢ 
ɤɨɛɚɥɬӣ ɞɚɪ  ԟɚɪɨɪɚɬɢ 293Ʉ ɜɚ ɮɢɲɨɪɢ 0,101Ɇɉɚ ɨɜɚɪɞɚ ɲɭɞɚɚɫɬ. Ʉɨɷɮɮɢɬɫɢɟɧɬɢ 
ɦɚɫɚɞɢԟɢɢ  ɤɚɬɚɥɢɡɚɬɨɪԟɨ ɞɚɪ ɚɫɨɫɢ ɞɨɧɢɫɬɚɧɢ ɬɚғɣɢɪёɛɢɢ ɦɚɫɫɚɢ ɨɧԟɨ ɯɢɫɨɛ ɤɚɪɞɚ 
ɦɟɲɚɜɚɞ. ɏɚɬɨɝɢɢ ɱɟɧɤɭɧɢɢ ɤɨɷɮɮɢɬɫɟɧɬɢ ɦɚɫɚɞɢԟӣ ԟɚɧɝɨɦɢ ԟɭɞɭɞɢ ɷɴɬɢɦɨɞɧɨɤӣ ɛɚ  
α=0,95 ɛɚɪɨɛɚɪ ɛɭɞɚɧ 0,5 % ɚɫɬ. Ȼɨ ɢɫɬɢɮɨɞɚɛɚɪɢɢ қɨɧɭɧɢ ɦɭɜɨɮɢқɨɜɚɪɢɢ ԟɨɥɚɬ ɜɚ 
ɦɨɧɚɧɞɢɢ ɬɟɪɦɨɞɢɧɚɦɢɤӣ ɦɭɨɞɢɥɚɢ ɷɦɩɢɪɢɤӣ ԟɨɫɢɥ ɤɚɪɞɚ ɲɭɞɚɚɫɬ, ɤɢ ɛɨ ёɪɢɢ ɨɧ 
ɤɨɷɮɮɢɬɫɢɟɧɬɢ ɦɚɫɫɚɢɜɚɡɤɭɧɢɢ ɤɚɬɚɥɢɡɚɬɨɪԟɨɢ ɬɚɬқɢқɧɚɲɭɞɚɪɨ ԟɢɫɨɛ ɤɚɪɞɚɧ ɦɭɦɤɢɧ ɚɫɬ. 
 Ʉɚɥɢɦɚԟɨɢ ɤɚɥɢɞश: ɫɭɡɢɲɜɨɪɢɢ ɚɜɢɚɬɫɢɨɧӣ, ɤɨɛɚɥɬ, ɤɚɬɚɥɢɡɚɬɨɪ, ɤɨɷɮɮɢɬɫɟɧɬɢ  
ɦɚɫɚɢɜɚɡɤɭɧӣ, ɨɤɫɢɞɢ  ɚɥɸɦɢɧӣ. 
 

MASS-TRANSFER COEFFICIENT OF COBALT CATALYSTS BASED ON POROUS 
GRANULAR ALUMINUM OXIDE IN THE ENVIRONMENT OF AVIATION KEROSENE 

Safarov M.M. 1, Abdunazarov S.S. 2 
1The branch of Lomonosov Moscow State University in Dushanbe 

2Energy Institute of Tajikistan in Kurgan-Tube 
 The paper presents the results of experimental research of coefficient of mass recoil of 
cobalt catalysts at a temperature of 293K and pressure 0,101 MPa. To determine the coefficient of 
mass transferee  samples it is necessary to know the mass difference of the sample and the exposure 
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time of the catalyst in the process of hydration. The error of calculation of the coefficient of mass 
depends on the accuracy of source data included in a design formula. The total relative error of 
measurement of the mass transfer coefficient at a confidence level α=0.95 is equal to 0.5 %. Using 
the law of corresponding States and the experimental data obtained an empirical equation that 
allows to calculate the mass transfer coefficient of unexplored systems. 
 Key words: aviation kerosene, the catalyst, cobalt, mass transfer coefficient, oxide  alumina. 

  
 ɋɜɟɞɟɧɢɹ ɨɛ ɚɜɬɨɪɚɯ. ɋɚɮɚɪɨɜ Ɇɚɯɦɚɞɚɥɢ Ɇɚɯɦɚɞɢɟɜɢɱ, Ⱥɤɚɞɟɦɢɤ ɆɂȺ, 
Ⱥɤɚɞɟɦɢɤ Ⱥɤɚɞɟɦɢɢ ɏɨɥɨɞɚ,  Ⱥɤɚɞɟɦɢɤ ɂɧɠɟɧɟɪɧɨɣ ɚɤɚɞɟɦɢɢ Ɋɟɫɩɭɛɥɢɤɢ Ɍɚɞɠɢɤɢɫɬɚɧ, 
ɞɨɤɬɨɪ ɬɟɯɧɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ, ɡɚɜ. ɥɚɛ. ɮɢɡɢɤɢ Ɏɢɥɢɚɥ ɆȽɍ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 
ɜ ɝ. Ⱦɭɲɚɧɛɟ. Ɍɟɥ.: 95 163 15 85Ҳ E-mail: mahmad1 @list.ru. 
 Ⱥɛɞɭɧɚɡɚɪɨɜ ɋɭɧɚɬɭɥɥɨ ɋɚɛɡɚɚɥɢɟɜɢɱ, ɫɬɚɪɲɢɣ ɩɪɟɩɨɞɚɜɚɬɟɥɶ ɤɚɮɟɞɪɵ «ɗɥɟɤɬɪɨ-
ɫɧɚɛɠɟɧɢɟ ɢ ɪɟɥɟɣɧɚɹ ɡɚɳɢɬɚ» ɗɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɂɧɫɬɢɬɭɬɚ Ɍɚɞɠɢɤɢɫɬɚɧɚ ɜ ɝɨɪɨɞɟ Ʉɭɪɝɚɧ-
Ɍɸɛɟ.  Ɍɟɥ.: 919522649Ҳ Email: Sunnat 8060@mail.ru. 
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ɗȼɈɅɘɐɂə ɄȼȺɁɂȾȼɍɆȿɊɇɕɏ ɌɈɉɈɅɈȽɂɑȿɋɄɂɏ ȼɂɏɊȿɃ 
ȼ (3+1)-ɆȿɊɇɈɃ ɇȿɅɂɇȿɃɇɈɃ ɋɂȽɆȺ-ɆɈȾȿɅɂ 

Ɇɭɦɢɧɨɜ ɏ.ɏ., ɒɨɤɢɪɨɜ Ɏ.ɒ. 
Ɏɢɡɢɤɨ-ɬɟɯɧɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ ɢɦ. ɋ.ɍ.ɍɦɚɪɨɜɚ Аɇ ɊɌ 

ɉɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɞɢɧɚɦɢɤɢ ɬɨɩɨɥɨɝɢɱɟɫɤɢɯ ɜɢɯɪɟɜɵɯ ɫɬɪɭɤɬɭɪ ɛɟɥɚɜɢɧ-
ɩɨɥɹɤɨɜɫɤɨɝɨ ɬɢɩɚ ɫ ɦɟɠɫɥɨɣɧɵɦ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟɦ ɜ ɪɚɦɤɚɯ (3+1)-ɦɟɪɧɨɣ Ɉ(3) ɧɟɥɢɧɟɣɧɨɣ 
σ-ɦɨɞɟɥɢ. ɉɨɥɭɱɟɧɵ ɱɢɫɥɟɧɧɵɟ ɦɨɞɟɥɢ ɫɬɚɰɢɨɧɚɪɧɵɯ ɢ ɞɜɢɠɭɳɢɯɫɹ ɜɡɚɢɦɨɫɜɹɡɚɧɧɵɯ 
ɜɢɯɪɟɜɵɯ ɩɚɪ, ɨɩɪɟɞɟɥɟɧɵ ɭɫɥɨɜɢɹ, ɩɪɢɜɨɞɹɳɢɟ ɤ ɢɯ ɨɫɰɢɥɥɢɪɭɸɳɟɣ ɞɢɧɚɦɢɤɟ, ɩɨɷɬɚɩɧɨɦɭ 
ɢɡɥɭɱɟɧɢɸ ɷɧɟɪɝɢɢ ɢ ɪɚɫɩɚɞɭ ɧɚ ɥɨɤɚɥɢɡɨɜɚɧɧɵɟ ɜɢɯɪɟɜɵɟ ɜɨɡɦɭɳɟɧɢɹ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ 
ɪɚɡɞɟɥёɧɧɵɯ ɤɜɚɡɢɞɜɭɦɟɪɧɵɯ ɫɥɨɹɯ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɤɜɚɡɢɞɜɭɦɟɪɧɵɣ ɬɨɩɨɥɨɝɢɱɟɫɤɢɣ ɜɢɯɪɶ, ɫɜɹɡɚɧɧɨɟ ɫɨɫɬɨɹɧɢɟ ɜɢɯɪɟɣ, 
(3+1)-ɦɟɪɧɚɹ ɧɟɥɢɧɟɣɧɚɹ σ-ɦɨɞɟɥɶ, ɢɡɨɫɩɢɧɨɜɚɹ ɞɢɧɚɦɢɤɚ, ɱɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ. 

 

ȼ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɦɵ ɩɪɢɜɨɞɢɦ ɪɟɡɭɥɶɬɚɬɵ ɩɟɪɜɨɝɨ ɷɬɚɩɚ ɧɚɲɢɯ 
ɢɫɫɥɟɞɨɜɚɧɢɣ ɷɜɨɥɸɰɢɢ ɤɜɚɡɢɞɜɭɦɟɪɧɵɯ ɬɨɩɨɥɨɝɢɱɟɫɤɢɯ ɫɨɥɢɬɨɧɨɜ-ɜɢɯɪɟɣ 
(Ɍɋ) ɛɟɥɚɜɢɧ-ɩɨɥɹɤɨɜɫɤɨɝɨ ɬɢɩɚ Д1Ж tan �ଶ = ቀோ௥ቁொ�     (1) 

ɜ ɪɚɦɤɚɯ (3+1)-ɦɟɪɧɨɣ ɚɧɢɡɨɬɪɨɩɧɨɣ Ɉ(3) ɧɟɥɢɧɟɣɧɨɣ σ-ɦɨɞɟɥɢ (ɇɋɆ) ℋ = ∑′ܬ ( ఓ߲ݏ௔)ଶఓ + ఈଶ (ͳ − ߤ ఊଶ),     (2)ݏ = Ͳ,… ,͵;    ܽ = ͳ,ʹ,͵;    ݏ௔ݏ௔ = ͳ, 
ɝɞɟ ݏ௔ – ɩɚɪɚɦɟɬɪɵ ɟɞɢɧɢɱɧɨɝɨ ɢɡɨɫɩɢɧɨɜɨɝɨ ɜɟɤɬɨɪɚ ܵሺݏଵ, ,ଶݏ  ଷሻ ɪɚɫɫɥɨёɧɧɨɝɨݏ
ɩɪɨɫɬɪɚɧɫɬɜɚ ɟɞɢɧɢɱɧɨɣ ɫɮɟɪɵ ܵଶ = ܷܵሺʹሻ/ܷሺͳሻ = ܱܵሺ͵ሻ/ܱܵሺʹሻ. 
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Ⱦɥɹ (2+1)-ɦɟɪɧɨɝɨ ɫɥɭɱɚɹ ɞɢɧɚɦɢɤɚ ɬɨɩɨɥɨɝɢɱɟɫɤɢɯ ɜɢɯɪɟɣ (1) ɛɵɥɚ 
ɩɨɞɪɨɛɧɨ ɢɫɫɥɟɞɨɜɚɧɚ ɜ ɧɚɲɢɯ ɩɪɟɞɵɞɭɳɢɯ ɪɚɛɨɬɚɯ (ɫɦ., ɧɚɩɪɢɦɟɪ, Д2-4Ж), ɝɞɟ 
ɜ ɱɚɫɬɧɨɫɬɢ, ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɦɨɞɟɥɢ ɞɚɥɶɧɨɞɟɣɫɬɜɭɸɳɢɯ, ɚɧɧɢɝɢɥɢɪɭɸɳɢɯ, ɚ 
ɬɚɤɠɟ ɦɨɞɟɥɢ ɭɩɪɭɝɢɯ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ Ɍɋ (1) ɢ ɭɫɬɚɧɨɜɥɟɧɵ ɞɢɧɚɦɢɱɟɫɤɢɟ 
ɭɫɥɨɜɢɹ ɜɡɚɢɦɨɞɟɣɫɬɜɭɸɳɢɯ ɢɡɨɫɩɢɧɨɜɵɯ ɩɨɥɟɣ ɨɞɧɨɡɧɚɱɧɨ ɨɩɪɟɞɟɥɹɸɳɢɟ 
ɩɨɜɟɞɟɧɢɟ ɩɨɥɭɱɟɧɧɵɯ ɦɨɞɟɥɟɣ Д4Ж. 

Ⱦɥɹ ɪɚɫɫɦɨɬɪɟɧɢɹ ɷɜɨɥɸɰɢɢ ɤɜɚɡɢɞɜɭɦɟɪɧɵɯ Ɍɋ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨ-
ɪɚɡɞɟɥёɧɧɵɯ ɞɜɭɦɟɪɧɵɯ ɫɥɨɹɯ ɜɨɫɩɨɥɶɡɭɟɦɫɹ ɝɚɦɢɥɶɬɨɧɨɜɨɣ ɦɨɞɟɥɶɸ ℋ = ∑′ܬ ( ఓ߲ݏ௔)ଶఓ ஺ܪ+ ߤ     ,�ଷܪ+ = ஺ܪ (3)   ,͵ = − ௃కଶ (ͳ − ߛ     ,(ఊଶݏ = ͵ଵ௦௟,    ߦ = ͳ, ܪଷ� = ∑′ܬ ௔ଶ௦௟௔ݏ௔ଵ௦௟ݏ ,    ܽ = ͳ,ʹ,͵,    ݏ௔ݏ௔ = ͳ, 
ɝɞɟ ܪ஺ – ɚɧɢɡɨɬɪɨɩɧɚɹ ɱɚɫɬɶ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɜ ɩɥɨɫɤɨɫɬɢ ɩɨɞɪɟɲёɬɤɢ, ɚ ܪଷ� – 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɷɧɟɪɝɢɢ ɦɟɠɫɥɨɣɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹҲ ܬ′ =  – ܬ ɝɞɟ ,ܬߦʹ
ɨɛɦɟɧɧɵɣ ɢɧɬɟɝɪɚɥ ɜ ɩɥɨɫɤɨɫɬɢ. Ȼɵɥɢ ɩɪɨɜɟɞɟɧɵ ɱɢɫɥɟɧɧɵɟ ɷɤɫɩɟɪɢɦɟɧɬɵ c 
ɦɟɠɫɥɨɣɧɵɦɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹɦɢ ɨɞɧɨɬɢɩɧɵɯ ɢ ɪɚɡɧɨɬɢɩɧɵɯ ܳ௧ଵ௦௟ = ܳ௧ଶ௦௟,    ܳ ௧ଵ௦௟ = −ܳ௧ଶ௦௟,    |ܳ௧ଵ௦௟| ≠ |ܳ௧ଶ௦௟| 
ɬɨɩɨɥɨɝɢɱɟɫɤɢɯ ɜɢɯɪɟɣ ɦɨɞɟɥɢ (3) ɫ ɧɟɧɭɥɟɜɵɦ ɢɧɞɟɤɫɨɦ ɏɨɩɮɚ ܳ௧ (ɌɁ) 
ɫɥɟɞɭɸɳɟɝɨ ɜɢɞɚ: ߠሺݔ, ,ݕ ሻݐ = ʹarctg ቀ௥భ௥మቁொ�, ߮ሺݔ, ,ݕ ሻݐ = ܳ௧߯ − ߱�,   (4) 

ɝɞɟ ݎଵ – ɪɚɞɢɭɫ ɥɨɤɚɥɢɡɚɰɢɢ Ɍɋ (ݎଶ = ͳ), ߯ = arccВs ሺ௫௥ሻ = arcsin ሺ௬௥ሻ – ɭɝɥɨɜɨɣ 
ɩɚɪɚɦɟɬɪ. ɉɪɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ ߦ < Ͳ ɢ ܳ௧ = +݉,−݉ ɩɨɥɭɱɟɧɵ ɦɨɞɟɥɢ, 
ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɫɢɧɮɚɡɧɵɟ ɢ ɧɟɫɢɧɮɚɡɧɵɟ ɨɫɰɢɥɥɹɰɢɢ ɜɢɯɪɟɜɵɯ ɞɭɛɥɟɬɨɜ ɫ ɌɁ 
ɪɚɜɧɵɦ ʹܳ௧, ɪɚɫɩɚɞ Ɍɋ ɧɚ ɥɨɤɚɥɢɡɨɜɚɧɧɵɟ ɜɨɡɦɭɳɟɧɢɹ (Ʌȼ), ɚ ɬɚɤɠɟ ɦɨɞɟɥɢ ɫ 
ɩɨɷɬɚɩɧɵɦ ɢɡɥɭɱɟɧɢɟɦ ɷɧɟɪɝɢɢ. 

ɇɚ ɪɢɫ.1ɚ ɩɪɢɜɟɞёɧ ɩɪɢɦɟɪ ɫɢɧɮɚɡɧɨ ɨɫɰɢɥɥɢɪɭɸɳɟɝɨ ɜɢɯɪɟɜɨɝɨ ɞɭɛɥɟɬɚ 
(ɷɜɨɥɸɰɢɹ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ DH), ɫɨɫɬɨɹɳɟɝɨ ɢɡ ɞɜɭɯ ɤɜɚɡɢɞɜɭɦɟɪɧɵɯ Ɍɋ (4) 
ɩɪɢ ܳ௧ଵ௦௟ = ܳ௧ଶ௦௟ = +͵ ɢ ߦ = −Ͳ.ͳ ɜ ɪɚɦɤɚɯ (3+1)-ɦɟɪɧɨɣ Ɉ(3) ɇɋɆ (3). ȼ 
ɞɚɧɧɨɦ ɫɥɭɱɚɟ, ɩɪɢɜɟɞёɧ ɩɟɪɜɵɣ ɩɟɪɢɨɞ ɩɪɨɰɟɫɫɚ ɨɫɰɢɥɥɹɰɢɣ (ݐ א [Ͳ.Ͳ, ͳʹ.ͻ]) 
ɢ ɤɨɧɟɱɧɨɟ ɫɨɫɬɨɹɧɢɟ (ɩɪɢ ݐ = ͳͳʹ.ʹ). ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɜɟɞёɬɫɹ ɜ 
ɱɟɬɵɪёɯ-ɪɟɲёɬɨɱɧɨɦ ɮɚɡɨɜɨɦ 3D-ɩɪɨɫɬɪɚɧɫɬɜɟ, ɝɞɟ ɜɢɯɪɢ (4) ɷɜɨɥɸɰɢɨɧɢɪɭɸɬ 
ɜɨ ɜɧɭɬɪɟɧɧɢɯ ɩɥɨɫɤɨɫɬɹɯ (ɫɦ., ɪɢɫ.1ɚ, ɩɪɢ ݐ = Ͳ.Ͳ). ȼ ɞɚɧɧɵɯ ɢ ɚɧɚɥɨɝɢɱɧɵɯ 
ɢɥɥɸɫɬɪɚɰɢɹɯ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ, ɩɪɢ ɜɢɡɭɚɥɢɡɚɰɢɢ ɦɟɠɪɟɲёɬɨɱɧɨɟ 
ɪɚɫɫɬɨɹɧɢɟ ɭɜɟɥɢɱɟɧɨ ɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɬɨɥɶɤɨ ɚɤɬɢɜɧɵɟ ɪɟɲёɬɤɢ (ɫɦ., ɪɢɫ.1b-1d, 
ɩɪɢ ݐ > Ͳ.Ͳ), ɚ ɬɚɤɠɟ ɩɥɨɬɧɨɫɬɶ ɷɧɟɪɝɢɢ (DH) ɫɨɩɪɹɠёɧɧɨɝɨ ɜɢɯɪɹ 
ɩɪɨɟɰɢɪɨɜɚɧɨ ɩɨ ɨɬɪɢɰɚɬɟɥɶɧɨɦɭ ɧɚɩɪɚɜɥɟɧɢɸ ɨɫɢ ݖ ɱɢɫɥɟɧɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ. 
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ɋɬɪɭɤɬɭɪɚ ɜɢɯɪɟɜɨɣ ɱɚɫɬɢ ɢɡɨɫɩɢɧɨɜɨɣ ɞɢɧɚɦɢɤɢ ɱɢɫɥɟɧɧɨɝɨ ɩɨɥɹ ɩɪɢɜɟɞɟɧɚ 
ɧɚ ɪɢɫ.1e.  

 

 
Ɋɢɫ.1. Ɉɫɰɢɥɥɢɪɭɸɳɢɣ ɜɢɯɪɟɜɨɣ ɞɭɛɥɟɬ: a)-d) ɷɜɨɥɸɰɢɹ ɩɥɨɬɧɨɫɬɢ ɷɧɟɪɝɢɢ (DH); e) 
ɢɡɨɫɩɢɧɨɜɚɹ ɫɬɪɭɤɬɭɪɚ ɩɪɢ ݐ = Ͳ.Ͳ. ȼɪɟɦɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ: ݐ א [Ͳ.Ͳ, ͳͳʹ.ʹ]. 
 

ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɷɜɨɥɸɰɢɢ ɜɡɚɢɦɨɫɜɹɡɚɧɧɵɯ ɤɜɚɡɢɞɜɭɦɟɪɧɵɯ 
ɪɚɡɧɨɬɢɩɧɵɯ (ܳ௧ଵ௦௟ = −ܳ௧ଶ௦௟) ɜɢɯɪɟɣ (4) ɬɚɤɠɟ ɧɚɛɥɸɞɚɟɬɫɹ ɨɫɰɢɥɥɹɰɢɢ 
ɜɢɯɪɟɜɨɝɨ ɞɭɛɥɟɬɚ, ɧɨ ɫ ɧɚɪɭɲɟɧɢɟɦ ɫɢɧɮɚɡɧɨɫɬɢ (ɪɢɫ.2). ȼ ɫɥɭɱɚɟ, 
ɩɪɢɜɟɞёɧɧɨɦ ɧɚ ɪɢɫ.2 ɧɚɛɥɸɞɚɟɬɫɹ ɛɨɥɟɟ ɢɧɬɟɧɫɢɜɧɵɟ ɨɫɰɢɥɥɹɰɢɢ (ɪɢɫ.2ɚ-2d) 
ɬɨɩɨɥɨɝɢɱɟɫɤɢɯ ɜɢɯɪɟɣ (4), ɤɨɬɨɪɵɟ ɨɩɢɫɵɜɚɸɬ ɪɚɡɧɵɟ ɜɚɤɭɭɦɧɵɟ ɫɨɫɬɨɹɧɢɹ 
(ɪɢɫ.2e). ȼ ɩɪɟɞɟɥɚɯ ݐ ≈ ሺ͹ͷ.Ͳ, ͺͷ.Ͳሻ ɪɚɡɧɨɫɬɶ ɮɚɡɵ ɨɫɰɢɥɥɹɰɢɣ ɜɢɯɪɟɣ 
ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ.  

 

 
Ɋɢɫ.2. Ɉɫɰɢɥɥɢɪɭɸɳɢɣ ɜɢɯɪɟɜɨɣ ɞɭɛɥɟɬ ܳ௧ଵ௦௟ = +͵, ܳ௧ଶ௦௟ = ߦ ,͵− = −Ͳ.ͳ: a)-d) ɷɜɨɥɸɰɢɹ 
DH; e) ɢɡɨɫɩɢɧɨɜɚɹ ɫɬɪɭɤɬɭɪɚ. ȼɪɟɦɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ: ݐ א [Ͳ.Ͳ, ͳʹͲ.Ͳ]. 
 

Ɍɚɤɠɟ ɛɵɥɢ ɩɨɥɭɱɟɧɵ ɦɨɞɟɥɢ ɜɢɯɪɟɜɵɯ ɞɭɛɥɟɬɨɜ (ɪɢɫ.3) ɩɪɢ |ܳ௧ଵ௦௟| ≠ |ܳ௧ଶ௦௟| 
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 ܳ௧ଵ௦௟ = −Ͷ, ܳ ௧ଶ௦௟ = +͵. 
 

 
Ɋɢɫ.3. Ɉɫɰɢɥɥɢɪɭɸɳɢɣ ɜɢɯɪɟɜɨɣ ɞɭɛɥɟɬ ܳ௧ଵ௦௟ = −Ͷ, ܳ௧ଶ௦௟ = ߦ ,͵+ = −Ͳ.ͳ: a)-d) ɷɜɨɥɸɰɢɹ 
DH; b) ɩɪɨɟɤɰɢɹ ɢɡɨɫɩɢɧɨɜɨɣ ɫɬɪɭɤɬɭɪɵ ɧɚ ɩɥɨɫɤɨɫɬɶ. ȼɪɟɦɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ: ݐ ,Ͳ.Ͳ]א ͳʹͲ.Ͳ]. 
 

ȼ ɩɪɢɦɟɪɟ, ɩɪɢɜɟɞёɧɧɨɦ ɧɚ ɪɢɫ.3 ɫɜɨɣɫɬɜɚ ɩɨɥɭɱɟɧɧɨɣ ɦɨɞɟɥɢ ɞɚɧɧɨɣ 
ɫɟɪɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɚɧɚɥɨɝɢɱɧɵ ɩɪɟɞɵɞɭɳɟɣ ɦɨɞɟɥɢ – ɧɚɛɥɸɞɚɟɬɫɹ 
ɨɫɰɢɥɥɹɰɢɢ ɜɢɯɪɟɜɨɝɨ ɞɭɛɥɟɬɚ ɫ ɧɚɪɭɲɟɧɢɟɦ ɫɢɧɮɚɡɧɨɫɬɢ (ɪɢɫ.3ɚ-3d).  

ɇɚ ɪɢɫ.3e ɩɪɢɜɟɞɟɧɚ ɩɪɨɟɤɰɢɹ ɢɡɨɬɨɩɢɱɟɫɤɢɯ ɫɩɢɧɨɜ ɧɚ ɞɜɭɦɟɪɧɭɸ 
ɩɥɨɫɤɨɫɬɶ, ɝɞɟ ɧɚɛɥɸɞɚɟɬɫɹ ɯɚɪɚɤɬɟɪɧɵɟ Д2-4Ж ɞɥɹ Ɍɋ ɜɢɞɚ (4) ɜɢɯɪɟɜɵɟ ɬɨɤɢ.  

ȼ ɫɟɪɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɫ ɢɡɦɟɧɟɧɢɟɦ ɡɧɚɱɟɧɢɣ ɤɨɧɫɬɚɧɬɵ ɨɛɦɟɧɧɨɝɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ߦ < −Ͳ.ͳ ɧɚɛɥɸɞɚɟɬɫɹ ɢɧɬɟɧɫɢɜɧɵɟ ɨɫɰɢɥɥɹɰɢɢ ɫ ɩɨɷɬɚɩɧɵɦ 
ɢɡɥɭɱɟɧɢɟɦ ɷɧɟɪɝɢɢ ɜ ɜɢɞɟ ɪɚɞɢɚɥɶɧɨ-ɫɢɦɦɟɬɪɢɱɧɵɯ (ɢɡɨɫɩɢɧɨɜɵɯ) ɜɨɥɧ (ɫɦ., 
ɧɚɩɪɢɦɟɪ, ɪɢɫ.4ɚ-4d).  

 

 
Ɋɢɫ.4. Ɉɫɰɢɥɥɢɪɭɸɳɢɣ ɜɢɯɪɟɜɨɣ ɞɭɛɥɟɬ ܳ௧ଵ௦௟ = +͵, ܳ௧ଶ௦௟ = ߦ ,͵− = −ͳ.Ͳ: a)-d) ɷɜɨɥɸɰɢɹ DH 
– ɩɟɪɜɵɟ ɞɜɚ ɩɟɪɢɨɞɚ ɨɫɰɢɥɥɹɰɢɣ/ɢɡɥɭɱɟɧɢɣ ݐ א [Ͳ.Ͳ, ͸.Ͳ]; e) ɩɪɨɟɤɰɢɹ ɢɡɨɫɩɢɧɨɜɨɣ 
ɫɬɪɭɤɬɭɪɵ ɧɚ ɩɥɨɫɤɨɫɬɶ. ȼɪɟɦɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ: ݐ א [Ͳ.Ͳ, ͳʹͲ.Ͳ]. 
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ɂɧɬɟɝɪɚɥ ɷɧɟɪɝɢɢ (En) ɩɪɢɜɟɞɟɧɧɵɯ ɧɚ ɪɢɫ.1-ɪɢɫ.3 ɦɨɞɟɥɟɣ 
ɨɫɰɢɥɥɢɪɭɸɳɢɯ ɜɢɯɪɟɜɵɯ ɞɭɛɥɟɬɨɜ ɫɨɯɪɚɧɹɟɬɫɹ ɫ ɜɵɫɨɤɨɣ ɬɨɱɧɨɫɬɶɸ ∆ܧ/ܧ ≈ͳͲ−଺ (ɪɢɫ.5a-5ɫ). ȼ ɫɥɭɱɚɟ, ɩɪɢɜɟɞёɧɧɨɦ ɧɚ ɪɢɫ.3 ɜ ɩɪɟɞɟɥɚɯ ɜɪɟɦёɧ ݐ ≈ ሺͳͷ.Ͳ, ʹͲ.ͲሻځሺͷͲ.Ͳ, ͷͺ.Ͳሻځሺͺͷ.Ͳ, ͻʹ.Ͳሻ 
ɪɚɡɧɨɫɬɶ ɮɚɡɵ ɨɫɰɢɥɥɹɰɢɣ ɜɢɯɪɟɣ ɞɨɫɬɢɝɚɟɬ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɢɹ. ȼ 
ɩɨɫɥɟɞɧɟɦ ɫɥɭɱɚɟ (ߦ = −ͳ.Ͳ) ɩɨɬɟɪɹ ɷɧɟɪɝɢɢ ɫɨɫɬɚɜɥɹɟɬ ݊ܧ௟௢௦௦ ≈ ʹ.ͷ͸% 
(ɪɢɫ.5d). 

 

 
Ɋɢɫ.5. ɂɧɬɟɝɪɚɥ ɷɧɟɪɝɢɢ (En) ɨɫɰɢɥɥɢɪɭɸɳɢɯ ɜɢɯɪɟɜɵɯ ɞɭɛɥɟɬɨɜ: a) ܳ௧ଵଶ௦௟ = ߦ ,͵+ = −Ͳ.ͳ; 
b) ܳ௧ଵଶ௦௟ = ߦ ,͵± = −Ͳ.ͳ; c) ܳ௧ଵ௦௟ = −Ͷ, ܳ ௧ଶ௦௟ = ߦ ,͵+ = −Ͳ.ͳ; d) ܳ௧ଵଶ௦௟ = ߦ ,͵± = −ͳ.Ͳ. 

 

ɗɜɨɥɸɰɢɹ ɰɟɧɬɪɚ (DH(0,0)) ɫɨɥɢɬɨɧɨɜ (4) ɜ ɬɨɩɨɥɨɝɢɱɟɫɤɢɯ ɜɢɯɪɟɜɵɯ 
ɞɭɛɥɟɬɚɯ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ.6. 

 
Ɋɢɫ.6. ɗɜɨɥɸɰɢɹ ɰɟɧɬɪɚɥɶɧɨɣ ɬɨɱɤɢ (DH(0,0)) ɨɫɰɢɥɥɢɪɭɸɳɢɯ ɜɢɯɪɟɜɵɯ ɞɭɛɥɟɬɨɜ: a) ܳ௧ଵଶ௦௟ = ߦ ,͵+ = −Ͳ.ͳ; b) ܳ௧ଵଶ௦௟ = ߦ ,͵± = −Ͳ.ͳ; c) ܳ௧ଵ௦௟ = −Ͷ, ܳ௧ଶ௦௟ = ߦ ,͵+ = −Ͳ.ͳ; d) ܳ௧ଵଶ௦௟ ߦ ,͵±= = −ͳ.Ͳ. 

 

ɉɪɢ ɫɭɳɟɫɬɜɟɧɧɨɦ ɭɜɟɥɢɱɟɧɢɢ ɡɧɚɱɟɧɢɣ ߦ ɧɚɛɥɸɞɚɟɬɫɹ ɩɪɨɰɟɫɫ ɪɚɫɩɚɞɚ 
Ɍɋ (4) ɜɢɯɪɟɜɨɝɨ ɞɭɛɥɟɬɚ (ɫɦ., ɧɚɩɪɢɦɟɪ, ɪɢɫ.7, ɞɥɹ ɫɥɭɱɚɹ ߦ = −ͷ.Ͳ) ɧɚ Ʌȼ. ȼ 
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ɦɨɞɟɥɢ ɩɪɢɜɟɞёɧɧɨɦ ɧɚ ɪɢɫ.7 ɨɛɚ Ɍɋ ɜɢɯɪɟɜɨɝɨ ɞɭɛɥɟɬɚ ɜ ɢɧɬɟɪɜɚɥɟ ɜɪɟɦɟɧɢ ݐ א ሺͲ.Ͳ, ͷ.ͷሻ (ɪɢɫ.7a-7c) ɪɚɫɩɚɞɚɸɬɫɹ ɧɚ Ʌȼ, ɤɚɠɞɚɹ ɢɡ ɤɨɬɨɪɵɯ ɨɛɥɚɞɚɟɬ 
ɟɞɢɧɢɱɧɵɦ ɡɧɚɱɟɧɢɟɦ ɢɧɞɟɤɫɚ ɏɨɩɮɚ (ܳ௧ = ͳ) Д2,3Ж. ȼ ɩɪɨɰɟɫɫɟ ɷɜɨɥɸɰɢɢ, ɜ 
ɢɧɬɟɪɜɚɥɟ ݐ א ሺͳʹ.Ͳ, ͳͷ.ͷሻ ɩɪɨɢɫɯɨɞɢɬ ɚɧɧɢɝɢɥɹɰɢɹ ɩɚɪɵ Ʌȼ (ɪɢɫ.7de).  

 

 
Ɋɢɫ.7. Ɋɚɫɩɚɞ ɜɢɯɪɟɜɨɝɨ ɞɭɛɥɟɬɚ ܳ௧ଵଶ௦௟ = ߦ ,͵+ = −ͷ.Ͳ ɧɚ ɥɨɤɚɥɢɡɨɜɚɧɧɵɟ ɜɨɡɦɭɳɟɧɢɹ. 
ɗɜɨɥɸɰɢɹ DH. ȼɪɟɦɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ: ݐ א [Ͳ.Ͳ, ͳ͹.͹]. 

 

Ⱦɚɥɟɟ, ɧɚ ɨɫɧɨɜɟ Ʌɨɪɟɧɰ-ɢɧɜɚɪɢɚɧɬɧɨɫɬɢ ɦɨɞɟɥɢ (3) ɛɵɥɢ ɪɚɡɪɚɛɨɬɚɧɵ 
ɦɨɞɟɥɢ ɫ ɜɢɯɪɹɦɢ, ɞɜɢɠɭɳɢɦɢɫɹ ɜ ɩɚɪɚɥɥɟɥɶɧɵɯ ɪɟɲёɬɤɚɯ, ɜ ɤɨɬɨɪɵɯ ɧɟ 
ɧɚɛɥɸɞɚɥɢɫɶ ɫɜɨɣɫɬɜɚ, ɨɬɥɢɱɚɸɳɢɟɫɹ ɨɬ ɫɜɨɣɫɬɜ ɜɢɯɪɟɜɵɯ ɞɭɛɥɟɬɨɜ 
ɜɵɹɜɥɟɧɧɵɯ ɜ ɩɪɟɞɵɞɭɳɢɯ ɩɪɢɦɟɪɚɯ.  

ɑɢɫɥɟɧɧɵɟ ɦɨɞɟɥɢ, ɩɪɢɜɟɞёɧɧɵɟ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɩɨɥɭɱɟɧɵ ɧɚ ɨɫɧɨɜɟ 
ɦɟɬɨɞɨɜ ɬɟɨɪɢɢ ɤɨɧɟɱɧɵɯ ɪɚɡɧɨɫɬɧɵɯ ɫɯɟɦ Д5Ж ɢ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɚɜɬɨɪɚɦɢ 
ɚɥɝɨɪɢɬɦɨɜ ɢ ɩɪɨɝɪɚɦɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɜɨɥɸɰɢɢ ɤɜɚɡɢɞɜɭɦɟɪɧɵɯ 
ɜɡɚɢɦɨɫɜɹɡɚɧɧɵɯ ɜɢɯɪɟɣ ɜɢɞɚ (4) ɜ ɪɚɦɤɚɯ (3+1)-ɦɟɪɧɨɣ ɚɧɢɡɨɬɪɨɩɧɨɣ Ɉ(3) 
ɇɋɆ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɪɚɡɪɚɛɨɬɚɧ ɢ ɩɪɟɞɥɨɠɟɧ ɱɢɫɥɟɧɧɵɣ 
ɚɩɩɚɪɚɬ, ɩɨɡɜɨɥɹɸɳɢɣ ɩɪɨɜɟɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɦɟɯɚɧɢɡɦɚ ɦɟɠɫɥɨɣɧɨɝɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɬɨɩɨɥɨɝɢɱɟɫɤɢɯ ɜɢɯɪɟɜɵɯ ɩɚɪ ɜ ɮɚɡɨɜɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ.  
 

Ʌɢɬɟɪɚɬɭɪɚ 
1. Ȼɟɥɚɜɢɧ Ⱥ.Ⱥ. Ɇɟɬɚɫɬɚɛɢɥɶɧɵɟ ɫɨɫɬɨɹɧɢɹ ɞɜɭɦɟɪɧɨɝɨ ɢɡɨɬɪɨɩɧɨɝɨ 

ɮɟɪɪɨɦɚɝɧɟɬɢɤɚ / Ⱥ.Ⱥ. Ȼɟɥɚɜɢɧ, Ⱥ.Ɇ. ɉɨɥɹɤɨɜ // – ɀɗɌɎ, 1975. – Ɍ. 22, 
ɜɵɩ. 10. – ɋ. 503-506. 

2. Ɇɭɦɢɧɨɜ ɏ.ɏ. Ⱦɢɧɚɦɢɱɟɫɤɢɟ ɢ ɬɨɩɨɥɨɝɢɱɟɫɤɢɟ ɫɨɥɢɬɨɧɵ ɜ ɧɟɥɢɧɟɣɧɵɯ 
ɫɢɝɦɚ-ɦɨɞɟɥɹɯ / ɏ.ɏ. Ɇɭɦɢɧɨɜ, Ɏ.ɒ. ɒɨɤɢɪɨɜ // – Ⱦ.: «Ⱦɨɧɢɲ», 2014.  – 
387 ɫ.  
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ɉɪɟɫɫ», 2015. – 388 ɫ. 

4. Ɇɭɦɢɧɨɜ ɏ.ɏ. ɂɡɨɫɩɢɧɨɜɚɹ ɞɢɧɚɦɢɤɚ ɬɨɩɨɥɨɝɢɱɟɫɤɢɯ ɜɢɯɪɟɣ / ɏ.ɏ. 
Ɇɭɦɢɧɨɜ, Ɏ.ɒ. ɒɨɤɢɪɨɜ // – ȾȺɇ ɊɌ, 2016. – Ɍ.59. - №7-8. –  ɋ. 320-326. 

5. ɋɚɦɚɪɫɤɢɣ Ⱥ.Ⱥ. Ɍɟɨɪɢɹ ɪɚɡɧɨɫɬɧɵɯ ɫɯɟɦ / Ⱥ.Ⱥ. ɋɚɦɚɪɫɤɢɣ // – Ɇ.: ɇɚɭɤɚ, 
1989. –  616 ɫ.  
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Тадќиќи динамикаи сохторњои гирдбодии топологии байни њамдигар алоќманди 
навъи Белавин-Поляков дар чањорчўбаи О(3) σ-модели ѓайрихаттии (3+1)-чена 
гузаронида шудааст. Моделњои ададии љуфтњои гирдбодии байни њамдигар алоќманд 
кор карда баромада шуда, шартњои ба вуљуд омадани динамикаи лаппишкунандаи 
онњо, афканишоти зинавии энергия ва парокандашавии гирдбодњо ба ошўбњои алоњида 
дар ќабатњои дученаи дар фазо ба таври параллел љойгиршуда муайян карда шуданд. 
 Калимањои калидї: гирдбоди топологии квазидучена, њолати алоќманди 
гирдбодњо, σ-модели ѓайрихаттии (3+1)-чена, динамикаи изоспинї, тарњрезии ададї. 
 

 

EVOLUTION OF QUASI-TWO-DIMENSIONAL TOPOLOGICAL VORTICES 
IN (3+1)-DIMENSIONAL NONLINEAR SIGMA MODEL 

Muminov Kh.Kh., Shokirov F.Sh. 
S.U.Umarov Physical-Technical Institute of AS RT 

The dynamics of interconnected vortex topological structures of Belavin-Polyakov type in the 
framework of (3+1)-dimensional O(3) ЧШЧХТЧОКЫ σ-model is studied. Numerical models of stationary 
and moving interconnected vortex pairs are obtained, and the conditions that lead to their oscillatory 
dynamics, gradual energy radiation and decay on to the localized vortex perturbations in spatially 
separated two-dimensional layers are determined. 
 Key words: quasi two-dimensional topological vortex, bound state of vortices, (3+1)-
НТЦОЧЬТШЧКХ ЧШЧХТЧОКЫ σ-model, isospin dynamics, numerical simulation. 
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ɍȾɄ 536.2 
 

ɄɊɍɌɂɅɖɇɕɃ ɄȼȺɊɐȿȼɕɃ ɊȿɁɈɇȺɌɈɊ ɂ ɂɁɆȿɊȿɇɂə 
ȼəɁɄɈɍɉɊɍȽɂɏ ɋȼɈɃɋɌȼ ɉɊɈȼɈȾəɓɂɏ ɀɂȾɄɈɋɌȿɃ 

(ɑȺɋɌɈɌɕ 20 – 1300 ɄȽɐ) 
Ɋɚɯɦɨɧɨɜ Ɋ.Ʉ. 

Ɏɢɥɢɚɥ ɆȽɍ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ ɜ ɝ. Ⱦɭɲɚɧɛɟ 
ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɪɚɡɪɚɛɨɬɚɧɚ ɢ ɩɪɟɞɥɨɠɟɧɚ ɚɤɭɫɬɢɱɟɫɤɚɹ ɦɟɬɨɞɢɤɚ ɢɡɦɟɪɟɧɢɹ 

ɩɪɨɜɨɞɹɳɢɯ ɠɢɞɤɨɫɬɟɣ ɦɟɬɨɞɨɦ ɤɪɭɬɢɥɶɧɨɝɨ ɪɟɡɨɧɚɬɨɪɚ, ɬɚɤ ɠɟ ɢɫɫɥɟɞɨɜɚɧɨ 
ɜɹɡɤɨɭɩɪɭɝɢɟ ɫɜɨɣɫɬɜɚ ɪɚɫɩɥɚɜɨɜ ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɹ ɜ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ 20 ɤȽɰ – 1300 ɤȽɰ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɤɜɚɪɰ, ɤɪɭɬɢɥɶɧɵɣ, ɪɟɡɨɧɚɬɨɪ, ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥ, ɩɪɨɜɨɞɹɳɢɟ 
ɠɢɞɤɨɫɬɢ. 

ȼ ɷɬɨɦ ɦɟɬɨɞɟ ɫɞɜɢɝɨɜɵɟ ɜɹɡɤɨɭɩɪɭɝɢɟ ɩɚɪɚɦɟɬɪɵ ɠɢɞɤɨɫɬɢ 
ɨɩɪɟɞɟɥɹɥɢɫɶ ɩɨ ɢɡɦɟɧɟɧɢɹɦ ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɢɦɩɟɞɚɧɫɚ ɪɟɡɨɧɚɬɨɪɚ ɩɪɢ ɟɝɨ 
ɩɨɝɪɭɠɟɧɢɢ ɜ ɢɫɫɥɟɞɭɟɦɭɸ ɠɢɞɤɨɫɬɶ. 
 Ɋɟɡɨɧɚɬɨɪ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɰɢɥɢɧɞɪ, ɜɵɪɟɡɚɧɧɵɣ ɢɡ ɦɨɧɨɤɪɢɫɬɚɥɥɚ 
ɤɜɚɪɰɚ ɫ ɧɚɧɟɫɟɧɧɵɦɢ ɧɚ ɟɝɨ ɩɨɜɟɪɯɧɨɫɬɶ ɷɥɟɤɬɪɨɞɚɦɢ. Ɉɧ ɤɪɟɩɢɬɫɹ ɩɨ ɨɫɢ ɧɚ 
ɢɝɥɚɯ, ɱɟɪɟɡ ɤɨɬɨɪɵɟ ɩɨɞɚɟɬɫɹ ɜɨɡɛɭɠɞɚɸɳɟɟ ɧɚɩɪɹɠɟɧɢɟ. Ɉɪɢɟɧɬɚɰɢɹ ɨɫɟɣ 
ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɤɜɚɪɰɚ, ɪɚɫɩɨɥɨɠɟɧɢɟ ɷɥɟɤɬɪɨɞɨɜ ɢ ɤɪɟɩɥɟɧɢɟ ɜ ɢɝɥɚɯ 
ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ.1. ɪɚɡɦɟɪɨɦ, ɨɩɪɟɞɟɥɹɸɳɢɦ ɨɫɧɨɜɧɭɸ ɱɚɫɬɨɬɭ ɤɪɭɬɢɥɶɧɨɝɨ 
ɪɟɡɨɧɚɬɨɪɚ, ɹɜɥɹɟɬɫɹ ɟɝɨ ɞɥɢɧɚ, ɩɨɷɬɨɦɭ ɞɥɹ ɢɡɦɟɪɟɧɢɣ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ 
ɱɚɫɬɨɬ ɨɫɧɨɜɧɵɦ ɧɟɭɞɨɛɫɬɜɨɦ ɹɜɥɹɟɬɫɹ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɢɦɟɬɶ ɧɚɛɨɪ 
ɪɟɡɨɧɚɬɨɪɨɜ. ɗɬɨɝɨ ɦɨɠɧɨ ɢɡɛɟɠɚɬɶ, ɪɚɛɨɬɚɹ ɧɚ ɝɚɪɦɨɧɢɤɚɯ. ɑɚɫɬɨɬɵ ɝɚɪɦɨɧɢɤ, 
ɨɩɪɟɞɟɥɹɸɳɢɟɫɹ ɞɥɢɧɨɣ ɰɢɥɢɧɞɪɚ ɦɨɧɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɤɜɚɪɰɚ, ɜɵɱɢɫɥɹɸɬɫɹ 
ɩɨ ɫɥɟɞɭɸɳɟɣ ɮɨɪɦɭɥɟ: 

02l

n
fn      (1) 

ɝɞɟ n=1,3,5,… - ɧɨɦɟɪɚ ɝɚɪɦɨɧɢɤ, 3/64,2 ɫɦɝ  - 

ɩɥɨɬɧɨɫɬɶ ɤɜɚɪɰɚ, ɞɢɧɫɦ /1042,2 212  - ɭɩɪɭɝɚɹ 
ɩɨɞɚɬɥɢɜɨɫɬɶ ɤɜɚɪɰɚ, ɦɦl 80  - ɞɥɢɧɚ ɪɟɡɨɧɚɬɨɪɚ. 
 
 Ɋɢɫ. 1. Ʉɪɭɬɢɥɶɧɵɣ ɤɜɚɪɰɟɜɵɣ ɪɟɡɨɧɚɬɨɪ. 
1 – ɪɟɡɨɧɚɬɨɪҲ  
2 – ɷɥɟɤɬɪɨɞɵ ɤɜɚɞɪɭɩɨɥɶɧɵɟҲ 
3 – ɢɝɥɵ ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɟҲ 
4 – ɩɪɭɠɢɧɵҲ 
5 – ɫɬɨɣɤɚҲ 
6 – ɢɡɨɥɹɬɨɪҲ 
7 – ɤɥɟɦɦɵ ɷɥɟɤɬɪɨɩɪɨɜɨɞɹɳɢɟ. 
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Ɋɢɫ. 2. Ʉɪɭɬɢɥɶɧɵɣ ɤɜɚɪɰɟɜɵɣ ɪɟɡɨɧɚɬɨɪ ɞɥɹ ɢɡɦɟɪɟɧɢɹ 
ɩɪɨɜɨɞɹɳɢɯ ɠɢɞɤɨɫɬɟɣ. Ⱥ – ɨɛɪɵɜ ɨɛɤɥɚɞɤɢ. 

 
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɝɚɪɦɨɧɢɤ ɩɨɡɜɨɥɹɟɬ ɫ ɩɨɦɨɳɶɸ 

ɨɞɧɨɝɨ ɪɟɡɨɧɚɬɨɪɚ ɩɟɪɟɤɪɵɬɶ ɢɧɬɟɪɜɚɥ ɱɚɫɬɨɬ, 
ɩɪɟɜɵɲɚɸɳɢɯ ɨɞɧɭ ɞɟɤɚɞɭ. 
 ɋɥɟɞɭɟɬ ɭɱɟɫɬɶ, ɱɬɨ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɱɢɫɬɨɣ 
ɤɪɭɬɢɥɶɧɨɣ ɦɨɞɵ ɞɢɚɦɟɬɪ ɪɟɡɨɧɚɬɨɪɚ ɞɨɥɠɟɧ ɛɵɬɶ ɩɨ 
ɤɪɚɣɧɟɣ ɦɟɪɟ ɜ 10 ɪɚɡ ɦɟɧɶɲɟ ɟɝɨ ɞɥɢɧɵ. ɇɨ ɢɡɜɟɫɬɧɨ, ɱɬɨ 
ɩɪɢ ɤɪɭɬɢɥɶɧɵɯ ɤɨɥɟɛɚɧɢɹɯ ɢɡɨɬɪɨɩɧɵɯ ɫɬɟɪɠɧɟɣ 
ɜɨɡɦɨɠɧɨ ɫɭɳɟɫɬɜɨɜɚɧɢɟ «ɪɚɞɢɚɥɶɧɨɣ» ɦɨɞɵ, ɞɥɹ 
ɤɨɬɨɪɨɣ ɪɟɡɨɧɚɧɫɧɵɦ ɪɚɡɦɟɪɨɦ ɹɜɥɹɟɬɫɹ ɞɢɚɦɟɬɪ 
ɤɜɚɪɰɟɜɨɝɨ ɫɬɟɪɠɧɹ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɷɬɨɣ ɦɨɞɵ ɤɨɥɟɛɚɧɢɣ 

/39/ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɭɳɟɫɬɜɟɧɧɨ ɪɚɫɲɢɪɢɬɶ ɱɚɫɬɨɬɧɵɣ ɞɢɚɩɚɡɨɧ. Ⱦɥɹ 
ɫɬɟɪɠɧɹ ɢɡ ɚɧɢɡɨɬɪɨɩɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɤɚɤɢɦ ɹɜɥɹɟɬɫɹ ɤɜɚɪɰ, ɧɟɬ ɚɧɚɥɢɬɢɱɟɫɤɢɯ 
ɜɵɪɚɠɟɧɢɣ ɞɥɹ ɪɚɫɱɟɬɚ ɪɟɡɨɧɚɧɫɧɵɯ ɱɚɫɬɨɬ ɜɵɫɲɢɯ ɤɪɭɬɢɥɶɧɵɯ ɦɨɞ, ɩɨɷɬɨɦɭ 
ɢɯ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ. Ⱦɥɹ ɢɫɩɨɥɶɡɨɜɚɧɧɨɝɨ ɜ ɪɚɛɨɬɟ 
ɪɟɡɨɧɚɬɨɪɚ ɱɚɫɬɨɬɚ ɪɚɞɢɚɥɶɧɨɝɨ ɪɟɡɨɧɚɧɫɚ ɫɨɫɬɚɜɥɹɥɚ 1,37 ɤȽɰ. 
 ɉɪɢ ɩɨɝɪɭɠɟɧɢɢ ɪɟɡɨɧɚɬɨɪɚ ɜ ɢɫɫɥɟɞɭɟɦɭɸ ɠɢɞɤɨɫɬɶ ɢɡɦɟɧɹɸɬɫɹ 
ɲɢɪɢɧɚ ɪɟɡɨɧɚɧɫɧɨɣ ɤɪɢɜɨɣ f ɢ ɪɟɡɨɧɚɧɫɧɚɹ ɱɚɫɬɨɬɚ pf , ɤɨɬɨɪɚɹ ɫɜɹɡɚɧɚ ɫ 
ɚɤɬɢɜɧɨɣ R ɢ ɪɟɚɤɬɢɜɧɨɣ X ɫɨɫɬɚɜɥɹɸɳɢɦɢ ɭɞɟɥɶɧɨɝɨ ɚɤɭɫɬɢɱɟɫɤɨɝɨ 
ɢɦɩɟɞɚɧɫɚ Z=R+Ix ɫɥɟɞɭɸɳɢɦɢ ɫɨɨɬɧɨɲɟɧɢɹɦɢ: 

ɏKfff

RKfff

ɊɀɊȼ

ȼɀ

2

1


 

             (2) 

ɝɞɟ Ɋȼȼ ff ,  ɢ Ɋɀɀ ff ,  - ɲɢɪɢɧɚ ɪɟɡɨɧɚɧɫɧɨɣ ɤɪɢɜɨɣ ɢ ɪɟɡɨɧɚɧɫɧɚɹ ɱɚɫɬɨɬɚ ɞɥɹ 
ɪɟɡɨɧɚɬɨɪɚ, ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɜɨɡɞɭɯɟ ɢ ɜ ɠɢɞɤɨɫɬɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨҲ Ʉ1, Ʉ2 – 
ɩɨɫɬɨɹɧɧɵɟ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɦɚɬɟɪɢɚɥɚ ɪɟɡɨɧɚɬɨɪɚ ɢ ɟɝɨ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ 
ɢ ɨɩɪɟɞɟɥɹɸɳɢɟɫɹ ɫɥɟɞɭɸɳɢɦɢ ɮɨɪɦɭɥɚɦɢ: 

21
0

2 2;
111

KK
rl

K 


                        (3) 

ɝɞɟ r – ɪɚɞɢɭɫ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɪɟɡɨɧɚɬɨɪɚ. 
 Ɉɩɪɟɞɟɥɹɹ ɢɡ (2) ɪɟɚɤɬɢɜɧɭɸ R ɢ ɚɤɬɢɜɧɭɸ X ɫɨɫɬɚɜɥɹɸɳɢɟ 
ɚɤɭɫɬɢɱɟɫɤɨɝɨ ɢɦɩɟɞɚɧɫɚ ɠɢɞɤɨɫɬɢ, ɦɨɠɧɨ ɩɨ ɮɨɪɦɭɥɚɦ 


22 XR

G
   ɢ    f

RX
S 

 
ɨɩɪɟɞɟɥɢɬɶ ɭɩɪɭɝɨɫɬɶ G  ɢ ɜɹɡɤɨɫɬɶ S  ɠɢɞɤɨɫɬɟɣ. 
 ȼ ɧɚɲɟɣ ɪɚɛɨɬɟ ɧɟɤɨɬɨɪɵɟ ɨɛɴɟɤɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ ɩɪɨɜɨɞɹɳɢɦɢ, 
ɧɚɩɪɢɦɟɪ ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥɶ (ɉɗȽ) ɢ ɟɝɨ ɜɨɞɧɵɟ ɪɚɫɬɜɨɪɵ. ɉɪɢ ɩɨɝɪɭɠɟɧɢɢ 



89 

 

ɪɟɡɨɧɚɬɨɪɚ ɜ ɩɪɨɜɨɞɹɳɭɸ ɠɢɞɤɨɫɬɶ ɟɝɨ ɨɛɤɥɚɞɤɢ ɲɭɧɬɢɪɭɸɬɫɹ ɦɚɥɵɦ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ. ɂɡ-ɡɚ ɬɨɝɨ, ɱɬɨ ɦɨɫɬɨɜɚɹ ɫɯɟɦɚ ɧɟ ɩɨɡɜɨɥɹɟɬ ɤɨɦɩɟɧɫɢɪɨɜɚɬɶ 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɨɜɨɞɹɳɢɯ ɠɢɞɤɨɫɬɟɣ, ɪɟɡɨɧɚɧɫɧɚɹ ɤɪɢɜɚɹ ɫɬɚɧɨɜɢɬɫɹ 
ɧɟɩɪɢɝɨɞɧɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ. ɗɬɭ ɬɪɭɞɧɨɫɬɶ ɭɞɚɟɬɫɹ ɨɛɨɣɬɢ, ɢɫɩɨɥɶɡɭɹ ɪɟɡɨɧɚɬɨɪ 
ɫ ɷɥɟɤɬɪɨɞɚɦɢ, ɧɚɧɟɫɟɧɧɵɦɢ ɧɚ ɩɨɥɨɜɢɧɭ ɞɥɢɧɵ, ɩɪɢɱɟɦ ɜ ɠɢɞɤɨɫɬɶ 
ɩɨɝɪɭɠɚɟɬɫɹ ɞɪɭɝɚɹ ɩɨɥɨɜɢɧɚ ɪɟɡɨɧɚɬɨɪɚ, ɥɢɲɟɧɧɚɹ ɷɥɟɤɬɪɨɞɨɜ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ: 







2/

2/

2

1

RKf

RKf
                           (4) 

ɝɞɟ  Ʉ1 ɢ Ʉ2 ɢɦɟɸɬ ɩɪɟɠɧɢɟ ɡɧɚɱɟɧɢɹ (2.3). ɢɡɦɟɪɟɧɢɹ, ɩɪɨɢɡɜɟɞɟɧɧɵɟ ɬɚɤɢɦ 
ɨɛɪɚɡɨɦ, ɢɦɟɸɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɩɪɟɢɦɭɳɟɫɬɜɨ – ɜɨɡɦɨɠɧɨɫɬɶ ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ 
ɪɚɫɲɢɪɢɬɶ ɞɢɚɩɚɡɨɧ ɢɡɦɟɪɹɟɦɵɯ ɜɹɡɤɨɫɬɟɣ. Ɉɞɧɚɤɨ ɫ ɬɚɤɢɦ ɪɟɡɨɧɚɬɨɪɨɦ ɧɟ 
ɭɞɚɥɨɫɶ ɩɪɨɜɟɫɬɢ ɢɡɦɟɪɟɧɢɹ ɧɚ ɪɚɞɢɚɥɶɧɨɣ ɦɨɞɟ, ɬ.ɟ. ɱɚɫɬɨɬɧɵɣ ɞɢɚɩɚɡɨɧ ɛɵɥ 
ɦɟɧɶɲɟ, ɱɟɦ ɩɪɢ ɨɛɵɱɧɨɣ ɦɟɬɨɞɢɤɟ. 
 ɇɚ ɪɢɫ.2 ɩɪɢɜɟɞɟɧ ɪɟɡɨɧɚɬɨɪ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɹɳɢɯ ɠɢɞɤɨɫɬɟɣ. ɉɪɢ 
ɪɚɛɨɬɟ ɧɚ ɬɟɦɩɟɪɚɬɭɪɚɯ ɛɨɥɟɟ ɧɢɡɤɢɯ, ɱɟɦ ɤɨɦɧɚɬɧɚɹ, ɧɚ ɝɨɥɨɣ ɱɚɫɬɢ 
ɪɟɡɨɧɚɬɨɪɚ ɩɨɹɜɥɹɸɬɫɹ ɫɥɟɞɵ ɜɥɚɝɢ, ɤɨɬɨɪɚɹ ɡɚɤɨɪɚɱɢɜɚɟɬ ɟɝɨ ɨɛɤɥɚɞɤɢ. ɑɬɨɛɵ 
ɢɡɛɚɜɢɬɶɫɹ ɨɬ ɬɚɤɨɝɨ ɪɨɞɚ ɧɟɞɨɫɬɚɬɤɨɜ, ɜɟɪɯɧɸɸ ɱɚɫɬɶ ɪɟɡɨɧɚɬɨɪɚ ɩɨɦɟɳɚɸɬ ɜ 
ɚɬɦɨɫɮɟɪɭ ɚɪɝɨɧɚ. 
 Ȼɥɨɤ-ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫ. 3. ɍɫɬɪɨɣɫɬɜɨɦ, ɭɩɪɚɜɥɹɸɳɢɦ 
ɪɚɛɨɬɨɣ ɫɯɟɦɵ, ɹɜɥɹɟɬɫɹ ɝɟɧɟɪɚɬɨɪ ɫɢɝɧɚɥɨɜ ɩɢɥɨɨɛɪɚɡɧɨɣ ɮɨɪɦɵ Ƚ6-28 (1), 
ɤɨɬɨɪɵɣ ɡɚɞɚɟɬ ɩɚɪɚɦɟɬɪɵ ɱɚɫɬɨɬɧɨɣ ɦɨɞɭɥɹɰɢɢ ɢ ɨɫɭɳɟɫɬɜɥɹɟɬ ɪɚɡɜɟɪɬɤɭ 
ɨɫɰɢɥɥɨɝɪɚɮɚ 6. ɑɚɫɬɨɬɧɨ-ɦɨɞɭɥɢɪɨɜɚɧɧɵɟ ɤɨɥɟɛɚɧɢɹ ɩɨɫɬɨɹɧɧɨɣ ɚɦɩɥɢɬɭɞɵ 
ɨɬ ɝɟɧɟɪɚɬɨɪɚ 2 ɩɨɞɚɸɬɫɹ ɧɚ ɦɨɫɬɨɜɭɸ ɫɯɟɦɭ 3, ɜ ɨɞɧɨ ɩɥɟɱɨ ɤɨɬɨɪɨɣ ɜɤɥɸɱɟɧ 
ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɪɟɡɨɧɚɬɨɪ 8, ɚ ɜ ɞɪɭɝɨɟ – ɩɟɪɟɦɟɧɧɵɣ ɤɨɧɞɟɧɫɚɬɨɪ ɋ1 ɢ 
ɪɟɡɢɫɬɨɪ R3, R4. ɋɢɝɧɚɥ ɫ ɜɵɯɨɞɚ ɦɨɫɬɚ ɭɫɢɥɢɜɚɟɬɫɹ ɦɢɤɪɨɜɨɥɶɬɦɟɬɪɨɦ 4, 
ɞɟɬɟɤɬɢɪɭɟɬɫɹ ɢ ɢɡɦɟɪɹɟɬɫɹ ɰɢɮɪɨɜɵɦ ɜɨɥɶɬɦɟɬɪɨɦ ȼ7-23. Ɉɞɧɨɜɪɟɦɟɧɧɨ 
ɪɚɞɢɨɱɚɫɬɨɬɧɵɣ ɫɢɝɧɚɥ ɩɨɫɬɭɩɚɟɬ ɧɚ ɜɯɨɞ «ɍ» ɨɫɰɢɥɥɨɝɪɚɮɚ 6 ɞɥɹ ɜɢɡɭɚɥɶɧɨɝɨ 
ɤɨɧɬɪɨɥɹ ɱɚɫɬɨɬɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. ɉɚɪɚɦɟɬɪɵ ɪɟɡɨɧɚɧɫɧɨɣ ɤɪɢɜɨɣ 
(ɪɟɡɨɧɚɧɫɧɚɹ ɱɚɫɬɨɬɚ Pf  ɢ ɲɢɪɢɧɚ 707,0f ) ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɩɨ ɡɧɚɱɟɧɢɹɦ 
ɧɚɩɪɹɠɟɧɢɣ ɞɥɹ ɪɚɡɧɵɯ ɡɧɚɱɟɧɢɣ ɱɚɫɬɨɬɵ ɫ ɩɨɦɨɳɶɸ ɩɟɪɫɨɧɚɥɶɧɨɣ ɗȼɆ Ɋɋ-
I248. 
 ɉɟɪɟɞ ɢɡɦɟɪɟɧɢɟɦ ɫɞɜɢɝɨɜɵɯ ɜɹɡɤɨɭɩɪɭɝɢɯ ɫɜɨɣɫɬɜ ɠɢɞɤɨɫɬɢ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ Pf  ɢ f  ɞɥɹ ɪɟɡɨɧɚɬɨɪɚ ɜ ɜɨɡɞɭɯɟ. Ⱦɥɹ ɷɬɨɝɨ ɜ 
ɩɭɫɬɨɦ ɷɤɪɚɧɢɪɨɜɚɧɧɨɦ ɫɨɫɭɞɟ ɪɟɡɨɧɚɬɨɪ ɬɟɪɦɨɫɬɚɬɢɪɭɟɬɫɹ ɧɟ ɦɟɧɟɟ ɨɞɧɨɝɨ 
ɱɚɫɚ ɢ ɜɵɩɨɥɧɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɨɩɟɪɚɰɢɢ. ɂɡɦɟɧɟɧɢɟɦ ɱɚɫɬɨɬɵ ɝɟɧɟɪɚɬɨɪɚ 2 
ɞɨɛɢɜɚɸɬɫɹ ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ ɧɚ ɦɢɤɪɨɜɥɶɬɦɟɬɪɟ 4 (ɜ 
ɷɬɨɦ ɫɥɭɱɚɟ ɱɚɫɬɨɬɚ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɪɟɡɨɧɚɧɫɧɨɣ). ɉɪɢ ɪɚɫɫɬɪɨɣɤɟ ɱɚɫɬɨɬɵ 
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ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɟɡɨɧɚɧɫɚ +1 ɤȽɰ ɩɪɨɜɢɞɢɬɫɹ ɧɟɣɬɪɚɥɢɡɚɰɢɹ ɦɟɠɞɭɷɥɟɤɬɪɨɞɧɨɣ 
ɟɦɤɨɫɬɢ ɪɟɡɨɧɚɬɨɪɚ ɢ ɟɝɨ ɩɪɨɜɨɞɢɦɨɫɬɢ ɫ ɩɨɦɨɳɶɸ ɤɨɧɞɟɧɫɚɬɨɪɚ ɋ1 ɢ 
ɪɟɡɢɫɬɨɪɚ R3.  

 
Ɋɢɫ.3. Ȼɥɨɤ ɫɯɟɦɚ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɜɹɡɤɨɭɩɪɭɝɢɯ ɫɜɨɣɫɬɜ 

ɠɢɞɤɨɫɬɟɣ ɢɦɩɟɞɚɧɫɧɵɦ ɦɟɬɨɞɨɦ ɤɪɭɬɢɥɶɧɨɝɨ ɪɟɡɨɧɚɬɨɪɚ, ɜ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ 
20 ɤȽɰ – 1,5 ɆȽɰ. 

1 – ɝɟɧɟɪɚɬɨɪ ɫɢɝɧɚɥɨɜ ɫɩɟɰɢɚɥɶɧɨɣ ɮɨɪɦɵ Ƚ6-28; 
2 – ɝɟɧɟɪɚɬɨɪ ɫɢɝɧɚɥɨɜ ɧɢɡɤɨɱɚɫɬɨɬɧɵɣ ɩɪɟɰɢɡɢɨɧɧɵɣ Ƚ3-110; 
3 – ɪɚɞɢɨɱɚɫɬɨɬɧɵɣ ɦɨɫɬҲ 4 – ɦɢɤɪɨɜɨɥɶɬɦɟɬɪ ɫɟɥɟɤɬɢɜɧɵɣ ȼ6-9;  
5 – ɰɢɮɪɨɜɨɣ ɜɨɥɶɬɦɟɬɪ ȼ7-23; 6 – ɨɫɰɢɥɥɨɝɪɚɮ ɋ1-48ȻҲ 
7 – ɱɚɫɬɨɬɨɦɟɪ ɑ3-34; 8 – ɤɪɭɬɢɥɶɧɵɣ ɩɶɟɡɨɤɜɚɪɰɟɜɵɣ ɪɟɡɨɧɚɬɨɪҲ  
9 – ɩɟɪɫɨɧɚɥɶɧɚɹ ɗȼɆ Ɋɋ -1248. 

 
ɉɨɫɥɟ ɧɟɣɬɪɚɥɢɡɚɰɢɢ ɩɪɨɢɡɜɨɞɹɬ ɧɚɫɬɪɨɣɤɭ ɝɟɧɟɪɚɬɨɪɚ 2 ɧɚ ɱɚɫɬɨɬɭ 

ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɢ ɨɬɦɟɱɚɸɬ ɟɝɨ ɜɟɥɢɱɢɧɭ maxU  ɩɨ ɲɤɚɥɟ 
ɜɨɥɶɬɦɟɬɪɚ 4. Ⱦɚɥɶɲɟ ɢɡɦɟɧɹɸɬ ɱɚɫɬɨɬɭ ɝɟɧɟɪɚɬɨɪɚ 2 ɜɵɲɟ ɢ ɧɢɠɟ 
ɪɟɡɨɧɚɧɫɧɨɣ ɢ ɢɡɦɟɪɹɸɬ ɱɚɫɬɨɬɚɦɟɬɪɨɦ 7 ɱɚɫɬɨɬɵ f  ɢ f , ɩɪɢ ɤɨɬɨɪɵɯ 
ɭɪɨɜɟɧɶ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɫɨɫɬɚɜɥɹɟɬ ɜɟɥɢɱɢɧɭ max707,0 U . ɉɨɫɥɟ ɷɬɨɝɨ ɩɨ 
ɢɡɦɟɪɟɧɧɵɦ ɜɟɥɢɱɢɧɚɦ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɪɟɡɨɧɚɧɫɧɚɹ ɱɚɫɬɨɬɚ ɢ ɲɢɪɢɧɚ 
ɪɟɡɨɧɚɧɫɧɨɣ ɤɪɢɜɨɣ ɪɟɡɨɧɚɬɨɪɚ ɜ ɜɨɡɞɭɯɟ ɩɨ ɮɨɪɦɭɥɚɦ 

;
2

0
0

  ff
f       fff                  (5) 

 ɉɨɫɥɟ ɢɡɦɟɪɟɧɢɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɟɡɨɧɚɬɨɪɚ ɜ ɜɨɡɞɭɯɟ, ɜ ɫɨɫɭɞ ɧɚɥɢɜɚɟɬɫɹ 
ɢɫɫɥɟɞɭɟɦɚɹ ɠɢɞɤɨɫɬɶ, ɤɭɞɚ ɩɨɝɪɭɠɚɟɬɫɹ ɪɟɡɨɧɚɬɨɪ. Ɂɚɬɟɦ ɫɨɫɭɞ ɩɨɦɟɳɚɟɬɫɹ ɜ 
ɬɟɪɦɨɫɬɚɬ ɫ ɡɚɞɚɧɧɨɣ ɬɟɦɩɟɪɚɬɭɪɨɣ. Ʉɨɝɞɚ ɩɚɪɚɦɟɬɪɵ ɱɚɫɬɨɬɧɨɣ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɟɪɟɫɬɚɸɬ ɢɡɦɟɧɹɬɶɫɹ (ɩɪɢɦɟɪɧɨ ɱɟɪɟɡ ɞɜɚ ɱɚɫɚ), ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɢɡɦɟɪɟɧɢɟ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ. ɉɪɟɞɜɚɪɢɬɟɥɶɧɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɟɣɬɪɚɥɢɡɚɰɢɹ 
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ɟɦɤɨɫɬɢ ɪɟɡɨɧɚɬɨɪɚ ɢ ɩɪɨɜɨɞɢɦɨɫɬɢ ɠɢɞɤɨɫɬɢ: ɧɚɛɥɸɞɚɹ ɧɚ ɷɤɪɚɧɟ 
ɨɫɰɢɥɥɨɝɪɚɮɚ ɱɚɫɬɨɬɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɪɟɡɨɧɚɬɨɪɚ, ɞɨɛɢɜɚɸɬɫɹ 
ɦɢɧɢɦɚɥɶɧɵɯ ɡɧɚɱɟɧɢɣ «ɩɪɨɥɚɡɚ» ɫɢɝɧɚɥɚ ɝɟɧɟɪɚɬɨɪɚ 2 ɩɨ ɨɛɟ ɫɬɨɪɨɧɵ 
ɪɟɡɨɧɚɧɫɧɨɣ ɤɪɢɜɨɣ. Ɂɚɬɟɦ ɱɚɫɬɨɬɚ ɝɟɧɟɪɚɬɨɪɚ 2 ɢɡɦɟɧɹɟɬɫɹ ɜɪɭɱɧɭɸ ɢɥɢ 
«ɤɚɱɚɟɬɫɹ» ɫ ɩɨɦɨɳɶɸ ɝɟɧɟɪɚɬɨɪɚ 1 ɜ ɩɪɟɞɟɥɚɯ ɱɚɫɬɨɬɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɩɨ 
ɡɧɚɱɟɧɢɹɦ ɧɚɩɪɹɠɟɧɢɣ ɧɚ ɰɢɮɪɨɜɨɦ ɜɨɥɶɬɦɟɬɪɟ 5, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ 
ɡɧɚɱɟɧɢɹɦ ɱɚɫɬɨɬɵ ɩɨ ɱɚɫɬɨɬɨɦɟɪɭ 7, ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɜɟɥɢɱɢɧɵ Pf  ɢ f  ɧɚ 
ɗȼɆ (9) ɩɨ ɦɟɬɨɞɭ ɞɢɯɨɬɨɦɢɢ ɫ ɭɱɟɬɨɦ ɧɟɩɨɥɧɨɣ ɛɚɥɚɧɫɢɪɨɜɤɢ 
ɪɚɞɢɨɱɚɫɬɨɬɧɨɝɨ ɦɨɫɬɚ. ɂɫɩɨɥɶɡɭɹ ɩɨɥɭɱɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ,,,, ɀȼPɀPȼ ffff   ɩɨ 
ɮɨɪɦɭɥɟ (2) ɪɚɫɫɱɢɬɵɜɚɸɬ ɢɦɩɟɞɚɧɫ ɠɢɞɤɨɫɬɢ. 
 Ɇɟɧɟɟ ɬɨɱɧɵɟ ɡɧɚɱɟɧɢɟ ɀf  ɢ ɀf  ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɛɟɡ ɡɚɩɢɫɢ ɱɚɫɬɨɬɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɧɚ ɫɚɦɨɩɢɫɰɟ ɩɨ ɩɨɤɚɡɚɧɢɹɦ ɜɨɥɶɬɦɟɬɪɚ ɢ ɱɚɫɬɨɬɨɦɟɪɚ. Ⱦɥɹ 
ɷɬɨɝɨ ɝɟɧɟɪɚɬɨɪ 1 ɨɬɤɥɸɱɚɟɬɫɹ, ɢ ɩɪɢ ɢɡɦɟɪɟɧɢɢ ɱɚɫɬɨɬɵ ɝɟɧɟɪɚɬɨɪɚ 2 ɩɭɱɤɚɦɢ 
ɭɩɪɚɜɥɟɧɢɹ ɜɵɲɟ ɢ ɧɢɠɟ ɪɟɡɨɧɚɧɫɚ ɢɡɦɟɪɹɸɬ ɞɜɟ ɱɚɫɬɨɬɵ f  ɢ f , 

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɜɵɛɪɚɧɧɨɦɭ ɭɪɨɜɧɸ ɧɚɩɪɹɠɟɧɢɹ Ⱥ=0,707. 
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ɤɨɧɮɟɪɟɧɰɢɢ «ɋɨɜɪɟɦɟɧɧɵɟ ɩɪɨɛɥɟɦɵ ɮɢɡɢɤɢ ɤɨɧɞɟɧɫɢɪɨɜɚɧɧɨɝɨ 
ɫɨɫɬɨɹɧɢɹ». Ɍɇɍ ɇɂɂ. -  2015 ɝ. - ɋ.40-45. 

 
 

ɊȿɁɈɇȺɌɈɊɂ ɄȼȺɊɋɂɂ ɌɈȻɏɍɊȺɇȾȺ ȼȺ ɑȿɇɄɍɇɂɂ ɏɈɋɂəɌԞɈɂ 
ɑȺɋɉȺɄɂɘ ɑȺɇȾɂɊɂɂ ɆɈȿɔԞɈɂ ɇɈЌɂɅɂəɌȾɈɒɌȺ (ȻȺɋɈɆȺȾԞɈ 20-1300 

Ʉɏɋ) 
Ɋɚԟɦɨɧɨɜ Ɋ.Ʉ. 

Ɏɢɥɢɚɥɢ ȾȾɆ ɛɚ ɧɨɦɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜ ɞɚɪ ɲ. Ⱦɭɲɚɧɛɟ 
 Ⱦɚɪ ɦɚқɨɥɚɢ ɦɚɡɤɭɪ ɛɨɪɢ ɚɜɜɚɥ ɦɟɬɨɞɢɤɚɢ ɱɟɧ ɤɚɪɞɚɧɢ ɯɭɫɭɫɢɹɬԟɨɢ ɱɚɫɩɚɤɢɸ 
ɱɚɧɞɢɪɢɢ ɦɨɟɴԟɨɢ ɧɨқɢɥɢɹɬɞɨɲɬɚ ɛɚ ɜɨɫɢɬɚɢ ɪɟɡɨɧɚɬɨɪɢ ɬɨɛɯɭɪɚɧɞɚ ɩɟɲɧɢԟɨɞ ɤɚɪɞɚ 
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ɲɭɞɚɚɫɬ. ɂɧɱɭɧɢɧ, ɯɨɫɢɹɬԟɨɢ ɱɚɫɩɚɤɢɸ ɱɚɧɞɢɪɢɢ ɩɨɥɢɦɟɪɢ ɩɨɥɢɷɬɢɥɟɧɤɥɢɤɨɥ ɞɚɪ 
ɛɚɫɨɦɚɞɯɨɢ 20-1300 ɤH ɬɚԟқɢқ ɤɚɪɞɚ ɲɭɞɚɚɫɬ. 
 Ʉɚɥɢɦɚԟɨɢ ɤɚɥɢɞश: ɬɨɛɯɭɪɚɧɞɚ, ɪɟɡɨɧɚɬɨɪ, ɩɨɥɢɷɬɢɥɟɧɝɥɢɤɨɥ, ɦɨɟɴԟɨɢ 
ɧɨқɢɥɢɹɬɞɨɲɬɚ, ɤɜɚɪɫ. 

 
 

TORSION QUARTZ RESONATOR AND MEASUREMENTS ON THE VISCOELASTIC 
PROPERTIES OF CONDUCTING LIQUIDS (FREQUENCY 20 - 1300 KHZ) 

Rahmonov R. Q. 
The branch of Lomonosov Moscow State University in Dushanbe 

This article is designed and proposed method for measuring acoustic conducting liquids by 
torsional resonator. It also contains investigation of the properties of polyethylene glycol 
viscoelastic melts under frequency range 20 kHz - 1300 kHz. 
 Key words: quartz, torsion resonator, polyethylene glycol, conductive liquids. 
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"ɊɈɃ ȾȿɌȿɄɌɈɊɈȼ" ɂ ɂɏ ɉɊɂɆȿɇȿɇɂȿ ȼ ɎɂɁɂɄȿ 
ɒɨɡɢёɟɜ Ƚ.ɉ. 1,2, ɒɨɡɢёɟɜ ɒ.ɉ. 3, 4  

1 Ɏɢɥɢɚɥ ɆȽɍ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ ɜ ɝ. Ⱦɭɲɚɧɛɟ 
2 Ɏɢɡɢɱɟɫɤɢɣ ɢɧɫɬɢɬɭɬ ɢɦ ɉ.ɇ.Ʌɟɛɟɞɟɜɚ, Ɋɨɫɫɢɣɫɤɚɹ Аɤɚɞɟɦɢɢ ɇɚɭɤ 
3 ɏɨɪɨɝɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ, ɝ. ɏɨɪɨɝ, Ɍɚɞɠɢɤɢɫɬɚɧ 
4Ɏɢɡɢɱɟɫɤɢɣ ɮɚɤɭɥɶɬɟɬ, Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ Ɇ.ȼ. 
Ʌɨɦɨɧɨɫɨɜɚ 

ȼ ɞɚɧɧɨɣ ɫɬɚɬɶɟ ɪɚɫɫɦɨɬɪɟɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɫɨɡɞɚɧɢɹ ɧɨɜɨɣ ɚɪɯɢɬɟɤɬɭɪɵ ɞɥɹ 
ɫɢɫɬɟɦɵ ɨɛɧɚɪɭɠɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜ ɚɫɬɪɨɮɢɡɢɤɟ ɢ ɝɟɨɮɢɡɢɤɟ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɨɜɟɣɲɢɯ ɬɟɯɧɨɥɨɝɢɣ, ɫɜɹɡɚɧɧɵɟ ɦɭɥɶɬɢɤɨɩɬɟɪɚɦɢ, ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɤɥɚɫɬɟɪɧɵɯ ɫɢɫɬɟɦ, ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ, ɤɥɚɫɬɟɪɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, 
ɨɛɥɚɱɧɵɯ ɜɵɱɢɫɥɟɧɢɣ ɢ ɛɨɥɶɲɢɯ ɞɚɧɧɵɯ. 

ɂɞɟɹ ɫɨɫɬɨɢɬ ɜ ɫɨɡɞɚɧɢɢ ɛɵɫɬɪɨ-ɪɚɡɜɟɪɬɵɜɚɟɦɨɣ ɦɚɫɲɬɚɛɢɪɭɟɦɨɣ ɞɢɧɚɦɢɱɟɫɤɨɣ 
ɫɢɫɬɟɦɵ ɢɡ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ ɛɟɫɩɢɥɨɬɧɢɤɨɜ ɫ ɧɚɛɨɪɨɦ ɪɚɡɥɢɱɧɵɯ ɞɟɬɟɤɬɨɪɨɜ ɞɥɹ 
ɨɛɧɚɪɭɠɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɲɢɪɨɤɢɯ ɚɬɦɨɫɮɟɪɧɵɯ ɥɢɜɧɟɣ (ШȺɅ) ɜ ɤɨɫɦɢɱɟɫɤɢɯ 
ɥɭɱɚɯ ɢ ɜ ɝɟɨɮɢɡɢɤɟ.  

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɢɫɬɟɦɚ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ, ɦɭɥɶɬɢɤɨɩɬɟɪ, ɱɟɪɟɧɤɨɜɫɤɢɣ ɫɜɟɬ, 
ɤɨɫɦɢɱɟɫɤɢɟ ɥɭɱɢ. 

ȼɜɟɞɟɧɢɟ 
Ɍɪɚɞɢɰɢɨɧɧɨ, ɩɪɢ ɢɡɭɱɟɧɢɢ ɲɢɪɨɤɢɯ ɚɬɦɨɫɮɟɪɧɵɯ ɥɢɜɧɟɣ (ɒȺɅ) ɨɬ 

ɤɨɫɦɢɱɟɫɤɢɯ ɥɭɱɟɣ, ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɫɢɫɬɟɦɵ ɞɟɬɟɤɬɨɪɨɜ ɫ ɪɚɡɥɢɱɧɨɣ 

mailto:rahmonovrk@mail.ru
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ɝɟɨɦɟɬɪɢɟɣ ɢ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶɸ ɤ ɤɨɦɩɨɧɟɧɬɚɦ ɒȺɅ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ 
ɫɚɦɵɦɢ ɩɨɩɭɥɹɪɧɵɦɢ ɭɫɬɚɧɨɜɤɢ ɹɜɥɹɸɬɫɹ ɨɝɪɨɦɧɵɟ ɭɫɬɚɧɨɜɤɢ əɤɭɒȺɅ Д1Ж, 
Ɍɚɣɝɚ Д2,3Ж, TA Д4Ж, Ɉɠɟ Д5,6Ж. ɇɚɩɪɢɦɟɪ, ɪɚɡɦɟɪ ɭɫɬɚɧɨɜɤɢ Ɉɠɟ ɫɨɫɬɚɜɥɹɟɬ 3000 
ɤɜɚɞɪɚɬɧɵɯ ɤɢɥɨɦɟɬɪɨɜ ɢ ɫɨɫɬɨɢɬ ɢɡ 1600 ɜɨɞɧɵɯ ɱɟɪɟɧɤɨɜɫɤɢɯ ɞɟɬɟɤɬɨɪɨɜ. 
ȼɫɟ ɷɬɢ ɭɫɬɚɧɨɜɤɢ ɫɨɛɪɚɧɵ ɜ ɧɟɫɤɨɥɶɤɨ ɷɬɚɩɨɜ ɢ ɩɟɪɜɨɧɚɱɚɥɶɧɨ ɪɚɡɜɟɪɧɭɬɵ ɩɨ 
ɜɵɛɪɚɧɧɨɣ ɫɟɬɤɟ ɧɚ ɡɟɦɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɧɚɰɟɥɟɧɵ ɧɚ ɨɛɧɚɪɭɠɟɧɢɹ 
ɪɚɡɥɢɱɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɒȺɅ ɫ ɩɨɦɨɳɶɸ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɞɟɬɟɤɬɨɪɨɜ. ɗɬɢ 
ɭɫɬɚɧɨɜɤɢ ɞɨɥɠɧɵ ɫɬɚɛɢɥɶɧɨ ɢ ɛɟɡ ɩɨɦɟɯ ɪɚɛɨɬɚɬɶ ɜ ɬɟɱɟɧɢɟ ɦɧɨɝɢɯ 
ɞɟɫɹɬɢɥɟɬɢɣ. ɉɪɢ ɧɚɥɢɱɢɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɢɧɮɪɚɫɬɪɭɤɬɭɪɵ ɫ ɨɫɨɛɵɦɢ 
ɭɫɥɨɜɢɹɦɢ ɯɪɚɧɟɧɢɹ ɞɚɧɧɵɯ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɨɬɥɢɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɜ ɨɛɥɚɫɬɢ 
ɫɜɟɪɯɜɵɫɨɤɢɯ ɷɧɟɪɝɢɣ. 

ɋ ɧɨɜɟɣɲɢɦɢ ɞɨɫɬɢɠɟɧɢɹɦɢ ɜ ɧɚɭɤɟ ɢ ɬɟɯɧɨɥɨɝɢɹɯ ɜ 21-ɝɨ ɜɟɤɟ ɜ ɧɚɭɤɟ 
ɩɨɹɜɢɥɢɫɶ ɧɨɜɵɟ ɜɨɡɦɨɠɧɨɫɬɢ. Ɇɵ ɩɪɟɞɥɚɝɚɟɦ ɤɨɧɰɟɩɰɢɸ ɢ ɚɪɯɢɬɟɤɬɭɪɭ 
ɫɢɫɬɟɦɵ ɫ ɛɵɫɬɪɨ-ɪɚɡɜёɪɬɵɜɚɟɦɵɦɢ ɫɢɫɬɟɦɚɦɢ ɞɟɬɟɤɬɨɪɨɜ. ɗɬɚ ɫɢɫɬɟɦɚ ɦɨɠɟɬ 
ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɱɟɪɟɧɤɨɜɫɤɨɝɨ 
ɢɡɥɭɱɟɧɢɹ ɒȺɅ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɧɨɜɟɣɲɢɯ ɬɟɯɧɨɥɨɝɢɣ: ɫɜɹɡɚɧɧɵɟ ɫɢɫɬɟɦɵ 
ɦɭɥɶɬɢɤɨɩɬɟɪɨɜ, ɚɥɶɬɟɪɧɚɬɢɜɧɵɟ ɢɫɬɨɱɧɢɤɢ ɷɧɟɪɝɢɢ, ɤɥɚɫɬɟɪɧɵɟ ɬɟɯɧɨɥɨɝɢɢ, 
ɨɛɥɚɱɧɵɟ ɜɵɱɢɫɥɟɧɢɹ ɢ ɛɨɥɶɲɢɟ ɞɚɧɧɵɟ. 

Ɋɚɡɜɢɬɢɟ ɷɬɨɝɨ ɬɢɩɚ ɧɨɜɵɯ ɫɢɫɬɟɦ ɬɚɤɠɟ ɩɨɡɜɨɥɹɸɬ ɞɚɬɶ 
ɦɭɥɶɬɢɩɥɢɤɚɬɢɜɧɵɣ ɷɮɮɟɤɬ ɞɥɹ ɪɚɡɜɢɬɢɹ ɪɚɡɥɢɱɧɵɯ ɧɚɭɤ ɢ ɧɚɭɱɧɵɯ ɦɟɬɨɞɨɜ 
ɧɚɛɥɸɞɟɧɢɹ ɩɪɢɪɨɞɧɵɯ ɹɜɥɟɧɢɣ. 

 
1. ɑɟɪɟɧɤɨɜɫɤɢɣ ɫɜɟɬ ɨɬ ɒȺɅ 

 
ɑɟɪɟɧɤɨɜɫɤɨɟ ɢɡɥɭɱɟɧɢɟ ɢɝɪɚɟɬ ɜɚɠɧɭɸ ɪɨɥɶ ɜ ɢɡɭɱɟɧɢɢ ɒȺɅ. ɉɨ 

ɞɨɫɬɚɬɨɱɧɨ ɛɨɥɶɲɨɦɭ ɫɜɟɬɨɜɨɦɭ ɩɨɬɨɤɭ ɜ ɨɩɬɢɱɟɫɤɨɦ ɞɢɚɩɚɡɨɧɟ ɢ ɫɥɚɛɨɟ 
ɩɨɝɥɨɳɟɧɢɹ ɜ ɱɢɫɬɨɣ, ɹɫɧɨɣ ɚɬɦɨɫɮɟɪɟ ɦɨɠɧɨ ɷɮɮɟɤɬɢɜɧɨ ɨɩɪɟɞɟɥɢɬɶ 
ɫɭɦɦɚɪɧɭɸ ɷɧɟɪɝɢɸ ɒȺɅ, ɚ ɬɚɤɠɟ ɢɫɬɨɪɢɸ ɪɚɡɜɢɬɢɹ ɥɢɜɧɹ ɜ ɚɬɦɨɫɮɟɪɟ. 

ɂɫɬɨɪɢɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɱɟɪɨɧɤɨɜɫɤɨɝɨ ɫɜɟɬɚ ɨɬ ɒȺɅ ɧɚɱɚɥɨɫɶ ɜ 40-ɯ ɝɨɞɚɯ 
Ƚɟɬɬɢɧɝɟɧɨɦ (1947), ɤɨɬɨɪɵɣ ɜɩɟɪɜɵɟ ɢɫɩɨɥɶɡɨɜɚɥ ɮɨɬɨ-ɷɥɟɤɬɪɨɧɧɵɟ 
ɭɦɧɨɠɢɬɟɥɢ (Ɏɗɍ) ɞɥɹ ɫɜɟɬɨɫɛɨɪɚ. ɋɬɨɢɬ ɨɬɦɟɬɢɬɶ ɷɤɫɩɟɪɢɦɟɧɬɵ 
ɩɪɨɜɟɞɟɧɧɵɟ Ⱦɠɟɥɥɢ (1951.). ɉɟɪɜɵɟ ɢɡɦɟɪɟɧɢɹ ɱɟɪɟɧɤɨɜɫɤɨɝɨ ɫɜɟɬɚ ɨɬ ɥɢɜɧɟɣ 
ɩɪɨɜɟɞɟɧɵ Ƚɨɥɶɞɚɧɫɤɢɦ ɢ ɀɞɚɧɨɜɵɦ Д7Ж ɢ ɧɟɡɚɜɢɫɢɦɨ ɞɪɭɝ ɨɬ ɞɪɭɝɚ 
Ƚɚɥɛɪɚɣɬɨɦ Д8Ж. Ɉɫɨɛɟɧɧɨ ɰɟɧɧɵɦɢ ɛɵɥɢ ɜ ɬɨ ɜɪɟɦɹ ɧɨɜɚɬɨɪɫɤɢɟ ɩɪɨɟɤɬɧɵɟ 
ɪɚɛɨɬɵ ɑɭɞɚɤɨɜɚ Д9Ж ɢ ɟɝɨ ɪɚɛɨɬɵ ɫɨɜɦɟɫɬɧɨ ɫ ȼ.ɂ. Ɂɚɰɟɩɢɧɵɦ Д10Ж ɩɨ 
ɢɡɦɟɪɟɧɢɸ ɱɟɪɟɧɤɨɜɫɤɨɝɨ ɫɜɟɬɚ ɨɬ ɒȺɅ, ɫɞɟɥɚɧɧɵɟ ɧɚ ɨɫɧɨɜɟ ɤɚɫɤɚɞɧɨɣ 
ɬɟɨɪɢɢ ɷɥɟɤɬɪɨɧɧɨ-ɮɨɬɨɧɧɵɯ ɥɢɜɧɟɣ ɨɬ ɩɟɪɜɢɱɧɵɯ ɩɪɨɬɨɧɨɜ ɞɥɹ ɞɜɭɯ ɭɪɨɜɧɟɣ 
ɧɚɛɥɸɞɟɧɢɹ. 
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ɇɚ ɭɪɨɜɧɟ ɦɨɪɹ ɱɟɪɟɧɤɨɜɫɤɢɣ ɭɝɨɥ ɪɚɜɟɧ 1.3° ɢ ɭɛɵɜɚɟɬ ɫ ɜɵɫɨɬɨɣ (Ɋɢɫ.1). 
ɉɨɪɨɝɨɜɵɟ ɷɧɟɪɝɢɢ ɱɚɫɬɢɰ, ɨɬ ɤɨɬɨɪɵɯ ɱɟɪɟɧɤɨɜɫɤɢɣ ɫɜɟɬ, ɧɚɩɪɢɦɟɪ, ɨɬ 
ɷɥɟɤɬɪɨɧɨɜ, ɦɸɨɧɨɜ ɢ ɩɪɨɬɨɧɨɜ ɧɚ ɭɪɨɜɧɟ ɦɨɪɹ ɫɨɫɬɚɜɥɹɸɬ 21 Ɇɷȼ, 4.4 Ƚɷȼ ɢ 
39 Ƚɷȼ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɢ ɪɚɫɬɭɬ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨ ɫ ɜɵɫɨɬɨɣ. 

ɉɢɨɧɟɪɫɤɢɟ ɪɚɛɨɬɵ ɑɭɞɚɤɨɜɚ ɩɨ ɢɡɦɟɪɟɧɢɸ ɱɟɪɟɧɤɨɜɫɤɨɝɨ ɫɜɟɬɚ 
ɜɤɥɸɱɚɥɢ ɜ ɫɟɛɹ ɬɚɤɠɟ ɢ ɭɱёɬ ɢɨɧɢɡɚɰɢɨɧɧɨɝɨ ɫɜɟɱɟɧɢɹ (ɮɥɭɨɪɟɫɰɟɧɬɧɵɣ ɫɜɟɬ) 
ɤɚɤ ɮɨɧɚ ɞɥɹ ɱɟɪɟɧɤɨɜɫɤɢɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. ɉɨɡɞɧɟɟ ɨɧ ɩɪɟɞɥɨɠɢɥ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɷɬɨ ɫɜɟɱɟɧɢɟ ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɩɨ ɢɡɭɱɟɧɢɸ ɒȺɅ. 

ȼ ɧɚɲɟɦ ɫɥɭɱɚɟ ɜɚɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɱɟɪɟɧɤɨɜɫɤɢɟ ɞɟɬɟɤɬɨɪɵ ɫ ɦɚɥɵɦ 
ɪɚɡɦɟɪɨɦ ɢ ɜɟɫɨɦ. Ⱦɨɫɬɚɬɨɱɧɚ ɩɥɨɳɚɞɶ ɩɨɜɟɪɯɧɨɫɬɢ ɱɟɪɟɧɤɨɜɫɤɨɝɨ ɞɟɬɟɤɬɨɪɚ 
ɨɤɨɥɨ 78,5 ɫɦ2. Ɍɚɤɠɟ ɜɨɡɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɱɟɪɟɧɤɨɜɫɤɨɝɨ ɞɟɬɟɤɬɨɪɚ ɧɚ 
ɨɫɧɨɜɟ ɚɷɪɨɝɟɥɹ Д11Ж. ɋɛɨɪ ɱɟɪɟɧɤɨɜɫɤɨɝɨ ɫɜɟɬɚ ɨɬ ɒȺɅ ɧɚɧɨɫɟɤɭɧɞɧɨɣ 
ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɨɡɜɨɥɹɟɬ ɨɩɪɟɞɟɥɢɬɶ ɧɚɩɪɚɜɥɟɧɢɟ ɩɪɢɯɨɞɚ ɥɢɜɧɹ ɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɮɪɨɧɬɚ ɥɢɜɧɹ. 

 
Ɋɢɫ.1. Ƚɪɚɮɢɤɢ ɡɚɜɢɫɢɦɨɫɬɢ ɱɟɪɟɧɤɨɜɫɤɨɝɨ ɭɝɥɚ (К) ɢ ɪɚɞɢɭɫɚ 

ɱɟɪɟɧɤɨɜɫɤɨɝɨ ɤɨɥɶɰɚ (Л) ɨɬ ɜɵɫɨɬɵ. ɇɚ ɝɪɚɮɢɤɟ (М) ɩɨɤɚɡɚɧɨ ɢɡɦɟɧɟɧɢɟ 
ɱɟɪɟɧɤɨɜɫɤɨɝɨ ɤɨɧɭɫɚ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɵɫɨɬɵ. ɍɪɨɜɟɧɶ ɧɚɛɥɸɞɟɧɢɹ – 2 ɤɦ. 

2. Ⱦɪɨɧɵ ɢ ɦɭɥɶɬɢɤɨɩɬɟɪɵ 
Ȼɚɡɨɜɵɣ ɛɥɨɤ ɩɪɟɞɥɚɝɚɟɦɨɣ ɫɢɫɬɟɦɵ ɹɜɥɹɟɬɫɹ ɛɟɫɩɢɥɨɬɧɵɣ ɦɭɥɶɬɢɤɨɩɬɟɪ 

c ɧɚɛɨɪɨɦ ɞɟɬɟɤɬɨɪɨɜ ɧɚ ɛɨɪɬɭ, ɤɨɬɨɪɵɣ ɦɵ ɧɚɡɜɚɥɢ ɞɟɞɪɨɧ (НОНЫШЧ – detecting 
drone) (ɪɢɫ.2.). 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɜ ɦɢɪɟ ɛɵɫɬɪɨ ɪɚɡɜɢɜɚɸɬɫɹ ɛɟɫɩɢɥɨɬɧɵɟ ɥɟɬɚɬɟɥɶɧɵɟ 
ɚɩɩɚɪɚɬɵ ɝɪɚɠɞɚɧɫɤɨɝɨ ɧɚɡɧɚɱɟɧɢɹ ɢ ɦɭɥɶɬɢɤɨɩɬɟɪɵ Д12Ж. 



95 

 

 
Ɋɢɫ.2. Ʉɜɚɞɪɨɤɨɩɬɟɪ ɞɟɞɪɨɧ 

Ɍɚɤɠɟ ɢɞɭɬ ɪɚɛɨɬɵ ɩɨ ɬɟɫɬɢɪɨɜɚɧɢɸ ɪɚɛɨɱɢɯ ɫɢɫɬɟɦ ɭɩɪɚɜɥɟɧɢɹ ɞɥɹ 
ɛɟɫɩɢɥɨɬɧɵɯ ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ Д13Ж. ȼ ɫɜɹɡɢ ɫɨ ɫɬɪɟɦɢɬɟɥɶɧɵɦ ɪɚɡɜɢɬɢɟɦ 
ɞɚɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɰɟɧɵ ɧɚ ɧɢɯ ɩɚɞɚɸɬ. 

ɇɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɣ ɢɫɬɨɱɧɢɤ ɷɧɟɪɝɢɢ ɞɥɹ ɞɪɨɧɚ ɹɜɥɹɟɬɫɹ ɛɥɨɤ ɢɡ LТPШ 
ɛɚɬɚɪɟɣ Д14Ж. ɇɚɩɪɹɠɟɧɢɟ ɫɛɨɪɤɚ ɛɚɬɚɪɟɣ 4S LТPШ ɛɭɞɟɬ ɨɤɨɥɨ 14.8V. ɋɤɨɪɨɫɬɶ 
ɪɚɡɪɹɞɤɢ ɚɤɤɭɦɭɥɹɬɨɪɚ ɫ ɟɦɤɨɫɬɶɸ 1000 ɦȺɱ ɛɭɞɟɬ ɨɩɪɟɞɟɥɹɬɶ ɟɟ 
ɦɚɤɫɢɦɚɥɶɧɵɣ ɜɵɯɨɞɧɨɣ ɬɨɤ. ɇɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɬɨɱɧɭɸ ɤɨɦɛɢɧɚɰɢɸ 
ɦɨɳɧɨɫɬɢ ɢ ɫɤɨɪɨɫɬɢ ɪɚɡɪɹɞɤɢ ɚɤɤɭɦɭɥɹɬɨɪɨɜ. ȼɚɠɧɨ ɡɧɚɬɶ, ɱɬɨ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɷɥɟɦɟɧɬɨɜ ɛɚɬɚɪɟɢ ɧɟ ɩɪɢɧɹɬɵ ɜɨ ɜɧɢɦɚɧɢɟ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ 
ɩɨɬɪɟɛɥɟɧɢɢ ɬɨɤɚ. ɑɢɫɥɨ ɷɥɟɦɟɧɬɨɜ ɬɨɥɶɤɨ ɨɩɪɟɞɟɥɹɸɬ ɧɚɩɪɹɠɟɧɢɟ LТPШ 
ɷɥɟɦɟɧɬɚ, ɧɟɨɛɯɨɞɢɦɨɝɨ ɞɥɹ ɜɚɲɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. 

ɇɚɩɪɢɦɟɪ, ɪɚɫɱɟɬ ɫɤɨɪɨɫɬɢ ɪɚɡɪɹɞɤɢ ɚɤɤɭɦɭɥɹɬɨɪɨɜ LТPШ 2200ЦAС / 30C 
ɦɨɠɟɬ ɨɛɟɫɩɟɱɢɬɶ ɬɨɥɶɤɨ ɦɚɤɫɢɦɚɥɶɧɵɣ 66Ⱥ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɤɨɪɨɫɬɶ 
ɪɚɡɪɹɞɧɨɣ ɟɦɤɨɫɬɢ, ɢɦɟɟɬ ɜɚɠɧɨɟ ɡɧɚɱɟɧɢɟ. 

ɇɚɩɪɢɦɟɪ, ɦɚɤɫɢɦɚɥɶɧɵɣ ɬɨɤ 1A ɧɟɨɛɯɨɞɢɦ ɞɥɹ 4 ɞɜɢɝɚɬɟɥɟɣ 
ɤɜɚɞɪɨɤɨɩɬɟɪɚ ɢ 1Ⱥ ɞɥɹ ɞɪɭɝɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ (ɞɟɬɟɤɬɨɪɵ, ɮɨɧɚɪɢ ɢ ɬ.ɞ.), 
ɧɟɨɛɯɨɞɢɦɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɧɚɩɪɹɠɟɧɢɹ 11.1V 8800ЦAС ɢ ɭ ɧɚɫ ɟɫɬɶ 134 ɦɢɧɭɬ 
ɜɪɟɦɟɧɢ ɩɨɥɟɬɚ ɢ 8,8 Ⱥɦɩɟɪɚ ɡɚɞɚɧɧɨɣ ɫɤɨɪɨɫɬɢ ɪɚɡɪɹɞɚ. 

Ʉɜɚɞɪɨɤɨɩɬɟɪ ɜɟɫɨɦ 1-2 ɤɝ ɩɪɨɥɟɬɚɟɬ ɨɤɨɥɨ 50 ɫɟɤɭɧɞ ɧɚ ɪɚɫɫɬɨɹɧɢɟ ɜ 1 
ɤɦ. ɗɬɨ ɬɚɤɠɟ ɡɚɜɢɫɢɬ ɨɬ ɪɟɠɢɦɚ ɩɨɥɟɬɚ ɢ ɞɪɭɝɢɯ ɮɚɤɬɨɪɨɜ, ɬɚɤɢɯ ɤɚɤ ɜɟɫ, 
ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɜɟɬɪɚ. Ɇɢɧɢɚɬɸɪɧɵɣ ɝɢɪɨɫɤɨɩ, ɤɨɬɨɪɵɣ ɩɨɡɜɨɥɹɟɬ 
ɤɜɚɞɪɨɤɨɩɬɟɪɭ ɡɚɜɢɫɚɬɶ ɜ ɜɨɡɞɭɯɟ ɜ ɡɚɞɚɧɧɨɦ ɩɨɥɨɠɟɧɢɢ ɩɨɡɜɨɥɹɟɬ ɟɦɭ ɬɚɤɠɟ 
ɫɚɞɢɬɶɫɹ ɜɟɪɬɢɤɚɥɶɧɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ. 

ɋ ɪɚɡɜɢɬɢɟɦ ɬɟɯɧɨɥɨɝɢɢ ɡɚɪɹɞɤɢ ɢɡ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, ɜɪɟɦɹ 
ɩɨɥёɬɚ ɢ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɛɭɞɟɬ ɜɨɡɪɚɫɬɚɬɶ. 

3. ɋɜɹɡɶ, ɭɩɪɚɜɥɟɧɢɟ, ɫɛɨɪ ɢ ɚɧɚɥɢɡ ɞɚɧɧɵɯ 
ɋ ɧɚɱɚɥɚ 2000-ɯ ɝɨɞɨɜ ɬɟɯɧɨɥɨɝɢɢ ɫɜɹɡɢ ɩɪɨɲɥɢ ɞɚɥɟɤɨ ɜɩɟɪɟɞ (4G Д15Ж, 

LTE Д16Ж ɢ АТMКб Д17Ж), ɢ ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɟ ɬɪɟɛɭɟɬ ɫɩɟɰɢɚɥɶɧɵɯ 
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ɪɚɡɪɟɲɟɧɢɣ ɜ ɩɨɜɫɟɞɧɟɜɧɨɣ ɠɢɡɧɢ. Ɇɨɞɭɥɶ Ƚɥɨɧɚɫɫ Д18Ж ɢ GPS Д19] 
ɨɛɟɫɩɟɱɢɜɚɸɬ ɬɨɱɧɨɟ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɟ ɛɟɫɩɢɥɨɬɧɵɯ ɥɟɬɚɬɟɥɶɧɵɯ ɚɩɩɚɪɚɬɨɜ ɫ 
ɞɟɬɟɤɬɨɪɚɦɢ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɡɚɞɚɜɚɬɶ ɥɸɛɭɸ ɫɬɪɭɤɬɭɪɭ 
ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɫɟɬɢ ɞɟɬɟɤɬɨɪɨɜ. ɍɩɪɚɜɥɟɧɢɟ ɫ ɰɟɧɬɪɚɥɶɧɨɝɨ ɫɟɪɜɟɪɚ 
ɭɩɪɚɜɥɟɧɢɹ, ɫɜɹɡɚɧɧɨɝɨ ɫ ɤɥɚɫɬɟɪɚɦɢ ɞɪɨɧɨɜ ɛɵɥɨ ɛɵ ɨɩɬɢɦɚɥɶɧɵɦ. 

Ɋɚɡɜɟɪɬɵɜɚɧɢɟ ɫɢɫɬɟɦɵ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɱɟɪɟɧɤɨɜɫɤɨɝɨ ɫɜɟɬɚ ɨɬ ɒȺɅ 
ɛɭɞɟɬ ɜɨɡɦɨɠɧɨ ɫ ɭɱɟɬɨɦ ɩɨɝɨɞɧɵɯ ɭɫɥɨɜɢɣ ɢ ɩɪɨɡɪɚɱɧɨɫɬɢ ɚɬɦɨɫɮɟɪɵ ɜ 
ɹɫɧɵɦɢ, ɛɟɡɥɭɧɧɵɦɢ ɧɨɱɚɦɢ. Ɋɚɛɨɬɚ ɫɢɫɬɟɦɵ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɧɚɱɢɧɚɟɬɫɹ ɩɨɫɥɟ 
ɩɨɫɚɞɤɢ ɞɟɞɪɨɧɨɜ ɩɨ ɡɚɞɚɧɧɨɣ ɫɟɬɤɟ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɡɟɦɥɢ. ɉɨɥɨɠɟɧɢɟ 
ɞɟɞɪɨɧɨɜ ɫɢɧɯɪɨɧɢɡɢɪɭɟɬɫɹ ɩɨ ɞɚɧɧɵɦ GPS ɢ ɛɟɫɩɪɨɜɨɞɧɨɣ ɫɜɹɡɢ ɫ 
ɰɟɧɬɪɚɥɶɧɨɣ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɟɣ. Ⱦɟɞɪɨɧɵ ɩɪɨɥɟɬɚɸɬ ɞɨ ɪɚɫɫɱɢɬɚɧɧɵɯ ɞɥɹ ɧɢɯ 
ɤɨɨɪɞɢɧɚɬ ɧɚ ɡɟɦɥɟ, ɩɨɫɥɟ ɱɟɝɨ ɥɨɩɚɫɬɢ ɞɜɢɝɚɬɟɥɟɣ ɜɵɤɥɸɱɚɸɬɫɹ ɢ ɜɤɥɸɱɚɟɬɫɹ 
ɫɢɫɬɟɦɚ ɞɟɬɟɤɬɢɪɜɚɧɢɹ. ɉɨɫɥɟ ɧɨɱɧɨɝɨ ɧɚɛɥɸɞɟɧɢɹ ɫɟɚɧɫɚ ɞɟɞɪɨɧɵ ɩɪɢɥɟɬɚɸɬ 
ɨɛɪɚɬɧɨ ɤ ɰɟɧɬɪɚɥɶɧɨɣ ɛɚɡɨɜɨɣ (ɦɚɬɟɪɢɧɫɤɨɣ) ɫɬɚɧɰɢɢ ɞɥɹ ɛɟɡɨɩɚɫɧɨɣ ɡɚɪɹɞɤɢ 
ɨɬ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɩɢɬɚɧɢɹ ɢɥɢ ɫɨɥɧɟɱɧɵɯ ɛɚɬɚɪɟɣ ɜ ɞɧɟɜɧɨɟ ɜɪɟɦɹ 
ɫɭɬɨɤ. ɗɬɨ ɬɚɤɠɟ ɭɫɬɪɚɧɹɟɬ ɜɫɟ ɜɢɞɵ ɧɟɝɚɬɢɜɧɵɯ ɫɰɟɧɚɪɢɟɜ ɫ ɛɟɡɨɩɚɫɧɨɫɬɶɸ 
ɞɟɬɟɤɬɨɪɨɜ ɤɚɤ ɨɬ ɩɪɢɪɨɞɧɵɯ ɹɜɥɟɧɢɣ, ɬɚɤ ɢ ɬɟɯɧɨɝɟɧɧɵɯ ɢ ɚɧɬɪɨɩɧɵɯ. 
ɍɦɟɧɶɲɟɧɢɟ ɪɢɫɤɨɜ ɜ ɞɧɟɜɧɨɟ ɜɪɟɦɹ ɫɭɬɨɤ ɩɪɨɞɥɟɜɚɟɬ ɫɪɨɤ ɫɥɭɠɛɵ ɫɢɫɬɟɦɵ 
ɞɟɬɟɤɬɨɪɨɜ. 

ȼɫɟ ɫɢɝɧɚɥɵ, ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɧɧɵɟ ɞɟɞɪɨɧɚɦɢ ɩɪɢɧɢɦɚɸɬɫɹ ɨɞɧɨɜɪɟɦɟɧɧɨ 
ɫ ɢɯ ɜɪɟɦɟɧɧɵɦɢ ɦɟɬɤɚɦɢ ɢ ɯɪɚɧɹɬɫɹ ɧɚ ɫɟɪɜɟɪɟ. Ɉɛɴɟɦ ɩɨɫɬɭɩɚɸɳɢɯ ɞɚɧɧɵɯ 
ɞɥɹ ɤɚɠɞɨɝɨ ɫɨɛɵɬɢɹ ɜ ɤɚɠɞɨɦ ɭɡɥɟ ɦɨɠɟɬ ɛɵɬɶ ɨɰɟɧɟɧɚ ɜ ɧɟɫɤɨɥɶɤɨ ɤɢɥɨɛɚɣɬ 
ɢɧɮɨɪɦɚɰɢɢ. ɋɟɪɜɟɪ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɩɨɫɥɟ ɪɟɝɢɫɬɪɚɰɢɢ ɞɚɧɧɵɯ ɫ 
ɞɟɬɟɤɬɨɪɨɜ ɢ ɨɬɫɟɜɚ ɩɨ ɫɯɟɦɟ ɫɨɜɩɚɞɟɧɢɹ ɫɢɝɧɚɥɨɜ ɧɚ ɧɟɫɤɨɥɶɤɢɯ ɭɡɥɚɯ 
ɤɥɚɫɫɢɮɢɰɢɪɭɟɬ ɢ ɫɨɯɪɚɧɹɟɬ ɡɚɩɢɫɚɧɧɵɟ ɫɨɛɵɬɢɹ. 

Ɉɛɪɚɛɨɬɤɚ ɩɨɫɥɟɞɭɸɳɢɯ ɞɚɧɧɵɯ ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɚɜɬɨɧɨɦɧɨɦ ɨɮɥɚɣɧ 
ɪɟɠɢɦɟ ɫɩɟɰɢɚɥɢɫɬɚɦɢ ɮɢɡɢɤɚɦɢ ɫ ɧɚɜɵɤɚɦɢ ɪɚɛɨɬɵ ɫ ɛɨɥɶɲɢɦɢ ɞɚɧɧɵɦɢ 
[20]. 

 
ȼɵɜɨɞɵ 

ȼ ɫɜɹɡɢ ɫ ɛɵɫɬɪɵɦ ɪɚɡɜɢɬɢɟɦ ɢ ɩɨɹɜɥɟɧɢɟɦ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɦɵ 
ɩɪɟɞɥɚɝɚɟɦ ɪɚɡɜɢɜɚɬɶ ɧɨɜɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɜ ɨɛɧɚɪɭɠɟɧɢɢ ɢ ɦɨɧɢɬɨɪɢɧɝɟ 
ɪɚɡɥɢɱɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɩɪɢɪɨɞɧɵɯ ɹɜɥɟɧɢɣ (ɱɟɪɟɧɤɨɜɫɤɢɨɟ ɢɡɥɭɱɟɧɢɟ ɨɬ ɒȺɅ, 
ɲɬɨɪɦɨɜɵɟ ɷɮɮɟɤɬɵ, ɩɨɫɥɟɞɫɬɜɢɹ ɩɪɢɪɨɞɧɵɯ ɢ ɬɟɯɧɨɝɟɧɧɵɯ ɤɚɬɚɫɬɪɨɮ), ɩɭɬёɦ 
ɪɚɡɦɟɳɟɧɢɢ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɞɚɬɱɢɤɨɜ ɢ ɞɟɬɟɤɬɨɪɨɜ ɧɚ ɞɟɞɪɨɧ. 

Ɉɫɨɛɨɟ ɦɟɫɬɨ ɡɚɧɢɦɚɸɬ ɢɫɫɥɟɞɨɜɚɧɢɹ ɱɟɪɟɧɤɨɜɫɤɨɝɨ ɫɜɟɬɚ ɢ 
ɮɥɭɨɪɟɫɰɟɧɬɧɨɝɨ ɫɜɟɬɚ ɨɬ ɒȺɅ. 

Ɍɚɤɨɝɨ ɪɨɞɚ ɷɤɫɩɟɪɢɦɟɧɬ ɦɨɠɧɨ ɪɟɚɥɢɡɨɜɚɬɶ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɩɟɤɬɪɚ ɢ ɦɚɫɫɨɜɨɝɨ ɫɨɫɬɚɜɚ ɤɨɫɦɢɱɟɫɤɢɯ ɥɭɱɟɣ ɜ ɞɢɚɩɚɡɨɧɟ 
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ɷɧɟɪɝɢɣ 109 - 1018 ɷȼ ɨɞɧɢɦ ɦɟɬɨɞɨɦ – ɪɟɝɢɫɬɪɚɰɢɟɣ ɱɟɪɟɧɤɨɜɫɤɨɝɨ ɫɜɟɬɚ ɒȺɅ. 
Ɋɚɡɦɟɫɬɢɜ 100 ɨɩɬɢɱɟɫɤɢɯ ɞɟɬɟɤɬɨɪɨɜ ɧɚ ɪɚɫɫɬɨɹɧɢɢ ɨɬ 1 ɦɟɬɪɚ ɞɨ 100 ɦɟɬɪɨɜ 
ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɢ ɡɚɧɢɦɚɹ ɩɥɨɳɚɞɶ ɜ 1-2 ɤɜ. ɤɦ. ɦɵ ɫɦɨɠɟɦ ɢɡɭɱɢɬɶ ɫɬɪɭɤɬɭɪɭ 
ɒȺɅ ɮɪɨɧɬɚ. ɋɟɬɤɚ ɦɨɠɟɬ ɛɵɬɶ ɤɚɤ ɪɟɝɭɥɹɪɧɵɦ, ɬɚɤ ɢ ɧɟɪɟɝɭɥɹɪɧɵɦ. 
Ɋɚɡɦɟɳɟɧɢɟ ɭɡɥɨɜ ɦɨɝɭɬ ɛɵɬɶ, ɤɚɤ ɰɟɧɬɪɚɥɶɧɨ-ɫɢɦɦɟɬɪɢɱɧɨ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɰɟɧɬɪɚɥɶɧɨɣ ɛɚɡɨɜɨɣ ɫɬɚɧɰɢɢ, ɬɚɤ ɢ ɪɚɫɩɪɟɞɟɥɟɧɵ ɪɚɜɧɨɦɟɪɧɨ ɩɨ ɜɫɟɦ ɭɡɥɚɦ 
ɦɧɨɝɨɭɝɨɥɶɧɨɣ ɫɬɪɭɤɬɭɪɵ. 

ɇɚ ɫɚɦɨɦ ɞɟɥɟ, ɷɬɚ ɫɢɫɬɟɦɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɪɚɡɜɢɬɢɟ ɬɟɥɟɫɤɨɩɚ ɫ 
ɩɟɪɟɦɟɧɧɵɦ ɮɨɤɭɫɧɵɦ ɪɚɫɫɬɨɹɧɢɟɦ ɢ ɞɥɹ ɪɟɲɟɧɢɹ ɚɫɬɪɨɮɢɡɢɱɟɫɤɢɯ ɡɚɞɚɱ. ɗɬɨ 
ɪɟɜɨɥɸɰɢɨɧɧɨɟ  ɪɟɲɟɧɢɟ ɬɟɯɧɢɱɟɫɤɢ ɪɟɚɥɢɡɨɜɚɧɧɨɟ ɧɚ ɩɪɚɤɬɢɤɟ ɹɜɥɹɟɬɫɹ 
"ɬɟɥɟɫɤɨɩɨɦ ББI ɜɟɤɚ". 

ɒɢɪɨɤɨɟ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫ ɩɨɦɨɳɶɸ ɞɪɭɝɢɯ ɬɢɩɨɜ ɞɟɬɟɤɬɨɪɨɜ ɩɨɦɟɳɟɧɧɵɟ 
ɜ ɬɚɤɨɣ ɫɢɫɬɟɦɟ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɝɟɨɮɢɡɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ 
ɦɨɧɢɬɨɪɢɧɝɚ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɝɥɭɛɢɧɧɵɯ ɫɬɪɭɤɬɭɪ Ɂɟɦɥɢ. 

 
Ʌɢɬɟɪɚɬɭɪɚ 

1. Ivanov, A.A. Wide field-of-view Cherenkov telescope for the detection of 
cosmic rays in coincidence with the Yakutsk extensive air shower array / A.A. 
Ivanov,  S.P. Knurenko, A.D. Krasilnikov, Z.E. Petrov, M.I. Pravdin, I.Ye. 
Sleptsov, L.V. Timofeev.  // Nuclear Instruments and Methods in Physics 
Research A. - 2015. - V.772.  - P.34-42. 

2. Antokhonov B. A. A new 1-km^2 EAS Cherenkov array in the Tunka valley / 
B. A. Antokhonov, D. Besson, S. F. Beregnev, N. M. Budnev, O. B. Chvalaev, 
A. Chiavassa, O. A. Gress, N. N. Kalmykov et al // Nucl. Instrum. Meth. - 
2011 - V.A639. -  P. 42-45. 

3. Berezhnev S.F. The Tunka-133 EAS Cherenkov light array: status of  2011 / 
S.F. Berezhnev, N. Budnev, V. Prosin, et al.  // Nucl.Instrum.Meth. 2012. - 
V.A692. - P.98-105. 

4. Kawai H. Telescope Array Experiment / H. Kawai, S. Yoshida, H. Yoshii et al 
// Nuclear Physics B - Proceedings Supplements, Nuclear Physics B 
Proceedings Supplements. - 2015. - V.175. - P. 221-226. 

5. Louedec K., Atmospheric Monitoring at the Pierre Auger Observatory - Status 
and Update, 32nd International Cosmic Ray Conference, Beijing 2011. – 
V.02/0568. - P.63-67. 

6. Abraham J. The Pierre Auger Collaboration, Pierre Auger Collaboration / J. 
Abraham, I. Allekotte, J. Allen, P. Allison et al. // Astropart.Phys. - 2010. V.33  
P.108-129. 



98 

 

7. Ƚɨɥɶɞɚɧɫɤɢɣ ȼ.ɂ. Ɉ ɱɟɪɟɧɤɨɜɫɤɨɦ ɢɡɥɭɱɟɧɢɢ ɤɨɫɦɢɱɟ- ɫɤɢɯ ɱɚɫɬɢɰ ɜ 
ɚɬɦɨɫɮɟɪɟ / ȼ.ɂ.Ƚɨɥɶɞɚɧɫɤɢɣ, Ƚ.Ȼ.ɀɞɚɧɨɜ // ɉɢɫɶɦɚ ɜ ɀɗɌɎ. 1954. -Ɍ. 
26. - ɋ.405-410.  

8. Galbraith W. LТРСЭ pЮХЬОЬ ПЫШЦ ЭСО ЧТРСЭ ЬФв КЧН ČОЫОЧФШЯ ЫКНТКЭТШЧ / W. 
Galbraith, J.V. Jelley //  Journal of Atmospheric and Terrestrial Physics. - 
1955. - V. 6. - P. 304-312. 

9. ɑɭɞɚɤɨɜ Ⱥ. ȿ. ɑɟɪɟɩɤɨɜɫɤɨɟ ɢɡɥɭɱɟɧɢɟ ɲɢɪɨɤɢɯ ɚɬɦɨɫɮɟɪɧɵɯ ɥɢɜɧɟɣ 
ɤɨɫɦɢɱɟɫɤɢɯ ɥɭɱɟɣ / Ⱥ. ȿ. ɑɭɞɚɤɨɜ, ɇ. Ɇ. ɇɟɫɬɟɪɨɜɚ, ȼ. ɂ. Ɂɚɰɟɩɢɧ ɢ ɞɪ. 
// Ɍɪɭɞɵ VI Ɇɟɠɞɭɧɚɪ. ɤɨɧɮ. ɧɨ ɤɨɫɦɢɱɟɫɤɢɦ ɥɭɱɚɦ. - Ɇɨɫɤɜɚ. 1960. - 
Ɍ.2. - ɋ.47-55. 

10.  Ɂɚɰɟɩɢɧ ȼ.ɂ. ɑɟɪɟɧɤɨɜɫɤɨɟ ɢɡɥɭɱɟɧɢɟ ɲɢɪɨɤɢɯ ɚɬɦɨɫɮɟɪɧɵɯ ɥɢɜɧɟɣ / 
ȼ.ɂ. Ɂɚɰɟɩɢɧ, Ⱥ.ȿ. ɑɭɞɚɤɨɜ // ɀɗɌɎ. - 1962. - Ɍ.42, ɜɵɩ.6. - ɋ. 1622-1628. 

11. Fields D.E. Use of Aerogel for Imaging Cherenkov Counters / D.E. Fields,  H. 
van Hecke, J. Boissevain, B.V. Jacak, W.E. Sondheim, J.P. Sullivan, W.J. 
Willis, K. Wolf, E. Noteboom, P.M. Peters, R. Burke // Nuclear Instruments 
and Methods In Physics Research Section A-Accelerators Spectrometers 
Detectors and Associated Equipment. - 1994. - V. 349. - P.431-437. 

12. Hoffman G. Quadrotor Helicopter Flight Dynamics and Control: Theory and 
Experiment" / G. Hoffman, H. Huang, S.L. Waslander, C.J. Tomlin // 
Conference proc. of the American Institute of Aeronautics and Astronautics /// 
Hilton Head, South Carolina. - 2007. 

13. Saska M. Swarm Distribution and Deployment for Cooperative Surveillance by 
Micro-AОЫТКХ VОСТМХОЬ / M. SКЬФК, V. VШЧпЬОФ, J. CСЮНШЛК ОЭ КХ. // JШЮЫЧКХ ШП 
Intelligent & Robotic Systems. - 2016. - P. 1-24. 

14. Zhang H. "Lithium bis (fluorosulfonyl) imide poly (ethylene oxide) polymer 
electrolyte" / H. Zhang, Ch. Liu, L. Zheng // Electrochimica Acta. - V.133. - 
P.529-538.  

15. International Mobile Telecommunications-2000 (IMT-2000). - 1997. - M.687-
2 (02/97). 

16. Parkvall S. ITU global standard for international mobile telecommunications 
'IMT-Advanced'; LTE Advanced - Evolving LTE towards IMT-Advanced / S. 
PКЫФЯКХХ, E. DКСХЦКЧ, A. FЮЫЮЬФтЫ ОЭ КХ // VОСТМЮХКЫ IEEE 68ЭС TОМСЧШХШРв 
Conference. 2008. - P.1-5. 

17. Radha G.S.V. WiMAX: A Wireless Technology Revolution. / G.S.V. Radha R. 
Krishna, G. Radhamani // – 2007. - ISBN 0-8493-7059-0. 

18.  ɉɟɪɨɜ Ⱥ. ɂ., ɏɚɪɢɫɨɜɚ ȼ. ɇ. ȽɅɈɇȺɋɋ: ɩɪɢɧɰɢɩɵ ɩɨɫɬɪɨɟɧɢɹ ɢ 
ɷɤɫɩɥɭɚɬɚɰɢɢ / Ⱥ. ɂ. ɉɟɪɨɜ, ȼ. ɇ. ɏɚɪɢɫɨɜɚ // 3-ɟ ɢɡɞ, ɩɟɪɟɪɚɛ. - Ɇ:. 
Ɋɚɞɢɨɬɟɯɧɢɤɚ, 2005. - 688 ɫ. - 1000 ɷɤɡ. - ISBN 5-93108-076-7. 

19. Navstar GPS user equipment introduction // Public release version - 1996, 
http://www.navcen.uscg.gov/pubs/gps/gpsuser/gpsuser.pdf 

20. Morrison, Alan and other Big Data. How to extract information from them. // 
PricewaterhouseCoopers, Technology Forecast. The quarterly magazine, 
Russian edition. - 2010. Issue 3. 

 

http://www.navcen.uscg.gov/pubs/gps/gpsuser/gpsuser.pdf


99 

 

"ɈɂɅȺɂ ȾȿɌȿɄɌɈɊɏɈ" ȼȺ ɌȺɌȻɂҚɂ ɈɇԞɈ ȾȺɊ ɎɂɁɂɄȺ 
Shoziyoev G.P.1,2, Shoziyoev Sh.P.3,4 

1 Ɏɢɥɢɚɥɢ Ⱦɨɧɢɲɝɨҳɢ Ⱦɚɜɥɚɬɢɢ Ɇɨɫɤɜɚ ɛɚ ɧɨɦɢ Ɇ.ȼ. ɅɈɆɈɇɈɋɈȼ ɞɚɪ ɲ. 
Ⱦɭɲɚɧɛɟ, Ɍɨҷɢɤɢɫɬɨɧ  
2 Иɧɫɬɢɬɭɬɢ ɮɢɡɢɤɚ ɛɚ ɧɨɦɢ ɉ.ɇ.Ʌɟɛɟɞɟɜ Аɤɚɞɟɦɢɹɢ ɢɥɦҳɨɢ Ɋɭɫɢɹ 
3 Ⱦɨɧɢɲɝɨҳɢ ɞɚɜɥɚɬɢɢ ɏɨɪɭғ ɛɚ ɧɨɦɢ Ɇ.ɇɚɡɚɪɲɨɟɜ,  ɏɨɪɭғ, Ɍɨҷɢɤɢɫɬɨɧ 
4 Ɏɚɤɭɥɬɚɢ ɮɢɡɢɤɚɢ Ⱦɨɧɢɲɝɨҳɢ ɞɚɜɥɚɬɢɢ Ɇɨɫɤɜɚ ɛɚ ɧɨɦɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜ, 
Ɇɨɫɤɜɚ, Ɋɨɫɫɢɹ 
 
ɂɧ ɤɨɪ ɛɚɪɨɢ ɫɨɯɬɚɧɢ ɫɨɯɬɨɪɢ ɧɚɜɢ ɫɢɫɬɟɦɚɢ ɨɲɤɨɪɤɭɧɢ ɯɭɫɭɫɢɹɬԟɨɢ ɝɭɧɨɝɭɧ ɞɚɪ 

ɢɥɦԟɨɢ ɚɫɬɪɨɮɢɡɢɤɚ ɜɚ ɝɟɨɮɢɡɢɤɚ ɛɨ ɢɫɬɢɮɨɞɚ ɚɡ ɧɚɜɬɚɪɢɧ ɬɟɯɧɨɥɨɝɢɹԟɨ ɜɨɛɚɫɬɚ ɛɚ 
ɫɢɫɬɟɦɚԟɨɢ ɤɥɚɫɬɟɪɢɢ ɦɭɥɬɢɤɨɩɬɟɪԟɨ, ɦɚɧɛɚɴԟɨɢ ɚɥɬɟɪɧɚɬɢɜɢɢ ɷɧɟɪɝɢɹ, ɬɟɯɧɨɥɨɝɢɹԟɨɢ 
ɤɥɚɫɬɟɪ, ɬɟɯɧɨɥɨɝɢɹɯɨɢ ɚɛɪӣ-ɤɨɦɩɸɬɟɪӣ ɜɚ ɤɨɪɤɚɪɞɢ ԟɚɱɦԟɨɢ ɤɚɥɨɧɢ ɢɧɮɨɪɦɚɰɢɨɧӣ. 

ɂɞɟɹɢ ɫɢɫɬɟɦɚɢ ɞɢɧɚɦɢɤɢɢ ɦɢқёɫɩɚɡɢɪɢ ɡɭɞҷɨɣɝɢɪ ɚɡ ɞɪɨɧɢ ɧɚɡɨɪɚɬɲɚɜɚɧɞɚ ɛɨ 
ɦɚҷɦӯɢ ɞɟɬɟɤɬɨɪԟɨɢ ɝɭɧɨɝɭɧ ɛɚɪɨɢ ɨɲɤɨɪ ɧɚɦɭɞɚɧɢ ҷɭɡɴԟɨɢ ɝɭɧɨɝɭɧɢ «ɛɨɪɨɧɢ ɡɚɪɪɚԟɨɢ 
ɤɨɫɦɢɤɢɢ ɚɬɦɨɫɮɟɪɢɢ ɜɚɫɟɴ» ɞɚɪ ɲɭɨԟɨɢ ɤɚɣԟɨɧɢ ɜɚ ɞɚɪ ɦɚɫɚɥɚԟɨɢ ɝɟɨɮɢɡɢɤӣ ɯɟɥɟ ҷɨɥɢɛ 
ɚɫɬ. 
 Ʉɚɥɢɦɚԟɨɢ ɤɚɥɢɞश: ɫɢɫɬɟɦɚɢ ɞɟɬɟɤɬɨɪԟɨ, ɦɭɥɬɢɤɨɩɬɟɪ, ɪɭɲɧɨɢɢ ɱɟɪɟɧɤɨɜ, ɲɭɨԟɨɢ 
ɤɚɣԟɨɧɢ. 
 

" DETECTORS’ ӣАAӢM" AND THEIR APPLICATION IN PHYSICS 
Shoziyoev G.P. 1,2, Shoziyoev Sh.P.3,4 

1 P.N.Lebedev Physical Institute of the Russian Academy of Sciences Moscow, Russia 
2 The branch of Lomonosov Moscow State University in Dushanbe, Dushanbe, Tajikistan 
3 Khorog State University, Khorog, Tajikistan 
4 Physics Department, M.V.Lomonosov Moscow State University, Moscow, Russia 
 
This paper points to create a new architecture of detection system of different characteristics 

in astrophysics and geophysics using the latest technologies related to multicopter cluster systems, 
alternative energy sources, cluster technologies, cloud computing and BIG DATA. 

The idea of quick-deploy scalable dynamic system of controlled drone with a small set of 
different detectors for the detection of various components of extensive air showers (EAS) in 
cosmic rays and in geophysics are very attractive.  
 Key words: detecting system, multicopters, Cerenkov light, cosmic rays. 
 
 
 ɋɜɟɞɟɧɢɹ ɨɛ ɚɜɬɨɪɚɯ. ɒɨɡɢёɟɜ Ƚɭɥɦɭɪɨɞ ɉɚɪɜɨɧɚɲɨɟɜɢɱ – ɤ.ɮ.-ɦ.ɧ., ɫɬɚɪɲɢɣ 
ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ ɈəɎȺ Ɏɢɡɢɱɟɫɤɨɝɨ ɢɧɫɬɢɬɭɬɚ ɊȺɇ, ɫɬɚɪɲɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ 
Ɏɢɥɢɚɥɚ ɆȽɍ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ ɜ ɝɨɪɨɞɟ Ⱦɭɲɚɧɛɟ. gulmurod@mail.ru.   
 ɒɨɡɢёɟɜ ɒɨɤɚɪɢɦ ɉɚɪɜɨɧɚɲɨɟɜɢɱ – ɚɫɩɢɪɚɧɬ ɤɚɮɟɞɪɵ ɝɟɨɮɢɡɢɤɢ ɮɢɡɢɱɟɫɤɨɝɨ 
ɮɚɤɭɥɶɬɟɬɚ ɆȽɍ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, ɩɪɟɩɨɞɚɜɚɬɟɥɶ ɏɨɪɨɝɫɤɨɝɨ Ƚɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ 
ɍɧɢɜɟɪɫɢɬɟɬɚ ɢɦ Ɇ. ɇɚɡɚɪɲɨ. shokarim@mail.ru 
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ɏ ɂ Ɇ ɂ ə - Ƚ ȿ Ɉ Ʌ Ɉ Ƚ ɂ ə 
 
 
ɍȾɄ 548.3 
 

ɌȿɈɊȿɌɂɑȿɋɄȺə ɈɐȿɇɄȺ ɆȿɏȺɇɂɁɆɈȼ ȼɏɈɀȾȿɇɂə 
ȺɅɘɆɂɇɂə ȼ ɋɚ –ɂ Mg - ɆȺɇɌɂɃɇɕȿ ɉȿɊɈȼɋɄɂɌɕ 

 
ȿɪɟɦɢɧ ɇ. ɇ. 1, Ƚɪɟɱɚɧɨɜɫɤɢɣ А. ȿ. 2, Ɇɚɪɱɟɧɤɨ ȿ. И. 1 

 
1 Ƚɟɨɥɨɝɢɱɟɫɤɢɣ ɮɚɤɭɥɶɬɟɬ, ɆȽɍ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ  
2 ɂɧɫɬɢɬɭɬ ɝɟɨɯɢɦɢɢ, ɦɢɧɟɪɚɥɨɝɢɢ ɢ ɪɭɞɨɨɛɪɚɡɨɜɚɧɢɹ ɢɦɟɧɢ ɇ.ɉ. 
ɋɟɦɟɧɟɧɤɨ ɇȺɇ ɍɤɪɚɢɧɵ 
 
 ȼ ɪɚɛɨɬɟ ɩɪɨɜɟɞɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɷɧɟɪɝɢɣ ɜɯɨɠɞɟɧɢɹ ɩɪɢɦɟɫɧɵɯ ɚɬɨɦɨɜ 
Al  ɜ ɫɬɪɭɤɬɭɪɵ Ca- ɢ Mg- ɩɟɪɨɜɫɤɢɬɨɜ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɢ ɞɚɜɥɟɧɢɹɯ ɦɚɧɬɢɢ 
Ɂɟɦɥɢ ɦɟɬɨɞɚɦɢ ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɨɝɨ ɢ ɤɜɚɧɬɨɜɨɯɢɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. 
Ɋɚɫɱɟɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɞɢɚɩɚɡɨɧɟ ɞɚɜɥɟɧɢɣ ɢ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 0 ɞɨ 140 Ƚɉɚ ɢ 
ɨɬ 0 ɞɨ 2400 Ʉ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. Ɋɚɫɫɦɨɬɪɟɧɵ ɜɨɡɦɨɠɧɵɟ ɦɟɯɚɧɢɡɦɵ 
ɜɯɨɠɞɟɧɢɹ Al  ɜ ɫɬɪɭɤɬɭɪɵ ɩɟɪɨɜɫɤɢɬɨɜ. ɉɨɤɚɡɚɧɨ, ɱɬɨ ɜɯɨɠɞɟɧɢɟ ɚɥɸɦɢɧɢɹ ɜ 
MgSiO3 ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɜɵɝɨɞɧɨ, ɱɟɦ ɜ CaSiO3. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɤɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ, ɞɟɮɟɤɬɵ, CaSiO3, Al  ɜ 
ɦɚɧɬɢɢ Ɂɟɦɥɢ. 

 
ȼɜɟɞɟɧɢɟ 

 
ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɩɪɨɛɥɟɦɨɣ ɫɨɫɬɚɜɚ ɦɚɧɬɢɢ Ɂɟɦɥɢ ɡɚɧɢɦɚɸɬɫɹ 

ɦɧɨɝɢɟ ɝɪɭɩɩɵ ɭɱɟɧɵɯ ɩɨ ɜɫɟɦɭ ɦɢɪɭ. ȼ ɫɢɥɭ ɫɜɨɟɝɨ ɞɨɦɢɧɢɪɭɸɳɟɝɨ 
ɩɨɥɨɠɟɧɢɹ ɜ ɦɚɧɬɢɢ Ɂɟɦɥɢ ɩɟɪɨɜɫɤɢɬ MgSiO3 (≈70%) ɢ ɦɚɝɧɟɡɢɨɜɸɫɬɢɬ 
(Mg,Fe)O (≈20%) ɩɪɟɞɫɬɚɜɥɹɸɬ ɛɨɥɶɲɨɣ ɢɧɬɟɪɟɫ ɢ ɚɤɬɢɜɧɨ ɢɡɭɱɚɸɬɫɹ ɤɚɤ 
ɬɟɨɪɟɬɢɱɟɫɤɢɦɢ, ɬɚɤ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦɢ ɦɟɬɨɞɚɦɢ. Ⱦɨɥɹ CaSiO3- 
ɩɟɪɨɜɫɤɢɬɚ ɨɰɟɧɢɜɚɟɬɫɹ ɜ 6-12 ɜɟɫ%. Ɉɞɧɚɤɨ ɫɭɳɟɫɬɜɭɟɬ ɢ ɪɹɞ ɞɨ ɫɢɯ ɩɨɪ 
ɧɟɪɟɲɟɧɧɵɯ ɩɪɨɛɥɟɦ, ɫɪɟɞɢ ɤɨɬɨɪɵɯ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɞɨ ɤɨɧɰɚ ɧɟ 
ɨɩɪɟɞɟɥɟɧɧɵɟ ɦɢɧɟɪɚɥɶɧɵɟ ɮɚɡɵ, ɚɤɤɭɦɭɥɢɪɭɸɳɢɟ AХ ɜ ɫɪɟɞɧɟɣ ɢ ɧɢɠɧɟɣ 
ɦɚɧɬɢɢ Д1Ж. 

ɉɪɢ ɞɚɜɥɟɧɢɢ 10-20 Ƚɉɚ ɢ ɬɟɦɩɟɪɚɬɭɪɟ 1100 Ʉ CКSТO3 ɢɫɩɵɬɵɜɚɟɬ 
ɫɬɪɭɤɬɭɪɧɭɸ ɩɟɪɟɫɬɪɨɣɤɭ ɜ ɩɟɪɨɜɫɤɢɬɨɜɵɣ ɦɨɬɢɜ. ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɩɪɢ ɜɵɫɨɤɢɯ 
P-T ɩɚɪɚɦɟɬɪɚɯ CКSТO3 ɤɪɢɫɬɚɥɥɢɡɭɟɬɫɹ ɜ ɫɬɪɭɤɬɭɪɧɨɦ ɬɢɩɟ ɤɭɛɢɱɟɫɤɨɝɨ 
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ɩɟɪɨɜɫɤɢɬɚ ɫ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɝɪɭɩɩɨɣ PЦ-3Ц, ɚ ɩɪɢ ɩɨɧɢɠɟɧɢɢ ɞɚɜɥɟɧɢɹ ɢ 
ɬɟɦɩɟɪɚɬɭɪɵ ɫɬɪɭɤɬɭɪɚ ɢɫɤɚɠɚɟɬɫɹ ɞɨ ɬɟɬɟɪɚɝɨɧɚɥɶɧɨɣ I4/ЦМЦ ɢɥɢ 
ɪɨɦɛɢɱɟɫɤɨɣ PnЦК Д2Ж. 

ȼ ɧɚɫɬɨɹɳɟɟ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɥɨɫɶ ɞɜɚ ɧɚɢɛɨɥɟɟ ɞɨɫɬɨɜɟɪɧɵɯ ɦɟɯɚɧɢɡɦɚ 
ɜɯɨɠɞɟɧɢɹ ɚɬɨɦɨɜ Al  ɜ Mg-ɩɟɪɨɜɫɤɢɬ Д3Ж: Mg+Si →Al+Al  (CCM-charge couple 
mechanism) ɫ ɫɨɯɪɚɧɟɧɢɟɦ ɛɚɥɚɧɫɚ ɡɚɪɹɞɨɜҲ Si+Si+O→Al+Al+VɈ (OVM- oxygen 
vacancy mechanism), ɝɞɟ ɞɥɹ ɫɨɯɪɚɧɟɧɢɹ ɛɚɥɚɧɫɚ ɡɚɪɹɞɨɜ ɜɜɨɞɢɬɫɹ ɜɚɤɚɧɫɢɹ ɜ 
ɩɨɡɢɰɢɸ ɤɢɫɥɨɪɨɞɚ. ɇɟɨɞɧɨɤɪɚɬɧɨ ɩɨɤɚɡɵɜɚɥɨɫɶ, ɱɬɨ ɞɥɹ ɡɚɦɟɳɟɧɢɣ ɜ CaSiO3 
ɪɟɚɥɢɡɭɟɬɫɹ ɬɨɥɶɤɨ OVM ɦɟɯɚɧɢɡɦ. 

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɢɥɨɫɶ ɭɬɨɱɧɟɧɢɟ ɦɟɯɚɧɢɡɦɨɜ ɢ ɫɪɚɜɧɢɬɟɥɶɧɚɹ 
ɤɨɥɢɱɟɫɬɜɟɧɧɚɹ ɨɰɟɧɤɚ ɷɧɟɪɝɟɬɢɤɢ ɜɯɨɠɞɟɧɢɹ Al ɜ ɫɬɪɭɤɬɭɪɵ ɋaSiO3 ɢ MgSiO3 
ɜ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɨɣ ɨɛɫɬɚɧɨɜɤɟ ɦɚɧɬɢɢ Ɂɟɦɥɢ. 

 
Ɇɟɬɨɞɢɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

Ɋɚɫɱɟɬɵ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɫɬɪɭɤɬɭɪ ɢ ɨɫɭɳɟɫɬɜɥɹɥɢɫɶ ɦɟɬɨɞɚɦɢ 
ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɨɝɨ ɢ ɤɜɚɧɬɨɜɨɯɢɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ɉɨɥɭɷɦɩɢɪɢɱɟɫɤɢɟ 
ɪɚɫɱɟɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɜ ɩɪɨɝɪɚɦɦɟ GULP 4.0 Д4Ж ɜ P-T ɞɢɚɩɚɡɨɧɟ ɨɬ 0 ɞɨ 140 
Ƚɉɚ ɢ ɨɬ 0 ɞɨ 2400 Ʉ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɜɭɯ ɧɚɛɨɪɨɜ ɩɨɬɟɧɰɢɚɥɨɜ ɦɟɠɚɬɨɦɧɨɝɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ: ɦɨɞɟɥɶ 1 - Д5Ж ɢ ɦɨɞɟɥɶ 2 – Д6Ж, ɩɚɪɚɦɟɬɪɵ ɤɨɬɨɪɵɯ ɩɪɢɜɟɞɟɧɵ 
ɜ ɬɚɛɥ.1. Ɉɫɨɛɨɟ ɜɧɢɦɚɧɢɟ ɛɵɥɨ ɭɞɟɥɟɧɨ P-T ɞɢɚɩɚɡɨɧɭ, ɨɬɜɟɱɚɸɳɟɦɭ 
ɦɚɧɬɢɣɧɨɣ ɝɟɨɬɟɪɦɟ (ɪɢɫ. 1).  

Ⱦɨɩɨɥɧɢɬɟɥɶɧɨ ɤ ɚɬɨɦɢɫɬɢɱɟɫɤɢɦ ɜɵɱɢɫɥɟɧɢɹɦ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɪɚɫɱɟɬɵ 
ɢɡ ɩɟɪɜɵɯ ɩɪɢɧɰɢɩɨɜ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɚɤɟɬɚ QЮКЧЭЮЦ-EЬpЫОЬЬШ Д7Ж, ɤɨɬɨɪɵɣ 
ɨɫɧɨɜɚɧ ɧɚ ɩɪɢɛɥɢɠɟɧɢɢ ɥɨɤɚɥɶɧɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɩɥɨɬɧɨɫɬɢ ɢ ɦɟɬɨɞɚ 
ɩɫɟɜɞɨɩɨɬɟɧɰɢɚɥɨɜ. Ɋɚɫɱɟɬɵ ɛɵɥɢ ɜɵɩɨɥɧɟɧɵ ɜ ɨɛɨɛɳɟɧɧɨɦ ɝɪɚɞɢɟɧɬɧɨɦ 
ɩɪɢɛɥɢɠɟɧɢɢ (GGA). ɗɧɟɪɝɢɢ ɨɛɪɟɡɚɧɢɹ ɜɨɥɧɨɜɵɯ ɮɭɧɤɰɢɣ ɫɨɫɬɚɜɥɹɥɢ 80-100 
Rв, ɩɥɨɬɧɨɫɬɢ ɡɚɪɹɞɚ - 320-400 Ry. ɉɪɢ ɪɟɥɚɤɫɚɰɢɢ ɫɬɪɭɤɬɭɪ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ 
ɪɟɲɟɬɤɚ ɜɨɥɧɨɜɵɯ ɜɟɤɬɨɪɨɜ 2ɯ2ɯ2. ɋɯɨɞɢɦɨɫɬɶ ɪɚɫɱɟɬɨɜ ɤɨɧɬɪɨɥɢɪɨɜɚɥɚɫɶ 
ɩɚɪɚɦɟɬɪɨɦ 10-10 Ry ɞɥɹ ɩɨɥɧɨɣ ɷɧɟɪɝɢɢ ɷɥɟɤɬɪɨɧɨɜ Etot ɢ ɦɟɧɟɟ 0.005 ɷȼ/й ɞɥɹ 
ɫɢɥ ɧɚ ɚɬɨɦɚɯ. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɞɟɮɟɤɬɨɜ ɜ ɫɬɪɭɤɬɭɪɚɯ MgSiO3 
(ɛɪɢɞɠɦɚɧɢɬ) ɢ CaSiO3 (Pm-3m, Pnma, I4/mcm ɦɨɞɢɮɢɤɚɰɢɢ) ɨɫɭɳɟɫɬɜɥɹɥɨɫɶ 
ɬɪɟɦɹ ɧɟɡɚɜɢɫɢɦɵɦɢ ɩɪɨɰɟɞɭɪɚɦɢ:  

1) ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɬɚɧɞɚɪɬɧɨɣ ɩɪɨɰɟɞɭɪɵ ɪɚɫɱɟɬɚ ɬɨɱɟɱɧɵɯ ɞɟɮɟɤɬɨɜ 
ɦɟɬɨɞɨɦ Ɇɨɬɬɚ-Ʌɢɬɬɥɬɨɧɚ Д4Ж c ɪɚɞɢɭɫɚɦɢ ɜɥɨɠɟɧɧɵɯ ɫɮɟɪ r1 ɢ r2 ɪɚɜɧɵɦɢ 8,5 
ɢ 18,5 й, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨҲ  

2) ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ ɜ ɫɜɟɪɯɴɹɱɟɣɤɚɯ ɪɚɡɥɢɱɧɨɣ ɪɚɡɦɟɪɧɨɫɬɢ, ɫɨɞɟɪɠɚɳɢɯ 
ɨɬ 540 ɞɨ 1280 ɚɬɨɦɨɜ. ȼ ɤɚɱɟɫɬɜɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɚɡɦɟɪɚ ɛɵɥɢ ɜɵɛɪɚɧɵ 
ɫɜɟɪɯɴɹɱɟɣɤɢ 5×5×5 ɞɥɹ CaSiO3 ɢ 3×3×3 ɞɥɹ MgSiO3. (ɪɢɫ. 2) ɉɪɢ 
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ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɜ ɫɜɟɪɯɴɹɱɟɣɤɚɯ ɪɚɫɱɟɬɵ ɩɪɨɜɨɞɢɥɢɫɶ ɤɚɤ ɫ ɥɨɤɚɥɶɧɵɦ 
ɚɫɫɨɰɢɚɬɨɦ ɬɨɱɟɱɧɵɯ ɞɟɮɟɤɬɨɜ, ɬɚɤ ɢ ɫ ɢɡɨɥɢɪɨɜɚɧɧɵɦɢ ɞɟɮɟɤɬɚɦɢ, 
ɪɚɡɧɟɫɟɧɧɵɦɢ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɩɨ ɩɪɨɫɬɪɚɧɫɬɜɭ ɫɜɟɪɯɴɹɱɟɣɤɢ ɧɚ ɡɧɚɱɢɬɟɥɶɧɨɟ 
ɪɚɫɫɬɨɹɧɢɟ (ɞɟɫɹɬɤɢ й)Ҳ  

3) ɤɜɚɧɬɨɜɨɯɢɦɢɱɟɫɤɢɦ ɪɚɫɱɟɬɨɦ c ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɜɟɪɯɴɹɱɟɟɤ, 
ɫɨɞɟɪɠɚɳɢɯ 40 ɢ 60 ɚɬɨɦɨɜ ɞɥɹ ɋaSiO3 ɢ 40 ɢ 80 ɚɬɨɦɨɜ ɞɥɹ MРSТO3. ȼ ɷɬɨɦ 
ɫɥɭɱɚɟ ɞɥɹ ɨɰɟɧɤɢ ɷɧɟɪɝɢɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɜɚɤɚɧɫɢɢ ɤɢɫɥɨɪɨɞɚ ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ 
ɮɨɪɦɭɥɚ Д8Ж: 

22

1
Operfdef

O
f EEEE  ,                                                  (1) 

ɝɞɟ Edef - ɷɧɟɪɝɢɹ ɤɪɢɫɬɚɥɥɚ ɫ ɞɟɮɟɤɬɨɦ, Eperf - ɷɧɟɪɝɢɹ ɢɞɟɚɥɶɧɨɝɨ ɤɪɢɫɬɚɥɥɚ 
(ɛɟɡ ɞɟɮɟɤɬɚ), 

2OE -ɷɧɟɪɝɢɹ ɦɨɥɟɤɭɥɵ ɤɢɫɥɨɪɨɞɚ. 
Ⱦɥɹ ɪɚɫɱɟɬɚ ɷɧɟɪɝɢɢ ɡɚɦɟɳɟɧɢɹ ɚɬɨɦɚ Al  ɜ ɤɚɬɢɨɧɧɨɣ ɩɨɡɢɰɢɢ (Mg, Si) 
ɢɫɩɨɥɶɡɨɜɚɥɚɫɶ ɮɨɪɦɭɥɚ: 

)()( AlECatEEEE freefree
perfdef

CatAl
f  ,                                  (2) 

ɝɞɟ Efree(Cat) – ɩɨɥɧɚɹ ɷɧɟɪɝɢɹ ɚɬɨɦɚ (Mg, Si), ɚ Efree(Al ) – ɩɨɥɧɚɹ ɷɧɟɪɝɢɹ ɚɬɨɦɚ 
Al . 

 
Ɋɟɡɭɥɶɬɚɬɵ 

ɗɧɟɪɝɟɬɢɤɚ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɞɟɮɟɤɬɨɜ ɞɥɹ ɋaSiO3 ɢ MgSiO3 ɛɵɥɚ 
ɪɚɫɫɦɨɬɪɟɧɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɬɟɪɦɨɞɢɧɚɦɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɚɯ (ɪɢɫ. 1). 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɨɜ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɞɥɹ MgSiO3 ɧɚɢɛɨɥɟɟ ɜɵɝɨɞɧɨɣ ɹɜɥɹɟɬɫɹ 
ɫɯɟɦɚ ɋɋM, ɚ ɞɥɹ ɋaSiO3 - ɫɯɟɦɚ OVM. Ɋɚɡɧɢɰɚ ɜ ɡɧɚɱɟɧɢɹɯ ɷɧɟɪɝɢɣ 
ɜɯɨɠɞɟɧɢɹ ɚɥɸɦɢɧɢɹ ɜ Ca- ɢ Mg- ɩɟɪɨɜɫɤɢɬɵ ɫɨɫɬɚɜɥɹɟɬ ɜ ɫɪɟɞɧɟɦ ≈ 40 ɷȼ ɩɨ 
ɞɚɧɧɵɦ ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ. ɗɧɟɪɝɢɢ ɜɯɨɠɞɟɧɢɹ ɩɪɢɦɟɫɢ Al 
ɪɚɫɫɱɢɬɚɧɧɵɟ ɦɟɬɨɞɨɦ Ɇɨɬɬɚ-Ʌɢɬɬɥɬɨɧɚ ɢ ɦɨɞɟɥɢɪɨɜɚɧɢɟɦ ɜ ɫɜɟɪɯɴɹɱɟɣɤɚɯ 
ɧɟɩɥɨɯɨ ɤɨɪɪɟɥɢɪɭɸɬ ɦɟɠɞɭ ɫɨɛɨɣ ɢ ɪɚɡɥɢɱɚɸɬɫɹ ɜ ɩɪɟɞɟɥɚɯ ɧɟɫɤɨɥɶɤɢɯ ɷȼ, 
ɱɬɨ ɝɨɜɨɪɢɬ ɨ ɤɨɪɪɟɤɬɧɨɣ ɪɚɛɨɬɟ ɦɨɞɟɥɟɣ ɩɨɬɟɧɰɢɚɥɨɜ ɦɟɠɚɬɨɦɧɨɝɨ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ. ɗɧɟɪɝɢɢ ɜɯɨɠɞɟɧɢɹ ɞɥɹ Mg-ɩɟɪɨɜɫɤɢɬɚ ɧɚɯɨɞɹɬɫɹ ɜ ɞɢɚɩɚɡɨɧɟ 
1.52-0.6 ɷȼ ɜ ɢɧɬɟɪɜɚɥɟ ɞɚɜɥɟɧɢɣ 0-140 Ƚɉɚ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɚ ɞɥɹ ɋa-
ɩɟɪɨɜɫɤɢɬɚ 40.28- 42.2 ɷȼ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɟɬɚ ɦɟɬɨɞɨɦ Ɇɨɬɬɚ-Ʌɢɬɬɥɬɨɧɚ (ɨɬ 
4 ɞɨ 4.47 ɷȼ ɢ 40.1 – 39.7 ɷȼ ɩɪɢ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɜ ɫɜɟɪɯɴɹɱɟɣɤɚɯ) (ɬɚɛɥ.2). ɉɨ 
ɪɟɡɭɥɶɬɚɬɚɦ ɤɜɚɧɬɨɜɨɯɢɦɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ (ɩɪɢ ɧɭɥɟɜɨɦ ɞɚɜɥɟɧɢɢ) 
ɷɧɟɪɝɢɹ ɜɯɨɠɞɟɧɢɹ Al  ɜ Mg-ɩɟɪɨɜɫɤɢɬ ɩɨ ɋɋɆ ɦɟɯɚɧɢɡɦɭ ɫɨɫɬɚɜɥɹɟɬ 4.62 ɷȼ, ɚ 
ɜ Ca-Pv ɩɨ OVM - 9.43 ɷȼ, ɱɬɨ ɤɚɱɟɫɬɜɟɧɧɨ ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɪɟɡɭɥɶɬɚɬɚɦɢ 
ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɨɝɨ ɦɨɞɟɥɢɪɨɜɚɧɢɹ, ɯɨɬɹ ɚɛɫɨɥɸɬɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɡɧɨɫɬɢ 
ɷɧɟɪɝɢɣ (з5 ɷȼ) ɜ ɧɟɫɤɨɥɶɤɨ ɪɚɡ ɦɟɧɶɲɟ, ɱɟɦ ɞɥɹ ɪɟɡɭɥɶɬɚɬɨɜ ɚɬɨɦɢɫɬɢɱɟɫɤɢɯ 
ɪɚɫɱɟɬɨɜ (з39 ɷȼ). Ɍɚɤɨɟ ɪɚɫɯɨɠɞɟɧɢɟ ɦɨɠɟɬ ɛɵɬɶ ɨɛɴɹɫɧɟɧɨ ɛɨɥɶɲɢɦ 
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ɪɚɡɥɢɱɢɟɦ ɜ ɪɚɡɦɟɪɧɨɫɬɹɯ ɪɚɫɱɟɬɧɵɯ ɹɱɟɟɤ ɢ ɧɟ ɭɱɟɬɨɦ ɜ ɤɜɚɧɬɨɜɨɯɢɦɢɱɟɫɤɢɯ 
ɪɚɫɱɟɬɚɯ ɷɮɮɟɤɬɨɦ ɞɚɜɥɟɧɢɹ.  

Ɋɚɡɥɢɱɢɟ ɜ ɷɧɟɪɝɢɹɯ ɜɯɨɠɞɟɧɢɹ ɚɬɨɦɨɜ Al  ɜ Ɇg- ɢ ɋa- ɩɟɪɨɜɫɤɢɬɵ 
ɫɨɫɬɚɜɥɹɟɬ 39-40 ɷȼ (ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 0 K) ɜɨ ɜɫɟɦ ɞɢɚɩɚɡɨɧɟ ɢɫɫɥɟɞɭɟɦɵɯ 
ɞɚɜɥɟɧɢɣ ɩɪɢɜɨɞɢɬ ɤ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɪɟɡɤɨɦɭ ɩɪɟɞɩɨɱɬɟɧɢɸ ɜɯɨɠɞɟɧɢɹ Al ɜ 
MgSiO3, ɱɟɦ ɜ CaSiO3.  

 
ȼɵɜɨɞɵ 

 Ɋɚɫɫɱɢɬɚɧɵ ɷɧɟɪɝɢɢ ɜɯɨɠɞɟɧɢɹ ɩɪɢɦɟɫɧɵɯ ɚɬɨɦɨɜ Al ɜ Mg- ɢ Ca-
ɩɟɪɨɜɫɤɢɬɵ ɩɪɢ ɞɚɜɥɟɧɢɹɯ ɢ ɬɟɦɩɟɪɚɬɭɪɚɯ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɝɟɨɬɟɪɦɟ ɦɚɧɬɢɢ. 
ɉɨɞɬɜɟɪɠɞɟɧɨ, ɱɬɨ ɞɥɹ MgSiO3 ɨɩɪɟɞɟɥɹɸɳɢɦ ɹɜɥɹɟɬɫɹ ɋɋM ɦɟɯɚɧɢɡɦ, ɚ ɞɥɹ 
CaSiO3- OVM, ɩɪɢɱɟɦ ɚɫɫɨɰɢɚɬɵ ɞɟɮɟɤɬɨɜ ɛɨɥɟɟ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɵ, ɱɟɦ 
ɤɨɦɛɢɧɚɰɢɢ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɞɟɮɟɤɬɨɜ. ȼɨ ɜɫɟɦ P-T ɞɢɚɩɚɡɨɧɟ ɷɧɟɪɝɢɢ 
ɜɯɨɠɞɟɧɢɹ ɩɪɢɦɟɫɟɣ ɜ MgSiO3 ɧɚ ɩɨɪɹɞɨɤ ɦɟɧɶɲɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɡɧɚɱɟɧɢɣ 
ɞɥɹ Ca-Pv. Ɋɟɡɭɥɶɬɚɬɵ ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɨɝɨ ɢ ɤɜɚɧɬɨɜɨɯɢɦɢɱɟɫɤɨɝɨ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɤɚɱɟɫɬɜɟɧɧɨ ɤɨɪɪɟɥɢɪɭɸɬ ɦɟɠɞɭ ɫɨɛɨɣ. 
 

Ɍɚɛɥɢɰɚ 1. ɉɚɪɚɦɟɬɪɵ ɦɟɠɚɬɨɦɧɵɯ ɩɨɬɟɧɰɢɚɥɨɜ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ, ɢɫɩɨɥɶɡɭɟɦɵɯ ɩɪɢ 
ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ 

Ɇɨɞɟɥɶ 1 [5] 
ɉɨɬɟɧɰɢɚɥɵ Ȼɭɤɢɧɝɟɦɚ 

ɉɚɪɚ ɚɬɨɦɨɜ Ⱥ, eV B, й rcut, й 
Ca+1.26 - O-1.26 483.714581 0.255 12 
Mg+1.26-O-1.26 1075.715161 0.280978 12 
Si+2.52-O-1.26 249.974536 0.3205 12 

Al +1.89 - O-1.26 128627.49 0.144245 12 
O-1.26 - O-1.26 4048.394 0.27047 12 

ɉɨɬɟɧɰɢɚɥɵ Ɇɨɪɡɟ 

ɉɚɪɚ ɚɬɨɦɨɜ D, eV  , й-1 0r , й rcut, й 

Al +1.89 - O-1.26 0.051986 1.2 2.61 12 
Ɇɨɞɟɥɶ 2 [6] 

ɉɨɬɟɧɰɢɚɥɵ Ɇɨɪɡɟ 

ɉɚɪɚ ɚɬɨɦɨɜ D, eV  , й-1 0r , й rcut, й 

Ca+1.2 - O-1.2 0.030211 2.241334 2.923245 12 
Mg+1.2-O-1.2 0.038908 2.281000 2.58615 12 
Si+2.4-O-1.2 0.340554 2.006700 2.10000 12 

Al +1.8 - O-1.2 0.361581 1.900442 3.618701 12 
O-1.2 - O-1.2 0.042395 1.379316 3.618701 12 
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Ɍɚɛɥɢɰɚ 2. ɗɧɟɪɝɢɢ ɢɡɨɥɢɪɨɜɚɧɧɵɯ ɞɟɮɟɤɬɨɜ ɞɥɹ CaSiO3 ɢ MgSiO3 ɩɨ ɦɟɬɨɞɭ Ɇɨɬɬɚ-

Ʌɢɬɬɥɬɨɧɚ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɞɚɜɥɟɧɢɹɯ. 
C

aS
iO

3 

P, Ƚɉɚ  0 20 40 60 80 100 120 140 
Ovac 7.91 7.46 6.90 6.31 5.70 5.10 4.48 3.87 
SТ→AХ 16.18 16.88 17.42 17.87 18.25 18.59 18.89 19.17 
2(SТ→AХ) 
+Ovac 

40.28 41.22 41.75 42.05 42.19 42.27 42.26 42.20 

M
g

S
O

3 

P, Ƚɉɚ 0 20 40 60 80 100 120 140 
SТ→AХ 15.87 16.39 16.81 17.15 17.45 17.71 17.95 18.17 
Mg→AХ -

14.35 
-
14.99 

-
15.53 

-
16.01 

-
16.44 

-
16.84 

-
17.21 

-
17.57 

(SТ→AХ)+ 
(Mg→AХ) 

1.52 1.41 1.28 1.15 1.01 0.87 0.74 0.60 

 
Ɋɢɫ.1. ɋɜɟɪɯɴɹɱɟɣɤɢ 3×3×3 ɞɥɹ MgSiO3 (540 ɚɬɨɦɨɜ) (a) ɢ 5×5×5 ɞɥɹ CaSiO3 (625 ɚɬɨɦɨɜ) (ɛ). 

Ⱥɤɫɨɧɨɦɟɬɪɢɱɟɫɤɚɹ ɩɪɨɟɤɰɢɹ. 
 

  

ɚ) ɛ) 
 
 Ɋɢɫ. 2. Ɏɚɡɨɜɚɹ ɞɢɚɝɪɚɦɦɚ ɞɥɹ CaSiO3 ɩɨ ɞɚɧɧɵɦ ɚɬɨɦɢɫɬɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ Д9Ж c 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɦɨɞɟɥɢ ɩɨɬɟɧɰɢɚɥɨɜ «1» Д5Ж (ɉɭɧɤɬɢɪɨɦ ɩɨɤɚɡɚɧɚ ɩɪɟɞɫɤɚɡɚɧɧɚɹ ɝɪɚɧɢɰɚ 
ɩɟɪɟɯɨɞɚ Pm-3m ↔ Pnma ɩɨ ɦɨɞɟɥɢ «2» Д6Ж. ɒɬɪɢɯ-ɩɭɧɤɬɢɪ – ɝɪɚɧɢɰɚ ɩɟɪɟɯɨɞɚ ɤ 
ɤɭɛɢɱɟɫɤɨɣ Pm-3m ɦɨɞɢɮɢɤɚɰɢɢ ɩɨ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɦ ɞɚɧɧɵɦ Д10Ж. ɋMB – ɝɪɚɧɢɰɚ 
ɧɢɠɧɟɣ ɦɚɧɬɢɢ ɢ ɹɞɪɚ). Ʉɪɭɝɥɵɦɢ ɡɧɚɱɤɚɦɢ ɩɨɤɚɡɚɧɵ ɬɨɱɤɢ ɤɜɚɧɬɨɜɨɯɢɦɢɱɟɫɤɨɝɨ ɪɚɫɱɟɬɚ, 
ɤɜɚɞɪɚɬɧɵɦɢ – ɩɨɥɭɷɦɩɢɪɢɱɟɫɤɨɝɨ. 
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 Ⱦɚɪ ɢɧ ɤɨɪ ɨɦɭɡɢɲɢ ɷɧɟɪɝɢɹɢ ɞɨɯɢɥɲɚɜɢɢ ɚɬɨɦԟɨɢ Al  ɛɚ ɫɨɯɬɨɪɢ ɩɟɪɨɜɫɤɢɬԟɨɢ Ca ɜɚ 
Mg ɬɚԟɬɢ ɬɚɴɫɢɪɢ ԟɨɥɚɬԟɨɢ ԟɚɪɨɪɚɬ ɜɚ ɮɢɲɨɪɢ ɦɚɧɬɢɹɢ Ɂɚɦɢɧ ɛɨ ɭɫɭɥԟɨɢ ɧɢɦɷɦɩɢɪɢɤӣ ɜɚ 
ɦɨɞɟɥɢ ɤɜɚɧɬɨ-ɯɢɦɢɹɜӣ ɛɚ ɪɨԟ ɦɨɧɞɚ ɲɭɞɚɚɫɬ. ɏɢɫɨɛɛɚɪɨɪɢԟɨ ɞɚɪ ɯɭɞɭɞɢ ɮɢɲɨɪɢ ɚɡ 0 ɬɨ 
140 Ƚɉɚ ɜɚ ԟɚɪɨɪɚɬԟɨɢ ɚɡ 0 ɞɨ 2400 Ʉ ɝɭɡɚɪɨɧɢɞɚ ɲɭɞɚɚɧɞ. Њɚɦɱɭɧɢɧ ɢɦɤɨɧɢɹɬɢ 
ɦɟɯɚɧɢɡɦԟɨɢ ɞɨɯɢɥɲɚɜɢɢ Al  ɛɚ ɫɨɯɬɨɪԟɨɢ ɩɟɪɨɜɫɤɢɬԟɨ ɞɢɞɚ ɛɚɪɨɦɚɞɚ ɲɭɞɚɚɧɞ. ɇɢɲɨɧ ɞɨɞɚ 
ɲɭɞɚɚɫɬ, ɤɢ ɞɨɯɢɥɲɚɜɢɢ ɚɥɸɦɢɧɢɣ ɛɚ MgSiO3 ɧɚɡɚɪ ɛɚɪ CaSiO3 ɛɟɧɢԟɨɹɬ ɤɭɥɚɣɬ ɦɟɛɨɲɚɞ. 
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This article presents a study of energy occurrences of Al atoms in the Ca- and Mg- 
perovskites structures at temperatures and pressures of the Earth's mantle by semiempirical and 
quantum chemical modeling methods. Calculations were performed at pressures and temperature 
ranges from 0 to 140 GPa, and from 0 to 2400 K, respectively. Possible mechanisms of Al entering 
in perovskites structures were considered. Occurrence of aluminum into MgSiO3 is more 
energetically favorable than CaSiO3. 
 Key words: computer simulation, defects, CaSiO3, Al in the Earth's mantle. 
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ɏɂɆɂɑȿɋɄȺə ɆɈȾɂɎɂɄȺɐɂə ɉɈȼȿɊɏɇɈɋɌɂ ɋɂɅɂɄȺɌɇɈȽɈ 
ȼɈɅɈɄɇȺ ɇȺ ɈɋɇɈȼȿ ɉɊɂɊɈȾɇɈȽɈ ȻȺɁȺɅɖɌȺ ɋ ɊȺɁɅɂɑɇɈɃ 

ɉɈȾɒɂɏɌɈȼɄɈɃ 
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Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ 
 

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɡɭɱɟɧɢɟ ɞɢɮɮɭɡɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ, 
ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɫɬɟɤɥɨɜɨɥɨɤɧɟ ɧɚ ɨɫɧɨɜɟ ɩɪɢɪɨɞɧɨɝɨ ɛɚɡɚɥɶɬɚ ɫ ɷɥɟɦɟɧɬɧɵɦ ɫɨɫɬɚɜɨɦ, 
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɜɜɟɞɟɧɢɟɦ ɨɤɫɢɞɨɜ-ɦɨɞɢɮɢɤɚɬɨɪɨɜ ɪɚɡɥɢɱɧɨɣ ɩɪɢɪɨɞɵ (ɢ ɢɯ ɜɥɢɹɧɢɹ ɧɚ 
ɩɨɜɟɞɟɧɢɟ ɜɨɥɨɤɧɚ ɜ ɰɟɦɟɧɬɧɨɦ ɪɚɫɬɜɨɪɟ. ȼ ɪɚɛɨɬɟ ɢɫɫɥɟɞɨɜɚɧɵ ɜɨɥɨɤɧɚ, ɩɨɥɭɱɟɧɧɵɟ ɢɡ 
ɛɚɡɚɥɶɬɚ ɋɢɥɶɰɟɜɫɤɨɝɨ (Ʉɚɪɩɚɬɵ) ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɤɚɤ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɩɨ ɫɨɫɬɚɜɭ 
ɢɫɯɨɞɧɨɦɭ ɛɚɡɚɥɶɬɭ, ɬɚɤ ɢ ɩɨɞɲɢɯɬɨɜɚɧɧɵɟ ɨɤɫɢɞɚɦɢ ɮɨɫɮɨɪɚ ɢɥɢ ɰɢɪɤɨɧɢɹ. ɍɤɚɡɚɧɧɵɟ 
ɜɨɥɨɤɧɚ ɩɨɞɜɟɪɝɚɥɢɫɶ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ ɜ ɭɫɥɨɜɢɹɯ ɨɬɫɭɬɫɬɜɢɹ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɧɨɜɵɯ ɮɚɡ, ɚ ɬɚɤɠɟ ɢɨɧɨɨɛɦɟɧɧɨɣ ɨɛɪɚɛɨɬɤɟ ɜ  ɧɚɫɵɳɟɧɧɨɦ ɪɚɫɬɜɨɪɟ 
LiNO3. Ⱦɥɹ ɨɛɪɚɛɨɬɚɧɧɵɯ ɜɨɥɨɤɨɧ ɢɫɫɥɟɞɨɜɚɥɚɫɶ ɞɢɧɚɦɢɤɚ ɜɵɯɨɞɚ ɤɚɬɢɨɧɨɜ ɜ ɜɨɞɧɵɣ 
ɪɚɫɬɜɨɪ, ɨɩɪɟɞɟɥɹɥɫɹ ɷɥɟɦɟɧɬɧɵɣ ɫɨɫɬɚɜ ɜɨɥɨɤɨɧ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɷɥɟɦɟɧɬɨɜ ɩɨ ɫɟɱɟɧɢɸ 
ɜɨɥɨɤɧɚ. Ɍɚɤɠɟ ɢɡɭɱɚɥɨɫɶ ɜɥɢɹɧɢɟ ɝɢɞɪɨɥɢɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ 
ɝɢɞɪɨɫɢɥɢɤɚɬɧɵɯ ɧɨɜɨɨɛɪɚɡɨɜɚɧɢɣ ɜ ɚɪɦɢɪɨɜɚɧɧɵɯ ɜɨɥɨɤɧɚɦɢ ɫɬɟɤɥɨɮɢɛɪɨɰɟɦɟɧɬɧɵɯ 
ɤɨɦɩɨɡɢɬɚɯ. ɂɡɦɟɧɟɧɢɟ ɨɤɢɫɥɢɬɟɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɠɟɥɟɡɚ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɯ ɨɛɪɚɡɰɚɯ 
ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ Ɇɟɫɫɛɚɭɷɪɨɜɫɤɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ. 

ɉɪɨɜɟɞɟɧɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɨɜɵɲɟɧɢɟ ɤɢɫɥɨɬɧɨɫɬɢ, ɧɚɛɥɸɞɚɸɳɟɟɫɹ ɜ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɜɨɥɨɤɧɟ ɢɡ ɛɚɡɚɥɶɬɚ ɋɢɥɶɰɟɜɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɧɟɟ 
ɢɫɫɥɟɞɨɜɚɧɧɵɦɢ ɜɨɥɨɤɧɚɦɢ ɩɪɢɜɨɞɢɬ ɤ ɫɦɟɧɟ ɦɟɯɚɧɢɡɦɚ ɨɤɢɫɥɟɧɢɹ ɠɟɥɟɡɚ ɜ ɧɢɯ, ɩɨɞɚɜɥɹɹ 
ɷɮɮɟɤɬ ɩɨɜɵɲɟɧɢɹ ɨɫɧɨɜɧɨɫɬɢ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɟɜ ɜɨɥɨɤɧɚ. ɉɨɞɲɢɯɬɨɜɤɚ ɜɨɥɨɤɧɚ 
P2O5 ɟɳɟ ɛɨɥɟɟ ɫɧɢɠɚɟɬ ɢɯ ɨɫɧɨɜɧɨɫɬɶ, ɚ ɩɨɞɲɢɯɬɨɜɤɚ ZrO2 ɫɧɢɠɚɟɬ ɞɢɮɮɭɡɢɨɧɧɭɸ 
ɩɨɞɜɢɠɧɨɫɬɶ ɤɚɬɢɨɧɨɜ ɜ ɫɬɟɤɥɟ. Эɬɨ ɬɚɤɠɟ ɩɪɢɜɨɞɢɬ ɤ ɡɚɦɟɬɧɨɦɭ ɨɫɥɚɛɥɟɧɢɸ (ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɧɟɟ ɪɚɫɫɦɨɬɪɟɧɧɵɦɢ ɫɥɭɱɚɹɦɢ) ɭɩɨɦɢɧɚɜɲɟɝɨɫɹ ɷɮɮɟɤɬɚ ɩɨɜɵɲɟɧɢɹ 
ɨɫɧɨɜɧɨɫɬɢ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɥɨɤɧɚ.  
 Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɞɢɫɩɟɪɫɧɨɟ ɚɪɦɢɪɨɜɚɧɢɟ ɰɟɦɟɧɬɚ, ɦɢɧɟɪɚɥɶɧɚɹ ɜɚɬɚ, ɛɚɡɚɥɶɬ, 
ɫɬɟɤɥɨ, ɦɨɞɢɮɢɤɚɰɢɹ ɫɨɫɬɚɜɚ, ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ, ɝɢɞɪɨɥɢɬɢɱɟɫɤɚɹ ɫɬɨɣɤɨɫɬɶ. 
 ȼɜɟɞɟɧɢɟ. Ɉɞɧɨɣ ɢɡ ɚɤɬɭɚɥɶɧɵɯ ɡɚɞɚɱ ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɹ 
ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɤɨɦɩɨɡɢɬɨɜ ɧɚ ɨɫɧɨɜɟ ɜɹɠɭɳɢɯ ɦɚɬɟɪɢɚɥɨɜ ɢ ɚɪɦɢɪɭɸɳɢɯ 
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ɞɨɛɚɜɨɤ. ȼ ɤɚɱɟɫɬɜɟ ɬɚɤɢɯ ɞɨɛɚɜɨɤ ɩɪɟɞɫɬɚɜɥɹɟɬ ɢɧɬɟɪɟɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɨɝɨ ɛɚɡɚɥɶɬɨɜɨɝɨ ɫɬɟɤɥɨɜɨɥɨɤɧɚ (Ȼȼ), ɨɛɥɚɞɚɸɳɟɝɨ 
ɜɵɫɨɤɢɦɢ ɦɟɯɚɧɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ ɜ ɫɨɫɬɚɜɟ ɤɨɦɩɨɡɢɬɨɜ ɧɚ ɨɫɧɨɜɟ 
ɨɫɧɨɜɧɵɯ ɫɬɪɨɢɬɟɥɶɧɵɯ ɜɹɠɭɳɢɯ Д1Ж.  

Ȼɚɡɚɥɶɬ – ɨɛɳɟɟ ɧɚɡɜɚɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɨɨɫɧɨɜɧɵɯ ɡɚɫɬɵɜɲɢɯ 
ɜɭɥɤɚɧɢɱɟɫɤɢɯ ɩɨɪɨɞ [2-4Ж. Ȼȼ ɩɨɥɭɱɚɸɬ ɢɡ ɩɪɢɪɨɞɧɨɝɨ ɛɚɡɚɥɶɬɚ  ɩɭɬɟɦ ɟɝɨ 
ɩɥɚɜɥɟɧɢɹ ɫ ɩɨɫɥɟɞɸɳɢɦ ɛɵɫɬɪɵɦ ɨɯɥɚɠɞɟɧɢɟɦ ɬɨɧɤɨɣ ɫɬɪɭɢ, ɜɵɞɚɜɥɢɜɚɟɦɨɣ 
ɱɟɪɟɡ ɮɢɥɶɟɪɭ (ɬɚɤ ɦɨɠɧɨ ɩɨɥɭɱɢɬɶ ɛɨɥɟɟ ɞɨɪɨɝɨɟ ɧɟɩɪɟɪɵɜɧɨɟ ɜɨɥɨɤɧɨ 
ɩɨɫɬɨɹɧɧɨɝɨ ɞɢɚɦɟɬɪɚ) ɢɥɢ ɪɚɡɞɭɜɨɦ ɫɬɪɭɢ ɪɚɫɩɥɚɜɚ ɩɨɬɨɤɨɦ ɜɨɡɞɭɯɚ. 
Ȼɚɡɚɥɶɬɨɜɵɟ ɩɨɪɨɞɵ ɩɥɚɜɹɬɫɹ ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɤɨɥɨ 1500-1700 oC.  Ʉɨɝɞɚ 
ɪɚɫɩɥɚɜ ɛɚɡɚɥɶɬɚ ɛɵɫɬɪɨ ɨɯɥɚɠɞɚɸɬ, ɨɧ ɩɟɪɟɯɨɞɢɬ ɜ ɬɜɟɪɞɨɟ ɚɦɨɪɮɧɨɟ 
ɫɨɫɬɨɹɧɢɟ, ɤɚɤ ɫɬɟɤɥɨ. Ɇɟɞɥɟɧɧɨɟ ɨɯɥɚɠɞɟɧɢɟ ɩɪɢɜɨɞɢɬ ɤ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨɥɧɨɣ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢ ɫɤɨɩɥɟɧɢɸ ɦɢɧɟɪɚɥɨɜ. Ɉɤɨɥɨ 80% ɫɨɫɬɚɜɚ ɦɧɨɝɢɯ ɜɢɞɨɜ 
ɛɚɡɚɥɶɬɨɜ ɫɨɫɬɚɜɥɹɸɬ ɦɢɧɟɪɚɥɵ ɝɪɭɩɩ ɩɥɚɝɢɨɤɥɚɡɨɜ ɢ ɩɢɪɨɤɫɟɧɨɜ. ȼ 
ɯɢɦɢɱɟɫɤɨɦ ɫɨɫɬɚɜɟ ɛɚɡɚɥɶɬɨɜ ɩɪɟɨɛɥɚɞɚɸɬ (ɜ ɯɢɦɢɱɟɫɤɢ ɫɜɹɡɚɧɧɨɦ ɜɢɞɟ) 
ɨɤɫɢɞɵ ɤɪɟɦɧɢɹ, ɚɥɸɦɢɧɢɹ, ɤɚɥɶɰɢɹ, ɠɟɥɟɡɚ (+2 ɢ +3) ɢ ɦɚɝɧɢɹ.  

Ɇɚɬɟɪɢɚɥɵ, ɩɨɥɭɱɟɧɧɵɟ ɢɡ ɛɚɡɚɥɶɬɚ, ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɪɢ  
ɬɟɦɩɟɪɚɬɭɪɚɯ ɨɬ ɧɢɡɤɢɯ ɞɨ 300-400oC, ɩɪɢ ɛɨɥɟɟ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɜ 
ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɚɬɦɨɫɮɟɪɟ (ɜɨɡɞɭɯ) ɧɚɱɢɧɚɟɬɫɹ ɨɤɢɫɥɟɧɢɟ ɠɟɥɟɡɚ +2 ɫ 
ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɜɤɥɸɱɟɧɢɣ ɲɩɢɧɟɥɶɧɵɯ ɮɟɪɪɢɬɨɜ, ɚ ɩɪɢ 700-800 oC 
ɧɚɱɢɧɚɟɬɫɹ ɤɪɢɬɚɥɥɢɡɚɰɢɹ ɩɢɪɨɤɫɟɧɨɜ Д5-7Ж. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɧɚɱɚɥɶɧɚɹ 
(ɞɢɮɮɭɡɢɨɧɧɚɹ) ɫɬɚɞɢɹ ɨɤɢɫɥɟɧɢɹ ɛɚɡɚɥɶɬɨɜɨɝɨ ɜɨɥɨɤɧɚ ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 
ɩɨɜɵɲɟɧɢɟɦ ɨɫɧɨɜɧɨɫɬɢ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɜɨɥɨɤɧɚ ɡɚ ɫɱɟɬ 
ɤɨɦɩɟɧɫɢɪɭɸɳɟɣ ɩɨɬɨɤ ɞɵɪɨɤ ɞɢɮɮɭɡɢɢ ɤɚɬɢɨɧɨɜ, ɩɨɞɜɢɠɧɵɯ ɜ ɦɚɬɪɢɰɟ 
ɫɬɟɤɥɚ (NК+, Ca2+, Mg2+) Д7, 8Ж, ɱɬɨ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɨ ɞɥɹ ɧɚɩɪɚɜɥɟɧɧɨɣ 
ɯɢɦɢɱɟɫɤɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɥɨɤɧɚ Д9-11]. 
 ɇɚɢɛɨɥɟɟ ɩɪɚɤɬɢɱɟɫɤɢ ɡɧɚɱɢɦɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ Ȼȼ ɹɜɥɹɸɬɫɹ 
ɜɵɫɨɤɢɟ ɡɧɚɱɟɧɢɹ ɦɨɞɭɥɹ ɭɩɪɭɝɨɫɬɢ, ɬɜɟɪɞɨɫɬɶ, ɢɡɧɨɫɨɫɬɨɣɤɨɫɬɶ, ɚɞɝɟɡɢɹ ɤ 
ɜɹɠɭɳɟɦɭ ɢ ɤɨɪɪɨɡɢɨɧɧɚɹ ɫɬɨɣɤɨɫɬɶ ɜ ɟɝɨ ɫɪɟɞɟ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɤɨɪɪɨɡɢɨɧɧɚɹ 
ɫɬɨɣɤɨɫɬɶ ɜ ɜɵɫɨɤɨɨɫɧɨɜɧɨɣ ɫɪɟɞɟ ɬɜɟɪɞɟɸɳɟɝɨ ɰɟɦɟɧɬɧɨɝɨ ɪɚɫɬɜɨɪɚ 
ɨɤɚɡɵɜɚɟɬɫɹ ɨɞɧɢɦ ɢɡ ɨɫɧɨɜɧɵɦ ɨɝɪɚɧɢɱɟɧɢɣ ɢɫɩɨɥɶɡɨɜɚɧɢɹ Ȼȼ ɜ ɤɨɦɩɨɡɢɬɚɯ 
ɫɬɪɨɢɬɟɥɶɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɩɨɷɬɨɦɭ ɩɨɜɵɲɟɧɢɟ ɭɫɬɨɣɱɢɜɨɫɬɢ Ȼȼ ɤ ɯɢɦɢɱɟɫɤɨɣ 
ɞɟɝɪɚɞɚɰɢɢ ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɧɚɩɪɚɜɥɟɧɢɟɦ ɢɯ ɦɨɞɢɮɢɤɚɰɢɢ. Ɉɞɧɢɦ ɢɡ 
ɩɭɬɟɣ ɩɨɜɵɲɟɧɢɹ ɬɚɤɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɹɜɥɹɟɬɫɹ. ɤɚɤ ɭɠɟ ɭɩɨɦɢɧɚɥɨɫɶ, 
ɯɢɦɢɱɟɫɤɚɹ ɦɨɞɢɮɢɤɚɰɢɹ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɝɨ ɫɥɨɹ ɜɨɥɨɤɧɚ (ɧɚɩɪɢɦɟɪ, ɩɪɢ 
ɨɤɢɫɥɟɧɢɢ) Д9-11Ж. Ⱥɞɝɟɡɢɹ ɜɨɥɨɤɧɢɫɬɨɝɨ ɧɚɩɨɥɧɢɬɟɥɹ ɤ ɰɟɦɟɧɬɧɨɦɭ ɤɚɦɧɸ 
ɦɨɠɟɬ ɛɵɬɶ, ɤɚɤ ɨɠɢɞɚɟɬɫɹ, ɩɨɜɵɲɟɧɚ ɫɨɡɞɚɧɢɟɦ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɥɨɤɧɚ 
ɬɨɧɤɨɝɨ ɝɢɞɪɨɫɢɥɢɤɚɬɧɨɝɨ ɫɥɨɹ ɫ ɜɵɫɨɤɨɣ ɩɭɰɰɨɥɚɧɨɜɨɣ ɚɤɬɢɜɧɨɫɬɶɸ. ɉɪɢ 
ɷɬɨɦ ɞɥɹ ɜɨɥɨɤɨɧ ɫ ɧɚɩɪɚɜɥɟɧɧɨ ɢɡɦɟɧɟɧɧɵɦ  ɫɨɫɬɚɜɨɦ ɲɢɯɬɵ (ɜɜɟɞɟɧɢɟɦ 
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ɤɨɦɩɨɧɟɧɬɨɜ, ɨɬɫɭɬɫɬɜɭɸɳɢɯ ɜ ɫɨɫɬɚɜɟ ɢɫɯɨɞɧɨɝɨ ɛɚɡɚɥɶɬɚ – P2O5, ZrO2 ɢ ɞɪ.) 
ɩɪɨɰɟɫɫɵ, ɩɪɨɬɟɤɚɸɳɢɟ ɩɪɢ ɬɚɤɨɣ ɦɨɞɢɮɢɤɚɰɢɢ, ɧɟ ɢɫɫɥɟɞɨɜɚɧɵ. 

ɐɟɥɶɸ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɹɜɥɹɟɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɟ ɞɢɮɮɭɡɢɨɧɧɵɯ 
ɩɪɨɰɟɫɫɨɜ, ɩɪɨɬɟɤɚɸɳɢɯ ɜ ɫɬɟɤɥɨɜɨɥɨɤɧɟ ɧɚ ɨɫɧɨɜɟ ɩɪɢɪɨɞɧɨɝɨ ɛɚɡɚɥɶɬɚ ɫ 
ɷɥɟɦɟɧɬɧɵɦ ɫɨɫɬɚɜɨɦ, ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɦ ɜɜɟɞɟɧɢɟɦ ɨɤɫɢɞɚ ɮɨɫɮɨɪɚ ɢ ɢɯ 
ɜɥɢɹɧɢɟ ɧɚ ɩɨɜɟɞɟɧɢɟ ɜɨɥɨɤɧɚ ɜ ɰɟɦɟɧɬɧɨɦ ɪɚɫɬɜɨɪɟ. Ɂɚɞɚɱɢ, ɫɬɨɹɳɢɟ ɩɪɢ 
ɜɵɩɨɥɧɟɧɢɢ ɪɚɛɨɬɵ – ɨɩɪɟɞɟɥɟɧɢɟ ɭɫɥɨɜɢɣ ɨɤɢɫɥɟɧɢɹ ɜɨɥɨɤɨɧ ɪɚɡɧɨɝɨ ɫɨɫɬɚɜɚ 
ɢ ɩɪɨɢɫɯɨɞɹɳɢɯ ɩɪɢ ɷɬɨɦ ɢɡɦɟɧɟɧɢɣ ɜ ɢɯ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ,  
ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɨɰɟɫɫɨɜ ɩɪɢ ɝɢɞɪɨɥɢɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɜɨɥɨɤɨɧ, ɢɡɭɱɟɧɢɟ 
ɜɥɢɹɧɢɹ ɩɪɨɜɟɞɟɧɧɨɣ ɨɛɪɚɛɨɬɤɢ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɧɚ ɢɯ ɩɨɜɟɪɯɧɨɫɬɢ 
ɝɢɞɪɨɫɢɥɢɤɚɬɧɵɯ ɧɨɜɨɨɛɪɚɡɨɜɚɧɢɣ ɩɪɢ ɤɨɧɬɚɤɬɟ ɫ ɬɜɟɪɞɟɸɳɢɦ ɰɟɦɟɧɬɧɵɦ 
ɪɚɫɬɜɨɪɨɦ. 

Ɇɟɬɨɞɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚ. ȼ ɤɚɱɟɫɬɜɟ ɨɛɴɟɤɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɵɥɢ 
ɜɵɛɪɚɧɵ ɧɟɩɪɟɪɵɜɧɵɟ Ȼȼ, ɩɨɥɭɱɟɧɧɵɟ Ɇ.ɋ.Ɇɚɧɵɥɨɜɵɦ ɧɚ ɤɚɮɟɞɪɟ 
ɯɢɦɢɱɟɫɤɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢ ɧɨɜɵɯ ɦɚɬɟɪɢɚɥɨɜ ɯɢɦɢɱɟɫɤɨɝɨ ɮ-ɬɚ ɆȽɍ ɢɡ 
ɛɚɡɚɥɶɬɚ ɋɢɥɶɰɟɜɫɤɨɝɨ (Ʉɚɪɩɚɬɵ) ɦɟɫɬɨɪɨɠɞɟɧɢɹ (ɦɟɬɨɞɢɤɚ ɩɨɥɭɱɟɧɢɹ ɜɨɥɨɤɨɧ 
ɨɩɢɫɚɧɚ ɜ Д12Ж), ɤɚɬɢɨɧɧɵɣ ɫɨɫɬɚɜ ɤɨɬɨɪɵɯ ɩɨ ɞɚɧɧɵɦ ɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ 
ɦɢɤɪɨɚɧɚɥɢɡɚ (ɊɋɆȺ) ɫɨɨɬɜɟɬɫɬɜɨɜɚɥ ɮɨɪɦɭɥɟ 
Na1,7±0,1Mg2,4±0,05Al 7,0±0,05K0,8±0,05Ca3,5±0,1Ti0,3±0,05Fe2,8±0,1Si19,7±0,1Ox, ɢ ɜɨɥɨɤɧɚ ɧɚ 
ɨɫɧɨɜɟ ɬɨɝɨ ɠɟ ɛɚɡɚɥɶɬɚ, ɩɨɞɲɢɯɬɨɜɚɧɧɵɟ ɩɨɧɢɠɚɸɳɢɦɢ ɤɢɫɥɨɬɧɨɫɬɶ 
ɤɨɦɩɨɧɟɧɬɚɦɢ (P2O5 ɢɥɢ ГЫO2), ɬɚɤɠɟ ɫɢɧɬɟɡɢɪɨɜɚɧɧɵɟ  Ɇ.ɋ.Ɇɚɧɵɥɨɜɵɦ. 
Ɉɛɨɡɧɚɱɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɜ ɪɚɛɨɬɟ ɜɨɥɨɤɨɧ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ. 1. 

Ɍɚɛɥ. 1 
ɂɫɩɨɥɶɡɭɟɦɵɟ ɜ ɪɚɛɨɬɟ ɨɛɨɡɧɚɱɟɧɢɟ ɢɫɫɥɟɞɭɟɦɵɯ ɜɨɥɨɤɨɧ. 

№ Ɉɛɪɚɡɟɰ ɋɨɫɬɚɜ ɨɛɚɡɰɚ 
1 Silce ɂɫɯɨɞɧɨɟ ɜɨɥɨɤɧɨ 

ɋɢɥɶɰɟɜɫɤɨɝɨ 
ɦɟɫɬɨɪɨɠɞɟɧɢɹ 

2 P4 ɩɨɞɲɢɯɬɨɜɤɚ 4 ɦɚɫɫ% 
P2O5 

3 P6 ɩɨɞɲɢɯɬɨɜɤɚ 6 ɦɚɫɫ% 
P2O5 

4 Zr16 ɩɨɞɲɢɯɬɨɜɤɚ 16 ɦɚɫɫ% 
ZrO2 

 

Ʉɚɬɢɨɧɧɵɟ ɫɨɫɬɚɜɵ ɩɨɞɲɢɯɬɨɜɚɧɧɵɯ ɜɨɥɨɤɨɧ ɬɚɤɠɟ ɛɵɥɢ ɩɨɞɬɜɟɪɠɞɟɧɵ 
ɊɋɆȺ, ɚ ɢɯ ɪɟɧɬɝɟɧɚɦɨɪɮɧɨɫɬɶ - ɪɟɧɬɝɟɧɨɮɚɡɨɜɵɦ ɚɧɚɥɢɡɨɦ (ɊɎȺ). ȼɵɛɨɪ 
ɢɦɟɧɧɨ ɧɟɩɪɟɪɵɜɧɨɝɨ Ȼȼ ɛɵɥ ɨɛɭɫɥɨɜɥɟɧ ɬɟɦ, ɱɬɨ ɬɟɯɧɨɥɨɝɢɹ ɩɨɥɭɱɟɧɢɹ 
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ɬɚɤɨɝɨ ɬɢɩɚ ɜɨɥɨɤɨɧ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɨɫɬɨɹɧɫɬɜɨ ɞɢɚɦɟɬɪɚ ɮɢɥɚɦɟɧɬɚ (ɜ ɞɚɧɧɨɣ 
ɪɚɛɨɬɟ - 10 ɦɤɦ). 

ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɢɧɬɟɪɟɫɧɵɦ ɫɪɚɜɧɟɧɢɟ ɩɨɥɭɱɚɟɦɵɯ 
ɪɟɡɭɥɶɬɚɬɨɜ ɫ ɪɚɧɟɟ ɢɫɫɥɟɞɨɜɚɜɲɢɦɫɹ Д10,11,13Ж ɛɨɥɟɟ ɨɫɧɨɜɧɵɦ ɲɩɚɬɟɥɶɧɵɦ 
ɜɨɥɨɤɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɚ ɡɚɜɨɞɚ "Ȼɚɫɤ" (Ʉɟɦɟɪɨɜɨ), ɞɥɹ ɤɨɬɨɪɨɝɨ ɛɵɥ ɭɫɬɚɧɨɜɥɟɧ 
ɤɚɬɢɨɧɧɵɣ ɫɨɫɬɚɜ 

Na3.40.2Mg1.870.03Al 6.260.07Si17.40.4K0.530.01Ca5.00.2Ti0.530.01Fe4.250.5Ox Д13Ж ɢ 
ɫɪɟɞɧɢɣ ɞɢɚɦɟɬɪ ɩɨɪɹɞɤɚ ɧɟɫɤɨɥɶɤɢɯ ɞɟɫɹɬɤɨɜ ɦɤɦ. 

Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɞɢɮɮɭɡɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɩɪɢ ɨɤɢɫɥɢɬɟɥɶɧɨɣ 
ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ, ɢɫɫɥɟɞɭɟɦɵɟ ɨɛɪɚɡɰɵ ɩɨɞɜɟɪɝɚɥɢɫɶ ɨɬɠɢɝɭ ɜ ɚɬɦɨɫɮɟɪɟ 
ɜɨɡɞɭɯɚ ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ ɨɬ 500oC ɞɨ 700oC ɜ ɬɟɱɟɧɢɟ ɱɚɫɚ. ȼɨɡɦɨɠɧɨɟ 
ɨɛɪɚɡɨɜɚɧɢɟ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ ɩɪɢ ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ ɤɨɧɬɪɨɥɢɪɨɜɚɥɨɫɶ ɊɎȺ.  

ɂɨɧɨɨɛɦɟɧɧɭɸ ɨɛɪɚɛɨɬɤɭ ɫ ɰɟɥɶɸ ɨɛɨɝɚɳɟɧɢɹ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɟɜ 
ɜɨɥɨɤɧɚ ɛɨɥɟɟ ɩɨɞɜɢɠɧɵɦɢ ɢɨɧɚɦɢ (LТ+) ɩɪɨɜɨɞɢɥɢ ɞɥɹ ɧɟɨɬɨɠɠɟɧɧɵɯ 
ɨɛɪɚɡɰɨɜ ɜ ɧɚɫɵɳɟɧɧɨɦ ɪɚɫɬɜɨɪɟ LТNO3. Ⱦɥɹ ɷɬɨɝɨ ɛɪɚɥɢ 1±0.05 ɝ ɜɨɥɨɤɧɚ ɢ 
ɩɨɦɟɳɚɥɢ ɜ 40 ɦɥ ɪɚɫɬɜɨɪɚ ɢ ɜɵɞɟɪɠɢɜɚɥɢ ɜ ɬɟɱɟɧɢɢ 14 ɫɭɬ.  

Ⱦɥɹ ɢɡɭɱɟɧɢɹ ɩɪɨɰɟɫɫɨɜ, ɩɪɨɢɫɯɨɞɹɳɢɯ ɩɪɢ ɬɜɟɪɞɟɧɢɢ ɰɟɦɟɧɬɧɨɝɨ 
ɤɚɦɧɹ, ɩɪɨɜɨɞɢɥɢ ɢɫɫɥɟɞɨɜɚɧɢɟ ɝɢɞɪɨɫɢɥɢɤɚɬɧɵɯ ɧɨɜɨɨɛɪɚɡɨɜɚɧɢɣ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɥɨɤɨɧ ɜ ɫɪɟɞɟ ɬɜɟɪɞɟɸɳɟɝɨ ɰɟɦɟɧɬɚ. Ⱦɥɹ ɷɬɨɝɨ ɝɨɬɨɜɢɥɢ ɫɦɟɫɶ 
ɢɡ ɫɭɯɨɝɨ ɰɟɦɟɧɬɚ ɢ ɜɨɥɨɤɧɚ, ɫɨɞɟɪɠɚɳɟɝɨ 2-3 % ɜɨɥɨɤɧɚ ɩɨ ɦɚɫɫɟ. 
ɉɨɥɭɱɟɧɧɭɸ ɫɦɟɫɶ ɡɚɬɜɨɪɹɥɢ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɨɣ ɜ ɫɨɨɬɧɨɲɟɧɢɢ 
ɜɨɞɚ/ɰɟɦɟɧɬ=0.4. ɉɨɫɥɟ ɱɟɝɨ ɩɪɢɝɨɬɨɜɥɟɧɧɵɟ ɰɟɦɟɧɬɧɵɟ ɫɦɟɫɢ ɨɫɬɚɜɢɥɢ 
ɬɜɟɪɞɟɬɶ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɜ ɡɚɤɪɵɬɵɯ ɩɥɚɫɬɢɤɨɜɵɯ ɩɪɨɛɢɪɤɚɯ ɜ 
ɬɟɱɟɧɢɟ 28 ɫɭɬɨɤ. 

 Ɉɬɫɭɬɫɬɜɢɟ ɩɪɨɰɟɫɫɨɜ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɜ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɚɯ 
ɤɨɧɬɪɨɥɢɪɨɜɚɥɨɫɶ ɫ ɩɨɦɨɳɶɸ ɊɎȺ. Ɋɟɧɬɝɟɧɨɝɪɚɮɢɱɟɫɤɢɟ ɷɤɫɩɟɪɢɦɟɧɬɵ 
ɩɪɨɜɨɞɢɥɢ ɧɚ ɞɢɮɪɚɤɬɨɦɟɬɪɟ ɫ ɜɪɚɳɚɸɳɢɦɫɹ ɚɧɨɞɨɦ RТРКФЮ D/MAБ 2500 
(RТРКФЮ, əɩɨɧɢɹ) ɜ ɪɟɠɢɦɟ ɨɬɪɚɠɟɧɢɹ (ɝɟɨɦɟɬɪɢɹ Ȼɪɟɝɝɚ - Ȼɪɟɧɬɚɧɨ) ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ CЮ Kɫɪ ɢɡɥɭɱɟɧɢɹ ɢ ɝɪɚɮɢɬɨɜɨɝɨ ɦɨɧɨɯɪɨɦɚɬɨɪɚ. Ɋɟɝɢɫɬɪɚɰɢɸ 
ɩɪɨɜɨɞɢɥɢ ɜ ɧɟɩɪɟɪɵɜɧɨɦ ɪɟɠɢɦɟ ɫ ɲɚɝɨɦ ɡɚɩɢɫɢ 0.02o. 

ɂɫɫɥɟɞɨɜɚɧɢɟ ɨɛɪɚɡɰɨɜ ɦɟɬɨɞɨɦ ɪɚɫɬɪɨɜɨɣ ɷɥɟɤɬɪɨɧɧɨɣ ɦɢɤɪɨɫɤɨɩɢɢ 
(ɊɗɆ) ɩɪɨɜɨɞɢɥɨɫɶ ɧɚ ɦɢɤɪɨɫɤɨɩɟ LEO SЮpЫК 50 VP (CКЫХ ГОТЬЬ, Ƚɟɪɦɚɧɢɹ) ɜ 
ɪɟɠɢɦɟ ɧɢɡɤɨɝɨ ɜɚɤɭɭɦɚ (40 ɉɚ ɚɡɨɬɚ) ɩɪɢ ɭɫɤɨɪɹɸɳɟɦ ɧɚɩɪɹɠɟɧɢɢ 
ɷɥɟɤɬɪɨɧɧɨɣ ɩɭɲɤɢ 20 ɤɷȼ. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɢɫɩɨɥɶɡɨɜɚɥɢ 
ɜɬɨɪɢɱɧɵɟ ɷɥɟɤɬɪɨɧɵ, ɩɨɥɭɱɟɧɧɵɟ ɢɡɨɛɪɚɠɟɧɢɹ ɪɟɝɢɫɬɪɢɪɨɜɚɥɢ ɜ 
ɨɰɢɮɪɨɜɚɧɧɨɦ ɜɢɞɟ ɧɚ ɗȼɆ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɷɥɟɦɟɧɬɧɨɝɨ ɫɨɫɬɚɜɚ ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɦɟɬɨɞɨɦ 
ɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ ɦɢɤɪɨɚɧɚɥɢɡɚ (ɊɋɆȺ) ɩɪɨɜɨɞɢɥɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɷɧɟɪɝɨɞɢɫɩɟɪɫɢɨɧɧɨɝɨ ɫɩɟɤɬɪɨɦɟɬɪɚ Б-MAБ (OбПШЫН IЧЬЭЫЮЦОЧЭЬ, Ⱥɧɝɥɢɹ), 
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ɭɫɬɚɧɨɜɥɟɧɧɨɝɨ ɧɚ ɪɚɫɬɪɨɜɨɦ ɷɥɟɤɬɪɨɧɧɨɦ ɦɢɤɪɨɫɤɨɩɟ LEO SЮpЫК 50VP. 
Ⱥɧɚɥɢɡ ɩɪɨɜɨɞɢɥɢ ɤɚɤ ɫ ɩɨɜɟɪɯɧɨɫɬɢ ɝɪɭɩɩɵ ɜɨɥɨɤɨɧ ɫ ɭɫɪɟɞɧɟɧɢɟɦ ɩɨ 
ɩɥɨɳɚɞɢ ɜ ɧɟɫɤɨɥɶɤɨ ɬɵɫɹɱ ɤɜɚɞɪɚɬɧɵɯ ɦɢɤɪɨɧ ɩɪɢ ɭɫɤɨɪɹɸɳɟɦ ɧɚɩɪɹɠɟɧɢɢ 
20 ɤɷȼ. Ɍɚɤɠɟ ɩɪɨɜɨɞɢɥɢ ɢɡɦɟɪɟɧɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɨɞɟɪɠɚɧɢɹ ɷɥɟɦɟɧɬɨɜ ɩɨ 
ɫɟɱɟɧɢɸ ɜɨɥɨɤɧɚ ɦɟɬɨɞɨɦ ɫɤɚɧɢɪɨɜɚɧɢɹ ɩɨ ɥɢɧɢɢ ɩɪɢ ɭɫɤɨɪɹɸɳɟɦ 
ɧɚɩɪɹɠɟɧɢɢ 10 ɢ 20 ɤɷȼ. Ʉɪɨɦɟ ɬɨɝɨ ɩɪɨɜɨɞɢɥɢ ɨɩɪɟɞɟɥɟɧɢɟ ɫɨɫɬɚɜɚ ɜ 
ɧɟɫɤɨɥɶɤɢɯ ɬɨɱɤɚɯ ɜɛɥɢɡɢ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɰɟɧɬɪɚ ɜɨɥɨɤɧɚ. Ɋɚɫɱɟɬ ɷɥɟɦɟɧɬɧɨɝɨ 
ɫɨɫɬɚɜɚ ɩɪɨɜɨɞɢɥɫɹ ɜ ɩɨɥɭɚɜɬɨɦɚɬɢɱɟɫɤɨɦ ɪɟɠɢɦɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɦɩɥɟɤɬɚ 
ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ INCA OбПШЫН. 

Ⱦɥɹ ɪɟɧɬɝɟɧɨɫɩɟɤɬɪɚɥɶɧɨɝɨ ɦɢɤɪɨɚɧɚɥɢɡɚ ɩɨ ɫɟɱɟɧɢɸ ɜɨɥɨɤɧɚ ɩɪɨɛɵ 
ɝɨɬɨɜɢɥɢ ɫɩɟɰɢɚɥɶɧɵɦ ɨɛɪɚɡɨɦ. Ɇɢɧɟɪɚɥɶɧɨɟ ɜɨɥɨɤɧɨ ɡɚɥɢɜɚɥɨɫɶ ɷɩɨɤɫɢɞɧɨɣ 
ɫɦɨɥɨɣ. ɉɪɢ ɷɬɨɦ ɩɨɥɭɱɚɥɢɫɶ ɫɬɟɪɠɧɢ ɫ ɪɚɡɦɟɪɚɦɢ ɩɨɪɹɞɤɚ 2ɫɦ. ɜɵɫɨɬɨɣ ɢ 
ɞɢɚɦɟɬɪɨɦ ɜ 1ɫɦ. ɋɬɟɪɠɧɢ ɨɛɪɟɡɚɥɢɫɶ ɩɨ ɫɟɱɟɧɢɸ ɫ ɦɚɤɫɢɦɚɥɶɧɵɦ 
ɫɨɞɟɪɠɚɧɢɟɦ ɜɨɥɨɤɨɧ ɬɚɤ, ɱɬɨ ɢɯ ɜɵɫɨɬɚ ɫɨɫɬɚɜɥɹɥɚ ɩɨɪɹɞɤɚ ɨɞɧɨɝɨ 
ɫɚɧɬɢɦɟɬɪɚ. 

Ⱦɢɧɚɦɢɤɭ ɩɟɪɟɯɨɞɚ ɢɨɧɨɜ ɫ ɩɪɢɩɨɜɟɪɯɧɨɫɧɵɯ ɫɥɨɟɜ ɜɨɥɨɤɧɚ ɜ ɜɨɞɧɭɸ 
ɮɚɡɭ, ɤɨɧɬɚɤɬɢɪɭɳɭɸ ɫ ɇȻȼ, ɩɨɞɜɟɪɝɧɵɬɵɦ ɬɨɣ ɢɥɢ ɢɧɨɣ ɯɢɦɢɱɟɫɤɨɣ 
ɨɛɪɚɛɨɬɤɢ, ɢɫɫɥɟɞɨɜɚɥɢ ɦɟɬɨɞɨɦ pH-ɦɟɬɪɢɱɟɫɤɨɝɨ ɚɧɚɥɢɡɚ. ɂɡɦɟɪɟɧɢɹ 
ɩɪɨɜɨɞɢɥɢɫɶ ɧɚ pH-ɦɟɬɪɟ «ɗɤɫɩɟɪɬ – 001» (ɩɪɨɢɡɜɨɞɫɬɜɨ «ɗɤɨɧɢɤɫ-ɗɤɫɩɟɪɬ») ɫ 
ɩɨɦɨɳɶɸ ɤɨɦɛɢɧɢɪɭɟɦɨɝɨ ɫɬɟɤɥɹɧɧɨɝɨ pH-ɦɟɬɪɢɱɟɫɤɨɝɨ ɷɥɟɤɬɪɨɞɚ «ɗɋɄ-
10301/4» ɫ ɪɚɛɨɱɢɦ ɞɢɚɩɚɡɨɧɨɦ pH ɥɟɠɢɬ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ 0 ɞɨ 14. ȼɨɥɨɤɧɨ 
ɦɚɫɫɨɣ 0,2±0.01 ɝ ɩɨɦɟɳɚɥɢ ɜ 40 ɦɥ ɞɢɫɬɢɥɥɢɪɨɜɚɧɧɨɣ ɜɨɞɵ ɜ ɡɚɤɪɵɬɵɣ 
ɫɬɚɤɚɧ, ɩɨɫɥɟ ɱɟɝɨ ɩɪɨɜɨɞɢɥɢ ɟɠɟɞɧɟɜɧɵɟ ɢɡɦɟɪɟɧɢɹ ɜ ɬɟɱɟɧɢɢ 10 ɞɧɟɣ. 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɜɚɥɟɧɬɧɨɝɨ ɢ ɫɬɪɭɤɬɭɪɧɨɝɨ ɫɨɫɬɨɹɧɢɣ ɢɨɧɨɜ ɠɟɥɟɡɚ ɜ 
ɛɚɡɚɥɶɬɨɜɵɯ ɜɨɥɨɤɧɚɯ ɩɪɨɜɨɞɢɥɢ ɫ ɩɨɦɨɳɶɸ ɦɟɬɨɞɚ ɦɟɫɫɛɚɭɷɪɨɜɫɤɨɣ 
ɫɩɟɤɬɪɨɫɤɨɩɢɢ. ɋɩɟɬɪɵ ɪɟɝɢɫɬɪɢɪɨɜɚɥɢɫɶ ɧɚ ɦɟɫɫɛɚɭɷɪɨɜɫɤɨɦ ɫɩɟɤɬɪɨɦɟɬɪɟ 
ɷɥɟɤɬɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɬɢɩɚ ɫ ɩɨɫɬɨɹɧɧɵɦ ɭɫɤɨɪɟɧɢɟɦ MS-1104E (ɪɚɡɪɚɛɨɬɤɚ 
ɇɂɂ ɮɢɡɢɤɢ ɘɊɎɍ), ɜ ɤɚɱɟɫɬɜɟ ɢɫɬɨɱɧɢɤɚ ɜɵɫɬɭɩɚɥ 57CШ ɧɚ RС ɩɨɞɥɨɠɤɟ, ɜɫɟ 
ɯɢɦɢɱɟɫɤɢɟ ɫɞɜɢɝɢ ɫɱɢɬɚɥɢɫɶ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɚɧɞɚɪɬɧɨɝɨ ɩɨɝɥɨɳɟɧɢɹ -FО ɩɪɢ 
ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ. Ɉɛɪɚɛɨɬɤɚ ɫɩɟɤɬɪɨɜ ɩɪɨɜɨɞɢɥɚɫɶ ɫ ɩɨɦɨɳɶɸ 
ɩɪɨɝɪɚɦɦɵ, ɭɩɪɚɜɥɹɸɳɟɣ ɫɩɟɤɬɪɨɦɟɬɪɨɦ. 
 Ɋɟɡɭɥɶɬɚɬɵ ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɟ. Ɉɬɫɭɬɫɬɜɢɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɨɧɧɵɯ 
ɩɪɨɰɟɫɫɨɜ ɜ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɜɨɥɨɤɧɚɯ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɫɟɯ ɩɪɨɜɨɞɢɜɲɢɯɫɹ ɫ ɧɢɦɢ 
ɦɨɞɢɮɢɤɚɰɢɣ ɛɵɥɨ ɩɨɞɬɜɟɪɠɞɟɧɨ ɦɟɬɨɞɨɦ ɊɎȺ. 
 ɂɫɫɥɟɞɨɜɚɧɢɟ ɢɫɯɨɞɧɵɯ ɜɨɥɨɤɨɧ ɦɟɬɨɞɨɦ Ɇёɫɫɛɚɭɷɪɨɜɫɤɨɣ 
ɫɩɟɤɬɪɨɫɤɨɩɢɢ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɤɚɬɢɨɧɵ ɤɚɤ FО3+ , ɬɚɤ ɢ FО2+, ɜɯɨɞɹɳɢɟ ɜ ɫɨɫɬɚɜ 
ɜɨɥɨɤɧɚ ɧɚɯɨɞɹɬɫɹ ɜ ɞɜɭɯ ɪɚɡɧɵɯ ɩɨɡɢɰɢɹɯ (ɪɢɫ. 1), ɤɨɬɨɪɵɟ, ɩɨ ɜɫɟɣ 
ɜɢɞɢɦɨɫɬɢ, ɦɨɝɭɬ ɛɵɬɶ ɫɨɨɬɧɟɫɟɧɵ ɫ ɩɨɡɢɰɢɹɦɢ ɜ ɤɚɪɤɚɫɟ ɢ ɤɚɧɚɥɚɯ ɫɬɪɭɤɬɭɪɵ 
ɫɬɟɤɥɚ. ȼ ɬɨ ɠɟ ɜɪɟɦɹ ɞɥɹ ɚɦɨɪɮɧɨɝɨ ɦɚɬɟɪɢɚɥɚ ɨɩɪɟɞɟɥɢɬɶ ɤɚɤɨɣ ɢɦɟɧɧɨ ɬɢɩ 
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ɢɨɧɨɜ ɠɟɥɟɡɚ ɤɚɤɨɣ ɫɬɪɭɤɬɭɪɧɨɣ ɩɨɡɢɰɢɢ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɞɨɜɨɥɶɧɨ 
ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ. ɉɪɢ ɷɬɨɦ ɢɧɬɟɪɟɫɧɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɨɥɢ ɢɨɧɨɜ ɠɟɥɟɡɚ, 
ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɨɛɟɢɯ ɩɨɡɢɰɢɹɯ ɜɩɨɥɧɟ ɫɨɩɨɫɬɚɜɢɦɵ (ɬɚɛɥ. 2). Ⱦɚɧɧɵɟ ɩɨ 
ɜɥɢɹɧɢɸ ɩɪɨɜɟɞɟɧɧɨɣ ɬɟɪɦɨɨɛɪɚɛɨɬɤɢ ɧɚ ɫɨɨɬɧɨɲɟɧɢɟ ɫɨɞɟɪɠɚɧɢɹ ɜ ɜɨɥɨɤɧɚɯ 
ɠɟɥɟɡɚ ɜ ɪɚɡɧɵɯ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥ.3 (ɢɡɦɟɧɟɧɢɟ ɫɩɟɤɬɪɚ ɧɚ 
ɩɪɢɦɟɪɟ ɨɛɪɚɡɰɚ Zr16 ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 2), ɢɡ ɤɨɬɨɪɨɣ ɦɨɠɧɨ ɜɢɞɟɬɶ, ɱɬɨ 
ɜɨɥɨɤɧɚɯ ЬТХМО ɢ P6 ɫɨɞɟɪɠɚɧɢɟ ɠɟɥɟɡɚ ɜ ɨɤɢɫɥɟɧɧɨɣ ɮɨɪɦɟ ɩɪɢɦɟɪɧɨ ɜ 2 ɪɚɡɚ 
ɩɪɟɜɵɲɚɟɬ ɫɨɞɟɪɠɚɧɢɟ ɠɟɥɟɡɚ +2, ɚ ɥɟɝɢɪɨɜɚɧɢɟ ɜɨɥɨɤɧɚ ɨɤɫɢɞɨɦ ɰɢɪɤɨɧɢɹ 
ɩɪɢɜɨɞɢɬ ɜ ɩɪɢɦɟɪɧɨ ɪɚɜɧɵɦ ɫɨɞɟɪɠɚɧɢɹɦ ɠɟɥɟɡɚ ɜ ɨɛɟɢɯ ɫɬɟɩɟɧɹɯ ɨɤɢɫɥɟɧɢɹ. 

Ɍɚɛɥ.2.  
Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɢɨɧɨɜ ɠɟɥɟɡɚ ɜ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɬɟɤɥɚɯ ɩɨ ɫɬɟɩɟɧɹɦ ɨɤɢɫɥɟɧɢɹ ɢ ɩɨɡɢɰɢɹɦ ɩɨ 
ɞɚɧɧɵɦ Ɇёɫɫɛɚɭɷɪɨɜɫɤɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ. 
Ɉɛɪɚɡɟɰ Fe3+/Fe2+ Fe3+1/Fe3+2 Fe2+1/Fe2+2 
SТХМО ɢɫɯ 2.39 0.73 0.77 
P6 ɢɫɯ 1.93 0.65  
ГЫ16 ɢɫɯ 1.31 1.45 1.93 
ɜɨɥɨɤɧɨ «Ȼɚɫɤ» 0.71 0.50 0.25 

  
Ɍɚɛɥ. 3.  

Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɢɨɧɨɜ ɠɟɥɟɡɚ ɜ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɬɟɤɥɚɯ ɩɨ ɫɬɟɩɟɧɹɦ ɨɤɢɫɥɟɧɢɹ ɢ ɩɨɡɢɰɢɹɦ ɩɨ 
ɞɚɧɧɵɦ Ɇёɫɫɛɚɭɷɪɨɜɫɤɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ. 
Ɉɛɪɚɡɟɰ Fe3+/Fe2+ ɞɨɥɹ Fe, 

ɢɡɦɟɧɢɜɲɟɝɨ 
ɫɬɟɩɟɧɶ ɨɤɢɫɥɟɧɢɹ 

Fe3+1/Fe3+2 Fe2+1/Fe2+2 

Silce 700 oC 16.57 0.24 1.01  
P6 700 oC 6.15 0.20 1.55  
Zr16 700 oC 11.56 0.35 2.1  
ɜɨɥɨɤɧɨ «Ȼɚɫɤ» 
700 oC 

1.80 0.23 0.19 0.63 

 
ɊɋɆȺ ɩɨɜɟɪɯɧɨɫɬɢ (ɜɤɥɸɱɚɹ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɵɣ ɫɥɨɣ ɬɨɥɳɢɧɨɣ ɜ 

ɧɟɫɤɨɥɶɤɨ ɦɤɦ) ɜɨɥɨɤɨɧ ɩɨɫɥɟ ɨɬɠɢɝɚ ɧɚ ɜɨɡɞɭɯɟ ɢ ɩɨɤɚɡɚɥ ɢɡɦɟɧɟɧɢɟ ɫɨɫɬɚɜɚ 
ɚɧɚɥɢɡɢɪɭɟɦɵɯ ɨɛɥɚɫɬɟɣ ɜɨɥɨɤɨɧ (ɬɚɛɥ. 4), ɨɞɧɚɤɨ ɧɚɛɥɸɞɚɟɦɵɟ ɢɡɦɟɧɟɧɢɹ 
ɬɪɭɞɧɨ ɨɩɢɫɚɬɶ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɜ Д8Ж ɫɯɟɦɨɣ ɞɢɮɮɭɡɢɨɧɧɵɯ ɩɪɨɰɟɫɫɨɜ. ɊɋɆȺ 
ɤɚɪɬɢɪɨɜɚɧɢɟ ɩɨ ɥɢɧɢɢ (ɪɢɫ. 3) ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɬɚɤɠɟ ɜ ɨɬɥɢɱɢɟ ɨɬ ɪɚɧɟɟ 
ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɵɫɨɤɨɨɫɧɨɜɧɵɯ ɨɛɪɚɡɰɨɜ ɛɚɡɚɥɶɬɨɜɨɝɨ 
ɫɬɟɤɥɨɜɨɥɨɤɧɚ (ɜɨɥɨɤɧɨ ɩɪɨɢɡɜɨɞɫɬɜɚ «Ȼɚɫɤ» Д11Ж) ɧɟ ɩɨɡɜɨɥɢɥɨ ɨɞɧɨɡɧɚɱɧɨ 
ɨɩɪɟɞɟɥɢɬɶ ɩɪɢɪɨɞɭ ɢɨɧɧɨɝɨ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɩɨɬɨɤɚ, ɤɨɦɩɟɧɫɢɪɭɸɳɟɝɨ ɩɨɬɨɤ 
ɞɵɪɨɤ ɩɪɢ ɨɤɢɫɥɟɧɢɢ Fe. 
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 ɂɫɫɥɟɞɨɜɚɧɢɹ pH ɜɨɞɧɨɣ ɮɚɡɵ, ɤɨɧɬɚɤɬɢɪɭɸɳɟɣ ɫ ɨɛɪɚɛɨɬɚɧɧɵɦ 
ɜɨɥɨɤɧɨɦ, ɜ ɨɬɥɢɱɢɟ ɨɬ ɪɚɧɟɟ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɫɥɭɱɚɟɜ, ɩɨɤɚɡɚɥɨ ɫɤɨɥɶɤɨ-ɥɢɛɨ 
ɡɧɚɱɢɦɨɟ ɩɨɜɵɲɟɧɢɟ ɨɫɧɨɜɧɨɫɬɢ ɪɚɫɬɜɨɪɚ ɬɨɥɶɤɨ ɞɥɹ ɜɨɥɨɤɨɧ, ɨɬɨɠɠɟɧɧɵɯ 
ɩɪɢ ɩɪɢ 700 oC. ɉɪɢɱɟɦ ɞɥɹ ɜɨɥɨɤɨɧ ɫɨɫɬɚɜɚ silce ɷɬɨɬ ɷɮɮɟɤɬ ɛɵɥ ɛɨɥɶɲɟ, ɱɟɦ 
ɞɥɹ ɜɨɥɨɤɨɧ ɫɨɫɬɚɜɚ P6, ɚ ɞɥɹ ɜɨɥɨɤɨɧ ɫɨɫɬɚɜɚ P6 ɛɨɥɶɲɟ, ɱɟɦ ɞɥɹ ɜɨɥɨɤɨɧ 
ɫɨɫɬɚɜɚ Zr16 (ɪɢɫ. 4ɚ-ɜ). ȼ ɰɟɥɨɦ ɜɟɥɢɱɢɧɚ ɪɨɫɬɚ ɨɫɧɨɜɧɨɫɬɢ ɪɚɫɬɜɨɪɚ ɛɵɥɚ 
ɡɚɦɟɬɧɨ ɧɢɠɟ, ɱɟɦ ɜ ɪɚɧɟɟ ɢɫɫɥɟɞɨɜɚɧɧɵɯ ɪɚɫɬɜɨɪɚɯ, ɤɨɧɬɚɤɬɢɪɭɸɳɢɯ ɫ ɛɨɥɟɟ 
ɨɫɧɨɜɧɵɦ ɜɨɥɨɤɧɨɦ (ɩɪɨɢɡɜɨɞɫɬɜɚ «Ȼɚɫɤ»). 

 
ɚ 

 
ɛ 

 
ɜ 

 
ɝ 

Ɋɢɫ. 4. ɂɡɦɟɧɟɧɢɟ pH ɜɨɞɵ ɫ ɨɛɪɚɡɰɚɦɢ ɫɨɫɬɚɜɚ silce (ɚ), P6 (ɛ), Zr16 (ɜ), ɨɛɪɚɡɰɚɦɢ ɩɨɫɥɟ 
ɨɛɪɚɛɨɬɤɢ ɪɚɫɬɜɨɪɨɦ LiNO3 (ɝ).  
 

 pH-ɦɟɬɪɢɱɟɫɤɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɜɨɥɨɤɧɚ, ɜɵɞɟɪɠɚɧɧɨɝɨ ɜ ɧɚɫɵɳɟɧɧɨɦ 
ɪɚɫɬɜɨɪɟ LiNO3 ɩɨɤɚɡɚɥɨ ɧɟɡɧɚɱɢɬɟɥɶɧɨɟ ɫɧɢɠɟɧɢɟ ɨɫɧɨɜɧɨɫɬɢ ɜɨɞɧɨɝɨ 
ɪɚɫɬɜɨɪɚ (ɪɢɫ. 1ɝ) ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɧɚɯɨɞɢɜɲɢɦɫɹ ɜ ɤɨɧɬɚɤɬɟ ɫ ɧɟɨɛɪɚɛɨɬɚɧɧɵɦ 
ɜɨɥɨɤɧɨɦ, ɩɪɢɱɟɦ ɜ ɬɟɱɟɧɢɢ ɧɟɫɤɨɥɶɤɢɯ ɞɧɟɣ ɜɵɞɟɪɠɤɢ ɜ ɪɚɫɬɜɨɪɟ ɧɚɛɥɸɞɚɥɫɹ 
ɪɨɫɬ ɜɟɥɢɱɢɧɵ pH ɜ ɨɬɥɢɱɢɢ ɨɬ ɫɥɭɱɚɹ ɧɟɨɛɪɚɛɨɬɚɧɧɵɯ ɨɛɪɚɡɰɨɜ (ɪɢɫ. 4ɚ-ɜ). 

ɊɗɆ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɥɨɤɨɧ (ɪɢɫ. 5), ɩɨɞɜɟɪɝɧɭɬɵɯ ɬɨɣ ɢɥɢ 
ɢɧɨɣ ɯɢɦɢɱɟɫɤɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɢ ɧɚɯɨɞɢɜɲɢɟɫɹ ɜ ɤɨɧɬɚɤɬɟ ɫ ɬɜɟɪɞɟɸɳɟɦ 
ɰɟɦɟɧɬɨɦ ɜ ɬɟɱɟɧɢɟ 28 ɫɭɬɨɤ ɩɪɢ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɟ, ɩɨɤɚɡɚɥɨ ɧɚɥɢɱɢɟ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɜɫɟɯ ɪɚɫɫɦɨɬɪɟɧɧɵɯ ɜɨɥɨɤɨɧ ɫɥɟɞɨɜ ɳɟɥɨɱɧɨɣ ɤɨɪɪɨɡɢɢ ɩɪɢ ɧɟ 
ɨɱɟɧɶ ɛɨɥɶɲɨɦ ɤɨɥɢɱɟɫɬɜɟ ɝɢɞɪɨɫɢɥɢɤɚɬɧɵɯ ɧɨɜɨɨɛɪɚɡɨɜɚɧɢɣ ɜ ɤɨɧɬɚɤɬɧɨɣ 
ɡɨɧɟ. ɉɪɢ ɷɬɨɦ ɯɚɪɚɤɬɟɪɧɚɹ ɦɨɪɮɨɥɨɝɢɹ ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ ɜɨɥɨɤɨɧ, 
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ɩɨɞɜɟɪɝɧɭɬɵɯ ɪɚɡɥɢɱɧɨɣ ɯɢɦɢɱɟɫɤɨɣ ɦɨɞɢɮɢɤɚɰɢɢ ɨɤɚɡɚɥɚɫɶ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ 
ɫɬɟɩɟɧɢ ɫɯɨɞɧɨɣ. ɉɪɨɬɟɤɚɧɢɟ ɲɟɥɨɱɧɨɣ ɤɨɪɪɨɡɢɢ ɩɪɢ ɷɬɨɦ ɧɟ ɩɪɢɜɨɞɢɬ ɤ 
ɫɤɨɥɶ-ɥɢɛɨ ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɭɦɟɧɶɲɟɧɢɸ ɧɚɛɥɸɞɚɟɦɨɣ ɬɨɥɳɢɧɵ ɜɨɥɨɤɨɧ, 
ɨɞɧɚɤɨ ɦɨɠɟɬ ɜɥɢɹɬɶ ɧɚ ɢɯ ɩɪɨɱɧɨɫɬɶ, ɨɛɥɟɝɱɚɹ ɡɚɪɨɠɞɟɧɢɟ ɬɪɟɳɢɧ.  
 ɉɨɥɭɱɟɧɧɵɣ ɜ ɪɚɛɨɬɟ ɤɨɦɩɥɟɤɫ ɞɚɧɧɵɯ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɜɵɜɨɞ, ɱɬɨ 
ɡɚɪɹɞɨɜɚɹ ɤɨɦɩɟɧɫɚɰɢɹ ɩɨɬɨɤɚ ɥɨɤɚɥɢɡɨɜɚɧɧɵɯ ɧɚ ɢɨɧɚɯ ɠɟɥɟɡɚ ɞɵɪɨɤ ɩɪɢ 
ɨɤɢɫɥɟɧɢɢ (ɩɨɞɬɜɟɪɠɞɚɟɦɨɦ ɦɟɬɨɞɨɦ Ɇёɫɫɛɚɭɪɨɜɫɤɨɣ ɫɩɟɤɬɪɨɫɤɨɩɢɢ) 
ɜɯɨɞɹɳɟɝɨ ɜ ɫɨɫɬɚɜ ɜɨɥɨɤɧɚ FО2+ ɩɪɨɬɟɤɚɟɬ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɫɥɭɱɚɟ ɧɟ ɬɨɥɶɤɨ 
ɩɨ ɪɚɫɫɦɨɬɪɟɧɧɨɦɭ ɜ Д8Ж ɦɟɯɚɧɢɡɦɭ ɩɪɨɬɢɜɨɞɢɮɮɭɡɢɢ ɩɨɞɜɢɠɧɵɯ ɤɚɬɢɨɧɨɜ ɜ 
ɤɚɧɚɥɚɯ ɫɬɪɭɤɬɭɪɵ ɫɬɟɤɥɚ. ȼ ɤɚɱɟɫɬɜɟ ɚɥɶɬɟɪɧɚɬɢɜɧɨɝɨ (ɢ ɨɫɧɨɜɧɨɝɨ ɜ ɞɚɧɧɨɦ 
ɫɥɭɱɚɟ) ɦɟɯɚɧɢɡɦɚ ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ ɩɚɪɚɥɥɟɥɶɧɵɣ ɩɨɬɨɤɭ ɞɵɪɨɤ ɩɨɬɨɤ 
ɨɬɪɢɰɚɬɟɥɶɧɨ ɡɚɪɹɠɟɧɧɵɯ «ɤɨɧɰɟɜɵɯ» (ɧɟ ɫɜɹɡɚɧɧɵɯ ɫ ɞɪɭɝɢɦɢ ɤɚɬɢɨɧ-
ɤɢɫɥɨɪɨɞɧɵɦɢ ɬɟɬɪɚɷɞɪɚɦɢ ɤɚɪɤɚɫɚ) ɚɬɨɦɨɜ ɤɢɫɥɨɪɨɞɚ, ɩɪɨɬɟɤɚɸɳɢɣ, 
ɜɟɪɨɹɬɧɨ, ɩɨ ɷɫɬɚɮɟɬɧɨɦɭ ɦɟɯɚɧɢɡɦɭ. ɉɪɢ ɜɵɫɨɤɢɯ ɫɤɨɪɨɫɬɹɯ ɨɤɢɫɥɟɧɢɹ 
(ɬɟɪɦɨɨɛɪɚɛɨɬɤɚ ɩɪɢ 700ɨɋ) ɨɛɚ ɦɟɯɚɧɢɡɦɚ ɤɨɦɩɟɧɫɚɰɢɢ ɩɨɬɨɤɚ ɞɵɪɨɤ 
ɩɪɨɬɟɤɚɸɬ ɨɞɧɨɜɪɟɦɟɧɧɨ ɩɪɢ ɩɪɟɨɛɥɚɞɚɧɢɢ ɤɢɫɥɨɪɨɞɧɨɣ ɞɢɮɮɭɡɢɢ, ɱɬɨ 
ɩɪɢɜɨɞɢɬ ɤ ɧɚɛɥɸɞɚɜɲɢɦɫɹ ɩɪɢ pH-ɦɟɬɪɢɱɟɫɤɢɯ ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɢ ɊɋɆȺ-
ɤɚɪɬɢɪɨɜɚɧɢɢ ɷɮɮɟɤɬɚɦ. Ɍɚɤɚɹ ɫɦɟɧɚ ɩɪɟɨɛɥɚɞɚɸɳɟɝɨ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɩɨɬɨɤɚ 
ɫɤɨɪɟɟ ɜɫɟɝɨ ɜɵɡɵɜɚɟɬɫɹ ɪɟɡɤɢɦ ɫɧɢɠɟɧɢɟɦ ɩɨɞɜɢɠɧɨɫɬɢ ɤɚɬɢɨɧɨɜ ɢɡ-ɡɚ 
ɦɨɞɢɮɢɤɚɰɢɢ ɫɢɫɬɟɦɵ ɩɨɪ ɢ ɤɚɧɚɥɨɜ ɫɬɪɭɤɬɭɪɵ ɫɬɟɤɥɚ ɩɪɢ ɩɨɜɵɲɟɧɢɢ ɟɝɨ 
ɤɢɫɥɨɬɧɨɫɬɢ. Ɍɚɤ, ɭɜɟɥɢɱɟɧɢɟ ɤɨɧɰɟɧɬɪɚɰɢɢ 4-ɯ ɜɚɥɟɧɬɧɵɯ ɤɪɟɦɧɢɹ ɢ ɰɢɪɤɨɧɢɹ 
ɞɨɥɠɧɨ ɭɩɥɨɬɧɹɬɶ ɫɬɪɭɤɬɭɪɭ ɫɬɟɤɥɚ, ɫɧɢɠɚɹ ɞɨɥɸ ɤɨɧɰɟɜɵɯ ɚɬɨɦɨɜ ɤɢɫɥɨɪɨɞɚ. 
ɉɪɨɹɜɥɟɧɢɟ ɬɨɝɨ ɠɟ ɷɮɮɟɤɬɚ ɩɪɢ ɥɟɝɢɪɨɜɚɧɢɢ ɫɬɟɤɥɚ ɮɨɫɮɨɪɨɦ ɜɵɝɥɹɞɢɬ ɧɚ 
ɩɟɪɜɵɣ ɜɡɝɥɹɞ ɧɟɨɠɢɞɚɧɧɨ, ɨɞɧɚɤɨ ɧɚɛɥɸɞɚɜɲɟɟɫɹ ɜ ɦёɫɫɛɚɭɷɪɨɜɫɤɢɯ 
ɷɤɫɩɟɪɢɦɟɧɬɚɯ ɪɚɫɩɪɟɞɟɥɟɧɢɟ FО3+ ɩɨ ɞɜɭɦ ɬɢɩɚɦ ɩɨɡɢɰɢɣ ɩɨɡɜɨɥɹɟɬ 
ɩɪɟɞɩɨɥɨɠɢɬɶ ɧɚɥɢɱɢɟ ɩɨɞɨɛɧɨɝɨ ɠɟ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ ɞɥɹ ɤɪɢɫɬɚɥɥɨɯɢɦɢɱɟɫɤɢ 
ɫɯɨɞɧɵɯ ɢɨɧɨɜ AХ3+, ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɢɡɛɵɬɨɤ ɩɨɥɨɠɢɬɟɥɶɧɨɝɨ ɡɚɪɹɞɚ ɤɚɪɤɚɫɚ, 
ɫɜɹɡɚɧɧɵɣ ɫ ɡɚɦɟɧɨɣ SТ+4 ɧɚ P+5, ɦɨɠɟɬ ɤɨɦɩɟɧɫɢɪɨɜɚɬɶɫɹ ɩɟɪɟɯɨɞɨɦ ɱɚɫɬɢ 
ɚɬɨɦɨɜ AХ ɜ ɤɚɪɤɚɫ ɫɬɪɭɤɬɭɪɵ ɫɬɟɤɥɚ. 

 Ɍɨ ɠɟ ɫɧɢɠɟɧɢɟ ɤɚɬɢɨɧɧɨɣ ɩɨɞɜɢɠɧɨɫɬɢ ɨɛɴɹɫɧɹɟɬ, ɜɟɪɨɹɬɧɨ, ɢ 
ɧɟɡɧɚɱɢɬɟɥɶɧɨɫɬɶ ɷɮɮɟɤɬɚ ɩɪɢ ɢɨɧɨɨɛɦɟɧɧɨɣ ɨɛɪɚɛɨɬɤɟ ɜɨɥɨɤɧɚ ɪɚɫɬɜɨɪɨɦ 
LТNO3. 
 ȼɵɜɨɞɵ.  ɉɨɜɵɲɟɧɢɟ ɤɢɫɥɨɬɧɨɫɬɢ, ɧɚɛɥɸɞɚɸɳɟɟɫɹ ɜ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ 
ɜɨɥɨɤɧɟ ɢɡ ɛɚɡɚɥɶɬɚ ɋɢɥɶɰɟɜɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ, ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɧɟɟ 
ɢɫɫɥɟɞɨɜɚɧɧɵɦɢ ɜɨɥɨɤɧɚɦɢ, ɩɪɢɜɨɞɢɬ ɤ ɫɧɢɠɟɧɢɸ ɩɨɞɜɢɠɧɨɫɬɢ 
ɧɢɡɤɨɡɚɪɹɞɧɵɯ ɤɚɬɢɨɧɨɜ ɜ ɫɬɟɤɥɟ, ɜɫɥɟɞɫɬɜɢɟ ɱɟɝɨ ɧɚɛɥɸɞɚɟɬɫɹ ɫɦɟɧɚ 
ɩɪɟɨɛɥɚɞɚɸɳɟɝɨ ɞɢɮɮɭɡɢɨɧɧɨɝɨ ɩɨɬɨɤɚ ɩɪɢ ɨɤɢɫɥɢɬɟɥɶɧɨɣ ɬɟɪɦɨɨɛɪɚɛɨɬɤɟ 
ɛɟɡ ɨɛɪɚɡɨɜɚɧɢɹ ɧɨɜɵɯ ɮɚɡ ɫ ɤɚɬɢɨɧɧɨɝɨ ɧɚ ɤɢɫɥɨɪɨɞɧɵɣ ɢ ɫɧɢɠɟɧɢɟ 
ɫɟɥɟɤɬɢɜɧɨɫɬɢ ɤɚɬɢɨɧɧɵɯ ɞɢɮɮɭɡɢɨɧɧɵɯ ɩɨɬɨɤɨɜ. ɍɤɚɡɚɧɧɵɣ ɷɮɮɟɤɬ ɡɚɦɟɬɧɨ 
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ɩɨɞɚɜɥɹɟɬ ɩɨɜɵɲɟɧɢɟ ɨɫɧɨɜɧɨɫɬɢ ɩɪɢɩɨɜɟɪɯɧɨɫɬɧɵɯ ɫɥɨɟɜ ɜɨɥɨɤɧɚ ɩɪɢ ɟɝɨ 
ɨɤɢɫɥɟɧɢɢ ɛɟɡ ɮɨɪɦɢɪɨɜɚɧɢɹ ɧɨɜɵɯ ɤɪɢɫɬɚɥɥɢɱɟɫɤɢɯ ɮɚɡ. 

ɉɨɞɲɢɯɬɨɜɤɚ ɜɨɥɨɤɧɚ ɫ ɜɜɟɞɟɧɢɟɦ ɤɚɤ ГЫO2, ɬɚɤ ɢ P2O5 ɫɧɢɠɚɟɬ 
ɞɢɮɮɭɡɢɨɧɧɭɸ ɩɨɞɜɢɠɧɨɫɬɶ ɤɚɬɢɨɧɨɜ ɜ ɫɬɟɤɥɟ, ɚ ɩɨɞɲɢɯɬɨɜɤɚ P2O5 ɩɪɢ ɷɬɨɦ 
ɟɳɟ ɢ ɫɧɢɠɚɟɬ ɫɬɟɩɟɧɶ ɨɫɧɨɜɧɨɫɬɢ ɫɬɟɤɥɚ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɡɚɦɟɬɧɨɦɭ 
ɨɫɥɚɛɥɟɧɢɸ (ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɪɚɧɟɟ ɪɚɫɫɦɨɬɪɟɧɧɵɦɢ ɫɥɭɱɚɹɦɢ ɛɨɥɟɟ ɨɫɧɨɜɧɵɯ 
ɜɨɥɨɤɨɧ) ɷɮɮɟɤɬɚ ɩɨɜɵɲɟɧɢɹ ɩɪɢ ɨɤɢɫɥɟɧɢɢ ɪɚɜɧɨɜɟɫɧɨɝɨ ɫ ɜɨɥɨɤɧɨɦ pH 
ɜɨɞɧɨɝɨ ɪɚɫɬɜɨɪɚ. 
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Ⱦɨɧɢɲɝɨҳɢ ɞɚɜɥɚɬɢɢ Ɇɨɫɤɜɚ ɛɚ ɧɨɦɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜ 
 Ԟɚɞɚɮɢ ɢɧ ɤɨɪ ɨɦӯɡɢɲɢ ɪɚɜɚɧɞԟɨɢ ɞɢɮɭɡɢɨɧӣ ɞɚɪ ɲɢɲɚɧɚɯ ɞɚɪ ɚɫɨɫɢ ɛɚɡɚɥɬɢ ɬɚɛɢӣ 
ɛɨ ɬɚɪɤɢɛɢ ɷɥɟɦɟɧɬɢ ɞɢɝɚɪɝɭɧɤɨɪ ɜɚ ɛɨ ɢɥɨɜɚɢ ɨɤɫɢɞ ɞɢɝɚɪɝɭɧɤɨɪɢ ɬɚɛɢӣ (ɜɚ ɬɚɴɫɢɪɢ ɨɧԟɨ 
ɛɚ ɪɚɮɬɨɪɢ ɧɚɯ ɞɚɪ ɦɚԟɥɭɥɢ ɫɟɦɟɧɬ) ɦɟɛɨɲɚɞ. Ⱦɚɪ ɤɨɪ ɧɚɯɢ ɚɡ ɛɚɡɚɥɬɢ ɤɨɧɢ ɋɢɥɰɟɜɫɤɢɣ 
(Ʉɚɪɩɚɬɵ) ɝɢɪɢɮɬɚɲɭɞɚ, ɤɢ ɛɚ ɬɚɪɤɢɛɢ ɛɚɡɚɥɬɢ ɚɫɥӣ ɜɚ ɲɢɯɬɚɢ ɨɤɫɢɞɢ ɮɨɫɮɨɪ ё ɫɢɪɤɨɧɢɣ 
ɦɭɜɨɮɢқ ɚɫɬ, ɬɚɞқɢқ ɲɭɞɚɚɫɬ.   
 ɂɧ ɧɚɯɯɨ ɞɚɪ ɡɟɪɢ ɝɚɪɦӣ ԟɚɧɝɨɦɢ ɧɚɛɭɞɚɧɢ ɤɪɢɫɬɚɥɥɢɡɚɬɫɢɹɢ ɮɚɡɚԟɨɢ ɧɚɜ ɨɤɫɢɞɨɧɢɞɚ 
ɲɭɞɚɧɞ, ɢɧɱɭɧɢɧ ɤɨɪɤɚɪɞɢ ɢɨɧ-ɦɭɛɨɞɢɥɚ ɞɚɪ ԟɚɥɥɢ ɫɟɪɦɚԟɥɭɥɢ LiNO3 ɝɭɡɚɪɨɧɢɞɚ ɲɭɞɚɧɞ. 
Ȼɚɪɨɢ ɧɚɯԟɨɢ ɤɨɪɤɚɪɞɲɭɞɚ ɞɢɧɚɦɢɤɚɢ ɨɡɨɞɲɚɜɢɢ ɤɚɬɢɨɧɯɨ ɞɚɪ ɦɚԟɥɭɥɢ ɨɛӣ ɬɚԟқɢқ ɲɭɞɚ, 
ɬɚɪɤɢɛɢ ɷɥɟɦɟɧɬɢɢ ɧɚɯ ɜɚ ɬɚқɫɢɦɨɬɢ ɷɥɟɦɟɧɬԟɨ ɞɚɪ ɞɨɯɢɥɢ ɨɧ ɦɭɚɣɹɧ ɤɚɪɞɚ ɲɭɞɚɚɫɬ. 
Ԟɚɦɱɭɧɢɧ, ɬɚɴɫɢɪɢ ɤɨɪɤɚɪɞɢ ɝɢɞɪɨɥɢɬɢɤӣ  ɛɚ ɬɚɲɚɤɤɭɥɢ ɝɢɞɪɨɫɢɥɢɤɚɬɯɨɢ ɧɚɜɬɚɲɤɢɥ ɞɚɪ 
ɧɚɯԟɨɢ ɦɭɫɬɚԟɤɚɦ ɨɦӯɯɬɚ ɲɭɞɚɚɫɬ. Ɍɚғɣɢɪɢ ɯɨɥɚɬɢ ɨɤɢɫɢɢ ɨԟɚɧ ɞɚɪ ɧɚɦɭɧɚԟɨɢ ɦɭɨɢɧɚɲɭɞɚ 
ɛɨ ɫɩɟɤɬɪɨɫɤɨɩɢɹɢ Ɇɟɫɛɚɭɟɪɢ ɝɭɡɚɪɨɧɢɞɚ ɲɭɞɚɚɫɬ. Ɍɚԟқɢқɨɬԟɨ ɧɢɲɨɧ ɦɟɞɢԟɚɧɞ, ɤɢ 
ɛɚɥɚɧɞɲɚɜɢɢ ɤɢɫɥɨɬɧɨɤӣ, ɤɢ  ɞɚɪ ɧɚɯɢ ɛɚɡɚɥɬɚɢ ɤɨɧɢ  ɋɢɥɰɟɜɫɤɢɣ ɦɭɲɨԟɢɞɚ ɦɟɲɚɜɚɞ, ɞɚɪ 
ɦɭқɨɢɫɚ ɛɨ ɧɚɯɢ ɩɟɲɬɚɪ ɨɦӯɯɬɚɲɭɞɚ, ɛɨɢɫɢ ɬɚғɣɢɪɨɬ ɞɚɪ ɦɟɯɚɧɢɡɦɢ ɨɤɫɢɞɲɚɜɢɢ ɨԟɚɧ ɞɚɪ 
ɨɧԟɨ, ɛɨ ɪɚɮɴɢ ɬɚɴɫɢɪɢ ɛɚɥɚɧɞ ɛɚɪɞɨɲɬɚɧɢ ɚɫɨɫɢ қɚɛɚɬԟɨɢ ɛɨɥɨɢɢ ɧɚɯ ɦɟɝɚɪɞɚɞ. 
əɤҷɨɹɤɭɧɢɢ ɧɚɯɢ P2O5 ɡɢёɞɬɚɪ ɚɫɨɫɢ ɨɧԟɨɪɨ ɤɨԟɢɲ ɞɨɞɚ,  ɹɤҷɨɹɤɭɧɢɢ  ZrO2 ɛɨɲɚɞ, ɯɚɪɚɤɚɬɢ 
ɞɢɮɭɭɡɢɢ ɤɚɬɢɨɧɯɨɪɨ ɞɚɪ ɲɢɲɚ ɤɨԟɢɲ ɦɟɞɢԟɚɞ. ɂɧ ɢɧɱɭɧɢɧ ɛɚ ɫɭɫɬɲɚɜɢɢ ɧɚɡɚɪɪɚɫɢ (ɞɚɪ 
ɦɭқɨɢɫɚ ɛɨ ԟɨɥɚɬԟɨɢ қɚɛɥɚɧ ɛɚɪɪɚɫӣ ɤɚɪɞɚɲɭɞɚ) ɬɚɴɫɢɪɢ ёɞɪɚɫɲɭɞɚɢ ɛɚɥɚɧɞɛɚɪɞɨɪɢɢ ɚɫɨɫɢ 
ɫɚɬԟɢ ɧɚɯ ɦɟɨɪɚɞ. 
 Ʉɚɥɢɦɚԟɨɢ ɤɚɥɢɞश: ɬɚқɜɢɹɬɢ ɞɢɫɩɟɪɫɢɢ ɫɟɦɟɧɬ, ɩɚɲɦɢ ɦɢɧɟɪɚɥӣ, ɛɚɡɚɥɬ, ɲɢɲɚ, 
ɬɚғɣɢɪɢ ɫɨɯɬɨɪ, ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ, ɦɭқɨɜɢɦɚɬɢ ɨɛӣ. 
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The aim of this work is the study of the diffusion processes occurring in the glass fiber based 
on natural basalt with a composition modified by the insertion of oxides-modifiers of different 
nature (and their influence on the behavior of fibers in cement mortar). In the work the fibers 
derived from basalt Silce (Carpathians) field as appropriate on the composition of the original basalt 
and alloyed by oxides of phosphorus or zirconium were studied. These fibers were subjected to 
oxidative heat treatment at the absence of crystallization of new phases, and to ion exchange 
treatment in a saturated solution of LiNO3. For the treated fibers was studied the dynamics of the 
output of the cations in aqueous solution was studied, the elemental composition of the fibers and 
the distribution of elements over the cross section of the fiber were determined. Also the effect of 
hydrolytic treatment on the formation of hydrosilicate new particles in fiber-reinforced concrete 
composites was studied. The change in the oxidation state of iron in the samples was carried out 
using Moessbauer spectroscopy. 

The investigations have shown that the increase in acidity observed in the fiber of basalt 
Silce field in comparison with the previously investigated fibers leads to a change of the oxidation 
mechanism of iron in them, suppressing the effect of increasing the basicity of the surface layers of 
the fibers. The alloying of fiber by P2O5 further reduces their basicity, and alloying by ZrO2 reduces 
the cations diffusion mobility in the glass. It also leads to a significant decline (compared to 
previously considered cases) of the mentioned effect of increasing the basicity of the surface of the 
fiber.  
 Key words: disperse reinforcement of cement, mineral wool, basalt, glass, modification of 
composition, microstructure, hydrolytic resistance. 
 
 ɋɜɟɞɟɧɢɹ ɨɛ ɚɜɬɨɪɚɯ. Ʉɧɨɬɶɤɨ Ⱥɥɟɤɫɚɧɞɪ ȼɚɥɟɪɶɟɜɢɱ – ɞ.ɯ.ɧ., ɞɨɰ., ɜɟɞɭɳɢɣ 
ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ ɯɢɦɢɱɟɫɤɨɝɨ ɮɚɤɭɥɶɬɟɬɚ ɆȽɍ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, ɡɚɦ. ɞɟɤɚɧɚ 
ɮɚɤɭɥɶɬɟɬɚ ɧɚɭɤ ɨ ɦɚɬɟɪɢɚɥɚɯ ɆȽɍ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, 119991, Ɋɨɫɫɢɹ, Ɇɨɫɤɜɚ, 
Ʌɟɧɢɧɫɤɢɟ ɝɨɪɵ, ɜɥ.1, ɫɬɪ.3, ɯɢɦɢɱɟɫɤɢɣ ɮɚɤɭɥɶɬɟɬ ɆȽɍ. knotko@inorg.chem.msu.ru.  
 ɉɚɧɶɲɢɧɚ Ⱦɚɪɶɹ Ⱦɦɢɬɪɢɟɜɧɚ – ɫɬɭɞɟɧɬ ɮɚɤɭɥɶɬɟɬɚ ɧɚɭɤ ɨ ɦɚɬɟɪɢɚɥɚɯ ɆȽɍ ɢɦɟɧɢ 
Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, 119991, Ɋɨɫɫɢɹ, Ɇɨɫɤɜɚ, Ʌɟɧɢɧɫɤɢɟ ɝɨɪɵ, ɜɥ.1, ɫɬɪ.3, ɯɢɦɢɱɟɫɤɢɣ 
ɮɚɤɭɥɶɬɟɬ ɆȽɍ. 
 Ɏɢɥɢɦɨɧɨɜ Ⱦɦɢɬɪɢɣ ɋɟɪɝɟɟɜɢɱ – ɤ.ɯ.ɧ., ɫɬɚɪɲɢɣ ɧɚɭɱɧɵɣ ɫɨɬɪɭɞɧɢɤ ɯɢɦɢɱɟɫɤɨɝɨ 
ɮɚɤɭɥɶɬɟɬɚ ɆȽɍ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ, Ɋɨɫɫɢɹ, Ɇɨɫɤɜɚ, Ʌɟɧɢɧɫɤɢɟ ɝɨɪɵ, ɜɥ.1, ɫɬɪ.3, 
ɯɢɦɢɱɟɫɤɢɣ ɮɚɤɭɥɶɬɟɬ ɆȽɍ. 
 
 
ɍȾɄ 669.893 
 

ɋɂɇɌȿɁ ɂ ɂɋɋɅȿȾɈȼȺɇɂȿ ɆɂɄɊɈɋɌɊɍɄɌɍɊɕ ɂ 
ɌȿɉɅɈɎɂɁɂɑȿɋɄɂɏ ɋȼɈɃɋɌȼ ɂɇɌȿɊɆȿɌȺɅɅɂɑȿɋɄɈȽɈ 

ɋɈȿȾɂɇȿɇɂə Al3Fe   
Ⱦɠɚɥɨɥɨɜ Ɏ. ɇ.,  ɍɦɚɪɨɜɚ Ɍ. Ɇ. 

Ɏɢɥɢɚɥ ɆȽɍ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ ɜ ɝɨɪɨɞɟ Ⱦɭɲɚɧɛɟ 
     

ɋɢɧɬɟɡɢɪɨɜɚɧ ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɨɟ ɫɨɟɞɢɧɟɧɢɟ Al 3Fe,  ɢɫɫɥɟɞɨɜɚɧɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ, 
ɬɚɤɠɟ ɨɩɪɟɞɟɥɟɧɚ ɬɟɩɥɨɟɦɤɨɫɬɢ ɩɨɥɭɱɟɧɧɨɝɨ ɨɛɪɚɡɰɚ, ɩɪɟɞɥɨɠɟɧɵ ɩɪɨɫɬɵɟ 
ɬɟɨɪɢɬɢɱɟɫɤɢɟ ɨɩɢɫɚɧɢɹ ɪɚɫɱɟɬɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɟɦɤɨɫɬɢ ɫɩɥɚɜɚ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɚɥɸɦɢɧɢɟɜɵɟ ɫɩɥɚɜɵ, ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɨɟ ɫɨɟɞɢɧɟɧɢɟ, 
ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ, ɬɟɩɥɨɟɦɤɨɫɬɶ.  
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ɋɩɥɚɜɵ  ɫɢɫɬɟɦɵ Al-Fe  ɫɬɚɥɢ ɨɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɧɨɝɨ ɥɟɬ ɧɚɡɚɞ. 

ɗɬɢ ɫɩɥɚɜɵ ɢɦɟɸɬ ɧɢɡɤɢɟ ɦɚɬɟɪɢɚɥɶɧɵɟ ɡɚɬɪɚɬɵ ɢ ɛɨɥɟɟ ɧɢɡɤɢɣ ɭɞɟɥɶɧɵɣ ɜɟɫ  
ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ  ɞɨɪɨɝɢɦɢ, ɫɬɨɣɤɢɦɢ ɤ ɤɨɪɪɨɡɢɢ ɫɨɪɬɨɜ ɫɬɚɥɢ, ɨɧɢ ɝɚɪɚɧɬɢɪɭɟɬ 
ɷɤɨɧɨɦɢɸ ɬɚɤɢɯ ɰɜɟɬɧɵɯ ɦɟɬɚɥɥɨɜ, ɬɚɤɢɯ ɤɚɤ ɯɪɨɦ, ɧɢɤɟɥɶ ɢ ɞɪɭɝɢɟ,  ɢɦɟɸɬ 
ɛɨɥɶɲɭɸ ɫɬɨɣɤɨɫɬɶ ɜ ɫɭɥɶɮɢɞɧɵɯ ɢ ɨɤɫɢɞɧɵɯ ɚɬɦɨɫɮɟɪɚɯ, ɨɫɨɛɟɧɧɨ ɩɪɢ 
ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ. ɉɨɷɬɨɦɭ ɫɩɥɚɜɵ ɞɚɧɧɨɣ ɫɢɫɬɟɦɵ ɹɜɥɹɸɬɫɹ 
ɩɟɪɫɩɟɤɬɢɜɧɵɦɢ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɦɢ ɦɚɬɟɪɢɚɥɚɦɢ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ 
ɫɬɪɭɤɬɭɪɧɨɣ ɱɚɫɬɢ ɚɜɢɚɰɢɢ,  ɧɚɝɪɟɜɚɬɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɬɟɩɥɨɨɛɦɟɧɧɢɤɚ, 
ɨɛɨɪɭɞɨɜɚɧɢɣ ɜ ɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ Д1Ж. 

ȼ ɪɚɛɨɬɟ Ȼɚɧɧɵɯ Ɉ. Ⱥ., ɉɨɜɚɪɨɜɚ Ʉ. Ȼ. ɫɨɨɛɳɚɟɬɫɹ ɨɛ ɨɫɨɛɨɦ ɡɧɚɱɟɧɢɢ 
ɚɥɸɦɢɧɢɞɚ ɠɟɥɟɡɚ Fe3Al - ɤɚɤ ɩɟɪɫɩɟɤɬɢɜɧɨɦ ɤɨɧɫɬɪɭɤɰɢɨɧɧɨɦ ɦɚɬɟɪɢɚɥɟ, 
ɨɛɥɚɞɚɸɳɢɦ ɭɧɢɤɚɥɶɧɵɦ ɤɨɦɩɥɟɤɫɨɦ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɫɥɭɠɟɛɧɵɯ 
ɫɜɨɣɫɬɜ, ɩɨɥɭɱɢɜɲɢɯ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɩɨɫɥɟɞɧɢɟ ɝɨɞɵ Д2Ж. Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ 
ɫɱɢɬɚɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ, ɬɚɤ ɤɚɤ ɢɫɫɥɟɞɭɟɦɵɟ ɜ ɪɚɛɨɬɟ ɫɩɥɚɜɵ ɹɜɥɹɸɬɫɹ ɛɨɥɟɟ 
ɥɟɝɤɢɦɢ (ɩɥɨɬɧɨɫɬɶ 6.7 ɝ/ɫɦ3) ɢ ɡɧɚɱɢɬɟɥɶɧɨ ɛɨɥɟɟ ɞɟɲɟɜɵɦɢ, ɱɟɦ ɦɧɨɝɢɟ 
ɠɚɪɨɩɪɨɱɧɵɟ ɫɬɚɥɢ ɢ ɫɩɥɚɜɵ. ɉɪɢ ɢɯ ɢɡɝɨɬɨɜɥɟɧɢɢ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɡɚɞɚɧɧɨɝɨ 
ɭɪɨɜɧɹ ɫɥɭɠɟɛɧɵɯ ɫɜɨɣɫɬɜ ɜ ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ ɧɟ ɬɪɟɛɭɟɬɫɹ 
ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɞɟɮɢɰɢɬɧɵɯ ɥɟɝɢɪɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ. Ɉɞɧɚɤɨ, ɤɚɤ 
ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɟ ɦɚɬɟɪɢɚɥɵ ɚɥɸɦɢɧɢɞɵ ɠɟɥɟɡɚ FО3AХ ɜɫɟ ɟɳɟ ɲɢɪɨɤɨ ɧɟ 
ɜɨɫɬɪɟɛɨɜɚɧɵ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶɸ ɢɡ-ɡɚ ɨɬɫɭɬɫɬɜɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɫɬɨɣ ɢ 
ɧɟɞɨɪɨɝɨɣ ɬɟɯɧɨɥɨɝɢɢ ɢɯ ɩɪɨɢɡɜɨɞɫɬɜɚ.  

Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ Ⱥ1-FО ɞɨɫɬɚɬɨɱɧɨ ɪɚɫɩɪɨɫɬɪɚɧɟɧɚ, ɟɣ ɩɨɫɜɹɳɟɧɨ 
ɛɨɥɶɲɨɟ ɱɢɫɥɨ ɢɫɫɥɟɞɨɜɚɧɢɣ. 

Ⱦɢɚɝɪɚɦɦɚ ɫɨɫɬɨɹɧɢɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɧɚɥɢɱɢɟɦ ɧɟɫɤɨɥɶɤɢɯ 
ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ FО3Al,  FeAl2, Fe2Al  5 , FeAl3  ɢ ɨɝɪɚɧɢɱɟɧɧɵɯ 
ɬɜɟɪɞɵɯ ɪɚɫɬɜɨɪɨɜ ɤɚɤ ɫɨ ɫɬɨɪɨɧɵ FО, ɬɚɤ ɢ AХ. Ʉɚɠɞɵɣ ɢɡ ɂɆɋ  ɨɛɥɚɞɚɟɬ 
ɨɩɪɟɞɟɥɟɧɧɨɣ ɨɛɥɚɫɬɶɸ ɝɨɦɨɝɟɧɧɨɫɬɢД3Ж. 

ɋɨɝɥɚɫɧɨ ɢɫɬɨɱɧɢɤɭ Д3Ж, ɩɚɪɚɦɟɬɪɵ ɪɟɲɟɬɤɢ ɂɆɋ FОAХ3:a=1,549 ɧɦ, 
b=0,808 ɧɦ, ɫ=1,248 ɧɦ. 

  Ɇɟɬɨɞɢɤɚ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ:  
Ⱦɥɹ ɫɢɧɬɟɡɚ ɢ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɩɥɚɜɚ ɢɫɩɨɥɶɡɨɜɚɧɵ 

ɧɢɠɟɫɥɟɞɭɸɳɢɟ ɚɩɩɚɪɚɬɭɪɚ ɢ ɩɪɢɛɨɪɵ:  
- ɩɟɱɶ KS 400/10 (ɩɪɨɢɡɜɨɞɫɬɜɨ Ƚɟɪɦɚɧɢɹ, ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: J=16 A, 
     U=380 B ɢ  Tmax=1350°C);  
- ɜɚɤɭɭɦɧɵɣ ɩɨɫɬ.  
- ɦɢɤɪɨɫɤɨɩ NIKON 2700 (ɉɪɨɢɡɜɨɞɫɬɜɨ əɩɨɧɢɹ)Ҳ 
- ɩɪɢɛɨɪ KLВ-TEK ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ. 
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ɋɩɥɚɜɵ ɞɥɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɥɭɱɚɥɢ ɢɡ ɚɥɸɦɢɧɢɹ   Ⱥ995 (ȽɈɋɌ 11069-74) ɢ 
ɠɟɥɟɡɚ ɦɚɪɤɢ ɑȾȺ.   

ɋɩɥɚɜ ɩɨɥɭɱɟɧ ɜ ɤɚɦɟɪɧɨɣ  ɩɟɱɢ KS 400/10 (ɩɪɨɢɡɜɨɞɫɬɜɨ Ƚɟɪɦɚɧɢɹ) ɜ 
ɭɫɥɨɜɢɹɯ ɜɚɤɭɭɦɚ. ɂɡ ɩɨɥɭɱɟɧɧɵɯ ɬɚɤɢɦ ɨɛɪɚɡɨɦ ɫɩɥɚɜɚ, ɜ ɫɬɚɥɶɧɨɣ ɢɡɥɨɠɧɢɰɟ 
ɨɬɥɢɜɚɥɢ ɰɢɥɢɧɞɪɢɱɟɫɤɢɟ ɨɛɪɚɡɰɵ ɞɢɚɦɟɬɪɨɦ 10 ɦɦ ɢ ɞɥɢɧɨɣ 60 ɦɦ.   
ɂɡɧɚɱɚɥɶɧɨ ɛɵɥ ɩɪɨɢɡɜɟɞɟɧ ɪɚɫɱɟɬ ɲɢɯɬɵ: 

 
 Ɉɬɫɸɞɚ, ωFe=40,83%. ɨɛɳɢɣ ɜɟɫ ɢɫɫɥɟɞɭɟɦɨɝɨ ɨɛɪɚɡɰɚ =25 ɝ.  
Ɇɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɡɜɨɥɹɸɬ ɧɚɛɥɸɞɚɬɶ ɢɡɦɟɧɟɧɢɟ 

ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɨɫɬɚɜɚ. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɭ ɫɩɥɚɜɨɜ ɢɫɫɥɟɞɨɜɚɥɢ 
ɧɚ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɨɦ ɦɢɤɪɨɫɤɨɩɟ “Nikon 2700 ” ɩɪɢ 400- ɤɪɚɬɧɨɦ ɭɜɟɥɢɱɟɧɢɢ 
ɩɪɢ ɮɨɬɨɝɪɚɮɢɪɨɜɚɧɢɢ. ɉɨɞɝɨɬɨɜɤɚ ɨɛɪɚɡɰɨɜ ɩɪɨɜɨɞɢɥɚɫɶ ɫɨɝɥɚɫɧɨ  
ɪɟɤɨɦɟɧɞɚɰɢɹɦ ɚɜɬɨɪɨɜ Д4Ж. Ⱦɥɹ ɜɵɹɜɥɟɧɢɹ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɢɫɫɥɟɞɭɟɦɨɝɨ  ɫɩɥɚɜɚ  
ɨɛɪɚɡɰɵ ɩɨɞɜɟɪɝɚɥɢɫɶ ɬɪɚɜɥɟɧɢɸ ɪɚɡɥɢɱɧɵɦɢ ɬɪɚɜɢɬɟɥɹɦɢ ɜ ɡɚɜɢɫɢɦɨɫɬɢ  ɨɬ 
ɫɨɫɬɚɜɚ ɫɩɥɚɜɚ ɢ   ɧɚɥɢɱɢɹ   ɩɪɢɫɭɬɫɬɜɭɸɳɟɣ ɮɚɡɵ. Ɍɚɤ, ɧɚɩɪɢɦɟɪ, ɞɥɹ ɷɜɬɟɤɬɢɤɨɣ 
ɮɚɡɵ   ɢɫɩɨɥɶɡɨɜɚɥɢ  ɪɟɚɤɬɢɜ 50 ( ɪɚɫɬɜɨɪ 1ɝ NaOH  ɧɚ 100 ɦɥ ɇ2Ɉ ɜ ɬɟɱɟɧɢɟ 10 ɦɢɧ 
ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 50ɨ ɋ), ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɪɚɜɥɟɧɢɹ  ɩɨɜɟɪɯɧɨɫɬɶ ɨɛɪɚɡɰɚ ɩɪɢɨɛɪɟɬɚɟɬ 
ɦɚɬɨɜɵɣ ɨɬɬɟɧɨɤ ɫ ɜɵɪɚɠɟɧɧɨɣ ɫɬɪɭɤɬɭɪɨɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɧɚ ɪɢɫ.1. ɇɚ 
ɮɨɬɨɝɪɚɮɢɢ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ ɦɨɠɧɨ ɨɬɱɟɬɥɢɜɨ 
ɜɢɞɟɬɶ ɬɜɟɪɞɵɟ ɮɚɡɵ FОAХ3 ɜ ɜɢɞɟ ɤɪɭɝɥɵɯ ɜɤɥɸɱɟɧɢɣ, ɱɬɨ ɜ ɰɟɥɨɦ 
ɢɞɟɧɬɢɮɢɰɢɪɭɟɬ ɞɚɧɧɨɟ ɫɨɟɞɢɧɟɧɢɟ. 

 
Ɋɢɫ 1. Ɇɢɤɪɨɫɬɪɭɤɬɭɪɚ ɂɆɋ FeAl3 (ɏ300). 

 
Ⱦɚɥɟɟ, ɫ ɩɨɦɨɳɶɸ ɩɪɢɛɨɪɚ KLY -TEK ɛɵɥɚ ɢɫɫɥɟɞɨɜɚɧɚ ɬɟɩɥɨɟɦɤɨɫɬɶ 

ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɫɩɥɚɜɚ.  ɋɨɝɥɚɫɧɨ ɭɪɚɜɧɟɧɢɸ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ: 
Qɨɬɞ=Qɩɨɥɭɱ                                                                           (1) 
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ɝɞɟ   
Qɩɨɥɭɱ= Qɜɨɞɵ+ Qɤɨɥ                                                   (2) 

 Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɤɨɬɨɪɨɟ ɩɟɪɟɞɚɟɬɫɹ ɨɬ ɧɚɝɪɟɬɨɝɨ  ɨɛɪɚɡɰɚ 
ɢɫɫɥɟɞɭɟɦɨɝɨ ɫɩɥɚɜɚ  ɞɨ ɬɟɦɩɟɪɚɬɭɪɵ   ɜɨɞɵ  ɤɚɥɨɪɢɦɟɬɪɚ ɨɩɪɟɞɟɥɹɥɢ  ɩɨ 
ɮɨɪɦɭɥɟ: 

Qɨɬɞɚɧ=Qɬɟɥɨ=ɋɬ*mɬ*( t-Ѳ)                                          (3) 
  Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɨɥɭɱɟɧɧɨɟ ɜɨɞɨɣ  ɤɚɥɨɪɢɦɟɬɪɚ ɨɬ ɢɫɫɥɟɞɭɟɦɨɝɨ 

ɨɛɪɚɡɰɚ ɫɩɥɚɜɚ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ  t1 ɢ ɩɨɫɥɟ ɩɨɝɪɭɠɟɧɢɹ ɨɛɪɚɡɰɚ ɢɫɫɥɟɞɭɟɦɨɝɨ 
ɫɩɥɚɜɚ ɞɨ Ѳ: 

Qɜɨɞɵ  = ɋɜ*mɜ*(Ѳ-t1)                                              (4) 
 

Qɤɨɥ = ɋɤ*mɤ*( Ѳ – t1)                                             (5) 
  ȼ ɮɨɪɦɭɥɟ 5 ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ  ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɩɨɥɭɱɟɧɧɨɟ 

ɤɚɥɨɪɢɦɟɬɪɨɦ ɨɬ ɨɛɪɚɡɰɚ ɫɩɥɚɜɚ. 
ɉɨɞɫɬɚɜɥɹɹ (5), (4) ɢ (3) ɜ (1) ɩɨɥɭɱɢɦ: 

ɋɬ*mɬ*( t-Ѳ)= ɋɜ*mɜ*(Ѳ-t1) + ɋɤ*mɤ*( Ѳ – t1)                       (6) 
ɂɡ ɮɨɪɦɭɥɵ (6)  ɦɨɠɟɦ ɧɚɣɬɢ ɭɞɟɥɶɧɭɸ ɬɟɩɥɨɟɦɤɨɫɬɶ ɫɥɚɜɚ: ்ܥ = ஻ܥ ∙ ݉஻ ∙ ሺȣ − ଵሻݐ + ௞ܥ ∙ ݉௞ ∙ ሺȣ − ଵሻ்݉ݐ ∙ ሺt − ȣሻ                     ሺ͹ሻ 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɞɟɥɚɧɧɵɯ  ɪɚɫɱɟɬɨɜ ɩɨɥɭɱɟɧɵ ɪɟɡɭɥɶɬɚɬɵ, 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɬɚɛɥɢɰɟ 1.  

 
   Ɍɟɩɥɨɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ FОAХ3. 

Ɍɚɛɥɢɰɚ 1. 
№ mɜ 

 
t 
 

t1 

 

Ѳ 
 

C 
 

<C> ∆C ҳ∆C> Ϭ, 
 

 ɝ °ɋ Ⱦɠ·ɤɝ-1·K-1 % 
1 70 91 25 26,2 890  

 
955 

65  
 

54,3 

 
 

5,7 
2 70 91 26,5 27,9 1064 109 
3 70 90 27 28,2 933,7 21,3 
4 70 90 28 29,2 933 22 

 
ɋɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɡɧɚɱɟɧɢɹ ɬɟɩɥɨɮɢɡɢɱɟɫɤɢɯ ɫɜɨɣɫɬɜ 

(ɬɟɩɥɨɟɦɤɨɫɬɢ) ɚɥɸɦɢɧɢɹ, ɤɚɤ ɦɚɬɟɪɢɚɥɚ ɨɫɧɨɜɵ ɢ ɢɫɫɥɟɞɭɟɦɵɯ ɫɨɫɬɚɜ 
(ɷɜɬɟɤɬɢɱɟɫɤɨɝɨ ɢ ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɨɝɨ ɫɨɟɞɢɧɟɧɢɹ) ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɜ 
ɩɪɢɫɭɬɫɬɜɢɢ ɠɟɥɟɡɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɡɧɚɱɟɧɢɟ ɬɟɩɥɨɟɦɤɨɫɬɢ ɢɫɫɥɟɞɭɟɦɨɝɨ 
ɫɩɥɚɜɚ, ɩɪɢɱɟɦ ɦɚɤɫɢɦɚɥɶɧɨɟ ɟɟ ɡɧɚɱɟɧɢɟ 987 Ⱦɠ·ɤɝ-1·K-1 ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɨɦɭ ɫɨɟɞɢɧɟɧɢɸ FОAХ3. 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɧɵɯ  ɢɫɫɥɟɞɨɜɚɧɢɣ ɦɨɠɧɨ ɫɞɟɥɚɬɶ ɜɵɜɨɞ: 
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- ɫɢɧɬɟɡɢɪɨɜɚɧ ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɨɟ ɫɨɟɞɢɧɟɧɢɟ ɫɬɟɯɢɨɦɟɬɪɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ 
Al 3Fe; 

- ɜɵɹɜɥɟɧɚ ɢɝɨɥɶɱɚɬɚɹ ɫɬɪɭɤɬɭɪɚ ɫ ɜɤɥɸɱɟɧɢɹɦɢ ɬɜɟɪɞɨɣ ɮɚɡɵ  Al 3Fe, ɱɬɨ 
ɩɨɞɬɜɟɪɠɞɚɟɬ ɧɚɥɢɱɢɟ ɫɚɦɨɣ ɢɧɬɟɪɦɟɬɚɥɥɢɱɟɫɤɨɣ ɮɚɡɵҲ 

- ɫ ɩɨɦɨɳɶɸ ɭɪɚɜɧɟɧɢɹ ɬɟɩɥɨɜɨɝɨ ɛɚɥɚɧɫɚ ɨɩɪɟɞɟɥɟɧɚ ɬɟɩɥɨёɦɤɨɫɬɶ 
ɫɢɧɬɟɡɢɪɨɜɚɧɧɨɝɨ ɫɩɥɚɜɚ. 
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ɋɂɇɌȿɁ ȼȺ ɈɆӮɁɂɒɂ ɆɂɄɊɈɋɌɊɍɄɌɍɊȺ ȼȺ ɏɈɋɂəɌԞɈɂ ɌȿɉɅɈɎɂɁɂɄɂɂ  

ɉȺɃȼȺɋɌȺȽɂɂ ɂɇɌȿɊɆȿɌȺɅɅɂȾɂɂ Al3Fɟ 
Ⱦɠɚɥɨɥɨɜ Ɏ.ɇ., ɍɦɚɪɨɜɚ Ɍ.Ɇ. 

Ɏɢɥɢɚɥɢ ȾȾɆ ɛɚ ɧɨɦɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜ ɞɚɪ Ⱦɭɲɚɧɛɟ  
 

ɉɚɣɜɚɫɬɚɝɢɢ ɢɧɬɟɪɦɟɬɚɥɥɢɞɢɢ Al3Fe ɫɢɧɬɟɡ ɲɭɞɚ, ɨɦӯɯɬɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ ɜɚ 
ɝɚɪɦɢғɭɧҷɨɢɲɢ ɯɨɫɢ ɧɚɦɭɧɚԟɨ ɦɭɚɣɹɧ ɤɚɪɞɚ ɲɭɞɚɚɫɬ. Ɍɚɜɫɢɮɢ ɧɚɡɚɪɢɹɜɢɢ ɨɞɞɢɢ ɯɢɫɨɛɢ 
ɦɭɚɣɹɧ ɤɚɪɞɚɧɢ ɝɚɪɦɢғɭɧҷɨɢɲɢ ɯɨɫɢ ɯӯɥɚ ɩɟɲɧɢԟɨɞ ɲɭɞɚɚɫɬ. 
 Ʉɚɥɢɦɚԟɨɢ ɤɚɥɢɞश: ɯӯɥɚԟɨɢ ɚɥɸɦɢɧɢɣ, ɩɚɣɜɚɫɬɚɝɢɢ ɢɧɬɟɪɦɟɬɚɥɥɢɞӣ, 
ɦɢɤɪɨɫɬɪɭɤɬɭɪɚ, ɝɚɪɦɢғɭɧҷɨɢɲɢ ɯɨɫ. 

 
SYNTHESIS AND STUDY MICROSTRUCTURE AND THERMAL PROPERTIES 

OF ALLOYS ALUMINUM-IRON (25%) 
 

Dzhalolov F.N., Umarovɚ T.M. 
 

The branch of Lomonosov Moscow State University in Dushanbe 
     

Intermetallic compound FeAl3 were synthesized, the microstructure is studied, theoretically 
simple description of calculations determining the specific heat of alloy have been proposed as 
determined by the heat capacity of the samples. 

Key words: aluminum alloys, intermetallic compound, microstructure, heat capacity. 
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ȼɊȿɆə ɈɋȼɈȿɇɂə ɊȺɁȼȿȾȺɇɇɕɏ ɁȺɉȺɋɈȼ ɆɂɇȿɊȺɅɖɇɈȽɈ 
ɋɕɊɖə ɌȺȾɀɂɄɂɋɌȺɇȺ                                                                       

Ɇɢɪɡɨɟɜ Ȼ.1,  Ɇɢɪɡɨɟɜ ɉ. Ȼ.1, Ȼɨɛɨɧɚɡɚɪɨɜ Ɇ.2, Ȼɚɯɨɞɭɪɢ ɇ. 2 
1Ɏɢɥɢɚɥ ɆȽɍ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ ɜ ɝ. Ⱦɭɲɚɧɛɟ 

2 Ƚɇɍ «ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɢɧɫɬɢɬɭɬ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ» 
Ɇɢɧɢɫɬɟɪɫɬɜɚ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ Ɋɟɫɩɭɛɥɢɤɢ 

Ɍɚɞɠɢɤɢɫɬɚɧ 
 ȼ ɫɬɚɬɶɟ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ  ɜɨɩɪɨɫɵ ɢɡɭɱɟɧɢɹ, ɫɨɫɬɨɹɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢ 
ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɨɫɜɨɟɧɢɹ ɪɚɡɜɟɞɚɧɧɵɯ ɡɚɩɚɫɨɜ ɩɪɢɪɨɞɧɨɝɨ ɦɢɧɟɪɚɥɶɧɨɝɨ ɫɵɪɶɹ 
Ɍɚɞɠɢɤɢɫɬɚɧɚ ɧɚ ɩɪɢɦɟɪɟ ɚɥɸɦɢɧɢɣɫɨɞɟɪɠɚɳɟɝɨ ɫɵɪɶɹ, ɮɨɫɮɨɪɢɬɨɜ ɢ ɭɝɥɹ.  
 Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɚɥɸɦɨɫɨɞɟɪɠɚɳɟɟ ɫɵɪɶё-ɧɟɮɟɥɢɧɨɜɵɟ ɫɢɟɧɢɬɵ- ɦɭɫɤɨɜɢɬɨɜɵɟ 
ɫɥɚɧɰɵ-ɝɥɢɧɨɡɟɦ-ɮɨɫɮɨɪɢɬ-ɮɨɫɮɨɪɧɵɟ ɭɞɨɛɪɟɧɢɹ-ɭɝɨɥɶ. 
 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɩɟɪɟɪɚɛɨɬɤɟ ɚɥɸɦɢɧɢɣɫɨɞɟɪɠɚɳɟɝɨ ɫɵɪɶɹ – 
ɧɟɮɟɥɢɧɨɜɵɯ ɫɢɟɧɢɬɨɜ ɦɟɫɬɨɪɨɠɞɟɧɢɹ Ɍɭɪɩɢ ɢ ɫɬɚɜɪɨɥɢɬ-ɦɭɫɤɨɜɢɬɨɜɵɯ 
ɫɥɚɧɰɟɜ ɦɟɫɬɨɪɨɠɞɟɧɢɹ Ʉɭɪɝɨɜɚɬ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɢɡ ɷɬɨɝɨ ɫɵɪɶɹ ɦɨɠɧɨ 
ɷɮɮɟɤɬɢɜɧɨ ɩɨɥɭɱɚɬɶ  ɧɟ ɬɨɥɶɤɨ ɝɥɢɧɨɡɟɦ ɞɥɹ ɚɥɸɦɢɧɢɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ, 
ɧɨ ɢ ɪɹɞ ɞɪɭɝɢɯ ɩɨɛɨɱɧɵɯ ɩɪɨɞɭɤɬɨɜ: ɤɥɢɧɤɟɪɚ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɨɝɨ ɰɟɦɟɧɬɚ, ɤɚɥɢɹ ɢ ɞɪɭɝɢɯ ɯɢɦɢɱɟɫɤɢɯ ɷɥɟɦɟɧɬɨɜ ɞɥɹ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɦɢɧɟɪɚɥɶɧɵɯ ɭɞɨɛɪɟɧɢɣ, ɤɚɥɶɰɢɧɢɪɨɜɚɧɧɨɣ ɫɨɞɵ, ɩɨɬɚɲɚ ɢ ɬ.ɩ. 
Ʌɟɝɤɨ ɨɛɨɝɚɬɢɦɵɟ ɮɨɫɮɨɪɢɬɵ ɦɟɫɬɨɪɨɠɞɟɧɢɹ Ʉɚɪɚɬɚɝ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɚɤ 
ɫɵɪɶё ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɨɫɮɨɪɫɨɞɟɪɠɚɳɢɯ ɦɢɧɟɪɚɥɶɧɵɯ ɭɞɨɛɪɟɧɢɣ, ɚ ɢɡ ɭɝɥɹ 
ɦɨɠɧɨ ɩɨɥɭɱɚɬɶ ɤɨɤɫ, ɤɨɤɫɨɜɵɣ ɝɚɡ ɢ ɞɪɭɝɢɟ ɩɪɨɞɭɤɬɵ ɧɚɪɨɞɧɨ-ɯɨɡɹɣɫɬɜɟɧɧɨɝɨ 
ɧɚɡɧɚɱɟɧɢɹ ɢ ɯɢɦɢɱɟɫɤɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ. 
 Ʉɚɤ ɢɡɜɟɫɬɧɨ, Ɍɚɞɠɢɤɢɫɬɚɧ ɹɜɥɹɟɬɫɹ ɝɨɪɧɨɣ ɫɬɪɚɧɨɣ, ɝɞɟ 93 % 
ɬɟɪɪɢɬɨɪɢɢ ɫɨɫɬɚɜɥɹɸɬ ɝɨɪɵ ɜ ɧɟɞɪɚɯ ɤɨɬɨɪɵɯ ɢɦɟɸɬɫɹ ɨɝɪɨɦɧɵɟ ɡɚɩɚɫɵ 
ɦɢɧɟɪɚɥɶɧɨɝɨ ɫɵɪɶɹ. ɉɨɷɬɨɦɭ, ɨɞɧɚ ɢɡ ɨɫɧɨɜɧɵɯ ɧɚɩɪɚɜɥɟɧɢɣ ɪɚɡɜɢɬɢɹ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ Ɍɚɞɠɢɤɢɫɬɚɧɚ ɧɚɩɪɹɦɭɸ ɡɚɜɢɫɢɬ ɨɬ ɪɟɡɭɥɶɬɚɬɨɜ ɝɟɨɥɨɝɨ-
ɪɚɡɜɟɞɨɱɧɵɯ ɪɚɛɨɬ ɢ ɭɬɨɱɧɟɧɢɹ ɡɚɩɚɫɨɜ ɩɨɥɟɡɧɵɯ ɢɫɤɨɩɚɟɦɵɯ, ɪɚɡɪɚɛɨɬɤɢ 
ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɟɪɟɪɚɛɨɬɤɢ ɪɭɞ. 
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Ɍɚɞɠɢɤɫɤɢɦɢ ɝɟɨɥɨɝɚɦɢ ɪɚɡɜɟɞɚɧɨ ɛɨɥɟɟ 400 ɦɟɫɬɨɪɨɠɞɟɧɢɣ, ɢɡ ɧɢɯ 
ɷɤɫɩɥɭɚɬɢɪɭɸɬɫɹ ɛɨɥɟɟ 100, ɢɡ ɤɨɬɨɪɵɯ ɞɨɛɵɜɚɸɬ ɛɨɥɟɟ 50 ɜɢɞɨɜ 
ɦɢɧɟɪɚɥɶɧɨɝɨ ɫɵɪɶɹ. Ɉɞɧɚɤɨ, ɧɟɤɨɬɨɪɵɟ ɦɟɫɬɨɪɨɠɞɟɧɢɹ, ɜ ɫɵɪɶɟ ɤɨɬɨɪɵɯ 
ɨɫɬɪɨ ɧɭɠɞɚɟɬɫɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ, ɜ ɱɚɫɬɧɨɫɬɢ, ɚɥɸɦɨɫɨɞɟɪɠɚɳɟɟ ɫɵɪɶɟ, 
ɮɨɫɮɨɪɢɬɵ, ɤɚɦɟɧɧɵɣ ɭɝɨɥɶ ɢɡ-ɡɚ ɨɬɫɭɬɫɬɜɢɹ ɩɨɥɧɨɝɨ ɝɟɨɥɨɝɢɱɟɫɤɨɝɨ 
ɢɡɭɱɟɧɢɹ, ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɢ ɢɫɩɵɬɚɧɧɵɯ ɤɨɦɩɥɟɤɫɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɟɪɟɪɚɛɨɬɤɢ 
ɧɟ ɢɫɩɨɥɶɡɭɸɬɫɹ. Ⱥ ɜɟɞɶ ɬɨɬ ɠɟ ɝɥɢɧɨɡɟɦ ɞɥɹ ɚɥɸɦɢɧɢɟɜɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ 
ɫɬɪɚɧɵ ɦɨɠɧɨ ɛɵɥɨ ɛɵ ɩɨɥɭɱɚɬɶ ɧɚ ɨɫɧɨɜɟ ɩɟɪɟɪɚɛɨɬɤɢ ɦɟɫɬɧɵɯ 
ɚɥɸɦɨɫɨɞɟɪɠɚɳɢɯ ɦɢɧɟɪɚɥɨɜ. 

ɇɚɭɱɧɨ- ɩɪɚɤɬɢɱɟɫɤɢɟ ɪɚɡɪɚɛɨɬɤɢ  ɩɪɚɜɟɞɧɵɯ   ɧɚɦɢ ɜ ɩɨɫɥɟɞɧɢɯ ɥɟɬ 
ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɪɚɡɜɢɬɢɟ ɚɥɸɦɢɧɢɣ - ɝɥɢɧɨɡɟɦɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫ 
ɤɨɦɩɥɟɤɫɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɢɦɟɸɳɢɯɫɹ ɦɢɧɟɪɚɥɶɧɨ-ɫɵɪɶɟɜɵɯ ɪɟɫɭɪɫɨɜ 
ɹɜɥɹɟɬɫɹ ɧɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤɬɢɜɧɨɣ ɢ ɜɵɫɨɤɨɞɨɯɨɞɧɨɣ ɨɬɪɚɫɥɶɸ. ɗɬɨ 
ɧɚɩɪɚɜɥɟɧɢɟ ɪɚɡɜɢɬɢɹ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɛɭɞɟɬ ɷɮɮɟɤɬɢɜɧɨ ɫɩɨɫɨɛɫɬɜɨɜɚɬɶ 
ɪɟɲɟɧɢɸ ɦɧɨɝɢɯ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɢ ɫɨɰɢɚɥɶɧɵɯ ɩɪɨɛɥɟɦ. 

ɋɟɣɱɚɫ ɜɨ ɜɫɟɦ ɦɢɪɟ (Ɍɚɞɠɢɤɢɫɬɚɧ - ɧɟ ɢɫɤɥɸɱɟɧɢɟ) ɢɧɬɟɧɫɢɜɧɨ ɜɟɞɭɬɫɹ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɪɚɡɪɚɛɨɬɤɟ ɷɮɮɟɤɬɢɜɧɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɫɩɨɫɨɛɨɜ 
ɩɟɪɟɪɚɛɨɬɤɢ ɜɵɫɨɤɨɤɪɟɦɧɢɫɬɨɝɨ ɧɟɛɨɤɫɢɬɨɜɨɝɨ ɫɵɪɶɹ, ɤɚɤ ɧɟɮɟɥɢɧɨɜɨɝɨ 
ɫɢɟɧɢɬɚ, ɤɚɨɥɢɧɚ, ɚɥɭɧɢɬɚ ɢ ɞɪɭɝɢɯ ɜɢɞɨɜ ɚɥɸɦɨɫɨɞɟɪɠɚɳɢɯ ɦɢɧɟɪɚɥɨɜ. 
  ȼ ɪɚɡɥɢɱɧɵɯ ɪɟɝɢɨɧɚɯ Ɍɚɞɠɢɤɢɫɬɚɧɚ ɝɟɨɥɨɝɚɦɢ ɪɚɡɜɟɞɚɧɵ ɛɨɥɟɟ 10 
ɦɚɫɫɢɜɨɜ ɚɥɸɦɨɫɨɞɟɪɠɚɳɟɝɨ ɫɵɪɶɹ, ɧɚɢɛɨɥɟɟ ɤɪɭɩɧɵɦɢ ɢɡ ɤɨɬɨɪɵɯ ɹɜɥɹɸɬɫɹ 
ɦɚɫɫɢɜɵ Ɍɭɪɩɢ, Ɍɭɬɟɤ, Ⱥɤ-ɋɚɣ, Ɋɨɤɲɢɮ-ɋɚɛɚɯ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜ ɐɟɧɬɪɚɥɶɧɨɦ 
Ɍɚɞɠɢɤɢɫɬɚɧɟ ɢ Ɋɚɲɬɫɤɨɣ ɞɨɥɢɧɟ. ɉɪɨɜɟɞɟɧɧɵɟ ɥɚɛɨɪɚɬɨɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɩɨɤɚɡɚɥɢ, ɱɬɨ ɯɢɦɢɱɟɫɤɢɣ ɫɨɫɬɚɜ ɷɬɢɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ 
ɨɤɫɢɞɨɜ: 
 ɩɨ ɦɚɫɫɢɜɭ Ɍɭɪɩɢ, ɜ%: Al 2O3 – 21,54-22,6; Na2O -4,97-5,0; K2O-6,42-7,8; 
SiO2-52,7-53,9; Fe2O3-4,9-5,74; P2O3 -0,15-0,17; CaO – 2,5-3,5; 
 ɩɨ ɦɚɫɫɢɜɭ Ɍɭɬɟɤ, ɜ %: Al2O3 – 21,7; Na2O - 7,63; K2O-7,9; SiO2-53,2; 
Fe2O3-1,47; P2O3 - 0,13; 
 ɉɨ ɦɚɫɫɢɜɭ Ⱥɤ-ɋɚɣ: Al 2O3 – 22,67; Na2O -5,5; K2O - 6,2; SiO2 - 56,6; Fe2O3-
6,75. 

Ʉɚɤ ɜɢɞɧɨ, ɩɨɱɬɢ ɭ ɜɫɟɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɧɟɮɟɥɢɧɨɜɵɯ ɫɢɟɧɢɬɨɜ 
Ɍɚɞɠɢɤɢɫɬɚɧɚ ɩɨɤɚɡɚɬɟɥɢ ɯɢɦɢɱɟɫɤɨɝɨ ɫɨɫɬɚɜɚ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɨɬɥɢɱɚɸɬɫɹ ɞɪɭɝ 
ɨɬ ɞɪɭɝɚ. ɋɪɟɞɢ ɧɚɡɜɚɧɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɧɚɢɛɨɥɟɟ ɢɡɭɱɟɧɧɵɦ ɹɜɥɹɟɬɫɹ 
ɦɚɫɫɢɜ Ɍɭɪɩɢ Д1Ж, ɝɞɟ ɩɨ ɪɚɫɱɟɬɧɵɦ ɞɚɧɧɵɦ ɡɚɩɚɫɵ ɫɵɪɶɹ - ɧɟɮɟɥɢɧɨɜɨɝɨ 
ɫɢɟɧɢɬɚ ɧɚ ɝɥɢɧɨɡɟɦ ɫɨɫɬɚɜɥɹɟɬ ɛɨɥɟɟ 100 ɦɥɧ. ɬ. ȼ ɩɪɨɲɥɵɟ ɝɨɞɵ ɪɹɞɨɦ 
ɚɤɚɞɟɦɢɱɟɫɤɢɯ ɢɧɫɬɢɬɭɬɨɜ ɛɵɜɲɟɝɨ ɋɋɋɊ ɢ ɂɧɫɬɢɬɭɬɨɦ ɯɢɦɢɢ Ⱥɇ 
Ɋɟɫɩɭɛɥɢɤɢ Ɍɚɞɠɢɤɢɫɬɚɧ Д1,2Ж ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɧɟɤɨɬɨɪɵɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ 
ɜɚɪɢɚɧɬɵ ɩɨɥɭɱɟɧɢɹ ɝɥɢɧɨɡɟɦɚ ɢɡ ɧɟɮɟɥɢɧɨɜɵɯ ɫɢɟɧɢɬɨɜ ɷɬɨɝɨ 



124 

 

ɦɟɫɬɨɪɨɠɞɟɧɢɹ. Ɉɞɧɚɤɨ, ɞɨ ɪɚɡɪɚɛɨɬɤɢ ɬɟɯɧɨɥɨɝɢɢ ɩɨɥɧɨɣ ɤɨɦɩɥɟɤɫɧɨɣ 
ɩɟɪɟɪɚɛɨɬɤɢ ɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜɫɟɯ ɩɨɥɟɡɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɫɨɫɬɚɜ 
ɧɟɮɟɥɢɧɨɜɵɯ ɫɢɟɧɢɬɨɜ, ɞɟɥɨ ɧɟ ɞɨɲɥɨ. ȼ ɬɟɱɟɧɢɟ ɧɟɫɤɨɥɶɤɢɯ ɥɟɬ ɜ 
ɥɚɛɨɪɚɬɨɪɧɵɯ ɭɫɥɨɜɢɹɯ ɧɚɦɢ ɢɫɫɥɟɞɨɜɚɧɵ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ 
ɧɟɮɟɥɢɧɨɜɵɯ ɫɢɟɧɢɬɨɜ ɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɥɭɱɟɧɢɹ ɧɨɜɵɯ 
ɩɨɥɟɡɧɵɯ ɩɪɨɞɭɤɬɨɜ. ȼɦɟɫɬɟ ɫ ɬɟɦ, ɬɪɟɛɭɸɬɫɹ ɩɨɜɬɨɪɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɷɬɨɝɨ ɚɥɸɦɨɫɨɞɟɪɠɚɳɟɝɨ ɫɵɪɶɹ ɢ ɪɚɡɪɚɛɨɬɤɢ ɤɨɦɩɥɟɤɫɧɨɣ 
ɬɟɯɧɨɥɨɝɢɢ ɩɟɪɟɪɚɛɨɬɤɢ ɟɝɨ ɜ ɝɥɢɧɨɡɟɦ ɢ ɞɪɭɝɢɟ ɩɪɨɞɭɤɬɵ, ɢ ɟɫɬɟɫɬɜɟɧɧɨ, ɞɥɹ 
ɷɬɨɝɨ ɧɟɨɛɯɨɞɢɦɵ ɞɨɫɬɚɬɨɱɧɵɟ ɤɚɩɢɬɚɥɨɜɥɨɠɟɧɢɹ.  

ɇɚ Ɂɚɩɚɞɟ ȽȻȺɈ ɬɚɞɠɢɤɫɤɢɦɢ ɝɟɨɥɨɝɚɦɢ ɛɵɥɨ ɨɛɧɚɪɭɠɟɧɨ ɤɪɭɩɧɨɟ 
ɦɟɫɬɨɪɨɠɞɟɧɢɟ (Ʉɭɪɝɨɜɚɬ) Д2Ж ɚɥɸɦɨɫɨɞɟɪɠɚɳɟɝɨ ɫɵɪɶɹ – ɫɬɚɜɪɨɥɢɬɨɜɵɟ ɢ 
ɦɭɫɤɨɜɢɬɨɜɵɟ ɫɥɚɧɰɵ. ɉɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɦ ɞɚɧɧɵɦ ɛɨɥɟɟ ɜɵɫɨɤɨɟ ɫɨɞɟɪɠɚɧɢɟ 
ɝɥɢɧɨɡɟɦɫɨɞɟɪɠɚɳɟɝɨ ɫɵɪɶɹ ɢɦɟɟɬɫɹ ɜ ɷɬɨɦ ɦɟɫɬɨɪɨɠɞɟɧɢɢ, ɱɬɨ ɹɜɥɹɟɬɫɹ 
ɨɛɧɚɞɟɠɢɜɚɸɳɢɦ ɢ ɩɪɟɞɦɟɬɨɦ ɞɚɥɶɧɟɣɲɟɝɨ ɢɡɭɱɟɧɢɹ ɢ ɨɫɜɨɟɧɢɹ. 

ɋɥɟɞɭɟɬ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɩɨɫɤɨɥɶɤɭ ɫɨɞɟɪɠɚɧɢɟ ɨɤɫɢɞɚ ɚɥɸɦɢɧɢɹ ɜ 
ɧɟɮɟɥɢɧɨɜɵɯ ɫɢɟɧɢɬɚɯ 2 ɪɚɡɚ ɧɢɠɟ, ɱɟɦ ɜ ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɵɯ ɛɨɤɫɢɬɚɯ, 
ɩɪɨɦɵɲɥɟɧɧɚɹ ɰɟɧɧɨɫɬɶ ɟɝɨ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɨɞɟɪɠɚɧɢɟɦ ɜ ɧɟɦ ɨɤɫɢɞɨɜ ɧɚɬɪɢɹ, 
ɨɤɫɢɞɨɜ ɤɚɥɢɹ, ɝɚɥɥɢɹ, ɫɬɪɨɧɰɢɹ, ɬɨɪɢɹ, ɢɬɬɪɢɢ ɢ ɞɪ., ɤɨɬɨɪɵɟ ɞɚɸɬ ɨɫɧɨɜɚɧɢɟ 
ɧɚ ɤɨɦɩɥɟɤɫɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɢ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɪɚɡɪɚɛɨɬɨɤ ɩɨ ɢɯ 
ɩɟɪɟɪɚɛɨɬɤɟ. ɗɬɨ ɩɨɡɜɨɥɢɬ ɪɚɫɲɢɪɢɬɶ ɫɵɪɶɟɜɭɸ ɛɚɡɭ, ɭɫɬɪɚɧɢɬɶ ɢɦɟɸɳɢɣɫɹ ɜ 
ɪɟɝɢɨɧɚɯ ɐɟɧɬɪɚɥɶɧɨɣ Ⱥɡɢɢ ɞɟɮɢɰɢɬ ɜ ɰɟɧɧɵɯ ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɞɭɤɬɚɯ ɢ 
ɨɛɟɫɩɟɱɢɬɶ ɫɵɪɶɟɦ ɩɨɬɪɟɛɧɨɫɬɢ Ɍɚɞɠɢɤɫɤɨɣ ɚɥɸɦɢɧɢɟɜɨɣ ɤɨɦɩɚɧɢɢ ɜ 
ɝɥɢɧɨɡɟɦɟ, ɡɚɜɨɡɢɦɨɝɨ ɞɨ ɧɚɫɬɨɹɳɟɝɨ ɜɪɟɦɟɧɢ ɢɡ-ɡɚ ɩɪɟɞɟɥɨɜ ɫɬɪɚɧɵ. 

Ɏɨɫɮɨɪɢɬɵ 
Ɏɨɫɮɨɪɢɬɵ Ʉɚɪɚɬɚɝɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ Ɍɚɞɠɢɤɢɫɬɚɧɚ ɛɵɥɢ ɨɬɤɪɵɬɵ 

ɟɳё ɜ 30-ɯ ɝɨɞɚɯ ɩɪɨɲɥɨɝɨ ɫɬɨɥɟɬɢɹ ɝɟɨɥɨɝɨɦ Ɂɞɨɪɢɤɨɦ Ȼ.Ɇ. Д3Ж ɗɬɨ 
ɦɟɫɬɨɪɨɠɞɟɧɢɟ ɧɟ ɪɚɡ ɨɬɦɟɱɚɥɨɫɶ ɜ ɞɨɤɥɚɞɚɯ ɩɟɪɜɵɯ ɤɨɧɮɟɪɟɧɰɢɣ ɩɨ 
ɢɡɭɱɟɧɢɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɵɯ ɫɢɥ Ɍɚɞɠɢɤɫɤɨɣ ɋɋɊ, ɤɚɤ ɟɞɢɧɫɬɜɟɧɧɨɟ 
ɦɟɫɬɨɪɨɠɞɟɧɢɟ, ɫɩɨɫɨɛɧɨɟ ɭɞɨɜɥɟɬɜɨɪɢɬɶ ɯɢɦɢɱɟɫɤɭɸ ɢ ɬɭɤɨɜɭɸ 
ɩɪɨɦɵɲɥɟɧɧɨɫɬɶ Ɍɚɞɠɢɤɢɫɬɚɧɚ. Ɏɨɫɮɨɪɢɬɵ ɞɚɧɧɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɨɛɥɚɞɚɸɬ 
ɧɟɜɵɫɨɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ Ɋ2Ɉ5 (ɨɬ 4,7% ɞɨ 14,5%).  

ɂɡɜɟɫɬɧɨ, ɱɬɨ  ɧɵɧɟ ɚɝɪɚɪɧɵɣ ɫɟɤɬɨɪ ɧɚɲɟɣ ɫɬɪɚɧɵ ɨɫɬɪɨ ɧɭɠɞɚɟɬɫɹ ɜ 
ɮɨɫɮɨɪɧɵɯ ɭɞɨɛɪɟɧɢɹɯ 

Ɏɢɥɢɚɥɨɦ ɆȽɍ ɢɦ. ȼ.ɂ. Ʌɨɦɨɧɨɫɨɜɚ ɜ ɝ. Ⱦɭɲɚɧɛɟ ɫɨɜɦɟɫɬɧɨ 
Ɍɚɞɠɢɤɫɤɢɦ ɧɚɰɢɨɧɚɥɶɧɵɦ ɭɧɢɜɟɪɫɢɬɟɬɨɦ ɢ  ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɦ 
ɢɧɫɬɢɬɭɬɨɦ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɜɟɞɭɬɫɹ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɟ ɪɚɛɨɬɵ ɩɨ ɪɚɡɪɚɛɨɬɤɟ 
ɫɩɨɫɨɛɨɜ ɩɟɪɟɪɚɛɨɬɤɢ ɮɨɫɮɨɪɢɬɨɜ ɫ ɰɟɥɶɸ ɩɨɥɭɱɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɮɨɫɮɨɪɧɵɯ ɢ 
ɫɥɨɠɧɵɯ ɦɢɧɟɪɚɥɶɧɵɯ ɭɞɨɛɪɟɧɢɣ. Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɜɵɛɪɚɧɨ 
Ʉɚɪɚɬɚɝɫɤɨɟ ɦɟɫɬɨɪɨɠɞɟɧɢɟ ɮɨɫɮɨɪɢɬɨɜ. ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ 
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ɩɨɤɚɡɚɥɢ, ɱɬɨ ɟɫɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɨɛɨɝɚɳɚɬɶ ɫɵɪɶё ɫ ɩɨɥɭɱɟɧɢɟɦ ɮɨɫɮɨɪɢɬɧɨɣ 
ɦɭɤɢ 20-28%, ɱɬɨ ɹɜɥɹɟɬɫɹ ɜɩɨɥɧɟ ɞɨɫɬɚɬɨɱɧɵɦ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ 
ɮɨɫɮɨɪɫɨɞɟɪɠɚɳɢɯ ɢ ɤɨɦɩɥɟɤɫɧɵɯ ɦɢɧɟɪɚɥɶɧɵɯ ɭɞɨɛɪɟɧɢɣ. ɉɪɨɜɨɞɢɥɢɫɶ 
ɨɩɵɬɵ ɩɨ ɫɢɧɬɟɡɭ ɮɨɫɮɨɪɢɬɨɜ ɷɬɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ɫ ɫɟɪɧɨɣ, ɚɡɨɬɧɨɣ ɤɢɫɥɨɬ, ɫ 
8% - ɧɨɣ ɚɦɦɢɚɱɧɨɣ ɜɨɞɨɣ ɢ ɩɨɥɭɱɟɧɵ ɧɨɜɵɟ ɜɢɞɵ ɩɨɥɢɚɦɦɨɮɨɫɮɚɬɨɜ ɤɚɥɶɰɢɹ 
Д4Ж. ȼɟɞɭɬɫɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨ ɩɨɥɭɱɟɧɢɸ ɢɡ ɮɨɫɮɨɪɢɬɨɜ ɷɬɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ 
ɩɨɬɪɟɛɧɵɟ ɫɟɥɶɫɤɨɦɭ ɯɨɡɹɣɫɬɜɚ ɫɬɪɚɧɵ ɮɨɫɮɨɪɫɨɞɟɪɠɚɳɢɟ ɦɢɧɟɪɚɥɶɧɵɟ 
ɭɞɨɛɪɟɧɢɹ: ɫɭɩɟɪɮɨɫɮɚɬ, ɚɦɦɨɮɨɫ ɢ ɞɪ. 

Ɂɚɩɚɫɵ ɪɚɡɜɟɞɚɧɧɵɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɢ ɩɪɨɝɧɨɡɧɵɟ ɪɟɫɭɪɫɵ ɪɟɝɢɨɧɚ ɧɟ 
ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɫɟɪɶёɡɧɨɣ ɛɚɡɨɣ ɞɥɹ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɤɪɭɩɧɨɝɨ ɡɚɜɨɞɚ ɩɨ 
ɩɪɨɢɡɜɨɞɫɬɜɭ ɮɨɫɮɨɪɧɵɯ ɭɞɨɛɪɟɧɢɣ, ɩɨɷɬɨɦɭ ɜɨɡɪɨɫɲɢɟ ɡɚ ɩɨɫɥɟɞɧɢɟ 10 ɥɟɬ 
ɩɨɬɪɟɛɧɨɫɬɢ ɜ ɫɜɹɡɢ ɫ ɩɪɨɝɪɟɫɫɢɪɭɸɳɢɦ ɢɫɬɨɳɟɧɢɟɦ ɢ ɫɧɢɠɟɧɢɟɦ ɩɥɨɞɨɪɨɞɢɹ 
ɩɨɱɜ ɞɨɥɠɧɵ ɩɨɝɥɨɳɚɬɶɫɹ ɦɚɥɵɦɢ ɩɪɟɞɩɪɢɹɬɢɹɦɢ ɝɨɞɨɜɨɣ 
ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɩɨ ɪɭɞɟ 20-60 ɬɵɫɹɱ ɬɨɧɧ. 

ɍɝɨɥɶ 
Ⱦɨɥɹ ɭɝɥɹ ɜ ɬɨɩɥɢɜɧɨɦ ɛɚɥɚɧɫɟ Ɍɚɞɠɢɤɢɫɬɚɧɚ ɜ ɪɚɡɧɵɟ ɝɨɞɵ ɦɟɧɹɥɚɫɶ ɜ 

ɩɪɟɞɟɥɚɯ ɨɬ 10 ɞɨ 50%. 
ɉɨ ɫɜɨɢɦ ɫɜɨɣɫɬɜɚɦ ɭɝɥɵ Ɍɚɞɠɢɤɢɫɬɚɧɚ ɩɨɞɪɚɡɞɟɥɹɸɬɫɹ ɧɚ ɧɟɫɤɨɥɶɤɨ 

ɜɢɞɨɜ: ɛɭɪɵɟ, ɤɚɦɟɧɧɵɟ ɢ ɚɧɬɪɚɰɢɬɨɜɵɟ. 
ȼ ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɚ ɜ ɨɫɧɨɜɧɨɦ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɢɧɧɨɩɥɚɦɟɧɧɵɟ, ɝɚɡɨɜɵɟ, 

ɬɨɳɢɟ ɢ ɚɧɬɪɚɰɢɬɨɜɵɟ ɭɝɥɵ. 
Ɍɚɞɠɢɤɢɫɬɚɧ ɪɚɫɩɨɥɚɝɚɟɬ ɫɜɵɲɟ 7 ɦɥɪɞ.ɬ. ɩɨɬɟɧɰɢɚɥɶɧɵɯ ɭɝɨɥɶɧɵɯ 

ɡɚɩɚɫɨɜ, ɢɡ ɤɨɬɨɪɵɯ 320,3 ɦɥɧ.ɬ. ɫɨɫɬɚɜɥɹɸɬ ɜɵɫɨɤɨɤɚɥɨɪɢɣɧɵɟ 
ɩɪɨɦɵɲɥɟɧɧɵɟ ɭɝɥɢ.  

ȼ ɪɚɡɥɢɱɧɵɯ ɪɚɣɨɧɚɯ Ɍɚɞɠɢɤɢɫɬɚɧɚ ɢɡɜɟɫɬɧɨ ɛɨɥɟɟ 30 ɦɟɫɬɨɪɨɠɞɟɧɢɣ 
ɭɝɥɟɣ. ɇɚɢɛɨɥɟɟ ɤɪɭɩɧɵɦɢ ɢɡ ɧɢɯ ɹɜɥɹɸɬɫɹ ɦɟɫɬɨɪɨɠɞɟɧɢɹ: ɧɚ ɫɟɜɟɪɟ 
Ɍɚɞɠɢɤɢɫɬɚɧɚ ɜ ɋɨɝɞɢɣɫɤɨɣ ɨɛɥɚɫɬɢ: ɒɭɪɚɛɫɤɨɟ (ɛɭɪɵɣ ɭɝɨɥɶ)Ҳ ɜ 
Ɂɟɪɚɜɲɚɧɫɤɨɣ ɞɨɥɢɧɟ: Ɏɚɧ-əɝɧɨɛɫɤɨɟ, Ʉɲɬɭɬ-Ɂɚɭɪɚɧɫɤɨɟ, Ɇɚɝɢɚɧɫɤɨɟ, 
ɁɢɞɞɢɧɫɤɨɟҲ ɜ ɐɟɧɬɪɚɥɶɧɨɦ Ɍɚɞɠɢɤɢɫɬɚɧɟ: Ɋɚɜɧɨɜɫɤɨɟ, Ɇɢёɧɚɞɭ-ɏɚɣɪɨɧɫɤɨɟҲ 
ɧɚ ɉɚɦɢɪɟ –Ʉɭɪɬɟɤɢɧɫɤɨɟ. 

 ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɞɨɛɵɱɚ ɭɝɥɹ ɜ ɪɟɫɩɭɛɥɢɤɟ ɞɨɫɬɢɝɥɚ ɨɤɨɥɨ 1 ɦɥɧ ɬɨɧɧ. 
ɂɫɫɥɟɞɨɜɚɧɵ ɮɢɡɢɤɨ-ɯɢɦɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ ɭɝɥɟɣ ɛɨɥɟɟ ɩɨɥɨɜɢɧɵ ɢɡ 18  
ɪɚɛɨɬɚɸɳɢɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ.  ɋɱɢɬɚɟɬɫɹ, ɱɬɨ ɩɪɨɦɵɲɥɟɧɧɨɟ ɨɫɜɨɟɧɢɟ ɜ 
ɛɥɢɠɚɣɲɢɟ ɝɨɞɵ Ɏɚɧ-əɝɧɨɛɫɤɨɝɨ ɦɟɫɬɨɪɨɠɞɟɧɢɹ ( ɡɚɩɚɫɵ – ɛɨɥɟɟ 2 ɦɥɪɞ.ɬ) 
ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɭɬɟɦ ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɲɚɯɬ (ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ 3-4 ɦɥɧ.ɬ ɜ 
ɝɨɞ), ɬɟɩɥɨɷɥɟɤɬɪɨɫɬɚɧɰɢɣ. ɂɧɬɟɧɫɢɜɧɨ ɜɟɞɭɬɫɹ ɝɟɨɥɨɝɨ-ɪɚɡɜɟɞɨɱɧɵɟ ɪɚɛɨɬɵ ɧɚ 
ɇɚɡɚɪɚɣɥɨɤɫɤɨɦ ɦɟɫɬɨɪɨɠɞɟɧɢɢ ɫ ɡɚɩɚɫɨɦ ɨɤɨɥɨ 300 ɦɥɧ.ɬ 
ɜɵɫɨɤɨɤɚɱɟɫɬɜɟɧɧɨɝɨ ɚɧɬɪɚɰɢɬɧɨɝɨ ɭɝɥɹ. ȿɝɨ ɨɫɜɨɟɧɢɟ, ɚ ɬɚɤɠɟ ɞɪɭɝɢɯ 
ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɷɬɨɝɨ ɪɟɝɢɨɧɚ ɹɜɥɹɟɬɫɹ ɩɟɪɫɩɟɤɬɢɜɧɵɦ ɜ ɩɥɚɧɟ ɨɛɟɫɩɟɱɟɧɢɹ 
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ɬɪɭɞɧɨɞɨɫɬɭɩɧɵɯ ɝɨɪɧɵɯ ɪɚɣɨɧɨɜ ɉɚɦɢɪɚ ɬɨɩɥɢɜɧɵɦ ɫɵɪɶɟɦ.  
ȼ ɩɟɪɫɩɟɤɬɢɜɟ ɞɥɹ ɪɚɡɜɢɬɢɹ ɷɤɨɧɨɦɢɤɢ ɫɬɪɚɧɵ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ 

ɰɟɥɟɫɨɨɛɪɚɡɧɵɦ ɪɚɡɪɚɛɨɬɤɚ ɩɪɨɟɤɬɨɜ ɩɨ ɩɪɨɢɡɜɨɞɫɬɜɭ ɢɡ ɭɝɥɹ ɤɨɤɫɚ, ɝɚɡɚ, 
ɚɤɬɢɜɢɪɨɜɚɧɧɨɝɨ ɭɝɥɹ ɢ ɞɪɭɝɢɯ ɩɪɨɞɭɤɬɨɜ ɧɚɪɨɞɧɨ-ɯɨɡɹɣɫɬɜɟɧɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ 
ɢ ɯɢɦɢɱɟɫɤɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ. 
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ЗАМОНИ АЗХУДКУНИИ ЗАХИРАЊОИ МАЪДАНЊОИ 
ИКТИШОФШУДАИ ТОЉИКИСТОН 
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THE TIME OF MASTERING OF PROSPECTED MINERAL RESERVES OF 
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 The article deals with the study, the state of research and industrial development of proven 
reserves of natural mineral resources of Tajikistan for example, the aluminum raw materials, 
phosphate rock and coal. 
 Key words: aluminum-containing raw-nepheline sienity- muscovite schist-alumina-
phosphorus fertilizer phosphorus-carbon. 
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ɍȾɄ 556.36 (575.3) 
 

ɋɆȿɄɌɂɌ ɂ ȽȿɃɅɘɋɋɂɌ ɂɁ ɂɋɌɈɑɇɂɄȺ ɆɂɇȿɊȺɅɖɇɕɏ ȼɈȾ 
«ɎɂɊɍɁȺ ɆȽɍ» (ɋȿȼȿɊɇɕɃ ɉȺɆɂɊ) 

ɋɚɥɢɯɨɜ Ɏ.ɋ. 1, Ɋɨɦɚɧɨɜɫɤɚɹ Ɇ.Ⱥ. 2, ȼɢɝɚɫɢɧɚ Ɇ.Ɏ.2 
1Ɏɢɥɢɚɥ ɆȽɍ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ ɜ ɝ. Ⱦɭɲɚɧɛɟ 

2Ɇɨɫɤɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ  
ȼ ɫɬɚɬɶɟ ɩɪɢɜɨɞɹɬɫɹ ɧɨɜɵɟ ɞɚɧɧɵɟ ɨ ɦɢɧɟɪɚɥɚɯ ɜ ɬɪɚɜɟɪɬɢɧɚɯ ɢɫɬɨɱɧɢɤɚ 

ɦɢɧɟɪɚɥɶɧɵɯ ɜɨɞ «Ɏɢɪɭɡɚ ɆȽɍ» ɢ ɫɨɥɨɧɱɚɤɚɯ ɢ ɜɵɰɜɟɬɚɯ ɨɤɪɭɠɚɸɳɟɣ ɜɵɫɨɤɨɝɨɪɧɨɣ 
ɩɭɫɬɵɧɢ ɋɟɜɟɪɧɨɝɨ ɉɚɦɢɪɚ.  

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɦɢɧɟɪɚɥɶɧɵɟ ɜɨɞɵ, ɫɨɫɬɚɜ, ɫɦɟɤɬɢɬ, ɝɟɣɥɸɫɫɢɬ, ɋɟɜɟɪɧɵɣ ɉɚɦɢɪ, 
«Ɏɢɪɭɡɚ ɆȽɍ». 

 
  ɂɫɬɨɱɧɢɤ Ɏɢɪɭɡɚ ɆȽɍ ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɋɟɜɟɪɧɨɦ ɉɚɦɢɪɟ, ɜ ɞɨɥɢɧɟ 
ɪ.Ȼɚɥɚɧɞɤɢɢɤ, ɜ ɦɟɫɬɟ ɫɥɢɹɧɢɹ ɪ.Ⱦɠɚɣɥɨɜɤɭɦɫɚɣ ɫ ɪ.Ȼɚɥɚɧɞɤɢɢɤ, ɧɚ ɜɵɫɨɬɟ 
3925ɦ (ɪɢɫ.1). ɂɫɬɨɱɧɢɤ ɩɪɟɞɫɬɚɜɥɟɧ ɜɵɯɨɞɨɦ ɫɥɚɛɨɦɢɧɟɪɚɥɢɡɨɜɚɧɧɵɯ ɜɨɞ ɜ 
ɚɥɥɸɜɢɚɥɶɧɵɯ ɨɬɥɨɠɟɧɢɹɯ ɪ.Ⱦɠɚɣɥɨɜɤɭɦɫɚɣ ɫ ɞɟɛɢɬɨɦ 7ɥ/ɫɟɤ, t 14ºC, 
ɨɛɪɚɡɭɸɳɢɯ ɫɟɪɢɸ ɧɟɝɥɭɛɨɤɢɯ (ɞɨ 30ɫɦ) ɜɟɟɪɨɨɛɪɚɡɧɨ ɪɚɫɯɨɞɹɳɢɯɫɹ  
ɫɬɭɩɟɧɱɚɬɵɯ ɛɚɫɫɟɣɧɨɜ, ɛɨɪɬɚ ɢ ɞɧɢɳɚ ɤɨɬɨɪɵɯ ɫɥɨɠɟɧɵ ɢɡɜɟɫɬɤɨɜɢɫɬɵɦɢ 
ɬɭɮɚɦɢ, ɨɛɳɚɹ ɦɨɳɧɨɫɬɶ ɤɨɬɨɪɵɯ ɞɨɫɬɢɝɚɟɬ 15ɦ Д1Ж. Ȼɚɫɫɟɣɧɵ ɨɛɪɚɡɭɸɬ 
ɥɢɧɟɣɧɨ ɜɵɬɹɧɭɬɭɸ ɤɚɫɤɚɞɧɭɸ ɩɥɨɳɚɞɤɭ ɩɥɨɳɚɞɶɸ ɨɤɨɥɨ 5000ɦ2, ɞɥɢɧɨɣ 
ɨɤɨɥɨ 130ɦ ɢ ɦɚɤɫɢɦɚɥɶɧɨɣ ɲɢɪɢɧɨɣ ɞɨ 65ɦ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɱɢɬɚɬɶ ɢɫɬɨɱɧɢɤ 
Ɏɢɪɭɡɚ ɆȽɍ ɫɚɦɵɦ ɤɪɭɩɧɵɦ ɩɨ ɩɥɨɳɚɞɢ ɪɚɡɜɢɬɢɹ ɬɪɚɜɟɪɬɢɧɨɜ ɜ 
Ɍɚɞɠɢɤɢɫɬɚɧɟ Д2Ж.  

 
Ɋɢɫ. 1. Ɇɟɫɬɨɧɚɯɨɠɞɟɧɢɟ ɢɫɬɨɱɧɢɤɚ Ɏɢɪɭɡɚ ɆȽɍ 
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ȼ ɝɟɨɥɨɝɢɱɟɫɤɨɦ ɨɬɧɨɲɟɧɢɢ ɦɟɫɬɨɩɨɥɨɠɟɧɢɟ ɢɫɬɨɱɧɢɤɚ ɥɨɤɚɥɢɡɨɜɚɧɨ ɜ 
ɝɥɢɧɢɫɬɵɯ ɫɥɚɧɰɚɯ, ɩɟɫɱɚɧɢɤɚɯ ɢ ɢɡɜɟɫɬɧɹɤɚɯ ɤɚɪɚɱɚɬɵɪɫɤɨɝɨ-ɦɭɪɝɚɛɫɤɨɝɨ 
ɝɨɪɢɡɨɧɬɨɜ ɧɢɠɧɟɣ-ɫɪɟɞɧɟɣ ɩɟɪɦɢ ɦɨɳɧɨɫɬɶɸ ɛɨɥɟɟ 2000ɦ ɢ ɤɜɚɪɰɟɜɵɯ 
ɩɟɫɱɚɧɢɤɚɯ, ɤɜɚɪɰɟɜɵɯ, ɯɥɨɪɢɬɨɜɵɯ ɢ ɫɟɪɢɰɢɬɨɜɵɯ ɫɥɚɧɰɚɯ ɨɪɞɨɜɢɤ-
ɫɢɥɭɪɢɣɫɤɨɝɨ ɜɨɡɪɚɫɬɚ ɦɨɳɧɨɫɬɶɸ 1500-2000ɦ. 

ȼ ɬɟɤɬɨɧɢɱɟɫɤɨɦ ɫɦɵɫɥɟ ɢɫɬɨɱɧɢɤ ɪɚɫɩɨɥɨɠɟɧ ɧɚ ɬɟɤɬɨɧɢɱɟɫɤɨɦ 
ɤɨɧɬɚɤɬɟ ɨɬɥɨɠɟɧɢɣ ɧɢɠɧɟɣ-ɫɪɟɞɧɟɣ ɩɟɪɦɢ ɢ ɧɟɪɚɫɱɥɟɧɟɧɵɯ ɨɪɞɨɜɢɤ-
ɫɢɥɭɪɢɣɫɤɢɯ ɨɬɥɨɠɟɧɢɣ. Ɂɚɥɟɝɚɧɢɟ ɩɨɪɨɞ ɤɚɤ ɢ ɪɚɡɪɵɜɧɵɯ ɧɚɪɭɲɟɧɢɣ ɤɪɭɬɨɟ. 
ɂɫɬɨɱɧɢɤ, ɩɨ-ɜɢɞɢɦɨɦɭ, ɫɜɹɡɚɧ ɫ ɨɞɧɢɦ ɢɡ ɨɩɟɪɹɸɳɢɯ ɪɚɡɥɨɦɨɜ Ⱥɮɝɚɧɨ-
ɐɟɧɬɪɚɥɶɧɨɩɚɦɢɪɫɤɨɝɨ ɤɪɚɟɜɨɝɨ ɝɥɭɛɢɧɧɨɝɨ ɪɚɡɥɨɦɚ Ⱥɮɝɚɧɨ-ɉɚɦɢɪɨ-
Ʉɭɧɶɥɭɧɫɤɨɣ ɫɤɥɚɞɱɚɬɨɣ ɫɢɫɬɟɦɵ. Ɉɛ ɷɬɨɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ ɪɹɞ ɮɚɤɬɨɜ. 

1. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɢɫɬɨɱɧɢɤɚ. ɂɫɬɨɱɧɢɤ ɥɨɤɚɥɢɡɨɜɚɧ ɧɚ ɦɟɫɬɟ ɪɟɡɤɨɝɨ 
(<900) ɢɡɦɟɧɟɧɢɹ ɧɚɩɪɚɜɥɟɧɢɹ ɪɭɫɥɚ ɪɟɤɢ Ȼɚɥɚɧɞɤɢɢɤ ɫ ɘ-Ɂ ɧɚ ɋ-ȼ. Ʉɪɨɦɟ 
ɬɨɝɨ, ɨɧ ɧɚɯɨɞɢɬɫɹ ɧɚ ɥɢɧɢɢ ɩɪɨɫɬɢɪɚɧɢɹ ɪɭɫɟɥ ɪɟɤ Ɇɚɪɤɚɧɫɭ, Ʉɚɪɚɞɠɢɥɝɚ, 
Ʉɚɪɚɞɠɢɥɝɚ ɡɚɩɚɞɧɚɹ, Ȼɚɥɚɧɞɤɢɢɤ ɢ Ⱦɠɚɣɥɨɜɤɭɦɫɚɣ, ɬɪɚɫɫɢɪɭɸɳɢɯ ɤɚɤ 
Ⱥɮɝɚɧɨ-ɐɟɧɬɪɚɥɶɧɨɩɚɦɢɪɫɤɢɣ ɝɥɭɛɢɧɧɵɣ ɪɚɡɥɨɦ, ɬɚɤ ɢ ɨɛɳɭɸ 
ɧɚɩɪɚɜɥɟɧɧɨɫɬɶ ɨɫɧɨɜɧɵɯ ɫɬɪɭɤɬɭɪ ɉɚɦɢɪɚ (ɪɢɫ.2). ɉɨ ɫɦɟɳɟɧɢɸ, 
ɬɟɤɬɨɧɢɱɟɫɤɢɦ «ɦɟɚɧɞɪɚɦ» ɪɟɤ Ɇɚɪɤɚɧɫɭ ɢ Ȼɚɥɚɧɞɤɢɢɤ (ɜ ɪɚɣɨɧɟ ɢɫɬɨɱɧɢɤɚ 
Ɏɢɪɭɡɚ ɆȽɍ ɞɨ ɜɩɚɞɟɧɢɹ ɪ.Ɂɭɥɭɦɚɪɬ) ɦɨɠɧɨ ɩɪɨɫɥɟɞɢɬɶ ɧɚɩɪɚɜɥɟɧɢɟ ɢ 
ɚɦɩɥɢɬɭɞɭ ɫɞɜɢɝɨɜɵɯ ɞɜɢɠɟɧɢɣ ɩɨ ɡɨɧɟ Ⱥɮɝɚɧɨ-ɐɟɧɬɪɚɥɶɧɨɩɚɦɢɪɫɤɨɝɨ 
ɪɚɡɥɨɦɚ (3-3,5ɤɦ ɧɚ ɋɁ). 

 
Ɋɢɫ. 2. Ɍɟɤɬɨɧɢɱɟɫɤɚɹ ɩɨɡɢɰɢɹ ɢɫɬɨɱɧɢɤɚ 

2. Ɇɢɧɟɪɚɥɢɡɚɰɢɹ ɢɫɬɨɱɧɢɤɚ. ɉɨ ɜɟɥɢɱɢɧɟ ɨɛɳɟɣ ɦɢɧɟɪɚɥɢɡɚɰɢɢ 
(1,1ɝ/ɥ) ɢ ɦɚɤɪɨɤɨɦɩɨɧɟɧɬɧɨɦɭ ɫɨɫɬɚɜɭ ɜɨɞɵ ɢɫɬɨɱɧɢɤɚ ɨɬɧɨɫɹɬɫɹ ɤ 
ɦɚɥɨɦɢɧɟɪɚɥɢɡɨɜɚɧɧɵɦ ɝɢɞɪɨɤɚɪɛɨɧɚɬɧɨ-ɤɚɥɶɰɢɟɜɵɦ (ɪɇ - 6,7). Ɉɞɧɚɤɨ ɜ ɧɢɯ 
ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɟɧɵ ɫɨɞɟɪɠɚɧɢɹ Ba, Cs, Mo, B, Pb, ɚ ɫɨɞɟɪɠɚɧɢɹ Zn, Mn, Sr 
ɩɨɧɢɠɟɧɵ. ɋɨɝɥɚɫɧɨ ɫɨɜɪɟɦɟɧɧɵɦ ɩɪɟɞɫɬɚɜɥɟɧɢɹɦ Д3, 5Ж, ɜɨɞɵ ɡɨɧɵ ɚɤɬɢɜɧɨɝɨ 
ɜɨɞɨɨɛɦɟɧɚ ɫɨɞɟɪɠɚɬ U ɜ ɫɪɟɞɧɟɦ 5,0 ɦɤɝ/ɥ, ɡɨɧɵ ɡɚɬɪɭɞɧɟɧɧɨɝɨ ɜɨɞɨɨɛɦɟɧɚ – 
2ɦɤɝ/ɥ, ɜɨɞɵ ɬɟɤɬɨɧɢɱɟɫɤɢɯ ɬɪɟɳɢɧ – 4,0ɦɤɝ/ɥ. ɋɨɞɟɪɠɚɧɢɟ U, ɪɚɜɧɨɟ 2,4ɦɤɝ/ɥ 
ɜ ɜɨɞɚɯ ɢɫɬɨɱɧɢɤɚ Ɏɢɪɭɡɚ ɆȽɍ ɛɥɢɡɤɨ ɤ ɡɧɚɱɟɧɢɸ ɞɥɹ ɜɨɞ ɡɚɬɪɭɞɧɟɧɧɨɝɨ 
ɜɨɞɨɨɛɦɟɧɚ (ɬɚɛɥ.1). ɗɬɨ ɮɚɤɬ, ɜɦɟɫɬɟ ɩɨɜɵɲɟɧɧɵɦɢ ɡɧɚɱɟɧɢɹɦɢ ɫɨɞɟɪɠɚɧɢɣ 



129 

 

Ce, Ba ɢ, ɨɫɨɛɟɧɧɨ B, ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɝɥɭɛɢɧɧɵɯ ɭɫɥɨɜɢɹɯ ɮɨɪɦɢɪɨɜɚɧɢɹ 
ɟɝɨ ɜɨɞ Д4, 5Ж.  

Ɍɚɛɥɢɰɚ 1. 
Ɇɢɤɪɨɤɨɦɩɨɧɟɧɬɧɵɣ ɫɨɫɬɚɜ ɢɫɬɨɱɧɢɤɚ «Ɏɢɪɭɡɚ ɆȽɍ» (ɦɝ/ɥ) 

K As*10-

3 
Zn*10-

3 

Cu Mn U*10-

3 

Pb Ba 

5,8 ɧ/ɨ 5 0,7 ɧ/ɨ 2,4 0,1 25 

 

3. ɋɨɫɬɚɜ ɬɪɚɜɟɪɬɢɧɨɜ ɢ ɨɤɪɭɠɚɸɳɢɯ ɫɨɥɨɧɱɚɤɨɜ. Ⱦɥɹ ɫɪɚɜɧɟɧɢɹ 
ɫɨɫɬɚɜɚ ɬɪɚɜɟɪɬɢɧɨɜ ɢɫɬɨɱɧɢɤɚ Ɏɢɪɭɡɚ ɆȽɍ ɢ ɫɨɥɨɧɱɚɤɨɜɵɯ ɜɵɰɜɟɬɨɜ 
ɨɤɪɟɫɬɧɨɫɬɟɣ ɢɫɬɨɱɧɢɤɚ ɛɵɥɢ ɩɪɨɚɧɚɥɢɡɢɪɨɜɚɧɵ ɩɪɨɛɵ ɷɬɢɯ ɨɛɪɚɡɰɨɜ ɧɚ ɂɄ 
ɫɩɟɤɬɪɨɝɪɚɮɟ  ɜ ɦɢɧɟɪɚɥɨɝɢɱɟɫɤɨɣ ɥɚɛɨɪɚɬɨɪɢɢ ɝɟɨɥɨɝɢɱɟɫɤɨɝɨ ɮɚɤɭɥɶɬɟɬɚ 
ɆȽɍ ɢɦ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ (Ɇɨɫɤɜɚ) ɩɨ ɫɬɚɧɞɚɪɬɧɵɦ ɦɟɬɨɞɢɤɚɦ. Ɋɟɡɭɥɶɬɚɬɵ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɢɜɟɞɟɧɵ ɧɚ ɪɢɫ. 3 ɢ 4. 

 
Ɋɢɫ. 3. ɂɄɋ ɬɪɚɜɟɪɬɢɧɚ ɢɡ ɢɫɬɨɱɧɢɤɚ 

 
Ɋɢɫ. 4. ɂɄɋ ɨɛɪɚɡɰɚ ɢɡ ɫɨɥɨɧɱɚɤɚ 

Li  Rb* 
10-3 

Cs*10-

3 
Ag*10-

3 
Mo*10-

3 
Sr B B/Cl 

0,2 26 31 0,6 12 0,8 1,1 0,01 



130 

 

Ɍɪɚɜɟɪɬɢɧɵ ɢɫɬɨɱɧɢɤɚ Ɏɢɪɭɡɚ ɆȽɍ ɧɢɤɚɤ ɧɟ ɫɜɹɡɚɧɵ ɫ ɩɨɜɟɪɯɧɨɫɬɧɵɦɢ 
ɜɨɞɚɦɢ ɢ ɜɵɳɟɥɚɱɢɜɚɧɢɟɦ ɨɤɪɭɠɚɸɳɢɯ ɩɨɪɨɞ. Ɉɛ ɷɬɨɦ ɫɜɢɞɟɬɟɥɶɫɬɜɭɟɬ 
ɱɢɫɬɨɬɚ ɦɢɧɟɪɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ ɬɪɚɜɟɪɬɢɧɨɜ – ɤɚɥɶɰɢɬ, ɢ ɩɪɢɧɰɢɩɢɚɥɶɧɨ ɢɧɨɣ 
ɩɨ ɝɟɧɟɡɢɫɭ ɫɨɫɬɚɜ ɨɤɪɭɠɚɸɳɢɯ ɪɚɣɨɧ ɢɫɬɨɱɧɢɤɚ ɟɫɬɟɫɬɜɟɧɧɵɯ ɜɵɰɜɟɬɨɜ ɢ 
ɫɨɥɨɧɱɚɤɨɜ, ɝɞɟ ɧɚɦɢ ɨɛɧɚɪɭɠɟɧɵ ɩɨɦɢɦɨ ɨɛɵɱɧɵɯ ɫɨɫɬɚɜɥɹɸɳɢɯ – ɤɜɚɪɰ, 
ɦɨɧɬɦɨɪɢɥɥɨɧɢɬ, ɬɚɤɠɟ ɢ ɫɦɟɤɬɢɬ ɢ ɝɟɣɥɸɫɫɢɬ (ɩɟɪɜɚɹ ɧɚɯɨɞɤɚ ɜ 
Ɍɚɞɠɢɤɢɫɬɚɧɟ). Ƚɟɣɥɸɫɫɢɬ NК2CК(CO3)2*5H2O - ɷɜɚɩɨɪɢɬɨɜɵɣ ɜɨɞɧɵɣ 
ɤɚɪɛɨɧɚɬ ɧɚɬɪɢɹ ɢ ɤɚɥɶɰɢɹ ɫɨ ɫɬɪɭɤɬɭɪɨɣ ɨɫɬɪɨɜɧɨɝɨ ɬɢɩɚ ɜɫɬɪɟɱɚɟɬɫɹ ɜ 
ɝɥɢɧɢɫɬɵɯ ɨɬɥɨɠɟɧɢɹɯ ɫɨɞɨɜɵɯ ɨɡёɪ, ɬɚɤɢɯ ɤɚɤ  Ʌɚɝɭɧɢɥɶɹɫ ɢ Ɇɟɪɢɞɚ, 
ȼɟɧɟɫɭɷɥɚ (LКРЮЧТХХК, MцЫТНК, VОЧОгЮОХК) ɢ ɋɨɞɚ-Ʌɟɣɤ (BТР SШНК LКФО) ɜ ɲɬ. 
ɇɟɜɚɞɚ, ɋɒȺ, ɜ ɚɫɫɨɰɢɚɰɢɹɯ ɫ ɧɨɪɬɭɩɢɬɨɦ, ɩɢɪɫɫɨɧɢɬɨɦ ɢ ɬɢɯɢɬɨɦ [6]. 
ɋɦɟɤɬɢɬ ((Mg0,33Al1,67)2(OH)2(Si2O5)2)xNa0,33(H2O)4 – ɫɥɨɢɫɬɵɣ ɫɢɥɢɤɚɬ 
ɷɤɡɨɝɟɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ ɯɚɪɚɤɬɟɪɟɧ ɞɥɹ ɦɧɨɝɢɯ ɦɟɫɬɨɪɨɠɞɟɧɢɣ ɝɥɢɧ ɜ 
ɭɝɥɟɧɨɫɧɵɯ ɬɨɥɳɚɯ [7]. ɉɪɢɦɟɧɹɟɬɫɹ ɤɚɤ ɥɟɤɚɪɫɬɜɟɧɧɨɟ ɫɪɟɞɫɬɜɨ, ɜ 
ɤɚɱɟɫɬɜɟ ɷɧɬɟɪɨɫɨɪɛɟɧɬɚ ɩɪɢ ɞɢɚɪɟɟ, ɝɚɫɬɪɢɬɟ, ɹɡɜɟɧɧɨɣ ɛɨɥɟɡɧɢ ɠɟɥɭɞɤɚ ɢ 
ɞɜɟɧɚɞɰɚɬɢɩɟɪɫɬɧɨɣ ɤɢɲɤɢ, ɤɨɥɢɬɟ — ɜ ɫɨɫɬɚɜɟ ɤɨɦɩɥɟɤɫɧɨɣ ɬɟɪɚɩɢɢ.  

ɇɚɯɨɠɞɟɧɢɟ ɝɟɣɥɸɫɫɢɬɚ ɜ ɫɨɥɨɧɱɚɤɚɯ ɢ ɜɵɰɜɟɬɚɯ ɜɵɫɨɤɨɝɨɪɧɵɯ ɩɭɫɬɵɧɶ 
ɋɟɜɟɪɧɨɝɨ ɉɚɦɢɪɚ ɭɤɚɡɵɜɚɟɬ ɧɚ ɨɫɨɛɟɧɧɨɫɬɢ ɩɪɨɰɟɫɫɨɜ ɜɵɜɟɬɪɢɜɚɧɢɹ ɷɬɨɝɨ 
ɪɟɝɢɨɧɚ. ɉɪɢɦɟɧɟɧɢɟ ɠɟ  ɫɦɟɤɬɢɬɚ ɢɡ ɷɬɢɯ ɠɟ ɩɭɫɬɵɧɧɵɯ ɨɛɪɚɡɨɜɚɧɢɣ ɜ 
ɥɟɱɟɛɧɵɯ ɰɟɥɹɯ, ɭɱɢɬɵɜɚɹ ɟɝɨ ɫɨɞɟɪɠɚɧɢɹ, ɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ ɝɢɩɨɬɟɬɢɱɧɵɦ.  

Ɇɚɤɪɨ- ɢ ɦɢɤɪɨɤɨɦɩɨɧɟɧɬɧɵɣ ɫɨɫɬɚɜ ɜɨɞɵ (ɨɫɨɛɟɧɧɨ ɩɨɜɵɲɟɧɧɵɟ 
ɡɧɚɱɟɧɢɹ ɫɨɞɟɪɠɚɧɢɣ ɰɟɡɢɹ, ɛɚɪɢɹ, ɛɨɪɚ ɢ ɨɬɧɨɲɟɧɢɟ  B/Br ɢ B/Cl) 
ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ ɨ ɝɥɭɛɢɧɧɵɯ (ɮɥɸɢɞɧɵɯ) ɭɫɥɨɜɢɹɯ ɮɨɪɦɢɪɨɜɚɧɢɹ ɜɨɞ 
ɢɫɬɨɱɧɢɤɚ Ɏɢɪɭɡɚ, ɱɬɨ ɩɨɞɬɜɟɪɠɞɚɟɬɫɹ ɢ ɫɪɚɜɧɢɬɟɥɶɧɨɣ ɂɄɫɩɟɤɬɪɨɝɪɚɮɢɟɣ 
ɨɬɥɨɠɟɧɢɣ ɢɫɬɨɱɧɢɤɚ ɢ ɨɤɪɭɠɚɸɳɢɯ ɫɨɥɨɧɱɚɤɨɜ. ɂɫɯɨɞɹ ɢɡ ɩɪɢɜɟɞɟɧɧɵɯ 
ɞɚɧɧɵɯ, ɦɨɠɧɨ ɩɪɟɞɩɨɥɨɠɢɬɶ ɫɜɹɡɶ ɢɫɬɨɱɧɢɤɚ Ɏɢɪɭɡɚ ɆȽɍ ɫ Ⱥɮɝɚɧɨ-
ɐɟɧɬɪɚɥɶɧɨɩɚɦɢɪɫɤɢɦ ɤɪɚɟɜɵɦ ɝɥɭɛɢɧɧɵɦ ɪɚɡɥɨɦɨɦ. ɂɫɬɨɱɧɢɤ Ɏɢɪɭɡɚ ɆȽɍ 
ɹɜɥɹɟɬɫɹ ɟɞɢɧɫɬɜɟɧɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɩɨɞɨɛɧɨɝɨ ɬɢɩɚ ɧɚ ɜɫɟɦ ɋɟɜɟɪɧɨɦ ɉɚɦɢɪɟ. 
Ɉɛɧɚɪɭɠɟɧɢɟ ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɦɢɧɟɪɚɥɨɜ ɫɨɞɨɜɵɯ ɨɡɟɪ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ 
ɜɵɜɨɞɵ ɨ ɫɩɟɰɢɮɢɱɟɫɤɨɦ, ɜɨɡɦɨɠɧɨ ɩɪɟɜɚɥɢɪɭɸɳɟɦ ɢɧɫɨɥɹɰɢɨɧɧɨɦ 
ɯɚɪɚɤɬɟɪɟ ɩɪɨɰɟɫɫɨɜ ɜɵɜɟɬɪɢɜɚɧɢɹ ɧɚ ɜɵɫɨɤɨɝɨɪɶɟ ɋɟɜɟɪɧɨɝɨ ɉɚɦɢɪɚ. 
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ɉɊȺȼɂɅȺ ȾɅə ȺȼɌɈɊɈȼ 
 ȼ ɧɚɭɱɧɨɦ ɠɭɪɧɚɥɟ «ȼɟɫɬɧɢɤ Ɏɢɥɢɚɥɚ Ɇɨɫɤɨɜɫɤɨɝɨ ɝɨɫɭɞɚɪɫɬɜɟɧɧɨɝɨ 
ɭɧɢɜɟɪɫɢɬɟɬɚ ɢɦɟɧɢ Ɇ.ȼ. Ʌɨɦɨɧɨɫɨɜɚ ɜ ɝɨɪɨɞɟ Ⱦɭɲɚɧɛɟ» ɩɟɱɚɬɚɸɬɫɹ ɫɬɚɬɶɢ, 
ɫɨɞɟɪɠɚɳɢɟ ɪɟɡɭɥɶɬɚɬɵ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɩɨ ɟɫɬɟɫɬɜɟɧɧɵɦ, 
ɝɭɦɚɧɢɬɚɪɧɵɦ ɢ ɷɤɨɧɨɦɢɱɟɫɤɢɦ ɧɚɭɤɚɦ. ɉɪɢ ɧɚɩɪɚɜɥɟɧɢɢ ɫɬɚɬɶɢ ɜ 
ɪɟɞɤɨɥɥɟɝɢɸ ɚɜɬɨɪɚɦ ɧɟɨɛɯɨɞɢɦɨ ɫɨɛɥɸɞɚɬɶ ɫɥɟɞɭɸɳɢɟ ɩɪɚɜɢɥɚ: ɪɚɡɦɟɪ 
ɫɬɚɬɶɢ ɧɟ ɞɨɥɠɟɧ ɩɪɟɜɵɲɚɬɶ 10 ɫɬɪɚɧɢɰ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɬɟɤɫɬɚ, ɜɤɥɸɱɚɹ ɬɟɤɫɬ, 
ɬɚɛɥɢɰɵ, ɛɢɛɥɢɨɝɪɚɮɢɸ, ɪɢɫɭɧɤɢ ɢ ɬɟɤɫɬɵ ɚɧɧɨɬɚɰɢɣ ɧɚ ɬɚɞɠɢɤɫɤɨɦ, ɪɭɫɫɤɨɦ 
ɢ ɚɧɝɥɢɣɫɤɨɦ ɹɡɵɤɚɯ. ɋɬɚɬɶɹ ɞɨɥɠɧɚ ɛɵɬɶ ɩɨɞɝɨɬɨɜɥɟɧɚ ɜ ɫɢɫɬɟɦɟ MТМЫШЬШПЭ 
АШЫН, ɩɪɢ ɷɬɨɦ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɪɚɫɩɟɱɚɬɤɨɣ ɫɬɚɬɶɢ ɜ 2-ɯ ɷɤɡɟɦɩɥɹɪɚɯ ɫɞɚɸɬɫɹ 
ɬɚɤɠɟ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɮɚɣɥɵ (ɞɥɹ ɤɚɠɞɨɣ ɫɬɚɬɶɢ ɧɚ ɨɬɞɟɥɶɧɨɦ ɞɢɫɤɟ). 
Ɋɭɤɨɩɢɫɶ ɞɨɥɠɧɚ ɛɵɬɶ ɨɬɩɟɱɚɬɚɧɚ ɧɚ ɤɨɦɩɶɸɬɟɪɟ (ɲɪɢɮɬ TТЦОЬ NОа RШЦКЧ 14, 
ɮɨɪɦɚɬ Ⱥ4, ɢɧɬɟɪɜɚɥ 1,5, ɩɨɥɹ: ɜɟɪɯɧɟɟ – 3 ɫɦ, ɧɢɠɧɟɟ – 2,5 ɫɦ, ɥɟɜɨɟ – 3 ɫɦ, 
ɩɪɚɜɨɟ – 2ɫɦҲ ). ȼɫɟ ɥɢɫɬɵ ɫɬɚɬɶɢ ɞɨɥɠɧɵ ɛɵɬɶ ɩɪɨɧɭɦɟɪɨɜɚɧɵ.  
 Ɍɟɤɫɬ ɫɬɚɬɶɢ ɞɨɥɠɟɧ ɛɵɬɶ ɢɡɥɨɠɟɧ ɤɪɚɬɤɨ, ɬɳɚɬɟɥɶɧɨ ɨɬɪɟɞɚɤɬɢɪɨɜɚɧ ɢ 
ɩɨɞɩɢɫɚɧ ɜɫɟɦɢ ɚɜɬɨɪɚɦɢ ɫ ɭɤɚɡɚɧɢɟɦ ɢɯ ɮɚɦɢɥɢɣ, ɢɦɟɧ ɢ ɨɬɱɟɫɬɜ, ɧɨɦɟɪɚ 
ɬɟɥɟɮɨɧɨɜ. Ʉɚɠɞɵɣ ɷɤɡɟɦɩɥɹɪ ɞɨɥɠɟɧ ɫɨɞɟɪɠɚɬɶ: ɬɟɤɫɬ ɫɬɚɬɶɢ, ɫɩɢɫɨɤ 
ɥɢɬɟɪɚɬɭɪɵ, ɬɟɤɫɬɵ ɪɟɡɸɦɟ ɧɚ ɪɭɫɫɤɨɦ, ɬɚɞɠɢɤɫɤɨɦ ɢ ɚɧɝɥɢɣɫɤɨɦ ɹɡɵɤɚɯ. ȼ 
ɤɚɠɞɨɦ ɪɟɡɸɦɟ ɩɨɫɥɟ ɡɚɝɨɥɨɜɤɚ ɫɬɚɬɶɢ ɩɪɢɜɨɞɢɬɫɹ ɧɚɡɜɚɧɢɟ ɭɱɪɟɠɞɟɧɢɹ (-ɢɣ), 
ɜ ɤɨɬɨɪɨɦ (-ɵɯ) ɜɵɩɨɥɧɟɧɚ ɞɚɧɧɚɹ ɪɚɛɨɬɚ. ɉɨɫɥɟ ɤɚɠɞɨɝɨ ɪɟɡɸɦɟ ɨɬɞɟɥɶɧɨɣ 
ɫɬɪɨɤɨɣ ɩɟɪɟɱɢɫɥɹɸɬɫɹ ɤɥɸɱɟɜɵɟ ɫɥɨɜɚ ɧɚ ɷɬɢɯ ɹɡɵɤɚɯ. 
 ȼ ɜɟɪɯɧɟɦ ɩɪɚɜɨɦ ɭɝɥɭ ɩɟɪɜɨɣ ɫɬɪɚɧɢɰɵ ɪɭɤɨɩɢɫɢ ɭɤɚɡɵɜɚɟɬɫɹ ɪɚɡɞɟɥ 
ɧɚɭɤɢ, ɤɨɬɨɪɨɦɭ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɬɚɬɶɹ, ɫɬɪɨɤɨɣ ɧɢɠɟ ɜ ɥɟɜɨɦ ɭɝɥɭ ɫɬɪɚɧɢɰɵ 
ɭɤɚɡɵɜɚɟɬɫɹ ɢɧɞɟɤɫ ɫɬɚɬɶɢ ɩɨ ɭɧɢɜɟɪɫɚɥɶɧɨɣ ɞɟɫɹɬɢɱɧɨɣ ɤɥɚɫɫɢɮɢɤɚɰɢɢ 
(ɍȾɄ). ȼ ɰɟɧɬɪɟ ɫɥɟɞɭɸɳɟɣ ɫɬɪɨɤɢ – ɢɧɢɰɢɚɥɵ ɢ ɮɚɦɢɥɢɹ ɚɜɬɨɪɚ (-ɨɜ). ɇɢɠɟ 
ɩɪɢɜɨɞɢɬɫɹ ɧɚɡɜɚɧɢɟ ɫɬɚɬɶɢ, ɡɚɬɟɦ ɭɤɚɡɵɜɚɟɬɫɹ ɧɚɡɜɚɧɢɟ ɨɪɝɚɧɢɡɚɰɢɢ. ɇɢɠɟ – 
ɤɪɚɬɤɚɹ ɚɧɧɨɬɚɰɢɹ (ɧɚ ɹɡɵɤɟ, ɧɚ ɤɨɬɨɪɨɦ ɧɚɩɢɫɚɧɚ ɫɬɚɬɶɹ) ɫ ɭɤɚɡɚɧɢɟɦ 
ɤɨɧɤɪɟɬɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɛɨɬɵ ɢ ɜɵɬɟɤɚɸɳɢɯ ɢɡ ɧɢɯ ɜɵɜɨɞɨɜ, ɚ ɬɚɤɠɟ  
ɤɥɸɱɟɜɵɟ ɫɥɨɜɚ, ɧɚɢɛɨɥɟɟ ɩɨɥɧɨ ɨɬɪɚɠɚɸɳɢɟ ɨɛɥɚɫɬɶ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ 
ɩɨɥɭɱɟɧɧɵɟ ɜ ɪɚɛɨɬɟ ɪɟɡɭɥɶɬɚɬɵ (ɞɨ 10 ɫɥɨɜ)  ɱɟɪɟɡ ɬɢɪɟ ɢ ɚɞɪɟɫ ɞɥɹ 
ɤɨɪɪɟɫɩɨɧɞɟɧɰɢɢ (ɩɨɱɬɨɜɵɣ ɢ ɷɥɟɤɬɪɨɧɧɵɣ). Ⱦɚɥɟɟ ɱɟɪɟɡ ɫɬɪɨɤɭ ɫɥɟɞɭɟɬ 
ɨɫɧɨɜɧɨɣ ɬɟɤɫɬ. ɋɪɚɡɭ ɩɨɫɥɟ ɬɟɤɫɬɚ ɫɬɚɬɶɢ ɩɪɢɜɨɞɢɬɫɹ ɫɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ (ɧɟ 
ɛɨɥɟɟ 10 ɧɚɡɜɚɧɢɣ) ɩɨɞ ɡɚɝɨɥɨɜɤɨɦ «Ʌɢɬɟɪɚɬɭɪɚ» ɜ ɩɨɪɹɞɤɟ ɭɩɨɦɢɧɚɧɢɹ, 
ɬɟɤɫɬɵ ɚɧɧɨɬɚɰɢɣ ɢ ɤɥɸɱɟɜɵɟ ɫɥɨɜɚ (ɧɚɩɪɢɦɟɪ, ɧɚ ɬɚɞɠɢɤɫɤɨɦ ɢ ɚɧɝɥɢɣɫɤɨɦ 
ɹɡɵɤɚɯ, ɟɫɥɢ ɫɬɚɬɶɹ ɧɚɩɢɫɚɧɚ ɧɚ ɪɭɫɫɤɨɦ ɹɡɵɤɟ). ɋɫɵɥɤɢ ɧɚ ɰɢɬɢɪɭɟɦɭɸ 
ɥɢɬɟɪɚɬɭɪɭ ɞɚɸɬɫɹ ɜ ɤɜɚɞɪɚɬɧɵɯ ɫɤɨɛɤɚɯ, ɧɚɩɪɢɦɟɪ Д1Ж.  
 ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ ɨɮɨɪɦɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ: ɞɥɹ ɤɧɢɝ – 
ɮɚɦɢɥɢɹ ɢ ɢɧɢɰɢɚɥɵ ɚɜɬɨɪɚ (-ɨɜ), ɩɨɥɧɨɟ ɧɚɡɜɚɧɢɟ ɤɧɢɝɢ, ɦɟɫɬɨ ɢɡɞɚɧɢɹ, 
ɢɡɞɚɬɟɥɶɫɬɜɨ, ɝɨɞ ɢɡɞɚɧɢɹ, ɬɨɦ ɢɥɢ ɜɵɩɭɫɤ, ɨɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɫɬɪɚɧɢɰ. Ⱦɥɹ 
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ɩɟɪɢɨɞɢɱɟɫɤɢɯ ɢɡɞɚɧɢɣ – ɮɚɦɢɥɢɹ ɢ ɢɧɢɰɢɚɥɵ ɚɜɬɨɪɚ (-ɨɜ), ɧɚɡɜɚɧɢɟ ɫɬɚɬɶɢ, 
ɝɨɞ ɢɡɞɚɧɢɹ, ɬɨɦ, ɧɨɦɟɪ, ɩɟɪɜɚɹ ɢ ɩɨɫɥɟɞɧɹɹ ɫɬɪɚɧɢɰɵ ɫɬɚɬɶɢ. 

Ɏɨɪɦɭɥɵ ɢ ɫɢɦɜɨɥɵ ɞɨɥɠɧɵ ɛɵɬɶ ɧɚɩɟɱɚɬɚɧɵ ɧɚ ɤɨɦɩɶɸɬɟɪɟ ɜ ɨɞɧɨɦ 
ɫɬɢɥɟ. ɇɚɩɢɫɚɧɢɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɮɨɪɦɭɥ ɜ ɜɢɞɟ ɪɢɫɭɧɤɨɜ ɧɟ ɞɨɩɭɫɤɚɟɬɫɹ. 
ɋɥɟɞɭɟɬ ɢɡɛɟɝɚɬɶ ɝɪɨɦɨɡɞɤɢɯ ɨɛɨɡɧɚɱɟɧɢɣ. Ɂɚɧɭɦɟɪɨɜɚɧɧɵɟ ɮɨɪɦɭɥɵ ɩɢɲɭɬɫɹ 
ɫ ɤɪɚɫɧɨɣ ɫɬɪɨɤɢ, ɧɨɦɟɪ ɮɨɪɦɭɥɵ ɜ ɤɪɭɝɥɵɯ ɫɤɨɛɤɚɯ ɫɬɚɜɢɬɫɹ ɭ ɩɪɚɜɨɝɨ ɤɪɚɹ. 
ɇɭɦɟɪɭɸɬɫɹ ɥɢɲɶ ɬɟ ɮɨɪɦɭɥɵ, ɧɚ ɤɨɬɨɪɵɟ ɢɦɟɸɬɫɹ ɫɫɵɥɤɢ. 

ɋɨɤɪɚɳɟɧɢɹ ɞɨɥɠɧɵ ɛɵɬɶ ɪɚɫɲɢɮɪɨɜɚɧɵ, ɡɚ ɢɫɤɥɸɱɟɧɢɟɦ 
ɨɛɳɟɩɪɢɧɹɬɵɯ.  

ȼ ɞɟɫɹɬɢɱɧɵɯ ɞɪɨɛɹɯ ɩɨɫɥɟ ɰɟɥɨɣ ɱɚɫɬɢ ɱɢɫɥɚ ɫɬɚɜɢɬɫɹ ɬɨɱɤɚ. 
ɉɪɢ ɭɩɨɦɢɧɚɧɢɢ ɜ ɬɟɤɫɬɟ ɢɧɨɫɬɪɚɧɧɵɯ ɮɚɦɢɥɢɣ ɜ ɫɤɨɛɤɚɯ ɧɟɨɛɯɨɞɢɦɨ 

ɞɚɜɚɬɶ ɢɯ ɨɪɢɝɢɧɚɥɶɧɨɟ ɧɚɩɢɫɚɧɢɟ. 
ɉɟɪɜɨɟ ɭɩɨɦɢɧɚɧɢɟ ɜ ɫɬɚɬɶɟ ɧɚɡɜɚɧɢɹ ɜɢɞɚ ɠɢɜɨɬɧɨɝɨ ɢɥɢ ɪɚɫɬɟɧɢɹ 

ɩɪɢɜɨɞɢɬɫɹ ɩɨ-ɪɭɫɫɤɢ ɢ ɩɨ ɥɚɬɵɧɢ. 
ȼ ɬɟɤɫɬɟ ɧɟɨɛɯɨɞɢɦɨ ɞɚɬɶ ɫɫɵɥɤɢ ɧɚ ɜɫɟ ɩɪɢɜɨɞɢɦɵɟ ɬɚɛɥɢɰɵ, ɪɢɫɭɧɤɢ ɢ 

ɮɨɬɨɝɪɚɮɢɢ. 
ɇɚɭɱɧɵɟ ɫɬɚɬɶɢ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ ɪɟɞɚɤɰɢɸ ɠɭɪɧɚɥɚ, ɞɨɥɠɧɵ ɢɦɟɬɶ 

ɧɚɩɪɚɜɥɟɧɢɟ ɭɱɪɟɠɞɟɧɢɹ, ɜ ɤɨɬɨɪɨɦ ɜɵɩɨɥɧɹɥɚɫɶ ɞɚɧɧɚɹ ɪɚɛɨɬɚ, ɢ ɷɤɫɩɟɪɬɧɨɟ 
ɡɚɤɥɸɱɟɧɢɟ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɨɩɭɛɥɢɤɨɜɚɧɢɹ. ɉɪɢ ɜɵɩɨɥɧɟɧɢɢ ɪɚɛɨɬɵ ɜ 
ɧɟɫɤɨɥɶɤɢɯ ɭɱɪɟɠɞɟɧɢɹɯ ɩɪɟɞɫɬɚɜɥɹɸɬɫɹ ɧɚɩɪɚɜɥɟɧɢɹ ɢɡ ɤɚɠɞɨɝɨ ɭɱɪɟɠɞɟɧɢɹ. 
Ʉ ɫɬɚɬɶɟ ɞɨɥɠɧɚ ɛɵɬɶ ɩɪɢɥɨɠɟɧɚ ɡɚɜɟɪɟɧɧɚɹ ɪɟɰɟɧɡɢɹ ɫɩɟɰɢɚɥɢɫɬɚ. 

 Ɋɟɞɤɨɥɥɟɝɢɹ ɨɫɬɚɜɥɹɟɬ ɡɚ ɫɨɛɨɣ ɩɪɚɜɨ ɩɪɨɢɡɜɨɞɢɬɶ ɫɨɤɪɚɳɟɧɢɹ ɢ 
ɪɟɞɚɤɰɢɨɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɫɬɚɬɶɢ. ɋɬɚɬɶɢ, ɧɟ ɨɬɜɟɱɚɸɳɢɟ ɧɚɫɬɨɹɳɢɦ ɩɪɚɜɢɥɚɦ, 
ɪɟɞɤɨɥɥɟɝɢɟɣ ɧɟ ɩɪɢɧɢɦɚɸɬɫɹ.   

ɉɈɊəȾɈɄ ɊȿɐȿɇɁɂɊɈȼȺɇɂə ɇȺɍɑɇɕɏ ɋɌȺɌȿɃ, 
ɉɊȿȾɋɌȺȼɅəȿɆɕɏ ȼ ɀɍɊɇȺɅ «ȼȿɋɌɇɂɄ ɎɂɅɂȺɅȺ 

ɆɈɋɄɈȼɋɄɈȽɈ ȽɈɋɍȾȺɊɋɌȼȿɇɇɈȽɈ ɍɇɂȼȿɊɋɂɌȿɌȺ ɂɆȿɇɂ 
Ɇ.ȼ. ɅɈɆɈɇɈɋɈȼȺ ȼ ȽɈɊɈȾȿ ȾɍɒȺɇȻȿ»  

ɋɬɚɬɶɢ, ɩɨɫɬɭɩɚɸɳɢɟ ɜ ɪɟɞɚɤɰɢɸ, ɩɪɨɯɨɞɹɬ ɩɪɟɞɜɚɪɢɬɟɥɶɧɭɸ ɷɤɫɩɟɪɬɢɡɭ 
(ɩɪɨɜɨɞɢɬɫɹ ɱɥɟɧɚɦɢ ɪɟɞɤɨɥɥɟɝɢɢ – ɫɩɟɰɢɚɥɢɫɬɚɦɢ ɩɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ 
ɨɬɪɚɫɥɢ ɧɚɭɤɢ) ɢ ɩɪɢɧɢɦɚɸɬɫɹ ɜ ɭɫɬɚɧɨɜɥɟɧɧɨɦ ɩɨɪɹɞɤɟ. Ɍɪɟɛɨɜɚɧɢɹ ɤ 
ɨɮɨɪɦɥɟɧɢɸ ɨɪɢɝɢɧɚɥɚ ɫɬɚɬɟɣ ɩɪɢɜɨɞɹɬɫɹ ɜ ɤɚɠɞɨɦ ɧɨɦɟɪɟ ɠɭɪɧɚɥɚ.  

ȿɫɥɢ ɪɭɤɨɩɢɫɶ ɩɪɢɧɹɬɚ, ɬɨ ɪɟɞɚɤɰɢɹ ɫɨɨɛɳɚɟɬ ɚɜɬɨɪɭ ɡɚɦɟɱɚɧɢɹ ɩɨ 
ɫɨɞɟɪɠɚɧɢɸ ɢ ɨɮɨɪɦɥɟɧɢɸ ɫɬɚɬɶɢ, ɤɨɬɨɪɵɟ ɧɟɨɛɯɨɞɢɦɨ ɭɫɬɪɚɧɢɬɶ ɞɨ ɩɟɪɟɞɚɱɢ 
ɬɟɤɫɬɚ ɧɚ ɪɟɰɟɧɡɢɪɨɜɚɧɢɟ.  
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 Ɂɚɬɟɦ ɫɬɚɬɶɢ ɪɟɰɟɧɡɢɪɭɸɬɫɹ ɜ ɨɛɹɡɚɬɟɥɶɧɨɦ ɩɨɪɹɞɤɟ ɱɥɟɧɚɦɢ 
ɪɟɞɤɨɥɥɟɝɢɢ ɠɭɪɧɚɥɚ ɢɥɢ ɷɤɫɩɟɪɬɚɦɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɫɩɟɰɢɚɥɶɧɨɫɬɢ 
(ɤɚɧɞɢɞɚɬɚɦɢ ɢ ɞɨɤɬɨɪɚɦɢ ɧɚɭɤ).  
 Ɋɟɰɟɧɡɢɹ ɞɨɥɠɧɚ ɫɨɞɟɪɠɚɬɶ ɨɛɨɫɧɨɜɚɧɧɨɟ ɩɟɪɟɱɢɫɥɟɧɢɟ ɤɚɱɟɫɬɜ ɫɬɚɬɶɢ, ɜ 
ɬɨɦ ɱɢɫɥɟ ɧɚɭɱɧɭɸ ɧɨɜɢɡɧɭ ɩɪɨɛɥɟɦɵ, ɟё ɚɤɬɭɚɥɶɧɨɫɬɶ, ɮɚɤɬɨɥɨɝɢɱɟɫɤɭɸ ɢ 
ɢɫɬɨɪɢɱɟɫɤɭɸ ɰɟɧɧɨɫɬɶ, ɬɨɱɧɨɫɬɶ ɰɢɬɢɪɨɜɚɧɢɹ, ɫɬɢɥɶ ɢɡɥɨɠɟɧɢɹ, 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɫɨɜɪɟɦɟɧɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, ɚ ɬɚɤɠɟ ɦɨɬɢɜɢɪɨɜɚɧɧɨɟ 
ɩɟɪɟɱɢɫɥɟɧɢɟ ɟё ɧɟɞɨɫɬɚɬɤɨɜ. ȼ ɡɚɤɥɸɱɟɧɢɢ ɞɚɟɬɫɹ ɨɛɳɚɹ ɨɰɟɧɤɚ ɫɬɚɬɶɢ ɢ 
ɪɟɤɨɦɟɧɞɚɰɢɢ ɞɥɹ ɪɟɞɤɨɥɥɟɝɢɢ – ɨɩɭɛɥɢɤɨɜɚɬɶ ɫɬɚɬɶɸ, ɨɩɭɛɥɢɤɨɜɚɬɶ ɟё ɩɨɫɥɟ 
ɞɨɪɚɛɨɬɤɢ, ɧɚɩɪɚɜɢɬɶ ɧɚ ɞɨɩɨɥɧɢɬɟɥɶɧɭɸ ɪɟɰɟɧɡɢɸ ɫɩɟɰɢɚɥɢɫɬɭ ɩɨ 
ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɟɦɚɬɢɤɟ ɢɥɢ ɨɬɤɥɨɧɢɬɶ. Ɉɛɴɟɦ ɪɟɰɟɧɡɢɢ - ɧɟ ɦɟɧɟɟ ɨɞɧɨɣ 
ɫɬɪɚɧɢɰɵ ɬɟɤɫɬɚ. ɋɬɚɬɶɹ, ɩɪɢɧɹɬɚɹ ɤ ɩɭɛɥɢɤɚɰɢɢ, ɧɨ ɧɭɠɞɚɸɳɚɹɫɹ ɜ ɞɨɪɚɛɨɬɤɟ, 
ɧɚɩɪɚɜɥɹɟɬɫɹ ɚɜɬɨɪɚɦ ɫ ɡɚɦɟɱɚɧɢɹɦɢ ɪɟɰɟɧɡɟɧɬɚ ɢ ɪɟɞɚɤɬɨɪɚ. Ⱥɜɬɨɪɵ ɞɨɥɠɧɵ 
ɜɧɟɫɬɢ ɜɫɟ ɧɟɨɛɯɨɞɢɦɵɟ ɢɫɩɪɚɜɥɟɧɢɹ ɜ ɨɤɨɧɱɚɬɟɥɶɧɵɣ ɜɚɪɢɚɧɬ ɪɭɤɨɩɢɫɢ ɢ 
ɜɟɪɧɭɬɶ ɜ ɪɟɞɚɤɰɢɸ ɢɫɩɪɚɜɥɟɧɧɵɣ ɬɟɤɫɬ, ɚ ɬɚɤɠɟ ɟɝɨ ɢɞɟɧɬɢɱɧɵɣ ɷɥɟɤɬɪɨɧɧɵɣ 
ɜɚɪɢɚɧɬ ɜɦɟɫɬɟ ɫ ɩɟɪɜɨɧɚɱɚɥɶɧɵɦ ɜɚɪɢɚɧɬɨɦ ɪɭɤɨɩɢɫɢ. ɉɨɫɥɟ ɞɨɪɚɛɨɬɤɢ ɫɬɚɬɶɹ 
ɩɨɜɬɨɪɧɨ ɪɟɰɟɧɡɢɪɭɟɬɫɹ, ɢ ɪɟɞɤɨɥɥɟɝɢɹ ɩɪɢɧɢɦɚɟɬ ɪɟɲɟɧɢɟ ɨ ɟɟ ɩɭɛɥɢɤɚɰɢɢ. 
ɋɬɚɬɶɹ ɫɱɢɬɚɟɬɫɹ ɩɪɢɧɹɬɨɣ ɤ ɩɭɛɥɢɤɚɰɢɢ ɩɪɢ ɧɚɥɢɱɢɢ ɩɨɥɨɠɢɬɟɥɶɧɨɣ 
ɪɟɰɟɧɡɢɢ ɢ ɟɫɥɢ ɟё ɩɨɞɞɟɪɠɚɥɢ ɱɥɟɧɵ ɪɟɞɤɨɥɥɟɝɢɢ. ɉɨɪɹɞɨɤ ɢ ɨɱɟɪɟɞɧɨɫɬɶ 
ɩɭɛɥɢɤɚɰɢɢ ɫɬɚɬɶɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɚɬɵ ɩɨɫɬɭɩɥɟɧɢɹ ɟё 
ɨɤɨɧɱɚɬɟɥɶɧɨɝɨ ɜɚɪɢɚɧɬɚ. Ɋɟɰɟɧɡɢɪɨɜɚɧɢɟ ɪɭɤɨɩɢɫɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɤɨɧɮɢɞɟɧɰɢɚɥɶɧɨ. Ɋɚɡɝɥɚɲɟɧɢɟ ɤɨɧɮɢɞɟɧɰɢɚɥɶɧɵɯ ɞɟɬɚɥɟɣ ɪɟɰɟɧɡɢɪɨɜɚɧɢɹ 
ɪɭɤɨɩɢɫɢ ɧɚɪɭɲɚɟɬ ɩɪɚɜɚ ɚɜɬɨɪɚ. Ɋɟɰɟɧɡɟɧɬɚɦ ɧɟ ɪɚɡɪɟɲɚɟɬɫɹ ɫɧɢɦɚɬɶ ɤɨɩɢɢ 
ɫɬɚɬɟɣ ɞɥɹ ɫɜɨɢɯ ɧɭɠɞ. Ɋɟɰɟɧɡɟɧɬɵ, ɚ ɬɚɤɠɟ ɱɥɟɧɵ ɪɟɞɤɨɥɥɟɝɢɢ ɧɟ ɢɦɟɸɬ ɩɪɚɜɚ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɜ ɫɨɛɫɬɜɟɧɧɵɯ ɢɧɬɟɪɟɫɚɯ ɢɧɮɨɪɦɚɰɢɸ, ɫɨɞɟɪɠɚɳɭɸɫɹ ɜ 
ɪɭɤɨɩɢɫɢ, ɞɨ ɟё ɨɩɭɛɥɢɤɨɜɚɧɢɹ.  
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