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Ɉɩɬɢɦɢɡɚɰɢɹ ɧɟɣɬɪɨɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɚɤɬɢɜɧɨɣ ɡɨɧɵ ȼȼɗɊ-1β00 ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɤɨɞɚ АIMS-ANLS 

 ɘɣɛɢɧɶ ɋɸɣ 87 

 

ɍɫɬɚɧɨɜɤɚ ɮɪɚɝɦɟɧɬɚɰɢɢ ɞɥɢɧɧɨɦɟɪɧɵɯ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɨɬɯɨɞɨɜ ɧɚ ɛɥɨɤɚɯ 
ɩɟɪɜɨɣ ɨɱɟɪɟɞɢ Ȼɟɥɨɹɪɫɤɨɣ Ⱥɗɋ 
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ȼɚɪɢɚɧɬɵ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɫɯɟɦ ɡɚɯɜɚɬɨɜ ɞɥɹ ɩɨɞɴɟɦɚ ɭɩɚɜɲɢɯ ɪɚɫɩɨɥɨɠɟɧɧɵɯ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨ ɤɚɫɫɟɬ ɜ ɪɟɚɤɬɨɪɟ ɬɢɩɚ ȼȼɗɊ 
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ȼ ɫɬɚɬɶɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɪɚɫɫɦɨɬɪɟɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɨɜɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɞɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɴɟɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɢ ȺɆȺȾ α-ɚɤɬɢɜɧɵɯ ɪɚɞɢɨɧɭɤɥɢɞɨɜ. ɉɪɟɞɥɚɝɚɟɬɫɹ 
ɩɪɨɜɟɫɬɢ ɨɰɟɧɤɭ ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɯ ɢ ɪɚɞɢɨɦɟɬɪɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ α-ɢɡɥɭɱɚɸɳɢɯ 
ɪɚɞɢɨɧɭɤɥɢɞɨɜ ɩɥɭɬɨɧɢɹ ɢ ɨɩɪɟɞɟɥɢɬɶ ɢɯ ɜɥɢɹɧɢɟ ɧɚ ɜɟɥɢɱɢɧɭ ȺɆȺȾ. ɋɪɚɜɧɢɬɶ ɪɚɫɱɟɬɧɵɟ 
ɡɧɚɱɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɢɡɨɬɨɩɨɜ ɩɥɭɬɨɧɢɹ ɜ ɫɩɟɰɢɚɥɶɧɵɯ ɚɷɪɨɡɨɥɶɧɵɯ ɢɫɬɨɱɧɢɤɚɯ, 
ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɢ ɭɫɬɚɧɨɜɨɤ ɆɄɋ-01Ⱥ, ɍɆɎ-2000. 

Ɉɰɟɧɢɬɶ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɨɲɢɛɤɭ ɨɩɪɟɞɟɥɟɧɢɹ ȺɆȺȾ ɫ ɩɨɦɨɳɶɸ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ 
ɭɫɬɚɧɨɜɤɢ.  
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ɨɫɚɠɞɟɧɢɹ, ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɣ ɞɢɚɦɟɬɪ, ȺɆȺȾ, ɨɛɴɟɦɧɚɹ ɚɤɬɢɜɧɨɫɬɶ, ɆɄɋ-01Ⱥ, ɍɆɎ-

2000, α-ɢɡɥɭɱɟɧɢɹ. 
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ȼȼȿȾȿɇɂȿ 

 

Ɋɚɞɢɚɰɢɨɧɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ α-ɚɤɬɢɜɧɵɯ ɪɚɞɢɨɧɭɤɥɢɞɨɜ ɧɚ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ 
ɪɟɚɥɢɡɭɟɬɫɹ ɜ ɨɫɧɨɜɧɨɦ ɱɟɪɟɡ ɞɨɡɭ ɜɧɭɬɪɟɧɧɟɝɨ ɨɛɥɭɱɟɧɢɹ. ȼɧɟɲɧɟɟ ɨɛɥɭɱɟɧɢɟ ɨɬ 

α-ɚɤɬɢɜɧɵɯ ɪɚɞɢɨɧɭɤɥɢɞɨɜ ɧɟɡɧɚɱɢɬɟɥɶɧɨ ɢɡ-ɡɚ ɞɜɭɯ ɨɫɧɨɜɧɵɯ ɩɪɢɱɢɧ. ɉɟɪɜɨɟ – 

ɩɪɨɛɟɝ  α-ɱɚɫɬɢɰ ɜ ɜɨɡɞɭɯɟ, ɤɨɬɨɪɵɣ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɛɨɥɟɟ 10 ɫɦ, ɜɬɨɪɨɟ – ɩɪɨɛɟɝ ɱɚɫɬɢɰ 
ɜ ɛɢɨɥɨɝɢɱɟɫɤɢɯ ɬɤɚɧɹɯ (ɤɨɠɟ) ɧɟ ɛɨɥɟɟ 100 ɦɤɦ. ɉɨɷɬɨɦɭ ɧɚɢɛɨɥɶɲɭɸ ɪɚɞɢɚɰɢɨɧɧɭɸ 
ɨɩɚɫɧɨɫɬɶ ɞɥɹ ɡɞɨɪɨɜɶɹ ɱɟɥɨɜɟɤɚ ɩɪɟɞɫɬɚɜɥɹɸɬ ɪɚɞɢɨɚɤɬɢɜɧɵɟ ɚɷɪɨɡɨɥɶɧɵɟ ɱɚɫɬɢɰɵ 
ɫɨɞɟɪɠɚɳɢɟ α-ɚɤɬɢɜɧɵɟ ɪɚɞɢɨɧɭɤɥɢɞɵ ɩɨɫɬɭɩɚɸɳɢɟ ɜɧɭɬɪɶ ɨɪɝɚɧɢɡɦɚ ɱɟɪɟɡ ɨɪɝɚɧɵ 
ɞɵɯɚɧɢɹ, ɤɨɬɨɪɵɟ ɜ ɩɨɫɥɟɞɫɬɜɢɢ ɦɨɝɭɬ ɛɵɬɶ ɩɪɢɱɢɧɨɣ ɨɫɬɪɵɯ ɢ ɯɪɨɧɢɱɟɫɤɢɯ 
ɡɚɛɨɥɟɜɚɧɢɣ. 

Ɉɰɟɧɢɬɶ ɞɨɡɭ ɜɧɭɬɪɟɧɧɟɝɨ ɨɛɥɭɱɟɧɢɹ ɱɟɥɨɜɟɤɚ α-ɚɤɬɢɜɧɵɦɢ ɪɚɞɢɨɧɭɤɥɢɞɚɦɢ 
ɦɨɠɧɨ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɇɨɪɦɚɦɢ Ɋɚɞɢɚɰɢɨɧɧɨɣ Ȼɟɡɨɩɚɫɧɨɫɬɢ (ɇɊȻ-99/β009) Д1Ж ɢɥɢ ɧɚ 
ɨɫɧɨɜɟ Ɇɟɠɞɭɧɚɪɨɞɧɵɯ ɋɬɚɧɞɚɪɬɨɜ Ȼɟɡɨɩɚɫɧɨɫɬɢ ɆȺȽȺɌɗ (BSS) ДβЖ. Ⱦɥɹ ɪɚɫɱɟɬɚ 
ɞɨɡɵ ɜɧɭɬɪɟɧɧɟɝɨ ɨɛɥɭɱɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɨɩɪɟɞɟɥɢɬɶ ɜɟɥɢɱɢɧɭ ɨɛɴɟɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ 

α-ɚɤɬɢɜɧɵɯ ɪɚɞɢɨɧɭɤɥɢɞɨɜ ɜ ɜɨɡɞɭɯɟ, ɭɦɧɨɠɢɬɶ ɟɺ ɧɚ ɨɛɴɟɦ ɜɞɵɯɚɟɦɨɝɨ ɜɨɡɞɭɯɚ ɢ ɧɚ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɪɚɞɢɨɧɭɤɥɢɞɭ ɞɨɡɨɜɵɣ ɤɨɷɮɮɢɰɢɟɧɬ Д1Ж, ɤɨɬɨɪɵɣ ɡɚɜɢɫɢɬ, ɜ ɬɨɦ 
ɱɢɫɥɟ ɢ ɨɬ ɚɤɬɢɜɧɨɝɨ ɦɟɞɢɚɧɧɨɝɨ ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɨɝɨ ɞɢɚɦɟɬɪɚ (ȺɆȺȾ). 

Ɉɛɴɟɦɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɪɚɞɢɨɧɭɤɥɢɞɨɜ ɜɨ ɜɞɵɯɚɟɦɨɦ ɜɨɡɞɭɯɟ ɨɰɟɧɢɜɚɸɬ ɧɚ 
ɨɫɧɨɜɟ ɪɟɝɭɥɹɪɧɵɯ ɢɡɦɟɪɟɧɢɣ ɚɤɬɢɜɧɨɫɬɢ ɪɚɞɢɨɧɭɤɥɢɞɨɜ, ɧɚɯɨɞɹɳɢɯɫɹ ɜ ɜɨɡɞɭɯɟ 
ɪɚɛɨɱɟɣ ɡɨɧɵ (ɞɥɹ ɩɟɪɫɨɧɚɥɚ) ɢɥɢ ɜ ɜɨɡɞɭɯɟ ɧɚɫɟɥɟɧɧɵɯ ɩɭɧɤɬɨɜ (ɞɥɹ ɧɚɫɟɥɟɧɢɹ). Ⱦɥɹ 
ɷɬɨɝɨ ɢɫɩɨɥɶɡɭɸɬ ɩɪɨɛɨɨɬɛɨɪɧɵɟ ɭɫɬɚɧɨɜɤɢ ɢ ɦɟɬɨɞɢɤɢ ɜɵɩɨɥɧɟɧɢɹ ɢɡɦɟɪɟɧɢɣ 
ɨɛɴɟɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ (ɈȺ)Дγ,4Ж. Ɇɟɬɨɞɵ ɨɩɪɟɞɟɥɟɧɢɹ ɈȺ ɪɚɞɢɨɧɭɤɥɢɞɨɜ ɜ ɜɨɡɞɭɯɟ 
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ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 1(β6) 2018 

ɨɫɧɨɜɚɧɵ ɧɚ ɨɬɛɨɪɟ ɩɪɨɛɵ ɜɨɡɞɭɯɚ ɫɨɞɟɪɠɚɳɟɝɨ ɪɚɞɢɨɚɤɬɢɜɧɵɟ ɚɷɪɨɡɨɥɶɧɵɟ ɱɚɫɬɢɰɵ 
ɧɚ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɚɷɪɨɡɨɥɶɧɵɟ ɮɢɥɶɬɪɵ ɢɥɢ ɤɚɫɤɚɞɚɯ ɢɦɩɚɤɬɨɪɚ ɫ ɩɨɫɥɟɞɭɸɳɢɦ 
ɪɚɞɢɨɦɟɬɪɢɱɟɫɤɢɦ, ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɦ ɢɥɢ ɢɧɵɦ ɢɡɦɟɪɟɧɢɟɦ ɚɤɬɢɜɧɨɫɬɢ 
ɤɨɧɬɪɨɥɢɪɭɟɦɨɝɨ ɪɚɞɢɨɧɭɤɥɢɞɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɮɢɥɶɬɪɚɯ ɢɥɢ ɤɨɥɥɟɤɬɨɪɧɵɯ 
ɩɥɚɫɬɢɧɚɯ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ȺɆȺȾ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɚɷɪɨɡɨɥɟɣ ɢɫɩɨɥɶɡɭɸɬ ɢɥɢ  ɦɟɬɨɞ 
ɦɧɨɝɨɫɥɨɣɧɵɯ ɮɢɥɶɬɪɨɜ (ɆɆɎ) Д5Ж, ɢɥɢ ɤɚɫɤɚɞɧɵɟ ɢɦɩɚɤɬɨɪɵ Д6Ж.  Ⱥɷɪɨɡɨɥɶɧɵɟ 
ɱɚɫɬɢɰɵ ɩɪɨɯɨɞɹɬ ɱɟɪɟɡ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɭɫɬɚɧɨɜɥɟɧɧɵɟ ɪɚɡɞɟɥɢɬɟɥɢ ɫɩɟɤɬɪɚ ɩɨ 
ɪɚɡɦɟɪɚɦ, ɞɥɹ ɆɆɎ ɷɬɨ ɮɢɥɶɬɪɵ, ɞɥɹ ɢɦɩɚɤɬɨɪɚ – ɤɚɫɤɚɞɵ. Ɍɚɤɢɟ ɭɫɬɪɨɣɫɬɜ ɢ ɦɟɬɨɞɵ 
ɪɚɫɱɺɬɚ ȺɆȺȾ ɢɫɩɨɥɶɡɭɸɬɫɹ ɜ Ɋɨɫɫɢɢ ɜ ɚɬɨɦɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɢ ɛɵɥɢ ɭɬɜɟɪɠɞɟɧɵ 
ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ Ɇɟɬɨɞɢɱɟɫɤɢɯ ɭɤɚɡɚɧɢɹɯ Д7Ж. 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɦɟɬɨɞɢɤɚɦɢ ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɴɟɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɢ ȺɆȺȾ 
ɨɬɞɟɥɶɧɵɯ ɪɚɞɢɨɧɭɤɥɢɞɨɜ ɬɪɟɛɭɟɬɫɹ ɩɪɨɜɟɞɟɧɢɟ ɪɚɞɢɨɦɟɬɪɢɱɟɫɤɢɯ ɢɥɢ 
ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɯ ɢɡɦɟɪɟɧɢɣ ɚɤɬɢɜɧɨɫɬɢ. Ⱦɥɹ ɷɬɨɝɨ ɪɚɡɛɢɪɚɸɬ ɩɪɨɛɨɨɬɛɨɪɧɵɟ 
ɭɫɬɪɨɣɫɬɜɚ ɢ ɢɡɜɥɟɤɚɸɬ ɮɢɥɶɬɪɵ ɢɥɢ ɤɨɥɥɟɤɬɨɪɧɵɟ ɩɥɚɫɬɢɧɵ ɢ ɜ ɥɚɛɨɪɚɬɨɪɧɵɯ 
ɭɫɥɨɜɢɹɯ ɩɪɨɜɨɞɹɬ ɢɡɦɟɪɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɧɚ ɪɚɞɢɨɦɟɬɪɟ ɢɥɢ ɫɩɟɤɬɪɨɦɟɬɪɟ. 

ȼ ɫɬɚɬɶɟ ɩɪɟɞɥɚɝɚɟɬɫɹ ɪɚɫɫɦɨɬɪɟɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɧɨɜɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ 
ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɨɛɴɟɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɢ ȺɆȺȾ α-ɚɤɬɢɜɧɵɯ ɪɚɞɢɨɧɭɤɥɢɞɨɜ. 
ɉɪɟɞɥɚɝɚɟɬɫɹ ɩɪɨɜɟɫɬɢ ɨɰɟɧɤɭ ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɯ ɢ ɪɚɞɢɨɦɟɬɪɢɱɟɫɤɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
α-ɢɡɥɭɱɚɸɳɢɯ ɪɚɞɢɨɧɭɤɥɢɞɨɜ ɩɥɭɬɨɧɢɹ ɢ ɨɩɪɟɞɟɥɢɬɶ ɢɯ ɜɥɢɹɧɢɟ ɧɚ ɜɟɥɢɱɢɧɭ ȺɆȺȾ . 
ɋɪɚɜɧɢɬɶ ɪɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɢɡɨɬɨɩɨɜ ɩɥɭɬɨɧɢɹ ɜ ɫɩɟɰɢɚɥɶɧɵɯ 
ɚɷɪɨɡɨɥɶɧɵɯ ɢɫɬɨɱɧɢɤɚɯ, ɩɨɥɭɱɟɧɧɵɟ ɫ ɩɨɦɨɳɶɸ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɢ 
ɭɫɬɚɧɨɜɨɤ ɆɄɋ-01Ⱥ, ɍɆɎ-β000. Ɉɰɟɧɢɬɶ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɨɲɢɛɤɭ ɨɩɪɟɞɟɥɟɧɢɹ ȺɆȺȾ 
ɫ ɩɨɦɨɳɶɸ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ.  
 

ɆȿɌɈȾɕ ɂ ɍɋɌɊɈɃɋɌȼȺ 

 

ȼ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɢɫɩɨɥɶɡɨɜɚɥɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɭɸ ɭɫɬɚɧɨɜɤɭ, ɫɨɫɬɨɹɳɭɸ ɢɡ: 
ɪɚɡɞɟɥɢɬɟɥɶɧɨɣ ɱɚɫɬɢ (1), ɤɚɦɟɪɵ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ (β), ɮɢɥɶɬɪɚ (γ), ɪɨɬɚɦɟɬɪɚ (4) ɢ 
ɧɚɫɨɫɚ, ɫɨɟɞɢɧɟɧɧɵɯ ɫɢɫɬɟɦɨɣ ɬɪɭɛɨɩɪɨɜɨɞɨɜ (ɪɢɫ. 1). 

 

 
 

Ɋɢɫ. 1. – ɋɯɟɦɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ [Experimental installation configuration] 

  



 ɈɐȿɇɄȺ ɋɉȿɄɌɊɈɆȿɌɊɂɑȿɋɄɂɏ ɂ ɊȺȾɂɈɆȿɌɊɂɑȿɋɄɂɏ ɏȺɊȺɄɌȿɊɂɋɌɂɄ 9 

 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 1(β6) 2018 

Ɉɫɧɨɜɧɨɣ ɩɪɨɰɟɫɫ ɪɚɡɞɟɥɟɧɢɟ ɚɷɪɨɡɨɥɶɧɵɯ ɱɚɫɬɢɰ ɧɚ ɮɪɚɤɰɢɢ ɩɪɨɢɫɯɨɞɢɬ ɜ 
ɪɚɡɞɟɥɢɬɟɥɶɧɨɣ ɱɚɫɬɢ (1) ɫ ɩɨɦɨɳɶɸ ɢɧɟɪɰɢɨɧɧɨɝɨ ɪɚɡɞɟɥɢɬɟɥɹ. ȼ ɤɚɱɟɫɬɜɟ 
ɪɚɡɞɟɥɢɬɟɥɹ ɢɫɩɨɥɶɡɭɟɬɫɹ ɤɚɫɤɚɞ ɢɦɩɚɤɬɨɪɚ Ⱥɂɉ-β Д8Ж. ɑɚɫɬɶ ɚɷɪɨɡɨɥɶɧɵɯ ɱɚɫɬɢɰ ɫ 
ɚɷɪɨɞɢɧɚɦɢɱɟɫɤɢɦ ɞɢɚɦɟɬɪɨɦ ɛɨɥɶɲɟ ɷɮɮɟɤɬɢɜɧɨɝɨ ɞɢɚɦɟɬɪɚ ɪɚɡɞɟɥɟɧɢɹ (ECAD) Д9Ж 
ɨɫɚɠɞɚɟɬɫɹ ɜ ɪɚɡɞɟɥɢɬɟɥɟ, ɚ ɨɫɬɚɜɲɢɟɫɹ ɱɚɫɬɢɰɵ ɭɧɨɫɹɬɫɹ ɜɨɡɞɭɲɧɵɦ ɩɨɬɨɤɨɦ ɜ 
ɤɚɦɟɪɭ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ, ɝɞɟ ɩɪɨɢɫɯɨɞɢɬ ɨɫɚɠɞɟɧɢɟ ɢɯ ɧɚ ɮɢɥɶɬɪ. ɉɨɫɥɟ ɤɚɦɟɪɵ 
ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɜɨɡɞɭɲɧɵɣ ɩɨɬɨɤ ɩɪɨɯɨɞɢɬ ɪɨɬɚɦɟɬɪ, ɤɨɬɨɪɵɣ ɤɨɧɬɪɨɥɢɪɭɟɬ ɪɚɫɯɨɞ ɧɚ 
ɜɵɯɨɞɟ ɢɡ ɤɚɦɟɪɵ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ. ȼ ɤɚɦɟɪɟ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɭɫɬɚɧɨɜɥɟɧ ɢɨɧɧɨ-

ɢɦɩɥɚɧɬɢɪɨɜɚɧɧɵɣ ɤɪɟɦɧɢɟɜɵɣ ɞɟɬɟɤɬɨɪ (ɪɢɫ. β), ɤɨɬɨɪɵɣ ɞɥɹ ɪɟɝɢɫɬɪɚɰɢɢ α ɢɥɢ ȕ-

ɱɚɫɬɢɰ ɪɚɡɥɢɱɧɵɯ ɷɧɟɪɝɢɣ. ɗɬɢ ɞɟɬɟɤɬɨɪɵ ɢɦɟɸɬ ɬɨɧɤɨɟ ɜɯɨɞɧɨɟ ɨɤɧɨ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɯɨɪɨɲɟɟ ɷɧɟɪɝɟɬɢɱɟɫɤɨɟ ɪɚɡɪɟɲɟɧɢɟ ɞɚɠɟ ɩɪɢ ɦɚɥɵɯ ɪɚɫɫɬɨɹɧɢɹɯ 
ɚɥɶɮɚ ɢɫɬɨɱɧɢɤɚ, ɚ ɬɚɤ ɠɟ ɜɵɫɨɤɭɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɟɝɢɫɬɪɚɰɢɢ α-ɱɚɫɬɢɰ. 

 

 
 

Ɋɢɫ. 2. – ɂɨɧɧɨ-ɢɦɩɥɚɧɬɢɪɨɜɚɧɧɵɣ ɤɪɟɦɧɢɟɜɵɣ ɞɟɬɟɤɬɨɪα,ȕ-ɢɡɥɭɱɟɧɢɹ 

[Ion-implanted silicon detector of α, ȕ-radiation] 

 

ɍɫɬɚɧɨɜɤɚ ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɚɹ ɆɄɋ-01Ⱥ «ɆɍɅɖɌɂɊȺȾ-AC» 

(ɪɢɫ. 3) ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɢɡɦɟɪɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɢ ɭɞɟɥɶɧɨɣ ɚɤɬɢɜɧɨɫɬɢ α-, ȕ- ɢ 

Ȗ-ɢɡɥɭɱɚɸɳɢɯ ɧɭɤɥɢɞɨɜ ɜ ɫɩɟɰɢɚɥɶɧɨ ɩɪɢɝɨɬɨɜɥɟɧɧɵɯ ɨɛɪɚɡɰɚɯ ɩɪɨɞɭɤɬɨɜ ɩɢɬɚɧɢɹ, 
ɤɨɪɦɨɜ ɞɥɹ ɫɟɥɶɫɤɨɯɨɡɹɣɫɬɜɟɧɧɵɯ ɠɢɜɨɬɧɵɯ, ɜɨɞɵ, ɜɨɡɞɭɯɚ, ɩɨɱɜɵ, ɥɟɫɨɦɚɬɟɪɢɚɥɨɜ, 
ɫɬɪɨɢɬɟɥɶɧɵɯ ɦɚɬɟɪɢɚɥɨɜ, ɚ ɬɚɤ ɠɟ ɢɡɦɟɪɟɧɢɹ ɦɨɳɧɨɫɬɢ ɚɦɛɢɟɧɬɧɨɝɨ ɷɤɜɢɜɚɥɟɧɬɚ 
ɞɨɡɵ ɢ ɤɨɦɩɚɪɢɪɨɜɚɧɢɹ (ɩɨɢɫɤɚ ɢ ɫɪɚɜɧɟɧɢɹ) ɢɫɬɨɱɧɢɤɨɜ ɮɨɬɨɧɧɨɝɨ ɢɡɥɭɱɟɧɢɹ ɫ 
ɜɨɡɦɨɠɧɨɫɬɶɸ ɤɚɪɬɢɪɨɜɚɧɢɹ ɬɨɱɟɤ ɢɡɦɟɪɟɧɢɹ ɩɪɢ ɩɨɞɤɥɸɱɟɧɢɢ ɭɫɬɚɧɨɜɤɢ ɤ 

GPS-ɩɪɢɟɦɧɢɤɭ. «ɆɍɅɖɌɂɊȺȾ-AC» ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɥɚɛɨɪɚɬɨɪɧɨɟ (ɜ ɬɨɦ ɱɢɫɥɟ, 
ɞɥɹ ɩɟɪɟɞɜɢɠɧɵɯ ɥɚɛɨɪɚɬɨɪɢɣ) ɨɛɨɪɭɞɨɜɚɧɢɟ ɫ ɲɢɪɨɤɢɦ ɫɩɟɤɬɪɨɦ ɜɨɡɦɨɠɧɨɫɬɟɣ ɢ 
ɦɨɠɟɬ ɩɪɢɦɟɧɹɬɶɫɹ ɧɚ ɩɪɟɞɩɪɢɹɬɢɹɯ Ɇɢɧɚɬɨɦɚ, Ƚɨɫɫɚɧɷɩɢɞɧɚɞɡɨɪɚ, Ɇɑɋ, 
ɩɪɢɪɨɞɨɨɯɪɚɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɪɚɡɥɢɱɧɵɯ ɜɟɞɨɦɫɬɜ. 

Ɋɚɞɢɨɦɟɬɪ ɍɆɎ-2000 (ɪɢɫ.γ) ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɢɡɦɟɪɟɧɢɹ α- ɢ ȕ-ɚɤɬɢɜɧɨɫɬɢ 
ɦɚɥɵɯ ɚɤɬɢɜɧɨɫɬɟɣ ɩɪɢɪɨɞɧɨɣ ɢ ɩɢɬɶɟɜɨɣ ɜɨɞɵ, ɩɢɳɟɜɵɯ ɩɪɨɞɭɤɬɨɜ, ɩɨɱɜɵ ɢ 

ɜɨɡɞɭɲɧɨɣ ɫɪɟɞɵ. ɉɪɢɛɨɪ ɍɆɎ-β000 ɜɧɟɫɺɧ ɜ ɪɟɟɫɬɪ ɫɪɟɞɫɬɜ ɢɡɦɟɪɟɧɢɣ Ɋɨɫɫɢɣɫɤɨɣ 
Ɏɟɞɟɪɚɰɢɢ – №16β97-03. Ɋɚɞɢɨɦɟɬɪ ɍɆɎ-β000 ɞɥɹ ɢɡɦɟɪɟɧɢɹ α- ɢ ȕ-ɚɤɬɢɜɧɨɫɬɢ 
ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɨɞɢɬɶ ɢɡɦɟɪɟɧɢɹ: ɫɭɦɦɚɪɧɨɣ ɚɤɬɢɜɧɨɫɬɢ α-ɢɡɥɭɱɚɸɳɢɯ ɧɭɤɥɢɞɨɜ ɜ 
«ɬɨɥɫɬɵɯ» ɢ «ɬɨɧɤɢɯ» ɫɱɟɬɧɵɯ ɨɛɪɚɡɰɚɯ ɩɪɨɛ ɨɛɴɟɤɬɨɜ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ; ɫɭɦɦɚɪɧɨɣ 
ɚɤɬɢɜɧɨɫɬɢ β-ɢɡɥɭɱɚɸɳɢɯ ɧɭɤɥɢɞɨɜ ɜ ɫɱɟɬɧɵɯ ɨɛɪɚɡɰɚɯ ɩɪɨɛ ɩɢɳɟɜɵɯ ɩɪɨɞɭɤɬɨɜ, 
ɩɨɱɜɵ, ɜɨɞɵ, ɧɚ ɜɨɡɞɭɲɧɵɯ ɮɢɥɶɬɪɚɯ ɢ ɩɪɨɛ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɚɦɢ ɫɟɥɟɤɬɢɜɧɨɣ 
ɪɚɞɢɨɯɢɦɢɱɟɫɤɨɣ ɷɤɫɬɪɚɤɰɢɢ; α-ɚɤɬɢɜɧɨɫɬɢ ɧɭɤɥɢɞɨɜ ɜ ɫɱɟɬɧɵɯ ɨɛɪɚɡɰɚɯ, ɩɨɥɭɱɟɧɧɵɯ 
ɩɨɫɥɟ ɫɟɥɟɤɬɢɜɧɨɣ ɪɚɞɢɨɯɢɦɢɱɟɫɤɨɣ ɷɤɫɬɪɚɤɰɢɢ. 

http://bsi.lv/media/products/allpha-microdot-640.jpg.1200x1200_q85.jpg


10  ɘɋȿɎ ɇȺȻɂɅɖ ɏɍɋȿɃɇ ɢ ɞɪ. 

 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 1(β6) 2018 

 
Ɋɢɫ. 3. – ɍɫɬɚɧɨɜɤɢ ɆɄɋ-01Ⱥ  (ɫɥɟɜɚ) ɂ ɍɆɎ-2000 (ɫɩɪɚɜɚ) [Installations MKS-01A (left) AND UMF-2000 

(right)] 

 

ȼ ɢɫɫɥɟɞɨɜɚɧɢɢ ɢɫɩɨɥɶɡɨɜɚɥɢ ɫɩɟɰɢɚɥɶɧɵɟ ɚɷɪɨɡɨɥɶɧɵɟ  ɢɫɬɨɱɧɢɤɢ (ɋȺɂ) 
α-ɢɡɥɭɱɟɧɢɹ  ɧɚ ɨɫɧɨɜɟ ɮɢɥɶɬɪɚ ȺɎȺ-Ɋɋɉ-β0ɫ ɚɤɬɢɜɧɨɫɬɶɸ 1.19·102

 Ȼɤ ɢ 1.1β·102
 Ȼɤ 

ɩɨ ɪɚɞɢɨɧɭɤɥɢɞɚɦ 239PЮ ɢ 238PЮ ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɜɨɫɩɪɨɢɡɜɟɞɟɧɢɹ ɟɞɢɧɢɰɵ 
ɨɛɴɟɦɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɪɚɞɢɨɧɭɤɥɢɞɨɜ. (ɪɢɫ. 4) Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ 
ɚɤɬɢɜɧɨɫɬɢ (ɩɪɢ ɞɨɜɟɪɢɬɟɥɶɧɨɣ  ɜɟɪɨɹɬɧɨɫɬɢ Ɋ=0,95) ɧɟ ɛɨɥɟɟ 5 %.  

 
Ɋɢɫ. 4. – Ɉɛɳɢɣ ɜɢɞ ɋȺɂ ɧɚ ɨɫɧɨɜɟ ɮɢɥɶɬɪɚ ȺɎȺ-Ɋɋɉ-20 [General view of special aerosol sources based 

on the AFA-RSP-20 filter] 
 

Ʉɪɨɦɟ ɋȺɂ ɛɵɥ ɢɫɩɨɥɶɡɨɜɚɧ ɢɫɬɨɱɧɢɤ «ɬɢɩ 1ɉ9» ɫ ɚɤɬɢɜɧɨɫɬɶɸ 80.7 Ȼɤ ɩɨ 
ɪɚɞɢɨɧɭɤɥɢɞɚɦ 239PЮ ɢ 238

Pu (ɪɢɫ. 5).ɂɫɬɨɱɧɢɤ «ɬɢɩ 1ɉ9»ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɨɞɥɨɠɤɭ 
ɬɨɥɳɢɧɨɣ 1,1 ɦɦ, ɧɚ ɪɚɛɨɱɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɤɨɬɨɪɨɣ (ɭɝɥɭɛɥɟɧɢɟ) ɧɚɧɟɫɟɧ ɫɥɨɣ 
ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɩɪɟɩɚɪɚɬɚ, ɡɚɳɢɳɟɧɧɵɣ ɩɥɟɧɤɨɣ ɨɤɢɫɥɚ ɦɟɬɚɥɥɚ. ɂɡɦɟɪɟɧɧɵɟ 
ɡɧɚɱɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɪɚɞɢɨɧɭɤɥɢɞɨɜ ɜ ɢɫɬɨɱɧɢɤɟ ɧɟ ɨɬɥɢɱɚɸɬɫɹ ɨɬ ɧɨɦɢɧɚɥɶɧɵɯ ɛɨɥɟɟ 
ɱɟɦ ɧɚ γ0%. 

 

 
Ɋɢɫ. 5. – ɂɫɬɨɱɧɢɤ ɬɢɩ 1ɉ9 [Source type 1P9] 



 ɈɐȿɇɄȺ ɋɉȿɄɌɊɈɆȿɌɊɂɑȿɋɄɂɏ ɂ ɊȺȾɂɈɆȿɌɊɂɑȿɋɄɂɏ ɏȺɊȺɄɌȿɊɂɋɌɂɄ 11 

 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 1(β6) 2018 

ɊȿɁɍɅɖɌȺɌɕ ɂɁɆȿɊȿɇɂɃ ɂ ɊȺɋɑȿɌɈȼ 

 

ɇɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ ɛɵɥɢ ɢɫɫɥɟɞɨɜɚɧɵ ɫɩɟɤɬɪɵ α-ɢɡɥɭɱɟɧɢɹ, 
ɨɩɪɟɞɟɥɟɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɟɝɢɫɬɪɚɰɢɢ ɢ ɪɚɫɫɱɢɬɚɧɚ ɚɤɬɢɜɧɨɫɬɶ ɞɥɹ ɢɫɬɨɱɧɢɤɚ «ɬɢɩ 
1ɉ9» ɧɚ ɨɫɧɨɜɟ 239PЮ ɫ ɚɤɬɢɜɧɨɫɬɶɸ 80.7 Ȼɤ ɢ ɫɩɟɰɢɚɥɶɧɵɯ  ɚɷɪɨɡɨɥɶɧɵɯ  ɢɫɬɨɱɧɢɤɨɜ  
α-ɢɡɥɭɱɟɧɢɹ  (ɋȺɂ)  ɧɚ ɨɫɧɨɜɟ 239PЮ ɫ ɚɤɬɢɜɧɨɫɬɶɸ 119 ɢ 11β Ȼɤ.  ɉɨ ɷɮɮɟɤɬɢɜɧɨɫɬɢ 
ɪɟɝɢɫɬɪɚɰɢɢ α-ɱɚɫɬɢɰ ɪɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɣ ɫɪɚɜɧɢɜɚɥɢ ɫ ɢɡɦɟɪɟɧɢɹɦɢ ɬɟɯ ɠɟ 
ɢɫɬɨɱɧɢɤɨɜ ɧɚ α-ɫɩɟɤɬɪɨɦɟɬɪɟ ɆɄɋ-01Ⱥ ɜ ɎɆȻɐ ɢɦ. Ⱥ.ɂ. Ȼɭɪɧɚɡɹɧɚ ɢ ɭɫɬɚɧɨɜɤɟ 
ɍɆɎ-β000 ɜ ɇɂəɍ ɆɂɎɂ. ɉɨ ɢɫɫɥɟɞɨɜɚɧɢɸ ɫɩɟɤɬɪɨɜ α-ɢɡɥɭɱɟɧɢɹ ɫɪɚɜɧɢɜɚɥɢ 
ɬɨɥɶɤɨ ɫ ɆɄɋ-01Ⱥ.  

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɪɟɝɢɫɬɪɚɰɢɢ α-ɱɚɫɬɢɰ ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɮɨɪɦɭɥɟ:  
 � = �� ∙ � 

 

ɝɞɟ N – ɨɛɳɟɟ ɱɢɫɥɨ ɢɦɩɭɥɶɫɨɜ (ɪɚɫɩɚɞɨɜ); 
 t – ɜɪɟɦɹ  ɧɚɛɨɪɚ ɫɩɟɤɬɪɚ, ɫɟɤ; 
 A – ɚɤɬɢɜɧɨɫɬɶ ɢɫɬɨɱɧɢɤɚ ɩɨ ɩɚɫɩɚɪɬɭ, Ȼɤ.  

 

ȼ ɬɚɛɥɢɰɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɝɢɫɬɪɚɰɢɢ ɞɥɹ 
ɢɫɬɨɱɧɢɤɚ  «ɬɢɩ 1ɉ9» ɧɚ ɬɪɟɯ ɭɫɬɚɧɨɜɤɚɯ: ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ, ɆɄɋ-01Ⱥ ɢ ɍɆɎ-2000. 

ȼ ɭɫɬɚɧɨɜɤɟ ɍɆɎ-β000 ɢɫɬɨɱɧɢɤ ɪɚɫɩɥɨɠɟɧ ɩɪɚɤɬɢɱɟɫɤɢ ɜɩɥɨɬɧɭɸ ɤ ɞɟɬɟɤɬɨɪɭ ɧɚ 
ɪɚɫɫɬɨɹɧɢɢ 1 ɦɦ. ȼ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɢɫɬɨɱɧɢɤɨɦ ɢ 
ɞɟɬɟɤɬɨɪɨɦ ɨɤɨɥɨ 10 ɦɦ, ɜ  ɆɄɋ-01Ⱥ ɢɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢ ɧɚ ɪɚɫɫɬɨɹɧɢɢ 45 ɦɦ ɨɬ 
ɢɫɬɨɱɧɢɤɚ. 

 

Ɍɚɛɥɢɰɚ 1. – Ɉɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɝɢɫɬɪɚɰɢɢ α-ɱɚɫɬɢɰ ɞɥɹ ɢɫɬɨɱɧɢɤɚ  «ɬɢɩ 1ɉ9» 

ДEППТМТОЧМв ОЬЭТЦКЭТШЧ ШП α ЩКЫЭТМХО ЫОРТЬЭЫКЭТШЧ ПШЫ К "1P9" ЬШЮЫМОЖ 
 

ɇɚɡɜɚɧɢɟ ɋɪɟɞɧɟɟ ɡɚ 10 
ɢɡɦɟɪɟɧɢɣ ɱɢɫɥɨ 

ɢɦɩɭɥɶɫɨɜ 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ 
ɢɡɦɟɪɟɧɢɣ, ɫɟɤ 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ 
ɪɟɝɢɫɬɪɚɰɢɢ 

ɍɆɎ-2000 7131 300 0.295±0.01 

ɆɄɋ-01Ⱥ 7881 6972 0.014±0.001 

ɗɤɫɩ. ɭɫɬɚɧɨɜɤɚ 4481 3600 0.015±0.001 

 

Ɍɚɛɥɢɰɚ 2. – Ɉɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɝɢɫɬɪɚɰɢɢ α-ɱɚɫɬɢɰ ɞɥɹ ɋȺɂ (119 Ȼɤ) 

[Efficiency estimation of α particle registration for special aerosol sources 

(119 Bq)] 

 
 

ɇɚɡɜɚɧɢɟ ɋɪɟɞɧɟɟ ɡɚ 10 
ɢɡɦɟɪɟɧɢɣ ɱɢɫɥɨ 

ɢɦɩɭɥɶɫɨɜ 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ 
ɢɡɦɟɪɟɧɢɣ, ɫɟɤ 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ 
ɪɟɝɢɫɬɪɚɰɢɢ 

ɍɆɎ-2000 8500 300 0.238±0.01 

ɆɄɋ-01Ⱥ 17866 7766 0.019±0.001 

ɗɤɫɩ. ɭɫɬɚɧɨɜɤɚ 5657 3600 0.013±0.001 
 

  



12  ɘɋȿɎ ɇȺȻɂɅɖ ɏɍɋȿɃɇ ɢ ɞɪ. 

 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 1(β6) 2018 

Ɍɚɛɥɢɰɚ 3. – Ɉɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɝɢɫɬɪɚɰɢɢ α-ɱɚɫɬɢɰ ɞɥɹ ɋȺɂ (112 Ȼɤ) 

[Efficiency estimation of α particle registration for special aerosol sources 

(112 Bq)] 
 

ɇɚɡɜɚɧɢɟ ɋɪɟɞɧɟɟ ɡɚ 10 
ɢɡɦɟɪɟɧɢɣ ɱɢɫɥɨ 

ɢɦɩɭɥɶɫɨɜ 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ 
ɢɡɦɟɪɟɧɢɣ, ɫɟɤ 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ 
ɪɟɝɢɫɬɪɚɰɢɢ 

ɍɆɎ-2000 7841 300 0.233±0.01 

ɆɄɋ-01Ⱥ 47702 22753 0.019±0.001 

ɗɤɫɩ. ɭɫɬɚɧɨɜɤɚ 5049 3600 0.013±0.001 

 

ɂɡ ɬɚɛɥɢɰ 1–γ ɫɥɟɞɭɟɬ, ɱɬɨ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɟɝɢɫɬɪɚɰɢɢ α-ɱɚɫɬɢɰ ɧɚ ɭɫɬɚɧɨɜɤɟ 
ɆɄɋ-01Ⱥ ɢ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ ɫɨɜɩɚɞɚɸɬ ɜ ɩɪɟɞɟɥɚɯ ɩɨɝɪɟɲɧɨɫɬɢ. 
ɍɫɬɚɧɨɜɤɚ ɍɆɎ-β000 ɢɦɟɟɬ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɟɝɢɫɬɪɚɰɢɢ ɧɚ ɩɨɪɹɞɨɤ ɜɵɲɟ, ɱɟɦ ɭ 
ɨɫɬɚɥɶɧɵɯ, ɷɬɨ ɫɜɹɡɚɧɨ ɫ ɝɟɨɦɟɬɪɢɟɣ ɜɡɚɢɦɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɢɫɬɨɱɧɢɤɚ ɢ  ɞɟɬɟɤɬɨɪɚ.  

Ʉɪɨɦɟ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɝɢɫɬɪɚɰɢɢ ɛɵɥɢ ɩɪɨɜɟɞɟɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɫɩɟɤɬɪɨɜ α-ɱɚɫɬɢɰ. ɇɚ ɪɢɫɭɧɤɚɯ 4-6 ɩɪɟɞɫɬɚɜɥɟɧɵ ɫɩɟɤɬɪɵ ɞɥɹ ɢɫɬɨɱɧɢɤɚ «ɬɢɩ 1ɉ9» ɢ 
ɋȺɂ  α-ɢɡɥɭɱɟɧɢɹ. ɇɚ ɭɫɬɚɧɨɜɤɟ ɆɄɋ-01Ⱥ ɛɵɥɚ ɩɪɨɜɟɞɟɧɚ ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɤɚɥɢɛɪɨɜɤɚ 
ɩɨ ɢɫɬɨɱɧɢɤɭ ɢɡɜɟɫɬɧɨɝɨ ɫɨɫɬɚɜɚ, ɫɨɞɟɪɠɚɳɟɦɭ ɬɪɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɥɢɧɢɢ 
ɪɚɞɢɨɧɭɤɥɢɞɨɜ 242PЮ (4900 ɤɷȼ), 239PЮ (5157 ɤɷȼ), 238PЮ (5499 ɤɷȼ). ɇɚ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ ɷɧɟɪɝɟɬɢɱɟɫɤɭɸ ɤɚɥɢɛɪɨɜɤɭ ɫɩɟɤɬɪɚ ɩɪɨɜɨɞɢɥɢ ɩɨ 
ɢɫɬɨɱɧɢɤɭ «ɬɢɩ 1ɉ9». ɇɚ ɪɢɫɭɧɤɚɯ 4-6 ɷɬɢ ɷɧɟɪɝɢɢ ɩɨɤɚɡɚɧɵ ɜɟɪɬɢɤɚɥɶɧɵɦɢ ɥɢɧɢɹɦɢ. 

ɂɡ ɪɢɫɭɧɤɨɜ 4-6 ɫɥɟɞɭɟɬ, ɱɬɨ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɫɩɟɤɬɪɵ, ɩɨɥɭɱɟɧɧɵɟ  ɧɚ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ, ɩɨɡɜɨɥɹɸɬ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɪɚɞɢɨɧɭɤɥɢɞɵ 239PЮ ɢ 
238PЮ ɜ ɫɨɫɬɚɜɟ ɋȺɂ ɩɨ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦ ɥɢɧɢɹɦ  5157 ɢ 5499 ɤɷȼ.  

 
 

 
ɗɧɟɪɝɢɹ, ɤɷȼ 

 

Ɋɢɫ. 4. – ɋɩɟɤɬɪ ɢɫɬɨɱɧɢɤɚ «ɬɢɩ 1ɉ9» [Spectrum of the source "1P9 type "] 

 

ɂɫɬɨɱɧɢɤ «ɬɢɩ 1ɉ9» ɢɦɟɟɬ ɛɨɥɟɟ ɱɟɬɤɨ ɜɵɪɚɠɟɧɧɵɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɥɢɧɢɢ 5157 ɢ 
5499 ɤɷȼ, ɱɟɦ ɋȺɂ. ɗɬɨ ɫɜɹɡɚɧɨ ɫ ɬɟɦ, ɱɬɨ ɜ ɋȺɂ ɚɷɪɨɡɨɥɶɧɵɟ ɱɚɫɬɢɰɵ, ɨɫɟɜɲɢɟ ɧɚ 
ɮɢɥɶɬɪɟ ɪɚɫɩɪɟɞɟɥɟɧɵ ɧɟ ɬɨɥɶɤɨ ɩɨ ɮɪɨɧɬɚɥɶɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɮɢɥɶɬɪɚ, ɧɨ ɢ ɜ ɝɥɭɛɢɧɭ 
ɮɢɥɶɬɪɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɪɚɡɦɵɜɚɧɢɸ ɫɩɟɤɬɪɚ α-ɱɚɫɬɢɰ, ɩɪɢ ɢɯ ɪɟɝɢɫɬɪɚɰɢɢ ɤɪɟɦɧɟɜɵɦ 
ɞɟɬɟɤɬɨɪɨɦ. ȼ ɢɫɬɨɱɧɢɤɟ «ɬɢɩ 1ɉ9» ɪɚɞɢɨɚɤɬɢɜɧɨɟ ɜɟɳɟɫɬɜɨ, ɫɨɞɟɪɠɚɳɟɟ 239PЮ ɢ 238

Pu, 
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ɫɨɫɪɟɞɨɬɨɱɟɧɨ ɜ ɜɢɞɟ ɬɨɱɟɱɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɧɚ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɨɞɥɨɠɤɟ, ɩɨɷɬɨɦɭ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɩɨɬɟɪɢ ɷɧɟɪɝɢɢ α-ɱɚɫɬɢɰ ɩɪɢ ɜɵɯɨɞɟ ɢɡ ɢɫɬɨɱɧɢɤɚ ɛɵɥɢ ɦɟɧɶɲɟ, ɱɟɦ ɭ 
ɋȺɂ. ɋɨɨɬɧɨɲɟɧɢɟ ɢɦɩɭɥɶɫɨɜ ɜ ɤɚɧɚɥɟ ɫ ɷɧɟɪɝɢɟɣ 5157 ɤɷȼ ɦɟɠɞɭ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ 
ɭɫɬɚɧɨɜɤɨɣ ɢ ɆɄɋ-01Ⱥ ɞɥɹ ɢɫɬɨɱɧɢɤɚ «ɬɢɩ 1ɉ9» ɫɨɫɬɚɜɢɥɨ 1:γ, ɚ ɞɥɹ ɋȺɂ (119 Ȼɤ) ɢ 
(11β Ȼɤ) 1:5 ɢ 1:15, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ. 

ȼ ɬɚɛɥɢɰɚɯ 4 ɢ 5 ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɰɟɧɤɢ ɚɤɬɢɜɧɨɫɬɢ 239PЮ ɢ 238PЮ ɫ ɩɟɪɟɤɪɟɫɬɧɵɦ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɋȺɂ ɞɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɝɢɫɬɪɚɰɢɢ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ 
ɤɚɥɢɛɪɨɜɤɢ, ɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɟ ɢ ɆɄɋ-01Ⱥ. Ⱥɤɬɢɜɧɨɫɬɶ 239

Pu 

ɨɩɪɟɞɟɥɹɥɢ ɩɨ ɱɢɫɥɭ ɢɦɩɭɥɶɫɨɜ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 4000 ɞɨ 5βγ0 ɤɷȼ, ɚ 238PЮ ɜ ɞɢɚɩɚɡɨɧɟ ɨɬ 
5βγ0 ɞɨ 5800 ɤɷȼ. ȼ ɬɚɛɥɢɰɟ 6 ɩɪɟɞɫɬɚɜɥɟɧɵ ɨɰɟɧɤɢ ɫɭɦɦɚɪɧɨɣ ɚɤɬɢɜɧɨɫɬɢ 239PЮ ɢ 
238PЮ ɫ ɩɟɪɟɤɪɟɫɬɧɵɦ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɞɥɹ ɨɰɟɧɤɢ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɝɢɫɬɪɚɰɢɢ ɋȺɂ ɧɚ 
ɭɫɬɚɧɨɜɤɟ ɍɆɎ-2000. 

 
ɗɧɟɪɝɢɹ, ɤɷȼ 

 
Ɋɢɫ. 5. – ɋɩɟɤɬɪ ɢɫɬɨɱɧɢɤɚ ɋȺɂ (119 Ȼɤ) [Spectrum of the special aerosol sources (119 Bq)] 

 

 
ɗɧɟɪɝɢɹ, ɤɷȼ 

 

Ɋɢɫ. 6. – ɋɩɟɤɬɪ ɢɫɬɨɱɧɢɤɚ ɋȺɂ (112 Ȼɤ) [Spectrum of the special aerosol sources (112 Bq)] 
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Ɍɚɛɥɢɰɚ 4. – Ⱥɤɬɢɜɧɨɫɬɶ 
239

Pu ɢ 
238

Pu (ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɭɫɬɚɧɨɜɤɚ) [Activity of  
239

Pu and 
238

Pu (Experimental installation)] 

 

Ʉɚɥɢɛɪɨɜɨɱɧɵɣ 

ɢɫɬɨɱɧɢɤ 

Ⱥɤɬɢɜɧɨɫɬɶ, Ȼɤ 

Pu-239 Pu-238 ɋɭɦɦɚɪɧɚɹ 

(ɪɚɫɱɟɬɧɚɹ) 

ɉɨ ɩɚɫɩɚɪɬɭ 

ɋȺɂ (112) 86.1 34.8 120.9 119±6 

ɋȺɂ (119) 67.1 40.8 107.9 112±5 

 

Ɍɚɛɥɢɰɚ 5. – Ⱥɤɬɢɜɧɨɫɬɶ 
239

Pu ɢ 
238

Pu (ɆɄɋ-01Ⱥ) [Activity of  
239

Pu and 
238

Pu 

(MSK-01A)] 

 

Ʉɚɥɢɛɪɨɜɨɱɧɵɣ 
ɢɫɬɨɱɧɢɤ 

Ⱥɤɬɢɜɧɨɫɬɶ, Ȼɤ 

Pu-239 Pu-238 ɋɭɦɦɚɪɧɚɹ 
(ɪɚɫɱɟɬɧɚɹ) 

ɉɨ ɩɚɫɩɚɪɬɭ 

ɋȺɂ (11β) 78.7 42.3 121 119±6 

ɋȺɂ (119) 72.3 38.0 110.3 112±5 

 

Ɍɚɛɥɢɰɚ 6. – ɋɭɦɦɚɪɧɚɹ ɚɤɬɢɜɧɨɫɬɶ 239
Pu + 

238PЮ (ɍɆɎ-2000) [Total activity of 
239

Pu + 
238

Pu (UMF-2000)] 

 

Ʉɚɥɢɛɪɨɜɨɱɧɵɣ ɢɫɬɨɱɧɢɤ 

 

ɋɭɦɦɚɪɧɚɹ (ɪɚɫɱɟɬɧɚɹ) ɉɨ ɩɚɫɩɚɪɬɭ 

ɋȺɂ (11β) 121.6 119±6 

ɋȺɂ (119) 109.8 112±5 

 

ȿɫɥɢ ɢɫɩɨɥɶɡɨɜɚɬɶ ɋȺɂ ɜ ɤɚɱɟɫɬɜɟ ɷɬɚɥɨɧɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɞɥɹ ɨɰɟɧɤɢ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɟɝɢɫɬɪɚɰɢɢ ɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɤɚɥɢɛɪɨɜɤɢ ɞɟɬɟɤɬɨɪɚ ɜ ɫɨɫɬɚɜɟ 
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ, ɬɨ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɨɲɢɛɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɫɭɦɦɚɪɧɨɣ 
ɚɤɬɢɜɧɨɫɬɢ 239PЮ ɢ 238PЮ ɧɟ ɛɭɞɟɬ ɩɪɟɜɵɲɚɬɶ 5 %. Ⱥ ɜ ɫɥɭɱɚɟ ɫ ɩɟɪɟɤɪɟɫɬɧɵɦ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɋȺɂ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɨɬɞɟɥɶɧɵɯ ɪɚɞɢɨɧɭɤɥɢɞɨɜ, 
ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɨɲɢɛɤɚ ɧɟ ɛɭɞɟɬ ɩɪɟɜɵɲɚɬɶ β0 %. 

Ⱦɥɹ ɨɰɟɧɤɢ ɜɟɥɢɱɢɧɵ ȺɆȺȾ ɢ ɋȽɈ, ɫ ɩɨɦɨɳɶɸ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ, 
ɩɪɢɦɟɧɹɟɬɫɹ ɦɟɬɨɞ ɨɩɪɟɞɟɥɟɧɢɹ ɞɢɫɩɟɪɫɧɨɝɨ ɫɨɫɬɚɜɚ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɚɷɪɨɡɨɥɟɣ ɧɚ 
ɨɫɧɨɜɟ ɢɧɟɪɰɢɨɧɧɵɯ ɪɚɡɞɟɥɢɬɟɥɟɣ Д10Ж. ɉɪɢ ɪɟɚɥɢɡɚɰɢɢ ɦɟɬɨɞɚ ɢɫɩɨɥɶɡɭɸɬɫɹ 
ɪɚɫɱɟɬɧɵɟ ɡɧɚɱɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɪɚɞɢɨɧɭɤɥɢɞɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɮɢɤɫɢɪɨɜɚɧɧɵɦ 
ECAD. ȿɫɥɢ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɨɲɢɛɤɚ ɨɩɪɟɞɟɥɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ 239PЮ ɢ 
238PЮɫ ɩɨɦɨɳɶɸ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɧɟ ɛɨɥɟɟ β0 %, ɬɨ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ 
ɨɲɢɛɤɭ ɪɚɫɫɱɢɬɵɜɚɟɦɵɯ ɡɧɚɱɟɧɢɣ ȺɆȺȾ ɢ ɋȽɈ.  

Ⱦɥɹ ɷɬɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɚɤɬɢɜɧɨɫɬɢ 239PЮ ɫ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɞɢɫɩɟɪɫɧɨɝɨ 
ɫɨɫɬɚɜɚ ȺɆȺȾ=1 ɦɤɦ ɢ ɋȽɈ=β.5, ɛɵɥɨ ɪɚɡɞɟɥɟɧɨ ɧɚ ɱɚɫɬɢ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ECAD (βγ, 
9, 5.8, γ.γ ɢ 1.1 ɦɤɦ). Ⱥɤɬɢɜɧɨɫɬɶ ɤɚɠɞɨɣ ɱɚɫɬɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɨɬɤɥɨɧɹɥɢ ɫɥɭɱɚɣɧɵɦ 
ɨɛɪɚɡɨɦ ɧɚ β0 % ɨɬ ɢɫɯɨɞɧɵɯ ɡɧɚɱɟɧɢɣ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɪɚɫɩɪɟɞɟɥɟɧɢɸ ȺɆȺȾ=1 
ɦɤɦ ɢ ɋȽɈ=β.5. Ⱦɥɹ ɩɨɥɭɱɟɧɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ȺɆȺȾ ɢ ɋȽɈ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ 10

5
 

ɱɢɫɥɟɧɧɵɯ ɪɚɫɱɟɬɨɜ. 
ɇɚ ɪɢɫɭɧɤɟ 7 ɩɪɟɞɫɬɚɜɥɟɧɨ, ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɡɧɚɱɟɧɢɣ ȺɆȺȾ ɢ ɋȽɈ ɩɪɢ 

ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɨɲɢɛɤɟ ɨɰɟɧɤɢ ɚɤɬɢɜɧɨɫɬɢ β0 %. ɂɡ ɪɢɫɭɧɤɚ 7 ɫɥɟɞɭɟɬ, ɱɬɨ ɪɚɡɛɪɨɫ 
ɡɧɚɱɟɧɢɣ ȺɆȺȾ ɧɟ ɛɨɥɟɟ 0,4γ ɦɤɦ, ɚ ɋȽɈ ɧɟ ɛɨɥɟɟ 0,4.  ɉɪɢ ɷɬɨɦ ɨɬɧɨɫɢɬɟɥɶɧɚɹ 
ɨɲɢɛɤɚ ɨɰɟɧɤɢ ȺɆȺȾ ɢ ɋȽɈ ɦɟɬɨɞɨɦ Д10Жɧɟ ɩɪɟɜɵɲɚɟɬ ββ % ɢ 8 %, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ.  

ɋɨɝɥɚɫɧɨ ɞɚɧɧɵɦ, ɩɪɢɜɟɞɟɧɧɵɦ ɜ ɉɭɛɥɢɤɚɰɢɢ  68 ɆɄɊɁД11Ж, ɞɨɡɨɜɵɣ 
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ɤɨɷɮɮɢɰɢɟɧɬ ɢɡɦɟɧɹɬɶɫɹ ɜ β-γ ɪɚɡɚ ɞɥɹ α–ɢɡɥɭɱɚɸɳɢɯ  ɧɭɤɥɢɞɨɜ ɩɪɢ ɢɡɦɟɧɟɧɢɢ 
ɜɟɥɢɱɢɧɵ ȺɆȺȾ ɜ ɩɪɟɞɟɥɚɯ ɞɜɭɯ ɩɨɪɹɞɤɨɜ. ɉɨɷɬɨɦɭ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɨɲɢɛɤɚ ȺɆȺȾ, 
ɩɨɥɭɱɟɧɧɚɹ ɩɪɢ ɱɢɫɥɟɧɧɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɢ ɧɟ ɛɭɞɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɫɤɚɡɵɜɚɬɶɫɹ ɧɚ 
ɡɧɚɱɟɧɢɢ ɞɨɡɨɜɨɝɨ ɤɨɷɮɮɢɰɢɟɧɬɚ ɞɥɹ 239

Pu. 

 

 
ȺɆȺȾ, ɦɤɦ       ɋȽɈ 

 
Ɋɢɫ. 7. – Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ȺɆȺȾ ɢ ɋȽɈ ɩɪɢ ɫɥɭɱɚɣɧɨɦ ɢɡɦɟɧɟɧɢɢ ɚɤɬɢɜɧɨɫɬɢ 

239
Pu ɧɚ 20 % [The 

distribution of AMAD and SGO with a random change in the activity of 
239

Pu by 20%] 

 

ɁȺɄɅɘɑȿɇɂȿ 

 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ 
ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɨɬɛɨɪɚ ɩɪɨɛ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɚɷɪɨɡɨɥɟɣ ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɪɚɞɢɨɦɟɬɪɢɢ ɢ 
ɫɩɟɤɬɪɨɦɟɬɪɢɢ ɩɪɨɛ ɫ ɩɨɦɨɳɶɸ ɤɪɟɦɧɟɜɨɝɨ ɞɟɬɟɤɬɨɪɚ, ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɫɭɦɦɚɪɧɭɸ 
ɚɤɬɢɜɧɨɫɬɶ  α-ɢɡɥɭɱɚɸɳɢɯ ɪɚɞɢɨɧɭɤɥɢɞɨɜ 239PЮ ɢ 238PЮ ɜ ɫɨɫɬɚɜɟ ɢɫɬɨɱɧɢɤɨɜ «ɬɢɩ 1ɉ9» 
ɢ ɋȺɂ ɫ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɨɲɢɛɤɨɣ ɨɤɨɥɨ 5 %. Ɉɰɟɧɤɚ ɚɤɬɢɜɧɨɫɬɢ ɨɬɞɟɥɶɧɵɯ ɧɭɤɥɢɞɨɜ 
ɛɵɥɚ ɜɵɩɨɥɧɟɧɚ ɧɚ ɨɫɧɨɜɟ ɫɭɦɦɢɪɨɜɚɧɢɹ ɢɦɩɭɥɶɫɨɜ ɜ ɨɩɪɟɞɟɥɟɧɧɵɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 
ɞɢɚɩɚɡɨɧɚɯ. Ⱦɥɹ ɪɚɫɫɦɨɬɪɟɧɧɨɣ ɤɨɦɛɢɧɚɰɢɢ ɪɚɞɢɨɧɭɤɥɢɞɨɜ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɨɲɢɛɤɚ 
ɨɰɟɧɤɢ ɚɤɬɢɜɧɨɫɬɢ ɧɟ ɩɪɟɜɵɲɚɥɚ β0 %.  

Ɉɞɧɚɤɨ ɧɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɞɪɭɝɢɟ ɤɨɦɛɢɧɚɰɢɢ α-ɢɡɥɭɱɚɸɳɢɯ 
ɪɚɞɢɨɧɭɤɥɢɞɨɜ, ɦɨɝɭɬ ɞɚɜɚɬɶ ɛɨɥɶɲɭɸ ɨɲɢɛɤɭ ɩɪɢ ɨɰɟɧɤɟ ɚɤɬɢɜɧɨɫɬɢ ɨɬɞɟɥɶɧɵɯ 
ɪɚɞɢɨɧɭɤɥɢɞɨɜ. ɉɪɢ ɷɬɨɦ, ɱɟɦ ɛɨɥɶɲɟ ɤɨɥɢɱɟɫɬɜɨ ɪɚɞɢɨɧɭɤɥɢɞɨɜ ɜ ɩɪɨɛɟ, ɬɟɦ ɛɨɥɶɲɟ 
ɛɭɞɟɬ ɨɲɢɛɤɚ ɜ ɨɰɟɧɤɟ ɚɤɬɢɜɧɨɫɬɢ ɨɬɞɟɥɶɧɵɯ ɪɚɞɢɨɧɭɤɥɢɞɨɜ ɧɚ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ 
ɭɫɬɚɧɨɜɤɟ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɜ ɫɥɭɱɚɹɯ ɢɡɦɟɪɟɧɢɣ ɨɞɧɨɝɨ ɢɥɢ ɞɜɭɯ ɪɚɞɢɨɧɭɤɥɢɞɨɜ 
ɢɦɟɸɳɢɯ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɥɢɧɢɢ, ɪɚɡɧɟɫɟɧɧɵɟ ɧɚ ɫɨɬɧɢ ɤɷȼ ɨɰɟɧɢɬɶ ɚɤɬɢɜɧɨɫɬɶ ɦɨɠɧɨ 
ɫ ɩɪɢɟɦɥɟɦɨɣ ɨɲɢɛɤɨɣ.  

ɑɢɫɥɟɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɩɨɤɚɡɚɥɨ, ɱɬɨ ɟɫɥɢ ɨɲɢɛɤɚ ɜ ɨɰɟɧɤɟ ɚɤɬɢɜɧɨɫɬɢ239
Pu,  

ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɮɪɚɤɰɢɣ ɚɷɪɨɡɨɥɶɧɵɯ ɱɚɫɬɢɰ ɧɟ ɩɪɟɜɵɲɚɟɬ β0 %, ɬɨɝɞɚ ɨɲɢɛɤɚ ɩɪɢ 
ɪɚɫɱɟɬɟ ɞɢɫɩɟɪɫɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɫɟɝɨ ɫɩɟɤɬɪɚ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɚɷɪɨɡɨɥɶɧɵɯ ɱɚɫɬɢɰ 
ɫɨɞɟɪɠɚɳɢɯ 239PЮ ɧɟ ɛɭɞɟɬ ɩɪɟɜɵɲɚɬɶ ɞɥɹ ȺɆȺȾ - ββ % ɢ ɋȽɈ - 8 %. ɋɨɝɥɚɫɧɨ Д7Ж, 
ɩɨɥɭɱɟɧɧɵɟ ɨɰɟɧɤɢ ɨɲɢɛɤɢ ȺɆȺȾ, ɞɥɹ ɪɚɫɫɦɨɬɪɟɧɧɨɣ ɤɨɦɛɢɧɚɰɢɢ α-ɢɡɥɭɱɚɸɳɢɯ 
ɪɚɞɢɨɧɭɤɥɢɞɨɜ 239PЮ ɢ 238PЮ ɫɱɢɬɚɸɬɫɹ ɩɪɢɟɦɥɟɦɵɦɢ (ɧɟ ɩɪɟɜɵɲɚɸɬ γ0%) ɢ ɦɨɝɭɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɩɪɢ ɨɰɟɧɤɚɯ ɞɨɡɵ ɜɧɭɬɪɟɧɧɟɝɨ ɨɛɥɭɱɟɧɢɹ ɩɪɢ ɢɧɝɚɥɹɰɢɨɧɧɨɦ 
ɩɨɫɬɭɩɥɟɧɢɢ α– ɢɡɥɭɱɚɸɳɢɯ  ɧɭɤɥɢɞɨɜ ɩɥɭɬɨɧɢɹ ɜ ɨɪɝɚɧɢɡɦ ɱɟɥɨɜɟɤɚ. 
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1. Introduction 

 

The immobilization of high-level waste (HLW) radionuclides from the reprocessing of 

spent nuclear fuel from commercial or military reactors is an international challenge that has 

occupied much attention over many decades. At present, vitrification of borosilicate and 

phosphate glasses is the exclusive approach for industrial scale application of HLW 

management. However, the low solubility of minor actinides in glass matrix and the 

metastable nature of glasses are the major limitations. Synroc waste forms, which are mainly 

composed of multiple mineral phases such as zirconolite (CaZrTi2O7), pyrochlore (A2B2O6X), 

perovskite (CaTiO3), hollandite (BaAl2Ti6O16), rutile (TiO2), spinel (AB2O4), nepheline 

(KNa3(AlSiO4)4) etc., were recognized as promising host materials for HLW immobilization. 

From isomorphism substitution theory, radioactive nuclides can be incorporated into the 

lattice structure of above-mentioned mineral phases, which significantly promote the long-

term stability and safety for HLW disposal. 

In the Synroc family, perovskite is an important component phase. The majority of 

chemical elements from the periodic table can form ABX3 compounds with the perovskite 

structure. The diversity of chemical elements, which form perovskite structures, their ability 

to create cation- or anion-deficient structures, and a rich variety of distorted perovskite 

structures lead to an extremely broad range of physical properties. Because of this, the 

ЩОЫШЯЬФТЭО ЬЭЫЮМЭЮЫО ТЬ ШПЭОЧ МКХХОН ЭСО ‘ТЧШЫРКЧТМ МСКЦОХОШЧ‘. FОЫЫШ- nad piezoeletricity, high 

electronic and ionic conductivity, diverse magnetism, and colossal magnetoresistive effects, 

paraelectricity and superconductivity, all of these phenomena are known to occur in 

perovskite-type compounds. 

However, in previous studies, perovskite waste forms were mainly synthesized from 

two approaches: (1) high temperature solid state reaction, (2) liquid phase synithesis. 



 ɆȺɌɊɂɑɇȺə ɎɈɊɆȺ ɉȿɊɈȼɋɄɂɌȺ ɋ ɂɋɉɈɅɖɁɈȼȺɇɂȿɆ ɌȿɏɇɈɅɈȽɂɂ 19 

 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 1(β6) 2018 

Meanwhile, compulsive densification processes, such as hot pressing (HP) or hot-isostatic 

pressing (HIP), must be incorporated to get highly compacted specimens. Muthuraman et al. 

Have proposed a novel synthesis approach, self-propagating high-temperature synthesis 

(SHS), for the management of nuclear wastes. As an exothermic chemical reaction, the 

combustion of SHS reactants can be sustainably propagated after ignition. Compared with 

conventional solid state reaction process, SHS leads to high temperature and high reaction 

speed, as well as low energy consumption, low cost, simplified equipment requirement and 

convenient handling. However, the generated high temperature and high reaction speed in 

SHS reaction cause this process hardly be controlled, which may be a crucial limitation for 

industrial application of this technique. On the other hand, SHS reaction usually results in 

porous materials because of the high reaction speed and lack of compression process. 

In this paper, the main goal is that using SHS technology to create immobilization 

solidified body - NdAlO3 and analyze the sample component. 

 

2. Experimental details 

 

As initial components in the synthesis of matrix material by the SHS method, 

commercially manufactured powders of aluminum oxide, neodymium oxide, aluminum, 

nickel were used: 

– neodymium oxide, grade x.h., TU 48-4-186-72; 

– aluminum oxide GOST 8136 grade AOA-2; 

– Nickel grade PNK-OT1; 

– aluminum grade PA-4. 

In accordance with the following exothermic reaction: 

 

Al + Ni + Nd2O3 + Al2O3 = 2NdAlO3 + NiAl 

 

The process of formation of the final components should be of a two-stage nature and 

proceed along the following reaction channels: 

 

Ni + Al = NiAl, 

Nd2O3 + Al2O3 = 2NdAlO3. 

 

Synthesis of materials by the SHS method in this work included the following stages: 

– mixing the powders of the starting reagents according to the stoichiometric 

calculation according to the corresponding reaction equation (2.1) with the addition 

of a different amount of the Nd2O3-Al2O3 additive in a cubic mixer; 

– drying of the initial burden of reagents in a vacuum; 

– pressing the initial mixture of reagents into cylindrical tablets; 

– implementation of the SHS process in a laboratory installation and obtaining samples 

of functional materials; 

– processing of obtained samples. 

– Mixing of powders of the initial reagents was carried out in a cubic mixer AR 403 

All-Purpose Equpiment (Germany), which is a hollow rotating cube with three 

stainless steel rods (rice), designed to enhance mixing of the components of the 

mixture, for 30 minutes. 
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Fig. 1.1 Cubic Mixer ERWEKA 

 

After mixing, the initial charge was dried under a vacuum for 3 hours at a temperature 

of the order of 400 K (Fig.). 

 
 

Fig. 1.2 Diagram of installation for vacuum drying: 1 - manometer; 2 - the camera cover; 3 - fitting; 4 - steel 

chamber; 5 - cuvette with charge; 6 - heating element 

 

Pressing of the initial charge was carried out using a hydraulic laboratory press PGL-12 

(maximum pressure of 50 MPa per surface area of 30 cm2), designed specifically for 

equipping the production analytical and research laboratories. The charge of reagents was 

pressed into cylindrical samples with a diameter of 30 mm and a height of 12-15 mm at 

different pressures - 15, 20, 25, 30 and 40 MPa, in order to obtain samples of different density. 

Metal molds are made of tool steel. The pressing time was 30 minutes. 

The synthesis was carried out under the conditions of a technical vacuum at the 

experimental stand of pyrometric studies of the regularities of the SHS process, including the 

SHS reactor (Fig. Heating of the sample and initiation of the synthesis reaction were carried 

out using a tungsten filament connected to a linear current converter. The temperature regimes 

were recorded with the help of tungsten-rhenium thermocouples connected to a multichannel 

pulse counter Aries SI8, with data recording by a personal computer. 

In this experiment the equipment was not closed under vacuum, which means that the 

temperature at which the reaction occurred was higher than the temperature in the vacuum. 

– Measured temperature: 1000 C 

– Vacuum temperature (usual): 800 C – Using about 0,9 kgf/cm3 
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Fig. 1.3 The scheme of the experimental setup for the production of SHS materials: 1 – the reactor cover; 

2 – tungsten filament; 3 – thermocouple; 4 – synthesized sample; 5 – fireproof stand 

 

If the vacuum is not realized, there will be impurities in the atmospheric air that can 

react with the elements and influence the result of the experiment. Just like the energy that is 

lost by convection into the air. 

Important indications for a quality experiment: 

Suitable pressure, dust quality, heating temperature, temperature / cooling time. 

TСО ПТЧКХ ЬКЦЩХО ЬСШЮХН СКЯО К РШШН КЬЩОМЭ КЧН НШЧ‘Э СКЯО КЧв ЛЮЛЛХО ТЧ ЭСО ЬЮЫПКМО. 
After this process, the pellet is sent to an x-ray analysis laboratory where it is analyzed 

and the composition is described. 

 

Results and discussions 

 

 
 

Fig. 2.1 The XRD pattern of the sample 
   

Tab. 2.1 The mass percentage of composition 

 

ɋomposition Mass percentage 

NdAlO3 10.1% 

NiAl 56.5% 

NdAl2 9.4% 

Ni2Al3 23.9% 
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The products of SHS reaction were analyzed with the XRD pattern presented in Figure 

2.1 and Table. The phase composition conforms to the original phase, we obtained the 

perovskite phase as NdAlO3. Besides it, there are some other phases, like NiAl, NdAl2 and 

Ni2Al3. The diffraction peak of Nd2O3 completely disappeared in the sample, indicating that 

Nd
3+

 has been solidified in the crystal lattice of NdAlO3. 

 

3. Conclusion 

 

In order to create NdAlO3, SHS technology was adopted. SHS technology, is the 

technology that using a large amount of heat released by the chemical reaction to maintain its 

own reaction to obtain a new material with the specified composition and structure. 

According to the XRD pattern shows, we obtained NdAlO3, and there is no Nd2O3, it means 

that Nd
3+

 has been solidified in the crystal lattice of NdAlO3. However the final product has a 

big part of NdAl, these are not the target products. We need to adjust the more suitable 

experimental conditions to conduct experiment, such as pressure for powder, cooling process 

etc. 
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Perovskite Matrix Form by Using SHS Technology for Immobilization HLW 

 

Yingyi Jiang 

 
National Research Tomsk Polytechnic University, Institute of Physics 

Lenin St., 2, Tomsk region, Russia 634050 

 
Abstract – Synroc is recognized as the second generation waste form for the disposal of high-level 

radioactive waste (HLW). In this research, one of the mostly studied Synroc minerals, perovskite 

(CaTiO3 ), was prepared by self-propagating high-temperature synthesis (SHS). Nd2O3 and Al2O3 

were employed as the oxidants with Ni as the reductant. Perovskite was successfully synthesized. 

The as-synthesized samples were readily solidi-fied with desirable density and Vickers hardness. 

 

Keywords: SHS technology, perovskite matrix form, CaTiO3, high level radioactive waste. 
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ɋɢɛɢɪɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ ɧɚɭɤɢ ɢ ɬɟɯɧɨɥɨɝɢɣ 

ɢɦ. ɚɤɚɞɟɦɢɤɚ Ɇ.Ф. Ɋɟɲɟɬɧɟɜɚ, Ʉɪɚɫɧɨɹɪɫɤ, Ɋɨɫɫɢɹ  
 

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɫɭɳɟɫɬɜɭɟɬ ɦɧɨɠɟɫɬɜɨ ɫɩɨɫɨɛɨɜ ɨɩɪɟɞɟɥɟɧɢɹ ɯɢɦɢɱɟɫɤɨɝɨ 
ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɱɜɵ. ɋɚɦɵɦ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɦ ɢ ɭɧɢɜɟɪɫɚɥɶɧɵɦ ɩɨ ɩɪɚɜɭ ɫɱɢɬɚɟɬɫɹ ɦɟɬɨɞ 
ɛɢɨɬɟɫɬɢɪɨɜɚɧɢɹ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɪɚɡɥɢɱɧɵɯ ɦɟɬɨɞɨɜ ɛɢɨɬɟɫɬɢɪɨɜɚɧɢɹ  ɩɨɡɜɨɥɹɟɬ ɩɨɥɭɱɚɬɶ 
ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɵɟ ɪɟɡɭɥɶɬɚɬɵ.  
Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɩɨɱɜɟɧɧɵɣ ɩɨɤɪɨɜ ɧɚ ɨɛɴɟɤɬɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɪɚɤɟɬɧɨɣ 
ɬɟɯɧɢɤɢ. ɉɨɫɥɟ ɥɢɤɜɢɞɚɰɢɢ ɜɨɢɧɫɤɨɣ ɱɚɫɬɢ ɜ ȿɦɟɥɶɹɧɨɜɫɤɨɦ ɪɚɣɨɧɟ, Ʉɪɚɫɧɨɹɪɫɤɨɝɨ ɤɪɚɹ 
ɢɡ-ɡɚ ɩɨɩɚɞɚɧɢɹ ɜ ɩɨɱɜɭ ɡɧɚɱɢɬɟɥɶɧɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɤɨɦɩɨɧɟɧɬɨɜ ɪɚɤɟɬɧɨɝɨ ɬɨɩɥɢɜɚ (ɄɊɌ) 
ɫɥɨɠɢɥɚɫɶ ɧɟɛɥɚɝɨɩɪɢɹɬɧɚɹ ɷɤɨɥɨɝɢɱɟɫɤɚɹ ɨɛɫɬɚɧɨɜɤɚ, ɱɬɨ ɧɚɲɥɨ ɫɜɨɺ ɨɬɪɚɠɟɧɢɟ ɜ 
ɫɨɯɪɚɧɟɧɢɢ ɜɵɫɨɤɨɝɨ ɭɪɨɜɧɹ ɮɢɬɨɬɨɤɫɢɱɧɨɫɬɢ. ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɬɟɪɪɢɬɨɪɢɹ ɜɨɢɧɫɤɨɣ 
ɱɚɫɬɢ ɹɜɥɹɟɬɫɹ ɛɟɫɯɨɡɧɨɣ, ɢɦɟɸɬɫɹ ɪɚɡɪɭɲɟɧɧɵɟ ɫɩɟɰɫɨɨɪɭɠɟɧɢɹ. ɇɚ ɩɨɱɜɟɧɧɨɦ ɩɨɤɪɨɜɟ 
ɢɦɟɸɬɫɹ ɜɢɞɢɦɵɟ ɦɚɫɥɹɧɢɫɬɵɟ ɩɹɬɧɚ, ɩɪɢɫɭɬɫɬɜɭɟɬ ɫɩɟɰɢɮɢɱɟɫɤɢɣ ɡɚɩɚɯ. ɉɨ ɩɨɤɚɡɚɧɢɹɦ 
ɜɨɣɫɤɨɜɨɝɨ ɩɪɢɛɨɪɚ ɯɢɦɢɱɟɫɤɨɣ ɪɚɡɜɟɞɤɢ (ȼɉɏɊ) ɫ ɢɧɞɢɤɚɬɨɪɧɵɦɢ ɬɪɭɛɤɚɦɢ ɂɌ-Ƚ1 ɢ 

ɂɌ-βɌ  ɭɫɬɚɧɨɜɥɟɧɨ ɧɚɥɢɱɢɟ ɜ ɩɨɱɜɟ ɄɊɌ  0,001 ɦɝ/ɥ, ɱɬɨ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɭɪɨɜɧɸ «Ɉɩɚɫɧɨ». 
ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɦɨɧɢɬɨɪɢɧɝ ɯɢɦɢɱɟɫɤɢ ɡɚɝɪɹɡɧɟɧɧɨɣ ɩɨɱɜɵ, ɜɵɹɜɢɬɶ 
ɷɤɨɥɨɝɢɱɟɫɤɢ ɧɟɛɥɚɝɨɩɪɢɹɬɧɵɟ  ɡɨɧɵ, ɨɰɟɧɢɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɨɱɜɵ ɜ ɥɟɫɧɨɦ 
ɯɨɡɹɣɫɬɜɟ.  
Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ ɛɵɥɨ ɨɬɨɛɪɚɧɨ 10 ɩɪɨɛ ɢɡ ɪɚɡɥɢɱɧɵɯ ɭɱɚɫɬɤɨɜ, 
ɪɚɫɩɥɨɠɟɧɧɵɯ ɧɚ ɨɩɪɟɞɟɥɟɧɧɨɦ ɪɚɫɫɬɨɹɧɢɢ ɞɪɭɝ ɨɬ ɞɪɭɝɚ ɢ ɨɯɜɚɬɵɜɚɸɳɢɣ ɡɨɧɵ 
ɩɪɢɛɥɢɠɟɧɧɵɟ ɤ ɬɟɯɧɢɱɟɫɤɢɦ ɫɨɨɪɭɠɟɧɢɹɦ, ɚ ɬɚɤɠɟ ɞɜɟ ɤɨɧɬɪɨɥɶɧɵɟ ɩɪɨɛɵ ɧɚ ɭɞɚɥɟɧɢɢ 
ɬɪɟɯ ɢ ɩɹɬɢ ɤɢɥɨɦɟɬɪɨɜ ɨɬ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɹ. 
ɐɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɜɵɹɜɥɟɧɢɟ ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɱɜɵ. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ ɬɪɟɛɭɟɬɫɹ 
ɨɩɪɟɞɟɥɢɬɶ ɜɥɢɹɧɢɟ ɯɢɦɢɱɟɫɤɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɧɚ ɬɟɫɬ ɨɛɶɟɤɬɵ: ɫɨɫɧɚ ɨɛɵɤɧɨɜɟɧɧɚɹ  Pinus 

ЬвХЯОЬЭЫТЬ L. ɢ ɤɪɟɫɫ-ɫɚɥɚɬ LОЩТНТЮЦ ЬКЭТЯЮЦ L., ɩɪɨɜɟɫɬɢ ɫɬɚɬɢɫɬɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ 
ɩɨɥɭɱɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɞɚɧɧɵɯ ɞɥɹ ɦɢɧɢɦɢɡɚɰɢɢ ɩɥɨɳɚɞɢ ɩɨɞɥɟɠɚɳɟɣ 
ɪɟɤɭɥɶɬɢɜɚɰɢɢ.  
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɩɨɱɜɚ, ɯɢɦɢɱɟɫɤɨɟ ɡɚɝɪɹɡɧɟɧɢɟ, ɪɚɤɟɬɧɨɟ ɬɨɩɥɢɜɨ, ɛɢɨɬɟɫɬɢɪɨɜɚɧɢɟ. 
 

ɉɨɫɬɭɩɢɥɚ ɜ ɪɟɞɚɤɰɢɸ: 10.0β.β018 

 

ȼȼȿȾȿɇɂȿ 
 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɚɜɚɪɢɣɧɵɯ ɫɢɬɭɚɰɢɣ ɩɪɢ ɫɥɢɜɟ ɢɡ ɪɚɤɟɬ ɢ ɫɩɟɰɢɚɥɶɧɵɯ ɟɦɤɨɫɬɟɣ 
ɄɊɌ ɩɪɨɢɫɯɨɞɢɬ ɯɢɦɢɱɟɫɤɨɟ ɡɚɝɪɹɡɧɟɧɢɟ ɩɨɱɜɵ Д1Ж. Ɋɚɤɟɬɧɨɟ ɬɨɩɥɢɜɨ ɨɱɟɧɶ ɩɨɞɜɢɠɧɨ 
ɜ ɥɚɧɞɲɚɮɬɚɯ, ɯɨɪɨɲɨ ɫɦɟɲɢɜɚɟɬɫɹ ɫ ɜɨɞɨɣ, ɱɬɨ ɬɚɤɠɟ ɩɪɟɞɨɩɪɟɞɟɥɹɟɬ ɜɨɡɧɢɤɧɨɜɟɧɢɟ 
ɨɬɞɟɥɶɧɵɯ ɬɟɯɧɨɝɟɧɧɵɯ ɚɧɨɦɚɥɢɣ. Ƚɢɞɪɚɡɢɧɨɜɵɟ ɝɨɪɸɱɢɟ ɩɪɢ ɩɨɩɚɞɚɧɢɢ ɜ ɩɨɱɜɭ 
ɪɚɡɥɚɝɚɸɬɫɹ ɢ ɨɤɢɫɥɹɸɬɫɹ ɫ ɨɛɪɚɡɨɜɚɧɢɟɦ ɜɨɞɵ, ɭɝɥɟɤɢɫɥɨɝɨ ɝɚɡɚ ɢ ɦɨɥɟɤɭɥɹɪɧɨɝɨ 
ɚɡɨɬɚ, ɚ ɬɚɤɠɟ ɪɹɞɚ ɜɵɫɨɤɨɬɨɤɫɢɱɧɵɯ ɩɪɨɞɭɤɬɨɜ: ɞɢɦɟɬɢɥɚɦɢɧɚ, ɮɨɪɦɚɥɶɞɟɝɢɞɚ, 
ɫɢɧɢɥɶɧɨɣ ɤɢɫɥɨɬɵ ɢ ɞɪɭɝɢɯ ɨɩɚɫɧɵɯ ɜɟɳɟɫɬɜ ДβЖ. Ɍɚɤɢɟ ɝɨɪɸɱɢɟ ɩɪɨɱɧɨ ɫɜɹɡɵɜɚɸɬɫɹ 
ɫ ɨɪɝɚɧɨɦɢɧɟɪɚɥɶɧɵɦ ɤɨɦɩɥɟɤɫɨɦ ɩɨɱɜɵ ɢ ɦɨɝɭɬ ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ (ɦɟɫɹɰɵ ɢ ɝɨɞɵ) 
ɫɨɯɪɚɧɹɬɶɫɹ, ɧɚɤɚɩɥɢɜɚɹɫɶ ɜ ɩɨɜɟɪɯɧɨɫɬɧɨɦ ɫɥɨɟ ɢ ɦɢɝɪɢɪɭɹ ɜ ɛɨɥɟɟ ɝɥɭɛɨɤɢɟ ɫɥɨɢ ДγЖ. 



 ɈɉɊȿȾȿɅȿɇɂȿ ɁȺȽɊəɁɇȿɇɂə ɉɈɑȼɕ ɊȺɄȿɌɇɕɆ ɌɈɉɅɂȼɈɆ ɋ ɉɈɆɈɓɖɘ 25 

 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 1(β6) 2018 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɡɚɝɪɹɡɧɟɧɧɵɯ ɤɨɦɩɨɧɟɧɬɚɦɢ ɪɚɤɟɬɧɨɝɨ ɬɨɩɥɢɜɚ ɦɟɫɬ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɪɚɤɟɬɧɨɣ ɬɟɯɧɢɤɢ ɪɚɡɧɨɣ ɞɚɜɧɨɫɬɢ (ɨɬ 5 ɞɨ βγ ɥɟɬ) ɩɨɤɚɡɚɥɨ, ɱɬɨ ɭɦɟɧɶɲɟɧɢɟ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɝɢɞɪɚɡɢɧɨɜɵɦɢ ɝɨɪɸɱɢɦɢ ɞɨ ɭɪɨɜɧɹ 1-β ɉȾɄ ɩɪɨɢɫɯɨɞɢɬ ɛɨɥɟɟ ɱɟɦ ɡɚ 
β0 ɥɟɬ. Ʉɨɧɰɟɧɬɪɚɰɢɢ ɨɫɬɚɬɤɨɜ ɬɨɩɥɢɜɚ ɜ ɦɟɫɬɚɯ ɡɚɩɪɚɜɤɢ ɢ ɯɪɚɧɟɧɢɹ ɄɊɌ ɦɨɝɭɬ 
ɞɨɫɬɢɝɚɬɶ 1.β-γ.4 ɦɝ/ɤɝ. Ɇɚɤɫɢɦɚɥɶɧɵɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɨɬɦɟɱɚɸɬɫɹ ɜ ɜɟɪɯɧɢɯ ɝɨɪɢɡɨɧɬɚɯ 
ɩɨɱɜɵ, ɱɬɨ ɷɤɜɢɜɚɥɟɧɬɧɨ 10-γ0 ɉȾɄ Д4Ж. Ƚɢɞɪɚɡɢɧɨɜɵɟ ɝɨɪɸɱɢɟ ɢɦɟɸɬ ɜɵɪɚɠɟɧɧɭɸ 
ɳɟɥɨɱɧɭɸ ɪɟɚɤɰɢɸ (ɪɇ1β). ɉɪɢ ɢɯ ɩɪɨɥɢɜɟ ɧɚ ɪɚɫɬɢɬɟɥɶɧɵɣ ɩɨɤɪɨɜ ɩɪɨɢɫɯɨɞɹɬ 
ɳɟɥɨɱɧɵɟ ɨɠɨɝɢ. ɉɨɪɚɠɟɧɧɚɹ ɪɚɫɬɢɬɟɥɶɧɨɫɬɶ ɩɪɢɨɛɪɟɬɚɟɬ ɜɢɞ «ɜɚɪɟɧɨɣ» ɡɟɥɟɧɢ, 
ɜɵɫɵɯɚɹ, ɫɬɚɧɨɜɢɬɫɹ ɤɨɪɢɱɧɟɜɨɣ. ɉɪɨɧɢɤɚɹ ɜ ɬɤɚɧɢ ɪɚɫɬɟɧɢɣ, ɨɧɢ ɫɩɨɫɨɛɧɵ 
ɫɨɯɪɚɧɹɬɶɫɹ ɞɥɢɬɟɥɶɧɨɟ ɜɪɟɦɹ (ɛɨɥɟɟ 1 ɝɨɞɚ) ɢ ɜɚɪɶɢɪɨɜɚɬɶ ɜ ɩɪɟɞɟɥɚɯ ɤɨɧɰɟɧɬɪɚɰɢɣ 
0.1-5 ɦɝ/ɤɝ. ɇɟɫɢɦɦɟɬɪɢɱɧɵɣ ɞɢɦɟɬɢɥɝɢɞɪɚɡɢɧ (ɝɟɩɬɢɥ) – ɨɞɢɧ ɢɡ ɫɚɦɵɯ ɬɨɤɫɢɱɧɵɯ 
ɤɨɦɩɨɧɟɧɬɨɜ ɪɚɤɟɬɧɨɝɨ ɬɨɩɥɢɜɚ Д5Ж. 

ɉɪɨɛɥɟɦɚ ɝɟɩɬɢɥɚ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɩɪɢ ɨɛɟɫɩɟɱɟɧɢɢ ɷɤɨɥɨɝɢɱɟɫɤɨɣ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɬɟɪɪɢɬɨɪɢɣ ɥɢɤɜɢɞɢɪɨɜɚɧɧɵɯ ɜɨɢɧɫɤɢɯ ɱɚɫɬɟɣ Д6Ж. ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ 
ɜɨɡɧɢɤɚɟɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɩɪɨɜɟɞɟɧɢɹ ɷɤɨɥɨɝɢɱɟɫɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɨɛɥɚɫɬɢ 
ɜɨɡɞɟɣɫɬɜɢɹ ɨɛɴɟɤɬɨɜ ɷɤɫɩɥɭɚɬɚɰɢɢ ɪɚɤɟɬɧɨɣ ɬɟɯɧɢɤɢ ɧɚ ɩɪɢɪɨɞɧɭɸ ɫɪɟɞɭ, ɤɨɬɨɪɵɟ 
ɦɨɝɥɢ ɛɵ ɞɚɬɶ ɨɛɴɟɤɬɢɜɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨ ɦɚɫɲɬɚɛɚɯ ɢ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɷɬɨɝɨ 
ɜɨɡɞɟɣɫɬɜɢɹ.  

ɐɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɜɵɹɜɥɟɧɢɟ ɯɢɦɢɱɟɫɤɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɩɨɱɜɵ, ɨɰɟɧɤɚ 
ɜɥɢɹɧɢɹ ɄɊɌ ɧɚ ɛɢɨɥɨɝɢɱɟɫɤɢɟ ɨɛɴɟɤɬɵ. 

 

ɈȻɔȿɄɌ ɂ ɆȿɌɈȾɕ ɂɋɋɅȿȾɈȼȺɇɂə 

 

Ɉɛɴɟɤɬɨɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɥɢɫɶ ɩɨɱɜɚ ɢ  ɪɚɫɬɢɬɟɥɶɧɵɣ ɩɨɤɪɨɜ ɫ ɛɵɜɲɟɝɨ ɦɟɫɬɚ 
ɞɢɫɥɨɤɚɰɢɢ ɜɨɢɧɫɤɨɣ ɱɚɫɬɢ  Ɋɚɤɟɬɧɵɯ ɜɨɣɫɤ ɜ ȿɦɟɥɶɹɧɨɜɫɤɨɦ ɪɚɣɨɧɟ Ʉɪɚɫɧɨɹɪɫɤɨɝɨ 
ɤɪɚɹ. 

Ɍɟɪɪɢɬɨɪɢɹ ɨɛɴɟɤɬɚ ɪɚɫɩɨɥɨɠɟɧɚ ɜ ɥɟɫɧɨɦ ɦɚɫɫɢɜɟ ɧɚ ɫɩɟɰɢɚɥɶɧɨ ɨɛɨɪɭɞɨɜɚɧɧɨɣ 
ɩɥɨɳɚɞɤɟ. ɉɨɫɥɟ ɥɢɤɜɢɞɚɰɢɢ ɜɨɢɧɫɤɨɣ ɱɚɫɬɢ ɨɫɬɚɥɢɫɶ ɛɟɫɯɨɡɧɵɦɢ ɫɬɪɨɢɬɟɥɶɧɵɟ 
ɫɨɨɪɭɠɟɧɢɹ ɪɚɡɥɢɱɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ. ɉɪɢɦɵɤɚɸɳɚɹ ɩɥɨɳɚɞɶ ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɫɥɟɞɭɸɳɢɦɢ ɬɢɩɚɦɢ ɩɨɱɜ: ɱɟɪɧɨɡɟɦ ɜɵɳɟɥɨɱɟɧɧɵɣ – 17,7%, ɱɟɪɧɨɡɟɦ ɨɛɵɤɧɨɜɟɧɧɵɣ 
– 16,1%, ɫɟɪɵɟ ɥɟɫɧɵɟ – 1β,8%, ɥɭɝɨɜɨ-ɱɟɪɧɨɡɟɦɧɵɟ – 10,8%, ɩɨɣɦɟɧɧɵɟ – 6,3%, 

ɛɨɥɨɬɧɵɟ – β,γ%, ɧɟɨɛɫɥɟɞɨɜɚɧɧɵɟ –34%. ɋ ɫɟɜɟɪɚ ɤ ɢɡɭɱɚɟɦɨɣ ɬɟɪɪɢɬɨɪɢɢ ɩɪɢɥɟɝɚɟɬ 
ɥɟɫɨɩɨɥɨɫɚ, ɫ ɡɚɩɚɞɧɨɣ ɩɪɨɬɟɤɚɟɬ ɪɟɤɚ Ʉɚɱɚ. ȼ ɸɠɧɨɣ ɢ ɜɨɫɬɨɱɧɨɣ ɱɚɫɬɢ ɢɡɭɱɚɟɦɨɣ 
ɬɟɪɪɢɬɨɪɢɢ ɪɚɫɩɨɥɨɠɟɧɵ ɠɟɥɟɡɧɨɞɨɪɨɠɧɚɹ ɜɟɬɤɚ ɢ ɚɫɮɚɥɶɬɢɪɨɜɚɧɧɚɹ ɞɨɪɨɝɚ. 

Ɉɫɧɨɜɧɨɣ ɞɪɟɜɟɫɧɨɣ ɮɨɪɦɨɣ ɫɨɩɪɢɤɚɫɚɸɳɟɣɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɫ ɨɛɴɟɤɬɨɦ ɹɜɥɹɟɬɫɹ 
ɫɨɫɧɚ ɨɛɵɤɧɨɜɟɧɧɚɹ (PТЧЮЬ ЬТХЯОЬЭЫТЬ), ɪɚɫɬɢɬɟɥɶɧɵɣ ɩɨɤɪɨɜ ɪɚɡɧɨɬɪɚɜɧɨ-ɡɥɚɤɨɜɵɣ. 

Ɉɬɛɨɪ ɩɪɨɛ ɩɪɨɜɨɞɢɥɫɹ ɜ ɬɟɱɟɧɢɟ ɜɟɝɟɬɚɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ β017 ɝɨɞɚ. ɉɪɨɛɵ 
ɨɬɛɢɪɚɥɢɫɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ȽɈɋɌ 17.4.4.0β-84 [7],  ɧɚ ɢɫɫɥɟɞɭɟɦɨɦ ɨɛɴɟɤɬɟ ɛɵɥɨ 
ɜɵɛɪɚɧɨ 10 ɩɪɨɛɧɵɯ ɩɥɨɳɚɞɨɤ ɪɚɡɦɟɪɨɦ 20ɯ20 ɦɟɬɪɨɜ. ɉɥɨɳɚɞɤɢ № 1, β,  
ɪɚɫɩɨɥɚɝɚɥɢɫɶ ɜɛɥɢɡɢ ɫɨɨɪɭɠɟɧɢɣ ɞɥɹ ɯɪɚɧɟɧɢɹ ɄɊɌ. ɉɥɨɳɚɞɤɢ № 3, 4  ɪɚɫɩɨɥɚɝɚɥɢɫɶ 
ɜɛɥɢɡɢ ɪɚɤɟɬɧɨɣ  ɲɚɯɬɵ, ɝɞɟ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɩɪɨɜɨɞɢɥɚɫɶ ɪɚɛɨɬɵ ɩɨ ɡɚɩɪɚɜɤɟ ɪɚɤɟɬ. 
ɉɥɨɳɚɞɤɢ  5-10 ɪɚɫɩɨɥɚɝɚɥɢɫɶ ɜɛɥɢɡɢ ɫɨɨɪɭɠɟɧɢɣ ɞɥɹ ɯɪɚɧɟɧɢɹ ɢ ɧɟɣɬɪɚɥɢɡɚɰɢɢ 
ɚɝɪɟɝɚɬɨɜ ɡɚɩɪɚɜɨɱɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ. Ʉɨɧɬɪɨɥɶɧɵɟ ɩɥɨɳɚɞɤɢ 1-β ɪɚɫɩɨɥɚɝɚɥɢɫɶ ɧɚ 
ɭɞɚɥɟɧɢɢ γ ɤɦ ɧɚ ɜɨɫɬɨɤ ɢ 5 ɤɦ ɧɚ ɡɚɩɚɞ ɨɬ ɨɛɴɟɤɬɚ. Ɍɨɱɟɱɧɵɟ ɩɪɨɛɵ ɩɨɱɜɵ ɨɬɛɢɪɚɥɢ 
ɧɚ ɩɪɨɛɧɵɯ ɩɥɨɳɚɞɤɚɯ ɩɨɫɥɨɣɧɨ ɫ ɝɥɭɛɢɧɵ 0-5 ɢ 5-β0 ɫɦ ɦɟɬɨɞɨɦ ɤɨɧɜɟɪɬɚ. 
Ɉɛɴɟɞɢɧɟɧɧɭɸ ɩɨɱɜɟɧɧɭɸ ɩɪɨɛɭ ɫɨɫɬɚɜɥɹɥɢ ɩɭɬɟɦ ɫɦɟɲɢɜɚɧɢɹ 5 ɬɨɱɟɱɧɵɯ ɩɪɨɛ, 
ɨɬɨɛɪɚɧɧɵɯ ɧɚ ɨɞɧɨɣ ɩɪɨɛɧɨɣ ɩɥɨɳɚɞɤɟ.  

ɋɪɟɞɢ ɜɵɫɲɢɯ ɪɚɫɬɟɧɢɣ ɧɚɢɛɨɥɟɟ ɱɭɜɫɬɜɢɬɟɥɶɧɵ ɤ ɡɚɝɪɹɡɧɟɧɢɸ ɨɤɪɭɠɚɸɳɟɣ 
ɫɪɟɞɵ ɯɜɨɣɧɵɟ ɪɚɫɬɟɧɢɹ. ȼ ɢɫɫɥɟɞɨɜɚɧɢɹɯ ɩɨ ɛɢɨɢɧɞɢɤɚɰɢɢ ɱɚɳɟ ɜɫɟɝɨ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɫɨɫɧɚ ɨɛɵɤɧɨɜɟɧɧɚɹ, ɤɚɤ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɨɟ ɯɜɨɣɧɨɟ ɞɟɪɟɜɨ Д8Ж. Ɂɚɝɪɹɡɧɹɸɳɢɟ 
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ɜɟɳɟɫɬɜɚ ɧɚɤɚɩɥɢɜɚɸɬɫɹ ɜ ɟɟ ɯɜɨɟ, ɤɨɪɟ ɢ ɞɪɟɜɟɫɢɧɟ. Ɉɧɢ ɨɤɚɡɵɜɚɸɬ ɜɥɢɹɧɢɟ ɧɚ ɪɨɫɬ, 
ɠɢɡɧɟɫɩɨɫɨɛɧɨɫɬɶ ɢ ɨɛɳɭɸ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɠɢɡɧɢ ɞɟɪɟɜɶɟɜ. Ɉɫɨɛɟɧɧɨ ɡɚɦɟɬɧɨ ɷɬɨ 
ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɯɜɨɟ. ȼ ɡɚɝɪɹɡɧɟɧɧɵɯ ɪɚɣɨɧɚɯ ɯɜɨɢɧɤɢ ɡɚɤɪɭɱɢɜɚɸɬɫɹ ɧɚ ɤɨɧɰɚɯ ɢɥɢ 
ɫɩɢɪɚɥɶɧɨ ɩɨ ɜɫɟɣ ɞɥɢɧɟ, ɩɨɤɪɵɜɚɸɬɫɹ ɩɹɬɧɚɦɢ, ɫɨɯɧɭɬ ɪɚɧɶɲɟ ɜɪɟɦɟɧɢ ɢ ɨɬɩɚɞɚɸɬ 
[9]. 

ȼ ɭɫɥɨɜɢɹɯ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɭɯɭɞɲɟɧɢɟ ɫɨɫɬɨɹɧɢɹ ɞɟɪɟɜɶɟɜ ɫɨɫɧɵ 
ɨɛɵɤɧɨɜɟɧɧɨɣ ɫɨɩɪɨɜɨɠɞɚɥɨɫɶ ɜɨɡɪɚɫɬɚɧɢɟɦ ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɫɨɞɟɪɠɚɧɢɹ ɡɚɩɚɫɧɵɯ ɢ 
ɫɬɪɭɤɬɭɪɧɵɯ ɮɨɪɦ ɭɝɥɟɜɨɞɨɜ, ɭɜɟɥɢɱɟɧɢɟɦ ɫɨɨɬɧɨɲɟɧɢɹ ɛɟɥɤɨɜɵɣ - ɧɟɛɟɥɤɨɜɵɣ ɚɡɨɬ, 
ɜ ɩɨɥɶɡɭ ɩɨɫɥɟɞɧɟɝɨ. ɋ ɭɯɭɞɲɟɧɢɟɦ ɠɢɡɧɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜ ɯɜɨɟ ɫɨɫɧɵ ɧɚɛɥɸɞɚɟɬɫɹ 
ɫɧɢɠɟɧɢɟ ɱɢɫɥɚ ɦɚɤɪɨɷɪɝɢɱɟɫɤɢɯ ɫɨɟɞɢɧɟɧɢɣ, ɫɚɯɚɪɨɮɨɫɮɚɬɨɜ, ɡɟɥɟɧɵɯ ɩɢɝɦɟɧɬɨɜ ɢ 
ɭɜɟɥɢɱɟɧɢɟ ɧɟɨɪɝɚɧɢɱɟɫɤɨɝɨ ɮɨɫɮɨɪɚ, ɤɪɚɯɦɚɥɚ ɢ ɝɥɸɤɨɡɵ Д10-11Ж. ɉɪɢ ɨɛɳɟɦ 
ɫɧɢɠɟɧɢɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɠɢɡɧɢ ɯɜɨɢ, ɧɚɪɭɲɟɧɢɹ ɜ ɧɟɣ, ɫɨɞɟɪɠɚɧɢɟ ɢ 
ɫɨɨɬɧɨɲɟɧɢɟ ɨɬɞɟɥɶɧɵɯ ɷɥɟɦɟɧɬɨɜ ɦɢɧɟɪɚɥɶɧɨɝɨ ɩɢɬɚɧɢɹ, ɢɡɦɟɧɟɧɢɹ ɜ ɫɨɞɟɪɠɚɧɢɢ 
ɩɢɝɦɟɧɬɨɜ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜɢɞɨɜɨɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɶɸ. ɋ ɭɜɟɥɢɱɟɧɢɟɦ ɫɬɟɩɟɧɢ 
ɡɚɝɪɹɡɧɟɧɢɹ ɜ ɯɥɨɪɨɩɥɚɫɬɚɯ ɯɜɨɢ ɫɨɫɧɵ PТЧЮЬ ЬвХЯОЬЭЫТЬ L., ɩɪɨɢɫɯɨɞɢɬ ɫɧɢɠɟɧɢɟ 
ɨɛɳɟɝɨ ɤɨɥɢɱɟɫɬɜɚ ɯɥɨɪɨɮɢɥɥɨɜ ɢ ɤɚɪɨɬɢɧɨɢɞɨɜ  Д1βЖ. ɂɡɦɟɧɟɧɢɟ ɨɤɪɚɫɤɢ ɥɢɫɬɶɟɜ ɢɥɢ 
ɯɜɨɢ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɜ ɛɨɥɶɲɢɧɫɬɜɟ ɫɥɭɱɚɟɜ ɧɟɫɩɟɰɢɮɢɱɟɫɤɭɸ ɪɟɚɤɰɢɸ ɧɚ 
ɪɚɡɥɢɱɧɵɟ ɫɬɪɟɫɫɨɪɵ [13]. 

ɇɚ ɤɚɠɞɨɣ ɩɪɨɛɧɨɣ ɩɥɨɳɚɞɤɟ ɨɛɫɥɟɞɨɜɚɥɢ ɩɨ 10 ɞɟɪɟɜɶɟɜ. ɋɪɟɞɧɢɣ ɜɨɡɪɚɫɬ 
ɞɟɪɟɜɶɟɜ 5 ɥɟɬ, ɜɵɫɨɬɚ γ-5 ɦɟɬɪɨɜ, ɞɢɚɦɟɬɪ ɫɬɜɨɥɚ 5-8 ɫɦ. ɋɧɚɱɚɥɚ ɜɧɢɦɚɬɟɥɶɧɨ 
ɨɫɦɨɬɪɟɥɢ ɜɫɟ ɯɜɨɢɧɤɢ ɩɨɛɟɝɚ ɫɨɫɧɵ ɨɛɵɤɧɨɜɟɧɧɨɣ ɢ ɨɩɪɟɞɟɥɢɥɢ ɤɥɚɫɫ ɭɫɵɯɚɧɢɹ ɩɨ 
ɫɥɟɞɭɸɳɢɦ ɤɪɢɬɟɪɢɹɦ: Ʉɥɚɫɫ 1 – ɇɟɬ ɫɭɯɢɯ ɭɱɚɫɬɤɨɜ. Ʉɥɚɫɫ β – Ʉɨɧɱɢɤ ɯɜɨɢɧɤɢ ɧɚ β-5 

ɦɦ ɭɫɨɯ ɢ ɩɨɠɟɥɬɟɥ (ɲɢɩɢɤ ɧɚ ɤɨɧɰɟ ɯɜɨɢɧɤɢ ɜɫɟɝɞɚ ɫɜɟɬɥɵɣ ɢ ɟɝɨ ɨɤɪɚɫɤɚ ɧɟ 
ɜɤɥɸɱɚɟɬɫɹ ɜ ɨɰɟɧɤɭ). Ʉɥɚɫɫ γ – ɏɜɨɢɧɤɚ ɭɫɨɯɥɚ ɞɨ 1/γ. Ʉɥɚɫɫ 4 – ȼɫɹ ɯɜɨɢɧɤɚ 
ɩɨɠɟɥɬɟɥɚ, ɛɨɥɟɟ ɩɨɥɨɜɢɧɵ ɞɥɢɧɵ ɫɭɯɚɹ. 

Ɏɢɬɨɬɨɤɫɢɱɧɨɫɬɶ ɝɪɭɧɬɚ ɨɩɪɟɞɟɥɹɥɢ ɛɢɨɬɟɫɬɢɪɨɜɚɧɢɟɦ ɩɨ ɫɧɢɠɟɧɢɸ ɷɧɟɪɝɢɢ 
ɩɪɨɪɚɫɬɚɧɢɹ ɢ ɜɫɯɨɠɟɫɬɢ ɤɪɟɫɫ-ɫɚɥɚɬɚ (LОЩТНТЮЦ ЬКЭТЯЮЦ L) ɜ ɫɪɚɜɧɟɧɢɢ ɫ ɤɨɧɬɪɨɥɟɦ. ȼ 

ɤɚɠɞɵɣ ɨɛɪɚɡɟɰ ɩɨɱɜɵ ɛɵɥɢ ɩɨɫɟɹɧɵ ɩɨ β00 ɫɟɦɹɧ. ɗɧɟɪɝɢɸ ɩɪɨɪɚɫɬɚɧɢɹ ɢ ɜɫɯɨɠɟɫɬɶ 
ɨɩɪɟɞɟɥɹɥɢ ɫɨɝɥɚɫɧɨ ȽɈɋɌ 1β0γ8-84 Д14Ж. ȼ ɤɚɱɟɫɬɜɟ ɨɫɧɨɜɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɨɰɟɧɤɢ 
(PТЧЮЬ ЬТХЯОЬЭЫТЬ) ɜɵɛɪɚɧɵ ɦɨɪ- ɮɨɦɟɬɪɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ ɝɨɞɢɱɧɨɝɨ ɥɢɧɟɣɧɨɝɨ 
ɩɪɢɪɨɫɬɚ: ɞɥɢɧɚ ɝɨɞɢɱɧɨɝɨ ɩɪɢɪɨɫɬɚ, ɤɨɥɢɱɟɫɬɜɨ ɯɜɨɢ ɨɫɟɜɨɝɨ ɩɨɛɟɝɚ, ɞɥɢɧɚ ɯɜɨɢ, 
ɞɢɚɦɟɬɪ ɨɫɟɜɨɝɨ ɩɨɛɟɝɚ [15].  

Ɇɚɬɟɦɚɬɢɱɟɫɤɭɸ ɨɛɪɚɛɨɬɤɭ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɨɜɨɞɢɥɢ ɫɬɚɧɞɚɪɬɧɵɦɢ ɦɟɬɨɞɚɦɢ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɚɤɟɬɚ ɚɧɚɥɢɡɚ MS EбМОХ ɢ SЭКЭSШПЭ STATISTICA 6.0 [16]. 
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Ȼɢɨɬɟɫɬɢɪɨɜɚɧɢɟ ɩɨɱɜɟɧɧɵɯ ɨɛɪɚɡɰɨɜ ɩɨɤɚɡɚɥɨ ɟɝɨ ɜɵɫɨɤɭɸ ɮɢɬɨɬɨɤɫɢɱɧɨɫɬɶ. 
ȼɨ ɜɫɟɯ ɨɛɪɚɡɰɚɯ ɨɬɦɟɱɟɧɨ ɫɧɢɠɟɧɢɟ ɜɫɯɨɠɟɫɬɢ ɬɟɫɬ-ɤɭɥɶɬɭɪɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɤɨɧɬɪɨɥɹ. 

Ɇɚɤɫɢɦɚɥɶɧɚɹ ɚɧɬɪɨɩɨɝɟɧɧɚɹ ɧɚɝɪɭɡɤɚ  ɨɬɦɟɱɟɧɚ  ɧɚ ɩɪɨɛɧɵɯ ɩɥɨɳɚɞɤɚɯ 1 ɢ β, ɝɞɟ 
ɩɪɟɞɩɨɥɨɠɢɬɟɥɶɧɨ ɢɦɟɥɢɫɶ ɚɜɚɪɢɣɧɵɟ ɩɪɨɥɢɜɵ ɜ ɯɨɞɟ ɪɚɛɨɬ ɫ ɄɊɌ (ɬɚɛɥ. 1). 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜ ɤɚɱɟɫɬɜɟ ɩɨɤɚɡɚɬɟɥɹ ɮɢɬɨɬɨɤɫɢɱɧɨɫɬɢ ɷɧɟɪɝɢɢ ɩɪɨɪɚɫɬɚɧɢɹ 
ɬɟɫɬ-ɤɭɥɶɬɭɪɵ ɮɢɬɨɬɨɤɫɢɱɟɫɤɢɣ ɷɮɮɟɤɬ ɛɵɥ ɦɟɧɟɟ ɜɵɪɚɠɟɧ (ɬɚɛɥ. 2). 

ɂɫɫɥɟɞɨɜɚɧɢɹ ɦɨɪɮɨɦɟɬɪɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ (PТЧЮЬЬТХЯОЬЭЫТЬ) ɜ ɤɨɧɰɟ 
ɜɟɝɟɬɚɰɢɨɧɧɨɝɨ ɩɟɪɢɨɞɚ β017 ɝɨɞɚ ɩɨɤɚɡɚɥɢ ɫɭɳɟɫɬɜɟɧɧɵɟ ɨɬɥɢɱɢɹ ɨɬ ɤɨɧɬɪɨɥɶɧɵɯ 
ɩɥɨɳɚɞɨɤ (ɬɚɛɥ. γ).  ɉɨɜɪɟɠɞɟɧɢɟ ɧɟɤɪɨɡɨɦ ɢ ɯɥɨɪɨɡɨɦ ɯɜɨɢ ɫɨɫɧɵ ɨɛɵɤɧɨɜɟɧɧɨɣ 
ɧɚɛɥɸɞɚɥɢɫɶ ɧɚ ɜɫɟɣ ɬɟɪɪɢɬɨɪɢɢ ɨɛɴɟɤɬɚ (ɬɚɛɥ. 4). ȼɨɡɦɨɠɧɨ, ɷɬɨ ɫɜɹɡɚɧɨ ɫ 
ɭɯɭɞɲɟɧɢɟɦ ɠɢɡɧɟɧɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɫɨɫɧɵ ɜɫɥɟɞɫɬɜɢɟ ɜɥɢɹɧɢɹ ɯɢɦɢɱɟɫɤɨɝɨ 
ɡɚɝɪɹɡɧɟɧɢɹ. ɇɟ ɢɫɤɥɸɱɚɟɬɫɹ ɮɚɤɬ ɦɢɝɪɚɰɢɢ ɄɊɌ ɜ ɩɨɱɜɟ ɫ ɚɬɦɨɫɮɟɪɧɵɦɢ ɨɫɚɞɤɚɦɢ.  

ȼɫɯɨɠɟɫɬɶ ɬɟɫɬ-ɤɭɥɶɬɭɪɵ ɩɨɥɨɠɢɬɟɥɶɧɨ ɤɨɪɪɟɥɢɪɨɜɚɥɚ ɫ ɦɨɪɮɨɦɟɬɪɢɱɟɫɤɢɦɢ 
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ɩɨɤɚɡɚɬɟɥɹɦɢ ɫɨɫɧɵ ɢ ɨɬɪɢɰɚɬɟɥɶɧɨ – ɫ ɩɨɤɚɡɚɬɟɥɹɦɢ ɩɨɜɪɟɠɞɟɧɢɣ ɧɟɤɪɨɡɨɦ ɢ 
ɯɥɨɪɨɡɨɦ. Ⱦɥɹ ɷɧɟɪɝɢɢ ɩɪɨɪɚɫɬɚɧɢɹ ɩɨɞɨɛɧɵɟ ɤɨɪɪɟɥɹɰɢɢ ɨɬɫɭɬɫɬɜɨɜɚɥɢ  (ɬɚɛɥ. 5). 

ɋɜɹɡɶ ɦɟɠɞɭ ɜɫɯɨɠɟɫɬɶɸ ɬɟɫɬ-ɤɭɥɶɬɭɪɵ ɢ ɦɨɪɮɨɦɟɬɪɢɱɟɫɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ 
ɫɨɫɧɵ, ɚ ɬɚɤɠɟ ɦɟɠɞɭ ɜɫɯɨɠɟɫɬɶɸ ɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɩɨɜɪɟɠɞɟɧɢɹ ɫɨɫɧɵ, ɧɨɫɢɥɚ 
ɧɟɥɢɧɟɣɧɵɣ ɯɚɪɚɤɬɟɪ (ɪɢɫ. 1, β). 

 

Ɍɚɛɥɢɰɚ 1. – ȼɫɯɨɠɟɫɬɶ ɬɟɫɬ-ɤɭɥɶɬɭɪɵ (Lepidiumsativum L) ɜ ɨɛɪɚɡɰɚɯ ɩɨɱɜɵ ɜ 

ɩɪɨɰɟɧɬɚɯ ɨɬ ɨɛɳɟɝɨ ɱɢɫɥɚ ɩɨɫɟɹɧɧɵɯ ɫɟɦɹɧ [The germination capacity of 

the test culture (Lepidiumsativum L) in soil samples as a percentage of the 

total number of seeds sown] 

 

№ ɩɪɨɛɧɨɣ ɩɥɨɳɚɞɤɢ ȼɫɯɨɠɟɫɬɶ, % ȼɫɯɨɠɟɫɬɶ, % ɤ 
ɤɨɧɬɪɨɥɸ 

ɋɧɢɠɟɧɢɟ 
ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɤɨɧɬɪɨɥɹ, %1 48 50,5 49,5 

2 53 55,8 44,2 

3 67 70,5 29,5 

4 68 71,6 28,4 

5 78 82,1 17,9 

6 78 82,1 17,9 

7 83 87,4 12,6 

8 88 92,6 7,4 

9 89 93,7 6,3 

10 88 92,6 7,4 

Ʉɨɧɬɪɨɥɶɧɚɹ 
ɩɥɨɳɚɞɤɚ №1 

95 100,0 0,0 

Ʉɨɧɬɪɨɥɶɧɚɹ 
ɩɥɨɳɚɞɤɚ №β 

95 100,0 0,0 

 

 

Ɍɚɛɥɢɰɚ 2. – ɗɧɟɪɝɢɹ ɩɪɨɪɚɫɬɚɧɢɹ ɬɟɫɬ-ɤɭɥɶɬɭɪɵ (LОЩТНТЮЦЬКЭТЯЮЦ L) ɜ ɨɛɪɚɡɰɚɯ 
ɩɨɱɜɵ ɫ ɪɚɡɧɵɯ ɩɪɨɛɧɵɯ ɩɥɨɳɚɞɨɤ [The germination energy of the test 

culture (Lepidiumsativum L) in soil samples from different test plots] 

 

№ ɩɪɨɛɧɨɣ 
ɩɥɨɳɚɞɤɢ 

ɗɧɟɪɝɢɹ ɩɪɨɪɚɫɬɚɧɢɹ, % % ɤ ɤɨɧɬɪɨɥɸ ɋɧɢɠɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɤɨɧɬɪɨɥɹ, % 

1 66 98,5 1,5 

2 66 98,5 1,5 

3 63 94,0 6,0 

4 64 95,5 4,5 

5 50 74,6 25,4 

6 65 97,0 3,0 

7 37 55,2 44,8 

8 57 85,1 14,9 

9 40 59,7 40,3 

10 67 100,0 0,0 

Ʉɨɧɬɪɨɥɶɧɚɹ 
ɩɥɨɳɚɞɤɚ №1 

67 100,0 0,0 

Ʉɨɧɬɪɨɥɶɧɚɹ 
ɩɥɨɳɚɞɤɚ №β 

67 100,0 0,0 
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Ɍɚɛɥɢɰɚ 3. – ɋɪɟɞɧɢɟ ɦɨɪɮɨɦɟɬɪɢɱɟɫɤɢɟ ɩɨɤɚɡɚɬɟɥɢ P. ЬТХЯОЬЭЫТЬ ɧɚ ɬɟɪɪɢɬɨɪɢɢ 
ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ ɤɨɧɰɟ ɜɟɝɟɬɚɬɢɜɧɨɝɨ ɩɟɪɢɨɞɚ [The average 

morphometric parameters of P. silvestris on the territory of the research 

object at the end of the vegetative period] 

 

№ ɩɪɨɛɧɨɣ 
ɩɥɨɳɚɞɤɢ 

Ⱦɥɢɧɚ ɝɨɞɢɱɧɨɝɨ 
ɩɪɢɪɨɫɬɚ, ɦɦ 

Ʉɨɥɢɱɟɫɬɜɨ ɯɜɨɢ Ⱦɥɢɧɚ ɯɜɨɢ, ɦɦ ȼɟɥɢɱɢɧɚ 
ɪɚɞɢɚɥɶɧɨɝɨ 
ɩɪɢɪɨɫɬɚ, ɦɦ 

1 90 75 15 3 

2 95 77 15 3 

3 100 78 15 3,2 

4 105 78 16 3,2 

5 105 82 16 3,4 

6 115 84 16 3,4 

7 120 86 18 3.6 

8 120 86 18 3.6 

9 130 88 18 3.8 

10 135 90 18 3.8 

Ʉɨɧɬɪɨɥɶɧɚɹ 
ɩɥɨɳɚɞɤɚ №1 

155 95 20 4 

Ʉɨɧɬɪɨɥɶɧɚɹ 
ɩɥɨɳɚɞɤɚ №β 

160 97 20 4 

 

Ɍɚɛɥɢɰɚ 4. – ɉɨɤɚɡɚɬɟɥɢ ɩɨɜɪɟɠɞɟɧɢɣ ɧɟɤɪɨɡɨɦ ɢ ɯɥɨɪɨɡɨɦ ɯɜɨɢ ɫɨɫɧɵ 
ɨɛɵɤɧɨɜɟɧɧɨɣ ɧɚ ɬɟɪɪɢɬɨɪɢɢ ɨɛɴɟɤɬɚ ɢɫɫɥɟɞɨɜɚɧɢɣ (%) ДЧНТМКЭШЫЬ ШП 
damage by necrosis and chlorosis of pine needles in the territory of the 

research object (%)] 

 

№ ɩɪɨɛɧɨɣ 
ɩɥɨɳɚɞɤɢ 

Ʉɨɥɢɱɟɫɬɜɨ ɯɜɨɢ ɫ ɩɪɢɡɧɚɤɚɦɢ 
ɧɟɤɪɨɡɚ (%) 

Ʉɨɥɢɱɟɫɬɜɨ ɯɜɨɢ ɫ ɩɪɢɡɧɚɤɚɦɢ 
ɯɥɨɪɨɡɚ (%) 

1 50 75 

2 50 60 

3 40 60 

4 45 55 

5 30 35 

6 30 39 

7 25 35 

8 25 25 

9 20 20 

10 20 20 

Ʉɨɧɬɪɨɥɶɧɚɹ 
ɩɥɨɳɚɞɤɚ №1 

5 3 

Ʉɨɧɬɪɨɥɶɧɚɹ 
ɩɥɨɳɚɞɤɚ №β 

5 3 
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Ɍɚɛɥɢɰɚ 5. – Ʉɨɪɪɟɥɹɰɢɨɧɧɵɟ ɫɜɹɡɢ ɜɫɯɨɠɟɫɬɢ ɢ ɷɧɟɪɝɢɢ ɩɪɨɪɚɫɬɚɧɢɹ ɬɟɫɬ-ɤɭɥɶɬɭɪɵ 
ɫ ɦɨɪɮɨɦɟɬɪɢɱɟɫɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɩɨɜɪɟɠɞɟɧɢɣ 
ɫɨɫɧɵ. ȼɵɞɟɥɟɧɧɵɟ ɠɢɪɧɵɦ ɲɪɢɮɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ 

ɫɬɚɬɢɫɬɢɱɟɫɤɢ ɡɧɚɱɢɦɵ ɧɚ ɭɪɨɜɧɟ p<0,001 [Correlation relations of 

germination and energy of the test culture with morphometric indices and 

indicators of pine damage. The bold correlation coefficients are statistically 

significant at the level of p <0.001] 
 

ɉɨɤɚɡɚɬɟɥɶ ȼɫɯɨɠɟɫɬɶ, % ɗɧɟɪɝɢɹ ɩɪɨɪɚɫɬɚɧɢɹ, % 

ɗɧɟɪɝɢɹ ɩɪɨɪɚɫɬɚɧɢɹ, % -0,250 
 Ⱦɥɢɧɚ ɝɨɞɢɱɧɨɝɨ ɩɪɢɪɨɫɬɚ, ɦɦ 0,891 0,036 

Ʉɨɥɢɱɟɫɬɜɨ ɯɜɨɢ 0,922 -0,039 

Ⱦɥɢɧɚ ɯɜɨɢ, ɦɦ 0,894 -0,115 

Ⱦɥɢɧɚ ɨɫɟɜɨɝɨ ɫɬɟɛɥɹ, ɦɦ 0,959 -0,167 

Ʉɨɥɢɱɟɫɬɜɨ ɞɟɪɟɜɶɟɜ ɩɨɜɪɟɠɞɟɧɧɵɯ 
ɧɟɤɪɨɡɨɦ  -0,949 0,123 

Ʉɨɥɢɱɟɫɬɜɨ ɞɟɪɟɜɶɟɜ ɩɨɜɪɟɠɞɟɧɧɵɯ 
ɯɥɨɪɨɡɨɦ 

-0,961 0,127 

 

Ⱦɢɫɤɪɢɦɢɧɚɧɬɧɵɣ ɚɧɚɥɢɡ ɩɨɤɚɡɚɥ, ɱɬɨ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɜɫɯɨɠɟɫɬɢ ɬɟɫɬ-

ɤɭɥɶɬɭɪɵ, ɦɨɪɮɨɦɟɬɪɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ ɢ ɩɨɤɚɡɚɬɟɥɟɣ ɩɨɜɪɟɠɞɟɧɢɹ (ɫɦ. ɬɚɛɥ. 4) ɜ 
ɤɚɱɟɫɬɜɟ ɧɚɛɨɪɚ ɩɟɪɟɦɟɧɧɵɯ ɫɬɚɬɢɫɬɢɱɟɫɤɚɹ ɡɧɚɱɢɦɨɫɬɶ ɪɚɡɥɢɱɢɣ ɦɟɠɞɭ 
ɤɨɧɬɪɨɥɶɧɵɦɢ ɩɥɨɳɚɞɤɚɦɢ ɢ ɩɪɨɛɧɵɦɢ ɩɥɨɳɚɞɤɚɦɢ ɫɨɫɬɚɜɥɹɟɬ Щ<0,001. ȼ ɬɨ ɠɟ 
ɜɪɟɦɹ ɷɧɟɪɝɢɹ ɩɪɨɪɚɫɬɚɧɢɹ ɬɟɫɬ-ɤɭɥɶɬɭɪɵ ɧɟ ɹɜɥɹɟɬɫɹ ɡɧɚɱɢɦɵɦ ɩɨɤɚɡɚɬɟɥɟɦ ɞɥɹ 
ɪɚɡɞɟɥɟɧɢɹ ɤɨɧɬɪɨɥɶɧɵɯ ɢ ɩɪɨɛɧɵɯ ɩɥɨɳɚɞɨɤ. ɉɨɫɥɟɞɨɜɚɬɟɥɶɧɨɟ ɫɨɤɪɚɳɟɧɢɟ ɱɢɫɥɚ 
ɩɟɪɟɦɟɧɧɵɯ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɡɧɚɱɢɦɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɞɥɹ ɪɚɡɞɟɥɟɧɢɹ 
ɤɨɧɬɪɨɥɶɧɵɯ ɢ ɩɪɨɛɧɵɯ ɩɥɨɳɚɞɨɤ ɹɜɥɹɸɬɫɹ ɞɥɢɧɚ ɝɨɞɢɱɧɨɝɨ ɩɪɢɪɨɫɬɚ, ɜɟɥɢɱɢɧɚ 
ɪɚɞɢɚɥɶɧɨɝɨ ɩɪɢɪɨɫɬɚ ɢ ɤɨɥɢɱɟɫɬɜɨ ɞɟɪɟɜɶɟɜ, ɩɨɜɪɟɠɞɟɧɧɵɯ ɧɟɤɪɨɡɨɦ. ɇɚ ɪɢɫɭɧɤɟ 3 

ɩɨɤɚɡɚɧɚ ɩɪɨɟɤɰɢɹ ɩɪɨɛɧɵɯ ɢ ɤɨɧɬɪɨɥɶɧɵɯ ɩɥɨɳɚɞɨɤ ɧɚ ɷɬɢ ɬɪɢ ɩɨɤɚɡɚɬɟɥɹ. 
 

 
 

Ɋɢɫ. 1. – ɋɜɹɡɶ ɦɟɠɞɭ ɜɫɯɨɠɟɫɬɶɸ ɬɟɫɬ-ɤɭɥɶɬɭɪɵ ɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɩɨɜɪɟɠɞɟɧɢɹ ɫɨɫɧɵ [The relationship 

between the germination of the test culture and the indicators of pine damage] 
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Ɋɢɫ. 2. – ɋɜɹɡɶ ɦɟɠɞɭ ɜɫɯɨɠɟɫɬɶɸ ɬɟɫɬ-ɤɭɥɶɬɭɪɵ ɢ ɦɨɪɮɨɦɟɬɪɢɱɟɫɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɫɨɫɧɵ [The 

relationship between the germination of the test culture and the morphometric parameters of pine] 

 

Ʉɚɤ ɜɢɞɧɨ ɢɡ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɩɪɨɟɤɰɢɢ, ɩɨ ɫɬɟɩɟɧɢ ɭɝɧɟɬɚɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ 
ɫɨɫɧɭ ɩɪɨɛɧɵɟ ɩɥɨɳɚɞɤɢ ɝɪɭɩɩɢɪɭɸɬɫɹ ɜ ɫɬɪɨɝɨɦ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɧɚɞɥɟɠɧɨɫɬɶɸ ɤ 
ɫɨɨɪɭɠɟɧɢɹɦ ɧɚ ɨɛɴɟɤɬɟ (ɫɦ. ɪɢɫ. β). ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɤɥɚɫɬɟɪɧɨɝɨ ɚɧɚɥɢɡɚ ɩɨ ɜɫɟɦɭ 
ɧɚɛɨɪɭ ɢɡɭɱɟɧɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɪɨɛɧɵɟ ɩɥɨɳɚɞɤɢ ɉ1 ɢ ɉβ (Ɇɟɫɬɨ ɯɪɚɧɟɧɢɹ ɪɚɤɟɬɧɨɝɨ 
ɬɨɩɥɢɜɚ), ɉγ ɢ ɉ4 (Ɇɟɫɬɨ ɡɚɩɪɚɜɤɢ ɪɚɤɟɬ), ɉ5 ɢ ɉ6 (ɋɬɚɧɰɢɹ ɨɱɢɫɬɤɢ ɫɬɨɤɨɜ) ɨɛɪɚɡɭɸɬ 
ɯɨɪɨɲɨ ɨɛɨɫɨɛɥɟɧɧɵɟ ɤɥɚɫɬɟɪɵ ɜɧɟ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɦɟɬɨɞɚ ɤɥɚɫɬɟɪɢɡɚɰɢɢ. ɉɪɨɛɧɵɟ 
ɩɥɨɳɚɞɤɢ ɉ7, ɉ8 (ɋɬɚɧɰɢɹ ɧɟɣɬɪɚɥɢɡɚɰɢɢ), ɉ9, ɉ10 (ɋɨɨɪɭɠɟɧɢɹ ɞɥɹ ɯɪɚɧɟɧɢɹ 
ɚɝɪɟɝɚɬɨɜ ɡɚɩɪɚɜɨɱɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ)  ɨɛɪɚɡɭɸɬ ɨɛɳɢɣ ɤɥɚɫɬɟɪ (ɪɢɫ. 4). 
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Ɋɢɫ. 3. – Ɋɚɫɩɨɥɨɠɟɧɢɟ ɩɪɨɛɧɵɯ (ɬɨɱɤɢ ɉ1-ɉ10) ɢ ɤɨɧɬɪɨɥɶɧɵɯ (ɬɨɱɤɢ Ʉ1, Ʉβ) ɩɥɨɳɚɞɨɤ ɜ ɤɨɨɪɞɢɧɚɬɚɯ 
«ɞɥɢɧɚ ɝɨɞɢɱɧɨɝɨ ɩɪɢɪɨɫɬɚ», «ɜɟɥɢɱɢɧɚ ɪɚɞɢɚɥɶɧɨɝɨ ɩɪɢɪɨɫɬɚ» ɢ «ɤɨɥɢɱɟɫɬɜɨ ɞɟɪɟɜɶɟɜ, ɩɨɜɪɟɠɞɟɧɧɵɯ 

ɧɟɤɪɨɡɨɦ» ДLШМКЭТШЧ ШП ЭОЬЭ (ЩШТЧЭЬ P1-P10) and control (points K1, K2) sites in the coordinates "length of 

annual growth," the value of radial growth "and" the number of trees damaged by necrosis "] 
 

 

ɁȺɄɅɘɑȿɇɂȿ 

 
 

1. ɇɚ ɨɛɴɟɤɬɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɪɚɤɟɬɧɨɣ ɬɟɯɧɢɤɢ ɫɨɯɪɚɧɢɥɨɫɶ ɨɫɬɚɬɨɱɧɨɟ 
ɡɚɝɪɹɡɧɟɧɢɟ. ɗɬɨ ɡɚɝɪɹɡɧɟɧɢɟ ɩɪɨɹɜɥɹɟɬɫɹ ɜ ɮɢɬɨɬɨɤɫɢɱɧɨɫɬɢ ɝɪɭɧɬɚ, ɜɵɹɜɥɹɟɦɨɣ 
ɦɟɬɨɞɨɦ ɛɢɨɬɟɫɬɢɪɨɜɚɧɢɹ ɧɚ ɤɪɟɫɫ-ɫɚɥɚɬɟ, ɜ ɫɧɢɠɟɧɢɢ ɦɨɪɮɨɦɟɬɪɢɱɟɫɤɢɯ ɩɨɤɚɡɚɬɟɥɟɣ 
P. ЬТХЯОЬЭЫТЬ, ɚ ɬɚɤɠɟ ɜ ɩɨɜɵɲɟɧɧɨɣ ɯɥɨɪɨɬɢɡɚɰɢɢ ɢ ɧɟɤɪɨɬɢɡɚɰɢɢ ɯɜɨɢ P. ЬТХЯОЬЭЫТЬ ɜ 
ɫɪɚɜɧɟɧɢɢ ɫ ɤɨɧɬɪɨɥɶɧɵɦɢ ɩɥɨɳɚɞɤɚɦɢ. 

2. ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɛɢɨɬɟɫɬɢɪɨɜɚɧɢɹ  ɜɫɯɨɠɟɫɬɶ ɬɟɫɬ-ɤɭɥɶɬɭɪɵ ɩɨɥɨɠɢɬɟɥɶɧɨ 
ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɦɨɪɮɨɦɟɬɪɢɱɟɫɤɢɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɫɨɫɧɵ (ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ ɨɬ 
0,891 ɞɨ 0,959) ɢ ɨɬɪɢɰɚɬɟɥɶɧɨ ɤɨɪɪɟɥɢɪɭɟɬ ɫ ɩɨɤɚɡɚɬɟɥɹɦɢ ɧɟɤɪɨɡɚ ɢ ɯɥɨɪɨɡɚ 
(ɤɨɷɮɮɢɰɢɟɧɬɵ ɤɨɪɪɟɥɹɰɢɢ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ -0,949 ɢ -0,961). Ⱦɥɹ ɷɧɟɪɝɢɢ ɩɪɨɪɚɫɬɚɧɢɹ 
ɩɨɞɨɛɧɵɟ ɤɨɪɪɟɥɹɰɢɢ ɨɬɫɭɬɫɬɜɭɸɬ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɢ ɨɰɟɧɤɟ ɷɤɨɥɨɝɢɱɟɫɤɨɝɨ 
ɫɨɫɬɨɹɧɢɹ ɧɚ ɨɛɴɟɤɬɚɯ ɷɤɫɩɥɭɚɬɚɰɢɢ ɪɚɤɟɬɧɨɣ ɬɟɯɧɢɤɢ ɦɟɬɨɞɨɦ ɛɢɨɬɟɫɬɢɪɨɜɚɧɢɹ 
ɫɥɟɞɭɟɬ ɨɪɢɟɧɬɢɪɨɜɚɬɶɫɹ  ɧɟ ɧɚ ɷɧɟɪɝɢɸ ɩɪɨɪɚɫɬɚɧɢɹ, ɚ ɧɚ ɜɫɯɨɠɟɫɬɶ ɬɟɫɬ-ɤɭɥɶɬɭɪɵ. 

3. ɉɨ ɭɪɨɜɧɸ ɨɫɬɚɬɨɱɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɭɱɚɫɬɤɢ ɧɚ ɨɛɴɟɤɬɟ ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɜ 
ɫɥɟɞɭɸɳɟɦ ɩɨɪɹɞɤɟ (ɜ ɩɨɪɹɞɤɟ ɭɛɵɜɚɧɢɹ ɡɚɝɪɹɡɧɟɧɢɹ): ɦɟɫɬɨ ɯɪɚɧɟɧɢɹ ɪɚɤɟɬɧɨɝɨ 
ɬɨɩɥɢɜɚ (ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɚɝɪɹɡɧɟɧɢɟ - ɩɪɨɛɧɵɟ ɩɥɨɳɚɞɤɢ 1-β), ɦɟɫɬɨ ɡɚɩɪɚɜɤɢ ɪɚɤɟɬ, 
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ɫɬɚɧɰɢɹ ɨɱɢɫɬɤɢ ɫɬɨɤɨɜ, ɫɬɚɧɰɢɹ ɧɟɣɬɪɚɥɢɡɚɰɢɢ, ɫɨɨɪɭɠɟɧɢɹ ɞɥɹ ɯɪɚɧɟɧɢɹ ɚɝɪɟɝɚɬɨɜ 
ɡɚɩɪɚɜɨɱɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ (ɦɢɧɢɦɚɥɶɧɨɟ ɡɚɝɪɹɡɧɟɧɢɟ ɩɪɨɛɧɵɟ ɩɥɨɳɚɞɤɢ γ-10). 

 

 
 

 
 

 
 

Ɋɢɫ. 4. – Ʉɥɚɫɬɟɪɢɡɚɰɢɹ ɩɪɨɛɧɵɯ ɩɥɨɳɚɞɨɤ ɩɨ ɤɨɦɩɥɟɤɫɭ ɩɨɤɚɡɚɬɟɥɟɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 4 
(ɢɫɩɨɥɶɡɨɜɚɧɨ ȿɜɤɥɢɞɨɜɨ ɪɚɫɫɬɨɹɧɢɟ) [Clustering of test plots by the set of indicators presented in Table 4 

(used Euclidean distance)] 
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4. ɋ ɭɱɺɬɨɦ ɜɨɡɦɨɠɧɨɣ ɦɢɝɪɚɰɢɢ ɇȾɆȽ, ɫɥɟɞɭɟɬ ɩɪɨɜɟɫɬɢ ɯɢɦɢɱɟɫɤɢɣ 
ɦɨɧɢɬɨɪɢɧɝ ɩɪɢɥɟɝɚɸɳɢɯ ɬɟɪɪɢɬɨɪɢɣ ɢ ɪɟɤɢ Ʉɚɱɚ.  
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Abstract – Nowadays there are many ways to determine the chemical contamination of the soil. 

The most common and universal method is considered to be biotesting. The use of different 

methods of biotesting makes it possible to obtain fairly accurate results.  

The object of the study was the soil cover on the object of missile operation. An unfavorable 

environmental situation which was reflected in the preservation of a high level of phytotoxicity 

took place in Emelyanovsky district, Krasnoyarsk territory after the liquidation of the military unit 

due to the hit in the soil of a large number of components of rocket fuel (KRT). Today the territory 

of the military unit is unattended, special structures are destroyed. There are visible oily stains on 

the soil, there is a specific smell. According to testimony from military chemical reconnaissance 

device (VPHR) the presence in the soil KRT 0.001 mg/l, which corresponds to the level of 

"Danger" was established. In this regard, it is necessary to monitor the chemically contaminated 

soil, identify environmentally unfavorable zones, assess the possibility of soil use in forestry. For 

the experiment we selected 10 samples from different sites located at a certain distance from each 

other and covering the area close to technical facilities, as well as two control samples in the 

removal of three and five kilometers from the object of study. 

The objective of the study is to identify soil pollution, to assess the impact of KRT on biological 

objects. In this regard it is necessary to determine the effect of chemical contamination on the test 

objects: pine ordinary Pinus sylvestris L. and cress lettuce Lepidium sativum L. conduct statistical 

processing of the experimental data to minimize the area to be recultivated. 

 

Keywords: soil, chemical pollution, rocket fuel, biotesting. 
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Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɵɯ ɩɪɨɰɟɫɫɨɜ ɧɚ ɷɬɚɩɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɹɞɟɪɧɨ- ɢ 
ɪɚɞɢɚɰɢɨɧɧɨɨɩɚɫɧɵɯ ɨɛɴɟɤɬɨɜ (əɊɈɈ), ɨɫɨɛɟɧɧɨ ɜ ɭɫɥɨɜɢɹɯ ɜɨɡɦɨɠɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ 
ɬɟɪɪɨɪɢɫɬɢɱɟɫɤɢɯ ɞɢɜɟɪɫɢɨɧɧɵɯ ɝɪɭɩɩ, ɹɜɥɹɟɬɫɹ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɟ. ɐɟɥɶɸ ɪɚɛɨɬɵ 
ɹɜɥɹɟɬɫɹ ɪɚɡɪɚɛɨɬɤɚ ɩɨɞɯɨɞɚ ɤ ɢɫɫɥɟɞɨɜɚɧɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɩɟɪɫɩɟɤɬɢɜɧɨɣ 
ɫɢɫɬɟɦɵ ɨɯɪɚɧɵ ɩɨɞɜɢɠɧɨɝɨ əɊɈɈ ɤɚɤ ɩɪɢ ɧɚɯɨɠɞɟɧɢɢ ɧɚ ɩɥɨɳɚɞɤɟ, ɬɚɤ ɢ ɩɪɢ ɞɜɢɠɟɧɢɢ 
ɩɨ ɦɚɪɲɪɭɬɭ.  
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ɦɨɛɢɥɶɧɵɣ ɚɝɪɟɝɚɬ ɫ ɹɞɟɪɧɨɣ ɭɫɬɚɧɨɜɤɨɣ, ɬɪɚɧɫɩɨɪɬɧɨ-ɭɩɚɤɨɜɨɱɧɵɣ ɤɨɦɩɥɟɤɬ. 
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Ⱦɜɚɞɰɚɬɶ ɩɟɪɜɵɣ ɜɟɤ ɧɟ ɫɬɚɥ ɜɟɤɨɦ ɫɬɚɛɢɥɶɧɨɫɬɢ. ɋɬɚɥɤɢɜɚɸɬɫɹ ɢɧɬɟɪɟɫɵ 

ɪɚɡɥɢɱɧɵɯ ɷɬɧɢɱɟɫɤɢɯ, ɪɟɥɢɝɢɨɡɧɵɯ, ɫɨɰɢɚɥɶɧɵɯ ɢ ɩɨɥɢɬɢɱɟɫɤɢɯ ɝɪɭɩɩ. 
Ɍɟɪɪɨɪɢɫɬɢɱɟɫɤɢɟ ɨɪɝɚɧɢɡɚɰɢɢ ɜɵɪɚɠɚɸɬ ɢɧɬɟɪɟɫɵ ɜɥɢɹɬɟɥɶɧɵɯ ɥɸɞɟɣ, ɤɨɬɨɪɵɯ ɧɟ 
ɭɫɬɪɚɢɜɚɟɬ ɫɭɳɟɫɬɜɭɸɳɚɹ ɫɬɪɭɤɬɭɪɚ ɨɛɳɟɫɬɜɚ. əɞɟɪɧɵɣ ɬɟɪɪɨɪɢɡɦ ɩɪɟɞɩɨɥɚɝɚɟɬ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɤɚɱɟɫɬɜɟ ɨɪɭɠɢɹ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ. ɗɬɨ ɦɨɠɟɬ ɛɵɬɶ: ɹɞɟɪɧɨɟ 
ɜɡɪɵɜɧɨɟ ɭɫɬɪɨɣɫɬɜɨ; ɡɚɪɚɠɟɧɢɟ ɦɟɫɬɧɨɫɬɢ ɪɚɞɢɨɚɤɬɢɜɧɵɦɢ ɜɟɳɟɫɬɜɚɦɢ ɛɟɡ 
ɩɪɨɜɟɞɟɧɢɹ ɹɞɟɪɧɨɝɨ ɜɡɪɵɜɚ; ɧɚɩɚɞɟɧɢɟ ɬɟɪɪɨɪɢɫɬɨɜ ɧɚ ɹɞɟɪɧɵɣ ɪɟɚɤɬɨɪ ɫ ɧɚɦɟɪɟɧɢɟɦ 
ɟɝɨ ɪɚɡɪɭɲɢɬɶ ɢ ɨɫɭɳɟɫɬɜɢɬɶ ɪɚɞɢɨɚɤɬɢɜɧɨɟ ɡɚɪɚɠɟɧɢɟ ɦɟɫɬɧɨɫɬɢ. 

Ɉɞɧɢɦ ɢɡ ɧɚɢɛɨɥɟɟ ɨɩɚɫɧɵɯ ɩɪɨɰɟɫɫɨɜ ɧɚ ɷɬɚɩɟ ɷɤɫɩɥɭɚɬɚɰɢɢ ɹɞɟɪɧɨ- ɢ 
ɪɚɞɢɚɰɢɨɧɧɨɨɩɚɫɧɵɯ ɨɛɴɟɤɬɨɜ (əɊɈɈ) ɹɜɥɹɟɬɫɹ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɟ Д1, βЖ. Ⱦɥɹ 
ɩɟɪɟɜɨɡɤɢ ɦɚɥɨɝɚɛɚɪɢɬɧɵɯ ɹɞɟɪɧɵɯ ɷɧɟɪɝɨɭɫɬɚɧɨɜɨɤ (əɗɍ) ɢ ɹɞɟɪɧɵɯ ɞɟɥɹɳɢɯɫɹ 
ɦɚɬɟɪɢɚɥɨɜ (əȾɆ) ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɡɥɢɱɧɵɟ ɬɪɚɧɫɩɨɪɬɧɵɟ ɭɩɚɤɨɜɨɱɧɵɟ ɤɨɦɩɥɟɤɬɵ 
(ɌɍɄ). ȼ ɫɤɨɪɨɦ ɜɪɟɦɟɧɢ ɦɨɠɟɬ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧ ɩɪɨɟɤɬ ɩɨ ɫɨɡɞɚɧɢɸ ɦɚɥɨɝɚɛɚɪɢɬɧɵɯ 
ɚɬɨɦɧɵɯ ɷɧɟɪɝɨɭɫɬɚɧɨɜɨɤ (ɆȺɗɍ) ɦɨɳɧɨɫɬɶɸ 100 ɤɢɥɨɜɚɬɬ ɢ 1 ɦɟɝɚɜɚɬɬ ɞɥɹ ɨɫɜɨɟɧɢɹ 
Ⱥɪɤɬɢɤɢ. ȼɩɟɪɜɵɟ ɫɨ ɜɪɟɦɟɧɢ ɫɨɜɟɬɫɤɨɝɨ ɩɪɨɟɤɬɚ «ɉɚɦɢɪ» ɛɭɞɟɬ ɜɨɡɪɨɠɞɟɧɚ ɬɟɦɚ 
ɦɨɛɢɥɶɧɨɝɨ ɚɬɨɦɧɨɝɨ ɪɟɚɤɬɨɪɚ ɫ ɭɱɟɬɨɦ ɧɨɜɵɯ ɬɟɯɧɨɥɨɝɢɣ. ɇɨɜɵɣ ɷɧɟɪɝɨɢɫɬɨɱɧɢɤ 
ɛɭɞɟɬ ɩɟɪɟɦɟɳɚɬɶɫɹ ɧɚ ɬɪɚɧɫɩɨɪɬɧɨɣ ɩɥɚɬɮɨɪɦɟ ɫ ɬɹɝɚɱɨɦ ɜɵɫɨɤɨɣ ɩɪɨɯɨɞɢɦɨɫɬɢ, ɱɬɨ 
ɩɨɡɜɨɥɢɬ ɟɦɭ ɨɛɟɫɩɟɱɢɜɚɬɶ ɷɧɟɪɝɢɟɣ ɤɚɤ ɭɞɚɥɟɧɧɵɟ, ɬɚɤ ɢ ɧɟɫɬɚɰɢɨɧɚɪɧɵɟ ɨɛɴɟɤɬɵ. 

Ɋɚɫɫɦɨɬɪɢɦ ɫɥɭɱɚɣ, ɤɨɝɞɚ ɬɪɚɧɫɩɨɪɬɧɵɣ ɚɝɪɟɝɚɬ (ɌȺ) ɫ əɍɗ ɧɚɯɨɞɢɬɫɹ ɧɚ 
ɩɥɨɳɚɞɤɟ (ɜ ɩɨɡɢɰɢɨɧɧɨɦ ɪɚɣɨɧɟ). Ɋɚɡɛɢɜɚɟɦ ɩɪɨɰɟɫɫ ɜɵɩɨɥɧɟɧɢɹ ɛɨɟɜɨɣ ɡɚɞɚɱɢ 
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ɩɨɞɪɚɡɞɟɥɟɧɢɹɦɢ ɫɢɫɬɟɦɵ ɨɯɪɚɧɵ (ɋɈ) ɧɚ ɷɬɚɩɵ Дγ,4Ж. ȼɟɪɨɹɬɧɨɫɬɶ ɭɫɩɟɲɧɨɝɨ 
ɜɵɩɨɥɧɟɧɢɹ ɛɨɟɜɨɣ ɡɚɞɚɱɢ ɢɦɟɟɬ ɜɢɞ 

  
..... ɭɧɛɥɨɛɧɜɭ ɊɊɊɊ 
, (1) 

 

ɝɞɟ Pɨɛɧ. – ɜɟɪɨɹɬɧɨɫɬɶ ɫɜɨɟɜɪɟɦɟɧɧɨɝɨ ɨɛɧɚɪɭɠɟɧɢɹ ɩɪɨɬɢɜɧɢɤɚ; 
 Pɛɥ. – ɜɟɪɨɹɬɧɨɫɬɶ ɭɫɩɟɲɧɨɝɨ ɛɥɨɤɢɪɨɜɚɧɢɹ ɜ ɪɚɣɨɧɟ ɨɛɧɚɪɭɠɟɧɢɹ;  
 Pɭɧ. – ɜɟɪɨɹɬɧɨɫɬɶ ɭɧɢɱɬɨɠɟɧɢɹ ɩɪɨɬɢɜɧɢɤɚ. 

 

ɉɨɥɭɱɟɧɢɟ ɢɧɮɨɪɦɚɰɢɢ ɨɛ ɨɛɴɟɤɬɚɯ ɜɤɥɸɱɚɟɬ ɢɯ ɨɛɧɚɪɭɠɟɧɢɟ ɢ ɪɚɫɩɨɡɧɚɧɢɟ. 
ȼɟɪɨɹɬɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ ɨɛɴɟɤɬɚ ɡɚ ɜɪɟɦɹ ɩɨɢɫɤɚ τ ɨɞɧɢɦ ɫɪɟɞɫɬɜɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ: 

 

 
  exp1ɨɛɧɊ

, (2) 

 

ɝɞɟ γ – ɢɧɬɟɧɫɢɜɧɨɫɬɶ ɩɨɢɫɤɚ. 
 

ȿɫɥɢ ɩɨɢɫɤ ɩɪɨɜɨɞɹɬ ɧɟɡɚɜɢɫɢɦɨ n ɫɪɟɞɫɬɜ, ɬɨ ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ 
ɨɛɴɟɤɬɚ, ɯɨɬɹ ɛɵ ɨɞɧɢɦ ɫɪɟɞɫɬɜɨɦ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɜ ɜɢɞɟ: 
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exp1 
, (3) 

 

ɝɞɟ ui() – ɩɨɬɟɧɰɢɚɥ ɩɨɢɫɤɚ i-ɝɨ ɫɪɟɞɫɬɜɚ. 
 

ȼ ɫɥɭɱɚɟ ɦɧɨɝɨɤɪɚɬɧɨɝɨ ɞɢɫɤɪɟɬɧɨɝɨ ɧɚɛɥɸɞɟɧɢɹ, ɩɪɟɞɩɨɥɚɝɚɹ, ɱɬɨ ɤɚɠɞɨɟ 
ɧɚɛɥɸɞɟɧɢɟ ɩɪɨɜɨɞɢɬɫɹ ɜ ɬɟɯ ɠɟ ɭɫɥɨɜɢɹɯ ɧɟɡɚɜɢɫɢɦɨ ɨɬ ɞɪɭɝɢɯ: 

 

 

m

ɨɛɧɨɛɧ ɊɊ )1(1 1
, (4) 

 

ɝɞɟ Pɨɛɧ1 – ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ ɩɪɢ ɨɞɧɨɦ ɦɝɧɨɜɟɧɧɨɦ ɧɚɛɥɸɞɟɧɢɢ, 
 m – ɱɢɫɥɨ ɦɝɧɨɜɟɧɧɵɯ ɧɚɛɥɸɞɟɧɢɣ. 
 

Ɉɰɟɧɤɚ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɩɪɨɜɨɞɢɬɫɹ ɦɟɬɨɞɚɦɢ ɬɟɨɪɢɢ 
ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɛɪɚɡɨɜ. Ɉɞɧɢɦ ɢɡ ɩɪɢɟɦɨɜ ɹɜɥɹɟɬɫɹ ɩɪɢɧɰɢɩ ɞɢɯɨɬɨɦɢɢ –  

ɪɚɫɩɨɡɧɚɜɚɧɢɟ ɩɪɨɜɨɞɢɬɫɹ ɫɧɚɱɚɥɚ ɩɨ ɭɤɪɭɩɧɟɧɧɵɦ ɩɪɢɡɧɚɤɚɦ, ɚ ɡɚɬɟɦ ɩɨ ɛɨɥɟɟ 
ɞɟɬɚɥɶɧɵɦ. ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɫɩɨɡɧɚɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɬɟɩɟɧɶɸ ɩɨɞɨɛɢɹ ɨɛɴɟɤɬɨɜ ɩɨ 
ɩɪɢɡɧɚɤɚɦ ɪɚɫɩɨɡɧɚɜɚɧɢɹ. 

ɗɬɚɩ ɛɥɨɤɢɪɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɢɦ ɜ ɜɢɞɟ ɞɜɭɯ ɦɨɞɟɥɟɣ: ɦɨɞɟɥɶ ɮɚɡɵ ɪɚɫɩɪɟɞɟɥɟɧɢɹ 
ɢ ɦɨɞɟɥɶ ɮɚɡɵ ɧɚɜɟɞɟɧɢɹ. Ɋɚɫɩɪɟɞɟɥɟɧɢɟ ɫɢɥ ɢ ɫɪɟɞɫɬɜ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ 
ɛɥɨɤɢɪɨɜɚɧɢɹ ɨɛɧɚɪɭɠɟɧɧɨɝɨ ɩɪɨɬɢɜɧɢɤɚ, ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɭɫɬɚɧɨɜɥɟɧɢɢ ɨɞɧɨɡɧɚɱɧɨɝɨ 
ɫɨɨɬɜɟɬɫɬɜɢɹ ɦɟɠɞɭ ɤɚɠɞɨɣ ɞɢɜɟɪɫɢɨɧɧɨɣ ɝɪɭɩɩɨɣ ɢ ɫɪɟɞɫɬɜɚɦɢ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɦɢ 
ɞɥɹ ɟɟ ɭɧɢɱɬɨɠɟɧɢɹ. ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɬɚɤɚɹ ɦɨɞɟɥɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɩɬɢɦɢɡɚɰɢɸ ɩɨ 
ɤɪɢɬɟɪɢɸ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɢ ɨɝɪɚɧɢɱɟɧɢɹɯ ɧɚ ɪɚɫɯɨɞɭɟɦɵɟ ɪɟɫɭɪɫɵ. ȼ ɤɚɱɟɫɬɜɟ 
ɪɟɫɭɪɫɨɜ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɫɢɥɵ ɢ ɫɪɟɞɫɬɜɚ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ ɭɧɢɱɬɨɠɟɧɢɹ 
ɩɪɨɬɢɜɧɢɤɚ Д5Ж. Ɍɨɝɞɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɡɚɜɢɫɢɬ ɨɬ ɫɩɨɫɨɛɨɜ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɫɢɥ ɢ ɫɪɟɞɫɬɜ, ɚ ɬɚɤɠɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɨɬɢɜɧɢɤɚ. Ɉɛɳɚɹ ɩɨɫɬɚɧɨɜɤɚ 
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ɡɚɞɚɱɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɪɢ ɷɬɨɦ ɦɨɠɟɬ ɢɦɟɬɶ ɫɥɟɞɭɸɳɭɸ ɮɨɪɦɭ. Ɉɩɪɟɞɟɥɹɟɬɫɹ ɦɚɬɪɢɰɚ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ  
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  (5) 

 

ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɦɢɧɢɦɭɦ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɨɬɢɜɧɢɤɚ ɩɪɢ ɫɢɫɬɟɦɟ ɨɝɪɚɧɢɱɟɧɢɣ: 

 

 MnCnCnCnɋ kkii  ......2211 , (6) 

ɝɞɟ im – ɤɨɥɢɱɟɫɬɜɨ ɫɪɟɞɫɬɜ Ȟ-ɝɨ ɬɢɩɚ, ɜɵɞɟɥɹɟɦɵɯ ɧɚ ɤɚɠɞɭɸ ɝɪɭɩɩɭ i-ɝɨ ɬɢɩɚ; 
 ni – ɱɢɫɥɨ ɝɪɭɩɩ ɩɪɨɬɢɜɧɢɤɚ i-ɝɨ ɬɢɩɚ; 
 k – ɱɢɫɥɨ ɬɢɩɨɜ ɝɪɭɩɩ ɩɪɨɬɢɜɧɢɤɚ; 
 Ci – i-ɣ ɜɟɤɬɨɪ-ɫɬɨɥɛɟɰ ɦɚɬɪɢɰɵ ɋ; 

 Ɇ – ɜɟɤɬɨɪ-ɫɬɨɥɛɟɰ ɪɚɫɩɪɟɞɟɥɹɟɦɵɯ ɫɪɟɞɫɬɜ. 
 

ȼ ɫɥɭɱɚɟ ɨɞɧɨɬɢɩɧɵɯ ɫɪɟɞɫɬɜ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɜɟɤɬɨɪɨɦ : 
  ki mɬɬɬɋ ,...,,...,, 21 . (7) 

ɋɢɫɬɟɦɚ ɨɝɪɚɧɢɱɟɧɢɣ:  Mnm
k

i

ii 
1

. (8) 

 

ȼ ɭɫɥɨɜɢɹɯ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɢ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɬɨɝɨ, ɱɬɨ ɧɚ ɩɪɚɤɬɢɤɟ 
ɩɪɟɞɟɥɶɧɵɟ ɫɥɭɱɚɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɧɟ ɜɫɟɝɞɚ ɪɟɚɥɢɡɭɸɬɫɹ, ɜ ɦɨɞɟɥɹɯ 
ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬɫɹ ɤɨɦɛɢɧɢɪɨɜɚɧɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ. ɗɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɡɚɞɚɧɢɟɦ 
ɤɨɷɮɮɢɰɢɟɧɬɚ ɰɟɧɬɪɚɥɢɡɚɰɢɢ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɟɝɨ ɞɨɥɸ ɫɪɟɞɫɬɜ, ɪɚɫɩɪɟɞɟɥɟɧɧɵɯ 
ɰɟɧɬɪɚɥɢɡɨɜɚɧɨ. 

Ɏɚɡɚ ɧɚɜɟɞɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɡɚɞɚɱɟɣ ɜɵɯɨɞɚ ɫɢɥ ɢ ɫɪɟɞɫɬɜ ɩɪɨɬɢɜɨɞɢɜɟɪɫɢɨɧɧɨɣ 
ɛɨɪɶɛɵ ɜ ɪɚɣɨɧ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɩɨ ɜɵɞɟɥɟɧɧɨɣ ɧɚ ɩɪɟɞɵɞɭɳɟɣ ɮɚɡɟ 
ɝɪɭɩɩɟ ɩɪɨɬɢɜɧɢɤɚ. ȼ ɤɚɱɟɫɬɜɟ ɜɵɯɨɞɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɨɞɟɥɢ ɮɚɡɵ ɧɚɜɟɞɟɧɢɹ 
ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ: ɬɨɱɧɨɫɬɶ ɧɚɜɟɞɟɧɢɹ ɧ ; ɜɟɪɨɹɬɧɨɫɬɶ ɧɚɜɟɞɟɧɢɹ  ɧɊ  ɤ ɡɚɞɚɧɧɨɦɭ 
ɦɨɦɟɧɬɭ ɜɪɟɦɟɧɢ; ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɜɪɟɦɟɧɢ ɧɚɜɟɞɟɧɢɹ ɧt . Ɇɨɝɭɬ 
ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɨɩɨɥɧɢɬɟɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɧɚɩɪɢɦɟɪ, ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɩɚɪɚɦɟɬɪɨɜ 
ɨɬɧɨɫɢɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ (ɞɚɥɶɧɨɫɬɶ, ɧɚɩɪɚɜɥɟɧɢɟ ɩɨɞɯɨɞɚ ɢ ɬ.ɞ.).  

Ɋɚɫɫɦɨɬɪɢɦ ɫɢɬɭɚɰɢɸ, ɤɨɝɞɚ ɩɨɥɭɱɟɧɚ ɢɧɮɨɪɦɚɰɢɹ ɨ ɬɨɦ, ɱɬɨ ɜ ɩɨɡɢɰɢɨɧɧɨɦ 
ɪɚɣɨɧɟ ɨɠɢɞɚɟɬɫɹ ɞɟɣɫɬɜɢɟ ɬɟɪɪɨɪɢɫɬɢɱɟɫɤɨɣ ɝɪɭɩɩɵ ɩɪɨɬɢɜɧɢɤɚ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ – 

ɨɛɴɟɤɬ ɨɛɧɚɪɭɠɟɧɢɹ ɹɜɥɹɟɬɫɹ ɩɨɞɜɢɠɧɵɦ ɦɚɧɟɜɪɢɪɭɸɳɢɦ. ɋɪɟɞɫɬɜɚ ɨɛɧɚɪɭɠɟɧɢɹ 
(ɬɚɛɥ.1) ɢɦɟɸɬɫɹ ɜ ɤɨɥɢɱɟɫɬɜɟ:  

n – i-ɝɨ ɬɢɩɚ (ɫɬɚɰɢɨɧɚɪɧɵɟ ɩɭɧɤɬɵ); m – j-ɝɨ ɬɢɩɚ (ɩɚɬɪɭɥɢ, ɞɨɡɨɪɵ);  
p – k-ɝɨ ɬɢɩɚ (ɚɜɬɨɧɨɦɧɵɟ ɩɨɞɜɢɠɧɵɟ ɫɪɟɞɫɬɜɚ ɨɯɪɚɧɵ ɢ ɪɚɡɜɟɞɤɢ);  
q – l-ɝɨ ɬɢɩɚ (ɛɟɫɩɢɥɨɬɧɵɟ ɥɟɬɚɬɟɥɶɧɵɟ ɚɩɩɚɪɚɬɵ).  
ɂɧɬɟɧɫɢɜɧɨɫɬɶ ɩɨɢɫɤɚ ɨɞɧɢɦ ɩɨɞɜɢɠɧɵɦ ɫɪɟɞɫɬɜɨɦ ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ  
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 ,
2

ɪ

ɫɪɨɛɧ

S

vD
  (9) 

ɝɞɟ ɨɛɧD – ɞɚɥɶɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ (ɤɦ); 
 ɫɪv  – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɫɪɟɞɫɬɜɚ ɨɛɧɚɪɭɠɟɧɢɹ (ɤɦ/ɱ); 
 ɪS – ɩɥɨɳɚɞɶ ɪɚɣɨɧɚ ɩɨɢɫɤɚ (ɤɦ2

). 

 

ȼɟɪɨɹɬɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɢɦɟɟɬ ɜɢɞ (β). ȼɟɪɨɹɬɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ 
ɫɬɚɰɢɨɧɚɪɧɵɦ ɩɭɧɤɬɨɦ (ɋɉ) ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɨ ɮɨɪɦɭɥɟ (4). 

ȼ ɫɥɭɱɚɟ, ɤɨɝɞɚ ɡɨɧɵ ɧɚɛɥɸɞɟɧɢɹ ɧɟɫɤɨɥɶɤɢɯ ɋɉ ɫɨɩɪɢɤɚɫɚɸɬɫɹ, ɢ ɜɪɟɦɟɧɚ 
ɦɝɧɨɜɟɧɧɵɯ ɧɚɛɥɸɞɟɧɢɣ ɫɨɜɩɚɞɚɸɬ, ɬɨ ɦɨɠɧɨ ɫɱɢɬɚɬɶ, ɱɬɨ ɧɚɛɥɸɞɟɧɢɹ ɜɟɞɭɬɫɹ ɨɞɧɢɦ 
ɋɉ ɫ ɩɥɨɳɚɞɶɸ ɡɨɧɵ ɧɚɛɥɸɞɟɧɢɹ ɪɚɜɧɨɣ ɫɭɦɦɟ ɩɥɨɳɚɞɟɣ ɡɨɧ ɧɚɛɥɸɞɟɧɢɹ ɜɫɟɯ 
ɩɭɧɤɬɨɜ. Ɉɞɧɚɤɨ, ɫɭɳɟɫɬɜɭɸɬ ɧɟ ɩɪɨɫɦɚɬɪɢɜɚɟɦɵɟ ɭɱɚɫɬɤɢ ɦɟɫɬɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɧɟ 
ɫɨɛɥɸɞɚɟɬɫɹ ɭɫɥɨɜɢɟ ɨɞɧɨɜɪɟɦɟɧɧɨɫɬɢ ɨɛɡɨɪɚ ɤɚɠɞɵɦ ɋɉ. 

Ɋɚɫɫɦɨɬɪɢɦ ɩɨɞɪɨɛɧɟɟ ɩɪɨɜɟɞɟɧɢɟ ɤɨɧɬɪɨɥɶɧɨɝɨ ɩɨɢɫɤɚ ɜ ɡɚɞɚɧɧɨɦ ɪɚɣɨɧɟ. 
ȿɫɥɢ Ⱥ – ɨɛɧɚɪɭɠɟɧɢɟ ɩɪɨɬɢɜɧɢɤɚ ɨɞɧɢɦ ɫɪɟɞɫɬɜɨɦ, ɇТ – ɧɚɯɨɠɞɟɧɢɟ ɩɪɨɬɢɜɧɢɤɚ 

ɜ Т-ɨɦ ɪɚɣɨɧɟ, ɚ Ɋ¹ɨɛɧ – ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ ɨɞɧɢɦ ɫɪɟɞɫɬɜɨɦ, ɬɨ ɞɥɹ m – ɪɚɣɨɧɨɜ 
ɜɟɪɨɹɬɧɨɫɬɶ ɨɛɧɚɪɭɠɟɧɢɹ ɩɪɨɬɢɜɧɢɤɚ n – ɫɪɟɞɫɬɜɚɦɢ (ɩɪɢ ɨɝɪɚɧɢɱɟɧɢɢ – ɨɩɪɟɞɟɥɟɧɧɚɹ 
ɱɚɫɬɶ ɫɪɟɞɫɬɜ ɦɨɠɟɬ ɨɛɫɥɟɞɨɜɚɬɶ ɬɨɥɶɤɨ ɨɞɢɧ ɪɚɣɨɧ) ɜɟɪɨɹɬɧɨɫɬɶ ɫɨɛɵɬɢɹ Ⱥ 

ɨɩɪɟɞɟɥɹɟɬɫɹ ɜɵɪɚɠɟɧɢɟɦ: 
 

 ),/()/(...)/()/()( 21 mi HAPHAPHAPHAPAP   (10) 

 

ɝɞɟ ki – ɤɨɥɢɱɟɫɬɜɨ ɫɪɟɞɫɬɜ, ɜɵɞɟɥɟɧɧɵɯ ɞɥɹ i-ɨɝɨ ɪɚɣɨɧɚ; 
 i

k

iɨɛɧ
1

i ]P)P(1[1)HP(A / ;    Ɋi – ɜɟɪɨɹɬɧɨɫɬɶ ɧɚɯɨɠɞɟɧɢɹ ɩɪɨɬɢɜɧɢɤɚ ɜ 

 i-ɨɦ ɪɚɣɨɧɟ, ɩɪɢɱɟɦ   nki .  

Ɍɨɝɞɚ ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ: 
 

   i

k

iɨɛɧ
1

]P)P(1[1P(A) . (11) 

 

Ɍɚɛɥɢɰɚ 1. – ɋɪɟɞɫɬɜɚ ɨɛɧɚɪɭɠɟɧɢɹ ДDОЭОМЭТШЧ ЭШШХЬЖ 
 

ɋɪɟɞɫɬɜɚ 

ɨɛɧɚɪɭɠɟɧɢɹ 

ɋɬɚɰɢɨɧɚɪɧɵɟ ɉɨɞɜɢɠɧɵɟ 

i j k l 

ɂɧɮɨɪɦɚɰɢɹ  
ɨɬ ɫɪɟɞɫɬɜ  
ɨɛɧɚɪɭɠɟɧɢɹ 

ɧɟɩɪɟ- 

ɪɵɜɧɚɹ 

ɞɢɫɤɪɟɬ- 

ɧɚɹ 

ɧɟɩɪɟ- 

ɪɵɜɧɚɹ 

ɞɢɫɤɪɟɬ- 

ɧɚɹ 

ɧɟɩɪɟ- 

ɪɵɜɧɚɹ 

ɞɢɫɤɪɟɬ- 

ɧɚɹ 

ɧɟɩɪɟ- 

ɪɵɜɧɚɹ 

ɞɢɫɤɪɟɬ- 

ɧɚɹ 

Ɉɩɪɟɞɟɥɹɟɦɵɟ 

ɩɚɪɚɦɟɬɪɵ 

 ɨɛɴɟɤɬɚ 

ɨɛɧɚɪɭɠɟɧɢɹ* 

   ɢɧɮ  

ɭɫɬt  

ɢɧɮ  

ɭɫɬt  

ɢɧɮt  

   ɢɧɮ  

ɭɫɬt  

   ɢɧɮ  

ɭɫɬt  

ɢɧɮt  

   ɢɧɮ  

ɭɫɬt  

   ɢɧɮ  

ɭɫɬt  

ɢɧɮt  

   ɢɧɮ  

ɭɫɬt  

   ɢɧɮ  

ɭɫɬt  

ɢɧɮt  

ȼɵɯɨɞɧɵɟ 

ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
  ɧɧɧ tP ,,  

* ɢɧɮt  – ɩɟɪɢɨɞɢɱɧɨɫɬɶ ɩɨɫɬɭɩɥɟɧɢɹ ɢɧɮɨɪɦɚɰɢɢ; ɢɧɮ  – ɬɨɱɧɨɫɬɶ ɢɧɮɨɪɦɚɰɢɢ; 

ɭɫɬt  – ɜɪɟɦɹ ɭɫɬɚɪɟɜɚɧɢɹ ɢɧɮɨɪɦɚɰɢɢ. 
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Ɏɭɧɤɰɢɹ Ɋ(Ⱥ) ɛɭɞɟɬ ɢɦɟɬɶ ɦɚɤɫɢɦɭɦ ɜ ɬɨɱɤɟ, ɝɞɟ ɩɪɨɢɡɜɨɞɧɚɹ ɪɚɜɧɚ ɧɭɥɸ 

dɊ(Ⱥ)/dh =0. 

ɉɨɫɥɟ ɷɬɨɝɨ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɬɟɨɪɟɬɢɱɟɫɤɭɸ ɢ ɪɟɚɥɶɧɭɸ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ 
ɩɨɢɫɤɚ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɪɚɣɨɧɨɜ. Ɍɟɨɪɟɬɢɱɟɫɤɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ: 

 

 ,ɫɪɩɨT vbW   (12) 

 

ɝɞɟ bɩɨ=(ki – 1)dc + 2Mɨɛɧ – ɷɮɮɟɤɬɢɜɧɚɹ ɲɢɪɢɧɚ ɩɨɥɨɫɵ ɨɛɫɥɟɞɨɜɚɧɢɹ ɝɪɭɩɩɨɣ 
ɫɪɟɞɫɬɜ ki ; 

 dɫ – ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɫɪɟɞɫɬɜɚɦɢ ɨɛɧɚɪɭɠɟɧɢɹ ɩɪɢ ɩɨɢɫɤɟ; 
 Ɇɨɛɧ – ɦɚɬɟɦɚɬɢɱɟɫɤɨɟ ɨɠɢɞɚɧɢɟ ɞɚɥɶɧɨɫɬɢ ɨɛɧɚɪɭɠɟɧɢɹ;  
 vɫɪ =  ȟ(vɫ + vɞɪɝ) – ɫɪɟɞɧɹɹ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɫɤɨɪɨɫɬɶ ɩɨɢɫɤɚ; 
 vɫ ɢ vɞɪɝ – ɫɤɨɪɨɫɬɢ ɫɪɟɞɫɬɜɚ ɢ ɨɛɴɟɤɬɚ (ȾɊȽ) ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ; 
 ȟ – ɜɵɛɢɪɚɟɬɫɹ ɢɡ ɬɚɛɥɢɰɵ β. 
 

Ɍɚɛɥɢɰɚ 2. – Ɂɧɚɱɟɧɢɹ ɮɭɧɤɰɢɢ ȟ [ȟ function values] 
 

vɫ/vɞɪɝ  ɢɥɢ 
vɞɪɝ/vɫ 

0,00 0,10 0,20 0,30 0,50 0,60 0,80 1,00 

ξ 1,00 0,91 0,84 0,79 0,71 0,68 0,65 0,64 

 

Ɋɟɚɥɶɧɚɹ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶ ɩɨɢɫɤɚ: 

 ,
nɞɪɝ

P
P

N

cS
W


  (13) 

 

ɝɞɟ ɫ – ɨɛɳɟɟ ɱɢɫɥɨ ɝɪɭɩɩ, ɨɛɧɚɪɭɠɟɧɧɵɯ ɡɚ ɜɪɟɦɹ ɩɨɢɫɤɚ; 
 Nɞɪɝ – ɫɪɟɞɧɟɟ ɤɨɥɢɱɟɫɬɜɨ ɝɪɭɩɩ ɬɟɪɪɨɪɢɫɬɨɜ, ɧɚɯɨɞɢɜɲɢɯɫɹ ɜ ɪɚɣɨɧɟ ɡɚ ɜɪɟɦɹ 

ɩɨɢɫɤɚ; 
 Ĳɩ  – ɮɚɤɬɢɱɟɫɤɚɹ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ ɩɨɢɫɤɚ ɜɫɟɦɢ ɫɪɟɞɫɬɜɚɦɢ. 
 

ɇɚ ɨɫɧɨɜɟ ɜɵɯɨɞɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɢɧɢɦɚɸɬ ɪɟɲɟɧɢɟ ɨ ɛɥɨɤɢɪɨɜɚɧɢɢ ɪɚɣɨɧɚ 
ɧɚɯɨɠɞɟɧɢɹ ɩɪɨɬɢɜɧɢɤɚ. ȿɫɥɢ ɪɭɛɟɠ ɛɥɨɤɢɪɨɜɚɧɢɹ ɛɵɥ ɜɵɛɪɚɧ ɜɟɪɧɨ, ɬɨ ɭɫɥɨɜɢɟ 
ɜɵɩɨɥɧɟɧɢɹ ɡɚɞɚɱɢ ɨɞɧɢɦ ɩɨɞɪɚɡɞɟɥɟɧɢɟɦ ɩɨ ɛɥɨɤɢɪɨɜɚɧɢɸ ɨɞɧɨɣ ɝɪɭɩɩɵ ɢɦɟɟɬ ɜɢɞ: 

 

 ,0
1 


ȾɊȽ

ɛȾɊȽ

v

vS 
 (14) 

ɝɞɟ 1S  – ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɩɪɟɞɩɨɥɚɝɚɟɦɨɝɨ ɦɚɪɲɪɭɬɚ ɝɪɭɩɩɵ ɩɪɨɬɢɜɧɢɤɚ ɞɨ 
ɜɟɪɨɹɬɧɨɝɨ ɪɭɛɟɠɚ ɛɥɨɤɢɪɨɜɚɧɢɹ; 

 ɡɚɧɞɜɥɫɨɩ

n

i

iɛ  
1

; ɨɩ – ɜɪɟɦɹ ɨɬ ɦɨɦɟɧɬɚ ɨɛɧɚɪɭɠɟɧɢɹ ɩɪɨɬɢɜɧɢɤɚ ɞɨ 

ɩɨɞɚɱɢ ɫɢɝɧɚɥɚ ɧɚ ɩɪɢɜɟɞɟɧɢɟ ɩɨɞɪɚɡɞɟɥɟɧɢɹ ɩɪɨɬɢɜɨɞɢɜɟɪɫɢɨɧɧɨɣ ɛɨɪɶɛɵ 
ɜ ɝɨɬɨɜɧɨɫɬɶ ɤ ɜɵɩɨɥɧɟɧɢɸ ɛɨɟɜɨɣ ɡɚɞɚɱɢ; 

 ɥɫ – ɜɪɟɦɹ ɝɨɬɨɜɧɨɫɬɢ ɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ ɩɨɞɪɚɡɞɟɥɟɧɢɹ ɤ ɜɵɩɨɥɧɟɧɢɸ ɛɨɟɜɨɣ 
ɡɚɞɚɱɢ; 

 
ɩ

ɦɟɫɬɫɟɡɫɭɬɞɜ
v

S
kkk ; ɫɭɬk  – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɧɚ ɫɤɨɪɨɫɬɶ 
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ɞɜɢɠɟɧɢɹ ɜɪɟɦɟɧɢ ɫɭɬɨɤ; 
 ɫɟɡk – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɫɟɡɨɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ; 
 ɦɟɫɬk – ɤɨɷɮɮɢɰɢɟɧɬ, ɭɱɢɬɵɜɚɸɳɢɣ ɜɥɢɹɧɢɟ ɧɚ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɯɚɪɚɤɬɟɪɚ 

ɦɟɫɬɧɨɫɬɢ; 
 S – ɪɚɫɫɬɨɹɧɢɟ (ɩɪɨɬɹɠɟɧɧɨɫɬɶ ɦɚɪɲɪɭɬɚ) ɦɟɠɞɭ ɩɭɧɤɬɨɦ ɞɢɫɥɨɤɚɰɢɢ 

ɩɨɞɪɚɡɞɟɥɟɧɢɹ ɢ ɩɥɚɧɢɪɭɟɦɵɦ ɪɭɛɟɠɨɦ ɛɥɨɤɢɪɨɜɚɧɢɹ; 
 ɩv  – ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɩɨɞɪɚɡɞɟɥɟɧɢɹ ɩɪɢ ɧɨɪɦɚɥɶɧɵɯ ɭɫɥɨɜɢɹɯ; 
 ɡɚɧ  – ɜɪɟɦɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɪɚɡɜɟɪɬɵɜɚɧɢɹ ɩɨɞɪɚɡɞɟɥɟɧɢɹ ɧɚ ɪɭɛɟɠɟ 

ɛɥɨɤɢɪɨɜɚɧɢɹ; 
 ȾɊȽv  – ɩɪɟɞɩɨɥɚɝɚɟɦɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɩɪɨɬɢɜɧɢɤɚ. 
 

ȼɟɪɨɹɬɧɨɫɬɶ ɬɨɝɨ, ɱɬɨ ɭɫɥɨɜɢɟ (14) ɛɭɞɟɬ ɜɵɩɨɥɧɟɧɨ – ɹɜɥɹɟɬɫɹ ɜɟɪɨɹɬɧɨɫɬɶɸ 
ɭɫɩɟɲɧɨɝɨ ɛɥɨɤɢɪɨɜɚɧɢɹ [6]. 

Ɋɚɫɫɱɢɬɚɟɦ ɜɟɪɨɹɬɧɨɫɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɛɟɡɨɩɚɫɧɨɫɬɢ əɗɍ ɧɚ ɭɱɚɫɬɤɟ 
ɦɚɪɲɪɭɬɚ ɞɜɢɠɟɧɢɹ ɌȺ ɢ ɜɟɪɨɹɬɧɨɫɬɶ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɚɜɚɪɢɣɧɨɣ ɫɢɬɭɚɰɢɢ (Ⱥɋ), ɚ 
ɬɚɤɠɟ ɨɩɪɟɞɟɥɢɬɶ ɡɧɚɱɢɦɨɫɬɢ ɢ ɜɤɥɚɞɵ ɤɚɠɞɨɝɨ ɭɤɚɡɚɧɧɨɝɨ ɷɥɟɦɟɧɬɚ ɜ ɛɟɡɨɩɚɫɧɨɫɬɶ 
ɫɢɫɬɟɦɵ ɜ ɰɟɥɨɦ. Ⱦɥɹ ɭɩɪɨɳɟɧɢɹ ɩɪɢɦɟɦ ɜɨ ɜɧɢɦɚɧɢɟ ɨɝɪɚɧɢɱɟɧɧɨɟ ɱɢɫɥɨ ɢɫɯɨɞɧɵɯ 
ɩɪɢɱɢɧ ɜɨɡɧɢɤɧɨɜɟɧɢɹ Ⱥɋ: ɨɝɧɟɜɨɟ ɜɨɡɞɟɣɫɬɜɢɟ (ɡɚɫɚɞɚ); ɩɨɞɪɵɜ ɮɭɝɚɫɚ. ȼ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɩɪɢɦɟɪɟ ɞɥɹ ɜɟɪɨɹɬɧɨɫɬɧɨɝɨ ɚɧɚɥɢɡɚ ɛɟɡɨɩɚɫɧɨɫɬɢ ɭɱɚɫɬɤɚ ɦɚɪɲɪɭɬɚ 
ɞɜɢɠɟɧɢɹ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɩɹɬɶ ɷɥɟɦɟɧɬɨɜ ɦɨɞɟɥɢ: 1X  – ɡɚɫɚɞɚ   1P ; 2X  –ɮɭɝɚɫ ɧɚ 
ɦɚɪɲɪɭɬɟ ɞɜɢɠɟɧɢɹ  2P ; 3X  – ɬɟɯɧɢɱɟɫɤɢɟ ɫɪɟɞɫɬɜɚ ɪɚɡɜɟɞɤɢ  3P ; 4X  – 

ɛɟɡɨɲɢɛɨɱɧɵɟ ɞɟɣɫɬɜɢɹ ɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ ɩɨɞɪɚɡɞɟɥɟɧɢɹ ɋɈ  4P ; 5X –ɛɟɡɨɬɤɚɡɧɨɫɬɶ 
ɢɧɠɟɧɟɪɧɨ-ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɡɚɳɢɬɵ  5P . ȼɵɯɨɞɧɵɟ ɢɧɬɟɝɪɚɥɶɧɵɟ ɮɭɧɤɰɢɢ: 1y – 

ɡɚɫɚɞɚ ɧɚ ɦɚɪɲɪɭɬɟ; 
1

y – ɧɟɬ ɡɚɫɚɞɵ; 2ɭ  – ɮɭɝɚɫ; 
2

y  – ɧɟɬ ɮɭɝɚɫɚ;  3ɭ – ɩɪɨɬɢɜɧɢɤ 
ɨɛɧɚɪɭɠɟɧ; 

3ɭ – ɩɪɨɬɢɜɧɢɤ ɧɟ ɨɛɧɚɪɭɠɟɧ; 4ɭ  – ɥɢɱɧɵɣ ɫɨɫɬɚɜ ɜ ɝɨɬɨɜɧɨɫɬɢ ɤ 
ɧɟɦɟɞɥɟɧɧɨɦɭ ɨɬɪɚɠɟɧɢɸ ɧɚɩɚɞɟɧɢɹ; 

4
y  – ɥɢɱɧɵɣ ɫɨɫɬɚɜ ɧɟ ɝɨɬɨɜ; 5ɭ  – ɌȺ ɧɟ 

ɜɵɯɨɞɢɬ ɧɚ ɭɱɚɫɬɨɤ ɦɚɪɲɪɭɬɚ; 
5

y  – ɌȺ ɜɵɯɨɞɢɬ ɧɚ ɭɱɚɫɬɨɤ ɦɚɪɲɪɭɬɚ; 6ɭ  – ɧɟɬ 
ɢɫɯɨɞɧɵɯ ɩɪɢɱɢɧ Ⱥɋ; 7ɭ  – ɧɟɬ ɚɜɚɪɢɣɧɨɣ ɫɢɬɭɚɰɢɢ ɧɚ ɭɱɚɫɬɤɟ ɦɚɪɲɪɭɬɚ; 

7
y  – Ⱥɋ ɧɚ 

ɭɱɚɫɬɤɟ ɦɚɪɲɪɭɬɚ. ȼɫɟ ɮɪɚɝɦɟɧɬɵ ɭɫɥɨɜɢɣ ɪɟɚɥɢɡɚɰɢɢ ɜɵɯɨɞɧɵɯ ɮɭɧɤɰɢɣ ɤɚɠɞɵɦ 
ɷɥɟɦɟɧɬɨɦ ɨɛɴɟɞɢɧɹɸɬɫɹ ɜ ɫɯɟɦɭ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɰɟɥɨɫɬɧɨɫɬɢ ɫɬɪɭɤɬɭɪɧɨɣ ɦɨɞɟɥɢ 
ɛɟɡɨɩɚɫɧɨɫɬɢ ɢɫɫɥɟɞɭɟɦɨɝɨ ɭɱɚɫɬɤɚ ɦɚɪɲɪɭɬɚ ɞɜɢɠɟɧɢɹ (ɪɢɫ. 1). 

 
Ɋɢɫ. 1. – ɋɯɟɦɚ ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɰɟɥɨɫɬɧɨɫɬɢ ɫɬɪɭɤɬɭɪɧɨɣ ɦɨɞɟɥɢ ɛɟɡɨɩɚɫɧɨɫɬɢ 

[Scheme of the functional integrity of structural safety model]. 
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ɋɢɫɬɟɦɚ ɭɪɚɜɧɟɧɢɣ ɛɭɞɟɬ ɢɦɟɬɶ ɜɢɞ: 
11 xy   ; 455 yxy 

; 133
yxy 

;
  22 xy  ; 216 yyy  ; 

244
yxy  ;  

133 yxy 
; 567 yyy 

;
  

455
yxy 

 ; 
 3244 yyxy 

;   11
xy 

 ; (15) 

216 yyy 
; 22 xy 

;  567
yyy 

.
 

 

Ⱦɚɥɟɟ ɨɩɪɟɞɟɥɹɸɬɫɹ ɜɟɪɨɹɬɧɨɫɬɧɵɟ ɩɚɪɚɦɟɬɪɵ ɷɥɟɦɟɧɬɨɜ iP  ɢ ɡɚɞɚɸɬɫɹ 
ɥɨɝɢɱɟɫɤɢɟ ɤɪɢɬɟɪɢɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ.  

 

Ʉɪɢɬɟɪɢɣ ɛɟɡɨɩɚɫɧɨɫɬɢ: 

5425431217 xxxxxxxxxyYȻО  . (16) 

 

Ʉɪɢɬɟɪɢɣ ɜɨɡɧɢɤɧɨɜɟɧɢɹ Ⱥɋ: 

5431542424312317 xxxxxxxxxxxxxxxyYȺɋ  . (17) 

 

ȼ (16) ɢ (17) ɩɪɟɞɫɬɚɜɥɟɧɵ ɜɫɟ ɜɨɡɦɨɠɧɵɟ ɜɚɪɢɚɰɢɢ ɢɫɯɨɞɧɵɯ ɨɩɚɫɧɨɫɬɟɣ, ɚ 
ɬɚɤɠɟ ɦɢɧɢɦɚɥɶɧɵɟ ɛɟɡɨɩɚɫɧɵɟ ɢ ɚɜɚɪɢɣɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɫɨɛɵɬɢɣ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɷɥɟɦɟɧɬɨɜ. ɉɪɟɨɛɪɚɡɭɟɦ ɢɫɯɨɞɧɭɸ ɮɭɧɤɰɢɸ «ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɢ» 
ɫɢɫɬɟɦɵ. Ɍɨɝɞɚ: 

– ɜɟɪɨɹɬɧɨɫɬɶ ɛɟɡɨɩɚɫɧɨɫɬɢ: 

5422543121 PPPPPPPPPPPȻО  ; (18) 

 

– ɜɟɪɨɹɬɧɨɫɬɶ Ⱥɋ: 

25431542422431231 PPPPPPPPPPPPPPPPPPȺɋ  . (19) 

 

ɋɥɟɞɭɸɳɢɣ ɷɬɚɩ - ɪɚɫɱɟɬ ɫɢɫɬɟɦɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɛɟɡɨɩɚɫɧɨɫɬɢ. ɉɨɞɫɬɚɜɥɹɹ ɜ 
(18) ɢ (19) ɡɧɚɱɟɧɢɹ iP  ɢ iP  ɩɨɥɭɱɢɦ ɜɟɪɨɹɬɧɨɫɬɶ ɛɟɡɨɩɚɫɧɨɫɬɢ ɭɱɚɫɬɤɚ ɦɚɪɲɪɭɬɚ 
ɞɜɢɠɟɧɢɹ. 

Ʉ ɮɚɤɬɨɪɚɦ, ɨɤɚɡɵɜɚɸɳɢɦ ɜɥɢɹɧɢɟ ɧɚ ɜɟɪɨɹɬɧɨɫɬɶ ɭɧɢɱɬɨɠɟɧɢɹ ɩɪɨɬɢɜɧɢɤɚ, 
ɨɬɧɨɫɹɬɫɹ: ɩɪɢɧɹɬɢɟ ɪɟɲɟɧɢɹ ɧɚ ɭɧɢɱɬɨɠɟɧɢɟ ɩɪɨɬɢɜɧɢɤɚ; ɨɝɧɟɜɚɹ ɦɨɳɶ (ɧɚɥɢɱɢɟ 
ɬɹɠɟɥɨɝɨ ɫɬɪɟɥɤɨɜɨɝɨ ɜɨɨɪɭɠɟɧɢɹ ɢ ɬɟɯɧɢɤɢ) ɢ ɫɨɫɬɨɹɧɢɟ (ɢɫɩɪɚɜɧɨɫɬɶ) ɜɨɨɪɭɠɟɧɢɹ; 
ɯɚɪɚɤɬɟɪ ɞɟɣɫɬɜɢɣ ɩɪɨɬɢɜɧɢɤɚ, ɟɝɨ ɛɨɟɫɩɨɫɨɛɧɨɫɬɶ; ɤɨɥɢɱɟɫɬɜɟɧɧɨɟ ɫɨɨɬɧɨɲɟɧɢɟ ɫɢɥ; 
ɯɚɪɚɤɬɟɪ ɦɟɫɬɧɨɫɬɢ; ɜɪɟɦɹ ɝɨɞɚ ɢ ɫɭɬɨɤ. ɇɚɥɢɱɢɟ ɬɚɤɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɥɢɹɸɳɢɯ 
ɮɚɤɬɨɪɨɜ ɢ ɫɜɨɣɫɬɜ ɫɨɡɞɚɟɬ ɨɛɴɟɤɬɢɜɧɵɟ ɬɪɭɞɧɨɫɬɢ ɩɪɢ ɦɚɬɟɦɚɬɢɡɚɰɢɢ ɢɫɫɥɟɞɭɟɦɨɣ 
ɋɈ. ɇɚɩɪɢɦɟɪ, ɬɪɭɞɧɨ ɨɩɪɟɞɟɥɢɬɶ, ɤɚɤɢɟ ɚɧɚɥɢɬɢɱɟɫɤɢɟ ɡɚɜɢɫɢɦɨɫɬɢ ɦɨɠɧɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɨɩɢɫɚɧɢɹ ɦɨɪɚɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɜɨɟɧɧɨɫɥɭɠɚɳɢɯ Д7Ж. ȼ ɫɥɭɱɚɹɯ 
ɨɬɪɢɰɚɬɟɥɶɧɨɝɨ ɷɦɨɰɢɨɧɚɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɱɟɥɨɜɟɤɚ ɟɝɨ ɛɨɟɫɩɨɫɨɛɧɨɫɬɶ ɫɧɢɠɚɟɬɫɹ ɜ 

32  ɪɚɡɚ. ɉɪɟɞɥɚɝɚɟɬɫɹ ɧɚɪɹɞɭ ɫ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦɢ ɩɨɬɟɪɹɦɢ ɭɱɢɬɵɜɚɬɶ ɩɨɬɟɪɢ, 
ɜɵɡɵɜɚɟɦɵɟ ɦɨɪɚɥɶɧɨ-ɩɫɢɯɨɥɨɝɢɱɟɫɤɢɦ ɜɨɡɞɟɣɫɬɜɢɟɦ. ȼɟɥɢɱɢɧɚ ɷɬɢɯ ɩɨɬɟɪɶ ɞɨɥɠɧɚ 
ɡɚɜɢɫɟɬɶ ɨɬ ɫɬɟɩɟɧɢ ɩɨɞɝɨɬɨɜɤɢ ɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɜ ɦɨɪɚɥɶɧɨ-

ɩɫɢɯɨɥɨɝɢɱɟɫɤɨɦ ɨɬɧɨɲɟɧɢɢ ɤ ɜɟɞɟɧɢɸ ɛɨɹ. Ɉɞɧɚɤɨ, ɫɭɳɟɫɬɜɭɸɬ ɫɨɦɧɟɧɢɹ ɜ ɬɨɦ, ɱɬɨ 
ɫ ɩɨɦɨɳɶɸ ɷɬɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɪɟɚɥɶɧɵɣ ɩɪɨɰɟɫɫ ɛɭɞɟɬ ɨɩɢɫɵɜɚɬɶɫɹ ɞɨɫɬɚɬɨɱɧɨ 
ɚɞɟɤɜɚɬɧɨ ɩɨ ɩɪɢɱɢɧɟ ɱɪɟɡɜɵɱɚɣɧɨɣ ɦɚɥɨɱɢɫɥɟɧɧɨɫɬɢ ɩɪɨɬɢɜɨɞɢɜɟɪɫɢɨɧɧɨɝɨ 
ɩɨɞɪɚɡɞɟɥɟɧɢɹ. Ɂɞɟɫɶ ɨɬ ɞɟɣɫɬɜɢɣ ɤɚɠɞɨɝɨ ɜɨɟɧɧɨɫɥɭɠɚɳɟɝɨ ɦɨɠɟɬ ɡɚɜɢɫɟɬɶ 
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ɜɵɩɨɥɧɟɧɢɟ ɛɨɟɜɨɣ ɡɚɞɚɱɢ. ɇɚɩɪɢɦɟɪ, ɩɨɬɟɪɹ γ0% ɥɢɱɧɨɝɨ ɫɨɫɬɚɜɚ ɨɤɚɠɟɬ ɛɨɥɶɲɟɟ 
ɜɥɢɹɧɢɟ ɧɚ ɦɨɪɚɥɶɧɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɫɨɥɞɚɬ ɤ ɩɪɨɞɨɥɠɟɧɢɸ ɛɨɹ, ɱɟɦ ɩɨɬɟɪɹ ɩɨɥɨɜɢɧɵ 
ɱɚɫɬɟɣ ɜ ɫɨɟɞɢɧɟɧɢɢ, ɢɛɨ ɩɨɬɟɪɢ ɜ ɩɨɞɪɚɡɞɟɥɟɧɢɢ ɩɪɨɢɫɯɨɞɹɬ ɭ ɧɢɯ ɧɚ ɝɥɚɡɚɯ, ɚ ɩɨɬɟɪɶ 
ɫɨɟɞɢɧɟɧɢɹ ɜ ɰɟɥɨɦ ɨɧɢ ɫɟɛɟ ɩɪɚɤɬɢɱɟɫɤɢ ɧɟ ɩɪɟɞɫɬɚɜɥɹɸɬ. 

ɋ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɛɨɟɜɵɯ ɜɨɡɦɨɠɧɨɫɬɟɣ ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɩɪɨɬɢɜɨɞɢɜɟɪɫɢɨɧɧɨɣ 
ɛɨɪɶɛɵ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɜɟɫɬɢ ɪɚɫɱɟɬɵ ɩɨ ɦɨɞɟɥɢ ɛɨɟɜɵɯ ɞɟɣɫɬɜɢɣ. ȼ ɤɚɱɟɫɬɜɟ 
ɩɨɤɚɡɚɬɟɥɹ ɛɨɟɜɨɣ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɩɪɟɞɥɚɝɚɟɬɫɹ ɩɪɢɧɹɬɶ ɫɨɫɬɨɹɧɢɟ ɢ ɩɨɥɨɠɟɧɢɟ ɧɚ 
ɦɟɫɬɧɨɫɬɢ ɤɚɠɞɨɣ ɛɨɟɜɨɣ ɟɞɢɧɢɰɵ ɜɨ ɜɪɟɦɟɧɧɨɦ ɦɚɫɲɬɚɛɟ ɛɨɹ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ 
ɨɩɪɟɞɟɥɢɬɶ ɟɟ ɫɨɫɬɨɹɧɢɟ ɢ ɟɟ ɦɟɫɬɨɧɚɯɨɠɞɟɧɢɟ ɜ ɪɚɣɨɧɟ ɛɨɟɜɵɯ ɞɟɣɫɬɜɢɣ ɧɚ ɥɸɛɨɣ 
ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ. 

Ɉɩɪɟɞɟɥɹɟɬɫɹ ɰɟɥɶ ɛɨɹ – ɭɧɢɱɬɨɠɟɧɢɟ ɭ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɫɬɨɪɨɧɵ (ɩɪɨɬɢɜɧɢɤɚ) 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɱɢɫɥɚ ɛɨɟɜɵɯ ɟɞɢɧɢɰ ɢ ɜɵɯɨɞ ɧɚ ɩɪɟɞɩɨɥɚɝɚɟɦɵɣ ɪɭɛɟɠ. ɉɪɢɧɢɦɚɟɬɫɹ, 
ɱɬɨ ɩɪɢ ɜɟɪɨɹɬɧɨɫɬɢ ɩɨɩɚɞɚɧɢɹ ɜ ɰɟɥɶ Ɋɩɩ=0,9 ɰɟɥɶ ɩɨɪɚɠɟɧɚ ɫ ɜɟɪɨɹɬɧɨɫɬɶɸ Ɋɩɨɪ=0,9. 

ɉɪɢ 8,0ɩɨɪɊ  ɫɱɢɬɚɟɬɫɹ, ɱɬɨ ɰɟɥɶ ɭɧɢɱɬɨɠɟɧɚ. ɉɪɢ 8,05,0  ɩɨɪɊ  ɰɟɥɶ ɜɪɟɦɟɧɧɨ 
ɜɵɜɟɞɟɧɚ ɢɡ ɫɬɪɨɹ. ȼ ɨɫɬɚɥɶɧɵɯ ɫɥɭɱɚɹɯ ɛɨɟɜɚɹ ɟɞɢɧɢɰɚ ɫɱɢɬɚɟɬɫɹ ɧɟɩɨɪɚɠɟɧɧɨɣ. 
ȼɟɪɨɹɬɧɨɫɬɶ ɩɨɪɚɠɟɧɢɹ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɫɬɚɜɥɟɧɚ ɤɚɤ ɩɚɪɚɦɟɬɪɢɱɟɫɤɚɹ ɮɭɧɤɰɢɹ: 

 

 ɮ
ɭɫ

Y

ɭɫ
z

ɬɬɯ
Y

ɬɬɯ
zɛɡɠɰɩɨɪɩɨɪ kȼȼȼȼqkɊɊ ,,,,,, , (20) 

 

ɝɞɟ ɠɰk  – ɤɨɷɮɮɢɰɢɟɧɬ ɠɢɜɭɱɟɫɬɢ ɰɟɥɢ, ɡɚɜɢɫɹɳɢɣ ɨɬ ɡɚɳɢɳɟɧɧɨɫɬɢ, ɦɚɫɤɢɪɨɜɤɢ 
(ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɤɚɦɭɮɥɹɠɚ ɢ ɬ.ɞ.), ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣ ɜɵɭɱɤɢ, ɪɚɡɦɟɪɨɜ; 

 z – ɜɵɫɨɬɚ, Y – ɲɢɪɢɧɚ; 
 ɛɡq  – ɦɨɳɧɨɫɬɶ ɛɨɟɜɨɝɨ ɡɚɪɹɞɚ; 
 ɬɬɯ

Y

ɬɬɯ
z ȼȼ ,  – ɫɭɦɦɚɪɧɵɟ ɫɪɟɞɢɧɧɵɟ ɨɬɤɥɨɧɟɧɢɹ ɩɨ ɜɵɫɨɬɟ ɢ ɛɨɤɨɜɨɦɭ 

ɧɚɩɪɚɜɥɟɧɢɸ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɌɌɏ ɨɪɭɠɢɹ; 
 yc

Y

yc

z BB ,  – ɫɭɦɦɚɪɧɵɟ ɫɪɟɞɢɧɧɵɟ ɨɬɤɥɨɧɟɧɢɹ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɭɫɥɨɜɢɣ 
ɩɪɢɦɟɧɟɧɢɹ; 

 ɮk  – ɤɨɷɮɮɢɰɢɟɧɬ ɮɢɝɭɪɧɨɫɬɢ ɰɟɥɢ (ɫɬɟɩɟɧɶ ɨɬɥɢɱɢɹ ɮɨɪɦɵ ɰɟɥɢ ɨɬ 
ɩɪɹɦɨɭɝɨɥɶɧɢɤɚ). 

 

ɉɪɢ ɨɞɧɨɦ ɜɵɫɬɪɟɥɟ ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɪɚɠɟɧɢɹ ɰɟɥɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɜɵɪɚɠɟɧɢɸ 
[3,6]: 
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1
. (21) 

 

Ɂɞɟɫɶ  Ф  - ɮɭɧɤɰɢɹ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ (ɮɭɧɤɰɢɹ Ʌɚɩɥɚɫɚ). 
ɉɪɢ ɧɟɫɤɨɥɶɤɢɯ ɨɞɢɧɨɱɧɵɯ ɜɵɫɬɪɟɥɚɯ ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɪɚɠɟɧɢɹ ɨɩɪɟɞɟɥɢɬɫɹ: 

 

 
    nɩɨɪ
n

ɩɨɪ ɊɊ 111  , (22) 

ɝɞɟ   11 ɩɨɪɊ  - ɜɟɪɨɹɬɧɨɫɬɶ ɩɪɨɦɚɯɚ. 
 

Ⱦɥɹ ɨɞɧɨɣ ɨɱɟɪɟɞɢ: 



44  ȽɍȻȿɅȺȾɁȿ ɢ ɞɪ. 
 

 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 1(β6) 2018 

 
     ɩɩɨɫ

ɩɨɪ
ɩɟɪ
ɩɨɪ

ɨɱ
ɩɨɪ ɊɊɊ  111 , (23) 

 

ɝɞɟ ɩɟɪ
ɩɨɪɊ  – ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɪɚɠɟɧɢɹ ɩɟɪɜɨɣ ɩɭɥɟɣ; 

 ɩɨɫ
ɩɨɪɊ  – ɜɟɪɨɹɬɧɨɫɬɶ ɩɨɪɚɠɟɧɢɹ ɩɨɫɥɟɞɭɸɳɢɦɢ ɩɭɥɹɦɢ. 
 

Ɉɩɪɟɞɟɥɟɧɢɟ ɜɟɪɨɹɬɧɨɫɬɢ ɩɨɪɚɠɟɧɢɹ ɰɟɥɟɣ ɚɜɬɨɦɚɬɢɱɟɫɤɢɦ ɨɝɧɟɦ ɩɨ ɮɨɪɦɭɥɟ 
(βγ) ɞɚɟɬ ɡɚɜɵɲɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ, ɢɯ ɫɥɟɞɭɟɬ ɭɦɟɧɶɲɢɬɶ ɧɚ 5–7%. 

Ⱥɞɟɤɜɚɬɧɨɫɬɶ ɦɨɞɟɥɢ ɛɭɞɟɬ ɧɚɢɛɨɥɟɟ ɩɨɥɧɨɣ, ɟɫɥɢ ɩɪɢ ɷɬɨɦ ɭɱɢɬɵɜɚɟɬɫɹ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɣ ɮɚɤɬɨɪ. ɇɚ ɦɨɞɟɥɹɯ ɤɢɧɟɦɚɬɢɤɢ ɛɨɹ ɦɨɠɧɨ ɜɟɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ 
ɜɥɢɹɧɢɹ ɜɡɚɢɦɧɨɝɨ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɨɞɪɚɡɞɟɥɟɧɢɣ, ɢɯ ɦɚɧɟɜɪɚ, ɦɟɫɬɧɨɫɬɢ, ɟɟ 
ɢɧɠɟɧɟɪɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɛɨɟɜɨɝɨ ɩɪɢɦɟɧɟɧɢɹ ɩɨɞɪɚɡɞɟɥɟɧɢɹ. ɉɪɢ 
ɩɨɫɬɪɨɟɧɢɢ ɦɨɞɟɥɢ ɫɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɜɨɩɪɨɫɵ ɬɟɦɩɨɜ ɧɚɫɬɭɩɥɟɧɢɹ ɢ 
ɦɚɧɟɜɪɚ. Ɍɚɤ ɤɚɤ ɦɚɧɟɜɪ ɩɪɨɢɫɯɨɞɢɬ ɧɚ ɦɟɫɬɧɨɫɬɢ, ɤɨɬɨɪɚɹ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɪɟɥɶɟɮɨɦ, 
ɩɨɤɪɨɜɚɦɢ ɪɚɫɬɢɬɟɥɶɧɨɫɬɢ, ɪɚɡɥɢɱɧɵɦɢ ɦɟɫɬɧɵɦɢ ɩɪɟɞɦɟɬɚɦɢ, ɩɪɟɩɹɬɫɬɜɢɹɦɢ ɢ 
ɷɥɟɦɟɧɬɚɦɢ ɢɧɠɟɧɟɪɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɬɨ ɜɫɟ ɷɬɨ ɞɨɥɠɧɨ ɧɚɣɬɢ ɜ ɦɨɞɟɥɢ ɫɜɨɟ 
ɨɬɪɚɠɟɧɢɟ. ɉɨɞɪɨɛɧɨɟ ɨɩɢɫɚɧɢɟ ɦɟɫɬɧɨɫɬɢ ɜɨɡɦɨɠɧɨ, ɧɨ ɨɧɨ ɩɪɢɜɨɞɢɬ ɤ ɪɟɡɤɨɦɭ 
ɩɨɜɵɲɟɧɢɸ ɨɛɴɟɦɚ ɢɫɯɨɞɧɨɣ ɢɧɮɨɪɦɚɰɢɢ. ɂɦɟɟɬ ɫɦɵɫɥ ɭɱɢɬɵɜɚɬɶ ɬɨɥɶɤɨ ɧɚɢɛɨɥɟɟ 
ɯɚɪɚɤɬɟɪɧɵɟ ɨɫɨɛɟɧɧɨɫɬɢ, ɨɤɚɡɵɜɚɸɳɢɟ ɧɚɢɛɨɥɶɲɟɟ ɜɥɢɹɧɢɟ ɧɚ ɩɟɪɟɦɟɳɟɧɢɟ ɛɨɟɜɵɯ 
ɩɨɪɹɞɤɨɜ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɨɞɟɥɶ ɤɢɧɟɦɚɬɢɤɢ ɛɨɹ ɨɩɢɫɵɜɚɟɬ ɦɚɪɲɪɭɬ ɞɜɢɠɟɧɢɹ 
ɛɨɟɜɵɯ ɝɪɭɩɩ (ɩɨɞɪɚɡɞɟɥɟɧɢɣ) ɧɚɫɬɭɩɚɸɳɟɣ ɫɬɨɪɨɧɵ ɜ ɫɬɨɪɨɧɭ ɧɟɤɨɬɨɪɨɝɨ 
ɮɢɤɫɢɪɨɜɚɧɧɨɝɨ ɪɭɛɟɠɚ ɜɵɩɨɥɧɟɧɢɹ ɡɚɞɚɱɢ. Ɇɚɧɟɜɪ ɜ ɛɨɸ ɦɨɞɟɥɢɪɭɟɬɫɹ ɩɨ ɩɪɢɧɰɢɩɭ 
ɫɜɟɞɟɧɢɹ ɤ ɧɟɩɪɟɪɵɜɧɨɦɭ ɢɡɦɟɪɟɧɢɸ ɩɪɨɯɨɞɢɦɨɝɨ ɛɨɟɜɨɣ ɟɞɢɧɢɰɟɣ ɩɭɬɢ ɢ 
ɞɢɪɟɤɰɢɨɧɧɨɝɨ ɭɝɥɚ ɧɚɩɪɚɜɥɟɧɢɹ ɞɜɢɠɟɧɢɹ ɢ ɜɵɱɢɫɥɟɧɢɸ ɧɚ ɨɫɧɨɜɟ ɷɬɢɯ ɞɚɧɧɵɯ 
ɤɨɨɪɞɢɧɚɬ ɦɟɫɬɨɩɨɥɨɠɟɧɢɹ ɟɞɢɧɢɰɵ ɧɚ ɬɟɤɭɳɢɣ ɦɨɦɟɧɬ. 

ȼ ɥɸɛɨɦ ɫɥɭɱɚɟ ɧɟɩɪɟɦɟɧɧɵɦ ɭɫɥɨɜɢɟɦ ɜɵɩɨɥɧɟɧɢɹ ɛɨɟɜɨɣ ɡɚɞɚɱɢ ɹɜɥɹɟɬɫɹ 
ɫɨɯɪɚɧɟɧɢɟ ɛɨɟɫɩɨɫɨɛɧɨɫɬɢ ɩɨɞɪɚɡɞɟɥɟɧɢɹ. Ɉɝɧɟɜɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɞɪɚɡɞɟɥɟɧɢɹ 
ɦɨɝɭɬ ɛɵɬɶ ɜɵɪɚɠɟɧɵ ɫɭɦɦɚɪɧɵɦ ɨɛɴɟɦɨɦ ɨɝɧɟɜɵɯ ɡɚɞɚɱ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɪɟɲɚɬɶɫɹ 
ɲɬɚɬɧɵɦɢ ɨɝɧɟɜɵɦɢ ɫɪɟɞɫɬɜɚɦɢ.  

ȼ ɪɟɡɭɥɶɬɚɬɟ ɩɪɨɜɟɞɟɧɢɹ ɢɫɫɥɟɞɨɜɚɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɦɨɠɟɬ ɛɵɬɶ ɩɪɟɞɥɨɠɟɧɨ 
ɧɟɫɤɨɥɶɤɨ ɜɚɪɢɚɧɬɨɜ ɋɈ, ɤɨɬɨɪɵɟ ɩɨɡɜɨɥɹɬ ɪɟɲɚɬɶ ɛɨɟɜɵɟ ɡɚɞɚɱɢ ɫ ɨɞɢɧɚɤɨɜɵɦ 
ɤɚɱɟɫɬɜɨɦ. ȿɫɥɢ ɨɛɨɫɧɨɜɚɧɧɵɟ ɜɵɲɟ ɫɨɫɬɚɜɵ ɩɨɞɪɚɡɞɟɥɟɧɢɣ ɩɨ ɫɜɨɢɦ ɛɨɟɜɵɦ 
ɩɨɬɟɧɰɢɚɥɚɦ ɪɚɜɧɨɡɧɚɱɧɵ, ɬɨ ɩɪɨɜɨɞɢɬɫɹ ɫɪɚɜɧɢɬɟɥɶɧɵɣ ɚɧɚɥɢɡ ɢɯ ɫɬɨɢɦɨɫɬɧɵɯ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨ ɚɥɝɨɪɢɬɦɭ ɨɛɨɫɧɨɜɚɧɢɹ ɨɩɬɢɦɚɥɶɧɨɝɨ ɛɨɟɜɨɝɨ ɫɨɫɬɚɜɚ. Ɂɚɬɟɦ 
ɩɪɨɜɨɞɢɬɫɹ ɫɪɚɜɧɢɬɟɥɶɧɚɹ ɨɰɟɧɤɚ ɜɵɛɪɚɧɧɨɝɨ ɜɚɪɢɚɧɬɚ Д8,9,10Ж ɫ ɫɭɳɟɫɬɜɭɸɳɢɦɢ ɋɈ. 

 
ɋɉɂɋɈɄ ɅɂɌȿɊȺɌɍɊɕ 
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Abstract – Transportation is one of the most dangerous processes at the stage of operation of 

nuclear and radiation hazardous facilities especially in the context of the possible impact of 

terrorist subversive groups. The aim of the work is to develop an approach to research the 

effectiveness of prospective system units for the protection of mobile nuclear and radiation 

hazardous facilities both at the site and during the route. 
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ɩɪɢɦɟɧɟɧɢɟ ɮɨɪɦɢɪɭɸɳɟɝɨ ɝɚɡɚ ɡɚɦɟɬɧɨ ɭɥɭɱɲɚɸɬ ɤɚɱɟɫɬɜɨ ɤɨɪɧɹ ɜ ɩɨɬɨɥɨɱɧɨɦ 
ɩɨɥɨɠɟɧɢɢ ɫɜɚɪɤɢ. ɋɤɚɧɢɪɭɸɳɚɹ ɨɩɬɢɤɚ ɡɚɪɟɤɨɦɟɧɞɨɜɚɥɚ ɫɟɛɹ ɤɚɤ ɷɮɮɟɤɬɢɜɧɵɣ 
ɢɧɫɬɪɭɦɟɧɬ ɩɨɡɜɨɥɹɸɳɢɣ ɪɚɫɲɢɪɢɬɶ ɞɨɩɭɫɤɢ ɧɚ ɡɚɡɨɪɵ ɜ ɫɬɵɤɟ, ɚ ɬɚɤ ɠɟ ɤɨɦɩɟɧɫɢɪɨɜɚɬɶ 
ɧɟɛɨɥɶɲɢɟ ɨɲɢɛɤɢ ɩɨɡɢɰɢɨɧɢɪɨɜɚɧɢɹ ɫɜɚɪɨɱɧɨɣ ɝɨɥɨɜɤɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɬɵɤɚ.  
ɍɫɬɚɧɨɜɥɟɧɧɚɹ ɞɥɹ ɫɜɚɪɢɜɟɦɨɣ ɬɨɥɳɢɧɵ 16 ɦɦ ɜɟɥɢɱɢɧɚ ɡɚɡɨɪɚ, ɩɪɢ ɤɨɬɨɪɨɦ ɟɳɟ 
ɜɨɡɦɨɠɟɧ ɫɬɚɛɢɥɶɧɵɣ ɩɪɨɰɟɫɫ ɛɟɡ ɞɟɮɟɤɬɨɜ ɫɩɥɚɜɥɟɧɢɹ, ɫɨɫɬɚɜɥɹɟɬ 0,7 ɦɦ. ɉɪɢ ɫɜɚɪɤɟ 
ɨɛɵɱɧɨɣ ɨɩɬɢɤɨɣ ɛɟɡ ɫɤɚɧɢɪɭɸɳɟɝɨ ɦɨɞɭɥɹ ɜɟɥɢɱɢɧɚ ɦɚɤɫɢɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɝɨ ɡɚɡɨɪɚ 
ɤɪɨɦɨɤ ɫɨɫɬɚɜɥɹɟɬ 0,γ ɦɦ. ɋ ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɩɨɞɨɝɪɟɜɚ ɞɨɫɬɢɝɧɭɬɨ 
ɭɜɟɥɢɱɟɧɢɟ ɜɪɟɦɟɧɢ ɨɯɥɚɠɞɟɧɢɹ t8/5 ɫ ɨɞɧɨɣ ɫɟɤɭɧɞɵ ɞɨ 16 ɫɟɤɭɧɞ, ɱɬɨ ɫɩɨɫɨɛɫɬɜɨɜɚɥɨ 
ɡɧɚɱɢɬɟɥɶɧɨɦɭ ɫɧɢɠɟɧɢɸ ɦɢɤɪɨɬɜɟɪɞɨɫɬɢ ɜ ɡɨɧɟ ɬɟɪɦɢɱɟɫɤɨɝɨ ɜɥɢɹɧɢɹ. 
ɇɚɫɬɨɹɳɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɪɨɜɟɞɟɧɵ ɜ ɪɚɦɤɚɯ ɩɪɨɟɤɬɚ MNPQ FK19/07 ɩɪɢ ɮɢɧɚɧɫɨɜɨɣ 
ɩɨɞɞɟɪɠɤɟ Ɏɟɞɟɪɚɥɶɧɨɝɨ Ɇɢɧɢɫɬɟɪɫɬɜɚ ɨɛɪɚɡɨɜɚɧɢɹ ɢ ɢɫɫɥɟɞɨɜɚɧɢɣ Ƚɟɪɦɚɧɢɢ. Ⱥɜɬɨɪɵ 
ɜɵɪɚɠɚɸɬ ɛɥɚɝɨɞɚɪɧɨɫɬɶ ɩɚɪɬɧɟɪɚɦ ɫɨ ɫɬɨɪɨɧɵ ɩɪɨɢɡɜɨɞɫɬɜɚ, ɮɢɪɦɚɦ VТОЭг GЦЛH ɢ 
HIGHВAG, ɡɚ ɩɥɨɞɨɬɜɨɪɧɨɟ ɫɨɬɪɭɞɧɢɱɟɫɬɜɨ ɢ ɩɪɟɞɨɫɬɚɜɥɟɧɢɟ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ 

ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɨɜ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɜɚɪɤɚ, ɝɢɛɪɢɞɧɚɹ ɥɚɡɟɪɧɨ-ɞɭɝɨɜɚɹ ɫɜɚɪɤɚ, ɨɪɛɢɬɚɥɶɧɚɹ ɫɜɚɪɤɚ, 
ɬɪɭɛɨɩɪɨɜɨɞɵ ɜɵɫɨɤɨɝɨ ɞɚɜɥɟɧɢɹ, ɨɩɬɨɜɨɥɨɤɨɧɧɵɟ ɥɚɡɟɪɵ. 
 

ɉɨɫɬɭɩɢɥɚ ɜ ɪɟɞɚɤɰɢɸ: 12.02.2018 
 

1. Introduction 

 
 

The growing necessity of constructing onshore and offshore pipelines for transporting 

oil and gas was the economic and technical background of this study. In pipeline construction, 

conventional manual or semi-automated arc welding processes are still used, which very often 

lead to a higher occurrence of weld imperfections compared to the fully automated arc 

welding processes [1]. Oil and gas transmission pipe lines are very large constructions, e. g. 

with outer diameters of 1.22 m (48") and wall thicknesses of 32 mm. Multi-pass welding is a 
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method commonly used for joining thick plates and, in conjunction with arc welding, it is a 

highly elaborate and time-consuming process [2]. 

For fast, economically efficient and safe construction as well as laying of future 

pipelines, it is necessary to apply new welding techniques which will be able to join pipes 

fully automatically in a single operation. 

The only applicable method for solving this task seems to be laser welding, or laser-

hybrid welding which is a combination of two processes, i.e. a laser beam welding process 

and an arc welding process. The electron beam welding process has a significantly higher 

technical complexity and can therefore not be used for these applications [3]. 

For joining a pair of pipes, the so-called girth welding process is applied, where the 

welding head is moved around the pipe circumference. 

Girth pipeline welding has long been known, and there are also many examples showing 

the applicability of the laser beam in all-position welding. Many experiments have been 

carried out to establish the girth welding process using CO2- and Nd:YAG-lasers for pipelines 

with wall thicknesses ranging from 10 mm to 15 mm. It has been shown that a stable process 

can be realized in all welding positions with a 12 kW CO2-laser for maximum wall 

thicknesses of 13 mm [4]. With greater thicknesses, welding should be carried out in a 

horizontal welding position to prevent droplet formation. The required wall thickness could 

not be welded using Nd:YAG-lasers on grounds of a comparatively poor beam quality, so that 

the final pass should be performed by gas metal arc (GMA) welding [5]. It could be shown 

that laser-hybrid welding has in principle a significant advantage over laser welding because 

of the lower requirements as regards the gap and edge mismatch. The positive effects on the 

crystalline structure of the welds have been pointed out in [6]. It was furthermore clear that 

laser welding does not provide sufficient weld quality with increasing wall thickness. Weld 

imperfections occurring at the centre line of laser welds are typical in thick plate welding [7].  

With the recent introduction of multi-kilowatt fibre lasers combining high beam quality 

with an impressive energy efficiency, it was possible to broaden the spectrum of laser beam 

and laser-hybrid welding applications widely. Application of these lasers for welding thick-

walled structures, such as pipes with wall thicknesses from 16 mm onwards, is interesting, 

because the fibre lasers with output power of above 15 kW offer sufficient penetration depth 

to allow economically efficient welding of the pipes, i.e. with a reduced number of welding 

passes and with a lower amount of filler material. 

The focus of this paper is to show the application of a laser-hybrid welding process 

using a 20 kW fibre laser and a GMA torch for orbital welding of pipelines with a wall 

thickness of 16 mm. The main goal of the investigation is to realize a stable and crack free 

girth welding process for the complete circumferential weld. 

 
 

2. Materials, joint preparation and experimental setup 

 
 

The plates (16 mm x 70 mm x 300 mm) and pipe rings of X65 with outer diameter of 36 and 

a wall thickness of 16 mm were used for the welding experiments. The rings were cut out 

from a pipe manufactured in accordance with the American Petroleum Industry (API) 

standard which corresponds approximately to EN 10208-2. The chemical composition of the 

base material is given in Table 1.  

For both materials, the percentage of phosphorus and sulphur are below the accepted level for 

laser beam welding [8]. 

  

http://dict.leo.org/ende?lp=ende&p=thMx..&search=required
http://dict.leo.org/ende?lp=ende&p=thMx..&search=wall
http://dict.leo.org/ende?lp=ende&p=thMx..&search=final
http://dict.leo.org/ende?lp=ende&p=thMx..&search=pass
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Tab. 1: Chemical composition of the base material API 5L X65 according to chemical 

analysis 

material, 

t = 16 mm 

C 

in wt.-% 

Si 

in wt.-% 

Mn 

in wt.-% 

P 

in wt.-% 

S 

in wt.-% 

plates 0.04 0.34 1.48 0.006 0.001 

pipe rings 0.089 0.363 1.56 0.012 0.001 

 
Cr 

in wt.-% 

Ni 

in wt.-% 

Cu 

in wt.-% 

Mo 

in wt.-% 

Fe 

in wt.-% 

plates 0.17 0.03 0.20 0.01 balance 

pipe rings 0.03 0.043 0.022 0.008 balance 
 

 

The gas mixture ARCAL 21 (8% CO2 in Ar) was used as shielding gas in accordance 

with EN 439-M21. The welds were produced using the filler wires G3Si1 and G3Ni1 with a 

diameter of 1.2 mm in accordance with DIN EN 440. 

The welding experiments were performed with a 20 kW Yb fibre laser (IPG) (wave 

length 1.07 µm, beam parameter product 11.2 mm * mrad). A micro-processor controlled 

welding machine GLC 603 Quinto (Cloos) with a rated output of 600 A was used as the GMA 

power source. The experimental hybrid welding system used for welding experiments with 

plates and experimental execution can be seen in Fig. 1. Welding was carried out with leading 

arc, backhand with a fixed angle  of 25° and varying parameters a and S. During the welding 

trials it was observed that backhand torch configuration leads to better process stability. The 

root dropping of the molten metal could be reduced significantly, especially when thicker 

plates were welded. Furthermore, the penetration was deeper than with forehand torch 

configuration, when identical welding parameters were used. 
 

 

Fig. 1: Hybrid welding system used for the welding experiments with plates and experimental execution 
 

 

An orbital welding device (Vietz) was used for producing the girth welds, Fig. 2. The 

device includes a guide ring (1) and an orbital carriage (2) that can be motor-displaced along 

the guide ring. A hybrid welding head (3) that combines the laser optic (HighYag) (4) and the 

GMA torch (5) is mounted on the orbital carriage. The specimen (6) can be fixed centrally to 

the guide ring. The radial alignment of the specimen was adjusted with mounting screws (7).  

The optic used for the experiments with plates had a focal length of 300 mm and optic 

used for the girth welds had a focal length of 350 mm. The laser beam was transmitted by an 

optical fibre with a core diameter of 0.2 mm and focussed to the diameter of 0.5 mm and 

0.56 mm accordingly. A scanner optic with a scanner mirror was also tested for the girth 
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welds. The diameter of the beam focus spot delivered by this optic was 0.42 mm. The plates 

and pipe rings were butt welded in one pass. 
 

 
 

Fig. 2:  Orbital welding device with welding head 
 
 

3. Results and discussion 

 

3.1  Welding experiments in discrete positions 

 

In the first step of the study, the relationship between material behaviour, e.g. outer 

appearance of the weld bead and welding parameters, was investigated for welding in discrete 

positions. The experiments in positions PF (up) and PG (down) at angles of 30°, 60° and 90° 

were performed for 16 mm plates of X65. The experimental setup is shown in Fig. 3. 
 

 

 
 

Fig. 3:  Experimental setup for positional welding 
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The first results indicated that the laser-hybrid process can be used in PG (down) up to 

90°. Welding in PG positions results in typical weld sink formation (see Fig. 4). 

 

 

 

 

 

 

 

 

 

 

 

 

Position PA 

vd = 15 m/min 

ILB = 364 A 

ULB = 35.6 V 

 
 

Position PG 30 
vd = 15 m/min 

ILB = 364 A 

ULB = 35.6 V 

 

 

 

 

 

 

 

 

 

 

 

Position PG 60 
vd = 12 m/min 

ILB = 339 A 

ULB = 34.2 V 

 

 

 

 

 

 

 

 

 

 

 

Position PG 90 
vd = 8 m/min 

ILB = 245 A 

ULB = 29.9 V 
 

 
Fig. 4: Positional welding PG (down), PL = 17 kW, vs = 2 m/min, t = 16 mm 

 

 

For PG 30°, the same welding parameters as for PA can be used. With increasing angle, 

the welding parameters of the GMA process have to be adapted. The welding process in PG 

(down) proved to be more stable on the root side than in PA position, which can be explained 

by the change of forces in the weld pool (hydrostatic pressure). That leads in the end to less 

root dropping and fewer need of filler material.  

Welding in position PF (up) leads to a stable process up to an angle of 30°. Instead of an 

undercut, significant weld reinforcement is observed (see Fig. 5). 
 

 
 

Fig. 5:  Positional welding PF (up) 30 
 

With a further increase of the angle (60°, 90°), the process becomes instable and 

droplet-like bead formation occurs. For the position PG 60° (up), a solution was found 

through a cooling treatment of the weld pool. This was realized by an additional argon 

shielding gas which was blown to the back part of the weld pool (see Fig. 6).  

Position PG 90° (up) was not suitable for welding with the laser-hybrid process. Good 

results were achieved with laser beam welding (see Fig. 7). Additional use of a cold wire led 

to better results with a tendency towards a weld reinforcement instead of a weld sink 

(see Fig. 7 right). 
  

t = 16 mm 

PL = 17 kW 

vw = 2 m/min 

z = -4 mm 

vd = 10 m/min 

ILB = 272 A 

ULB = 29.5 V 
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 top 
Fig. 6: Positional welding PF (up) 60, Fig. 7: Positional welding PF (up) 90, 

  t = 16 mm t = 16 mm 
 

 

3.2  Girth welding experiments 

 

The girth welding experiments were performed in vertical down position, so that the 

girth weld can be completed in two halves. The welding parameters used for the experiments 

are given in the Table 2. 

 
 

Tab. 2: Welding parameters 
 

Laser power PL in kW 19 

Welding speed vs in m/min 1.8…β.β 

max. Arc current I in A 410 

max. Arc voltage U in V 33 

Arc mode  Pulse U/I 

Arc length LLB in %  -1β…5 

Wire feed speed vd in m/min 6…15 

Flow rate of shielding gas in l/min ββ…γ0 

 

Continuous welding from the flat (0°) to the overhead position (180°) was performed by 

interpolating proper welding parameters which were obtained from the discrete welding 

positions. The distance between the laser beam and the arc was fixed to be 3.5 mm, based on 

the results of preliminary examinations. 

As shown in Fig. 8, a girth weld can be completed in the positions from 0° to 180° with 

four sets of welding parameters (P) which can be sequentially changed according to the actual 

welding position by using a corresponding control system. 

A beam power of 19 kW was used in order to get full penetration welds at an acceptable 

welding speed of about 2 m/min. Too low welding speeds (1.8 m/min) resulted in the 

appearance of droplets on the root side, especially in the flat position. The beam power and 

welding speed were kept constant for all welding positions. An acceptable weld bead 

top 
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configuration could be obtained by adaptation of the wire feed speed. The wire feed speed at 

the start of the welding should be reduced from 14 m/min in the flat position to 8 m/min in the 

90° position. 

 

    
 

Fig. 8: Schematic diagram of the girth welding experiments with adapted process parameters 

 

From this position through to the overhead position (180°), the wire feed speed had to 

be kept at 6 m/min to avoid outflow of metal from the molten pool. In addition to the wire 

feed speed, the arc length had to be controlled, i.e. decreased from +5 % to -12% relative to 

the appropriate arc length for the GMAW parameters (arc current and arc voltage) by 

travelling from the flat position to the overhead position. The shorter arc with accordingly 

higher arc pressure acting on the molten pool resulted in a good bead formation on the top 

side of the welds in the overhead position. 

Figure 9 shows cross-sections as well as outer appearances of the welds made using the 

welding parameters indicated in Fig. 8. 

A visual inspection of the welds shows that the most stable weld bead formation was 

obtained from the flat position of 0° through to the vertical position of about 150°. Slight 

underfilling on the top side of the welds could however be observed in the positions from 

about 50° to 80°. 

In the welding positions between 150° and 180°, it was most difficult to obtain a weld 

bead with an acceptable root side quality. In these positions, the critical problem was lack of 

molten metal on the back side because it hung down under the force of gravity. On the other 

hand, the process was very sensitive to the precision of the welding head positioning relative 

to the butt joint. The laser beam displacements of about 0.3 mm from the butt resulted in a 

lack of side-wall fusion on the back side. The adaptation of welding parameters such as 

welding speed and wire feed speed did not lead to stable and reproducible results in these 

positions. 

  

Laser: 

PL = 19 kW 

vs = 2,2 m/min 

 

GMAW: 

P1:  vd = 14 m/min 

  LLB = 5 % 

P2:  vd = 10 m/min 

LLB = 0 % 

P3: vd = 8 m/min 

LLB = -5 % 

P4:  vd = 6 m/min 

LLB = -12 % 
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The most promising results were 

obtained by adopting a method for beam 

modulation using a scanner optic. 

Some specimens have been tacked 

with a predefined misalignment of up to 

2.0 mm. It was possible to produce sound 

welds as already shown in [9]. 
 

3.3 Welding experiments using a 

 scanner optic 
 

 

The experiments using a scanner 

optic were carried out to investigate the 

possibilities of influencing errors arising 

from welding head positioning and from 

dimensional tolerances such as a gap. 

The applied scanner optic has a 

mirror module with a scanner mirror 

made of copper and silver coated.  The 

scanner mirror can be rotated by a motor 

at an adjustable angle, so that a maximum 

scan width of about 13.2 mm (6.6 mm) 

can be achieved. The scanner frequencies 

up to 1 KHz can be supported by the 

control unit. The chosen wave form was 

sinus. 

First, several test welds were 

produced in the flat position on the 16 

mm plates of X65 without gap with a 

variation of the scanner amplitude and 

frequency. It was seen that a stable 

welding process is realizable with a 

frequency in the range from 200 Hz to 

400 Hz and a scan width of up to 1.0 

mm. An increased molten area can be 

also seen on the cross-sections of welds 

in Fig. 10. 

The results were transferred onto 

pipe rings where the process was 

investigated for discrete welding positions 

as well as for half circumferential welds 

(from 0° to 180°). The experiments have 

shown that the application of a scanner 

optic yield an improved weld bead 

formation, especially for the overhead 

position. 

Thus, the bead width could be adapted so that errors due to deviations in positioning of 

the welding head with respect to the butt joint were compensated and therefore a stable 

welding process with good side-wall fusion was obtained, Fig. 11. However, further 

investigations have to be made in order to reduce the occurring welding splashes. 
  

PL = 19 kW, vs = 2.2 m/min, z = -4 mm 

 

 

 

 

 

 

 

 

 

 

 

 
Position 0°, vd = 14 m/min, 

LLB = 5 %, I = 364 A, U = 35.5 V 

 

 

 

 

 

 

 

 

 

 

 

 
Position 30°, vd = 10 m/min, 

LLB = 0 %, I = 272 A, U = 29.5 V 

 

 

 

 

 

 

 

 

 

 

 

 
Position 60°, vd = 8 m/min, 

LLB = -5 %, I = 245 A, U = 28.9 V 

 

 

 

 

 

 

 

 

 

 

 

 
Position 120°, vd = 6 m/min, 

LLB = -12 %, I = 174 A, U = 21.5 V 

 

 

 

 

 

 

 

 

 

 

 

 
Position 150°, vd = 6 m/min, 

LLB = -12 %, I = 174 A, U = 21.5 V 

 

 

 

 

 

 

 

 

 

 

 

 
Position 180°, vd = 6 m/min, 

LLB = -12 %, I = 174 A, U = 21.5 V 

Fig. 9: Cross-sections and outer appearances of the 

laser-hybrid welds of 16 mm thick pipes X65 with outer 

diameter of 36 
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PL = 19 kW, vs = 2.2 m/min, vd = 14.0 m/min, 

frequency  = 200 Hz, gap = 0 mm 

 

Fig. 10: Cross-sections of laser-hybrid welds of 16 mm plates X65 using a scanner optic 
 

 

PL = 19 kW, vs = 2.2 m/min, vd = 6.0 m/min 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Position 180, 
frequency  = 200 Hz, 

scan width  = 0.7 mm 

 

Fig. 11: Cross-section and outer appearance of a laser-hybrid weld in the 180° position produced using a scanner 

optic 

 

The influence of scanner parameters on the gap bridging ability was investigated. The 

16 mm plates of X65 with gap widths ranging between 0.2 mm and 0.7 mm were welded to 

identify an acceptable criterion of the gap width, at first for the flat position. 

As Fig. 12 shows, an acceptable shape of the weld bead can be obtained with the gap 

widths of up to 0.7 mm.  A tolerable gap width using conventional optic for this thickness was 

limited to about 0.3 mm [9, 10, 11]. Larger gaps resulted in lack of side-wall fusion and 

undercuts, Fig. 12 left. 

Further welding experiments with gap and mismatch will be made on the pipe rings to 

investigate dimensional tolerances of edge misalignment in all welding positions. 
 

4. Conclusions 
 

This study has investigated the process of girth laser-hybrid welding of pipelines using a 

20 kW fibre laser. The welding process was examined for pipe rings of X65 with an outer 

diameter of 36 (914 mm) and wall thickness of 16 mm. The results obtained may be 

summarised as follows: 

1.8 mm 2.0 mm 2.1 mm 

top bead 

back bead 

  10 mm 

  10 mm 
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(1) An acceptable weld bead can be obtained in principle in each welding position 

ranging from flat position (0°) to overhead position (180°). The most difficult 

welding position to obtain a weld bead with an acceptable root side quality is a 

section between 150° and 180°. 

(2) The welding parameters were found to establish an appropriate laser-hybrid 

welding conditions for the 16 mm thick pipe of X65. Beam power and welding 

speed can be kept constant for all welding positions. The wire feed speed and arc 

length should be adapted by travelling from the flat position to the overhead 

position. 

(3) The scanner optic is an effective tool for the compensation of errors due to 

deviations in positioning of the welding head with respect to the butt joint and 

different gap sizes.  By applying this technique, acceptable root quality could be 

obtained for the welds produced in overhead position where the process is very 

sensitive to the positioning of the welding head relative to the butt joint. The upper 

limit of the gap obtained for the plates of X65 in flat position was 0.7 mm which is 

more than two times bigger as without a scanner optic. 
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Fig. 12: Cross-sections of laser-hybrid welds of 16 mm thick plates X65 with gaps 
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Abstract – Recently developed fibre lasers provide multi-kilowatt beam power with high quality 

at impressive energy efficiency. Combined with gas metal arc welding (GMAW) equipment these 

lasers can be used in a hybrid process to weld thick-walled constructions single-pass, that are 

currently welded using multi-pass techniques. The main benefits are a reduction of heat induced 

distortions, due to the low heat input, as well as savings in filler material and process time. 

Probable applications can be found in power generation, ship building and pipeline constructions. 

An orbital (girth) laser-hybrid process using a 20 kW fibre laser and a GMAW torch is currently 

examined at the BAM, Berlin. The aim of this research is to obtain a stable and crack free girth 

welding process and to demonstrate its application in pipeline construction. The experiments are 

carried out on 16 mm thick plates as well pipe rings with 36" (914 mm) pipe diameter of X65. 

Particular welding parameters, such as welding speed, GMAW power, arc length are varied and 

their influence on the appearance of the weld in the different welding positions is analyzed. 

Even though issues remain that demand further research it could already be shown that the rings 

can be welded using a girth hybrid process that is divided into two half girth processes in 

downward direction.  

 

Keywords: high-power fibre laser, pipeline, laser-hybrid welding, thick plates. 
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ɝɢɞɪɨɪɟɡɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɦ ɢ ɚɜɬɨɦɨɛɢɥɶɧɵɦ ɬɪɚɧɫɩɨɪɬɨɦ ɤ ɦɟɫɬɭ 
ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ ɩɨ ɥɢɤɜɢɞɚɰɢɢ ɚɜɚɪɢɣ ɫ ɨɩɚɫɧɵɦɢ ɝɪɭɡɚɦɢ. ɋ ɰɟɥɶɸ ɝɚɪɚɧɬɢɪɨɜɚɧɧɨɣ 
ɞɨɫɬɚɜɤɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤ ɦɟɫɬɭ ɚɜɚɪɢɢ ɩɪɟɞɥɚɝɚɟɬɫɹ ɭɫɢɥɢɬɶ ɢɦɟɸɳɢɟɫɹ ɜɢɞɵ ɤɪɟɩɥɟɧɢɣ 
ɩɭɬɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɬɪɚɧɫɩɨɪɬɧɨɣ ɪɚɦɵ. Ɉɛɨɫɧɨɜɚɧɢɟ ɩɪɨɱɧɨɫɬɢ ɢ 
ɧɚɞɟɠɧɨɫɬɢ ɤɨɧɫɬɪɭɤɰɢɢ ɪɚɦɵ ɜɵɩɨɥɧɟɧɨ ɚɧɚɥɢɬɢɱɟɫɤɢ ɢ ɱɢɫɥɟɧɧɨ – ɩɪɨɜɟɞɟɧɵ 
ɩɪɨɱɧɨɫɬɧɵɟ ɪɚɫɱɟɬɵ ɤɨɧɫɬɪɭɤɰɢɢ ɪɚɦɵ ɜ ɩɪɨɝɪɚɦɦɟ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɜ 
ɭɫɥɨɜɢɹɯ ɞɟɣɫɬɜɢɹ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɢɧɭɫɨɢɞɚɥɶɧɵɯ ɧɚɝɪɭɡɨɤ. Ɋɟɡɭɥɶɬɚɬɵ ɜɵɩɨɥɧɟɧɧɵɯ 
ɪɚɫɱɟɬɨɜ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɟɞɥɚɝɚɟɦɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɬɪɚɧɫɩɨɪɬɧɨɣ ɪɚɦɵ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ 
ɧɨɪɦɚɬɢɜɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɩɪɨɱɧɨɫɬɢ. 
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Ɉɛɟɫɩɟɱɟɧɢɟ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɨɛɪɚɳɟɧɢɢ ɫ ɨɩɚɫɧɵɦɢ ɝɪɭɡɚɦɢ (ɈȽ), 
ɩɨɞɜɟɪɝɲɢɦɢɫɹ ɚɜɚɪɢɣɧɵɦ ɜɨɡɞɟɣɫɬɜɢɹɦ, ɹɜɥɹɟɬɫɹ ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɟɣ. 

ȼ ɤɚɱɟɫɬɜɟ ɪɟɲɟɧɢɹ ɞɚɧɧɨɣ ɩɪɨɛɥɟɦɵ ɩɪɢɦɟɧɹɟɬɫɹ ɝɢɞɪɨɪɟɡɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɜ 
ɫɨɫɬɚɜ ɤɨɬɨɪɨɝɨ ɜɯɨɞɹɬ ɝɟɧɟɪɚɬɨɪɧɵɣ ɢ ɧɚɫɨɫɧɵɣ ɦɨɞɭɥɢ. Ƚɢɞɪɨɪɟɡɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɩɨɥɧɟɧɢɟ ɲɢɪɨɤɨɝɨ ɫɩɟɤɬɪɚ ɡɚɞɚɱ ɩɨ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɝɢɞɪɨɚɛɪɚɡɢɜɧɨɣ 
ɪɚɡɪɟɡɤɟ ɤɨɪɩɭɫɨɜ ɈȽ ɜ ɩɨɥɟɜɵɯ ɭɫɥɨɜɢɹɯ (ɜ ɬɨɦ ɱɢɫɥɟ ɩɨɠɚɪɨ-ɜɡɪɵɜɨɨɩɚɫɧɵɯ) ɞɥɹ 
ɞɨɫɬɭɩɚ ɤ ɨɬɞɟɥɶɧɵɦ ɷɥɟɦɟɧɬɚɦ ɈȽ, ɩɨɞɜɟɪɝɲɢɦɫɹ ɚɜɚɪɢɣɧɵɦ ɜɨɡɞɟɣɫɬɜɢɹɦ, ɢ 
ɥɢɤɜɢɞɚɰɢɢ ɩɨɫɥɟɞɫɬɜɢɣ ɚɜɚɪɢɣ ɫ ɧɢɦɢ. 

Ⱦɥɹ ɞɨɫɬɚɜɤɢ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤ ɦɟɫɬɭ ɜɵɩɨɥɧɟɧɢɹ ɪɚɛɨɬ ɩɨ ɥɢɤɜɢɞɚɰɢɢ ɚɜɚɪɢɣ ɫ 
ɈȽ ɢɫɩɨɥɶɡɭɟɬɫɹ ɠɟɥɟɡɧɨɞɨɪɨɠɧɵɣ ɢ ɚɜɬɨɦɨɛɢɥɶɧɵɣ ɬɪɚɧɫɩɨɪɬ. 

ȼ ɨɛɨɢɯ ɫɥɭɱɚɹɯ ɩɪɟɞɴɹɜɥɹɟɦɨɟ ɤ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɝɢɞɪɨɪɟɡɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
ɞɨɥɠɧɨ ɛɵɬɶ ɩɨɞɝɨɬɨɜɥɟɧɨ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɜ ɩɪɨɰɟɫɫɟ ɩɟɪɟɜɨɡɤɢ ɛɵɥɢ 
ɨɛɟɫɩɟɱɟɧɵ ɛɟɡɨɩɚɫɧɨɫɬɶ ɞɜɢɠɟɧɢɹ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ, ɫɨɯɪɚɧɧɨɫɬɶ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɚɦɨɝɨ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ Д1Ж. ɋ ɷɬɨɣ ɰɟɥɶɸ ɩɪɢ ɩɟɪɟɜɨɡɤɟ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɨɥɠɧɚ ɛɵɬɶ ɨɛɟɫɩɟɱɟɧɚ ɩɪɨɱɧɨɫɬɶ ɭɡɥɨɜ ɢ ɞɟɬɚɥɟɣ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ 
ɞɥɹ ɤɪɟɩɥɟɧɢɹ ɜ ɬɪɚɧɫɩɨɪɬɧɨɦ ɫɪɟɞɫɬɜɟ. Ɍɪɟɛɨɜɚɧɢɹ ɢ ɩɨɞɯɨɞɵ ɩɨ ɨɛɟɫɩɟɱɟɧɢɸ 
ɩɪɨɱɧɨɫɬɢ ɩɪɢɜɟɞɟɧɵ ɜ Д1–6]. 
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Ⱦɥɹ ɤɪɟɩɥɟɧɢɹ ɝɪɭɡɨɜ ɜ ɜɚɝɨɧɚɯ ɩɪɢɦɟɧɹɸɬɫɹ ɪɚɫɬɹɠɤɢ, ɨɛɜɹɡɤɢ, ɫɬɹɠɤɢ, ɭɜɹɡɤɢ, 
ɞɟɪɟɜɹɧɧɵɟ ɫɬɨɣɤɢ ɢ ɞɪɭɝɢɟ ɷɥɟɦɟɧɬɵ; ɞɥɹ ɤɪɟɩɥɟɧɢɹ ɜ ɚɜɬɨɦɨɛɢɥɶɧɨɦ ɬɪɚɧɫɩɨɪɬɟ 
ɦɨɝɭɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɫɬɹɠɧɵɟ ɪɟɦɧɢ, ɞɟɪɟɜɹɧɧɵɟ ɪɚɫɩɨɪɤɢ, ɪɚɫɩɨɪɧɵɟ ɩɥɚɧɤɢ, 
ɜɨɡɞɭɲɧɵɟ ɩɚɤɟɬɵ ɢ ɬ. ɞ. Д1, 7Ж 

Ʉɚɠɞɵɣ ɢɡ ɩɟɪɟɱɢɫɥɟɧɧɵɯ ɷɥɟɦɟɧɬɨɜ ɤɪɟɩɥɟɧɢɹ ɢɦɟɟɬ ɫɜɨɢ ɩɪɟɢɦɭɳɟɫɬɜɚ ɢ 
ɧɟɞɨɫɬɚɬɤɢ. Ɍɚɤ, ɞɟɪɟɜɹɧɧɵɟ ɪɚɫɩɨɪɤɢ ɢ ɫɬɨɣɤɢ ɧɟ ɜɫɟɝɞɚ ɫɩɨɫɨɛɧɵ ɜɵɞɟɪɠɢɜɚɬɶ 
ɜɨɡɧɢɤɚɸɳɢɟ ɧɚɝɪɭɡɤɢ ɜɨ ɜɪɟɦɹ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɝɪɭɡɚ. ɂ ɡɚɱɚɫɬɭɸ ɦɚɫɫɚ ɤɪɟɩɟɠɧɨɝɨ 
ɦɚɬɟɪɢɚɥɚ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɜɚɟɬ ɦɚɫɫɭ ɩɨɝɪɭɡɤɢ, ɚ ɷɬɨ ɩɪɢɜɨɞɢɬ ɤ ɩɟɪɟɝɪɭɡɭ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ Д7Ж. ɋɬɹɠɧɵɟ ɪɟɦɧɢ, ɨɛɜɹɡɤɢ, ɭɜɹɡɤɢ ɬɪɟɛɭɸɬ ɩɨɫɬɨɹɧɧɨɣ 
ɩɪɨɜɟɪɤɢ, ɩɨɫɤɨɥɶɤɭ ɩɪɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɜɨɡɦɨɠɟɧ ɢɡɧɨɫ ɜɫɥɟɞɫɬɜɢɟ ɢɫɬɢɪɚɧɢɹ Д4, 5Ж. 

ɉɨɷɬɨɦɭ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɛɨɥɶɲɟɣ ɧɚɞɟɠɧɨɫɬɢ ɜ ɩɪɨɰɟɫɫɟ ɝɪɭɡɨɩɟɪɟɜɨɡɤɢ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɪɚɧɫɩɨɪɬɧɭɸ ɪɚɦɭ. 

Ɋɚɦɚ ɫɥɭɠɢɬ ɞɥɹ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ ɝɢɞɪɨɪɟɡɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤ ɦɟɫɬɭ ɫɜɨɟɝɨ 
ɧɚɡɧɚɱɟɧɢɹ, ɚ ɬɚɤɠɟ ɹɜɥɹɟɬɫɹ ɩɪɨɦɟɠɭɬɨɱɧɵɦ ɫɤɪɟɩɥɹɸɳɢɦ ɷɥɟɦɟɧɬɨɦ ɞɥɹ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ. ɉɨɫɤɨɥɶɤɭ ɬɚɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɹɜɥɹɟɬɫɹ 
ɫɥɨɠɧɵɦ ɦɚɫɫɢɜɧɵɦ ɝɪɭɡɨɦ, ɬɨ ɞɥɹ ɧɟɝɨ ɬɪɟɛɭɟɬɫɹ ɫɨɡɞɚɧɢɟ ɢɧɞɢɜɢɞɭɚɥɶɧɨɣ ɪɚɦɵ. ɋ 
ɷɬɨɣ ɰɟɥɶɸ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɬɪɚɧɫɩɨɪɬɧɚɹ ɪɚɦɚ, ɤɨɬɨɪɚɹ ɫɩɨɫɨɛɫɬɜɭɟɬ ɛɟɡɨɩɚɫɧɨɣ 
ɩɟɪɟɜɨɡɤɟ ɝɟɧɟɪɚɬɨɪɧɨɝɨ ɢ ɧɚɫɨɫɧɨɝɨ ɦɨɞɭɥɟɣ (ɝɢɞɪɨɪɟɡɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ) ɧɚ 
ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɦ ɢ ɚɜɬɨɦɨɛɢɥɶɧɨɦ ɬɪɚɧɫɩɨɪɬɟ. 

Ɍɪɚɧɫɩɨɪɬɧɚɹ ɪɚɦɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɫɜɚɪɧɭɸ ɛɚɥɨɱɧɭɸ ɤɨɧɫɬɪɭɤɰɢɸ, 
ɫɟɱɟɧɢɟɦ ɤɨɬɨɪɨɣ ɹɜɥɹɟɬɫɹ ɲɜɟɥɥɟɪ 1βɉ ȽɈɋɌ 8β40–97 Д8Ж, ɢɡɝɨɬɨɜɥɟɧɧɵɣ ɢɡ 
ɦɚɬɟɪɢɚɥɚ – ɋɬγɫɩ 5 ȽɈɋɌ 5γ5–β005 Д9Ж. ɋɯɟɦɚ ɪɚɦɵ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 1. 

 

 
 

Ɋɢɫ. 1. – ɋɯɟɦɚ ɬɪɚɧɫɩɨɪɬɧɨɣ ɪɚɦɵ [Transport frame scheme]. 

 

ɇɚ ɫɯɟɦɟ ɩɨɡɢɰɢɹɦɢ ɨɛɨɡɧɚɱɟɧɵ ɪɟɡɶɛɨɜɵɟ ɫɨɟɞɢɧɟɧɢɹ Д10 – 1βЖ ɞɢɚɦɟɬɪɚɦɢ Ɇ10 
(10 ɛɨɥɬɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ), Ɇ16 (ɱɟɬɵɪɟ ɫɬɪɟɦɹɧɤɢ ɢ 7 ɛɨɥɬɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ), Ɇβ0 
(ɲɟɫɬɶ ɛɨɥɬɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ) ɢ Ɇγ6 (ɱɟɬɵɪɟ ɝɪɭɡɨɜɵɯ ɜɢɧɬɚ), ɜɵɩɨɥɧɟɧɧɵɟ ɢɡ 
ɦɚɬɟɪɢɚɥɨɜ ɫɬɚɥɶ β0, ɫɬɚɥɶ 45 ɢ ɫɬɚɥɶ γ0ɏȽɋȺ Д6, 1γЖ. 
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Ʉɨɧɫɬɪɭɤɰɢɹ ɪɚɦɵ ɨɛɟɫɩɟɱɢɜɚɟɬ ɤɪɟɩɥɟɧɢɟ ɤ ɧɟɣ ɝɢɞɪɨɪɟɡɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 
ɩɨɫɪɟɞɫɬɜɨɦ ɛɨɥɬɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ Д11, 1βЖ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɟɪɟɞ 
ɩɨɝɪɭɡɤɨɣ ɭɫɬɚɧɚɜɥɢɜɚɬɶ ɨɛɨɪɭɞɨɜɚɧɢɟ ɧɚ ɪɚɦɭ ɢ ɨɫɭɳɟɫɬɜɥɹɬɶ ɟɝɨ ɩɟɪɟɞɜɢɠɟɧɢɟ 
ɫɨɜɦɟɫɬɧɨ ɫ ɪɚɦɨɣ. 

ɉɪɢɫɨɟɞɢɧɟɧɢɟ ɪɚɦɵ ɫ ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɧɚ ɧɟɣ ɝɢɞɪɨɪɟɡɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɤ 
ɬɪɚɧɫɩɨɪɬɧɨɦɭ ɫɪɟɞɫɬɜɭ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɷɥɟɦɟɧɬɚɦɢ ɤɪɟɩɥɟɧɢɹ: 

– ɪɚɫɬɹɠɤɚɦɢ, ɤɪɟɩɹɳɢɦɢ ɱɟɪɟɡ ɝɪɭɡɨɜɵɟ ɜɢɧɬɵ ɪɚɦɭ ɫ ɝɢɞɪɨɪɟɡɧɵɦ 
ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɤ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ ɩɥɚɬɮɨɪɦɟ; 

– ɫɬɪɟɦɹɧɤɚɦɢ, ɤɪɟɩɹɳɢɦɢ ɪɚɦɭ ɫ ɝɢɞɪɨɪɟɡɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɤ ɪɚɦɟ ɩɪɢɰɟɩɚ 
ɝɪɭɡɨɜɨɝɨ ɚɜɬɨɦɨɛɢɥɹ. 

Ⱦɥɹ ɫɨɯɪɚɧɧɨɫɬɢ ɬɪɚɧɫɩɨɪɬɢɪɭɟɦɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɫɚɦɨɝɨ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɫɪɟɞɫɬɜɚ ɧɟɨɛɯɨɞɢɦɨ, ɱɬɨɛɵ ɛɵɥɚ ɨɛɟɫɩɟɱɟɧɚ ɩɪɨɱɧɨɫɬɶ ɢ ɧɚɞɟɠɧɨɫɬɶ ɬɪɚɧɫɩɨɪɬɧɨɣ 
ɪɚɦɵ ɢ ɟɺ ɷɥɟɦɟɧɬɨɜ ɤɪɟɩɥɟɧɢɹ – ɪɚɫɬɹɠɟɤ, ɫɬɪɟɦɹɧɨɤ ɢ ɪɟɡɶɛɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɜ 
ɩɪɨɰɟɫɫɟ ɝɪɭɡɨɩɟɪɟɜɨɡɤɢ. ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɷɬɢɦ ɛɵɥɢ ɩɨɫɬɚɜɥɟɧɵ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

– ɩɪɨɜɟɫɬɢ ɚɧɚɥɢɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɷɥɟɦɟɧɬɨɜ ɤɪɟɩɥɟɧɢɹ ɪɚɦɵ ɫ ɝɢɞɪɨɪɟɡɧɵɦ 
ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɤ ɬɪɚɧɫɩɨɪɬɧɨɦɭ ɫɪɟɞɫɬɜɭ (ɠɟɥɟɡɧɨɞɨɪɨɠɧɚɹ ɩɥɚɬɮɨɪɦɚ, ɩɪɢɰɟɩ 
ɝɪɭɡɨɜɨɝɨ ɚɜɬɨɦɨɛɢɥɹ) ɢ ɪɚɫɱɟɬ ɷɥɟɦɟɧɬɨɜ ɤɪɟɩɥɟɧɢɹ ɝɢɞɪɨɪɟɡɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤ 
ɬɪɚɧɫɩɨɪɬɧɨɣ ɪɚɦɟ ɩɨ ɦɟɬɨɞɢɤɚɦ, ɩɪɢɜɟɞɟɧɧɵɦ ɜ Д1–3, 6]; 

– ɩɪɨɜɟɫɬɢ ɪɚɫɱɟɬ ɧɚ ɩɪɨɱɧɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ ɪɚɦɵ ɜ ɩɪɨɝɪɚɦɦɟ ɤɨɧɟɱɧɨ-

ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɜ ɭɫɥɨɜɢɹɯ ɞɟɣɫɬɜɢɹ ɬɪɚɧɫɩɨɪɬɧɵɯ ɧɚɝɪɭɡɨɤ. 
Ⱥɧɚɥɢɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɷɥɟɦɟɧɬɨɜ ɤɪɟɩɥɟɧɢɹ ɪɚɦɵ ɫ ɝɢɞɪɨɪɟɡɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ 

ɧɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ ɩɥɚɬɮɨɪɦɟ ɛɵɥ ɜɵɩɨɥɧɟɧ ɫ ɭɱɟɬɨɦ ɫɥɟɞɭɸɳɢɯ ɭɫɢɥɢɣ Д1Ж: 
– ɩɪɨɞɨɥɶɧɨɣ ɢɧɟɪɰɢɨɧɧɨɣ ɫɢɥɵ; 

– ɩɨɩɟɪɟɱɧɨɣ ɢɧɟɪɰɢɨɧɧɨɣ ɫɢɥɵ; 
– ɜɟɪɬɢɤɚɥɶɧɨɣ ɢɧɟɪɰɢɨɧɧɨɣ ɫɢɥɵ; 
– ɜɟɬɪɨɜɨɣ ɧɚɝɪɭɡɤɢ; 
– ɫɢɥɵ ɬɪɟɧɢɹ. 
Ɋɟɡɭɥɶɬɚɬɵ ɪɚɫɱɟɬɚ ɭɫɢɥɢɣ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɝɟɧɟɪɚɬɨɪɧɵɣ ɢ ɧɚɫɨɫɧɵɣ ɦɨɞɭɥɢ, 

ɧɚ ɠɟɥɟɡɧɨɞɨɪɨɠɧɨɣ ɩɥɚɬɮɨɪɦɟ ɩɪɢɜɟɞɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 
 

Ɍɚɛɥɢɰɚ 1. – Ɂɧɚɱɟɧɢɹ ɭɫɢɥɢɣ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɝɟɧɟɪɚɬɨɪɧɵɣ ɢ ɧɚɫɨɫɧɵɣ ɦɨɞɭɥɢ 
[Force values impacting on the generator and pump modules] 

 

ɍɫɢɥɢɹ 

 
Ƚɟɧɟɪɚɬɨɪɧɵɣ ɦɨɞɭɥɶ ɇɚɫɨɫɧɵɣ ɦɨɞɭɥɶ 

ɉɪɨɞɨɥɶɧɚɹ ɢɧɟɪɰɢɨɧɧɚɹ 
ɫɢɥɚ, ɬɫ 

1,67 2,92 

ɉɨɩɟɪɟɱɧɚɹ ɢɧɟɪɰɢɨɧɧɚɹ 
ɫɢɥɚ, ɬɫ 

0,63 0,98 

ȼɟɪɬɢɤɚɥɶɧɚɹ ɢɧɟɪɰɢɨɧɧɚɹ 
ɫɢɥɚ, ɬɫ 

0,67 1,15 

ȼɟɬɪɨɜɚɹ ɧɚɝɪɭɡɤɚ, ɬɫ 0,20 0,21 

ɉɪɨɞɨɥɶɧɚɹ ɫɢɥɚ ɬɪɟɧɢɹ, ɬɫ 0,56 0,98 

ɉɨɩɟɪɟɱɧɚɹ ɫɢɥɚ ɬɪɟɧɢɹ, ɬɫ 0,29 0,52 

 

ɉɨ ɪɚɫɫɱɢɬɚɧɧɵɦ ɭɫɢɥɢɹɦ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɭɫɢɥɢɟ ɜ ɪɚɫɬɹɠɤɚɯ, 
ɤɨɬɨɪɨɟ ɫɨɫɬɚɜɢɥɨ Rmax = 615 ɤɝɫ. 

ɉɨɷɬɨɦɭ ɞɥɹ ɩɟɪɟɜɨɡɤɢ ɦɨɞɭɥɟɣ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɪɚɫɬɹɠɤɢ, 
ɫɨɫɬɨɹɳɢɟ ɧɟ ɦɟɧɟɟ ɱɟɦ ɢɡ ɞɜɭɯ ɧɢɬɟɣ ɩɪɨɜɨɥɨɤɢ ɞɢɚɦɟɬɪɨɦ ɧɟ ɦɟɧɟɟ 5 ɦɦ. Ɍɚɤɠɟ 
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ɜɨɡɦɨɠɧɵ ɞɪɭɝɢɟ ɫɨɱɟɬɚɧɢɹ ɫɟɱɟɧɢɹ ɩɪɨɜɨɥɨɤɢ ɢ ɤɨɥɢɱɟɫɬɜɚ ɟɟ ɧɢɬɟɣ ɜ ɪɚɫɬɹɠɤɟ ɫ 
ɞɨɩɭɫɤɚɟɦɵɦɢ ɪɚɫɬɹɝɢɜɚɸɳɢɦɢ ɧɚɝɪɭɡɤɚɦɢ, ɩɪɟɜɵɲɚɸɳɢɦɢ ɪɚɫɫɱɢɬɚɧɧɨɟ 
ɦɚɤɫɢɦɚɥɶɧɨɟ ɭɫɢɥɢɟ ɜ ɪɚɫɬɹɠɤɚɯ (ɫɦ. ɬɚɛɥɢɰɭ β). 
 

Ɍɚɛɥɢɰɚ 2. – Ⱦɨɩɭɫɤɚɟɦɵɟ ɪɚɫɬɹɝɢɜɚɸɳɢɟ ɧɚɝɪɭɡɤɢ ɜ ɪɚɫɬɹɠɤɚɯ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ 
ɞɢɚɦɟɬɪɚ ɩɪɨɜɨɥɨɤɢ ɢ ɤɨɥɢɱɟɫɬɜɚ ɟɟ ɧɢɬɟɣ ɜ ɪɚɫɬɹɠɤɟ (ɤɝɫ) ДAХХШаКЛХО 
tensile loads in stretchings, depending on  wire diameter and the number of 

threads in the stretch (kgf)] 

 

ɑɢɫɥɨ ɧɢɬɟɣ ɜ 
ɪɚɫɬɹɠɤɟ 

Ⱦɢɚɦɟɬɪ ɩɪɨɜɨɥɨɤɢ, ɦɦ 

4,0 4,5 5,0 ≥ 5,5 

2 ɇɟ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɢɦɟɧɹɬɶ 680 ≥ 840 

3 660 840 1020 ≥ 1260 

≥ 4 ≥ 880 ≥ 1120 ≥ 1360 ≥ 1680 

 

Ʉɪɨɦɟ ɷɬɨɝɨ, ɪɚɫɬɹɠɤɢ ɤɪɟɩɹɬɫɹ ɡɚ ɝɪɭɡɨɜɵɟ ɜɢɧɬɵ ɧɚ ɪɚɦɟ. ɋɥɟɞɨɜɚɬɟɥɶɧɨ, 
ɜɨɡɧɢɤɚɸɳɟɟ ɭɫɢɥɢɟ ɜ ɪɚɫɬɹɠɤɟ ɩɟɪɟɞɚɟɬɫɹ ɧɚ ɜɢɧɬɨɜɨɟ ɫɨɟɞɢɧɟɧɢɟ. ɉɨɷɬɨɦɭ ɛɵɥɢ 
ɜɵɩɨɥɧɟɧɵ ɪɚɫɱɟɬɵ ɧɚ ɩɪɨɱɧɨɫɬɶ ɜɢɧɬɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɩɨ ɫɥɟɞɭɸɳɢɦ ɤɪɢɬɟɪɢɹɦ Дβ, 
3, 6]: 

– ɩɨ ɭɫɢɥɢɸ ɫɪɟɡɚ ɫɬɟɪɠɧɹ ɜɢɧɬɚ ɩɪɢ ɩɨɞɴɟɦɟ ɝɢɞɪɨɪɟɡɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ; 
– ɩɨ ɭɫɢɥɢɸ ɫɪɟɡɚ ɫɬɟɪɠɧɹ ɜɢɧɬɚ ɩɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɜɢɧɬɨɜɨɟ ɫɨɟɞɢɧɟɧɢɟ ɧɚɝɪɭɡɤɢ 

ɜ ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ; 
– ɩɨ ɭɫɢɥɢɸ ɫɪɟɡɚ ɪɟɡɶɛɵ ɜɢɧɬɚ ɢɥɢ ɛɨɧɤɢ (ɜɵɩɨɥɧɹɟɬ ɮɭɧɤɰɢɸ ɝɚɣɤɢ ɞɥɹ 

ɜɢɧɬɚ) ɩɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɜɢɧɬɨɜɨɟ ɫɨɟɞɢɧɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɩɪɨɞɨɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ; 
– ɩɨ ɪɚɫɬɹɝɢɜɚɸɳɟɣ ɫɬɟɪɠɟɧɶ ɜɢɧɬɚ ɫɢɥɟ. 
Ɋɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɨɱɧɨɫɬɶ ɜɢɧɬɨɜɵɯ 

ɫɨɟɞɢɧɟɧɢɣ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫ ɦɢɧɢɦɚɥɶɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɚɫɚ nmin = γβ, ɤɨɬɨɪɵɣ 
ɨɩɪɟɞɟɥɹɥɫɹ ɩɨ ɮɨɪɦɭɥɟ Дβ, γЖ: 

,
ɞ

ɩɪɟɞ

Q

Q
n   

 

ɝɞɟ Qɩɪɟɞ – ɩɪɟɞɟɥɶɧɨɟ ɭɫɢɥɢɟ, ɜɵɡɵɜɚɸɳɟɟ ɪɚɡɪɭɲɟɧɢɟ ɪɟɡɶɛɨɜɨɝɨ ɫɨɟɞɢɧɟɧɢɹ; 
 Qɞ – ɭɫɢɥɢɟ, ɞɟɣɫɬɜɭɸɳɟɟ ɧɚ ɪɟɡɶɛɨɜɨɟ ɫɨɟɞɢɧɟɧɢɟ. 
 

Ɋɚɫɱɟɬ ɫɬɪɟɦɹɧɨɤ – ɷɥɟɦɟɧɬɨɜ ɤɪɟɩɥɟɧɢɹ ɪɚɦɵ ɫ ɝɢɞɪɨɪɟɡɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɤ 
ɩɪɢɰɟɩɭ ɝɪɭɡɨɜɨɝɨ ɚɜɬɨɦɨɛɢɥɹ ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɩɨ ɬɪɟɦ ɤɪɢɬɟɪɢɹɦ Дβ, γ, 6Ж: 

– ɩɨ ɭɫɢɥɢɸ ɫɪɟɡɚ ɫɬɟɪɠɧɹ ɫɬɪɟɦɹɧɤɢ ɩɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɧɟɟ ɧɚɝɪɭɡɤɢ ɜ 
ɩɨɩɟɪɟɱɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ; 

– ɩɨ ɭɫɢɥɢɸ ɫɪɟɡɚ ɪɟɡɶɛɵ ɫɬɪɟɦɹɧɤɢ ɢɥɢ ɝɚɣɤɢ ɩɪɢ ɞɟɣɫɬɜɢɢ ɧɚ ɪɟɡɶɛɨɜɨɟ 
ɫɨɟɞɢɧɟɧɢɟ ɧɚɝɪɭɡɤɢ ɜ ɩɪɨɞɨɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ; 

– ɩɨ ɪɚɫɬɹɝɢɜɚɸɳɟɣ ɫɬɟɪɠɟɧɶ ɫɬɪɟɦɹɧɤɢ ɫɢɥɟ. 
Ɋɟɡɭɥɶɬɚɬɵ ɷɬɢɯ ɪɚɫɱɟɬɨɜ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɩɪɨɱɧɨɫɬɶ ɫɬɪɟɦɹɧɨɤ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫ 

ɦɢɧɢɦɚɥɶɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɚɫɚ nmin = 4,8. 

Ɋɚɫɱɟɬ ɪɟɡɶɛɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ, ɤɪɟɩɹɳɢɯ ɝɢɞɪɨɪɟɡɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɤ 
ɬɪɚɧɫɩɨɪɬɧɨɣ ɪɚɦɟ, ɨɫɭɳɟɫɬɜɥɹɥɫɹ ɩɨ ɬɟɦ ɠɟ ɤɪɢɬɟɪɢɹɦ, ɱɬɨ ɢ ɞɥɹ ɫɬɪɟɦɹɧɨɤ. ȼ 
ɪɟɡɭɥɶɬɚɬɟ ɛɵɥɨ ɨɩɪɟɞɟɥɟɧɨ, ɱɬɨ ɩɪɨɱɧɨɫɬɶ ɪɟɡɶɛɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫ 
ɦɢɧɢɦɚɥɶɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɚɫɚ nmin = 15. 

Ʉɚɤ ɜɢɞɧɨ, ɤɨɷɮɮɢɰɢɟɧɬɵ ɡɚɩɚɫɚ ɩɪɨɱɧɨɫɬɢ ɪɟɡɶɛɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ ɛɨɥɟɟ ɱɟɦ 
ɞɨɫɬɚɬɨɱɧɵ. ɉɨɷɬɨɦɭ ɤɨɧɫɬɪɭɤɰɢɸ ɪɚɦɵ ɦɨɠɧɨ ɨɩɬɢɦɢɡɢɪɨɜɚɬɶ ɫɥɟɞɭɸɳɢɦɢ 
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ɫɩɨɫɨɛɚɦɢ: 
– ɭɦɟɧɶɲɟɧɢɟ ɤɨɥɢɱɟɫɬɜɚ ɛɨɥɬɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ (ɫ βγ ɞɨ 16); 
– ɢɡɦɟɧɟɧɢɟ ɞɢɚɦɟɬɪɚ ɛɨɥɬɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ (ɞɨ 8 ɦɦ); 
– ɩɪɢɦɟɧɟɧɢɟ ɦɟɧɟɟ ɡɚɬɪɚɬɧɵɯ ɦɚɬɟɪɢɚɥɨɜ ɞɥɹ ɛɨɥɬɨɜɵɯ ɫɨɟɞɢɧɟɧɢɣ (ɫɬɚɥɶ 10, 

ɫɬɚɥɶ β0). 
Ⱦɥɹ ɩɨɞɬɜɟɪɠɞɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɪɚɛɨɬɵ ɜɵɛɪɚɧɧɨɣ ɤɨɧɫɬɪɭɤɰɢɢ ɪɚɦɵ ɛɵɥɢ 

ɩɪɨɜɟɞɟɧɵ ɪɚɫɱɟɬɵ ɜ ɩɪɨɝɪɚɦɦɟ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ Д14–16Ж ɩɪɢ ɞɟɣɫɬɜɢɢ 
ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ ɬɪɚɧɫɩɨɪɬɧɨɣ ɧɚɝɪɭɡɤɢ ɜ ɩɪɨɞɨɥɶɧɨɦ, ɩɨɩɟɪɟɱɧɨɦ ɢ ɜɟɪɬɢɤɚɥɶɧɨɦ 
ɧɚɩɪɚɜɥɟɧɢɹɯ ɫ ɱɚɫɬɨɬɨɣ f = γ0 Ƚɰ. 

ɉɨɫɬɪɨɟɧɧɚɹ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɚɹ ɦɨɞɟɥɶ (ɄɗɆ) ɤɨɧɫɬɪɭɤɰɢɢ ɬɪɚɧɫɩɨɪɬɧɨɣ ɪɚɦɵ 
ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ β, ɄɗɆ ɤɨɧɫɬɪɭɤɰɢɢ ɪɚɦɵ ɫ ɭɫɬɚɧɨɜɥɟɧɧɵɦ ɧɚ ɧɟɣ ɝɢɞɪɨɪɟɡɧɵɦ 
ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ γ. Ɇɨɞɟɥɶ ɫɨɞɟɪɠɢɬ з β00000 ɬɜɟɪɞɨɬɟɥɶɧɵɯ 
ɷɥɟɦɟɧɬɨɜ, ɷɥɟɦɟɧɬɨɜ ɤɨɧɬɚɤɬɚ ɢ ɛɚɥɨɱɧɵɯ ɷɥɟɦɟɧɬɨɜ. 

 

 
 

Ɋɢɫ. 2. – ɄɗɆ ɬɪɚɧɫɩɨɪɬɧɨɣ ɪɚɦɵ [Finite element transport frame model] 

 

 

 
 

Ɋɢɫ. 3. – ɄɗɆ ɤɨɧɫɬɪɭɤɰɢɢ ɪɚɦɵ ɫ ɝɪɭɡɨɦ [Finite element model of frame design with load] 

 

ɉɪɟɞɜɚɪɢɬɟɥɶɧɵɟ ɪɚɫɱɟɬɵ ɜ ɩɪɨɝɪɚɦɦɟ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ Д14, 15, 16Ж 
ɩɪɢ ɞɟɣɫɬɜɢɢ ɜɟɪɬɢɤɚɥɶɧɨɣ ɫɬɚɬɢɱɟɫɤɨɣ ɧɚɝɪɭɡɤɢ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜɨɡɧɢɤɚɸɳɢɟ 
ɪɟɡɨɧɚɧɫɧɵɟ ɱɚɫɬɨɬɵ (ɫɦ. ɪɢɫɭɧɨɤ 4) ɩɪɟɜɵɲɚɸɬ ɞɢɚɩɚɡɨɧ ɧɚɢɛɨɥɟɟ ɞɢɧɚɦɢɱɧɵɯ 
ɬɪɚɧɫɩɨɪɬɧɵɯ ɱɚɫɬɨɬ (ft < 50 Ƚɰ Д17Ж). ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɜɢɛɪɨɫɬɨɣɤɨɫɬɶ ɤɨɧɫɬɪɭɤɰɢɢ 
ɪɚɦɵ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ. 

 



 ɈȻȿɋɉȿɑȿɇɂȿ ɉɊɈɑɇɈɋɌɂ ɌɊȺɇɋɉɈɊɌɇɈɃ ɊȺɆɕ ȾɅə ȾɈɋɌȺȼɄɂ 63 
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Ɋɢɫ. 4. – Ⱥɦɩɥɢɬɭɞɧɨ-ɱɚɫɬɨɬɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɤɨɧɫɬɪɭɤɰɢɢ ɪɚɦɵ 

ɫ ɝɢɞɪɨɪɟɡɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ [Amplitude and frequency characteristic of frame design with hydraulic sharing 

equipment] 

 

ɉɨɫɥɟɞɭɸɳɢɟ ɪɚɫɱɟɬɵ ɜ ɩɪɨɝɪɚɦɦɟ ɤɨɧɟɱɧɨ-ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɩɪɢ ɞɟɣɫɬɜɢɢ 
ɬɪɚɧɫɩɨɪɬɧɨɣ ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ Д14–16Ж ɩɨɤɚɡɚɥɢ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɧɚɝɪɭɠɟɧɚ 
ɤɨɧɫɬɪɭɤɰɢɹ ɪɚɦɵ ɩɪɢ ɞɟɣɫɬɜɢɢ ɩɪɨɞɨɥɶɧɨɣ ɧɚɝɪɭɡɤɢ. ɇɚ ɪɢɫɭɧɤɟ 5 ɩɪɢɜɟɞɟɧɵ 
ɞɟɣɫɬɜɭɸɳɟɟ (ɜɯɨɞɧɨɟ) ɭɫɤɨɪɟɧɢɟ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɨɫɢ X, ɜ ɜɢɞɟ ɤɨɬɨɪɨɝɨ ɡɚɞɚɧɚ 
ɬɪɚɧɫɩɨɪɬɧɚɹ ɧɚɝɪɭɡɤɚ, ɢ ɨɬɤɥɢɤ ɰɟɧɬɪɚ ɦɚɫɫ ɪɚɦɵ ɩɨ ɨɫɢ X ɫ ɝɢɞɪɨɪɟɡɧɵɦ 
ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɧɚ ɩɪɢɥɨɠɟɧɧɭɸ ɧɚɝɪɭɡɤɭ. 

 

 
 

Ɋɢɫ. 5. – Ƚɪɚɮɢɤɢ ɜɯɨɞɧɨɝɨ ɭɫɤɨɪɟɧɢɹ ɢ ɭɫɤɨɪɟɧɢɹ ɰɟɧɬɪɚ ɦɚɫɫ 

ɤɨɧɫɬɪɭɤɰɢɢ ɪɚɦɵ ɫ ɝɢɞɪɨɪɟɡɧɵɦ ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɩɨ ɨɫɢ X [Diagrams of input acceleration and mass frame 

center construction acceleration with the hydraulic sharing equipment along the X axis] 
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ɂɡ ɩɨɫɬɪɨɟɧɧɵɯ ɝɪɚɮɢɤɨɜ ɦɨɠɧɨ ɡɚɤɥɸɱɢɬɶ, ɱɬɨ ɤɨɥɟɛɚɧɢɹ ɰɟɧɬɪɚ ɦɚɫɫ 
ɝɢɞɪɨɪɟɡɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɟ ɩɪɟɜɵɲɚɸɬ ɩɪɢɥɨɠɟɧɧɭɸ ɧɚɝɪɭɡɤɭ – ɞɢɧɚɦɢɱɧɨɫɬɶ 
ɤɨɧɫɬɪɭɤɰɢɢ ɦɟɧɶɲɟ 1 (ɦɚɤɫɢɦɚɥɶɧɵɣ ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɧɨɫɬɢ 65,0max ɞɢɧk ). 

ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ ɪɚɫɱɺɬɨɜ ɧɚɢɛɨɥɶɲɢɟ ɫɦɟɳɟɧɢɹ ɩɨ ɨɫɢ X (ɫɦ. ɪɢɫɭɧɨɤ 6) ɢ 
ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɧɚɩɪɹɠɟɧɢɹ (ɫɦ. ɪɢɫɭɧɨɤ 7) ɜɨɡɧɢɤɚɸɬ ɜ ɦɨɦɟɧɬ ɜɪɟɦɟɧɢ t = 44 ɦɫ. 

 

 
 

Ɋɢɫ. 6. – ɋɦɟɳɟɧɢɹ ɬɪɚɧɫɩɨɪɬɧɨɣ ɪɚɦɵ ɩɨ ɨɫɢ X ɩɪɢ 44 ɦɫ ДTransport frame offsets along the X 

axis at 44 ms] 

 

 
 

Ɋɢɫ. 7. – ɗɤɜɢɜɚɥɟɧɬɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɪɚɦɵ ɩɪɢ 44 ɦɫ ДEЪЮТЯКХОЧЭ ПЫКЦО ЯШХЭКРОЬ КЭ 44 ЦЬ] 

 

ɉɪɢ ɷɬɨɦ ɦɚɤɫɢɦɚɥɶɧɵɟ ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɜɨɡɧɢɤɚɸɬ ɜ ɦɟɫɬɟ ɫɬɵɤɚ 
ɧɨɠɤɢ ɢ ɩɥɚɫɬɢɧɵ ɪɚɦɵ ɢ ɫɨɫɬɚɜɥɹɸɬ β00 Ɇɉɚ, ɱɬɨ ɦɟɧɶɲɟ ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ 
ɦɚɬɟɪɢɚɥɚ ɋɬγɫɩ 5 (ıɬ = β55 Ɇɉɚ). ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɩɪɢ ɞɟɣɫɬɜɢɢ ɬɪɚɧɫɩɨɪɬɧɨɣ 
ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɩɪɨɱɧɨɫɬɶ ɪɚɦɵ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɚɫɚ ɩɨ 
ɩɪɟɞɟɥɭ ɬɟɤɭɱɟɫɬɢ ɧɟ ɦɟɧɟɟ nɬ = 1,3. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɪɟɞɥɚɝɚɟɦɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɬɪɚɧɫɩɨɪɬɧɨɣ ɪɚɦɵ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɛɟɡɨɩɚɫɧɨɫɬɶ ɩɟɪɟɜɨɡɤɢ ɝɢɞɪɨɪɟɡɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɜ ɬɪɚɧɫɩɨɪɬɧɨɦ ɫɪɟɞɫɬɜɟ ɤ ɦɟɫɬɭ 
ɩɪɨɜɟɞɟɧɢɹ ɪɚɛɨɬ ɩɨ ɥɢɤɜɢɞɚɰɢɢ ɚɜɚɪɢɣ ɫ ɈȽ, ɫɨɤɪɚɳɚɟɬ ɜɪɟɦɹ ɩɨɞɝɨɬɨɜɤɢ ɤ 
ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ, ɡɚ ɫɱɟɬ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɤɪɟɩɥɟɧɢɹ ɨɛɟɫɩɟɱɢɜɚɟɬ ɩɪɨɱɧɨɫɬɶ ɢ 
ɫɨɯɪɚɧɧɨɫɬɶ ɝɢɞɪɨɪɟɡɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɫɪɟɞɫɬɜɚ. 

Ⱥɧɚɥɢɬɢɱɟɫɤɢɟ ɪɚɫɱɟɬɵ ɷɥɟɦɟɧɬɨɜ ɤɪɟɩɥɟɧɢɹ ɪɚɦɵ ɤ ɬɪɚɧɫɩɨɪɬɧɨɦɭ ɫɪɟɞɫɬɜɭ ɢ 



 ɈȻȿɋɉȿɑȿɇɂȿ ɉɊɈɑɇɈɋɌɂ ɌɊȺɇɋɉɈɊɌɇɈɃ ɊȺɆɕ ȾɅə ȾɈɋɌȺȼɄɂ 65 
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ɝɢɞɪɨɪɟɡɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɤ ɪɚɦɟ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɢɯ ɩɪɨɱɧɨɫɬɶ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫ 
ɦɢɧɢɦɚɥɶɧɵɦ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɚɫɚ nmin = 4,8. Ɋɚɫɱɟɬɵ ɜ ɩɪɨɝɪɚɦɦɟ ɤɨɧɟɱɧɨ-

ɷɥɟɦɟɧɬɧɨɝɨ ɚɧɚɥɢɡɚ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɜɨɡɧɢɤɚɸɳɢɟ ɪɟɡɨɧɚɧɫɧɵɟ ɱɚɫɬɨɬɵ ɩɪɟɜɵɲɚɸɬ 
ɞɢɚɩɚɡɨɧ ɧɚɢɛɨɥɟɟ ɞɢɧɚɦɢɱɧɵɯ ɬɪɚɧɫɩɨɪɬɧɵɯ ɱɚɫɬɨɬ, ɬɨ ɟɫɬɶ ɜɢɛɪɨɫɬɨɣɤɨɫɬɶ 
ɤɨɧɫɬɪɭɤɰɢɢ ɪɚɦɵ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ. Ʉɪɨɦɟ ɷɬɨɝɨ, ɩɪɢ ɞɟɣɫɬɜɢɢ ɬɪɚɧɫɩɨɪɬɧɨɣ 
ɫɢɧɭɫɨɢɞɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɤɨɥɟɛɚɧɢɹ ɭɫɤɨɪɟɧɢɹ ɜ ɰɟɧɬɪɟ ɦɚɫɫɵ ɝɢɞɪɨɪɟɡɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɧɟ ɩɪɟɜɵɲɚɸɬ ɩɪɢɥɨɠɟɧɧɭɸ ɧɚɝɪɭɡɤɭ: ɤɨɷɮɮɢɰɢɟɧɬ ɞɢɧɚɦɢɱɧɨɫɬɢ 
ɫɨɫɬɚɜɥɹɟɬ 0,65. ȼɨɡɧɢɤɚɸɳɢɟ ɦɚɤɫɢɦɚɥɶɧɵɟ ɷɤɜɢɜɚɥɟɧɬɧɵɟ ɧɚɩɪɹɠɟɧɢɹ ɦɟɧɶɲɟ 
ɩɪɟɞɟɥɚ ɬɟɤɭɱɟɫɬɢ ɦɚɬɟɪɢɚɥɚ ɋɬγɫɩ 5 (ıɬ = β55 Ɇɉɚ), ɬɨ ɟɫɬɶ ɩɪɨɱɧɨɫɬɶ ɪɚɦɵ 
ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɡɚɩɚɫɚ ɩɨ ɩɪɟɞɟɥɭ ɬɟɤɭɱɟɫɬɢ ɧɟ ɦɟɧɟɟ nɬ = 1,3. 

ɋɥɟɞɨɜɚɬɟɥɶɧɨ, ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɬɪɚɧɫɩɨɪɬɧɨɣ ɪɚɦɵ ɫ ɡɚɞɚɧɧɵɦɢ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɜɫɟɦ ɧɨɪɦɚɬɢɜɧɵɦ ɬɪɟɛɨɜɚɧɢɹɦ ɩɪɨɱɧɨɫɬɢ. 
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Abstract – The article considers the provision of safety and integrity when transporting hydraulic 

sharing equipment by road and rail to the place of dangerous goods accident consequences 

elimination. It is offered to strengthen the existing kinds of fastenings through the use of the 

engineered transport frame to ensure the equipment transportation reliability. The substantiation of 

the strength and reliability of the frame is given analytically and numerically. Strength analysis of 

frame construction is performed in the program of finite element analysis in the conditions of 

transport sinusoidal loadings. The calculation results show that the proposed transport frame 

design meets all normative requirements of safety. 

 

Keywords: dangerous goods, transportation, hydraulic sharing equipment, the generating module, 

the pump module, fastening elements, strength, reliability. 
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ɉɨɫɬɭɩɢɥɚ ɜ ɪɟɞɚɤɰɢɸ β6.0β.β018 

 

ɂɧɮɨɪɦɚɰɢɨɧɧɨ ɢɡɦɟɪɢɬɟɥɶɧɚɹ ɫɢɫɬɟɦɚ (ɂɂɋ) ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɨɰɟɫɫɚ 
ɪɭɱɧɨɣ ɞɭɝɨɜɨɣ ɫɜɚɪɤɢ ɜɤɥɸɱɚɟɬ ɚɩɩɚɪɚɬɧɵɟ ɢ ɩɪɨɝɪɚɦɦɧɵɟ ɦɨɞɭɥɢ. Ɇɚɬɟɦɚɬɢɱɟɫɤɢɟ 
ɦɨɞɟɥɢ, ɩɨɫɬɪɨɟɧɧɵɟ ɜ ɯɨɞɟ ɢɫɫɥɟɞɨɜɚɧɢɹ Д1, βЖ, ɞɨɥɠɧɵ ɛɵɬɶ ɪɟɚɥɢɡɨɜɚɧɵ ɫ ɩɨɦɨɳɶɸ 
ɦɟɬɨɞɨɜ ɨɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ (ɈɈɉ). ɉɪɢ ɷɬɨɦ ɪɚɛɨɬɚ ɫ 
ɭɫɬɪɨɣɫɬɜɚɦɢ ɜɜɨɞɚ-ɜɵɜɨɞɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɩɨɞɤɥɸɱɚɟɦɵɯ ɦɨɞɭɥɟɣ. Ⱦɥɹ 
ɪɟɚɥɢɡɚɰɢɢ ɂɂɋ ɧɟɨɛɯɨɞɢɦɨ ɜɵɛɪɚɬɶ ɨɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɣ ɹɡɵɤ 
ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɢ ɫɪɟɞɭ ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦ ɫ ɩɨɞɞɟɪɠɤɨɣ ɩɨɞɤɥɸɱɚɟɦɵɯ 
ɦɨɞɭɥɟɣ. Ɋɟɡɭɥɶɬɚɬɨɦ ɪɚɡɪɚɛɨɬɤɢ ɹɜɥɹɟɬɫɹ ɨɫɧɨɜɚ ɞɥɹ ɦɭɥɶɬɢɦɟɞɢɣɧɵɯ ɬɪɟɧɚɠɺɪɨɜ 
ɊȾɋ. 

Ɋɚɫɫɦɨɬɪɢɦ ɡɚɞɚɱɭ ɪɟɚɥɢɡɚɰɢɢ ɦɨɞɟɥɢ ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɜɚɪɧɨɝɨ ɲɜɚ ɧɚ ɩɪɢɦɟɪɟ 
ɩɥɨɫɤɢɯ ɞɟɬɚɥɟɣ ɧɚ ɨɫɧɨɜɟ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɦɟɬɨɞɚ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ (ɆɆɄɗ) 
Д1Ж. Ɇɨɞɟɥɶ ɧɚ ɨɫɧɨɜɟ ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɯ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ (Ʉɗ) ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɨɛɳɢɣ ɨɛɴɺɦ ɩɥɢɬɵ ɜ ɜɢɞɟ ɫɨɜɨɤɭɩɧɨɫɬɢ ɫɬɟɪɠɧɟɜɵɯ ɷɥɟɦɟɧɬɨɜ ɦɚɥɵɯ ɨɛɴɺɦɨɜ, ɤɚɤ 
ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 1.  

ȼ ɪɚɫɱɺɬɚɯ ɢɫɩɨɥɶɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɜɟɥɢɱɢɧɵ: Qɪ ɢ Qɬɜ – ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ ɜ 
ɪɚɫɩɥɚɜɟ ɢ ɬɜɟɪɞɨɣ ɱɚɫɬɢ ɫɬɟɪɠɧɹ (Ⱦɠ); ɫρɪ ɢ ɫρɬɜ – ɨɛɴɺɦɧɚɹ ɬɟɩɥɨɺɦɤɨɫɬɶ ɪɚɫɩɥɚɜɚ ɢ 
ɬɜɟɪɞɨɣ ɱɚɫɬɢ ɫɬɟɪɠɧɹ (Ⱦɠ/(ɦ3·°Ʉ)); l – ɪɚɡɦɟɪ ɤɥɟɬɤɢ ɫɟɬɤɢ (ɦ); hɪ ɢ hɬɜ – ɜɵɫɨɬɵ 
ɪɚɫɩɥɚɜɚ ɢ ɬɜɟɪɞɨɣ ɱɚɫɬɢ ɫɬɟɪɠɧɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ɦ); Θɪ, Θɬɜ ɢ Θɩɥ – ɬɟɦɩɟɪɚɬɭɪɵ 
ɜɟɪɯɧɟɝɨ, ɧɢɠɧɟɝɨ ɢ ɫɪɟɞɧɟɝɨ ɫɥɨɟɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ (ºɄ). 

ɉɟɪɟɞ ɧɚɱɚɥɨɦ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɜɨ ɜɫɟɯ Ʉɗ ɡɚɞɚɸɬɫɹ ɧɚɱɚɥɶɧɵɟ ɭɫɥɨɜɢɹ: 
ɬɟɦɩɟɪɚɬɭɪɚ, ɪɚɜɧɚɹ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɟ ɟɣ 
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ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ. ɉɪɢ ɬɟɩɥɨɜɨɦ ɜɨɡɞɟɣɫɬɜɢɢ ɞɭɝɢ ɯɨɬɹ ɛɵ ɧɚ ɨɞɢɧ Ʉɗ ɜ ɧɺɦ 
ɢɡɦɟɧɹɟɬɫɹ ɤɨɥɢɱɟɫɬɜɨ ɬɟɩɥɨɬɵ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɢɡɦɟɧɹɟɬɫɹ ɟɝɨ ɬɟɦɩɟɪɚɬɭɪɚ. Ⱦɥɹ 
ɨɩɪɟɞɟɥɟɧɢɹ ɡɨɧɵ ɜɥɢɹɧɢɹ ɞɭɝɢ ɧɟɨɛɯɨɞɢɦɵ ɞɚɧɧɵɟ ɨ ɟɺ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɦ ɩɨɥɨɠɟɧɢɢ 
ɢ ɬɟɩɥɨɜɨɣ ɦɨɳɧɨɫɬɢ. ɂɯ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɦɨɞɟɥɶ ɪɚɫɱɺɬɚ ɨɫɧɨɜɧɵɯ ɤɨɧɬɪɨɥɢɪɭɟɦɵɯ 
ɩɚɪɚɦɟɬɪɨɜ ɫɜɚɪɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ ДβЖ. ɇɚ ɨɬɞɟɥɶɧɨɦ ɲɚɝɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɤɚɠɞɵɣ 
ɷɥɟɦɟɧɬ ɦɨɠɟɬ ɧɚɯɨɞɢɬɶɫɹ ɜ ɩɨɥɧɨɫɬɶɸ ɬɜɺɪɞɨɦ, ɱɚɫɬɢɱɧɨ ɪɚɫɩɥɚɜɥɟɧɧɨɦ ɢ ɩɨɥɧɨɫɬɶɸ 
ɪɚɫɩɥɚɜɥɟɧɧɨɦ ɫɨɫɬɨɹɧɢɢ.  

 
 

Ɋɢɫ. 1. – Ⱦɟɥɟɧɢɟ ɧɚ ɫɬɟɪɠɧɟɜɵɟ ɤɨɧɟɱɧɵɟ ɷɥɟɦɟɧɬɵ ДDТЯТЬТШЧ Лв ЫШН ОЧН ОХОЦОЧЭЬЖ 
 

Ʉɨɥɢɱɟɫɬɜɨ ɬɟɩɥɚ ɜ ɪɚɫɩɥɚɜɥɟɧɧɨɣ ɢ ɬɜɟɪɞɨɣ ɱɚɫɬɹɯ ɫɬɟɪɠɧɹ ɪɚɜɧɨ: 
 

  2/2
ɩɥpppp hlcQ   ;     (1) 

  2/2
ɩɥɬɜɬɜɬɜɬɜ hlcQ   .    (2) 

 

ɉɪɢ ɢɡɦɟɧɟɧɢɢ ɬɟɦɩɟɪɚɬɭɪ ɫɬɟɪɠɧɟɣ ɜɨɡɧɢɤɚɟɬ ɬɟɩɥɨɩɟɪɟɞɚɱɚ ɦɟɠɞɭ ɧɢɦɢ. ɗɬɨɬ 
ɷɬɚɩ ɜ ɦɨɞɟɥɢ ɧɚɡɜɚɧ ɷɬɚɩɨɦ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɟɪɟɞɚɱɢ. ɉɪɢ ɷɬɨɦ ɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹ 
ɬɟɩɥɨɜɵɟ ɩɨɬɨɤɢ ɫɥɟɞɭɸɳɟɝɨ ɜɢɞɚ: 
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      (3) 

 

ɝɞɟ ΔQ12 – ɬɟɩɥɨ ɩɟɪɟɞɚɧɧɨɟ ɨɬ ɫɬɟɪɠɧɹ 1 ɤ ɫɬɟɪɠɧɸ β (Ⱦɠ); 
 Δt – ɜɪɟɦɟɧɧɨɣ ɲɚɝ ɦɨɞɟɥɢɪɨɜɚɧɢɹ (ɫɟɤ); 
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 λp – ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɶ ɪɚɫɩɥɚɜɚ (ȼɬ/(ɦ·ºK)); 

 Δh – ɬɨɥɳɢɧɚ ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɫɥɨɹ (ɦ); 
 Θ1p – ɬɟɦɩɟɪɚɬɭɪɚ ɜɟɪɯɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɩɥɚɜɚ ɜ ɫɬɟɪɠɧɟ 1 (ºɋ); 
 Θ2p – ɬɟɦɩɟɪɚɬɭɪɚ ɜɟɪɯɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɪɚɫɩɥɚɜɚ ɜ ɫɬɟɪɠɧɟ β (ºɋ). 

 

Ɍɟɩɥɨɨɛɦɟɧ ɦɟɠɞɭ ɧɢɠɧɢɦɢ ɱɚɫɬɹɦɢ ɫɬɟɪɠɧɟɣ ɨɩɢɫɵɜɚɟɬɫɹ ɚɧɚɥɨɝɢɱɧɨ, ɜ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɯ ɮɨɪɦɭɥɚɯ ɢɡɦɟɧɹɸɬɫɹ ɬɨɥɶɤɨ ɮɢɡɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ. 

ɋɬɟɩɟɧɶ ɪɚɫɩɥɚɜɥɟɧɢɹ ɦɨɞɟɥɢɪɭɟɬɫɹ ɩɟɪɟɦɟɳɟɧɢɟɦ ɩɨ ɜɟɪɬɢɤɚɥɢ ɝɪɚɧɢɰɵ 
ɪɚɡɞɟɥɚ ɮɚɡ – ɫɪɟɞɧɟɝɨ ɫɥɨɹ ɫ ɬɟɦɩɟɪɚɬɭɪɨɣ Θɩɥ. ɉɟɪɟɦɟɳɟɧɢɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɧɚ 
ɜɬɨɪɨɦ ɷɬɚɩɟ ɜɟɪɬɢɤɚɥɶɧɨɣ ɬɟɩɥɨɩɟɪɟɞɚɱɢ: 
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.   (4) 

 

ɝɞɟ ɫɩɥ – ɭɞɟɥɶɧɚɹ ɬɟɩɥɨɬɚ ɩɥɚɜɥɟɧɢɹ (ɞɠ/ɦ3
). 

 

ɋɬɚɬɢɱɟɫɤɭɸ ɫɬɪɭɤɬɭɪɭ ɤɨɦɩɶɸɬɟɪɧɨɣ ɦɨɞɟɥɢ ɦɨɠɧɨ ɩɪɟɞɫɬɚɜɢɬɶ ɜ ɜɢɞɟ 
ɞɢɚɝɪɚɦɦɵ ɤɥɚɫɫɨɜ ɭɧɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɹɡɵɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ UML. Ɇɟɠɞɭ ɤɥɚɫɫɚɦɢ 
ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɨɬɧɨɲɟɧɢɟ ɤɨɦɩɨɡɢɰɢɢ, ɤɨɬɨɪɨɟ ɨɡɧɚɱɚɟɬ, ɱɬɨ ɜɦɟɫɬɟ ɫ ɨɛɴɟɤɬɨɦ-

ɰɟɥɵɦ ɭɧɢɱɬɨɠɚɸɬɫɹ ɟɝɨ ɨɛɴɟɤɬɵ-ɤɨɦɩɨɧɟɧɬɵ ДγЖ. ɗɬɨ ɨɛɨɫɧɨɜɚɧɧɨ ɬɟɦ, ɱɬɨ ɩɪɢ 
ɭɞɚɥɟɧɢɢ ɢɡ ɩɚɦɹɬɢ ɗȼɆ ɨɛɴɟɤɬɚ ɤɥɚɫɫɚ «ɉɥɢɬɚ» ɞɟɣɫɬɜɢɬɟɥɶɧɨ ɭɞɚɥɹɸɬɫɹ ɜɫɟ 
ɫɨɫɬɚɜɥɹɸɳɢɟ ɟɝɨ Ʉɗ. Ʉɪɨɦɟ ɷɬɨɝɨ, ɧɚ ɞɢɚɝɪɚɦɦɟ ɤɥɚɫɫɨɜ ɢɡɨɛɪɚɠɚɸɬɫɹ ɫɜɨɣɫɬɜɚ ɢ 
ɦɟɬɨɞɵ ɤɥɚɫɫɨɜ Д4Ж. ɋɜɨɣɫɬɜɚɦɢ ɩɥɢɬɵ ɜ ɰɟɥɨɦ ɹɜɥɹɸɬɫɹ ɪɚɡɦɟɪɵ ɢ ɮɢɡɢɱɟɫɤɢɟ 
ɜɟɥɢɱɢɧɵ, ɢɫɩɨɥɶɡɭɟɦɵɟ ɜ ɮɨɪɦɭɥɚɯ (14). Ʉɥɚɫɫɭ «ɉɥɢɬɚ», ɩɨɦɢɦɨ ɪɟɚɥɢɡɭɟɦɨɝɨ 
ɫɪɟɞɫɬɜɚɦɢ ɫɪɟɞɵ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɦɟɬɨɞɚ-ɤɨɧɫɬɪɭɤɬɨɪɚ, ɬɪɟɛɭɸɬɫɹ ɦɟɬɨɞɵ 
«ɢɧɢɰɢɚɥɢɡɢɪɨɜɚɬɶ ɦɨɞɟɥɶ» ɢ «ɜɵɩɨɥɧɢɬɶ ɲɚɝ ɦɨɞɟɥɢɪɨɜɚɧɢɹ». 

ɇɚ ɪɢɫɭɧɤɟ β ɩɪɟɞɫɬɚɜɥɟɧɚ ɞɢɚɝɪɚɦɦɚ ɤɥɚɫɫɨɜ UML, ɨɬɪɚɠɚɸɳɚɹ ɨɩɢɫɚɧɧɵɟ 
ɫɜɨɣɫɬɜɚ ɢ ɦɟɬɨɞɵ ɤɥɚɫɫɨɜ ɢ ɨɬɧɨɲɟɧɢɹ ɦɟɠɞɭ ɧɢɦɢ.  

 

 
 

Ɋɢɫ. 2. – Ⱦɢɚɝɪɚɦɦɚ ɤɥɚɫɫɨɜ ɞɥɹ ɦɨɞɟɥɢ ɩɥɢɬɵ [Class diagram for the plate model] 
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Ⱦɚɧɧɵɣ ɜɢɞ ɞɢɚɝɪɚɦɦ ɩɨɡɜɨɥɹɟɬ ɨɩɢɫɵɜɚɬɶ ɬɨɥɶɤɨ ɫɬɚɬɢɱɟɫɤɢɟ ɫɬɪɭɤɬɭɪɵ 
ɦɨɞɟɥɢɪɭɟɦɨɣ ɫɢɫɬɟɦɵ. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɷɬɨ ɨɪɝɚɧɢɡɚɰɢɹ ɯɪɚɧɟɧɢɹ ɨɛɴɟɤɬɨɜ ɜ ɩɚɦɹɬɢ 
ɗȼɆ. ɉɨɜɟɞɟɧɢɟ ɫɢɫɬɟɦɵ ɜ UML ɱɚɳɟ ɜɫɟɝɨ ɨɩɢɫɵɜɚɟɬɫɹ ɞɢɚɝɪɚɦɦɚɦɢ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ, ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɟɣ ɢ ɞɟɹɬɟɥɶɧɨɫɬɟɣ Д5Ж. ɉɪɢ ɷɬɨɦ ɞɢɚɝɪɚɦɦɵ 
ɞɟɹɬɟɥɶɧɨɫɬɟɣ ɢɦɟɸɬ ɦɧɨɝɨ ɨɛɳɟɝɨ ɫ ɛɥɨɤ-ɫɯɟɦɚɦɢ ɚɥɝɨɪɢɬɦɨɜ, ɧɨ ɨɛɥɚɞɚɸɬ ɛɨɥɟɟ 
ɲɢɪɨɤɢɦɢ ɜɨɡɦɨɠɧɨɫɬɹɦɢ ɜɢɡɭɚɥɢɡɚɰɢɢ. ɂɫɩɨɥɶɡɭɟɦ ɷɬɢ ɞɢɚɝɪɚɦɦɵ ɞɥɹ ɨɩɢɫɚɧɢɹ 
ɦɟɬɨɞɨɜ. Ɇɟɬɨɞ «ɢɧɢɰɢɚɥɢɡɢɪɨɜɚɬɶ ɦɨɞɟɥɶ» ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɥɢɧɟɣɧɨɦɭ ɚɥɝɨɪɢɬɦɭ ɢɡ 
ɧɟɫɤɨɥɶɤɢɯ ɩɪɨɫɬɵɯ ɞɟɣɫɬɜɢɣ: ɫɨɡɞɚɺɬɫɹ ɫɟɬɤɚ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ (Ʉɗ) ɡɚɞɚɧɧɵɯ 
ɪɚɡɦɟɪɨɜ ɢ ɜ ɤɚɠɞɨɦ ɢɡ ɧɢɯ ɡɚɞɚɺɬɫɹ ɩɨɥɨɠɟɧɢɟ ɝɪɚɧɢɰɵ ɮɚɡ, ɫɨɜɩɚɞɚɸɳɟɟ ɫ ɜɟɪɯɧɟɣ 
ɩɨɜɟɪɯɧɨɫɬɶɸ. Ɍɚɤɨɟ ɩɨɥɨɠɟɧɢɟ ɨɡɧɚɱɚɟɬ ɨɬɫɭɬɫɬɜɢɟ ɪɚɫɩɥɚɜɥɟɧɧɨɣ ɱɚɫɬɢ. Ɍɚɤɠɟ 
ɜɵɱɢɫɥɹɟɬɫɹ ɬɟɩɥɨɫɨɞɟɪɠɚɧɢɟ ɩɨ ɮɨɪɦɭɥɟ (β) ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ ɜɫɟɯ ɫɥɨɺɜ ɪɚɜɧɨɣ 
ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ β0˚ C ɢ ɜɵɫɨɬɚɯ hɪ = 0 ɢ hɬɜ = h, h – ɜɵɫɨɬɚ ɩɥɢɬɵ (ɦ). 

Ɇɟɬɨɞ «ɜɵɩɨɥɧɢɬɶ ɲɚɝ ɦɨɞɟɥɢɪɨɜɚɧɢɹ» ɜɵɩɨɥɧɹɟɬ ɜɫɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɪɚɫɱɺɬɵ, 
ɡɚɥɨɠɟɧɧɵɟ ɜ ɦɨɞɟɥɶ. Ⱦɚɧɧɵɣ ɦɟɬɨɞ ɫɥɨɠɧɟɟ, ɬɚɤ ɤɚɤ ɦɨɞɟɥɶ ɪɚɛɨɬɚɟɬ ɰɢɤɥɢɱɟɫɤɢ, ɧɚ 
ɤɚɠɞɨɦ ɲɚɝɟ ɜɵɩɨɥɧɹɹ ɪɚɫɱɺɬ ɩɨ ɮɨɪɦɭɥɚɦ (14). Ʉɪɨɦɟ ɨɛɦɟɧɚ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɟɣ, ɜ 
ɦɨɞɟɥɢ ɬɚɤɠɟ ɪɚɫɫɱɢɬɵɜɚɟɬɫɹ ɩɟɪɟɧɨɫ ɪɚɫɩɥɚɜɚ ɦɟɠɞɭ Ʉɗ. Ⱦɢɚɝɪɚɦɦɚ ɞɟɹɬɟɥɶɧɨɫɬɢ ɧɚ 
ɨɬɞɟɥɶɧɨɦ ɲɚɝɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ γ. 

 

 
 

Ɋɢɫ. 3. – Ⱦɢɚɝɪɚɦɦɚ ɞɟɹɬɟɥɶɧɨɫɬɢ ɧɚ ɤɚɠɞɨɦ ɲɚɝɟ ɦɨɞɟɥɢɪɨɜɚɧɢɹ 

[Diagram of activity at each simulation step] 
 

ɇɚ ɞɚɧɧɨɣ ɞɢɚɝɪɚɦɦɟ ɭɤɪɭɩɧɺɧɧɨ ɨɬɪɚɠɟɧɵ ɨɫɧɨɜɧɵɟ ɷɬɚɩɵ ɪɚɫɱɺɬɨɜ ɩɨ ɦɨɞɟɥɢ. 
ɉɪɢ ɷɬɨɦ ɫɩɥɨɲɧɵɦɢ ɫɬɪɟɥɤɚɦɢ ɩɨɤɚɡɚɧɵ ɩɟɪɟɯɨɞɵ ɨɬ ɨɞɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɤ ɞɪɭɝɨɣ, ɚ 
ɩɭɧɤɬɢɪɧɵɦɢ – ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɨɛɴɟɤɬɚɦɢ ɜ ɩɚɦɹɬɢ ɗȼɆ. ɉɟɪɜɵɟ ɧɚɡɵɜɚɸɬɫɹ 
ɩɨɬɨɤɚɦɢ ɭɩɪɚɜɥɟɧɢɹ, ɜɬɨɪɵɟ – ɩɨɬɨɤɚɦɢ ɨɛɴɟɤɬɨɜ Дγ, 6Ж. 

Ɍɚɤɠɟ ɧɟɨɛɯɨɞɢɦɨ ɭɩɨɦɹɧɭɬɶ ɦɨɞɟɥɶ ɤɚɩɟɥɶɧɨɝɨ ɩɟɪɟɧɨɫɚ ɩɪɢ ɫɜɚɪɤɟ 
ɩɥɚɜɥɟɧɢɟɦ. ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢ ɩɚɪɚɦɟɬɪɵ ɩɪɨɰɟɫɫɚ ɩɟɪɟɧɨɫɚ ɨɤɚɡɵɜɚɸɬ ɫɭɳɟɫɬɜɟɧɧɨɟ 
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ɜɥɢɹɧɢɟ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɫɜɚɪɧɨɝɨ ɫɨɟɞɢɧɟɧɢɹ. ɉɨɷɬɨɦɭ ɞɥɹ ɩɨɥɭɱɟɧɢɹ ɦɨɞɟɥɢ 
ɤɚɩɟɥɶɧɨɝɨ ɩɟɪɟɧɨɫɚ ɩɪɢ ɫɜɚɪɤɟ ɩɥɚɜɥɟɧɢɟɦ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɨɬɞɟɥɶɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ 
Д7Ж. ȼ ɪɟɡɭɥɶɬɚɬɟ ɷɬɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫ ɩɨɦɨɳɶɸ ɱɢɫɥɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɨɜ 
ɭɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɞɥɢɧɚ ɦɟɠɤɚɩɟɥɶɧɵɯ ɩɪɨɦɟɠɭɬɤɨɜ (ɩɪɢ ɤɚɩɟɥɶɧɨɦ ɩɟɪɟɧɨɫɟ) ɜ 
ɩɪɨɰɟɫɫɟ ɊȾɋ ɤɚɤ ɫɥɭɱɚɣɧɚɹ ɜɟɥɢɱɢɧɚ ɩɨɞɱɢɧɹɟɬɫɹ ɡɚɤɨɧɭ ɪɚɫɩɪɟɞɟɥɟɧɢɹ, 
ɹɜɥɹɸɳɟɦɭɫɹ ɫɦɟɫɶɸ ɷɤɫɩɨɧɟɧɰɢɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɢ ɪɚɫɩɪɟɞɟɥɟɧɢɣ Ɋɷɥɟɹ. ɗɬɨ ɜ 
ɫɜɨɸ ɨɱɟɪɟɞɶ, ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɪɟɞɟɥɢɬɶ ɦɨɦɟɧɬɵ ɨɬɪɵɜɚ ɤɚɩɟɥɶ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, 
ɫɮɨɪɦɢɪɨɜɚɬɶ ɩɨɬɨɤ ɤɨɦɚɧɞ ɭɩɪɚɜɥɟɧɢɹ ɩɪɢɜɨɞɨɦ ɢɦɢɬɚɰɢɢ ɩɥɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɞɚ. 
Ⱦɢɚɝɪɚɦɦɚ ɞɟɹɬɟɥɶɧɨɫɬɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 4. 
 

 
 

Ɋɢɫ. 4. – Ⱦɢɚɝɪɚɦɦɚ ɞɟɹɬɟɥɶɧɨɫɬɢ ɞɥɹ ɦɨɞɟɥɢɪɨɜɚɧɢɹ ɤɚɩɟɥɶɧɨɝɨ ɩɟɪɟɧɨɫɚ 

[Activity diagram for drip transfer modeling] 
 

ɉɪɢɦɟɪ ɜɢɡɭɚɥɢɡɚɰɢɢ ɫɜɚɪɧɨɝɨ ɲɜɚ ɫɪɟɞɫɬɜɚɦɢ ɤɨɦɩɶɸɬɟɪɧɨɣ ɝɪɚɮɢɤɢ 
ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 5 Д8, 9Ж. ɉɪɨɝɪɚɦɦɚ ɪɟɚɥɢɡɨɜɚɧɚ ɧɚ ɹɡɵɤɟ ɋ Д10Ж. 

ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɭɧɢɮɢɰɢɪɨɜɚɧɧɨɝɨ ɹɡɵɤɚ ɦɨɞɟɥɢɪɨɜɚɧɢɹ UML ɜ ɩɪɨɰɟɫɫɟ 
ɪɚɡɪɚɛɨɬɤɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɞɥɹ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɬɪɟɧɚɠɺɪɚ ɪɭɱɧɨɣ ɞɭɝɨɜɨɣ 
ɫɜɚɪɤɢ ɩɨɡɜɨɥɢɥɨ ɪɟɲɢɬɶ ɪɹɞ ɡɚɞɚɱ. ȼɨ-ɩɟɪɜɵɯ, ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɬɨɣ ɧɨɬɚɰɢɢ ɨɛɥɟɝɱɚɟɬ 
ɨɛɫɭɠɞɟɧɢɟ ɬɟɯɧɢɱɟɫɤɢɯ ɪɟɲɟɧɢɣ ɨɬɞɟɥɶɧɵɦɢ ɢɧɠɟɧɟɪɚɦɢ-ɩɪɨɝɪɚɦɦɢɫɬɚɦɢ. ȼɨ-

ɜɬɨɪɵɯ, ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɪɚɧɟɟ ɦɚɬɟɦɚɬɢɱɟɫɤɢɟ ɦɨɞɟɥɢ ɫɨɫɬɚɜɥɹɸɳɢɯ ɫɜɚɪɨɱɧɨɝɨ 
ɩɪɨɰɟɫɫɚ ɩɟɪɟɜɟɞɟɧɵ ɜ ɡɧɚɤɨɜɵɟ ɦɨɞɟɥɢ, ɨɬɪɚɠɚɸɳɢɟ ɨɫɨɛɟɧɧɨɫɬɢ ɢɯ ɩɪɨɝɪɚɦɦɧɨɣ 
ɪɟɚɥɢɡɚɰɢɢ. ȼ-ɬɪɟɬɶɢɯ, ɩɨɥɭɱɟɧɧɵɟ ɞɢɚɝɪɚɦɦɵ ɦɨɠɧɨ ɢɡɦɟɧɹɬɶ ɢ ɭɬɨɱɧɹɬɶ ɦɟɬɨɞɨɦ 
ɞɟɤɨɦɩɨɡɢɰɢɢ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ ɦɨɞɢɮɢɤɚɰɢɢ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ. 
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Ɋɢɫ. 5. – ɉɨɩɟɪɟɱɧɵɣ ɪɚɡɪɟɡ ɜɢɡɭɚɥɢɡɚɰɢɢ ɫɜɚɪɧɨɝɨ ɲɜɚ [Cross section of welded joint visualization] 
 

ɋɉɂɋɈɄ ɅɂɌȿɊȺɌɍɊɕ 

 

1. Ʉɪɢɜɢɧ, ȼ.ȼ. ɢ ɞɪ. Ɇɨɞɟɥɶ ɫɬɟɪɠɧɟɜɵɯ ɤɨɧɟɱɧɵɯ ɷɥɟɦɟɧɬɨɜ ɞɥɹ ɬɟɩɥɨɜɨɝɨ ɪɚɫɱɺɬɚ 
ɜɢɪɬɭɚɥɶɧɨɝɨ ɫɜɚɪɧɨɝɨ ɲɜɚ ДɌɟɤɫɬЖ / ȼ.ȼ. Ʉɪɢɜɢɧ, Ɇ.ɘ. ȼɢɧɢɱɟɧɤɨ, ȼ.Ⱥ. Ɍɨɥɫɬɨɜ // 
Ⱥɤɬɭɚɥɶɧɵɟ ɜɨɩɪɨɫɵ ɪɚɡɜɢɬɢɹ ɫɨɜɪɟɦɟɧɧɨɣ ɧɚɭɤɢ, ɬɟɯɧɢɤɢ ɢ ɬɟɯɧɨɥɨɝɢɣ : ɦɚɬɟɪɢɚɥɵ IV 
ȼɫɟɪɨɫ. ɧɚɭɱ.-ɩɪɚɤɬ. (ɡɚɨɱ.) ɤɨɧɮ. (Ɇɨɫɤɜɚ, β7-β9 ɚɩɪ. β011 ɝ.) – Ɇ.: ɇɂɂɊɊɊ, β011. – ɋ. 89–
94. 

2. Ʉɪɢɜɢɧ, ȼ.ȼ. ɢ ɞɪ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɫɢɝɧɚɥɨɜ ɩɚɪɚɦɟɬɪɨɜ ɜɢɪɬɭɚɥɶɧɨɝɨ ɫɜɚɪɨɱɧɨɝɨ ɩɪɨɰɟɫɫɚ 
ДɌɟɤɫɬЖ / ȼ.ȼ. Ʉɪɢɜɢɧ, ɋ.Ɇ. ȼɢɧɢɱɟɧɤɨ, ȼ.Ⱥ. Ɍɨɥɫɬɨɜ ɢ ɞɪ. // ȼɟɫɬɧɢɤ ɇɚɰɢɨɧɚɥɶɧɨɝɨ 
ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɹɞɟɪɧɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ «ɆɂɎɂ». – 2014. – Ɍ.γ. – №1. – ɋ. 5γ–57. 

3. ɋɚɦɭɣɥɨɜ, ɋ.ȼ. Ɉɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɧɚ ɨɫɧɨɜɟ UML : ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ 
Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ / ɋɚɦɭɣɥɨɜ ɋ.ȼ. – ɗɥɟɤɬɪɨɧ. ɬɟɤɫɬɨɜɵɟ ɞɚɧɧɵɟ. – ɋɚɪɚɬɨɜ : ȼɭɡɨɜɫɤɨɟ 
ɨɛɪɚɡɨɜɚɧɢɟ, β016. – 37 c. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: СЭЭЩ://ааа.ТЩЫЛШШФЬСШЩ.ЫЮ/47β77. – ɗȻɋ 
«IPRЛШШФЬ», ɩɨ ɩɚɪɨɥɸ. 

4. Ɇɚɥɵɲɟɜɚ, ȿ.ɇ. ɉɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ. Ɋɚɡɞɟɥ 5. ɂɧɞɭɫɬɪɢɚɥɶɧɨɟ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ. Ɉɛɴɟɤɬɧɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɚɹ CКЬО-ɬɟɯɧɨɥɨɝɢɹ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɫɢɫɬɟɦ : ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ / 
Ɇɚɥɵɲɟɜɚ ȿ.ɇ. – ɗɥɟɤɬɪɨɧ. ɬɟɤɫɬɨɜɵɟ ɞɚɧɧɵɟ. – Ʉɟɦɟɪɨɜɨ : Ʉɟɦɟɪɨɜɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ 
ɭɧɢɜɟɪɫɢɬɟɬ ɤɭɥɶɬɭɪɵ ɢ ɢɫɤɭɫɫɬɜ, β009. – 70 c. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 
http://www.iprbookshop.ru/22067. – ɗȻɋ «IPRЛШШФЬ», ɩɨ ɩɚɪɨɥɸ. 

5. Ȼɭɱ, Ƚ. ɢ ɞɪ. əɡɵɤ UML. Ɋɭɤɨɜɨɞɫɬɜɨ ɩɨɥɶɡɨɜɚɬɟɥɹ Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ : ɪɭɤ. / Ƚ. Ȼɭɱ, Ⱦ. 
Ɋɚɦɛɨ, ɂ. əɤɨɛɫɨɧ. – ɗɥɟɤɬɪɨɧ. ɞɚɧ. – Ɇɨɫɤɜɚ : ȾɆɄ ɉɪɟɫɫ, β008. – 496 ɫ. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 
https://e.lanbook.com/book/1246. – ɗȻɋ «Ʌɚɧɶ», ɩɨ ɩɚɪɨɥɸ. 

6. Ȼɚɛɢɱ, Ⱥ.ȼ. UML. ɉɟɪɜɨɟ ɡɧɚɤɨɦɫɬɜɨ. ɉɨɫɨɛɢɟ ɞɥɹ ɩɨɞɝɨɬɨɜɤɢ ɤ ɫɞɚɱɟ ɬɟɫɬɚ UM0-100 (OMG 

CОЫЭТПТОН UML PЫШПОЬЬТШЧКХ FЮЧНКЦОЧЭКХ) Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ: ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ / Ȼɚɛɢɱ Ⱥ.ȼ. 
– ɗɥɟɤɬɪɨɧ. ɬɟɤɫɬɨɜɵɟ ɞɚɧɧɵɟ. – Ɇ. : ȻɂɇɈɆ. Ʌɚɛɨɪɚɬɨɪɢɹ ɡɧɚɧɢɣ, ɂɧɬɟɪɧɟɬ-ɍɧɢɜɟɪɫɢɬɟɬ 
ɂɧɮɨɪɦɚɰɢɨɧɧɵɯ Ɍɟɯɧɨɥɨɝɢɣ (ɂɇɌɍɂɌ), β008. – 176 c. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: 
http://www.iprbookshop.ru/15858. – ɗȻɋ «IPRЛШШФЬ», ɩɨ ɩɚɪɨɥɸ. 

7. ɋɵɫɨɟɜ, ɘ.ɋ. ɢ ɞɪ. Ɇɨɞɟɥɢɪɨɜɚɧɢɟ ɩɥɚɜɥɟɧɢɹ ɷɥɟɤɬɪɨɞɚ ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɤɨɦɩɶɸɬɟɪɧɵɯ γD-

ɬɪɟɧɚɠɟɪɨɜ ɞɥɹ ɨɛɭɱɟɧɢɹ ɪɭɱɧɨɣ ɞɭɝɨɜɨɣ ɫɜɚɪɤɟ ДɌɟɤɫɬЖ / ɘ.ɋ. ɋɵɫɨɟɜ, ȼ.ȼ. Ʉɪɢɜɢɧ, ȼ.Ⱥ. 
Ɍɨɥɫɬɨɜ // ɋɜɚɪɨɱɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ. – 2017. – №10 – ɋ. 1β-17. 

8. ȼɢɧɢɱɟɧɤɨ, Ɇ.ɘ. ɢ ɞɪ. ɍɬɨɱɧɟɧɧɚɹ ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɦɨɞɟɥɶ ɫɜɚɪɧɨɝɨ ɲɜɚ ɞɥɹ 
ɦɭɥɶɬɢɦɟɞɢɣɧɨɝɨ ɬɪɟɧɚɠɟɪɚ ɫɜɚɪɳɢɤɚ ДɌɟɤɫɬЖ / Ɇ.ɘ. ȼɢɧɢɱɟɧɤɨ, ɂ.Ɉ. ɂɲɢɝɨɜ, ȼ.ȼ. Ʉɪɢɜɢɧ 
ɢ ɞɪ. // ɋɜɚɪɨɱɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ. – 2015. – №11. – ɋ. 17–20. 

9. Ʉɪɢɜɢɧ, ȼ.ȼ. ɢ ɞɪ. Ɋɚɫɱɺɬ ɩɚɪɚɦɟɬɪɨɜ ɜɢɪɬɭɚɥɶɧɨɝɨ ɫɜɚɪɧɨɝɨ ɲɜɚ ɜ ɬɪɟɧɚɠɺɪɟ ɫɜɚɪɳɢɤɚ 
ДɌɟɤɫɬЖ / ȼ.ȼ. Ʉɪɢɜɢɧ, Ɇ.ɘ. ȼɢɧɢɱɟɧɤɨ, ȼ.Ⱥ. Ɍɨɥɫɬɨɜ // Ȼɟɡɨɩɚɫɧɨɫɬɶ Ⱥɗɋ ɢ ɩɨɞɝɨɬɨɜɤɚ 

http://www.iprbookshop.ru/15858


74  ɄɊɂȼɂɇ ɢ ɞɪ. 

 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 1(β6) 2018 

ɤɚɞɪɨɜ : ɬɟɡ. ɞɨɤɥ. БII Ɇɟɠɞɭɧɚɪ. ɤɨɧɮ. (Ɉɛɧɢɧɫɤ, 4-7 ɨɤɬ. β011 ɝ.). – Ɉɛɧɢɧɫɤ, β011. – ɋ. 
110–112. 

10. Ȼɢɥɥɢɝ, ȼ.A. Ɉɫɧɨɜɵ ɨɛɴɟɤɬɧɨɝɨ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɧɚ ɋ# (C# γ.0, VТЬЮКХ SЭЮНТШ β008) 
Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ : ɭɱɟɛɧɨɟ ɩɨɫɨɛɢɟ / ȼ.A. Ȼɢɥɥɢɝ. – ɗɥɟɤɬɪɨɧ. ɬɟɤɫɬɨɜɵɟ ɞɚɧɧɵɟ. – Ɇ., 
ɋɚɪɚɬɨɜ: ɂɧɬɟɪɧɟɬ-ɍɧɢɜɟɪɫɢɬɟɬ ɂɧɮɨɪɦɚɰɢɨɧɧɵɯ Ɍɟɯɧɨɥɨɝɢɣ (ɂɇɌɍɂɌ), ȼɭɡɨɜɫɤɨɟ 
ɨɛɪɚɡɨɜɚɧɢɟ, β017. – 583 c. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: СЭЭЩ://ааа.ТЩЫЛШШФЬСШЩ.ЫЮ/7βγγ9.СЭЦХ 

 

REFERENCES 

 

[1] Krivin V.V., Vinichenko M.Y., TolstШЯ V.A. MШНОХ‘ ЬЭОЫгСЧОЯвС ФШЧОМСЧвС ОХОЦОЧЭШЯ НХвК 
teplovogo raschyota virtualnogo svarnogo shva [The model of rod finite elements for thermal 

calculation of the virtual welding joint] [Actual Problems of Development of Modern Science, 

Engineering and Technology : Materials of the IV vseros. science-practical conference. (Moscow, 

2011, April, 27-29)], 2011, ISBN 978-5-903967-35-3, pp. 83–94. (in Russian) 

[2] Krivin V.V., Vinichenko S.M., Tolstov V.A. etc. Modelirovanie signalov parametrov virtualnogo 

svarochogo processa [Modeling of parametric signals of virtual welding process]. Vestnik 

natsionalnogo issledovatel'skogo yadernogo universiteta «MIFI» [Bulletin of the National Research 

NЮМХОКЫ UЧТЯОЫЬТЭв "MEPСI"Ж, β014, VШХ.γ, №1, ISSN βγ04-487X, pp. 53–57. (in Russian) 

[3] Samuilov S.V. Obektno-orintirovannoe modelirovanie na osnove UML [UML-based object-oriented 

modeling]. Vuzovskoe obrazovanie [Univercity education], 2016, 37 p. Available at: 

http://www.iprbookshop.ru/47277 (in Russian) 

[4] Malysheva E.N. ProektirovaniО ТЧПШЫЦКЭЬТШЧЧвС ЬвЬЭОЦ. RКгНОХ 5. IЧНЮЬЫЭТКХ‘ЧШО ЩЫШОФЭТЫШЯКЧТО 
ТЧПШЫЦКМТШЧЧвС ЬвЬЭОЦ. OЛ‘ОФЭЧШ-orientirovannaya Case-tehnologiya proektirovaniya 

informacionnyh system [The development of information systems. Chapter 5. The industrial 

development of information systems. The object-oriented Case-technology for development of 

information systems]. Kemerovo. Kemerovo State University of Culture and Art, 2009, 70 p. 

Available at: http://www.iprbookshop.ru/22067 (in Russian) 

[5] Booch G., Rumbaugh J., Jacobson I. Yazyk UML. Rukovodstvo polzovatelya [UML Language. 

UЬОЫ‘Ь РЮТНОЖ. M. PЮЛ. DMK PЫОЬЬ, β008, ISBN 5-94074-334-X, 496 p. Available at: 

https://e.lanbook.com/book/1246. (in Russian) 

[6] Babich A.V. UML. Pervoe znakomstvo. Posobie dlya podgotovki k sdache testa UM0-100 (OMG 

Certified UML Professional Fundamental) [UML. The first acquaintance. The tutorial to prepare for 

the UM0-100 test (OMG Certified UML Professional Fundamental)]. M. Pub. BINOM. The 

laboratory of knowledge, Internet-university of Information Technology (INTUIT), 2008, ISBN 

978-5-94774-878-9, 176 p.  Available at: http://www.iprbookshop.ru/15858. (in Russian) 

[7] Sysoev Y.S., Krivin V.V., Tolstov V.A. Modelirovanie plavleniya electroda pri razrabotke 

komputernyh 3D-trenazhorov dlya obucheniya ruchnoi dugovoi svarke [The modeling of node 

molding during development of 3D computerized simalators for manual arc welding training]. 

SЯКЫШМСЧШО ЩЫШТгЯШНЬЭЯШ ДАОХНТЧР ЩЫШНЮМЭТШЧЖ, β017, №10, ISSN 0491-6441, pp. 12–17. (in 

Russian) 

[8] Vinichenko M.Y., Ishigov I.O., Krivin V.V. etc. Utochnyonnaya matamaticheskaya model svarnogo 

shva dlya multimediynogo trenazhora svarschika [The refined welding joint model for multimedia 

training system]. Svarochnoe proizvodstvo [Welding ЩЫШНЮМЭТШЧЖ, β015, №11, ISSN 0491-6441, pp. 

17–20. (in Russian) 

[9] KЫТЯТЧ V.V., VТЧТМСОЧФШ M.В., TШХЬЭШЯ V.A. RКЬМСвШЭ ЩКЫКЦОЭЫШЯ ЯТЫЭЮКХ‘ЧШРШ ЬЯКЫЧШРШ ЬСЯК Я 
trenazhore svarschika [The calculation of virtual welding joint in multimedia training system] 

[Nuclear power plant safety and personnel training : Materials of the XII International conference. 

(Obninsk, 2011, 4-7 of April)], 2011, pp. 110–112. (in Russian) 

[10] Billing V.A. Osnovy obektnogo programmirovaniya na C# (C# 3.0, visual Studio 2008) [The basis 

of object-oriented programming in C# (C# 3.0, visual Studio 2008)]. M., Saratov. Pub. Internet-

university of Information Technology (INTUIT), Vuzovskoe obrazovanie [Univercity education], 

2017, ISBN 978-5-4487-0145-0, 583 p. Available at: http://www.iprbookshop.ru/72339 (in Russian) 

 

The Utilization of Unified Modeling Language to Realize the Welding Process Mathematical Modeling 

Calculations in Multimedia MAW Simulator 

 

V.V. Krivin
*
, V.A. Tolstov

**
, I.O. Ishigov

***
 

 

VШХРШНШЧЬФ EЧРТЧООrТЧР TОМСЧТМКХ IЧЬЭТЭЮЭО ЭСО ЛrКЧМС ШП σКЭТШЧКХ RОЬОКrМС σЮМХОКr UЧТЯОrЬТЭв “MEPСI”, 
Lenin St., 73/94, Volgodonsk, Rostov region, Russia 347360 

http://www.iprbookshop.ru/15858
http://www.iprbookshop.ru/15858


 ɂɋɉɈɅɖɁɈȼȺɇɂȿ ɍɇɂɎɂɐɂɊɈȼȺɇɇɈȽɈ əɁɕɄȺ ɆɈȾȿɅɂɊɈȼȺɇɂə 75 

 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 1(β6) 2018 

*
ORCID: 0000-0003-0903-0786 

WoS ResearcherID: E-2267-2018 

e-mail: vvkrivin@mephi.ru ; 
**

ORCID: 0000-0001-7144-5195 

WoS ResearcherID: F-1032-2017 

e-mail: v-tolstov-2017@mail.ru ; 
***

ORCID: 0000-0002-5829-6989 

WoS ResearcherID: E-2448-2018 

e-mail: ioishigov@mephi.ru  

 

Abstract – The article deals with computer program development to realize the complex of 

mathematical models for real-time calculations of virtual welding parameters and virtual welding 

joint geometric properties. The representation of each model of complex as unified modeling 

language diagram, this modern support tool for computer program development, is shown. The 

development based on it causes the result as programs for visualization of welding joint and other 

purposes. 
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Ɂɚɞɚɱɚ ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɡɜɢɬɢɹ ɬɟɪɪɢɬɨɪɢɣ ɪɚɡɦɟɳɟɧɢɹ ɨɛɴɟɤɬɨɜ ɚɬɨɦɧɨɣ ɨɬɪɚɫɥɢ 
ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɞɜɭɯ ɷɬɚɩɨɜ: ɨɰɟɧɢɜɚɧɢɹ ɫɨɫɬɨɹɧɢɹ, ɤɚɱɟɫɬɜɚ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ 
ɨɬɞɟɥɶɧɵɯ ɫɢɫɬɟɦ ɢ ɭɱɚɫɬɤɨɜ ɷɬɢɯ ɬɟɪɪɢɬɨɪɢɣ ɢ ɜɵɛɨɪɚ ɭɩɪɚɜɥɹɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ, 
ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɭɥɭɱɲɟɧɢɹ ɨɰɟɧɢɜɚɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ, ɩɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɞɚɧɧɵɯ 
ɫɢɫɬɟɦ. ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧɚ ɢɧɮɨɪɦɚɰɢɨɧɧɚɹ ɫɢɫɬɟɦɚ (ɂɋ), ɩɨɞɞɟɪɠɢɜɚɸɳɚɹ 
ɜɵɛɨɪ ɭɩɪɚɜɥɹɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɨɫɧɨɜɟ ɧɟɱɟɬɤɢɯ ɤɨɦɩɥɟɤɫɧɵɯ ɨɰɟɧɨɤ ɩɚɪɚɦɟɬɪɨɜ 
ɫɢɫɬɟɦɵ. ɂɋ ɨɫɧɨɜɚɧɚ ɧɚ ɨɛɴɟɞɢɧɟɧɢɢ ɫɢɫɬɟɦ ɧɟɱɟɬɤɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɢ ɩɪɨɰɟɞɭɪɵ 
ɨɩɪɟɞɟɥɟɧɢɹ ɢɧɬɟɝɪɚɥɶɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ ɢɡ ɥɢɧɝɜɢɫɬɢɱɟɫɤɢɯ 
ɨɰɟɧɨɤ ɱɚɫɬɧɵɯ ɤɪɢɬɟɪɢɟɜ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɢɫɬɟɦɵ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ, ɧɟɱɟɬɤɢɟ ɦɧɨɠɟɫɬɜɚ, ɫɢɫɬɟɦɵ 
ɧɟɱɟɬɤɨɝɨ ɜɵɜɨɞɚ, ɨɰɟɧɤɚ ɫɥɨɠɧɵɯ ɫɢɫɬɟɦ, ɷɤɫɩɟɪɬɧɵɟ ɥɢɧɝɜɢɫɬɢɱɟɫɤɢɟ ɨɰɟɧɤɢ. 

 

ɉɨɫɬɭɩɢɥɚ ɜ ɪɟɞɚɤɰɢɸ: β6.0β.β018 

 

Ɋɟɚɥɢɡɚɰɢɹ ɩɪɨɝɪɚɦɦ ɪɚɡɜɢɬɢɹ ɚɬɨɦɧɨɣ ɨɬɪɚɫɥɢ ɜ ɰɟɥɨɦ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ 
ɤɨɦɩɥɟɤɫ ɡɚɞɚɱ, ɫɜɹɡɚɧɧɵɯ ɫ ɪɚɡɜɢɬɢɟɦ ɫɢɫɬɟɦ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ 
ɨɛɪɚɡɨɜɚɧɢɹ, ɦɟɞɢɰɢɧɫɤɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, ɢɧɮɨɪɦɚɰɢɨɧɧɨɝɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɢ ɬ.ɩ. ȼɫɟ 
ɷɬɢ ɫɢɫɬɟɦɵ ɨɬɧɨɫɹɬɫɹ ɤ ɤɥɚɫɫɭ ɫɨɰɢɚɥɶɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɫɥɨɠɧɵɯ ɫɢɫɬɟɦ, ɭɩɪɚɜɥɟɧɢɟ 
ɤɨɬɨɪɵɦɢ ɢɦɟɟɬ ɪɹɞ ɨɫɨɛɟɧɧɨɫɬɟɣ. 

Ʉ ɨɫɨɛɟɧɧɨɫɬɹɦ ɢɫɫɥɟɞɨɜɚɧɢɹ ɫɥɨɠɧɵɯ ɫɢɫɬɟɦ ɨɬɧɨɫɢɬɫɹ ɧɟɩɨɥɧɨɬɚ ɢɧɮɨɪɦɚɰɢɢ 
ɨ ɫɢɫɬɟɦɟ, ɩɪɨɬɢɜɨɪɟɱɢɜɨɫɬɶ ɢ ɫɭɛɴɟɤɬɢɜɧɨɫɬɶ ɨɰɟɧɨɤ ɩɪɢ ɢɯ ɚɧɚɥɢɡɟ. ɗɬɢ 
ɨɫɨɛɟɧɧɨɫɬɢ ɬɪɟɛɭɸɬ ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɨɜ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ, ɤɨɬɨɪɵɟ ɭɱɢɬɵɜɚɸɬ 
ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɭɫɥɨɜɢɣ ɨɰɟɧɤɢ ɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɫɢɫɬɟɦɵ. 

Ɉɫɨɛɟɧɧɨɫɬɢ ɫɨɞɟɪɠɚɧɢɹ ɡɚɞɚɱɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɣ ɩɪɢ ɭɩɪɚɜɥɟɧɢɢ ɫɨɰɢɚɥɶɧɨ-

ɷɤɨɧɨɦɢɱɟɫɤɢɦɢ ɫɢɫɬɟɦɚɦɢ Д1Ж:  
1) ɷɥɟɦɟɧɬɵ ɡɚɞɚɱɢ: ɫɢɬɭɚɰɢɢ, ɰɟɥɢ, ɨɝɪɚɧɢɱɟɧɢɹ, ɪɟɲɟɧɢɹ, ɩɪɟɞɩɨɱɬɟɧɢɹ – 

ɢɦɟɸɬ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɫɨɞɟɪɠɚɬɟɥɶɧɵɣ ɯɚɪɚɤɬɟɪ ɢ ɬɨɥɶɤɨ ɱɚɫɬɢɱɧɨ ɨɩɪɟɞɟɥɹɸɬɫɹ 
ɤɨɥɢɱɟɫɬɜɟɧɧɵɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ. Ʉɨɥɢɱɟɫɬɜɨ ɧɟɢɡɜɟɫɬɧɵɯ ɷɥɟɦɟɧɬɨɜ ɡɚɞɚɱɢ 
ɫɭɳɟɫɬɜɟɧɧɨ ɛɨɥɶɲɟ, ɱɟɦ ɢɡɜɟɫɬɧɵɯ;  

2) ɧɚɯɨɠɞɟɧɢɟ ɧɚɢɥɭɱɲɟɝɨ ɪɟɲɟɧɢɹ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɩɨɥɧɨɫɬɶɸ ɮɨɪɦɚɥɢɡɨɜɚɧɨ, ɧɚ 
ɤɚɠɞɨɦ ɷɬɚɩɟ ɬɪɟɛɭɟɬɫɹ ɜɦɟɲɚɬɟɥɶɫɬɜɨ ɥɢɰɚ ɩɪɢɧɢɦɚɸɳɟɝɨ ɪɟɲɟɧɢɹ ɞɥɹ 
ɮɨɪɦɭɥɢɪɨɜɤɢ ɩɪɟɞɩɨɱɬɟɧɢɣ;  

3) ɷɥɟɦɟɧɬɵ ɡɚɞɚɱɢ ɨɩɢɫɵɜɚɸɬɫɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ, ɱɚɫɬɶ ɢɡ ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɛɵɬɶ 



 ɂɇɎɈɊɆȺɐɂɈɇɇȺə ɋɂɋɌȿɆȺ ɉɈȾȾȿɊɀɄɂ ȼɕȻɈɊȺ Ɋȿɒȿɇɂə 77 
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ɢɡɦɟɪɟɧɚ ɨɛɴɟɤɬɢɜɧɨ, ɚ ɞɥɹ ɞɪɭɝɨɣ ɱɚɫɬɢ, ɜɨɡɦɨɠɧɨ, ɬɨɥɶɤɨ ɫɭɛɴɟɤɬɢɜɧɨɟ ɢɡɦɟɪɟɧɢɟ  
(ɧɚɩɪɢɦɟɪ, ɩɪɢɨɪɢɬɟɬɵ ɰɟɥɟɣ, ɩɪɟɞɩɨɱɬɟɧɢɹ  ɪɟɲɟɧɢɣ ɢ ɬ.ɩ.); 

4) ɜ ɪɹɞɟ ɫɥɭɱɚɟɜ ɩɪɢɯɨɞɢɬɫɹ ɪɟɲɚɬɶ ɡɚɞɚɱɭ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ ɜ ɭɫɥɨɜɢɹɯ 
ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ, ɨɛɭɫɥɨɜɥɟɧɧɨɣ ɧɟɩɨɥɧɵɦ ɨɩɢɫɚɧɢɟɦ ɩɪɨɛɥɟɦɧɨɣ ɫɢɬɭɚɰɢɢ ɢ 
ɧɟɜɨɡɦɨɠɧɨɫɬɶɸ ɞɨɫɬɚɬɨɱɧɨ ɬɨɱɧɨɣ ɨɰɟɧɤɢ ɨɠɢɞɚɟɦɵɯ ɩɨɫɥɟɞɫɬɜɢɣ;  

5) ɩɪɢɧɢɦɚɟɦɵɟ ɪɟɲɟɧɢɹ ɦɨɝɭɬ ɡɚɬɪɚɝɢɜɚɬɶ ɢɧɬɟɪɟɫɵ ɥɢɰ, ɭɱɚɫɬɜɭɸɳɢɯ ɜ 
ɩɪɢɧɹɬɢɢ ɪɟɲɟɧɢɹ. ɉɨɷɬɨɦɭ ɦɨɬɢɜɵ ɢɯ ɩɨɜɟɞɟɧɢɹ ɜɥɢɹɸɬ ɧɚ ɜɵɛɨɪ ɪɟɲɟɧɢɹ. 

ȼ ɬɚɤɢɯ ɡɚɞɚɱɚɯ ɩɪɢ ɭɩɪɚɜɥɟɧɢɢ ɫɥɨɠɧɵɦɢ ɨɛɴɟɤɬɚɦɢ ɫɜɟɞɟɧɢɹ ɨɛ ɨɫɧɨɜɧɵɯ 
ɩɚɪɚɦɟɬɪɚɯ, ɜɥɢɹɸɳɢɯ ɧɚ ɩɪɢɧɹɬɢɟ ɪɟɲɟɧɢɹ, ɢɦɟɸɬ ɪɚɡɥɢɱɧɭɸ ɫɬɟɩɟɧɶ ɞɨɫɬɨɜɟɪɧɨɫɬɢ 
ɢ ɨɩɪɟɞɟɥɟɧɧɨɫɬɢ.  «ɍɱɟɬ ɮɚɤɬɨɪɨɜ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɩɪɢ ɬɚɤɨɦ ɭɩɪɚɜɥɟɧɢɢ ɞɨɥɠɟɧ 
ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɜ ɧɟɫɤɨɥɶɤɨ ɷɬɚɩɨɜ ɢ ɜɤɥɸɱɚɬɶ ɜ ɫɟɛɹ ɚɞɚɩɬɚɰɢɸ ɩɚɪɚɦɟɬɪɨɜ ɢ 
ɫɬɪɭɤɬɭɪɵ ɦɨɞɟɥɟɣ, ɚɥɝɨɪɢɬɦɨɜ ɭɩɪɚɜɥɟɧɢɹ ɤ ɩɪɨɲɥɨɦɭ ɢ ɬɟɤɭɳɟɦɭ ɫɨɫɬɨɹɧɢɸ 
ɫɭɛɴɟɤɬɨɜ ɪɵɧɤɚ, ɭɩɪɚɜɥɹɸɳɢɯ ɩɨɞɫɢɫɬɟɦ ɢ ɜɧɟɲɧɟɣ ɫɪɟɞɵ… ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɭɠɟ 
ɢɦɟɸɬɫɹ ɨɫɧɨɜɚɧɢɹ ɝɨɜɨɪɢɬɶ ɧɟ ɨɛ ɨɩɬɢɦɢɡɚɰɢɨɧɧɨɦ, ɚ ɨɛ ɚɞɚɩɬɚɰɢɨɧɧɨɦ 
ɭɩɪɚɜɥɟɧɢɢ». ДβЖ. ɇɚɥɢɱɢɟ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɟɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɧɚ ɷɬɚɩɟ ɮɨɪɦɭɥɢɪɨɜɚɧɢɹ 
ɰɟɥɟɣ, ɧɟ ɩɨɡɜɨɥɹɟɬ ɮɨɪɦɭɥɢɪɨɜɚɬɶ ɤɥɚɫɫɢɱɟɫɤɭɸ ɡɚɞɚɱɭ ɩɨɢɫɤɚ ɷɤɫɬɪɟɦɭɦɚ ɰɟɥɟɜɨɣ 
ɮɭɧɤɰɢɢ. 

Ɉɬɞɟɥɶɧɨɟ ɜɧɢɦɚɧɢɟ ɧɟɨɛɯɨɞɢɦɨ ɭɞɟɥɹɬɶ ɤɚɱɟɫɬɜɭ ɜɯɨɞɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɞɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨɥɭɱɟɧɢɹ ɪɟɡɭɥɶɬɚɬɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɧɟɱɟɬɤɨɣ, 
ɧɟɨɩɪɟɞɟɥɟɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ. Ɍɚɤɠɟ ɬɪɟɛɭɟɬ ɜɧɢɦɚɧɢɹ ɜɨɡɦɨɠɧɨɫɬɶ ɭɱɟɬɚ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɧɟɬɨɱɧɨɣ ɢ ɧɟɩɨɥɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɨ ɫɪɚɜɧɢɬɟɥɶɧɨɣ ɡɧɚɱɢɦɨɫɬɢ 
ɨɬɞɟɥɶɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɧɚ ɪɟɡɭɥɶɬɚɬ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ. 

ɋɥɨɠɧɵɟ ɨɛɴɟɤɬɵ, ɤɚɤ ɨɛɴɟɤɬɵ ɭɩɪɚɜɥɟɧɢɹ ɨɛɥɚɞɚɸɬ ɪɹɞɨɦ ɨɬɥɢɱɢɬɟɥɶɧɵɯ 
ɨɫɨɛɟɧɧɨɫɬɟɣ ДγЖ: 

1) ɧɟ ɜɫɟ ɰɟɥɢ ɜɵɛɨɪɚ ɭɩɪɚɜɥɹɸɳɢɯ ɪɟɲɟɧɢɣ ɢ ɭɫɥɨɜɢɹ, ɜɥɢɹɸɳɢɟ ɧɚ ɷɬɨɬ 
ɜɵɛɨɪ, ɦɨɝɭɬ ɛɵɬɶ ɜɵɪɚɠɟɧɵ ɜ ɜɢɞɟ ɤɨɥɢɱɟɫɬɜɟɧɧɵɯ ɫɨɨɬɧɨɲɟɧɢɣ;  

2) ɨɬɫɭɬɫɬɜɭɟɬ ɥɢɛɨ ɹɜɥɹɟɬɫɹ ɧɟɩɪɢɟɦɥɟɦɨ ɫɥɨɠɧɵɦ ɮɨɪɦɚɥɢɡɨɜɚɧɧɨɟ ɨɩɢɫɚɧɢɟ 

ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ; 
3) ɡɧɚɱɢɬɟɥɶɧɚɹ ɱɚɫɬɶ ɢɧɮɨɪɦɚɰɢɢ, ɧɟɨɛɯɨɞɢɦɚɹ ɞɥɹ ɦɚɬɟɦɚɬɢɱɟɫɤɨɝɨ ɨɩɢɫɚɧɢɹ 

ɨɛɴɟɤɬɚ ɫɭɳɟɫɬɜɭɟɬ ɜ ɮɨɪɦɟ ɩɪɟɞɫɬɚɜɥɟɧɢɣ ɢ ɩɨɠɟɥɚɧɢɣ ɫɩɟɰɢɚɥɢɫɬɨɜ-ɷɤɫɩɟɪɬɨɜ, 
ɢɦɟɸɳɢɯ ɨɩɵɬ ɪɚɛɨɬɵ ɫ ɞɚɧɧɵɦ ɨɛɴɟɤɬɨɦ.  

ɗɬɨ, ɱɚɳɟ ɜɫɟɝɨ, ɩɪɢɜɨɞɢɬ ɤ ɧɟɱɟɬɤɨɫɬɢ ɨɩɢɫɚɧɢɹ ɷɥɟɦɟɧɬɨɜ ɮɨɪɦɚɥɶɧɨɝɨ 
ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ. ȼ ɱɚɫɬɧɨɫɬɢ ɧɟɱɟɬɤɢɦ ɦɨɠɟɬ ɛɵɬɶ ɨɩɢɫɚɧɢɟ 
ɫɨɫɬɨɹɧɢɹ ɨɛɴɟɤɬɚ Ω ɢ ɟɝɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɏ, ɨɩɢɫɚɧɢɟ ɜɪɟɦɟɧɢ (ɧɚɩɪɢɦɟɪ, ɧɟɱɟɬɤɨɫɬɶ 
ɡɚɩɚɡɞɵɜɚɧɢɹ ɞɟɣɫɬɜɢɹ ɭɩɪɚɜɥɟɧɢɹ, ɦɨɦɟɧɬɚ ɧɚɱɚɥɚ ɜɨɡɞɟɣɫɬɜɢɹ ɜɧɟɲɧɟɝɨ ɮɚɤɬɨɪɚ ɢ 
ɬ.ɞ.), ɧɟɱɟɬɤɨɫɬɶ ɩɪɨɰɟɫɫɚ ɧɚɛɥɸɞɟɧɢɹ ɡɚ ɨɛɴɟɤɬɨɦ Ω ɢ ɫɚɦɢ ɨɰɟɧɤɢ ɟɝɨ ɫɨɫɬɨɹɧɢɹ ɍ 
(ɧɚɩɪɢɦɟɪ, ɜɵɝɨɞɧɨɫɬɶ ɫɥɨɠɢɜɲɟɣɫɹ ɨɛɫɬɚɧɨɜɤɢ, ɫɬɟɩɟɧɶ ɭɞɨɜɥɟɬɜɨɪɟɧɢɹ ɩɪɨɟɤɬɚ 
ɰɟɥɹɦ ɢ ɡɚɞɚɱɚɦ ɩɪɨɝɪɚɦɦɵ, ɩɥɚɧɚ ɢ ɬ.ɞ.), ɚ ɬɚɤɠɟ ɦɨɝɭɬ ɧɚɛɥɸɞɚɬɶɫɹ ɪɚɡɥɢɱɧɵɟ 
ɫɨɱɟɬɚɧɢɹ ɧɟɱɟɬɤɨɫɬɢ ɜ ɨɩɢɫɚɧɢɢ ɫɨɫɬɚɜɥɹɸɳɢɯ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɡɚɞɚɱ. 

ɇɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɦɨɠɟɬ ɢɦɟɬɶ ɪɚɡɥɢɱɧɨɟ ɩɪɨɢɫɯɨɠɞɟɧɢɟ. Ɉɧɚ ɦɨɠɟɬ ɛɵɬɶ 
ɫɜɹɡɚɧɚ ɫ ɩɪɢɧɰɢɩɢɚɥɶɧɨɣ ɧɟɢɡɜɟɫɬɧɨɫɬɶɸ ɢɥɢ ɧɟɞɨɫɬɚɬɨɱɧɨɣ ɢɡɭɱɟɧɧɨɫɬɶɸ ɜɧɟɲɧɢɯ 
ɨɛɫɬɨɹɬɟɥɶɫɬɜ. Ɍɚɤɠɟ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɦɨɠɟɬ ɛɵɬɶ ɨɛɭɫɥɨɜɥɟɧɚ ɧɟɜɨɡɦɨɠɧɨɫɬɶɸ 
ɱɟɬɤɨɝɨ ɨɩɢɫɚɧɢɹ ɧɚ ɟɫɬɟɫɬɜɟɧɧɨɦ ɹɡɵɤɟ ɫɢɬɭɚɰɢɢ ɜɵɛɨɪɚ, ɰɟɥɟɜɵɯ ɩɨɤɚɡɚɬɟɥɟɣ Д4Ж.  

ɇɚ ɫɟɝɨɞɧɹɲɧɢɣ ɞɟɧɶ ɦɨɠɧɨ ɜɵɞɟɥɢɬɶ ɪɹɞ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɬɟɨɪɢɣ 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɯ ɞɥɹ ɮɨɪɦɚɥɢɡɚɰɢɢ ɧɟɨɩɪɟɞɟɥɟɧɧɨɣ ɢɧɮɨɪɦɚɰɢɢ (ɞɚɧɧɵɯ):  

 ɦɧɨɝɨɡɧɚɱɧɚɹ ɥɨɝɢɤɚ;  
 ɬɟɨɪɢɹ ɜɟɪɨɹɬɧɨɫɬɢ;  
 ɬɟɨɪɢɹ ɨɲɢɛɨɤ (ɢɧɬɟɪɜɚɥɶɧɵɟ ɦɨɞɟɥɢ); 
 ɬɟɨɪɢɹ ɢɧɬɟɪɜɚɥɶɧɵɯ ɫɪɟɞɧɢɯ; 
 ɬɟɨɪɢɹ ɫɭɛɴɟɤɬɢɜɧɵɯ ɜɟɪɨɹɬɧɨɫɬɟɣ; 



78  ɄɍɊȿɃɑɂɄ ɢ ɞɪ. 
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 ɬɟɨɪɢɹ ɧɟɱɟɬɤɢɯ ɦɧɨɠɟɫɬɜ; 
 ɬɟɨɪɢɹ ɧɟɱɟɬɤɢɯ ɦɟɪ ɢ ɢɧɬɟɝɪɚɥɨɜ. 
Ɋɟɡɭɥɶɬɚɬɵ ɫɪɚɜɧɟɧɢɹ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɬɟɨɪɢɣ, ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɢɯ ɩɪɢɦɟɧɢɦɨɫɬɢ 

ɞɥɹ ɪɟɲɟɧɢɹ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɋɉɉɊ ɜ ɭɫɥɨɜɢɹɯ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ, ɩɪɢɜɟɞɟɧɵ ɜ 
Д5Ж. ɉɪɢɜɟɞɟɧɧɵɣ ɚɧɚɥɢɡ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɬɟɨɪɢɹ ɧɟɱɟɬɤɢɯ ɦɟɪ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɚɹ 
ɦɚɬɟɦɚɬɢɱɟɫɤɚɹ ɬɟɨɪɢɹ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɮɨɪɦɚɥɢɡɨɜɚɬɶ ɢ ɨɛɪɚɛɚɬɵɜɚɬɶ 
ɧɟɨɩɪɟɞɟɥɟɧɧɭɸ ɢɧɮɨɪɦɚɰɢɸ. ɂ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɦɟɬɨɞɨɥɨɝɢɹɦɢ ɩɨɡɜɨɥɹɟɬ 
ɭɱɢɬɵɜɚɬɶ, ɜ ɬɨɦ ɱɢɫɥɟ, ɧɟɱɢɫɥɨɜɭɸ ɥɢɧɝɜɢɫɬɢɱɟɫɤɭɸ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ, 
ɫɪɚɜɧɢɬɟɥɶɧɵɟ ɦɟɪɵ (ɛɨɥɟɟ ɱɟɦ, ɨɱɟɧɶ, ɡɧɚɱɢɬɟɥɶɧɨ ɢ ɬ.ɞ.).  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɞɥɹ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ ɩɪɢ ɭɩɪɚɜɥɟɧɢɢ ɫɨɰɢɚɥɶɧɨ-

ɷɤɨɧɨɦɢɱɟɫɤɢɦɢ ɫɢɫɬɟɦɚɦɢ ɹɜɥɹɟɬɫɹ ɨɛɨɫɧɨɜɚɧɧɵɦ ɜɵɛɨɪ ɦɟɬɨɞɨɥɨɝɢɢ ɧɟɱɟɬɤɢɯ 
ɦɧɨɠɟɫɬɜ, ɤɨɬɨɪɚɹ ɩɨɡɜɨɥɹɟɬ ɨɩɟɪɢɪɨɜɚɬɶ ɧɟɬɨɱɧɨɣ ɢɧɮɨɪɦɚɰɢɟɣ, ɩɪɢɧɢɦɚɬɶ ɪɟɲɟɧɢɹ 
ɜ ɭɫɥɨɜɢɹɯ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ.  

ɉɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ ɜ ɨɛɳɟɦ ɜɢɞɟ ɞɥɹ ɥɢɰɚ, 
ɩɪɢɧɢɦɚɸɳɟɝɨ ɪɟɲɟɧɢɹ (ɅɉɊ) ɩɪɢ ɭɩɪɚɜɥɟɧɢɢ ɫɨɰɢɚɥɶɧɨ-ɷɤɨɧɨɦɢɱɟɫɤɨɣ ɫɢɫɬɟɦɨɣ: 

 

 ɅɉɊ:=< Q, B, Y, f ,K,Y>, (1) 
 

ɝɞɟ Q – ɧɟɱɟɬɤɚɹ ɨɰɟɧɤɚ ɨɛɟɫɩɟɱɟɧɧɨɫɬɢ ɪɟɫɭɪɫɚɦɢ, 
 B – ɦɧɨɠɟɫɬɜɨ ɧɟɱɟɬɤɢɯ ɨɝɪɚɧɢɱɟɧɢɣ ɩɪɢ ɩɪɢɧɹɬɢɢ ɪɟɲɟɧɢɣ,  
 Y – ɦɧɨɠɟɫɬɜɨ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɜɚɪɢɚɧɬɨɜ ɪɟɲɟɧɢɣ, ɢɡ ɤɨɬɨɪɵɯ ɞɨɥɠɧɨ ɛɵɬɶ 

ɜɵɛɪɚɧɨ ɟɞɢɧɫɬɜɟɧɧɨɟ ɨɩɬɢɦɚɥɶɧɨɟ ɪɟɲɟɧɢɟ Y*. 

 f = f(Y) – ɮɭɧɤɰɢɹ ɩɪɟɞɩɨɱɬɟɧɢɹ ɞɥɹ ɨɰɟɧɤɢ ɪɟɲɟɧɢɣ;  
 K – ɢɟɪɚɪɯɢɹ ɧɟɱɟɬɤɢɯ ɤɪɢɬɟɪɢɟɜ ɜɵɛɨɪɚ ɪɟɲɟɧɢɹ Y*.  

 

ȼ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɦɨɞɟɥɢ ɅɉɊ ɩɪɢɧɢɦɚɟɬ ɪɟɲɟɧɢɟ, ɧɚ ɨɫɧɨɜɟ ɨɰɟɧɤɢ ɢɟɪɚɪɯɢɢ 
ɧɟɱɟɬɤɢɯ ɤɪɢɬɟɪɢɟɜ, ɨɩɢɫɵɜɚɸɳɢɯ ɫɨɫɬɨɹɧɢɟ ɨɛɴɟɤɬɚ ɭɩɪɚɜɥɟɧɢɹ. Ɋɟɲɟɧɢɟ 
ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɜɵɛɨɪɟ ɭɩɪɚɜɥɹɸɳɟɝɨ ɜɨɡɞɟɣɫɬɜɢɹ ɜ ɪɚɦɤɚɯ ɡɚɞɚɧɧɵɯ ɨɝɪɚɧɢɱɟɧɢɣ. 
ɇɟɨɛɯɨɞɢɦɨ ɪɚɡɪɚɛɨɬɚɬɶ ɢɧɮɨɪɦɚɰɢɨɧɧɭɸ ɫɢɫɬɟɦɭ, ɤɨɬɨɪɚɹ ɚɜɬɨɦɚɬɢɡɢɪɭɟɬ ɷɬɚɩɵ 
ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ. 

ȼɯɨɞɧɵɦɢ ɞɚɧɧɵɦɢ ɞɥɹ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ ɹɜɥɹɸɬɫɹ: 
1) ɢɟɪɚɪɯɢɹ ɤɪɢɬɟɪɢɟɜ ɏi, 

2) ɥɢɧɝɜɢɫɬɢɱɟɫɤɢɟ ɬɟɪɦɵ ɞɥɹ ɤɪɢɬɟɪɢɟɜ ɧɢɠɧɟɝɨ ɭɪɨɜɧɹ, ɢ ɮɭɧɤɰɢɢ 
ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɞɥɹ ɧɢɯ xi(x), 

3) ɜɟɫɚ ɤɪɢɬɟɪɢɟɜ ɜɧɭɬɪɢ ɤɚɠɞɨɣ ɜɟɬɤɢ ɞɟɪɟɜɚ αɯi, ɫɭɦɦɚ ɤɨɬɨɪɵɯ ɞɨɥɠɧɵ ɛɵɬɶ 
ɪɚɜɧɚ 1, 

4) ɥɢɧɝɜɢɫɬɢɱɟɫɤɢɟ ɬɟɪɦɵ ɞɥɹ ɡɧɚɱɟɧɢɣ ɜɵɯɨɞɧɨɣ ɩɟɪɟɦɟɧɧɨɣ – ɭɩɪɚɜɥɹɸɳɟɟ 
ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɨɛɴɟɤɬ ɭɩɪɚɜɥɟɧɢɹ ɢ ɮɭɧɤɰɢɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɞɥɹ ɧɢɯ y(x), 

5) ɛɚɡɚ ɩɪɚɜɢɥ, ɨɩɢɫɵɜɚɸɳɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɦɟɠɞɭ ɤɨɦɩɥɟɤɫɧɵɦɢ ɩɨɤɚɡɚɬɟɥɹɦɢ ɢ 
ɡɧɚɱɟɧɢɹɦɢ ɜɵɯɨɞɧɨɣ ɩɟɪɟɦɟɧɧɨɣ,  

6) ɷɤɫɩɟɪɬɧɵɟ ɨɰɟɧɤɢ – ɡɧɚɱɟɧɢɹ ɤɚɠɞɨɝɨ ɤɪɢɬɟɪɢɹ bxi. 

ɉɪɨɰɟɞɭɪɚ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɞɜɚ ɷɬɚɩɚ: ɷɬɚɩ ɧɚɫɬɪɨɣɤɢ 
ɩɚɪɚɦɟɬɪɨɜ ɫɢɫɬɟɦɵ ɢ ɷɬɚɩ ɩɪɢɦɟɧɟɧɢɹ ɞɥɹ ɤɨɧɤɪɟɬɧɵɯ ɡɧɚɱɟɧɢɣ ɩɨɤɚɡɚɬɟɥɟɣ 
ɫɢɫɬɟɦɵ. ɇɚ ɷɬɚɩɟ ɩɨɞɝɨɬɨɜɤɢ ɧɟɨɛɯɨɞɢɦɨ: 

1) ɫɮɨɪɦɢɪɨɜɚɬɶ ɢɟɪɚɪɯɢɸ ɤɪɢɬɟɪɢɟɜ; 
2) ɡɚɞɚɬɶ ɞɥɹ ɤɚɠɞɨɝɨ ɢɡ ɧɢɯ ɩɟɪɟɱɟɧɶ ɜɨɡɦɨɠɧɵɯ ɥɢɧɝɜɢɫɬɢɱɟɫɤɢɯ ɬɟɪɦɨɜ ɢ 

ɨɩɪɟɞɟɥɢɬɶ ɮɭɧɤɰɢɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɞɥɹ ɧɢɯ; 
3) ɩɨɫɬɪɨɢɬɶ ɛɚɡɭ ɩɪɚɜɢɥ ɞɥɹ ɩɨɞɫɢɫɬɟɦɵ ɧɟɱɟɬɤɨɝɨ ɜɵɜɨɞɚ; 
4) ɩɨɫɬɪɨɢɬɶ ɮɭɧɤɰɢɢ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɞɥɹ ɜɫɟɯ ɬɟɪɦɨɜ ɜɵɯɨɞɧɨɣ ɩɟɪɟɦɟɧɧɨɣ. 
ɇɚ ɷɬɚɩɟ ɩɪɢɦɟɧɟɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɡɚɞɚɬɶ ɧɟɱɟɬɤɢɟ ɷɤɫɩɟɪɬɧɵɟ ɨɰɟɧɤɢ ɞɥɹ 

ɤɚɠɞɨɝɨ ɩɚɪɚɦɟɬɪɚ ɢ ɤɨɷɮɮɢɰɢɟɧɬɵ ɜɚɠɧɨɫɬɢ ɞɥɹ ɤɚɠɞɨɝɨ ɤɪɢɬɟɪɢɹ. 
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ɋɥɟɞɭɸɳɢɦ ɲɚɝɨɦ ɹɜɥɹɟɬɫɹ ɨɩɪɟɞɟɥɟɧɢɟ ɡɧɚɱɟɧɢɣ ɤɚɠɞɨɝɨ ɩɨɤɚɡɚɬɟɥɹ xi 

ɧɢɠɧɟɝɨ ɭɪɨɜɧɹ ɢɟɪɚɪɯɢɢ ɜ ɜɢɞɟ ɧɟɱɟɬɤɢɯ ɥɢɧɝɜɢɫɬɢɱɟɫɤɢɯ ɨɰɟɧɨɤ. Ⱦɜɢɝɚɹɫɶ ɩɨ 
ɭɪɨɜɧɹɦ ɢɟɪɚɪɯɢɢ ɨɬ ɧɢɠɧɢɯ ɤ ɜɟɪɯɧɢɦ, ɪɚɫɫɱɢɬɵɜɚɸɬɫɹ ɚɝɪɟɝɢɪɨɜɚɧɧɵɟ ɨɰɟɧɤɢ K. 
Ⱦɥɹ ɷɬɨɝɨ ɫɬɪɨɢɬɫɹ ɨɛɴɟɞɢɧɟɧɢɟ ɦɧɨɠɟɫɬɜ, ɩɨɥɭɱɟɧɧɵɯ ɩɭɬɟɦ ɩɪɨɢɡɜɟɞɟɧɢɹ ɧɟɱɟɬɤɢɯ 
ɦɧɨɠɟɫɬɜ ɡɧɚɱɟɧɢɣ ɜɫɟɯ ɤɪɢɬɟɪɢɟɜ ɝɪɭɩɩɵ ɧɚ ɢɯ ɤɨɷɮɮɢɰɢɟɧɬ ɜɚɠɧɨɫɬɢ. Ʉɨɦɩɥɟɤɫɧɚɹ 
ɨɰɟɧɤɚ ɬɚɤɠɟ ɡɚɞɚɟɬɫɹ ɮɭɧɤɰɢɟɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ, ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
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ɝɞɟ xi – ɤɨɷɮɮɢɰɢɟɧɬ ɜɚɠɧɨɫɬɢ ɤɪɢɬɟɪɢɹ Фi, 

 xi(x) – ɮɭɧɤɰɢɹ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɞɥɹ ɜɵɛɪɚɧɧɨɝɨ ɥɢɧɝɜɢɫɬɢɱɟɫɤɨɝɨ ɬɟɪɦɚ 
ɤɪɢɬɟɪɢɹ Фi, 

 K(x) – ɮɭɧɤɰɢɹ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɞɥɹ ɚɝɪɟɝɢɪɨɜɚɧɧɨɣ ɨɰɟɧɤɢ. 
 

 
 

Ɋɢɫ. 1. – ɗɬɚɩɵ ɦɟɬɨɞɢɤɢ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ ДSЭКРОЬ ШП НОМТЬТШЧ ЬЮЩЩШЫЭ ЦОЭСШНШХШРвЖ 
 

 

ȼ ɨɛɳɟɦ ɜɢɞɟ ɦɟɬɨɞɢɤɚ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ, ɨɛɴɟɞɢɧɹɸɳɚɹ ɚɥɝɨɪɢɬɦɵ ɧɟɱɟɬɤɨɝɨ 
ɜɵɜɨɞɚ ɢ ɩɪɨɰɟɞɭɪɵ ɤɨɦɩɥɟɤɫɧɨɝɨ ɨɰɟɧɢɜɚɧɢɹ ɨɛɥɚɞɚɟɬ ɫɥɟɞɭɸɳɢɦɢ 
ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ: 

 ɜɨɡɦɨɠɧɨɫɬɶɸ ɢɡɛɟɠɚɬɶ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɮɚɡɢɮɢɤɚɰɢɢ ɢ ɞɟɮɚɡɢɮɢɤɚɰɢɢ ɧɚ 
ɤɚɠɞɨɦ ɭɪɨɜɧɟ ɢɟɪɚɪɯɢɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɟɪɟɜɶɹɦɢ ɧɟɱɟɬɤɨɝɨ ɜɵɜɨɞɚ; 

 ɨɬɫɭɬɫɬɜɢɟɦ ɷɮɮɟɤɬɚ «ɩɪɨɤɥɹɬɢɹ ɪɚɡɦɟɪɧɨɫɬɢ» ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɛɚɡɵ ɩɪɚɜɢɥ 
ɞɥɹ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɯɨɞɧɵɯ ɩɟɪɟɦɟɧɧɵɯ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɚɥɝɨɪɢɬɦɨɜ ɧɟɱɟɬɤɨɝɨ ɜɵɜɨɞɚ; 

 ɜɨɡɦɨɠɧɨɫɬɶɸ ɭɱɢɬɵɜɚɬɶ ɫɬɟɩɟɧɶ ɜɥɢɹɧɢɹ ɪɚɡɥɢɱɧɵɯ ɮɚɤɬɨɪɨɜ ɧɚ 
ɩɪɢɧɢɦɚɟɦɨɟ ɪɟɲɟɧɢɟ; 

 ɜɨɡɦɨɠɧɨɫɬɶɸ ɨɩɟɪɢɪɨɜɚɬɶ ɥɢɧɝɜɢɫɬɢɱɟɫɤɢɦɢ ɨɰɟɧɤɚɦɢ ɜɯɨɞɹɳɢɯ 
ɩɟɪɟɦɟɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɷɤɫɩɟɪɬɧɵɦ ɩɭɬɟɦ. 

ɉɪɢɜɟɞɟɧɧɭɸ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɶ ɷɬɚɩɨɜ ɦɟɬɨɞɢɤɢ ɨɩɢɲɟɦ ɜ ɜɢɞɟ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ ɲɚɝɨɜ ɚɥɝɨɪɢɬɦɚ. 

ɒɚɝ 1. ɉɨɫɬɪɨɟɧɢɟ ɢɟɪɚɪɯɢɢ ɤɪɢɬɟɪɢɟɜ ɏi. 

 

ɉɪɢɧɹɬɢɟ ɪɟɲɟɧɢɹ 

ɉɨɞɝɨɬɨɜɢɬɟɥɶɧɵɣ ɷɬɚɩ  

ɗɬɚɩ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ 

Иˈ˓˃˓˘ˋˢ ˍ˓ˋ˕ˈ˓ˋˈ˅ xi 

ʣ˖ːˍ˙ˋˋ ˒˓ˋː˃ˇˎˈˉ-ːˑ˔˕ˋ ˊː˃˚ˈːˋˌ ˍ˓ˋ˕ˈ˓ˋˈ˅ 
[i(x) 

ʣ˖ːˍ˙ˋˋ ˒˓ˋː˃ˇˎˈˉːˑ˔˕ˋ ˊː˃˚ˈːˋˌ ˅˞˘ˑˇːˑˌ ˒ˈ˓ˈˏˈːːˑˌ y(x) 

ʐ˃ˊ˃ ˒˓˃˅ˋˎ 

ʙˑˠ˗˗ˋ˙ˋˈː˕˞ ˅˃ˉːˑ˔˕ˋ ˇˎˢ ˍ˓ˋ˕ˈ˓ˋˈ˅ α˘i 

ɇɟɱɟɬɤɢɟ ɨɰɟɧɤɢ 
ɤɪɢɬɟɪɢɟɜ ɧɢɠɧɟɝɨ 

ɭɪɨɜɧɹ bɯi 

Ʉɨɦɩɥɟɤɫɧɚɹ ɨɰɟɧɤɚ 
K ɢɥɢ ɭɩɪɚɜɥɹɸɳɟɟ 

ɜɨɡɞɟɣɫɬɜɢɟ Y 
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ɒɚɝ β. Ɉɩɪɟɞɟɥɟɧɢɟ ɩɟɪɟɱɧɹ ɜɨɡɦɨɠɧɵɯ ɥɢɧɝɜɢɫɬɢɱɟɫɤɢɯ ɨɰɟɧɨɤ ɡɧɚɱɟɧɢɣ, 
ɤɨɬɨɪɵɣ ɦɨɝɭɬ ɩɪɢɧɢɦɚɬɶ ɜɵɞɟɥɟɧɧɵɟ ɤɪɢɬɟɪɢɢ. 

ɒɚɝ γ. ɉɨɫɬɪɨɟɧɢɟ ɮɭɧɤɰɢɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ µbij (x) ɞɥɹ ɤɚɠɞɨɝɨ i-ɝɨ ɧɟɱɟɬɤɨɝɨ 
ɡɧɚɱɟɧɢɣ ɩɨ ɤɚɠɞɨɦɭ j-ɬɨɦɭ ɤɪɢɬɟɪɢɸ. ȼ ɤɚɱɟɫɬɜɟ ɨɞɧɨɝɨ ɢɡ ɜɚɪɢɚɧɬɨɜ – 

ɩɨɫɬɪɨɟɧɢɟ ɤɥɚɫɫɢɮɢɤɚɬɨɪɚ  ɧɚ 01-ɧɨɫɢɬɟɥɟ. 
ɒɚɝ 4. Ɉɩɪɟɞɟɥɟɧɢɟ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜɚɠɧɨɫɬɢ αɯi ɞɥɹ ɤɚɠɞɨɝɨ ɤɪɢɬɟɪɢɹ ɯi ɜ 

ɪɚɦɤɚɯ ɨɞɧɨɣ ɜɟɬɜɢ ɩɨ ɦɟɬɨɞɭ  ɋɚɚɬɢ. 
ɒɚɝ 5. Ɉɩɪɟɞɟɥɟɧɢɟ ɧɟɱɟɬɤɨɝɨ ɡɧɚɱɟɧɢɹ Bi ɞɥɹ ɤɚɠɞɨɝɨ ɤɪɢɬɟɪɢɹ ki ɧɢɠɧɟɝɨ 

ɭɪɨɜɧɹ ɢɟɪɚɪɯɢɢ, ɨɩɢɫɵɜɚɟɦɨɝɨ ɮɭɧɤɰɢɟɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ µbi(x). 

ɒɚɝ 6. ȼɵɱɢɫɥɟɧɢɟ ɢɧɬɟɝɪɚɥɶɧɨɝɨ ɤɪɢɬɟɪɢɹ ɩɨ ɮɨɪɦɭɥɟ K=1x12x2…nxn. 

ɇɟɱɟɬɤɨɟ ɦɧɨɠɟɫɬɜɨ ɷɬɨɝɨ ɡɧɚɱɟɧɢɹ ɛɭɞɟɬ ɨɩɢɫɵɜɚɬɶɫɹ ɮɭɧɤɰɢɟɣ 
ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ K(x)=max(x1x1(x), x2x2(x),…, xnxn(x)). 

ɒɚɝ 6 ɩɨɜɬɨɪɹɟɬɫɹ, ɩɨɤɚ ɧɟ ɛɭɞɟɬ ɞɨɫɬɢɝɧɭɬ ɜɟɪɯɧɢɣ ɭɪɨɜɟɧɶ ɢɟɪɚɪɯɢɢ. 
ɒɚɝ 7. ȼɵɱɢɫɥɟɧɢɟ ɞɟɮɚɡɢɮɢɰɢɪɨɜɚɧɧɵɯ ɱɺɬɤɢɯ ɨɰɟɧɨɤ ɤɨɦɩɥɟɤɫɧɵɯ 

ɩɨɤɚɡɚɬɟɥɟɣ ɜɟɪɯɧɟɝɨ ɭɪɨɜɧɹ ɢɟɪɚɪɯɢɢ ɩɨ ɦɟɬɨɞɭ ɰɟɧɬɪɚ ɬɹɠɟɫɬɢ 




dxx

dxxx
x

K

K

)(

)(
0 



. 

ɒɚɝ 8. ȼɵɛɨɪ ɚɥɶɬɟɪɧɚɬɢɜɵ ɫ ɩɨɦɨɳɶɸ ɚɥɝɨɪɢɬɦɚ ɧɟɱɟɬɤɨɝɨ ɜɵɜɨɞɚ Ɇɚɦɞɚɧɢ. 
Ɉɩɢɫɚɧɧɵɣ ɚɥɝɨɪɢɬɦ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ β. 
 

 

 
 

 

Ɋɢɫ. 2. – Ⱥɥɝɨɪɢɬɦ ɩɨɢɫɤɚ ɪɟɲɟɧɢɹ ДSШХЮЭТШЧ ЬОКЫМС КХРШЫТЭСЦЖ 

  

ː˃˚˃ˎˑ ʞˑ˔˕˓ˑˈːˋˈ ˏːˑˉˈ˔˕˅˃ ˍ˓ˋ˕ˈ˓ˋˈ˅ ʤ ʝ˒˓ˈˇˈˎˈːˋˈ ˒ˈ˓ˈ˚ːˢ ˅ˑˊˏˑˉː˞˘ ˍ˃˚ˈ˔˕˅ˈːː˞˘ ˊː˃˚ˈːˋˌ ˇˎˢ ˍ˃ˉˇˑˆˑ ˍ˓ˋ˕ˈ˓ˋˢ ːˋˉːˈˆˑ ˖˓ˑ˅ːˢ 

ʞˑ˔˕˓ˑˈːˋˈ ˗˖ːˍ˙ˋˌ ˒˓ˋː˃ˇˎˈˉːˑ˔˕ˋ  ij ȋ˘iȌ ˇˎˢ ˍ˃ˉˇˑˆˑ i-ˆˑ ˊː˃˚ˈːˋˢ ˍ˓ˋ˕ˈ˓ˋˢ ˘j  ʝ˒˓ˈˇˈˎˈːˋˈ ˍˑˠ˗˗ˋ˙ˋˈː˕ˑ˅ ˅˃ˉːˑ˔˕ˋ ˍ˃ˉˇˑˆˑ ˍ˓ˋ˕ˈ˓ˋˢ ˅ ˑˇːˑˌ ˆ˓˖˒˒ˈ ˘i ˔ ˒ˑˏˑ˜˟ˡ ˏˈ˕ˑˇ˃ ʠ˃˃˕ˋ 

ʟ˃˔˚ˈ˕ ˍˑˏ˒ˎˈˍ˔ː˞˘ ˑ˙ˈːˑˍ: K=1˘12˘2…n˘n 

c ˗˖ːˍ˙ˋˌ ˒˓ˋː˃ˇˎˈˉːˑ˔˕ˋ   
K(x)=max(˘ͳ˘ͳ(x), ˘ʹ˘ʹ(xȌ,…, ˘n˘n(x)) ʜ˃˘ˑˉˇˈːˋˈ ˇˈ˗˃ˊˋ˗ˋ˙ˋ˓ˑ˅˃ːː˞˘ ˚ˈ˕ˍˋ˘ ˊː˃˚ˈːˋˌ ˍˑˏ˒ˎˈˍ˔ː˞˘ ˑ˙ˈːˑˍ ˒ˑ ˏˈ˕ˑˇ˖ ˙ˈː˕˓˃ ˕ˢˉˈ˔˕ˈˌ ː˃ ˅ˈ˓˘ːˈˏ ˖˓ˑ˅ːˈ ˋˈ˓˃˓˘ˋˋ 

 ʜ˃ ˑ˔ːˑ˅ˈ ˃ˎˆˑ˓ˋ˕ˏ˃ ːˈ˚ˈ˕ˍˑˆˑ ˅˞˅ˑˇ˃, ˆˇˈ ˅˘ˑˇː˞ˏˋ ˒˃˓˃ˏˈ˕˓˃ˏˋ ˢ˅ˎˢˡ˕˔ˢ ˊː˃˚ˈːˋˢ ˋː˕ˈˆ˓˃ˎ˟ː˞˘ ˍ˓ˋ˕ˈ˓ˋˈ˅, ˑ˒˓ˈˇˈˎˢˈ˕˔ˢ ˊː˃˚ˈːˋˈ ˅˞˘ˑˇːˑˌ ˒ˈ˓ˈˏˈːːˑˌ Y 

ˍˑːˈ˙ 



 ɂɇɎɈɊɆȺɐɂɈɇɇȺə ɋɂɋɌȿɆȺ ɉɈȾȾȿɊɀɄɂ ȼɕȻɈɊȺ Ɋȿɒȿɇɂə 81 

 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 1(β6) 2018 

ɉɪɟɞɫɬɚɜɥɟɧɧɵɣ ɚɥɝɨɪɢɬɦ ɫɨɞɟɪɠɢɬ ɭɤɪɭɩɧɟɧɧɵɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɟ ɩɪɨɰɟɞɭɪɵ. 
Ɉɩɢɲɟɦ ɛɨɥɟɟ ɞɟɬɚɥɶɧɨ ɚɥɝɨɪɢɬɦ ɪɚɫɱɟɬɚ ɤɨɦɩɥɟɤɫɧɵɯ ɨɰɟɧɨɤ. 

Ⱥɥɝɨɪɢɬɦ ɤɨɦɩɥɟɤɫɧɨɝɨ ɨɰɟɧɢɜɚɧɢɹ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɪɟɤɭɪɫɢɜɧɨɣ 
ɮɭɧɤɰɢɢ «Ɋɚɫɱɟɬ ɤɨɦɩɥɟɤɫɧɵɯ ɨɰɟɧɨɤ». ɋɯɟɦɚ ɚɥɝɨɪɢɬɦɚ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫɭɧɤɟ γ. 

 

 
 

Ɋɢɫ. 3. – Ⱥɥɝɨɪɢɬɦ ɪɚɫɱɟɬɚ ɤɨɦɩɥɟɤɫɧɵɯ ɨɰɟɧɨɤ ДAlgorithm of calculating complex estimates] 
 

ɉɪɟɞɫɬɚɜɥɟɧɧɵɣ ɚɥɝɨɪɢɬɦ ɫɨɞɟɪɠɢɬ ɨɞɧɭ ɰɢɤɥɢɱɟɫɤɭɸ ɨɩɟɪɚɰɢɸ, ɜ ɨɛɯɨɞɟ 
ɤɚɠɞɨɝɨ ɷɥɟɦɟɧɬɚ ɞɟɪɟɜɚ ɤ ɧɟɦɭ ɨɛɪɚɳɚɸɬɫɹ ɨɞɢɧ ɪɚɡ. ɋɥɨɠɧɨɫɬɶ ɚɥɝɨɪɢɬɦɚ ɪɚɜɧɚ 
O(N), ɝɞɟ N – ɱɢɫɥɨ ɷɥɟɦɟɧɬɨɜ ɜ ɞɟɪɟɜɟ ɤɪɢɬɟɪɢɟɜ. Ⱥɥɝɨɪɢɬɦ ɢɦɟɟɬ ɥɢɧɟɣɧɭɸ 
ɫɥɨɠɧɨɫɬɶ. 

ɉɪɟɞɥɚɝɚɟɦɭɸ ɦɟɬɨɞɢɤɭ ɪɟɤɨɦɟɧɞɭɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɥɹ ɡɚɞɚɱ ɞɨɥɝɨɜɪɟɦɟɧɧɨɝɨ, 
ɫɬɪɚɬɟɝɢɱɟɫɤɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ, ɬɚɤ ɤɚɤ ɨɧɚ ɩɨɡɜɨɥɹɟɬ ɭɱɢɬɵɜɚɬɶ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ 
ɪɚɡɥɢɱɧɨɝɨ ɜɢɞɚ, ɚɧɚɥɢɡɢɪɨɜɚɬɶ ɫɥɨɠɧɵɟ ɦɧɨɝɨɩɚɪɚɦɟɬɪɢɱɟɫɤɢɟ ɫɢɫɬɟɦɵ. 
Ⱦɟɹɬɟɥɶɧɨɫɬɶ ɅɉɊ ɜ ɪɟɲɟɧɢɢ ɡɚɞɚɱ ɫɬɪɚɬɟɝɢɱɟɫɤɨɝɨ ɩɥɚɧɢɪɨɜɚɧɢɹ ɧɭɠɞɚɟɬɫɹ ɜ 
ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɨɣ ɩɨɞɞɟɪɠɤɟ. 

ɉɪɢ ɪɚɡɪɚɛɨɬɤɟ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ 

ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɬɪɟɛɨɜɚɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɡɚɞɚɱɢ, ɚ ɬɚɤɠɟ ɫɚɦɭ ɦɟɬɨɞɢɤɭ 
ɪɚɫɱɟɬɚ. ȼ ɨɫɧɨɜɟ ɩɪɨɟɤɬɢɪɭɟɦɨɣ ɋɉɉɊ ɢɫɩɨɥɶɡɭɸɬɫɹ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɟ ɬɟɯɧɨɥɨɝɢɢ 
ɨɛɪɚɛɨɬɤɢ ɜɯɨɞɧɨɣ ɢɧɮɨɪɦɚɰɢɢ. 

ɉɪɟɞɥɨɠɟɧɧɵɣ ɚɥɝɨɪɢɬɦ ɩɨɢɫɤɚ ɪɟɲɟɧɢɹ ɪɟɚɥɢɡɨɜɚɧ ɜ ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɫɢɫɬɟɦɟ 
ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ. Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɜɫɟɯ ɷɬɚɩɨɜ ɚɥɝɨɪɢɬɦɚ ɜ ɞɚɧɧɨɣ 
ɫɢɫɬɟɦɟ ɩɪɟɞɭɫɦɨɬɪɟɧɵ ɫɥɟɞɭɸɳɢɟ ɷɥɟɦɟɧɬɵ: 

ɧɟɬ 

ʟ˃˔˚ˈ˕ ˋː˕ˈˆ˓˃ˎ˟ːˑˆˑ ˒ˑˍ˃ˊ˃˕ˈˎˢ Kn 

ʔ˔˕˟ ˇˑ˚ˈ˓ːˋˈ ˠˎˈˏˈː˕˞? 

ʓˎˢ ˍ˃ˉˇˑˆˑ i-ˆˑ ˇˑ˚ˈ˓ːˈˆˑ ˠˎˈˏˈː˕˃ 

ʟ˃˔˚ˈ˕ ˍˑˏ˒ˎˈˍ˔ːˑˌ ˑ˙ˈːˍˋ Ki 

Kn=Kniki 

ʑ˞˄ˑ˓ ːˈ˚ˈ˕ˍˑˆˑ ˊː˃˚ˈːˋˢ ˍ˓ˋ˕ˈ˓ˋˢ ki 

ˇ˃ 

Kn= 

ʝ˔˕˃ːˑ˅ 



82  ɄɍɊȿɃɑɂɄ ɢ ɞɪ. 

 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 1(β6) 2018 

 ɛɚɡɚ ɩɪɚɜɢɥ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɦɟɯɚɧɢɡɦɚ ɧɟɱɟɬɤɨɝɨ ɜɵɜɨɞɚ ɧɚ ɜɟɪɯɧɟɦ 
ɭɪɨɜɧɟ ɢɟɪɚɪɯɢɱɟɫɤɨɣ ɦɨɞɟɥɢ; 

  ɛɚɡɚ ɡɧɚɧɢɣ ɜ ɜɢɞɟ ɢɟɪɚɪɯɢɢ ɮɚɤɬɨɪɨɜ ɢ ɮɭɧɤɰɢɣ ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɞɥɹ 
ɤɚɠɞɨɝɨ ɡɧɚɱɟɧɢɹ ɞɚɧɧɨɝɨ ɮɚɤɬɨɪɚ. 

Ɇɨɞɟɥɶ ɫɢɫɬɟɦɵ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ ɜɤɥɸɱɚɟɬ ɜ ɫɟɛɹ ɫɥɟɞɭɸɳɢɟ 
ɛɥɨɤɢ: 

 ɛɥɨɤ ɮɨɪɦɢɪɨɜɚɧɢɹ ɛɚɡɵ ɩɪɚɜɢɥ, 
 ɛɥɨɤ ɨɩɪɟɞɟɥɟɧɢɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜɚɠɧɨɫɬɢ ɮɚɤɬɨɪɨɜ ɜ ɢɟɪɚɪɯɢɢ, 
 ɛɥɨɤ ɨɩɪɟɞɟɥɟɧɢɹ ɧɟɱɟɬɤɢɯ ɡɧɚɱɟɧɢɣ ɤɚɠɞɨɝɨ ɮɚɤɬɨɪɚ, 
 ɛɥɨɤ ɪɚɫɱɟɬɚ ɡɧɚɱɟɧɢɣ ɢɧɬɟɝɪɚɥɶɧɵɯ ɮɚɤɬɨɪɨɜ ɜ ɢɟɪɚɪɯɢɢ, 
 ɛɥɨɤ ɧɟɱɟɬɤɨɝɨ ɜɵɜɨɞɚ. 
ɇɚ ɪɢɫɭɧɤɟ 4 ɩɪɟɞɫɬɚɜɥɟɧɚ ɚɪɯɢɬɟɤɬɭɪɚ ɫɢɫɬɟɦɵ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ. 

ɋɬɪɟɥɤɚɦɢ ɭɤɚɡɚɧɚ ɢɧɮɨɪɦɚɰɢɹ, ɤɨɬɨɪɭɸ ɧɟɨɛɯɨɞɢɦɨ ɜɜɟɫɬɢ ɢɥɢ ɩɨɥɭɱɢɬɶ ɢɡ ɛɚɡɵ 
ɩɪɚɜɢɥ ɢ ɛɚɡɵ ɡɧɚɧɢɣ, ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɮɭɧɤɰɢɣ ɛɥɨɤɚ. Ɋɟɡɭɥɶɬɚɬɨɦ ɪɚɛɨɬɵ ɫɢɫɬɟɦɵ 
ɹɜɥɹɟɬɫɹ ɱɢɫɥɨɜɨɟ ɡɧɚɱɟɧɢɟ ɜɵɯɨɞɧɨɣ ɩɟɪɟɦɟɧɧɨɣ ɛɥɨɤɚ ɧɟɱɟɬɤɨɝɨ ɜɵɜɨɞɚ. 

 

 
 

Ɋɢɫ. 4. – Ⱥɪɯɢɬɟɤɬɭɪɚ ɢɧɮɨɪɦɚɰɢɨɧɧɨɣ ɫɢɫɬɟɦɵ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ. 
Ⱥɜɬɨɪɫɤɚɹ ɪɚɡɪɚɛɨɬɤɚ [Architecture of decision support information system.Original development] 

 

Ɍɟɯɧɨɥɨɝɢɹ ɪɚɛɨɬɵ ɫ ɞɚɧɧɨɣ ɫɢɫɬɟɦɨɣ ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɫɥɟɞɭɸɳɢɟ ɷɬɚɩɵ: 
1. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɩɟɪɟɱɧɹ ɩɨɤɚɡɚɬɟɥɟɣ ɜ ɢɯ ɢɟɪɚɪɯɢɢ, ɤɨɬɨɪɵɟ ɜɥɢɹɸɬ ɧɚ 

ɩɪɢɧɢɦɚɟɦɨɟ ɪɟɲɟɧɢɟ ɜ ɛɥɨɤɟ 1. 
2. Ɏɨɪɦɢɪɨɜɚɧɢɹ ɩɟɪɟɱɧɹ ɥɢɧɝɜɢɫɬɢɱɟɫɤɢɯ ɨɰɟɧɨɤ ɢ ɢɯ ɮɭɧɤɰɢɣ 

ʟˈ˛ˈːˋˈ 

ʞ˓˃˅ˋˎ˃ 

ʣ˃ˊˋ˗ˋ˙ˋ˓ˑ˅˃ːː˞ˈ ˋː˕ˈˆ˓˃ˎ˟ː˞ˈ ˑ˙ˈːˍˋ ʣ˖ːˍ˙ˋˋ ˒˓ˋː˃ˇˎˈˉːˑ˔˕ˋ 

ʚˋːˆ˅ˋ˔˕ˋ˚ˈ˔ˍˋˈ ˠˍ˔˒ˈ˓˕ː˞ˈ ˑ˙ˈːˍˋ ˍ˓ˋ˕ˈ˓ˋˈ˅ 

ʞˈ˓ˈ˚ˈː˟ ˍ˓ˋ˕ˈ˓ˋˈ˅ ʢ˓ˑ˅ːˋ ˅˃ˉːˑ˔˕ˋ ˍ˓ˋ˕ˈ˓ˋˈ˅ ˒˓ˋ ˒ˑ˒˃˓ːˑˏ ˔˓˃˅ːˈːˋˋ 

ʞ˓˃˅ˋˎ˃ 

ʢˊˎˑ˅˞ˈ ˕ˑ˚ˍˋ ˗˖ːˍ˙ˋˌ ˒˓ˋː˃ˇˎˈˉːˑ˔˕ˋ 

ʞˈ˓ˈ˚ˈː˟ ˗˃ˍ˕ˑ˓ˑ˅ 

ʐ˃ˊ˃ ˒˓˃˅ˋˎ 

ʐ˃ˊ˃ ˊː˃ːˋˌ 

3. ʐˎˑˍ ˗ˑ˓ˏˋ˓ˑ˅˃ːˋˢ ˒˓˃˅ˋˎ 

1. ʐˎˑˍ ˑ˒˓ˈˇˈˎˈːˋˢ ˋˈ˓˃˓˘ˋˋ ˗˃ˍ˕ˑ˓ˑ˅ ˋ ˋ˘ ːˈ˚ˈ˕ˍˋ˘ ˊː˃˚ˈːˋˌ 

2. ʐˎˑˍ ˑ˒˓ˈˇˈˎˈːˋˢ ˍˑˠ˗˗ˋ˙ˋˈː˕ˑ˅ ˅˃ˉːˑ˔˕ˋ ˍ˓ˋ˕ˈ˓ˋˈ˅ 

4. ʐˎˑˍ ˓˃˔˚ˈ˕˃ ˋː˕ˈˆ˓˃ˎ˟ː˞˘ ˒ˑˍ˃ˊ˃˕ˈˎˈˌ 

5. Бˎоˍ ˎоˆичˈсˍоˆо 
˅ы˅оˇа 

ʙˑˠ˗˗ˋ˙ˋˈː˕˞ ˅˃ˉːˑ˔˕ˋ 
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ɩɪɢɧɚɞɥɟɠɧɨɫɬɢ ɞɥɹ ɤɚɠɞɨɝɨ ɩɚɪɚɦɟɬɪɚ ɜ ɛɥɨɤɟ 1.  
3. Ɋɚɫɱɟɬ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜɚɠɧɨɫɬɢ ɞɥɹ ɩɨɤɚɡɚɬɟɥɟɣ ɜɧɭɬɪɢ ɤɚɠɞɨɣ ɜɟɬɤɢ ɧɚ 

ɧɢɠɧɟɦ ɭɪɨɜɧɟ ɩɭɬɟɦ ɩɨɩɚɪɧɨɝɨ ɫɪɚɜɧɢɜɚɧɢɹ ɩɨ ɦɟɬɨɞɭ ɋɚɚɬɢ Д6Ж ɢ ɜ ɛɥɨɤɟ β. 
4. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɡɧɚɱɟɧɢɣ ɜɵɯɨɞɧɨɣ ɩɟɪɟɦɟɧɧɨɣ – ɚɥɶɬɟɪɧɚɬɢɜɵ ɩɪɢɧɢɦɚɟɦɨɝɨ 

ɪɟɲɟɧɢɹ ɜ ɛɥɨɤɟ γ. 
5. Ɏɨɪɦɢɪɨɜɚɧɢɟ ɛɚɡɵ ɩɪɚɜɢɥ ɡɚɜɢɫɢɦɨɫɬɢ ɜɵɯɨɞɧɨɣ ɩɟɪɟɦɟɧɧɨɣ ɨɬ 

ɢɧɬɟɝɪɚɥɶɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɜɟɪɯɧɟɝɨ ɭɪɨɜɧɹ ɜ ɛɥɨɤɟ γ. 
6. Ⱥɜɬɨɦɚɬɢɱɟɫɤɢɣ ɪɚɫɱɟɬ ɢɧɬɟɝɪɚɥɶɧɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɩɨ ɩɪɟɞɥɨɠɟɧɧɨɦɭ ɦɟɬɨɞɭ 

ɜɵɱɢɫɥɟɧɢɹ ɧɟɱɟɬɤɢɯ ɡɧɚɱɟɧɢɣ ɫ ɭɱɟɬɨɦ ɤɨɷɮɮɢɰɢɟɧɬɨɜ ɜɚɠɧɨɫɬɢ ɱɚɫɬɧɵɯ ɤɪɢɬɟɪɢɟɜ ɜ 
ɛɥɨɤɟ 4. 

7. Ⱥɜɬɨɦɚɬɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɩɪɚɜɢɥ ɜ ɛɚɡɟ ɢ ɜɵɜɨɞ ɪɟɡɭɥɶɬɚɬɚ ɜɵɱɢɫɥɟɧɢɣ ɜ 
ɛɥɨɤɟ 5. 

 

 
 

Ɋɢɫ. 5. – ɗɤɫɩɟɪɬɧɵɟ ɨɰɟɧɤɢ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɣ ɩɪɨɝɪɚɦɦɵ [Expert assessments of the educational program] 

 

Ⱦɚɧɧɚɹ ɚɪɯɢɬɟɤɬɭɪɚ ɛɵɥɚ ɪɟɚɥɢɡɨɜɚɧɚ ɜ ɫɪɟɞɟ ɩɪɨɝɪɚɦɦɢɪɨɜɚɧɢɹ ɢ 
ɦɨɞɟɥɢɪɨɜɚɧɢɹ MathLab ɢ ɚɩɪɨɛɢɪɨɜɚɧɚ ɧɚ ɡɚɞɚɱɟ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ ɩɪɢ ɭɩɪɚɜɥɟɧɢɢ 
ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɦɢ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɦɢ ɩɪɨɝɪɚɦɦɚɦɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɦɢ ɚɬɨɦɧɭɸ 
ɨɬɪɚɫɥɶ. Ɍɚɤ ɛɵɥɨ ɩɪɨɜɟɞɟɧɨ ɤɨɦɩɥɟɤɫɧɨɟ ɨɰɟɧɢɜɚɧɢɹ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ ɩɪɨɝɪɚɦɦ 
(ɩɪɢɦɟɪ ɧɚ ɪɢɫɭɧɤɟ 5) ɩɨ ɦɟɬɨɞɢɤɟ, ɩɪɟɞɥɨɠɟɧɧɨɣ ɚɜɬɨɪɚɦɢ ɜ Д7Ж. 

ɇɚ ɨɫɧɨɜɟ ɛɚɡɵ ɩɪɚɜɢɥ (ɪɢɫɭɧɨɤ 6), ɫɜɹɡɵɜɚɸɳɢɯ ɩɨɥɭɱɟɧɧɵɟ ɤɨɦɩɥɟɤɫɧɵɟ 
ɧɟɱɟɬɤɢɟ ɨɰɟɧɤɢ ɤɥɸɱɟɜɵɯ ɩɨɤɚɡɚɬɟɥɟɣ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɣ ɩɪɨɝɪɚɦɦɵ ɫ ɜɵɯɨɞɧɨɣ 
ɩɟɪɟɦɟɧɧɨɣ, ɛɵɥɨ ɩɨɥɭɱɟɧɨ ɪɟɤɨɦɟɧɞɭɟɦɨɟ ɭɩɪɚɜɥɹɸɳɟɟ ɜɨɡɞɟɣɫɬɜɢɟ. 

ɉɪɢɦɟɧɟɧɢɟ ɞɚɧɧɨɣ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɣ ɫɢɫɬɟɦɵ ɩɨɡɜɨɥɢɥɨ ɩɨɜɵɫɢɬɶ 
ɨɛɨɫɧɨɜɚɧɧɨɫɬɶ ɩɪɢɧɢɦɚɟɦɵɯ ɪɟɲɟɧɢɣ, ɭɦɟɧɶɲɢɬɶ ɜɪɟɦɹ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ. 
ɉɪɟɞɥɨɠɟɧɧɚɹ ɚɪɯɢɬɟɤɬɭɪɚ ɂɋ ɩɨɞɞɟɪɠɤɢ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ, ɨɛɴɟɞɢɧɹɸɳɚɹ 
ɚɥɝɨɪɢɬɦɵ ɧɟɱɟɬɤɨɝɨ ɜɵɜɨɞɚ ɢ ɩɪɨɰɟɞɭɪɵ ɤɨɦɩɥɟɤɫɧɨɝɨ ɨɰɟɧɢɜɚɧɢɹ ɨɛɥɚɞɚɟɬ 
ɫɥɟɞɭɸɳɢɦɢ ɩɪɟɢɦɭɳɟɫɬɜɚɦɢ: 

 ɜɨɡɦɨɠɧɨɫɬɶɸ ɢɡɛɟɠɚɬɶ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɮɚɡɢɮɢɤɚɰɢɢ ɢ ɞɟɮɚɡɢɮɢɤɚɰɢɢ ɧɚ 
ɤɚɠɞɨɦ ɭɪɨɜɧɟ ɢɟɪɚɪɯɢɢ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɟɪɟɜɶɹɦɢ ɧɟɱɟɬɤɨɝɨ ɜɵɜɨɞɚ; 

 ɨɬɫɭɬɫɬɜɢɟɦ ɷɮɮɟɤɬɚ «ɩɪɨɤɥɹɬɢɹ ɪɚɡɦɟɪɧɨɫɬɢ» ɩɪɢ ɩɨɫɬɪɨɟɧɢɢ ɛɚɡɵ ɩɪɚɜɢɥ 
ɞɥɹ ɩɪɢɧɹɬɢɹ ɪɟɲɟɧɢɹ ɧɚ ɨɫɧɨɜɟ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɯɨɞɧɵɯ ɩɟɪɟɦɟɧɧɵɯ ɩɨ 
ɫɪɚɜɧɟɧɢɸ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɚɥɝɨɪɢɬɦɨɜ ɧɟɱɟɬɤɨɝɨ ɜɵɜɨɞɚ; 

 ɜɨɡɦɨɠɧɨɫɬɶɸ ɭɱɢɬɵɜɚɬɶ ɫɬɟɩɟɧɶ ɜɥɢɹɧɢɹ ɪɚɡɥɢɱɧɵɯ ɮɚɤɬɨɪɨɜ ɧɚ 
ɩɪɢɧɢɦɚɟɦɨɟ ɪɟɲɟɧɢɟ; 

 ɜɨɡɦɨɠɧɨɫɬɶɸ ɨɩɟɪɢɪɨɜɚɬɶ ɥɢɧɝɜɢɫɬɢɱɟɫɤɢɦɢ ɨɰɟɧɤɚɦɢ ɜɯɨɞɹɳɢɯ 
ɩɟɪɟɦɟɧɧɵɯ, ɩɨɥɭɱɟɧɧɵɯ ɷɤɫɩɟɪɬɧɵɦ ɩɭɬɟɦ. 
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Ɋɢɫ. 6. – Ɋɚɫɱɟɬ ɜɵɯɨɞɧɨɣ ɩɟɪɟɦɟɧɧɨɣ ɩɨ ɚɥɝɨɪɢɬɦɭ Ɇɚɦɞɚɧɢ ɜ ɫɢɫɬɟɦɟ ɧɟɱɟɬɤɨɝɨ ɜɵɜɨɞɚ [Calculation of 

the output variable by the Mamdani algorithm in fuzzy inference system] 
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1. Introduction  

 

1.1. Reactor type VVER(V491)-1200 

 

1.1.1. VVER-1200 reactor plant 

 

The design of AES-2006 of Generation 3+ with V-491 reactor plant is an evolutionary 

development of the designs with the VVER-1200 water cooled and water moderated reactor 

proved by a long-time operation. The AES-2006 design is based on the principle of safety 

assurance for the personnel, population and environment. The principle meets the 

requirements for the standards of radioactive substance releases into the environment and 

their content at normal operation, at anticipated operational occurrences including the design 

basis conditions (i.e. design events of Category 1-4) as well as at the beyond-design basis 

events during the entire service life of the nuclear power plant. One of the requirements 

during the reactor plant and process system design elaboration was not to reach the estimated 

value of a severe core damage 1.0E‑6 reactor/year and for the probability of emergency 

radioactivity release not to exceed 1.0E‑7 reactor/year. Level I and II PSA predict that these 

given values are not exceeded. 

The VVER-1200 (V-491) design was developed by the Organization of General 

DОЬТРЧОЫ ―AЭШЦОЧОЫРШЩЫШОФЭ‖ (SЭ.PОЭОЫЬЛЮЫР), OЫРКЧТгКЭТШЧ ШП GОЧОЫКХ DОЬТРЧОЫ ШП ЫОКМЭШЫ 
plant, OKB GТНЫШЩЫОЬЬ (PШНШХЬФ), аТЭС ЭСО ЬМТОЧЭТПТМ ЬЮЩОЫЯТЬТШЧ ШП ЭСО RRC ―KЮЫМСКЭШЯ 
IЧЬЭТЭЮЭО‖ (MШЬМШа), ТЧ ХТЧО аТЭС ЭСО RЮЬЬТКЧ RОРЮХКЭШЫв DШМЮЦОЧЭЬ КЧН МШЧЬТНОЫТЧР ЭСО 
requirements of the IAEA and the European Utilities Requirements (EUR). The design was 

performed using the ISO 9001:2000 Quality Assurance International Standard. The main 

engineering solutions for reactor plants with VVER reactors have been corroborated by the 

experience of operating these installations for about 1400 reactor-years (decommissioned 

reactors included) considering about 500 reactor-years of operating the RPs with VVER-

1200. 

The safety concept of VVER-1200/V-491 considers the up-to-date world tendencies in 
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the field of NPP safety enhancement in order to meet the requirements for the NPP safety that 

are continuously made more stringent. The requirements for improving the economic 

efficiency of the NPP were also considered. 

 

1.1.2. Reactor core and fuel design 

 

The reactor cores contain 163 fuel assemblies (FA). The FAs are intended for heat 

generation and its transfer from the fuel rod surface to coolant during the design service life 

without exceeding the permissible design limits of fuel rod damage. The FAs are 4570 mm 

high (nominal value). When the reactor is in the hot state the height of the powergenerating 

part of the fuel rod is 3750 mm. Each FA contains 312 fuel rods. The FA skeleton is 

assembled of 18 guide channels, 13 spacer grids welded to them, an instrumentation channel 

and a support grid. The fuel rod cladding is a zirconium alloy tube. Sintered UO2 pellets with 

a 5% (4.95±0.05) maximum enrichment are stacked inside the cladding. The average linear 

heat rate of a fuel rod is 167.8 W/cm. 

According to the cartogram up to 121 rod cluster control assemblies (RCCAs) are 

placed inside the core. They are intended for quick chain reaction suppression, maintaining 

power at assigned level and its level-to-level transition, axial power field leveling, xenon 

oscillation suppression. Pitch electromagnet drives with pitch position indicators are used for 

RCCA drive mechanisms. The drives are installed on the reactor top head. The maximum 

effective time of FA operation between refuelings for a 12-month fuel cycle is 8400 effective 

hours. The average burnup of unloaded fuel is up to 60 MWD/kg U. Annually 42 fresh FAs 

are loaded into the core for the basic fuel cycle. 

 

1.1.3. Structure of fuel assembly type 
 

The reactor core is occupied by fuel assembly design for both base TVSA and 

alternative TVS-2. The TVSA fuel assembly (FA) is considered as a base version of fuel 

assembly (FA) design and as an alternative version is TVS-2. Both versions of FA are 

interchangeable and are of reference character. 

The core of the reactor includes 163 fuel assemblies; which are identical in design and 

312 fuel elements. Each FAs comprises of the following components, top nozzle, bundle of 

fuel rods, bottom rod, guiding channels and spacing grid as shown in Fig 1 and Fig 2 [1]. The 

fuel rods are cylindrical and cladded with Alloy E-110. 

Each rod contains fuel pellets with inner and outer diameter of 0,6cm and 0,78cm 

respectively. Additionally the fuel pellet are also cladded with material of 0,772cm inner 

diameter and an outer diameter of 0,910 cm. 
 

 
 

Fig. 1. – TVSA general view         Fig. 2. – TVS-2 general view 



 ɈɉɌɂɆɂɁȺɐɂə ɇȿɃɌɊɈɇɇɕɏ ɉȺɊȺɆȿɌɊɈȼ ɊȿȺɄɌɈɊɇɈȽɈ əȾɊȺ ȼȼɗɊ-1200 89 

 

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 1(β6) 2018 

During reactor operations, fuel rods are fully immersed in water at a nominal pressure 

ШП 15MPК ЩЫОЯОЧЭТЧР ЭСО аКЭОЫ ПЫШЦ ЛШТХТЧР КЭ К ЧШЫЦКХ (ββ0˚C ЭШ МШЯОЫ 328.9˚C) ШЩОЫКЭТЧР 
temperature. Fuel is low enrich (varying between 2,4 % to 4 %) UO2. 

Since boiling on the pallet surface is prohibited the temperature of cladding depends on 

the type of fuel used. The inserted fuel assemblies contains 312 fuel elements, 18 guide tubes, 

central tube and one instrumentation tube, all arranged in a triangular lattice with a pitch of 

1,275. The hexagonal lattice pitch of the assembly cell is 23,6 cm. 

The structure and configuration of the fuel assembly in the core are kept unchanged but 

rather refueled at the end of its fuel cycle. Water is mostly used as reflector. The huge size of 

the FAs contribute to the increase of multiplication factor and the short migration length. 

The reactor VVER-1200 are required for large scale power generation and are mostly 

enhanced by increasing the size or length of fuel assembly or advancing the fuel (UO2) 

without changing the volume of the core. After modernization, power of the reactor can only 

be increased by 2-5% of nominal reactor power. Period of refueling of FAs ranges from 12 – 

18 months. The main characteristics of this prototype reactor are listed in the table 1 below. 
 

Tab. 1. – Main parameters of the VVER-1200 reactor 

 

Main parameter, unit Values 

Nominal thermal capacity, MW 3200 

Rated Electrical capacity, MW 1170 

Fuel assembly quantity 163 

Cladding material(Alloy) Zr+2.5%Nb 

Fuel mass in the rod(kg) 1,575 

Fuel rod effective height (cm) 353 

Fuel material UO2 and UO2 + Gd2O3 

Density of fuel, g/ɫm
3 

10,5 

FЮОХ ЭОЦЩОЫКЭЮЫО, Ʉ 500 

FЮОХ ЩКХХОЭ НТКЦОЭОЫ, ɫЦ  

 outer 0,78 

 innerr 0,06 

CХКННТЧР НТКЦОЭОЫ, ɫЦ 0,910 

Moderator-coolant H2O 

 Pressure, MPa 14 

 TОЦЩОЫКЭЮЫО, ɋ 329 

Fuel assembly form  Hexagonal 

LКЭЭТМО, ɫЦ  1,35 

Type of Lattice triangle 
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1.1.4. Configuration of the core and FAs of VVER-1200 

 

             
Fig. 3. – Core (163 FAs)  Fig. 4. – FAs (312 FE) 

 

In modern VVER-1200 with uranium enrichment 3-5% at 2-3 years of campaign with 

partial overload has burnup ranging from 40-50 GWd/KgU and it is even more in intense fuel 

elements as compared to the burnup of PWR reactors which ranges from 45 to 50 GWd/KgU. 

Average burnup of unloaded fuel in PWRs is 52,8 GWd/KgU. 

Reactivity margin for VVER-1200 reactors is approximately equal to 0,25 Δk/k. The 

loss of reactivity due to Xe
135

 poisoning in the reactor core is equivalent to % but reactivity 

worth, also known as Xenon load which is proportional to the Xenon concentration varies 

with the steady power of the reactor for LWR. 

Time required for xenon to achieve it maximum equilibrium concentration is between 

30-40hr, with specific yield of (Ȗ) ≈ 0,0γ % НТЫОМЭХв ПЫШЦ ПТЬЬТШЧ КЧН К ЭШЭКХ ПТЬЬТШЧ вТОХН ШП 
(Ȗ) ≈ 6,6%. FШЫ ЦШЬЭ ЭСОЫЦКХ ЫОКМЭШЫЬ ЭСО ЯКХЮО ШП ШЩЭТЦЮЦ ХКЭЭТМО ХТОЬ ЛОЭаООЧ 0,5 ЭШ 0,6R. 

The experimental values obtained for reactivity coefficient of PWRs reactors are 

summarized in the table 1.2 below. [10]. According to the estimation, coefficients in PWRs 

are mostly negative. 
 

1.2. WIMS-ANL code 
 

1.2.1. General code properties 
 

The WIMS-ANL (Winfrith Improved Multigroup Scheme) are codes extensively used 

for power and lattice physics analysis. This developed program was initially aimed at using 

the transport theory to calculate the neutron flux as a function of energy spatial location in one 

dimensional cell. The program uses its own 69 group constant library and the ENDF/BV 

library prepared for various materials, power and temperatures bases on the ENDF format [2]. 

There are two main transport option known as DSN (discrete ordinates) and PERSUS 

(collision probability). Transport solutions are performed using any specified intermediate 

group structure up to the number of library groups. The main transport is mostly preceded by 

one or two STECTROX flux spectra calculation(s) for few spatial regions in the few region 

library group structure after which calculation of spectra for a spatial region in the full number 

of energy groups of its library are performed using the spectra to condense the basic cross 

sections into few groups [2]. 

After completion of the main transport solutions, the intermediate group cross sections 

КЫО МШХХКЩЬОН ЭШ ЭСО ЛЫШКН РЫШЮЩ ЬЭЫЮМЭЮЫО (≤ β0 РЫШЮЩЬ) КЧН ЦКв ЛО аЫТЭЭОЧ ТЧ the 

microscopic or macroscopic ISOTXS format for use in subsequent transport or diffusion 

theory codes. The microscopic ISOTXS cross-sections contain the full Po and P1 scattering 

matrices for transport calculations, but their primary use will be in Multigroup diffusion 

theory analyses [2]. The cross sections are also burnup and spatially dependent. The cross 
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section and energy group of the 69 library groups are shown in Appendix B. 

Main purposes of this code developing algorithms for the WIMS code, creating main 

data and prelude data to calculate spectra for few spatial region and rated regions in 

homogeneous medium, creating libraries for theses program. WIMS code and its 69 group 

libraries are found to be one of the adequate predictor of cell reactivity, burnup process and 

flux spectrum cell modelling. The input data model includes prelude data (the two transport 

solutions i.e. PERSUS & DSN) and main data (geometry, composition, cell characteristics, 

burnup and reaction rate edit). 
 

1.2.2. The general scheme of WIMS-ANL simulation method 
 

To perform neutron calculation in the core of the reactor, simulation of the reactor is 

required. In this research work, the cell calculation which stimulates the fuel assembly in the 

reactor core was performed and the output was used in the core calculation which apparently 

determines the neutronic parameters of the reactor. Firstly, the simulation of the fuel 

assembly, the WIMS-ANL codes were used. It is necessary to remember that the occurring 

process in the simulation corresponds to the actual physical process. A neutron will be 

absorbed by a nuclei to sustain the fission chain reaction by dividing itself and releasing 

energy. These happens at the end of the simulation, the particle that appear in simulation is 

known as the neutron flux (neutron clusters). Internally, the WIMS code also generates 

region-averaged cross sections in an intermediate group structure that can utilize maximum 

number of fine groups in the library. Presently, fine-group libraries with 69 and 172 groups 

are used in the ANL RERTR Program [2]. 

The WIMS-ANL codes uses the transport theory to calculate the neutron flux as a 

function of energy and positions in the cell. It begins by performing spectra calculations for 

few regions in the full number of energy groups of its 69 library and uses these spectra to 

condense the basic cross section into few groups. The obtained flux values are then expanded 

by using the formal spectra calculations in order for the reaction rate at reach point to be 

calculated in each library structure. Different geometries such as (the elementary ones are 

homogenous, annulus, rod clusters in cylindrical geometry and finite cylinders in r-z 

geometry) are evaluated. In addition to the primary cell calculations, the program is used to 

carryout burnup calculations using time steps intervals or power value. 

Moreover, the program reads the basic macroscopic cross section from its library tape. 

It then calculates the macro cross sections for each material, with automatically calculated 

resonance shielding the preliminary spectrum is evaluated using the collision probability 

methods. In this work, fuel assemblies with different enrichments has been modelled using the 

WDSN (transport calculations are performed in one dimension) and the main transport option 

for finding the problem (homogenous) in the finite geometric medium. In modeling it is 

recommended to convert the hexagonal structure of the fuel assembly (having a triangular 

lattice pitch) to circular fuel assembly model since WIMS code can only perform cell 

calculation in circular model. In converting the hexagonal structure to the circular model the 

volume remains unchanged. The fig 5 and fig 6 below shows the hexagonal model and the 

circular model used for cell computation respectively. 
 

 
Fig. 5. – Hexagonal model Fig. 6. – ɋircular model for a unit cell 
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The WIMS code requires the following information; 

– the material of each part of the cell, 

– the geometry of the fuel assembly, 

– burnup parameters, 

– buckling value of the call, 

– temperature and power used and other information depending on the method used for 

the calculation. At the end of the simulation, the values obtained for effective multiplication 

factor in each medium were used in evaluating the optimum sizes for the four regions of the 

lattice cell and were further used for optimizing the neutronic parameter associated with the 

dynamics of the reactor. 
 

1.2.3. Simulating the VVER-1200 reactor core using WIMS-ANL codes 

 

Analysis was performed on the neutronic characteristics associated with the reactor 

VVER-1200 design using the WIMS-ANL code. In simulating, two main inputs were used i.e. 

the main input data and the prelude input data. 

The prelude input option comprises of method of solution, which contains the 

SEQUENCE card which defined the main transport routine used in the lattice calculation, and 

the CELL card was used in the selecting the cell type which in this case was a single 

homogenous cell [1], 2) accuracy of solution which contains the NGROUP card which set the 

number of main transport group that was used. Note the larger the number of group selected 

usually results in a more accurate flux and cell reactivity calculation and the NMESH card 

was set to calculate the number of mesh points in the main transportation calculations. 

Description of the core geometry (NREGION) and compositions (NMATERIAL) were 

also defined in the prelude data. The NREGION card was used to set the number of zones in 

the given lattice whilst the material card defined the number of material component and lastly 

the NREACT card was used in some cases [1] for the finite medium. 

The secondary input option for a one dimensional geometry the ANNULUS card was 

used to define the unit cell and the NMATERIAL card in specified the density/composition, 

temperature and spectrum type of the material in the set lattice, other input used in the main 

data were the POWERC (calculation of fuel depletion over a time step) card, reaction rate 

card and the ISOTXS (for writing micro and macro cross section in the output data file), the 

BEGINC card which ends the main data input and the PRTOPT card set at 1 to edit result in 

the full output [1]. 

 

2. Description of research  

 

In this study the determination of the neutronic characteristics associated with the 

dynamics if the reactor which leads to the increase or decrease of the campaign length has 

been evaluated. Parameters such as reactivity and reactivity feedback were calculated. The 

reactivity associated with the xenon transients arising from power level change were also 

calculated. Calculations were also carried out on energy contribution by each fuel 

composition in the cell. All the parameters were performed for different uranium enrichment 

(from the very low enrichment to the highly enriched uranium) in finite or infinite medium as 

a function of buckling. Insertion the fuel assemblies (section 1.1.1) into the core of the 

reactor, it is important to know that the fuel elements contains fresh fuel isotopic 

compositions yet to be irradiated by thermal neutrons.  

In order to get the accurate optimum lattice of the unit cell and have an overall idea 

about the optimization of the fuel consumption in the reactor, contribution of every individual 

isotope was calculated based on the enrichment. The concentrations of every individual 
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isotope of fuel such as 
235

U, 
238

U, O2 were comprehensively calculated based on the 

enrichment given and their respective reactivity were analyzed based on Keff values obtained 

from the WIMS-ANL. Below is a graph which indicate the effect of reactivity on the fuel 

enrichment as it varies.  

 
 

Fig. 7. – Reactivity of VVER-1200 vs. fuel enrichment 

 

The result of the calculation shows that the reactivity of the reactor increases with an 

increase in fuel enrichment. This is due to the fact that effective multiplication factor of 

neutron generation (neutrons in the multiplying medium) increases as the enrichment of fissile 

isotope increases. As the number of fissile isotopes in the fuel increase the kinetic energy of 

the neutrons causing fission, thus the higher neutron population (neutron flux) which is 

directly proportion to the energy (E) of the reactor. Hence the reactivity which directly 

reflects the responsiveness of a reactor to the change in neutron balance also increases. 
 

3. Calculation of optimum size using WIMS-ANL 
 

From the neutronic point of view, the optimum sizes occurred where Keff is maximum in 

ЭСО МШХН гОЫШ ЩШаОЫ ЫОКМЭШЫ МШЧНТЭТШЧ (Т.О. T = β0˚C). TСО VVER-1200 reactor core was 

firstly simulated, using the WIMS-ANL program with various allowable values for each 

annulus (ANNULUS 1: region of gap in fuel pellet, annulus 2: fuel region, annulus 3: 

cladding and annulus 4 annular cooling thickness) of the lattice cell. 

 

 

 
 

Fig. 8. – lattice cell structure and a fuel assembly 
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After simulation, the results of the experiment show that the maximum Keff for 

ANNULUS 4 (with radius ranging from 0,45 cm to 1cm) for VVER-1200 with 2% to 4,5% 

fuel enrichment were found at radius 0,55cm. The same procedure is repeated for annulus 

1(with radius ranging from 0,01 to 0,15cm) , 2( radius between 0,2 to 0,45cm) and 3 ( 0,4 to 

0,75 cm) and their obtained values were proposed to be 0,01 , 0,45 and 0.5425 respectively. 

Figure 2.1 below shows the optimum radius of coolant region. 

 

 
 

Fig. 9 – Dependence of Keff on coolant channel radius 

 

Below is a tabulated values for the optimum sizes of coolant/moderator. Similar values 

were obtained in both finite and infinite medium. 

 

Tab. 2. – optimum sizes of coolant for each enrichment 

 

Enrichment% Max keff Optimum size 

1% 0.9705 0.75 

3% 1.3788 0.85 

5% 1.5062 0.95 

10% 1.6307 1 

30% 1.7395 1.15 

 

The optimized configurations were used as the new input for the subsequent 

calculations. The optimum values obtained were reintroduced in the lattice cell and examine 

to it effect and the neutronic parameters associated with the optimized core were then 

investigated. 
 

4. Conclusion 
 

Calculated by WIMS-ANL, the Keff changes at different fuel concentrations and at 

different cooling water channel sizes, and the maximum appears. The higher the fuel 
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concentration, the higher the keff value. As the size of the sink changes, the keff value first 

increases and then decreases. 
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ɜɫɩɨɦɨɝɚɬɟɥɶɧɵɯ ɫɢɫɬɟɦ, ɨɛɨɪɭɞɨɜɚɧɢɹ, ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɨɣ ɢ ɪɟɦɨɧɬɧɨɣ ɨɫɧɚɫɬɤɢ, 
ɧɚɤɨɩɢɜɲɢɯɫɹ ɨɬɯɨɞɨɜ ɪɟɦɨɧɬɧɵɯ ɪɚɛɨɬ ɢ ɞɪɭɝɢɯ ɨɛɴɟɤɬɨɜ. Ʉɚɤ ɩɪɚɜɢɥɨ, ɞɚɧɧɵɟ 
ɪɚɛɨɬɵ ɢɦɟɸɬ ɪɚɞɢɚɰɢɨɧɧɨ-ɨɩɚɫɧɵɣ ɯɚɪɚɤɬɟɪ ɢ ɬɪɟɛɭɸɬ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɩɨɞɯɨɞɚ ɤ 
ɪɚɡɪɚɛɨɬɤɟ ɞɥɹ ɧɢɯ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ, ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɨɫɧɚɫɬɤɢ. ȼ ɪɚɦɤɚɯ 
ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɵ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɟɤɨɬɨɪɵɟ ɩɪɚɤɬɢɱɟɫɤɢɟ ɪɟɡɭɥɶɬɚɬɵ, ɩɨɥɭɱɟɧɧɵɟ ɩɪɢ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɢ ɬɟɯɧɨɥɨɝɢɣ ɞɚɧɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ. 

ɇɚ ɷɬɚɩɟ ɩɨɞɝɨɬɨɜɤɢ ɤ ɜɵɜɨɞɭ ɢɡ ɷɤɫɩɥɭɚɬɚɰɢɢ ɞɜɭɯ ɛɥɨɤɨɜ ɩɟɪɜɨɣ ɨɱɟɪɟɞɢ 
Ȼɟɥɨɹɪɫɤɨɣ Ⱥɗɋ ɫ ɤɚɧɚɥɶɧɵɦɢ ɭɪɚɧ-ɝɪɚɮɢɬɨɜɵɦɢ ɪɟɚɤɬɨɪɚɦɢ ɩɪɟɞɭɫɦɨɬɪɟɧɨ 
ɩɪɨɜɟɞɟɧɢɟ ɪɚɛɨɬ ɩɨ ɮɪɚɝɦɟɧɬɚɰɢɢ, ɤɨɧɬɟɣɧɢɪɨɜɚɧɢɸ ɢ ɩɟɪɟɦɟɳɟɧɢɸ ɧɚ ɨɬɜɟɞɟɧɧɨɟ 
ɦɟɫɬɨ ɜɪɟɦɟɧɧɨɝɨ ɯɪɚɧɟɧɢɹ ɞɥɢɧɧɨɦɟɪɧɵɯ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɨɬɯɨɞɨɜ (ɊȺɈ) ɢɡ 
ɰɟɧɬɪɚɥɶɧɵɯ ɡɚɥɨɜ (ɐɁ), ɹɱɟɟɤ ɪɟɚɤɬɨɪɧɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ (Ɋɉ), ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɲɚɯɬ 
(Ɍɒ) ɢ ɛɚɫɫɟɣɧɨɜ ɜɵɞɟɪɠɤɢ (Ȼȼ) Д1Ж.  

Ɉɛɳɟɟ ɤɨɥɢɱɟɫɬɜɨ ɞɥɢɧɧɨɦɟɪɧɵɯ ɊȺɈ, ɤ ɤɨɬɨɪɵɦ, ɧɚɩɪɢɦɟɪ, ɨɬɧɨɫɹɬɫɹ ɤɚɧɚɥɵ, 
ɲɬɚɧɝɨɜɵɣ ɪɟɦɨɧɬɧɵɣ ɢɧɫɬɪɭɦɟɧɬ, ɩɟɧɚɥɵ ɫ ɨɛɥɭɱɟɧɧɵɦɢ ɝɪɚɮɢɬɨɜɵɦɢ ɛɥɨɤɚɦɢ 
ɫɨɫɬɚɜɥɹɟɬ ɛɨɥɟɟ 1000 ɟɞɢɧɢɰ. Ⱦɥɹ ɜɵɩɨɥɧɟɧɢɹ ɷɬɢɯ ɪɚɛɨɬ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɢɦɟɸɳɟɣɫɹ 
ɧɚ Ȼɟɥɨɹɪɫɤɨɣ Ⱥɗɋ ɡɚɳɢɬɧɨɣ («ɝɨɪɹɱɟɣ») ɤɚɦɟɪɵ ɧɟɜɨɡɦɨɠɧɨ. ɒɬɚɬɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 
ɢ ɩɨɦɟɳɟɧɢɹ ɞɥɹ ɬɚɤɨɝɨ ɪɨɞɚ ɪɚɛɨɬ ɧɚ ɫɬɚɧɰɢɢ ɧɟ ɩɪɟɞɭɫɦɨɬɪɟɧɵ. 

Ⱦɥɢɧɧɨɦɟɪɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɫɥɟɞɭɸɳɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ: 
– ɬɪɭɛɧɵɟ ɢ ɩɪɭɬɤɨɜɵɟ ɞɥɢɧɧɨɦɟɪɵ ɢɡ ɤɨɪɪɨɡɢɨɧɧɨ-ɫɬɨɣɤɨɣ ɢ ɭɝɥɟɪɨɞɢɫɬɨɣ 

ɫɬɚɥɢ ɞɢɚɦɟɬɪɨɦ ɨɬ γ0 ɞɨ 110 ɦɦ, ɞɥɢɧɨɣ ɞɨ 18 ɦ; 
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– ɩɟɧɚɥɵ ɤɜɚɞɪɚɬɧɨɝɨ ɫɟɱɟɧɢɹ β40×β40 ɦɦ ɢɡ ɭɝɥɟɪɨɞɢɫɬɨɣ ɫɬɚɥɢ ɫ ɬɨɥɳɢɧɨɣ 
ɫɬɟɧɤɢ β ɦɦ ɢ ɞɥɢɧɨɣ 1γ,5 ɦ ɜ ɤɨɥɢɱɟɫɬɜɟ 10 ɲɬ.; 

– ɩɟɧɚɥɵ ɤɪɭɝɥɨɝɨ ɫɟɱɟɧɢɹ ɞɢɚɦɟɬɪɨɦ γβ5 ɦɦ ɢɡ ɭɝɥɟɪɨɞɢɫɬɨɣ ɫɬɚɥɢ ɫ ɬɨɥɳɢɧɨɣ 
ɫɬɟɧɤɢ 8 ɦɦ ɢ ɞɥɢɧɨɣ 14 ɦ ɜ ɤɨɥɢɱɟɫɬɜɟ 6 ɲɬ. 

ɂɫɯɨɞɹ ɢɡ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ, ɞɥɢɧɧɨɦɟɪɵ ɯɪɚɧɹɬɫɹ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ 
ɩɨɥɨɠɟɧɢɢ, ɞɥɹ ɛɨɥɶɲɢɧɫɬɜɚ ɢɡ ɧɢɯ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɤɚɧɬɨɜɚɧɢɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɦɨɫɬɨɜɨɝɨ ɤɪɚɧɚ ɐɁ ɧɟɜɨɡɦɨɠɧɨ ɢɡ-ɡɚ ɨɩɚɫɧɨɫɬɢ ɞɟɮɨɪɦɢɪɨɜɚɧɢɹ ɢ (ɢɥɢ) ɪɚɡɪɭɲɟɧɢɹ. 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɨ ɨɛɪɚɳɟɧɢɸ ɫ ɞɥɢɧɧɨɦɟɪɧɵɦɢ ɊȺɈ ɩɟɪɜɨɣ ɨɱɟɪɟɞɢ 
Ȼɟɥɨɹɪɫɤɨɣ Ⱥɗɋ ȺɈ «ɇɂɄɂɗɌ» ɜ ɤɨɨɩɟɪɚɰɢɢ ɫ ɨɪɝɚɧɢɡɚɰɢɹɦɢ ɧɚɭɱɧɨ-

ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɣ ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ ɝ. ȼɨɥɝɨɞɨɧɫɤɚ (ȼɇɂɂȺɆ, ȼɂ (ɮ) ɘɊȽɌɍ (ɇɉɂ), 
ɚ ɡɚɬɟɦ ȼɂɌɂ ɇɂəɍ ɆɂɎɂ), ɪɚɡɪɚɛɨɬɚɥɢ, ɢɡɝɨɬɨɜɢɥɢ, ɫɦɨɧɬɢɪɨɜɚɥɢ ɜ ɐɁ ɩɟɪɜɨɝɨ 
ɛɥɨɤɚ ɢ ɫɞɚɥɢ ɜ ɨɩɵɬɧɭɸ ɷɤɫɩɥɭɚɬɚɰɢɸ ɭɫɬɚɧɨɜɤɭ ɞɥɹ ɪɚɡɞɟɥɤɢ ɧɚ ɮɪɚɝɦɟɧɬɵ ɞɚɧɧɵɯ 
ɨɛɴɟɤɬɨɜ. 

ɂɫɯɨɞɧɵɟ ɩɪɟɞɩɨɫɵɥɤɢ ɪɚɡɪɚɛɨɬɤɢ – ɩɪɢɦɟɧɟɧɢɟ ɬɟɯɧɨɥɨɝɢɢ ɫɨɜɪɟɦɟɧɧɨɝɨ 
ɬɟɯɧɢɱɟɫɤɨɝɨ ɭɪɨɜɧɹ ɢ ɞɨɫɬɚɬɨɱɧɨɣ ɩɪɨɢɡɜɨɞɢɬɟɥɶɧɨɫɬɢ, ɚɞɚɩɬɢɪɨɜɚɧɧɨɣ ɤ 
ɤɨɧɫɬɪɭɤɬɢɜɧɵɦ ɩɚɪɚɦɟɬɪɚɦ ɨɛɴɟɤɬɨɜ ɜɨɡɞɟɣɫɬɜɢɹ, ɨɬɜɟɱɚɸɳɟɣ ɩɪɢɧɰɢɩɚɦ 
ɨɛɟɫɩɟɱɟɧɢɹ ɪɚɞɢɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɢ ɫɭɳɟɫɬɜɭɸɳɢɦ ɪɟɫɭɪɫɧɵɦ ɨɝɪɚɧɢɱɟɧɢɟɦ 
(ɞɨɡɨɜɵɦɢ, ɦɚɬɟɪɢɚɥɶɧɵɦɢ, ɮɢɧɚɧɫɨɜɵɦɢ, ɜɪɟɦɟɧɧɵɦɢ) Дβ–5]. 

Ɉɫɧɨɜɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦɭ ɩɪɨɰɟɫɫɭ ɮɪɚɝɦɟɧɬɚɰɢɢ ɢ 
ɤɨɧɬɟɣɧɟɪɢɡɚɰɢɢ ɞɥɢɧɧɨɦɟɪɨɜ, ɪɟɚɥɢɡɨɜɚɧɧɵɟ ɜ ɩɪɨɟɤɬɟ: 

– ɩɪɢɦɟɧɟɧɢɟ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɫɧɚɫɬɤɢ, 
ɢɧɫɬɪɭɦɟɧɬɚ; 

– ɨɛɟɫɩɟɱɟɧɢɟ ɪɚɞɢɚɰɢɨɧɧɨɣ ɢ ɬɟɯɧɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɷɤɫɩɥɭɚɬɚɰɢɢ 
ɭɫɬɚɧɨɜɤɢ; 

– ɜɵɩɨɥɧɟɧɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɯ ɨɩɟɪɚɰɢɣ ɜ ɞɢɫɬɚɧɰɢɨɧɧɨɦ ɪɟɠɢɦɟ ɭɩɪɚɜɥɟɧɢɹ; 
– ɨɛɟɫɩɟɱɟɧɢɟ ɧɚɞɟɠɧɨɫɬɢ, ɛɟɡɨɬɤɚɡɧɨɫɬɢ ɢ ɪɟɦɨɧɬɨɩɪɢɝɨɞɧɨɫɬɢ ɭɫɬɚɧɨɜɤɢ. 
ɍɫɬɚɧɨɜɤɚ ɫɭɳɟɫɬɜɟɧɧɨ ɨɬɥɢɱɚɟɬɫɹ ɩɨ ɤɨɧɫɬɪɭɤɰɢɢ ɢ ɬɟɯɧɨɥɨɝɢɢ ɨɛɪɚɳɟɧɢɹ ɫ 

ɞɥɢɧɧɨɦɟɪɧɵɦɢ ɊȺɈ ɨɬ ɪɚɡɪɚɛɨɬɚɧɧɵɯ ɪɚɧɟɟ ȺɈ «ɇɂɄɂɗɌ» ɫɨɜɦɟɫɬɧɨ ɫ ȼɇɂɂȺɆ 
ɩɪɨɟɤɬɨɜ ɚɧɚɥɨɝɢɱɧɨɝɨ ɧɚɡɧɚɱɟɧɢɹ, ɜ ɤɨɬɨɪɵɯ: 

– ɢɫɩɨɥɶɡɨɜɚɧ ɩɪɨɦɵɲɥɟɧɧɨ ɢɡɝɨɬɚɜɥɢɜɚɟɦɵɣ ɞɥɹ Ⱥɗɋ ɦɟɯɚɧɢɡɦ ɪɭɛɤɢ ɤɚɧɚɥɨɜ 
Д6Ж, ɜ ɪɚɛɨɱɭɸ ɡɨɧɭ ɤɨɬɨɪɨɝɨ ɨɧɢ ɞɨɥɠɧɵ ɩɨɞɚɜɚɬɶɫɹ ɢɡ ɩɨɥɨɠɟɧɢɹ ɩɨɞɜɟɫɤɢ ɧɚ 
ɦɨɫɬɨɜɨɦ ɤɪɚɧɟ ɐɁ, ɫɨɡɞɚɜɚɹ ɩɪɢ ɷɬɨɦ ɜɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɮɨɧɚ (ɩɪɢɱɟɦ 
ɪɚɡɞɟɥɤɚ ɦɟɯɚɧɢɡɦɨɦ ɩɟɧɚɥɨɜ ɫ ɝɪɚɮɢɬɨɦ ɬɟɯɧɢɱɟɫɤɢ ɧɟɜɨɡɦɨɠɧɚ);  

– ɪɚɡɞɟɥɤɚ (ɪɟɡɤɚ) ɧɚ ɮɪɚɝɦɟɧɬɵ ɩɟɧɚɥɨɜ ɫ ɨɛɥɭɱɟɧɧɵɦ ɝɪɚɮɢɬɨɦ Д7Ж 
ɜɵɩɨɥɧɹɟɬɫɹ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɦ ɩɨɥɨɠɟɧɢɢ ɮɪɚɝɦɟɧɬɢɪɭɟɦɨɝɨ ɩɟɧɚɥɚ (ɩɨ ɷɬɨɣ ɩɪɢɱɢɧɟ 
ɪɚɡɪɚɛɨɬɚɧɚ ɫɩɟɰɢɚɥɶɧɚɹ ɬɪɚɜɟɪɫɚ ɞɥɹ ɟɝɨ ɢɡɜɥɟɱɟɧɢɹ ɢɡ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɲɚɯɬɵ, 
ɩɟɪɟɦɟɳɟɧɢɹ ɢ ɤɚɧɬɨɜɚɧɢɹ), ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɡɧɚɱɢɬɟɥɶɧɨɣ ɩɨ ɪɚɡɦɟɪɭ ɩɥɨɳɚɞɢ ɐɁ, 
ɤɨɬɨɪɭɸ ɧɟɨɛɯɨɞɢɦɨ ɨɬɞɟɥɢɬɶ ɪɚɞɢɚɰɢɨɧɧɨ-ɡɚɳɢɬɧɵɦ ɷɤɪɚɧɨɦ. 

Ⱦɥɹ ɩɪɢɧɹɬɨɣ ɜ ɨɩɵɬɧɭɸ ɷɤɫɩɥɭɚɬɚɰɢɸ ɭɫɬɚɧɨɜɤɢ Д8–10Ж ɯɚɪɚɤɬɟɪɧɵ ɫɥɟɞɭɸɳɢɟ 
ɨɫɨɛɟɧɧɨɫɬɢ: 

– ɪɚɫɩɨɥɨɠɟɧɢɟ ɭɫɬɚɧɨɜɤɢ ɧɚɞ Ɍɒ ɫ ɪɚɡɦɟɳɟɧɢɟɦ ɮɪɚɝɦɟɧɬɢɪɭɟɦɨɝɨ 
ɞɥɢɧɧɨɦɟɪɧɨɝɨ ɢɡɞɟɥɢɹ ɜ Ɍɒ, ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɫɭɳɟɫɬɜɟɧɧɨ ɫɧɢɡɢɬɶ ɭɪɨɜɟɧɶ 
ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɮɨɧɚ ɜ ɪɚɛɨɱɟɣ ɡɨɧɟ ɢ ɨɤɪɭɠɚɸɳɟɦ ɩɪɨɫɬɪɚɧɫɬɜɟ ɐɁ; 

– ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɡɞɟɥɤɢ (ɪɟɡɤɢ) ɧɚ ɮɪɚɝɦɟɧɬɵ ɫɚɛɟɥɶɧɨɣ ɩɢɥɨɣ ɜɫɟɣ 
ɩɪɟɞɭɫɦɨɬɪɟɧɧɨɣ ɧɨɦɟɧɤɥɚɬɭɪɵ ɞɥɢɧɧɨɦɟɪɧɵɯ ɢɡɞɟɥɢɣ; 

– ɜɨɡɦɨɠɧɨɫɬɶ ɪɚɡɞɟɥɶɧɨɝɨ ɤɨɧɬɟɣɧɢɪɨɜɚɧɢɹ ɮɪɚɝɦɟɧɬɨɜ ɩɟɧɚɥɨɜ ɫ ɨɛɥɭɱɟɧɧɵɦ 
ɝɪɚɮɢɬɨɦ ɩɨ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɢ ɝɪɚɮɢɬɨɜɨɣ ɤɨɦɩɨɧɟɧɬɟ; 

– ɧɟɛɨɥɶɲɨɣ ɨɛɴɟɦ ɩɪɨɫɬɪɚɧɫɬɜɚ, ɧɟɨɛɯɨɞɢɦɵɣ ɞɥɹ ɪɚɡɦɟɳɟɧɢɹ ɭɫɬɚɧɨɜɤɢ ɜ ɐɁ; 
– ɜɵɧɟɫɟɧɧɵɣ ɡɚ ɩɪɟɞɟɥɵ ɪɚɛɨɱɟɣ ɡɨɧɵ ɩɭɥɶɬ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɧɚɛɥɸɞɟɧɢɹ ɢ 

ɭɩɪɚɜɥɟɧɢɹ. 
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ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɜ ɤɨɦɩɨɧɨɜɤɟ ɭɫɬɚɧɨɜɤɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɲɚɯɬɵ ɩɨɡɜɨɥɹɟɬ ɬɚɤɠɟ 
ɥɨɤɚɥɢɡɨɜɚɬɶ ɩɪɨɹɜɥɟɧɢɹ ɜɨɡɦɨɠɧɵɯ ɧɟɲɬɚɬɧɵɯ ɫɢɬɭɚɰɢɣ. 

Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɫɬɚɧɨɜɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1. 
Ɋɚɫɫɦɨɬɪɢɦ ɨɫɧɨɜɧɵɟ ɤɨɧɫɬɪɭɤɬɨɪɫɤɨ-ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɪɟɲɟɧɢɹ (ɪɢɫɭɧɨɤ 1), 

ɨɛɟɫɩɟɱɢɜɚɸɳɢɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɣ ɰɢɤɥ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɭɫɬɚɧɨɜɤɢ ɜ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɫɬɢ:  

– ɪɚɡɦɟɳɟɧɢɟ ɞɥɢɧɧɨɦɟɪɚ ɜ ɲɚɯɬɧɨɦ ɩɨɞɴɟɦɧɢɤɟ;  
– ɩɨɞɚɱɚ ɞɥɢɧɧɨɦɟɪɚ ɜɜɟɪɯ ɧɚ ɜɵɫɨɬɭ ɨɬɪɟɡɚɟɦɨɝɨ ɮɪɚɝɦɟɧɬɚ, ɡɚɤɪɟɩɥɟɧɢɟ 

ɞɥɢɧɧɨɦɟɪɚ ɜ ɩɨɥɨɠɟɧɢɢ ɨɬɪɟɡɤɢ ɮɪɚɝɦɟɧɬɚ; 
– ɡɚɯɜɚɬ ɨɬɪɟɡɚɟɦɨɝɨ ɮɪɚɝɦɟɧɬɚ ɦɟɯɚɧɢɱɟɫɤɨɣ ɪɭɤɨɣ, ɨɬɪɟɡɤɚ ɮɪɚɝɦɟɧɬɚ 

ɫɚɛɟɥɶɧɨɣ ɩɢɥɨɣ; 
 

Ɍɚɛɥɢɰɚ 1. – Ɍɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɭɫɬɚɧɨɜɤɢ ɮɪɚɝɦɟɧɬɚɰɢɢ [Technical 

characteristics of the fragmentation installation] 
ɇɚɢɦɟɧɨɜɚɧɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ Ɏɭɧɤɰɢɢ ɢ ɩɨɤɚɡɚɬɟɥɢ 

ȼɵɩɨɥɧɹɟɦɵɟ ɮɭɧɤɰɢɢ – ɩɪɢɟɦ ɜ ɫɩɟɰɢɚɥɶɧɨɦ ɝɧɟɡɞɟ ɲɚɯɬɧɨɝɨ ɩɨɞɴɟɦɧɢɤɚ 
ɧɢɠɧɟɝɨ ɬɨɪɰɚ ɞɥɢɧɧɨɦɟɪɚ, ɨɩɭɫɤɚɧɢɟ ɞɥɢɧɧɨɦɟɪɚ ɜ 
ɲɚɯɬɭ, ɫɬɭɩɟɧɱɚɬɵɣ ɩɨɞɴɟɦ ɞɥɢɧɧɨɦɟɪɚ ɧɚ ɪɚɡɦɟɪ 
ɨɬɪɟɡɚɟɦɨɝɨ ɮɪɚɝɦɟɧɬɚ; 
– ɮɢɤɫɚɰɢɹ ɞɥɢɧɧɨɦɟɪɚ ɜ ɡɚɠɢɦɧɨɦ ɭɫɬɪɨɣɫɬɜɟ; 
– ɮɢɤɫɚɰɢɹ ɨɬɪɟɡɚɟɦɨɝɨ ɞɥɢɧɧɨɦɟɪɚ ɦɟɯɚɧɢɱɟɫɤɨɣ 
ɪɭɤɨɣ; 
– ɨɬɪɟɡɤɚ ɮɪɚɝɦɟɧɬɚ ɞɥɢɧɧɨɦɟɪɚ ɫɚɛɟɥɶɧɨɣ ɩɢɥɨɣ; 
– ɩɟɪɟɦɟɳɟɧɢɟ ɢ ɫɛɪɚɫɵɜɚɧɢɟ ɮɪɚɝɦɟɧɬɚ ɜ ɤɨɧɬɟɣɧɟɪ 
(ɞɥɹ ɮɪɚɝɦɟɧɬɚ ɫ ɝɪɚɮɢɬɨɦ ɨɬɞɟɥɶɧɨ ɜ ɪɚɡɧɵɟ 
ɤɨɧɬɟɣɧɟɪɵ) 

ɋɩɨɫɨɛ ɭɩɪɚɜɥɟɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɵɣ ɫ ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɢ ɩɧɟɜɦɚɬɢɱɟɫɤɨɣ 
ɤɨɦɩɨɧɟɧɬɚɦɢ ɭɩɪɚɜɥɟɧɢɹ 

ɉɚɪɚɦɟɬɪɵ ɞɥɢɧɧɨɦɟɪɨɜ:  

– ɞɢɚɦɟɬɪ, ɦɦ ɨɬ γ0 ɞɨ γ50 

– ɞɥɢɧɚ, ɦɦ ɞɨ 18 000 

– ɦɚɫɫɚ, ɤɝ ɞɨ 500 

Ⱦɥɢɧɚ ɮɪɚɝɦɟɧɬɨɜ, ɦɦ: 
– ɞɥɹ ɩɟɧɚɥɨɜ ɫ ɝɪɚɮɢɬɨɦ 

– ɞɥɹ ɬɪɭɛɧɵɯ ɞɥɢɧɧɨɦɟɪɨɜ 

 

300 

ɞɨ 1000 

Ɇɨɳɧɨɫɬɶ ɩɪɢɜɨɞɚ ɫɚɛɟɥɶɧɨɣ ɩɢɥɵ, ɤȼɬ  1,4 

Ɇɨɳɧɨɫɬɶ ɩɪɢɜɨɞɚ ɲɚɯɬɧɨɝɨ ɩɨɞɴɟɦɧɢɤɚ, 
ɤȼɬ 

0,75 

Ⱦɚɜɥɟɧɢɟ ɜ ɫɟɬɢ ɫɠɚɬɨɝɨ ɜɨɡɞɭɯɚ, Ɇɉɚ 0,5–0,6 

ɍɝɨɥ ɩɨɜɨɪɨɬɚ ɪɭɤɢ ɡɚɯɜɚɬɚ ɨɬɪɟɡɚɟɦɨɝɨ 

ɮɪɚɝɦɟɧɬɚ: 
– ɬɪɭɛɧɨɝɨ ɞɥɢɧɧɨɦɟɪɚ 

– ɩɟɧɚɥɚ ɫ ɝɪɚɮɢɬɨɦ 

 

 

≤ β70° 

≤ 180° 

ɏɚɪɚɤɬɟɪɢɫɬɢɤɢ ɬɟɥɟɜɢɡɢɨɧɧɨɣ ɤɚɦɟɪɵ ɱɟɪɧɨ-ɛɟɥɚɹ, ɪɚɞɢɚɰɢɨɧɧɚɹ ɫɬɨɣɤɨɫɬɶ 50 Ƚɪ, 
ɪɚɡɪɟɲɚɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ 480 Ɍȼ ɥɢɧɢɣ 

Ƚɚɛɚɪɢɬɧɵɟ ɪɚɡɦɟɪɵ ɭɫɬɚɧɨɜɤɢ (ɞɥɢɧɚ ɯ 
ɲɢɪɢɧɚ ɯ ɜɵɫɨɬɚ), ɦɦ 

1800×2000×5500 

(ɫ ɩɨɫɥɟɞɭɸɳɢɦ ɭɜɟɥɢɱɟɧɢɟɦ ɜɵɫɨɬɵ ɞɨ 15000 ɦɦ ɡɚ 
ɫɱɟɬ ɭɞɥɢɧɟɧɢɹ ɲɚɯɬɧɨɝɨ ɩɨɞɴɟɦɧɢɤɚ) 

Ɇɚɫɫɚ, ɤɝ 1500 
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Ɋɢɫ. 1. – ɍɫɬɚɧɨɜɤɚ ɮɪɚɝɦɟɧɬɚɰɢɢ ɞɥɢɧɧɨɦɟɪɨɜ ДLШЧР ЯОСТМХО ПЫКРЦОЧЭКЭТШЧ ТЧЬЭКХХКЭТШЧЖ 
 

1– ɬɟɯɧɨɥɨɝɢɱɟɫɤɚɹ ɲɚɯɬɚ; 2 – ɞɥɢɧɧɨɦɟɪ; 3 – ɨɩɨɪɚ; 4 – ɩɪɢɜɨɞɧɚɹ ɤɚɪɟɬɤɚ; 5 – ɩɨɞɴɟɦɧɢɤ ɲɚɯɬɧɵɣ; 6 – ɫɚɛɟɥɶɧɚɹ ɩɢɥɚ ɩɧɟɜɦɨɡɚɠɢɦɵ ɞɥɢɧɧɨɦɟɪɨɜ; 7 – 
ɧɨɠɨɜɨɱɧɨɟ ɩɨɥɨɬɧɨ; 8 – ɩɧɟɜɦɨɰɢɥɢɧɞɪ ɤɪɭɝɨɜɨɣ ɩɨɞɚɱɢ ɫɚɛɟɥɶɧɨɣ ɩɢɥɵ; 9 – ɫɬɨɥ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɵɣ; 10 – ɥɭɱɨɤ; 11 ɡɚɫɥɨɧɤɚ; 12 –ɤɨɧɬɟɣɧɟɪ; 13 – ɩɨɜɨɪɨɬɧɚɹ 

ɪɭɤɚ ɡɚɠɢɦɚ ɨɬɪɟɡɚɟɦɵɯ ɮɪɚɝɦɟɧɬɨɜ ɬɪɭɛɧɵɯ ɞɥɢɧɧɨɦɟɪɨɜ; 14 – ɩɨɜɨɪɨɬɧɚɹ ɪɭɤɚ ɡɚɠɢɦɚ ɨɬɪɟɡɚɟɦɵɯ ɮɪɚɝɦɟɧɬɨɜ ɩɟɧɚɥɨɜ; 15 – 17 – ɩɧɟɜɦɨɰɢɥɢɧɞɪɵ ɡɚɠɢɦɚ 
ɞɥɢɧɧɨɦɟɪɨɜ; 18 – ɩɪɢɟɦɧɨɟ ɝɧɟɡɞɨ; 19 – ɧɚɩɪɚɜɥɹɸɳɚɹ; 20 – ɩɭɥɶɬ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ; 21 – ɫɢɫɬɟɦɚ ɬɟɥɟɧɚɛɥɸɞɟɧɢɹ 
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– ɩɟɪɟɦɟɳɟɧɢɟ ɨɬɪɟɡɚɧɧɨɝɨ ɮɪɚɝɦɟɧɬɚ ɜ ɤɨɧɬɟɣɧɟɪ (ɩɪɢ ɮɪɚɝɦɟɧɬɚɰɢɢ ɩɟɧɚɥɨɜ 
ɫ ɝɪɚɮɢɬɨɦ ɫ ɪɚɡɞɟɥɶɧɵɦ ɤɨɧɬɟɣɧɢɪɨɜɚɧɢɟɦ ɩɨ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɢ ɝɪɚɮɢɬɨɜɨɣ 
ɤɨɦɩɨɧɟɧɬɟ).  

1. Ⱦɥɢɧɧɨɦɟɪɧɨɟ ɢɡɞɟɥɢɟ 2 ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɦɨɫɬɨɜɵɦ ɤɪɚɧɨɦ ɐɁ ɜ ɩɪɢɟɦɧɨɟ 
ɝɧɟɡɞɨ 18 ɩɪɢɜɨɞɧɨɣ ɤɚɪɟɬɤɢ 4 ɩɨɞɴɟɦɧɢɤɚ 5, ɤɨɬɨɪɵɣ ɪɚɡɦɟɳɟɧ ɧɚ ɨɩɨɪɟ 3 ɜ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɲɚɯɬɟ 1. Ⱦɥɹ ɨɬɪɟɡɤɢ ɮɪɚɝɦɟɧɬɚ ɡɚɞɚɧɧɨɣ ɞɥɢɧɵ ɢɡɞɟɥɢɟ 2 ɩɨɞɚɟɬɫɹ ɜ 
ɡɨɧɭ ɪɟɡɤɢ ɫɧɢɡɭ ɜɜɟɪɯ ɧɚ ɞɥɢɧɭ ɮɪɚɝɦɟɧɬɚ ɩɪɢɜɨɞɧɨɣ ɤɚɪɟɬɤɨɣ 4.  

2. Ⱦɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɫɬɢ ɡɚɯɜɚɬɚ ɨɬɪɟɡɚɟɦɨɝɨ ɮɪɚɝɦɟɧɬɚ ɬɪɭɛɧɨɝɨ 
ɞɥɢɧɧɨɦɟɪɚ ɩɨɜɨɪɨɬɧɨɣ ɪɭɤɨɣ 13, ɚ ɬɚɤɠɟ ɧɚɞɟɠɧɨɫɬɢ ɡɚɠɢɦɚ ɫɚɦɨɝɨ ɬɪɭɛɧɨɝɨ 
ɞɥɢɧɧɨɦɟɪɚ ɩɟɪɟɞ ɪɟɡɤɨɣ ɧɚ ɤɚɪɟɬɤɟ 4 ɩɨɞɴɟɦɧɢɤɚ 5 ɭɫɬɚɧɨɜɥɟɧɨ ɩɪɢɟɦɧɨɟ ɝɧɟɡɞɨ 18, 

ɨɝɪɚɧɢɱɢɜɚɸɳɟɟ ɧɚɤɥɨɧ ɢ ɫɦɟɳɟɧɢɟ ɬɪɭɛɧɨɝɨ ɞɥɢɧɧɨɦɟɪɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɟɪɬɢɤɚɥɶɧɨɣ 
ɨɫɢ ɧɚɩɪɚɜɥɹɸɳɟɝɨ ɨɬɜɟɪɫɬɢɹ ɜ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɦ ɫɬɨɥɟ. ɉɪɢɟɦɧɨɟ ɝɧɟɡɞɨ ɜɵɩɨɥɧɟɧɨ 
ɜ ɜɢɞɟ ɜɬɭɥɤɢ ɫ ɤɨɧɢɱɟɫɤɢɦ ɡɚɯɨɞɨɦ ɢ ɫɬɭɩɟɧɱɚɬɵɦ ɫɤɜɨɡɧɵɦ ɨɬɜɟɪɫɬɢɟɦ ɞɥɹ 
ɭɫɬɚɧɨɜɤɢ ɧɢɠɧɟɝɨ ɬɨɪɰɚ ɞɥɢɧɧɨɦɟɪɨɜ ɪɚɡɥɢɱɧɨɝɨ ɞɢɚɦɟɬɪɚ. ȼ ɩɨɥɨɫɬɢ ɜɬɭɥɤɢ 
ɪɚɡɦɟɳɟɧɚ ɬɚɤɠɟ ɫɦɟɧɧɚɹ ɟɦɤɨɫɬɶ ɞɥɹ ɫɛɨɪɚ ɫɬɪɭɠɤɢ. ɋ ɷɬɨɣ ɠɟ ɰɟɥɶɸ ɜ 
ɧɚɩɪɚɜɥɹɸɳɟɟ ɨɬɜɟɪɫɬɢɟ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɝɨ ɫɬɨɥɚ 9 ɜɫɬɚɜɥɹɟɬɫɹ ɫɦɟɧɧɨɟ 
ɭɩɥɨɬɧɢɬɟɥɶɧɨɟ ɤɨɥɶɰɨ ɞɥɹ ɛɨɥɟɟ ɬɨɱɧɨɝɨ ɰɟɧɬɪɢɪɨɜɚɧɢɹ ɬɪɭɛɧɵɯ ɞɥɢɧɧɨɦɟɪɨɜ 
ɪɚɡɥɢɱɧɨɝɨ ɞɢɚɦɟɬɪɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɢɟɦɧɨɝɨ ɝɧɟɡɞɚ ɤɚɪɟɬɤɢ ɲɚɯɬɧɨɝɨ ɩɨɞɴɟɦɧɢɤɚ. 
ɉɪɢ ɪɚɡɞɟɥɤɟ ɧɚ ɮɪɚɝɦɟɧɬɵ ɩɟɧɚɥɨɜ ɫ ɝɪɚɮɢɬɨɦ ɩɪɢɟɦɧɨɟ ɝɧɟɡɞɨ 18 ɢ ɭɩɥɨɬɧɢɬɟɥɶɧɨɟ 
ɤɨɥɶɰɨ ɧɟ ɩɪɢɦɟɧɹɸɬɫɹ. 

3. ɇɚɜɟɞɟɧɢɟ ɭɫɬɚɧɚɜɥɢɜɚɟɦɨɝɨ ɞɥɢɧɧɨɦɟɪɚ 2 ɧɚ ɩɪɢɟɦɧɨɟ ɝɧɟɡɞɨ ɤɚɪɟɬɤɢ 
ɩɨɞɴɟɦɧɢɤɚ ɱɟɪɟɡ ɧɚɩɪɚɜɥɹɸɳɟɟ ɨɬɜɟɪɫɬɢɟ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɝɨ ɫɬɨɥɚ 9 ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɞɜɭɯɤɨɨɪɞɢɧɚɬɧɨɣ ɪɟɝɭɥɢɪɭɟɦɨɣ ɧɚɩɪɚɜɥɹɸɳɟɣ 19. Ȼɚɡɨɜɚɹ ɥɢɧɟɣɤɚ ɧɚɩɪɚɜɥɹɸɳɟɣ 
ɤɨɨɪɞɢɧɢɪɭɟɬ ɩɪɢ ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɢ ɫ ɧɟɣ ɮɪɚɝɦɟɧɬɢɪɭɟɦɵɣ ɨɛɴɟɤɬ ɩɨ ɨɞɧɨɦɭ ɢɡ 
ɧɚɩɪɚɜɥɟɧɢɣ. Ʉɨɨɪɞɢɧɢɪɨɜɚɧɢɟ ɜ ɞɪɭɝɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɬɚɤɠɟ ɧɚ ɭɫɥɨɜɢɹɯ 
ɫɨɩɪɢɤɨɫɧɨɜɟɧɢɹ ɡɚɞɚɟɬɫɹ ɩɨɞɜɢɠɧɨɣ ɥɢɧɟɣɤɨɣ, ɩɟɪɟɦɟɳɚɸɳɟɣɫɹ ɩɨ ɛɚɡɨɜɨɣ ɢ 
ɮɢɤɫɢɪɭɟɦɨɣ ɧɚ ɧɟɣ.  

4. Ɉɫɟɜɨɟ ɮɢɤɫɢɪɨɜɚɧɢɟ ɢ ɡɚɤɪɟɩɥɟɧɢɟ ɞɥɢɧɧɨɦɟɪɚ 2 ɩɟɪɟɞ ɨɬɪɟɡɤɨɣ ɮɪɚɝɦɟɧɬɚ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɝɪɭɩɩɨɣ ɩɧɟɜɦɨɰɢɥɢɧɞɪɨɜ ɩɪɹɦɨɝɨ ɞɟɣɫɬɜɢɹ (15 – ɤɨɪɨɬɤɨɯɨɞɨɜɨɣ ɫ 
ɞɨɩɨɥɧɢɬɟɥɶɧɵɦ ɜɢɧɬɨɜɵɦ ɦɟɯɚɧɢɡɦɨɦ ɪɟɝɭɥɢɪɨɜɤɢ ɩɨɥɨɠɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɩɨɩɟɪɟɱɧɨɝɨ ɫɟɱɟɧɢɹ ɞɥɢɧɧɨɦɟɪɚ, 16 – ɞɥɢɧɧɨɯɨɞɨɜɨɣ, 17– ɞɜɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨ 
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɤɨɪɨɬɤɨɯɨɞɨɜɵɯ ɰɢɥɢɧɞɪɚ). Ɂɚɠɢɦ ɬɪɭɛɧɵɯ ɞɥɢɧɧɨɦɟɪɨɜ 
ɩɪɨɢɡɜɨɞɢɬɫɹ ɰɢɥɢɧɞɪɚɦɢ 15 ɢ 16, ɞɥɹ ɡɚɠɢɦɚ ɩɟɧɚɥɨɜ ɩɪɢɦɟɧɹɸɬɫɹ ɜɫɟ ɱɟɬɵɪɟ 
ɩɧɟɜɦɨɰɢɥɢɧɞɪɚ. 

5. Ɋɟɡɤɚ ɞɥɢɧɧɨɦɟɪɧɨɝɨ ɢɡɞɟɥɢɹ 2 ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɟɝɨ ɩɨɩɟɪɟɱɧɨɦɭ ɫɟɱɟɧɢɸ, 
ɞɥɹ ɱɟɝɨ ɩɪɢɦɟɧɹɟɬɫɹ ɞɜɢɠɟɧɢɟ ɤɪɭɝɨɜɨɣ ɩɨɞɚɱɢ ɪɟɠɭɳɟɝɨ ɢɧɫɬɪɭɦɟɧɬɚ – ɪɟɠɭɳɟɝɨ 
ɩɨɥɨɬɧɚ 7 ɫɚɛɟɥɶɧɨɣ ɩɢɥɵ 6 ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɩɧɟɜɦɨɰɢɥɢɧɞɪɚ ɩɨɜɨɪɨɬɧɨɝɨ ɞɟɣɫɬɜɢɹ 
8. Ɋɟɠɭɳɟɟ ɩɨɥɨɬɧɨ ɫɨɜɟɪɲɚɟɬ ɜɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨɟ ɞɜɢɠɟɧɢɟ. ɋɚɛɟɥɶɧɚɹ ɩɢɥɚ 6 

ɢ ɩɨɜɨɪɨɬɧɵɣ ɩɧɟɜɦɨɰɢɥɢɧɞɪ 8 ɭɫɬɚɧɨɜɥɟɧɵ ɧɚ ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɦ ɫɬɨɥɟ 9. 

6. Ⱦɥɹ ɩɨɜɵɲɟɧɢɹ ɠɟɫɬɤɨɫɬɢ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɪɟɡɤɢ ɢ ɫɧɹɬɢɹ ɛɨɤɨɜɨɣ 
ɧɚɝɪɭɡɤɢ ɫɨ ɲɬɨɤɚ ɫɚɛɟɥɶɧɨɣ ɩɢɥɵ ɧɨɠɨɜɨɱɧɨɟ ɩɨɥɨɬɧɨ 7 ɨɩɢɪɚɟɬɫɹ ɬɵɥɶɧɨɣ ɫɬɨɪɨɧɨɣ 
ɧɚ ɥɭɱɨɤ 10, ɱɬɨ ɩɨɜɵɲɚɟɬ, ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ, ɪɟɠɭɳɭɸ ɫɩɨɫɨɛɧɨɫɬɶ ɧɨɠɨɜɨɱɧɨɝɨ 
ɩɨɥɨɬɧɚ, ɚ ɫ ɞɪɭɝɨɣ ɫɬɨɪɨɧɵ, ɭɥɭɱɲɚɟɬ ɭɫɥɨɜɢɹ ɪɚɛɨɬɵ ɦɟɯɚɧɢɡɦɚ ɜɨɡɜɪɚɬɧɨ-

ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɞɜɢɠɟɧɢɹ ɩɢɥɵ ɢ, ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɭɫɬɪɚɧɹɟɬ ɨɩɚɫɧɨɫɬɶ ɢɯ ɩɟɪɟɝɪɟɜɚ ɢ 
ɜɵɯɨɞɚ ɢɡ ɫɬɪɨɹ. Ʌɭɱɨɤ ɬɚɤɠɟ ɤɚɤ ɢ ɫɚɛɟɥɶɧɚɹ ɩɢɥɚ 6 ɡɚɤɪɟɩɥɟɧ ɧɚ ɩɥɚɧɲɚɣɛɟ 
ɩɧɟɜɦɨɰɢɥɢɧɞɪɚ ɩɨɜɨɪɨɬɧɨɝɨ ɞɟɣɫɬɜɢɹ 8 ɢ ɩɪɨɢɡɜɨɞɢɬ ɜɦɟɫɬɟ ɫ ɩɢɥɨɣ ɬɨɥɶɤɨ 
ɞɜɢɠɟɧɢɟ ɤɪɭɝɨɜɨɣ ɩɨɞɚɱɢ ɛɟɡ ɜɨɡɜɪɚɬɧɨ-ɩɨɫɬɭɩɚɬɟɥɶɧɨɝɨ ɯɨɞɚ. 

7. ȼɨɫɩɪɢɹɬɢɟ ɜɟɪɬɢɤɚɥɶɧɨɣ ɧɚɝɪɭɡɤɢ ɨɬ ɞɟɣɫɬɜɢɹ ɦɚɫɫɵ ɨɬɪɟɡɚɟɦɨɝɨ ɮɪɚɝɦɟɧɬɚ 
ɞɥɢɧɧɨɦɟɪɚ 2 ɢ ɩɪɟɞɨɬɜɪɚɳɟɧɢɟ ɫɦɟɳɟɧɢɹ ɜɧɢɡ ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɧɟɦ ɫɨɞɟɪɠɢɦɨɝɨ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚɫɥɨɧɤɨɣ 11, ɤɨɬɨɪɚɹ ɡɚɤɪɟɩɥɟɧɚ, ɬɚɤ ɠɟ ɤɚɤ ɢ ɫɚɛɟɥɶɧɚɹ ɩɢɥɚ 6 ɫ 
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ɥɭɱɤɨɦ 10 ɧɚ ɩɥɚɧɲɚɣɛɟ ɩɧɟɜɦɨɰɢɥɢɧɞɪɚ ɩɨɜɨɪɨɬɧɨɝɨ ɞɟɣɫɬɜɢɹ 8 ɢ ɩɪɨɢɡɜɨɞɢɬ ɜɦɟɫɬɟ 
ɫ ɧɢɦɢ ɬɨɥɶɤɨ ɞɜɢɠɟɧɢɟ ɤɪɭɝɨɜɨɣ ɩɨɞɚɱɢ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɡɚɫɥɨɧɤɢ ɩɨɡɜɨɥɹɟɬ 
ɫɬɚɛɢɥɶɧɨ ɪɚɛɨɬɚɬɶ ɫɚɛɟɥɶɧɨɣ ɩɢɥɟ ɛɟɡ ɡɚɤɥɢɧɢɜɚɧɢɹ ɪɟɠɭɳɟɝɨ ɩɨɥɨɬɧɚ, ɤɚɤ ɩɪɢ ɪɟɡɤɟ 
ɞɥɢɧɧɨɦɟɪɚ, ɬɚɤ ɢ ɩɪɢ ɩɨɫɥɟɞɭɸɳɟɦ ɩɟɪɟɦɟɳɟɧɢɢ ɮɪɚɝɦɟɧɬɚ ɩɨ ɩɨɜɟɪɯɧɨɫɬɢ 
ɢɧɫɬɪɭɦɟɧɬɚɥɶɧɨɝɨ ɫɬɨɥɚ 9 ɞɥɹ ɡɚɝɪɭɡɤɢ ɜ ɨɞɢɧ ɢɡ ɤɨɧɬɟɣɧɟɪɨɜ 12. 

8. Ⱦɥɹ ɡɚɯɜɚɬɚ ɢ ɭɞɟɪɠɚɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɨɬɪɟɡɤɢ ɮɪɚɝɦɟɧɬɚ ɬɪɭɛɧɨɝɨ ɞɥɢɧɧɨɦɟɪɚ, 
ɚ ɬɚɤɠɟ ɟɝɨ ɩɨɫɥɟɞɭɸɳɟɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɤɨɧɬɟɣɧɟɪ  12 

ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɨɜɨɪɨɬɧɚɹ ɪɭɤɚ 13. Ʉɪɭɝɨɜɚɹ ɩɨɞɚɱɚ ɪɭɤɢ ɢ ɡɚɠɢɦ ɨɬɪɟɡɚɟɦɨɝɨ 
ɮɪɚɝɦɟɧɬɚ ɨɛɟɫɩɟɱɢɜɚɸɬɫɹ ɫ ɩɨɦɨɳɶɸ ɩɧɟɜɦɨɰɢɥɢɧɞɪɨɜ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɩɨɜɨɪɨɬɧɨɝɨ 
ɢ ɩɪɹɦɨɝɨ ɞɟɣɫɬɜɢɹ. 

9. Ⱦɥɹ ɡɚɯɜɚɬɚ ɢ ɭɞɟɪɠɚɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɨɬɪɟɡɤɢ ɮɪɚɝɦɟɧɬɚ ɩɟɧɚɥɚ ɫ ɝɪɚɮɢɬɨɦ, ɚ 
ɬɚɤɠɟ ɟɝɨ ɩɨɫɥɟɞɭɸɳɟɝɨ ɩɟɪɟɦɟɳɟɧɢɹ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɜ ɤɨɧɬɟɣɧɟɪɵ 12 ɞɥɹ 
ɨɬɞɟɥɶɧɨɣ ɡɚɝɪɭɡɤɢ ɝɪɚɮɢɬɨɜɨɣ ɢ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɤɨɦɩɨɧɟɧɬɚɦɢ ɮɪɚɝɦɟɧɬɚ 
ɢɫɩɨɥɶɡɭɟɬɫɹ ɩɨɜɨɪɨɬɧɚɹ ɪɭɤɚ 14. Ɏɭɧɤɰɢɨɧɢɪɨɜɚɧɢɟ ɪɭɤɢ ɬɚɤɠɟ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɫ 
ɩɨɦɨɳɶɸ ɩɧɟɜɦɨɰɢɥɢɧɞɪɨɜ ɩɨɜɨɪɨɬɧɨɝɨ ɢ ɩɪɹɦɨɝɨ ɞɟɣɫɬɜɢɹ. 

10. ɉɭɥɶɬ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ 20 ɢ ɫɢɫɬɟɦɚ ɬɟɥɟɧɚɛɥɸɞɟɧɢɹ 21 

ɩɨɡɜɨɥɹɸɬ ɷɤɫɩɥɭɚɬɢɪɨɜɚɬɶ ɭɫɬɚɧɨɜɤɭ ɜ ɞɢɫɬɚɧɰɢɨɧɧɨɦ ɪɟɠɢɦɟ, ɤɨɧɬɪɨɥɢɪɨɜɚɬɶ 
ɩɪɨɰɟɫɫ ɪɟɡɤɢ ɞɥɢɧɧɨɦɟɪɨɜ ɢ ɡɚɝɪɭɡɤɢ ɮɪɚɝɦɟɧɬɨɜ ɜ ɤɨɧɬɟɣɧɟɪɵ. 

Ɋɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ ɭɫɬɚɧɨɜɤɢ ɩɨɞɬɜɟɪɠɞɟɧɚ ɤɨɦɩɥɟɤɫɨɦ ɢɫɩɵɬɚɧɢɣ ɦɚɤɟɬɧɵɯ ɢ 
ɨɩɵɬɧɨɝɨ ɨɛɪɚɡɰɨɜ, ɜɵɩɨɥɧɟɧɧɵɯ ɜ ȼɂɌɂ ɇɂəɍ ɆɂɎɂ ɢ ɧɚ Ȼɟɥɨɹɪɫɤɨɣ Ⱥɗɋ. 

ɉɪɢ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɨɪɝɚɧɢɡɚɰɢɢ ɪɚɛɨɬ ɧɚ ɞɚɧɧɨɣ ɭɫɬɚɧɨɜɤɟ ɜɨɡɦɨɠɧɚ 
ɫɨɪɬɢɪɨɜɤɚ ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɮɪɚɝɦɟɧɬɨɜ ɩɨ ɤɚɬɟɝɨɪɢɹɦ ɚɤɬɢɜɧɨɫɬɢ ɡɚ ɫɱɟɬ 
ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɝɨ ɢɡɦɟɪɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɨɬɞɟɥɶɧɵɯ ɞɥɢɧɧɨɦɟɪɨɜ (ɚ ɬɚɤɠɟ ɭɱɚɫɬɤɨɜ 
ɞɥɢɧɧɨɦɟɪɨɜ) ɢ ɪɚɡɦɟɳɟɧɢɹ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɧɧɵɯ ɩɨ ɚɤɬɢɜɧɨɫɬɢ ɮɪɚɝɦɟɧɬɨɜ ɜ 
ɚɞɪɟɫɧɵɯ ɤɨɧɬɟɣɧɟɪɚɯ. 

Ʉɚɤ ɩɪɢ ɮɪɚɝɦɟɧɬɚɰɢɢ ɩɟɧɚɥɨɜ ɫ ɨɛɥɭɱɟɧɧɵɦ ɝɪɚɮɢɬɨɦ, ɬɚɤ ɢ ɩɪɢ ɮɪɚɝɦɟɧɬɚɰɢɢ 
ɬɪɭɛɧɵɯ ɞɥɢɧɧɨɦɟɪɨɜ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɜɚ ɤɨɧɬɟɣɧɟɪɚ 12, ɜ ɩɟɪɜɨɦ ɫɥɭɱɚɟ – ɞɥɹ 
ɪɚɡɞɟɥɶɧɨɝɨ ɤɨɧɬɟɣɧɢɪɨɜɚɧɢɹ ɝɪɚɮɢɱɟɫɤɨɣ ɢ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɤɨɦɩɨɧɟɧɬ ɮɪɚɝɦɟɧɬɚ, ɜɨ 
ɜɬɨɪɨɦ ɫɥɭɱɚɟ – ɞɥɹ ɮɪɚɝɦɟɧɬɨɜ ɪɚɡɥɢɱɧɨɣ ɢɥɢ ɨɞɢɧɚɤɨɜɨɣ ɤɚɬɟɝɨɪɢɢ ɚɤɬɢɜɧɨɫɬɢ (ɩɨ 
ɫɢɬɭɚɰɢɢ). 

 

ɁȺɄɅɘɑȿɇɂȿ 
 

ȼ ɤɨɧɫɬɪɭɤɰɢɢ ɭɫɬɚɧɨɜɤɢ ɪɟɚɥɢɡɨɜɚɧɵ ɫɨɜɪɟɦɟɧɧɵɟ ɬɟɯɧɢɱɟɫɤɢɟ ɢ 
ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ ɜɨɡɦɨɠɧɨɫɬɢ ɜɵɩɨɥɧɟɧɢɹ ɪɟɡɤɢ ɞɥɢɧɧɨɦɟɪɧɵɯ ɊȺɈ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ 
ɭɫɬɚɧɨɜɤɢ ɩɪɟɞɨɫɬɚɜɥɹɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɫɭɳɟɫɬɜɟɧɧɨ ɫɨɤɪɚɬɢɬɶ ɞɨɡɨɡɚɬɪɚɬɵ ɩɟɪɫɨɧɚɥɚ 
ɩɪɢ ɮɪɚɝɦɟɧɬɚɰɢɢ ɞɥɢɧɧɨɦɟɪɧɵɯ ɊȺɈ ɢ ɭɩɪɨɫɬɢɬɶ ɫɨɪɬɢɪɨɜɤɭ ɮɪɚɝɦɟɧɬɨɜ ɩɨ 
ɤɚɬɟɝɨɪɢɹɦ ɚɤɬɢɜɧɨɫɬɢ. Ɋɚɡɦɟɪɵ ɢ ɪɚɫɩɨɥɨɠɟɧɢɟ ɭɫɬɚɧɨɜɤɢ ɜ ɐɁ ɩɨɡɜɨɥɹɸɬ 
ɪɚɰɢɨɧɚɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɨɫɬɪɚɧɫɬɜɨ ɐɁ. 
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Absract – The paper presents original installation design and the technology of long-term 

radioactive operational waste used fragmentation for preparing the Beloyarsk NPP first unit 

decommissioning with observance of the radiation safety conditions. Installation is mounted, 

tested and accepted for trial operation. 
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ȼ ɪɚɛɨɬɟ ɩɪɟɞɥɨɠɟɧɵ ɷɫɤɢɡɧɵɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɫɯɟɦɵ ɡɚɯɜɚɬɨɜ ɞɥɹ ɩɨɞɴɺɦɚ ɭɩɚɜɲɢɯ 
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɝɨɪɢɡɨɧɬɚɥɶɧɨ ɤɚɫɫɟɬ ɜ ɪɟɚɤɬɨɪɟ ɬɢɩɚ ȼȼɗɊ. Ɋɚɫɫɦɨɬɪɟɧɵ ɜɚɪɢɚɧɬɵ ɫɯɟɦ 
ɚɜɬɨɦɚɬɢɡɚɰɢɢ ɩɪɨɰɟɫɫɚ ɡɚɯɜɚɬɚ ɤɚɫɫɟɬ. ɋɨɡɞɚɧɚ ɛɚɡɚ ɞɥɹ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢɯ ɝɪɭɡɨɡɚɯɜɚɬɧɵɯ ɭɫɬɪɨɣɫɬɜ (ȺȽɁɍ) ɞɥɹ ɩɨɞɴɺɦɚ ɭɩɚɜɲɢɯ ɤɚɫɫɟɬ. 
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Ɉɬɫɭɬɫɬɜɢɟ ɫɩɟɰɢɚɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɩɨɞɴɺɦɚ ɭɩɚɜɲɢɯ ɤɚɫɫɟɬ ɢɥɢ 
ɝɟɪɦɨɩɟɧɚɥɨɜ ɜ ɪɟɚɤɬɨɪɟ ɬɢɩɚ ȼȼɗɊ ɩɪɢɜɟɥɨ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɟɝɨ ɫɨɡɞɚɧɢɹ, ɬ.ɤ. 
ɧɟɲɬɚɬɧɵɟ ɫɢɬɭɚɰɢɢ ɫ ɩɨɞɴɺɦɨɦ ɷɬɢɯ ɨɛɴɟɤɬɨɜ ɦɨɝɭɬ ɜɨɡɧɢɤɧɭɬɶ ɡɚ ɜɪɟɦɹ 
ɬɪɚɧɫɩɨɪɬɧɨ-ɩɟɪɟɝɪɭɡɨɱɧɵɯ ɨɩɟɪɚɰɢɣ. 

Ɇɧɨɠɟɫɬɜɨ ɝɪɭɡɨɡɚɯɜɚɬɧɵɯ ɭɫɬɪɨɣɫɬɜ Д1–4, 8–10, 14–βγЖ ɩɪɟɞɧɚɡɧɚɱɟɧɵ ɞɥɹ 
ɪɚɛɨɬɵ ɫ ɪɚɡɥɢɱɧɵɦɢ ɨɛɴɟɤɬɚɦɢ ɪɚɡɥɢɱɧɨɣ ɦɚɫɫɵ ɢ ɤɨɧɮɢɝɭɪɚɰɢɣɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɜ 
ɨɛɳɟɬɟɨɪɟɬɢɱɟɫɤɨɦ ɢɧɠɟɧɟɪɧɨɦ ɩɥɚɧɟ, ɩɨɡɜɨɥɹɸɳɟɦ ɩɪɨɟɤɬɢɪɨɜɚɬɶ, ɜ ɬɨɦ ɱɢɫɥɟ, ɢ 
ɚɜɬɨɦɚɬɢɱɟɫɤɢɟ ɝɪɭɡɨɡɚɯɜɚɬɧɵɟ ɭɫɬɪɨɣɫɬɜɚ (ȺȽɁɍ). 

ɋɨɡɞɚɧɢɟ ȺȽɁɍ ɞɥɹ ɭɩɚɜɲɢɯ ɤɚɫɫɟɬ ɢ ɝɟɪɦɨɩɟɧɚɥɨɜɹɜɥɹɟɬɫɹ ɜɟɫɶɦɚ ɫɥɨɠɧɵɦ 
ɩɪɨɰɟɫɫɨɦ, ɬ.ɤ. ȺȽɁɍ ɞɨɥɠɟɧ ɛɵɬɶ ɜɵɫɨɤɨɧɚɞɟɠɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ ɩɪɢ ɪɚɛɨɬɟ ɜ ɜɨɞɟ ɢ ɜ 
ɪɚɞɢɨɚɤɬɢɜɧɨɣ ɡɨɧɟ. 

Ɂɚɞɚɱɚ ɫɨɡɞɚɧɢɹ ɬɚɤɢɯ ɭɫɬɪɨɣɫɬɜ ɦɨɠɟɬ ɛɵɬɶ ɭɫɩɟɲɧɨ ɪɟɲɟɧɚ ɷɜɪɢɫɬɢɱɟɫɤɢɦɢ 

ɦɟɬɨɞɚɦɢ Д5–7, 24]. 

Ɉɫɨɛɟɧɧɨɫɬɶɸ ɩɪɨɰɟɫɫɚ ɩɨɞɴɺɦɚ ɭɩɚɜɲɢɯ ɤɚɫɫɟɬ ɢ ɝɟɪɦɨɩɟɧɚɥɨɜ ɹɜɥɹɟɬɫɹ 
ɭɫɥɨɜɢɟ ɩɪɢɦɟɧɟɧɢɹ ɝɢɛɤɨɝɨ ɩɨɞɜɟɫɚ, ɬ.ɤ. ɫɭɳɟɫɬɜɭɸɳɢɟ ɩɟɪɟɝɪɭɡɨɱɧɨ-ɬɪɚɧɫɩɨɪɬɧɨɟ 
ɨɛɨɪɭɞɨɜɚɧɢɟ ɞɚɠɟ ɩɪɢ ɟɝɨ ɭɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɢ ɧɟ ɩɪɢɜɟɞɺɬ ɤ ɨɩɬɢɦɚɥɶɧɵɦ ɭɫɥɨɜɢɹɦ 
ɜɜɢɞɭ ɫɢɥɶɧɨɝɨ ɭɫɥɨɠɧɟɧɢɹ ɫɭɳɟɫɬɜɭɸɳɢɯ ɤɨɧɫɬɪɭɤɰɢɣ. 

ɋɯɟɦɚɬɢɱɟɫɤɢ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɤɨɧɫɬɪɭɤɰɢɢ ɡɚɯɜɚɬɨɜ ɞɥɹ ɩɨɞɴɺɦɚ ɭɩɚɜɲɢɯ 
ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɧɚɤɥɨɧɧɨ ɤɚɫɫɟɬ Дβ5Ж ɩɨɤɚɡɵɜɚɟɬ ɜɚɪɢɚɧɬɵ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɫɯɟɦ, 
ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɯɨɞɧɵɦɢ ɤɨɧɫɬɪɭɤɰɢɹɦɢ ɩɪɢ ɫɨɡɞɚɧɢɢ ɧɨɜɵɯ ȺȽɁɍ. 

Ɇɵ ɩɪɟɞɫɬɚɜɥɹɟɦ ɢɫɯɨɞɧɵɟ ɤɨɧɫɬɪɭɤɬɢɜɧɵɟ ɫɯɟɦɵ ɜɚɪɢɚɧɬɨɜ ɡɚɯɜɚɬɚ ɭɩɚɜɲɢɯ 
ɤɚɫɫɟɬ ɢɥɢ ɩɟɧɚɥɨɜ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɝɨɪɢɡɨɧɬɚɥɶɧɨ. 

ɇɚ ɪɢɫɭɧɤɟ 1 ɩɪɟɞɫɬɚɜɥɟɧɚ ɷɫɤɢɡɧɚɹ ɫɯɟɦɚ ɡɚɯɜɚɬɚ ɜ ɩɨɥɨɠɟɧɢɢ ɧɚɜɟɞɟɧɢɹ ɧɚ 
ɭɩɚɜɲɭɸ ɪɚɫɩɨɥɨɠɟɧɧɭɸ ɝɨɪɢɡɨɧɬɚɥɶɧɨ ɤɚɫɫɟɬɭ ɜ ɪɟɚɤɬɨɪɟ ɬɢɩɚ ȼȼɗɊ. 



 ȼȺɊɂȺɇɌɕ ɄɈɇɋɌɊɍɄɌɂȼɇɕɏ ɋɏȿɆ ɁȺɏȼȺɌɈȼ ȾɅə ɉɈȾɔȿɆȺ ɍɉȺȼɒɂɏ 105 
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Ɂɚɯɜɚɬ ɫɨɫɬɨɢɬ ɢɡ ɤɨɪɩɭɫɚ 1, ɩɨɞɜɟɲɟɧɧɨɝɨ ɤ ɩɨɞɴɺɦɧɨɦɭ ɭɫɬɪɨɣɫɬɜɭ ɧɚ ɝɢɛɤɨɦ 
ɩɨɞɜɟɫɟ; ɞɜɭɯ ɤɚɧɚɬɨɜ β ɩɨɞɜɟɫɚ ɪɚɡɪɟɡɧɨɣ ɜɬɭɥɤɢ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɣ ɞɥɹ ɨɛɯɜɚɬɚ 
ɰɢɥɢɧɞɪɢɱɟɫɤɨɣ ɱɚɫɬɢ ɤɚɫɫɟɬɵ; ɤɪɸɤɚ ɮɚɫɨɧɧɨɝɨ γ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ ɞɥɹ ɡɚɯɜɚɬɚ ɡɚ 
ɲɢɩɵ 8 ɪɚɡɪɟɡɧɨɣ ɜɬɭɥɤɢ; ɮɢɤɫɚɬɨɪɚ 4, ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɝɨ ɞɥɹ ɮɢɤɫɚɰɢɢ ɤɪɸɤɚ 
ɮɚɫɨɧɧɨɝɨ γ ɜ ɨɬɜɟɞɺɧɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɟɪɟɞ ɨɫɜɨɛɨɠɞɟɧɢɟɦ ɤɚɫɫɟɬɵ, ɭɫɬɚɧɨɜɥɟɧɧɨɣ 
ɭɠɟ ɜ ɜɟɪɬɢɤɚɥɶɧɨɦ ɩɨɥɨɠɟɧɢɢ ɧɚ ɬɜɺɪɞɨɦ ɨɫɧɨɜɚɧɢɢ; ɬɨɥɤɚɬɟɥɹ 5, ɩɨɜɨɪɚɱɢɜɚɸɳɟɝɨ 
ɮɢɤɫɚɬɨɪ ɩɪɢ ɟɝɨ ɩɨɞɴɺɦɟ ɜ ɩɪɨɰɟɫɫɟ ɨɫɜɨɛɨɠɞɟɧɢɹ ɤɚɫɫɟɬɵ; ɩɪɭɠɢɧɵ 6, 
ɩɪɟɞɧɚɡɧɚɱɟɧɧɨɣ ɞɥɹ ɭɞɟɪɠɚɧɢɹ ɪɚɡɪɟɡɧɨɣ ɜɬɭɥɤɢ ɜ ɪɚɫɤɪɵɬɨɦ ɩɨɥɨɠɟɧɢɢ ɩɪɢ 
ɨɩɭɫɤɚɧɢɢ ɡɚɯɜɚɬɚ ɧɚ ɨɛɴɟɤɬ; ɤɚɧɚɬɨɜ 9 ɩɨɞɜɟɫɚ ɞɥɹ ɩɨɞɴɺɦɚ ɪɚɡɪɟɡɧɨɣ ɜɬɭɥɤɢ ɜ 
ɩɨɥɨɠɟɧɢɢ, ɩɚɪɚɥɥɟɥɶɧɨɦ ɨɫɢ ɭɩɚɜɲɟɣ ɤɚɫɫɟɬɵ. 

 

 
 

Ɋɢɫ. 1. – ɋɯɟɦɚ ɡɚɯɜɚɬɚ ɜ ɩɨɥɨɠɟɧɢɢ ɧɚɜɟɞɟɧɢɹ ɧɚ ɨɛɴɟɤɬ: 1 – ɤɨɪɩɭɫ, β – ɤɚɧɚɬ ɩɨɞɜɟɫɚ ɪɚɡɪɟɡɧɨɣ 
ɜɬɭɥɤɢ, γ – ɤɪɸɤ ɮɚɫɨɧɧɵɣ, 4 – ɮɢɤɫɚɬɨɪ, 5 – ɬɨɥɤɚɬɟɥɶ, 6 – ɩɪɭɠɢɧɚ, 7 – ɜɬɭɥɤɚ ɪɚɡɪɟɡɧɚɹ, 8 – ɲɢɩ, 9 – 

ɤɚɧɚɬ ɩɨɞɜɟɫɚ ɩɪɢ ɩɨɞɴɺɦɟ ɜɬɭɥɤɢ ɪɚɡɪɟɡɧɨɣ, 10 – ɤɚɫɫɟɬɚ ДSМСОЦКЭТМ ШП МКЩЭЮЫО ТЧ ЭСО ЩШЬТЭТШЧ ШП ШЛУОМЭ 
guidance: 1 - body, 2 - rope suspension of the split sleeve, 3 - hook shaped, 4 - retainer, 5 - pusher, 6 - spring, 7 - 

shear, 8 - tenon, 9 - rope suspension lifting bush cut, 10 - fuel assembly] 

 

ɇɚ ɜɢɞɟ Ⱥ ɩɪɟɞɫɬɚɜɥɟɧɨ ɩɨɥɨɠɟɧɢɟ ɡɚɯɜɚɬɚ ɫ ɢɡɨɛɪɚɠɟɧɢɟɦ ɞɜɭɯ ɛɨɤɨɜɢɧ 
ɤɨɪɩɭɫɚ, ɤɨɬɨɪɵɟ ɮɢɤɫɢɪɭɸɬ ɡɚɦɤɧɭɬɨɟ ɩɨɥɨɠɟɧɢɟ ɪɚɡɪɟɡɧɨɣ ɜɬɭɥɤɢ, ɩɪɟɨɞɨɥɟɜɚɹ 
ɫɥɚɛɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɩɪɭɠɢɧɵ. ȼ ɛɨɤɨɜɢɧɚɯ ɤɨɪɩɭɫɚ ɪɚɫɩɨɥɨɠɟɧ ɤɪɸɤ ɮɚɫɨɧɧɵɣ, 
ɬɨɥɤɚɬɟɥɶ ɢ ɮɢɤɫɚɬɨɪ. 

ɇɚ ɪɢɫɭɧɤɟ β ɩɨɤɚɡɚɧɚ ɫɯɟɦɚ ɩɨɥɨɠɟɧɢɹ ɡɚɯɜɚɬɚ ɜ ɩɟɪɢɨɞ ɩɨɞɴɺɦɚ ɨɛɴɟɤɬɚ ɫ 
ɩɨɜɨɪɨɬɨɦ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɧɟɩɨɞɜɢɠɧɨɣ ɬɨɱɤɢ ɨɩɨɪɵ. ȼ ɷɬɨɦ 
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ɩɨɥɨɠɟɧɢɢ ɤɚɧɚɬɵ β ɩɨɞɜɟɫɚ ɜɬɭɥɤɢ ɪɚɡɪɟɡɧɨɣ ɢ ɤɚɧɚɬ 9 ɩɨɞɜɟɫɚ ɞɥɹ ɩɨɞɴɺɦɚ ɜɬɭɥɤɢ 
ɪɚɡɪɟɡɧɨɣ ɧɚɯɨɞɹɬɫɹ ɜ ɫɜɨɛɨɞɧɨɦ ɫɨɫɬɨɹɧɢɢ. 

Ɋɢɫɭɧɨɤ γ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɯɟɦɭ ɩɨɥɨɠɟɧɢɹ ɡɚɯɜɚɬɚ ɩɨɫɥɟ ɭɫɬɚɧɨɜɤɢ ɤɚɫɫɟɬɵ ɧɚ 
ɬɜɺɪɞɨɟ ɨɫɧɨɜɚɧɢɟ. ȼ ɷɬɨɦ ɩɨɥɨɠɟɧɢɢ ɤɚɧɚɬɨɦ 9 ɩɨɞɜɟɫɚ ɞɥɹ ɩɨɞɴɺɦɚ ɜɬɭɥɤɚ ɪɚɡɪɟɡɧɚɹ 
ɜɵɬɹɝɢɜɚɟɬɫɹ ɢɡ ɡɨɧɵ ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɫ ɛɨɤɨɜɢɧɚɦɢ ɤɨɪɩɭɫɚ, ɩɪɟɨɞɨɥɟɜɚɹ ɫɢɥɭ ɬɪɟɧɢɹ  
ɜɬɭɥɤɢ ɨ ɛɨɤɨɜɢɧɵ ɤɨɪɩɭɫɚ, ɫɨɡɞɚɜɚɟɦɭɸ ɡɚ ɫɱɺɬ ɩɪɭɠɢɧɵ 6. 

 

 

  
Ɋɢɫ. 2. – ɋɯɟɦɚ ɩɨɥɨɠɟɧɢɹ ɡɚɯɜɚɬɚ ɜ ɩɟɪɢɨɞ 

ɩɨɞɴɺɦɚ ɨɛɴɟɤɬɚ [Scheme of the grip position during 

the lifting of the object] 

 

Ɋɢɫ. 3. – ɋɯɟɦɚ ɩɨɥɨɠɟɧɢɹ ɡɚɯɜɚɬɚ ɩɨɫɥɟ 

ɭɫɬɚɧɨɜɤɢ ɨɛɴɟɤɬɚ ɧɚ ɬɜɺɪɞɨɦ ɨɫɧɨɜɚɧɢɢ [Scheme 

of capture position after installation of the object on a 

solid foundation] 
 

ɉɪɨɦɟɠɭɬɨɱɧɵɟ ɩɨɥɨɠɟɧɢɹ ɧɟ ɩɨɤɚɡɚɧɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ ɜɵɲɟɭɤɚɡɚɧɧɵɯ 
ɪɢɫɭɧɤɚɯ ɫɯɟɦɵ ɞɨɫɬɚɬɨɱɧɨ ɢɧɮɨɪɦɚɬɢɜɧɵ ɞɥɹ ɩɨɫɥɟɞɭɸɳɟɝɨ ɩɪɨɰɟɫɫɚ 
ɤɨɧɫɬɪɭɢɪɨɜɚɧɢɹ ɡɚɯɜɚɬɚ. 

ɉɪɨɰɟɫɫ ɨɫɜɨɛɨɠɞɟɧɢɹ ɡɚɯɜɚɬɚ ɨɬ ɨɛɴɟɤɬɚ ɞɨɫɬɚɬɨɱɧɨ ɩɨɞɪɨɛɧɨ ɨɛɴɹɫɧɹɟɬɫɹ ɜ 
ɢɡɨɛɪɟɬɟɧɢɢ ДββЖ. 

ɇɚ ɪɢɫɭɧɤɟ 4 ɩɪɟɞɫɬɚɜɥɟɧɚ ɢɫɯɨɞɧɚɹ ɤɨɧɫɬɪɭɤɬɢɜɧɚɹ ɫɯɟɦɚ ɷɤɫɰɟɧɬɪɢɤɨɜɨɝɨ 
ɡɚɯɜɚɬɚ ɤɚɫɫɟɬɵ. 

Ɂɚɯɜɚɬ ɩɪɟɞɫɬɚɜɥɟɧ ɭɫɥɨɜɧɨ ɩɨɞɜɟɲɟɧɧɵɦ ɧɚ ɤɚɧɚɬɚɯ: 1 – ɩɪɢ ɧɚɜɟɞɟɧɢɢ ɧɚ 
ɨɛɴɟɤɬ; β – ɩɪɢ ɡɚɠɢɦɟ ɢ ɩɨɞɴɺɦɟ ɨɛɴɟɤɬɚ; γ – ɩɪɢ ɨɫɜɨɛɨɠɞɟɧɢɢ ɡɚɯɜɚɬɚ ɨɬ ɨɛɴɟɤɬɚ. 

Ɂɚɯɜɚɬ ɫɨɫɬɨɢɬ ɢɡ ɤɨɪɩɭɫɚ 4 ɫ ɷɤɫɰɟɧɬɪɢɤɨɦ 5. Ɍɚɤɚɹ ɤɨɧɫɬɪɭɤɬɢɜɧɚɹ ɫɯɟɦɚ ɦɨɠɟɬ 
ɛɵɬɶ ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɩɪɢɝɨɞɧɨɣ ɜ ɫɥɭɱɚɟ, ɟɫɥɢ ɪɚɫɫɬɨɹɧɢɟ L ɨɬ ɬɨɪɰɚ ɤɚɫɫɟɬɵ ɞɨ 
ɩɪɟɩɹɬɫɬɜɢɹ – ɫɬɟɧɤɢ ɛɚɫɫɟɣɧɚ ɜɵɞɟɪɠɤɢ – ɛɨɥɶɲɟ ɝɚɛɚɪɢɬɧɨɝɨ ɪɚɡɦɟɪɚ B – ɲɢɪɢɧɵ 
ɡɚɯɜɚɬɚ. 

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɬɪɟɛɭɟɬɫɹ ɬɪɢ ɩɪɢɜɨɞɚ ɩɨɞɴɺɦɚ ɤɚɧɚɬɨɜ, ɱɬɨ ɤɨɧɫɬɪɭɤɬɢɜɧɨ 
ɜɵɩɨɥɧɢɬɶ ɜɟɫɶɦɚ ɡɚɬɪɭɞɧɢɬɟɥɶɧɨ. Ɉɞɧɚɤɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɷɜɪɢɫɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ Д5Ж ɩɨɡɜɨɥɹɟɬ ɨɬɤɚɡɚɬɶɫɹ ɨɬ ɬɪɺɯ ɩɪɢɜɨɞɨɦ, ɢɫɩɨɥɶɡɭɹ ɬɨɥɶɤɨ ɨɞɢɧ ɫ 
ɩɟɪɟɡɚɰɟɩɥɟɧɢɟɦ ɡɚ ɨɩɨɪɧɵɟ ɬɨɱɤɢ. 
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Ɋɢɫ. 4. – ɂɫɯɨɞɧɚɹ ɷɫɤɢɡɧɚɹ ɤɨɧɫɬɪɭɤɬɢɜɧɚɹ ɫɯɟɦɚ ɷɤɫɰɟɧɬɪɢɤɨɜɨɝɨ ɡɚɯɜɚɬɚ ɤɚɫɫɟɬɵ: 1 – ɤɚɧɚɬ ɩɨɞɜɟɫɚ 
ɡɚɯɜɚɬɚ ɩɪɢ ɧɚɜɟɞɟɧɢɢ ɧɚ ɨɛɴɟɤɬ; β – ɤɚɧɚɬ ɡɚɠɢɦɚ ɢ ɩɨɞɴɺɦɚ ɨɛɴɟɤɬɚ; γ – ɤɚɧɚɬ ɨɫɜɨɛɨɠɞɟɧɢɹ ɡɚɯɜɚɬɚ ɨɬ 
ɨɛɴɟɤɬɚ; 4 – ɤɨɪɩɭɫ ɡɚɯɜɚɬɚ; 5 – ɷɤɫɰɟɧɬɪɢɤ; 6 – ɤɚɫɫɟɬɚ; L – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɬɨɪɰɚ ɤɚɫɫɟɬɵ ɞɨ ɩɪɟɩɹɬɫɬɜɭɹ; 
B– ɝɚɛɚɪɢɬɧɵɣ ɪɚɡɦɟɪ (ɲɢɪɢɧɚ) ɡɚɯɜɚɬɚ [The initial design sketch of the eccentric grip of the fuel assembly: 1 

- rope suspension grip when pointing at the object; 2 - rope clamping and lifting the object; 3 - rope release of 

capture from the object; 4 - grip housing; 5 - eccentric; 6 - fuel assembly; L is the distance from the end of the 

fuel assembly to the interfering; B - overall size (width) of the grip] 
 

ɉɪɟɞɫɬɚɜɥɟɧɧɚɹ ɫɯɟɦɚ ɜɩɨɥɧɟ ɮɭɧɤɰɢɨɧɚɥɶɧɨ ɩɪɢɝɨɞɧɚ: ɢɫɩɨɥɶɡɭɹ ɧɚɯɨɠɞɟɧɢɟ 
ɰɟɧɬɪɚ ɦɚɫɫ ɡɚɯɜɚɬɚ ɧɚ ɜɟɪɬɢɤɚɥɶɧɨɣ ɨɫɢ ɜ ɦɨɦɟɧɬɵ ɡɚɰɟɩɥɟɧɢɹ ɢ ɪɚɫɰɟɩɥɟɧɢɹ 
(ɭɫɥɨɜɧɨ ɩɨɥɨɠɟɧɢɹ 1 ɢ γ ɤɚɧɚɬɨɜ), ɩɪɨɰɟɫɫ ɡɚɰɟɩɥɟɧɢɹ ɢ ɪɚɫɰɟɩɥɟɧɢɟ ɫɬɚɧɨɜɢɬɫɹ 
ɩɪɨɫɬɵɦ. 

Ɂɚɬɪɭɞɧɟɧɢɹ ɜɵɡɵɜɚɟɬ ɫɥɭɱɚɣ ɡɚɠɢɦɚ (ɡɚɳɟɦɥɟɧɢɹ) ɷɤɫɰɟɧɬɪɢɤɚ ɜ ɤɨɧɬɚɤɬɟ ɫ 
ɤɚɫɫɟɬɨɣ. ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɜɨɡɦɨɠɧɨ ɧɚɣɬɢ ɩɪɨɫɬɨɟ ɪɟɲɟɧɢɟ, ɨɞɧɚɤɨ ɷɬɨ ɭɠɟ «know-how», 

ɧɚɯɨɞɢɦɨɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɜɪɢɫɬɢɱɟɫɤɢɯ ɩɪɢɺɦɨɜ Д5Ж. 
ȼɨɡɦɨɠɧɨ ɢ ɞɪɭɝɨɟ ɤɨɧɫɬɪɭɤɬɢɜɧɨɟ ɪɟɲɟɧɢɟ ɫ ɡɚɯɜɚɬɨɦ ɡɚ ɰɢɥɢɧɞɪɢɱɟɫɤɭɸ ɱɚɫɬɶ 

ɤɚɫɫɟɬɵ ɪɚɡɪɟɡɧɵɦɢ ɜɬɭɥɤɚɦɢ ɩɪɢ ɞɪɭɝɨɣ ɤɨɧɫɬɪɭɤɬɢɜɧɨɣ ɫɯɟɦɟ. 
ɇɚɫɬɨɹɳɟɣ ɪɚɛɨɬɨɣ ɚɜɬɨɪɵ ɩɪɟɞɫɬɚɜɢɥɢ ɢɫɯɨɞɧɭɸ ɛɚɡɭ ɞɥɹ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ 

ɪɟɲɟɧɢɣ ɩɪɢ ɫɨɡɞɚɧɢɢ ȺȽɁɍ ɫ ɜɨɡɦɨɠɧɨ ɛɨɥɟɟ ɩɪɨɫɬɵɦɢ, ɚ, ɫɥɟɞɨɜɚɬɟɥɶɧɨ, ɛɨɥɟɟ 
ɧɚɞɺɠɧɵɦɢ ɩɚɪɚɦɟɬɪɚɦɢ. 
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Abstract – The paper proposes sketch constructive schemes of grippers for lifting dropped fuel 

assemblies located horizontally in the WWER type reactor. The variants of automation schemes 

for the process of capturing fuel assemblies are considered. A base has been created for the 

improvement of automatic load gripping devices for lifting dropped fuel assemblies. 
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ɉɪɟɞɫɬɚɜɥɟɧɵ ɪɟɡɭɥɶɬɚɬɵ ɚɧɚɥɢɡɚ ɨɫɧɨɜɧɵɯ ɚɫɩɟɤɬɨɜ ɜɥɢɹɧɢɹ ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɮɚɤɬɨɪɚ (ɑɎ) 
ɧɚ ɧɚɞɟɠɧɨɫɬɶ ɢ ɛɟɡɚɜɚɪɢɣɧɨɫɬɶ ɪɚɛɨɬɵ Ⱥɗɋ ɢ ɞɪɭɝɢɯ ɨɩɚɫɧɵɯ ɨɛɴɟɤɬɨɜ. ɉɨɤɚɡɚɧɚ 
ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɭɱɟɬɚ ɜɥɢɹɧɢɹ ɷɬɨɝɨ ɮɚɤɬɨɪɚ ɩɪɢ ɨɛɟɫɩɟɱɟɧɢɢ ɧɚɞɟɠɧɨɫɬɢ ɨɯɪɚɧɧɵɯ ɢ 
ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɢɫɬɟɦ ɨɩɚɫɧɵɯ ɨɛɴɟɤɬɨɜ, ɧɚɞɟɠɧɨɫɬɢ ɨɩɟɪɚɬɢɜɧɨɝɨ, ɭɩɪɚɜɥɹɸɳɟɝɨ ɢ 
ɚɜɚɪɢɣɧɨ-ɫɩɚɫɚɬɟɥɶɧɨɝɨ ɩɟɪɫɨɧɚɥɚ. ȼ ɤɚɱɟɫɬɜɟ ɢɧɫɬɪɭɦɟɧɬɚ ɭɩɪɚɜɥɟɧɢɹ ɑɎ ɩɪɟɞɥɚɝɚɟɬɫɹ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɞɢɫɬɚɧɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɦɨɧɢɬɨɪɢɧɝɚ ɬɟɤɭɳɟɝɨ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɢ 
ɩɫɢɯɨɷɦɨɰɢɨɧɚɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɱɟɥɨɜɟɤɚ.  
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɱɟɥɨɜɟɱɟɫɤɢɣ ɮɚɤɬɨɪ, ɬɟɯɧɨɝɟɧɧɵɟ ɚɜɚɪɢɢ, ɧɚɞɟɠɧɨɫɬɶ ɪɚɛɨɬɵ Ⱥɗɋ. 
 

ɉɨɫɬɭɩɢɥɚ ɜ ɪɟɞɚɤɰɢɸ: β0.0β.β018 

 

Ɉɛɟɫɩɟɱɟɧɢɟ ɧɚɞɟɠɧɨɝɨ ɛɟɡɚɜɚɪɢɣɧɨɝɨ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ Ⱥɗɋ ɢ ɞɪɭɝɢɯ 
ɨɩɚɫɧɵɯ ɨɛɴɟɤɬɨɜ ɜ ɭɫɥɨɜɢɹɯ ɜɫɟ ɜɨɡɪɚɫɬɚɸɳɢɯ ɬɟɪɪɨɪɢɫɬɢɱɟɫɤɢɯ ɭɝɪɨɡ ɫɥɟɞɭɟɬ 
ɨɬɧɟɫɬɢ ɤ ɧɚɢɛɨɥɟɟ ɩɪɢɨɪɢɬɟɬɧɵɦ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɡɚɞɚɱɚɦ. Ⱥɧɚɥɢɡ ɩɪɢɱɢɧ 
ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɤɪɭɩɧɨɦɚɫɲɬɚɛɧɵɯ ɬɟɯɧɨɝɟɧɧɵɯ ɚɜɚɪɢɣ ɩɨɫɥɟɞɧɢɯ ɥɟɬ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ 
ɨɞɧɨɣ ɢɡ ɧɢɯ ɹɜɥɹɟɬɫɹ ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ ɱɟɥɨɜɟɱɟɫɤɢɣ ɮɚɤɬɨɪ (ɑɎ), ɤɨɬɨɪɵɣ ɜɨ ɦɧɨɝɨɦ 
ɨɩɪɟɞɟɥɹɟɬ ɤɚɤ ɜɟɪɨɹɬɧɨɫɬɶ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɚɜɚɪɢɣ, ɬɚɤ ɢ ɬɹɠɟɫɬɶ ɢɯ ɩɪɨɬɟɤɚɧɢɹ. 
Ɇɢɧɢɦɢɡɚɰɢɹ ɜɥɢɹɧɢɹ ɑɎ ɧɚ ɧɚɞɟɠɧɨɫɬɶ ɢ ɛɟɡɚɜɚɪɢɣɧɨɫɬɶ ɪɚɛɨɬɵ ɨɩɚɫɧɵɯ ɨɛɴɟɤɬɨɜ 
ɹɜɥɹɟɬɫɹ ɤɨɦɩɥɟɤɫɧɨɣ ɦɧɨɝɨɩɥɚɧɨɜɨɣ ɩɪɨɛɥɟɦɨɣ, ɡɚɬɪɚɝɢɜɚɸɳɟɣ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟ 
ɫɮɟɪɵ ɞɟɹɬɟɥɶɧɨɫɬɢ ɬɚɤɢɯ ɨɛɴɟɤɬɨɜ.   

ɐɟɥɶɸ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɚɧɚɥɢɡ ɨɫɧɨɜɧɵɯ ɚɫɩɟɤɬɨɜ ɜɥɢɹɧɢɹ ɑɎ ɧɚ 
ɨɛɟɫɩɟɱɟɧɢɟ ɧɚɞɟɠɧɨɣ ɛɟɡɚɜɚɪɢɣɧɨɣ ɪɚɛɨɬɵ Ⱥɗɋ ɢ ɞɪɭɝɢɯ ɨɩɚɫɧɵɯ ɨɛɴɟɤɬɨɜ, ɚ ɬɚɤɠɟ 
ɪɚɫɫɦɨɬɪɟɧɢɟ ɩɭɬɟɣ ɦɢɧɢɦɢɡɚɰɢɢ ɷɬɨɝɨ ɜɥɢɹɧɢɹ.  

ɇɚ ɪɢɫɭɧɤɟ 1 ɩɨɤɚɡɚɧɵ ɜɨɡɦɨɠɧɵɟ ɚɫɩɟɤɬɵ ɜɥɢɹɧɢɹ ɑɎ ɧɚ ɧɚɞɟɠɧɨɫɬɶ ɢ 
ɛɟɡɚɜɚɪɢɣɧɨɫɬɶ ɪɚɛɨɬɵ ɨɩɚɫɧɵɯ ɨɛɴɟɤɬɨɜ. 

Ⱥɧɚɥɢɡɢɪɭɹ ɪɚɡɥɢɱɧɵɟ ɚɫɩɟɤɬɵ ɜɥɢɹɧɢɹ ɑɎ ɧɚ ɧɚɞɟɠɧɨɫɬɶ ɢ ɛɟɡɨɩɚɫɧɨɫɬɶ 
ɪɚɛɨɬɵ Ⱥɗɋ ɢ ɞɪɭɝɢɯ ɨɩɚɫɧɵɯ ɨɛɴɟɤɬɨɜ, ɧɟɨɛɯɨɞɢɦɨ, ɩɪɟɠɞɟ ɜɫɟɝɨ, ɭɱɢɬɵɜɚɬɶ 
ɨɫɧɨɜɧɵɟ ɜɨɡɦɨɠɧɵɟ ɪɟɠɢɦɵ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɬɚɤɢɯ ɨɛɴɟɤɬɨɜ, ɤ ɤɨɬɨɪɵɦ ɫɥɟɞɭɟɬ 
ɨɬɧɟɫɬɢ: ɧɨɪɦɚɥɶɧɵɣ ɲɬɚɬɧɵɣ; ɧɟɲɬɚɬɧɵɣ, ɚɜɚɪɢɣɧɵɣ; ɩɨɫɥɟɚɜɚɪɢɣɧɵɣ. 
ɉɪɢɦɟɧɢɬɟɥɶɧɨ ɤ ɜɵɞɟɥɟɧɧɵɦ ɪɟɠɢɦɚɦ ɫɥɟɞɭɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɫɥɟɞɭɸɳɢɟ ɚɫɩɟɤɬɵ 
ɜɥɢɹɧɢɹ ɑɎ: 
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– ɫɜɨɟɜɪɟɦɟɧɧɨɟ ɩɪɟɞɨɬɜɪɚɳɟɧɢɟ ɚɜɚɪɢɣ ɢ ɤɚɬɚɫɬɪɨɮ ɬɟɯɧɨɝɟɧɧɨɝɨ 
ɩɪɨɢɫɯɨɠɞɟɧɢɹ; 

– ɭɩɪɚɜɥɟɧɢɟ ɨɩɚɫɧɵɦ ɨɛɴɟɤɬɨɦ ɜ ɫɥɭɱɚɟ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɧɟɲɬɚɬɧɵɯ ɪɟɠɢɦɨɜ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ, ɚɜɚɪɢɣ ɢ ɤɚɬɚɫɬɪɨɮ; 

– ɥɢɤɜɢɞɚɰɢɹ ɩɨɫɥɟɞɫɬɜɢɣ ɚɜɚɪɢɣ ɢ ɤɚɬɚɫɬɪɨɮ ɬɟɯɧɨɝɟɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ.   
Ɋɟɲɟɧɢɟ ɚɤɬɭɚɥɶɧɨɣ ɢ ɩɪɢɨɪɢɬɟɬɧɨɣ ɡɚɞɚɱɢ ɩɪɟɞɨɬɜɪɚɳɟɧɢɹ ɚɜɚɪɢɣ ɢ ɤɚɬɚɫɬɪɨɮ 

ɩɪɟɞɩɨɥɚɝɚɟɬ ɪɚɡɪɚɛɨɬɤɭ ɢ ɪɟɚɥɢɡɚɰɢɸ ɤɨɦɩɥɟɤɫɚ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɯ ɦɟɪ ɩɨ 
ɨɛɟɫɩɟɱɟɧɢɸ ɧɚɞɟɠɧɨɣ ɪɚɛɨɬɵ: 

– ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɢɫɬɟɦ ɩɪɢ ɩɟɪɟɜɨɡɤɟ ɨɩɚɫɧɵɯ ɝɪɭɡɨɜ; 
– ɫɢɫɬɟɦ ɨɯɪɚɧɵ ɬɟɪɪɢɬɨɪɢɢ ɢ ɩɟɪɢɦɟɬɪɚ ɨɩɚɫɧɵɯ ɨɛɴɟɤɬɨɜ; 
– ɨɩɟɪɚɬɢɜɧɨɝɨ ɢ ɭɩɪɚɜɥɹɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ ɨɩɚɫɧɨɝɨ ɨɛɴɟɤɬɚ; 
– ɫɢɫɬɟɦɵ ɞɨɤɭɦɟɧɬɨɨɛɨɪɨɬɚ ɨɩɚɫɧɨɝɨ ɨɛɴɟɤɬɚ.  

 

ȼɨɡɦɨɠɧɵɟ ɚɫɩɟɤɬɵ  ɜɥɢɹɧɢɹ ɑɎ 
ɧɚ ɧɚɞɟɠɧɨɫɬɶ  ɢ ɛɟɡɚɜɚɪɢɣɧɨɫɬɶ ɪɚɛɨɬɵ Ⱥɗɋ  ɢ ɞɪɭɝɢɯ ɨɩɚɫɧɵɯ ɨɛɴɟɤɬɨɜ 

ɉɪɟɞɨɬɜɪɚɳɟɧɢɟ 
ɚɜɚɪɢɣ  ɢ ɤɚɬɚɫɬɪɨɮ 

ɬɟɯɧɨɝɟɧɧɨɝɨ 
ɩɪɨɢɫɯɨɠɞɟɧɢɹ

ɍɩɪɚɜɥɟɧɢɟ ɨɩɚɫɧɵɦ 
ɨɛɴɟɤɬɨɦ ɩɪɢ 

ɜɨɡɧɢɤɧɨɜɟɧɢɢ ɚɜɚɪɢɣ 
ɢ ɤɚɬɚɫɬɪɨɮ  

Ʌɢɤɜɢɞɚɰɢɹ ɩɨɫɥɟɞɫɬɜɢɣ
ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɚɜɚɪɢɣ ɢ 
ɤɚɬɚɫɬɪɨɮ ɬɟɯɧɨɝɟɧɧɨɝɨ 

ɩɪɨɢɫɯɨɠɞɟɧɢɹ 

ɇɚɞɟɠɧɨɫɬɶ 
ɪɚɛɨɬɵ 

ɚɜɚɪɢɣɧɨ-

ɫɩɚɫɚɬɟɥɶɧɵɯ 
ɩɨɞɪɚɡɞɟɥɟɧɢɣ 

ɨɩɚɫɧɨɝɨ 
ɨɛɴɟɤɬɚ 

ɇɚɞɟɠɧɨɫɬɶ 
ɪɚɛɨɬɵ 

ɬɪɚɧɫɩɨɪɬɧɵɯ 
ɫɢɫɬɟɦ ɩɪɢ 
ɩɟɪɟɜɨɡɤɟ 
ɨɩɚɫɧɵɯ 
ɝɪɭɡɨɜ

ɇɚɞɟɠɧɨɫɬɶ 
ɪɚɛɨɬɵ  
ɨɯɪɚɧɵ 

ɬɟɪɪɢɬɨɪɢɢ 
ɢ ɩɟɪɢɦɟɬɪɚ

ɨɩɚɫɧɨɝɨ 
ɨɛɴɟɤɬɚ

ɇɚɞɟɠɧɨɫɬɶ 
ɪɚɛɨɬɵ 

ɨɩɟɪɚɬɢɜɧɨɝɨ ɢ 
ɭɩɪɚɜɥɹɸɳɟɝɨ 

ɩɟɪɫɨɧɚɥɚ 
ɨɩɚɫɧɨɝɨ 
ɨɛɴɟɤɬɚ 

ɇɚɞɟɠɧɨɫɬɶ 
ɪɚɛɨɬɵ 

ɫɢɫɬɟɦɵ 
ɞɨɤɭɦɟɧɬɨ-

ɨɛɨɪɨɬɚ
ɨɩɚɫɧɨɝɨ 
ɨɛɴɟɤɬɚ

Ɉɪɝɚɧɢɡɚɰɢɹ 
ɷɮɮɟɤɬɢɜɧɨɣ ɛɚɡɨɜɨɣ ɢ 

ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɨɣ 
ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣ 

ɩɨɞɝɨɬɨɜɤɢ 

Ɉɬɪɚɛɨɬɤɚ ɧɚɜɵɤɨɜ  
ɛɵɫɬɪɨ ɢ ɩɪɚɜɢɥɶɧɨ 

ɞɟɣɫɬɜɨɜɚɬɶ ɜ 
ɧɟɲɬɚɬɧɵɯ ɢ ɚɜɚɪɢɣɧɵɯ 

ɫɢɬɭɚɰɢɹɯ  

Ɉɪɝɚɧɢɡɚɰɢɹ  
ɦɨɧɢɬɨɪɢɧɝɚ ɬɟɤɭɳɟɝɨ 

ɫɨɫɬɨɹɧɢɹ ɜɨ ɜɪɟɦɹ  
ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣ 

ɞɟɹɬɟɥɶɧɨɫɬɢ

ɉɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɨɛɪɚɡɨɜɚɬɟɥɶɧɨɣ ɢ ɭɱɟɛɧɨ-ɬɪɟɧɢɪɨɜɨɱɧɨɣ 
ɞɟɹɬɟɥɶɧɨɫɬɢ, ɚ ɬɚɤɠɟ ɧɚɞɟɠɧɨɫɬɢ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ 
ɡɚ ɫɱɟɬ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɦɨɧɢɬɨɪɢɧɝɚ ɬɟɤɭɳɟɝɨ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɢ 

ɩɫɢɯɨɷɦɨɰɢɨɧɚɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɱɟɥɨɜɟɤɚ 
 

 

Ɋɢɫ. 1. – Ɇɧɨɝɨɩɥɚɧɨɜɨɫɬɶ ɜɥɢɹɧɢɹ ɑɎ ɧɚ ɧɚɞɟɠɧɨɫɬɶ ɢ ɛɟɡɚɜɚɪɢɣɧɨɫɬɶ  
ɪɚɛɨɬɵ Ⱥɗɋ ɢ ɞɪɭɝɢɯ ɨɩɚɫɧɵɯ ɨɛɴɟɤɬɨɜ [Multidimensionality of human factor influence on reliability and 

trouble-free operation of NPP and other hazardous objects] 
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ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɫɨɜɪɟɦɟɧɧɵɯ ɞɨɫɬɢɠɟɧɢɣ ɜ ɨɛɥɚɫɬɢ ɬɟɯɧɨɥɨɝɢɣ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ 
ɦɨɧɢɬɨɪɢɧɝɚ ɬɟɤɭɳɟɝɨ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɢ ɩɫɢɯɨɷɦɨɰɢɨɧɚɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɱɟɥɨɜɟɤɚ 
ɩɨɡɜɨɥɹɟɬ ɧɚ ɧɨɜɨɦ ɬɟɯɧɨɥɨɝɢɱɟɫɤɨɦ ɭɪɨɜɧɟ ɩɨɞɨɣɬɢ ɤ ɫɨɡɞɚɧɢɸ ɦɟɬɨɞɢɱɟɫɤɢɯ ɢ 
ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɭɩɪɚɜɥɟɧɢɹ ɧɚɞɟɠɧɨɫɬɶɸ ɑɎ Дβ, γЖ. Ɍɟɯɧɢɱɟɫɤɨɣ ɨɫɧɨɜɨɣ ɞɥɹ 
ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɹɜɥɹɸɬɫɹ 
ɚɤɭɫɬɢɱɟɫɤɢɟ ɢ ɨɩɬɢɱɟɫɤɢɟ (ɜɢɞɢɦɨɝɨ ɢ ɝɥɭɛɨɤɨɝɨ ɢɧɮɪɚɤɪɚɫɧɨɝɨ ɞɢɚɩɚɡɨɧɨɜ 
ɢɡɥɭɱɟɧɢɹ) ɬɟɯɧɨɥɨɝɢɢ. Ⱦɚɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜ ɩɨɥɧɨɫɬɶɸ ɩɚɫɫɢɜɧɨɦ 
ɪɟɠɢɦɟ ɛɟɡ ɤɚɤɨɝɨ-ɥɢɛɨ ɜɨɡɞɟɣɫɬɜɢɹ ɧɚ ɱɟɥɨɜɟɤɚ ɨɫɭɳɟɫɬɜɢɬɶ ɪɟɝɢɫɬɪɚɰɢɸ ɟɝɨ, ɬɚɤ 
ɧɚɡɵɜɚɟɦɵɯ, ɛɢɨɩɚɪɚɦɟɬɪɨɜ.  Ⱦɚɧɧɵɟ ɛɢɨɩɚɪɚɦɟɬɪɵ ɯɚɪɚɤɬɟɪɢɡɭɸɬ ɬɟɤɭɳɟɟ ɫɨɫɬɨɹɧɢɟ 
ɧɟɪɜɧɨɣ ɫɢɫɬɟɦɵ ɱɟɥɨɜɟɤɚ, ɟɝɨ ɫɢɫɬɟɦɵ ɞɵɯɚɧɢɹ, ɚ ɬɚɤɠɟ ɟɝɨ ɫɟɪɞɟɱɧɨ-ɫɨɫɭɞɢɫɬɨɣ 
ɫɢɫɬɟɦɵ. ɂɯ ɚɧɚɥɢɡ ɩɨɡɜɨɥɹɟɬ ɫ ɜɵɫɨɤɨɣ ɫɬɟɩɟɧɶɸ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɜɵɹɜɥɹɬɶ ɫɨɫɬɨɹɧɢɹ 
ɫɬɪɟɫɫɚ, ɭɬɨɦɥɟɧɢɹ, ɫɢɥɶɧɨɝɨ ɧɟɪɜɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɫɥɚɛɨɫɬɢ, ɪɚɫɫɥɚɛɥɟɧɧɨɫɬɢ, ɚ 
ɬɚɤɠɟ ɫɨɫɬɨɹɧɢɹ ɞɪɟɦɨɬɵ ɢ ɫɧɚ.   

ȼɫɹ ɫɨɜɨɤɭɩɧɨɫɬɶ ɪɟɝɢɫɬɪɢɪɭɟɦɵɯ ɛɢɨɩɚɪɚɦɟɬɪɨɜ ɱɟɥɨɜɟɤɚ ɦɨɠɟɬ ɛɵɬɶ 
ɩɨɞɪɚɡɞɟɥɟɧɚ ɧɚ ɞɜɚ ɤɥɚɫɫɚ. ɉɟɪɜɵɣ ɤɥɚɫɫ ɫɨɞɟɪɠɢɬ ɫɬɚɬɢɱɟɫɤɢɟ ɛɢɨɩɚɪɚɦɟɬɪɵ, 
ɤɨɬɨɪɵɟ ɞɨɫɬɚɬɨɱɧɨ ɫɥɚɛɨ ɢɡɦɟɧɹɸɬɫɹ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɜɪɟɦɟɧɢ ɢ ɭɫɥɨɜɢɣ 
ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ. Ⱦɚɧɧɵɣ ɤɥɚɫɫ ɛɢɨɩɚɪɚɦɟɬɪɨɜ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɥɢɱɧɨɫɬɢ ɪɚɛɨɬɧɢɤɚ. Ɋɟɲɟɧɢɟ 
ɞɚɧɧɨɣ ɡɚɞɚɱɢ ɚɤɬɭɚɥɶɧɨ ɤɚɤ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɛɟɡɨɩɚɫɧɨɫɬɢ 
ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ ɨɩɚɫɧɵɯ ɨɛɴɟɤɬɨɜ, ɬɚɤ ɢ ɫ ɬɨɱɤɢ ɡɪɟɧɢɹ ɨɛɟɫɩɟɱɟɧɢɹ ɧɚɞɟɠɧɨɝɨ 
ɬɪɟɤɢɧɝɚ ɨɩɟɪɚɬɨɪɨɜ ɭɩɪɚɜɥɟɧɢɹ ɨɩɚɫɧɵɦ ɨɛɴɟɤɬɨɦ ɩɪɢ ɢɯ ɚɤɬɢɜɧɨɦ ɩɟɪɟɦɟɳɟɧɢɢ ɜ 
ɡɚɥɟ ɭɩɪɚɜɥɟɧɢɹ. 

Ɍɢɩɢɱɧɵɦɢ ɩɪɟɞɫɬɚɜɢɬɟɥɹɦɢ ɞɚɧɧɨɝɨ ɤɥɚɫɫɚ ɹɜɥɹɸɬɫɹ, ɧɚɩɪɢɦɟɪ, ɪɚɡɦɟɪɵ ɢ 
ɩɪɨɩɨɪɰɢɢ ɥɢɰɚ ɱɟɥɨɜɟɤɚ. ɇɚ ɪɢɫ. β ɩɟɪɟɱɢɫɥɟɧɵ ɨɫɧɨɜɧɵɟ ɩɪɟɞɫɬɚɜɢɬɟɥɢ ɩɟɪɜɨɝɨ 
ɤɥɚɫɫɚ ɛɢɨɩɚɪɚɦɟɬɪɨɜ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɵ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 
ɜɵɲɟɩɟɪɟɱɢɫɥɟɧɧɵɯ ɞɢɫɬɚɧɰɢɨɧɧɵɯ ɧɟɤɨɧɬɚɤɬɧɵɯ ɬɟɯɧɨɥɨɝɢɣ.  

 

 ɋɩɟɤɬɪɚɥɶɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɝɨɥɨɫɚ
Ⱥɤɭɫɬɢɱɟɫɤɢɟ 

ɬɟɯɧɨɥɨɝɢɢ

 

ɉɪɨɩɨɪɰɢɢ ɥɢɰɚ; ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ ɝɥɚɡ, ɧɨɫɚ, 

ɪɬɚ, ɦɨɪɳɢɧ ɢ ɫɤɥɚɞɨɤ ɤɨɠɢ ɥɢɰɚ; ɰɜɟɬ ɪɚɞɭɠɧɨɣ ɨɛɨɥɨɱɤɢ 
ɝɥɚɡ; ɰɜɟɬ ɤɨɠɢ ɥɢɰɚ  

Ɉɩɬɢɱɟɫɤɢɟ 
ɬɟɯɧɨɥɨɝɢɢ 
ɜɢɞɢɦɨɝɨ 
ɞɢɚɩɚɡɨɧɚ

 

Ɍɟɦɩɟɪɚɬɭɪɧɚɹ ɤɚɪɬɚ ɥɢɰɚ; ɪɚɫɩɨɥɨɠɟɧɢɟ ɠɢɪɨɜɵɯ 
ɨɬɥɨɠɟɧɢɣ; ɩɪɨɩɨɪɰɢɢ ɥɢɰɚ; ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɪɚɫɩɨɥɨɠɟɧɢɟ 
ɝɥɚɡ, ɧɨɫɚ, ɪɬɚ; ɪɚɫɩɨɥɨɠɟɧɢɟ ɤɪɨɜɟɧɨɫɧɵɯ ɫɨɫɭɞɨɜ ɧɚ ɥɢɰɟ 

Ɉɩɬɢɱɟɫɤɢɟ 
ɬɟɯɧɨɥɨɝɢɢ 

ɢɧɮɪɚɤɪɚɫɧɨɝɨ 
ɞɢɚɩɚɡɨɧɚ

Ʉɥɚɫɫ ɫɬɚɬɢɱɟɫɤɢɯ ɛɢɨɩɚɪɚɦɟɬɪɨɜ ɱɟɥɨɜɟɤɚ

 
 

Ɋɢɫ. 2. – Ɉɫɧɨɜɧɵɟ ɩɪɟɞɫɬɚɜɢɬɟɥɢ ɩɟɪɜɨɝɨ ɤɥɚɫɫɚ ɛɢɨɩɚɪɚɦɟɬɪɨɜ 

[The main components of the first class bioparameters] 

 

ȼɬɨɪɨɣ ɤɥɚɫɫ ɫɨɞɟɪɠɢɬ ɞɢɧɚɦɢɱɟɫɤɢɟ ɛɢɨɩɚɪɚɦɟɬɪɵ, ɤɨɬɨɪɵɟ ɩɨɞɜɟɪɠɟɧɵ 
ɫɭɳɟɫɬɜɟɧɧɵɦ ɢɡɦɟɧɟɧɢɹɦ ɜ ɩɪɨɰɟɫɫɟ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ. ɋ ɷɬɨɣ ɬɨɱɤɢ 
ɡɪɟɧɢɹ ɨɧɢ ɹɜɥɹɸɬɫɹ ɧɚɢɛɨɥɟɟ ɢɧɮɨɪɦɚɬɢɜɧɵɦɢ ɢ ɩɨɡɜɨɥɹɸɬ ɨɰɟɧɢɬɶ ɬɟɤɭɳɟɟ 
ɮɭɧɤɰɢɨɧɚɥɶɧɨɟ ɢ ɩɫɢɯɨɷɦɨɰɢɨɧɚɥɶɧɨɟ ɫɨɫɬɨɹɧɢɟ ɱɟɥɨɜɟɤɚ. Ɍɢɩɢɱɧɵɦɢ 
ɩɪɟɞɫɬɚɜɢɬɟɥɹɦɢ ɜɬɨɪɨɝɨ ɤɥɚɫɫɚ ɹɜɥɹɸɬɫɹ ɱɚɫɬɨɬɚ ɫɟɪɞɟɱɧɵɯ ɫɨɤɪɚɳɟɧɢɣ (ɑɋɋ) ɢ 
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ɚɪɬɟɪɢɚɥɶɧɨɟ ɞɚɜɥɟɧɢɟ (ȺȾ), ɜɟɥɢɱɢɧɚ ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɢɡɦɟɧɹɬɶɫɹ ɜ ɲɢɪɨɤɨɦ 
ɞɢɚɩɚɡɨɧɟ ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɬɟɤɭɳɟɝɨ ɫɨɫɬɨɹɧɢɹ ɱɟɥɨɜɟɤɚ. ɇɚ ɪɢɫ. γ ɩɨɤɚɡɚɧɵ 
ɬɢɩɢɱɧɵɟ ɩɪɟɞɫɬɚɜɢɬɟɥɢ ɜɬɨɪɨɝɨ ɤɥɚɫɫɚ ɛɢɨɩɚɪɚɦɟɬɪɨɜ (ɎɉȽ – ɮɨɬɨɩɥɟɬɢɡɦɨɝɪɚɦɦɚ; 
ɄȽɊ – ɤɨɠɧɨ-ɝɚɥɶɜɚɧɢɱɟɫɤɚɹ ɪɟɚɤɰɢɹ; ȼɋɊ – ɜɚɪɢɚɛɟɥɶɧɨɫɬɶ ɫɟɪɞɟɱɧɨɝɨ ɪɢɬɦɚ).    

Ɋɟɝɢɫɬɪɚɰɢɹ ɢ ɨɛɪɚɛɨɬɤɚ ɩɚɪɚɦɟɬɪɨɜ ɜɬɨɪɨɝɨ ɤɥɚɫɫɚ ɩɪɟɞɫɬɚɜɥɹɟɬ ɧɚɢɛɨɥɶɲɢɣ 
ɢɧɬɟɪɟɫ. Ɍɚɤ, ɤɪɚɬɤɨɜɪɟɦɟɧɧɵɣ ɚɧɚɥɢɡ ɞɢɧɚɦɢɤɢ ɢɡɦɟɧɟɧɢɹ ɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɞɚɟɬ 
ɜɨɡɦɨɠɧɨɫɬɶ ɨɩɪɟɞɟɥɢɬɶ ɭɪɨɜɟɧɶ ɭɫɬɚɥɨɫɬɢ, ɧɟɪɜɧɨɝɨ ɧɚɩɪɹɠɟɧɢɹ, ɚ ɬɚɤɠɟ ɨɰɟɧɢɬɶ 
ɜɟɪɨɹɬɧɨɫɬɶ ɫɨɜɟɪɲɟɧɢɹ ɨɲɢɛɨɱɧɵɯ ɞɟɣɫɬɜɢɣ ɜ ɬɟɱɟɧɢɟ ɪɚɛɨɱɟɣ ɫɦɟɧɵ. Ⱦɨɫɬɚɬɨɱɧɨ 
ɢɧɮɨɪɦɚɬɢɜɟɧ ɫ ɷɬɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɬɚɤɨɣ ɩɚɪɚɦɟɬɪ, ɤɚɤ ȼɋɊ Д4, 5Ж. Ⱦɚɧɧɵɣ ɩɚɪɚɦɟɬɪ 
ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɫɭɳɟɫɬɜɢɬɶ ɦɨɧɢɬɨɪɢɧɝ ɬɟɤɭɳɟɝɨ ɫɨɫɬɨɹɧɢɹ, ɤɚɤ ɜɨ ɜɪɟɦɹ 
ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ, ɬɚɤ ɢ ɜɨ ɜɪɟɦɹ ɭɱɟɛɧɨɝɨ ɩɪɨɰɟɫɫɚ Д6, 7Ж. ȼɵɹɜɥɟɧɢɟ 
ɫɨɬɪɭɞɧɢɤɨɜ ɜ ɧɟɧɨɪɦɚɥɶɧɨɦ, ɧɟɚɞɟɤɜɚɬɧɨɦ ɫɨɫɬɨɹɧɢɢ ɩɨɡɜɨɥɹɟɬ ɫɜɨɟɜɪɟɦɟɧɧɨ 
ɩɪɢɧɢɦɚɬɶ ɧɟɨɛɯɨɞɢɦɵɟ ɦɟɪɵ ɩɨ ɢɫɩɪɚɜɥɟɧɢɸ ɬɚɤɨɣ ɫɢɬɭɚɰɢɢ.   

Ⱥɧɚɥɢɡ ɞɚɧɧɵɯ ɩɚɪɚɦɟɬɪɨɜ ɧɚ ɛɨɥɟɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɵɯ ɜɪɟɦɟɧɧɵɯ ɢɧɬɟɪɜɚɥɚɯ 
ɩɨɡɜɨɥɹɟɬ ɜɵɹɜɥɹɬɶ ɫɥɭɱɚɢ ɯɪɨɧɢɱɟɫɤɨɣ ɭɫɬɚɥɨɫɬɢ, ɭɬɨɦɥɟɧɢɹ, ɧɟɪɜɧɨɝɨ ɢɫɬɨɳɟɧɢɹ. 
ɉɪɢɧɹɬɢɟ ɫɜɨɟɜɪɟɦɟɧɧɵɯ ɥɟɱɟɛɧɵɯ ɢ ɜɨɫɫɬɚɧɨɜɢɬɟɥɶɧɵɯ ɦɟɪ, ɥɢɛɨ ɪɟɲɟɧɢɹ ɨ ɫɦɟɧɟ 
ɦɟɫɬɚ ɢ ɯɚɪɚɤɬɟɪɚ ɪɚɛɨɬɵ ɩɨɡɜɨɥɹɟɬ ɷɮɮɟɤɬɢɜɧɨ ɪɟɲɚɬɶ ɩɪɨɛɥɟɦɭ ɫɨɯɪɚɧɟɧɢɹ 
ɱɟɥɨɜɟɱɟɫɤɨɝɨ ɤɚɩɢɬɚɥɚ.   

 

 

Ɉɩɬɢɱɟɫɤɢɟ 
ɬɟɯɧɨɥɨɝɢɢ 
ɜɢɞɢɦɨɝɨ 
ɞɢɚɩɚɡɨɧɚ

 

Ɉɩɬɢɱɟɫɤɢɟ 
ɬɟɯɧɨɥɨɝɢɢ 

ɢɧɮɪɚɤɪɚɫɧɨɝɨ 
ɞɢɚɩɚɡɨɧɚ

Ʉɥɚɫɫ ɫɬɚɬɢɱɟɫɤɢɯ ɛɢɨɩɚɪɚɦɟɬɪɨɜ ɱɟɥɨɜɟɤɚ

ɋɟɪɞɟɱɧɨ-

ɫɨɫɭɞɢɫɬɨɣ 
ɫɢɫɬɟɦɵ

ɋɢɫɬɟɦɵ
ɞɵɯɚɧɢɹ

Ȼɢɨɩɚɪɚɦɟɬɪɵ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɪɚɛɨɬɭ

 
Ⱥɤɭɫɬɢɱɟɫɤɢɟ 

ɬɟɯɧɨɥɨɝɢɢ

ɍɪɨɜɟɧɶ 
ɦɢɤɪɨɬɪɟɦɨɪɚ 

ɜ ɝɨɥɨɫɟ

ɇɟɪɜɧɨɣ 
ɫɢɫɬɟɦɵ

ɑɋɋ

ɎɉȽ

ɑɋɋ, 

ȼɋɊ, ȺȾ

ɑɚɫɬɨɬɚ 
ɢ ɝɥɭɛɢɧɚ 
ɞɵɯɚɧɢɹ

Ɇɢɦɢɤɚ, ɜɢɛɪɨ-

ɢɡɨɛɪɚɠɟɧɢɟ 
ɥɢɰɚ, 

ɩɭɩɢɥɥɨɝɪɚɦɦɚ

ɎɉȽ

Ɋɟɚɤɰɢɹ, 

ɚɧɚɥɨɝɢɱɧɚɹ 
ɄȽɊ

ɑɚɫɬɨɬɚ 
ɢ ɝɥɭɛɢɧɚ 
ɞɵɯɚɧɢɹ

 
 

Ɋɢɫ. 3. – Ɉɫɧɨɜɧɵɟ ɩɪɟɞɫɬɚɜɢɬɟɥɢ ɜɬɨɪɨɝɨ ɤɥɚɫɫɚ ɛɢɨɩɚɪɚɦɟɬɪɨɜ 
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ɉɨɜɵɲɟɧɢɟ ɧɚɞɟɠɧɨɫɬɢ ɨɩɟɪɚɬɢɜɧɨɝɨ ɢ ɭɩɪɚɜɥɹɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ ɜɨɡɦɨɠɧɨ ɩɪɢ 
ɤɨɦɩɥɟɤɫɧɨɦ ɩɪɢɦɟɧɟɧɢɢ ɭɤɚɡɚɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɩɪɚɤɬɢɱɟɫɤɢ ɧɚ ɜɫɟɯ ɷɬɚɩɚɯ ɪɚɛɨɬɵ ɫ 
ɤɚɞɪɚɦɢ. ȼ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɩɪɢ ɪɟɲɟɧɢɢ ɡɚɞɚɱ: 

– ɨɛɨɫɧɨɜɚɧɧɨɝɨ ɨɬɛɨɪɚ ɤɚɞɪɨɜ ɩɪɢ ɩɪɢɟɦɟ ɧɚ ɪɚɛɨɬɭ, ɥɢɛɨ ɩɪɢ ɧɚɡɧɚɱɟɧɢɢ ɧɚ 
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ɧɨɜɭɸ ɞɨɥɠɧɨɫɬɶ Дβ, γЖ; 
– ɩɨɜɵɲɟɧɢɹ ɫɬɪɟɫɫɨɭɫɬɨɣɱɢɜɨɫɬɢ ɨɩɟɪɚɬɢɜɧɨɝɨ ɢ ɭɩɪɚɜɥɹɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ ɡɚ 

ɫɱɟɬ ɨɛɭɱɟɧɢɹ ɧɚɜɵɤɚɦ ɫɚɦɨɪɟɝɭɥɹɰɢɢ ɢ ɫɚɦɨɤɨɧɬɪɨɥɹ ɧɚ ɨɫɧɨɜɟ ɪɟɚɥɢɡɚɰɢɢ ɡɚɧɹɬɢɣ ɫ 
ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ ɛɢɨɥɨɝɢɱɟɫɤɨɣ ɨɛɪɚɬɧɨɣ ɫɜɹɡɶɸ Д8]; 

– ɩɨɜɵɲɟɧɢɹ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɭɱɟɛɧɵɯ ɢ ɭɱɟɛɧɨ-ɬɪɟɧɢɪɨɜɨɱɧɵɯ ɡɚɧɹɬɢɣ ɡɚ ɫɱɟɬ 
ɩɪɨɜɟɞɟɧɢɹ ɬɪɟɧɢɪɨɜɨɤ ɫ ɩɥɚɧɢɪɭɟɦɨɣ ɩɫɢɯɨɷɦɨɰɢɨɧɚɥɶɧɨɣ ɧɚɝɪɭɡɤɨɣ Д8Ж; 

– ɩɨɫɬɨɹɧɧɨɝɨ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ ɬɟɤɭɳɟɝɨ ɮɭɧɤɰɢɨɧɚɥɶɧɨɝɨ ɢ 
ɩɫɢɯɨɷɦɨɰɢɨɧɚɥɶɧɨɝɨ ɫɨɫɬɨɹɧɢɹ ɩɟɪɫɨɧɚɥɚ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɩɪɨɰɟɫɫɟ ɜɵɩɨɥɧɟɧɢɹ 
ɢɦ ɫɜɨɢɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ, ɥɢɛɨ ɫɥɭɠɟɛɧɵɯ ɨɛɹɡɚɧɧɨɫɬɟɣ ДβЖ; 

– ɪɚɡɪɚɛɨɬɤɢ ɦɟɬɨɞɢɱɟɫɤɢɯ ɢ ɧɨɪɦɚɬɢɜɧɵɯ ɞɨɤɭɦɟɧɬɨɜ, ɪɟɝɥɚɦɟɧɬɢɪɭɸɳɢɯ 
ɦɟɬɨɞɢɤɭ ɩɪɢɦɟɧɟɧɢɹ ɬɟɯɧɨɥɨɝɢɣ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ, ɜɤɥɸɱɚɹ ɨɛɪɚɛɨɬɤɭ ɢ 
ɢɧɬɟɪɩɪɟɬɚɰɢɸ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɭɱɟɛɧɵɯ ɢ ɭɱɟɛɧɨ-ɬɪɟɧɢɪɨɜɨɱɧɵɯ ɡɚɧɹɬɢɣ, 
ɚ ɬɚɤɠɟ ɩɪɢ ɨɰɟɧɤɟ ɚɞɟɤɜɚɬɧɨɫɬɢ ɩɟɪɫɨɧɚɥɚ ɜ ɫɥɨɠɧɵɯ ɫɬɪɟɫɫɨɜɵɯ ɫɢɬɭɚɰɢɹɯ. 

Ɍɟɯɧɨɥɨɝɢɢ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ Дβ, γЖ ɩɨɡɜɨɥɹɸɬ ɩɨɜɵɫɢɬɶ ɧɚɞɟɠɧɨɫɬɶ 
ɪɚɛɨɬɵ ɬɪɚɧɫɩɨɪɬɧɵɯ ɫɢɫɬɟɦ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɯ ɩɟɪɟɜɨɡɤɭ ɨɩɚɫɧɵɯ ɝɪɭɡɨɜ, ɜ ɩɟɪɜɭɸ 
ɨɱɟɪɟɞɶ, ɡɚ ɫɱɟɬ ɧɟɩɪɟɪɵɜɧɨɝɨ ɤɨɧɬɪɨɥɹ ɬɟɤɭɳɟɝɨ ɫɨɫɬɨɹɧɢɹ ɛɪɢɝɚɞɵ ɦɚɲɢɧɢɫɬɨɜ 
ɫɤɨɪɨɫɬɧɨɝɨ ɩɨɟɡɞɚ, ɥɢɛɨ ɷɤɢɩɚɠɚ ɩɢɥɨɬɨɜ ɫɚɦɨɥɟɬɚ, ɥɢɛɨ ɫɦɟɧɵ ɞɢɫɩɟɬɱɟɪɨɜ 
ɭɩɪɚɜɥɟɧɢɹ ɩɨɥɟɬɚɦɢ. ɉɪɢ ɷɬɨɦ, ɤɪɨɦɟ ɦɨɧɢɬɨɪɢɧɝɚ ɡɚ ɬɟɤɭɳɢɦ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦ ɢ 
ɩɫɢɯɨɷɦɨɰɢɨɧɚɥɶɧɵɦ ɫɨɫɬɨɹɧɢɟɦ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɦɚɲɢɧɢɫɬɨɜ, ɥɟɬɱɢɤɨɜ ɢ ɞɢɫɩɟɬɱɟɪɨɜ 
ɍȼȾ ɬɚɤɢɟ ɬɟɯɧɨɥɨɝɢɢ ɞɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɫɭɳɟɫɬɜɢɬɶ ɤɨɧɬɪɨɥɶ ɡɚ ɪɹɞɨɦ 
ɫɩɟɰɢɮɢɱɟɫɤɢɯ ɞɥɹ ɞɚɧɧɵɯ ɨɛɥɚɫɬɟɣ ɬɪɚɧɫɩɨɪɬɚ ɩɚɪɚɦɟɬɪɨɜ, ɞɨɩɭɫɬɢɦɵɟ ɞɢɚɩɚɡɨɧɵ 
ɢɡɦɟɧɟɧɢɹ ɤɨɬɨɪɵɯ ɪɟɝɥɚɦɟɧɬɢɪɭɸɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦɢ ɨɬɪɚɫɥɟɜɵɦɢ ɫɬɚɧɞɚɪɬɚɦɢ, 
ɧɚɩɪɢɦɟɪ, ɬɚɤɢɯ, ɤɚɤ ɫɤɨɪɨɫɬɶ ɪɟɚɤɰɢɢ ɢ ɞɨɩɭɫɬɢɦɨɟ ɱɢɫɥɨ ɨɲɢɛɨɤ. 

ɉɨɜɵɲɟɧɢɟ ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɫɢɫɬɟɦ ɨɯɪɚɧɵ ɨɩɚɫɧɵɯ ɨɛɴɟɤɬɨɜ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨ 
ɩɪɢ ɩɪɢɦɟɧɟɧɢɢ ɬɚɤɢɯ ɬɟɯɧɨɥɨɝɢɣ ɦɨɧɢɬɨɪɢɧɝɚ. ȼ ɱɚɫɬɧɨɫɬɢ, ɢɯ ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɜ 
ɫɢɫɬɟɦɚɯ ɢɞɟɧɬɢɮɢɤɚɰɢɢ ɢ ɞɨɩɭɫɤɚ ɧɚ ɨɩɚɫɧɵɟ ɨɛɴɟɤɬɵ ɩɨɡɜɨɥɹɟɬ ɫɜɨɟɜɪɟɦɟɧɧɨ 
ɜɵɹɜɥɹɬɶ ɥɢɰ ɜ ɧɟɚɞɟɤɜɚɬɧɨɦ ɫɨɫɬɨɹɧɢɢ, ɥɢɰ ɜ ɧɚɪɤɨɬɢɱɟɫɤɨɦ, ɥɢɛɨ ɚɥɤɨɝɨɥɶɧɨɦ 
ɨɩɶɹɧɟɧɢɢ, ɥɢɰ ɫ ɱɭɠɢɦɢ, ɥɢɛɨ ɫɨ ɫɮɚɥɶɫɢɮɢɰɢɪɨɜɚɧɧɵɦɢ ɞɨɤɭɦɟɧɬɚɦɢ.  

ȼ ɫɜɹɡɢ ɫ ɪɨɫɬɨɦ ɜ ɩɨɫɥɟɞɧɟɟ ɜɪɟɦɹ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɭɝɪɨɡ ɩɪɢɨɛɪɟɬɚɟɬ 
ɚɤɬɭɚɥɶɧɨɫɬɶ ɪɟɲɟɧɢɟ ɩɪɨɛɥɟɦɵ ɨɛɟɫɩɟɱɟɧɢɹ ɜɵɫɨɤɨɣ ɧɚɞɟɠɧɨɫɬɢ ɢɫɩɨɥɶɡɭɟɦɨɣ ɧɚ 
ɨɩɚɫɧɨɦ ɨɛɴɟɤɬɟ ɫɢɫɬɟɦɵ ɞɨɤɭɦɟɧɬɨɨɛɨɪɨɬɚ. ɉɪɢɦɟɧɟɧɢɟ ɜɵɲɟɭɩɨɦɹɧɭɬɵɯ 
ɬɟɯɧɨɥɨɝɢɣ ɦɨɧɢɬɨɪɢɧɝɚ Д9Ж ɩɨɡɜɨɥɹɟɬ ɩɨɜɵɫɢɬɶ ɫɬɟɩɟɧɶ ɡɚɳɢɳɟɧɧɨɫɬɢ ɜɚɠɧɵɯ 
ɞɨɤɭɦɟɧɬɨɜ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɚɤ ɧɚɡɵɜɚɟɦɨɣ ɪɟɱɟɜɨɣ ɩɨɞɩɢɫɢ, ɫɨɞɟɪɠɚɳɟɣ ɜ ɫɜɨɟɦ 
ɫɨɫɬɚɜɟ ɪɹɞ ɬɪɭɞɧɨ ɩɨɞɞɟɥɵɜɚɟɦɵɯ ɛɢɨɩɚɪɚɦɟɬɪɨɜ ɚɜɬɨɪɚ.  

ɉɨɜɵɲɟɧɢɟ ɧɚɞɟɠɧɨɫɬɢ ɭɩɪɚɜɥɟɧɢɹ ɨɩɚɫɧɵɦ ɨɛɴɟɤɬɨɦ ɜ ɫɥɭɱɚɟ ɜɨɡɧɢɤɧɨɜɟɧɢɹ 
ɚɜɚɪɢɣɧɵɯ ɫɢɬɭɚɰɢɣ, ɚ ɬɚɤɠɟ ɜ ɫɥɭɱɚɟ ɥɢɤɜɢɞɚɰɢɢ ɩɨɫɥɟɞɫɬɜɢɣ ɚɜɚɪɢɣ ɢ ɤɚɬɚɫɬɪɨɮ  
ɬɚɤɠɟ ɜɨɡɦɨɠɧɨ ɩɪɢ ɜɧɟɞɪɟɧɢɢ ɬɟɯɧɨɥɨɝɢɣ ɞɢɫɬɚɧɰɢɨɧɧɨɝɨ ɦɨɧɢɬɨɪɢɧɝɚ. ȼ ɩɨɫɥɟɞɧɟɦ 
ɫɥɭɱɚɟ ɬɚɤɢɟ ɬɟɯɧɨɥɨɝɢɢ ɩɨɡɜɨɥɹɸɬ ɝɚɪɚɧɬɢɪɨɜɚɬɶ ɚɞɟɤɜɚɬɧɨɟ ɩɨɜɟɞɟɧɢɟ ɱɥɟɧɨɜ 
ɪɟɦɨɧɬɧɨ-ɫɩɚɫɚɬɟɥɶɧɵɯ ɛɪɢɝɚɞ, ɚ ɬɚɤɠɟ ɨɫɭɳɟɫɬɜɥɹɬɶ ɦɨɧɢɬɨɪɢɧɝ ɫɨɫɬɨɹɧɢɹ ɧɚɫɟɥɟɧɢɹ 
ɜ ɡɨɧɟ ɛɟɞɫɬɜɢɹ. 

ɋ ɬɨɱɤɢ ɡɪɟɧɢɹ ɬɟɯɧɢɱɟɫɤɨɣ ɪɟɚɥɢɡɚɰɢɢ ɫɪɟɞɫɬɜɚ ɦɨɧɢɬɨɪɢɧɝɚ ɦɨɝɭɬ ɛɵɬɶ 
ɩɨɞɪɚɡɞɟɥɟɧɵ ɧɚ ɜɫɬɪɚɢɜɚɟɦɵɟ ɢ ɧɨɫɢɦɵɟ. ȼ ɩɨɫɥɟɞɧɟɦ ɫɥɭɱɚɟ ɞɥɹ ɩɟɪɟɞɚɱɢ 
ɪɟɝɢɫɬɪɢɪɭɟɦɵɯ ɛɢɨɩɚɪɚɦɟɬɪɨɜ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧ ɪɚɞɢɨɤɚɧɚɥ. ȼ ɬɚɛɥɢɰɟ 1 ɞɚɧɵ 
ɨɰɟɧɤɢ ɜɨɡɦɨɠɧɨɫɬɢ ɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɜɫɬɪɚɢɜɚɟɦɵɯ ɢ ɧɨɫɢɦɵɯ 
ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɞɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱ ɦɨɧɢɬɨɪɢɧɝɚ ɬɟɤɭɳɟɝɨ ɫɨɫɬɨɹɧɢɹ ɩɟɪɫɨɧɚɥɚ 
ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɜɢɞɚɯ ɟɝɨ ɞɟɹɬɟɥɶɧɨɫɬɢ (ɪɢɫ. 1). Ɉɰɟɧɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɩɪɨɰɟɧɬɚɯ: 0% 
ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɟɜɨɡɦɨɠɧɨɫɬɢ, ɥɢɛɨ ɧɟɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɞɚɧɧɨɝɨ ɬɢɩɚ 
ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɦɨɧɢɬɨɪɢɧɝɚ; 100% ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɛɟɡɭɫɥɨɜɧɨɣ ɜɨɡɦɨɠɧɨɫɬɢ, 
ɥɢɛɨ ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɢ ɩɪɢɦɟɧɟɧɢɹ ɬɚɤɢɯ ɫɪɟɞɫɬɜ.     
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Ɍɚɛɥɢɰɚ 1. – ȼɨɡɦɨɠɧɨɫɬɶ/ɰɟɥɟɫɨɨɛɪɚɡɧɨɫɬɶ ɩɪɢɦɟɧɟɧɢɹ ɫɪɟɞɫɬɜ ɦɨɧɢɬɨɪɢɧɝɚ 
[Possibility / feasibility of using monitoring tools] 

 

ȼɢɞ ɞɟɹɬɟɥɶɧɨɫɬɢ ɩɟɪɫɨɧɚɥɚ 

Ɍɢɩ ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɦɨɧɢɬɨɪɢɧɝɚ, 
% 

ɜɫɬɪɚɢɜɚɟɦɵɟ ɧɨɫɢɦɵɟ 

Ȼɚɡɨɜɚɹ ɢ ɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɚɹ ɩɨɞɝɨɬɨɜɤɚ 100/100 100/100 

Ɉɬɪɚɛɨɬɤɚ ɞɟɣɫɬɜɢɣ ɜ ɧɟɲɬɚɬɧɵɯ ɢ 
ɚɜɚɪɢɣɧɵɯ ɫɢɬɭɚɰɢɹɯ 

100/100 50/50 

ɉɪɨɮɟɫɫɢɨɧɚɥɶɧɚɹ ɞɟɹɬɟɥɶɧɨɫɬɶ 100/100 0/0 

 

ɉɪɢɜɟɞɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɩɪɟɞɩɨɱɬɢɬɟɥɶɧɨ ɢɫɩɨɥɶɡɨɜɚɧɢɟ 
ɜɫɬɪɚɢɜɚɟɦɵɯ ɫɪɟɞɫɬɜ ɦɨɧɢɬɨɪɢɧɝɚ. Ɍɚɤɢɟ ɫɪɟɞɫɬɜɚ ɧɟ ɫɨɡɞɚɸɬ ɧɟɭɞɨɛɫɬɜ 
ɨɛɭɱɚɸɳɟɦɭɫɹ, ɥɢɛɨ ɪɚɛɨɬɚɸɳɟɦɭ ɩɟɪɫɨɧɚɥɭ. ɇɨɫɢɦɵɟ ɫɪɟɞɫɬɜɚ ɦɨɧɢɬɨɪɢɧɝɚ 
ɰɟɥɟɫɨɨɛɪɚɡɧɟɟ ɜɫɟɝɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɭɱɟɛɧɵɯ, ɥɢɛɨ ɭɱɟɛɧɨ-

ɬɪɟɧɢɪɨɜɨɱɧɵɯ ɡɚɧɹɬɢɣ ɜ ɤɥɚɫɫɟ, ɧɚɩɪɢɦɟɪ, ɩɪɢ ɪɚɛɨɬɟ ɧɚ ɩɟɪɫɨɧɚɥɶɧɨɦ ɤɨɦɩɶɸɬɟɪɟ.  
Ʉ ɬɢɩɢɱɧɵɦ ɩɪɟɞɫɬɚɜɢɬɟɥɹɦ ɜɫɬɪɚɢɜɚɟɦɵɯ ɫɪɟɞɫɬɜ ɦɨɧɢɬɨɪɢɧɝɚ ɫɥɟɞɭɟɬ ɨɬɧɟɫɬɢ: 
– ɛɢɨɦɵɲɤɭ Д10Ж, ɩɨɡɜɨɥɹɸɳɭɸ ɢɡɦɟɪɹɬɶ ɑɋɋ ɢ ȼɋɊ ɜɨ ɜɪɟɦɹ ɪɚɛɨɬɵ ɧɚ 

ɩɟɪɫɨɧɚɥɶɧɨɦ ɤɨɦɩɶɸɬɟɪɟ; 
– ɦɧɨɝɨɮɭɧɤɰɢɨɧɚɥɶɧɨɟ ɞɢɚɝɧɨɫɬɢɱɟɫɤɨɟ ɤɪɟɫɥɨ, ɞɚɸɳɟɟ ɜɨɡɦɨɠɧɨɫɬɶ 

ɪɟɝɢɫɬɪɢɪɨɜɚɬɶ ɨɫɧɨɜɧɵɟ ɛɢɨɩɚɪɚɦɟɬɪɵ, ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɪɚɛɨɬɭ ɫɟɪɞɟɱɧɨ-

ɫɨɫɭɞɢɫɬɨɣ ɫɢɫɬɟɦɵ ɱɟɥɨɜɟɤɚ, ɟɝɨ ɧɟɪɜɧɨɣ ɫɢɫɬɟɦɵ, ɚ ɬɚɤɠɟ ɫɢɫɬɟɦɵ ɞɵɯɚɧɢɹ; 
– ɦɨɞɭɥɶɧɵɟ ɫɪɟɞɫɬɜɚ ɦɨɧɢɬɨɪɢɧɝɚ, ɜɫɬɪɚɢɜɚɟɦɵɟ ɜ ɢɫɩɨɥɶɡɭɟɦɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ 

ɭɩɪɚɜɥɟɧɢɹ ɨɛɴɟɤɬɨɜ. 
Ɍɢɩɢɱɧɵɦɢ ɩɪɟɞɫɬɚɜɢɬɟɥɹɦɢ ɧɨɫɢɦɵɯ ɫɪɟɞɫɬɜ ɦɨɧɢɬɨɪɢɧɝɚ ɹɜɥɹɸɬɫɹ ɤɨɥɶɰɚ, 

ɛɪɚɫɥɟɬɵ, ɤɭɥɨɧɵ ɢ ɛɪɨɲɢ, ɤɨɬɨɪɵɟ ɪɚɡɦɟɳɚɸɬɫɹ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ ɱɟɥɨɜɟɤɟ ɢ 
ɩɨɡɜɨɥɹɸɬ ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɬɶ ɟɝɨ ɪɚɡɥɢɱɧɵɟ ɛɢɨɩɚɪɚɦɟɬɪɵ, ɧɚɩɪɢɦɟɪ, ɬɚɤɢɟ, ɤɚɤ ɎɉȽ, 
ɄȽɊ, ɑɋɋ. Ɉɫɧɨɜɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɬɚɤɢɯ ɫɪɟɞɫɬɜ ɹɜɥɹɟɬɫɹ ɧɟɭɞɨɛɫɬɜɨ ɢɯ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɢ ɧɨɲɟɧɢɢ ɫɩɟɰɨɞɟɠɞɵ.  

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɨɜɪɟɦɟɧɧɵɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɟ ɬɟɯɧɨɥɨɝɢɢ ɦɨɧɢɬɨɪɢɧɝɚ ɬɟɤɭɳɟɝɨ 
ɫɨɫɬɨɹɧɢɹ ɨɩɟɪɚɬɢɜɧɨɝɨ ɢ ɭɩɪɚɜɥɹɸɳɟɝɨ ɩɟɪɫɨɧɚɥɚ ɨɩɚɫɧɵɯ ɨɛɴɟɤɬɨɜ, ɚ ɬɚɤɠɟ ɱɥɟɧɨɜ 
ɪɟɦɨɧɬɧɨ-ɫɩɚɫɚɬɟɥɶɧɵɯ ɛɪɢɝɚɞ ɫɥɟɞɭɟɬ ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɜ ɤɚɱɟɫɬɜɟ ɢɧɫɬɪɭɦɟɧɬɚ 
ɭɩɪɚɜɥɟɧɢɹ ɑɎ ɩɪɚɤɬɢɱɟɫɤɢ ɜɨ ɜɫɟɯ ɚɫɩɟɤɬɚɯ ɟɝɨ ɜɥɢɹɧɢɹ ɧɚ ɪɢɫɤɢ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɢ 
ɬɹɠɟɫɬɶ ɩɨɫɥɟɞɫɬɜɢɣ ɤɚɬɚɫɬɪɨɮ ɬɟɯɧɨɝɟɧɧɨɝɨ ɩɪɨɢɫɯɨɠɞɟɧɢɹ. ɇɟɨɛɯɨɞɢɦɨ ɨɬɦɟɬɢɬɶ, 
ɱɬɨ ɩɪɢɦɟɧɹɟɦɵɟ ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢ ɪɚɡɪɚɛɚɬɵɜɚɟɦɵɟ ɩɟɪɫɩɟɤɬɢɜɧɵɟ ɨɛɪɚɡɰɵ 
ɬɟɯɧɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɦɨɧɢɬɨɪɢɧɝɚ ɹɜɥɹɸɬɫɹ ɜ ɫɜɨɟɣ ɦɚɫɫɟ ɫɭɝɭɛɨ ɰɢɮɪɨɜɵɦɢ, ɧɚɱɢɧɚɹ 
ɨɬ ɰɢɮɪɨɜɵɯ ɫɟɧɫɨɪɨɜ ɢ ɡɚɤɚɧɱɢɜɚɹ ɰɢɮɪɨɜɵɦɢ ɤɚɧɚɥɚɦɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɢ 
ɤɨɦɩɶɸɬɟɪɧɵɯ ɚɥɝɨɪɢɬɦɨɜ ɨɛɪɚɛɨɬɤɢ ɩɨɥɭɱɚɟɦɵɯ ɞɚɧɧɵɯ. 

 
ɋɉɂɋɈɄ ɅɂɌȿɊȺɌɍɊɕ 

 

1. ɂɫɫɥɟɞɨɜɚɧɢɟ ɜɵɩɨɥɧɟɧɨ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ Ɋɨɫɫɢɣɫɤɨɝɨ ɧɚɭɱɧɨɝɨ ɮɨɧɞɚ (ɊɇɎ) №16-18-

00069 «ɋɧɢɠɟɧɢɟ ɪɢɫɤɚ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɢ ɭɦɟɧɶɲɟɧɢɟ ɩɨɫɥɟɞɫɬɜɢɣ ɤɚɬɚɫɬɪɨɮ ɬɟɯɧɨɝɟɧɧɨɝɨ 
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Abstract – The paper presents the results of the main aspects analysis of the human factor 

influence on the reliability and trouble-free operation of nuclear power plants and other hazardous 

objects. The need to take into account the influence of this factor while ensuring the reliability of 

security and transport systems of hazardous facilities, the reliability of operational, control and 

rescue personnel is shown. Using remote technologies for the current functional and psycho-

emotional state of a person monitoring is proposed as a tool of human factor managing. 
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Ɍɪɢɭɦɜɢɪɚɬ «ɜɥɚɫɬɶ – ɨɛɪɚɡɨɜɚɧɢɟ – ɛɢɡɧɟɫ» ɟɫɬɶ ɢɦɟɧɧɨ ɬɚ ɫɢɥɚ, ɤɨɬɨɪɚɹ 
ɫɩɨɫɨɛɧɚ ɜ ɤɨɪɧɟ ɢɡɦɟɧɢɬɶ ɫɢɬɭɚɰɢɸ, ɫɭɳɟɫɬɜɭɸɳɭɸ ɧɚ ɪɵɧɤɟ ɬɪɭɞɚ, ɤɨɝɞɚ ɡɚɱɚɫɬɭɸ 
ɩɪɟɞɥɨɠɟɧɢɟ ɩɨ ɤɚɞɪɨɜɵɦ ɪɟɫɭɪɫɚɦ ɧɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɫɩɪɨɫɭ. ɋɨɜɪɟɦɟɧɧɵɣ ɪɟɚɥɶɧɵɣ 
ɫɟɤɬɨɪ ɷɤɨɧɨɦɢɤɢ ɢɫɩɵɬɵɜɚɟɬ ɨɫɬɪɭɸ ɩɨɬɪɟɛɧɨɫɬɶ ɜ ɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɵɯ ɪɚɛɨɱɢɯ. ȼ 
ɦɟɧɶɲɟɣ ɫɬɟɩɟɧɢ ɜɨɫɬɪɟɛɨɜɚɧɵ ɫɟɝɨɞɧɹ ɫɩɟɰɢɚɥɢɫɬɵ ɜɵɫɲɟɝɨ ɡɜɟɧɚ. Ⱦɥɹ ɬɨɝɨ, ɱɬɨɛɵ 
ɢɡɛɟɠɚɬɶ ɩɟɪɟɤɨɫɨɜ ɢ ɫɛɚɥɚɧɫɢɪɨɜɚɬɶ ɫɢɬɭɚɰɢɸ ɧɚ ɪɵɧɤɟ ɬɪɭɞɚ, ɪɟɚɥɢɡɭɟɬɫɹ ɪɹɞ 
ɦɟɪɨɩɪɢɹɬɢɣ ɮɟɞɟɪɚɥɶɧɨɝɨ, ɪɟɝɢɨɧɚɥɶɧɨɝɨ, ɦɟɫɬɧɨɝɨ ɢ ɤɨɪɩɨɪɚɬɢɜɧɨɝɨ  ɭɪɨɜɧɟɣ. ȼ 
ɨɫɧɨɜɟ ɪɟɲɟɧɢɹ ɷɬɨɣ ɡɚɞɚɱɢ ɥɟɠɢɬ ɩɨɞɝɨɬɨɜɤɚ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɦɢ ɨɪɝɚɧɢɡɚɰɢɹɦɢ ɬɚɤɢɯ 
ɫɩɟɰɢɚɥɢɫɬɨɜ, ɧɚɛɨɪ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɤɨɦɩɟɬɟɧɰɢɣ ɤɨɬɨɪɵɯ ɢ ɭɪɨɜɟɧɶ ɜɥɚɞɟɧɢɹ ɢɦɢ 
ɫɨɨɬɜɟɬɫɬɜɨɜɚɥ ɛɵ ɬɪɟɛɨɜɚɧɢɹɦ, ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɪɚɛɨɬɨɞɚɬɟɥɟɦ. ɗɮɮɟɤɬɢɜɧɨɟ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ ɜɭɡɨɜ ɢ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɚɪɬɧɟɪɨɜ ɬɚɤɠɟ ɛɥɚɝɨɩɪɢɹɬɧɨ ɜɥɢɹɟɬ ɧɚ 
ɢɧɧɨɜɚɰɢɨɧɧɭɸ ɚɤɬɢɜɧɨɫɬɶ ɜɫɟɯ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɫɭɛɴɟɤɬɨɜ ɪɟɝɢɨɧɚ Д1–3].  

ȼ ɷɬɨɦ ɫɥɭɱɚɟ ɨɫɨɛɚɹ ɪɨɥɶ ɩɪɢɧɚɞɥɟɠɢɬ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɦ ɨɪɝɚɧɢɡɚɰɢɹɦ, 
ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɦ ɧɚ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɩɨɞɝɨɬɨɜɤɢ ɤɚɞɪɨɜ ɩɪɟɢɦɭɳɟɫɬɜɟɧɧɨ ɞɥɹ 
ɤɨɧɤɪɟɬɧɨɣ ɨɬɪɚɫɥɢ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ – ɬɚɤ ɧɚɡɵɜɚɟɦɵɦ ɨɬɪɚɫɥɟɜɵɦ ɜɭɡɚɦ. 
ɇɚɩɪɚɜɥɟɧɢɹ ɩɨɞɝɨɬɨɜɤɢ, ɩɪɨɮɢɥɢ ɫɩɟɰɢɚɥɢɡɚɰɢɹ ɜ ɷɬɨɦ ɫɥɭɱɚɟ ɜɵɛɢɪɚɸɬɫɹ ɫɨɝɥɚɫɧɨ 
ɬɪɟɛɨɜɚɧɢɹɦ ɪɚɛɨɬɨɞɚɬɟɥɟɣ, ɭɱɟɛɧɵɟ ɩɥɚɧɵ ɤɨɪɪɟɤɬɢɪɭɸɬɫɹ ɫ ɭɱɟɬɨɦ ɩɟɪɫɩɟɤɬɢɜɧɵɯ 
ɬɪɟɛɨɜɚɧɢɣ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɚɪɬɧɟɪɨɜ, ɩɪɚɤɬɢɤɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɚɹ ɩɨɞɝɨɬɨɜɤɚ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɫ ɩɨɦɨɳɶɸ ɪɟɥɟɜɚɧɬɧɨɣ ɦɚɬɟɪɢɚɥɶɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɛɚɡɵ, ɧɨ ɢ 
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ɫ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɦ ɭɱɚɫɬɢɟɦ ɫɩɟɰɢɚɥɢɫɬɨɜ – ɫɨɬɪɭɞɧɢɤɨɜ ɞɚɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ. 
Ɉɛɪɚɡɨɜɚɬɟɥɶɧɵɟ ɨɪɝɚɧɢɡɚɰɢɢ, ɦɨɞɟɪɧɢɡɢɪɭɹ ɫɜɨɸ ɨɪɝɚɧɢɡɚɰɢɨɧɧɭɸ ɫɬɪɭɤɬɭɪɭ ɞɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɢ (ɧɚɩɪɢɦɟɪ, ɭɱɚɫɬɧɢɤɢ «ɉɪɨɟɤɬɚ 5-100», ɟɳɟ 
ɛɨɥɶɲɟ ɚɞɚɩɬɢɪɭɸɬɫɹ ɤ ɩɨɬɪɟɛɧɨɫɬɹɦ ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɨɬɜɟɱɚɸɬ ɜɵɡɨɜɚɦ ɪɟɚɥɶɧɨɝɨ 
ɫɟɤɬɨɪɚ ɷɤɨɧɨɦɢɤɢ Д4, 5].  

ȼ ȼɨɥɝɨɞɨɧɫɤɨɦ ɢɧɠɟɧɟɪɧɨ-ɬɟɯɧɢɱɟɫɤɨɦ ɢɧɫɬɢɬɭɬɟ ɇɂəɍ ɆɂɎɂ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɦɧɨɝɨɝɪɚɧɧɚɹ ɪɚɛɨɬɚ ɩɨ ɪɟɲɟɧɢɸ ɷɬɨɣ ɡɚɞɚɱɢ. ɂɧɫɬɢɬɭɬ ɜɫɟɝɞɚ ɝɢɛɤɨ 
ɪɟɚɝɢɪɨɜɚɥ ɧɚ ɪɟɨɪɝɚɧɢɡɚɰɢɸ ɩɪɨɦɵɲɥɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ ɝ. ȼɨɥɝɨɞɨɧɫɤɚ. 
ɋɜɨɟɜɪɟɦɟɧɧɨ ɨɬɪɚɠɚɹ ɢɡɦɟɧɟɧɢɹ ɫɩɪɨɫɚ ɧɚ ɪɵɧɤɟ ɬɪɭɞɚ, ɜɭɡ ɥɢɰɟɧɡɢɪɨɜɚɥ ɧɨɜɵɟ 
ɫɩɟɰɢɚɥɶɧɨɫɬɢ («ɋɜɚɪɨɱɧɨɟ ɩɪɨɢɡɜɨɞɫɬɜɨ» – ɫɜɚɪɳɢɤɢ ɞɥɹ ɡɚɜɨɞɚ ɚɬɨɦɧɨɝɨ 
ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ «Ⱥɬɨɦɦɚɲ» (ɞɚɥɟɟ – «Ⱥɬɨɦɦɚɲ»),  «Ɍɟɯɧɨɫɮɟɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ» – 

ɷɤɨɥɨɝɢ ɞɥɹ Ɋɨɫɬɨɜɫɤɨɣ Ⱥɗɋ (ɞɚɥɟɟ – ɊɨȺɗɋ), «Ɇɢɤɪɨɷɥɟɤɬɪɨɧɢɤɚ» – ɞɥɹ 
ȼɨɥɝɨɞɨɧɫɤɨɝɨ ɪɚɞɢɨɡɚɜɨɞɚ, «ɗɤɨɧɨɦɢɤɚ ɢ ɭɩɪɚɜɥɟɧɢɟ ɩɪɨɢɡɜɨɞɫɬɜɨɦ» – ɷɤɨɧɨɦɢɫɬɵ 
ɞɥɹ ɜɫɟɯ ɩɪɟɞɩɪɢɹɬɢɣ ɪɟɝɢɨɧɚ).  

ȼ ɩɟɪɟɯɨɞɧɵɣ ɩɟɪɢɨɞ ɪɨɫɫɢɣɫɤɨɣ ɷɤɨɧɨɦɢɤɢ ɞɟɹɬɟɥɶɧɨɫɬɶ ɪɹɞɚ 
ɝɪɚɞɨɨɛɪɚɡɭɸɳɢɯ ɩɪɟɞɩɪɢɹɬɢɣ ɛɵɥɚ ɩɪɢɨɫɬɚɧɨɜɥɟɧɚ, «Ⱥɬɨɦɦɚɲ» ɩɟɪɟɲɟɥ ɧɚ 
ɩɪɨɢɡɜɨɞɫɬɜɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɧɟɮɬɟɝɚɡɨɯɢɦɢɢ, ɩɪɟɤɪɚɬɢɥɨɫɶ ɫɬɪɨɢɬɟɥɶɫɬɜɨ ɊɨȺɗɋ, 
ɤɚɤ ɫɥɟɞɫɬɜɢɟ, ɫɨɤɪɚɳɚɥɢɫɶ ɲɬɚɬɵ ɢ ɨɛɴɟɦɵ ɮɢɧɚɧɫɢɪɨɜɚɧɢɹ. ɗɬɨ ɩɪɢɜɨɞɢɥɨ ɤ ɨɬɤɚɡɭ 
ɜ ɬɪɭɞɨɭɫɬɪɨɣɫɬɜɟ ɜɵɩɭɫɤɧɢɤɨɜ ɜɭɡɚ. ȼɨɡɨɛɧɨɜɥɟɧɢɟ ɜ ɧɚɱɚɥɟ β000 ɝ. ɫɬɪɨɢɬɟɥɶɫɬɜɚ 
ɊɨȺɗɋ ɢ ɞɟɹɬɟɥɶɧɨɫɬɢ «Ⱥɬɨɦɦɚɲɚ» ɜ β01β ɝ. ɜɵɡɜɚɥɨ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɨɬɤɪɵɬɢɹ 
ɫɩɟɰɢɚɥɶɧɨɫɬɟɣ ɢ ɧɚɩɪɚɜɥɟɧɢɣ ɩɨɞɝɨɬɨɜɤɢ «Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ», «ɋɬɪɨɢɬɟɥɶɫɬɜɨ 
ɭɧɢɤɚɥɶɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ», «Ⱥɬɨɦɧɵɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ», «ɉɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ 
ɦɟɧɟɞɠɦɟɧɬ».  

ɋɟɝɨɞɧɹ ɩɟɪɟɞ ɩɪɟɞɩɪɢɹɬɢɹɦɢ ɫɬɨɢɬ ɡɚɞɚɱɚ ɩɨɜɵɲɟɧɢɹ ɷɤɨɧɨɦɢɱɟɫɤɨɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɜ ɭɫɥɨɜɢɹɯ ɩɟɪɟɯɨɞɚ ɨɬ ɫɨɫɬɨɹɧɢɹ «ɪɵɧɤɚ ɩɪɨɞɚɜɰɚ» ɤ «ɪɵɧɤɭ 
ɩɨɤɭɩɚɬɟɥɹ». ȼ ɷɬɢɯ ɭɫɥɨɜɢɹɯ ɫɬɚɧɨɜɢɬɫɹ ɧɟɜɨɡɦɨɠɧɵɦ ɩɨɜɵɲɚɬɶ ɫɜɨɸ ɷɮɮɟɤɬɢɜɧɨɫɬɶ 
ɬɨɥɶɤɨ ɡɚ ɫɱɟɬ ɧɚɪɚɳɢɜɚɧɢɹ ɨɛɴɟɦɨɜ ɩɪɨɢɡɜɨɞɫɬɜɚ. Ʉɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɶ 
ɩɪɟɞɩɪɢɹɬɢɣ ɧɚ ɪɵɧɤɟ ɞɨɫɬɢɝɚɟɬɫɹ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɡɚ ɫɱɟɬ ɩɪɨɜɟɞɟɧɢɹ 
ɨɩɬɢɦɢɡɚɰɢɨɧɧɵɯ ɦɟɪɨɩɪɢɹɬɢɣ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ (ɧɚ) ɫɨɤɪɚɳɟɧɢɹ ɩɨɬɟɪɶ ɜɨ ɜɫɟɯ 
ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ ɩɥɨɫɤɨɫɬɹɯ, ɧɚ ɜɫɟɯ ɷɬɚɩɚɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɩɪɨɰɟɫɫɚ, ɧɚ ɜɫɟɯ 
ɢɟɪɚɪɯɢɱɟɫɤɢɯ ɭɪɨɜɧɹɯ. ɗɬɨɬ ɩɨɞɯɨɞ ɥɟɝ ɜ ɨɫɧɨɜɭ «ɛɟɪɟɠɥɢɜɵɯ» (LEAN) ɬɟɯɧɨɥɨɝɢɣ, 
ɩɨɥɭɱɢɜɲɢɯ ɫɟɝɨɞɧɹ ɲɢɪɨɤɨɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɢ ɨɬɪɚɠɟɧɢɟ ɜ Ⱥɬɥɚɫɟ ɧɨɜɵɯ 
ɩɪɨɮɟɫɫɢɣ, ɫɨɞɟɪɠɚɳɢɯ ɧɚɞɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɟ ɧɚɜɵɤɢ ɜ ɫɮɟɪɟ ɛɟɪɟɠɥɢɜɨɝɨ 
ɩɪɨɢɡɜɨɞɫɬɜɚ Д6Ж. 

ɋ ɤɨɧɰɟɩɰɢɟɣ LEAN, ɢɥɢ Ȼɟɪɟɠɥɢɜɵɦ ɩɪɨɢɡɜɨɞɫɬɜɨɦ (ɞɚɥɟɟ – Ȼɉ), ɦɢɪɨɜɨɟ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɟ ɫɨɨɛɳɟɫɬɜɨ ɜɩɟɪɜɵɟ ɩɨɡɧɚɤɨɦɢɥɨɫɶ ɛɨɥɟɟ ɲɟɫɬɢɞɟɫɹɬɢ ɥɟɬ ɧɚɡɚɞ. Ɂɚ 
ɩɪɨɲɟɞɲɢɣ ɩɟɪɢɨɞ ɫ ɩɟɪɟɦɟɧɧɵɦ ɭɫɩɟɯɨɦ ɜɧɟɞɪɹɥɚɫɶ ɬɵɫɹɱɚɦɢ ɩɪɟɞɩɪɢɹɬɢɣ ɪɚɡɧɵɯ 
ɫɬɪɚɧ. ɇɚɤɨɩɥɟɧɢɟ ɧɨɜɨɝɨ ɨɩɵɬɚ ɩɪɢ ɪɚɡɜɢɬɢɢ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɫɢɫɬɟɦ ɩɪɢɜɟɥɨ ɤ 
ɧɟɤɨɬɨɪɵɦ ɢɡɦɟɧɟɧɢɹɦ ɤɨɧɰɟɩɰɢɢ. Ɉɞɧɚɤɨ ɡɚ ɜɪɟɦɹ ɫɜɨɟɝɨ ɫɭɳɟɫɬɜɨɜɚɧɢɹ 
ɛɟɪɟɠɥɢɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɩɪɨɲɥɚ ɧɟɨɞɧɨɤɪɚɬɧɭɸ ɩɪɨɜɟɪɤɭ ɧɚ «ɩɪɨɱɧɨɫɬɶ» ɢ 
ɩɨɞɬɜɟɪɞɢɥɚ ɩɨɥɨɠɢɬɟɥɶɧɨɟ ɜɥɢɹɧɢɟ ɧɚ ɷɮɮɟɤɬɢɜɧɨɫɬɶ ɦɧɨɠɟɫɬɜɚ ɤɨɦɩɚɧɢɣ – ɨɬ 
ɤɨɪɩɨɪɚɰɢɢ TШвШЭК, ɤɨɬɨɪɚɹ ɜɧɟɫɥɚ ɨɫɧɨɜɧɨɣ ɜɤɥɚɞ ɜ ɮɨɪɦɢɪɨɜɚɧɢɟ ɢ ɪɚɡɜɢɬɢɟ 
ɤɨɧɰɟɩɰɢɢ, ɞɨ ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɨɪɝɚɧɢɡɚɰɢɣ ɧɟɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɫɮɟɪɵ. 

ɇɟɫɦɨɬɪɹ ɧɚ ɦɧɨɝɨɨɛɪɚɡɢɟ ɢ ɩɨɩɭɥɹɪɧɨɫɬɶ LEAN-ɢɧɫɬɪɭɦɟɧɬɨɜ, ɤɨɬɨɪɵɟ ɩɨ 
ɫɜɨɟɦɭ ɭɫɦɨɬɪɟɧɢɸ ɜɵɛɢɪɚɸɬ ɩɪɟɞɩɪɢɹɬɢɹ, ɩɪɚɤɬɢɤɚ ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɤɨɥɢɱɟɫɬɜɨ 
«ɭɫɩɟɲɧɵɯ ɜɧɟɞɪɟɧɢɣ» Ȼɉ ɡɧɚɱɢɬɟɥɶɧɨ ɭɫɬɭɩɚɟɬ ɬɟɦ, ɤɨɬɨɪɵɟ ɧɟ ɩɪɢɠɢɥɢɫɶ ɫɨɜɫɟɦ 
ɢɥɢ ɧɟ ɫɦɨɝɥɢ ɛɵɬɶ ɞɨɜɟɞɟɧɵ ɞɨ ɤɨɧɰɚ. Ɉɫɧɨɜɧɨɣ ɩɪɢɱɢɧɨɣ ɷɬɨɦɭ ɢɫɫɥɟɞɨɜɚɬɟɥɢ 
ɫɱɢɬɚɸɬ ɨɬɫɭɬɫɬɜɢɟ ɫɢɫɬɟɦɧɨɫɬɢ ɩɪɢ ɩɨɞɝɨɬɨɜɤɟ ɢ ɜɧɟɞɪɟɧɢɢ ɩɪɨɝɪɚɦɦɵ Ȼɉ. 
Ɋɭɤɨɜɨɞɢɬɟɥɹɦɢ ɩɪɟɞɩɪɢɹɬɢɣ ɢɥɢ ɨɬɜɟɬɫɬɜɟɧɧɵɦɢ ɡɚ ɩɪɨɞɜɢɠɟɧɢɟ LEAN-ɩɪɨɝɪɚɦɦ, 
ɡɚɱɚɫɬɭɸ  ɜɵɛɢɪɚɥɢɫɶ ɬɟ ɨɬɞɟɥɶɧɵɟ ɧɚɩɪɚɜɥɟɧɢɹ ɢɥɢ ɢɧɫɬɪɭɦɟɧɬɵ, ɤɨɬɨɪɵɟ ɪɟɲɚɥɢ ɛɵ 
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ɬɨɥɶɤɨ ɫɚɦɵɟ ɨɫɬɪɨɚɤɬɭɚɥɶɧɵɟ ɩɪɨɛɥɟɦɵ. ɉɪɢ ɷɬɨɦ ɧɟ ɜɫɟɝɞɚ ɩɪɨɜɨɞɢɥɚɫɶ 
ɧɟɨɛɯɨɞɢɦɚɹ ɩɨɞɝɨɬɨɜɢɬɟɥɶɧɚɹ ɪɚɛɨɬɚ, ɚ ɩɪɨɝɪɚɦɦɚ ɜɧɟɞɪɟɧɢɹ ɧɟ ɧɨɫɢɥɚ ɫɢɫɬɟɦɧɨɝɨ 
ɯɚɪɚɤɬɟɪɚ. 

ɉɪɨɛɥɟɦɵ ɜɧɟɞɪɟɧɢɹ Ȼɉ – ɩɪɟɞɦɟɬ ɢɡɭɱɟɧɢɹ ɪɹɞɚ ɚɜɬɨɪɨɜ. ɋɜɨɢ ɚɥɝɨɪɢɬɦɵ 
ɜɧɟɞɪɟɧɢɹ LEAN ɪɚɡɪɚɛɨɬɚɥɢ Ⱦɠɟɣɦɫ ȼɭɦɟɤ, Ʌɨɧɧɢ ɍɢɥɫɨɧ, Ʉɚɪɥ Ɋɚɣɬ, ɗɧɧ 
Ⱦɟɣɬɟɪɢɱ Д7Ж. ɉɪɢ ɜɫɟɯ ɜɚɪɢɚɰɢɹɯ ɜ ɩɨɞɯɨɞɚɯ ɤ ɜɧɟɞɪɟɧɢɸ, ɜɵɲɟɧɚɡɜɚɧɧɵɟ ɚɜɬɨɪɵ 
ɨɬɦɟɱɚɸɬ ɧɟɨɛɯɨɞɢɦɨɫɬɶ ɨɛɭɱɟɧɢɹ ɩɟɪɫɨɧɚɥɚ. Ʉ ɩɪɢɦɟɪɭ, ɜɬɨɪɵɦ ɲɚɝɨɦ ɜ ɚɥɝɨɪɢɬɦɟ 
ɜɧɟɞɪɟɧɢɹ LEAN ɩɨ Ⱦɠɟɣɦɫɭ ȼɭɦɟɤɭ ɹɜɥɹɟɬɫɹ ɨɪɝɚɧɢɡɚɰɢɹ ɨɛɭɱɟɧɢɹ ɩɟɪɫɨɧɚɥɚ 
ɨɫɧɨɜɚɦ ɢ ɮɢɥɨɫɨɮɢɢ Ȼɉ. ɇɚ ɷɬɨɦ ɷɬɚɩɟ ɤɨɦɚɧɞɟ ɩɨ ɜɧɟɞɪɟɧɢɸ ɧɟɨɛɯɨɞɢɦɨ ɩɪɨɣɬɢ 
ɛɚɡɨɜɨɟ ɨɛɭɱɟɧɢɟ ɨɫɧɨɜɚɦ Ȼɉ ɢ ɤɥɸɱɟɜɵɦ ɢɧɫɬɪɭɦɟɧɬɚɦ, ɚ ɡɚɬɟɦ ɨɛɭɱɢɬɶ ɜɟɫɶ 
ɩɟɪɫɨɧɚɥ. 

ɂɦɟɧɧɨ ɩɨɷɬɨɦɭ ɩɪɨɛɥɟɦɭ ɨɛɭɱɟɧɢɹ LEAN-ɮɢɥɨɫɨɮɢɢ ɷɮɮɟɤɬɢɜɧɟɟ ɜɫɟɝɨ ɦɨɠɧɨ 
ɪɟɲɢɬɶ ɫ ɩɨɦɨɳɶɸ ɨɪɝɚɧɢɡɚɰɢɢ ɭɱɟɛɧɵɯ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɰɟɧɬɪɨɜ ɧɚ ɫɚɦɢɯ 
ɩɪɟɞɩɪɢɹɬɢɹɯ, ɨɫɨɛɟɧɧɨ ɟɫɥɢ ɷɬɨɬ ɩɪɨɰɟɫɫ ɡɚɬɪɚɝɢɜɚɟɬ ɭɠɟ ɫɥɨɠɢɜɲɢɣɫɹ 
ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɣ ɤɨɥɥɟɤɬɢɜ, ɚ ɬɚɤɠɟ ɫ ɩɪɢɜɥɟɱɟɧɢɟɦ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ ɨɪɝɚɧɢɡɚɰɢɣ, 
ɨɫɭɳɟɫɬɜɥɹɸɳɢɯ ɩɨɞɝɨɬɨɜɤɭ ɩɨ ɩɪɨɝɪɚɦɦɚɦ ɜɵɫɲɟɝɨ ɢ ɫɪɟɞɧɟɝɨ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ 
ɨɛɪɚɡɨɜɚɧɢɹ. ɍɱɟɛɧɵɟ ɡɚɜɟɞɟɧɢɹ ɢɦɟɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɜɫɬɪɚɢɜɚɬɶ ɧɨɜɵɟ ɤɭɪɫɵ ɜ 
ɭɱɟɛɧɵɣ ɩɪɨɰɟɫɫ, ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɪɵɧɤɚ ɬɪɭɞɚ ɤ ɩɨɞɝɨɬɨɜɤɟ ɦɨɥɨɞɵɯ 
ɫɩɟɰɢɚɥɢɫɬɨɜ ɢ ɜɵɫɨɤɨɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɵɯ ɪɚɛɨɱɢɯ ɧɚ ɩɪɢɧɰɢɩɚɯ Ȼɉ. 

Ƚɨɫɭɞɚɪɫɬɜɟɧɧɚɹ ɤɨɪɩɨɪɚɰɢɹ ɩɨ ɚɬɨɦɧɨɣ ɷɧɟɪɝɢɢ «Ɋɨɫɚɬɨɦ» (ɞɚɥɟɟ – ȽɄ 
«Ɋɨɫɚɬɨɦ») ɧɚ ɩɪɨɬɹɠɟɧɢɢ ɧɟɫɤɨɥɶɤɢɯ ɥɟɬ ɚɤɬɢɜɧɨ ɩɪɨɜɨɞɢɬ ɪɚɛɨɬɭ, ɧɚɩɪɚɜɥɟɧɧɭɸ ɧɚ 
ɨɩɬɢɦɢɡɚɰɢɸ ɡɚɬɪɚɬ ɫɜɨɢɯ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɪɟɞɩɪɢɹɬɢɣ, ɩɭɬɟɦ ɜɧɟɞɪɟɧɢɹ 
ɉɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɫɢɫɬɟɦɵ Ɋɨɫɚɬɨɦɚ (ɞɚɥɟɟ - ɉɋɊ), ɜ ɨɫɧɨɜɟ ɤɨɬɨɪɨɣ ɥɟɠɢɬ ɤɭɥɶɬɭɪɚ 
Ȼɉ. ɉɨɫɤɨɥɶɤɭ ɜ ɉɚɫɩɨɪɬɟ ɢɧɧɨɜɚɰɢɨɧɧɨɝɨ ɪɚɡɜɢɬɢɹ ȽɄ «Ɋɨɫɚɬɨɦ» ɇɚɰɢɨɧɚɥɶɧɵɣ 
ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɹɞɟɪɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ «ɆɂɎɂ» ɢ ɟɝɨ ɮɢɥɢɚɥɵ ɨɩɪɟɞɟɥɟɧɵ ɜ 
ɤɚɱɟɫɬɜɟ ɫɬɪɚɬɟɝɢɱɟɫɤɢɯ ɩɚɪɬɧɟɪɨɜ ɜ ɫɮɟɪɟ ɩɨɞɝɨɬɨɜɤɢ ɤɚɞɪɨɜ, ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ 
ɩɪɨɝɪɚɦɦɵ ɩɨɞɝɨɬɨɜɤɢ LEAN-ɫɩɟɰɢɚɥɢɫɬɨɜ ɩɪɟɞɩɪɢɹɬɢɹ ȽɄ «Ɋɨɫɚɬɨɦ» ɜɵɫɬɪɚɢɜɚɸɬ ɫ 
ɧɢɦɢ ɜɡɚɢɦɨɞɟɣɫɬɜɢɟ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɟ ɧɚ ɮɨɪɦɢɪɨɜɚɧɢɟ ɬɪɟɛɭɟɦɵɯ ɤɨɦɩɟɬɟɧɰɢɣ ɭ 
ɛɭɞɭɳɢɯ ɫɩɟɰɢɚɥɢɫɬɨɜ. ɗɬɨ ɩɪɢɜɨɞɢɬ ɤ ɭɤɪɟɩɥɟɧɢɸ ɫɢɥɶɧɵɯ ɫɬɨɪɨɧ ɩɪɟɞɩɪɢɹɬɢɹ, 
ɫɩɨɫɨɛɧɵɯ ɜɨɡɞɟɣɫɬɜɨɜɚɬɶ ɢ ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ ɜɧɟɲɧɢɯ ɭɝɪɨɡ, ɢ ɧɚ ɨɫɜɨɟɧɢɟ 
ɜɨɡɦɨɠɧɨɫɬɟɣ ɫɨɜɪɟɦɟɧɧɨɝɨ ɪɵɧɤɚ (ɧɚɰɢɨɧɚɥɶɧɨɝɨ ɢ ɡɚɪɭɛɟɠɧɨɝɨ), ɤɚɤ 
ɞɟɦɨɧɫɬɪɢɪɭɸɬ ɪɟɡɭɥɶɬɚɬɵ ɩɪɨɜɟɞɟɧɧɨɝɨ ɚɜɬɨɪɚɦɢ ɜ Д8Ж SWOT-ɚɧɚɥɢɡɚ (Ɍɚɛɥɢɰɚ 1). 
 

Ɍɚɛɥɢɰɚ 1. – Ɇɚɬɪɢɰɚ SWOT-ɚɧɚɥɢɡɚ ɞɥɹ ȽɄ «Ɋɨɫɚɬɨɦ» ДMatrix of the SWOT-analysis 
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ɋɢɥɶɧɵɟ ɫɬɨɪɨɧɵ ɋɥɚɛɵɟ ɫɬɨɪɨɧɵ 

- Ʉɨɧɫɨɥɢɞɢɪɨɜɚɧɧɚɹ ɫɬɪɭɤɬɭɪɚ ɨɬɪɚɫɥɢ 

ɜ ɪɚɦɤɚɯ ȽɄ «Ɋɨɫɚɬɨɦ» 

- ɍɫɬɨɣɱɢɜɨɫɬɶ ɩɪɟɞɩɪɢɹɬɢɣ 

- ɋɢɥɶɧɚɹ ɝɨɫɩɨɞɞɟɪɠɤɚ ɨɬɪɚɫɥɢ 

- ȼɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɢɧɧɨɜɚɰɢɨɧɧɵɯ 

ɪɚɡɪɚɛɨɬɨɤ (ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɯ ɢ 

ɩɪɢɤɥɚɞɧɵɯ) 
- ɋɬɪɚɬɟɝɢɱɟɫɤɢɟ ɩɪɨɝɪɚɦɦɵ ɪɚɡɜɢɬɢɹ 

- ȼɵɫɨɤɨɤɜɚɥɢɮɢɰɢɪɨɜɚɧɧɵɟ ɤɚɞɪɵ 

- ȼɵɫɨɤɢɣ ɭɪɨɜɟɧɶ ɨɛɟɫɩɟɱɟɧɢɹ 

ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ 

- Ɇɨɪɚɥɶɧɵɣ ɢ ɮɢɡɢɱɟɫɤɢɣ ɢɡɧɨɫ 

ɧɟɤɨɬɨɪɵɯ ɩɨɡɢɰɢɣ ɨɫɧɨɜɧɵɯ ɮɨɧɞɨɜ 

- Ⱦɢɫɩɪɨɩɨɪɰɢɢ ɜ ɫɬɪɭɤɬɭɪɟ 

ɷɧɟɪɝɨɩɨɬɪɟɛɥɟɧɢɹ ɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ 

ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ ɩɨ ɪɟɝɢɨɧɚɦ Ɋɨɫɫɢɢ 

- ɋɧɢɠɟɧɢɟ ɩɥɚɬɟɠɟɫɩɨɫɨɛɧɨɫɬɢ 

ɧɚɫɟɥɟɧɢɹ, ɪɨɫɬ ɞɟɛɢɬɨɪɫɤɨɣ 

ɡɚɞɨɥɠɟɧɧɨɫɬɢ 

- Ʉɨɧɴɸɧɤɬɭɪɧɵɟ ɤɨɥɟɛɚɧɢɹ ɧɚ 

ɦɢɪɨɜɨɦ ɪɵɧɤɟ ɚɬɨɦɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ 

ɪɟɫɭɪɫɨɜ (ɨɫɨɛɟɧɧɨ ɩɨɫɥɟ ɚɜɚɪɢɢ ɧɚ 

Ɏɭɤɭɫɢɦɚ-1) 

- ɇɟɞɨɫɬɚɬɨɱɧɚɹ ɪɟɧɬɚɛɟɥɶɧɨɫɬɶ ɪɹɞɚ 

ɛɢɡɧɟɫ-ɟɞɢɧɢɰ ɜ ȽɄ «Ɋɨɫɚɬɨɦ» 
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Фɚɤɬɨɪɵ ɜɧɟɲɧɟɣ ɫɪɟɞɵ 

ȼɨɡɦɨɠɧɨɫɬɢ ɍɝɪɨɡɵ 

- Ɇɨɞɟɪɧɢɡɚɰɢɹ ɢ ɬɟɯɧɢɱɟɫɤɨɟ 

ɩɟɪɟɜɨɨɪɭɠɟɧɢɟ ɩɪɟɞɩɪɢɹɬɢɣ ɫɟɤɬɨɪɚ ɧɚ 

ɨɫɧɨɜɟ ɢɧɧɨɜɚɰɢɣ 

- Ⱦɢɜɟɪɫɢɮɢɤɚɰɢɹ ɪɹɞɚ ɧɚɩɪɚɜɥɟɧɢɣ 

ɞɟɹɬɟɥɶɧɨɫɬɢ ɫɟɤɬɨɪɚ ɜ ɫɦɟɠɧɵɟ ɜɢɞɵ 

ɛɢɡɧɟɫɚ 

- Ɋɚɫɲɢɪɟɧɢɟ ɢɧɬɟɝɪɚɰɢɢ ɜ ɝɥɨɛɚɥɶɧɭɸ 

ɷɧɟɪɝɟɬɢɤɭ 

- Ɏɨɪɦɢɪɨɜɚɧɢɟ ɦɟɠɞɭɧɚɪɨɞɧɨɣ 

ɧɚɭɱɧɨ-ɬɟɯɧɢɱɟɫɤɨɣ ɤɨɨɩɟɪɚɰɢɢ ɜ ɫɮɟɪɟ 

ɩɪɨɢɡɜɨɞɫɬɜɚ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ 

ɫɬɪɨɢɬɟɥɶɫɬɜɚ ɨɛɴɟɤɬɨɜ ɚɬɨɦɧɨɣ 

ɷɧɟɪɝɟɬɢɤɢ (ɧɚɩɪɢɦɟɪ, ɧɚ ɨɫɧɨɜɟ 

ɦɧɨɝɨɰɟɥɟɜɨɝɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ 

ɪɟɚɤɬɨɪɚ ɧɚ ɛɵɫɬɪɵɯ ɧɟɣɬɪɨɧɚɯ) 
- Ʌɢɛɟɪɚɥɢɡɚɰɢɹ ɭɫɥɨɜɢɣ 

ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɫ 

ɪɚɫɲɢɪɟɧɢɟɦ ɜɨɡɦɨɠɧɨɫɬɢ ɩɪɨɜɟɞɟɧɢɹ 

ɨɩɟɪɚɰɢɣ ɧɚ ɜɧɟɲɧɟɦ ɢ ɜɧɭɬɪɟɧɧɟɦ 

ɷɧɟɪɝɟɬɢɱɟɫɤɢɯ ɢ ɮɢɧɚɧɫɨɜɵɯ ɪɵɧɤɚɯ 

- Ɋɚɡɜɢɬɢɟ ɤɪɢɡɢɫɧɵɯ ɹɜɥɟɧɢɣ, 
ɛɥɨɤɢɪɭɸɳɢɯ ɩɥɚɬɟɠɟɫɩɨɫɨɛɧɵɣ ɫɩɪɨɫ 

ɧɚ ɷɥɟɤɬɪɨɷɧɟɪɝɢɸ ɤɚɤ ɧɚ ɜɧɭɬɪɟɧɧɟɦ, 
ɬɚɤ ɢ ɧɟ ɜɧɟɲɧɟɦ ɪɵɧɤɟ 

- ɂɫɱɟɪɩɚɧɢɟ ɧɚɪɚɛɨɬɚɧɧɵɯ ɧɚɭɱɧɨ-

ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɯ ɧɚɪɚɛɨɬɨɤ ɞɥɹ 

ɪɚɡɜɢɬɢɹ ɨɬɪɚɫɥɢ 

- ɉɨɹɜɥɟɧɢɟ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ 

ɢɫɬɨɱɧɢɤɨɜ ɷɥɟɤɬɪɨɷɧɟɪɝɢɢ 

- Ʉɪɢɡɢɫɧɵɟ ɹɜɥɟɧɢɹ ɜ ɦɢɪɨɜɨɣ 

ɷɤɨɧɨɦɢɤɟ, ɫɨɤɪɚɳɟɧɢɟ ɮɢɧɚɧɫɨɜɵɯ 

ɜɨɡɦɨɠɧɨɫɬɟɣ 

- Ⱦɢɫɤɪɢɦɢɧɚɰɢɨɧɧɵɟ ɦɟɪɵ ɫɨ 

ɫɬɨɪɨɧɵ ɫɬɪɚɧ-ɩɚɪɬɧɟɪɨɜ ɜ ɨɬɧɨɲɟɧɢɢ 

ɛɢɡɧɟɫ-ɟɞɢɧɢɰ ɚɬɨɦɧɨɣ ɨɬɪɚɫɥɢ 

 

 

Ɉɛɨɫɨɛɥɟɧɧɵɟ ɫɬɪɭɤɬɭɪɧɵɟ ɩɨɞɪɚɡɞɟɥɟɧɢɹ ɇɂəɍ ɆɂɎɂ ɨɪɢɟɧɬɢɪɨɜɚɧɵ ɧɚ 
ɪɟɲɟɧɢɟ ɤɚɞɪɨɜɨɣ ɩɨɬɪɟɛɧɨɫɬɢ ɨɬɪɚɫɥɢ ɧɚ ɨɬɞɟɥɶɧɵɯ ɬɟɪɪɢɬɨɪɢɹɯ ɪɚɡɦɟɳɟɧɢɹ 
ɩɪɟɞɩɪɢɹɬɢɣ ɞɢɜɢɡɢɨɧɨɜ ɢ ɫɩɨɫɨɛɫɬɜɭɸɬ ɪɟɲɟɧɢɸ ɨɩɟɪɚɬɢɜɧɵɯ ɬɟɯɧɢɱɟɫɤɢɯ, 
ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɢ ɭɩɪɚɜɥɟɧɱɟɫɤɢɯ ɡɚɞɚɱ. ɇɚɩɪɢɦɟɪ, ȼɨɥɝɨɞɨɧɫɤɢɣ ɮɢɥɢɚɥ (ɞɚɥɟɟ – 

ȼɂɌɂ ɇɂəɍ ɆɂɎɂ), ɡɚɧɢɦɚɹɫɶ ɩɨɞɝɨɬɨɜɤɨɣ ɫɩɟɰɢɚɥɢɫɬɨɜ ɢ ɛɚɤɚɥɚɜɪɨɜ ɞɥɹ ȺɈ 
«Ʉɨɧɰɟɪɧ Ɋɨɫɷɧɟɪɝɨɚɬɨɦ», ȺɈ «ȺɗɆ-ɬɟɯɧɨɥɨɝɢɢ «Ⱥɬɨɦɦɚɲ» ɢ ɚɬɨɦɧɨɣ ɨɬɪɚɫɥɢ ɜ 
ɰɟɥɨɦ, ɧɚɤɨɩɢɥ ɨɩɪɟɞɟɥɟɧɧɵɣ ɨɩɵɬ ɨɫɜɨɟɧɢɹ ɦɟɬɨɞɢɤɢ Ȼɉ.  ɉɨɞɝɨɬɨɜɤɚ LEAN-

ɫɩɟɰɢɚɥɢɫɬɨɜ ɧɟ ɨɝɪɚɧɢɱɢɥɚɫɶ ɮɨɪɦɢɪɨɜɚɧɢɟɦ ɡɚɹɜɥɟɧɧɵɯ ɤɨɦɩɟɬɟɧɰɢɣ ɭ ɫɬɭɞɟɧɬɨɜ 
ɜɭɡɚ, ɛɭɞɭɳɢɯ ɪɚɛɨɬɧɢɤɨɜ ȽɄ «Ɋɨɫɚɬɨɦ», ɧɨ  ɢ ɪɚɫɩɪɨɫɬɪɚɧɢɥɚɫɶ ɧɚ ɫɨɜɦɟɫɬɧɭɸ 
ɪɚɡɪɚɛɨɬɤɭ ɢ ɪɟɚɥɢɡɚɰɢɸ ɩɪɨɝɪɚɦɦ ɨɛɭɱɟɧɢɹ «ɛɟɪɟɠɥɢɜɨɣ ɤɭɥɶɬɭɪɟ» ɫɨɬɪɭɞɧɢɤɨɜ 
ɩɪɟɞɩɪɢɹɬɢɣ. ɍɱɚɫɬɢɟ ȼɂɌɂ ɇɂəɍ ɆɂɎɂ ɜ ɩɪɨɞɜɢɠɟɧɢɢ ɢɞɟɨɥɨɝɢɢ Ȼɉ, 
ɮɨɪɦɢɪɨɜɚɧɢɢ «ɛɟɪɟɠɥɢɜɨɝɨ» ɦɢɪɨɜɨɡɡɪɟɧɢɹ ɭ ɫɬɭɞɟɧɬɨɜ ɢ ɫɩɟɰɢɚɥɢɫɬɨɜ ɩɪɟɞɩɪɢɹɬɢɣ 
ɪɟɚɥɢɡɭɟɬɫɹ ɜ ɞɜɭɯ ɮɨɪɦɚɯ: ɬɟɨɪɟɬɢɱɟɫɤɨɣ ɢ ɩɪɚɤɬɢɤɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɨɣ, ɤɨɧɤɪɟɬɧɵɟ 
ɦɟɪɨɩɪɢɹɬɢɹ ɩɨ ɤɨɬɨɪɵɦ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɬɚɛɥɢɰɟ β. 
 

Ɍɚɛɥɢɰɚ 2. – Ɏɨɪɦɵ ɭɱɚɫɬɢɹ ȼɂɌɂ ɇɂəɍ ɆɂɎɂ ɜ ɩɨɞɝɨɬɨɜɤɟ ɤɚɞɪɨɜ ɞɥɹ ȽɄ 
«Ɋɨɫɚɬɨɦ» ɢ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɤɥɚɫɬɟɪɚ ДFШЫЦЬ ШП VETI NRNU MEPСI 
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Ɍɟɨɪɟɬɢɱɟɫɤɢɟ 

 

ɉɪɚɤɬɢɤɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ 

1 2 

Ʌɢɰɟɧɡɢɪɨɜɚɧɢɟ ɧɚɩɪɚɜɥɟɧɢɣ ɩɨɞɝɨɬɨɜɤɢ 
ɪɚɛɨɱɢɯ ɤɚɞɪɨɜ, ɜɯɨɞɹɳɢɯ ɜ ɌɈɉ-50 

 

ɋɬɚɠɢɪɨɜɤɢ ɩɪɟɩɨɞɚɜɚɬɟɥɟɣ ȼɍɁɚ ɧɚ 
ɩɪɟɞɩɪɢɹɬɢɹɯ 

ȼɤɥɸɱɟɧɢɟ ɜ ɪɚɛɨɱɢɟ ɩɪɨɝɪɚɦɦɵ ɪɚɡɞɟɥɨɜ ɩɨ 
«Ȼɟɪɟɠɥɢɜɨɦɭ ɩɪɨɢɡɜɨɞɫɬɜɭ» 

Ɉɪɝɚɧɢɡɚɰɢɹ ɩɪɚɤɬɢɤɢ ɞɥɹ ɫɬɭɞɟɧɬɨɜ ɧɚ 
ɩɪɟɞɩɪɢɹɬɢɹɯ (ɨɛɨɪɭɞɨɜɚɧɢɟ, 
ɦɨɞɟɥɢɪɨɜɚɧɢɟ ɫɢɬɭɚɰɢɣ, ɪɚɛɨɬɚ ɫ 
ɞɨɤɭɦɟɧɬɚɰɢɟɣ) 
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ β 
1 2 

Ɋɚɡɪɚɛɨɬɤɚ ɭɱɟɛɧɨ-ɦɟɬɨɞɢɱɟɫɤɢɯ ɦɚɬɟɪɢɚɥɨɜ 
(ɍɆɄ) ɞɥɹ ɐɟɧɬɪɚ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ 
ɤɨɦɩɟɬɟɧɰɢɣ ɧɚ ɨɫɧɨɜɟ ɨɬɟɱɟɫɬɜɟɧɧɨɝɨ ɢ 
ɡɚɪɭɛɟɠɧɨɝɨ ɨɩɵɬɚ (Ƚɟɪɦɚɧɢɹ, Ɏɢɧɥɹɧɞɢɹ) 

ɉɪɢɜɥɟɱɟɧɢɟ ɫɬɭɞɟɧɬɨɜ ɤ ɭɱɚɫɬɢɸ ɜ 
ɬɪɟɧɢɧɝɚɯ ɩɨ ɛɟɪɟɠɥɢɜɨɦɭ ɩɪɨɢɡɜɨɞɫɬɜɭ ɧɚ 
ɩɪɟɞɩɪɢɹɬɢɹɯ ȽɄ «Ɋɨɫɚɬɨɦ», ɩɪɨɜɨɞɢɦɵɟ 
ɫɟɪɬɢɮɢɰɢɪɨɜɚɧɧɵɦɢ ɬɪɟɧɟɪɚɦɢ 
ɩɪɟɞɩɪɢɹɬɢɣ, ɩɪɟɞɫɬɚɜɢɬɟɥɹɦɢ 
Ʉɨɪɩɨɪɚɬɢɜɧɨɣ Ⱥɤɚɞɟɦɢɢ Ɋɨɫɚɬɨɦɚ ɢ ɞɪ. 

Ɋɚɡɪɚɛɨɬɤɚ ɍɆɄ ɩɨ ɪɚɡɞɟɥɚɦ ɩɪɨɝɪɚɦɦɵ 
ɩɨɞɝɨɬɨɜɤɢ ɥɢɧɟɣɧɵɯ ɪɭɤɨɜɨɞɢɬɟɥɟɣ 

«ɒɤɨɥɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɦɚɫɬɟɪɚ» 

 

Ɋɚɡɪɚɛɨɬɤɚ ɍɆɄ ɩɨ ɩɪɨɝɪɚɦɦɟ ɩɨɜɵɲɟɧɢɹ 
ɤɜɚɥɢɮɢɤɚɰɢɢ «ɗɮɮɟɤɬɢɜɧɨɟ ɭɩɪɚɜɥɟɧɢɟ 
ɩɪɟɞɩɪɢɹɬɢɟɦ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ 
ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ» 

Ɋɟɚɥɢɡɚɰɢɹ ɩɪɨɝɪɚɦɦ ɨɛɭɱɟɧɢɹ 
Ȼɟɪɟɠɥɢɜɨɦɭ ɩɪɨɢɡɜɨɞɫɬɜɭ ɢ ɩɨɜɵɲɟɧɢɹ 
ɤɜɚɥɢɮɢɤɚɰɢɢ ɞɥɹ ɥɢɧɟɣɧɵɯ ɪɭɤɨɜɨɞɢɬɟɥɟɣ 
«ɒɤɨɥɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɦɚɫɬɟɪɚ» ɢ 
ɪɭɤɨɜɨɞɢɬɟɥɟɣ ɫɪɟɞɧɟɝɨ ɢ ɜɵɫɲɟɝɨ ɡɜɟɧɚ 
«ɗɮɮɟɤɬɢɜɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɩɪɟɞɩɪɢɹɬɢɟɦ 
ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ» 
ɩɪɟɩɨɞɚɜɚɬɟɥɹɦɢ ɜɭɡɚ ɫɨɜɦɟɫɬɧɨ ɫ 
ɫɟɪɬɢɮɢɰɢɪɨɜɚɧɧɵɦɢ ɬɪɟɧɟɪɚɦɢ ɩɨ ɉɋɊ ɧɚ 
ɛɚɡɟ ɍɱɟɛɧɨɝɨ ɐɟɧɬɪɚ ɮɢɥɢɚɥɚ ȺɈ «ȺɗɆ-

ɬɟɯɧɨɥɨɝɢɢ» «Ⱥɬɨɦɦɚɲ» ɜ ɝ. ȼɨɥɝɨɞɨɧɫɤ 

ɉɨɩɭɥɹɪɢɡɚɰɢɹ «ɛɟɪɟɠɥɢɜɨɝɨ ɦɵɲɥɟɧɢɹ» 
ɫɪɟɞɢ ɧɚɭɱɧɨɝɨ ɫɨɨɛɳɟɫɬɜɚ ɩɨɫɪɟɞɫɬɜɨɦ: 
- ɩɪɟɞɫɬɚɜɥɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ ɧɚ 
ɆɇɉɄ «Ȼɟɡɨɩɚɫɧɨɫɬɶ ɹɞɟɪɧɨɣ ɷɧɟɪɝɟɬɢɤɢ»; 
- ɩɭɛɥɢɤɚɰɢɢ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ ɜ 
ɧɚɭɱɧɨ-ɩɪɚɤɬɢɱɟɫɤɨɦ ɠɭɪɧɚɥɟ ɢɡ ɫɩɢɫɤɚ ȼȺɄ 
«Ƚɥɨɛɚɥɶɧɚɹ ɹɞɟɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ»  

Ɋɚɡɪɚɛɨɬɤɚ «ɫɤɜɨɡɧɵɯ» ɷɤɫɤɭɪɫɢɨɧɧɵɯ 
ɩɪɨɝɪɚɦɦ (ɨɬ 1 ɞɨ 4,5 ɤɭɪɫɨɜ) ɧɚ 
ɩɪɟɞɩɪɢɹɬɢɹ ȽɄ «Ɋɨɫɚɬɨɦ» ɢ 
ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɤɥɚɫɬɟɪɚ ɝ.ȼɨɥɝɨɞɨɧɫɤɚ ɞɥɹ 
ɩɪɨɜɟɞɟɧɢɹ ɫɪɚɜɧɢɬɟɥɶɧɨɝɨ ɚɧɚɥɢɡɚ ɫɬɟɩɟɧɢ 
ɬɟɯɧɢɱɟɫɤɨɣ ɨɫɧɚɳɟɧɧɨɫɬɢ ɢ ɭɪɨɜɧɹ 
ɜɧɟɞɪɟɧɢɹ ɢɧɫɬɪɭɦɟɧɬɨɜ ɉɋɊ ɜ ɩɪɚɤɬɢɤɭ 
ɯɨɡɹɣɫɬɜɟɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɩɪɟɞɩɪɢɹɬɢɣ 

ɋɨɡɞɚɧɢɟ ɛɚɡɨɜɵɯ ɤɚɮɟɞɪ ɧɚ ɩɪɟɞɩɪɢɹɬɢɹɯ: 
- «Ⱥɬɨɦɧɨɝɨ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ» 
("Ⱥɬɨɦɦɚɲ") 
- «Ⱥɬɨɦɧɵɟ ɷɥɟɤɬɪɢɱɟɫɤɢɟ ɫɬɚɧɰɢɢ» (ɍɌɉ 
ɊɨȺɗɋ) 

ɉɨɥɭɱɟɧɢɟ ɡɚɹɜɨɤ ɨɬ ɩɪɟɞɩɪɢɹɬɢɣ ɧɚ 
ɪɚɡɪɚɛɨɬɤɭ ɬɟɦ ɞɥɹ ɜɵɩɭɫɤɧɨɣ 
ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɨɣ ɪɚɛɨɬɵ ɩɨ ɧɚɩɪɚɜɥɟɧɢɹɦ 
Ȼɟɪɟɠɥɢɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɞɥɹ ɤɨɧɤɪɟɬɧɵɯ 
ɞɟɬɚɥɟɣ/ɭɱɚɫɬɤɨɜ/ɩɟɪɢɨɞɨɜ 

Ȼɢɧɚɪɧɨɟ ɪɭɤɨɜɨɞɫɬɜɨ (ɫɨ-ɪɭɤɨɜɨɞɫɬɜɨ) 
ɜɵɩɭɫɤɧɵɦɢ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɵɦɢ ɪɚɛɨɬɚɦɢ 
(ɩɪɟɩɨɞɚɜɚɬɟɥɶ ȼɍɁɚ ɢ ɩɪɟɞɫɬɚɜɢɬɟɥɶ 
ɩɪɟɞɩɪɢɹɬɢɹ) 

ɉɪɨɜɟɞɟɧɢɟ ɤɭɪɫɨɜ ɩɨɜɵɲɟɧɢɹ 
ɤɜɚɥɢɮɢɤɚɰɢɢ ɩɪɟɩɨɞɚɜɚɬɟɥɟɣ ɢ 
ɫɨɬɪɭɞɧɢɤɨɜ ɜɭɡɚ ɩɨ ɩɪɨɝɪɚɦɦɟ «5S – ɨɮɢɫ» 

Ɋɚɡɪɚɛɨɬɤɚ ɍɆɄ ɞɥɹ ɩɨɞɝɨɬɨɜɤɢ ɫɥɭɲɚɬɟɥɟɣ ɩɨ 
ɩɪɨɝɪɚɦɦɟ ɩɨɜɵɲɟɧɢɹ ɤɜɚɥɢɮɢɤɚɰɢɢ 

«Ɋɟɚɥɢɡɚɰɢɹ ɢɧɫɬɪɭɦɟɧɬɚ 5S ɉɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ 
ɫɢɫɬɟɦɵ Ɋɨɫɚɬɨɦ ɧɚ ɪɚɛɨɱɟɦ ɦɟɫɬɟ ɬɢɩɨɜɨɝɨ 
ɭɱɚɫɬɤɚ ɦɚɲɢɧɨɫɬɪɨɢɬɟɥɶɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ» 

ɉɪɢɜɥɟɱɟɧɢɟ ɪɚɛɨɬɨɞɚɬɟɥɟɣ ɤ ɱɬɟɧɢɸ 
ɞɢɫɰɢɩɥɢɧ ɫɩɟɰɢɚɥɢɡɚɰɢɢ 

 

Ɏɨɪɦɨɣ ɞɜɭɫɬɨɪɨɧɧɟɝɨ ɫɨɬɪɭɞɧɢɱɟɫɬɜɚ ɫ ɩɪɟɞɩɪɢɹɬɢɟɦ ɚɬɨɦɧɨɝɨ 
ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ ɮɢɥɢɚɥɚ ȺɈ «ȺɗɆ-ɬɟɯɧɨɥɨɝɢɢ» «Ⱥɬɨɦɦɚɲ» ɜ ɝ. ȼɨɥɝɨɞɨɧɫɤ ɫɬɚɥɚ 
ɫɨɜɦɟɫɬɧɚɹ ɪɚɡɪɚɛɨɬɤɚ ɢ ɪɟɚɥɢɡɚɰɢɹ ɩɪɨɝɪɚɦɦ ɩɨɞɝɨɬɨɜɤɢ LEAN-ɫɩɟɰɢɚɥɢɫɬɨɜ ɢɡ 
ɱɢɫɥɚ ɫɨɬɪɭɞɧɢɤɨɜ ɩɪɟɞɩɪɢɹɬɢɹ.  Ɉɛɭɱɟɧɢɟ Ȼɉ ɥɢɧɟɣɧɵɯ ɪɭɤɨɜɨɞɢɬɟɥɟɣ ɩɨ ɩɪɨɝɪɚɦɦɟ 
«ɒɤɨɥɚ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɝɨ ɦɚɫɬɟɪɚ» ɛɵɥɨ ɧɚɰɟɥɟɧɨ ɧɚ ɩɨɥɭɱɟɧɢɟ ɢɦɢ ɡɧɚɧɢɣ ɢ 
ɨɜɥɚɞɟɧɢɟ ɩɪɚɤɬɢɱɟɫɤɢɦɢ ɧɚɜɵɤɚɦɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɧɫɬɪɭɦɟɧɬɨɜ ɉɋɊ. Ɉɫɨɛɨɟ 
ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɥɨɫɶ ɦɟɬɨɞɢɤɟ ɫɨɤɪɚɳɟɧɢɹ ɩɨɬɟɪɶ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɧɚ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɣ ɩɥɨɳɚɞɤɟ, ɩɨɫɤɨɥɶɤɭ ɢɦɟɧɧɨ ɬɚɦ ɩɪɨɢɫɯɨɞɹɬ ɩɪɨɰɟɫɫɵ  ɫɨɡɞɚɧɢɹ 
ɰɟɧɧɨɫɬɢ. ɉɪɢɱɟɦ, ɭɱɚɫɬɢɟ ɜɭɡɚ ɧɟ ɨɝɪɚɧɢɱɢɜɚɥɨɫɶ ɬɨɥɶɤɨ ɦɟɬɨɞɢɱɟɫɤɢɦ 
ɫɨɩɪɨɜɨɠɞɟɧɢɟɦ ɩɪɨɝɪɚɦɦɵ ɢ  ɭɱɚɫɬɢɟɦ ɜ ɟɟ  ɪɟɚɥɢɡɚɰɢɢ. ɉɪɟɩɨɞɚɜɚɬɟɥɹɦɢ ɜɭɡɚ ɛɵɥɢ 
ɜɤɥɸɱɟɧɵ ɜ ɩɪɨɝɪɚɦɦɭ ɨɫɧɨɜɵ ɩɟɞɚɝɨɝɢɱɟɫɤɨɝɨ ɦɚɫɬɟɪɫɬɜɚ, ɩɨɡɜɨɥɹɸɳɢɟ ɜɧɭɬɪɟɧɧɢɦ 
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ɩɪɟɩɨɞɚɜɚɬɟɥɹɦ ɩɪɟɞɩɪɢɹɬɢɹ, ɩɨɫɥɟ ɡɚɳɢɬɵ ɫɜɨɢɯ ɉɋɊ-ɩɪɨɟɤɬɨɜ, ɫɬɚɬɶ 
ɫɟɪɬɢɮɢɰɢɪɨɜɚɧɧɵɦɢ ɬɪɟɧɟɪɚɦɢ ɩɨ Ȼɉ ɢ ɨɛɭɱɚɬɶ ɩɟɪɫɨɧɚɥ ɩɪɟɞɩɪɢɹɬɢɹ. 

ȼ ɫɜɹɡɢ ɫ ɷɬɢɦ, ɜ ɪɚɦɤɚɯ ɥɟɬɧɟɣ ɲɤɨɥɵ ɩɨɞɝɨɬɨɜɤɢ ɩɪɟɩɨɞɚɜɚɬɟɥɟɣ ɨɩɨɪɧɵɯ 
ɜɭɡɨɜ ȽɄ «Ɋɨɫɚɬɨɦ» ɛɵɥɚ ɩɨɫɬɚɜɥɟɧɚ ɡɚɞɚɱɚ ɜɫɬɪɚɢɜɚɧɢɹ ɜ ɭɱɟɛɧɵɣ ɩɪɨɰɟɫɫ ɢ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɭ ɫɬɭɞɟɧɬɨɜ ɧɨɜɵɯ ɤɨɦɩɟɬɟɧɰɢɣ «Ʉɥɢɟɧɬɨɨɪɢɟɧɬɢɪɨɜɚɧɧɨɫɬɶ», 
«Ƚɨɬɨɜɧɨɫɬɶ ɤ ɢɡɦɟɧɟɧɢɹɦ ɢ ɢɧɧɨɜɚɰɢɹɦ», «Ʉɪɨɫɫɤɭɥɶɬɭɪɧɵɟ ɤɨɦɦɭɧɢɤɚɰɢɢ», 
ɤɨɬɨɪɵɟ ɭɫɩɟɲɧɨ ɜɤɥɸɱɟɧɵ ɜ ɭɱɟɛɧɵɟ ɩɪɨɝɪɚɦɦɵ ɩɪɚɤɬɢɱɟɫɤɢ ɜɫɟɯ ɧɚɩɪɚɜɥɟɧɢɣ 
ɩɨɞɝɨɬɨɜɤɢ, ɢ ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɫɩɟɰɢɚɥɶɧɨɫɬɟɣ «Ⱥɬɨɦɧɵɟ ɫɬɚɧɰɢɢ: ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ, 
ɷɤɫɩɥɭɚɬɚɰɢɹ ɢ ɢɧɠɢɧɢɪɢɧɝ» ɢ «ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɭɧɢɤɚɥɶɧɵɯ ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ». 
Ʉɚɤ ɜɢɞɧɨ, ɜɭɡ ɞɨɫɬɚɬɨɱɧɨ ɨɩɟɪɚɬɢɜɧɨ ɪɟɚɝɢɪɭɟɬ ɧɚ ɜɨɡɧɢɤɚɸɳɢɟ ɩɨɬɪɟɛɧɨɫɬɢ ɫɜɨɟɝɨ 
ɝɥɚɜɧɨɝɨ ɩɚɪɬɧɟɪɚ-ɪɚɛɨɬɨɞɚɬɟɥɹ. 

ȼ ɩɪɨɝɪɚɦɦɟ ɩɨɜɵɲɟɧɢɹ ɤɜɚɥɢɮɢɤɚɰɢɢ ɪɭɤɨɜɨɞɢɬɟɥɟɣ ɫɪɟɞɧɟɝɨ ɢ ɜɵɫɲɟɝɨ ɡɜɟɧɚ 
«ɗɮɮɟɤɬɢɜɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɩɪɟɞɩɪɢɹɬɢɟɦ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ» ɨɫɨɛɨɟ 
ɜɧɢɦɚɧɢɟ ɭɞɟɥɹɥɨɫɶ ɤɥɸɱɟɜɵɦ ɩɨɤɚɡɚɬɟɥɹɦ ɷɮɮɟɤɬɢɜɧɨɫɬɢ (Ʉɉɗ), ɬɚɤɢɦ ɤɚɤ 
«ɋɤɨɪɪɟɤɬɢɪɨɜɚɧɧɵɣ ɫɜɨɛɨɞɧɵɣ ɞɟɧɟɠɧɵɣ ɩɨɬɨɤ», «ɉɨɪɬɮɟɥɶ ɡɚɤɚɡɨɜ», «EBITDA» ɢ 
ɞɪɭɝɢɦ, ɚ ɬɚɤɠɟ ɜɨɡɦɨɠɧɨɫɬɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɜɥɢɹɧɢɹ ɧɚ ɩɨɥɭɱɟɧɢɟ ɷɬɢɯ 
ɩɨɤɚɡɚɬɟɥɟɣ ɤɚɠɞɵɦ ɪɭɤɨɜɨɞɢɬɟɥɟɦ ɜ ɪɚɦɤɚɯ ɫɜɨɟɣ ɤɨɦɩɟɬɟɧɰɢɢ. Ⱦɟɤɨɦɩɨɡɢɰɢɹ Ʉɉɗ 
ɢ ɤɚɫɤɚɞɢɪɨɜɚɧɢɟ ɩɨɫɬɚɜɥɟɧɧɵɯ ɡɚɞɚɱ ɩɪɨɜɨɞɢɬ ɤ ɤɨɦɚɧɞɧɨɦɭ ɭɫɩɟɯɭ ɜ ɜɵɩɨɥɧɟɧɢɢ 
Ʉɉɗ ɢ ɜ ɪɟɡɭɥɶɬɚɬɟ ɤ ɩɨɜɵɲɟɧɢɸ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɢ ɩɪɟɞɩɪɢɹɬɢɣ ɢ ɤɨɪɩɨɪɚɰɢɢ ɜ 
ɰɟɥɨɦ, ɭɤɪɟɩɥɟɧɢɸ ɩɨɡɢɰɢɣ ɧɚ ɜɧɭɬɪɟɧɧɟɦ ɢ ɦɟɠɞɭɧɚɪɨɞɧɨɦ ɪɵɧɤɟ Д9Ж. 

ȿɳɟ ɨɞɧɨɣ ɮɨɪɦɨɣ ɫɨɬɪɭɞɧɢɱɟɫɬɜɚ ȼɂɌɂ ɇɂəɍ ɆɂɎɂ ɢ ȽɄ «Ɋɨɫɚɬɨɦ» 
ɜɵɫɬɭɩɚɟɬ ɩɪɟɩɨɞɚɜɚɧɢɟ ɩɪɨɮɢɥɶɧɵɯ ɞɢɫɰɢɩɥɢɧ ɫɩɟɰɢɚɥɢɫɬɚɦɢ ɩɪɟɞɩɪɢɹɬɢɣ 
ɝɨɫɤɨɪɩɨɪɚɰɢɢ. Ⱦɥɹ ɩɨɞɝɨɬɨɜɤɢ ɛɚɤɚɥɚɜɪɨɜ ɧɚɩɪɚɜɥɟɧɢɣ «Ɇɟɧɟɞɠɦɟɧɬ» ɢ 
«ɗɤɨɧɨɦɢɤɚ» ɜ ɪɚɦɤɚɯ ɞɢɫɰɢɩɥɢɧɵ «ɍɩɪɚɜɥɟɧɢɟ ɩɪɨɦɵɲɥɟɧɧɵɦɢ ɡɚɬɪɚɬɚɦɢ» 
ɜɵɞɟɥɟɧɵ ɱɚɫɵ ɞɥɹ ɢɡɭɱɟɧɢɹ ɬɟɦɵ «ɍɩɪɚɜɥɟɧɢɟ ɡɚɬɪɚɬɚɦɢ ɧɚ ɨɫɧɨɜɟ ɉɋɊ» ɧɚ ɛɚɡɟ 

ɍɱɟɛɧɨɝɨ ɐɟɧɬɪɚ ɮɢɥɢɚɥɚ ȺɈ «ȺɗɆ-ɬɟɯɧɨɥɨɝɢɢ» «Ⱥɬɨɦɦɚɲ» ɜ ɝ. ȼɨɥɝɨɞɨɧɫɤ ɫ 
ɩɪɢɜɥɟɱɟɧɢɟɦ ɩɪɟɩɨɞɚɜɚɬɟɥɟɣ ɍɐ. ȼ ɯɨɞɟ ɡɚɧɹɬɢɣ ɫɬɭɞɟɧɬɵ ɢɦɟɸɬ ɜɨɡɦɨɠɧɨɫɬɶ 
ɩɨɥɭɱɚɬɶ ɩɪɚɤɬɢɱɟɫɤɢɟ ɧɚɜɵɤɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɢɧɫɬɪɭɦɟɧɬɨɜ ɉɋɊ ɧɚ ɬɪɟɧɚɠɟɪɚɯ, 
ɦɚɤɟɬɚɯ ɢ ɫɢɦɭɥɹɬɨɪɚɯ, ɤɨɬɨɪɵɟ ɩɪɢɦɟɧɹɸɬɫɹ ɜ ɩɪɨɝɪɚɦɦɚɯ ɩɨɞɝɨɬɨɜɤɢ  LEAN-

ɫɩɟɰɢɚɥɢɫɬɨɜ ɩɪɟɞɩɪɢɹɬɢɹ ɫɟɪɬɢɮɢɰɢɪɨɜɚɧɧɵɦɢ ɬɪɟɧɟɪɚɦɢ ɉɋɊ.   
ɉɨɞɝɨɬɨɜɤɚ ɫɩɟɰɢɚɥɢɫɬɨɜ ɫ ɭɱɟɬɨɦ LEAN-ɬɟɯɧɨɥɨɝɢɣ ɜɟɞɟɬɫɹ ɧɟ ɬɨɥɶɤɨ ɫɪɟɞɢ 

ɷɤɨɧɨɦɢɫɬɨɜ ɢ ɦɟɧɟɞɠɟɪɨɜ, ɚ ɩɪɚɤɬɢɱɟɫɤɢ ɩɨ ɜɫɟɦ ɧɚɩɪɚɜɥɟɧɢɹɦ ɩɨɞɝɨɬɨɜɤɢ ɢ 
ɫɩɟɰɢɚɥɶɧɨɫɬɹɦ, ɡɚɬɪɚɝɢɜɚɹ ɜɫɟ ɭɪɨɜɧɢ ɜɵɫɲɟɝɨ ɨɛɪɚɡɨɜɚɧɢɹ (Ɍɚɛɥɢɰɚ γ).  

ȼɫɟ ɜɢɞɵ ɩɪɚɤɬɢɤ (ɭɱɟɛɧɚɹ, ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɚɹ, ɩɪɟɞɞɢɩɥɨɦɧɚɹ) ɩɪɨɜɨɞɹɬɫɹ ɧɚ 
ɩɪɟɞɩɪɢɹɬɢɹɯ ȽɄ «Ɋɨɫɚɬɨɦ» ɢ ɩɪɟɞɩɪɢɹɬɢɹɯ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɤɥɚɫɬɟɪɚ ɝ. ȼɨɥɝɨɞɨɧɫɤɚ  
ɢ Ɋɨɫɬɨɜɫɤɨɣ ɨɛɥɚɫɬɢ. ȼ ɪɚɦɤɚɯ ɷɤɫɤɭɪɫɢɨɧɧɵɯ ɩɨɟɡɞɨɤ ɧɚ ɩɪɟɞɩɪɢɹɬɢɹ ȽɄ «Ɋɨɫɚɬɨɦ» 
ɢ ɩɪɨɦɵɲɥɟɧɧɨɝɨ ɤɥɚɫɬɟɪɚ ɝ. ȼɨɥɝɨɞɨɧɫɤɚ ɫɬɭɞɟɧɬɵ ɩɨɥɭɱɚɸɬ ɜɨɡɦɨɠɧɨɫɬɶ ɨɰɟɧɢɬɶ 
ɫɬɟɩɟɧɶ ɬɟɯɧɢɱɟɫɤɨɣ ɨɫɧɚɳɟɧɧɨɫɬɢ, ɭɪɨɜɟɧɶ ɜɧɟɞɪɟɧɢɹ ɢɧɫɬɪɭɦɟɧɬɨɜ ɉɋɊ ɜ ɩɪɚɤɬɢɤɭ 
ɯɨɡɹɣɫɬɜɟɧɧɨɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɩɪɟɞɩɪɢɹɬɢɣ. ɉɪɟɞɫɬɚɜɢɬɟɥɢ ɩɪɟɞɩɪɢɹɬɢɣ-ɪɚɛɨɬɨɞɚɬɟɥɟɣ 
ɩɪɢɧɢɦɚɸɬ ɭɱɚɫɬɢɟ ɜ ɩɪɨɜɟɞɟɧɢɢ ɡɚɳɢɬ ɜɵɩɭɫɤɧɵɯ ɤɜɚɥɢɮɢɤɚɰɢɨɧɧɵɯ ɪɚɛɨɬ (ȼɄɊ). 
Ɍɚɤ, ɜ β017 ɝ. ɩɨ ɧɚɩɪɚɜɥɟɧɢɸ ɩɨɞɝɨɬɨɜɤɢ «Ɇɟɧɟɞɠɦɟɧɬ» ɤ ɜɧɟɞɪɟɧɢɸ ɪɟɤɨɦɟɧɞɨɜɚɧɵ 
ɜɫɟ ɦɟɪɨɩɪɢɹɬɢɹ, ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɜ ɜɵɩɭɫɤɧɵɯ ɪɚɛɨɬɚɯ, ɚ ɛɨɥɟɟ ɬɪɟɬɢ ɢɡ ɧɢɯ ɛɵɥɢ 
ɩɪɟɞɥɨɠɟɧɵ ɤ ɪɚɡɪɚɛɨɬɤɟ ɩɪɟɞɩɪɢɹɬɢɹɦɢ ȽɄ «Ɋɨɫɚɬɨɦ» (ɮɢɥɢɚɥ ȺɈ «ȺɗɆ-

ɬɟɯɧɨɥɨɝɢɢ» «Ⱥɬɨɦɦɚɲ» ɜ ɝ. ȼɨɥɝɨɞɨɧɫɤ ɢ ɮɢɥɢɚɥ ȺɈ «Ʉɨɧɰɟɪɧ Ɋɨɫɷɧɟɪɝɨɚɬɨɦ» 
«Ɋɨɫɬɨɜɫɤɚɹ ɚɬɨɦɧɚɹ ɫɬɚɧɰɢɹ»). 

ȼ ɫɬɪɚɬɟɝɢɱɟɫɤɢɟ ɡɚɞɚɱɢ ȽɄ «Ɋɨɫɚɬɨɦ» ɫɟɝɨɞɧɹ ɜɯɨɞɢɬ ɫɨɯɪɚɧɟɧɢɟ ɢ ɪɚɡɜɢɬɢɟ 
ɜɧɭɬɪɟɧɧɟɝɨ ɪɵɧɤɚ ɩɨɫɪɟɞɫɬɜɨɦ ɜɧɟɞɪɟɧɢɹ ɢɧɧɨɜɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢ ɩɪɨɞɭɤɬɨɜ, ɚ 
ɬɚɤɠɟ ɭɤɪɟɩɥɟɧɢɟ ɢ ɪɚɫɲɢɪɟɧɢɟ ɫɜɨɟɝɨ ɜɥɢɹɧɢɹ ɧɚ ɦɟɠɞɭɧɚɪɨɞɧɨɦ ɪɵɧɤɟ ɚɬɨɦɧɨɣ 
ɷɧɟɪɝɟɬɢɤɢ. ɂɦɟɧɧɨ ɩɨɷɬɨɦɭ, ɩɨɦɢɦɨ ɬɟɯ ɡɚɞɚɱ, ɤɨɬɨɪɵɟ ɫɬɚɜɢɬ ɩɟɪɟɞ 
ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɦɢ ɨɪɝɚɧɢɡɚɰɢɹɦɢ ɪɵɧɨɤ ɬɪɭɞɚ Д10Ж, ɫɬɪɚɬɟɝɢɱɟɫɤɢɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜ 
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ɨɬɪɚɫɥɢ ɬɪɟɛɭɸɬ ɨɬ ɧɢɯ ɧɟ ɩɪɨɫɬɨ ɫɜɨɟɜɪɟɦɟɧɧɨɣ, ɧɨ ɢ ɨɩɟɪɟɠɚɸɳɟɣ ɚɞɚɩɬɚɰɢɢ. 
ɉɨɞɝɨɬɨɜɤɚ ɜɨɫɬɪɟɛɨɜɚɧɧɵɯ ɫɩɟɰɢɚɥɢɫɬɨɜ ɞɨɥɠɧɚ ɨɫɧɨɜɵɜɚɬɶɫɹ ɧɚ ɧɨɜɵɯ ɦɟɬɨɞɚɯ ɢ 
ɮɨɪɦɚɯ ɪɚɛɨɬɵ ɫɨ ɫɬɭɞɟɧɬɚɦɢ, ɞɚɥɶɧɟɣɲɟɦ ɪɚɡɜɢɬɢɢ ɤɥɸɱɟɜɵɯ ɤɨɦɩɟɬɟɧɰɢɣ ɢ ɛɪɟɧɞɨɜ 
ɜɭɡɚ, ɨɬɥɢɱɚɸɳɢɯ ɟɝɨ ɨɬ ɤɨɧɤɭɪɟɧɬɨɜ (ɫɦ. ɪɢɫɭɧɨɤ 1). 

 
 

Ɍɚɛɥɢɰɚ 3. – ɇɚɩɪɚɜɥɟɧɢɹ ɩɨɞɝɨɬɨɜɤɢ ɢ ɫɩɟɰɢɚɥɶɧɨɫɬɢ, ɜ ɪɚɛɨɱɢɟ ɭɱɟɛɧɵɟ ɩɥɚɧɵ 
ɤɨɬɨɪɵɯ ɜɤɥɸɱɟɧɵ ɞɢɫɰɢɩɥɢɧɵ ɢɥɢ ɢɯ ɪɚɡɞɟɥɵ, ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɟ ɧɚ 
LEAN-ɬɟɯɧɨɥɝɢɢ ДAЫОКЬ ШП ЭЫКТЧТЧР КЧН ЬЩОМТКХЭТОЬ аСТМС МЮЫЫТМЮХК ТЧМХЮНО 
disciplines or their sections focused on LEAN-technology] 

 
 

Ȼɚɤɚɥɚɜɪɢɚɬ Ɇɚɝɢɫɬɪɚɬɭɪɚ ɋɩɟɰɢɚɥɢɬɟɬ 

38.03.01; 38.03.02 

Ɇɟɧɟɞɠɦɟɧɬ, ɗɤɨɧɨɦɢɤɚ 

15.04.01 

Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ 

14.05.02 

Ⱥɬɨɦɧɵɟ ɷɥɟɤɬɪɨɫɬɚɧɰɢɢ: 
ɩɪɨɟɤɬɢɪɨɜɚɧɢɟ, 

ɷɤɫɩɥɭɚɬɚɰɢɹ, ɢɧɠɢɧɢɪɢɧɝ 

Ⱦɢɫɰɢɩɥɢɧɚ Ⱦɢɫɰɢɩɥɢɧɚ Ⱦɢɫɰɢɩɥɢɧɚ 

ɍɩɪɚɜɥɟɧɢɟ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɦɢ 

ɡɚɬɪɚɬɚɦɢ 

Ɉɪɝɚɧɢɡɚɰɢɹ ɢ ɩɥɚɧɢɪɨɜɚɧɢɟ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɚ ɨɫɧɨɜɟ ɉɋɊ 

ɉɪɨɢɡɜɨɞɫɬɜɟɧɧɵɣ 
ɦɟɧɟɞɠɦɟɧɬ 

15.03.01 

Ɇɚɲɢɧɨɫɬɪɨɟɧɢɟ 

27.04.03 

ɋɢɫɬɟɦɧɵɣ ɚɧɚɥɢɡ ɢ 
ɭɩɪɚɜɥɟɧɢɟ 

08.05.02 

ɋɬɪɨɢɬɟɥɶɫɬɜɨ ɭɧɢɤɚɥɶɧɵɯ 
ɡɞɚɧɢɣ ɢ ɫɨɨɪɭɠɟɧɢɣ 

Ⱦɢɫɰɢɩɥɢɧɚ Ⱦɢɫɰɢɩɥɢɧɚ Ⱦɢɫɰɢɩɥɢɧɚ 

Ɉɪɝɚɧɢɡɚɰɢɹ ɢ ɩɥɚɧɢɪɨɜɚɧɢɟ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɚ ɨɫɧɨɜɟ ɉɋɊ 

Ɉɪɝɚɧɢɡɚɰɢɹ ɢ ɩɥɚɧɢɪɨɜɚɧɢɟ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɚ ɨɫɧɨɜɟ ɉɋɊ 

Ɉɪɝɚɧɢɡɚɰɢɹ ɢ ɩɥɚɧɢɪɨɜɚɧɢɟ 
ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɚ ɨɫɧɨɜɟ ɉɋɊ 

 

 

О̭̦о̦̏̌я ̌̚д̌ч̌ ʦ˄ʯ̌ – под̐ото̏к̌ к̌д̬о̏, адаптивны̵ 
̭т̬̌те̛̐я̥ ̛̬̌̏̚т̛я п̬едп̛̬ят̛̜ ̬е̌л̦̽о̐о ̭екто̬̌ ̾ко̦о̛̥к̛
ʧК ˀо̭̌то̥ ̭е̐од̦я: ˁок̬̺̌е̛̦е ̏о̥̚о̙̦о̭те̜ ̾к̭те̛̦̭̦̏о̐о
̛̬̌̏̚т̛я т̬е̍ует под̐ото̏к̛ «сложны̵» спе̶иалистов,
̴о̛̬̥̬о̛̦̏̌я soft-навыков

ʥ̬е̦д̼ ʦʰ˃ʰ ʻʰЯ˄ ʺʰФʰ для ̶еле̜ ʧК ˀо̭̌то̥
 ʿод̐ото̏к̌ ̭пе̶̛̌л̛̭то̏
 ˀе̭у̬̭̦̼̜ ̶е̦т̬
 Це̦т̬ п̬о̴е̛̭̭о̦̌л̵̦̼̽ 

ко̥пете̶̛̦̜
 ʻИИ ʤЭʺ ʦИ˃И ʻИЯ˄ ʺИФИ
 Жу̬̦̌л «Global nuclear safety»
 ʺʻʿК «ʥе̚оп̭̦̌о̭т̽ ̌то̥̦о̜ 

̦̾е̬̐ет̛к̛»

 ʦ̛̥̌̚оде̜̭т̛̏е ̭ ʤто̥̥̹̌е̥, ʤЭˁ
 ˁпе̶̛̌л̛̛̬̚о̦̦̼̏̌е т̬е̛̦̦̐-

п̬оект̼:
• «Кул̽ту̬̌ ̍е̚оп̭̦̌о̭т̛ ̦̌ 

п̬едп̛̬ят̛ях ̌то̥̦о̜ 
̦̾е̬̐ет̛к̛»

• «Уп̬̌̏ле̛̦е ̥олоде̛̙̦̼̥ start-up
п̬оект̛̥̌ ̏ ̌то̥̦о̜ ̦̾е̬̐ет̛ке»

ʤд̌пт̛̦̏ое 
о̍уче̛̦е

ˁо̚д̛̦̌е ̛  
ку̛̬̬о̛̦̏̌е 

ко̦те̦т̌

ʿе̬е̏е̬̦ут̼̜ 
кл̭̭̌

О̛̥̦-о̍уче̛̦е ʻ̌т̛̦̏ое о̍уче̛̦е

ˁ̛̥уля̶̛̛

Колл̌̍о̬̌т̛̦̏ое 
о̍уче̛̦е

ʦ̦ед̬е̛̦е ̦о̵̼̏ 
̴о̬̥ под̐ото̏к̛

 
 

Ɋɢɫ. 1. – Ȼɪɟɧɬɵ ȼɂɌɂ ɇɂəɍ ɆɂɎɂ ɞɥɹ ȽɄ «Ɋɨɫɚɬɨɦ» ɢ ɧɨɜɵɟ ɮɨɪɦɵ ɩɨɞɝɨɬɨɜɤɢ ɦɨɥɨɞɵɯ 
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ɍɤɚɡɚɧɧɵɟ ɧɚ ɪɢɫɭɧɤɟ 1 ɮɨɪɦɵ ɩɨɞɝɨɬɨɜɤɢ ɫɟɝɨɞɧɹ ɩɨɥɭɱɚɸɬ ɲɢɪɨɤɨɟ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɜ ɫɢɥɭ ɚɞɚɩɬɢɜɧɨɫɬɢ ɤ ɧɨɜɨɣ ɰɢɮɪɨɜɨɣ ɷɤɨɧɨɦɢɤɟ, ɩɪɟɞɩɨɥɚɝɚɸɬ 
ɚɤɬɢɜɧɨɟ ɜɨɜɥɟɱɟɧɢɟ ɢɧɮɨɪɦɚɰɢɨɧɧɵɯ ɬɟɯɧɨɥɨɝɢɣ ɢ ɞɪɭɝɢɯ ɞɨɫɬɢɠɟɧɢɣ ɧɚɭɱɧɨ-

ɬɟɯɧɢɱɟɫɤɨɝɨ ɩɪɨɝɪɟɫɫɚ. Ɉɧɢ ɩɨɫɥɭɠɚɬ ɢɧɫɬɪɭɦɟɧɬɚɦɢ ɞɥɹ ɪɟɚɥɢɡɚɰɢɢ ɜɨɡɦɨɠɧɨɫɬɟɣ 
ɭɱɚɫɬɢɹ ȼɂɌɂ ɇɂəɍ ɆɂɎɂ ɜ ɩɪɨɰɟɫɫɚɯ ɩɨɞɝɨɬɨɜɤɢ LEAN-ɫɩɟɰɢɚɥɢɫɬɨɜ ɞɥɹ 
ɩɪɟɞɩɪɢɹɬɢɣ ȽɄ «Ɋɨɫɚɬɨɦ». 

ɋɭɳɟɫɬɜɟɧɧɵɟ ɢɡɦɟɧɟɧɢɹ ɩɪɨɮɟɫɫɢɣ ɢ ɬɪɟɛɨɜɚɧɢɣ ɤ ɬɪɭɞɨɜɵɦ ɧɚɜɵɤɚɦ, ɡɧɚɧɢɹɦ 
ɢ ɭɦɟɧɢɹɦ ɜ ɪɚɦɤɚɯ ɫɭɳɟɫɬɜɭɸɳɢɯ ɩɪɨɮɟɫɫɢɣ ɬɪɟɛɭɸɬ, ɜɨ-ɩɟɪɜɵɯ, ɤɚɱɟɫɬɜɟɧɧɨɝɨ 
ɛɚɡɨɜɨɝɨ ɨɛɪɚɡɨɜɚɧɢɹ, ɢ, ɜɨ-ɜɬɨɪɵɯ, ɞɢɧɚɦɢɱɧɨɝɨ ɪɚɡɜɢɬɢɹ ɤɨɪɩɨɪɚɬɢɜɧɵɯ ɩɪɨɝɪɚɦɦ 
ɨɛɭɱɟɧɢɹ, ɫɨɡɞɚɧɢɹ ɭɫɥɨɜɢɣ  ɢ ɜɨɡɦɨɠɧɨɫɬɟɣ ɞɥɹ ɫɚɦɨɨɛɪɚɡɨɜɚɧɢɹ ɢ ɢɧɞɢɜɢɞɭɚɥɶɧɨɝɨ 
ɩɟɪɟɨɛɭɱɟɧɢɹ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɟɳɟ ɧɟ ɜ ɩɨɥɧɨɣ ɦɟɪɟ ɨɫɨɡɧɚɟɬɫɹ ɢɧɜɟɫɬɢɰɢɨɧɧɵɣ ɯɚɪɚɤɬɟɪ 
ɜɥɨɠɟɧɢɣ ɜ ɱɟɥɨɜɟɱɟɫɤɢɣ ɤɚɩɢɬɚɥ, ɨɛɟɫɩɟɱɢɜɚɸɳɢɣ ɫɨɜɪɟɦɟɧɧɵɦ ɤɨɦɩɚɧɢɹɦ 
ɞɨɥɝɨɫɪɨɱɧɵɟ ɩɟɪɫɩɟɤɬɢɜɵ ɪɨɫɬɚ ɤɨɧɤɭɪɟɧɬɨɫɩɨɫɨɛɧɨɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ.  
ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɩɨɞɝɨɬɨɜɤɢ ɫɩɟɰɢɚɥɢɫɬɨɜ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɫɨɜɪɟɦɟɧɧɵɦɢ 
ɬɪɟɛɨɜɚɧɢɹɦɢ ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɟɬɤɢɦ ɩɨɧɢɦɚɧɢɟɦ ɰɟɥɟɣ ɫ ɪɚɰɢɨɧɚɥɶɧɵɦ ɫɨɱɟɬɚɧɢɟɦ 
ɚɞɟɤɜɚɬɧɵɯ ɬɟɯɧɨɥɨɝɢɣ, ɫɪɟɞɫɬɜ ɢ ɦɟɬɨɞɨɜ ɨɛɭɱɟɧɢɹ.  

Ɇɚɫɫɨɜɨɟ ɨɛɭɱɟɧɢɟ ɫɨɬɪɭɞɧɢɤɨɜ ɫɢɫɬɟɦɟ Ȼɉ ɩɨɬɪɟɛɨɜɚɥɨ ɩɨɞɝɨɬɨɜɤɢ ɜɧɭɬɪɟɧɧɢɯ 
ɩɪɟɩɨɞɚɜɚɬɟɥɟɣ-ɬɪɟɧɟɪɨɜ, ɜ ɤɨɬɨɪɨɣ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɟ ɭɱɚɫɬɢɟ ɩɪɢɧɢɦɚɥɢ 
ɩɪɟɩɨɞɚɜɚɬɟɥɢ ȼɂɌɂ ɇɂəɍ ɆɂɎɂ. Ȼɥɚɝɨɞɚɪɹ ɫɟɪɬɢɮɢɤɚɰɢɢ ɬɪɟɧɟɪɨɜ ɩɨ ɨɛɭɱɟɧɢɸ 
ɢɧɫɬɪɭɦɟɧɬɚɦ ɉɋɊ ɧɚ ɛɚɡɟ ȺɇɈ «Ʉɨɪɩɨɪɚɬɢɜɧɚɹ Ⱥɤɚɞɟɦɢɹ Ɋɨɫɚɬɨɦɚ» ɭ ɩɪɟɞɩɪɢɹɬɢɣ 
ɩɨɹɜɢɥɨɫɶ ɩɪɚɜɨ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨ ɩɪɨɜɨɞɢɬɶ ɨɛɭɱɟɧɢɟ ɩɨ ɤɭɪɫɚɦ «Ȼɚɡɨɜɵɣ ɤɭɪɫ ɉɋɊ», 
«Ɇɟɬɨɞɢɤɚ ɪɟɚɥɢɡɚɰɢɢ ɉɋɊ-ɩɪɨɟɤɬɨɜ», «5ɋ», «Ʉɚɪɬɢɪɨɜɚɧɢɟ», «ɉɨɬɟɪɢ». ɋɱɢɬɚɟɦ, ɱɬɨ 
ɬɚɤɭɸ ɠɟ ɫɟɪɬɢɮɢɤɚɰɢɸ ɞɨɥɠɧɵ ɩɪɨɣɬɢ ɢ ɩɪɟɩɨɞɚɜɚɬɟɥɢ ɜɭɡɚ, ɱɬɨ ɩɨɡɜɨɥɢɬ  
ɨɛɟɫɩɟɱɢɬɶ ɜɵɫɨɤɨɟ ɤɚɱɟɫɬɜɨ ɩɪɟɩɨɞɚɜɚɧɢɹ ɫɩɟɰɤɭɪɫɚ ɞɥɹ ɫɬɭɞɟɧɬɨɜ ɜɫɟɯ 
ɫɩɟɰɢɚɥɶɧɨɫɬɟɣ ɢ ɧɚɩɪɚɜɥɟɧɢɣ. 

ɇɚɥɢɱɢɟ ɫɟɪɬɢɮɢɰɢɪɨɜɚɧɧɵɯ ɬɪɟɧɟɪɨɜ ɢɡ ɱɢɫɥɚ ɩɪɟɩɨɞɚɜɚɬɟɥɟɣ ɜɭɡɚ ɬɚɤɠɟ 
ɪɚɫɲɢɪɢɬ ɟɝɨ ɜɨɡɦɨɠɧɨɫɬɢ ɩɨ ɩɪɟɞɥɨɠɟɧɢɸ ɭɫɥɭɝ ɜ ɫɮɟɪɟ ɩɨɞɝɨɬɨɜɤɢ ɢ ɩɨɜɵɲɟɧɢɢ 
ɤɜɚɥɢɮɢɤɚɰɢɢ LEAN-ɫɩɟɰɢɚɥɢɫɬɨɜ ɩɨ ɭɡɤɨɫɩɟɰɢɚɥɢɡɢɪɨɜɚɧɧɵɦ 
(ɤɥɢɟɧɬɨɨɪɢɟɧɬɢɪɨɜɚɧɧɵɦ) ɩɪɨɝɪɚɦɦɚɦ  ɜ ɪɚɦɤɚɯ ɎɉɉɄ. 

ɉɟɪɫɩɟɤɬɢɜɧɵɦ, ɩɪɚɤɬɢɤɨ-ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɦ ɩɨɞɯɨɞɨɦ ɤ ɨɛɭɱɟɧɢɸ ɮɢɥɨɫɨɮɢɢ 
Ȼɉ ɦɨɠɧɨ ɧɚɡɜɚɬɶ ɬɚɤɢɟ ɦɟɬɨɞɢɤɢ «Ɏɚɛɪɢɤɚ ɩɪɨɰɟɫɫɨɜ» ɢ «Ɂɟɥɟɧɚɹ ɬɪɚɜɚ».  «Ɏɚɛɪɢɤɚ 
ɩɪɨɰɟɫɫɨɜ» ɩɪɟɞɩɨɥɚɝɚɟɬ ɩɨɥɧɭɸ ɫɢɦɭɥɹɰɢɸ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɯ ɩɪɨɰɟɫɫɨɜ ɜ ɭɱɟɛɧɵɯ 
ɩɨɦɟɳɟɧɢɹɯ, ɝɞɟ ɨɛɭɱɚɸɳɢɣɫɹ ɧɚ ɪɟɚɥɶɧɨɦ ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɨɦ ɩɪɨɰɟɫɫɟ ɢ 
ɨɛɨɪɭɞɨɜɚɧɢɢ ɩɨɥɭɱɚɟɬ ɩɪɚɤɬɢɱɟɫɤɢɣ ɨɩɵɬ ɩɪɢɦɟɧɟɧɢɹ ɢɧɫɬɪɭɦɟɧɬɨɜ ɉɋɊ. 
Ɉɛɭɱɚɟɦɵɟ ɩɪɨɠɢɜɚɸɬ ɧɟɫɤɨɥɶɤɨ ɭɫɥɨɜɧɵɯ ɫɦɟɧ, ɜɨ ɜɪɟɦɹ ɤɨɬɨɪɵɯ ɡɚ ɨɩɪɟɞɟɥɺɧɧɨɟ 
ɜɪɟɦɹ ɜɵɩɭɫɤɚɸɬ ɩɥɚɧɨɜɨɟ ɤɨɥɢɱɟɫɬɜɨ ɩɪɨɞɭɤɰɢɢ. Ɍɟɨɪɟɬɢɱɟɫɤɢ ɜɫɟ ɩɨɧɢɦɚɸɬ, ɤɚɤ 
ɧɭɠɧɨ ɫɬɚɧɞɚɪɬɢɡɢɪɨɜɚɬɶ ɪɚɛɨɬɭ, ɤɚɤ ɩɨɞɚɜɚɬɶ ɩɪɟɞɥɨɠɟɧɢɹ ɩɨ ɭɥɭɱɲɟɧɢɸ. ɇɨ ɬɨɥɶɤɨ 
ɬɨɝɞɚ, ɤɨɝɞɚ ɱɟɥɨɜɟɤ ɜɟɫɶ ɩɪɨɰɟɫɫ ɩɪɨɩɭɫɤɚɟɬ ɱɟɪɟɡ ɫɜɨɢ ɪɭɤɢ, ɨɧ ɩɨɧɢɦɚɟɬ, ɤɚɤ 
ɭɫɬɪɨɟɧɨ ɩɪɨɢɡɜɨɞɫɬɜɨ. Ʉɨɝɞɚ ɟɝɨ ɩɪɟɞɥɨɠɟɧɢɟ ɪɟɚɥɶɧɨ ɜɥɢɹɟɬ ɧɚ ɤɨɧɟɱɧɵɣ ɪɟɡɭɥɶɬɚɬ, 
ɱɬɨ ɜɢɞɧɨ ɢɡ ɷɤɨɧɨɦɢɱɟɫɤɢɯ ɪɚɫɱɟɬɨɜ, ɬɨɝɞɚ ɷɬɨ ɞɚɟɬ ɩɪɟɞɩɪɢɹɬɢɸ ɝɨɪɚɡɞɨ ɛɨɥɶɲɢɣ 
ɷɮɮɟɤɬ. «Ɏɚɛɪɢɤɚ ɩɪɨɰɟɫɫɨɜ» ɨɪɢɟɧɬɢɪɨɜɚɧɚ ɧɚ ɫɧɢɠɟɧɢɟ  ɪɚɫɯɨɞɨɜ ɢ ɩɨɜɵɲɟɧɢɟ 
ɷɮɮɟɤɬɢɜɧɨɫɬɢ, ɩɨɷɬɨɦɭ ɫɬɚɧɨɜɢɬɫɹ ɩɥɨɳɚɞɤɨɣ ɩɪɚɤɬɢɱɟɫɤɨɝɨ ɨɛɭɱɟɧɢɹ ɩɪɢɧɰɢɩɚɦ ɢ 
ɢɧɫɬɪɭɦɟɧɬɚɦ ɉɋɊ. 

Ɇɟɬɨɞɢɤɚ «Ɂɟɥɟɧɚɹ ɬɪɚɜɚ» ɩɪɟɞɩɨɥɚɝɚɟɬ ɷɮɮɟɤɬɢɜɧɭɸ ɚɞɚɩɬɚɰɢɸ ɦɨɥɨɞɵɯ 
ɫɩɟɰɢɚɥɢɫɬɨɜ ɩɭɬɟɦ ɩɨɫɬɟɩɟɧɧɨɝɨ ɢ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨɝɨ ɢɯ ɜɨɜɥɟɱɟɧɢɹ ɜ 
ɩɪɨɢɡɜɨɞɫɬɜɟɧɧɵɟ ɩɪɨɰɟɫɫɵ, ɩɪɢɨɛɳɟɧɢɹ ɤ ɤɨɪɩɨɪɚɬɢɜɧɵɦ ɰɟɧɧɨɫɬɹɦ, ɪɚɫɤɪɵɬɢɹ 
ɫɢɥɶɧɵɯ ɫɬɨɪɨɧ, ɫɩɨɫɨɛɧɨɫɬɟɣ ɢ ɫɤɥɨɧɧɨɫɬɟɣ, ɩɨɡɜɨɥɹɸɳɢɯ ɩɨɥɭɱɢɬɶ ɦɚɤɫɢɦɚɥɶɧɭɸ 
ɩɨɥɶɡɭ ɨɛɟɢɦ ɫɬɨɪɨɧɚɦ ɢ ɪɚɛɨɬɨɞɚɬɟɥɸ, ɢ ɪɚɛɨɬɧɢɤɭ. 

ȼɵɫɬɪɚɢɜɚɧɢɟ ɷɮɮɟɤɬɢɜɧɨɝɨ ɩɪɨɰɟɫɫɚ ɨɛɭɱɟɧɢɹ ɢ ɡɚɥɨɝ ɭɫɩɟɲɧɨɣ ɪɟɚɥɢɡɚɰɢɢ 
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ɢɧɫɬɪɭɦɟɧɬɨɜ ɛɟɪɟɠɥɢɜɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɧɚɯɨɞɹɬ ɨɬɪɚɠɟɧɢɟ ɜ ɩɪɟɟɦɫɬɜɟɧɧɨɫɬɢ ɜɫɟɯ 
ɜɢɞɨɜ ɨɛɭɱɟɧɢɹ, ɩɪɚɤɬɢɤ, ɹɞɪɨɦ ɤɨɬɨɪɵɯ ɫɥɭɠɢɬ softskills – ɧɚɜɵɤɢ ɤɪɢɬɢɱɟɫɤɨɝɨ 
ɦɵɲɥɟɧɢɹ, ɷɮɮɟɤɬɢɜɧɨɣ ɤɨɦɚɧɞɧɨɣ ɪɚɛɨɬɵ ɢ ɝɢɛɤɨɫɬɢ ɩɪɢɧɹɬɢɹ ɭɩɪɚɜɥɟɧɱɟɫɤɢɯ 
ɪɟɲɟɧɢɣ.  
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Abstract – The article summarizes the serious experience of interaction between the university 

and industrial partners. The results of training lean-specialists in accordance with the requirements 

of employers' enterprises are presented. The paper considers forms in promoting the ideology of 

"lean production", forming a "thrifty" world outlook among students and enterprise specialists 

through theoretical and practical oriented training. It substantiates significance of the use of the 

relevant material and technical base and the direct participation of industrial enterprise specialists. 

The work determines prospects for further cooperation between the university and enterprises in 

coordinating of development interests. 
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2) Ʉɨɦɩɥɟɤɬ ɞɨɥɠɟɧ ɫɨɞɟɪɠɚɬɶ ɷɤɫɩɟɪɬɧɨɟ ɡɚɤɥɸɱɟɧɢɟ ɨ ɜɨɡɦɨɠɧɨɫɬɢ ɨɩɭɛɥɢɤɨɜɚɧɢɹ. 
3) Ʉ ɫɬɚɬɶɟ ɩɪɢɥɚɝɚɸɬɫɹ: 
– ɫɜɟɞɟɧɢɹ ɨɛ ɚɜɬɨɪɚɯ ɧɚ ɪɭɫɫɤɨɦ ɢ ɚɧɝɥɢɣɫɤɨɦ ɹɡɵɤɚɯ (ɮɚɦɢɥɢɹ, ɢɦɹ, ɨɬɱɟɫɬɜɨ, ɦɟɫɬɨ ɪɚɛɨɬɵ, 

ɞɨɥɠɧɨɫɬɶ, ɭɱɟɧɚɹ ɫɬɟɩɟɧɶ, ɡɜɚɧɢɟ, ɞɨɦɚɲɧɢɣ, ɫɥɭɠɟɛɧɵɣ ɢ ɷɥɟɤɬɪɨɧɧɵɣ ɚɞɪɟɫɚ, ɬɟɥɟɮɨɧɵ. ȿɫɥɢ 
ɚɜɬɨɪɨɜ ɧɟɫɤɨɥɶɤɨ, ɭɤɚɡɚɬɶ, ɫ ɤɟɦ ɜɟɫɬɢ ɩɟɪɟɩɢɫɤɭ); 

– ɫɜɟɞɟɧɢɹ ɨɛ ɨɪɝɚɧɢɡɚɰɢɢ ɚɜɬɨɪɨɜ ɧɚ ɪɭɫɫɤɨɦ ɢ ɚɧɝɥɢɣɫɤɨɦ ɹɡɵɤɚɯ, ɜɤɥɸɱɚɹ ɩɨɱɬɨɜɵɣ ɚɞɪɟɫ ɫ 
ɢɧɞɟɤɫɨɦ. ȿɫɥɢ ɚɜɬɨɪɨɜ ɧɟɫɤɨɥɶɤɨ, ɭɤɚɡɚɬɶ ɞɚɧɧɵɟ ɨɛ ɨɪɝɚɧɢɡɚɰɢɢ ɤɚɠɞɨɝɨ ɚɜɬɨɪɚ); 

– ɧɚɡɜɚɧɢɟ ɫɬɚɬɶɢ ɢ ɢɧɢɰɢɚɥɵ ɚɜɬɨɪɨɜ ɧɚ ɪɭɫɫɤɨɦ ɢ ɚɧɝɥɢɣɫɤɨɦ ɹɡɵɤɟ; 
– ɚɧɧɨɬɚɰɢɹ ɧɚ ɪɭɫɫɤɨɦ ɢ ɚɧɝɥɢɣɫɤɨɦ ɹɡɵɤɚɯ; 
– ɢɧɞɟɤɫ ɍȾɄ; 
– ɤɥɸɱɟɜɵɟ ɫɥɨɜɚ ɧɚ ɪɭɫɫɤɨɦ ɢ ɚɧɝɥɢɣɫɤɨɦ ɹɡɵɤɚɯ. 
4) Ɉɛɴɟɦ ɫɬɚɬɶɢ ɞɨɥɠɟɧ ɛɵɬɶ ɧɟ ɛɨɥɟɟ 1β ɫɬɪɚɧɢɰ ɦɚɲɢɧɨɩɢɫɧɨɝɨ ɬɟɤɫɬɚ, ɜɤɥɸɱɚɹ ɬɚɛɥɢɰɵ, 

ɫɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ (10–β5 ɢɫɬɨɱɧɢɤɨɜ) ɢ ɪɢɫɭɧɤɢ (ɧɟ ɛɨɥɟɟ 10).  
5) ɋɬɚɬɶɹ ɞɨɥɠɧɚ ɛɵɬɶ ɧɚɛɪɚɧɚ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɚɜɢɥɚɦɢ ɤɨɦɩɶɸɬɟɪɧɨɝɨ ɧɚɛɨɪɚ. ȼ ɨɞɧɨɦ 

ɮɚɣɥɟ ɩɨɦɟɳɚɟɬɫɹ ɬɨɥɶɤɨ ɨɞɧɚ ɫɬɚɬɶɹ (ɜ ɫɥɭɱɚɟ ɩɨɞɚɱɢ ɞɜɭɯ ɫɬɚɬɟɣ ɢ ɛɨɥɟɟ). ɋɜɟɞɟɧɢɹ ɢɡ ɩɭɧɤɬɚ γ 
ɹɜɥɹɸɬɫɹ ɱɚɫɬɶɸ ɫɬɚɬɶɢ ɢ ɞɨɥɠɧɵ ɛɵɬɶ ɬɚɤɠɟ ɩɪɟɞɫɬɚɜɥɟɧɵ ɜ ɷɥɟɤɬɪɨɧɧɨɦ ɜɢɞɟ.  

ɋɬɚɬɶɹ ɞɨɥɠɧɚ ɛɵɬɶ ɨɮɨɪɦɥɟɧɚ ɜ ɮɨɪɦɚɬɟ MТМЫШЬШПЭ OППТɫО 97-β00γ АШЫН 7.0, ɱɟɪɟɡ 1 ɢɧɬɟɪɜɚɥ, 
ɲɪɢɮɬɨɦ TТЦОЬ NОа RШЦКЧ ɪɚɡɦɟɪɨɦ 1β ɩɬ. ɉɨɥɹ ɫɨ ɜɫɟɯ ɫɬɨɪɨɧ – β,5 ɫɦ. ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɥɸɛɵɯ ɞɪɭɝɢɯ 
ɲɪɢɮɬɨɜ ɜɨɡɦɨɠɧɨ ɬɨɥɶɤɨ ɜ ɜɢɞɟ ɢɫɤɥɸɱɟɧɢɹ, ɟɫɥɢ ɨɧɢ ɜɧɟɫɟɧɵ ɜ ɤɨɞ ɮɚɣɥɚ. ɇɟ ɫɥɟɞɭɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ 
ɡɧɚɤɢ ɩɪɢɧɭɞɢɬɟɥɶɧɨɝɨ ɩɟɪɟɧɨɫɚ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɩɪɨɛɟɥɨɜ. ȼɟɤɬɨɪɧɵɟ ɜɟɥɢɱɢɧɵ ɜɵɞɟɥɹɸɬɫɹ 
ɩɨɥɭɠɢɪɧɵɦ ɲɪɢɮɬɨɦ. 

Ⱦɥɹ ɡɚɩɢɫɢ ɮɨɪɦɭɥ ɩɪɢɦɟɧɹɬɶ ɬɨɥɶɤɨ ɪɟɞɚɤɬɨɪ ɮɨɪɦɭɥ EЪЮКЭТШЧ γ.0.Ȼɨɥɶɲɢɟ ɮɨɪɦɭɥɵ 
ɧɟɨɛɯɨɞɢɦɨ ɪɚɡɛɢɬɶ ɧɚ ɧɟɫɤɨɥɶɤɨ ɫɬɪɨɤ, ɩɪɢɱɟɦ ɤɚɠɞɚɹ ɧɨɜɚɹ ɫɬɪɨɤɚ – ɧɨɜɵɣ ɨɛɴɟɤɬ. Ɂɚɩɪɟɳɚɟɬɫɹ 
ɦɚɫɲɬɚɛɢɪɨɜɚɬɶ ɮɨɪɦɭɥɵ. ɉɪɢ ɧɚɛɨɪɟ ɮɨɪɦɭɥ ɧɟɨɛɯɨɞɢɦɨ ɩɪɢɞɟɪɠɢɜɚɬɶɫɹ ɫɥɟɞɭɸɳɢɯ ɪɚɡɦɟɪɨɜ: ɬɟɤɫɬ 
– 11 ɩɬ, ɤɪɭɩɧɵɣ ɢɧɞɟɤɫ – 8 ɩɬ, ɦɟɥɤɢɣ ɢɧɞɟɤɫ – 6 ɩɬ, ɤɪɭɩɧɵɣ ɫɢɦɜɨɥ – 1β ɩɬ, ɦɟɥɤɢɣ ɫɢɦɜɨɥ – 10 ɩɬ. 
Ɏɨɪɦɭɥɵ ɧɟ ɞɨɥɠɧɵ ɜɤɥɸɱɚɬɶ ɜ ɫɨɫɬɚɜ ɡɧɚɤɢ ɩɭɧɤɬɭɚɰɢɢ ɢ ɧɭɦɟɪɚɰɢɸ. 

ɋɬɚɬɶɹ ɞɨɥɠɧɚ ɫɨɞɟɪɠɚɬɶ ɥɢɲɶ ɫɚɦɵɟ ɧɟɨɛɯɨɞɢɦɵɟ ɮɨɪɦɭɥɵ, ɨɬ ɩɪɨɦɟɠɭɬɨɱɧɵɯ ɜɵɤɥɚɞɨɤ 
ɠɟɥɚɬɟɥɶɧɨ ɨɬɤɚɡɚɬɶɫɹ. ɇɭɦɟɪɭɸɬɫɹ ɬɨɥɶɤɨ ɬɟ ɮɨɪɦɭɥɵ, ɧɚ ɤɨɬɨɪɵɟ ɢɦɟɸɬɫɹ ɫɫɵɥɤɢ. ɇɭɦɟɪɚɰɢɹ 
ɮɨɪɦɭɥ ɞɨɥɠɧɚ ɛɵɬɶ ɫɤɜɨɡɧɚɹ ɩɨ ɜɫɟɣ ɫɬɚɬɶɟ. Ɍɚɛɥɢɰɵ ɞɨɥɠɧɵ ɢɦɟɬɶ ɡɚɝɨɥɨɜɤɢ ɢ ɧɭɦɟɪɚɰɢɸ, ɜ ɧɢɯ 
ɞɨɩɭɫɤɚɸɬɫɹ ɬɨɥɶɤɨ ɨɛɳɟɩɪɢɧɹɬɵɟ ɫɨɤɪɚɳɟɧɢɹ. 

ɀɟɥɚɬɟɥɶɧɨ, ɱɬɨɛɵ ɬɚɛɥɢɰɵ ɧɟ ɩɪɟɜɵɲɚɥɢ ɨɞɧɨɣ ɫɬɪɚɧɢɰɵ ɬɟɤɫɬɚ. Ʉɨɥɢɱɟɫɬɜɨ ɬɚɛɥɢɰ ɧɟ ɞɨɥɠɧɨ 
ɩɪɟɜɵɲɚɬɶ ɤɨɥɢɱɟɫɬɜɨ ɫɬɪɚɧɢɰ. 

Ɋɢɫɭɧɤɢ ɢ ɫɯɟɦɵ ɞɨɥɠɧɵ ɛɵɬɶ ɱɟɪɧɨ-ɛɟɥɵɦɢ, ɪɚɡɦɟɪɨɦ 800б600, ɫ ɩɨɞɩɢɫɹɦɢ. Ƚɪɚɮɢɤɢ ɞɨɥɠɧɵ 
ɛɵɬɶ ɨɮɨɪɦɥɟɧɵ ɜ ɮɨɪɦɚɬɟ MТМЫШЬШПЭ OППТɫО 97-β00γ АШЫН 7.0 ɢ ɬɨɥɶɤɨ ɨɬɞɟɥɶɧɵɦ ɮɚɣɥɨɦ (ɤɚɠɞɵɣ 
ɝɪɚɮɢɤ ɧɚ ɧɨɜɨɦ ɥɢɫɬɟ, ɥɢɛɨ ɜ ɧɨɜɨɦ ɮɚɣɥɟ). 

ȿɞɢɧɢɰɵ ɢɡɦɟɪɟɧɢɹ ɫɥɟɞɭɟɬ ɞɚɜɚɬɶ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ Ɇɟɠɞɭɧɚɪɨɞɧɨɣ ɫɢɫɬɟɦɨɣ (ɋɂ). 
6) Ʌɢɬɟɪɚɬɭɪɚ ɩɪɢɜɨɞɢɬɫɹ ɜ ɩɨɪɹɞɤɟ ɭɩɨɦɢɧɚɧɢɹ ɜ ɤɨɧɰɟ ɫɬɚɬɶɢ. ȼ ɬɟɤɫɬɟ ɞɨɥɠɧɵ ɛɵɬɶ ɫɫɵɥɤɢ 

ɜ ɤɜɚɞɪɚɬɧɵɯ ɫɤɨɛɤɚɯ ɬɨɥɶɤɨ ɧɚ ɨɩɭɛɥɢɤɨɜɚɧɧɵɟ ɦɚɬɟɪɢɚɥɵ. ɋɫɵɥɤɢ ɧɚ ɢɧɨɫɬɪɚɧɧɵɟ ɢɫɬɨɱɧɢɤɢ ɞɚɸɬɫɹ 
ɧɚ ɹɡɵɤɟ ɨɪɢɝɢɧɚɥɚ ɢ ɫɨɩɪɨɜɨɠɞɚɸɬɫɹ, ɜ ɫɥɭɱɚɟ ɩɟɪɟɜɨɞɚ ɧɚ ɪɭɫɫɤɢɣ ɹɡɵɤ, ɫ ɭɤɚɡɚɧɢɟɦ ɧɚ ɩɟɪɟɜɨɞ. 

Ɋɟɤɨɦɟɧɞɭɟɬɫɹ ɩɪɨɜɟɪɤɚ ɫɬɚɬɟɣ ɱɟɪɟɡ ɩɪɨɝɪɚɦɦɭ Ⱥɧɬɢɩɥɚɝɢɚɬ ɧɚ ɫɚɣɬɟ СЭЭЩ://ааа.КЧЭТЩХКРТКЭ.ЫЮ 

Ȼɢɛɥɢɨɝɪɚɮɢɹ ɞɨɥɠɧɚ ɛɵɬɶ ɨɮɨɪɦɥɟɧɚ ɫɨɝɥɚɫɧɨ ȽɈɋɌɭ 7.1-β00γ «Ȼɢɛɥɢɨɝɪɚɮɢɱɟɫɤɚɹ ɡɚɩɢɫɶ ɢ 
ɛɢɛɥɢɨɝɪɚɮɢɱɟɫɤɨɟ ɨɩɢɫɚɧɢɟ. Ɉɛɳɢɟ ɬɪɟɛɨɜɚɧɢɹ ɢ ɩɪɚɜɢɥɚ ɫɨɫɬɚɜɥɟɧɢɹ». References ɩɪɟɞɨɫɬɚɜɥɹɸɬɫɹ 
ɨɬɞɟɥɶɧɨ (ɩɪɚɜɢɥɚ ɨɮɨɪɦɥɟɧɢɹ ɫɦ. ɜ ɪɚɡɞɟɥɟ The list of references standard in English). 

ȼɇɂɆȺɇɂȿ! ȼ ɫɥɭɱɚɟ ɪɚɫɯɨɠɞɟɧɢɹ ɛɭɦɚɠɧɨɣ ɢ ɷɥɟɤɬɪɨɧɧɨɣ ɜɟɪɫɢɣ ɂɡɞɚɬɟɥɶɫɬɜɨ 
ɪɭɤɨɜɨɞɫɬɜɭɟɬɫɹ ɛɭɦɚɠɧɨɣ ɜɟɪɫɢɟɣ. 

7) ɗɬɢɤɚ ɩɭɛɥɢɤɚɰɢɣ. 
Ɋɟɞɚɤɰɢɨɧɧɚɹ ɤɨɥɥɟɝɢɹ ɧɚɭɱɧɨɝɨ ɠɭɪɧɚɥɚ «Ƚɥɨɛɚɥɶɧɚɹ ɹɞɟɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ» ɪɭɤɨɜɨɞɫɬɜɭɟɬɫɹ ɜ 

ɫɜɨɟɣ ɪɚɛɨɬɟ ɦɟɠɞɭɧɚɪɨɞɧɵɦɢ ɷɬɢɱɟɫɤɢɦɢ ɩɪɚɜɢɥɚɦɢ ɧɚɭɱɧɵɯ ɩɭɛɥɢɤɚɰɢɣ, ɜɤɥɸɱɚɸɳɢɦɢ ɩɪɚɜɢɥɚ 
ɩɨɪɹɞɨɱɧɨɫɬɢ, ɤɨɧɮɢɞɟɧɰɢɚɥɶɧɨɫɬɢ, ɧɚɞɡɨɪɚ ɡɚ ɩɭɛɥɢɤɚɰɢɹɦɢ, ɭɱɟɬ ɜɨɡɦɨɠɧɵɯ ɤɨɧɮɥɢɤɬɨɜ ɢɧɬɟɪɟɫɨɜ ɢ 
ɞɪ. ȼ ɫɜɨɟɣ ɞɟɹɬɟɥɶɧɨɫɬɢ ɪɟɞɚɤɰɢɹ ɫɥɟɞɭɟɬ ɪɟɤɨɦɟɧɞɚɰɢɹɦ Ʉɨɦɢɬɟɬɚ ɩɨ ɷɬɢɤɟ ɧɚɭɱɧɵɯ ɩɭɛɥɢɤɚɰɢɣ 
(Committee on Publication Ethics (http://publicationethics.org/)), ɚ ɬɚɤɠɟ ɨɩɢɪɚɟɬɫɹ ɧɚ ɰɟɧɧɵɣ ɨɩɵɬ 
ɚɜɬɨɪɢɬɟɬɧɵɯ ɦɟɠɞɭɧɚɪɨɞɧɵɯ ɠɭɪɧɚɥɨɜ ɢ ɢɡɞɚɬɟɥɶɫɬɜ. 

Ⱥɜɬɨɪɫɬɜɨ. ȼɫɟ ɥɢɰɚ, ɨɛɨɡɧɚɱɟɧɧɵɟ ɤɚɤ «ɚɜɬɨɪɵ», ɞɨɥɠɧɵ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɤɪɢɬɟɪɢɹɦ ɷɬɨɝɨ 
ɩɨɧɹɬɢɹ. ɍɱɚɫɬɢɟ ɤɚɠɞɨɝɨ ɚɜɬɨɪɚ ɜ ɪɚɛɨɬɟ ɞɨɥɠɧɨ ɛɵɬɶ ɞɨɫɬɚɬɨɱɧɵɦ ɞɥɹ ɬɨɝɨ, ɱɬɨɛɵ ɩɪɢɧɹɬɶ ɧɚ ɫɟɛɹ 
ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɟɟ ɫɨɞɟɪɠɚɧɢɟ. ɉɪɚɜɨ ɧɚɡɵɜɚɬɶɫɹ ɚɜɬɨɪɨɦ ɨɫɧɨɜɵɜɚɟɬɫɹ ɧɚ ɫɥɟɞɭɸɳɢɯ ɮɚɤɬɚɯ: 

ɚ) ɡɧɚɱɢɬɟɥɶɧɨɦ ɜɤɥɚɞɟ ɜ ɤɨɧɰɟɩɰɢɸ ɢ ɞɢɡɚɣɧ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢɥɢ ɜ ɚɧɚɥɢɡ ɢ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɞɚɧɧɵɯ; 
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ɛ) ɩɨɞɝɨɬɨɜɤɟ ɬɟɤɫɬɚ ɫɬɚɬɶɢ ɢɥɢ ɜɧɟɫɟɧɢɢ ɩɪɢɧɰɢɩɢɚɥɶɧɵɯ ɢɡɦɟɧɟɧɢɣ; 
ɜ) ɨɤɨɧɱɚɬɟɥɶɧɨɦ ɭɬɜɟɪɠɞɟɧɢɢ ɜɟɪɫɢɢ, ɤɨɬɨɪɚɹ ɫɞɚɟɬɫɹ ɜ ɩɟɱɚɬɶ. 
ɍɱɚɫɬɢɟ, ɡɚɤɥɸɱɚɸɳɟɟɫɹ ɬɨɥɶɤɨ ɜ ɨɛɟɫɩɟɱɟɧɢɢ ɮɢɧɚɧɫɢɪɨɜɚɧɢɹ ɢɥɢ ɩɨɞɛɨɪɟ ɦɚɬɟɪɢɚɥɚ ɞɥɹ 

ɫɬɚɬɶɢ, ɧɟ ɨɩɪɚɜɞɵɜɚɟɬ ɜɤɥɸɱɟɧɢɹ ɜ ɫɨɫɬɚɜ ɚɜɬɨɪɫɤɨɣ ɝɪɭɩɩɵ. Ɉɛɳɟɟ ɪɭɤɨɜɨɞɫɬɜɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɦ 
ɤɨɥɥɟɤɬɢɜɨɦ ɬɚɤɠɟ ɧɟ ɩɪɢɡɧɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɵɦ ɞɥɹ ɚɜɬɨɪɫɬɜɚ. 

Ɋɟɞɚɤɬɨɪɵ ɠɭɪɧɚɥɚ «Ƚɥɨɛɚɥɶɧɚɹ ɹɞɟɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ» ɜɩɪɚɜɟ ɫɩɪɨɫɢɬɶ ɭ ɚɜɬɨɪɨɜ, ɤɚɤɨɜ ɜɤɥɚɞ 
ɤɚɠɞɨɝɨ ɢɡ ɧɢɯ ɜ ɧɚɩɢɫɚɧɢɟ ɫɬɚɬɶɢ; ɷɬɚ ɢɧɮɨɪɦɚɰɢɹ ɦɨɠɟɬ ɛɵɬɶ ɨɩɭɛɥɢɤɨɜɚɧɚ. 

ȼɫɟ ɱɥɟɧɵ ɤɨɥɥɟɤɬɢɜɚ, ɧɟ ɨɬɜɟɱɚɸɳɢɟ ɤɪɢɬɟɪɢɹɦ ɚɜɬɨɪɫɬɜɚ, ɞɨɥɠɧɵ ɛɵɬɶ ɩɟɪɟɱɢɫɥɟɧɵ ɫ ɢɯ 
ɫɨɝɥɚɫɢɹ ɜ ɫɩɟɰɢɚɥɶɧɨɦ ɪɚɡɞɟɥɟ «ȼɵɪɚɠɟɧɢɟ ɩɪɢɡɧɚɬɟɥɶɧɨɫɬɢ». 

ɉɨɪɹɞɨɤ, ɜ ɤɨɬɨɪɨɦ ɛɭɞɭɬ ɭɤɚɡɚɧɵ ɚɜɬɨɪɵ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɢɯ ɫɨɜɦɟɫɬɧɵɦ ɪɟɲɟɧɢɟɦ. 
Ⱥɜɬɨɪɵ ɧɟɫɭɬ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɫɨɞɟɪɠɚɧɢɟ ɫɬɚɬɶɢ ɢ ɡɚ ɫɚɦ ɮɚɤɬ ɟɟ ɩɭɛɥɢɤɚɰɢɢ. Ɋɟɞɚɤɰɢɹ 

ɠɭɪɧɚɥɚ ɨɫɬɚɜɥɹɟɬ ɡɚ ɫɨɛɨɣ ɩɪɚɜɨ ɧɚ ɫɨɤɪɚɳɟɧɢɟ ɢ ɪɟɞɚɤɬɢɪɨɜɚɧɢɟ ɩɪɢɫɥɚɧɧɵɯ ɫɬɚɬɟɣ. 
Ɋɟɰɟɧɡɢɪɨɜɚɧɢɟ. ɀɭɪɧɚɥ «Ƚɥɨɛɚɥɶɧɚɹ ɹɞɟɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ» ɹɜɥɹɟɬɫɹ ɪɟɰɟɧɡɢɪɭɟɦɵɦ ɠɭɪɧɚɥɨɦ. 

ɉɨɫɬɭɩɚɸɳɢɟ ɜ ɪɟɞɚɤɰɢɸ ɠɭɪɧɚɥɚ ɫɬɚɬɶɢ ɢ ɤɪɚɬɤɢɟ ɫɨɨɛɳɟɧɢɹ ɩɪɨɯɨɞɹɬ ɨɛɹɡɚɬɟɥɶɧɨɟ ɪɟɰɟɧɡɢɪɨɜɚɧɢɟ 
ɱɥɟɧɚɦɢ ɪɟɞɤɨɥɥɟɝɢɢ ɢɥɢ ɫɩɟɰɢɚɥɢɫɬɚɦɢ ɩɨ ɩɪɨɮɢɥɸ ɞɚɧɧɨɣ ɫɬɚɬɶɢ. Ɋɟɰɟɧɡɢɹ ɫɬɚɬɶɢ ɪɚɫɤɪɵɜɚɟɬ 
ɚɤɬɭɚɥɶɧɨɫɬɶ ɩɪɟɞɨɫɬɚɜɥɟɧɧɨɝɨ ɦɚɬɟɪɢɚɥɚ, ɫɬɟɩɟɧɶ ɧɚɭɱɧɨɣ ɧɨɜɢɡɧɵ, ɨɩɪɟɞɟɥɹɟɬ ɫɨɨɬɜɟɬɫɬɜɢɟ 
ɩɪɟɞɨɫɬɚɜɥɹɟɦɨɝɨ ɬɟɤɫɬɚ ɨɛɳɟɦɭ ɩɪɨɮɢɥɸ ɢɡɞɚɧɢɹ, ɮɢɤɫɢɪɭɟɬ ɧɚɥɢɱɢɟ ɩɥɚɝɢɚɬɚ. ɉɨ ɪɟɡɭɥɶɬɚɬɚɦ 
ɪɟɰɟɧɡɢɪɨɜɚɧɢɹ ɫɬɚɬɶɹ ɦɨɠɟɬ ɛɵɬɶ ɥɢɛɨ ɨɬɤɥɨɧɟɧɚ, ɥɢɛɨ ɨɬɨɫɥɚɧɚ ɚɜɬɨɪɭ ɧɚ ɞɨɪɚɛɨɬɤɭ, ɥɢɛɨ ɩɪɢɧɹɬɚ ɤ 
ɩɭɛɥɢɤɚɰɢɢ. 

Ʉɨɧɮɥɢɤɬ ɢɧɬɟɪɟɫɨɜ. Ʉɨɧɮɥɢɤɬ ɢɧɬɟɪɟɫɨɜ, ɤɚɫɚɸɳɢɣɫɹ ɤɨɧɤɪɟɬɧɨɣ ɪɭɤɨɩɢɫɢ, ɜɨɡɧɢɤɚɟɬ ɜ ɬɨɦ 
ɫɥɭɱɚɟ, ɟɫɥɢ ɨɞɢɧ ɢɡ ɭɱɚɫɬɧɢɤɨɜ ɩɪɨɰɟɫɫɚ ɪɟɰɟɧɡɢɪɨɜɚɧɢɹ ɢɥɢ ɩɭɛɥɢɤɚɰɢɢ – ɚɜɬɨɪ, ɪɟɰɟɧɡɟɧɬ ɢɥɢ 
ɪɟɞɚɤɬɨɪ – ɢɦɟɟɬ ɨɛɹɡɚɬɟɥɶɫɬɜɚ, ɤɨɬɨɪɵɟ ɦɨɝɥɢ ɛɵ ɩɨɜɥɢɹɬɶ ɧɚ ɟɝɨ ɢɥɢ ɟɟ ɦɧɟɧɢɟ (ɞɚɠɟ ɟɫɥɢ ɷɬɨ ɢ ɧɟ 
ɩɪɨɢɫɯɨɞɢɬ ɧɚ ɫɚɦɨɦ ɞɟɥɟ). ɇɚɢɛɨɥɟɟ ɱɚɫɬɚɹ ɩɪɢɱɢɧɚ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɤɨɧɮɥɢɤɬɚ ɢɧɬɟɪɟɫɨɜ – ɮɢɧɚɧɫɨɜɵɟ 
ɨɬɧɨɲɟɧɢɹ (ɧɚɩɪɢɦɟɪ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɪɢɟɦɨɦ ɧɚ ɪɚɛɨɬɭ, ɤɨɧɫɭɥɶɬɚɰɢɹɦɢ, ɜɥɚɞɟɧɢɟɦ ɚɤɰɢɹɦɢ, ɜɵɩɥɚɬɨɣ 
ɝɨɧɨɪɚɪɨɜ ɢ ɩɥɚɬɧɵɦɢ ɡɚɤɥɸɱɟɧɢɹɦɢ ɷɤɫɩɟɪɬɨɜ), ɩɪɹɦɵɟ ɢɥɢ ɱɟɪɟɡ ɛɥɢɡɤɢɯ ɪɨɞɫɬɜɟɧɧɢɤɨɜ. ȼɨɡɦɨɠɧɵ ɢ 
ɞɪɭɝɢɟ ɩɪɢɱɢɧɵ – ɥɢɱɧɵɟ ɨɬɧɨɲɟɧɢɹ, ɧɚɭɱɧɨɟ ɫɨɩɟɪɧɢɱɟɫɬɜɨ ɢ ɢɧɬɟɥɥɟɤɬɭɚɥɶɧɵɟ ɩɪɢɫɬɪɚɫɬɢɹ. 

ɍɱɚɫɬɧɢɤɢ ɩɪɨɰɟɫɫɚ ɪɟɰɟɧɡɢɪɨɜɚɧɢɹ ɢ ɩɭɛɥɢɤɚɰɢɢ ɞɨɥɠɧɵ ɫɨɨɛɳɚɬɶ ɨ ɧɚɥɢɱɢɢ ɤɨɧɮɥɢɤɬɚ 
ɢɧɬɟɪɟɫɨɜ. 

Ⱥɜɬɨɪɵ ɩɪɢ ɩɪɟɞɫɬɚɜɥɟɧɢɢ ɪɭɤɨɩɢɫɢ ɧɟɫɭɬ ɨɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɪɚɫɤɪɵɬɢɟ ɫɜɨɢɯ ɮɢɧɚɧɫɨɜɵɯ ɢ 
ɞɪɭɝɢɯ ɤɨɧɮɥɢɤɬɧɵɯ ɢɧɬɟɪɟɫɨɜ, ɫɩɨɫɨɛɧɵɯ ɨɤɚɡɚɬɶ ɜɥɢɹɧɢɟ ɧɚ ɢɯ ɪɚɛɨɬɭ. ȼ ɪɭɤɨɩɢɫɢ ɞɨɥɠɧɵ ɛɵɬɶ 
ɭɩɨɦɹɧɭɬɵ ɜɫɟ ɥɢɰɚ ɢ ɨɪɝɚɧɢɡɚɰɢɢ, ɨɤɚɡɚɜɲɢɟ ɮɢɧɚɧɫɨɜɭɸ ɩɨɞɞɟɪɠɤɭ, ɚ ɬɚɤɠɟ ɞɪɭɝɨɟ ɮɢɧɚɧɫɨɜɨɟ ɢɥɢ 
ɥɢɱɧɨɟ ɭɱɚɫɬɢɟ. Ⱦɨɥɠɧɚ ɛɵɬɶ ɨɩɢɫɚɧɚ ɪɨɥɶ ɫɩɨɧɫɨɪɚ/ɫɩɨɧɫɨɪɨɜ ɜ ɫɬɪɭɤɬɭɪɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɜ ɫɛɨɪɟ, 
ɚɧɚɥɢɡɟ ɢ ɢɧɬɟɪɩɪɟɬɚɰɢɢ ɞɚɧɧɵɯ. 

Ⱥɜɬɨɪɵ ɞɨɥɠɧɵ ɭɤɚɡɵɜɚɬɶ ɢɦɟɧɚ ɬɟɯ, ɤɨɦɭ, ɩɨ ɢɯ ɦɧɟɧɢɸ, ɧɟ ɫɥɟɞɭɟɬ ɧɚɩɪɚɜɥɹɬɶ ɪɭɤɨɩɢɫɶ ɧɚ 
ɪɟɰɟɧɡɢɸ ɜ ɫɜɹɡɢ ɫ ɜɨɡɦɨɠɧɵɦ, ɤɚɤ ɩɪɚɜɢɥɨ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɦ, ɤɨɧɮɥɢɤɬɨɦ ɢɧɬɟɪɟɫɨɜ. 

Ɋɟɰɟɧɡɟɧɬɵ ɞɨɥɠɧɵ ɫɨɨɛɳɚɬɶ ɪɟɞɚɤɰɢɢ ɨɛɨ ɜɫɟɯ ɤɨɧɮɥɢɤɬɚɯ ɢɧɬɟɪɟɫɨɜ, ɤɨɬɨɪɵɟ ɦɨɝɭɬ ɩɨɜɥɢɹɬɶ 
ɧɚ ɢɯ ɦɧɟɧɢɟ ɨ ɪɭɤɨɩɢɫɢ; ɨɧɢ ɞɨɥɠɧɵ ɨɬɤɚɡɚɬɶɫɹ ɨɬ ɪɟɰɟɧɡɢɪɨɜɚɧɢɹ ɤɨɧɤɪɟɬɧɨɣ ɫɬɚɬɶɢ, ɟɫɥɢ ɫɱɢɬɚɸɬ 
ɷɬɨ ɨɩɪɚɜɞɚɧɧɵɦ. ȼ ɫɜɨɸ ɨɱɟɪɟɞɶ ɪɟɞɚɤɰɢɹ ɞɨɥɠɧɚ ɢɦɟɬɶ ɜɨɡɦɨɠɧɨɫɬɶ ɨɰɟɧɢɬɶ ɨɛɴɟɤɬɢɜɧɨɫɬɶ ɪɟɰɟɧɡɢɢ 
ɢ ɪɟɲɢɬɶ, ɧɟ ɫɬɨɢɬ ɥɢ ɨɬɤɚɡɚɬɶɫɹ ɨɬ ɭɫɥɭɝ ɞɚɧɧɨɝɨ ɪɟɰɟɧɡɟɧɬɚ. 

Ɋɟɞɤɨɥɥɟɝɢɹ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɧɮɨɪɦɚɰɢɸ, ɩɪɟɞɫɬɚɜɥɟɧɧɭɸ ɜ ɫɨɨɛɳɟɧɢɹɯ ɨ ɧɚɥɢɱɢɢ 
ɤɨɧɮɥɢɤɬɚ ɢɧɬɟɪɟɫɨɜ ɢ ɨ ɮɢɧɚɧɫɨɜɨɦ ɢɧɬɟɪɟɫɟ, ɤɚɤ ɨɫɧɨɜɭ ɞɥɹ ɩɪɢɧɹɬɢɹ ɪɟɞɚɤɰɢɨɧɧɵɯ ɪɟɲɟɧɢɣ. 

Ɋɟɞɚɤɬɨɪɵ, ɤɨɬɨɪɵɟ ɩɪɢɧɢɦɚɸɬ ɪɟɲɟɧɢɹ ɨ ɪɭɤɨɩɢɫɢ, ɧɟ ɞɨɥɠɧɵ ɢɦɟɬɶ ɥɢɱɧɨɝɨ, 
ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɨɝɨ ɢɥɢ ɮɢɧɚɧɫɨɜɨɝɨ ɢɧɬɟɪɟɫɚ/ɭɱɚɫɬɢɹ ɜ ɥɸɛɨɦ ɜɨɩɪɨɫɟ, ɤɨɬɨɪɵɣ ɨɧɢ ɦɨɝɭɬ ɪɟɲɚɬɶ. 
Ⱦɪɭɝɢɟ ɱɥɟɧɵ ɪɟɞɚɤɰɢɨɧɧɨɝɨ ɤɨɥɥɟɤɬɢɜɚ, ɟɫɥɢ ɨɧɢ ɭɱɚɫɬɜɭɸɬ ɜ ɩɪɢɧɹɬɢɢ ɪɟɲɟɧɢɣ, ɞɨɥɠɧɵ 
ɩɪɟɞɨɫɬɚɜɢɬɶ ɪɟɞɚɤɬɨɪɚɦ ɨɩɢɫɚɧɢɟ ɢɯ ɮɢɧɚɧɫɨɜɨɣ ɡɚɢɧɬɟɪɟɫɨɜɚɧɧɨɫɬɢ (ɬɚɤ ɤɚɤ ɨɧɚ ɦɨɠɟɬ ɢɦɟɬɶ 
ɜɥɢɹɧɢɟ ɧɚ ɪɟɞɚɤɬɨɪɫɤɢɟ ɪɟɲɟɧɢɹ) ɢ ɨɬɤɚɡɚɬɶɫɹ ɨɬ ɭɱɚɫɬɢɹ ɜ ɩɪɢɧɹɬɢɢ ɪɟɲɟɧɢɹ, ɟɫɥɢ ɢɦɟɟɬ ɦɟɫɬɨ 
ɤɨɧɮɥɢɤɬ ɢɧɬɟɪɟɫɨɜ. 

ɉɭɛɥɢɤɚɰɢɹ ɨɬɪɢɰɚɬɟɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ. Ɇɧɨɝɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ, ɩɨɤɚɡɵɜɚɸɳɢɟ ɨɬɪɢɰɚɬɟɥɶɧɵɟ 
ɪɟɡɭɥɶɬɚɬɵ, ɜ ɞɟɣɫɬɜɢɬɟɥɶɧɨɫɬɢ ɹɜɥɹɸɬɫɹ ɧɟɪɟɲɚɸɳɢɦɢ/ɧɟɨɤɨɧɱɚɬɟɥɶɧɵɦɢ. ȼɨɡɦɨɠɧɨɫɬɶ ɩɭɛɥɢɤɚɰɢɢ 
ɧɟɨɤɨɧɱɚɬɟɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ ɢɫɫɥɟɞɨɜɚɧɢɣ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɪɟɞɤɨɥɥɟɝɢɟɣ ɜ ɨɫɨɛɨɦ ɩɨɪɹɞɤɟ. 

Ɇɧɨɠɟɫɬɜɟɧɧɵɟ ɩɭɛɥɢɤɚɰɢɢ. Ɋɟɞɚɤɰɢɹ ɧɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬ ɪɭɤɨɩɢɫɢ, ɨɞɧɨɜɪɟɦɟɧɧɨ 
ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɞɥɹ ɩɭɛɥɢɤɚɰɢɢ ɜ ɞɪɭɝɢɟ ɠɭɪɧɚɥɵ, ɚ ɬɚɤɠɟ ɪɚɛɨɬɵ, ɤɨɬɨɪɵɟ ɜ ɛɨɥɶɲɟɣ ɱɚɫɬɢ ɭɠɟ ɛɵɥɢ 
ɨɩɭɛɥɢɤɨɜɚɧɵ ɜ ɜɢɞɟ ɫɬɚɬɶɢ ɢɥɢ ɫɬɚɥɢ ɱɚɫɬɶɸ ɞɪɭɝɨɣ ɪɚɛɨɬɵ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɢɥɢ ɩɪɢɧɹɬɨɣ ɞɥɹ 
ɩɭɛɥɢɤɚɰɢɢ ɤɚɤɢɦ-ɥɢɛɨ ɞɪɭɝɢɦ ɩɟɱɚɬɧɵɦ ɢɡɞɚɧɢɟɦ ɢɥɢ ɷɥɟɤɬɪɨɧɧɵɦɢ ɫɪɟɞɫɬɜɚɦɢ ɦɚɫɫɨɜɨɣ 
ɢɧɮɨɪɦɚɰɢɢ. ɗɬɚ ɩɨɥɢɬɢɤɚ ɧɟ ɢɫɤɥɸɱɚɟɬ ɪɚɫɫɦɨɬɪɟɧɢɟ ɫɬɚɬɶɢ, ɧɟ ɩɪɢɧɹɬɨɣ ɤ ɩɭɛɥɢɤɚɰɢɢ ɞɪɭɝɢɦ 
ɠɭɪɧɚɥɨɦ, ɢɥɢ ɩɨɥɧɨɝɨ ɨɩɢɫɚɧɢɹ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɝɨ ɩɨɫɥɟ ɩɭɛɥɢɤɚɰɢɢ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɯ ɪɟɡɭɥɶɬɚɬɨɜ, ɬ.ɟ. 
ɬɟɡɢɫɨɜ ɢɥɢ ɩɨɫɬɟɪɧɵɯ ɫɨɨɛɳɟɧɢɣ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɯ ɧɚ ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɯ ɤɨɧɮɟɪɟɧɰɢɹɯ. 

ɉɟɪɟɩɢɫɤɚ. ɑɢɬɚɬɟɥɢ ɜ ɫɥɭɱɚɟ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɦɨɝɭɬ ɧɚɩɪɚɜɥɹɬɶ ɫɜɨɢ ɤɨɦɦɟɧɬɚɪɢɢ, ɜɨɩɪɨɫɵ ɢɥɢ 
ɤɪɢɬɢɱɟɫɤɢɟ ɡɚɦɟɱɚɧɢɹ ɤ ɨɩɭɛɥɢɤɨɜɚɧɧɵɦ ɫɬɚɬɶɹɦ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɧɚɩɟɱɚɬɚɧɵ ɜ ɠɭɪɧɚɥɟ. ɉɪɢ ɠɟɥɚɧɢɢ 
ɚɜɬɨɪɵ ɫɬɚɬɟɣ ɦɨɝɭɬ ɨɬɜɟɬɢɬɶ ɧɚ ɡɚɦɟɱɚɧɢɹ. 

 



ȽɅОȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁОɉȺɋɇОɋɌɖ, 2018 №1(26), ɋ. 135 

 

 

© ɇɚɰɢɨɧɚɥɶɧɵɣ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɹɞɟɪɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ «ɆɂɎɂ», β018 

8) Ʉɚɠɞɵɣ ɚɜɬɨɪ, ɩɨɞɚɸɳɢɣ ɫɬɚɬɶɸ ɧɚ ɪɚɫɫɦɨɬɪɟɧɢɟ ɜ ɠɭɪɧɚɥ, ɞɨɥɠɟɧ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɡɚɪɟɝɢɫɬɪɢɪɨɜɚɬɶɫɹ ɧɚ ɫɚɣɬɚɯ: http://orcid.org ɢ http://www.researcherid.com (ɟɫɥɢ ɭ ɧɟɝɨ ɟɳɟ ɧɟɬ 
ORCТD ɢ RОЬОКЫМСОЫID). Ⱥɜɬɨɪɫɤɢɟ ɢɞɟɧɬɢɮɢɤɚɬɨɪɵ ORCТD (OЩОЧ RОЬОКЫМСОЫ КЧН CШЧЭЫТЛЮЭШЫ ID) ɢ 
RОЬОКЫМСОЫID, ɤɚɤ ɧɟɨɬɴɟɦɥɟɦɚɹ ɱɚɫɬɶ ɫɜɟɞɟɧɢɣ ɨɛ ɚɜɬɨɪɟ, ɛɭɞɟɬ ɪɚɡɦɟɳɚɬɶɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɦ 
ɫɬɪɭɤɬɭɪɧɨɦ ɛɥɨɤɟ ɨɩɭɛɥɢɤɨɜɚɧɧɨɣ ɫɬɚɬɶɢ. 

Оɬɜɟɬɫɬɜɟɧɧɨɫɬɶ ɡɚ ɞɨɫɬɨɜɟɪɧɨɫɬɶ ɞɚɧɧɵɯ ɜ ɩɭɛɥɢɤɭɟɦɨɣ ɜ ɠɭɪɧɚɥɟ ɪɟɤɥɚɦɟ ɧɟɫɟɬ 
ɪɟɤɥɚɦɨɞɚɬɟɥɶ. ɉɭɛɥɢɤɭɟɦɚɹ ɪɟɤɥɚɦɚ ɧɟ ɹɜɥɹɟɬɫɹ ɱɚɫɬɶɸ ɚɜɬɨɪɫɤɢɯ ɩɪɨɢɡɜɟɞɟɧɢɣ. 

 

ɉɊɂɆȿɊɕ ɈɎɈɊɆɅȿɇɂə ɅɂɌȿɊȺɌɍɊɕ ɇȺ ɊɍɋɋɄɈɆ əɁɕɄȿ: 
 

Ⱦɥя ɤɧɢɝ: ɗɧɞɠɟɥ, Ⱦ. ɉɨɜɟɞɟɧɢɟ ɩɨɬɪɟɛɢɬɟɥɟɣ ДɌɟɤɫɬЖ / Ⱦ. ɗɧɞɠɟɥ. – Ɇ. : Ɏɢɡɦɚɬɥɢɬ, 197β. – 272 

ɫ. 
Ⱦɥя ɠɭɪɧɚɥɨɜ: ɉɟɬɪɨɜ, ɇ.ɇ. ɉɪɢɧɰɢɩɵ ɩɨɫɬɪɨɟɧɢɹ ɨɛɪɚɡɨɜɚɬɟɥɶɧɵɯ ɩɪɨɝɪɚɦɦ ɢ ɥɢɱɧɨɫɬɧɨɟ 

ɪɚɡɜɢɬɢɟ ɭɱɚɳɢɯɫɹ ДɌɟɤɫɬЖ / ɇ.ɇ. ɉɟɬɪɨɜ // ȼɨɩɪɨɫɵ ɩɫɢɯɨɥɨɝɢɢ. – 1999. – №γ. – ɋ. γ9. 
Ⱦɥя ɞɢɫɫɟɪɬɚɰɢɣ: Ⱦɡɹɤɨɜɢɱ, ȿ.ȼ. ɋɬɢɥɢɫɬɢɱɟɫɤɢɣ ɚɫɩɟɤɬ ɫɨɜɪɟɦɟɧɧɨɣ ɩɭɧɤɬɭɚɰɢɢ : ɚɜɬɨɪɟɮ. ɞɢɫ. 

ɤɚɧɞ. ɮɢɥɨɥ. ɧɚɭɤ ДɌɟɤɫɬЖ / ȿ.ȼ. Ⱦɡɹɤɨɜɢɱ – Ɇ., 1984. – γ0 ɫ. 
Ⱦɥя ɞɟɩɨɧɢɪɨɜɚɧɧɵɯ ɪɚɛɨɬ: Ʉɨɧɞɪɚɲ, Ⱥ.ɇ. ɉɪɨɩɚɝɚɧɞɚ ɤɧɢɝ ДɌɟɤɫɬЖ / Ⱥ.ɇ. Ʉɨɧɞɪɚɲ. – Ɇ., 1984. 

– β1 ɫ. – Ⱦɟɩ. ɜ ɇɂɐ «ɂɧɮɨɪɦɩɟɱɚɬɶ» β5.07.84. Ɏɇ 176. 
Оɩɢɫɚɧɢɟ ɚɪɯɢɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ: Ƚɭɳɢɧ, Ȼ.ɉ. ɀɭɪɧɚɥɶɧɵɣ ɤɥɸɱ ДɌɟɤɫɬЖ // ɇɊɅɂ. Ɏ. β09. Ɉɩ. 1. 

Ⱦ. 460. Ʌ. 9. 
Мɚɬɟɪɢɚɥɵ ɤɨɧɮɟɪɟɧɰɢɣ: ɒɢɲɤɨɜ, ɘ. Ɋɨɫɫɢɹ ɢ ɦɢɪɨɜɨɣ ɪɵɧɨɤ: ɫɬɪɭɤɬɭɪɧɵɣ ɚɫɩɟɤɬ ДɌɟɤɫɬЖ / 

ɘ. ɒɢɲɤɨɜ // ɋɨɰɢɚɥɶɧɵɟ ɩɪɢɨɪɢɬɟɬɵ ɢ ɦɟɯɚɧɢɡɦɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ ɜ Ɋɨɫɫɢɢ : ɦɚɬɟɪɢɚɥɵ ɦɟɠɞɭɧɚɪ. 
ɤɨɧɮ. Ɇɨɫɤɜɚ, 1β-1γ ɦɚɹ 1998 ɝ. – Ɇ. : Ɇɚɝɦɚ, 199γ. – ɋ. 19-25. 

Ⱦɥя ɩɚɬɟɧɬɨɜ: ɉɚɬ. β187888 Ɋɨɫɫɢɣɫɤɚɹ Ɏɟɞɟɪɚɰɢɹ, ɆɉɄ7
 H 04 ȼ 1/γ8, ɇ 04 J 1γ/00. 

ɉɪɢɟɦɨɩɟɪɟɞɚɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ ДɌɟɤɫɬЖ / ɑɭɝɚɟɜɚ ȼ. ɂ. ; ɡɚɹɜɢɬɟɥɶ ɢ ɩɚɬɟɧɬɨɨɛɥɚɞɚɬɟɥɶ ȼɨɪɨɧɟɠ. ɧɚɭɱ.-
ɢɫɫɥɟɞ. ɢɧ-ɬ ɫɜɹɡɢ. – № β0001γ17γ6/09 ; ɡɚɹɜɥ. 18.1β.00 ; ɨɩɭɛɥ. β0.08.0β, Ȼɸɥ. № βγ (II ɱ.). – γ ɫ. : ɢɥ. 

Ⱦɥя ɚɜɬɨɪɫɤɢɯ ɫɜɢɞɟɬɟɥɶɫɬɜ: Ⱥ. ɫ. 1007970 ɋɋɋɊ, ɆɄɂ3
 ȼ β5 J 15/00. ɍɫɬɪɨɣɫɬɜɨ ɞɥɹ ɡɚɯɜɚɬɚ 

ɧɟɨɪɢɟɧɬɢɪɨɜɚɧɧɵɯ ɞɟɬɚɥɟɣ ɬɢɩɚ ɜɚɥɨɜ / ȼ. ɋ. ȼɚɭɥɢɧ, ȼ. Ƚ. Ʉɟɦɚɣɤɢɧ (ɋɋɋɊ). – № γγ60585/β5–08; 

ɡɚɹɜɥ. βγ.11.81; ɨɩɭɛɥ. γ0.0γ.8γ, Ȼɸɥ. № 1β. – β ɫ. 
Ⱦɥя ɷɥɟɤɬɪɨɧɧɵɯ ɪɟɫɭɪɫɨɜ: Ⱦɢɪɢɧɚ, Ⱥ.ɂ. ɉɪɚɜɨ ɜɨɟɧɧɨɫɥɭɠɚɳɢɯ ɊɎ ɧɚ ɫɜɨɛɨɞɭ ɚɫɫɨɰɢɚɰɢɣ 

Дɗɥɟɤɬɪɨɧɧɵɣ ɪɟɫɭɪɫЖ / Ⱥ.ɂ. Ⱦɢɪɢɧɚ // ȼɨɟɧɧɨɟ ɩɪɚɜɨ: ɫɟɬɟɜɨɣ ɠɭɪɧ. – 2010. – Ɋɟɠɢɦ ɞɨɫɬɭɩɚ: URL: 
http://voennoepravo.ru/node/2149 – 19.02.2011. 

 

Ʉɨɦɩɥɟɤɬ ɞɨɤɭɦɟɧɬɨɜ ɨɬɩɪɚɜɥɹɟɬɫɹ ɜ ɪɟɞɚɤɰɢɸ ɠɭɪɧɚɥɚ ɩɨ ɚɞɪɟɫɭ: 
γ47γ60, Ɋɨɫɫɢɹ, Ɋɨɫɬɨɜɫɤɚɹ ɨɛɥɚɫɬɶ, ɝ. ȼɨɥɝɨɞɨɧɫɤ, ɭɥ. Ʌɟɧɢɧɚ, 7γ/94. Ɋɟɞɚɤɰɢɹ ɠɭɪɧɚɥɚ 

«Ƚɥɨɛɚɥɶɧɚɹ ɹɞɟɪɧɚɹ ɛɟɡɨɩɚɫɧɨɫɬɶ». 
E-mail: oni-viti@mephi.ru 

Ɍɟɥ.: 8(86γ9)βββ717. 
 

http://orcid.org/
http://www.researcherid.com/
mailto:oni-viti@mephi.ru


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Ƚ Ʌ Ɉ Ȼ Ⱥ Ʌ ɖ ɇ Ⱥ ə  ə Ⱦ ȿ Ɋ ɇ Ⱥ ə  Ȼ ȿ Ɂ Ɉ ɉ Ⱥ ɋ ɇ Ɉ ɋ Ɍ ɖ 

 

2018, 1(26) 

 

Ƚɥɚɜɧɵɣ ɪɟɞɚɤɬɨɪ – Ɇ.ɇ. ɋɬɪɢɯɚɧɨɜ, ɞɨɤɬɨɪ ɮɢɡɢɤɨ-ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɧɚɭɤ, ɩɪɨɮɟɫɫɨɪ 

 

ɋɞɚɧɨ ɜ ɧɚɛɨɪ 15.03.2018 ɝ. 
Ʉɨɦɩɶɸɬɟɪɧɚɹ ɜеɪɫɬɤɚ ȼɢɲɧеɜɚ Ɇ.Ɇ. 

ɉɨɞɩɢɫɚɧɨ ɤ ɩɟɱɚɬɢ 22.03.2018 ɝ. 
Ȼɭɦɚɝɚ «SЯОЭШCШЩв» 80 ɝ/ɦ2. Ɉɛɴɟɦ 10,34 ɭɫɥ.ɩɟɱ.ɥ. 

Ƚɚɪɧɢɬɭɪɚ «TТЦОЬNОаRШЦКЧ», 
Ɍɢɪɚɠ γ00 ɷɤɡ. 

Ɉɬɩɟɱɚɬɚɧɨ ɜ ɬɢɩɨɝɪɚɮɢɢ ȼɂɌɂ(ɮ) ɇɂəɍ ɆɂɎɂ 

 

 


