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ɧɢɱɟɧɢɹ, ɧɚɤɥɚɞɵɜɚɟɦɵɟ ɜɧɟɲɧɟɣ ɫɪɟɞɨɣ ɧɚ ɜɨɡ-
ɦɨɠɧɵɟ ɪɟɲɟɧɢɹ. Ɇɧɨɝɨɱɢɫɥɟɧɧɵɟ ɩɫɢɯɨɥɨɝɢɱɟ-
ɫɤɢɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɫɚɦɢ ɤɨɧ-
ɫɬɪɭɤɬɨɪɵ ɢɥɢ ɅɉɊ ɛɟɡ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɚɧɚɥɢɬɢ-
ɱɟɫɤɨɣ ɩɨɞɞɟɪɠɤɢ ɢɫɩɨɥɶɡɭɸɬ ɭɩɪɨɳɟɧɧɵɟ, ɚ 
ɢɧɨɝɞɚ ɢ ɩɪɨɬɢɜɨɪɟɱɢɜɵɟ ɪɟɲɚɸɳɢɟ ɩɪɚɜɢɥɚ.  
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ȼɜɟɞɟɧɢɟ 
Ɂɧɚɱɢɬɟɥɶɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɧɚɭɱɧɵɯ ɢɫɫɥɟɞɨɜɚ-

ɧɢɣ ɜ ɦɚɬɟɪɢɚɥɨɜɟɞɟɧɢɢ ɩɨɫɜɹɳɟɧɨ ɩɪɨɛɥɟɦɚɦ 
ɮɨɪɦɢɪɨɜɚɧɢɹ ɫɬɪɭɤɬɭɪɵ ɢ ɫɜɨɣɫɬɜ ɦɚɬɟɪɢɚɥɨɜ ɜ 
ɩɪɨɰɟɫɫɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ. Ɉɞɢɧ ɢɡ ɧɚɢɛɨɥɟɟ ɱɚɫɬɨ 
ɢɡɭɱɚɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ ɷɬɨ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ. 
ɋɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɞɨɫɬɚɬɨɱɧɨ ɩɪɨɫɬɨ ɢɡɦɟɧɢɬɶ 
ɩɭɬɟɦ ɢɡɦɟɧɟɧɢɹ ɦɚɬɟɪɢɚɥɚ ɥɢɬɟɣɧɨɣ ɮɨɪɦɵ, 
ɧɚɝɪɟɜɚ ɢɥɢ ɨɯɥɚɠɞɟɧɢɹ ɥɢɬɟɣɧɨɣ ɮɨɪɦɵ. ɉɪɢ 
ɷɬɨɦ ɜɥɢɹɧɢɟ, ɨɤɚɡɵɜɚɟɦɨɟ ɧɚ ɫɬɪɭɤɬɭɪɭ ɢ ɫɜɨɣ-
ɫɬɜɚ ɷɬɨɝɨ ɮɚɤɬɨɪɚ, ɡɚɱɚɫɬɭɸ ɨɤɚɡɵɜɚɟɬɫɹ ɜɟɫɶɦɚ 
ɡɧɚɱɢɬɟɥɶɧɨ. ɇɚɩɪɢɦɟɪ, ɞɥɹ ɚɧɬɢɮɪɢɤɰɢɨɧɧɵɯ 
ɦɚɪɨɤ ɛɪɨɧɡ (ɫɜɢɧɰɨɜɢɫɬɵɯ, ɫɜɢɧɰɨɜɨ-
ɨɥɨɜɹɧɢɫɬɵɯ) ɢɡɦɟɧɟɧɢɟ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɜ 
ɩɪɨɰɟɫɫɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɩɪɢɜɨɞɢɬ ɤ ɢɡɦɟɧɟɧɢɸ 
ɮɨɪɦɵ ɫɜɢɧɰɨɜɵɯ ɜɤɥɸɱɟɧɢɣ, ɜɟɥɢɱɢɧɵ ɡɟɪɧɚ ɢ 
ɩɚɪɚɦɟɬɪɨɜ ɞɟɧɞɪɢɬɧɨɣ ɹɱɟɣɤɢ ɦɚɬɪɢɰɵ, ɤɨɥɢɱɟ-
ɫɬɜɚ ɬɜɟɪɞɨɝɨ ɷɜɬɟɤɬɨɢɞɚ. ȼɫɟ ɷɬɢ ɢɡɦɟɧɟɧɢɹ ɫɤɚ-
ɡɵɜɚɸɬɫɹ ɧɚ ɫɜɨɣɫɬɜɚɯ ɨɬɥɢɜɨɤ Д1Ж. ɋɪɟɞɢ ɭɠɟ 
ɩɪɨɜɟɞɟɧɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɣ ɢɦɟɟɬɫɹ ɦɧɨɠɟɫɬɜɨ 
ɪɚɛɨɬ ɩɨɫɜɹɳɟɧɧɵɯ ɫɜɨɣɫɬɜɚɦ ɩɨɥɭɱɚɟɦɵɦ ɨɬ-
ɥɢɜɤɚɦɢ ɜ ɥɢɬɟɣɧɵɟ ɮɨɪɦɵ ɢɡ ɪɚɡɥɢɱɧɵɯ ɦɚɬɟɪɢ-
ɚɥɨɜ, ɧɨ ɩɪɢ ɷɬɨɦ ɤɨɥɢɱɟɫɬɜɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɫɤɨ-
ɪɨɫɬɟɣ ɨɯɥɚɠɞɟɧɢɹ ɩɪɢ ɷɬɨɦ, ɤɚɤ ɩɪɚɜɢɥɨ, ɧɟ ɩɪɢ-
ɜɨɞɹɬɫɹ. 

 
Ɇɚɬɟɪɢɚɥ ɢ ɦɟɬɨɞɵ ɢɫɫɥɟɞɨɜɚɧɢɹ 
Ⱦɚɧɧɚɹ ɪɚɛɨɬɚ ɩɨɫɜɹɳɟɧɚ ɫɨɡɞɚɧɢɸ ɢ ɚɩɪɨɛɢ-

ɪɨɜɚɧɢɸ ɦɟɬɨɞɢɤɢ ɨɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɟɣ ɨɯɥɚ-
ɠɞɟɧɢɹ ɜ ɩɪɨɰɟɫɫɟ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɫɜɢɧɰɨɜɨ-
ɨɥɨɜɹɧɢɫɬɵɯ ɛɪɨɧɡ. ɂɡ ɫɭɳɟɫɬɜɭɸɳɢɯ ɫɩɨɫɨɛɨɜ 
ɜɥɢɹɧɢɹ ɧɚ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɛɵɥɨ ɜɵɛɪɚɧɨ 
ɞɜɚ – ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɮɨɪɦ ɪɚɡɥɢɱɧɨɣ ɬɟɩɥɨɩɪɨ-
ɜɨɞɧɨɫɬɢ ɢ ɧɚɝɪɟɜ ɥɢɬɟɣɧɨɣ ɮɨɪɦɵ ɞɨ ɪɚɡɥɢɱɧɵɯ 
ɬɟɦɩɟɪɚɬɭɪ ДβЖ. ɋɨɱɟɬɚɧɢɟ ɞɜɭɯ ɷɬɢɯ ɫɩɨɫɨɛɨɜ 
ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɩɨɥɭɱɚɬɶ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ 
ɨɬɥɢɜɤɢ ɜ ɲɢɪɨɤɨɦ ɢɧɬɟɪɜɚɥɟ ɢ ɜɦɟɫɬɟ ɫ ɬɟɦ ɧɟ 
ɬɪɟɛɭɟɬ ɡɧɚɱɢɬɟɥɶɧɵɯ ɡɚɬɪɚɬ ɜɪɟɦɟɧɢ ɢ ɫɪɟɞɫɬɜ ɧɚ 
ɢɯ ɪɟɚɥɢɡɚɰɢɸ.  

ɋ ɩɨɦɨɳɶɸ ɩɪɢɛɨɪɚ «Ɍɟɪɦɨɝɪɚɮ», ɪɚɡɪɚɛɨ-
ɬɚɧɧɨɝɨ ɧɚ ɤɚɮɟɞɪɟ ɉɆɗ Ɍɨɦɫɤɨɝɨ ɩɨɥɢɬɟɯɧɢɱɟ-
ɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ, ɫɬɪɨɢɥɢɫɶ ɡɚɜɢɫɢɦɨɫɬɢ ɬɟɦ-

ɩɟɪɚɬɭɪɵ ɡɚɥɢɬɨɝɨ ɪɚɫɩɥɚɜɚ ɨɬ ɜɪɟɦɟɧɢ. ɉɨ ɩɨ-
ɫɬɪɨɟɧɧɵɦ ɡɚɜɢɫɢɦɨɫɬɹɦ ɜ ɢɧɬɟɪɜɚɥɟ ɨɬ ɬɟɦɩɟɪɚ-
ɬɭɪɵ ɡɚɥɢɜɤɢ ɞɨ κ00ɋ, (ɜɤɥɸɱɚɸɳɟɦ ɤɪɢɫɬɚɥɥɢ-
ɡɚɰɢɸ ɦɟɞɧɨɣ ɦɚɬɪɢɰɵ ɪɚɫɩɥɚɜɚ), ɨɩɪɟɞɟɥɹɥɚɫɶ 
ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ. 

ɉɨɫɬɪɨɟɧɢɟ ɡɚɜɢɫɢɦɨɫɬɟɣ ɬɟɦɩɟɪɚɬɭɪɵ ɨɬɥɢɜ-
ɤɢ ɨɬ ɜɪɟɦɟɧɢ ɨɯɥɚɠɞɟɧɢɹ ɩɪɨɜɨɞɢɥɨɫɶ ɩɨ ɨɞɢɧɚ-
ɤɨɜɵɦɢ ɫɯɟɦɚɦ, ɤɚɤ ɞɥɹ ɮɨɪɦ, ɧɚɝɪɟɬɵɯ ɞɨ ɪɚɡ-
ɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪ, ɬɚɤ ɢ ɞɥɹ ɮɨɪɦ ɫ ɧɚɧɟɫɟɧɧɵ-
ɦɢ ɨɛɦɚɡɤɚɦɢ ɪɚɡɥɢɱɧɵɯ ɫɨɫɬɚɜɨɜ. 

ȼ ɤɚɱɟɫɬɜɟ ɦɚɬɟɪɢɚɥɚ ɡɚɥɢɜɚɟɦɨɝɨ ɜ ɥɢɬɟɣɧɭɸ 
ɮɨɪɦɭ ɛɵɥɚ ɜɵɛɪɚɧɚ ɛɪɨɧɡɚ ɦɚɪɤɢ ȻɪɈɋ10-10. 
ɗɬɚ ɛɪɨɧɡɚ ɫɨɫɬɨɢɬ ɢɡ 10% ɫɜɢɧɰɚ, 10% ɨɥɨɜɚ ɢ 
κ0% ɦɟɞɢ. 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɟɣ ɨɯɥɚɠɞɟɧɢɹ ɪɚɫ-
ɩɥɚɜɚ ɛɪɨɧɡɭ ɡɚɥɢɜɚɥɢ ɜ ɮɨɪɦɵ ɫ ɪɚɡɧɨɣ ɬɟɩɥɨ-
ɩɪɨɜɨɞɧɨɫɬɶɸμ ɦɚɫɫɢɜɧɵɣ ɱɭɝɭɧɧɵɣ ɤɨɤɢɥɶ (ɨɬ-
ɧɨɲɟɧɢɟ ɦɚɫɫɵ ɨɬɥɢɜɤɢ ɤ ɦɚɫɫɟ ɮɨɪɦɵ 1μκ) ɢ ɜ 
ɝɪɚɮɢɬɨɜɭɸ ɮɨɪɦɭ. Ɏɨɪɦɵ ɧɚɝɪɟɜɚɥɢɫɶ ɞɨ ɪɚɡ-
ɥɢɱɧɵɯ ɬɟɦɩɟɪɚɬɭɪ (β0 ɋ, β00 ɋ, 400 ɋ, 600 ɋ, 
800 ɋ) ДβЖ. 

ɏɪɨɦɟɥɶ-ɚɥɸɦɟɥɟɜɭɸ ɬɟɪɦɨɩɚɪɭ (ɞɢɚɦɟɬɪ 
ɩɪɨɜɨɥɨɤ 0,γ ɦɦ) ɪɚɫɩɨɥɚɝɚɥɢ ɧɚ 1/β ɝɥɭɛɢ-
ɧɵ (ɪɢɫ. 1) ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɪɟɤɨɦɟɧɞɚɰɢɢ [3]. 
Ɉɬɥɢɜɤɚ ɢɦɟɥɚ ɜɢɞ ɩɚɪɚɥɥɟɥɟɩɢɩɟɞɚ ɫ ɪɚɡɦɟɪɚɦɢ 
κ0×15×15 ɦɦ. Ɋɟɝɢɫɬɪɚɰɢɹ ɡɧɚɱɟɧɢɣ ɬɟɪɦɨɗȾɋ 
ɬɟɪɦɨɩɚɪɵ ɜɟɥɚɫɶ ɫ ɩɨɦɨɳɶɸ ɜɵɫɨɤɨɫɤɨɪɨɫɬɧɨɝɨ 
ɩɪɢɛɨɪɚ «Ɍɟɪɦɨɝɪɚɮ» [4] (ɪɢɫ. 2). ɉɪɢɛɨɪ ɫɩɨɫɨ-
ɛɟɧ ɪɟɝɢɫɬɪɢɪɨɜɚɬɶ ɞɨ 40 ɡɧɚɱɟɧɢɣ ɬɟɪɦɨɗȾɋ 
ɡɚ 1 ɫ ɢ ɜɧɨɫɢɬɶ ɜ ɩɚɦɹɬɶ 1600 ɩɨɤɚɡɚɧɢɣ, ɡɚ ɨɞɧɨ 
ɢɫɫɥɟɞɨɜɚɧɢɟ. Ɉɛɴɟɦ ɩɚɦɹɬɢ ɩɪɢɛɨɪɚ ɩɨɡɜɨɥɹɟɬ 
ɩɪɨɢɡɜɨɞɢɬɶ ɞɨ 16 ɢɫɫɥɟɞɨɜɚɧɢɣ ɛɟɡ ɩɟɪɟɞɚɱɢ 
ɞɚɧɧɵɯ ɧɚ ɤɨɦɩɶɸɬɟɪ. 
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Ɋɢɫ. 1. ɋɯɟɦɚ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɩɪɢɛɨɪɚ «Ɍɟɪɦɨ-

ɝɪɚɮ» ɜ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɚɛɨɬɚɯμ 1 – ɥɢɬɟɣɧɚɹ 
ɮɨɪɦɚν β – ɪɚɫɩɥɚɜν γ – ɯɪɨɦɟɥɶ-ɚɥɸɦɟɥɟɜɚɹ ɬɟɪ-

ɦɨɩɚɪɚ 
 

Ⱦɚɥɟɟ ɨɛɪɚɛɨɬɤɚ ɪɟɡɭɥɶɬɚɬɨɜ ɢ ɩɨɫɬɪɨɟɧɢɟ 
ɝɪɚɮɢɱɟɫɤɢɯ ɡɚɜɢɫɢɦɨɫɬɟɣ ɜɟɥɢɫɶ ɩɪɢ ɩɨɦɨɳɢ 
ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨɝɪɚɦɦɵ «TОЫЦШБЩ» [5]. 

 
Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɢ ɢɯ ɨɛɫɭɠɞɟɧɢɟ 
ȼ ɯɨɞɟ ɩɪɨɜɟɞɟɧɧɵɯ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɪɚɛɨɬ 

ɛɵɥɢ ɩɨɫɬɪɨɟɧɵ ɩɨ ɨɩɢɫɚɧɧɨɣ ɜɵɲɟ ɦɟɬɨɞɢɤɟ 
ɤɪɢɜɵɟ ɨɯɥɚɠɞɟɧɢɹ ɞɥɹ ɚɧɬɢɮɪɢɤɰɢɨɧɧɨɣ ɛɪɨɧɡɵ 
ɦɚɪɤɢ Ȼɪɋ10. ɂɡ ɩɨɫɬɪɨɟɧɧɵɯ ɤɪɢɜɵɯ ɨɯɥɚɠɞɟ-
ɧɢɹ ɞɥɹ ɱɭɝɭɧɧɨɝɨ ɤɨɤɢɥɹ ɧɚ ɪɢɫ. β ɜɢɞɧɨ, ɱɬɨ ɧɚ 
ɧɚɱɚɥɶɧɨɦ ɷɬɚɩɟ ɨɯɥɚɠɞɟɧɢɹ (ɩɟɪɜɵɟ 5-6ɫ ɨɬ ɦɨ-
ɦɟɧɬɚ ɡɚɥɢɜɤɢ ɪɚɫɩɥɚɜɚ ɜ ɮɨɪɦɭ) ɞɥɹ ɜɫɟɯ ɤɪɢɜɵɯ 
ɬɟɦɩɟɪɚɬɭɪɚ ɪɟɡɤɨ ɩɚɞɚɟɬ ɞɨ ɨɩɪɟɞɟɥɟɧɧɨɣ ɬɟɦɩɟ-
ɪɚɬɭɪɵ (ɫɜɨɹ ɞɥɹ ɤɚɠɞɨɣ ɤɪɢɜɨɣ). ɉɪɢ ɞɨɫɬɢɠɟ-
ɧɢɢ ɷɬɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɫɬɭɩɚɟɬ ɬɟɩɥɨɜɨɣ ɛɚɥɚɧɫ 
ɦɟɠɞɭ ɡɚɥɢɬɵɦ ɪɚɫɩɥɚɜɨɦ ɢ ɧɚɝɪɟɬɨɣ ɥɢɬɟɣɧɨɣ 
ɮɨɪɦɨɣ, ɩɨɫɥɟ ɱɟɝɨ ɢɞɟɬ ɩɨɫɬɟɩɟɧɧɨɟ ɨɯɥɚɠɞɟɧɢɟ 
ɮɨɪɦɵ ɢ ɡɚɝɨɬɨɜɤɢ ɧɚ ɜɨɡɞɭɯɟ. Ʉɪɢɜɵɟ ɨɯɥɚɠɞɟ-
ɧɢɹ ɜ ɷɬɨ ɜɪɟɦɹ (10…40 ɫ ɨɬ ɫɬɚɪɬɚ ɨɬɫɱɟɬɚ) ɩɪɚɤ-
ɬɢɱɟɫɤɢ ɩɚɪɚɥɥɟɥɶɧɵ. 

 
Ɋɢɫ. β. Ʉɪɢɜɵɟ ɨɯɥɚɠɞɟɧɢɹ ɛɪɨɧɡɵ Ȼɪɋ10 ɩɪɢ 

ɡɚɥɢɜɤɟ ɜ ɱɭɝɭɧɧɭɸ ɮɨɪɦɭ, ɧɚɝɪɟɬɭɸ ɞɨ ɬɟɦɩɟɪɚ-
ɬɭɪɵμ 1 – 20 °ɋν β – 200 °ɋν γ – 400 °ɋν 4 – 600 °ɋν 

5 – 800 °ɋ. 
 

Ɂɚɜɢɫɢɦɨɫɬɶ ɬɟɦɩɟɪɚɬɭɪɵ ɡɚɥɢɬɨɝɨ ɜ ɮɨɪɦɭ 
ɪɚɫɩɥɚɜɚ ɨɬ ɜɪɟɦɟɧɢ, ɩɪɨɲɟɞɲɟɝɨ ɫ ɦɨɦɟɧɬɚ ɡɚ-
ɥɢɜɤɢ ɞɥɹ ɝɪɚɮɢɬɨɜɨɣ ɥɢɬɟɣɧɨɣ ɮɨɪɦɵ ɚɧɚɥɨɝɢɱ-
ɧɚ ɡɚɜɢɫɢɦɨɫɬɢ ɧɚ ɪɢɫɭɧɤɟ β. Ɍɚɤ ɠɟ ɧɚɢɛɨɥɟɟ 
ɢɧɬɟɧɫɢɜɧɨɟ ɨɯɥɚɠɞɟɧɢɟ ɨɬɥɢɜɤɢ ɢɞɟɬ ɜ ɩɟɪɜɵɟ 
4…5 ɫ ɨɬ ɦɨɦɟɧɬɚ ɡɚɥɢɜɤɢ Д6Ж. ɉɨɫɥɟ ɷɬɨɝɨ ɢɞɟɬ 
ɩɨɫɬɟɩɟɧɧɨɟ ɨɯɥɚɠɞɟɧɢɟ ɮɨɪɦɵ ɢ ɡɚɝɨɬɨɜɤɢ. ȼɦɟ-
ɫɬɟ ɫ ɷɬɢɦ ɧɚɛɥɸɞɚɸɬɫɹ ɨɬɥɢɱɢɹ ɜ ɫɤɨɪɨɫɬɢ ɩɚɞɟ-
ɧɢɹ ɬɟɦɩɟɪɚɬɭɪɵ ɜ ɧɚɱɚɥɶɧɵɣ ɦɨɦɟɧɬ ɨɯɥɚɠɞɟ-
ɧɢɹ. Ʉɪɨɦɟ ɬɨɝɨ, ɡɧɚɱɟɧɢɟ ɬɟɦɩɟɪɚɬɭɪɵ, ɩɪɢ ɤɨɬɨ-
ɪɨɣ ɧɚɱɢɧɚɟɬɫɹ ɩɥɚɜɧɨɟ ɨɯɥɚɠɞɟɧɢɟ ɨɬɥɢɜɤɢ ɞɥɹ 
ɝɪɚɮɢɬɨɜɨɣ ɮɨɪɦɵ ɜɵɲɟ, ɱɟɦ ɞɥɹ ɱɭɝɭɧɧɨɣ (ɞɥɹ 
ɨɞɢɧɚɤɨɜɵɯ ɬɟɦɩɟɪɚɬɭɪ ɧɚɝɪɟɜɚ ɥɢɬɟɣɧɨɣ ɮɨɪ-
ɦɵ). 

 
Ɍɚɛɥɢɰɚ 1. ɋɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɛɪɨɧɡɵ ȻɪɈɋ10-
10 ɜ ɢɧɬɟɪɜɚɥɟ ɬɟɦɩɟɪɚɬɭɪ 1050…κ00 °ɋ, ɜ ɡɚɜɢ-
ɫɢɦɨɫɬɢ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚɝɪɟɜɚ ɮɨɪɦɵ 

Ɍɟɦɩɟɪɚɬɭɪɚ  
ɧɚɝɪɟɜɚ, °ɋ 

ɋɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɞɥɹ 
ɝɪɚɮɢɬɨɜɨɣ/ɱɭɝɭɧɧɨɣ ɮɨɪɦ, 

°ɋ/c 
20 158/180 

200 137/165 
400 43/55 
600 25/40 

800 10/15 
 
ɉɨ ɩɨɫɬɪɨɟɧɧɵɦ ɤɪɢɜɵɦ ɧɚ ɪɢɫ. β ɛɵɥɢ ɢɡɦɟ-

ɪɟɧɵ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ, ɢɯ ɡɧɚɱɟɧɢɹ ɩɪɟɞɫɬɚɜ-
ɥɟɧɵ ɜ ɬɚɛɥɢɰɟ 1.  

ɂɡɦɟɪɟɧɢɟ ɫɤɨɪɨɫɬɟɣ ɩɪɨɜɨɞɢɥɨɫɶ ɜ ɢɧɬɟɪɜɚɥɟ 
ɬɟɦɩɟɪɚɬɭɪ 1050…κ00 °ɋ, ɜɤɥɸɱɚɸɳɟɦ ɞɢɚɩɚɡɨɧ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɪɚɫɩɥɚɜɚ. Ⱥɧɚɥɢɡ ɡɧɚɱɟɧɢɣ, ɩɪɢ-
ɜɟɞɟɧɧɵɯ ɜ ɬɚɛɥɢɰɟ 1, ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɫɤɨɪɨɫɬɶ 
ɨɯɥɚɠɞɟɧɢɹ ɥɢɬɟɣɧɨɣ ɮɨɪɦɵ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚ-
ɬɭɪɵ ɢ ɧɚɝɪɟɬɨɣ ɞɨ κ00 °ɋ ɨɬɥɢɱɚɟɬɫɹ ɛɨɥɟɟ ɱɟɦ ɜ 
10 ɪɚɡ. ȼɟɫɶ ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɢɚɩɚɡɨɧ ɫɤɨɪɨɫɬɟɣ 
ɨɯɥɚɠɞɟɧɢɹ ɪɚɫɩɨɥɨɠɟɧ ɜ ɩɪɟɞɟɥɚɯ ɨɬ 10 ɞɨ 1κ0 
°ɋ/М. ɗɬɨ ɞɚɟɬ ɜɨɡɦɨɠɧɨɫɬɶ ɧɚɢɛɨɥɟɟ ɩɨɥɧɨ ɨɰɟ-
ɧɢɬɶ ɜɥɢɹɧɢɟ ɫɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɪɚɫɩɥɚɜɚ ɜ 
ɦɨɦɟɧɬ ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɢɫɫɥɟɞɭɟɦɵɯ ɛɪɨɧɡ ɧɚ 
ɦɢɤɪɨɫɬɪɭɤɬɭɪɭ ɢ ɫɜɨɣɫɬɜɚ. 

Ɋɟɡɭɥɶɬɚɬɵ ɢɫɫɥɟɞɨɜɚɧɢɟ ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɜ 
ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ ɜɵɩɨɥɧɟɧɵ ɩɪɢ ɩɨɞɞɟɪɠɤɟ 
ɝɪɚɧɬɵ ɉɪɟɡɢɞɟɧɬɚ ɊɎ εK-6661.2013.8. 

 
Ɂɚɤɥɸɱɟɧɢɟ 
Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɤɨɪɨɫɬɶ ɨɯɥɚɠɞɟɧɢɹ ɩɪɢ ɡɚ-

ɥɢɜɤɟ ɪɚɫɩɥɚɜɚ ɛɪɨɧɡɵ ɜ ɱɭɝɭɧɧɭɸ ɥɢɬɟɣɧɭɸ 
ɮɨɪɦɭ ɤɨɦɧɚɬɧɨɣ ɬɟɦɩɟɪɚɬɭɪɵ ɞɥɹ ɧɚɢɛɨɥɟɟ ɱɚ-
ɫɬɨ ɩɪɨɦɵɲɥɟɧɧɨ ɢɫɩɨɥɶɡɭɟɦɵɯ ɨɬɧɨɲɟɧɢɣ ɦɚɫ-
ɫɵ ɨɬɥɢɜɤɢ ɤ ɦɚɫɫɟ ɮɨɪɦɵ (1μ5, 1μ10) ɫɨɫɬɚɜɥɹɟɬ 
~150 °ɋ/М. ɋɤɨɪɨɫɬɢ ɨɯɥɚɠɞɟɧɢɹ ɩɪɢ ɢɡɝɨɬɨɜɥɟ-
ɧɢɢ ɨɬɥɢɜɤɢ ɜ ɱɭɝɭɧɧɨɣ ɮɨɪɦɟ ɢ ɜ ɝɪɚɮɢɬɨɜɨɣ 
ɮɨɪɦɟ ɨɬɥɢɱɚɸɬɫɹ ɧɚ ɜɟɥɢɱɢɧɭ зγ0…40 %. ɉɨɤɚ-
ɡɚɧɨ, ɱɬɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɩɨɞɨɝɪɟɜ ɥɢɬɟɣɧɨɣ 
ɮɨɪɦɵ ɩɨɡɜɨɥɹɟɬ ɡɧɚɱɢɬɟɥɶɧɨ ɫɧɢɡɢɬɶ ɫɤɨɪɨɫɬɶ 
ɨɯɥɚɠɞɟɧɢɹ ɨɬɥɢɜɤɢ ɢ ɭɜɟɥɢɱɢɬɶ ɜɪɟɦɹ ɧɚɯɨɠɞɟ-
ɧɢɹ ɪɚɫɩɥɚɜɚ ɜ ɠɢɞɤɨɦ ɫɨɫɬɨɹɧɢɢ. ɂɡ ɤɪɢɜɵɯ 
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ɨɯɥɚɠɞɟɧɢɹ ɜɢɞɧɨ, ɱɬɨ ɩɪɟɞɜɚɪɢɬɟɥɶɧɵɣ ɧɚɝɪɟɜ 
ɥɢɬɟɣɧɨɣ ɮɨɪɦɵ ɞɨ ɜɵɫɨɤɢɯ ɬɟɦɩɟɪɚɬɭɪ 
500…κ00 °ɋ ɩɨɡɜɨɥɹɟɬ ɜɵɹɜɢɬɶ ɩɥɨɳɚɞɤɭ ɤɪɢ-
ɫɬɚɥɥɢɡɚɰɢɢ ɢ ɬɟɦ ɫɚɦɵɦ ɨɩɪɟɞɟɥɢɬɶ ɬɟɦɩɟɪɚɬɭɪɭ 
ɤɪɢɫɬɚɥɥɢɡɚɰɢɢ ɦɚɬɟɪɢɚɥɚ. 
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ȼɜɟɞɟɧɢɟ 
Ʉɨɥɢɱɟɫɬɜɟɧɧɚɹ ɨɰɟɧɤɚ ɩɚɪɚɦɟɬɪɨɜ ɫɬɪɭɤɬɭɪɵ 

ɦɚɬɟɪɢɚɥɨɜ ɹɜɥɹɟɬɫɹ ɨɞɧɨɣ ɢɡ ɡɚɞɚɱ ɜ ɢɫɫɥɟɞɨɜɚ-
ɬɟɥɶɫɤɢɯ ɪɚɛɨɬɚɯ ɩɨ ɨɩɪɟɞɟɥɟɧɢɸ ɜɥɢɹɧɢɹ ɬɟɯɧɨ-
ɥɨɝɢɱɟɫɤɢɯ ɮɚɤɬɨɪɨɜ ɢ ɪɚɡɥɢɱɧɵɯ ɜɢɞɨɜ ɨɛɪɚɛɨɬ-
ɤɢ ɦɚɬɟɪɢɚɥɨɜ. Ɍɚɤɚɹ ɨɰɟɧɤɚ ɦɨɠɟɬ ɛɵɬɶ ɩɪɨɜɟɞɟ-
ɧɚ ɤɚɤ ɞɥɹ ɜɢɞɢɦɨɣ ɩɥɨɫɤɨɫɬɧɨɣ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ, 
ɬɚɤ ɢ ɞɥɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɝɨ ɫɬɪɨɟɧɢɹ Д4, 6Ж. Ɉɞ-
ɧɨɣ ɢɡ ɡɚɞɚɱ ɞɚɧɧɨɣ ɪɚɛɨɬɵ ɛɵɥɨ ɩɪɨɜɟɞɟɧɢɟ ɤɨ-
ɥɢɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɜɤɥɸɱɟɧɢɣ ɥɟɝ-
ɤɨɩɥɚɜɤɨɣ ɮɚɡɵ. ɇɚɢɛɨɥɶɲɟɣ ɬɪɭɞɨɟɦɤɨɫɬɶɸ ɜ 
ɨɰɟɧɤɚɯ ɫɬɪɭɤɬɭɪɵ ɹɜɥɹɟɬɫɹ ɩɟɪɜɢɱɧɵɣ ɡɚɦɟɪ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫɬɪɭɤɬɭɪɧɵɯ ɫɨɫɬɚɜ-
ɥɹɸɳɢɯ. ɉɪɨɜɟɞɟɧɢɟ ɬɚɤɢɯ ɢɫɫɥɟɞɨɜɚɧɢɣ “ɜɪɭɱ-
ɧɭɸ” ɬɪɟɛɭɟɬ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɪɟɦɟɧɢ ɢ ɩɨ-
ɹɜɥɹɟɬɫɹ ɫɭɛɴɟɤɬɢɜɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɢɫɫɥɟɞɨɜɚɬɟ-
ɥɹ. Ɋɚɧɟɟ ɫɭɳɟɫɬɜɨɜɚɥɨ ɞɨɪɨɝɨɫɬɨɹɳɟɟ ɨɛɨɪɭɞɨ-
ɜɚɧɢɟ, ɬɚɤɨɟ, ɧɚɩɪɢɦɟɪ, ɤɚɤ ɦɟɬɚɥɥɨɝɪɚɮɢɱɟɫɤɢɟ 
ɤɨɦɩɥɟɤɫɵ “ȿPIQUAσT” ɢɥɢ “Ʉɜɚɧɬɢɦɚɤ” ɞɥɹ 
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɢɡɚ. ɋ ɪɚɡɜɢ-
ɬɢɟɦ ɰɢɮɪɨɜɨɣ ɬɟɯɧɢɤɢ ɩɨɹɜɢɥɚɫɶ ɜɨɡɦɨɠɧɨɫɬɶ 
ɩɪɨɜɨɞɢɬɶ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫ ɝɨɪɚɡɞɨ ɛɨɥɶɲɟɣ ɩɪɨ-
ɢɡɜɨɞɢɬɟɥɶɧɨɫɬɶɸ ɢ ɦɟɧɶɲɢɦɢ ɡɚɬɪɚɬɚɦɢ ɧɚ ɨɛɨ-
ɪɭɞɨɜɚɧɢɟ. Ɍɚɤ ɚɜɬɨɪɵ ɪɚɛɨɬɵ Д1Ж ɩɪɟɞɥɚɝɚɸɬ ɢɫ-
ɩɨɥɶɡɨɜɚɬɶ  ɭɧɢɜɟɪɫɚɥɶɧɵɟ ɤɨɦɩɶɸɬɟɪɧɵɟ ɩɪɨ-
ɝɪɚɦɦɵ ɩɨ ɨɛɪɚɛɨɬɤɟ ɢɡɨɛɪɚɠɟɧɢɣ AНШЛО 
PСШЭШSСШЩ ɢ CШЫОХ PСШЭШ PКТЧЭ. Ɉɞɧɚɤɨ ɧɟɞɨɫɬɚɬ-
ɤɨɦ ɷɬɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɧɟɫɤɨɥɶɤɢɯ 
ɩɪɨɝɪɚɦɦ ɢ ɭɦɟɧɢɟ ɪɚɛɨɬɚɬɶ ɫ ɧɢɦɢ, ɚ ɬɚɤ ɠɟ ɜɨɡ-
ɦɨɠɧɨɫɬɶ ɩɨɥɭɱɟɧɢɹ ɬɨɥɶɤɨ ɨɞɧɨɝɨ ɩɚɪɚɦɟɬɪɚ – 
ɨɛɴɟɦɧɨɣ ɞɨɥɢ. Ɉɩɪɟɞɟɥɹɬɶ ɫɪɟɞɧɢɣ ɪɚɡɦɟɪ ɱɚ-
ɫɬɢɰ ɫɬɪɭɤɬɭɪɵ, ɞɢɫɩɟɪɫɢɸ ɢ ɤɨɷɮɮɢɰɢɟɧɬ ɤɨɪɪɟ-
ɥɹɰɢɢ ɞɚɧɧɵɟ ɩɪɨɝɪɚɦɦɵ ɧɟ ɦɨɝɭɬ. ɋɭɳɟɫɬɜɭɸɬ 
ɪɚɡɪɚɛɨɬɚɧɧɵɟ ɩɪɨɝɪɚɦɦɧɵɟ ɤɨɦɩɥɟɤɫɵ ɞɥɹ ɩɪɨ-
ɜɟɞɟɧɢɹ ɤɨɥɢɱɟɫɬɜɟɧɧɨɝɨ ɚɧɚɥɢɡɚ ɦɢɤɪɨɫɬɪɭɤɬɭɪ 
ɮɢɪɦ SIAεS ɢ CКЫХ ГОТЬЬ, ɧɨ ɷɬɢ ɩɪɨɞɭɤɬɵ ɞɨɪɨ-

ɝɨɫɬɨɹɳɢ, ɫɥɨɠɧɵ ɞɥɹ ɢɡɭɱɟɧɢɹ ɢ ɜ ɧɢɯ ɱɚɫɬɨ ɨɬ-
ɫɭɬɫɬɜɭɸɬ ɫɩɟɰɢɚɥɶɧɵɟ ɦɨɞɭɥɢ ɞɥɹ ɫɩɟɰɢɮɢɱɟ-
ɫɤɨɝɨ ɚɧɚɥɢɡɚ ɜɤɥɸɱɟɧɢɣ ɤɨɧɬɪɚɫɬɧɨɣ ɮɚɡɵ, 
ɧɚɩɪɢɦɟɪ ɨɩɪɟɞɟɥɟɧɢɹ ɫɪɟɞɧɟɝɨ ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ 
ɜɤɥɸɱɟɧɢɣ, ɨɬɤɥɨɧɟɧɢɹ ɱɚɫɬɢɰ ɨɬ ɤɪɭɝɥɨɣ ɮɨɪɦɵ 
ɢ ɬ.ɩ. 

Ʉɚɮɟɞɪɨɣ ɆɌɆ ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɤɨɦɩɶɸɬɟɪ-
ɧɚɹ ɩɪɨɝɪɚɦɦɚ ɞɥɹ ɨɛɪɚɛɨɬɤɢ ɢɡɨɛɪɚɠɟɧɢɣ ɢ ɤɨ-
ɥɢɱɟɫɬɜɟɧɧɨɣ ɨɰɟɧɤɢ ɩɚɪɚɦɟɬɪɨɜ ɦɢɤɪɨɫɬɪɭɤɬɭɪɵ 
“ɋɢɫɬɟɦɚ ɄɈɂ” ДβЖ. ɇɚɩɢɫɚɧɢɟ ɩɪɨɝɪɚɦɦɵ ɜɟɥɨɫɶ 
ɧɚ ɹɡɵɤɟ ɫ++ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɩɪɨɝɪɚɦɦɧɨɝɨ ɩɚɤɟɬɚ 
BШЫХКЧН C++BЮТХНОЫ. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɩɪɨɝɪɚɦɦɚ 
ɫɥɭɠɢɬ ɞɥɹ ɪɚɫɱɟɬɚ ɨɛɴɟɦɧɨɣ ɞɨɥɢ ɢ ɫɪɟɞɧɟɝɨ 
ɪɚɡɦɟɪɚ ɱɚɫɬɢɰ ɫɬɪɭɤɬɭɪɵ ɢ ɩɨɡɜɨɥɹɟɬ ɩɪɨɢɡɜɨ-
ɞɢɬɶ ɪɚɫɱɟɬ ɩɨ ɧɟɫɤɨɥɶɤɢɦ ɫɨɬɧɹɦ ɫɟɤɭɳɢɯ (ɡɚɜɢ-
ɫɢɬ ɨɬ ɪɚɡɪɟɲɟɧɢɹ ɮɨɬɨɝɪɚɮɢɢ) ɜ ɨɞɧɨɦ ɩɨɥɟ ɡɪɟ-
ɧɢɹ [3]. 

Ⱥɥɝɨɪɢɬɦ ɪɚɛɨɬɵ ɩɪɨɝɪɚɦɦɵ ɡɚɤɥɸɱɚɟɬɫɹ ɜ 
ɫɥɟɞɭɸɳɟɦμ ɜ ɰɢɮɪɨɜɨɦ ɜɢɞɟ ɢɫɫɥɟɞɭɟɦɨɟ ɢɡɨɛ-
ɪɚɠɟɧɢɟ ɩɪɟɞɫɬɚɜɥɹɟɬɫɹ ɜ ɜɢɞɟ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟ-
ɫɬɜɚ ɬɨɱɟɤ – ɩɢɤɫɟɥɟɣ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɩɨɫɥɟɞɨɜɚ-
ɬɟɥɶɧɨ ɜ ɜɢɞɟ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɰɟɩɨɱɟɤ. ɇɟɩɨɫɪɟɞ-
ɫɬɜɟɧɧɨ ɮɚɣɥ ɫɨɞɟɪɠɢɬ ɤɨɞɵ ɰɜɟɬɨɜ ɩɢɤɫɟɥɟɣ, ɚ 
ɢɯ ɤɨɨɪɞɢɧɚɬɵ ɩɨɥɭɱɚɸɬɫɹ ɚɜɬɨɦɚɬɢɱɟɫɤɢ. ɉɪɨ-
ɝɪɚɦɦɚ ɢɡɜɥɟɤɚɟɬ  ɤɨɞɵ ɰɜɟɬɨɜ, ɫɪɚɜɧɢɜɚɟɬ  ɫ ɡɚ-
ɞɚɧɧɵɦɢ ɩɨɥɶɡɨɜɚɬɟɥɟɦ ɡɧɚɱɟɧɢɹɦɢ ɢ, ɜ ɡɚɜɢɫɢ-
ɦɨɫɬɢ ɨɬ ɪɟɡɭɥɶɬɚɬɚ, ɞɨɛɚɜɥɹɟɬ ɤ ɛɚɧɤɭ ɞɚɧɧɵɯ 
ɛɟɥɨɣ, ɥɢɛɨ ɱɟɪɧɨɣ ɮɚɡɵ. Ɍɚɤ ɫɨɛɢɪɚɟɬɫɹ ɢɧɮɨɪ-
ɦɚɰɢɹ ɨ ɤɨɥɢɱɟɫɬɜɟ ɱɟɪɧɨɣ ɢ ɛɟɥɨɣ ɮɚɡɵ, ɩɪɨɰɟɧɬ 
ɫɟɪɨɣ ɮɚɡɵ ɜɵɱɢɫɥɹɟɬɫɹ ɤɚɤ ɨɫɬɚɬɨɤ. 

Ɉɞɧɨɣ ɢɡ ɜɨɡɦɨɠɧɨɫɬɟɣ, ɪɟɚɥɢɡɨɜɚɧɧɵɯ ɜ ɪɚɡ-
ɪɚɛɨɬɚɧɧɨɣ ɩɪɨɝɪɚɦɦɟ, ɹɜɥɹɟɬɫɹ ɩɨɫɬɪɨɟɧɢɟ ɫ ɟɺ 
ɩɨɦɨɳɶɸ ɝɢɫɬɨɝɪɚɦɦɵ ɩɨ ɞɥɢɧɟ ɱɚɫɬɢɰ ɞɥɹ ɪɚɡ-
ɥɢɱɧɵɯ ɢɫɫɥɟɞɭɟɦɵɯ ɮɚɡ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɩɪɨɜɟɫɬɢ 
ɛɨɥɟɟ ɩɨɥɧɵɟ ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɜɤɥɸ-
ɱɟɧɢɣ ɜ ɢɫɫɥɟɞɭɟɦɵɯ ɨɛɪɚɡɰɚɯ ɩɨ ɮɨɪɦɟ ɢ ɪɚɡɦɟ-


