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*ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ ɊȺɇ, ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ, Ɋɨɫɫɢɹ 
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ɇɨɪɦɵ ɆȺȽȺɌɗ ɩɨ ɢɫɩɵɬɚɧɢɹɦ ɧɚ ɫɬɨɥɤɧɨɜɟɧɢɟ ɜɤɥɸɱɚɸɬ ɩɪɨɜɟɞɟɧɢɟ ɨɩɵɬɚ ɫ ɦɚɤɟɬɨɦ 
ɭɩɚɤɨɜɤɢ ɌɍɄ ɜ ɭɫɥɨɜɢɹɯ, ɢɦɢɬɢɪɭɸɳɢɯ ɚɜɢɚɰɢɨɧɧɭɸ ɚɜɚɪɢɸ. Ɉɛɪɚɡɟɰ ɞɨɥɠɟɧ ɛɵɬɶ 
ɩɨɞɜɟɪɝɧɭɬ ɫɬɨɥɤɧɨɜɟɧɢɸ ɫ ɠɟɫɬɤɨɣ ɩɪɟɝɪɚɞɨɣ ɫɨ ɫɤɨɪɨɫɬɶɸ ɧɟ ɦɟɧɟɟ λ0 ɦ/ɫ, ɩɪɢɱɟɦ ɜ 
ɬɚɤɨɦ ɩɨɥɨɠɟɧɢɢ, ɱɬɨɛɵ ɟɦɭ ɛɵɥɨ ɧɚɧɟɫɟɧɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɩɨɜɪɟɠɞɟɧɢɟ. Ɇɢɲɟɧɶ ɬɚɤɠɟ 
ɞɨɥɠɧɚ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɩɪɟɞɩɢɫɚɧɢɹɦ ɧɨɪɦ – ɩɪɟɞɫɬɚɜɥɹɬɶ ɫɨɛɨɣ ɩɥɨɫɤɭɸ ɝɨɪɢɡɨɧɬɚɥɶɧɭɸ 
ɩɨɜɟɪɯɧɨɫɬɶ ɬɚɤɨɝɨ ɪɨɞɚ, ɱɬɨɛɵ ɥɸɛɨɟ ɭɜɟɥɢɱɟɧɢɟ ɫɨɩɪɨɬɢɜɥɹɟɦɨɫɬɢ ɫɦɟɳɟɧɢɸ ɢɥɢ 
ɞɟɮɨɪɦɚɰɢɢ ɷɬɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɩɪɢ ɩɚɞɟɧɢɢ ɧɚ ɧɟɟ ɨɛɪɚɡɰɚ ɧɟ ɩɪɢɜɨɞɢɥɢ ɤ ɡɧɚɱɢɬɟɥɶɧɨɦɭ 
ɭɜɟɥɢɱɟɧɢɸ ɩɨɜɪɟɠɞɚɟɦɨɫɬɢ ɷɬɨɝɨ ɨɛɪɚɡɰɚ. ɉɨɜɟɪɯɧɨɫɬɶ ɦɢɲɟɧɢ ɦɨɠɟɬ ɧɚɯɨɞɢɬɶɫɹ ɜ 
ɥɸɛɨɦ ɩɨɥɨɠɟɧɢɢ, ɧɨ ɩɪɢ ɷɬɨɦ ɨɧɚ ɞɨɥɠɧɚ ɛɵɬɶ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɚ ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ 
ɨɛɪɚɡɰɚ. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɩɨɞɨɛɧɵɯ ɢɫɩɵɬɚɧɢɣ ɫ ɭɩɚɤɨɜɤɚɦɢ ɜɟɫɨɦ ɞɨ ɩɨɥɭɬɨɧɧɵ 
ɢɫɩɨɥɶɡɭɸɬɫɹ ɪɚɤɟɬɧɵɟ ɬɪɟɤɢ. ɉɨɫɤɨɥɶɤɭ ɩɨɞɨɛɧɵɟ ɨɩɵɬɵ ɟɞɢɧɢɱɧɵɟ ɢ ɞɨɪɨɝɨɫɬɨɹɳɢɟ, 
ɬɪɟɛɭɟɬɫɹ ɠɟɫɬɤɨɟ ɨɛɨɫɧɨɜɚɧɢɟ ɫɨɨɬɜɟɬɫɬɜɢɹ ɬɪɟɛɨɜɚɧɢɹɦ ɩɨ ɭɝɥɭ ɫɨɭɞɚɪɟɧɢɹ ɬɟɦ 
ɩɚɪɚɦɟɬɪɚɦ, ɱɬɨ ɛɵɥɢ ɮɚɤɬɢɱɟɫɤɢ ɪɟɚɥɢɡɨɜɚɧɵ ɜɨ ɜɪɟɦɹ ɢɫɩɵɬɚɧɢɣ. ȼ ɪɚɛɨɬɟ ɩɪɟɞɫɬɚɜɥɟɧɵ 
ɦɟɬɨɞɵ ɢɡɦɟɪɟɧɢɣ ɷɬɢɯ ɩɚɪɚɦɟɬɪɨɜ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ ɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɢɯ ɬɨɱɧɨɫɬɢ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɭɩɚɤɨɜɤɚ, ɪɚɞɢɨɚɤɬɢɜɧɵɟ ɦɚɬɟɪɢɚɥɵ, ɨɬɪɚɛɨɬɚɧɧɨɟ ɹɞɟɪɧɨɟ ɬɨɩɥɢɜɨ, 
ɜɨɡɞɭɲɧɚɹ ɩɟɪɟɜɨɡɤɚ, ɚɜɚɪɢɹ, ɨɛɨɪɭɞɨɜɚɧɢɟ ɪɚɤɟɬɧɨɝɨ ɬɪɟɤɚ, ɭɝɨɥ ɫɨɭɞɚɪɟɧɢɹ. 

 

ɉɨɫɬɭɩɢɥɚ ɜ ɪɟɞɚɤɰɢɸ β5.10.β01λ 

ɉɨɫɥɟ ɞɨɪɚɛɨɬɤɢ 16.0β.β0β0 

ɉɪɢɧɹɬɚ ɤ ɩɭɛɥɢɤɚɰɢɢ β0.0β.β0β0 

 

ȼ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ ɆȺȽȺɌɗ Д1-5Ж, ɭɩɚɤɨɜɤɢ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɟ ɞɥɹ 
ɜɨɡɞɭɲɧɵɯ ɩɟɪɟɜɨɡɨɤ ɞɟɥɹɳɢɯɫɹ ɦɚɬɟɪɢɚɥɨɜ, ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɜɚɬɶ ɛɟɡɨɩɚɫɧɨɫɬɶ 
ɩɨɫɥɟ ɭɫɢɥɟɧɧɵɯ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ ɢɫɩɵɬɚɧɢɣ, ɢɦɢɬɢɪɭɸɳɢɯ ɚɜɢɚɰɢɨɧɧɭɸ ɚɜɚɪɢɸ ɢ 
ɜɤɥɸɱɚɸɳɢɯ ɫɥɟɞɭɸɳɢɟ ɞɜɟ ɫɟɪɢɢμ 

ɉɟɪɜɚɹ ɫɟɪɢɹ (ɤɨɦɩɥɟɤɫɧɵɟ ɢɫɩɵɬɚɧɢɹ)μ 
­ ɩɚɞɟɧɢɟ ɭɩɚɤɨɜɤɢ ɫ ɜɵɫɨɬɵ λɦ; 
­ ɞɢɧɚɦɢɱɟɫɤɨɟ ɪɚɡɪɭɲɟɧɢɟ ɩɪɢ ɩɚɞɟɧɢɢ ɧɚ ɭɩɚɤɨɜɤɭ ɬɟɥɚ ɦɚɫɫɨɣ 500ɤɝ ɫ ɜɵɫɨɬɵ λɦ; 
­ ɢɫɩɵɬɚɧɢɟ ɧɚ ɩɪɨɤɨɥ/ɪɚɡɪɵɜ ɩɪɢ ɩɚɞɟɧɢɢ ɭɩɚɤɨɜɤɢ ɫ ɜɵɫɨɬɵ γɦ ɧɚ ɲɬɵɪɶ (ɢɥɢ 

ɲɬɵɪɹ ɧɚ ɭɩɚɤɨɜɤɭ) ɦɚɫɫɨɣ β50 ɤɝ; 
­ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɭɩɚɤɨɜɤɭ ɜɧɟɲɧɟɝɨ ɬɟɩɥɨɜɨɝɨ ɩɨɥɹ ɫɨ ɫɪɟɞɧɟɨɛɴɟɦɧɨɣ 

ɬɟɦɩɟɪɚɬɭɪɨɣ Ɍ  800
ɨɋ ɜ ɬɟɱɟɧɢɟ ɧɟ ɦɟɧɟɟ 60 ɦɢɧɭɬ. 

ȼɬɨɪɚɹ ɫɟɪɢɹμ 
­ ɫɬɨɥɤɧɨɜɟɧɢɟ ɭɩɚɤɨɜɤɢ ɫ ɦɢɲɟɧɶɸ ɫɨ ɫɤɨɪɨɫɬɶɸ ɧɟ ɦɟɧɟɟ λ0ɦ/ɫ. 

Ɂɚɞɚɱɟɣ ɢɫɩɵɬɚɧɢɹ ɜɬɨɪɨɣ ɫɟɪɢɢ, ɩɪɨɜɨɞɢɦɨɝɨ ɧɚ ɪɚɤɟɬɧɨɦ ɬɪɟɤɟ, ɤɚɤ ɩɪɚɜɢɥɨ, 
ɹɜɥɹɟɬɫɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɩɪɨɜɟɪɤɚ: ɷɮɮɟɤɬɢɜɧɨɫɬɢ ɪɚɛɨɬɵ ɞɟɦɩɮɢɪɭɸɳɢɯ 
ɷɥɟɦɟɧɬɨɜ ɤɨɧɫɬɪɭɤɰɢɢ ɌɍɄ; ɨɬɫɭɬɫɬɜɢɟ ɜɵɯɨɞɚ ɩɟɪɟɜɨɡɢɦɨɝɨ ɦɚɬɟɪɢɚɥɚ ɢɡ ɌɍɄ Д6-7].  

Ɉɛɴɟɤɬɨɦ ɢɫɩɵɬɚɧɢɹ ɹɜɥɹɟɬɫɹ ɧɚɬɭɪɧɵɣ ɌɍɄ (ɫ ɦɚɫɫɨɣ ɜ ɡɚɝɪɭɠɟɧɧɨɦ ɜɚɪɢɚɧɬɟ 
ɞɨ 500 ɤɝ), ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɤɨɧɫɬɪɭɤɰɢɸ, ɫɨɫɬɨɹɳɭɸ ɢɡμ ɤɨɪɩɭɫɚ ɫɢɥɨɜɨɝɨ; 
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ɤɨɪɩɭɫɚ ɜɧɭɬɪɟɧɧɟɝɨ; ɱɟɯɥɚ; ɟɦɤɨɫɬɢ ɫ ɪɚɡɦɟɳɟɧɧɵɦ ɜɧɭɬɪɢ ɧɟɟ ɭɪɚɧɨɫɨɞɟɪɠɚɳɢɦ 
ɦɚɬɟɪɢɚɥɨɦ. ȿɦɤɨɫɬɶ ɫɨɫɬɨɢɬ ɢɡ ɰɢɥɢɧɞɪɢɱɟɫɤɨɝɨ ɫɬɚɥɶɧɨɝɨ ɤɨɪɩɭɫɚ ɢ ɫɬɚɥɶɧɨɣ 
ɤɪɵɲɤɢ, ɫɨɟɞɢɧɟɧɧɵɯ ɦɟɠɞɭ ɫɨɛɨɣ ɪɟɡɶɛɨɣ, ɢ ɩɪɟɞɧɚɡɧɚɱɟɧɚ ɞɥɹ ɭɩɚɤɨɜɵɜɚɧɢɹ 
ɩɟɪɟɜɨɡɢɦɨɝɨ ɦɚɬɟɪɢɚɥɚ. ȼɧɭɬɪɢ ɟɦɤɨɫɬɢ ɡɚɤɥɸɱɟɧ ɢɦɢɬɚɬɨɪ ɢɡ ɢɧɟɪɬɧɨɝɨ 
ɧɟɚɤɬɢɜɧɨɝɨ ɦɚɬɟɪɢɚɥɚ. 

ɇɚ ɌɍɄ ɞɨɩɨɥɧɢɬɟɥɶɧɨ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɛɚɲɦɚɤɢ (ɪɢɫ. 1), ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɵɯ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɜɹɡɶ ɨɛɴɟɤɬɚ ɢɫɩɵɬɚɧɢɣ ɫ ɪɟɥɶɫɨɜɨɣ ɧɚɩɪɚɜɥɹɸɳɟɣ ɪɚɤɟɬɧɨɝɨ ɬɪɟɤɚ 
[8-10Ж. ɗɥɟɦɟɧɬɵ ɤɪɟɩɥɟɧɢɹ ɛɚɲɦɚɤɨɜ ɤ ɤɨɧɬɟɣɧɟɪɭ ɢ ɛɚɲɦɚɤɢ ɨɩɪɟɞɟɥɹɸɬ 
ɪɚɫɩɨɥɨɠɟɧɢɟ ɌɍɄ ɧɚ ɪɟɥɶɫɨɜɨɣ ɧɚɩɪɚɜɥɹɸɳɟɣ ɪɚɤɟɬɧɨɝɨ ɬɪɟɤɚ, ɨɛɟɫɩɟɱɢɜɚɸɳɟɟ ɟɝɨ 
ɜɫɬɪɟɱɭ ɫ ɦɢɲɟɧɶɸ ɜ ɡɚɞɚɧɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɢ ɩɨɞ ɡɚɞɚɧɧɵɦ ɭɝɥɨɦ. 

 

 
                                                 ɚ) ɜɢɞ ɫɛɨɤɭ                                      ɛ) ɜɢɞ ɫɧɢɡɭ 

Ɋɢɫɭɧɨɤ 1 – Ɉɛɳɢɣ ɜɢɞ ɌɍɄ ɫ ɛɚɲɦɚɤɚɦɢ [General view of the TUK with clogs] 

 

Ɂɚɞɚɸɬɫɹ ɫɤɨɪɨɫɬɶ ɫɬɨɥɤɧɨɜɟɧɢɹ ɌɍɄ ɫ ɦɢɲɟɧɶɸ – λ5±5 ɦ/ɫ ɢ ɭɝɨɥ ɜɫɬɪɟɱɢ 
ɦɚɤɟɬɚ ɫ ɦɢɲɟɧɶɸ 475º. 

Ɋɚɡɝɨɧ ɌɍɄ ɞɨ ɡɚɞɚɧɧɨɣ ɫɤɨɪɨɫɬɢ ɩɨ ɪɟɥɶɫɨɜɨɣ ɧɚɩɪɚɜɥɹɸɳɟɣ ɪɚɤɟɬɧɨɝɨ ɬɪɟɤɚ ɢ 
ɟɝɨ ɫɬɨɥɤɧɨɜɟɧɢɟ ɫ ɦɢɲɟɧɶɸ ɩɪɢ ɡɚɞɚɧɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɢ ɭɝɥɟ ɜɫɬɪɟɱɢ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ 
ɤɨɦɩɥɟɤɬɨɦ ɫɩɟɰɢɚɥɶɧɨɣ ɨɫɧɚɫɬɤɢ Д6-10Ж. Ʉɨɦɩɥɟɤɬ ɫɩɟɰɢɚɥɶɧɨɣ ɨɫɧɚɫɬɤɢ ɜɤɥɸɱɚɟɬ ɜ 
ɫɟɛɹ ɪɚɤɟɬɧɭɸ ɬɟɥɟɠɤɭ (ɊɌ) ɢ ɷɥɟɦɟɧɬɵ (ɛɚɲɦɚɤɢ), ɫɜɹɡɵɜɚɸɳɢɟ ɌɍɄ ɫ ɪɟɥɶɫɨɜɨɣ 
ɧɚɩɪɚɜɥɹɸɳɟɣ ɪɚɤɟɬɧɨɝɨ ɬɪɟɤɚ. ɋɢɥɚ ɬɹɝɢ ɨɬ ɊɌ ɩɟɪɟɞɚɟɬɫɹ ɧɚ ɌɍɄ ɱɟɪɟɡ ɭɩɨɪ. ɊɌ ɢ 
ɌɍɄ (ɫ ɛɚɲɦɚɤɚɦɢ) ɫɨɫɬɚɜɥɹɸɬ ɪɚɤɟɬɧɵɣ ɩɨɟɡɞ, ɨɛɳɢɣ ɜɢɞ (ɫɜɟɪɯɭ ɢ ɫɛɨɤɭ) ɤɨɬɨɪɨɝɨ 
ɩɨɤɚɡɚɧ ɧɚ ɪɢɫɭɧɤɟ β. 

 

 
Ɋɢɫɭɧɨɤ 2 – Ɉɛɳɢɣ ɜɢɞ ɪɚɤɟɬɧɨɝɨ ɩɨɟɡɞɚ [General view of the rocket train] 

 

Ɋɚɤɟɬɧɚɹ ɬɟɥɟɠɤɚ ɫɧɚɛɠɟɧɚ ɬɨɪɦɨɡɧɵɦ ɛɚɲɦɚɤɨɦ, ɤɨɬɨɪɵɣ ɨɫɧɚɳɟɧ ɩɨɪɨɯɨɜɵɦɢ 
ɚɤɤɭɦɭɥɹɬɨɪɚɦɢ ɞɚɜɥɟɧɢɹ ɞɥɹ ɨɫɬɚɧɨɜɤɢ ɪɚɤɟɬɧɨɣ ɬɟɥɟɠɤɢ ɧɚ ɡɚɞɚɧɧɨɦ ɨɬɪɟɡɤɟ ɩɭɬɢ 
ɪɚɤɟɬɧɨɝɨ ɬɪɟɤɚ. Ɋɚɡɝɨɧ ɪɚɤɟɬɧɨɝɨ ɩɨɟɡɞɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɬɜɟɪɞɨɬɨɩɥɢɜɧɵɦɢ 
ɪɚɤɟɬɧɵɦɢ ɞɜɢɝɚɬɟɥɹɦɢ, ɭɫɬɚɧɨɜɥɟɧɧɵɦɢ ɧɚ ɪɚɤɟɬɧɨɣ ɬɟɥɟɠɤɟ Д11-12]. 
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ɉɨɫɥɟ ɡɚɩɭɫɤɚ ɪɚɤɟɬɧɵɯ ɞɜɢɝɚɬɟɥɟɣ ɪɚɤɟɬɧɵɣ ɩɨɟɡɞ ɧɚɱɢɧɚɟɬ ɞɜɢɠɟɧɢɟ ɩɨ 
ɪɟɥɶɫɨɜɨɣ ɧɚɩɪɚɜɥɹɸɳɟɣ ɪɚɤɟɬɧɨɝɨ ɬɪɟɤɚ. ɉɨ ɨɤɨɧɱɚɧɢɢ ɪɚɛɨɬɵ ɪɚɤɟɬɧɵɯ ɞɜɢɝɚɬɟɥɟɣ 
ɢ ɩɪɢ ɞɨɫɬɢɠɟɧɢɢ ɪɚɤɟɬɧɵɦ ɩɨɟɡɞɨɦ ɡɚɞɚɧɧɨɣ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɩɪɨɢɫɯɨɞɢɬ 
ɡɚɞɟɣɫɬɜɨɜɚɧɢɟ ɩɨɪɨɯɨɜɵɯ ɚɤɤɭɦɭɥɹɬɨɪɨɜ ɞɚɜɥɟɧɢɹ ɬɨɪɦɨɡɧɨɣ ɫɢɫɬɟɦɵ ɪɚɤɟɬɧɨɣ 
ɬɟɥɟɠɤɢ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɊɌ ɤ ɨɫɬɚɧɨɜɤɟ ɧɚ ɪɟɥɶɫɨɜɨɣ ɧɚɩɪɚɜɥɹɸɳɟɣ ɪɚɤɟɬɧɨɝɨ ɬɪɟɤɚ. 
ɉɪɢ ɷɬɨɦ ɌɍɄ, ɡɚ ɫɱɟɬ ɫɨɨɛɳɟɧɧɨɝɨ ɟɦɭ ɢɦɩɭɥɶɫɚ, ɩɪɨɞɨɥɠɚɟɬ ɞɜɢɝɚɬɶɫɹ ɩɨ ɪɟɥɶɫɨɜɨɣ 
ɧɚɩɪɚɜɥɹɸɳɟɣ. ɉɨɫɥɟ ɫɯɨɞɚ ɫ ɪɟɥɶɫɨɜɨɣ ɧɚɩɪɚɜɥɹɸɳɟɣ ɪɚɤɟɬɧɨɝɨ ɬɪɟɤɚ ɞɜɢɠɟɧɢɟ 
ɌɍɄ ɩɪɨɢɫɯɨɞɢɬ ɜ ɫɜɨɛɨɞɧɨɦ ɩɨɥɟɬɟ ɞɨ ɫɬɨɥɤɧɨɜɟɧɢɹ ɫ ɦɢɲɟɧɶɸ. 

Ɇɢɲɟɧɶ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɠɟɥɟɡɨɛɟɬɨɧɧɵɣ ɛɥɨɤ, ɨɛɥɢɰɨɜɚɧɧɵɣ ɫɨ ɫɬɨɪɨɧɵ 
ɥɨɛɨɜɨɣ ɫɬɟɧɤɢ ɫɬɚɥɶɧɵɦ ɥɢɫɬɨɦ ɬɨɥɳɢɧɨɣ 100 ɦɦ. Ƚɚɛɚɪɢɬɵ ɥɨɛɨɜɨɣ ɫɬɟɧɤɢ 
2,4 ɦ ɯ 3,6 ɦ. Ɇɢɲɟɧɶ ɫɦɨɧɬɢɪɨɜɚɧɚ ɫ ɭɩɨɪɨɦ ɡɚɞɧɟɣ ɫɬɟɧɤɢ ɜ ɩɪɨɬɹɠɟɧɧɵɣ ɧɚɫɵɩɧɨɣ 
ɜɚɥ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨ, ɫ ɛɨɤɨɜɵɯ ɫɬɨɪɨɧ ɢ ɫɜɟɪɯɭ, ɨɛɜɚɥɨɜɚɧɚ ɝɪɭɧɬɨɦ. ɉɨɥɧɚɹ ɦɚɫɫɚ 
ɦɢɲɟɧɢ ɫ ɭɱɟɬɨɦ ɨɛɜɚɥɨɜɤɢ ɝɪɭɧɬɨɦ ɫɨɫɬɚɜɥɹɟɬ ≈ 600 ɬ. ɋɯɟɦɚ ɦɢɲɟɧɢ ɩɪɟɞɫɬɚɜɥɟɧɚ 
ɧɚ ɪɢɫɭɧɤɟ γ. 

 

 
Ɋɢɫɭɧɨɤ 3 – ɋɯɟɦɚ ɦɢɲɟɧɢ [Target pattern] 

 

ɉɪɨɰɟɫɫ ɞɜɢɠɟɧɢɹ ɪɚɤɟɬɧɨɝɨ ɩɨɟɡɞɚ ɩɨ ɪɟɥɶɫɨɜɨɣ ɧɚɩɪɚɜɥɹɸɳɟɣ ɪɚɤɟɬɧɨɝɨ 
ɬɪɟɤɚ, ɩɨɥɟɬ ɌɍɄ ɢ ɩɪɨɰɟɫɫ ɟɝɨ ɫɬɨɥɤɧɨɜɟɧɢɹ ɫ ɦɢɲɟɧɶɸ ɪɟɝɢɫɬɪɢɪɭɸɬɫɹ ɫ ɩɨɦɨɳɶɸ 
ɮɨɬɨ- ɢ ɜɢɞɟɨɚɩɩɚɪɚɬɭɪɵ. 

ȼ ɩɪɨɰɟɫɫɟ ɢɫɩɵɬɚɧɢɹ ɢɡɦɟɪɹɸɬɫɹ ɫɥɟɞɭɸɳɢɟ ɩɚɪɚɦɟɬɪɵ ɞɜɢɠɟɧɢɹ ɌɍɄ: 

- ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɩɨ ɪɟɥɶɫɨɜɵɦ ɧɚɩɪɚɜɥɹɸɳɢɦ ɪɚɤɟɬɧɨɝɨ ɬɪɟɤɚ; 
- ɫɤɨɪɨɫɬɶ ɢ ɭɝɨɥ ɜɫɬɪɟɱɢ ɩɟɪɟɞ ɫɨɭɞɚɪɟɧɢɟɦ ɫ ɠɟɫɬɤɨɣ ɩɪɟɝɪɚɞɨɣ. 

 

Ɏɨɬɨɝɪɚɦɦɟɬɪɢɱɟɫɤɢɟ ɢɡɦɟɪɟɧɢɹ ɭɝɥɚ ɜɫɬɪɟɱɢ ɭɩɚɤɨɜɨɱɧɨɝɨ ɤɨɧɬɟɣɧɟɪɚ 
ɩɟɪɟɞ ɫɨɭɞɚɪɟɧɢɟɦ ɫ ɠɟɫɬɤɨɣ ɩɪɟɝɪɚɞɨɣ 

ɋɪɟɞɫɬɜɨ ɢɡɦɟɪɟɧɢɹ (ɚɷɪɨɮɨɬɨɤɚɦɟɪɚ ȺɎȺ) ɷɤɫɩɥɭɚɬɢɪɭɟɬɫɹ ɜ ɫɥɟɞɭɸɳɢɯ 
ɭɫɥɨɜɢɹɯμ 

- ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɝɨ ɜɨɡɞɭɯɚ ɨɬ -10 ɋ °ɞɨ 40 ɋ°; 
- ɚɬɦɨɫɮɟɪɧɨɟ ɞɚɜɥɟɧɢɟ – ɨɫɨɛɵɯ ɬɪɟɛɨɜɚɧɢɣ ɧɟ ɩɪɟɞɴɹɜɥɹɟɬɫɹ; 
- ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɜɥɚɠɧɨɫɬɶ ɜɨɡɞɭɯɚ ɧɟ ɛɨɥɟɟ λ8 %; 
- ɧɚɩɪɹɠɟɧɢɟ ɨɞɧɨɮɚɡɧɨɣ ɫɟɬɢ ββ0 ȼ ± 10 %; 
- ɱɚɫɬɨɬɚ ɫɟɬɢ 50Ƚɰ ± 2%. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɭɝɥɚ ɜɫɬɪɟɱɢ ɫ ɩɪɟɝɪɚɞɨɣ ɢɫɩɵɬɵɜɚɟɦɵɯ ɌɍɄ 
ɮɨɬɨɝɪɚɦɦɟɬɪɢɱɟɫɤɢɦ ɦɟɬɨɞɨɦ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɩɨɥɭɱɟɧɢɢ ɮɨɬɨɫɧɢɦɤɚ ɜ ɦɨɦɟɧɬ 
ɩɨɞɯɨɞɚ ɤɨɧɬɟɣɧɟɪɚ ɤ ɥɨɛɨɜɨɣ ɫɬɟɧɤɟ ɩɪɟɝɪɚɞɵ, ɩɨɫɪɟɞɫɬɜɨɦ ɢɦɩɭɥɶɫɧɨɣ ɮɨɬɨɫɴɟɦɤɢ 
ɢ ɩɨɫɥɟɞɭɸɳɟɣ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɮɨɬɨɝɪɚɦɦɟɬɪɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ ɫɧɢɦɤɚ. 

Ƚɟɨɦɟɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɮɨɬɨɝɪɚɦɦɟɬɪɢɱɟɫɤɢɯ ɢɡɦɟɪɟɧɢɣ ɭɝɥɚ ɜɫɬɪɟɱɢ ɤɨɧɬɟɣɧɟɪɚ 
ɫ ɩɪɟɝɪɚɞɨɣ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫɭɧɤɟ 4. 

ɉɨ ɭɫɥɨɜɢɹɦ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢɫɫɥɟɞɭɟɦɵɣ ɤɨɧɬɟɣɧɟɪ ɩɨɫɥɟ ɟɝɨ ɫɯɨɞɚ ɫ ɪɟɥɶɫɨɜɵɯ 
ɧɚɩɪɚɜɥɹɸɳɢɯ ɬɪɟɤɚ ɫɨɜɟɪɲɚɟɬ ɞɜɢɠɟɧɢɟ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ. Ⱦɥɹ 
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ɨɩɪɟɞɟɥɟɧɢɹ ɭɝɥɨɜɨɝɨ ɩɨɥɨɠɟɧɢɹ ɤɨɧɬɟɣɧɟɪɚ, ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ ɮɚɤɬɢɱɟɫɤɨɦɭ 
ɡɧɚɱɟɧɢɸ ɭɝɥɚ ɜɫɬɪɟɱɢ ɫ ɩɪɟɝɪɚɞɨɣ, ɩɥɨɫɤɨɫɬɶ ɮɨɬɨɫɴɟɦɤɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ 
ɩɚɪɚɥɥɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ ɩɟɪɟɦɟɳɟɧɢɹ ɢɫɫɥɟɞɭɟɦɨɝɨ ɤɨɧɬɟɣɧɟɪɚ. ɉɪɢ ɞɚɧɧɨɣ ɭɫɬɚɧɨɜɤɟ 
ɨɩɬɢɱɟɫɤɚɹ ɨɫɶ ɫɴɟɦɨɱɧɨɣ ɤɚɦɟɪɵ ɛɭɞɟɬ ɧɚɩɪɚɜɥɟɧɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɤ ɬɪɚɟɤɬɨɪɢɢ 
ɞɜɢɠɟɧɢɹ ɤɨɧɬɟɣɧɟɪɚ. 

Ʉɚɦɟɪɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫɜɟɪɯɭ ɧɚ ɫɩɟɰɢɚɥɶɧɨɣ ɧɟɩɨɞɜɢɠɧɨɣ ɩɥɚɬɮɨɪɦɟ 
ɨɛɴɟɤɬɢɜɨɦ ɜɧɢɡ ɬɚɤ, ɱɬɨɛɵ ɟɟ ɨɩɬɢɱɟɫɤɚɹ ɨɫɶ ɛɵɥɚ ɨɬɜɟɫɧɚ, ɱɬɨ ɞɨɫɬɢɝɚɟɬɫɹ 
ɝɨɪɢɡɨɧɬɢɪɨɜɚɧɢɟɦ ɩɥɨɫɤɨɫɬɢ ɜɵɪɚɜɧɢɜɚɸɳɟɝɨ ɫɬɟɤɥɚ ɤɚɦɟɪɵ (ɩɥɨɫɤɨɫɬɢ 
ɮɨɬɨɦɚɬɟɪɢɚɥɚ) ɫ ɩɨɦɨɳɶɸ ɧɚɤɥɚɞɧɨɝɨ ɭɪɨɜɧɹ ɫ ɰɟɧɨɣ ɞɟɥɟɧɢɹ 10 ɫɟɤɭɧɞ. 

ȼɵɫɨɬɭ ɫɴɟɦɤɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ ɞɜɢɠɟɧɢɹ ɤɨɧɬɟɣɧɟɪɚ ɜɵɛɢɪɚɸɬ ɫ ɭɱɺɬɨɦ 
ɬɨɝɨ, ɱɬɨɛɵ ɮɨɬɨɝɪɚɮɢɪɭɟɦɵɣ ɤɨɧɬɟɣɧɟɪ ɧɚɯɨɞɢɥɫɹ ɜ ɩɥɨɫɤɨɫɬɢ ɧɚɢɥɭɱɲɟɣ 
ɮɨɤɭɫɢɪɨɜɤɢ ɚɷɪɨɮɨɬɨɚɩɩɚɪɚɬɚ. 

Ⱦɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɮɨɬɨɝɪɚɦɦɟɬɪɢɱɟɫɤɢɯ ɢɡɦɟɪɟɧɢɣ ɥɨɛɨɜɚɹ ɫɬɟɧɤɚ ɩɪɟɝɪɚɞɵ ɢ 
ɛɨɤɨɜɚɹ ɩɨɜɟɪɯɧɨɫɬɶ ɤɨɧɬɟɣɧɟɪɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɦ ɨɛɪɚɡɨɦ ɦɚɪɤɢɪɭɸɬɫɹ. ɇɚ ɩɪɟɝɪɚɞɟ, 
ɧɚ ɪɚɜɧɵɯ ɪɚɫɬɨɹɧɢɹɯ ɨɬ ɩɥɨɫɤɨɫɬɢ ɟɟ ɥɨɛɨɜɨɣ ɫɬɟɧɤɢ, ɠɟɫɬɤɨ ɤɪɟɩɹɬɫɹ ɞɜɟ 
ɫɩɟɰɢɚɥɶɧɵɟ ɪɟɩɟɪɧɵɟ ɦɚɪɤɢ, ɤɨɬɨɪɵɟ ɡɚɞɚɸɬ ɨɫɟɜɭɸ ɥɢɧɢɸ ɨɬɫɱɺɬɚ (ɨɫɶ OГ), 
ɩɚɪɚɥɥɟɥɶɧɭɸ ɩɥɨɫɤɨɫɬɢ ɩɪɟɝɪɚɞɵ. Ɇɚɪɤɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɧɚ ɜɵɫɨɬɟ ɬɨɱɤɢ 
ɫɨɭɞɚɪɟɧɢɹ ɤɨɧɬɟɣɧɟɪɚ ɫ ɩɪɟɝɪɚɞɨɣ ɜ ɨɞɧɨɣ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ. Ⱦɜɟ ɪɟɩɟɪɧɵɟ 
ɦɚɪɤɢ ɧɚɧɨɫɹɬɫɹ ɧɚ ɨɛɪɚɡɭɸɳɭɸ ɫɚɦɨɝɨ ɤɨɧɬɟɣɧɟɪɚ. ɋ ɩɨɦɨɳɶɸ ɷɬɢɯ ɦɚɪɨɤ ɡɚɞɚɟɬɫɹ 
ɨɫɟɜɚɹ ɥɢɧɢɹ ɤɨɧɬɟɣɧɟɪɚ (ɏɤ) ɫ ɰɟɥɶɸ ɨɩɪɟɞɟɥɟɧɢɹ ɭɝɥɚ ɜɫɬɪɟɱɢ ɫ ɩɪɟɝɪɚɞɨɣ ɩɨ 
ɪɟɡɭɥɶɬɚɬɚɦ ɮɨɬɨɫɴɟɦɤɢ. 

ɉɨɞ ɭɝɥɨɦ ɜɫɬɪɟɱɢ ɌɍɄ ɫ ɩɪɟɝɪɚɞɨɣ ɩɨɧɢɦɚɟɬɫɹ ɭɝɨɥ φ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ 
ɩɥɨɫɤɨɫɬɢ ɦɟɠɞɭ ɩɪɨɞɨɥɶɧɨɣ ɨɫɶɸ ɤɨɧɬɟɣɧɟɪɚ ɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɨɦ ɤ ɩɥɨɫɤɨɫɬɢ 
ɥɨɛɨɜɨɣ ɫɬɟɧɤɢ ɩɪɟɝɪɚɞɵ (ɪɢɫ. 4). 

 

 
                                                     ɚ)     ɛ) 

Ɋɢɫɭɧɨɤ 4 – Ƚɟɨɦɟɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɦɟɬɨɞɚ ɎȽɂ [Geometric photogrammetric angle measurement method] 

 

ɇɚ ɪɢɫɭɧɤɟ 4ɛ ɨɫɶ OГ ɩɚɪɚɥɥɟɥɶɧɚ ɩɥɨɫɤɨɫɬɢ ɥɨɛɨɜɨɣ ɫɬɟɧɤɢ ɩɪɟɝɪɚɞɵ;  
ɏɤ – ɨɫɟɜɚɹ ɥɢɧɢɹ ɤɨɧɬɟɣɧɟɪɚ, ɡɚɞɚɜɚɟɦɚɹ ɪɟɩɟɪɧɵɦɢ ɦɚɪɤɚɦɢ ɧɚ ɨɛɪɚɡɭɸɳɟɣ 
ɤɨɧɬɟɣɧɟɪɚ; ɯɯ ɢ гг – ɨɫɢ ɩɥɨɫɤɨɣ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɮɨɬɨɫɧɢɦɤɚ. Ɉɧɢ ɡɚɞɚɸɬɫɹ 
ɫɢɫɬɟɦɨɣ ɩɟɪɟɤɪɟɫɬɢɣ ɜɵɝɪɚɜɢɪɨɜɚɧɧɵɯ ɧɚ ɜɵɪɚɜɧɢɜɚɸɳɟɦ ɫɬɟɤɥɟ ɫɴɺɦɨɱɧɨɣ ɤɚɦɟɪɵ 
(ɜ ɩɥɨɫɤɨɫɬɢ ɮɨɬɨɦɚɬɟɪɢɚɥɚ). 

ɍɝɨɥ ɩɨɞɯɨɞɚ ɤɨɧɬɟɣɧɟɪɚ ɤ ɩɪɟɝɪɚɞɟ ɧɚɯɨɞɢɬɫɹ ɩɨ ɮɨɬɨɫɧɢɦɤɭ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ 

φ=α±ȕ, ɝɞɟ φ – ɮɚɤɬɢɱɟɫɤɢɣ ɭɝɨɥ ɜɫɬɪɟɱɢ ɤɨɧɬɟɣɧɟɪɚ ɫ ɩɪɟɝɪɚɞɨɣ; ߚ ,ߙ – 

ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɭɝɨɥ ɤɨɧɬɟɣɧɟɪɚ ɢ ɭɝɨɥ ɩɪɟɝɪɚɞɵ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɮɨɬɨɫɧɢɦɤɚ 

(ɪɢɫ. 5). 
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Ɋɢɫɭɧɨɤ 5 – ɋɯɟɦɚ ɢɡɦɟɪɟɧɢɣ ɩɨ ɮɨɬɨɫɧɢɦɤɭ [Measurement scheme from a photograph] 

 

Ɏɨɬɨɝɪɚɦɦɟɬɪɢɱɟɫɤɚɹ ɤɚɦɟɪɚ (ȺɎȺ) ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɜ ɡɚɞɚɧɧɨɣ ɬɨɱɤɟ ɧɚ 
ɩɥɚɬɮɨɪɦɟ, ɨɛɴɟɤɬɢɜɨɦ ɜɧɢɡ. ȼɵɩɨɥɧɹɟɬɫɹ ɭɫɬɚɧɨɜɤɚ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ ɤɚɦɟɪɵ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɤ ɧɚɩɪɚɜɥɟɧɢɸ ɞɜɢɠɟɧɢɹ ɤɨɧɬɟɣɧɟɪɚ. Ⱦɥɹ ɷɬɨɝɨ ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɝɨɪɢɡɨɧɬɢɪɨɜɚɧɢɟ ɩɪɢɤɥɚɞɧɨɣ ɪɚɦɤɢ ɤɚɦɟɪɵ (ɩɥɨɫɤɨɫɬɢ ɢɡɨɛɪɚɠɟɧɢɹ) ɩɨɫɪɟɞɫɬɜɨɦ 
ɧɚɤɥɚɞɧɨɝɨ 10-β0 ɫɟɤɭɧɞɧɨɝɨ ɭɪɨɜɧɹ. Ɇɚɪɤɢ ɭɫɬɚɧɚɜɥɢɜɚɸɬɫɹ ɩɚɪɚɥɥɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ 
ɥɨɛɨɜɨɣ ɫɬɟɧɤɢ ɧɚ ɜɵɫɨɬɟ ɬɨɱɤɢ ɫɨɭɞɚɪɟɧɢɹ ɤɨɧɬɟɣɧɟɪɚ ɫ ɩɪɟɝɪɚɞɨɣ, ɜ ɨɞɧɨɣ 
ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ. ɉɪɨɢɡɜɨɞɢɬɫɹ ɝɟɨɞɟɡɢɱɟɫɤɢɟ ɢɡɦɟɪɟɧɢɹ ɭɫɬɚɧɨɜɤɢ ɦɚɪɨɤ ɧɚ 
ɩɪɟɝɪɚɞɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɷɥɟɤɬɪɨɧɧɨɝɨ ɬɚɯɟɨɦɟɬɪɚ. ɂɡɦɟɪɹɸɬɫɹμ ɪɚɫɫɬɨɹɧɢɟ ɦɚɪɨɤ ɨɬ 
ɩɥɨɫɤɨɫɬɢ ɥɨɛɨɜɨɣ ɫɬɟɧɤɢ ɩɪɟɝɪɚɞɵ, ɜɵɫɨɬɚ ɭɫɬɚɧɨɜɤɢ ɦɚɪɨɤ ɢ ɛɚɡɚ ɦɟɠɞɭ ɦɚɪɤɚɦɢ. 
ɉɨɫɥɟ ɩɪɢɜɟɞɟɧɢɹ Ɉɂ ɜ ɫɨɫɬɨɹɧɢɟ ɝɨɬɨɜɧɨɫɬɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚɩɭɫɤ (ɫɬɚɪɬ) 
ɤɨɧɬɟɣɧɟɪɚ ɌɍɄ ɢ ɨɬɤɪɵɬɢɟ ɡɚɬɜɨɪɚ ȺɎȺ ɫ ɡɚɞɟɪɠɤɨɣ, ɡɚɞɚɜɚɟɦɨɣ ɧɚ ɨɫɧɨɜɟ 

ɩɪɨɝɧɨɡɢɪɭɟɦɨɣ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɤɨɧɬɟɣɧɟɪɚ. ɉɪɢ ɧɚɯɨɠɞɟɧɢɢ ɤɨɧɬɟɣɧɟɪɚ ɜ 0,5-1,5 

ɦ ɨɬ ɥɨɛɨɜɨɣ ɫɬɟɧɤɢ ɩɪɟɝɪɚɞɵ, ɩɪɨɢɡɜɨɞɢɬɫɹ ɡɚɩɭɫɤ ɢɦɩɭɥɶɫɧɨɝɨ ɢɫɬɨɱɧɢɤɚ ɫɜɟɬɚ 
(ɂɂɋ), ɨɛɟɫɩɟɱɢɜɚɸɳɟɝɨ ɬɪɟɛɭɟɦɭɸ ɨɫɜɟɳɟɧɧɨɫɬɶ ɢ ɧɟɨɛɯɨɞɢɦɭɸ ɷɤɫɩɨɡɢɰɢɸ 
ɮɨɬɨɫɴɟɦɤɢ. ɇɚ ɚɷɪɨɮɨɬɨɩɥɟɧɤɟ ɨɞɧɨɜɪɟɦɟɧɧɨ ɫ ɢɡɨɛɪɚɠɟɧɢɟɦ ɤɨɧɬɟɣɧɟɪɚ 
ɪɟɝɢɫɬɪɢɪɭɟɬɫɹ ɢɡɨɛɪɚɠɟɧɢɟ ɪɟɩɟɪɧɵɯ ɦɚɪɨɤ ɩɪɟɝɪɚɞɵ.  

ɉɨɥɭɱɚɟɦɵɟ ɚɧɚɥɨɝɨɜɵɟ ɮɨɬɨɫɧɢɦɤɢ (ɧɟɝɚɬɢɜɵ) ɨɰɢɮɪɨɜɵɜɚɸɬɫɹ – 

ɩɪɟɨɛɪɚɡɭɸɬɫɹ ɜ ɪɚɫɬɪɨɜɭɸ ɮɨɪɦɭ ɧɚ ɮɨɬɨɝɪɚɦɦɟɬɪɢɱɟɫɤɨɦ ɫɤɚɧɟɪɟ, ɫ ɩɨɫɥɟɞɭɸɳɢɦ 
ɜɜɨɞɨɦ ɰɢɮɪɨɜɵɯ ɢɡɨɛɪɚɠɟɧɢɣ ɜ PC. ȼ ɫɥɭɱɚɟ ɩɪɢɦɟɧɟɧɢɹ ɞɥɹ ɪɟɝɢɫɬɪɚɰɢɢ ɰɢɮɪɨɜɵɯ 
ɮɨɬɨɤɚɦɟɪ ɩɨɥɭɱɚɟɦɵɟ ɩɪɢ ɫɴɟɦɤɟ ɰɢɮɪɨɜɵɟ ɢɡɨɛɪɚɠɟɧɢɹ ɫɪɚɡɭ ɜɜɨɞɹɬɫɹ ɜ 
ɩɟɪɫɨɧɚɥɶɧɵɣ ɤɨɦɩɶɸɬɟɪ ɞɥɹ ɮɨɬɨɝɪɚɦɦɟɬɪɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ, ɦɢɧɭɹ ɩɪɨɰɟɫɫ 
ɫɤɚɧɢɪɨɜɚɧɢɹ. 

Ɏɨɬɨɝɪɚɦɦɟɬɪɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɰɢɮɪɨɜɵɯ ɫɧɢɦɤɨɜ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɩɟɰɢɚɥɶɧɨɣ ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨɝɪɚɦɦɵ ɢ ɪɟɲɚɟɬɫɹ ɩɨ ɫɥɟɞɭɸɳɟɦɭ 
ɚɥɝɨɪɢɬɦɭ. 

ɋ ɭɱɟɬɨɦ ɜɵɩɨɥɧɟɧɢɹ ɭɫɥɨɜɢɣ ɨɪɢɟɧɬɚɰɢɢ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ ȺɎȺ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɬɪɚɟɤɬɨɪɢɢ ɞɜɢɠɟɧɢɹ ɤɨɧɬɟɣɧɟɪɚ ɌɍɄ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ, ɧɚɛɥɸɞɚɟɬɫɹ 

ɦɚɤɫɢɦɚɥɶɧɚɹ ɚɞɟɤɜɚɬɧɨɫɬɶ ɩɨɥɭɱɟɧɧɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɥɢɧɟɣɧɨɣ ɩɟɪɫɩɟɤɬɢɜɟ, ɱɬɨ ɞɚɟɬ 
ɜɨɡɦɨɠɧɨɫɬɶ, ɧɟ ɩɪɨɜɨɞɹ ɬɪɚɧɫɮɨɪɦɢɪɨɜɚɧɢɹ ɫɧɢɦɤɚ ɢ ɞɨɩɨɥɧɢɬɟɥɶɧɵɯ 
ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɵɯ ɜɵɱɢɫɥɟɧɢɣ, ɩɨɥɭɱɢɬɶ ɮɚɤɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɭɝɥɚ ɩɨɞɯɨɞɚ 
ɤɨɧɬɟɣɧɟɪɚ ɤ ɩɪɟɝɪɚɞɟ, ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɢɡ ɢɡɦɟɪɟɧɢɣ ɮɨɬɨɫɧɢɦɤɚ. 

ȼɩɟɱɚɬɵɜɚɟɦɵɟ ɜɨ ɜɪɟɦɹ ɷɤɫɩɨɡɢɰɢɢ ɩɟɪɟɤɪɟɫɬɢɹ ɩɪɢɤɥɚɞɧɨɣ ɪɚɦɤɢ ɤɚɦɟɪɵ 
ɨɛɪɚɡɭɸɬ ɧɚ ɫɧɢɦɤɟ ɩɥɨɫɤɭɸ ɩɪɹɦɨɭɝɨɥɶɧɭɸ ɫɢɫɬɟɦɭ ɤɨɨɪɞɢɧɚɬ (ɯɯ, гг, ɫɦ. ɪɢɫ. 5). 
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ɉɪɢ ɦɚɬɟɦɚɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɟ ɩɨ ɢɡɜɟɫɬɧɵɦ ɪɚɫɫɬɨɹɧɢɹɦ ɦɟɠɞɭ ɤɚɥɢɛɪɨɜɚɧɧɵɦɢ 
ɩɟɪɟɤɪɟɫɬɢɹɦɢ ɧɚ ɮɨɬɨɢɡɨɛɪɚɠɟɧɢɢ, ɧɚɯɨɞɹɬ ɩɨɩɪɚɜɤɢ ɜ ɢɡɦɟɪɹɟɦɵɟ ɤɨɨɪɞɢɧɚɬɵ ɯ, г 
ɬɨɱɟɤ ɫɧɢɦɤɚ ɡɚ ɞɟɮɨɪɦɚɰɢɸ ɢ ɧɟɜɵɪɚɜɧɢɜɚɧɢɟ ɩɥɺɧɤɢ ɜ ɩɥɨɫɤɨɫɬɶ. Ɍɟɦ ɫɚɦɵɦ 
ɭɱɢɬɵɜɚɸɬɫɹ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɟ ɩɨɝɪɟɲɧɨɫɬɢ ɫɧɢɦɤɚ – ɢɡɦɟɪɟɧɧɵɟ ɤɨɨɪɞɢɧɚɬɵ 
ɩɪɢɜɨɞɹɬɫɹ ɤ ɤɨɨɪɞɢɧɚɬɚɦ ɢɞɟɧɬɢɱɧɵɯ ɬɨɱɟɤ ɨɪɬɨɫɤɨɩɢɱɟɫɤɨɣ ɨɩɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɭɝɥɨɜɨɝɨ ɩɨɥɨɠɟɧɢɹ ɤɨɧɬɟɣɧɟɪɚ ɌɍɄ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ, 
ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɩɪɟɝɪɚɞɟ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦμ 

– ɂɡɦɟɪɹɸɬɫɹ ɤɨɨɪɞɢɧɚɬɵ ɯ, г ɢɡɨɛɪɚɠɟɧɢɣ ɞɜɭɯ ɬɨɱɟɤ – ɪɟɩɟɪɧɵɯ ɦɚɪɨɤ ɧɚ 
ɩɪɟɝɪɚɞɟ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɫɧɢɦɤɚ. ɉɨ ɪɚɡɧɨɫɬɢ ɤɨɨɪɞɢɧɚɬ ɷɬɢɯ ɬɨɱɟɤ ɨɩɪɟɞɟɥɹɟɬɫɹ 
ɭɝɥɨɜɨɟ ɩɨɥɨɠɟɧɢɟ ɩɪɟɝɪɚɞɵ ɜ ɫɢɫɬɟɦɟ ɤɨɨɪɞɢɧɚɬ ɮɨɬɨɫɧɢɦɤɚ (1): 

ߚ                         ሺ   ሻ    ሺ   ሻ                                                    (1) 

 

ɝɞɟ ɯɩ1, ɯɩβ, zɩ1, zɩβ – ɢɡɦɟɪɹɟɦɵɟ ɧɚ ɫɧɢɦɤɟ ɤɨɨɪɞɢɧɚɬɵ ɪɟɩɟɪɧɵɯ ɦɚɪɨɤ ɩɪɟɝɪɚɞɵ. 
– ɂɡɦɟɪɹɸɬɫɹ ɤɨɨɪɞɢɧɚɬɵ ɢɡɨɛɪɚɠɟɧɢɣ ɞɜɭɯ ɪɟɩɟɪɧɵɯ ɦɚɪɨɤ ɧɚ ɨɛɪɚɡɭɸɳɟɣ ɜ 

ɩɥɨɫɤɨɫɬɢ ɩɪɨɞɨɥɶɧɨɣ ɨɫɢ ɤɨɧɬɟɣɧɟɪɚ ɌɍɄ. ɉɨ ɪɚɡɧɨɫɬɢ ɤɨɨɪɞɢɧɚɬ ɷɬɢɯ ɬɨɱɟɤ 
ɨɩɪɟɞɟɥɹɟɬɫɹ ɭɝɨɥ ɩɨɜɨɪɨɬɚ ɤɨɧɬɟɣɧɟɪɚ ɜ ɨɫɹɯ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ ɮɨɬɨɫɧɢɦɤɚ (2): 

ߙ                        ሺ   ሻ    ሺ   ሻ                                                   (2) 

 

ɝɞɟ ɯk1, xk2, zk1, zk2 – ɢɡɦɟɪɹɟɦɵɟ ɧɚ ɫɧɢɦɤɟ ɤɨɨɪɞɢɧɚɬɵ ɪɟɩɟɪɧɵɯ ɦɚɪɨɤ ɧɚ ɛɨɤɨɜɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɤɨɧɬɟɣɧɟɪɚ, ɡɚɞɚɸɳɢɯ ɨɫɟɜɭɸ ɥɢɧɢɸ ɤɨɧɬɟɣɧɟɪɚ. 

– ɍɝɥɨɜɨɟ ɩɨɥɨɠɟɧɢɟ ɤɨɧɬɟɣɧɟɪɚ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ 
ɥɨɛɨɜɨɣ ɫɬɟɧɤɟ ɩɪɟɝɪɚɞɵ ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (3): 

ߙ           (3)                                                      .ߚ       

 

Ɉɰɟɧɤɚ ɩɨɝɪɟɲɧɨɫɬɢ ɭɝɥɚ ɩɨɞɯɨɞɚ ɤɨɧɬɟɣɧɟɪɚ ɌɍɄ ɤ ɩɪɟɝɪɚɞɟ ɞɚɧɧɵɦ ɦɟɬɨɞɨɦ ɜ 
ɨɫɧɨɜɧɨɦ ɡɚɜɢɫɢɬ ɨɬ ɞɨɫɬɨɜɟɪɧɨɫɬɢ ɜ ɨɰɟɧɤɟ ɤɨɨɪɞɢɧɚɬ ɯ, г ɩɨ ɮɨɬɨɫɧɢɦɤɭ, 
ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ ɤɨɬɨɪɵɯ ɫɱɢɬɚɸɬɫɹ ɩɨɞɱɢɧɹɸɳɢɦɢɫɹ ɧɨɪɦɚɥɶɧɨɦɭ ɡɚɤɨɧɭ 
ɪɚɫɩɪɟɞɟɥɟɧɢɹ. ȼɥɢɹɧɢɟ ɞɪɭɝɢɯ ɢɫɬɨɱɧɢɤɨɜ ɩɨɝɪɟɲɧɨɫɬɟɣ ɧɚ ɢɡɦɟɪɟɧɢɹ ɤɨɨɪɞɢɧɚɬ 
ɫɧɢɦɤɚ, ɬɚɤɢɯ ɤɚɤ ɨɪɢɟɧɬɚɰɢɹ ɮɨɬɨɤɚɦɟɪɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɥɨɫɤɨɫɬɢ ɞɜɢɠɟɧɢɹ 
ɤɨɧɬɟɣɧɟɪɚ, ɭɫɬɚɧɨɜɤɚ ɪɟɩɟɪɧɵɯ ɦɚɪɨɤ ɧɚ ɩɪɟɝɪɚɞɟ ɢ ɦɚɪɤɢɪɨɜɤɚ ɨɛɪɚɡɭɸɳɟɣ 

ɤɨɧɬɟɣɧɟɪɚ, ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɨ, ɱɬɨ ɞɨɫɬɢɝɚɟɬɫɹ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɣ ɦɟɬɨɞɢɤɨɣ ɪɚɛɨɬ ɜ 
ɩɪɨɰɟɫɫɟ ɩɨɞɝɨɬɨɜɤɢ ɷɤɫɩɟɪɢɦɟɧɬɚ. Ɍɚɤ, ɨɪɢɟɧɬɚɰɢɹ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ ɮɨɬɨɤɚɦɟɪɵ, 
ɜɵɩɨɥɧɹɟɦɚɹ ɫ ɩɨɦɨɳɶɸ ɧɚɤɥɚɞɧɨɝɨ ɭɪɨɜɧɹ, ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ 10-20 

ɭɝɥɨɜɵɯ ɫɟɤɭɧɞ. Ƚɟɨɞɟɡɢɱɟɫɤɢɣ ɤɨɧɬɪɨɥɶ ɡɚ ɭɫɬɚɧɨɜɤɨɣ ɪɟɩɟɪɧɵɯ ɦɚɪɨɤ ɧɚ ɩɪɟɝɪɚɞɟ, 
ɪɚɜɧɨ ɤɚɤ ɢ ɦɚɪɤɢɪɨɜɤɚ ɨɛɪɚɡɭɸɳɟɣ ɤɨɧɬɟɣɧɟɪɚ, ɦɨɝɭɬ ɛɵɬɶ ɜɵɩɨɥɧɟɧɵ ɫ 
ɩɨɝɪɟɲɧɨɫɬɶɸ з0,5-1,5 ɭɝɥɨɜɵɯ ɦɢɧɭɬ. ɋɥɭɱɚɣɧɭɸ ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɭɸ 
ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɬɨɱɟɤ ɫɧɢɦɤɚ ɦɨɠɧɨ ɪɚɫɫɱɢɬɚɬɶ ɩɨ ɮɨɪɦɭɥɟ (4): 

    √               ,                                                   (4) 

 

ɝɞɟ σ1 – ɩɨɝɪɟɲɧɨɫɬɶ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɢɡɦɟɪɢɬɟɥɶɧɵɦɢ ɫɩɨɫɨɛɧɨɫɬɹɦɢ ɫɧɢɦɤɚ;  
       σ2 – ɩɨɝɪɟɲɧɨɫɬɶ ɫɪɟɞɫɬɜ, ɩɪɢɦɟɧɹɟɦɵɯ ɞɥɹ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɨɛɪɚɛɨɬɤɢ ɫɧɢɦɤɚ;  
       σ3 – ɩɨɝɪɟɲɧɨɫɬɶ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɧɟɜɵɪɚɜɧɢɜɚɧɢɟɦ ɩɥɟɧɤɢ ɜ ɦɨɦɟɧɬ ɷɤɫɩɨɡɢɰɢɢ ɢ 
ɟɟ ɞɟɮɨɪɦɚɰɢɟɣ ɜ ɩɪɨɰɟɫɫɟ ɮɨɬɨɯɢɦɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɢ; 
      σ4 – ɩɨɝɪɟɲɧɨɫɬɶ, ɨɛɭɫɥɨɜɥɟɧɧɚɹ ɞɢɫɬɨɪɫɢɟɣ ɨɛɴɟɤɬɢɜɚ ɫɴɟɦɨɱɧɨɣ ɤɚɦɟɪɵ. 
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ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № β(γ5) β0β0 

Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɨɝɪɟɲɧɨɫɬɢ σ1 ɩɪɢ ɢɡɦɟɪɟɧɢɹɯ ɩɨ ɦɚɪɤɢɪɨɜɚɧɧɵɦ 
ɬɨɱɤɚɦ ɜ ɫɪɟɞɧɟɦ ɧɟ ɩɪɟɜɵɲɚɟɬ 0,0β ɦɦ. ɉɨɝɪɟɲɧɨɫɬɶ σ2 ɰɢɮɪɨɜɨɣ ɤɨɦɩɶɸɬɟɪɧɨɣ 
ɨɛɪɚɛɨɬɤɢ ɫɧɢɦɤɚ ɧɚɯɨɞɢɬɫɹ ɜ ɩɪɟɞɟɥɚɯ 5-10 ɦɤɦ. ȼɥɢɹɧɢɟɦ ɩɨɝɪɟɲɧɨɫɬɢ σ3 ɦɨɠɧɨ 
ɩɪɟɧɟɛɪɟɱɶ, ɬ.ɤ. ɞɚɧɧɵɟ ɫɢɫɬɟɦɚɬɢɱɟɫɤɢɟ ɨɲɢɛɤɢ ɢɫɤɥɸɱɚɸɬɫɹ ɩɪɢɦɟɧɟɧɢɟɦ ɫɟɬɤɢ 
ɤɚɥɢɛɪɨɜɚɧɧɵɯ ɩɟɪɟɤɪɟɫɬɢɣ, ɜɩɟɱɚɬɵɜɚɟɦɵɯ ɧɚ ɫɧɢɦɨɤ ɜ ɦɨɦɟɧɬ ɷɤɫɩɨɡɢɰɢɢ ɩɥɺɧɤɢ. 
Ɂɧɚɱɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɢ σ4 ɞɥɹ ɨɛɴɟɤɬɢɜɚ ȺɎȺ ɫɨɫɬɚɜɥɹɸɬ 0,00γ-0,01 ɦɦ. 

ɉɨɞɫɬɚɜɥɹɹ ɷɬɢ ɡɧɚɱɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɟɣ, ɩɨɥɭɱɢɦ ɫɭɦɦɚɪɧɭɸ ɩɨɝɪɟɲɧɨɫɬɶ 
ɢɡɦɟɪɟɧɢɹ ɤɨɨɪɞɢɧɚɬ ɬɨɱɟɤ ɫɧɢɦɤɚ σб (σг) = 0.0β5 ɦɦ.  

Ⱦɥɹ ɪɚɫɱɟɬɚ ɫɥɭɱɚɣɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɹ ɭɝɥɚ φ ɩɪɢɦɟɧɹɟɬɫɹ ɮɨɪɦɭɥɚ (5): 

    ቀ          √                    ቁ  √ .                         (5) 

 

Ⱦɥɢɧɵ ɯɚɪɚɤɬɟɪɧɵɯ ɢɫɩɵɬɵɜɚɟɦɵɯ ɜ ɭɫɥɨɜɢɹɯ ɨɬɟɱɟɫɬɜɟɧɧɵɯ ɪɚɤɟɬɧɵɯ ɬɪɟɤɨɜ 
ɤɨɧɬɟɣɧɟɪɨɜ ɌɍɄ ɫɨɫɬɚɜɥɹɸɬ L≈ 4,0 ɦ, ɱɬɨ ɧɚ ɫɧɢɦɤɟ ɩɪɢ ɦɚɫɲɬɚɛɟ ɫɴɺɦɤɢ 1μ55 ɢ 
ɦɚɤɫɢɦɚɥɶɧɨɦ ɡɧɚɱɟɧɢɢ ɭɝɥɚ ɩɨɞɯɨɞɚ ɤɨɧɬɟɣɧɟɪɚ ɤ ɩɪɟɝɪɚɞɟ з 10° ɛɭɞɟɬ 
ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɪɚɡɦɟɪɭ     ሺ   ሻ~72,0 ɦɦ ɢ ɪɚɡɦɟɪɭ     ሺ   ሻ~12,5 ɦɦ. 

Ɍɨɝɞɚ ɪɟɡɭɥɶɬɢɪɭɸɳɚɹ ɫɥɭɱɚɣɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɭɝɥɚ φ ɫɨɫɬɚɜɢɬ 

          . 

Ɉɫɧɨɜɧɨɣ ɫɨɫɬɚɜɥɹɸɳɟɣ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ, ɜɥɢɹɸɳɟɣ ɧɚ ɜɟɥɢɱɢɧɭ 
ɫɭɦɦɚɪɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɭɝɥɚ φ, ɹɜɥɹɟɬɫɹ ɬɚɧɝɚɠ υ ɤɨɧɬɟɣɧɟɪɚ (ɭɝɨɥ ɧɚɤɥɨɧɚ ɜ 
ɜɟɪɬɢɤɚɥɶɧɨɣ ɩɥɨɫɤɨɫɬɢ), ɦɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɩɪɢ ɩɨɞɯɨɞɟ ɤ ɩɪɟɝɪɚɞɟ 
ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ зγ°. ȼɥɢɹɧɢɟ ɬɚɧɝɚɠɚ ɧɚ ɨɩɪɟɞɟɥɟɧɢɟ ɭɝɥɚ φ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 
ɫɢɫɬɟɦɚɬɢɱɟɫɤɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ, ɤɨɬɨɪɚɹ ɢɦɟɟɬ ɩɨɫɬɨɹɧɧɵɣ ɡɧɚɤ, ɧɨ ɦɨɠɟɬ ɪɚɡɥɢɱɚɬɶɫɹ 
ɩɨ ɜɟɥɢɱɢɧɟ ɨɬ ɨɩɵɬɚ ɤ ɨɩɵɬɭ. ɋ ɭɱɺɬɨɦ ɷɬɨɝɨ ɜɥɢɹɧɢɹ ɢɡɦɟɪɹɟɦɨɟ ɡɧɚɱɟɧɢɟ ɭɝɥɚ φ 
ɜɫɟɝɞɚ ɛɭɞɟɬ ɛɨɥɶɲɟ ɮɚɤɬɢɱɟɫɤɨɝɨ ɡɧɚɱɟɧɢɹ ɧɚ ɜɟɥɢɱɢɧɭ < 0,4°. Ⱦɚɧɧɚɹ 
ɫɢɫɬɟɦɚɬɢɱɟɫɤɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɚ ɞɥɹ ɜɧɟɫɟɧɢɹ ɩɨɩɪɚɜɤɢ ɜ 
ɪɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ ɭɝɥɚ φ. Ⱦɥɹ ɷɬɨɝɨ ɬɪɟɛɭɟɬɫɹ ɢɡɦɟɪɢɬɶ ɮɚɤɬɢɱɟɫɤɨɟ ɡɧɚɱɟɧɢɟ ɭɝɥɚ 
υ ɬɚɧɝɚɠɚ ɤɨɧɬɟɣɧɟɪɚ. 

ɉɨɫɤɨɥɶɤɭ ɫɢɫɬɟɦɚɬɢɱɟɫɤɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɢɦɟɟɬ ɝɪɚɧɢɰɵ ɨɬ 0° ɞɨ 0,4° ɢ ɧɟ 
ɜɵɯɨɞɢɬ ɡɚ ɩɪɟɞɟɥɵ 0,4°, ɚ ɫɥɭɱɚɣɧɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɩɨɝɪɟɲɧɨɫɬɢ ɩɪɟɧɟɛɪɟɠɢɦɨ ɦɚɥɚ, 
ɬɨ ɩɪɟɞɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ Ɇȼɂ ɭɝɥɚ φ ɩɨɞɯɨɞɚ ɤɨɧɬɟɣɧɟɪɚ ɤ ɩɪɟɝɪɚɞɟ ɜ ɤɨɧɟɱɧɨɦ 
ɢɬɨɝɟ ɧɟ ɩɪɟɜɵɫɢɬ 0,4°. 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɢɫɩɨɥɶɡɭɟɦɚɹ ɨɬɟɱɟɫɬɜɟɧɧɚɹ ɦɟɬɨɞɢɤɚ ɢɡɦɟɪɟɧɢɹ ɭɝɥɚ ɜɫɬɪɟɱɢ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɭɩɚɤɨɜɨɱɧɨɝɨ ɤɨɦɩɥɟɤɬɚ ɫ ɩɪɟɝɪɚɞɨɣ ɩɨɥɧɨɫɬɶɸ ɫɨɨɬɜɟɬɫɬɜɭɟɬ 
ɬɪɟɛɨɜɚɧɢɹɦ ɆȺȽȺɌɗ. 

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɉɪɟɡɢɞɟɧɬɚ ɊɎ № ɆɄ-2078.2019.8. 
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Abstract – IAEA standards for collision testing include conducting an experiment with a mock-up 

of a TUK package in conditions simulating an aviation accident. The sample should be subjected 

to a collision with a rigid barrier at a speed of not less than 90 m/s, and in such a position as to 

cause maximum damage. The target must also comply with the requirements of the norms-to be a 

flat horizontal surface of such a kind that any increase in the resistance to displacement or 

deformation of this surface when the sample falls on it does not lead to a significant increase in the 

damage of this sample. The surface of the target can be in any position, but it must be 

perpendicular to the trajectory of the sample. Rocket tracks are used to carry out such tests with 

packages weighing up to half a ton. AS such experiments are isolated and expensive, a strict 

justification of compliance with the requirements for the impact angle of the parameters that are 

actually implemented during the tests is required. The paper presents methods of measuring these 

parameters in the experiment and determines their accuracy. 

 

Keywords: packaging, radioactive materials, spent nuclear fuel, air transportation, accident, missile 

track equipment, impact angle. 
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