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*ɂɧɫɬɢɬɭɬ ɩɪɨɛɥɟɦ ɦɚɲɢɧɨɫɬɪɨɟɧɢɹ ɊȺɇ, ɇɢɠɧɢɣ ɇɨɜɝɨɪɨɞ, Ɋɨɫɫɢɹ 
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ɉɪɨɜɟɪɤɚ ɫɨɨɬɜɟɬɫɬɜɢɹ ɤɨɧɫɬɪɭɤɰɢɢ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɭɩɚɤɨɜɨɱɧɨɝɨ ɤɨɦɩɥɟɤɬɚ ɬɪɟɛɨɜɚɧɢɹɦ, 
ɩɪɟɞɴɹɜɥɹɟɦɵɦ ɤ ɭɩɚɤɨɜɤɚɦ, ɩɪɟɞɧɚɡɧɚɱɟɧɧɵɦ ɞɥɹ ɩɟɪɟɜɨɡɤɢ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɦɚɬɟɪɢɚɥɨɜ 
ɜɨɡɞɭɲɧɵɦ ɬɪɚɧɫɩɨɪɬɨɦ, ɩɪɟɞɭɫɦɚɬɪɢɜɚɟɬ ɫɬɨɥɤɧɨɜɟɧɢɟ ɫ ɦɢɲɟɧɶɸ ɫɨ ɫɤɨɪɨɫɬɶɸ ɧɟ ɦɟɧɟɟ 
90ɦ/ɫ. ɉɨɞɬɜɟɪɠɞɟɧɢɟ ɷɬɨɝɨ ɛɚɡɨɜɨɝɨ ɩɚɪɚɦɟɬɪɚ ɢɫɩɵɬɚɧɢɣ ɞɨɥɠɧɨ ɞɭɛɥɢɪɨɜɚɬɶɫɹ 
ɧɟɫɤɨɥɶɤɢɦɢ ɦɟɬɨɞɢɤɚɦɢ ɢɡɦɟɪɟɧɢɣ, ɜ ɬɨɦ ɱɢɫɥɟ ɢ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɚɧɚɥɨɝɨɜɵɯ ɫɪɟɞɫɬɜ 
ɤɢɧɨɪɟɝɢɫɬɪɚɰɢɢ. ȼ ɪɚɛɨɬɟ ɨɩɢɫɚɧ ɚɥɝɨɪɢɬɦ ɨɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɢ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɭɩɚɤɨɜɨɱɧɨɝɨ ɤɨɦɩɥɟɤɬɚ ɩɟɪɟɞ ɫɨɭɞɚɪɟɧɢɟɦ ɩɨ ɢɧɮɨɪɦɚɰɢɢ ɧɚ ɩɥɟɧɨɱɧɨɦ ɧɨɫɢɬɟɥɟ. 
Ɋɚɫɫɦɚɬɪɢɜɚɸɬɫɹ ɜɨɩɪɨɫɵ, ɫɜɹɡɚɧɧɵɟ ɫ ɜɵɛɨɪɨɦ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɫɯɟɦɵ ɪɟɝɢɫɬɪɚɰɢɢ ɢ 
ɪɟɚɥɢɡɚɰɢɟɣ ɪɚɡɥɢɱɧɵɯ ɜɚɪɢɚɧɬɨɜ ɡɚɩɨɥɧɟɧɢɹ ɤɚɞɪɨɜ. Ɉɩɢɫɚɧɨ ɨɩɪɟɞɟɥɟɧɢɟ ɥɢɧɟɣɧɨɝɨ 
ɩɟɪɟɦɟɳɟɧɢɹ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɭɩɚɤɨɜɨɱɧɨɝɨ ɤɨɦɩɥɟɤɬɚ ɜ ɩɥɨɫɤɨɫɬɢ ɫɴɟɦɤɢ, ɪɚɫɱɟɬ ɦɚɫɲɬɚɛɚ 
ɢ ɱɚɫɬɨɬɵ ɫɴɟɦɤɢ. ɉɪɢɜɟɞɟɧ ɩɪɢɦɟɪ ɩɪɢɦɟɧɟɧɢɹ ɦɟɬɨɞɢɤɢ ɤ ɨɩɪɟɞɟɥɟɧɢɸ ɫɤɨɪɨɫɬɢ 
ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɭɩɚɤɨɜɨɱɧɨɝɨ ɤɨɦɩɥɟɤɬɚ ɩɟɪɟɞ ɫɨɭɞɚɪɟɧɢɟɦ ɜ ɨɞɧɨɦ ɢɡ ɨɩɵɬɨɜ ɧɚ ɪɚɤɟɬɧɨɦ 
ɬɪɟɤɟ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ, ɫɨɭɞɚɪɟɧɢɟ, ɭɩɚɤɨɜɤɚ, ɪɚɞɢɨɚɤɬɢɜɧɵɟ ɦɚɬɟɪɢɚɥɵ, 
ɨɬɪɚɛɨɬɚɧɧɨɟ ɹɞɟɪɧɨɟ ɬɨɩɥɢɜɨ, ɜɨɡɞɭɲɧɚɹ ɩɟɪɟɜɨɡɤɚ, ɚɜɚɪɢɹ, ɨɛɨɪɭɞɨɜɚɧɢɟ ɪɚɤɟɬɧɨɝɨ 
ɬɪɟɤɚ. 
 

ɉɨɫɬɭɩɢɥɚ ɜ ɪɟɞɚɤɰɢɸ 25.10.2019 

ɉɨɫɥɟ ɞɨɪɚɛɨɬɤɢ 16.02.2020 

ɉɪɢɧɹɬɚ ɤ ɩɭɛɥɢɤɚɰɢɢ 20.02.2020 

 

Ʉɢɧɨɮɨɬɨɝɪɚɦɦɟɬɪɢɱɟɫɤɢɟ ɢɡɦɟɪɟɧɢɹ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɭɩɚɤɨɜɨɱɧɨɝɨ ɤɨɦɩɥɟɤɬɚ (ɌɍɄ) ɩɟɪɟɞ ɫɨɭɞɚɪɟɧɢɟɦ ɫ ɠɺɫɬɤɨɣ ɩɪɟɝɪɚɞɨɣ ɩɪɨɜɨɞɹɬɫɹ ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɬɪɟɛɨɜɚɧɢɹɦɢ Д1Ж ɜ ɨɩɵɬɚɯ ɧɚ ɪɚɤɟɬɧɨɦ ɬɪɟɤɟ Д2-9].  

ɂɡɦɟɪɟɧɢɹ ɨɫɧɨɜɚɧɵ ɧɚ ɩɨɥɭɱɟɧɢɢ ɞɢɫɤɪɟɬɧɵɯ ɮɨɬɨɢɡɨɛɪɚɠɟɧɢɣ ɌɍɄ 
ɩɨɫɪɟɞɫɬɜɨɦ ɩɨɤɚɞɪɨɜɨɣ ɫɤɨɪɨɫɬɧɨɣ ɤɢɧɨ- ɢɥɢ ɜɢɞɟɨɫɴɟɦɤɢ, ɫ ɩɨɫɥɟɞɭɸɳɟɣ 
ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɨɛɪɚɛɨɬɤɨɣ ɩɨɥɭɱɚɟɦɵɯ ɮɨɬɨɢɡɨɛɪɚɠɟɧɢɣ. Ɏɨɬɨɪɟɝɢɫɬɪɚɰɢɹ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɝɟɨɦɟɬɪɢɱɟɫɤɨɣ ɫɯɟɦɨɣ ɧɚ ɪɢɫɭɧɤɟ 1 ɢ ɩɪɨɢɡɜɨɞɢɬɫɹ 
ɦɢɧɢɦɭɦ ɨɞɧɨɣ ɤɢɧɨ- ɢɥɢ ɜɢɞɟɨɤɚɦɟɪɨɣ ɢɡ ɬɨɱɤɢ Sn (ɰɟɧɬɪɚ ɩɪɨɟɤɬɢɪɨɜɚɧɢɹ), ɤɨɬɨɪɚɹ 
ɹɜɥɹɟɬɫɹ ɩɟɪɟɞɧɟɣ ɭɡɥɨɜɨɣ ɬɨɱɤɨɣ ɫɴɟɦɨɱɧɨɝɨ ɨɛɴɟɤɬɢɜɚ ɤɚɦɟɪɵ. ɍɫɬɚɧɨɜɤɚ 
ɫɴɺɦɨɱɧɨɣ ɤɚɦɟɪɵ ɩɪɨɢɡɜɨɞɢɬɫɹ ɬɚɤ, ɱɬɨɛɵ ɩɥɨɫɤɨɫɬɶ ɢɡɨɛɪɚɠɟɧɢɹ ɢ ɩɥɨɫɤɨɫɬɶ, ɜ 
ɤɨɬɨɪɨɣ ɩɟɪɟɦɟɳɚɟɬɫɹ ɌɍɄ, ɛɵɥɢ ɩɚɪɚɥɥɟɥɶɧɵ, ɚ ɨɩɬɢɱɟɫɤɚɹ ɨɫɶ SnO ɤɚɦɟɪɵ ɡɚɧɢɦɚɥɚ 
ɩɨɥɨɠɟɧɢɟ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɟ ɤ ɩɥɨɫɤɨɫɬɢ ɞɜɢɠɟɧɢɹ ɌɍɄ. Ɍɨɝɞɚ ɫ ɭɱɟɬɨɦ ɥɢɧɟɣɧɨɝɨ 
ɭɜɟɥɢɱɟɧɢɹ ɨɩɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɫɴɟɦɨɱɧɨɝɨ ɚɩɩɚɪɚɬɚ, ɩɨɥɭɱɚɟɦɵɟ ɜ ɪɟɡɭɥɶɬɚɬɟ 
ɥɢɧɟɣɧɵɯ ɢɡɦɟɪɟɧɢɣ, ɜɟɥɢɱɢɧɵ ɛɭɞɭɬ ɩɨɥɧɨɫɬɶɸ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ. 
ɉɟɪɩɟɧɞɢɤɭɥɹɪɧɨɫɬɶ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ ɤɢɧɨɤɚɦɟɪɵ ɞɨɫɬɢɝɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ 

ɝɟɨɞɟɡɢɱɟɫɤɢɯ ɫɪɟɞɫɬɜ ɢɡɦɟɪɟɧɢɣ, ɩɭɬɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɞɜɭɯ ɫɬɜɨɪɧɵɯ ɬɨɱɟɤ, ɤɨɬɨɪɵɟ 
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ɡɚɤɪɟɩɥɹɸɬɫɹ ɧɚ ɦɟɫɬɧɨɫɬɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɧɚɩɪɚɜɥɟɧɢɸ ɞɜɢɠɟɧɢɹ ɌɍɄ. ɋɴɺɦɨɱɧɚɹ 
ɤɚɦɟɪɚ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɧɚɞ ɨɞɧɨɣ ɢɡ ɬɨɱɟɤ ɫɬɜɨɪɚ ɢ ɜɢɡɢɪɭɟɬɫɹ ɧɚ ɩɪɨɬɢɜɨɩɨɥɨɠɧɭɸ 
ɬɨɱɤɭ ɫɬɜɨɪɚ. Ⱦɨɩɭɫɬɢɦɚɹ ɧɟɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɫɬɶ – ɧɟ ɛɨɥɟɟ ±1-3 ɭɝɥɨɜɵɯ ɝɪɚɞɭɫɚ. 

 

 
Ɋɢɫɭɧɨɤ 1 – Ƚɟɨɦɟɬɪɢɱɟɫɤɚɹ ɫɯɟɦɚ ɦɟɬɨɞɚ ɤɢɧɨɮɨɬɨɝɪɚɦɦɟɬɪɢɱɟɫɤɢɯ ɢɡɦɟɪɟɧɢɣ [Geometric scheme of 

photophotogrammetric measurement method] 

 

Ʉ ɩɚɪɚɦɟɬɪɚɦ ɞɜɢɠɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɵɦ ɩɨ ɞɚɧɧɨɣ ɦɟɬɨɞɢɤɟ, ɨɬɧɨɫɹɬɫɹ: 
 L – ɥɢɧɟɣɧɵɟ ɩɟɪɟɦɟɳɟɧɢɹ ɌɍɄ ɜ ɩɥɨɫɤɨɫɬɢ ɫɴɟɦɤɢ; 
 tɩɪ – ɜɪɟɦɟɧɧɵɟ ɢɧɬɟɪɜɚɥɵ ɪɚɡɜɢɬɢɹ ɮɚɡ ɞɜɢɠɟɧɢɹ ɌɍɄ (ɩɪɨɦɟɠɭɬɤɢ ɜɪɟɦɟɧɢ 

ɦɟɠɞɭ ɟɞɢɧɢɱɧɵɦɢ ɤɚɞɪɚɦɢ); 
 Vɨɛ – ɫɪɟɞɧɹɹ ɥɢɧɟɣɧɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɌɍɄ. 

ɉɟɪɜɵɟ ɞɜɚ ɩɚɪɚɦɟɬɪɚ ɨɩɪɟɞɟɥɹɸɬɫɹ ɧɚ ɨɫɧɨɜɟ ɦɚɬɟɪɢɚɥɨɜ ɫɤɨɪɨɫɬɧɨɣ ɤɢɧɨ ɢɥɢ 
ɜɢɞɟɨɫɴɟɦɤɢ, ɚ ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɌɍɄ ɩɭɬɟɦ ɪɚɫɱɟɬɚ ɩɨ ɮɨɪɦɭɥɟ (1): 

                                                                                    (1) 

 

ɝɞɟ Vɨɛ – ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɌɍɄ;  
      ɩɫ – ɱɚɫɬɨɬɚ ɫɴɟɦɤɢ;  
      ɤɩɪ – ɱɢɫɥɨ ɤɚɞɪɨɜ ɧɚ ɩɪɨɰɟɫɫ;  
      l – ɜɟɥɢɱɢɧɚ ɩɟɪɟɦɟɳɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɌɍɄ ɡɚ ɱɢɫɥɨ ɤɚɞɪɨɜ ɤɩɪ;  

      Ɇɫ – ɦɚɫɲɬɚɛ ɫɴɟɦɤɢ.  
Ⱦɚɧɧɚɹ ɮɨɪɦɭɥɚ ɫɩɪɚɜɟɞɥɢɜɚ ɩɪɢ ɞɜɢɠɟɧɢɢ ɌɍɄ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ SnO ɨɛɴɟɤɬɢɜɚ ɫɴɺɦɨɱɧɨɣ ɤɚɦɟɪɵ ɢ ɞɨɩɭɳɟɧɢɢ ɨ 
ɪɚɜɧɨɭɫɤɨɪɟɧɧɨɫɬɢ (ɪɚɜɧɨɡɚɦɟɞɥɟɧɧɨɫɬɢ) ɞɜɢɠɟɧɢɹ ɧɚ ɭɱɚɫɬɤɟ ɢɡɦɟɪɟɧɢɣ. ɉɪɢ 
ɢɫɩɵɬɚɧɢɹɯ ɜ ɤɚɱɟɫɬɜɟ ɢɡɦɟɪɹɟɦɨɝɨ ɩɚɪɚɦɟɬɪɚ ɩɪɢɧɢɦɚɟɬɫɹ ɫɪɟɞɧɹɹ ɫɤɨɪɨɫɬɶ 
ɞɜɢɠɟɧɢɹ ɌɍɄ ɧɚ ɭɱɚɫɬɤɟ ɞɥɢɧɨɣ 0.5-1.0 ɦ, ɡɚ 50-200 ɦɦ ɩɟɪɟɞ ɫɨɭɞɚɪɟɧɢɟɦ ɫ 
ɩɪɟɝɪɚɞɨɣ. 

Ɋɚɫɱɟɬ ɦɚɫɲɬɚɛɚ ɢ ɱɚɫɬɨɬɵ ɫɤɨɪɨɫɬɧɨɣ ɤɢɧɨɮɨɬɨɫɴɟɦɤɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɧɚ ɨɫɧɨɜɟ 
ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɫɜɹɡɟɣ ɦɟɠɞɭ ɩɚɪɚɦɟɬɪɚɦɢ ɫɴɺɦɨɱɧɨɝɨ ɚɩɩɚɪɚɬɚ ɢ ɩɚɪɚɦɟɬɪɚɦɢ 
ɞɜɢɠɟɧɢɹ ɢɡɭɱɚɟɦɨɝɨ ɌɍɄ, ɫ ɭɱɟɬɨɦ ɩɨɝɪɟɲɧɨɫɬɟɣ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɯ ɢɡɦɟɪɟɧɢɣ. 
ȼɵɛɢɪɚɟɦɵɟ ɩɚɪɚɦɟɬɪɵ ɞɨɥɠɧɵ ɨɛɟɫɩɟɱɢɜɚɬɶ ɩɨɥɭɱɟɧɢɟ ɡɚɞɚɧɧɨɣ ɢɡɦɟɪɢɬɟɥɶɧɨɣ 
ɢɧɮɨɪɦɚɰɢɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɫ ɞɨɩɭɫɬɢɦɨɣ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɶɸ ɪɟɡɭɥɶɬɚɬɚ 
ɢɡɦɟɪɟɧɢɣ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɥɢɧɟɣɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɌɍɄ ɫ ɩɨɦɨɳɶɸ ɫɤɨɪɨɫɬɧɨɣ ɤɢɧɨ- ɢɥɢ 
ɜɢɞɟɨɫɴɟɦɤɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (2): 

        ,                                                                  (2) 
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ɋɱɢɬɚɹ, ɱɬɨ ɜɨ ɜɪɟɦɹ ɫɴɟɦɤɢ ɢɡɨɛɪɚɠɟɧɢɟ ɌɍɄ ɢɥɢ ɟɝɨ ɯɚɪɚɤɬɟɪɧɵɯ ɬɨɱɟɤ 
ɡɚɩɨɥɧɹɟɬ ɜɟɫɶ ɤɚɞɪ, ɦɚɫɲɬɚɛ ɫɴɟɦɤɢ ɦɨɠɧɨ ɜɵɪɚɡɢɬɶ ɜ ɨɛɳɟɦ ɜɢɞɟ (3): 

               ,                                                          (3) 

 

ɝɞɟ rk – ɪɚɡɦɟɪ ɤɚɞɪɚ;  
      Dmax – ɦɚɤɫɢɦɚɥɶɧɵɣ ɪɚɡɦɟɪ (ɩɨɩɟɪɟɱɧɵɣ ɢɥɢ ɩɪɨɞɨɥɶɧɵɣ) ɨɛɴɟɤɬɚ ɫɴɺɦɤɢ;  

      fk –  ɮɨɤɭɫɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɨɛɴɟɤɬɢɜɚ ɤɚɦɟɪɵ;  
      z – ɞɢɫɬɚɧɰɢɹ (ɨɬɫɬɨɹɧɢɟ) ɞɨ ɨɛɴɟɤɬɚ ɫɴɟɦɤɢ. 

ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ ɜɨɡɦɨɠɧɵ ɞɜɚ ɨɫɧɨɜɧɵɯ ɜɚɪɢɚɧɬɚ ɨɩɪɟɞɟɥɟɧɢɹ ɦɚɫɲɬɚɛɚ ɫɴɟɦɤɢ: 
1. Ⱦɜɢɠɭɳɢɣɫɹ ɌɍɄ ɜɨ ɜɫɟɯ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɩɨɥɨɠɟɧɢɹɯ ɩɨɥɧɨɫɬɶɸ (ɢɥɢ 

ɱɚɫɬɢɱɧɨ, ɧɨ ɨɞɢɧɚɤɨɜɨ ɞɥɹ ɪɹɞɚ ɩɨɥɨɠɟɧɢɣ) ɮɢɤɫɢɪɭɟɬɫɹ ɧɚ ɩɥɟɧɤɟ ɛɟɡ ɢɫɤɚɠɟɧɢɹ 
ɤɨɧɬɭɪɨɜ ɢɥɢ ɞɪɭɝɢɯ ɯɚɪɚɤɬɟɪɧɵɯ ɮɨɪɦ. ȿɫɥɢ ɪɚɡɦɟɪɵ ɨɛɴɟɤɬɚ (ɢɥɢ ɟɝɨ ɨɬɞɟɥɶɧɵɯ 
ɱɚɫɬɟɣ) ɞɨ ɫɴɟɦɤɢ ɢɡɜɟɫɬɧɵ, ɬɨ ɬɨɱɧɨɟ ɜɵɱɢɫɥɟɧɢɟ ɦɚɫɲɬɚɛɚ ɫɴɟɦɤɢ ɦɨɠɟɬ ɛɵɬɶ 
ɩɪɨɢɡɜɟɞɟɧɨ ɩɨɫɥɟ ɢɡɦɟɪɟɧɢɹ ɫ ɩɨɦɨɳɶɸ ɤɨɦɩɚɪɚɬɨɪɚ ɜɟɥɢɱɢɧɵ ɢɡɨɛɪɚɠɟɧɢɹ 
ɢɡɜɟɫɬɧɨɝɨ ɪɚɡɦɟɪɚ. 

2. Ɋɚɡɦɟɪɵ ɢ ɤɨɧɬɭɪɵ ɫɧɢɦɚɟɦɨɝɨ ɌɍɄ ɧɟ ɩɨɦɟɳɚɸɬɫɹ ɜ ɤɚɞɪɟ ɰɟɥɢɤɨɦ, ɥɢɛɨ ɧɟ 
ɨɫɬɚɸɬɫɹ ɩɨɫɬɨɹɧɧɵɦɢ ɜ ɩɪɨɰɟɫɫɟ ɫɴɟɦɤɢ ɢ ɧɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɞɥɹ 
ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨɝɨ ɨɩɪɟɞɟɥɟɧɢɹ ɦɚɫɲɬɚɛɚ ɫɴɟɦɤɢ. 

 

 
Ɋɢɫɭɧɨɤ 2 – Ɋɚɛɨɱɢɣ ɤɚɞɪ ДАШЫФ ПЫКЦОЖ 

 

ɉɨ 1 ɜɚɪɢɚɧɬɭ ɨɩɪɟɞɟɥɟɧɢɟ ɥɢɧɟɣɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɩɨ ɮɨɪɦɭɥɟ (2) ɫɜɨɞɢɬɫɹ: 
1)  ɤ ɢɡɦɟɪɟɧɢɸ ɞɟɬɚɥɢ ɢɥɢ ɟɟ ɱɚɫɬɢ ɞɨ ɫɴɟɦɤɢ (ɪɚɡɦɟɪ D, ɪɢɫ. 2); 
2)  ɤ ɢɡɦɟɪɟɧɢɸ ɧɚ ɤɚɞɪɟ ɫɴɺɦɤɢ ɜɟɥɢɱɢɧɵ ɢɡɨɛɪɚɠɟɧɢɹ ɌɍɄ ɢɥɢ ɟɝɨ ɱɚɫɬɢ 

(ɪɚɡɦɟɪ Н); 
3)  ɤ ɢɡɦɟɪɟɧɢɸ ɧɚ ɤɚɞɪɟ ɫɴɺɦɤɢ ɜɟɥɢɱɢɧɵ ɩɟɪɟɦɟɳɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɌɍɄ (l). 
ȼɨ ɜɬɨɪɨɦ ɜɚɪɢɚɧɬɟ ɦɚɫɲɬɚɛ ɫɴɟɦɤɢ ɧɟ ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ 

ɢɡ ɨɛɦɟɪɚ ɢɡɨɛɪɚɠɟɧɢɹ ɌɍɄ ɧɚ ɫɧɢɦɤɟ. Ɍɨɝɞɚ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɩɟɪɟɦɟɳɟɧɢɣ ɩɪɢ 
ɫɴɟɦɤɟ ɦɟɠɞɭ ɤɚɦɟɪɨɣ ɢ ɨɛɴɟɤɬɨɦ ɫɴɺɦɤɢ ɭɫɬɚɧɚɜɥɢɜɚɟɬɫɹ ɫɩɟɰɢɚɥɶɧɚɹ ɦɚɫɲɬɚɛɧɚɹ 
ɪɟɣɤɚ (ɧɟɩɨɞɜɢɠɧɵɟ ɛɚɡɢɫɧɵɟ ɪɟɩɟɪɵ), ɤɨɬɨɪɚɹ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɩɚɪɚɥɥɟɥɶɧɨ ɨɫɢ 
ɞɜɢɠɟɧɢɹ ɨɛɴɟɤɬɚ ɫɴɟɦɤɢ (ɪɢɫ. 3). 

 

 
Ɋɢɫɭɧɨɤ 3 – ɉɨɥɨɠɟɧɢɟ ɛɚɡɢɫɧɵɯ ɪɟɩɟɪɨɜ ДBКЬТМ ЛОЧМСЦКЫФ pШЬТЭТШЧЖ 
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Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ ɩɟɪɟɦɟɳɟɧɢɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɮɨɪɦɭɥɚ (4): 
                                                                       (4) 

 

ɝɞɟ ȼ – ɞɥɢɧɚ ɪɟɣɤɢ (ɢɥɢ ɟɺ ɱɚɫɬɢ), ɦɦ;  
       l – ɜɟɥɢɱɢɧɚ ɩɟɪɟɦɟɳɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ (ɩɨ ɫɧɢɦɤɭ), ɦɦ;  
       b – ɞɥɢɧɚ ɢɡɨɛɪɚɠɟɧɢɟ ɪɟɣɤɢ, ɦɦ;  
       z – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɭɡɥɨɜɨɣ ɬɨɱɤɢ ɨɛɴɟɤɬɢɜɚ ɤɢɧɨɤɚɦɟɪɵ ɞɨ ɨɫɢ ɨɛɴɟɤɬɚ, ɦ;  
       z1 – ɪɚɫɫɬɨɹɧɢɟ ɞɨ ɪɟɣɤɢ, ɦ. 

ȼɟɥɢɱɢɧɵ l ɢ b ɢɡɦɟɪɹɸɬɫɹ ɧɚ ɫɧɢɦɤɟ ɫ ɩɨɦɨɳɶɸ ɤɨɦɩɶɸɬɟɪɧɨɣ ɩɪɨɝɪɚɦɦɵ 
ɰɢɮɪɨɜɨɣ ɮɨɬɨɝɪɚɦɦɟɬɪɢɢ; Z ɢ Z1 ɢɡɦɟɪɹɸɬɫɹ ɧɚ ɦɟɫɬɟ ɫɴɟɦɤɢ ɩɟɪɟɞ ɩɪɨɜɟɞɟɧɢɟɦ 
ɷɤɫɩɟɪɢɦɟɧɬɚ; ɞɥɢɧɚ ɪɟɣɤɢ ȼ (ɛɚɡɚ) ɢɡɜɟɫɬɧɚ ɞɨ ɫɴɟɦɤɢ ɢɡ ɱɟɪɬɟɠɚ ɢɥɢ ɢɡɦɟɪɹɟɬɫɹ ɧɚ 
ɦɟɫɬɟ. 

ɉɟɪɟɞ ɩɪɨɜɟɞɟɧɢɟɦ ɫɤɨɪɨɫɬɧɨɣ ɤɢɧɨ- ɢɥɢ ɜɢɞɟɨ ɫɴɟɦɤɢ ɜɵɛɢɪɚɟɬɫɹ ɧɟɨɛɯɨɞɢɦɚɹ 
ɱɚɫɬɨɬɚ ɩɫ ɫɴɟɦɤɢ, ɨɛɟɫɩɟɱɢɜɚɸɳɚɹ ɩɨɥɭɱɟɧɢɟ ɤɚɱɟɫɬɜɟɧɧɨɣ ɮɨɬɨɢɧɮɨɪɦɚɰɢɢ ɜ ɜɢɞɟ 
ɫɟɪɢɢ ɤɚɞɪɨɜ, ɫɨɞɟɪɠɚɳɢɯ ɧɚɢɛɨɥɟɟ ɞɨɫɬɨɜɟɪɧɵɟ ɞɚɧɧɵɟ ɨɛ ɢɡɭɱɚɟɦɨɦ ɌɍɄ. ȼɵɛɨɪ 
ɱɚɫɬɨɬɵ ɫɴɟɦɤɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɫ ɭɱɟɬɨɦ ɯɚɪɚɤɬɟɪɚ ɢ ɩɚɪɚɦɟɬɪɨɜ ɢɡɭɱɚɟɦɨɝɨ ɌɍɄ ɢ 
ɜɨɡɦɨɠɧɨɫɬɟɣ ɩɪɢɦɟɧɹɟɦɨɝɨ ɫɴɟɦɨɱɧɨɝɨ ɚɩɩɚɪɚɬɚ. 
ȼ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɌɍɄ ɱɚɫɬɨɬɚ ɫɴɟɦɤɢ ɡɚɞɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɞɨ-

ɩɭɫɬɢɦɨɝɨ ɫɦɟɳɟɧɢɹ ɨɩɬɢɱɟɫɤɨɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɧɚ ɫɧɢɦɤɟ, ɜɵɡɜɚɧɧɨɝɨ ɩɟɪɟɦɟɳɟɧɢɟɦ 
ɌɍɄ ɡɚ ɜɪɟɦɹ ɷɤɫɩɨɧɢɪɨɜɚɧɢɹ ɨɞɧɨɝɨ ɤɚɞɪɚ ɢ ɧɚɯɨɞɹɳɟɝɨɫɹ ɜ ɩɪɟɞɟɥɚɯ ɪɚɡɪɟɲɚɸɳɟɣ 
ɫɩɨɫɨɛɧɨɫɬɢ ɫɴɺɦɨɱɧɨɣ ɤɚɦɟɪɵ, ɬ.ɟ. ɢɫɯɨɞɹ ɢɡ ɞɨɩɭɫɬɢɦɨɣ ɧɟɪɟɡɤɨɫɬɢ   ɞɨɩ. Ɂɧɚɱɟɧɢɟ    ɞɨɩ = 1/Rɮ. Rɮ – ɮɨɬɨɝɪɚɮɢɱɟɫɤɚɹ ɪɚɡɪɟɲɚɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɨɛɴɟɤɬɢɜɚ ɫɴɺɦɨɱɧɨɣ 
ɤɚɦɟɪɵ ɜ ɥɢɧ/ɦɦ.  

ɉɪɢ ɞɜɢɠɟɧɢɢ ɨɛɴɟɤɬɚ ɫɴɟɦɤɢ (ɪɢɫ. 4) ɫ ɧɟɤɨɬɨɪɨɣ ɥɢɧɟɣɧɨɣ ɫɤɨɪɨɫɬɶɸ Vɨɛ 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɤ ɨɩɬɢɱɟɫɤɨɣ ɨɫɢ ɫɴɟɦɨɱɧɨɣ ɤɚɦɟɪɵ, ɫɦɟɳɟɧɢɟ ɨɛɴɟɤɬɚ ɜ ɩɥɨɫɤɨɫɬɢ 
ɢɡɨɛɪɚɠɟɧɢɹ ɧɟɩɨɞɜɢɠɧɨɝɨ ɤɚɞɪɚ ɛɭɞɟɬ ɪɚɜɧɨ                                                                                                                                 

 

 
Ɋɢɫɭɧɨɤ 4 – Ɉɩɬɢɱɟɫɤɚɹ ɫɯɟɦɚ ɫɴɟɦɤɢ ДOpЭТМКХ НОЬТРЧЖ 

 

ɋɤɨɪɨɫɬɶ     ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ: 
           , 
 

ɝɞɟ Ɇɫ – ɥɢɧɟɣɧɨɟ ɭɜɟɥɢɱɟɧɢɟ ɩɪɢ ɫɴɟɦɤɟ (ɦɚɫɲɬɚɛ ɫɴɺɦɤɢ). ɋ ɧɟɤɨɬɨɪɵɦ 
ɩɪɢɛɥɢɠɟɧɢɟɦ Ɇɫ ɦɨɠɧɨ ɨɩɪɟɞɟɥɢɬɶ ɩɪɢ ɩɨɦɨɳɢ ɜɵɪɚɠɟɧɢɹ (3). ɉɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶ 
ɜɵɞɟɪɠɤɢ:              ቀ              ቁ , 
 

ɝɞɟ μ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɜɚɠɧɨɫɬɢ ɞɥɹ ɤɢɧɨɚɩɩɚɪɚɬɚ; 
      ηɨɛtt – ɤɨɷɮɮɢɰɢɟɧɬ ɨɛɬɸɪɚɰɢɢ);  

 ɩɫ – ɱɚɫɬɨɬɚ ɤɢɧɨɫɴɟɦɤɢ. 
Ⱦɥɹ ɜɵɱɢɫɥɟɧɢɹ   ɢɦɟɟɦ                   ቀ                      ቁ. 
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ɉɪɢɪɚɜɧɹɜ      ɞɨɩ = 1/Rɫɪ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɤɢɧɨɫɴɟɦɤɢ ɩɫ ɩɨɥɭɱɢɦ ɫɥɟ-

ɞɭɸɳɟɟ ɜɵɪɚɠɟɧɢɟ: 
                   (                       ). 

 

ɋɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɤɚɞɪɨɜ ɩɪɢ ɜɢɞɟɨɨɫɴɟɦɤɟ: 
              . 
 

ɇɚ ɤɚɠɞɨɦ ɤɢɧɨɤɚɞɪɟ ɪɟɝɢɫɬɪɢɪɭɟɬɫɹ ɥɢɧɟɣɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɌɍɄ, ɤɨɬɨɪɨɟ 
ɨɬɪɚɠɚɟɬ ɪɚɡɜɢɬɢɟ ɩɪɨɰɟɫɫɚ ɞɜɢɠɟɧɢɹ ɌɍɄ ɜɨ ɜɪɟɦɟɧɢ. ɇɚ ɤɢɧɨɝɪɚɦɦɟ (ɜ ɫɥɭɱɚɟ 
ɚɧɚɥɨɝɨɜɨɣ ɫɴɟɦɤɢ) ɨɬɨɛɪɚɠɚɟɬɫɹ ɪɹɞ ɜɪɟɦɟɧɧɵɯ ɦɟɬɨɤ, ɫɥɭɠɚɳɢɯ ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɱɚɫɬɨɬɵ ɤɢɧɨɫɴɺɦɤɢ ɢ ɪɚɫɱɟɬɚ ɜɪɟɦɟɧɧɵɯ ɢɧɬɟɪɜɚɥɨɜ ɦɟɠɞɭ ɞɜɭɦɹ ɥɸɛɵɦɢ ɤɚɞɪɚɦɢ. 
Ɇɟɬɤɢ ɜɪɟɦɟɧɢ ɡɚɩɢɫɵɜɚɸɬɫɹ ɜ ɜɢɞɟ ɩɨɥɨɫɨɤ ɪɚɡɧɨɣ ɲɢɪɢɧɵ, ɜɩɟɱɚɬɚɧɧɵɯ ɜɞɨɥɶ ɤɪɚɺɜ 
ɤɢɧɨɝɪɚɦɦɵ ɜɧɟ ɡɨɧɵ ɤɚɞɪɨɜ ɫ ɱɚɫɬɨɬɨɣ 1, 10, 100, 1000 ɢ 10000 Ƚɰ (ɪɢɫ. 5). 

 

 
Ɋɢɫɭɧɨɤ 5 – ȼɩɟɱɚɬɚɧɧɵɟ ɦɟɬɤɢ ɜɪɟɦɟɧɢ ДIЦpЫТЧЭОН ЭТЦОЬЭКЦpЬЖ 

 

ɋɨ ɫɬɨɪɨɧɵ ɩɪɨɬɢɜɨɩɨɥɨɠɧɨɣ ɨɬɦɟɬɤɚɦ ɜɪɟɦɟɧɢ ɜɩɟɱɚɬɵɜɚɟɬɫɹ ɫɩɥɨɲɧɚɹ ɩɨɥɨɫɚ 
0-ɦɟɬɤɚ (ɧɭɥɶ-ɦɟɬɤɚ), ɫɨɨɬɜɟɬɫɬɜɭɸɳɚɹ ɧɚɱɚɥɭ ɫɧɢɦɚɟɦɨɝɨ ɩɪɨɰɟɫɫɚ. Ɉɛɪɚɛɨɬɤɭ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɩɨɥɨɠɟɧɢɣ ɮɨɬɨɢɡɨɛɪɚɠɟɧɢɣ ɢɡɭɱɚɟɦɨɝɨ ɌɍɄ, ɩɨɥɭɱɚɟɦɵɯ ɫ 
ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɵɯ ɤɚɞɪɨɜ, ɧɚɱɢɧɚɸɬ ɫ ɧɭɦɟɪɚɰɢɢ ɷɬɢɯ ɤɚɞɪɨɜ. ɉɟɪɜɵɣ ɤɚɞɪ (Ф1) 

ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɧɚɱɚɥɭ, ɚ ɩɨɫɥɟɞɧɢɣ (Фɩɪ) – ɨɤɨɧɱɚɧɢɸ ɢɡɦɟɪɟɧɢɣ ɧɚ ɤɢɧɨɩɥɟɧɤɟ 
ɥɢɧɟɣɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɫɧɢɦɚɟɦɨɝɨ ɌɍɄ  

ɉɪɢ ɨɫɭɳɟɫɬɜɥɟɧɢɢ ɢɡɦɟɪɟɧɢɣ ɜ ɤɚɱɟɫɬɜɟ ɧɭɥɟɜɨɣ ɛɚɡɵ ɨɬɫɱɟɬɚ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɢɡɨɛɪɚɠɟɧɢɟ ɜ ɤɚɞɪɟ ɧɟɩɨɞɜɢɠɧɨɝɨ ɪɟɩɟɪɚ ɢɥɢ ɩɟɪɟɤɪɟɫɬɢɹ. Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɥɢɧɟɣɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ ɩɪɢ ɫɴɟɦɤɟ (ɦɚɫɲɬɚɛɚ ɫɴɟɦɤɢ) ɢɡɦɟɪɹɸɬɫɹ ɥɢɧɟɣɧɵɟ 
ɤɨɨɪɞɢɧɚɬɵ ɯa, ɯb ɧɚɱɚɥɚ ɢ ɤɨɧɰɚ ɢɡɨɛɪɚɠɟɧɢɹ ɦɚɫɲɬɚɛɧɨɣ ɪɟɣɤɢ (ɛɚɡɢɫɧɵɯ ɪɟɩɟɪɨɜ) ɜ 
ɤɚɞɪɟ. Ɍɨɝɞɚ ɦɚɤɫɢɦɚɥɶɧɚɹ ɞɥɢɧɚ ɢɡɨɛɪɚɠɟɧɢɹ ɦɚɫɲɬɚɛɧɨɣ ɪɟɣɤɢ (ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ 
ɪɟɩɟɪɚɦɢ) ɜɵɱɢɫɥɹɟɬɫɹ ɤɚɤ:        . 

 

ɉɪɢ ɢɡɦɟɪɟɧɢɢ ɥɢɧɟɣɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɢɡɨɛɪɚɠɟɧɢɹ ɜɵɩɨɥɧɹɸɬɫɹ ɢɡɦɟɪɟɧɢɹ 
ɤɨɨɪɞɢɧɚɬ ɯa, ɯɤ ɦɟɠɞɭ ɢɡɨɛɪɚɠɟɧɢɟɦ ɜɧɟɲɧɟɝɨ ɧɟɩɨɞɜɢɠɧɨɝɨ ɪɟɩɟɪɚ ɢ ɢɡɨɛɪɚɠɟɧɢɟɦ 
ɌɍɄ ɜ ɤɚɞɪɟ, ɮɢɤɫɢɪɭɸɳɟɦ ɨɩɪɟɞɟɥɟɧɧɭɸ ɮɚɡɭ ɩɪɨɰɟɫɫɚ. 

ȼɟɥɢɱɢɧɚ ɥɢɧɟɣɧɵɯ ɩɟɪɟɦɟɳɟɧɢɣ ɢɡɨɛɪɚɠɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ: 
           ;               ;        . 

 

Ⱦɥɹ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɤɢɧɨɫɴɟɦɤɢ ɩɪɨɢɡɜɨɞɢɬɫɹ ɩɨɞɫɱɟɬ ɢɧɬɟɪɜɚɥɚ ɜɪɟɦɟɧɢ 
(ɞɥɢɬɟɥɶɧɨɫɬɢ ɩɪɨɰɟɫɫɚ). ȼ ɩɪɟɞɟɥɚɯ ɢɡɦɟɪɹɟɦɨɝɨ ɨɬɪɟɡɤɚ ɧɚ ɤɢɧɨɩɥɟɧɤɟ ɩɨɞɫɱɢɬɵ-

ɜɚɟɬɫɹ ɱɢɫɥɨ ɦɟɬɨɤ N1, ɢɦɟɸɳɢɯ ɧɚɢɛɨɥɶɲɭɸ ɲɢɪɢɧɭ ɢɡ ɜɫɟɯ ɜɩɟɱɚɬɚɧɧɵɯ ɧɚ ɞɚɧɧɨɦ 
ɨɬɪɟɡɤɟ. Ɂɚɬɟɦ ɜ ɩɪɟɞɟɥɚɯ ɢɡɦɟɪɹɟɦɨɝɨ ɨɬɪɟɡɤɚ, ɧɨ ɜɧɟ ɪɚɫɩɨɥɨɠɟɧɢɹ ɩɨɞɫɱɢɬɚɧɧɵɯ 
ɪɚɧɟɟ ɦɟɬɨɤ ɧɚɢɛɨɥɶɲɟɣ ɲɢɪɢɧɵ, ɩɨɞɫɱɢɬɵɜɚɟɬɫɹ ɱɢɫɥɨ ɦɟɬɨɤ ɲɢɪɢɧɨɣ, ɦɟɧɶɲɟɣ, ɱɟɦ 
ɲɢɪɢɧɚ ɪɚɧɟɟ ɩɨɞɫɱɢɬɚɧɧɵɯ ɦɟɬɨɤ. Ⱥɧɚɥɨɝɢɱɧɨ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨ ɩɨɞɫɱɢɬɵɜɚɟɬɫɹ 
ɤɨɥɢɱɟɫɬɜɨ ɨɫɬɚɥɶɧɵɯ ɦɟɬɨɤ Ni. 
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ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 1(34) 2020 

Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɩɪɨɰɟɫɫɚ  
                                       

 

ɝɞɟ N1…N4 – ɤɨɥɢɱɟɫɬɜɨ ɦɟɬɨɤ ɪɚɡɥɢɱɧɨɣ ɲɢɪɢɧɵ (ɩɨ ɭɛɵɜɚɧɢɸ ɲɢɪɢɧɵ);  
t1…t4 – ɩɟɪɢɨɞ ɫɥɟɞɨɜɚɧɢɹ ɦɟɬɨɤ ɜɪɟɦɟɧɢ. 

ɉɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɩɪɢ ɷɬɨɦ ɛɭɞɟɬ ɫɨɨɬɜɟɬɫɬɜɨɜɚɬɶ ɱɚɫɬɨɬɟ ɩɨɞɫɱɢɬɚɧɧɵɯ 
ɦɟɬɨɤ, ɢɦɟɸɳɢɯ ɦɟɧɶɲɭɸ ɲɢɪɢɧɭ. ɑɚɫɬɨɬɚ ɤɢɧɨɫɴɟɦɤɢ ɜɵɱɢɫɥɹɟɬɫɹ ɤɚɤ          , ɝɞɟ 

kɩɪ – ɱɢɫɥɨ ɤɚɞɪɨɜ ɧɚ ɩɪɨɰɟɫɫ. 
ɉɨ ɡɚɜɟɪɲɟɧɢɸ ɮɨɬɨɝɪɚɦɦɟɬɪɢɱɟɫɤɨɣ (ɢɡɦɟɪɢɬɟɥɶɧɨɣ) ɨɛɪɚɛɨɬɤɢ ɤɢɧɨɝɪɚɦɦ 

ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜɵɱɢɫɥɢɬɟɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ ɢɡɦɟɪɟɧɢɣ: 
– ɜɵɱɢɫɥɹɟɬɫɹ ɢɫɬɢɧɧɵɣ ɦɚɫɲɬɚɛ ɤɢɧɨɫɴɟɦɤɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɮɨɪɦɭɥɵ (3), 

ɥɢɛɨ ɩɨ ɮɨɪɦɭɥɟ:          , 

 

– ɜɵɱɢɫɥɹɟɬɫɹ ɢɫɬɢɧɧɨɟ ɥɢɧɟɣɧɨɟ ɩɟɪɟɦɟɳɟɧɢɟ ɌɍɄ S ɩɨ ɮɨɪɦɭɥɟ (2); 
– ɜɵɱɢɫɥɹɟɬɫɹ ɫɪɟɞɧɹɹ ɥɢɧɟɣɧɚɹ ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɌɍɄ. 
ɉɨɝɪɟɲɧɨɫɬɢ ɤɢɧɨɮɨɬɨɝɪɚɦɦɟɬɪɢɱɟɫɤɢɯ ɢɡɦɟɪɟɧɢɣ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɌɍɄ 

ɩɪɢɡɦɟɧɧɵɦɢ ɤɚɦɟɪɚɦɢ ɫ ɧɟɩɪɟɪɵɜɧɵɦ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɟɦ ɤɢɧɨɩɥɟɧɤɢ ɡɚɜɢɫɹɬ ɨɬ 
ɜɵɛɪɚɧɧɵɯ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ ɩɚɪɚɦɟɬɪɨɜ ɫɴɟɦɤɢ, ɩɚɪɚɦɟɬɪɨɜ ɤɢɧɨɢɡɦɟɪɢɬɟɥɶɧɨɣ 
ɚɩɩɚɪɚɬɭɪɵ ɢ ɩɨɝɪɟɲɧɨɫɬɟɣ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɵɯ ɢɡɦɟɪɟɧɢɣ ɩɨ ɤɢɧɨɮɨɬɨɢɡɨɛɪɚɠɟɧɢɹɦ. 
ɋɢɫɬɟɦɚɬɢɱɟɫɤɢɟ ɩɨɝɪɟɲɧɨɫɬɢ ɢɡɭɱɚɸɬɫɹ ɢ ɭɫɬɪɚɧɹɸɬɫɹ ɜɜɟɞɟɧɢɟɦ ɩɨɩɪɚɜɨɤ, ɚ 
ɫɥɭɱɚɣɧɵɟ ɩɨɝɪɟɲɧɨɫɬɢ, ɢɫɬɨɱɧɢɤɨɦ ɤɨɬɨɪɵɯ ɦɨɠɟɬ ɹɜɥɹɬɶɫɹ ɨɞɧɨ ɢɡ ɡɜɟɧɶɟɜ 
ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ, ɞɨɥɠɧɵ ɩɪɚɜɢɥɶɧɨ ɨɰɟɧɢɜɚɬɶɫɹ. 

Ɉɩɪɟɞɟɥɟɧɢɟ ɫɤɨɪɨɫɬɢ ɌɍɄ ɩɨ ɮɨɪɦɭɥɟ (1) ɹɜɥɹɟɬɫɹ ɤɨɫɜɟɧɧɵɦ ɢɡɦɟɪɟɧɢɟɦ, 
ɤɨɬɨɪɨɟ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɨɩɪɟɞɟɥɟɧɢɟ ɮɢɡɢɱɟɫɤɨɝɨ ɩɚɪɚɦɟɬɪɚ ɩɪɢ ɟɝɨ 
ɮɭɧɤɰɢɨɧɚɥɶɧɨɣ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɧɟɫɤɨɥɶɤɢɯ ɢɡɦɟɪɹɟɦɵɯ ɩɚɪɚɦɟɬɪɨɜ. ɋɨɝɥɚɫɧɨ ɬɟɨɪɢɢ 
ɜɟɪɨɹɬɧɨɫɬɟɣ, ɫɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɨɬɤɥɨɧɟɧɢɟ ɫɥɭɱɚɣɧɨɣ 

ɜɟɥɢɱɢɧɵ      (     )           , ɹɜɥɹɸɳɟɣɫɹ ɧɟɤɨɬɨɪɨɣ ɮɭɧɤɰɢɟɣ ɩɪɨɢɡɜɟɞɟɧɢɹ 

ɧɟɡɚɜɢɫɢɦɵɯ ɫɥɭɱɚɣɧɵɯ ɜɟɥɢɱɢɧ l, nc, Mc, ɦɨɠɧɨ ɡɚɩɢɫɚɬɶ ɜ ɜɢɞɟ: 
            √ቂ    ቃ  ቂ      ቃ  ቂ      ቃ                                        (5) 

 

ɑɢɫɥɨ ɤɚɞɪɨɜ kɩɪ, ɹɜɥɹɟɬɫɹ ɤɨɷɮɮɢɰɢɟɧɬɨɦ ɢ ɧɚ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ ɧɟ 
ɜɥɢɹɟɬ. 

ɋɪɟɞɧɟɤɜɚɞɪɚɬɢɱɟɫɤɨɟ ɨɬɤɥɨɧɟɧɢɟ    ɩɨɥɭɱɚɟɬɫɹ ɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɩɪɹɦɵɯ 
ɢɡɦɟɪɟɧɢɣ ɩɨ ɤɢɧɨɮɨɬɨɢɡɨɛɪɚɠɟɧɢɸ ɢ ɩɪɢɧɢɦɚɟɬɫɹ ɪɚɜɧɵɦ ɦɢɧɢɦɚɥɶɧɨɦɭ ɷɥɟɦɟɧɬɭ 
ɢɡɨɛɪɚɠɟɧɢɹ ɌɍɄ, ɡɚɮɢɤɫɢɪɨɜɚɧɧɨɦɭ ɨɬɞɟɥɶɧɨ.      ɞɨɩ = 1/Rɮ, ɚ ɫɪɟɞɧɟɟ ɨɬɧɨɫɢɬɟɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɷɬɨɝɨ ɩɚɪɚɦɟɬɪɚ 

             ,                                                             (6) 

 

ɝɞɟ rk – ɪɚɡɦɟɪ (ɲɢɪɢɧɚ) ɤɚɞɪɚ,  
      l = rk ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɡɚɩɨɥɧɟɧɢɢ ɤɚɞɪɚ. 

ɉɭɬɶ, ɩɪɨɣɞɟɧɧɵɣ ɢɡɨɛɪɚɠɟɧɢɟɦ ɌɍɄ ɧɚ ɤɢɧɨɮɨɬɨɢɡɨɛɪɚɠɟɧɢɢ, ɦɨɠɟɬ ɛɵɬɶ 
ɜɵɪɚɠɟɧ ɱɟɪɟɡ ɩɚɪɚɦɟɬɪɵ ɤɢɧɨɫɴɟɦɤɢ ɜ ɷɤɫɩɟɪɢɦɟɧɬɟ ɢɡ ɫɨɨɬɧɨɲɟɧɢɹ: 
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              , 

 

ɚ ɜɵɪɚɠɟɧɢɟ ɚɧɚɥɢɬɢɱɟɫɤɨɣ ɫɜɹɡɢ ɦɟɠɞɭ ɨɬɧɨɫɢɬɟɥɶɧɵɦ ɫɪɟɞɧɢɦ ɤɜɚɞɪɚɬɢɱɟɫɤɢɦ 
ɨɬɤɥɨɧɟɧɢɟɦ ɩɟɪɟɦɟɳɟɧɢɹ ɢɡɨɛɪɚɠɟɧɢɹ ɌɍɄ, ɩɚɪɚɦɟɬɪɚɦɢ ɷɤɫɩɟɪɢɦɟɧɬɚ ɢ ɫɴɟɦɤɢ 
ɛɭɞɟɬ ɢɦɟɬɶ ɫɥɟɞɭɸɳɢɣ ɜɢɞ: 

                     . 

 

ɋɥɟɞɭɟɬ ɭɱɢɬɵɜɚɬɶ, ɱɬɨ ɪɚɡɪɟɲɚɸɳɚɹ ɫɩɨɫɨɛɧɨɫɬɶ ɤɢɧɨɤɚɦɟɪɵ Rɮ – ɫɬɚɬɢɫɬɢ-

ɱɟɫɤɚɹ ɜɟɥɢɱɢɧɚ, ɩɨɥɭɱɟɧɧɚɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨ, ɩɨɷɬɨɦɭ ɞɥɹ ɟɟ ɩɪɢɦɟɧɟɧɢɹ ɧɚɞɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɟɫɬ-ɨɛɴɟɤɬ, ɩɨ ɤɨɧɬɪɚɫɬɭ ɛɥɢɡɤɢɣ ɤ ɨɛɴɟɤɬɭ ɚɧɚɥɢɡɚ ɤɢɧɨɫɴɟɦɤɨɣ. 

ȼɬɨɪɨɟ ɫɥɚɝɚɟɦɨɟ (5) – ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɫɴɟɦɤɢ, 
ɤɨɬɨɪɚɹ ɜɵɱɢɫɥɹɟɬɫɹ ɩɨ ɜɪɟɦɟɧɧɵɦ ɦɟɬɤɚɦ ɧɚ ɤɢɧɨɮɨɬɨɢɡɨɛɪɚɠɟɧɢɢ ɢ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɜɟɥɢɱɢɧɭ, ɚɧɚɥɢɬɢɱɟɫɤɢ ɧɟ ɡɚɜɢɫɹɳɭɸ ɨɬ ɞɪɭɝɢɯ ɩɚɪɚɦɟɬɪɨɜ ɫɴɟɦɤɢ,         , ɝɞɟ  
fɢ – ɱɚɫɬɨɬɚ ɫɥɟɞɨɜɚɧɢɹ ɜɪɟɦɟɧɧɵɯ ɦɟɬɨɤ, km – ɱɢɫɥɨ ɤɚɞɪɨɜ ɧɚ ɨɞɧɭ ɦɟɬɤɭ. ɉɨ ɷɬɨɣ 
ɮɨɪɦɭɥɟ ɨɩɪɟɞɟɥɹɟɬɫɹ ɱɚɫɬɨɬɚ ɫɴɟɦɤɢ ɩɪɢ ɡɚɩɢɫɢ ɦɟɬɨɤ ɨɬ ɩɪɨɦɵɲɥɟɧɧɨɣ ɫɟɬɢ 
ɩɟɪɟɦɟɧɧɨɝɨ ɬɨɤɚ. 

ȿɫɥɢ ɠɟ ɡɚɩɢɫɶ ɦɟɬɨɤ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɨɬ ɢɦɩɭɥɶɫɧɨɝɨ ɝɟɧɟɪɚɬɨɪɚ, ɬɨ ɱɚɫɬɨɬɭ 
ɫɴɟɦɤɢ ɨɩɪɟɞɟɥɹɸɬ ɢɡ ɜɵɪɚɠɟɧɢɹ:             , 
ɝɞɟ mɩɪ – ɱɢɫɥɨ ɦɟɬɨɤ ɧɚ ɩɪɨɰɟɫɫ. 

ɍɱɢɬɵɜɚɹ, ɱɬɨ km,    , mɩɪ ɧɟ ɜɧɨɫɹɬ ɩɨɝɪɟɲɧɨɫɬɢ, ɢɦɟɟɦ: 
               ,                                                            (7) 

 

ɬ.ɟ. ɫɥɭɱɚɣɧɚɹ ɨɬɧɨɫɢɬɟɥɶɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɱɚɫɬɨɬɵ ɫɴɟɦɤɢ ɡɚɜɢɫɢɬ ɨɬ 
ɧɟɫɬɚɛɢɥɶɧɨɫɬɢ ɱɚɫɬɨɬɵ ɝɟɧɟɪɚɬɨɪɚ ɜɪɟɦɟɧɧɵɯ ɦɟɬɨɤ. 

Ɉɬɧɨɫɢɬɟɥɶɧɚɹ ɫɥɭɱɚɣɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɬɪɟɬɶɟɣ ɜɟɥɢɱɢɧɵ – ɦɚɫɲɬɚɛɚ 
ɫɴɟɦɤɢ – ɡɚɜɢɫɢɬ ɨɬ ɫɩɨɫɨɛɚ ɨɩɪɟɞɟɥɟɧɢɹ ɭɜɟɥɢɱɟɧɢɹ ɨɩɬɢɱɟɫɤɨɣ ɫɢɫɬɟɦɵ ɤɢɧɨɤɚɦɟɪɵ. 
Ⱥ ɬɚɤ ɤɚɤ ɡɧɚɱɟɧɢɟ Ɇɫ ɧɚɯɨɞɢɬɫɹ ɩɨ ɲɤɚɥɚɦ ɢɥɢ ɪɟɩɟɪɚɦ, ɭɫɬɚɧɚɜɥɢɜɚɟɦɵɦ ɜ 
ɩɥɨɫɤɨɫɬɢ ɞɜɢɠɟɧɢɹ ɨɛɴɟɤɬɚ ɫɴɟɦɤɢ, ɬɨ ɩɪɢɧɢɦɚɹ Ɇc= b/ȼ, ɝɞɟ ȼ, b – ɪɚɡɦɟɪɵ ɪɟɩɟɪɚ ɢ 
ɟɝɨ ɢɡɨɛɪɚɠɟɧɢɹ ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ, ɩɨɥɭɱɢɦ ɦɚɤɫɢɦɚɥɶɧɭɸ ɨɬɧɨɫɢɬɟɥɶɧɭɸ ɩɨɝɪɟɲɧɨɫɬɶ 
ɦɚɫɲɬɚɛɚ ɫɴɟɦɤɢ: 

          √ቂ    ቃ  ቂ    ቃ  .                                                                       
(8) 

 

Ɂɚɦɟɧɢɜ ɩɪɚɜɭɸ ɱɚɫɬɶ (5) ɫɨɨɬɧɨɲɟɧɢɹɦɢ (6), (7) ɢ (8), ɩɨɥɭɱɢɦ: 
            √[                 ]  ቂ      ቃ  ቂ    ቃ  ቂ    ቃ      .                       (9) 

 

ɋ ɭɱɟɬɨɦ ɜɵɪɚɠɟɧɢɹ                  ɢɦɟɟɦ: 
            √[       ]  ቂ      ቃ  ቂ    ቃ  ቂ    ቃ   ,                             (10) 
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ɝɞɟ μ – ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɜɚɠɧɨɫɬɢ ɤɢɧɨɤɚɦɟɪɵ. ɉɨɥɭɱɟɧɢɟ ɪɟɡɭɥɶɬɚɬɚ ɫ ɦɚɥɨɣ 
ɩɨɝɪɟɲɧɨɫɬɶɸ ɡɚɜɢɫɢɬ ɨɬ ɩɟɪɜɨɝɨ ɫɥɚɝɚɟɦɨɝɨ ɮɨɪɦɭɥ (9), (10). Ɉɩɪɟɞɟɥɟɧɢɟ ɦɚɫɲɬɚɛɚ 
ɫɴɟɦɤɢ ɩɪɚɤɬɢɱɟɫɤɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɝɪɟɲɧɨɫɬɶɸ ɬɨɝɨ ɠɟ ɩɨɪɹɞɤɚ, ɱɬɨ ɢ 
ɩɟɪɟɦɟɳɟɧɢɟ ɢɡɨɛɪɚɠɟɧɢɹ ɌɍɄ. Ʉɚɤ ɜɢɞɧɨ, ɫɥɭɱɚɣɧɚɹ ɩɨɝɪɟɲɧɨɫɬɶ ɪɟɡɭɥɶɬɚɬɚ ɬɟɦ 
ɧɢɠɟ, ɱɟɦ ɤɪɭɩɧɟɟ ɦɚɫɲɬɚɛ ɢɡɨɛɪɚɠɟɧɢɹ, ɜɵɲɟ ɨɩɬɢɱɟɫɤɨɟ ɪɚɡɪɟɲɟɧɢɟ, ɜɵɲɟ ɫɤɨɪɨɫɬɶ 
ɌɍɄ ɢ ɛɨɥɶɲɟ ɤɨɷɮɮɢɰɢɟɧɬ ɫɤɜɚɠɧɨɫɬɢ. 

Ɋɭɤɨɜɨɞɫɬɜɭɹɫɶ ɩɨɥɭɱɟɧɧɵɦ ɚɥɝɨɪɢɬɦɨɦ, ɨɰɟɧɢɦ ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ 
ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɌɍɄ ɩɪɢ ɢɡɦɟɪɟɧɢɹɯ ɫɬɚɧɞɚɪɬɧɨɣ ɚɧɚɥɨɝɨɜɨɣ ɤɚɦɟɪɨɣ ɫ 
ɦɚɤɫɢɦɚɥɶɧɵɦ ɡɚɩɨɥɧɟɧɢɟɦ ɤɚɞɪɚ ɢ ɡɚɩɢɫɶɸ ɜɪɟɦɟɧɧɵɯ ɦɟɬɨɤ ɨɬ ɤɜɚɪɰɟɜɨɝɨ 
ɝɟɧɟɪɚɬɨɪɚ ɱɚɫɬɨɬɨɣ 1000 Ƚɰ, ɢ ɧɟɫɬɚɛɢɥɶɧɨɫɬɶɸ ɱɚɫɬɨɬɵ 10-3

. Ɋɚɡɪɟɲɚɸɳɚɹ 
ɫɩɨɫɨɛɧɨɫɬɶ ɤɚɦɟɪɵ ɫɨɫɬɚɜɥɹɟɬ 15 ɦɦ-1, ɲɢɪɢɧɚ ɤɚɞɪɚ 10 ɦɦ. ɉɨɞɫɬɚɜɥɹɹ ɷɬɢ ɡɧɚɱɟɧɢɹ 
ɜ (6), ɩɨɥɭɱɢɦ ɡɧɚɱɟɧɢɟ ɨɬɧɨɫɢɬɟɥɶɧɨɣ ɩɨɝɪɟɲɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɩɭɬɢ (σ Х)/Х=±0,007. 

ȼɬɨɪɚɹ ɫɨɫɬɚɜɥɹɸɳɚɹ ɩɨɝɪɟɲɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɫɤɨɪɨɫɬɢ ɡɚ ɫɱɟɬ ɧɟɫɬɚɛɢɥɶɧɨɫɬɢ 
ɤɜɚɪɰɟɜɨɝɨ ɝɟɧɟɪɚɬɨɪɚ 10-4

:  

                . 

 

ɋɨɫɬɚɜɥɹɸɳɢɟ ɩɨɝɪɟɲɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɦɚɫɲɬɚɛɚ ɫɴɟɦɤɢ ɧɚɯɨɞɢɦ ɫɥɟɞɭɸɳɢɦ 
ɨɛɪɚɡɨɦ. ɋɱɢɬɚɟɦ, ɱɬɨ ɢɡɨɛɪɚɠɟɧɢɟ ɦɚɫɲɬɚɛɧɨɣ ɪɟɣɤɢ/ɛɚɡɵ ɦɟɠɞɭ ɫɩɟɰɢɚɥɶɧɵɦɢ 
ɪɟɩɟɪɚɦɢ ɡɚɩɨɥɧɹɟɬ ɤɚɞɪ ɩɨɥɧɨɫɬɶɸ, ɬɨɝɞɚ  

                  . 

 

ɑɬɨ ɤɚɫɚɟɬɫɹ ɩɨɥɭɱɟɧɢɹ ɧɚɬɭɪɧɵɯ ɪɚɡɦɟɪɨɜ ɛɚɡɵ, ɬɨ ɨɧɢ ɨɩɪɟɞɟɥɹɸɬɫɹ ɫ ɦɚɥɨɣ 
ɩɨɝɪɟɲɧɨɫɬɶɸ. Ʉɢɧɨɫɴɟɦɤɚ ɜɟɞɟɬɫɹ ɫ ɪɚɫɫɬɨɹɧɢɹ 5 ɦ ɨɛɴɟɤɬɢɜɨɦ, ɢɦɟɸɳɢɦ ɮɨɤɭɫɧɨɟ 
ɪɚɫɫɬɨɹɧɢɟ 50 ɦɦ, ɩɪɢ ɷɬɨɦ ɧɚɢɛɨɥɶɲɢɣ ɪɚɡɦɟɪ ɢɡɨɛɪɚɠɚɟɦɨɣ ɱɚɫɬɢ ɩɥɨɫɤɨɫɬɢ 
ɩɪɟɞɦɟɬɚ ɫɨɫɬɚɜɢɬ 1000 ɦɦ, ɚ ɩɨɝɪɟɲɧɨɫɬɶ σBmax = ± 1,0 ɦɦ, ɬɨɝɞɚ: 

                  . 

 

ɉɨɞɫɬɚɜɥɹɹ ɱɢɫɥɟɧɧɵɟ ɡɧɚɱɟɧɢɹ ɩɨɝɪɟɲɧɨɫɬɟɣ ɜ (5), ɩɨɥɭɱɢɦ ɪɟɡɭɥɶɬɢɪɭɸɳɭɸ 
ɩɨɝɪɟɲɧɨɫɬɶ: 

                  

 

ɞɥɹ ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɜɟɪɨɹɬɧɨɫɬɢ 0,683 ɢ ɧɨɪɦɚɥɶɧɨɝɨ ɡɚɤɨɧɚ ɪɚɫɩɪɟɞɟɥɟɧɢɹ. ɉɪɢ 
ɩɟɪɟɯɨɞɟ ɤ ɨɰɟɧɤɟ ɫ ɞɨɜɟɪɢɬɟɥɶɧɨɣ ɜɟɪɨɹɬɧɨɫɬɶɸ 0.95 ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ 
ɫɤɨɪɨɫɬɢ ɫɨɫɬɚɜɢɬ: 

                                                 , 

 

ɝɞɟ 1,96 – ɧɨɪɦɢɪɨɜɚɧɧɚɹ ɤɜɚɧɬɢɥɶ ɧɨɪɦɚɥɶɧɨɝɨ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɞɥɹ ɞɨɜɟɪɢɬɟɥɶɧɨɣ 
ɜɟɪɨɹɬɧɨɫɬɢ 0,95. Ɍɨɱɧɨɫɬɶ ɦɟɬɨɞɢɤɢ ɩɨɞɬɜɟɪɠɞɚɥɚɫɶ ɜ ɨɩɵɬɟ, ɜ ɤɨɬɨɪɨɦ 
ɢɫɩɵɬɵɜɚɟɦɵɣ ɌɍɄ (ɪɢɫ. 6ɚ) ɞɨɥɠɟɧ ɛɵɥ ɩɨɞɜɟɪɝɧɭɬ ɫɬɨɥɤɧɨɜɟɧɢɸ ɫ ɦɢɲɟɧɶɸ  
(ɪɢɫ. 6ɛ) ɫɨ ɫɤɨɪɨɫɬɶɸ ɧɟ ɦɟɧɟɟ 90ɦ/ɫ. 
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Ɋɢɫɭɧɨɤ 6 – Ɉɛɴɟɤɬ ɢɫɩɵɬɚɧɢɹ (ɚ) ɢ ɫɯɟɦɚ ɩɪɨɜɟɞɟɧɢɹ ɢɫɩɵɬɚɧɢɹ (ɛ) ДTОЬЭ ШЛУОМЭ (К) КЧН ЭОЬЭ НОЬТРЧ (Л)Ж 

 

Ɂɚɜɢɫɢɦɨɫɬɢ ɫɤɨɪɨɫɬɢ ɞɜɢɠɟɧɢɹ ɢ ɩɪɨɞɨɥɶɧɨɣ ɩɟɪɟɝɪɭɡɤɢ ɨɬ ɜɪɟɦɟɧɢ ɩɪɢɜɟɞɟɧɵ 
ɧɚ ɪɢɫɭɧɤɟ 7. 

 

 
ɚ)  

 
ɛ) 

Ɋɢɫɭɧɨɤ 7 – ɉɚɪɚɦɟɬɪɵ ɞɜɢɠɟɧɢɹ ɪɚɤɟɬɧɨɝɨ ɩɨɟɡɞɚ ɫ ɌɍɄ, ɫɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ (ɚ), ɩɪɨɞɨɥɶɧɚɹ 
ɩɟɪɟɝɪɭɡɤɚ (ɛ) ДPКЫКЦОЭОЫЬ ШП ЫШМФОЭ ЭЫКТЧ ЦШЯОЦОЧЭ ПЫШЦ К ЭЫКЧЬpШЫЭ pКМФКРТЧР ФТЭ, ЬpООН (К), ХШЧРТЭЮНТЧКХ 
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ɇɚ ɪɢɫɭɧɤɟ 8 ɩɪɟɞɫɬɚɜɥɟɧɵ ɤɚɞɪɵ ɨɬɞɟɥɟɧɢɹ ɌɍɄ ɨɬ ɬɨɪɦɨɡɹɳɟɣɫɹ ɪɚɤɟɬɧɨɝɨ 
ɩɨɟɡɞɚ (ɚ) ɢ ɤɚɞɪɵ ɩɨɞɥɟɬɚ ɌɍɄ ɤ ɩɪɟɝɪɚɞɟ, ɩɨɥɭɱɟɧɧɵɟ ɤɚɦɟɪɨɣ ɫɜɟɪɯɭ. 

 

 

 
ɚ) 
 

 
ɛ) 

 

Ɋɢɫɭɧɨɤ 8 – Ɋɟɝɢɫɬɪɚɰɢɹ ɞɜɢɠɟɧɢɹ ɌɍɄ ɜ ɨɩɵɬɟ: ɚ) ɤɚɞɪɵ ɪɚɡɝɨɧɚ ɢ ɨɬɞɟɥɟɧɢɹ ɌɍɄ ɨɬ ɪɚɤɟɬɧɨɝɨ 

ɩɨɟɡɞɚ; ɛ) ɩɨɞɥɟɬ ɌɍɄ ɤ ɩɪɟɝɪɚɞɟ [The registration of the transport packaging movement in the experiment:  

a) shots of dispersal and separation of transport packaging from the rocket train;  

b) the transport packaging approach] 

 

ȼɢɞɟɨ- ɢ ɮɨɬɨɝɪɚɦɦɟɬɪɢɱɟɫɤɢɟ ɢɡɦɟɪɟɧɢɹ ɩɪɨɜɨɞɢɥɢɫɶ ɩɨ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ 
ɦɟɬɨɞɢɤɟ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɲɢɪɨɤɨɮɨɪɦɚɬɧɵɯ ɮɨɬɨɝɪɚɦɦɟɬɪɢɱɟɫɤɢɯ ɤɚɦɟɪ ȺɎȺ ɢ 
ɫɤɨɪɨɫɬɧɨɣ ɜɢɞɟɨɤɚɦɟɪɵ, ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɫɜɟɪɯɭ ɧɚ ɩɥɚɬɮɨɪɦɟ ɩɪɢ ɜɟɪɬɢɤɚɥɶɧɨɦ 
ɧɚɩɪɚɜɥɟɧɢɢ ɨɩɬɢɱɟɫɤɢɯ ɨɫɟɣ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɤ ɧɚɩɪɚɜɥɟɧɢɸ ɞɜɢɠɟɧɢɹ 
ɢɫɩɵɬɵɜɚɟɦɨɝɨ ɦɚɤɟɬɚ. 

ɐɢɮɪɨɜɚɹ ɮɨɬɨɝɪɚɦɦɟɬɪɢɱɟɫɤɚɹ ɨɛɪɚɛɨɬɤɚ ɫɧɢɦɤɨɜ ȺɎȺ ɢ ɜɢɞɟɨɤɚɞɪɨɜ 
ɜɤɥɸɱɚɥɚ ɦɟɬɪɢɱɟɫɤɨɟ ɞɟɲɢɮɪɢɪɨɜɚɧɢɟ. ɍɝɨɥ ɩɨɞɯɨɞɚ ɨɛɴɟɤɬɚ ɢɫɩɵɬɚɧɢɣ ɤ ɩɪɟɝɪɚɞɟ 
ɨɩɪɟɞɟɥɹɥɫɹ ɩɨ ɮɨɬɨɫɧɢɦɤɭ ȺɎȺ, ɚ ɫɤɨɪɨɫɬɶ ɩɨɞɯɨɞɚ – ɩɨ ɤɚɞɪɚɦ ɫɤɨɪɨɫɬɧɨɣ 
ɜɢɞɟɨɤɚɦɟɪɵ. 

Ɂɧɚɱɟɧɢɹ ɝɨɪɢɡɨɧɬɚɥɶɧɨɝɨ ɭɝɥɚ φ ɢ ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ ɩɨɞɯɨɞɚ ɭɩɚɤɨɜɤɢ ɤ ɦɢɲɟɧɢ 
ɡɚ з 2,0 ɦ ɩɟɪɟɞ ɦɢɲɟɧɶɸ, ɩɨɥɭɱɟɧɧɵɟ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ ɨɛɪɚɛɨɬɤɢ ɜ ɨɩɵɬɟ, ɢ ɡɧɚɱɟɧɢɟ 
ɫɪɟɞɧɟɣ ɫɤɨɪɨɫɬɢ ɡɚ з 0,5 ɦ ɞɨ ɤɚɫɚɧɢɹ ɫ ɦɢɲɟɧɶɸ ɫɨɫɬɚɜɢɥɢ φ = -55,1 ± 0,4 (ɝɪɚɞ);  
v = 92,6 ɦ/ɫ ± 2%. 

ɉɨɥɭɱɟɧɧɵɟ ɬɨɱɧɨɫɬɢ ɭɞɨɜɥɟɬɜɨɪɹɸɬ ɬɪɟɛɨɜɚɧɢɹɦ ɆȺȽȺɌɗ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ 
ɢɫɩɵɬɚɧɢɣ ɦɚɤɟɬɚ ɭɩɚɤɨɜɤɢ ɌɍɄ ɜ ɭɫɥɨɜɢɹɯ, ɢɦɢɬɢɪɭɸɳɢɯ ɚɜɢɚɰɢɨɧɧɭɸ ɚɜɚɪɢɸ  
[9-12].  

Ɋɚɛɨɬɚ ɜɵɩɨɥɧɟɧɚ ɩɪɢ ɩɨɞɞɟɪɠɤɟ ɝɪɚɧɬɚ ɉɪɟɡɢɞɟɧɬɚ ɊɎ № ɆɄ-2078.2019.8. 
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Abstract – Verification of compliance of the transport packaging kit design with the requirements 

for packages intended for the transport of radioactive materials by air, provides for a collision with 

a target at a speed of not less than 90 M/s. Confirmation of this basic parameter of the tests should 

be duplicated by several measurement methods including the use of analog means of film 

registration. The paper describes an algorithm for determining the speed of the transport packaging 

kit before impact on the information on the film carrier. The questions connected with the choice 

of the geometrical scheme of registration and realization of various variants of frame filling are 

considered. The determination of the linear movement of the transport packaging kit in the 

shooting plane, the calculation of the scale and frequency of shooting is described. An example of 

the application of the technique to determine the speed of the transport packaging kit before impact 

in one of the experiments on the missile track is given. 

 

Keywords: speed, impact, packaging, radioactive materials, spent nuclear fuel, air transportation, 

accident, missile track equipment. 
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