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ȼ ɫɬɚɬɶɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɢɫɫɥɟɞɨɜɚɧɢɟ ɫɢɫɬɟɦɵ ɚɜɬɨɦɚɬɢɡɢɪɨɜɚɧɧɨɝɨ ɭɩɪɚɜɥɟɧɢɹ ɩɨɞɜɨɞɧɨɝɨ 
ɪɚɞɢɨɭɩɪɚɜɥɹɟɦɨɝɨ ɛɟɫɩɢɥɨɬɧɨɝɨ ɚɩɩɚɪɚɬɚ (ɜ ɪɚɦɤɚɯ ɦɚɤɟɬɚ), ɨɫɭɳɟɫɬɜɥɹɸɳɟɝɨ 
ɪɚɞɢɚɰɢɨɧɧɵɣ ɤɨɧɬɪɨɥɶ ɩɪɢɞɨɧɧɵɯ ɨɛɥɚɫɬɟɣ ɝɥɭɛɨɤɨɜɨɞɧɵɯ ɚɤɜɚɬɨɪɢɣ (ɝɥɭɛɢɧɨɣ  
ɛɨɥɶɲɟ 10 ɦ), ɢ ɫɢɫɬɟɦɚ ɩɨɫɬɪɨɟɧɢɹ ɤɚɧɚɥɚ ɫɜɹɡɢ ɦɟɠɞɭ ɨɩɟɪɚɬɨɪɨɦ ɢ ɚɩɩɚɪɚɬɨɦ. 
Ɋɚɞɢɚɰɢɨɧɧɵɣ ɤɨɧɬɪɨɥɶ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɬɚɧɞɚɪɬɧɵɦ ɦɟɬɨɞɨɦ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ 
ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɨɝɨ, ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɢ ɷɯɨɥɨɬɚ, ɪɚɫɩɨɥɚɝɚɸɳɢɯɫɹ ɧɚ 
ɩɨɞɜɨɞɧɨɦ ɚɩɩɚɪɚɬɟ. ɉɨɫɬɪɨɟɧɢɟ ɤɚɧɚɥɚ ɫɜɹɡɢ ɫ ɨɛɴɟɤɬɨɦ, ɪɚɫɩɨɥɨɠɟɧɧɵɦ ɧɚ ɡɟɦɥɟ, 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɞɜɭɦɹ ɫɩɨɫɨɛɚɦɢ: ɜ ɜɨɞɟ ‒ ɩɭɬɺɦ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɩɨɫɪɟɞɫɬɜɨɦ 
ɭɥɶɬɪɚɡɜɭɤɚ ɞɨ ɛɭɮɟɪɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ, ɩɥɚɜɚɸɳɟɝɨ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɚɤɜɚɬɨɪɢɢ, ɢ ɱɟɪɟɡ ɧɟɝɨ, 
ɩɭɬɺɦ ɪɟɬɪɚɧɫɥɹɰɢɢ ‒ ɨɩɟɪɚɬɨɪɭ ɧɚ ɛɟɪɟɝ ɩɨ ɪɚɞɢɨɤɚɧɚɥɭ. ɍɩɪɚɜɥɟɧɢɟ ɩɨɞɜɨɞɧɵɦ 
ɚɩɩɚɪɚɬɨɦ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɨɛɪɚɬɧɨɦ ɩɨɪɹɞɤɟ: ɨɬ ɨɩɟɪɚɬɨɪɚ ɞɨ ɛɭɮɟɪɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ‒ ɩɨ 
ɪɚɞɢɨɤɚɧɚɥɭ, ɫ ɩɨɫɥɟɞɧɟɝɨ ɞɨ ɩɨɞɜɨɞɧɨɝɨ ɚɩɩɚɪɚɬɚ ‒ ɩɭɬɺɦ ɪɟɬɪɚɧɫɥɹɰɢɢ ɫɢɝɧɚɥɚ ɜ 
ɭɥɶɬɪɚɡɜɭɤ ɢ ɞɚɥɟɟ ɩɭɬɺɦ ɩɨɫɥɟɞɭɸɳɟɣ ɪɟɬɪɚɧɫɥɹɰɢɢ ɞɨ ɩɪɢɺɦɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɩɨɞɜɨɞɧɨɝɨ 
ɚɩɩɚɪɚɬɚ. 
 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɭɥɶɬɪɚɡɜɭɤɨɜɚɹ ɩɟɪɟɞɚɱɚ ɢɧɮɨɪɦɚɰɢɢ, ɪɚɞɢɨɭɩɪɚɜɥɹɟɦɵɣ ɩɨɞɜɨɞɧɵɣ 
ɚɩɩɚɪɚɬ, ɪɚɞɢɚɰɢɨɧɧɵɣ ɤɨɧɬɪɨɥɶ ɩɪɢɞɨɧɧɵɯ ɨɛɥɚɫɬɟɣ ɚɤɜɚɬɨɪɢɣ, ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɨɟ, 
ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, ɪɚɞɢɨɤɚɧɚɥ ɫɜɹɡɢ. 
 

ɉɨɫɬɭɩɢɥɚ ɜ ɪɟɞɚɤɰɢɸ 24.03.2020 

ɉɨɫɥɟ ɞɨɪɚɛɨɬɤɢ 16.07.2020     
ɉɪɢɧɹɬɚ ɤ ɩɭɛɥɢɤɚɰɢɢ 24.07.2020 

 

Ⱥɧɚɥɢɡ ɪɚɞɢɚɰɢɨɧɧɵɯ ɚɜɚɪɢɣ ɜ Ɋɨɫɫɢɢ ɢ ɡɚ ɪɭɛɟɠɨɦ ɭɛɟɠɞɚɸɬ ɜ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 
ɪɚɡɪɚɛɨɬɤɢ ɞɢɫɬɚɧɰɢɨɧɧɵɯ (ɛɟɫɤɨɧɬɚɤɬɧɵɯ ɞɥɹ ɱɟɥɨɜɟɤɚ) ɫɪɟɞɫɬɜ ɨɰɟɧɤɢ 
ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ. ȼ ɩɪɟɞɫɬɚɜɥɟɧɧɨɣ ɪɚɛɨɬɟ 
ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ ɩɨɞɨɛɧɨɟ ɫɪɟɞɫɬɜɨ ɨɰɟɧɤɢ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɚɤɜɚɬɨɪɢɣ ɢ ɢɯ 
ɞɨɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɧɚɩɪɢɦɟɪ, ɩɪɭɞɨɜ-ɨɯɥɚɞɢɬɟɥɟɣ Ⱥɗɋ ɢɥɢ ɩɪɢɛɪɟɠɧɨɣ ɨɛɥɚɫɬɢ 
əɩɨɧɫɤɨɝɨ ɦɨɪɹ ɜ ɪɟɝɢɨɧɟ ɹɩɨɧɫɤɨɣ Ⱥɗɋ «Ɏɭɤɭɫɢɦɚ-1» ɢ ɞɪ. 

ɉɪɟɰɟɞɟɧɬɨɜ, ɫɜɹɡɚɧɧɵɯ ɫ ɭɬɟɱɤɨɣ ɪɚɞɢɚɰɢɢ ɜ ɨɤɪɭɠɚɸɳɭɸ ɫɪɟɞɭ, ɫ ɧɚɱɚɥɚ 
ɨɫɜɨɟɧɢɹ ɚɬɨɦɧɨɣ ɷɧɟɪɝɟɬɢɤɢ ɱɟɥɨɜɟɱɟɫɬɜɨɦ ɩɪɨɢɡɨɲɥɨ ɭɠɟ ɛɨɥɟɟ ɱɟɦ ɞɨɫɬɚɬɨɱɧɨ. 
ɂɡɥɭɱɟɧɢɟ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɜɟɳɟɫɬɜ ɨɤɚɡɵɜɚɟɬ ɨɱɟɧɶ ɫɢɥɶɧɨɟ ɜɨɡɞɟɣɫɬɜɢɟ ɧɚ ɜɫɟ ɠɢɜɵɟ 
ɨɪɝɚɧɢɡɦɵ, ɩɨɷɬɨɦɭ ɫɨɜɟɪɲɟɧɫɬɜɨɜɚɧɢɟ ɫɪɟɞɫɬɜ ɤɨɧɬɪɨɥɹ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɮɨɧɚ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜ ɧɚɫɬɨɹɳɟɦ ɜɪɟɦɟɧɢ ɩɪɨɫɬɨ ɧɟɨɛɯɨɞɢɦɨ. ȼɧɟɞɪɟɧɢɟ ɩɨɞɨɛɧɵɯ 
ɬɟɯɧɨɥɨɝɢɣ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɤɨɧɬɪɨɥɹ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ, ɩɨɡɜɨɥɢɬ ɨɫɭɳɟɫɬɜɥɹɬɶ 
ɪɚɞɢɚɰɢɨɧɧɵɣ ɤɨɧɬɪɨɥɶ ɧɟ ɬɨɥɶɤɨ ɩɪɭɞɨɜ-ɨɯɥɚɞɢɬɟɥɟɣ Ⱥɗɋ, ɧɨ ɫɥɭɠɢɬɶ ɛɨɥɟɟ 
ɮɭɧɞɚɦɟɧɬɚɥɶɧɵɦ ɰɟɥɹɦ ɨɯɪɚɧɵ ɜɨɞɧɨɣ ɫɪɟɞɵ ɩɪɢ ɪɚɞɢɚɰɢɨɧɧɵɯ ɚɜɚɪɢɹɯ, ɫɜɹɡɚɧɧɵɯ 
ɫ ɭɬɟɱɤɨɣ ɪɚɞɢɚɰɢɢ, ɹɪɤɢɦɢ ɩɪɢɦɟɪɚɦɢ ɤɨɬɨɪɵɯ ɹɜɥɹɸɬɫɹ: ɚɜɚɪɢɹ ɧɚ Ɏɭɤɭɫɢɦɚ-1 ɜ 
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əɩɨɧɢɢ ɜ ɦɚɪɬɟ 2011 ɝɨɞɚ, ɚɜɚɪɢɹ ɜ ɛɭɯɬɟ ɑɚɠɦɚ ɜ ɚɜɝɭɫɬɟ 1985 ɝ., ɪɚɞɢɚɰɢɨɧɧɚɹ 
ɚɜɚɪɢɹ ɜ ɝɭɛɟ Ⱥɧɞɪɟɟɜɚ ɜ ɮɟɜɪɚɥɟ 1982 ɝ. (ɋɋɋɊ).  

ɋɭɬɶ ɦɟɬɨɞɚ, ɢɫɩɨɥɶɡɭɟɦɨɝɨ ɞɥɹ ɨɰɟɧɤɢ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɚɤɜɚɬɨɪɢɣ 
ɢ ɢɯ ɞɨɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ Д1, 2Ж, ɞɨɜɨɥɶɧɨ ɩɪɨɫɬɚ. Ɇɟɬɨɞ, ɪɟɚɥɢɡɭɟɦɵɣ ɩɭɬɟɦ 

ɩɪɢɦɟɧɟɧɢɹ ɩɨɝɪɭɠɧɨɝɨ ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ «ɇɵɪɨɤ-2» Д2Ж (ɪɢɫ. 1), 
ɤɨɬɨɪɵɣ ɫɨɞɟɪɠɢɬ ɛɥɨɤ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɣ 
ɞɟɬɟɤɬɨɪ (ɉɉȾ) ɢɡ ɨɫɨɛɨ ɱɢɫɬɨɝɨ ɝɟɪɦɚɧɢɹ ɜ ɩɨɪɬɚɬɢɜɧɨɦ ɦɧɨɝɨɩɨɡɢɰɢɨɧɧɨɦ 
ɤɪɢɨɫɬɚɬɟ, ɜɩɟɪɜɵɟ ɛɵɥ ɪɚɡɪɚɛɨɬɚɧ ɢ ɩɪɢɦɟɧɟɧ ɧɚ ɩɪɚɤɬɢɤɟ ɫɩɟɰɢɚɥɢɫɬɚɦɢ ɈɈɈ «Ƚɪɢɧ 
ɋɬɚɪ ɂɧɫɬɪɭɦɟɧɬ-ɫ» ɢ ɈȺɈ «ȼɇɂɂȺɗɋ» ɜ 2007 ɝ. ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɪɚɞɢɚɰɢɨɧɧɨɝɨ 
ɨɛɫɥɟɞɨɜɚɧɢɹ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ ɭɬɟɱɤɢ ɠɢɞɤɢɯ ɪɚɞɢɨɚɤɬɢɜɧɵɯ ɨɬɯɨɞɨɜ (ɀɊɈ) ɢɡ 
ɯɪɚɧɢɥɢɳɚ № 2 ɠɢɞɤɢɯ ɨɬɯɨɞɨɜ (ɏɀɈ-2) ɇɨɜɨɜɨɪɨɧɟɠɫɤɨɣ Ⱥɗɋ (ɇȼȺɗɋ) (1985 ɝ.). 
Ʉɪɨɦɟ ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ «ɇɵɪɨɤ-2» ɫɨɞɟɪɠɢɬ: ɫɩɟɰɢɚɥɶɧɵɣ ɤɨɧɬɟɣɧɟɪ 
(ɝɟɪɦɟɬɢɱɧɭɸ ɤɚɩɫɭɥɭ ɢɡ ɧɟɪɠɚɜɟɸɳɟɣ ɫɬɚɥɢ); ɭɫɬɚɧɨɜɥɟɧɧɵɣ ɜ ɤɚɩɫɭɥɭ ɫɜɢɧɰɨɜɵɣ 
ɤɨɥɥɢɦɚɬɨɪ; ɝɨɮɪɢɪɨɜɚɧɧɵɣ ɲɥɚɧɝ (ɞɥɹ ɜɟɧɬɢɥɹɰɢɢ ɛɥɨɤɚ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɢ ɨɬɜɨɞɚ 
ɢɫɩɚɪɟɧɢɣ ɚɡɨɬɚ); ɩɪɨɰɟɫɫɨɪ ɢɦɩɭɥɶɫɧɵɯ ɫɢɝɧɚɥɨɜ SBS-75 (ɦɧɨɝɨɤɚɧɚɥɶɧɵɣ 
ɚɧɚɥɢɡɚɬɨɪ); ɩɪɨɮɟɫɫɢɨɧɚɥɶɧɵɣ ɩɟɪɟɧɨɫɧɨɣ ɤɨɦɩɶɸɬɟɪ (Notebook). 

 

 
Ɋɢɫɭɧɨɤ 1 – ɉɪɨɜɟɞɟɧɢɟ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɨɛɫɥɟɞɨɜɚɧɢɹ ɜ ɡɨɧɟ ɜɥɢɹɧɢɹ ɭɬɟɱɤɢ ɀɊɈ ɢɡ ɏɀɈ-2 ɇȼȺɗɋ 

(1985 ɝ.) [Radiation survey in the zone of influence of liquid radioactive waste leakage from No. 2 of 

Novovoronezh NPP liquid waste storage (1985)] 

 

ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ ɪɚɫɫɦɚɬɪɢɜɚɟɦɵɦ ɦɟɬɨɞɨɦ ɢ ɬɪɚɞɢɰɢɨɧɧɵɦ 
(ɦɟɬɨɞɨɦ ɨɬɛɨɪɚ ɩɪɨɛ), ɩɪɢɜɟɞɟɧɧɨɟ ɜ ɬɚɛɥɢɰɟ 1 Д1, 2Ж, ɞɟɦɨɧɫɬɪɢɪɭɟɬ ɯɨɪɨɲɭɸ 
ɬɨɱɧɨɫɬɶ ɢɡɦɟɪɟɧɢɹ ɨɬɧɨɫɢɬɟɥɶɧɨ ɬɪɚɞɢɰɢɨɧɧɨɝɨ (ɩɪɨɛɨɨɬɛɨɪɧɨɝɨ) ɦɟɬɨɞɚ.  

 

Ɍɚɛɥɢɰɚ 1 – ɋɪɚɜɧɟɧɢɟ ɪɟɡɭɥɶɬɚɬɨɜ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɤɨɧɬɪɨɥɹ ɞɨɧɧɵɯ ɨɬɥɨɠɟɧɢɣ ɩɪɨɛɨɨɬɛɨɪɧɵɦ ɢ 
ɞɢɫɬɚɧɰɢɨɧɧɵɦ ɦɟɬɨɞɚɦɢ (ɨɬɧ. ɟɞ.) [Comparison of radiation monitoring results of bottom sediments by 

sampling and remote sensing methods (rel. units)] 

№ 
Ɇɟɬɨɞ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɤɨɧɬɪɨɥɹ Ɉɬɥɢɱɢɟ, % ɉɪɨɛɨɨɬɛɨɪɧɵɣ (ɬɪɚɞɢɰɢɨɧɧɵɣ) Ⱦɢɫɬɚɧɰɢɨɧɧɵɣ («ɇɵɪɨɤ-2») 

1 40 ± 1,21 41 ± 10 2,5 

2 3,4 ± 1,0 3,2 ± 0,9 6,3 

3 6,5 ± 1,8 6,7 ± 1,7 3,1 

4 0,4 ± 0,1 0,4 ± 0,1 < 1 

5 42 ± 12 39 ± 10 2,6 

6 1,0 ± 0,3 0,85 ± 0,20 18 

ɋɭɦɦɚɪɧɚɹ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɤɨɧɬɪɨɥɹ (Ɋ = 0,95) 

 

Ɉɞɧɚɤɨ ɫɭɳɟɫɬɜɟɧɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɩɪɢɜɟɞɟɧɧɨɝɨ ɦɟɬɨɞɚ ɨɰɟɧɤɢ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ 
ɡɚɝɪɹɡɧɟɧɢɹ ɞɨɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɚɤɜɚɬɨɪɢɢ ɹɜɥɹɟɬɫɹ ɨɬɫɭɬɫɬɜɢɟ ɢɧɮɨɪɦɚɰɢɢ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɩɚɪɚɦɟɬɪɨɜ, ɨɝɪɚɧɢɱɢɜɚɸɳɢɯ ɨɛɥɚɫɬɶ 
ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ, ɩɪɢɜɨɞɹɳɟɣ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɢɫɫɥɟɞɨɜɚɧɢɹ ɛɨɥɶɲɨɣ 
ɩɥɨɳɚɞɢ ɚɤɜɚɬɨɪɢɢ, ɱɬɨ ɬɪɟɛɭɟɬ ɛɨɥɶɲɨɝɨ ɤɨɥɢɱɟɫɬɜɚ ɜɪɟɦɟɧɢ ɧɚ ɢɫɫɥɟɞɨɜɚɧɢɹ, 
ɨɛɪɚɛɨɬɤɭ ɢɧɮɨɪɦɚɰɢɢ ɢ ɧɟ ɩɨɡɜɨɥɹɟɬ ɩɟɪɟɞɚɜɚɬɶ ɟɺ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ 
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(on-line). Ⱦɪɭɝɢɦ ɫɭɳɟɫɬɜɟɧɧɵɦ ɧɟɞɨɫɬɚɬɤɨɦ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɟɝɨ ɧɢɡɤɚɹ 
ɦɨɛɢɥɶɧɨɫɬɶ, ɩɨɫɤɨɥɶɤɭ, ɮɚɤɬɢɱɟɫɤɢ, ɪɚɛɨɬɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɦɟɬɨɞɨɦ «ɭɞɨɱɤɢ» ɫ 
ɜɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɚɤɜɚɬɨɪɢɢ (ɫɦ. ɪɢɫ. 1). Ʉɪɨɦɟ ɬɨɝɨ, ɢɫɩɨɥɶɡɭɟɦɵɣ 
ɫɩɟɤɬɪɨɦɟɬɪɢɱɟɫɤɢɣ ɦɟɬɨɞ, ɨɫɧɨɜɚɧɧɵɣ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɬɪɚɞɢɰɢɨɧɧɵɯ 
ɩɨɥɭɩɪɨɜɨɞɧɢɤɨɜɵɯ ɞɟɬɟɤɬɨɪɨɜ, ɬɪɟɛɭɟɬ ɤɪɭɩɧɨɝɚɛɚɪɢɬɧɨɝɨ ɤɪɢɨɝɟɧɧɨɝɨ 
ɨɛɨɪɭɞɨɜɚɧɢɹ ɞɥɹ ɨɯɥɚɠɞɟɧɢɹ ɞɟɬɟɤɬɨɪɚ ɢ ɭɦɟɧɶɲɟɧɢɹ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɩɚɪɚɡɢɬɧɨɝɨ 
ɮɨɧɚ, ɱɬɨ ɫɨɡɞɚɺɬ ɡɧɚɱɢɬɟɥɶɧɵɟ ɧɟɭɞɨɛɫɬɜɚ ɩɪɢ ɪɚɛɨɬɟ ɧɚ ɨɝɪɚɧɢɱɟɧɧɨɦ ɩɪɨɫɬɪɚɧɫɬɜɟ 
ɧɚ ɜɨɞɟ.  

ȼ ɦɟɬɨɞɟ, ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɦ ɚɜɬɨɪɚɦɢ ɜ ɧɚɫɬɨɹɳɟɣ ɪɚɛɨɬɟ,  ɨɰɟɧɤɚ 
ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɞɨɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɝɥɭɛɨɤɨɜɨɞɧɵɯ (ɝɥɭɛɢɧɨɣ ɛɨɥɶɲɟ 
10 ɦ) ɚɤɜɚɬɨɪɢɣ ɫ ɪɟɱɧɨɣ ɢɥɢ ɦɨɪɫɤɨɣ ɜɨɞɨɣ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ 
ɪɚɞɢɨɭɩɪɚɜɥɹɟɦɨɝɨ ɩɨɞɜɨɞɧɨɝɨ ɚɩɩɚɪɚɬɚ (ɩɨɞɜɨɞɧɨɝɨ ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ, 
ɉȾɄ), ɫɨɞɟɪɠɚɳɟɝɨ ɤɚɤ ɧɟɨɛɯɨɞɢɦɨɟ ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ, 
ɜɵɩɨɥɧɹɸɳɟɟ ɢɡɦɟɪɟɧɢɹ ɦɨɳɧɨɫɬɢ ɞɨɡɵ ɢ ɫɩɟɤɬɪɚɥɶɧɨɝɨ ɫɨɫɬɚɜɚ γ-ɢɡɥɭɱɟɧɢɹ 
ɪɚɞɢɨɧɭɤɥɢɞɨɜ, ɡɚɝɪɹɡɧɹɸɳɢɯ ɞɨɧɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ, ɬɚɤ ɢ ɪɹɞ ɞɪɭɝɢɯ ɩɪɢɛɨɪɨɜ ɢ 
ɭɫɬɪɨɣɫɬɜ, ɮɭɧɤɰɢɨɧɚɥɶɧɵɟ ɜɨɡɦɨɠɧɨɫɬɢ ɤɨɬɨɪɵɯ ɩɨɡɜɨɥɹɸɬ ɩɟɪɟɞɚɜɚɬɶ 
ɩɨɥɭɱɟɧɧɭɸ ɢɧɮɨɪɦɚɰɢɸ ɨɩɟɪɚɬɨɪɭ, ɪɚɫɩɨɥɚɝɚɸɳɟɦɭɫɹ ɧɚ ɛɟɪɟɝɭ. ɗɬɨɬ ɪɟɡɭɥɶɬɚɬ 
ɞɨɫɬɢɝɚɟɬɫɹ ɡɚ ɫɱɟɬ ɬɨɝɨ, ɱɬɨ ɤɪɨɦɟ ɪɚɡɦɟɳɟɧɢɹ ɧɚ ɧɟɛɨɥɶɲɨɦ (ɧɟ ɛɨɥɟɟ 1,5 ɦ) 
ɩɨɞɜɨɞɧɨɦ ɛɟɫɩɢɥɨɬɧɨɦ ɪɚɞɢɨɭɩɪɚɜɥɹɟɦɨɦ ɚɩɩɚɪɚɬɟ γ-ɫɩɟɤɬɪɨɦɟɬɪɚ, ɞɨɡɢɦɟɬɪɚ 
ɩɨɝɥɨɳɟɧɧɨɣ ɞɨɡɵ γ-ɢɡɥɭɱɟɧɢɹ, ɷɯɨɥɨɬɨɜ, ɢɡɦɟɪɹɸɳɢɯ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɞɨɧɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɶɸ ɢ ɩɨɞɜɨɞɧɵɦ ɚɩɩɚɪɚɬɨɦ, ɚ ɬɚɤɠɟ ɦɟɠɞɭ ɩɨɞɜɨɞɧɵɦ ɚɩɩɚɪɚɬɨɦ ɢ 
ɤɚɤɢɦ-ɥɢɛɨ ɩɪɟɩɹɬɫɬɜɢɟɦ, ɜɨɡɧɢɤɚɸɳɢɦ ɧɚ ɩɭɬɢ ɟɝɨ ɫɥɟɞɨɜɚɧɢɹ, ɪɚɫɩɨɥɚɝɚɟɬɫɹ 
ɛɥɨɤ ɛɟɫɤɨɧɬɚɤɬɧɨɣ ɞɢɫɬɚɧɰɢɨɧɧɨɣ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ, ɤɨɬɨɪɚɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɨɰɢɮɪɨɜɵɜɚɟɬɫɹ, ɤɨɞɢɪɭɟɬɫɹ ɢ ɡɚɬɟɦ ɩɨɫɬɭɩɚɟɬ ɧɚ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɞɚɬɱɢɤ, 
ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɩɨɞɜɨɞɧɨɝɨ ɚɩɩɚɪɚɬɚ. ɉɪɢɱɟɦ, ɩɟɪɟɞɚɱɚ 
ɢɧɮɨɪɦɚɰɢɢ, ɨɫɭɳɟɫɬɜɥɹɟɦɚɹ ɜ ɜɨɞɧɨɣ ɫɪɟɞɟ, ɪɟɝɢɫɬɪɢɪɭɟɬɫɹ ɭɥɶɬɪɚɡɜɭɤɨɜɵɦ 
ɞɟɬɟɤɬɨɪɨɦ, ɪɚɫɩɨɥɚɝɚɸɳɢɦɫɹ ɧɚ ɛɭɮɟɪɧɨɦ ɭɫɬɪɨɣɫɬɜɟ, ɤɨɬɨɪɨɟ ɩɨɦɟɳɚɸɬ ɧɚ 
ɜɨɞɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜɛɥɢɡɢ ɩɨɛɟɪɟɠɶɹ, ɞɟɤɨɞɢɪɭɟɬɫɹ ɢ ɡɚɬɟɦ ɪɟɬɪɚɧɫɥɢɪɭɟɬɫɹ ɩɨ 
ɪɚɞɢɨɤɚɧɚɥɭ ɧɚ ɩɪɢɟɦɧɨɟ ɭɫɬɪɨɣɫɬɜɨ ɨɩɟɪɚɬɨɪɚ, ɪɚɫɩɨɥɚɝɚɸɳɟɝɨɫɹ ɧɚ ɛɟɪɟɝɭ, ɱɬɨ 
ɧɚɝɥɹɞɧɨ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫɭɧɤɟ 2: ɨɛɦɟɧ ɢɧɮɨɪɦɚɰɢɟɣ ɉȾɄ – 1) ɫ ɛɭɮɟɪɧɵɦ 
ɭɫɬɪɨɣɫɬɜɨɦ (ɪɟɬɪɚɧɫɥɹɬɨɪɨɦ) – 2), ɩɥɚɜɚɸɳɢɦ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɞɨɺɦɚ, 
ɨɫɭɳɟɫɬɜɥɹɸɬɫɹ ɩɨɫɪɟɞɫɬɜɨɦ ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ. Ⱦɚɧɧɵɟ ɫ 
ɪɟɬɪɚɧɫɥɹɬɨɪɚ ɩɟɪɟɞɚɸɬɫɹ ɧɚ ɪɚɛɨɱɭɸ ɫɬɚɧɰɢɸ ɨɩɟɪɚɬɨɪɭ – 3), ɪɚɫɩɨɥɨɠɟɧɧɨɦɭ ɧɚ 
ɛɟɪɟɝɭ, ɩɨ ɪɚɞɢɨɤɚɧɚɥɭ. 

 
Ɋɢɫɭɧɨɤ 2 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɩɪɢɟɦɚ ɢ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɉȾɄ [Schematic diagram of receiving 

and transmitting information of an underwater dosimetry complex] 

 

ɍɥɶɬɪɚɡɜɭɤɨɜɨɣ ɫɢɝɧɚɥ ɦɨɠɟɬ ɪɚɫɩɪɨɫɬɪɚɧɹɬɶɫɹ ɬɨɥɶɤɨ ɜ ɜɨɞɧɨɣ ɫɪɟɞɟ, 
ɩɨɫɤɨɥɶɤɭ ɧɚ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɫɪɟɞ (ɜɨɞɚ-ɜɨɡɞɭɯ) ɩɪɨɢɫɯɨɞɢɬ ɟɝɨ ɩɨɥɧɨɟ ɨɬɪɚɠɟɧɢɟ. 
Ʉɨɝɞɚ ɚɩɩɚɪɚɬ ɧɚɯɨɞɢɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɢ ɚɤɜɚɬɨɪɢɢ, ɟɝɨ ɭɩɪɚɜɥɟɧɢɟ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɨ ɪɚɞɢɨɤɚɧɚɥɭ. ɗɫɤɢɡ ɉȾɄ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 3, ɝɞɟ 
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ɢɡɨɛɪɚɠɟɧ ɤɨɪɩɭɫ ɩɨɞɜɨɞɧɨɝɨ ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɨɝɨ ɚɩɩɚɪɚɬɚ (ɩɨɞɜɨɞɧɨɝɨ 
ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ) – 1); ɺɦɤɨɫɬɢ «ɬɚɧɤɢ» ɛɚɥɥɚɫɬɧɵɯ ɜɨɞ – 2); 

ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɪɭɥɢ – 3); ɤɪɵɲɤɚ – 4); ɩɪɨɤɥɚɞɤɚ – 5); ɜɟɧɬɢɥɶ – 6); ɤɫɟɧɨɧɨɜɵɣ  
γ-ɫɩɟɤɬɪɨɦɟɬɪ – 7); γ-ɞɟɬɟɤɬɨɪ – 8); ɮɨɧɚɪɶ – 9); ɜɢɞɟɨɤɚɦɟɪɚ – 10); ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ 
ɞɟɬɟɤɬɨɪ – 11); ɤɢɥɶ – 12); ɜɢɧɬɵ ɥɟɜɨɝɨ ɢ ɩɪɚɜɨɝɨ ɩɨɜɨɪɨɬɚ – 13); ɫɢɥɨɜɨɣ ɜɢɧɬ – 

14); ɷɯɨɥɨɬ – 15), ɝɚɡɝɨɥɶɞɟɪ – 16), ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɛɚɥɥɨɧ ɫɨ ɫɠɚɬɵɦ 
ɜɨɡɞɭɯɨɦ (ɞɨ 300 ɚɬɦ), ɤɨɬɨɪɵɣ ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ ɟɝɨ ɩɨɞɚɱɢ ɜ «ɬɚɧɤɢ» ɩɪɢ 
ɜɫɩɥɵɬɢɢ, ɢ ɧɚɫɨɫɵ ɞɥɹ ɡɚɤɚɱɢɜɚɧɢɹ ɡɚɛɨɪɬɧɨɣ ɜɨɞɵ ɩɪɢ ɩɨɝɪɭɠɟɧɢɢ – 17).  

 

 
Ɋɢɫɭɧɨɤ 3 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɩɨɞɜɨɞɧɨɝɨ ɪɚɞɢɨɭɩɪɚɜɥɹɟɦɨɝɨ ɚɩɩɚɪɚɬɚ ɉȾɄ ɫ ɞɨɡɢɦɟɬɪɢɱɟɫɤɢɦ 
ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɧɚ ɛɨɪɬɭ (7, 8), ɝɚɡɝɨɥɶɞɟɪɨɦ (16) ɢ ɧɚɫɨɫɚɦɢ ɡɚɛɨɪɬɧɨɣ ɜɨɞɵ (17) ɢɡ ɏɀɈ-2 ɇȼȺɗɋ 

(1985 ɝ.) [Schematic diagram of an underwater radio-controlled apparatus of an underwater dosimetry complex 

with dosimetry equipment on board (7, 8), a gas holder (16) and seawater pumps (17) from No. 2 of 

Novovoronezh NPP liquid waste storage (1985)] 

 

Ɉɬɥɢɱɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɜɵɛɪɚɧɧɨɝɨ ɦɟɬɨɞɚ ɨɰɟɧɤɢ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ 
ɡɚɝɪɹɡɧɟɧɢɹ ɞɨɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɝɥɭɛɨɤɨɜɨɞɧɵɯ ɚɤɜɚɬɨɪɢɣ, ɜ ɨɬɥɢɱɢɟ ɨɬ 
ɪɚɫɫɦɨɬɪɟɧɧɨɝɨ ɜɵɲɟ [1Ж, ɹɜɥɹɟɬɫɹ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨɟ ɢɡɦɟɪɟɧɢɟ ɷɯɨɥɨɬɨɦ 
ɷɮɮɟɤɬɢɜɧɨɣ ɜɵɫɨɬɵ ɉȾɄ ɧɚɞ ɩɪɢɞɨɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɚɤɜɚɬɨɪɢɢ hD, ɨɩɬɢɦɚɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɨɣ ɫ ɭɱɟɬɨɦ ɩɨɝɥɨɳɟɧɢɹ ɜɨɞɨɣ γ-ɢɡɥɭɱɟɧɢɹ ɪɚɞɢɨɧɭɤɥɢɞɨɜ, ɨɫɟɜɲɢɯ 
ɧɚ ɞɨɧɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɚɤɜɚɬɨɪɢɢ, ɪɚɫɫɱɢɬɵɜɚɥɨɫɶ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ. Ɋɚɫɱɟɬ, 
ɩɪɟɞɫɬɚɜɥɹɹ ɫɨɛɨɣ ɜɵɫɨɬɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɣ ɦɨɳɧɨɫɬɢ ɞɨɡɵ γ-ɢɡɥɭɱɟɧɢɹ ɨɬ 
ɡɚɝɪɹɡɧɟɧɧɨɣ ɞɨɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɩɨɤɚɡɚɥ, ɱɬɨ ɷɮɮɟɤɬɢɜɧɚɹ ɜɵɫɨɬɚ ɉȾɄ ɧɚɞ 
ɞɨɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɞɨɥɠɧɚ ɫɨɫɬɚɜɥɹɬɶ ɩɨɪɹɞɤɚ hD = 40 ɫɦ, ɚ ɡɧɚɱɟɧɢɟ 
ɷɮɮɟɤɬɢɜɧɨɝɨ ɪɚɞɢɭɫɚ ɫɤɚɧɢɪɨɜɚɧɢɹ, ɦɨɠɟɬ ɛɵɬɶ ɨɩɪɟɞɟɥɟɧɨ ɱɟɪɟɡ ɢɡɦɟɪɟɧɧɭɸ 
ɜɵɫɨɬɭ ɩɨ ɮɨɪɦɭɥɟ RD = 0,75hD (ɪɢɫ. 4) [3].  

 

 
Ɋɢɫɭɧɨɤ 4 – Ʉ ɦɟɬɨɞɭ ɨɩɪɟɞɟɥɟɧɢɹ ɩɪɢɞɨɧɧɨɣ ɚɤɬɢɜɧɨɫɬɢ ɜ ɩɪɭɞɚɯ-ɨɯɥɚɞɢɬɟɥɹɯ [The method for 

determining the bottom activity in cooling ponds] 



22 ȿɅɈɏɂɇ ɢ ɞɪ.  
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Ⱦɪɭɝɨɣ ɨɬɥɢɱɢɬɟɥɶɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɩɪɟɞɥɚɝɚɟɦɨɝɨ ɦɟɬɨɞɚ ɹɜɥɹɟɬɫɹ ɬɨ, ɱɬɨ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟ ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ ɞɚɬɱɢɤɨɜ ɩɨɡɜɨɥɹɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɟɪɟɞɚɱɭ 
ɢɧɮɨɪɦɚɰɢɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɞɨɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɪɟɠɢɦɟ 
ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɢɡ ɝɥɭɛɨɤɨɜɨɞɧɵɯ ɚɤɜɚɬɨɪɢɣ ɝɥɭɛɢɧɨɣ ɛɨɥɶɲɟ 10 ɦ ɜ ɦɨɪɫɤɨɣ ɜɨɞɟ. 
ȼ ɨɫɧɨɜɟ ɷɬɨɝɨ ɭɬɜɟɪɠɞɟɧɢɹ ɥɟɠɢɬ ɢɡɜɟɫɬɧɚɹ ɫɩɟɤɬɪɚɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ 
ɩɨɝɥɨɳɟɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ ɞɥɹ ɩɪɟɫɧɨɣ ɢ ɦɨɪɫɤɨɣ ɜɨɞɵ Д4Ж, ɩɪɢɜɟɞɟɧɧɚɹ ɧɚ 

ɪɢɫɭɧɤɟ 5, ɢɡ ɤɨɬɨɪɨɣ ɫɥɟɞɭɟɬ, ɱɬɨ ɩɟɪɟɞɚɱɚ ɢɧɮɨɪɦɚɰɢɢ ɩɨ ɪɚɞɢɨɤɚɧɚɥɭ ɢɡ 
ɝɥɭɛɨɤɨɜɨɞɧɵɯ ɚɤɜɚɬɨɪɢɣ (ɫɜɹɡɶ ɫ ɩɨɞɜɨɞɧɵɦɢ ɥɨɞɤɚɦɢ, ɧɚɯɨɞɹɳɢɦɢɫɹ ɜ ɩɨɝɪɭɠɟɧɧɨɦ 
ɫɨɫɬɨɹɧɢɢ) ɧɚɢɛɨɥɟɟ ɰɟɥɟɫɨɨɛɪɚɡɧɚ ɧɚ ɧɢɡɤɢɯ ɱɚɫɬɨɬɚɯ, ɤɨɬɨɪɵɦ ɫɨɨɬɜɟɬɫɬɜɭɸɬ ɬɨɥɶɤɨ 
ɞɥɢɧɧɵɟ ɢ ɫɜɟɪɯɞɥɢɧɧɵɟ ɜɨɥɧɵ [5].  

 

 
Ɋɢɫɭɧɨɤ 5 – ɋɩɟɤɬɪɚɥɶɧɚɹ ɡɚɜɢɫɢɦɨɫɬɶ ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɨɝɥɨɳɟɧɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɜɨɥɧ ɞɥɹ ɩɪɟɫɧɨɣ 

(1) ɢ ɦɨɪɫɤɨɣ (2) ɜɨɞɵ, ɩɪɢ ɬɟɦɩɟɪɚɬɭɪɟ 0 °C (a) ɢ 25 °ɋ (b) [4] [Spectral dependence of the absorption 

МШОППТМТОЧЭ ШП ОХОМЭЫШЦКРЧОЭТМ аКЯОЬ ПШЫ ПЫОЬС (1) КЧН ЬОК (2) аКЭОЫ, КЭ К ЭОЦЩОЫКЭЮЫО ШП 0 ° C (a) КЧН 25 ° C (b)] 

 

ɇɨ ɩɪɢ ɷɬɨɦ ɫɥɟɞɭɟɬ ɡɚɦɟɬɢɬɶ, ɱɬɨ ɩɟɪɟɞɚɱɚ ɢɧɮɨɪɦɚɰɢɢ ɧɚ ɧɢɡɤɢɯ ɱɚɫɬɨɬɚɯ 
ɬɪɟɛɭɟɬ ɦɧɨɝɨɤɢɥɨɦɟɬɪɨɜɵɯ ɚɧɬɟɧɧ, ɫɬɨɢɦɨɫɬɶ ɤɨɬɨɪɵɯ ɡɧɚɱɢɬɟɥɶɧɨ ɩɪɟɜɨɫɯɨɞɢɬ 
ɫɬɨɢɦɨɫɬɶ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɜɤɥɸɱɚɹ ɢ ɩɨɞɜɨɞɧɵɣ ɚɩɩɚɪɚɬ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɥɹ ɪɟɲɟɧɢɹ 
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɣ ɡɚɞɚɱɢ. 

Ⱥɜɬɨɦɚɬɢɡɚɰɢɹ ɭɩɪɚɜɥɟɧɢɹ ɉȾɄ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɉȾɄ ɫ 
γ-ɫɩɟɤɬɪɨɦɟɬɪɨɦ, ɢɧɬɟɝɪɚɥɶɧɵɦ ɞɟɬɟɤɬɨɪɨɦ γ-ɢɡɥɭɱɟɧɢɹ ɢ ɬ.ɞ., ɬ.ɟ. ɫɨ ɜɫɟɦ 
ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɧɚ ɛɨɪɬɭ (ɫɦ. ɪɢɫ. 3), ɧɚɩɪɚɜɥɹɸɬ ɜ ɡɚɞɚɧɧɵɣ ɫɟɤɬɨɪ ɨɛɥɚɫɬɢ 
ɚɤɜɚɬɨɪɢɢ, ɜ ɤɨɬɨɪɨɣ ɧɟɨɛɯɨɞɢɦɨ ɜɵɩɨɥɧɢɬɶ ɫɤɚɧɢɪɨɜɚɧɢɟ ɞɨɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, 
ɭɩɪɚɜɥɹɹ ɩɨɞɜɨɞɧɵɦ ɚɩɩɚɪɚɬɨɦ ɩɭɬɺɦ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ (ɫɦ. ɪɢɫ. 2), ɬ.ɟ. 
ɩɨɞɜɨɞɹɬ ɚɩɩɚɪɚɬ ɜ ɡɚɞɚɧɧɵɣ ɫɟɤɬɨɪ ɢ ɨɫɭɳɟɫɬɜɥɹɸɬ ɟɝɨ ɩɨɝɪɭɠɟɧɢɟ, ɭɩɪɚɜɥɹɹ 
ɡɚɩɨɥɧɟɧɢɟɦ «ɬɚɧɤɨɜ» ɛɚɥɥɚɫɬɧɵɯ ɜɨɞ (ɫɦ. ɩɨɡ. 2 ɪɢɫ. 3). Ɂɚɬɟɦ, ɢɫɩɨɥɶɡɭɹ ɫɢɥɨɜɨɣ (ɫɦ. 
ɩɨɡ. 14 ɪɢɫ. 3) ɢ ɩɨɜɨɪɨɬɧɵɟ (ɫɦ. ɩɨɡ. 13 ɪɢɫ. 3) ɜɢɧɬɵ, ɚ ɬɚɤɠɟ ɝɨɪɢɡɨɧɬɚɥɶɧɵɟ ɪɭɥɢ 
(ɫɦ. ɩɨɡ. 3 ɪɢɫ. 3), ɩɨɞɜɨɞɹɬ ɚɩɩɚɪɚɬ ɜ ɡɚɞɚɧɧɨɣ ɬɨɱɤɟ ɧɚ ɡɚɞɚɧɧɭɸ ɜɵɫɨɬɭ ɨɬ ɞɨɧɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ, ɢɫɩɨɥɶɡɭɹ ɩɨɤɚɡɚɧɢɹ ɷɯɨɥɨɬɚ (ɫɦ. ɩɨɡ. 15 ɪɢɫ. 3). ɂɡɦɟɪɹɟɦɵɟ ɩɚɪɚɦɟɬɪɵ 
ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɞɨɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɪɟɝɢɫɬɪɢɪɭɟɦɵɟ ɞɟɬɟɤɬɨɪɨɦ 
ɦɨɳɧɨɫɬɢ ɞɨɡɵ γ-ɢɡɥɭɱɟɧɢɹ (ɫɦ. ɩɨɡ. 8 ɪɢɫ. 3) ɢ γ-ɫɩɟɤɬɪɨɦɟɬɪɨɦ (ɫɦ. ɩɨɡ. 7 ɪɢɫ. 3) 
ɤɨɞɢɪɭɸɬɫɹ ɢ ɩɟɪɟɞɚɸɬɫɹ ɨɩɟɪɚɬɨɪɭ. ȼɢɞɟɨɤɚɦɟɪɚ (ɫɦ. ɩɨɡ. 10 ɪɢɫ. 3) ɢɫɩɨɥɶɡɭɟɬɫɹ ɞɥɹ 
ɧɚɛɥɸɞɟɧɢɹ ɨɫɨɛɟɧɧɨɫɬɟɣ ɞɨɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ, ɚ ɮɨɧɚɪɶ (ɫɦ. ɩɨɡ. 9 ɪɢɫ. 3) ɞɥɹ ɟɺ 
ɨɫɜɟɳɟɧɢɹ. ɉɪɨɰɟɫɫɵ ɩɨɝɪɭɠɟɧɢɹ ɢ ɜɫɩɥɵɬɢɹ ɉȾɄ ɨɩɢɫɵɜɚɸɬɫɹ ɧɚ ɩɪɢɦɟɪɟ 
ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɦɚɤɟɬɚ, ɜɢɞ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ ɪɢɫɭɧɤɟ 6ɚ,ɛ: 1) – ɝɚɡɝɨɥɶɞɟɪ ɫ 
ɤɪɚɧɨɦ – 2) ɢ ɪɟɞɭɤɬɨɪɨɦ – 3), ɩɪɨɛɤɨɣ ɞɥɹ ɜɵɯɨɞɚ ɜɨɡɞɭɯɚ – 13), ɦɚɝɧɢɬɧɵɦ ɤɥɚɩɚɧɨɦ 
– 4) ɢ ɬɪɨɣɧɢɤɨɦ – 5) ɞɥɹ ɩɨɞɚɱɢ ɜɨɡɞɭɯɚ ɜ «ɬɚɧɤɢ ɛɚɥɥɚɫɬɧɵɯ ɜɨɞ» – ɦɟɬɚɥɥɢɱɟɫɤɢɟ 
ɟɦɤɨɫɬɢ ɫ ɩɥɚɫɬɦɚɫɫɨɜɵɦɢ ɡɚɝɥɭɲɤɚɦɢ – 6), ɤɨɬɨɪɵɟ ɭɫɬɚɧɨɜɥɟɧɵ ɧɚ ɩɥɚɬɮɨɪɦɟ – 7); 

ɧɚɫɨɫɵ – 9) ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɫ ɧɢɠɧɟɣ ɫɬɨɪɨɧɵ ɩɥɚɬɮɨɪɦɵ – 7); ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ 
ɤɥɚɩɚɧɵ – 8) ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɧɚ ɡɚɞɧɟɣ ɬɨɪɰɟɜɨɣ ɫɬɨɪɨɧɟ «ɬɚɧɤɨɜ» ɫɜɟɪɯɭ ɞɥɹ 
ɜɨɡɞɭɯɚ, ɫɧɢɡɭ ɞɥɹ ɜɨɞɵ. 
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Ɋɢɫɭɧɨɤ 6 – Ɇɚɤɟɬ ɩɨɞɜɨɞɧɨɝɨ ɚɩɩɚɪɚɬɚ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɫɢɫɬɟɦɭ ɩɨɝɪɭɠɟɧɢɹ/ɜɫɩɥɵɬɢɹ ɉȾɄ 

 [A model of an underwater vehicle which is a submersion / ascent system of an underwater dosimetry complex] 

 

Ɇɚɤɟɬ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɩɥɚɫɬɦɚɫɫɨɜɭɸ ɩɥɚɬɮɨɪɦɭ, ɧɚ ɤɨɬɨɪɨɣ ɪɚɫɩɨɥɚɝɚɸɬɫɹ 
ɨɛɨɪɭɞɨɜɚɧɢɟ, ɨɬɜɟɱɚɸɳɟɟ ɡɚ ɩɪɨɰɟɫɫɵ ɩɨɝɪɭɠɟɧɢɹ ɢ ɜɫɩɥɵɬɢɟ ɉȾɄ, ɚ ɬɚɤɠɟ ɩɪɢɛɨɪɵ, 
ɤɨɧɬɪɨɥɢɪɭɸɳɢɟ ɪɚɛɨɬɭ ɨɛɨɪɭɞɨɜɚɧɢɹ. «Ɍɚɧɤɢ» ɛɚɥɥɚɫɬɧɵɯ ɜɨɞ (ɞɚɥɟɟ ɩɪɨɫɬɨ «ɬɚɧɤɢ») 
ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɩɨɞ ɞɧɢɳɟɦ ɉȾɄ (ɫɦ. ɪɢɫ. 3). ɇɚɫɨɫɵ ɡɚɛɨɪɬɧɨɣ ɜɨɞɵ (ɫɦ. ɩɨɡ. 17 ɪɢɫ. 
3) ɪɚɫɩɨɥɚɝɚɸɬɫɹ ɫɧɢɡɭ ɧɚ ɜɧɟɲɧɟɣ ɫɬɨɪɨɧɟ «ɬɚɧɤɨɜ» (ɫɦ. ɩɨɡ. 2 ɪɢɫ. 3), 

ɩɪɟɞɫɬɚɜɥɹɸɳɢɯ ɫɨɛɨɣ ɩɭɫɬɵɟ ɰɢɥɢɧɞɪɵ, ɡɚɩɨɥɧɹɟɦɵɟ ɜɨɞɨɣ (ɩɪɢ ɩɨɝɪɭɠɟɧɢɢ) 
ɢɥɢ ɜɨɡɞɭɯɨɦ (ɩɪɢ ɜɫɩɥɵɬɢɢ). Ƚɚɡɝɨɥɶɞɟɪ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɜɧɭɬɪɢ ɉȾɄ (ɫɦ. ɪɢɫ. 3). 
ɗɬɨ ɭɫɬɪɨɣɫɬɜɨ ɨɛɟɫɩɟɱɢɜɚɟɬɫɹ ɦɚɧɨɦɟɬɪɨɦ, ɪɟɝɢɫɬɪɢɪɭɸɳɢɦ ɨɫɬɚɬɨɱɧɨɟ ɞɚɜɥɟɧɢɟ 
ɜɨɡɞɭɯɚ ɜ ɝɚɡɝɨɥɶɞɟɪɟ ɩɨɫɥɟ ɤɚɠɞɨɝɨ ɜɫɩɥɵɬɢɹ, ɪɟɞɭɤɬɨɪɨɦ, ɪɟɝɭɥɢɪɭɸɳɢɦ ɩɨɞɚɱɭ 
ɜɨɡɞɭɯɚ ɜ «ɬɚɧɤɢ» ɞɥɹ ɜɵɬɟɫɧɟɧɢɹ ɢɡ ɧɢɯ ɜɨɞɵ ɩɪɢ ɜɫɩɥɵɬɢɢ, ɢ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɦ 
ɤɥɚɩɚɧɨɦ, ɨɬɤɪɵɜɚɸɳɢɦɫɹ ɞɥɹ ɩɪɨɯɨɠɞɟɧɢɹ ɜɨɡɞɭɯɚ ɜ «ɬɚɧɤɢ» ɜ ɭɫɥɨɜɢɹɯ 
ɜɫɩɥɵɬɢɹ. ȼɨɡɞɭɯ ɩɪɢ ɜɫɩɥɵɬɢɢ ɜɵɯɨɞɢɬ ɢɡ ɝɚɡɝɨɥɶɞɟɪɚ ɱɟɪɟɡ ɪɟɞɭɤɬɨɪ ɢ 
ɨɬɤɪɵɜɚɸɳɢɣɫɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɤɥɚɩɚɧ (ɫɦ. ɩɨɡ. 4 ɪɢɫ. 6ɚ) ɢ ɱɟɪɟɡ ɩɟɪɟɯɨɞɧɵɣ 
ɬɪɨɣɧɢɤ ɩɨɫɬɭɩɚɟɬ ɜ «ɬɚɧɤɢ» (ɫɦ. ɩɨɡ. 6 ɪɢɫ. 6ɚ), ɜɵɬɟɫɧɹɹ ɜɨɞɭ. ɍɩɪɚɜɥɟɧɢɟ 
ɩɪɨɰɟɫɫɚɦɢ ɩɨɝɪɭɠɟɧɢɹ/ ɜɫɩɥɵɬɢɹ ɉȾɄ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɩɟɰɢɚɥɶɧɵɦ 
ɩɪɨɝɪɚɦɦɧɵɦ ɨɛɟɫɩɟɱɟɧɢɟɦ ɩɪɢ ɩɨɦɨɳɢ ɤɨɧɬɪɨɥɟɪɨɜ, ɧɚ ɨɫɧɨɜɟ ɩɥɢɫ-ɫɢɫɬɟɦ 
(ɩɪɨɝɪɚɦɦɢɪɭɟɦɵɯ ɥɨɝɢɱɟɫɤɢɯ ɢɧɬɟɝɪɚɥɶɧɵɯ ɫɯɟɦ). 

ɇɚ ɥɢɰɟɜɨɣ ɫɬɨɪɨɧɟ ɧɚ «ɬɚɧɤɚɯ» (ɫɦ. ɪɢɫ. 6ɚ) ɩɪɢ ɨɬɤɪɵɬɵɯ ɦɚɝɧɢɬɧɵɯ ɤɥɚɩɚɧɚɯ 
(ɫɦ. ɩɨɡ. 8 ɪɢɫ. 6), ɪɚɫɩɨɥɨɠɟɧɧɵɯ ɜɧɢɡɭ ɢ ɫɨɟɞɢɧɟɧɧɵɯ ɬɪɭɛɨɩɪɨɜɨɞɨɦ ɫ ɜɨɞɹɧɵɦɢ 
ɧɚɫɨɫɚɦɢ (ɫɦ. ɩɨɡ. 9 ɪɢɫ. 6), ɩɪɢ ɩɨɝɪɭɠɟɧɢɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɡɚɛɨɪ ɡɚɛɨɪɬɧɨɣ ɜɨɞɵ, ɚ ɫ 
ɬɵɥɶɧɨɣ ɫɬɨɪɨɧɵ «ɬɚɧɤɨɜ» ɭɫɬɚɧɨɜɥɟɧɵ ɦɚɝɧɢɬɧɵɟ ɤɥɚɩɚɧɵ (ɫɦ. ɩɨɡ. 8 ɪɢɫ. 6), 
ɨɬɤɪɵɜɚɸɳɢɟɫɹ ɩɪɢ ɡɚɛɨɪɟ ɛɚɥɥɚɫɬɧɨɣ ɜɨɞɵ ɞɥɹ ɜɵɯɨɞɚ ɜɨɡɞɭɯɚ ɱɟɪɟɡ ɜɵɯɨɞɧɵɟ 
ɩɚɬɪɭɛɤɢ (ɫɦ. ɩɨɡ. 10 ɪɢɫ. 6), ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɜɜɟɪɯɭ «ɬɚɧɤɨɜ» (ɫɦ. ɪɢɫ. 6ɛ). ɉɨɫɥɟ 
ɩɨɝɪɭɠɟɧɢɹ ɩɨɞɜɨɞɧɨɝɨ ɚɩɩɚɪɚɬɚ ɦɚɝɧɢɬɧɵɟ ɤɥɚɩɚɧɵ ɡɚɛɨɪɚ ɜɨɞɵ ɡɚɤɪɵɜɚɸɬɫɹ, ɚ ɧɚ 
ɜɨɞɹɧɵɟ ɧɚɫɨɫɵ ɩɨɞɚɟɬɫɹ ɫɢɝɧɚɥ, ɩɪɟɤɪɚɳɚɸɳɢɣ ɢɯ ɪɚɛɨɬɭ. ɉɪɢ ɜɫɩɥɵɬɢɢ 
ɨɬɤɪɵɜɚɟɬɫɹ ɜɨɡɞɭɲɧɵɣ ɤɥɚɩɚɧ (ɫɦ. ɩɨɡ. 4 ɪɢɫ. 6), ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɩɨɫɥɟ ɪɟɞɭɤɬɨɪɚ (ɫɦ. 
ɩɨɡ. 3 ɪɢɫ. 6) (ɧɚɡɧɚɱɟɧɢɟ ɪɟɞɭɤɬɨɪɚ ɫɨɫɬɨɢɬ ɜ ɪɟɝɭɥɢɪɨɜɚɧɢɢ ɞɚɜɥɟɧɢɹ ɜɨɡɞɭɯɚ, 
ɩɨɫɬɭɩɚɸɳɟɝɨɫɹ ɢɡ ɝɚɡɝɨɥɶɞɟɪɚ ɜ «ɬɚɧɤɢ») ɢ ɨɬɤɪɵɜɚɸɬɫɹ ɦɚɝɧɢɬɧɵɟ ɤɥɚɩɚɧɵ (ɫɦ. ɩɨɡ. 
8 ɪɢɫ. 6), ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɧɚ ɬɵɥɶɧɨɣ ɫɬɨɪɨɧɟ ɜɧɢɡɭ «ɬɚɧɤɨɜ», ɱɟɪɟɡ ɤɨɬɨɪɵɟ ɜɨɞɚ ɩɨɞ 
ɞɚɜɥɟɧɢɟɦ ɜɨɡɞɭɯɚ ɜɵɬɟɫɧɹɟɬɫɹ ɱɟɪɟɡ ɜɵɯɨɞɧɵɟ ɩɚɬɪɭɛɤɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɟ ɫɧɢɡɭ ɧɚ 
ɬɵɥɶɧɨɣ ɫɬɨɪɨɧɚ «ɬɚɧɤɨɜ», ɨɛɟɫɩɟɱɢɜɚɹ ɜɫɩɥɵɬɢɟ ɚɩɩɚɪɚɬɚ. Ɋɟɝɭɥɢɪɨɜɚɧɢɟ ɞɚɜɥɟɧɢɹ 
ɜɨɡɞɭɯɚ, ɩɨɫɬɭɩɚɸɳɟɝɨɫɹ ɢɡ ɝɚɡɝɨɥɶɞɟɪɚ ɜ «ɬɚɧɤɢ», ɨɫɨɛɭɸ ɪɨɥɶ ɢɝɪɚɟɬ ɩɪɢ ɪɚɛɨɬɟ ɧɚ 
ɛɨɥɶɲɨɣ ɝɥɭɛɢɧɟ (h > 10 ɦ). ɇɚ ɬɚɤɨɣ ɝɥɭɛɢɧɟ ɞɚɜɥɟɧɢɟ ɜɨɞɵ ɫɨɫɬɚɜɥɹɟɬ Ph = h/10 ɚɬɦ, 
ɩɨɷɬɨɦɭ ɞɚɜɥɟɧɢɟ ɜɨɡɞɭɯɚ ɧɚ ɪɟɝɭɥɹɬɨɪɟ ɞɨɥɠɧɨ ɛɵɬɶ ɛɨɥɶɲɟ ɷɬɨɣ ɜɟɥɢɱɢɧɵ, ɞɥɹ ɬɨɝɨ 
ɱɬɨɛɵ ɜɵɬɟɫɧɢɬɶ ɜɨɞɭ ɢɡ «ɬɚɧɤɚ» ɩɪɢ ɜɫɩɥɵɬɢɢ. ɇɚ «ɬɚɧɤɟ» (ɫɦ. ɪɢɫ. 6ɚ) ɪɚɫɩɨɥɨɠɟɧ 
ɷɥɟɤɬɪɨɧɧɵɣ ɛɥɨɤ ɭɩɪɚɜɥɹɸɳɟɣ ɩɪɨɝɪɚɦɦɵ (ɫɦ. ɩɨɡ. 12 ɪɢɫ. 6ɚ) ɢ ɩɪɨɛɤɚ ɝɚɡɝɨɥɶɞɟɪɚ 
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(ɫɦ. ɩɨɡ. 13 ɪɢɫ. 6ɚ), ɤɨɬɨɪɭɸ ɩɪɢ ɢɫɩɵɬɚɧɢɹɯ ɡɚɦɟɧɢɥɢ ɧɚ ɤɪɚɧ (ɫɦ. ɩɨɡ. 2 ɪɢɫ. 6ɚ), 
ɢɫɩɨɥɶɡɭɟɦɵɣ ɞɥɹ ɡɚɪɹɞɤɢ ɝɚɡɝɨɥɶɞɟɪɚ ɜɨɡɞɭɯɨɦ (ɫɦ. ɩɨɡ. 13 ɪɢɫ. 6ɚ). ȼ ɪɟɚɥɶɧɨɦ 
ɢɫɩɨɥɧɟɧɢɢ ɉȾɄ ɬɚɤɠɟ ɦɨɝɭɬ ɛɵɬɶ ɢɫɩɨɥɶɡɨɜɚɧɵ ɩɨɞɨɛɧɨɟ ɨɛɨɪɭɞɨɜɚɧɢɟ ɢ ɚɩɩɚɪɚɬɭɪɚ, 
ɩɨɷɬɨɦɭ ɚɜɬɨɪɚɦ, ɜ ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ, ɛɵɥɨ ɧɟɨɛɯɨɞɢɦɨ ɭɬɨɱɧɢɬɶ ɨɫɨɛɟɧɧɨɫɬɢ ɪɚɛɨɬɵ 
ɫɢɫɬɟɦɵ ɩɨɝɪɭɠɟɧɢɹ/ɜɫɩɥɵɬɢɹ, ɜ ɞɚɥɶɧɟɣɲɟɦ ɪɟɚɥɢɡɭɟɦɨɣ ɧɚ ɉȾɄ. 

ɂɫɩɨɥɶɡɭɹ ɫɢɫɬɟɦɭ ɩɨɝɪɭɠɟɧɢɹ ɜ ɉȾɄ ɜ ɜɢɞɟ «ɬɚɧɤɨɜ», ɧɟɨɛɯɨɞɢɦɨ ɪɟɲɢɬɶ 
ɜɨɩɪɨɫ ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɯ ɝɟɨɦɟɬɪɢɱɟɫɤɢɯ ɪɚɡɦɟɪɨɜ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɝɚɛɚɪɢɬɚɦ ɉȾɄ. 
Ⱦɟɣɫɬɜɢɬɟɥɶɧɨ, ɜɟɫ ɉȾɄ, ɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɪɟɲɚɸɳɟɝɨ ɬɟ ɢɥɢ ɢɧɵɟ ɡɚɞɚɱɢ, ɮɨɪɦɚ ɢ 
ɝɟɨɦɟɬɪɢɱɟɫɤɢɟ ɪɚɡɦɟɪɵ ɨɩɪɟɞɟɥɺɧɧɵɦ ɨɛɪɚɡɨɦ ɞɨɥɠɧɵ ɤɨɪɪɟɥɢɪɨɜɚɬɶ ɫ ɪɚɡɦɟɪɚɦɢ ɢ 
ɮɨɪɦɨɣ «ɬɚɧɤɨɜ» ɛɚɥɥɚɫɬɧɵɯ ɜɨɞ. Ɉɬɜɟɬ ɧɚ ɷɬɨɬ ɜɨɩɪɨɫ ɞɚɺɬ ɧɢɠɟɫɥɟɞɭɸɳɢɣ ɜɵɜɨɞ. 

 

Ɉɰɟɧɤɚ ɞɥɢɧɵ ɪɟɡɟɪɜɭɚɪɚ «ɬɚɧɤɚ» ɛɚɥɥɚɫɬɧɵɯ ɜɨɞ ɢ ɟɝɨ ɪɚɞɢɭɫɚ ɜ 
ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɞɥɢɧɵ ɩɨɞɜɨɞɧɨɝɨ ɚɩɩɚɪɚɬɚ ɢ ɜɟɫɚ ɟɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɡɚɞɚɱɢ ɩɪɢɧɢɦɚɟɦ ɞɥɢɧɭ «ɬɚɧɤɚ» ɪɚɜɧɨɣ ɜɟɥɢɱɢɧɟ l, ɚ ɫɨɨɬɧɨɲɟɧɢɟ 
ɦɟɠɞɭ ɞɥɢɧɨɣ «ɬɚɧɤɚ» ɢ ɟɝɨ ɪɚɞɢɭɫɨɦ ɡɚɞɚɞɢɦ ɩɪɨɢɡɜɟɞɟɧɢɟɦ l = mr (m – ɰɟɥɨɟ ɱɢɫɥɨ); 
mɨɩɬ – ɨɩɬɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɷɬɨɝɨ ɩɚɪɚɦɟɬɪɚ, ɤɨɬɨɪɨɟ ɫɥɟɞɭɟɬ ɨɩɪɟɞɟɥɢɬɶ. ɉɨɥɨɠɢɦ, 
ɱɬɨ ɉȾɄ ɩɪɟɞɫɬɚɜɥɹɟɬ ɫɨɛɨɣ ɰɢɥɢɧɞɪ ɪɚɞɢɭɫɚ R = 35 ɫɦ. ɢ ɞɥɢɧɨɣ L. ɋɨɨɬɧɨɲɟɧɢɟ 
ɦɟɠɞɭ ɞɥɢɧɨɣ ɉȾɄ ɢ ɟɝɨ ɪɚɞɢɭɫɨɦ ɡɚɞɚɟɦ ɜ ɜɢɞɟ ɩɪɨɢɡɜɟɞɟɧɢɹ L = GR, G = 3 ‒ 4. 

Ʉɨɪɩɭɫ ɩɨɞɜɨɞɧɨɝɨ ɚɩɩɚɪɚɬɚ ɢɡ ɞɸɪɚɥɟɜɨɝɨ ɥɢɫɬɚ ρȺХ = 2,7 ɝ/ɫɦ3. Ɍɨɥɳɢɧɚ ɤɨɪɩɭМɚ 
ɚɩɩɚɪɚɬɚ ɢ «ɬɚɧɤɨɜ» d = 0,5 ɫɦ; ɩɥɨɬɧɨɫɬɶ ɜɨɞɵ ρɜɨɞ = 1 ɝ/ɫɦ3

; mɢ.ɩ.– ɦɚɫɫɚ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨɞɜɨɞɧɨɝɨ ɚɩɩɚɪɚɬɚ ɢ ɢɫɬɨɱɧɢɤɨɜ ɩɢɬɚɧɢɹ. 

ȼ ɨɫɧɨɜɟ ɨɰɟɧɤɢ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɚɞɢɭɫɚ «ɬɚɧɤɚ» ɥɟɠɢɬ ɪɚɜɟɧɫɬɜɨ ɫɢɥ, 
ɨɩɪɟɞɟɥɹɟɦɵɯ ɜɟɫɨɦ ɨɛɨɪɭɞɨɜɚɧɢɹ ɩɨɞɜɨɞɧɨɝɨ ɚɩɩɚɪɚɬɚ, ɜɤɥɸɱɚɹ ɜɟɫ ɞɜɭɯ «ɬɚɧɤɨɜ» 
ɛɚɥɥɚɫɬɧɵɯ ɜɨɞ, ɡɚɩɨɥɧɟɧɧɵɯ ɜɨɞɨɣ, ɢ ɜɵɬɚɥɤɢɜɚɸɳɟɣ ɥɨɞɤɭ ɫɢɥɨɣ Ⱥɪɯɢɦɟɞɚ  
Fy = FArsinφ, FAr = ρɜghdSn, n – ɧɨɪɦɚɥɶ ɤ ɩɨɜɟɪɯɧɨɫɬɢ (ɪɢɫ. 7). 

 

 
 

Ɋɢɫɭɧɨɤ 7 – Ʉ ɜɨɩɪɨɫɭ ɨɛ ɨɰɟɧɤɟ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɚɞɢɭɫɚ «ɬɚɧɤɚ»  
 ɛɚɥɥɚɫɬɧɵɯ ɜɨɞ [The question of evaluating the optimal radius of the "tank" ballast water] 

 

Ⱦɥɹ ɷɬɨɝɨ ɫɨɫɬɚɜɥɹɟɬɫɹ ɭɪɚɜɧɟɧɢɟ ɪɚɜɟɧɫɬɜɚ ɫɢɥ, ɪɟɲɟɧɢɟ ɤɨɬɨɪɨɝɨ ɞɥɹ ɪɚɞɢɭɫɚ 
«ɬɚɧɤɚ» rT ɢ ɨɩɪɟɞɟɥɹɟɬ ɢɫɤɨɦɵɣ ɪɚɞɢɭɫ. ȼɜɟɞɺɦ ɨɛɨɡɧɚɱɟɧɢɹ: [2πR

2
dρȺХ(G+1)+2mɢ.ɩ.]g 

– ɜɟɫ ɩɨɞɜɨɞɧɨɝɨ ɚɩɩɚɪɚɬɚ; 4πrɌ
2
dρAl[m+1]g – ɜɟɫ ɩɭɫɬɵɯ «ɬɚɧɤɨɜ»; 2πrɌ

3
mρɜg – ɜɟɫ ɜɨɞɵ 

ɜ «ɬɚɧɤɚɯ». Ɍɨɝɞɚ ɩɪɢ h = Rsinφ, dFy = ρɜgRsinφ·ds; ds = Ldl = GRdl;    √          √  ሺ     ሻ , ɚ ɭɪɚɜɧɟɧɢɟ ɤɪɢɜɨɣ, ɨɩɢɫɵɜɚɸɳɟɣ ɤɨɧɬɭɪ ɞɧɚ ɩɨɞɜɨɞɧɨɝɨ ɚɩɩɚɪɚɬɚ, 
ɨɩɪɟɞɟɥɢɦ ɭɪɚɜɧɟɧɢɟɦ ɨɤɪɭɠɧɨɫɬɢ (1):  
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y
2 

+ x
2
 = R

2
,                                                             (1) 

 

ɱɬɨ ɩɨɡɜɨɥɹɟɬ ɧɚɦ ɧɚɣɬɢ ɩɪɨɢɡɜɨɞɧɭɸ dy/dx ɩɪɢ x = Rcosφ (ɫɦ. ɪɢɫ. 7), ɨɩɪɟɞɟɥɢɬɶ  

dFy = ρɜR
2
Lgsin

2φdφ ɢ, ɢɧɬɟɝɪɢɪɭɹ ɩɨ φ, 0 ≤ φ ≤ π, ɧɚɣɬɢ Fy= ρɜR
2
Lgπ/2. Ɍɨɝɞɚ ɭɪɚɜɧɟɧɢɟ 

ɨɬɧɨɫɢɬɟɥɶɧɨ ɨɩɬɢɦɚɥɶɧɨɝɨ ɪɚɞɢɭɫɚ «ɬɚɧɤɚ» ɛɚɥɥɚɫɬɧɵɯ ɜɨɞ ɛɭɞɟɬ ɢɦɟɬɶ  
ɜɢɞ ɮɨɪɦɭɥɵ (2): 

 

 [R
2
dρȺХ(G+1)+mɢ.ɩ./π Ж+2rɌ

2
dρΑХ(m+1)+rɌ

3
mρɜ = ρɜR

3
G/4.                      (2) 

 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɨɬɧɨɫɢɬɟɥɶɧɨ ɪɚɞɢɭɫɚ «ɬɚɧɤɚ» ɛɚɥɥɚɫɬɧɵɯ ɜɨɞ rɌ ɩɨɥɭɱɚɟɦ 
ɧɟɩɨɥɧɨɟ ɤɭɛɢɱɟɫɤɨɟ ɚɥɝɟɛɪɚɢɱɟɫɤɨɟ ɭɪɚɜɧɟɧɢɟ (3):  
 

rɬ 
3 + rɬ 

2(2Н×ρΑ Х(m+1))/mρɜ  + [R2Н×ρȺ Х(G+1)+mɢ.ɩ ./π Ж/mρɜ - ρɜ R
3G/4mρɜ =  0.                              (3) 

 

ɉɨɥɭɱɟɧɧɨɟ ɭɪɚɜɧɟɧɢɟ ɫɨɨɬɜɟɬɫɬɜɭɟɬ ɩɨɥɧɨɦɭ ɤɭɛɢɱɟɫɤɨɦɭ ɭɪɚɜɧɟɧɢɸ  
[6]: x

3
 + ax

2
 + bx + c = 0 ɩɪɢ ɫɥɟɞɭɸɳɢɯ ɡɧɚɱɟɧɢɹɯ ɤɨɷɮɮɢɰɢɟɧɬɨɜ:  

ɚ = (2dρAl(m+1))/mρȼ; b = 0;c = [R
2
dρAl(G+1)+mɢ.ɩ./π - 0,25ρȼR

3
G]/mρȼ. Ɋɟɲɟɧɢɟ 

ɭɪɚɜɧɟɧɢɹ (ɪɟɲɟɧɢɟ Ʉɚɪɞɚɧɨ) ɧɚɯɨɞɹɬ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. ɉɪɨɜɨɞɹɬ ɡɚɦɟɧɭ 
ɩɟɪɟɦɟɧɧɨɣ: x = y – a/3, ɩɨɥɭɱɚɹ ɭɪɚɜɧɟɧɢɟ (4):                                                         

 

                                                             y
3
 + py + q = 0,                                                             (4)  

                                                           

ɝɞɟ  p   =  ̠   a
2
/3 + b;     q   =   2(a/3)

3
 ̠   ab/3  +  c;  ɢ ɧɚɯɨɞɹɬ ɟɝɨ ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ ɪɟɲɟɧɢɟ:   

 

y1  =  A + B; 

 

 

 

 

ȼɵɱɢɫɥɹɹ ɩɚɪɚɦɟɬɪɵ, ɨɤɨɧɱɚɬɟɥɶɧɨ ɧɚɯɨɞɢɦ ɞɟɣɫɬɜɢɬɟɥɶɧɨɟ ɪɟɲɟɧɢɟ ɞɥɹ 
ɪɚɞɢɭɫɚ «ɬɚɧɤɚ» rɌ ɛɚɥɥɚɫɬɧɵɯ ɜɨɞ ɤɚɤ ɮɭɧɤɰɢɸ ɩɚɪɚɦɟɬɪɚ m ɩɪɢ ɪɚɡɥɢɱɧɨɣ ɞɥɢɧɟ 
ɉȾɄ, ɡɚɜɢɫɹɳɟɣ ɨɬ ɱɢɫɥɚ G (ɡɚɞɚɧɧɚɹ ɜɟɥɢɱɢɧɚ), ɨɩɪɟɞɟɥɹɸɳɟɝɨ ɟɝɨ ɞɥɢɧɭ L,  

ɮɨɪɦɭɥɚ (5): 
                                                          

 rT = y1 – a/3 = A + B – a/3.                                                         (5) 

 

ȼɟɥɢɱɢɧɵ ɪɚɞɢɭɫɨɜ rɌ, ɜɵɱɢɫɥɟɧɧɵɯ ɩɪɢ ɪɚɡɥɢɱɧɵɯ ɡɧɚɱɟɧɢɹɯ ɩɚɪɚɦɟɬɪɨɜ m ɢ G, 

ɩɪɢɜɨɞɹɬɫɹ ɜ ɬɚɛɥɢɰɟ 2, ɚ ɧɚ ɪɢɫɭɧɤɟ 8 ‒ ɨɩɬɢɦɚɥɶɧɵɟ ɡɧɚɱɟɧɢɹ ɪɚɞɢɭɫɨɜ rɌ «ɬɚɧɤɨɜ», 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɨɩɬɢɦɚɥɶɧɵɦ ɩɚɪɚɦɟɬɪɚɦ mɨɩɬ ɞɥɹ ɞɜɭɯ ɡɧɚɱɟɧɢɣ ɩɚɪɚɦɟɬɪɚ G. 
 

Ɍɚɛɥɢɰɚ 2 – Ɂɚɜɢɫɢɦɨɫɬɶ ɪɚɞɢɭɫɚ «ɬɚɧɤɚ» rɌ ɛɚɥɥɚɫɬɧɵɯ ɜɨɞ ɨɬ ɩɚɪɚɦɟɬɪɚ m [Dependence of the radius rɌ 

ШП ЭСО “ЭКЧФ” ШП ЛКХХКЬЭ аКЭОЫ ШЧ ЭСО ЩКЫКЦОЭОЫ m] 

m rɌ(m, G = 3) rɌ(m, G = 4) 

2 22.02 24.503 
3 19.202 21.387 
4 17.415 19.4 
5 16.136 17.978 
6 15.155 16.888 
7 14.368 16.014 
8 13.718 15.292 
9 13.166 14.68 
10 12.691 14.151 
11 12.271 13.689 
12 11.905 13.279 
13 11.575 12.912 

;
23

,
2

,
2
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ɉɪɨɞɨɥɠɟɧɢɟ ɬɚɛɥɢɰɵ 2 
m rɌ(m, G = 3) rɌ(m, G = 4) 
14 11.276 12.584 
15 11.005 12.28 
16 10.756 12.004 
17 10.528 11.75 
18 10.316 11.515 
19 10.12 11.297 
20 9.937 11.094 
21 9.766 10.904 
22 9.605 10.726 
23 9.454 10.588 
24 9.311 10.399 
25 9.176 10.249 
26 9.047 10.107 
27 8.926 9.972 

 

 
 

Ɋɢɫɭɧɨɤ 8 – Ɂɚɜɢɫɢɦɨɫɬɶ ɪɚɞɢɭɫɚ rɌ «ɬɚɧɤɚ» ɛɚɥɥɚɫɬɧɵɯ ɜɨɞ ɨɬ ɩɚɪɚɦɟɬɪɚ m, ɨɩɪɟɞɟɥɹɸɳɟɝɨ ɞɥɢɧɭ 
«ɬɚɧɤɚ» l (l = mrT) ɜ ɡɚɜɢɫɢɦɨɫɬɢ ɨɬ ɩɚɪɚɦɟɬɪɚ G, ɨɩɪɟɞɟɥɹɸɳɟɝɨ ɞɥɢɧɭ ɩɨɞɜɨɞɧɨɝɨ ɚɩɩɚɪɚɬɚ (L = GR),  

G = 3 (1); G = 4 (2) [Dependence of the radius rɌ of the «tank» of ballast water on the parameter m which 

determines the length of the «tank» l (l = mrT), depending on the parameter G which determines the length of 

the underwater vehicle (L = GR), G = 3 (1); G = 4 (2)]  
 

ɂɡ ɬɚɛɥɢɰɵ 4 ɢ ɪɢɫɭɧɤɚ 8 ɫɥɟɞɭɟɬ, ɱɬɨ ɫ ɪɨɫɬɨɦ ɩɚɪɚɦɟɬɪɚ m ɪɚɞɢɭɫ «ɬɚɧɤɚ» 
ɭɦɟɧɶɲɚɟɬɫɹ, ɚ ɞɥɢɧɚ ɭɜɟɥɢɱɢɜɚɟɬɫɹ. ɉɪɢ ɧɟɤɨɬɨɪɨɦ ɪɚɞɢɭɫɟ «ɬɚɧɤɚ» ɟɝɨ ɞɥɢɧɚ ɦɨɠɟɬ 
ɩɪɟɜɵɫɢɬɶ ɞɥɢɧɭ ɉȾɄ, ɱɬɨ ɧɟɞɨɩɭɫɬɢɦɨ. ɗɬɨ ɢ ɩɪɢɜɨɞɢɬ ɤ ɧɟɨɛɯɨɞɢɦɨɫɬɢ 
ɨɩɬɢɦɢɡɚɰɢɢ ɪɚɞɢɭɫɚ «ɬɚɧɤɚ». ɂɡ ɪɢɫɭɧɤɚ 8 ɫɥɟɞɭɟɬ, ɱɬɨ ɩɪɢ ɞɥɢɧɟ ɉȾɄ L = 140 ɫɦ  
(G = 4) ɨɩɬɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɪɚɞɢɭɫɚ «ɬɚɧɤɚ», ɩɪɢ ɤɨɬɨɪɨɦ ɛɭɞɟɬ ɢɦɟɬɶ ɦɟɫɬɨ 
ɪɚɜɧɨɜɟɫɢɟ ɫɢɥ, ɞɟɣɫɬɜɭɸɳɢɯ ɧɚ ɩɨɞɜɨɞɧɵɣ ɚɩɩɚɪɚɬ, ɛɭɞɟɬ ɫɨɫɬɚɜɥɹɬɶ rɌ = 14,68 ɫɦ  
(m = 9) (ɩɪɢ ɞɥɢɧɟ «ɬɚɧɤɨɜ» l = 133,2 ɫɦ). Ɉɫɬɚɜɥɹɹ ɞɥɢɧɭ «ɬɚɧɤɨɜ» ɧɟɢɡɦɟɧɧɨɣ, ɢ, 
ɜɵɛɢɪɚɹ ɪɚɞɢɭɫ «ɬɚɧɤɚ» ɛɨɥɶɲɟɝɨ ɡɧɚɱɟɧɢɹ, ɧɚɩɪɢɦɟɪ, rɌ ɩɪɢ (m = 8), ɦɵ ɨɛɟɫɩɟɱɢɦ 
ɭɫɥɨɜɢɹ ɞɨɦɢɧɢɪɨɜɚɧɢɹ ɜɟɫɚ ɩɨɞɜɨɞɧɨɝɨ ɚɩɩɚɪɚɬɚ ɧɚɞ ɚɪɯɢɦɟɞɨɜɨɣ ɫɢɥɨɣ ɩɪɢ ɡɚɛɨɪɟ 
ɡɚɛɨɪɬɧɨɣ ɜɨɞɵ ɜ «ɬɚɧɤ», ɢ ɥɨɞɤɚ ɛɭɞɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɨɝɪɭɠɟɧɢɟ. Ⱦɥɹ ɩɨɥɧɨɝɨ 
ɨɛɨɫɧɨɜɚɧɢɹ ɫɬɚɛɢɥɢɡɚɰɢɢ ɚɩɩɚɪɚɬɚ ɜ ɩɨɞɜɨɞɧɨɦ ɢ ɧɚɞɜɨɞɧɨɦ ɩɨɥɨɠɟɧɢɹɯ ɧɟɨɛɯɨɞɢɦɨ 
ɟɳɺ ɢɫɩɨɥɶɡɨɜɚɬɶ ɭɫɥɨɜɢɟ ɪɚɜɟɧɫɬɜɚ ɧɭɥɸ ɫɭɦɦɵ ɦɨɦɟɧɬɨɜ ɨɬɧɨɫɢɬɟɥɶɧɨ ɰɟɧɬɪɚ ɦɚɫɫ 
ɩɨɞɜɨɞɧɧɨɝɨ ɚɩɩɚɪɚɬɚ, ɪɚɫɩɪɟɞɟɥɹɹ ɢɯ ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɱɬɨɛɵ ɜɵɩɨɥɧɹɥɨɫɶ ɭɫɥɨɜɢɟ: 
Σlimi = 0; i = 1, 2, 3, . . N, ɝɞɟ li – ɪɚɫɫɬɨɹɧɢɟ ɨɬ ɰɟɧɬɪɚ ɦɚɫɫ ɩɨɞɜɨɞɧɨɝɨ ɚɩɩɚɪɚɬɚ ɞɨ 
ɰɟɧɬɪɚ ɦɚɫɫ i-ɝɨ ɷɥɟɦɟɧɬɚ ɫ ɦɚɫɫɨɣ mi; N – ɨɛɳɟɟ ɱɢɫɥɨ ɷɥɟɦɟɧɬɨɜ. ɗɬɨ ɭɫɥɨɜɢɟ 
ɨɛɟɫɩɟɱɢɬ ɪɚɜɧɨɜɟɫɢɟ ɚɩɩɚɪɚɬɚ ɧɚ ɩɥɚɜɭ ɢ ɧɟ ɞɨɩɭɫɬɢɬ ɟɝɨ ɞɢɮɮɟɪɟɧɬ (ɩɪɢ ɩɥɚɜɚɧɢɢ 
ɩɨɞɜɨɞɧɨɣ ɥɨɞɤɢ ɩɨɫɬɟɩɟɧɧɨ ɧɚɪɭɲɚɟɬɫɹ ɪɚɜɟɧɫɬɜɨ ɦɟɠɞɭ ɟɟ ɜɟɫɨɦ ɢ ɫɢɥɨɣ 
ɩɨɞɞɟɪɠɚɧɢɹ (ɩɥɚɜɭɱɟɫɬɢ). ɂɡɦɟɧɹɟɬɫɹ ɬɚɤɠɟ ɜɟɫ ɧɨɫɚ ɢ ɤɨɪɦɵ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝ 
ɞɪɭɝɚ, ɱɬɨ ɩɪɢɜɨɞɢɬ ɤ ɜɨɡɧɢɤɧɨɜɟɧɢɸ ɞɢɮɮɟɪɟɧɬɨɜ). 

ɗɥɟɤɬɪɨɧɧɚɹ ɫɯɟɦɚ ɷɥɟɤɬɪɨɧɧɵɯ ɦɨɞɭɥɟɣ ɭɩɪɚɜɥɟɧɢɹ ɭɡɥɚ 
ɩɨɝɪɭɠɟɧɢɹ/ɜɫɩɥɵɬɢɹ ɪɚɞɢɨɭɩɪɚɜɥɹɟɦɨɝɨ ɉȾɄ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 9, ɝɞɟ  
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1 – ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɤɥɚɩɚɧ ɞɥɹ ɜɵɯɨɞɚ ɜɨɡɞɭɯɚ ɢɡ ɩɟɪɜɨɝɨ «ɬɚɧɤɚ» ɩɪɢ ɩɨɫɬɭɩɥɟɧɢɢ 
ɜ ɧɟɝɨ ɛɚɥɥɚɫɬɧɵɯ ɜɨɞ (ɩɪɢ ɩɨɝɪɭɠɟɧɢɢ); 2 – ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɤɥɚɩɚɧ ɞɥɹ ɜɵɯɨɞɚ 
ɜɨɡɞɭɯɚ ɢɡ ɜɬɨɪɨɝɨ «ɬɚɧɤɚ» ɬɚɤɠɟ ɩɪɢ ɡɚɩɨɥɧɟɧɢɢ ɟɝɨ ɛɚɥɥɚɫɬɧɵɦɢ ɜɨɞɚɦɢ (ɩɪɢ 
ɩɨɝɪɭɠɟɧɢɢ); 3 – ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɤɥɚɩɚɧ ɞɥɹ ɜɵɯɨɞɚ ɜɨɞɵ ɢɡ ɩɟɪɜɨɝɨ «ɬɚɧɤɚ» 
ɛɚɥɥɚɫɬɧɵɯ ɜɨɞ ɩɪɢ ɜɵɬɟɫɧɟɧɢɢ ɜɨɞɵ ɢɡ «ɬɚɧɤɚ» (ɩɪɢ ɜɫɩɥɵɬɢɢ); 4 –ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ 
ɤɥɚɩɚɧ ɞɥɹ ɜɵɯɨɞɚ ɜɨɞɵ ɢɡ ɜɬɨɪɨɝɨ «ɬɚɧɤɚ» ɛɚɥɥɚɫɬɧɵɯ ɜɨɞ ɬɚɤɠɟ ɩɪɢ ɟɺ ɜɵɬɟɫɧɟɧɢɢ 
(ɩɪɢ ɜɫɩɥɵɬɢɢ); 5 – ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɣ ɤɥɚɩɚɧ, ɨɬɤɪɵɜɚɸɳɢɣ ɩɨɞɚɱɭ ɜɨɡɞɭɯɚ ɢɡ 
ɝɚɡɝɨɥɶɞɟɪɚ (ɩɪɢ ɜɫɩɥɵɬɢɢ); 6, 14, 15 – ɩɨɜɵɲɚɸɳɢɣ ɤɨɧɜɟɪɬɟɪ ɬɨɤɚ Бδ6009E1;  
7 – ɜɨɫɶɦɢɤɚɧɚɥɶɧɵɣ DC 5. ȼ ɪɟɥɟɣɧɵɣ ɦɨɞɭɥɶ 8 ‒ ɇɫ-12 433 ɆȽɰ SТ4463 
ɛɟɫɩɪɨɜɨɞɧɨɣ ɦɨɞɭɥɶ; 9, 10 ‒ ɞɚɬɱɢɤ ɪɚɫɯɨɞɚ ɜɨɞɵ; 11 ‒ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ εEGA 2560; 
12 ‒ ɥɢɬɢɟɜɚɹ ɛɚɬɚɪɟɹ; 13 ‒ ɜɵɤɥɸɱɚɬɟɥɶ; 16, 18 ‒ ɧɚɫɨɫɵ ɡɚɛɨɪɚ ɛɚɥɥɚɫɬɧɵɯ ɜɨɞ;  
17 ‒ ɞɪɚɣɜɟɪ (ɭɩɪɚɜɥɹɸɳɚɹ ɩɪɨɝɪɚɦɦɚ ɪɚɛɨɬɵ) ɞɜɢɝɚɬɟɥɹ. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Ɋɢɫɭɧɨɤ 9 – ɋɯɟɦɚ ɷɥɟɤɬɪɨɧɧɵɯ ɦɨɞɭɥɟɣ ɪɚɞɢɨɭɩɪɚɜɥɹɟɦɨɝɨ ɉȾɄ [Diagram of electronic modules of the 

radio-controlled underwater dosimetry complex] 

 

ɋɯɟɦɚ ɩɭɥɶɬɚ ɭɩɪɚɜɥɟɧɢɹ ɩɨɞɜɨɞɧɨɝɨ ɚɩɩɚɪɚɬɚ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 10. 

ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɩɭɥɶɬɚ ɷɥɟɤɬɪɨɧɧɨɝɨ ɨɛɨɪɭɞɨɜɚɧɢɹ ɭɩɪɚɜɥɟɧɢɹ ɭɡɥɨɦ 
ɩɨɝɪɭɠɟɧɢɹ/ɜɫɩɥɵɬɢɹ ɪɚɞɢɨɭɩɪɚɜɥɹɟɦɨɝɨ ɉȾɄ ɫɨɫɬɨɢɬ ɢɡ ɫɥɟɞɭɸɳɢɯ ɷɥɟɦɟɧɬɨɜ:  
19 ‒ ɛɚɬɚɪɟɹ ɩɢɬɚɧɢɹ; 20 ‒ ɜɵɤɥɸɱɚɬɟɥɶ; 21 ‒ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ; 22 ‒ ɩɨɧɢɠɚɸɳɢɣ 
ɤɨɧɜɟɪɬɟɪ ɬɨɤɚ LM2596; 23 ‒ ɇɫ-12 433 ɆȽɰ Si4463 ɛɟɫɩɪɨɜɨɞɧɨɣ ɦɨɞɭɥɶ; 24 ɢ  
25 ‒ ɩɨɬɟɧɰɢɨɦɟɬɪɵ. 

 

 
Ɋɢɫɭɧɨɤ 10 – ɋɯɟɦɚ ɩɭɥɶɬɚ ɭɩɪɚɜɥɟɧɢɹ ɉȾɄ [Diagram of the control panel of the underwater dosimetry 

complex] 



28 ȿɅɈɏɂɇ ɢ ɞɪ.  
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ɍɩɪɚɜɥɟɧɢɟ ɭɡɥɨɦ ɩɨɞɜɨɞɧɨɝɨ ɚɩɩɚɪɚɬɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. 
ɉɨɞɜɨɞɧɵɣ ɚɩɩɚɪɚɬ ɜɵɩɨɥɧɹɟɬ ɡɚɞɚɱɭ ɩɨɝɪɭɠɟɧɢɹ/ɜɫɩɥɵɬɢɹ ɱɟɪɟɡ ɤɨɦɚɧɞɭ, ɤɨɬɨɪɭɸ 
ɩɨɥɭɱɚɟɬ ɱɟɪɟɡ ɩɭɥɶɬ ɭɩɪɚɜɥɟɧɢɹ ɩɨ ɪɚɞɢɨɤɚɧɚɥɭ ɢɥɢ ɱɟɪɟɡ ɫɢɫɬɟɦɭ ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ 
ɞɟɬɟɤɬɨɪɨɜ (ɫɦ. ɧɢɠɟ). ɉɭɥɶɬ ɭɩɪɚɜɥɟɧɢɹ ɢɦɟɟɬ ɞɜɚ ɩɨɬɟɧɰɢɨɦɟɬɪɚ (ɫɦ. ɩɨɡ. 24, 25  
ɪɢɫ. 10). ɉɨɬɟɧɰɢɨɦɟɬɪ (ɫɦ. ɩɨɡ. 24 ɪɢɫ. 10) ɞɚɟɬ ɤɨɦɚɧɞɭ ɩɨɝɪɭɠɟɧɢɹ, ɞɚɥɟɟ ɷɬɚ 
ɤɨɦɚɧɞɚ ɩɟɪɟɞɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɱɟɪɟɡ ɩɟɪɟɞɚɬɱɢɤ (ɫɦ. ɩɨɡ. 23  
ɪɢɫ. 10) ɩɨ ɪɚɞɢɨɤɚɧɚɥɭ ɤ ɉȾɄ. ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɩɨɞɜɨɞɧɵɣ ɚɩɩɚɪɚɬ ɩɨɥɭɱɢɥ ɤɨɦɚɧɞɭ 
ɩɨɝɪɭɠɟɧɢɹ ɱɟɪɟɡ ɩɪɢɟɦɧɢɤ (ɫɦ. ɩɨɡ. 8), ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ (ɫɦ. ɩɨɡ. 11 ɪɢɫ. 9) ɜ ɬɨ ɠɟ 
ɜɪɟɦɹ ɨɛɪɚɛɚɬɵɜɚɟɬ ɢɧɮɨɪɦɚɰɢɸ ɢ ɜɵɞɚɟɬ ɨɩɪɟɞɟɥɟɧɧɵɟ ɫɢɝɧɚɥɵ ɱɟɪɟɡ ɪɟɥɟɣɧɵɣ 
ɦɨɞɭɥɶ (ɫɦ. ɩɨɡ. 7 ɪɢɫ. 9) ɞɥɹ ɨɬɤɪɵɬɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɯ ɤɥɚɩɚɧɨɜ (ɫɦ. ɩɨɡ. 1, 2 ɪɢɫ. 
9) ɢ ɜɵɯɨɞɚ ɜɨɡɞɭɯɚ ɢɡ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ «ɬɚɧɤɨɜ» ɢ ɨɞɧɨɜɪɟɦɟɧɧɨ ɞɚɟɬ ɫɢɝɧɚɥɵ ɱɟɪɟɡ 
ɞɪɚɣɜɟɪ ɞɜɢɝɚɬɟɥɹ (ɫɦ. ɩɨɡ. 17 ɪɢɫ. 9). ɇɚɫɨɫɵ (ɫɦ. ɩɨɡ. 16, 18 ɪɢɫ. 9) ɡɚɛɨɪɚ ɛɚɥɥɚɫɬɧɵɯ 
ɜɨɞ ɜɤɥɸɱɚɸɬɫɹ, ɢ ɪɚɫɯɨɞɨɦɟɪɵ ɪɚɫɫɱɢɬɵɜɚɸɬ ɨɩɪɟɞɟɥɟɧɧɨɟ ɤɨɥɢɱɟɫɬɜɨ ɜɨɞɵ, ɩɨɫɥɟ 
ɱɟɝɨ ɜɵɤɥɸɱɚɸɬ ɧɚɫɨɫɵ ɚɜɬɨɧɨɦɧɨ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɚ ɩɨɝɪɭɠɟɧɢɹ ɉȾɄ ɜɵɩɨɥɧɟɧɚ. 

ɉɨɬɟɧɰɢɨɦɟɬɪ (ɫɦ. ɩɨɡ. 25 ɪɢɫ. 10) ɞɚɟɬ ɤɨɦɚɧɞɭ ɜɫɩɥɵɬɢɹ, ɷɬɚ ɤɨɦɚɧɞɚ 
ɩɟɪɟɞɚɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɱɟɪɟɡ ɩɟɪɟɞɚɬɱɢɤ (ɫɦ. ɩɨɡ. 23 ɪɢɫ. 10) ɩɨ 
ɪɚɞɢɨ ɤɚɧɚɥɭ ɤ ɉȾɄ. ɉɨɫɥɟ ɬɨɝɨ, ɤɚɤ ɩɨɞɜɨɞɧɵɣ ɚɩɩɚɪɚɬ ɩɨɥɭɱɢɥ ɤɨɦɚɧɞɭ ɜɫɩɥɵɬɢɹ 
ɱɟɪɟɡ ɩɪɢɟɦɧɢɤ (ɫɦ. ɩɨɡ. 8 ɪɢɫ. 9), ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ (ɫɦ. ɩɨɡ. 11 ɪɢɫ. 9) ɜ ɬɨ ɠɟ ɜɪɟɦɹ 
ɨɛɪɚɛɨɬɚɟɬ ɢɧɮɨɪɦɚɰɢɸ ɢ ɜɵɞɚɫɬ ɨɩɪɟɞɟɥɟɧɧɵɟ ɫɢɝɧɚɥɵ ɱɟɪɟɡ ɪɟɥɟɣɧɵɣ ɦɨɞɭɥɶ (ɫɦ. 
ɩɨɡ. 7 ɪɢɫ. 9) ɞɥɹ ɨɬɤɪɵɬɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɤɥɚɩɚɧɚ (ɫɦ. ɩɨɡ. 3, 4 ɪɢɫ. 9) ɞɥɹ ɜɵɯɨɞɚ 
ɜɨɞɵ ɢɡ ɩɟɪɜɨɝɨ ɢ ɜɬɨɪɨɝɨ «ɬɚɧɤɨɜ», ɨɬɤɪɵɬɢɹ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɨɝɨ ɤɥɚɩɚɧɚ (ɫɦ. ɩɨɡ. 5 
ɪɢɫ. 9) ɢ ɜɵɯɨɞɚ ɜɨɡɞɭɯɚ ɢɡ ɝɚɡɝɨɥɶɞɟɪɚ. ȼ ɷɬɨ ɜɪɟɦɹ ɬɚɣɦɟɪ ɪɚɫɫɱɢɬɚɟɬ ɨɩɪɟɞɟɥɟɧɧɨɟ 
ɜɪɟɦɹ, ɱɬɨɛɵ ɜɵɤɥɸɱɢɬɶ ɜɫɟ ɷɥɟɤɬɪɨɦɚɝɧɢɬɧɵɟ ɤɥɚɩɚɧɵ. ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɚɛɨɬɚ ɜɫɩɥɵɬɢɹ 
ɉȾɄ ɜɵɩɨɥɧɟɧɚ. Ȼɥɨɤ-ɫɯɟɦɚ ɪɚɛɨɬɵ ɭɩɪɚɜɥɹɸɳɟɣ ɚɩɩɚɪɚɬɭɪɨɣ ɩɪɢ ɜɵɩɨɥɧɟɧɢɢ 
ɩɪɨɰɟɞɭɪ: ɩɨɝɪɭɠɟɧɢɟ/ɜɫɩɥɵɬɢɟ ɩɪɢɜɟɞɟɧɚ ɧɚ ɪɢɫɭɧɤɟ 11, ɝɞɟ ɩɪɢɧɹɬɵ ɫɥɟɞɭɸɳɢɟ 
ɨɛɨɡɧɚɱɟɧɢɹ: n-ɩɨɥɭɱɟɧɧɨɟ ɡɧɚɱɟɧɢɟ ɧɚ ɩɨɬɟɧɰɢɨɦɟɬɪɟ ɩɨ ɪɚɞɢɨɤɚɧɚɥɭ (0 ‒ 255),  

L ‒ ɨɛɴɟɦ «ɬɚɧɤɚ» ɧɚ ɥɢɬɪ, Ʉ1 ‒ ɤɥɚɩɚɧ ɧɚ ɜɵɯɨɞɟ ɜɨɡɞɭɯɚ ɜ ɩɟɪɜɵɦ «ɬɚɧɤɟ»,  
Ʉ2 ‒ ɤɥɚɩɚɧ ɧɚ ɜɵɯɨɞɟ ɜɨɡɞɭɯɚ ɜɨ ɜɬɨɪɨɦ «ɬɚɧɤɟ», Ʉ3 ‒ ɤɥɚɩɚɧ ɧɚ ɜɵɯɨɞɟ ɜɨɞɵ ɜ 
ɩɟɪɜɨɦ «ɬɚɧɤɟ», Ʉ4 ‒ ɤɥɚɩɚɧ ɧɚ ɜɵɯɨɞɟ ɜɨɞɵ ɜɨ ɜɬɨɪɨɦ «ɬɚɧɤɟ», Ʉ5 ‒ ɤɥɚɩɚɧ ɧɚ ɜɯɨɞɟ 
ɜɨɡɞɭɯɚ ɜ ɝɚɡɝɨɥɶɞɟɪɟ, ɇ1 ‒ ɧɚɫɨɫ ɞɥɹ ɜɯɨɞɚ ɜɨɞɵ ɜ ɩɟɪɜɨɦ «ɬɚɧɤɟ», ɇ2 ‒ ɧɚɫɨɫ ɞɥɹ 
ɜɯɨɞɚ ɜɨɞɵ ɜɨ ɜɬɨɪɨɦ «ɬɚɧɤɟ». 

Ɋɢɫɭɧɨɤ 11 – Ȼɥɨɤ-ɫɯɟɦɚ ɭɡɥɚ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɨɜ ɩɨɝɪɭɠɟɧɢɹ/ɜɫɩɥɵɬɢɹ ɉȾɄ [Block diagram of the 

control unit for the processes of immersion / ascent of an underwater dosimetry complex] 
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ɇɚ ɪɢɫɭɧɤɟ 12 ɩɪɢɜɟɞɟɧ ɨɛɳɢɣ ɜɢɞ ɭɫɥɨɜɢɣ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ, 
ɞɟɦɨɧɫɬɪɢɪɭɸɳɟɝɨ ɩɨɝɪɭɠɟɧɢɟ ɢ ɜɫɩɥɵɬɢɟ ɉȾɄ ɜ ɬɟɯɧɢɱɟɫɤɨɦ ɛɚɫɫɟɣɧɟ. ɉɪɢ 
ɩɪɨɜɟɞɟɧɢɢ ɢɫɩɵɬɚɧɢɣ ɩɨɞɜɨɞɧɨɝɨ ɚɩɩɚɪɚɬɚ ɨɛɧɚɪɭɠɢɜɚɟɬɫɹ ɞɢɮɮɟɪɟɧɬ ɜ ɨɛɥɚɫɬɢ 
ɪɚɫɩɨɥɨɠɟɧɢɹ ɪɟɞɭɤɬɨɪɚ. ɇɚ ɝɚɡɝɨɥɶɞɟɪɟ ɩɪɨɛɤɚ ɞɥɹ ɜɵɩɭɫɤɚ ɜɨɡɞɭɯɚ (ɫɦ. ɩɨɡ. 13 
ɪɢɫ. 6 ɛ), ɡɚɦɟɧɟɧɚ ɤɪɚɧɨɦ (ɫɦ. ɩɨɡ. 2 ɪɢɫ. 6 ɛ). 

 

 
Ɋɢɫɭɧɨɤ 12 – ɍɫɥɨɜɢɹ ɩɪɨɜɟɞɟɧɢɹ ɷɤɫɩɟɪɢɦɟɧɬɚ, ɞɟɦɨɧɫɬɪɢɪɭɸɳɟɝɨ ɩɨɝɪɭɠɟɧɢɟ ɢ ɜɫɩɥɵɬɢɟ ɦɚɤɟɬɚ 

ɚɩɩɚɪɚɬɚ ɜ ɬɟɯɧɢɱɟɫɤɨɦ ɛɚɫɫɟɣɧɟ ДCШЧНТЭТШЧЬ ПШЫ ЭСО ОбЩОЫТЦОЧЭ НОЦШЧЬЭЫКЭТЧР ЭСО ТЦЦОЫЬТШЧ КЧН 
ascent of the apparatus model in the technical pool] 

 

ɇɚ ɪɢɫɭɧɤɟ 13 – ɞɟɬɚɥɢ ɩɪɨɰɟɫɫɚ: ɚ, ɛ, ɜ, ɝ – ɩɪɨɰɟɫɫ ɩɨɝɪɭɠɟɧɢɹ, ɧɚ ɱɬɨ 
ɭɤɚɡɵɜɚɟɬ ɜɪɟɦɟɧɧɨɣ ɢɧɞɢɤɚɬɨɪ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɢ ɜɢɞɟɨɪɨɥɢɤ (ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ 
ɡɚɛɨɪɨɦ ɜɨɞɵ ɧɚɫɨɫɚɦɢ ɢ ɜɵɯɨɞɨɦ ɜɨɡɞɭɯɚ ɢɡ ɜɟɪɯɧɢɯ ɩɚɬɪɭɛɤɨɜ, ɧɚ ɱɬɨ ɭɤɚɡɵɜɚɸɬ 
ɩɭɡɵɪɶɤɢ ɜɨɡɞɭɯɚ (ɚ, ɛ, ɜ); ɷɬɨɬ ɩɪɨɰɟɫɫ ɡɚɤɨɧɱɟɧ ɧɚ ɝ – ɝɚɡɝɨɥɶɞɟɪ ɩɨɥɧɨɫɬɶɸ 
ɩɨɤɪɵɬ ɜɨɞɨɣ); ɞ, ɟ, ɠ – ɩɪɨɰɟɫɫ ɜɫɩɥɵɬɢɹ (ɫɨɩɪɨɜɨɠɞɚɟɬɫɹ ɢɧɬɟɧɫɢɜɧɵɦ ɜɵɛɪɨɫɨɦ 
ɜɨɞɵ ɢɡ ɧɢɠɧɢɯ ɩɚɬɪɭɛɤɨɜ «ɬɚɧɤɨɜ» (ɞ, ɟ) ɢ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɲɢɩɟɧɢɟɦ ɜɵɯɨɞɹɳɟɝɨ 
ɜɨɡɞɭɯɚ (ɠ) ɩɪɢ ɞɨɩɨɥɧɢɬɟɥɶɧɨɣ ɟɝɨ ɩɨɞɚɱɟ). 

  

 
ɚ)                                           ɛ)                                          ɜ)                                      ɝ) 

 

  
ɞ)                                          ɟ)                                                           ɠ) 

Ɋɢɫɭɧɨɤ 13 – Ⱦɟɬɚɥɢ ɩɪɨɰɟɫɫɚ ɩɨɝɪɭɠɟɧɢɹ ɢ ɜɫɩɥɵɬɢɹ ɉȾɄ [Details of the process of submersion and 

ascent of the underwater dosimetry complex] 

  

Ⱥɧɚɥɢɡ ɪɟɡɭɥɶɬɚɬɨɜ ɷɤɫɩɟɪɢɦɟɧɬɚ 

Ɋɟɡɭɥɶɬɚɬɵ ɷɤɫɩɟɪɢɦɟɧɬɚ ɩɨɥɧɨɫɬɶɸ ɩɨɞɬɜɟɪɞɢɥɢ ɢɞɟɸ ɪɚɛɨɬɵ ɭɡɥɚ ɩɨɞɜɨɞɧɨɝɨ 
ɚɩɩɚɪɚɬɚ ɧɚ ɩɨɝɪɭɠɟɧɢɟ ɢ ɜɫɩɥɵɬɢɟ, ɬ.ɟ. ɜɵɛɨɪ ɦɟɬɨɞɢɤɢ ɩɨɝɪɭɠɟɧɢɟ-ɜɫɩɥɵɬɢɟ; 
ɷɥɟɤɬɪɨɧɧɨɝɨ ɛɥɨɤɚ ɭɩɪɚɜɥɟɧɢɹ ɩɪɨɰɟɫɫɚɦɢ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɨɫɭɳɟɫɬɜɥɹɸɳɟɝɨ ɷɬɨɬ 
ɩɪɨɰɟɫɫ. ȼ ɞɚɥɶɧɟɣɲɟɦ, ɩɪɢ ɪɚɡɪɚɛɨɬɤɟ ɨɩɵɬɧɨɝɨ ɨɛɪɚɡɰɚ ɉȾɄ, ɨɫɨɛɨɟ ɜɧɢɦɚɧɢɟ 
ɫɥɟɞɭɟɬ ɨɛɪɚɳɚɬɶ ɧɚ ɛɚɥɚɧɫɢɪɨɜɤɭ ɚɩɩɚɪɚɬɭɪɵ ɢ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɱɬɨ ɩɨɡɜɨɥɢɬ 
ɢɫɤɥɸɱɢɬɶ ɞɢɮɮɟɪɟɧɬ ɩɨɞɜɨɞɧɨɝɨ ɚɩɩɚɪɚɬɚ. ɋ ɷɬɨɣ ɠɟ ɰɟɥɶɸ ɡɚɝɪɭɡɤɭ ɡɚɛɨɪɬɧɨɣ ɜɨɞɵ 

Ɋɢɫ ɜ
Ɋɢɫ ɞ



30 ȿɅɈɏɂɇ ɢ ɞɪ.  

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 3(36) 2020 

ɫɥɟɞɭɟɬ ɪɚɡɦɟɫɬɢɬɶ ɜ ɰɟɧɬɪɟ «ɬɚɧɤɨɜ», ɚ ɩɚɬɪɭɛɤɢ ɜɵɛɪɨɫɚ ɢɡ «ɬɚɧɤɨɜ» ɡɚɛɨɪɬɧɨɣ ɜɨɞɵ 
ɫɥɟɞɭɟɬ ɪɚɡɦɟɳɚɬɶ ɫ ɬɨɣ ɢ ɞɪɭɝɨɣ ɢɯ ɫɬɨɪɨɧɵ, ɱɬɨ ɩɨɡɜɨɥɢɬ ɢɫɤɥɸɱɢɬɶ ɷɮɮɟɤɬ 
ɪɟɚɤɬɢɜɧɨɝɨ ɞɜɢɠɟɧɢɹ ɩɨɞɜɨɞɧɨɝɨ ɚɩɩɚɪɚɬɚ ɩɪɢ ɬɚɤɨɦ ɷɮɮɟɤɬɢɜɧɨɦ ɜɵɛɪɨɫɟ ɜɨɞɵ, ɚ 
ɫɚɦɢ ɠɟ «ɬɚɧɤɢ» ɫɥɟɞɭɟɬ ɪɚɡɦɟɳɚɬɶ ɩɨ ɛɨɤɚɦ ɩɨɞɜɨɞɧɨɝɨ ɚɩɩɚɪɚɬɚ. Ɂɧɚɱɢɬɟɥɶɧɨɟ 
ɜɧɢɦɚɧɢɟ ɫɥɟɞɭɟɬ ɭɞɟɥɹɬɶ ɜɵɛɨɪɭ ɨɛɨɪɭɞɨɜɚɧɢɹ, ɧɚɩɪɢɦɟɪ, ɧɚɫɨɫɚɦ ɡɚɛɨɪɬɧɨɣ ɜɨɞɵ, 
ɨɛɪɚɳɚɹ ɜɧɢɦɚɧɢɟ ɧɟ ɬɨɥɶɤɨ ɧɚ ɢɯ ɬɟɯɧɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɨɩɪɟɞɟɥɹɟɦɵɟ Ɍɍ 
ɢɡɞɟɥɢɹ, ɧɨ ɢ ɪɟɚɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ, ɚ ɬɚɤɠɟ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɫɬɶɸ ɢɯ ɪɚɛɨɬɵ, ɱɬɨ 
ɩɨɡɜɨɥɢɬ ɢɫɤɥɸɱɢɬɶ ɤɚɤ ɞɢɮɮɟɪɟɧɬ ɩɨɞɜɨɞɧɨɝɨ ɚɩɩɚɪɚɬɚ ɜ ɜɨɞɟ, ɬɚɤ ɢ ɩɪɟɞɨɬɜɪɚɬɢɬɶ 
ɟɝɨ ɩɨɥɧɨɟ ɩɟɪɟɜɟɪɬɵɜɚɧɢɟ. ɋ ɷɬɨɣ ɰɟɥɶɸ, ɬ.ɟ. ɜ ɫɥɭɱɚɟ ɨɬɤɚɡɚ ɤɚɤɨɝɨ-ɥɢɛɨ ɜɚɠɧɨɝɨ 
ɭɡɥɚ, ɝɪɨɡɹɳɟɝɨ ɩɨɬɟɪɟɣ ɚɩɩɚɪɚɬɚ, ɧɟɨɛɯɨɞɢɦɨ ɩɪɟɞɭɫɦɨɬɪɟɬɶ ɚɜɚɪɢɣɧɨɟ ɜɫɩɥɵɬɢɟ. 

ɉɟɪɟɞɚɱɚ ɢɧɮɨɪɦɚɰɢɢ  
ɉɪɟɞɥɚɝɚɟɦɵɣ ɫɩɨɫɨɛ ɫɜɹɡɢ ɫ ɉȾɄ ɧɚ ɨɫɧɨɜɟ ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ, ɨ 

ɱɟɦ ɝɨɜɨɪɢɥɨɫɶ ɪɚɧɟɟ, ɩɨɡɜɨɥɢɬ ɜ ɪɟɚɥɶɧɨɦ ɜɪɟɦɟɧɢ ɩɨɥɭɱɚɬɶ ɞɚɧɧɵɟ ɫ ɞɚɬɱɢɤɨɜ, 
ɭɫɬɚɧɨɜɥɟɧɧɵɯ ɧɚ ɟɝɨ ɛɨɪɬɭ, ɚ ɬɚɤɠɟ ɨɫɭɳɟɫɬɜɥɹɬɶ ɞɢɫɬɚɧɰɢɨɧɧɨɟ ɭɩɪɚɜɥɟɧɢɟ ɟɝɨ 
ɩɨɥɨɠɟɧɢɟɦ ɩɨɞ ɜɨɞɨɣ, ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ, ɨɪɢɟɧɬɢɪɭɹɫɶ ɧɚ ɩɨɤɚɡɚɧɢɹ 
ɷɯɨɥɨɬɨɜ ɢ ɞɚɧɧɵɯ ɞɟɬɟɤɬɨɪɨɜ ȽɅɈɇȺɋɋ ɢɥɢ GPS. Ⱦɨɫɬɨɢɧɫɬɜɨɦ ɩɪɟɞɥɨɠɟɧɧɨɝɨ 
ɫɩɨɫɨɛɚ ɫɜɹɡɢ ɫ ɩɨɞɜɨɞɧɵɦ ɚɩɩɚɪɚɬɨɦ ɹɜɥɹɟɬɫɹ ɫɩɨɫɨɛɧɨɫɬɶ ɫɨɯɪɚɧɹɬɶ ɟɝɨ 
ɦɨɛɢɥɶɧɨɫɬɶ ɩɪɢ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɢ ɧɚ ɛɨɥɶɲɨɣ ɝɥɭɛɢɧɟ ɜɜɢɞɭ ɤɨɦɩɚɤɬɧɨɫɬɢ 
ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ ɷɥɟɦɟɧɬɨɜ, ɢɫɩɨɥɶɡɭɸɳɢɯɫɹ ɞɥɹ ɨɫɭɳɟɫɬɜɥɟɧɢɹ ɫɜɹɡɢ.  

ɉɪɢ ɢɫɫɥɟɞɨɜɚɧɢɢ ɞɨɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɟɺ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ  
ɡɚɝɪɹɡɧɟɧɢɹ, ɤɨɬɨɪɨɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫ ɩɨɦɨɳɶɸ ɤɫɟɧɨɧɨɜɨɝɨ γ-ɫɩɟɤɬɪɨɦɟɬɪɚ, 
ɞɟɬɟɤɬɨɪɚ ɦɨɳɧɨɫɬɢ ɞɨɡɵ γ-ɢɡɥɭɱɟɧɢɹ ɢ ɢɡɦɟɪɟɧɢɹ ɪɚɫɫɬɨɹɧɢɹ ɦɟɠɞɭ ɩɨɞɜɨɞɧɵɦ 
ɞɨɡɢɦɟɬɪɢɱɟɫɤɢɦ ɤɨɦɩɥɟɤɫɨɦ (ɉȾɄ) ɢ ɞɨɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɟɞɚɜɚɬɶ 
ɢɧɮɨɪɦɚɰɢɸ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɨɩɟɪɚɬɨɪɭ, ɤɨɬɨɪɵɣ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɧɚ ɛɟɪɟɝɭ. 
ɗɬɚ ɩɪɨɰɟɞɭɪɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ. Ɋɟɡɭɥɶɬɚɬɵ ɢɡɦɟɪɟɧɢɣ, 
ɩɪɟɞɫɬɚɜɥɹɸɳɢɟ ɫɨɛɨɣ ɚɧɚɥɨɝɨɜɵɟ ɫɢɝɧɚɥɵ, ɨɰɢɮɪɨɜɵɜɚɸɬɫɹ ɢ ɩɟɪɟɞɚɸɬɫɹ ɧɚ 
ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɞɟɬɟɤɬɨɪ, ɤɨɬɨɪɵɣ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɵɛɢɪɚɟɬ ɨɩɬɢɦɚɥɶɧɨɟ ɧɚɩɪɚɜɥɟɧɢɟ 
ɩɟɪɟɞɚɱɢ ɫɢɝɧɚɥɚ ɦɟɠɞɭ ɉȾɄ ɢ ɛɭɮɟɪɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ, ɪɚɫɩɨɥɚɝɚɸɳɢɦɫɹ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɢ ɚɤɜɚɬɨɪɢɢ ɢ ɬɚɤɠɟ ɫɨɞɟɪɠɚɳɢɦ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɞɚɬɱɢɤ. Ⱦɚɥɟɟ ɫɢɝɧɚɥ 
(ɢɧɮɨɪɦɚɰɢɹ) ɫ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɞɚɬɱɢɤɚ ɛɭɮɟɪɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɤɨɞɢɪɭɟɬɫɹ ɢ 
ɩɟɪɟɞɚɺɬɫɹ ɩɨ ɪɚɞɢɨɤɚɧɚɥɭ ɧɚ ɩɟɪɫɨɧɚɥɶɧɵɣ ɤɨɦɩɶɸɬɟɪ (ɉɄ) ɨɩɟɪɚɬɨɪɭ, ɝɞɟ ɢ 
ɩɪɨɢɫɯɨɞɢɬ ɟɺ ɨɤɨɧɱɚɬɟɥɶɧɚɹ ɨɛɪɚɛɨɬɤɚ. Ⱦɥɹ ɷɮɮɟɤɬɢɜɧɨɣ ɪɚɛɨɬɵ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ 
ɞɟɬɟɤɬɨɪɚ, ɩɟɪɟɞɚɸɳɟɝɨ ɢɧɮɨɪɦɚɰɢɸ ɢɡ ɩɨɞɜɨɞɧɨɝɨ ɩɨɥɨɠɟɧɢɹ ɉȾɄ, ɧɟɨɛɯɨɞɢɦɨ 
ɢɫɩɨɥɶɡɨɜɚɬɶ ɢɡɥɭɱɚɬɟɥɢ ɫ ɪɟɡɤɨ ɜɵɪɚɠɟɧɧɨɣ ɞɢɚɝɪɚɦɦɨɣ ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ

 

ɢɡɥɭɱɟɧɢɹ (ɪɢɫ. 14), ɮɨɪɦɚ ɤɨɬɨɪɨɣ ɡɚɜɢɫɢɬ ɨɬ ɬɟɯɧɨɥɨɝɢɢ ɢɡɝɨɬɨɜɥɟɧɢɹ ɞɟɬɟɤɬɨɪɚ. 
ɂɫɩɨɥɶɡɨɜɚɧɢɟ ɢɡɥɭɱɚɬɟɥɟɣ ɬɚɤɨɝɨ ɜɢɞɚ ɩɨɡɜɨɥɢɬ ɭɜɟɥɢɱɢɬɶ ɞɚɥɶɧɨɫɬɶ ɞɟɣɫɬɜɢɹ 
ɚɤɭɫɬɢɱɟɫɤɢɯ ɜɨɥɧ ɛɟɡ ɞɨɩɨɥɧɢɬɟɥɶɧɨɝɨ ɭɜɟɥɢɱɟɧɢɹ ɦɨɳɧɨɫɬɢ Д7Ж.  

 

 
Ɋɢɫɭɧɨɤ 14 – ɉɪɢɦɟɪ ɞɢɚɝɪɚɦɦɵ ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɞɚɬɱɢɤɚ ɩɪɹɦɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ДAЧ 

example of a radiation pattern of a direct transducer ultrasonic transducer] 

                                                             
 Дˋ˃ˆ˓˃ˏˏ˃ ː˃˒˓˃˅ˎˈːːˑ˔˕ˋ - ˠ˕ˑ ˊ˃˅ˋ˔ˋˏˑ˔˕˟ ˃ˏ˒ˎˋ˕˖ˇ˞ ˃ˍ˖˔˕ˋчˈ˔ˍˑˆˑ ˒ˑˎˢ ˅ ˇ˃ˎ˟ːˈˌ ˊˑːˈ ˑ˕ ˖ˆˎ˃ ˏˈˉˇ˖ ˃ˍ˖˔˕ˋчˈ˔ˍˑˌ ˑ˔˟ˡ ˋ ː˃˒˓˃˅ˎˈːˋˈˏ ˍˑːˍ˓ˈ˕ːˑˆˑ ˎ˖ч˃. Аˍ˖˔˕ˋчˈ˔ˍ˃ˢ ˑ˔˟ - ˆˈˑˏˈ˕˓ˋчˈ˔ˍ˃ˢ ˑ˔˟, ˒˓ˑхˑˇˢщ˃ˢ чˈ˓ˈˊ ˕ˑчˍ˖ ˅˞хˑˇ˃ ˒˓ˈˑ˄˓˃ˊˑ˅˃˕ˈˎˢ ˋ ˔ˎ˖ˉ˃щ˃ˢ ː˃˒˓˃˅ˎˈːˋˈˏ, ˑ˕ ˍˑ˕ˑ˓ˑˆˑ ˑ˕˔чˋ˕˞˅˃ˡ˕˔ˢ ˖ˆˎˑ˅˞ˈ ˍˑˑ˓ˇˋː˃˕˞, ˋ˔˒ˑˎ˟ˊ˖ˈˏ˞ˈ ˇˎˢ ˒ˑ˔˕˓ˑˈːˋˢ х˃˓˃ˍ˕ˈ˓ˋ˔˕ˋˍˋ, ː˃˒˓˃˅ˎˈːːˑ˔˕ˋ ˒˓ˈˑ˄˓˃ˊˑ˅˃˕ˈˎˢ. Цˈː˕˓˃ˎ˟ː˃ˢ ч˃˔˕˟ ˇˋ˃ˆ˓˃ˏˏ˞, ˅ ˒˓ˈˇˈˎ˃х ˍˑ˕ˑ˓ˑˌ ˋː˕ˈː˔ˋ˅ːˑ˔˕˟ ˋˊˏˈːˢˈ˕˔ˢ ˑ˕ ͳ ˇˑ ː˖ˎˢ, ː˃ˊ˞˅˃ˡ˕ ˑ˔ːˑ˅ː˞ˏ ˎˈ˒ˈ˔˕ˍˑˏ, ˅ ˒˓ˈˇˈˎ˃х ˍˑ˕ˑ˓ˑˆˑ ˊ˃ˍˎˡч˃ˈ˕˔ˢ 8Ͳ-85% ˠːˈ˓ˆˋˋ ˋˊˎ˖чˈːˋˢ.  
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Ɉɞɧɚɤɨ ɫɥɟɞɭɟɬ ɢɦɟɬɶ ɜ ɜɢɞɭ, ɱɬɨ ɩɪɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ ɜɨɥɧ ɜ 
ɜɨɞɟ, ɤɚɤ ɢ ɜ ɥɸɛɨɣ ɞɪɭɝɨɣ ɫɪɟɞɟ, ɢɦɟɸɬ ɦɟɫɬɨ ɧɟɤɨɬɨɪɵɟ ɨɝɪɚɧɢɱɟɧɢɹ, 
ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɤɚɤ ɡɚɬɭɯɚɧɢɟɦ ɫɢɝɧɚɥɚ ɫ ɪɚɫɫɬɨɹɧɢɟɦ, ɬɚɤ ɢ ɩɨɬɟɪɟɣ ɦɨɳɧɨɫɬɢ 
ɢɡɥɭɱɟɧɢɹ, ɜɵɡɜɚɧɧɨɣ ɩɟɪɟɝɪɟɜɨɦ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɝɟɧɟɪɚɬɨɪɚ (ɞɟɬɟɤɬɨɪɚ) ɜ ɫɥɭɱɚɟ 
ɞɥɢɬɟɥɶɧɨɣ ɧɟɩɪɟɪɵɜɧɨɣ ɪɚɛɨɬɵ. ɗɮɮɟɤɬɢɜɧɚɹ ɞɚɥɶɧɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ 
ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ ɜɨɥɧ ɜ ɪɚɡɧɵɯ ɫɪɟɞɚɯ ɩɪɢɜɟɞɟɧɚ ɜ ɬɚɛɥɢɰɟ 3 [8], ɢɡ ɤɨɬɨɪɨɣ ɫɥɟɞɭɟɬ, 
ɱɬɨ ɧɚɢɛɨɥɟɟ ɨɩɬɢɦɚɥɶɧɚɹ ɱɚɫɬɨɬɚ f ɞɥɹ ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ ɞɚɬɱɢɤɨɜ, ɢɫɩɨɥɶɡɭɟɦɵɯ 
ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɰɟɥɢ, ɞɨɥɠɧɚ ɫɨɫɬɚɜɥɹɬɶ ɩɨɪɹɞɤɚ 100 - 200 ɤȽɰ.  
 

Ɍɚɛɥɢɰɚ 3 – Ⱦɚɥɶɧɨɫɬɶ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɚɤɭɫɬɢɱɟɫɤɢɯ ɜɨɥɧ ДAМШЮЬЭТМ аКЯО ЩЫШЩКРКЭТШЧ НТЬЭКЧМОЖ 

f, ɤȽɰ 10 20 30 100 500 1000 

ȼɨɡɞɭɯ, ɦ 220 55 24 2,20 0,088 0,022 

ȼɨɞɚ, ɤɦ 400 100 44 4 0,16 0,04 

Ɋɟɡɢɧɵ ɢ ɩɥɚɫɬɢɱɟɫɤɢɟ 

 ɦɚɬɟɪɢɚɥɵ, ɫɦ 
1-100 1-20 ~1 0 0 0 

 

Ȼɨɥɟɟ ɞɟɬɚɥɶɧɨ ɩɪɢɱɢɧɵ ɡɚɬɭɯɚɧɢɹ ɭɥɶɬɪɚɡɜɭɤɚ ɜ ɜɨɞɟ ɪɚɫɫɦɨɬɪɟɧɵ ɧɢɠɟ.   
Ⱦɥɹ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ ɩɪɨɜɟɪɤɢ ɨɫɧɨɜɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ 

ɤɚɧɚɥɚ ɫɜɹɡɢ ɛɵɥ ɫɨɛɪɚɧ ɦɚɤɟɬ, ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ  
ɪɢɫɭɧɤɟ 15, ɚ ɱɚɫɬɨɬɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɫɢɫɬɟɦɵ ɢɡɥɭɱɚɬɟɥɶ – ɩɪɢɟɦɧɢɤ ɩɪɢɜɟɞɟɧɵ ɧɚ 
ɪɢɫɭɧɤɟ 16.  
 

 
 

Ɋɢɫɭɧɨɤ 15 – ɋɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɦɚɤɟɬɚ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɤɚɧɚɥɚ ɫɜɹɡɢ ɜ ɜɨɞɧɨɣ ɫɪɟɞɟ ɧɚ ɨɫɧɨɜɟ ɞɚɬɱɢɤɨɜ 

ɷɯɨɥɨɬɚ Lucky Fish Finder FF1108-1 (Ʉɢɬɚɣ) ɫ ɭɝɥɨɦ ɢɡɥɭɱɟɧɢɹ 45°, ɪɚɛɨɱɟɣ ɱɚɫɬɨɬɨɣ 200 ɤȽɰ ɢ 

ɦɚɤɫɢɦɚɥɶɧɨ ɜɨɡɦɨɠɧɵɦ ɩɨɝɪɭɠɟɧɢɟɦ (ɪɚɛɨɱɟɣ ɝɥɭɛɢɧɨɣ) ɧɚ 100 ɦ [Block diagram of a model of an 

ultrasonic communication channel in an aquatic environment based on the Lucky Fish Finder FF1108-1 echo 

sounder sensors (China) with a radiation angle of 45 °, an operating frequency of 200 kHz and the maximum 

possible immersion (operating depth) at 100 m] 

 

 
Ɋɢɫɭɧɨɤ 16 – ɗɤɫɩɟɪɢɦɟɧɬɚɥɶɧɚɹ ɚɦɩɥɢɬɭɞɧɨ-ɱɚɫɬɨɬɧɚɹ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ (Ⱥɑɏ) ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɫɢɫɬɟɦɵ, 

ɫɨɫɬɨɹɳɟɣ ɢɡ ɞɜɭɯ ɩɟɪɟɞɚɸɳɟɝɨ ɢ ɩɪɢɧɢɦɚɸɳɟɝɨ ɫɢɝɧɚɥɵ ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ ɞɟɬɟɤɬɨɪɨɜ, ɦɚɤɫɢɦɚɥɶɧɨɟ 
ɡɧɚɱɟɧɢɟ ɤɨɬɨɪɵɯ ɜ ɨɛɥɚɫɬɢ ɱɚɫɬɨɬ (ɩɢɤɢ) ɬɚɤɠɟ ɧɚɛɥɸɞɚɸɬɫɹ ɧɚ ɱɚɫɬɨɬɚɯ 201,44 – 203,75 ɤȽɰ (ɞɚɧɧɵɟ 
ɚɜɬɨɪɨɜ) ДEбЩОЫТЦОЧЭКХ КЦЩХТЭЮНО-frequency characteristic (AFC) of an ultrasonic system, consisting of two 

transmitting and receiving signals of ultrasonic detectors, the maximum value of which in the frequency range 

(peaks) is also observed at frequencies 201.44 - 203.75 kHz (data of the authors)] 



32 ȿɅɈɏɂɇ ɢ ɞɪ.  
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ȼ ɦɚɤɟɬɟ ɛɵɥɚ ɪɟɚɥɢɡɨɜɚɧɚ ɜɨɡɦɨɠɧɨɫɬɶ ɩɟɪɟɞɚɱɢ ɰɢɮɪɨɜɨɝɨ ɫɢɝɧɚɥɚ ɱɟɪɟɡ 
ɜɨɞɧɭɸ ɫɪɟɞɭ. ɗɤɫɩɟɪɢɦɟɧɬ ɩɪɨɜɨɞɢɥɫɹ ɜ ɜɨɞɨɟɦɟ, ɪɹɞɨɦ ɫ ɛɟɪɟɝɨɜɨɣ ɥɢɧɢɟɣ.  
ȼ ɩɪɨɰɟɫɫɟ ɷɤɫɩɟɪɢɦɟɧɬɚ ɭɥɶɬɪɚɡɜɭɤɨɜɵɟ ɩɟɪɟɞɚɬɱɢɤ ɢ ɩɪɢɟɦɧɢɤ ɩɨɝɪɭɠɚɥɢɫɶ ɜ ɜɨɞɭ 
ɧɚ ɝɥɭɛɢɧɭ 50 ɫɦ ɫ ɢɡɦɟɧɟɧɢɟɦ ɪɚɫɫɬɨɹɧɢɹ L ɦɟɠɞɭ ɧɢɦɢ (ɫɦ. ɪɢɫ. 15). 

ɉɟɪɟɞɚɜɚɟɦɵɣ ɫɢɝɧɚɥ ɮɨɪɦɢɪɨɜɚɥɫɹ ɜɢɪɬɭɚɥɶɧɵɦ COM ɩɨɪɬɨɦ ɩɟɪɜɨɝɨ 
ɤɨɦɩɶɸɬɟɪɚ ɢ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɜ ɤɚɱɟɫɬɜɟ ɦɨɞɭɥɢɪɭɸɳɟɝɨ ɫɢɝɧɚɥɚ ɞɥɹ ɩɟɪɟɞɚɜɚɟɦɨɝɨ 
ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ. ɍɁȾ – ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɞɪɚɣɜɟɪ ɩɢɬɚɟɬ ɱɚɫɬɨɬɧɨ 
ɦɨɞɭɥɢɪɨɜɚɧɧɵɦ ɫɢɝɧɚɥɨɦ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ, ɧɚɯɨɞɹɳɢɣɫɹ ɜ ɜɨɞɟ. Ⱦɥɹ 
ɩɪɢɟɦɚ ɫɢɝɧɚɥɚ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɶ ɬɚɤɨɝɨ ɠɟ ɬɢɩɚ. 
ɉɪɢɧɹɬɵɣ ɫɢɝɧɚɥ ɭɫɢɥɢɜɚɥɫɹ, ɞɟɬɟɤɬɢɪɨɜɚɥɫɹ ɢ ɧɨɪɦɢɪɨɜɚɥɫɹ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ 
ɜɵɯɨɞɟ ɩɪɢɟɦɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɮɨɪɦɢɪɨɜɚɥɫɹ ɰɢɮɪɨɜɨɣ ɫɢɝɧɚɥ ɩɨɫɬɨɹɧɧɨɣ ɚɦɩɥɢɬɭɞɵ, 
ɤɨɬɨɪɵɣ ɩɪɢɧɢɦɚɥɫɹ ɜɢɪɬɭɚɥɶɧɵɦ COM ɩɨɪɬɨɦ ɜɬɨɪɨɝɨ ɤɨɦɩɶɸɬɟɪɚ.  

Ⱦɥɹ ɪɚɛɨɬɵ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɩɟɪɟɞɚɬɱɢɤɚ ɬɪɟɛɨɜɚɥɫɹ ɨɬɞɟɥɶɧɵɣ ɢɫɬɨɱɧɢɤ 
ɩɢɬɚɧɢɹ, ɜ ɤɚɱɟɫɬɜɟ ɤɨɬɨɪɨɝɨ ɩɪɢ ɩɪɨɜɟɞɟɧɢɢ ɢɫɩɵɬɚɧɢɣ ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɩɨɪɬɚɬɢɜɧɵɣ 
ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ power bank. Ⱦɥɹ ɪɚɛɨɬɵ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɩɪɢɟɦɧɢɤɚ ɨɬɞɟɥɶɧɵɣ 
ɢɫɬɨɱɧɢɤ ɩɢɬɚɧɢɹ ɧɟ ɬɪɟɛɨɜɚɥɫɹ, ɧɚ ɭɫɬɪɨɣɫɬɜɨ ɩɨɞɚɜɚɥɨɫɶ ɩɢɬɚɧɢɟ ɨɬ ɩɨɪɬɚ USB 

ɤɨɦɩɶɸɬɟɪɚ.  
Ʉɨɧɫɬɪɭɤɰɢɹ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɩɟɪɟɞɚɬɱɢɤɚ ɩɨɡɜɨɥɢɥɚ ɨɫɭɳɟɫɬɜɥɹɬɶ ɩɟɪɟɞɚɱɭ ɫɨ 

ɫɤɨɪɨɫɬɶɸ 1200 Ȼɨɞ/ɫ, ɧɨ ɦɚɤɫɢɦɚɥɶɧɨɟ ɪɚɫɫɬɨɹɧɢɟ, ɧɚ ɤɨɬɨɪɨɟ ɭɞɚɜɚɥɨɫɶ ɭɫɩɟɲɧɨ 
ɩɟɪɟɞɚɬɶ ɢɧɮɨɪɦɚɰɢɸ ɛɟɡ ɫɭɳɟcɬɜɟɧɧɵɯ ɢɫɤɚɠɟɧɢɣ, ɫɨɫɬɚɜɢɥɨ ɩɨɪɹɞɤɚ 15 ɦɟɬɪɨɜ. ɉɪɢ 
ɷɬɨɦ ɛɵɥɨ ɧɟɨɛɯɨɞɢɦɨ ɬɨɱɧɨ ɧɚɩɪɚɜɢɬɶ ɭɥɶɬɪɚɡɜɭɤɨɜɵɟ ɞɚɬɱɢɤɢ ɞɪɭɝ ɧɚ ɞɪɭɝɚ, ɜɜɢɞɭ 
ɢɯ ɭɡɤɨɣ ɞɢɚɝɪɚɦɦɵ ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ. ɋɤɨɪɨɫɬɶ ɩɟɪɟɞɚɱɢ, ɤɨɬɨɪɭɸ ɭɞɚɥɨɫɶ ɩɨɥɭɱɢɬɶ, 

ɜɫɺ ɟɳɟ ɞɚɥɟɤɚ ɨɬ ɬɟɨɪɟɬɢɱɟɫɤɨɝɨ ɦɚɤɫɢɦɭɦɚ, ɜ ɧɚɫɬɨɹɳɢɣ ɦɨɦɟɧɬ ɫɥɚɛɵɦ ɦɟɫɬɨɦ 
ɹɜɥɹɟɬɫɹ ɦɚɤɟɬ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɩɪɢɟɦɧɢɤɚ, ɧɟ ɫɩɨɫɨɛɧɵɣ ɞɟɤɨɞɢɪɨɜɚɬɶ ɫɢɝɧɚɥ ɧɚ 
ɫɤɨɪɨɫɬɢ ɛɨɥɟɟ 1200 Ȼɨɞ/ɫ, ɱɬɨ ɪɟɲɢɬɫɹ ɞɨɪɚɛɨɬɤɨɣ ɟɝɨ ɤɨɧɫɬɪɭɤɰɢɢ. Ɍɚɤɠɟ ɞɥɹ 
ɭɜɟɥɢɱɟɧɢɹ ɞɚɥɶɧɨɫɬɢ ɩɟɪɟɞɚɱɢ ɧɟɨɛɯɨɞɢɦɨ ɭɜɟɥɢɱɢɬɶ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ 
ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɩɪɢɟɦɧɢɤɚ.  

Ɋɚɛɨɬɚ ɫɢɫɬɟɦɵ «ɢɡɥɭɱɚɬɟɥɶ – ɩɪɢɟɦɧɢɤ» ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɫɜɨɟɣ ɚɦɩɥɢɬɭɞɧɨ-

ɱɚɫɬɨɬɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ (Ⱥɑɏ ɫɢɫɬɟɦɵ). ɏɚɪɚɤɬɟɪɧɨɣ ɨɫɨɛɟɧɧɨɫɬɶɸ Ⱥɑɏ ɫɢɫɬɟɦɵ 
(ɫɦ. ɪɢɫ. 16) ɹɜɥɹɟɬɫɹ ɧɚɥɢɱɢɟ ɪɟɡɨɧɚɧɫɧɵɯ ɩɢɤɨɜ, ɦɚɤɫɢɦɚɥɶɧɵɣ ɢɡ ɤɨɬɨɪɵɯ 
ɧɚɛɥɸɞɚɟɬɫɹ ɜ ɨɛɥɚɫɬɢ ɱɚɫɬɨɬ 201,44-203,75 ɤȽɰ, ɱɬɨ ɨɛɟɫɩɟɱɢɬ ɧɚɢɛɨɥɶɲɭɸ ɞɚɥɶɧɨɫɬɶ 
ɢ ɧɚɢɦɟɧɶɲɭɸ ɩɨɝɪɟɲɧɨɫɬɶ ɩɪɢɟɦɚ ɢɧɮɨɪɦɚɰɢɢ ɧɚ ɷɬɨɣ ɱɚɫɬɨɬɟ.  
ȼ ɬɚɛɥɢɰɟ 4 ɩɪɟɞɫɬɚɜɥɟɧɵ ɡɚɜɢɫɢɦɨɫɬɢ ɩɨɝɪɟɲɧɨɫɬɢ İ(L) ɨɬ ɪɚɫɫɬɨɹɧɢɹ L ɩɪɢ ɩɟɪɟɞɚɱɟ 

ɫɢɝɧɚɥɚ ɦɟɠɞɭ ɩɟɪɟɞɚɬɱɢɤɨɦ ɢ ɩɪɢɟɦɧɢɤɨɦ. Ɉɲɢɛɤɨɣ ɫɱɢɬɚɥɫɹ ɧɟɜɟɪɧɨ, 

ɞɟɤɨɞɢɪɨɜɚɧɧɵɣ ɩɪɢɟɦɧɢɤɨɦ ɫɢɦɜɨɥ, ɤɨɬɨɪɵɣ ɩɪɢ ɩɪɢɟɦɟ ɜɨɡɧɢɤɚɟɬ ɢɡ-ɡɚ ɢɫɤɚɠɟɧɢɹ 
ɫɢɝɧɚɥɚ ɩɨ ɩɪɢɱɢɧɟ ɦɧɨɝɨɱɢɫɥɟɧɧɵɯ ɩɟɪɟɨɬɪɚɠɟɧɢɣ ɟɝɨ ɨɬ ɞɨɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɢ 
ɩɨɜɟɪɯɧɨɫɬɢ ɜɨɞɵ, ɚ ɬɚɤɠɟ ɜ ɭɫɥɨɜɢɹɯ, ɤɨɝɞɚ ɚɦɩɥɢɬɭɞɚ ɩɪɢɧɢɦɚɟɦɨɝɨ ɫɢɝɧɚɥɚ 
ɧɚɯɨɞɢɬɫɹ ɧɚ ɝɪɚɧɢɰɟ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɢ ɩɪɢɟɦɧɢɤɚ. 

 
Ɍɚɛɥɢɰɚ 4 – Ɂɚɜɢɫɢɦɨɫɬɢ ɩɨɝɪɟɲɧɨɫɬɢ İ(L), ɤɚɤ ɮɭɧɤɰɢɢ ɪɚɫɫɬɨɹɧɢɹ L ɩɪɢ ɩɟɪɟɞɚɱɟ ɫɢɝɧɚɥɚ ɦɟɠɞɭ 

ɩɟɪɟɞɚɬɱɢɤɨɦ ɢ ɩɪɢɟɦɧɢɤɨɦ [Dependences of the error ε (L) as a function of the distance L during signal 

transmission between the transmitter and the receiver] 

Ɋɚɫɫɬɨɹɧɢɟ L, ɦ İ(L), % 

1 2 % 

3 1 % 

5 1 % 

7 5 % 

9 15 % 

11 19 % 

13 27 % 

15 35% 

17 95 % 
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Ɇɚɤɫɢɦɚɥɶɧɨɟ ɪɚɫɫɬɨɹɧɢɟ ɩɟɪɟɞɚɱɢ ɦɨɠɧɨ ɡɧɚɱɢɬɟɥɶɧɨ ɭɜɟɥɢɱɢɬɶ, ɩɨɜɵɫɢɜ 
ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɩɪɢɟɦɧɢɤɚ, ɚ ɬɚɤɠɟ ɦɨɳɧɨɫɬɶ ɩɟɪɟɞɚɬɱɢɤɚ. Ɉɱɟɜɢɞɧɨ, ɱɬɨ ɩɪɢ ɪɚɛɨɬɟ 
ɧɚ ɝɥɭɛɢɧɟ, ɬ.ɟ. ɜɞɚɥɢ ɨɬ ɛɟɪɟɝɨɜɨɣ ɥɢɧɢɢ ɢ ɝɪɚɧɢɰɟ ɪɚɡɞɟɥɚ ɫɪɟɞ ɜɨɡɞɭɯ-ɜɨɞɚ 
ɩɨɞɨɛɧɵɟ ɷɮɮɟɤɬɵ ɛɭɞɭɬ ɢɫɤɥɸɱɟɧɵ, ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɩɪɢɺɦɚ ɫɭɳɟɫɬɜɟɧɧɨ 
ɩɨɜɵɫɢɬɫɹ, ɚ ɩɨɝɪɟɲɧɨɫɬɶ ɪɟɝɢɫɬɪɚɰɢɢ ɩɨɥɟɡɧɨɝɨ ɫɢɝɧɚɥɚ ɭɦɟɧɶɲɢɬɫɹ. Ʉɪɨɦɟ ɬɨɝɨ, 
ɱɬɨɛɵ ɭɦɟɧɶɲɢɬɶ ɜɨɡɦɨɠɧɨɟ ɨɬɪɚɠɟɧɢɟ ɫɢɝɧɚɥɨɜ ɨɬ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɩɨɜɟɪɯɧɨɫɬɢ ɉȾɄ 
ɟɺ, ɫɨɝɥɚɫɧɨ ɞɚɧɧɵɦ ɬɚɛɥɢɰɵ 3, ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɩɨɤɪɵɬɶ ɫɥɨɟɦ ɪɟɡɢɧɵ, ɱɬɨ ɩɨɡɜɨɥɢɬ 
ɩɨɜɵɫɢɬɶ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɞɟɬɟɤɬɨɪɨɜ ɢ ɭɦɟɧɶɲɢɬ ɩɨɝɪɟɲɧɨɫɬɶ ɩɪɢ ɩɟɪɟɞɚɱɟ 
ɢɧɮɨɪɦɚɰɢɢ. Ɍɚɤ ɤɚɤ ɫɪɟɞɫɬɜɨɦ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɜɵɛɪɚɧ 
ɭɥɶɬɪɚɡɜɭɤ, ɪɚɫɩɪɨɫɬɪɚɧɹɸɳɢɣɫɹ ɜ ɜɨɞɟ, ɬɨ ɞɥɹ ɨɰɟɧɤɢ ɫɤɨɪɨɫɬɢ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɢ 
ɦɚɤɫɢɦɚɥɶɧɨɝɨ ɪɚɫɫɬɨɹɧɢɹ ɧɟɨɛɯɨɞɢɦɨ ɡɧɚɬɶ ɬɚɤɢɟ ɩɚɪɚɦɟɬɪɵ ɫɪɟɞɵ ɤɚɤ ɫɤɨɪɨɫɬɶ 
ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɡɜɭɤɚ ɢ ɡɚɬɭɯɚɧɢɟ ɚɦɩɥɢɬɭɞɵ ɡɜɭɤɨɜɨɣ ɜɨɥɧɵ ɫ ɪɚɫɫɬɨɹɧɢɟɦ. 
ɉɟɪɟɞɚɱɚ ɢɧɮɨɪɦɚɰɢɢ ɜ ɜɨɞɧɨɣ ɫɪɟɞɟ ɫ ɩɨɦɨɳɶɸ ɭɥɶɬɪɚɡɜɭɤɚ ɢɦɟɟɬ ɧɟɤɨɬɨɪɵɟ 
ɨɫɨɛɟɧɧɨɫɬɢ, ɤɨɬɨɪɵɟ ɢɦɟɸɬ ɪɚɡɧɭɸ ɫɬɟɩɟɧɶ ɜɥɢɹɧɢɹ ɧɚ ɩɪɨɰɟɫɫ ɩɟɪɟɞɚɱɢ. Ʉ ɬɚɤɢɦ 
ɨɫɨɛɟɧɧɨɫɬɹɦ ɨɬɧɨɫɹɬɫɹ – ɡɚɜɢɫɢɦɨɫɬɶ ɫɤɨɪɨɫɬɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɹ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ 
ɜɨɥɧɵ ɨɬ ɬɟɦɩɟɪɚɬɭɪɵ, ɭɪɨɜɧɹ ɫɨɥɟɧɨɫɬɢ ɜɨɞɵ, ɝɥɭɛɢɧɵ; ɪɟɜɟɪɛɟɪɚɰɢɹ ɜɨɥɧ. ɗɮɮɟɤɬ 
Ⱦɨɩɥɟɪɚ – ɢɡɦɟɧɟɧɢɟ ɱɚɫɬɨɬɵ ɩɪɢ ɞɜɢɠɟɧɢɢ ɩɟɪɟɞɚɬɱɢɤɚ ɢ ɩɪɢɟɦɧɢɤɚ ɨɬɧɨɫɢɬɟɥɶɧɨ 
ɞɪɭɝ ɞɪɭɝɚ, ɢɥɢ ɩɪɢ ɧɚɥɢɱɢɢ ɬɟɱɟɧɢɣ, ɭɱɢɬɵɜɚɬɶ ɧɟ ɛɭɞɟɦ, ɩɨɫɤɨɥɶɤɭ ɜ ɦɨɦɟɧɬ 
ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɧɟ ɩɪɟɞɩɨɥɚɝɚɟɬɫɹ ɩɟɪɟɞɜɢɠɟɧɢɟ ɧɢ ɉȾɄ, ɧɢ ɛɭɮɟɪɧɨɝɨ 
ɭɫɬɪɨɣɫɬɜɚ, ɚ ɬɟɱɟɧɢɟ ɨɬɫɭɬɫɬɜɭɟɬ.  

Ɂɚɬɭɯɚɧɢɟ ɭɥɶɬɪɚɡɜɭɤɨɜɵɯ ɜɨɥɧ ɜ ɜɨɞɧɨɣ ɫɪɟɞɟ ɨɛɭɫɥɨɜɥɟɧɨ ɧɟɫɤɨɥɶɤɢɦɢ 
ɮɚɤɬɨɪɚɦɢ. ɉɪɢ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɢ ɫɮɟɪɢɱɟɫɤɨɣ ɜɨɥɧɵ ɩɥɨɳɚɞɶ ɟɟ ɮɪɨɧɬɚ 
ɭɜɟɥɢɱɢɜɚɟɬɫɹ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɤɜɚɞɪɚɬɭ ɪɚɫɫɬɨɹɧɢɹ, ɫɨɨɬɜɟɬɫɬɜɟɧɧɨ ɷɧɟɪɝɢɹ, 
ɩɪɢɯɨɞɹɳɚɹɫɹ ɧɚ ɟɞɢɧɢɰɭ ɩɥɨɳɚɞɢ ɮɪɨɧɬɚ, ɭɛɵɜɚɟɬ ɩɪɨɩɨɪɰɢɨɧɚɥɶɧɨ ɤɜɚɞɪɚɬɭ 
ɪɚɫɫɬɨɹɧɢɹ ɨɬ ɢɡɥɭɱɚɬɟɥɹ. Ʉɪɨɦɟ ɬɨɝɨ ɩɚɞɟɧɢɟ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɬɚɤɠɟ ɩɪɨɢɫɯɨɞɢɬ ɡɚ ɫɱɟɬ 
ɬɟɩɥɨɩɪɨɜɨɞɧɨɫɬɢ, ɪɚɫɫɟɹɧɢɹ ɧɚ ɧɟɨɞɧɨɪɨɞɧɨɫɬɹɯ ɫɪɟɞɵ, ɢ ɜɧɭɬɪɢɦɨɥɟɤɭɥɹɪɧɵɯ 
ɩɪɨɰɟɫɫɨɜ. Ɋɟɚɥɶɧɚɹ ɫɪɟɞɚ ɨɛɥɚɞɚɟɬ ɬɪɟɧɢɟɦ, ɧɚ ɩɪɟɨɞɨɥɟɧɢɟ ɤɨɬɨɪɨɝɨ ɬɪɚɬɢɬɫɹ ɱɚɫɬɶ 
ɡɜɭɤɨɜɨɣ ɷɧɟɪɝɢɢ. ɉɨɬɟɪɢ ɷɧɟɪɝɢɢ, ɨɛɭɫɥɨɜɥɟɧɧɵɟ ɧɚɥɢɱɢɟɦ ɬɪɟɧɢɹ ɢɥɢ ɜɹɡɤɨɫɬɢ, 
ɧɚɡɵɜɚɸɬ ɩɨɝɥɨɳɟɧɢɟɦ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜɫɥɟɞɫɬɜɢɟ ɩɨɝɥɨɳɟɧɢɹ, ɱɚɫɬɶ ɡɜɭɤɨɜɨɣ 
ɷɧɟɪɝɢɢ ɩɟɪɟɯɨɞɢɬ ɜ ɬɟɩɥɨɜɭɸ, ɩɨɫɬɨɹɧɧɭɸ ɧɚ ɤɚɠɞɨɣ ɟɞɢɧɢɰɟ ɩɭɬɢ, ɩɪɨɯɨɞɢɦɨɝɨ 
ɡɜɭɤɨɦ. ɉɨɥɧɨɟ ɡɚɬɭɯɚɧɢɟ, ɫ ɭɱɟɬɨɦ ɩɨɝɥɨɳɟɧɢɹ ɢ ɪɚɫɲɢɪɟɧɢɹ ɮɪɨɧɬɚ ɜɨɥɧɵ ɛɟɡ ɭɱɟɬɚ 

ɟɺ ɚɧɢɡɨɬɪɨɩɢɢ, ɨɛɭɫɥɨɜɥɟɧɧɨɣ ɞɢɚɝɪɚɦɦɨɣ ɧɚɩɪɚɜɥɟɧɧɨɫɬɢ, ɢɡɥɭɱɟɧɢɹ ɨɩɢɫɵɜɚɟɬɫɹ 
ɮɨɪɦɭɥɨɣ (6) Д7, 9Ж:  

              .                                                             (6) 

 

Ʉɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ į, ɫɨɝɥɚɫɧɨ ɤɥɚɫɫɢɱɟɫɤɨɣ ɬɟɨɪɢɢ ɡɚɬɭɯɚɧɢɹ, 
ɭɱɢɬɵɜɚɸɳɟɣ ɥɢɲɶ ɫɞɜɢɝɨɜɭɸ ɜɹɡɤɨɫɬɶ Д7, 9Ж, ɨɛɭɫɥɨɜɥɟɧɧɵɣ ɜɧɭɬɪɟɧɧɢɦ ɬɪɟɧɢɟɦ 
ɦɟɠɞɭ ɱɚɫɬɢɰɚɦɢ ɢɥɢ ɫɞɜɢɝɨɜɨɣ ɜɹɡɤɨɫɬɶɸ, ɨɩɪɟɞɟɥɹɟɬɫɹ ɩɨ ɮɨɪɦɭɥɟ (7):   
 

                                                              
2

3

2

3 c

 


  ,                                                                 (7)                           

ɝɞɟ ω – ɱɚɫɬɨɬɚ ɭɥɶɬɪɚɡɜɭɤɚ;  
      c – ɫɤɨɪɨɫɬɶ ɡɜɭɤɚ;  
      ρ – ɩɥɨɬɧɨɫɬɶ ɫɪɟɞɵ;  
                                                             
Ɋɟɜɟɪɛɟɪɚɰɢɹ ɜɨɥɧ – ɩɪɨɰɟɫɫ ɩɨɫɬɟɩɟɧɧɨɝɨ ɭɦɟɧɶɲɟɧɢɹ ɢɧɬɟɧɫɢɜɧɨɫɬɢ ɡɜɭɤɚ ɩɪɢ ɟɝɨ ɦɧɨɝɨɤɪɚɬɧɵɯ ɨɬɪɚɠɟɧɢɹɯ. 
Ɋɟɜɟɪɛɟɪɚɰɢɹ ɚɤɭɫɬɢɱɟɫɤɢɯ ɜɨɥɧ ɩɪɢɜɨɞɢɬ ɤ ɢɫɤɚɠɟɧɢɸ ɩɪɢɧɹɬɨɝɨ ɫɢɝɧɚɥɚ, ɜɫɥɟɞɫɬɜɢɟ ɩɟɪɟɨɬɪɚɠɟɧɢɣ 
ɚɤɭɫɬɢɱɟɫɤɢɯ ɜɨɥɧ ɨɬ ɝɪɚɧɢɰɵ ɪɚɡɞɟɥɚ ɫɪɟɞ ɢ ɧɟɨɞɧɨɪɨɞɧɨɫɬɟɣ, ɤɨɬɨɪɵɟ ɞɟɣɫɬɜɭɸɬ ɤɚɤ ɩɨɦɟɯɢ. ɉɨɷɬɨɦɭ ɞɥɹ 
ɨɛɟɫɩɟɱɟɧɢɹ ɭɜɟɪɟɧɧɨɝɨ ɩɪɢɟɦɚ ɧɟɨɛɯɨɞɢɦɨ ɭɱɢɬɵɜɚɬɶ ɷɬɨɬ ɷɮɮɟɤɬ, ɩɟɪɟɞɚɜɚɹ ɢɧɮɨɪɦɚɰɢɸ ɫ ɩɚɭɡɚɦɢ ɦɟɠɞɭ 
ɫɨɨɛɳɟɧɢɹɦɢ. Ⱦɥɢɬɟɥɶɧɨɫɬɶ ɩɚɭɡ ɜɵɛɢɪɚɟɬɫɹ ɞɨɫɬɚɬɨɱɧɨɣ, ɞɥɹ ɡɚɬɭɯɚɧɢɹ ɩɟɪɟɨɬɪɚɠɟɧɧɨɝɨ ɫɢɝɧɚɥɚ ɧɢɠɟ ɭɪɨɜɧɹ 
ɩɨɥɟɡɧɨɝɨ ɫɢɝɧɚɥɚ. 
 



34 ȿɅɈɏɂɇ ɢ ɞɪ.  

ȽɅɈȻȺɅɖɇȺə əȾȿɊɇȺə ȻȿɁɈɉȺɋɇɈɋɌɖ, № 3(36) 2020 

      γ – ɤɨɷɮɮɢɰɢɟɧɬ ɜɧɭɬɪɟɧɧɟɝɨ ɬɪɟɧɢɹ ɢɥɢ ɤɨɷɮɮɢɰɢɟɧɬ ɜɹɡɤɨɫɬɢ ɫɪɟɞɵ (γ = ν×ρ, ν – 

ɤɢɧɟɦɚɬɢɱɟɫɤɚɹ ɜɹɡɤɨɫɬɶ). 
Ɉɛɳɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɢɡ ɩɨɞɜɨɞɧɨɝɨ ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɝɨ 

ɤɨɦɩɥɟɤɫɚ ɧɚ ɉɄ ɨɩɟɪɚɬɨɪɚ  
ɇɚ ɫɬɪɭɤɬɭɪɧɨɣ ɫɯɟɦɟ, ɢɥɥɸɫɬɪɢɪɭɸɳɟɣ ɩɪɢɧɰɢɩ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɢɡ ɉȾɄ, 

ɧɚɯɨɞɹɳɟɦɫɹ ɩɨɞ ɜɨɞɨɣ (ɪɢɫ. 17), ɩɪɟɞɫɬɚɜɥɟɧɨ: 1 – ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ, 
ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɭɩɪɚɜɥɟɧɢɟ ɩɨɞɜɨɞɧɵɦ ɚɩɩɚɪɚɬɨɦ, ɫɛɨɪ ɞɚɧɧɵɯ ɫ ɞɚɬɱɢɤɨɜ, ɢ 
ɩɟɪɟɞɚɱɭ ɢɯ ɜ ɦɨɞɭɥɶ 2; 2 – ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɩɟɪɟɞɚɬɱɢɤ, ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɟɪɟɞɚɱɭ 
ɢɧɮɨɪɦɚɰɢɢ ɜ ɭɥɶɬɪɚɡɜɭɤɨɜɨɦ ɞɢɚɩɚɡɨɧɟ ɱɟɪɟɡ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɩɶɟɡɨɷɥɟɦɟɧɬ ɜ ɜɨɞɧɭɸ 
ɫɪɟɞɭ; 3 – ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɩɪɢɟɦɧɢɤ, ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɪɢɟɦ ɞɚɧɧɵɯ ɫ 
ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɩɶɡɨɷɥɟɦɟɧɬɚ, ɢ ɢɯ ɩɟɪɟɞɚɱɭ ɜ ɦɨɞɭɥɶ 4; 4 – ɪɚɞɢɨɩɟɪɟɞɚɬɱɢɤ, 
ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɟɪɟɧɨɫ ɩɨɥɟɡɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɢɡ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɨɛɥɚɫɬɢ ɜ ɞɢɚɩɚɡɨɧ 
ɪɚɞɢɨɜɨɥɧ; 5 – ɪɚɞɢɨɩɪɢɟɦɧɢɤ, ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɩɪɢɟɦ ɞɚɧɧɵɯ ɩɨ ɪɚɞɢɨɤɚɧɚɥɭ ɧɚ 
ɫɬɨɪɨɧɟ ɪɚɛɨɱɟɣ ɫɬɚɧɰɢɢ, ɧɚɯɨɞɹɳɟɣɫɹ ɧɚ ɩɨɛɟɪɟɠɶɟ; 6 – ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ, 
ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɨɛɪɚɛɨɬɤɭ ɩɪɢɧɹɬɵɯ ɞɚɧɧɵɯ ɢ ɩɨɞɝɨɬɨɜɤɭ ɢɯ ɞɥɹ ɩɟɪɟɞɚɱɢ ɧɚ ɉɄ 
ɪɚɛɨɱɟɣ ɫɬɚɧɰɢɢ; 7 – ɩɪɨɝɪɚɦɦɧɵɣ ɛɥɨɤ, ɨɫɭɳɟɫɬɜɥɹɸɳɢɣ ɨɤɨɧɱɚɬɟɥɶɧɭɸ ɨɛɪɚɛɨɬɤɭ 
ɞɚɧɧɵɯ ɢ ɢɯ ɩɟɪɟɞɚɱɭ ɩɨɬɪɟɛɢɬɟɥɸ.  

 

 
 

Ɋɢɫɭɧɨɤ 17 – Ɉɫɧɨɜɧɵɟ ɷɥɟɦɟɧɬɵ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɢɡ ɩɨɞɜɨɞɧɨɝɨ ɞɨɡɢɦɟɬɪɢɱɟɫɤɨɝɨ ɤɨɦɩɥɟɤɫɚ 
ɧɚ ɉɄ ɨɩɟɪɚɬɨɪɚ ДBКЬТМ ОХОЦОЧЭЬ ШП ТЧПШЫЦКЭТШЧ ЭЫКЧЬПОЫ ПЫШЦ ЭСО ЮЧНОЫаКЭОЫ НШЬТЦОЭЫв МШЦЩХОб ЭШ the 

operator's PC] 

 

ɉɟɪɟɞɚɱɚ ɫɢɝɧɚɥɚ ɫ ɞɟɬɟɤɬɨɪɚ ɦɨɳɧɨɫɬɢ ɞɨɡɵ γ-ɢɡɥɭɱɟɧɢɹ ɧɟ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɤɚɤɢɯ-ɥɢɛɨ ɡɧɚɱɢɬɟɥɶɧɵɯ ɬɪɭɞɧɨɫɬɟɣ. Ɉɩɪɟɞɟɥɺɧɧɭɸ ɫɥɨɠɧɨɫɬɶ ɩɪɟɞɫɬɚɜɥɹɟɬ 
ɩɟɪɟɞɚɱɚ ɢɧɮɨɪɦɚɰɢɢ ɫ γ-ɫɩɟɤɬɪɨɦɟɬɪɚ, ɤɨɬɨɪɵɣ ɪɟɝɢɫɬɪɢɪɭɟɬ ɫɩɟɤɬɪ γ-ɢɡɥɭɱɟɧɢɹ 
ɪɚɞɢɨɧɭɤɥɢɞɨɜ, ɨɫɟɜɲɢɯ ɧɚ ɞɨɧɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ (ɪɢɫ. 18) [10].  

 

 
 

Ɋɢɫɭɧɨɤ 18 – ɂɡɦɟɪɟɧɧɵɣ (ɩɪɢɛɨɪɧɵɣ) (ɚ) ɢ ɜɨɫɫɬɚɧɨɜɥɟɧɧɵɣ (ɛ) ɫɩɟɤɬɪɵ -ɢɫɬɨɱɧɢɤɚ 133
Ba: ɩɨɫɥɟ 

ɨɛɪɚɛɨɬɤɢ ɢɬɟɪɚɰɢɨɧɧɵɦ ɦɟɬɨɞɨɦ ɩɪɢɛɨɪɧɨɝɨ ɫɩɟɤɬɪɚ: (1) – 1 ɢɬɟɪɚɰɢɢ; (2) – 10-ɨɣ; (3) – 30-ɨɣ; (4) – 50-

ɨɣ ДεОКЬЮЫОН (ТЧЬЭЫЮЦОЧЭКХ) (К) КЧН ЫОМШЧЬЭЫЮМЭОН (Л) ЬЩОМЭЫК ШП ЭСО -source of 
133

Ba: after iterative processing 

of the instrumental spectrum: (1) – 1 iteration; (2) – 10th; (3) – 30th; (4) – 50th] 
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Ⱦɥɹ ɩɟɪɟɞɚɱɢ ɬɚɤɨɣ ɫɥɨɠɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɢɫɩɨɥɶɡɭɸɬ ɉɅɂɋ ɫɢɫɬɟɦɭ, ɧɚ 
ɤɨɬɨɪɨɣ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɩɪɨɝɪɚɦɦɢɪɭɸɬ ɥɢɧɟɣɧɭɸ ɲɤɚɥɭ ɷɧɟɪɝɢɣ γ-ɢɡɥɭɱɟɧɢɹ, 
ɤɨɪɪɟɤɬɢɪɭɸɬ ɲɤɚɥɭ, ɢɫɩɨɥɶɡɭɹ ɪɚɞɢɨɢɡɨɬɨɩɵ ɫ ɢɡɜɟɫɬɧɨɣ ɫɯɟɦɨɣ ɪɚɫɩɚɞɚ ɢ 
ɷɧɟɪɝɢɟɣ γ-ɢɡɥɭɱɟɧɢɹ ɢ, ɧɚɤɨɧɟɰ, ɡɚɞɚɸɬɫɹ ɨɩɪɟɞɟɥɺɧɧɵɦ ɩɪɨɦɟɠɭɬɤɨɦ ɜɪɟɦɟɧɢ, ɜ 
ɬɟɱɟɧɢɟ ɤɨɬɨɪɨɝɨ ɧɚɛɢɪɚɸɬ ɪɟɚɥɶɧɵɣ ɫɩɟɤɬɪ γ-ɢɡɥɭɱɟɧɢɹ ɪɚɞɢɨɧɭɤɥɢɞɨɜ, 
ɡɚɝɪɹɡɧɹɸɳɢɯ ɞɨɧɧɭɸ ɩɨɜɟɪɯɧɨɫɬɶ ɚɤɜɚɬɨɪɢɢ. ɉɪɢ ɷɬɨɦ ɪɚɫɫɬɨɹɧɢɟ ɦɟɠɞɭ ɉȾɄ ɢ 
ɞɨɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ ɞɨɥɠɧɨ ɩɨɞɞɟɪɠɢɜɚɬɶɫɹ ɩɨɫɬɨɹɧɧɵɦ. ɉɨɥɭɱɟɧɧɚɹ 
ɢɧɮɨɪɦɚɰɢɹ ɩɟɪɟɞɚɺɬɫɹ ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɫ ɭɤɚɡɚɧɢɟɦ ɧɚɱɚɥɚ ɢ ɤɨɧɰɚ 
ɩɟɪɟɞɚɱɢ. ɉɨɫɥɟɞɧɟɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɪɚɦɤɚɯ ɫɩɟɰɢɚɥɶɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ 
ɨɛɟɫɩɟɱɟɧɢɹ.  

ȼɵɛɨɪ ɨɩɬɢɦɚɥɶɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɩɟɪɟɞɚɱɢ ɫɢɝɧɚɥɚ  ɦɟɠɞɭ ɉȾɄ ɢ 
ɛɭɮɟɪɧɵɦ ɭɫɬɪɨɣɫɬɜɨɦ  

Ɉɛɳɚɹ ɫɬɪɭɤɬɭɪɧɚɹ ɫɯɟɦɚ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ ɩɨɤɚɡɚɧɚ ɪɚɧɟɟ (ɫɦ. ɪɢɫ. 17), ɚ ɷɫɤɢɡ 
ɭɫɬɪɨɣɫɬɜɚ ɨɩɪɟɞɟɥɟɧɢɹ ɢ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ ɜ ɨɩɬɢɦɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɢ – ɧɚ 
ɪɢɫɭɧɤɟ 19.  

 

 
 

Ɋɢɫɭɧɨɤ 19 – ɉɪɢɧɰɢɩɢɚɥɶɧɚɹ ɫɯɟɦɚ ɭɫɬɪɨɣɫɬɜɚ ɩɨɢɫɤɚ ɨɩɬɢɦɚɥɶɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɩɟɪɟɞɚɱɢ 
ɢɧɮɨɪɦɚɰɢɢ ɫ ɉȾɄ ɧɚ ɛɭɮɟɪɧɨɟ ɭɫɬɪɨɣɫɬɜɨ: 1 ‒ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɞɟɬɟɤɬɨɪ; 2 ‒ ɫɬɨɣɤɚ;  

3 ‒ ɜɪɚɳɚɸɳɚɹɫɹ ɩɥɚɬɮɨɪɦɚ ДSМСОЦКЭТМ НТКРЫКЦ ШП К НОЯТМО ПШЫ ЭСО ШЩЭТЦКХ НТЫОМЭТШЧ ЬОКЫМСТЧР ШП 
information transfer from an underwater dosimetry complex to a buffer device: 1 – ultrasonic detector;  

2 – rack; 3 – rotating platform] 

 

ɗɬɨ ɭɫɬɪɨɣɫɬɜɨ, ɩɪɟɞɫɬɚɜɥɹɸɳɟɟ ɫɨɛɨɣ ɜɪɚɳɚɸɳɭɸɫɹ ɜ ɦɟɪɢɞɢɚɧɚɥɶɧɨɦ (ɩɨ θ) ɢ 
ɚɡɢɦɭɬɚɥɶɧɨɦ (ɩɨ φ) ɧɚɩɪɚɜɥɟɧɢɹɯ ɩɥɚɬɮɨɪɦɭ, ɧɚ ɤɨɬɨɪɨɣ ɭɤɪɟɩɥɟɧ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ 
ɩɪɢɟɦɨ-ɩɟɪɟɞɚɬɱɢɤ, ɨɫɭɳɟɫɬɜɥɹɟɬ ɜɵɛɨɪ ɨɩɬɢɦɚɥɶɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɩɪɢɟɦɚ-ɩɟɪɟɞɚɱɢ 
(ɫɦ. ɩɨɡ. 11 ɪɢɫ. 3). ɉɟɪɟɞɚɬɱɢɤ ɪɚɫɩɨɥɚɝɚɟɬɫɹ ɫɧɚɪɭɠɢ ɧɚ ɜɟɪɯɧɟɣ ɩɨɜɟɪɯɧɨɫɬɢ 
ɩɨɞɜɨɞɧɨɝɨ ɚɩɩɚɪɚɬɚ (ɫɦ. ɪɢɫ. 3). Ɉɛɨɪɭɞɨɜɚɧɢɟ ɫ ɰɟɥɶɸ ɟɝɨ ɢɡɨɥɢɪɨɜɚɧɢɹ ɨɬ 
ɩɨɩɚɞɚɧɢɹ ɜɨɞɵ ɩɨɦɟɳɚɟɬɫɹ ɜ ɜɨɞɨɧɟɩɪɨɧɢɰɚɟɦɵɣ ɤɨɪɩɭɫ, ɚ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɞɟɬɟɤɬɨɪ, 
ɧɚɩɪɨɬɢɜ, ɧɚɯɨɞɢɬɫɹ ɜ ɜɨɞɟ. 

ɒɚɝɨɜɵɣ ɞɜɢɝɚɬɟɥɶ, ɪɚɫɩɨɥɨɠɟɧɧɵɣ ɩɨɞ ɩɥɚɬɮɨɪɦɨɣ ɜ ɤɨɪɩɭɫɟ ɉȾɄ 
ɨɫɭɳɟɫɬɜɥɹɟɬ ɜɪɚɳɟɧɢɟ ɜ ɦɟɪɢɞɢɚɧɚɥɶɧɨɦ ɢ ɚɡɢɦɭɬɚɥɶɧɨɦ ɧɚɩɪɚɜɥɟɧɢɹɯ, ɚ 
ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɞɟɬɟɤɬɨɪ ɪɟɝɢɫɬɪɢɪɭɟɬ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɫɢɝɧɚɥ ɨɩɪɟɞɟɥɺɧɧɨɝɨ ɯɚɪɚɤɬɟɪɚ, 
ɩɨɫɵɥɚɟɦɵɣ ɟɦɭ ɫ ɛɚɡɵ ɢ ɨɡɧɚɱɚɸɳɢɣ ɧɚɱɚɥɨ ɩɪɢɺɦɚ-ɩɟɪɟɞɚɱɢ ɫ ɨɩɪɟɞɟɥɺɧɧɨɝɨ ɡɚɞɚɧ-

ɧɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ, ɤɨɬɨɪɨɟ ɞɟɬɟɤɬɨɪ ɞɨɥɠɟɧ ɨɛɧɚɪɭɠɢɬɶ. ȼ ɦɟɪɢɞɢɚɧɚɥɶɧɨɦ 
ɧɚɩɪɚɜɥɟɧɢ ɭɝɨɥ θ ɢɡɦɟɧɹɟɬɫɹ ɨɬ 0 ɞɨ π/2, ɚ ɜ ɚɡɢɦɭɬɚɥɶɧɨɦ φ ‒ ɨɬ 0 ɞɨ π (180 ɝɪɚɞɭɫɨɜ), 
ɡɚɬɟɦ ɛɵɫɬɪɨ ɜɨɡɜɪɚɳɚɟɬɫɹ ɤ 0 ɢ ɩɪɨɞɨɥɠɚɟɬ ɜɪɚɳɟɧɢɟ ɨɬ 0 ɞɨ ‒ π. ɉɨɫɥɟɞɧɟɟ ɫɜɹɡɚɧɨ ɫ 

                                                             
Ⱦɥɹ ɩɨɜɟɪɤɢ ɢ ɝɪɚɞɭɢɪɨɜɤɢ γ-ɫɩɟɤɬɪɨɦɟɬɪɨɜ ɢɫɩɨɥɶɡɭɸɬ ɧɚɛɨɪ ɨɛɪɚɡɰɨɜɵɯ ɢɫɬɨɱɧɢɤɨɜ ɈɋȽɂ, ɤɨɬɨɪɵɣ ɫɨɫɬɨɢɬ ɢɡ 11 ɢɫɬɨɱɧɢɤɨɜ 
ɧɚ ɨɫɧɨɜɟ ɪɚɡɥɢɱɧɵɯ ɪɚɞɢɨɧɭɤɥɢɞɨɜ, ɢɦɟɸɳɢɯ ɨɬɧɨɫɢɬɟɥɶɧɨ ɩɪɨɫɬɭɸ ɫɯɟɦɭ ɪɚɫɩɚɞɚ: 60ɋɨ (Eγ ɪɚɜɧɨ 1173,237 ɢ 1332,502 ɤɷȼ); 22Na 
(Eγ ɪɚɜɧɨ 511,000 ɢ 1274,543 ɤɷȼ); 54Ɇn (Eγ ɪɚɜɧɨ 834,848 ɤɷȼ); 57ɋɨ (Eγ ɪɚɜɧɨ 122,061 ɢ 136,474 ɤɷȼ); 241Ⱥm (Eγ ɪɚɜɧɨ 59,537 ɤɷȼ); 
l37Cs (Eγ ɪɚɜɧɨ 661,660 ɤɷȼ); 139ɋɟ (Eγ ɪɚɜɧɨ 165,857 ɤɷȼ); 113Sn (Eγ ɪɚɜɧɨ 391,705 ɤɷȼ); 88Y (Eγ ɪɚɜɧɨ 834,848; 898,047 ɢ 1836,066 
ɤɷȼ); 203Hg (Eγ ɪɚɜɧɨ 279,197 ɤɷȼ) ɢ 6SZn (Eγ ɪɚɜɧɨ 1115,546 ɤɷȼ). ɉɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɟɧɢɹ ɚɤɬɢɜɧɨɫɬɢ ɤɚɠɞɨɝɨ ɧɭɤɥɢɞɚ 
ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɛɨɥɟɟ ±3 %; ɚɤɬɢɜɧɨɫɬɶ ‒ ɨɤɨɥɨ 105 Ȼɤ. 



36 ȿɅɈɏɂɇ ɢ ɞɪ.  
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ɬɟɦ, ɱɬɨɛɵ ɧɟ ɡɚɩɭɬɚɬɶ ɢ ɧɟ ɨɛɨɪɜɚɬɶ ɤɚɛɟɥɢ ɩɢɬɚɧɢɹ, ɭɩɪɚɜɥɟɧɢɹ ɢ ɫɱɢɬɵɜɚɧɢɹ 
ɢɧɮɨɪɦɚɰɢɢ ɫ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɞɟɬɟɤɬɨɪɚ. Ɍɚɤɚɹ ɩɪɨɰɟɞɭɪɚ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɞɥɹ ɥɸɛɨɝɨ 
ɡɚɞɚɧɧɨɝɨ ɦɟɪɢɞɢɚɧɚɥɶɧɨɝɨ ɭɝɥɚ, ɡɚɩɨɥɧɹɹ, ɬɚɤɢɦ ɨɛɪɚɡɨɦ, ɦɚɬɪɢɰɭ  θ/A


, 

ɩɪɢɜɟɞɺɧɧɭɸ ɜ ɬɚɛɥɢɰɟ 5, ɤɨɬɨɪɚɹ ɡɚɩɢɫɵɜɚɟɬɫɹ ɧɚ ɫɩɟɰɢɚɥɶɧɨɟ ɫɱɢɬɵɜɚɟɦɨɟ 

ɭɫɬɪɨɣɫɬɜɨ – ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ.  
 

Ɍɚɛɥɢɰɚ 5 – Ɂɧɚɱɟɧɢɟ ɩɨɤɚɡɚɧɢɣ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɞɟɬɟɤɬɨɪɚ (ɨɬɧ. ɟɞ.) ДUХЭЫКЬШЧТМ НОЭОМЭШЫ ЫОКНТЧРЬ 

 (rel. units)] 

 

ɉɨɫɥɟ ɡɚɩɨɥɧɟɧɢɹ ɦɚɬɪɢɰɵ ɩɨɤɚɡɚɧɢɣ, ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɩɪɨɜɨɞɢɬ ɟɺ ɚɧɚɥɢɡ ɢ 
ɞɟɬɟɤɬɨɪ ɩɨɜɨɪɚɱɢɜɚɟɬɫɹ ɜ ɫɨɨɬɜɟɬɫɬɢɟ ɫ ɧɚɩɪɚɜɥɟɧɢɟɦ, ɜ ɤɨɬɨ-ɪɨɦ ɩɨɤɚɡɚɧɢɹ 
ɞɟɬɟɤɬɨɪɚ ɦɚɤɫɢɦɚɥɶɧɨ, ɩɨɫɥɟ ɱɟɝɨ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɟɚɧɫ ɩɪɢɺɦɚ-ɩɟɪɟɞɚɱɢ 
ɢɧɮɨɪɦɚɰɢɢ, ɤɨɬɨɪɵɣ ɬɚɤɠɟ ɡɚɤɚɧɱɢɜɚɟɬɫɹ ɫɩɟ-ɰɢɚɥɶɧɵɦ ɤɨɞɨɦ. Ɋɚɛɨɬɚ ɞɟɬɟɤɬɨɪɚ 
ɦɨɠɟɬ ɨɫɭɳɟɫɬɜɥɹɬɶɫɹ ɛɨɥɟɟ ɞɟɬɚɥɶɧɨ, ɞɥɹ ɱɟɝɨ ɧɟɨɛɯɨɞɢɦɨ ɩɟɪɟɩɪɨɝɪɚɦɦɢɪɨɜɚɬɶ 
ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ, ɡɚɞɚɜɚɹ ɛɨɥɟɟ ɦɟɥɤɢɣ ɲɚɝ ɩɨ ɭɝɥɚɦ θ ɢ φ.  

ɉɪɢ ɩɪɨɜɟɞɟɧɢɢ ɷɤɫɩɟɪɢɦɟɧɬɨɜ ɧɚ ɦɚɤɟɬɟ, ɩɪɨɜɟɪɹɸɳɢɯ ɪɚɛɨɬɨɫɩɨɫɨɛɧɨɫɬɶ 
ɩɪɢɜɟɞɟɧɧɨɝɨ ɭɫɬɪɨɣɫɬɜɚ ɢ ɫɩɪɚɜɟɞɥɢɜɨɫɬɢ ɢɞɟɢ, ɜɦɟɫɬɨ ɭɥɶɬɪɚɡɜɭɤɨɜɨɝɨ ɞɚɬɱɢɤɚ 
ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɩɨɬɟɧɰɢɨɦɟɬɪ, ɢɦɟɸɳɢɣ ɚɧɚɥɨɝɨɜɵɣ ɫɢɝɧɚɥ, ɫ ɩɨɦɨɳɶɸ ɤɨɬɨɪɨɝɨ 
ɩɨɥɭɱɚɥɢ ɫɢɝɧɚɥɵ ɢ ɮɨɪɦɢɪɨɜɚɥɢ ɦɚɬɪɢɰɭ. ɂɡ ɬɚɛɥɢɰɵ 7 ɜɢɞɧɨ, ɱɬɨ ɜ ɭɤɚɡɚɧɧɨɣ 
ɦɚɬɪɢɰɟ ɞɥɹ ɜɵɛɪɚɧɧɵɯ ɭɫɥɨɜɢɣ ɫɚɦɨɟ ɛɨɥɶɲɨɟ ɡɧɚɱɟɧɢɟ ɫɢɝɧɚɥɚ ɢɦɟɥɨ ɦɟɫɬɨ ɩɪɢ 
ɚɡɢɦɭɬɚɥɶɧɨɦ ɭɝɨɥɟ φ = 60 ɝɪɚɞɭɫɚɦ, ɚ ɦɟɪɢɞɢɚɧɚɥɶɧɨɦ θ = 60 ɝɪɚɞɭɫɚɦ. ɉɪɢ 
ɢɡɦɟɧɟɧɢɢ ɩɨɥɨɠɟɧɢɹ ɉȾɄ, ɨɱɟɜɢɞɧɨ, ɦɚɤɫɢɦɭɦ ɫɢɝɧɚɥɚ ɛɭɞɟɬ ɢɦɟɬɶ ɦɟɫɬɨ ɩɪɢ 
ɡɧɚɱɟɧɢɢ ɞɪɭɝɢɯ ɭɝɥɨɜ φ ɢ θ.  

Ɉɰɟɧɤɚ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɞɨɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɢ 
Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɷɬɨɣ ɰɟɥɢ, ɤɚɤ ɭɤɚɡɵɜɚɥɨɫɶ ɪɚɧɟɟ, ɩɪɟɞɥɚɝɚɟɬɫɹ ɢɫɩɨɥɶɡɨɜɚɬɶ 

ɩɨɞɜɨɞɧɵɣ ɛɟɫɩɢɥɨɬɧɵɣ ɪɚɞɢɨɭɩɪɚɜɥɹɟɦɵɣ ɞɨɡɢɦɟɬɪɢɱɟɫɤɢɣ ɤɨɦɩɥɟɤɫ, ɜɵɩɨɥɧɟɧɧɵɣ 
ɜ ɜɢɞɟ ɩɨɞɜɨɞɧɨɝɨ ɚɩɩɚɪɚɬɚ (ɉȾɄ) ɫ ɞɢɫɬɚɧɰɢɨɧɧɵɦ ɭɩɪɚɜɥɟɧɢɟɦ. ɉɪɢ ɷɬɨɦ ɞɥɹ 
ɢɫɫɥɟɞɨɜɚɧɢɹ ɪɚɞɢɚɰɢɨɧɧɨɣ ɨɛɫɬɚɧɨɜɤɢ ɜ ɢɫɫɥɟɞɭɟɦɵɣ ɜɨɞɨɟɦ ɩɨɦɟɳɚɸɬ 
ɛɟɫɩɢɥɨɬɧɵɣ ɩɨɞɜɨɞɧɵɣ ɚɩɩɚɪɚɬ, ɧɚ ɛɨɪɬɭ ɤɨɬɨɪɨɝɨ ɭɫɬɚɧɨɜɥɟɧ γ-ɞɟɬɟɤɬɨɪ ɢ  
γ-ɫɩɟɤɬɪɨɦɟɬɪ. Ɍɚɤɠɟ ɧɚ ɛɨɪɬɭ ɭɫɬɚɧɨɜɥɟɧɚ ɫɢɫɬɟɦɚ ɷɯɨɥɨɬɨɜ, ɞɥɹ ɨɩɪɟɞɟɥɟɧɢɹ 
ɝɥɭɛɢɧɵ ɢ ɪɚɫɫɬɨɹɧɢɹ ɞɨ ɩɪɟɩɹɬɫɬɜɢɣ ɢ ɭɫɬɪɨɣɫɬɜɨ ɩɪɢɟɦɚ ɢ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ. 
ɉɨɤɚɡɚɧɢɹ ɞɚɬɱɢɤɨɜ ɩɟɪɟɞɚɸɬɫɹ ɧɚ ɩɨɜɟɪɯɧɨɫɬɶ ɱɟɪɟɡ ɩɪɢɺɦɨ-ɩɟɪɟɞɚɸɳɟɟ ɭɫɬɪɨɣɫɬɜɨ 
ɜ ɪɟɠɢɦɟ ɪɟɚɥɶɧɨɝɨ ɜɪɟɦɟɧɢ ɢ ɦɨɝɭɬ ɛɵɬɶ ɜɵɜɟɞɟɧɵ ɧɚ ɦɨɧɢɬɨɪ ɨɩɟɪɚɬɨɪɚ, ɢɥɢ 
ɡɚɩɢɫɵɜɚɸɬɫɹ ɧɚ ɜɫɬɪɨɟɧɧɵɣ ɧɨɫɢɬɟɥɶ ɩɚɦɹɬɢ ɢ ɡɚɬɟɦ ɢɫɩɨɥɶɡɭɸɬɫɹ ɞɥɹ ɞɚɥɶɧɟɣɲɟɣ 
ɟɺ ɨɛɪɚɛɨɬɤɢ. Ⱦɥɹ ɩɪɨɜɟɞɟɧɢɹ ɨɰɟɧɤɢ ɭɪɨɜɧɹ ɪɚɞɢɨɚɤɬɢɜɧɨɝɨ ɡɚɝɪɹɡɧɟɧɢɹ ɞɨɧɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɚɤɜɚɬɨɪɢɢ ɩɪɨɜɨɞɢɬɫɹ ɩɨɞɜɨɞɧɨɟ ɢɫɫɥɟɞɨɜɚɧɢɟ ɚɤɜɚɬɨɪɢɢ ɫ ɩɨɦɨɳɶɸ 
ɛɟɫɩɢɥɨɬɧɨɝɨ ɪɚɞɢɨɭɩɪɚɜɥɹɟɦɨɝɨ ɩɨɞɜɨɞɧɨɝɨ ɚɩɩɚɪɚɬɚ (ɉȾɄ) ɫ ɞɨɡɢɦɟɬɪɢɱɟɫɤɢɦ 
ɨɛɨɪɭɞɨɜɚɧɢɟɦ ɧɚ ɨɩɪɟɞɟɥɟɧɧɨɣ ɪɚɫɫɬɨɹɧɢɢ (ɜɵɫɨɬɟ) ɧɚɞ ɞɨɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɫ 
ɩɨɦɨɳɶɸ -ɫɩɟɤɬɪɨɦɟɬɪɚ ɪɟɝɢɫɬɪɢɪɭɟɬɫɹ ɚɩɩɚɪɚɬɭɪɧɵɣ ɫɩɟɤɬɪ -ɢɡɥɭɱɟɧɢɹ 
ɪɚɞɢɨɧɭɤɥɢɞɨɜ, ɡɚɝɪɹɡɧɹɸɳɢɯ ɩɨɞɫɬɢɥɚɸɳɭɸ ɩɨɜɟɪɯɧɨɫɬɶ, ɚ -ɞɟɬɟɤɬɨɪɨɦ 
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ɪɟɝɢɫɬɪɢɪɭɟɬɫɹ ɡɧɚɱɟɧɢɟ ɦɨɳɧɨɫɬɢ ɞɨɡɵ -ɢɡɥɭɱɟɧɢɹ. Ɉɛɪɚɛɨɬɤɚ ɩɪɢɛɨɪɧɨɝɨ ɫɩɟɤɬɪɚ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɩɭɬɟɦ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɫɩɟɰɢɚɥɶɧɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ, 
ɨɫɧɨɜɚɧɧɨɝɨ ɧɚ ɦɟɬɨɞɟ ɢɬɟɪɚɰɢɣ ɢɥɢ ɦɟɬɨɞɟ Ƚɚɭɫɫɚ, ɩɨɫɥɟ ɩɨɫɬɭɩɥɟɧɢɹ ɪɟɡɭɥɶɬɚɬɨɜ 
ɢɡɦɟɪɟɧɢɣ ɧɚ ɉɄ ɨɩɟɪɚɬɨɪɚ Д10Ж. ɉɨɫɥɟ ɨɛɪɚɛɨɬɤɢ ɩɪɢɛɨɪɧɨɝɨ ɫɩɟɤɬɪɚ (ɫɦ. ɪɢɫ. 18 ɚ) 

ɩɨɥɭɱɚɸɬ ɚɦɩɥɢɬɭɞɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɫɟɦɟɣɫɬɜɚ «ɦɨɧɨɥɢɧɢɣ» (ɫɦ. ɪɢɫ. 18 ɛ), ɤɚɠɞɚɹ 
ɢɡ ɤɨɬɨɪɵɯ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ ɚɦɩɥɢɬɭɞɨɣ A(Ei) ɩɨ ɲɤɚɥɟ ɚɦɩɥɢɬɭɞ ɢ ɷɧɟɪɝɢɟɣ Ei ɩɨ 
ɲɤɚɥɟ ɷɧɟɪɝɢɣ. Ⱥɦɩɥɢɬɭɞɧɨɟ ɪɚɫɩɪɟɞɟɥɟɧɢɟ ɨɛɪɚɛɨɬɚɧɧɨɝɨ ɫɩɟɤɬɪɚ ɯɚɪɚɤɬɟɪɢɡɭɟɬɫɹ 
ɬɚɤɠɟ ɢ ɩɨɥɭɲɢɪɢɧɨɣ ɩɢɤɚ ΔEi, ɢɡɦɟɪɹɟɦɨɣ ɧɚ ɟɝɨ ɩɨɥɭɜɵɫɨɬɟ. 

ɂɫɩɨɥɶɡɭɹ ɞɚɧɧɵɟ ɨɛɪɚɛɨɬɤɢ ɫɩɟɤɬɪɨɝɪɚɦɦ, ɨɩɪɟɞɟɥɹɸɬ ɩɥɨɳɚɞɢ ɩɢɤɨɜ ɩɨɥɧɨɝɨ 
ɩɨɝɥɨɳɟɧɢɹ ɝɚɦɦɚ-ɢɡɥɭɱɟɧɢɹ ɪɚɡɥɢɱɧɵɯ ɧɭɤɥɢɞɨɜ ɢ ɪɚɫɫɱɢɬɵɜɚɸɬ ɜɟɫɨɜɵɟ ɦɧɨɠɢɬɟɥɢ, 
ɯɚɪɚɤɬɟɪɢɡɭɸɳɢɟ ɜɤɥɚɞ ɤɚɠɞɨɝɨ ɢɡ ɧɢɯ ɜ ɜɟɥɢɱɢɧɭ ɫɭɦɦɚɪɧɨɣ ɚɤɬɢɜɧɨɫɬɢ 
ɪɚɞɢɨɧɭɤɥɢɞɨɜ ɧɚ ɩɨɞɫɬɢɥɚɸɳɟɣ ɩɨɜɟɪɯɧɨɫɬɢ. ɇɚ ɨɫɧɨɜɟ ɩɨɥɭɱɟɧɧɵɯ ɞɚɧɧɵɯ, ɚ ɬɚɤɠɟ 
ɪɟɡɭɥɶɬɚɬɚ ɢɡɦɟɪɟɧɢɹ ɦɨɳɧɨɫɬɢ ɞɨɡɵ ɜ ɜɨɞɟ ɪɚɫɫɱɢɬɵɜɚɸɬ ɩɚɪɰɢɚɥɶɧɵɟ ɚɤɬɢɜɧɨɫɬɢ 
ɢɧɬɟɪɟɫɭɸɳɢɯ ɪɚɞɢɨɧɭɤɥɢɞɨɜ, ɡɚɝɪɹɡɧɹɸɳɢɯ ɩɨɞɫɬɢɥɚɸɳɭɸ ɩɨɜɟɪɯɧɨɫɬɶ, ɜ 
ɫɨɨɬɜɟɬɫɬɜɢɢ ɫ ɩɪɢɜɟɞɟɧɧɵɦ ɜɵɪɚɠɟɧɢɟɦ. ɉɪɢ ɷɬɨɦ, ɩɨɫɤɨɥɶɤɭ ɜɵɫɨɬɚ, ɧɚ ɤɨɬɨɪɨɣ 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɢɡɦɟɪɟɧɢɟ ɡɧɚɱɟɧɢɹ ɦɨɳɧɨɫɬɢ ɞɨɡɵ, ɫɨɝɥɚɫɭɟɬɫɹ ɫ ɢɡɦɟɪɹɟɦɵɦ 
ɡɧɚɱɟɧɢɟɦ ɜɵɫɨɬɵ, ɜɯɨɞɹɳɟɣ ɜ ɜɵɪɚɠɟɧɢɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɨɟ, ɜ ɡɧɚɦɟɧɚɬɟɥɟ ɪɚɫɱɟɬɧɨɣ 
ɮɨɪɦɭɥɵ, ɬɨ ɷɬɨ ɨɛɟɫɩɟɱɢɜɚɟɬ ɭɦɟɧɶɲɟɧɢɟ ɩɨɝɪɟɲɧɨɫɬɢ ɨɩɪɟɞɟɥɟɧɢɹ ɩɚɪɰɢɚɥɶɧɵɯ 
ɚɤɬɢɜɧɨɫɬɟɣ ɪɚɞɢɨɧɭɤɥɢɞɨɜ. Ⱦɥɹ ɪɚɫɱɟɬɚ ɚɤɬɢɜɧɨɫɬɟɣ ɪɚɞɢɨɧɭɤɥɢɞɨɜ ɧɚ ɞɨɧɧɨɣ 
ɩɨɜɟɪɯɧɨɫɬɢ ɢɫɩɨɥɶɡɭɸɬ ɜɵɪɚɠɟɧɢɟ (8) Д3Ж: 
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– ɜɟɫɨɜɨɣ ɦɧɨɠɢɬɟɥɶ ɞɚɧɧɨɝɨ ɧɭɤɥɢɞɚ, 

ɨɩɪɟɞɟɥɹɟɦɵɣ ɩɨ ɫɩɟɤɬɪɭ γ-ɢɡɥɭɱɟɧɢɹ; 
        ሺ  ሻ  ሺ  ሻ    – ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɨɧɨɥɢɧɢɢ γ-ɢɡɥɭɱɟɧɢɹ  
(ɫɦ. ɪɢɫ. 18 ɛ); 

      
D

hyxD ,,
00


 – ɢɡɦɟɪɟɧɧɚɹ ɦɨɳɧɨɫɬɶ ɞɨɡɵ γ-ɢɡɥɭɱɟɧɢɹ ɜ ɬɨɱɤɟ ɪɚɡɦɟɳɟɧɢɹ ɛɥɨɤɚ 

ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ;  
      

0 0,x y  – ɤɨɨɪɞɢɧɚɬɵ ɬɨɱɤɢ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ;  
       iE  – ɤɨɷɮɮɢɰɢɟɧɬ ɩɨɝɥɨɳɟɧɢɹ γ-ɢɡɥɭɱɟɧɢɹ ɫ ɷɧɟɪɝɢɟɣ

iE ɜ ɜɨɞɟ;  

        µ(Ei) – ɤɨɷɮɮɢɰɢɟɧɬ ɥɢɧɟɣɧɨɝɨ ɨɫɥɚɛɥɟɧɢɹ γ-ɢɡɥɭɱɟɧɢɹ ɫ ɷɧɟɪɝɢɟɣ Ei ɜ ɜɨɞɟ 
(ɨɩɪɟɞɟɥɹɟɦɵɟ ɩɚɪɚɦɟɬɪɵ ɩɨ ɬɚɛɥɢɰɚɦ, ɩɨ ɧɚɣɞɟɧɧɨɣ ɷɧɟɪɝɢɢ γ-ɢɡɥɭɱɟɧɢɹ 
ɪɚɞɢɨɧɭɤɥɢɞɚ);  
        iE  – ɤɜɚɧɬɨɜɵɣ ɜɵɯɨɞ γ-ɢɡɥɭɱɟɧɢɹ ɫ ɷɧɟɪɝɢɟɣ 

iE ɩɪɢ ɪɚɫɩɚɞɟ ɞɚɧɧɨɝɨ 
ɪɚɞɢɨɧɭɤɥɢɞɚ;  
         iE  – ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɱɭɜɫɬɜɢɬɟɥɶɧɨɫɬɶ ɞɟɬɟɤɬɨɪɚ γ-ɢɡɥɭɱɟɧɢɹ; 
         iE  – ɩɨɩɪɚɜɨɱɧɚɹ ɮɭɧɤɰɢɹ ɷɧɟɪɝɢɢ γ-ɢɡɥɭɱɟɧɢɹ, ɨɩɪɟɞɟɥɹɟɦɚɹ ɩɭɬɟɦ 
ɫɪɚɜɧɟɧɢɹ ɪɚɫɱɟɬɧɵɯ ɜɟɥɢɱɢɧ ɦɨɳɧɨɫɬɢ ɞɨɡɵ, ɩɨɥɭɱɟɧɧɵɯ ɦɟɬɨɞɨɦ Ɇɨɧɬɟ-Ʉɚɪɥɨ, ɢ ɫ 
ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɚɧɚɥɢɬɢɱɟɫɤɢɯ ɦɟɬɨɞɨɜ, ɨɫɧɨɜɚɧɧɵɯ ɧɚ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɮɚɤɬɨɪɚ 
ɧɚɤɨɩɥɟɧɢɹ ɜ ɜɢɞɟ ɮɨɪɦɭɥɵ Ȼɟɪɝɟɪɚ [11], ɞɥɹ ɪɚɡɥɢɱɧɵɯ ɢɫɬɨɱɧɢɤɨɜ, ɨɬɥɢɱɚɸɳɢɯɫɹ 
ɷɧɟɪɝɢɟɣ γ-ɤɜɚɧɬɨɜ;  
         

Dh  – ɜɵɫɨɬɚ ɬɨɱɤɢ ɞɟɬɟɤɬɢɪɨɜɚɧɢɹ ɧɚɞ ɞɨɧɧɨɣ ɩɨɜɟɪɯɧɨɫɬɶɸ, ɢɡɦɟɪɹɟɦɚɹ 
ɷɯɨɥɨɬɨɦ; 

ia ,
ib  – ɛɟɡɪɚɡɦɟɪɧɵɟ ɩɚɪɚɦɟɬɪɵ ɮɨɪɦɭɥɵ Ȼɟɪɝɟɪɚ, ɡɚɜɢɫɹɳɢɟ ɨɬ ɷɧɟɪɝɢɢ  

γ-ɢɡɥɭɱɟɧɢɹ (ɨɩɪɟɞɟɥɹɟɦɵɟ ɩɚɪɚɦɟɬɪɵ ɩɨ ɬɚɛɥɢɰɚɦ, ɩɨ ɧɚɣɞɟɧɧɨɣ ɷɧɟɪɝɢɢ  
γ-ɢɡɥɭɱɟɧɢɹ ɪɚɞɢɨɧɭɤɥɢɞɚ). 
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ɉɟɪɟɞɚɱɚ ɢɧɮɨɪɦɚɰɢɢ ɨɬ ɨɩɟɪɚɬɨɪɚ ɧɚ ɉȾɄ ɢ ɨɛɪɚɬɧɨ, ɤɚɤ ɭɠɟ ɭɤɚɡɵɜɚɥɨɫɶ, 
ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɱɟɪɟɡ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ ɞɟɬɟɤɬɨɪ, ɪɚɛɨɱɚɹ ɱɚɫɬɨɬɚ ɤɨɬɨɪɨɝɨ ɦɨɠɟɬ 
ɧɚɯɨɞɢɬɶɫɹ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɢ ɜɵɛɢɪɚɟɬɫɹ ɢɫɯɨɞɹ ɢɡ ɭɫɥɨɜɢɣ ɪɚɛɨɬɵ. ɑɟɦ ɧɢɠɟ 
ɱɚɫɬɨɬɚ, ɬɟɦ ɛɨɥɶɲɟ ɝɥɭɛɢɧɚ ɧɚ ɤɨɬɨɪɨɣ ɜɨɡɦɨɠɧɚ ɫɜɹɡɶ ɫ ɭɫɬɪɨɣɫɬɜɨɦ, ɧɨ ɫ 
ɩɨɧɢɠɟɧɢɟɦ ɱɚɫɬɨɬɵ ɭɦɟɧɶɲɚɟɬɫɹ ɢ ɫɤɨɪɨɫɬɶ ɩɟɪɟɞɚɱɢ ɞɚɧɧɵɯ. Ⱦɥɹ ɭɥɶɬɪɚɡɜɭɤɨɜɨɣ 
ɫɜɹɡɢ ɰɟɥɟɫɨɨɛɪɚɡɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɚɤ ɧɚɡɵɜɚɟɦɵɟ «ɨɛɪɚɬɢɦɵɟ» ɭɥɶɬɪɚɡɜɭɤɨɜɵɟ 
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ, ɬ.ɟ. ɭɫɬɪɨɣɫɬɜɨ, ɤɨɬɨɪɨɟ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɤɚɤ ɞɥɹ ɩɟɪɟɞɚɱɢ 
ɫɢɝɧɚɥɚ, ɬɚɤ ɢ ɞɥɹ ɩɪɢɟɦɚ, ɧɚɩɪɢɦɟɪ, ɩɶɟɡɨɷɥɟɤɬɪɢɤɢ ɧɚ ɨɫɧɨɜɟ ɰɢɪɤɨɧɚɬɚ-ɬɢɬɚɧɚɬɚ 
ɫɜɢɧɰɚ ɐɌɋ -19 ɢ ɐɌɋ-23, ɨɞɧɚɤɨ ɢɯ ɪɚɛɨɬɚ ɨɝɪɚɧɢɱɢɜɚɟɬɫɹ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɪɟɠɢɦɨɦ 
ɞɥɹ Ɍ ≥ 365 ºK Д12Ж, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɜɨɡɧɢɤɚɬɶ ɩɪɢ ɩɪɨɞɨɥɠɢɬɟɥɶɧɨɣ ɪɚɛɨɬɟ ɞɟɬɟɤɬɨɪɚ, 
ɱɬɨ ɢ ɨɛɭɫɥɚɜɥɢɜɚɟɬ ɞɢɫɤɪɟɬɧɨɫɬɶ ɦɟɬɨɞɚ ɩɟɪɟɞɚɱɢ ɢɧɮɨɪɦɚɰɢɢ. 
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Abstract – The paper presents a study of the automated control system of the underwater radio-

controlled unmanned vehicle (as a prototype) which monitors the radiation in the deepwater area 

bottom (with the depth over 10 m), and a system of the operator-vehicle communication line. A 

standard approach to the radiation monitoring is applied with the help of spectrometric and 

dosimetry equipment, as well as an echo sounder mounted on the underwater vehicle. The 

communication line with a facility located on the ground is exercised in the following two ways: 

when in water, it is arranged through the information transmission by ultrasound to the buffer gear 

floating on the surface of the water area, and through the gear it gets in a retransmission to the 

operator on the ground via a radio channel. The control of the underwater vehicle is exercised in 

the reversed sequence: from the operator to the buffer gear, it goes through a radio channel, then it 

goes from the latter to the underwater vehicle by the retransmission into ultrasound, and then it 

reaches the receiving device of the underwater vehicle through further retransmission. 

 

Keywords: ultrasound data transmission, radio-controlled underwater vehicle, radiation monitoring 
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