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Ɉɫɧɨɜɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɹ ɢɫɤɭɫɫɬɜɟɧɧɵɯ ɫɩɭɬɧɢɤɨɜ Зɟɦɥɢ ɢ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ (КȺ)  

ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɹɜɥɹɸɬɫɹ ɫɨɥɧɟɱɧɵɟ ɛɚɬɚɪɟɢ (СȻ). Ɉɞɧɚɤɨ ɨɧɢ ɹɜɥɹɸɬɫɹ ɢɫɬɨɱɧɢɤɚɦɢ ɬɨɤɚ ɫ ɧɟɥɢɧɟɣɧɵɦ 

ɢ ɧɟɫɬɚɰɢɨɧɚɪɧɵɦ ɜɧɭɬɪɟɧɧɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ. Кɪɨɦɟ ɬɨɝɨ, ɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ  
ɢɡɦɟɧɹɸɬɫɹ ɜ ɩɪɨɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ: ɩɪɢ ɜɵɯɨɞɟ ɢɡ ɬɟɧɢ Зɟɦɥɢ СȻ ɝɟɧɟɪɢɪɭɸɬ ɦɚɤɫɢɦɚɥɶɧɭɸ ɷɧɟɪɝɢɸ, ɤɨɬɨ-
ɪɚɹ ɫ ɩɪɨɝɪɟɜɨɦ ɛɚɬɚɪɟɢ ɭɦɟɧɶɲɚɟɬɫɹ, ɚ ɫɨ ɜɪɟɦɟɧɟɦ СȻ ɞɟɝɪɚɞɢɪɭɸɬ ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ ɢɨɧɢɡɢɪɭɸɳɟɝɨ ɢɡɥɭɱɟ-
ɧɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ. ɉɪɢ ɷɬɨɦ ɬɚɤɠɟ ɫɭɳɟɫɬɜɭɸɬ ɫɥɨɠɧɨɫɬɢ ɪɚɫɤɪɵɬɢɹ ɢ ɨɛɟɫɩɟɱɟɧɢɹ ɬɪɟ-
ɛɭɟɦɨɣ ɨɪɢɟɧɬɚɰɢɢ. ɇɚɢɛɨɥɟɟ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɦ ɢ ɫɬɚɛɢɥɶɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɷɧɟɪɝɢɢ ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɹɞɟɪ-
ɧɵɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɭɫɬɚɧɨɜɤɢ (əЭУ). Ɉɞɧɚɤɨ ɩɪɢ ɷɬɨɦ ɜɚɠɧɟɣɲɢɦ ɭɫɥɨɜɢɟɦ ɢɯ ɩɪɢɦɟɧɟɧɢɹ ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟ-
ɱɟɧɢɟ ɪɚɞɢɚɰɢɨɧɧɨɣ ɛɟɡɨɩɚɫɧɨɫɬɢ ɩɪɢ ɯɪɚɧɟɧɢɢ ɜ ɡɚɜɨɞɫɤɢɯ ɭɫɥɨɜɢɹɯ ɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ, ɞɥɹ ɱɟɝɨ ɩɪɢɦɟɧɹɟɬ-

ɫɹ ɬɪɚɧɫɩɨɪɬɢɪɨɜɨɱɧɵɣ ɤɨɧɬɟɣɧɟɪ. ɉɪɟɞɫɬɚɜɥɟɧɚ ɨɪɢɝɢɧɚɥɶɧɚɹ ɤɨɧɫɬɪɭɤɰɢɹ ɤɨɧɬɟɣɧɟɪɚ ɞɥɹ əЭУ КȺ, ɜɚɠ-

ɧɟɣɲɢɦ ɷɥɟɦɟɧɬɨɦ ɤɨɬɨɪɨɝɨ ɹɜɥɹɟɬɫɹ ɦɟɬɚɥɥɨɪɟɡɢɧɨɜɵɣ ɚɦɨɪɬɢɡɚɬɨɪ, ɩɪɟɞɫɬɚɜɥɹɸɳɢɣ ɫɨɛɨɣ ɦɟɬɚɥɥɨɤɨɦ-

ɩɨɡɢɬ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɦɟɬɚɥɥɢɱɟɫɤɨɣ ɫɩɢɪɚɥɢ, ɜɩɪɟɫɫɨɜɚɧɧɨɣ ɜ ɪɟɡɢɧɭ. Еɝɨ ɧɚɡɧɚɱɟɧɢɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɭɦɟɧɶɲɟ-
ɧɢɢ ɚɦɩɥɢɬɭɞɵ ɜɢɛɪɚɰɢɣ, ɱɬɨ ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɤɨɧɬɟɣɧɟɪ ɨɬ ɩɨɜɪɟɠɞɟɧɢɣ ɩɪɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ. С ɰɟɥɶɸ 

ɩɨɜɵɲɟɧɢɹ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɯ ɢ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɚɦɨɪɬɢɡɚɬɨɪɚ ɜ ɪɟɡɢɧɭ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ 
ɜɜɨɞɢɥɢ ɧɚɧɨɩɨɪɨɲɨɤ ɭɝɥɟɪɨɞɚ. 

 

Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɤɨɫɦɢɱɟɫɤɢɟ ɚɩɩɚɪɚɬɵ, ɫɨɥɧɟɱɧɵɟ ɛɚɬɚɪɟɢ, ɹɞɟɪɧɵɟ ɷɧɟɪɝɟɬɢɱɟɫɤɢɟ ɭɫɬɚɧɨɜɤɢ, ɤɨɧɬɟɣ-
ɧɟɪ, ɦɟɬɚɥɥɨɪɟɡɢɧɨɜɵɣ ɚɦɨɪɬɢɡɚɬɨɪ. 
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Nowadays the main power supply sources of artificial space satellites of the Earth and space vehicles (SV) are solar 

batteries (SB). However it is a source of power with nonlinear and unsteady internal resistance. Besides, their 

characteristics are to a great extent changed in operational process − SB generate maximum energy coming out of 

shadow of the Earth which decreases with battery warming-up. Further SB degrade by the influence of space ionizing 
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radiation. At that there are also the difficulties with opening and supplying the demanded orientation. The most 

effective and stable source of energy can be the nuclear installations (NI). However the most important condition for 

their use is supplying of radiation safety by the storage at factory conditions and transportation wherefore a 

transporting container is used. The original construction of the container for NI SV, the most important element of 

which is a metallic rubber shock-absorber that is a metallic composite consisted of metallic spiral pressed into rubber, 

is presented in the article. Its destination is in a decreasing of a vibration amplitude that prevents the container from 

damages during transportation. The nanopowder of carbon was previously introduced into rubber for increasing the 

physical-mechanical and operational characteristics of shock-absorber. 

 

Keywords: space vehicles, solar batteries, nuclear installations, container, metallic-rubber shock-absorber, 

nanopowder of carbon. 

 

ɂɫɤɭɫɫɬɜɟɧɧɵɟ ɫɩɭɬɧɢɤɢ Ɂɟɦɥɢ, ɚ ɬɚɤɠɟ ɤɨɫɦɢɱɟ-
ɫɤɢɟ ɚɩɩɚɪɚɬɵ (ɄȺ) ɹɜɥɹɸɬɫɹ ɞɥɢɬɟɥɶɧɨ ɞɟɣɫɬɜɭɸ-

ɳɢɦɢ ɥɟɬɚɬɟɥɶɧɵɦɢ ɚɩɩɚɪɚɬɚɦɢ (ɅȺ). Ɉɫɧɨɜɧɵɦ 

ɩɟɪɜɢɱɧɵɦ ɢɫɬɨɱɧɢɤɨɦ ɢɯ ɷɧɟɪɝɨɫɧɚɛɠɟɧɢɹ ɜ ɧɚ-
ɫɬɨɹɳɟɟ ɜɪɟɦɹ ɹɜɥɹɸɬɫɹ ɫɨɥɧɟɱɧɵɟ ɛɚɬɚɪɟɢ (ɋȻ) [1]. 

Ɉɞɧɚɤɨ ɩɨ ɫɜɨɟɣ ɮɢɡɢɱɟɫɤɨɣ ɩɪɢɪɨɞɟ ɋȻ ɹɜɥɹɸɬɫɹ 
ɢɫɬɨɱɧɢɤɚɦɢ ɬɨɤɚ ɫ ɧɟɥɢɧɟɣɧɵɦ ɢ ɧɟɫɬɚɰɢɨɧɚɪɧɵɦ 

ɜɧɭɬɪɟɧɧɢɦ ɫɨɩɪɨɬɢɜɥɟɧɢɟɦ. Ʉɪɨɦɟ ɬɨɝɨ, ɢɯ ɯɚɪɚɤɬɟ-
ɪɢɫɬɢɤɢ ɜ ɡɧɚɱɢɬɟɥɶɧɨɣ ɫɬɟɩɟɧɢ ɢɡɦɟɧɹɸɬɫɹ ɜ ɩɪɨ-
ɰɟɫɫɟ ɷɤɫɩɥɭɚɬɚɰɢɢ: ɩɪɢ ɜɵɯɨɞɟ ɢɡ ɬɟɧɢ Ɂɟɦɥɢ ɨɯɥɚ-
ɠɞɟɧɧɵɟ ɋȻ ɝɟɧɟɪɢɪɭɸɬ ɦɚɤɫɢɦɚɥɶɧɭɸ ɷɧɟɪɝɢɸ, ɤɨ-
ɬɨɪɚɹ ɫ ɩɪɨɝɪɟɜɨɦ ɛɚɬɚɪɟɢ ɭɦɟɧɶɲɚɟɬɫɹ, ɚ ɫɨ ɜɪɟɦɟ-
ɧɟɦ ɋȻ ɞɟɝɪɚɞɢɪɭɸɬ ɨɬ ɜɨɡɞɟɣɫɬɜɢɹ ɢɨɧɢɡɢɪɭɸɳɟɝɨ 
ɢɡɥɭɱɟɧɢɹ ɤɨɫɦɢɱɟɫɤɨɝɨ ɩɪɨɫɬɪɚɧɫɬɜɚ [2]. ɉɪɢ ɷɬɨɦ 

ɬɚɤɠɟ ɫɭɳɟɫɬɜɭɸɬ ɫɥɨɠɧɨɫɬɢ ɪɚɫɤɪɵɬɢɹ ɢ ɨɛɟɫɩɟɱɟ-
ɧɢɹ ɬɪɟɛɭɟɦɨɣ ɨɪɢɟɧɬɚɰɢɢ ɋȻ ɩɨ ɨɬɧɨɲɟɧɢɸ ɤ ɋɨɥɧ-

ɰɭ, ɱɬɨ, ɧɚɩɪɢɦɟɪ, ɭɛɟɞɢɬɟɥɶɧɨ ɩɨɤɚɡɚɧɨ ɜ ɩɚɬɟɧɬɟ ɊɎ 

№ 2509694 [3], ɬɟɤɫɬ ɤɨɬɨɪɨɝɨ ɩɪɟɞɫɬɚɜɥɟɧ ɧɚ 14-ɬɢ 

ɫɬɪɚɧɢɰɚɯ, ɜɤɥɸɱɚɹ 3 ɫɬɪɚɧɢɰɵ ɪɢɫɭɧɤɨɜ ɢ ɦɚɬɟɦɚɬɢ-

ɱɟɫɤɢɯ ɜɵɪɚɠɟɧɢɣ, ɚ ɮɨɪɦɭɥɚ ɢɡɨɛɪɟɬɟɧɢɹ ɢɡɥɨɠɟɧɚ 
ɜ 55 ɫɬɪɨɱɤɚɯ ɢ ɡɚɤɥɸɱɚɬɫɹ ɜ ɫɥɟɞɭɸɳɟɦ (ɫ ɫɨɤɪɚɳɟ-
ɧɢɹɦɢ): «ɋɩɨɫɨɛ ɭɩɪɚɜɥɟɧɢɹ ɨɪɢɟɧɬɚɰɢɟɣ ɋȻ ɄȺ  

ɫ ɨɝɪɚɧɢɱɟɧɢɟɦ ɭɝɥɚ ɩɨɜɨɪɨɬɚ ɋȻ, ɡɚɤɥɸɱɚɸɳɢɣɫɹ  
ɜ ɬɨɦ, ɱɬɨ ɨɩɪɟɞɟɥɹɸɬ ɡɚɞɚɧɧɵɣ ɭɝɨɥ ɋȻ ɤɚɤ ɩɨɥɨɠɟ-
ɧɢɟ ɩɪɨɟɤɰɢɢ ɟɞɢɧɢɱɧɨɝɨ ɜɟɤɬɨɪɚ ɧɚɩɪɚɜɥɟɧɢɹ ɧɚ 
ɋɨɥɧɰɟ ɧɚ ɩɥɨɫɤɨɫɬɶ ɜɪɚɳɟɧɢɹ ɧɨɪɦɚɥɢ ɤ ɟɟ ɪɚɛɨɱɟɣ 

ɩɨɜɟɪɯɧɨɫɬɢ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɜɹɡɚɧɧɵɯ ɫ ɄȺ ɨɫɟɣ  

ɤɨɨɪɞɢɧɚɬ, ɢɡɦɟɪɹɸɬ ɭɝɥɨɜɨɟ ɩɨɥɨɠɟɧɢɟ ɧɨɪɦɚɥɢ  

ɤ ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɋȻ ɨɬɧɨɫɢɬɟɥɶɧɨ ɫɜɹɡɚɧɧɵɯ  
ɫ ɄȺ ɨɫɟɣ ɤɨɨɪɞɢɧɚɬ ɜ ɩɥɨɫɤɨɫɬɢ ɜɪɚɳɟɧɢɹ ɋȻ ɫ ɬɨɱ-
ɧɨɫɬɶɸ ɞɨ ɞɢɫɤɪɟɬɧɨɝɨ ɫɟɤɬɨɪɚ ɫɨɨɬɜɟɬɫɬɜɭɸɳɟɝɨ 
ɞɚɬɱɢɤɚ ɭɝɥɚ, ɨɩɪɟɞɟɥɹɸɬ ɭɝɥɨɜɭɸ ɫɤɨɪɨɫɬɶ ɜɪɚɳɟɧɢɹ 
ɋȻ ɩɨ ɜɪɟɦɟɧɢ ɩɟɪɟɫɟɱɟɧɢɹ ɋȻ ɝɪɚɧɢɰɵ ɦɟɠɞɭ ɞɢɫ-
ɤɪɟɬɧɵɦɢ ɫɟɤɬɨɪɚɦɢ ɞɚɬɱɢɤɚ ɭɝɥɚ, ɜɵɱɢɫɥɹɸɬ ɪɚɫ-
ɱɟɬɧɵɣ ɭɝɨɥ ɨɬɧɨɫɢɬɟɥɶɧɨ ɢɡɦɟɪɟɧɧɨɝɨ ɭɝɥɨɜɨɝɨ ɩɨ-
ɥɨɠɟɧɢɹ ɋȻ ɤɚɤ ɩɪɨɢɡɜɟɞɟɧɢɟ ɭɝɥɨɜɨɣ ɫɤɨɪɨɫɬɢ ɋȻ 

ɧɚ ɜɪɟɦɹ ɟɟ ɜɪɚɳɟɧɢɹ, ɜɪɚɳɚɸɬ ɋȻ ɜ ɧɚɩɪɚɜɥɟɧɢɢ 

ɭɦɟɧɶɲɟɧɢɹ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɹ ɦɟɠɞɭ ɡɚɞɚɧɧɵɦ ɢ ɪɚɫ-
ɱɟɬɧɵɦ ɭɝɥɚɦɢ, ɨɩɪɟɞɟɥɹɸɬ ɭɝɨɥ ɪɚɡɝɨɧɚ ɋȻ ɢ ɭɝɨɥ 
ɬɨɪɦɨɠɟɧɢɹ, ɤɨɪɪɟɤɬɢɪɭɸɬ ɪɚɫɱɟɬɧɵɣ ɭɝɨɥ ɩɨ ɢɡɦɟ-
ɪɟɧɧɨɦɭ ɭɝɥɨɜɨɦɭ ɩɨɥɨɠɟɧɢɸ ɭɤɚɡɚɧɧɨɣ ɧɨɪɦɚɥɢ  

ɜ ɦɨɦɟɧɬɵ ɢɡɦɟɧɟɧɢɹ ɡɧɚɱɟɧɢɣ ɞɚɬɱɢɤɚ ɭɝɥɚ ɧɚ ɜɟɥɢ-

ɱɢɧɭ ɨɞɧɨɝɨ ɞɢɫɤɪɟɬɧɨɝɨ ɫɟɤɬɨɪɚ, ɡɚɞɚɸɬ ɩɨɪɨɝ  
ɫɪɚɛɚɬɵɜɚɧɢɹ, ɩɪɢ ɩɪɟɜɵɲɟɧɢɢ ɤɨɬɨɪɨɝɨ ɮɨɪɦɢɪɭɟɬ-
ɫɹ ɪɚɫɫɨɝɥɚɫɨɜɚɧɢɟ ɦɟɠɞɭ ɡɚɞɚɧɧɵɦ ɢ ɪɚɫɱɟɬɧɵɦɢ 

ɭɝɥɚɦɢ ɤɚɤ: 

(αɪɚɡɝ + αɬɨɪɦ) < αcp < arc cos min

max

I

I
, 

ɝɞɟ αcp − ɩɨɪɨɝ ɫɪɚɛɚɬɵɜɚɧɢɹ; αɪɚɡɝ − ɭɝɨɥ ɪɚɡɝɨɧɚ ɋȻ; 

αɬɨɪɦ − ɭɝɨɥ ɬɨɪɦɨɠɟɧɢɹ ɋȻ; Imin − ɦɢɧɢɦɚɥɶɧɨ ɞɨɩɭɫ-
ɬɢɦɵɣ ɬɨɤ, ɜɵɪɚɛɚɬɵɜɚɟɦɵɣ ɋȻ; Imax − ɦɚɤɫɢɦɚɥɶɧɨ 
ɜɨɡɦɨɠɧɵɣ ɬɨɤ, ɜɵɪɚɛɚɬɵɜɚɟɦɵɣ ɋȻ… 

…ɉɪɢɫɜɚɢɜɚɸɬ ɡɚɞɚɧɧɨɦɭ ɭɝɥɭ ɡɧɚɱɟɧɢɟ ɭɝɥɨɜɨɝɨ 
ɩɨɥɨɠɟɧɢɹ ɛɥɢɠɚɣɲɟɝɨ ɤ ɧɟɦɭ ɥɭɱɚ ɪɚɛɨɱɟɝɨ ɭɝɥɚ, 
ɟɫɥɢ ɩɨɥɨɠɟɧɢɟ ɭɤɚɡɚɧɧɨɣ ɜɵɲɟ ɩɪɨɟɤɰɢɢ ɟɞɢɧɢɱɧɨ-
ɝɨ ɜɟɤɬɨɪɚ ɧɚɩɪɚɜɥɟɧɢɹ ɧɚ ɋɨɥɧɰɟ ɧɚɯɨɞɢɬɫɹ ɜɧɟ ɪɚ-
ɛɨɱɟɝɨ ɭɝɥɚ, ɮɨɪɦɢɪɭɸɬ ɫɢɝɧɚɥ ɨɬɤɚɡɚ ɢ ɩɪɟɤɪɚɳɚɸɬ 
ɭɩɪɚɜɥɟɧɢɟ ɋȻ, ɟɫɥɢ ɭɝɥɨɜɨɟ ɩɨɥɨɠɟɧɢɟ ɧɨɪɦɚɥɢ ɤ 
ɪɚɛɨɱɟɣ ɩɨɜɟɪɯɧɨɫɬɢ ɋȻ ɧɚɯɨɞɢɬɫɹ ɜɧɟ ɪɚɛɨɱɟɝɨ ɭɝɥɚ 
ɢ ɩɪɢ ɷɬɨɦ ɢɡɦɟɧɹɟɬɫɹ ɜ ɧɚɩɪɚɜɥɟɧɢɢ ɭɜɟɥɢɱɟɧɢɹ ɭɝɥɚ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɛɥɢɠɚɣɲɟɝɨ ɤ ɧɟɦɭ ɥɭɱɚ ɪɚɛɨɱɟɝɨ ɭɝɥɚ». 

Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɜ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɸɬ 
ɩɪɨɛɥɟɦɵ ɩɪɢɦɟɧɟɧɢɹ ɋȻ ɜ ɄȺ ɧɟ ɬɨɥɶɤɨ ɢɫɯɨɞɹ ɢɡ 
ɢɯ «ɮɢɡɢɱɟɫɤɨɣ» ɢ «ɦɟɯɚɧɢɱɟɫɤɨɣ» ɫɩɟɰɢɮɢɤɢ, ɧɨ ɢ 

ɩɪɢ ɬɨɦ, ɱɬɨ ɨɞɧɨɣ ɢɡ ɨɫɧɨɜɧɵɯ ɬɟɧɞɟɧɰɢɣ ɪɚɡɜɢɬɢɹ 
ɪɚɤɟɬɧɨ-ɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢɤɢ ɹɜɥɹɟɬɫɹ ɪɨɫɬ ɷɮɮɟɤ-
ɬɢɜɧɨɫɬɢ ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɨɛɟɫɩɟɱɟɧɢɹ ɄȺ.  

Ⱥɧɚɥɢɡ ɚɥɶɬɟɪɧɚɬɢɜɧɵɯ ɢɫɬɨɱɧɢɤɨɜ ɷɧɟɪɝɢɢ ɩɨɤɚ-
ɡɚɥ, ɱɬɨ ɧɚɢɛɨɥɟɟ ɜɵɫɨɤɨɷɮɮɟɤɬɢɜɧɵɦ ɢ ɫɬɚɛɢɥɶɧɵɦ 

ɢɫɬɨɱɧɢɤɨɦ ɷɧɟɪɝɢɢ ɦɨɝɭɬ ɫɥɭɠɢɬɶ ɹɞɟɪɧɵɟ ɷɧɟɪɝɟ-
ɬɢɱɟɫɤɢɟ ɭɫɬɚɧɨɜɤɢ (əɗɍ) [4; 5]. ɂ ɪɚɛɨɬɵ ɜ ɷɬɨɦ ɧɚ-
ɩɪɚɜɥɟɧɢɢ ɩɪɨɜɨɞɢɥɢɫɶ ɤɚɤ ɚɦɟɪɢɤɚɧɫɤɢɦɢ, ɬɚɤ ɢ 

ɪɨɫɫɢɣɫɤɢɦɢ ɧɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɦɢ ɢ ɩɪɨɢɡɜɨɞ-
ɫɬɜɟɧɧɵɦɢ ɨɪɝɚɧɢɡɚɰɢɹɦɢ [6].  

ɉɟɪɜɨɣ ɜ ɦɢɪɨɜɨɣ ɩɪɚɤɬɢɤɟ ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɨɣ 

əɗɍ ɫɬɚɥɚ ɪɚɡɪɚɛɨɬɚɧɧɚɹ ɩɨ ɩɪɨɝɪɚɦɦɟ Systems for 

Nuclear Auxiliary Power [7] ɚɦɟɪɢɤɚɧɫɤɚɹ ɭɫɬɚɧɨɜɤɚ 
SNAP-10A (ɪɢɫ. 1), ɪɚɡɦɟɳɟɧɧɚɹ ɧɚ ɤɨɫɦɢɱɟɫɤɨɦ  

ɚɩɩɚɪɚɬɟ Snapshot, ɤɨɬɨɪɵɣ ɛɵɥ ɜɵɜɟɞɟɧ ɧɚ ɨɪɛɢɬɭ  
3 ɚɩɪɟɥɹ 1965 ɝɨɞɚ. ɗɥɟɤɬɪɢɱɟɫɤɚɹ ɦɨɳɧɨɫɬɶ, ɨɛɟɫɩɟ-
ɱɢɜɚɟɦɚɹ ɬɟɪɦɨɷɥɟɤɬɪɢɱɟɫɤɢɦ ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɦ, ɫɨ-
ɫɬɚɜɥɹɥɚ ɨɬ 500 ɞɨ 650 ȼɬ. Ɋɟɚɤɬɨɪ ɭɫɩɟɲɧɨ ɩɪɨɪɚɛɨ-
ɬɚɥ 43 ɞɧɹ. 
ɉɟɪɜɵɣ ɫɨɜɟɬɫɤɢɣ ɫɩɭɬɧɢɤ ɬɢɩɚ «ɍɋ-Ⱥ» ɫ əɗɍ 

ɛɵɥ ɡɚɩɭɳɟɧ 3 ɨɤɬɹɛɪɹ 1970 ɝ. [6]. ȼ ɤɚɱɟɫɬɜɟ ɷɧɟɪɝɟ-
ɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ ɄȺ ɛɵɥɚ ɢɫɩɨɥɶɡɨɜɚɧɚ əɗɍ  

Ȼɗɋ-5 (ɪɢɫ. 2) ɦɨɳɧɨɫɬɶɸ 3 ɤȼɬ ɫ ɬɟɪɦɨɷɥɟɤɬɪɢɱɟɫ- 
ɤɢɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟɦ ɬɟɩɥɨɜɨɣ ɷɧɟɪɝɢɢ. Ɂɚ ɜɪɟɦɹ  
ɫɟɪɢɣɧɨɝɨ ɩɪɨɢɡɜɨɞɫɬɜɚ ɫɩɭɬɧɢɤɨɜ ɬɢɩɚ «ɍɋ-Ⱥ» ɭɞɚ-
ɥɨɫɶ ɭɜɟɥɢɱɢɬɶ ɫɪɨɤ ɚɤɬɢɜɧɨɝɨ ɫɭɳɟɫɬɜɨɜɚɧɢɹ ɢɡɞɟ-
ɥɢɣ ɫ 45 ɞɨ 120 ɫɭɬɨɤ, ɚ ɜ ɞɚɥɶɧɟɣɲɟɦ ɞɨ 300 ɫɭɬɨɤ, 
ɩɪɢ ɷɬɨɦ ɛɵɥɢ ɪɟɲɟɧɵ ɡɚɞɚɱɢ ɩɨ ɡɚɳɢɬɟ ɛɨɪɬɨɜɨɣ 

ɚɩɩɚɪɚɬɭɪɵ ɄȺ ɨɬ ɪɚɞɢɚɰɢɨɧɧɨɝɨ ɜɨɡɞɟɣɫɬɜɢɹ əɗɍ. 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ, ɩɨ ɫɨɨɛɳɟɧɢɸ ɞɢɪɟɤɬɨɪɚ, ɝɟ-
ɧɟɪɚɥɶɧɨɝɨ ɤɨɧɫɬɪɭɤɬɨɪɚ ɇɂɄɂɗɌ (ɈȺɈ «Ɉɪɞɟɧɚ 
Ʌɟɧɢɧɚ ɇɚɭɱɧɨ-ɢɫɫɥɟɞɨɜɚɬɟɥɶɫɤɢɣ ɢ ɤɨɧɫɬɪɭɤɬɨɪ-
ɫɤɢɣ ɢɧɫɬɢɬɭɬ ɷɧɟɪɝɨɬɟɯɧɢɤɢ ɢɦɟɧɢ ɇ. Ⱥ. Ⱦɨɥɥɟɠɚ-
ɥɹ») ɘ. Ƚ. Ⱦɪɚɝɭɧɨɜɚ ɧɚ ɫɨɫɬɨɹɜɲɟɣɫɹ ɜ Ɉɛɧɢɧɫɤɟ 



 

 
 

Ⱥɜɢɚɰɢɨɧɧɚɹ ɢ ɪɚɤɟɬɧɨ-ɤɨɫɦɢɱɟɫɤɚɹ ɬɟɯɧɢɤɚ 
 

 149

25–27 ɢɸɧɹ 2014 ɝɨɞɚ ɤɨɧɮɟɪɟɧɰɢɢ, ɩɨɫɜɹɳɟɧɧɨɣ  

60-ɥɟɬɢɸ ɫɨ ɞɧɹ ɩɭɫɤɚ Ɉɛɧɢɧɫɤɨɣ Ⱥɗɋ, ɪɚɛɨɬɵ ɜ ɷɬɨɦ 

ɧɚɩɪɚɜɥɟɧɢɢ ɜɟɞɭɬɫɹ ɜɟɫɶɦɚ ɭɫɩɟɲɧɨ: ɤ ɧɚɫɬɨɹɳɟɦɭ 
ɜɪɟɦɟɧɢ ɜ ɇɂɄɂɗɌ ɜ ɪɚɦɤɚɯ ɩɪɨɟɤɬɚ «ɋɨɡɞɚɧɢɟ 
ɬɪɚɧɫɩɨɪɬɧɨ-ɷɧɟɪɝɟɬɢɱɟɫɤɨɝɨ ɦɨɞɭɥɹ ɧɚ ɨɫɧɨɜɟ ɹɞɟɪ-
ɧɨɣ ɷɧɟɪɝɨɞɜɢɝɚɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ ɦɟɝɚɜɚɬɬɧɨɝɨ 

ɤɥɚɫɫɚ» [8] ɡɚɜɟɪɲɟɧɵ ɢɫɩɵɬɚɧɢɹ ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟ-
ɧɢɹ ɪɟɚɤɬɨɪɨɦ ɹɞɟɪɧɨɣ ɷɧɟɪɝɨɞɜɢɝɚɬɟɥɶɧɨɣ ɭɫɬɚɧɨɜɤɢ 

ɦɟɝɚɜɚɬɬɧɨɝɨ ɤɥɚɫɫɚ ɞɥɹ ɤɨɫɦɢɱɟɫɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ. 
 

 
 

Ɋɢɫ. 1. əɗɍ SNAP-10A [7] 

 

Ɉɞɧɚɤɨ ɩɪɢ ɷɬɨɦ ɜɚɠɧɟɣɲɢɦ ɭɫɥɨɜɢɟɦ ɩɪɢɦɟɧɟ-
ɧɢɹ ɄȺ ɫ əɗɍ ɹɜɥɹɟɬɫɹ ɨɛɟɫɩɟɱɟɧɢɟ ɪɚɞɢɚɰɢɨɧɧɨɣ 

ɛɟɡɨɩɚɫɧɨɫɬɢ [9; 10], ɜ ɱɚɫɬɧɨɫɬɢ, ɷɬɨɣ ɩɪɨɛɥɟɦɟ ɭɞɟ-
ɥɟɧɚ ɰɟɥɚɹ ɝɥɚɜɚ ɜ ɮɭɧɞɚɦɟɧɬɚɥɶɧɨɣ ɦɨɧɨɝɪɚɮɢɢ 

ɫɩɟɰɢɚɥɢɫɬɚ ɜ ɷɬɨɣ ɨɛɥɚɫɬɢ, ɝɟɧɟɪɚɥɶɧɨɝɨ ɞɢɪɟɤɬɨɪɚ 
ɨɞɧɨɝɨ ɢɡ ɜɟɞɭɳɢɯ ɪɚɡɪɚɛɨɬɱɢɤɨɜ ɪɨɫɫɢɣɫɤɨɣ ɤɨɫɦɢ-

ɱɟɫɤɨɣ ɬɟɯɧɢɤɢ ɎȽɍɉ «Ʉɨɧɫɬɪɭɤɬɨɪɫɤɨɟ ɛɸɪɨ «Ⱥɪ-
ɫɟɧɚɥ» ɢɦ. Ɇ. ȼ. Ɏɪɭɧɡɟ» [11] (ɝɥ. 4. ɇɟɤɨɬɨɪɵɟ ɚɫ-
ɩɟɤɬɵ ɷɤɫɩɥɭɚɬɚɰɢɢ ɤɨɫɦɢɱɟɫɤɢɯ ɚɩɩɚɪɚɬɨɜ ɫ ɹɞɟɪ-
ɧɵɦɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ ɭɫɬɚɧɨɜɤɚɦɢ; 4.1. Ɍɪɚɧɫɩɨɪ-
ɬɢɪɨɜɤɚ  ɢ ɢɫɩɵɬɚɧɢɹ ɄȺ ɫ ɹɞɟɪɧɵɦɢ ɷɧɟɪɝɟɬɢɱɟɫɤɢ-

ɦɢ ɭɫɬɚɧɨɜɤɚɦɢ ɧɚ ɬɟɯɧɢɱɟɫɤɨɦ ɤɨɦɩɥɟɤɫɟ; 4.5. ɋɩɟ-
ɰɢɚɥɶɧɵɟ ɬɪɟɛɨɜɚɧɢɹ ɤ ɊɄɄ ɞɥɹ ɩɨɞɝɨɬɨɜɤɢ ɢ ɡɚɩɭɫɤɚ 
ɄȺ ɫ əɗɍ ɢ ɜɟɪɨɹɬɧɵɟ ɩɨɫɥɟɞɫɬɜɢɹ ɚɜɚɪɢɣ ɩɪɢ ɧɚ-
ɡɟɦɧɨɣ ɷɤɫɩɥɭɚɬɚɰɢɢ ɄȺ ɫ əɗɍ ɢ ɩɪɢ ɜɵɜɟɞɟɧɢɢ ɟɝɨ 

ɧɚ ɨɪɛɢɬɭ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ). ȼ ɨɛɳɟɦ ɫɥɭɱɚɟ, 
ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ ɫ ɡɚɜɨɞɚ-ɢɡɝɨɬɨɜɢɬɟɥɹ ɧɚ ɤɨɫɦɢɱɟ-
ɫɤɢɣ ɩɨɥɢɝɨɧ ɩɪɟɞɲɟɫɬɜɭɟɬ ɯɪɚɧɟɧɢɟ ɄȺ əɗɍ ɜ ɡɚɜɨ-
ɞɫɤɢɯ ɭɫɥɨɜɢɹɯ, ɞɥɹ ɱɟɝɨ ɩɪɢɦɟɧɹɟɬɫɹ ɬɪɚɧɫɩɨɪɬɢɪɨ-
ɜɨɱɧɵɣ ɤɨɧɬɟɣɧɟɪ.  
ȼ ɬɟɯɧɢɱɟɫɤɨɣ ɥɢɬɟɪɚɬɭɪɟ ɩɪɟɞɫɬɚɜɥɟɧɨ ɛɨɥɶɲɨɟ 

ɤɨɥɢɱɟɫɬɜɨ ɤɨɧɫɬɪɭɤɰɢɣ ɬɚɤɢɯ ɤɨɧɬɟɣɧɟɪɨɜ, ɢ ɪɚɛɨɬɵ 

ɜ ɷɬɨɦ ɧɚɩɪɚɜɥɟɧɢɢ ɩɪɨɞɨɥɠɚɸɬɫɹ. ȼɚɠɧɨɟ ɡɧɚɱɟɧɢɟ 
ɤɨɧɫɬɪɭɤɰɢɢ ɤɨɧɬɟɣɧɟɪɚ ɦɨɠɧɨ ɭɫɦɨɬɪɟɬɶ, ɧɚɩɪɢɦɟɪ, 
ɜ ɨɩɢɫɚɧɢɢ ɤ ɩɚɬɟɧɬɭ ɋɒȺ № 5438597 [12], ɢɡɥɨɠɟɧ-

ɧɨɦ ɧɚ 18 ɫɬɪ., ɜɤɥɸɱɚɹ 10 ɪɢɫɭɧɤɨɜ, ɜ ɤɨɬɨɪɨɦ  

ɜ ɤɚɱɟɫɬɜɟ ɩɪɨɬɨɬɢɩɨɜ ɪɚɫɫɦɨɬɪɟɧɨ 25 ɩɚɬɟɧɬɨɜ ɋɒȺ 

ɢ 2 əɩɨɧɢɢ. 
Ɉɫɧɨɜɵɜɚɹɫɶ ɧɚ ɚɧɚɥɢɡɟ ɩɚɬɟɧɬɧɨɣ ɢ ɬɟɯɧɢɱɟɫɤɨɣ 

ɥɢɬɟɪɚɬɭɪɵ, ɛɵɥɚ ɪɚɡɪɚɛɨɬɚɧɚ ɨɪɢɝɢɧɚɥɶɧɚɹ ɤɨɧɫɬ-
ɪɭɤɰɢɹ ɤɨɧɬɟɣɧɟɪɚ ɞɥɹ əɗɍ ɄȺ [13], ɤɨɬɨɪɚɹ ɫɯɟɦɚ-
ɬɢɱɧɨ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 3. 

 

 
 

Ɋɢɫ. 2. əɗɍ Ȼɗɋ-5 [6] 
 

 

 
 

Ɋɢɫ. 3. Ɍɪɚɧɫɩɨɪɬɢɪɨɜɨɱɧɵɣ ɤɨɧɬɟɣɧɟɪ: 1 – ɹɞɟɪɧɚɹ ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɭɫɬɚɧɨɜɤɚ;  
2 – ɬɟɪɦɨɫɢɮɨɧ; 3 – ɜɟɧɬɢɥɹɬɨɪ; 4 – ɦɟɬɚɥɥɨɪɟɡɢɧɨɜɵɣ ɚɦɨɪɬɢɡɚɬɨɪ; 5 – ɞɚɬɱɢɤ 
ɬɟɦɩɟɪɚɬɭɪɵ; 6 – ɫɢɫɬɟɦɚ ɭɩɪɚɜɥɟɧɢɹ ɬɟɦɩɟɪɚɬɭɪɧɵɦ ɪɟɠɢɦɨɦ; 7 – ɫɢɫɬɟɦɚ 
ɩɨɞɞɟɪɠɚɧɢɹ ɞɚɜɥɟɧɢɹ ɚɡɨɬɚ; 8 – ɞɚɬɱɢɤ ɞɚɜɥɟɧɢɹ; 9 – ɝɚɡɨɜɨɞ; 10 – ɷɥɟɤɬɪɨɧɚ-
ɝɪɟɜɚɬɟɥɶ; 11 – ɷɧɟɪɝɟɬɢɱɟɫɤɚɹ ɭɫɬɚɧɨɜɤɚ; 12 – ɤɨɦɩɪɟɫɫɢɨɧɧɚɹ ɯɨɥɨɞɢɥɶɧɚɹ  
 

ɭɫɬɚɧɨɜɤɚ [13] 
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ȼɧɭɬɪɢ ɤɨɧɬɟɣɧɟɪɚ, ɡɚɩɨɥɧɟɧɧɨɝɨ ɚɡɨɬɨɦ ɫ ɞɚɜɥɟ-
ɧɢɟɦ 1,2 ɤɝ/ɫɦ2, ɧɟ ɫɨɞɟɪɠɚɬɫɹ ɩɨɞɜɢɠɧɵɟ ɱɚɫɬɢ,  

ɚ ɬɟɩɥɨɜɨɣ ɩɨɬɨɤ ɜɵɧɨɫɢɬɫɹ ɜ ɝɚɡɨɜɨɞ 9 ɫ ɩɨɦɨɳɶɸ 

ɩɚɫɫɢɜɧɵɯ ɬɟɩɥɨɜɵɯ ɬɪɭɛ, ɜɵɩɨɥɧɟɧɧɵɯ ɜ ɜɢɞɟ ɬɟɪ-
ɦɨɫɢɮɨɧɨɜ 2, ɝɞɟ ɜɨɡɜɪɚɬ ɬɟɩɥɨɧɨɫɢɬɟɥɹ (ɚɦɦɢɚɤ 
NH3) ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɫɚɦɨɬɟɤɨɦ ɩɨɞ ɞɟɣɫɬɜɢɟɦ ɫɢɥɵ 

ɬɹɠɟɫɬɢ. ɇɟɨɛɯɨɞɢɦɵɣ ɧɚɝɪɟɜ ɞɥɹ ɨɛɟɫɩɟɱɟɧɢɹ ɬɟɦ-

ɩɟɪɚɬɭɪɵ ɜ ɤɨɧɬɟɣɧɟɪɟ ɜɵɲɟ +5 ºɋ (ɱɬɨɛɵ ɧɟ ɡɚɦɟɪɡ 
ɬɟɩɥɨɧɨɫɢɬɟɥɶ əɗɍ – ɷɜɬɟɤɬɢɤɚ Na–Ka) ɨɛɟɫɩɟɱɢɜɚɟɬ-
ɫɹ ɧɚɝɪɟɜɚɬɟɥɟɦ 10 ɩɨ ɫɢɝɧɚɥɭ ɞɚɬɱɢɤɚ ɬɟɦɩɟɪɚɬɭɪɵ 

5. ɉɢɬɚɧɢɟ ɜɫɟɯ ɩɨɬɪɟɛɢɬɟɥɟɣ ɷɧɟɪɝɢɢ ɨɫɭɳɟɫɬɜɥɹɟɬ-
ɫɹ ɨɬ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ 11. 

ɉɪɢ ɧɟɨɛɯɨɞɢɦɨɫɬɢ ɨɯɥɚɠɞɟɧɢɟ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ 
ɜɟɧɬɢɥɹɬɨɪɨɦ 3, ɨɛɞɭɜɚɸɳɢɦ ɨɪɟɛɪɟɧɧɵɟ ɤɨɧɞɟɧɫɚ-
ɬɨɪɵ ɬɟɪɦɨɫɢɮɨɧɨɜ ɱɟɪɟɡ ɢɫɩɚɪɢɬɟɥɶ ɯɨɥɨɞɢɥɶɧɨɣ 

ɦɚɲɢɧɵ 12. 

ɋɢɫɬɟɦɚ ɩɨɡɜɨɥɹɟɬ ɩɨɞɞɟɪɠɢɜɚɬɶ ɬɟɦɩɟɪɚɬɭɪɭ  
20 ± 1 ºɋ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɤɨɦɮɨɪɬɧɵɦɢ ɢ ɛɟɡɨɩɚɫɧɵɦɢ 

ɭɫɥɨɜɢɹɦɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɢ əɗɍ. 

ɋɢɫɬɟɦɚ ɩɨɞɞɟɪɠɚɧɢɹ ɞɚɜɥɟɧɢɹ 7 ɚɡɨɬɚ ɜɧɭɬɪɢ 

ɤɨɧɬɟɣɧɟɪɚ ɩɨ ɫɢɝɧɚɥɚɦ ɞɚɬɱɢɤɚ ɞɚɜɥɟɧɢɹ ɜɤɥɸɱɚɟɬ 
ɤɨɦɩɪɟɫɫɨɪ ɫɢɫɬɟɦɵ 7, ɨɛɟɫɩɟɱɢɜɚɹ ɞɚɜɥɟɧɢɟ ɩɨɪɹɞɤɚ 
1,1…1,2 ɤɝ/ɫɦ2. 

Ɋɚɞɢɚɰɢɨɧɧɚɹ ɡɚɳɢɬɚ ɤɨɧɬɟɣɧɟɪɚ ɜɵɩɨɥɧɟɧɚ ɫ ɢɫ-
ɩɨɥɶɡɨɜɚɧɢɟɦ ɦɚɬɟɪɢɚɥɨɜ ɜ ɜɢɞɟ ɤɨɧɫɬɪɭɤɰɢɨɧɧɵɯ 

ɷɥɟɦɟɧɬɨɜ ɩɨ ɚɧɚɥɨɝɢɢ ɫ ɨɩɢɫɚɧɧɵɦɢ ɜ ɩɚɬɟɧɬɟ  
ɊɎ № 2042984 [14]. ɋɨɝɥɚɫɧɨ ɨɩɢɫɚɧɢɸ ɪɚɞɢɚɰɢɨɧ-

ɧɚɹ ɡɚɳɢɬɚ əɗɍ ɫɨɞɟɪɠɢɬ ɤɨɧɬɟɣɧɟɪ (ɪɢɫ. 4) ɜ ɜɢɞɟ 
ɨɛɟɱɚɣɤɢ 1 ɫ ɞɧɢɳɚɦɢ 2 ɢ 3, ɡɚɩɨɥɧɟɧɧɨɣ ɦɨɧɨɥɢɬ-
ɧɵɦ ɝɢɞɪɢɞɨɦ ɥɢɬɢɹ 4, ɫɦɨɧɬɢɪɨɜɚɧɧɵɟ ɧɚ ɞɧɢɳɚɯ 2 

ɢ 3 ɭɡɥɵ 5 ɤɪɟɩɥɟɧɢɹ ɡɚɳɢɬɵ ɫ ɞɪɭɝɢɦɢ ɚɝɪɟɝɚɬɚɦɢ 

əɗɍ ɢ ɫɢɥɨɜɵɟ ɷɥɟɦɟɧɬɵ 6 ɜɧɭɬɪɢ ɦɨɧɨɥɢɬɚ, ɫɤɪɟɩ-

ɥɹɸɳɢɟ ɭɡɥɵ 5 ɦɟɠɞɭ ɫɨɛɨɣ, ɚ ɬɚɤɠɟ ɭɫɬɚɧɨɜɥɟɧɧɵɟ 
ɧɚ ɨɛɟɱɚɣɤɟ ɭɡɥɵ 7 ɤɪɟɩɥɟɧɢɹ ɤɨɦɦɭɧɢɤɚɰɢɣ ɭɫɬɚ-
ɧɨɜɤɢ, ɧɚ ɤɨɧɢɱɟɫɤɨɣ ɨɛɟɱɚɣɤɟ 1 ɜɵɩɨɥɧɟɧɵ ɪɚɫɩɨ-
ɥɨɠɟɧɧɵɟ ɜɞɨɥɶ ɟɟ ɨɛɪɚɡɭɸɳɢɯ ɡɢɝɢ 8, ɚ ɧɚ ɜɧɭɬɪɟɧ-

ɧɟɣ ɟɟ ɩɨɜɟɪɯɧɨɫɬɢ ɜ ɦɟɫɬɚɯ ɪɚɫɩɨɥɨɠɟɧɢɹ ɭɡɥɨɜ 7 

ɭɫɬɚɧɨɜɥɟɧɵ ɤɪɟɩɟɠɧɵɟ ɷɥɟɦɟɧɬɵ 9, ɜɵɩɨɥɧɟɧɧɵɟ  
ɜ ɜɢɞɟ ɩɟɪɮɨɪɢɪɨɜɚɧɧɵɯ ɩɪɨɮɢɥɢɪɨɜɚɧɧɵɯ ɪɟɛɟɪ. 

 

    
ɚ   ɛ 

 
Ɋɢɫ. 4. Ʉɨɧɫɬɪɭɤɬɢɜɧɚɹ ɫɯɟɦɚ ɪɚɞɢɚɰɢɨɧɧɨɣ ɡɚɳɢɬɵ:  

ɚ – ɨɛɳɢɣ ɜɢɞ; ɛ – ɪɚɡɪɟɡ ɩɨ I [14] 
 

ɋ ɰɟɥɶɸ ɝɚɪɚɧɬɢɢ ɧɚɞɟɠɧɨɫɬɢ ɤɨɫɦɢɱɟɫɤɨɣ ɬɟɯɧɢ-

ɤɢ ɜ ɨɬɧɨɲɟɧɢɢ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɪɨɬɢɜ ɦɟɯɚɧɢɱɟɫɤɢɯ 
ɜɨɡɞɟɣɫɬɜɢɣ ɩɪɨɜɨɞɹɬɫɹ ɫɩɟɰɢɚɥɶɧɵɟ ɢɫɩɵɬɚɧɢɹ [15], 

ɜɤɥɸɱɚɸɳɢɟ ɢɫɩɵɬɚɧɢɹ ɧɚ ɞɟɣɫɬɜɢɟ ɫɬɚɬɢɱɟɫɤɢɯ, 
ɭɞɚɪɧɵɯ ɢ ɜɢɛɪɚɰɢɨɧɧɵɯ ɧɚɝɪɭɡɨɤ, ɤɭɞɚ ɜɯɨɞɢɬ ɢ 

ɢɦɢɬɚɰɢɹ ɧɚɝɪɭɡɨɤ ɩɪɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɚɧɢɢ. 

ȼ ɷɬɨɦ ɨɬɧɨɲɟɧɢɢ ɫɥɟɞɭɟɬ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɜɚɠɧɟɣ-

ɲɢɦ ɷɥɟɦɟɧɬɨɦ ɤɨɧɫɬɪɭɤɰɢɢ ɤɨɧɬɟɣɧɟɪɚ ɹɜɥɹɟɬɫɹ 
ɦɟɬɚɥɥɨɪɟɡɢɧɨɜɵɣ ɚɦɨɪɬɢɡɚɬɨɪ 4, ɤɨɬɨɪɵɣ ɩɪɟɞɫɬɚɜ-
ɥɹɟɬ ɫɨɛɨɣ ɦɟɬɚɥɥɨɤɨɦɩɨɡɢɬ, ɫɨɫɬɨɹɳɢɣ ɢɡ ɦɟɬɚɥɥɢ-

ɱɟɫɤɨɣ ɫɩɢɪɚɥɢ, ɜɩɪɟɫɫɨɜɚɧɧɨɣ ɜ ɪɟɡɢɧɭ. ȿɝɨ ɧɚɡɧɚ-
ɱɟɧɢɟ ɡɚɤɥɸɱɚɟɬɫɹ ɜ ɭɦɟɧɶɲɟɧɢɢ ɚɦɩɥɢɬɭɞɵ ɜɢɛɪɚ-
ɰɢɣ ɜ ɲɢɪɨɤɨɦ ɞɢɚɩɚɡɨɧɟ ɱɚɫɬɨɬ ɡɚ ɫɱɟɬ ɬɪɟɧɢɹ ɧɚ 
ɩɨɜɟɪɯɧɨɫɬɹɯ ɫɩɢɪɚɥɢ, ɱɬɨ ɩɪɟɞɨɬɜɪɚɳɚɟɬ ɤɨɧɬɟɣɧɟɪ 
ɨɬ ɩɨɜɪɟɠɞɟɧɢɣ ɩɪɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɤɟ. 
ɋ ɰɟɥɶɸ ɩɨɜɵɲɟɧɢɹ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 

ɚɦɨɪɬɢɡɚɬɨɪɚ ɜ ɪɟɡɢɧɭ ɩɪɟɞɜɚɪɢɬɟɥɶɧɨ ɜɜɨɞɢɥɢ ɧɚɧɨ-
ɩɨɪɨɲɨɤ ɭɝɥɟɪɨɞɚ, ɤɨɬɨɪɵɣ ɩɨɥɭɱɚɥɢ ɢɡ ɩɪɢɪɨɞɧɨɝɨ 
ɫɤɪɵɬɨɤɪɢɫɬɚɥɥɢɱɟɫɤɨɝɨ ɝɪɚɮɢɬɚ ɩɨ ɬɟɯɧɨɥɨɝɢɢ [16], 

ɪɚɡɪɚɛɨɬɚɧɧɨɣ ɨɬɞɟɥɨɦ ɢɧɠɢɧɢɪɢɧɝɚ ɦɢɧɟɪɚɥɶɧɵɯ 
ɪɟɫɭɪɫɨɜ ɇɨɬɬɢɧɝɟɦɫɤɨɝɨ ɭɧɢɜɟɪɫɢɬɟɬɚ [17], ɩɨ ɤɨɬɨ-
ɪɨɣ ɝɪɚɮɢɬɨɜɭɸ ɪɭɞɭ ɫ ɪɚɡɦɟɪɚɦɢ ɤɭɫɨɱɤɨɜ ɩɨɪɹɞɤɚ 
10 ɦɦ ɜɧɚɱɚɥɟ ɢɡɦɟɥɶɱɚɥɢ ɜ ɳɟɤɨɜɨɣ ɦɟɥɶɧɢɰɟ ɞɨ 
ɪɚɡɦɟɪɨɜ ɱɚɫɬɢɰ ɦɟɧɟɟ 0,1 ɦɦ, ɭɞɟɥɶɧɚɹ ɩɨɜɟɪɯɧɨɫɬɶ 
ɤɨɬɨɪɵɯ ɫɨɫɬɚɜɥɹɥɚ 6 ɦ2

/ɝ, ɚ ɞɚɥɶɧɟɣɲɟɟ ɢɡɦɟɥɶɱɟɧɢɟ 
ɩɪɨɢɡɜɨɞɢɥɢ ɜ ɰɟɧɬɪɨɛɟɠɧɨ-ɩɥɚɧɟɬɚɪɧɨɣ ɦɟɥɶɧɢɰɟ 
ɩɪɢ ɭɫɤɨɪɟɧɢɢ 40 g. ɉɪɢ ɷɬɨɦ ɛɵɥɢ ɩɨɞɨɛɪɚɧɵ, ɤɨɥɢ-

ɱɟɫɬɜɟɧɧɨ ɨɩɬɢɦɢɡɢɪɨɜɚɧɵ ɢ ɢɧɬɟɪɤɚɥɢɪɨɜɚɧɵ  

ɜ ɦɟɠɩɥɨɫɤɨɫɬɧɨɟ ɩɪɨɫɬɪɚɧɫɬɜɨ ɝɪɚɮɢɬɨɜɵɯ ɫɟɬɨɤ 
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɟ ɞɟɬɟɪɝɟɧɬɵ, ɤɨɬɨɪɵɟ ɜ ɩɪɨɰɟɫɫɟ 
ɨɛɪɚɛɨɬɤɢ ɩɨɡɜɨɥɢɥɢ ɪɚɡɪɭɲɢɬɶ ɝɪɚɮɢɬ, ɩɪɚɤɬɢɱɟɫɤɢ 

ɧɟ ɪɚɡɪɭɲɚɹ ɝɪɚɮɢɬɨɜɵɟ ɫɟɬɤɢ. Ɍɚɤɨɟ ɞɢɫɩɟɪɝɢɪɨɜɚ-
ɧɢɟ ɝɪɚɮɢɬɚ ɧɟ ɩɪɢɜɨɞɢɬ ɤ ɩɨɹɜɥɟɧɢɸ ɧɢɡɤɨɦɨɥɟɤɭ-
ɥɹɪɧɵɯ ɫɨɟɞɢɧɟɧɢɣ ɫɨ ɫɜɨɣɫɬɜɚɦɢ ɫɦɨɥ ɢɥɢ ɚɫɮɚɥɶ-
ɬɟɧɬɨɜ ɢ ɩɨɷɬɨɦɭ ɬɨɥɶɤɨ ɭɜɟɥɢɱɢɜɚɟɬ ɭɞɟɥɶɧɭɸ ɩɨ-
ɜɟɪɯɧɨɫɬɶ ɞɨ 60…80 ɦ2

/ɝ ɩɪɢ ɩɨɥɭɱɟɧɢɢ ɱɚɫɬɢɰ ɝɪɚ-
ɮɢɬɚ ɫɨ ɫɪɟɞɧɢɦ ɪɚɡɦɟɪɨɦ ɨɤɨɥɨ 50 ɧɦ ɫ ɫɨɞɟɪɠɚɧɢ-

ɟɦ ɭɝɥɟɪɨɞɚ ɞɨ 91,6 ɦɚɫɫ. %. 

ɂɡɦɟɥɶɱɟɧɢɟ ɫ ɩɪɢɦɟɧɟɧɢɟɦ ɰɟɧɬɪɨɛɟɠɧɨ-
ɩɥɚɧɟɬɚɪɧɨɣ ɦɟɥɶɧɢɰɵ ɫɜɨɞɢɬɫɹ ɧɟ ɬɨɥɶɤɨ ɤ ɞɢɫɩɟɪ-
ɝɢɪɨɜɚɧɢɸ, ɧɨ ɢ ɤ ɦɟɯɚɧɨɚɤɬɢɜɚɰɢɢ ɢɡɦɟɥɶɱɚɟɦɵɯ 
ɱɚɫɬɢɰ, ɱɬɨ ɩɨɜɵɲɚɟɬ ɢɯ ɷɧɟɪɝɨɧɚɫɵɳɟɧɧɨɫɬɶ [18] ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɧɚɤɨɩɥɟɧɢɹ ɫɬɪɭɤɬɭɪɧɵɯ ɞɟɮɟɤɬɨɜ, ɭɜɟɥɢ-

ɱɟɧɢɹ ɤɪɢɜɢɡɧɵ ɩɨɜɟɪɯɧɨɫɬɢ ɢ ɞɚɠɟ ɚɦɨɪɮɢɡɚɰɢɢ 

ɤɪɢɫɬɚɥɥɨɜ (ɜ ɞɚɧɧɨɦ ɫɥɭɱɚɟ ɝɪɚɮɢɬɚ), ɱɬɨ ɭɫɢɥɢɜɚɟɬ 
ɢɯ ɯɢɦɢɱɟɫɤɭɸ ɚɤɬɢɜɧɨɫɬɶ [19], ɚ ɩɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ 

ɜ ɢɡɞɟɥɢɹɯ – ɭɥɭɱɲɚɟɬ ɢɯ ɮɢɡɢɤɨ-ɦɟɯɚɧɢɱɟɫɤɢɟ ɢ, ɤɚɤ 
ɫɥɟɞɫɬɜɢɟ, ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ. 

ɉɨɥɭɱɟɧɧɵɣ ɧɚɧɨɩɨɪɨɲɨɤ (ɇɉ) ɜ ɤɨɥɢɱɟɫɬɜɟ  
5 ɦɚɫɫ. % ɜɜɨɞɢɥɢ ɜ ɫɨɫɬɚɜ «ɪɟɡɢɧɨɜɨɣ ɫɦɟɫɢ» (ɤɚɭ-
ɱɭɤ, ɬɟɯɧɢɱɟɫɤɢɣ ɭɝɥɟɪɨɞ, ɤɪɟɦɧɢɟɜɚɹ ɤɢɫɥɨɬɚ, ɫɟɪɚ, 
ɦɚɫɥɚ ɢ ɫɦɨɥɵ, ɜɭɥɤɚɧɢɡɚɰɢɨɧɧɵɟ ɚɤɬɢɜɚɬɨɪɵ – ɩɨ  
ȽɈɋɌ 5513–97 ɞɨ 20 ɤɨɦɩɨɧɟɧɬɨɜ) ɜɡɚɦɟɧ ɬɟɯɧɢɱɟ-
ɫɤɨɝɨ ɭɝɥɟɪɨɞɚ ɢ ɜɵɩɨɥɧɹɥɢ ɜɫɟ ɬɟɯɧɨɥɨɝɢɱɟɫɤɢɟ 
ɨɩɟɪɚɰɢɢ, ɫɜɹɡɚɧɧɵɟ ɫ ɩɪɨɢɡɜɨɞɫɬɜɨɦ ɩɪɨɬɟɤɬɨɪɧɵɯ 
ɪɟɡɢɧ [20], ɜ ɪɟɡɭɥɶɬɚɬɟ ɱɟɝɨ ɩɨɥɭɱɚɥɢ ɪɟɡɢɧɭ, ɯɚɪɚɤ-
ɬɟɪɢɫɬɢɤɢ ɤɨɬɨɪɨɣ ɩɪɟɜɵɲɚɥɢ ɬɚɤɨɜɵɟ ɞɥɹ ɨɛɵɱɧɨɣ 

ɪɟɡɢɧɵ (ɫɦ. ɬɚɛɥɢɰɭ) [21]. ɉɪɢɱɟɦ ɩɪɢɫɭɬɫɬɜɭɸɳɢɟ ɜ 
ɨɛɴɟɦɟ ɪɟɡɢɧɵ ɧɚɧɨɱɚɫɬɢɰɵ ɭɝɥɟɪɨɞɚ ɧɟ ɬɨɥɶɤɨ ɩɪɢ-

ɜɨɞɹɬ ɤ ɟɟ ɭɩɪɨɱɧɟɧɢɸ [22], ɧɨ ɢ ɜɫɥɟɞɫɬɜɢɟ ɬɨɝɨ, ɱɬɨ 
ɜɚɠɧɟɣɲɟɣ ɨɫɨɛɟɧɧɨɫɬɶɸ ɭɥɶɬɪɚɞɢɫɩɟɪɫɧɵɯ ɫɢɫɬɟɦ 

ɹɜɥɹɟɬɫɹ ɢɯ ɢɫɤɥɸɱɢɬɟɥɶɧɨ ɪɚɡɜɢɬɚɹ ɩɨɜɟɪɯɧɨɫɬɶ, 
ɜɛɥɢɡɢ ɤɨɬɨɪɨɣ ɧɚɯɨɞɢɬɫɹ ɡɧɚɱɢɬɟɥɶɧɚɹ ɞɨɥɹ ɚɬɨɦɨɜ 
[23], ɧɚɧɨɱɚɫɬɢɰɵ ɬɚɤɠɟ ɜɧɨɫɹɬ ɫɜɨɣ ɚɧɬɢɜɢɛɪɚɰɢɨɧ-

ɧɵɣ ɜɤɥɚɞ ɡɚ ɫɱɟɬ ɭɦɟɧɶɲɟɧɢɹ ɚɦɩɥɢɬɭɞɵ ɤɨɥɟɛɚɧɢɣ 

ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɨɡɧɢɤɧɨɜɟɧɢɹ ɷɮɮɟɤɬɚ ɬɪɟɧɢɹ ɧɚ ɢɯ 
ɩɨɜɟɪɯɧɨɫɬɹɯ. 
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Ɋɟɡɢɧɨɜɚɹ ɫɦɟɫɶ 
ɋ ɞɨɛɚɜɤɨɣ 5 ɦɚɫɫ. ɱ.  
ɧɚɧɨɩɨɪɨɲɤɚ ɝɪɚɮɢɬɚ 

 

ɉɨɤɚɡɚɬɟɥɶ ɋɬɚɧɞɚɪɬɧɵɣ 

ɫɨɫɬɚɜ 
ȼɟɥɢɱɢɧɚ ɉɪɢɪɨɫɬ, % 

ɍɫɥɨɜɧɨɟ ɧɚɩɪɹɠɟɧɢɟ ɩɪɢ 300%-ɧɨɦ ɭɞɥɢɧɟɧɢɢ, Ɇɉɚ 9,2 10,1 +9,78 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɦɧɨɝɨɤɪɚɬɧɨɦɭ ɪɚɫɬɹɠɟɧɢɸ, 1000 ɰɢɤɥɨɜ 80 103 +28,75 

ɋɨɩɪɨɬɢɜɥɟɧɢɟ ɨɛɪɚɡɨɜɚɧɢɸ ɬɪɟɳɢɧ, 1000 ɰɢɤɥɨɜ 219 283 +29,22 

 

 

ɉɨɥɭɱɟɧɧɵɟ ɞɚɧɧɵɟ ɩɨɤɚɡɵɜɚɸɬ, ɱɬɨ ɜɜɟɞɟɧɢɟ ɧɚ-
ɧɨɩɨɪɨɲɤɚ ɩɪɢɪɨɞɧɨɝɨ ɝɪɚɮɢɬɚ ɜ ɪɟɡɢɧɭ ɨɛɟɫɩɟɱɢɜɚɟɬ 
ɫɭɳɟɫɬɜɟɧɧɨɟ ɩɨɜɵɲɟɧɢɟ ɭɫɬɚɥɨɫɬɧɨɣ ɜɵɧɨɫɥɢɜɨɫɬɢ 

ɜ ɪɚɡɥɢɱɧɵɯ ɪɟɠɢɦɚɯ ɞɟɮɨɪɦɚɰɢɢ. ɗɬɨɬ ɮɚɤɬ ɫɥɟɞɭɟɬ 
ɪɚɫɫɦɚɬɪɢɜɚɬɶ ɤɚɤ ɢɦɟɸɳɢɣ ɛɨɥɶɲɨɟ ɩɪɚɤɬɢɱɟɫɤɨɟ 
ɡɧɚɱɟɧɢɟ, ɩɨɫɤɨɥɶɤɭ ɭɩɪɭɝɨɝɢɫɬɟɪɟɡɢɫɧɵɟ ɢ ɭɫɬɚɥɨ-

ɫɬɧɵɟ ɫɜɨɣɫɬɜɚ ɪɟɡɢɧ ɜɨ ɦɧɨɝɨɦ ɨɩɪɟɞɟɥɹɸɬ ɷɤɫɩɥɭɚ-
ɬɚɰɢɨɧɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɡɝɨɬɨɜɥɹɟɦɵɯ ɢɡ ɧɢɯ ɢɡ-
ɞɟɥɢɣ.  

ɍɜɟɥɢɱɟɧɢɟ ɩɪɨɱɧɨɫɬɧɵɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɥɚɫɬ-
ɦɚɫɫɵ ɛɵɥɨ ɭɫɬɚɧɨɜɥɟɧɨ ɜ ɢɫɫɥɟɞɨɜɚɧɢɢ [24], ɜɵɩɨɥ-
ɧɟɧɧɨɦ ɜ ɭɧɢɜɟɪɫɢɬɟɬɟ ɲɬɚɬɚ Ɉɝɚɣɨ ɩɨɞ ɪɭɤɨɜɨ-
ɞɫɬɜɨɦ ɩɪɨɮ. Ⱦɠ. Ʌɚɧɧɭɬɬɢ (J. Lannutti). ɉɪɢ ɷɬɨɦ ɜ 
ɪɟɡɭɥɶɬɚɬɟ ɜɜɟɞɟɧɢɹ ɜ ɩɥɚɫɬɦɚɫɫɵ ɞɜɭɨɤɢɫɢ ɤɪɟɦɧɢɹ 
SiO2 c ɪɚɡɦɟɪɚɦɢ ɱɚɫɬɢɰ ɞɨ 50 ɧɦ ɢɯ ɩɪɨɱɧɨɫɬɶ ɩɨɜɵ-

ɫɢɥɚɫɶ ɜ 3…4 ɪɚɡɚ ɜ ɪɟɡɭɥɶɬɚɬɟ ɬɨɝɨ, ɱɬɨ ɩɥɚɜɹɳɚɹɫɹ 
ɩɥɚɫɬɦɚɫɫɚ ɡɚɩɨɥɧɹɟɬ ɦɟɥɶɱɚɣɲɢɟ ɩɨɪɢɧɤɢ ɜ ɧɚɧɨɱɚ-
ɫɬɢɰɚɯ, ɱɬɨ ɫɨɡɞɚɟɬ ɩɪɨɱɧɵɟ ɫɜɹɡɢ ɦɟɠɞɭ ɚɬɨɦɚɦɢ 

SiO2 ɢ ɩɥɚɫɬɦɚɫɫɨɣ ɧɚ ɛɨɥɶɲɨɣ ɩɥɨɳɚɞɢ ɩɨɜɟɪɯɧɨ-
ɫɬɢ. ɂ ɧɚɝɪɭɡɤɚ, ɜɨɡɞɟɣɫɬɜɭɸɳɚɹ ɧɚ ɧɚɧɨɩɥɚɫɬɦɚɫɫɭ, 
ɞɟɥɢɬɫɹ ɜ ɟɟ ɨɛɴɟɦɟ ɧɚ ɦɧɨɠɟɫɬɜɨ ɜɡɚɢɦɨɞɟɣɫɬɜɢɣ ɫ 
ɧɚɧɨɱɚɫɬɢɰɚɦɢ SiO2. ɉɨ ɦɟɪɟ ɩɪɨɞɜɢɠɟɧɢɹ ɬɪɟɳɢɧɵ 

ɜ ɤɨɦɩɨɡɢɬɟ ɨɧɚ ɞɪɨɛɢɬɫɹ ɧɚ ɜɫɟ ɦɟɧɶɲɢɟ ɢ ɦɟɧɶɲɢɟ 
ɬɪɟɳɢɧɤɢ, ɩɨɤɚ ɦɚɬɟɪɢɚɥ ɧɟ ɩɨɝɥɨɬɢɬ (ɪɚɫɫɟɟɬ – 

dissipated) ɷɧɟɪɝɢɸ ɧɚɝɪɭɡɤɢ. Ⱥɜɬɨɪɵ ɧɚɡɜɚɥɢ ɪɚɡɪɚ-
ɛɨɬɚɧɧɵɣ ɫɩɨɫɨɛ ɫɢɧɟɪɝɟɬɢɱɟɫɤɢɦ ɭɩɪɨɱɧɟɧɢɟɦ ɢɥɢ 

ɧɚɧɨɦɚɫɲɬɚɛɧɵɦ ɭɩɪɨɱɧɟɧɢɟɦ. Ɋɚɡɪɚɛɨɬɚɧɧɚɹ ɧɚɧɨ-
ɩɥɚɫɬɦɚɫɫɚ ɩɨɤɚɡɚɥɚ ɬɚɤɭɸ ɠɟ ɬɟɩɥɨɫɬɨɣɤɨɫɬɶ, ɤɚɤ ɢ 

ɩɥɚɫɬɦɚɫɫɵ ɫ ɝɪɚɮɢɬɨɜɵɦɢ ɜɨɥɨɤɧɚɦɢ, ɧɨ ɜɵɞɟɪɠɢ-

ɜɚɥɢ ɭɞɚɪɧɵɟ ɧɚɝɪɭɡɤɢ ɜ 4…5 ɪɚɡ ɛɨɥɶɲɟ. 
ɉɨɥɭɱɟɧɧɵɟ ɪɟɡɭɥɶɬɚɬɵ ɫɨɜɩɚɞɚɸɬ ɧɚ ɤɚɱɟɫɬɜɟɧ-

ɧɨɦ ɭɪɨɜɧɟ ɫ ɞɚɧɧɵɦɢ, ɨɩɭɛɥɢɤɨɜɚɧɧɵɦɢ ɢɡɜɟɫɬɧɨɣ ɜ 
ɨɛɥɚɫɬɢ ɩɪɨɢɡɜɨɞɫɬɜɚ ɢ ɩɪɢɦɟɧɟɧɢɹ ɧɚɧɨɩɨɪɨɲɤɨɜ 
ɮɢɪɦɨɣ NaBond Technologies Co., Ltd. HONG KONG 

(also knwon as 納邦技術有限公司) [25], ɫɨɝɥɚɫɧɨ ɤɨ-
ɬɨɪɵɦ ɜ ɪɟɡɭɥɶɬɚɬɟ ɜɜɟɞɟɧɢɹ ɜ ɪɟɡɢɧɭ ɧɚɧɨɩɨɪɨɲɤɚ 
ɤɚɛɢɞɚ ɤɪɟɦɧɢɹ SiC ɩɨɜɵɲɚɸɬɫɹ ɷɤɫɩɥɭɚɬɚɰɢɨɧɧɵɟ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɢɡɝɨɬɨɜɥɹɟɦɵɯ ɢɡ ɧɟɟ ɢɡɞɟɥɢɣ, ɚ ɬɚɤ-
ɠɟ ɫ ɞɚɧɧɵɦɢ ɪɚɛɨɬɵ [26], ɜ ɤɨɬɨɪɨɣ ɨɩɢɫɚɧɵ ɩɨɥɨ-
ɠɢɬɟɥɶɧɵɟ ɷɮɮɟɤɬɵ ɨɬ ɜɜɟɞɟɧɢɹ ɧɚɧɨɱɚɫɬɢɰ ɨɤɫɢɞɚ 
ɚɥɸɦɢɧɢɹ ɜ ɦɟɬɚɥɥɨɪɟɡɢɧɨɜɵɟ ɤɨɦɩɨɡɢɬɵ, ɢɫɩɨɥɶ-
ɡɭɟɦɵɟ ɞɥɹ ɢɡɝɨɬɨɜɥɟɧɢɹ ɬɨɪɦɨɡɧɵɯ ɤɨɥɨɞɨɤ, ɷɤɫ-
ɩɥɭɚɬɚɰɢɹ ɤɨɬɨɪɵɯ ɩɪɨɯɨɞɢɬ ɜ ɠɟɫɬɤɢɯ ɭɫɥɨɜɢɹɯ, 
ɜɤɥɸɱɚɹ ɜɢɛɪɚɰɢɸ. 
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