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Abstract. The problems of choice of fuel cell of choice to drive the car competitor of Shell-

EcoMarathon are considered. The analysis of the concepts of fuel cells, chosen as the most rational 

scheme and main parameters of the components of the power plant is done. The results of calculation 

of the characteristics of the sports car with a fuel cell are given. 
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ȼɜɟɞɟɧɢɟ 

 

Ʉ ɧɚɢɛɨɥɟɟ ɫɟɪɶɟɡɧɵɦ ɩɪɨɛɥɟɦɚɦ, ɫɬɨɹɳɢɦ 

ɩɟɪɟɞ ɱɟɥɨɜɟɱɟɫɬɜɨɦ, ɛɟɡɭɫɥɨɜɧɨ, ɨɬɧɨɫɢɬɫɹ 
ɷɤɨɥɨɝɢɱɟɫɤɚɹ ɩɪɨɛɥɟɦɚ. ɇɚɪɹɞɭ ɫ ɥɨɤɚɥɶ-
ɧɵɦɢ ɷɤɨɥɨɝɢɱɟɫɤɢɦɢ ɛɟɞɫɬɜɢɹɦɢ, ɬɚɤɢɦɢ 

ɤɚɤ ɫɦɨɝ ɜ ɤɪɭɩɧɵɯ ɝɨɪɨɞɚɯ, ɜɵɫɨɤɢɣ ɭɪɨ-
ɜɟɧɶ ɜɪɟɞɧɵɯ ɜɵɛɪɨɫɨɜ ɧɚ ɨɬɞɟɥɶɧɵɯ ɩɪɟɞ-

ɩɪɢɹɬɢɹɯ, ɩɪɨɪɵɜɵ ɧɟɮɬɟɩɪɨɜɨɞɨɜ ɢ ɚɜɚɪɢɢ 

ɧɟɮɬɟɧɚɥɢɜɧɵɯ ɬɚɧɤɟɪɨɜ, ɜɨɡɧɢɤɥɢ ɨɛɳɟ-
ɩɥɚɧɟɬɚɪɧɵɟ ɹɜɥɟɧɢɹ, ɬɚɤɢɟ ɤɚɤ ɩɚɪɧɢɤɨɜɵɣ 

ɷɮɮɟɤɬ, ɨɡɨɧɨɜɵɟ ɞɵɪɵ ɢ ɤɢɫɥɨɬɧɵɟ ɞɨɠɞɢ 

[1]. ɇɚɢɛɨɥɟɟ ɤɪɭɩɧɵɣ ɜɤɥɚɞ ɜ ɡɚɝɪɹɡɧɟɧɢɟ 
ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ ɜɧɨɫɢɬ ɬɪɚɧɫɩɨɪɬ. Ɉɫ-
ɧɨɜɧɵɟ ɜɵɛɪɨɫɵ ɜɪɟɞɧɵɯ ɤɨɦɩɨɧɟɧɬɨɜ ɜɨɡ-
ɧɢɤɚɸɬ ɜ ɪɟɡɭɥɶɬɚɬɟ ɯɢɦɢɱɟɫɤɢɯ ɩɪɨɰɟɫɫɨɜ 
ɝɨɪɟɧɢɹ ɬɨɩɥɢɜɚ ɜ ɞɜɢɝɚɬɟɥɹɯ ɜɧɭɬɪɟɧɧɟɝɨ 

ɫɝɨɪɚɧɢɹ. ɋɥɟɞɭɟɬ ɬɚɤɠɟ ɨɬɦɟɬɢɬɶ, ɱɬɨ ɩɪɨ-
ɰɟɫɫɵ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɯɢɦɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɜ 
ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɯɚɪɚɤɬɟɪɢɡɭɸɬɫɹ ɧɟɜɵɫɨɤɢɦɢ 

ɡɧɚɱɟɧɢɹɦɢ ɄɉȾ (20–40 %). 

 

ȼɦɟɫɬɟ ɫ ɬɟɦ ɢɡɜɟɫɬɧɵ ɫɩɨɫɨɛɵ ɩɪɟɨɛɪɚɡɨ-
ɜɚɧɢɹ ɷɧɟɪɝɢɢ, ɧɚɩɪɢɦɟɪ ɷɥɟɤɬɪɨɯɢɦɢɱɟ-



АȐȠȜȚȜȏȖșȪțȩȗ ȠȞȎțȟȝȜȞȠ, Ȑȩȝ. 33, 2013 51

ɫɤɢɣ, ɩɪɚɤɬɢɱɟɫɤɢ ɥɢɲɟɧɧɵɟ ɭɤɚɡɚɧɧɵɯ ɧɟ-
ɞɨɫɬɚɬɤɨɜ. ɗɥɟɤɬɪɨɯɢɦɢɱɟɫɤɢɣ ɫɩɨɫɨɛ ɩɪɟ-
ɨɛɪɚɡɨɜɚɧɢɹ ɷɧɟɪɝɢɢ ɨɫɭɳɟɫɬɜɥɹɟɬɫɹ ɜ ɬɨɩ-

ɥɢɜɧɵɯ ɷɥɟɦɟɧɬɚɯ (Ɍɗ) [2, 3]. 

 

Ⱥɧɚɥɢɡ ɩɭɛɥɢɤɚɰɢɣ 

 

ɋ ɩɪɚɤɬɢɱɟɫɤɨɣ ɬɨɱɤɢ ɡɪɟɧɢɹ ɬɨɩɥɢɜɧɵɣ 

ɷɥɟɦɟɧɬ ɨɬɞɚɥɟɧɧɨ ɧɚɩɨɦɢɧɚɟɬ ɨɛɵɱɧɭɸ 

ɝɚɥɶɜɚɧɢɱɟɫɤɭɸ ɛɚɬɚɪɟɸ. Ɉɬɥɢɱɢɟ ɡɚɤɥɸɱɚ-
ɟɬɫɹ ɜ ɬɨɦ, ɱɬɨ ɢɡɧɚɱɚɥɶɧɨ ɛɚɬɚɪɟɹ ɡɚɪɹɠɟɧɚ, 
ɬ.ɟ. ɡɚɩɨɥɧɟɧɚ «ɬɨɩɥɢɜɨɦ». ȼ ɩɪɨɰɟɫɫɟ ɪɚɛɨ-
ɬɵ ɬɨɩɥɢɜɨ ɪɚɫɯɨɞɭɟɬɫɹ ɢ ɛɚɬɚɪɟɹ ɪɚɡɪɹɠɚɟɬɫɹ. 
ȼ ɬɨɩɥɢɜɧɨɦ ɷɥɟɦɟɧɬɟ ɞɥɹ ɩɪɨɢɡɜɨɞɫɬɜɚ ɷɥɟɤ-
ɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ ɢɫɩɨɥɶɡɭɸɬ ɬɨɩɥɢɜɨ, ɩɨ-
ɞɚɜɚɟɦɨɟ ɨɬ ɜɧɟɲɧɟɝɨ ɢɫɬɨɱɧɢɤɚ. ȿɳɟ ɜ  
1824 ɝ. ɮɪɚɧɰɭɡɫɤɢɣ ɭɱɟɧɵɣ ɋɚɞɢ Ʉɚɪɧɨ ɩɨ-
ɤɚɡɚɥ, ɱɬɨ ɰɢɤɥɵ ɫɠɚɬɢɹ-ɪɚɫɲɢɪɟɧɢɹ ɞɜɢɝɚ-
ɬɟɥɹ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚɧɢɹ (Ⱦȼɋ) ɧɟ ɦɨɝɭɬ 
ɨɛɟɫɩɟɱɢɬɶ ɄɉȾ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɬɟɩɥɨɜɨɣ 

ɷɧɟɪɝɢɢ (ɹɜɥɹɸɳɟɣɫɹ ɯɢɦɢɱɟɫɤɨɣ ɷɧɟɪɝɢɟɣ 

ɫɝɨɪɚɸɳɟɝɨ ɬɨɩɥɢɜɚ) ɜ ɦɟɯɚɧɢɱɟɫɤɭɸ ɜɵɲɟ 
50 %. ȼ ɨɬɥɢɱɢɟ ɨɬ Ⱦȼɋ, ɬɨɩɥɢɜɧɵɣ ɷɥɟɦɟɧɬ 
ɧɟ ɢɦɟɟɬ ɞɜɢɠɭɳɢɯɫɹ ɱɚɫɬɟɣ, ɩɨɷɬɨɦɭ ɩɪɨ-
ɰɟɫɫɵ, ɩɪɨɢɫɯɨɞɹɳɢɟ ɜ Ɍɗ, ɧɟ ɩɨɞɱɢɧɹɸɬɫɹ 
ɡɚɤɨɧɭ Ʉɚɪɧɨ. ȿɫɬɟɫɬɜɟɧɧɨ, ɨɧɢ ɛɭɞɭɬ ɢɦɟɬɶ 
ɛɨɥɶɲɢɣ, ɱɟɦ 50 %, ɄɉȾ ɢ ɨɫɨɛɟɧɧɨ ɷɮɮɟɤ-
ɬɢɜɧɵ ɩɪɢ ɦɚɥɵɯ ɧɚɝɪɭɡɤɚɯ. 
 

Ɍɨɩɥɢɜɧɵɣ ɷɥɟɦɟɧɬ ɨɛɟɫɩɟɱɢɜɚɟɬ ɜɵɪɚɛɨɬɤɭ 
ɷɥɟɤɬɪɢɱɟɫɤɨɝɨ ɬɨɤɚ ɩɨɫɬɨɹɧɧɨɝɨ ɧɚɩɪɹɠɟ-
ɧɢɹ, ɤɨɬɨɪɵɣ ɦɨɠɟɬ ɢɫɩɨɥɶɡɨɜɚɬɶɫɹ ɞɥɹ ɩɪɢ-

ɜɟɞɟɧɢɹ ɜ ɞɟɣɫɬɜɢɟ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ, ɩɪɢɛɨ-
ɪɨɜ ɫɢɫɬɟɦɵ ɨɫɜɟɳɟɧɢɹ ɢ ɞɪɭɝɢɯ ɷɥɟɤɬɪɢ-

ɱɟɫɤɢɯ ɫɢɫɬɟɦ ɜ ɚɜɬɨɦɨɛɢɥɟ. 
 

ɉɪɢ ɢɫɩɨɥɶɡɨɜɚɧɢɢ ɱɢɫɬɨɝɨ ɜɨɞɨɪɨɞɚ ɜ ɤɚɱɟ-
ɫɬɜɟ ɬɨɩɥɢɜɚ ɩɪɨɞɭɤɬɚɦɢ ɪɟɚɤɰɢɢ, ɩɨɦɢɦɨ 
ɷɥɟɤɬɪɢɱɟɫɤɨɣ ɷɧɟɪɝɢɢ, ɹɜɥɹɸɬɫɹ ɬɟɩɥɨ ɢ 

ɜɨɞɚ (ɢɥɢ ɜɨɞɹɧɨɣ ɩɚɪ), ɬ.ɟ. ɜ ɚɬɦɨɫɮɟɪɭ ɧɟ 
ɜɵɛɪɚɫɵɜɚɸɬɫɹ ɝɚɡɵ, ɜɵɡɵɜɚɸɳɢɟ ɡɚɝɪɹɡɧɟ-
ɧɢɟ ɜɨɡɞɭɲɧɨɣ ɫɪɟɞɵ ɢɥɢ ɩɚɪɧɢɤɨɜɵɣ ɷɮ-

ɮɟɤɬ. ȿɫɥɢ ɜ ɤɚɱɟɫɬɜɟ ɬɨɩɥɢɜɚ ɢɫɩɨɥɶɡɭɟɬɫɹ 
ɜɨɞɨɪɨɞɨɫɨɞɟɪɠɚɳɟɟ ɫɵɪɶɟ, ɧɚɩɪɢɦɟɪ, ɩɪɢ-

ɪɨɞɧɵɣ ɝɚɡ, ɩɨɛɨɱɧɵɦ ɩɪɨɞɭɤɬɨɦ ɪɟɚɤɰɢɢ 

ɛɭɞɭɬ ɢ ɞɪɭɝɢɟ ɝɚɡɵ, ɧɚɩɪɢɦɟɪ, ɨɤɫɢɞɵ ɭɝɥɟ-
ɪɨɞɚ ɢ ɚɡɨɬɚ, ɨɞɧɚɤɨ ɟɝɨ ɤɨɥɢɱɟɫɬɜɨ ɡɧɚɱɢ-

ɬɟɥɶɧɨ ɧɢɠɟ, ɱɟɦ ɩɪɢ ɫɠɢɝɚɧɢɢ ɬɚɤɨɝɨ ɠɟ 
ɤɨɥɢɱɟɫɬɜɚ ɩɪɢɪɨɞɧɨɝɨ ɝɚɡɚ. 
 

Ɉɞɧɢɦ ɢɡ ɦɨɬɢɜɢɪɭɸɳɢɯ ɮɚɤɬɨɪɨɜ ɞɥɹ ɪɚɡ-
ɜɢɬɢɹ ɷɬɨɝɨ ɧɚɩɪɚɜɥɟɧɢɹ ɜ ɩɪɨɦɵɲɥɟɧɧɵɯ 

ɦɚɫɲɬɚɛɚɯ ɹɜɥɹɟɬɫɹ ɬɨɬ ɮɚɤɬ, ɱɬɨ ɬɨɩɥɢɜɧɵɟ 
ɷɥɟɦɟɧɬɵ ɨɛɟɫɩɟɱɢɜɚɸɬ ɛɨɥɶɲɟ ɷɧɟɪɝɢɢ ɧɚ 
ɟɞɢɧɢɰɭ ɭɞɟɥɶɧɨɝɨ ɨɛɴɟɦɚ, ɱɟɦ ɬɪɚɞɢɰɢɨɧ-

ɧɵɟ ɚɤɤɭɦɭɥɹɬɨɪɵ. Ɍɟɦ ɧɟ ɦɟɧɟɟ, ɨɫɧɨɜɧɨɣ 

ɩɪɨɛɥɟɦɨɣ ɞɥɹ ɲɢɪɨɤɨɝɨ ɢɫɩɨɥɶɡɨɜɚɧɢɹ Ɍɗ 

ɜ ɚɜɬɨɦɨɛɢɥɶɧɨɣ ɩɪɨɦɵɲɥɟɧɧɨɫɬɢ ɹɜɥɹɟɬɫɹ 
ɧɟɞɨɫɬɚɬɨɱɧɨɟ ɪɚɡɜɢɬɢɟ ɬɟɯɧɨɥɨɝɢɣ ɢ ɬɪɭɞ-

ɧɨɫɬɶ ɜ ɨɩɪɟɞɟɥɟɧɢɢ ɨɩɬɢɦɚɥɶɧɨɣ ɤɨɧɮɢɝɭ-

ɪɚɰɢɢ ɬɨɩɥɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚ-
ɧɢɹ ɜ ɚɜɬɨɦɨɛɢɥɹɯ. 
 

ɐɟɥɶ ɢ ɩɨɫɬɚɧɨɜɤɚ ɡɚɞɚɱɢ 

 

ɐɟɥɶɸ ɞɚɧɧɨɝɨ ɢɫɫɥɟɞɨɜɚɧɢɹ ɹɜɥɹɟɬɫɹ ɜɵɛɨɪ 
ɚɥɶɬɟɪɧɚɬɢɜɧɨɣ ɞɜɢɝɚɬɟɥɸ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨ-
ɪɚɧɢɹ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɷɤɨɦɨ-
ɛɢɥɹ-ɭɱɚɫɬɧɢɤɚ ɫɨɪɟɜɧɨɜɚɧɢɣ Shell-

EcoMarathon.  

 

Ⱦɥɹ ɞɨɫɬɢɠɟɧɢɹ ɭɤɚɡɚɧɧɨɣ ɰɟɥɢ ɧɟɨɛɯɨɞɢɦɨ 
ɪɟɲɢɬɶ ɫɥɟɞɭɸɳɢɟ ɡɚɞɚɱɢ: 

– ɩɪɨɜɟɫɬɢ ɚɧɚɥɢɡ ɜɨɡɦɨɠɧɵɯ ɜɢɞɨɜ ɬɨɩɥɢɜ-
ɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɫɮɨɪɦɭɥɢɪɨɜɚɬɶ ɬɪɟɛɨɜɚɧɢɹ 
ɤ Ɍɗ ɢ ɜɵɛɪɚɬɶ ɧɚɢɛɨɥɟɟ ɷɮɮɟɤɬɢɜɧɵɣ ɞɥɹ 
ɩɪɢɦɟɧɟɧɢɹ ɧɚ ɚɜɬɨɦɨɛɢɥɟ; 
– ɨɩɪɟɞɟɥɢɬɶ ɢ ɨɛɨɫɧɨɜɚɬɶ ɫɯɟɦɭ ɫɢɥɨɜɨɣ 

ɭɫɬɚɧɨɜɤɢ ɷɤɨɦɨɛɢɥɹ; 
– ɨɩɪɟɞɟɥɢɬɶ ɜɨɡɦɨɠɧɵɟ ɩɚɪɚɦɟɬɪɵ ɷɥɟɦɟɧ-

ɬɨɜ ɷɧɟɪɝɟɬɢɱɟɫɤɨɣ ɭɫɬɚɧɨɜɤɢ, ɫɨɫɬɨɹɳɟɣ ɢɡ 
ɬɨɩɥɢɜɧɨɝɨ ɷɥɟɦɟɧɬɚ, ɚɤɤɭɦɭɥɹɬɨɪɚ ɢ ɷɥɟɤ-
ɬɪɨɞɜɢɝɚɬɟɥɹ; 
– ɩɪɨɜɟɫɬɢ ɪɚɫɱɟɬ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɚɜɬɨɦɨɛɢɥɹ 
ɫ ɬɨɩɥɢɜɧɵɦ ɷɥɟɦɟɧɬɨɦ. 

 

Ʉɥɚɫɫɢɮɢɤɚɰɢɹ ɬɨɩɥɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ 

 

ɋɭɳɟɫɬɜɭɸɬ ɪɚɡɥɢɱɧɵɟ ɜɢɞɵ Ɍɗ. ɂɯ ɨɛɵɱɧɨ 
ɤɥɚɫɫɢɮɢɰɢɪɭɸɬ ɩɨ ɢɫɩɨɥɶɡɭɟɦɨɦɭ ɬɨɩɥɢɜɭ, 

ɪɚɛɨɱɟɦɭ ɞɚɜɥɟɧɢɸ ɢ ɬɟɦɩɟɪɚɬɭɪɟ, ɱɬɨ ɨɩɪɟ-
ɞɟɥɹɟɬ ɨɛɥɚɫɬɶ ɩɪɢɦɟɧɟɧɢɹ, ɄɉȾ, ɜɢɞ ɬɨɩɥɢ-

ɜɚ ɢ ɬɢɩ ɤɚɬɚɥɢɡɚɬɨɪɚ, ɢɫɩɨɥɶɡɭɟɦɵɣ ɜ Ɍɗ. 

 

ɇɚɢɛɨɥɶɲɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɢɟ ɩɨɥɭɱɢɥɚ 
ɤɥɚɫɫɢɮɢɤɚɰɢɹ ɬɨɩɥɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ ɩɨ ɬɢ-

ɩɭ ɷɥɟɤɬɪɨɥɢɬɚ ɤɚɤ ɫɪɟɞɵ ɞɥɹ ɜɧɭɬɪɟɧɧɟɝɨ 

ɩɟɪɟɧɨɫɚ ɢɨɧɨɜ (ɩɪɨɬɨɧɨɜ). 
 

ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɢɡɜɟɫɬɧɨ ɧɟɫɤɨɥɶɤɨ ɬɢɩɨɜ 
ɬɨɩɥɢɜɧɵɯ ɷɥɟɦɟɧɬɨɜ, ɪɚɡɥɢɱɚɸɳɢɯɫɹ ɫɨ-
ɫɬɚɜɨɦ ɢɫɩɨɥɶɡɨɜɚɧɧɨɝɨ ɷɥɟɤɬɪɨɥɢɬɚ: 
 

1. Ɍɨɩɥɢɜɧɵɟ ɷɥɟɦɟɧɬɵ ɫ ɢɨɧɨɨɛɦɟɧɧɨɣ 

ɦɟɦɛɪɚɧɨɣ (Proton Exchange Membrane Fue 

Cells) / ɬɜɟɪɞɨɩɨɥɢɦɟɪɧɵɟ Ɍɗ (Polyme 

Electrolyte Membrane Fuel Cells) – PEMFC 

(ɪɢɫ. 1). 

2. Ɍɨɩɥɢɜɧɵɟ ɷɥɟɦɟɧɬɵ ɧɚ ɨɫɧɨɜɟ ɨɪɬɨɮɨɫ-
ɮɨɪɧɨɣ (ɮɨɫɮɨɪɧɨɣ) ɤɢɫɥɨɬɵ (Phosphoric 

Acid Fuel Cells, PAFC). 
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3. Ɍɨɩɥɢɜɧɵɟ ɷɥɟɦɟɧɬɵ ɧɚ ɨɫɧɨɜɟ ɪɚɫɩɥɚɜ-
ɥɟɧɧɨɝɨ ɤɚɪɛɨɧɚɬɚ (Molten Carbonate Fuel 

Cells, MCFC). 

4. Ɍɜɟɪɞɨɬɟɥɶɧɵɟ ɨɤɫɢɞɧɵɟ ɬɨɩɥɢɜɧɵɟ ɷɥɟ-
ɦɟɧɬɵ (SolidOxideFuelCells, SOFC). 

5. ɓɟɥɨɱɧɵɟ ɬɨɩɥɢɜɧɵɟ ɷɥɟɦɟɧɬɵ (Alkaline 

Fuel Cells, AFC). 

6. Ɍɨɩɥɢɜɧɵɟ ɷɥɟɦɟɧɬɵ ɫ ɩɪɹɦɵɦ ɨɤɢɫɥɟɧɢ-

ɟɦ ɦɟɬɚɧɨɥɚ (DirectMethanolFuelCells, 

DMFC), ɬɨɩɥɢɜɧɵɟ ɷɥɟɦɟɧɬɵ ɫ ɩɪɹɦɵɦ 

ɨɤɢɫɥɟɧɢɟɦ ɷɬɚɧɨɥɚ (DirectȿthanolFuelCells, 

DȿFC).  

 

 
 

Ɋɢɫ. 1. ɋɯɟɦɚ PEMFC-ɷɥɟɦɟɧɬɚ 
 

ɂɫɯɨɞɹ ɢɡ ɬɪɟɛɨɜɚɧɢɣ, ɤɨɬɨɪɵɟ ɩɪɟɞɴɹɜɥɹ-
ɸɬɫɹ ɤ ɷɤɨɦɨɛɢɥɸ, ɞɥɹ ɨɫɧɚɳɟɧɢɹ ɟɝɨ ɬɨɩ-

ɥɢɜɧɵɦ ɷɥɟɦɟɧɬɨɦ ɬɚɤɨɜɨɣ ɞɨɥɠɟɧ ɢɦɟɬɶ 
ɫɥɟɞɭɸɳɢɟ ɫɜɨɣɫɬɜɚ: 
1) ɨɛɟɫɩɟɱɢɜɚɬɶ ɞɨɫɬɚɬɨɱɧɭɸ ɦɨɳɧɨɫɬɶ; 
2) ɢɦɟɬɶ ɧɟɛɨɥɶɲɨɣ ɜɟɫ; 
3) ɨɛɥɚɞɚɬɶ ɧɚɢɦɟɧɶɲɢɦɢ ɝɚɛɚɪɢɬɧɵɦɢ ɪɚɡ-
ɦɟɪɚɦɢ; 

4) ɪɚɛɨɬɚɬɶ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɪɟɚɤ-
ɰɢɢ. 

 

ȼɵɛɨɪ ɬɨɩɥɢɜɧɨɝɨ ɷɥɟɦɟɧɬɚ ɞɥɹ  

ɷɤɨɦɨɛɢɥɹ 

 

ɂɡ ɜɫɟɯ ɜɵɲɟɭɩɨɦɹɧɭɬɵɯ ɜɢɞɨɜ ɬɨɩɥɢɜɧɵɯ 
ɷɥɟɦɟɧɬɨɜ ɬɚɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ ɛɨɥɟɟ ɜɫɟɝɨ 

ɨɬɜɟɱɚɸɬ ɬɜɟɪɞɨɩɨɥɢɦɟɪɧɵɟ ɬɨɩɥɢɜɧɵɟ ɷɥɟ-
ɦɟɧɬɵ, ɧɚɡɵɜɚɟɦɵɟ ɬɚɤɠɟ Ɍɗ ɫ ɢɨɧɨɨɛɦɟɧ-

ɧɨɣ ɦɟɦɛɪɚɧɨɣ. Ɉɧɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɜɵɫɨɤɭɸ 

ɦɨɳɧɨɫɬɶ ɢ ɨɛɥɚɞɚɸɬ ɧɢɡɤɢɦ ɜɟɫɨɦ ɢ ɨɛɴɟ-
ɦɨɦ ɩɨ ɫɪɚɜɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɬɨɩɥɢɜɧɵɦɢ 

ɷɥɟɦɟɧɬɚɦɢ. 

 

Ɉɞɧɚ ɹɱɟɣɤɚ ɬɚɤɨɝɨ ɷɥɟɦɟɧɬɚ, ɫɨɫɬɨɹɳɚɹ ɢɡ 
ɩɚɪɵ ɷɥɟɤɬɪɨɞɨɜ ɢ ɢɨɧɨɨɛɦɟɧɧɨɣ ɦɟɦɛɪɚɧɵ, 

ɫɩɨɫɨɛɧɚ ɝɟɧɟɪɢɪɨɜɚɬɶ ɧɚɩɪɹɠɟɧɢɟ ɩɨɪɹɞɤɚ 
0,7 ȼ. Ⱦɥɹ ɭɜɟɥɢɱɟɧɢɹ ɜɵɯɨɞɧɨɝɨ ɧɚɩɪɹɠɟ-
ɧɢɹ ɦɚɫɫɢɜ ɨɬɞɟɥɶɧɵɯ ɹɱɟɟɤ ɫɨɟɞɢɧɹɟɬɫɹ ɜ 
ɛɚɬɚɪɟɸ. Ɋɚɛɨɱɚɹ ɬɟɦɩɟɪɚɬɭɪɚ PEMFC-

ɷɥɟɦɟɧɬɨɜ ɫɨɫɬɚɜɥɹɟɬ ɨɤɨɥɨ 80 °ɋ. 

 

Ɍɚɤɢɟ ɬɨɩɥɢɜɧɵɟ ɷɥɟɦɟɧɬɵ ɨɬɥɢɱɚɸɬɫɹ ɜɵ-
ɫɨɤɨɣ ɭɞɟɥɶɧɨɣ ɦɨɳɧɨɫɬɶɸ, ɩɨɡɜɨɥɹɸɬ 
ɛɵɫɬɪɨ ɪɟɝɭɥɢɪɨɜɚɬɶ ɜɵɯɨɞɧɭɸ ɦɨɳɧɨɫɬɶ, 
ɦɨɝɭɬ ɛɵɬɶ ɛɵɫɬɪɨ ɜɤɥɸɱɟɧɵ. ɇɟɞɨɫɬɚɬɨɤ 
ɷɬɨɝɨ ɬɢɩɚ ɷɥɟɦɟɧɬɨɜ – ɜɵɫɨɤɢɟ ɬɪɟɛɨɜɚɧɢɹ ɤ 
ɤɚɱɟɫɬɜɭ ɬɨɩɥɢɜɚ, ɩɨɫɤɨɥɶɤɭ ɡɚɝɪɹɡɧɟɧɧɨɟ 
ɬɨɩɥɢɜɨ ɦɨɠɟɬ ɜɵɜɟɫɬɢ ɢɡ ɫɬɪɨɹ ɦɟɦɛɪɚɧɭ. 
ɇɨɦɢɧɚɥɶɧɚɹ ɦɨɳɧɨɫɬɶ ɬɨɩɥɢɜɧɵɯ ɷɥɟɦɟɧ-
ɬɨɜ ɷɬɨɝɨ ɬɢɩɚ ɫɨɫɬɚɜɥɹɟɬ 1–100 ɤȼɬ. 
 
PEMFC-ɷɥɟɦɟɧɬɵ ɫɩɨɫɨɛɧɵ ɪɚɛɨɬɚɬɶ ɩɪɢ 
ɨɬɧɨɫɢɬɟɥɶɧɨ ɧɢɡɤɨɣ ɬɟɦɩɟɪɚɬɭɪɟ ɨɤɪɭɠɚɸ-
ɳɟɣ ɫɪɟɞɵ ɢ ɨɛɥɚɞɚɸɬ ɞɨɜɨɥɶɧɨ ɜɵɫɨɤɨɣ 
ɷɮɮɟɤɬɢɜɧɨɫɬɶɸ (ɄɉȾ ɫɨɫɬɚɜɥɹɟɬ ɨɬ 40 ɞɨ 
50 %). ɇɢɡɤɨɬɟɦɩɟɪɚɬɭɪɧɵɣ ɪɟɠɢɦ ɪɚɛɨɬɵ 
ɩɨɡɜɨɥɹɟɬ ɢɦ ɧɚɱɚɬɶ ɪɚɛɨɬɭ ɛɵɫɬɪɟɟ (ɦɢɧɢ-
ɦɚɥɶɧɵɣ ɩɪɨɝɪɟɜ) ɢ ɩɪɢɜɨɞɢɬ ɤ ɦɟɧɶɲɟɦɭ 
ɢɡɧɨɫɭ ɫɨɫɬɚɜɥɹɸɳɢɯ ɛɥɨɤɨɜ ɫɢɫɬɟɦɵ, ɜ ɪɟ-
ɡɭɥɶɬɚɬɟ ɱɟɝɨ ɧɚɛɥɸɞɚɟɬɫɹ ɛɨɥɟɟ ɞɨɥɝɢɣ ɫɪɨɤ 
ɫɥɭɠɛɵ. Ɉɞɧɚɤɨ ɞɥɹ ɢɯ ɮɭɧɤɰɢɨɧɢɪɨɜɚɧɢɹ 
ɬɪɟɛɭɟɬɫɹ ɞɨɪɨɝɨɫɬɨɹɳɢɣ ɤɚɬɚɥɢɡɚɬɨɪ (ɤɚɤ 
ɩɪɚɜɢɥɨ, ɩɥɚɬɢɧɚ).  
 

Ɉɩɪɟɞɟɥɟɧɢɟ ɫɯɟɦɵ ɫɢɥɨɜɨɣ 

ɭɫɬɚɧɨɜɤɢ ɚɜɬɨɦɨɛɢɥɹ 

 
ȼ ɧɚɫɬɨɹɳɟɟ ɜɪɟɦɹ ɫɭɳɟɫɬɜɭɟɬ ɧɟɫɤɨɥɶɤɨ 
ɤɨɧɰɟɩɬɭɚɥɶɧɵɯ ɪɟɲɟɧɢɣ ɢɫɩɨɥɶɡɨɜɚɧɢɹ Ɍɗ 
ɞɥɹ ɚɜɬɨɦɨɛɢɥɹ [10, 11]. ɇɚɢɛɨɥɟɟ ɩɟɪɫɩɟɤ-
ɬɢɜɧɨɣ ɞɥɹ ɬɪɚɧɫɩɨɪɬɚ ɹɜɥɹɟɬɫɹ ɝɢɛɪɢɞɧɚɹ 
ɫɯɟɦɚ [10, 12]. ȼ ɞɚɧɧɨɦ ɫɥɭɱɚɟ  Ɍɗ ɜɵɪɚɛɚ-
ɬɵɜɚɟɬ ɷɧɟɪɝɢɸ ɞɥɹ ɡɚɪɹɞɤɢ ɚɤɤɭɦɭɥɹɬɨɪɧɵɯ 
ɛɚɬɚɪɟɣ, ɩɢɬɚɸɳɢɯ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɶ. Ⱦɥɹ 
ɚɜɬɨɦɨɛɢɥɹ-ɭɱɚɫɬɧɢɤɚ ɫɨɪɟɜɧɨɜɚɧɢɣ ɬɚɤɚɹ 
ɫɯɟɦɚ ɧɟɞɨɩɭɫɬɢɦɚ, ɬɚɤ ɤɚɤ ɢɫɬɨɱɧɢɤɨɦ 
ɷɧɟɪɝɢɢ ɞɥɹ ɞɜɢɠɟɧɢɹ ɞɨɥɠɧɨ ɛɵɬɶ ɬɨɩɥɢɜɨ, 
ɚ ɚɤɤɭɦɭɥɹɬɨɪ ɦɨɠɧɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɨɥɶɤɨ 
ɞɥɹ ɩɢɬɚɧɢɹ ɛɨɪɬɨɜɵɯ ɩɨɬɪɟɛɢɬɟɥɟɣ. Ɋɟɝɥɚ-
ɦɟɧɬɨɦ ɫɬɪɨɝɨ ɨɝɨɜɨɪɟɧɨ ɭɫɥɨɜɢɟ, ɩɪɢ ɤɨɬɨ-
ɪɨɦ ɚɤɤɭɦɭɥɹɬɨɪ ɧɟ ɦɨɠɟɬ ɧɚɤɚɩɥɢɜɚɬɶ 
ɷɧɟɪɝɢɸ. 
 
ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɞɥɹ ɷɤɨɦɨɛɢɥɹ ɩɪɟɞɥɚɝɚɟɬɫɹ 
ɫɯɟɦɚ (ɪɢɫ. 2), ɜɤɥɸɱɚɸɳɚɹ Ɍɗ ɫ ɷɥɟɤɬɪɨɧ-
ɧɵɦ ɛɥɨɤɨɦ ɭɩɪɚɜɥɟɧɢɹ (ɗȻɍ Ɍɗ) ɢ ɚɤɤɭɦɭ-
ɥɹɬɨɪɧɭɸ ɛɚɬɚɪɟɸ.  
 

 
 

Ɋɢɫ. 2. ɋɯɟɦɚ ɚɜɬɨɦɨɛɢɥɹ ɫ Ɍɗ 
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ɗɧɟɪɝɢɹ, ɧɚɤɨɩɥɟɧɧɚɹ ɜ ɚɤɤɭɦɭɥɹɬɨɪɟ, ɢɫ-
ɩɨɥɶɡɭɟɬɫɹ ɬɨɥɶɤɨ ɧɚ ɫɬɚɪɬɟ (ɪɢɫ. 3). Ⱦɚɥɟɟ 
ɪɚɛɨɬɚɟɬ ɬɨɥɶɤɨ Ɍɗ. 

 

 
 

Ɋɢɫ. 3. Ɇɨɳɧɨɫɬɶ, ɜɵɞɚɜɚɟɦɚɹ ɬɨɩɥɢɜɧɵɦ 

ɷɥɟɦɟɧɬɨɦ ɢ ɚɤɤɭɦɭɥɹɬɨɪɨɦ ɧɚ ɫɬɚɪɬɟ 
 

Ɋɚɫɱɟɬ ɬɨɩɥɢɜɧɨɝɨ ɷɥɟɦɟɧɬɚ ɷɤɨɦɨɛɢɥɹ 

 

ɗɮɮɟɤɬɢɜɧɨɫɬɶ ɪɚɛɨɬɵ ɩɪɢɧɹɬɨɣ ɫɯɟɦɵ ɚɜ-
ɬɨɦɨɛɢɥɹ ɫ Ɍɗ ɡɚɜɢɫɢɬ ɨɬ ɜɵɛɨɪɚ ɩɚɪɚɦɟɬɪɨɜ 
ɟɝɨ ɤɨɦɩɨɧɟɧɬɨɜ. Ɉɩɵɬ ɭɱɚɫɬɢɹ ɜ ɫɨɪɟɜɧɨɜɚ-
ɧɢɹɯ Shell-EcoMarathon ɤɨɦɚɧɞɵ ɏɇȺȾɍ 

ɩɨɤɚɡɵɜɚɟɬ, ɱɬɨ ɧɟɨɛɯɨɞɢɦɚɹ ɦɨɳɧɨɫɬɶ, ɪɚɡ-
ɜɢɜɚɟɦɚɹ ɫɢɥɨɜɨɣ ɭɫɬɚɧɨɜɤɨɣ ɷɤɨɦɨɛɢɥɹ, ɧɟ 
ɞɨɥɠɧɚ ɩɪɟɜɵɲɚɬɶ 800 ȼɬ. Ⱦɚɧɧɨɟ ɭɫɥɨɜɢɟ 
ɨɩɪɟɞɟɥɹɟɬ ɜɨɡɦɨɠɧɵɟ ɩɚɪɚɦɟɬɪɵ ɞɜɢɝɚɬɟɥɹ, 
Ɍɗ ɢ ɚɤɤɭɦɭɥɹɬɨɪɚ (ɬɚɛɥ. 1). 

 
Ɍɚɛɥɢɰɚ 1 – Ɋɟɤɨɦɟɧɞɚɰɢɢ ɞɥɹ ɜɵɛɨɪɚ ɩɚɪɚɦɟɬ-
ɪɨɜ ɷɥɟɦɟɧɬɨɜ ɫɢɥɨɜɨɣ ɭɫɬɚɧɨɜɤɢ ɷɤɨɦɨɛɢɥɹ 
 

ɉɚɪɚɦɟɬɪ ȼɟɥɢɱɢɧɚ ȿɞ. ɢɡɦɟɪɟɧɢɹ 
Ⱦɜɢɝɚɬɟɥɶ 
– ɦɨɳɧɨɫɬɶ 
– ɧɚɩɪɹɠɟɧɢɟ 

 

700 

18 

 

ȼɬ 
ȼ 

Ɍɗ 

– ɧɚɩɪɹɠɟɧɢɟ 
– ɦɨɳɧɨɫɬɶ 
– ɦɚɫɫɚ 

 

18 

450 

2,5 

 

ȼ 

ȼɬ 
ɤɝ 

Ⱥɤɤɭɦɭɥɹɬɨɪ 
– ɧɚɩɪɹɠɟɧɢɟ 
– ɟɦɤɨɫɬɶ 

 

12 

8 

 

ȼ 

Ⱥ·ɱ 
 

Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɫɬɚɜɥɟɧɧɨɣ ɜ ɢɫɫɥɟɞɨɜɚɧɢɢ 

ɰɟɥɢ ɜɵɩɨɥɧɟɧɚ ɫɟɪɢɹ ɪɚɫɱɟɬɨɜ, ɪɟɡɭɥɶɬɚɬɵ 

ɤɨɬɨɪɵɯ ɩɨɤɚɡɚɧɵ ɧɚ ɪɢɫ. 3 – 5. 

 

ȼ ɦɨɦɟɧɬ ɫɬɚɪɬɚ ɦɨɳɧɨɫɬɢ 460 ȼɬ, ɜɵɪɚɛɚ-
ɬɵɜɚɟɦɨɣ Ɍɗ, ɧɟɞɨɫɬɚɬɨɱɧɨ. ɉɨɷɬɨɦɭ ɫɥɟɞɭ-

ɟɬ ɫ ɩɨɦɨɳɶɸ ɚɤɤɭɦɭɥɹɬɨɪɚ ɩɨɜɵɫɢɬɶ ɦɨɳ-

ɧɨɫɬɶ. Ⱥɤɤɭɦɭɥɹɬɨɪ ɤɨɦɩɟɧɫɢɪɭɟɬ ɧɟɞɨɫɬɚ-
ɬɨɤ ɦɨɳɧɨɫɬɢ (ɪɢɫ. 3). ɉɪɨɝɧɨɡɢɪɭɟɦɚɹ 
ɡɚɞɟɪɠɤɚ ɫɬɚɪɬɚ ɫɨɫɬɚɜɥɹɟɬ ɧɟ ɛɨɥɟɟ 0,5 ɫ ɨɬ 
ɦɨɦɟɧɬɚ ɩɨɞɚɱɢ ɤɨɦɚɧɞɵ ɧɚ ɩɭɫɤ ɷɥɟɤɬɪɨ-

ɞɜɢɝɚɬɟɥɹ. Ʉ ɱɟɬɜɟɪɬɨɣ ɫɟɤɭɧɞɟ ɩɭɫɤɚ ɦɨɳ-

ɧɨɫɬɢ Ɍɗ ɢ ɨɬ ɚɤɤɭɦɭɥɹɬɨɪɚ ɜɵɪɚɜɧɢɜɚɸɬɫɹ. 
Ⱦɚɥɟɟ ɜ ɬɟɱɟɧɢɟ 7 ɫ ɩɪɨɢɫɯɨɞɢɬ ɢɧɬɟɧɫɢɜɧɚɹ 
ɪɚɡɪɹɞɤɚ ɛɚɬɚɪɟɢ.  

 

ɍɱɢɬɵɜɚɹ ɩɨɬɟɪɢ, ɢɡɦɟɧɟɧɢɟ ɦɨɳɧɨɫɬɢ, ɩɨ-
ɬɪɟɛɥɹɟɦɨɣ ɞɜɢɝɚɬɟɥɟɦ, ɩɪɨɢɫɯɨɞɢɬ ɩɨ ɤɪɢ-

ɜɨɣ ɪɢɫ. 4. 

 

 
 

Ɋɢɫ. 4. Ɇɨɳɧɨɫɬɶ, ɩɨɬɪɟɛɥɹɟɦɚɹ ɷɥɟɤɬɪɨɞɜɢ-

ɝɚɬɟɥɟɦ ɧɚ ɫɬɚɪɬɟ 
 

ȼ ɪɟɡɭɥɶɬɚɬɟ ɪɟɚɥɢɡɚɰɢɢ ɭɤɚɡɚɧɧɨɝɨ ɚɥɝɨ-
ɪɢɬɦɚ ɫɬɚɪɬɚ ɷɤɨɦɨɛɢɥɸ ɛɭɞɭɬ ɨɛɟɫɩɟɱɟɧɵ 

ɫɤɨɪɨɫɬɶ ɢ ɭɫɤɨɪɟɧɢɟ, ɩɪɟɞɫɬɚɜɥɟɧɧɵɟ ɧɚ 
ɪɢɫ. 5. Ⱦɨɫɬɢɠɟɧɢɟ ɫɤɨɪɨɫɬɢ 8,5 ɦ/ɫ ɩɪɨɢɫ-
ɯɨɞɢɬ ɧɚ 10-ɣ ɫɟɤɭɧɞɟ. Ⱦɚɥɟɟ ɦɨɳɧɨɫɬɶ ɞɜɢ-

ɝɚɬɟɥɹ ɛɭɞɟɬ ɫɧɢɠɟɧɚ ɢ ɚɜɬɨɦɨɛɢɥɶ ɞɜɢɠɟɬɫɹ 
ɧɚɤɚɬɨɦ. 

 

 
 

Ɋɢɫ. 5. ɋɤɨɪɨɫɬɶ ɞɜɢɠɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ 
 

Ɋɚɫɯɨɞ ɜɨɞɨɪɨɞɚ ɬɨɩɥɢɜɧɵɦ ɷɥɟɦɟɧɬɨɦ ɫɨ-
ɫɬɚɜɥɹɟɬ 9,054 ɦɝ/ɫ. Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɧɚ ɫɬɚɪɬɟ 
ɚɜɬɨɦɨɛɢɥɶ ɫ ɬɨɩɥɢɜɧɵɦ ɷɥɟɦɟɧɬɨɦ ɩɨɬɪɟɛ-

ɥɹɟɬ 12120 Ⱦɠ. ɉɪɢɧɢɦɚɹ ɪɚɫɯɨɞ ɷɧɟɪɝɢɢ ɧɚ 
ɩɪɨɯɨɠɞɟɧɢɟ ɤɪɭɝɚ ɞɢɫɬɚɧɰɢɢ (1626 ɦ) ɪɚɜ-
ɧɵɦ ɭɞɜɨɟɧɧɨɣ ɜɟɥɢɱɢɧɟ ɫɬɚɪɬɨɜɨɝɨ ɪɚɫɯɨɞɚ 
(0,199 ɦɝ), ɩɨɥɭɱɢɦ ɜ ɛɟɧɡɢɧɨɜɨɦ ɷɤɜɢɜɚɥɟɧ-

ɬɟ ɪɚɫɫɬɨɹɧɢɟ, ɩɪɨɣɞɟɧɧɨɟ ɧɚ ɨɞɧɨɦ ɥɢɬɪɟ 
ɬɨɩɥɢɜɚ, ɪɚɜɧɨɟ 3004 ɤɦ. ɉɪɢ ɭɫɥɨɜɢɢ ɫɨ-
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ɜɟɪɲɟɧɫɬɜɨɜɚɧɢɹ ɤɨɧɫɬɪɭɤɰɢɢ ɚɜɬɨɦɨɛɢɥɹ, ɜ 
ɩɟɪɜɭɸ ɨɱɟɪɟɞɶ ɫɧɢɠɟɧɢɹ ɫɧɚɪɹɠɟɧɧɨɣ ɦɚɫ-
ɫɵ, ɪɟɡɭɥɶɬɚɬɵ ɥɭɱɲɢɯ ɤɨɦɚɧɞ-ɭɱɚɫɬɧɢɤɨɜ 
ɫɨɪɟɜɧɨɜɚɧɢɹ ɜ ɫɟɝɦɟɧɬɟ «ɬɨɩɥɢɜɧɵɣ ɷɥɟ-
ɦɟɧɬ» ɜɵɝɥɹɞɹɬ ɜɩɨɥɧɟ ɞɨɫɬɢɠɢɦɵɦɢ. 

 

Ɉɩɬɢɦɚɥɶɧɵɦ ɪɚɫɩɪɟɞɟɥɟɧɢɟɦ ɩɨɬɪɟɛɢɬɟɥɹ 
ɦɨɳɧɨɫɬɢ ɧɚ ɷɤɨɦɨɛɢɥɟ ɹɜɥɹɟɬɫɹ ɫɯɟɦɚ, ɩɪɢ 

ɤɨɬɨɪɨɣ ɜɟɞɭɳɢɦɢ ɹɜɥɹɸɬɫɹ ɞɜɚ ɤɨɥɟɫɚ ɢɡ 
ɬɪɟɯ [11]. ȼ ɬɚɤɨɦ ɫɥɭɱɚɟ ɚɜɬɨɦɨɛɢɥɶ ɧɟɨɛ-
ɯɨɞɢɦɨ ɨɫɧɚɫɬɢɬɶ ɞɜɭɦɹ ɷɥɟɤɬɪɨɞɜɢɝɚɬɟɥɹ-
ɦɢ, ɪɚɫɩɨɥɨɠɟɧɧɵɦɢ ɧɟɩɨɫɪɟɞɫɬɜɟɧɧɨ ɜ ɤɨ-
ɥɟɫɟ. Ɇɨɳɧɨɫɬɶ ɤɚɠɞɨɝɨ ɞɜɢɝɚɬɟɥɹ ɛɭɞɟɬ 
ɫɨɫɬɚɜɥɹɬɶ ɧɟ ɛɨɥɟɟ 200 ȼɬ, ɚ ɚɤɤɭɦɭɥɹɬɨɪ-
ɧɚɹ ɛɚɬɚɪɟɹ ɩɨɬɪɟɛɭɟɬɫɹ ɬɨɥɶɤɨ ɞɥɹ ɩɢɬɚɧɢɹ 
ɫɢɫɬɟɦɵ ɭɩɪɚɜɥɟɧɢɹ ɚɜɬɨɦɨɛɢɥɹ. 
 

ȼɵɜɨɞɵ 

 

ɋɮɨɪɦɭɥɢɪɨɜɚɧɵ ɬɪɟɛɨɜɚɧɢɹ ɤ ɬɨɩɥɢɜɧɨɦɭ 
ɷɥɟɦɟɧɬɭ ɞɥɹ ɢɫɩɨɥɶɡɨɜɚɧɢɹ ɜ ɷɤɨɦɨɛɢɥɟ. 
Ɍɚɤɨɣ ɷɥɟɦɟɧɬ ɞɨɥɠɟɧ ɢɦɟɬɶ ɫɥɟɞɭɸɳɢɟ 
ɫɜɨɣɫɬɜɚ: ɨɛɟɫɩɟɱɢɜɚɬɶ ɞɨɫɬɚɬɨɱɧɭɸ ɦɨɳ-

ɧɨɫɬɶ; ɢɦɟɬɶ ɧɟɛɨɥɶɲɨɣ ɜɟɫ; ɨɛɥɚɞɚɬɶ 
ɧɚɢɦɟɧɶɲɢɦɢ ɝɚɛɚɪɢɬɧɵɦɢ ɪɚɡɦɟɪɚɦɢ; ɪɚ-
ɛɨɬɚɬɶ ɩɪɢ ɧɢɡɤɢɯ ɬɟɦɩɟɪɚɬɭɪɚɯ ɪɟɚɤɰɢɢ. 

 

ɂɡ ɜɫɟɯ ɜɵɲɟɭɩɨɦɹɧɭɬɵɯ ɜɢɞɨɜ ɬɨɩɥɢɜɧɵɯ 
ɷɥɟɦɟɧɬɨɜ ɬɚɤɢɦ ɬɪɟɛɨɜɚɧɢɹɦ ɛɨɥɟɟ ɜɫɟɝɨ 

ɨɬɜɟɱɚɸɬ ɬɜɟɪɞɨɩɨɥɢɦɟɪɧɵɟ ɬɨɩɥɢɜɧɵɟ ɷɥɟ-
ɦɟɧɬɵ, ɧɚɡɵɜɚɟɦɵɟ ɬɚɤɠɟ Ɍɗ ɫ ɢɨɧɨɨɛɦɟɧ-

ɧɨɣ ɦɟɦɛɪɚɧɨɣ. Ɉɧɢ ɨɛɟɫɩɟɱɢɜɚɸɬ ɜɵɫɨɤɭɸ 

ɦɨɳɧɨɫɬɶ ɢ ɨɛɥɚɞɚɸɬ ɧɢɡɤɢɦ ɜɟɫɨɦ (ɞɥɹ 
ɷɤɨɦɨɛɢɥɹ – ɨɤɨɥɨ 2 ɤɝ) ɢ ɨɛɴɟɦɨɦ ɩɨ ɫɪɚɜ-
ɧɟɧɢɸ ɫ ɞɪɭɝɢɦɢ ɬɨɩɥɢɜɧɵɦɢ ɷɥɟɦɟɧɬɚɦɢ. 

 

Ⱦɥɹ ɷɤɨɦɨɛɢɥɹ ɩɪɟɞɥɚɝɚɟɬɫɹ ɫɯɟɦɚ, ɜɤɥɸɱɚ-
ɸɳɚɹ Ɍɗ ɦɨɳɧɨɫɬɶɸ 450 ȼɬ ɫ ɷɥɟɤɬɪɨɧɧɵɦ 

ɛɥɨɤɨɦ ɭɩɪɚɜɥɟɧɢɹ ɢ ɚɤɤɭɦɭɥɹɬɨɪɧɭɸ ɛɚɬɚ-
ɪɟɸ (12 ȼ, 8 Ⱥ·ɱ). ɗɧɟɪɝɢɹ, ɧɚɤɨɩɥɟɧɧɚɹ ɜ 
ɚɤɤɭɦɭɥɹɬɨɪɟ, ɢɫɩɨɥɶɡɭɟɬɫɹ ɬɨɥɶɤɨ ɧɚ ɫɬɚɪ-
ɬɟ. Ⱦɚɥɟɟ ɪɚɛɨɬɚɟɬ ɬɨɥɶɤɨ Ɍɗ. 

 

ȼɵɩɨɥɧɟɧɧɵɟ ɪɚɫɱɟɬɵ ɩɨɤɚɡɚɥɢ, ɱɬɨ ɪɚɫɯɨɞ 
ɜɨɞɨɪɨɞɚ ɬɨɩɥɢɜɧɵɦ ɷɥɟɦɟɧɬɨɦ ɫɨɫɬɚɜɥɹɟɬ 
9,054 ɦɝ/ɫ. ɗɬɨ ɩɨɡɜɨɥɹɟɬ ɨɰɟɧɢɬɶ ɜ ɛɟɧɡɢɧɨ-
ɜɨɦ ɷɤɜɢɜɚɥɟɧɬɟ ɪɚɫɫɬɨɹɧɢɟ, ɩɪɨɣɞɟɧɧɨɟ 
ɷɤɨɦɨɛɢɥɟɦ ɧɚ ɨɞɧɨɦ ɥɢɬɪɟ ɬɨɩɥɢɜɚ, ɪɚɜɧɨɟ 
3004 ɤɦ. 
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