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Аɧɨɬɚɰіɹ. Ɋɨɡɝɥɹɧɭɬɨ ɩɢɬɚɧɧɹ ɳɨɞɨ ɩɪɢɧɰɢɩɿɜ ɜɢɛɨɪɭ ɨɫɧɨɜɧɢɯ ɩɨɤɚɡɧɢɤɿɜ ɩɨɪɲɧɟɜɨɝɨ 
ɩɧɟɜɦɨɞɜɢɝɭɧɚ ɝɿɛɪɢɞɧɨʀ ɫɢɥɨɜɨʀ ɭɫɬɚɧɨɜɤɢ «ȾВɁ-ɩɧɟɜɦɨɞɜɢɝɭɧ» ɥɟɝɤɨɜɨɝɨ ɚɜɬɨɦɨɛɿɥɹ ɦɿɫɶɤɨɝɨ 
ɩɪɢɡɧɚɱɟɧɧɹ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭє ɫɤɪɚɩɥɟɧɟ ɩɨɜɿɬɪɹ. ɇɚ ɨɫɧɨɜɿ ɪɨɡɪɚɯɭɧɤɨɜɢɯ ɞɨɫɥɿɞɠɟɧɶ ɩɨɤɚɡ-
ɧɢɤɿɜ ɩɧɟɜɦɨɞɜɢɝɭɧɿɜ ɡ ɪɿɡɧɢɦɢ ɜɢɯɿɞɧɢɦɢ ɞɚɧɢɦɢ ɞɥɹ ɩɪɨɬɨɬɢɩɭ ɚɜɬɨɦɨɛɿɥɹ, ɳɨ ɪɭɯɚєɬɶɫɹ ɡɿ 
ɲɜɢɞɤɿɫɬɸ 60 ɤɦ/ɝɨɞ, ɜɢɛɪɚɧɢɣ ɿ ɡɚɩɪɨɩɨɧɨɜɚɧɢɣ ɞɥɹ ɜɩɪɨɜɚɞɠɟɧɧɹ ɩɧɟɜɦɨɞɜɢɝɭɧ ɿɡ ɩɨɤɚɡɧɢ-
ɤɚɦɢ, ɹɤɿ ɡɚɛɟɡɩɟɱɭɸɬɶ ɦɿɧɿɦɚɥɶɧɿ ɜɢɬɪɚɬɢ ɩɨɜɿɬɪɹ ɡɚ ɭɦɨɜ ɩɪɢɣɧɹɬɧɢɯ ɝɚɛɚɪɢɬɿɜ. 

Кɥɸɱɨɜі ɫɥɨɜɚ: ɝɿɛɪɢɞɧɚ ɫɢɥɨɜɚ ɭɫɬɚɧɨɜɤɚ, ɩɧɟɜɦɨɞɜɢɝɭɧ, ɞɜɢɝɭɧ ɜɧɭɬɪɿɲɧɶɨɝɨ ɡɝɨɪɚɧɧɹ, 
ɚɜɬɨɦɨɛɿɥɶ, ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɢɣ ɡɚɫɿɛ, ɫɤɪɚɩɥɟɧɟ ɩɨɜɿɬɪɹ, ɩɨɤɚɡɧɢɤɢ ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ. 
 

ȼɫɬɭɩ 
Ɍɟɧɞɟɧɰɿɹ ɡɧɢɠɟɧɧɹ ɲɤɿɞɥɢɜɢɯ ɜɢɤɢɞɿɜ 

ɞɜɢɝɭɧɿɜ ɜɧɭɬɪɿɲɧɶɨɝɨ ɡɝɨɪɚɧɧɹ (ȾȼɁ), ɨɫɨ-
ɛɥɢɜɨ ɚɜɬɨɦɨɛɿɥɶɧɨɝɨ ɬɪɚɧɫɩɨɪɬɭ, ɬɚ ɡɦɟɧ-
ɲɟɧɧɹ ɜɢɬɪɚɬ ɜɭɝɥɟɜɨɞɧɟɜɢɯ ɩɚɥɶɧɢɯ, ɳɨ 
ɫɤɥɚɥɚɫɹ ɧɚɩɪɢɤɿɧɰɿ XX ɫɬɨɥɿɬɬɹ, ɩɪɢɡɜɟɥɚ 
ɞɨ ɜɢɧɢɤɧɟɧɧɹ ɚɥɶɬɟɪɧɚɬɢɜɧɢɯ ɛɿɥɶɲ ɟɤɨɥɨ-
ɝɿɱɧɨ ɱɢɫɬɢɯ ɬɚ ɟɤɨɧɨɦɿɱɧɢɯ ɫɢɥɨɜɢɯ ɭɫɬɚɧɨ-
ɜɨɤ ɞɥɹ ɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ. ɇɚ ɫɶɨɝɨɞɧɿ ɰɟ 
ɜɢɤɥɸɱɧɨ ɟɥɟɤɬɪɢɱɧɿ ɬɚ ɝɿɛɪɢɞɧɿ ɫɢɥɨɜɿ 
ɭɫɬɚɧɨɜɤɢ, ɡɨɤɪɟɦɚ «ȾȼɁ-ɟɥɟɤɬɪɨɞɜɢɝɭɧ». 

Ⱥɥɟ ɳɟ ɡ ɤɿɧɰɹ XIX ɫɬɨɥɿɬɬɹ ɛɭɥɢ ɡɞɿɣɫ-
ɧɟɧɿ ɩɨɨɞɢɧɨɤɿ ɬɚ ɞɨɫɢɬɶ ɭɫɩɿɲɧɿ ɫɩɪɨɛɢ ɜɢ-
ɤɨɪɢɫɬɚɧɧɹ ɟɧɟɪɝɿʀ ɫɬɢɫɧɟɧɨɝɨ ɩɨɜɿɬɪɹ ɞɥɹ 
ɩɟɪɟɫɭɜɚɧɧɹ ɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ, ɡɨɤɪɟɦɚ 
ɡɚɥɿɡɧɢɱɧɢɯ ɥɨɤɨɦɨɬɢɜɿɜ, ɬɪɚɦɜɚʀɜ ɬɚ ɞɟɹɤɢɯ 
ɜɢɞɿɜ ɚɜɬɨɦɨɛɿɥɿɜ. Ɂɝɨɞɨɦ, ɭ XX ɫɬɨɥɿɬɬɿ, ɬɚɤɿ 
ɩɧɟɜɦɨɫɢɥɨɜɿ ɭɫɬɚɧɨɜɤɢ ɜɢɤɨɪɢɫɬɨɜɭɜɚɥɢɫɹ ɿ 
ɜɢɤɨɪɢɫɬɨɜɭɸɬɶɫɹ ɜɢɤɥɸɱɧɨ ɞɥɹ ɲɚɯɬɧɢɯ 
ɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ ɿ ɞɥɹ ɡɚɫɨɛɿɜ ɩɟɪɟɦɿ-
ɳɟɧɧɹ ɜɚɧɬɚɠɿɜ ɭ ɰɟɯɚɯ ɩɿɞɩɪɢєɦɫɬɜ. 

ɏɜɢɥɹ ɛɨɪɨɬɶɛɢ ɡɚ ɟɤɨɥɨɝɿɱɧɿɫɬɶ ɞɜɢɝɭɧɿɜ 
ɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ ɡɦɭɫɢɥɚ ʀɯ ɪɨɡɪɨɛɧɢɤɿɜ 
ɭ ɪɹɞɿ ɤɪɚʀɧ ɧɚ ɩɨɱɚɬɤɭ XXI ɫɬɨɥɿɬɬɹ ɡɧɨɜ 
ɡɜɟɪɧɭɬɢ ɭɜɚɝɭ ɧɚ ɦɨɠɥɢɜɿɫɬɶ ɜɢɤɨɪɢɫɬɚɧɧɹ 
ɹɤ ɫɢɥɨɜɨʀ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨ-
ɛɿɜ ɩɧɟɜɦɨɞɜɢɝɭɧɿɜ [1–3 ɬɚ ɿɧ.]. Ⱥɞɠɟ ɨɫɧɨɜ-
ɧɨɸ ʀɯ ɩɟɪɟɜɚɝɨɸ є ɚɛɫɨɥɸɬɧɚ ɟɤɨɥɨɝɿɱɧɿɫɬɶ 
ɧɚ ɜɿɞɦɿɧɭ ɜɿɞ ɟɥɟɤɬɪɨɞɜɢɝɭɧɿɜ ɬɚ ȾȼɁ, ɜɢɪɨ-
ɛɧɢɰɬɜɨ ɹɤɢɯ ɬɚ ɭɬɢɥɿɡɚɰɿɹ ɫɢɥɨɜɢɯ ɚɤɭɦɭɥɹ-
ɬɨɪɧɢɯ ɛɚɬɚɪɟɣ ɫɬɜɨɪɸє ɩɪɨɛɥɟɦɢ ɞɥɹ ɟɤɨɥɨ-
ɝɿʀ. 

Ɉɫɧɨɜɧɢɦ ɧɟɞɨɥɿɤɨɦ ɩɧɟɜɦɨɞɜɢɝɭɧɿɜ є 
ɧɚɞɡɜɢɱɚɣɧɨ ɧɢɡɶɤɚ ɳɿɥɶɧɿɫɬɶ ɟɧɟɪɝɿʀ ɫɬɢɫ-
ɧɟɧɨɝɨ ɩɨɜɿɬɪɹ ɩɨɪɿɜɧɹɧɨ ɡ ɜɭɝɥɟɜɨɞɧɟɜɢɦɢ 
ɩɚɥɶɧɢɦɢ ȾȼɁ, ɳɨ ɜ ɪɚɡɿ ɜɢɤɨɪɢɫɬɚɧɧɹ ʀɯ ɹɤ  

ɫɢɥɨɜɢɯ ɭɫɬɚɧɨɜɨɤ ɚɜɬɨɦɨɛɿɥɶɧɨɝɨ ɬɪɚɧɫɩɨɪ-
ɬɭ ɡɧɚɱɧɨ ɫɤɨɪɨɱɭє ɜɿɞɫɬɚɧɶ ɩɪɨɛɿɝɭ ɨɫɬɚɧ-
ɧɶɨɝɨ ɧɚ ɡɚɩɪɚɜɰɿ. 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɚɛɫɨɥɸɬɧɚ ɟɤɨɥɨɝɿɱɧɿɫɬɶ 
ɩɧɟɜɦɨɞɜɢɝɭɧɿɜ ɩɨɪɹɞ ɿɡ ɧɢɡɶɤɨɸ ɳɿɥɶɧɿɫɬɸ 
ɟɧɟɪɝɨɧɨɫɿɹ ɞɨɡɜɨɥɹє ɪɨɡɝɥɹɞɚɬɢ ʀɯ ɹɤ ɩɟɪɫ-
ɩɟɤɬɢɜɧɿ ɫɢɥɨɜɿ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɚɜɬɨɬɪɚɧɫɩɨɪ-
ɬɧɢɯ ɡɚɫɨɛɿɜ ɫɚɦɟ ɦɿɫɶɤɨɝɨ ɩɪɢɡɧɚɱɟɧɧɹ. 

Ɉɞɧɚɤ ɧɚ ɫɶɨɝɨɞɧɿ ɛɿɥɶɲ ɩɟɪɫɩɟɤɬɢɜɧɢɦɢ 
є ɝɿɛɪɢɞɧɿ ɫɢɥɨɜɿ ɭɫɬɚɧɨɜɤɢ «ȾȼɁ-
ɩɧɟɜɦɨɞɜɢɝɭɧ» [2, 4–6], ɹɤɿ ɞɨɡɜɨɥɹɸɬɶ ɡɧɚ-
ɱɧɨ ɩɿɞɜɢɳɢɬɢ ɩɪɨɛɿɝ ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɡɚɫɨɛɭ ɩɨɪɿɜɧɹɧɨ ɡ ɩɧɟɜɦɨɫɢɥɨɜɢɦɢ ɭɫɬɚɧɨ-
ɜɤɚɦɢ ɿ ɨɞɧɨɱɚɫɧɨ ɡɧɚɱɧɨ ɡɦɟɧɲɢɬɢ ɤɿɥɶ-
ɤɿɫɬɶ ɲɤɿɞɥɢɜɢɯ ɜɢɤɢɞɿɜ ȾȼɁ. 

 
Ⱥɧɚɥɿɡ ɩɭɛɥɿɤɚɰɿɣ 

ɉɟɪɟɜɚɠɧɚ ɛɿɥɶɲɿɫɬɶ ɞɨɫɥɿɞɠɟɧɶ ɿ ɩɪɚɤ-
ɬɢɱɧɢɯ ɜɩɪɨɜɚɞɠɟɧɶ ɭ ɫɜɿɬɿ ɳɨɞɨ ɡɚɫɬɨɫɭ-
ɜɚɧɧɹ ɩɧɟɜɦɨɞɜɢɝɭɧɿɜ ɞɥɹ ɚɜɬɨɦɨɛɿɥɶɧɨɝɨ 
ɬɪɚɧɫɩɨɪɬɭ ɫɩɪɹɦɨɜɚɧɚ ɧɚ ɪɨɡɪɨɛɥɟɧɧɹɯ 
ɩɧɟɜɦɨɫɢɥɨɜɢɯ ɭɫɬɚɧɨɜɨɤ. Ⱥɥɟ ɨɤɪɟɦɿ ɪɨɡɪɨ-
ɛɥɹɧɧɹ ɫɬɨɫɭɸɬɶɫɹ ɬɚɤɨɠ ɝɿɛɪɢɞɧɢɯ ɭɫɬɚɧɨ-
ɜɨɤ «ȾȼɁ-ɩɧɟɜɦɨɞɜɢɝɭɧ». Ɍɚɤ, ɩɪɨɟɤɬ ɮɪɚɧ-
ɰɭɡɶɤɨʀ ɤɨɦɩɚɧɿʀ Motor Development 
International (MDI) ɧɚ ɦɟɠɿ 2000-ɯ ɪɨɤɿɜ ɡɞɿɣ-
ɫɧɸɜɚɜ ɫɩɿɥɶɧɭ ɪɨɛɨɬɭ ɡ ɪɨɡɪɨɛɥɟɧɧɹ ɛɟɧɡɢ-
ɧɨɜɨɝɨ ɬɚ ɩɧɟɜɦɨɞɜɢɝɭɧɚ [7]. ɍ ɋɒȺ ɧɚɞ 
ɪɨɡɪɨɛɥɟɧɧɹɦ ɝɿɛɪɢɞɧɢɯ ɭɫɬɚɧɨɜɨɤ ɰɶɨɝɨ 
ɬɢɩɭ ɩɪɚɰɸɸɬɶ ɮɿɪɦɚ Scuderi [3] ɬɚ ɧɚɭɤɨɜɰɿ 
Ʉɚɥɿɮɨɪɧɿɣɫɶɤɨɝɨ ɭɧɿɜɟɪɫɢɬɟɬɭ ɪɚɡɨɦ ɡɿ ɫɩɟ-
ɰɿɚɥɿɫɬɚɦɢ ɤɨɧɰɟɪɧɭ Ford [8]. Ɏɪɚɧɰɭɡɶɤɢɣ 
ɤɨɧɰɟɪɧ PSA Peugeot Citroen 2013 ɪɨɤɭ ɜɢ-
ɫɬɚɜɢɜ ɞɟɤɿɥɶɤɚ ɤɨɧɰɟɩɬ-ɚɜɬɨɦɨɛɿɥɿɜ ɿɡ ɫɢɥɨ-
ɜɢɦɢ ɭɫɬɚɧɨɜɤɚɦɢ Hybrid Air [2]. 

http://www.psa-peugeot-citroen.com/en/featured-content/automotive-innovation/hybrid-air-engine-full-hybrid-gasoline
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ɇɚ ɬɟɪɢɬɨɪɿʀ ɤɨɥɢɲɧɶɨɝɨ ɋɊɋɊ ɩɪɨɛɥɟ-
ɦɚɦɢ ɪɨɡɪɨɛɥɟɧɧɹ ɩɧɟɜɦɨɞɜɢɝɭɧɿɜ ɿ ɝɿɛɪɢɞ-
ɧɢɯ ɭɫɬɚɧɨɜɨɤ ɞɥɹ ɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ ɡɚ-
ɣɦɚɸɬɶɫɹ ɧɚɭɤɨɜɰɿ ɏɇȺȾɍ ɜ ɍɤɪɚʀɧɿ [5, 6 
ɬɨɳɨ] ɬɚ Ɉɦɫɶɤɨɝɨ ɞɟɪɠɚɜɧɨɝɨ ɬɟɯɧɿɱɧɨɝɨ 
ɭɧɿɜɟɪɫɢɬɟɬɭ ɜ Ɋɨɫɿʀ [4]. 

əɤ ɩɨɤɚɡɭє ɨɝɥɹɞ ɧɚɹɜɧɢɯ ɧɚɭɤɨɜɢɯ ɩɪɚɰɶ,  
ɳɨ  ɨɩɢɫɭɸɬɶ ɪɨɛɨɬɭ ɩɧɟɜɦɨɞɜɢɝɭɧɿɜ ɞɥɹ 
ɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ, ɦɚɣɠɟ ɜɫɿ ɜɨɧɢ ɜɢɤɨ-
ɪɢɫɬɨɜɭɸɬɶɫɹ ɹɤ ɟɧɟɪɝɨɧɨɫɿʀ ɫɬɢɫɧɟɧɨɝɨ ɩɨ-
ɜɿɬɪɹ ɩɟɪɟɜɚɠɧɨ ɿɡ ɦɚɤɫɢɦɚɥɶɧɢɦ ɬɢɫɤɨɦ ɭ 
ɛɚɥɨɧɚɯ ɞɨ 30 Ɇɉɚ, ɳɨ, ɹɤ ɡɚɡɧɚɱɚɥɨɫɹ ɜɢɳɟ, 
ɡɧɚɱɧɨ ɨɛɦɟɠɭє ɜɿɞɫɬɚɧɶ ɪɭɯɭ ɬɪɚɧɫɩɨɪɬɧɨɝɨ 
ɡɚɫɨɛɭ ɧɚ ɡɚɩɪɚɜɰɿ. ɉɨɤɪɚɳɢɬɢ ɰɟɣ ɩɨɤɚɡɧɢɤ, 
ɚ ɬɚɤɨɠɿ ɟɮɟɤɬɢɜɧɿɫɬɶ ɩɧɟɜɦɨɞɜɢɝɭɧɿɜ ɦɨɠɧɚ 
ɲɥɹɯɨɦ ɜɢɤɨɪɢɫɬɚɧɧɹ ɫɤɪɚɩɥɟɧɨɝɨ ɩɨɜɿɬɪɹ 
ɚɛɨ ɚɡɨɬɭ. Ɍɚɤ, ɩɨɪɿɜɧɹɧɨ ɡɿ ɫɬɢɫɧɟɧɢɦ ɞɨ 
30 Ɇɉɚ ɩɨɜɿɬɪɹɦ, ɳɿɥɶɧɿɫɬɶ ɟɧɟɪɝɿʀ ɫɤɪɚɩɥɟ-
ɧɨɝɨ ɩɨɜɿɬɪɹ ɦɚɣɠɟ ɜ 2,4 ɪɚɡɚ ɩɟɪɟɜɢɳɭє 
ɳɿɥɶɧɿɫɬɶ ɟɧɟɪɝɿʀ ɫɬɢɫɧɟɧɨɝɨ. ɐɟ ɨɡɧɚɱɚє, ɳɨ 
ɡɚ ɭɦɨɜɢ ɨɞɧɚɤɨɜɨ ɡɚɩɪɚɜɥɟɧɢɯ ɨɛ’єɦɚɯ ɟɧɟ-
ɪɝɨɧɨɫɿʀɜ ɦɚɣɠɟ ɧɚ ɫɬɿɥɶɤɢ ɠ ɦɨɠɥɢɜɨ ɡɛɿ-
ɥɶɲɢɬɢ ɜɿɞɫɬɚɧɶ ɪɭɯɭ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɡɚɫɨɛɭ 
ɧɚ ɩɧɟɜɦɨɞɜɢɝɭɧɿ. 

ɍ ɫɜɿɬɿ ɧɚɞ ɪɨɡɪɨɛɥɟɧɧɹɦɢ ɩɧɟɜɦɨɞɜɢɝɭ-
ɧɿɜ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬɶ ɫɤɪɚɩɥɟɧɟ ɩɨɜɿɬɪɹ 
ɚɛɨ ɚɡɨɬ, ɩɪɚɰɸɸɬɶ ɥɢɲɟ ɧɚɭɤɨɜɰɿ ɋɒȺ 
(ɭɧɿɜɟɪɫɢɬɟɬ ɲɬɚɬɭ Ɍɟɯɚɫ ɬɚ ȼɚɲɢɧɝɬɨɧɫɶɤɢɣ 
ɭɧɿɜɟɪɫɢɬɟɬ) ɬɚ ɍɤɪɚʀɧɢ (ɏɇȺȾɍ ɬɚ ɎɌȱɇɌ 
ɇȺɇ ɍɤɪɚʀɧɢ). 

ɇɚɭɤɨɜɰɹɦɢ ɏɇȺȾɍ ɬɚ ɎɌȱɇɌ ɇȺɇ 
ɍɤɪɚʀɧɢ ɡ ɩɨɱɚɬɤɭ 2000-ɯ ɪɨɤɿɜ ɜɢɤɨɧɚɧɨ ɞɨ-
ɫɢɬɶ ɡɧɚɱɧɢɣ ɨɛɫɹɝ ɬɟɨɪɟɬɢɱɧɢɯ ɬɚ ɟɤɫɩɟɪɢ-
ɦɟɧɬɚɥɶɧɢɯ ɪɨɛɿɬ ɡɿ ɫɬɜɨɪɟɧɧɹ ɤɪɿɨɝɟɧɧɨʀ 
ɫɢɥɨɜɨʀ ɭɫɬɚɧɨɜɤɢ ɞɥɹ ɬɚɤ ɡɜɚɧɨɝɨ ɤɪɿɨɚɜɬɨ-
ɦɨɛɿɥɹ [9], ɡɨɤɪɟɦɚ ɛɭɥɨ ɪɨɡɪɨɛɥɟɧɨ ɟɤɫɩɟ-
ɪɢɦɟɧɬɚɥɶɧɢɣ ɡɪɚɡɨɤ ɬɚɤɨɝɨ ɤɪɿɨɚɜɬɨɦɨɛɿɥɹ. 

ȼɟɥɢɤɢɣ ɨɛɫɹɝ ɬɟɨɪɟɬɢɱɧɢɯ ɬɚ ɟɤɫɩɟɪɢɦɟ-
ɧɬɚɥɶɧɢɯ ɪɨɛɿɬ ɡɞɿɣɫɧɟɧɨ ɧɚɭɤɨɜɰɹɦɢ ɏɇȺ-
Ⱦɍ ɡ ɞɨɫɥɿɞɠɟɧɶ ɩɨɤɚɡɧɢɤɿɜ ɪɨɛɨɬɢ ɩɧɟɜɦɨ-
ɞɜɢɝɭɧɿɜ ɭ ɫɤɥɚɞɿ ɫɢɥɨɜɨʀ ɭɫɬɚɧɨɜɤɢ ɬɪɚɧɫ-
ɩɨɪɬɧɨɝɨ ɡɚɫɨɛɭ [5, 6, 10, 11 ɬɨɳɨ], ɚɥɟ ɦɚɣ-
ɠɟ ɜɫɿ ɰɿ ɞɨɫɥɿɞɠɟɧɧɹ ɫɬɨɫɭɜɚɥɢɫɹ ɩɨɤɚɡɧɢ-
ɤɿɜ ɪɨɛɨɬɢ V-ɩɨɞɿɛɧɨɝɨ ɱɨɬɢɪɢɰɢɥɿɧɞɪɨɜɨɝɨ 
ɡɪɚɡɤɚ ɩɧɟɜɦɨɞɜɢɝɭɧɚ, ɫɬɜɨɪɟɧɨɝɨ ɮɚɯɿɜɰɹɦɢ 
ɏɇȺȾɍ ɧɚ ɛɚɡɿ ȾȼɁ ɆɟɆɁ-968 ɹɤ ɟɤɫɩɟɪɢ-
ɦɟɧɬɚɥɶɧɨɝɨ. 

Ⱥɜɬɨɪɢ ɪɨɛɨɬɢ [6] ɪɨɡɝɥɹɧɭɥɢ ɞɨɫɢɬɶ ɜɚ-
ɠɥɢɜɟ ɩɢɬɚɧɧɹ ɳɨɞɨ ɜɢɛɨɪɭ ɩɨɤɚɡɧɢɤɿɜ ɩɧɟ-
ɜɦɨɞɜɢɝɭɧɚ ɞɥɹ ɝɿɛɪɢɞɧɨʀ ɫɢɥɨɜɨʀ ɭɫɬɚɧɨɜɤɢ. 

 
Ɇɟɬɚ ɿ ɩɨɫɬɚɧɨɜɤɚ ɡɚɜɞɚɧɧɹ 

ɍ ɡɚɡɧɚɱɟɧɿɣ ɜɢɳɟ ɪɨɛɨɬɿ [6] ɮɚɯɿɜɰɹɦɢ 
ɏɇȺȾɍ ɪɨɡɪɨɛɥɟɧɿ ɪɟɤɨɦɟɧɞɚɰɿʀ ɳɨɞɨ ɜɢ-
ɛɨɪɭ ɩɚɪɚɦɟɬɪɿɜ ɩɧɟɜɦɨɞɜɢɝɭɧɚ ɭ ɫɤɥɚɞɿ ɝɿɛ-
ɪɢɞɧɨʀ ɭɫɬɚɧɨɜɤɢ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɣɨɝɨ ɩɨɬɭɠ-

ɧɨɫɬɿ, ɟɤɨɧɨɦɿɱɧɨɫɬɿ ɬɚ ɪɨɡɦɿɪɿɜ ɭ ɲɢɪɨɤɨɦɭ 
ɞɿɚɩɚɡɨɧɿ ɩɨɬɭɠɧɨɫɬɟɣ ɜɿɞ 5 ɞɨ 30 ɤȼɬ, ɨɞɧɚɤ 
ɧɟ ɜɢɪɿɲɟɧɿ ɞɟɹɤɿ ɡɚɜɞɚɧɧɹ: 

ɩɨ-ɩɟɪɲɟ, ɜɿɞɫɭɬɧɿ ɪɟɤɨɦɟɧɞɚɰɿʀ ɳɨɞɨ ɜɢ-
ɛɨɪɭ ɪɟɠɢɦɧɢɯ ɿ ɝɚɛɚɪɢɬɧɢɯ ɩɨɤɚɡɧɢɤɿɜ ɬɚ-
ɤɨɝɨ ɩɧɟɜɦɨɞɜɢɝɭɧɚ ɞɥɹ ɜɢɤɨɪɢɫɬɚɧɧɹ ɣɨɝɨ ɜ 
ɝɿɛɪɢɞɧɿɣ ɭɫɬɚɧɨɜɰɿ ɬɨɝɨ ɱɢ ɿɧɲɨɝɨ ɬɪɚɧɫɩɨ-
ɪɬɧɨɝɨ ɡɚɫɨɛɭ, ɡɨɤɪɟɦɚ ɱɨɬɢɪɢ- ɚɛɨ 
ɩ’ɹɬɢɦɿɫɧɨɝɨ ɥɟɝɤɨɜɨɝɨ ɚɜɬɨɦɨɛɿɥɹ (ɧɚɩɪɢ-
ɤɥɚɞ, ɦɿɫɶɤɨɝɨ ɬɚɤɫɿ); 

ɩɨ-ɞɪɭɝɟ, ɧɟ ɜɢɡɧɚɱɟɧɨ, ɹɤɢɦ ɱɢɧɨɦ ɿ ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɹɤɨɝɨ ɞɠɟɪɟɥɚ ɟɧɟɪɝɿʀ ɩɿɞɿɝɪɿɜɚɬɢ 
ɫɬɢɫɧɟɧɟ ɩɨɜɿɬɪɹ ɞɥɹ ɩɨɞɚɱɿ ɜ ɰɢɥɿɧɞɪɢ ɞɨ 
ɬɟɦɩɟɪɚɬɭɪ ɭ ɦɟɠɚɯ ɞɨ 473 Ʉ ɿ ɜɢɳɟ ɞɥɹ ɡɚ-
ɛɟɡɩɟɱɟɧɧɹ ɧɚɣɧɢɠɱɨɝɨ ɞɨɩɭɫɬɢɦɨɝɨ ɪɿɜɧɹ 
ɬɟɦɩɟɪɚɬɭɪ ɧɚ ɜɢɯɨɞɿ ɡ ɰɢɥɿɧɞɪɿɜ. 

ɍ ɝɿɛɪɢɞɧɢɯ ɫɢɥɨɜɢɯ ɭɫɬɚɧɨɜɤɚɯ «ȾȼɁ- 
ɩɧɟɜɦɨɞɜɢɝɭɧ» ɞɠɟɪɟɥɨɦ ɬɟɩɥɨɜɨʀ ɟɧɟɪɝɿʀ 
ɞɥɹ ɩɿɞɿɝɪɿɜɭ ɩɨɜɿɬɪɹ ɦɨɠɟ ɿ ɩɨɜɢɧɟɧ ɛɭɬɢ 
ȾȼɁ, ɚ ɫɚɦɟ ɣɨɝɨ ɬɟɩɥɨɬɚ, ɳɨ ɜɿɞɜɨɞɢɬɶɫɹ ɞɨ 
ɫɢɫɬɟɦɢ ɨɯɨɥɨɞɠɟɧɧɹ, ɬɚ ɬɟɩɥɨɬɚ ɜɿɞɩɪɚɰɶɨ-
ɜɚɧɢɯ ɝɚɡɿɜ. ɍ ɪɚɡɿ ɜɢɟɨɪɢɫɬɚɧɧɹ ɬɚɤɨʀ ɫɯɟɦɢ 
ɩɿɞɿɝɪɿɜɭ ɩɨɜɿɬɪɹ ɩɟɪɟɞɛɚɱɚєɬɶɫɹ ɩɚɪɚɥɟɥɶɧɚ 
ɫɩɿɥɶɧɚ ɪɨɛɨɬɚ ȾȼɁ ɿ ɩɧɟɜɦɨɞɜɢɝɭɧɚ, ɨɫɧɨɜɧɿ 
ɩɨɤɚɡɧɢɤɢ ɨɫɬɚɧɧɶɨɝɨ ɹɤ ɪɟɠɢɦɧɿ, ɬɚɤ ɿ ɝɚɛɚ-
ɪɢɬɧɿ, ɛɭɞɭɬɶ ɡɚɥɟɠɚɬɢ ɜɿɞ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ 
ɩɨɬɭɠɧɨɫɬɟɣ ɨɛɨɯ ɞɜɢɝɭɧɿɜ ɭɫɬɚɧɨɜɤɢ. 

ɍ ɡɜ’ɹɡɤɭ ɿɡ ɜɢɳɟɜɢɤɥɚɞɟɧɢɦ ɦɟɬɨɸ ɞɨɫ-
ɥɿɞɠɟɧɧɹ ɛɭɥɨ ɜɢɡɧɚɱɟɧɧɹ ɿ ɜɢɛɿɪ ɪɟɠɢɦɧɢɯ 
ɬɚ ɝɚɛɚɪɢɬɧɢɯ ɩɨɤɚɡɧɢɤɿɜ ɩɧɟɜɦɨɞɜɢɝɭɧɚ, ɳɨ 
ɩɪɚɰɸє ɜ ɩɚɪɚɥɟɥɶɧɨɦɭ ɪɟɠɢɦɿ ɡ ȾȼɁ ɭ 
ɫɤɥɚɞɿ ɝɿɛɪɢɞɧɨʀ ɫɢɥɨɜɨʀ ɭɫɬɚɧɨɜɤɢ ɦɿɫɶɤɨɝɨ 
ɥɟɝɤɨɜɨɝɨ ɚɜɬɨɦɨɛɿɥɹ ɿ ɜɢɤɨɪɢɫɬɨɜɭє ɞɥɹ ɩɿ-
ɞɿɝɪɿɜɭ ɩɨɜɿɬɪɹ ɜɢɬɪɚɱɟɧɟ ɬɟɩɥɨ ȾȼɁ. 

 
Ɇɟɬɨɞɢɤɚ ɞɨɫɥɿɞɠɟɧɧɹ 

Ⱦɨɫɥɿɞɠɟɧɧɹ ɫɬɨɫɭɜɚɥɢɫɹ ɫɢɥɨɜɨʀ ɝɿɛɪɢɞ-
ɧɨʀ ɭɫɬɚɧɨɜɤɢ «ȾȼɁ–ɩɧɟɜɦɨɞɜɢɝɭɧ» ɱɨɬɢɪɢ-
ɦɿɫɧɨɝɨ ɥɟɝɤɨɜɨɝɨ ɚɜɬɨɦɨɛɿɥɹ ɤɥɚɫɭ Ⱥ ɦɿɫɶ-
ɤɨɝɨ ɩɪɢɡɧɚɱɟɧɧɹ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭє ɫɤɪɚɩɥɟ-
ɧɟ ɩɨɜɿɬɪɹ ɚɛɨ ɚɡɨɬ, ɚɥɟ ɪɟɡɭɥɶɬɚɬɢ ɞɨɫɥɿ-
ɞɠɟɧɧɹ ɦɨɠɭɬɶ ɬɚɤɨɠ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɿ ɞɥɹ 
ɜɢɤɨɪɢɫɬɚɧɧɹ ɭɫɬɚɧɨɜɤɢ ɡɿ ɫɬɢɫɧɟɧɢɦ ɩɨɜɿɬ-
ɪɹɦ. ȼɢɡɧɚɱɟɧɧɹ ɿ ɜɢɛɿɪ ɪɚɰɿɨɧɚɥɶɧɢɯ ɩɨɤɚɡ-
ɧɢɤɿɜ ɩɧɟɜɦɨɞɜɢɝɭɧɚ ɡɞɿɣɫɧɸɜɚɥɢɫɹ  ɞɥɹ 
ɧɚɣɛɿɥɶɲ ɯɚɪɚɤɬɟɪɧɨɝɨ ɫɬɚɥɨɝɨ ɪɟɠɢɦɭ ɪɨ-
ɛɨɬɢ ɭɫɬɚɧɨɜɤɢ, ɳɨ ɜɿɞɩɨɜɿɞɚє ɪɭɯɭ ɥɟɝɤɨɜɨɝɨ 
ɚɜɬɨɦɨɛɿɥɹ ɡɿ ɲɜɢɞɤɿɫɬɸ 60 ɤɦ/ɝɨɞ ɝɨɪɢɡɨɧ-
ɬɚɥɶɧɨɸ ɞɨɪɨɡɝɨɸ ɡ ɫɭɯɢɦ ɚɫɮɚɥɶɬɨɜɢɦ ɩɨɤ-
ɪɢɬɬɹɦ. Ⱦɥɹ ɪɨɡɪɚɯɭɧɤɨɜɢɯ ɞɨɫɥɿɞɠɟɧɶ ɛɭɥɢ 
ɜɢɛɪɚɧɿ ɬɚɤɿ ɜɢɯɿɞɧɿ ɞɚɧɿ: 

1) ɩɨɜɧɚ ɦɚɫɚ ɚɜɬɨɦɨɛɿɥɹ ɡ ɭɪɚɯɭɜɚɧɧɹɦ 
ɞɨɞɚɬɤɨɜɨʀ ɞɨ ɧɟʀ ɫɢɫɬɟɦɢ ȾȼɁ-ɦɚɫ ɩɧɟɜɦɨɞ-
ɜɢɝɭɧɚ ɬɚ ɫɢɫɬɟɦɢ ɩɨɫɬɚɱɚɧɧɹ ɣɨɝɨ ɫɤɪɚɩɥɟ-
ɧɢɦ ɩɨɜɿɬɪɹɦ ɩɪɢɣɦɚɥɚɫɹ 1200 ɤɝ; 

2) ɪɨɡɪɚɯɭɧɤɢ ɡɞɿɣɫɧɸɜɚɥɢɫɹ ɞɥɹ ɬɪɶɨɯ 
ɜɚɪɿɚɧɬɿɜ ɪɨɡɩɨɞɿɥɭ ɩɨɬɭɠɧɨɫɬɟɣ ɦɿɠ ȾȼɁ ɿ 
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ɩɧɟɜɦɨɞɜɢɝɭɧɨɦ, ɚ ɫɚɦɟ: 50/50, 60/40, 70/30 ɡ 
ɩɪɢɩɭɳɟɧɧɹɦ, ɳɨ ɩɨɬɭɠɧɨɫɬɿ ɪɨɡɩɨɞɿɥɹɸɬɶ-
ɫɹ ɧɚ ɞɜɿ ɧɟɡɚɥɟɠɧɿ ɝɨɥɨɜɧɿ ɨɫɿ. Ɉɞɧɨɱɚɫɧɨ 
ɩɪɢɜɨɞ ɝɨɥɨɜɧɨʀ ɨɫɿ ɩɧɟɜɦɨɞɜɢɝɭɧɨɦ (ɛɿɥɶɲ 
ɞɨɰɿɥɶɧɨ ɡɚɞɧɶɨʀ) ɜɿɞɛɭɜɚєɬɶɫɹ ɡ ɩɟɪɟɞɚɬɧɢɦ 
ɜɿɞɧɨɲɟɧɧɹɦ 1:1, ɚ ɩɪɢɜɨɞ ɝɨɥɨɜɧɨʀ ɨɫɿ (ɩɟ-
ɪɟɞɧɶɨʀ) ɞɜɢɝɭɧɨɦ ɜɧɭɬɪɿɲɧɶɨɝɨ ɡɝɨɪɚɧɧɹ 
ɜɿɞɛɭɜɚєɬɶɫɹ ɧɚ ɩɪɹɦɿɣ ɩɟɪɟɞɚɱɿ ɤɨɪɨɛɤɢ ɩɟ-
ɪɟɤɥɸɱɟɧɧɹ ɩɟɪɟɞɚɱ ɿ ɱɟɪɟɡ ɝɨɥɨɜɧɭ ɩɟɪɟɞɚ-
ɱɭ ɡ ɩɟɪɟɞɚɬɧɢɦ ɜɿɞɧɨɲɟɧɧɹɦ 4,056; 

3) ɹɤ ȾȼɁ ɜɢɤɨɪɢɫɬɨɜɭєɬɶɫɹ ɛɟɧɡɢɧɨɜɢɣ 
ɬɪɢɰɢɥɿɧɞɪɨɜɢɣ ɱɨɬɢɪɢɬɚɤɬɧɢɣ ɞɜɢɝɭɧ ɡ ɪɨ-
ɛɨɱɢɦ ɨɛ’єɦɨɦ 0,796 ɥ ɡɿ ɫɬɭɩɟɧɟɦ ɫɬɢɫɤɚɧ-
ɧɹ 9; 

4) ɹɤ ɩɧɟɜɦɨɞɜɢɝɭɧ ɜɢɛɪɚɧɢɣ ɬɪɢɰɢɥɿɧɞ-
ɪɨɜɢɣ ɩɨɪɲɧɟɜɢɣ ɞɜɢɝɭɧ ɡɿ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹɦ 
ɯɨɞɭ ɩɨɪɲɧɹ ɞɨ ɞɿɚɦɟɬɪɚ ɰɢɥɿɧɞɪɚ S/D = 1,0. 
ȼɢɛɿɪ ɬɪɢɰɢɥɿɧɞɪɨɜɨɝɨ ɪɹɞɧɨɝɨ ɞɜɢɝɭɧɚ ɞɨ-
ɡɜɨɥɹє ɡɚ ɭɦɨɜ ɨɞɧɨɝɨ ɣ ɬɨɝɨ ɠ ɪɨɛɨɱɨɝɨ 
ɨɛ’єɦɭ ɡ ɱɨɬɢɪɢɰɢɥɿɧɞɪɨɜɨɝɨ ɡɦɟɧɲɢɬɢ ɣɨɝɨ 
ɞɨɜɠɢɧɭ ɧɚ 17,5 %, ɚ ɜɢɛɿɪ ɜɿɞɧɨɲɟɧɧɹ S/D = 
1,0 ɡɚɛɟɡɩɟɱɭє ɣɨɝɨ ɦɿɧɿɦɚɥɶɧɭ ɦɚɫɭ [12]; 

5) ɹɤ ɫɜɿɞɱɚɬɶ ɩɨɩɟɪɟɞɧɿ ɞɨɫɥɿɞɠɟɧɧɹ ɬɟɨ-
ɪɟɬɢɱɧɢɯ ɰɢɤɥɿɜ ɩɧɟɜɦɨɞɜɢɝɭɧɿɜ, ɨɫɧɨɜɧɢɦɢ 
ɜɢɯɿɞɧɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ, ɳɨ ɧɚɣɛɿɥɶɲɟ  
ɜɩɥɢɜɚɸɬɶ ɧɚ ɣɨɝɨ ɟɤɨɧɨɦɿɱɧɿ ɬɚ ɝɚɛɚɪɢɬɧɿ 
ɩɨɤɚɡɧɢɤɢ, є ɜɟɥɢɱɢɧɚ ɬɢɫɤɭ ɩɨɜɿɬɪɹ ɧɚ ɜɯɨɞɿ 
ɞɨ ɰɢɥɿɧɞɪɿɜ ɿ ɫɬɭɩɿɧɶ ʀɯ ɧɚɩɨɜɧɟɧɧɹ, ɬɨɦɭ ɡ 
ɦɟɬɨɸ ɜɢɛɨɪɭ ɪɚɰɿɨɧɚɥɶɧɢɯ ɩɨɤɚɡɧɢɤɿɜ ɩɧɟ-
ɜɦɨɞɜɢɝɭɧɚ ɞɥɹ ɝɿɛɪɢɞɧɨʀ ɫɢɥɨɜɨʀ ɭɫɬɚɧɨɜɤɢ 
ɣɨɝɨ ɩɨɤɚɡɧɢɤɢ ɜɢɡɧɚɱɚɥɢɫɹ ɞɥɹ ɪɿɡɧɢɯ ɡɧɚ-
ɱɟɧɶ ɬɢɫɤɭ ɩɨɜɿɬɪɹ ɧɚ ɜɯɨɞɿ ɞɨ ɰɢɥɿɧɞɪɢɿɜ ɭ 
ɞɿɚɩɚɡɨɧɿ ɪ1 = 0,5–1,6 Ɇɉɚ ɿ ɡ ɪɿɡɧɢɦɢ ɫɬɭɩɟ-
ɧɹɦɢ ɧɚɩɨɜɧɟɧɧɹ ɜ ɞɿɚɩɚɡɨɧɿ  
1 = 0,2–0,8. ȱɧɲɿ ɜɢɯɿɞɧɿ ɞɚɧɿ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ 
ɩɧɟɜɦɨɞɜɢɝɭɧɚ ɩɪɢɣɦɚɥɢɫɹ ɡɝɿɞɧɨ ɡ ɪɟɤɨɦɟ-
ɧɞɚɰɿɹɦɢ [12], ɚ ɫɚɦɟ: 
 ɡɧɚɱɟɧɧɹ ɬɢɫɤɭ ɿ ɬɟɦɩɟɪɚɬɭɪɢ ɩɨɜɿɬɪɹ ɜ 
ɤɿɧɰɿ ɜɢɩɭɫɤɭ:  ɪ2 = 0,115 Ɇɉɚ, Ɍ2 = 223 Ʉ; 
 ɜɿɞɧɨɫɧɢɣ ɦɟɪɬɜɢɣ ɨɛ’єɦ 0 = 0,05; 

 ɤɿɧɰɟɜɢɣ ɬɢɫɤ ɡɜɨɪɨɬɧɨɝɨ ɫɬɢɫɤɚɧɧɹ ɪ4 = 

0,5(ɪ1 + ɪ2); 

 ɤɨɟɮɿɰɿєɧɬ ɚ ɜ ɮɨɪɦɭɥɿ ɡɚɥɟɠɧɨɫɬɿ ɤɨɟɮɿ-
ɰɿєɧɬɚ ɩɨɜɧɨɬɢ ɿɧɞɢɤɚɬɨɪɧɨʀ ɞɿɚɝɪɚɦɢ ɜɿɞ 
ɨɛɟɪɬɿɜ ɞɜɢɝɭɧɚ ɞɨɪɿɜɧɸє 0,0006 ɜɿɞɩɨɜɿɞɧɨ 
ɞɨ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɞɚɧɢɯ ɞɥɹ ɩɨɪɲɧɟɜɢɯ 
ɞɜɢɝɭɧɿɜ [12]; 
 ɤɨɟɮɿɰɿєɧɬ ɜɢɬɨɤɭ ɩɨɜɿɬɪɹ  ɜ = 0,95; 

 ɩɨɤɚɡɧɢɤ ɩɨɥɿɬɪɨɩ ɪɨɡɲɢɪɟɧɧɹ ɿ ɫɬɢɫɧɟɧ-
ɧɹ k = 1,41, ɜɢɯɨɞɹɱɢ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹ ɫɤɪɚɩ-
ɥɟɧɨɝɨ ɩɨɜɿɬɪɹ, ɳɨ ɩɟɪɟɞɛɚɱɚє ɩɨɞɚɱɭ ɞɨ ɰɢ-
ɥɿɧɞɪɿɜ ɫɭɯɨɝɨ ɩɨɜɿɬɪɹ; 

6) ɤɿɧɰɟɜɚ ɬɟɦɩɟɪɚɬɭɪɚ ɜɢɩɚɪɨɜɭɜɚɧɧɹ 
ɫɤɪɚɩɥɟɧɨɝɨ ɩɨɜɿɬɪɹ ɬɚ ɣɨɝɨ ɩɿɞɿɝɪɿɜɭ ɬɟɩɥɨɦ 
ɧɚɜɤɨɥɢɲɧɶɨɝɨ ɫɟɪɟɞɨɜɢɳɚ ɡ ɬɟɦɩɟɪɚɬɭɪɨɸ 
Ɍɚ = 293–298 Ʉ ɩɪɢɣɦɚɥɚɫɹ Ɍ0 = 273 Ʉ. ɉɪɢɧ-

ɰɢɩɨɜɚ ɦɨɠɥɢɜɿɫɬɶ ɬɚɤɨɝɨ ɩɿɞɿɝɪɿɜɭ ɧɚɜɟɞɟɧɚ ɜ 
ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɿ ɬɟɨɪɟɬɢɱɧɢɯ ɪɨɛɨɬɚɯ ɮɚ-
ɯɿɜɰɿɜ ɏɇȺȾɍ ɬɚ ɎɌȱɇɌ ɇȺɇ ɍɤɪɚʀɧɢ [9, 13]; 

7) ɩɿɞɿɝɪɿɜ ɩɨɜɿɬɪɹ ɜɿɞ ɬɟɦɩɟɪɚɬɭɪɢ Ɍ0 ɞɨ 
ɩɨɬɪɿɛɧɨʀ ɧɚ ɜɯɨɞɿ ɞɨ ɰɢɥɿɧɞɪɿɜ Ɍ1 ɜɿɞɛɭɜɚ-
єɬɶɫɹ ɡɚ ɪɚɯɭɧɨɤ ɬɟɩɥɚ, ɳɨ ɜɿɞɜɨɞɢɬɶɫɹ ɜɿɞ 
ȾȼɁ ɨɯɨɥɨɞɠɭɜɚɥɶɧɨɸ ɪɿɞɢɧɨɸ (ɈɊ) ɿ ɣɨɝɨ 
ɜɿɞɩɪɚɰɶɨɜɚɧɢɦɢ ɝɚɡɚɦɢ (ȼȽ). 

Ɋɨɡɪɚɯɭɜɚɧɧɹ ɟɧɟɪɝɟɬɢɱɧɨɝɨ ɛɚɥɚɧɫɭ ɩɿɞɿ-
ɝɪɿɜɭ ɩɨɜɿɬɪɹ ɈɊ ɡɞɿɣɫɧɸɜɚɥɨɫɶ ɿɡ ɡɚɫɬɨɫɭ-
ɜɚɧɧɹɦ ɫɟɪɟɞɧɶɨɫɬɚɬɢɫɬɢɱɧɨɝɨ ɡɧɚɱɟɧɧɹ ɩɢ-
ɬɨɦɨʀ ɤɿɥɶɤɨɫɬɿ ɬɟɩɥɨɬɢ, ɳɨ ɡɧɿɦɚєɬɶɫɹ ɡ ɛɟɧ-
ɡɢɧɨɜɨɝɨ ȾȼɁ ɨɯɨɥɨɞɠɭɜɚɥɶɧɨɸ ɪɿɞɢɧɨɸ, ɚ 
ɫɚɦɟ: qɨɯ = 2800 ɤȾɠ/(ɤȼɬɝɨɞ.). 

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɤɿɧɰɟɜɨʀ ɬɟɦɩɟɪɚɬɭɪɢ Ɍ1 
ɩɿɞɿɝɪɿɜɭ ɩɨɜɿɬɪɹ ɡɚ ɪɚɯɭɧɨɤ ɬɟɩɥɚ ȼȽ ɡɚ ɞɨ-
ɩɨɦɨɝɨɸ ɩɪɨɝɪɚɦɧɨɝɨ ɤɨɦɩɥɟɤɫɭ ȾɂɁȿɅɖ-ɊɄ 
ɡɞɿɣɫɧɸɜɚɥɢɫɶ ɪɨɡɪɚɯɭɜɚɧɧɹ ɩɨɤɚɡɧɢɤɿɜ ɪɨ-
ɛɨɬɢ ȾȼɁ, ɡɨɤɪɟɦɚ ɜɢɬɪɚɬ ɿ ɫɟɪɟɞɧɶɨɫɬɚɬɢɫ-
ɬɢɱɧɨʀ ɬɟɦɩɟɪɚɬɭɪɢ ȼȽ, ɧɚ ɜɿɞɩɨɜɿɞɧɨɦɭ ɪɟ-
ɠɢɦɿ ɪɭɯɭ ɚɜɬɨɦɨɛɿɥɹ.  

ɍɫɿ ɪɨɡɪɚɯɭɜɚɧɧɹ ɩɨɤɚɡɧɢɤɿɜ ɩɧɟɜɦɨɞɜɢ-
ɝɭɧɚ ɡɞɿɣɫɧɸɜɚɥɢɫɶ ɡɚ ɡɚɝɚɥɶɧɨɜɢɡɧɚɧɨɸ ɦɟ-
ɬɨɞɢɤɨɸ Ʉ. ɋ. Ȼɨɪɢɫɟɧɤɚ [12]. Ɉɞɧɚɤ ɭ ɡɚ-
ɡɧɚɱɟɧɿɣ ɦɟɬɨɞɢɰɿ ɜ ɪɨɡɪɚɯɭɧɤɚɯ ɬɟɨɪɟɬɢɱɧɨ-
ɝɨ ɰɢɤɥɭ ɩɧɟɜɦɨɞɜɢɝɭɧɿɜ ɿɡ ɧɟɩɨɜɧɢɦ ɪɨɡ-
ɲɢɪɟɧɧɹɦ ɩɪɢɣɦɚєɬɶɫɹ ɩɪɢɩɭɳɟɧɧɹ, ɳɨ ɬɟ-
ɦɩɟɪɚɬɭɪɚ ɤɿɧɰɹ ɪɨɡɲɢɪɟɧɧɹ ɞɨɪɿɜɧɸє ɤɿɧ-
ɰɟɜɿɣ ɬɟɦɩɟɪɚɬɭɪɿ ɩɨɜɿɬɪɹ ɧɚ ɜɢɩɭɫɤɭ, ɬɨɛɬɨ 
Ɍ2 = Ɍ2. Ɍɚɤɨʀ ɠ ɩɨɦɢɥɤɢ ɩɪɢɩɭɫɤɚɸɬɶɫɹ 
ɦɚɣɠɟ ɜɫɿ ɚɜɬɨɪɢ ɞɨɫɥɿɞɠɟɧɶ ɰɶɨɝɨ ɬɟɨɪɟɬɢ-
ɱɧɨɝɨ ɰɢɤɥɭ ɩɧɟɜɦɨɞɜɢɝɭɧɚ, ɚɞɠɟ ɩɪɨɰɟɫ 
ɜɢɩɭɫɤɭ ɩɨɜɿɬɪɹ ɜ ɬɚɤɨɦɭ ɰɢɤɥɿ ɡ ɧɟɩɨɜɧɢɦ 
ɪɨɡɲɢɪɟɧɧɹɦ ɜɿɞɛɭɜɚєɬɶɫɹ ɡɚ ɿɡɨɯɨɪɨɸ, ɳɨ 
ɡɧɚɱɧɨ ɡɧɢɠɭє ɣɨɝɨ ɤɿɧɰɟɜɭ ɬɟɦɩɟɪɚɬɭɪɭ ɜɢ-
ɩɭɫɤɭ Ɍ2 ɩɨɪɿɜɧɹɧɨ ɡ ɬɟɦɩɟɪɚɬɭɪɨɸ ɤɿɧɰɹ 
ɪɨɡɲɢɪɟɧɧɹ Ɍ2. ɍ ɞɿɣɫɧɨɦɭ ɠ ɰɢɤɥɿ ɩɧɟɜɦɨ-
ɞɜɢɝɭɧɚ ɩɪɨɰɟɫ ɜɢɩɭɫɤɭ ɪɨɛɨɱɨɝɨ ɬɿɥɚ ɜɿɞɛɭ-
ɜɚєɬɶɫɹ ɡɿ ɡɦɟɧɲɟɧɧɹɦ ɣɨɝɨ ɦɚɫɢ ɜ ɰɢɥɿɧɞ-
ɪɿ, ɹɤ ɿ ɜ ɰɢɤɥɚɯ ȾȼɁ. Ɍɨɦɭ ɞɨɰɿɥɶɧɢɦ ɧɟɨɛ-
ɯɿɞɧɨ ɜɜɚɠɚɬɢ ɜɢɡɧɚɱɟɧɧɹ ɤɿɧɰɟɜɨʀ ɬɟɦɩɟɪɚ-
ɬɭɪɢ ɜɢɩɭɫɤɭ ɩɨɜɿɬɪɹ ɡɝɿɞɧɨ ɡ ɩɪɢɛɥɢɡɧɨɸ 
ɮɨɪɦɭɥɨɸ Є. Ʉ. Ɇɚɡɢɧɝɚ, ɳɨ ɞɨɡɜɨɥɹє ɨɰɿ-
ɧɢɬɢ ɬɟɦɩɟɪɚɬɭɪɭ ɡɚɥɢɲɤɨɜɢɯ ɝɚɡɿɜ ɭ ɰɢɥɿɧ-
ɞɪɚɯ ȾȼɁ. 

ɍ ɡɜ’ɹɡɤɭ ɿɡ ɡɚɡɧɚɱɟɧɢɦ ɿ ɜɿɞɩɨɜɿɞɧɨ ɞɨ 
ɩɪɢɣɧɹɬɨɝɨ ɦɿɧɿɦɚɥɶɧɨ ɞɨɩɭɫɬɢɦɨɝɨ ɪɿɜɧɹ 
ɬɟɦɩɟɪɚɬɭɪɢ ɩɨɜɿɬɪɹ ɜ ɤɿɧɰɿ ɜɢɩɭɫɤɭ, ɚ ɫɚɦɟ 

Ɍ2 = 223 Ʉ, ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɿɬɪɹ ɜ ɰɢɥɿɧɞɪɿ ɜ 
ɤɿɧɰɿ ɪɨɡɲɢɪɟɧɧɹ ɜɢɪɚɯɨɜɭɜɚɥɚɫɹ ɡɚ ɮɨɪɦɭ-
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Ɋɟɡɭɥɶɬɚɬɢ ɞɨɫɥɿɞɠɟɧɧɹ 
Ɂɝɿɞɧɨ ɡ ɪɿɜɧɹɧɧɹɦ ɛɚɥɚɧɫɭ ɩɨɬɭɠɧɨɫɬɟɣ 

ɩɿɞ ɱɚɫ ɪɭɯɭ ɥɟɝɤɨɜɨɝɨ ɚɜɬɨɦɨɛɿɥɹ ɡɿ ɲɜɢɞɤɿ-
ɫɬɸ 60 ɤɦ/ɝɨɞ ɬɚ ɿɡ ɡɚɡɧɚɱɟɧɢɦɢ ɜɢɳɟ ɜɢɯɿɞ-
ɧɢɦɢ ɞɚɧɢɦɢ ɫɭɦɚɪɧɚ ɩɨɬɭɠɧɿɫɬɶ ɝɿɛɪɢɞɧɨʀ 
ɭɫɬɚɧɨɜɤɢ ɫɬɚɧɨɜɢɬɶ Nɭ = 21,58 ɤȼɬ ɩɿɞ ɱɚɫ  
ɨɛɟɪɬɚɧɧɹ ɤɨɥɿɫ nɤ = 636,6 ɨɛ/ɯɜ. Ɉɬɠɟ, ɞɥɹ 
ɩɪɢɣɧɹɬɢɯ ɜɚɪɿɚɧɬɿɜ ɪɨɡɩɨɞɿɥɭ ɩɨɬɭɠɧɨɫɬɟɣ 
ɟɮɟɤɬɢɜɧɿ ɩɨɬɭɠɧɨɫɬɿ ȾȼɁ (Nɞɜɡ) ɿ ɩɧɟɜɦɨɞ-
ɜɢɝɭɧɚ (Nɩɞ) ɛɭɞɭɬɶ ɫɬɚɧɨɜɢɬɢ: 
 ɞɥɹ ɜɚɪɿɚɧɬɚ 50/50  Nɞɜɡ = 10,79 ɤȼɬ,  
Nɩɞ = 10,79 ɤȼɬ; 
 ɞɥɹ ɜɚɪɿɚɧɬɚ 60/40  Nɞɜɡ = 12,95 ɤȼɬ,  
Nɩɞ = 8,63 ɤȼɬ; 
 ɞɥɹ ɜɚɪɿɚɧɬɚ 70/30 Nɞɜɡ = 15,11 ɤȼɬ,  
Nɩɞ = 6,47 ɤȼɬ. 

Ʉɿɥɶɤɿɫɬɶ ɨɛɟɪɬɿɜ ȾȼɁ ɿɡ ɩɪɢɜɨɞɨɦ ɤɨɥɿɫ 
ɱɟɪɟɡ ɝɨɥɨɜɧɭ ɩɟɪɟɞɚɱɭ  nɞɜɡ = 2582 ɨɛ/ɯɜ, 
ɤɿɥɶɤɿɫɬɶ ɨɛɟɪɬɿɜ ɩɧɟɜɦɨɞɜɢɝɭɧɚ, ɳɨ ɛɟɡɩɨɫɟ-
ɪɟɞɧɶɨ ɩɪɢɜɨɞɢɬɶ ɤɨɥɟɫɚ ɞɨ ɪɭɯɭ, nɩɞ = 
636,6 ɨɛ/ɯɜ. 

ɏɚɪɚɤɬɟɪ ɡɦɿɧɢ ɩɨɤɚɡɧɢɤɿɜ ɪɨɛɨɱɨɝɨ ɰɢɤ-
ɥɭ ɩɧɟɜɦɨɞɜɢɝɭɧɚ ɡɚɥɟɠɧɨ ɜɿɞ ɬɢɫɤɭ ɩɨɜɿɬɪɹ 
ɧɚ ɜɩɭɫɤɭ ɿ ɫɬɭɩɟɧɹ ɧɚɩɨɜɧɟɧɧɹ ɰɢɥɿɧɞɪɿɜ 
ɧɚɜɟɞɟɧɿ ɧɚ ɪɢɫ. 1 ɿ 2, ɞɟ D – ɞɿɚɦɟɬɪ ɰɢɥɿɧɞ-
ɪɿɜ (ɞɥɹ ɬɪɢɰɢɥɿɧɞɪɨɜɨɝɨ ɩɧɟɜɦɨɞɜɢɝɭɧɚ ɡ 
ɜɚɪɿɚɧɬɨɦ ɪɨɡɩɨɞɿɥɭ ɩɨɬɭɠɧɨɫɬɟɣ 60/40); 
geɩ – ɩɢɬɨɦɚ ɟɮɟɤɬɢɜɧɚ ɤɨɪɢɫɧɚ ɜɢɬɪɚɬɚ ɩɨ-
ɜɿɬɪɹ; Ɍ1 – ɬɟɦɩɟɪɚɬɭɪɚ ɩɨɜɿɬɪɹ ɧɚ ɜɯɨɞɿ ɞɨ 
ɰɢɥɿɧɞɪɿɜ, ɹɤɚ ɜɢɡɧɚɱɚɥɚɫɹ ɡɝɿɞɧɨ ɡ ɩɪɢɡɧɚ-
ɱɟɧɨɸ ɦɿɧɿɦɚɥɶɧɨɸ ɬɟɦɩɟɪɚɬɭɪɨɸ ɩɨɜɿɬɪɹ ɜ 
ɤɿɧɰɿ ɜɢɩɭɫɤɭ Ɍ2 = 223 Ʉ ɿ ɜɢɡɧɚɱɟɧɢɦɢ ɡɧɚ-
ɱɟɧɧɹɦɢ ɬɢɫɤɭ ɪ2 ɿ ɬɟɦɩɟɪɚɬɭɪɢ Ɍ2 ɜ ɤɿɧɰɿ 
ɪɨɡɲɢɪɟɧɧɹ; ɟ – ɟɮɟɤɬɢɜɧɢɣ ɩɨɜɧɢɣ ɄɄȾ 
ɞɜɢɝɭɧɚ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɩɪɢɣɧɹɬɢɯ ɡɧɚɱɟɧɶ 
ɤɨɟɮɿɰɿєɧɬɿɜ ɜɢɬɨɤɭ ɩɨɜɿɬɪɹ ɜ ɰɢɥɿɧɞɪɚɯ, ɩɨ-
ɜɧɨɬɢ ɿɧɞɢɤɚɬɨɪɧɨʀ ɞɿɚɝɪɚɦɢ ɬɚ ɦɟɯɚɧɿɱɧɨɝɨ 
ɄɄȾ ɞɜɢɝɭɧɚ; Ɍ2 – ɬɟɦɩɟɪɚɬɭɪɚ ɤɿɧɰɹ ɪɨɡɲɢ-
ɪɟɧɧɹ, ɳɨ ɜɢɡɧɚɱɚɥɚɫɹ ɡɚ ɧɚɜɟɞɟɧɨɸ ɜɢɳɟ 
ɮɨɪɦɭɥɨɸ; ɪ2 – ɬɢɫɤ ɤɿɧɰɹ ɪɨɡɲɢɪɟɧɧɹ. 

Ⱥɧɚɥɿɡ ɯɚɪɚɤɬɟɪɭ ɤɪɢɜɢɯ ɧɚ ɪɢɫ. 1 ɿ 2 ɞɨ-
ɡɜɨɥɹє ɡɪɨɛɢɬɢ ɩɨɩɟɪɟɞɧɿ ɜɢɫɧɨɜɤɢ ɳɨɞɨ ɜɢ-
ɛɨɪɭ ɬɚɤɢɯ ɩɨɤɚɡɧɢɤɿɜ ɩɧɟɜɦɨɞɜɢɝɭɧɚ, ɹɤɿ ɛ 
ɜɿɞɩɨɜɿɞɚɥɢ ɪɚɰɿɨɧɚɥɶɧɨɦɭ ɫɩɿɜɜɿɞɧɨɲɟɧɧɸ 
ɣɨɝɨ ɟɤɨɧɨɦɿɱɧɢɯ ɿ ɝɚɛɚɪɢɬɧɢɯ ɩɨɤɚɡɧɢɤɿɜ. 

Ɍɚɤ, ɩɿɞɜɢɳɟɧɧɹ ɬɢɫɤɭ ɩɨɜɿɬɪɹ ɧɚ ɜɯɨɞɿ ɞɨ 
ɰɢɥɿɧɞɪɿɜ (ɞɢɜ. ɪɢɫ. 1) ɞɨɡɜɨɥɹє ɡɧɚɱɧɨ ɡɦɟ-
ɧɲɢɬɢ ɞɿɚɦɟɬɪɢ ɰɢɥɿɧɞɪɿɜ, ɚ ɨɬɠɟ, ɿ ɝɚɛɚɪɢɬɢ 
ɩɧɟɜɦɨɞɜɢɝɭɧɚ (ɧɚ 36–38 % ɭ ɞɿɚɩɚɡɨɧɿ ɬɢɫ-
ɤɿɜ ɪ1 ɜɿɞ 0,5 Ɇɉɚ ɞɨ 1,6 Ɇɉɚ) ɿ ɨɞɧɨɱɚɫɧɨ 
ɡɧɢɡɢɬɢ ɩɢɬɨɦɭ ɟɮɟɤɬɢɜɧɭ ɤɨɪɢɫɧɭ ɜɢɬɪɚɬɭ 
ɩɨɜɿɬɪɹ ɧɚ 43–48 %, ɚɥɟ ɨɞɧɨɱɚɫɧɨ ɬɚɤɟ ɩɿɞ-
ɜɢɳɟɧɧɹ ɬɢɫɤɭ ɪ1 ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɧɟɨɛɯɿɞɧɨɫɬɿ 
ɡɚ ɭɦɨɜ ɩɪɢɣɧɹɬɢɯ ɨɛɦɟɠɟɧɶ ɡɧɚɱɧɨ ɩɿɞɜɢ-
ɳɭɜɚɬɢ ɿ ɩɨɱɚɬɤɨɜɭ ɬɟɦɩɟɪɚɬɭɪɭ ɩɨɜɿɬɪɹ Ɍ1 
ɧɚ ɜɯɨɞɿ (ɜɿɞ 344–359 Ʉ ɞɥɹ ɪ1 = 0,5 Ɇɉɚ ɞɨ 

487–528 Ʉ ɞɥɹ ɪ1 = 1,6 Ɇɉɚ), ɳɨ ɩɨɬɪɟɛɭє 
ɡɛɿɥɶɲɟɧɧɹ ɜɢɬɪɚɬ ɫɬɨɪɨɧɧɶɨɝɨ ɞɠɟɪɟɥɚ ɟɧɟ-
ɪɝɿʀ ɞɥɹ ɩɿɞɿɝɪɿɜɚɧɧɹ ɩɨɜɿɬɪɹ. ɍ ɡɜ’ɹɡɤɭ  ɡ ɩɿɞ-
ɜɢɳɟɧɧɹɦ ɬɢɫɭ ɩɨɜɿɬɪɹ ɧɚ ɜɯɨɞɿ ɩɨɦɿɬɧɨ ɡɪɨ-
ɫɬɚɸɬɶ ɬɚɤɨɠ ɤɿɧɰɟɜɿ ɡɧɚɱɟɧɧɹ ɬɢɫɤɭ ɿ ɬɟɦɩɟ-
ɪɚɬɭɪɢ ɧɚɩɪɢɤɿɧɰɿ ɪɨɡɲɢɪɟɧɧɹ, ɚ ɨɬɠɟ, ɩɚɞɚє 
ɟɮɟɤɬɢɜɧɢɣ ɄɄȾ ɞɜɢɝɭɧɚ. 

Ɇɟɧɲɨɸ ɦɿɪɨɸ, ɚɥɟ ɬɚɤɨɠ ɞɨ ɡɦɟɧɲɟɧɧɹ 
ɝɚɛɚɪɢɬɿɜ ɞɜɢɝɭɧɚ ɩɪɢɡɜɨɞɢɬɶ ɩɿɞɜɢɳɟɧɧɹ 
ɫɬɭɩɟɧɹ ɧɚɩɨɜɧɟɧɧɹ ɰɢɥɿɧɞɪɿɜ 1 (ɪɢɫ. 2), ɚɥɟ 
ɩɢɬɨɦɚ ɟɮɟɤɬɢɜɧɚ ɜɢɬɪɚɬɚ ɩɚɥɢɜɚ ɭ ɰɶɨɦɭ 
ɜɢɩɚɞɤɭ ɡɪɨɫɬɚє. ȼɩɥɢɜ ɫɬɭɩɟɧɹ ɧɚɩɨɜɧɟɧɧɹ 
ɧɚ ɩɨɱɚɬɤɨɜɭ ɬɟɦɩɟɪɚɬɭɪɭ ɩɨɜɿɬɪɹ Ɍ1, ɹɤ ɧɚ-
ɜɟɞɟɧɨ ɧɚ ɪɢɫ. 2, ɧɟɡɧɚɱɧɢɣ, ɜ ɬɨɣ ɱɚɫ ɹɤ ɡɿ 
ɡɪɨɡɭɦɿɥɢɯ ɩɪɢɱɢɧ ɡɪɨɫɬɚɧɧɹ 1, ɹɤ ɿ ɩɿɞɜɢ-
ɳɟɧɧɹ ɬɢɫɤɭ ɩɨɜɿɬɪɹ ɧɚ ɜɯɨɞɿ ɪ1, ɩɪɢɡɜɨɞɢɬɶ 

ɞɨ ɡɛɿɥɶɲɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ Ɍ2 ɿ ɪ2 ɩɨɜɿɬɪɹ ɧɚ-
ɩɪɢɤɿɧɰɿ ɪɨɡɲɢɪɟɧɧɹ ɿ ɩɚɞɿɧɧɹ ɟɮɟɤɬɢɜɧɨɝɨ 
ɄɄȾ ɞɜɢɝɭɧɚ. 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɹɤ ɩɨɤɚɡɭє ɯɚɪɚɤɬɟɪ ɡɦɿɧɢ 
ɩɚɪɚɦɟɬɪɿɜ ɪɨɛɨɱɨɝɨ ɰɢɤɥɭ ɿ ɝɚɛɚɪɢɬɿɜ ɩɧɟɜ-
ɦɨɞɜɢɝɭɧɚ, ɜɢɡɧɚɱɢɬɢɫɹ ɨɞɧɨɡɧɚɱɧɨ ɡ ɜɢɯɿɞ-
ɧɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɩɨɜɿɬɪɹ ɧɚ ɜɯɨɞɿ ɞɨ ɰɢɥɿ-
ɧɞɪɿɜ ɿ ɫɬɭɩɟɧɟɦ ʀɯ ɧɚɩɨɜɧɟɧɧɹ, ɹɤɿ ɛ ɜɿɞɩɨ-
ɜɿɞɚɥɢ ɧɚɣɤɪɚɳɢɦ ɡɧɚɱɟɧɧɹɦ ɭɫɿɯ ɰɢɯ ɩɚɪɚ-
ɦɟɬɪɿɜ, ɧɟɦɨɠɥɢɜɨ. Ɍɨɦɭ ɤɪɢɬɟɪɿɹɦɢ ɜɢɛɨɪɭ 
ɜɢɯɿɞɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɞɥɹ ɩɧɟɜɦɨɞɜɢɝɭɧɿɜ ɚɜ-
ɬɨɬɪɚɧɫɩɨɪɬɧɢɯ ɡɚɫɨɛɿɜ ɧɟɨɛɯɿɞɧɨ ɜɜɚɠɚɬɢ 
ɬɚɤɿ, ɳɨ ɡɚɛɟɡɩɟɱɭɸɬɶ ʀɯ ɧɚɣɤɪɚɳɿ ɚɛɨ ɪɚɰɿɨ-
ɧɚɥɶɧɿ ɟɤɫɩɥɭɚɬɚɰɿɣɧɿ ɩɨɤɚɡɧɢɤɢ, ɹɤɢɦɢ є 
ɩɢɬɨɦɚ ɟɮɟɤɬɢɜɧɚ ɤɨɪɢɫɧɚ ɜɢɬɪɚɬɚ ɩɨɜɿɬɪɹ 
geɩ, ɝɚɛɚɪɢɬɢ ɞɜɢɝɭɧɚ, ɚ ɨɬɠɟ, ɣɨɝɨ ɦɚɫɚ, ɳɨ 
ɜɢɡɧɚɱɚɸɬɶɫɹ ɞɿɚɦɟɬɪɚɦɢ D-ɰɢɥɿɧɞɪɿɜ, ɬɟɦ-
ɩɟɪɚɬɭɪɚ Ɍ1 ɩɨɜɿɬɪɹ ɧɚ ɜɯɨɞɿ ɞɨ ɰɢɥɿɧɞɪɿɜ, 
ɹɤɚ ɜɢɡɧɚɱɚє ɞɨɞɚɬɤɨɜɿ ɟɧɟɪɝɨɜɢɬɪɚɬɢ ɞɥɹ 
ɩɿɞɿɝɪɿɜɭ ɩɨɜɿɬɪɹ. 

ɇɚ ɪɢɫ. 3 ɧɚɜɟɞɟɧɚ ɜɡɚєɦɨɡɚɥɟɠɧɿɫɬɶ ɦɿɠ 
ɞɿɚɦɟɬɪɨɦ ɰɢɥɿɧɞɪɚ ɬɪɢɰɢɥɿɧɞɪɨɜɨɝɨ ɩɧɟɜ-
ɦɨɞɜɢɝɭɧɚ, ɩɨɬɭɠɧɿɫɬɸ 8,63 ɤȼɬ, ɿ ɩɢɬɨɦɨɸ 
ɟɮɟɤɬɢɜɧɨɸ ɤɨɪɢɫɧɨɸ ɜɢɬɪɚɬɨɸ ɩɨɜɿɬɪɹ ɡɚ 
ɭɦɨɜɢ ɪɿɡɧɢɯ ɜɢɯɿɞɧɢɯ ɡɧɚɱɟɧɶ ɬɢɫɤɭ ɩɨɜɿɬɪɹ 
ɧɚ ɜɯɨɞɿ ɞɨ ɰɢɥɿɧɞɪɿɜ ɿ ɫɬɭɩɟɧɹ ɧɚɩɨɜɧɟɧɧɹ. 
ɏɚɪɚɤɬɟɪ ɰɿєʀ ɡɚɥɟɠɧɨɫɬɿ ɫɜɿɞɱɢɬɶ ɩɪɨ ɬɟ, ɳɨ 
ɡɧɢɠɟɧɧɹ ɜɢɬɪɚɬ ɩɨɜɿɬɪɹ ɡ ɨɞɧɨɱɚɫɧɢɦ ɡɦɟ-
ɧɲɟɧɧɹɦ ɝɚɛɚɪɢɬɿɜ ɩɧɟɜɦɨɞɜɢɝɭɧɚ ɦɨɠɥɢɜɟ 
ɥɢɲɟ ɡɚ ɭɦɨɜɢ ɡɚɫɬɨɫɭɜɚɧɧɹ ɜɢɫɨɤɨɝɨ ɬɢɫɤɭ 
ɩɨɜɿɬɪɹ ɧɚ ɜɯɨɞɿ ɞɨ ɰɢɥɿɧɞɪɿɜ. ɓɨ ɠ ɞɨ ɜɢɛɨ-
ɪɭ ɨɩɬɢɦɚɥɶɧɨɝɨ ɡɧɚɱɟɧɧɹ ɫɬɭɩɟɧɹ ɧɚɩɨɜ-
ɧɟɧɧɹ ɰɢɥɿɧɞɪɚ, ɬɨ ɣɨɝɨ ɜɩɥɢɜ, ɹɤ ɰɟ ɜɢɞɧɨ ɡ 
ɪɢɫ. 2 ɿ 3, ɧɚ ɜɢɬɪɚɬɭ ɩɨɜɿɬɪɹ ɿ ɪɨɡɦɿɪɢ ɞɜɢɝɭ-
ɧɚ ɩɪɹɦɨɩɪɨɬɢɥɟɠɧɢɣ. Ɍɨɦɭ ɜɢɛɿɪ ɪɚɰɿɨɧɚ-
ɥɶɧɨɝɨ ɡɧɚɱɟɧɧɹ 1, ɳɨ ɜɿɞɩɨɜɿɞɚɥɨ ɛ ɿ ɧɟɜɟ-
ɥɢɤɢɦ ɜɢɬɪɚɬɚɦ ɩɨɜɿɬɪɹ, ɿ ɦɚɥɢɦ ɝɚɛɚɪɢɬɚɦ 
ɞɜɢɝɭɧɚ, ɧɟɨɛɯɿɞɧɨ ɲɭɤɚɬɢ ɭ ɜɿɞɧɨɫɧɢɯ ɡɦɿ-
ɧɚɯ geɩ ɿ D ɡɚ ɫɬɭɩɟɧɟɦ ɧɚɩɨɜɧɟɧɧɹ.  
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Ɍɚɤ, ɞɥɹ ɡɚɡɧɚɱɟɧɨɝɨ ɜɢɳɟ ɬɪɢɰɢɥɿɧɞɪɨ-

ɜɨɝɨ ɞɜɢɝɭɧɚ, ɩɨɬɭɠɧɿɫɬɸ 8,63 ɤȼɬ, ɧɚ ɪɢɫ. 4 
ɧɚɜɟɞɟɧɚ ɡɚɥɟɠɧɿɫɬɶ ɡɦɿɧɢ ɰɢɯ ɩɨɤɚɡɧɢɤɿɜ ɜɿɞ 
1 ɜɿɞɩɨɜɿɞɧɨ ɞɨ ʀɯ ɦɚɤɫɢɦɚɥɶɧɢɯ ɡɧɚɱɟɧɶ ɭ 
ɜɢɡɧɚɱɟɧɨɦɭ ɞɿɚɩɚɡɨɧɿ 1 ɞɥɹ ɪ1 = 1,6 Ɇɉɚ, 
ɳɨ ɞɨɡɜɨɥɹє ɜɢɛɪɚɬɢ ɬɚɤɟ ɪɚɰɿɨɧɚɥɶɧɟ ɡɧɚ-
ɱɟɧɧɹ 1, ɹɤɟ ɞɨɪɿɜɧɸє 0,52. 

Ɉɞɧɚɤ ɩɪɚɝɧɟɧɧɹ ɜɢɤɨɪɢɫɬɚɧɧɹ ɜɢɫɨɤɢɯ 
ɬɢɫɤɿɜ ɩɨɜɿɬɪɹ ɧɚ ɜɯɨɞɿ ɞɨ ɰɢɥɿɧɞɪɿɜ ɜɢɦɚɝɚє 
ɡɝɿɞɧɨ ɡ ɪɢɫ. 1 ɿ 2 ɬɚɤɨɠ ɡɧɚɱɧɨɝɨ ɩɿɞɜɢɳɟɧɧɹ 
ɣɨɝɨ ɩɨɱɚɬɤɨɜɨʀ ɬɟɦɩɟɪɚɬɭɪɢ Ɍ1. Ɍɚɤ, ɞɥɹ ɜɢ-
ɡɧɚɱɟɧɢɯ ɜɢɳɟ ɜɢɯɿɞɧɢɯ ɩɨɤɚɡɧɢɤɿɜ 
ɪ1 = 1,6 Ɇɉɚ ɿ 1 = 0,52 ɜɨɧɚ ɩɨɜɢɧɧɚ ɛɭɬɢ ɧɚ 

ɪɿɜɧɿ 515 Ʉ. Ⱦɥɹ ɞɨɫɹɝɧɟɧɧɹ ɬɚɤɢɯ ɜɢɫɨɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪ ɪɨɛɨɱɨɝɨ ɩɨɜɿɬɪɹ ɧɚ ɛɨɪɬɭ ɚɜɬɨ-
ɦɨɛɿɥɹ ɩɨɜɢɧɧɨ ɛɭɬɢ ɞɨɫɢɬɶ ɩɨɬɭɠɧɟ ɞɠɟɪɟ-
ɥɨ ɬɟɩɥɨɜɨʀ ɟɧɟɪɝɿʀ, ɩɨɬɭɠɧɿɫɬɶ ɹɤɨɝɨ, ɧɚɩɪɢ-
ɤɥɚɞ, ɞɥɹ ɜɚɪɿɚɧɬɭ, ɳɨ ɪɨɡɝɥɹɞɚєɬɶɫɹ, ɫɬɚɜɧɨ-
ɜɢɬɶ ɹɤɧɚɣɦɟɧɲ 21 ɤȼɬ. 

əɤ ɜɠɟ ɜɿɞɡɧɚɱɚɥɨɫɹ ɜɢɳɟ, ɜ ɝɿɛɪɢɞɧɢɯ 
ɭɫɬɚɧɨɜɤɚɯ «ȾȼɁ-ɩɧɟɜɦɨɞɜɢɝɭɧ» ɞɠɟɪɟɥɨɦ 
ɬɟɩɥɨɜɨʀ ɟɧɟɪɝɿʀ ɞɥɹ ɩɿɞɿɝɪɿɜɭ ɩɨɜɿɬɪɹ ɩɨɜɢɧ-
ɧɨ ɛɭɬɢ ɜɢɬɪɚɱɟɧɟ ɬɟɩɥɨ ɞɜɢɝɭɧɚ ɜɧɭɬɪɿɲ-
ɧɶɨɝɨ ɡɝɨɪɚɧɧɹ. ɍ ɬɚɤɿɣ ɭɫɬɚɧɨɜɰɿ ɪɟɠɢɦɧɿ ɬɚ 
ɝɚɛɚɪɢɬɧɿ ɩɨɤɚɡɧɢɤɢ ɩɧɟɜɦɨɞɜɢɝɭɧɚ ɛɭɞɭɬɶ 
ɜɢɡɧɚɱɚɬɢɫɹ ɪɟɠɢɦɨɦ ɪɨɛɨɬɢ ȾȼɁ ɿ ɪɨɡɩɨɞɿ-

Ɋɢɫ. 1. Ɂɚɥɟɠɧɿɫɬɶ ɨɫɧɨɜɧɢɯ ɩɨɤɚɡɧɢɤɿɜ ɩɧɟɜɦɨɞɜɢɝɭɧɚ ɜɿɞ ɬɢɫɤɭ ɩɨɜɿɬɪɹ ɧɚ ɜɯɨɞɿ ɞɨ  ɰɢɥɿɧɞ-
ɪɿɜ ɞɥɹ ɪɿɡɧɢɯ ɡɧɚɱɟɧɶ ɫɬɭɩɟɧɹ ɧɚɩɨɜɧɟɧɧɹ 1: 

 1 =0,2; 1 =0,3; 1 =0,4; 1 =0,5; 1 =0,6; 1 =0,7; 1 =0,8 
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Ɋɢɫ. 2. Ɂɚɥɟɠɧɿɫɬɶ ɨɫɧɨɜɧɢɯ ɩɨɤɚɡɧɢɤɿɜ ɩɧɟɜɦɨɞɜɢɝɭɧɚ ɜɿɞ ɫɬɭɩɟɧɹ ɧɚɩɨɜɧɟɧɧɹ ɞɥɹ ɪɿɡɧɢɯ 
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ɥɨɦ ɩɨɬɭɠɧɨɫɬɟɣ ɦɿɠ ȾȼɁ ɿ ɩɧɟɜɦɨɞɜɢɝɭ-
ɧɨɦ. 

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɧɚɣɛɿɥɶɲ ɞɨɰɿɥɶɧɢɯ ɩɨɤɚ-
ɡɧɢɤɿɜ ɩɧɟɜɦɨɞɜɢɝɭɧɚ ɿ ɜɿɞɩɨɜɿɞɧɨɝɨ ɪɨɡɩɨ-
ɞɿɥɭ ɩɨɬɭɠɧɨɫɬɟɣ ɦɿɠ ȾȼɁ ɿ ɩɧɟɜɦɨɞɜɢɝɭɧɨɦ 
ɞɥɹ ɜɢɛɪɚɧɨɝɨ ɜɚɪɿɚɧɬɚ ɭɫɬɚɧɨɜɤɢ, ɩɨɬɭɠɧɿɫ-
ɬɸ 21,58 ɤȼɬ, ɧɚ ɩɿɞɫɬɚɜɿ ɬɟɩɥɨɜɢɯ ɛɚɥɚɧɫɿɜ 
ɦɿɠ ɨɯɨɥɨɞɠɭɜɚɥɶɧɨɸ ɪɿɞɢɧɨɸ ɿ ɜɿɞɩɪɚɰɶɨ-
ɜɚɧɢɦɢ ɝɚɡɚɦɢ ȾȼɁ ɡ ɨɞɧɨɝɨ ɛɨɤɭ ɿ ɩɨɜɿɬɪɹɦ 
ɿɡ ɞɪɭɝɨɝɨ ɛɭɥɢ ɪɨɡɪɚɯɨɜɚɧɿ ɜɢɯɿɞɧɿ ɪɿɜɧɨɜɚ-
ɠɧɿ ɬɟɦɩɟɪɚɬɭɪɢ ɩɨɜɿɬɪɹ ɡɚɥɟɠɧɨ ɜɿɞ ɣɨɝɨ 
ɩɢɬɨɦɨʀ ɜɢɬɪɚɬɢ.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫ. 4. ɏɚɪɚɤɬɟɪ ɡɦɿɧɢ ɞɿɚɦɟɬɪɚ ɰɢɥɿɧɞɪɚ ɿ 
ɩɢɬɨɦɨʀ ɤɨɪɢɫɧɨʀ ɜɢɬɪɚɬɢ ɩɨɜɿɬɪɹ ɡɚ ɫɬɭ-
ɩɟɧɟɦ ɧɚɩɨɜɧɟɧɧɹ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɦɚɤɫɢ-
ɦɚɥɶɧɢɯ ʀɯ ɡɧɚɱɟɧɶ ɞɥɹ ɩɧɟɜɦɨɞɜɢɝɭɧɚ, 
ɩɨɬɭɠɧɿɫɬɸ 8,63 ɤȼɬ ɿ ɪ1 = 1,6 Ɇɉɚ 
 
ɍ ɰɶɨɦɭ ɜɢɩɚɞɤɭ ɡɝɿɞɧɨ ɡ ɪɨɡɪɚɯɭɧɤɚɦɢ 

ɩɨɤɚɡɧɢɤɿɜ ȾȼɁ ɧɚ ɜɿɞɩɨɜɿɞɧɢɯ ɪɟɠɢɦɚɯ ɣɨɝɨ 
ɪɨɛɨɬɢ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɩɪɨɝɪɚɦɧɨɝɨ ɤɨɦ-
ɩɥɟɤɫɭ ȾɂɁȿɅɖ-ɊɄ ɜɢɬɪɚɬɚ ȼȽ ȾȼɁ Gɜɝ ɿ ʀɯ 
ɬɟɦɩɟɪɚɬɭɪɚ Ɍɜɝ ɫɬɚɧɨɜɢɥɢ: 

 ɞɥɹ Nɞɜɡ = 10,79 ɤȼɬ – Gɜɝ = 0,0122 ɤɝ/ɫ,  
Ɍɜɝ = 820 Ʉ; 

 ɞɥɹ Nɞɜɡ = 12,95 ɤȼɬ – Gɜɝ = 0,0137 ɤɝ/ɫ,  
Ɍɜɝ = 836 Ʉ; 

 ɞɥɹ Nɞɜɡ = 15,11 ɤȼɬ – Gɜɝ= 0,0156 ɤɝ/ɫ,  
Ɍɜɝ = 848 Ʉ. 
Ɍɚɤɿ ɡɚɥɟɠɧɨɫɬɿ ɭ ɜɢɝɥɹɞɿ ɤɪɢɜɢɯ '

. .ɪ ɩT , 

''
. .ɪ ɩT  ɿ '''

. .ɪ ɩT , ɳɨ ɜɿɞɩɨɜɿɞɚɸɬɶ ɪɨɡɩɨɞɿɥɚɦ ɩɨ-
ɬɭɠɧɨɫɬɟɣ ɦɿɠ ȾȼɁ ɿ ɩɧɟɜɦɨɞɜɢɝɭɧɨɦ 50/50, 
60/40 ɬɚ 70/30, ɧɚɜɟɞɟɧɿ ɧɚ ɪɢɫ. 5. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫ. 5. Ɂɦɿɧɚ ɪɿɜɧɨɜɚɠɧɢɯ ɬɟɦɩɟɪɚɬɭɪ Ɍɪ.ɩ 
ɩɨɜɿɬɪɹ ɜɧɚɫɥɿɞɨɤ ɣɨɝɨ ɩɿɞɿɝɪɿɜɭ ɨɯɨ-
ɥɨɞɠɭɜɚɥɶɧɨɸ ɪɿɞɢɧɨɸ ɿ ɜɿɞɩɪɚɰɶɨɜɚ-
ɧɢɦɢ ɝɚɡɚɦɢ ȾȼɁ ɞɥɹ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ 
ɩɨɬɭɠɧɨɫɬɟɣ 50/50, 60/40 ɬɚ 70/30 ɿ 
ɬɟɦɩɟɪɚɬɭɪ Ɍ1 ɩɨɜɿɬɪɹ ɧɚ ɜɯɨɞɿ ɞɨ ɰɢ-
ɥɿɧɞɪɿɜ ɞɥɹ ɪɿɡɧɢɯ ɡɧɚɱɟɧɶ ɪ1 ɿ 1 ɡɚ 
ɩɢɬɨɦɨɸ ɤɨɪɢɫɧɨɸ ɜɢɬɪɚɬɨɸ ɩɨɜɿɬɪɹ 
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Ɋɢɫ. 3. Ɂɚɥɟɠɧɿɫɬɶ ɩɢɬɨɦɨʀ ɤɨɪɢɫɧɨʀ ɜɢɬɪɚ-
ɬɢ ɩɨɜɿɬɪɹ ɜɿɞ ɞɿɚɦɟɬɪɚ ɰɢɥɿɧɞɪɚ ɞɥɹ 
ɩɧɟɜɦɨɞɜɢɝɭɧɚ, ɩɨɬɭɠɧɿɫɬɸ 8,63 ɤȼɬ, 

ɞɥɹ ɪɿɡɧɢɯ ɡɧɚɱɟɧɶ ɪ1 ɿ 1 
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ɩɧɟɜɦɨɞɜɢɝɭɧɚ ɞɥɹ ɪɿɡɧɢɯ ɪɨɡɩɨɞɿɥɿɜ ɦɿɠ ɩɨ-
ɬɭɠɧɨɫɬɹɦɢ ȾȼɁ ɿ ɩɧɟɜɦɨɞɜɢɝɭɧɚ. 

Ɉɬɪɢɦɚɧɿ ɬɚɤɢɦ ɱɢɧɨɦ ɡɚɥɟɠɧɨɫɬɿ (ɞɢɜ. 
ɪɢɫ. 5) ɫɜɿɞɱɚɬɶ ɩɪɨ ɬɟ, ɳɨ ɞɥɹ ɦɚɤɫɢɦɚɥɶɧɨ-
ɝɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɜɢɬɪɚɱɟɧɨʀ ɬɟɩɥɨɬɢ ȾȼɁ ɞɥɹ 
ɩɿɞɿɝɪɿɜɭ ɩɨɜɿɬɪɹ ɿ ɞɨɫɹɝɧɟɧɧɹ ɹɤɧɚɣɦɟɧɲɢɯ 
ɜɢɬɪɚɬ ɩɨɜɿɬɪɹ ɿ ɝɚɛɚɪɢɬɿɜ ɩɧɟɜɦɨɞɜɢɝɭɧɚ 
ɪɨɡɩɨɞɿɥ ɩɨɬɭɠɧɨɫɬɟɣ ɦɿɠ ȾȼɁ ɿ ɩɧɟɜɦɨɞɜɢ-
ɝɭɧɨɦ ɭ ɬɚɤɿɣ ɝɿɛɪɢɞɧɿɣ ɭɫɬɚɧɨɜɰɿ ɩɨɜɢɧɟɧ 
ɞɨɪɿɜɧɸɜɚɬɢ ɩɪɢɛɥɢɡɧɨ 60/40–65/35, ɚ ɬɢɫɤ 
ɩɨɜɿɬɪɹ ɧɚ ɜɯɨɞɿ ɞɨ ɰɢɥɿɧɞɪɿɜ ɩɧɟɜɦɨɞɜɢɝɭɧɚ 
ɧɟ ɦɟɧɲɟ 1,0 Ɇɉɚ. Ɍɚɤɢɦ ɱɢɧɨɦ, ɡɛɿɥɶɲɟɧɧɹ 
ɜɿɞɧɨɫɧɨʀ ɩɨɬɭɠɧɨɫɬɿ ȾȼɁ ɭ ɬɚɤɿɣ ɝɿɛɪɢɞɧɿɣ 
ɭɫɬɚɧɨɜɰɿ ɧɟɛɚɠɚɧɨ, ɬɨɦɭ ɛɿɥɶɲ ɞɨɰɿɥɶɧɢɦ є 
ɪɟɠɢɦ ʀʀ ɪɨɛɨɬɢ ɡ ɪɨɡɩɨɞɿɥɨɦ ɩɨɬɭɠɧɨɫɬɟɣ 
60/40, ɚ ɨɬɠɟ, ɡɝɿɞɧɨ ɡ ɪɢɫ. 5, ɜɢɤɨɪɢɫɬɚɧɧɹ 
ɬɢɫɤɿɜ ɩɨɜɿɬɪɹ ɧɚ ɜɯɨɞɿ ɞɨ ɰɢɥɿɧɞɪɿɜ ɩɧɟɜɦɨ-
ɞɜɢɝɭɧɚ ɛɿɥɶɲɟ ɧɿɠ 1,6 Ɇɉɚ ɧɟ ɦɚє ɫɟɧɫɭ. 

ȼɿɞɩɨɜɿɞɧɨ ɞɨ ɜɢɳɟɡɚɡɧɚɱɟɧɨɝɨ ɜ ɬɚɛɥ. 1 
ɧɚɜɟɞɟɧɿ ɩɨɤɚɡɧɢɤɢ ɦɨɠɥɢɜɢɯ ɜɚɪɿɚɧɬɿɜ ɩɧɟ-
ɜɦɨɞɜɢɝɭɧɚ ɞɥɹ ɭɫɬɚɧɨɜɤɢ ɡ ɪɨɡɩɨɞɿɥɨɦ ɩɨ-
ɬɭɠɧɨɫɬɟɣ 60/40, ɹɤɿ ɜɿɞɩɨɜɿɞɚɸɬɶ ɬɨɱɤɚɦ 
ɩɟɪɟɬɢɧɭ ɤɪɢɜɨʀ ''

. .ɪ ɩT (geɩ)  ɤɪɢɜɢɦɢ Ɍ1(geɩ) 

ɞɥɹ ɬɢɫɤɿɜ ɪ1 ɜɿɞ 1,0 ɞɨ 1,6 Ɇɉɚ. 
 

Ɍɚɛɥɢɰɹ 1 – ɉɨɤɚɡɧɢɤɢ ɜɚɪɿɚɧɬɿɜ  
ɩɧɟɜɦɨɞɜɢɝɭɧɚ ɞɥɹ ɪɨɡɩɨɞɿɥɭ ɩɨɬɭɠɧɨɫɬɟɣ 60/40 

 

ɉɨɤɚɡɧɢɤɢ 

№ ɜɚɪɿɚɧɬɚ  

I II III IV 

ɪ1, Ɇɉɚ 1,0 1,2 1,4 1,6 

ε1 0,431 0,338 0,267 0,219 

Vɪɞ
, ɞɦ3 2,476 2,364 2,353 2,350 

D, ɞɦ 1,102 1,002 1,000 0,999 

gɟɩ, ɤɝ/(ɤȼɬɝɨɞ) 39,15 33,96 30,39 27,92 

G
, ɤɝ/ɝɨɞ 355,7 308,5 276,2 253,6 

Ɍ1, Ʉ 435,3 456,0 473,6 489,8 

ɪɟ, Ɇɉɚ 0,328 0,344 0,346 0,346 

ɟ 0,426 0,441 0,451 0,455 

ɪ2, Ɇɉɚ 0,335 0,298 0,262 0,238 

Ɍ2’, Ʉ 318,5 306,2 293,3 284,1 

ε3 0,104 0,124 0,142 0,160 

ɪ4, Ɇɉɚ 0,558 0,658 0,758 0,858 

Ɍ4, Ʉ 350,1 367,0 382,1 395,9 
 ɩɨɜɧɢɣ ɪɨɛɨɱɢɣ ɨɛ’єɦ ɞɜɢɝɭɧɚ; 
 ɫɭɦɚɪɧɚ ɜɢɬɪɚɬɚ ɩɨɜɿɬɪɹ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɜɢɬɨɤɿɜ 
 

ȼɿɞɩɨɜɿɞɧɨ ɞɨ ɞɚɧɢɯ ɬɚɛɥ. 1 ɡɚ ɜɫɿɦɚ ɩɨɤɚ-
ɡɧɢɤɚɦɢ ɧɚɣɤɪɚɳɢɦ є ɜɚɪɿɚɧɬ ɩɧɟɜɦɨɞɜɢɝɭɧɚ 
ɡ ɬɢɫɤɨɦ ɩɨɜɿɬɪɹ ɧɚ ɜɯɨɞɿ ɞɨ ɰɢɥɿɧɞɪɿɜ 
ɪ1 = 1,6 Ɇɉɚ. Ɍɟɨɪɟɬɢɱɧɚ ɿɧɞɢɤɚɬɨɪɧɚ ɞɿɚɝ-
ɪɚɦɚ ɰɢɤɥɭ ɬɚɤɨɝɨ ɩɧɟɜɦɨɞɜɢɝɭɧ ɧɚɜɟɞɟɧɚ ɧɚ 
ɪɢɫ. 6. 

Ɉɰɿɸɜɚɥɶɧɿ ɪɨɡɪɚɯɭɧɤɢ ɳɨɞɨ ɦɨɠɥɢɜɨɫ-
ɬɟɣ ɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɝɿɞɪɢɞɧɨʀ ɭɫɬɚɧɨɜɤɢ ɿɡ 
ɡɚɡɧɚɱɟɧɢɦɢ ɜɢɳɟ ɜɢɯɿɞɧɢɦɢ ɞɚɧɢɦɢ ɿ ɜɢɛ-
ɪɚɧɢɦɢ ɩɨɤɚɡɧɢɤɚɦɢ ɩɧɟɜɦɨɞɜɢɝɭɧɚ ɞɨɡɜɨ-
ɥɹɸɬɶ ɡɪɨɛɢɬɢ ɬɚɤɿ ɜɢɫɧɨɜɤɢ: 

 
 
 
 
 
 
 
 
 
 
 
 
 

Ɋɢɫ. 6. Ɍɟɨɪɟɬɢɱɧɚ ɿɧɞɢɤɚɬɨɪɧɚ ɞɿɚɝɪɚɦɚ ɰɢ-
ɤɥɭ ɩɧɟɜɦɨɞɜɢɝɭɧɚ ɡ ɜɢɯɿɞɧɢɦɢ ɞɚɧɢɦɢ  
ɪ1 = 1,6 Ɇɉɚ ɿ 1 = 0,219 
 
ɞɥɹ ɥɟɝɤɨɜɨɝɨ ɚɜɬɨɦɨɛɿɥɹ ɤɥɚɫɭ Ⱥ ɡ ɬɚɤɢ-

ɦɢ ɝɚɛɚɪɢɬɚɦɢ, ɹɤ, ɧɚɩɪɢɤɥɚɞ, ɭ Daewoo 
Matiz, ɡɚɥɟɠɧɨ ɜɿɞ ɪɨɡɦɿɳɟɧɧɹ ɛɚɤɚ ɫɤɪɚɩɥɟ-
ɧɨɝɨ ɩɨɜɿɬɪɹ, ɧɚɩɪɢɤɥɚɞ, ɩɨɩɟɪɟɱɧɨ ɜ ɛɚɝɚɠ-
ɧɢɤɭ ɚɛɨ ɩɨɞɨɜɠɧɶɨ ɞɜɨɯ ɛɚɤɿɜ ɩɿɞ ɫɢɞɿɧɧɹ-
ɦɢ, єɦɧɿɫɬɶ ɛɚɤɿɜ ɦɨɠɟ ɫɬɚɧɨɜɢɬɢ ɩɪɢɛɥɢɡɧɨ 
177–280 ɥ, ɳɨ ɭ ɪɚɡɿ ɡɚɩɨɜɧɟɧɧɹ ʀɯ ɧɚ 95 % 
ɞɚє ɡɚɩɚɫ ɫɤɪɚɩɥɟɧɨɝɨ ɩɨɜɿɬɪɹ, ɳɨ ɞɨɪɿɜɧɸє 
150–230 ɤɝ. ȱɡ ɬɚɤɢɦ ɡɚɩɚɫɨɦ ɩɨɜɿɬɪɹ ɚɜɬɨɦɨ-
ɛɿɥɶ ɡ ɩɨɜɧɨɸ ɦɚɫɨɸ 1200 ɤɝ ɧɚ ɲɜɢɞɤɨɫɬɿ 
60 ɤɦ/ɝɨɞ ɧɚ ɪɟɠɢɦɿ ɩɚɪɚɥɟɥɶɧɨʀ ɪɨɛɨɬɢ ȾȼɁ 
ɿ ɩɧɟɜɦɨɞɜɢɝɭɧɚ ɡ ɫɭɦɚɪɧɨɸ ɜɢɬɪɚɬɨɸ ɩɨɜɿɬ-
ɪɹ G = 253,6 ɤɝ/ɝɨɞ (ɬɚɛɥ. 1, ɜɚɪɿɚɧɬ IV) ɧɚ 
ɨɞɧɿɣ ɡɚɩɪɚɜɰɿ ɫɤɪɚɩɥɟɧɢɦ ɩɨɜɿɬɪɹɦ ɡɞɚɬɟɧ 
ɩɪɨʀɯɚɬɢ 35–55 ɤɦ. ɐɟ ɡɧɢɠɭє ɜɢɬɪɚɬɢ ɛɟɧ-
ɡɢɧɭ Ⱦȼɩ. Ɂ ɞɨ 5,2 ɥ ɚɛɨ ɧɚ 37,8 % ɧɚ 100 ɤɦ 
ɩɨɪɿɜɧɹɧɨ ɡ ɪɭɯɨɦ ɚɜɬɨɦɨɛɿɥɹ ɬɿɥɶɤɢ ɧɚ ɛɟɧ-
ɡɢɧɨɜɨɦɭ ɞɜɢɝɭɧɿ ɜɿɧ ɡɦɟɧɲɭє ɫɭɦɚɪɧɿ ɲɤɿɞ-
ɥɢɜɿ ɜɢɤɢɞɢ ȾȼɁ ɭ ɜɢɝɥɹɞɿ ɋɈ, ɋɈ2 ɿ NOx ɧɚ 
9,2 ɤɝ ɚɛɨ ɧɚ 35,8 %. 

 
ȼɢɫɧɨɜɤɢ 

Ɋɨɡɪɚɯɭɧɤɨɜɟ ɞɨɫɥɿɞɠɟɧɧɹ ɞɨɡɜɨɥɹє ɜɢ-
ɡɧɚɱɢɬɢ ɝɚɛɚɪɢɬɧɿ ɬɚ ɪɟɠɢɦɧɿ ɩɨɤɚɡɧɢɤɢ 
ɩɧɟɜɦɨɞɜɢɝɭɧɚ, ɳɨ ɩɪɚɰɸє ɜ ɝɿɛɪɢɞɧɿɣ ɫɢɥɨ-
ɜɿɣ ɭɫɬɚɧɨɜɰɿ «ȾȼɁ-ɩɧɟɜɦɨɞɜɢɝɭɧ» ɥɟɝɤɨɜɨ-
ɝɨ ɚɜɬɨɦɨɛɿɥɹ ɜ ɩɚɪɚɥɟɥɶɧɨɦɭ ɪɟɠɢɦɿ ɡ ȾȼɁ ɿ 
ɜɢɤɨɪɢɫɬɨɜɭє ɞɥɹ ɩɿɞɿɝɪɿɜɭ ɩɨɜɿɬɪɹ, ɳɨ ɧɚɞ-
ɯɨɞɢɬɶ ɞɨ ɣɨɝɨ ɰɢɥɿɧɞɪɿɜ, ɬɟɩɥɨɜɭ ɜɬɪɚɬɧɭ 
ɟɧɟɪɝɿɸ ȾȼɁ, ɹɤɚ ɜɿɞɜɨɞɢɬɶɫɹ ɜɿɞ ɨɫɬɚɧɧɶɨɝɨ 
ɨɯɨɥɨɞɠɭɜɚɥɶɧɨɸ ɪɿɞɢɧɨɸ ɿ ɜɿɞɩɪɚɰɶɨɜɚɧɢ-
ɦɢ ɝɚɡɚɦɢ. 

Ⱦɨɫɥɿɞɠɟɧɧɹ ɞɨɜɨɞɢɬɶ, ɳɨ ɞɥɹ ɝɿɛɪɢɞɧɨʀ 
ɭɫɬɚɧɨɜɤɢ ɬɢɩɨɜɨɝɨ ɱɨɬɢɪɢ- ɚɛɨ ɩɹ’ɬɢ-
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ɦɿɫɧɨɝɨ ɥɟɝɤɨɜɨɝɨ ɚɜɬɨɦɨɛɿɥɹ ɦɿɫɶɤɨɝɨ ɩɪɢɡ-
ɧɚɱɟɧɧɹ, ɩɨɜɧɨɸ ɦɚɫɨɸ 1200 ɤɝ (ɡ ɭɪɚɯɭɜɚɧ-
ɧɹɦ ɦɚɫɢ ɩɧɟɜɦɨɞɜɢɝɭɧɚ ɿ ɫɢɫɬɟɦɢ ɣɨɝɨ ɩɨɫ-
ɬɚɱɚɧɧɹ ɫɤɪɚɩɥɟɧɢɦ ɩɨɜɿɬɪɹɦ), ɹɤɢɣ ɪɭɯɚєɬɶ-
ɫɹ ɜ ɦɿɫɶɤɢɯ ɭɦɨɜɚɯ ɭ ɧɚɣɛɿɥɶɲ ɩɨɲɢɪɟɧɨɦɭ 
ɪɟɠɢɦɿ ɲɜɢɞɤɨɫɬɿ 60 ɤɦ/ɝɨɞ, ɨɩɬɢɦɚɥɶɧɢɦ є 
ɪɨɡɩɨɞɿɥ ɩɨɬɭɠɧɨɫɬɟɣ ȾȼɁ ɿ ɩɧɟɜɦɨɞɜɢɝɭɧɚ 
60/40. Ⱦɥɹ ɰɶɨɝɨ ɩɨɬɭɠɧɿɫɬɶ ɩɧɟɜɦɨɞɜɢɝɭɧɚ 
ɡɚ ɭɦɨɜ ɛɟɡɩɨɫɟɪɟɞɧɶɨɝɨ ɩɪɢɜɨɞɭ ɧɢɦ ɜɟɞɭ-
ɱɢɯ ɤɨɥɿɫ ɩɨɜɢɧɧɚ ɞɨɪɿɜɧɸɜɚɬɢ 8,63 ɤȼɬ. 

ɇɚɣɛɿɥɶɲ ɞɨɰɿɥɶɧɢɦɢ ɜɢɯɿɞɧɢɦɢ ɩɨɤɚɡ-
ɧɢɤɚɦɢ ɬɚɤɨɝɨ ɩɧɟɜɦɨɞɜɢɝɭɧɚ, ɳɨ ɜɿɞɩɨɜɿ-
ɞɚɸɬɶ ɭɦɨɜɚɦ ɩɿɞɿɝɪɿɜɭ ɩɨɜɿɬɪɹ ɧɚ ɜɯɨɞɿ ɞɨ 
ɞɜɢɝɭɧɚ ɜɢɬɪɚɱɟɧɢɦ ɬɟɩɥɨɦ ȾȼɁ ɿ ɡɚɛɟɡɩɟ-
ɱɭɸɬɶ ɦɿɧɿɦɚɥɶɧɭ ɜɢɬɪɚɬɭ ɩɨɜɿɬɪɹ ɡɚ ɧɚɣ-
ɦɟɧɲɢɯ ɝɚɛɚɪɢɬɚɯ ɞɜɢɝɭɧɚ, ɧɟɨɛɯɿɞɧɨ ɜɜɚɠɚ-
ɬɢ ɬɢɫɤ ɩɨɜɿɬɪɹ ɧɚ ɜɯɨɞɿ ɞɨ ɰɢɥɿɧɞɪɿɜ 
ɪ1 = 1,6 Ɇɉɚ ɿ ɫɬɭɩɿɧɶ ɧɚɩɨɜɧɟɧɧɹ ɰɢɥɿɧɞɪɿɜ 
ɩɨɜɿɬɪɹɦ 1 = 0,219. Ɂɝɿɞɧɨ ɡ ɰɢɦɢ ɜɢɯɿɞɧɢɦɢ 
ɩɨɤɚɡɧɢɤɚɦɢ ɪɨɛɨɱɢɣ ɨɛ’єɦ ɞɜɢɝɭɧɚ ɫɬɚɧɨ-
ɜɢɬɶ Vɪɞ = 2,35 ɥ, ɩɢɬɨɦɚ ɤɨɪɢɫɧɚ ɜɢɬɪɚɬɚ 
ɩɨɜɿɬɪɹ gɟɩ = 27,92 ɤɝ/(ɤȼɬɝɨɞ.) ɿ ɫɭɦɚɪɧɚ 
ɜɢɬɪɚɬɚ ɩɨɜɿɬɪɹ ɧɚ ɡɚɡɧɚɱɟɧɨɦɭ ɪɟɠɢɦɿ ɪɨɛɨ-
ɬɢ G = 253,6 ɤɝ/ɝɨɞ, ɳɨ ɞɨɡɜɨɥɹє ɚɜɬɨɦɨɛɿɥɸ 
ɩɪɨʀɯɚɬɢ ɧɚ ɨɞɧɿɣ ɡɚɩɪɚɜɰɿ ɫɤɪɚɩɥɟɧɢɦ ɩɨɜɿ-
ɬɪɹɦ ɜɿɞ 35 ɞɨ 55 ɤɦ ɿ ɡɚɨɳɚɞɢɬɢ ɩɨɪɿɜɧɹɧɨ ɡ 
ɪɭɯɨɦ ɚɜɬɨɦɨɛɿɥɹ ɬɿɥɶɤɢ ɧɚ ɛɟɧɡɢɧɨɜɨɦɭ 
ɞɜɢɝɭɧɿ 37,8 % ɩɚɥɢɜɚ, ɚ ɨɬɠɟ, ɡɦɟɧɲɢɬɢ ɧɚ 
35,8 % ɲɤɿɞɥɢɜɿ ɜɢɤɢɞɢ ȾȼɁ. 

Ɉɬɠɟ, ɦɚɤɫɢɦɚɥɶɧɚ ɜɿɞɫɬɚɧɶ, ɡɚ ɹɤɨɸ ɚɜ-
ɬɨɦɨɛɿɥɶ ɦɨɠɟ ɪɭɯɚɬɢɫɹ ɧɚ ɨɞɧɿɣ ɡɚɩɪɚɜɰɿ 
ɫɤɪɚɩɥɟɧɢɦ ɩɨɜɿɬɪɹɦ, ɩɨɜɢɧɧɚ ɡɧɚɱɧɨ ɡɛɿɥɶ-
ɲɢɬɢɫɹ ɜ ɪɚɡɿ ɜɢɤɨɪɢɫɬɚɧɧɹ ɪɟɤɭɩɟɪɚɰɿʀ ɟɧɟ-
ɪɝɿʀ ɝɚɥɶɦɭɜɚɧɧɹ ɚɜɬɨɦɨɛɿɥɹ ɞɥɹ ɫɬɢɫɧɟɧɧɹ 
ɚɬɦɨɫɮɟɪɧɨɝɨ ɩɨɜɿɬɪɹ ɩɧɟɜɦɨɞɜɢɝɭɧɨɦ, ɳɨ 
ɧɚ ɰɢɯ ɪɟɠɢɦɚɯ ɩɨɜɢɧɟɧ ɩɪɚɰɸɜɚɬɢ ɹɤ ɤɨɦ-
ɩɪɟɫɨɪ ɿ ɧɚɝɧɿɬɚɬɢ ɫɬɢɫɥɟ ɩɨɜɿɬɪɹ ɜ ɞɨɞɚɬɤɨ-
ɜɢɣ ɛɚɥɨɧ. ɐɟ ɩɨɬɪɟɛɭє ɩɨɞɚɥɶɲɢɯ  ɞɨɫɥɿ-
ɞɠɟɧɶ, ɹɤ ɿ ɞɨɫɥɿɞɠɟɧɶ ɩɨɤɚɡɧɢɤɿɜ ɪɨɛɨɬɢ 
ɬɚɤɨʀ ɝɿɛɪɢɞɧɨʀ ɭɫɬɚɧɨɜɤɢ ɜ ɭɦɨɜɚɯ ɧɢɡɶɤɢɯ 
ɬɟɦɩɟɪɚɬɭɪ ɿ ɧɚ ɪɿɡɧɢɯ ɪɟɠɢɦɚɯ ɪɭɯɭ ɚɜɬɨ-
ɦɨɛɿɥɹ. 
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ɞɜɢɠɭɳɟɝɨɫɹ ɫɨ ɫɤɨɪɨɫɬɶɸ 60 ɤɦ/ɱ, ɜɵɛɪɚɧ ɢ 
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Кɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɝɢɛɪɢɞɧɚɹ ɫɢɥɨɜɚɹ ɭɫɬɚɧɨɜɤɚ, 
ɩɧɟɜɦɨɞɜɢɝɚɬɟɥɶ, ɞɜɢɝɚɬɟɥɶ ɜɧɭɬɪɟɧɧɟɝɨ ɫɝɨɪɚ-
ɧɢɹ, ɚɜɬɨɦɨɛɢɥɶ, ɚɜɬɨɬɪɚɧɫɩɨɪɬɧɨɟ ɫɪɟɞɫɬɜɨ, 
ɫɠɢɠɟɧɧɵɣ ɜɨɡɞɭɯ, ɩɨɤɚɡɚɬɟɥɢ ɪɚɛɨɱɟɝɨ ɩɪɨɰɟɫɫɚ. 
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Determination of the pneumatic engine indices for 

the hybrid power unit of a city car 
Abstract: The problem of environmental pollution by 

the motor transport forces to look for new ecologi-

cally cleaner power units. Definition and the choice 

of the mode and dimensional indicators of the piston 

pneumatic engine working as a part of such hybrid 

unit of a city car was the goal of work. The method-

ology of the research was based on computational 

research of indicators of the pneumatic engine using 

the liquefied air which heats up at the entrance to 

cylinders of the pneumoengine due to the heat of the 

environment and the waste heat of ICE. Calculations 

and the choice of optimum mode and dimensional 

indicators of the pneumo-engine were made for the 

hybrid power unitof the car with a full weight of 1200 

kg moving with a speed of 60 km/h. Three operating 

modes of plant with parallel operation of ICE and the 

pneumoengine with distribution of power between 

them 50/50, 60/40 and 70/30 were considered. Gear 

ratio of the drive of driving wheels of the car from 

the pneumoengine was accepted as 1:1. The results 

of the research are presented in the form of graphic 

dependences of key indicators of the pneumoengine 

on the parameters of compressed air at the entrance 

to its cylinders. On the basis of calculations of work 

indicators of ICE on the corresponding modes and 

thermal balances between compressed air, cooling 

liquid and the exhaust ICE gases the operating mode 

of the unit and the parameters of air at the entrance 

to pneumoengine cylinders which provide the mini-

mum flow of air at small dimensions of the engine is 

chosen. Such an optimum operating mode of the unit 

is the mode of distribution of power between ICE and 

pneumoengine as 60/40 with the air pressure at the 

entrance to cylinders of the pneumoengine of 1.6 

MPa and the degree of cylinders filling 0.219. The 

results allow to make a choice of an optimum operat-

ing mode of the hybrid power unit "ICE – pneumoen-

gine" with parallel operation of engines for the city 

car and indicators of operation of the pneumoengine 

which provide a low flow of air at small dimensions 

of the engine. 

Key words: hybrid power plant, pneumoengine, in-

ternal-combustion engine (ICE), city car, motor 

transport, liquefied air, engine indicators, operating 

modes. 
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