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ɍȾɄ 627.142:536.143 
 
Ɉɧɢɳɭɤ ȼ.ȼ. 
Ʉɢʀɜɫɶɤɢɣ ɧɚɰɿɨɧɚɥɶɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ ɿɦɟɧɿ Ɍɚɪɚɫɚ ɒɟɜɱɟɧɤɚ 

 
ɊɈɁȼ’əɁɍȼȺɇɇə ɋɂɋɌȿɆɂ Ɋȱȼɇəɇɖ ɇȺȼ’Є-ɋɌɈɄɋȺ  

ȾɅə ɈɐȱɇɄɂ ȾɂɇȺɆȱɑɇɈȲ ɊȱȼɇɈȼȺȽɂ ɋɂɋɌȿɆɂ «ɉɈɌȱɄ - ɊɍɋɅɈ» 
 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɝɿɞɪɨɞɢɧɚɦɿɱɧɚ ɫɢɫɬɟɦɚ «ɩɨɬɿɤ-ɪɭɫɥɨ», ɞɢɧɚɦɿɱɧɚ ɪɿɜɧɨɜɚɝɚ 
ɫɢɫɬɟɦɢ, ɪɭɫɥɨɮɨɪɦɭɜɚɥɶɧɚ ɜɢɬɪɚɬɚ ɜɨɞɢ ɿ ɬɪɚɧɫɩɨɪɬɭɜɚɥɶɧɢɯ ɧɚɧɨɫɿɜ, ɪɿɜɧɹɧɧɹ ɇɚɜ’є-
ɋɬɨɤɫɚ,  ɹɜɢɳɟ ɦɟɚɧɞɪɭɜɚɧɧɹ, ɫɨɥɿɧɨʀɞɚɥɶɧɚ ɬɪɚєɤɬɨɪɿɹ ɪɭɯɭ, ɹɞɪɨ ɜɨɞɨɬɨɤɭ. 

 
Ⱥɤɬɭɚɥɶɧɿɫɬɶ ɩɪɨɛɥɟɦɢ. Ɋɿɜɧɹɧɧɹ ɇɚɜ’є-ɋɬɨɤɫɚ – ɰɟ ɫɢɫɬɟɦɚ ɞɢɮɟɪɟɧɰɿɣɧɢɯ 

ɪɿɜɧɹɧɶ ɭ ɱɚɫɬɢɧɧɢɯ ɩɨɯɿɞɧɢɯ, ɳɨ ɨɩɢɫɭɸɬɶ ɪɭɯ ɿ ɬɟɩɥɨɩɟɪɟɞɚɱɭ ɜ’ɹɡɤɨʀ 
ɧɶɸɬɨɧɿɜɫɶɤɨʀ ɪɿɞɢɧɢ. Ɋɿɜɧɹɧɧɹ ɇɚɜ’є-ɋɬɨɤɫɚ Д1-3Ж ɹɜɥɹɸɬɶɫɹ ɨɞɧɢɦɢ ɡ 
ɧɚɣɜɚɠɥɢɜɿɲɢɯ ɭ ɝɿɞɪɨɞɢɧɚɦɿɰɿ ɣ ɡɚɫɬɨɫɨɜɭɸɬɶɫɹ ɜ ɦɚɬɟɦɚɬɢɱɧɨɦɭ ɦɨɞɟɥɸɜɚɧɧɿ 
ɛɚɝɚɬɶɨɯ ɩɪɢɪɨɞɧɢɯ ɹɜɢɳ ɿ ɬɟɯɧɿɱɧɢɯ ɡɚɞɚɱ. Ɂɚɡɜɢɱɚɣ ɫɢɫɬɟɦɚ ɪɿɜɧɹɧɶ ɫɤɥɚɞɚєɬɶɫɹ 
ɡ ɪɿɜɧɹɧɧɹ ɪɭɯɭ ɪɿɞɢɧɢ ɚɛɨ ɫɭɛɫɬɚɧɰɿʀ, ɪɿɜɧɹɧɧɹ ɡɛɟɪɟɠɟɧɧɹ ɟɧɟɪɝɿʀ, ɦɚɫɢ ɿ ɿɦɩɭɥɶɫɭ 
ɫɢɥɢ ɬɚ ɪɿɜɧɹɧɧɹ ɧɟɩɟɪɟɪɜɧɨɫɬɿ ɪɿɞɢɧɢ, ɹɤɿ є ɧɟɩɨɜɧɢɦɢ ɞɥɹ ɬɨɱɧɨɝɨ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ 
ɹɤ ɩɥɨɫɤɢɯ, ɬɚɤ ɿ ɩɪɨɫɬɨɪɨɜɢɯ ɡɚɞɚɱ ɝɿɞɪɨɞɢɧɚɦɿɤɢ. ȼɚɪɬɨ ɜɿɞɦɿɬɢɬɢ, ɳɨ ɧɚ 
ɫɶɨɝɨɞɧɿɲɧɿɣ ɞɟɧɶ ɞɟɬɚɥɶɧɟ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɰɢɯ ɪɿɜɧɹɧɶ ɡɧɚɣɞɟɧɿ ɜ ɨɛɦɟɠɟɧɿɣ 
ɤɿɥɶɤɨɫɬɿ ɿ ɥɢɲɟ ɞɥɹ ɞɟɹɤɢɯ ɬɟɯɧɿɱɧɢɯ ɡɚɞɚɱ (ɩɪɢɫɬɪɨʀɜ), ɚɩɪɨɤɫɢɦɨɜɚɧɢɦɢ 
ɱɢɫɥɨɜɢɦɢ ɦɟɬɨɞɚɦɢ. 

Ɋɭɫɥɨɜɢɣ ɩɨɬɿɤ ɰɟ ɫɤɥɚɞɧɚ ɜɿɞɤɪɢɬɚ ɚɞɚɩɬɢɜɧɨ-ɞɢɫɢɩɚɬɢɜɧɚ ɝɿɞɪɨɞɢɧɚɦɿɱɧɚ 
ɫɢɫɬɟɦɚ «ɩɨɬɿɤ-ɪɭɫɥɨ» (ȽȾɋɩ-ɪ), ɹɤɚ ɧɚɞɿɥɟɧɚ ɜɥɚɫɬɢɜɿɫɬɸ ɫɚɦɨɨɪɝɚɧɿɡɚɰɿʀ, 
ɫɚɦɨɪɟɝɭɥɸɜɚɧɧɹ ɿ ɫɚɦɨɡɛɟɪɟɠɟɧɧɹ ɩɪɢ ɪɨɡɜɢɬɤɭ ɩɪɨɰɟɫɿɜ ɪɭɫɥɨɮɨɪɦɭɜɚɧɧɹ. Ɂ 
ɦɟɬɨɸ ɪɨɡɜ’ɹɡɚɧɧɹ ɰɢɯ ɪɿɜɧɹɧɶ ɞɥɹ ɨɰɿɧɤɢ ɝɿɞɪɨɦɨɪɮɨɥɨɝɿɱɧɨɝɨ ɫɬɚɧɭ ȽȾɋɩ-ɪ 
ɩɪɨɩɨɧɭєɬɶɫɹ ɡɚɦɤɧɟɧɚ ɫɢɫɬɟɦɚ, ɹɤɚ ɧɚɜɟɞɟɧɚ ɭ ɧɚɫɬɭɩɧɨɦɭ  ɜɢɝɥɹɞɿ: 
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ɞɟ  - ɨɩɟɪɚɬɨɪ Ƚɚɦɿɥɶɬɨɧɚ; ∆ - ɨɩɟɪɚɬɨɪ Ʌɚɩɥɚɫɚ; ρ׳
ɫеɪ.зв = ( ∑ Рі ρі ) / 100 (ɞɟ Рі – 

ɡɚɛɟɡɩɟɱɟɧɿɫɬɶ ɜɿɞɩɨɜɿɞɧɨɝɨ ɟɥɟɦɟɧɬɚ ɩɨɬɨɤɭ, %; ȡі – ɫɟɪɟɞɧɹ ɳɿɥɶɧɿɫɬɶ ɮɪɚɤɰɿɣ 
ɡɚɜɢɫɥɢɯ ɧɚɧɨɫɿɜ ɬɚ ɝɭɫɬɢɧɚ ɜɿɞɩɨɜɿɞɧɨɝɨ ɨɛ’єɦɭ ɪɿɞɢɧɢ) ɚɛɨ ɡɚ ɮɨɪɦɭɥɨɸ ȡ¹

  = ȡg(1 
– s) +  ȡss (ɞɟ s – ɤɚɥɚɦɭɬɧɿɫɬɶ ɜɨɞɧɨɝɨ ɩɨɬɨɤɭ), – ɳɿɥɶɧɿɫɬɶ ɫɭɛɫɬɪɚɬɭ (ɜɨɞɚ ɪɚɡɨɦ ɡ 
ɬɪɚɧɫɩɨɪɬɭɜɚɥɶɧɢɦɢ ɧɚɧɨɫɚɦɢ), Ɍ/ɦ3; Р - ɫɭɦɚɪɧɢɣ ɝɪɚɞɿєɧɬ ɬɢɫɤɭ (ɝɪɚɞɿєɧɬɢ 
ɝɿɞɪɨɫɬɚɬɢɱɧɨɝɨ ɿ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɬɢɫɤɿɜ ɫɩɨɜɿɥɶɧɟɧɨʀ ɬɟɱɿʀ, ɚ ɬɚɤɨɠ ɝɪɚɞɿєɧɬ ɬɢɫɤɭ 
ɚɬɦɨɫɮɟɪɧɨɝɨ ɩɨɜɿɬɪɹ ɩɨ ɩɨɜɟɪɯɧɿ ɜɨɞɧɨɝɨ ɩɨɬɨɤɭ, ɬɨɛɬɨ ɜɿɬɟɪ), ɤɝɫ/ɦ2; Ȟ - ɤɨɟɮɿɰɿєɧɬ 
ɤɿɧɟɦɚɬɢɱɧɨʀ ɜ’ɹɡɤɨɫɬɿ, ɦ2/ɫ;  - «ɞɪɭɝɚ» (ɨɛ’єɦɧɚ) ɜ’ɹɡɤɿɫɬɶ ɜɨɞɧɨɝɨ ɩɨɬɨɤɭ, ɹɤɚ 
ɩɪɢɞɛɚɧɚ ɩɿɫɥɹ ɣɨɝɨ ɫɬɢɫɤɚɧɧɹ ɫɬɨɹɱɨɸ ɯɜɢɥɟɸ; ɤɝ/ɦ∙ɫ;  g – ɩɪɢɫɤɨɪɟɧɧɹ ɫɢɥɢ 
ɡɟɦɧɨɝɨ ɬɹɠɿɧɧɹ, ɦ/ɫ2; В ɿ h - ɜɿɞɩɨɜɿɞɧɨ ɫɟɪɟɞɧɿ ɜɟɥɢɱɢɧɢ ɲɢɪɢɧɢ ɪɭɫɥɚ ɩɨɜɟɪɯɭ 
ɩɨɬɨɤɭ ɿ ɣɨɝɨ ɝɥɢɛɢɧɢ, ɦ; Δh – ɩɪɢɪɨɳɟɧɧɹ ɝɥɢɛɢɧɢ ɩɨɬɨɤɭ ɜ ɪɟɡɭɥɶɬɚɬɿ ɞɿʀ ɫɬɨɹɱɨʀ 
ɯɜɢɥɿ ɧɚ ɪɭɫɥɨɜɢɣ ɩɨɬɿɤ, ɦ; ΔНɩ - ɩɪɢɪɨɳɟɧɧɹ ɜɿɞɦɿɬɤɢ ɩɟɪɟɤɚɬɭ ɜ ɪɟɡɭɥɶɬɚɬɿ ɞɿʀ 
ɫɬɨɹɱɨʀ ɯɜɢɥɿ ɧɚ ɪɭɫɥɨɜɢɣ ɩɨɬɿɤ, ɦ; ω = Вh – ɩɥɨɳɚ ɠɢɜɨɝɨ ɩɟɪɟɪɿɡɭ ɪɭɫɥɨɜɨɝɨ ɩɨɬɨɤɭ, 
ɦ2; δі  - ɜɟɥɢɱɢɧɚ ɩɟɪɟɦɿɳɟɧɧɹ ɫɬɪɭɤɬɭɪɧɢɯ ɟɥɟɦɟɧɬɿɜ ɜɨɞɧɨɝɨ ɩɨɬɨɤɭ (ɦɟɡɨɜɢɪɿɜ) ɩɨ 
ɤɨɨɪɞɢɧɚɬɚɯ ɯ, y ɿ z, ɦ; δΔ.і - ɜɟɥɢɱɢɧɚ ɩɟɪɟɦɿɳɟɧɧɹ ɫɬɪɭɤɬɭɪɧɢɯ ɟɥɟɦɟɧɬɿɜ ɜɨɞɧɨɝɨ 
ɩɨɬɨɤɭ ɭ ɩɪɢɞɨɧɧɿɣ ɨɛɥɚɫɬɿ (ɦɿɤɪɨɜɢɪɿɜ) ɩɨ ɤɨɨɪɞɢɧɚɬɚɯ ɯ, y ɿ z, ɦ; І0 - ɩɨɡɞɨɜɠɧɿɣ 
ɝɿɞɪɚɜɥɿɱɧɢɣ ɩɨɯɢɥ; Іɩ - ɩɨɩɟɪɟɱɧɢɣ ɝɿɞɪɚɜɥɿɱɧɢɣ ɩɨɯɢɥ; Ȝз - ɤɨɟɮɿɰɿєɧɬ ɡɚɝɚɥɶɧɨɝɨ 
ɝɿɞɪɚɜɥɿɱɧɨɝɨ ɬɟɪɬɹ; Q – ɜɢɬɪɚɬɚ ɜɨɞɢ, ɦ3/ɫ; qs.і –ɤɨɦɩɨɧɟɧɬɧɚ ɜɢɬɪɚɬɢ 
ɬɪɚɧɫɩɨɪɬɭɜɚɥɶɧɢɯ ɧɚɧɨɫɿɜ, ɤɝ/ɦ3; υ – ɫɟɪɟɞɧɹ ɲɜɢɞɤɿɫɬɶ ɪɭɫɥɨɜɨɝɨ ɩɨɬɨɤɭ, ɦ/ɫ. 

ȼ ɚɧɚɥɿɡ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɫɢɫɬɟɦɢ ɪɿɜɧɹɧɶ ɇɚɜ’є-ɋɬɨɤɫɚ ɞɨ ɬɟɩɟɪɿɲɧɶɨɝɨ ɱɚɫɭ 
ɜɯɨɞɢɥɨ ɤɨɪɟɤɬɧɟ ɪɿɲɟɧɧɹ ɡɚɞɚɱɿ Ʉɨɲɿ, ɨɫɤɿɥɶɤɢ ɦɨɠɥɢɜɿɫɬɶ ɫɬɿɣɤɨɝɨ ɪɿɲɟɧɧɹ ɭ 
ɡɧɚɱɧɿɣ ɦɿɪɿ ɡɚɥɟɠɢɬɶ ɜɿɞ ɪɿɜɧɹ ɬɭɪɛɭɥɟɧɬɧɨɫɬɿ ɩɨɬɨɤɭ ɩɪɢ ɜɟɥɢɤɢɯ ɱɢɫɥɚɯ 
Ɋɟɣɧɨɥɶɞɫɚ. ɇɚɜɟɞɟɧɿ ɜɢɳɟ ɪɿɜɧɹɧɧɹ ɫɤɥɚɞɚɸɬɶ ɡɚɦɤɧɟɧɭ ɫɢɫɬɟɦɭ ɞɥɹ ɩɪɢɪɨɞɧɢɯ 
ɭɦɨɜ ɪɭɫɥɨɜɨɝɨ ɩɨɬɨɤɭ, ɹɤɿ ɩɪɨɩɨɧɭєɬɶɫɹ ɪɨɡɜ’ɹɡɭɜɚɬɢ ɞɥɹ ɪɟɠɢɦɭ ɩɨɱɚɬɤɨɜɨɝɨ 
ɫɩɚɞɭ ɪɭɫɥɨɮɨɪɦɭɜɚɥɶɧɨɝɨ ɩɚɜɨɞɤɭ ɚɛɨ ɜɟɫɧɹɧɨʀ ɩɨɜɟɧɿ: ɪɿɜɧɹɧɧɹ (1) ɨɩɢɫɭє ɪɭɯ 
ɪɿɞɢɧɢ ɜ ɤɨɨɪɞɢɧɚɬɚɯ ɯ, y ɿ z; ɪɿɜɧɹɧɧɹ (2) ɫɬɨɫɭєɬɶɫɹ ɫɬɚɛɿɥɿɡɚɰɿʀ ɪɟɠɢɦɭ 
ɬɭɪɛɭɥɟɧɬɧɨɫɬɿ ɪɭɫɥɨɜɨɝɨ ɩɨɬɨɤɭ (“ɡɚɦɨɪɨɠɟɧɚ” ɬɭɪɛɭɥɟɧɬɧɿɫɬɶ) ɜ ɤɨɨɪɞɢɧɚɬɚɯ ɯ, y ɿ 
z; ɪɿɜɧɹɧɧɹ (3) ɨɰɿɧɸє ɪɿɜɟɧɶ ɬɭɪɛɭɥɟɧɬɧɨɫɬɿ ɪɿɞɢɧɢ ɭ ɩɪɢɞɨɧɧɿɣ ɨɛɥɚɫɬɿ ɩɨɬɨɤɭ ɜ 
ɤɨɨɪɞɢɧɚɬɚɯ ɯ, y ɿ z; ɪɿɜɧɹɧɧɹ (4) ɫɬɨɫɭєɬɶɫɹ ɫɬɚɛɿɥɿɡɚɰɿʀ ɪɟɠɢɦɭ ɬɢɫɤɭ ɜ ɩɪɢɞɨɧɧɿɣ 
ɨɛɥɚɫɬɿ ɪɭɫɥɨɜɨɝɨ ɩɨɬɨɤɭ (“ɡɚɦɨɪɨɠɟɧɢɣ” ɤɨɧɜɟɧɰɿɣɧɢɣ ɪɭɯ ɫɭɛɫɬɪɚɬɭ) ɜ 
ɤɨɨɪɞɢɧɚɬɚɯ ɯ, y ɿ z; ɪɿɜɧɹɧɧɹ (5) - ɰɟ ɧɟɩɟɪɟɪɜɧɿɫɬɶ ɪɭɫɥɨɜɢɯ ɩɪɨɰɟɫɿɜ (ɛɚɥɚɧɫ 
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ɫɭɛɫɬɪɚɬɭ, ɹɤɢɣ ɯɚɪɚɤɬɟɪɧɢɣ ɞɥɹ ɫɬɚɧɭ ɞɢɧɚɦɿɱɧɨʀ ɪɿɜɧɨɜɚɝɢ ɫɢɫɬɟɦɢ); ɪɿɜɧɹɧɧɹ (6) 
ɨɩɢɫɭє ɩɟɪɟɦɿɳɟɧɧɹ ɫɬɪɭɤɬɭɪɧɢɯ ɟɥɟɦɟɧɬɿɜ ɩɨɬɨɤɭ ɜ ɭɦɨɜɚɯ ɣɨɝɨ ɫɬɢɫɤɚɧɧɹ ɩɨ ɨɫɿ 
ɯ; ɪɿɜɧɹɧɧɹ (7) ɯɚɪɚɤɬɟɪɢɡɭє ɩɟɪɟɦɿɳɟɧɧɹ ɫɬɪɭɤɬɭɪɧɢɯ ɟɥɟɦɟɧɬɿɜ ɩɨɬɨɤɭ ɜ ɭɦɨɜɚɯ 
ɣɨɝɨ ɫɬɢɫɤɚɧɧɹ ɩɨ ɨɫɿ y; ɪɿɜɧɹɧɧɹ (8) ɨɰɿɧɸє ɩɟɪɟɦɿɳɟɧɧɹ ɫɬɪɭɤɬɭɪɧɢɯ ɟɥɟɦɟɧɬɿɜ 
ɩɨɬɨɤɭ ɜ ɭɦɨɜɚɯ ɣɨɝɨ ɫɬɢɫɤɚɧɧɹ ɩɨ ɨɫɿ z; ɪɿɜɧɹɧɧɹ 9) ɯɚɪɚɤɬɟɪɢɡɭє ɪɭɫɥɨɜɿ 
ɞɟɮɨɪɦɚɰɿʀ ɭ ɩɨɡɞɨɜɠɧɶɨɦɭ ɪɨɡɪɿɡɿ (ɨɰɿɧɸє ɩɨɡɞɨɜɠɧɸ ɫɬɿɣɤɿɫɬɶ ɜɨɞɨɬɨɤɭ); ɪɿɜɧɹɧɧɹ 
(10) ɜɿɞɩɨɜɿɞɚє ɩɪɨɩɭɫɤɧɿɣ ɡɞɚɬɧɨɫɬɿ ɪɭɫɥɚ; ɪɿɜɧɹɧɧɹ (11) ɜɢɡɧɚɱɚє  ɩɨɩɟɪɟɱɧɭ 
ɫɬɿɣɤɿɫɬɶ ɪɭɫɥɚ ɧɚ ɞɿɥɹɧɰɿ ɪɿɱɤɢ; ɪɿɜɧɹɧɧɹ (12) ɯɚɪɚɤɬɟɪɢɡɭє ɩɨɡɞɨɜɠɧɸ ɫɬɿɣɤɿɫɬɶ 
ɪɭɫɥɚ ɩɨ ɤɨɪɢɬɚɯ ɩɟɪɟɤɚɬɿɜ.  

ɍ ɞɚɧɨɦɭ ɜɢɩɚɞɤɭ ɩɪɢ ɪɨɡɜ’ɹɡɚɧɧɿ ɧɚɜɟɞɟɧɨʀ ɜɢɳɟ ɫɢɫɬɟɦɢ ɪɿɜɧɹɧɶ ɫɥɿɞ ɜɿɞɿɣɬɢ 
ɜɿɞ ɪɟɤɨɦɟɧɞɚɰɿɣ Ʌɚɧɞɚɭ Ʌ.Ⱦ. ɿ Ʌɿɮɲɢɰɹ ȿ.Ɇ. ɫɬɨɫɨɜɧɨ ɦɨɠɥɢɜɨɝɨ ɫɩɪɨɳɟɧɧɹ 
ɪɿɜɧɹɧɶ ɜ ɭɦɨɜɚɯ ɞɿʀ ɫɢɥɢ ɫɬɢɫɤɚɧɧɹ ɪɿɞɢɧɢ Д4, ɫ.73Ж, ɨɫɤɿɥɶɤɢ ɩɟɪɲɨɩɪɢɱɢɧɚ 
ɦɟɚɧɞɪɭɜɚɧɧɹ ɪɿɱɤɢ ɩɨɜ’ɹɡɚɧɚ ɡ ɞɿєɸ ɫɬɨɹɱɨʀ ɯɜɢɥɿ ɜɿɞɛɭɜɚєɬɶɫɹ ɫɩɨɱɚɬɤɭ ɭ 
ɰɟɧɬɪɚɥɶɧɨɦɭ ɫɬɪɭɦɟɧɿ ɩɨɬɨɤɭ, ɚ ɥɢɲɟ ɩɨɬɿɦ ɡɦɿɧɚɦɢ ɫɚɦɨɝɨ ɪɭɫɥɚ ɩɿɞ ɜɩɥɢɜɨɦ 
ɝɪɚɞɿєɧɬɿɜ ɬɢɫɤɿɜ ɫɤɥɚɞɨɜɢɯ ɜɧɭɬɪɿɲɧɿɯ ɿ ɡɨɜɧɿɲɧɿɯ ɦɚɫɨɜɢɯ ɫɢɥ Д5Ж. 

Ⱥɧɚɥɿɡ ɩɨɩɟɪɟɞɧɿɯ ɞɨɫɥɿɞɠɟɧɶ. ɇɚ ɫɶɨɝɨɞɧɿɲɧɿɣ ɞɟɧɶ ɧɟ ɿɫɧɭє ɚɧɚɥɿɬɢɱɧɨɝɨ 
ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɡɚɦɤɧɟɧɨʀ ɫɢɫɬɟɦɢ ɪɿɜɧɹɧɶ ɇɚɜ’є–ɋɬɨɤɫɚ ɞɥɹ ɤɨɪɟɤɬɧɢɯ ɡɚɞɚɱ 
ɝɿɞɪɨɚɟɪɨɦɟɯɚɧɿɤɢ, ɹɤɿ ɦɨɝɥɢ ɛ ɛɭɬɢ ɜɢɤɨɪɢɫɬɚɧɿ ɜ ɛɚɝɚɬɶɨɯ ɫɭɦɿɠɧɢɯ ɨɛɥɚɫɬɹɯ ɡɧɚɧɶ 
ɩɪɨ ɧɚɜɤɨɥɢɲɧɿɣ ɦɚɬɟɪɿɚɥɶɧɢɣ ɫɜɿɬ. ɐɿ ɪɿɜɧɹɧɧɹ ɭɠɟ ɜɿɞɨɦɿ ɦɚɣɠɟ 200 ɪɨɤɿɜ, ɹɤɿ 
ɩɪɨɣɲɥɢ ɲɢɪɨɤɟ ɜɢɩɪɨɛɭɜɚɧɧɹ ɩɪɢ ɜɢɪɿɲɟɧɧɿ ɛɚɝɚɬɶɨɯ ɡɚɞɚɱ ɡ ɥɚɦɿɧɚɪɧɢɦ 
ɪɟɠɢɦɨɦ ɬɟɱɿʀ, ɚɥɟ ɧɚɯɨɞɹɬɶɫɹ ɡɚ ɡɨɧɨɸ ɞɨɫɹɠɧɨɫɬɿ ɞɥɹ ɬɭɪɛɭɥɟɧɬɧɨɝɨ ɩɨɬɨɤɭ 
ɧɶɸɬɨɧɿɜɫɶɤɨʀ ɪɿɞɢɧɢ ɩɪɢ ɜɢɫɨɤɢɯ ɱɢɫɥɚɯ Ɋɟɣɧɨɥɶɞɫɚ  ⌠1-3Ж. Ƚɨɥɨɜɧɚ ɩɪɨɛɥɟɦɚ 
ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɰɢɯ ɪɿɜɧɹɧɶ ɧɚɜɿɬɶ ɧɟ ɬɚɤ ɜ ɤɿɥɶɤɨɫɬɿ ɞɨ ɧɢɯ ɞɨɞɚɬɤɨɜɢɯ, ɚ ɜ ɫɚɦɨɦɭ 
ɩɿɞɯɨɞɿ ɳɨɞɨ ɫɬɚɛɿɥɿɡɚɰɿʀ ɪɿɜɧɹ ɬɭɪɛɭɥɟɧɬɧɨɫɬɿ ɭ ɦɟɠɚɯ ɩɪɨɹɜɭ ɜɥɚɫɬɢɜɨɫɬɿ 
ɫɚɦɨɨɪɝɚɧɿɡɚɰɿʀ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨʀ ɫɢɫɬɟɦɢ «ɩɨɬɿɤ-ɪɭɫɥɨ» (ȽȾɋɩ-ɪ), ɚ ɩɨɬɿɦ ɲɥɹɯɨɦ ʀɯ 
ɫɭɦɿɫɧɨɝɨ ɪɨɡɝɥɹɞɭ ɜɢɨɤɪɟɦɥɟɧɧɹ ɚɝɟɧɬɿɜ ɡɛɭɪɟɧɧɹ, ɰɟɛɬɨ ɬɢɫɤɭ ɜ ɪɿɡɧɢɯ ɣɨɝɨ 
ɜɟɥɢɱɢɧɚɯ ɿ ɧɚɫɥɿɞɤɚɯ ɩɪɨɹɜɭ ɭ ɜɢɝɥɹɞɿ ɡɦɿɧ ɮɨɪɦ ɫɭɰɿɥɶɧɨɝɨ ɫɟɪɟɞɨɜɢɳɚ. ɇɚɜɟɞɟɧɿ 
ɜɢɳɟ ɪɿɜɧɹɧɧɹ (2 ɿ 4) є ɭɧɿɜɟɪɫɚɥɶɧɢɦɢ ɞɥɹ ɨɰɿɧɤɢ ɦɨɪɮɨɥɨɝɿɱɧɨɝɨ ɫɬɚɧɭ ɛɭɞɶ-ɹɤɢɯ 
ɜɿɞɤɪɢɬɢɯ ɿ ɡɚɤɪɢɬɢɯ ɞɢɧɚɦɿɱɧɢɯ ɫɢɫɬɟɦ. Ɉɫɤɿɥɶɤɢ ɜɨɧɢ ɡɚ ɫɜɨєɸ ɤɨɧɫɬɪɭɤɰɿєɸ 
ɯɚɪɚɤɬɟɪɢɡɭɸɬɶ ɩɪɨɰɟɫɢ ɫɚɦɨɡɛɟɪɟɠɟɧɧɹ ɡ ɦɟɬɨɸ ɞɨɫɹɝɬɢ ɦɿɧɿɦɭɦɭ ɞɢɫɢɩɚɰɿʀ 
ɟɧɟɪɝɿʀ. ɉɪɢ ɩɪɨɯɨɞɠɟɧɧɿ ɪɭɫɥɨ ɮɨɪɦɭɜɚɥɶɧɨʀ ɜɢɬɪɚɬɢ ɜɨɞɢ ɿ ɬɪɚɧɫɩɨɪɬɭɜɚɥɶɧɢɯ 
ɧɚɧɨɫɿɜ ɰɟɣ ɫɬɚɧ ɜɿɞɩɨɜɿɞɚє ɞɢɧɚɦɿɱɧɿɣ ɪɿɜɧɨɜɚɡɿ ɫɢɫɬɟɦɢ, ɚ ɩɨɬɿɤ ɜ ɰɢɯ ɭɦɨɜɚɯ 
ɩɪɢɣɦɚє ɫɨɥɿɧɨʀɞɚɥɶɧɭ (ɝɜɢɧɬɨɜɭ) ɬɪɚєɤɬɨɪɿɸ ɪɭɯɭ, ɹɤɢɣ ɧɚɛɥɢɠɟɧɢɣ ɞɨ 
ɥɚɦɿɧɚɪɧɨɝɨ ɪɟɠɢɦɭ ɜ ɚɜɬɨɦɨɞɟɥɶɧɿɣ ɨɛɥɚɫɬɿ ɝɿɞɪɚɜɥɿɱɧɨɝɨ ɨɩɨɪɭ ɩɨ ɜɿɞɧɨɲɟɧɧɸ ɞɨ 
ɞɿɸɱɢɯ ɧɚ ɧɶɨɝɨ ɡɨɜɧɿɲɧɿɯ ɿ ɜɧɭɬɪɿɲɧɿɯ ɦɚɫɨɜɢɯ ɫɢɥ ⌠5-7].  

Ɇɟɬɨɞɢɤɚ ɞɨɫɥɿɞɠɟɧɶ. Ⱦɢɧɚɦɿɱɧɚ ɪɿɜɧɨɜɚɝɚ ȽȾɋɩ-ɪ ɩɪɢɭɪɨɱɟɧɚ ɞɨ 
ɩɪɨɯɨɞɠɟɧɧɹ  ɪɭɫɥɨɮɨɪɦɭɜɚɥɶɧɨʀ ɜɢɬɪɚɬɢ ɜɨɞɢ ɿ ɬɪɚɧɫɩɨɪɬɭɜɚɥɶɧɢɯ ɧɚɧɨɫɿɜ. ɉɪɢ 
ɜɿɞɫɭɬɧɨɫɬɿ ɧɟɡɜɨɪɨɬɧɢɯ ɪɭɫɥɨɜɢɯ ɞɟɮɨɪɦɚɰɿɣ ɩɪɨɯɨɞɠɟɧɧɹ ɬɚɤɢɯ ɜɢɬɪɚɬ, ɹɤ 
ɩɪɚɜɢɥɨ, ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɭ ɦɟɠɚɯ ɪɭɫɥɨɜɢɯ ɛɪɨɜɨɤ. ɉɪɢ ɪɨɡɝɥɹɞɿ ɪɿɜɧɹɧɶ ɪɭɯɭ 
ɇɚɜ’є–ɋɬɨɤɫɚ ɧɚɥɟɠɢɬɶ ɪɨɡɜɟɫɬɢ ɞɿɸ ɫɢɥɨɜɢɯ ɮɚɤɬɨɪɿɜ ɧɚ ʀɯ ɿɧɞɢɜɿɞɭɚɥɶɧɢɣ ɪɿɜɟɧɶ 
ɮɭɧɤɰɿɨɧɭɜɚɧɧɹ ɡɿ ɡɛɟɪɟɠɟɧɧɹɦ ɞɢɧɚɦɿɱɧɨʀ ɪɿɜɧɨɜɚɝɢ ɫɢɫɬɟɦɢ ɿ ʀɯ ɩɨɫɥɿɞɨɜɧɭ ɨɰɿɧɤɭ 
ɡɚ ɭɦɨɜɚɦɢ ɜɢɤɨɧɚɧɧɹ ɤɨɧɤɪɟɬɧɨʀ ɡɚɞɚɱɿ. Ɂ ɦɟɬɨɞɢɱɧɨʀ ɬɨɱɤɢ ɡɨɪɭ ɰɟ ɦɨɠɧɚ ɞɨɫɹɝɬɢ 
ɲɥɹɯɨɦ ɫɬɚɛɿɥɿɡɚɰɿʀ ɪɟɠɢɦɭ ɬɭɪɛɭɥɟɧɬɧɨɫɬɿ ɫɭɛɫɬɪɚɬɭ ɡɚ ɞɨɩɨɦɨɝɨɸ ɞɨɞɚɬɤɨɜɨɝɨ 
ɪɿɜɧɹɧɧɹ ɿ ɲɥɹɯɨɦ ʀɯ ɫɭɦɿɫɧɨɝɨ ɪɨɡɜ’ɹɡɤɭ ɜɿɞɩɨɜɿɞɧɟ ɜɢɨɤɪɟɦɥɟɧɧɹ ɚɝɟɧɬɿɜ ɡɛɭɪɟɧɧɹ, 
ɰɟɛɬɨ ɬɢɫɤɭ ɿ ɣɨɝɨ ɧɚɫɥɿɞɤɭ ɞɿɹɥɶɧɨɫɬɿ ɭ ɜɢɝɥɹɞɿ ɡɦɿɧ ɮɨɪɦ ɫɭɰɿɥɶɧɨɝɨ ɫɟɪɟɞɨɜɢɳɚ. 
ɐɟɣ ɩɿɞɯɿɞ, ɹɤɢɣ ɦɨɠɧɚ ɧɚɡɜɚɬɢ “ɡɚɦɨɪɨɠɟɧɨɸ” ɬɭɪɛɭɥɟɧɬɧɿɫɬɸ ɧɚɥɟɠɢɬɶ 
ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɹɤ ɞɥɹ ɪɭɫɥɨɜɨɝɨ ɩɨɬɨɤɭ, ɬɚɤ ɿ ɞɥɹ ɣɨɝɨ ɩɪɢɞɨɧɧɨʀ ɨɛɥɚɫɬɿ. Ȼɚɠɚɧɢɣ 
ɪɟɡɭɥɶɬɚɬ ɞɨɫɹɝɚєɬɶɫɹ ɲɥɹɯɨɦ ɜɢɤɨɪɢɫɬɚɧɧɹ ɭɧɿɜɟɪɫɚɥɶɧɢɯ ɪɿɜɧɹɧɶ (2 ɿ 4). ɍ ɰɶɨɦɭ 
ɤɨɧɬɟɤɫɬɿ ɬɚɤɨɠ ɫɥɿɞ ɡɚɭɜɚɠɢɬɢ, ɳɨ ɭ ɞɚɧɿɣ ɩɨɫɬɚɧɨɜɰɿ ɡɚɞɚɱ ɪɨɡɝɥɹɞɚєɬɶɫɹ 
ɛɟɡɩɟɪɟɪɜɧɨ-ɞɢɫɤɪɟɬɧɢɣ ɯɚɪɚɤɬɟɪ ɪɨɡɜɢɬɤɭ ɪɭɫɥɨɜɢɯ ɞɟɮɨɪɦɚɰɿɣ (ɪɭɫɥɨɜɢɯ 
ɩɪɨɰɟɫɿɜ), ɳɨ ɩɨɹɫɧɸєɬɶɫɹ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɪɿɜɧɹɧɧɹ (5). 



Ƚɿɞɪɨɥɨɝɿɹ, ɝɿɞɪɨɯɿɦɿɹ ɿ ɝɿɞɪɨɟɤɨɥɨɝɿɹ. – 2016. – Ɍ.4(43) 

9 

ȼɢɤɥɚɞ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɿɚɥɭ. ɍ ɪɨɡɤɪɢɬɨɦɭ ɮɨɪɦɚɬɿ, ɡ ɭɪɚɯɭɜɚɧɧɹɦ 
ɮɨɪɦɚɥɿɡɨɜɚɧɨʀ ɫɤɥɚɞɨɜɨʀ ɩɨɡɞɨɜɠɧɶɨɝɨ ɫɬɢɫɤɚɧɧɹ ɪɭɫɥɨɜɨɝɨ ɩɨɬɨɤɭ, ɪɿɜɧɹɧɧɹ (1) 
ɇɚɜ’є - ɋɬɨɤɫɚ ɩɪɢɣɦɚє ɧɚɫɬɭɩɧɢɣ ɜɢɝɥɹɞ Д1-3]: 
 









 






 



























xx

xɯxxx

p

zyxt

x
ɯ

x
x

yxɯx
z

x
y

x
x

ɯ





3

3

2

; (13) 

 









 






 



























yy

yyyyy

ɪ
zyxt

y
y

y
y

zyyy
z

y
y

y
x

y





3

3

2

; (14) 

 









 






 



























zz

zzzzz

p

zyxt

z
z

z
z

xzzx
z

z
y

z
x

z





3

3

2

, (15) 

 
ɞɟ ȝ – ɤɨɟɮɿɰɿєɧɬ ɞɢɧɚɦɿɱɧɨʀ ɜ’ɹɡɤɨɫɬɿ, ɤɝ/ɦ∙ɫɟɤ;  - “ɞɪɭɝɚ” (ɨɛ’єɦɧɚ) ɜ’ɹɡɤɿɫɬɶ ɩɨɬɨɤɭ, 
ɹɤɚ ɩɪɢɞɛɚɧɚ ɩɿɫɥɹ ɣɨɝɨ ɫɬɢɫɤɚɧɧɹ; ɤɝ/ɦ∙ɫɟɤ. ɐɟɣ ɩɚɪɚɦɟɬɪ ɯɚɪɚɤɬɟɪɢɡɭєɬɶɫɹ ɬɢɦ, 
ɳɨ ɬɪɚɧɫɩɨɪɬɭɜɚɥɶɧɿ ɧɚɧɨɫɢ ɰɟɧɬɪɚɥɶɧɨɝɨ ɫɬɪɭɦɿɧɧɸ ɭ ɫɤɥɚɞɿ ɦɟɡɨɜɢɪɿɜ 
ɩɟɪɟɦɿɳɭɸɬɶɫɹ ɞɨ ɜɿɪɬɭɚɥɶɧɨ-ɪɟɚɥɶɧɨɝɨ ɨɩɭɤɥɨɝɨ ɛɟɪɟɝɚ ɧɚ ɮɨɧɿ ɡɚɪɨɞɠɟɧɧɹ ɣ 
ɩɨɞɚɥɶɲɨɝɨ ɪɨɡɜɢɬɤɭ ɩɨɩɟɪɟɱɧɨʀ ɰɢɪɤɭɥɹɰɿʀ. ɉɿɞ ɜɩɥɢɜɨɦ ɩɨɱɚɬɤɨɜɨʀ ɞɿʀ ɫɬɨɹɱɨʀ 
ɯɜɢɥɿ ɩɟɪɟɦɿɳɟɧɧɹ ɫɬɪɭɤɬɭɪɧɢɯ ɟɥɟɦɟɧɬɿɜ ɩɨɬɨɤɭ ɩɟɪɟɯɨɞɢɬɶ ɜɿɞ ɩɥɨɫɤɨɝɨ ɞɨ 
ɫɨɥɿɧɨʀɞɚɥɶɧɨɝɨ (ɮɨɪɦɭɜɚɧɧɹ ɩɟɪɟɤɚɬɿɜ ɧɚ ɮɨɧɿ ɝɜɢɧɬɨɜɨɝɨ ɪɭɯɭ ɫɭɛɫɬɪɚɬɭ (ɜɨɞɚ ɿ 
ɬɪɚɧɫɩɨɪɬɭɜɚɥɶɧɿ ɧɚɧɨɫɢ) ɜɡɞɨɜɠ ɪɿɱɤɢ). ɐɟɛɬɨ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɜɿɞɩɨɜɿɞɧɢɣ ɩɪɨɹɜ 
ɹɜɢɳɚ ɦɚɧɞɪɭɜɚɧɧɹ ɪɿɱɤɢ Д5Ж. Ɍɚɤɢɦ ɱɢɧɨɦ, ɦɚєɦɨ ɬɪɢ ɪɿɜɧɹɧɧɹ ɪɭɯɭ ɪɿɞɢɧɢ ɞɥɹ 
ɭɦɨɜ ɩɪɨɫɬɨɪɨɜɨɝɨ ɬɪɚɧɫɩɨɪɬɭɜɚɧɧɹ  ɧɚɧɨɫɿɜ ɿ ɜɿɞɩɨɜɿɞɧɨɝɨ ɪɨɡɜɢɬɤɭ ɹɜɢɳɚ 
ɦɟɚɧɞɪɭɜɚɧɧɹ ɪɿɱɤɢ. 

ɍ ɪɨɡɤɪɢɬɿɣ ɮɨɪɦɿ ɪɿɜɧɹɧɧɹ  (2)  ɜɢɝɥɹɞɢɬɶ ɧɚɫɬɭɩɧɢɦ ɱɢɧɨɦ:   
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 (16) 
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. (18) 

 

Ɇɚєɦɨ ɬɪɢ ɪɿɜɧɹɧɧɹ ɫɬɚɛɿɥɿɡɚɰɿʀ ɪɟɠɢɦɭ ɬɭɪɛɭɥɟɧɬɧɨɫɬɿ ɪɭɫɥɨɜɨɝɨ ɩɨɬɨɤɭ. 
Ⱦɚɥɶɲɟ ɜɢɤɨɧɭєɦɨ ɫɭɦɿɫɧɟ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɨɬɪɢɦɚɧɢɯ ɜɢɳɟ ɪɿɜɧɹɧɶ ɲɥɹɯɨɦ 

ɩɨɫɥɿɞɨɜɧɢɯ ɩɿɞɫɬɚɧɨɜɨɤ ɪɿɜɧɹɧɶ (16-18) ɭ ɪɿɜɧɹɧɧɹ (13-15), ɳɨ ɞɚє ɦɨɠɥɢɜɿɫɬɶ 
ɨɬɪɢɦɚɬɢ ɪɨɡɪɚɯɭɧɤɨɜɿ ɪɿɜɧɹɧɧɹ  
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ɞɟ ζз = ζ + 0,333ȝ – ɡɚɝɚɥɶɧɚ ɜɟɥɢɱɢɧɚ ɜ’ɹɡɤɨɫɬɿ ɫɭɛɫɬɪɚɬɭ.  
Ɍɚɤɢɦ ɱɢɧɨɦ, ɨɬɪɢɦɭєɦɨ ɧɚɫɬɭɩɧɿ ɬɪɢ ɪɿɜɧɹɧɧɹ, ɹɤɿ ɜɿɞɩɨɜɿɞɚɸɬɶ ɫɬɚɛɿɥɶɧɨɦɭ 

ɫɬɚɧɨɜɿ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨʀ ɫɢɫɬɟɦɢ «ɩɨɬɿɤ-ɪɭɫɥɨ», ɬɨɛɬɨ ɡɛɟɪɿɝɚɸɬɶɫɹ ɭɦɨɜɢ 
ɚɛɫɨɥɸɬɧɨʀ ɚɜɬɨɦɨɞɟɥɶɧɨɫɬɿ ɨɩɨɪɭ ɪɭɫɥɚ ɭ ɤɜɚɞɪɚɬɢɱɧɿɣ ɨɛɥɚɫɬɿ ɩɪɢ ɞɿʀ ɡɨɜɧɿɲɧɿɯ ɿ 
ɜɧɭɬɪɿɲɧɿɯ ɦɚɫɨɜɢɯ ɫɢɥ ɛɟɡ ɜɩɥɢɜɭ ɤɪɢɬɟɪɿʀɜ Ɋɟɣɧɨɥɶɞɫɚ, Ɏɪɭɞɚ, Ɍɨɦɫɨɧɚ ɿ ȼɟɛɟɪɚ 
ɭ ɪɟɠɢɦɿ ɞɨɫɹɝɧɭɬɨɝɨ ɪɿɜɧɹ ɬɭɪɛɭɥɟɧɬɧɨɫɬɿ ɩɨɬɨɤɭ: ɉɪɢ ɜɢɪɿɲɟɧɿ ɩɨɫɬɚɜɥɟɧɢɯ ɡɚɞɚɱ 
ɞɨɫɹɝɧɭɬɢɣ ɪɿɜɟɧɶ ɬɭɪɛɭɥɟɧɬɧɨɫɬɿ ɪɭɫɥɨɜɨɝɨ ɩɨɬɨɤɭ ɜɢɡɧɚɱɚєɬɶɫɹ ɩɪɨɯɨɞɠɟɧɧɹɦ 
ɪɭɫɥɨɮɨɪɦɭɜɚɥɶɧɢɯ ɜɢɬɪɚɬ ɜɨɞɢ ɿ ɬɪɚɧɫɩɨɪɬɭɜɚɥɶɧɢɯ ɧɚɧɨɫɿɜ, ɳɨ ɜɿɞɩɨɜɿɞɚє 
ɞɢɧɚɦɿɱɧɿɣ ɪɿɜɧɨɜɚɡɿ  ȽȾɋɩ-ɪ. 

Аɧɚɥɿɬɢɱɧɟ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɫɢɫɬɟɦɢ ɪɿɜɧɹɧɶ ɞɥɹ ɨɰɿɧɤɢ ɩɨɡɞɨɜɠɧɶɨʀ 
ɫɬɿɣɤɨɫɬɿ ɞɿɥɹɧɤɢ ɪɿɱɤɢ.  Ⱦɥɹ ɜɢɪɿɲɟɧɧɹ ɩɨɫɬɚɜɥɟɧɨʀ ɡɚɞɚɱɿ ɜɿɞɿɛɪɚɧɨ ɿɡ ɡɚɝɚɥɶɧɨʀ 
ɤɿɥɶɤɨɫɬɿ ɪɿɜɧɹɧɶ ɧɚɫɬɭɩɧɢɯ ɩ’ɹɬɶ: 
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ɋɩɨɱɚɬɤɭ ɩɿɞɫɬɚɜɥɹєɦɨ ɪɿɜɧɹɧɧɹ (25) ɭ (22), ɹɤɟ ɭ ɞɢɮɟɪɟɧɰɿɣɧɿɣ ɮɨɪɦɿ ɦɚє 
ɜɢɝɥɹɞ  
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ȼ ɿɧɬɟɝɪɭɜɚɥɶɧɿɣ ɮɨɪɦɿ ɞɚɧɟ ɪɿɜɧɹɧɧɹ ɜɢɝɥɹɞɢɬɶ ɧɚɫɬɭɩɧɢɦ ɱɢɧɨɦ. 
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ɉɿɫɥɹ ɿɧɬɟɝɪɭɜɚɧɧɹ, ɩɪɢ ɦɟɠɟɧɧɢɯ/ɤɪɚɣɨɜɢɯ ɭɦɨɜɚɯ ɜɿɞ 0 ɞɨ Vɞ.ɪ ɿ ɜɿɞ 0 ɞɨ Qɞ.ɪ  ɡ 
ɞɚɧɨɝɨ ɪɿɜɧɹɧɧɹ ɨɬɪɢɦɭєɦɨ ɧɚɫɬɭɩɧɢɣ ɜɢɪɚɡ:         
 

0333,0 .0..
3

..
2

..  ɪɞɪɞɯɯзɪɞɯɪɞɯ QgIVVU  . 
 

Ⱥɧɚɥɨɝɿɱɧɢɦ ɱɢɧɨɦ ɜɢɤɨɧɭєɦɨ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɪɿɜɧɹɧɶ ɩɨ ɤɨɨɪɞɢɧɚɬɚɯ y i z, ɡ 
ɹɤɢɯ ɦɚєɦɨ ɜɢɪɚɡɢ 
  

0333,0 .0...
3

..
2

..  ɪɞɪɞɪɞyyзɪɞyɪɞy QgIVVU  ; 

0333,0 ..
3

..
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..  ɪɞzzзɪɞzɪɞz VVU  . 
 

Ɂ ɰɢɯ ɜɢɪɚɡɿɜ ɨɬɪɢɦɭєɦɨ ɮɨɪɦɭɥɢ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɫɟɪɟɞɧɶɨɝɨ ɝɿɞɪɚɜɥɿɱɧɨɝɨ 
ɩɨɡɞɨɜɠɧɶɨɝɨ ɩɨɯɢɥɭ ɿ ɩɪɢɪɨɳɟɧɧɹ ɩɥɨɳɿ ɠɢɜɨɝɨ ɩɟɪɟɪɿɡɭ ɩɨɬɨɤɭ ɩɪɢ ɫɬɚɧɿ 
ɞɢɧɚɦɿɱɧɨʀ ɪɿɜɧɨɜɚɝɢ ɫɢɫɬɟɦɢ 
 

ɪɞ

ɪɞɯɯзɪɞɯɪɞɯ
ɪɞ gQ

VVU
I

.
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..
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..0

333,0





 ; (27) 

  
ɪɞyyзɪɞyɪɞyɪɞɪɞ VVUQgI ..

3
..

2
...0. 333,0   ; (28) 

 

Ⱦɚɥɶɲɟ ɪɿɜɧɹɧɧɹ (26) ɩɿɞɫɬɚɜɥɹєɦɨ ɭ ɪɿɜɧɹɧɧɹ (22), ɡɜɿɞɤɢ ɨɬɪɢɦɭєɦɨ ɪɿɜɧɹɧɧɹ 
ɭ ɞɢɮɟɪɟɧɰɿɣɧɿɣ ɮɨɪɦɿ   ɧɚɫɬɭɩɧɨɝɨ ɜɢɝɥɹɞɭ: 
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Q
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dV

xxɯɯ
U

з
x

x
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x
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x  . 

 

ɉɿɫɥɹ ɿɧɬɟɝɪɭɜɚɧɧɹ, ɩɪɢ ɦɟɠɟɧɧɢɯ ɭɦɨɜɚɯ ɜɿɞ 0 ɞɨ Vɞ.ɪ ɿ ɜɿɞ 0 ɞɨ Qɞ.ɪ ɨɬɪɢɦɭєɦɨ 
ɜɢɪɚɡ  

0333,0 ...
3

..
2

..  ɪɞɪɞxxзɪɞɯɪɞɯ QVVU  . 
 

Ⱥɧɚɥɨɝɿɱɧɢɦ ɱɢɧɨɦ ɜɢɤɨɧɭєɦɨ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɪɿɜɧɹɧɶ ɩɨ ɤɨɨɪɞɢɧɚɬɚɯ y i z, ɡ 
ɹɤɢɯ ɦɚєɦɨ ɜɢɪɚɡɢ 
 

077,1333,0 5,2
.

5,05,0
0.,.

3
..

2
..  

ɪɞзɪɞɪɞyyзɪɞyɪɞy ВhIQVVU  ; 

077,1333,0 .
5,25,05,0

0..
3

..
2

..  
ɪɞзɪɞzzзɪɞzɪɞz hІVVU  . 

 

Ɂ ɞɪɭɝɨɝɨ ɜɢɪɚɡɭ ɨɬɪɢɦɭєɦɨ ɮɨɪɦɭɥɭ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɩɪɢɪɨɳɟɧɧɹ ɜɢɬɪɚɬɢ 
ɜɨɞɢ ɧɚ ɬɥɿ ʀʀ ɩɪɢɩɥɢɜɭ ɡ ґɪɭɧɬɨɜɢɯ ɜɨɞ ɚɛɨ ɜɿɞɬɨɤɭ ɡ ɱɚɫɬɢɧɢ ɩɟɪɢɦɟɬɪɭ ɪɭɫɥɚ ɜ 
ɩɿɞɡɟɦɧɢɣ ɮɿɥɶɬɪɚɰɿɣɧɢɣ ɫɬɿɤ ɬɚ ɡ ɬɪɟɬɶɨɝɨ ɜɢɪɚɡɭ ɩɪɢɪɨɳɟɧɧɹ ɝɥɢɛɢɧɢ ɩɨɬɨɤɭ ɬɚ 
ɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿєɧɬɚ ɝɿɞɪɚɜɥɿɱɧɨɝɨ ɬɟɪɬɹ  
 

ɪɞзɪɞyɪɞyɪɞyyзɪɞ ВhIUVVQ .
5,25,05,0

0....
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,.
3

. 77,1333,0   . (29) 
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Аɧɚɥɿɬɢɱɧɟ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɫɢɫɬɟɦɢ ɪɿɜɧɹɧɶ ɞɥɹ ɨɰɿɧɤɢ ɿɧɬɟɧɫɢɜɧɨɫɬɿ 
ɪɨɡɜɢɬɤɭ ɹɜɢɳɚ ɦɟɚɧɞɪɭɜɚɧɧɹ. əɜɢɳɟ ɦɟɚɧɞɪɭɜɚɧɧɹ, ɹɤ ɜɿɞɨɦɨ, є 
ɧɚɣɜɚɠɥɢɜɿɲɨɸ ɜɥɚɫɬɢɜɿɫɬɸ ɜɿɞɤɪɢɬɢɯ ɫɚɦɨɨɪɝɚɧɿɡɭɸɱɢɯ ɫɢɫɬɟɦ. ɐɟ ɹɜɢɳɟ 
ɯɚɪɚɤɬɟɪɢɡɭє ɝɿɞɪɨɦɨɪɮɨɥɨɝɿɱɧɢɣ ɫɬɚɧ ɪɭɫɥɚ ɧɚ ɫɚɦɨɦɭ ɜɢɫɨɤɨɦɭ ɫɬɪɭɤɬɭɪɧɨɦɭ 
ɪɿɜɧɿ ɫɚɦɨɨɪɝɚɧɿɡɚɰɿʀ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨʀ ɫɢɫɬɟɦɢ «ɩɨɬɿɤ-ɪɭɫɥɨ» ɜɿɞ ɜɢɬɨɤɭ ɞɨ ɝɢɪɥɚ 
ɪɿɱɤɢ.   

Ⱦɥɹ ɜɢɪɿɲɟɧɧɹ ɰɿєʀ ɡɚɞɚɱɿ ɩɿɞɥɹɝɚє ɞɥɹ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɧɚɫɬɭɩɧɚ ɫɢɫɬɟɦɚ 
ɪɿɜɧɹɧɶ: 
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gІ
t ɩ 


 

 ; (37) 

 

ɇɚ ɩɨɱɚɬɤɭ ɩɿɞɫɬɚɜɥɹɸɬɶɫɹ ɪɿɜɧɹɧɧɹ (36) ɭ (35), ɳɨ ɞɚє ɦɨɠɥɢɜɿɫɬɶ ɨɬɪɢɦɚɬɢ 
ɪɿɜɧɹɧɧɹ ɧɚɫɬɭɩɧɨɝɨ ɜɢɝɥɹɞɭ: 
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Ⱦɚɥɶɲɟ ɨɬɪɢɦɚɧɟ ɪɿɜɧɹɧɧɹ ɞɨɞɚєɦɨ  ɞɨ ɪɿɜɧɹɧɶ (32-34). 
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ɉɿɫɥɹ ɞɢɮɟɪɟɧɰɿɸɜɚɧɧɹ ɿ ɿɧɬɟɝɪɭɜɚɧɧɹ ɞɚɧɢɯ ɪɿɜɧɹɧɶ, ɩɪɢ ɦɟɠɟɧɧɢɯ ɭɦɨɜɚɯ ɜɿɞ 
0 ɞɨ Vɞ.ɪ , 0/ω ɞ.ɪ , 0/В ɞ.ɪ , 0/hɞ.ɪ,  ɨɬɪɢɦɭєɦɨ  ɜɢɪɚɡɢ 
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Ɂ ɞɪɭɝɨɝɨ ɜɢɪɚɡɭ ɨɬɪɢɦɭєɦɨ ɮɨɪɦɭɥɭ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɩɪɢɪɨɳɟɧɧɹ ɲɢɪɢɧɢ 
ɩɨɬɨɤɭ Вɞ.ɪ ɩɨɫɟɪɟɞɢɧɿ ɡɜɢɜɢɧɢ ɩɪɢ ɫɬɚɧɿ ɞɢɧɚɦɿɱɧɨʀ ɪɿɜɧɨɜɚɝɢ ɫɢɫɬɟɦɢ  
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. (38) 

 

ɇɚɫɬɭɩɧɢɦ ɟɬɚɩɨɦ ɜɢɪɿɲɟɧɧɹ ɰɿєʀ ɡɚɞɚɱɿ є ɩɿɞɫɬɚɧɨɜɤɚ ɪɿɜɧɹɧɧɹ (36) ɭ (31-33), 
ɹɤɿ ɜ ɿɧɬɟɝɪɚɥɶɧɿɣ ɮɨɪɦɿ ɦɚɸɬɶ ɜɢɝɥɹɞ  
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ȼ ɪɟɡɭɥɶɬɚɬɿ ɿɧɬɟɝɪɭɜɚɧɧɹ ɞɚɧɢɯ ɪɿɜɧɹɧɶ ɭ ɦɟɠɚɯ ɜɿɞ 0 ɞɨ Vɞ.ɪ, ɨɬɪɢɦɭєɦɨ 
ɜɢɪɚɡɢ 
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Ɂ ɞɪɭɝɨɝɨ ɜɢɪɚɡɭ ɜɢɡɧɚɱɚєɦɨ ɩɨɩɟɪɟɱɧɢɣ ɩɨɯɢɥ ɩɨɬɨɤɭ ɩɨɫɟɪɟɞɢɧɿ ɡɜɢɜɢɧɢ  
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Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɤɨɦɩɨɧɟɧɬ ɲɜɢɞɤɨɫɬɿ ɩɨɬɨɤɭ ɩɪɢ ɞɢɧɚɦɿɱɧɿɣ ɪɿɜɧɨɜɚɡɿ ȽȾɋɩ-ɪ  
ɫɤɨɪɢɫɬɚєɦɨɫɶ ɪɿɜɧɹɧɧɹɦɢ (32-34). ȱɧɬɟɝɪɚɥɶɧɿ ɪɿɜɧɹɧɧɹ ɩɨ ɤɨɨɪɞɢɧɚɬɚɯ ɯ, в i z 
ɦɚɸɬɶ ɧɚɫɬɭɩɧɢɣ ɜɢɝɥɹɞ: 
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ɉɿɫɥɹ ɿɧɬɟɝɪɭɜɚɧɧɹ ɩɟɪɲɨɝɨ ɪɿɜɧɹɧɧɹ, ɩɪɢ ɦɟɠɟɧɧɢɯ ɭɦɨɜɚɯ ɜɿɞ 0 ɞɨ Vɞ.ɪ 

ɨɬɪɢɦɭєɦɨ  
0333,0 ..

3
..

2
..  ɪɞɯɯзɪɞɯɪɞɯ VVU  . 

  

ȼ ɪɟɡɭɥɶɬɚɬɿ ɫɩɪɨɳɟɧɧɹ ɞɚɧɨɝɨ ɜɢɪɚɡɭ ɦɚєɦɨ  
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ɡ ɹɤɨɝɨ ɦɨɠɧɚ ɜɢɡɧɚɱɢɬɢ ɤɨɦɩɨɧɟɧɬɭ ɲɜɢɞɤɨɫɬɿ ɩɨɬɨɤɭ ɩɨ ɤɨɨɪɞɢɧɚɬɿ ɯ 
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Ⱦɥɹ ɞɜɨɯ  ɿɧɲɢɯ ɤɨɦɩɨɧɟɧɬ ɲɜɢɞɤɨɫɬɿ ɨɬɪɢɦɭєɦɨ ɚɧɚɥɨɝɿɱɧɿ ɮɨɪɦɭɥɢ 
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Ɍɚɤɢɦ ɱɢɧɨɦ, ɫɟɪɟɞɧɹ ɲɜɢɞɤɿɫɬɶ ɩɟɪɟɦɿɳɟɧɧɹ ɫɭɛɫɬɚɧɰɿʀ ɜɢɡɧɚɱɚєɬɶɫɹ ɡɚ 
ɮɨɪɦɭɥɨɸ 
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Ɋɨɡɜ’ɹɡɭɜɚɧɧɹ ɫɢɫɬɟɦɢ ɪɿɜɧɹɧɶ (32-37) ɞɥɹ ɪɹɞɭ ɫɬɜɨɪɿɜ ɦɨɧɿɬɨɪɢɧɝɨɜɨʀ ɦɟɪɟɠɿ 
ɚɛɨ ɞɥɹ ɨɤɪɟɦɢɯ ɡɜɢɜɢɧ ɞɚɫɬɶ ɡɦɨɝɭ ɨɯɚɪɚɤɬɟɪɢɡɭɜɚɬɢ ɿɧɬɟɧɫɢɜɧɿɫɬɶ ɪɨɡɜɢɬɤɭ 
ɹɜɢɳɚ ɦɚɧɞɪɭɜɚɧɧɹ ɬɚ ɨɰɿɧɢɬɢ ɡɚɝɚɥɶɧɭ ɫɬɿɣɤɿɫɬɶ ɪɭɫɥɚ. Ɉɬɪɢɦɚɧɿ ɪɟɡɭɥɶɬɚɬɢ 
ɦɨɠɧɚ ɬɚɤɨɠ ɜɢɤɨɪɢɫɬɚɬɢ ɞɥɹ ɨɰɿɧɤɢ ɝɿɞɪɨɦɨɪɮɨɥɨɝɿɱɧɨɝɨ ɫɬɚɧɭ ɪɭɫɥɨ-ɡɚɩɥɚɜɧɨɝɨ 
ɤɨɦɩɥɟɤɫɭ, ɳɨ ɞɚɫɬɶ ɡɦɨɝɭ ɪɨɡɪɨɛɢɬɢ ɧɟɨɛɯɿɞɧɿ ɭɩɪɚɜɥɿɧɫɶɤɿ ɪɿɲɟɧɧɹ ɞɥɹ 
ɡɛɟɪɟɠɟɧɧɹ ɬɚ ɩɨɤɪɚɳɟɧɧɹ ɫɬɿɣɤɨɫɬɿ ɪɭɫɥɚ ɡ ɞɨɬɪɢɦɚɧɧɹɦ ɩɨɥɨɠɟɧɶ ȼɨɞɧɨʀ 
Ɋɚɦɤɨɜɨʀ Ⱦɢɪɟɤɬɢɜɢ Єɋ (ȼɊȾ Єɋ) Д8Ж. 

Аɧɚɥɿɬɢɱɧɟ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɫɢɫɬɟɦɢ ɪɿɜɧɹɧɶ ɞɥɹ ɨɰɿɧɤɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɪɨɡɜɢɬɤɭ ɪɭɫɥɨɜɢɯ ɞɟɮɨɪɦɚɰɿɣ. Ɋɭɫɥɨɜɿ ɞɟɮɨɪɦɚɰɿʀ є ɩɨ ɫɭɬɬɿ ɩɪɨɹɜɨɦ ɪɭɫɥɨɜɢɯ 
ɩɪɨɰɟɫɿɜ (ɫɚɦɨɜɢɦɨɳɟɧɧɹ ɞɧɚ ɪɭɫɥɚ, ɬɭɪɛɭɥɿɡɚɰɿɹ ɜɨɞɧɢɯ ɦɚɫ, ɦɚɧɞɪɭɜɚɧɧɹ ɪɿɱɤɢ, 
ɤɚɜɿɬɚɰɿɹ ɿ ɫɭɮɨɡɿɹ ɚɤɬɢɜɧɨɝɨ ɲɚɪɭ ґɪɭɧɬɨɜɨʀ ɩɨɜɟɪɯɧɿ ɭ ɩɪɢɞɨɧɧɿɣ ɨɛɥɚɫɬɿ ɪɭɫɥɨɜɨɝɨ 
ɩɨɬɨɤɭ), ɮɨɪɦɭɜɚɧɧɹ ɦɨɪɮɨɥɨɝɿɱɧɢɯ ɿ ɝɿɞɪɚɜɥɿɱɧɢɯ ɫɬɪɭɤɬɭɪ, ɮɨɪɦɭɜɚɧɧɹ 
ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɢɯ ɩɨɥɿɜ ɧɚ ɤɨɧɬɚɤɬɚɯ ɟɥɟɦɟɧɬɿɜ ɫɢɫɬɟɦɢ ɡ ɪɿɡɧɢɦɢ ɟɧɟɪɝɟɬɢɱɧɢɦɢ 
ɩɨɬɟɧɰɿɚɥɚɦɢ (ɧɚɹɜɧɨɫɬɿ ɝɪɚɞɿєɧɬɚ ɤɨɧɬɢɧɭɚɥɶɧɨɝɨ ɬɢɫɤɭ)). Ɂɚɝɚɥɶɧɿ ɞɟɮɨɪɦɚɰɿʀ 
ɜɿɞɛɭɜɚɸɬɶɫɹ ɹɤ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɿɣ, ɬɚɤ ɿ ɭ ɜɟɪɬɢɤɚɥɶɧɿɣ ɩɥɨɳɢɧɚɯ. Ƚɨɪɢɡɨɧɬɚɥɶɧɚ 
ɩɥɨɳɢɧɚ, ɹɤɚ ɞɨɦɿɪɧɚ ɪɿɜɧɸ ЛКЧФПЮХХ sage ɿ ɫɟɪɟɞɧɿɣ ɜɿɞɦɿɬɰɿ ɦɿɠ ɪɿɜɧɨɰɿɧɧɢɦɢ 
ɛɪɨɜɤɚɦɢ ɪɭɫɥɚ ɧɚ ɞɨɫɥɿɞɠɭɜɚɧɿɣ ɞɿɥɹɧɰɿ ɪɿɱɤɢ є ɧɚɣɛɿɥɶɲ ɯɚɪɚɤɬɟɪɧɨɸ ɳɨɞɨ 
ɪɨɡɜɢɬɤɭ ɩɥɚɧɨɜɢɯ ɞɟɮɨɪɦɚɰɿɣ. ȼɟɪɬɢɤɚɥɶɧɚ ɩɥɨɳɢɧɚ, ɹɤɚ ɫɩɿɜɩɚɞɚє ɡ ɞɢɧɚɦɿɱɧɨɸ 
ɜɿɫɫɸ ɰɟɧɬɪɚɥɶɧɨɝɨ ɫɬɪɭɦɿɧɧɸ є ɧɚɣɛɿɥɶɲ ɯɚɪɚɤɬɟɪɧɨɸ ɳɨɞɨ ɪɨɡɜɢɬɤɭ ɞɟɮɨɪɦɚɰɿɣ 
ɪɭɫɥɚ ɜɡɞɨɜɠ ɜɨɞɨɬɨɤɭ (ɮɨɪɦɭɜɚɧɧɹ ɩɟɪɟɜɚɥɿɜ (ɩɟɪɟɤɚɬɿɜ), ɮɨɪɦɭɜɚɧɧɹ 
ɪɿɡɧɨɦɚɫɲɬɚɛɧɢɯ ɫɬɪɿɱɤɨɜɢɯ ɝɪɹɞ, ɛɨɤɨɜɢɤɿɜ ɿ ɨɫɟɪɟɞɤɿɜ, ɪɨɡɩɚɞ ɜɨɞɨɬɨɤɭ ɧɚ ɪɭɤɚɜɢ). 
Ɉɫɤɿɥɶɤɢ ɜɿɞ ɩɨɜɟɞɿɧɤɢ ɰɟɧɬɪɚɥɶɧɨɝɨ ɫɬɪɭɦɿɧɧɸ ɡɚɥɟɠɢɬɶ ɿɧɬɟɧɫɢɜɧɿɫɬɶ ɩɪɨɹɜɭ 
ɹɜɢɳɚ ɦɚɧɞɪɭɜɚɧɧɹ ɿ, ɜɿɞɩɨɜɿɞɧɨ, ɚɦɩɥɿɬɭɞɚ ɝɨɪɢɡɨɧɬɚɥɶɧɢɯ ɞɟɮɨɪɦɚɰɿɣ ɭ ɦɟɠɚɯ 
ɪɭɫɥɨ-ɡɚɩɥɚɜɧɨɝɨ ɤɨɦɩɥɟɤɫɭ Д5Ж. ɐɟɧɬɪɨɫɬɪɭɦɟɧɟɜɟ  ɪɭɫɥɨɮɨɪɦɭɜɚɧɧɹ  ɜɢɡɧɚɱɚє ɭ 
ɩɨɜɧɿɣ ɦɿɪɿ ɪɟɥɶєɮ ɪɭɫɥɚ. Ɍɚɤɢɦ ɱɢɧɨɦ, ɧɚ ɮɨɧɿ ɞɟɮɨɪɦɚɰɿʀ ɰɟɧɬɪɚɥɶɧɨɝɨ 
ɫɬɪɭɦɿɧɧɸ ɜɿɞɛɭɜɚєɬɶɫɹ ɦɟɚɧɞɪɭɜɚɧɧɹ ɪɿɱɤɢ ɹɤ ɜ ɝɨɪɢɡɨɧɬɚɥɶɧɿɣ, ɬɚɤ ɿ ɭ 
ɜɟɪɬɢɤɚɥɶɧɿɣ ɩɥɨɳɢɧɚɯ. əɤ ɩɪɚɜɢɥɨ, ɩɨɱɢɧɚɸɱɢ ɡ ɜɟɪɯɿɜ’ɹ ɝɿɪɫɶɤɢɯ ɪɿɱɨɤ ɭ 
ɜɟɪɬɢɤɚɥɶɧɿɣ ɩɥɨɳɢɧɿ ɮɨɪɦɭєɬɶɫɹ ɩɨɪɿɠɧɨ-ɜɨɞɨɫɩɚɞɧɟ ɪɭɫɥɨ, ɚ ɧɢɠɱɟ ɡɚ ɬɟɱɿєɸ 
ɫɟɪɿʀ ɨɫɟɪɟɞɤɿɜ ɿ ɩɟɪɟɤɚɬɿɜ ɧɚ ɮɨɧɿ ɩɪɨɹɜɭ ɹɜɢɳɚ ɦɚɧɞɪɭɜɚɧɧɹ ɚɛɨ ɹɜɢɳɚ ɛɥɭɤɚɧɧɹ 
(ɞɟɣɝɢɲ) ɪɭɫɥɚ. Ɉɬɠɟ є ɞɨɫɢɬɶ ɚɤɬɭɚɥɶɧɢɦ ɪɨɡɪɨɛɢɬɢ ɦɟɬɨɞ ɚɧɚɥɿɬɢɱɧɨɝɨ ɪɿɲɟɧɧɹ, 
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ɜɿɞɦɿɱɟɧɢɯ ɜɢɳɟ ɩɪɨɛɥɟɦɧɢɯ ɩɢɬɚɧɶ, ɧɚ ɨɫɧɨɜɿ ɪɨɡɜ'ɹɡɭɜɚɧɧɹ ɫɢɫɬɟɦɢ ɪɿɜɧɹɧɶ ɇɚɜ‘є 
- ɋɬɨɤɫɚ.  

Ⱦɥɹ ɜɢɪɿɲɟɧɧɹ ɩɨɫɬɚɜɥɟɧɨʀ ɡɚɞɚɱɿ  ɜɿɞɿɛɪɚɧɨ ɧɚɫɬɭɩɧɢɯ ɲɿɫɬɶ ɪɿɜɧɹɧɶ: 
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Ɋɿɲɟɧɧɹ ɞɚɧɢɯ ɪɿɜɧɹɧɶ ɩɨɱɢɧɚєɬɶɫɹ ɡ ɩɿɞɫɬɚɧɨɜɤɢ ɪɿɜɧɹɧɧɹ (45) ɭ (48-50) ɜ 
ɪɟɡɭɥɶɬɚɬɿ ɱɨɝɨ, ɩɿɫɥɹ ɞɢɮɟɪɟɧɰɿɸɜɚɧɧɹ, ɨɬɪɢɦɭєɦɨ ɪɿɜɧɹɧɧɹ ɭ ɧɚɫɬɭɩɧɿɣ 
ɿɧɬɟɝɪɚɥɶɧɿɣ ɮɨɪɦɿ:  
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ɉɿɫɥɹ ɿɧɬɟɝɪɭɜɚɧɧɹ ɞɚɧɢɯ ɪɿɜɧɹɧɶ, ɩɪɢ ɦɟɠɟɧɧɢɯ ɭɦɨɜɚɯ ɜɿɞ 0 ɞɨ Vɞ.ɪ, ɜɿɞ 0 ɞɨ 
Qɞ.ɪ, ɜɿɞ 0 ɞɨ hɞ.ɪ , ɜɿɞ 0 ɞɨ  Bɞ.ɪ ɿ ɜɿɞ 0 ɞɨ q s.ɞ.ɪ, ɨɬɪɢɦɭєɦɨ  ɜɢɪɚɡɢ 
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..  ɪɮzɪɞɪɞzzзɪɞzɪɞz qhVVU  , 
 

ɡ ɹɤɢɯ ɦɨɠɧɚ ɜɢɡɧɚɱɢɬɢ ɤɨɦɩɨɧɟɧɬɢ ɜɢɬɪɚɬ ɧɚɧɨɫɿɜ ɡɚ ɧɚɫɬɭɩɧɢɦɢ ɮɨɪɦɭɥɚɦɢ: 
 

ɪɞɪɞɯɯзɪɞɯɪɞɯɪɮx QVVUq ...
3

..
2

... 333,0   ; (51) 
   

ɪɞɪɞɪɞɪɞyyзɪɞyɪɞyɪɮy BhQVVUq .....
3

..
2

... 333,0   ; (52) 
   

ɪɞɪɞzzзɪɞzɪɞzɪɮz hVVUq ...
3

..
2

... 333,0   . (53) 
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Ɂɚɝɚɥɶɧɚ ɜɢɬɪɚɬɚ ɬɪɚɧɫɩɨɪɬɭɜɚɥɶɧɢɯ ɧɚɧɨɫɿɜ ɜɢɡɧɚɱɚєɬɶɫɹ ɚɪɢɮɦɟɬɢɱɧɨɸ 
ɫɭɦɨɸ ɤɨɦɩɨɧɟɧɬ 

ɪɞzɪɞyɪɞɯɪɞ qqqG .......  . (54) 
 

ȼɢɬɪɚɬɚ ɧɚɧɨɫɿɜ ɰɢɪɤɭɥɹɰɿɣɧɨɝɨ ɩɟɪɟɧɨɫɭ  qy.ɪɮ ɯɚɪɚɤɬɟɪɢɡɭє ɿɧɬɟɧɫɢɜɧɿɫɬɶ 
ɪɨɡɜɢɬɤɭ ɹɜɢɳɚ ɦɚɧɞɪɭɜɚɧɧɹ ɪɿɱɤɢ ɿ ɫɤɥɚɞɚєɬɶɫɹ, ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɤɪɢɜɨɥɿɧɿɣɧɨɫɬɿ 
ɞɿɥɹɧɤɢ ɭ ɤɨɧɤɪɟɬɧɨɦɭ ɫɬɜɨɪɿ, ɡ ɜɿɞɩɨɜɿɞɧɨʀ ɞɨɥɿ ɞɪɿɛɧɢɯ ɞɨɧɧɢɯ ɪɭɯɨɦɢɯ ɬɚ ɡɚɜɢɫɥɢɯ 
ɧɚɧɨɫɿɜ. Ⱦɥɹ ɬɨɝɨ, ɳɨɛ ɨɰɿɧɢɬɢ ɦɿɫɰɟɜɿ ɝɨɪɢɡɨɧɬɚɥɶɧɿ ɞɟɮɨɪɦɚɰɿʀ ɜ ɤɨɧɤɪɟɬɧɨɦɭ 
ɫɬɜɨɪɿ ɿ, ɜɿɞɩɨɜɿɞɧɨ, ɞɨɥɸ ɜɢɬɪɚɬɢ ɡɚɜɢɫɥɢɯ ɧɚɧɨɫɿɜ ɩɪɢ ɩɨɩɟɪɟɱɧɨɦɭ ɩɟɪɟɧɨɫɿ, 
ɧɟɨɛɯɿɞɧɨ ɪɨɡɜ’ɹɡɭɜɚɬɢ ɞɨɞɚɬɤɨɜɟ ɿɧɬɟɝɪɚɥɶɧɟ ɪɿɜɧɹɧɧɹ ɩɨ ɤɨɨɪɞɢɧɚɬɿ y, ɹɤɟ 
ɜɪɚɯɨɜɭє ɡɚɤɨɧɨɦɿɪɧɿɫɬɶ ɪɨɡɩɨɞɿɥɭ ɦɿɫɰɟɜɢɯ ɨɫɟɪɟɞɧɟɧɢɯ ɲɜɢɞɤɨɫɬɟɣ ɩɨɬɨɤɭ ɩɨ 
ɪɹɞɭ ɜɟɪɬɢɤɚɥɟɣ ɜɿɞ ɨɞɧɨɝɨ ɛɟɪɟɝɚ ɞɨ ɞɪɭɝɨɝɨ. Ɍɚɤɢɦ ɱɢɧɨɦ, ɜɢɬɪɚɬɢ ɞɨɧɧɢɯ 
ɪɭɯɨɦɢɯ ɿ ɡɚɜɢɫɥɢɯ ɧɚɧɨɫɿɜ ɪɨɡɞɿɥɹɬɶɫɹ. Ɍɪɚɧɡɢɬɧɿ ɧɚɧɨɫɢ, ɹɤɿ ɩɪɨɯɨɞɹɬɶ ɱɟɪɟɡ 
ɩɟɪɟɤɿɬɧɿ ɡɨɧɢ, ɫɥɿɞ ɨɰɿɧɸɜɚɬɢ ɩɨ ɜɟɥɢɱɢɧɿ ɤɨɦɩɨɧɟɧɬɢ  qx. 

Ⱦɚɥɶɲɟ ɩɿɞɫɬɚɜɥɹєɦɨ ɪɿɜɧɹɧɧɹ (46) ɭ (48), ɹɤɟ ɜ ɿɧɬɟɝɪɚɥɶɧɿɣ ɮɨɪɦɿ ɦɚє ɜɢɝɥɹɞ  
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ɉɿɫɥɹ ɿɧɬɟɝɪɭɜɚɧɧɹ, ɩɪɢ ɦɟɠɟɧɧɢɯ/ɤɪɚɣɨɜɢɯ ɭɦɨɜɚɯ ɜɿɞ 0 ɞɨ Vɞ.ɪ ɿ ɜɿɞ 0 ɞɨ Qɞ.ɪ, 
ɞɥɹ ɞɚɧɨɝɨ ɪɿɜɧɹɧɧɹ ɨɬɪɢɦɭєɦɨ ɧɚɫɬɭɩɧɢɣ ɜɢɪɚɡ:         
 

0333,0 .0..
3

..
2

..  ɪɞɪɞɯɯзɪɞɯɪɞɯ QgIVVU  . 
 

Ⱥɧɚɥɨɝɿɱɧɢɦ ɱɢɧɨɦ ɜɢɤɨɧɭєɦɨ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɪɿɜɧɹɧɶ ɩɨ ɤɨɨɪɞɢɧɚɬɚɯ y i z, ɡ 
ɹɤɢɯ ɦɚєɦɨ ɜɢɪɚɡɢ 
  

0333,0 .0...
3

..
2

..  ɪɞɪɞɪɞyyзɪɞyɪɞy QgIVVU  ; 

0333,0 ..
3

..
2

..  ɪɞzzзɪɞzɪɞz VVU  . 
 

Ɂ ɰɢɯ ɜɢɪɚɡɿɜ ɨɬɪɢɦɭєɦɨ ɮɨɪɦɭɥɢ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɫɟɪɟɞɧɶɨɝɨ ɝɿɞɪɚɜɥɿɱɧɨɝɨ 
ɩɨɯɢɥɭ ɿ ɩɪɢɪɨɳɟɧɧɹ ɩɥɨɳɿ ɠɢɜɨɝɨ ɩɟɪɟɪɿɡɭ ɩɨɬɨɤɭ ɩɪɢ ɫɬɚɧɿ ɞɢɧɚɦɿɱɧɨʀ ɪɿɜɧɨɜɚɝɢ 
ɫɢɫɬɟɦɢ 

ɪɞ

ɪɞɯɯзɪɞɯɪɞɯ
ɪɞ gQ

VVU
I

.

..
3

..
2

..
..0

333,0





 ; (55) 

 

ɪɞyyзɪɞyɪɞyɪɞɪɞ VVUQgI ..
3

..
2

...0. 333,0   ; (56) 
 

ɇɚɫɬɭɩɧɢɦ ɟɬɚɩɨɦ ɜɢɪɿɲɟɧɧɹ ɰɿєʀ ɡɚɞɚɱɿ є ɩɿɞɫɬɚɧɨɜɤɚ ɪɿɜɧɹɧɧɹ (47) ɭ (48-50), 
ɹɤɿ ɜ ɿɧɬɟɝɪɚɥɶɧɿɣ ɮɨɪɦɿ ɦɚɸɬɶ ɜɢɝɥɹɞ  
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ȼ ɪɟɡɭɥɶɬɚɬɿ ɿɧɬɟɝɪɭɜɚɧɧɹ ɞɚɧɢɯ ɪɿɜɧɹɧɶ ɭ ɦɟɠɚɯ ɜɿɞ 0 ɞɨ Vɞ.ɪ, ɨɬɪɢɦɭєɦɨ 
ɜɢɪɚɡɢ 

 

0333,0 ..
3

..
2

..  ɪɞɯɯзɪɞxɪɞɯ VVU  ; 

0333,0 .....
3

..
2

..  ɪɞyɩɪɞɪɞyyзɪɞyɪɞy VgIVVU  ; 

0333,0 ..
3

..
2

..  ɪɞzzзɪɞzɪɞz VVU  . 
 

Ɂ ɞɪɭɝɨɝɨ ɜɢɪɚɡɭ ɜɢɡɧɚɱɚєɦɨ ɩɨɩɟɪɟɱɧɢɣ ɩɨɯɢɥ ɩɨɬɨɤɭ ɫɭɛɫɬɚɧɰɿʀ ɩɨɫɟɪɟɞɢɧɿ 
ɡɜɢɜɢɧɢ 

ɪɞ

ɪɞɪɞyyзɪɞyɪɞy

ɪɞɩ gV

VVU
I

.

...
3

..
2

..
..

333,0





 . (57) 

   

Ɉɰɿɧɤɚ ɞɨɞɚɬɤɨɜɢɯ ɪɨɡɪɚɯɭɧɤɨɜɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ. ɉɨɡɞɨɜɠɧɸ ɫɬɿɣɤɿɫɬɶ 
ɪɭɫɥɚ ɧɚ ɩɟɪɟɤɚɬɚɯ ɦɨɠɧɚ ɨɰɿɧɢɬɢ ɲɥɹɯɨɦ ɫɭɦɿɫɧɨɝɨ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɪɿɜɧɹɧɶ (9 ɿ 12) 
ɹɤɿ ɩɨɤɚɡɚɧɿ ɜ ɿɧɬɟɝɪɚɥɶɧɨɦɭ ɜɢɝɥɹɞɿ  
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ɉɿɫɥɹ ɿɧɬɟɝɪɭɜɚɧɧɹ ɭ ɦɟɠɚɯ ɜɿɞ 0 ɞɨ Qɞ.ɪ ɨɬɪɢɦɭєɦɨ 
 

0.0.
2  ɪɞɪɞɩ QgIВН  , 

  

ɡɜɿɞɤɢ ɜɢɡɧɚɱɚєɦɨ ΔНɩ 
5,0

.

.0
.. 



 

ɪɞ

ɪɞ
ɪɞɩ В

QgI
Н


. (58) 

 

ȱ ɧɚɫɚɦɤɿɧɟɰɶ, ɜɢɤɨɧɭєɦɨ ɞɢɮɟɪɟɧɰɿɸɜɚɧɧɹ ɬɚ ɿɧɬɟɝɪɭɜɚɧɧɹ ɪɿɜɧɹɧɶ (6-8), ɭ 
ɦɟɠɚɯ ɜɿɞ 0 ɞɨ δɞ.ɪ  ɿ ɜɿɞ 0 ɞɨ hɞ.ɪ , ɩɿɫɥɹ ɱɨɝɨ, ɨɬɪɢɦɭєɦɨ     
    

0333,0666,0 .
3

.
5,1  ɪɞɪɞx hh ; 

0)/(04,04,0 .
3

..
5,2  ɪɞɯɫɪɞy hВS ; 

0166,0333,0 .
3

.
3  ɪɞɩɪɞz hН . 

  

ɇɚɜɟɞɟɧɿ ɜɢɪɚɡɢ ɞɚɸɬɶ ɡɦɨɝɭ ɜɢɡɧɚɱɢɬɢ ɜɟɥɢɱɢɧɢ ɩɟɪɟɦɿɳɟɧɧɹ ɫɬɪɭɤɬɭɪɧɢɯ 
ɟɥɟɦɟɧɬɿɜ ɫɢɫɬɟɦɢ ɡɚ ɧɚɫɬɭɩɧɢɦɢ ɮɨɪɦɭɥɚɦɢ: 
   667,0

.
3

. 5,0 ɪɞɪɞx hh ; (59) 
   4,0

.
3

..
)/(1,0 ɪɞɯɫɪɞy hВS ; (60) 

   333,0
.

3
. 5,0 ɪɞɩɪɞz hН . (61) 

 

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ “ɞɪɭɝɨʀ” (ɨɛ’єɦɧɨʀ) ɜ’ɹɡɤɨɫɬɿ  ɜɨɞɧɨɝɨ ɩɨɬɨɤɭ, ɹɤɚ ɩɪɢɞɛɚɧɚ 
ɩɿɫɥɹ ɣɨɝɨ ɫɬɢɫɤɚɧɧɹ, ɪɟɤɨɦɟɧɞɭєɬɶɫɹ ɫɤɨɪɢɫɬɚɬɢɫɹ ɟɦɩɿɪɢɱɧɨɸ ɡɚɥɟɠɧɿɫɬɸ, ɹɤɚ 
ɧɚɜɟɞɟɧɚ ɜ ɦɨɧɨɝɪɚɮɿʀ Ʌ. ɋɟɞɨɜɚ Д1Ж 
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  00 3
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1
з , 

(62) 

 

ɞɟ Ȝ0 – ɤɨɟɮɿɰɿєɧɬ Ʌɚɦɟ, ɹɤɢɣ ɡɚɥɟɠɢɬɶ ɜɿɞ ɦɨɞɭɥɹ ɩɪɭɠɧɨɫɬɿ ɪɿɞɢɧɢ ɚɛɨ ɬɜɟɪɞɨɝɨ 
ɬɿɥɚ ɿ ɦɨɦɟɧɬɭ ɿɧɟɪɰɿʀ ɭ ɩɨɩɟɪɟɱɧɨɦɭ ɜɢɦɿɪɿ, ɳɨ ɜɢɡɧɚɱɚє ɠɨɪɫɬɤɿɫɬɶ ɨɛ’єɤɬɚ ȿІ. ɋɢɥɚ 
ɫɬɢɫɤɚɧɧɹ (ɝɪɚɞɿєɧɬ ɬɢɫɤɭ) ɜɨɞɧɨɝɨ ɩɨɬɨɤɭ ɜɢɤɥɢɤɚє ɫɬɨɹɱɭ ɯɜɢɥɸ ɭ ɜɟɪɬɢɤɚɥɶɧɿɣ 
ɩɥɨɳɢɧɿ ɿ ɡɦɿɳɟɧɧɹ ɦɟɡɨɜɢɪɿɜ ɩɿɞ ɜɩɥɢɜɨɦ ɩɨɩɟɪɟɱɧɨɝɨ ɝɪɚɞɿєɧɬɭ ɬɢɫɤɭ ɜ 
ɝɨɪɢɡɨɧɬɚɥɶɧɿɣ ɩɥɨɳɢɧɿ ɩɨ ɫɢɧɭɫɨʀɞɚɥɶɧɿɣ ɬɪɚєɤɬɨɪɿʀ (ɭ ɦɟɠɚɯ ɪɭɫɥɨ-ɡɚɩɥɚɜɧɨɝɨ 
ɤɨɦɩɥɟɤɫɭ). ȼɡɚєɦɨɞɿɹ ɫɬɨɹɱɨʀ ɯɜɢɥɿ ɡ ɩɨɩɟɪɟɱɧɨɸ ɰɢɪɤɭɥɹɰɿєɸ ɮɨɪɦɭє ɫɬɿɣɤɭ 
ɫɨɥɿɧɨʀɞɚɥɶɧɭ ɫɬɪɭɤɬɭɪɭ ɩɨɬɨɤɭ (ɝɜɢɧɬɨɜɢɣ ɪɭɯ ɜɨɞɢ ɿ ɬɪɚɧɫɩɨɪɬɭɜɚɥɶɧɢɯ ɧɚɧɨɫɿɜ). 
ȼ ɬɨɱɤɚɯ ɩɟɪɟɯɨɞɭ ɧɚɩɪɹɦɤɭ ɩɨɩɟɪɟɱɧɨʀ ɰɢɪɤɭɥɹɰɿʀ ɜɢɧɢɤɚɸɬɶ ɩɟɪɟɤɚɬɢ. Ⱦɥɹ 
ɪɿɱɤɨɜɨɝɨ ɩɨɬɨɤɭ ɠɨɪɫɬɤɿɫɬɶ ɧɟ ɦɚє ɩɪɨɹɜɭ, ɨɫɤɿɥɶɤɢ ɜɨɞɚ ɩɪɚɤɬɢɱɧɨ ɧɟ ɫɩɪɢɣɦɚє 
ɧɨɪɦɚɥɶɧɿ ɧɚɩɪɭɠɟɧɧɹ, ɚ ɬɿɥɶɤɢ ɞɨɬɢɱɧɿ, ɹɤɿ ɜɢɧɢɤɚɸɬɶ ɩɪɢ ʀʀ ɪɭɫɿ. Ɏɨɪɦɭɥɭ (62) ɞɥɹ 
ɪɭɫɥɨɜɨɝɨ ɩɨɬɨɤɭ ɦɨɠɧɚ ɡɚɩɢɫɚɬɢ ɭ ɧɚɫɬɭɩɧɨɦɭ ɜɢɝɥɹɞɿ: 
   ɫɟɪз h2 , (63) 
 

ɞɟ 2πhɫɟɪ – ɜɿɪɬɭɚɥɶɧɚ ɜɢɫɨɬɚ ɫɬɨɹɱɨʀ ɯɜɢɥɿ ɭ ɜɨɞɧɨɦɭ ɫɟɪɟɞɨɜɢɳɿ, ɹɤɚ 
ɬɪɚɧɫɮɨɪɦɭєɬɶɫɹ ɜ ɩɪɨɰɟɫ ɧɚɪɨɳɭɜɚɧɧɹ ɜɢɫɨɬɢ ɩɟɪɟɤɚɬɿɜ. 

Аɧɚɥɿɬɢɱɧɟ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɫɢɫɬɟɦɢ ɪɿɜɧɹɧɶ ɞɥɹ ɨɰɿɧɤɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɩɪɢɞɨɧɧɨʀ ɨɛɥɚɫɬɿ ɪɭɫɥɨɜɨɝɨ ɩɨɬɨɤɭ. Ⱦɨɫɥɿɞɠɟɧɧɹɦɢ ɬɭɪɛɭɥɟɧɬɧɨɫɬɿ ɪɭɫɥɨɜɢɯ 
ɩɨɬɨɤɿɜ ɩɟɪɟɣɦɚɥɢɫɹ ɛɚɝɚɬɨ ɜɿɬɱɢɡɧɹɧɢɯ ɿ ɡɚɪɭɛɿɠɧɢɯ ɜɱɟɧɢɯ. ɋɭɬɬєɜɿ ɜɤɥɚɞɢ ɭ 
ɪɨɡɜɢɬɨɤ ɬɟɨɪɟɬɢɱɧɨɝɨ ɨɛґɪɭɧɬɭɜɚɧɧɹ ɬɭɪɛɭɥɟɧɬɧɨɫɬɿ ɜɨɞɨɬɨɤɿɜ ɧɚɥɟɠɚɬɶ Ⱥ.ɇ. 
Ʉɨɥɦɨɝɨɪɨɜɭ Д9Ж, Ȼ.Ⱥ. Ɏɿɞɦɚɧɭ Д10Ж, ȱ.Ʉ. ɇɿɤɿɬɿɧɭ Д11Ж, Ⱥ. Ȼ .Ʉɥɚɜɟɧɭ Д12Ж ȼ.ɋ. Ȼɨɪɨɜɤɨɜɭ 
Д13Ж ɬɚ ɿɧɲɢɦ ɜɱɟɧɢɦ. 

Ɍɭɪɛɭɥɟɧɬɧɿɫɬɶ (ɤɨɥɢɜɚɧɧɹ) ɹɤ ɹɜɢɳɟ – ɰɟ ɩɪɢɪɨɞɧɢɣ ɞɜɢɝɭɧ ɫɚɦɨɨɪɝɚɧɿɡɚɰɿʀ 
ɜɿɞɤɪɢɬɢɯ ɿ ɡɚɤɪɢɬɢɯ ɞɢɧɚɦɿɱɧɢɯ ɫɢɫɬɟɦ, ɡɨɤɪɟɦɚ ȽȾɋɩ-ɪ. Ɍɭɪɛɭɥɿɡɚɰɿɹ (ɚɤɬɢɜɿɡɚɰɿɹ) 
ɜɨɞɧɢɯ ɦɚɫ ɜɿɞɛɭɜɚєɬɶɫɹ ɭ ɩɪɢɞɨɧɧɿɣ ɨɛɥɚɫɬɿ, ɹɤɚ ɪɨɡɞɿɥɹє ɪɭɫɥɨɜɢɣ ɩɨɬɿɤ ɜɿɞ 
ɩɿɞɪɭɫɥɨɜɨɝɨ ɮɿɥɶɬɪɚɰɿɣɧɨɝɨ ɩɨɬɨɤɭ. Ɍɨɜɳɢɧɚ ɩɪɢɞɨɧɧɨʀ ɨɛɥɚɫɬɿ δɩ ɞɨɦɿɪɧɚ 
ɨɪɿєɧɬɨɜɧɨ ɩɨɞɜɨєɧɿɣ ɚɛɫɨɥɸɬɧɿɣ ɜɢɫɨɬɿ ɜɢɫɬɭɩɿɜ ɲɨɪɫɬɤɨɫɬɿ ɞɧɚ ɪɭɫɥɚ ≈ 2∆ɫɟɪ.зɜ. ɐɹ 
ɨɛɥɚɫɬɶ ɩɟɪɟɛɭɜɚє ɩɿɞ ɜɩɥɢɜɨɦ ɬɢɫɤɭ ɜɨɞɧɢɯ ɦɚɫ ɩɨ ɝɥɢɛɢɧɿ ɩɨɬɨɤɭ. ɑɢɦ ɛɿɥɶɲɚ 
ɝɥɢɛɢɧɚ ɪɭɫɥɨɜɨɝɨ ɩɨɬɨɤɭ, ɬɢɦ ɜɢɳɢɣ ɪɿɜɟɧɶ ɚɤɬɢɜɧɨɫɬɿ ɹɜɢɳɚ ɬɭɪɛɭɥɟɧɬɧɨɫɬɿ 
ɜɨɞɧɢɯ ɦɚɫ ɭ ɩɪɢɞɨɧɧɿɣ ɨɛɥɚɫɬɿ. ȼ ɫɚɦɨɦɭ ɪɭɫɥɨɜɨɦɭ ɩɨɬɨɰɿ, ɩɪɢ ɡɦɿɧɿ ɪɿɜɧɹ 
ɬɭɪɛɭɥɟɧɬɧɨɫɬɿ ɜɨɞɧɢɯ ɦɚɫ (ɪɿɜɧɹ ɝɟɧɟɪɚɰɿʀ ɦɿɤɪɨɜɢɪɿɜ – ɟɥɟɦɟɧɬɿɜ ɬɭɪɛɭɥɟɧɬɧɨɫɬɿ), 
ɜɿɞɛɭɜɚєɬɶɫɹ ɫɬɪɭɤɬɭɪɧɚ ɩɟɪɟɛɭɞɨɜɚ ɩɨɬɨɤɭ, ɳɨ ɯɚɪɚɤɬɟɪɢɡɭє ɪɿɜɟɧɶ ɮɨɪɦɭɜɚɧɧɹ 
ɦɟɡɨɜɢɪɿɜ. Ɏɨɪɦɭɜɚɧɧɹ ɦɿɤɪɨɜɢɪɿɜ ɬɚɤɨɠ ɜɿɞɛɭɜɚєɬɶɫɹ ɜ ɨɛɥɚɫɬɿ ɩɿɞɪɭɫɥɨɜɨɝɨ 
ɩɨɬɨɤɭ, ɳɨ ɡɚɛɟɡɩɟɱɭє ɞɢɧɚɦɿɱɧɭ ɪɿɜɧɨɜɚɝɭ ɧɟɣɬɪɚɥɶɧɨɝɨ ɲɚɪɭ. ɐɟ ɩɨɥɨɠɟɧɧɹ 
ɧɟɨɛɯɿɞɧɨ ɞɨɞɚɬɤɨɜɨ ɩɿɞɬɜɟɪɞɢɬɢ ɟɤɫɩɟɪɢɦɟɧɬɚɦɢ. Ⱦɜɚ ɩɨɬɨɤɢ ɡ ɪɿɡɧɢɦɢ 
ɟɧɟɪɝɟɬɢɱɧɢɦɢ ɩɨɬɟɧɰɿɚɥɚɦɢ ɪɨɡɦɟɠɨɜɭɸɬɶɫɹ ɧɟɣɬɪɚɥɶɧɢɦ ɲɚɪɨɦ Д7Ж. 

Ⱦɥɹ ɜɢɪɿɲɟɧɧɹ ɩɨɫɬɚɜɥɟɧɨʀ ɡɚɞɚɱɿ ɜɿɞɿɛɪɚɧɨ ɞɜɚ ɿɡ ɧɚɜɟɞɟɧɢɯ ɜɢɳɟ ɨɫɧɨɜɧɢɯ 
ɪɿɜɧɹɧɶ 
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Ɋɨɡɤɪɢɬɟ ɪɿɜɧɹɧɧɹ (64) ɪɚɡɨɦ ɡ (65) ɭ ɬɪɶɨɯɜɢɦɿɪɧɨɦɭ ɩɪɨɫɬɨɪɿ ɦɚɸɬɶ 
ɧɚɫɬɭɩɧɢɣ ɜɢɝɥɹɞ: 
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Ɋɿɜɧɹɧɧɹ (65) ɜɤɥɸɱɟɧɨ ɭ ɞɚɧɭ ɫɢɫɬɟɦɭ ɡ ɦɟɬɨɸ ɫɬɚɛɿɥɿɡɚɰɿʀ ɪɿɜɧɹ 
ɬɭɪɛɭɥɟɧɬɧɨɫɬɿ ɭ ɩɪɢɞɨɧɧɿɣ ɨɛɥɚɫɬɿ, ɹɤɢɣ ɡɚɥɟɠɢɬɶ ɜɿɞ ɡɦɿɧɢ ɬɢɫɤɭ. ɉɿɫɥɹ ɜɿɞɩɨɜɿɞɧɢɯ 
ɫɤɨɪɨɱɟɧɶ ɨɬɪɢɦɭєɦɨ ɧɚɫɬɭɩɧɿ ɪɨɡɪɚɯɭɧɤɨɜɿ ɪɿɜɧɹɧɧɹ: 
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Ɉɬɪɢɦɚɧɿ ɪɿɜɧɹɧɧɹ ɹɜɥɹɸɬɶ ɫɨɛɨɸ ɨɞɧɨɪɿɞɧɭ ɫɬɚɰɿɨɧɚɪɧɭ ɫɢɫɬɟɦɭ. 
ɉɿɫɥɹ ɞɢɮɟɪɟɧɰɿɸɜɚɧɧɹ ɿ ɿɧɬɟɝɪɭɜɚɧɧɹ ɞɚɧɢɯ ɪɿɜɧɹɧɶ, ɩɪɢ ɦɟɠɟɧɧɢɯ ɭɦɨɜɚɯ ɜɿɞ 

0 ɞɨ U'Δɞ.ɪ   ɿ ɜɿɞ 0 ɞɨ hɞ. ɪ  ɨɬɪɢɦɭєɦɨ ɧɚɫɬɭɩɧɿ ɜɢɪɚɡɢ: 
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Ɂ ɰɢɯ ɜɢɪɚɡɿɜ ɨɬɪɢɦɚɧɿ ɧɚɫɬɭɩɧɿ ɪɨɡɪɚɯɭɧɤɨɜɿ ɮɨɪɦɭɥɢ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ 
ɜɟɥɢɱɢɧ ɩɭɥɶɫɚɰɿʀ ɫɭɛɫɬɪɚɬɭ ɩɨ ɤɨɨɪɞɢɧɚɬɚɯ  ɯ, y  ɿ  z: 
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ɞɟ ζ.Δ = ζз + 0,333Ȟ = 2πh + ȝ +  0,333Ȟ – ɡɚɝɚɥɶɧɚ ɜ’ɹɡɤɿɫɬɶ ɫɭɛɫɬɪɚɬɭ ɭ ɩɪɢɞɨɧɧɿɣ ɨɛɥɚɫɬɿ 
ɪɭɫɥɨɜɨɝɨ ɩɨɬɨɤɭ; ɯ. = y.  = z.  - ɬɨɜɳɢɧɚ ɩɪɢɞɨɧɧɨʀ ɨɛɥɚɫɬɿ ɩɨ ɤɨɨɪɞɢɧɚɬi x, y ɿ z, 
ɹɤɭ ɪɟɤɨɦɟɧɞɭєɬɶɫɹ ɧɚɡɧɚɱɚɬɢ ɞɨɦɿɪɧɨɸ ɩɨɞɜɨєɧɿɣ ɜɢɫɨɬɿ ɜɢɫɬɭɩɿɜ ɚɛɫɨɥɸɬɧɨʀ 
ɲɨɪɫɬɤɨɫɬɿ ɞɧɚ ɪɭɫɥɚ ɹɤ ɩɨ ɬɚɥɶɜɟɝɭ, ɬɚɤ ɿ ɩɨ ɲɢɪɢɧɿ ɦɨɪɮɨɫɬɪɭɤɬɭɪ 2Δɫɟɪ.зɜ. Ɍɨɜɳɢɧɚ 
ɩɪɢɞɨɧɧɨʀ ɨɛɥɚɫɬɿ ɩɨɬɨɤɭ δΔ ɦɨɠɟ ɛɭɬɢ ɹɤ ɞɨɫɢɬɶ ɦɚɥɨɸ, ɬɚɤ ɿ ɡɧɚɱɧɨɸ, ɜ ɡɚɥɟɠɧɨɫɬɿ 
ɜɿɞ ɪɟɥɶєɮɭ ɩɨɜɟɪɯɧɿ ɞɧɚ ɪɭɫɥɚ, ɫɮɨɪɦɨɜɚɧɨɝɨ ɩɿɞ ɜɩɥɢɜɨɦ ɩɪɢɪɨɞɧɢɯ ɿ 
ɚɧɬɪɨɩɨɝɟɧɧɢɯ ɱɢɧɧɢɤɿɜ,  

Ⱥɧɚɥɿɡɭɸɱɢ ɧɚɜɟɞɟɧɿ ɜɢɳɟ ɮɨɪɦɭɥɢ (72-74) ɜɢɞɧɨ, ɳɨ ɩɪɢ ɞɿʀ ɫɬɨɹɱɨʀ ɯɜɢɥɿ ɜɿɞ 
ɧɚɜɚɧɬɚɠɟɧɧɹ ɜɨɞɧɢɯ ɦɚɫ ɩɪɨɬɢ ɬɟɱɿʀ ɭ ɩɪɢɞɨɧɧɿɣ ɨɛɥɚɫɬɿ ɩɨɬɨɤɭ ɿɧɬɟɧɫɢɜɧɿɫɬɶ 
ɲɜɢɞɤɨɫɬɿ ɩɭɥɶɫɚɰɿʀ ɫɭɛɫɬɪɚɬɭ ɪɿɡɤɨ ɡɛɿɥɶɲɭєɬɶɫɹ ɭ ɩɨɪɿɜɧɹɧɧɿ ɡ ɜɿɞɫɭɬɧɿɫɬɸ ɞɿʀ ɬɚɤɨʀ 
ɫɢɥɢ. ɐɟɣ ɚɪɝɭɦɟɧɬ є ɞɨɫɢɬɶ ɫɢɥɶɧɢɦ ɫɬɨɫɨɜɧɨ ɡɚɛɟɡɩɟɱɟɧɧɹ ɩɪɢɪɨɞɧɨɝɨ ɫɬɚɧɭ 
ɪɿɱɨɤ ɿ ɧɟɞɨɩɭɳɟɧɧɹ ɧɚ ɧɢɯ ɛɭɞɶ-ɹɤɨɝɨ ɫɩɪɹɦɥɟɧɧɹ ɡɜɢɜɢɧ (ɦɟɚɧɞɪ). Ɉɫɤɿɥɶɤɢ ɩɪɢ 
ɰɶɨɦɭ ɛɭɞɟ ɫɩɨɫɬɟɪɿɝɚɬɢɫɶ ɡɧɚɱɧɢɣ ɬɪɚɧɡɢɬ ɧɚɧɨɫɿɜ ɡɚ ɞɨɜɠɢɧɨɸ ɪɿɱɤɢ 
(ɩɨɪɭɲɭɜɚɬɢɫɶ ɩɪɢ ɰɶɨɦɭ ɞɢɧɚɦɿɱɧɚ ɪɿɜɧɨɜɚɝɢ ɫɢɫɬɟɦɢ). əɤ ɜɢɞɧɨ ɡ ɰɢɯ ɮɨɪɦɭɥ 
ɲɜɢɞɤɿɫɬɶ ɩɭɥɶɫɚɰɿʀ ɨɞɧɨɡɧɚɱɧɨ ɡɚɥɟɠɢɬɶ ɜɿɞ ɝɥɢɛɢɧɢ ɪɭɫɥɨɜɨɝɨ ɩɨɬɨɤɭ (ɩɪɨɹɜ 
ɟɮɟɤɬɭ ɤɨɧɬɢɧɭɚɥɶɧɨɝɨ ɧɚɜɚɧɬɚɠɟɧɧɹ ɿ ɜɿɞɩɨɜɿɞɧɨ ɚɧɚɥɨɝɿɱɧɨʀ ɪɟɚɤɰɿʀ ɚɥɸɜɿɚɥɶɧɨʀ 
ɨɫɧɨɜɢ). 

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɤɨɦɩɨɧɟɧɬ ɝɿɞɪɨɞɢɧɚɦɿɱɧɨɝɨ ɬɢɫɤɭ ɭ ɩɪɢɞɨɧɧɿɣ ɨɛɥɚɫɬɿ 
ɜɢɤɨɪɢɫɬɨɜɭєɦɨ ɪɿɜɧɹɧɧɹ (64), ɹɤɟ ɧɚɜɟɞɟɧɨ ɭ ɪɨɡɤɪɢɬɨɦɭ ɜɢɝɥɹɞɿ  
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ɹɤɿ ɩɿɫɥɹ ɞɢɮɟɪɟɧɰɿɸɜɚɧɧɹ ɿ ɿɧɬɟɝɪɭɜɚɧɧɹ ɭ ɦɟɠɚɯ ɜɿɞ 0 ɞɨ U'ɞ.ɪ, 0/ɪɞ.ɪ   ɿ ɜɿɞ 0 ɞɨ hɞ.ɪ 
ɬɚ ɩɪɢ ɩɨɱɚɬɤɨɜɿɣ ɭɦɨɜɿ ɡɛɟɪɟɠɟɧɧɹ ɫɬɚɧɭ ɞɢɧɚɦɿɱɧɨʀ ɪɿɜɧɨɜɚɝɢ ɫɢɫɬɟɦɢ U'./t = 0 ɩɪɢ 
U'ɞ.p. 
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ɉɪɢɤɥɚɞ ɪɨɡɪɚɯɭɧɤɭ ɨɫɧɨɜɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɪɭɫɥɨɜɨɝɨ ɩɨɬɨɤɭ ɞɥɹ 
ɝɿɞɪɨɥɨɝɿɱɧɨɝɨ ɩɨɫɬɚ ɋɿɪɟɬ – ɋɬɨɪɨɠɢɧɟɰɶ. ȼɢɯɿɞɧɿ ɞɚɧɿ ɞɥɹ ɪɨɡɪɚɯɭɧɤɿɜ. Ⱦɥɹ 
ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɡɚɦɤɧɟɧɨʀ ɫɢɫɬɟɦɢ ɪɿɜɧɹɧɶ ɧɟɨɛɯɿɞɧɨ ɡɧɚɬɢ ɧɚɫɬɭɩɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ: 
ɡɧɚɱɟɧɧɹ ɪɭɫɥɨɮɨɪɦɭɜɚɥɶɧɨʀ ɜɢɬɪɚɬɢ ɜɨɞɢ Qɪɮ = 189 ɦ3/ɫ, ɫɟɪɟɞɧɶɨɡɜɚɠɟɧɭ 
ɤɪɭɩɧɿɫɬɶ ɩɨɜɟɪɯɧɟɜɨɝɨ ɲɚɪɭ ɞɧɚ ɪɭɫɥɚ (ɫɚɦɨɜɢɦɨɳɟɧɧɹ) Dɫɟɪ.зɜ = 60 ɦɦ, ɹɤɚ ɞɨɦɿɪɧɚ 
ɫɟɪɟɞɧɶɨɡɜɚɠɟɧɿɣ ɚɛɫɨɥɸɬɧɿɣ ɜɢɫɨɬɿ ɜɢɫɬɭɩɿɜ ɲɨɪɫɬɤɨɫɬɿ ɞɧɚ ɪɭɫɥɚ ɧɚ 
ɞɨɫɥɿɞɠɭɜɚɧɿɣ ɞɿɥɹɧɰɿ Δɫɟɪ.ɡɜ, ɫɟɪɟɞɧɸ ɲɢɪɢɧɭ ɪɭɫɥɚ ɭ ɦɟɠɚɯ ɛɪɨɜɨɤ Вɛ = 45 ɦ ɬɚ 
ɫɟɪɟɞɧɸ ɝɥɢɛɢɧɭ ɪɭɫɥɨɜɨɝɨ ɩɨɬɨɤɭ hɪɮ = 2,0 ɦ, ɚ ɬɚɤɨɠ ɩɨɡɞɨɜɠɧɿɣ ɩɨɯɢɥ ɧɚ 
ɨɞɧɨɪɿɞɧɿɣ ɡɚ ɦɨɪɮɨɥɨɝɿєɸ ɞɿɥɹɧɰɿ ɪɿɱɤɢ ɦɿɠ ɩ’ɹɬɶɦɚ ɩɟɪɟɤɚɬɚɦɢ І0 = 0.0013. 
Ɋɨɡɪɚɯɭɧɤɚɦɢ ɧɟɨɛɯɿɞɧɨ ɩɿɞɬɜɟɪɞɢɬɢ ɡɧɚɱɟɧɧɹ ɧɚɫɬɭɩɧɢɯ ɨɫɧɨɜɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ 
ɪɭɫɥɨɜɨɝɨ ɩɨɬɨɤɭ – ɫɟɪɟɞɧɸ ɲɜɢɞɤɿɫɬɶ ɬɟɱɿʀ Vɞ.ɪ = 2,10 ɦ/ɫ. 

ɏɿɞ ɪɨɡɪɚɯɭɧɤɭ ɨɫɧɨɜɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɢɫɬɟɦɢ «ɩɨɬɿɤ-ɪɭɫɥɨ» ɞɥɹ 
ɞɨɫɥɿɞɠɭɜɚɧɨʀ ɞɿɥɹɧɤɢ ɪɿɱɤɢ. ɉɪɢ ɜɢɡɧɚɱɟɧɧɿ ɨɫɧɨɜɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ȽȾɋɩ-ɪ 
ɪɟɤɨɦɟɧɞɭєɬɶɫɹ ɜɢɤɨɪɢɫɬɚɬɢ ɧɚɫɬɭɩɧɿ ɮɿɡɢɱɧɿ ɜɟɥɢɱɢɧɢ: ɡɧɚɱɟɧɧɹ ɜɿɪɬɭɚɥɶɧɨʀ 
ɝɭɫɬɢɧɢ ɫɭɛɫɬɪɚɬɭ ȡ' = 1150 ɤɝ/ɦ3 ɚɛɨ 1,15 Ɍ/ɦ3; ɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿєɧɬɚ ɞɢɧɚɦɿɱɧɨʀ 
ɜ’ɹɡɤɨɫɬɿ µ = 0,131 ɤɝ/ɦ∙ɫ  (ɜɿɞɩɨɜɿɞɚє ɫɟɪɟɞɧɿɣ ɬɟɦɩɟɪɚɬɭɪɿ ɜɨɞɢ 10ɨɋ) ɿ ɡɧɚɱɟɧɧɹ 
ɤɨɟɮɿɰɿєɧɬɚ ɤɿɧɟɦɚɬɢɱɧɨʀ ɜ’ɹɡɤɨɫɬɿ Ȟ = 131 ɦ2/ɫ. Ɂɚ ɧɚɜɟɞɟɧɢɦɢ ɜɢɳɟ ɞɚɧɢɦɢ 
ɤɨɟɮɿɰɿєɧɬ ɨɛ’єɦɧɨʀ ɜ’ɹɡɤɨɫɬɿ Ȣ = 2πhɫɟɪ+ ȝ = 12,69 ɤɝ/ɦ∙ɫ. Ⱦɚɥɶɲɟ  ɜɢɡɧɚɱɚєɦɨ 
ɜɟɥɢɱɢɧɢ ɩɟɪɟɦɿɳɟɧɧɹ ɫɭɛɫɬɪɚɬɭ ɜ ɟɥɟɦɟɧɬɚɯ ɫɢɫɬɟɦɢ ɩɪɢ Δh = 0,01 ɦ (ɜɟɥɢɱɢɧɚ 
Δh ɜɢɡɧɚɱɚєɬɶɫɹ ɩɿɞɛɨɪɨɦ) – δ ɯ.ɞ.ɪ = 0,117 ɦ, δ y.ɞ.ɪ = 3,40 ɦ (ɩɪɢ ɞɨɜɠɢɧɿ ɪɿɱɤɢ ɩɨ 
ɩɪɹɦɿɣ ɦɿɠ ɬɪɶɨɦɚ ɩɟɪɟɤɚɬɚɦɢ Sɫ.ɯ ≈ 1200 ɦ), δz.ɞ.ɪ = 0,69 ɦ (ɩɪɢ ΔНɩ = 0,12 ɦ, ɹɤɟ 
ɜɢɡɧɚɱɟɧɟ ɡɚ ɮɨɪɦɭɥɨɸ (58) ). ɇɚɫɬɭɩɧɢɦ ɤɪɨɤɨɦ є ɜɢɡɧɚɱɟɧɧɹ ɤɨɦɩɨɧɟɧɬ 
ɲɜɢɞɤɨɫɬɿ ɩɟɪɟɦɿɳɟɧɧɹ ɫɭɛɫɬɪɚɬɭ ɧɚ ɩɟɪɟɤɚɬɿ - ɪɞɯV .. = 2,02 ɦ/ɫ, ɪɞyV .. = 0,069 ɦ/ɫ, ɪɞzV ..

= 0,34 ɦ/ɫ, Vcɟɪ = 2,05 ɦ/ɫ. Ʉɨɦɩɨɧɟɧɬɢ ɫɟɪɟɞɧɶɨʀ ɲɜɢɞɤɨɫɬɿ ɩɭɥɶɫɚɰɿʀ ɫɭɛɫɬɪɚɬɭ ɭ 
ɩɪɢɞɨɧɧɿɣ ɨɛɥɚɫɬɿ ɩɨɬɨɤɭ ɡɚ ɪɨɡɪɚɯɭɧɤɚɦɢ ɫɤɥɚɞɚɸɬɶ - ɪɞɯU .. = ɪɞyU .. = ɪɞzU ..  = 0,717 

ɦ/ɫ ɿ ɪɞU . = 1,24 ɦ/ɫ. Ⱦɚɧɿ ɤɨɦɩɨɧɟɧɬɢ ɨɛɪɚɯɨɜɚɧɿ ɩɪɢ ɡɚɝɚɥɶɧɿɣ ɜ’ɹɡɤɨɫɬɿ ɫɭɛɫɬɪɚɬɭ ɭ 
ɩɪɢɞɨɧɧɿɣ ɨɛɥɚɫɬɿ ζΔ= ζз.ɪ.ɩ + 0,333Ȟ = 56,32 ɤɝ/ɦ∙ɫ ɿ ɩɪɢ ɬɨɜɳɢɧɿ ɩɪɢɞɨɧɧɨʀ ɨɛɥɚɫɬɿ 

ɯ. = y.  = z. = 0,1 ɦ. Ʉɨɦɩɨɧɟɧɬɢ ɬɢɫɤɭ ɭ ɩɪɢɞɨɧɧɿɣ ɨɛɥɚɫɬɿ ɫɤɥɚɞɚɸɬɶ - ɪɞxp ... =  

ɪɞyp ...  = ɪɞzp ... = 30 ɤɝɫ/ɦ2   ɿ ɪɞp .. = 52 ɤɝɫ/ɦ2 ɚɛɨ 0,51 ɉɚ (0,005 ɚɬɦ).  
Ɂɚ ɞɨɩɨɦɨɝɨɸ ɨɛɱɢɫɥɟɧɢɯ ɜɢɳɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɨɠɧɚ ɡɧɚɣɬɢ ɪɟɲɬɭ ɨɫɧɨɜɧɢɯ: 

І0 = 0,00032, ωɞ.ɪ= 0,04 ɦ2 (ɩɪɢɪɨɳɟɧɧɹ ɩɥɨɳɿ ɩɨɩɟɪɟɱɧɨɝɨ ɩɟɪɟɪɿɡɭ ɩɨɬɨɤɭ 
ɩɨɫɟɪɟɞɢɧɿ ɡɜɢɜɢɧɢ, ɳɨ ɜɤɚɡɭє ɧɚ ɧɚɹɜɧɿɫɬɶ ɪɨɡɜɢɧɭɬɨɝɨ ɦɟɚɧɞɪɭɜɚɧɧɹ ɪɿɱɤɢ), ɩІ = 
0,04/Вз = 0,00068 (ɩɨɯɢɥ ɩɨɜɟɪɯɧɿ ɩɨɬɨɤɭ ɩɨɫɟɪɟɞɢɧɿ ɡɜɢɜɢɧɢ ɪɿɱɤɢ, ɜɢɡɧɚɱɟɧɢɣ ɩɪɢ 
ωɞ.ɪ= 0,04 ɦ2 ɿ ɩɪɢ Вз = Вɞ.ɪ + ΔВ = 45+13,76 = 58,76 ɦ). ɉɪɢɪɨɳɟɧɧɹ ɝɥɢɛɢɧɢ ɩɨɬɨɤɭ 
ɩɨ ɞɢɧɚɦɿɱɧɿɣ ɜɿɫɿ ɩɨɫɟɪɟɞɢɧɿ ɡɜɢɜɢɧɢ ɡɚ ɮɨɪɦɭɥɨɸ (30) ɫɤɥɚɞɚє 1,26 ɦ, ɳɨ 
ɜɿɞɩɨɜɿɞɚє ɦɚɤɫɢɦɚɥɶɧɿɣ ɝɥɢɛɢɧɿ ɩɨɬɨɤɭ ɩɨ ɬɚɥɶɜɟɝɭ ɩɨɫɟɪɟɞɢɧɿ ɡɜɢɜɢɧɢ ɩɿɞ ɱɚɫ 
ɩɪɨɯɨɞɠɟɧɧɹ ɪɭɫɥɨɮɨɪɦɭɜɚɥɶɧɨʀ ɜɢɬɪɚɬɢ ɜɨɞɢ hмɚкɫ = 2 + 1,26 = 3,26 ɦ. Ɂɚɝɚɥɶɧɚ 
ɜɢɬɪɚɬɚ ɬɪɚɧɫɩɨɪɬɭɜɚɥɶɧɢɯ ɧɚɧɨɫɿɜ ɩɪɢ ɪɨɡɜɢɧɭɬɨɦɭ ɦɟɚɧɞɪɭɜɚɧɧɿ ɪɿɱɤɢ ɫɤɥɚɞɚє 

ɪɞzɪɞyɪɞɯɪɞ qqqG .......  = 191+117 – 0,41 = 308 ɤɝ/ɫ, ɚ ɜɢɬɪɚɬɚ ɬɪɚɧɡɢɬɧɢɯ ɧɚɧɨɫɿɜ ɩɪɢ 
ɰɶɨɦɭ ɞɨɪɿɜɧɸє Gs = 191 ɤɝ/ɫ.  

Ⱦɥɹ ɨɰɿɧɤɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɹɞɪɚ ɩɨɬɨɤɭ, ɹɤɟ ɡɧɚɯɨɞɢɬɶɫɹ ɜɫɟɪɟɞɢɧɿ ɦɚɤɪɨɜɢɪɚ, 
ɜɢɤɨɪɢɫɬɚєɦɨ ɪɿɜɧɹɧɧɹ 

,
t

S
Fa

t 


  (81) 

 

ɞɟ F = ȡ'gWм – ɫɢɥɚ ɝɪɚɜɿɬɚɰɿʀ ɫɭɛɫɬɪɚɬɭ ɩɪɢ ɫɬɚɰɿɨɧɚɪɧɨɦɭ ɝɿɞɪɚɜɥɿɱɧɨɦɭ ɪɟɠɢɦɿ ɧɚ 
ɞɨɜɠɢɧɿ ɞɜɨɯ ɡɜɢɜɢɧ (ɦɟɚɧɞɪɢ), ɤɝɦ/ɫ2; ρ'g- ɩɢɬɨɦɚ ɝɭɫɬɢɧɚ ɜɨɞɢ ɦɨɠɟ ɫɤɥɚɞɚɬɢ, 
1150 ɤɝ/ɦ3; Wм  = ωɞ.ɪ×  Sɫ.ɯ(Sз/L) = 90×1200×1,6 = 172800 – ɨɛ’єɦ ɜɨɞɢ ɧɚ ɞɨɜɠɢɧɿ ɞɜɨɯ 
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ɡɜɢɜɢɧ, ɦ3; S – ɤɨɧɬɭɪ ɹɞɪɚ ɩɨɬɨɤɭ; ɚ = (δ y.ɞ.ɪ / δ ɯ.ɞ.ɪ) g = (3,40/0,117)·9,81 = 285 – 
ɩɪɢɫɤɨɪɟɧɧɹ ɫɬɪɭɤɬɭɪɧɨɝɨ ɟɥɟɦɟɧɬɚ ɫɭɛɫɬɪɚɬɭ ɩɿɞ ɜɩɥɢɜɨɦ ɩɨɩɟɪɟɱɧɨʀ ɰɢɪɤɭɥɹɰɿʀ, 
ɦ/ɫ 2. ɉɿɫɥɹ ɞɢɮɟɪɟɧɰɿɸɜɚɧɧɹ ɿ ɿɧɬɟɝɪɭɜɚɧɧɹ ɪɿɜɧɹɧɧɹ (60), ɩɪɢ ɦɟɠɟɧɧɢɯ ɭɦɨɜɚɯ 
ɜɿɞ 0 ɞɨ V'

ɞ.ɪ  ɿ ɜɿɞ 0 ɞɨ Sɞ.ɪ ɨɬɪɢɦɭєɦɨ ɜɢɪɚɡ  
 

0..  ɪɞɪɞ FaSV , 

ɡɜɿɞɤɢ ɦɚєɦɨ:  

..
. Fa

V
S ɪɞ

ɪɞ   (82) 

 

Ɂ ɰɿєʀ ɮɨɪɦɭɥɢ ɨɬɪɢɦɭєɦɨ Sɞ.ɪ = 2,17/(1,15×172800×285) = 3,83×10-08 ɦ, ɚ 
ɞɿɚɦɟɬɪ ɹɞɪɚ ɛɭɞɟ ɞɨɦɿɪɧɢɦ 6,1×10-09  ɦ. Ɉɬɠɟ ɧɚ ɞɨɫɥɿɞɠɭɜɚɧɿɣ ɞɿɥɹɧɰɿ ɪɿɱɤɢ ɹɞɪɨ 
ɜ ɩɨɬɨɰɿ ɜɢɪɚɠɟɧɟ ɞɨɫɢɬɶ ɫɥɚɛɨ. .Ʉɨɟɮɿɰɿєɧɬ ɩɚɪɧɨʀ ɤɨɪɟɥɹɰɿʀ ɜɟɥɢɱɢɧ ɩɟɪɟɦɿɳɟɧɧɹ 
ɫɭɛɫɬɪɚɤɬɭ ɡɚ ɦɟɠɚɦɢ ɰɶɨɝɨ ɹɞɪɚ ɞɨɪɿɜɧɸє ryx = δ ɞ.ɪ.y× δɞ.ɪ.ɯ / (δ 

2
ɞ.ɪ.y× δ2 ɞ.ɪ.ɯ)0.5 = 0. ɐɟ 

ɨɡɧɚɱɚє, ɳɨ ɞɚɧɚ ɫɢɫɬɟɦɚ ɩɟɪɟɛɭɜɚє ɜ ɞɢɧɚɦɿɱɧɿɣ ɪɿɜɧɨɜɚɡɿ.  
ȼɢɫɧɨɜɤɢ. ɇɚ ɨɫɧɨɜɿ ɜɢɳɟɜɢɤɥɚɞɟɧɨɝɨ ɦɚɬɟɪɿɚɥɭ ɦɨɠɧɚ ɡɪɨɛɢɬɢ ɧɚɫɬɭɩɧɿ 

ɧɚɭɤɨɜɿ ɭɡɚɝɚɥɶɧɟɧɧɹ:  
1. ȼ ɩɟɪɿɨɞɢ ɩɪɨɯɨɞɠɟɧɧɹ ɪɭɫɥɨɮɨɪɦɭɜɚɥɶɧɢɯ ɩɚɜɨɞɤɿɜ ɚɛɨ ɜɟɫɧɹɧɢɯ ɩɨɜɟɧɟɣ 

ɜɿɞɛɭɜɚєɬɶɫɹ ɫɬɢɫɤɚɧɧɹ ɩɨɬɨɤɭ ɩɪɢ ɹɤɨɦɭ ɜɿɞɛɭɜɚɸɬɶɫɹ ɩɟɪɟɦɿɳɟɧɧɹ ɫɬɪɭɤɬɭɪɧɢɯ 
ɟɥɟɦɟɧɬɿɜ ɩɨɬɨɤɭ, ɳɨ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɩɨɫɬɭɩɨɜɨɝɨ ɜɢɤɪɢɜɥɟɧɧɹ ɰɟɧɬɪɚɥɶɧɨɝɨ 
ɫɬɪɭɦɿɧɧɹ  ɭ ɜɢɝɥɹɞɿ ɫɢɧɭɫɨʀɞɚɥɶɧɨʀ ɤɪɢɜɨʀ, ɚ ɩɨɬɿɦ ɰɟ ɩɪɢɡɜɨɞɢɬɶ, ɧɚ ɮɨɧɿ 
ɪɨɡɜɢɧɭɬɨʀ ɩɨɩɟɪɟɱɧɨʀ ɰɢɪɤɭɥɹɰɿʀ, ɞɨ ɮɨɪɦɭɜɚɧɧɹ ɝɜɢɧɬɨɜɨʀ ɬɟɱɿʀ. ɍ ɰɶɨɦɭ ɤɨɧɬɟɤɫɬɿ 
ɫɥɿɞ ɡɚɭɜɚɠɢɬɢ, ɳɨ ɫɬɨɹɱɚ ɯɜɢɥɹ ɜɢɧɢɤɚє ɜ ɪɟɡɭɥɶɬɚɬɿ ɝɪɚɞɿєɧɬɭ ɬɢɫɤɭ ɧɚ ɜɫɸ 
ɝɥɢɛɢɧɭ ɩɨɬɨɤɭ ɧɚ ɞɿɥɹɧɰɿ ɪɿɱɤɢ. ɉɪɢ ɞɿʀ ɯɜɢɥɿ ɩɪɨɬɢ ɬɟɱɿʀ ɜɢɧɢɤɚє ɩɪɨɹɜ ɹɜɢɳɚ 
ɦɚɧɞɪɭɜɚɧɧɹ ɚɛɨ ɩɟɪɟɦɿɳɟɧɧɹ ɚɧɬɢɞɸɧ ɚɛɨ ɨɫɟɪɟɞɤɿɜ (ɚɧɬɢɝɪɹɞ), ɹɤɿ ɩɪɢɡɜɨɞɹɬɶ ɞɨ 
ɛɥɭɤɚɧɧɹ ɪɭɫɥɚ. ȼɿɞɞɚɥɶ ɦɿɠ ɩɟɪɟɤɚɬɚɦɢ ɩɨ ɩɪɹɦɿɣ ɥɿɧɿʀ ɦɚє ɨɪɿєɧɬɨɜɧɨ ɫɤɥɚɞɚɬɢ 
1200 ɦ ɉɪɢ ɞɿʀ ɝɪɚɞɿєɧɬɭ ɬɢɫɤɭ ɡɚ ɬɟɱɿєɸ ɦɚєɦɨ ɩɟɪɟɦɿɳɟɧɧɹ ɝɪɹɞ ɚɛɨ ɪɨɡɝɚɥɭɠɟɧɧɹ 
ɪɭɫɥɚ ɧɚ ɪɭɤɚɜɢ.  

2. ɇɚ ɨɫɧɨɜɿ ɜɢɡɧɚɱɟɧɢɯ ɜɟɥɢɱɢɧ ɨɫɧɨɜɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɨɬɨɤɭ – Qɪ.ɮ, Vɞ.ɪ, Gɪɮ, 
ωɪɮ, Вɞ.ɪ, hɞ.ɪ - є ɦɨɠɥɢɜɿɫɬɶ ɜɢɤɨɧɚɬɢ ɩɪɨɝɧɨɡ ɪɨɡɜɢɬɤɭ ɪɭɫɥɨɜɢɯ ɞɟɮɨɪɦɚɰɿɣ ɬɚ 
ɨɰɿɧɢɬɢ ɝɿɞɪɨɦɨɪɮɨɞɢɧɚɦɿɱɧɢɣ ɫɬɚɧ ȽȾɋ ɩ-ɪ.  

3. ɉɪɢ ɡɧɚɱɧɿɣ ɡɦɿɧɿ ɜɟɥɢɱɢɧ ωɞ.ɪ і Вɞ.ɪ/hɞ.ɪ ɰɟ ɜɤɚɡɭє ɧɚ ɪɨɡɜɢɬɨɤ ɧɟɡɜɨɪɨɬɧɢɯ 
ɪɭɫɥɨɜɢɯ ɞɟɮɨɪɦɚɰɿɣ ɪɭɫɥɚ, ɚ ɬɚɤɨɠ ɧɚ ɡɦɿɧɭ ɪɿɜɧɹ ɜɥɚɫɬɢɜɨɫɬɿ ɫɚɦɨɨɪɝɚɧɿɡɚɰɿʀ 
ɫɢɫɬɟɦɢ ɿ, ɜɿɞɩɨɜɿɞɧɨ, ɬɟɪɦɿɧɭ ɩɨɜɟɪɧɟɧɧɹ ʀʀ ɞɨ ɩɨɩɟɪɟɞɧɶɨɝɨ ɫɬɚɧɭ ɚɛɨ 
ɧɚɛɥɢɠɟɧɨɝɨ ɞɨ ɞɢɧɚɦɿɱɧɨʀ ɪɿɜɧɨɜɚɝɢ.  

4. Ɉɬɪɢɦɚɧɿ ɪɟɡɭɥɶɬɚɬɢ ɪɨɡɪɚɯɭɧɤɿɜ ɩɿɞɬɜɟɪɞɠɭɸɬɶ ɩɪɨ ɪɟɚɥɶɧɿɫɬɶ ɪɨɡɜɢɬɤɭ 
ɹɜɢɳɚ ɦɚɧɞɪɭɜɚɧɧɹ ɪɿɱɤɢ, ɳɨ ɞɨɡɜɨɥɹє ɩɪɢ ɜɢɤɨɧɚɧɧɿ ɦɨɧɿɬɨɪɢɧɝɨɜɢɯ 
ɫɩɨɫɬɟɪɟɠɟɧɶ ɡɚ ɪɨɡɜɢɬɤɨɦ ɪɭɫɥɨɜɢɯ ɩɪɨɰɟɫɿɜ ɜɢɡɧɚɱɚɬɢ ɭ ɜɿɞɩɨɜɿɞɧɨɦɭ ɱɚɫɨɜɨɦɭ 
ɡɪɿɡɿ ɝɿɞɪɨɦɨɪɮɨɥɨɝɿɱɧɢɣ ɫɬɚɧ ɞɿɥɹɧɤɢ ɪɿɱɤɢ. ɍ ɹɤɨɫɬɿ ɜɢɯɿɞɧɨʀ ɿɧɮɨɪɦɚɰɿʀ ɧɟɨɛɯɿɞɧɨ 
ɥɢɲɟ ɦɚɬɢ ɩɥɚɧɨɜɟ ɩɨɥɨɠɟɧɧɹ ɞɿɥɹɧɤɢ ɪɿɱɤɢ ɿ ɩɨɩɟɪɟɱɧɿ ɩɪɨɮɿɥɿ ɪɭɫɥɚ ɭ ɜɿɞɩɨɜɿɞɧɢɯ 
ɪɿɱɤɨɜɢɯ ɝɿɞɪɨɦɨɪɮɨɥɨɝɿɱɧɢɯ ɫɬɜɨɪɚɯ ɬɚ ɪɨɡɪɚɯɭɧɤɨɜɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɲɚɪɭ 
ɫɚɦɨɜɢɦɨɳɟɧɧɹ ɞɧɚ ɪɭɫɥɚ, ɳɨ ɞɚɫɬɶ ɦɨɠɥɢɜɿɫɬɶ ɫɤɥɚɫɬɢ ɧɚɥɟɠɧɭ ɫɢɫɬɟɦɭ ɪɿɜɧɹɧɶ 
ɬɚ ɜɢɤɨɧɚɬɢ ɡɚ ɧɢɦɢ ɧɟɨɛɯɿɞɧɿ ɚɧɚɥɿɬɢɱɧɿ ɪɨɡɪɚɯɭɧɤɢ, ɚ ɬɚɤɨɠ ɡɞɿɣɫɧɢɬɢ ɜɟɪɢɮɿɤɚɰɿɸ 
ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥɶɬɚɬɿɜ.  

5. Ɋɨɡɜ’ɹɡɭɜɚɧɧɹ ɫɢɫɬɟɦɢ ɪɿɜɧɹɧɶ ɇɚɜ’є-ɋɬɨɤɫɚ ɞɨɡɜɨɥɹє ɭ ɩɨɜɧɿɣ ɦɿɪɿ ɨɰɿɧɢɬɢ 
ɫɬɚɧ ɞɢɧɚɦɿɱɧɨʀ ɪɿɜɧɨɜɚɝɢ ɫɢɫɬɟɦɢ «ɩɨɬɿɤ-ɪɭɫɥɨ». ɇɚɜɟɞɟɧɿ ɜɢɳɟ ɪɨɡɜ’ɹɡɤɢ 
ɚɤɬɭɚɥɶɧɢɯ ɡɚɞɚɱ ɩɿɞɬɜɟɪɞɠɭɸɬɶ ɦɨɠɥɢɜɿɫɬɶ ɲɢɪɨɤɨɝɨ ɜɢɤɨɪɢɫɬɚɧɧɹ ɰɿєʀ ɫɢɫɬɟɦɢ 
ɪɿɜɧɹɧɶ ɞɥɹ ɜɢɪɿɲɟɧɧɹ ɰɿɥɨɝɨ ɪɹɞɭ ɡɚɞɚɱ ɝɿɞɪɨɚɟɪɨɦɟɯɚɧɿɤɢ.  
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Ɋɨɡɜ’ɹɡɭɜɚɧɧɹ ɫɢɫɬɟɦɢ ɪɿɜɧɹɧɶ ɇɚɜ’є-ɋɬɨɤɫɚ ɞɥɹ ɨɰɿɧɤɢ ɞɢɧɚɦɿɱɧɨʀ ɪɿɜɧɨɜɚɝɢ ɫɢɫɬɟɦɢ 

«ɩɨɬɿɤ-ɪɭɫɥɨ» 
Ɉɧɢɳɭɤ ȼ.ȼ. 
ɇɚ ɨɫɧɨɜɿ ɚɧɚɥɿɬɢɱɧɨɝɨ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɡɚɦɤɧɟɧɨʀ ɫɢɫɬɟɦɢ ɪɿɜɧɹɧɶ ɇɚɜ’є-ɋɬɨɤɫɚ ɜɢɤɨɧɚɧɚ 

ɨɰɿɧɤɚ ɝɿɞɪɨɦɨɪɮɨɥɨɝɿɱɧɨɝɨ ɫɬɚɧɭ ɪɿɱɤɨɜɨɝɨ ɪɭɫɥɚ ɩɪɢ ɞɢɧɚɦɿɱɧɿɣ ɪɿɜɧɨɜɚɡɿ ɫɢɫɬɟɦɢ «ɩɨɬɿɤ-
ɪɭɫɥɨ». Ⱦɥɹ ɪɿɜɧɹɧɧɹ ɪɭɯɭ ɫɩɨɜɿɥɶɧɟɧɨʀ ɬɟɱɿʀ ɡɚɩɪɨɩɨɧɨɜɚɧɨ ɞɨɞɚɬɤɨɜɟ ɪɿɜɧɹɧɧɹ, ɹɤɟ ɫɬɚɛɿɥɿɡɭє 
ɞɨɫɹɝɧɭɬɢɣ ɪɿɜɟɧɶ ɬɭɪɛɭɥɟɧɬɧɨɫɬɿ ɪɭɫɥɨɜɨɝɨ ɩɨɬɨɤɭ. Ⱥɧɚɥɨɝɿɱɧɚ ɩɪɨɰɟɞɭɪɚ ɡɚɩɪɨɩɨɧɨɜɚɧɚ ɞɥɹ 
ɨɰɿɧɤɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɢɞɨɧɧɨʀ ɨɛɥɚɫɬɿ. Ɂɚ ɞɨɩɨɦɨɝɨɸ ɫɢɫɬɟɦɢ ɡ ɞɜɚɧɚɞɰɹɬɢ ɪɿɜɧɹɧɶ ɨɰɿɧɟɧɿ 
ɨɫɧɨɜɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɩɨɡɞɨɜɠɧɶɨʀ ɫɬɿɣɤɨɫɬɿ ɩɨɬɨɤɭ, ɪɨɡɜɢɬɤɭ ɹɜɢɳɚ ɦɟɚɧɞɪɭɜɚɧɧɹ, ɪɨɡɜɢɬɤɭ 
ɝɨɪɢɡɨɧɬɚɥɶɧɢɯ ɿ ɜɟɪɬɢɤɚɥɶɧɢɯ ɪɭɫɥɨɜɢɯ ɞɟɮɨɪɦɚɰɿɣ, ɬɪɚɧɫɩɨɪɬɭɜɚɥɶɧɨʀ ɡɞɚɬɧɨɫɬɿ ɜɨɞɨɬɨɤɭ 
ɬɚ ɩɪɢɞɨɧɧɨʀ ɨɛɥɚɫɬɿ ɪɭɫɥɨɜɨɝɨ ɩɨɬɨɤɭ. Ɂɚ ɨɬɪɢɦɚɧɢɦɢ ɪɨɡɪɚɯɭɧɤɨɜɢɦɢ ɮɨɪɦɭɥɚɦɢ ɨɰɿɧɟɧɨ 
ɝɿɞɪɨɦɨɪɮɨɥɨɝɿɱɧɢɣ ɫɬɚɧ ɞɿɥɹɧɤɢ ɦɚɧɞɪɭɸɱɨʀ ɪɿɱɤɢ ɜ ɪɚɣɨɧɿ ɝɿɞɪɨɥɨɝɿɱɧɨɝɨ ɩɨɫɬɚ ɋɿɪɟɬ – 
ɋɬɨɪɨɠɢɧɟɰɶ (ɑɟɪɧɿɜɟɰɶɤɚ ɨɛɥɚɫɬɶ). ɍɫɬɚɧɨɜɥɟɧɨ, ɳɨ ɝɿɞɪɨɞɢɧɚɦɿɱɧɢɣ ɬɢɫɤ ɫɭɛɫɬɪɚɬɭ ɭ 
ɩɪɢɞɨɧɧɿɣ ɨɛɥɚɫɬɿ ɧɚɛɥɢɠɟɧɢɣ ɞɨ ɝɥɢɛɨɤɨɝɨ ɜɚɤɭɭɦɭ, ɳɨ ɜɤɚɡɭє ɧɚ ɧɚɹɜɧɿɫɬɶ ɧɟɣɬɪɚɥɶɧɨɝɨ ɲɚɪɭ 
ɦɿɠ ɞɜɨɦɚ ɟɧɟɪɝɟɬɢɱɧɢɦɢ ɩɨɬɨɤɚɦɢ ɡ ɪɿɡɤɨ ɜɿɞɦɿɧɧɢɦɢ ɩɨɬɟɧɰɿɚɥɚɦɢ. ɇɚ ɦɟɠɿ ɪɭɫɥɨɜɨɝɨ ɿ 
ɩɿɞɪɭɫɥɨɜɨɝɨ (ɮɿɥɶɬɪɚɰɿɣɧɨɝɨ) ɩɨɬɨɤɿɜ ɦɚє ɦɿɫɰɟ ɞɢɧɚɦɿɱɧɚ ɪɿɜɧɨɜɚɝɚ ɜɡɚєɦɧɨɝɨ ɦɚɫɨɨɛɦɿɧɭ ɦɿɠ 
ɜɨɞɨɸ ɿ ɩɨɜɿɬɪɹɦ ɭ ɜɢɝɥɹɞɿ ɩɪɨɞɭɤɭɜɚɧɧɹ ɦɿɤɪɨɜɢɪɿɜ ɿ ɚɧɬɢɦɿɤɪɨɜɢɪɿɜ ɧɚ ɮɨɧɿ ɞɿʀ ɟɮɟɤɬɭ ɟɠɟɤɰɿʀ. 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɝɿɞɪɨɞɢɧɚɦɿɱɧɚ ɫɢɫɬɟɦɚ «ɩɨɬɿɤ-ɪɭɫɥɨ», ɞɢɧɚɦɿɱɧɚ ɪɿɜɧɨɜɚɝɚ ɫɢɫɬɟɦɢ, 
ɪɭɫɥɨɮɨɪɦɭɜɚɥɶɧɚ ɜɢɬɪɚɬɚ ɜɨɞɢ ɿ ɬɪɚɧɫɩɨɪɬɭɜɚɥɶɧɢɯ ɧɚɧɨɫɿɜ, ɪɿɜɧɹɧɧɹ ɇɚɜ’є-ɋɬɨɤɫɚ, ɹɜɢɳɟ 
ɦɟɚɧɞɪɭɜɚɧɧɹ, ɫɨɥɿɧɨʀɞɚɥɶɧɚ ɬɪɚєɤɬɨɪɿɹ ɪɭɯɭ, ɹɞɪɨ ɜɨɞɨɬɨɤɭ. 

 
Ɋɟɲɟɧɢɟ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɇɚɜɶɟ-ɋɬɨɤɫɚ ɞɥɹ ɨɰɟɧɤɢ ɞɢɧɚɦɢɱɟɫɤɨɝɨ ɪɚɜɧɨɜɟɫɢɹ 

ɫɢɫɬɟɦɵ «ɩɨɬɨɤ-ɪɭɫɥɨ» 
Ɉɧɢɳɭɤ ȼ.ȼ. 
ɇɚ ɨɫɧɨɜɟ ɚɧɚɥɢɬɢɱɟɫɤɨɝɨ ɪɟɲɟɧɢɹ ɡɚɦɤɧɭɬɨɣ ɫɢɫɬɟɦɵ ɭɪɚɜɧɟɧɢɣ ɇɚɜɶɟ-ɋɬɨɤɫɚ 

ɜɵɩɨɥɧɟɧɚ ɨɰɟɧɤɚ ɝɢɞɪɨɦɨɪɮɨɥɨɝɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɹ ɪɟɱɧɨɝɨ ɪɭɫɥɚ ɩɪɢ ɞɢɧɚɦɢɱɟɫɤɨɦ 
ɪɚɜɧɨɜɟɫɢɢ ɫɢɫɬɟɦɵ «ɩɨɬɨɤ-ɪɭɫɥɨ». Ⱦɥɹ ɭɪɚɜɧɟɧɢɹ ɞɜɢɠɟɧɢɹ ɡɚɦɟɞɥɟɧɧɨɝɨ ɬɟɱɟɧɢɹ ɩɪɟɞɥɨɠɟɧɨ 
ɞɨɩɨɥɧɢɬɟɥɶɧɨɟ ɭɪɚɜɧɟɧɢɟ, ɤɨɬɨɪɨɟ ɫɬɚɛɢɥɢɡɢɪɭɟɬ ɞɨɫɬɢɝɧɭɬɵɣ ɭɪɨɜɟɧɶ ɬɭɪɛɭɥɟɧɬɧɨɫɬɢ 
ɪɭɫɥɨɜɨɝɨ ɩɨɬɨɤɚ. Ⱥɧɚɥɨɝɢɱɧɚɹ ɩɪɨɰɟɞɭɪɚ ɩɪɟɞɥɨɠɟɧɚ ɞɥɹ ɨɰɟɧɤɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɩɪɢɞɨɧɧɨɣ 
ɨɛɥɚɫɬɢ. ɋ ɩɨɦɨɳɶɸ ɫɢɫɬɟɦɵ ɫ ɞɜɟɧɚɞɰɚɬɢ ɭɪɚɜɧɟɧɢɣ ɨɰɟɧɟɧɵ ɨɫɧɨɜɧɵɟ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɩɪɨɞɨɥɶɧɨɣ ɭɫɬɨɣɱɢɜɨɫɬɢ ɩɨɬɨɤɚ, ɪɚɡɜɢɬɢɹ ɹɜɥɟɧɢɹ ɦɟɚɧɞɪɭɜɚɧɢɹ, ɪɚɡɜɢɬɢɹ ɝɨɪɢɡɨɧɬɚɥɶɧɵɯ ɢ 
ɜɟɪɬɢɤɚɥɶɧɵɯ ɪɭɫɥɨɜɵɯ ɞɟɮɨɪɦɚɰɢɣ, ɬɪɚɧɫɩɨɪɬɢɪɭɸɳɟɣ ɫɩɨɫɨɛɧɨɫɬɢ ɜɨɞɨɬɨɤɚ ɢ ɩɪɢɞɨɧɧɨɣ 
ɨɛɥɚɫɬɢ ɪɭɫɥɨɜɨɝɨ ɩɨɬɨɤɚ. ɉɨ ɩɨɥɭɱɟɧɧɵɦ ɪɚɫɱɟɬɧɵɦ ɮɨɪɦɭɥɚɦ ɞɚɧɚ ɨɰɟɧɤɚ 
ɝɢɞɪɨɦɨɪɮɨɥɨɝɢɱɟɫɤɨɝɨ ɫɨɫɬɨɹɧɢɟ ɭɱɚɫɬɤɚ ɦɟɚɧɞɪɢɸɳɟɣ ɪɟɤɢ ɜ ɪɚɣɨɧɟ ɝɢɞɪɨɥɨɝɢɱɟɫɤɨɝɨ ɩɨɫɬɚ 
ɋɢɪɟɬ - ɋɬɨɪɨɠɢɧɟɰ (ɑɟɪɧɨɜɢɰɤɚɹ ɨɛɥɚɫɬɶ). ɍɫɬɚɧɨɜɥɟɧɨ, ɱɬɨ ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɨɟ ɞɚɜɥɟɧɢɟ 
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ɫɭɛɫɬɪɚɬɚ ɜ ɩɪɢɞɨɧɧɨɣ ɨɛɥɚɫɬɢ ɩɪɢɛɥɢɠɟɧɧɨ ɤ ɝɥɭɛɨɤɨɦɭ ɜɚɤɭɭɦɭ, ɱɬɨ ɭɤɚɡɵɜɚɟɬ ɧɚ ɧɚɥɢɱɢɟ 
ɧɟɣɬɪɚɥɶɧɨɝɨ ɫɥɨɹ ɦɟɠɞɭ ɞɜɭɦɹ ɷɧɟɪɝɟɬɢɱɟɫɤɢɦɢ ɩɨɬɨɤɚɦɢ ɫ ɪɟɡɤɨ ɨɬɥɢɱɧɵɦɢ ɩɨɬɟɧɰɢɚɥɚɦɢ. 
ɇɚ ɝɪɚɧɢɰɟ ɪɭɫɥɨɜɨɝɨ ɢ ɩɨɞɪɭɫɥɨɜɨɝɨ (ɮɢɥɶɬɪɚɰɢɨɧɧɨɝɨ) ɩɨɬɨɤɨɜ ɢɦɟɟɬ ɦɟɫɬɨ ɞɢɧɚɦɢɱɟɫɤɨɟ 
ɪɚɜɧɨɜɟɫɢɟ ɜɡɚɢɦɧɨɝɨ ɦɚɫɫɨɨɛɦɟɧɚ ɦɟɠɞɭ ɜɨɞɨɣ ɢ ɜɨɡɞɭɯɨɦ ɜ ɜɢɞɟ ɜɵɪɚɛɨɬɤɢ ɦɢɤɪɨɜɢɯɪɟɣ ɢ 
ɚɧɬɢɦɢɤɪɨɜɢɯɪɟɣ ɧɚ ɮɨɧɟ ɞɟɣɫɬɜɢɹ ɷɮɮɟɤɬɚ ɷɠɟɤɰɢɢ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɝɢɞɪɨɞɢɧɚɦɢɱɟɫɤɚɹ ɫɢɫɬɟɦɚ «ɩɨɬɨɤ-ɪɭɫɥɨ», ɞɢɧɚɦɢɱɟɫɤɨɟ ɪɚɜɧɨɜɟɫɢɟ 
ɫɢɫɬɟɦɵ, ɪɭɫɥɨɮɨɪɦɢɪɭɸɳɢɣ ɪɚɫɯɨɞ ɜɨɞɵ ɢ ɬɪɚɧɫɩɨɪɬɢɪɨɜɨɱɧɵɯ ɧɚɧɨɫɨɜ, ɭɪɚɜɧɟɧɢɹ ɇɚɜɶɟ-
ɋɬɨɤɫɚ, ɹɜɥɟɧɢɟ ɦɟɚɧɞɪɭɜɚɧɢɹ, ɫɨɥɢɧɨɢɞɚɥɶɧɚɹ ɬɪɚɟɤɬɨɪɢɹ ɞɜɢɠɟɧɢɹ, ɹɞɪɨ ɜɨɞɨɬɨɤɚ. 

 
Solving the system of Navier-Stokes equations for estimation of dynamic equilibrium system 

"flow-channel" 
Onischuk V. 
Based on the analytical solution of closed system of Navier-Stokes hydromorphological condition the 

estimation of river channel with dynamic equilibrium system "flow-channel." To slow traffic flow equation 
proposed additional equation that the current level stabilizes turbulent channel flow. The same procedure 
proposed for assessing the characteristics of the bottom area. With the system of equations estimated 
twelve main characteristics of longitudinal stability flux of phenomena meandruvannya, development of 
horizontal and vertical channel deformations of shipping capacity of the watercourse and the bottom area 
of the channel flow. According to the calculation formula assessed hydromorphological state area traveling 
near the river Siret hydrological post - Storozhynets (Chernivtsi region). Established that the hydrodynamic 
pressure in the bottom substrate area close to deep vacuum, which indicates the presence of a neutral 
layer between two energy flows dramatically different potentials. At the edge of the channel and filtration 
flows is a dynamic equilibrium relative mass exchange between water and air in the form of production and 
mikrovyriv antymikrovyriv action against the background effect ejection. It is established that the 
phenomenon meandruvannya characteristic slow flow resulting in compression of structured spatial stream. 
The action of the deformation of the standing wave in the shallows and channels gyros towards low energy 
dissipation. As for the bottom area, it is characteristic of significant influence pryvantazhennya thicker 
bottom channel flow. Established that hdrodynamichnyy pressure in the bottom substrate area close to 
deep vacuum, which indicates the presence of a neutral layer between two energy flows dramatically 
different potentials. At the edge of the channel and soil filtration flows is a dynamic equilibrium relative mass 
exchange between water and air in the form of production and mikrovyriv antymikrovyriv action against the 
background effect ejection. 

Keywords: hydrodynamic system of "flow-channel" dynamic equilibrium system, channel bed water 
flow channels, equation Navier-Stokes, phenomenon meandruvannya, solinoyidalna trajectory, the core 
stream. 
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