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ɍȾɄ 378.6:63 

ȱ.Ʌ. ɋɟɦɟɳуɤ, ə.Ɋ. Ɇɨɣɫієɜɢɱ, В.ȱ. Ɍɢɳуɤ 

Ɋɿɜɧɟɧɫɶɤɢɣ ɞɟɪɠɚɜɧɢɣ ɝɭɦɚɧɿɬɚɪɧɢɣ ɭɧɿɜɟɪɫɢɬɟɬ 
 

ȱɇɇɈВȺɐȱȲ ɓɈȾɈ ɊȿȺɅȱɁȺɐȱȲ ɆȱɀɉɊȿȾɆȿɌɇɂɏ ɁВəɁɄȱВ ɍ 
ɊɈɁВ’əɁɍВȺɇɇȱ ɎȱɁɂɑɇɂɏ ɁȺȾȺɑ ɇȺ ȿɄɋɌɊȿɆɍɆɂ 

 

Ⱥɜɬɨɪɚɦɢ ɪɨɡɝɥɹɧɭɬɨ ɧɨɜɿ ɩɿɞɯɨɞɢ ɞɨ ɪɟɚɥɿɡɚɰɿʀ ɦɿɠɩɪɟɞɦɟɬɧɢɯ ɡɜ’ɹɡɤɿɜ ɮɿɡɢɤɢ ɿ 
ɦɚɬɟɦɚɬɢɤɢ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɫɭɱɚɫɧɢɯ ІɄɌ, ɳɨ є ɜɚɠɥɢɜɢɦ ɱɢɧɧɢɤɨɦ ɜɡɚєɦɨɞɿʀ ɧɚɭɤ ɭ ɩɪɨɰɟɫɿ 
ɮɨɪɦɭɜɚɧɧɹ ɫɜɿɬɨɝɥɹɞɭ ɲɤɨɥɹɪɿɜ ɿ ɡɪɨɫɬɚɧɧɹ ʀɯ ɩɿɡɧɚɜɚɥɶɧɢɯ ɿɧɬɟɪɟɫɿɜ. Ɇɨɜɚ ɣɞɟ ɩɪɨ 
ɰɿɥɟɫɩɪɹɦɨɜɚɧɟ ɮɨɪɦɭɜɚɧɧɹ ɩɪɢɪɨɞɧɢɱɢɯ ɩɨɧɹɬɶ ɩɪɢ ɜɢɜɱɟɧɧɿ ɮɿɡɢɤɢ ɧɚ ɬɚɤɨɦɭ ɪɿɜɧɿ, ɳɨɛ ɩɨɬɿɦ 
ʀɯ ɟɮɟɤɬɢɜɧɨ ɦɨɠɧɚ ɛɭɥɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɩɪɢ ɧɚɜɱɚɧɧɿ ɦɚɬɟɦɚɬɢɤɢ. 

ȿɮɟɤɬɢɜɧɿɫɬɶ ɪɟɚɥɿɡɚɰɿʀ ɦɿɠɩɪɟɞɦɟɬɧɢɯ ɡɜ’ɹɡɤɿɜ ɮɿɡɢɤɢ ɿ ɦɚɬɟɦɚɬɢɤɢ ɜ ɧɚɜɱɚɥɶɧɨɦɭ 
ɩɪɨɰɟɫɿ ɩɪɨɞɟɦɨɧɫɬɪɨɜɚɧɨ ɧɚ ɩɪɢɤɥɚɞɿ ɡɚɫɬɨɫɭɜɚɧɧɹ ɩɪɨɝɪɚɦɧɨɝɨ ɩɟɞɚɝɨɝɿɱɧɨɝɨ ɡɚɫɨɛɭ GRAN1 ɞɨ 
ɪɨɡɜ’ɹɡɚɧɧɹ ɮɿɡɢɱɧɢɯ ɡɚɞɚɱ ɧɚ ɟɤɫɬɪɟɦɭɦɢ, ɬɚ ɩɨɪɿɜɧɹɧɧɹ ɞɚɧɨɝɨ ɫɩɨɫɨɛɭ ɡ ɤɥɚɫɢɱɧɢɦ 
ɚɧɚɥɿɬɢɱɧɢɦ ɫɩɨɫɨɛɨɦ ʀɯ ɪɨɡɜ’ɹɡɤɭ. 

Ɂɚɩɪɨɩɨɧɨɜɚɧɢɣ ɩɿɞɯɿɞ ɞɨɡɜɨɥɹє ɡɪɨɛɢɬɢ ɧɚɜɱɚɥɶɧɢɣ ɩɪɨɰɟɫ ɨɫɨɛɢɫɬɿɫɧɨ ɨɪɿєɧɬɨɜɚɧɢɦ, 
ɬɚɤɢɦ, ɳɨ ɪɨɡɜɢɜɚє ɩɿɡɧɚɜɚɥɶɧɭ ɫɚɦɨɫɬɿɣɧɿɫɬɶ, ɞɚє ɩɪɨɫɬɿɪ ɞɥɹ ɩɪɨɹɜɿɜ ɫɚɦɨɞɿɹɥɶɧɨɫɬɿ ɭɱɧɿɜ, 
ɧɚɞɚє ʀɦ ɦɨɠɥɢɜɨɫɬɿ ɧɚɛɭɜɚɬɢ ɡɧɚɧɧɹ ɿ ɜɦɿɧɧɹ, ɹɤɿ ɛɭɞɭɬɶ ɩɨɬɪɿɛɧɿ ɩɪɨɬɹɝɨɦ ɠɢɬɬɹ. 

 
Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɦɿɠɩɪɟɞɦɟɬɧɿ ɡɜ’ɹɡɤɢ, ɮɿɡɢɱɧɚ ɡɚɞɚɱɚ, ɧɚɣɛɿɥɶɲɟ (ɧɚɣɦɟɧɲɟ) ɡɧɚɱɟɧɧɹ 

ɮɭɧɤɰɿʀ, ɩɨɯɿɞɧɚ, ɝɪɚɮɿɤ ɮɭɧɤɰɿʀ, ɩɟɞɚɝɨɝɿɱɧɢɣ ɩɪɨɝɪɚɦɧɢɣ ɡɚɫɿɛ, ɤɨɦɩ’ɸɬɟɪɧɟ ɦɨɞɟɥɸɜɚɧɧɹ. 
 

ȼ ɧɚɲ ɱɚɫ ɜіɞɛɭɜɚєɬьɫɹ іɧɬɟɧɫɢɜɧɢɣ ɩɪɨɰɟɫ ɞɢɮɟɪɟɧɰіɚɰіʀ ɫɟɪɟɞɧьɨʀ ɲɤɨɥɢ. ȼіɧ 

ɜɢɦɚɝɚє ɪɨɡɪɨɛɤɢ і ɜɩɪɨɜɚɞɠɟɧɧɹ ɧɨɜɢɯ ɮɨɪɦ ɧɚɜɱɚɧɧɹ, ɫɩɪɹɦɨɜɚɧɢɯ ɧɚ ɪɟɚɥіɡɚɰіɸ 
ɫɭɱɚɫɧɢɯ ɬɟɧɞɟɧɰіɣ іɧɬɟɝɪɚɰіʀ і ɜɡɚєɦɨɩɪɨɧɢɤɧɟɧɧɹ ɧɚɭɤ ɜ ɲɤіɥьɧɨɦɭ ɤɭɪɫі. ɉɪɢ 
ɜɢɪіɲɟɧɧі ɰієʀ ɡɚɞɚɱі ɜ ɭɦɨɜɚɯ ɬɪɚɞɢɰіɣɧɨʀ ɩɪɟɞɦɟɬɧɨʀ ɫɢɫɬɟɦɢ ɜɢɜɱɟɧɧɹ ɨɫɧɨɜ ɧɚɭɤ ɭ 
ɲɤɨɥі ɩɪɨɜіɞɧɚ ɪɨɥь ɜіɞɜɨɞɢɬьɫɹ ɦіɠɩɪɟɞɦɟɬɧɢɦ ɡɜ'ɹɡɤɚɦ. 

ɉɪɨɛɥɟɦɚ ɦіɠɩɪɟɞɦɟɬɧɢɯ ɡɜ'ɹɡɤіɜ, ɹɤɚ ɛɭɥɚ ɡɚɩɨɱɚɬɤɨɜɚɧɚ ɭ ɯɨɞі ɫɬɜɨɪɟɧɧɹ 
ɫɢɫɬɟɦɢ ɡɧɚɧь ɩɪɨ ɩɪɢɪɨɞɭ ɬɚ ɩɨɲɭɤɚɯ ɲɥɹɯіɜ ɜіɞɨɛɪɚɠɟɧɧɹ ɰɢɯ ɡɧɚɧь ɭ ɡɦіɫɬі 
ɧɚɜɱɚɥьɧɢɯ ɩɪɟɞɦɟɬіɜ, ɩɪɢɜɟɪɬɚɥɚ ɭɜɚɝɭ щɟ ə.Ⱥ. Ʉɨɦɟɧɫьɤɨɝɨ, ȼ.Ɋ. ɉɟɫɬɚɥɨɰɰі, 
Ʉ.Ⱦ. ɍɲɢɧɫьɤɨɝɨ. Ⱦɨ ɰієʀ ɩɪɨɛɥɟɦɢ ɡɜɟɪɬɚɥɢɫɹ ɩіɡɧіɲɟ ɛɚɝɚɬɨ ɜіɞɨɦɢɯ ɩɫɢɯɨɥɨɝіɜ ɬɚ 
ɩɟɞɚɝɨɝіɜ, ɪɨɡɜɢɜɚɸɱɢ ɣ ɡɛɚɝɚɱɭɸɱɢ ʀʀ. Ɋіɡɧі ɬɟɨɪɟɬɢɱɧі ɚɫɩɟɤɬɢ ɡɞіɣɫɧɟɧɧɹ 
ɦіɠɩɪɟɞɦɟɬɧɢɯ ɡɜ'ɹɡɤіɜ ɪɨɡɝɥɹɞɚɥɢɫɹ ɭ ɪɨɛɨɬɚɯ ɜіɞɨɦɢɯ ɩɫɢɯɨɥɨɝіɜ: Ȼ.Ɋ. Ⱥɧɚɧьєɜɚ, 
Ⱦ.ɇ. Ȼɨɝɨɹɜɥɟɧɫьɤɨɝɨ, ȿ.ɇ. Ʉɚɛɚɧɨɜɨʀ-Ɇɟɥɥɟɪ, ɇ.Ⱥ. Ɇɟɧɱɢɧɫьɤɨʀ, ɘ.Ⱥ. ɋɚɦɚɪіɧɚ. 
ɉɨɞɚɥьɲɢɣ ɪɨɡɜɢɬɨɤ ɞɚɧɚ ɩɪɨɛɥɟɦɚ ɨɬɪɢɦɚɥɚ ɭ ɩɪɚɰɹɯ ɞɢɞɚɤɬіɜ і ɦɟɬɨɞɢɫɬіɜ: ȼ.Ⱥ. Ƚɭɫєɜɚ, 
ȼ.Ⱦ. Зɜєɪєɜɚ, ȱ.ə. Ʌɟɪɧɟɪɚ, ɋ.ɇ. Ɇɚɤɫɢɦɨɜɨʀ, Ⱥ.Ⱥ. ɉіɧɫьɤɨɝɨ, Ⱥ.ȼ. ɍɫɨɜɨʀ, 
ɋɬ. ɇ. Ɏɟɞɨɪɨɜɨʀ, ɋ.ɇ. əɧɰɟɧɚ ɬɚ іɧɲɢɯ. 

Ⱥɤɬɭɚɥьɧіɫɬь ɩɪɨɛɥɟɦɢ ɦіɠɩɪɟɞɦɟɬɧɢɯ ɡɜ'ɹɡɤіɜ ɜ ɧɚɲ ɱɚɫ ɨɛɭɦɨɜɥɟɧɚ ɪіɜɧɟɦ 
ɪɨɡɜɢɬɤɭ ɧɚɭɤɢ, ɧɚ ɹɤɨɦɭ ɹɫɤɪɚɜɨ ɜɢɪɚɠɟɧɚ іɧɬɟɝɪɚɰіɹ ɧɚɭɤ ɨɞɧɚ ɜ ɨɞɧɭ. Ɉɫɨɛɥɢɜɨ ɫɥіɞ 
ɡɜɟɪɧɭɬɢ ɭɜɚɝɭ ɧɚ ɜɡɚєɦɧɟ ɩɪɨɧɢɤɧɟɧɧɹ ɦɚɬɟɦɚɬɢɤɢ, ɮіɡɢɤɢ ɬɚ іɧɮɨɪɦɚɬɢɤɢ. 

ȼɟɥɢɤɢɣ ɜɩɥɢɜ ɧɚ ɩіɞɜɢщɟɧɧɹ ɧɚɭɤɨɜɨɝɨ ɪіɜɧɹ ɜɢɜɱɟɧɧɹ ɲɤіɥьɧɨʀ ɮіɡɢɤɢ ɦɨɠɟ 
ɦɚɬɢ ɧɟ ɬіɥьɤɢ ɤɨɧɤɪɟɬɧɢɣ ɦɚɬɟɦɚɬɢɱɧɢɣ ɚɩɚɪɚɬ, ɹɤɢɣ ɞɨɡɜɨɥɹє ɫɬɪɨɝɨ ɪɨɡɝɥɹɧɭɬɢ ɞɟɹɤі 
ɩɢɬɚɧɧɹ ɤɭɪɫɭ ɮіɡɢɤɢ, ɚɥɟ і ɡɚɝɚɥьɧі ɦɚɬɟɦɚɬɢɱɧі іɞɟʀ. Ɇɨɜɚ ɣɞɟ ɩɪɨ ɨɫɧɨɜɧі, 
ɮɭɧɞɚɦɟɧɬɚɥьɧі ɦɚɬɟɦɚɬɢɱɧі ɩɨɧɹɬɬɹ, ɦɚɬɟɦɚɬɢɱɧɭ ɤɭɥьɬɭɪɭ. Ɇɚɬɟɦɚɬɢɤɚ ɧɟ ɬіɥьɤɢ ɞɚє 
ɞɥɹ ɮіɡɢɤɢ ɨɛɱɢɫɥɸɜɚɥьɧɢɣ ɚɩɚɪɚɬ, ɫɩɨɫɨɛɢ ɜɢɪɚɠɟɧɧɹ ɮіɡɢɱɧɢɯ ɡɚɤɨɧіɜ ɭ ɜɢɝɥɹɞі 
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ɟɥɟɦɟɧɬɚɪɧɢɯ ɚɥɝɟɛɪɚʀɱɧɢɯ ɬɚ ɬɪɢɝɨɧɨɦɟɬɪɢɱɧɢɯ ɮɭɧɤɰіɣ, ɚɥɟ ɜɨɧɚ ɬɚɤɨɠ ɡɛɚɝɚɱɭє ɤɭɪɫ 
ɮіɡɢɤɢ ɜ іɞɟɣɧɨɦɭ ɜіɞɧɨɲɟɧɧі, щɨ ɞɚє ɡɦɨɝɭ ɩіɞɜɢщɢɬɢ ɧɚɭɤɨɜɢɣ ɪіɜɟɧь ɜɢɤɥɚɞɚɧɧɹ 
ɲɤіɥьɧɨʀ ɮіɡɢɤɢ. 

Зɜ'ɹɡɤɢ ɦіɠ ɤɭɪɫɚɦɢ ɮіɡɢɤɢ і ɦɚɬɟɦɚɬɢɤɢ ɜ ɫɭɱɚɫɧіɣ ɲɤɨɥі ɦɨɠɭɬь ɛɭɬɢ ɝɥɢɛɨɤɢɦɢ 
ɥɢɲɟ ɬɨɞі, ɤɨɥɢ ɜɨɧɢ ɜɡɚєɦɧі. Шɤіɥьɧɚ ɮіɡɢɤɚ ɦɚє ɧɟ ɬіɥьɤɢ ɫɩɢɪɚɬɢɫɹ ɧɚ ɦɚɬɟɦɚɬɢɤɭ, ɚɥɟ 
і ɞɚɜɚɬɢ ɭɱɧɹɦ ɧɚɜɱɚɥьɧɢɣ ɦɚɬɟɪіɚɥ, ɹɤɢɣ ɞɨɪɟɱɧɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɞɥɹ ɪɨɡɜɢɬɤɭ 
ɦɚɬɟɦɚɬɢɱɧɢɯ ɡɧɚɧь. ɐɟ є ɚɤɬɭɚɥьɧɚ ɦɟɬɨɞɢɱɧɚ ɩɪɨɛɥɟɦɚ, ɧɚ ɹɤɭ ɜɚɠɥɢɜɨ ɡɜɟɪɧɭɬɢ ɭɜɚɝɭ 
ɜɱɢɬɟɥɹɦ ɮіɡɢɤɢ і ɦɚɬɟɦɚɬɢɤɢ. Ɇɨɜɚ ɣɞɟ ɧɟ ɫɬіɥьɤɢ ɩɪɨ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɦɚɬɟɦɚɬɢɱɧɢɯ 
ɡɚɞɚɱ ɡ ɮіɡɢɱɧɢɦ ɡɦіɫɬɨɦ ɧɚ ɭɪɨɤɚɯ ɦɚɬɟɦɚɬɢɤɢ, ɫɤіɥьɤɢ ɩɪɨ ɰіɥɟɫɩɪɹɦɨɜɚɧɟ ɮɨɪɦɭɜɚɧɧɹ 
ɩɪɢɪɨɞɧɢɱɢɯ ɩɨɧɹɬь ɩɪɢ ɜɢɜɱɟɧɧі ɮіɡɢɤɢ ɧɚ ɬɚɤɨɦɭ ɪіɜɧі, щɨɛ ɩɨɬіɦ ʀɯ ɟɮɟɤɬɢɜɧɨ ɦɨɠɧɚ 
ɛɭɥɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɩɪɢ ɧɚɜɱɚɧɧі ɦɚɬɟɦɚɬɢɤɢ. 

ɉɪɨɰɟɫ ɪɟɚɥіɡɚɰіʀ ɦіɠɩɪɟɞɦɟɬɧɢɯ ɡɜ’ɹɡɤіɜ ɧɟɦɨɠɥɢɜɢɣ ɛɟɡ ɜɢɤɨɪɢɫɬɚɧɧɹ ɫɭɱɚɫɧɢɯ 
іɧɮɨɪɦɚɰіɣɧɨ-ɤɨɦɭɧіɤɚɰіɣɧɢɯ ɬɟɯɧɨɥɨɝіɣ (ȱɄɌ). ȱɧɮɨɪɦɚɬɢɤɚ ɫɬɚє ɛɚɡɨɜɢɦ ɤɨɦɩɨɧɟɧɬɨɦ 
ɫɭɱɚɫɧɨʀ ɨɫɜіɬɢ, ɩɨɜɧɨɰіɧɧɢɦ ɡɚɝɚɥьɧɨɧɚɭɤɨɜɢɦ ɧɚɜɱɚɥьɧɢɦ ɩɪɟɞɦɟɬɨɦ. ȼɨɧɚ ɜіɞіɝɪɚє 
ɞɟɞɚɥі ɛіɥьɲɭ ɪɨɥь ɭ ɠɢɬɬі ɫɭɫɩіɥьɫɬɜɚ, ɫɬɚє ɣɨɝɨ ɜɚɠɥɢɜɢɦ ɪɟɫɭɪɫɨɦ. ɇɚ ɫьɨɝɨɞɧі 
ɪɨɡɪɨɛɥɟɧɨ ɡɧɚɱɧɭ ɤіɥьɤіɫɬь ɩɪɨɝɪɚɦɧɢɯ ɡɚɫɨɛіɜ, ɜɢɤɨɪɢɫɬɚɧɧɹ ɹɤɢɯ ɞɨɡɜɨɥɹє 
ɪɨɡɜ’ɹɡɭɜɚɬɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɤɨɦɩ’ɸɬɟɪɚ ɞɨɫɢɬь ɲɢɪɨɤɟ ɤɨɥɨ ɮіɡɢɱɧɢɯ ɬɚ ɦɚɬɟɦɚɬɢɱɧɢɯ 
ɡɚɞɚɱ ɪіɡɧɢɯ ɪіɜɧіɜ ɫɤɥɚɞɧɨɫɬі, щɨ ɪɨɡɪɚɯɨɜɚɧі ɧɚ ɭɱɧіɜ ɫɟɪɟɞɧіɯ ɧɚɜɱɚɥьɧɢɯ ɡɚɤɥɚɞіɜ. 

ɇɚ ɧɚɲɭ ɞɭɦɤɭ, ɧɚɣɤɪɚщɢɦ ɫɩɨɫɨɛɨɦ ɩɪɨɞɟɦɨɧɫɬɪɭɜɚɬɢ ɟɮɟɤɬɢɜɧіɫɬь ɪɟɚɥіɡɚɰіʀ 
ɦіɠɩɪɟɞɦɟɬɧɢɯ ɡɜ’ɹɡɤіɜ ɮіɡɢɤɢ і ɦɚɬɟɦɚɬɢɤɢ ɜ ɧɚɜɱɚɥьɧɨɦɭ ɩɪɨɰɟɫі є ɡɚɫɬɨɫɭɜɚɧɧɹ ɉɉЗ 
ɞɨ ɪɨɡɜ’ɹɡɚɧɧɹ ɮіɡɢɱɧɢɯ ɡɚɞɚɱ, ɬɚ ɩɨɪіɜɧɹɧɧɹ ɞɚɧɨɝɨ ɫɩɨɫɨɛɭ іɡ ɤɥɚɫɢɱɧɢɦ ɚɧɚɥіɬɢɱɧɢɦ 
ɫɩɨɫɨɛɨɦ ʀɯ ɪɨɡɜ’ɹɡɤɭ. Ɉɞɧɢɦ ɡ ɬɚɤɢɯ ɉɉЗ є ɩɪɨɝɪɚɦɚ GRAN1. ɉɨɡɢɬɢɜɧɨɸ ɫɬɨɪɨɧɨɸ 
ɞɚɧɨɝɨ ɉɉЗ є ɬɟ, щɨ ɜіɧ ɡɨɪієɧɬɨɜɚɧɢɣ ɧɚ ɬɚɤɢɣ ɫɩɨɫіɛ ɜɢɤɨɪɢɫɬɚɧɧɹ, ɩɪɢ ɹɤɨɦɭ ɦɟɬɨɸ 
ɭɱɧɹ є ɩɨɛɭɞɨɜɚ ɯɨɞɭ ɪɨɡɜ'ɹɡɭɜɚɧɧɹ ɡɚɞɚɱі, ɚ ɧɟ ɥɢɲɟ ɨɬɪɢɦɚɧɧɹ ɜіɞɩɨɜіɞі. 

ȼ ɹɤɨɫɬі ɩɨɧɹɬɬɹ, ɧɚ ɨɫɧɨɜі ɹɤɨɝɨ ɦɢ ɪɨɡɝɥɹɞɚєɦɨ ɦіɠɩɪɟɞɦɟɬɧі ɡɜ'ɹɡɤɢ ɮіɡɢɤɢ і 
ɦɚɬɟɦɚɬɢɤɢ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɫɭɱɚɫɧɢɯ ȱɄɌ, ɛɭɥɨ ɨɛɪɚɧɨ ɩɨɧɹɬɬɹ ɟɤɫɬɪɟɦɭɦɭ. ɉɪɢɤɥɚɞɨɦ 
ɡɚɡɧɚɱɟɧɨɝɨ ɦɨɠɟ ɫɥɭɝɭɜɚɬɢ ɪɨɡɜ’ɹɡɭɜɚɧɧɹ ɡɚɞɚɱ ɧɚ ɡɧɚɯɨɞɠɟɧɧɹ ɟɤɫɬɪɟɦɭɦіɜ ɮіɡɢɱɧɢɯ 
ɜɟɥɢɱɢɧ. 

ɉɪɨɝɪɚɦɚ GRAN1 ɞɚє ɦɨɠɥɢɜіɫɬь ɝɪɚɮіɱɧɢɦɢ ɦɟɬɨɞɚɦɢ ɡɧɚɯɨɞɢɬɢ ɧɚɛɥɢɠɟɧі 
ɪɨɡɜ'ɹɡɤɢ ɞɟɹɤɢɯ ɡɚɞɚɱ ɧɚ ɡɧɚɯɨɞɠɟɧɧɹ ɧɚɣɛіɥьɲɢɯ ɱɢ ɧɚɣɦɟɧɲɢɯ ɡɧɚɱɟɧь ɮɭɧɤɰіɣ ɨɞɧієʀ 
ɱɢ ɞɜɨɯ ɡɦіɧɧɢɯ ɧɚ ɦɧɨɠɢɧɚɯ, ɜɢɡɧɚɱɟɧɢɯ ɞɟɹɤɢɦɢ ɫɢɫɬɟɦɚɦɢ ɧɟɪіɜɧɨɫɬɟɣ (ɱɢ ɹɤɢɦɨɫь 
іɧɲɢɦ ɱɢɧɨɦ). ɉɪɢ ɰьɨɦɭ ɞɨɫɥіɞɠɭɜɚɧі ɮɭɧɤɰіʀ, ɚ ɬɚɤɨɠ ɮɭɧɤɰіʀ, щɨ ɜɢɡɧɚɱɚɸɬь 
ɦɧɨɠɢɧɭ ɞɨɩɭɫɬɢɦɢɯ ɬɨɱɨɤ, ɦɨɠɭɬь ɛɭɬɢ ɥіɧіɣɧɢɦɢ ɱɢ ɧɟɥіɧіɣɧɢɦɢ, ɨɩɭɤɥɢɦɢ ɱɢ 
ɧɟɨɩɭɤɥɢɦɢ. 

ɍ ɡɚɝɚɥьɧɨɦɭ ɜɢɩɚɞɤɭ ɡɚɞɚɱɭ ɬɢɩɭ  ,min xf
Gx

   n

i RxnixxG  ,...1,0:  

ɧɚɡɢɜɚɸɬь ɡɚɞɚɱɟɸ ɦɚɬɟɦɚɬɢɱɧɨɝɨ ɩɪɨɝɪɚɦɭɜɚɧɧɹ. Ⱦɥɹ ɧɚɛɥɢɠɟɧɨɝɨ ɜіɞɲɭɤɚɧɧɹ 
ɧɚɣɛіɥьɲɨɝɨ і ɧɚɣɦɟɧɲɨɝɨ ɡɧɚɱɟɧь ɮɭɧɤɰіʀ ɭ = f(x) ɧɚ ɡɚɞɚɧɨɦɭ ɩɪɨɦіɠɤɭ Дɚ,bЖ ɡ 
ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɩɨɫɥɭɝ ɩɪɨɝɪɚɦɢ GRAN1 ɞɨɫɢɬь ɩɨɛɭɞɭɜɚɬɢ ɝɪɚɮіɤ ɡɚɥɟɠɧɨɫɬі ɭ = f(ɯ) ɩɪɢ 
ɯ є Дa,bЖ і ɩɨɬіɦ ɜɢɡɧɚɱɢɬɢ ɤɨɨɪɞɢɧɚɬɢ ɧɚɣɜɢщɨʀ і ɧɚɣɧɢɠɱɨʀ ɬɨɱɨɤ ɧɚ ɝɪɚɮіɤɭ ɭ = f(ɯ). 

Зɚɞɚɱɚ 1. Ɍɿɥɨ ɦɚɫɨɸ m=10 ɤɝ ɪɭɯɚєɬɶɫɹ ɪɿɜɧɨɦɿɪɧɨ ɜɡɞɨɜɠ ɝɨɪɢɡɨɧɬɚɥɶ-ɧɨʀ 
ɩɨɜɟɪɯɧɿ ɩɿɞ ɞɿєɸ ɫɢɥɢ F. Ʉɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ ɪɿɜɧɢɣ ȝ = 0,6. ɉɪɢ ɹɤɨɦɭ ɡɧɚɱɟɧɧɿ ɤɭɬɚ α 
ɫɢɥɚ F ɦɚє ɧɚɣɦɟɧɲɭ ɚɛɫɨɥɸɬɧɭ ɜɟɥɢɱɢɧɭ? 
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Ɋɨɡɜ’ɹɡɚɧɧɹμ ɇɚ ɬіɥɨ ɞіɸɬь ɱɨɬɢɪɢ ɫɢɥɢ (ɪɢɫ.1): ɫɢɥɚ , ɫɢɥɚ ɬɹɠіɧɧɹ m , ɫɢɥɚ 

ɧɨɪɦɚɥьɧɨʀ ɪɟɚɤɰіʀ ɩɨɜɟɪɯɧі  ɬɚ ɫɢɥɚ ɬɟɪɬɹ ɬɪ. ɉіɞ ɞієɸ ɰɢɯ ɫɢɥ ɬіɥɨ ɪɭɯɚєɬьɫɹ 
ɪіɜɧɨɦіɪɧɨ і ɩɪɹɦɨɥіɧіɣɧɨ. 

 
 

Ɋɢɫ.1 

ɍ ɩɪɨɟɤɰіɹɯ ɧɚ ɨɫі ɤɨɨɪɞɢɧɚɬ ɞɪɭɝɢɣ ɡɚɤɨɧ ɇьɸɬɨɧɚ ɞɥɹ ɪɨɡɝɥɹɞɭɜɚɧɨɝɨ ɪɭɯɭ ɬіɥɚ 
ɦɚɬɢɦɟ ɬɚɤɢɣ ɜɢɝɥɹɞ: 

 







0sin

0cos

mgFN

FF ɌɊ




 , 

ɤɪіɦ ɬɨɝɨ NFɌɊ   . 

Зɜіɞɫɢ ɡɧɚɯɨɞɢɦɨ: 



sincos 




mg
F . 

ȼ ɭɱɧіɜ ɦɨɠɟ ɜɢɧɢɤɧɭɬɢ ɩɪɢɩɭщɟɧɧɹ, щɨ ɞɥɹ ɬɨɝɨ щɨɛ ɫɢɥɚ  ɛɭɥɚ ɦіɧіɦɚɥьɧɨɸ, 
ɦɨɬɭɡɤɭ ɩɨɬɪіɛɧɨ ɬɹɝɬɢ ɝɨɪɢɡɨɧɬɚɥьɧɨ, ɬɨɛɬɨ ɩіɞ ɤɭɬɨɦ . ɉɪɨɬɟ, ɡɜɟɪɬɚєɦɨ ɭɜɚɝɭ 
ɧɚ ɬɟ, щɨ ɜ ɜɢɩɚɞɤɭ ɤɨɥɢ ɡɧɚɱɟɧɧɹ ɤɭɬɚ  є ɛіɥьɲɢɦ, ɧіɠ ɧɭɥь, ɡɛіɥьɲɟɧɧɹ ɜɟɪɬɢɤɚɥьɧɨʀ 

ɫɤɥɚɞɨɜɨʀ  ɡɦɟɧɲɭє ɬɢɫɤ ɧɚ ɨɩɨɪɭ і ɜіɞɩɨɜіɞɧɨ ɡɦɟɧɲɭє ɫɢɥɭ ɬɟɪɬɹ ɬɪ. Ɍɚɤɢɦ 
ɱɢɧɨɦ, ɧɚ ɪɟɡɭɥьɬɚɬ ɜɩɥɢɜɚɸɬь ɞɜɚ ɤɨɧɤɪɟɬɧі ɮɚɤɬɨɪɢ. 

ɋɩɨɱɚɬɤɭ, ɞɥɹ ɡɧɚɯɨɞɠɟɧɧɹ ɡɧɚɱɟɧь  і , ɫɤɨɪɢɫɬɚєɦɨɫɹ ɚɧɚɥіɬɢɱɧɢɦ ɦɟɬɨɞɨɦ. 
Ɏɭɧɤɰіɹ  ɦіɧіɦɚɥьɧɚ, ɹɤщɨ ɡɧɚɦɟɧɧɢɤ ɦɚɤɫɢɦɚɥьɧɢɣ. ɉɨɡɧɚɱɢɦɨ ɣɨɝɨ ɥіɬɟɪɨɸ , 

ɡɧɚɣɞɟɦɨ ɩɨɯіɞɧɭ  ɜіɞɧɨɫɧɨ  і ɩɪɢɪіɜɧɹєɦɨ ʀʀ ɞɨ ɧɭɥɹ: 

 

Зɜіɞɫɢ,  Ɍɨɞі 

 

ȼɢɤɨɪɢɫɬɨɜɭɸɱɢ ɫɩіɜɜіɞɧɨɲɟɧɧɹ  

 ɡɧɚɯɨɞɢɦɨ ɲɭɤɚɧɭ ɜɟɥɢɱɢɧɭ: 

 
Ɋɨɡɜ’ɹɠɟɦɨ ɞɚɧɭ ɡɚɞɚɱɭ ɝɪɚɮіɱɧɢɦ ɦɟɬɨɞɨɦ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ GRAN1. Ⱦɥɹ ɰьɨɝɨ 
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ɩɨɛɭɞɭєɦɨ ɝɪɚɮіɤ ɡɚɥɟɠɧɨɫɬі 

 
ɉɪɢ ɫɬɜɨɪɟɧɧі ɨɛ'єɤɬɭ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɩɪɨɝɪɚɦɢ GRAN1 ɜɢɪɚɡ ɛɭɞɟ ɦіɫɬɢɬɢ ɞɜɚ 

ɩɚɪɚɦɟɬɪɢ, ɚ ɫɚɦɟ:  (ɤɨɟɮіɰієɧɬ ɬɟɪɬɹ) ɬɚ ɦɚɫɚ). ȼɜɟɞɟɦɨ ɩɨɡɧɚɱɟɧɧɹ:  = Ɋ1,  = P2. 

Зɚɦіɫɬь ɫɬɚɥɨʀ  ɩіɞɫɬɚɜɥɹєɦɨ ʀʀ ɡɧɚɱɟɧɧɹ. ȼɢɪɚɡ ɧɚɛɭɜɚє ɜɢɝɥɹɞɭ 

 
ɇɚ ɪɢɫ.2 ɩɪɟɞɫɬɚɜɥɟɧɨ ɪɟɡɭɥьɬɚɬ ɦɨɞɟɥɸɜɚɧɧɹ ɞɚɧɨʀ ɡɚɥɟɠɧɨɫɬі. Ʉɭɪɫɨɪ 

ɜɫɬɚɧɨɜɥɸєɦɨ ɜ ɬɨɱɰі, ɹɤɚ ɜіɞɩɨɜіɞɚє ɧɚɣɦɟɧɲɨɦɭ ɡɧɚɱɟɧɧɸ ɡɦіɧɧɨʀ . ȼ ɥіɜіɣ ɜɟɪɯɧіɣ 
ɱɚɫɬɢɧі ɜіɤɧɚ «Ƚɪɚɮіɤ» ɱɢɬɚєɦɨ ɤɨɨɪɞɢɧɚɬɢ ɰієʀ ɬɨɱɤɢ. Ɇɚєɦɨ: 

 ≈ 50 ɇ, α = 0.54 ɪɚɞ ≈ 31ɨ. 

Ɉɬɪɢɦɭєɦɨ ɨɞɧɚɤɨɜɢɣ ɪɟɡɭɥьɬɚɬ. ɉɪɨɬɟ, ɭ ɜɢɩɚɞɤɭ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɩɪɨɝɪɚɦɢ 
GRAN1 ɜɢɧɢɤɚɸɬь ɞɨɞɚɬɤɨɜі ɦɨɠɥɢɜɨɫɬі ɞɥɹ ɞɨɫɥіɞɠɟɧɧɹ ɪɭɯɭ ɬіɥɚ. Ɇɨɠɥɢɜɨɫɬі 
ɩɪɨɝɪɚɦɢ GRAN1 ɞɨɡɜɨɥɹɸɬь, ɡɦіɧɸɸɱɢ ɩɚɪɚɦɟɬɪɢ Ɋ1 ɬɚ P2, ɞɨɫɥіɞɢɬɢ ɹɤ 
ɡɦіɧɸɜɚɬɢɦɭɬьɫɹ ɡɧɚɱɟɧɧɹ  і  ɩɪɢ іɧɲɢɯ ɡɧɚɱɟɧɧɹɯ ɤɨɟɮіɰієɧɬɚ ɬɟɪɬɹ ɬɚ ɦɚɫɢ ɬіɥɚ. 

 

 
Ɋɢɫ. 2. 

 

Зɚɞɚɱɚ 2. ɇɚ ɝɨɪɢɡɨɧɬɚɥɶɧɿɣ ɩɨɜɟɪɯɧɿ ɡɧɚɯɨɞɢɬɶɫɹ ɜɟɥɢɤɚ ɧɟɪɭɯɨɦɚ ɡɚɩɨɜɧɟɧɚ 
ɜɨɞɨɸ ɩɨɫɭɞɢɧɚ. ɑɟɪɟɡ ɦɚɥɟɧɶɤɢɣ ɨɬɜɿɪ ɜ ʀʀ ɛɨɤɨɜɿɣ ɫɬɿɧɰɿ ɜɢɬɿɤɚє ɫɬɪɭɦɿɧɶ ɜɨɞɢ. ɇɚ ɹɤɿɣ 
ɜɢɫɨɬɿ ɩɨɜɢɧɟɧ ɛɭɬɢ ɪɨɡɦɿɳɟɧɢɣ ɨɬɜɿɪ, ɳɨɛ ɞɚɥɶɧɿɫɬɶ ɫɬɪɭɦɟɧɹ ɛɭɥɚ ɦɚɤɫɢɦɚɥɶɧɨɸ? 
əɤɚ ɰɹ ɞɚɥɶɧɿɫɬɶ? ȼɢɫɨɬɚ ɩɨɫɭɞɢɧɢ . Ɍɟɪɬɹ ɧɟ ɜɪɚɯɨɜɭɜɚɬɢ. 

Ɋɨɡɜ’ɹɡɚɧɧɹμ 

Ⱦɚɥьɧіɫɬь ɩɨɥьɨɬɭ ɫɬɪɭɦɟɧɹ ɪіɜɧɚ , ɚ ɜɢɫɨɬɚ ɣɨɝɨ ɩɚɞіɧɧɹ – , ɞɟ 

 – ɲɜɢɞɤіɫɬь ɜɢɬіɤɚɧɧɹ ɜɨɞɢ іɡ ɨɬɜɨɪɭ,  - ɱɚɫ ɩɚɞіɧɧɹ ɜɨɞɢ (ɪɢɫ. 3). 
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Ɋɢɫ. 3. 

 

Зɜіɞɫɢ, ɜɢɤɥɸɱɢɜɲɢ , ɨɬɪɢɦɭєɦɨ:  

Ⱦɚɥьɧіɫɬь ɩɨɥьɨɬɭ  ɡɚɥɟɠɢɬь ɜіɞ ɜɢɫɨɬɢ ɪɨɡɬɚɲɭɜɚɧɧɹ ɨɬɜɨɪɭ . Ⱥɧɚɥіɡ ɩɨɤɚɡɭє, 
щɨ ɱɢɦ ɧɢɠɱɟ ɪɨɡɬɚɲɨɜɚɧɢɣ ɨɬɜіɪ, ɬɢɦ ɛіɥьɲɢɦ є ɫɬɨɜɩ ɜɨɞɢ ɧɚɞ ɧɢɦ і, ɜіɞɩɨɜіɞɧɨ, 
ɛіɥьɲɨɸ є ɲɜɢɞɤіɫɬь ɜɢɬіɤɚɧɧɹ ɜɨɞɢ  Ɉɬɠɟ, ɛіɥьɲɨɸ ɩɨɜɢɧɧɚ ɛɭɬɢ і ɞɚɥьɧіɫɬь ɩɨɥьɨɬɭ 

. Ⱥɥɟ, ɱɢɦ ɦɟɧɲɨɸ є ɜɢɫɨɬɚ , ɬɢɦ ɦɟɧɲɢɦ ɛɭɞɟ ɱɚɫ ɩɨɥьɨɬɭ , щɨ ɩɪɢɡɜɨɞɢɬь ɞɨ 
ɡɦɟɧɲɟɧɧɹ ɞɚɥьɧɨɫɬі ɜɢɬіɤɚɧɧɹ ɜɨɞɢ. Ɍɭɬ ɬɚɤɨɠ ɤɨɧɤɭɪɭɸɬь ɞɜɚ ɮɚɤɬɨɪɢ. 

Ɋɨɡɜ’ɹɠɟɦɨ ɡɚɞɚɱɭ ɚɧɚɥіɬɢɱɧɨ. Ɏɭɧɤɰіɹ  ɦɚɤɫɢɦɚɥьɧɚ, ɤɨɥɢ ɦɚɤɫɢɦɚɥьɧɢɦ є 
ɩіɞɤɨɪɟɧɟɜɢɣ ɜɢɪɚɡ. ɉɨɡɧɚɱɢɦɨ ɣɨɝɨ ɥіɬɟɪɨɸ , ɜіɡьɦɟɦɨ ɩɨɯіɞɧɭ  ɩɨ ɚɪɝɭɦɟɧɬɭ  і 
ɩɪɢɪіɜɧɹєɦɨ ʀʀ ɞɨ ɧɭɥɹ: 

 

Зɜіɞɫɢ , ɚ ɦɚɤɫɢɦɚɥьɧɚ ɞɚɥьɧіɫɬь . 

ɐі ɠ ɪɟɡɭɥьɬɚɬɢ ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ ɝɪɚɮіɱɧɨ. Ⱦɥɹ ɰьɨɝɨ ɪɨɡɝɥɹɧɟɦɨ ɝɪɚɮіɤ ɮɭɧɤɰіʀ 
 Ⱥɧɚɥɨɝіɱɧɨ ɞɨ ɩɨɩɟɪɟɞɧьɨɝɨ ɜɢɩɚɞɤɭ ɜ ɩɪɨɝɪɚɦі GRAN1 ɡɚɩɢɲɟɦɨ ɜɢɪɚɡ 

– ɰіɥɤɨɦ ɩɟɜɧɟ ɡɧɚɱɟɧɧɹ 
ɜɢɫɨɬɢ ɩɨɫɭɞɢɧɢ. 

 
Ɋɢɫ. 4. 
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Ɋɟɡɭɥьɬɚɬɢ ɦɨɞɟɥɸɜɚɧɧɹ ɩɨɞɚɧɨ ɧɚ ɪɢɫ. 4. Ɇɚɤɫɢɦɚɥьɧɚ ɞɚɥьɧіɫɬь ɩɪɢ 
 ɫɬɚɧɨɜɢɬь  ȼɢɫɨɬɚ, ɧɚ ɹɤіɣ ɪɨɡɬɚɲɨɜɚɧɢɣ ɨɬɜіɪ,  

Ɉɬɜіɪ ɦɚє ɡɧɚɯɨɞɢɬьɫɹ ɧɚ ɜɢɫɨɬі, щɨ ɞɨɪіɜɧɸє ɩɨɥɨɜɢɧі ɜɢɫɨɬɢ ɩɨɫɭɞɢɧɢ. 
 

Зɚɞɚɱɚ 3. Ɏɨɤɭɫɧɚ ɜɿɞɫɬɚɧɶ ɡɛɢɪɚɥɶɧɨʀ ɥɿɧɡɢ ɪɿɜɧɚ F=50 ɫɦ. əɤɨɸ є ɦɿɧɿɦɚɥɶɧɨ 
ɦɨɠɥɢɜɚ ɜɿɞɫɬɚɧɶ ɦɿɠ ɩɪɟɞɦɟɬɨɦ ɿ ɣɨɝɨ ɞɿɣɫɧɢɦ ɜɿɞɨɛɪɚɠɟɧɧɹɦ? 

 
Ɋɢɫ. 5 

Ɋɨɡɜ’ɹɡɚɧɧɹμ ɉɨɡɧɚɱɢɦɨ ɜіɞɫɬɚɧь ɜіɞ ɩɪɟɞɦɟɬɚ ɞɨ ɥіɧɡɢ d, ɜіɞɫɬɚɧь ɦіɠ ɩɪɟɞɦɟɬɨɦ і 
ɣɨɝɨ ɡɨɛɪɚɠɟɧɧɹɦ y. 

Зɚɩɢɫɚɜɲɢ ɮɨɪɦɭɥɭ ɥіɧɡɢ  ɬɚ ɪіɜɧіɫɬь  ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ 

. Зɧɚɱɟɧɧɹ  і ɭ ɦɨɠɧɚ ɜɢɡɧɚɱɢɬɢ ɚɧɚɥіɬɢɱɧɨ. ȼіɡьɦɟɦɨ ɩɨɯіɞɧɭ ɜіɞ ɮɭɧɤɰіʀ ɭ 

=  і ɩɪɢɪіɜɧɹєɦɨ ʀʀ ɞɨ ɧɭɥɹ. 

 

Зɜіɞɫɢ ɡɧɚɣɞɟɦɨ ɞɜɚ ɡɧɚɱɟɧɧɹ ɜɟɥɢɱɢɧɢ :  і . Ⱦіɣɫɧɨɦɭ 
ɡɨɛɪɚɠɟɧɧɸ  ɜіɞɩɨɜіɞɚє ɞɪɭɝɟ ɡ ɧɢɯ. ȼіɞɩɨɜіɞɧɨ,  

 
Ⱦɥɹ ɡɧɚɯɨɞɠɟɧɧɹ ɦіɧіɦɚɥьɧɨʀ ɜіɞɫɬɚɧі ɦіɠ ɩɪɟɞɦɟɬɨɦ і ɣɨɝɨ ɞіɣɫɧɢɦ ɡɨɛɪɚɠɟɧɧɹɦ 

ɜ ɬɨɧɤіɣ ɥіɧɡі ɦɨɠɧɚ ɬɚɤɨɠ ɫɤɨɪɢɫɬɚɬɢɫɹ ɝɪɚɮіɱɧɢɦ ɦɟɬɨɞɨɦ. Ƚɪɚɮіɤ ɡɚɥɟɠɧɨɫɬі 
 ɥɟɝɤɨ ɨɬɪɢɦɚɬɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɩɪɨɝɪɚɦɢ GRAN1. 

 
Ɋɢɫ. 6. 



 ʜАУКʝВI ʖАʞʗСКʗ  Сˈ˓˪я: П˓ˑ˄ˎˈˏˋ ˏˈ˕ˑˇˋˍˋ ˗˪ˊˋˍˑ-ˏ˃˕ˈˏ˃˕ˋчːˑ˫             Випуск 9ȋІІȌ 
˪ ˕ˈ˘ːˑˎˑˆ˪чːˑ˫ ˑ˔˅˪˕ˋ 

 196 

 

Ɇɚєɦɨ: ymin = 2 ɦ. Ɉɬɠɟ, ɹɤщɨ ɜіɞɫɬɚɧь ɡɛɢɪɚɥьɧɨʀ ɥіɧɡɢ ɪіɜɧɚ F = 50 ɫɦ, ɬɨɞі 
ɦіɧіɦɚɥьɧɨ ɦɨɠɥɢɜɚ ɜіɞɫɬɚɧь ɦіɠ ɩɪɟɞɦɟɬɨɦ і ɣɨɝɨ ɞіɣɫɧɢɦ ɜіɞɨɛɪɚɠɟɧɧɹɦ ɞɨɪіɜɧɸє 2 ɦ. 

ȼ ɞɚɧɨɦɭ ɜɢɩɚɞɤɭ ɡɚɫɬɨɫɭɜɚɧɧɹ ɤɨɦɩ’ɸɬɟɪɧɢɯ ɩɪɨɝɪɚɦ ɞɨɡɜɨɥɹє ɜ ɡɧɚɱɧіɣ ɦіɪі 
ɫɩɪɨщɭɜɚɬɢ ɪɨɡɜ’ɹɡɚɧɧɹ ɮіɡɢɱɧɢɯ ɡɚɞɚɱ ɬɚɤɨɝɨ ɬɢɩɭ. 

ɉɪɨɜɟɞɟɧі ɞɨɫɥіɞɠɟɧɧɹ ɞɚɸɬь ɧɚɦ ɩіɞɫɬɚɜɢ ɫɬɜɟɪɞɠɭɜɚɬɢ, щɨ ɫɚɦɟ ɬɚɤі ɡɚɞɚɱі: 
- ɫɩɪɢɹɸɬь ɩɨɫɢɥɟɧɧɸ ɩіɡɧɚɜɚɥьɧɨʀ ɦɨɬɢɜɚɰіʀ; 
- ɩіɞɜɢщɭɸɬь ɫɭɛ’єɤɬɢɜɧɭ ɡɧɚɱɭщіɫɬь ɞɨɫɥіɞɧɢɰьɤɨʀ ɞіɹɥьɧɨɫɬі ɜ ɧɚɜɱɚɧɧі ɭɱɧіɜ; 
- є ɰіɤɚɜɢɦɢ ɞɥɹ ɭɱɧіɜ; 
- ɞɟɦɨɧɫɬɪɭɸɬь ɟɮɟɤɬɢɜɧіɫɬь ɦіɠɩɪɟɞɦɟɬɧɢɯ ɡɜ'ɹɡɤіɜ; 
- ɩɨɬɪɟɛɭɸɬь ɡɚɫɬɨɫɭɜɚɧɧɹ ɫɭɱɚɫɧɢɯ іɧɮɨɪɦɚɰіɣɧɨ-ɤɨɦɭɧіɤɚɰіɣɧɢɯ ɬɟɯɧɨɥɨɝіɣ. 
ɐɟ ɞɨɡɜɨɥɹє ɡɪɨɛɢɬɢ ɧɚɜɱɚɥьɧɢɣ ɩɪɨɰɟɫ ɨɫɨɛɢɫɬіɫɧɨ ɨɪієɧɬɨɜɚɧɢɦ, ɬɚɤɢɦ, щɨ 

ɪɨɡɜɢɜɚє ɩіɡɧɚɜɚɥьɧɭ ɫɚɦɨɫɬіɣɧіɫɬь, ɞɚє ɩɪɨɫɬіɪ ɞɥɹ ɩɪɨɹɜіɜ ɫɚɦɨɞіɹɥьɧɨɫɬі ɭɱɧіɜ, ɧɚɞɚє ʀɦ 
ɦɨɠɥɢɜɨɫɬі ɧɚɛɭɜɚɬɢ ɡɧɚɧь і ɜɦіɧь, ɹɤі ɛɭɞɭɬь ɩɨɬɪіɛɧі ɩɪɨɬɹɝɨɦ ɠɢɬɬɹ. 
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INNOVATIONS IN REALIZATION OF INTERSUBJECT COMMUNICATIONS IN SOLVING 

PHYSICAL PROBLEMS ON EXTREMA 
 

The authors consider new approaches to realization of intersubject communications of physics 

and mathematics with the use of modern ICT, which is an important factor in the interaction of Sciences 

in the process of formation of Outlook of the pupils and increase their cognitive interests. 

It is not so much about solving mathematical problems with physical content in mathematics 

lessons, how much about purposeful formation of natural-science concepts in the study of physics at this 

level, then they effectively can be used in teaching mathematics. 
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Efficiency of realization of intersubject links of physics and mathematics in the educational 

process demonstrated on the example of the application of pedagogical software tools GRAN1 to the 

solution of physical problems at the extremes, and comparison of this method with the classical analytical 

method of solving them. 

The proposed approach allows to make educational process of personality-oriented, that 

develops cognitive autonomy, creates conditions for the manifestation of Amateur students, promotes the 

acquisition of knowledge and skills that will be needed in life. 

Keywords: intersubject communications, the physical task is the greatest (smallest) value of a 

function, derivative, graph of functions, educational software tool, computer simulation. 

 

ɂ.Ʌ.ɋɟɦɟɳуɤ, ə.Ɋ.Ɇɨɣɫɢɟɜɢɱ, В.ɂ.Ɍɢɳуɤ 

Ɋɨɜɟɧɫɤɢɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɝɭɦɚɧɢɬɚɪɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ 

ɂɇɇɈВȺɐɂɂ ɉɈ ɊȿȺɅɂɁȺɐɂɂ ɆȿɀɉɊȿȾɆȿɌɇɕɏ ɋВəɁȿɃ В Ɋȿɒȿɇɂɂ 
ɎɂɁɂɑȿɋɄɂɏ ɁȺȾȺɑ ɇȺ ɗɄɋɌɊȿɆɍɆɕ 

 

Ⱥɜɬɨɪɚɦɢ ɪɚɫɫɦɨɬɪɟɧɵ ɧɨɜɵɟ ɩɨɞɯɨɞɵ ɤ ɪɟɚɥɢɡɚɰɢɢ ɦɟɠɩɪɟɞɦɟɬɧɵɯ ɫɜɹɡɟɣ ɮɢɡɢɤɢ ɢ 
ɦɚɬɟɦɚɬɢɤɢ ɫ ɢɫɩɨɥɶɡɨɜɚɧɢɟɦ ɫɨɜɪɟɦɟɧɧɵɯ ɂɄɌ, ɱɬɨ ɹɜɥɹɟɬɫɹ ɜɚɠɧɵɦ ɮɚɤɬɨɪɨɦ 
ɜɡɚɢɦɨɞɟɣɫɬɜɢɹ ɧɚɭɤ ɜ ɩɪɨɰɟɫɫɟ ɮɨɪɦɢɪɨɜɚɧɢɹ ɦɢɪɨɜɨɡɡɪɟɧɢɹ ɲɤɨɥɶɧɢɤɨɜ ɢ ɪɨɫɬɚ ɢɯ 
ɩɨɡɧɚɜɚɬɟɥɶɧɵɯ ɢɧɬɟɪɟɫɨɜ. Ɋɟɱɶ ɢɞɟɬ ɧɟ ɫɬɨɥɶɤɨ ɨ ɪɟɲɟɧɢɢ ɦɚɬɟɦɚɬɢɱɟɫɤɢɯ ɡɚɞɚɱ ɫ 
ɮɢɡɢɱɟɫɤɢɦ ɫɨɞɟɪɠɚɧɢɟɦ ɧɚ ɭɪɨɤɚɯ ɦɚɬɟɦɚɬɢɤɢ, ɫɤɨɥɶɤɨ ɨ ɰɟɥɟɧɚɩɪɚɜɥɟɧɧɨɦ ɮɨɪɦɢɪɨɜɚɧɢɢ 
ɟɫɬɟɫɬɜɟɧɧɨɧɚɭɱɧɵɯ ɩɨɧɹɬɢɣ ɩɪɢ ɢɡɭɱɟɧɢɢ ɮɢɡɢɤɢ ɧɚ ɬɚɤɨɦ ɭɪɨɜɧɟ, ɱɬɨɛɵ ɩɨɬɨɦ ɢɯ 
ɷɮɮɟɤɬɢɜɧɨ ɦɨɠɧɨ ɛɵɥɨ ɢɫɩɨɥɶɡɨɜɚɬɶ ɩɪɢ ɨɛɭɱɟɧɢɢ ɦɚɬɟɦɚɬɢɤɟ. 

Эɮɮɟɤɬɢɜɧɨɫɬɶ ɪɟɚɥɢɡɚɰɢɢ ɦɟɠɩɪɟɞɦɟɬɧɵɯ ɫɜɹɡɟɣ ɮɢɡɢɤɢ ɢ ɦɚɬɟɦɚɬɢɤɢ ɜ ɭɱɟɛɧɨɦ 
ɩɪɨɰɟɫɫɟ ɩɪɨɞɟɦɨɧɫɬɪɢɪɨɜɚɧɨ ɧɚ ɩɪɢɦɟɪɟ ɩɪɢɦɟɧɟɧɢɹ ɩɟɞɚɝɨɝɢɱɟɫɤɨɝɨ ɩɪɨɝɪɚɦɦɧɨɝɨ ɫɪɟɞɫɬɜɚ 
GRAN1 ɤ ɪɟɲɟɧɢɸ ɮɢɡɢɱɟɫɤɢɯ ɡɚɞɚɱ ɧɚ ɷɤɫɬɪɟɦɭɦɵ, ɢ ɫɪɚɜɧɟɧɢɹ ɞɚɧɧɨɝɨ ɫɩɨɫɨɛɚ ɫ ɤɥɚɫɫɢɱɟɫɤɢɦ 
ɚɧɚɥɢɬɢɱɟɫɤɢɦ ɫɩɨɫɨɛɨɦ ɢɯ ɪɟɲɟɧɢɹ. ɉɪɟɞɥɨɠɟɧɧɵɣ ɩɨɞɯɨɞ ɩɨɡɜɨɥɹɟɬ ɫɞɟɥɚɬɶ ɭɱɟɛɧɵɣ ɩɪɨɰɟɫɫ 
ɥɢɱɧɨɫɬɧɨ ɨɪɢɟɧɬɢɪɨɜɚɧɧɵɦ, ɬɚɤɢɦ, ɱɬɨ ɪɚɡɜɢɜɚɟɬ ɩɨɡɧɚɜɚɬɟɥɶɧɭɸ ɫɚɦɨɫɬɨɹɬɟɥɶɧɨɫɬɶ, 
ɫɨɡɞɚɟɬ ɭɫɥɨɜɢɹ ɞɥɹ ɩɪɨɹɜɥɟɧɢɹ ɫɚɦɨɞɟɹɬɟɥɶɧɨɫɬɢ ɭɱɚɳɢɯɫɹ, ɫɩɨɫɨɛɫɬɜɭɟɬ ɜ ɩɪɢɨɛɪɟɬɟɧɢɢ 
ɡɧɚɧɢɣ ɢ ɭɦɟɧɢɣ, ɤɨɬɨɪɵɟ ɛɭɞɭɬ ɧɭɠɧɵ ɜ ɠɢɡɧɢ. 

Ʉɥɸɱɟɜɵɟ ɫɥɨɜɚ: ɦɟɠɩɪɟɞɦɟɬɧɵɟ ɫɜɹɡɢ, ɮɢɡɢɱɟɫɤɚɹ ɡɚɞɚɱɚ, ɧɚɢɛɨɥɶɲɟɟ (ɧɚɢɦɟɧɶɲɟɟ) 
ɡɧɚɱɟɧɢɟ ɮɭɧɤɰɢɢ, ɩɪɨɢɡɜɨɞɧɚɹ, ɝɪɚɮɢɤ ɮɭɧɤɰɢɢ, ɩɟɞɚɝɨɝɢɱɟɫɤɨɟ ɩɪɨɝɪɚɦɦɧɨɟ ɫɪɟɞɫɬɜɨ, 
ɤɨɦɩɶɸɬɟɪɧɨɟ ɦɨɞɟɥɢɪɨɜɚɧɢɟ. 

 

ВȱȾɈɆɈɋɌȱ ɉɊɈ ȺВɌɈɊȱВ 

ɋɟɦɟɳуɤ ȱɝɨɪ Ʌаɜɪɟɧɬіɣɨɜɢɱ, ɤɚɧɞɢɞɚɬ ɩɟɞɚɝɨɝіɱɧɢɯ ɧɚɭɤ, ɞɨɰɟɧɬ ɤɚɮɟɞɪɢ ɦɟɬɨɞɢɤɢ 
ɜɢɤɥɚɞɚɧɧɹ ɮіɡɢɤɢ і ɯіɦіʀ Ɋіɜɧɟɧɫьɤɨɝɨ ɞɟɪɠɚɜɧɨɝɨ ɝɭɦɚɧіɬɚɪɧɨɝɨ ɩɟɞɚɝɨɝіɱɧɨɝɨ ɭɧіɜɟɪɫɢɬɟɬɭ. 

Ʉɨɥɨ ɧɚɭɤɨɜɢɯ ɿɧɬɟɪɟɫɿɜ: ɤɨɦɩ’ɸɬɟɪɧɟ ɦɚɬɟɦɚɬɢɱɧɟ ɦɨɞɟɥɸɜɚɧɧɹ ɮіɡɢɱɧɢɯ ɩɪɨɰɟɫіɜ, 
іɧɧɨɜɚɰіʀ ɭ ɧɚɜɱɚɥьɧɨɦɭ ɩɪɨɰɟɫі ɡ ɮіɡɢɤɢ. 

Ɍɢɳуɤ Віɬаɥіɣ ȱɜаɧɨɜɢɱ, ɩɪɨɮɟɫɨɪ, ɤɚɧɞɢɞɚɬ ɩɟɞɚɝɨɝіɱɧɢɯ ɧɚɭɤ, ɡɚɜіɞɭɜɚɱ ɤɚɮɟɞɪɢ 
ɦɟɬɨɞɢɤɢ ɜɢɤɥɚɞɚɧɧɹ ɮіɡɢɤɢ і ɯіɦіʀ Ɋіɜɧɟɧɫьɤɨɝɨ ɞɟɪɠɚɜɧɨɝɨ ɝɭɦɚɧіɬɚɪɧɨɝɨ ɭɧіɜɟɪɫɢɬɟɬɭ. 

Ʉɨɥɨ ɧɚɭɤɨɜɢɯ ɿɧɬɟɪɟɫɿɜ: ɬɟɨɪіɹ і ɦɟɬɨɞɢɤɚ ɮіɡɢɱɧɨɝɨ ɧɚɜɱɚɥьɧɨɝɨ ɟɤɫɩɟɪɢɦɟɧɬɭ, іɧɧɨɜɚɰіʀ 
ɭ ɧɚɜɱɚɥьɧɨɦɭ ɩɪɨɰɟɫі ɡ ɮіɡɢɤɢ. 

Ɇɨɫієɜɢɱ əɧа Ɋуɫɥаɧіɜɧа, ɦɚɝіɫɬɪɚɧɬ Ɋіɜɧɟɧɫьɤɨɝɨ ɞɟɪɠɚɜɧɨɝɨ ɝɭɦɚɧіɬɚɪɧɨɝɨ 
ɭɧіɜɟɪɫɢɬɟɬɭ. 

Ʉɨɥɨ ɧɚɭɤɨɜɢɯ ɿɧɬɟɪɟɫɿɜ: ɦɟɬɨɞɢɤɚ ɧɚɜɱɚɧɧɹ ɮіɡɢɤɢ і ɦɚɬɟɦɚɬɢɤɢ. 


