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ȼɋɌɍɉ 

Ɍɟɯɧɿɱɧɢɣ ɪɿɜɟɧь ɜɫɿɯ ɝɚɥɭɡɟɣ ɟɤɨɧɨɦɿɤɢ ɍɤɪɚʀɧɢ 
ɜɢɡɧɚɱɚєɬьɫɹ ɪɿɜɧɟɦ ɦɚɲɢɧɨɛɭɞɭɜɚɧɧɹ, ɪɨɡɜɢɬɨɤ ɬɚ ɨɫɧɨɜɢ 
ɩɪɨɟɤɬɭɜɚɧɧɹ ɹɤɨɝɨ ɛɚɡɭɸɬьɫɹ ɧɚ ɛɚɝɚɬьɨɯ ɞɢɫɰɢɩɥɿɧɚɯ, ɚ 
ɨɫɨɛɥɢɜɨ ɧɚ «Ɍɟɨɪɿʀ ɦɟɯɚɧɿɡɦɿɜ ɿ ɦɚɲɢɧ». ɍ ɧɿɣ ɜɢɜɱɚɸɬь 
ɫɭɱɚɫɧɿ ɦɟɬɨɞɢ ɫɢɧɬɟɡɭ ɬɚ ɚɧɚɥɿɡɭ ɜɚɠɿɥьɧɢɯ, ɡɭɛɱɚɫɬɢɯ ɿ 
ɤɭɥɚɱɤɨɜɢɯ ɦɟɯɚɧɿɡɦɿɜ, ɪɭɯ ɦɟɯɚɧɿɡɦɿɜ ɩɿɞ ɞɿєɸ ɡɚɞɚɧɢɯ 
ɫɢɥ, ɩɨɧɹɬɬɹ ɟɧɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɦɚɲɢɧ ɬɚ 
ɤɨɟɮɿɰɿєɧɬɚ ɤɨɪɢɫɧɨʀ ɞɿʀ, ɛɚɥɚɧɫɭɜɚɧɧɹ ɬɚ ɜɿɛɪɨɡɚɯɢɫɬɭ.  

Ɂɚɜɞɚɧɧɹɦ ɞɢɫɰɢɩɥɿɧɢ є ɞɚɬɢ ɡɞɨɛɭɜɚɱɚɦ ɜɢɳɨʀ ɨɫɜɿɬɢ 
ɮɚɯɨɜɿ ɤɨɦɩɟɬɟɧɬɧɨɫɬɿ ɩɨ ɩɪɚɤɬɢɱɧɿɣ ɪɟɚɥɿɡɚɰɿʀ ɫɢɫɬɟɦɧɢɯ 

ɩɿɞɯɨɞɿɜ ɞɨ ɩɪɨɟɤɬɭɜɚɧɧɹ ɦɚɲɢɧ ɿ ɦɟɯɚɧɿɡɦɿɜ, ɡɧɚɯɨɞɠɟɧɧɹ 

ɤɿɧɟɦɚɬɢɱɧɢɯ ɿ ɞɢɧɚɦɿɱɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɦɟɯɚɧɿɡɦɿɜ ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɚɧɚɥɿɬɢɱɧɢɯ ɬɚ ɝɪɚɮɨ-ɚɧɚɥɿɬɢɱɧɢɯ ɦɟɬɨɞɿɜ, 
ɜɢɡɧɚɱɟɧɧɹ ɨɩɬɢɦɚɥьɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɦɟɯɚɧɿɡɦɿɜ ɡɚ 
ɡɚɞɚɧɢɦɢ ɭɦɨɜɚɦɢ. 

ɇɚɜɱɚɥьɧɨ-ɦɟɬɨɞɢɱɧɢɣ ɩɨɫɿɛɧɢɤ ɩɪɢɡɧɚɱɟɧɢɣ ɞɥɹ 

ɜɢɜɱɟɧɧɹ ɞɢɫɰɢɩɥɿɧɢ «Ɍɟɨɪɿɹ ɦɟɯɚɧɿɡɦɿɜ ɿ ɦɚɲɢɧ» 
ɡɞɨɛɭɜɚɱɚɦɢ ɜɢɳɨʀ ɨɫɜɿɬɢ ɩɟɪɲɨɝɨ (ɛɚɤɚɥɚɜɪɫьɤɨɝɨ) ɪɿɜɧɹ 
ɫɩɟɰɿɚɥьɧɨɫɬɟɣ 274 «Ⱥɜɬɨɦɨɛɿɥьɧɢɣ ɬɪɚɧɫɩɨɪɬ» ɬɚ 133 
«Ƚɚɥɭɡɟɜɟ ɦɚɲɢɧɨɛɭɞɭɜɚɧɧɹ» ɞɟɧɧɨʀ ɬɚ ɡɚɨɱɧɨʀ ɮɨɪɦɢ 
ɧɚɜɱɚɧɧɹ, ɩɪɨɬɟ ɰɸ ɞɢɫɰɢɩɥɿɧɭ ɜɢɜɱɚɸɬь ɦɚɣɛɭɬɧɿ ɮɚɯɿɜɰɿ 
ɭɫɿɯ ɦɟɯɚɧɿɱɧɢɯ ɫɩɟɰɿɚɥьɧɨɫɬɟɣ. 

ȼ ɭɧɿɜɟɪɫɢɬɟɬɚɯ «Ɍɟɨɪɿɸ ɦɟɯɚɧɿɡɦɿɜ ɿ ɦɚɲɢɧ» 

ɜɢɤɥɚɞɚɸɬь ɜɠɟ ɧɚ ɩɪɨɬɹɡɿ ɫɬɨɥɿɬɬɹ, ɚ ɨɤɪɟɦɿ ɪɨɡɞɿɥɢ ɿ ɳɟ 
ɪɚɧɿɲɟ. Ɍɨɦɭ ɦɨɠɧɚ ɫɤɚɡɚɬɢ, ɳɨ ɰɟ ɤɥɚɫɢɱɧɚ, ɫɮɨɪɦɨɜɚɧɚ ɿ 
ɡɚɜɟɪɲɟɧɚ ɡɚɝɚɥьɧɨ ɬɟɯɧɿɱɧɚ ɞɢɫɰɢɩɥɿɧɚ. ȼɚɝɨɦɢɣ ɜɤɥɚɞ ɜ 
ʀʀ ɪɨɡɜɢɬɨɤ ɡɪɨɛɢɥɢ ɭɤɪɚʀɧɫьɤɿ ɧɚɭɤɨɜɰɿ Ʉɨɠɟɜɧɢɤɨɜ ɋ. Ɇ., 
Ʉɨɪɟɧɹɤɨ Ɉ. ɋ., Ɂɚɛɥɨɧɫьɤɢɣ Ʉ. ȱ., Ʉɨɫɬɟɰьɤɢɣ Ȼ. ȱ., 
ȱɜɚɧɱɟɧɤɨ Ɏ. Ʉ., Ʉɿɧɧɢɰьɤɢɣ ə. Ɍ., ɑɟɪɜɨɧɢɣ Ȼ. ȱ. ɬɚ ɿɧ. 

Ⱦɚɧɢɣ ɩɨɫɿɛɧɢɤ ɭɡɚɝɚɥьɧɸє ɞɨɫɜɿɞ ɧɚɭɤɨɜɰɿɜ 
ɞɢɫɰɢɩɥɿɧɢ ɿ ɦɿɫɬɢɬь ɪɟɡɭɥьɬɚɬɢ ɜɥɚɫɧɢɯ ɞɨɫɥɿɞɠɟɧь ɚɜɬɨɪɚ 
ɩɨ ɤɿɧɟɦɚɬɢɱɧɨɦɭ ɚɧɚɥɿɡɿ ɬɚ ɟɧɟɪɝɟɬɢɱɧɿɣ ɟɮɟɤɬɢɜɧɨɫɬɿ 
ɡɭɛɱɚɫɬɢɯ ɞɢɮɟɪɟɧɰɿɚɥьɧɢɯ ɦɟɯɚɧɿɡɦɿɜ.  
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Ⱦɥɹ ɭɫɩɿɲɧɨɝɨ ɡɚɫɜɨєɧɧɹ ɡɧɚɧь ɡ ɞɢɫɰɢɩɥɿɧɢ «Ɍɟɨɪɿɹ 
ɦɟɯɚɧɿɡɦɿɜ ɿ ɦɚɲɢɧ» ɧɟɨɛɯɿɞɧɨ ɜɨɥɨɞɿɬɢ ɛɚɡɨɜɢɦɢ 
ɡɧɚɧɧɹɦɢ ɿ ɦɟɬɨɞɚɦɢ ɜɢɳɨʀ ɦɚɬɟɦɚɬɢɤɢ, ɮɿɡɢɤɢ ɬɚ 
ɬɟɨɪɟɬɢɱɧɨʀ ɦɟɯɚɧɿɤɢ. 

Ɋɨɡɞɿɥ ɮɿɡɢɤɢ, ɳɨ ɜɢɜɱɚє ɪɭɯ ɬɿɥ ɧɚɡɢɜɚєɬьɫɹ 
ɦɟɯɚɧɿɤɨɸ.  

ɇɚ ɫɭɱɚɫɧɨɦɭ ɪɿɜɧɿ ɪɨɡɭɦɿɧɧɹ ɧɚɣɞɨɫɤɨɧɚɥɿɲɟ ɪɭɯ 
ɨɩɢɫɭɸɬь ɡɚɫɚɞɢ ɪɟɥɹɬɢɜɿɫɬɫьɤɨʀ ɦɟɯɚɧɿɤɢ, ɡɚɫɧɨɜɚɧɨʀ ɧɚ 
ɫɩɟɰɿɚɥьɧɿɣ ɬɟɨɪɿʀ ɜɿɞɧɨɫɧɨɫɬɿ (ɋɌȼ) Ⱥ. ȿɣɧɲɬɟɣɧɚ. 
ȼɥɚɫɬɢɜɨɫɬɿ ɩɪɨɫɬɨɪɭ ɿ ɱɚɫɭ, ɳɨ ɛɭɥɢ ɨɩɢɫɚɧɿ ɜ ɪɨɛɨɬɚɯ 

ȿɣɧɲɬɟɣɧɚ, ɡɦɭɲɭɸɬь ɩɟɪɟɨɫɦɢɫɥɢɬɢ ɡɪɨɛɥɟɧɿ ɪɚɧɿɲɟ 
ɩɪɢɩɭɳɟɧɧɹ ɩɪɨ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɮɿɡɢɱɧɢɯ ɜɟɥɢɱɢɧ ɩɪɢ 
ɪɭɫɿ. Ɍɚɤ, ɧɚɩɪɢɤɥɚɞ, ɦɚɫɚ ɧɚɫɩɪɚɜɞɿ ɧɟ ɦɨɠɟ ɛɭɬɢ ɦɿɪɨɸ 
ɿɧɟɪɬɧɨɫɬɿ ɬɿɥɚ, ɚ ɮɨɪɦɚ ɬɿɥɚ ɱɢ ɜɿɞɫɬɚɧь ɦɿɠ ɞɜɨɦɚ 
ɨɛʼєɤɬɚɦɢ ɧɟ є ɚɛɫɨɥɸɬɧɢɦɢ ɜɟɥɢɱɢɧɚɦɢ, ɬɚɤ ɹɤ ɡɚɥɟɠɚɬь 
ɜɿɞ ɲɜɢɞɤɨɫɬɿ ɡ ɹɤɢɦ ɬɿɥɨ ɪɭɯɚєɬьɫɹ. ɑɢɦ ɛɿɥьɲɚ ɲɜɢɞɤɿɫɬь 
ɬɢɦ ɦɟɧɲɨɸ ɫɬɚє ɦɚɫɚ ɬɿɥɚ ɿ ɡɦɟɧɲɭɸɬьɫɹ ɣɨɝɨ ɥɿɧɿɣɧɿ 
ɪɨɡɦɿɪɢ. ȼɟɥɢɱɢɧɚ ɲɜɢɞɤɨɫɬɿ є ɨɛɦɟɠɟɧɨɸ ɿ ɧɟ ɦɨɠɟ ɛɭɬɢ 
ɜɢɳɨɸ ɡɚ ɲɜɢɞɤɿɫɬь ɫɜɿɬɥɚ. ɐɟ, ɜɨɞɧɨɱɚɫ, ɨɡɧɚɱɚє, ɳɨ ɦɚɫɚ 
ɿ ɪɨɡɦɿɪɢ ɬɿɥɚ, ɹɤɟ ɪɨɡɝɚɧɹєɬьɫɹ ɞɨ ɲɜɢɞɤɨɫɬɿ ɫɜɿɬɥɚ ɫɬɚɸɬь 
ɪɿɜɧɢɦɢ ɧɭɥɸ. ɑɚɫ ɧɟ ɚɛɫɨɥɸɬɧɢɣ, ɨɞɧɚ ɩɨɞɿɹ ɜɿɞɛɭɞɟɬьɫɹ ɜ 
ɪɿɡɧɨɦɭ ɿɧɬɟɪɜɚɥɿ ɱɚɫɭ ɞɥɹ ɫɩɨɫɬɟɪɿɝɚɱɿɜ ɭ ɪɿɡɧɢɯ ɿɧɟɪɰɿɣɧɢɯ 
ɫɢɫɬɟɦɚɯ. Ɍɚɤ ɡ ɬɨɱɤɢ ɡɨɪɭ ɫɩɨɫɬɟɪɿɝɚɱɚ ɧɚ Ɂɟɦɥɿ ɱɚɫɬɢɧɤɚ 
ɫɜɿɬɥɚ ɞɨɥɚє ɲɥɹɯ ɜɿɞ ɋɨɧɰɹ ɞɨ ɧьɨɝɨ ɩɪɢɛɥɢɡɧɚ ɡɚ 8 ɯɜ. ȼ 
ɬɨɣ ɠɟ ɱɚɫ, ɡ ɬɨɱɤɢ ɡɨɪɭ ɫɜɿɬɥɚ, ɜɨɧɨ ɜɿɞɩɪɚɜɥɹєɬьɫɹ ɿ 
ɜɿɞɛɢɜɚєɬьɫɹ ɜɿɞ ɩɨɜɟɪɯɧɿ Ɂɟɦɥɿ ɜ ɨɞɢɧ ɦɨɦɟɧɬ ɱɚɫɭ. 

Ⱦɚɧɚ ɬɟɨɪɿɹ є ɞɨɫɢɬь ɫɤɥɚɞɧɨɸ ɞɥɹ ɨɫɦɢɫɥɟɧɧɹ, ɚɥɟ 
ɫɭɬɬєɜɨ ɜɩɥɢɜɚє ɧɚ ɩɪɨɰɟɫɢ ɿ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ 
ɪɭɯɭ ɬɿɥьɤɢ ɧɚ ɜɟɥɢɱɟɡɧɢɯ ɲɜɢɞɤɨɫɬɹɯ, ɛɥɢɡьɤɢɯ ɞɨ 
ɲɜɢɞɤɨɫɬɿ ɫɜɿɬɥɚ (ܿ ≈ ͵ ∙ ͳͲ଼ ɦ/ɫ). Ɍɨɦɭ ɞɥɹ ɧɚɲɢɯ ɰɿɥɟɣ, ɚ 
ɫɚɦɟ ɞɨɫɥɿɞɠɟɧɧɹ ɪɭɯɭ ɦɟɯɚɧɿɡɦɿɜ, ɲɜɢɞɤɿɫɬь ɹɤɢɯ ɞɚɥɟɤɨ 
ɧɟ ɬɚɤɚ ɜɟɥɢɤɚ, ɦɢ ɛɭɞɟɦɨ ɤɨɪɢɫɬɭɜɚɬɢɫɹ ɩɨɥɨɠɟɧɧɹɦɢ 
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ɤɥɚɫɢɱɧɨʀ ɦɟɯɚɧɿɤɢ, ɫɭɬь ɹɤɢɯ ɨɩɢɫɚɧɚ ɬɪьɨɦɚ ɡɚɤɨɧɚɦɢ 
ɇьɸɬɨɧɚ ɞɥɹ ɿɧɟɪɰɿɣɧɢɯ ɫɢɫɬɟɦ ɜɿɞɥɿɤɭ. 

ɉɟɪɲɢɣ ɡɚɤɨɧ ɇьɸɬɨɧɚ. ȼ ɫɢɫɬɟɦɿ ɜɿɞɥɿɤɭ, ɹɤɚ ɦɚє 
ɧɚɡɜɭ «ɿɧɟɪɰɿɣɧɚ», ɬɿɥɨ ɡɚ ɜɿɞɫɭɬɧɨɫɬɿ ɜɡɚєɦɨɞɿʀ ɡ ɿɧɲɢɦɢ 
ɬɿɥɚɦɢ ɡɛɟɪɿɝɚє ɫɬɚɧ ɫɩɨɤɨɸ ɚɛɨ ɪɭɯɚєɬьɫɹ ɪɿɜɧɨɦɿɪɧɨ ɿ 
ɩɪɹɦɨɥɿɧɿɣɧɨ. 

Ɍɨɛɬɨ ɞɨɤɢ ɧɚ ɬɿɥɨ, ɳɨ ɪɨɡɝɥɹɞɚєɬьɫɹ, ɧɟ ɩɨɞɿє ɿɧɲɟ 
ɬɿɥɨ ɜɨɧɨ ɧɟ ɛɭɞɟ ɡɦɿɧɸɜɚɬɢ ɧɿ ɧɚɩɪɹɦɤɭ ɧɿ ɲɜɢɞɤɨɫɬɿ ɪɭɯɭ, 

ɚɛɨ, ɿɧɲɢɦɢ ɫɥɨɜɚɦɢ, ɪɭɯɚɬɢɦɟɬьɫɹ ɡɚ ɿɧɟɪɰɿєɸ. ɐɟ 
ɦɨɠɥɢɜɨ, ɿɧɬɭʀɬɢɜɧɨ, ɦɨɠɟ ɜɢɤɥɢɤɚɬɢ ɭ ɱɢɬɚɱɚ ɡɚɩɟɪɟɱɟɧɧɹ, 
ɧɚɩɪɢɤɥɚɞ, ɞɥɹ ɫɢɬɭɚɰɿʀ, ɤɨɥɢ ɦɢ ɜɿɞɩɭɫɤɚєɦɨ ɩɪɟɞɦɟɬ ɹɤɢɣ 
ɳɨɣɧɨ ɬɪɢɦɚɥɢ ɜ ɪɭɰɿ ɧɟɪɭɯɨɦɨ, ɜɿɧ ɨɞɪɚɡɭ ɡɦɿɧɸє ɫɜɨɸ 
ɲɜɢɞɤɿɫɬь ɿ ɪɭɯɚєɬьɫɹ ɜɧɢɡ (ɩɚɞɚє). ɐɟ ɧɟ є ɡɚɩɟɪɟɱɟɧɧɹɦ 
ɩɟɪɲɨɝɨ ɡɚɤɨɧɭ, ɚɞɠɟ ɧɚ ɡɝɚɞɚɧɢɣ ɩɪɟɞɦɟɬ, ɹɤ ɿ ɧɚ ɜɫɿ ɬɿɥɚ 
ɧɚ Ɂɟɦɥɿ, ɩɨɫɬɿɣɧɨ ɞɿє ɝɪɚɜɿɬɚɰɿɹ ɧɚɲɨʀ ɩɥɚɧɟɬɢ, ɹɤɚ ɿ ɡɦɿɧɸє 
ɜɟɥɢɱɢɧɭ ɿ ɧɚɩɪɹɦɨɤ ɜɥɚɫɧɨʀ ɲɜɢɞɤɨɫɬɿ ɬɿɥɚ. 

Ʉɿɥьɤɿɫɧɚ ɦɿɪɚ ɞɿʀ ɨɞɧɨɝɨ ɬɿɥɚ ɧɚ ɿɧɲɟ ɧɚɡɢɜɚєɬьɫɹ 
ɫɢɥɨɸ (ɝɪɚɜɿɬɚɰɿɣɧɚ ɫɢɥɚ, ɫɢɥɚ ɬɟɪɬɹ, ɬɨɳɨ). ɋɢɥɚ 
ɜɢɦɿɪɸєɬьɫɹ ɜ ɧьɸɬɨɧɚɯ (ɇ) ɿ ɦɚє ɧɚɩɪɹɦɨɤ (є ɜɟɤɬɨɪɧɨɸ 
ɜɟɥɢɱɢɧɨɸ). Ƚɟɨɦɟɬɪɢɱɧɚ ɫɭɦɚ ɜɫɿɯ ɫɢɥ ɳɨ ɞɿє ɧɚ ɬɿɥɨ 
ɧɚɡɢɜɚєɬьɫɹ ɪɿɜɧɨɞɿɣɧɨɸ. ɋɢɥɚ ɜɢɹɜɥɹє ɫɟɛɟ ɭ ɡɦɿɧɿ 
ɲɜɢɞɤɨɫɬɿ (ɩɪɢɫɤɨɪɟɧɧɿ) ɬɿɥɚ ɡɚ ɜɟɥɢɱɢɧɨɸ ɿ ɧɚɩɪɹɦɤɨɦ, ɚ 
ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɞɥɹ ɰɿєʀ ɡɦɿɧɢ ɨɩɢɫɭє ɞɪɭɝɢɣ ɡɚɤɨɧ 
ɇьɸɬɨɧɚ. 

Ⱦɪɭɝɢɣ ɡɚɤɨɧ ɇьɸɬɨɧɚ. Ɋɿɜɧɨɞɿɣɧɚ ɫɢɥɚ, ɳɨ 
ɩɪɢɤɥɚɞɟɧɚ ɞɨ ɬɿɥɚ ɩɪɹɦɨ ɩɪɨɩɨɪɰɿɣɧɚ ɞɨɛɭɬɤɭ ɦɚɫɢ ɬɿɥɚ ɧɚ 
ɣɨɝɨ ɩɪɢɫɤɨɪɟɧɧɹ. ʟі˅ːˑˇіˌː˃ ˔ˋˎ˃⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  = ˏ˃˔˃ ∙ ˒˓ˋ˔ˍˑ˓ˈːːя⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗. 

ɍ ɫɩɿɜɜɿɞɧɨɲɟɧɧɿ ɜɢɳɟ ɜɟɥɢɱɢɧɢ ɫɢɥɢ ɿ ɩɪɢɫɤɨɪɟɧɧɹ 
є ɜɟɤɬɨɪɧɢɦɢ, ɚ ɦɚɫɚ ɫɤɚɥɹɪɧɨɸ. ɍ ɤɥɚɫɢɱɧɿɣ ɦɟɯɚɧɿɰɿ ɦɚɫɚ 

є ɚɛɫɨɥɸɬɧɨɸ ɜɟɥɢɱɢɧɨɸ ɞɥɹ ɬɿɥɚ ɿ ɧɟ ɡɚɥɟɠɢɬь ɜɿɞ 
ɲɜɢɞɤɨɫɬɿ ɣɨɝɨ ɪɭɯɭ. Ɍɚɤɢɦ ɱɢɧɨɦ ɦɨɠɧɚ ɡɪɨɛɢɬɢ 
ɜɢɫɧɨɜɨɤ, ɳɨ ɞɿɹ ɧɚ ɬɿɥɨ ɿɧɲɨʀ ɱɢ ɨɞɧɨɱɚɫɧɨ ɤɿɥьɤɨɯ ɫɢɥ 
ɩɪɢɡɜɨɞɢɬь ɞɨ ɜɢɧɢɤɧɟɧɧɹ ɜ ɧьɨɝɨ ɩɪɢɫɤɨɪɟɧɧɹ (ɡɦɿɧɢ 
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ɜɟɥɢɱɢɧɢ ɿ ɧɚɩɪɹɦɤɭ ɲɜɢɞɤɨɫɬɿ). ɇɚɩɪɹɦɨɤ ɭ ɹɤɨɦɭ ɬɿɥɨ 
ɪɭɯɚɬɢɦɟɬьɫɹ ɩɿɫɥɹ ɩɪɢɤɥɚɞɚɧɧɹ ɫɢɥ ɫɩɿɜɩɚɞɚɬɢɦɟ ɡ 
ɧɚɩɪɹɦɤɨɦ ɪɿɜɧɨɞɿɣɧɨʀ ɩɪɢɤɥɚɞɟɧɢɯ ɫɢɥ. Ɋɿɜɧɿɫɬь ɜɟɥɢɱɢɧ 
ɪɿɜɧɨɞɿɣɧɨʀ ɿ ɞɨɛɭɬɤɭ ɦɚɫɢ ɧɚ ɩɪɢɫɤɨɪɟɧɧɹ, ɨɡɧɚɱɚє, ɳɨ 
ɹɤɳɨ ɨɞɧɭ ɿ ɬɭ ɠ ɫɢɥɭ ɩɪɢɤɥɚɞɚɬɢ ɞɨ ɬɿɥ ɪɿɡɧɨʀ ɦɚɫɢ, ɬɨ 
ɜɟɥɢɱɢɧɚ ɡɦɿɧɢ ɲɜɢɞɤɨɫɬɿ ɛɭɞɟ ɞɥɹ ɰɢɯ ɬɿɥ ɪɿɡɧɨɸ – ɱɢɦ 
ɛɿɥьɲɚ ɦɚɫɚ, ɬɢɦ ɩɪɨɩɨɪɰɿɣɧɨ ɦɟɧɲɟ ɩɪɢɫɤɨɪɟɧɧɹ. Ɍɨɛɬɨ 

ɬɿɥɨ ɛɿɥьɲɨʀ ɦɚɫɢ ɱɢɧɢɬɢɦɟ ɛɿɥьɲɢɣ ɨɩɿɪ ɡɦɿɧɿ ɲɜɢɞɤɨɫɬɿ. 
Ɍɚɤɭ ɜɥɚɫɬɢɜɿɫɬь ɬɿɥɚ ɧɚɡɢɜɚɸɬь ɿɧɟɪɬɧɿɫɬɸ, ɚ ɦɚɫɚ є 
ɦɿɪɨɸ ɰɿєʀ ɿɧɟɪɬɧɨɫɬɿ (ɜ ɦɟɠɚɯ ɤɥɚɫɢɱɧɨʀ ɦɟɯɚɧɿɤɢ). 

ȼɚɠɥɢɜɨ ɪɨɡɭɦɿɬɢ ɳɨ ɡɦɿɧɚ ɲɜɢɞɤɨɫɬɿ ɬɚɤɨɠ ɦɨɠɟ 
ɜɿɞɛɭɜɚɬɢɫь ɚɛɨ ɬɿɥьɤɢ ɡɚ ɜɟɥɢɱɢɧɨɸ, ɚɛɨ ɬɿɥьɤɢ ɡɚ 
ɧɚɩɪɹɦɤɨɦ. Ɍɨɛɬɨ ɬɿɥɨ, ɳɨ ɪɭɯɚєɬьɫɹ ɩɪɹɦɨɥɿɧɿɣɧɨ ɚɥɟ 
ɡɦɿɧɸє ɲɜɢɞɤɿɫɬь ɫɜɨɝɨ ɪɭɯɭ ɡ ɱɚɫɨɦ ɦɚɬɢɦɟ ɩɪɢɫɤɨɪɟɧɧɹ, 
ɬɚɤ ɫɚɦɨ ɹɤ ɿ ɬɿɥɨ ɳɨ ɪɭɯɚєɬьɫɹ ɡ ɩɨɫɬɿɣɧɨɸ ɲɜɢɞɤɿɫɬɸ ɚɥɟ 
ɩɨ ɤɪɢɜɨɥɿɧɿɣɧɿɣ ɬɪɚєɤɬɨɪɿʀ. əɤɳɨ ɩɪɢɤɥɚɫɬɢ ɫɢɥɭ ɜ 
ɧɚɩɪɹɦɤɭ ɪɭɯɭ ɬɿɥɚ, ɰɟ ɩɪɢɡɜɟɞɟ ɞɨ ɡɛɿɥьɲɟɧɧɹ ɣɨɝɨ 
ɲɜɢɞɤɨɫɬɿ (ɩɪɢɫɤɨɪɟɧɧɹ ɪɭɯɭ). əɤɳɨ ɫɢɥɚ ɩɪɢɤɥɚɞɟɧɚ ɜ 
ɧɚɩɪɹɦɤɭ ɩɪɨɬɢɥɟɠɧɨɦɭ ɪɭɯɭ ɬɿɥɚ, ɜɨɧɨ ɩɨɱɧɟ 
ɫɩɨɜɿɥьɧɸɜɚɥɢɫь. 

ɍɫɿ ɨɩɢɫɚɧɿ ɜɢɳɟ ɩɪɨɰɟɫɢ ɿɧɬɭʀɬɢɜɧɨ ɡɪɨɡɭɦɿɥɿ, ɚɞɠɟ 
ɦɢ ɜɢɤɨɧɭєɦɨ ɪɭɯɢ ɜ ɩɨɜɫɹɤɞɟɧɧɨɦɭ ɠɢɬɬɿ ɩɨɫɬɿɣɧɨ, ɿ 
ɩɨɹɫɧɸɸɬьɫɹ ɨɞɧɿєɸ ɩɪɨɫɬɨɸ ɮɨɪɦɭɥɨɸ ɞɥɹ ɚɧɚɥɿɬɢɱɧɨɝɨ 
ɜɢɪɚɠɟɧɧɹ ɞɪɭɝɨɝɨ ɡɚɤɨɧɭ ɇьɸɬɨɧɚ, ɧɚɜɟɞɟɧɨɸ ɜɢɳɟ. 

ɋɢɥɚ ɳɨ ɞɿє ɧɚ ɨɞɧɟ ɬɿɥɨ ɧɟ ɦɨɠɟ ɜɢɧɢɤɧɭɬɢ ɛɟɡ 
ɿɫɧɭɜɚɧɧɹ ɿɧɲɨɝɨ ɬɿɥɚ ɳɨ ɰɸ ɜɢɤɥɢɤɚє. ɉɪɢ ɱɨɦɭ ɰɹ 
ɜɡɚєɦɨɞɿɹ ɦɚє ɜɡɚєɦɧɢɣ ɯɚɪɚɤɬɟɪ, ɳɨ ɨɩɢɫɭєɬьɫɹ ɬɪɟɬɿɦ 
ɡɚɤɨɧɨɦ ɇьɸɬɨɧɚ. 

Ɍɪɟɬɿɣ ɡɚɤɨɧ ɇьɸɬɨɧɚ. ɋɢɥɢ, ɡ ɹɤɢɦɢ ɞɜɚ ɬɿɥɚ ɞɿɸɬь 
ɨɞɧɟ ɧɚ ɨɞɧɟ, ɡɚɜɠɞɢ ɪɿɜɧɿ ɡɚ ɜɟɥɢɱɢɧɨɸ ɿ ɧɚɩɪɹɦɥɟɧɿ ɭ 
ɩɪɨɬɢɥɟɠɧɿ ɫɬɨɪɨɧɢ ɜɡɞɨɜɠ ɩɪɹɦɨʀ, ɳɨ ɡʼєɞɧɭє ɰɟɧɬɪɢ ɦɚɫ 
ɰɢɯ ɬɿɥ. 

Ɂɚɤɨɧɢ ɇьɸɬɨɧɚ ɫɭɩɟɪɟɱɚɬь ɩɪɢɧɰɢɩɚɦ ɋɌȼ, ɚɥɟ є 
ɞɨɫɬɚɬɧɿɦɢ ɞɥɹ ɜɢɪɿɲɟɧɧɹ ɡɚɞɚɱ ɦɟɯɚɧɿɤɢ ɦɟɯɚɧɿɡɦɿɜ. 
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Ȼɿɥьɲɟ ɩɪɨ ɬɟɨɪɟɬɢɱɧɿ ɡɚɫɚɞɢ ɦɟɯɚɧɿɤɢ ɦɨɠɧɚ 
ɩɪɨɱɢɬɚɬɢ ɜ ɫɩɟɰɿɚɥɿɡɨɜɚɧɿɣ ɥɿɬɟɪɚɬɭɪɿ, ɧɚɩɪɢɤɥɚɞ, [1]. 

ɍ ɡɚɩɪɨɩɨɧɨɜɚɧɨɦɭ ɤɭɪɫɿ «Ɍɟɨɪɿɹ ɦɟɯɚɧɿɡɦɿɜ ɿ 
ɦɚɲɢɧ» ɜɢɪɿɲɟɧɧɹ ɡɚɞɚɱ ɡɞɟɛɿɥьɲɨɝɨ ɩɪɨɩɨɧɭєɬьɫɹ 
ɜɢɤɨɧɭɜɚɬɢ ɝɪɚɮɨ-ɚɧɚɥɿɬɢɱɧɢɦɢ ɦɟɬɨɞɚɦɢ, ɞɥɹ ɛɿɥьɲɨʀ 
ɧɚɨɱɧɨɫɬɿ ɨɬɪɢɦɚɧɢɯ ɪɟɡɭɥьɬɚɬɿɜ ɿ ɫɩɪɨɳɟɧɧɹ ɦɚɬɟɪɿɚɥɭ. 

ȼɟɤɬɨɪɧɿ ɮɿɡɢɱɧɿ ɜɟɥɢɱɢɧɢ ɩɨɞɚɸɬьɫɹ ɭ ɜɢɝɥɹɞɿ 
ɧɚɩɪɹɦɥɟɧɢɯ ɜɿɞɪɿɡɤɿɜ ɩɨɛɭɞɨɜɚɧɢɯ ɜ ɦɚɫɲɬɚɛɿ. Ⱥ 
ɞɨɞɚɜɚɧɧɹ ɰɢɯ ɜɟɥɢɱɢɧ ɜɿɞɛɭɜɚєɬьɫɹ ɝɪɚɮɿɱɧɨ ɡɚ ɩɪɚɜɢɥɨɦ 
ɬɪɢɤɭɬɧɢɤɚ (ɩɪɚɜɢɥɨɦ ɩɚɪɚɥɟɥɨɝɪɚɦɚ). əɤɳɨ ɭ ɧɚɫ є 
ɞɟɤɿɥьɤɚ ɜɟɤɬɨɪɿɜ, ɜɟɥɢɱɢɧɚ ɿ ɧɚɩɪɹɦɨɤ ɹɤɢɯ ɜɿɞɨɦɚ, ɞɥɹ ʀɯ 
ɞɨɞɚɜɚɧɧɹ ɛɭɞɭєɦɨ ɩɟɪɲɢɣ ɜɟɤɬɨɪ ɜ ɩɪɢɣɧɹɬɨɦɭ ɦɚɫɲɬɚɛɿ, 
ɞɚɥɿ ɡ ɤɿɧɰɹ ɩɟɪɲɨɝɨ ɛɭɞɭєɦɨ ɜ ɬɨɦɭ ɠ ɦɚɫɲɬɚɛɿ ɞɪɭɝɢɣ 
ɜɟɤɬɨɪ, ɞɚɥɿ ɡ ɤɿɧɰɹ ɞɪɭɝɨɝɨ – ɬɪɟɬɿɣ, ɿ ɬɚɤ ɜɢɛɭɞɨɜɭєɦɨ 
ɥɚɧɰɸɠɨɤ ɿɡ ɜɫɿɯ ɜɟɤɬɨɪɿɜ ɫɭɦɢ. Ɋɟɡɭɥьɬɚɬɨɦ ɰɿєʀ ɫɭɦɢ ɛɭɞɟ 
ɩɨɛɭɞɨɜɚ, ɳɨ ɡʼєɞɧɭє ɩɨɱɚɬɨɤ ɩɟɪɲɨɝɨ ɜɟɤɬɨɪɚ ɡ ɤɿɧɰɟɦ 
ɨɫɬɚɧɧьɨɝɨ:  

 
Ɋɢɫɭɧɨɤ. Ƚɪɚɮɿɱɧɟ ɞɨɞɚɜɚɧɧɹ ɜɟɤɬɨɪɿɜ 

 

Ɂɜɟɪɧɿɬь ɭɜɚɝɭ, ɳɨ ɹɤɳɨ ɜɿɞɨɦɨ, ɳɨ ɫɭɦɚ ɞɟɤɿɥьɤɨɯ 
ɜɟɤɬɨɪɿɜ ɪɿɜɧɚ ɧɭɥɸ, ɬɨ ɝɪɚɮɿɱɧɨ ɰɟ ɨɡɧɚɱɚє, ɳɨ ɤɿɧɟɰь 
ɨɫɬɚɧɧьɨɝɨ ɜɟɤɬɨɪɚ ɫɩɿɜɩɚɞɚє ɡ ɩɨɱɚɬɤɨɦ ɩɟɪɲɨɝɨ. Ɍɚɤɭ 

ɜɥɚɫɬɢɜɿɫɬь ɦɨɠɧɚ ɜɢɤɨɪɢɫɬɚɬɢ, ɧɚɩɪɢɤɥɚɞ, ɞɥɹ ɝɪɚɮɿɱɧɨɝɨ 
ɜɢɡɧɚɱɟɧɧɹ ɧɟɜɿɞɨɦɢɯ ɫɢɥ, ɳɨ ɜɯɨɞɹɬь ɜ ɪɿɜɧɹɧɧɹ 
ɪɿɜɧɨɜɚɝɢ.  
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ɌȿɆА 1. ɋɬɪɭɤɬɭɪɧɚ ɛɭɞɨɜɚ ɬɚ ɤɥɚɫɢɮɿɤɚɰɿɹ 
ɦɟɯɚɧɿɡɦɿɜ 

 

1.1. Ɂɚɝɚɥьɧɿ ɜɢɡɧɚɱɟɧɧɹ: ɦɚɲɢɧɚ, ɦɟɯɚɧɿɡɦ. ȼɢɞɢ ɦɚɲɢɧ ɿ 
ɦɟɯɚɧɿɡɦɿɜ 

1.2. Ʉɨɦɩɨɧɟɧɬɢ ɦɟɯɚɧɿɡɦɭ 

1.3. Ʉɿɧɟɦɚɬɢɱɧɿ ɩɚɪɢ ɬɚ ʀɯ ɤɥɚɫɢɮɿɤɚɰɿɹ 

1.4. Ʉɿɧɟɦɚɬɢɱɧɿ ɥɚɧɰɸɝɢ ɬɚ ʀɯ  ɤɥɚɫɢɮɿɤɚɰɿɹ  
1.5. ɋɬɪɭɤɬɭɪɧɿ ɮɨɪɦɭɥɢ ɤɿɧɟɦɚɬɢɱɧɢɯ ɥɚɧɰɸɝɿɜ. 

ɋɿɦɟɣɫɬɜɚ ɦɟɯɚɧɿɡɦɿɜ 

1.6. ɉɪɢɧɰɢɩ ɭɬɜɨɪɟɧɧɹ ɦɟɯɚɧɿɡɦɿɜ  
1.7. Ƚɪɭɩɢ Ⱥɫɫɭɪɚ ɬɚ ʀɯ ɤɥɚɫɢɮɿɤɚɰɿɹ  
1.8. Ʉɥɚɫɢɮɿɤɚɰɿɹ ɦɟɯɚɧɿɡɦɿɜ. ɉɨɫɥɿɞɨɜɧɿɫɬь ɫɬɪɭɤɬɭɪɧɨɝɨ 

ɚɧɚɥɿɡɭ 

1.9. Ɂɚɣɜɿ ɫɬɭɩɟɧɿ ɜɿɥьɧɨɫɬɿ ɬɚ ɩɚɫɢɜɧɿ ɭɦɨɜɢ ɡɜʼɹɡɤɭ  
1.10. Ɂɚɦɿɧɸɸɱɿ ɦɟɯɚɧɿɡɦɢ 

 

1.1. Ɂɚɝɚɥьɧɿ ɜɢɡɧɚɱɟɧɧɹ: ɦɚɲɢɧɚ, ɦɟɯɚɧɿɡɦ. ȼɢɞɢ 
ɦɚɲɢɧ ɿ ɦɟɯɚɧɿɡɦɿɜ  

Ɇɟɬɨɸ ɫɬɜɨɪɟɧɧɹ ɦɚɲɢɧ є ɡɛɿɥьɲɟɧɧɹ 
ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɩɪɚɰɿ ɿ ɡɚɦɿɧɚ ɩɪɚɰɿ ɥɸɞɢɧɢ ɦɚɲɢɧɧɨɸ. ȼ 
ɞɟɹɤɢɯ ɜɢɩɚɞɤɚɯ ɦɚɲɢɧɚ ɦɨɠɟ ɡɚɦɿɧɸɜɚɬɢ ɥɸɞɢɧɭ ɧɟ 
ɬɿɥьɤɢ ɭ ɮɿɡɢɱɧɿɣ, ɚ ɣ ɭ ɪɨɡɭɦɨɜɿɣ ɩɪɚɰɿ, ɚ ɬɚɤɨɠ ɡɚɦɿɧɸɜɚɬɢ 
ɨɤɪɟɦɿ ɨɪɝɚɧɢ ɥɸɞɢɧɢ, ɹɤ ɧɚɩɪɢɤɥɚɞ, ɩɪɨɬɟɡɢ, ɲɬɭɱɧɟ 
ɫɟɪɰɟ, ɦɟɯɚɧɿɡɦɢ ɦɚɧɿɩɭɥɹɬɨɪɿɜ ɬɚ ɩɪɨɦɢɫɥɨɜɢɯ ɪɨɛɨɬɿɜ.  

Ɇɟɯɚɧɿɡɦ – ɰɟ ɫɢɫɬɟɦɚ ɬɜɟɪɞɢɯ ɬɿɥ, ɡʼєɞɧɚɧɢɯ ɦɿɠ 
ɫɨɛɨɸ ɪɭɯɨɦɨ, ɹɤɚ ɩɪɢɡɧɚɱɟɧɚ ɞɥɹ ɩɟɪɟɬɜɨɪɟɧɧɹ ɪɭɯɿɜ ɿ ɫɢɥ 
ɨɞɧɨɝɨ ɱɢ ɤɿɥьɤɨɯ ɬɿɥ ɭ ɩɨɬɪɿɛɧɿ ɪɭɯɢ ɿ ɫɢɥɢ ɿɧɲɢɯ ɬɿɥ 
(ɪɟɞɭɤɬɨɪ, ɤɨɪɨɛɤɚ ɡɦɿɧɢ ɩɟɪɟɞɚɱ ɿ ɿɧ.).  

Ɇɚɲɢɧɚ – ɰɟ ɬɟɯɧɿɱɧɢɣ ɨɛʼєɤɬ, ɳɨ ɜɢɤɨɧɭє ɦɟɯɚɧɿɱɧɿ 
ɪɭɯɢ ɞɥɹ ɩɟɪɟɬɜɨɪɟɧɧɹ ɟɧɟɪɝɿʀ, ɦɚɬɟɪɿɚɥɿɜ ɬɚ ɿɧɮɨɪɦɚɰɿʀ, 
ɳɨɛ ɩɨɥɟɝɲɢɬɢ ɩɪɚɰɸ ɥɸɞɢɧɢ (ɟɥɟɤɬɪɨɞɜɢɝɭɧ, ɞɜɢɝɭɧ 
ɜɧɭɬɪɿɲɧьɨɝɨ ɡɝɨɪɹɧɧɹ).  
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Ɇɚɲɢɧɢ, ɳɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬьɫɹ ɜ ɧɚɲ ɱɚɫ, ɡɚ 
ɯɚɪɚɤɬɟɪɨɦ ɜɢɤɨɧɭɜɚɧɢɯ ɧɢɦɢ ɮɭɧɤɰɿɣ ɦɨɠɧɚ ɩɨɞɿɥɢɬɢ ɧɚ 
ɧɚɫɬɭɩɧɿ ɤɥɚɫɢ (ɪɢɫ. 1.1), ɜɿɞɩɨɜɿɞɧɨ ɞɨ [2]:  

• ɟɧɟɪɝɟɬɢɱɧɿ (ɞɜɢɝɭɧɢ), ɩɟɪɟɬɜɨɪɸɸɬь ɟɧɟɪɝɿɸ ɭ 
ɦɟɯɚɧɿɱɧɭ ɪɨɛɨɬɭ (ɟɥɟɤɬɪɨɞɜɢɝɭɧɢ, ɩɚɪɨɜɿ ɦɚɲɢɧɢ, 
ɝɿɞɪɨɬɭɪɛɿɧɢ, ɞɜɢɝɭɧɢ ɜɧɭɬɪɿɲɧьɨɝɨ ɡɝɨɪɹɧɧɹ);  

• ɩɟɪɟɬɜɨɪɸɜɚɱɿ, ɳɨ ɩɟɪɟɬɜɨɪɸɸɬь ɦɟɯɚɧɿɱɧɭ 
ɟɧɟɪɝɿɸ ɜ ɛɭɞь-ɹɤɢɣ ɿɧɲɢɣ ɜɢɞ (ɝɟɧɟɪɚɬɨɪɢ, ɤɨɦɩɪɟɫɨɪɢ, 
ɦɟɯɚɧɿɡɦɢ ɧɚɫɨɫɿɜ);  

• ɬɪɚɧɫɩɨɪɬɧɿ, ɩɟɪɟɦɿɳɭɸɬь ɦɚɫɢ (ɚɜɬɨɦɨɛɿɥь, 
ɬɟɩɥɨɜɨɡ, ɥɿɬɚɤ);  

• ɬɟɯɧɨɥɨɝɿɱɧɿ (ɪɨɛɨɱɿ), ɹɤɿ ɩɪɢɜɨɞɹɬьɫɹ ɜ ɪɭɯ 
ɞɜɢɝɭɧɚɦɢ (ɩɪɨɤɚɬɧɿ ɫɬɚɧɢ, ɦɟɬɚɥɨɨɛɪɨɛɧɿ ɬɚ ɬɤɚɰьɤɿ 
ɜɟɪɫɬɚɬɢ);  

• ɿɧɮɨɪɦɚɰɿɣɧɿ (ɥɿɱɢɥьɧɿ, ɥɿɱɢɥьɧɨ-ɨɛɱɢɫɥɸɜɚɥьɧɿ 
ɦɚɲɢɧɢ);  

• ɤɿɛɟɪɧɟɬɢɱɧɿ ɜɿɞɬɜɨɪɸɸɬь ɦɟɯɚɧɿɱɧɿ ɪɭɯɢ, ɜɥɚɫɬɢɜɿ 
ɥɸɞɢɧɿ (ɪɨɛɨɬɢ, ɦɚɧɿɩɭɥɹɬɨɪɢ).  

 

 
Ɋɢɫ. 1.1. Ʉɥɚɫɢɮɿɤɚɰɿɹ ɦɚɲɢɧ 

 

Ⱦɜɢɝɭɧ ɿ ɪɨɛɨɱɭ ɦɚɲɢɧɭ, ɳɨ ɡ ɧɢɦ ɡʼєɞɧɚɧɚ, 
ɧɚɡɢɜɚɸɬь ɦɚɲɢɧɧɢɦ ɚɝɪɟɝɚɬɨɦ. ȱɧɨɞɿ ɞɨ ɫɤɥɚɞɭ 
ɦɚɲɢɧɧɨɝɨ ɚɝɪɟɝɚɬɭ ɜɯɨɞɹɬь ɩɟɪɟɞɚɜɚɥьɧɿ ɦɟɯɚɧɿɡɦɢ  
(ɪɢɫ. 1.2). 

 

Ɇɚɲɢɧɢ 

ȿɧɟɪɝɟɬɢɱɧɿ ɉɟɪɟɬɜɨɪɸɜɚɱɿ Ɍɪɚɧɫɩɨɪɬɧɿ Ɍɟɯɧɨɥɨɝɿɱɧɿ 

ȱɧɮɨɪɦɚɰɿɣɧɿ Ʉɿɛɟɪɧɟɬɢɱɧɿ 
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Ɋɢɫ. 1.2. Ɇɚɲɢɧɧɢɣ ɚɝɪɟɝɚɬ 

 

ɍɫɿ ɦɟɯɚɧɿɡɦɢ, ɳɨ ɫɤɥɚɞɚɸɬьɫɹ ɿɡ ɬɜɟɪɞɢɯ ɬɿɥ, ɞɿɥɹɬьɫɹ 
ɧɚ:  

• ɜɚɠɿɥьɧɿ (ɪɢɫ. 1.3);  

• ɤɭɥɚɱɤɨɜɿ (ɪɢɫ. 1.4);  

• ɮɪɢɤɰɿɣɧɿ, ɳɨ ɩɪɚɰɸɸɬь ɡɚ ɪɚɯɭɧɨɤ ɬɟɪɬɹ (ɪɢɫ. 1.5); 

• ɡɭɛɱɚɫɬɿ, ɳɨ ɫɤɥɚɞɚɸɬьɫɹ ɿɡ ɡɭɛɱɚɫɬɢɯ ɤɨɥɿɫ  
(ɪɢɫ. 1.6); 

• ɡ ɝɧɭɱɤɢɦɢ ɥɚɧɤɚɦɢ (ɪɢɫ. 1.7); 

• ɝɿɞɪɚɜɥɿɱɧɿ ɿ ɩɧɟɜɦɚɬɢɱɧɿ (ɪɨɛɨɱɢɦ ɬɿɥɨɦ є ɜɨɞɚ ɚɛɨ 
ɩɨɜɿɬɪɹ);  

• ɥɿɱɢɥьɧɿ (ɩɥɚɧɿɦɟɬɪɢ, ɿɧɬɟɝɪɚɬɨɪɢ, ɚɧɚɥɿɡɚɬɨɪɢ ɿ ɿɧ.).  

 
Ɋɢɫ. 1.3. ȼɚɠɿɥьɧɿ ɦɟɯɚɧɿɡɦɢ: 

ɚ – ɤɪɢɜɨɲɢɩɧɨ-ɤɨɪɨɦɢɫɥɨɜɢɣ; ɛ – ɤɪɢɜɨɲɢɩɧɨ-ɩɨɜɡɭɧɧɢɣ;  
ɜ – ɤɭɥiɫɧɢɣ 

 

 
Ɋɢɫ. 1.4. Ʉɭɥɚɱɤɨɜɿ ɦɟɯɚɧɿɡɦɢ:  

ɚ – ɡ ɤɨɪɨɦɢɫɥɨɜɢɦ ɲɬɨɜɯɚɱɟɦ; ɛ – ɡ ɪɨɥɢɤɨɜɢɦ ɲɬɨɜɯɚɱɟɦ;  
ɜ – ɡ ɬɚɪiɥɱɚɫɬɢɦ ɲɬɨɜɯɚɱɟɦ 

ɉɟɪɟɞɚɜɚɥьɧɿ 
ɦɟɯɚɧɿɡɦɢ 

Ⱦɜɢɝɭɧ 
Ɋɨɛɨɱɚ 
ɦɚɲɢɧɚ 
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Ɋɢɫ. 1.5. Ɏɪɢɤɰiɣɧɢɣ ɦɟɯɚɧiɡɦ Ɋɢɫ. 1.6. Ɂɭɛɱɚɫɬɢɣ ɦɟɯɚɧiɡɦ 

 
Ɋɢɫ. 1.7. Ɇɟɯɚɧiɡɦ ɡ ɝɧɭɱɤɨɸ ɥɚɧɤɨɸ 

 

1.2. Ʉɨɦɩɨɧɟɧɬɢ ɦɟɯɚɧɿɡɦɭ  

Ⱦɥɹ ɜɢɤɨɧɚɧɧɹ ɧɟɨɛɯɿɞɧɨʀ ɪɨɛɨɬɢ ɡ ɩɟɪɟɬɜɨɪɟɧɧɹɦɢ 
ɪɭɯɿɜ ɜɿɞ ɞɜɢɝɭɧɚ ɞɨ ɪɨɛɨɱɨʀ ɦɚɲɢɧɢ, ɛɭɞь-ɹɤɢɣ ɦɟɯɚɧɿɡɦ 
ɩɨɜɢɧɟɧ ɫɤɥɚɞɚɬɢɫь ɡ ɨɤɪɟɦɨ ɜɢɝɨɬɨɜɥɟɧɢɯ ɟɥɟɦɟɧɬɿɜ, 

ɡʼєɞɧɚɧɢɯ ɦɿɠ ɫɨɛɨɸ ɞɥɹ ɫɭɦɿɫɧɨʀ ɪɨɛɨɬɢ. 

Ɍɚɤɢɣ ɜɢɪɿɛ, ɜɢɝɨɬɨɜɥɟɧɢɣ ɿɡ ɦɚɬɟɪɿɚɥɭ ɨɞɧɿєʀ ɦɚɪɤɢ, 

ɛɟɡ ɡɚɫɬɨɫɭɜɚɧɧɹ ɫɤɥɚɞɚɥьɧɢɯ ɨɩɟɪɚɰɿɣ, ɧɚɡɢɜɚєɬьɫɹ 
ɞɟɬɚɥɥɸ (ɲɤɿɜ, ɲɟɫɬɟɪɧɹ, ɜɚɥ). Ⱦɟɬɚɥɿ ɦɨɠɧɚ ɡʼєɞɧɭɜɚɬɢ 
ɦɿɠ ɫɨɛɨɸ ɪɭɯɨɦɨ, ɬɨɛɬɨ ɿɡ ɡɚɛɟɡɩɟɱɟɧɧɹɦ ʀɯ ɜɿɥьɧɨɝɨ 
ɜɿɞɧɨɫɧɨɝɨ ɡɦɿɳɟɧɧɹ (ɲɚɪɧɿɪɢ, ɝɜɢɧɬ-ɝɚɣɤɚ), ɚɛɨ ɧɟɪɭɯɨɦɨ 

(ɠɨɪɫɬɤɨ), ɨɛɦɟɠɭɸɱɢ ɛɭɞь-ɹɤɢɣ ɜɿɞɧɨɫɧɢɣ ɪɭɯ (ɡɜɚɪɧɟ, 
ɪɿɡьɛɨɜɟ ɡʼєɞɧɚɧɧɹ). 

ȼ ɞɚɧɨɦɭ ɤɭɪɫɿ ɧɟ ɪɨɡɝɥɹɞɚєɬьɫɹ ɞɟɬɚɥьɧɚ ɤɨɧɫɬɪɭɤɰɿɹ 
ɤɨɧɤɪɟɬɧɢɯ ɦɚɲɢɧ, ɚ ɬɨɦɭ ɨɫɧɨɜɧɢɦ ɟɥɟɦɟɧɬɨɦ ɞɥɹ ɚɧɚɥɿɡɭ 
ɩɪɢɣɧɹɬɨ ɥɚɧɤɭ – ɞɟɬɚɥь, ɚɛɨ ɠɨɪɫɬɤɟ ɡʼєɞɧɚɧɧɹ ɤɿɥьɤɨɯ 
ɞɟɬɚɥɟɣ, ɳɨ ɧɟɫɟ ɧɚ ɫɨɛɿ ɟɥɟɦɟɧɬɢ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪ.  

Ɇɿɫɰɟ ɪɭɯɨɦɨɝɨ ɡʼєɞɧɚɧɧɹ ɞɜɨɯ ɥɚɧɨɤ ɧɚɡɢɜɚєɬьɫɹ 
ɤɿɧɟɦɚɬɢɱɧɨɸ ɩɚɪɨɸ. 
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Ʉɨɠɟɧ ɦɟɯɚɧɿɡɦ ɩɨɜɢɧɟɧ ɦɚɬɢ ɨɞɧɭ ɧɟɪɭɯɨɦɭ ɥɚɧɤɭ, 
ɚɛɨ ɥɚɧɤɭ, ɳɨ ɩɪɢɣɦɚєɬьɫɹ ɡɚ ɧɟɪɭɯɨɦɭ (ɤɨɪɩɭɫ, ɪɚɦɚ). Ⱦɚɥɿ 
ɧɚɡɢɜɚɬɢɦɟɦɨ ɬɚɤɭ ɥɚɧɤɭ ɫɬɨɹɤɨɦ (0 – ɪɢɫ. 1.3).  

Ɋɟɲɬɚ ɥɚɧɨɤ є ɪɭɯɨɦɢɦɢ, ɿ ʀɯ ɩɨɞɿɥɹɸɬь ɧɚ ɜɯɿɞɧɿ 
(ɜɟɞɭɱɿ) ɩɪɨɦɿɠɧɿ (ɡʼєɞɧɭɜɚɥьɧɿ) ɬɚ ɜɢɯɿɞɧɿ (ɜɟɞɟɧɿ).  

ȼɯɿɞɧɨɸ (ɜɟɞɭɱɨɸ) ɧɚɡɢɜɚєɬьɫɹ ɥɚɧɤɚ, ɡɚɤɨɧ ɪɭɯɭ ɿ 
ɫɢɥɢ ɞɥɹ ɹɤɨʀ ɡɚɞɚɸɬьɫɹ, ɬɨɛɬɨ ɜɿɞɨɦɿ (1 – ɪɢɫ. 1.3).  

ȼɢɯɿɞɧɨɸ (ɜɟɞɟɧɨɸ) ɧɚɡɢɜɚєɬьɫɹ ɥɚɧɤɚ, ɜɿɞ ɹɤɨʀ 
ɨɬɪɢɦɭɸɬьɫɹ ɩɨɬɪɿɛɧɿ ɪɭɯɢ ɿ ɫɢɥɢ ɞɥɹ ɪɨɛɨɱɨɝɨ ɨɪɝɚɧɭ 
ɦɟɯɚɧɿɡɦɭ (3 – ɪɢɫ. 1.3).  

Ɋɟɲɬɚ ɥɚɧɨɤ ɧɚɡɢɜɚɸɬьɫɹ ɡʼєɞɧɭɜɚɥьɧɢɦɢ, ɚɛɨ 
ɩɪɨɦɿɠɧɢɦɢ.  

ȼ ɡɚɝɚɥьɧɨɦɭ ɜɢɩɚɞɤɭ ɜ ɦɟɯɚɧɿɡɦɚɯ ɨɞɧɚ ɜɯɿɞɧɚ ɿ ɨɞɧɚ 
ɜɢɯɿɞɧɚ ɥɚɧɤɚ. ȼɯɿɞɧɚ ɥɚɧɤɚ ɨɬɪɢɦɭє ɪɭɯ ɜɿɞ ɞɜɢɝɭɧɚ, ɚ 
ɜɢɯɿɞɧɚ ɡʼєɞɧɭєɬьɫɹ ɡ ɪɨɛɨɱɨɸ ɦɚɲɢɧɨɸ.  

Ɂɚɥɟɠɧɨ ɜɿɞ ɯɚɪɚɤɬɟɪɭ ɪɭɯɭ ɜɿɞɧɨɫɧɨ ɫɬɨɹɤɚ ɿɧɲɿ 
ɥɚɧɤɢ ɜɚɠɿɥьɧɨɝɨ ɦɟɯɚɧɿɡɦɭ ɦɚɸɬь ɫɩɟɰɢɮɿɱɧɿ ɧɚɡɜɢ:  

Ʉɪɢɜɨɲɢɩ – ɨɛɟɪɬɨɜɚ ɥɚɧɤɚ, ɹɤɚ ɡɞɿɣɫɧɸє ɩɨɜɧɢɣ 
ɨɛɟɪɬ ɧɚɜɤɨɥɨ ɧɟɪɭɯɨɦɨʀ ɨɫɿ (1 – ɪɢɫ. 1.3).  

ɒɚɪɧɿɪɧɚ ɬɹɝɚ – ɥɚɧɤɚ, ɳɨ ɧɟɫɟ ɬɿɥьɤɢ ɨɛɟɪɬɚɥьɧɿ 
ɤɿɧɟɦɚɬɢɱɧɿ ɩɚɪɢ (2 – ɪɢɫ. 1.3, ɚ). 

ɒɚɬɭɧ – ɥɚɧɤɚ, ɳɨ ɡʼєɞɧɚɧɚ ɨɛɟɪɬɚɥьɧɢɦɢ 
ɤɿɧɟɦɚɬɢɱɧɢɦɢ ɩɚɪɚɦɢ ɬɿɥьɤɢ ɡ ɪɭɯɨɦɢɦɢ ɥɚɧɤɚɦɢ, ɨɞɧɚ 
ɹɤɢɯ ɩɨɜɡɭɧ (2 – ɪɢɫ. 1.3, ɛ). 

ɉɨɜɡɭɧ – ɥɚɧɤɚ, ɹɤɚ ɭɬɜɨɪɸє ɩɨɫɬɭɩɚɥьɧɭ ɩɚɪɭ ɡɿ 
ɫɬɨɹɤɨɦ (3 – ɪɢɫ. 1.3, ɛ).  

Ʉɨɪɨɦɢɫɥɨ – ɨɛɟɪɬɨɜɚ ɥɚɧɤɚ, ɳɨ ɡɞɿɣɫɧɸє ɧɟɩɨɜɧɢɣ 
ɨɛɟɪɬ ɧɚɜɤɨɥɨ ɧɟɪɭɯɨɦɨʀ ɨɫɿ (3 – ɪɢɫ. 1.3, ɚ).  

Ʉɭɥɿɫɚ – ɨɛɟɪɬɨɜɚ ɥɚɧɤɚ, ɹɤɚ є ɧɚɩɪɹɦɧɨɸ ɤɨɜɡɚɸɱɨɝɨ 
ɤɚɦɟɧɹ (3 – ɪɢɫ. 1.3, ɜ).  

Ʉɨɜɡɚɸɱɢɣ ɤɚɦɿɧь – ɥɚɧɤɚ, ɳɨ ɡɞɿɣɫɧɸє 
ɩɪɹɦɨɥɿɧɿɣɧɨ-ɩɨɫɬɭɩɚɥьɧɢɣ ɪɭɯ ɜɡɞɨɜɠ ɪɭɯɨɦɨʀ ɧɚɩɪɹɦɧɨʀ 
(2 – ɪɢɫ. 1.3, ɜ).  
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1.3. Ʉɿɧɟɦɚɬɢɱɧɿ ɩɚɪɢ ɬɚ ʀɯ ɤɥɚɫɢɮɿɤɚɰɿɹ  

Ʉɿɧɟɦɚɬɢɱɧɨɸ ɩɚɪɨɸ, ɹɤ ɜɠɟ ɛɭɥɨ ɫɤɚɡɚɧɨ, 
ɧɚɡɢɜɚєɬьɫɹ ɦɿɫɰɟ, ɞɟ ɪɭɯɨɦɨ ɡʼєɞɧɭɸɬьɫɹ ɞɜɿ ɥɚɧɤɢ. Ɂɚ 
ɯɚɪɚɤɬɟɪɨɦ ɞɨɬɢɤɚɧɧɹ ɩɨɜɟɪɯɨɧь ɰɢɯ ɞɜɨɯ ɥɚɧɨɤ 
ɤɿɧɟɦɚɬɢɱɧɿ ɩɚɪɢ ɞɿɥɹɬьɫɹ ɧɚ ɜɢɳɿ ɿ ɧɢɠɱɿ.   

Ⱦɨ ɧɢɠɱɢɯ ɜɿɞɧɨɫɹɬьɫɹ ɩɚɪɢ, ɭ ɹɤɢɯ ɞɨɬɢɤ ɟɥɟɦɟɧɬɿɜ 
ɩɪɨɯɨɞɢɬь ɩɨ ɩɨɜɟɪɯɧɹɦ (ɧɚɩɪɢɤɥɚɞ, ɩɨɪɲɟɧь ɡ 
ɰɢɥɿɧɞɪɨɦ).  

Ⱦɨ ɜɢɳɢɯ ɜɿɞɧɨɫɹɬьɫɹ ɩɚɪɢ, ɭ ɹɤɢɯ ɞɨɬɢɤ ɟɥɟɦɟɧɬɿɜ 
ɩɪɨɯɨɞɢɬь ɩɨ ɥɿɧɿɹɦ ɚɛɨ ɬɨɱɤɚɦ (ɧɚɩɪɢɤɥɚɞ, ɤɨɥɟɫɨ ɡ 
ɞɨɪɨɝɨɸ).  

ɋɩɨɫɨɛɢ ɪɭɯɨɦɨɝɨ ɡʼєɞɧɚɧɧɹ ɥɚɧɨɤ, ɬɨɛɬɨ ɫɩɨɥɭɱɟɧɧɹ 
ɟɥɟɦɟɧɬɿɜ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪ, ɦɨɠɭɬь ɛɭɬɢ ɪɿɡɧɢɦɢ. Ɍɟɨɪɿɸ 
ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪ ɜɩɟɪɲɟ ɪɨɡɪɨɛɢɜ ɜɱɟɧɢɣ ɏ. ȱ. Ƚɨɯɦɚɧ ɭ 
1890 ɪ., ɚ ɜ ɩɨɞɚɥьɲɨɦɭ ɞɨɩɨɜɧɢɥɢ Ⱥ. ɉ. Ɇɚɥɢɲɟɜ, 
ȼ. ȼ. Ⱦɨɛɪɨɜɨɥьɫьɤɢɣ, ȱ. ȱ. Ⱥɪɬɨɛɨɥɟɜɫьɤɢɣ ɬɚ ɿɧ.  

ɇɚ ɜɿɞɧɨɫɧɢɣ ɪɭɯ ɤɨɠɧɨʀ ɿɡ ɞɜɨɯ ɥɚɧɨɤ ɤɿɧɟɦɚɬɢɱɧɨʀ 
ɩɚɪɢ ɧɚɤɥɚɞɚɸɬьɫɹ ɩɟɜɧɿ ɨɛɦɟɠɟɧɧɹ, ɹɤɿ ɡɚɥɟɠɚɬь ɜɿɞ 
ɫɩɨɫɨɛɭ ɡʼєɞɧɚɧɧɹ ɰɢɯ ɥɚɧɨɤ. Ɉɛɦɟɠɟɧɧɹ, ɧɚɤɥɚɞɟɧɿ ɧɚ 
ɜɿɞɧɨɫɧɢɣ ɪɭɯ ɥɚɧɨɤ ɤɿɧɟɦɚɬɢɱɧɨʀ ɩɚɪɢ, ɧɚɡɢɜɚɸɬьɫɹ 
ɭɦɨɜɚɦɢ ɡɜʼɹɡɤɭ.  

Ɋɨɡɝɥɹɧɟɦɨ, ɹɤɿ ɠ ɡɜʼɹɡɤɢ ɿ ɜ ɹɤɿɣ ɤɿɥьɤɨɫɬɿ ɦɨɠɭɬь 
ɛɭɬɢ ɧɚɤɥɚɞɟɧɿ ɧɚ ɜɿɞɧɨɫɧɢɣ ɪɭɯ ɥɚɧɨɤ ɤɿɧɟɦɚɬɢɱɧɨʀ ɩɚɪɢ.  

ȼ ɡɚɝɚɥьɧɨɦɭ ɜɢɩɚɞɤɭ 
ɦɨɠɧɚ ɪɨɡɝɥɹɞɚɬɢ, ɳɨ ɜɫɹɤɟ 
ɚɛɫɨɥɸɬɧɨ ɬɜɟɪɞɟ ɬɿɥɨ, ɳɨ ɜɿɥьɧɨ 
ɪɭɯɚєɬьɫɹ ɜ ɩɪɨɫɬɨɪɿ, ɦɚɬɢɦɟ 
ɲɿɫɬь ɧɟɡɚɥɟɠɧɢɯ ɩɟɪɟɦɿɳɟɧь 
(ɬɪɢ ɩɨɫɬɭɩɚɥьɧɢɯ ɜɡɞɨɜɠ 
ɜɿɞɩɨɜɿɞɧɢɯ ɨɫɟɣ ɩɪɨɫɬɨɪɨɜɨʀ 
ɫɢɫɬɟɦɢ ɤɨɨɪɞɢɧɚɬ ɬɚ ɬɪɢ 
ɨɛɟɪɬɚɥьɧɢɯ ɜɿɞɧɨɫɧɨ ɰɢɯ ɨɫɟɣ), 
ɬɨɛɬɨ ɦɚє ɲɿɫɬь ɫɬɭɩɟɧɿɜ 
ɜɿɥьɧɨɫɬɿ (ɪɢɫ. 1.8). 

 
Ɋɢɫ. 1.8. Ⱥɛɫɨɥɸɬɧɨ 

ɬɜɟɪɞɟ ɬɿɥɨ ɭ ɩɪɨɫɬɨɪɿ 
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Ɂʼєɞɧɚɧɧɹ, ɧɚɜɿɬь ɪɭɯɨɦɟ, ɨɞɧɿєʀ ɥɚɧɤɢ ɡ ɿɧɲɨɸ 
ɥɚɧɤɨɸ, ɬɨɛɬɨ ɭɬɜɨɪɟɧɧɹ ɤɿɧɟɦɚɬɢɱɧɨʀ ɩɚɪɢ, ɧɚɤɥɚɞɚє ɧɚ 
ɜɿɞɧɨɫɧɢɣ ɪɭɯ ɰɢɯ ɥɚɧɨɤ ɨɛɦɟɠɟɧɧɹ. ȱɧɲɢɦɢ ɫɥɨɜɚɦɢ, 
ɹɤɳɨ ɞɜɿ ɥɚɧɤɢ ɞɨɬɢɤɚɸɬьɫɹ, ɜɨɧɢ ɜɬɪɚɱɚɸɬь ɦɨɠɥɢɜɿɫɬь 
ɜɢɤɨɧɭɜɚɬɢ ɨɞɧɟ ɱɢ ɛɿɥьɲɟ ɿɡ ɫɜɨʀɯ ɲɟɫɬɢ ɧɟɡɚɥɟɠɧɢɯ 
ɩɟɪɟɦɿɳɟɧь ɜ ɩɪɨɫɬɨɪɿ. ɑɢɫɥɨ ɰɢɯ ɨɛɦɟɠɟɧь, ɳɨ ɦɢ ɞɚɥɿ ɿ 
ɧɚɡɢɜɚɬɢɦɟɦɨ ɭɦɨɜɢ ɡɜʼɹɡɤɭ, ɡɚɥɟɠɢɬь ɜɿɞ ɬɨɝɨ ɹɤ ɫɚɦɟ 
ɥɚɧɤɢ ɞɨɬɢɤɚɸɬьɫɹ.  

ɑɢɫɥɨ ɭɦɨɜ ɡɜʼɹɡɤɭ ɞɥɹ ɦɨɠɥɢɜɨɫɬɿ ɿɫɧɭɜɚɧɧɹ 
ɤɿɧɟɦɚɬɢɱɧɨʀ ɩɚɪɢ, ɨɱɟɜɢɞɧɨ, ɩɨɜɢɧɧɨ ɛɭɬɢ ɰɿɥɢɦ, ɛɿɥьɲɟ 0 
ɿ ɦɟɧɲɢɦ ɲɟɫɬɢ. 

əɤɳɨ ɱɢɫɥɨ ɭɦɨɜ ɡɜʼɹɡɤɭ ɞɨɪɿɜɧɸє 6, ɰɟ ɨɡɧɚɱɚє, ɳɨ 
ɥɚɧɤɢ ɜɬɪɚɱɚɸɬь ɜɿɞɧɨɫɧɢɣ ɪɭɯ, ɬɨɛɬɨ ɧɟ ɦɨɠɭɬь ɜɢɤɨɧɚɬɢ 
ɠɨɞɧɟ ɿɡ ɲɟɫɬɢ ɧɟɡɚɥɟɠɧɢɯ ɩɟɪɟɦɿɳɟɧь, ɿ ɩɟɪɟɯɨɞɹɬь ɜ 
ɠɨɪɫɬɤɟ ɡʼєɞɧɚɧɧɹ. ɀɨɪɫɬɤɿ ɡʼєɞɧɚɧɧɹ ɧɚ ɰьɨɦɭ ɤɭɪɫɿ ɦɢ 
ɪɨɡɝɥɹɞɚɬɢ ɧɟ ɛɭɞɟɦɨ. 

əɤɳɨ ɱɢɫɥɨ ɭɦɨɜ ɡɜʼɹɡɤɭ ɞɨɪɿɜɧɸє 0, ɬɨ ɰɟ ɨɡɧɚɱɚє, 
ɳɨ ɥɚɧɤɢ ɧɟ ɞɨɬɢɤɚɸɬьɫɹ ɜɡɚɝɚɥɿ ɿ ɨɬɠɟ ɧɟ ɭɬɜɨɪɸɸɬь 
ɤɿɧɟɦɚɬɢɱɧɨʀ ɩɚɪɢ.   

Ɍɚɤɢɦ ɱɢɧɨɦ, ɱɢɫɥɨ ɭɦɨɜ ɡɜʼɹɡɤɭ ɡɦɿɧɸєɬьɫɹ ɜɿɞ 1 ɞɨ 
5.  

ɑɢɫɥɨ ɫɬɭɩɟɧɿɜ ɜɿɥьɧɨɫɬɿ ɇ ɥɚɧɤɢ ɤɿɧɟɦɚɬɢɱɧɨʀ ɩɚɪɢ 
ɦɨɠɧɚ ɡɜʼɹɡɚɬɢ ɡ ɱɢɫɥɨɦ ʀʀ ɭɦɨɜ ɡɜʼɹɡɤɭ S ɧɚɫɬɭɩɧɢɦ 
ɜɢɪɚɡɨɦ:  ʜ =  – ܵ. (1.1) 

ȼɫɿ ɤɿɧɟɦɚɬɢɱɧɿ ɩɚɪɢ ɞɿɥɹɬьɫɹ ɧɚ ɤɥɚɫɢ ɜ ɡɚɥɟɠɧɨɫɬɿ 
ɜɿɞ ɱɢɫɥɚ ɭɦɨɜ ɡɜʼɹɡɤɭ. 

Ʉɥɚɫ ɤɿɧɟɦɚɬɢɱɧɨʀ ɩɚɪɢ ɜɢɡɧɚɱɚєɬьɫɹ ɱɢɫɥɨɦ ɭɦɨɜ 
ɡɜʼɹɡɤɭ S. ɋɤɿɥьɤɢ ɭɦɨɜ ɡɜʼɹɡɤɭ ɜ ɤɿɧɟɦɚɬɢɱɧɿɣ ɩɚɪɿ – ɬɚɤɢɣ 
ɿ ʀʀ ɤɥɚɫ. ȱɡ (1.1) ɦɚєɦɨ  S =  –ʜ. (1.2) 

Ɉɱɟɜɢɞɧɨ, ɨɫɤɿɥьɤɢ ɱɢɫɥɨ ɭɦɨɜ ɡɜʼɹɡɤɭ ɡɦɿɧɸєɬьɫɹ ɜɿɞ 
1 ɞɨ 5, ɬɨ ɡɚɝɚɥɨɦ ɿɫɧɭє 5 ɤɥɚɫɿɜ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪ. 
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Ⱦɥɹ ɩɪɢɤɥɚɞɭ, ɹɤɳɨ ɤɿɧɟɦɚɬɢɱɧɚ ɩɚɪɚ ɞɨɡɜɨɥɹє ɞɜɨɦ 
ɥɚɧɤɚɦ, ɳɨ ʀʀ ɭɬɜɨɪɸɸɬь, ɜɢɤɨɧɭɜɚɬɢ 5 ɜɿɞɧɨɫɧɢɯ 
ɩɟɪɟɦɿɳɟɧь ɿɡ 6 ɦɨɠɥɢɜɢɯ, ɬɨɛɬɨ ɜɨɧɚ ɦɚє 5 ɫɬɭɩɟɧɿɜ 
ɜɿɥьɧɨɫɬɿ (ɇ = 5), ɬɨ ɡɝɿɞɧɨ (1.2) ɜɨɧɚ ɧɚɤɥɚɞɚє 1 ɭɦɨɜɭ 
ɡɜʼɹɡɤɭ (S = 6 – 5 = 1). Ɉɬɠɟ, ɬɚɤɚ ɤɿɧɟɦɚɬɢɱɧɚ ɩɚɪɚ ɛɭɞɟ 
ɜɿɞɧɨɫɢɬɢɫь ɞɨ 1 ɤɥɚɫɭ. 

Ɋɨɡɝɥɹɧɟɦɨ ɧɚɣɩɨɲɢɪɟɧɿɲɿ ɤɿɧɟɦɚɬɢɱɧɿ ɩɚɪɢ  
(ɪɢɫ. 1.9).  

ɇɚ ɪɢɫ. 1.9, ɚ ɩɨɤɚɡɚɧɨ ɤɿɧɟɦɚɬɢɱɧɭ ɩɚɪɭ – ɤɭɥɸ Ⱥ, ɳɨ 
ɩɟɪɟɤɨɱɭєɬьɫɹ ɡ ɤɨɜɡɚɧɧɹɦ ɜɿɞɧɨɫɧɨ ɩɥɨɳɢɧɢ ȼ. Ɋɭɯ ɤɭɥɿ 
ɜɿɞɧɨɫɧɨ ɩɥɨɳɢɧɢ ɦɨɠɧɚ ɪɨɡɤɥɚɫɬɢ ɧɚ ɬɪɢ ɨɛɟɪɬɚɥьɧɿ ɪɭɯɢ 
ɧɚɜɤɨɥɨ ɨɫɟɣ x, y, z ɿ ɞɜɚ ɩɨɫɬɭɩɚɥьɧɿ – ɜɡɞɨɜɠ ɨɫɟɣ ɯ ɿ y.  

ȼ ɬɨɣ ɠɟ ɱɚɫ, ɩɟɪɟɦɿɳɟɧɧɹ ɤɭɥɿ, ɜɡɞɨɜɠ ɨɫɿ z 
ɧɟɦɨɠɥɢɜɟ, ɬɨɦɭ ɳɨ ɪɭɯ ɜɧɢɡ ɨɛɦɟɠɭє ɩɥɨɳɢɧɚ, ɚ ɩɪɢ ɪɭɫɿ 
ɜɜɟɪɯ ɩɚɪɚ ɩɟɪɟɫɬɚє ɿɫɧɭɜɚɬɢ.   

Ⱦɥɹ ɬɚɤɨʀ ɩɚɪɢ ɫɬɭɩɿɧь ɜɿɥьɧɨɫɬɿ ɇ = 5, ɬɨɛɬɨ ɡɝɿɞɧɨ 
(1.2) ɱɢɫɥɨ ɭɦɨɜ ɡɜʼɹɡɤɭ S = 1, ɚ ɬɨɦɭ ɰɹ ɩɚɪɚ ɜɿɞɧɨɫɢɬьɫɹ ɞɨ 
ɩɚɪ 1 ɤɥɚɫɭ. 

Ⱥɧɚɥɨɝɿɱɧɨ ɪɨɡɝɥɹɧɟɦɨ ɩɚɪɭ – ɤɭɥɹ Ⱥ, ɪɨɡɦɿɳɟɧɚ ɜ 
ɰɢɥɿɧɞɪɿ ȼ (ɪɢɫ. 1.9, ɛ). ɐɹ ɩɚɪɚ ɦɚє ɱɨɬɢɪɢ ɫɬɭɩɟɧɿ 
ɜɿɥьɧɨɫɬɿ (ɜɫɿ ɬɪɢ ɨɛɟɪɬɚɥьɧɿ ɪɭɯɢ ɤɭɥɿ ɰɢɥɿɧɞɪ ɧɟ ɨɛɦɟɠɭє, 
ɚ ɬɚɤɨɠ ɤɭɥɹ ɦɨɠɟ ɪɭɯɚɬɢɫь ɩɨɫɬɭɩɚɥьɧɨ ɜɡɞɨɜɠ ɨɫɿ x 
ɰɢɥɿɧɞɪɚ), ɚ ɨɬɠɟ ɞɜɿ ɭɦɨɜɢ ɡɜʼɹɡɤɭ (ɤɭɥɹ ɧɟ ɡɞɚɬɧɚ ɪɭɯɚɬɢɫь 
ɩɨɫɬɭɩɚɥьɧɨ ɜ ɩɨɩɟɪɟɱɧɢɯ ɧɚɩɪɹɦɤɚɯ ɰɢɥɿɧɞɪɚ – ɨɫɿ y, z). 
Ɍɚɤɢɦ ɱɢɧɨɦ ɦɚєɦɨ ɤɿɧɟɦɚɬɢɱɧɭ ɩɚɪɭ ȱȱ ɤɥɚɫɭ.  

Ɍɪɢɪɭɯɨɦɚ ɤɿɧɟɦɚɬɢɱɧɚ ɩɚɪɚ (ɪɢɫ. 1.9, ɜ) ɦɚє ɬɪɢ 
ɨɛɟɪɬɚɥьɧɿ ɪɭɯɢ ɧɚɜɤɨɥɨ ɨɫɟɣ x, y, z ɿ ɬɪɢ ɡɜʼɹɡɤɢ, ɚ ɬɨɦɭ 
ɜɿɞɧɨɫɢɬьɫɹ ɞɨ ɩɚɪ ȱȱȱ ɤɥɚɫɭ.  

Ⱦɜɨɪɭɯɨɦɚ ɤɿɧɟɦɚɬɢɱɧɚ ɩɚɪɚ (ɪɢɫ. 1.9, ɝ) ɞɨɩɭɫɤɚє ɞɜɚ 
ɜɿɞɧɨɫɧɿ ɪɭɯɢ: ɨɛɟɪɬɚɥьɧɢɣ ɿ ɩɨɫɬɭɩɚɥьɧɢɣ. Ɍɚɤɚ ɩɚɪɚ ɦɚє 
ɱɨɬɢɪɢ ɡɜʼɹɡɤɢ ɿ ɜɿɞɧɨɫɢɬьɫɹ ɞɨ ɩɚɪ ȱV ɤɥɚɫɭ.  

Ⱦɨ V ɤɥɚɫɭ ɜɿɞɧɨɫɹɬьɫɹ ɜɫɿ ɩɨɫɬɭɩɚɥьɧɿ ɿ ɨɛɟɪɬɚɥьɧɿ 
ɤɿɧɟɦɚɬɢɱɧɿ ɩɚɪɢ, ɚ ɬɚɤɨɠ ɭɦɨɜɧɨ ɝɜɢɧɬɨɜɚ ɩɚɪɚ  
(ɪɢɫ. 1.9, ɞ).  
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Ɂɜɟɪɧɿɬь ɭɜɚɝɭ ɳɨ ɞɥɹ ɩɨɤɚɡɚɧɢɯ ɧɚ ɪɢɫ. 1.9 

ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪ 2–5 ɤɥɚɫɿɜ ɦɨɠɥɢɜɿ ɪɿɡɧɿ ɤɨɧɫɬɪɭɤɰɿʀ 
ɡʼєɞɧɚɧɧɹ ɥɚɧɨɤ, ɳɨ ɞɚɸɬь ɪɿɡɧɢɣ ɪɨɡɩɨɞɿɥ ɨɛɟɪɬɚɥьɧɢɯ ɬɚ 
ɩɨɫɬɭɩɚɥьɧɢɯ ɪɭɯɿɜ, ɹɤɿ ɤɨɧɤɪɟɬɧɚ ɤɿɧɟɦɚɬɢɱɧɚ ɩɚɪɚ 
ɞɨɡɜɨɥɹє ɱɢ ɨɛɦɟɠɭє. ɇɚɩɪɢɤɥɚɞ, ɞɥɹ ɤɿɧɟɦɚɬɢɱɧɨʀ ɩɚɪɢ ȱȱȱ 
ɤɥɚɫɭ (ɪɢɫ. 1.9, ɜ), ɭ ɩɟɪɲɨɦɭ ɜɢɩɚɞɤɭ ɞɨɡɜɨɥɟɧɨ ɬɪɢ 
ɨɛɟɪɬɚɥьɧɢɯ ɪɭɯɢ, ɭ ɞɪɭɝɨɦɭ ɞɜɚ ɨɛɟɪɬɚɥьɧɢɯ ɿ ɨɞɢɧ 
ɩɨɫɬɭɩɚɥьɧɢɣ, ɚ ɜ ɬɪɟɬьɨɦɭ ɞɜɚ ɩɨɫɬɭɩɚɥьɧɢɯ ɿ ɨɞɢɧ 
ɨɛɟɪɬɚɥьɧɢɣ. Ʉɿɥьɤɿɫɧɨ ɭ ɤɨɠɧɿɣ ɿɡ ɤɨɧɫɬɪɭɤɰɿɣ ɦɚєɦɨ 
ɨɛɦɟɠɟɧɧɹ ɬɪьɨɯ ɿɧɲɢɯ ɪɭɯɿɜ, ɬɨɛɬɨ ɰɟ ɜɫɟ ɞɿɣɫɧɨ 
ɤɿɧɟɦɚɬɢɱɧɿ ɩɚɪɢ ȱȱȱ ɤɥɚɫɭ. Ⱥɥɟ ɦɨɠɥɢɜɿɫɬь ɬɚɤɢɯ 
ɤɨɧɫɬɪɭɤɬɢɜɧɢɯ ɜɿɞɦɿɧɧɨɫɬɟɣ ɜɢɦɚɝɚє ʀɯ ɞɨɞɚɬɤɨɜɨʀ 
ɤɥɚɫɢɮɿɤɚɰɿʀ. Ɍɨɦɭ ɨɤɪɿɦ ɤɥɚɫɿɜ, ɤɿɧɟɦɚɬɢɱɧɿ ɩɚɪɢ ɬɚɤɨɠ 
ɩɨɞɿɥɹɸɬьɫɹ ɧɚ ɜɢɞɢ.  

ȼɢɞ ɤɿɧɟɦɚɬɢɱɧɨʀ ɩɚɪɢ ɜɢɡɧɚɱɚєɬьɫɹ ɱɢɫɥɨɦ 
ɦɨɠɥɢɜɢɯ ɩɨɫɬɭɩɚɥьɧɢɯ ɿ ɨɛɟɪɬɚɥьɧɢɯ ɪɭɯɿɜ. Ɉɛɟɪɬɚɥьɧɢɦ 

ɪɭɯɚɦ ɩɪɢ ɤɥɚɫɢɮɿɤɚɰɿʀ ɧɚɞɚєɬьɫɹ ɩɟɪɟɜɚɝɚ. Ɍɨɛɬɨ, ɹɤɳɨ ɞɥɹ 
ɞɚɧɨɝɨ ɤɥɚɫɭ ɤɿɧɟɦɚɬɢɱɧɨʀ ɩɚɪɢ є ɦɚɤɫɢɦɚɥьɧɟ ɱɢɫɥɨ 
ɨɛɟɪɬɚɥьɧɢɯ ɪɭɯɿɜ, ɬɨ ɩɚɪɚ ɜɿɞɧɨɫɢɬьɫɹ ɞɨ ɩɟɪɲɨɝɨ ɜɢɞɭ, 
ɹɤɳɨ ɨɞɢɧ ɨɛɟɪɬɚɥьɧɢɣ ɪɭɯ ɡɚɦɿɧɟɧɨ ɩɨɫɬɭɩɚɥьɧɢɦ, ɬɨ ɩɚɪɚ 
ɜɿɞɧɨɫɢɬьɫɹ ɞɨ ɞɪɭɝɨɝɨ ɜɢɞɭ ɿ ɬ.ɞ.  

Ɋɨɡɛɟɪɿɦɨɫь ɞɟɬɚɥьɧɿɲɟ.  
Ɉɬɠɟ, ɧɚɩɪɢɤɥɚɞ, ɤɿɧɟɦɚɬɢɱɧɚ ɩɚɪɚ V ɤɥɚɫɭ ɡɚ 

ɜɢɡɧɚɱɟɧɧɹɦ ɨɛɦɟɠɭє 5 ɪɭɯɿɜ ɥɚɧɨɤ ɰɿєʀ ɩɚɪɢ ɿɡ 6, ɬɨɛɬɨ 
ɞɨɡɜɨɥɹє ɥɢɲɟ ɨɞɢɧ. Ɉɞɧɚɤ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɤɨɧɫɬɪɭɤɰɿʀ 
ɡʼєɞɧɚɧɧɹ, ɰɟɣ ɨɞɢɧ ɪɭɯ ɦɨɠɟ ɛɭɬɢ ɚɛɨ ɨɛɟɪɬɚɥьɧɢɦ, ɚɛɨ 
ɩɨɫɬɭɩɚɥьɧɢɦ. Ɍɨɦɭ ɞɨɬɪɢɦɭɸɱɢɫь ɩɪɚɜɢɥɚ ɩɟɪɟɜɚɝɢ 
ɨɛɟɪɬɚɥьɧɨɝɨ ɪɭɯɭ, ɤɿɧɟɦɚɬɢɱɧɚ ɩɚɪɚ V ɤɥɚɫɭ, ɳɨ ɞɨɡɜɨɥɹє 
ɨɛɟɪɬɚɥьɧɢɣ ɪɭɯ ɦɚɬɢɦɟ ȱ ɜɢɞ, ɚ ɬɚ ɳɨ ɞɨɡɜɨɥɹє 
ɩɨɫɬɭɩɚɥьɧɢɣ ɛɭɞɟ ȱȱ ɜɢɞɭ. 

ȼ ɬɨɣ ɱɚɫ ɹɤ ɞɥɹ ɩɚɪɢ V ɤɥɚɫɭ ɦɨɠɥɢɜɢɣ ɩɨɞɿɥ ɬɿɥьɤɢ 
ɧɚ ɧɚɡɜɚɧɿ ɜɢɳɟ ɞɜɚ ɜɢɞɢ, ɡɿ ɡɦɟɧɲɟɧɧɹɦ ɱɢɫɥɚ ɨɛɦɟɠɟɧь, 
ɡɦɿɧɸєɬьɫɹ ɱɢɫɥɨ ɦɨɠɥɢɜɢɯ ɤɨɦɛɿɧɚɰɿɣ ɩɨɫɬɭɩɚɥьɧɢɯ ɿ 
ɨɛɟɪɬɚɥьɧɢɯ ɪɭɯɿɜ. Ɍɚɤ, ɤɿɧɟɦɚɬɢɱɧɚ ɩɚɪɚ ȱV ɤɥɚɫɭ ɞɨɡɜɨɥɹє 
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ɜɠɟ ɞɜɚ ɪɭɯɢ. ɐɟ ɦɨɠɭɬь ɛɭɬɢ ɞɜɚ ɨɛɟɪɬɚɥьɧɢɯ ɪɭɯɢ (ȱ ɜɢɞ), 
ɨɞɢɧ ɨɛɟɪɬɚɥьɧɢɣ ɿ ɨɞɢɧ ɩɨɫɬɭɩɚɥьɧɢɣ (ȱȱ ɜɢɞ) ɱɢ ɞɜɚ 
ɩɨɫɬɭɩɚɥьɧɢɯ ɪɭɯɢ (ȱȱȱ ɜɢɞ).  

Ɍɚɤɨɠ ɧɟ ɜɚɪɬɨ ɡɚɛɭɜɚɬɢ, ɳɨ 6 ɦɨɠɥɢɜɢɯ ɩɟɪɟɦɿɳɟɧь 

ɜɿɥьɧɨɝɨ ɬɿɥɚ ɜ ɩɪɨɫɬɨɪɿ ɰɟ ɡɚɜɠɞɢ ɬɪɢ ɨɛɟɪɬɚɥьɧɢɯ ɿ ɬɪɢ 
ɩɨɫɬɭɩɚɥьɧɢɯ. Ɍɨɛɬɨ ɧɟ ɦɨɠɥɢɜɚ ɤɿɧɟɦɚɬɢɱɧɚ ɩɚɪɚ, 
ɧɚɩɪɢɤɥɚɞ, ȱȱ ɤɥɚɫɭ, ɹɤɚ ɞɨɡɜɨɥɹɬɢɦɟ 4 ɨɛɟɪɬɚɥьɧɿ ɪɭɯɢ – ʀɯ 
ɦɨɠɟ ɛɭɬɢ ɦɚɤɫɢɦɭɦ 3. ɉɪɢɧɚɣɦɧɿ ɜ ɬɪɢɜɢɦɿɪɧɨɦɭ 
ɩɪɨɫɬɨɪɿ.  

ȼ ɡɚɝɚɥьɧɨɦɭ ɩɨɞɿɥ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪ ɧɚ ɜɢɞɢ ɦɨɠɧɚ 
ɩɪɟɞɫɬɚɜɢɬɢ ɭ ɬɚɛɥɢɱɧɨɦɭ ɜɢɝɥɹɞɿ (ɬɚɛɥɢɰɹ 1.1):  

Ɍɚɛɥɢɰɹ 1.1 

ȼɢɞɢ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪ ɪɿɡɧɨɝɨ ɤɥɚɫɭ 

 ȱ ɜɢɞ ȱȱ ɜɢɞ ȱȱȱ ɜɢɞ ȱV ɜɢɞ 

ȱ ɤɥɚɫ 
3 ɨɛɟɪɬ. 
ɿ 2 ɩɨɫɬ. 

2 ɨɛɟɪɬ. 
ɿ 3 ɩɨɫɬ. – – 

ȱȱ ɤɥɚɫ 
3 ɨɛɟɪɬ. 
ɿ 1 ɩɨɫɬ. 

2 ɨɛɟɪɬ. 
ɿ 2 ɩɨɫɬ. 

1 ɨɛɟɪɬ. 
ɿ 3 ɩɨɫɬ. – 

ȱȱȱ ɤɥɚɫ 3 ɨɛɟɪɬ. 2 ɨɛɟɪɬ. 
ɿ 1 ɩɨɫɬ. 

1 ɨɛɟɪɬ. 
ɿ 2 ɩɨɫɬ. 3 ɩɨɫɬ. 

ȱV ɤɥɚɫ 2 ɨɛɟɪɬ. 1 ɨɛɟɪɬ. 
ɿ 1 ɩɨɫɬ. 2 ɩɨɫɬ. – 

V ɤɥɚɫ 1 ɨɛɟɪɬ. 1 ɩɨɫɬ. – – 

 

1.4. Ʉɿɧɟɦɚɬɢɱɧɿ ɥɚɧɰɸɝɢ ɬɚ ʀɯ ɤɥɚɫɢɮɿɤɚɰɿɹ  
ɋɢɫɬɟɦɚ ɥɚɧɨɤ, ɹɤɿ ɡʼєɞɧɚɧɿ ɦɿɠ ɫɨɛɨɸ ɤɿɧɟɦɚɬɢɱɧɢɦɢ 

ɩɚɪɚɦɢ, ɧɚɡɢɜɚєɬьɫɹ ɤɿɧɟɦɚɬɢɱɧɢɦ ɥɚɧɰɸɝɨɦ (ɪɢɫ. 1.10).  

Ʉɿɧɟɦɚɬɢɱɧɿ ɥɚɧɰɸɝɢ ɩɨɞɿɥɹɸɬь ɧɚ ɩɪɨɫɬɿ ɿ ɫɤɥɚɞɧɿ, 
[5].  

ɉɪɨɫɬɢɦ ɧɚɡɢɜɚєɬьɫɹ ɬɚɤɢɣ ɤɿɧɟɦɚɬɢɱɧɢɣ ɥɚɧɰɸɝ ɭ 
ɹɤɨɝɨ ɤɨɠɧɚ ɥɚɧɤɚ ɜɯɨɞɢɬь ɧɟ ɛɿɥьɲɟ, ɧɿɠ ɭ ɞɜɿ ɤɿɧɟɦɚɬɢɱɧɿ 
ɩɚɪɢ (ɪɢɫ. 1.10, ɚ). 
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ɋɤɥɚɞɧɢɦ ɧɚɡɢɜɚєɬьɫɹ ɬɚɤɢɣ ɤɿɧɟɦɚɬɢɱɧɢɣ ɥɚɧɰɸɝ, ɭ 
ɹɤɨɝɨ ɯɨɱ ɛɢ ɨɞɧɚ ɥɚɧɤɚ ɜɯɨɞɢɬь ɛɿɥьɲ ɹɤ ɭ ɞɜɿ ɤɿɧɟɦɚɬɢɱɧɿ 
ɩɚɪɢ (ɪɢɫ. 1.10, ɛ).  

 
Ɋɢɫ. 1.10. Ʉɿɧɟɦɚɬɢɱɧɿ ɥɚɧɰɸɝɢ:  

ɚ – ɩɪɨɫɬɢɣ ɧɟɡɚɦɤɧɭɬɢɣ; ɛ – ɫɤɥɚɞɧɢɣ ɡɚɦɤɧɭɬɢɣ 

 

ɉɪɨɫɬɿ ɿ ɫɤɥɚɞɧɿ ɤɿɧɟɦɚɬɢɱɧɿ ɥɚɧɰɸɝɢ ɭ ɫɜɨɸ ɱɟɪɝɭ 
ɞɿɥɹɬьɫɹ ɧɚ ɡɚɦɤɧɭɬɿ ɿ ɧɟɡɚɦɤɧɭɬɿ. 

ɇɟɡɚɦɤɧɭɬɢɦ ɧɚɡɢɜɚєɬьɫɹ ɬɚɤɢɣ ɤɿɧɟɦɚɬɢɱɧɢɣ 
ɥɚɧɰɸɝ, ɭ ɹɤɨɝɨ ɯɨɱ ɛɢ ɨɞɧɚ ɥɚɧɤɚ ɜɯɨɞɢɬь ɜ ɨɞɧɭ 
ɤɿɧɟɦɚɬɢɱɧɭ ɩɚɪɭ (ɪɢɫ. 1.10, ɚ).  

Ɂɚɦɤɧɭɬɢɦ ɧɚɡɢɜɚєɬьɫɹ ɬɚɤɢɣ ɤɿɧɟɦɚɬɢɱɧɢɣ ɥɚɧɰɸɝ, 

ɭ ɹɤɨɝɨ ɤɨɠɧɚ ɥɚɧɤɚ ɜɯɨɞɢɬь ɧɟ ɦɟɧɲɟ, ɧɿɠ ɭ ɞɜɿ 
ɤɿɧɟɦɚɬɢɱɧɿ ɩɚɪɢ (ɪɢɫ. 1.10, ɛ).  

Ʉɿɧɟɦɚɬɢɱɧɿ ɥɚɧɰɸɝɢ ɛɭɜɚɸɬь ɩɥɨɫɤɿ ɿ ɩɪɨɫɬɨɪɨɜɿ.  
 

1.5. ɋɬɪɭɤɬɭɪɧɿ ɮɨɪɦɭɥɢ ɤɿɧɟɦɚɬɢɱɧɢɯ ɥɚɧɰɸɝɿɜ. 
ɋɿɦɟɣɫɬɜɚ ɦɟɯɚɧɿɡɦɿɜ  

ɑɢɫɥɨ ɫɬɭɩɟɧɿɜ ɜɿɥьɧɨɫɬɿ ɤɿɧɟɦɚɬɢɱɧɨɝɨ ɥɚɧɰɸɝɚ 
ɡɚɥɟɠɢɬь ɜɿɞ ɱɢɫɥɚ ɥɚɧɨɤ, ɚ ɬɚɤɨɠ ɜɿɞ ɱɢɫɥɚ ɬɚ ɤɥɚɫɭ 
ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪ, ɳɨ ɜɯɨɞɹɬь ɞɨ ɫɤɥɚɞɭ ɥɚɧɰɸɝɚ.  

Ʉɨɠɧɭ ɥɚɧɤɭ ɦɨɠɧɚ ɪɨɡɝɥɹɞɚɬɢ ɹɤ ɚɛɫɨɥɸɬɧɨ ɬɜɟɪɞɟ 
ɬɿɥɨ, ɳɨ, ɹɤ ɜɿɞɨɦɨ, ɦɚє ɲɿɫɬь ɫɬɭɩɟɧɿɜ ɜɿɥьɧɨɫɬɿ ɜ 
ɩɪɨɫɬɨɪɨɜɨɦɭ ɪɭɫɿ. ɋɭɤɭɩɧɿɫɬь n ɥɚɧɨɤ ɹɜɥɹє ɫɨɛɨɸ 

ɫɢɫɬɟɦɭ ɡ 6 n ɫɬɭɩɟɧɹɦɢ ɜɿɥьɧɨɫɬɿ. Ʉɨɠɧɚ ɤɿɧɟɦɚɬɢɱɧɚ ɩɚɪɚ 
V ɤɥɚɫɭ ɜɧɨɫɢɬь 5 ɨɛɦɟɠɟɧь ɪɭɯɭ (ɭɦɨɜ ɡɜʼɹɡɤɭ) ɜ ɫɢɫɬɟɦɿ, 
ɬɨɛɬɨ ɡɦɟɧɲɭє ɡɚɝɚɥьɧɟ ɱɢɫɥɨ ɫɬɭɩɟɧɿɜ ɜɿɥьɧɨɫɬɿ ɧɚ ɩʼɹɬь; 
ɩɚɪɚ ȱV ɤɥɚɫɭ – ɜɿɞɩɨɜɿɞɧɨ ɧɚ ɱɨɬɢɪɢ, ȱȱȱ ɤɥɚɫɭ – ɧɚ ɬɪɢ ɿ ɬ.ɞ.  
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ȼɿɞɩɨɜɿɞɧɨ, ɱɢɫɥɨ ɫɬɭɩɟɧɿɜ ɜɿɥьɧɨɫɬɿ W ɩɪɨɫɬɨɪɨɜɨɝɨ 
ɤɿɧɟɦɚɬɢɱɧɨɝɨ ɥɚɧɰɸɝɚ, ɳɨ ɫɤɥɚɞɚєɬьɫɹ ɿɡ n ɪɭɯɨɦɢɯ ɥɚɧɨɤ 
ɿ pହ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪ ɩʼɹɬɨɝɨ ɤɥɚcɭ, pସ – ɱɟɬɜɟɪɬɨɝɨ, pଷ – 

ɬɪɟɬьɨɝɨ, pଶ – ɞɪɭɝɨɝɨ i pଵ – ɩɟɪɲɨɝɨ, ɛɭɞɟ: W = n − ͷpହ − Ͷpସ − ͵pଷ − ʹpଶ– pଵ. (1.3) 

Ɋɿɜɧɿɫɬь (1.3) є ɮɨɪɦɭɥɨɸ ɪɭɯɨɦɨɫɬɿ, ɚɛɨ 
ɫɬɪɭɤɬɭɪɧɨɸ ɮɨɪɦɭɥɨɸ ɩɪɨɫɬɨɪɨɜɨɝɨ ɤɿɧɟɦɚɬɢɱɧɨɝɨ 
ɥɚɧɰɸɝɚ ɿ ɧɨɫɢɬь ɧɚɡɜɭ ɮɨɪɦɭɥɢ ɋɨɦɨɜɚ-Ɇaɥɢɲɟɜɚ. 

ɍ ɜɢɩɚɞɤɭ ɩɥɨɫɤɨɝɨ ɤɿɧɟɦɚɬɢɱɧɨɝɨ ɥɚɧɰɸɝɚ, ɭ ɹɤɨɝɨ 
ɜɫɿ ɥɚɧɤɢ ɪɭɯɚɸɬьɫɹ ɜ ɨɞɧɿɣ ɚɛɨ ɩɚɪɚɥɟɥьɧɢɯ ɩɥɨɳɢɧɚɯ, 
ɤɨɠɧɚ ɥɚɧɤɚ, ɛɭɞɭɱɢ ɜɿɥьɧɨɸ, ɦɚɬɢɦɟ ɬɿɥьɤɢ ɬɪɢ ɫɬɭɩɟɧɿ 
ɜɿɥьɧɨɫɬɿ, ɬɨɛɬɨ ɩ ɥɚɧɨɤ ɛɭɞɭɬь ɦɚɬɢ ɜɿɞɩɨɜɿɞɧɨ 3ɩ ɫɬɭɩɟɧɿɜ 
ɜɿɥьɧɨɫɬɿ. ȼ ɫɤɥɚɞ ɩɥɨɫɤɨɝɨ ɤɿɧɟɦɚɬɢɱɧɨɝɨ ɥɚɧɰɸɝɚ ɦɨɠɭɬь 
ɜɯɨɞɢɬɢ ɬɿɥьɤɢ ɤɿɧɟɦɚɬɢɱɧɿ ɩɚɪɢ V ɤɥɚɫɭ (ɨɛɟɪɬɚɥьɧɿ ɿ 
ɩɨɫɬɭɩɚɥьɧɿ) ɿ ȱV ɤɥɚɫɭ (ɡɭɛɱɚɫɬɚ ɩɟɪɟɞɚɱɚ, ɩɟɪɟɞɚɱɚ 
ɤɭɥɚɱɨɤ-ɲɬɨɜɯɚɱ). Ʉɿɧɟɦɚɬɢɱɧɚ ɩɚɪɚ V ɤɥɚɫɭ, ɳɨ ɞɨɡɜɨɥɹє 
ɬɿɥьɤɢ ɨɞɢɧ ɜɿɞɧɨɫɧɢɣ ɪɭɯ ɥɚɧɤɢ, ɜ ɬɚɤɨɦɭ ɜɢɩɚɞɤɭ 
ɨɛɦɟɠɢɬь ɞɜɚ ɿɧɲɿ, ɬɨɛɬɨ ɡɦɟɧɲɢɬь ɫɬɭɩɿɧь ɜɿɥьɧɨɫɬɿ ɧɚ 2, 
ɚ ȱV ɤɥɚɫɭ – ɧɚ 1. Ɍɨɦɭ, ɚɧɚɥɨɝɿɱɧɨ (1.3), ɫɬɭɩɿɧь ɜɿɥьɧɨɫɬɿ 
ɩɥɨɫɤɨɝɨ ɤɿɧɟɦɚɬɢɱɧɨɝɨ ɥɚɧɰɸɝɚ ɡɧɚɯɨɞɢɬьɫɹ ɹɤ W = ͵n − ʹpହ − pସ. (1.4) 

Ɋɿɜɧɿɫɬь ɜɢɳɟ ɧɨɫɢɬь ɧɚɡɜɭ ɮɨɪɦɭɥɢ ɑɟɛɢɲɟɜɚ. 

Ʉɨɠɧɢɣ ɦɟɯɚɧɿɡɦ є ɱɚɫɬɤɨɜɢɦ ɜɢɩɚɞɤɨɦ 
ɤɿɧɟɦɚɬɢɱɧɨɝɨ ɥɚɧɰɸɝɚ, ɚɥɟ ɧɟ ɤɨɠɧɢɣ ɤɿɧɟɦɚɬɢɱɧɢɣ 
ɥɚɧɰɸɝ є ɦɟɯɚɧɿɡɦɨɦ. 

Ɇɟɯɚɧɿɡɦɢ, ɜ ɫɤɥɚɞ ɹɤɢɯ ɜɯɨɞɹɬь ɤɿɧɟɦɚɬɢɱɧɿ ɩɚɪɢ ɜɿɞ 
ɩɟɪɲɨɝɨ ɩɨ ɩʼɹɬɢɣ ɤɥɚɫ ɜɤɥɸɱɧɨ, ɧɚɡɢɜɚɸɬьɫɹ 
ɦɟɯɚɧɿɡɦɚɦɢ ɧɭɥьɨɜɨɝɨ ɫɿɦɟɣɫɬɜɚ. ɋɬɭɩɿɧь ɪɭɯɨɦɨɫɬɿ 
ɬɚɤɢɯ ɦɟɯɚɧɿɡɦɿɜ ɜɢɡɧɚɱɚєɬьɫɹ ɡɚ ɮɨɪɦɭɥɨɸ (1.3).  

Ɇɟɯɚɧɿɡɦɢ, ɜ ɫɤɥɚɞ ɹɤɢɯ ɜɯɨɞɹɬь ɤɿɧɟɦɚɬɢɱɧɿ ɩɚɪɢ ɜɿɞ 
ɞɪɭɝɨɝɨ ɩɨ ɩʼɹɬɢɣ ɤɥɚɫ ɜɤɥɸɱɧɨ, ɧɚɡɢɜɚɸɬьɫɹ ɦɟɯɚɧɿɡɦɚɦɢ 
ɩɟɪɲɨɝɨ ɫɿɦɟɣɫɬɜɚ. ɋɬɭɩɿɧь ɪɭɯɨɦɨɫɬɿ, ɬɚɤɢɯ ɦɟɯɚɧɿɡɦɿɜ 
ɜɢɡɧɚɱɚєɬьɫɹ ɡɚ ɮɨɪɦɭɥɨɸ  W = ͷn − Ͷpହ − ͵pସ − ʹpଷ − pଶ. (1.5) 
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Ɇɟɯɚɧɿɡɦɢ, ɜ ɫɤɥɚɞ ɹɤɢɯ ɜɯɨɞɹɬь ɤɿɧɟɦɚɬɢɱɧɿ ɩɚɪɢ ɜɿɞ 
ɬɪɟɬьɨɝɨ ɩɨ ɩʼɹɬɢɣ ɤɥɚɫ ɜɤɥɸɱɧɨ, ɧɚɡɢɜɚɸɬьɫɹ 
ɦɟɯɚɧɿɡɦɚɦɢ ɞɪɭɝɨɝɨ ɫɿɦɟɣɫɬɜɚ. ɋɬɭɩɿɧь ɪɭɯɨɦɨɫɬɿ 
ɜɢɡɧɚɱɚєɬьɫɹ ɹɤ W = Ͷn − ͵pହ − ʹpସ − pଷ. (1.6) 

ɉɥɨɫɤɿ ɦɟɯɚɧɿɡɦɢ, ɜ ɫɤɥɚɞ ɹɤɢɯ ɜɯɨɞɹɬь ɤɿɧɟɦɚɬɢɱɧɿ 
ɩɚɪɢ ɱɟɬɜɟɪɬɨɝɨ ɬɚ ɩʼɹɬɨɝɨ ɤɥɚɫɿɜ ɜɿɞɧɨɫɹɬьɫɹ ɞɨ ɬɪɟɬьɨɝɨ 
ɫɿɦɟɣɫɬɜɚ. ɋɬɭɩɿɧь ɪɭɯɨɦɨɫɬɿ ɜɢɡɧɚɱɚєɬьɫɹ ɡɚ ɮɨɪɦɭɥɨɸ 
(1.4).  

Ɇɟɯɚɧɿɡɦɢ, ɜ ɫɤɥɚɞ ɹɤɢɯ ɜɯɨɞɹɬь ɬɿɥьɤɢ ɤɿɧɟɦɚɬɢɱɧɿ 
ɩɚɪɢ ɩʼɹɬɨɝɨ ɤɥɚɫɭ, ɜɿɞɧɨɫɹɬьɫɹ ɞɨ ɦɟɯɚɧɿɡɦɿɜ ɱɟɬɜɟɪɬɨɝɨ 
ɫɿɦɟɣɫɬɜɚ. ɋɬɭɩɿɧь ɪɭɯɨɦɨɫɬɿ ɜɢɡɧɚɱɚєɬьɫɹ W = ʹn − pହ. (1.7) 

 

1.6. ɉɪɢɧɰɢɩ ɭɬɜɨɪɟɧɧɹ ɦɟɯɚɧɿɡɦɿɜ 

ɉɪɢɧɰɢɩ ɭɬɜɨɪɟɧɧɹ ɦɟɯɚɧɿɡɦɿɜ ɛɭɜ ɜɩɟɪɲɟ 
ɫɮɨɪɦɭɥьɨɜɚɧɢɣ ɜɱɟɧɢɦ Ʌ. ȼ. Ⱥɫɫɭɪɨɦ ɿ ɩɨɥɹɝɚє ɜ 
ɧɚɫɬɭɩɧɨɦɭ. 

Ȼɭɞь-ɹɤɢɣ ɦɟɯɚɧɿɡɦ ɦɨɠɟ ɛɭɬɢ ɭɬɜɨɪɟɧɢɣ ɲɥɹɯɨɦ 

ɩɨɫɥɿɞɨɜɧɨɝɨ ɩɪɢєɞɧɚɧɧɹ ɞɨ ɜɯɿɞɧɨʀ ɥɚɧɤɢ (ɚɛɨ ɤɿɥьɤɨɯ 
ɜɯɿɞɧɢɯ ɥɚɧɨɤ) ɿɡ ɫɬɨɹɤɨɦ ɤɿɧɟɦɚɬɢɱɧɢɯ ɥɚɧɰɸɝɿɜ ɡ 
ɧɭɥьɨɜɨɸ ɫɬɭɩɿɧɧɸ ɜɿɥьɧɨɫɬɿ. 

Ɇɟɯɚɧɿɡɦɨɦ, ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɰьɨɝɨ ɩɪɢɧɰɢɩɭ, ɛɭɞɟ 

ɬɚɤɢɣ ɡɚɦɤɧɭɬɢɣ ɤɿɧɟɦɚɬɢɱɧɢɣ ɥɚɧɰɸɝ ɡ ɨɞɧɿєɸ ɧɟɪɭɯɨɦɨɸ 
ɥɚɧɤɨɸ, ɭ ɹɤɨɝɨ ɩɪɢ ɡɚɞɚɧɢɯ ɡɚɤɨɧɚɯ ɪɭɯɿɜ ɜɯɿɞɧɢɯ ɥɚɧɨɤ, 
ɜɫɿ ɿɧɲɿ ɥɚɧɤɢ ɡɞɿɣɫɧɸɸɬь ɞɨɰɿɥьɧɿ, ɧɚɩɟɪɟɞ ɡɚɞɚɧɧɿ ɪɭɯɢ. 

ȼɟɞɭɱɚ (ɜɯɿɞɧɚ) ɥɚɧɤɚ 
ɿɡ ɫɬɨɹɤɨɦ ɧɚɡɢɜɚєɬьɫɹ 
ɭɦɨɜɧɢɦ ɦɟɯɚɧɿɡɦɨɦ І 
ɤɥɚɫɭ (ɪɢɫ. 1.11). ȼɟɞɭɱɚ 
ɥɚɧɤɚ ɦɨɠɟ ɜɢɤɨɧɭɜɚɬɢ 
ɨɛɟɪɬɚɥьɧɢɣ (ɪɢɫ. 1.11, ɚ) 

ɚɛɨ ɩɨɫɬɭɩɚɥьɧɢɣ  
(ɪɢɫ. 1.11, ɛ) ɪɭɯ. 

 

 
Ɋɢɫ. 1.11. ɍɦɨɜɧɢɣ ɦɟɯɚɧɿɡɦ ȱ 

ɤɥɚɫɭ 
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ɋɬɭɩɿɧь ɜɿɥьɧɨɫɬɿ (ɪɭɯɨɦɿɫɬь) ɦɟɯɚɧɿɡɦɭ ɯɚɪɚɤɬɟɪɢɡɭє 
ɱɢɫɥɨ ɣɨɝɨ ɫɬɭɩɟɧɿɜ ɜɿɥьɧɨɫɬɿ ɜɿɞɧɨɫɧɨ ɥɚɧɤɢ, ɩɪɢɣɧɹɬɨʀ ɡɚ 
ɧɟɪɭɯɨɦɭ (ɫɬɨɹɤ) ɿ ɩɨɜɢɧɟɧ ɛɭɬɢ ɪɿɜɧɢɦ ɱɢɫɥɭ ɜɯɿɞɧɢɯ 
(ɜɟɞɭɱɢɯ) ɥɚɧɨɤ. Ȼɿɥьɲɿɫɬь ɦɟɯɚɧɿɡɦɿɜ ɦɚɸɬь ɨɞɧɭ ɫɬɭɩɿɧь 
ɜɿɥьɧɨɫɬɿ, ɬɨɛɬɨ ɨɞɧɭ ɜɯɿɞɧɭ ɥɚɧɤɭ. Ⱦɟɹɤɿ ɦɟɯɚɧɿɡɦɢ ɦɚɸɬь 
ɞɜɚ ɿ ɛɿɥьɲɟ ɫɬɭɩɟɧɿɜ ɜɿɥьɧɨɫɬɿ. ɇɚɩɪɢɤɥɚɞ, ɡɭɛɱɚɫɬɿ 
ɦɟɯɚɧɿɡɦɢ ɡ ɪɭɯɨɦɢɦɢ ɜ ɩɪɨɫɬɨɪɿ ɨɫɹɦɢ ɦɚɸɬь ɞɜɿ ɫɬɭɩɟɧɿ 
ɜɿɥьɧɨɫɬɿ. Ⱦɨ ɬɚɤɢɯ ɦɟɯɚɧɿɡɦɿɜ ɜɿɞɧɨɫɹɬьɫɹ ɞɢɮɟɪɟɧɰɿɚɥьɧɿ 
ɦɟɯɚɧɿɡɦɢ, ɹɤɿ ɲɢɪɨɤɨ ɡɚɫɬɨɫɨɜɭɸɬьɫɹ, ɧɚɩɪɢɤɥɚɞ, ɭ 
ɜɟɞɭɱɢɯ ɦɨɫɬɚɯ ɚɜɬɨɦɨɛɿɥɿɜ.  

ȼ ɡɚɝɚɥьɧɨɦɭ ɜɢɩɚɞɤɭ ɱɢɫɥɨ ɫɬɭɩɟɧɿɜ ɜɿɥьɧɨɫɬɿ 
ɦɟɯɚɧɿɡɦɭ ɞɨɪɿɜɧɸє ɱɢɫɥɭ ɜɯɿɞɧɢɯ (ɜɟɞɭɱɢɯ) ɥɚɧɨɤ.  

 

1.7. Ƚɪɭɩɢ Аɫɫɭɪɚ ɬɚ ʀɯ ɤɥɚɫɢɮɿɤɚɰɿɹ  
Ʉɿɧɟɦɚɬɢɱɧɢɣ ɥɚɧɰɸɝ, ɫɬɭɩɿɧь ɜɿɥьɧɨɫɬɿ W ɹɤɨɝɨ 

ɪɿɜɧɢɣ ɧɭɥɸ, ɦɚє ɧɚɡɜɭ ɝɪɭɩɚ Ⱥɫɫɭɪɚ.  

ȼ ɫɭɱɚɫɧɨɦɭ ɦɚɲɢɧɨɛɭɞɭɜɚɧɧɿ ɿ ɚɜɬɨɦɨɛɿɥɟɛɭɞɭɜɚɧɧɿ 
ɧɚɣɱɚɫɬɿɲɟ ɡɚɫɬɨɫɨɜɭɸɬь ɫɚɦɟ ɩɥɨɫɤɿ ɦɟɯɚɧɿɡɦɢ, ɥɚɧɤɢ 
ɹɤɢɯ ɭɬɜɨɪɸɸɬь ɥɢɲɟ ɤɿɧɟɦɚɬɢɱɧɿ ɩɚɪɢ ȱV ɿ V ɤɥɚɫɿɜ. 
Ɋɨɡɝɥɹɧɟɦɨ ɩɪɢɧɰɢɩɢ ʀɯ ɫɬɪɭɤɬɭɪɧɨʀ ɤɥɚɫɢɮɿɤɚɰɿʀ. 

ȼɢɤɨɪɢɫɬɨɜɭɸɱɢ ɜɜɟɞɟɧɿ ɜɢɳɟ ɜɢɡɧɚɱɟɧɧɹ, ɩɪɢɧɰɢɩ 
ɭɬɜɨɪɟɧɧɹ ɦɟɯɚɧɿɡɦɿɜ ɦɨɠɧɚ ɫɮɨɪɦɭɥɸɜɚɬɢ ɿɧɚɤɲɟ: ɛɭɞь-

ɹɤɢɣ ɦɟɯɚɧɿɡɦ ɦɨɠɟ ɛɭɬɢ ɭɬɜɨɪɟɧɢɣ ɲɥɹɯɨɦ ɩɨɫɥɿɞɨɜɧɨɝɨ 
ɩɪɢєɞɧɚɧɧɹ ɝɪɭɩ Ⱥɫɫɭɪɚ ɞɨ ɭɦɨɜɧɨɝɨ ɦɟɯɚɧɿɡɦɭ ȱ ɤɥɚɫɭ. 

Ɉɬɠɟ, ɝɪɭɩɚ Ⱥɫɫɭɪɚ ɦɚє W=0. Ɍɨɞɿ ɞɥɹ ɤɨɠɧɨʀ ɝɪɭɩɢ 
Ⱥɫɫɭɪɚ ɿ ɩɪɚɜɚ ɫɬɨɪɨɧɚ ɪɿɜɧɹɧɧɹ ɑɟɛɢɲɟɜɚ (1.4) ɛɭɞɟ ɪɿɜɧɚ 
ɧɭɥɸ, ɬɨɛɬɨ: ͵n − ʹpହ − pସ = Ͳ. (1.8) 

əɤɳɨ ɜ ɫɤɥɚɞ ɩɥɨɫɤɨɝɨ ɦɟɯɚɧɿɡɦɭ ɜɯɨɞɹɬь ɬɿɥьɤɢ 
ɤɿɧɟɦɚɬɢɱɧɿ ɩɚɪɢ V ɤɥɚɫɭ (ɧɚɩɪɢɤɥɚɞ, ɹɤ ɭ ɜɚɠɿɥьɧɨɦɭ 
ɦɟɯɚɧɿɡɦɿ), ɬɨ pସ = Ͳ, ɚ ɿɡ (1.8) ɦɚєɦɨ, ɳɨ:  n = ʹ͵ pହ. (1.9) 
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ȼɢɡɧɚɱɢɦɨ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɦɿɠ ɦɨɠɥɢɜɢɦ ɱɢɫɥɨɦ 
ɪɭɯɨɦɢɯ ɥɚɧɨɤ n ɿ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪ V ɤɥɚɫɭ p5 ɜ ɝɪɭɩɚɯ 
Ⱥɫɫɭɪɚ (ɪɢɫ. 1.12) ɡɝɿɞɧɨ (1.9), ɜɪɚɯɨɜɭɸɱɢ, ɳɨ ɰɟ ɦɨɠɭɬь 
ɛɭɬɢ ɬɿɥьɤɢ ɰɿɥɿ ɱɢɫɥɚ. Ɋɟɡɭɥьɬɚɬɢ ɧɚɜɟɞɟɧɨ ɜ ɬɚɛɥɢɰɹ 1.2. 

Ɍɚɛɥɢɰɹ 1.2 

ɋɩɿɜɜɿɞɧɨɲɟɧɧɹ n ɿ p5 

ɩ 2 4 6 8 ... 

ɪ5 3 6 9 12 ... 

əɤ ɛɚɱɢɦɨ ɿɡ ɬɚɛɥɢɰɹ 1.2, ɧɚɣɩɪɨɫɬɿɲɚ ɦɨɠɥɢɜɚ ɝɪɭɩɚ 
Ⱥɫɫɭɪɚ ɦɿɫɬɢɬь ɞɜɿ ɪɭɯɨɦɿ ɥɚɧɤɢ, ɳɨ ɭɬɜɨɪɸɸɬь ɬɪɢ 

ɤɿɧɟɦɚɬɢɱɧɿ ɩɚɪɢ V ɤɥɚɫɭ. ɉɪɨɬɟ ɦɨɠɥɢɜɿ ɿ ɫɤɥɚɞɧɿɲɿ 
ɩɨɛɭɞɨɜɢ 

Ƚɪɭɩɢ Ⱥɫɫɭɪɚ ɞɿɥɹɬьɫɹ ɧɚ ɤɥɚɫɢ ɿ ɩɨɪɹɞɤɢ.  
Ʉɥɚɫ ɝɪɭɩɢ ɜɢɡɧɚɱɚєɬьɫɹ ɧɚɣɜɢɳɢɦ ɤɥɚɫɨɦ ɤɨɧɬɭɪɚ, 

ɳɨ ɜɯɨɞɢɬь ɜ ɞɚɧɭ ɝɪɭɩɭ. ȼ ɫɜɨɸ ɱɟɪɝɭ, ɤɥɚɫ ɤɨɧɬɭɪɚ 

ɜɢɡɧɚɱɚєɬьɫɹ ɱɢɫɥɨɦ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪ, ɡ ɹɤɢɯ ɭɬɜɨɪɸєɬьɫɹ.  

ɉɨɪɹɞɨɤ ɝɪɭɩɢ ɜɢɡɧɚɱɚєɬьɫɹ ɱɢɫɥɨɦ ɜɿɥьɧɢɯ 
ɟɥɟɦɟɧɬɿɜ, ɹɤɢɦɢ ɝɪɭɩɚ ɩɪɢєɞɧɭєɬьɫɹ ɞɨ ɨɫɧɨɜɧɨɝɨ 
ɦɟɯɚɧɿɡɦɭ. 

 
Ɋɢɫ. 1.12. Ƚɪɭɩɢ Ⱥɫɫɭɪɚ 

 

Ƚɪɭɩɢ Ⱥɫɫɭɪɚ ȱȱ ɤɥɚɫɭ ȱȱ ɩɨɪɹɞɤɭ ɞɿɥɹɬьɫɹ ɳɟ ɧɚ ɜɢɞɢ, 

ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɧɚɹɜɧɨɫɬɿ ɿ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɨɛɟɪɬɚɥьɧɢɯ ɿ 
ɩɨɫɬɭɩɚɥьɧɢɯ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪ (ɪɢɫ. 1.13). ɉɨɞɿɛɧɨ ɿ ɹɤ ɩɪɢ 
ɜɢɡɧɚɱɟɧɧɿ ɜɢɞɭ ɤɿɧɟɦɚɬɢɱɧɨʀ ɩɚɪɢ, ɩɟɪɟɜɚɝɚ ɩɪɢ 
ɤɥɚɫɢɮɿɤɚɰɿʀ ɝɪɭɩ Ⱥɫɫɭɪɚ ɧɚɞɚєɬьɫɹ ɨɛɟɪɬɚɥьɧɢɦ 
ɤɿɧɟɦɚɬɢɱɧɢɦ ɩɚɪɚɦ. Ɍɨɛɬɨ ɩɪɢɣɧɹɬɨ, ɳɨ ɹɤɳɨ ɜ ɝɪɭɩɿ 
Ⱥɫɫɭɪɚ ȱȱ ɤɥ. ȱȱ ɩɨɪ. ɜɫɿ ɬɪɢ ɩɚɪɢ ɨɛɟɪɬɚɥьɧɿ, ɬɨ ɜɨɧɚ 
ɜɿɞɧɨɫɢɬьɫɹ ɞɨ ȱ ɜɢɞɭ (ɪɢɫ. 1.13, ɚ); ɹɤɳɨ ɨɞɧɭ ɿɡ ɤɪɚɣɧɿɯ 
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ɨɛɟɪɬɚɥьɧɢɯ ɩɚɪ ɡɚɦɿɧɢɬɢ ɩɨɫɬɭɩɚɥьɧɨɸ, ɬɨ – ȱȱ ɜɢɞɭ  
(ɪɢɫ. 1.13, ɛ); ɹɤɳɨ ɫɟɪɟɞɧɸ ɨɛɟɪɬɚɥьɧɭ ɩɚɪɭ ɡɚɦɿɧɢɬɢ 
ɩɨɫɬɭɩɚɥьɧɨɸ, ɬɨ – ȱȱȱ ɜɢɞɭ (ɪɢɫ. 1.13, ɜ); ɹɤɳɨ ɞɜɿ ɤɪɚɣɧɿɯ 
ɨɛɟɪɬɚɥьɧɢɯ ɩɚɪɢ ɡɚɦɿɧɢɬɢ ɩɨɫɬɭɩɚɥьɧɢɦɢ, ɬɨ – IV ɜɢɞɭ 
(ɪɢɫ. 1.13, ɝ); ɹɤɳɨ ɫɟɪɟɞɧɸ ɿ ɨɞɧɭ ɿɡ ɤɪɚɣɧɿɯ ɨɛɟɪɬɚɥьɧɢɯ 
ɩɚɪ ɡɚɦɿɧɢɬɢ ɩɨɫɬɭɩɚɥьɧɢɦɢ, ɬɨ – V ɜɢɞɭ (ɪɢɫ. 1.13, ɞ). 

 
Ɋɢɫ. 1.13. Ƚɪɭɩɢ Ⱥɫɫɭɪɚ ȱȱ ɤɥɚɫɭ ȱȱ ɩɨɪɹɞɤɭ 

 

1.8. Ʉɥɚɫɢɮɿɤɚɰɿɹ ɦɟɯɚɧɿɡɦɿɜ. ɉɨɫɥɿɞɨɜɧɿɫɬь 
ɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɿɡɭ 

əɤɳɨ ɞɨ ɭɦɨɜɧɨɝɨ ɦɟɯɚɧɿɡɦɭ ȱ ɤɥɚɫɭ ɩɪɢєɞɧɚɬɢ ɝɪɭɩɭ 
Ⱥɫɫɭɪɚ ȱȱ ɤɥɚɫɭ ȱȱ ɩɨɪɹɞɤɭ ɜɿɞɩɨɜɿɞɧɨɝɨ ɜɢɞɭ, ɨɬɪɢɦɚєɦɨ 

ɧɚɫɬɭɩɧɿ ɦɟɯɚɧɿɡɦɢ: 

1 ɜɢɞɭ – ɤɪɢɜɨɲɢɩɧɨ-ɤɨɪɨɦɢɫɥɨɜɢɣ (ɪɢɫ. 1.14, ɚ);  

2 ɜɢɞɭ – ɤɪɢɜɨɲɢɩɧɨ-ɩɨɜɡɭɧɧɢɣ (ɪɢɫ. 1.14, ɛ);  

3 ɜɢɞɭ – ɤɭɥɿɫɧɢɣ (ɪɢɫ. 1.14, ɜ); 

4 ɜɢɞɭ – ɬɚɧɝɟɧɫɧɢɣ (ɪɢɫ. 1.14, ɝ); 

5 ɜɢɞɭ – ɫɢɧɭɫɧɢɣ (ɪɢɫ. 1.14, ɞ).  

Ʉɥɚɫ ɦɟɯɚɧɿɡɦɭ ɜ ɰɿɥɨɦɭ ɜɢɡɧɚɱɚєɬьɫɹ ɧɚɣɜɢɳɢɦ 
ɤɥɚɫɨɦ ɝɪɭɩɢ Ⱥɫɫɭɪɚ, ɳɨ ɜɯɨɞɢɬь ɜ ɞɚɧɢɣ ɦɟɯɚɧɿɡɦ.  

ɋɯɟɦɚ ɦɟɯɚɧɿɡɦɭ, ɡɨɛɪɚɠɟɧɚ ɛɟɡ ɦɚɫɲɬɚɛɭ, 
ɧɚɡɢɜɚєɬьɫɹ ɫɬɪɭɤɬɭɪɧɨɸ.  

ɋɯɟɦɚ ɦɟɯɚɧɿɡɦɭ, ɡɨɛɪɚɠɟɧɚ ɜ ɦɚɫɲɬɚɛɿ, ɧɚɡɢɜɚєɬьɫɹ 
ɤɿɧɟɦɚɬɢɱɧɨɸ.  
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Ɋɢɫ. 1.14. Ɋɿɡɧɨɜɢɞɢ ɦɟɯɚɧɿɡɦɿɜ ȱȱ ɤɥ. ȱȱ ɩɨɪɹɞɤɭ 

 

Ɇɟɯɚɧɿɡɦɢ, ɜ ɫɤɥɚɞ ɹɤɢɯ ɜɯɨɞɹɬь ɬɿɥьɤɢ ɧɢɠɱɿ 
ɤɿɧɟɦɚɬɢɱɧɿ ɩɚɪɢ, ɧɚɡɢɜɚɸɬьɫɹ ɜɚɠɿɥьɧɢɦɢ. 

Ɋɨɡɤɥɚɞɚɧɧɹ ɦɟɯɚɧɿɡɦɭ ɧɚ ɝɪɭɩɢ Ⱥɫɫɭɪɚ ɩɪɨɜɨɞɢɬьɫɹ 
ɜ ɩɨɫɥɿɞɨɜɧɨɫɬɿ ɨɛɟɪɧɟɧɿɣ ɭɬɜɨɪɟɧɧɸ ɦɟɯɚɧɿɡɦɭ, 
ɩɨɱɢɧɚɸɱɢ ɡ ɧɚɣɩɪɨɫɬɿɲɨʀ ɝɪɭɩɢ ɿ ɬɚɤ, ɳɨɛ ɦɟɯɚɧɿɡɦ, ɳɨ 
ɡɚɥɢɲɚєɬьɫɹ, ɛɭɜ ɩɪɚɰɟɡɞɚɬɧɢɦ ɿ ɧɟ ɛɭɥɨ ɪɨɡɪɢɜɭ 
ɤɿɧɟɦɚɬɢɱɧɨɝɨ ɥɚɧɰɸɝɚ. əɤɳɨ ɧɟ ɦɨɠɥɢɜɨ ɜɢɞɿɥɢɬɢ 
ɧɚɣɩɪɨɫɬɿɲɭ ɝɪɭɩɭ Ⱥɫɫɭɪɚ, ɬɨ ɜɢɞɿɥɹєɦɨ ɧɚɫɬɭɩɧɭ ɡɚ 
ɫɤɥɚɞɧɿɫɬɸ ɝɪɭɩɭ ɿ ɬ.ɞ. 

 

ɋɬɪɭɤɬɭɪɧɢɣ ɚɧɚɥɿɡ ɦɟɯɚɧɿɡɦɿɜ ɩɪɨɜɨɞɢɬьɫɹ ɜ 
ɧɚɫɬɭɩɧɿɣ ɩɨɫɥɿɞɨɜɧɨɫɬɿ:  

1. Ȼɭɞɭɸɬь ɫɬɪɭɤɬɭɪɧɭ ɫɯɟɦɭ, ɜɢɞɿɥɹɸɬь ɥɚɧɤɢ ɬɚ 
ɤɥɚɫɢɮɿɤɭɸɬь ɤɿɧɟɦɚɬɢɱɧɿ ɩɚɪɢ. 

2. ȼɢɡɧɚɱɚɸɬь ɫɬɭɩɿɧь ɪɭɯɨɦɨɫɬɿ ɦɟɯɚɧɿɡɦɭ ɡɚ 
ɮɨɪɦɭɥɨɸ ɑɟɛɢɲɟɜɚ;  

3. Ɋɨɡɤɥɚɞɚɸɬь ɦɟɯɚɧɿɡɦ ɧɚ ɫɬɪɭɤɬɭɪɧɿ ɨɞɢɧɢɰɿ: 
ɝɪɭɩɢ Ⱥɫɫɭɪɚ ɿ ɦɟɯɚɧɿɡɦ ȱ ɤɥɚɫɭ ɜ ɩɨɫɥɿɞɨɜɧɨɫɬɿ, ɨɛɟɪɧɟɧɿɣ 
ɭɬɜɨɪɟɧɢɣ ɦɟɯɚɧɿɡɦɭ; 

4. ȼɢɡɧɚɱɚɸɬь ɤɥɚɫ, ɩɨɪɹɞɨɤ ɿ ɜɢɞ ɤɨɠɧɨʀ ɝɪɭɩɢ;  
5. ȼɢɡɧɚɱɚɸɬь ɤɥɚɫ ɦɟɯɚɧɿɡɦɭ ɜ ɰɿɥɨɦɭ. 
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1.9. Ɂɚɣɜɿ ɫɬɭɩɟɧɿ ɜɿɥьɧɨɫɬɿ ɬɚ ɩɚɫɢɜɧɿ ɭɦɨɜɢ 
ɡɜʼɹɡɤɭ  

ɉɿɞ ɱɚɫ ɩɪɨɜɟɞɟɧɧɹ ɫɬɪɭɤɬɭɪɧɨɝɨ ɚɧɚɥɿɡɭ ɦɟɯɚɧɿɡɦɭ 

ɦɨɠɧɚ ɡɧɚɣɬɢ ɫɬɭɩɟɧɿ ɜɿɥьɧɨɫɬɿ ɱɢ ɭɦɨɜɢ ɡɜʼɹɡɤɭ, ɹɤɿ ɦɚɸɬь 
ɬɿɥьɤɢ ɞɨɩɨɜɧɸɸɱɢɣ ɤɨɧɫɬɪɭɤɬɢɜɧɢɣ ɯɚɪɚɤɬɟɪ ɿ ɧɟ 
ɜɩɥɢɜɚɸɬь ɧɚ ɪɭɯ ɦɟɯɚɧɿɡɦɭ [5].  

Ɍɚɤɿ ɫɬɭɩɟɧɿ ɜɿɥьɧɨɫɬɿ ɧɚɡɢɜɚɸɬьɫɹ ɡɚɣɜɢɦɢ, ɚ ɡɜʼɹɡɤɢ 
– ɩɚɫɢɜɧɢɦɢ. 

Ɂɚɣɜɿ ɫɬɭɩɟɧɿ ɜɿɥьɧɨɫɬɿ є ɜ ɤɭɥɚɱɤɨɜɨɝɨ ɦɟɯɚɧɿɡɦɭ ɡ 
ɪɨɥɢɤɨɜɢɦ ɲɬɨɜɯɚɱɟɦ (ɪɢɫ. 1.15). 

 
Ɋɢɫ. 1.15. Ʉɭɥɚɱɤɨɜɢɣ ɦɟɯɚɧɿɡɦ ɿɡ ɡɚɣɜɢɦ ɫɬɭɩɟɧɟɦ ɜɿɥьɧɨɫɬɿ  

 

Ʉɭɥɚɱɨɤ 1 ɬɚɤɨɝɨ ɦɟɯɚɧɿɡɦɭ ɨɛɟɪɬɚєɬьɫɹ ɧɚɜɤɨɥɨ 
ɧɟɪɭɯɨɦɨʀ ɨɫɿ Ɉ. ɒɬɨɜɯɚɱ 2 ɪɭɯɚєɬьɫɹ ɩɨɫɬɭɩɚɥьɧɨ 
ɜɿɞɧɨɫɧɨ ɜɟɪɬɢɤɚɥьɧɨʀ ɧɚɩɪɹɦɧɨʀ. Ɋɨɥɢɤ 3 ɦɨɠɟ ɜɿɥьɧɨ 
ɨɛɟɪɬɚɬɢɫɹ ɧɚɜɤɨɥɨ ɫɜɨєʀ ɨɫɿ, ɧɟ ɜɩɥɢɜɚɸɱɢ ɧɚ ɯɚɪɚɤɬɟɪ 
ɪɭɯɭ ɤɭɥɚɱɤɚ ɿ ɲɬɨɜɯɚɱɚ, ɿ ɜɢɤɨɪɢɫɬɨɜɭєɬьɫɹ ɬɿɥьɤɢ ɞɥɹ 

ɡɦɟɧɲɟɧɧɹ ɫɢɥɢ ɬɟɪɬɹ ɦɿɠ ɧɢɦ, ɚ ɜɿɞɩɨɜɿɞɧɨ ɿ ɫɩɪɚɰɸɜɚɧɧɹ 
ɥɚɧɨɤ. Ɉɬɠɟ, ɦɨɠɥɢɜɿɫɬь ɨɛɟɪɬɚɧɧɹ ɪɨɥɢɤɚ є ɡɚɣɜɢɦ 
ɫɬɭɩɟɧɟɦ ɜɿɥьɧɨɫɬɿ. Ʉɿɧɟɦɚɬɢɤɚ ɧɟ ɡɦɿɧɢɬьɫɹ, ɹɤɳɨ ɪɨɥɢɤ 
ɜɢɞɚɥɢɬɢ ɿ ɲɬɨɜɯɚɱ ɛɟɡɩɨɫɟɪɟɞɧьɨ ɡʼєɞɧɚɬɢ ɡ ɤɭɥɚɱɤɨɦ ɭ 
ɤɿɧɟɦɚɬɢɱɧɭ ɩɚɪɭ ȱV ɤɥɚɫɭ. 

ɇɚ ɪɢɫ. 1.16 ɩɨɤɚɡɚɧɨ ɦɟɯɚɧɿɡɦ ɲɚɪɧɿɪɧɨɝɨ 
ɱɨɬɢɪьɨɯɥɚɧɤɨɜɢɤɚ.  
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əɤɳɨ ɩɚɪɚɥɟɥьɧɿ ɥɚɧɤɢ 1 ɿ 3 ɡʼєɞɧɚɬɢ ɥɚɧɤɨɸ ȿF ɡ 
ɞɜɨɦɚ ɨɛɟɪɬɚɥьɧɢɦɢ ɩɚɪɚɦɢ, ɬɨ ɫɬɭɩɿɧь ɜɿɥьɧɨɫɬɿ ɡɚ 
ɮɨɪɦɭɥɨɸ ɑɟɛɢɲɟɜɚ: W = ͵ ∙ Ͷ − ʹ ∙  = Ͳ, ɿ ɜ ɡɚɝɚɥьɧɨɦɭ 
ɜɢɩɚɞɤɭ ɰɹ ɩɨɛɭɞɨɜɚ ɛɭɞɟ ɧɟɪɭɯɨɦɨɸ. 

 
Ɋɢɫ. 1.16. ȼɚɠɿɥьɧɢɣ ɦɟɯɚɧɿɡɦ ɡ ɩɚɫɢɜɧɢɦɢ ɡɜʼɹɡɤɚɦɢ  
 

Ɉɞɧɚɤ, ɹɤɳɨ ɿ ɥɚɧɤɚ ȿF ɩɚɪɚɥɟɥьɧɚ ɥɚɧɰɿ ȼɋ, ɬɨ 
ɤɨɧɬɭɪ EBCF ɡɚɜɠɞɢ ɛɭɞɟ ɭɬɜɨɪɸɜɚɬɢ ɩɚɪɚɥɟɥɨɝɪɚɦ, ɚ 
ɦɟɯɚɧɿɡɦ ɦɚɬɢɦɟ ɨɞɢɧ ɫɬɭɩɿɧь ɜɿɥьɧɨɫɬɿ, W = 1.  

ȼ ɞɚɧɨɦɭ ɜɢɩɚɞɤɭ, ɥɚɧɤɚ 4 ɩɨɬɪɿɛɧɚ ɞɥɹ ɡɚɛɟɡɩɟɱɟɧɧɹ 
ɩɟɜɧɨɫɬɿ ɪɭɯɭ, ɩɿɞɜɢɳɟɧɧɹɦ ɠɨɪɫɬɤɨɫɬɿ ɫɢɫɬɟɦɢ ɬɚ 

ɩɨɥɿɩɲɟɧɧɹɦ ɪɨɡɩɨɞɿɥ ɡɭɫɢɥь. Ɉɬɠɟ, ɥɚɧɤɚ 4 ɜɧɨɫɢɬь 
ɧɟɨɛɨɜʼɹɡɤɨɜɿ ɩɚɫɢɜɧɿ ɡɜʼɹɡɤɢ, ɳɨ ɡɚɜɚɠɚɸɬь ɚɧɚɥɿɡɭ. 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɩɿɞ ɱɚɫ ɩɪɨɜɟɞɟɧɧɹ ɫɬɪɭɤɬɭɪɧɨɝɨ ɬɚ 
ɤɿɧɟɦɚɬɢɱɧɨɝɨ ɞɨɫɥɿɞɠɟɧь ɦɟɯɚɧɿɡɦɿɜ ɭɫɿ ɡɚɣɜɿ ɫɬɭɩɟɧɿ 
ɜɿɥьɧɨɫɬɿ ɬɚ ɩɚɫɢɜɧɿ ɭɦɨɜɢ ɡɜʼɹɡɤɭ ɩɨɩɟɪɟɞɧьɨ ɜɢɥɭɱɢɬɢ, 
ɭɦɨɜɧɨ ɜɢɞɚɥɢɜɲɢ ɜɿɞɩɨɜɿɞɧɿ ɥɚɧɤɢ. 

 

1.10. Ɂɚɦɿɧɸɸɱɿ ɦɟɯɚɧɿɡɦɢ  
ɉɿɞ ɱɚɫ ɞɨɫɥɿɞɠɟɧɧɹ ɩɥɨɫɤɢɯ ɦɟɯɚɧɿɡɦɿɜ ɡ ɜɢɳɢɦɢ 

ɤɿɧɟɦɚɬɢɱɧɢɦɢ ɩɚɪɚɦɢ (ɧɚɩɪɢɤɥɚɞ, ɡɭɛɱɚɫɬɢɯ) ɜ ɛɚɝɚɬьɨɯ 
ɜɢɩɚɞɤɚɯ ɡɪɭɱɧɨ ɭɦɨɜɧɨ ɡɚɦɿɧɸɜɚɬɢ ɜɢɳi ɩɚɪɢ ɧɢɳɢɦɢ, 

ɬɨɛɬɨ ɭɬɜɨɪɢɬɢ ɡɚɦɿɧɸɸɱɢɣ ɦɟɯɚɧɿɡɦ.  

Ɂɚɦɿɧɸɸɱɢɦ ɦɟɯɚɧɿɡɦɨɦ ɧɚɡɢɜɚєɬьɫɹ ɬɚɤɢɣ 
ɦɟɯɚɧɿɡɦ, ɭ ɹɤɨɝɨ ɜɢɳɿ ɤɿɧɟɦɚɬɢɱɧɿ ɩɚɪɢ ɡɚɦɿɧɟɧɿ ɧɢɠɱɢɦɢ 
ɿ ɹɤɢɣ ɟɤɜɿɜɚɥɟɧɬɧɢɣ ɡɚ ɫɬɪɭɤɬɭɪɨɸ ɬɚ ɤɿɧɟɦɚɬɢɤɨɸ ɜ ɞɚɧɢɣ 
ɦɨɦɟɧɬ ɱɚɫɭ, ɨɫɧɨɜɧɨɦɭ ɦɟɯɚɧɿɡɦɭ.  
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ɉɨɪɹɞɨɤ ɩɨɛɭɞɨɜɢ ɬɚɤɨɝɨ ɦɟɯɚɧɿɡɦɭ ɪɨɡɝɥɹɧɟɦɨ ɧɚ 
ɩɪɢɤɥɚɞɿ ɦɟɯɚɧɿɡɦɿɜ ɡ ɜɢɳɨɸ ɤɿɧɟɦɚɬɢɱɧɨɸ ɩɚɪɨɸ, 

ɡɨɛɪɚɠɟɧɢɯ ɧɚ ɪɢɫ. 1.17 [2]. 

 
Ɋɢɫ. 1.17. Ɂɚɦɿɧɸɸɱɿ ɦɟɯɚɧɿɡɦɢ  

 

ȼ ɬɨɱɰɿ ɋ ɞɨɬɢɤɚɧɧɹ ɞɜɨɯ ɥɚɧɨɤ, ɹɤɿ ɭɬɜɨɪɸɸɬь ɜɢɳɭ 
ɤɿɧɟɦɚɬɢɱɧɭ ɩɚɪɭ (ɪɢɫ. 1.17, ɚ) ɩɪɨɜɟɞɟɦ ɡɚɝɚɥьɧɭ ɧɨɪɦɚɥь 
ɩ – ɩ ɞɨ ɨɛɨɯ ɩɪɨɮɿɥɿɜ ɥɚɧɨɤ. ɇɚ ɥɿɧɿʀ ɩ – ɩ ɡɧɚɯɨɞɹɬьɫɹ 

ɰɟɧɬɪɢ ɤɪɢɜɢɡɧɢ ɩɪɨɮɿɥɿɜ Ʉ1 ɿ Ʉ2. ȼ ɬɨɱɤɚɯ Ʉ1 ɿ Ʉ2 ɫɬɚɜɢɦɨ 
ɨɛɟɪɬɚɥьɧɿ ɤɿɧɟɦɚɬɢɱɧɿ ɩɚɪɢ V ɤɥɚɫɭ ɿ ɡʼєɞɧɭєɦɨ ʀɯ 
ɞɨɩɨɦɿɠɧɢɦɢ ɥɚɧɤɚɦɢ ɡ ɰɟɧɬɪɚɦɢ Ⱥ ɿ ȼ. ɍɬɜɨɪɟɧɢɣ 
ɤɪɢɜɨɲɢɩɧɨ-ɤɨɪɨɦɢɫɥɨɜɢɣ ɦɟɯɚɧɿɡɦ ȺɄ1Ʉ2ȼ ɿ ɛɭɞɟ 
ɡɚɦɿɧɸɸɱɢɦ.  

əɤɳɨ ɨɞɧɚ ɿɡ ɥɚɧɨɤ ɦɚє ɩɪɹɦɨɥɿɧɿɣɧɢɣ ɩɪɨɮɿɥь, ɬɨɛɬɨ 
ɰɟɧɬɪ ɣɨɝɨ ɤɪɢɜɢɡɧɢ ɡɧɚɯɨɞɢɬьɫɹ ɜ ɧɟɫɤɿɧɱɟɧɧɨɫɬɿ  
(ɪɢɫ. 1.17, ɛ), ɬɨ ɜ ɬ. ɋ ɫɬɚɜɢɬьɫɹ ɩɨɫɬɭɩɚɥьɧɚ ɤɿɧɟɦɚɬɢɱɧɚ 
ɩɚɪɚ V ɤɥɚɫɭ. Ɉɬɪɢɦɭєɦɨ ɡɚɦɿɧɸɸɱɢɣ ɤɭɥɿɫɧɢɣ ɦɟɯɚɧɿɡɦ 
ȺɄɋȼ. 

ɉɨɛɭɞɨɜɚ ɡɚɦɿɧɸɸɱɨɝɨ ɦɟɯɚɧɿɡɦɭ ɞɥɹ ɡɭɛɱɚɫɬɨʀ 
ɩɟɪɟɞɚɱɿ ɩɨɤɚɡɚɧɚ ɧɚ (ɪɢɫ. 1.17, ɜ). ȱɡ ɰɟɧɬɪɿɜ Ⱥ ɿ ȼ 
ɨɛɟɪɬɚɧɧɹ ɡɭɛɱɚɫɬɢɯ ɤɨɥɿɫ ɨɩɭɫɬɢɦɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɢ ɧɚ 
ɥɿɧɿɸ ɡɚɱɟɩɥɟɧɧɹ ɩ-ɩ, ɨɬɪɢɦɚєɦɨ ɬɨɱɤɢ Ʉ1 ɿ Ʉ2. ȼ ɬɨɱɤɚɯ Ʉ1 

ɿ Ʉ2 ɫɬɚɜɢɦɨ ɨɛɟɪɬɚɥьɧɿ ɤɿɧɟɦɚɬɢɱɧɿ ɩɚɪɢ ɿ ɡʼєɞɧɚєɦɨ ʀɯ ɦɿɠ 
ɫɨɛɨɸ ɬɚ ɡ ɰɟɧɬɪɚɦɢ Ⱥ ɿ ȼ ɞɨɩɨɦɿɠɧɢɦɢ ɥɚɧɤɚɦɢ. Ɇɟɯɚɧɿɡɦ 
ȺɄ1Ʉ2ȼ ɿ ɛɭɞɟ ɡɚɦɿɧɸɸɱɢɦ.  
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Ɂɚɩɢɬɚɧɧɹ ɞɥɹ ɩɟɪɟɜɿɪɤɢ ɡɧɚɧь ɩɨ ɬɟɦɿ 1: 

1. Ɇɟɯɚɧɿɡɦɨɦ ɧɚɡɢɜɚєɬьɫɹ – … 

2. Ɇɚɲɢɧɨɸ ɧɚɡɢɜɚєɬьɫɹ – … 

3. Ʉɿɧɟɦɚɬɢɱɧɨɸ ɩɚɪɨɸ ɧɚɡɢɜɚєɬьɫɹ – … 

4. ȼɯɿɞɧɨɸ (ɜɟɞɭɱɨɸ) ɧɚɡɢɜɚєɬьɫɹ – … 

5. əɤ ɜɢɡɧɚɱɚєɬьɫɹ ɤɥɚɫ ɤɿɧɟɦɚɬɢɱɧɨʀ ɩɚɪɢ? 

6. Ʉɿɧɟɦɚɬɢɱɧɢɦ ɥɚɧɰɸɝɨɦ ɧɚɡɢɜɚєɬьɫɹ – … 

7. Ƚɪɭɩɨɸ Ⱥɫɫɭɪɚ ɧɚɡɢɜɚєɬьɫɹ – … 

8. əɤ ɜɢɡɧɚɱɚєɬьɫɹ ɤɥɚɫ ɝɪɭɩɢ Ⱥɫɫɭɪɚ? 

9. əɤ ɜɢɡɧɚɱɚєɬьɫɹ ɩɨɪɹɞɨɤ ɝɪɭɩɢ Ⱥɫɫɭɪɚ? 

10. əɤ ɜɢɡɧɚɱɚєɬьɫɹ ɜɢɞ ɝɪɭɩɢ Ⱥɫɫɭɪɚ? 

11. Ɂɚɩɢɲɿɬь ɮɨɪɦɭɥɭ ɑɟɛɢɲɟɜɚ ɞɥɹ ɩɥɨɫɤɨɝɨ 
ɦɟɯɚɧɿɡɦɭ. 

12. Ɂɚɩɢɲɿɬь ɮɨɪɦɭɥɭ ɋɨɦɨɜɚ-Ɇɚɥɢɲɟɜɚ ɞɥɹ 
ɩɪɨɫɬɨɪɨɜɨɝɨ ɦɟɯɚɧɿɡɦɭ. 

13. Ʉɪɢɜɨɲɢɩɧɨ-ɤɨɪɨɦɢɫɥɨɜɢɣ ɦɟɯɚɧɿɡɦ ɨɬɪɢɦɚєɦɨ, 
ɹɤɳɨ ɞɨ ɦɟɯɚɧɿɡɦɭ ȱ ɤɥɚɫɭ ɩɪɢєɞɧɚɬɢ …? 

14. Ʉɪɢɜɨɲɢɩɧɨ-ɩɨɜɡɭɧɧɢɣ ɦɟɯɚɧɿɡɦ ɨɬɪɢɦɚєɦɨ, 
ɹɤɳɨ ɞɨ ɦɟɯɚɧɿɡɦɭ ȱ ɤɥɚɫɭ ɩɪɢєɞɧɚɬɢ …? 

15. Ʉɪɢɜɨɲɢɩɧɨ-ɤɭɥɿɫɧɢɣ ɦɟɯɚɧɿɡɦ ɨɬɪɢɦɚєɦɨ, ɹɤɳɨ 
ɞɨ ɦɟɯɚɧɿɡɦɭ ȱ ɤɥɚɫɭ ɩɪɢєɞɧɚɬɢ …? 

16. Ɍɚɧɝɟɧɫɧɢɣ ɦɟɯɚɧɿɡɦ ɨɬɪɢɦɚєɦɨ, ɹɤɳɨ ɞɨ 
ɦɟɯɚɧɿɡɦɭ ȱ ɤɥɚɫɭ ɩɪɢєɞɧɚɬɢ …? 

17. ɋɢɧɭɫɧɢɣ ɦɟɯɚɧɿɡɦ ɨɬɪɢɦɚєɦɨ, ɹɤɳɨ ɞɨ 
ɦɟɯɚɧɿɡɦɭ ȱ ɤɥɚɫɭ ɩɪɢєɞɧɚɬɢ …? 

18. ȼɚɠɿɥьɧɢɣ ɦɟɯɚɧɿɡɦ – ɰɟ …? 

19. əɤ ɜɢɡɧɚɱɚєɬьɫɹ ɤɥɚɫ ɦɟɯɚɧɿɡɦɭ ɜ ɰɿɥɨɦɭ? 

20. ɓɨ ɩɨɤɚɡɭє ɫɬɭɩɿɧь ɜɿɥьɧɨɫɬɿ ɦɟɯɚɧɿɡɦɭ? 

21. Ʉɨɥɢ ɜɢɧɢɤɚɸɬь ɡɚɣɜɿ ɫɬɭɩɟɧɿ ɜɿɥьɧɨɫɬɿ ɬɚ ɩɚɫɢɜɧɿ 
ɭɦɨɜɢ ɡɜʼɹɡɤɭ? 

22. Ⱦɥɹ ɱɨɝɨ ɛɭɞɭɸɬь ɡɚɦɿɧɸɸɱɿ ɦɟɯɚɧɿɡɦɢ? 
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ɌȿɆА 2. ɉɥɨɫɤɿ ɜɚɠɿɥьɧɿ ɦɟɯɚɧɿɡɦɢ 

2.1. Ɉɫɧɨɜɧɿ ɡɚɞɚɱɿ ɤɿɧɟɦɚɬɢɱɧɨɝɨ ɚɧɚɥɿɡɭ 

2.2. ȼɢɡɧɚɱɟɧɧɹ ɩɨɥɨɠɟɧь ɥɚɧɨɤ ɦɟɯɚɧɿɡɦɭ ɬɚ ɬɪɚєɤɬɨɪɿɣ 
ɯɚɪɚɤɬɟɪɧɢɯ ɬɨɱɨɤ ɥɚɧɨɤ 

2.3. Ʉɿɧɟɦɚɬɢɱɧɿ ɞɿɚɝɪɚɦɢ ɦɟɯɚɧɿɡɦɿɜ 

2.4. Ʉɿɧɟɦɚɬɢɱɧɢɣ ɚɧɚɥɿɡ ɦɟɯɚɧɿɡɦɿɜ ɦɟɬɨɞɨɦ ɩɥɚɧɿɜ 
 

2.1.  Ɉɫɧɨɜɧɿ ɡɚɞɚɱɿ ɤɿɧɟɦɚɬɢɱɧɨɝɨ ɚɧɚɥɿɡɭ 

Ʉɿɧɟɦɚɬɢɱɧɢɣ ɚɧɚɥɿɡ (ɤɿɧɟɦɚɬɢɱɧɟ ɞɨɫɥɿɞɠɟɧɧɹ) 
ɦɟɯɚɧɿɡɦɭ ɩɪɨɜɨɞɢɬьɫɹ ɡ ɦɟɬɨɸ ɜɢɜɱɟɧɧɹ ɩɚɪɚɦɟɬɪɿɜ ɪɭɯɭ 

ɣɨɝɨ ɥɚɧɨɤ. ɉɪɢ ɰьɨɦɭ ɫɢɥɢ, ɹɤɿ ɜɩɥɢɜɚɸɬь ɧɚ ɪɭɯ, ɧɟ 
ɜɪɚɯɨɜɭɸɬь. 

ɉɪɢ ɩɪɨɜɟɞɟɧɧɿ ɛɭɞь-ɹɤɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ ɜɱɟɧɿ ɡɚɜɠɞɢ 
ɪɨɛɥɹɬь ɩɟɜɧɿ ɩɪɢɩɭɳɟɧɧɹ, ɞɥɹ ɫɩɪɨɳɟɧɧɹ ɪɨɡɪɚɯɭɧɤɿɜ. ɍ 
ɤɿɧɟɦɚɬɢɱɧɨɦɭ ɚɧɚɥɿɡɿ ɦɟɯɚɧɿɡɦɿɜ ɜɜɚɠɚɸɬь, ɳɨ ɤɭɬɨɜɚ 
ɲɜɢɞɤɿɫɬь ɜɯɿɞɧɨʀ ɥɚɧɤɢ, ɩɪɢ ɭɫɬɚɥɟɧɨɦɭ ɪɭɫɿ, ɩɨɫɬɿɣɧɚ. ɐɟ 
ɜ ɡɚɝɚɥьɧɨɦɭ ɜɢɩɚɞɤɭ ɧɚ ɩɪɚɤɬɢɰɿ ɧɟ ɬɚɤ, ɚɞɠɟ ɧɚ ɪɭɯ 
ɜɯɿɞɧɨʀ ɥɚɧɤɢ ɜɩɥɢɜɚɸɬь ɪɿɡɧɿ ɮɚɤɬɨɪɢ: ɪɿɡɤɚ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɞɜɢɝɭɧɚ, ɧɟɪɿɜɧɨɦɿɪɧɟ ɧɚɜɚɧɬɚɠɟɧɧɹ 
ɪɨɛɨɱɨɝɨ ɨɪɝɚɧɭ ɦɚɲɢɧɢ, ɩɟɪɟɦɿɳɟɧɧɹ ɜɥɚɫɧɨʀ ɦɚɫɢ, ɳɨ ɜ 
ɪɟɡɭɥьɬɚɬɿ ɦɨɠɭɬь ɜɿɞɯɢɥɹɬɢ ɜɟɥɢɱɢɧɭ ɤɭɬɨɜɨʀ ɲɜɢɞɤɨɫɬɿ 
ɜɿɞ ɛɚɠɚɧɨɝɨ ɧɨɦɿɧɚɥьɧɨɝɨ ɡɧɚɱɟɧɧɹ. Ɉɞɧɚɤ ɞɚɧɟ 
ɩɪɢɩɭɳɟɧɧɹ ɞɨɡɜɨɥɹє ɩɪɨɜɟɫɬɢ ɞɨɫɥɿɞɠɟɧɧɹ ɜ ɩɟɪɲɨɦɭ 
ɧɚɛɥɢɠɟɧɧɿ ɡ ɞɨɫɬɚɬɧьɨɸ ɬɨɱɧɿɫɬɸ. 

Ɂɚɞɚɱɿ ɤɿɧɟɦɚɬɢɱɧɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ ɦɟɯɚɧɿɡɦɿɜ:  

• ɜɢɡɧɚɱɟɧɧɹ ɩɟɪɟɦɿɳɟɧь ɥɚɧɨɤ ɿ ɬɪɚєɤɬɨɪɿɣ ʀɯ 

ɯɚɪɚɤɬɟɪɧɢɯ ɬɨɱɨɤ; 

• ɜɢɡɧɚɱɟɧɧɹ ɲɜɢɞɤɨɫɬɟɣ ɨɤɪɟɦɢɯ ɬɨɱɨɤ ɥɚɧɨɤ ɿ 
ɤɭɬɨɜɢɯ ɲɜɢɞɤɨɫɬɟɣ ɥɚɧɨɤ; 

• ɜɢɡɧɚɱɟɧɧɹ ɩɪɢɫɤɨɪɟɧь ɨɤɪɟɦɢɯ ɬɨɱɨɤ ɥɚɧɨɤ ɿ 
ɤɭɬɨɜɢɯ ɩɪɢɫɤɨɪɟɧь ɥɚɧɨɤ. 

ȱɫɧɭɸɬь ɚɧɚɥɿɬɢɱɧɿ ɿ ɝɪɚɮɨɚɧɚɥɿɬɢɱɧɿ ɦɟɬɨɞɢ 
ɜɢɡɧɚɱɟɧɧɹ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɪɭɯɭ. Ⱥɧɚɥɿɬɢɱɧɿ 
ɦɟɬɨɞɢ ɜɢɦɚɝɚɸɬь ɝɥɢɛɨɤɨɝɨ ɪɨɡɭɦɿɧɧɹ ɦɚɬɟɦɚɬɢɱɧɢɯ 
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ɦɟɬɨɞɿɜ ɬɚ ɩɪɢɜɨɞɹɬь ɞɨ ɝɪɨɦɿɡɞɤɢɯ ɮɨɪɦɭɥ, ɚ ɨɬɠɟ ɿ 
ɫɤɥɚɞɧɢɯ ɪɨɡɜʼɹɡɤɿɜ. Ɉɞɧɚɤ ɨɬɪɢɦɚɧɿ ɪɟɡɭɥьɬɚɬɢ є ɛɿɥьɲ 
ɬɨɱɧɿɲɢɦɢ ɿ ʀɯ ɦɨɠɧɚ ɡɚɩɪɨɝɪɚɦɭɜɚɬɢ ɧɚ ɉɄ ɬɚ ɩɨɜɬɨɪɧɨ 

ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɞɥɹ ɪɨɡɪɚɯɭɧɤɭ ɩɨɞɿɛɧɢɯ ɦɟɯɚɧɿɡɦɿɜ, 
ɡɦɿɧɸɸɱɢ ɬɿɥьɤɢ ɜɢɡɧɚɱɟɧɿ ɩɚɪɚɦɟɬɪɢ. Ƚɪɚɮɨ-ɚɧɚɥɿɬɢɱɧɿ 
ɦɟɬɨɞɢ ɞɚɸɬь ɩɨɪɿɜɧɹɧɨ ɲɜɢɞɤɿ, ɩɪɨɫɬɿ ɿ ɧɚɨɱɧɿ 
ɪɨɡɜʼɹɡɚɧɧɹ ɞɥɹ ɤɨɧɤɪɟɬɧɨɝɨ ɦɟɯɚɧɿɡɦɭ ɱɢ ɣɨɝɨ ɩɨɥɨɠɟɧɧɹ, 

ɚɥɟ ɹɤɳɨ ɧɚɦ ɩɨɬɪɿɛɧɨ ɡɦɿɧɢɬɢ ɪɨɡɦɿɪɢ ɥɚɧɨɤ ɱɢ ʀɯ 
ɪɨɡɦɿɳɟɧɧɹ, ɩɨɛɭɞɨɜɭ ɩɨɬɪɿɛɧɨ ɜɢɤɨɧɚɬɢ ɩɨɜɬɨɪɧɨ. 

Ⱦɨ ɨɫɧɨɜɧɢɯ ɝɪɚɮɨ-ɚɧɚɥɿɬɢɱɧɢɯ ɦɟɬɨɞɿɜ ɞɨɫɥɿɞɠɟɧɧɹ 

ɜɿɞɧɨɫɹɬьɫɹ: ɦɟɬɨɞ ɤɿɧɟɦɚɬɢɱɧɢɯ ɞɿɚɝɪɚɦ ɬɚ ɦɟɬɨɞ 
ɩɥɚɧɿɜ ɩɨɥɨɠɟɧь, ɲɜɢɞɤɨɫɬɟɣ ɬɚ ɩɪɢɫɤɨɪɟɧь. 

Ȼɿɥьɲɿɫɬь ɦɟɯɚɧɿɡɦɿɜ ɦɚє ɨɞɧɭ ɫɬɭɩɿɧь ɜɿɥьɧɨɫɬɿ. 
ɉɟɪɟɦɿɳɟɧɧɹ, ɲɜɢɞɤɨɫɬɿ ɿ ɩɪɢɫɤɨɪɟɧɧɹ ɜɢɯɿɞɧɢɯ ɥɚɧɨɤ ɿ 
ɞɨɜɿɥьɧɢɯ ɬɨɱɨɤ ɦɟɯɚɧɿɡɦɭ, ɭ ɬɚɤɨɦɭ ɜɢɩɚɞɤɭ, ɡɚɥɟɠɚɬь ɜɿɞ 
ɡɚɤɨɧɭ ɪɭɯɭ ɣɨɝɨ єɞɢɧɨʀ ɜɯɿɞɧɨʀ ɥɚɧɤɢ.  

ȼɯɿɞɧɚ ɥɚɧɤɚ ɦɨɠɟ ɭɬɜɨɪɸɜɚɬɢ ɿɡ ɫɬɨɹɤɨɦ ɨɛɟɪɬɚɥьɧɭ 

(ɜɚɥ ɟɥɟɤɬɪɨɦɨɬɨɪɚ), ɚɛɨ ɩɨɫɬɭɩɚɥьɧɭ (ɰɢɥɿɧɞɪ ɞɜɢɝɭɧɚ 
ɜɧɭɬɪɿɲɧьɨɝɨ ɡɝɨɪɚɧɧɹ) ɤɿɧɟɦɚɬɢɱɧɭ ɩɚɪɭ. ȼ ɩɟɪɲɨɦɭ 
ɜɢɩɚɞɤɭ ɡɚɤɨɧ ɪɭɯɭ ɜɯɿɞɧɨʀ ɥɚɧɤɢ ɡɚɞɚєɬьɫɹ ɚɧɚɥɿɬɢɱɧɨ ɭ 
ɜɢɝɥɹɞɿ ɪɿɜɧɹɧɧɹ, ɳɨ ɜɢɪɚɠɚє ɡɚɥɟɠɧɿɫɬь ɤɭɬɚ ɩɨɜɨɪɨɬɭ, ɱɢ 
ɤɭɬɨɜɨʀ ɲɜɢɞɤɨɫɬɿ ɜɯɿɞɧɨʀ ɥɚɧɤɢ ɜɿɞ ɱɚɫɭ, ɧɚɩɪɢɤɥɚɞ φ=φ(t). 
ȼ ɞɪɭɝɨɦɭ ɜɢɩɚɞɤɭ, ɡɚɤɨɧ ɦɨɠɧɚ ɡɚɞɚɬɢ ɭ ɜɢɝɥɹɞɿ ɪɿɜɧɹɧɧɹ 
ɳɨ ɜɢɪɚɠɚє ɡɚɥɟɠɧɿɫɬь ɩɟɪɟɦɿɳɟɧɧɹ (ɜ ɡɚɝɚɥьɧɨɦɭ ɜɢɝɥɹɞɿ, 
S=S(t)), ɲɜɢɞɤɨɫɬɿ ɱɢ ɩɪɢɫɤɨɪɟɧɧɹ ɜɯɿɞɧɨʀ ɥɚɧɤɢ ɜɿɞ ɱɚɫɭ.  

Ɍɚɤɿ ɡɚɤɨɧɢ ɧɚɡɢɜɚɸɬьɫɹ ɮɭɧɤɰɿɹɦɢ ɩɟɪɟɦɿɳɟɧь 

ɜɯɿɞɧɢɯ ɥɚɧɨɤ. Ȳɯ ɦɨɠɧɚ ɡɚɞɚɬɢ ɿ ɝɪɚɮɿɱɧɨ ɭ ɜɢɝɥɹɞɿ 
ɝɪɚɮɿɤɿɜ ɤɪɢɜɢɯ ɜ ɤɨɨɪɞɢɧɚɬɚɯ ɤɭɬɿɜ ɩɨɜɨɪɨɬɭ φ, ɚɛɨ 
ɩɟɪɟɦɿɳɟɧɧɹ S, ɜɿɞɤɥɚɞɟɧɢɯ ɩɨ ɜɟɪɬɢɤɚɥьɧɿɣ ɨɫɿ (ɨɪɞɢɧɚɬ), 

ɬɚ ɱɚɫɭ t – ɩɨ ɝɨɪɢɡɨɧɬɚɥьɧɿɣ ɨɫɿ (ɚɛɫɰɢɫ), ɭ ɡɚɞɚɧɢɯ 

ɦɚɫɲɬɚɛɚɯ. Ʉɨɪɢɫɬɭɸɱɢɫь ɝɪɚɮɿɤɚɦɢ ɥɟɝɤɨ ɜɢɡɧɚɱɢɬɢ, 

ɧɚɩɪɢɤɥɚɞ, ɱɢɫɥɨɜɿ ɡɧɚɱɟɧɧɹ ɤɭɬɿɜ ɩɨɜɨɪɨɬɭ φ (ɪɢɫ. 2.1, ɚ), 

ɚɛɨ ɩɟɪɟɦɿɳɟɧь S ɡɚ ɞɨɜɿɥьɧɢɣ ɜɿɞɪɿɡɨɤ ɱɚɫɭ (ɪɢɫ. 2.1, ɛ). 
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Ɋɢɫ. 2.1. Ƚɪɚɮɿɤɢ ɩɟɪɟɦɿɳɟɧɧɹ ɜɯɿɞɧɨʀ ɥɚɧɤɢ:  

ɚ – ɤɭɬɨɜɿ ɩɟɪɟɦɿɳɟɧɧɹ; ɛ – ɥɿɧɿɣɧɿ ɩɟɪɟɦɿɳɟɧɧɹ 

 

 

ɇɚ ɩɪɚɤɬɢɰɿ, ɜɪɚɯɨɜɭɸɱɢ ɡɝɚɞɚɧɟ ɜɢɳɟ ɩɪɢɩɭɳɟɧɧɹ, 
ɩɪɢ ɞɨɫɥɿɞɠɟɧɧɿ ɦɟɯɚɧɿɡɦɿɜ ɡɚɤɨɧ ɪɭɯɭ ɜɯɿɞɧɨʀ ɥɚɧɤɢ 
ɩɪɢɣɦɚєɬьɫɹ ɥɿɧɿɣɧɢɦ, ɬɨɛɬɨ ɜɜɚɠɚєɬьɫɹ, ɳɨ ɲɜɢɞɤɿɫɬь 
ɪɭɯɭ ɜɯɿɞɧɨʀ ɥɚɧɤɢ є ɫɬɚɥɨɸ ɜɟɥɢɱɢɧɨɸ, ɳɨ ɞɨɪɿɜɧɸє 

ɩɪɨɟɤɬɧɿɣ ɫɟɪɟɞɧɿɣ ɲɜɢɞɤɨɫɬɿ, ɹɤɚ ɜɿɞɩɨɜɿɞɚє ɧɟɨɛɯɿɞɧɢɦ 

ɭɦɨɜɚɦ ɪɨɛɨɬɢ ɦɟɯɚɧɿɡɦɭ. 
 

2.2.  ȼɢɡɧɚɱɟɧɧɹ ɩɨɥɨɠɟɧь ɥɚɧɨɤ ɦɟɯɚɧɿɡɦɭ ɬɚ 
ɬɪɚєɤɬɨɪɿɣ ɯɚɪɚɤɬɟɪɧɢɯ ɬɨɱɨɤ ɥɚɧɨɤ 

Ƚɟɨɦɟɬɪɢɱɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɦɟɯɚɧɿɡɦɿɜ ɡ ɨɞɧɢɦ 
ɫɬɭɩɟɧɟɦ ɜɿɥьɧɨɫɬɿ ɜɫɬɚɧɨɜɥɸє ɡɚɥɟɠɧɿɫɬь ɦɿɠ 
ɝɟɨɦɟɬɪɢɱɧɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɦɟɯɚɧɿɡɦɭ (ɤɭɬɚɦɢ ɩɨɜɨɪɨɬɭ 
ɥɚɧɨɤ, ɩɟɪɟɦɿɳɟɧɧɹɦɢ ɬɨɱɨɤ), ɳɨ ɜɡɚєɦɧɨ ɡɦɿɧɸɸɬьɫɹ ɜ 
ɩɪɨɰɟɫɿ ɪɭɯɭ ɦɟɯɚɧɿɡɦɭ. 

Ⱦɥɹ ɦɟɯɚɧɿɡɦɿɜ ɡ ɤɨɥɢɜɚɥьɧɢɦ ɪɭɯɨɦ ɜɢɯɿɞɧɨʀ ɥɚɧɤɢ 
ɰɟ ɛɭɞɟ ɡɚɥɟɠɧɿɫɬь ɦɿɠ ɤɭɬɨɦ ߖ ɩɨɜɨɪɨɬɭ ɰɿєʀ ɥɚɧɤɢ ɬɚ 
ɤɭɬɨɦ ߮ ɩɨɜɨɪɨɬɭ ɜɯɿɞɧɨʀ ɥɚɧɤɢ, ɬɨɛɬɨ: ߖ =  ݂ሺ߮ሻ. (2.1) 

Ⱦɥɹ ɦɟɯɚɧɿɡɦɿɜ ɿɡ ɡɜɨɪɨɬɧɨ-ɩɨɫɬɭɩɚɥьɧɢɦ 
ɩɪɹɦɨɥɿɧɿɣɧɢɦ ɪɭɯɨɦ ɜɢɯɿɞɧɨʀ ɥɚɧɤɢ ܵ =  ݂ሺ߮ሻ, (2.2) 

ɞɟ S – ɰɟ ɩɟɪɟɦɿɳɟɧɧɹ ɜɢɯɿɞɧɨʀ ɥɚɧɤɢ. 
ɇɚɜɟɞɟɧɿ ɡɚɥɟɠɧɨɫɬɿ ɧɚɡɢɜɚɸɬьɫɹ ɮɭɧɤɰɿɹɦɢ 

ɩɨɥɨɠɟɧɧɹ – ɝɟɨɦɟɬɪɢɱɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɦɟɯɚɧɿɡɦɭ, ɹɤɚ 



34 

ɜɢɡɧɚɱɚєɬьɫɹ ɛɭɞɨɜɨɸ ɦɟɯɚɧɿɡɦɭ ɬɚ ɥɿɧɿɣɧɢɦɢ ɪɨɡɦɿɪɚɦɢ 
ɣɨɝɨ ɥɚɧɨɤ ɿ ɧɟ ɡɚɥɟɠɢɬь ɜɿɞ ɲɜɢɞɤɨɫɬɟɣ ɥɚɧɨɤ. Ɏɭɧɤɰɿʀ 
ɩɨɥɨɠɟɧɧɹ (2.1) ɿ (2.2) ɧɚɜɿɬь ɞɥɹ ɧɚɣɩɪɨɫɬɿɲɢɯ ɜɚɠɿɥьɧɢɯ 
ɦɟɯɚɧɿɡɦɿɜ ɜɢɪɚɠɚɸɬьɫɹ ɫɤɥɚɞɧɢɦɢ ɪɿɜɧɹɧɧɹɦɢ. Ɂɧɚɱɧɨ 
ɩɪɨɫɬɿɲɟ ɞɿɫɬɚɬɢ ʀɯ ɭ ɝɪɚɮɿɱɧɿɣ ɮɨɪɦɿ ɪɨɡɦɿɬɤɨɸ ɬɪɚєɤɬɨɪɿɣ 
ɦɟɬɨɞɨɦ ɡɚɫɿɱɨɤ.  

Ⱦɥɹ ɪɨɡɜʼɹɡɚɧɧɹ ɰɿєʀ ɡɚɞɚɱɿ ɩɨɜɢɧɧɿ ɛɭɬɢ ɡɚɞɚɧɿ: 
• ɤɿɧɟɦɚɬɢɱɧɚ ɫɯɟɦɚ ɦɟɯɚɧɿɡɦɭ;  
• ɧɟɨɛɯɿɞɧɿ ɪɨɡɦɿɪɢ ɥɚɧɨɤ;  
• ɡɚɤɨɧ ɪɭɯɭ (ɮɭɧɤɰɿɹ ɩɟɪɟɦɿɳɟɧɧɹ) ɜɯɿɞɧɨʀ ɥɚɧɤɢ.  
ɉɪɢ ɜɢɡɧɚɱɟɧɧɿ ɩɨɥɨɠɟɧь ɦɟɯɚɧɿɡɦɭ ɩɪɢɣɦɚєɬьɫɹ 

ɦɚɫɲɬɚɛ μl ɿ ɜɢɤɪɟɫɥɸєɬьɫɹ ɣɨɝɨ ɤɿɧɟɦɚɬɢɱɧɚ ɫɯɟɦɚ. ɉɿɞ 
ɦɚɫɲɬɚɛɨɦ (ɦɚɫɲɬɚɛɧɢɦ ɤɨɟɮɿɰɿєɧɬɨɦ) ɪɨɡɭɦɿɸɬь 
ɱɢɫɥɨ, ɳɨ ɩɨɤɚɡɭє, ɫɤɿɥьɤɢ ɨɞɢɧɢɰь ɞɿɣɫɧɨʀ ɜɟɥɢɱɢɧɢ ɥɚɧɤɢ 
(ɞɨɜɠɢɧɢ ɥɚɧɤɢ ɜ ɞɚɧɨɦɭ ɜɢɩɚɞɤɭ) ɩɪɢɩɚɞɚє ɧɚ 1 ɦɦ 
ɡɨɛɪɚɠɟɧɧɹ ɧɚ ɤɪɟɫɥɟɧɧɿ ߤ = 𝑂𝐴ை , ቀ ˏˏˏ ቁ, (2.3) 

ɞɟ lOA – ɞɿɣɫɧɚ ɞɨɜɠɢɧɚ ɥɚɧɤɢ ɜ ɦ, ɈА – ɞɨɜɠɢɧɚ ɡɨɛɪɚɠɟɧɧɹ 

ɥɚɧɤɢ ɧɚ ɤɪɟɫɥɟɧɧɿ ɜ ɦɦ. 

ɉɨɛɭɞɨɜɚ ɬɪɚєɤɬɨɪɿʀ ɬ. B ɧɚ ɜɢɯɿɞɧɿɣ ɥɚɧɰɿ (ɪɢɫ. 2.2) 

ɩɪɨɜɨɞɢɬьɫɹ ɜ ɧɚɫɬɭɩɧɿɣ ɩɨɫɥɿɞɨɜɧɨɫɬɿ: 
•  ɜɢɤɪɟɫɥɸєɬьɫɹ ɦɟɯɚɧɿɡɦ ɜ ɤɿɥьɤɨɯ ɩɨɥɨɠɟɧɧɹɯ ɜ 

ɦɟɠɚɯ ɨɞɧɨɝɨ ɰɢɤɥɭ;  
•  ɜ ɧɚɤɪɟɫɥɟɧɢɯ ɩɨɥɨɠɟɧɧɹɯ ɦɟɯɚɧɿɡɦɭ ɜɿɞɦɿɱɚєɬьɫɹ 

ɩɨɥɨɠɟɧɧɹ ɬɨɱɤɢ, ɬɪɚєɤɬɨɪɿɹ ɹɤɨʀ ɛɭɞɭєɬьɫɹ; 
•  ɡɧɚɣɞɟɧɿ ɩɨɥɨɠɟɧɧɹ ɬɨɱɤɢ ɡʼєɞɧɭɸɬь ɩɨɫɥɿɞɨɜɧɨ 

ɩɥɚɜɧɨɸ ɤɪɢɜɨɸ. 
ɉɪɢ ɜɢɤɪɟɫɥɸɜɚɧɧɿ ɩɨɥɨɠɟɧь ɦɟɯɚɧɿɡɦɭ ɡɚ ɩɨɱɚɬɤɨɜɟ 

ɜɢɛɢɪɚєɦɨ ɬɚɤɟ ɩɨɥɨɠɟɧɧɹ ɜɯɿɞɧɨʀ ɥɚɧɤɢ, ɩɪɢ ɹɤɨɦɭ 
ɜɢɯɿɞɧɚ ɥɚɧɤɚ (ɬ. ȼ) ɡɚɣɦɚє ɤɪɚɣɧє ɩɨɥɨɠɟɧɧɹ ɧɚ ɩɨɱɚɬɤɭ 
ɪɨɛɨɱɨɝɨ ɯɨɞɭ. Ⱦɚɥɿ ɞɿɥɢɦɨ ɤɨɥɨ, ɳɨ ɨɩɢɫɭє ɬ. Ⱥ 
ɤɪɢɜɨɲɢɩɚ, ɧɚ ɞɨɜɿɥьɧɟ ɱɢɫɥɨ ɪɿɜɧɢɯ ɱɚɫɬɢɧ. ɑɢɦ ɛɿɥьɲɟ 
ɬɚɤɢɯ ɱɚɫɬɢɧ ɬɢɦ ɬɨɱɧɿɲɢɦɢ ɛɭɞɭɬь ɪɟɡɭɥьɬɚɬɢ. Ȼɭɞɭєɦɨ 
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ɬɪɚєɤɬɨɪɿɸ ɬ. ȼ, ɬɨɛɬɨ ɡɧɚɯɨɞɢɦɨ ʀʀ ɩɨɥɨɠɟɧɧɹ, ɳɨ 
ɜɿɞɩɨɜɿɞɚɸɬь ɨɛɪɚɧɢɦ ɩɨɥɨɠɟɧɧɹɦ ɬ. Ⱥ. ȼ ɤɨɠɧɨɦɭ 
ɩɨɥɨɠɟɧɧɿ ɦɟɯɚɧɿɡɦɭ ɜɿɞɦɿɱɚєɦɨ ɩɨɥɨɠɟɧɧɹ ɬɨɱɤɢ S2 ɧɚ 
ɲɚɬɭɧɿ. Ɉɬɪɢɦɚɧɿ ɬɨɱɤɢ ɡʼєɞɧɚєɦɨ ɩɥɚɜɧɨɸ ɤɪɢɜɨɸ. ɐɟ ɿ 
ɛɭɞɟ ɬɪɚєɤɬɨɪɿɹ ɬɨɱɤɢ S2. 

 

 
Ɋɢɫ. 2.2. ɉɨɛɭɞɨɜɚ ɬɪɚєɤɬɨɪɿʀ ɬɨɱɤɢ 

 

ȱɧɤɨɥɢ, ɩɪɢ ɜɢɤɨɧɚɧɧɿ ɩɨɛɭɞɨɜɢ ɤɿɧɟɦɚɬɢɱɧɨʀ ɫɯɟɦɢ, 
ɜɿɞɨɦɿ ɬɿɥьɤɢ ɛɚɠɚɧɿ ɤɨɨɪɞɢɧɚɬɢ ɤɪɚɣɧɿɯ ɩɨɥɨɠɟɧь ɜɢɯɿɞɧɨʀ 
ɥɚɧɤɢ, ɬɚ ɧɟɪɭɯɨɦɢɯ ɨɫɟɣ ɨɛɟɪɬɨɜɢɯ ɥɚɧɨɤ. Ɍɨɞɿ ɧɟɜɿɞɨɦɿ 
ɪɨɡɦɿɪɢ ɿɧɲɢɯ ɥɚɧɨɤ ɡɧɚɯɨɞɹɬьɫɹ ɝɟɨɦɟɬɪɢɱɧɨɸ ɩɨɛɭɞɨɜɨɸ 
(ɫɢɧɬɟɡ ɦɟɯɚɧɿɡɦɭ). 

 

2.3.  Ʉɿɧɟɦɚɬɢɱɧɿ ɞɿɚɝɪɚɦɢ ɦɟɯɚɧɿɡɦɿɜ 

Ɉɞɧɿєɸ ɿɡ ɩɪɨɛɥɟɦ, ɳɨ ɜɢɪɿɲɭєɬьɫɹ ɜ ɤɿɧɟɦɚɬɢɱɧɨɦɭ 
ɚɧɚɥɿɡɿ ɦɟɯɚɧɿɡɦɿɜ є ɞɨɫɥɿɞɠɟɧɧɹ ɪɭɯɭ ɦɟɯɚɧɿɡɦɭ ɡɚ ɩɨɜɧɢɣ 
ɰɢɤɥ. Ƚɪɚɮɿɱɧɢɦ ɦɟɬɨɞɨɦ, ɡɧɚɯɨɞɠɟɧɧɹ ɩɟɪɟɦɿɳɟɧь, 

ɲɜɢɞɤɨɫɬɟɣ ɬɚ ɩɪɢɫɤɨɪɟɧь ɩɪɨɜɨɞɢɬьɫɹ ɞɥɹ ɪɹɞɭ ɩɨɥɨɠɟɧь 
ɦɟɯɚɧɿɡɦɭ, ɧɚ ɹɤɿ ɪɨɡɛɢɜɚєɬьɫɹ ɨɞɢɧ ɰɢɤɥ ɣɨɝɨ ɪɭɯɭ.  

Ʉɿɧɟɦɚɬɢɱɧɿ ɞɿɚɝɪɚɦɢ ɩɪɟɞɫɬɚɜɥɹɸɬь ɫɨɛɨɸ 
ɝɪɚɮɿɱɧɟ ɡɨɛɪɚɠɟɧɧɹ ɡɦɿɧɢ ɨɞɧɨɝɨ ɿɡ ɤɿɧɟɦɚɬɢɱɧɢɯ 
ɩɚɪɚɦɟɬɪɿɜ ɬɨɱɤɢ ɥɚɧɤɢ (ɩɟɪɟɦɿɳɟɧɧɹ, ɲɜɢɞɤɨɫɬɿ ɚɛɨ 

ɩɪɢɫɤɨɪɟɧɧɹ) ɜ ɮɭɧɤɰɿʀ ɱɚɫɭ, ɚɛɨ ɠ ɜ ɮɭɧɤɰɿʀ ɩɟɪɟɦɿɳɟɧɧɹ 
ɜɯɿɞɧɨʀ ɥɚɧɤɢ (ɮɭɧɤɰɿʀ ɭɡɚɝɚɥьɧɟɧɨʀ ɤɨɨɪɞɢɧɚɬɢ). 



36 

Ɋɨɡɝɥɹɧɟɦɨ ɩɪɢɤɥɚɞ ɩɨɛɭɞɨɜɢ ɤɿɧɟɦɚɬɢɱɧɢɯ ɞɿɚɝɪɚɦ 
ɞɥɹ ɤɪɢɜɨɲɢɩɧɨ-ɩɨɜɡɭɧɧɨɝɨ ɦɟɯɚɧɿɡɦɭ (ɪɢɫ. 2.3). 

 
Ɋɢɫ. 2.3. ɉɨɛɭɞɨɜɚ ɤɿɧɟɦɚɬɢɱɧɢɯ ɞɿɚɝɪɚɦ ɞɥɹ ɬ. B: 

ɚ – ɤɿɧɟɦɚɬɢɱɧɚ ɫɯɟɦɚ ɦɟɯɚɧɿɡɦɭ; ɛ – ɞɿɚɝɪɚɦɚ ɩɟɪɟɦɿɳɟɧь; 
ɜ – ɞɿɚɝɪɚɦɚ ɲɜɢɞɤɨɫɬɟɣ; ɝ – ɞɿɚɝɪɚɦɚ ɩɪɢɫɤɨɪɟɧь 
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1. ɇɚɤɪɟɫɥɢɦɨ ɤɿɧɟɦɚɬɢɱɧɭ ɫɯɟɦɭ ɜ ɦɚɫɲɬɚɛɿ μl  

(ɪɢɫ. 2.3, ɚ). Ɂɚ ɩɨɱɚɬɤɨɜɟ ɩɨɥɨɠɟɧɧɹ ɦɟɯɚɧɿɡɦɭ, ɞɥɹ ɞɚɧɨɝɨ 
ɜɢɩɚɞɤɭ, ɩɪɢɣɦɚєɦɨ ɤɪɚɣɧє ɧɢɠɧє ɩɨɥɨɠɟɧɧɹ ɬ. ȼ ɩɨɜɡɭɧɚ, 

ɞɟ ɪɨɡɩɨɱɢɧɚєɬьɫɹ ɪɨɛɨɱɢɣ ɯɿɞ ɩɨɜɡɭɧɚ ɡɧɢɡɭ ɜɜɟɪɯ. 
2. Ȼɭɞɭєɦɨ ɦɟɯɚɧɿɡɦ ɜ ɞɟɤɿɥьɤɨɯ, ɧɚɩɪɢɤɥɚɞ, 

ɞɜɚɧɚɞɰɹɬɢ ɩɨɥɨɠɟɧɧɹɯ (ɱɢɦ ɛɿɥьɲɟ ɩɨɥɨɠɟɧь, ɬɢɦ 
ɬɨɱɧɿɲɨɸ ɛɭɞɭɬь ɨɬɪɢɦɚɧɿ ɞɿɚɝɪɚɦɢ). Ⱦɥɹ ɰьɨɝɨ, ɫɩɨɱɚɬɤɭ, 
ɪɨɡɞɿɥɢɦɨ ɬɪɚєɤɬɨɪɿɸ ɬ. Ⱥ ɤɪɢɜɨɲɢɩɚ ɧɚ 12 ɱɚɫɬɢɧ, 

ɩɨɱɢɧɚɸɱɢ ɡ ɤɪɚɣɧьɨɝɨ (ɧɭɥьɨɜɨɝɨ), ɩɪɢ ɹɤɨɦɭ ɤɪɢɜɨɲɢɩ ɿ 
ɲɚɬɭɧ ɫɤɥɚɞɚɸɬьɫɹ ɜ ɨɞɧɭ ɥɿɧɿɸ ɡ ɪɨɡɬɚɲɭɜɚɧɧɹɦ 
ɤɪɢɜɨɲɢɩɚ ɜɟɪɬɢɤɚɥьɧɨ ɜɧɢɡ, ɳɨ ɿ ɡɚɛɟɡɩɟɱɭє ɡɧɚɯɨɞɠɟɧɧɹ 
ɬ.ȼ ɩɨɜɡɭɧɚ ɭ ɤɪɚɣɧьɨɦɭ ɧɢɠɧьɨɦɭ ɩɨɥɨɠɟɧɧɿ. 

3. ȼɪɚɯɨɜɭɸɱɢ, ɳɨ ɬ. ȼ ɡɚɜɠɞɢ ɜɿɞɞɚɥɟɧɚ ɜɿɞ ɬ. Ⱥ ɧɚ 
ɞɨɜɠɢɧɭ ɲɚɬɭɧɚ, ɦɟɬɨɞɨɦ ɡɚɫɿɱɨɤ ɛɭɞɭєɦɨ ɬɪɚєɤɬɨɪɿɸ 
ɩɟɪɟɦɿɳɟɧɧɹ ɬ. ȼ ɧɚ ɜɟɪɬɢɤɚɥьɧɿɣ ɧɚɩɪɹɦɧɿɣ. 

4. Ⱦɥɹ ɩɨɛɭɞɨɜɢ ɞɿɚɝɪɚɦɢ ɩɟɪɟɦɿɳɟɧь ɤɪɟɫɥɢɦɨ ɨɫɿ 
ɤɨɨɪɞɢɧɚɬ SB – t (ɪɢɫ. 2.3, ɛ).  

5. ɇɚ ɨɫɿ ɚɛɫɰɢɫ ɜɿɞɤɥɚɞɚєɦɨ ɞɨɜɿɥьɧɢɣ ɜɿɞɪɿɡɨɤ l ɜ ɦɦ, 
ɳɨ ɡɨɛɪɚɠɚє ɱɚɫ Ɍ ɨɞɧɨɝɨ ɩɨɜɧɨɝɨ ɩɨɜɨɪɨɬɭ ɤɪɢɜɨɲɢɩɚ ɜ 

ɩɟɜɧɨɦɭ ɦɚɫɲɬɚɛɿ μt. Ɍɚɤ ɹɤ, ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɡɪɨɛɥɟɧɨɝɨ 
ɩɪɢɩɭɳɟɧɧɹ, ɜɯɿɞɧɚ ɥɚɧɤɚ – ɤɪɢɜɨɲɢɩ ɨɛɟɪɬɚєɬьɫɹ ɡ 
ɩɨɫɬɿɣɧɨɸ ɤɭɬɨɜɨɸ ɲɜɢɞɤɿɫɬɸ, ɬɨ ɤɨɠɧɭ ɿɡ 12 ɱɚɫɬɢɧ, ɧɚ ɹɤɿ 
ɛɭɥɚ ɪɨɡɛɢɬɚ ʀʀ ɬɪɚєɤɬɨɪɿɹ, ɬ. Ⱥ ɩɪɨɣɞɟ ɡɚ ɪɿɜɧɿ ɩɪɨɦɿɠɤɢ 
ɱɚɫɭ, ɪɿɜɧɿ ܶ/ͳʹ. Ɍɨɦɭ, ɜɿɞɪɿɡɨɤ l ɞɿɥɢɦɨ ɧɚ 12 ɪɿɜɧɢɯ 
ɱɚɫɬɢɧ, ɳɨ ɜɿɞɩɨɜɿɞɚɸɬь 12 ɩɨɥɨɠɟɧɧɹɦ ɤɪɢɜɨɲɢɩɚ, ɿ ɭ ɞɥɹ 
ɤɨɠɧɨɝɨ ɩɨɥɨɠɟɧɧɹ ɩɨ ɨɫɿ ɨɪɞɢɧɚɬ SB ɜɿɞɤɥɚɞɚєɦɨ 
ɜɿɞɩɨɜɿɞɧɟ ʀɦ ɩɟɪɟɦɿɳɟɧɧɹ ɬ. ȼ ɜɿɞ ʀʀ ɤɪɚɣɧьɨɝɨ ɩɨɥɨɠɟɧɧɹ, 

ɡɚɦɿɪɹɧɟ ɧɚ ɤɿɧɟɦɚɬɢɱɧɿɣ ɫɯɟɦɿ. Ɂʼєɞɧɚɜɲɢ ɩɨɫɥɿɞɨɜɧɨ 
ɩɥɚɜɧɨɸ ɤɪɢɜɨɸ ɰɿ ɬɨɱɤɢ, ɨɬɪɢɦɚєɦɨ ɞɿɚɝɪɚɦɭ 
ɩɟɪɟɦɿɳɟɧɧɹ ɬ. ȼ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɱɚɫɭ ɩɨɜɨɪɨɬɭ 
ɤɪɢɜɨɲɢɩɚ Sȼ = SB(t). ɑɚɫ Ɍ ɜ ɫɟɤɭɧɞɚɯ ɨɞɧɨɝɨ ɩɨɜɧɨɝɨ 
ɨɛɟɪɬɭ ɤɪɢɜɨɲɢɩɚ ܶ = Ͳ݊ଵ =  ௧݈, (2.4)ߤ
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ɞɟ ݊ଵ – ɱɚɫɬɨɬɚ ɨɛɟɪɬɚɧɧɹ ɤɪɢɜɨɲɢɩɚ ɜ ɨɛ/ɯɜ. 
ȱɡ (2.4) ɦɚєɦɨ ɦɚɫɲɬɚɛ ɱɚɫɭ ߤ௧ = Ͳ݊ଵ݈ , ቀ ˔ˏˏ ቁ. (2.5) 

Ɇɚɫɲɬɚɛ ɩɟɪɟɦɿɳɟɧɧɹ ɬɨɱɤɢ ȼ 

ௌߤ  = ߤ݉ , (2.6) 

ɞɟ m – ɤɨɟɮɿɰɿєɧɬ ɡɦɟɧɲɟɧɧɹ ɡɨɛɪɚɠɟɧɧɹ ɩɟɪɟɦɿɳɟɧɧɹ ɧɚ 
ɞɿɚɝɪɚɦɿ: ݉ = ͳ, ɹɤɳɨ ɜɟɥɢɱɢɧɢ ɩɟɪɟɦɿɳɟɧɧɹ ɬ. ȼ 
ɜɿɞɤɥɚɞɟɧɿ ɹɤ ɿ ɡɚɦɿɪɹɧɿ ɡɿ ɫɯɟɦɢ ɦɟɯɚɧiɡɦɭ; ݉ = ݊ ɹɤɳɨ 
ɡɚɦɿɪɹɧɿ ɩɟɪɟɦɿɳɟɧɧɹ ɬ. ȼ ɡɦɟɧɲɭɸɬь ɜ n ɪɚɡɿɜ ɩɪɢ ɩɟɪɟɧɨɫɿ 
ɧɚ ɞɿɚɝɪɚɦɭ; ݉ = ͳ/݊ ɹɤɳɨ ɩɟɪɟɦɿɳɟɧɧɹ ɬ. ȼ ɡɛɿɥьɲɭɸɬь ɜ 
n ɪɚɡɿɜ. 
 

6. əɤ ɜɿɞɨɦɨ, ɮɭɧɤɰɿɸ ɲɜɢɞɤɨɫɬɿ ɬɨɱɤɢ ɦɨɠɧɚ 
ɨɬɪɢɦɚɬɢ ɚɧɚɥɿɬɢɱɧɨ ɩɪɨɞɢɮɟɪɟɧɰɿɸɜɚɜɲɢ ɮɭɧɤɰɿɸ 

ɩɟɪɟɦɿɳɟɧɧɹ. Ⱥɧɚɥɨɝɿɱɧɨ, ɞɿɚɝɪɚɦɭ ɲɜɢɞɤɨɫɬɿ ɬ. ȼ 

ɨɬɪɢɦɚєɦɨ, ɫɤɨɪɢɫɬɚɜɲɢɫь ɦɟɬɨɞɨɦ ɝɪɚɮɿɱɧɨɝɨ 
ɞɢɮɟɪɟɧɰɿɸɜɚɧɧɹ ɞɿɚɝɪɚɦɢ ʀʀ ɩɟɪɟɦɿɳɟɧɧɹ (ɡɚɫɬɨɫɭєɦɨ 

ɞɢɮɟɪɟɧɰɿɸɜɚɧɧɹ ɦɟɬɨɞɨɦ ɯɨɪɞ). Ⱦɥɹ ɩɨɛɭɞɨɜɢ ɞɿɚɝɪɚɦɢ 
ɲɜɢɞɤɨɫɬɿ (ɪɢɫ. 2.3, ɜ) ɜɢɤɨɧɭєɦɨ ɧɚɫɬɭɩɧɟ: 

• ɤɪɢɜɭ ɞɿɚɝɪɚɦɢ ɩɟɪɟɦɿɳɟɧь ɪɨɡɿɛʼєɦɨ ɧɚ ɯɨɪɞɢ 0-1ʼ, 
1ʼ-2ʼ, …, ɨɛɦɟɠɟɧɿ ɜɿɞɩɨɜɿɞɧɨ ɞɿɥɹɧɤɚɦɢ ɩɨ ɨɫɿ ɚɛɫɰɢɫ 0-1, 

1-2, …; 

• ɛɟɡɩɨɫɟɪɟɞɧьɨ ɩɿɞ ɞɿɚɝɪɚɦɨɸ SB – t ɛɭɞɭєɦɨ ɨɫɿ 
ɤɨɨɪɞɢɧɚɬ VB – t ɿ ɧɚ ɩɪɨɞɨɜɠɟɧɧɿ ɨɫɿ ɚɛɫɰɢɫ (t) ɜɥɿɜɨ ɜɿɞ 
ɩɨɱɚɬɤɭ ɤɨɨɪɞɢɧɚɬ ɜɿɞɤɥɚɞɟɦɨ ɬ. Ɋ1 ɧɚ ɞɨɜɿɥьɧɿɣ ɜɿɞɫɬɚɧь 
ɇ1. ɑɢɦ ɛɿɥьɲɚ ɜɟɥɢɱɢɧɚ ɇ1, ɹɤɚ ɦɚє ɧɚɡɜɭ ɩɨɥɸɫɧɚ 
ɜɿɞɫɬɚɧь, ɬɢɦ ɛɿɥьɲɿ ɝɚɛɚɪɢɬɢ ɩɨ ɜɟɪɬɢɤɚɥɿ ɛɭɞɟ ɦɚɬɢ 
ɦɚɣɛɭɬɧɹ ɞɿɚɝɪɚɦɚ ɲɜɢɞɤɨɫɬɟɣ; 

• ɿɡ ɬ. Ɋ1 ɩɪɨɜɨɞɢɦ ɩɪɨɦɟɧɿ, ɩɚɪɚɥɟɥьɧɨ ɤɨɠɧɿɣ ɯɨɪɞɿ 
0-1ʼ, 1ʼ-2ʼ, … ɤɪɢɜɨʀ SB–t, ɜɡɹɬɿ ɡ ɜɿɞɩɨɜɿɞɧɢɯ ɞɿɥɹɧɨɤ 0-1, 1-

2, …. ɐɿ ɩɪɨɦɟɧɿ, ɩɟɪɟɬɧɭɜɲɢ ɜɿɫь ɨɪɞɢɧɚɬ VB, ɩɨɤɚɠɭɬь ɧɚ 

ɧɿɣ ɡɧɚɱɟɧɧɹ (ɬɨɱɤɢ), ɹɤɿ ɩɪɨɩɨɪɰɿɣɧɿ ɫɟɪɟɞɧɿɣ ɲɜɢɞɤɨɫɬɿ 
ɬ. ȼ ɧɚ ɜɿɞɩɨɜɿɞɧɢɯ ɞɿɥɹɧɤɚɯ 0-1, 1-2, … ɞɿɚɝɪɚɦɢ; 



39 

• ɩɟɪɟɧɟɫɟɦɨ ɰɿ ɬɨɱɤɢ ɝɨɪɢɡɨɧɬɚɥьɧɨ ɜɩɪɚɜɨ ɧɚ 
ɫɟɪɟɞɢɧɢ ɜɿɞɩɨɜɿɞɧɢɯ ɞɿɥɹɧɨɤ ɨɬɪɢɦɚєɦɨ ɬɨɱɤɢ ȱ, ȱȱ, ...;  

• ɡʼєɞɧɚєɦɨ ɬɨɱɤɢ ȱ, ȱȱ, ... ɩɥɚɜɧɨɸ ɤɪɢɜɨɸ; ɰɹ ɤɪɢɜɚ ɿ 
ɛɭɞɟ ɞɿɚɝɪɚɦɨɸ ɲɜɢɞɤɨɫɬɿ VB – t. Ɂɜɟɪɧɿɬь ɭɜɚɝɭ, ɳɨ ɬɨɱɤɚɦ 
ɟɤɫɬɪɟɦɭɦɭ ɮɭɧɤɰɿʀ ɩɟɪɟɦɿɳɟɧɧɹ ɩɨɜɢɧɧɿ ɜɿɞɩɨɜɿɞɚɬɢ 
ɧɭɥьɨɜɿ ɡɧɚɱɟɧɧɹ ɮɭɧɤɰɿʀ ɲɜɢɞɤɨɫɬɿ, ɬɨɛɬɨ ɞɥɹ ɩɨɥɨɠɟɧь ɞɟ 
ɛɭɞɟ ɦɚɤɫɢɦɚɥьɧɟ ɿ ɦɿɧɿɦɚɥьɧɟ ɡɧɚɱɟɧɧɹ ɩɟɪɟɦɿɳɟɧɧɹ, 
ɤɪɢɜɚ ɲɜɢɞɤɨɫɬɿ ɛɭɞɟ ɩɟɪɟɬɢɧɚɬɢ ɝɨɪɢɡɨɧɬɚɥьɧɭ ɜɿɫь 
ɞɿɚɝɪɚɦɢ. 

 

7. Ⱦɿɚɝɪɚɦɭ ɩɪɢɫɤɨɪɟɧɧɹ ɬ. ȼ ɚB – t (ɪɢɫ. 2.3, ɝ) 

ɨɬɪɢɦɚєɦɨ ɬɚɤ ɫɚɦɨ, ɜɢɤɨɧɚɜɲɢ ɝɪɚɮɿɱɧɟ ɞɢɮɟɪɟɧɰɿɸɜɚɧɧɹ 
ɞɿɚɝɪɚɦɢ ɲɜɢɞɤɨɫɬɟɣ VB – t. Ɂɚɭɜɚɠɬɟ, ɳɨ ɩɪɢ ɩɨɛɭɞɨɜɿ 
ɞɿɚɝɪɚɦɢ ɩɪɢɫɤɨɪɟɧь ɨɩɢɫɚɧɢɦ ɜɢɳɟ ɦɟɬɨɞɨɦ ɧɟ ɦɨɠɥɢɜɨ 
ɡɧɚɣɬɢ ɬɨɱɤɢ ɩɨɱɚɬɤɭ ɿ ɤɿɧɰɹ ɰɢɤɥɭ ɞɿɚɝɪɚɦ (ɤɪɢɜɚ ɧɟ ɛɭɞɟ 
ɜɢɯɨɞɢɬɢ ɡ ɩɨɱɚɬɤɭ ɤɨɨɪɞɢɧɚɬ). Ⱦɥɹ ɡɧɚɯɨɞɠɟɧɧɹ ɰɢɯ ɬɨɱɨɤ 
ɩɨɬɪɿɛɧɨ ɩɪɨɞɨɜɠɢɬɢ ɨɫɿ ɚɛɫɰɢɫ ɿ ɞɨɞɚɬɤɨɜɨ ɩɨɛɭɞɭɜɚɬɢ 
ɱɚɫɬɢɧɭ (ɯɨɱɚ ɛ ɨɞɧɟ ɩɨɥɨɠɟɧɧɹ) ɞɿɚɝɪɚɦɢ ɩɟɪɟɦɿɳɟɧɧɹ ɿ 
ɞɿɚɝɪɚɦɢ ɲɜɢɞɤɨɫɬɟɣ ɞɥɹ ɧɚɫɬɭɩɧɨɝɨ ɰɢɤɥɭ. Ɂʼєɞɧɚɜɲɢ 
ɩɥɚɜɧɨɸ ɤɪɢɜɨɸ ɬɨɱɤɭ, ɳɨ ɜɿɞɩɨɜɿɞɚє ɨɫɬɚɧɧɿɣ ɞɿɥɹɧɰɿ 
ɩɟɪɲɨɝɨ ɰɢɤɥɭ ɡ ɬɨɱɤɨɸ, ɳɨ ɜɿɞɩɨɜɿɞɚє ɩɟɪɲɿɣ ɞɿɥɹɧɰɿ 
ɧɚɫɬɭɩɧɨɝɨ ɰɢɤɥɭ, ɨɬɪɢɦɚєɦɨ ɜɟɥɢɱɢɧɭ ɩɪɢɫɤɨɪɟɧɧɹ ɜ 
ɧɭɥьɨɜɨɦɭ ɩɨɥɨɠɟɧɧɿ ɦɟɯɚɧɿɡɦɭ ɬɚɦ ɞɟ ɤɪɢɜɚ ɩɟɪɟɬɧɟ ɦɟɠɭ 
ɞɿɥɹɧɨɤ. Ɉɬɪɢɦɚɧɟ ɡɧɚɱɟɧɧɹ ɩɟɪɟɧɨɫɢɦɨ ɿ ɧɚ ɩɨɱɚɬɨɤ 
ɩɟɪɲɨɝɨ ɰɢɤɥɭ ɬɚ ɨɫɬɚɬɨɱɧɨ ɩɨɛɭɞɭєɦɨ ɩɨɜɧɭ ɤɪɢɜɭ 
ɩɪɢɫɤɨɪɟɧɧɹ ɬ. ȼ.  

Ɇɚɫɲɬɚɛ ɩɨ ɨɫɹɦ ɨɪɞɢɧɚɬ ɜɢɡɧɚɱɚєɦɨ ɡɚ ɮɨɪɦɭɥɚɦɢ: 
• ɞɥɹ ɞɿɚɝɪɚɦɢ ɲɜɢɞɤɨɫɬɟɣ ߤ𝑉 = ଵܪ௧ߤௌߤ , (ˏ/˔ˏˏ) ; (2.7) 

• ɞɥɹ ɞɿɚɝɪɚɦɢ ɩɪɢɫɤɨɪɟɧь ߤ = ଶܪ௧ߤ𝑉ߤ , ቆˏ/˔ଶˏˏ ቇ, (2.8) 

ɞɟ ɇ1 ɿ ɇ2 – ɜɿɞɪɿɡɤɢ ɜ ɦɦ, ɜɡɹɬɿ ɡ ɤɪɟɫɥɟɧɧɹ. 
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Ⱦɿɣɫɧɭ ɜɟɥɢɱɢɧɭ ɲɜɢɞɤɨɫɬɿ ɬɚ ɩɪɢɫɤɨɪɟɧɧɹ ɬ. ȼ ɜ 
ɛɭɞь-ɹɤɨɦɭ ɩɨɥɨɠɟɧɧɿ ɦɟɯɚɧɿɡɦɭ ɦɨɠɧɚ ɜɢɡɧɚɱɢɬɢ ɲɥɹɯɨɦ 
ɜɢɦɿɪɸɜɚɧɧɹ ɜɢɫɨɬɢ ɤɪɢɜɨʀ ɭ ɛɚɠɚɧɨɦɭ ɩɨɥɨɠɟɧɧɿ 
ɦɟɯɚɧɿɡɦɭ ɬɚ ɩɟɪɟɦɧɨɠɢɜɲɢ ʀʀ ɧɚ ɜɿɞɩɨɜɿɞɧɢɣ ɦɚɫɲɬɚɛ: ܸଵ = ͳ– ͳ′′ ∙ ;𝑉ߤ  ܸଶ = ʹ– ʹ′′ ∙ 𝑉; (2.9) ܽଵߤ = ͳ– ͳ′′′ ∙ ;ߤ  ܽଶ = ʹ–ʹ′′′ ∙  . (2.10)ߤ

Ɍɚɤɢɦ ɱɢɧɨɦ, ɨɬɪɢɦɚєɦɨ ɲɜɢɞɤɿɫɬь ɬɚ ɩɪɢɫɤɨɪɟɧɧɹ 
ɬɨɱɤɢ ȼ ɛɟɡɩɟɪɟɪɜɧɨ ɡɚ ɰɢɤɥ ɪɨɛɨɬɢ ɦɟɯɚɧɿɡɦɭ. 

 

ɉɨɛɭɞɨɜɚ ɞɿɚɝɪɚɦɢ ɩɟɪɟɦɿɳɟɧɧɹ ɬ. ɋ ɤɨɪɨɦɢɫɥɚ 
ɤɪɢɜɨɲɢɩɧɨ-ɤɨɪɨɦɢɫɥɨɜɨɝɨ ɦɟɯɚɧɿɡɦɭ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ 
ɱɚɫɭ t ɩɨɜɨɪɨɬɭ ɤɪɢɜɨɲɢɩɚ SC=SC(t) ɜɢɤɨɧɭєɬьɫɹ ɩɨɞɿɛɧɨ ɿ 
ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 2.4. 

 
Ɋɢɫ. 2.4. Ʉɪɢɜɨɲɢɩɧɨ-ɤɨɪɨɦɢɫɥɨɜɢɣ ɦɟɯɚɧɿɡɦ 

 

Ⱦɿɚɝɪɚɦɢ ɲɜɢɞɤɨɫɬɿ ɬɚ ɩɪɢɫɤɨɪɟɧɧɹ ɬ. ɋ ɦɨɠɧɚ 
ɨɬɪɢɦɚɬɢ ɩɨɫɥɿɞɨɜɧɨ, ɜɢɤɨɪɢɫɬɚɜɲɢ ɦɟɬɨɞ ɝɪɚɮɿɱɧɨɝɨ 
ɞɢɮɟɪɟɧɰɿɸɜɚɧɧɹ ɫɩɨɱɚɬɤɭ ɞɿɚɝɪɚɦɢ ɩɟɪɟɦɿɳɟɧɧɹ, ɚ ɩɨɬɿɦ 
ɨɬɪɢɦɚɧɨʀ ɞɿɚɝɪɚɦɢ ɲɜɢɞɤɨɫɬɟɣ. Ⱥɥɝɨɪɢɬɦ ɩɨɛɭɞɨɜɢ ɰɢɯ 
ɞɿɚɝɪɚɦ ɬɚ ɜɢɡɧɚɱɟɧɧɹ ʀɯ ɦɚɫɲɬɚɛɧɢɯ ɤɨɟɮɿɰɿєɧɬɿɜ 
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ɚɧɚɥɨɝɿɱɧɢɣ ɨɩɢɫɚɧɨɦɭ ɜɢɳɟ ɞɥɹ ɩɨɛɭɞɨɜɢ ɞɿɚɝɪɚɦ 
ɲɜɢɞɤɨɫɬɿ ɬɚ ɩɪɢɫɤɨɪɟɧɧɹ ɞɥɹ ɤɪɢɜɨɲɢɩɧɨ-ɩɨɜɡɭɧɧɨɝɨ 
ɦɟɯɚɧɿɡɦɭ. 

 

2.4.  Ʉɿɧɟɦɚɬɢɱɧɢɣ ɚɧɚɥɿɡ ɦɟɯɚɧɿɡɦɿɜ ɦɟɬɨɞɨɦ 
ɩɥɚɧɿɜ 

2.4.1. ȼɢɡɧɚɱɟɧɧɹ ɲɜɢɞɤɨɫɬɟɣ ɨɤɪɟɦɢɯ ɬɨɱɨɤ ɝɪɭɩ 
Аɫɫɭɪɚ ɬɚ ɤɭɬɨɜɢɯ ɲɜɢɞɤɨɫɬɟɣ ɥɚɧɨɤ 

 

Ʉɪɿɦ ɜɢɡɧɚɱɟɧɧɹ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɨɤɪɟɦɢɯ 
ɬɨɱɨɤ ɦɟɯɚɧɿɡɦɭ ɡɚ ɩɨɜɧɢɣ ɰɢɤɥ ɣɨɝɨ ɪɭɯɭ, ɿɫɧɭє ɡɚɞɚɱɚ 
ɡɧɚɯɨɞɠɟɧɧɹ ɲɜɢɞɤɨɫɬɟɣ ɬɚ ɩɪɢɫɤɨɪɟɧь ɭɫɿɯ ɬɨɱɨɤ 

ɦɟɯɚɧɿɡɦɚ ɜ ɤɨɧɤɪɟɬɧɢɣ ɦɨɦɟɧɬ ɣɨɝɨ ɪɭɯɭ. 
Ⱦɥɹ Ⱥɫɫɭɪɚ ȱȱ ɤɥɚɫɭ, ȱȱ ɩɨɪɹɞɤɭ ɜɢɪɿɲɟɧɧɹ ɰɿєʀ ɡɚɞɚɱɿ 

ɦɨɠɧɚ ɜɢɤɨɧɭɜɚɬɢ ɦɟɬɨɞɚɦɢ ɩɥɚɧɿɜ ɲɜɢɞɤɨɫɬɟɣ ɬɚ 
ɩɪɢɫɤɨɪɟɧь. ȼɢɜɱɟɧɧɹ ɰьɨɝɨ ɦɟɬɨɞɭ ɡɪɭɱɧɿɲɟ ɪɨɡɩɨɱɚɬɢ 
ɨɤɪɟɦɨ ɞɥɹ ɪɿɡɧɢɯ ɜɢɞɿɜ ɝɪɭɩ ȱȱ ɤɥɚɫɭ. Ⱥɛɫɨɥɸɬɧɿ ɲɜɢɞɤɨɫɬɿ 
ɬɚ ɩɪɢɫɤɨɪɟɧɧɹ ɬɢɯ ɟɥɟɦɟɧɬɿɜ ɥɚɧɨɤ, ɹɤɢɦɢ ɝɪɭɩɚ 
ɩɪɢєɞɧɭєɬьɫɹ ɞɨ ɨɫɧɨɜɧɨɝɨ ɦɟɯɚɧɿɡɦɭ ɛɭɞɟɦɨ ɜɜɚɠɚɬɢ 

ɜɿɞɨɦɢɦɢ. ȼɢɡɧɚɱɢɦɨ ɲɜɢɞɤɨɫɬɿ ɬɚ ɩɪɢɫɤɨɪɟɧɧɹ ɨɤɪɟɦɢɯ 
ɬɨɱɨɤ ɿ ɤɭɬɨɜɿ ɲɜɢɞɤɨɫɬɿ ɬɚ ɩɪɢɫɤɨɪɟɧɧɹ ɥɚɧɨɤ ɝɪɭɩɢ. 

Ɋɨɡɝɥɹɧɟɦɨ ɝɪɭɩɭ Ⱥɫɫɭɪɚ ȱȱ ɤɥɚɫɭ ȱȱ ɩɨɪɹɞɤɭ ȱ ɜɢɞɭ, 
ɹɤɚ ɭɬɜɨɪɟɧɚ ɞɜɨɦɚ ɥɚɧɤɚɦɢ, ɳɨ ɧɟɫɭɬь ɬɪɢ ɨɛɟɪɬɚɥьɧɿ 
ɤɿɧɟɦɚɬɢɱɧɿ ɩɚɪɢ (ɪɢɫ. 2.5, ɚ).  

 
Ɋɢɫ. 2.5. Ƚɪɭɩɚ Ⱥɫɫɭɪɚ ȱȱ ɤɥɚɫɭ ȱȱ ɩɨɪɹɞɤɭ ȱ ɜɢɞɭ: 

ɚ – ɤɿɧɟɦɚɬɢɱɧɚ ɫɯɟɦɚ; ɛ – ɩɥɚɧ ɲɜɢɞɤɨɫɬɟɣ 
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Ɉɬɨɠ, ɜɟɤɬɨɪɢ ɲɜɢɞɤɨɫɬɟɣ ɬɨɱɨɤ Ⱥ ɿ ɋ, ɳɨ 
ɩɨɡɧɚɱɚɸɬь ɨɛɟɪɬɚɥьɧɿ ɤɿɧɟɦɚɬɢɱɧɿ ɩɚɪɢ, ɹɤɢɦɢ ɝɪɭɩɚ 
Ⱥɫɫɭɪɚ ɩɪɢєɞɧɭɸɬьɫɹ ɞɨ ɪɟɲɬɢ ɦɟɯɚɧɿɡɦɚ, ɜɿɞɨɦɿ. 

Ɂɧɚɣɞɟɦɨ ɜɟɤɬɨɪ ɲɜɢɞɤɨɫɬɿ ɬ. ȼ. Ⱦɥɹ ɰьɨɝɨ 
ɪɨɡɝɥɹɧɟɦɨ ɪɭɯ ɬ. ȼ ɫɩɨɱɚɬɤɭ ɜɿɞɧɨɫɧɨ ɬ. Ⱥ, ɹɤ ɱɚɫɬɢɧɚ ɪɭɯɭ 
ɥɚɧɤɢ Ⱥȼ, ɚ ɩɨɬɿɦ ɜɿɞɧɨɫɧɨ ɬ. ɋ ɡ ɥɚɧɤɨɸ ȼɋ. ɋɤɥɚɞɟɦɨ 
ɜɟɤɬɨɪɧɿ ɪɿɜɧɹɧɧɹ ɫɤɥɚɞɧɨɝɨ ɪɭɯɭ ɞɥɹ ɨɛɨɯ ɜɢɩɚɞɤɿɜ, ɬɚ 
ɡɚɩɢɲɟɦɨ ɜ ɫɢɫɬɟɦɭ ɪɿɜɧɹɧь:  {ܸ⃗  = ܸ⃗  + ܸ⃗ ;ܸ⃗  = ܸ⃗  + ܸ⃗  . (2.11) 

ȼɟɤɬɨɪɢ ɲɜɢɞɤɨɫɬɟɣ ܸ⃗  ɿ ܸ⃗  ɪɭɯɭ ɬɨɱɤɢ ȼ ɜɿɞɧɨɫɧɨ 
ɬɨɱɨɤ Ⱥ ɿ ɋ, ɜɿɞɩɨɜɿɞɧɨ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɿ ɜɿɞɩɨɜɿɞɧɢɦ 
ɥɚɧɤɚɦ Ⱥȼ ɿ ȼɋ. 

ɉɪɨɜɟɞɟɦɨ ɞɨɞɚɜɚɧɧɹ ɜɟɤɬɨɪɿɜ ɡɝɿɞɧɨ ɫɢɫɬɟɦɢ ɪɿɜɧɹɧь 
(2.11). Ⱦɥɹ ɰьɨɝɨ ɜɢɛɢɪɚєɦɨ, ɞɨɜɿɥьɧɭ ɬɨɱɤɭ 𝑉 – ɩɨɥɸɫ 
ɩɥɚɧɭ ɲɜɢɞɤɨɫɬɟɣ (ɪɢɫ. 2.5, ɛ) ɿ ɡ ɧɟʀ ɜɿɞɤɥɚɞɟɦɨ ɧɚɩɪɹɦɥɟɧɿ 
ɜɿɞɪɿɡɤɢ ɜɿɞɨɦɢɯ ɜɟɤɬɨɪɿɜ ɲɜɢɞɤɨɫɬɟɣ ܸ⃗  ɿ ܸ⃗ . ɇɚ ɤɿɧɰɹɯ 
ɜɿɞɪɿɡɤɿɜ ɩɨɡɧɚɱɢɦɨ ɬɨɱɤɢ ɚ ɿ ɫ. ɉɨɛɭɞɨɜɚ ɜɢɤɨɧɭєɬьɫɹ ɜ 
ɦɚɫɲɬɚɛɿ μV, ɹɤɢɣ ɩɨɤɚɡɭє, ɫɤɿɥьɤɢ ɦ/ɫ ɞɿɣɫɧɨʀ ɜɟɥɢɱɢɧɢ 
ɲɜɢɞɤɨɫɬɿ ɩɪɢɩɚɞɚє ɧɚ 1 ɦɦ ʀʀ ɡɨɛɪɚɠɟɧɧɹ ɧɚ ɩɥɚɧɿ ߤ𝑉 = ܸ௩ܽ , (ˏ/˔ˏˏ). (2.12) 

Ⱦɚɥɿ ɿɡ ɤɿɧɰɹ ɩɨɛɭɞɨɜɚɧɢɯ ɜɟɤɬɨɪɿɜ, ɬɨɱɨɤ ɚ ɿ ɫ, 

ɜɿɞɩɨɜɿɞɧɨ ɞɨ «ɩɪɚɜɢɥɚ ɬɪɢɤɭɬɧɢɤɚ», ɩɪɨɜɟɞɟɦɨ ɥɿɧɿʀ ɞɿʀ 
ɜɟɤɬɨɪɿɜ ܸ  ⃗ ɿ ܸ⃗  ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɞɨ ɥɚɧɨɤ ɜɿɞɩɨɜɿɞɧɨ Ⱥȼ 
ɿ ɋȼ. Ɇɿɫɰɟ ɩɟɪɟɬɢɧɭ ɰɢɯ ɜɟɤɬɨɪɿɜ ɞɚє ɬɨɱɤɭ b. Ɂʼєɞɧɚєɦɨ 
ɬ. b ɡ ɬɨɱɤɨɸ 𝑉. ȼɿɞɪɿɡɨɤ 𝑉ܾ ɡɨɛɪɚɠɚє ɜɟɤɬɨɪ ɩɨɜɧɨʀ 
ɲɜɢɞɤɨɫɬɿ ɬ.ȼ.  

Ɂɜʼɹɡɨɤ ɦɿɠ ɞɿɣɫɧɢɦɢ ɲɜɢɞɤɨɫɬɹɦɢ ɬɨɱɨɤ ɿ 
ɜɿɞɩɨɜɿɞɧɢɦɢ ɜɿɞɪɿɡɤɚɦɢ ɧɚ ɩɥɚɧɿ ɲɜɢɞɤɨɫɬɟɣ ɛɭɞɟ: ܸ = ܾܽ ∙ 𝑉; ܸߤ = ܾܿ ∙ 𝑉; ܸߤ = ௩ܾ ∙  𝑉. (2.13)ߤ
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Ɉɬɪɢɦɚɧɢɣ ɦɧɨɝɨɤɭɬɧɢɤ ɿɡ ɜɟɤɬɨɪɿɜ ɲɜɢɞɤɨɫɬɟɣ 
ɯɚɪɚɤɬɟɪɧɢɯ ɬɨɱɨɤ ɝɪɭɩɢ ɿ є ʀʀ ɩɥɚɧɨɦ ɲɜɢɞɤɨɫɬɟɣ. Ɂɚ 
ɞɨɩɨɦɨɝɨɸ ɰьɨɝɨ ɩɥɚɧɭ ɦɨɠɧɚ ɡɧɚɣɬɢ ɲɜɢɞɤɿɫɬь ɛɭɞь-ɹɤɨʀ 
ɬɨɱɤɢ ɧɚ ɞɚɧɨɦɭ ɦɟɯɚɧɿɡɦɿ ɜ ɞɚɧɨɦɭ ɩɨɥɨɠɟɧɧɿ. ȼɢɡɧɚɱɢɦɨ 
ɲɜɢɞɤɿɫɬь ɞɨɜɿɥьɧɨʀ ɬɨɱɤɢ S3, ɳɨ ɥɟɠɢɬь ɧɚ ɥɚɧɰɿ ɋȼ ܸ⃗ ௌଷ = ܸ⃗  + ܸ⃗ ௌయ . (2.14) 

ȱɡ ɪɿɜɧɹɧɧɹ (2.14) ɜɢɞɧɨ, ɳɨ ɧɚɩɪɹɦ ɜɟɤɬɨɪɚ ɲɜɢɞɤɨɫɬɿ ܸ⃗ ௌయ ɫɩɿɜɩɚɞɚє ɡ ɧɚɩɪɹɦɨɦ ɜɟɤɬɨɪɚ ܸ⃗ . Ɉɱɟɜɢɞɧɨ, ɞɨ 
ɜɿɞɪɿɡɨɤ ɧɚ ɩɥɚɧɿ ɫSɡ ɫɩɿɜɩɚɞɚє ɩɨ ɧɚɩɪɹɦɭ ɡ ɜɿɞɪɿɡɤɨɦ ɫb. 

ȼɟɥɢɱɢɧɭ ɜɿɞɪɿɡɤɚ ɡɧɚɣɞɟɦɨ, ɜɢɤɨɪɢɫɬɨɜɭɸɱɢ ɭɦɨɜɢ: ܸ = ߱ଷ ∙ ݈; (2.15) ௌܸయ = ߱ଷ ∙ ݈ௌయ . (2.16) 

Ɋɨɡɞɿɥɢɦɨ ɩɨɱɥɟɧɧɨ (2.16) ɬɚ (2.15) ௌܸయܸ = ݈ௌయ݈ . (2.17) 

Ɂɚɦɿɧɢɦɨ ɲɜɢɞɤɨɫɬɿ ௌܸయ ɿ ܸ ɜɿɞɪɿɡɤɚɦɢ iɡ ɩɥɚɧɭ, 
ɨɬɪɢɦɚєɦɨ ܿݏଷ ∙ 𝑉ܾܿߤ ∙ 𝑉ߤ = ݈ௌయ݈ . (2.18) 

ȱɡ (2.18) ɦɚєɦɨ: ܿݏଷ = ܾܿ ݈ௌయ݈ . (2.19) 

Ɉɬɪɢɦɚɜɲɢ ɜɟɥɢɱɢɧɢ ɲɜɢɞɤɨɫɬɟɣ ɯɚɪɚɤɬɟɪɧɢɯ ɬɨɱɨɤ, 

ɡɧɚɣɞɟɦɨ ɤɭɬɨɜɿ ɲɜɢɞɤɨɫɬɿ ɥɚɧɨɤ ߱ଶ ɿ ߱ଷ: ߱ଶ = ܸ݈ ;  ߱ଷ = ܸ݈ . (2.20) 

ɇɚɩɪɹɦ ɤɭɬɨɜɨʀ ɲɜɢɞɤɨɫɬɿ ɥɚɧɤɢ ɫɬɿɜɩɚɞɚє ɡ ɧɚɩɪɹɦɨɦ 

ɜɟɤɬɨɪɚ ɜɿɞɨɦɨʀ ɜɿɞɧɨɫɧɨʀ ɲɜɢɞɤɨɫɬɿ ɬɨɱɤɢ ɰɿєʀ ɥɚɧɤɢ 

ɩɟɪɟɧɟɫɟɧɨʀ ɭ ɜɿɞɩɨɜɿɞɧɭ ɬɨɱɤɭ. Ɍɚɤ ɜɟɤɬɨɪ ܾܽ⃗⃗⃗⃗  ɡ ɩɥɚɧɭ 
ɲɜɢɞɤɨɫɬɟɣ, ɩɟɪɟɧɟɫɟɧɢɣ ɜ ɬ. ȼ ɧɚ ɤɿɧɟɦɚɬɢɱɧɿɣ ɫɯɟɦɿ 
ɝɪɭɩɢ, ɨɛɟɪɬɚє ɥɚɧɤɭ Ⱥȼ ɩɪɨɬɢ ɝɨɞɢɧɧɢɤɨɜɨʀ ɫɬɪɿɥɤɢ, ɚ 
ɜɟɤɬɨɪ ܾܿ⃗⃗⃗⃗  ɨɛɟɪɬɚє ɥɚɧɤɭ ȼɋ ɡɚ ɝɨɞɢɧɧɢɤɨɜɨɸ ɫɬɪɿɥɤɨɸ. 
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ɉɨɛɭɞɨɜɭ ɩɥɚɧɿɜ ɲɜɢɞɤɨɫɬɟɣ ɞɥɹ ɝɪɭɩ Ⱥɫɫɭɪɚ ȱȱ ɤɥɚɫɭ 
ȱȱ ɩɨɪɹɞɤɭ ɞɪɭɝɨɝɨ ɬɚ ɬɪɟɬьɨɝɨ ɜɢɞɿɜ ɪɨɡɝɥɹɧɟɦɨ ɩɿɡɧɿɲɟ ɧɚ 

ɧɚɫɬɭɩɧɨɦɭ ɩɪɢɤɥɚɞɿ ɤɨɧɤɪɟɬɧɨɝɨ ɜɿɥьɧɨɝɨ ɦɟɯɚɧɿɡɦɭ. 
 

2.4.2. ȼɢɡɧɚɱɟɧɧɹ ɩɪɢɫɤɨɪɟɧь ɨɤɪɟɦɢɯ ɬɨɱɨɤ ɝɪɭɩ 
Аɫɫɭɪɚ ɬɚ ɤɭɬɨɜɢɯ ɩɪɢɫɤɨɪɟɧь ɥɚɧɨɤ 

ɉɨɛɭɞɨɜɚ ɩɥɚɧɿɜ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɩɪɢɫɤɨɪɟɧь ɨɤɪɟɦɢɯ 
ɬɨɱɨɤ ɥɚɧɨɤ ɝɪɭɩ Ⱥɫɫɭɪɚ ȱȱ ɤɥɚɫɭ ȱȱ ɩɨɪɹɞɤɭ ɜɢɤɨɧɭєɬьɫɹ 

ɩɨɞɿɛɧɨ ɞɨ ɩɨɛɭɞɨɜɢ ɩɥɚɧɿɜ ɲɜɢɞɤɨɫɬɟɣ. Ɋɨɡɝɥɹɧɟɦɨ ɝɪɭɩɭ 
Ⱥɫɫɭɪɚ ɩɟɪɲɨɝɨ ɜɢɞɭ (ɪɢɫ. 2.6, ɚ).  

 
Ɋɢɫ. 2.6. Ƚɪɭɩɚ Ⱥɫɫɭɪɚ ȱȱ ɤɥɚɫɭ ȱȱ ɩɨɪɹɞɤɭ ȱ ɜɢɞɭ: 

ɚ – ɤɿɧɟɦɚɬɢɱɧɚ ɫɯɟɦɚ; ɛ – ɩɥɚɧ ɩɪɢɫɤɨɪɟɧь 

 

 

ȼɜɚɠɚєɦɨ, ɳɨ ɜɟɤɬɨɪɢ ܽ⃗⃗⃗⃗  ɿ ܽ⃗⃗⃗⃗  ɩɨɜɧɢɯ ɩɪɢɫɤɨɪɟɧь 
ɬɨɱɨɤ Ⱥ ɿ ɋ ɜɿɞɨɦɿ. ɉɥɚɧ ɲɜɢɞɤɨɫɬɟɣ ɩɨɛɭɞɨɜɚɧɢɣ ɪɚɧɿɲɟ ɿ 
ɲɜɢɞɤɨɫɬɿ ɜɫɿɯ ɯɚɪɚɤɬɟɪɧɢɯ ɬɨɱɨɤ ɡɧɚɣɞɟɧɿ. Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ 
ɩɪɢɫɤɨɪɟɧɧɹ ɬ. ȼ ɪɨɡɝɥɹɧɟɦɨ ʀʀ ɪɭɯ ɜɿɞɧɨɫɧɨ ɬɨɱɨɤ Ⱥ ɿ ɋ. 
ɋɤɥɚɞɟɦɨ ɜɟɤɬɨɪɧɿ ɪɿɜɧɹɧɧɹ: {  ܽ =  ܽ +  ܽ +  ܽ𝜏 ; ܽ =  ܽ + +  ܽ +  ܽ𝜏 . (2.21) 

ɞɟ  ܽ  ɿ  ܽ  – ɧɨɪɦɚɥьɧɿ ɩɪɢɫɤɨɪɟɧɧɹ ɜɿɞɧɨɫɧɨɝɨ ɪɭɯɭ;  ܽ𝜏  

ɿ  ܽ𝜏  – ɬɚɧɝɟɧɰɿɚɥьɧɿ ɩɪɢɫɤɨɪɟɧɧɹ ɭ ɬɨɦɭ ɠ ɪɭɫɿ. Ɂɧɚɣɞɟɦɨ 
ɜɟɥɢɱɢɧɢ ɧɨɪɦɚɥьɧɢɯ ɩɪɢɫɤɨɪɟɧь ɡɚ ɜɿɞɨɦɢɦɢ ɮɨɪɦɭɥɚɦɢ: ܽ = ܸଶ݈ ;  ܽ = ܸଶ݈ . (2.22) 
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ɉɥɚɧ ɩɪɢɫɤɨɪɟɧь (ɪɢɫ. 2.6, ɛ) ɛɭɞɭєɦɨ ɜ ɦɚɫɲɬɚɛɿ ߤ, 

ɹɤɢɣ ɩɨɤɚɡɭє ɱɢɫɥɨ ɦ/ɫ2 ɜɟɥɢɱɢɧɢ ɞɿɣɫɧɨɝɨ ɩɪɢɫɤɨɪɟɧɧɹ, 
ɹɤɟ ɩɪɢɩɚɞɚє ɧɚ 1 ɦɦ ɣɨɝɨ ɡɨɛɪɚɠɟɧɧɹ ɧɚ ɩɥɚɧɿ. ߤ = ܽܽ , ቆˏ/˔ଶˏˏ ቇ. (2.23) 

ȼɟɤɬɨɪ ɧɨɪɦɚɥьɧɨɝɨ ɩɪɢɫɤɨɪɟɧɧɹ ɬɨɱɤɢ, ɹɤ ɜɿɞɨɦɨ 
ɧɚɩɪɹɦɥɟɧɢɣ ɜɿɞ ɬɨɱɤɢ ɞɨ ɦɢɬɬєɜɨɝɨ ɰɟɧɬɪɚ ɤɪɢɜɢɡɧɢ ʀʀ 
ɬɪɚєɤɬɨɪɿʀ. ȼ ɧɚɲɨɦɭ ɜɢɩɚɞɤɭ,  ܽ  ɛɭɞɟ ɧɚɩɪɹɦɥɟɧɢɣ ɜɿɞ 
ɬ. ȼ ɞɨ ɬ. Ⱥ, ɩɚɪɚɥɟɥьɧɨ ɥɚɧɰɿ Ⱥȼ, ɚ ɜɟɤɬɨɪ ɩɪɢɫɤɨɪɟɧɧɹ ܽ    

– ɜɿɞ ɬ. ȼ ɞɨ ɬ. ɋ ɩɚɪɚɥɟɥьɧɨ ȼɋ. ȼɟɤɬɨɪɢ ɬɚɧɝɟɧɰɿɚɥьɧɢɯ 

ɩɪɢɫɤɨɪɟɧь  ܽ𝜏  ɿ  ܽ𝜏  ɧɚɩɪɚɜɥɟɧɿ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɞɨ 
ɜɿɞɩɨɜɿɞɧɢɯ ɧɨɪɦɚɥьɧɢɯ. ȼɢɤɨɧɚєɦɨ ɝɪɚɮɿɱɧɟ ɫɤɥɚɞɚɧɧɹ 
ɜɟɤɬɨɪɿɜ ɡɝɿɞɧɨ ɫɢɫɬɟɦɢ ɪɿɜɧɹɧь (2.21). Ⱦɥɹ ɰьɨɝɨ ɜɢɛɢɪɚєɦɨ 
ɞɨɜɿɥьɧɭ ɬɨɱɤɭ  – ɩɨɥɸɫ ɩɥɚɧɚ ɩɪɢɫɤɨɪɟɧь (ɪɢɫ. 2.6, ɛ) ɿɡ 
ɧɟʀ ɜɿɞɤɥɚɞɟɦɨ ɜɟɤɬɨɪɢ ɜɿɞɨɦɢɯ ɩɪɢɫɤɨɪɟɧь ܽ⃗⃗⃗⃗  ɿ ܽ ⃗⃗⃗⃗  ɜ ɪɚɧɿɲɟ 
ɩɪɢɣɧɹɬɨɦɭ ɦɚɫɲɬɚɛɿ ߤ. Ɉɬɪɢɦɚєɦɨ ɬɨɱɤɢ ɚ ɿ ɫ. 

Ⱦɚɥɿ ɿɡ ɤɿɧɰɹ ɜɟɤɬɨɪɿɜ, ɜ ɨɬɪɢɦɚɧɢɯ ɬɨɱɤɚɯ ɚ ɿ ɫ, 

ɜɿɞɤɥɚɞɟɦɨ ɜɟɤɬɨɪɢ  ܽ  ɿ  ܽ , ɞɨɜɠɢɧɨɸ ɡɝɿɞɧɨ (2.22) ɜ 
ɦɚɫɲɬɚɛɿ ߤ, ɿ ɜ ɧɚɩɪɹɦɤɭ ɨɩɢɫɚɧɨɦɭ ɜɢɳɟ. ɇɚ ɤɿɧɰɹɯ 
ɩɨɛɭɞɨɜɚɧɢɯ ɜɟɤɬɨɪɿɜ ɩɨɡɧɚɱɚєɦɨ ɬɨɱɤɢ ɩ1 ɿ ɩ2. ȱɡ ɬɨɱɨɤ ɩ1 ɿ 
ɩ2 ɩɪɨɜɨɞɢɦ ɩɪɹɦɿ ɩɨ ɧɚɩɪɹɦɭ ɜɟɤɬɨɪɿɜ ɬɚɧɝɟɧɰɿɚɥьɧɢɯ 
ɩɪɢɫɤɨɪɟɧь  ܽ𝜏  ɿ  ܽ𝜏  (ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɜɿɞɩɨɜɿɞɧɢɦ 
ɧɨɪɦɚɥьɧɢɦ ɩɪɢɫɤɨɪɟɧɧɹɦ). Ɇɿɫɰɟ ɩɟɪɟɬɢɧɭ ɰɢɯ ɩɪɹɦɢɯ 
ɞɚє ɬɨɱɤɭ b. Ɂʼєɞɧɚɜɲɢ ɬ. b ɡ ɩɨɥɸɫɨɦ ɬ.  ɨɬɪɢɦɚєɦɨ ɩɨɜɧɟ 
ɩɪɢɫɤɨɪɟɧɧɹ ɬ. B – ܽ⃗⃗ ⃗⃗ . 

Ⱦɿɣɫɧɿ ɩɪɢɫɤɨɪɟɧɧɹ ɬɨɱɨɤ ɡɧɚɣɞɟɦɨ:  ܽ𝜏 = ݊ଵܾ ∙ ; ܽߤ = ܾܿ ∙ ; ܽߤ = ܾ ∙  . (2.24)ߤ

ɉɪɢɫɤɨɪɟɧɧɹ ɞɨɜɿɥьɧɨʀ ɬ. S3 ɡɧɚɣɞɟɦɨ ɿɡ 
ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ, ɚɧɚɥɨɝɿɱɧɨ ɡɧɚɯɨɞɠɟɧɧɸ ɲɜɢɞɤɨɫɬɿ ɬ. S3  ܿݏଷ = ܾܿ ݈ௌయ݈ . (2.25) 
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Ɂɧɚɣɞɟɦɨ ɤɭɬɨɜɿ ɩɪɢɫɤɨɪɟɧɧɹ İ2 ɿ İ3 ɥɚɧɨɤ Ⱥȼ ɿ ȼɋ ߝଶ = ܽ𝜏݈ ; ଷߝ  = ܽ𝜏݈ . (2.26) 

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɧɚɩɪɹɦɿɜ ɤɭɬɨɜɢɯ ɩɪɢɫɤɨɪɟɧь ɥɚɧɨɤ 

ɩɟɪɟɧɨɫɢɦɨ ɡ ɩɥɚɧɭ ɩɪɢɫɤɨɪɟɧь ɜɟɤɬɨɪ ɜɿɞɩɨɜɿɞɧɨɝɨ 

ɬɚɧɝɟɧɰɿɚɥьɧɨɝɨ ɩɪɢɫɤɨɪɟɧɧɹ ɭ ɬ. ȼ. ȼ ɧɚɲɨɦɭ ɜɢɩɚɞɤɭ ɿ  ܽ𝜏  ɨɛɟɪɬɚє ɥɚɧɤɭ Ⱥȼ ɿ  ܽ𝜏  ɨɛɟɪɬɚє ɥɚɧɤɭ ȼɋ ɩɪɨɬɢ 
ɝɨɞɢɧɧɢɤɨɜɨʀ ɫɬɪɿɥɤɢ. Ɉɬɠɟ, İ2 ɿ İ3 ɧɚɩɪɚɜɥɟɧɿ ɩɪɨɬɢ 
ɝɨɞɢɧɧɢɤɨɜɨʀ ɫɬɪɿɥɤɢ. 

ɉɨɛɭɞɨɜɭ ɩɥɚɧɿɜ ɩɪɢɫɤɨɪɟɧь ɞɥɹ ɝɪɭɩ Ⱥɫɫɭɪɚ ȱȱ ɤɥɚɫɭ 

ȱȱ ɩɨɪɹɞɤɭ ɞɪɭɝɨɝɨ ɬɚ ɬɪɟɬьɨɝɨ ɜɢɞɿɜ ɪɨɡɝɥɹɧɟɦɨ ɜ 
ɧɚɫɬɭɩɧɨɦɭ ɩɢɬɚɧɧɿ ɧɚ ɩɪɢɤɥɚɞɿ ɤɨɧɤɪɟɬɧɨɝɨ ɜɚɠɿɥьɧɨɝɨ 
ɦɟɯɚɧɿɡɦɭ. 

 

2.4.3. ɉɥɚɧɢ ɲɜɢɞɤɨɫɬɟɣ ɿ ɩɪɢɫɤɨɪɟɧь ɜɚɠɿɥьɧɨɝɨ 
ɦɟɯɚɧɿɡɦɭ 

Ɇɟɬɨɞ ɩɥɚɧɿɜ ɲɢɪɨɤɨ ɡɚɫɬɨɫɨɜɭєɬьɫɹ ɩɪɢ ɞɨɫɥɿɞɠɟɧɧɿ 
ɜɚɠɿɥьɧɢɯ ɦɟɯɚɧɿɡɦɿɜ. Ɋɨɡɝɥɹɧɟɦɨ ɩɨɛɭɞɨɜɭ ɩɥɚɧɿɜ ɧɚ 
ɩɪɢɤɥɚɞɿ ɤɨɧɤɪɟɬɧɨɝɨ ɦɟɯɚɧɿɡɦɭ, ɧɚɩɪɢɤɥɚɞ ɫɬɪɭɝɚɥьɧɨɝɨ 

ɜɟɪɫɬɚɬɭ (ɪɢɫ. 2.7, ɚ).  

ɉɨɛɭɞɨɜɚ ɩɥɚɧɭ ɲɜɢɞɤɨɫɬɟɣ ɦɟɯɚɧɿɡɦɭ ɩɪɨɜɨɞɢɬьɫɹ 
ɜ ɩɨɫɥɿɞɨɜɧɨɫɬɿ ɣɨɝɨ ɭɬɜɨɪɟɧɧɹ. ɋɩɨɱɚɬɤɭ ɜɢɡɧɚɱɚɸɬьɫɹ 
ɲɜɢɞɤɨɫɬɿ ɬ. Ⱥ1,2, ɳɨ ɧɚɥɟɠɢɬь ɤɪɢɜɨɲɢɩɭ 1 ɬɚ, ɞɥɹ 
ɧɚɜɟɞɟɧɨɝɨ ɦɟɯɚɧɿɡɦɭ ɤɨɜɡɚɸɱɨɦɭ ɤɚɦɟɧɸ 2, ɿ ɞɚɥɿ 
ɜɢɡɧɚɱɚɸɬьɫɹ ɲɜɢɞɤɨɫɬɿ ɪɟɲɬɢ ɯɚɪɚɤɬɟɪɧɢɯ ɬɨɱɨɤ ɝɪɭɩ 
Ⱥɫɫɭɪɚ ɜ ɩɨɫɥɿɞɨɜɧɨɫɬɿ ʀɯ ɩɪɢєɞɧɚɧɧɹ ɞɨ ɨɫɧɨɜɧɨɝɨ 
ɦɟɯɚɧɿɡɦɭ. Ʉɭɬɨɜɚ ɲɜɢɞɤɿɫɬь ɤɪɢɜɨɲɢɩɚ ɜɜɚɠɚєɬьɫɹ 
ɫɬɚɥɨɸ, ɡɝɿɞɧɨ ɩɪɢɩɭɳɟɧɧɹ, ɨɩɢɫɚɧɨɝɨ ɜ ɪɨɡɞ. 2.1. 

ȼɢɯɿɞɧɢɦɢ ɞɚɧɢɦɢ ɞɥɹ ɰɿєʀ ɡɚɞɚɱɿ є ɜɿɞɨɦɢɣ ɡɚɤɨɧ 
ɪɭɯɭ ɜɟɞɭɱɨʀ ɥɚɧɤɢ, ɬɚ ɪɨɡɦɿɪɢ ɜɫɿɯ ɥɚɧɨɤ ɦɟɯɚɧɿɡɦɭ. əɤɳɨ 
ɪɨɡɦɿɪɢ ɥɚɧɨɤ ɧɟ ɜɿɞɨɦɿ, ɩɨɩɟɪɟɞɧьɨ ɧɟɨɛɯɿɞɧɨ ɜɢɤɨɧɚɬɢ 
ɤɿɧɟɦɚɬɢɱɧɢɣ ɫɢɧɬɟɡ (ɩɨɛɭɞɨɜɭ) ɦɟɯɚɧɿɡɦɭ. 

ȼɢɤɪɟɫɥɸєɦɨ ɤɿɧɟɦɚɬɢɱɧɭ ɫɯɟɦɭ ɦɟɯɚɧɿɡɦɭ  
(ɪɢɫ. 2.7, ɚ) ɜ ɦɚɫɲɬɚɛɿ μl 
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ߤ = ݈ைܱܣ , ቀ ˏˏˏ ቁ. (2.27) 

 
Ɋɢɫ. 2.7. Ɇɟɯɚɧɿɡɦ ɫɬɪɭɝɚɥьɧɨɝɨ ɜɟɪɫɬɚɬɭ: 

ɚ – ɤɿɧɟɦɚɬɢɱɧɚ ɫɯɟɦɚ; ɛ – ɩɥɚɧ ɲɜɢɞɤɨɫɬɟɣ; 
ɜ – ɩɥɚɧ ɩɪɢɫɤɨɪɟɧь 

 

Ȼɭɞɭєɦɨ ɩɥɚɧ ɲɜɢɞɤɨɫɬɟɣ (ɪɢɫ. 2.7, ɛ). Ⱦɥɹ ɰьɨɝɨ 
ɜɢɡɧɚɱɢɦɨ ɜɟɥɢɱɢɧɭ ɲɜɢɞɤɨɫɬɿ ɬ. Ⱥ1,2, ɳɨ ɧɚɥɟɠɢɬь 
ɨɞɧɨɱɚɫɧɨ ɤɪɢɜɨɲɢɩɭ 1 ɿ ɤɨɜɡɚɸɱɨɦɭ ɤɚɦɟɧɸ 2 ܸభ,మை = ߱ଵ ∙ ݈ை. (2.28) 

ȼɢɛɢɪɚєɦɨ ɦɚɫɲɬɚɛ ɩɥɚɧɭ ɲɜɢɞɤɨɫɬɟɣ ߤ𝑉 = ܸభ,మ௩ܽଵ,ଶ , (ˏ/˔ˏˏ), (2.29) 

ɞɟ ௩ ܽଵ,ଶ – ɜɿɞɪɿɡɨɤ ɧɚ ɩɥɚɧɿ ɲɜɢɞɤɨɫɬɟɣ ɜ ɦɦ, ɲɨ ɡɨɛɪɚɠɚє 
ɩɨɜɧɭ ɲɜɢɞɤɿɫɬь ܸ భ,మ ɜ ɦ/ɫ. ɇɚ ɞɚɧɨɦɭ ɟɬɚɩɿ ɦɨɠɧɚ ɡɚɞɚɬɢɫь 
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ɞɨɜɿɥьɧɢɦ ɪɨɡɦɿɪɨɦ ɰьɨɝɨ ɜɿɞɪɿɡɤɚ ɿ ɡɧɚɣɬɢ ɜɿɞɩɨɜɿɞɧɢɣ 
ɦɚɫɲɬɚɛ ɡ (2.29), ɚɛɨ ɩɪɢɣɧɹɬɢ ɡɪɭɱɧɢɣ ɦɚɫɲɬɚɛ ɿ ɛɭɞɭɜɚɬɢ 

ɜɿɞɪɿɡɨɤ ௩ܽଵ,ଶ ɜ ɧьɨɦɭ.  
ȼɟɤɬɨɪ ɲɜɢɞɤɨɫɬɿ ܸ⃗ భ,మ ɧɚɩɪɹɦɥɟɧɢɣ ɜ ɛɿɤ ɤɭɬɨɜɨʀ 

ɲɜɢɞɤɨɫɬɿ ߱ଵ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɞɨ ɥɚɧɤɢ ɈȺ. ȼɢɛɢɪɚєɦɨ 
ɞɨɜɿɥьɧɭ ɬ. ௩ – ɩɨɥɸɫ ɩɥɚɧɭ ɲɜɢɞɤɨɫɬɟɣ ɿ ɡ ɧɟʀ ɜɿɞɤɥɚɞɚєɦɨ 

ɭ ɜɤɚɡɚɧɨɦɭ ɜɢɳɟ ɧɚɩɪɹɦɤɭ ɜɟɤɬɨɪ ௩ܽଵ,ଶ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗. 
ȼɢɡɧɚɱɢɦɨ ɲɜɢɞɤɿɫɬь ɬ. Ⱥ3 , ɳɨ ɧɚɥɟɠɢɬь ɤɭɥɿɫi Ɉ1ȼ ɿ 

ɜ ɞɚɧɢɣ ɦɨɦɟɧɬ ɫɩɿɜɩɚɞɚє ɡ ɬ. Ⱥ1,2. Ɋɨɡɝɥɹɧɟɦɨ ɪɭɯ ɬ. Ⱥ3 

ɜɿɞɧɨɫɧɨ ɬ. Ⱥ1,2 ɿ ɜɿɞɧɨɫɧɨ ɬ. Ɉ1. ɋɤɥɚɞɟɦɨ ɜɟɤɬɨɪɧɿ 
ɪɿɜɧɹɧɧɹ: {ܸ⃗ య = ܸ⃗ భ,మ + ܸ⃗ యభ,మ;ܸ⃗ య = ܸ⃗ ைభ + ܸ⃗ యைభ .    (2.30) 

ȱɡ ɬ. ܽ ଵ,ଶ ɩɪɨɜɟɞɟɦɨ ɥɿɧɿɸ ɞɿʀ ɜɟɤɬɨɪɭ ɲɜɢɞɤɨɫɬɿ ܸ  ⃗యభ,మ, 

ɩɚɪɚɥɟɥьɧɨ ɥɚɧɰɿ O1B, ɚ ɿɡ ɬ. ௩ – ɥɿɧɿɸ ɞɿʀ ɜɟɤɬɨɪɭ 
ɲɜɢɞɤɨɫɬɿ ܸ⃗ యைభ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɥɚɧɰɿ O1B. Ɇɿɫɰɟ 
ɩɟɪɟɬɢɧɭ ɰɢɯ ɩɪɹɦɢɯ ɞɚє ɬ. ɚ3. Ɂʼєɞɧɚɜɲɢ ɬ. ɚ3 ɡ ɩɨɥɸɫɨɦ ௩ 

ɨɬɪɢɦɚєɦɨ ɜɟɤɬɨɪ ܸ⃗ య ɩɨɜɧɨʀ ɲɜɢɞɤɨɫɬɿ ɬ. Ⱥ3.  

ȼɢɡɧɚɱɢɦɨ ɜɿɞɪɿɡɨɤ ௩ܾ, ɳɨ ɡɨɛɪɚɠɚє ɲɜɢɞɤɿɫɬь ɬ. ȼ, 
ɜɢɤɨɪɢɫɬɚɜɲɢ ɜɿɞɧɨɲɟɧɧɹ ௩ܾ = ௩ܽଷ ݈ைభ݈ைభ . (2.31) 

Ɍɨɱɤɚ b ɥɟɠɢɬь ɧɚ ɩɪɨɞɨɜɠɟɧɧɿ ɜɿɞɪɿɡɤɚ ௩ܽଷ. 

ɉɨɞɿɛɧɨ ɡɧɚɣɞɟɦɨ ɲɜɢɞɤɿɫɬь ɬ. ɋ. Ɋɨɡɝɥɹɧɟɦɨ ɪɭɯ ɬ. ɋ 
ɜɿɞɧɨɫɧɨ ɬ. ȼ ɿ ɜɿɞɧɨɫɧɨ ɝɨɪɢɡɨɧɬɚɥьɧɨʀ ɧɚɩɪɹɦɧɨʀ ɯ-ɯ. 
ɋɤɥɚɞɟɦɨ ɜɟɤɬɨɪɧɿ ɪɿɜɧɹɧɧɹ:  {ܸ⃗  = ܸ⃗  + ܸ⃗ ;       ܸ⃗  = ܸ⃗ ௫−௫ + ܸ⃗ ௫−௫. (2.32) 

ȱɡ ɬ.c ɩɪɨɜɟɞɟɦɨ ɩɪɹɦɭ ɜ ɧɚɩɪɹɦɿ ɜɟɤɬɨɪɭ ɲɜɢɞɤɨɫɬɿ ܸ⃗ , ɬɨɛɬɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɥɚɧɰɿ ȼɋ, ɚ ɿɡ ௩ – ɩɪɹɦɭ, 
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ɩɚɪɚɥɟɥьɧɨ ɧɚɩɪɹɦɧɿɣ ɯ-ɯ. Ɇɿɫɰɟ ɩɟɪɟɬɢɧɭ ɰɢɯ ɩɪɹɦɢɯ ɞɚє 
ɬ. ɫ. ȼɟɤɬɨɪ ௩˔ ɩɨɤɚɡɭє ɩɨɜɧɭ ɲɜɢɞɤɿɫɬь ɬ. ɋ. 

Ʉɨɪɢɫɬɭɸɱɢɫь ɩɨɛɭɞɨɜɚɧɢɦ ɩɥɚɧɨɦ, ɜɢɡɧɚɱɢɦɨ 
ɩɨɜɧɭ ɲɜɢɞɤɿɫɬь ɬ. S4 ɧɚ ɥɚɧɰɿ ȼɋ. Ⱦɥɹ ɰьɨɝɨ ɡɧɚɣɞɟɦɨ 
ɜɿɞɪɿɡɨɤ ܾݏସ ɿɡ ɫɩɿɜɜɜɿɞɧɨɲɟɧɧɹ ܾݏସ = ܾܿ ݈ௌర݈ . (2.33) 

Ɂʼєɞɧɚɜɲɢ ɬ. ݏସ ɡ ɩɨɥɸɫɨɦ ௩, ɨɬɪɢɦɚєɦɨ ɡɨɛɪɚɠɟɧɧɹ 

ɜɟɤɬɨɪɚ ɲɜɢɞɤɨɫɬɿ ɬ. S4. 

Ɇɚɸɱɢ ɜɟɥɢɱɢɧɢ ɡɨɛɪɚɠɟɧь, ɜɢɡɧɚɱɢɦɨ ɞɿɣɫɧɿ 
ɲɜɢɞɤɨɫɬɿ ɜɫɿɯ ɬɨɱɨɤ:  ܸయ = ௩ܽଷ ∙ 𝑉; ܸయభ,మߤ = ܽଷܽଵ,ଶ ∙ 𝑉; ܸߤ = ௩ܾ ∙ 𝑉; ܸߤ = ௩ܿ ∙ 𝑉; ܸߤ = ܾܿ ∙ 𝑉ߤ . (2.34) 

ȼɢɡɧɚɱɢɦɨ ɤɭɬɨɜɿ ɲɜɢɞɤɨɫɬɿ ɜɫɿɯ ɥɚɧɨɤ ɡɚ 
ɜɟɥɢɱɢɧɨɸ: ߱ଷ = ܸ݈ைభ ;  ߱ସ = ʠܸ݈ . (2.35) 

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɧɚɩɪɹɦɭ ɤɭɬɨɜɢɯ ɲɜɢɞɤɨɫɬɟɣ ߱ଷ ɿ ߱ସ 

ɩɟɪɟɧɟɫɟɦɨ ɜɟɤɬɨɪɢ ɥɿɧɿɣɧɢɯ ɲɜɢɞɤɨɫɬɟɣ ܸ⃗  ɜ ɬ.ȼ ɿ ܸ⃗  ɜ 
ɬ.ɋ. Ʉɭɬɨɜɿ ɲɜɢɞɤɨɫɬɿ ɛɭɞɭɬь ɧɚɩɪɹɦɥɟɧɿ ɜ ɛɿɤ ɜɿɞɩɨɜɿɞɧɢɯ 
ɜɟɤɬɨɪɿɜ ɥɿɧɿɣɧɢɯ ɲɜɢɞɤɨɫɬɟɣ, ɹɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ.2.7, ɚ. 

 

ɉɥɚɧ ɩɪɢɫɤɨɪɟɧь ɦɟɯɚɧɿɡɦɭ (ɪɢɫ. 2.7, ɜ) ɛɭɞɭєɦɨ ɜ 
ɩɨɞɿɛɧɿɣ ɩɨɫɥɿɞɨɜɧɨɫɬɿ. 

ȼɢɡɧɚɱɚєɦɨ ɜɟɥɢɱɢɧɭ ɩɪɢɫɤɨɪɟɧɧɹ ɬ. Ⱥ1,2. Ɉɫɤɿɥьɤɢ ߱ଵ ɜɜɚɠɚєɦɨ ɫɬɚɥɨɸ, ɬɨ ɿ ɲɜɢɞɤɿɫɬь ɬ. Ⱥ1,2 ɧɟ ɡɦɿɧɸєɬьɫɹ ɡ 
ɱɚɫɨɦ ɡɚ ɜɟɥɢɱɢɧɨɸ, ɚ ɨɬɠɟ ɬɚɧɝɟɧɰɿɚɥьɧɚ ɫɤɥɚɞɨɜɚ ʀʀ 
ɩɪɢɫɤɨɪɟɧɧɹ ɪɿɜɧɚ ɧɭɥɸ. Ɉɞɧɚɤ ɡɦɿɧɸɜɚɬɢɦɟɬьɫɹ ɧɚɩɪɹɦɨɤ 

ɜɟɤɬɨɪɚ ɲɜɢɞɤɨɫɬɿ, ɬɨɦɭ ɩɨɜɧɟ ɩɪɢɫɤɨɪɟɧɧɹ ɬ. Ⱥ1,2 ɛɭɞɟ 
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ɪɿɜɧɟ ɧɨɪɦɚɥьɧɿɣ ɣɨɝɨ ɫɤɥɚɞɨɜɿɣ, ɹɤɚ ɜɢɡɧɚɱɚєɬьɫɹ ɱɟɪɟɡ 
ɡɚɞɚɧɭ ɤɭɬɨɜɭ ɲɜɢɞɤɿɫɬь, ɹɤ: ܽభ,మ = ܽభ,మ = ߱ଵଶ ∙ ݈ை. (2.36) 

ȼɢɛɢɪɚєɦɨ ɦɚɫɲɬɚɛ ɩɥɚɧɭ ɩɪɢɫɤɨɪɟɧь ߤ = ܽభ,మܽଵ,ଶ , ቆˏ/˔ଶˏˏ ቇ, (2.37) 

ɞɟ ܽଵ,ଶ – ɜɿɞɪɿɡɨɤ ɧɚ ɩɥɚɧɿ ɩɪɢɫɤɨɪɟɧь ɜ ɦɦ, ɳɨ ɜɿɞɩɨɜɿɞɚє 
ɜɟɥɢɱɢɧɿ ɩɪɢɫɤɨɪɟɧɧɹ ܽభ,మ ɜ ɦ/ɫ2. ȼɟɤɬɨɪ ɩɪɢɫɤɨɪɟɧɧɹ ܽభ,మ 

ɧɚɩɪɚɜɥɟɧɢɣ ɜ ɛɿɤ ɣɨɝɨ ɧɨɪɦɚɥьɧɨʀ ɫɤɥɚɞɨɜɨʀ, ɬɨɛɬɨ ɜɿɞ 
ɬ. Ⱥ1,2 ɞɨ ɬ. Ɉ ɩɚɪɚɥɟɥьɧɨ ɤɪɢɜɨɲɢɩɭ ɈȺ. 

ȼɢɛɢɪɚєɦɨ ɞɨɜɿɥьɧɭ ɬ.  – ɩɨɥɸɫ ɩɥɚɧɭ ɩɪɢɫɤɨɪɟɧь 
ɿɡ ɧɟʀ ɜɿɞɤɥɚɞɟɦɨ ɜɿɞɪɿɡɨɤ ܽଵ,ଶ ɜ ɧɚɩɪɹɦɤɭ ɜ ܽభ,మ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  . 

ȼɢɡɧɚɱɢɦɨ ɩɪɢɫɤɨɪɟɧɧɹ ɬ. Ⱥ3. Ɋɨɡɝɥɹɧɟɦɨ ɪɭɯ ɬ. Ⱥ3 

ɜɿɞɧɨɫɧɨ ɬ. Ⱥ1,2 ɿ ɬ. Ɉ1. ɋɤɥɚɞɟɦɨ ɜɟɤɬɨɪɧɿ ɪɿɜɧɹɧɧɹ: {  ܽయ =  ܽభ,మ +  ܽయభ,మ +  ܽయభ,మ ; ܽయ =  ܽைభ +  ܽయைభ +  ܽయைభ𝜏 .       (2.38) 

ȼɢɡɧɚɱɢɦɨ ɩɪɢɫɤɨɪɟɧɧɹ Ʉɨɪɿɨɥɿɫɚ ɿ ɧɨɪɦɚɥьɧɟ 
ɩɪɢɫɤɨɪɟɧɧɹ ɡɚ ɜɿɞɨɦɢɦɢ ɮɨɪɦɭɥɚɦɢ [1]:  ܽయభ,మ = ʹ߱ଷ ܸయభ,మ;   ܽయைభ = ܸయைభଶ݈ைభ . (2.39) 

ɇɚɩɪɹɦ ɩɪɢɫɤɨɪɟɧɧɹ Ʉɨɪɿɨɥɿɫɚ ɡɛɿɝɚєɬьɫɹ ɡ ɧɚɩɪɹɦɨɦ, 
ɩɨɜɟɪɧɭɬɨɝɨ ɧɚ ͻͲ° ɜ ɛɿɤ ɤɭɬɨɜɨʀ ɲɜɢɞɤɨɫɬɿ ߱ଷ ɜɟɤɬɨɪɚ 
ɲɜɢɞɤɨɫɬɿ ܸయభ,మ. ɇɚɩɪɹɦ ɜɿɞɧɨɫɧɨɝɨ ɩɪɢɫɤɨɪɟɧɧɹ  ܽయభ,మ  

ɩɚɪɚɥɟɥьɧɢɣ ɥɚɧɰɿ O1B. 

ȱɡ ɬ. ܽଵ,ଶ ɜɿɞɤɥɚɞɟɦɨ ɜɟɤɬɨɪ ɩɪɢɫɤɨɪɟɧɧɹ Ʉɨɪɿɨɥɿɫɚ, 
ɨɬɪɢɦɚєɦɨ ɬ. k, ɱɟɪɟɡ ɬ. k ɩɪɨɜɟɞɟɦɨ ɩɪɹɦɭ ɜ ɧɚɩɪɹɦɿ 
ɜɿɞɧɨɫɧɨɝɨ ɩɪɢɫɤɨɪɟɧɧɹ  ܽయభ,మ , ɩɚɪɚɥɟɥьɧɨ ɥɚɧɰɿ O1B. ȱɡ 
ɬ.  ɜɿɞɤɥɚɞɟɦɨ ɜɟɤɬɨɪ ɧɨɪɦɚɥьɧɨɝɨ ɩɪɢɫɤɨɪɟɧɧɹ, 
ɧɚɩɪɹɦɥɟɧɢɣ ɜɿɞ ɬ. Ⱥ3 ɞɨ ɬ. Ɉ1 ɩɚɪɚɥɟɥьɧɨ ɥɚɧɰɿ O1B. Ʉɿɧɟɰь 
ɜɟɤɬɨɪɚ ɩɨɡɧɚɱɚєɦɨ ɬ. ɩ1. ɑɟɪɟɡ ɬ. ɩ1 ɩɪɨɜɟɞɟɦɨ ɥɿɧɿɸ ɞɿʀ 
ɬɚɧɝɟɧɰɿɚɥьɧɨɝɨ ɩɪɢɫɤɨɪɟɧɧɹ ܽ  యைభ𝜏 , ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɥɚɧɰɿ 
O1B. Ɇɿɫɰɟ ɩɟɪɟɬɢɧɭ ɥɿɧɿɣ ɞɿɣ ɜɿɞɧɨɫɧɨɝɨ ɿ ɬɚɧɝɟɧɰɿɚɥьɧɨɝɨ 
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ɩɪɢɫɤɨɪɟɧь ɩɨɡɧɚɱɢɦɨ ɬ.ɚ3. ɿ ɡʼєɞɧɚєɦɨ ɡ ɩɨɥɸɫɨɦ . 

ȼɿɞɪɿɡɨɤ ܽଷ, ɡɨɛɪɚɠɚє ɜɟɤɬɨɪ ɩɨɜɧɨɝɨ ɩɪɢɫɤɨɪɟɧɧɹ ɬ. Ⱥ3. 

ȼɢɡɧɚɱɢɦɨ ɜɿɞɪɿɡɨɤ ܾ, ɳɨ ɡɨɛɪɚɠɚє ɩɪɢɫɤɨɪɟɧɧɹ 
ɬ.ȼ, ɜɢɤɨɪɢɫɬɚɜɲɢ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ܾ = ܽଷ ݈ைభ݈ைభ . (2.40) 

Ɍɨɱɤɚ b ɥɟɠɢɬь ɧɚ ɩɪɨɞɨɜɠɟɧɧɿ ɜɿɞɪɿɡɤɚ ܽଷ. 

ȼɢɡɧɚɱɢɦɨ ɩɪɢɫɤɨɪɟɧɧɹ ɬ. ɋ. Ɋɨɡɝɥɹɧɟɦɨ ɪɭɯ ɬ. ɋ. 
ɜɿɞɧɨɫɧɨ ɬ. ȼ ɿ ɧɚɩɪɹɦɧɨʀ ɯ-ɯ. ɋɤɥɚɞɟɦɨ ɜɟɤɬɨɪɧɿ ɪɿɜɧɹɧɧɹ: {  ܽ =  ܽ +  ܽ +  ܽ𝜏 ; ܽ =  ܽ௫−௫ +  ܽ௫−௫.     (2.41) 

ɇɨɪɦɚɥьɧɟ ɩɪɢɫɤɨɪɟɧɧɹ ɜɢɡɧɚɱɚєɬьɫɹ ɚɧɚɥɨɝɿɱɧɨ 
(2.39). 

ȱɡ ɬ. b ɜɿɞɤɥɚɞɟɦɨ ɜɟɤɬɨɪ ɧɨɪɦɚɥьɧɨɝɨ ɩɪɢɫɤɨɪɟɧɧɹ  ܽ , ɹɤɢɣ ɧɚɩɪɚɜɥɟɧɢɣ ɜɿɞ ɬ. ɋ. ɞɨ ɬ. ȼ ɩɚɪɚɥɟɥьɧɨ ɥɚɧɰɿ ȼɋ. 

Ɉɬɪɢɦɚєɦɨ ɬ. ɩ2. ɑɟɪɟɡ ɬ. ɩ2 ɩɪɨɜɟɞɟɦɨ ɥɿɧɿɸ ɞɿʀ 
ɬɚɧɝɟɧɰɿɚɥьɧɨɝɨ ɩɪɢɫɤɨɪɟɧɧɹ  ܽ𝜏 , ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɥɚɧɰɿ 
ȼɋ, ɚ ɱɟɪɟɡ ɬ.  – ɝɨɪɢɡɨɧɬɚɥьɧɭ ɩɪɹɦɭ, ɩɚɪɚɥɟɥьɧɭ ɯ-ɯ. ȼ 
ɦɿɫɰɿ ɩɟɪɟɬɢɧɭ ɩɪɹɦɢɯ ɨɬɪɢɦɭєɦɨ ɬ. ɫ. ȼɿɞɪɿɡɨɤ ܿ 

ɡɨɛɪɚɠɚє ɜɟɤɬɨɪ  ܽ ɩɨɜɧɨɝɨ ɩɪɢɫɤɨɪɟɧɧɹ ɬ. ɋ.  
Ɂ ɨɬɪɢɦɚɧɨɝɨ ɩɥɚɧɭ, ɜɢɡɧɚɱɢɦɨ ɩɪɢɫɤɨɪɟɧɧɹ ɬ. S4, ɞɥɹ 

ɰьɨɝɨ ɫɤɥɚɞɚєɦɨ ɩɪɨɩɨɪɰɿɸ: ܾݏସ = ܾܿ ݈ௌర݈ . (2.42) 

Ɂʼєɞɧɚєɦɨ ɬ. ݏସ ɡ ɩɨɥɸɫɨɦ , ɨɬɪɢɦɚєɦɨ ɜɟɤɬɨɪ 
ɩɨɜɧɨɝɨ ɩɪɢɫɨɤɪɟɧɧɹ ɬ. S4. 

Ɂ ɜɪɚɯɭɜɚɧɧɹɦ ɦɚɫɲɬɚɛɭ ɩɥɚɧɭ ɩɪɢɫɤɨɪɟɧь, ɞɿɣɫɧɿ 
ɩɪɢɫɤɨɪɟɧɧɹ ɜɫɿɯ ɬɨɱɨɤ. ܽయ = ܽଷ ∙ ; ܽయைభ𝜏ߤ = ݊ଵܽଷ ∙ ; ܽߤ = ܾ ∙ ; ܽߤ = ܿ ∙ ; ܽ𝜏ߤ = ݊ଶܿ ∙  . (2.43)ߤ
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ȼɢɡɧɚɱɢɦɨ ɤɭɬɨɜɿ ɩɪɢɫɤɨɪɟɧɧɹ ɜɫɿɯ ɥɚɧɨɤ ɡɚ 
ɜɟɥɢɱɢɧɨɸ. ߝଷ = ܽయைభ𝜏݈ைభ ; ସߝ  = ܽ𝜏݈ . (2.44) 

ɇɚɩɪɹɦɭ ɤɭɬɨɜɢɯ ɩɪɢɫɤɨɪɟɧь ߝଷ ɿ ߝସ ɡɧɚɯɨɞɢɬьɫɹ ɩɨ 
ɧɚɩɪɹɦɭ ɜɿɞɩɨɜɿɞɧɢɯ ɬɚɧɝɟɧɰɿɚɥьɧɢɯ ɩɪɢɫɤɨɪɟɧь  ܽయைభ𝜏  ɿ  ܽ𝜏 , ɩɟɪɟɧɟɫɟɧɢɯ ɭ ɬɨɱɤɢ Ⱥ ɿ ɋ. 

ȼɚɪɬɨ ɡɚɭɜɚɠɢɬɢ, ɳɨ ɹɤɳɨ ɧɚɩɪɹɦɨɤ ɤɭɬɨɜɨɝɨ 
ɩɪɢɫɤɨɪɟɧɧɹ ɥɚɧɤɢ ɫɩɿɜɩɚɞɚє ɡ ɧɚɩɪɹɦɤɨɦ ʀʀ ɤɭɬɨɜɨʀ 
ɲɜɢɞɤɨɫɬɿ, ɬɨ ɥɚɧɤɚ ɩɪɢɫɤɨɪɸєɬьɫɹ ɜ ɞɚɧɢɣ ɦɨɦɟɧɬ, ɚ ɹɤɳɨ 
ɧɚɩɪɹɦɤɢ ɩɪɨɬɢɥɟɠɧɿ, ɬɨ ɫɩɨɜɿɥьɧɸєɬьɫɹ. 

 

Ɂɚɩɢɬɚɧɧɹ ɞɥɹ ɩɟɪɟɜɿɪɤɢ ɡɧɚɧь ɩɨ ɬɟɦɿ 2: 

1. Ʉɨɥɢ ɜɢɤɨɧɭєɬьɫɹ ɤɿɧɟɦɚɬɢɱɧɢɣ ɫɢɧɬɟɡ ɦɟɯɚɧɿɡɦɭ? 

2. Ɂɚɞɚɱɚ ɤɿɧɟɦɚɬɢɱɧɨɝɨ ɚɧɚɥɿɡɭ ɦɟɯɚɧɿɡɦɭ. 

3. əɤ ɜɢɡɧɚɱɚєɬьɫɹ ɤɭɬɨɜɚ ɲɜɢɞɤɿɫɬь ɜɟɞɭɱɨʀ ɥɚɧɤɢ – 

ɤɪɢɜɨɲɢɩɚ? 

4. Ɏɭɧɤɰɿʀ ɩɨɥɨɠɟɧь ɜɟɞɭɱɨʀ ɥɚɧɤɢ. 

5. Ɏɭɧɤɰɿʀ ɩɨɥɨɠɟɧь ɦɟɯɚɧɿɡɦɭ. 

6. əɤɿ ɜɢɯɿɞɧɿ ɞɚɧɿ ɩɨɜɢɧɧɿ ɛɭɬɢ ɜɿɞɨɦɿ ɞɥɹ 
ɩɪɨɜɟɞɟɧɧɹ ɤɿɧɟɦɚɬɢɱɧɨɝɨ ɚɧɚɥɿɡɭ? 

7. Ɇɚɫɲɬɚɛ ɱɚɫɭ ɞɿɚɝɪɚɦɢ ɩɨɥɨɠɟɧь ɦɟɯɚɧɿɡɦɭ. 
8. Ɇɚɫɲɬɚɛ ɲɜɢɞɤɨɫɬɿ ɞɿɚɝɪɚɦɢ ɩɨɥɨɠɟɧь ɦɟɯɚɧɿɡɦɭ. 

9. əɤ ɦɨɠɧɚ ɜɢɡɧɚɱɢɬɢ ɲɜɢɞɤɿɫɬь ɬɨɱɤɢ Ⱥ 
ɤɪɢɜɨɲɢɩɚ. 

10. ȼɟɤɬɨɪɧɿ ɪɿɜɧɹɧɧɹ ɲɜɢɞɤɨɫɬɿ ɬɨɱɤɢ ȼ ɜɿɞɧɨɫɧɨ 
ɬɨɱɨɤ Ⱥ ɬɚ Ɉ. 

11. əɤ ɦɨɠɧɚ ɜɢɡɧɚɱɢɬɢ ɩɪɢɫɤɨɪɟɧɧɹ ɬɨɱɤɢ Ⱥ 
ɤɪɢɜɨɲɢɩɚ? 

12. əɤ ɜɢɡɧɚɱɚєɬьɫɹ ɤɭɬɨɜɚ ɲɜɢɞɤɿɫɬь ɥɚɧɤɢ Ⱥȼ? 

13. əɤ ɜɢɡɧɚɱɚєɬьɫɹ ɤɭɬɨɜɟ ɩɪɢɫɤɨɪɟɧɧɹ ɥɚɧɤɢ Ⱥȼ? 

14. ȼɟɤɬɨɪɧɿ ɪɿɜɧɹɧɧɹ ɩɪɢɫɤɨɪɟɧɧɹ ɬɨɱɤɢ ȼ ɜɿɞɧɨɫɧɨ 
ɬɨɱɨɤ Ⱥ ɬɚ Ɉ.  
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ɌȿɆА 3. ɉɥɨɫɤɿ ɤɭɥɚɱɤɨɜɿ ɦɟɯɚɧɿɡɦɢ 

 

3.1. Ⱥɧɚɥɿɡ ɤɭɥɚɱɤɨɜɢɯ ɦɟɯɚɧɿɡɦɿɜ  
3.2. ɋɢɧɬɟɡ ɤɭɥɚɱɤɨɜɢɯ ɦɟɯɚɧɿɡɦɿɜ 

 

3.1. Аɧɚɥɿɡ ɤɭɥɚɱɤɨɜɢɯ ɦɟɯɚɧɿɡɦɿɜ  
3.1.1. Зɚɝɚɥьɧɿ ɜɿɞɨɦɨɫɬɿ. ȼɢɞɢ ɤɭɥɚɱɤɨɜɢɯ ɦɟɯɚɧɿɡɦɿɜ 

Ɇɟɯɚɧɿɡɦ, ɳɨ ɫɤɥɚɞɚєɬьɫɹ ɡ ɜɯɿɞɧɨʀ ɥɚɧɤɢ ɤɭɥɚɱɤɚ ɿ 
ɜɢɯɿɞɧɨʀ – ɲɬɨɜɯɚɱɚ, ɧɚɡɢɜɚєɬьɫɹ ɤɭɥɚɱɤɨɜɢɦ ɦɟɯɚɧɿɡɦɨɦ.  

Ʉɭɥɚɱɤɨɦ ɧɚɡɢɜɚєɬьɫɹ ɪɭɯɨɦɚ ɥɚɧɤɚ, ɹɤɚ ɦɚє ɡɦɿɧɧɭ 
ɤɪɢɜɢɡɧɭ ɩɨɜɟɪɯɧɿ ɿ ɧɚɞɚє ɩɟɪɟɦɿɳɟɧɧɹ ɲɬɨɜɯɚɱɭ.  

ɒɬɨɜɯɚɱ – ɰɟ ɪɭɯɨɦɚ ɥɚɧɤɚ, ɹɤɚ ɨɬɪɢɦɭє ɪɭɯ 
ɛɟɡɩɨɫɟɪɟɞɧьɨ ɜɿɞ ɤɭɥɚɱɤɚ.  

ȼ ɛɚɡɨɜɭ ɦɨɞɟɥь ɤɭɥɚɱɤɨɜɨɝɨ ɦɟɯɚɧɿɡɦɭ (ɪɢɫ. 3.1) ɤɪɿɦ 
ɡɝɚɞɚɧɢɯ ɪɭɯɨɦɢɯ ɥɚɧɨɤ: ɤɭɥɚɱɤɚ 1 ɿ ɲɬɨɜɯɚɱɚ 2 ɜɯɨɞɢɬь 

ɫɬɨɹɤ 0. 
 

 
Ɋɢɫ. 3.1. Ʉɭɥɚɱɤɨɜɢɣ ɦɟɯɚɧɿɡɦ 

 

Ʉɭɥɚɱɤɨɜɿ ɦɟɯɚɧɿɡɦɢ ɩɪɢɡɧɚɱɟɧɿ ɞɥɹ ɩɟɪɟɬɜɨɪɟɧɧɹ 
ɛɟɡɩɟɪɟɪɜɧɨɝɨ ɪɭɯɭ ɤɭɥɚɱɤɚ (ɨɛɟɪɬɚɥьɧɨɝɨ ɱɢ 
ɩɨɫɬɭɩɚɥьɧɨɝɨ) ɜ ɡɜɨɪɨɬɧɨ-ɩɨɫɬɭɩɚɥьɧɢɣ ɚɛɨ ɤɨɥɢɜɚɥьɧɢɣ 
ɪɭɯ ɲɬɨɜɯɚɱɚ. 

ȼ ɞɟɹɤɢɯ ɤɭɥɚɱɤɨɜɢɯ ɦɟɯɚɧɿɡɦɚɯ, ɞɥɹ ɡɦɟɧɲɟɧɧɹ 

ɫɩɪɚɰɸɜɚɧɧɹ ɤɨɧɬɚɤɬɭɸɱɢɯ ɩɨɜɟɪɯɨɧь ɤɭɥɚɱɤɚ ɿ ɲɬɨɜɯɚɱɚ, 

ɜɢɤɨɧɭɸɬь ɤɨɧɫɬɪɭɤɬɢɜɧɭ ɡɚɦɿɧɭ ɬɟɪɬɹ ɤɨɜɡɚɧɧɹ ɬɟɪɬɹɦ 
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ɤɨɱɟɧɧɹ. Ⱦɥɹ ɰьɨɝɨ ɦɿɠ ɤɭɥɚɱɤɨɦ ɿ ɲɬɨɜɯɚɱɟɦ ɪɨɡɦɿɳɭɸɬь 
ɞɨɞɚɬɤɨɜɭ ɥɚɧɤɭ – ɪɨɥɢɤ 3, ɹɤɢɣ ɡɚɤɪɿɩɥɟɧɿɣ ɧɚ ɲɬɨɜɯɚɱɿ ɡ 
ɦɨɠɥɢɜɿɫɬɸ ɜɿɥьɧɨ ɨɛɟɪɬɚɬɢɫь. Ɍɚɤɟ ɜɞɨɫɤɨɧɚɥɟɧɧɹ 

ɭɫɤɥɚɞɧɸє ɤɨɧɫɬɪɭɤɰɿɸ ɤɭɥɚɱɤɨɜɨɝɨ ɦɟɯɚɧɿɡɦɭ, ɬɨɦɭ ɣɨɝɨ 
ɜɢɤɨɪɢɫɬɚɧɧɹ ɦɚє ɛɭɬɢ ɨɛґɪɭɧɬɨɜɚɧɟ ɞɥɹ ɤɨɠɧɨɝɨ 
ɤɨɧɤɪɟɬɧɨɝɨ ɜɢɩɚɞɤɭ. Ɍɚɤɨɠ ɪɨɥɢɤ ɞɨɞɚє ɡɚɣɜɢɣ ɫɬɭɩɿɧь 
ɜɿɥьɧɨɫɬɿ ɞɥɹ ɦɟɯɚɧɿɡɦɭ (ɞɢɜ. ɪɨɡɞ. 1.9). 

ɉɪɢ ɜɿɞɨɦɨɦɭ ɡɚɤɨɧɿ ɪɭɯɭ ɤɭɥɚɱɤɚ, ɹɤ ɜɟɞɭɱɨʀ ɥɚɧɤɢ, 
ɲɬɨɜɯɚɱ ɬɚɤɨɠ ɛɭɞɟ ɨɬɪɢɦɭɜɚɬɢ ɪɭɯɢ, ɹɤɿ ɦɨɠɧɚ ɨɩɢɫɚɬɢ 
ɮɭɧɤɰɿєɸ ɪɭɯɭ. ɐɸ ɮɭɧɤɰɿɸ ɦɨɠɧɚ ɩɨɪɿɜɧɹɧɨ ɥɟɝɤɨ 
ɡɦɿɧɸɜɚɬɢ, ɩɿɞɛɢɪɚɸɱɢ ɧɟɨɛɯɿɞɧɭ ɞɥɹ ɤɨɧɤɪɟɬɧɨʀ ɬɟɯɧɿɱɧɨʀ 
ɡɚɞɚɱɿ, ɡɚ ɪɚɯɭɧɨɤ ɡɦɿɧɢ ɨɛɪɢɫɭ ɩɪɨɮɿɥɸ ɤɭɥɚɱɤɚ. Ɍɨɦɭ 

ɤɭɥɚɱɤɨɜɿ ɦɟɯɚɧɿɡɦɢ ɲɢɪɨɤɨ ɡɚɫɬɨɫɨɜɭɸɬьɫɹ ɜ ɦɟɯɚɧɿɡɦɚɯ 

ɪɿɡɧɢɯ ɝɚɥɭɡɟɣ ɦɚɲɢɧɨɛɭɞɭɜɚɧɧɹ. 
Ʉɭɥɚɱɨɤ ɿ ɲɬɨɜɯɚɱ ɭɬɜɨɪɸɸɬь ɜɢɳɭ ɤɿɧɟɦɚɬɢɱɧɭ 

ɩɚɪɭ. Ɍɨɛɬɨ, ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɤɨɧɫɬɪɭɤɰɿʀ ɲɬɨɜɯɚɱɚ ɥɚɧɤɢ 
ɦɟɯɚɧɿɡɦɚ ɤɨɧɬɚɤɬɭɸɬь ɜ ɬɨɱɰɿ ɚɛɨ ɩɨ ɥɿɧɿʀ. ȼɧɚɫɥɿɞɨɤ ɰьɨɝɨ 
ɜ ɦɿɫɰɿ ɦɢɬɬєɜɨɝɨ ɞɨɬɢɤɚɧɧɹ ɪɨɛɨɱɢɯ ɩɨɜɟɪɯɨɧь ɜɢɧɢɤɚє 
ɡɧɚɱɧɢɣ ɩɢɬɨɦɢɣ ɬɢɫɤ ɚ, ɨɬɠɟ, ɿɧɬɟɧɫɢɜɧɟ ɫɩɪɚɰɸɜɚɧɧɹ 

ɥɚɧɨɤ. Ⱦɥɹ ɡɦɟɧɲɟɧɧɹ ɫɩɪɚɰɸɜɚɧɧɹ, ɥɚɧɤɢ ɤɭɥɚɱɤɨɜɨɝɨ 
ɦɟɯɚɧɿɡɦɭ ɫɥɿɞ ɜɢɝɨɬɨɜɥɹɬɢ ɿɡ ɜɢɫɨɤɨɹɤɿɫɧɢɯ ɦɚɬɟɪɿɚɥɿɜ, ɚ ʀɯ 
ɪɨɛɨɱɿ ɩɨɜɟɪɯɧɿ ɨɛɪɨɛɥɹɬɢ ɜɿɞɩɨɜɿɞɧɢɦ ɱɢɧɨɦ. Ʉɪɿɦ ɰьɨɝɨ, 
ɡɝɚɞɭɜɚɧɚ ɤɿɧɟɦɚɬɢɱɧɚ ɩɚɪɚ ɦɚє ȱV ɤɥɚɫ, ɿ ɞɨɡɜɨɥɹє 
ɫɚɦɨɪɨɡɦɢɤɚɬɢɫɹ ɥɚɧɤɚɦ ɜ ɦɨɦɟɧɬ ɡɦɿɧɢ ɧɚɩɪɹɦɤɭ ɪɭɯɭ 
ɲɬɨɜɯɚɱɚ, ɹɤɳɨ ɧɟ ɡɚɫɬɨɫɭɜɚɬɢ ɞɨɞɚɬɤɨɜɢɯ ɤɨɧɫɬɪɭɤɬɢɜɧɢɯ 
ɡɚɯɨɞɿɜ. 

Ɂɚ ɦɨɠɥɢɜɿɫɬɸ ɥɚɧɨɤ ɪɭɯɚɬɢɫь ɜ ɪɿɡɧɢɯ ɩɥɨɳɢɧɚɯ 
ɜɢɞɿɥɹɸɬь ɩɥɨɫɤɿ ɿ ɩɪɨɫɬɨɪɨɜɿ ɤɭɥɚɱɤɨɜɿ ɦɟɯɚɧɿɡɦɢ. 

Ɂɚ ɯɚɪɚɤɬɟɪɨɦ ɪɭɯɭ ɥɚɧɨɤ ɛɭɜɚɸɬь: 

• ɤɭɥɚɱɤɨɜɿ ɦɟɯɚɧɿɡɦɢ ɡ ɨɛɟɪɬɨɜɢɦ ɪɭɯɨɦ ɤɭɥɚɱɤɚ ɿ 
ɩɨɫɬɭɩɚɥьɧɢɦ ɪɭɯɨɦ ɲɬɨɜɯɚɱɚ (ɪɢɫ. 3.2, ɚ); 

• ɤɭɥɚɱɤɨɜɿ ɦɟɯɚɧɿɡɦɢ ɡ ɨɛɟɪɬɨɜɢɦ ɪɭɯɨɦ ɤɭɥɚɱɤɚ ɿ 
ɨɛɟɪɬɨɜɢɦ ɪɭɯɨɦ ɲɬɨɜɯɚɱɚ (ɪɢɫ. 3.2, ɛ); 
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• ɤɭɥɚɱɤɨɜɿ ɦɟɯɚɧɿɡɦɢ ɡ ɩɨɫɬɭɩɚɥьɧɢɦ ɪɭɯɨɦ ɤɭɥɚɱɤɚ 
ɿ ɩɨɫɬɭɩɚɥьɧɢɦ (ɨɛɟɪɬɚɥьɧɢɦ) ɪɭɯɨɦ ɲɬɨɜɯɚɱɚ (ɪɢɫ. 3.1, ɛ); 

• ɤɭɥɚɱɤɨɜɿ ɦɟɯɚɧɿɡɦɢ ɿɡ ɡɦɿɲɚɧɢɦ ɪɭɯɨɦ ɥɚɧɨɤ 
(ɡɭɫɬɪɿɱɚɸɬьɫɹ ɪɿɞɤɨ). 

 
Ɋɢɫ. 3.2. Ʉɭɥɚɱɤɨɜɿ ɦɟɯɚɧɿɡɦɢ ɡɚ ɯɚɪɚɤɬɟɪɨɦ ɪɭɯɭ 

 

Ʉɨɧɫɬɪɭɤɰɿʀ ɲɬɨɜɯɚɱɿɜ ɤɭɥɚɱɤɨɜɢɯ ɦɟɯɚɧɿɡɦɿɜ 
ɞɿɥɹɬьɫɹ ɧɚ: 

• ɝɨɥɤɨɜɿ (ɬɨɱɤɨɜɿ) (ɪɢɫ. 3.3, ɚ); 

• ɪɨɥɢɤɨɜɿ (ɪɢɫ. 3.3, ɛ); 

• ɬɚɪɿɥɱɚɫɬɿ (ɩɥɨɫɤɿ) (ɪɢɫ. 3.3, ɜ). 

 
Ɋɢɫ. 3.3. Ʉɨɧɫɬɪɭɤɰɿʀ ɲɬɨɜɯɚɱɿɜ 

 

Ɂɚ ɦɨɠɥɢɜɿɫɬɸ ɡɚɦɢɤɚɧɧɹ ɤɿɧɟɦɚɬɢɱɧɨʀ ɩɚɪɢ 
ɤɭɥɚɱɨɤ-ɲɬɨɜɯɚɱ ɪɨɡɪɿɡɧɹɸɬь: 

• ɤɭɥɚɱɤɨɜɿ ɦɟɯɚɧɿɡɦɢ ɡ ɫɢɥɨɜɢɦ ɡɚɦɢɤɚɧɧɹɦ 
(ɩɪɭɠɢɧɨɸ) (ɪɢɫ. 3.4, ɚ); 

• ɤɭɥɚɱɤɨɜɿ ɦɟɯɚɧɿɡɦɢ ɡ ɝɟɨɦɟɬɪɢɱɧɢɦ ɡɚɦɢɤɚɧɧɹɦ 
(ɩɚɡ ɜ ɤɭɥɚɱɤɭ) (ɪɢɫ. 3.4, ɛ). 
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Ɇɟɯɚɧɿɡɦɢ ɡ ɨɛɟɪɬɨɜɢɦ ɪɭɯɨɦ ɤɭɥɚɱɤɚ ɿ 
ɩɨɫɬɭɩɚɥьɧɢɦ ɪɭɯɨɦ ɲɬɨɜɯɚɱɚ ɦɨɠɭɬь ɛɭɬɢ: 

• ɰɟɧɬɪɚɥьɧɿ (ɪɢɫ. 3.4, ɚ); 

• ɞɟɡɚɤɫɢɚɥьɧɿ (ɪɢɫ. 3.4, ɛ). 

 
Ɋɢɫ. 3.4. Ɂɚɦɢɤɚɧɧɹ ɤɭɥɚɱɤɨɜɢɯ ɦɟɯɚɧɿɡɦɿɜ 

 

3.1.2. Зɚɤɨɧɢ ɪɭɯɭ ɜɟɞɟɧɨʀ ɥɚɧɤɢ. Ɏɚɡɨɜɿ ɤɭɬɢ 

əɤ ɿ ɞɥɹ ɛɭɞь-ɹɤɨɝɨ ɦɟɯɚɧɿɡɦɭ, ɪɭɯ ɜɯɿɞɧɨʀ ɿ ɜɢɯɿɞɧɨʀ 
ɥɚɧɨɤ ɤɭɥɚɱɤɨɜɨɝɨ ɦɟɯɚɧɿɡɦɭ ɦɨɠɟ ɛɭɬɢ ɡɚɞɚɧɢɣ 
ɚɧɚɥɿɬɢɱɧɨ ɭ ɜɢɝɥɹɞɿ ɪɿɜɧɹɧɧɹ ɪɭɯɭ, ɚɛɨ ɝɪɚɮɿɱɧɨ ɭ ɜɢɝɥɹɞɿ 
ɤɿɧɟɦɚɬɢɱɧɢɯ ɞɿɚɝɪɚɦ. Ɍɚɤɢɣ ɡɚɤɨɧ ɪɭɯɭ ɦɚє ɜɿɞɩɨɜɿɞɚɬɢ 

ɜɢɦɨɝɚɦ ɪɨɛɨɱɨɝɨ ɩɪɨɰɟɫɭ, ɡɜʼɹɡɚɧɨɝɨ ɡ ɪɭɯɨɦ ɥɚɧɤɢ 
ɦɟɯɚɧɿɡɦɭ, ɿ ɦɨɠɟ ɦɚɬɢ ɪɿɡɧɢɣ ɯɚɪɚɤɬɟɪ. 

Ɂɚɤɨɧ ɪɭɯɭ ɜɯɿɞɧɨʀ ɥɚɧɤɢ, ɜ ɡɚɝɚɥьɧɨɦɭ ɜɢɩɚɞɤɭ 
ɨɩɢɫɭє ʀʀ ɭɫɬɚɥɟɧɢɣ ɪɭɯ ɡ ɩɨɫɬɿɣɧɨɸ ɲɜɢɞɤɿɫɬɸ. Ɋɨɡɝɥɹɧɟɦɨ 
ɧɚɣɛɿɥьɲ ɩɨɲɢɪɟɧɿ ɜ ɬɟɯɧɿɰɿ ɡɚɤɨɧɢ ɪɭɯɭ ɜɢɯɿɞɧɨʀ ɥɚɧɤɢ 

ɤɭɥɚɱɤɨɜɨɝɨ ɦɟɯɚɧɿɡɦɭ: 

• ɡ ɠɨɪɫɬɤɢɦɢ ɭɞɚɪɚɦɢ (ɪɢɫ. 3.5, ɚ); 

• ɡ ɦʼɹɤɢɦɢ ɭɞɚɪɚɦɢ (ɪɢɫ. 3.5, ɛ); 

• ɛɟɡ ɭɞɚɪɿɜ (ɪɢɫ. 3.5, ɝ). 

əɤ ɜɢɞɧɨ ɿɡ ɞɿɚɝɪɚɦ (ɪɢɫ. 3.5, ɚ) ɩɪɢ ɦɢɬɬєɜɿɣ ɡɦɿɧɿ 
ɲɜɢɞɤɨɫɬɿ ɲɬɨɜɯɚɱɚ, ɬɨɛɬɨ ɤɨɥɢ ɰɹ ɲɜɢɞɤɿɫɬь ɡɧɚɱɧɨ 
ɡɛɿɥьɲɭєɬьɫɹ ɡɚ ɧɟɫɤɿɧɱɟɧɧɨ ɦɚɥɢɣ ɩɪɨɦɿɠɨɤ ɱɚɫɭ, 
ɩɪɢɫɤɨɪɟɧɧɹ ɜ ɤɪɚɣɧɿɯ ɩɨɥɨɠɟɧɧɹɯ ɬɟɨɪɟɬɢɱɧɨ ɧɚɛɭɜɚɸɬь 
ɬɚɤɨɠ ɧɟɫɤɿɧɱɟɧɧɢɯ ɡɧɚɱɟɧь. ɇɚ ɩɪɚɤɬɢɰɿ, ɡɚɜɞɹɤɢ 
ɩɪɭɠɧɨɫɬɿ ɥɚɧɨɤ ɚ ɿɧɤɨɥɢ ɿ ʀɯ ɩɥɚɫɬɢɱɧɿɣ ɞɟɮɨɪɦɚɰɿʀ, 
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ɩɪɢɫɤɨɪɟɧɧɹ, ɚ ɨɬɠɟ, ɿ ɿɧɟɪɰɿɣɧɿ ɧɚɜɚɧɬɚɠɟɧɧɹ ɦɚɸɬь 
ɫɤɿɧɱɟɧɧɿ, ɚɥɟ ɞɭɠɟ ɜɟɥɢɤɿ ɡɧɚɱɟɧɧɹ. Ɍɚɤɟ ɹɜɢɳɟ 
ɧɚɡɢɜɚєɬьɫɹ ɠɨɪɫɬɤɢɦ ɭɞɚɪɨɦ. ȼɨɧɨ ɩɪɢɡɜɨɞɢɬь ɞɨ 
ɲɜɢɞɤɨɝɨ ɫɩɪɚɰɸɜɚɧɧɹ ɦɟɯɚɧɿɡɦɿɜ, ɬɨɦɭ ɣɨɝɨ ɫɥɿɞ 
ɦɚɤɫɢɦɚɥьɧɨ ɭɧɢɤɚɬɢ, ɚ ɞɥɹ ɲɜɢɞɤɿɫɧɢɯ ɦɟɯɚɧɿɡɦɿɜ 
(ɧɚɩɪɢɤɥɚɞ, ɩɪɢɜɨɞ ɝɚɡɨɪɨɡɩɨɞɿɥьɧɨɝɨ ɜɚɥɚ ɞɜɢɝɭɧɚ 
ɚɜɬɨɦɨɛɿɥɹ) ɠɨɪɫɬɤɿ ɭɞɚɪɢ ɜɡɚɝɚɥɿ ɧɟ ɞɨɩɭɫɬɢɦɿ. 

 
Ɋɢɫ. 3.5. Ɂɚɤɨɧɢ ɪɭɯɭ ɜɟɞɟɧɨʀ ɥɚɧɤɢ 

 

ɉɪɢ ɡɚɤɨɧɿ ɪɭɯɭ ɲɬɨɜɯɚɱɚ (ɪɢɫ. 3.5, ɛ), ɤɨɥɢ ɜ ɤɪɚɣɧɿɯ 
ɩɨɥɨɠɟɧɧɹɯ ɣɨɝɨ ɯɨɞɭ ɲɜɢɞɤɿɫɬь ɦɢɬɬєɜɨ ɡɦɿɧɸє ɫɜɿɣ 
ɧɚɩɪɹɦɨɤ ɿ ɜɟɥɢɱɢɧɭ, ɜɿɞɛɭɜɚєɬьɫɹ ɿ ɦɢɬɬєɜɚ ɡɦɿɧɚ 

ɿɧɟɪɰɿɣɧɢɯ ɧɚɜɚɧɬɚɠɟɧь. ɐɟ ɹɜɢɳɟ ɧɚɡɢɜɚєɬьɫɹ ɦʼɹɤɢɦ 
ɭɞɚɪɨɦ. ȼ ɬɚɤɨɦɭ ɪɟɠɢɦɿ ɦɨɠɭɬь ɩɪɚɰɸɜɚɬɢ ɬɢɯɨɯɿɞɧɿ 
ɤɭɥɚɱɤɨɜɿ ɦɟɯɚɧɿɡɦɢ. 

ɉɪɢ ɪɭɫɿ ɲɬɨɜɯɚɱɚ ɡɚ ɡɚɤɨɧɨɦ ɧɚ ɪɢɫ. 3.5, ɜ, ɞɿɚɝɪɚɦɢ 
ɲɜɢɞɤɨɫɬɟɣ ɬɚ ɩɪɢɫɤɨɪɟɧь ɧɟ ɦɚɸɬь ɫɬɪɢɛɤɿɜ (ɪɿɡɤɢɯ ɡɦɿɧ 
ɡɧɚɱɟɧь). Ɍɚɤɢɣ ɪɭɯ ɲɬɨɜɯɚɱɚ ɜɿɞɛɭɜɚєɬьɫɹ ɛɟɡ ɭɞɚɪɿɜ. 

Ⱥɧɚɥɿɡɭɸɱɢ ɜɢɳɟɡɝɚɞɚɧɿ ɞɿɚɝɪɚɦɢ, ɦɨɠɧɚ ɡɪɨɛɢɬɢ 
ɜɢɫɧɨɜɨɤ, ɳɨ ɡ ɬɨɱɤɢ ɡɨɪɭ ɞɢɧɚɦɿɤɢ ɤɭɥɚɱɤɨɜɨɝɨ ɦɟɯɚɧɿɡɦɭ, 
ɧɚɣɛɿɥьɲ ɿɧɮɨɪɦɚɬɢɜɧɢɦɢ є ɞɿɚɝɪɚɦɢ ɩɪɢɫɤɨɪɟɧь, ɬɨɦɭ 

ɱɚɫɬɨ ɜɨɧɢ ɞɚɸɬьɫɹ ɹɤ ɜɢɯɿɞɧɿ ɞɚɧɿ ɩɪɢ ɩɪɨɟɤɬɭɜɚɧɧɿ. 
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Ɋɭɯ ɲɬɨɜɯɚɱɚ ɡɚ ɰɢɤɥ ɫɤɥɚɞɚєɬьɫɹ ɿɡ ɱɨɬɢɪьɨɯ 
ɯɚɪɚɤɬɟɪɧɢɯ ɮɚɡ (ɪɢɫ. 3.6):  

• ɜɿɞɞɚɥɟɧɧɹ (ɩɿɞɧɿɦɚɧɧɹ) ߮˅ ɲɬɨɜɯɚɱɚ ɜɿɞ ɰɟɧɬɪɚ 
ɨɛɟɪɬɚɧɧɹ ɤɭɥɚɱɤɚ, ɜɿɞ ɤɪɚɣɧьɨɝɨ ɧɢɠɧьɨɝɨ ɞɨ ɤɪɚɣɧьɨɝɨ 
ɜɟɪɯɧьɨɝɨ ɩɨɥɨɠɟɧɧɹ (ɯɿɞ ɲɬɨɜɯɚɱɚ), ɤɭɥɚɱɨɤ ɩɪɢ ɰьɨɦɭ 
ɩɨɜɟɪɬɚєɬьɫɹ ɧɚ ɤɭɬ ɜɿɞɞɚɥɟɧɧɹ ߮˅; 

• ɲɬɨɜɯɚɱ ɡɚɥɢɲɚєɬьɫɹ ɧɟɪɭɯɨɦɢɦ ɭ ɩɿɞɧɹɬɨɦɭ 
ɩɨɥɨɠɟɧɧɿ – ɞɚɥьɧьɨɦɭ ɜɢɫɬɨʀ ߮ˇ, ɤɭɥɚɱɨɤ ɩɨɜɟɪɬɚєɬьɫɹ ɧɚ 
ɤɭɬ ɞɚɥьɧьɨɝɨ ɜɢɫɬɨɸ ߮ˇ; 

• ɧɚɛɥɢɠɟɧɧɹ (ɨɩɭɫɤɚɧɧɹ) ߮ː ɲɬɨɜɯɚɱɚ ɧɚ ɜɟɥɢɱɢɧɭ 
ɯɨɞɭ, ɤɭɥɚɱɨɤ ɩɨɜɟɪɬɚєɬьɫɹ ɧɚ ɤɭɬ ɧɚɛɥɢɠɟɧɧɹ ߮ː; 

• ɲɬɨɜɯɚɱ ɡɚɥɢɲɚєɬьɫɹ ɧɟɪɭɯɨɦɢɦ ɭ ɩɨɱɚɬɤɨɜɨɦɭ 
ɩɨɥɨɠɟɧɧɿ – ɛɥɢɠɧьɨɦɭ ɜɢɫɬɨʀ ߮˄, ɤɭɥɚɱɨɤ ɩɨɜɟɪɬɚєɬьɫɹ 
ɧɚ ɤɭɬ ɛɥɢɠɧьɨɝɨ ɜɢɫɬɨɸ ߮˄. 

Ʉɭɬɢ ߮˅, ߮ˇ, ߮ː, ߮˄ ɩɨɜɨɪɨɬɭ ɤɭɥɚɱɤɚ, ɳɨ ɪɨɡɞɿɥɹɸɬь 
ɜɿɞɩɨɜɿɞɧɿ ɮɚɡɢ ɪɭɯɭ ɲɬɨɜɯɚɱɚ, ɧɚɡɢɜɚɸɬьɫɹ ɮɚɡɨɜɢɦɢ 
ɤɭɬɚɦɢ. 

 

3.1.3. Ʉɿɧɟɦɚɬɢɱɧɢɣ ɚɧɚɥɿɡ ɤɭɥɚɱɤɨɜɢɯ ɦɟɯɚɧɿɡɦɿɜ 
ɦɟɬɨɞɨɦ ɞɿɚɝɪɚɦ ɿ ɦɟɬɨɞɨɦ ɩɥɚɧɿɜ 

ɉɪɢ ɜɢɜɱɟɧɧɿ ɤɭɥɚɱɤɨɜɢɯ ɦɟɯɚɧɿɡɦɿɜ ɦɨɠɟ ɛɭɬɢ 
ɩɨɫɬɚɜɥɟɧɨ ɞɜɚ ɡɚɜɞɚɧɧɹ: 

• ɚɧɚɥɿɡ (ɞɨɫɥɿɞɠɟɧɧɹ) ɿɫɧɭɸɱɢɯ ɤɭɥɚɱɤɨɜɢɯ 
ɦɟɯɚɧɿɡɦɿɜ; 

• ɫɢɧɬɟɡ (ɩɪɨɟɤɬɭɜɚɧɧɹ) ɧɨɜɢɯ ɤɭɥɚɱɤɨɜɢɯ ɦɟɯɚɧɿɡɦɿɜ 
ɡɚ ɡɚɞɚɧɢɦɢ ɭɦɨɜɚɦɢ. 

Ⱥɧɚɥɿɡ ɤɭɥɚɱɤɨɜɢɯ ɦɟɯɚɧɿɡɦɿɜ ɩɨɥɹɝɚє ɭ ɡɧɚɯɨɞɠɟɧɧɿ 
ɡɚɤɨɧɭ ɪɭɯɭ ɲɬɨɜɯɚɱɚ ɞɥɹ ɿɫɧɭɸɱɨɝɨ ɤɭɥɚɱɤɨɜɨɝɨ 
ɦɟɯɚɧɿɡɦɭ. ȼɢɯɿɞɧɢɦɢ ɞɚɧɢɦɢ ɚɧɚɥɿɡɭ ɬɨɞɿ є ɜɿɞɨɦɚ 
ɤɿɧɟɦɚɬɢɱɧɚ ɫɯɟɦɚ ɤɭɥɚɱɤɨɜɨɝɨ ɦɟɯɚɧɿɡɦɭ, (ɪɢɫ. 3.6, ɚ). 

Ⱦɥɹ ɤɿɧɟɦɚɬɢɱɧɨɝɨ ɚɧɚɥɿɡɭ ɤɭɥɚɱɤɨɜɢɯ ɦɟɯɚɧɿɡɦɿɜ 
ɜɢɤɨɪɢɫɬɨɜɭɸɬь ɚɧɚɥɿɬɢɱɧɿ ɿ ɝɪɚɮɨɚɧɚɥɿɬɢɱɧɿ ɦɟɬɨɞɢ. 
Ƚɪɚɮɨɚɧɚɥɿɬɢɱɧɿ ɦɟɬɨɞɢ ɚɧɚɥɨɝɿɱɧɿ ɬɢɦ ɳɨ ɦɢ ɪɨɡɝɥɹɞɚɥɢ 
ɞɥɹ ɜɚɠɿɥьɧɢɯ ɦɟɯɚɧɿɡɦɿɜ: ɦɟɬɨɞɢ ɞɿɚɝɪɚɦ ɬɚ ɩɥɚɧɿɜ. 
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Ⱥɧɚɥɿɡ ɦɟɬɨɞɨɦ ɞɿɚɝɪɚɦ 

Ɋɨɡɝɥɹɧɟɦɨ ɫɩɨɱɚɬɤɭ ɚɥɝɨɪɢɬɦ ɞɨɫɥɿɞɠɟɧɧɹ 

ɤɭɥɚɱɤɨɜɨɝɨ ɦɟɯɚɧɿɡɦɭ ɦɟɬɨɞɨɦ ɤɿɧɟɦɚɬɢɱɧɢɯ ɞɿɚɝɪɚɦ. 
ɇɚ ɡɚɩɪɨɩɨɧɨɜɚɧɿɣ ɤɿɧɟɦɚɬɢɱɧɿɣ ɫɯɟɦɿ ɤɭɥɚɱɤɨɜɨɝɨ 

ɦɟɯɚɧɿɡɦɭ (ɪɢɫ. 3.6, ɚ) ɪɨɡɦɿɬɢɦɨ ɩɟɪɟɦɿɳɟɧɧɹ ɬɨɱɤɢ Ⱥ 
ɲɬɨɜɯɚɱɚ, ɳɨ ɜɿɞɩɨɜɿɞɚє ɩɟɜɧɢɦ ɤɭɬɚɦ ɩɨɜɨɪɨɬɭ ɤɭɥɚɱɤɚ. 

Ⱦɥɹ ɰьɨɝɨ ɩɨɛɭɞɭєɦɨ ɤɨɥɨ ɡ ɰɟɧɬɪɨɦ ɜ ɬ. Ɉ, ɨɫɿ 
ɨɛɟɪɬɚɧɧɹ ɤɭɥɚɱɤɚ, ɪɚɞɿɭɫɨɦ ݎ = ʝА, ɳɨ ɜɿɞɩɨɜɿɞɚє 
ɧɚɣɦɟɧɲɨɦɭ ɪɚɞɿɭɫɭ ɤɪɢɜɢɡɧɢ ɩɪɨɮɿɥɸ ɤɭɥɚɱɤɚ. Ɍɚɤɟ ɤɨɥɨ 

ɧɚɡɢɜɚєɬьɫɹ ɨɫɧɨɜɧɢɦ (ɩɨɱɚɬɤɨɜɢɦ) ɤɨɥɨɦ ɤɭɥɚɱɤɚ. 
Ɋɨɡɞɿɥɢɦɨ ɨɬɪɢɦɚɧɟ ɤɨɥɨ ɧɚ ɞɨɜɿɥьɧɟ ɱɢɫɥɨ ɪɿɜɧɢɯ ɱɚɫɬɢɧ, 
ɜ ɧɚɲɨɦɭ ɩɪɢɤɥɚɞɿ – ɞɟɫɹɬь. ɑɟɪɟɡ ɬɨɱɤɢ ɪɨɡɛɢɬɬɹ 

ɩɪɨɜɟɞɟɦɨ ɩɪɨɦɟɧɿ ɡ ɬ. Ɉ ɿ ɞɨ ɩɟɪɟɬɢɧɭ ɡ ɩɪɨɮɿɥɟɦ ɤɭɥɚɱɤɚ. 

Ɉɬɪɢɦɭєɦɨ ɬɨɱɤɢ 1ʼ, 2ʼ, 3ʼ, ..., ɡ ɹɤɢɯ ɩɪɨɜɨɞɢɦɨ ɞɭɝɢ ɡ 

ɰɟɧɬɪɨɦ ɜ ɬ. Ɉ ɞɨ ɩɟɪɟɬɢɧɭ ɡ ɜɟɪɬɢɤɚɥьɧɨɸ ɥɿɧɿєɸ ɪɭɯɭ 
ɲɬɨɜɯɚɱɚ ɈȺ. Ɍɨɱɤɢ 1, 2, 3.., ɜɿɞɦɿɱɟɧɿ ɬɚɤɢɦ ɱɢɧɨɦ ɧɚ ɥɿɧɿʀ 
ɪɭɯɭ ɲɬɨɜɯɚɱɚ, ɡɨɛɪɚɠɚɸɬь ɩɨɥɨɠɟɧɧɹ ɬɨɱɤɢ ɤɨɧɬɚɤɬɭ Ⱥ 

ɩɪɢ ɜɿɞɩɨɜɿɞɧɨɦɭ ɩɨɜɨɪɨɬɿ ɤɭɥɚɱɤɚ. ȼɿɞɪɿɡɨɤ Ⱥ4 ɜɿɞɩɨɜɿɞɚє 

ɧɚɣɛɿɥьɲɨɦɭ ɩɟɪɟɦɿɳɟɧɧɸ ɲɬɨɜɯɚɱɚ (ɣɨɝɨ ɯɨɞɭ). 

 
Ɋɢɫ. 3.6. Ʉɿɧɟɦɚɬɢɱɧɢɣ ɚɧɚɥɿɡ ɤɭɥɚɱɤɨɜɢɯ ɦɟɯɚɧɿɡɦɿɜ ɦɟɬɨɞɨɦ 

ɞɿɚɝɪɚɦ 
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Ɉɬɪɢɦɚɜɲɢ ɡɧɚɱɟɧɧɹ ɩɟɪɟɦɿɳɟɧɧɹ ɬ. Ⱥ ɲɬɨɜɯɚɱɚ, ɜ 
ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɩɨɥɨɠɟɧɧɹ ɤɭɥɚɱɤɚ, ɩɨɛɭɞɭєɦɨ ɝɪɚɮɿɤ ʀʀ 
ɩɟɪɟɦɿɳɟɧɧɹ ɜ ɤɨɨɪɞɢɧɚɬɚɯ ܵ − ߮  (ɪɢɫ. 3.6, ɛ). 

ȼɿɞɤɥɚɞɟɦɨ ɧɚ ɨɫɿ ɚɛɫɰɢɫ ߮  ɤɭɬɢ ɩɨɜɨɪɨɬɭ ɤɭɥɚɱɤɚ, ɳɨ 
ɜɿɞɩɨɜɿɞɚɸɬь ɣɨɝɨ ɩɨɥɨɠɟɧɧɹɦ, ɜɿɞɦɿɱɟɧɢɦ ɧɚ 
ɤɿɧɟɦɚɬɢɱɧɿɣ ɞɿɚɝɪɚɦɿ, ɭ ɞɟɹɤɨɦɭ ɦɚɫɲɬɚɛɿ ߤ𝜑. Ʉɨɠɧɨɦɭ 
ɤɭɬɭ, ɜ ɫɜɨɸ ɱɟɪɝɭ ɜɿɞɩɨɜɿɞɚє ɤɨɧɤɪɟɬɧɟ ɩɟɪɟɦɿɳɟɧɧɹ ɬ. Ⱥ 
ɜɿɞ ɫɜɨɝɨ ɤɪɚɣɧьɨɝɨ ɧɢɠɧьɨɝɨ ɩɨɥɨɠɟɧɧɹ, ɹɤɟ ɜɿɞɤɥɚɞɚєɦɨ 

ɩɨ ɨɫɿ ɨɪɞɢɧɚɬ ɭ ɦɚɫɲɬɚɛɿ ߤௌ. əɤɳɨ ɩɟɪɟɦɿɳɟɧɧɹ 
ɩɟɪɟɧɨɫɢɬɢ ɛɟɡ ɡɦɿɧɢ ɦɚɫɲɬɚɛɭ ɬɨ ߤௌ ɛɭɞɟ ɪɿɜɧɢɦ ɦɚɫɲɬɚɛɭ 
ɩɨɛɭɞɨɜɢ ɩɪɨɮɿɥɸ ɤɭɥɚɱɤɚ ߤ. ɋɩɨɥɭɱɢɜɲɢ ɩɥɚɜɧɨɸ 
ɤɪɢɜɨɸ ɨɬɪɢɦɚɧɿ ɨɪɞɢɧɚɬɢ, ɨɬɪɢɦɚєɦɨ ɞɿɚɝɪɚɦɭ 
ɩɟɪɟɦɿɳɟɧɧɹ ɲɬɨɜɯɚɱɚ ɡɚ ɨɞɢɧ ɰɢɤɥ ɩɨɜɨɪɨɬɭ ɤɭɥɚɱɤɚ. 

Ⱦɿɚɝɪɚɦɢ ɚɧɚɥɨɝɿɜ ɲɜɢɞɤɨɫɬɿ ɬɚ ɩɪɢɫɤɨɪɟɧɧɹ 
ɲɬɨɜɯɚɱɚ (ɪɢɫ. 3.6, ɜ, ɝ) ɦɨɠɧɚ ɨɬɪɢɦɚɬɢ ɜɿɞɨɦɢɦɢ 
ɦɟɬɨɞɚɦɢ ɝɪɚɮɿɱɧɨɝɨ ɞɢɮɟɪɟɧɰɿɸɜɚɧɧɹ, ɩɨɛɭɞɨɜɚ ɹɤɢɯ 
ɪɨɡɝɥɹɞɚɥɚɫь ɞɟɬɚɥьɧɨ ɞɥɹ ɜɚɠɿɥьɧɢɯ ɦɟɯɚɧɿɡɦɿɜ ɭ ɪɨɡɞ. 2.3. 

Ɇɚɫɲɬɚɛ ɤɭɬɚ ɩɨɜɨɪɨɬɭ ɤɭɥɚɱɤɚ ߤ𝜑 = (߮˅ + ߮ˇ + ߮ː)ߨ/ͳͺͲ°݈ , ቀ˓˃ˇˏˏቁ. (3.1) 

Ɇɚɫɲɬɚɛ ɩɟɪɟɦɿɳɟɧɧɹ ߤ𝜑 = ,ߤ ቀ ˏˏˏ ቁ. (3.2) 

Ɇɚɫɲɬɚɛ ɚɧɚɥɨɝɿɜ ɲɜɢɞɤɨɫɬɟɣ ߤ𝑑௦𝑑𝜑 = ଵܪ𝜑ߤ௦ߤ , ቀ ˏˏˏ ቁ. (3.3) 

Ɇɚɫɲɬɚɛ ɚɧɚɥɨɝɿɜ ɩɪɢɫɤɨɪɟɧь ߤ𝑑మ௦𝑑𝜑మ = ଶܪ𝜑ߤ𝑑௦𝑑𝜑ߤ , ቀ ˏˏˏ ቁ. (3.4) 

Ɉɬɪɢɦɚɧɿ ɞɿɚɝɪɚɦɢ є ɫɚɦɟ ɚɧɚɥɨɝɚɦɢ ɜɿɞɩɨɜɿɞɧɢɯ 
ɤɿɧɟɦɚɬɢɱɧɢɯ ɞɿɚɝɪɚɦ, ɚɞɠɟ ɨɬɪɢɦɭɸɬьɫɹ, ɹɤ ɮɭɧɤɰɿɹ ɜɿɞ 
ɤɭɬɚ ɩɨɜɨɪɨɬɭ ɤɭɥɚɱɤɚ ߮, ɚ ɧɟ ɱɚɫɭ ݐ. Ɉɞɧɚɤ, ɹɤɳɨ 
ɜɪɚɯɨɜɭɜɚɬɢ ɩɪɢɩɭɳɟɧɧɹ, ɳɨ ɪɭɯ ɤɭɥɚɱɤɚ ɭɫɬɚɥɟɧɢɣ, ɡ 
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ɩɨɫɬɿɣɧɨɸ ɤɭɬɨɜɨɸ ɲɜɢɞɤɿɫɬɸ ߱ଵ, ɬɨ ɦɨɠɧɚ ɥɟɝɤɨ ɩɟɪɟɣɬɢ 
ɞɨ ɮɭɧɤɰɿʀ ɱɚɫɭ ɱɟɪɟɡ ɦɚɫɲɬɚɛɢ. 

Ɇɚɫɲɬɚɛ ɲɜɢɞɤɨɫɬɿ ߤ௩ = ߱ଵߤ𝑑௦𝑑𝜑, (ˏ/ܿˏˏ). (3.5) 

Ɇɚɫɲɬɚɛ ɩɪɢɫɤɨɪɟɧɧɹ  ߤ = ߱ଵଶߤ𝑑మ௦𝑑𝜑మ , ቆˏ/ܿଶˏˏ ቇ. (3.6) 

Ⱥɧɚɥɿɡ ɦɟɬɨɞɨɦ ɩɥɚɧɿɜ 

əɤɳɨ ɩɨɬɪɿɛɧɨ ɜɢɡɧɚɱɢɬɢ ɜɟɥɢɱɢɧɭ ɲɜɢɞɤɨɫɬɿ ɬɚ 
ɩɪɢɫɤɨɪɟɧɧɹ ɲɬɨɜɯɚɱɚ ɜ ɤɨɧɤɪɟɬɧɨɦɭ ɩɨɥɨɠɟɧɧɿ 
ɤɭɥɚɱɤɨɜɨɝɨ ɦɟɯɚɧɿɡɦɭ, ɡɚɫɬɨɫɨɜɭɸɬь ɦɟɬɨɞ ɩɥɚɧɿɜ. Ⱦɥɹ 
ɰьɨɝɨ ɩɨɬɪɿɛɧɨ ɩɨɛɭɞɭɜɚɬɢ ɡɚɦɿɧɸɸɱɢɣ ɦɟɯɚɧɿɡɦ, ɬɨɛɬɨ 
ɤɿɧɟɦɚɬɢɱɧɭ ɩɚɪɭ ȱV ɤɥɚɫɭ ɭɦɨɜɧɨ ɡɚɦɿɧɢɬɢ ɤɿɧɟɦɚɬɢɱɧɢɦɢ 
ɩɚɪɚɦɢ V ɤɥɚɫɭ. Ⱦɥɹ ɤɨɠɧɨɝɨ ɩɨɥɨɠɟɧɧɹ ɤɭɥɚɱɤɨɜɨɝɨ 
ɦɟɯɚɧɿɡɦɭ ɛɭɞɭєɬьɫɹ ɨɤɪɟɦɢɣ ɡɚɦɿɧɸɸɱɢɣ ɦɟɯɚɧɿɡɦ. 
ɋɩɨɱɚɬɤɭ ɡɧɚɯɨɞɢɬьɫɹ ɰɟɧɬɪ ɤɪɢɜɢɡɧɢ ɩɪɨɮɿɥɸ ɤɭɥɚɱɤɚ ɜ 
ɦɿɫɰɿ ɣɨɝɨ ɤɨɧɬɚɤɬɭ ɡ ɲɬɨɜɯɚɱɟɦ. ȼ ɨɬɪɢɦɚɧɨɦɭ ɰɟɧɬɪɿ 
ɤɪɢɜɢɡɧɢ (ɬ. Ⱥ ɧɚ ɪɢɫ. 3.7, ɚ), ɬɚ ɜ ɰɟɧɬɪɿ ɪɨɥɢɤɚ ɫɬɚɜɥɹɬьɫɹ 

ɨɛɟɪɬɚɥьɧɿ ɤɿɧɟɦɚɬɢɱɧɿ ɩɚɪɢ V ɤɥɚɫɭ ɿ ɡʼєɞɧɚɸɬьɫɹ ɦɿɠ 
ɫɨɛɨɸ. Ɂʼєɞɧɭєɦɨ ɰɟɧɬɪ ɨɛɟɪɬɚɧɧɹ ɤɭɥɚɱɤɚ (ɬ. Ɉ) ɡ ɬ. Ⱥ. 

Ɉɬɪɢɦɚєɦɨ ɡɚɦɿɧɸɸɱɢɣ ɦɟɯɚɧɿɡɦ. 

 
Ɋɢɫ. 3.7. Ʉɿɧɟɦɚɬɢɱɧɢɣ ɚɧɚɥɿɡ ɤɭɥɚɱɤɨɜɢɯ ɦɟɯɚɧɿɡɦɿɜ ɦɟɬɨɞɨɦ 

ɩɥɚɧɿɜ 
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Ɂɚɬɢɦ ɛɭɞɭєɦɨ ɩɥɚɧ ɲɜɢɞɤɨɫɬɟɣ ɜ ɦɚɫɲɬɚɛɿ ߤ௩ ɬɚ ɩɥɚɧ 
ɩɪɢɫɤɨɪɟɧь ɜ ɦɚɫɲɬɚɛɿ ߤ (ɪɢɫ. 3.7, ɛ, ɜ) ɞɥɹ ɡɚɦɿɧɸɸɱɨɝɨ 
ɦɟɯɚɧɿɡɦɭ, ɚɧɚɥɨɝɿɱɧɨ ɩɨɛɭɞɨɜɿ ɞɥɹ ɡɜɢɱɚɣɧɨɝɨ 
ɤɪɢɜɨɲɢɩɧɨ-ɲɚɬɭɧɧɨɝɨ ɦɟɯɚɧɿɡɦɭ, ɜɢɤɥɚɞɟɧɢɦ ɩɪɢ 
ɤɿɧɟɦɚɬɢɱɧɨɦɭ ɞɨɫɥɿɞɠɟɧɧɿ ɜɚɠɿɥьɧɢɯ ɦɟɯɚɧɿɡɦɿɜ (ɞɢɜ. 
ɪɨɡɞ. 2.4). 

ȼɢɡɧɚɱɢɦɨ ɲɜɢɞɤɿɫɬь ɬɨɱɤɢ Ⱥ ܸ = ߱ଵ݈ை. (3.7) 

ȼɢɡɧɚɱɢɦɨ ɲɜɢɞɤɿɫɬь ɬɨɱɤɢ ȼ {ܸ⃗  = ܸ⃗  + ܸ⃗ ;ܸ⃗  ∥ ݕ −  (3.8)         .ݕ

ȼɢɡɧɚɱɢɦɨ ɩɪɢɫɤɨɪɟɧɧɹ ɬɨɱɤɢ Ⱥ ܽ = ߱ଵଶ݈ை. (3.9) 

ȼɢɡɧɚɱɢɦɨ ɩɪɢɫɤɨɪɟɧɧɹ ɬɨɱɤɢ ȼ  {  ܽ =  ܽ +  ܽ +  ܽ𝜏 ; ܽ ∥ ݕ −  (3.10)                     .ݕ

Ʉɿɧɟɦɚɬɢɱɧɟ ɞɨɫɥɿɞɠɟɧɧɹ ɤɭɥɚɱɤɨɜɢɯ ɦɟɯɚɧɿɡɦɿɜ 
ɦɨɠɧɚ ɩɪɨɜɨɞɢɬɢ ɬɚɤɨɠ ɿ ɚɧɚɥɿɬɢɱɧɢɦɢ ɦɟɬɨɞɚɦɢ. ȼɨɧɢ 
ɛɚɡɭɸɬьɫɹ ɧɚ ɭɡɝɨɞɠɟɧɧɿ ɪɭɯɿɜ ɥɚɧɨɤ ɞɥɹ ɡɚɦɿɧɸɸɱɨɝɨ 
ɦɟɯɚɧɿɡɦɭ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɬɪɢɝɨɧɨɦɟɬɪɢɱɧɢɯ ɮɭɧɤɰɿɣ, 

ɚɧɚɥɨɝɿɱɧɨ ɚɧɚɥɿɬɢɱɧɨɦɭ ɞɨɫɥɿɞɠɟɧɧɸ ɜɿɞɩɨɜɿɞɧɢɯ 
ɜɚɠɿɥьɧɢɯ ɦɟɯɚɧɿɡɦɿɜ. 

 

3.2. ɋɢɧɬɟɡ ɤɭɥɚɱɤɨɜɢɯ ɦɟɯɚɧɿɡɦɿɜ 

3.2.1. Ʉɿɧɟɦɚɬɢɱɧɢɣ ɫɢɧɬɟɡ ɤɭɥɚɱɤɨɜɢɯ ɦɟɯɚɧɿɡɦɿɜ ɡ 
ɪɨɥɢɤɨɜɢɦ ɬɚ ɬɚɪɿɥɱɚɫɬɢɦ ɲɬɨɜɯɚɱɚɦɢ 

Ʉɿɧɟɦɚɬɢɱɧɢɣ ɫɢɧɬɟɡ ɤɭɥɚɱɤɨɜɢɯ ɦɟɯɚɧɿɡɦɿɜ 
ɜɢɤɨɧɭєɬьɫɹ ɬɨɞɿ, ɤɨɥɢ ɩɨɫɬɚє ɡɚɞɚɱɚ ɫɬɜɨɪɢɬɢ ɧɨɜɢɣ 
ɦɟɯɚɧɿɡɦ, ɹɤɢɣ ɡɚɛɟɡɩɟɱɭɜɚɜ ɛɢ ɧɟɨɛɯɿɞɧɢɣ ɡɚɤɨɧ ɪɭɯɭ 
ɲɬɨɜɯɚɱɚ. ȼɢɯɿɞɧɢɦɢ ɞɚɧɢɦɢ ɜ ɬɚɤɨɦɭ ɜɢɩɚɞɤɭ ɛɭɞɭɬь: 

• ɯɿɞ ɲɬɨɜɯɚɱɚ; 
• ɧɚɣɦɟɧɲɢɣ (ɩɨɱɚɬɤɨɜɢɣ) ɪɚɞɿɭɫ ɩɪɨɮɿɥɸ ɤɭɥɚɱɤɚ ݎ; 

• ɮɚɡɨɜɿ ɤɭɬɢ ߮˅, ߮ˇ, ߮ː; 
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• ɡɚɤɨɧ ɪɭɯɭ ɲɬɨɜɯɚɱɚ; 
• ɡɚɤɨɧ ɪɭɯɭ ɤɭɥɚɱɤɚ. 
ɇɚ ɪɢɫ. 3.8 ɭ ɩɟɜɧɨɦɭ ɦɚɫɲɬɚɛɿ (ߤௌ, ߤ𝜑) ɩɨɛɭɞɨɜɚɧɨ 

ɞɿɚɝɪɚɦɭ ɩɟɪɟɦɿɳɟɧь ɲɬɨɜɯɚɱɚ. 

ɇɚ ɨɫɿ ɚɛɫɰɢɫ ɜɿɞɤɥɚɞɟɧɿ ɮɚɡɨɜɿ ɤɭɬɢ: ɜɿɞɞɚɥɟɧɧɹ ߮˅, 

ɞɚɥьɧьɨɝɨ ɜɢɫɬɨɸ ߮ˇ, ɧɚɛɥɢɠɟɧɧɹ ߮ː. Ʉɪɢɜɚ ɩɟɪɟɦɿɳɟɧɧɹ 
ɫɤɥɚɞɚєɬьɫɹ ɡ ɨɪɞɢɧɚɬ ɩɟɪɟɦɿɳɟɧь ɲɬɨɜɯɚɱɚ ɧɚ ɤɨɠɧɨɦɭ 
ɮɚɡɨɜɨɦɭ ɤɭɬɿ. Ɂɚɞɚɱɟɸ ɫɢɧɬɟɡɭ є ɩɨɛɭɞɨɜɚ ɩɪɨɮɿɥɸ 
ɤɭɥɚɱɤɚ, ɳɨ ɡɚɛɟɡɩɟɱɢɬь ɧɚɜɟɞɟɧɢɣ ɝɪɚɮɿɱɧɨ ɡɚɤɨɧ ɪɭɯɭ. 
Ɋɨɡɞɿɥɢɦɨ ɮɚɡɨɜɿ ɤɭɬɢ ߮˅ ɿ ߮ː ɧɚ ɞɟɤɿɥьɤɚ ɪɿɜɧɢɯ ɩɪɨɦɿɠɤɿɜ, 

ɜ ɞɚɧɨɦɭ ɩɪɢɤɥɚɞɿ – ɩɨ ɱɨɬɢɪɢ. ɉɨɡɧɚɱɢɦɨ ɨɬɪɢɦɚɧɿ ɧɚ ɨɫɿ 
ɚɛɫɰɢɫ ɬɨɱɤɢ 0, 1, 2, 3, .... Ɉɪɞɢɧɚɬɢ ɤɪɢɜɨʀ ɩɟɪɟɦɿɳɟɧɧɹ ɭ 
ɬɨɱɤɚɯ 1, 2, 3... ɩɨɡɧɚɱɢɦɨ, ɜɿɞɩɨɜɿɞɧɨ, 1ʼ, 2ʼ, 3ʼ, …. Ɂ 
ɞɿɚɝɪɚɦɢ ɜɢɞɧɨ, ɳɨ ɹɤɳɨ ɤɭɥɚɱɨɤ ɩɨɜɟɪɬɚєɬьɫɹ ɿɡ 
ɩɨɥɨɠɟɧɧɹ 0 ɜ ɩɨɥɨɠɟɧɧɹ 1 (ɧɚ ɤɭɬ ߮, ɳɨ ɜɿɞɩɨɜɿɞɚє 
ɜɿɞɪɿɡɤɭ 0-1 ɜ ɦɚɫɲɬɚɛɿ ߤ𝜑), ɬɨ ɲɬɨɜɯɚɱ ɜɿɞɞɚɥɢɬьɫɹ ɜɿɞ 
ɧɚɣɧɢɠɱɨɝɨ ɩɨɥɨɠɟɧɧɹ ɧɚ ɜɟɥɢɱɢɧɭ ɜɿɞɪɿɡɤɚ 1-1ʼ ɜ 
ɦɚɫɲɬɚɛɿ ߤௌ. Ɂɦɿɳɟɧɧɹ ɲɬɨɜɯɚɱɚ ɜ ɩɨɥɨɠɟɧɧɿ 2 ɬɨɞɿ ɛɭɞɟ 
ɪɿɜɧɟ 2-2ʼ ɿ ɬ.ɞ. 

 
Ɋɢɫ. 3.8. Ⱦɿɚɝɪɚɦɚ ɩɟɪɟɦɿɳɟɧь ɲɬɨɜɯɚɱɚ 

 

Ƚɪɚɮɿɱɧɨ, ɩɨɛɭɞɨɜɚ ɩɪɨɮɿɥɸ ɤɭɥɚɱɤɚ ɜɢɤɨɧɭєɬьɫɹ 

ɦɟɬɨɞɨɦ ɨɛɟɪɧɟɧɨɝɨ ɪɭɯɭ, ɹɤɢɣ ɳɟ ɧɚɡɢɜɚєɬьɫɹ ɦɟɬɨɞɨɦ 
ɿɧɜɟɪɫɿʀ. ɉɨɥɹɝɚє ɜɿɧ ɭ ɬɨɦɭ, ɳɨ ɦɢ ɧɚɞɚєɦɨ ɜɫьɨɦɭ 

ɤɭɥɚɱɤɨɜɨɦɭ ɦɟɯɚɧɿɡɦɭ ɤɭɬɨɜɭ ɲɜɢɞɤɿɫɬь − ߱ˍ (ɪɿɜɧɭ ɡɚ 
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ɜɟɥɢɱɢɧɨɸ ɤɭɬɨɜɿɣ ɲɜɢɞɤɨɫɬɿ ɤɭɥɚɱɤɚ, ɚɥɟ ɨɛɟɪɧɟɧɭ ɡɚ 
ɧɚɩɪɹɦɤɨɦ). ȼ ɪɟɡɭɥьɬɚɬɿ ɤɭɥɚɱɨɤ ɭɦɨɜɧɨ ɡɭɩɢɧɢɬьɫɹ, ɚ 
ɲɬɨɜɯɚɱ ɧɚɜɩɚɤɢ – ɨɛɟɪɬɚɬɢɦɟɬьɫɹ ɧɚɜɤɨɥɨ ɤɭɥɚɱɤɚ ɡ 
ɤɭɬɨɜɨɸ ɲɜɢɞɤɿɫɬɸ ߱ˍ ɜ ɧɚɩɪɹɦɿ, ɩɪɨɬɢɥɟɠɧɨɦɭ 
ɨɛɟɪɬɚɧɧɸ ɤɭɥɚɱɤɚ, ɨɩɢɫɭɸɱɢ ɩɪɢ ɰьɨɦɭ ɣɨɝɨ ɩɪɨɮɿɥь. 

Ɇɟɬɨɞɢɤɚ ɩɨɛɭɞɨɜɢ ɩɪɨɮɿɥɸ ɤɭɥɚɱɤɚ ɜɿɞɪɿɡɧɹєɬьɫɹ 
ɡɚɥɟɠɧɨ ɜɿɞ ɤɨɧɫɬɪɭɤɰɿʀ ɲɬɨɜɯɚɱɚ. Ɋɨɡɝɥɹɧɟɦɨ ɫɩɨɱɚɬɤɭ 

ɩɪɨɮɿɥɸɜɚɧɧɹ ɤɭɥɚɱɤɨɜɨɝɨ ɦɟɯɚɧɿɡɦɭ ɡ ɪɨɥɢɤɨɜɢɦ 
ɲɬɨɜɯɚɱɟɦ. 

ɋɩɨɱɚɬɤɭ ɡɚɞɚєɦɨɫь ɬɨɱɤɨɸ Ɉ – ɜɿɫɫɸ ɨɛɟɪɬɚɧɧɹ 
ɤɭɥɚɱɤɚ. Ɂ ɰɟɧɬɪɨɦ ɜ ɬ. Ɉ ɛɭɞɭєɦɨ ɨɫɧɨɜɧɟ (ɩɨɱɚɬɤɨɜɟ) ɤɨɥɨ 

ɡɚ ɜɿɞɨɦɢɦ ɩɨɱɚɬɤɨɜɢɦ ɪɚɞɿɭɫɨɦ ɩɪɨɮɿɥɸ ɤɭɥɚɱɤɚ ݎ ɜ 
ɦɚɲɢɧɨɛɭɞɿɜɧɨɦɭ ɦɚɫɲɬɚɛɿ (ɪɢɫ. 3.9, ɚ). 

 
Ɋɢɫ. 3.9. ɉɪɨɮɿɥɸɜɚɧɧɹ ɤɭɥɚɱɤɚ 

 

Ɉɬɠɟ, ɲɬɨɜɯɚɱ ɭɦɨɜɧɨ ɨɛɟɪɬɚєɬьɫɹ ɧɚɜɤɨɥɨ ɨɫɧɨɜɧɨɝɨ 
ɤɨɥɚ ɩɪɨɮɿɥɸ ɤɭɥɚɱɤɚ, ɿ ɩɪɢ ɰьɨɦɭ ɬ. А (ɩɨɡɧɚɱɟɧɚ ɧɚ 
ɲɬɨɜɯɚɱɿ) ɡɦɿɳɭєɬьɫɹ ɜɿɞɧɨɫɧɨ ɨɫɧɨɜɧɨɝɨ ɤɨɥɚ ɜ 
ɪɚɞɿɚɥьɧɨɦɭ ɧɚɩɪɹɦɤɭ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɞɿɚɝɪɚɦɢ ɩɟɪɟɦɿɳɟɧь 

ɲɬɨɜɯɚɱɚ (ɪɢɫ. 3.8). Ɍɪɚєɤɬɨɪɿɹ ɬ. А ɨɩɢɲɟ ɧɟɨɛɯɿɞɧɢɣ 
ɬɟɨɪɟɬɢɱɧɢɣ ɩɪɨɮɿɥь ɤɭɥɚɱɤɚ.  
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Ⱦɥɹ ɩɨɛɭɞɨɜɢ ɰɿєʀ ɬɪɚєɤɬɨɪɿʀ, ɜɿɞɤɥɚɞɟɦɨ ɩɪɨɦɟɧɹɦɢ ɡ 
ɬ. Ɉ ɮɚɡɨɜɿ ɤɭɬɢ ߮˅, ߮ˇ, ߮ː. ɩɨɱɢɧɚɸɱɢ ɜɿɞ ɩɪɨɦɟɧɹ ʝА ɜ 
ɧɚɩɪɹɦɿ, ɡɜɨɪɨɬɧɨɦɭ ɧɚɩɪɹɦɭ ɨɛɟɪɬɚɧɧɸ ɤɭɥɚɱɤɚ. 

Ⱦɨɞɚɬɤɨɜɨ ɩɨɞɿɥɢɦɨ ɤɭɬɢ ߮˅ ɿ ߮ː ɧɚ ɫɬɿɥьɤɢ ɪɿɜɧɢɯ ɱɚɫɬɢɧ, 

ɧɚ ɫɤɿɥьɤɢ ɩɨɞɿɥɟɧɿ ɜɿɞɩɨɜɿɞɧɿ ʀɦ ɩɪɨɦɿɠɤɢ ɧɚ ɨɫɿ ɚɛɫɰɢɫ 

ɞɿɚɝɪɚɦɢ ɩɟɪɟɦɿɳɟɧɧɹ ɲɬɨɜɯɚɱɚ (ɪɢɫ. 3.8), ɭ ɧɚɲɨɦɭ 
ɩɪɢɤɥɚɞɿ ɧɚ ɱɨɬɢɪɢ. ȼ ɦɿɫɰɹɯ ɩɟɪɟɬɢɧɭ ɩɨɛɭɞɨɜɚɧɢɯ 
ɩɪɨɦɟɧɿɜ ɬɚ ɨɫɧɨɜɧɨɝɨ ɤɨɥɚ ɨɬɪɢɦɭєɦɨ ɬɨɱɤɢ 1, 2, 3, ... . 

ȼɿɞ ɨɬɪɢɦɚɧɢɯ ɬɨɱɨɤ ɩɟɪɟɬɢɧɭ ɧɚ ɤɨɠɧɨɦɭ ɩɪɨɦɟɧɿ 
Ɉ1, Ɉ2, Ɉ3, ... ɭ ɧɚɩɪɹɦɤɭ ɜɿɞɞɚɥɟɧɧɹ ɜɿɞ ɬ. Ɉ ɜɿɞɤɥɚɞɟɦɨ 
ɩɟɪɟɦɿɳɟɧɧɹ ɲɬɨɜɯɚɱɚ 1-1ʼ, 2-2ʼ, 3-3ʼ, … ɜɡɹɬɿ ɿɡ ɞɿɚɝɪɚɦɢ 
ɩɟɪɟɦɿɳɟɧɧɹ (ɪɢɫ. 3.8) ɞɥɹ ɜɿɞɩɨɜɿɞɧɢɯ ɩɨɥɨɠɟɧь (ɡ 
ɜɪɚɯɭɜɚɧɧɹɦ ɦɚɫɲɬɚɛɿɜ ɞɿɚɝɪɚɦɢ ɿ ɩɨɛɭɞɨɜɢ). Ɂʼєɞɧɚєɦɨ 
ɩɥɚɜɧɨɸ ɤɪɢɜɨɸ ɨɬɪɢɦɚɧɿ ɧɚ ɜɿɞɩɨɜɿɞɧɢɯ ɩɪɨɦɟɧɹɯ ɬɨɱɤɢ 
1ʼ, 2ʼ, 3ʼ, … ɬɚ ɨɬɪɢɦɚєɦɨ ɱɚɫɬɢɧɭ ɩɪɨɮɿɥɹ ɤɭɥɚɱɤɚ ɧɚ ɤɭɬɚɯ ߮˅ ɿ ߮ː. ɉɪɨɮɿɥɿ ɤɭɥɚɱɤɚ ɜ ɦɟɠɚɯ ɮɚɡ ɞɚɥьɧьɨɝɨ ߮ˇ ɿ 
ɛɥɢɠɧьɨɝɨ ɜɢɫɬɨɸ ߮˄ ɛɭɞɭɬь ɨɩɢɫɭɜɚɬɢ ɞɭɝɢ ɤɿɥ ɡ ɰɟɧɬɪɨɦ 
ɜ ɬ. Ɉ, ɪɚɞɿɭɫɚɦɢ 04ʼ ɿ 0Ⱥ0. Ɇɚєɦɨ ɩɨɜɧɢɣ ɬɟɨɪɟɬɢɱɧɢɣ 
ɩɪɨɮɿɥь ɤɭɥɚɱɤɚ, ɩɪɢ ɨɛɟɪɬɚɧɧɿ ɹɤɨɝɨ ɡ ߱ˍ, ɬɨɱɤɚ ɲɬɨɜɯɚɱɚ 
Ⱥ0 ɪɭɯɚɬɢɦɟɬьɫɹ ɡɚ ɡɚɞɚɧɢɦ ɧɚ ɞɿɚɝɪɚɦɿ (ɪɢɫ. 3.8) ɡɚɤɨɧɨɦ 

ɪɭɯɭ. 

ȼ ɧɚɲɨɦɭ ɩɪɢɤɥɚɞɿ ɲɬɨɜɯɚɱ ɦɿɫɬɢɬь ɪɨɥɢɤ, ɬɨɦɭ 

ɩɪɚɤɬɢɱɧɢɣ (ɤɨɧɫɬɪɭɤɬɢɜɧɢɣ) ɩɪɨɮɿɥь ɤɭɥɚɱɤɚ 
ɜɿɞɪɿɡɧɹɬɢɦɟɬьɫɹ ɜɿɞ ɬɟɨɪɟɬɢɱɧɨɝɨ, ɚ ɫɚɦɟ ɛɭɞɟ 
ɟɤɜɿɞɢɫɬɚɧɬɧɢɦ ɣɨɦɭ ɧɚ ɜɟɥɢɱɢɧɭ ɪɚɞɿɭɫɚ ɪɨɥɢɤɚ. 

Ɋɚɞɿɭɫ ݎ𝑝 ɪɨɥɢɤɚ ɩɪɢɣɦɚєɬьɫɹ: ݎ𝑝 = ሺͲ,͵…Ͳ,Ͷሻݎ. (3.11) 

Ɉɛɤɚɬɭɸɱɢ ɬɟɩɟɪ ɲɬɨɜɯɚɱ ɪɚɡɨɦ ɡ ɪɨɥɢɤɨɦ ɩɨ 
ɬɟɨɪɟɬɢɱɧɨɦɭ ɩɪɨɮɿɥɸ ɤɭɥɚɱɤɚ, ɬɚɤ ɳɨɛ ɲɚɪɧɿɪ ɪɨɥɢɤɚ 
ɪɭɯɚɜɫɹ ɩɨ ɬɟɨɪɟɬɢɱɧɨɦɭ ɩɪɨɮɿɥɿ, ɨɬɪɢɦɭєɦɨ ɩɪɚɤɬɢɱɧɢɣ 
(ɤɨɧɫɬɪɭɤɬɢɜɧɢɣ) ɩɪɨɮɿɥь, ɹɤ ɤɪɢɜɭ ɩɨ ɹɤɿɣ ɭɦɨɜɧɨ 
ɤɨɬɢɬьɫɹ ɪɨɥɢɤ ɩɪɢ ɬɚɤɨɦɭ ɪɭɫɿ. 

ɉɪɢ ɜɢɤɨɪɢɫɬɚɧɧɿ ɿɧɠɟɧɟɪɧɢɯ ɋȺɉɊ ɰɹ ɩɨɛɭɞɨɜɚ 
ɜɢɤɨɧɭєɬьɫɹ ɡ ɜɢɤɨɪɢɫɬɚɧɧɹɦ ɜɛɭɞɨɜɚɧɨʀ ɮɭɧɤɰɿʀ 
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«ɩɨɛɭɞɨɜɚ ɟɤɜɢɞɢɫɬɚɧɬɢ» ɡ ɩɚɪɚɦɟɬɪɨɦ ɡɦɿɳɟɧɧɹ ɪɿɜɧɢɦ 
ɪɚɞɿɭɫɭ ɪɨɥɢɤɚ ݎ𝑝. ɉɪɢ ɪɭɱɧɨɦɭ ɜɢɤɨɧɚɧɧɹ ɦɨɠɧɚ 

ɩɨɛɭɞɭɜɚɬɢ ɫɭɤɭɩɧɿɫɬь ɞɨɩɨɦɿɠɧɢɯ ɤɿɥ ɡ ɰɟɧɬɪɚɦɢ ɧɚ 
ɬɟɨɪɟɬɢɱɧɨɦɭ ɩɪɨɮɿɥɿ ɿ ɜɩɢɫɚɬɢ ɩɪɨɮɿɥь ɩɥɚɜɧɨɸ ɤɪɢɜɨɸ, 
ɳɨ ɩɥɚɜɧɨ ɞɨɬɢɤɚєɬьɫɹ ɞɨ ɜɫɿɯ ɤɿɥ ɭ ɬɨɱɤɚɯ, ɳɨ ɧɚɣɛɥɢɠɱɿ 
ɞɨ ɰɟɧɬɪɚ ɨɛɟɪɬɚɧɧɹ ɤɭɥɚɱɤɚ. 

Ɉɩɢɫɚɧɢɣ ɜɢɳɟ ɚɥɝɨɪɢɬɦ ɜɿɞɧɨɫɢɬьɫɹ ɞɨ ɩɨɛɭɞɨɜɚ 
ɰɟɧɬɪɚɥьɧɨɝɨ ɤɭɥɚɱɤɨɜɨɝɨ ɦɟɯɚɧɿɡɦɭ, ɜ ɹɤɨɝɨ ɥɿɧɿɹ ɪɭɯɭ 
ɲɬɨɜɯɚɱɚ ɩɪɨɯɨɞɢɬь ɱɟɪɟɡ ɰɟɧɬɪ ɨɛɟɪɬɚɧɧɹ ɤɭɥɚɱɤɚ  

Ɋɨɡɝɥɹɧɟɦɨ ɩɪɨɮɿɥɸɜɚɧɧɹ ɤɭɥɚɱɤɨɜɨɝɨ ɦɟɯɚɧɿɡɦɭ ɡ 
ɬɚɪɿɥɱɚɫɬɢɦ ɲɬɨɜɯɚɱɟɦ, ɞɥɹ ɜɢɩɚɞɤɭ, ɤɨɥɢ ɥɿɧɿɹ ɪɭɯɭ 

ɲɬɨɜɯɚɱɚ ɡɦɿɳɟɧɚ ɜɿɞɧɨɫɧɨ ɨɫɿ ɨɛɟɪɬɚɧɧɹ ɤɭɥɚɱɤɚ 
(ɤɭɥɚɱɤɨɜɢɣ ɦɟɯɚɧɿɡɦ ɡ ɟɤɫɰɟɧɬɪɢɫɢɬɟɬɨɦ). 

ȼɢɤɨɪɢɫɬɚєɦɨ ɦɟɬɨɞ ɿɧɜɟɪɫɿʀ, ɹɤ ɿ ɞɥɹ ɩɨɩɟɪɟɞɧьɨɝɨ 
ɩɪɢɤɥɚɞɭ. Ɂ ɰɟɧɬɪɨɦ ɜ ɬ. Ɉ ɩɨɛɭɞɭєɦɨ ɜ ɞɟɹɤɨɦɭ ɦɚɫɲɬɚɛɿ 
ɞɜɚ ɤɨɥɚ: ɩɨɱɚɬɤɨɜɟ, ɪɚɞɿɭɫɨɦ ݎ = ʝА, ɬɚ ɤɨɥɨ 
ɟɤɫɰɟɧɬɪɢɫɢɬɟɬɭ, ɪɚɞɿɭɫɨɦ ɟ (ɪɢɫ. 3.9, ɛ). Ⱥɧɚɥɨɝɿɱɧɨ 
ɩɨɛɭɞɨɜɿ ɩɪɨɮɿɥɸ ɜ ɩɨɩɟɪɟɞɧьɨɦɭ ɩɪɢɤɥɚɞɿ ɪɨɡɛɢɜɚєɦɨ 
ɩɨɱɚɬɤɨɜɟ ɤɨɥɨ ɪɚɞɿɚɥьɧɢɦɢ ɩɪɨɦɟɧɹɦɢ, ɩɨɱɢɧɚɸɱɢ ɜɿɞ 
ɩɪɨɦɟɧɹ ɈȺ0, ɧɚ ɤɭɬɢ ߮ ˅, ߮ ˇ, ߮ ː, ɚ ɮɚɡɨɜɿ ɤɭɬɢ ߮ ˅ ɿ ߮ ː ɜ ɫɜɨɸ 
ɱɟɪɝɭ ɧɚ ɱɨɬɢɪɢ, ɞɥɹ ɧɚɲɨɝɨ ɩɪɢɤɥɚɞɭ, ɪɿɜɧɿ ɱɚɫɬɢɧɢ. 

Ɉɬɪɢɦɚєɦɨ ɧɚ ɩɨɱɚɬɤɨɜɨɦɭ ɤɨɥɿ ɬɨɱɤɢ 1,2,3 ... . ɑɟɪɟɡ ɬɨɱɤɢ 
1, 2, 3 ... ɨɩɭɫɤɚєɦɨ ɞɨɬɢɱɧɿ ɧɚ ɤɨɥɨ ɟɤɫɰɟɧɬɪɢɫɢɬɟɬɭ. 
ɉɟɪɟɦɿɳɟɧɧɹ ɲɬɨɜɯɚɱɚ 1-1ʼ, 2-2ʼ, 3-3ʼ, ... ɡɚɞɚɧɿ ɧɚ ɞɿɚɝɪɚɦɿ 
ɩɟɪɟɦɿɳɟɧь (ɪɢɫ. 3.8) ɛɭɞɟɦ ɜɿɞɤɥɚɞɚɬɢ ɫɚɦɟ ɧɚ ɰɢɯ 
ɞɨɬɢɱɧɢɯ, ɭ ɜɿɞɩɨɜɿɞɧɢɯ ɩɨɥɨɠɟɧɧɹɯ. ȼ ɨɬɪɢɦɚɧɢɯ ɬɨɱɤɚɯ 
1ʼ, 2ʼ, 3ʼ ... ɩɪɨɜɟɞɟɦɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɢ ɞɨ ɜɿɞɩɨɜɿɞɧɢɯ 
ɞɨɬɢɱɧɢɯ, ɳɨ ɜɿɞɨɛɪɚɠɚɬɢɦɭɬь ɩɨɥɨɠɟɧɧɹ ɬɚɪɿɥɤɢ 

ɲɬɨɜɯɚɱɚ ɩɪɢ ɤɨɧɤɪɟɬɧɢɯ ɤɭɬɚɯ ɩɨɜɨɪɨɬɭ ɤɭɥɚɱɤɚ. 

ɉɟɪɩɟɧɞɢɤɭɥɹɪɢ ɭɬɜɨɪɹɬь ɡɚɦɤɧɭɬɭ ɜɧɭɬɪɿɲɧɸ ɨɛɥɚɫɬь ɭ 
ɜɢɝɥɹɞɿ ɛɚɝɚɬɨɤɭɬɧɢɤɚ. ɉɥɚɜɧɚ ɤɪɢɜɚ, ɜɩɢɫɚɧɚ ɜ ɞɚɧɢɣ 

ɛɚɝɚɬɨɤɭɬɧɢɤ, ɿ ɞɚɫɬь ɧɚɦ ɬɟɨɪɟɬɢɱɧɢɣ ɩɪɨɮɿɥь ɤɭɥɚɱɤɚ. 

Ⱦɥɹ ɤɭɥɚɱɤɨɜɨɝɨ ɦɟɯɚɧɿɡɦɭ ɡ ɬɚɪɿɥɱɚɫɬɢɦ ɲɬɨɜɯɚɱɟɦ, 
ɬɟɨɪɟɬɢɱɧɢɣ ɩɪɨɮɿɥь ɫɩɿɜɩɚɞɚє ɡ ɤɨɧɫɬɪɭɤɬɢɜɧɢɦ. 
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3.2.2. Ʉɭɬ ɬɢɫɤɭ ɬɚ ɤɭɬ ɩɟɪɟɞɚɱɿ ɪɭɯɭ 

ɉɪɢ ɚɧɚɥɿɡɿ ɿ ɫɢɧɬɟɡɿ ɤɭɥɚɱɤɨɜɨɝɨ ɦɟɯɚɧɿɡɦɭ ɜɚɠɥɢɜɨ 
ɩɟɪɟɞɛɚɱɢɬɢ ɜɿɞɫɭɬɧɿɫɬь ɡɚɤɥɢɧɸɜɚɧɧɹ ɱɢ ɧɚɞɦɿɪɧɨɝɨ 
ɫɚɦɨɝɚɥьɦɭɜɚɧɧɹ. ɐɟ ɦɨɠɧɚ ɡɪɨɛɢɬɢ ɩɿɞɿɛɪɚɜɲɢ 
ɨɩɬɢɦɚɥьɧɟ ɡɧɚɱɟɧɧɹ ɬɚɤɢɯ ɩɚɪɚɦɟɬɪɿɜ ɹɤ ɤɭɬ ɩɟɪɟɞɚɱɿ 
ɪɭɯɭ Ȗ ɚɛɨ ɤɭɬ ɬɢɫɤɭ α. 

ɇɟɯɚɣ ɤɭɥɚɱɨɤ 1 ɞɿє ɧɚ ɲɬɨɜɯɚɱ 2 ɡ ɩɟɜɧɨɸ ɫɢɥɨɸ ܨ 

(ɪɢɫ. 3.10). 

 
Ɋɢɫ. 3.10. Ʉɭɬ ɬɢɫɤɭ ɬɚ ɩɟɪɟɞɚɱɿ ɪɭɯɭ 

 

Ⱦɥɹ ɫɩɪɨɳɟɧɧɹ, ɡɧɟɯɬɭєɦɨ ɫɢɥɨɸ ɬɟɪɬɹ. Ɍɨɞɿ ɫɢɥɚ ܨ 

ɛɭɞɟ ɧɚɩɪɹɦɥɟɧɚ ɩɨ ɡɚɝɚɥьɧɿɣ ɧɨɪɦɚɥɿ n–n ɞɨ ɤɨɧɬɚɤɬɭɸɱɢɯ 
ɩɨɜɟɪɯɨɧь ɤɭɥɚɱɤɚ ɿ ɲɬɨɜɯɚɱɚ ɜ ɬɨɱɰɿ ɞɨɬɢɤɭ. Ɋɨɡɤɥɚɞɟɦɨ 
ɫɢɥɭ ܨ ɧɚ ɞɜɿ ɫɤɥɚɞɨɜɿ: ܨ ɿ ܨ௧ – ɩɚɪɚɥɟɥьɧɨ ɬɚ 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɪɭɯɭ ɲɬɨɜɯɚɱɚ, ɜɿɞɩɨɜɿɞɧɨ. ɉɪɢ ɰьɨɦɭ, 
ɫɤɥɚɞɨɜɚ ܨ ɛɭɞɟ ɪɭɲɿɣɧɨɸ ɫɢɥɨɸ, ɹɤɚ ɪɭɯɚє ɲɬɨɜɯɚɱ ɜ 
ɧɚɩɪɹɦɤɭ ɜɟɤɬɨɪɚ ɲɜɢɞɤɨɫɬɿ ݒ ⃗⃗⃗  , ɚ ܨ௧ ɜɢɤɨɧɭɜɚɬɢɦɟ 
ɲɤɿɞɥɢɜɭ ɪɨɛɨɬɭ, ɧɚɦɚɝɚɸɱɢɫь ɡɿɝɧɭɬɢ ɲɬɨɜɯɚɱ ɿ ɜɢɤɥɢɤɚɬɢ 
ɬɟɪɬɹ ɜ ɧɚɩɪɹɦɧɢɯ. ȿɮɟɤɬɢɜɧɿɫɬь ɦɟɯɚɧɿɡɦɭ ɛɭɞɟ ɬɢɦ 
ɤɪɚɳɨɸ, ɱɢɦ ɛɿɥьɲɚ ɫɤɥɚɞɨɜɚ ܨ ɿ ɦɟɧɲɚ ܨ௧. Ʉɭɬ, ɦɿɠ 

ɜɟɤɬɨɪɚɦɢ ɫɢɥɢ ܨ ɿ ɫɤɥɚɞɨɜɨʀ ܨ, ɧɚɡɢɜɚєɬьɫɹ ɤɭɬɨɦ ɬɢɫɤɭ α. 

Ɉɬɠɟ, ɿɡ ɪɢɫ. 3.10 ɛɚɱɢɦɨ, ɳɨ: ܨ௧ = ܨ  sin ߙ  ܨ ; = ܨ  cos  (3.12) . ߙ 
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Ɍɨɛɬɨ, ɿɡ (3.12), ɦɨɠɧɚ ɫɤɚɡɚɬɢ, ɳɨ ɱɢɦ ɦɟɧɲɢɣ ɤɭɬ 
ɬɢɫɤɭ ɬɢɦ ɤɪɚɳɟ ɛɭɞɟ ɩɪɚɰɸɜɚɬɢ ɤɭɥɚɱɤɨɜɢɣ ɦɟɯɚɧɿɡɦ. 

ɑɟɪɟɡ ɡɦɿɧɧɭ ɤɪɢɜɢɡɧɭ ɩɪɨɮɿɥɹ ɤɭɥɚɱɤɚ, ɤɭɬ ɬɢɫɤɭ ɜ 

ɪɿɡɧɢɯ ɩɨɥɨɠɟɧɧɹɯ ɦɟɯɚɧɿɡɦɭ ɛɭɞɟ ɪɿɡɧɢɦ. Ɂɦɟɧɲɢɬɢ ɣɨɝɨ 

ɦɨɠɧɚ ɡɚ ɪɚɯɭɧɨɤ ɡɛɿɥьɲɟɧɧɹ ɝɚɛɚɪɢɬɿɜ ɤɭɥɚɱɤɚ, ɳɨ ɧɟ 
ɡɚɜɠɞɢ є ɨɩɬɢɦɚɥьɧɢɦ ɪɿɲɟɧɧɹɦ. Ɋɚɰɿɨɧɚɥьɧɟ ɡɧɚɱɟɧɧɹ 
ɤɭɬɚ ɬɢɫɤɭ ɜɢɛɢɪɚєɬьɫɹ ɜɢɯɨɞɹɱɢ ɿɡ ɞɨɫɜɿɞɭ ɟɤɫɩɥɭɚɬɚɰɿʀ 
ɦɟɯɚɧɿɡɦɿɜ. 

Ⱦɥɹ ɤɭɥɚɱɤɨɜɢɯ ɦɟɯɚɧɿɡɦɿɜ: ɡ ɩɨɫɬɭɩɚɥьɧɢɦ ɪɭɯɨɦ 

ɲɬɨɜɯɚɱɚ ɪɟɤɨɦɟɧɞɭєɬьɫɹ ɡɚɛɟɡɩɟɱɭɜɚɬɢ ߙ  ͵Ͳ°; ɡ 
ɤɨɪɨɦɢɫɥɨɜɢɦ ɲɬɨɜɯɚɱɟɦ ߙ  Ͷͷ°; ɡ ɬɚɪɿɥɱɚɫɬɢɦ 
ɲɬɨɜɯɚɱɟɦ ߙ ≅ Ͳ°. 

Ʉɭɬ ɦɿɠ ɫɢɥɨɸ ܨ ɿ ɫɢɥɨɸ ܨ௧, ɦɚє ɫɜɨɸ ɧɚɡɜɭ – ɤɭɬ 
ɩɟɪɟɞɚɱɿ ɪɭɯɭ Ȗ. ȱɡ ɪɢɫ. 3.10 ߛ = ͻͲ°–(3.13) .ߙ 

 

3.2.3. Ⱦɢɧɚɦɿɱɧɢɣ ɫɢɧɬɟɡ ɤɭɥɚɱɤɨɜɢɯ ɦɟɯɚɧɿɡɦɿɜ 

Ʉɭɥɚɱɤɨɜɢɣ ɦɟɯɚɧɿɡɦ, ɳɨ ɡɚɛɟɡɩɟɱɢɬь ɩɟɜɧɢɣ 
ɤɨɧɤɪɟɬɧɢɣ ɡɚɤɨɧ ɪɭɯɭ ɲɬɨɜɯɚɱɚ, ɦɨɠɟ ɦɚɬɢ ɪɿɡɧɿ ɪɨɡɦɿɪɢ ɿ 
ɮɨɪɦɭ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɨɛɪɚɧɨɝɨ ɩɨɱɚɬɤɨɜɨɝɨ ɪɚɞɿɭɫɚ 
ɤɭɥɚɱɤɚ ݎ. Ɂ ɬɟɯɧɿɱɧɨʀ ɬɨɱɤɢ ɡɨɪɭ ɦɟɯɚɧɿɡɦ ɛɭɞɟ ɧɚɣɛɿɥьɲ 
ɩɪɢɞɚɬɧɢɦ, ɹɤɳɨ ɦɚє ɧɚɣɦɟɧɲɿ ɦɨɠɥɢɜɿ ɪɨɡɦɿɪɢ ɿ ɩɪɢ 
ɰьɨɦɭ ɡɚɞɨɜɨɥьɧɹє ɭɦɨɜɢ ɦɿɰɧɨɫɬɿ ɬɚ ɦɨɠɥɢɜɨɫɬɿ 
ɩɟɪɟɞɚɜɚɬɢ ɪɭɯ ɛɟɡ ɡɚɤɥɢɧɸɜɚɧɧɹ. Ɍɨɦɭ ɜɢɧɢɤɚє ɡɚɞɚɱɚ 
ɩɿɞɿɛɪɚɬɢ ɧɚɣɛɿɥьɲ ɪɚɰɿɨɧɚɥьɧɟ ɡɧɚɱɟɧɧɹ ɧɚɣɦɟɧɲɨɝɨ 
(ɩɨɱɚɬɤɨɜɨɝɨ) ɪɚɞɿɭɫɚ ɩɪɨɮɿɥɸ ɤɭɥɚɱɤɚ ݎ, ɧɚ ɨɫɧɨɜɿ 
ɩɟɜɧɢɯ ɜɢɯɿɞɧɢɯ ɞɚɧɢɯ. Ⱦɨɫɥɿɞɠɟɧɧɹ, ɳɨ ɜɤɥɸɱɚє ɰɟɣ ɤɪɨɤ, 
ɧɚɡɢɜɚєɬьɫɹ ɞɢɧɚɦɿɱɧɢɦ ɫɢɧɬɟɡɨɦ. ɉɿɫɥɹ ɨɬɪɢɦɚɧɧɹ 
ɪɚɰɿɨɧɚɥьɧɨɝɨ ɡɧɚɱɟɧɧɹ ݎ, ɧɚɩɪɢɤɥɚɞ, ɡɚ ɡɚɞɚɧɢɦ ɱɢ 
ɡɧɚɣɞɟɧɢɦ ɧɚɣɛɿɥьɲɢɦ ɤɭɬɨɦ ɬɢɫɤɭ, ɜɢɤɨɧɭєɬьɫɹ ɩɨɛɭɞɨɜɚ 
ɩɪɨɮɿɥɸ ɤɭɥɚɱɤɚ ɡɚ ɚɥɝɨɪɢɬɦɨɦ, ɚɧɚɥɨɝɿɱɧɢɦ, ɨɩɢɫɚɧɨɦɭ 

ɪɚɧɿɲɟ ɜ ɤɿɧɟɦɚɬɢɱɧɨɦɭ ɫɢɧɬɟɡɿ (ɞɢɜ. ɪɨɡɞ. 3.2.1). 
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ȼɢɡɧɚɱɟɧɧɹ ɩɨɱɚɬɤɨɜɨɝɨ ɪɚɞɿɭɫɚ ɩɪɨɮɿɥɸ ɤɭɥɚɱɤɚ ɞɥɹ 
ɤɭɥɚɱɤɨɜɢɯ ɦɟɯɚɧɿɡɦɿɜ ɡ ɪɨɥɢɤɨɜɢɦ ɲɬɨɜɯɚɱɟɦ 

 

ɇɟɯɚɣ ɜɟɥɢɱɢɧɚ ɧɚɣɛɿɥьɲɨɝɨ ɤɭɬɚ ɬɢɫɤɭ ɧɟ ɜɿɞɨɦɚ, ɚ 
ɡɚɞɚɧɢɣ ɥɢɲɟ ɡɚɤɨɧ ɪɭɯɭ ɲɬɨɜɯɚɱɚ.  

ɉɨɤɚɠɟɦɨ, ɹɤ ɡɧɚɣɬɢ ɜɟɥɢɱɢɧɭ ɤɭɬɚ ɬɢɫɤɭ ɜ ɛɭɞь-

ɹɤɨɦɭ ɩɨɥɨɠɟɧɧɿ ɤɭɥɚɱɤɨɜɨɝɨ ɦɟɯɚɧɿɡɦɭ ɡ ɪɨɥɢɤɨɜɢɦ 
ɲɬɨɜɯɚɱɟɦ, ɳɨ ɪɭɯɚєɬьɫɹ ɩɨɫɬɭɩɚɥьɧɨ. 

ɋɩɨɱɚɬɤɭ, ɩɨɛɭɞɭєɦɨ ɞɥɹ ɧьɨɝɨ ɡɚɦɿɧɸɸɱɢɣ ɦɟɯɚɧɿɡɦ 
(ɪɢɫ. 3.11, ɚ), ɡɚ ɦɟɬɨɞɢɤɨɸ ɨɩɢɫɚɧɨɸ ɜ ɪɨɡɞ. 3.1.3. 

 
Ɋɢɫ. 3.11. Ʉɭɥɚɱɤɨɜɢɣ ɦɟɯɚɧɿɡɦ ɡ ɪɨɥɢɤɨɜɢɦ ɲɬɨɜɯɚɱɟɦ 

 

Ⱦɥɹ ɡɚɦɿɧɸɸɱɨɝɨ ɦɟɯɚɧɿɡɦɭ ɩɨɛɭɞɭєɦɨ ɩɨɜɟɪɧɭɬɢɣ 
ɧɚ 𝟗𝟎° ɩɪɨɬɢ ɧɚɩɪɹɦɤɭ ߱ଵ ɩɥɚɧ ɲɜɢɞɤɨɫɬɟɣ (ɪɢɫ. 3.11, ɛ). 

Ɂɚɩɢɲɟɦɨ ɪɿɜɧɹɧɧɹ: ܸ = ߱ଵ(3.14) ;ݎ {ܸ⃗  = ܸ⃗  + ܸ⃗ ;ܸ⃗  ∥ ݕ −  (3.15)         .ݕ

ɉɪɨɜɟɞɟɦɨ ɡ ɬ. Ɉ (ɰɟɧɬɪ ɨɛɟɪɬɚɧɧɹ ɤɭɥɚɱɤɚ) 

ɝɨɪɢɡɨɧɬɚɥьɧɭ ɥɿɧɿɸ ɜɥɿɜɨ ɞɨ ɩɟɪɟɬɢɧɭ ɡ ɲɚɬɭɧɨɦ Ⱥȼ, 
ɨɬɪɢɦɚєɦɨ ɬɨɱɤɭ ɋ. ɉɨɡɧɚɱɢɦɨ Ɉɋ = ɭ ɿ ɈȺ = r. Ɍɪɢɤɭɬɧɢɤɢ ௩ܾܽ ɿ OAC ɩɨɞɿɛɧɿ ɬɨɦɭ, ɳɨ ʀɯ ɫɬɨɪɨɧɢ ɜɡɚєɦɧɨ ɩɚɪɚɥɟɥьɧɿ. 
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ȱɡ ɩɨɞɿɛɧɨɫɬɿ ɬɪɢɤɭɬɧɢɤɿɜ ɦɚєɦɨ: ݎݕ = ௩ܽ௩ܾ = ܸܸ . (3.16) 

ȼɪɚɯɨɜɭɸɱɢ (3.14) ɿ ɬɟ ɳɨ ܸ = ݎݕ :ɛɭɞɟɦɨ ɦɚɬɢ ݐ݀/ݏ݀ = ݐଵ݀߱ݎݏ݀ =  (3.17) ,߮݀ݎݏ݀

ɛɨ ߱ଵ݀ݐ = ݀߮, ɞɟ ߮ – ɤɭɬ ɩɨɜɨɪɨɬɭ ɤɭɥɚɱɤɚ. 
ȱɡ ɪɿɜɧɹɧɧɹ (3.17) ɨɫɬɚɬɨɱɧɨ ɦɚєɦɨ: ݕ =  (3.18) .߮݀ݏ݀

Ɋɿɜɧɹɧɧɹ (3.18) ɩɨɤɚɡɭє, ɳɨ ɡɧɚɱɟɧɧɹ ɭ ɦɨɠɧɚ 

ɜɢɡɧɚɱɢɬɢ ɞɥɹ ɛɚɠɚɧɨɝɨ ɤɭɬɚ φ ɿɧɬɟɝɪɭɜɚɧɧɹɦ ɡɚɤɨɧɭ ɪɭɯɭ 
ɲɬɨɜɯɚɱɚ S = S(φ). 

ȼɿɞɤɥɚɞɟɦɨ ɬɚɤɢɣ ɠɟ ɜɿɞɪɿɡɨɤ y ɝɨɪɢɡɨɧɬɚɥьɧɨ ɜɩɪɚɜɨ 
ɜɿɞ ɬ. ȼ (ɤɿɧɟɦɚɬɢɱɧɚ ɩɚɪɚ ɲɬɨɜɯɚɱ-ɪɨɥɢɤ). Ɉɬɪɢɦɭєɦɨ ɬ. D, 

ɹɤɭ ɡʼєɞɧɚєɦɨ ɡ ɰɟɧɬɪɨɦ O. ȼɿɞɪɿɡɨɤ OD ɭɬɜɨɪɸє ɡ 
ɜɟɪɬɢɤɚɥɥɸ ɜ ɬ. D, ɲɭɤɚɧɢɣ ɤɭɬ ɬɢɫɤɭ α. ɐɟ ɛɭɞɟ 
ɜɢɤɨɧɭɜɚɬɢɫь ɿ ɞɥɹ ɛɭɞь-ɹɤɨɝɨ ɿɧɲɨɝɨ ɩɨɥɨɠɟɧɧɹ 
ɦɟɯɚɧɿɡɦɭ. ȼɿɫь ɲɬɨɜɯɚɱɚ ɩɪɨɞɨɜɠɢɦɨ ɜɧɢɡ ɞɨ ɩɟɪɟɬɢɧɭ ɡ 
ɜɿɞɪɿɡɤɨɦ Ɉɋ, ɞɟ ɨɬɪɢɦɚєɦɨ ɬ. Ʉ. 

Ⱦɥɹ ɩɪɹɦɨɤɭɬɧɨɝɨ ɬɪɢɤɭɬɧɢɤɚ ȼɄɋ: ߛ݃ݐ =  (3.19) .ܭܥܭܤ

ȱɡ ɪɢɫ. 3.11, ɚ ɜɢɞɧɨ, ɳɨ ВК = ܮܤ + ܥܭ ,ܭܮ =  ,ܭܱ–ܥܱ

ɞɟ ܮܤ = ɩɟɪɟɦɿɳɟɧɧɹ ɲɬɨɜɯɚɱɚ; ʝК – ݏ = ݁ – ɟɤɫɰɟɧɬɪɢɫɢɬɟɬ; ʝܮ ܭܮ ; – ɩɨɱɚɬɤɨɜɢɣ ɪɚɞɿɭɫ ɩɪɨɮɿɥɸ ɤɭɥɚɱɤɚݎ = = ଶݎ√ − ݁ଶ.  

Ɋɿɜɧɹɧɧɹ (3.19) ɡ ɜɪɚɯɭɜɚɧɧɹɦ ɩɨɡɧɚɱɟɧь ɡɚɩɢɲɟɦɨ: ߛ݃ݐ = ଶݎ√ − ݁ଶ + ߮݀ݏ݀ݏ − ݁ . (3.20) 
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Ⱦɥɹ ɰɟɧɬɪɚɥьɧɢɯ ɤɭɥɚɱɤɨɜɢɯ ɦɟɯɚɧɿɡɦɿɜ ݁ = Ͳ, ɬɨɞɿ  ߛ݃ݐ = ݎ + ߮݀ݏ݀ݏ . 
(3.21) 

Ɍɨɛɬɨ, ɳɨɛ ɩɪɨɫɬɟɠɢɬɢ ɡɚ ɡɦɿɧɨɸ ɤɭɬɚ ɬɢɫɤɭ α ɡɚ ɰɢɤɥ 

ɩɟɪɟɦɿɳɟɧɧɹ ɲɬɨɜɯɚɱɚ, ɧɟɨɛɯɿɞɧɨ ɞɥɹ ɤɨɠɧɨɝɨ ɡɧɚɱɟɧɧɹ 
ɤɭɬɚ φ ɡɧɚɣɬɢ ɜɟɥɢɱɢɧɭ ݕ =  ɿ ɜɿɞɤɥɚɫɬɢ ʀʀ ɜɿɞ ߮݀/ݏ݀
ɜɿɞɩɨɜɿɞɧɨɝɨ ɩɨɥɨɠɟɧɧɹ ɬ. ȼ ɲɬɨɜɯɚɱɚ ɝɨɪɢɡɨɧɬɚɥьɧɨ 

ɜɩɪɚɜɨ (ɩɪɢ ɜɿɞɞɚɥɟɧɿ), ɚɛɨ ɜɥɿɜɨ (ɩɪɢ ɧɚɛɥɢɠɟɧɧɿ), 
ɩɨɡɧɚɱɢɜɲɢ ɬɨɱɤɭ. Ɂʼєɞɧɚɜɲɢ ɜɫɿ ɬɨɱɤɢ ɩɥɚɜɧɨɸ ɤɪɢɜɨɸ 
ɨɬɪɢɦɚєɦɨ ɞɿɚɝɪɚɦɭ ܵ = ܵሺ݀ݏ/݀߮ሻ (ɪɢɫ. 3.12, ɚ). 

ɋɩɨɥɭɱɢɦɨ ɤɨɠɧɭ ɬɨɱɤɭ ɰɿєʀ ɞɿɚɝɪɚɦɢ ɡ ɰɟɧɬɪɨɦ ɨɛɟɪɬɚɧɧɹ 
ɤɭɥɚɱɤɚ O. ɇɚɣɛɿɥьɲɿ ɤɭɬɢ ɬɢɫɤɭ α ɨɬɪɢɦɚєɦɨ ɞɥɹ ɬɢɯ 
ɩɨɥɨɠɟɧь, ɜ ɹɤɢɯ ɩɪɨɦɿɧь ɈD ɞɨɬɢɤɚєɬьɫɹ ɞɨ ɞɿɚɝɪɚɦɢ. 

 

 
Ɋɢɫ. 3.12. Ⱦɨ ɜɢɡɧɚɱɟɧɧɹ ɩɨɱɚɬɤɨɜɨɝɨ ɪɚɞɿɭɫɚ 

 

ȱɡ ɩɪɹɦɨɤɭɬɧɨɝɨ ɬɪɢɤɭɬɧɢɤɚ ɈȺȼ (ɪɢɫ. 3.12, ɚ) ɦɚєɦɨ: ߛ݃ݐ = ܤܣܣܱ = ݎ + ߮݀ݏ݀ݏ . 
(3.22) 

əɤɳɨ ɤɭɥɚɱɤɨɜɢɣ ɦɟɯɚɧɿɡɦ ɦɚє ɟɤɫɰɟɧɬɪɢɫɢɬɟɬ, ɬɨ ɿɡ 
ɪɢɫ. 3.12, ɛ ɜɢɩɥɢɜɚє 
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ߛ݃ݐ = ܤܥܱܥ = ܯܥ + ܤܣܱܯ − ܥܣ = ݏ + √ܱଵܱଶ − ܱଵܯଶܤܣ − ܥܣ == ݏ + ଶݎ√ − ݁ଶ݀߮݀ݏ − ݁ . (3.23) 

Ⱦɥɹ ɡɧɚɯɨɞɠɟɧɧɹ ɞɿɣɫɧɨɝɨ (ɩɨɱɚɬɤɨɜɨɝɨ) ɪɚɞɿɭɫ ݎˇ 

ɩɪɨɮɿɥɸ ɤɭɥɚɱɤɚ, ɧɟɨɛɯɿɞɧɨ ɜɢɪɿɲɢɬɢ ɨɛɟɪɧɟɧɭ ɡɚɞɚɱɭ, 

ɩɨɛɭɞɭɜɚɜɲɢ ɞɿɚɝɪɚɦɭ ܵ = ܵሺ݀ݏ/݀߮ሻ, ɬɚ ɩɪɨɜɿɜɲɢ ɞɨ ɧьɨɝɨ 
ɞɨɬɢɱɧɭ ɩɿɞ ɡɚɞɚɧɢɦ ɤɭɬɨɦ ɬɢɫɤɭ α. Ɍɨɞɿ ݎˇ = ܱܱଵμs. 

 

ȼɢɡɧɚɱɟɧɧɹ ɩɨɱɚɬɤɨɜɨɝɨ ɪɚɞɿɭɫɚ ɩɪɨɮɿɥɸ ɤɭɥɚɱɤɚ ɞɥɹ 
ɤɭɥɚɱɤɨɜɢɯ ɦɟɯɚɧɿɡɦɿɜ ɡ ɬɚɪɿɥɱɚɫɬɢɦ ɲɬɨɜɯɚɱɟɦ 

Ʉɨɧɬɚɤɬɭɸɱɚ ɩɨɜɟɪɯɧɹ ɬɚɪɿɥɱɚɫɬɨɝɨ ɲɬɨɜɯɚɱɚ ɦɚє 

ɮɨɪɦɭ ɩɥɨɳɢɧɢ, ɬɨɦɭ ɜɿɧ ɦɨɠɟ ɩɪɚɰɸɜɚɬɢ ɬɿɥьɤɢ ɜ ɩɚɪɿ ɡ 

ɤɭɥɚɱɤɨɦ ɡ ɜɢɩɭɤɥɨɸ ɤɪɢɜɨɥɿɧɿɣɧɨɸ ɩɨɜɟɪɯɧɟɸ. Ɍɨɛɬɨ 
ɪɚɞɿɭɫ ɤɪɢɜɢɡɧɢ ɩɪɨɮɿɥɸ ɤɭɥɚɱɤɚ ɜ ɛɭɞь-ɹɤɿɣ ɬɨɱɰɿ ɩɨɜɢɧɟɧ 
ɛɭɬɢ ɛɿɥьɲɟ ɧɭɥɹ: ߩ > Ͳ. (3.24) 

Ɂɚɞɚɱɚ ɜɢɡɧɚɱɟɧɧɹ ɩɨɱɚɬɤɨɜɨɝɨ ɪɚɞɿɭɫɚ ɬɚɤɨɝɨ 
ɲɬɨɜɯɚɱɚ ɜɩɟɪɲɟ ɛɭɥɚ ɜɢɪɿɲɟɧɚ ɩɪɨɮ. Ƚɟɪɨɧɿɦɭɫɨɦ. 

ɉɨɱɢɧɚєɦɨ ɡ ɩɨɛɭɞɨɜɢ ɡɚɦɿɧɸɸɱɨɝɨ ɦɟɯɚɧɿɡɦɭ  

(ɪɢɫ. 3.13, ɚ). 

 
Ɋɢɫ. 3.13. Ʉɭɥɚɱɤɨɜɢɣ ɦɟɯɚɧɿɡɦ ɡ ɬɚɪɿɥɱɚɫɬɢɦ ɲɬɨɜɯɚɱɟɦ 
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ɉɨɛɭɞɭєɦɨ ɩɥɚɧ ɩɪɢɫɤɨɪɟɧь ɞɥɹ ɡɚɦɿɧɸɸɱɨɝɨ 
ɦɟɯɚɧɿɡɦɭ (ɪɢɫ. 3.13, ɛ).  

Ɋɿɜɧɹɧɧɹ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɩɪɢɫɤɨɪɟɧь ɬɨɱɨɤ Ⱥ ɿ ȼ 

ɦɚɬɢɦɭɬь ɜɢɝɥɹɞ: ܽ = ߱ଵଶ(3.25) .ݎ {  ܽ =  ܽ +  ܽ; ܽ ∥ ݕ −  (3.26)         .ݕ

ɉɪɨɜɟɞɟɦɨ ɝɨɪɢɡɨɧɬɚɥьɧɭ ɥɿɧɿɸ Ɉɋ (ɩɚɪɚɥɟɥьɧɨ 
ɬɚɪɿɥɰɿ ɲɬɨɜɯɚɱɚ). ɉɨɡɧɚɱɢɦɨ ɜɿɞɪɿɡɨɤ Ⱥɋ = z (ɪɢɫ. 3.13, ɚ). 

ȱɡ ɪɢɫ. 3.13 ɜɢɞɧɨ, ɳɨ ɬɪɢɤɭɬɧɢɤ ɈȺɋ ɿ ˃˃ܾ ɩɨɞɿɛɧɿ, 
ɜɧɚɫɥɿɞɨɤ ɩɚɪɚɥɟɥьɧɨɫɬɿ ɜɿɞɩɨɜɿɞɧɢɯ ɫɬɨɪɿɧ. ȱɡ ɩɨɞɿɛɧɨɫɬɿ 
ɬɪɢɤɭɬɧɢɤɿɜ, ɡ ɜɪɚɯɭɜɚɧɧɹɦ (3.25) ɿ ɳɨ ܽ = ݀ଶݐ݀/ݏଶ, ɚ ߱ଵ݀ݐ = ݀߮ ɦɚєɦɨ: ݎݖ = ܽܽ = ݀ଶ߱ݎݏଵଶ݀ݐଶ = ݀ଶ߮݀ݎݏଶ. (3.27) 

ȱɡ ɪɿɜɧɹɧɧɹ (3.27) ɜɢɩɥɢɜɚє: ݖ = ݀ଶ߮݀ݏଶ. (3.28) 

Ɋɚɞɿɭɫ ɤɪɢɜɢɡɧɢ ɩɪɨɮɿɥɹ ɤɭɥɚɱɤɚ ɜ ɬɨɱɰɿ ȼ ɤɨɧɬɚɤɬɭ ɡ 
ɲɬɨɜɯɚɱɟɦ ߩ = ݏ + ݎ +  (3.29) .ݖ

ȼɪɚɯɨɜɭɸɱɢ ɡɧɚɱɟɧɧɹ z ɿɡ (3.28) ɨɬɪɢɦɚєɦɨ: ߩ = ݏ + ݎ + ݀ଶ߮݀ݏଶ. (3.30) 

əɤɳɨ ɡɝɿɞɧɨ (3.24) ߩ > Ͳ, ɬɨ ݏ + ݎ + ݀ଶ߮݀ݏଶ > Ͳ. (3.31) 

ɉɟɪɟɩɢɲɟɦɨ ɧɟɪɿɜɧɿɫɬь (3.31) ɬɚɤ ݎ + ݏ > − ݀ଶ߮݀ݏଶ. (3.32) 

Ɋɨɡɞɿɥɢɦɨ (3.32) ɧɚ ݎ +  ݏ
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ͳ > − ݀ଶ߮݀ݏଶݎ +  (3.33) .ݏ

Ɉɫɤɿɥьɤɢ ݃ݐͶͷ° = ͳ, ɬɨ ɧɟɪɿɜɧɿɫɬь (3.33) ɩɪɢɣɦɟ 
ɜɢɝɥɹɞ: 

°Ͷͷ݃ݐ > − ݀ଶ߮݀ݏଶݎ +  (3.34) .ݏ

ɇɟɪɿɜɧɿɫɬь (3.31) ɦɨɠɟ ɧɟ ɜɢɤɨɧɭɜɚɬɢɫɹ ɬɿɥьɤɢ ɩɪɢ 
ɜɿɞʼєɦɧɢɯ ɡɧɚɱɟɧɧɹɯ ݖ = ݀ଶݏ/݀߮ଶ, ɬɚ ɬɨɞɿ, ɤɨɥɢ ɚɛɫɨɥɸɬɧɟ 
ɡɧɚɱɟɧɧɹ z ɛɿɥьɲɟ ɡɚ ɚɛɫɨɥɸɬɧɟ ɡɧɚɱɟɧɧɹ ݎ +  .ݏ

ȼɿɞɤɥɚɞɟɦɨ ɜɿɞɪɿɡɨɤ z ɜɿɞ ɨɫɿ ɲɬɨɜɯɚɱɚ (ɪɢɫ. 3.13, ɚ) 

ɜɥɿɜɨ ɜɡɞɨɜɠ ɣɨɝɨ ɤɪɨɦɤɢ. ɋɩɨɥɭɱɢɦɨ ɤɿɧɟɰь ɰьɨɝɨ ɜɿɞɪɿɡɤɭ 
ɬ. D ɡ ɰɟɧɬɪɨɦ O. 

ȱɡ ɪɢɫɭɧɤɚ ɜɢɞɧɨ, ɳɨ ɩɨɤɢ ɤɭɬ α<45º, ɧɟɪɿɜɧɿɫɬь (3.31) 

ɛɭɞɟ ɜɢɤɨɧɭɜɚɬɢɫь ɬɨɦɭ, ɳɨ  ݖ < ݎ +  .ݏ

ɉɨɛɭɞɭєɦɨ ɞɿɚɝɪɚɦɭ ݀ଶݏ/݀߮ଶ = ݀ଶݏ/݀߮ଶሺݏሻ Ⱦɥɹ 
ɰьɨɝɨ, ɤɨɪɢɫɬɭɸɱɢɫь ɞɿɚɝɪɚɦɨɸ ܵ = ܵሺ߮ሻ (ɪɢɫ. 3.8) 

ɜɢɡɧɚɱɢɦɨ ɜ ɤɨɠɧɨɦɭ ɩɨɥɨɠɟɧɧɿ ɡɧɚɱɟɧɧɹ z. 

ɉɨ ɨɫɿ ɨɪɞɢɧɚɬ ɜɿɞɤɥɚɞɟɦɨ ɡɧɚɱɟɧɧɹ S, ɚ ɩɨ ɨɫɿ ɚɛɫɰɢɫ 
– ɜɿɞɩɨɜɿɞɧɟ ɣɨɦɭ ɡɧɚɱɟɧɧɹ z. ɋɩɨɥɭɱɢɜɲɢ ɩɨɫɥɿɞɨɜɧɨ 
ɩɥɚɜɧɨɸ ɤɪɢɜɨɸ ɨɬɪɢɦɚɧɿ ɬɨɱɤɢ, ɨɞɟɪɠɢɦɨ ɞɿɚɝɪɚɦɭ  

(ɪɢɫ. 3.14). 
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Ɋɢɫ. 3.14. Ⱦɨ ɜɢɡɧɚɱɟɧɧɹ ɩɨɱɚɬɤɨɜɨɝɨ ɪɚɞɿɭɫɚ 

 

Ⱦɚɥɿ ɩɪɨɜɟɞɟɦɨ ɩɿɞ ɤɭɬɨɦ 45º ɞɨ ɜɟɪɬɢɤɚɥɿ ɞɨɬɢɱɧɭ t-t 
ɞɨ ɰɿєʀ ɞɿɚɝɪɚɦɢ ɜ ɡɨɧɿ ʀʀ ɜɿɞʼєɦɧɢɯ ɡɧɚɱɟɧь (ɡɥɿɜɚ). 

Ɂɝɿɞɧɨ ɧɟɪɿɜɧɨɫɬɿ (3.34) ɰɟɧɬɪ ɨɛɟɪɬɚɧɧɹ ɤɭɥɚɱɤɚ 
ɩɨɜɢɧɟɧ ɛɭɬɢ ɪɨɡɦɿɳɟɧɢɣ ɧɢɠɱɟ ɬɨɱɤɢ Ɉ1, ɧɚ ɩɪɚɤɬɢɰɿ 
ɩɪɢɣɦɚɸɬь Ɉ1Ɉ2=(5…10) ɦɦ.  

ȱɡ ɬɪɢɤɭɬɧɢɤɚ Ɉ1Ⱥȼ (ɪɢɫ. 3.14) ɦɚєɦɨ  

°Ͷͷ݃ݐ = ܤܱܤܣ = ݀ଶ߮݀ݏଶݎ + ݏ . (3.35) ʝଵВ = ʝВ + ʝʝଵ ɿ ʝВ = ʝʝଵ ;ݏ   – ɲɭɤɚɧɢɣݎ =
ɬɟɨɪɟɬɢɱɧɢɣ ɩɨɱɚɬɤɨɜɢɣ ɪɚɞɿɭɫ ɩɪɨɮɿɥɹ ɤɭɥɚɱɤɚ. 

ɇɚɣɦɟɧɲɢɣ (ɩɨɱɚɬɤɨɜɢɣ) ɞɿɣɫɧɢɣ ɪɚɞɿɭɫ ɩɪɨɮɿɥɹ 

ɤɭɥɚɱɤɚ ݎˇ ݎˇ = ܱܱଶμs. 
Ⱦɚɥɿ ɛɭɞɭєɦɨ ɩɪɨɮɿɥь ɤɭɥɚɱɤɚ, ɦɟɬɨɞɚɦɢ, ɨɩɢɫɚɧɢɦɢ 

ɪɚɧɿɲɟ. 
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Ɂɚɩɢɬɚɧɧɹ ɞɥɹ ɩɟɪɟɜɿɪɤɢ ɡɧɚɧь ɩɨ ɬɟɦɿ 3: 

1. Ʉɭɥɚɱɤɨɦ ɧɚɡɢɜɚєɬьɫɹ – … 

2. ɉɪɢɡɧɚɱɟɧɧɹ ɤɭɥɚɱɤɨɜɢɯ ɦɟɯɚɧɿɡɦɿɜ? 

3. Ⱦɥɹ ɱɨɝɨ ɜ ɤɨɧɫɬɪɭɤɰɿɸ ɤɭɥɚɱɤɨɜɨɝɨ ɦɟɯɚɧɿɡɦɭ 
ɞɨɞɚɸɬь ɪɨɥɢɤ? 

4. ɓɨ ɬɚɤɟ ɮɚɡɨɜɿ ɤɭɬɢ? 

5. ɉɨɛɭɞɨɜɚ ɩɪɨɮɿɥɸ ɤɭɥɚɱɤɚ. 

6. ɓɨ ɧɚɡɢɜɚєɬьɫɹ ɤɭɬɨɦ ɬɢɫɤɭ ɤɭɥɚɱɤɨɜɨɝɨ 
ɦɟɯɚɧɿɡɦɭ? 

7. əɤɨɸ ɞɿɚɝɪɚɦɨɸ ɞɨɰɿɥьɧɨ ɡɚɞɚɜɚɬɢ ɡɚɤɨɧ ɪɭɯɭ ɩɪɢ 
ɩɪɨɟɤɬɭɜɚɧɧɿ ɤɭɥɚɱɤɨɜɢɯ ɦɟɯɚɧɿɡɦɿɜ? 

8. əɤɭ ɞɿɚɝɪɚɦɭ ɧɟɨɛɯɿɞɧɨ ɩɨɛɭɞɭɜɚɬɢ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ 
ɩɨɱɚɬɤɨɜɨɝɨ ɪɚɞɿɭɫɚ ɩɪɨɮɿɥɸ ɤɭɥɚɱɤɚ ɤɭɥɚɱɤɨɜɨɝɨ 
ɦɟɯɚɧɿɡɦɭ ɡ ɬɚɪɿɥɱɚɫɬɢɦ ɲɬɨɜɯɚɱɟɦ? 

9. əɤɭ ɞɿɚɝɪɚɦɭ ɧɟɨɛɯɿɞɧɨ ɩɨɛɭɞɭɜɚɬɢ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ 
ɩɨɱɚɬɤɨɜɨɝɨ ɪɚɞɿɭɫɚ ɩɪɨɮɿɥɸ ɤɭɥɚɱɤɚ ɤɭɥɚɱɤɨɜɨɝɨ 
ɦɟɯɚɧɿɡɦɭ ɡ ɪɨɥɢɤɨɜɢɦ ɲɬɨɜɯɚɱɟɦ?  
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ɌȿɆА 4. ɉɥɨɫɤɿ ɡɭɛɱɚɫɬɿ ɦɟɯɚɧɿɡɦɢ 

 

4.1. Ɍɢɩɢ ɡɭɛɱɚɫɬɢɯ ɦɟɯɚɧɿɡɦɿɜ. ɉɟɪɟɞɚɬɨɱɧɿ ɜɿɞɧɨɲɟɧɧɹ 
ɩɪɨɫɬɢɯ ɡɭɛɱɚɫɬɢɯ ɩɟɪɟɞɚɱ 

4.2. Ɉɫɧɨɜɧɚ ɬɟɨɪɟɦɚ ɡɚɱɟɩɥɟɧɧɹ 

4.3. ȿɜɨɥьɜɟɧɬɚ ɤɨɥɚ ɬɚ ʀʀ ɜɥɚɫɬɢɜɨɫɬɿ 
4.4. Ɉɫɧɨɜɧɿ ɪɨɡɦɿɪɢ ɰɢɥɿɧɞɪɢɱɧɢɯ ɡɭɛɱɚɫɬɢɯ ɤɨɥɿɫ 

4.5. Ƚɟɨɦɟɬɪɿɹ ɟɜɨɥьɜɟɧɬɧɨɝɨ ɡɚɱɟɩɥɟɧɧɹ 

4.6. Ʉɨɫɨɡɭɛɿ ɰɢɥɿɧɞɪɢɱɧɿ ɤɨɥɟɫɚ. Ɉɫɧɨɜɧɿ ɩɚɪɚɦɟɬɪɢ 

4.7. Ɇɟɬɨɞɢ ɧɚɪɿɡɚɧɧɹ ɡɭɛɿɜ ɡɭɛɱɚɫɬɢɯ ɤɨɥɿɫ  
4.8. ɉɿɞɪɿɡɭɜɚɧɧɹ ɡɭɛɿɜ. ɇɚɣɦɟɧɲɟ ɱɢɫɥɨ ɡɭɛɿɜ ɧɚ ɤɨɥɟɫɿ 
4.9. ȼɢɩɪɚɜɥɟɧɧɹ (ɤɨɪɟɝɭɜɚɧɧɹ) ɡɭɛɱɚɫɬɢɯ ɤɨɥɿɫ 

 

4.1. Ɍɢɩɢ ɡɭɛɱɚɫɬɢɯ ɦɟɯɚɧɿɡɦɿɜ. ɉɟɪɟɞɚɬɨɱɧɿ 
ɜɿɞɧɨɲɟɧɧɹ ɩɪɨɫɬɢɯ ɡɭɛɱɚɫɬɢɯ ɩɟɪɟɞɚɱ 

 

Ɍɪьɨɯɥɚɧɤɨɜɢɣ ɦɟɯɚɧɿɡɦ, ɩɪɢɡɧɚɱɟɧɢɣ ɞɥɹ 
ɩɟɪɟɞɚɜɚɧɧɹ ɨɛɟɪɬɨɜɨɝɨ ɪɭɯɭ ɜɿɞ ɨɞɧɨɝɨ ɜɚɥɚ ɞɨ ɿɧɲɨɝɨ ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɡɭɛɱɚɫɬɢɯ ɤɨɥɿɫ, ɳɨ ɩɟɪɟɛɭɜɚɸɬь ɭ ɡɚɱɟɩɥɟɧɧɿ ɡ 
ɡɚɞɚɧɢɦ ɜɿɞɧɨɲɟɧɧɹɦ ɤɭɬɨɜɢɯ ɲɜɢɞɤɨɫɬɟɣ, ɧɚɡɢɜɚɸɬь 
ɡɭɛɱɚɫɬɨɸ ɩɟɪɟɞɚɱɟɸ. 

Ɂɭɛɱɚɫɬɿ ɩɟɪɟɞɚɱɿ ɛɭɜɚɸɬь ɩɥɨɫɤɿ ɿ ɩɪɨɫɬɨɪɨɜɿ. Ⱦɨ 
ɩɥɨɫɤɢɯ ɜɿɞɧɨɫɹɬьɫɹ ɡɭɛɱɚɫɬɿ ɰɢɥɿɧɞɪɢɱɧɿ ɩɟɪɟɞɚɱɿ. ɍ ɬɚɤɢɯ 
ɩɟɪɟɞɚɱɚɯ ɨɫɿ ɜɚɥɿɜ ɩɚɪɚɥɟɥьɧɿ. Ⱦɨ ɩɪɨɫɬɨɪɨɜɢɯ 

ɜɿɞɧɨɫɹɬьɫɹ ɡɭɛɱɚɫɬɿ ɤɨɧɿɱɧɿ, ɝɜɢɧɬɨɜɿ ɿ ɱɟɪɜʼɹɱɧɿ ɩɟɪɟɞɚɱɿ. 
ɍ ɧɢɯ ɨɫɿ ɜɚɥɿɜ ɚɛɨ ɩɟɪɟɬɢɧɚɸɬьɫɹ, ɚɛɨ є ɦɢɦɨɛɿɠɧɢɦɢ. ȼ 
ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɪɨɡɦɿɳɟɧɧɹ ɡɭɛɿɜ ɧɚ ɡɭɛɱɚɫɬɨɦɭ ɜɿɧɰɿ ɤɨɥɿɫ 
ɩɟɪɟɞɚɱɿ ɪɨɡɪɿɡɧɹɸɬь ɩɪɹɦɨɡɭɛɿ, ɤɨɫɨɡɭɛɿ ɿ ɲɟɜɪɨɧɧɿ. 

Ɂɭɛɱɚɫɬɿ ɦɟɯɚɧɿɡɦɢ ɨɞɧɿ ɡ ɧɚɣɩɨɲɢɪɟɧɿɲɢɯ ɭ ɫɭɱɚɫɧɿɣ 
ɬɟɯɧɿɰɿ (ɚɜɬɨɦɨɛɿɥɿ, ɬɪɚɤɬɨɪɢ, ɜɟɪɫɬɚɬɢ ɿ ɿɧ.), ɡɚ ɪɚɯɭɧɨɤ 
ɪɹɞɭ ɩɟɪɟɜɚɝ: 

• ɦɨɠɥɢɜɿɫɬь ɩɟɪɟɞɚɜɚɬɢ ɜɟɥɢɤɿ ɩɨɬɭɠɧɨɫɬɿ (ɜɿɞ 0,05 
ɞɨ 50000 ɤȼɬ) ɭ ɲɢɪɨɤɨɦɭ ɞɿɚɩɚɡɨɧɿ ɤɨɥɨɜɢɯ ɲɜɢɞɤɨɫɬɟɣ 
(ɜɿɞ 0,01 ɞɨ 150 ɦ/ɫ);  

• ɫɬɚɥɿɫɬь ɩɟɪɟɞɚɬɨɱɧɨɝɨ ɜɿɞɧɨɲɟɧɧɹ;  
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• ɤɨɦɩɚɤɬɧɿɫɬь, ɧɚɞɿɣɧɿɫɬь;  
• ɜɢɫɨɤɢɣ ɄɄȾ ɞɨ 96–97%;  

• ɩɪɨɫɬɨɬɚ ɨɛɫɥɭɝɨɜɭɜɚɧɧɹ. 
ɇɟɞɨɥɿɤɢ:  

• ɩɨɪɿɜɧɹɧɨ ɧɟɜɟɥɢɤɿ ɩɟɪɟɞɚɬɨɱɧɿ ɜɿɞɧɨɲɟɧɧɹ ɞɥɹ 
ɨɞɧɿєʀ ɩɚɪɢ ɡɭɛɱɚɫɬɢɯ ɤɨɥɿɫ u≤7, ɪɿɞɲɟ u≤15;  

• ɫɬɜɨɪɟɧɧɹ ɜɿɛɪɚɰɿɣ ɿ ɲɭɦɭ;  
• ɧɟɦɨɠɥɢɜɿɫɬь ɩɪɨɛɭɤɫɨɜɭɜɚɧɧɹ ɩɪɢ 

ɩɟɪɟɧɚɜɚɧɬɚɠɟɧɧɹɯ, ɳɨ ɦɨɠɟ ɩɪɢɜɟɫɬɢ ɞɨ ɩɨɥɨɦɤɢ ɡɭɛɿɜ;  

• ɫɤɥɚɞɧɿɫɬь ɜɢɝɨɬɨɜɥɟɧɧɹ ɱɟɪɟɡ ɜɢɦɨɝɭ ɬɨɱɧɨɫɬɿ. 
Ɂɭɛɱɚɫɬɿ ɩɟɪɟɞɚɱɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬьɫɹ ɡɞɟɛɿɥьɲɨɝɨ ɞɥɹ 

ɡɦɿɧɢ ɤɭɬɨɜɢɯ ɲɜɢɞɤɨɫɬɟɣ ɩɪɢ ɩɟɪɟɞɚɜɚɧɧɿ ɨɛɟɪɬɨɜɨɝɨ 
ɪɭɯɭ. Ɍɨɦɭ ɡɭɛɱɚɫɬɿ ɤɨɥɟɫɚ ɨɛɟɪɬɚɸɬьɫɹ ɡ ɪɿɡɧɢɦɢ ɤɭɬɨɜɢɦɢ 
ɲɜɢɞɤɨɫɬɹɦɢ ߱ଵ ɿ ߱ଶ, ɜɿɞɧɨɲɟɧɧɹ ɹɤɢɯ ɧɚɡɢɜɚєɬьɫɹ 
ɩɟɪɟɞɚɬɨɱɧɢɦ ɜɿɞɧɨɲɟɧɧɹɦ. 

ɉɟɪɟɞɚɬɨɱɧɟ ɜɿɞɧɨɲɟɧɧɹ ɜɿɞ ɡɭɛɱɚɫɬɨɝɨ ɤɨɥɟɫɚ 1 ɞɨ 

ɡɭɛɱɚɫɬɨɝɨ ɤɨɥɟɫɚ 2 ɛɭɞɟɦɨ ɩɨɡɧɚɱɚɬɢ ݑଵଶ, ɚ ɣɨɝɨ ɜɟɥɢɱɢɧɚ 
ɡɧɚɯɨɞɢɬьɫɹ ɹɤ: ݑଵଶ = ߱ଵ߱ଶ. (4.1) 

Ɇɟɧɲɟ (ɡɚɡɜɢɱɚɣ ɜɟɞɭɱɟ) ɡɭɛɱɚɫɬɟ ɤɨɥɟɫɨ ɜ ɡɭɛɱɚɫɬɿɣ 
ɩɟɪɟɞɚɱɿ ɩɪɢɣɧɹɬɨ ɧɚɡɢɜɚɬɢ ɲɟɫɬɟɪɧɟɸ. ɉɟɪɟɞɚɬɨɱɧɟ 
ɜɿɞɧɨɲɟɧɧɹ ɤɨɥɿɫ, ɳɨ ɨɛɟɪɬɚɸɬьɫɹ ɜ ɪɿɡɧɿ ɫɬɨɪɨɧɢ, 

ɜɜɚɠɚɸɬь ɜɿɞʼєɦɧɢɦ. Ɍɚɤɿ ɤɨɥɟɫɚ ɭɬɜɨɪɸɸɬь ɡɭɛɱɚɫɬɭ 
ɩɟɪɟɞɚɱɭ ɿɡ ɡɨɜɧɿɲɧɿɦ ɡɚɱɟɩɥɟɧɧɹɦ (ɪɢɫ. 4.1, ɚ) 

 
Ɋɢɫ. 4.1. Ɂɭɛɱɚɫɬɿ ɩɟɪɟɞɚɱɿ: 

ɚ – ɡɨɜɧɿɲɧє ɡɚɱɟɩɥɟɧɧɹ; ɛ – ɜɧɭɬɪɿɲɧє ɡɚɱɟɩɥɟɧɧɹ; 
ɜ – ɪɟɣɤɨɜɟ ɡɚɱɟɩɥɟɧɧɹ 
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ɍ ɜɢɩɚɞɤɭ ɤɨɧɫɬɪɭɤɰɿʀ (ɪɢɫ. 4.1, ɛ) ɦɚєɦɨ ɡɭɛɱɚɫɬɭ 
ɩɟɪɟɞɚɱɭ ɡ ɜɧɭɬɪɿɲɧɿɦ ɡɚɱɟɩɥɟɧɧɹɦ, ɞɟ ɿ ɲɟɫɬɟɪɧɹ ɿ ɤɨɥɟɫɨ 

ɨɛɟɪɬɚɸɬьɫɹ ɜ ɨɞɧɭ ɫɬɨɪɨɧɭ ɚ ɩɟɪɟɞɚɬɨɱɧɟ ɜɿɞɧɨɲɟɧɧɹ 
ɜɜɚɠɚєɦɨ ɞɨɞɚɬɧɿɦ.  

əɤɳɨ ɨɞɧɟ ɿɡ ɤɨɥɿɫ ɜɢɝɨɬɨɜɥɟɧɟ ɭ ɜɢɝɥɹɞɿ ɡɭɛɱɚɫɬɨʀ 
ɪɟɣɤɢ (ɪɢɫ. 4.1, ɜ), ɹɤɚ ɜɢɤɨɧɭє ɩɨɫɬɭɩɚɥьɧɢɣ ɪɭɯ, ɚ 
ɨɛɟɪɬɚɥьɧɢɣ ɜɿɞɫɭɬɧɿɣ, ɬɨ ݑ = Ͳ, ɚɛɨ ݑ = ∞. 

 

4.2. Ɉɫɧɨɜɧɚ ɬɟɨɪɟɦɚ ɡɚɱɟɩɥɟɧɧɹ 

Ɂɚɜɞɚɧɧɹ ɬɟɨɪɿʀ ɡɚɱɟɩɥɟɧɧɹ ɤɪɭɝɥɢɯ ɰɢɥɿɧɞɪɢɱɧɢɯ 
ɡɭɛɱɚɫɬɢɯ ɤɨɥɿɫ – ɜɢɡɧɚɱɢɬɢ ɭɦɨɜɢ, ɩɪɢ ɞɨɬɪɢɦɚɧɧɿ ɹɤɢɯ 
ɨɛɟɪɬɚɥьɧɢɣ ɪɭɯ ɩɟɪɟɞɚєɬьɫɹ ɿɡ ɡɚɞɚɧɢɦ ɜɿɞɧɨɲɟɧɧɹɦ 

ɤɭɬɨɜɢɯ ɲɜɢɞɤɨɫɬɟɣ. ȼɢɤɨɧɚɧɧɹ ɰɢɯ ɭɦɨɜ ɡ ɬɨɱɤɢ ɡɨɪɭ 
ɤɿɧɟɦɚɬɢɤɢ ɡɚɛɟɡɩɟɱɭє ɨɫɧɨɜɧɚ ɬɟɨɪɟɦɚ ɡɚɱɟɩɥɟɧɧɹ, 

ɫɮɨɪɦɭɥьɨɜɚɧɚ Ɋ. ȼɿɥɥɿɫɨɦ. 
Ʉɪɢɜɚ ɳɨ ɭɬɜɨɪɸє ɨɛɪɢɫ ɛɨɤɨɜɨʀ ɩɨɜɟɪɯɧɿ ɡɭɛɚ ɜ 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɿɣ ɞɨ ɨɫɿ ɤɨɥɟɫɚ ɩɥɨɳɢɧɿ, ɧɚɡɢɜɚєɬьɫɹ 
ɬɨɪɰɟɜɢɦ ɩɪɨɮɿɥɟɦ ɡɭɛɚ. Ⱦɥɹ ɬɨɝɨ ɳɨɛ ɩɚɪɚ ɡɭɛɱɚɫɬɢɯ 

ɤɨɥɿɫ ɩɟɪɟɞɚɜɚɥɢ ɨɛɟɪɬɚɥьɧɢɣ ɪɭɯ ɡ ɡɚɞɚɧɢɦ ɜɿɞɧɨɲɟɧɧɹɦ 
ɤɭɬɨɜɢɯ ɲɜɢɞɤɨɫɬɟɣ (ݑ =  ɩɪɨɮɿɥɿ ʀɯ ɡɭɛɿɜ ɧɟ ɦɨɠɭɬь ,(ݐݏ݊ܿ
ɛɭɬɢ ɞɨɜɿɥьɧɢɦɢ. ɍɦɨɜɭ, ɹɤɭ ɩɨɜɢɧɧɿ ɡɚɞɨɜɨɥьɧɹɬɢ ɰɿ 
ɩɪɨɮɿɥɿ, ɜɫɬɚɧɨɜɥɸє ɨɫɧɨɜɧɚ ɬɟɨɪɟɦɚ ɡɚɱɟɩɥɟɧɧɹ.  

ɇɟɯɚɣ ɡɭɛɢ ɤɨɥɿɫ 1 ɿ 2 (ɪɢɫ. 4.2) ɨɛɟɪɬɚɸɬьɫɹ ɡ 
ɤɭɬɨɜɢɦɢ ɲɜɢɞɤɨɫɬɹɦɢ ߱ଵ ɿ ߱ଶ ɿ ɞɨɬɢɤɚɸɬьɫɹ ɨɞɢɧ ɞɨ 
ɨɞɧɨɝɨ ɜ ɬ. Ʉ. Ɍɨɱɤɚ Ʉ ɧɚɥɟɠɢɬь ɨɞɧɨɱɚɫɧɨ ɡɭɛɭ ɤɨɥɟɫɚ 1 ɿ 
ɡɭɛɭ ɤɨɥɟɫɚ 2. ɒɜɢɞɤɿɫɬь ɬ. Ʉ, ɳɨ ɧɚɥɟɠɢɬь ɤɨɥɟɫɭ 1 
ɧɚɩɪɚɜɥɟɧɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɞɨ ɪɚɞɿɭɫɚ ʝଵК ɜ ɫɬɨɪɨɧɭ ߱ଵ ɿ 
ɡɚ ɜɟɥɢɱɢɧɨɸ ɪɿɜɧɚ ܸଵ = ߱ଵ ⋅ ܱଵ(4.2) .ܭ 

ɒɜɢɞɤɿɫɬь ɬ. Ʉ, ɳɨ ɧɚɥɟɠɢɬь ɤɨɥɟɫɭ 2 ɜ ɞɚɧɢɣ ɦɨɦɟɧɬ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɚ ɪɚɞɿɭɫɭ ʝଶК ɿ ɡɧɚɯɨɞɢɬьɫɹ ɹɤ ܸଶ = ߱ଶ ⋅ ܱଶ(4.3) .ܭ 

ȼɢɤɨɧɚєɦɨ ɧɚɫɬɭɩɧɿ ɩɨɛɭɞɨɜɢ ɧɚ ɫɯɟɦɿ ɡɭɛɱɚɫɬɨɝɨ 
ɡɚɱɟɩɥɟɧɧɹ. ɑɟɪɟɡ ɬ. Ʉ ɩɪɨɜɟɞɟɦɨ ɩɪɹɦɿ: ɡɚɝɚɥьɧɭ ɞɨɬɢɱɧɭ 
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Ɍ-Ɍ ɿ ɡɚɝɚɥьɧɭ ɧɨɪɦɚɥь N-N. ɇɨɪɦɚɥь ɩɟɪɟɬɧɟ ɥɿɧɿɸ ɰɟɧɬɪɿɜ ʝଵʝଶ ɜ ɬ. Ɋ. ȱɡ ɰɟɧɬɪɿɜ ʝଵ ɿ ʝଶ ɨɩɭɫɬɢɦɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɢ ɧɚ 
ɧɨɪɦɚɥь N-N, ɞɟ ɩɨɡɧɚɱɢɦɨ ɬɨɱɤɢ ܮଵ ɬɚ ܮଶ.  

 
Ɋɢɫ. 4.2. Ɂɭɛɱɚɫɬɟ ɡɚɱɟɩɥɟɧɧɹ 

 

ɒɜɢɞɤɿɫɬь ܸଵ ɫɩɪɨɟɤɬɭєɦɨ ɧɚ ɧɨɪɦɚɥь N-N, ɬɚ 

ɨɬɪɢɦɚєɦɨ ɞɜɿ ɫɤɥɚɞɨɜɿ ɲɜɢɞɤɨɫɬɿ. ɇɨɪɦɚɥьɧɚ ɫɤɥɚɞɨɜɚ 
ɜɢɡɧɚɱɢɬьɫɹ ɹɤ ܸభ = ܸଵ cos߰ = ߱ଵ ⋅ ܱଵܭ cos߰ = ߱ଵ ⋅ ܱଵܮଵ. (4.4) 

Ⱥɧɚɥɨɝɿɱɧɨ ɞɥɹ ɞɪɭɝɨɝɨ ɤɨɥɟɫɚ ɛɭɞɟ  ܸమ = ߱ଶ ⋅ ܱଶܮଶ. (4.5) 

Ⱦɥɹ ɬɨɝɨ, ɳɨɛ ɤɨɧɬɚɤɬɭɸɱɿ ɡɭɛɢ ɤɨɥɿɫ ɡɚɜɠɞɢ 
ɪɭɯɚɥɢɫь ɫɢɧɯɪɨɧɧɨ, ɧɟ ɜɢɩɟɪɟɞɠɚɸɱɢ ɨɞɢɧ ɨɞɧɨɝɨ 
ɧɟɨɛɯɿɞɧɨ, ɳɨɛ ɧɨɪɦɚɥьɧɿ ɫɤɥɚɞɨɜɿ ɲɜɢɞɤɨɫɬɟɣ ܸభ  ɿ ܸమ  

ɛɭɥɢ ɪɿɜɧɿ ɦɿɠ ɫɨɛɨɸ ɹɤ ɡɚ ɜɟɥɢɱɢɧɨɸ ɬɚɤ ɿ ɧɚɩɪɹɦɨɦ ܸభ = ܸమ . (4.6) 

ɉɿɞɫɬɚɜɢɦɨ ɜ (4.6) ɡɧɚɱɟɧɧɹ ɿɡ (4.4) ɿ (4.5), ɨɬɪɢɦɚєɦɨ: ߱ଵ ⋅ ܱଵܮଵ = ߱ଶ ⋅ ܱଶܮଶ. (4.7) 
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Ɂɜɿɞɫɢ ɦɚєɦɨ: ߱ଵ߱ଶ = ܱଶܮଶܱଵܮଵ. (4.8) 

əɤɳɨ ɩɨɞɿɛɧɢɯ ɬɪɢɤɭɬɧɢɤɢ ʝଵܮଵܲ ɿ ܱଶܮଶܲ, ɡɚɩɢɲɟɦɨ: ܱଶܮଶܱଵܮଵ = ܱଶܱܲଵܲ. (4.9) 

Ɂɚɦɿɧɢɜɲɢ ɜɿɞɧɨɲɟɧɧɹ ܱଶܮଶ/ܱଵܮଵ ɜ (4.8) ɿɡ (4.9) 

ɨɬɪɢɦɚєɦɨ: ߱ଵ߱ଶ = ܱଶܱܲଵܲ. (4.10) 

Ɂ ɪɿɜɧɹɧɧɹ (4.10) ɜɢɩɥɢɜɚє ɮɨɪɦɭɥɸɜɚɧɧɹ ɨɫɧɨɜɧɨʀ 
ɬɟɨɪɟɦɢ ɡɚɱɟɩɥɟɧɧɹ – ɬɟɨɪɟɦɚ ȼɿɥɥɿɫɚ. 

Ɂɚɝɚɥьɧɚ ɧɨɪɦɚɥь ɞɨ ɩɪɨɮɿɥɿɜ ɡɭɛɿɜ ɜ ɬɨɱɰɿ ʀɯ ɞɨɬɢɤɭ 
ɞɿɥɢɬь ɜɿɞɫɬɚɧь ɦɿɠ ɰɟɧɬɪɚɦɢ ɨɛɟɪɬɚɧɧɹ ɡɭɛɱɚɫɬɢɯ ɤɨɥɿɫ ɧɚ 
ɱɚɫɬɢɧɢ, ɨɛɟɪɧɟɧɨ ɩɪɨɩɨɪɰɿɣɧɿ ʀɯ ɤɭɬɨɜɢɦ ɲɜɢɞɤɨɫɬɹɦ. 

ɉɪɢ ߱ଵ/߱ଶ =  ɧɚ ɨɫɧɨɜɿ (4.10) ɪɨɛɢɦɨ ,ݐݏ݊ܿ
ɜɢɫɧɨɜɨɤ, ɳɨ ܱଶܲ/ܱଵܲ =  ɬɨɛɬɨ ɬ. Ɋ ɦɚє ɡɧɚɯɨɞɢɬɢɫь ,ݐݏ݊ܿ
ɧɚ ɥɿɧɿʀ ɰɟɧɬɪɿɜ ɜ ɨɞɧɚɤɨɜɨɦɭ ɩɨɥɨɠɟɧɧɿ. Ɍɨɱɤɚ Ɋ 

ɧɚɡɢɜɚєɬьɫɹ ɩɨɥɸɫɨɦ ɡɚɱɟɩɥɟɧɧɹ.  

Ɉɬɠɟ, ɞɥɹ ɡɚɛɟɡɩɟɱɟɧɧɹ ɫɬɚɥɨɝɨ ɜɿɞɧɨɲɟɧɧɹ ɤɭɬɨɜɢɯ 
ɲɜɢɞɤɨɫɬɟɣ ɩɪɢ ɩɟɪɟɞɚɱɿ ɨɛɟɪɬɚɥьɧɨɝɨ ɪɭɯɭ, ɩɪɨɮɿɥɿ ɡɭɛɿɜ 
ɩɨɜɢɧɧɿ ɛɭɬɢ ɩɿɞɿɛɪɚɧɿ ɬɚɤ, ɳɨɛ ɡɚɝɚɥьɧɚ ɧɨɪɦɚɥь ɞɨ ɧɢɯ ɜ 
ɛɭɞь-ɹɤɿɣ ɬɨɱɰɿ ɞɨɬɢɤɭ ɡɚɜɠɞɢ ɩɪɨɯɨɞɢɥɚ ɱɟɪɟɡ ɨɞɧɭ ɿ ɬɭ ɠ 
ɬɨɱɤɭ ɧɚ ɥɿɧɿʀ ɰɟɧɬɪɿɜ. 

 

4.3. ȿɜɨɥьɜɟɧɬɚ ɤɨɥɚ ɬɚ ʀʀ ɜɥɚɫɬɢɜɨɫɬɿ 
ȿɜɨɥьɜɟɧɬɚ ɤɨɥɚ – ɤɪɢɜɚ, ɹɤɭ ɨɩɢɫɭє ɬɨɱɤɚ ɧɚ ɩɪɹɦɿɣ 

ɥɿɧɿʀ, ɳɨ ɤɨɬɢɬьɫɹ ɩɨ ɤɨɥɭ ɛɟɡ ɩɪɨɤɨɜɡɭɜɚɧɧɹ. Ɍɚɤɟ ɤɨɥɨ 
ɧɚɡɢɜɚєɬьɫɹ ɨɫɧɨɜɧɢɦ, ɚ ɩɪɹɦɚ, ɳɨ ɩɨ ɧьɨɦɭ ɩɟɪɟɤɨɱɭєɬьɫɹ, 

– ɬɜɿɪɧɨɸ (ɪɢɫ. 4.3). 

ɇɟɯɚɣ ɩɪɹɦɚ N-N ɤɨɬɢɬьɫɹ ɩɨ ɨɫɧɨɜɧɨɦɭ ɤɨɥɭ ɪɚɞɿɭɫɚ ݎ ɛɟɡ ɩɪɨɤɨɜɡɭɜɚɧɧɹ. Ɍɨɱɤɚ Ʉ ɩɪɢ ɰьɨɦɭ ɛɭɞɟ ɨɩɢɫɭɜɚɬɢ 

ɟɜɨɥьɜɟɧɬɭ. Ȼɿɠɭɱɢɣ ɪɚɞɿɭɫ-ɜɟɤɬɨɪ ɬɨɱɤɢ К˘ ɟɜɨɥьɜɟɧɬɢ 
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ɩɨɡɧɚɱɢɦɨ ݎ௫. ɉɨɱɚɬɤɨɜɢɣ ɪɚɞɿɭɫ-ɜɟɤɬɨɪ ɟɜɨɥьɜɟɧɬɢ ܱܭ  . Ƚɨɫɬɪɢɣ ɤɭɬ ɦɿɠ ɞɨɬɢɱɧɨɸ ɞɨ ɟɜɨɥьɜɟɧɬɢ ɜ ɬɨɱɰɿ К˘ ɿ ʀʀݎ=
ɪɚɞɿɭɫɨɦ-ɜɟɤɬɨɪɨɦ ܱܭ௫ ɩɨɡɧɚɱɢɦɨ ߙ௫. Ʉɭɬ ߠ˘ ɦɿɠ 
ɩɨɱɚɬɤɨɜɢɦ ɪɚɞɿɭɫɨɦ-ɜɟɤɬɨɪɨɦ ɟɜɨɥьɜɟɧɬɢ ܱܭ ɿ ʀʀ ɛɿɠɭɱɢɦ 
ɪɚɞɿɭɫɨɦ ܱܭ௫, ɧɚɡɢɜɚєɬьɫɹ ɟɜɨɥьɜɟɧɬɧɢɦ ɤɭɬɨɦ ɚɛɨ 
ɿɧɜɨɥɸɬɨɸ ɤɭɬɚ ߙ௫, ɬɨɛɬɨ ߠ˘ =  ௫. (4.11)ߙܸ݊݅

 
Ɋɢɫ. 4.3. ȿɜɨɥьɜɟɧɬɚ ɤɨɥɚ 

 

Ȼɭɞь-ɹɤɚ ɬɨɱɤɚ ɟɜɨɥьɜɟɧɬɢ ɜɢɡɧɚɱɚєɬьɫɹ ɪɚɞɿɭɫɨɦ-

ɜɟɤɬɨɪɨɦ ݎ௫ ɿ ɟɜɨɥьɜɟɧɬɧɢɦ ɤɭɬɨɦ ߠ˘. Ɉɫɤɿɥьɤɢ ɩɪɹɦɚ N-N 

ɤɨɬɢɬьɫɹ ɩɨ ɨɫɧɨɜɧɨɦɭ ɤɨɥɭ ɛɟɡ ɩɪɨɤɨɜɡɭɜɚɧɧɹ, ɬɨ ɦɨɠɧɚ 
ɡɚɩɢɫɚɬɢ, ɳɨ ܭ ௫ܰ̅̅ ̅̅ ̅̅ ̅ = ௫ܭ ௫ܰ. (4.12) 

ȱɡ ɩɪɹɦɨɤɭɬɧɨɝɨ ɬɪɢɤɭɬɧɢɤɚ ܱܭ௫ ௫ܰ ɦɚєɦɨ: ܭ௫ ௫ܰ = ௫ߙ݃ݐݎ . (4.13) 

Ⱦɨɜɠɢɧɭ ɞɭɝɢ ܭ ௫ܰ̅̅ ̅̅ ̅̅ ̅ ɡɧɚɣɞɟɦɨ, ɹɤ: ܭ ௫ܰ̅̅ ̅̅ ̅̅ ̅ = ௫ߠሺݎ +  ௫ሻ. (4.14)ߙ

ɉɿɞɫɬɚɜɢɦɨ ɡɧɚɱɟɧɧɹ ɿɡ (4.13) ɿ (4.14) ɜ (4.12), 

ɨɬɪɢɦɚєɦɨ: ݎߙ݃ݐ௫ = ௫ߠሺݎ +  ௫ሻ. (4.15)ߙ

Ɋɨɡɞɿɥɢɦɨ ɨɛɢɞɜɿ ɱɚɫɬɢɧɢ ɪɿɜɧɹɧɧɹ (4.15) ɧɚ ݎ, 

ɨɬɪɢɦɚєɦɨ: ߠ௫ + ௫ߙ = ௫ߠ  ௫,  ɚɛɨߙ݃ݐ = ௫ߙ݃ݐ −  ௫. (4.16)ߙ



83 

ȼɢɤɨɪɢɫɬɚɜɲɢ ɩɨɡɧɚɱɟɧɧɹ ɜ ɪɿɜɧɹɧɧɿ (4.11), 

ɨɬɪɢɦɚєɦɨ ܸ݅݊ߙ௫ = ௫ߙ݃ݐ −  ௫. (4.17)ߙ

Ɂɜʼɹɡɨɤ ɦɿɠ ݎ௫ ɿ ߙ௫ ɡɚɩɢɲɟɦɨ ɿɡ ɬɪɢɤɭɬɧɢɤɚ ܭ௫ܱ ௫ܰ ݎ௫ = cosݎ ௫ߙ . (4.18) 

Ɋɿɜɧɹɧɧɹ (4.17) ɿ (4.18) ɧɚɡɢɜɚɸɬьɫɹ ɩɚɪɚɦɟɬɪɢɱɧɢɦɢ 
ɪɿɜɧɹɧɧɹɦɢ ɟɜɨɥьɜɟɧɬɢ. 

ȼɥɚɫɬɢɜɨɫɬɿ ɟɜɨɥьɜɟɧɬɢ: 
• ɟɜɨɥьɜɟɧɬɚ є ɫɢɦɟɬɪɢɱɧɨɸ ɤɪɢɜɨɸ, ɹɤɚ ɦɚє ɞɜɿ ɜɿɬɤɢ, 

ɳɨ ɡɛɿɝɚɸɬьɫɹ ɭ ɩɨɱɚɬɤɨɜɿɣ ɬɨɱɰɿ ܭ; 

• ɛɭɞь-ɹɤɿ ɞɨɬɢɱɧɿ N–N ɞɨ ɨɫɧɨɜɧɨɝɨ ɤɨɥɚ є ɧɨɪɦɚɥɹɦɢ 
ɞɨ ɟɜɨɥьɜɟɧɬɢ ɭ ɜɿɞɩɨɜɿɞɧɢɯ ɬɨɱɤɚɯ ܭ௫; 

• ɨɫɧɨɜɧɟ ɤɨɥɨ є ɝɟɨɦɟɬɪɢɱɧɢɦ ɦɿɫɰɟɦ ɰɟɧɬɪɿɜ 
ɤɪɢɜɢɡɧɢ ɟɜɨɥьɜɟɧɬ ɨɩɢɫɚɧɢɯ ɩɪɹɦɨɸ N–N, ɬɨɛɬɨ ʀɯ 
ɟɜɨɥɸɬɨɸ, ɚ ɨɬɠɟ ɜɟɤɬɨɪ ܭ௫ ௫ܰ є ɪɚɞɿɭɫɨɦ ɤɪɢɜɢɡɧɚ 
ɟɜɨɥьɜɟɧɬɢ ɭ ɜɿɞɩɨɜɿɞɧɿɣ ɬɨɱɰɿ ܭ௫. 

 

4.4. Ɉɫɧɨɜɧɿ ɪɨɡɦɿɪɢ ɰɢɥɿɧɞɪɢɱɧɢɯ ɡɭɛɱɚɫɬɢɯ ɤɨɥɿɫ 

Ⱦɥɹ ɤɨɠɧɨɝɨ ɤɨɥɟɫɚ (ɪɢɫ. 4.4) ɜɿɞɨɦɨ: ʹݎߨ௪ଵ = ௪ଶݎߨʹ ଵ. (4.19)ݖ௪ =  ଶ. (4.20)ݖ௪

Ɋɨɡɞɿɥɢɦɨ (4.20) ɧɚ (4.19) ݎ௪ଶݎ௪ଵ =  ଵ. (4.21)ݖଶݖ

ɋɩɿɜɫɬɚɜɥɹɸɱɢ (4.21) ɿɡ (4.10), ɿ ɩɪɢɣɧɹɜɲɢ ɞɨ ɭɜɚɝɢ, 
ɳɨ ʝଵʟ = ௪ଵ ɿ ʝଶʟݎ = ଵଶݑ  :௪ଶ, ɦɚєɦɨݎ = ߱ଵ߱ଶ = ௪ଵݎ௪ଶݎ =  ଵ. (4.22)ݖଶݖ

ɉɪɢ ɩɪɨɟɤɬɭɜɚɧɧɿ ɡɭɛɱɚɫɬɢɯ ɤɨɥɿɫ ɡɚ ɨɫɧɨɜɭ ɛɟɪɭɬь ɧɟ 
ɡ ɤɪɨɤ ௪, ɚ ɜɟɥɢɱɢɧɭ, ɹɤɚ ɧɚɡɢɜɚєɬьɫɹ ɬɨɪɰɟɜɢɦ ɦɨɞɭɥɟɦ 
ɡɭɛɿɜ ݉௪ =  (4.23) . ߨ௪
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Ɋɢɫ. 4.4. ɐɢɥɿɧɞɪɢɱɧɿ ɡɭɛɱɚɫɬɿ ɤɨɥɟɫɚ 

 

ȱɡ ɮɨɪɦɭɥɢ (4.19) ɞɥɹ ɛɭɞь-ɹɤɨɝɨ ɡɭɛɱɚɫɬɨɝɨ ɤɨɥɟɫɚ 
ɦɚєɦɨ: ʹݎ௪ = ݀௪ = ߨݖ௪ . (4.24) 
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ȼɪɚɯɨɜɭɸɱɢ (4.23), ɨɬɪɢɦɚєɦɨ: ݀௪ = ݉௪ݖ, ˃˄ˑ        ݉௪ = ݀௪ݖ  (4.25) 

Ɇɨɞɭɥь ɩɨɤɚɡɭє ɱɢɫɥɨ ɦɿɥɿɦɟɬɪɿɜ ɞɿɚɦɟɬɪɚ ɞɿɥɢɥьɧɨɝɨ 
(ɩɨɱɚɬɤɨɜɨɝɨ) ɤɨɥɚ, ɳɨ ɩɪɢɩɚɞɚє ɧɚ ɨɞɢɧ ɡɭɛ. Ɇɨɞɭɥɿ 
ɫɬɚɧɞɚɪɬɢɡɨɜɚɧɿ. 

Ɂɚ ɤɨɪɞɨɧɨɦ (ɋɒȺ, Ⱥɧɝɥɿɹ) ɪɨɡɦɿɪɢ ɡɭɛɱɚɫɬɢɯ ɤɨɥɿɫ 
ɫɬɚɧɞɚɪɬɢɡɭɸɬь ɡɚ ɜɟɥɢɱɢɧɨɸ, ɨɛɟɪɧɟɧɨɸ ɦɨɞɭɥɸ, ɹɤɚ 
ɧɚɡɢɜɚєɬьɫɹ ɩɿɬɱɟɦ (pitch – ɤɪɨɤ �ܲ�), �ܲ� =  – ݀ ɞɟ ,݀/ݖ

ɞɿɚɦɟɬɪ ɞɿɥɢɥьɧɨɝɨ ɤɨɥɚ ɜ ɞɸɣɦɚɯ. ȼɿɞɩɨɜɿɞɧɨ, ɡɜʼɹɡɨɤ 
ɦɨɞɭɥɹ ɡ ɩɿɬɱɟɦ ݉௪ = ʹͷ,Ͷ/ �ܲ� , ɦɦ. 

Ⱦɿɥɢɥьɧɢɦ ɤɨɥɨɦ ɧɚɡɢɜɚɸɬь ɤɨɥɨ, ɳɨ ɞɿɥɢɬь ɩɟɪɟɪɿɡ 
ɡɭɛɚ ɩɨ ɜɢɫɨɬɿ ɧɚ ɞɜɿ ɱɚɫɬɢɧɢ: ɧɿɠɤɭ ɿ ɝɨɥɨɜɤɭ. 

Ⱦɥɹ ɫɬɚɧɞɚɪɬɧɢɯ ɧɨɪɦɚɥьɧɢɯ ɡɭɛɱɚɫɬɢɯ ɤɨɥɿɫ 

ɞɿɥɢɥьɧɟ ɤɨɥɨ ɫɩɿɜɩɚɞɚє ɡ ɩɨɱɚɬɤɨɜɢɦ (ɤɨɥɨ, ɳɨ ɩɪɨɯɨɞɢɬь 
ɱɟɪɟɡ ɩɨɥɸɫ ɡɚɱɟɩɥɟɧɧɹ). 

Ʉɨɥɨ, ɳɨ ɨɛɦɟɠɭє ɡɭɛɢ ɡɨɜɧɿ, ɧɚɡɢɜɚєɬьɫɹ ɤɨɥɨɦ 
ɜɟɪɲɢɧɢ ɡɭɛɿɜ, ɚ ɤɨɥɨ, ɳɨ ɨɛɦɟɠɭє ɡɚɩɚɞɢɧɢ – ɤɨɥɨɦ 
ɡɚɩɚɞɢɧ. 

Ɋɚɞɿɚɥьɧɚ ɜɿɞɫɬɚɧь ℎ ɦɿɠ ɤɨɥɨɦ ɜɟɪɲɢɧɢ ɿ ɤɨɥɨɦ 
ɡɚɩɚɞɢɧɢ ɜɿɞɩɨɜɿɞɚє ɜɢɫɨɬɿ ɡɭɛɚ, ɹɤɚ ɜ ɫɜɨɸ ɱɟɪɝɭ 

ɫɤɥɚɞɚєɬьɫɹ ɿɡ ɜɢɫɨɬɢ ɝɨɥɨɜɤɢ ℎ ɿ ɜɢɫɨɬɢ ɧɿɠɤɢ ℎ ℎ = ℎ + ℎ . (4.26) 

ȼɿɞɩɨɜɿɞɧɨ ɞɨ ɫɬɚɧɞɚɪɬɭ ɪɨɡɦɿɪɢ ɡɭɛɿɜ ɧɨɪɦɚɥьɧɨʀ 
ɜɢɫɨɬɢ ɡɚɥɟɠɚɬь ɜɿɞ ɦɨɞɭɥɹ ɿ ɫɤɥɚɞɚɸɬь: ℎ = ݉; ℎ = ͳ,ʹͷ݉; ℎ = ʹ,ʹͷ݉. (4.27) 

Ɍɨɜɳɢɧɚ ɡɭɛɚ ݏ௪ ɩɨ ɩɨɱɚɬɤɨɜɨɦɭ ɤɨɥɭ ɿ ɲɢɪɢɧɚ 

ɡɚɩɚɞɢɧɢ ݁௪ ɪɿɜɧɚ ɩɨɥɨɜɢɧɿ ɤɪɨɤɭ ௪ ݏ௪ = ݁௪ =  ௪ʹ. (4.28)

Ɋɚɞɿɭɫ ɤɨɥɚ ɜɟɪɲɢɧ ݎ = ௪ݎ + ℎ . (4.29) 

Ɋɚɞɿɭɫ ɤɨɥɚ ɡɚɩɚɞɢɧ ݎ = ௪ݎ − ℎ . (4.30) 
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Ʉɨɥɨ, ɩɨ ɹɤɨɦɭ ɫɥɿɞ ɤɨɬɢɬɢ ɞɨɬɢɱɧɭ ɛɟɡ 
ɩɪɨɤɨɜɡɭɜɚɧɧɹ, ɳɨɛ ɩɨɛɭɞɭɜɚɬɢ ɟɜɨɥьɜɟɧɬɭ (ɩɪɨɮɿɥь ɡɭɛɚ), 
ɧɚɡɢɜɚєɬьɫɹ ɨɫɧɨɜɧɢɦ. 

ȱɡ ɬɪɢɤɭɬɧɢɤɚ ʝଵ ଵܰܲ ɦɚєɦɨ (ʝଵ ଵܰ = ݎ (ݎ = ௪ݎ cos  ௪. (4.31)ߙ

ȼɢɡɧɚɱɢɦɨ ɜɿɞɫɬɚɧь ɦɿɠ ɰɟɧɬɪɚɦɢ ɤɨɥɿɫ ʝଵʝଶ ܽ௪ = ௪ଵݎ + ௪ଶݎ = ଵݖ݉ + ʹଶݖ . (4.32) 

 

4.5. Ƚɟɨɦɟɬɪɿɹ ɟɜɨɥьɜɟɧɬɧɨɝɨ ɡɚɱɟɩɥɟɧɧɹ 

ɑɟɪɟɡ ɩɨɥɸɫ ɡɚɱɟɩɥɟɧɧɹ Ɋ ɩɪɨɜɟɞɟɦɨ ɡɚɝɚɥьɧɭ 
ɞɨɬɢɱɧɭ Ɍ-Ɍ ɞɨ ɩɨɱɚɬɤɨɜɢɯ ɤɿɥ (ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɥɿɧɿʀ 
ɰɟɧɬɪɿɜ) ɿ ɡɚɝɚɥьɧɭ ɧɨɪɦɚɥь N-N ɞɨ ɩɪɨɮɿɥɿɜ ɡɭɛɿɜ ɜ ɰɿɣ 
ɬɨɱɰɿ (ɪɢɫ. 4.4). Ʉɭɬ, ɭɬɜɨɪɟɧɢɣ ɩɪɹɦɢɦɢ Ɍ-Ɍ ɿ N-N, 

ɧɚɡɢɜɚєɬьɫɹ ɤɭɬɨɦ ɡɚɱɟɩɥɟɧɧɹ ߙ௪ ɿ ɞɥɹ ɧɨɪɦɚɥьɧɢɯ 
ɡɭɛɱɚɫɬɢɯ ɤɨɥɿɫ ɡɝɿɞɧɨ ɫɬɚɧɞɚɪɬɭ ɪɿɜɧɢɣ ʹͲ°. Ʌɿɧɿɹ ɹɤɭ 
ɨɩɢɫɭє ɬɨɱɤɚ ɞɨɬɢɤɚɧɧɹ ɩɪɨɮɿɥɿɜ ɞɜɨɯ ɡɭɛɿɜ ɫɩɪɹɠɟɧɢɯ 
ɤɨɥɿɫ ɜɿɞ ɜɯɨɞɠɟɧɧɹ ɜ ɡɚɱɟɩɥɟɧɧɹ ɿ ɞɨ ɜɢɯɨɞɭ, ɧɚɡɢɜɚєɬьɫɹ 
ɚɤɬɢɜɧɨɸ ɥɿɧɿєɸ ɡɚɱɟɩɥɟɧɧɹ, ܾܽ. 

Ⱦɜɚ ɨɤɪɟɦɿ ɡɭɛɢ ɜɯɨɞɹɬь ɜ ɡɚɱɟɩɥɟɧɧɹ ɜ ɬɨɱɰɿ a, ɜ ɹɤɿɣ 
ɤɨɥɨ ɜɟɪɲɢɧ ɡɭɛɿɜ ɜɟɞɟɧɨɝɨ ɤɨɥɟɫɚ ɩɟɪɟɬɢɧɚє ɥɿɧɿɸ 
ɡɚɱɟɩɥɟɧɧɹ ɿ ɜɢɯɨɞɹɬь ɜ ɬɨɱɰɿ b, ɜ ɹɤɿɣ ɥɿɧɿɸ ɡɚɱɟɩɥɟɧɧɹ 
ɩɟɪɟɬɢɧɚє ɤɨɥɨ ɜɟɪɲɢɧ ɡɭɛɿɜ ɜɟɞɭɱɨɝɨ ɤɨɥɟɫɚ.  

Ⱥɤɬɢɜɧɚ ɥɿɧɿɹ ɡɚɱɟɩɥɟɧɧɹ – ɰɟ ɪɨɡɝɨɪɬɤɚ ɞɭɝɢ 
ɡɚɱɟɩɥɟɧɧɹ cd.  

Ɉɫɧɨɜɧɢɦ ɤɪɢɬɟɪɿєɦ, ɹɤɢɣ ɜɢɡɧɚɱɚє ɞɨɜɝɨɜɿɱɧɿɫɬь 
ɪɨɛɨɬɢ ɡɭɛɱɚɫɬɢɯ ɤɨɥɿɫ є ɫɩɪɚɰɸɜɚɧɧɹ ɪɨɛɨɱɢɯ ɩɨɜɟɪɯɨɧь 
ɡɭɛɿɜ, ɜɟɥɢɱɢɧɚ ɹɤɨɝɨ ɨɰɿɧɸєɬьɫɹ ɝɥɢɛɢɧɨɸ ɫɬɟɪɬɨɝɨ ɲɚɪɭ 

ɦɟɬɚɥɭ ɜɧɚɫɥɿɞɨɤ ɬɟɪɬɹ ɩɪɢ ɜɡɚєɦɧɨɦɭ ɤɨɜɡɚɧɧɿ ɪɨɛɨɱɢɯ 
ɩɨɜɟɪɯɨɧь ɡɭɛɿɜ ɫɩɪɹɠɟɧɢɯ ɤɨɥɿɫ. 

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɪɨɛɨɱɢɯ ɩɨɜɟɪɯɨɧь ɩɪɨɮɿɥɿɜ ɡɭɛɿɜ 

ɞɭɝɨɸ ɡ ɰɟɧɬɪɨɦ ɜ ɬ. ʝଵ ɿ ɪɚɞɿɭɫɨɦ ʝଵܽ ɪɨɛɢɦɨ ɡɚɫɿɱɤɭ ɧɚ 
ɩɪɨɮɿɥɿ ɡɭɛɚ ɜɟɞɭɱɨɝɨ ɤɨɥɟɫɚ, ɳɨ ɜ ɞɚɧɢɣ ɦɨɦɟɧɬ ɩɪɨɯɨɞɢɬь 
ɱɟɪɟɡ ɩɨɥɸɫ Ɋ. Ⱥɧɚɥɨɝɿɱɧɨ ɿɡ ɬ. ʝଶ ɪɚɞɿɭɫɨɦ ʝଶܾ ɪɨɛɢɦɨ 
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ɡɚɫɿɱɤɭ ɧɚ ɜɿɞɩɨɜɿɞɧɨɦɭ ɩɪɨɮɿɥɿ ɡɭɛɚ ɜɟɞɟɧɨɝɨ ɤɨɥɟɫɚ. 
Ⱦɿɥɹɧɤɢ ɩɪɨɮɿɥɹ ɜɿɞ ɜɿɞɩɨɜɿɞɧɨɝɨ ɤɨɥɚ ɜɟɪɲɢɧ ɞɨ 
ɨɬɪɢɦɚɧɢɯ ɬɨɱɨɤ (ɧɚ ɪɢɫ. 4.4 ɜɢɞɿɥɟɧɨ ɲɬɪɢɯɨɜɤɨɸ) ɿ 
ɛɭɞɭɬь ɪɨɛɨɱɢɦɢ ɩɨɜɟɪɯɧɹɦɢ ɡɭɛɿɜ. 

ȼɿɞɧɨɲɟɧɧɹ ɞɨɜɠɢɧɢ ɞɭɝɢ ɡɚɱɟɩɥɟɧɧɹ ܿ ݀ ɞɨ ɤɪɨɤɭ ௪, 

ɧɚɡɢɜɚєɬьɫɹ ɤɨɟɮɿɰɿєɧɬɨɦ ɬɨɪɰɟɜɨɝɨ ɩɟɪɟɤɪɢɬɬɹ ߝఈ 

(ɹɤɿɫɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɡɚɱɟɩɥɟɧɧɹ). ȼɿɧ ɩɨɤɚɡɭє ɱɢɫɥɨ ɩɚɪ 
ɡɭɛɿɜ, ɳɨ ɨɞɧɨɱɚɫɧɨ ɡɧɚɯɨɞɹɬьɫɹ ɜ ɡɚɱɟɩɥɟɧɧɿ. ߝఈ = = ௪݀ܿ ௪ܾܽ cos = ௪ߙ   . (4.33)ܾܽ

Ʉɨɟɮɿɰɿєɧɬ ɬɨɪɰɟɜɨɝɨ ɩɟɪɟɤɪɢɬɬɹ ɦɨɠɧɚ ɜɢɡɧɚɱɢɬɢ 
ɚɧɚɥɿɬɢɱɧɨ ɡɚ ɮɨɪɦɭɥɨɸ ߝఈ = ଵଶݎ√ ଵଶݎ − + ଶଶݎ√ ଶଶݎ − − ܽ௪ sin ݉ߨ௪ߙ cosߙ௪ . (4.34) 

Ⱦɥɹ ɡɚɛɟɡɩɟɱɟɧɧɹ ɧɟɩɟɪɟɪɜɧɨʀ ɪɨɛɨɬɢ ɛɟɡ ɭɞɚɪɿɜ 

ɤɨɟɮɿɰɿєɧɬ ɬɨɪɰɟɜɨɝɨ ɩɟɪɟɤɪɢɬɬɹ ɧɟ ɩɨɜɢɧɟɧ ɛɭɬɢ ɦɟɧɲɢɦ 
ɨɞɢɧɢɰɿ. ȼɪɚɯɨɜɭɸɱɢ ɦɨɠɥɢɜɭ ɧɟɬɨɱɧɿɫɬь ɩɪɢ 

ɜɢɝɨɬɨɜɥɟɧɧɿ ɿ ɦɨɧɬɚɠɿ ɡɭɛɱɚɫɬɢɯ ɤɨɥɿɫ, ɡɧɨɫ ɡɭɛɿɜ 

ɧɟɨɛɯɿɞɧɨ ɩɪɢɣɦɚɬɢ ߝఈ୫i୬ = ͳ,Ͳͷ…ͳ,ͳ. 

ȼɢɡɧɚɱɢɦɨ ɤɨɟɮɿɰɿєɧɬɢ ɜɿɞɧɨɫɧɨɝɨ ɤɨɜɡɚɧɧɹ 

ɪɨɛɨɱɢɯ ɩɪɨɮɿɥɿɜ ɡɭɛɿɜ ɡɚ ɮɨɪɦɭɥɨɸ ߣଵ = ͳ + ͳݑଵଶ − ͳݑݔଵଶ ଶߣ (4.35) ; = ͳ + ଵଶݑ − ଵଶ݈ݑ݈ −  (4.36) ,ݔ

ɞɟ ݑଵଶ – ɩɟɪɟɞɚɬɨɱɧɟ ɜɿɞɧɨɲɟɧɧɹ; l – ɞɨɜɠɢɧɚ ɬɟɨɪɟɬɢɱɧɨʀ 
ɥɿɧɿʀ ɡɚɱɟɩɥɟɧɧɹ; x – ɛɿɠɭɱɚ ɤɨɨɪɞɢɧɚɬɚ; 

ɩɪɢ ݔ = Ͳ, ߣଵ ଶߣ ,∞–= = ͳ; 

ɩɪɢ ݔ = ଵߣ ,݈ = ͳ, ߣଶ =–∞; 

ɩɪɢ ݔ = ଵܰܲ, ߣଵ = Ͳ, ߣଶ = Ͳ. 

Ƚɪɚɮɿɤɢ ߣଵ ɿ ߣଶ ɩɨɛɭɞɨɜɚɧɿ ɧɚ ɪɢɫ. 4.4. 

 



88 

4.6. Ʉɨɫɨɡɭɛɿ ɰɢɥɿɧɞɪɢɱɧɿ ɤɨɥɟɫɚ. Ɉɫɧɨɜɧɿ 
ɩɚɪɚɦɟɬɪɢ 

ɍ ɩɪɹɦɨɡɭɛɢɯ ɤɨɥɟɫɚɯ ɡɭɛɰɿ ɜɯɨɞɹɬь ɜ ɤɨɧɬɚɤɬ 

ɨɞɧɨɱɚɫɧɨ ɜɫɿєɸ ɞɨɜɠɢɧɨɸ ɲɢɪɢɧɢ ɡɭɛɰɹ, ɚ ɬɨɦɭ ɩɟɪɟɯɿɞ 
ɡɚɱɟɩɥɟɧɧɹ ɡ ɡɭɛɰɹ ɧɚ ɡɭɛɟɰь ɫɭɩɪɨɜɨɞɠɭєɬьɫɹ ɭɞɚɪɨɦ ɿ 
ɲɭɦɨɦ. Ⱦɟɮɟɤɬɢ ɜɢɝɨɬɨɜɥɟɧɧɹ (ɧɟɫɬɚɥɿɫɬь ɤɪɨɤɭ, 
ɧɟɬɨɱɧɿɫɬь ɩɪɨɮɿɥɸ, ɬɨɳɨ) ɦɨɠɭɬь ɡɧɚɱɧɨ ɩɨɝɿɪɲɢɬɢ ɭɦɨɜɢ 
ɪɨɛɨɬɢ ɩɪɹɦɨɡɭɛɨʀ ɩɟɪɟɞɚɱɿ. Ɍɚɤɨɠ, ɩɪɹɦɨɡɭɛɿ ɤɨɥɟɫɚ 
ɦɚɸɬь ɩɨɪɿɜɧɹɧɨ ɧɟɜɟɥɢɤɢɣ ɤɨɟɮɿɰɿєɧɬ ɩɟɪɟɤɪɢɬɬɹ. Ⱦɥɹ 
ɬɨɝɨ, ɳɨɛ ɣɨɝɨ ɡɛɿɥьɲɢɬɢ ɿ ɜɨɞɧɨɱɚɫ ɡɦɟɧɲɢɬɢ ɱɭɬɥɢɜɿɫɬь 
ɡɭɛɰɿɜ ɞɨ ɩɨɯɢɛɨɤ ɜɢɝɨɬɨɜɥɟɧɧɹ ɿ ɦɨɧɬɚɠɭ, ɩɪɹɦɨɡɭɛɿ 
ɤɨɥɟɫɚ ɡɚɦɿɧɸɸɬь ɤɨɥɟɫɚɦɢ ɡ ɤɨɫɢɦɢ ɚɛɨ ɲɟɜɪɨɧɧɢɦɢ 
ɡɭɛɰɹɦɢ. ɍ ɬɚɤɢɯ ɤɨɥɿɫ ɡɭɛɰɿ ɪɨɡɦɿɳɟɧɧɿ ɩɿɞ ɞɟɹɤɢɦ ɤɭɬɨɦ 
ȕ ɞɨ ɨɫɿ ɨɛɟɪɬɚɧɧɹ ɤɨɥɟɫɚ (ɪɢɫ. 4.5). 

 

 
Ɋɢɫ. 4.5. Ʉɨɫɨɡɭɛɟ ɤɨɥɟɫɨ 

 

ȼ ɬɨɪɰɟɜɨɦɭ ɩɟɪɟɪɿɡɿ ɤɨɫɨɡɭɛɨɝɨ ɤɨɥɟɫɚ ɩɪɨɮɿɥь ɡɭɛɚ 
ɟɜɨɥьɜɟɧɬɧɢɣ. ɉɨɡɧɚɱɢɦɨ ɜ ɰьɨɦɭ ɩɟɪɟɪɿɡɿ ɤɪɨɤ ௧, ɦɨɞɭɥь ݉௧, ɚ ɜ ɩɟɪɟɪɿɡɿ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦɭ ɥɿɧɿʀ ɡɭɛɚ, – ɤɪɨɤ , 

ɦɨɞɭɥь ݉. Ʉɭɬ ɡɚɱɟɩɥɟɧɧɹ ߙ௪, ɲɢɪɢɧɚ ɤɨɥɟɫɚ – ܾ. 

Ɂɜʼɹɡɨɤ ɤɪɨɤɭ ɿ ɦɨɞɭɥɹ ɚɧɚɥɨɝɿɱɧɢɣ ɹɤ ɿ ɞɥɹ 
ɩɪɹɦɨɡɭɛɨɝɨ ɤɨɥɟɫɚ  = ௧   ,݉ߨ =  ௧ . (4.37)݉ߨ
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ȱɡ ɬɪɢɤɭɬɧɢɤɚ Ⱥȼɋ (ɪɢɫ. 4.5) ɦɚєɦɨ  = ௧ cos  (4.38) . ߚ

Ɍɨɪɰɟɜɢɣ ɦɨɞɭɥь ɡɜʼɹɡɚɧɢɣ ɡ ɧɨɪɦɚɥьɧɢɦ ɜɿɞɩɨɜɿɞɧɨ  ݉ = ݉௧ cos  (4.39) . ߚ

Ʉɭɬ ɧɚɯɢɥɭ ɡɭɛɰɿɜ ɩɪɢɣɦɚɸɬь ߚ = ͺ. . .͵Ͳ°. 
ɋɬɚɧɞɚɪɬɧɢɦ є ɧɨɪɦɚɥьɧɢɣ ɦɨɞɭɥь. Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ 

ɝɟɨɦɟɬɪɢɱɧɢɯ ɪɨɡɦɿɪɿɜ ɤɨɫɨɡɭɛɨɝɨ ɤɨɥɟɫɚ ɜ ɧɨɪɦɚɥьɧɨɦɭ 
ɩɟɪɟɪɿɡɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬь ɮɨɪɦɭɥɢ ɞɥɹ ɩɪɹɦɨɡɭɛɨɝɨ ɤɨɥɟɫɚ. 

Ƚɟɨɦɟɬɪɢɱɧɿ ɩɚɪɚɦɟɬɪɢ ɜ ɬɨɪɰɟɜɨɦɭ ɩɟɪɟɪɿɡɿ 
ɜɢɡɧɚɱɚɸɬьɫɹ ɡɚ ɬɨɪɰɟɜɢɦ ɦɨɞɭɥɟɦ. ɇɚɩɪɢɤɥɚɞ, ɪɚɞɿɭɫ 
ɩɨɱɚɬɤɨɜɨɝɨ ɤɨɥɚ ɛɭɞɟ ɪɿɜɧɢɣ  ݎ௪ = ݉௧ݖʹ = ݉ݖʹ cos  (4.40) .ߚ

Ʉɨɟɮɿɰɿєɧɬ ɬɨɪɰɟɜɨɝɨ ɩɟɪɟɤɪɢɬɬɹ ɤɨɫɨɡɭɛɨɝɨ ɤɨɥɟɫɚ ߝ = ఈߝ + ఉߝ . (4.41) 

ɞɟ ߝఈ – ɤɨɟɮɿɰɿєɧɬ ɬɨɪɰɟɜɨɝɨ ɩɟɪɟɤɪɢɬɬɹ, ɹɤ ɞɥɹ 
ɩɪɹɦɨɡɭɛɨɝɨ ɤɨɥɟɫɚ; ߝఉ =  ௫ – ɤɨɟɮɿɰɿєɧɬ ɨɫьɨɜɨɝɨ/ܾ
ɩɟɪɟɤɪɢɬɬɹ , ɬɭɬ ௫ - ɨɫьɨɜɢɣ ɤɪɨɤ. 

ȱɡ ɪɢɫ. 4.5 ௫ = ߝ ɬɨɞɿ ,ߚ ݃ݐ/௧ = ఈߝ + ௧ߚ݃ݐ ܾ . (4.42) 

ɉɟɪɟɜɚɝɢ ɡɚɱɟɩɥɟɧɧɹ ɤɨɫɨɡɭɛɢɯ ɤɨɥɿɫ: 

• ɡɧɚɱɧɨ ɛɿɥьɲɢɣ ɤɨɟɮɿɰɿєɧɬ ɬɨɪɰɟɜɨɝɨ ɩɟɪɟɤɪɢɬɬɹ 
(10–20); 

• ɛɿɥьɲɢɣ ɦɨɦɟɧɬ ɨɩɨɪɭ ɡɭɛɚ ɡɚ ɪɚɯɭɧɨɤ ɡɛɿɥьɲɟɧɧɹ 
ɣɨɝɨ ɞɨɜɠɢɧɢ ɛɟɡ ɡɛɿɥьɲɟɧɧɹ ɲɢɪɢɧɢ ɤɨɥɟɫɚ; 

• ɦɟɧɲɢɣ ɲɭɦ ɱɟɪɟɡ ɩɨɤɪɚɳɟɧɧɹ ɩɥɚɜɧɨɫɬɿ 
ɡɚɱɟɩɥɟɧɧɹ. 

ɇɟɞɨɥɿɤ: ɜɢɧɢɤɚє ɨɫьɨɜɚ ɫɢɥɚ. 
Ⱦɥɹ ɡɪɿɜɧɨɜɚɠɭɜɚɧɧɹ ɨɫьɨɜɢɯ ɫɢɥ ɡɚɫɬɨɫɨɜɭɸɬь 

ɫɩɚɪɟɧɿ ɤɨɫɨɡɭɛɿ, ɚɛɨ ɲɟɜɪɨɧɧɿ ɤɨɥɟɫɚ, ɜ ɹɤɢɯ ɡɭɛɰɿ ɦɚɸɬь 
ɧɚɯɢɥ ɜ ɪɿɡɧɿ ɫɬɨɪɨɧɢ ɞɡɟɪɤɚɥьɧɨ ɫɟɪɟɞɧɿɣ ɬɨɪɰɟɜɿɣ 
ɩɥɨɳɢɧɿ ɤɨɥɟɫɚ. 
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4.7. Ɇɟɬɨɞɢ ɧɚɪɿɡɚɧɧɹ ɡɭɛɿɜ ɡɭɛɱɚɫɬɢɯ ɤɨɥɿɫ  
Ɉɞɧɢɦ ɿɡ ɧɟɞɨɥɿɤɿɜ ɡɭɛɱɚɫɬɢɯ ɩɟɪɟɞɚɱ є ɧɟɨɛɯɿɞɧɿɫɬь 

ɬɨɱɧɨɝɨ ɧɚɪɿɡɚɧɧɹ ɡɭɛɱɚɫɬɢɯ ɤɨɥɿɫ. Ɂɚɝɚɥɨɦ ɜɢɞɿɥɹɸɬь ɞɜɚ 

ɦɟɬɨɞɢ ɜɢɝɨɬɨɜɥɟɧɧɹ: ɦɟɬɨɞ ɤɨɩɿɸɜɚɧɧɹ, ɬɚ ɦɟɬɨɞ 
ɨɛɤɚɬɭɜɚɧɧɹ, ɹɤɿ ɦɨɠɧɚ ɜɢɤɨɧɚɬɢ ɩɪɚɤɬɢɱɧɨ ɪɿɡɧɢɦɢ 
ɫɩɨɫɨɛɚɦɢ (ɿɧɫɬɪɭɦɟɧɬɚɦɢ).  

Ɇɟɬɨɞ ɤɨɩɿɸɜɚɧɧɹ ɩɨɥɹɝɚє ɜ ɬɨɦɭ, ɳɨ ɿɧɫɬɪɭɦɟɧɬ ɞɥɹ 
ɜɢɝɨɬɨɜɥɟɧɧɹ ɡɭɛɱɚɫɬɨɝɨ ɤɨɥɟɫɚ, ɜɿɞɬɜɨɪɸє ɮɨɪɦɭ ɚɛɨ 

ɫɚɦɨɝɨ ɤɨɥɟɫɚ, ɚɛɨ ɡɚɩɚɞɢɧɢ ɦɿɠ ɡɭɛɚɦɢ. Ⱦɨ ɰьɨɝɨ ɦɟɬɨɞɭ 
ɜɿɞɧɨɫɢɬьɫɹ ɜɢɝɨɬɨɜɥɟɧɧɹ ɡɭɛɱɚɫɬɢɯ ɤɨɥɿɫ ɥɢɬɜɨɦ 
(ɜɿɞɥɢɜɤɚ), ɲɬɚɦɩɭɜɚɧɧɹ ɿ ɮɪɟɡɭɜɚɧɧɹ ɜɩɚɞɢɧ ɦɿɠ ɡɭɛɚɦɢ ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɞɢɫɤɨɜɢɯ ɚɛɨ ɩɚɥьɰɟɜɢɯ ɮɪɟɡ. 

ɇɚɣɱɚɫɬɿɲɟ ɡɚɫɬɨɫɨɜɭɸɬь ɮɪɟɡɟɪɭɜɚɧɧɹ ɦɨɞɭɥьɧɨɸ 

ɮɪɟɡɨɸ ɡ ɡɭɛɰɹɦɢ, ɳɨ ɦɚɸɬь ɜ ɩɟɪɟɪɿɡɿ ɬɚɤɿ ɠ ɨɛɪɢɫɢ, ɹɤ ɿ 
ɡɚɩɚɞɢɧɢ ɦɿɠ ɡɭɛɚɦɢ ɤɨɥɟɫɚ, ɳɨ ɜɢɝɨɬɨɜɥɹєɬьɫɹ (ɪɢɫ. 4.6). 

 
Ɋɢɫ. 4.6.ɇɚɪɿɡɚɧɧɹ ɡɭɛɿɜ ɮɪɟɡɨɸ 

 

ɉɪɨɰɟɫ ɮɪɟɡɟɪɭɜɚɧɧɹ ɨɞɧɿєʀ ɡɚɩɚɞɢɧɢ ɫɤɥɚɞɚєɬьɫɹ ɡ 

ɨɛɟɪɬɚɥьɧɨɝɨ ɪɭɯɭ ɮɪɟɡɢ ɬɚ ɩɨɫɬɭɩɚɥьɧɨɝɨ ɪɭɯɭ ɡɚɝɨɬɨɜɤɢ 

ɧɚɡɭɫɬɪɿɱ ɮɪɟɡɿ. Ⱦɥɹ ɜɢɝɨɬɨɜɥɟɧɧɹ ɧɚɫɬɭɩɧɨʀ ɡɚɩɚɞɢɧɢ 
ɡɚɝɨɬɨɜɤɭ ɩɨɜɟɪɬɚɸɬь ɧɚ ɤɭɬ ͵Ͳ°/ݖ (ɞɟ z – ɱɢɫɥɨ ɡɭɛɰɿɜ 
ɤɨɥɟɫɚ) ɿ ɩɨɜɬɨɪɸɸɬь ɩɪɨɰɟɫ. ɏɨɱɚ ɜ ɫɭɱɚɫɧɢɯ ɜɟɪɫɬɚɬɚɯ 
ɩɪɨɰɟɫɢ ɩɨɞɚɱɿ ɿ ɩɨɜɨɪɨɬɭ ɡɚɝɨɬɨɜɤɢ ɚɜɬɨɦɚɬɢɡɨɜɚɧɿ, ɬɚɤɢɣ 

ɫɩɨɫɿɛ ɧɟ ɹɜɥɹєɬьɫɹ ɞɨɫɬɚɬɧьɨ ɩɪɨɞɭɤɬɢɜɧɢɦ. Ɉɛɪɢɫɢ 
ɡɚɩɚɞɢɧ ɦɿɠ ɡɭɛɚɦɢ ɤɨɥɿɫ, ɧɚɜɿɬь ɨɞɧɚɤɨɜɨɝɨ ɦɨɞɭɥɹ, ɩɪɢ 
ɪɿɡɧɢɯ ɱɢɫɥɚɯ ɡɭɛɿɜ ɛɭɞɭɬь ɧɟɨɞɧɚɤɨɜɿ. Ɍɨɛɬɨ ɧɚ 
ɜɢɪɨɛɧɢɰɬɜɿ ɧɟɨɛɯɿɞɧɨ ɦɚɬɢ ɡɧɚɱɧɭ ɤɿɥьɤɿɫɬь ɮɪɟɡ ɩɿɞ 
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ɤɨɠɧɢɣ ɜɢɩɚɞɨɤ. 
Ɇɟɬɨɞ ɨɛɤɚɬɭɜɚɧɧɹ є ɛɿɥьɲ ɬɟɯɧɨɥɨɝɿɱɧɢɦ. ȼ ɹɤɨɫɬɿ 

ɪɿɡɚɥьɧɨɝɨ ɿɧɫɬɪɭɦɟɧɬɭ ɬɭɬ ɡɚɫɬɨɫɨɜɭɸɬьɫɹ 
ɿɧɫɬɪɭɦɟɧɬɚɥьɧɿ ɪɟɣɤɢ (ɝɪɟɛɿɧɤɢ), ɞɨɜɛɚɱɿ ɡɭɛɨɪɿɡɧɿ ɿ 
ɱɟɪɜʼɹɱɧɿ ɮɪɟɡɢ.  

ȼ ɩɪɨɰɟɫɿ ɧɚɪɿɡɚɧɧɹ ɡɭɛɿɜ ɿɧɫɬɪɭɦɟɧɬ ɿ ɡɚɝɨɬɨɜɤɚ 

ɤɨɥɟɫɚ ɜɿɞɬɜɨɪɸɸɬь ɜɿɞɧɨɫɧɢɣ ɪɭɯ, ɹɤɢɣ ɛɢ ɦɚɥɢ ɡɭɛɢ 
ɤɨɥɿɫ, ɳɨ ɡɧɚɯɨɞɹɬьɫɹ ɜ ɞɿɣɫɧɨɦɭ ɡɚɱɟɩɥɟɧɧɿ. ɉɪɢ ɰьɨɦɭ 
ɿɧɫɬɪɭɦɟɧɬ ɡɪɿɡɚє ɬɿ ɱɚɫɬɢɧɢ ɡɚɝɨɬɨɜɤɢ, ɹɤɿ ɡɚɜɚɠɚɸɬь ɣɨɦɭ 
ɡɧɚɯɨɞɢɬɢɫь ɜ ɡɚɱɟɩɥɟɧɧɿ ɡ ɤɨɥɟɫɨɦ ɳɨ ɜɢɝɨɬɨɜɥɹєɬьɫɹ. 

ɇɚɣɛɿɥьɲ ɩɪɨɞɭɤɬɢɜɧɢɦɢ є ɜɟɪɫɬɚɬɢ ɡ ɱɟɪɜʼɹɱɧɢɦɢ 

ɮɪɟɡɚɦɢ. Ʉɨɧɬɭɪ ɝɪɟɛɿɧɤɢ ɿ ɩɟɪɟɪɿɡɭ ɱɟɪɜʼɹɱɧɨʀ ɮɪɟɡɢ 
ɧɚɡɢɜɚɸɬь ɜɢɯɿɞɧɢɦ ɤɨɧɬɭɪɨɦ ɿɧɫɬɪɭɦɟɧɬɚɥьɧɨʀ ɪɟɣɤɢ. 
Ƀɨɝɨ ɪɨɡɦɿɪɢ ɧɨɪɦɚɥɿɡɨɜɚɧɿ. ɉɪɹɦɚ ɧɚ ɝɪɟɛɿɧɰɿ, ɜɡɞɨɜɠ ɹɤɨʀ 
ɬɨɜɳɢɧɚ ɡɭɛɚ ɪɿɜɧɚ ɲɢɪɢɧɿ ɡɚɩɚɞɢɧɢ ɿ ɩɨɥɨɜɢɧɿ ɤɪɨɤɭ, 
ɧɚɡɢɜɚєɬьɫɹ ɞɿɥɢɥьɧɨɸ ɩɪɹɦɨɸ ɝɪɟɛɿɧɤɢ.   

ɉɪɢ ɧɚɪɿɡɚɧɧɿ ɧɨɪɦɚɥьɧɨɝɨ ɡɭɛɱɚɫɬɨɝɨ ɤɨɥɟɫɚ 
ɝɪɟɛɿɧɤɭ ɜɫɬɚɧɨɜɥɸɸɬь ɬɚɤ, ɳɨɛ ʀʀ ɞɿɥɢɥьɧɚ ɩɪɹɦɚ 
ɞɨɬɢɤɚɥɚɫь ɞɨ ɞɿɥɢɥьɧɨɝɨ ɤɨɥɚ ɤɨɥɟɫɚ, ɹɤɟ ɜɢɝɨɬɨɜɥɹєɬьɫɹ. 

Ⱦɿɥɢɥьɧɚ ɩɪɹɦɚ ɿ ɞɿɥɢɥьɧɟ ɤɨɥɨ ɤɨɬɹɬьɫɹ ɛɟɡ ɤɨɜɡɚɧɧɹ 
ɨɞɧɟ ɜɿɞɧɨɫɧɨ ɨɞɧɨɝɨ. 

 

4.8. ɉɿɞɪɿɡɭɜɚɧɧɹ ɡɭɛɿɜ. ɇɚɣɦɟɧɲɟ ɱɢɫɥɨ ɡɭɛɿɜ ɧɚ 
ɤɨɥɟɫɿ 

ɉɪɢ ɜɢɤɨɪɢɫɬɚɧɧɿ ɡɭɛɱɚɫɬɢɯ ɤɨɥɿɫ ɩɟɜɧɨɝɨ ɱɢɫɥɚ ɡɭɛɿɜ 
ɜɢɧɢɤɚє ɫɢɬɭɚɰɿɹ, ɤɨɥɢ ɜɟɪɲɢɧɚ ɡɭɛɚ ɤɨɥɟɫɚ ɜɪɿɡɚєɬьɫɹ ɜ 
ɧɿɠɤɭ ɡɭɛɚ ɲɟɫɬɟɪɧɿ, ɜɢɤɨɧɚɧɭ ɡɿ ɫɬɚɧɞɚɪɬɧɢɦ 
ɟɜɨɥьɜɟɧɬɧɢɦ ɩɪɨɮɿɥɟɦ. ɐɟ ɩɪɢɡɜɟɞɟ ɞɨ ɡɚɤɥɢɧɸɜɚɧɧɹ ɡɭɛɚ 
ɤɨɥɟɫɚ, ɚ ɜɿɞɩɨɜɿɞɧɨ ɿ ɩɨɥɨɦɤɢ ɚɛɨ ɩɨɫɢɥɟɧɨɝɨ 
ɫɩɪɚɰɸɜɚɧɧɹ. ɓɨɛ ɡɚɩɨɛɿɝɬɢ ɰьɨɦɭ ɹɜɢɳɭ, ɧɿɠɤɭ ɡɭɛɚ 
ɲɟɫɬɟɪɧɿ ɬɪɟɛɚ ɜɿɞɩɨɜɿɞɧɢɦ ɱɢɧɨɦ ɩɿɞɪɿɡɚɬɢ. ɉɪɢ 
ɜɢɤɨɪɢɫɬɚɧɧɿ ɦɟɬɨɞɭ ɨɛɤɚɬɭɜɚɧɧɹ ɞɥɹ ɧɚɪɿɡɚɧɧɹ ɡɭɛɿɜ 

ɪɿɡɚɥьɧɢɣ ɿɧɫɬɪɭɦɟɧɬ ɿ ɡɚɝɨɬɨɜɤɭ ɬɚɤɨɠ ɦɨɠɧɚ ɪɨɡɝɥɹɞɚɬɢ 
ɹɤ ɡɭɛɱɚɫɬɭ ɩɟɪɟɞɚɱɭ. ɉɪɢ ɱɨɦɭ ɜ ɩɪɨɰɟɫɿ ɧɚɪɿɡɚɧɧɹ 
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ɡɚɤɥɢɧɸɜɚɧɧɹ ɧɟ ɜɢɧɢɤɚɬɢɦɟ ɬɨɦɭ, ɳɨ ɿɧɫɬɪɭɦɟɧɬ ɡɪɿɠɟ ɬɭ 
ɱɚɫɬɢɧɭ ɩɪɨɮɿɥɸ ɡɭɛɚ, ɳɨ ɣɨɦɭ ɡɚɜɚɠɚє. ȼ ɪɟɡɭɥьɬɚɬɿ 
ɨɬɪɢɦɚєɦɨ ɡɭɛɢ ɡ ɧɟɨɛɯɿɞɧɢɦ ɜɢɛɨɪɨɦ ɦɚɬɟɪɿɚɥɭ ɳɨ 
«ɡɚɜɚɠɚє» (ɪɢɫ. 4.7) 

 
Ɋɢɫ. 4.7. ɉɿɞɪɿɡɭɜɚɧɧɹ ɡɭɛɿɜ 

 

Ɉɞɧɚɤ, ɯɨɱɚ ɰɟ ɿ ɜɢɪɿɲɢɬь ɩɪɨɛɥɟɦɭ ɡɚɤɥɢɧɸɜɚɧɧɹ, 

ɡɦɟɧɲɢɬьɫɹ ɩɨɩɟɪɟɱɧɢɣ ɩɟɪɟɪɿɡ ɡɭɛɚ, ɳɨ ɨɩɢɪɚєɬьɫɹ 
ɧɚɩɪɭɠɟɧɧɹɦ ɡɝɢɧɭ, ɚ ɬɚɤɨɠ ɡɛɿɥьɲɚɬьɫɹ ɜɟɥɢɱɢɧɢ ɩɢɬɨɦɢɯ 
ɬɢɫɤɿɜ ɧɚ ɞɿɥɹɧɰɿ ɜɢɞɚɥɟɧɨʀ ɱɚɫɬɢɧɢ ɚɤɬɢɜɧɨɝɨ ɩɪɨɮɿɥɹ 
ɡɭɛɚ, ɚ ɨɬɠɟ, ɡɛɿɥьɲɢɬьɫɹ ɫɩɪɚɰɸɜɚɧɧɹ ɡɭɛɿɜ. 

Ɍɨɦɭ ɩɪɢ ɜɢɝɨɬɨɜɥɟɧɧɿ ɡɭɛɱɚɫɬɢɯ ɤɨɥɿɫ ɧɚɦɚɝɚɸɬьɫɹ 
ɦɚɤɫɢɦɚɥьɧɨ ɨɛɿɣɬɢɫь ɛɟɡ ɩɿɞɪɿɡɭɜɚɧɧɹ ɡɭɛɿɜ, ɩɪɢ ɰьɨɦɭ 
ɡɚɛɟɡɩɟɱɢɜɲɢ ɦɿɧɿɦɚɥьɧɨ ɦɨɠɥɢɜɟ ɱɢɫɥɨ ɡɭɛɿɜ ɲɟɫɬɟɪɧɿ 
ɞɥɹ ɡɦɟɧɲɟɧɧɹ ɡɚɝɚɥьɧɢɯ ɝɚɛɚɪɢɬɿɜ ɩɟɪɟɞɚɱɿ. 

Ⱦɥɹ ɧɨɪɦɚɥьɧɨɝɨ ɡɭɛɱɚɫɬɨɝɨ ɡɚɱɟɩɥɟɧɧɹ, ɭ ɹɤɨɝɨ, 

ɡɝɿɞɧɨ ɫɬɚɧɞɚɪɬɭ, ɤɭɬ ɡɚɱɟɩɥɟɧɧɹ ߙ௪ = ʹͲ° ɿ ɤɨɟɮɿɰɿєɧɬ 
ɜɢɫɨɬɢ ɝɨɥɨɜɤɢ ɡɭɛɚ ℎ∗ = ͳ,Ͳ, ɧɚɣɦɟɧɲɟ ɱɢɫɥɨ ɡɭɛɿɜ ɤɨɥɟɫɚ, 

ɩɪɢ ɹɤɨɦɭ ɜɿɞɫɭɬɧє ɩɿɞɪɿɡɭɜɚɧɧɹ, ɪɿɜɧɟ ݖ = ͳ. 

 

4.9. ȼɢɩɪɚɜɥɟɧɧɹ (ɤɨɪɟɝɭɜɚɧɧɹ) ɡɭɛɱɚɫɬɢɯ ɤɨɥɿɫ 

Ɂɝɚɞɚɧɟ ɜɢɳɟ ɦɿɧɿɦɚɥьɧɟ ɱɢɫɥɨ ɡɭɛɿɜ ɞɥɹ ɧɨɪɦɚɥьɧɢɯ 
ɟɜɨɥьɜɟɧɬɧɢɯ ɤɨɥɿɫ (ݖ = ͳ) ɞɨɫɢɬь ɜɟɥɢɤɟ. ɉɪɢ 
ɧɟɨɛɯɿɞɧɨɫɬɿ ɣɨɝɨ ɦɨɠɧɚ ɡɦɟɧɲɢɬɢ, ɡɛɿɥьɲɢɜɲɢ ɤɭɬ 
ɡɚɱɟɩɥɟɧɧɹ ߙ௪ ɿ ɡɦɟɧɲɢɜɲɢ ɜɢɫɨɬɭ ɝɨɥɨɜɤɢ ɡɭɛɰɹ ℎ∗ = Ͳ,ͺ. 

Ɍɨɛɬɨ ɞɥɹ ɬɨɝɨ, ɳɨɛ ɡɪɨɛɢɬɢ ɩɟɪɟɞɚɱɭ ɛɿɥьɲ 

ɤɨɦɩɚɤɬɧɨɸ, ɩɨɬɪɿɛɧɨ ɜɿɞɫɬɭɩɢɬɢ ɜɿɞ ɧɨɪɦ ɫɬɚɧɞɚɪɬɭ ɿ 
ɡɚɫɬɨɫɭɜɚɬɢ ɬɚɤɿ ɿɧɞɢɜɿɞɭɚɥьɧɿ ɝɟɨɦɟɬɪɢɱɧɿ ɭɦɨɜɢ 
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ɡɚɱɟɩɥɟɧɧɹ, ɹɤɿ ɞɨɡɜɨɥɹɥɢ ɛ ɡɞɿɣɫɧɢɬɢ ɩɟɪɟɞɚɱɭ ɡ ɱɢɫɥɚɦɢ 
ɡɭɛɰɿɜ ɦɟɧɲɟ ݖ ɿ ɡɚɛɟɡɩɟɱɢɬɢ ɩɪɢ ɰьɨɦɭ ɧɨɪɦɚɥьɧɭ 
ɪɨɛɨɬɭ ɤɨɥɿɫ. 

Ɂɭɛɱɚɫɬɿ ɤɨɥɟɫɚ, ɳɨ ɧɟ ɜɿɞɩɨɜɿɞɚɸɬь ɫɬɚɧɞɚɪɬɧɭ, 

ɦɚɸɬь ɡɚɝɚɥьɧɭ ɧɚɡɜɭ ɜɢɩɪɚɜɥɟɧɢɯ, ɚɛɨ ɤɨɪɢɝɨɜɚɧɢɯ. 

ɋɥɿɞ ɪɨɡɭɦɿɬɢ, ɳɨ ɩɨɪɭɲɟɧɧɹ ɫɬɚɧɞɚɪɬɭ ɩɪɢɡɜɨɞɢɬь 
ɞɨ ɩɨɝɿɪɲɟɧɧɹ ɜɡɚєɦɨɡɚɦɿɧɧɨɫɬɿ ɿ ɭɫɤɥɚɞɧɟɧɧɹ ɪɟɦɨɧɬɭ 
ɬɚɤɨʀ ɩɟɪɟɞɚɱɿ, ɚɞɠɟ ɭ ɜɢɩɚɞɤɭ ɩɨɥɨɦɤɢ ɩɨɬɪɿɛɧɨ 
ɪɨɡɪɚɯɨɜɭɜɚɬɢ ɿ ɡɚɦɿɧɹɬɢ ɨɛɢɞɜɚ ɤɨɥɟɫɚ ɩɚɪɢ. 

Ɉɞɧɚɤ, ɤɨɥɢ ɤɨɦɩɚɤɬɧɿɫɬь ɩɟɪɟɞɚɱɿ є ɛɿɥьɲ 
ɩɪɿɨɪɢɬɟɬɧɨɸ ɦɨɠɧɚ ɜɞɚɜɚɬɢɫь ɞɨ ɤɨɪɢɝɭɜɚɧɧɹ. 

Ɇɟɬɨɞɨɦ ɨɛɤɚɬɭɜɚɧɧɹ ɞɚє ɦɨɠɥɢɜɿɫɬь ɞɭɠɟ ɩɪɨɫɬɨ 
ɡɚɦɿɧɸɜɚɬɢ ɨɤɪɟɦɿ ɝɟɨɦɟɬɪɢɱɧɿ ɩɚɪɚɦɟɬɪɢ ɡɭɛɱɚɫɬɨɝɨ 
ɤɨɥɟɫɚ ɿ ɜɢɝɨɬɨɜɥɹɬɢ ɤɨɪɟɝɨɜɚɧɿ ɡɭɛɱɚɫɬɿ ɤɨɥɟɫɚ ɡ ɛɿɥьɲ 

ɪɚɰɿɨɧɚɥьɧɢɦɢ ɜ ɤɨɧɤɪɟɬɧɨɦɭ ɜɢɩɚɞɤɭ ɩɚɪɚɦɟɬɪɚɦɢ.  
Ⱦɥɹ ɜɢɝɨɬɨɜɥɟɧɧɹ ɬɚɤɢɯ ɤɨɥɿɫ ɝɪɟɛɿɧɤɚ ɚɛɨ ɜɢɯɿɞɧɢɣ 

ɤɨɧɬɭɪ ɱɟɪɜʼɹɱɧɨʀ ɮɪɟɡɢ ɦɚɸɬь ɤɪɨɤ  =  ɨɞɧɚɤɨɜɢɣ ɧɚ ,݉ߨ
ɛɭɞь-ɹɤɿɣ ɝɨɪɢɡɨɧɬɚɥьɧɿɣ ɩɪɹɦɿɣ. ɉɪɨɮɿɥь ɡɭɛɰɿɜ 
ɩɪɹɦɨɥɿɧɿɣɧɢɣ ɡ ɧɚɯɢɥɨɦ ɩɿɞ ɤɭɬɨɦ ߙ௪ = ʹͲ° (ɪɢɫ. 4.8). 

 
Ɋɢɫ. 4.8. ȼɢɯɿɞɧɢɣ ɤɨɧɬɭɪ 

 

əɤɳɨ ɭɫɬɚɧɨɜɢɬɢ ɰɟɧɬɪ ɡɚɝɨɬɨɜɤɢ ɤɨɥɟɫɚ ɜɿɞɧɨɫɧɨ 
ɝɪɟɛɿɧɤɢ, ɬɚɤ, ɳɨɛ ɩɨɱɚɬɤɨɜɟ ɤɨɥɨ ɡɚɝɨɬɨɜɤɢ ɞɨɬɢɤɚɥɨɫь ɞɨ 
ɫɟɪɟɞɧьɨʀ (ɦɨɞɭɥьɧɨʀ) ɩɪɹɦɨʀ ɝɪɟɛɿɧɤɢ, ɬɨ ɜ ɪɟɡɭɥьɬɚɬɿ 
ɝɪɟɛɿɧɤɚ ɧɚɪɿɠɟ ɧɨɪɦɚɥьɧɟ ɤɨɥɟɫɨ ɿɡ ɡɚɞɚɧɢɦ ɱɢɫɥɨɦ ɡɭɛɿɜ 
z. əɤɳɨ ɠ, ɬɟɩɟɪ, ɧɟ ɡɦɿɧɸɸɱɢ ɩɨɥɨɠɟɧɧɹ ɤɨɥɟɫɚ, ɜɿɞɜɟɫɬɢ 
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ɝɪɟɛɿɧɤɭ ɚɛɨ ɱɟɪɜʼɹɱɧɭ ɮɪɟɡɭ ɜɿɞ ɧɨɪɦɚɥьɧɨɝɨ ɩɨɥɨɠɟɧɧɹ 
ɞɨ ɰɟɧɬɪɭ ɡɚɝɨɬɨɜɤɢ (ɜɿɞʼєɦɧɟ ɡɦɿɳɟɧɧɹ) ɚɛɨ ɜɿɞ ɰɟɧɬɪɚ 
(ɞɨɞɚɬɧє) ɧɚ ɞɟɹɤɭ ɜɟɥɢɱɢɧɭ, ɬɨ ɛɭɞɟ ɧɚɪɿɡɚɧɨ ɤɨɪɢɝɨɜɚɧɟ 
ɡɭɛɱɚɫɬɟ ɤɨɥɟɫɨ. 

Ɇɿɠɨɫьɨɜɚ ɜɿɞɫɬɚɧь ɞɜɨɯ ɤɨɪɢɝɨɜɚɧɢɯ ɤɨɥɿɫ ɭ 
ɡɚɝɚɥьɧɨɦɭ ɜɢɩɚɞɤɭ ɜɠɟ ɧɟ ɞɨɪɿɜɧɸɜɚɬɢɦɟ ɦɿɠɨɫьɨɜɿɣ 
ɜɿɞɫɬɚɧɿ ɤɨɥɿɫ, ɜɢɝɨɬɨɜɥɟɧɢɯ ɡɝɿɞɧɨ ɫɬɚɧɞɚɪɬɭ. Ɍɨɦɭ 
ɞɿɥɢɥьɧɿ ɤɨɥɚ ɧɟ ɫɩɿɜɩɚɞɚɬɢɦɭɬь ɡ ɩɨɱɚɬɤɨɜɢɦɢ. 

 

Ɂɚɩɢɬɚɧɧɹ ɞɥɹ ɩɟɪɟɜɿɪɤɢ ɡɧɚɧь ɩɨ ɬɟɦɿ 4: 

1. əɤ ɜɢɡɧɚɱɚєɬьɫɹ ɩɟɪɟɞɚɬɨɱɧɟ ɜɿɞɧɨɲɟɧɧɹ ɩɪɨɫɬɨɝɨ 
ɡɭɛɱɚɫɬɨɝɨ ɦɟɯɚɧɿɡɦɭ? 

2. əɤɢɣ ɦɟɯɚɧɿɡɦ ɧɚɡɢɜɚєɬьɫɹ ɡɭɛɱɚɫɬɨɸ ɩɟɪɟɞɚɱɟɸ? 

3. Ɂɚɜɞɚɧɧɹ ɬɟɨɪɿʀ ɡɚɱɟɩɥɟɧɧɹ ɰɢɥɿɧɞɪɢɱɧɢɯ 
ɡɭɛɱɚɫɬɢɯ ɤɨɥɿɫ. 

4. əɤ ɮɨɪɦɭɥɸєɬьɫɹ ɨɫɧɨɜɧɚ ɬɟɨɪɟɦɚ ɡɚɱɟɩɥɟɧɧɹ? 

5. ɓɨ ɧɚɡɢɜɚєɬьɫɹ ɟɜɨɥьɜɟɧɬɨɸ ɤɨɥɚ? 

6. ɓɨ ɧɚɡɢɜɚєɬьɫɹ ɟɜɨɥьɜɟɧɬɧɢɦ ɤɭɬɨɦ, ɚɛɨ 
ɿɧɜɨɥɸɬɨɸ ɤɭɬɚ ɩɪɨɮɿɥɸ ɟɜɨɥьɜɟɧɬɢ? 

7. Ɇɨɞɭɥɟɦ ɡɭɛɱɚɫɬɨɝɨ ɤɨɥɟɫɚ ɧɚɡɢɜɚєɬьɫɹ? 

8. əɤ ɜɢɡɧɚɱɚєɬьɫɹ ɤɨɥɨɜɢɣ ɤɪɨɤ ɡɭɛɱɚɫɬɨɝɨ ɤɨɥɟɫɚ? 

9. əɤ ɜɢɡɧɚɱɚєɬьɫɹ ɜɢɫɨɬɚ ɡɭɛɚ ɡɭɛɱɚɫɬɨɝɨ ɤɨɥɟɫɚ? 

10. əɤ ɜɢɡɧɚɱɚєɬьɫɹ ɜɿɞɫɬɚɧь ɦɿɠ ɰɟɧɬɪɚɦɢ ɨɛɟɪɬɚɧɧɹ 
ɡɭɛɱɚɫɬɢɯ ɤɨɥɿɫ? 

11. Ɇɨɞɭɥь ɡɭɛɱɚɫɬɢɯ ɤɨɥɿɫ ɡɭɛɱɚɫɬɨʀ ɩɟɪɟɞɚɱɿ. 
12. əɤɢɣ ɦɨɞɭɥь є ɫɬɚɧɞɚɪɬɧɢɦ ɭ ɰɢɥɿɧɞɪɢɱɧɿɣ 

ɤɨɫɨɡɭɛɿɣ ɩɟɪɟɞɚɱɿ? 

13. əɤ ɫɩɿɜɜɿɞɧɨɫɹɬьɫɹ ɬɨɪɰɟɜɢɣ ɬɚ ɧɨɪɦɚɥьɧɢɣ 
ɦɨɞɭɥь ɤɨɫɨɡɭɛɨɝɨ ɡɭɛɱɚɫɬɨɝɨ ɤɨɥɟɫɚ?  
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ɌȿɆА 5. ɋɤɥɚɞɧɿ ɬɚ ɩɪɨɫɬɨɪɨɜɿ ɡɭɛɱɚɫɬɿ ɦɟɯɚɧɿɡɦɢ 

 

5.1. ɉɟɪɟɞɚɬɨɱɧɿ ɜɿɞɧɨɲɟɧɧɹ ɫɤɥɚɞɧɢɯ ɡɭɛɱɚɫɬɢɯ ɩɟɪɟɞɚɱ ɡ 
ɧɟɪɭɯɨɦɢɦɢ ɨɫɹɦɢ 

5.2. Ɂɭɛɱɚɫɬɿ ɦɟɯɚɧɿɡɦɢ ɡ ɪɭɯɨɦɢɦɢ ɨɫɹɦɢ. ɉɥɚɧɟɬɚɪɧɿ ɬɚ 
ɞɢɮɟɪɟɧɰɿɚɥьɧɿ ɦɟɯɚɧɿɡɦɢ 

5.3. Ʉɿɧɟɦɚɬɢɤɚ ɞɢɮɟɪɟɧɰɿɚɥьɧɢɯ ɬɚ ɩɥɚɧɟɬɚɪɧɢɯ 
ɦɟɯɚɧɿɡɦɿɜ 

5.4. Ʉɟɪɭɜɚɧɧɹ ɡɦɿɧɚɦɢ ɲɜɢɞɤɨɫɬɿ ɡɚ ɞɨɩɨɦɨɝɨɸ ɡɭɛɱɚɫɬɢɯ 
ɞɢɮɟɪɟɧɰɿɚɥьɧɢɯ ɦɟɯɚɧɿɡɦɿɜ 

5.5. ȼɢɡɧɚɱɟɧɧɹ ɩɟɪɟɞɚɬɨɱɧɢɯ ɜɿɞɧɨɲɟɧь ɩɥɚɧɟɬɚɪɧɢɯ 
ɦɟɯɚɧɿɡɦɿɜ ɝɪɚɮɿɱɧɢɦ ɦɟɬɨɞɨɦ 

5.6. ɉɨɧɹɬɬɹ ɩɪɨ ɯɜɢɥьɨɜɭ ɩɟɪɟɞɚɱɭ. Ʉɿɧɟɦɚɬɢɤɚ 

5.7. ɉɪɨɟɤɬɭɜɚɧɧɹ ɩɥɚɧɟɬɚɪɧɢɯ ɦɟɯɚɧɿɡɦɿɜ 

5.8. Ʉɨɧɿɱɧɿ ɡɭɛɱɚɫɬɿ ɩɟɪɟɞɚɱɿ. Ɉɫɧɨɜɧɿ ɩɚɪɚɦɟɬɪɢ 

5.9. ɑɟɪɜʼɹɱɧɚ ɩɟɪɟɞɚɱɚ 

5.10. Ƚɜɢɧɬɨɜɿ ɡɭɛɱɚɫɬɿ ɤɨɥɟɫɚ 

5.11. ɉɨɧɹɬɬɹ ɩɪɨ ɧɨɜɿ ɜɢɞɢ ɡɭɛɱɚɫɬɨɝɨ ɡɚɱɟɩɥɟɧɧɹ 

 

5.1. ɉɟɪɟɞɚɬɨɱɧɿ ɜɿɞɧɨɲɟɧɧɹ ɫɤɥɚɞɧɢɯ ɡɭɛɱɚɫɬɢɯ 
ɩɟɪɟɞɚɱ ɡ ɧɟɪɭɯɨɦɢɦɢ ɨɫɹɦɢ 

Ɂɭɛɱɚɫɬɿ ɦɟɯɚɧɿɡɦɢ, ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɝɟɨɦɟɬɪɿʀ ɦɨɠɭɬь 
ɚɛɨ ɡɦɟɧɲɭɜɚɬɢ ɚɛɨ ɡɛɿɥьɲɭɜɚɬɢ ɤɭɬɨɜɭ ɲɜɢɞɤɿɫɬь ɩɪɢ 
ɩɟɪɟɞɚɜɚɧɧɿ ɨɛɟɪɬɚɥьɧɨɝɨ ɪɭɯɭ. ȼ ɩɟɪɲɨɦɭ ɜɢɩɚɞɤɭ ɬɚɤɿ 
ɩɟɪɟɞɚɱɿ ɛɭɞɭɬь ɧɚɡɢɜɚɬɢɫɹ ɪɟɞɭɤɬɨɪɚɦɢ, ɚ ɜ ɞɪɭɝɨɦɭ – 

ɦɭɥьɬɢɩɥɿɤɚɬɨɪɚɦɢ. 

Ɉɞɧɚ ɩɚɪɚ ɤɨɥɿɫ, ɳɨ ɭɬɜɨɪɸɸɬь ɡɭɛɱɚɫɬɭ ɩɟɪɟɞɚɱɚ 

(ɨɞɧɨɫɬɭɩɿɧɱɚɫɬɚ ɩɟɪɟɞɚɱɚ) ɦɨɠɟ ɡɚɛɟɡɩɟɱɢɬɢ ɨɛɦɟɠɟɧɟ 

ɡɧɚɱɟɧɧɹ ɩɟɪɟɞɚɬɨɱɧɨɝɨ ɜɿɞɧɨɲɟɧɧɹ. 

Ɍɚɤɟ ɩɟɪɟɞɚɬɨɱɧɟ ɜɿɞɧɨɲɟɧɧɹ ݑଵଶ, ɹɤ ɜɠɟ ɝɨɜɨɪɢɥɨɫь 
ɪɚɧɿɲɟ, ɜɢɪɚɠɚєɬьɫɹ ɮɨɪɦɭɥɨɸ ݑଵଶ = ߱ଵ߱ଶ = ݊ଵ݊ଶ =  ଵ. (5.1)ݖଶݖ
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Ɍɨɛɬɨ, ɤɨɧɫɬɪɭɤɬɢɜɧɨ, ݑଵଶ ɡɚɥɟɠɢɬь ɜɿɞ ɱɢɫɥɚ ɡɭɛɿɜ ݖଵ 

ɿ ݖଶ, ɚ ɨɬɠɟ ɨɛɦɟɠɟɧɟ ɩɟɜɧɨɸ ɜɟɥɢɱɢɧɨɸ. ɇɚ ɩɪɚɤɬɢɰɿ ɧɟ 
ɪɟɤɨɦɟɧɞɭєɬьɫɹ ɩɟɪɟɜɢɳɭɜɚɬɢ ݑଵଶ = ͳ. . .ͳͲ. 

əɤɳɨ ɬɟɯɧɿɱɧɚ ɡɚɞɚɱɚ ɜɢɦɚɝɚє ɛɿɥьɲɨɝɨ 

ɩɟɪɟɞɚɬɨɱɧɨɝɨ ɜɿɞɧɨɲɟɧɧɹ, ɬɨ ɣɨɝɨ ɦɨɠɧɚ ɡɚɛɟɡɩɟɱɢɬɢ ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɤɿɥьɤɨɯ ɩɪɨɦɿɠɧɢɯ ɜɚɥɿɜ, ɧɚ ɹɤɢɯ ɡɚɤɪɿɩɥɸɸɬь 
ɡɭɛɱɚɫɬɿ ɤɨɥɟɫɚ. 

Ȼɚɝɚɬɨɫɬɭɩɿɧɱɚɫɬɿ ɡɭɛɱɚɫɬɿ ɩɟɪɟɞɚɱɿ ɜɿɞɧɨɫɹɬьɫɹ ɞɨ 
ɫɤɥɚɞɧɢɯ ɡɭɛɱɚɫɬɢɯ ɦɟɯɚɧɿɡɦɿɜ. ȼɨɧɢ, ɜ ɫɜɨɸ ɱɟɪɝɭ, 
ɛɭɜɚɸɬь ɡ ɧɟɪɭɯɨɦɢɦɢ ɿ ɪɭɯɨɦɢɦɢ ɨɫɹɦɢ. 

Ɋɨɡɝɥɹɧɟɦɨ ɫɩɨɱɚɬɤɭ ɫɤɥɚɞɧɿ ɡɭɛɱɚɫɬɿ ɦɟɯɚɧɿɡɦɢ ɡ 
ɧɟɪɭɯɨɦɢɦɢ ɨɫɹɦɢ (ɪɢɫ. 5.1). 

Ɍɚɤɿ ɦɟɯɚɧɿɡɦɢ ɞɿɥɹɬьɫɹ ɧɚ: ɫɬɭɩɿɧɱɚɫɬɿ (ɩɚɪɚɥɟɥьɧɚ 
ɫɟɪɿɹ) (ɪɢɫ. 5.1, ɚ), ɬɚ ɪɹɞɨɜɿ (ɩɨɫɥɿɞɨɜɧɚ ɫɟɪɿɹ ɡɭɛɱɚɫɬɢɯ 
ɤɨɥɿɫ) (ɪɢɫ. 5.1, ɛ). 

 
Ɋɢɫ. 5.1. ɋɤɥɚɞɧɿ ɡɭɛɱɚɫɬɿ ɦɟɯɚɧɿɡɦɢ 

 

ɉɟɪɟɞɚɬɨɱɧɟ ɜɿɞɧɨɲɟɧɧɹ ɡɭɛɱɚɫɬɨɝɨ ɦɟɯɚɧɿɡɦɭ ɡ 
ɩɚɪɚɥɟɥьɧɨɸ ɫɟɪɿєɸ ɡɭɛɱɚɫɬɢɯ ɤɨɥɿɫ (ɪɢɫ. 5.1, ɚ) ɛɭɞɟ ɪɿɜɧɟ ݑଵସ = ߱ଵ߱ଶ ∙ ߱ଶ′߱ଷ ∙ ߱ଷ′߱ସ =  ଷସ. (5.2)ݑଶଷݑଵଶݑ

ȼɪɚɯɨɜɭɸɱɢ (5.1) ɜɢɪɚɡ (5.2) ɩɪɢɣɦɟ ɜɢɝɥɹɞ ݑଵସ = ଵݖଶݖ ∙ ′ଶݖଷݖ ∙  ଷ′. (5.3)ݖସݖ

ɉɟɪɟɞɚɬɨɱɧɟ ɜɿɞɧɨɲɟɧɧɹ ɪɹɞɨɜɨʀ ɫɟɪɿʀ  



97 

ଵସݑ = ߱ଵ߱ସ = ଵݖଶݖ ∙ ଶݖଷݖ ∙ ଷݖସݖ =  ଵ. (5.4)ݖସݖ

ɉɟɪɟɞɚɬɨɱɧɟ ɱɢɫɥɨ ɞɥɹ ɬɚɤɨɝɨ ɦɟɯɚɧɿɡɦɭ ɞɨɪɿɜɧɸє 
ɜɿɞɧɨɲɟɧɧɸ ɱɢɫɥɚ ɡɭɛɿɜ ɨɫɬɚɧɧьɨɝɨ ɤɨɥɟɫɚ ɞɨ ɱɢɫɥɚ ɡɭɛɿɜ 
ɩɟɪɲɨɝɨ ɤɨɥɟɫɚ. Ɍɨɛɬɨ, ɚ ɧьɨɝɨ ɧɟ ɜɩɥɢɜɚɸɬь ɩɪɨɦɿɠɧɿ 
ɤɨɥɟɫɚ. Ɋɹɞɨɜɨʀ ɩɟɪɟɞɚɱɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬьɫɹ, ɤɨɥɢ ɬɪɟɛɚ 

ɡɛɿɥьɲɢɬɢ ɦɿɠɨɫьɨɜɭ ɜɿɞɫɬɚɧь, ɛɟɡ ɡɛɿɥьɲɟɧɧɹ ɝɚɛɚɪɢɬɿɜ 
ɜɢɫɨɬɢ, ɚɛɨ ɡɦɿɧɢɬɢ ɧɚɩɪɹɦ ɨɛɟɪɬɚɧɧɹ ɜɯɿɞɧɨɝɨ ɿ ɜɢɯɿɞɧɨɝɨ 
ɜɚɥɿɜ. 

 

5.2. Ɂɭɛɱɚɫɬɿ ɦɟɯɚɧɿɡɦɢ ɡ ɪɭɯɨɦɢɦɢ ɨɫɹɦɢ. 
ɉɥɚɧɟɬɚɪɧɿ ɬɚ ɞɢɮɟɪɟɧɰɿɚɥьɧɿ ɦɟɯɚɧɿɡɦɢ 

Ɂɭɛɱɚɫɬɿ ɦɟɯɚɧɿɡɦɢ, ɭ ɹɤɢɯ ɝɟɨɦɟɬɪɢɱɧɿ ɨɫɿ ɨɞɧɨɝɨ ɱɢ 
ɞɟɤɿɥьɤɨɯ ɤɨɥɿɫ ɩɟɪɟɦɿɳɚɸɬьɫɹ ɭ ɩɪɨɫɬɨɪɿ; ɧɚɡɢɜɚɸɬьɫɹ 
ɩɥɚɧɟɬɚɪɧɢɦɢ. ɉɥɚɧɟɬɚɪɧɿ ɦɟɯɚɧɿɡɦɢ ɡ ɨɞɧɿєɸ ɫɬɭɩɿɧɧɸ 
ɜɿɥьɧɨɫɬɿ ɧɚɡɢɜɚɸɬьɫɹ ɡɜɢɱɚɣɧɢɦɢ ɩɥɚɧɟɬɚɪɧɢɦɢ 
ɦɟɯɚɧɿɡɦɚɦɢ (ɪɢɫ. 5.2, ɚ). 

ɉɥɚɧɟɬɚɪɧɿ ɦɟɯɚɧɿɡɦɢ ɡ ɫɬɭɩɿɧɧɸ ɜɿɥьɧɨɫɬɿ ɞɜɚ ɿ 
ɛɿɥьɲɟ, ɧɚɡɢɜɚєɬьɫɹ ɞɢɮɟɪɟɧɰɿɚɥьɧɢɦɢ (ɪɢɫ. 5.2, ɛ). 

 
Ɋɢɫ. 5.2. Ɂɭɛɱɚɫɬɿ ɦɟɯɚɧɿɡɦɢ ɡ ɪɭɯɨɦɢɦɢ ɨɫɹɦɢ: 

ɚ – ɩɥɚɧɟɬɚɪɧɢɣ ɦɟɯɚɧɿɡɦ Ⱦɠɟɦɫɚ; ɛ – ɞɢɮɟɪɟɧɰɿɚɥьɧɢɣ 
ɦɟɯɚɧɿɡɦ 
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Ɂɭɛɱɚɫɬɿ ɤɨɥɟɫɚ 1 ɿ 3 ɧɚɡɢɜɚɸɬьɫɹ ɰɟɧɬɪɚɥьɧɢɦɢ, ɩɪɢ 
ɰьɨɦɭ ɤɨɥɟɫɨ 1 ɳɟ ɦɚє ɧɚɡɜɭ ɫɨɧɹɱɧɨɝɨ, ɚ ɤɨɥɟɫɨ 3 – 

ɟɩɿɰɢɤɥɚ. Ɂɭɛɱɚɫɬɟ ɤɨɥɟɫɨ 2, ɜɿɫь ɨɛɟɪɬɚɧɧɹ ɹɤɨɝɨ 
ɨɛɟɪɬɚєɬьɫɹ ɧɚɜɤɨɥɨ ɞɪɭɝɨʀ ɨɫɿ ɧɚɡɢɜɚєɬьɫɹ ɫɚɬɟɥɿɬɨɦ. 

Ʌɚɧɤɚ ɇ ɧɚɡɢɜɚєɬьɫɹ ɜɨɞɢɥɨɦ. əɤɳɨ ɰɟɧɬɪɚɥьɧɟ ɤɨɥɟɫɨ 
ɡɚɤɪɿɩɥɟɧɟ, ɣɨɝɨ ɧɚɡɢɜɚɸɬь ɨɩɨɪɧɢɦ. 

ɋɬɭɩɿɧь ɜɿɥьɧɨɫɬɿ ɬɚɤɢɯ ɦɟɯɚɧɿɡɦɿɜ ɜɢɡɧɚɱɚєɬьɫɹ ɡɚ 
ɮɨɪɦɭɥɨɸ ɑɟɛɢɲɟɜɚ (1.4): W = ͵n − ʹpହ − pସ. 

ɉɥɚɧɟɬɚɪɧɢɣ ɦɟɯɚɧɿɡɦ Ⱦɢɮɟɪɟɧɰɿɚɥьɧɢɣ ɦɟɯɚɧɿɡɦ 

 ସ ହ ݊ 

1 0-1 1-2 

2 2-H 2-3 

H H-0 – 𝜮 3 3 2 
 

 ସ ହ ݊ 

1 0-1 1-2 

2 2-H 2-3 

3 3-0 – 

H H-0 – 𝜮 4 4 2 
 W = ͵ ∙ ͵ − ʹ ∙ ͵ − ʹ = ͳ. W = ͵ ∙ Ͷ − ʹ ∙ Ͷ − ʹ = ʹ. 

Ⱦɢɮɟɪɟɧɰɿɚɥьɧɭ ɩɟɪɟɞɚɱɭ ɦɨɠɧɚ ɩɟɪɟɬɜɨɪɢɬɢ ɜ 
ɩɥɚɧɟɬɚɪɧɭ ɲɥɹɯɨɦ ɡɚɤɪɿɩɥɟɧɧɹ ɨɞɧɨɝɨ ɿɡ ɰɟɧɬɪɚɥьɧɢɯ 

ɤɨɥɿɫ 1 ɚɛɨ 3. 

Ɂɭɛɱɚɫɬɟ ɤɨɥɟɫɨ 1 ɨɛɟɪɬɚєɬьɫɹ ɧɚɜɤɨɥɨ ɨɫɿ ɿ 
ɡɧɚɯɨɞɢɬьɫɹ ɜ ɡɚɱɟɩɥɟɧɧɿ ɪɚɡɨɦ ɡ ɤɨɥɟɫɨɦ 2. Ʉɨɥɟɫɨ 2 
ɜɢɤɨɧɭє ɨɞɧɨɱɚɫɧɨ ɞɜɚ ɪɭɯɢ: ɨɛɟɪɬɚɥьɧɢɣ ɪɚɡɨɦ ɡ ɜɨɞɢɥɨɦ 
ɇ ɡ ɤɭɬɨɜɨɸ ɲɜɢɞɤɿɫɬɸ ߱ு ɧɚɜɤɨɥɨ ɧɟɪɭɯɨɦɨʀ ɫɩɿɥьɧɨʀ ɨɫɿ 
0-0 ɦɟɯɚɧɿɡɦɭ, ɡɚɥɢɲɚɸɱɢɫь ɭ ɬɨɣ ɫɚɦɢɣ ɱɚɫ ɭ ɩɨɫɬɿɣɧɨɦɭ 
ɡɚɱɟɩɥɟɧɧɿ ɡ ɤɨɥɟɫɚɦɢ 1 ɬɚ 3 ɿ ɜ ɨɛɟɪɬɚɥьɧɢɣ ɡ ɤɭɬɨɜɨɸ 
ɲɜɢɞɤɿɫɬɸ ߱ଶு ɧɚɜɤɨɥɨ ɫɜɨєʀ ɜɥɚɫɧɨʀ ɨɫɿ. Ɂɭɛɱɚɫɬɟ ɤɨɥɟɫɨ 3 
ɨɛɟɪɬɚєɬьɫɹ ɜ ɞɢɮɟɪɟɧɰɿɚɥьɧɨɦɭ ɦɟɯɚɧɿɡɦɿ ɿ ɜɨɧɨ ɧɟɪɭɯɨɦɟ 
(ɨɩɨɪɧɟ) ɜ ɧɚɜɟɞɟɧɨɦɭ ɩɥɚɧɟɬɚɪɧɨɦɭ ɦɟɯɚɧɿɡɦɿ. 

ɇɚ ɪɢɫ. 5.3 ɩɨɤɚɡɚɧɨ ɫɤɥɚɞɧɢɣ ɡɭɛɱɚɫɬɢɣ ɦɟɯɚɧɿɡɦ ɡ 
ɪɭɯɨɦɢɦɢ ɨɫɹɦɢ ɡ ɡɨɜɧɿɲɧɿɦ ɡɚɱɟɩɥɟɧɧɹɦ (ɪɢɫ. 5.3, ɚ) ɿ 
ɜɧɭɬɪɿɲɧɿɦ ɡɚɱɟɩɥɟɧɧɹɦ (ɪɢɫ. 5.3, ɛ). əɤɳɨ ɜɫɿ ɤɨɥɟɫɚ 
ɦɟɯɚɧɿɡɦɭ ɨɛɟɪɬɚɸɬьɫɹ, ɬɨ ɫɬɭɩɿɧь ɜɿɥьɧɨɫɬɿ – ɞɜɚ ɿ ɰɟ ɛɭɞɟ 
ɞɢɮɟɪɟɧɰɿɚɥьɧɢɣ ɦɟɯɚɧɿɡɦ, ɹɤɳɨ ɨɞɧɟ ɿɡ ɤɨɥɿɫ ɡɚɤɪɿɩɢɬɢ – 1 
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ɚɛɨ 3, ɬɨ ɫɬɭɩɿɧь ɜɿɥьɧɨɫɬɿ ɛɭɞɟ ɨɞɢɧɢɰɹ ɿ ɬɨɞɿ ɰɟ ɛɭɞɟ 
ɩɥɚɧɟɬɚɪɧɢɣ ɦɟɯɚɧɿɡɦ, ɹɤɢɣ ɦɚє ɧɚɡɜɭ ɪɟɞɭɤɬɨɪɚ Ⱦɚɜɢɞɚ. 

 
Ɋɢɫ. 5.3. Ɂɭɛɱɚɫɬɿ ɦɟɯɚɧɿɡɦɢ ɬɢɩɭ ɪɟɞɭɤɬɨɪɚ Ⱦɚɜɢɞɚ: 

ɚ – ɡ ɡɨɜɧɿɲɧɿɦ ɡɚɱɟɩɥɟɧɧɹɦ; ɛ – ɡ ɜɧɭɬɪɿɲɧɿɦ ɡɚɱɟɩɥɟɧɧɹɦ 

 

ɉɥɚɧɟɬɚɪɧɢɣ ɦɟɯɚɧɿɡɦ Ⱦɢɮɟɪɟɧɰɿɚɥьɧɢɣ ɦɟɯɚɧɿɡɦ 

 ସ ହ ݊ 

1 0-1 1-2 

22ʼ 22ʼ-
H 

2ʼ-3 

H H-0 – 𝜮 3 3 2 
 

 ସ ହ ݊ 

1 0-1 1-2 

22ʼ 22ʼ-
H 

2ʼ-3 

3 3-0 – 

H H-0 – 𝜮 4 4 2 
 W = ͵ ∙ ͵ − ʹ ∙ ͵ − ʹ = ͳ. W = ͵ ∙ Ͷ − ʹ ∙ Ͷ − ʹ = ʹ. 

 
5.3. Ʉɿɧɟɦɚɬɢɤɚ ɞɢɮɟɪɟɧɰɿɚɥьɧɢɯ ɬɚ ɩɥɚɧɟɬɚɪɧɢɯ 

ɦɟɯɚɧɿɡɦɿɜ 

Ⱦɥɹ ɜɢɜɟɞɟɧɧɹ ɮɨɪɦɭɥɢ, ɳɨ ɡɜʼɹɡɭє ɲɜɢɞɤɨɫɬɿ ɥɚɧɨɤ 
ɞɢɮɟɪɟɧɰɿɚɥьɧɨɝɨ ɦɟɯɚɧɿɡɦɭ, ɡɚɫɬɨɫɨɜɭєɦɨ ɦɟɬɨɞ ȼɿɥɥɿɫɚ, 
ɳɨ ґɪɭɧɬɭєɬьɫɹ ɧɚ ɩɪɢɧɰɢɩɿ ɨɛɟɪɧɟɧɨɝɨ ɪɭɯɭ. 

ɇɚɞɚɦɨ ɭɫɿɦ ɥɚɧɤɚɦ ɦɟɯɚɧɿɡɦɭ ɞɨɞɚɬɤɨɜɨɝɨ ɨɛɟɪɬɚɧɧɹ 
ɧɚɜɤɨɥɨ ɨɫɿ 0-0 ɡ ɤɭɬɨɜɨɸ ɲɜɢɞɤɿɫɬɸ −߱ு, ɳɨ ɞɨɪɿɜɧɸє ɡɚ 
ɜɟɥɢɱɢɧɨɸ, ɚɥɟ ɩɪɨɬɢɥɟɠɧɚ ɡɚ ɡɧɚɤɨɦ ɤɭɬɨɜɿɣ ɲɜɢɞɤɨɫɬɿ 
ɜɨɞɢɥɚ ɇ. Ɂɚɫɬɨɫɭɜɚɜɲɢ ɦɟɬɨɞ ɨɛɟɪɧɟɧɨɝɨ ɪɭɯɭ, ɭɦɨɜɧɨ 
ɩɟɪɟɬɜɨɪɢɦɨ ɞɢɮɟɪɟɧɰɿɚɥьɧɢɣ ɦɟɯɚɧɿɡɦ ɜ ɨɛɟɪɧɟɧɢɣ ɬɨɛɬɨ 
ɭ ɡɜɢɱɚɣɧɢɣ ɞɜɨɯɫɬɭɩɿɧɱɚɫɬɢɣ ɡɭɛɱɚɫɬɢɣ ɦɟɯɚɧɿɡɦ ɡ 
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ɧɟɪɭɯɨɦɢɦɢ ɨɫɹɦɢ (ɧɟɪɭɯɨɦɢɦ ɜɨɞɢɥɨɦ).  
ȼɿɞ ɤɭɬɨɜɨʀ ɲɜɢɞɤɨɫɬɿ ɤɨɠɧɨʀ ɥɚɧɤɢ ɜɿɞɧɿɦɟɦɨ ɤɭɬɨɜɭ 

ɲɜɢɞɤɿɫɬь ߱ு ɜɨɞɢɥɚ.  
Ⱦɥɹ ɪɟɞɭɤɬɨɪɚ Ⱦɠɟɦɫɚ (ɪɢɫ. 5.2, ɛ) ɦɚєɦɨ: 

ɇɨɦɟɪ 
ɥɚɧɤɢ 

Ʉɭɬɨɜɚ ɲɜɢɞɤɿɫɬь 
ɞɢɮɟɪɟɧɰɿɚɥьɧɨɝɨ 

ɦɟɯɚɧɿɡɦɭ 

Ʉɭɬɨɜɚ ɲɜɢɞɤɿɫɬь 
ɨɛɟɪɧɟɧɨɝɨ 
ɦɟɯɚɧɿɡɦɭ 

1 

2 

3 

ɇ 

߱ଵ ߱ଶ ߱ଷ ߱ு 

߱ଵு = ߱ଵ − ߱ு ߱ଶு = ߱ଶ − ߱ு ߱ଷு = ߱ଷ − ߱ு ߱ுு = ߱ு − ߱ு = Ͳ 

ɉɟɪɟɞɚɬɨɱɧɟ ɜɿɞɧɨɲɟɧɧɹ ɜɿɞ ɥɚɧɤɢ 1 ɞɨ ɥɚɧɤɢ 3 ɜ 
ɨɛɟɪɧɟɧɨɦɭ ɦɟɯɚɧɿɡɦɿ  ݑଵଷு = ߱ଵு߱ଷு = ߱ଵ − ߱ு߱ଷ − ߱ு = ݊ଵ − ݊ு݊ଷ − ݊ு . (5.5) 

Ɍɭɬ ɜɟɪɯɧɿɣ ɿɧɞɟɤɫ «H»ɛɿɥɹ ɩɨɡɧɚɱɟɧɧɹ ɜɟɥɢɱɢɧ 
ɨɡɧɚɱɚє, ɳɨ ɜɨɧɚ ɜɿɞɧɨɫɢɬьɫɹ ɞɨ ɨɛɟɪɧɟɧɨɝɨ ɦɟɯɚɧɿɡɦɭ (ɡ 
ɧɟɪɭɯɨɦɢɦ ɜɨɞɢɥɨɦ H) 

Ɏɨɪɦɭɥɚ (5.5) ɡɜʼɹɡɭє ɦɿɠ ɫɨɛɨɸ ɲɜɢɞɤɨɫɬɿ ɨɛɟɪɬɚɧɧɹ 
ɰɟɧɬɪɚɥьɧɢɯ ɤɨɥɿɫ 1 ɿ 3 ɿ ɜɨɞɢɥɚ ɇ. Ɂɚɞɚɜɲɢɫь ɞɜɨɦɚ ɿɡ ɧɢɯ 
ɡɚɜɠɞɢ ɦɨɠɧɚ ɡɧɚɣɬɢ ɬɪɟɬɸ ɲɜɢɞɤɿɫɬь. Ⱦɥɹ ɰьɨɝɨ ɩɨɬɪɿɛɧɨ 
ɡɧɚɬɢ ɱɢɫɥɚ ɡɭɛɿɜ. Ɍɨɞɿ ɩɟɪɟɞɚɬɨɱɧɟ ɱɢɫɥɨ, ɹɤ ɞɥɹ ɦɟɯɚɧɿɡɦɭ 
ɡ ɧɟɪɭɯɨɦɢɦɢ ɨɫɹɦɢ, ɡɧɚɣɞɟɦɨ ɚɧɚɥɨɝɿɱɧɨ (5.3) ɿ (5.4) ݑଵଷு = (ଵݖଶݖ−) ∙ (+ (ଶݖଷݖ =  ଵ. (5.6)ݖଷݖ−

Ɂɧɚɤ «-» ɩɨɤɚɡɭє, ɳɨ ɡɭɛɱɚɫɬɿ ɤɨɥɟɫɚ 1 ɿ 2 ɨɛɟɪɬɚɸɬьɫɹ 
ɜ ɪɿɡɧɿ ɫɬɨɪɨɧɢ (ɡɨɜɧɿɲɧє ɡɚɱɟɩɥɟɧɧɹ), ɚ «+» – ɡɭɛɱɚɫɬɿ 
ɤɨɥɟɫɚ 2 ɿ 3 ɨɛɟɪɬɚɸɬьɫɹ ɨɞɧɭ ɫɬɨɪɨɧɭ (ɜɧɭɬɪɿɲɧє 
ɡɚɱɟɩɥɟɧɧɹ). ȼ ɪɟɡɭɥьɬɚɬɿ ɦɚєɦɨ ɜɿɞʼєɦɧɟ ɡɚɝɚɥьɧɟ 
ɩɟɪɟɞɚɬɨɱɧɟ ɱɢɫɥɨ ɨɛɟɪɧɟɧɨɝɨ ɦɟɯɚɧɿɡɦɭ. 

Ⱦɥɹ ɨɛɟɪɧɟɧɨɝɨ ɦɟɯɚɧɿɡɦɚ ɪɟɞɭɤɬɨɪɚ Ⱦɚɜɢɞɚ  

(ɪɢɫ. 5.3, ɛ)  ݑଵଷு = (ଵݖଶݖ−) ∙ (− (′ଶݖଷݖ =  ଶ′. (5.7)ݖଵݖଷݖଶݖ
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ɉɟɪɟɞɚɬɨɱɧɟ ɱɢɫɥɨ ɩɥɚɧɟɬɚɪɧɨɝɨ ɦɟɯɚɧɿɡɦɭ 

ɨɬɪɢɦɚєɦɨ, ɡɚɫɬɨɫɭɜɚɜɲɢ ɬɚɤɨɠ ɦɟɬɨɞ ɨɛɟɪɧɟɧɨɝɨ ɪɭɯɭ. 
Ⱦɥɹ ɪɟɞɭɤɬɨɪɚ Ⱦɠɟɦɫɚ: 

ɇɨɦɟɪ 
ɥɚɧɤɢ 

Ʉɭɬɨɜɚ ɲɜɢɞɤɿɫɬь 
ɞɢɮɟɪɟɧɰɿɚɥьɧɨɝɨ 

ɦɟɯɚɧɿɡɦɭ 

Ʉɭɬɨɜɚ ɲɜɢɞɤɿɫɬь 
ɨɛɟɪɧɟɧɨɝɨ 
ɦɟɯɚɧɿɡɦɭ 

1 

2 

3 

ɇ 

߱ଵ ߱ଶ ߱ଷ=0 ߱ு 

߱ଵு = ߱ଵ − ߱ு ߱ଶு = ߱ଶ − ߱ு ߱ଷு = ߱ଷ − ߱ு= −߱ு ߱ுு = ߱ு − ߱ு = Ͳ 

ɉɟɪɟɞɚɬɨɱɧɟ ɜɿɞɧɨɲɟɧɧɹ ɜɿɞ ɥɚɧɤɢ 1 ɞɨ ɥɚɧɤɢ 3 ɜ 
ɨɛɟɪɧɟɧɨɦɭ ɦɟɯɚɧɿɡɦɿ: ݑଵଷு = ߱ଵ − ߱ு−߱ு = ͳ − ߱ଵ߱ு. (5.8) 

Ɉɫɤɿɥьɤɢ ߱ଵ/߱ு = ଵଷுݑ ଵு, ɬɨ ɪɿɜɧɹɧɧɹ (5.8) ɡɚɩɢɲɟɦɨݑ = ͳ − ଵுݑ ,   ˃˄ˑ  ݑଵு = ͳ − ଵଷுݑ . (5.9) 

ɉɟɪɟɞɚɬɨɱɧɟ ɜɿɞɧɨɲɟɧɧɹ ɩɥɚɧɟɬɚɪɧɨʀ ɩɟɪɟɞɚɱɿ 
ɞɨɪɿɜɧɸє ɨɞɢɧɢɰɿ ɦɿɧɭɫ ɩɟɪɟɞɚɬɨɱɧɟ ɜɿɞɧɨɲɟɧɧɹ 
ɨɛɟɪɧɟɧɨɝɨ ɦɟɯɚɧɿɡɦɭ. 

ȼɪɚɯɨɜɭɸɱɢ (5.6)ɞɥɹ ɪɟɞɭɤɬɨɪɚ Ⱦɠɟɦɫɚ ݑଵு = ͳ +  ଵ. (5.10)ݖଷݖ

ȼɪɚɯɨɜɭɸɱɢ (5.7) ɞɥɹ ɪɟɞɭɤɬɨɪɚ Ⱦɚɜɢɞɚ ݑଵு = ͳ −  ଶ′. (5.11)ݖଵݖଷݖଶݖ

ɉɪɢɤɥɚɞ: ɇɟɨɛɯɿɞɧɨ ɜɢɡɧɚɱɢɬɢ ɩɟɪɟɞɚɬɨɱɧɟ 
ɜɿɞɧɨɲɟɧɧɹ ݑଵு ɞɥɹ ɪɟɞɭɤɬɨɪɚ Ⱦɚɜɢɞɚ (ɪɢɫ. 5.3, ɛ) ɩɪɢ ݖଵ ′ଶݖ= = ͳͲͲ, ݖଶ = ͻͻ, ݖଷ = ͳͲͳ. 

Ɂɝɿɞɧɨ (5.11) ɦɚєɦɨ ݑଵு = ͳ − ͻͻ ∙ ͳͲͳͳͲͲ ∙ ͳͲͲ = ͳͳͲͲͲͲ. 
ɐɟɧɬɪɚɥьɧɟ ɤɨɥɟɫɨ 1 ɛɭɞɟ ɨɛɟɪɬɚɬɢɫɹ ɜ 10000 ɪɚɡ 

ɩɨɜɿɥьɧɿɲɟ ɜɨɞɢɥɚ ɇ. 
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5.4. Ʉɟɪɭɜɚɧɧɹ ɡɦɿɧɚɦɢ ɲɜɢɞɤɨɫɬɿ ɡɚ ɞɨɩɨɦɨɝɨɸ 
ɡɭɛɱɚɫɬɢɯ ɞɢɮɟɪɟɧɰɿɚɥьɧɢɯ ɦɟɯɚɧɿɡɦɿɜ 

Ɂɭɛɱɚɫɬɿ ɞɢɮɟɪɟɧɰɿɚɥьɧɿ ɦɟɯɚɧɿɡɦɢ ɦɚɸɬь ɫɬɟɩɿɧь 
ɜɿɥьɧɨɫɬɿ ܹ = ʹ, ɬɨɛɬɨ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɩɪɢɧɰɢɩɭ ɭɬɜɨɪɟɧɧɹ 
ɦɟɯɚɧɿɡɦɿɜ, ɭ ɧɢɯ ɦɚє ɛɭɬɢ ɞɜɿ ɥɚɧɤɢ ɤɟɪɭɜɚɧɧɹ. ɇɚ ɩɪɚɤɬɢɰɿ 
ɰɟ ɜɢɤɨɪɢɫɬɨɜɭєɬьɫɹ, ɧɚɩɪɢɤɥɚɞ, ɭ ɩɪɢɜɨɞɚɯ 
ɯɨɞɨɡɦɟɧɲɭɜɚɱɿɜ, ɞɟ ɞɨɞɚɬɤɨɜɢɣ ɞɜɢɝɭɧ ɜɢɤɨɪɢɫɬɨɜɭєɬьɫɹ 
ɞɥɹ ɫɢɥɨɜɨɝɨ ɡɦɟɧɲɟɧɧɹ ɤɭɬɨɜɨʀ ɲɜɢɞɤɨɫɬɿ ɜɢɯɿɞɧɨʀ ɥɚɧɤɢ. 
Ⱥɛɨ ɠ ɞɢɮɟɪɟɧɰɿɚɥьɧɢɣ ɡɭɛɱɚɫɬɢɣ ɦɟɯɚɧɿɡɦ 
ɜɢɤɨɪɢɫɬɨɜɭєɬьɫɹ ɞɥɹ ɪɨɡɩɨɞɿɥɟɧɧɹ ɩɨɬɭɠɧɨɫɬɿ, ɳɨ 
ɧɚɞɯɨɞɢɬь ɧɚ ɜɯɿɞɧɭ ɥɚɧɤɭ, ɦɿɠ ɞɜɨɦɚ ɜɟɞɟɧɢɦɢ 
(ɞɢɮɟɪɟɧɰɿɚɥ ɬɪɚɧɫɦɿɫɿʀ ɚɜɬɨɦɨɛɿɥɹ). 

Ɋɨɡɝɥɹɧɟɦɨ ɦɨɠɥɢɜɿɫɬь ɤɟɪɭɜɚɧɧɹ ɡɦɿɧɚɦɢ ɲɜɢɞɤɨɫɬɿ 
ɡɚ ɞɨɩɨɦɨɝɨɸ ɡɭɛɱɚɫɬɨʀ ɞɢɮɟɪɟɧɰɿɚɥьɧɨʀ  ɩɟɪɟɞɚɱɿ, ɹɤɚ 
ɫɤɥɚɞɚєɬьɫɹ ɡ ɧɚɫɬɭɩɧɢɯ ɥɚɧɨɤ (ɪɢɫ. 5.4): ɫɨɧɹɱɧɨɝɨ 
ɡɭɛɱɚɫɬɨɝɨ ɤɨɥɟɫɚ 1, ɫɚɬɟɥɿɬɿɜ 2, ɡɭɛɱɚɫɬɨɝɨ ɤɨɥɟɫɚ – 

ɟɩɿɰɢɤɥɚ 3 ɿ ɜɨɞɢɥɚ 4 ɪɨɡɦɿɳɟɧɢɯ ɜ ɤɨɪɩɭɫɿ. ɋɨɧɹɱɧɟ 
ɡɭɛɱɚɫɬɟ ɤɨɥɟɫɨ 1 ɡɧɚɯɨɞɢɬьɫɹ ɜ ɰɟɧɬɪɿ. ɋɚɬɟɥɿɬɢ 2 
ɨɛɟɪɬɚɸɬьɫɹ ɧɚɜɤɨɥɨ ɫɨɧɹɱɧɨɝɨ ɡɭɛɱɚɫɬɨɝɨ ɤɨɥɟɫɚ 1 ɿ, 
ɨɞɧɨɱɚɫɧɨ, ɧɚɜɤɨɥɨ ɫɜɨєʀ ɜɥɚɫɧɨʀ ɨɫɿ. Ɂɭɛɱɚɫɬɟ ɤɨɥɟɫɨ – 

ɟɩɿɰɢɤɥ 3 ɨɯɨɩɥɸє ɫɚɬɟɥɿɬɢ 2, ɹɤɿ ɜɫɬɚɧɨɜɥɟɧɿ ɧɚ ɜɨɞɢɥɿ 4. 
ɍɫɿ ɫɚɬɟɥɿɬɢ 2 ɨɛɟɪɬɚɸɬьɫɹ ɨɞɧɨɱɚɫɧɨ ɜ ɨɞɧɨɦɭ ɧɚɩɪɹɦɤɭ. 

 
Ɋɢɫ. 5.4. ɋɯɟɦɚ ɡɭɛɱɚɫɬɨʀ ɞɢɮɟɪɟɧɰɿɚɥьɧɨʀ ɩɟɪɟɞɚɱɿ 
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Ɋɨɡɝɥɹɧɟɦɨ ɪɭɯ ɥɚɧɨɤ ɡɭɛɱɚɫɬɨʀ ɞɢɮɟɪɟɧɰɿɚɥьɧɨʀ 
ɩɟɪɟɞɚɱɿ ɿ ɦɨɠɥɢɜɿɫɬь ɤɟɪɭɜɚɧɧɹ ʀɯ ɲɜɢɞɤɿɫɬɸ ɬɚ 
ɧɚɩɪɹɦɤɚɦɢ ɨɛɟɪɬɚɧɧɹ ɧɚ ɩɪɨɫɬɢɯ ɩɪɢɤɥɚɞɚɯ ɪɭɯɭ ɞɜɨɯ 
ɡɭɛɱɚɫɬɢɯ ɪɟɣɨɤ ɦɿɠ ɹɤɢɦɢ ɜɫɬɚɧɨɜɥɟɧɚ ɲɟɫɬɟɪɧɹ. 

 

ɉɪɢɤɥɚɞ 1 (ɪɢɫ. 5.5). Ɇɿɠ ɡɭɛɱɚɫɬɢɦɢ ɪɟɣɤɚɦɢ А ɿ ȼ 
ɪɨɡɦɿɳɟɧɚ ɲɟɫɬɟɪɧɹ ɋ. Ɂɭɛɱɚɫɬɚ ɪɟɣɤɚ ȼ ɧɟɪɭɯɨɦɚ, ɚ 
ɡɭɛɱɚɫɬɚ ɪɟɣɤɚ А ɪɭɯɚєɬьɫɹ ɜ ɧɚɩɪɹɦɤɭ, ɩɨɤɚɡɚɧɨɦɭ 
ɫɬɪɿɥɤɨɸ.  

ɍ ɰьɨɦɭ ɜɢɩɚɞɤɭ ɲɟɫɬɟɪɧɹ ɋ ɪɭɯɚєɬьɫɹ ɭ ɬɨɦɭ ɠ 
ɧɚɩɪɹɦɤɭ, ɳɨ ɿ ɡɭɛɱɚɫɬɚ ɪɟɣɤɚ А, ɬɿɥьɤɢ ɩɨɜɿɥьɧɿɲɟ ɧɟʀ. 
əɤɳɨ ɰɟɣ ɩɪɢɤɥɚɞ ɡɚɫɬɨɫɭɜɚɬɢ ɞɨ ɡɭɛɱɚɫɬɨʀ 
ɞɢɮɟɪɟɧɰɿɚɥьɧɨʀ ɩɟɪɟɞɚɱɿ, ɬɨɞɿ ɜ ɹɤɨɫɬɿ ɡɭɛɱɚɫɬɨʀ ɪɟɣɤɢ  А  

ɛɭɞɟ ɡɭɛɱɚɫɬɟ ɤɨɥɟɫɨ – ɟɩɿɰɢɤɥ 3, ɡɭɛɱɚɫɬɚ ɪɟɣɤɚ ȼ – 

ɫɨɧɹɱɧɟ ɡɭɛɱɚɫɬɟ ɤɨɥɟɫɨ 1 ɿ ɲɟɫɬɟɪɧɹ ɋ – ɫɚɬɟɥɿɬɢ 2. Ʉɨɥɢ 
ɩɨɜɟɪɧɭɬɢ ɡɭɛɱɚɫɬɟ ɤɨɥɟɫɨ – ɟɩɿɰɢɤɥ 3 ɜ ɧɚɩɪɹɦɤɭ ɫɬɪɿɥɤɢ 
ɩɪɢ ɡɭɩɢɧɟɧɨɦɭ ɫɨɧɹɱɧɨɦɭ ɡɭɛɱɚɫɬɨɦɭ ɤɨɥɟɫɿ 1, ɫɚɬɟɥɿɬɢ 2 
ɛɭɞɭɬь ɨɛɟɪɬɚɬɢɫɹ ɜ ɬɨɦɭ ɠ ɧɚɩɪɹɦɤɭ, ɳɨ ɿ ɡɭɛɱɚɫɬɟ ɤɨɥɟɫɨ 
– ɟɩɿɰɢɤɥ 3, ɚɥɟ ɩɨɜɿɥьɧɿɲɟ. Ɂ ɫɚɬɟɥɿɬɚɦɢ 2 ɛɭɞɟ ɨɛɟɪɬɚɬɢɫɹ 
ɜɨɞɢɥɨ 4. 

 
Ɋɢɫ. 5.5. ɋɯɟɦɚ ɞɨ ɩɪɢɤɥɚɞɭ 1 

 

ɉɪɢɤɥɚɞ 2 (ɪɢɫ. 5.6). Ɋɨɡɝɥɹɧɟɦɨ ɪɭɯ ɟɥɟɦɟɧɬɿɜ 
ɡɭɛɱɚɫɬɨʀ ɞɢɮɟɪɟɧɰɿɚɥьɧɨʀ ɩɟɪɟɞɚɱɿ, ɤɨɥɢ ɛɭɞɟɦɨ ɪɭɯɚɬɢ 
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ɡɭɛɱɚɫɬɭ ɪɟɣɤɭ  А  ɹɤ ɿ ɜ ɩɟɪɲɨɦɭ ɩɪɢɤɥɚɞɿ, ɚ ɡɭɛɱɚɫɬɚ ɪɟɣɤɚ 
ȼ ɛɭɞɟ ɪɭɯɚɬɢɫɹ ɭ ɩɪɨɬɢɥɟɠɧɨɦɭ ɧɚɩɪɹɦɤɭ ɡɭɛɱɚɫɬɨʀ ɪɟɣɤɢ 
А. Ɍɨɞɿ ɲɟɫɬɟɪɧɹ ɋ ɪɭɯɚєɬьɫɹ ɡ ɦɟɧɲɨɸ ɲɜɢɞɤɿɫɬɸ. ɍ 
ɡɭɛɱɚɫɬɿɣ ɞɢɮɟɪɟɧɰɿɚɥьɧɿɣ ɩɟɪɟɞɚɱɿ, ɲɜɢɞɤɿɫɬь ɡ ɹɤɨɸ 
ɩɟɪɟɦɿɳɚєɬьɫɹ ɜɨɞɢɥɨ 4 ɡɭɛɱɚɫɬɢɦ ɤɨɥɟɫɨɦ – ɟɩɿɰɢɤɥɨɦ 3 
ɡɦɟɧɲɭєɬьɫɹ ɩɨ ɜɿɞɧɨɲɟɧɧɸ ɞɨ ɲɜɢɞɤɨɫɬɿ ɫɨɧɹɱɧɨɝɨ 
ɡɭɛɱɚɫɬɨɝɨ ɤɨɥɟɫɚ 1, ɹɤɟ ɨɛɟɪɬɚєɬьɫɹ ɜ ɡɜɨɪɨɬɧɨɦɭ 
ɧɚɩɪɹɦɤɭ. ɒɜɢɞɤɿɫɬь ɜɨɞɢɥɚ 4 ɭ ɰьɨɦɭ ɜɢɩɚɞɤɭ ɛɭɞɟ ɦɟɧɲɚ 
ɧɿɠ ɭ ɩɨɩɟɪɟɞɧьɨɦɭ ɩɪɢɤɥɚɞɿ. 

 

 
Ɋɢɫ. 5.6. ɋɯɟɦɚ ɞɨ ɩɪɢɤɥɚɞɭ 2 

 

ɉɪɢɤɥɚɞ 3 (ɪɢɫ. 5.7). Ȼɭɞɟɦɨ ɪɭɯɚɬɢ ɡɭɛɱɚɫɬɿ ɪɟɣɤɢ  А 

ɿ ȼ ɜ ɨɞɧɨɦɭ ɧɚɩɪɹɦɤɭ ɡ ɨɞɧɚɤɨɜɢɦɢ ɲɜɢɞɤɨɫɬɹɦɢ. 
ɒɟɫɬɟɪɧɹ ɋ ɦɿɠ ɡɭɛɱɚɫɬɢɦɢ ɪɟɣɤɚɦɢ А ɿ ȼ ɧɟ ɦɨɠɟ 
ɨɛɟɪɬɚɬɢɫɹ ɫɚɦɨɫɬɿɣɧɨ ɿ ɜɨɧɚ ɪɭɯɚєɬьɫɹ ɪɚɡɨɦ ɡ ɧɢɦɢ. əɤɳɨ 
ɜ ɡɭɛɱɚɫɬɿɣ ɞɢɮɟɪɟɧɰɿɚɥьɧɿɣ ɩɟɪɟɞɚɱɿ ɫɨɧɹɱɧɟ ɡɭɛɱɚɫɬɟ 
ɤɨɥɟɫɨ 1 ɿ ɡɭɛɱɚɫɬɟ ɤɨɥɟɫɨ – ɟɩɿɰɢɤɥ 3 ɨɛɟɪɬɚɸɬьɫɹ ɜ ɨɞɧɨɦɭ 
ɧɚɩɪɹɦɤɭ ɿ ɡ ɨɞɧɚɤɨɜɨɸ ɲɜɢɞɤɿɫɬɸ, ɬɨɞɿ ɜɨɞɢɥɨ 4 
ɨɛɟɪɬɚєɬьɫɹ ɭ ɬɨɦɭ ɠ ɧɚɩɪɹɦɤɭ ɿ ɡ ɬɿєɸ ɲɜɢɞɤɿɫɬɸ. 
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Ɋɢɫ. 5.7. ɋɯɟɦɚ ɞɨ ɩɪɢɤɥɚɞɭ 3 

 

ɉɪɢɤɥɚɞ 4 (ɪɢɫ. 5.8). ɋɩɪɨɛɭєɦɨ ɪɭɯɚɬɢ ɡɭɛɱɚɫɬɭ 
ɪɟɣɤɭ ȼ ɭ ɧɚɩɪɹɦɤɭ ɩɨɤɚɡɚɧɨɦɭ ɫɬɪɿɥɤɨɸ, ɚ ɲɟɫɬɟɪɧɹ ɋ 

ɡɚɥɢɲɢɬьɫɹ ɧɟɪɭɯɨɦɨɸ, ɨɛɟɪɬɚɸɱɢɫь ɧɚɜɤɨɥɨ ɫɜɨєʀ ɨɫɿ. ɍ 
ɰьɨɦɭ ɜɢɩɚɞɤɭ ɡɭɛɱɚɫɬɚ ɪɟɣɤɚ  А ɪɭɯɚєɬьɫɹ ɭ ɩɪɨɬɢɥɟɠɧɨɦɭ 
ɧɚɩɪɹɦɤɭ ɪɭɯɭ ɡɭɛɱɚɫɬɨʀ ɪɟɣɤɢ ȼ.  

 
Ɋɢɫ. 5.8. ɋɯɟɦɚ ɞɨ ɩɪɢɤɥɚɞɭ 4 

 

ɋɬɨɫɨɜɧɨ ɡɭɛɱɚɫɬɨʀ ɞɢɮɟɪɟɧɰɿɚɥьɧɨʀ ɩɟɪɟɞɚɱɿ, ɬɨɞɿ ɹɤ 
ɜɨɞɢɥɨ 4 ɡɚɮɿɤɫɨɜɚɧɟ ɿ ɫɨɧɹɱɧɟ ɡɭɛɱɚɫɬɟ ɤɨɥɟɫɨ 1 
ɨɛɟɪɬɚєɬьɫɹ ɩɨ ɝɨɞɢɧɧɢɤɨɜɿɣ ɫɬɪɿɥɰɿ, ɫɚɬɟɥɿɬɢ 2 
ɨɛɟɪɬɚɸɬьɫɹ ɿ ɪɭɯɚɸɬь ɡɭɛɱɚɫɬɟ ɤɨɥɟɫɨ – ɟɩɿɰɢɤɥ 3 ɭ 
ɡɜɨɪɨɬɧɨɦɭ ɧɚɩɪɹɦɤɭ ɪɭɯɭ. 
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ɉɪɢɤɥɚɞ 5 (ɪɢɫ. 5.9). ɇɚɤɿɧɟɰь, ɡɚɮɿɤɫɭєɦɨ ɡɭɛɱɚɫɬɭ 
ɪɟɣɤɭ ȼ ɿ ɛɭɞɟɦɨ ɪɭɯɚɬɢ ɲɟɫɬɟɪɧɸ ɋ ɜ ɧɚɩɪɹɦɤɭ ɫɬɪɿɥɤɢ. 
Ɍɨɞɿ ɡɭɛɱɚɫɬɚ ɪɟɣɤɚ А ɪɭɯɚєɬьɫɹ ɡ ɜɟɥɢɤɨɸ ɲɜɢɞɤɿɫɬɸ ɭ 
ɬɨɦɭ ɠ ɧɚɩɪɹɦɤɭ, ɳɨ ɿ ɲɟɫɬɟɪɧɹ ɋ. Ɂɧɨɜɭ ɡɚɫɬɨɫɭєɦɨ ɰɸ 
ɫɢɬɭɚɰɿɸ ɞɨ ɡɭɛɱɚɫɬɨʀ ɞɢɮɟɪɟɧɰɿɚɥьɧɨʀ ɩɟɪɟɞɚɱɿ. əɤɳɨ 
ɫɨɧɹɱɧɟ ɡɭɛɱɚɫɬɟ ɤɨɥɟɫɨ 1 ɡɚɛɥɨɤɨɜɚɧɟ, ɚ ɜɨɞɢɥɨ 4 
ɨɛɟɪɬɚєɬьɫɹ ɡɚ ɝɨɞɢɧɧɢɤɨɜɨɸ ɫɬɪɿɥɤɨɸ, ɫɚɬɟɥɿɬɢ 2 
ɨɛɟɪɬɚɸɬьɫɹ ɭ ɬɨɦɭ ɠ ɧɚɩɪɹɦɤɭ ɧɚɜɤɨɥɨ ɫɨɧɹɱɧɨɝɨ 
ɡɭɛɱɚɫɬɨɝɨ ɤɨɥɟɫɚ 1.  

 
Ɋɢɫ. 5.9. ɋɯɟɦɚ ɞɨ ɩɪɢɤɥɚɞɭ 5 

 

ɒɜɢɞɤɿɫɬь ɨɛɟɪɬɚɧɧɹ ɡɭɛɱɚɫɬɨɝɨ ɤɨɥɟɫɚ – ɟɩɿɰɢɤɥɚ 3 
ɫɤɥɚɞɚєɬьɫɹ ɡ ɜɥɚɫɧɨʀ ɲɜɢɞɤɨɫɬɿ ɨɛɟɪɬɚɧɧɹ ɫɚɬɟɥɿɬɿɜ 2 ɿ 
ɲɜɢɞɤɨɫɬɿ ʀɯ ɨɛɟɪɬɚɧɧɹ ɧɚɜɤɨɥɨ ɧɟɪɭɯɨɦɨɝɨ ɫɨɧɹɱɧɨɝɨ 
ɡɭɛɱɚɫɬɨɝɨ ɤɨɥɟɫɚ 1. ȱɧɲɢɦɢ ɫɥɨɜɚɦɢ ɡɭɛɱɚɫɬɟ ɤɨɥɟɫɨ – 

ɟɩɿɰɢɤɥ 3 ɨɛɟɪɬɚєɬьɫɹ ɲɜɢɞɲɟ, ɧɿɠ ɜɨɞɢɥɨ 4. 
Ɂ ɨɝɥɹɞɭ ɧɚ ɧɚɜɟɞɟɧɿ ɩɪɢɤɥɚɞɢ ɪɭɯɭ ɨɤɪɟɦɢɯ ɥɚɧɨɤ ɭ 

ɞɢɮɟɪɟɧɰɿɚɥьɧɿɣ ɩɟɪɟɞɚɱɿ ɬɚ ʀɯ ɚɧɚɥɿɡɭ ɦɨɠɧɚ ɫɬɜɟɪɞɠɭɜɚɬɢ 

ɩɪɨ ɦɨɠɥɢɜɿɫɬь ɤɟɪɭɜɚɧɧɹ ɲɜɢɞɤɿɫɬɸ ɡɚ ɜɟɥɢɱɢɧɨɸ ɿ 
ɧɚɩɪɹɦɤɨɦ ɪɭɯɭ ɜ ɡɭɛɱɚɫɬɿɣ ɞɢɮɟɪɟɧɰɿɚɥьɧɿɣ ɩɟɪɟɞɚɱɿ ɭ 
ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɫɬɚɧɭ ɪɭɯɭ ʀʀ ɥɚɧɨɤ. 

Ⱦɥɹ ɡɦɿɧɢ ɪɭɯɭ ɰɢɯ ɥɚɧɨɤ, ɹɤ ɩɪɚɜɢɥɨ, ɞɥɹ ʀɯ ɡɭɩɢɧɤɢ, 
ɭ ɫɭɱɚɫɧɢɯ ɭɦɨɜɚɯ ɡɚɫɬɨɫɨɜɭɸɬьɫɹ ɮɪɢɤɰɿɣɧɿ ɦɭɮɬɢ ɿ 
ɝɚɥьɦɚ. 
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ɇɚ ɪɢɫ. 5.10 ɪɨɡɝɥɹɧɭɬɿ ɛɚɡɨɜɿ ɫɯɟɦɢ 
ɨɞɧɨɫɬɭɩɿɧɱɚɫɬɢɯ ɡɭɛɱɚɫɬɢɯ ɞɢɮɟɪɟɧɰɿɚɥɿɜ ɡ 
ɰɢɥɿɧɞɪɢɱɧɢɦɢ ɡɭɛɱɚɫɬɢɦɢ ɤɨɥɟɫɚɦɢ: 

- ɡɚ ɪɨɡɦɿɳɟɧɧɹɦɢ ɤɨɥɿɫ: ɚ – ɨɞɧɨɪɹɞɧɿ; ɛ, ɜ, ɝ – 

ɞɜɨɯɪɹɞɧɿ; 
- ɡɚ ɜɢɞɨɦ ɡɚɱɟɩɥɟɧɧɹ ɤɨɥɿɫ: ɚ, ɛ – ɡɨɜɧɿɲɧє ɿ 

ɜɧɭɬɪɿɲɧє; ɜ – ɜɧɭɬɪɿɲɧє; ɝ – ɡɨɜɧɿɲɧє. 

 
Ɋɢɫ. 5.10. Ȼɚɡɨɜɿ ɫɯɟɦɢ ɨɞɧɨɫɬɭɩɿɧɱɚɫɬɢɯ ɡɭɛɱɚɫɬɢɯ 

ɞɢɮɟɪɟɧɰɿɚɥɿɜ 

 

Ɋɨɡɝɥɹɧɟɦɨ ɜɢɩɚɞɨɤ ɤɨɥɢ ɜɟɞɭɱɨɸ ɥɚɧɤɨɸ ɛɭɞɟ 
ɫɨɧɹɱɧɟ ɡɭɛɱɚɫɬɟ ɤɨɥɟɫɨ 1, ɚ ɜɟɞɟɧɨɸ – ɜɨɞɢɥɨ H (ɪɢɫ. 5.11). 

Ʉɟɪɭɜɚɧɧɹ ɡɦɿɧɨɸ ɜɟɞɟɧɨʀ ɥɚɧɤɢ – ɜɨɞɢɥɚ H ɡɞɿɣɫɧɸєɬьɫɹ 
ɱɟɪɟɡ ɟɩɿɰɢɤɥ 3. əɤɳɨ ɩɪɢɣɧɹɬɢ ɤɭɬɨɜɭ ɲɜɢɞɤɿɫɬь ɜɟɞɭɱɨʀ 
ɥɚɧɤɢ 1 ɡɚ ω1 = const, ɬɨɞɿ ɡɚ ɪɚɯɭɧɨɤ ɡɦɿɧɢ ɲɜɢɞɤɨɫɬɿ 
ɤɨɥɟɫɚ – ɟɩɿɰɢɤɥɚ 3 (ω3 = var) ɡɚ ɞɨɩɨɦɨɝɨɸ ɡɭɩɢɧɧɢɤɚ 
ɨɛɟɪɬɚɥьɧɨɝɨ ɪɭɯɭ 6 ɦɨɠɧɚ ɩɥɚɜɧɨ ɡɦɿɧɸɜɚɬɢ ɲɜɢɞɤɿɫɬь 
ɜɟɞɟɧɨʀ ɥɚɧɤɢ – ɜɨɞɢɥɚ H (ωH).  

ȼ ɹɤɨɫɬɿ ɡɭɩɢɧɧɢɤɚ ɨɛɟɪɬɚɥьɧɨɝɨ ɪɭɯɭ ɡɚɡɜɢɱɚɣ 
ɜɢɤɨɪɢɫɬɨɜɭɸɬь ɮɪɢɤɰɿɣɧɿ ɦɭɮɬɢ ɱɢ ɝɚɥьɦɚ. ȼ [3] 

ɩɪɨɩɨɧɭєɬьɫɹ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɡɚɦɤɧɭɬɭ ɝɿɞɪɨɫɢɫɬɟɦɭ. 
Ɇɚєɦɨ ɬɟ, ɳɨ ɡɭɛɱɚɫɬɟ ɤɨɥɟɫɨ – ɟɩɿɰɢɤɥ 3 ɱɟɪɟɡ ɡɭɛɱɚɫɬɭ 
ɩɟɪɟɞɚɱɭ 7 ɩɪɢɜɨɞɢɬь ɭ ɪɭɯ ɲɟɫɬɟɪɟɧɱɚɫɬɢɣ ɝɿɞɪɨɧɚɫɨɫ, 
ɹɤɢɣ ɩɟɪɟɤɚɱɭє ɪɿɞɢɧɭ ɜ ɡɚɦɤɧɭɬɿɣ ɝɿɞɪɨɫɢɫɬɟɦɿ – ɤɨɥɢ 
ɪɟɝɭɥɸɜɚɥьɧɢɣ ɤɪɚɧ ɜɿɞɤɪɢɬɢɣ. əɤɳɨ ɪɟɝɭɥɸɜɚɥьɧɢɣ ɤɪɚɧ 
ɡɚɤɪɢɬɢɣ, ɬɨɞɿ ɝɿɞɪɨɫɢɫɬɟɦɚ 6 ɡɚɤɪɢɬɚ, ɬɨɛɬɨ 
ɲɟɫɬɟɪɟɧɱɚɫɬɢɣ ɝɿɞɪɨɧɚɫɨɫ ɡɭɩɢɧɟɧɢɣ ɿ, ɩɪɢ ɰьɨɦɭ, 
ɡɭɛɱɚɫɬɟ ɤɨɥɟɫɨ – ɟɩɿɰɢɤɥ 3 ɡɭɩɢɧɟɧɟ (ω3 = 0). Ɍɚɤɢɦ ɱɢɧɨɦ, 
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ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɩɪɨɩɭɫɤɧɨʀ ɡɞɚɬɧɨɫɬɿ ɪɟɝɭɥɸɜɚɥьɧɨɝɨ 
ɤɪɚɧɚ, ɲɜɢɞɤɿɫɬь ɡɭɛɱɚɫɬɨɝɨ ɤɨɥɟɫɚ – ɟɩɿɰɢɤɥɚ 3 (ω3) 

ɡɦɿɧɸєɬьɫɹ ɜɿɞ 0 ɞɨ ω3max ɿ, ɩɪɢ ɰьɨɦɭ, ɡɦɿɧɸєɬьɫɹ 
ɲɜɢɞɤɿɫɬь ɜɨɞɢɥɚ H (ωH).  

 

 
Ɋɢɫ. 5.11. ɋɯɟɦɚ ɡɭɛɱɚɫɬɨɝɨ ɞɢɮɟɪɟɧɰɿɚɥɚ ɡ ɤɟɪɭɜɚɧɧɹɦ ɱɟɪɟɡ 

ɟɩɿɰɢɤɥ 

 

Ɂɜʼɹɡɨɤ ɦɿɠ ɲɜɢɞɤɨɫɬɹɦɢ ɜ ɞɢɮɟɪɟɧɰɿɚɥьɧɿɣ ɩɟɪɟɞɚɱɿ 
ɨɩɢɫɭєɬьɫɹ ɜɿɞɨɦɢɦ ɚɧɚɥɿɬɢɱɧɢɦ ɜɢɪɚɡɨɦ (5.5). əɤɳɨ 
ɜɢɪɿɲɢɬɢ ɣɨɝɨ ɜɿɞɧɨɫɧɨ ɤɭɬɨɜɨʀ ɲɜɢɞɤɨɫɬɿ ɜɟɞɭɱɨʀ ɥɚɧɤɢ, 
ɞɥɹ ɧɚɲɨɝɨ ɩɪɢɤɥɚɞɭ ߱ு, ɨɬɪɢɦɚєɦɨ ߱ு = ߱ଵ − ߱ଷݑଵଷுͳ − ଵଷுݑ , (5.12) 

ɞɟ ݑଵଷு  – ɩɟɪɟɞɚɬɨɱɧɟ ɜɿɞɧɨɲɟɧɧɹ ɦɟɯɚɧɿɡɦɭ ɜɿɞ ɫɨɧɹɱɧɨɝɨ 
ɡɭɛɱɚɫɬɨɝɨ ɤɨɥɟɫɚ 1 ɞɨ ɟɩɿɰɢɤɥɚ 3 ɩɪɢ ɡɭɩɢɧɟɧɨɦɭ ɜɨɞɢɥɿ H. 

Ⱦɥɹ ɫɯɟɦɢ, ɳɨ ɪɨɡɝɥɹɞɚєɬьɫɹ ݑଵଷு = −ሺݖଷ/ݖଵሻ, ɞɟ ݖଵ – ɱɢɫɥɨ 
ɡɭɛɰɿɜ ɫɨɧɹɱɧɨɝɨ ɡɭɛɱɚɫɬɨɝɨ ɤɨɥɟɫɚ; ݖଷ – ɱɢɫɥɨ ɡɭɛɰɿɜ 
ɟɩɿɰɢɤɥɚ. Ɂɧɚɤ (–) ɬɨɦɭ, ɳɨ ɭ ɩɟɪɟɞɚɱɿ є ɨɞɧɟ ɡɨɜɧɿɲɧє 
(ɤɨɥɟɫɚ 1–2) ɿ ɨɞɧɟ ɜɧɭɬɪɿɲɧє (ɤɨɥɟɫɚ 2–3) ɡɚɱɟɩɥɟɧɧɹ. 
Ɍɚɤɢɦ ɱɢɧɨɦ, ɜɪɚɯɭɜɚɜɲɢ ɜɿɞʼєɦɧɟ ɡɧɚɱɟɧɧɹ ɩɟɪɟɞɚɬɨɱɧɢɯ 
ɜɿɞɧɨɲɟɧь, ɜɢɪɚɡ (5.12) ɦɨɠɧɚ ɩɪɟɞɫɬɚɜɢɬɢ ɭ ɜɢɝɥɹɞɿ 
ɝɪɚɮɿɱɧɨʀ ɡɚɥɟɠɧɨɫɬɿ ߱ு = ߱ுሺ߱ଷ, ߱ଵ, ଵଷுݑ ሻ, ɩɪɢ ɩɪɢɣɧɹɬɢɯ 

ɡɧɚɱɟɧɧɹɯ ݑଵଷு = Ͳ…ͳͲ ɬɚ ɤɭɬɨɜɢɯ ɲɜɢɞɤɨɫɬɹɯ ɥɚɧɨɤ 
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ɜɟɞɭɱɨʀ ߱ଵ = ͳͲͲ ˓˃ˇ/˔ ɿ ɤɟɪɭɜɚɧɧɹ ߱ଷ = Ͳ…ͳͲͲ ˓˃ˇ/˔. 

Ɉɬɪɢɦɚɧɿ ɝɪɚɮɿɱɧɿ ɡɚɥɟɠɧɨɫɬɿ ɩɨɤɚɡɚɧɿ ɧɚ ɪɢɫ. 5.12, ɚ. 

 

 
Ɋɢɫ. 5.12. Ƚɪɚɮɿɱɧɿ ɡɚɥɟɠɧɨɫɬɿ: 

ɚ – ߱ு = ߱ுሺ߱ଷ, ߱ଵ, ଵଷுݑ ሻ; ɛ – ߱ଵ = ߱ଵሺ߱ଷ, ߱ு , ଵଷுݑ ሻ 

 

əɤɳɨ ɠ ɩɪɢɣɧɹɬɢ ɜɨɞɢɥɨ H ɡɚ ɜɟɞɭɱɭ ɥɚɧɤɭ (ɞɢɜ.  
ɪɢɫ. 5.11 ɜ ɡɜɨɪɨɬɧɨɦɭ ɧɚɩɪɹɦɤɭ) ɡ ɤɭɬɨɜɨɸ ɲɜɢɞɤɿɫɬɸ ωH 

= const, ɬɨɞɿ ɡɚ ɪɚɯɭɧɨɤ ɡɦɿɧɢ ɲɜɢɞɤɨɫɬɿ ɡɭɛɱɚɫɬɨɝɨ ɤɨɥɟɫɚ 
– ɟɩɿɰɢɤɥɚ 3 ω3 = var ɡɚ ɞɨɩɨɦɨɝɨɸ ɡɚɦɤɧɭɬɨʀ ɝɿɞɪɨɫɢɫɬɟɦɢ 
6 ɦɨɠɧɚ ɩɥɚɜɧɨ ɡɦɿɧɸɜɚɬɢ ɲɜɢɞɤɿɫɬь ɜɟɞɟɧɨʀ ɥɚɧɤɢ, 
ɫɨɧɹɱɧɨɝɨ ɡɭɛɱɚɫɬɨɝɨ ɤɨɥɟɫɚ 1. ɍ ɰьɨɦɭ ɜɢɩɚɞɤɭ ɡɭɛɱɚɫɬɚ 
ɞɢɮɟɪɟɧɰɿɚɥьɧɚ ɩɟɪɟɞɚɱɚ ɡ ɩɪɢɫɬɪɨєɦ ɞɥɹ ɤɟɪɭɜɚɧɧɹ 
ɡɦɿɧɨɸ ɲɜɢɞɤɨɫɬɿ ɩɪɚɰɸє ɬɚɤɢɦ ɱɢɧɨɦ. ȼɨɞɢɥɨ 4 ɱɟɪɟɡ 
ɫɚɬɟɥɿɬ 2  ɩɪɢɜɨɞɢɬь ɭ ɪɭɯ ɟɩɿɰɢɤɥ 3, ɚ ɬɨɣ ɱɟɪɟɡ ɡɭɛɱɚɫɬɭ 
ɩɟɪɟɞɚɱɭ 7 ɩɪɢɜɨɞɢɬь ɭ ɪɭɯ ɲɟɫɬɟɪɟɧɱɚɫɬɢɣ ɝɿɞɪɨɧɚɫɨɫ, 
ɹɤɢɣ ɩɟɪɟɤɚɱɭє ɪɿɞɢɧɭ ɜ ɡɚɦɤɧɭɬɿɣ ɝɿɞɪɨɫɢɫɬɟɦɿ 6 – ɤɨɥɢ 
ɪɟɝɭɥɸɜɚɥьɧɢɣ ɤɪɚɧ ɜɿɞɤɪɢɬɢɣ. əɤɳɨ ɪɟɝɭɥɸɜɚɥьɧɢɣ ɤɪɚɧ 
ɡɚɤɪɢɬɢɣ, ɬɨɞɿ ɡɚɦɤɧɭɬɚ ɝɿɞɪɨɫɢɫɬɟɦɚ 6 ɡɚɤɪɢɬɚ, ɬɨɛɬɨ 
ɲɟɫɬɟɪɟɧɱɚɫɬɢɣ ɝɿɞɪɨɧɚɫɨɫ ɡɭɩɢɧɟɧɢɣ ɿ, ɩɪɢ ɰьɨɦɭ, 
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ɡɭɛɱɚɫɬɟ ɤɨɥɟɫɨ – ɟɩɿɰɢɤɥ 3 ɡɭɩɢɧɟɧɟ ω3 = var. Ɂɧɨɜɭ ɠ, ɜ 
ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɩɪɨɩɭɫɤɧɨʀ ɡɞɚɬɧɨɫɬɿ ɪɟɝɭɥɸɜɚɥьɧɨɝɨ ɤɪɚɧɚ, 
ɲɜɢɞɤɿɫɬь ɡɭɛɱɚɫɬɨɝɨ ɤɨɥɟɫɚ – ɟɩɿɰɢɤɥɚ 3 ω3 ɡɦɿɧɸєɬьɫɹ ɿ, 
ɩɪɢ ɰьɨɦɭ, ɡɦɿɧɸєɬьɫɹ ɲɜɢɞɤɿɫɬь ɫɨɧɹɱɧɨɝɨ ɡɭɛɱɚɫɬɨɝɨ 
ɤɨɥɟɫɚ ω1. 

Ɏɨɪɦɭɥɭ (5.5) ɜɢɪɿɲɢɦɨ ɜɿɞɧɨɫɧɨ ߱ଵ, ɦɚєɦɨ ߱ଵ = ߱ுሺͳ + ଵଷுݑ ሻ − ߱ଷݑଵଷு , (5.13) 

Ƚɪɚɮɿɱɧɟ ɩɨɞɚɧɧɹ (5.15) ɩɨɤɚɡɚɧɟ ɧɚ ɪɢɫ. 5.12, ɛ. 

 

5.5. ȼɢɡɧɚɱɟɧɧɹ ɩɟɪɟɞɚɬɨɱɧɢɯ ɜɿɞɧɨɲɟɧь 
ɩɥɚɧɟɬɚɪɧɢɯ ɦɟɯɚɧɿɡɦɿɜ ɝɪɚɮɿɱɧɢɦ ɦɟɬɨɞɨɦ 

Ƚɪɚɮɨ-ɚɧɚɥɿɬɢɱɧɢɣ ɦɟɬɨɞ ɤɿɧɟɦɚɬɢɱɧɨɝɨ ɞɨɫɥɿɞɠɟɧɧɹ 
ɩɥɚɧɟɬɚɪɧɢɯ ɦɟɯɚɧɿɡɦɿɜ ɡɜɨɞɢɬьɫɹ ɞɨ ɩɨɛɭɞɨɜɢ ɬɪɢɤɭɬɧɢɤɿɜ 
ɥɿɧɿɣɧɢɯ ɲɜɢɞɤɨɫɬɟɣ ɤɨɠɧɨɝɨ ɤɨɥɟɫɚ, ɡɧɚɯɨɞɠɟɧɧɹ ɤɭɬɨɜɢɯ 
ɲɜɢɞɤɨɫɬɟɣ ɜɫɿɯ ɥɚɧɨɤ ɿ ɩɟɪɟɞɚɬɨɱɧɢɯ ɜɿɞɧɨɲɟɧь ɦɿɠ ɧɢɦɢ 
(ɦɟɬɨɞ Ʌ.ɉ. ɋɦɢɪɧɨɜɚ). 

ɉɨɛɭɞɭєɦɨ ɤɿɧɟɦɚɬɢɱɧɭ ɫɯɟɦɭ ɦɟɯɚɧɿɡɦɭ ɜ ɦɚɫɲɬɚɛɿ ߤ (ɪɢɫ. 5.13, ɚ).  

ɇɚ ɞɟɹɤɿɣ ɜɿɞɫɬɚɧɿ ɜɿɞ ɫɯɟɦɢ ɩɪɨɜɟɞɟɦɨ ɩɨɥɸɫɧɭ ɥɿɧɿɸ 
Ɋ-Ɋ (ɪɢɫ. 5.13, ɛ). 

 
Ɋɢɫ. 5.13. Ƚɪɚɮɿɱɧɟ ɜɢɡɧɚɱɟɧɧɹ ɩɟɪɟɞɚɬɨɱɧɢɯ ɜɿɞɧɨɲɟɧь: 

ɚ – ɤɿɧɟɦɚɬɢɱɧɚ ɫɯɟɦɚ ɦɟɯɚɧɿɡɦɭ; ɛ – ɩɥɚɧ ɥɿɧɿɣɧɢɯ ɲɜɢɞɤɨɫɬɟɣ; 
ɜ – ɩɥɚɧ ɤɭɬɨɜɢɯ ɲɜɢɞɤɨɫɬɟɣ 
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Ɂ ɩɥɚɧɭ ɦɟɯɚɧɿɡɦɭ ɧɚ ɥɿɧɿɸ Ɋ-Ɋ ɩɪɨɟɤɬɭєɦɨ ɬɨɱɤɢ, 
ɲɜɢɞɤɨɫɬɿ ɹɤɢɯ ɪɿɜɧɿ ɧɭɥɸ: ܱଵ, ܱʜ, ɋ. Ⱦɚɥɿ ɛɭɞɭєɦɨ 
ɬɪɢɤɭɬɧɢɤɢ ɲɜɢɞɤɨɫɬɟɣ ɞɥɹ ɥɚɧɨɤ ɦɟɯɚɧɿɡɦɭ. ɉɨɛɭɞɨɜɭ 
ɩɨɱɢɧɚєɦɨ ɡ ɞɨɜɿɥьɧɨʀ ɥɚɧɤɢ, ɜ ɹɤɨʀ ɲɜɢɞɤɿɫɬь ɨɞɧɿєʀ ɡ ɬɨɱɨɤ 
ɪɿɜɧɚ ɧɭɥɸ, ɧɚɩɪɢɤɥɚɞ ɡ ɡɭɛɱɚɫɬɨɝɨ ɤɨɥɟɫɚ 1. 

ȼɢɡɧɚɱɢɦɨ ɲɜɢɞɤɿɫɬь ɬ. Ⱥ, ɳɨ ɧɚɥɟɠɢɬь ɡɭɛɱɚɫɬɨɦɭ 
ɤɨɥɟɫɭ 1. ȼɜɚɠɚєɦɨ, ɳɨ ɤɭɬɨɜɚ ɲɜɢɞɤɿɫɬь ߱ଵ ɿ ɪɨɡɦɿɪɢ 
ɥɚɧɨɤ ɜɿɞɨɦɿ, ɬɨɞɿ ܸ = ߱ଵݎைభ. (5.14) 

ȼɿɞɤɥɚɞɟɦɨ ɜɿɞɪɿɡɨɤ, ɳɨ ɡɨɛɪɚɠɚє ɲɜɢɞɤɿɫɬь ܸ ɜ 
ɦɚɫɲɬɚɛɿ ߤ𝑉, ɨɬɪɢɦɚєɦɨ ɬɨɱɤɭ ɚ. Ɂʼєɞɧɚєɦɨ ɬ. ɚ ɡ ɬɨɱɤɚɦɢ ܱଵ ɿ ɋ. ɉɪɨɞɨɜɠɢɦɨ ɥɿɧɿɸ ɚɫ ɞɨ ɩɟɪɟɬɢɧɭ ɡ ɜɿɫɫɸ ɫɚɬɟɥɿɬɿɜ 
2-2, ɨɬɪɢɦɚєɦɨ ɬɨɱɤɭ b. Ɂʼєɞɧɚєɦɨ ɬɨɱɤɭ b ɡ ɜɿɫɫɸ ܱʜ. Ʌɿɧɿʀ ܱଵܽ, ɚb ɿ ܱʜܾ ɩɪɨɩɨɪɰɿɣɧɿ ɤɭɬɨɜɢɦ ɲɜɢɞɤɨɫɬɹɦ ɜɿɞɩɨɜɿɞɧɨ 
ɥɚɧɨɤ 1, 2 ɿ ɇ. 

ɉɨɛɭɞɭєɦɨ ɩɥɚɧ ɚɧɚɥɨɝɿɜ ɤɭɬɨɜɢɯ ɲɜɢɞɤɨɫɬɟɣ  
(ɪɢɫ. 5.13, ɜ). 

ɉɪɨɜɟɞɟɦɨ ɥɿɧɿɸ ω-ω ɜɢɛɢɪɚєɦɨ ɬɨɱɤɭ �ܲ� ɿ ɩɪɨɜɟɞɟɦɨ 
ɡ ɧɟʀ ɩɨɯɢɥɿ ɥɿɧɿʀ, ɩɚɪɚɥɟɥьɧɨ ɥɿɧɿɹɦ ɩɥɚɧɭ ɲɜɢɞɤɨɫɬɟɣ ܱଵܽ, 

ɚb ɿ ܱʜܾ. ɇɚ ɥɿɧɿʀ ω-ω ɡɧɚɣɞɟɦɨ ɬɨɱɤɢ ɩɟɪɟɬɢɧɭ ɡ ɰɢɦɢ 
ɩɨɯɢɥɢɦɢ ɥɿɧɿɹɦɢ. ɉɨɡɧɚɱɢɦɨ ɰɿ ɬɨɱɤɢ ɜɿɞɩɨɜɿɞɧɨ 1, 2 ɿ ɇ. 

ȱɡ ɩɥɚɧɭ ɤɭɬɨɜɢɯ ɲɜɢɞɤɨɫɬɟɣ ɦɨɠɧɚ ɜɢɡɧɚɱɢɬɢ ɩɟɪɟɞɚɬɨɱɧɿ 
ɜɿɞɧɨɲɟɧɧɹ ɦɿɠ ɥɚɧɤɚɦɢ ɦɟɯɚɧɿɡɦɭ. 

ɉɟɪɟɞɚɬɨɱɧɟ ɜɿɞɧɨɲɟɧɧɹ ɜɿɞ ɥɚɧɤɢ 1 ɞɨ ɜɨɞɢɥɚ ɇ ݑଵு = − ͲͳͲ(5.15) ,ܪ 

ɞɟ 01 ɿ 0ɇ – ɜɿɞɪɿɡɤɢ ɿɡ ɩɥɚɧɭ ɤɭɬɨɜɢɯ ɲɜɢɞɤɨɫɬɟɣ. Ɂɧɚɤ «-» 
– ɬɨɦɭ, ɳɨ ɜɿɞɪɿɡɤɢ 01 ɿ 0ɇ ɥɟɠɚɬь ɩɨ ɪɿɡɧɿ ɫɬɨɪɨɧɢ ɜɿɞ ɥɿɧɿʀ �ܲ�Ͳ, ɚ ɡɭɛɱɚɫɬɟ ɤɨɥɟɫɨ 1 ɿ ɜɨɞɢɥɨ ɇ ɦɚɸɬь ɧɚɩɪɹɦ ɨɛɟɪɬɚɧɧɹ 
ɜ ɩɪɨɬɢɥɟɠɧɿ ɫɬɨɪɨɧɢ.  

Ⱥɧɚɥɨɝɿɱɧɨ ɦɨɠɧɚ ɜɢɡɧɚɱɢɬɢ ݑଵଶ = −ͲʹͲͳ ுଶݑ ; = −ͲܪͲʹ. (5.16) 
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5.6. ɉɨɧɹɬɬɹ ɩɪɨ ɯɜɢɥьɨɜɭ ɩɟɪɟɞɚɱɭ. Ʉɿɧɟɦɚɬɢɤɚ 

ȼ 1959 ɪɨɰɿ Ɇɚɫɫɟɪ ɜ ɋɒȺ ɨɬɪɢɦɚɜ ɩɚɬɟɧɬ ɧɚ 
ɡɭɛɱɚɫɬɭ ɯɜɢɥьɨɜɭ ɩɟɪɟɞɚɱɭ, ɹɤɚ ɦɨɠɟ ɡɚɫɬɨɫɨɜɭɜɚɬɢɫɹ ɜ 
ɹɤɨɫɬɿ ɪɟɞɭɤɬɨɪɚ ɡ ɜɟɥɢɤɢɦ ɩɟɪɟɞɚɬɨɱɧɢɦ ɜɿɞɧɨɲɟɧɧɹɦ. 
ɏɜɢɥьɨɜɚ ɡɭɛɱɚɫɬɚ ɩɟɪɟɞɚɱɚ ɜɿɞɪɿɡɧɹєɬьɫɹ ɜɿɞ ɿɧɲɢɯ 
ɡɭɛɱɚɫɬɢɯ ɦɟɯɚɧɿɡɦɿɜ ɬɢɦ, ɳɨ ɝɧɭɱɤɟ ɤɨɥɟɫɨ ɡɚɡɧɚє 
ɯɜɢɥьɨɜɨʀ ɞɟɮɨɪɦɚɰɿʀ, ɡɚɜɞɹɤɢ ɹɤɿɣ ɿ ɩɟɪɟɞɚєɬьɫɹ 
ɨɛɟɪɬɚɥьɧɢɣ ɪɭɯ. ɏɜɢɥьɨɜɚ ɩɟɪɟɞɚɱɚ ɦɨɠɟ ɛɭɬɢ ɜɢɤɨɧɚɧɚ 
ɩɥɚɧɟɬɚɪɧɨɸ ɿ ɞɢɮɟɪɟɧɰɿɚɥьɧɨɸ. 

ɏɜɢɥьɨɜɚ ɡɭɛɱɚɫɬɚ ɩɟɪɟɞɚɱɚ ɜ ɩɥɚɧɟɬɚɪɧɨɦɭ 
ɨɞɧɨɫɬɭɩɿɧɱɚɫɬɨɦɭ ɜɢɤɨɧɚɧɧɿ (ɪɢɫ. 5.14) ɫɤɥɚɞɚєɬьɫɹ ɡ 
ɝɟɧɟɪɚɬɨɪɚ ɯɜɢɥь ɞɟɮɨɪɦɚɰɿʀ (ɜɨɞɢɥɚ) 1, ɡʼєɞɧɚɧɨɝɨ ɡ 
ɜɟɞɭɱɢɦ ɜɚɥɨɦ, ɠɨɪɫɬɤɨɝɨ ɰɟɧɬɪɚɥьɧɨɝɨ ɤɨɥɟɫɚ 2 ɬɚ 
ɩɪɭɠɧɨʀ ɥɚɧɤɢ 3, ɜɢɤɨɧɚɧɨʀ ɭ ɜɢɝɥɹɞɿ ɬɨɧɤɨɫɬɿɧɧɨɝɨ ɫɬɚɤɚɧɚ 
ɡ ɡɭɛɱɚɫɬɢɦ ɜɿɧɰɟɦ ɧɚ ɜɿɥьɧɨɦɭ ɤɿɧɰɿ ɿ ɡʼєɞɧɚɧɨʀ ɡ ɜɟɞɟɧɢɦ 
ɜɚɥɨɦ ɩɟɪɟɞɚɱɿ. Ɂɭɛɱɚɫɬɢɣ ɜɿɧɟɰь ɩɪɭɠɧɨʀ ɥɚɧɤɢ 3, 
ɞɟɮɨɪɦɨɜɚɧɢɣ ɪɨɥɢɤɚɦɢ ɝɟɧɟɪɚɬɨɪɚ 1 ɜ ɟɥɿɩɫ, ɜɯɨɞɢɬь ɭ 
ɡɚɱɟɩɥɟɧɧɹ ɡ ɰɟɧɬɪɚɥьɧɢɦ ɤɨɥɟɫɨɦ 2 ɭ ɞɜɨɯ ɞɿɚɦɟɬɪɚɥьɧɨ 
ɩɪɨɬɢɥɟɠɧɢɯ ɡɨɧɚɯ (ɭ ɡɨɧɚɯ ɧɚɣɛɿɥьɲɨʀ ɞɟɮɨɪɦɚɰɿʀ). 

 
Ɋɢɫ. 5.14. ɏɜɢɥьɨɜɚ ɩɟɪɟɞɚɱɚ 

 

ɉɿɞ ɱɚɫ ɨɛɟɪɬɚɧɧɹ ɝɟɧɟɪɚɬɨɪ 1 ɫɜɨʀɦɢ ɪɨɥɢɤɚɦɢ 
ɨɛɤɨɱɭє ɩɪɭɠɧɨ ɞɟɮɨɪɦɨɜɚɧɢɣ ɡɭɛɱɚɫɬɢɣ ɜɿɧɟɰь 3 ɩɨ 
ɧɟɪɭɯɨɦɨɦɭ ɰɟɧɬɪɚɥьɧɨɦɭ ɤɨɥɟɫɿ 2 ɩɟɪɟɦɿɳɭɸɱɢ ɭ 
ɤɨɥɨɜɨɦɭ ɧɚɩɪɹɦɿ ɭ ɛɿɤ ɜɥɚɫɧɨɝɨ ɨɛɟɪɬɚɧɧɹ ɨɫɟɣ 
ɡɚɱɟɩɥɟɧɧɹ, ɚɛɨ ɯɜɢɥɿ ɞɟɮɨɪɦɚɰɿʀ. ɉɪɢ ɪɿɡɧɢɯ ɱɢɫɥɚɯ ɡɭɛɰɿɜ 
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2 ɬɚ ɝɧɭɱɤɨɝɨ ɜɿɧɰɹ 3 ɰɟ ɩɪɢɜɨɞɢɬь ɞɨ ɨɛɟɪɬɚɧɧɹ ɜɿɧɰɹ, ɚ 
ɨɬɠɟ ɿ ɡʼєɞɧɚɧɨɝɨ ɡ ɧɢɦ ɜɟɞɟɧɨɝɨ ɜɚɥɚ ɭ ɧɚɩɪɹɦɿ, 
ɩɪɨɬɢɥɟɠɧɨɦɭ ɧɚɩɪɹɦɭ ɨɛɟɪɬɚɧɧɹ ɝɟɧɟɪɚɬɨɪɚ 1. Ɋɿɡɧɢɰɹ 
ɦɿɠ ɡɭɛɰɹɦɢ ɤɪɚɬɧɚ ɱɢɫɥɭ ɯɜɢɥь ɝɟɧɟɪɚɬɨɪɚ. ȼɢɡɧɚɱɢɦɨ 
ɫɬɭɩɿɧь ɜɿɥьɧɨɫɬɿ ɬɚɤɢɯ ɩɟɪɟɞɚɱ: 

ɉɥɚɧɟɬɚɪɧɢɣ ɦɟɯɚɧɿɡɦ Ⱦɢɮɟɪɟɧɰɿɚɥьɧɢɣ ɦɟɯɚɧɿɡɦ 

 ସ ହ ݊ 

1 1-2 2-3 

3 3-0 – 𝜮 2 2 – 
 

 ସ ହ ݊ 

1 1-2 2-3 

2 2-0 – 

3 3-0 – 𝜮 3 3 1 
 W = ͵ ∙ ʹ − ʹ ∙ ʹ − ͳ = ͳ. W = ͵ ∙ ͵ − ʹ ∙ ͵ − ͳ = ʹ. 

ȼɢɡɧɚɱɢɦɨ ɩɟɪɟɞɚɬɨɱɧɟ ɜɿɞɧɨɲɟɧɧɹ ɯɜɢɥьɨɜɨʀ 
ɩɟɪɟɞɚɱɿ ɜ ɩɥɚɧɟɬɚɪɧɨɦɭ ɨɞɧɨɫɬɭɩɿɧɱɚɬɨɦɭ ɜɢɤɨɧɚɧɧɿ  
(ɪɢɫ. 5.14).  

Ɂɚɥɟɠɧɿɫɬь ɦɿɠ ɤɭɬɨɜɢɦɢ ɲɜɢɞɤɨɫɬɹɦɢ ߱ଵ ɝɟɧɟɪɚɬɨɪɚ 
1 ɿ (ɜɟɞɭɱɨʀ ɥɚɧɤɢ) ɬɚ ߱ଷ ɩɪɭɠɧɨɝɨ ɜɿɧɰɹ (ɜɟɞɟɧɨʀ ɥɚɧɤɢ) 
ɦɨɠɧɚ ɞɿɫɬɚɬɢ, ɤɨɪɢɫɬɭɸɱɢɫь ɦɟɬɨɞɨɦ ɨɛɟɪɧɟɧɨɝɨ ɪɭɯɭ. 
Ⱦɥɹ ɰьɨɝɨ ɜɫьɨɦɭ ɦɟɯɚɧɿɡɦɭ ɧɚɞɚɦɨ ɤɭɬɨɜɭ ɲɜɢɞɤɿɫɬь −߱ଵ: 

ɩɪɢ ɰьɨɦɭ ɜ ɨɛɟɪɧɟɧɿɣ ɩɟɪɟɞɚɱɿ ɝɟɧɟɪɚɬɨɪ ɛɭɞɟ ɧɟɦɨɜ ɛɢ 
ɡɭɩɢɧɟɧɢɣ, ɚ ɝɧɭɱɤɢɣ ɜɿɧɟɰь ɿ ɠɨɪɫɬɤɟ ɤɨɥɟɫɨ 
ɨɛɟɪɬɚɬɢɦɭɬьɫɹ ɜ ɨɞɧɨɦɭ ɧɚɩɪɹɦɿ ɜɿɞɩɨɜɿɞɧɨ ɡ ɤɭɬɨɜɢɦɢ 
ɲɜɢɞɤɨɫɬɹɦɢ:  

ɇɨɦɟɪ 
ɥɚɧɤɢ 

Ʉɭɬɨɜɚ ɲɜɢɞɤɿɫɬь ɜ 
ɯɜɢɥьɨɜɿɣ ɩɟɪɟɞɚɱɿ 

Ʉɭɬɨɜɚ ɲɜɢɞɤɿɫɬь ɜ 

ɨɛɟɪɧɟɧɿɣ ɩɟɪɟɞɚɱɿ 
1 ߱ଵ ߱ଵሺଵሻ = ߱ଵ − ߱ଵ = Ͳ 

2 ߱ଶ = Ͳ ߱ଶሺଵሻ = ߱ଶ − ߱ଵ= −߱ଵ 

3 ߱ଷ ߱ଷሺଵሻ = ߱ଷ − ߱ଵ 

ɉɟɪɟɞɚɬɨɱɧɟ ɜɿɞɧɨɲɟɧɧɹ ɜɿɞ ɤɨɥɟɫɚ 2 ɞɨ ɝɧɭɱɤɨʀ ɥɚɧɤɢ 
3 ɜ ɨɛɟɪɧɟɧɨɦɭ ɪɭɫɿ ɜɢɡɧɚɱɢɬьɫɹ ɜɿɞɧɨɲɟɧɧɹɦ 
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ଷଶሺଵሻݑ = ߱ଷሺଵሻ߱ଶሺଵሻ = ߱ଷ − ߱ଵ−߱ଵ = ͳ − ଷଵݑ = ͳ − ͳݑଵଷ. (5.17) 

Ɂ ɜɿɞɧɨɲɟɧɧɹɦ (5.14) ɦɚєɦɨ ݑଵଷ = ͳͳ −  ଷଶሺଵሻ. (5.18)ݑ

ȼɪɚɯɨɜɭɸɱɢ, ɳɨ ɩɟɪɟɞɚɬɨɱɧɟ ɜɿɞɧɨɲɟɧɧɹ ݑଷଶሺଵሻɜ 
ɡɨɛɪɚɠɟɧɿɣ ɩɟɪɟɞɚɱɿ ɜɢɡɧɚɱɚєɬьɫɹ ɹɤ ɿ ɞɥɹ ɡɜɢɱɚɣɧɨʀ 
ɩɟɪɟɞɚɱɿ ɜɿɞɧɨɲɟɧɧɹɦ ɱɢɫɟɥ ɡɭɛɿɜ, ɬɨɛɬɨ ݑଷଶሺଵሻ = ଶݖ ଷ, ɚݖ/ଶݖ > ଵଷݑ ଷ, ɬɨ ɪɿɜɧɹɧɧɹ (5.18) ɨɫɬɚɬɨɱɧɨ ɩɪɢɣɦɟ ɜɢɞݖ = ଷݖଷݖ −  ଶ. (5.19)ݖ

 

5.7. ɉɪɨɟɤɬɭɜɚɧɧɹ ɩɥɚɧɟɬɚɪɧɢɯ ɦɟɯɚɧɿɡɦɿɜ 

ɉɥɚɧɟɬɚɪɧɿ ɦɟɯɚɧɿɡɦɢ ɜɢɤɨɧɭɸɬь ɡɜɢɱɚɣɧɨ ɡ 
ɞɟɤɿɥьɤɨɦɚ ɫɚɬɟɥɿɬɚɦɢ, ɪɨɡɦɿɳɟɧɢɦɢ ɧɚ ɪɿɜɧɢɯ ɜɿɞɫɬɚɧɹɯ 
ɨɞɢɧ ɜɿɞ ɨɞɧɨɝɨ. ɉɪɢ ɱɢɫɥɿ ɫɚɬɟɥɿɬɿɜ, ɪɿɜɧɨɦɭ K, ɜɨɧɢ 
ɩɨɜɢɧɧɿ ɛɭɬɢ ɜɫɬɚɧɨɜɥɟɧɿ ɨɞɢɧ ɜɿɞɧɨɫɧɨ ɨɞɧɨɝɨ ɩɿɞ ɤɭɬɚɦɢ ʹܭ/ߨ. 

ɉɪɢ ɡɛɿɥьɲɟɧɧɿ ɱɢɫɥɚ ɫɚɬɟɥɿɬɿɜ ɧɚɜɚɧɬɚɠɟɧɧɹ ɧɚ 
ɤɨɠɧɭ ɩɚɪɭ ɡɭɛɿɜ ɡɦɟɧɲɭєɬьɫɹ; ɰɟ ɞɨɡɜɨɥɹє ɡɚɫɬɨɫɨɜɭɜɚɬɢ 
ɤɨɥɟɫɚ ɦɟɧɲɢɯ ɪɨɡɦɿɪɿɜ, ɚ ɬɨɦɭ ɿ ɡɚɝɚɥьɧɿ ɝɚɛɚɪɢɬɢ 
ɦɟɯɚɧɿɡɦɭ ɡɦɟɧɲɭɸɬьɫɹ. Ɉɞɧɚɤ ɿɫɧɭє ɦɟɠɚ ɱɢɫɥɚ ɫɚɬɟɥɿɬɿɜ. 
Ɇɚɤɫɢɦɚɥьɧɟ ɱɢɫɥɨ ɫɚɬɟɥɿɬɿɜ ɦɨɠɟ ɛɭɬɢ ɬɚɤɢɦ, ɳɨɛ 
ɜɟɪɲɢɧɚɦɢ ɫɜɨʀɯ ɡɭɛɿɜ ɫɚɬɟɥɿɬɢ ɧɟ ɬɨɪɤɚɥɢɫɹ ɨɞɢɧ ɨɞɧɨɝɨ. 
Ⱦɥɹ ɬɨɝɨ, ɳɨɛ ɩɥɚɧɟɬɚɪɧɢɣ ɦɟɯɚɧɿɡɦ ɦɨɠɧɚ ɛɭɥɨ ɫɤɥɚɫɬɢ, 
ɧɟɨɛɯɿɞɧɨ ɳɨɛ ɡɭɛɢ ɫɚɬɟɥɿɬɿɜ ɦɨɝɥɢ ɨɞɧɨɱɚɫɧɨ ɜɜɿɣɬɢ ɜ 
ɡɚɱɟɩɥɟɧɧɹ ɡ ɡɭɛɚɦɢ ɨɛɨɯ ɰɟɧɬɪɚɥьɧɢɯ ɤɨɥɿɫ. ȼɢɤɨɧɚɧɧɹ 
ɰɢɯ ɿ ɿɧɲɢɯ ɭɦɨɜ ɩɨɜɢɧɧɨ ɛɭɬɢ ɜɪɚɯɨɜɚɧɨ ɩɪɢ ɩɪɨɟɤɬɭɜɚɧɧɿ 
ɩɥɚɧɟɬɚɪɧɢɯ ɦɟɯɚɧɿɡɦɿɜ, ɹɤɟ ɡɜɨɞɢɬьɫɹ ɞɨ ɜɢɡɧɚɱɟɧɧɹ ɱɢɫɥɚ 
ɡɭɛɿɜ ɤɨɥɿɫ, ɩɪɢ ɡɚɞɚɧɨɦɭ ɩɟɪɟɞɚɬɨɱɧɨɦɭ ɜɿɞɧɨɲɟɧɧɿ ɿ 
ɩɿɞɛɨɪɭ ɱɢɫɥɚ ɫɚɬɟɥɿɬɿɜ. 
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ɉɪɢ ɩɪɨɟɤɬɭɜɚɧɧɿ ɩɥɚɧɟɬɚɪɧɨɝɨ ɦɟɯɚɧɿɡɦɭ ɧɟɨɛɯɿɞɧɨ 
ɜɢɤɨɧɚɬɢ ɧɚɫɬɭɩɧɿ ɭɦɨɜɢ: ɡɚɛɟɡɩɟɱɟɧɧɹ ɡɚɞɚɧɨɝɨ 
ɩɟɪɟɞɚɬɨɱɧɨɝɨ ɜɿɞɧɨɲɟɧɧɹ, ɭɦɨɜɭ ɫɩɿɜɜɿɫɧɨɫɬɿ, ɭɦɨɜɭ 
ɫɤɥɚɞɚɧɧɹ, ɭɦɨɜɭ ɫɭɫɿɞɫɬɜɚ. 

Ɋɨɡɝɥɹɧɟɦɨ ɜɫɿ ɰɿ ɭɦɨɜɢ ɧɚ ɩɪɢɤɥɚɞɿ ɪɟɞɭɤɬɨɪɚ 
Ⱦɠɟɦɫɚ (ɪɢɫ. 5.15). 

 

 
Ɋɢɫ. 5.15. Ɋɟɞɭɤɬɨɪ Ⱦɠɟɦɫɚ 

 

Ɂɚɛɟɡɩɟɱɟɧɧɹ ɡɚɞɚɧɨɝɨ ɩɟɪɟɞɚɬɨɱɧɨɝɨ ɜɿɞɧɨɲɟɧɧɹ 

ȼɢɡɧɚɱɢɦɨ ɧɟɨɛɯɿɞɧɟ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɦɿɠ ɱɢɫɥɨɦ 
ɡɭɛɿɜ ɤɨɥɿɫ ɪɟɞɭɤɬɨɪɚ Ⱦɠɟɦɫɚ ɞɥɹ ɡɚɛɟɡɩɟɱɟɧɧɹ ɡɚɞɚɧɨɝɨ 
ɩɟɪɟɞɚɬɨɱɧɨɝɨ ɜɿɞɧɨɲɟɧɧɹ, ɜɢɤɨɪɢɫɬɚɜɲɢ ɮɨɪɦɭɥɭ 
ɩɟɪɟɞɚɬɨɱɧɨɝɨ ɜɿɞɧɨɲɟɧɧɹ ɩɥɚɧɟɬɚɪɧɨʀ ɩɟɪɟɞɚɱɿ (5.10), 
ɨɬɪɢɦɚєɦɨ ݑଵு = ଵݖ + ଵݖଷݖ . (5.20) 

ɍɦɨɜɚ ɫɩɿɜɜɿɫɧɨɫɬɿ 
Ⱦɥɹ ɜɢɤɨɧɚɧɧɹ ɭɦɨɜɢ ɫɩɿɜɜɿɫɧɨɫɬɿ ɧɟɨɛɯɿɞɧɨ ɳɨɛ ɨɫɿ 

ɰɟɧɬɪɚɥьɧɢɯ (ɫɨɧɹɱɧɢɯ) ɤɨɥɿɫ 1 ɿ 3 ɿ ɜɨɞɢɥɚ ɇ ɥɟɠɚɥɢ ɧɚ 
ɨɞɧɿɣ ɩɪɹɦɿɣ (ɨɫɿ 0-0). 

ȱɡ ɪɢɫ. 5.15 ɜɢɞɧɨ, ɳɨ ɞɥɹ ɜɢɤɨɧɚɧɧɹ ɰɿєʀ ɭɦɨɜɢ 
ɧɟɨɛɯɿɞɧɨ ɡɚɛɟɡɩɟɱɢɬɢ ɧɚɫɬɭɩɧɟ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɦɿɠ 
ɪɚɞɿɭɫɚɦɢ ɤɨɥɿɫ 
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ଷݎ = ଵݎ +  ଶ. (5.21)ݎʹ

ȼɢɪɚɡɢɦɨ ɪɚɞɿɭɫɢ ɱɟɪɟɡ ɦɨɞɭɥь ɿ ɱɢɫɥɚ ɡɭɛɿɜ ݉ݖଷʹ = ʹଵݖ݉ + ʹଶݖ݉ʹ . (5.22) 

ɋɤɨɪɨɬɢɜɲɢ ɰɟ ɪɿɜɧɹɧɧɹ ɧɚ m/2, ɨɬɪɢɦɚєɦɨ ݖଷ = ଵݖ + ,ଶݖʹ ˃˄ˑ ݖଶ = ଷݖ − ʹଵݖ . (5.23) 

Ɍɚɤɢɦ ɱɢɧɨɦ ɱɢɫɥɨ ɡɭɛɿɜ ɫɚɬɟɥɿɬɿɜ ɡɚɥɟɠɢɬь ɜɿɞ ɱɢɫɥɚ 
ɡɭɛɿɜ ɰɟɧɬɪɚɥьɧɢɯ ɤɨɥɿɫ. ȱɡ ɪɿɜɧɹɧɧɹ (5.23) ɜɢɩɥɢɜɚє, ɳɨ 
ɨɫɤɿɥьɤɢ ݖଶ ɩɨɜɢɧɧɨ ɛɭɬɢ ɱɢɫɥɨɦ ɰɿɥɢɦ, ɬɨ ɱɢɫɥɚ ɡɭɛɿɜ ݖଵ ɿ ݖଷ ɩɨɜɢɧɧɿ ɛɭɬɢ ɚɛɨ ɨɛɢɞɜɚ ɩɚɪɧɢɦɢ, ɚɛɨ ɨɛɢɞɜɚ 
ɧɟɩɚɪɧɢɦɢ. 

ɍɦɨɜɚ ɫɤɥɚɞɚɧɧɹ 

ɉɪɢ ɱɢɫɥɿ ɫɚɬɟɥɿɬɿɜ ɪɿɜɧɢɦ ɨɞɢɧɢɰɿ, ɩɟɪɟɞɚɱɚ ɡɚɜɠɞɢ 
ɦɨɠɟ ɛɭɬɢ ɫɤɥɚɞɟɧɚ, ɹɤɳɨ ɜɢɤɨɧɭєɬьɫɹ ɭɦɨɜɚ ɫɩɿɜɜɿɫɧɨɫɬɿ. 
ȼ ɡɚɝɚɥьɧɨɦɭ ɜɢɩɚɞɤɭ ɩɪɢ ɱɢɫɥɿ ɫɚɬɟɥɿɬɿɜ Ʉ>1 ɰɿєʀ ɭɦɨɜɢ 
ɭɠɟ ɧɟɞɨɫɬɚɬɧьɨ. 

Ⱦɥɹ ɬɨɝɨ ɳɨɛ ɦɟɯɚɧɿɡɦ, ɹɤɢɣ ɜɤɥɸɱɚє Ʉ ɫɚɬɟɥɿɬɿɜ, ɦɿɝ 
ɛɭɬɢ ɫɤɥɚɞɟɧɢɣ, ɬɨɛɬɨ ɡɭɛɢ ɫɚɬɟɥɿɬɿɜ ɨɞɧɨɱɚɫɧɨ ɦɨɝɥɢ 
ɜɜɿɣɬɢ ɜ ɡɚɱɟɩɥɟɧɧɹ ɡ ɡɭɛɚɦɢ ɨɛɨɯ ɰɟɧɬɪɚɥьɧɢɯ ɤɨɥɿɫ, 
ɧɟɨɛɯɿɞɧɨ, ɳɨɛ ɜɿɞɧɨɲɟɧɧɹ ɫɭɦɢ ɱɢɫɟɥ ɡɭɛɿɜ ɰɟɧɬɪɚɥьɧɢɯ 
ɤɨɥɿɫ ɞɨ ɱɢɫɥɚ ɫɚɬɟɥɿɬɿɜ ɛɭɥɨ ɰɿɥɢɦ ɱɢɫɥɨɦ, ɬɨɛɬɨ: ݖଵ + ଷКݖ = ʠ. (5.24) 

ɞɟ ɋ – ɨɛɨɜʼɹɡɤɨɜɨ ɰɿɥɟ ɱɢɫɥɨ. 
ɍɦɨɜɚ ɫɭɫɿɞɫɬɜɚ 

Ⱦɥɹ ɡɚɛɟɡɩɟɱɟɧɧɹ ɭɦɨɜɢ ɫɭɫɿɞɫɬɜɚ ɧɟɨɛɯɿɞɧɨ, ɳɨɛ 
ɫɭɫɿɞɧɿ ɫɚɬɟɥɿɬɢ ɧɟ ɡɚɱɿɩɥɸɜɚɥɢɫь ɝɨɥɨɜɤɚɦɢ ɡɭɛɰɿɜ, ɬɨɛɬɨ 
ɳɨɛ ɜɿɞɫɬɚɧь ɦɿɠ ɰɟɧɬɪɚɦɢ ɨɛɟɪɬɚɧɧɹ ɫɚɬɟɥɿɬɿɜ ɛɭɥɚ 
ɛɿɥьɲɨɸ ɞɜɨɯ ɪɚɞɿɭɫɿɜ ɤɿɥ ɜɟɪɲɢɧ, ɬɨɛɬɨ ܱଶܱଶ′ >  ଶ. (5.25)ݎʹ

ȼɢɡɧɚɱɢɜɲɢ ɿɡ ɪɢɫ. 5.15 ɜɿɞɫɬɚɧь ܱ ଶܱଶ′  ɿ ɜɢɪɚɡɢɜɲɢ ݎଶ 

ɱɟɪɟɡ ɦɨɞɭɥь ɿ ɱɢɫɥɨ ɡɭɛɿɜ, ɡɧɚɣɞɟɦɨ : 
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sin ܭߨ > ଶݖ + ଵݖʹ +  ଶ. (5.26)ݖ

ɇɟɪɿɜɧɿɫɬь (5.26) ɡɚɛɟɡɩɟɱɭє ɭɦɨɜɭ ɫɭɫɿɞɫɬɜɚ, ɬɨɛɬɨ 
ɭɦɨɜɭ ɧɟ ɩɟɪɟɫɿɤɚɧɧɹ ɲɥɹɯɿɜ ɪɭɯɭ ɡɭɛɿɜ ɫɭɫɿɞɧɿɯ ɫɚɬɟɥɿɬɿɜ. 

 

5.8. Ʉɨɧɿɱɧɿ ɡɭɛɱɚɫɬɿ ɩɟɪɟɞɚɱɿ. Ɉɫɧɨɜɧɿ ɩɚɪɚɦɟɬɪɢ 

Ʉɨɧɿɱɧɿ ɡɭɛɱɚɫɬɿ ɩɟɪɟɞɚɱɿ ɡɚɫɬɨɫɨɜɭɸɬьɫɹ ɞɥɹ 
ɩɟɪɟɞɚɜɚɧɧɹ ɪɭɯɿɜ ɦɿɠ ɜɚɥɚɦɢ, ɳɨ ɩɟɪɟɬɢɧɚɸɬьɫɹ (ɱɚɫɬɨ ɩɿɞ 
ɤɭɬɨɦ 90). Ⱥɤɫɨʀɞɚɦɢ ɭ ɜɿɞɧɨɫɧɨɦɭ ɪɭɫɿ ɤɨɧɿɱɧɢɯ ɡɭɛɱɚɫɬɢɯ 
ɤɨɥɿɫ (ɪɢɫ. 5.16) є ɞɜɚ ɤɨɧɭɫɢ Ⱥ ɿ ȼ. ɐɿ ɤɨɧɭɫɢ ɡɚ ɚɧɚɥɨɝɿєɸ 
ɡ ɰɟɧɬɪɨʀɞɚɦɢ (ɩɨɱɚɬɤɨɜɢɦɢ ɤɨɥɚɦɢ ɰɢɥɿɧɞɪɢɱɧɢɯ ɤɨɥɿɫ) 
ɧɚɡɢɜɚɸɬьɫɹ ɩɨɱɚɬɤɨɜɢɦɢ ɤɨɧɭɫɚɦɢ. 

 
Ɋɢɫ. 5.16. Ʉɨɧɿɱɧɚ ɡɭɛɱɚɫɬɚ ɩɟɪɟɞɚɱɚ 

 

ɋɩɿɥьɧɚ ɜɟɪɲɢɧɚ ɰɢɯ ɤɨɧɭɫɿɜ ɡɧɚɯɨɞɢɬьɫɹ ɜ ɬ. Ɉ, ɧɚ 
ɩɟɪɟɬɢɧɿ ʀɯ ɨɫɟɣ. 

ɉɟɪɟɞɚɬɨɱɧɟ ɜɿɞɧɨɲɟɧɧɹ ݑଵଶ ɡɛɟɪɿɝɚɬɢɦɟɬьɫɹ ɫɬɚɥɢɦ 
ɭ ɬɨɦɭ ɪɚɡɿ ɤɨɥɢ ɩɨɱɚɬɤɨɜɿ ɤɨɧɭɫɢ ɤɨɬɢɬɢɦɭɬьɫɹ ɨɞɢɧ ɩɨ 
ɨɞɧɨɦɭ ɛɟɡ ɤɨɜɡɚɧɧɹ. Ⱦɥɹ ɰьɨɝɨ ɞɨɫɢɬь, ɳɨɛ ɲɜɢɞɤɨɫɬɿ 
ɬɨɱɤɢ ɫɬɢɤɚɧɧɹ Ʉ, ɹɤɚ ɧɚɥɟɠɢɬь ɨɛɨɦ ɤɨɧɭɫɚɦ, ɛɭɥɢ ɪɿɜɧɿ, 
ɬɨɛɬɨ ଵܸ = ଵܸ. Ɉɫɤɿɥьɤɢ ଵܸ = ߱ଵݎଵ, a ଶܸ = ߱ଶݎଶ, ɬɨ  ߱ଵݎଵ = ߱ଶݎଶ. (5.27) 

ȱɡ ɩɪɹɦɨɤɭɬɧɨɝɨ ɬɪɢɤɭɬɧɢɤɚ (ɪɢɫ. 5.7) ݎଵ = ܭܱ sin ଵߜ ; ଶݎ = ܭܱ sin  ଶ . (5.28)ߜ
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əɤɳɨ ɤɭɬɢ ɩɪɢ ɜɟɪɲɢɧɚɯ ɩɨɱɚɬɤɨɜɢɯ ɤɨɧɭɫɿɜ ߜଵ ଶߜ+ = ͻͲ°, ɬɨ ɡɚɝɚɥьɧɢɣ ɜɢɪɚɡ ɩɟɪɟɞɚɬɨɱɧɨɝɨ ɜɿɞɧɨɲɟɧɧɹ 
ɦɨɠɧɚ ɡɚɩɢɫɚɬɢ ݑଵଶ = ߱ଵ߱ଶ = ଵݖଶݖ = ଵݎଶݎ = tg ଶߜ = ctg  ଵ. (5.29)ߜ

Ʉɭɬ ߜଵ ɩɪɢ ɜɟɪɲɢɧɿ ɤɨɧɭɫɚ ɦɨɠɧɚ ɡɧɚɣɬɢ ɚɧɚɥɨɝɿɱɧɨ 
ɹɤ ɞɥɹ ɮɪɢɤɰɿɣɧɨʀ ɤɨɧɿɱɧɨʀ ɩɟɪɟɞɚɱɿ tg ଵߜ = sin ଵଶݑ ߜ + cos  (5.30) .  ߜ

Ɍɟɨɪɟɬɢɱɧɨ ɩɪɚɜɢɥьɧɢɦ ɡɚɱɟɩɥɟɧɧɹɦ ɤɨɧɿɱɧɢɯ 
ɡɭɛɱɚɫɬɢɯ ɤɨɥɿɫ ɹɜɥɹєɬьɫɹ ɡɚɱɟɩɥɟɧɧɹ ɫɮɟɪɢɱɧɟ, ɩɪɨɮɿɥɿ 
ɡɭɛɰɿɜ ɹɤɨɝɨ ɩɨɛɭɞɨɜɚɧɿ ɧɚ ɫɮɟɪɢɱɧɿɣ ɩɨɜɟɪɯɧɿ. Ɍɚɤɢɦ 
ɱɢɧɨɦ, ɬɨɱɧɚ ɬɟɨɪɿɹ ɡɚɱɟɩɥɟɧɧɹ ɤɨɧɿɱɧɢɯ ɤɨɥɿɫ ɡɜɨɞɢɬьɫɹ ɞɨ 
ɜɢɜɱɟɧɧɹ ɭɦɨɜ ɡɚɱɟɩɥɟɧɧɹ ɞɜɨɯ ɫɩɪɹɠɟɧɢɯ ɤɪɢɜɨɥɿɧɿɣɧɢɯ 
ɤɨɧɬɭɪɿɜ, ɩɨɛɭɞɨɜɚɧɢɯ ɧɚ ɩɨɜɟɪɯɧɿ ɫɮɟɪɢ. ɉɪɨɬɟ 
ɩɪɨɮɿɥɸɜɚɧɧɹ ɬɨɱɧɨɝɨ ɟɜɨɥьɜɟɧɬɧɨɝɨ ɤɨɧɿɱɧɨɝɨ 
ɡɚɱɟɩɥɟɧɧɹ ɡɜʼɹɡɚɧɨ ɡ ɰɿɥɢɦ ɪɹɞɨɦ ɩɪɚɤɬɢɱɧɢɯ ɬɪɭɞɧɨɳɿɜ, 
ɨɫɤɿɥьɤɢ ɫɮɟɪɢɱɧɚ ɩɨɜɟɪɯɧɹ ɛɟɡ ɫɩɨɬɜɨɪɟɧɧɹ ɧɟ 
ɪɨɡɝɨɪɬɚєɬьɫɹ ɧɚ ɩɥɨɳɢɧɭ, ɚ ɫɬɜɨɪɟɧɢɣ ɩɪɨɮɿɥь ɜɚɠɤɨ ɛɭɥɨ 
ɛ ɜɢɝɨɬɨɜɢɬɢ. Ɍɨɦɭ ɧɚ ɩɪɚɤɬɢɰɿ ɡɚɫɬɨɫɨɜɭɸɬь ɧɚɛɥɢɠɟɧɢɣ 
ɦɟɬɨɞ ɩɪɨɮɿɥɸɜɚɧɧɹ ɟɜɨɥьɜɟɧɬɧɢɯ ɤɨɧɿɱɧɢɯ ɤɨɥɿɫ. ɐɟɣ 
ɦɟɬɨɞ ґɪɭɧɬɭєɬьɫɹ ɧɚ ɬɨɦɭ, ɳɨ ɩɪɨɮɿɥь ɡɭɛɿɜ ɤɨɧɿɱɧɢɯ ɤɨɥɿɫ 
ɛɭɞɭєɬьɫɹ ɧɟ ɧɚ ɫɮɟɪɿ, ɚ ɧɚ ɤɨɧɿɱɧɿɣ ɩɨɜɟɪɯɧɿ OLE, ɹɤɚ 
ɞɨɬɢɱɧɚ ɞɨ ɫɮɟɪɢ OLʼEʼ (ɪɢɫ. 5.17). Ɍɜɿɪɧɚ ɤɨɧɭɫɚ BLC 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɚ ɞɨ ɬɜɿɪɧɨʀ ɩɨɱɚɬɤɨɜɨɝɨ ɤɨɧɭɫɚ ȼɈɋ. 
Ɍɨɱɤɢ ɞɭɝɢ LʼBEʼ ɪɨɡɦɿɳɟɧɧɿ ɛɿɥɹ ɬɨɱɤɢ ȼ, ɦɨɠɧɚ ɡɚɦɿɧɢɬɢ 
ɡ ɧɟɜɟɥɢɤɨɸ ɩɨɯɢɛɤɨɸ ɬɨɱɤɚɦɢ ɞɨɬɢɱɧɨʀ LBE. 
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Ɋɢɫ. 5.17. ɉɪɨɮɿɥɸɜɚɧɧɹ ɤɨɧɿɱɧɨʀ ɩɟɪɟɞɚɱɿ 

 

ɉɨɛɭɞɨɜɭ ɜɟɞɟɦɨ ɬɚɤ. ȼɜɚɠɚєɦɨ ɜɿɞɨɦɢɦɢ ɱɢɫɥɚ ɡɭɛɿɜ 
ɤɨɧɿɱɧɢɯ ɤɨɥɿɫ ݖଵ ɿ ݖଶ, ɚ ɬɚɤɨɠ ɦɨɞɭɥь m. Ȼɭɞɟɦɨ ɪɨɡɝɥɹɞɚɬɢ 
ɫɟɪɟɞɧɿɣ ɩɟɪɟɪɿɡ ɩɨ ɞɨɜɠɢɧɿ ɡɭɛɚ. ȼɢɡɧɚɱɢɦɨ ɪɚɞɿɭɫɢ 
ɩɨɱɚɬɤɨɜɢɯ  ɤɿɥ ɜ ɰьɨɦɭ ɩɟɪɟɪɿɡɿ. ݎ௪ଵ = ʹଵݖ݉ ௪ଶݎ ; = ʹଶݖ݉ . (5.31) 

ȱɡ ɬ. O (ɪɢɫ. 5.17) ɜɿɞɤɥɚɞɚєɦɨ ɜɿɞɪɿɡɤɢ ܱܣ = ܨܱ ௪ଵ ɿݎ = ʹ (δ=90º). 
Ɂɚɬɢɦ ɛɭɞɭєɦɨ ɩɨɱɚɬɤɨɜɿ ɤɨɧɭɫɢ ܱܤܥ ɿ ܱܤܦ. ɑɟɪɟɡ 

ɬɨɱɤɭ ȼ ɩɪɨɜɟɞɟɦɨ ɩɪɹɦɭ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ܱܤ ɞɨ 
ɩɟɪɟɬɢɧɭ ʀʀ ɡ ɨɫɹɦɢ ɤɨɧɭɫɿɜ ɜ ɬɨɱɤɚɯ L ɿ E. Ʉɨɧɭɫɢ ܮʠВ ɿ ЕܦВ 

ɧɚɡɢɜɚɸɬьɫɹ ɞɨɞɚɬɤɨɜɢɦɢ. ȼ ɬɨɱɰɿ ȼ ɨɛɢɞɜɚ ɞɨɞɚɬɤɨɜɿ 
ɤɨɧɭɫɢ ɦɚɸɬь ɫɩɿɥьɧɭ ɬɜɿɪɧɭ. ɉɨɜɟɪɯɧɿ ɞɨɞɚɬɤɨɜɢɯ ɤɨɧɭɫɿɜ 
ɪɨɡɝɨɪɬɚєɦɨ ɧɚ ɰɸ ɞɨɬɢɱɧɭ ɩɥɨɳɢɧɭ. Ɋɨɡɝɨɪɬɤɢ ɛɭɞɭɬь 
ɹɜɥɹɬɢ ɫɨɛɨɸ ɫɟɤɬɨɪɢ ɤɿɥ, ɳɨ ɞɨɬɢɤɚɸɬьɫɹ ɜ ɬɨɱɰɿ ȼ, 
ɪɚɞɿɭɫɚɦɢ: ܧܤ = ଵߩ = ଵߜ ௪ଵcosݎ   і  ܤܮ = ଶߩ =  ଶ. (5.32)ߜ ௪ଶcosݎ

ɐɟɧɬɪɚɥьɧɿ ɤɭɬɢ ɫɟɤɬɨɪɿɜ  ߚଵ = ଵߩ௪ଵݎߨʹ ; ଶߚ   = ଶߩ௪ଶݎߨʹ . (5.33) 
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ɇɚ ɫɟɤɬɨɪɚɯ, ɹɤ ɧɚ ɩɨɱɚɬɤɨɜɢɯ ɤɨɥɚɯ, ɛɭɞɭєɦɨ ɩɪɨɮɿɥɿ 
ɡɭɛɿɜ, ɬɢɦ ɠɟ ɦɟɬɨɞɨɦ ɹɤ ɿ ɞɥɹ ɰɢɥɿɧɞɪɢɱɧɢɯ ɤɨɥɿɫ. əɤɳɨ 
ɞɨɜɠɢɧɚ ɡɭɛɚ ܭܦ, ɬɨ ɡɿ ɫɬɨɪɨɧɢ, ɡɜɟɪɧɟɧɨʀ ɞɨ ɜɟɪɲɢɧɢ 
ɤɨɧɭɫɿɜ, ɡɭɛɢ ɨɛɦɟɠɭɸɬьɫɹ ɩɨɜɟɪɯɧɹɦɢ ɞɜɨɯ ɿɧɲɢɯ 
ɞɨɞɚɬɤɨɜɢɯ ɤɨɧɭɫɿɜ. Ɋɨɡɝɨɪɬɭɸɱɢ ɞɨɞɚɬɤɨɜɢɣ ɤɨɧɭɫ Еଵܵܭ 

ɨɬɪɢɦɚєɦɨ ɫɟɤɬɨɪ ɤɨɥɚ ɪɚɞɿɭɫɚ ܭܧଵ =  ɇɚ ɰьɨɦɭ .ܭଵܧ
ɫɟɤɬɨɪɿ, ɹɤ ɧɚ ɩɨɱɚɬɤɨɜɨɦɭ ɤɨɥɿ ɛɭɞɭєɦɨ ɩɪɨɮɿɥь ɦɚɥɨɝɨ 
ɬɨɪɰɹ ɡɭɛɚ. ɐɿ ɰɢɥɿɧɞɪɢɱɧɿ ɤɨɥɟɫɚ ɧɚɡɢɜɚɸɬьɫɹ 
ɟɤɜɿɜɚɥɟɧɬɧɢɦɢ. 

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿєɧɬɚ ɬɨɪɰɟɜɨɝɨ ɩɟɪɟɤɪɢɬɬɹ 
ɜɢɤɨɪɢɫɬɨɜɭɸɬьɫɹ ɮɨɪɦɭɥɢ ɞɥɹ ɤɪɭɝɥɢɯ ɰɢɥɿɧɞɪɢɱɧɢɯ 
ɤɨɥɿɫ (4.34) ɿ (4.35). ɉɪɢ ɰьɨɦɭ ɜ ɧɚɡɜɚɧɿ ɮɨɪɦɭɥɢ ɫɥɿɞ 
ɩɿɞɫɬɚɜɥɹɬɢ ɡɧɚɱɟɧɧɹ ɟɤɜɿɜɚɥɟɧɬɧɢɯ ɱɢɫɟɥ ɡɭɛɿɜ ݖ𝑉ଵ ɿ ݖ𝑉ଶ, 

ɹɤɿ ɜɿɞɩɨɜɿɞɚɸɬь ɩɨɜɧɿɣ ɞɨɜɠɢɧɿ ɩɨɱɚɬɤɨɜɢɯ ɤɿɥ ɪɚɞɿɭɫɿɜ ߩଵ 

ɿ ߩଶ, ɧɚ ɪɨɡɝɨɪɬɤɚɯ ɞɨɞɚɬɤɨɜɢɯ ɤɨɧɭɫɿɜ. 
ȼɢɜɟɞɟɦɨ ɮɨɪɦɭɥɢ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɱɢɫɥɚ ɡɭɛɰɿɜ 

ɟɤɜɿɜɚɥɟɧɬɧɢɯ ɰɢɥɿɧɞɪɢɱɧɢɯ ɤɨɥɿɫ. Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ߩଵ ɿ ߩଶ, 

ɩɿɞɫɬɚɜɢɦɨ ɜ ɮɨɪɦɭɥɢ (5.32) ɡɧɚɱɟɧɧɹ ɿɡ ɮɨɪɦɭɥɢ (5.33) ɿ 
ɜɪɚɯɨɜɭɸɱɢ, ɳɨ  ͳcos ߜଵ = √ͳ + tgଶ  ,ଵߜ

ɨɬɪɢɦɚєɦɨ ߩଵ = ଵଶଶݑ√௪ଵݎ + ߜଵଶcosݑʹ + ͳݑଵଶ + cosߜ  (5.34) 

ɚɛɨ ߩଵݎ௪ଵ = ଵଶଶݑ√ + ߜଵଶcosݑʹ + ͳݑଵଶ + cosߜ . (5.35) 

ȼɢɡɧɚɱɢɦɨ ɪɚɞɿɭɫɢ ݎ௪ଵ ɿ ߩଵ ɩɨɱɚɬɤɨɜɢɯ ɤɿɥ ɤɨɧɿɱɧɨɝɨ 
ɬɚ ɟɤɜɿɜɚɥɟɧɬɧɨɝɨ ɣɨɦɭ ɰɢɥɿɧɞɪɢɱɧɨɝɨ ɤɨɥɿɫ ɡ ɱɢɫɥɨɦ ɡɭɛɿɜ 
ɜɿɞɩɨɜɿɞɧɨ ݖଵ, ɬɚ ݖ𝑉ଵ ɿ ɦɨɞɭɥɟɦ m. ݎ௪ଵ = ʹଵݖ݉ ଵߩ ; = ʹ𝑉ଵݖ݉ . (5.36) 
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ȼɪɚɯɨɜɭɸɱɢ, ɳɨ ɡ (5.36) ߩଵ/ ݎ௪ଵ = ଵଶݑ ଵ, ɚݖ/𝑉ଵݖ 𝑉ଵݖ ଵ, ɬɨ ɡ (5.35) ɨɬɪɢɦɚєɦɨݖ/ଶݖ= = ଵݖ ଵଶݖ√ + ߜଶ cosݖଵݖʹ + ଶݖଶଶݖ + ߜଵcosݖ . (5.37) 

Ⱥɧɚɥɨɝɿɱɧɨ ɡɧɚɣɞɟɦɨ ݖ𝑉ଶ = ଶݖ ଵଶݖ√ + ߜଶ cosݖଵݖʹ + ଵݖଶଶݖ + ߜଶcosݖ . (5.38) 

Ⱦɥɹ ɤɨɧɿɱɧɨɝɨ ɡɚɱɟɩɥɟɧɧɹ, ɩɪɢ į = 90º, ɨɫɬɚɬɨɱɧɨ 
ɦɚєɦɨ ݖ𝑉ଵ = ଵݖ ଵଶݖ√ + ଶݖଶଶݖ  і ݖ𝑉ଶ = ଶݖ ଵଶݖ√ + ଵݖଶଶݖ . (5.39) 

Ɂ ɪɿɜɧɹɧɧɹ (5.39) ɜɢɩɥɢɜɚє ݑ𝑉 = 𝑉ଵݖ𝑉ଶݖ = ଶ(ଵݖଶݖ) =  ଵଶ. (5.40)ݑ

Ɍɚɤɢɦ ɱɢɧɨɦ, ɡɚɱɟɩɥɟɧɧɹ ɤɨɧɿɱɧɢɯ ɤɨɥɿɫ ɡ ɱɢɫɥɚɦɢ 
ɡɭɛɿɜ ݖଵ i ݖଶ ɟɤɜɿɜɚɥɟɧɬɧɨ ɡɚɱɟɩɥɟɧɧɸ ɰɢɥɿɧɞɪɢɱɧɢɯ ɤɨɥɿɫ ɡ 
ɟɤɜɿɜɚɥɟɧɬɧɢɦɢ ɱɢɫɥɚɦɢ ɡɭɛɿɜ ݖ𝑉ଵ i ݖ𝑉ଶ. 

Ʉɨɧɿɱɧɿ ɤɨɥɟɫɚ ɛɭɜɚɸɬь ɩɪɹɦɨɡɭɛɿ, ɤɨɫɨɡɭɛɿ ɿ ɝɿɩɨʀɞɧɿ. 
Ɇɨɞɭɥь ɿ ɤɪɨɤ ɜ ɧɢɯ ɡɦɿɧɸєɬьɫɹ ɩɨ ɞɨɜɠɢɧɿ ɡɭɛɚ. Ɂɚ 
ɫɬɚɧɞɚɪɬɧɭ ɜɟɥɢɱɢɧɭ ɛɟɪɟɬьɫɹ ɦɨɞɭɥь ɜ ɡɨɜɧɿɲɧьɨɦɭ 
ɧɚɣɛɿɥьɲɨɦɭ ɬɨɪɰɟɜɨɦɭ ɩɟɪɟɪɿɡɿ. 

 

5.9. ɑɟɪɜʼɹɱɧɚ ɩɟɪɟɞɚɱɚ 

Ⱦɥɹ ɩɟɪɟɞɚɱɿ ɪɭɯɭ ɦɿɠ ɜɚɥɚɦɢ, ɹɤɿ ɧɟ ɩɚɪɚɥɟɥьɧɿ ɿ ɧɟ 
ɩɟɪɟɬɢɧɚɸɬьɫɹ, ɚ ɩɟɪɟɯɪɟɳɭɸɬьɫɹ, ɧɚɣɛɿɥьɲ ɲɢɪɨɤɨ 
ɡɚɫɬɨɫɨɜɭɸɬьɫɹ ɱɟɪɜʼɹɱɧɿ ɩɟɪɟɞɚɱɿ. Ɉɞɢɧ ɡ ɟɥɟɦɟɧɬɿɜ 
ɩɟɪɟɞɚɱɿ, ɦɚє ɮɨɪɦɭ ɨɞɧɨɜɢɬɤɨɜɨɝɨ ɚɛɨ ɛɚɝɚɬɨɜɢɬɤɨɜɨɝɨ 
ɝɜɢɧɬɚ, ɧɚɡɢɜɚєɬьɫɹ ɛɟɡɤɿɧɟɱɧɢɦ ɝɜɢɧɬɨɦ, ɚɛɨ ɱɟɪɜʼɹɤɨɦ. 

ɑɟɪɜʼɹɱɧɟ ɤɨɥɟɫɨ, ɹɤɟ ɡ ɧɢɦ ɡɚɱɿɩɥɸєɬьɫɹ, ɦɚє ɡɭɛɰɿ, ɳɨ 
ɹɜɥɹɸɬь ɫɨɛɨɸ ɜɢɫɬɭɩɢ ɝɜɢɧɬɨɜɨʀ ɪɿɡьɛɢ ɝɚɣɤɢ, ɹɤɚ 
ɜɿɞɩɨɜɿɞɚє ɝɜɢɧɬɭ (ɪɢɫ. 5.18). Ʉɭɬ ɩɟɪɟɯɪɟɳɭɜɚɧɧɹ ɜ 
ɛɿɥьɲɨɫɬɿ ɜɢɩɚɞɤɿɜ ɞɨɪɿɜɧɸє 90º.  
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Ɋɢɫ. 5.18. ɑɟɪɜʼɹɱɧɚ ɩɟɪɟɞɚɱɚ 

 

ȼ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɫɩɨɫɨɛɭ ɭɬɜɨɪɟɧɧɹ ɩɨɜɟɪɯɧɿ 
ɱɟɪɜʼɹɤɚ ɪɨɡɪɿɡɧɹɸɬь ɞɜɚ ɨɫɧɨɜɧɿ ɬɢɩɢ ɱɟɪɜʼɹɱɧɨʀ ɩɟɪɟɞɚɱɿ: 

• ɡ ɚɪɯɿɦɟɞɨɜɢɦ ɱɟɪɜʼɹɤɨɦ, ɳɨ ɦɚє ɩɪɹɦɨɛɿɱɧɢɣ 
ɩɪɨɮɿɥь ɜ ɨɫьɨɜɨɦɭ ɩɟɪɟɪɿɡɿ; 

• ɡ ɟɜɨɥьɜɟɧɬɧɢɦ ɱɟɪɜʼɹɤɨɦ, ɳɨ ɦɚє ɩɪɹɦɨɛɿɱɧɢɣ 
ɩɪɨɮɿɥь ɧɚ ɞɟɹɤɿɣ ɜɿɞɞɚɥɿ ɜɿɞ ɨɫɿ ɿ ɤɪɢɜɨɥɿɧɿɣɧɢɣ ɜɢɩɭɤɥɢɣ 
ɩɪɨɮɿɥь ɜ ɨɫьɨɜɨɦɭ ɩɟɪɟɪɿɡɿ. 

Ʉɨɪɢɫɬɭɸɱɢɫь ɤɿɧɟɦɚɬɢɱɧɨɸ ɚɧɚɥɨɝɿєɸ ɦɿɠ 
ɱɟɪɜʼɹɱɧɨɸ ɿ ɪɟɣɤɨɜɨɸ ɩɟɪɟɞɚɱɚɦɢ, ɦɨɠɧɚ ɥɟɝɤɨ 
ɜɫɬɚɧɨɜɢɬɢ ɡɜʼɹɡɨɤ ɦɿɠ ɨɫɧɨɜɧɢɦɢ ɩɚɪɚɦɟɬɪɚɦɢ ɱɟɪɜʼɹɱɧɨʀ 
ɩɟɪɟɞɚɱɿ. 

ȼ ɪɚɡɿ ɡɚɱɟɩɥɟɧɧɹ ɱɟɪɜʼɹɤɚ ɡ ɪɟɣɤɨɸ ʀʀ ɡɭɛɰɿ ɩɪɢ 
ɨɛɟɪɬɚɧɧɿ ɱɟɪɜʼɹɤɚ ɧɚɜɤɨɥɨ ɨɫɿ ɩɟɪɟɦɿɳɚɸɬьɫɹ ɜɡɞɨɜɠ ɧɟʀ, 
ɩɪɢɱɨɦɭ ɩɪɢ ɨɞɧɨɦɭ ɨɛɟɪɬɿ ɱɟɪɜʼɹɤɚ ɪɟɣɤɚ ɩɟɪɟɦɿɳɚєɬьɫɹ 
ɧɚ ɤɪɨɤ p ɡɚɱɟɩɥɟɧɧɹ, ɩɨɦɧɨɠɟɧɢɣ ɧɚ ɱɢɫɥɨ ɜɢɬɤɿɜ z 

ɱɟɪɜʼɹɤɚ, ɬɨɛɬɨ ɧɚ ɜɢɫɨɬɭ ɩɿɞɣɨɦɭ h ɜɢɬɤɚ ɱɟɪɜʼɹɤɚ. Ɍɚɤɢɦ 
ɱɢɧɨɦ, ɩɪɢ ɱɢɫɥɿ ɨɛɟɪɬɿɜ ɧɚ ɯɜɢɥɢɧɭ ݊ଵ, ɲɜɢɞɤɿɫɬь ଵܸ 

ɩɟɪɟɦɿɳɟɧɧɹ ɪɟɣɤɢ ɞɨɪɿɜɧɸɜɚɬɢɦɟ 

ଵܸ = ℎ݊ଵͲ . (5.41) 

ɉɪɢ ɡɚɱɟɩɥɟɧɧɿ ɱɟɪɜʼɹɤɚ ɡ ɱɟɪɜʼɹɱɧɢɦ ɤɨɥɟɫɨɦ ɤɨɥɨɜɚ 
ɲɜɢɞɤɿɫɬь ଶܸ ɩɪɨɮɿɥɸ ɡɭɛɰɹ ɧɚ ɤɨɥɟɫɿ 

ଶܸ = ௪ଶ݊ଶͲݎߨʹ . (5.42) 
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ȼ ɫɩɿɥьɧɿɣ ɬɨɱɰɿ ɞɨɬɢɤɭ ଵܸ = ଶܸ, ɚɛɨ ℎ݊ଵͲ = ௪ଶ݊ଶͲݎߨʹ . (5.43) 

Ⱦɥɹ ɝɜɢɧɬɨɜɨʀ ɥɿɧɿʀ ɱɟɪɜʼɹɤɚ ɡɚɥɟɠɧɿɫɬь ɦɿɠ ɜɢɫɨɬɨɸ 
ɩɿɞɣɨɦɭ h ɿ ɤɭɬɨɦ ߣ ɩɿɞɣɨɦɭ ɝɜɢɧɬɨɜɨʀ ɥɿɧɿʀ ɦɨɠɧɚ 
ɜɫɬɚɧɨɜɢɬɢ ɿɡ ɩɪɹɦɨɤɭɬɧɨɝɨ ɬɪɢɤɭɬɧɢɤɚ  ℎ = ௪ଵݎߨʹ tg  (5.44) .ߣ

ɉɿɞɫɬɚɜɢɦɨ ɡɧɚɱɟɧɧɹ h ɿɡ (5.44) ɜ ɮɨɪɦɭɥɭ (5.43) ɿ 
ɩɿɫɥɹ ɧɟɫɤɥɚɞɧɢɯ ɩɟɪɟɬɜɨɪɟɧь ɨɬɪɢɦɭєɦɨ ݊ଵ݊ଶ = ௪ଶℎݎߨʹ = ௪ଵݎ௪ଶݎ tg  (5.45) .ߣ

Ɉɫɤɿɥьɤɢ ʹݎߨ௪ଶ = ɚ ℎ ଶݖ =  ɬɨ ɪɿɜɧɹɧɧɹ (5.43) ,ଵݖ
ɦɨɠɧɚ ɡɚɩɢɫɚɬɢ ɭ ɜɢɝɥɹɞɿ ݊ଵ݊ଶ =  ଵ. (5.46)ݖଶݖ

ɉɟɪɟɞɚɬɨɱɧɟ ɜɿɞɧɨɲɟɧɧɹ ݑଵଶ = ߱ଵ߱ଶ = ݊ଵ݊ଶ = ଵݖଶݖ = ௪ଵݎ௪ଶݎ tg  (5.47) .ߣ

Ⱦɥɹ ɱɟɪɜʼɹɱɧɢɯ ɩɟɪɟɞɚɱ ɩɟɪɟɞɚɬɨɱɧɟ ɜɿɞɧɨɲɟɧɧɹ 

ɪɟɤɨɦɟɧɞɭєɬьɫɹ ݑ = ͳͲ…ͺͲ. ɉɪɨɮɿɥɿ ɡɭɛɰɿɜ ɤɨɥɟɫɚ ɬɚ ʀɯ 
ɪɨɡɦɿɪɢ ɜ ɝɨɥɨɜɧɨɦɭ ɩɟɪɟɪɿɡɿ ɪɨɛɥɹɬь ɬɚɤɢɦɢ ɫɚɦɢɦɢ, ɹɤ ɿ 
ɞɥɹ ɰɢɥɿɧɞɪɢɱɧɢɯ ɤɨɥɿɫ. ȼɢɫɨɬɭ ɡɭɛɰɿɜ ɛɟɪɭɬь ɫɬɚɧɞɚɪɬɧɭ ℎ = ʹ,ʹͷ݉. Ʉɭɬ ɡɚɱɟɩɥɟɧɧɹ ߙ = ʹͲ°, ɚɛɨ ͳͷ°. Ʉɭɬ ɩɿɞɣɨɦɭ 
ɝɜɢɧɬɨɜɨʀ ɥɿɧɿʀ ߣ = ͷ…ʹͲ°. ɑɢɫɥɨ ɡɚɯɨɞɿɜ ɱɟɪɜʼɹɱɤɚ ݖଵ = ͳ…. ɉɪɢ ߙ = ͳͷ°, ݖଶ  ʹͶ, ɩɪɢ ߙ = ʹͲ°, ݖଶ  ͵. 

Ʉɨɟɮɿɰɿєɧɬ ɤɨɪɢɫɧɨʀ ɞɿʀ 0,7...0,9. ɑɢɫɥɨ ɦɨɞɭɥɿɜ ɜ 
ɩɨɱɚɬɤɨɜɨɦɭ ɞɿɚɦɟɬɪɿ ɱɟɪɜʼɹɤɚ ɧɚɡɢɜɚєɬьɫɹ ɤɨɟɮɿɰɿєɧɬɨɦ 
ɜɿɞɧɨɫɧɨɝɨ ɞɿɚɦɟɬɪɚ ɱɟɪɜʼɹɤɚ  ݍ = ௪ଵ݉ݎʹ . (5.48) 

ȼ ɛɿɥьɲɨɫɬɿ ɜɢɩɚɞɤɿɜ ݍ = ͺ…ͳ . 

ȼ ɱɟɪɜʼɹɱɧɢɯ ɩɟɪɟɞɚɱɚɯ ɫɬɚɧɞɚɪɬɧɢɦ є ɨɫьɨɜɢɣ 
ɦɨɞɭɥь ɱɟɪɜʼɹɤɚ, ɹɤɢɣ ɞɨɪɿɜɧɸє ɬɨɪɰɟɜɨɦɭ ɦɨɞɭɥɸ ɤɨɥɟɫɚ. 
ɑɟɪɜʼɹɱɧɚ ɩɟɪɟɞɚɱɚ є ɫɚɦɨɝɚɥьɦɿɜɧɨɸ. ȼɯɿɞɧɨɸ ɥɚɧɤɨɸ 
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ɩɟɪɟɞɚɱɿ ɡɚɜɠɞɢ ɹɜɥɹєɬьɫɹ ɱɟɪɜʼɹɤ. 
əɤɳɨ ɱɚɫɬɢɧɭ ɞɭɝɢ ɩɨɱɚɬɤɨɜɨɝɨ ɤɨɥɚ ɤɨɥɟɫɚ ɩɪɢɣɧɹɬɚ 

ɡɚ ɩɨɱɚɬɤɨɜɭ ɥɿɧɿɸ ɱɟɪɜʼɹɤɚ, ɬɨ ɨɬɪɢɦɚєɦɨ ɝɥɨɛɨʀɞɧɭ 
ɩɟɪɟɞɚɱɭ. ȼ ɰɿɣ ɩɟɪɟɞɚɱɿ ɝɥɨɛɨʀɞɧɭ (ɭɜɿɝɧɭɬɭ) ɮɨɪɦɭ ɦɚɸɬь 
ɹɤ ɡɭɛɰɿ ɤɨɥɟɫɚ, ɬɚɤ ɿ ɜɢɬɤɢ ɱɟɪɜʼɹɤɚ. Ƚɜɢɧɬɨɜɿ ɩɨɜɟɪɯɧɿ 
ɝɥɨɛɨʀɞɧɨɝɨ ɱɟɪɜʼɹɤɚ ɦɚɸɬь ɪɿɡɧɢɣ ɤɪɨɤ, ɹɤɢɣ ɡɦɟɧɲɭєɬьɫɹ 
ɜɿɞ ɫɟɪɟɞɢɧɢ ɱɚɫɬɢɧɢ ʀʀ ɤɿɧɰɿɜ. ɑɟɪɜʼɹɱɧɚ ɩɟɪɟɞɚɱɚ ɡ 
ɝɥɨɛɨʀɞɧɢɦ ɱɟɪɜʼɹɤɨɦ ɞɨɡɜɨɥɹє ɩɪɢ ɨɞɧɚɤɨɜɢɯ ɝɚɛɚɪɢɬɚɯ 
ɩɟɪɟɞɚɜɚɬɢ ɡɧɚɱɧɨ ɛɿɥьɲɭ ɩɨɬɭɠɧɿɫɬь ɩɨɪɿɜɧɹɧɨ ɡ 
ɩɟɪɟɞɚɱɟɸ ɡ ɰɢɥɿɧɞɪɢɱɧɢɦ ɱɟɪɜʼɹɤɨɦ ɿ ɦɚє ɜɢɫɨɤɢɣ 
ɤɨɟɮɿɰɿєɧɬ ɤɨɪɢɫɧɨʀ ɞɿʀ. 

 

5.10. Ƚɜɢɧɬɨɜɿ ɡɭɛɱɚɫɬɿ ɤɨɥɟɫɚ 

Ɇɟɯɚɧɿɡɦ ɝɜɢɧɬɨɜɢɯ ɡɭɛɱɚɫɬɢɯ ɤɨɥɿɫ ɡɚɫɬɨɫɨɜɭɸɬь ɭ 
ɬɢɯ ɜɢɩɚɞɤɚɯ, ɤɨɥɢ ɬɪɟɛɚ ɩɟɪɟɞɚɬɢ ɪɭɯɢ ɦɿɠ ɜɚɥɚɦɢ, ɹɤɿ 
ɫɯɪɟɳɭɸɬьɫɹ, ɿɡ ɫɬɚɥɢɦ ɩɟɪɟɞɚɬɨɱɧɢɦ ɜɿɞɧɨɲɟɧɧɹɦ . 

ɉɟɪɟɞɚɬɨɱɧɟ ɜɿɞɧɨɲɟɧɧɹ ɩɚɪɢ ɝɜɢɧɬɨɜɢɯ ɤɨɥɿɫ ݑଵଶ =ͳ…. 

Ƚɜɢɧɬɨɜɿ ɤɨɥɟɫɚ ɬɚɤ ɫɚɦɨ, ɹɤ ɿ ɤɨɫɨɡɭɛɿ ɰɢɥɿɧɞɪɢɱɧɿ 
ɤɨɥɟɫɚ, ɦɚɸɬь ɝɜɢɧɬɨɜɿ ɡɭɛɰɿ, ɧɚɯɢɥɟɧɿ ɞɨ ɜɿɞɩɨɜɿɞɧɢɯ ɨɫɟɣ 
ɩɿɞ ɤɭɬɨɦ ߚଵ ɿ ߚଶ (ɪɢɫ. 5.19).  ߚଵ + ଶߚ =  (5.49) .ߜ

 
Ɋɢɫ. 5.19. Ƚɜɢɧɬɨɜɿ ɤɨɥɟɫɚ 
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ɉɟɪɟɞɚɬɨɱɧɟ ɜɿɞɧɨɲɟɧɧɹ  ݑଵଶ = ߱ଵ߱ଶ =  ଵ. (5.50)ݖଶݖ

Ɋɨɡɦɿɪɢ ɟɥɟɦɟɧɬɿɜ ɝɜɢɧɬɨɜɢɯ ɤɨɥɿɫ ɜɢɡɧɚɱɚɸɬьɫɹ, 
ɜɢɯɨɞɹɱɢ ɿɡ ɧɨɪɦɚɥьɧɨɝɨ ɦɨɞɭɥɹ ݉ ɚɧɚɥɨɝɿɱɧɨ ɹɤ ɿ ɞɥɹ 
ɤɨɫɨɡɭɛɢɯ ɰɢɥɿɧɞɪɢɱɧɢɯ ɤɨɥɿɫ. Ƚɜɢɧɬɨɜɿ ɤɨɥɟɫɚ 
ɜɢɤɨɪɢɫɬɨɜɭɸɬь ɩɪɢ ɧɟɜɟɥɢɤɢɯ ɲɜɢɞɤɨɫɬɹɯ ɿ ɧɟɡɧɚɱɧɢɯ 
ɩɨɬɭɠɧɨɫɬɹɯ ɹɤ ɞɪɭɝɨɪɹɞɧɿ ɩɟɪɟɞɚɱɿ ɜ ɦɚɲɢɧɚɯ (ɭ 
ɩɟɪɟɞɚɱɚɯ ɞɨ ɪɨɡɩɨɞɿɥьɱɢɯ ɜɚɥɿɜ ɞɜɢɝɭɧɿɜ, ɞɨ ɩɚɥɢɜɧɢɯ 
ɧɚɫɨɫɿɜ ɿ ɞɜɢɝɭɧɿɜ ɬɚ ɿɧ.). 

 
5.11. ɉɨɧɹɬɬɹ ɩɪɨ ɧɨɜɿ ɜɢɞɢ ɡɭɛɱɚɫɬɨɝɨ ɡɚɱɟɩɥɟɧɧɹ 

ȼ 1955 ɪɨɰɿ ɩɪɨɮɟɫɨɪ ɇɨɜɿɤɨɜ ɡɚɩɪɨɩɨɧɭɜɚɜ ɧɨɜɢɣ 
ɜɢɞ ɡɭɛɱɚɫɬɨɝɨ ɡɚɱɟɩɥɟɧɧɹ (ɪɢɫ. 5.20). ȼɢɩɪɨɛɭɜɚɧɧɹ ɰьɨɝɨ 
ɡɚɱɟɩɥɟɧɧɹ ɩɨɤɚɡɚɥɢ, ɳɨ ɣɨɝɨ ɧɟɫɭɱɚ ɡɞɚɬɧɿɫɬь ɜ 2–3 ɪɚɡɢ 
ɛɿɥьɲɚ, ɧɿɠ ɟɜɨɥьɜɟɧɬɧɨɝɨ. ɍ ɰɢɯ ɩɟɪɟɞɚɱɚɯ ɬɟɨɪɟɬɢɱɧɟ 
ɫɬɢɤɚɧɧɹ ɡɭɛɰɿɜ ɜɿɞɛɭɜɚєɬьɫɹ ɜ ɬɨɱɰɿ. ɐɹ ɬɨɱɤɚ ɩɿɞ ɱɚɫ 
ɪɨɛɨɬɢ ɩɟɪɟɞɚɱɿ ɩɟɪɟɦɿɳɭєɬьɫɹ ɩɨ ɥɿɧɿʀ, ɩɚɪɚɥɟɥьɧɿɣ ɨɫɹɦ 
ɤɨɥɿɫ. Ȼɟɡɩɟɪɟɪɜɧɿɫɬь ɪɭɯɭ ɜ ɰɢɯ ɩɟɪɟɞɚɱɚɯ ɦɨɠɧɚ 
ɡɚɛɟɡɩɟɱɢɬɢ ɬɿɥьɤɢ ɡɚɫɬɨɫɭɜɚɧɧɹɦ ɤɨɫɨɡɭɛɢɯ ɤɨɥɿɫ. ɍ 
ɤɨɠɧɨɦɭ ɩɟɪɟɪɿɡɿ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨɦɭ ɞɨ ɨɫɿ ɤɨɥɟɫɚ, є 
ɬɿɥьɤɢ ɨɞɧɚ ɬɨɱɤɚ ɡɚɱɟɩɥɟɧɧɹ, ɡɚɦɿɫɬь ɞɿɥɹɧɤɢ, ɚ ɬɨɦɭ 
ɞɿɥɹɧɤɚ ɡɚɱɟɩɥɟɧɧɹ ɩɟɪɟɬɜɨɪɸєɬьɫɹ ɜ ɬɨɱɤɭ ɿ ɨɬɠɟ 
ɤɨɟɮɿɰɿєɧɬ ɩɟɪɟɤɪɢɬɬɹ ɩɪɹɦɨɡɭɛɨʀ ɩɟɪɟɞɚɱɿ ɜ ɬɨɪɰɟɜɨɦɭ 
ɩɟɪɟɪɿɡɿ ɞɨɪɿɜɧɸє ɧɭɥɟɜɿ.  

 
Ɋɢɫ. 5.20. Ɂɚɱɟɩɥɟɧɧɹ ɇɨɜɿɤɨɜɚ 
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ɉɨɜɧɢɣ ɤɨɟɮɿɰɿєɧɬ ɩɟɪɟɤɪɢɬɬɹ ɰɿєʀ ɩɟɪɟɞɚɱɿ ɛɭɞɟ 
ɞɨɪɿɜɧɸɜɚɬɢ ɱɥɟɧɨɜɿ ɪɿɜɧɹɧɧɹ (4.42) ɹɤ ɞɥɹ ɤɨɫɨɡɭɛɨʀ 
ɩɟɪɟɞɚɱɿ. ߝ = ௧ߚ݃ݐ ܾ . (5.51) 

ɑɟɪɟɡ ɬɟ, ɳɨ ɡɭɛɰɿ ɫɬɢɤɚɸɬьɫɹ ɜ ɨɞɧɿɣ ɬɨɱɰɿ ɜɢɫɨɬɚ ʀɯ 
ɬɟɨɪɟɬɢɱɧɨ ɦɨɠɟ ɞɨɪɿɜɧɸɜɚɬɢ ɧɭɥɟɜɿ, ɩɪɚɤɬɢɱɧɨ ɦɨɠɟ ɛɭɬɢ 
ɧɟɜɟɥɢɤɨɸ, ɚ ɩɪɨɮɿɥɿ ɡɭɛɰɿɜ ɪɿɡɧɨɦɚɧɿɬɧɢɦɢ. Ɂɚɜɞɹɤɢ 
ɰьɨɦɭ, ɧɚɩɪɭɠɟɧɧɹ ɡɝɢɧɭ ɡɧɚɱɧɨ ɦɟɧɲɿ, ɧɿɠ ɜ 
ɟɜɨɥьɜɟɧɬɧɨɦɭ ɡɚɱɟɩɥɟɧɧɿ. ȼ ɬɚɤɿɣ ɩɟɪɟɞɚɱɿ ɡɭɛɰɿ ɲɟɫɬɟɪɧɿ 
ɜɢɝɨɬɨɜɥɹɸɬь ɜɢɩɭɤɥɢɦɢ ɡ ɪɚɞɿɭɫɨɦ ɩɪɨɮɿɥɸ ɡɭɛɰɹ ߩଵ =  ͳ,͵ͷ݉௧. ɐɟɧɬɪ ɹɤɨɝɨ ɡɧɚɯɨɞɢɬьɫɹ ɜ ɬɨɱɰɿ Ɋ. ȼɿɝɧɭɬɿ 
ɩɪɨɮɿɥɿ ɡɭɛɿɜ ɛɿɥьɲɨɝɨ ɤɨɥɟɫɚ ɨɩɢɫɭɸɬьɫɹ ɩɨ ɞɭɡɿ ɤɨɥɚ 
ɪɚɞɿɭɫɚ ߩଶ = ሺͳ,Ͳ͵. . .ͳ,ͳͲሻߩଵ ɿɡ ɰɟɧɬɪɨɦ ɜ ɬɨɱɰɿ Ɇ, ɹɤɚ 
ɥɟɠɢɬь ɧɚ ɩɪɹɦɿɣ N-N. Ɂɚɜɞɹɤɢ ɦɚɥɿɣ ɪɿɡɧɢɰɿ ɪɚɞɿɭɫɿɜ ߩଵ ɿ ߩଶ 

ɩɪɨɮɿɥɿ ɡɭɛɿɜ ɧɚ ɞɟɹɤɿɣ ɱɚɫɬɢɧɿ ʀɯ ɦɚɣɠɟ ɫɩɿɜɩɚɞɚɸɬь, ɚ 
ɬɨɦɭ ɧɟ ɡɜɚɠɚɸɱɢ ɧɚ ɬɨɱɤɨɜɢɣ ɤɨɧɬɚɤɬ, ɡɦɟɧɲɭєɬьɫɹ 
ɩɢɬɨɦɢɣ ɬɢɫɤ ɧɚ ɡɭɛɰɿ. 

Ɏɨɪɦɭɥɢ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɝɟɨɦɟɬɪɢɱɧɢɯ ɪɨɡɦɿɪɿɜ ɬɚɤɨʀ 
ɩɟɪɟɞɚɱɿ: ݎଵ = ௪ଵݎ + ሺͲ,ͺ…Ͳ,ͻሻߩଵ; ଶݎ  = ଵݎ ;௪ଶݎ = ௪ଵݎ − ሺͲ,ʹ…Ͳ,Ͷሻߩଵ; ଶݎ  = ܽ௪ − ଵݎ − ܿ. (5.52) 

rf1=rw1 -(0.2…0.4) ρ1;    rf2=aw-ra1-c, 

ɞɟ c – ɪɚɰɿɨɧɚɥьɧɢɣ ɡɚɡɨɪ, ܿ = ሺͲ,ͳ…Ͳ,ʹሻߩଵ. ݏ௪ଵ + ௪ଶݏ < ;௪ ௪ଵݏ  = ሺͳ,͵…ͳ,ͷሻݏ௪ଶ. (5.53) 

ȼɢɝɨɬɨɜɥɟɧɧɹ ɬɚɤɢɯ ɤɨɥɿɫ ɦɚє ɩɟɜɧɿ ɬɪɭɞɧɨɳɿ. Ɉɤɪɿɦ 
ɬɨɝɨ, ɳɨɛ ɩɟɪɟɞɚɱɚ ɩɪɚɰɸɜɚɥɚ (İ >1,0), ɲɢɪɢɧɚ ɤɨɥɟɫɚ 
ɩɨɜɢɧɧɚ ɡɚɞɨɜɨɥьɧɹɬɢ ɭɦɨɜɿ ܾ >  (5.54) .ߚ௧t݃
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Ɂɚɩɢɬɚɧɧɹ ɞɥɹ ɩɟɪɟɜɿɪɤɢ ɡɧɚɧь ɩɨ ɬɟɦɿ 5: 

1. ɉɟɪɟɞɚɬɨɱɧɟ ɜɿɞɧɨɲɟɧɧɹ ɤɨɧɿɱɧɨʀ ɩɟɪɟɞɚɱɿ. 
2. ɉɟɪɟɞɚɬɨɱɧɟ ɜɿɞɧɨɲɟɧɧɹ ɰɢɥɿɧɞɪɢɱɧɨʀ ɩɟɪɟɞɚɱɿ, 

ɹɤɚ ɟɤɜɿɜɚɥɟɧɬɧɚ ɤɨɧɿɱɧɿɣ. 

3. Ʉɨɟɮɿɰɿєɧɬ ɜɿɞɧɨɫɧɨɝɨ ɞɿɚɦɟɬɪɚ ɱɟɪɜʼɹɤɚ. 

4. Ɇɨɞɭɥь ɡɭɛɱɚɫɬɢɯ ɤɨɥɿɫ ɡɭɛɱɚɫɬɨʀ ɩɟɪɟɞɚɱɿ. 
5. əɤɢɣ ɦɨɞɭɥь є ɫɬɚɧɞɚɪɬɧɢɦ ɭ ɱɟɪɜʼɹɱɧɿɣ ɩɟɪɟɞɚɱɿ? 

6. Ɋɟɞɭɤɬɨɪɨɦ ɧɚɡɢɜɚєɬьɫɹ ɡɭɛɱɚɫɬɢɣ ɦɟɯɚɧɿɡɦ, ɹɤɢɣ 
ɩɪɢɡɧɚɱɟɧɢɣ ɞɥɹ …? 

7. Ɂɚɝɚɥьɧɟ ɩɟɪɟɞɚɬɨɱɧɟ ɜɿɞɧɨɲɟɧɧɹ ɫɤɥɚɞɧɨɝɨ 
ɡɭɛɱɚɫɬɨɝɨ ɦɟɯɚɧɿɡɦɭ ɡ ɧɟɪɭɯɨɦɢɦɢ ɨɫɹɦɢ. 

8. əɤɟ ɩɪɢɡɧɚɱɟɧɧɹ ɩɚɪɚɡɢɬɧɨɝɨ ɤɨɥɟɫɚ ɪɹɞɧɨɝɨ 
ɰɢɥɿɧɞɪɢɱɧɨɝɨ ɪɟɞɭɤɬɨɪɚ? 

9. əɤɿ ɦɟɯɚɧɿɡɦɢ ɧɚɡɢɜɚɸɬь ɩɥɚɧɟɬɚɪɧɢɦɢ? 

10. əɤɢɣ ɡɭɛɱɚɫɬɢɣ ɦɟɯɚɧɿɡɦ ɡ ɪɭɯɨɦɢɦɢ ɨɫɹɦɢ 
ɧɚɡɢɜɚєɬьɫɹ ɞɢɮɟɪɟɧɰɿɚɥьɧɢɦ? 

11. əɤ ɜɢɡɧɚɱɚєɬьɫɹ ɩɟɪɟɞɚɬɨɱɧɟ ɱɢɫɥɨ ɩɥɚɧɟɬɚɪɧɨɝɨ 
ɦɟɯɚɧɿɡɦɭ? 

12. Ⱦɟ ɡɚɫɬɨɫɨɜɭɸɬьɫɹ ɞɢɮɟɪɟɧɰɿɚɥьɧɿ ɦɟɯɚɧɿɡɦɢ? 

13. əɤɚ ɩɟɪɟɞɚɱɚ ɧɚɡɢɜɚєɬьɫɹ ɯɜɢɥьɨɜɨɸ? 
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ɌȿɆА 6. ɋɢɥɢ, ɳɨ ɞɿɸɬь ɭ ɦɟɯɚɧɿɡɦɚɯ 

 

6.1. ȼɫɬɭɩ ɞɨ ɞɢɧɚɦɿɱɧɨɝɨ ɚɧɚɥɿɡɭ. Ɉɫɧɨɜɧɿ ɡɚɞɚɱɿ. ɋɢɥɢ 

6.2. Ɇɟɯɚɧɿɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɲɢɧ 

6.3. Ɋɟɠɢɦɢ ɪɭɯɭ ɦɟɯɚɧɿɡɦɿɜ 

6.4. ɋɢɥɢ ɿɧɟɪɰɿʀ ɜ ɦɟɯɚɧɿɡɦɚɯ 

6.5. ɋɢɥɢ ɬɟɪɬɹ ɜ ɦɟɯɚɧɿɡɦɚɯ 

6.6. ɉɨɧɹɬɬɹ ɩɪɨ ɮɪɢɤɰɿɣɧɿ ɦɟɯɚɧɿɡɦɢ 

6.7. Ʉɨɟɮɿɰɿєɧɬ ɤɨɪɢɫɧɨʀ ɞɿʀ ɦɟɯɚɧɿɡɦɿɜ ɿ ɦɚɲɢɧ 

6.8. Ʉɨɟɮɿɰɿєɧɬ ɤɨɪɢɫɧɨʀ ɞɿʀ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪ 

6.9. Ʉɿɧɟɬɨɫɬɚɬɢɱɧɟ ɞɨɫɥɿɞɠɟɧɧɹ ɦɟɯɚɧɿɡɦɿɜ 

 

6.1. ȼɫɬɭɩ ɞɨ ɞɢɧɚɦɿɱɧɨɝɨ ɚɧɚɥɿɡɭ. Ɉɫɧɨɜɧɿ ɡɚɞɚɱɿ. 
ɋɢɥɢ 

ɉɪɢ ɪɨɡɝɥɹɞɿ ɤɿɧɟɦɚɬɢɱɧɨɝɨ ɚɧɚɥɿɡɭ ɦɟɯɚɧɿɡɦɿɜ, ɦɢ 
ɜɜɚɠɚɥɢ, ɳɨ ɡɚɤɨɧ ɪɭɯɭ ɜɟɞɭɱɢɯ (ɜɯɿɞɧɢɯ) ɥɚɧɨɤ ɡɚɞɚɧɢɣ. 
Ɋɭɯ ɜɟɞɟɧɢɯ (ɜɢɯɿɞɧɢɯ) ɥɚɧɨɤ ɜɢɜɱɚɜɫɹ ɜ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ 
ɡɚɞɚɧɨɝɨ ɡɚɤɨɧɭ ɪɭɯɭ ɜɟɞɭɱɢɯ ɥɚɧɨɤ. ɉɪɢ ɰьɨɦɭ ɫɢɥɢ, ɹɤɿ 
ɞɿɸɬь ɧɚ ɥɚɧɤɭ ɦɟɯɚɧɿɡɦɭ, ɿ ɫɢɥɢ, ɳɨ ɜɢɧɢɤɚɸɬь ɩɪɢ ɣɨɝɨ 
ɪɭɫɿ, ɧɚɦɢ ɧɟ ɜɪɚɯɨɜɭɜɚɥɢɫɹ. Ɍɚɤɢɦ ɱɢɧɨɦ, ɩɪɢ 
ɤɿɧɟɦɚɬɢɱɧɨɦɭ ɚɧɚɥɿɡɿ, ɞɨɫɥɿɞɠɟɧɧɹ ɪɭɯɭ ɦɟɯɚɧɿɡɦɿɜ 
ɜɟɞɟɬьɫɹ ɡ ɜɪɚɯɭɜɚɧɧɹɦ ɬɿɥьɤɢ ɫɬɪɭɤɬɭɪɢ ɦɟɯɚɧɿɡɦɿɜ ɿ 
ɝɟɨɦɟɬɪɢɱɧɢɯ ɫɩɿɜɜɿɞɧɨɲɟɧь ɦɿɠ ɪɨɡɦɿɪɚɦɢ ʀɯ ɥɚɧɨɤ. 

Ⱦɢɧɚɦɿɤɚ ɦɟɯɚɧɿɡɦɿɜ ɿ ɦɚɲɢɧ ɜɢɜɱɚє ɪɭɯ ɥɚɧɨɤ ɡ 
ɜɪɚɯɭɜɚɧɧɹɦ ɫɢɥ, ɹɤɿ ɜɢɡɢɜɚɸɬь ɰɟɣ ɪɭɯ. 

Ɉɫɧɨɜɧɿ ɡɚɞɚɱɿ ɞɢɧɚɦɿɱɧɨɝɨ ɚɧɚɥɿɡɭ ɦɟɯɚɧɿɡɦɿɜ:  
• ɜɢɜɱɟɧɧɹ ɜɩɥɢɜɭ ɡɨɜɧɿɲɧɿɯ ɫɢɥ ɧɚ ɥɚɧɤɢ ɦɟɯɚɧɿɡɦɭ ɿ 

ʀɯ ɟɥɟɦɟɧɬɢ, ɧɚ ɤɿɧɟɦɚɬɢɱɧɿ ɩɚɪɢ ɿ ɧɟɪɭɯɨɦɿ ɨɩɨɪɢ ɿ 
ɜɢɡɧɚɱɟɧɧɹ ɫɩɨɫɨɛɭ ɡɦɟɧɲɟɧɧɹ ɞɢɧɚɦɿɱɧɢɯ ɧɚɜɚɧɬɚɠɟɧь, 
ɹɤɿ ɜɢɧɢɤɚɸɬь ɩɪɢ ɪɭɯɨɜɿ ɦɟɯɚɧɿɡɦɭ; 

• ɜɢɜɱɟɧɧɹ ɪɟɠɢɦɭ ɪɭɯɭ ɦɟɯɚɧɿɡɦɭ ɩɿɞ ɞɿєɸ ɡɚɞɚɧɢɯ 
ɫɢɥ ɿ ɜɢɡɧɚɱɟɧɧɹ ɫɩɨɫɨɛɿɜ, ɹɤɿ ɡɚɛɟɡɩɟɱɭɸɬь ɡɚɞɚɧɿ ɪɟɠɢɦɢ 
ɪɭɯɭ ɦɟɯɚɧɿɡɦɭ. 
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ɉɟɪɲɚ ɡɚɞɚɱɚ ɦɚє ɧɚɡɜɭ ɫɢɥɨɜɨɝɨ, ɚɛɨ 
ɤɿɧɟɬɨɫɬɚɬɢɱɧɨɝɨ ɚɧɚɥɿɡɭ ɦɟɯɚɧɿɡɦɿɜ, ɚ ɞɪɭɝɚ ɡɚɞɚɱɚ – 

ɞɢɧɚɦɿɤɢ ɦɟɯɚɧɿɡɦɿɜ. 

ɋɢɥɚ – ɰɟ ɞɿɹ ɧɚɜɤɨɥɢɲɧьɨɝɨ ɫɟɪɟɞɨɜɢɳɚ ɧɚ ɬɿɥɨ, ɹɤɚ 
ɩɪɚɝɧɟ ɡɦɿɧɢɬɢ ɣɨɝɨ ɫɬɚɧ ɫɩɨɤɨɸ, ɚɛɨ ɪɭɯɭ. 

ȼɟɥɢɱɢɧɚ ɫɢɥɢ – ɰɟ ɦɿɪɚ ɦɟɯɚɧɿɱɧɨʀ ɜɡɚєɦɨɞɿʀ ɞɜɨɯ 
ɬɿɥ. 

ȼɫɿ ɫɢɥɢ ɭɦɨɜɧɨ ɦɨɠɧɚ ɪɨɡɞɿɥɢɬɢ ɧɚ ɡɨɜɧɿɲɧɿ ɿ 
ɜɧɭɬɪɿɲɧɿ.  

ɍɫɿ ɫɢɥɢ, ɳɨ ɞɿɸɬь ɜ ɦɟɯɚɧɿɡɦɚɯ, ɩɨɞɿɥɹɸɬьɫɹ ɧɚ: 
• ɪɭɲɿɣɧɿ ɫɢɥɢ ܨ𝑝; 

• ɫɢɥɢ ɜɢɪɨɛɧɢɱɨɝɨ (ɤɨɪɢɫɧɨɝɨ) ɨɩɨɪɭ ̱ܨ ˑ; 

• ɫɢɥɢ ɬɹɠɿɧɧɹ ɥɚɧɨɤ ܨ (ɝɪɚɜɿɬɚɰɿɣɧɿ ɫɢɥɢ); 
• ɫɢɥɢ ɬɟɪɬɹ ɬɚ ɿɧɲɢɯ ɧɟɜɢɪɨɛɧɢɱɢɯ ɨɩɨɪɿɜ ܨ; 

• ɪɟɚɤɰɿʀ ɡɜʼɹɡɤɿɜ ܨோ; 

• ɫɢɥɢ ɿɧɟɪɰɿʀ ܨі. 
Ɋɭɲɿɣɧɿ ɫɢɥɢ ܨ𝑝 ɫɬɜɨɪɸɸɬьɫɹ ɞɜɢɝɭɧɚɦɢ, ɹɤɿ 

ɡɞɿɣɫɧɸɸɬь ɩɟɪɟɬɜɨɪɟɧɧɹ ɹɤɨɝɨɫь ɜɢɞɭ ɟɧɟɪɝɿʀ (ɬɟɩɥɨɜɨʀ, 
ɟɥɟɤɬɪɢɱɧɨʀ, ɝɿɞɪɚɜɥɿɱɧɨʀ) ɭ ɦɟɯɚɧɿɱɧɭ ɪɨɛɨɬɭ. ɐɿ ɫɢɥɢ 
ɧɚɦɚɝɚɸɬьɫɹ ɩɪɢɫɤɨɪɢɬɢ ɪɭɯ ɥɚɧɨɤ ɦɟɯɚɧɿɡɦɭ. ȿɥɟɦɟɧɬɚɪɧɚ 
ɪɨɛɨɬɚ dAp, ɳɨ ɡɞɿɣɫɧɸєɬьɫɹ ɪɭɲɿɣɧɨɸ ɫɢɥɨɸ ɧɚ 
ɟɥɟɦɟɧɬɚɪɧɨɦɭ ɩɟɪɟɦɿɳɟɧɧɿ dS, ɡɚɜɠɞɢ ɞɨɞɚɬɧɚ: 
𝑝ܣ݀  = 𝑝݀ܵܨ cos  𝑝ܸ̂. (6.1)ܨ

Ɉɬɠɟ, ɪɭɲɿɣɧɚ ɫɢɥɚ ɡɛɿɥьɲɭє ɤɿɧɟɬɢɱɧɭ ɟɧɟɪɝɿɸ 
ɦɚɲɢɧ. ȼ ɞɜɢɝɭɧɿ ɜɧɭɬɪɿɲɧьɨɝɨ ɡɝɨɪɹɧɧɹ ɪɭɲɿɣɧɚ ɫɢɥɚ 
ɫɬɜɨɪɸєɬьɫɹ ɜ ɪɟɡɭɥьɬɚɬɿ ɬɢɫɤɭ ɝɚɡɭ, ɳɨ ɪɨɡɲɢɪɸєɬьɫɹ, ɧɚ 
ɩɨɪɲɟɧь. ȼ ɟɥɟɤɬɪɨɞɜɢɝɭɧɿ ɦɨɦɟɧɬ ɪɭɲɿɣɧɢɯ ɫɢɥ ɜɢɧɢɤɚє ɜ 
ɪɟɡɭɥьɬɚɬɿ ɜɡɚєɦɨɞɿʀ ɦɿɠ ɫɬɪɭɦɨɦ ɿ ɨɛɦɨɬɰɿ ɪɨɬɨɪɚ ɿ 
ɦɚɝɧɿɬɧɢɦ ɩɨɥɟɦ. 

ɋɢɥɢ ɜɢɪɨɛɧɢɱɨɝɨ (ɤɨɪɢɫɧɨɝɨ) ɨɩɨɪɭ ̱ܨ ˑ – ɰɟ ɫɢɥɢ, 
ɞɥɹ ɩɟɪɟɛɨɪɸɜɚɧɧɹ ɹɤɢɯ ɩɪɢɡɧɚɱɟɧɚ ɦɚɲɢɧɚ (ɫɢɥɢ ɨɩɨɪɭ 
ɪɿɡɚɧɧɹ ɜ ɦɟɬɚɥɨɨɛɪɨɛɧɢɯ ɜɟɪɫɬɚɬɚɯ, ɨɩɨɪɭ, ɳɨ ɜɢɧɢɤɚє ɩɪɢ 
ɫɬɢɫɤɚɧɧɿ ɩɨɜɿɬɪɹ ɭ ɤɨɦɩɪɟɫɨɪɚɯ ɬɚ ɿɧ.). 
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ɋɢɥɢ ɜɢɪɨɛɧɢɱɢɯ ɨɩɨɪɿɜ ɡ ɧɚɩɪɹɦɤɨɦ ɲɜɢɞɤɨɫɬɿ 
ɬɨɱɨɤ ʀɯ ɩɪɢɤɥɚɞɚɧɧɹ ɭɬɜɨɪɸɸɬь ɬɭɩɢɣ ɤɭɬ, ɚɛɨ ɤɭɬ, ɳɨ 
ɞɨɪɿɜɧɸє ͳͺͲ°. ȿɥɟɦɟɧɬɚɪɧɚ ɪɨɛɨɬɚ ݀ܣˍˑ, ɳɨ ɡɞɿɣɫɧɸєɬьɫɹ 
ɫɢɥɨɸ ̱ܨ ˑ ɧɚ ɟɥɟɦɟɧɬɚɪɧɨɦɭ ɩɟɪɟɦɿɳɟɧɧɿ dS, ɜɿɞʼєɦɧɚ 

ˑˍܣ݀−  = ܨ̱ ˑ݀ܵ cos ܨ̱ ˑܸ̂. (6.2) 

ɋɢɥɚ ̱ܨ ˑ ɡɦɟɧɲɭє ɤɿɧɟɬɢɱɧɭ ɟɧɟɪɝɿɸ ɦɚɲɢɧ. 
Ɋɨɛɨɬɚ ܣ ɫɢɥ ɬɹɠɿɧɧɹ ܨ ɥɚɧɨɤ, ɳɨ ɜɢɡɧɚɱɚɸɬьɫɹ 

ɦɚɬɟɪɿɚɥɨɦ ɬɚ ɤɨɧɫɬɪɭɤɰɿєɸ ɥɚɧɨɤ, ɧɚ ɞɟɹɤɨɦɭ ɩɟɪɟɦɿɳɟɧɧɿ 
h ɣɨɝɨ ɰɟɧɬɪɚ ɜɚɝɢ, ɳɨ ɜɿɞɥɿɱɭєɬьɫɹ ɩɨ ɜɟɪɬɢɤɚɥɿ 
ܣ  =  ℎ. (6.3)ܨ±

ɐɹ ɪɨɛɨɬɚ ɛɭɜɚє ɞɨɞɚɬɧɚ ɿ ɜɿɞʼєɦɧɚ. 
Ⱦɨ ɫɢɥ ɧɟɜɢɪɨɛɧɢɱɢɯ ɨɩɨɪɿɜ ɧɚɥɟɠɚɬь ɫɢɥɢ ɨɩɨɪɭ 

ɩɨɜɿɬɪɹɧɨɝɨ ɱɢ ɪɿɞɢɧɧɨɝɨ ɫɟɪɟɞɨɜɢɳɚ ɩɟɪɟɦɿɳɟɧɧɸ ɥɚɧɨɤ ɿ 
ɫɢɥɢ ɬɟɪɬɹ ܨ ɜ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪɚɯ ɦɚɲɢɧ. ɋɢɥɢ ɨɩɨɪɭ ɿ 
ɫɢɥɢ ɬɟɪɬɹ ɜɢɤɨɧɭɸɬь ɜɿɞʼєɦɧɭ ɪɨɛɨɬɭ. ɋɢɥɢ ɬɟɪɬɹ ɹɜɥɹɸɬь 
ɫɨɛɨɸ ɞɨɬɢɱɧɿ ɫɤɥɚɞɨɜɿ ɪɟɚɤɰɿʀ ɡɜʼɹɡɤɿɜ ɭ ɤɿɧɟɦɚɬɢɱɧɢɯ 
ɩɚɪɚɯ. 

Ɋɟɚɤɰɿʀ ɡɜʼɹɡɤɿɜ ܨோ ɦɨɠɧɚ ɪɨɡɤɥɚɫɬɢ ɧɚ ɞɜɿ ɫɤɥɚɞɨɜɿ, ɡ 
ɹɤɢɯ ɨɞɧɚ ɧɚɩɪɚɜɥɟɧɚ ɩɨ ɧɨɪɦɚɥɿ ɞɨ ɩɨɜɟɪɯɨɧь, ɳɨ 
ɭɬɜɨɪɸɸɬь ɤɿɧɟɦɚɬɢɱɧɭ ɩɚɪɭ, ɚ ɫɢɥɚ ɬɟɪɬɹ – ɭ ɛɿɤ 
ɩɪɨɬɢɥɟɠɧɢɣ ɲɜɢɞɤɨɫɬɿ ɟɥɟɦɟɧɬɿɜ ɰɿєʀ ɩɚɪɢ. Ɋɟɚɤɰɿʀ ɜ 
ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪɚɯ ɜɢɧɢɤɚɸɬь ɧɟ ɬɿɥьɤɢ ɜɧɚɫɥɿɞɨɤ ɞɿʀ 
ɡɨɜɧɿɲɧɿɯ ɫɢɥ ɧɚ ɥɚɧɤɢ ɦɟɯɚɧɿɡɦɭ, ɚɥɟ ɿ ɜɧɚɫɥɿɞɨɤ ɪɭɯɭ ɦɚɫ 
ɦɟɯɚɧɿɡɦɭ ɡ ɩɪɢɫɤɨɪɟɧɧɹɦɢ. 

Ɋɭɯ ɥɚɧɨɤ ɡ ɩɪɢɫɤɨɪɟɧɧɹɦɢ, ɜɢɤɥɢɤɚє ɞɨɞɚɬɤɨɜɿ 
ɞɢɧɚɦɿɱɧɿ ɡɭɫɢɥɥɹ ɜ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪɚɯ, ɹɤɿ ɹɜɥɹɸɬьɫɹ 
ɫɤɥɚɞɨɜɢɦɢ ɪɟɚɤɰɿɣ ɿ ɡɦɿɧɸɸɬь ʀɯ ɩɨɜɧɭ ɜɟɥɢɱɢɧɭ. ɐɿ 
ɞɨɞɚɬɤɨɜɿ ɞɢɧɚɦɿɱɧɿ ɡɭɫɢɥɥɹ ɦɨɠɧɚ ɜɢɡɧɚɱɢɬɢ ɿɡ ɪɿɜɧɹɧь 
ɪɿɜɧɨɜɚɝɢ ɥɚɧɨɤ, ɹɤɳɨ ɜ ɰɿ ɪɿɜɧɹɧɧɹ, ɤɪɿɦ ɡɚɞɚɧɢɯ 
ɡɨɜɧɿɲɧɿɯ, ɧɚɦ ɭɠɟ ɜɿɞɨɦɢɯ ɫɢɥ, ɿ ɪɟɚɤɰɿɣ, ɞɨɛɚɜɢɬɢ ɫɢɥɢ 
ɿɧɟɪɰɿʀ. 

ȼɢɡɧɚɱɟɧɧɹ ɫɢɥ ɿɧɟɪɰɿʀ ɥɚɧɨɤ, ɳɨ ɪɭɯɚɸɬьɫɹ ɡ 
ɩɪɢɫɤɨɪɟɧɧɹɦɢ, ɛɭɞɟ ɪɨɡɝɥɹɧɭɬɨ ɧɢɠɱɟ. 
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ɋɢɥɢ ɪɭɲɿɣɧɿ ɿ ɫɢɥɢ ɜɢɪɨɛɧɢɱɢɯ ɨɩɨɪɿɜ, ɡɚɥɟɠɧɨ ɜɿɞ 
ʀɯ ɦɟɯɚɧɿɱɧɢɯ, ɮɿɡɢɱɧɢɯ ɿ ɬɟɯɧɨɥɨɝɿɱɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ, 
ɦɨɠɭɬь ɛɭɬɢ ɫɬɚɥɢɦɢ ɱɢ ɮɭɧɤɰɿɹɦɢ ɪɿɡɧɢɯ ɤɿɧɟɦɚɬɢɱɧɢɯ 
ɩɚɪɚɦɟɬɪɿɜ – ɩɟɪɟɦɿɳɟɧь, ɲɜɢɞɤɨɫɬɟɣ, ɩɪɢɫɤɨɪɟɧь ɿ ɱɚɫɭ. 

ɇɚɩɪɢɤɥɚɞ, ɭ ɜɚɧɬɚɠɨɩɿɞɣɨɦɧɢɯ ɦɚɲɢɧɚɯ, ɩɪɨɤɚɬɧɢɯ 
ɫɬɚɧɚɯ, ɫɢɥɢ ɜɢɪɨɛɧɢɱɢɯ ɨɩɨɪɿɜ ɡɚɥɢɲɚɸɬьɫɹ ɫɬɚɥɢɦɢ. ɍ 
ɦɚɲɢɧɧɨɦɭ ɚɝɪɟɝɚɬɿ ɡ ɞɜɢɝɭɧɨɦ ɜɧɭɬɪɿɲɧьɨɝɨ ɡɝɨɪɹɧɧɹ ɿ 
ɩɨɪɲɧɟɜɢɦ ɧɚɫɨɫɨɦ ɪɭɲɿɣɧɿ ɫɢɥɢ ɿ ɫɢɥɢ ɜɢɪɨɛɧɢɱɢɯ ɨɩɨɪɿɜ 
ɡɚɥɟɠɚɬь ɜɿɞ ɩɨɥɨɠɟɧɧɹ ɜɟɞɭɱɢɯ ɥɚɧɨɤ. 

Ɋɭɲɿɣɧɿ ɫɢɥɢ ɿ ɫɢɥɢ ɜɢɪɨɛɧɢɱɨɝɨ ɨɩɨɪɭ ɜɢɡɧɚɱɚɸɬь ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɞɢɧɚɦɨɦɟɬɪɿɜ ɞɥɹ ɪɹɞɭ ɩɨɥɨɠɟɧь ɦɚɲɢɧɢ ɡɚ 
ɰɢɤɥ ʀʀ ɪɨɛɨɬɢ. Ɉɞɟɪɠɚɧɿ ɱɢɫɥɨɜɿ ɡɧɚɱɟɧɧɹ ɡɨɛɪɚɠɚɸɬьɫɹ ɭ 
ɜɢɝɥɹɞɿ ɞɿɚɝɪɚɦɢ ɫɢɥ, ɪɨɛɿɬ, ɦɨɦɟɧɬɿɜ ɱɢ ɩɨɬɭɠɧɨɫɬɟɣ  
(ɪɢɫ. 6.1). 

 
Ɋɢɫ. 6.1. Ⱦɿɚɝɪɚɦɢ ɫɢɥ 

 

6.2. Ɇɟɯɚɧɿɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɦɚɲɢɧ 

Ɇɟɯɚɧɿɱɧɨɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɸ ɞɜɢɝɭɧɚ, ɚɛɨ ɪɨɛɨɱɨʀ 
ɦɚɲɢɧɢ ɧɚɡɢɜɚɸɬь ɡɚɥɟɠɧɿɫɬь ɫɢɥɨɜɨɝɨ ɩɚɪɚɦɟɬɪɚ ɜɿɞ 
ɨɞɧɨɝɨ ɱɢ ɤɿɥьɤɨɯ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪɚɦɟɬɪɿɜ ɿ ɱɚɫɭ. 

ɉɪɢ ɜɢɛɨɪɿ ɞɜɢɝɭɧɚ ɞɨ ɪɨɛɨɱɨʀ ɦɚɲɢɧɢ ɞɥɹ 
ɭɡɝɨɞɠɟɧɧɹ ɨɩɬɢɦɚɥьɧɨɝɨ ɡɧɚɱɟɧɧɹ ɤɭɬɨɜɢɯ ɲɜɢɞɤɨɫɬɟɣ 
ɬɪɟɛɚ, ɳɨɛ ɦɟɯɚɧɿɱɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɞɜɢɝɭɧɚ ɜɿɞɩɨɜɿɞɚɥɚ 
ɯɚɪɚɤɬɟɪɢɫɬɢɰɿ ɪɨɛɨɱɨʀ ɦɚɲɢɧɢ. ɓɨɛ ɡɦɟɧɲɢɬɢ ɝɚɛɚɪɢɬɢ 
ɬɚ ɦɚɫɭ ɚɝɪɟɝɚɬɭ, ɬɪɟɛɚ ɡɚɫɬɨɫɨɜɭɜɚɬɢ ɲɜɢɞɤɨɯɿɞɧɿ ɞɜɢɝɭɧɢ, 
ɚɞɠɟ ɩɨɬɭɠɧɿɫɬь ɞɜɢɝɭɧɚ P ɞɨɪɿɜɧɸє ܲ =  𝑝߱, (6.4)ܯ

ɞɟ ܯ𝑝 – ɦɨɦɟɧɬ ɪɭɲɿɣɧɢɯ ɫɢɥ, ߱ – ɤɭɬɨɜɚ ɲɜɢɞɤɿɫɬь. 
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ɍ ɛɿɥьɲɨɫɬɿ ɦɚɲɢɧɧɢɯ ɚɝɪɟɝɚɬɿɜ ɛɟɡɩɨɫɟɪɟɞɧє 
ɡʼєɞɧɚɧɧɹ ɞɜɢɝɭɧɚ ɡ ɪɨɛɨɱɨɸ ɦɚɲɢɧɨɸ ɡɞɿɣɫɧɢɬɢ 
ɧɟɦɨɠɥɢɜɨ. Ɍɨɦɭ ɞɥɹ ɡɛɿɥьɲɟɧɧɹ ɜɟɥɢɱɢɧɢ ɤɪɭɬɧɨɝɨ 
ɦɨɦɟɧɬɭ ɿ ɜɿɞɩɨɜɿɞɧɨɝɨ ɡɦɟɧɲɟɧɧɹ ɤɭɬɨɜɨʀ ɲɜɢɞɤɨɫɬɿ ɦɿɠ 
ɞɜɢɝɭɧɨɦ ɿ ɪɨɛɨɱɨɸ ɦɚɲɢɧɨɸ ɜɫɬɚɧɨɜɥɸɸɬь ɪɟɞɭɤɬɨɪ. 

Ɂɚɥɟɠɧɨ ɜɿɞ ɬɢɩɭ ɞɜɢɝɭɧɚ ɱɢ ɪɨɛɨɱɨʀ ɦɚɲɢɧɢ 
ɦɟɯɚɧɿɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɛɭɜɚɸɬь ɛɿɥьɲ-ɦɟɧɲ ɫɤɥɚɞɧɢɦɢ. 
Ɋɨɡɝɥɹɧɟɦɨ ɦɟɯɚɧɿɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɞɟɹɤɢɯ ɦɚɲɢɧ. 

ɇɚ ɪɢɫ. 6.2 ɩɨɤɚɡɚɧɿ ɦɟɯɚɧɿɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ 
ɟɥɟɤɬɪɨɞɜɢɝɭɧɿɜ ɩɨɫɬɿɣɧɨɝɨ ɫɬɪɭɦɭ: ɚ – ɡ ɩɚɪɚɥɟɥьɧɢɦ 
ɡɛɭɞɠɟɧɧɹɦ; ɛ – ɡ ɩɨɫɥɿɞɨɜɧɢɦ ɡɛɭɞɠɟɧɧɹɦ. 

 
Ɋɢɫ. 6.2. Ɇɟɯɚɧɿɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɟɥɟɤɬɪɨɞɜɢɝɭɧɿɜ ɩɨɫɬɿɣɧɨɝɨ 

ɫɬɪɭɦɭ: 

ɚ – ɡ ɩɚɪɚɥɟɥьɧɢɦ ɡɛɭɞɠɟɧɧɹɦ; ɛ – ɡ ɩɨɫɥɿɞɨɜɧɢɦ ɡɛɭɞɠɟɧɧɹɦ 

 

ɇɚ ɪɢɫ. 6.3, ɚ, ɩɨɤɚɡɚɧɨ ɦɟɯɚɧɿɱɧɭ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ 
ɚɫɢɧɯɪɨɧɧɨɝɨ ɟɥɟɤɬɪɨɞɜɢɝɭɧɚ ɬɪɢɮɚɡɧɨɝɨ ɫɬɪɭɦɭ. 

Ɇɟɯɚɧɿɱɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɰьɨɝɨ ɞɜɢɝɭɧɚ ɫɤɥɚɞɚєɬьɫɹ 
ɡ ɞɜɨɯ ɱɚɫɬɢɧ: ɩɟɪɲɚ – ɜɢɫɯɿɞɧɚ, ɧɟɫɬɿɣɤɚ ɱɚɫɬɢɧɚ 
ɪɨɡɬɚɲɨɜɚɧɚ ɥɿɜɨɪɭɱ ܯ௫; ɞɪɭɝɚ – ɧɢɡɯɿɞɧɚ, ɫɬɿɣɤɚ ɱɚɫɬɢɧɚ 
ɪɨɡɬɚɲɨɜɚɧɚ ɩɪɚɜɨɪɭɱ ܯ௫, ɰɹ ɱɚɫɬɢɧɚ ɹɜɥɹєɬьɫɹ 
ɪɨɛɨɱɨɸ. ɉɪɢ ɞɟɹɤɨɦɭ ɡɧɚɱɟɧɧɿ ɤɭɬɨɜɨʀ ɲɜɢɞɤɨɫɬɿ ߱, ɳɨ 
ɜɿɞɩɨɜɿɞɚє ɧɨɦɿɧɚɥьɧɨɦɭ ɦɨɦɟɧɬɭ ܯː, ɞɜɢɝɭɧɚ ɿ 
ɧɨɦɿɧɚɥьɧɿɣ ɲɜɢɞɤɨɫɬɿ ߱ː, ɞɜɢɝɭɧ ɪɨɡɜɢɜɚє ɦɚɤɫɢɦɚɥьɧɭ 
ɩɨɬɭɠɧɿɫɬь. Ʉɭɬɨɜɚ ɲɜɢɞɤɿɫɬь ߱˔, ɩɪɢ ɹɤɿɣ ܯ𝑝 = Ͳ, 

ɧɚɡɢɜɚєɬьɫɹ ɫɢɧɯɪɨɧɧɨɸ ɿ ɡ ɰɿєɸ ɲɜɢɞɤɿɫɬɸ ɪɨɬɨɪ 
ɨɛɟɪɬɚєɬьɫɹ ɩɿɞ ɱɚɫ ɯɨɥɨɫɬɨɝɨ ɯɨɞɭ. Ɍɨɱɤɚ ɚ ɞɿɚɝɪɚɦɢ 
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ɜɢɡɧɚɱɚє ɩɨɥɨɠɟɧɧɹ ɦɚɤɫɢɦɚɥьɧɨɝɨ ɩɟɪɟɤɢɞɧɨɝɨ ɦɨɦɟɧɬɭ ܯ௫ ɦɿɧɿɦɚɥьɧɨ ɞɨɩɭɫɬɢɦɨʀ ɤɭɬɨɜɨʀ ɲɜɢɞɤɨɫɬɿ ωmin 
ɪɨɛɨɱɨʀ ɱɚɫɬɢɧɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ, ɚ ɬ.Ɉ ɜɢɡɧɚɱɚє ɩɨɱɚɬɤɨɜɢɣ 
ɩɭɫɤɨɜɢɣ ɦɨɦɟɧɬ ܯʞ ɩɪɢ ɧɭɥьɨɜɿɣ ɤɭɬɨɜɿɣ ɲɜɢɞɤɨɫɬɿ 
ɪɨɬɨɪɚ. ɍɦɨɜɢ ɪɨɛɨɬɢ ɟɥɟɤɬɪɨɞɜɢɝɭɧɿɜ ɩɪɢ ɧɢɡьɤɢɯ 
ɲɜɢɞɤɨɫɬɹɯ ɨɛɟɪɬɚɧɧɹ ɡɧɚɱɧɨ ɩɨɝɿɪɲɭɸɬьɫɹ. 

 
Ɋɢɫ. 6.3. Ɇɟɯɚɧɿɱɧɿ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɞɟɹɤɢɯ ɞɜɢɝɭɧɿɜ: 

ɚ – ɚɫɢɧɯɪɨɧɧɨɝɨ ɟɥɟɤɬɪɨɞɜɢɝɭɧɚ; ɛ – ɞɜɢɝɭɧɚ ɜɧɭɬɪɿɲɧьɨɝɨ 
ɡɝɨɪɚɧɧɹ 

 

Ɇɟɯɚɧɿɱɧɚ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚ ɞɜɢɝɭɧɚ ɜɧɭɬɪɿɲɧьɨɝɨ 
ɡɝɨɪɹɧɧɹ ɩɨɤɚɡɚɧɚ ɧɚ ɪɢɫ. 6.3, ɛ, ɞɜɨɦɚ ɤɪɢɜɢɦɢ, ɳɨ 
ɜɢɪɚɠɚɸɬь ɡɚɥɟɠɧɿɫɬь ɦɨɦɟɧɬɭ Ɇ, ɹɤɢɣ ɪɨɡɜɢɜɚєɬьɫɹ ɧɚ 
ɝɨɥɨɜɧɨɦɭ ɜɚɥɭ, ɿ ɩɨɬɭɠɧɨɫɬɿ P ɜɿɞ ɲɜɢɞɤɨɫɬɿ ߱. 

 

6.3. Ɋɟɠɢɦɢ ɪɭɯɭ ɦɟɯɚɧɿɡɦɿɜ 

Ɇɟɯɚɧɿɡɦ ɹɜɥɹє ɫɨɛɨɸ ɦɟɯɚɧɿɱɧɭ ɫɢɫɬɟɦɭ ɡ 
ɞɜɨɫɬɨɪɨɧɧɿɦɢ ɧɟ ɡɚɥɟɠɧɢɦɢ ɜɿɞ ɱɚɫɭ ɡɜʼɹɡɤɚɦɢ, ɳɨ 
ɪɭɯɚєɬьɫɹ ɩɿɞ ɞɿєɸ ɫɢɥ. Ɍɨɦɭ ɩɪɢ ɪɨɡɜʼɹɡɚɧɧɿ ɞɟɹɤɢɯ ɩɢɬɚɧь 
ɞɢɧɚɦɿɤɢ ɦɟɯɚɧɿɡɦɿɜ ɡ ɨɞɧɢɦ ɫɬɭɩɟɧɟɦ ɜɿɥьɧɨɫɬɿ ɦɨɠɧɚ 
ɜɢɡɧɚɱɢɬɢ ɡɚɤɨɧ ɡɦɿɧɢ ɤɿɧɟɬɢɱɧɨʀ ɟɧɟɪɝɿʀ. ɐɟɣ ɡɚɤɨɧ 
ɮɨɪɦɭɥɸєɬьɫɹ ɬɚɤ: ɩɪɢɪɿɫɬ ɤɿɧɟɬɢɱɧɨʀ ɟɧɟɪɝɿʀ ɦɟɯɚɧɿɡɦɭ ɧɚ 
ɤɿɧɰɟɜɨɦɭ ɣɨɝɨ ɩɟɪɟɦɿɳɟɧɧɿ ɞɨɪɿɜɧɸє ɚɥɝɟɛɪɚʀɱɧɿɣ ɫɭɦɿ 
ɪɨɛɿɬ ɭɫɿɯ ɡɚɞɚɧɢɯ ɫɢɥ ɿ ɪɟɚɤɰɿɣ ɡɜʼɹɡɤɿɜ ɧɚ ɜɿɞɩɨɜɿɞɧɢɯ 
ɩɟɪɟɦɿɳɟɧɧɹɯ ɬɨɱɨɤ ʀɯ ɩɪɢɤɥɚɞɚɧɧɹ 

 ܶ − ܶ =  (6.5) ,ܣ∑
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ɞɟ ܶ = ∑ሺܸ݉ଶ/ʹሻ – ɤɿɧɟɬɢɱɧɚ ɟɧɟɪɝɿɹ ɦɟɯɚɧɿɡɦɭ ɜ 
ɞɨɜɿɥьɧɨɦɭ ɩɨɥɨɠɟɧɧɿ; ܶ = ∑ሺ݉ ܸଶ/ʹሻ – ɤɿɧɟɬɢɱɧɚ ɟɧɟɪɝɿɹ 
ɦɟɯɚɧɿɡɦɭ ɜ ɩɨɱɚɬɤɨɜɨɦɭ ɩɨɥɨɠɟɧɧɿ; ∑ܣ – ɚɥɝɟɛɪɚʀɱɧɚ ɫɭɦɚ 
ɪɨɛɿɬ ɭɫɿɯ ɫɢɥ ɿ ɦɨɦɟɧɬɿɜ, ɩɪɢɤɥɚɞɟɧɢɯ ɞɨ ɦɟɯɚɧɿɡɦɭ. 

əɤɳɨ ɥɚɧɤɚ ɡɞɿɣɫɧɸє ɩɥɨɫɤɨɩɚɪɚɥɟɥьɧɢɣ ɪɭɯ, ɬɨ 
ɤɿɧɟɬɢɱɧɭ ɟɧɟɪɝɿɸ ɜɢɡɧɚɱɚɸɬь ɡɚ ɮɨɪɦɭɥɨɸ 

ܶ = ʹௌ߱ଶܫ + ݉ ௦ܸଶʹ , (6.6) 

ɞɟ ܫௌ – ɞɢɧɚɦɿɱɧɢɣ ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ i ɥɚɧɤɢ ɜɿɞɧɨɫɧɨ ɨɫɿ, ɹɤɚ 
ɩɪɨɯɨɞɢɬь ɱɟɪɟɡ ɰɟɧɬɪ ɦɚɫ ɥɚɧɤɢ; ߱ – ɤɭɬɨɜɚ ɲɜɢɞɤɿɫɬь i 
ɥɚɧɤɢ; ݉ – ɦɚɫɚ i ɥɚɧɤɢ; ௦ܸ – ɲɜɢɞɤɿɫɬь ɰɟɧɬɪɚ ɦɚɫ i ɥɚɧɤɢ. 
ɉɟɪɲɚ ɫɤɥɚɞɨɜɚ ɩɪɚɜɨʀ ɱɚɫɬɢɧɢ ɪɿɜɧɹɧɧɹ (6.6) ɹɜɥɹє ɫɨɛɨɸ 
ɤɿɧɟɬɢɱɧɭ ɟɧɟɪɝɿɸ ɜ ɨɛɟɪɬɚɥьɧɨɦɭ ɪɭɫɿ ɥɚɧɤɢ, ɚ ɞɪɭɝɚ – 

ɤɿɧɟɬɢɱɧɭ ɟɧɟɪɝɿɸ ɜ ɩɨɫɬɭɩɚɥьɧɨɦɭ ɪɭɫɿ ɬɿєʀ ɫɚɦɨʀ ɥɚɧɤɢ. 
ɉɪɢ ɨɛɟɪɬɚɥьɧɨɦɭ ɪɭɫɿ ɥɚɧɤɢ ɧɚɜɤɨɥɨ ɧɟɪɭɯɨɦɨʀ ɨɫɿ O 

ɤɿɧɟɬɢɱɧɚ ɟɧɟɪɝɿɹ ɜɢɡɧɚɱɚєɬьɫɹ 

ܶ = ʹை߱ଶܫ , (6.7) 

ɞɟ ܫை – ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ ɥɚɧɤɢ i ɜɿɞɧɨɫɧɨ ɧɟɪɭɯɨɦɨʀ ɨɫɿ O 

ɨɛɟɪɬɚɧɧɹ. 
əɤɳɨ ɥɚɧɤɚ ɪɭɯɚєɬьɫɹ ɩɨɫɬɭɩɚɥьɧɨ, ɬɨ ʀʀ ɤɭɬɨɜɚ 

ɲɜɢɞɤɿɫɬь ɞɨɪɿɜɧɸє ɧɭɥɸ, ɿ ɞɥɹ ɨɛɱɢɫɥɟɧɧɹ ɤɿɧɟɬɢɱɧɨʀ 
ɟɧɟɪɝɿʀ ɰɿєʀ ɥɚɧɤɢ ɞɨɫɢɬь ɜɢɤɨɪɢɫɬɚɬɢ ɞɪɭɝɢɣ ɱɥɟɧ ɩɪɚɜɨʀ 
ɱɚɫɬɢɧɢ ɪɿɜɧɹɧɧɹ (6.6). 

Ʉɿɧɟɬɢɱɧɚ ɟɧɟɪɝɿɹ ɭɫьɨɝɨ ɦɟɯɚɧɿɡɦɭ ɞɨɪɿɜɧɸє ɫɭɦɿ 
ɤɿɧɟɬɢɱɧɢɯ ɟɧɟɪɝɿɣ ɭɫɿɯ ɣɨɝɨ ɥɚɧɨɤ ܶ = ∑ ܶ = ∑ቆܫௌ߱ଶʹ + ݉ ௦ܸଶʹ ቇ

=ଵ , (6.8) 

ɞɟ ݊ – ɱɢɫɥɨ ɪɭɯɨɦɢɯ ɥɚɧɨɤ ɦɟɯɚɧɿɡɦɭ. 
Ɂɚ ɯɚɪɚɤɬɟɪɨɦ ɡɦɿɧɢ ɤɿɧɟɬɢɱɧɨʀ ɟɧɟɪɝɿʀ ɩɨɜɧɢɣ ɰɢɤɥ 

ɪɨɛɨɬɢ ɦɚɲɢɧɧɨɝɨ ɚɝɪɟɝɚɬɭ ɜ ɡɚɝɚɥьɧɨɦɭ ɜɢɩɚɞɤɭ 
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ɫɤɥɚɞɚєɬьɫɹ ɡ ɬɪьɨɯ ɱɚɫɬɢɧ: ɪɨɡɝɨɧɭ (ɩɭɫɤɭ), ɭɫɬɚɥɟɧɨɝɨ 
ɪɭɯɭ ɿ ɜɢɛɿɝɭ (ɡɭɩɢɧɤɢ) (ɪɢɫ. 6.4). 

 
Ɋɢɫ. 6.4. Ɋɟɠɢɦɢ ɪɭɯɭ 

 

ɑɚɫ ɪɨɡɝɨɧɭ ݐ𝑝 ɯɚɪɚɤɬɟɪɢɡɭєɬьɫɹ ɡɛɿɥьɲɟɧɧɹɦ 
ɲɜɢɞɤɨɫɬɿ ɜɟɞɭɱɨʀ ɥɚɧɤɢ ɜɿɞ ɧɭɥɹ ɞɨ ɧɨɦɿɧɚɥьɧɨɝɨ 
ɡɧɚɱɟɧɧɹ, ɚ ɰɟ ɦɨɠɥɢɜɨ ɡɚ ɭɦɨɜɢ, ɹɤɳɨ ɪɨɛɨɬɚ А˓  ɪɭɲɿɣɧɢɯ 
ɫɢɥ ɛɿɥьɲɚ, ɧɿɠ ɪɨɛɨɬɚ Аˑ˒ ɭɫɿɯ ɫɢɥ ɨɩɨɪɭ А˓ > Аˑ˒. (6.9) 

ɑɚɫ ɡɭɩɢɧɤɢ ɯɚɪɚɤɬɟɪɢɡɭєɬьɫɹ ɡɦɟɧɲɟɧɧɹɦ 
ɲɜɢɞɤɨɫɬɿ ɜɟɞɭɱɨʀ ɥɚɧɤɢ ɜɿɞ ɧɨɦɿɧɚɥьɧɨɝɨ ɡɧɚɱɟɧɧɹ ɞɨ 
ɧɭɥɹ, ɬɨɞɿ  А˓ < Аˑ˒. (6.10) 

ɑɚɫ ɪɨɡɝɨɧɭ ɿ ɱɚɫ ɡɭɩɢɧɤɢ ɦɚɲɢɧɢ ɧɟ ɩɨɜɢɧɟɧ ɛɭɬɢ 
ɬɪɢɜɚɥɢɦ.  

ɑɚɫ ɭɫɬɚɥɟɧɨɝɨ ɪɭɯɭ ݐ௬ ɧɚɣɬɪɢɜɚɥɿɲɢɣ, ɩɪɢ ɹɤɨɦɭ  А˓ = Аˑ˒. (6.11) 

ɉɪɨɬɹɝɨɦ ɰьɨɝɨ ɱɚɫɭ ɜɢɤɨɧɭєɬьɫɹ ɤɨɪɢɫɧɚ ɪɨɛɨɬɚ, ɞɥɹ 
ɡɞɿɣɫɧɟɧɧɹ ɹɤɨʀ ɿ ɩɪɢɡɧɚɱɟɧɢɣ ɚɝɪɟɝɚɬ. 

Ɋɨɛɨɬɚ Аˑ˒ ɭɫɿɯ ɫɢɥ ɨɩɨɪɭ ɫɤɥɚɞɚєɬьɫɹ ɿɡ ɫɭɦɢ ɪɨɛɿɬ Аˍˑ ɫɢɥ ɤɨɪɢɫɧɨɝɨ (ɜɢɪɨɛɧɢɱɨɝɨ) ɨɩɨɪɭ ɿ ɪɨɛɿɬ А ɫɢɥ ɬɟɪɬɹ 
ɬɚ ɿɧɲɢɯ ɧɟɜɢɪɨɛɧɢɱɢɯ ɨɩɨɪɿɜ: Аˑ˒ = Аˍˑ + А . (6.12) 
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6.4. ɋɢɥɢ ɿɧɟɪɰɿʀ ɜ ɦɟɯɚɧɿɡɦɚɯ 

 

6.4.1. Зɚɝɚɥьɧɿ ɩɨɥɨɠɟɧɧɹ 

ȼɧɚɫɥɿɞɨɤ ɪɭɯɭ ɥɚɧɨɤ ɦɟɯɚɧɿɡɦɭ ɡ ɩɪɢɫɤɨɪɟɧɧɹɦɢ ɜ 
ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪɚɯ ɜɢɧɢɤɚɸɬь ɞɨɞɚɬɤɨɜɿ ɞɢɧɚɦɿɱɧɿ 
ɡɭɫɢɥɥɹ. Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɰɢɯ ɡɭɫɢɥь ɤɨɠɧɭ ɥɚɧɤɭ ɦɟɯɚɧɿɡɦɭ 
ɫɥɿɞ ɡɪɿɜɧɨɜɚɠɢɬɢ ɩɪɢɤɥɚɞɚɧɧɹɦ ɞɨ ɧɟʀ ɭ ɜɿɞɩɨɜɿɞɧɿɣ ɬɨɱɰɿ 
ɮɿɤɬɢɜɧɨʀ ɫɢɥɢ ɿ ɮɿɤɬɢɜɧɨɝɨ ɦɨɦɟɧɬɭ ɩɚɪɢ ɫɢɥ, ɹɤɿ ɡɚ 
ɜɟɥɢɱɢɧɨɸ ɪɿɜɧɿ ɫɢɥɿ ɿ ɦɨɦɟɧɬɭ ɩɚɪɢ ɫɢɥ, ɳɨ ɜɢɡɢɜɚɸɬь 
ɩɪɢɫɤɨɪɟɧɢɣ ɪɭɯ ɥɚɧɤɢ. ɐɸ ɮɿɤɬɢɜɧɭ ɫɢɥɭ ɧɚɡɢɜɚɸɬь 
ɦɚɫɨɜɨɸ ɫɢɥɨɸ, ɚɛɨ ɫɢɥɨɸ ɿɧɟɪɰɿʀ ܨі, ɚ ɮɿɤɬɢɜɧɢɣ ɦɨɦɟɧɬ 
ɩɚɪɢ ɫɢɥ – ɦɨɦɟɧɬɨɦ ɩɚɪɢ ɫɢɥ ɿɧɟɪɰɿʀ ܯ. 

ɋɥɿɞ ɩɿɞɤɪɟɫɥɢɬɢ, ɳɨ ɧɿɹɤɨʀ ɫɢɥɢ ɿɧɟɪɰɿʀ ܨі ɿ ɧɿɹɤɨɝɨ 
ɦɨɦɟɧɬɭ ɩɚɪɢ ɫɢɥ ɿɧɟɪɰɿʀ ܯ ɞɨ ɥɚɧɤɢ ɜ ɞɿɣɫɧɨɫɬɿ ɧɟ 
ɩɪɢɤɥɚɞɟɧɨ. ɋɢɥɚ ܨі ɦɨɦɟɧɬ ܯ ɧɟ ɦɚɸɬь ɧɿɹɤɨɝɨ ɮɿɡɢɱɧɨɝɨ 
ɡɦɿɫɬɭ, ɚ ɜ ɪɨɡɪɚɯɭɧɤɚɯ ɜɢɤɨɧɭɸɬь ɪɨɥь ɧɟ ɛɿɥьɲɟ, ɧɿɠ 
ɱɢɫɬɨ ɦɚɬɟɦɚɬɢɱɧɢɯ ɜɟɥɢɱɢɧ, ɡɚ ɞɨɩɨɦɨɝɨɸ ɹɤɢɯ 
ɜɪɚɯɨɜɭєɬьɫɹ ɜɩɥɢɜ ɩɪɢɫɤɨɪɟɧɨɝɨ ɪɭɯɭ ɥɚɧɨɤ ɧɚ ɞɨɞɚɬɤɨɜɿ 
ɞɢɧɚɦɿɱɧɿ ɡɭɫɢɥɥɹ ɜ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪɚɯ. 

 

6.4.2. ȼɢɡɧɚɱɟɧɧɹ ɫɢɥ ɿɧɟɪɰɿʀ ɥɚɧɨɤ ɩɥɨɫɤɢɯ ɦɟɯɚɧɿɡɦɿɜ 

Ʌɚɧɤɚ ɦɟɯɚɧɿɡɦɭ ɫɤɥɚɞɚєɬьɫɹ ɡ ɨɤɪɟɦɢɯ ɦɚɬɟɪɿɚɥьɧɢɯ 
ɬɨɱɨɤ, ɩɪɢɫɤɨɪɟɧɧɹ ɹɤɢɯ ɜ ɡɚɝɚɥьɧɨɦɭ ɜɢɩɚɞɤɭ ɫɤɥɚɞɧɨɝɨ 
ɪɭɯɭ ɪɿɡɧɿ. Ɍɨɦɭ ɪɿɡɧɿ ɿ ɟɥɟɦɟɧɬɚɪɧɿ ɫɢɥɢ ɿɧɟɪɰɿʀ, ɭɦɨɜɧɨ 
ɩɪɢɤɥɚɞɟɧɿ ɜ ɰɢɯ ɬɨɱɤɚɯ. ɋɢɫɬɟɦɚ ɟɥɟɦɟɧɬɚɪɧɢɯ ɫɢɥ ɿɧɟɪɰɿʀ 
ɦɚɬɟɪɿɚɥьɧɢɯ ɬɨɱɨɤ ɥɚɧɤɢ, ɹɤɚ ɡɞɿɣɫɧɸє ɩɥɨɫɤɨɩɚɪɚɥɟɥьɧɢɣ 
ɪɭɯ ɿ ɦɚє ɩɥɨɳɢɧɭ ɫɢɦɟɬɪɿʀ, ɩɚɪɚɥɟɥьɧɭ ɩɥɨɳɢɧɿ ɪɭɯɭ, 
ɡɜɨɞɢɬьɫɹ ɞɨ ɝɨɥɨɜɧɨɝɨ ɜɟɤɬɨɪɚ ܨі, ɹɤɢɣ ɩɪɢɤɥɚɞɟɧɢɣ ɭ 
ɰɟɧɬɪɿ ɦɚɫ ɥɚɧɤɢ, ɿ ɞɨ ɝɨɥɨɜɧɨɝɨ ɦɨɦɟɧɬɭ ܯ ɩɚɪɢ ɫɢɥ 
ɿɧɟɪɰɿʀ. 

Ƚɨɥɨɜɧɢɣ ɜɟɤɬɨɪ ɫɢɥ ɿɧɟɪɰɿʀ: ܨі⃗⃗ = −݉ܽ௦⃗⃗  ⃗, (6.13) 

ɞɟ ݉ – ɦɚɫɚ ɥɚɧɤɢ, ɤɝ; ܽ௦⃗⃗  ⃗ – ɜɟɤɬɨɪ ɩɨɜɧɨɝɨ ɩɪɢɫɤɨɪɟɧɧɹ 
ɰɟɧɬɪɚ ɦɚɫ S ɥɚɧɤɢ, ɦ/ɫ2. Ɂ ɪɿɜɧɨɫɬɿ (6.13) ɜɢɩɥɢɜɚє, ɳɨ ɫɢɥɚ 
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ɿɧɟɪɰɿʀ ܨі ɜɢɦɿɪɸєɬьɫɹ ɜ ɇ. ɇɚɩɪɹɦ ɫɢɥɢ ɿɧɟɪɰɿʀ ܨі. 
ɩɪɨɬɢɥɟɠɧɢɣ ɧɚɩɪɹɦɭ ɜɟɤɬɨɪɚ ɩɪɢɫɤɨɪɟɧɧɹ. ɇɚ ɰɟ ɜɤɚɡɭє 
ɡɧɚɤ «–» ɜ (6.13). 

Ɇɨɦɟɧɬ 𝑴𝒊 ɩɚɪɢ ɫɢɥ ɿɧɟɪɰɿʀ ɫɩɪɹɦɨɜɚɧɢɣ 
ɩɪɨɬɢɥɟɠɧɨ ɤɭɬɨɜɨɦɭ ɩɪɢɫɤɨɪɟɧɧɸ İ ɿ ɜɢɡɧɚɱɚєɬьɫɹ ɡɚ 
ɮɨɪɦɭɥɨɸ ܯі⃗⃗⃗⃗ =  (6.14) , ߝ௦ܫ−

ɞɟ ܫ௦ – ɞɢɧɚɦɿɱɧɢɣ ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ ɥɚɧɤɢ, ɳɨ ɞɨɪɿɜɧɸє 
ɞɨɛɭɬɤɭ ɦɚɫɢ m ɥɚɧɤɢ ɧɚ ɤɜɚɞɪɚɬ ɣɨɝɨ ɪɚɞɿɭɫɚ ɿɧɟɪɰɿʀ ߩЅ 

ɜɿɞɧɨɫɧɨ ɰɟɧɬɪɚ ɦɚɫ Ȱ  ܫ௦ =  Ѕଶ. (6.15)ߩ݉

Ɇɨɦɟɧɬ ɿɧɟɪɰɿʀ ܫ௦ ɜɢɦɿɪɸɸɬь ɜ ɤɝɦ2, ɚ ɤɭɬɨɜɟ 
ɩɪɢɫɤɨɪɟɧɧɹ ߝ – ɜ ɪɚɞ/ɫ2. Oɬɠɟ, ɦɨɦɟɧɬ ܯ ɩɚɪɢ ɫɢɥ ɿɧɟɪɰɿʀ 
ɜɢɦɿɪɸєɬьɫɹ ɜ ɇɦ. ɉɥɨɳɢɧɚ, ɜ ɹɤɿɣ ɜɿɧ ɞɿє, ɩɚɪɚɥɟɥьɧɚ 
ɩɥɨɳɢɧɿ ɪɭɯɭ ɥɚɧɤɢ. 

 

6.4.3. Зɜɟɞɟɧɧɹ ɫɢɥ ɿɧɟɪɰɿʀ ɥɚɧɤɢ ɞɨ ɰɟɧɬɪɭ ɤɨɥɢɜɚɧɧɹ 

ɋɢɥɭ ɿɧɟɪɰɿʀ ܨі ɿ ɦɨɦɟɧɬ ɩɚɪɢ ɫɢɥ ܯ ɦɨɠɧɚ ɡɚɦɿɧɢɬɢ 
ɨɞɧɿєɸ ɪɟɡɭɥьɬɭɸɱɨɸ ɫɢɥɨɸ ܨі, ɩɪɢɤɥɚɞɟɧɨɸ ɜ ɞɟɹɤɿɣ ɬɨɱɰɿ 
Ʉ (ɪɢɫ. 6.5). 

 
Ɋɢɫ. 6.5. ȼɢɡɧɚɱɟɧɧɹ ɰɟɧɬɪɭ ɤɨɥɢɜɚɧɧɹ 
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Ⱦɥɹ ɰьɨɝɨ ɦɨɦɟɧɬ ܯ ɩɚɪɢ ɫɢɥ ɿɧɟɪɰɿʀ ɡɚɦɿɧɢɦɨ ɩɚɪɨɸ 
ɫɢɥ, ɤɨɠɧɚ ɫɤɥɚɞɨɜɚ ܨі ɹɤɨʀ ɪɿɜɧɚ ɡɚ ɜɟɥɢɱɢɧɨɸ ɫɢɥɿ ɿɧɟɪɰɿʀ ܨі . Ɂɧɚɣɞɟɦɨ ɜɟɥɢɱɢɧɭ ɰɢɯ ɫɤɥɚɞɨɜɢɯ ܨі = іℎܯ . (6.16) 

ɉɪɢɤɥɚɞɟɦɨ ɰɸ ɩɚɪɭ ɞɨ ɥɚɧɤɢ ɬɚɤ, ɳɨɛ ɨɞɧɚ ɫɤɥɚɞɨɜɚ 
 і ɛɭɥɚ ɩɪɢɤɥɚɞɟɧɚ ɜ ɰɟɧɬɪɿ ɦɚɫ S, ɚ ɞɪɭɝɚ – ɜ ɞɟɹɤɿɣ ɬɨɱɰɿܨ –
Ʉ, ɧɚ ɜɿɞɫɬɚɧɿ h ɜɿɞ ɰɟɧɬɪɭ ɦɚɫ. 

ȼɢɡɧɚɱɢɦɨ ɩɥɟɱɟ h ɿɡ (6.16) ℎ = іܨіܯ =  ௦. (6.17)ܽ݉ߝ௦ܫ

Ɉɬɪɢɦɚєɦɨ ɞɿɣɫɧɟ ɡɧɚɱɟɧɧɹ ɩɥɟɱɚ h ɜ ɦ. 
ɋɤɥɚɞɨɜɚ – ܨі ɩɚɪɢ ɫɢɥ ɜɿɞ ɦɨɦɟɧɬɭ ܯ, ɹɤɚ ɩɪɢɤɥɚɞɟɧɚ 

ɜ ɰɟɧɬɪɿ ɦɚɫ, ɡɪɿɜɧɨɜɚɠɭє ɫɢɥɭ ɿɧɟɪɰɿʀ ܨі, ɩɪɢɤɥɚɞɟɧɭ ɬɚɤɨɠ 
ɜ ɰɟɧɬɪɿ ɦɚɫ. ȼ ɪɟɡɭɥьɬɚɬɿ ɱɨɝɨ ɡɚɥɢɲɚєɬьɫɹ ɨɞɧɚ ɫɢɥɚ ܨі, 
ɩɪɢɤɥɚɞɟɧɚ ɜ ɬɨɱɰɿ Ʉ. Ɍɨɱɤɚ Ʉ ɧɚɡɢɜɚєɬьɫɹ ɰɟɧɬɪɨɦ 
ɤɨɥɢɜɚɧɧɹ ɥɚɧɤɢ. 

 

6.4.4. Ɇɟɬɨɞ ɡɚɦɿɳɟɧɢɯ ɬɨɱɨɤ 

ɉɪɢ ɪɨɡɜʼɹɡɭɜɚɧɧɿ ɞɟɹɤɢɯ ɬɟɯɧɿɱɧɢɯ ɡɚɞɚɱ ɛɭɜɚє 
ɡɪɭɱɧɨ ɡɚɦɿɧɢɬɢ ɪɟɡɭɥьɬɭɸɱɭ ɫɢɥɭ ɜɿɞ ɫɢɥɢ ɿɧɟɪɰɿʀ ɿ 
ɦɨɦɟɧɬɭ ɩɚɪɢ ɫɢɥ ɿɧɟɪɰɿʀ, ɫɢɥɚɦɢ ɿɧɟɪɰɿʀ ɦɚɫ, ɹɤɿ 
ɡɨɫɟɪɟɞɠɟɧɿ ɭ ɞɟɹɤɢɯ ɜɢɛɪɚɧɢɯ ɬɨɱɤɚɯ. ɐɿ ɬɨɱɤɢ ɧɚɡɢɜɚɸɬь 
ɡɚɦɿɳɟɧɢɦɢ ɬɨɱɤɚɦɢ. ȼ ɹɤɨɫɬɿ ɡɚɦɿɳɟɧɢɯ ɬɨɱɨɤ ɦɨɠɭɬь 
ɛɭɬɢ ɜɢɛɪɚɧɿ, ɧɚɩɪɢɤɥɚɞ, ɰɟɧɬɪɢ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪ 
(ɲɚɪɧɿɪɿɜ), ɰɟɧɬɪɢ ɦɚɫ ɥɚɧɨɤ ɿ ɿɧ. 

ɍɦɨɜɨɸ ɬɚɤɨʀ ɡɚɦɿɧɢ ɡ ɜɢɦɨɝɚ, ɳɨɛ ɫɢɥɢ ɿɧɟɪɰɿʀ ɥɚɧɤɢ 
ɿ ɫɢɫɬɟɦɢ ɬɨɱɤɨɜɢɯ ɦɚɫ, ɳɨ ʀʀ ɡɚɦɿɳɚє, ɛɭɥɢ ɭ ɞɢɧɚɦɿɱɧɨɦɭ 
ɜɿɞɧɨɲɟɧɧɿ ɟɤɜɿɜɚɥɟɧɬɧɢɦɢ. Ⱦɥɹ ɰьɨɝɨ ɩɨɜɢɧɧɿ ɛɭɬɢ 
ɜɢɤɨɧɚɧɿ ɧɚɫɬɭɩɧɿ ɭɦɨɜɢ: 

• ɫɭɦɚ ɦɚɫ, ɹɤɿ ɡɨɫɟɪɟɞɠɟɧɿ ɜ ɡɚɦɿɳɟɧɢɯ ɬɨɱɤɚɯ, 
ɩɨɜɢɧɧɚ ɛɭɬɢ ɪɿɜɧɚ ɦɚɫɿ ɥɚɧɤɢ; 

• ɫɭɦɚ ɫɬɚɬɢɱɧɢɯ ɦɨɦɟɧɬɿɜ ɡɚɦɿɳɟɧɢɯ ɦɚɫ, ɜɿɞɧɨɫɧɨ 
ɰɟɧɬɪɚ ɿɧɟɪɰɿʀ ɦɚɫ ɥɚɧɤɢ, ɞɨɪɿɜɧɸє ɧɭɥɸ; 
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• ɞɢɧɚɦɿɱɧɢɣ ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ ɦɚɫ, ɹɤɿ ɡɨɫɟɪɟɞɠɟɧɿ ɜ 
ɡɚɦɿɳɟɧɢɯ ɬɨɱɤɚɯ, ɜɿɞɧɨɫɧɨ ɨɫɿ, ɹɤɚ ɩɪɨɯɨɞɢɬь ɱɟɪɟɡ ɰɟɧɬɪ 
ɿɧɟɪɰɿʀ ɦɚɫ ɥɚɧɤɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɞɨ ɩɥɨɳɢɧɢ, ɜ ɹɤɿɣ 
ɥɚɧɤɚ ɪɭɯɚєɬьɫɹ, ɩɨɜɢɧɟɧ ɛɭɬɢ ɪɿɜɧɢɣ ɞɢɧɚɦɿɱɧɨɦɭ 
ɦɨɦɟɧɬɭ ɿɧɟɪɰɿʀ ɥɚɧɤɢ ɜɿɞɧɨɫɧɨ ɬɿєʀ ɠ ɨɫɿ. 

ɉɪɢ ɜɢɤɨɧɚɧɧɿ ɩɟɪɲɢɯ ɞɜɨɯ ɭɦɨɜ ɨɬɪɢɦɭєɦɨ ɫɬɚɬɢɱɧɟ 
ɪɨɡɦɿɳɟɧɧɹ ɦɚɫɢ ɥɚɧɤɢ, ɚ ɩɪɢ ɜɢɤɨɧɚɧɧɿ ɜɫɿɯ ɬɪьɨɯ ɭɦɨɜ – 

ɞɢɧɚɦɿɱɧɟ ɪɨɡɦɿɳɟɧɧɹ ɦɚɫɢ ɥɚɧɤɢ. 
ɉɪɢ ɧɚɛɥɢɠɟɧɢɯ ɪɨɡɪɚɯɭɧɤɚɯ ɛɭɜɚє ɞɨɫɬɚɬɧьɨ 

ɨɛɦɟɠɢɬɢɫɹ ɫɬɚɬɢɱɧɢɦ ɪɨɡɦɿɳɟɧɧɹɦ ɦɚɫɢ ɥɚɧɤɢ. 
əɤɳɨ ɰɟɧɬɪ ɦɚɫ ɥɚɧɤɢ ɪɨɡɬɚɲɨɜɚɧɢɣ ɦɿɠ ɰɟɧɬɪɚɦɢ 

ɲɚɪɧɿɪɿɜ, ɬɨ ɦɚɫɭ ɥɚɧɤɢ ɡɚɦɿɧɸɸɬь ɞɜɨɦɚ ɚɛɨ ɬɪьɨɦɚ 
ɬɨɱɤɨɜɢɦɢ ɦɚɫɚɦɢ. 

ɇɟɯɚɣ ɬɪɟɛɚ ɪɨɡɦɿɫɬɢɬɢ ɦɚɫɭ ݉ ɥɚɧɤɢ ɜ ɞɜɨɯ ɬɨɱɤɚɯ, 
ɪɨɡɬɚɲɨɜɚɧɢɯ ɧɚ ɨɞɧɿɣ ɩɪɹɦɿɣ ɡ ɰɟɧɬɪɨɦ ɦɚɫ ɥɚɧɤɢ  
(ɪɢɫ. 6.7). 

 
Ɋɢɫ. 6.6. Ɋɨɡɦɿɳɟɧɧɹ ɦɚɫɢ ɥɚɧɤɢ ɜ ɬɨɱɤɚɯ 

 

ɍɦɨɜɢ ɞɢɧɚɦɿɱɧɨʀ ɟɤɜɿɜɚɥɟɧɬɧɨɫɬɿ ɥɚɧɤɢ ɡ ɦɚɫɚɦɢ, ɳɨ 
ɪɨɡɦɿɳɟɧɿ ɜ ɬɨɱɤɚɯ Ⱥ ɿ ȼ, ɥɚɧɰɿ ɦɚɫɨɸ ɬ ɡ ɰɟɧɬɪɨɦ ɦɚɫ ɜ 
ɬɨɱɰɿ Ȱ ɡɚɩɢɲɟɦɨ ɭ ɜɢɝɥɹɞɿ ɧɚɫɬɭɩɧɢɯ ɪɿɜɧɹɧь: 

 ݉ + ݉ = ݉; ݉ܽ + ܾ݉ = Ͳ; ݉ܽଶ + ܾ݉ଶ =  ௦. (6.18)ܫ
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Ɂɚɞɚɦɨɫɹ, ɧɚɩɪɢɤɥɚɞ, ɩɨɥɨɠɟɧɧɹɦ ɬɨɱɤɢ Ⱥ ɿ 
ɪɨɡɜʼɹɡɭɸɱɢ ɫɭɦɿɫɧɨ ɪɿɜɧɹɧɧɹ (6.18), ɡɧɚɯɨɞɢɦɨ: ݉ = ௦݉ܽଶܫ݉ + ௦ܫ ;  ݉ = ݉ଶܽଶ݉ܽଶ + ௦ܫ ; ܾ = ௦݉ܽܫ . (6.19) 

ɉɪɢ ɫɬɚɬɢɱɧɨɦɭ ɪɨɡɬɚɲɭɜɚɧɧɿ ɦɚɫɢ ɥɚɧɤɢ ɩɨ ɞɜɨɯ 
ɬɨɱɤɚɯ ɦɨɠɧɚ ɞɨɜɿɥьɧɨ ɡɚɞɚɜɚɬɢɫɹ ɞɜɨɦɚ ɜɟɥɢɱɢɧɚɦɢ, 
ɧɚɩɪɢɤɥɚɞ, ɜɿɞɫɬɚɧɹɦɢ ɚ ɿ b ɪɨɡɦɿɳɭɸɱɢ ɦɚɫɢ ݉ ɿ ݉ ɜ 
ɰɟɧɬɪɚɯ ɲɚɪɧɿɪɿɜ Ⱥ ɿ ȼ. Ⱦɥɹ ɰьɨɝɨ ɜɢɩɚɞɤɭ ɞɨɫɬɚɬɧьɨ 
ɡɚɩɢɫɚɬɢ ɞɜɚ ɪɿɜɧɹɧɧɹ: ݉ + ݉ = ݉;  ݉ܽ − ܾ݉ = Ͳ. (6.20) 

ȱɡ ɪɿɜɧɹɧь (6.20) ɡɧɚɣɞɟɦɨ ɜɟɥɢɱɢɧɢ ɦɚɫ: ݉ = ݉ ܾܽ + ܾ ;   ݉ = ݉ ܽܽ + ܾ. (6.21) 

Ɂɚɫɬɨɫɭєɦɨ ɦɟɬɨɞ ɡɚɦɿɳɟɧɢɯ ɬɨɱɨɤ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ 
ɫɢɥ ɿɧɟɪɰɿʀ ɤɪɢɜɨɲɢɩɧɨ-ɩɨɜɡɭɧɧɨɝɨ ɦɟɯɚɧɿɡɦɭ (ɪɢɫ. 6.7, ɚ). 

ȼɟɞɭɱɚ ɥɚɧɤɚ ܱܣ ɨɛɟɪɬɚєɬьɫɹ ɿɡ ɫɬɚɥɨɸ ɤɭɬɨɜɨɸ 
ɲɜɢɞɤɿɫɬɸ ω. ɐɟɧɬɪɢ ɦɚɫ ɥɚɧɨɤ 1, 2, 3 ɩɨɡɧɚɱɟɧɿ ɜɿɞɩɨɜɿɞɧɨ ܵଵ, ܵଶ, ܵଷ. əɤ ɡɚɦɿɳɟɧɿ ɬɨɱɤɢ ɞɥɹ ɥɚɧɤɢ 1 ɜɢɛɢɪɚєɦɨ ɬɨɱɤɢ ܱ ɿ ܣଵ, ɚ ɞɥɹ ɥɚɧɤɢ 2 ɜɢɛɢɪɚєɦɨ ɬɨɱɤɢ ܣଶ ɿ ܤଶ. 

ȱɡ ɮɨɪɦɭɥ (6.21) ɞɥɹ ɥɚɧɤɢ 1 ɦɚєɦɨ: ݉ைభ = ݉ଵ ݈ௌభ݈ை ; ݉భ = ݉ଵ ݈ைௌభ݈ை . (6.22) 

ɞɟ ݉ଵ – ɦɚɫɚ ɥɚɧɤɢ 1, ݉ைభ ɿ ݉భ  – ɪɨɡɦɿɳɟɧɿ ɦɚɫɢ ɥɚɧɤɢ 1 
ɜɿɞɩɨɜɿɞɧɨ ɜ ɬɨɱɤɢ ܱଵ ɿ ܣଵ. 

Ɇɚɫɭ ݉ଵ ɲɚɬɭɧɚ ܤܣ ɪɨɡɦɿɳɭєɦɨ ɚɧɚɥɨɝɿɱɧɨ: ݉మ = ݉ଶ ݈ௌమ݈ ; ݉మ = ݉ଶ ݈ௌమ݈ . (6.23) 

ɉɪɢɫɤɨɪɟɧɧɹ ɬɨɱɤɢ ܱ ɞɨɪɿɜɧɸє ɧɭɥɸ, ɬɨɦɭ 
ɡɨɫɟɪɟɞɠɟɧɚ ɜ ɧɿɣ ɦɚɫɚ ɜ ɩɨɞɚɥьɲɢɯ ɪɨɡɪɚɯɭɧɤɚɯ ɧɟ 
ɜɪɚɯɨɜɭєɬьɫɹ. 
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ȼɢɡɧɚɱɢɦɨ ɩɪɢɫɤɨɪɟɧɧɹ ɧɟɨɛɯɿɞɧɢɯ ɬɨɱɨɤ ɥɚɧɨɤ 
ɦɟɯɚɧɿɡɦɭ. Ⱦɥɹ ɰьɨɝɨ ɩɨɛɭɞɭєɦɨ ɩɥɚɧ ɩɪɢɫɤɨɪɟɧь  
(ɪɢɫ. 6.7, ɛ). 

 
Ɋɢɫ. 6.7. Ⱦɨ ɜɢɡɧɚɱɟɧɧɹ ɫɢɥ ɿɧɟɪɰɿʀ: 

ɚ – ɤɪɢɜɨɲɢɩɧɨ-ɩɨɜɡɭɧɧɢɣ ɦɟɯɚɧɿɡɦ; ɛ – ɩɥɚɧ ɩɪɢɫɤɨɪɟɧь 

 

ɋɢɥɢ ɿɧɟɪɰɿʀ ɪɨɡɦɿɳɟɧɢɯ ɦɚɫ ɩɪɢɤɥɚɞɟɧɿ ɭ 
ɜɿɞɩɨɜɿɞɧɢɯ ɬɨɱɤɚɯ ɿ ɫɩɪɹɦɨɜɚɧɿ ɩɪɨɬɢɥɟɠɧɨ ɩɪɢɫɤɨɪɟɧɧɹɦ 
ɰɢɯ ɬɨɱɨɤ. ȼ ɦɟɯɚɧɿɡɦɿ, ɳɨ ɪɨɡɝɥɹɞɚєɬьɫɹ ɜɟɥɢɱɢɧɚ ɫɢɥɢ 
ɿɧɟɪɰɿʀ ܨіА ɦɚɫɢ ݉, ɨɞɟɪɠɚɧɨʀ ɜɿɞ ɪɨɡɬɚɲɭɜɚɧɧɹ ɦɚɫ ɥɚɧɨɤ 
1 ɿ 2: ܨіА = ݉ܽ = (݉భ + ݉మ)ܽ, (6.24

) 

ɞɟ ݉భ ɿ ݉మ – ɦɚɫɚ, ɡɨɫɟɪɟɞɠɟɧɚ ɜ ɬɨɱɰɿ Ⱥ ɿ ɨɞɟɪɠɚɧɚ ɜ 
ɪɟɡɭɥьɬɚɬɿ ɪɨɡɬɚɲɭɜɚɧɧɹ ɜɿɞɩɨɜɿɞɧɨ ɦɚɫ ݉ଵ ɿ ݉ଶ. ɋɢɥɚ 
ɿɧɟɪɰɿʀ ܨіА ɧɚɩɪɹɦɥɟɧɚ ɭ ɛɿɤ, ɡɜɨɪɨɬɧɢɣ ɩɪɢɫɤɨɪɟɧɧɸ ܽ 

ɬɨɱɤɢ Ⱥ. 
Ⱥɧɚɥɨɝɿɱɧɨ ɜɟɥɢɱɢɧɚ ɫɢɥɢ ɿɧɟɪɰɿʀ ܨі ɦɚɫɢ ݉, ɹɤɭ 

ɜɢɪɚɯɭɜɚɥɢ ɜɿɞ ɪɨɡɬɚɲɭɜɚɧɧɹ ɦɚɫɢ ɲɚɬɭɧɚ 2, ɞɨɪɿɜɧɸє ܨі = ݉ܽ = (݉ଷ + ݉మ)ܽ, (6.25) 

ɞɟ ݉ଷ – ɦɚɫɚ ɥɚɧɤɢ 3; ݉మ – ɦɚɫɚ, ɡɨɫɟɪɟɞɠɟɧɚ ɜ ɬɨɱɰɿ ȼ ɿ 
ɨɞɟɪɠɚɧɚ ɜ ɪɟɡɭɥьɬɚɬɿ ɪɨɡɬɚɲɭɜɚɧɧɹ ɦɚɫɢ ɬ2 ɜ ɬɨɱɤɢ ܣଶ ɿ ܤଶ.  
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6.5. ɋɢɥɢ ɬɟɪɬɹ ɜ ɦɟɯɚɧɿɡɦɚɯ 

 

6.5.1. ȼɢɞɢ ɬɟɪɬɹ. Ɍɟɪɬɹ ɤɨɜɡɚɧɧɹ ɫɭɯɢɯ ɬɿɥ 

ɉɪɢ ɜɢɪɿɲɟɧɧɿ ɛɚɝɚɬьɨɯ ɩɢɬɚɧь, ɹɤɿ ɜɿɞɧɨɫɹɬьɫɹ ɞɨ 
ɞɢɧɚɦɿɤɢ ɦɟɯɚɧɿɡɦɿɜ ɿ ɦɚɲɢɧ, ɩɨɪɹɞ ɡ ɪɭɲɿɣɧɢɦɢ ɫɢɥɚɦɢ ɿ 
ɫɢɥɚɦɢ ɜɢɪɨɛɧɢɱɢɯ ɨɩɨɪɿɜ ɩɪɢɯɨɞɢɬьɫɹ ɜɪɚɯɨɜɭɜɚɬɢ ɬɚɤɨɠ 
ɿ ɫɢɥɢ ɬɟɪɬɹ. 

Ɂɚɝɚɥьɧɢɣ ɨɩɿɪ, ɳɨ ɜɢɧɢɤɚє ɜ ɦɿɫɰɹɯ ɞɨɬɢɤɭ ɞɜɨɯ ɬɿɥ, 
ɹɤɿ ɩɟɪɟɦɿɳɚɸɬьɫɹ ɨɞɧɟ ɜɿɞɧɨɫɧɨ ɨɞɧɨɝɨ, ɧɚɡɢɜɚєɬьɫɹ 
ɫɢɥɨɸ ɬɟɪɬɹ.  

Ɍɟɪɬɹ – ɰɟ ɫɤɥɚɞɧɟ ɹɜɢɳɟ, ɞɥɹ ɩɨɹɫɧɟɧɧɹ ɹɤɨɝɨ 
ɫɬɜɨɪɟɧɿ ɞɜɿ ɝɿɩɨɬɟɡɢ: ɦɟɯɚɧɿɱɧɚ ɿ ɦɨɥɟɤɭɥɹɪɧɚ. 

Ɂɚ ɫɭɱɚɫɧɨɸ ɝɿɩɨɬɟɡɨɸ, ɳɨ ɦɚє ɡɦɿɲɚɧɢɣ ɯɚɪɚɤɬɟɪ, 
ɩɪɨɰɟɫ ɬɟɪɬɹ ɩɪɢ ɤɨɜɡɚɧɧɿ ɩɨɜɟɪɯɨɧь є ɪɟɡɭɥьɬɚɬɨɦ ɧɟ ɥɢɲɟ 
ɦɟɯɚɧɿɱɧɨʀ ɜɡɚєɦɨɞɿʀ ɩɨɜɟɪɯɨɧь, ɚɥɟ ɿ ɪɟɡɭɥьɬɚɬɨɦ ɞɿʀ 
ɦɨɥɟɤɭɥɹɪɧɢɯ ɫɢɥ. 

Ɇɢ ɧɟ ɛɭɞɟɦɨ ɡɭɩɢɧɹɬɢɫɹ ɧɚ ɫɭɱɚɫɧɢɯ ɬɟɨɪɿɹɯ, ɹɤɿ 
ɩɨɹɫɧɸɸɬь ɩɪɢɪɨɞɭ ɬɟɪɬɹ, ɚ ɡɭɩɢɧɢɦɨɫɹ ɬɿɥьɤɢ ɧɚ 
ɜɢɤɥɚɞɟɧɧɿ ɟɥɟɦɟɧɬɚɪɧɢɯ ɜɿɞɨɦɨɫɬɟɣ ɡ ɬɟɨɪɿʀ ɬɟɪɬɹ, 
ɧɟɨɛɯɿɞɧɢɯ ɞɥɹ ɜɢɪɿɲɟɧɧɹ ɩɪɨɫɬɢɯ ɡɚɞɚɱ ɬɟɨɪɿʀ ɦɟɯɚɧɿɡɦɿɜ.  

ȼ ɡɚɝɚɥьɧɨɦɭ ɬɟɪɬɹ ɪɨɡɪɿɡɧɹɸɬь ɬɚɤɢɯ ɜɢɞɿɜ: 

• ɱɢɫɬɟ – ɫɭɯɟ; 
• ɝɪɚɧɢɱɧɟ – ɩɨɜɟɪɯɧɿ ɪɨɡɞɿɥɹє ɲɚɪ ɦɚɫɬɢɥɚ ɬɨɜɳɢɧɨɸ 

ɧɟ ɛɿɥьɲɟ 0,1 ɦɤɦ; 
• ɪɿɞɢɧɧɟ, ɩɨɜɟɪɯɧɿ ɩɟɜɧɿɫɬɸ ɪɨɡɞɿɥɟɧɿ ɲɚɪɨɦ 

ɦɚɫɬɢɥɚ; 
• ɧɚɩɿɜɫɭɯɟ – ɨɞɧɨɱɚɫɧɨ ɫɭɯɟ ɿ ɝɪɚɧɢɱɧɟ; 
• ɧɚɩɿɜɪɿɞɢɧɧɟ – ɨɞɧɨɱɚɫɧɨ ɪɿɞɢɧɧɟ ɿ ɝɪɚɧɢɱɧɟ. 
ɉɨ ɜɢɞɚɦ ɪɭɯɿɜ ɪɨɡɪɿɡɧɹɸɬь: 
• ɬɟɪɬɹ ɤɨɜɡɚɧɧɹ;  
• ɬɟɪɬɹ ɤɨɱɟɧɧɹ. 
ɋɢɥɚ ܨ ɫɭɯɨɝɨ ɬɟɪɬɹ, ɹɤɚ ɜɢɧɢɤɚє ɩɪɢ ɜɿɞɧɨɫɧɨɦɭ 

ɤɨɜɡɚɧɧɿ ɨɞɧɨɝɨ ɬɿɥɚ ɜɿɞɧɨɫɧɨ ɿɧɲɨɝɨ, ɩɪɨɩɨɪɰɿɣɧɚ ɫɢɥɿ ܨே 
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ɧɨɪɦɚɥьɧɨɝɨ ɬɢɫɤɭ ɿ ɜɢɡɧɚɱɚєɬьɫɹ ɿɡ ɪɿɜɧɹɧɧɹ Ⱥɦɨɧɬɨɧɚ-

Ʉɭɥɨɧɚ ܨ = ேܨ݂ , (6.26) 

ɞɟ ݂ – ɤɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ ɤɨɜɡɚɧɧɹ. 
Ʉɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ ݂ ɡɚɥɟɠɢɬь ɜɿɞ ɦɚɬɟɪɿɚɥɿɜ ɩɨɜɟɪɯɨɧь 

ɳɨ ɬɪɭɬьɫɹ, ʀɯ ɫɬɚɧɭ ɬɚ ɨɛɪɨɛɤɢ, ɦɚɳɟɧɧɹ ɬɚ ɿɧɲɢɯ 
ɮɚɤɬɨɪɿɜ. 

ɇɟ ɞɢɜɥɹɱɢɫь ɧɚ ɰɟ, ɤɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ ݂  ɞɥɹ ɤɨɧɤɪɟɬɧɢɯ 
ɦɚɬɟɪɿɚɥɿɜ ɩɪɢɣɦɚєɬьɫɹ ɫɬɚɥɢɦ. 

ɋɢɥɚ ɬɟɪɬɹ ɡɚɜɠɞɢ ɧɚɩɪɹɦɥɟɧɚ ɜ ɫɬɨɪɨɧɭ, ɩɪɨɬɢɥɟɠɧɭ 
ɲɜɢɞɤɨɫɬɿ ɜɿɞɧɨɫɧɨɝɨ ɤɨɜɡɚɧɧɹ ɬɿɥɚ. 

ɉɨɜɧɚ ɪɟɚɤɰɿɹ ܨோ ɥɚɧɤɢ 2 ɧɚ ɥɚɧɤɭ 1 ɜɢɡɧɚɱɚєɬьɫɹ 
ɞɨɞɚɜɚɧɧɹɦ ɧɨɪɦɚɥьɧɨʀ ɪɟɚɤɰɿʀ ܨே ɿ ɫɢɥɢ ɬɟɪɬɹ ܨ (ɪɢɫ. 6.9). 

 
Ɋɢɫ. 6.8. ȼɢɡɧɚɱɟɧɧɹ ɤɭɬɚ ɬɟɪɬɹ 

 

ɉɨɜɧɚ ɪɟɚɤɰɿɹ ܨோ ɜɿɞɯɢɥɟɧɚ ɜɿɞ ɧɨɪɦɚɥьɧɨʀ ɪɟɚɤɰɿʀ ܨே 

ɧɚ ɤɭɬ ߮, ɹɤɢɣ ɧɚɡɢɜɚєɬьɫɹ ɤɭɬɨɦ ɬɟɪɬɹ ɤɨɜɡɚɧɧɹ tg ߮ = ேܨܨ = ேܨேܨ݂ = ݂. (6.27) 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɤɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ ɞɨɪɿɜɧɸє ɬɚɧɝɟɧɫɭ 
ɤɭɬɚ ɬɟɪɬɹ.  

 

6.5.2. Ɍɟɪɬɹ ɧɚ ɩɨɯɢɥɿɣ ɩɥɨɳɢɧɿ 
Ɂɧɚɣɞɟɦɨ ɪɭɲɿɣɧɭ ɫɢɥɭ ܨʟ, ɧɟɨɛɯɿɞɧɭ ɞɥɹ 

ɪɿɜɧɨɦɿɪɧɨɝɨ ɩɟɪɟɦɿɳɟɧɧɹ ɬɿɥɚ 1, ɧɚ ɹɤɟ ɞɿє ɝɪɚɜɿɬɚɰɿɣɧɚ 
ɫɢɥɚ ܨ (ɫɢɥɚ ɬɹɠɿɧɧɹ), ɜɝɨɪɭ ɧɚ ɩɨɯɢɥɿɣ ɩɥɨɳɢɧɿ 2, ɹɤɳɨ 
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ɤɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ ɤɨɜɡɚɧɧɹ ɪɿɜɧɢɣ ݂. ɉɨɯɢɥɚ ɩɥɨɳɢɧɚ ɿ 
ɪɭɲɿɣɧɚ ɫɢɥɚ ܨʟ ɫɤɥɚɞɚɸɬь ɡ ɝɨɪɢɡɨɧɬɚɥɥɸ ɤɭɬɢ, ɜɿɞɩɨɜɿɞɧɨ ߙ ɿ ߚ (ɪɢɫ. 6.9, ɚ). 

ɉɪɢ ɪɿɜɧɨɦɿɪɧɨɦɭ ɩɟɪɟɦɿɳɟɧɧɿ ɬɿɥɚ 1 ɧɚ ɩɨɯɢɥɿɣ 
ɩɥɨɳɢɧɿ 2 ɜɝɨɪɭ ɧɚ ɧьɨɝɨ ɞɿɸɬь: ɪɭɲɿɣɧɚ ɫɢɥɚ ܨʟ, ɫɢɥɚ 
ɬɹɠɿɧɧɹ ܨ, ɧɨɪɦɚɥьɧɚ ɪɟɚɤɰɿɹ ܨே ɬɚ ɫɢɥɚ ɬɟɪɬɹ ܨ . 

Ɂɧɚɣɞɟɦɨ ɩɨɜɧɭ ɪɟɚɤɰɿɸ ܨோ ɲɥɹɯɨɦ ɞɨɞɚɜɚɧɧɹ 
ɧɨɪɦɚɥьɧɨʀ ɪɟɚɤɰɿʀ ܨே ɬɚ ɫɢɥɢ ɬɟɪɬɹ ܨ . Ɋɟɚɤɰɿɹ ܨோ ɫɤɥɚɞɚє 
ɡ ɧɨɪɦɚɥɥɸ ɞɨ ɩɥɨɳɢɧɢ ɤɭɬ ɬɟɪɬɹ ߮. 

ɋɤɥɚɞɟɦɨ ɜɟɤɬɨɪɧɟ ɪɿɜɧɹɧɧɹ ɜɫɿɯ ɫɢɥ, ɳɨ ɞɿɸɬь ɧɚ ɬɿɥɨ 
⃗⃗ܨ :1  ⃗ + + ⃗⃗⃗⃗ܨ = ோ⃗⃗⃗⃗ܨ Ͳ. (6.28) 

 
Ɋɢɫ. 6.9. Ɍɿɥɨ ɧɚ ɩɨɯɢɥɿɣ ɩɥɨɳɢɧɿ: 

ɚ – ɩɟɪɟɦɿɳɟɧɧɹ ɬɿɥɚ ɜɝɨɪɭ; ɛ – ɩɥɚɧ ɫɢɥ 

 

ɉɨɛɭɞɭєɦɨ ɩɥɚɧ ɫɢɥ (ɪɢɫ. 6.9, ɛ). Ɉɬɪɢɦɚєɦɨ 
ɡɚɦɤɧɭɬɢɣ ɫɢɥɨɜɢɣ ɬɪɢɤɭɬɧɢɤ ɿɡ ɜɿɞɩɨɜɿɞɧɢɦɢ ɤɭɬɚɦɢ ɩɪɢ 
ɜɟɪɲɢɧɚɯ. ɇɚ ɨɫɧɨɜɿ ɬɟɨɪɟɦɢ ɫɢɧɭɫɿɜ ɦɨɠɧɚ ɡɚɩɢɫɚɬɢ ܨsinሺߙ + ߮ሻ = °sinሺͻͲܨ − ሺߙ + ߮ −  ሻሻ. (6.29)ߚ

Ɂɜɿɞɫɢ ɡɧɚɣɞɟɦɨ ɪɭɲɿɣɧɭ ɫɢɥɭ ܨ = ܨ sinሺߙ + ߮ሻsinሺͻͲ° − ሺߙ + ߮ −  ሻሻ. (6.30)ߚ

əɤɳɨ ɫɢɥɚ ܨʟ ɝɨɪɢɡɨɧɬɚɥьɧɚ, ɤɭɬ ߚ = Ͳ, ɬɨ ɪɿɜɧɹɧɧɹ 
(6.30) ɩɪɢɣɦɟ ɜɢɝɥɹɞ: 
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ܨ = ܨ sinሺߙ + ߮ሻcݏሺߙ + ߮ሻ = ܨ tgሺߙ + ߮ሻ. (6.31) 

 

Ɋɨɡɝɥɹɧɟɦɨ ɜɢɩɚɞɨɤ, ɤɨɥɢ ɬɿɥɨ 1 ɪɭɯɚєɬьɫɹ ɪɿɜɧɨɦɿɪɧɨ 
ɞɨɧɢɡɭ (ɪɢɫ. 6.10, ɚ). 

 
Ɋɢɫ. 6.10. Ɍɿɥɨ ɧɚ ɩɨɯɢɥɿɣ ɩɥɨɳɢɧɿ: 

ɚ – ɩɟɪɟɦɿɳɟɧɧɹ ɬɿɥɚ ɞɨɧɢɡɭ; ɛ – ɩɥɚɧ ɫɢɥ 

 

ȼ ɰьɨɦɭ ɪɚɡɿ ɩɨɛɭɞɨɜɚ ɜɿɞɪɿɡɧɹєɬьɫɹ ɜɿɞ ɩɨɩɟɪɟɞɧьɨʀ 
ɬɢɦ, ɳɨ ɫɢɥɚ ɬɟɪɬɹ ܨ ɧɚɩɪɹɦɥɟɧɚ ɜɜɟɪɯ, ɚ ɩɨɜɧɚ ɪɟɚɤɰɿɹ ܨோ 

ɜɿɞɯɢɥɹєɬьɫɹ ɧɚ ɤɭɬ ɬɟɪɬɹ ߮, ɧɟ ɥɿɜɨɪɭɱ ɜɿɞ ɧɨɪɦɚɥɿ  
(ɪɢɫ. 6.9, ɚ), ɚ ɩɪɚɜɨɪɭɱ ɜɿɞ ɧɟʀ (ɪɢɫ. 6.10, ɚ). 

Ⱦɥɹ ɰьɨɝɨ ɜɢɩɚɞɤɭ ɞɨɫɢɬь ɭ ɮɨɪɦɭɥɚɯ (6.30) ɿ (6.31) 

ɡɚɦɿɧɢɬɢ ɤɭɬ ߮ ɧɚ –߮. Ɍɨɞɿ ɛɭɞɟɦɨ ɦɚɬɢ ܨ = ܨ sinሺߙ − ߮ሻsinሺͻͲ° − ሺߙ − ߮ − ܨ ሻሻ. (6.32)ߚ = ܨ tgሺߙ − ߮ሻ. (6.33) 

Ɋɿɜɧɹɧɧɹ (6.33) ɬɚɤɨɠ ɜɢɩɥɢɜɚє ɿɡ (ɪɢɫ. 6.11, ɛ). 

ɉɪɢ ɜɿɞɫɭɬɧɨɫɬɿ ɬɟɪɬɹ (ɤɭɬ ߮ = Ͳ) ɪɿɜɧɹɧɧɹ (6.33) 

ɧɚɛɟɪɟ ɜɢɝɥɹɞɭ ܨ = ܨ tg  (6.34) .ߙ
 

6.5.3. Ɍɟɪɬɹ ɜ ɤɥɢɧɱɚɫɬɨɦɭ ɿ ɰɢɥɿɧɞɪɢɱɧɨɦɭ ɠɨɥɨɛɿ 
ɇɟɯɚɣ ɩɨɜɡɭɧ, ɹɤɢɣ ɦɚє ɮɨɪɦɭ ɤɥɢɧɚ, ɪɭɯɚєɬьɫɹ 

ɪɿɜɧɨɦɿɪɧɨ ɿ ɩɚɪɚɥɟɥьɧɨ ɨɫɿ ɠɨɥɨɛɚ. 
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Ⱦɨ ɩɨɜɡɭɧɚ ɩɪɢɤɥɚɞɟɧɿ: ɪɭɲɿɣɧɚ ɫɢɥɚ ܨʟ, ɩɚɪɚɥɟɥьɧɨ 
ɨɫɿ ɠɨɥɨɛɚ; ɫɢɥɚ ɬɹɠɿɧɧɹ ܨ, ɧɚɩɪɹɦɥɟɧɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ 
ɞɨ ɰɿєʀ ɨɫɿ; ɞɜɿ ɪɿɜɧɿ ɧɨɪɦɚɥьɧɿ ɪɟɚɤɰɿʀ ܨேଵ ɿ ܨேଶ, 

ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɿ ɞɨ ɝɪɚɧɟɣ ɠɨɥɨɛɚ ɿ ɞɜɿ ɪɿɜɧɿ ɫɢɥɢ ɬɟɪɬɹ ܨଵ 

ɿ ܨଶ ɧɚɩɪɹɦɥɟɧɿ ɩɪɨɬɢɥɟɠɧɨ ɲɜɢɞɤɨɫɬɿ ɤɥɢɧɚ (ɪɢɫ. 6.11, ɚ). 

ɋɭɦɚɪɧɚ ɫɢɥɚ ɬɟɪɬɹ ܨ = ଵܨ +  ଶ ɩɪɢ ɪɿɜɧɨɦɿɪɧɨɦɭܨ
ɪɭɫɿ ɩɨɜɡɭɧɚ, ɞɨɪɿɜɧɸє ɪɭɲɿɣɧɿɣ ɫɢɥɿ ܨʟ ɿ ɜɢɡɧɚɱɚєɬьɫɹ 
ɡɝɿɞɧɨ (6.26) ܨ = ܨ = ேܨ݂ʹ . (6.35) 

 
Ɋɢɫ. 6.11. Ʉɥɢɧɱɚɫɬɚ ɩɚɪɚ: 

ɚ – ɤɥɢɧɱɚɫɬɢɣ ɠɨɥɨɛ; ɛ – ɩɥɚɧ ɫɢɥ 

 

ɉɨɛɭɞɭєɦɨ ɞɥɹ ɩɨɜɡɭɧɚ ɩɥɚɧ ɫɢɥ (ɪɢɫ. 6.11, ɛ). ȱɡ 
ɬɪɢɤɭɬɧɢɤɚ ɫɢɥ ɦɚєɦɨ: ͳʹ ܨ = ேܨ sin  (6.36) ,ߙ

ɞɟ ߙ – ɤɭɬ, ɹɤɢɣ ɫɤɥɚɞɚє ɤɨɠɧɚ ɝɪɚɧь ɤɥɢɧɚ ɡ ɜɟɪɬɢɤɚɥьɧɨɸ 
ɩɥɨɳɢɧɨɸ. 

ȼɢɡɧɚɱɢɦɨ ɧɨɪɦɚɥьɧɭ ɪɟɚɤɰɿɸ ɿɡ (6.36) ܨே = ʹܨ sin  (6.37) .ߙ

ɋɢɥɚ ɬɟɪɬɹ ɡɝɿɞɧɨ (6.35) ɛɭɞɟ ܨ = ʹ ʹ݂ܨ sin ߙ =  ݂′, (6.38)ܨ

ɞɟ ݂′ = ݂/ sin  ɧɚɡɢɜɚєɬьɫɹ ɩɪɢɜɟɞɟɧɢɦ ɤɨɟɮɿɰɿєɧɬɨɦ –  ߙ
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ɬɟɪɬɹ ɤɥɢɧɱɚɫɬɨɝɨ ɩɨɜɡɭɧɚ, ɩɪɢɱɨɦɭ ݂′ > ݂. 

Ɋɨɡɝɥɹɧɟɦɨ ɬɟɪɬɹ ɰɢɥɿɧɞɪɢɱɧɨɝɨ ɩɨɜɡɭɧɚ ɜ ɠɨɥɨɛɿ 
(6.38). 

 
Ɋɢɫ. 6.12. ɐɢɥɿɧɞɪɢɱɧɢɣ ɠɨɥɨɛ 

 

ɋɢɥɚ ɬɟɪɬɹ ɜɢɡɧɚɱɚєɬьɫɹ ɡɚ ɮɨɪɦɭɥɨɸ ܨ =  ݂′, (6.39)ܨ

ɞɟ ݂′ = ͳ,ʹ݂ – ɩɪɢɜɟɞɟɧɢɣ ɤɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ. 
 

6.5.4. Ɍɟɪɬɹ ɜ ɝɜɢɧɬɨɜɿɣ ɩɚɪɿ 
ɍɦɨɜɧɨ ɛɭɞɟɦɨ ɜɜɚɠɚɬɢ, ɳɨ ɫɢɥɚ ɞɿʀ ɝɚɣɤɢ ɧɚ ɝɜɢɧɬ 

ɩɪɢɤɥɚɞɟɧɚ ɩɨ ɫɟɪɟɞɧьɨɦɭ ɞɿɚɦɟɬɪɭ ɪɿɡьɛɢ. ɋɟɪɟɞɧɿɣ 
ɞɿɚɦɟɬɪ ɪɿɡьɛɢ ɪɨɡɦɿɳɟɧɢɣ ɧɚ ɜɿɞɫɬɚɧɿ ݎଶ ɜɿɞ ɨɫɿ ɝɜɢɧɬɚ. 
ɉɪɢɩɭɫɬɢɦɨ, ɳɨ ɞɿɸ ɫɢɥ ɜ ɝɜɢɧɬɨɜɿɣ ɩɚɪɿ ɦɨɠɧɚ ɡɜɟɫɬɢ ɞɨ 
ɞɿʀ ɫɢɥ ɧɚ ɩɨɜɡɭɧ, ɹɤɢɣ ɡɧɚɯɨɞɢɬьɫɹ ɧɚ ɩɨɯɢɥɿɣ ɩɥɨɳɢɧɿ. 

Ɋɨɡɝɥɹɧɟɦɨ ɬɟɪɬɹ ɜ ɩɪɹɦɨɤɭɬɧɿɣ ɝɜɢɧɬɨɜɿɣ ɪɿɡьɛɿ  
(ɪɢɫ. 6.13, ɚ). ɇɟɯɚɣ α – ɤɭɬ ɩɿɞɣɨɦɭ ɝɜɢɧɬɨɜɨʀ ɥɿɧɿʀ ɪɿɡьɛɢ. 

Ɋɨɡɜɟɪɧɟɦɨ ɰɢɥɿɧɞɪ ɡ ɩɪɹɦɨɤɭɬɧɨɸ ɪɿɡьɛɨɸ ɧɚ 
ɩɥɨɳɢɧɭ. Ɍɨɞɿ ɡɚɦɿɫɬь ɝɜɢɧɬɨɜɨʀ ɥɿɧɿʀ ɨɬɪɢɦɚєɦɨ ɩɨɯɢɥɭ 
ɩɥɨɳɢɧɭ, ɧɚ ɹɤɿɣ ɩɿɞ ɞɿєɸ ɝɨɪɢɡɨɧɬɚɥьɧɨʀ ɪɭɲɿɣɧɨʀ ɫɢɥɢ ܨʟ 

ɛɭɞɟ ɩɟɪɟɦɿɳɚɬɢɫɹ ɜɝɨɪɭ ɩɚɪɚɥɟɩɿɩɟɞ, ɧɚɜɚɧɬɚɠɟɧɢɣ 
ɜɟɪɬɢɤɚɥьɧɨɸ ɫɢɥɨɸ ܨ (ɪɢɫ. 6.13). 
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Ɋɢɫ. 6.13. Ɍɟɪɬɹ ɜ ɩɪɹɦɨɤɭɬɧɿɣ ɪɿɡьɛɿ: 

ɚ – ɩɚɪɚ ɝɜɢɧɬ-ɝɚɣɤɚ; ɛ – ɪɨɡɝɨɪɬɤɚ ɪɿɡьɛɢ 

 

ɐɹ ɡɚɞɚɱɚ ɧɿɱɢɦ ɧɟ ɜɿɞɪɿɡɧɹєɬьɫɹ ɜɿɞ ɡɚɞɚɱɿ, 
ɪɨɡɝɥɹɧɭɬɨʀ ɪɚɧɿɲɟ – ɬɟɪɬɹ ɧɚ ɩɨɯɢɥɿɣ ɩɥɨɳɢɧɿ, ɹɤɳɨ ɤɭɬ ߚ = Ͳ. Ⱥ ɬɨɦɭ ɧɚ ɨɫɧɨɜɿ ɪɚɧɿɲɟ ɜɢɜɟɞɟɧɨɝɨ ɪɿɜɧɹɧɧɹ (6.31), 

ɚɧɚɥɨɝɿɱɧɨ ɡɚɩɢɲɟɦɨ ܨ = ܨ tgሺߙ + ߮ሻ. (6.40) 

Ɉɫɤɿɥьɤɢ ɩɪɢ ɪɿɜɧɨɦɿɪɧɨɦɭ ɪɭɫɿ ɫɢɥɚ ɬɟɪɬɹ ܨ 

ɞɨɪɿɜɧɸє ɪɭɲɿɣɧɿɣ ɫɢɥɿ ɬɨ ɦɨɦɟɧɬ ɬɟɪɬɹ ɜ ɩɪɹɦɨɤɭɬɧɿɣ 
ɪɿɡьɛɿ ܯ = ଶݎܨ tgሺߙ + ߮ሻ. (6.41) 

 

ɍ ɜɢɩɚɞɤɭ ɬɪɢɤɭɬɧɨʀ ɪɿɡьɛɢ ɜɜɚɠɚєɦɨ, ɳɨ ɪɭɯ ɝɜɢɧɬɚ 
ɚɧɚɥɨɝɿɱɧɢɣ ɩɟɪɟɦɿɳɟɧɧɸ ɤɥɢɧɱɚɫɬɨɝɨ ɩɨɜɡɭɧɚ ɜ ɠɨɥɨɛɿ, ɭ 
ɹɤɨɝɨ ɤɭɬ ɦɿɠ ɜɟɪɬɢɤɚɥьɧɨɸ ɩɥɨɳɢɧɨɸ ɿ ɫɬɿɧɤɚɦɢ ɠɨɥɨɛɚ ߙ = ͻͲ° −  .ɤɭɬ ɩɪɨɮɿɥɸ ɪɿɡьɛɢ – ߚʹ ɞɟ ,ߚ

Ɇɨɦɟɧɬ ɬɟɪɬɹ ɜ ɬɪɢɤɭɬɧɿɣ ɪɿɡьɛɿ ܯ = ଶݎܨ tgሺߙ + ߮′ሻ, (6.42) 

ɞɟ ߮′ – ɩɪɢɜɟɞɟɧɢɣ ɤɭɬ ɬɟɪɬɹ. 
Ɂɝɿɞɧɨ (6.27) ɿ ɜɪɚɯɨɜɭɸɱɢ (6.38) ɡɚɩɢɲɟɦɨ tg ߮′ = ݂′ = ݂sin ߙ = ݂sinሺͻͲ° − ሻߚ = ݂cos  (6.43) .ߚ
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6.5.1. Ɍɟɪɬɹ ɜ ɨɛɟɪɬɚɥьɧɢɯ ɩɚɪɚɯ: ɰɚɩɮɿ, ɩʼɹɬɿ 
ȼɚɥɢ ɦɨɠɭɬь ɩɟɪɟɞɚɜɚɬɢ ɧɚ ɨɩɨɪɢ ɹɤ ɪɚɞɿɚɥьɧɿ, ɬɚɤ ɿ 

ɨɫьɨɜɿ ɡɭɫɢɥɥɹ. 
Ɋɨɡɝɥɹɧɟɦɨ ɜɢɩɚɞɨɤ, ɤɨɥɢ ɜɚɥ ɩɟɪɟɞɚє ɧɚ ɨɩɨɪɭ 

ɪɚɞɿɚɥьɧɟ ɡɭɫɢɥɥɹ, ɬɨɛɬɨ ɜɢɡɧɚɱɢɦɨ ɦɨɦɟɧɬ ɬɟɪɬɹ ɜ ɰɚɩɮɿ 
(ɪɢɫ. 6.14, ɚ). 

 
Ɋɢɫ. 6.14. Ɉɛɟɪɬɚɥьɧɿ ɤɿɧɟɦɚɬɢɱɧɿ ɩɚɪɢ 

 

Ɇɨɦɟɧɬ ɬɟɪɬɹ ɜ ɰɚɩɮɿ ɜɢɡɧɚɱɚєɬьɫɹ ɡɚ ɮɨɪɦɭɥɨɸ ܯ =  ݂′, (6.44)ܨ

ɞɟ ݂′ = ͳ,ʹ݂ – ɩɪɢɜɟɞɟɧɢɣ ɤɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ ɭ 

ɩɪɢɩɪɚɰьɨɜɚɧɿɣ ɰɚɩɮɿ. 
ȼɢɡɧɚɱɢɦɨ ɦɨɦɟɧɬ ɬɟɪɬɹ ɜ ɩʼɹɬɿ (ɜɚɥ ɩɟɪɟɞɚє ɧɚ ɨɩɨɪɭ 

ɨɫьɨɜɟ ɡɭɫɢɥɥɹ), (ɪɢɫ. 6.14, ɛ). 

ȼ ɰьɨɦɭ ɜɢɩɚɞɤɭ ɧɚ ɩɨɜɟɪɯɧɿ ɫɬɢɤɚɧɧɹ ɩʼɹɬɿ 1 ɿ 
ɩɿɞɩʼɹɬɧɢɤɚ 2 ɜɢɧɢɤɚє ɫɢɥɚ ɬɟɪɬɹ ɜɟɪɬɿɧɧɹ, ɹɤɚ ɩɿɞɤɨɪɹєɬьɫɹ 
ɡɚɤɨɧɭ Ⱥɦɨɧɬɨɧɚ-Ʉɭɥɨɧɚ. 

ɇɚ ɪɢɫ. 6.14, ɛ ɩɨɤɚɡɚɧɚ ɤɿɥьɰɟɜɚ ɩʼɹɬɚ, ɹɤɚ ɦɚє ɨɩɨɪɧɭ 
ɩɨɜɟɪɯɧɸ ɭ ɜɢɝɥɹɞɿ ɤɿɥьɰɹ ɲɢɪɢɧɨɸ ܴ −  .ݎ

ȼɟɥɢɱɢɧɚ ɩɢɬɨɦɨɝɨ ɬɢɫɤɭ Ɋ ɧɚ ɨɞɢɧɢɰɸ ɩɥɨɳɿ 
ɩɨɫɬɿɣɧɚ ɿ ɪɿɜɧɚ ܲ = ሺܴଶߨܨ −  ଶሻ. (6.45)ݎ

ȼɢɞɿɥɢɦɨ ɧɚ ɨɩɨɪɧɿɣ ɩɨɜɟɪɯɧɿ ɩʼɹɬɢ ɤɿɥьɰɟ ɪɚɞɿɭɫɨɦ ߩ 

ɿ ɲɢɪɢɧɨɸ ݀𝜌 

ȿɥɟɦɟɧɬɚɪɧɢɣ ɦɨɦɟɧɬ ɬɟɪɬɹ ݀ʛ ɧɚ ɰɿɣ ɩɥɨɳɿ 



150 

ܯ݀ =  (6.46) .ߩܨ݀

ȿɥɟɦɟɧɬɚɪɧɚ ɫɢɥɚ ɬɟɪɬɹ ɪɿɜɧɚ ݀ܨ = ேܨ݂݀ =  (6.47) .ߩ݀ߩߨʹ݂ܲ

Ɋɿɜɧɹɧɧɹ (6.46) ɡ ɜɪɚɯɭɜɚɧɧɹɦ (6.47) ɩɪɢɣɦɟ ɜɢɝɥɹɞ: ݀ܯ =  (6.48) .ߩଶ݀ߩߨʹ݂ܲ

ɉɪɨɿɧɬɟɝɪɭєɦɨ ɪɿɜɧɹɧɧɹ (6.48) ɜ ɝɪɚɧɢɰɹɯ ɜɿɞ ݎ ɞɨ ܴ ܯ = ݂ܲߨʹ ∫ ோߩଶ݀ߩ
 = ݂ܲߨʹ ͵ଷߩ  | =ݎܴ ʹ͵ ሺܴଷ݂ܲߨ −  ଷሻ. (6.49)ݎ

ɉɿɞɫɬɚɜɢɦɨ ɜ ɪɿɜɧɹɧɧɹ (6.49) ɡɧɚɱɟɧɧɹ Ɋ ɿɡ (6.45), 

ɨɬɪɢɦɚєɦɨ: ܯ = ʹ͵ ܨ݂ ܴଷ − ଷܴଶݎ −  ଶ. (6.50)ݎ

əɤɳɨ ɩʼɹɬɚ ɫɭɰɿɥьɧɚ, ɬɨ ݎ = Ͳ ɿ ɪɿɜɧɹɧɧɹ (6.50) ɩɪɢɣɦɟ 
ɜɢɝɥɹɞ: ܯ = ʹ͵  (6.51) .ܴܨ݂

 

6.5.2. Ɍɟɪɬɹ ɝɧɭɱɤɨʀ ɥɚɧɤɢ ɩɨ ɧɟɪɭɯɨɦɨɦɭ ɛɚɪɚɛɚɧɭ 

Ɋɨɡɝɥɹɧɟɦɨ ɜɢɩɚɞɨɤ, ɤɨɥɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɝɧɭɱɤɨʀ 
ɥɚɧɤɢ (ɩɚɫɚ), ɩɟɪɟɤɢɧɭɬɨʀ ɱɟɪɟɡ ɧɟɪɭɯɨɦɢɣ ɰɢɥɿɧɞɪɢɱɧɢɣ 
ɛɚɪɚɛɚɧ, ɪɭɲɿɣɧɨɸ ɫɢɥɨɸ ܨʟ ɩɿɞɧɿɦɚєɬьɫɹ ɜɚɧɬɚɠ, ɧɚ ɹɤɢɣ 
ɞɿє ɫɢɥɚ ɬɹɠɿɧɧɹ ܨ (ɪɢɫ. 6.15, ɚ). ɇɟɯɚɣ ɤɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ 
ɦɿɠ ɝɧɭɱɤɨɸ ɥɚɧɤɨɸ ɿ ɛɚɪɚɛɚɧɨɦ ݂. ȼɢɡɧɚɱɢɦɨ ɪɭɲɿɣɧɭ 
ɫɢɥɭ ܨʟ, ɧɟɨɛɯɿɞɧɭ ɞɥɹ ɪɿɜɧɨɦɿɪɧɨɝɨ ɩɟɪɟɦɿɳɟɧɧɹ ɜɚɧɬɚɠɭ 
ɜɜɟɪɯ. Ⱦɥɹ ɧɚɞɚɧɧɹ ɝɧɭɱɤɿɣ ɥɚɧɰɿ ɪɿɜɧɨɦɿɪɧɨɝɨ ɪɭɯɭ, 
ɧɟɨɛɯɿɞɧɨ ɩɟɪɟɛɨɪɨɬɢ ɫɢɥɭ ɬɟɪɬɹ, ɹɤɚ ɜɢɧɢɤɚє ɦɿɠ ɝɧɭɱɤɨɸ 
ɥɚɧɤɨɸ ɿ ɛɚɪɚɛɚɧɨɦ. ɉɨɡɧɚɱɢɦɨ ɤɭɬ ɨɛɯɜɚɬɚ ɩɚɫɨɦ ɛɚɪɚɛɚɧɚ ߙ, ɜ ɪɚɞ. 
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Ɋɢɫ. 6.15. Ƚɧɭɱɤɚ ɥɚɧɤɚ ɧɚ ɛɚɪɚɛɚɧɿ: 

ɚ – ɛɚɪɚɛɚɧ-ɝɧɭɱɤɚ ɥɚɧɤɚ; ɛ – ɟɥɟɦɟɧɬ ɛɚɪɚɛɚɧɚ; 
ɜ – ɩɥɚɧ ɫɢɥ 

 

ȼɢɞɿɥɢɦɨ ɧɚ ɩɨɜɟɪɯɧɿ ɛɚɪɚɛɚɧɚ ɟɥɟɦɟɧɬ ݀ܵ. ɐɟɣ 
ɟɥɟɦɟɧɬ ɛɭɞɟ ɡɧɚɯɨɞɢɬɢɫɹ ɜ ɪɿɜɧɨɜɚɡɿ ɩɿɞ ɞɿєɸ ɧɟɪɿɜɧɢɯ ɫɢɥ 
ɧɚɬɹɝɭ ்ܨ ɿ ɧɨɪɦɚɥьɧɨʀ ɪɟɚɤɰɿʀ ɛɚɪɚɛɚɧɚ ܨே ɿ ɟɥɟɦɟɧɬɚɪɧɨʀ 
ɫɢɥɢ ɬɟɪɬɹ ݀ܨ (ɪɢɫ. 6.15, ɛ). Ɉɱɟɜɢɞɧɨ, ɳɨ ݀ܨ = ሺ்ܨ + ሻ்ܨ݀ − ்ܨ = ்ܨ݀ . (6.52) 

Ɂ ɿɧɲɨɝɨ ɛɨɤɭ ɦɚєɦɨ: ݀ܨ =  ே݂. (6.53)ܨ݀

ɉɪɢɪɿɜɧɸɸɱɢ (6.52) ɿ (6.53), ɡɧɚɯɨɞɢɦɨ: ்݀ܨ =  ே݂. (6.54)ܨ݀

Ɉɬɠɟ, ɟɥɟɦɟɧɬɚɪɧɚ ɫɢɥɚ ɬɟɪɬɹ ɡɪɿɜɧɨɜɚɠɭєɬьɫɹ 
ɟɥɟɦɟɧɬɚɪɧɨɸ ɫɢɥɨɸ ɧɚɬɹɝɭ ɜ ்݀ܨ, ɚ ɬɨɦɭ ʀɯ ɦɨɠɧɚ 
ɜɿɞɤɢɧɭɬɢ. 

ɉɨɛɭɞɭєɦɨ ɩɥɚɧ ɫɢɥ (ɪɢɫ. 6.15, ɜ). ɋɤɥɚɞɟɦɨ ɜɟɤɬɨɪɧɟ 
ɪɿɜɧɹɧɧɹ ɫɢɥ ்⃗⃗⃗⃗ܨ + + ்⃗⃗⃗⃗ܨ ே⃗⃗ܨ݀ ⃗⃗  = Ͳ. (6.55) 

ȱɡ ɬɪɢɤɭɬɧɢɤɚ ɫɢɥ ɦɚєɦɨ ݀ܨே√ܨଶ் + ଶ்ܨ − ଶ்ܨʹ cos ߙ݀ = ଶ்ሺͳܨʹ√ − cos  ሻ. (6.56)ߙ݀

ȼɿɞɨɦɨ, ɳɨ ͳ − cos ߙ݀ = ʹ sinଶ  ɿ ɩɪɢ ɦɚɥɢɯ ʹ/ߙ݀
ɤɭɬɚɯ ߙ, sin ʹ/ߙ݀ =  ɬɨɞɿ ɪɿɜɧɹɧɧɹ (6.56) ɩɪɢɣɦɟ ɜɢɞ ʹ/ߙ݀
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ேܨ݀ = ்ܨʹ ߙʹ݀ =  (6.57) .ߙ்݀ܨ

ȼɪɚɯɨɜɭɸɱɢ ɡɧɚɱɟɧɧɹ ݀ܨே ɿɡ (6.57) ɡɧɚɣɞɟɦɨ 
ɟɥɟɦɟɧɬɚɪɧɭ ɫɢɥɭ ɧɚɬɹɝɭ ்݀ܨ ɿɡ (6.54) ்݀ܨ = ,ߙ்݀ܨ݂ ˃˄ˑ       ்݀ܨ்ܨ =  (6.58) .ߙ݂݀

ɉɪɨɿɧɬɟɝɪɭєɦɨ ɪɿɜɧɹɧɧɹ (6.58): ∫ ்ܨ்ܨ݀
𝐹𝑇మ𝐹𝑇భ = ∫ ఈߙ݂݀

 ; (6.59) ln ଵ்ܨଶ்ܨ = ,ߙ݂ ˃˄ˑ       ்ܨଶ = ଵ݁ఈ்ܨ . (6.60) 

Ɉɫɤɿɥьɤɢ ்ܨଶ = ଵ்ܨ ʟ, ɚܨ =   ɬɨ ɪɿɜɧɹɧɧɹ (6.60)ܨ

ɨɫɬɚɬɨɱɧɨ ɩɪɢɣɦɟ ɜɢɝɥɹɞ ܨʟ = ݁ఈܨ . (6.61) 

ɐɹ ɡɚɥɟɠɧɿɫɬь ɛɭɥɚ ɨɬɪɢɦɚɧɚ ɜɩɟɪɲɟ Ʌɟɨɧɚɪɞɨɦ 
ȿɣɥɟɪɨɦ ɜ 1765. 

Ⱦɥɹ ɤɥɢɧɨɜɨɝɨ ɩɚɫɚ ܨʟ =  ݁ఈ′. (6.62)ܨ

ɞɟ ݂′ = ݂/ sin  ɤɭɬ – ߜ ,ɩɪɢɜɟɞɟɧɢɣ ɤɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ – ߜ
ɩɪɨɮɿɥɸ ɩɚɫɚ. 

 

6.5.3. Ɍɟɪɬɹ ɤɨɱɟɧɧɹ ɭ ɜɢɳɢɯ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪɚɯ 

əɤɳɨ ɰɢɥɿɧɞɪ ɡɧɚɯɨɞɢɬьɫɹ ɜ ɫɬɚɧɿ ɫɩɨɤɨɸ ɧɚ 
ɝɨɪɢɡɨɧɬɚɥьɧɿɣ ɩɥɨɳɢɧɿ ɿ ɧɚ ɧьɨɝɨ ɞɿє ɫɢɥɚ ɬɹɠɿɧɧɹ ܨ, ɬɨ 
ɤɪɢɜɚ ɪɨɡɩɨɞɿɥɭ ɧɚɩɪɭɠɟɧь ɜ ɡɨɧɿ ɤɨɧɬɚɤɬɭ ɤɨɥɟɫɚ ɡ 
ɩɥɨɳɢɧɨɸ ɛɭɞɟ ɫɢɦɟɬɪɢɱɧɚ ɿ ɪɟɚɤɰɿɹ ɛɭɞɟ ɩɪɨɯɨɞɢɬɢ ɱɟɪɟɡ 
ɬ. Ⱥ (ɪɢɫ. 6.16, ɚ). 

ɉɪɢɤɥɚɞɟɦɨ ɞɨ ɤɨɥɟɫɚ ɪɭɲɿɣɧɢɣ ɦɨɦɟɧɬ ʛ  

(ɪɢɫ. 6.16, ɛ), ɚɛɨ ɝɨɪɢɡɨɧɬɚɥьɧɭ ɪɭɲɿɣɧɭ ɫɢɥɭ ܨ ɧɚ ɜɢɫɨɬɿ 
h (ɪɢɫ. 6.16, ɜ), ɹɤɿ ɫɩɪɢɱɢɧɹɬь ɪɿɜɧɨɦɿɪɧɟ ɤɨɱɟɧɧɹ ɤɨɥɟɫɚ 
(ɰɢɥɿɧɞɪɚ). ȼ ɰɢɯ ɜɢɩɚɞɤɚɯ ɤɪɢɜɚ ɪɨɡɩɨɞɿɥɭ ɧɚɩɪɭɠɟɧь ɛɭɞɟ 
ɧɟ ɫɢɦɟɬɪɢɱɧɚ. ɉɪɢ ɰьɨɦɭ ɪɟɚɤɰɿɹ ܨே ɩɥɨɳɢɧɢ ɡɦɿɫɬɢɬьɫɹ 
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ɧɚɡɭɫɬɪɿɱ ɪɭɯɭ ɧɚ ɜɟɥɢɱɢɧɭ K, ɹɤɭ ɛɭɞɟɦɨ ɧɚɡɢɜɚɬɢ ɩɥɟɱɟɦ 
ɫɢɥɢ ɬɟɪɬɹ ɤɨɱɟɧɧɹ, ɚɛɨ ɤɨɟɮɿɰɿєɧɬɨɦ ɬɟɪɬɹ ɤɨɱɟɧɧɹ. 
ȼɟɥɢɱɢɧɚ K ɜɢɦɿɪɸєɬьɫɹ ɜ ɦɦ. ɉɪɢ ɪɿɜɧɨɦɿɪɧɨɦɭ ɤɨɱɟɧɧɿ 
ɤɨɥɟɫɚ ɦɨɠɧɚ ɫɤɥɚɫɬɢ ɧɚɫɬɭɩɧɿ ɪɿɜɧɹɧɧɹ ɪɿɜɧɨɜɚɝɢ: Σܨ௬ = ܨ− + ேܨ = Ͳ, Σܯఉ = ோℎܨ − ܭܨ = Ͳ. (6.63) 

ȱɡ ɪɿɜɧɹɧь (6.63) ɦɚєɦɨ: ܨே = ,ܨ ோℎܨ =  (6.64) ,ܭܨ

ɞɟ ܨோℎ = ܭܨ , – ɦɨɦɟɧɬ ɪɭɲɿɣɧɢɯ ɫɢɥܯ =   – ɦɨɦɟɧɬܯ
ɫɢɥ ɬɟɪɬɹ ɤɨɱɟɧɧɹ. 

 
Ɋɢɫ. 6.16. ɐɢɥɿɧɞɪ ɧɚ ɝɨɪɢɡɨɧɬɚɥьɧɿɣ ɩɥɨɳɢɧɿ: 

ɚ – ɭ ɫɬɚɧɿ ɫɩɨɤɨɸ; ɛ – ɧɚɜɚɧɬɚɠɟɧɢɣ ɪɭɲɿɣɧɢɦ ɦɨɦɟɧɬɨɦ; 
ɜ – ɧɚɜɚɧɬɚɠɟɧɢɣ ɪɭɲɿɣɧɨɸ ɫɢɥɨɸ 

 

ɉɪɢ ɪɿɜɧɨɦɿɪɧɨɦɭ ɤɨɱɟɧɧɿ ɦɨɦɟɧɬ ɪɭɲɿɣɧɢɯ ɫɢɥ 
ɞɨɪɿɜɧɸє ɦɨɦɟɧɬɭ ɫɢɥ ɬɟɪɬɹ ܯ = ܯ = ܨܭ . (6.65) 

Ɋɭɲɿɣɧɚ ɫɢɥɚ ɡɧɚɯɨɞɢɬьɫɹ ɿɡ (6.64) ܨ = ܨ  ℎ . (6.66)ܭ

ȼ ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɜɢɫɨɬɢ h ɦɨɠɥɢɜɿ ɬɪɢ ɜɢɩɚɞɤɢ:  
• ɱɢɫɬɟ ɤɨɜɡɚɧɧɹ ɛɭɞɟ ɩɪɨɯɨɞɢɬɢ, ɹɤɳɨ ܨ = ܨ = ,݂ܨ ℎܨ <  (6.67) ,ܭܨ

ɡɜɿɞɤɢ ɡɧɚɯɨɞɢɦɨ: ܨ݂ℎ < ,ܭܨ ݂ <  ℎ. (6.68)ܭ
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• ɱɢɫɬɟ ɤɨɱɟɧɧɹ ɦɨɠɥɢɜɟ, ɹɤɳɨ ܨℎ = ,ܭܨ ܨ <  ݂, (6.69)ܨ

ɡɜɿɞɤɢ ɡɧɚɯɨɞɢɦɨ: ܨܭℎ < ,݂ܨ ݂ >  ℎ. (6.70)ܭ

• ɨɞɧɨɱɚɫɧɟ ɤɨɱɟɧɧɹ ɿ ɤɨɜɡɚɧɧɹ ɛɭɞɟ, ɹɤɳɨ ܨ = ,݂ܨ ℎܨ =  (6.71) ,ܭܨ

ɡɜɿɞɤɢ ɡɧɚɯɨɞɢɦɨ: ܨ݂ℎ < ,ܭܨ ݂ =  ℎ. (6.72)ܭ

 

6.5.4. ɉɟɪɟɦɿɳɟɧɧɹ ɜɚɧɬɚɠɭ ɧɚ ɤɚɬɤɚɯ 

Ɋɨɡɝɥɹɧɟɦɨ ɧɚɫɬɭɩɧɭ ɡɚɞɚɱɭ. ɇɟɯɚɣ ɜɚɧɬɚɠ, ɫɢɥɚ 
ɬɹɠɿɧɧɹ ɹɤɨɝɨ ɩɟɪɟɦɿɳɚєɬьɫɹ ɧɚ ɤɚɬɤɭ, ɫɢɥɚ ɬɹɠɿɧɧɹ ɹɤɨɝɨ ܨଶ Ʉɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ ɤɨɱɟɧɧɹ ɦɿɠ ɜɚɧɬɚɠɨɦ ɿ ɤɚɬɤɨɦ Кଵ, ɚ 
ɦɿɠ ɤɚɬɤɨɦ ɿ ɩɥɨɳɢɧɨɸ Кଶ. Ɂɧɚɣɬɢ ɪɭɲɿɣɧɭ ɫɢɥɭ ܨʟ ɞɥɹ 
ɪɿɜɧɨɦɿɪɧɨɝɨ ɩɟɪɟɦɿɳɟɧɧɹ ɜɚɧɬɚɠɭ (ɪɢɫ. 6.17). 

 
Ɋɢɫ. 6.17. ȼɚɧɬɚɠ ɧɚ ɤɚɬɤɭ 

 

Ɇɨɦɟɧɬ ɪɭɲɿɣɧɢɯ ɫɢɥ ʛʟ, ɛɭɞɟ ɞɨɪɿɜɧɸɜɚɬɢ 
ɫɭɦɚɪɧɨɦɭ ɦɨɦɟɧɬɭ ɬɟɪɬɹ ʛ ɦɿɠ ɜɚɧɬɚɠɨɦ ɿ ɤɚɬɤɨɦ ɿ ɦɿɠ 
ɤɚɬɤɨɦ ɿ ɩɥɨɳɢɧɨɸ: ʛʟ = ʛ. ܨܦ = ଵܭଵܨ +  ଶ. (6.73)ܭேܨ
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Ɋɟɚɤɰɿɹ ܨே = ଵܨ +  ே ɜܨ ଶ. ɉɿɞɫɬɚɜɢɦɨ ɡɧɚɱɟɧɧɹܨ
(6.73), ɞɿɫɬɚɧɟɦɨ ܨܦ = ଵܭଵܨ + ଵܨ) +  ଶ. (6.74)ܭ(ଶܨ

Ɂɜɿɞɫɢ ɡɧɚɣɞɟɦɨ ɪɭɲɿɣɧɭ ɫɢɥɭ: ܨ = ଶܭଵሺܨ + ଶሻܭ + ܦଶܭଶܨ . (6.75) 

 

6.5.5. ɉɟɪɟɦɿɳɟɧɧɹ ɜɚɧɬɚɠɭ ɧɚ ɜɿɡɤɭ 

Ɂɧɚɣɞɟɦɨ ɝɨɪɢɡɨɧɬɚɥьɧɭ ɪɭɲɿɣɧɭ ɫɢɥɭ ܨ, ɧɟɨɛɯɿɞɧɭ 
ɞɥɹ ɪɿɜɧɨɦɿɪɧɨɝɨ ɩɟɪɟɦɿɳɟɧɧɹ ɜɿɡɤɚ ɡ ɜɚɧɬɚɠɟɦ, ɫɢɥɚ 
ɬɹɠɿɧɧɹ ɹɤɨɝɨ ܨଵ, a ɫɢɥɚ ɬɹɠɿɧɧɹ ɤɨɠɧɨɝɨ ɿɡ ɤɨɥɿɫ ܨଶ,  

(ɪɢɫ. 6.18). ɉɨɡɧɚɱɢɦɨ ɪɚɞɿɭɫɢ: ɤɨɥɟɫɚ ܴ , ɰɚɩɮɢ ݎ. 

 
Ɋɢɫ. 6.18. ȼɚɧɬɚɠ ɧɚ ɜɿɡɤɭ 

 

ɉɪɢɪɿɜɧɹєɦɨ ɟɥɟɦɟɧɬɚɪɧɭ ɪɨɛɨɬɭ ɪɭɲɿɣɧɨʀ ɫɢɥɢ ܨʟ ɧɚ 
ɟɥɟɦɟɧɬɚɪɧɨɦɭ ɩɟɪɟɦɿɳɟɧɧɿ ݀  ɞɨ ɫɭɦɢ ɟɥɟɦɟɧɬɚɪɧɢɯ ɪɨɛɿɬ ݔ
ɜɿɞ ɦɨɦɟɧɬɭ ɬɟɪɬɹ ɤɨɱɟɧɧɹ ɤɨɥɿɫ ɜɿɞɧɨɫɧɨ ɩɥɨɳɢɧɢ x-x ɿ ɜɿɞ 
ɦɨɦɟɧɬɭ ɬɟɪɬɹ ɤɨɜɡɚɧɧɹ ɜ ɰɚɩɮɚɯ ɤɨɥɿɫ, ɨɬɪɢɦɚєɦɨ: ܣ˓ ௫−௫ܣ= + ݔ݀ܨ .˙ܣ = ଵܨ)ܭ + ߮݀(ଶܨʹ +  (6.76) .݂߮݀ݎଵܨ

Ɂɧɚɣɞɟɦɨ ɟɥɟɦɟɧɬɚɪɧɟ ɩɟɪɟɦɿɳɟɧɧɹ ݀ݔ = ߮݀ܭ =  (6.77) .ݐ݀߱ܭ

ɉɿɞɫɬɚɜɢɦɨ ɜ ɪɿɜɧɹɧɧɹ ɪɨɛɿɬ (6.76) ɡɧɚɱɟɧɧɹ ݀ݔ ɿɡ 
(6.77), ɨɬɪɢɦɚєɦɨ ܨݐ݀߱ܭ = ሺܭ + ݐଵ߱݀ܨሻ݂ݎ +  (6.78) .ݐଶ߱݀ܨܭʹ
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ɡɜɿɞɫɢ ɦɚєɦɨ: ܨ = ሺܭ + ଵܨሻ݂ݎ + ܭଶܨܭʹ . (6.79) 

ɉɨɞɚɦɨ ɪɹɞ ɡɧɚɱɟɧь ɤɨɟɮɿɰɿєɧɬɭ ɬɟɪɬɹ ɤɨɱɟɧɧɹ K ɩɪɢ 
ɩɟɜɧɢɯ ɭɦɨɜɚɯ ɬɟɪɬɹ:  

ɍɦɨɜɢ ɬɟɪɬɹ Ʉɨɟɮɿɰɿєɧɬ Ʉ, ɦɦ 

ɋɬɚɥьɧɿ ɛɚɧɞɚɠɿ ɤɨɥɿɫ ɡɚɥɿɡɧɢɱɧɢɯ 
ɜɚɝɨɧɿɜ ɜɿɞɧɨɫɧɨ ɪɟɣɨɤ 0.5–0.55 

Ⱦɟɪɟɜɨ ɜɿɞɧɨɫɧɨ ɞɟɪɟɜɚ 0.5–1.3 

Ɂɚɝɚɪɬɨɜɚɧɿ ɫɬɚɥьɧɿ ɤɭɥьɤɢ ɿ ɪɨɥɢɤɢ 
ɜ ɩɿɞɲɢɩɧɢɤɚɯ ɤɨɱɟɧɧɹ 0.01 

Ʉɨɥɟɫɚ ɜɿɡɤɿɜ ɿɡ ɡɚɥɿɡɧɢɦɢ ɲɢɧɚɦɢ 
ɜɿɞɧɨɫɧɨ ɚɫɮɚɥьɬɭ 6 

Ɍɟ ɫɚɦɟ ɜɿɞɧɨɫɧɨ ɩɿɫɤɭ 15–30 

 

6.6. ɉɨɧɹɬɬɹ ɩɪɨ ɮɪɢɤɰɿɣɧɿ ɦɟɯɚɧɿɡɦɢ 

 

6.6.1. Зɚɝɚɥьɧɿ ɜɿɞɨɦɨɫɬɿ 
Ɋɭɯ ɜɿɞ ɦɚɲɢɧ-ɞɜɢɝɭɧɿɜ ɞɨ ɪɨɛɨɱɢɯ ɦɚɲɢɧ ɦɨɠɧɚ 

ɩɟɪɟɞɚɜɚɬɢ ɪɿɡɧɢɦɢ ɫɩɨɫɨɛɚɦɢ. ɇɚɣɩɨɲɢɪɟɧɿɲɢɦ ɿ 
ɤɨɧɫɬɪɭɤɬɢɜɧɨ ɡɪɭɱɧɢɦ ɫɩɨɫɨɛɨɦ ɰɿєʀ ɩɟɪɟɞɚɱɿ ɪɭɯɭ є 
ɡɱɟɩɥɟɧɧɹ ɦɿɠ ɫɨɛɨɸ ɡɚ ɞɨɩɨɦɨɝɨɸ ɹɤɢɯ – ɧɟɛɭɞь 
ɤɿɧɟɦɚɬɢɱɧɢɯ ɟɥɟɦɟɧɬɿɜ ɞɜɨɯ ɜɚɥɿɜ, ɳɨ ɨɛɟɪɬɚɸɬьɫɹ. ɐɿ 
ɜɚɥɢ ɦɨɠɭɬь ɪɨɡɬɚɲɨɜɭɜɚɬɢɫɹ ɭ ɩɪɨɫɬɨɪɿ ɭ ɛɭɞь- ɹɤɨɦɭ 
ɩɨɥɨɠɟɧɧɿ. Ɂɚɥɟɠɧɨ ɜɿɞ ɜɿɞɫɬɚɧɿ ɦɿɠ ɜɚɥɚɦɢ ɬɚ ʀɯ 
ɪɨɡɬɚɲɭɜɚɧɧɹ ɦɨɠɟ ɛɭɬɢ ɡɚɫɬɨɫɨɜɚɧɚ ɬɚ ɱɢ ɿɧɲɚ ɫɢɫɬɟɦɚ 
ɦɟɯɚɧɿɱɧɨʀ ɩɟɪɟɞɚɱɿ. 

ɇɚɣɯɚɪɚɤɬɟɪɧɿɲɢɦɢ ɤɨɧɫɬɪɭɤɰɿɹɦɢ ɩɟɪɟɞɚɱ 
ɨɛɟɪɬɚɥьɧɨɝɨ ɪɭɯɭ є:  

• ɩɟɪɟɞɚɱɿ ɛɟɡɩɨɫɟɪɟɞɧɿɦ ɞɨɬɢɤɚɧɧɹɦ; 
• ɩɟɪɟɞɚɱɿ ɝɧɭɱɤɢɦ ɡɜʼɹɡɤɨɦ. 
Ɇɟɯɚɧɿɡɦɢ, ɜ ɹɤɢɯ ɞɥɹ ɩɟɪɟɞɚɱɿ ɪɭɯɭ 

ɜɢɤɨɪɢɫɬɨɜɭɸɬьɫɹ ɫɢɥɢ ɬɟɪɬɹ, ɧɚɡɢɜɚɸɬьɫɹ ɮɪɢɤɰɿɣɧɢɦɢ 
ɦɟɯɚɧɿɡɦɚɦɢ. 
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6.6.2. Цɢɥɿɧɞɪɢɱɧɚ ɮɪɢɤɰɿɣɧɚ ɩɟɪɟɞɚɱɚ 

ɇɚɣɩɪɨɫɬɿɲɢɦ ɫɩɨɫɨɛɨɦ ɩɟɪɟɞɚɱɿ ɪɭɯɭ ɿ ɫɢɥɢ ɦɿɠ 
ɜɚɥɚɦɢ, ɳɨ ɨɛɟɪɬɚɸɬьɫɹ, є ɡɚɫɬɨɫɭɜɚɧɧɹɦ ɮɪɢɤɰɿɣɧɨʀ 
ɩɟɪɟɞɚɱɿ. Ɏɪɢɤɰɿɣɧɚ ɩɟɪɟɞɚɱɚ ɭɬɜɨɪɸєɬьɫɹ ɡ ɞɜɨɯ 
ɝɥɚɞɟɧьɤɢɯ ɤɨɥɿɫ, ɹɤɿ ɩɪɢɬɢɫɤɚɸɬьɫɹ ɨɞɧɟ ɞɨ ɨɞɧɨɝɨ ɡ 
ɩɟɜɧɨɸ ɫɢɥɨɸ, ɧɚɩɪɢɤɥɚɞ ɩɪɭɠɢɧɨɸ (ܨ). 

Ɂɚɜɞɹɤɢ ɰьɨɦɭ, ɩɪɢ ɨɛɟɪɬɚɧɧɿ ɜɟɞɭɱɨɝɨ ɤɨɥɟɫɚ, ɭ ɦɿɫɰɿ 
ɡɿɬɤɧɟɧɧɹ ɤɨɥɿɫ ɜɢɧɢɤɚє ɫɢɥɚ ɬɟɪɬɹ ܨ ɿ ɨɛɟɪɬɚɧɧɹ 
ɩɟɪɟɞɚєɬьɫɹ ɜɟɞɟɧɨɦɭ ɤɨɥɟɫɭ. ɋɢɥɚ ɬɟɪɬɹ ɦɿɠ ɤɨɥɟɫɚɦɢ 
ɩɨɜɢɧɧɚ ɛɭɬɢ ɛɿɥьɲɨɸ ɡɚ ɤɨɥɨɜɭ ɫɢɥɭ ܨ௧ ɛɨ ɿɧɚɤɲɟ ɪɭɯ ɧɟ 
ɩɟɪɟɞɚɜɚɬɢɦɟɬьɫɹ, ɚ ɜɟɞɭɱɟ ɤɨɥɟɫɨ, ɳɨ ɨɛɟɪɬɚєɬьɫɹ, 
ɩɪɨɤɨɜɡɭɜɚɬɢɦɟ ɩɨ ɧɟɪɭɯɨɦɨɦɭ ɜɟɞɟɧɨɦɭ. ɐɟ 
ɩɪɨɤɨɜɡɭɜɚɧɧɹ ɧɚɡɢɜɚєɬьɫɹ ɛɭɤɫɭɜɚɧɧɹɦ. (ܨ   – ௧ܨ

ɩɟɪɟɞɚɱɚ ɪɭɯɭ ܨ <  ௧ – ɛɭɤɫɭɜɚɧɧɹ). Ɋɨɡɝɥɹɧɟɦɨܨ
ɧɚɣɩɪɨɫɬɿɲɢɣ ɜɢɩɚɞɨɤ, ɤɨɥɢ ɩɟɪɟɞɚɱɚ ɜɫɬɚɧɨɜɥɸєɬьɫɹ ɦɿɠ 
ɞɜɨɦɚ ɩɚɪɚɥɟɥьɧɢɦɢ ɜɚɥɚɦɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɝɥɚɞɟɧьɤɢɯ 
ɰɢɥɿɧɞɪɢɱɧɢɯ ɤɨɥɿɫ 1 ɬɚ 2 (ɪɢɫ. 6.19) 

 
Ɋɢɫ. 6.19. ɐɢɥɿɧɞɪɢɱɧɚ ɩɟɪɟɞɚɱɚ 

 

ɐɿ ɤɨɥɟɫɚ ɡɚɤɪɿɩɥɟɧɿ ɧɚ ɜɟɞɭɱɨɦɭ ɤɨɥɟɫɿ ܱଵ ɿ ɧɚ 
ɜɟɞɟɧɨɦɭ ܱଶ. ɉɨɡɧɚɱɢɦɨ ɪɚɞɿɭɫɢ ɤɨɥɿɫ ɜɿɞɩɨɜɿɞɧɨ ݎଵ ɬɚ ݎଶ. 

ɩɪɢ ɞɨɫɬɚɬɧьɨɦɭ ɧɚɬɢɫɤɭ ɤɨɥɿɫ ɪɭɯ ɜɿɞɛɭɜɚєɬьɫɹ ɛɟɡ 
ɤɨɜɡɚɧɧɹ ɿ, ɨɬɠɟ, ɥɿɧɿɣɧɿ ɤɨɥɨɜɿ ɲɜɢɞɤɨɫɬɿ ʀɯ ɪɿɜɧɿ ଵܸ = ଶܸ. 
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ȼɿɞɨɦɨ, ɳɨ  ଵܸ = ߱ଵݎଵ, ଶܸ = ߱ଶݎଶ. (6.80) 

Ɉɬɠɟ ߱ଵݎଵ = ߱ଶݎଶ. Ɂɜɿɞɫɢ ɜɢɩɥɢɜɚє, ɳɨ  ߱ଵ߱ଶ =  ଶ. (6.81)ݎଵݎ±

ȼɿɞɧɨɲɟɧɧɹ ɤɭɬɨɜɢɯ ɲɜɢɞɤɨɫɬɟɣ ɤɨɥɿɫ ɧɚɡɢɜɚєɬьɫɹ 
ɩɟɪɟɞɚɬɨɱɧɢɦ ɜɿɞɧɨɲɟɧɧɹɦ ɿ ɩɨɡɧɚɱɚєɬьɫɹ ɛɭɤɜɨɸ ݑ. 

ȼ ɪɿɜɧɹɧɧɿ (6.81) ɜɟɪɯɧɿɣ ɡɧɚɤ ɜɿɞɧɨɫɢɬьɫɹ ɞɨ 
ɜɧɭɬɪɿɲɧьɨɝɨ ɞɨɬɢɤɚɧɧɹ ɤɨɥɿɫ, ɚ ɧɢɠɧɿɣ – ɞɨ ɡɨɜɧɿɲɧьɨɝɨ, 
ɤɨɥɢ ɧɚɩɪɹɦɢ ɨɛɟɪɬɚɧɧɹ ɤɨɥɿɫ ɜɿɞɛɭɜɚɸɬьɫɹ ɜ ɪɿɡɧɿ ɫɬɨɪɨɧɢ. 
Ɉɬɠɟ, ɩɟɪɟɞɚɬɨɱɧɟ ɜɿɞɧɨɲɟɧɧɹ ɡɚ ɱɢɫɥɨɜɨɸ ɜɟɥɢɱɢɧɨɸ 
ɞɨɪɿɜɧɸє ɨɛɟɪɧɟɧɨɦɭ ɜɿɞɧɨɲɟɧɧɸ ɪɚɞɿɭɫɿɜ ɤɨɥɿɫ. 

əɤɳɨ ɤɨɥɟɫɚ ɦɚɸɬь ɜɢɝɥɹɞ ɤɪɭɝɥɢɯ ɰɢɥɿɧɞɪɿɜ, ɬɨ 
ɩɟɪɟɞɚɬɨɱɧɟ ɜɿɞɧɨɲɟɧɧɹ ݑଵଶ ≅  Ⱥ ɬɨɦɭ ɜɿɞɧɨɲɟɧɧɹ .ݐݏ݊ܿ
ɤɭɬɨɜɢɯ ɲɜɢɞɤɨɫɬɟɣ ɦɨɠɧɚ ɡɚɦɿɧɢɬɢ ɜɿɞɧɨɲɟɧɧɹɦ ɱɚɫɬɨɬɢ 
ɨɛɟɪɬɚɧɧɹ, ɬɨɦɭ ɮɨɪɦɭɥɚ (6.81) ɦɨɠɟ ɛɭɬɢ ɩɨɞɚɧɚ ɜ ɬɚɤɨɦɭ 
ɜɢɝɥɹɞɿ ݑଵଶ = ߱ଵ߱ଶ = ݊ଵ݊ଶ = ±  ଶ. (6.82)ݎଵݎ

ȼɿɞɫɬɚɧь ɦɿɠ ɰɟɧɬɪɚɦɢ ɨɛɟɪɬɚɧɧɹ ɤɨɥɿɫ ɧɚɡɢɜɚєɬьɫɹ 
ɦɿɠɨɫьɨɜɨɸ ɜɿɞɫɬɚɧɧɸ ɚ. 

ȱɡ ɜɢɡɧɚɱɟɧɧɹ ɦɚєɦɨ ܽ = ଵݎ +  ଶ. (6.83)ݎ

Ɂɚ ɡɚɞɚɧɢɦ ɩɟɪɟɞɚɬɨɱɧɢɦ ɜɿɞɧɨɲɟɧɧɹɦ ݑଵଶ ɿ 
ɦɿɠɨɫьɨɜɨɸ ɜɿɞɫɬɚɧɧɸ ɚ ɦɨɠɧɚ ɥɟɝɤɨ ɜɢɡɧɚɱɢɬɢ ɪɚɞɿɭɫɢ ݎଵ 

ɿ ݎଶ ɤɨɥɿɫ. 
ȼɢɡɧɚɱɢɦɨ ݎଶ ɿɡ (6.82) ɿ ɩɿɞɫɬɚɜɢɦɨ ɜ (6.83) ܽ = ଵݎ ±  ଵ. (6.84)ݎଵଶݑ

Ɂɜɿɞɫɢ ɦɚєɦɨ ݎଵ = ܽͳ ±  ଵଶ. (6.85)ݑ

Ⱥɧɚɥɨɝɿɱɧɨ ɜɢɡɧɚɱɚєɦɨ r2 ݎଶ = ଵଶͳݑܽ ±  ଵଶ. (6.86)ݑ
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əɤɳɨ ɭ ɮɪɢɤɰɿɣɧɿɣ ɩɟɪɟɞɚɱɿ ɜɿɞɛɭɜɚєɬьɫɹ ɤɨɜɡɚɧɧɹ, ɬɨ  ߱ଵݎଵሺͳ − ሻߝ = ߱ଶݎଶ, (6.87) 

ɞɟ ߝ = Ͳ,Ͳͳ. . .Ͳ,Ͳʹ – ɤɨɟɮɿɰɿєɧɬ ɤɨɜɡɚɧɧɹ ɩɪɢ ɪɨɛɨɱɨɦɭ 
ɡɚɜɚɧɬɚɠɟɧɧɿ, ɩɪɢ ɯɨɥɨɫɬɨɦɭ ɯɨɞɿ ߝ = Ͳ. 

Ɍɨɞɿ ɩɟɪɟɞɚɬɨɱɧɟ ɜɿɞɧɨɲɟɧɧɹ ɩɪɢ ɪɨɛɨɱɨɦɭ ɯɨɞɿ ɛɭɞɟ: ݑଵଶ = ߱ଵ߱ଶ ሺͳ − ሻߝ = ±  ଶ. (6.88)ݎଵݎ

 

6.6.3. Ʉɨɧɿɱɧɚ ɮɪɢɤɰɿɣɧɚ ɩɟɪɟɞɚɱɚ 

ɉɟɪɟɞɚɱɚ ɦɿɠ ɜɚɥɚɦɢ, ɨɫɿ ɹɤɢɯ ɩɟɪɟɬɢɧɚɸɬьɫɹ, 
ɜɢɦɚɝɚє ɡɚɫɬɨɫɭɜɚɧɧɹ ɤɨɧɿɱɧɢɯ ɤɨɥɿɫ. ɇɟɯɚɣ ɨɫɿ ܱܱଵ ɬɚ ܱܱଶ 

ɩɟɪɟɬɢɧɚɸɬьɫɹ ɩɿɞ ɤɭɬɨɦ δ ɭ ɬɨɱɰɿ O (ɪɢɫ. 6.20). 

 
Ɋɢɫ. 6.20. Ʉɨɧɿɱɧɚ ɩɟɪɟɞɚɱɚ 

 

ɇɚɜɤɨɥɨ ɨɫɿ ܱܱଵ ɨɛɟɪɬɚєɬьɫɹ ɥɚɧɤɚ ܭଵ ɡ ɤɭɬɨɜɨɸ 
ɲɜɢɞɤɿɫɬɸ ߱ଵ. ɐɹ ɥɚɧɤɚ ɦɚє ɩɟɪɟɞɚɬɢ ɿɧɲɿɣ ɥɚɧɰɿ ܭଶ, ɳɨ 
ɩɟɪɟɛɭɜɚє ɡ ɩɟɪɲɨɸ ɥɚɧɤɨɸ ɭ ɛɟɡɩɨɫɟɪɟɞɧьɨɦɭ ɞɨɬɢɤɭ, ɧɟ 
ɩɟɪɟɪɜɧɢɣ ɨɛɟɪɬɚɥьɧɢɣ ɪɭɯ ɧɚɜɤɨɥɨ ɨɫɿ ܱܱଶ ɡ ɤɭɬɨɜɨɸ 
ɲɜɢɞɤɿɫɬɸ ߱ଶ. Ɍɪɟɛɚ ɡɧɚɣɬɢ ɮɨɪɦɭ ɥɚɧɨɤ ɡɚ ɭɦɨɜɢ, ɳɨɛ 
ɨɛɟɪɬɚɧɧɹ ɜɿɞ ɥɚɧɤɢ ܭଵ, ɞɨ ܭଶ ɩɟɪɟɞɚɜɚɥɨɫь ɿɡ ɫɬɚɥɢɦ 
ɜɿɞɧɨɲɟɧɧɹɦ ɤɭɬɨɜɢɯ ɲɜɢɞɤɨɫɬɟɣ ݑଵଶ = ߱ଵ߱ଶ =  (6.89) .ݐݏ݊ܿ

ȼɢɡɧɚɱɚєɦɨ ɜɿɞɧɨɫɧɢɣ ɪɭɯ ɥɚɧɤɢ ܭଶ. Ɋɭɯ ɥɚɧɤɢ ܭଶ, ɳɨ 
ɡɜʼɹɡɚɧɚ ɡ ɜɿɫɫɸ ܱܱଶ ɜɿɞɧɨɫɧɨ ɥɚɧɤɢ ܭଵ, ɹɤɚ ɡɜʼɹɡɚɧɚ ɡ ɜɿɫɫɸ 
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ܱܱଵ ɫɤɥɚɞɚєɬьɫɹ ɡ ɞɜɨɯ ɨɛɟɪɬɚɥьɧɢɯ ɪɭɯɿɜ: ɧɚɜɤɨɥɨ ɨɫɿ ܱܱଶ 

ɡ ɤɭɬɨɜɨɸ ɲɜɢɞɤɿɫɬɸ ߱ଶ ɿ ɧɚɜɤɨɥɨ ɨɫɿ ܱܱଵ ɡ ɤɭɬɨɜɨɸ 
ɲɜɢɞɤɿɫɬɸ ߱ଵ, ɧɚɩɪɹɦɥɟɧɭ ɜ ɛɿɤ ɩɪɨɬɢɥɟɠɧɢɣ ɡɚɞɚɧɨɦɭ. 

Ɋɟɡɭɥьɬɭɸɱɢɣ ɪɭɯ ɬɚɤɨɠ ɨɛɟɪɬɚɥьɧɢɣ ɧɚɜɤɨɥɨ 
ɦɢɬɬєɜɨʀ ɨɫɿ ɨɛɟɪɬɚɧɧɹ Ɉɋ, ɹɤɚ ɦɚє ɧɚɩɪɹɦ ɞɿɚɝɨɧɚɥɿ 
ɩɚɪɚɥɟɥɨɝɪɚɦɚ, ɩɨɛɭɞɨɜɚɧɨɝɨ ɧɚ ɜɿɞɪɿɡɤɚɯ ܱܣ = −߱ଵ ɿ ܱܤ = ߱ଶ. Ɉɛɢɞɜɿ ɤɭɬɨɜɿ ɲɜɢɞɤɨɫɬɿ ɫɥɿɞ ɜɿɞɤɥɚɞɚɬɢ ɬɚɤ, ɳɨɛ 
ɞɥɹ ɫɩɨɫɬɟɪɿɝɚɱɚ, ɹɤɢɣ ɞɢɜɢɬьɫɹ ɭ ɧɚɩɪɹɦɿ ɜɿɞ ɤɿɧɰɹ ɜɟɤɬɨɪɚ 
ɞɨ ɩɨɱɚɬɤɭ, ɬɨɛɬɨ ɜɿɞ ܱଵ ɬɚ ܱܱଶ ɞɨ O, ɨɛɢɞɜɚ ɨɛɟɪɬɚɧɧɹ 

ɭɹɜɥɹɥɢɫь ɬɚɤɢɦ, ɳɨ ɜɿɞɛɭɜɚɸɬьɫɹ ɩɪɨɬɢ ɧɚɩɪɹɦɭ ɪɭɯ 
ɝɨɞɢɧɧɢɤɨɜɨʀ ɫɬɪɿɥɤɢ. Ɇɢɬɬєɜɚ ɜɿɫь ɨɛɟɪɬɚɧɧɹ Ɉɋ ɡ ɞɚɧɢɦɢ 
ɨɫɹɦɢ ܱܱଵ ɬɚ ܱܱଶ ɫɤɥɚɞɚє ɤɭɬɢ, ɳɨ ɜɿɞɩɨɜɿɞɧɨ ɞɨɪɿɜɧɸɸɬь ߜଵ ɬɚ ߜଶ ɪɨɡɝɥɹɞɚɸɱɢ ɬɪɢɤɭɬɧɢɤ ɤɭɬɨɜɢɯ ɲɜɢɞɤɨɫɬɟɣ АɈɋ 

ɡɧɚɯɨɞɢɦɨ ߱ଵ߱ଶ = sin ଶsinߜ  ଵ. (6.90)ߜ

ȼɪɚɯɨɜɭɸɱɢ (6.81) ɡɚɩɢɲɟɦɨ ݑଵଶ = ߱ଵ߱ଶ = sin ଶsinߜ  ଵ. (6.91)ߜ

ȱɡ ɪɢɫ. 6.20 ɜɢɞɧɨ, ɳɨ  ߜ = ଵߜ +  ଶ. (6.92)ߜ

Ɍɨɞɿ ɜɪɚɯɨɜɭɸɱɢ (6.92) ɪɿɜɧɹɧɧɹ (6.91) ɡɚɩɢɲɟɦɨ ɭ 
ɜɢɝɥɹɞɿ: ݑଵଶ = sin ߜଶsinሺߜ − ଶሻߜ = sin ଶsinߜ ߜ cݏ ଶߜ − sin ଶߜ cݏ  (6.93) .ߜ

ɉɨɞɿɥɢɦɨ ɱɢɫɟɥьɧɢɤ ɿ ɡɧɚɦɟɧɧɢɤ ɪɿɜɧɹɧɧɹ (6.93) ɧɚ cݏ ଵଶݑ :ଶ, ɨɬɪɢɦɚєɦɨߜ = sin ߜଶsinሺߜ − ଶሻߜ = tg ଶsinߜ ߜ − cݏ ߜ tg  ଶ. (6.94)ߜ

ȱɡ ɪɿɜɧɹɧɧɹ (6.94) ɦɚєɦɨ tg ଶߜ = sin ଵଶݑͳߜ + cݏ  .ߜ
(6.95) 
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Ⱥɧɚɥɨɝɿɱɧɨ ɡɧɚɣɞɟɦɨ tg ଵߜ = sin ଵଶݑߜ + cݏ  (6.96) .ߜ

Ɇɢɬɬєɜɚ ɤɭɬɨɜɚ ɲɜɢɞɤɿɫɬь ߗ ɥɚɧɤɢ ܭଶ ɭ ɜɿɞɧɨɫɧɨɦɭ 
ɪɭɫɿ ɧɚɜɤɨɥɨ ɥɚɧɤɢ ܭଵ ɜɢɡɧɚɱɚєɬьɫɹ ɹɤ ɞɿɚɝɨɧɚɥь 
ɩɚɪɚɥɟɥɨɝɪɚɦɚ, ɫɬɨɪɨɧɚɦɢ ɹɤɨɝɨ є: −߱ଵɬɚ ߱ଶ. ߗ = √߱ଵଶ + ߱ଶଶ + ʹ߱ଵ߱ଶ cݏ  (6.97) .ߜ

Ɂɧɚɣɞɟɦɨ ɚɤɫɨʀɞɢ ɭ ɜɿɞɧɨɫɧɨɦɭ ɪɭɫɿ ɥɚɧɨɤ ܭଵ ɬɚ ܭଶ, 

ɬɨɛɬɨ ɝɟɨɦɟɬɪɢɱɧɿ ɦɿɫɰɹ ɦɢɬɬєɜɢɯ ɨɫɟɣ ɨɛɟɪɬɚɧɧɹ ɭ 
ɧɟɪɭɯɨɦɨɦɭ ɩɪɨɫɬɨɪɿ ɬɚ ɜ ɫɚɦɨɦɭ ɬɿɥɿ, ɳɨ ɪɭɯɚєɬьɫɹ. 

Ɍɚɤ ɹɤ ɦɢɬɬєɜɚ ɜɿɫь ɨɛɟɪɬɚɧɧɹ Ɉɋ ɜɟɫь ɱɚɫ ɩɪɨɯɨɞɢɬь 
ɱɟɪɟɡ ɧɟɪɭɯɨɦɭ ɬɨɱɤɭ Ɉ, ɬɨ ɚɤɫɨʀɞɚɦɢ ɛɭɞɭɬь ɞɜɚ ɤɨɧɭɫɢ ɿɡ 
ɫɩɿɥьɧɨɸ ɜɟɪɲɢɧɨɸ Ɉ. Ɂɨɤɪɟɦɚ, ɤɨɥɢ ɤɭɬɨɜɿ ɲɜɢɞɤɨɫɬɿ ߱ଵ 

ɬɚ ߱ଶ ɡɚɥɢɲɚɸɬьɫɹ ɫɬɚɥɢɦɢ, ɤɭɬɢ, ɳɨ ɭɬɜɨɪɸɸɬьɫɹ ɦɿɠ 
ɦɢɬɬєɜɨɸ ɜɿɫɫɸ ɨɛɟɪɬɚɧɧɹ Ɉɋ ɿ ɞɚɧɢɦɢ ɨɫɹɦɢ ܱܱଵ ɬɚ ܱܱଶ, 

ɬɚɤɨɠ ɡɚɥɢɲɚɸɬьɫɹ ɧɟɡɦɿɧɧɢɦɢ. 
Ɉɬɠɟ, ɜ ɰьɨɦɭ ɪɚɡɿ ɧɟɪɭɯɨɦɢɣ ɿ ɪɭɯɨɦɢɣ ɚɤɫɨʀɞɢ 

ɦɚɬɢɦɭɬь ɜɢɝɥɹɞ ɞɜɨɯ ɤɪɭɝɥɢɯ ɤɨɧɭɫɿɜ. ɍ ɤɨɠɧɢɣ ɦɨɦɟɧɬ 
ɱɚɫɭ ɰɿ ɞɜɚ ɤɨɧɭɫɢ ɞɨɬɢɤɚɸɬьɫɹ ɜɡɞɨɜɠ ɫɩɿɥьɧɨʀ ɬɜɿɪɧɨʀ, ɹɤɚ 
є ɦɢɬɬєɜɨɸ ɜɿɫɫɸ ɨɛɟɪɬɚɧɧɹ; ɜɿɞɧɨɫɧɢɣ ɪɭɯ ɥɚɧɤɢ ܭଶ 

ɜɿɞɧɨɫɧɨ ɥɚɧɤɢ ܭଵ ɝɟɨɦɟɬɪɢɱɧɨ ɜɢɡɧɚɱɚєɬьɫɹ ɤɨɱɟɧɧɹɦ 
ɤɨɧɭɫɚ ܭଶ ɩɨ ɤɨɧɭɫɭ ܭଵ ɛɟɡ ɤɨɜɡɚɧɧɹ. ɉɪɢ ɰьɨɦɭ 
ɧɟɨɛɯɿɞɧɨɸ ɭɦɨɜɨɸ ɬɨɝɨ, ɳɨɛ ɤɨɧɭɫɢ ɧɟ ɤɨɜɡɚɥɢ, ɹɤ ɰɟ 
ɜɢɞɧɨ ɡ ɜɢɳɟɜɢɤɥɚɞɟɧɨɝɨ, є ɧɚɹɜɧɿɫɬь ɫɩɿɥьɧɨʀ ɜɟɪɲɢɧɢ Ɉ. 

Ɉɛɦɟɠɢɜɲɢ ɤɨɠɧɢɣ ɤɨɧɭɫ ɞɜɨɦɚ ɩɟɪɟɪɿɡɚɦɢ, 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɢɦɢ ɞɨ ʀɯ ɨɫɟɣ ɨɛɟɪɬɚɧɧɹ, ɞɿɫɬɚɧɟɦɨ ɞɜɚ 
ɤɨɧɿɱɧɢɯ ɤɨɥɟɫɚ ɬɟɪɬɹ ɚɛɨ ɤɨɧɿɱɧɿ ɮɪɢɤɰɿɣɧɿ ɤɨɥɟɫɚ. 
ɉɨɡɧɚɱɢɦɨ ɛɭɤɜɚɦɢ ݎଵ ɬɚ ݎଶ ɪɚɞɿɭɫɢ ɛɿɥьɲɢɯ ɨɫɧɨɜ ɤɨɥɿɫ. 
Ɍɨɞɿ ɦɨɠɧɚ ɪɿɜɧɹɧɧɹ (6.82) ɡɚɩɢɫɚɬɢ ݑଵଶ = ߱ଵ߱ଶ = sin ଶsinߜ ଵߜ =  ଵ. (6.98)ݎଶݎ
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ɇɚ ɩɪɚɤɬɢɰɿ ɡɚɫɬɨɫɨɜɭєɬьɫɹ ɧɚɣɩɨɲɢɪɟɧɿɲɚ ɩɟɪɟɞɚɱɚ 
ɡ ɨɫɹɦɢ ɜɚɥɿɜ, ɳɨ ɩɟɪɟɬɢɧɚɸɬьɫɹ ɩɿɞ ɩɪɹɦɢɦ ɤɭɬɨɦ ߜ = ͻͲ° 
ɿ ɥɟɠɚɬь ɜ ɨɞɧɿɣ ɩɥɨɳɢɧɿ. Ɍɨɞɿ ɮɨɪɦɭɥɚ (6.98) ɞɥɹ 
ɩɟɪɟɞɚɬɨɱɧɨɝɨ ɜɿɞɧɨɲɟɧɧɹ ɩɪɢɣɦɚє ɜɢɝɥɹɞ: ݑଵଶ = ߱ଵ߱ଶ = ଵݎଶݎ = tg ଶߜ = ctg  ଵ. (6.99)ߜ

 

6.6.4. Ʌɨɛɨɜɚ ɮɪɢɤɰɿɣɧɚ ɩɟɪɟɞɚɱɚ  
ɉɟɪɟɜɚɝɚɦɢ ɮɪɢɤɰɿɣɧɨʀ ɩɟɪɟɞɚɱɿ є ɦɨɠɥɢɜɿɫɬь ʀʀ 

ɪɟɜɟɪɫɭɜɚɧɧɹ ɿ ɡɞɿɣɫɧɟɧɧɹ ɛɟɡɫɬɭɩɿɧɱɚɫɬɨʀ ɡɦɿɧɢ 
ɩɟɪɟɞɚɬɨɱɧɨɝɨ ɜɿɞɧɨɲɟɧɧɹ, ɚ ɬɚɤɨɠ ɩɪɨɫɬɨɬɚ ɤɨɧɫɬɪɭɤɰɿʀ ɬɚ 
ɩɥɚɜɧɿɫɬь ɪɨɛɨɬɢ. Ɍɨɦɭ ɮɪɢɤɰɿɣɧɿ ɩɟɪɟɞɚɱɿ, ɧɟɡɜɚɠɚɸɱɢ ɧɚ 
ɫɜɨʀ ɧɟɞɨɥɿɤɢ (ɧɟɦɢɧɭɱɟ ɩɪɨɤɨɜɡɭɜɚɧɧɹ, ɧɟɦɨɠɥɢɜɿɫɬь 
ɡɚɛɟɡɩɟɱɟɧɧɹ ɬɨɱɧɨɫɬɿ ɡɚɞɚɧɨɝɨ ɡɚɤɨɧɭ ɩɟɪɟɞɚɱɿ), ɲɢɪɨɤɨ 
ɡɚɫɬɨɫɨɜɭɸɬь ɜ ɦɚɲɢɧɨɛɭɞɭɜɚɧɧɿ ɹɤ ɜɚɪɿɚɬɨɪɢ. 

ɇɚɣɩɪɨɫɬɿɲɢɣ ɜɚɪɿɚɬɨɪ, ɬɚɤ ɡɜɚɧɢɣ ɥɨɛɨɜɢɣ, 
ɡɨɛɪɚɠɟɧɢɣ ɧɚ ɪɢɫ. 6.21. 

 
Ɋɢɫ. 6.21. Ʌɨɛɨɜɢɣ ɜɚɪɿɚɬɨɪ 

 

Ʌɨɛɨɜɢɣ ɜɚɪɿɚɬɨɪ ɫɤɥɚɞɚєɬьɫɹ ɡ ɜɟɞɭɱɨɝɨ ɪɨɥɢɤɚ 1 ɿ 
ɜɟɞɟɧɨɝɨ ɞɢɫɤɚ 2. Ɋɨɥɢɤ ɜɫɬɚɧɨɜɥɸєɬьɫɹ ɧɚ ɜɟɞɭɱɨɦɭ ɜɚɥɭ ܱଵ ଵܱ ɿ ɣɨɝɨ ɦɨɠɧɚ ɩɟɪɟɦɿɳɚɬɢ ɜɿɞɧɨɫɧɨ ɜɚɥɚ ɜɡɞɨɜɠ. ɉɪɢ 
ɩɟɪɟɦɿɳɟɧɧɿ ɪɨɥɢɤɚ 1 ɜɡɞɨɜɠ ɨɫɿ ɨɛɟɪɬɚɧɧɹ ɜɚɥɚ ɡɦɿɧɸєɬьɫɹ 
ɪɚɞɿɭɫ ɤɨɱɟɧɧɹ ɧɚ ɞɢɫɤɭ 2. ɐɟ ɞɨɡɜɨɥɹє ɩɥɚɜɧɨ ɡɦɿɧɸɜɚɬɢ 
ɩɟɪɟɞɚɬɨɱɧɟ ɜɿɞɧɨɲɟɧɧɹ ɩɟɪɟɞɚɱɿ.  
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ɇɟ ɜɪɚɯɨɜɭɸɱɢ ɤɨɜɡɚɧɧɹ, ɦɚєɦɨ: ݑଵଶ = ߱ଵ߱ଶ = ݎ௫ݎ . (6.100) 

əɤɳɨ ɫɟɪɟɞɢɧɚ ɪɨɥɢɤɚ ɡɧɚɯɨɞɢɬьɫɹ ɧɚ ɨɫɿ ɞɢɫɤɚ (ݎ௫ =Ͳ), ɬɨ ݑଵଶ = Ͳ. 

ɇɚɣɛɿɥьɲɟ ɩɟɪɟɞɚɬɨɱɧɟ ɜɿɞɧɨɲɟɧɧɹ ɛɭɞɟ ɬɨɞɿ, ɤɨɥɢ 
ɪɨɥɢɤ ɡɚɣɦɚɬɢɦɟ ɤɪɚɣɧє ɩɨɥɨɠɟɧɧɹ ɧɚ ɞɢɫɤɭ 2: ݑଵଶ௫ = ݎ௫௫ݎ . (6.101) 

ɉɪɢ ɩɟɪɟɦɿɳɟɧɧɿ ɪɨɥɢɤɚ ɩɪɚɜɨɪɭɱ ɜɿɞ ɨɫɿ ܱଶܱଶ ɜɚɥ 
ɞɢɫɤɚ 2 ɨɛɟɪɬɚɬɢɦɟɬьɫɹ ɭ ɡɜɨɪɨɬɧьɨɦɭ ɧɚɩɪɹɦɿ. 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɥɨɛɨɜɢɣ ɜɚɪɿɚɬɨɪ ɞɨɡɜɨɥɹє ɩɥɚɜɧɨ 
ɡɦɿɧɸɜɚɬɢ ɩɟɪɟɞɚɬɨɱɧɟ ɜɿɞɧɨɲɟɧɧɹ. Ⱦɿɚɩɚɡɨɧ ɪɟɝɭɥɸɜɚɧɧɹ 
ɣɨɝɨ ɥɟɠɢɬь ɜ ɦɟɠɚɯ: Ͳ  ଵଶݑ  ଵଶ௫ݑ . (6.102) 

Ɏɪɢɤɰɿɣɧɿ ɩɟɪɟɞɚɱɿ ɡɚɫɬɨɫɨɜɭɸɬь ɭ ɜɿɛɪɨɝɪɚɮɚɯ, 
ɦɚɝɧɿɬɨɮɨɧɚɯ, ɤɿɧɨɚɩɚɪɚɬɚɯ, ɩɪɨɝɪɚɜɚɱɚɯ, ɫɩɿɞɨɦɟɬɪɚɯ. 
ȼɚɪɿɚɬɨɪɢ ɲɢɪɨɤɨ ɜɢɤɨɪɢɫɬɨɜɭɸɬь ɭ ɪɿɡɧɢɯ ɝɚɥɭɡɹɯ 
ɩɪɨɦɢɫɥɨɜɨɫɬɿ. Ȳɯ ɱɚɫɬɨ ɡɚɫɬɨɫɨɜɭɸɬь ɭ ɩɪɢɜɨɞɚɯ ɤɨɧɜɟєɪɿɜ, 
ɡɜɚɪɸɜɚɥьɧɢɯ ɦɚɲɢɧɚɯ, ɦɟɬɚɥɨɪɿɡɚɥьɧɢɯ ɜɟɪɫɬɚɬɚɯ ɿ ɿɧ. 

 

6.7. Ʉɨɟɮɿɰɿєɧɬ ɤɨɪɢɫɧɨʀ ɞɿʀ ɦɟɯɚɧɿɡɦɿɜ ɿ ɦɚɲɢɧ 

ɓɨɛ ɜɢɡɧɚɱɢɬɢ ɫɬɭɩɿɧь ɟɧɟɪɝɟɬɢɱɧɨʀ ɞɨɫɤɨɧɚɥɨɫɬɿ 
ɦɚɲɢɧɢ, ɤɨɪɢɫɬɭɸɬьɫɹ ɩɨɧɹɬɬɹɦ ɦɟɯɚɧɿɱɧɨɝɨ ɤɨɟɮɿɰɿєɧɬɚ 
ɤɨɪɢɫɧɨʀ ɞɿʀ (ɄɄȾ) ɦɚɲɢɧɢ. 

ɉɿɞ ɦɟɯɚɧɿɱɧɢɦ ɄɄȾ ߟ ɪɨɡɭɦɿɸɬь ɜɿɞɧɨɲɟɧɧɹ 
ɜɟɥɢɱɢɧɢ ɪɨɛɨɬɢ ܣКʝ ɫɢɥ ɤɨɪɢɫɧɨɝɨ ɨɩɨɪɭ ɞɨ ɪɨɛɨɬɢ ܣʟ ɫɢɥ 
ɪɭɲɿɣɧɢɯ ɡɚ ɰɢɤɥ ɭɫɬɚɥɟɧɨɝɨ ɪɭɯɭ ߟ = ʟܣКʝܣ . (6.103) 

ȼɪɚɯɨɜɭɸɱɢ ɡɜʼɹɡɨɤ ɪɨɛɨɬɢ ɭɫɿɯ ɫɢɥ ɨɩɨɪɭ ɿ ɪɨɛɨɬɢ 
ɪɭɲɿɣɧɢɯ ɫɢɥ ɿɡ (6.11), ɚ ɬɚɤɨɠ ɡɧɚɱɟɧɧɹ ɪɨɛɨɬɢ ɭɫɿɯ ɫɢɥ 
ɨɩɨɪɭ ɿɡ (6.12), ɦɚєɦɨ: ܣКʝ = ʟܣ − ܣ , (6.104) 
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ɞɟ ܣ – ɪɨɛɨɬɚ ɫɢɥ ɬɟɪɬɹ ɬɚ ɿɧɲɢɯ ɧɟɜɢɪɨɛɧɢɱɢɯ ɨɩɨɪɿɜ.  
Ɍɨɞɿ ɪɿɜɧɹɧɧɹ (6.103) ɩɪɢɣɦɟ ɜɢɝɥɹɞ ߟ = ʟܣ − ʟܣܣ = ͳ −  ʟ. (6.105)ܣܣ

ȼɿɞɧɨɲɟɧɧɹ ɡɧɚɱɟɧь ɪɨɛɿɬ ܣ ɫɢɥ ɧɟɜɢɪɨɛɧɢɱɢɯ 
ɨɩɨɪɿɜ ɞɨ ɪɨɛɨɬɢ ɫɢɥ ɪɭɲɿɣɧɢɯ, ɧɚɡɢɜɚєɬьɫɹ ɤɨɟɮɿɰɿєɧɬɨɦ 
ɜɬɪɚɬ ߮ ɦɟɯɚɧɿɡɦɿ. ȼɿɞɩɨɜɿɞɧɨ ɞɨ ɰьɨɝɨ ɮɨɪɦɭɥɚ (6.105) 

ɧɚɛɟɪɟ ɜɢɝɥɹɞɭ ߟ = ͳ − ߮. (6.106) 

Ɂ ɮɨɪɦɭɥɢ (6.105) ɜɢɩɥɢɜɚє, ɳɨ ɤɨɥɢ ɪɨɛɨɬɚ ɪɭɲɿɣɧɢɯ 
ɫɢɥ ɞɨɪɿɜɧɸє ɪɨɛɨɬɿ ɭɫɿɯ ɫɢɥ ɧɟɜɢɪɨɛɧɢɱɢɯ ɨɩɨɪɿɜ ܣʟ =  ܣ

ɬɨ ɄKȾ ɞɨɪɿɜɧɸє ɧɭɥɸ. ɉɪɢ ɰьɨɦɭ ɪɭɯ ɦɟɯɚɧɿɡɦɭ 
ɦɨɠɥɢɜɢɣ, ɚɥɟ ɛɟɡ ɜɢɤɨɧɚɧɧɹ ɹɤɨʀ-ɧɟɛɭɞь ɤɨɪɢɫɧɨʀ ɪɨɛɨɬɢ 
(ɪɭɯ ɜɯɨɥɨɫɬɭ). Ɍɚɤɢɦ ɱɢɧɨɦ ɦɚєɦɨ: Ͳ  ߟ < ͳ. (6.107) 

Ɂɭɫɬɪɿɱɚɸɬьɫɹ ɜɢɩɚɞɤɢ, ɤɨɥɢ ɬɟɨɪɟɬɢɱɧɨ ɄɄȾ ɦɚє 
ɜɿɞʼєɦɧɟ ɡɧɚɱɟɧɧɹ. ɐɟ є ɨɡɧɚɤɨɸ ɫɚɦɨɝɚɥьɦɭɜɚɧɧɹ, ɚɛɨ 
ɡɚɤɥɢɧɸɜɚɧɧɹ ɦɟɯɚɧɿɡɦɭ, ɬɨɛɬɨ ɧɟɦɨɠɥɢɜɨɫɬɿ ɩɟɪɟɞɚɜɚɬɢ 
ɪɭɯ ɭ ɡɚɞɚɧɨɦɭ ɧɚɩɪɹɦɿ (ɱɟɪɜʼɹɱɧɚ ɩɟɪɟɞɚɱɚ). 

Ɇɚɲɢɧɚ ɫɤɥɚɞɚєɬьɫɹ ɡ ɤɿɥьɤɨɯ ɦɟɯɚɧɿɡɦɿɜ, ɬɨɦɭ 
ɜɢɡɧɚɱɟɧɧɹ ʀʀ ɄKȾ ɡɜɨɞɢɬьɫɹ ɞɨ ɩɨɩɟɪɟɞɧьɨɝɨ ɜɢɡɧɚɱɟɧɧɹ 
ɄKȾ ɤɨɠɧɨɝɨ ɡ ɦɟɯɚɧɿɡɦɿɜ. Ɂɚɥɟɠɧɨ ɜɿɞ ɫɩɨɫɨɛɭ ɡʼєɞɧɚɧɧɹ 
ɰɢɯ ɦɟɯɚɧɿɡɦɿɜ ɨɛɱɢɫɥɸɸɬь ɄɄȾ ɭɫɿєʀ ɦɚɲɢɧɢ. 

ȱɫɧɭє ɬɪɢ ɫɩɨɫɨɛɢ ɡʼєɞɧɚɧɧɹ ɦɟɯɚɧɿɡɦɿɜ: ɩɨɫɥɿɞɨɜɧɟ, 
ɩɚɪɚɥɟɥьɧɟ, ɡɦɿɲɚɧɟ. 

 

ȼɢɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿєɧɬɭ ɤɨɪɢɫɧɨʀ ɞɿʀ ɩɪɢ  
ɩɨɫɥɿɞɨɜɧɨɦɭ ɡʼєɞɧɚɧɧɿ ɦɟɯɚɧɿɡɦɿɜ 

ɇɟɯɚɣ ɦɚєɦɨ n ɩɨɫɥɿɞɨɜɧɨ ɡʼєɞɧɚɧɢɯ ɦɟɯɚɧɿɡɦɿɜ  
(ɪɢɫ. 6.22). 

 
Ɋɢɫ. 6.22. ɉɨɫɥɿɞɨɜɧɟ ɡʼєɞɧɚɧɧɹ ɦɟɯɚɧɿɡɦɿɜ 
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ɉɪɢɤɥɚɞɨɦ ɩɨɫɥɿɞɨɜɧɨɝɨ ɡʼєɞɧɚɧɧɹ ɦɟɯɚɧɿɡɦɿɜ ɦɨɠɟ 
ɛɭɬɢ ɬɟɩɥɨɫɢɥɨɜɚ ɭɫɬɚɧɨɜɤɚ. Ɋɨɛɨɬɨɸ ɪɭɲɿɣɧɢɯ ɫɢɥ ɬɭɬ є 
ɟɧɟɪɝɿɹ ɩɚɥɢɜɚ; ɪɨɛɨɬɨɸ ɫɢɥ ɜɢɪɨɛɧɢɱɨɝɨ ɨɩɨɪɭ – ɟɧɟɪɝɿɹ, 
ɳɨ ɜɢɞɿɥɹєɬьɫɹ ɝɨɥɨɜɧɢɦ ɜɚɥɨɦ ɞɜɢɝɭɧɚ; ɪɨɛɨɬɨɸ ɫɢɥ 
ɧɟɜɢɪɨɛɧɢɱɢɯ ɨɩɨɪɿɜ – ɩɨɫɥɿɞɨɜɧɿ ɜɬɪɚɬɢ ɭ ɬɨɩɰɿ, ɤɨɬɥɿ, 
ɩɚɪɨɩɪɨɜɨɞɚɯ, ɭ ɞɜɢɝɭɧɿ ɿ ɬ.ɞ. 

ȱɧɲɢɦɢ ɩɪɢɤɥɚɞɚɦɢ ɩɨɫɥɿɞɨɜɧɨɝɨ ɡʼєɞɧɚɧɧɹ 
ɦɟɯɚɧɿɡɦɿɜ ɦɨɠɭɬь ɛɭɬɢ: ɩɪɢɜɨɞ ɫɬɪɿɱɤɨɜɨɝɨ ɤɨɧɜɟєɪɚ 
(ɟɥɟɤɬɪɨɞɜɢɝɭɧ, ɦɭɮɬɚ, ɡɭɛɱɚɫɬɿ ɩɟɪɟɞɚɱɿ ɪɟɞɭɤɬɨɪɚ, 
ɩɿɞɲɢɩɧɢɤɢ, ɝɧɭɱɤɚ ɩɟɪɟɞɚɱɚ, ɫɬɪɿɱɤɨɜɢɣ ɤɨɧɜɟєɪ); ɩɪɢɜɨɞ 
ɚɜɬɨɦɨɛɿɥɹ (ɞɜɢɝɭɧ ɜɧɭɬɪɿɲɧьɨɝɨ ɡɝɨɪɚɧɧɹ, ɦɭɮɬɚ, ɤɨɪɨɛɤɚ 
ɩɟɪɟɞɚɱ, ɤɚɪɞɚɧ, ɞɢɮɟɪɟɧɰɿɚɥьɧɢɣ ɦɟɯɚɧɿɡɦ, ɜɟɞɭɱɿ ɤɨɥɟɫɚ). 

ɉɨɡɧɚɱɢɦɨ ܣଵ ɪɨɛɨɬɭ ɫɢɥ ɤɨɪɢɫɧɨɝɨ ɨɩɨɪɭ ɧɚ 
ɜɢɯɿɞɧɨɦɭ ɜɚɥɭ ɩɟɪɲɨɝɨ ɦɟɯɚɧɿɡɦɭ ɿ ɪɨɛɨɬɭ ɫɢɥ ɪɭɲɿɣɧɢɯ 
ɧɚ ɜɯɿɞɧɨɦɭ ɜɚɥɭ ɞɪɭɝɨɝɨ ɦɟɯɚɧɿɡɦɭ, ܣଶ ɪɨɛɨɬɭ ɫɢɥ 
ɤɨɪɢɫɧɨɝɨ ɨɩɨɪɭ ɧɚ ɜɢɯɿɞɧɨɦɭ ɜɚɥɭ ɞɪɭɝɨɝɨ ɦɟɯɚɧɿɡɦɭ ɿ 
ɪɨɛɨɬɭ ɫɢɥ ɪɭɲɿɣɧɢɯ ɧɚ ɜɯɿɞɧɨɦɭ ɜɚɥɭ ɬɪɟɬьɨɝɨ ɦɟɯɚɧɿɡɦɭ 
ɿ ɬ.ɞ. Ɍɚɤɢɦ ɱɢɧɨɦ, ɄɄȾ ɭɫɿєʀ ɦɚɲɢɧɢ: ߟ = ʟܣܣ . (6.108) 

Ɉɤɪɟɦɿ ɄɄȾ ɤɨɠɧɨɝɨ ɦɟɯɚɧɿɡɦɭ ɛɭɞɭɬь:  ߟଵ = ʟܣଵܣ ; ଶߟ  = ଵܣଶܣ ; ଷߟ  = ଶܣଷܣ ; … ߟ ; =  ሺ−ଵሻ. (6.109)ܣܣ

 

Ɂɚɩɢɲɟɦɨ ɬɨɬɨɠɧɿɫɬь: ܣܣʟ = ʟܣଵܣ ଵܣଶܣ ଶܣଷܣ ∙ … ∙  ሺ−ଵሻ. (6.110)ܣܣ

ɉɿɞɫɬɚɜɢɦɨ ɜ ɬɨɬɨɠɧɿɫɬь (6.110) ɡɧɚɱɟɧɧɹ ɦɧɨɠɧɢɤɿɜ 
ɿɡ (6.109), ɨɬɪɢɦɚєɦɨ: ߟ = ଷߟଶߟଵߟ ∙ … ∙  . (6.111)ߟ

ɄɄȾ ɩɨɫɥɿɞɨɜɧɨɝɨ ɡʼєɞɧɚɧɧɹ ɦɟɯɚɧɿɡɦɿɜ ɞɨɪɿɜɧɸє 
ɞɨɛɭɬɤɭ ɄɄȾ ɨɤɪɟɦɢɯ ɦɟɯɚɧɿɡɦɿɜ. 
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ȼɢɡɧɚɱɟɧɧɹ ɤɨɟɮɿɰɿєɧɬɭ ɤɨɪɢɫɧɨʀ ɞɿʀ  
ɩɪɢ ɩɚɪɚɥɟɥьɧɨɦɭ ɡʼєɞɧɚɧɧɿ ɦɟɯɚɧɿɡɦɿɜ 

ɉɪɢɤɥɚɞɨɦ ɩɚɪɚɥɟɥьɧɨɝɨ ɡʼєɞɧɚɧɧɹ ɦɟɯɚɧɿɡɦɿɜ ɦɨɠɟ 
ɛɭɬɢ ɬɪɚɧɫɦɿɫɿɣɧɢɣ ɜɚɥ ɪɚɡɨɦ ɡ ɜɟɪɫɬɚɬɚɦɢ, ɦɿɠ ɹɤɢɦɢ ɜɿɧ 
ɪɨɡɩɨɞɿɥɹє ɟɧɟɪɝɿɸ. ɇɟɯɚɣ ɦɚєɦɨ ߟ ɩɚɪɚɥɟɥьɧɨ ɡʼєɞɧɚɧɢɯ 
ɦɟɯɚɧɿɡɦɿɜ (ɪɢɫ. 6.23). 

 
Ɋɢɫ. 6.23. ɉɚɪɚɥɟɥьɧɟ ɡʼєɞɧɚɧɧɹ ɦɟɯɚɧɿɡɦɿɜ 

 

Ɂɚ ɞɨɩɨɦɨɝɨɸ ɬɪɚɧɫɦɿɫɿɣɧɨɝɨ ɜɚɥɭ ɞɨ ɝɪɭɩɢ 
ɦɟɯɚɧɿɡɦɿɜ ɩɿɞɜɨɞɢɬьɫɹ ɪɨɛɨɬɚ ܣʟ ɪɭɲɿɣɧɢɯ ɫɢɥ. ɉɨɡɧɚɱɢɦɨ ܣଵ, ܣଶ, ܣଷ, ..., ܣ ɪɨɛɨɬɭ ɪɭɲɿɣɧɢɯ ɫɢɥ, ɳɨ ɩɿɞɜɨɞɢɬьɫɹ ɞɨ 1, 
2, 3, .., n ɦɟɯɚɧɿɡɦɭ; ܣଵ′ ′ଶܣ , ′ଷܣ , ′ܣ ,... ,  – ɪɨɛɨɬɭ ɫɢɥ ɤɨɪɢɫɧɢɯ 
ɨɩɨɪɿɜ ɜɿɞɩɨɜɿɞɧɢɯ ɦɟɯɚɧɿɡɦɿɜ. ܣʟ = ଵܣ + ଶܣ + ଷܣ + ⋯+  . (6.112)ܣ

Ɉɤɪɟɦɿ KKȾ ɦɟɯɚɧɿɡɦɿɜ ɛɭɞɭɬь: ߟଵ = ଵܣ′ଵܣ ; ଶߟ  = ଶܣ′ଶܣ ; ଷߟ  = ଷܣ′ଷܣ ; … ; ߟ =  . (6.113)ܣ′ܣ

ɄɄȾ ɭɫɿєʀ ɭɫɬɚɧɨɜɤɢ: ߟ = ′ଵܣ + ′ଶܣ + ′ଷܣ + ⋯+ ଵܣ′ܣ + ଶܣ + ଷܣ + ⋯+  . (6.114)ܣ

ȼ ɪɿɜɧɹɧɧɿ (6.114) ɱɢɫɟɥьɧɢɤ ɿ ɡɧɚɦɟɧɧɢɤ ɩɪɚɜɨʀ 
ɱɚɫɬɢɧɢ ɹɜɥɹɸɬь ɫɨɛɨɸ ɜɿɞɩɨɜɿɞɧɭ ɫɭɦɭ ɱɢɫɟɥьɧɢɤɿɜ ɿ 
ɡɧɚɦɟɧɧɢɤɿɜ ɞɪɨɛɿɜ, ɳɨ є ɨɤɪɟɦɢɦɢ ɡɧɚɱɟɧɧɹɦɢ ɄɄȾ. 



167 

ȼɿɞɨɦɨ, ɳɨ ɩɪɢ ɬɚɤɨɦɭ ɫɩɨɫɨɛɿ ɭɬɜɨɪɟɧɧɹ ɞɪɨɛɭ ɡ ɪɹɞɭ 
ɞɪɨɛɿɜ ɞɿɫɬɚɧɟɦɨ ɱɢɫɥɨ, ɹɤɟ ɦɟɧɲɟ ɜɿɞ ɧɚɣɛɿɥьɲɨɝɨ ɿ ɛɿɥьɲɟ 
ɜɿɞ ɧɚɣɦɟɧɲɨɝɨ ɡ ɰɢɯ ɞɪɨɛɿɜ. 

ɇɟɯɚɣ ߟ ɬɚ ߟ ɛɭɞɭɬь ɜɿɞɩɨɜɿɞɧɨ ɧɚɣɛɿɥьɲɢɦ ɿ 
ɧɚɣɦɟɧɲɢɦ ɡɧɚɱɟɧɧɹɦ ɨɤɪɟɦɢɯ ɄɄȾ, ɬɨɞɿ: ߱ଵݎଵሺͳ − ሻߝ = ߱ଶݎଶ. (6.115) 

əɤɳɨ ɭɫɿ ɨɤɪɟɦɿ ɄɄȾ ɪɿɜɧɿ ɦɿɠ ɫɨɛɨɸ, ɬɨ ɄɄȾ 
ɭɫɬɚɧɨɜɤɢ ɞɨɪɿɜɧɸє ɤɨɠɧɨɦɭ ɡ ɧɢɯ. Ʉɨɥɢ ɠ ɜɨɧɢ ɪɿɡɤɨ 
ɜɿɞɪɿɡɧɹɸɬьɫɹ ɡɚ ɜɟɥɢɱɢɧɨɸ, ɬɨ ɩɪɨ ɡɧɚɱɟɧɧɹ ߟ, ɧɟ 
ɩɿɞɪɚɯɭɜɚɜɲɢ ɩɨɩɟɪɟɞɧьɨ ɡɚ (6.114), ɡɚɡɞɚɥɟɝɿɞь ɧɿɱɨɝɨ 
ɫɤɚɡɚɬɢ ɧɟ ɦɨɠɧɚ. Ɇɨɠɧɚ ɥɢɲɟ ɫɬɜɟɪɞɠɭɜɚɬɢ, ɳɨ ɜɿɤ ɛɭɞɟ 
ɛɥɢɠɱɟ ɞɨ ɬɨɝɨ ɨɤɪɟɦɨɝɨ ɡɧɚɱɟɧɧɹ ɄɄȾ, ɩɢɬɨɦɚ ɜɚɝɚ ɹɤɨɝɨ 
ɜ ɪɨɡɭɦɿɧɧɿ ɫɩɨɠɢɜɚɧɨʀ ɩɨɬɭɠɧɨɫɬɿ ɛɿɥьɲɚ. 

ɉɪɢɤɥɚɞ ɡɦɿɲɚɧɨɝɨ ɡʼєɞɧɚɧɧɹ ɦɟɯɚɧɿɡɦɿɜ ɧɚɜɟɞɟɧɢɣ 
ɧɚ ɪɢɫ. 6.24. 

 
Ɋɢɫ. 6.24. Ɂɦɿɲɚɧɟ ɡʼєɞɧɚɧɧɹ ɦɟɯɚɧɿɡɦɿɜ 

 

ɉɪɢ ɡɦɿɲɚɧɨɦɭ ɡʼєɞɧɚɧɧɿ ɮɨɪɦɭɥɚ ɄɄȾ ɭɫɿєʀ 
ɭɫɬɚɧɨɜɤɢ, ɜɢɪɚɠɟɧɚ ɱɟɪɟɡ ɨɤɪɟɦɿ ɄɄȾ, ɡɚɥɟɠɢɬь ɜɿɞ ɱɢɫɥɚ 
ɩɚɪɚɥɟɥьɧɢɯ ɿ ɩɨɫɥɿɞɨɜɧɢɯ ɜɿɬɨɤ, ʀɯ ɪɨɡɬɚɲɭɜɚɧɧɹ ɿ 
ɪɨɡɩɨɞɿɥɭ ɟɧɟɪɝɿʀ ɜɫɟɪɟɞɢɧɿ ɤɨɠɧɨʀ ɡ ɧɢɯ. 
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Ɉɰɿɧɤɚ ɟɧɟɪɝɟɬɢɱɧɨʀ ɟɮɟɤɬɢɜɧɨɫɬɿ ɦɚɲɢɧ 

Ɂɚɝɚɥьɧɨɜɿɞɨɦɨ, ɳɨ ɞɨɫɤɨɧɚɥɿɫɬь ɦɚɲɢɧ ɿ ɦɟɯɚɧɿɡɦɿɜ 
ɨɰɿɧɸɸɬь ɄɄȾ ɬɚ ɧɚɦɚɝɚɸɬьɫɹ ɣɨɝɨ ɩɨɫɬɿɣɧɨ ɩɿɞɜɢɳɭɜɚɬɢ. 
ɄɄȾ ɥɟɠɢɬь ɭ ɦɟɠɚɯ Ͳ  ߟ < ͳ ɿ є ɜɟɥɢɱɢɧɨɸ, ɹɤɚ 
ɜɢɡɧɚɱɚєɬьɫɹ ɜɿɞɧɨɲɟɧɧɹɦ ɤɨɪɢɫɧɨʀ ɞɨ ɜɢɬɪɚɱɟɧɨʀ 
ɩɨɬɭɠɧɨɫɬɿ ɡɚ ɜɿɞɨɦɢɦɢ ɮɨɪɦɭɥɚɦɢ, ɧɚɩɪɢɤɥɚɞ, (6.103). 

ȼɤɚɡɚɧɟ ɜɢɳɟ ɡɚɝɚɥьɧɟ ɜɢɡɧɚɱɟɧɧɹ ɄɄȾ ɦɨɠɟ ɛɭɬɢ 
ɤɨɧɤɪɟɬɢɡɨɜɚɧɨ ɞɥɹ ɨɤɪɟɦɢɯ ɜɢɩɚɞɤɿɜ ɿ, ɳɨ ɜɚɠɥɢɜɨ, ɦɨɠɧɚ 
ɨɬɪɢɦɚɬɢ ɮɨɪɦɭɥɢ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɣɨɝɨ ɱɟɪɟɡ ɿɧɲɿ 
ɩɚɪɚɦɟɬɪɢ ɦɟɯɚɧɿɡɦɿɜ. 

Ɋɨɡɝɥɹɧɟɦɨ ɞɥɹ ɩɪɢɤɥɚɞɭ ɜɢɡɧɚɱɟɧɧɹ ɄɄȾ ɡɭɛɱɚɫɬɢɯ 
ɞɢɮɟɪɟɧɰɿɚɥьɧɢɯ ɩɟɪɟɞɚɱ. əɤɳɨ ɬɚɤɚ ɩɟɪɟɞɚɱɚ 
ɡɚɫɬɨɫɨɜɭєɬьɫɹ ɜ ɹɤɨɫɬɿ ɪɟɞɭɤɬɨɪɚ, ɹɤɢɣ ɩɟɪɟɞɚє ɩɨɬɭɠɧɿɫɬь 
ɜɢɤɨɧɚɜɱɨɦɭ ɦɟɯɚɧɿɡɦɭ ɦɚɲɢɧɢ ɧɚ ɩɪɨɬɹɡɿ ɬɪɢɜɚɥɨɝɨ ɱɚɫɭ, 
ɬɨɞɿ ɞɥɹ ɜɢɹɫɧɟɧɧɹ ʀʀ ɩɪɢɞɚɬɧɨɫɬɿ ɧɟɨɛɯɿɞɧɨ ɜɢɡɧɚɱɚɬɢ ɄɄȾ. 
ɍ ɪɚɡɿ, ɤɨɥɢ ɬɚɤɿ ɩɟɪɟɞɚɱɿ ɜɢɤɨɪɢɫɬɨɜɭɸɬь ɭ ɹɤɨɫɬɿ 
ɩɪɢɫɬɪɨʀɜ ɪɟɝɭɥɸɜɚɧɧɹ ɪɭɯɭ ɞɟɹɤɢɯ ɥɚɧɨɤ ɄɄȾ ɦɨɠɧɚ ɧɟ 
ɜɢɡɧɚɱɚɬɢ, ɹɤɳɨ є ɜɩɟɜɧɟɧɿɫɬь, ɳɨ ɩɟɪɟɞɚɱɚ 
ɧɟɫɚɦɨɝɚɥьɦɿɜɧɚ. ɇɚ ɩɪɚɤɬɢɰɿ ɜ ɨɫɧɨɜɧɨɦɭ ɡɚɫɬɨɫɨɜɭɸɬь 
ɬɪɢ ɜɿɞɨɦɿ ɦɟɬɨɞɢ ɜɢɡɧɚɱɟɧɧɹ ɄɄȾ, ɹɤɿ ɦɨɠɧɚ ɩɪɢɣɧɹɬɢ 
ɡɚ ɛɚɡɨɜɿ ɞɥɹ ɪɨɡɜʼɹɡɭɜɚɧɧɹ ɩɨɫɬɚɜɥɟɧɨʀ ɤɨɧɤɪɟɬɧɨʀ ɡɚɞɚɱɿ:  

– ɛɟɡɩɨɫɟɪɟɞɧє ɜɢɡɧɚɱɟɧɧɹ ɜɬɪɚɬ ɧɚ ɬɟɪɬɹ ɭ ɜɫɿɯ 
ɪɭɯɨɦɢɯ ɡʼєɞɧɚɧɧɹɯ ɥɚɧɨɤ ɬɚ ɫɢɥɢ ɹɤɿ ɞɿɸɬь ɦɿɠ ɧɢɦɢ ɿ ɩɨ 
ɲɜɢɞɤɨɫɬɹɯ ɜɿɞɧɨɫɧɨɝɨ ɪɭɯɭ. ɉɪɢ ɰьɨɦɭ ɫɢɥɢ ɜɢɡɧɚɱɚɸɬь 
ɩɨɩɟɪɟɞɧьɨ ɛɟɡ ɜɪɚɯɭɜɚɧɧɹ ɬɟɪɬɹ, ɚ ɡ ɧɢɯ ɜɠɟ ɜɢɡɧɚɱɚɸɬь 
ɫɢɥɢ ɬɟɪɬɹ ɬɚ ʀɯ ɪɨɛɨɬɭ. Ɉɬɪɢɦɚɧɚ ɪɨɛɨɬɚ ɫɢɥ ɬɟɪɬɹ ɞɨɡɜɨɥɹє 
ɜɢɡɧɚɱɢɬɢ ɄɄȾ;  

– ɡɭɛɱɚɫɬɿ ɩɥɚɧɟɬɚɪɧɿ ɬɚ ɞɢɮɟɪɟɧɰɿɚɥьɧɿ ɩɟɪɟɞɚɱɿ 
ɲɥɹɯɨɦ ɿɧɜɟɪɫɿʀ ɡɜɨɞɹɬь ɞɨ ɩɪɨɫɬɢɯ ɩɟɪɟɞɚɱ ɡ ɧɟɪɭɯɨɦɢɦɢ 
ɨɫɹɦɢ, ɩɨɤɥɚɞɚɸɱɢ, ɳɨ ɞɨɞɚɬɤɨɜɟ ɨɛɟɪɬɚɧɧɹ, ɩɨɞɚɧɟ 
ɜɫьɨɦɭ ɦɟɯɚɧɿɡɦɭ ɜ ɰɿɥɨɦɭ, ɜ ɪɟɡɭɥьɬɚɬɿ ɩɟɪɟɬɜɨɪɟɧɧɹ 
ɧɿɱɨɝɨ ɧɟ ɦɿɧɹє ɭ ɪɨɛɨɬɿ ɫɢɥ ɬɟɪɬɹ. ɇɟ ɜɪɚɯɨɜɭɸɬьɫɹ ɬɚɤɨɠ 
ɞɨɞɚɬɤɨɜɿ ɜɬɪɚɬɢ ɜɿɞ ɬɢɫɤɭ ɜ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪɚɯ, ɹɤɿ 
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ɜɢɧɢɤɚɸɬь ɩɿɞ ɞɿєɸ ɜɿɞɰɟɧɬɪɨɜɢɯ ɫɢɥ ɿ ɦɨɦɟɧɬɿɜ ɫɢɥ ɿɧɟɪɰɿʀ 
ɫɚɬɟɥɿɬɿɜ; 

– ɩɪɢ ɜɢɡɧɚɱɟɧɧɿ ɄɄȾ ɩɟɪɟɞɛɚɱɚɸɬь, ɳɨ ɜɬɪɚɬɢ ɧɚ 
ɬɟɪɬɹ ɜ ɤɨɠɧɿɣ ɩɚɪɿ ɡɭɛɱɚɫɬɢɯ ɤɨɥɿɫ ɡɭɛɱɚɫɬɨʀ 
ɞɢɮɟɪɟɧɰɿɚɥьɧɨʀ ɩɟɪɟɞɚɱɿ ɩɪɨɩɨɪɰɿɣɧɿ ɞɨɛɭɬɤɭ ɤɨɥɨɜɨʀ 
ɫɢɥɢ ɧɚ ɡɭɛɰɹɯ ɿ ɲɜɢɞɤɨɫɬɿ ɬɨɱɤɢ ɩɨɱɚɬɤɨɜɨɝɨ ɤɨɥɚ ɫɚɬɟɥɿɬɚ 
ɩɨ ɜɿɞɧɨɲɟɧɧɸ ɞɨ ɜɨɞɢɥɚ (ܨ௧ݒ) ɚɛɨ ɞɨɛɭɬɤɭ ɨɛɟɪɬɚɥьɧɨɝɨ 
ɦɨɦɟɧɬɭ ɧɚ ɤɭɬɨɜɭ ɲɜɢɞɤɿɫɬь ɥɚɧɤɢ ( ܶ߱). ɐɟɣ ɞɨɛɭɬɨɤ 
ɧɨɫɢɬь ɧɚɡɜɭ ɩɨɬɟɧɰɿɚɥьɧɨʀ ɩɨɬɭɠɧɨɫɬɿ. 

 

ɄɄȾ ɞɢɮɟɪɟɧɰɿɚɥьɧɨʀ ɩɟɪɟɞɚɱɿ ɞɥɹ ɤɟɪɭɜɚɧɧɹ 
ɲɜɢɞɤɿɫɬɸ ɜɟɞɟɧɨʀ ɥɚɧɤɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɡɭɩɢɧɧɢɤɚ 
ɨɛɟɪɬɚɥьɧɨɝɨ ɪɭɯɭ ɡʼєɞɧɚɧɨɝɨ ɡ ɟɩɿɰɢɤɥɨɦ (ɞɢɜ. ɪɨɡɞ. 5.4), 

ɞɟ ɜɟɞɭɱɨɸ ɥɚɧɤɨɸ є ɫɨɧɹɱɧɟ ɡɭɛɱɚɫɬɟ ɤɨɥɟɫɨ, ɚ ɜɟɞɟɧɨɸ - 
ɜɨɞɢɥɨ, ɩɨɱɚɬɤɨɜɨ ɦɚє ɡɚɝɚɥьɧɢɣ ɜɢɝɥɹɞ ߟ =  , (6.116)ߟߟଵସߟ

ɞɟ ߟଵସ – ɄɄȾ ɡɭɛɱɚɫɬɨʀ ɞɢɮɟɪɟɧɰɿɚɥьɧɨʀ ɩɟɪɟɞɚɱɿ; ߟ – ɄɄȾ 
ɩɪɢɜɨɞɚ ɡɭɩɢɧɧɢɤɚ (ɡɭɛɱɚɫɬɨʀ ɩɟɪɟɞɚɱɿ); ߟ – ɄɄȾ 
ɡɭɩɢɧɧɢɤɚ (ɜɬɪɚɬɢ ɩɨɬɭɠɧɨɫɬɿ ɧɚ ɪɨɛɨɬɭ ɧɚɫɨɫɚ ɩɪɢ 
ɩɟɪɟɤɚɱɭɜɚɧɧɿ ɪɿɞɢɧɢ ɭ ɡɚɦɤɧɭɬɿɣ ɝɿɞɪɨɫɢɫɬɟɦɿ).  

Ȼɥɨɤ-ɫɯɟɦɚ ɦɨɠɥɢɜɢɯ ɜɬɪɚɬ ɩɨɬɭɠɧɨɫɬɿ ɜ ɩɪɢɫɬɪɨʀ 
ɞɥɹ ɤɟɪɭɜɚɧɧɹ ɡɦɿɧɚɦɢ ɲɜɢɞɤɨɫɬɿ ɧɚɜɟɞɟɧɨ ɧɚ ɪɢɫ. 6.25. 

 
Ɋɢɫ. 6.25. Ȼɥɨɤ-ɫɯɟɦɚ ɜɬɪɚɬ ɩɨɬɭɠɧɨɫɬɿ ɭ ɩɪɢɫɬɪɨʀ ɞɥɹ 

ɤɟɪɭɜɚɧɧɹ ɡɦɿɧɚɦɢ ɲɜɢɞɤɨɫɬɿ  
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ɇɚ ɨɫɧɨɜɿ ɚɧɚɥɿɡɭ ɜɬɪɚɬ ɩɨɬɭɠɧɨɫɬɿ ɭ ɩɪɢɫɬɪɨʀ 
ɡɪɨɛɥɟɧɢɣ ɜɢɫɧɨɜɨɤ, ɳɨ ɱɚɫɬɢɧɚ ɩɨɬɭɠɧɨɫɬɿ, ɩɨɞɚɧɨʀ ɧɚ 
ɫɨɧɹɱɧɟ ɡɭɛɱɚɫɬɟ ɤɨɥɟɫɨ ɱɟɪɟɡ ɫɚɬɟɥɿɬ, ɩɟɪɟɞɚєɬьɫɹ ɧɚ 
ɜɨɞɢɥɨ, ɚ ʀʀ ɱɚɫɬɢɧɚ ɱɟɪɟɡ ɫɚɬɟɥɿɬ ɩɟɪɟɞɚєɬьɫɹ ɧɚ ɟɩɿɰɢɤɥ ɿ 
ɡɚɦɤɧɭɬɭ ɝɿɞɪɨɫɢɫɬɟɦɭ. 

Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɄɄȾ ɪɨɡɝɥɹɧɟɦɨ ɫɯɟɦɭ ɫɢɥ, ɹɤɿ ɞɿɸɬь 
ɭ ɡɚɱɟɩɥɟɧɧɹɯ ɫɨɧɹɱɧɨɝɨ ɡɭɛɱɚɫɬɨɝɨ ɤɨɥɟɫɚ ɿ ɫɚɬɟɥɿɬɚ ܨଵଶ⃗⃗ ⃗⃗  ⃗, 
ɫɚɬɟɥɿɬɚ ɬɚ ɟɩɿɰɢɤɥɚ ܨଶଷ⃗⃗⃗⃗⃗⃗  ɿ ɫɚɬɟɥɿɬɚ ɬɚ ɜɨɞɢɥɚ ܨଶସ⃗⃗⃗⃗⃗⃗  ɿ ɡɚɩɢɲɟɦɨ 
ɭɦɨɜɭ ɪɿɜɧɨɜɚɝɢ ɫɚɬɟɥɿɬɚ (ɪɢɫ. 6.26) ɭ ɜɢɝɥɹɞɿ ܨଵଶ⃗⃗ ⃗⃗  ⃗ + + ଶଷ⃗⃗⃗⃗⃗⃗ܨ = ଶସ⃗⃗⃗⃗⃗⃗ܨ Ͳ, (6.117) 

Ʉɪɿɦ ɬɨɝɨ, ɫɭɦɚ ɦɨɦɟɧɬɿɜ ɫɢɥ, ɹɤɿ ɞɿɸɬь ɧɚ ɫɚɬɟɥɿɬ, 
ɜɿɞɧɨɫɧɨ ɨɫɿ ɣɨɝɨ ɨɛɟɪɬɚɧɧɹ, ɪɿɜɧɚ ɧɭɥɸ: ܨଵଶ⃗⃗ ⃗⃗ ଶݎ⃗  + ଶݎ ଶଷ⃗⃗⃗⃗⃗⃗ܨ = Ͳ, (6.118) 

ɞɟ ݎଶ – ɪɚɞɿɭɫ ɩɨɱɚɬɤɨɜɨɝɨ ɤɨɥɚ ɫɚɬɟɥɿɬɚ, ɡ ɱɢɫɥɨɦ ɡɭɛɰɿɜ ݖଶ. 

Ɂ ɜɢɪɚɡɿɜ (6.117) ɿ (6.118) ɫɢɥɢ, ɞɿɸɱɿ ɧɚ ɥɚɧɤɢ 
ɞɢɮɟɪɟɧɰɿɚɥьɧɨʀ ɩɟɪɟɞɚɱɿ ɛɭɞɭɬь: ܨଵଶ⃗⃗ ⃗⃗  ⃗ = = ଶଷ⃗⃗⃗⃗⃗⃗ܨ− Ͳ, (6.119) ܨଶସ⃗⃗⃗⃗⃗⃗ = ଵଶ⃗⃗ܨ)− ⃗⃗  ⃗ +  ଶଷ⃗⃗⃗⃗⃗⃗ ). (6.120)ܨ

Ɉɬɪɢɦɚɧɿ ɮɨɪɦɭɥɢ ɩɨɤɚɡɭɸɬь, ɳɨ ɨɞɧɚ ɡ ɡɚɞɚɧɢɯ ɫɢɥ 
ɞɚє ɦɨɠɥɢɜɿɫɬь ɜɢɡɧɚɱɢɬɢ ɞɜɿ ɿɧɲɿ. 

əɤɳɨ ɦɚєɦɨ ɡɚɞɚɧɢɣ ɨɛɟɪɬɚɥьɧɢɣ ɦɨɦɟɧɬ ଵܶ, ɬɨ ܨଵଶ = ଵܶݎଵ , (6.121) 

ɞɟ ݎଵ – ɪɚɞɿɭɫ ɩɨɱɚɬɤɨɜɨɝɨ ɤɨɥɚ ɫɨɧɹɱɧɨɝɨ ɤɨɥɟɫɚ. 

 
Ɋɢɫ. 6.26. ɋɯɟɦɚ ɫɢɥ ɡɭɛɱɚɫɬɨʀ ɞɢɮɟɪɟɧɰɿɚɥьɧɨʀ ɩɟɪɟɞɚɱɿ 
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ȼɿɞɩɨɜɿɞɧɨ ɞɨ ɜɢɪɚɡɭ (6.121) ɞɥɹ ɨɛɟɪɬɚɥьɧɨɝɨ 
ɦɨɦɟɧɬɭ, ɹɤɢɣ ɩɪɢɤɥɚɞɚєɬьɫɹ ɞɨ ɤɨɥɟɫɚ ݖଷ ɭ ɩɟɪɟɞɚɱɿ ɡ 
ɡɭɩɢɧɟɧɢɦ ɜɨɞɢɥɨɦ, ɦɚєɦɨ ଷܶ = ଷݎଶଷܨ = ଵݎଷݎ− ଵܶ = ଵଷሺସሻݑ− ଵܶ, (6.122) 

ɬɨɛɬɨ ɨɛɟɪɬɚɥьɧɿ ɦɨɦɟɧɬɢ ଵܶ ɿ ଷܶ ɛɟɡ ɜɪɚɯɭɜɚɧɧɹ ɬɟɪɬɹ, 
ɜɿɞɧɨɫɹɬьɫɹ, ɹɤ ɭ ɡɭɛɱɚɫɬɿɣ ɩɟɪɟɞɚɱɿ ɡ ɧɟɪɭɯɨɦɢɦɢ ɨɫɹɦɢ. 
ȼɪɚɯɨɜɭɸɱɢ ɬɟɪɬɹ ɧɚ ɡɭɛɰɹɯ, ɡɜʼɹɡɨɤ ɦɿɠ ɨɛɟɪɬɚɥьɧɢɦɢ 
ɦɨɦɟɧɬɚɦɢ ɦɨɠɧɚ ɩɨɞɚɬɢ ɬɚɤ ଷܶ = − ଵܶݑଵଷሺସሻߟଵଷ , (6.123) 

ɞɟ ߟଵଷ – ɄɄȾ ɩɟɪɟɞɚɱɿ ɡ ɧɟɪɭɯɨɦɢɦɢ ɨɫɹɦɢ, ɜɢɡɧɚɱɚєɬьɫɹ ɹɤ 
ɞɥɹ ɩɨɫɥɿɞɨɜɧɨɝɨ ɡɚɱɟɩɥɟɧɧɹ; ݇ = +ͳ – ɤɨɥɢ ɩɟɪɟɞɚɱɚ 
ɩɨɬɭɠɧɨɫɬɿ ɡɞɿɣɫɧɸєɬьɫɹ ɜɿɞ ɡɭɛɱɚɫɬɨɝɨ ɤɨɥɟɫɚ ݖଵ ɞɨ 
ɡɭɛɱɚɫɬɨɝɨ ɤɨɥɟɫɚ ݖଷ ɿ ݇ = −ͳ – ɤɨɥɢ ɩɟɪɟɞɚɱɚ ɩɨɬɭɠɧɨɫɬɿ 
ɡɞɿɣɫɧɸєɬьɫɹ ɜɿɞ ɡɭɛɱɚɫɬɨɝɨ ɤɨɥɟɫɚ ݖଷ ɞɨ ɡɭɛɱɚɫɬɨɝɨ ɤɨɥɟɫɚ ݖଵ; ݑଵଷሺସሻ =  ଵ – ɩɟɪɟɞɚɬɨɱɧɟ ɱɢɫɥɨ ɡɭɛɱɚɫɬɨʀݖ/ଷݖ−
ɞɢɮɟɪɟɧɰɿɚɥьɧɨʀ ɩɟɪɟɞɚɱɿ ɩɪɢ ɡɭɩɢɧɟɧɨɦɭ ɜɨɞɢɥɿ. 

ɍ ɞɚɧɨɦɭ ɜɢɩɚɞɤɭ ɄɄȾ ɡɭɛɱɚɫɬɨʀ ɞɢɮɟɪɟɧɰɿɚɥьɧɨʀ 
ɩɟɪɟɞɚɱɿ ɧɟɨɛɯɿɞɧɨ ɜɢɡɧɚɱɚɬɢ ɬɨɦɭ, ɳɨ ɩɟɪɟɞɚєɬьɫɹ ɡɧɚɱɧɚ 
ɩɨɬɭɠɧɿɫɬь ɜɿɞ ɫɨɧɹɱɧɨɝɨ ɡɭɛɱɚɫɬɨɝɨ ɤɨɥɟɫɚ ɞɨ ɜɨɞɢɥɚ ɚɛɨ 
ɧɚɜɩɚɤɢ, ɬɨɛɬɨ ɜɨɧɚ ɡɚɫɬɨɫɨɜɭєɬьɫɹ, ɹɤ ɫɢɥɨɜɚ ɩɟɪɟɞɚɱɚ.  

Ɂɜʼɹɡɨɤ ɦɿɠ ɨɛɟɪɬɚɥьɧɢɦɢ ɦɨɦɟɧɬɚɦɢ, ɹɤɿ ɞɿɸɬь ɧɚ 
ɥɚɧɤɢ ɡɭɛɱɚɫɬɨʀ ɞɢɮɟɪɟɧɰɿɚɥьɧɨʀ ɩɟɪɟɞɚɱɿ, ɦɨɠɟ ɛɭɬɢ 
ɜɫɬɚɧɨɜɥɟɧɢɣ ɿɡ ɪɨɡɝɥɹɞɭ ɭɦɨɜɢ ɪɿɜɧɨɜɚɝɢ ɩɟɪɟɞɚɱɿ ɜ 
ɰɿɥɨɦɭ, ɚ ɫɚɦɟ ଵܶ + ଷܶ + ସܶ = Ͳ, (6.124) 

ɞɟ ସܶ – ɨɛɟɪɬɚɥьɧɢɣ ɦɨɦɟɧɬ, ɹɤɢɣ ɞɿє ɧɚ ɜɨɞɢɥɨ. ସܶ = − ଵܶቀͳ − ଵଷߟଵଷሺସሻݑ ቁ. (6.125) 

Ʉɨɥɢ ɜɟɞɭɱɨɸ ɥɚɧɤɨɸ є ɫɨɧɹɱɧɟ ɤɨɥɟɫɨ, ɚ ɜɟɞɟɧɨɸ – 

ɜɨɞɢɥɨ, ɬɨɛɬɨ ɨɛɟɪɬɚɥьɧɢɣ ɦɨɦɟɧɬ ɫɢɥ ɨɩɨɪɭ ɩɪɢɤɥɚɞɟɧɢɣ 
ɞɨ ɜɨɞɢɥɚ, ɬɨɞɿ ɜɢɪɚɡ ɞɥɹ ɄɄȾ ɛɭɞɟ ɦɚɬɢ ɬɚɤɢɣ ɜɢɝɥɹɞ ߟଵସ = − ସܶ߱ସଵܶ߱ଵ + ଷܶ߱ଷ. (6.126) 
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ɉɿɞɫɬɚɜɢɦɨ ɡɧɚɱɟɧɧɹ ଵܶ, ଷܶ, ସܶ ɭ (6.126) ɿ ɜɢɪɚɡɢɦɨ ߱ସ 

ɱɟɪɟɡ ߱ଵ ɜɢɤɨɪɢɫɬɚɜɲɢ ɮɨɪɦɭɥɭ (5.12). ɉɿɫɥɹ ɧɟɫɤɥɚɞɧɢɯ 
ɩɟɪɟɬɜɨɪɟɧь, ɨɬɪɢɦɚєɦɨ: ߟଵସ = −ቀͳ + ଵଷቁቀ߱ଵߟଵଷሺସሻݑ + ߱ଷݑଵଷሺସሻቁቀͳ + ଵଷሺସሻቁቀ߱ଵݑ + ߱ଷݑଵଷሺସሻߟଵଷቁ. (6.127) 

ɇɚɨɱɧɨ ɯɚɪɚɤɬɟɪ ɡɦɿɧɢ ɄɄȾ ɞɢɮɟɪɟɧɰɿɚɥьɧɨʀ ɩɟɪɟɞɚɱɿ 
ɦɨɠɧɚ ɩɨɤɚɡɚɬɢ ɝɪɚɮɿɱɧɨ, ɹɤ ɧɚ ɪɢɫ. 6.27.  

 
Ɋɢɫ. 6.27. Ƚɪɚɮɿɱɧɿ ɡɚɥɟɠɧɨɫɬɿ ɄɄȾ 

 

6.8. Ʉɨɟɮɿɰɿєɧɬ ɤɨɪɢɫɧɨʀ ɞɿʀ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪ 

ȼɢɡɧɚɱɢɦɨ ɄɄȾ ɩɨɯɢɥɨʀ ɩɥɨɳɢɧɢ. Ɋɨɡɝɥɹɧɟɦɨ 
ɪɿɜɧɨɦɿɪɧɟ ɩɟɪɟɦɿɳɟɧɧɹ ɩɨɜɡɭɧɚ ɧɚ ɩɨɯɢɥɿɣ ɩɥɨɳɢɧɿ ɜɝɨɪɭ 
(ɪɢɫ. 6.28). ɄɄȾ ɞɨɪɿɜɧɸє ɜɿɞɧɨɲɟɧɧɸ ɪɨɛɿɬ ɪɭɲɿɣɧɢɯ ɫɢɥ ܨʟ ɩɪɢ ɜɿɞɫɭɬɧɨɫɬɿ ɬɟɪɬɹ ɞɨ ɪɨɛɿɬ ɪɭɲɿɣɧɢɯ ɫɢɥ ܨʟ ɧɚ 
ɩɟɪɟɦɿɳɟɧɧɿ S: ߟ = ʟܵܨ ʟܵܨ  . (6.128) 

ȼɪɚɯɨɜɭɸɱɢ ɡɧɚɱɟɧɧɹ ܨʟ ɿ ܨʟ ɿɡ (6.31) ɿ (6.34) 

ɨɬɪɢɦɚєɦɨ: ߟ = ܨ  tg ܨ ߙ tgሺߙ + ߮ሻ =  tg ߙtgሺ ߙ + ߮ሻ. (6.129) 
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Ɋɢɫ. 6.28. Ɋɨɡɝɨɪɬɤɚ ɝɜɢɧɬɨɜɨʀ ɥɿɧɿʀ ɪɿɡьɛɢ 

 

ɉɪɢ ɪɿɜɧɨɦɿɪɧɨɦɭ ɩɟɪɟɦɿɳɟɧɧɿ ɩɨɜɡɭɧɚ ɧɚ ɩɨɯɢɥɿɣ 
ɩɥɨɳɢɧɿ ɞɨɧɢɡɭ, ɜɪɚɯɨɜɭɸɱɢ ɡɧɚɱɟɧɧɹ ɪɭɲɿɣɧɢɯ ɫɢɥ ܨʟ ɿ ܨʟ ɿɡ (6.33) ɿ (6.34) ɛɭɞɟɦɨ ɦɚɬɢ: ߟ =  tg ߙtgሺ ߙ − ߮ሻ. (6.130) 

ȼɢɡɧɚɱɢɦɨ ɄɄȾ ɝɜɢɧɬɨɜɨʀ ɤɿɧɟɦɚɬɢɱɧɨʀ ɩɚɪɢ  
(ɪɢɫ. 6.29). ȼɿɞɨɦɨ, ɳɨ ɞɥɹ ɪɿɜɧɨɦɿɪɧɨɝɨ ɩɿɞɧɿɦɚɧɧɹ 
ɜɚɧɬɚɠɭ, ɧɚ ɹɤɢɣ ɞɿє ɫɢɥɚ ɬɹɠɿɧɧɹ ܨ, ɡɚ ɞɨɩɨɦɨɝɨɸ 
ɝɜɢɧɬɨɜɨʀ ɩɚɪɢ ɬɪɟɛɚ ɩɪɢɤɥɚɫɬɢ ɩɚɪɭ ɫɢɥ, ɦɨɦɟɧɬ ɹɤɨʀ 
ɜɢɡɧɚɱɚєɬьɫɹ ɡɚ ɮɨɪɦɭɥɨɸ (6.39). ɉɪɢ ɩɿɞɧɿɦɚɧɧɿ ɜɚɧɬɚɠɭ 
ɧɚ ɨɞɢɧ ɤɪɨɤ Ɋ ɝɜɢɧɬɚ, ɝɜɢɧɬ ɬɪɟɛɚ ɩɨɜɟɪɧɭɬɢ ɧɚ ɤɭɬ 2π  

(ɪɢɫ. 6.28). 

 
Ɋɢɫ. 6.29. Ƚɜɢɧɬɨɜɚ ɩɚɪɚ ɡ ɬɪɢɤɭɬɧɨɸ ɪɿɡьɛɨɸ 
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ȱɡ ɪɢɫ. 6.29 ɜɢɞɧɨ, ɳɨ ɤɪɨɤ Ɋ ɝɜɢɧɬɚ ɞɨɪɿɜɧɸє:  = ଶݎߨʹ tg  (6.131) ,ߙ

ɞɟ ݎଶ – ɫɟɪɟɞɧɿɣ ɪɚɞɿɭɫ ɪɿɡьɛɢ, α – ɤɭɬ ɩɿɞɣɨɦɭ ɝɜɢɧɬɨɜɨʀ 
ɥɿɧɿʀ ɪɿɡьɛɢ. 

Ɉɬɠɟ, ɤɨɪɢɫɧɚ ɪɨɛɨɬɚ ɞɥɹ ɩɿɞɧɹɬɬɹ ɜɚɧɬɚɠɭ, ɫɢɥɚ 
ɬɹɠɿɧɧɹ ɹɤɨɝɨ ܨ, ɧɚ ɨɞɢɧ ɤɪɨɤ ɞɨɪɿɜɧɸє: ܣʟК = ܨ = ଶݎߨʹܨ tg  (6.132) .ߙ

Ɂɚɬɪɚɱɟɧɚ ɪɨɛɨɬɚ ɞɥɹ ɩɿɞɧɹɬɬɹ ɰьɨɝɨ ɠ ɜɚɧɬɚɠɭ ɛɭɞɟ: ܣʟЗ =  (6.133) .ߨʹܯ

ȼɪɚɯɨɜɭɸɱɢ ɡɧɚɱɟɧɧɹ ܯ ɿɡ (6.41), ɨɬɪɢɦɚєɦɨ : ܣʟЗ = ଶݎܨ tgሺߙ + ߮ሻ  (6.134) .ߨʹ

ɄɄȾ ɝɜɢɧɬɨɜɨʀ ɩɚɪɢ: ߟ = ʟЗܣʟКܣ = ଶݎߨʹܨ tg ଶݎܨߙ tgሺߙ + ߮ሻ  ,ߨʹ
ɚɛɨ ɨɫɬɚɬɨɱɧɨ: ߟ = tg ߙtgሺߙ + ߮ሻ. (6.135) 

əɤ ɛɚɱɢɦɨ, ɄɄȾ ɝɜɢɧɬɨɜɨʀ ɩɚɪɢ ɡ ɩɪɹɦɨɤɭɬɧɨɸ 
ɪɿɡьɛɨɸ ɚɧɚɥɨɝɿɱɧɢɣ ɄɄȾ ɩɨɯɢɥɨʀ ɩɥɨɳɢɧɢ. 

 

ɄɄȾ ɝɜɢɧɬɨɜɨʀ ɩɚɪɢ ɡ ɬɪɢɤɭɬɧɨɸ ɪɿɡьɛɨɸ (ɪɢɫ. 6.29) 

ɛɭɞɟ: ߟ = tg ߙtgሺߙ + ߮′ሻ, (6.136) 

ɞɟ ߮′ – ɩɪɢɜɟɞɟɧɢɣ ɤɭɬ ɬɟɪɬɹ, ɜɢɡɧɚɱɚєɬьɫɹ ɿɡ (6.43). 

 

Ɉɫɤɿɥьɤɢ ݂ < ݂ʼ i ߮ < ߮ʼ, ɬɨ ɄɄȾ ɦɚє ɦɟɧɲɟ ɡɧɚɱɟɧɧɹ 
ɞɥɹ ɬɪɢɤɭɬɧɨʀ ɪɿɡьɛɢ. Ⱥ ɬɨɦɭ ɬɪɢɤɭɬɧɿ ɪɿɡьɛɢ 
ɜɢɤɨɪɢɫɬɨɜɭɸɬь ɹɤ ɤɪɿɩɢɥьɧɿ, ɚ ɩɪɹɦɨɤɭɬɧɿ ɹɤ ɯɨɞɨɜɿ. 
ɍɦɨɜɚ ɫɚɦɨɝɚɥьɦɭɜɚɧɧɹ ɞɥɹ ɬɪɢɤɭɬɧɨʀ ɪɿɡьɛɢ ߙ < ߮ʼ. 
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6.9. Ʉɿɧɟɬɨɫɬɚɬɢɱɧɟ ɞɨɫɥɿɞɠɟɧɧɹ ɦɟɯɚɧɿɡɦɿɜ 

 

6.9.1. Ɉɫɧɨɜɧɿ ɡɚɜɞɚɧɧɹ ɤɿɧɟɬɨɫɬɚɬɢɱɧɨɝɨ ɪɨɡɪɚɯɭɧɤɭ 

ɋɢɥɨɜɢɣ ɪɨɡɪɚɯɭɧɨɤ ɦɟɯɚɧɿɡɦɿɜ ɹɜɥɹєɬьɫɹ ɨɞɧɿєɸ ɿɡ 
ɜɚɠɥɢɜɢɯ ɫɬɚɞɿɣ ɩɪɨɟɤɬɭɜɚɧɧɹ ɦɚɲɢɧ.  

Ⱦɨ ɨɫɧɨɜɧɢɯ ɡɚɜɞɚɧь ɤɿɧɟɬɨɫɬɚɬɢɱɧɨɝɨ ɪɨɡɪɚɯɭɧɤɭ 
ɦɟɯɚɧɿɡɦɿɜ ɧɚɥɟɠɚɬь: 

• ɜɢɡɧɚɱɟɧɧɹ ɡɭɫɢɥь, ɳɨ ɞɿɸɬь ɧɚ ɨɤɪɟɦɿ ɥɚɧɤɢ 
ɦɟɯɚɧɿɡɦɿɜ;  

• ɜɢɡɧɚɱɟɧɧɹ ɪɟɚɤɰɿʀ ɜ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪɚɯ; 

• ɜɢɡɧɚɱɟɧɧɹ ɡɪɿɜɧɨɜɚɠɭɜɚɥьɧɨʀ ɫɢɥɢ, ɚɛɨ 
ɡɪɿɜɧɨɜɚɠɭɜɚɥьɧɨɝɨ ɦɨɦɟɧɬɭ. 

ɐɿ ɡɭɫɢɥɥɹ ɛɭɞɭɬь ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢɫɹ ɩɪɢ 
ɪɨɡɪɚɯɭɧɤɚɯ ɥɚɧɨɤ ɿ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪ ɧɚ ɦɿɰɧɿɫɬь, 
ɫɬɿɣɤɿɫɬь, ɠɨɪɫɬɤɿɫɬь ɿ ɩɪɢ ɞɟɹɤɢɯ ɿɧɲɢɯ ɞɢɧɚɦɿɱɧɢɯ 
ɪɨɡɪɚɯɭɧɤɚɯ. 

Ɋɨɡɪɚɯɭɧɨɤ ɦɟɯɚɧɿɡɦɿɜ, ɹɤɢɣ ɜɢɤɨɧɭєɬьɫɹ ɡ 
ɜɪɚɯɭɜɚɧɧɹɦ ɬɿɥьɤɢ ɡɨɜɧɿɲɧɿɯ ɫɢɥ, ɳɨ ɞɿɸɬь ɧɚ ɥɚɧɤɢ, 
ɧɚɡɢɜɚєɬьɫɹ ɫɬɚɬɢɱɧɢɦ. Ɉɞɧɚɤ, ɧɟɪɿɜɧɨɦɿɪɧɢɣ ɪɭɯ ɥɚɧɨɤ 
ɜɢɤɥɢɤɚє ɞɨɞɚɬɤɨɜɿ ɡɭɫɢɥɥɹ ɜ ɨɩɨɪɚɯ. Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ 
ɩɨɜɧɢɯ ɪɟɚɤɰɿɣ ɜ ɨɩɨɪɚɯ, ɡ ɜɪɚɯɭɜɚɧɧɹɦ ɞɨɞɚɬɤɨɜɢɯ ɡɭɫɢɥь, 
ɛɭɞɟɦɨ ɡɚɫɬɨɫɨɜɭɜɚɬɢ ɦɟɬɨɞ Ⱦɚɥɚɦɛɟɪɚ, ɬɨɛɬɨ ɜ ɪɿɜɧɹɧɧɹ 
ɫɬɚɬɢɤɢ ɜɜɟɞɟɦɨ, ɬɚɤ ɡɜɚɧɿ, ɫɢɥɢ ɿɧɟɪɰɿʀ ɿ ɦɨɦɟɧɬɢ ɩɚɪ ɫɢɥ 
ɿɧɟɪɰɿʀ. 

ɋɢɥɨɜɢɣ ɪɨɡɪɚɯɭɧɨɤ, ɹɤɢɣ ɜɢɤɨɧɭєɬьɫɹ ɡ ɜɪɚɯɭɜɚɧɧɹɦ 
ɫɢɥ ɿɧɟɪɰɿʀ ɿ ɦɨɦɟɧɬɿɜ ɩɚɪ ɫɢɥ ɿɧɟɪɰɿʀ, ɧɚɡɢɜɚєɬьɫɹ 
ɤɿɧɟɬɨɫɬɚɬɢɱɧɢɦ. 

ɋɢɥɨɜɢɣ ɪɨɡɪɚɯɭɧɨɤ ɜ ɩɟɪɲɨɦɭ ɧɚɛɥɢɠɟɧɧɿ 
ɜɢɤɨɧɭєɬьɫɹ ɛɟɡ ɜɪɚɯɭɜɚɧɧɹ ɫɢɥ ɬɟɪɬɹ. əɤ ɜɿɞɨɦɨ ɿɡ 
ɩɨɩɟɪɟɞɧьɨʀ ɥɟɤɰɿʀ, ɫɢɥɢ ɿɧɟɪɰɿʀ ɿ ʀɯ ɦɨɦɟɧɬɢ ɮɿɤɬɢɜɧɿ ɿ ɧɚ 
ɥɚɧɤɢ ɧɟ ɞɿɸɬь. ɋɢɥɢ ɿɧɟɪɰɿʀ ɜɜɨɞɹɬь ɜ ɪɨɡɪɚɯɭɧɤɢ ɱɢɫɬɨ 
ɭɦɨɜɧɨ, ɬɿɥьɤɢ ɞɥɹ ɬɨɝɨ, ɳɨɛ ɥɚɧɤɢ ɛɭɥɢ ɜ ɪɿɜɧɨɜɚɡɿ ɿ ɞɨ ɧɢɯ 
ɦɨɠɧɚ ɛɭɥɨ ɡɚɫɬɨɫɨɜɭɜɚɬɢ ɪɿɜɧɹɧɧɹ ɫɬɚɬɢɤɢ. 
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6.9.2. ɍɦɨɜɚ ɫɬɚɬɢɱɧɨʀ ɜɢɡɧɚɱɟɧɨɫɬɿ ɤɿɧɟɦɚɬɢɱɧɨɝɨ 
ɥɚɧɰɸɝɚ 

Ɋɭɯ ɥɚɧɨɤ ɦɟɯɚɧɿɡɦɭ ɡɞɿɣɫɧɸєɬьɫɹ ɩɿɞ ɞɿєɸ 
ɩɪɢɤɥɚɞɟɧɢɯ ɞɨ ɧɢɯ ɡɨɜɧɿɲɧɿɯ ɫɢɥ. ɋɢɥɢ ɜɡɚєɦɨɞɿʀ ɥɚɧɨɤ, 
ɳɨ ɜɢɧɢɤɚɸɬь ɜ ɦɿɫɰɹɯ ʀɯ ɞɨɬɢɤɭ, ɧɚɡɢɜɚɸɬьɫɹ ɪɟɚɤɰɿɹɦɢ ɜ 
ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪɚɯ. 

ȼɜɚɠɚɬɢɦɟɦɨ, ɳɨ ɬɢɫɤ ɜ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪɚɯ 
ɪɨɡɩɨɞɿɥɹєɬьɫɹ ɪɿɜɧɨɦɿɪɧɨ ɩɨ ʀɯ ɟɥɟɦɟɧɬɚɯ, ɹɤɿ ɩɪɢɣɦɚєɦɨ 
ɡɚ ɚɛɫɨɥɸɬɧɨ ɝɥɚɞɟɧьɤɿ, ɬɨɛɬɨ ɫɢɥɚɦɢ ɬɟɪɬɹ ɧɟɯɬɭєɦɨ. 
ɇɚɩɪɹɦ ɪɿɜɧɨɞɿɣɧɨʀ ɬɢɫɤɭ ɭ ɩɚɪɿ ɩɪɨɯɨɞɢɬь ɩɨ ɫɩɿɥьɧɿɣ 
ɧɨɪɦɚɥɿ ɞɨ ɞɨɬɢɱɧɢɯ ɩɨɜɟɪɯɨɧь. Ɍɚɤɢɦ ɱɢɧɨɦ, ɪɟɡɭɥьɬɭɸɱɚ 
ɬɢɫɤɭ ɜ ɨɛɟɪɬɚɥьɧɿɣ ɩɚɪɿ ɩɪɨɯɨɞɢɬь ɱɟɪɟɡ ɰɟɧɬɪ ɲɚɪɧɿɪɚ 
(ɪɢɫ. 6.30, ɚ). ȼɟɥɢɱɢɧɚ ɿ ɥɿɧɿɹ ɞɿʀ ɰɿєʀ ɪɿɜɧɨɞɿɣɧɨʀ ɧɟ ɜɿɞɨɦɿ. 
ɍ ɩɨɫɬɭɩɚɥьɧɿɣ ɩɚɪɿ (ɪɢɫ. 6.30, ɛ) ɪɟɡɭɥьɬɭɸɱɚ ɪɟɚɤɰɿɹ 
ɧɚɩɪɹɦɥɟɧɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɞɨ ɧɚɩɪɹɦɧɢɯ, ɚɥɟ ɜɟɥɢɱɢɧɚ ɿ 
ɬɨɱɤɚ ɩɪɢɤɥɚɞɚɧɧɹ ʀʀ ɬɚɤɨɠ ɧɟ ɜɿɞɨɦɿ. 

 
Ɋɢɫ. 6.30. Ɂɭɫɢɥɥɹ ɜ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪɚɯ: 

ɚ ɿ ɛ – ɧɢɠɱɿ ɤɿɧɟɦɚɬɢɱɧɿ ɩɚɪɢ: ɨɛɟɪɬɚɥьɧɚ ɿ ɩɨɫɬɭɩɚɥьɧɚ; 
ɜ – ɜɢɳɚ ɤɿɧɟɦɚɬɢɱɧɚ ɩɚɪɚ 

 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɪɟɚɤɰɿʀ ɜ ɤɨɠɧɿɣ ɿɡ 
ɧɢɠɱɢɯ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪ 5 ɤɥɚɫɭ ɧɟɨɛɯɿɞɧɨ ɡɧɚɣɬɢ ɞɜɿ 
ɧɟɜɿɞɨɦɿ. 

Ɋɟɚɤɰɿɹ ɜ ɜɢɳɿɣ ɤɿɧɟɦɚɬɢɱɧɿɣ ɩɚɪɿ 4 ɤɥɚɫɭ ɩɪɨɯɨɞɢɬь 
ɩɨ ɫɩɿɥьɧɿɣ ɧɨɪɦɚɥɿ ɞɨ ɞɨɬɢɱɧɢɯ ɩɨɜɟɪɯɨɧь (ɪɢɫ. 6.30, ɜ). 

ɇɟɜɿɞɨɦɚ ɬɿɥьɤɢ ʀʀ ɜɟɥɢɱɢɧɚ. 
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Ⱦɥɹ ɤɨɠɧɨʀ ɥɚɧɤɢ ɤɿɧɟɦɚɬɢɱɧɨɝɨ ɥɚɧɰɸɝɚ ɦɨɠɧɚ 
ɫɤɥɚɫɬɢ ɬɪɢ ɪɿɜɧɹɧɧɹ ɪɿɜɧɨɜɚɝɢ, ɬɨɞɿ ɞɥɹ n ɥɚɧɨɤ ɦɨɠɧɚ 
ɫɤɥɚɫɬɢ 3n ɪɿɜɧɹɧь ɪɿɜɧɨɜɚɝɢ. ɑɢɫɥɨ ɧɟɜɿɞɨɦɢɯ, ɹɤɿ 
ɩɨɬɪɿɛɧɨ ɜɢɡɧɚɱɢɬɢ, ɛɭɞɟ: ɞɥɹ ɩɚɪ V ɤɥɚɫɭ ʹହ, ɚ ɞɥɹ ɩɚɪ ȱV 
ɤɥɚɫɭ ସ. 

ɋɬɚɬɢɱɧɨ ɜɢɡɧɚɱɟɧɢɦ ɛɭɞɟ ɤɿɧɟɦɚɬɢɱɧɢɣ ɥɚɧɰɸɝ, ɭ 
ɹɤɨɝɨ ɱɢɫɥɨ ɪɿɜɧɹɧь ɞɨɪɿɜɧɸє ɱɢɫɥɭ ɧɟɜɿɞɨɦɢɯ, ɬɨɛɬɨ: ͵݊ = ହʹ +  ସ. (6.137)

 

ȼɢɳɿ ɤɿɧɟɦɚɬɢɱɧɿ ɩɚɪɢ ȱV ɤɥɚɫɭ ɦɨɠɧɚ ɡɚɦɿɧɢɬɢ 
ɧɢɠɱɢɦɢ ɩɚɪɚɦɢ V ɤɥɚɫɭ, ɬɨɞɿ ɦɚɬɢɦɟɦɨ: ͵݊ =  ହ. (6.138)ʹ

Ɂɜɿɞɤɢ ହ = ͵ʹ ݊. (6.139) 

ɉɨєɞɧɚɧɧɹ ɱɢɫɥɚ ɥɚɧɨɤ ɿ ɱɢɫɥɚ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪ V 
ɤɥɚɫɭ ɜ ɪɿɜɧɹɧɧɿ (6.139), ɚɧɚɥɨɝɿɱɧɟ ʀɯ ɩɨєɞɧɚɧɧɸ ɞɥɹ ɝɪɭɩ 
Ⱥɫɫɭɪɚ (ɞɢɜ. ɪɨɡɞ. 1.7) 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɜɫɿ ɝɪɭɩɢ Ⱥɫɫɭɪɚ є ɫɬɚɬɢɱɧɨ 
ɜɢɡɧɚɱɟɧɢɦɢ, ɬɨɛɬɨ ɱɢɫɥɨ ɪɿɜɧɹɧь, ɹɤɿ ɦɨɠɧɚ ɫɤɥɚɫɬɢ ɞɥɹ 
ɝɪɭɩɢ Ⱥɫɫɭɪɚ, ɞɨɪɿɜɧɸє ɱɢɫɥɭ ɧɟɜɿɞɨɦɢɯ. 

 

6.9.3. Ʉɿɧɟɬɨɫɬɚɬɢɤɚ ɝɪɭɩ Аɫɫɭɪɚ ɉ ɤɥɚɫɭ ɉ ɩɨɪɹɞɤɭ 

Ʉɿɧɟɬɨɫɬɚɬɢɱɧɢɣ ɪɨɡɪɚɯɭɧɨɤ ɦɟɯɚɧɿɡɦɿɜ ɩɪɨɜɨɞɢɬьɫɹ 
ɜ ɩɨɫɥɿɞɨɜɧɨɫɬɿ, ɨɛɟɪɧɟɧɿɣ ɭɬɜɨɪɟɧɧɸ ɦɟɯɚɧɿɡɦɿɜ, ɬɨɛɬɨ 
ɪɨɡɩɨɱɢɧɚєɬьɫɹ ɡ ɨɫɬɚɧɧьɨʀ ɩɪɢєɞɧɚɧɨʀ ɝɪɭɩɢ Ⱥɫɫɭɪɚ ɿ 
ɡɚɤɿɧɱɭєɬьɫɹ ɦɟɯɚɧɿɡɦɨɦ ȱ ɤɥɚɫɭ. Ɉɬɠɟ, ɤɿɧɟɬɨɫɬɚɬɢɱɧɢɣ 
ɪɨɡɪɚɯɭɧɨɤ ɦɟɯɚɧɿɡɦɿɜ ɡɜɨɞɢɬьɫɹ ɞɨ ɪɨɡɪɚɯɭɧɤɭ ɨɤɪɟɦɢɯ 
ɝɪɭɩ Ⱥɫɫɭɪɚ ɿ ɦɟɯɚɧɿɡɦɭ ȱ ɤɥɚɫɭ. 

ɋɢɥɨɜɢɣ ɪɨɡɪɚɯɭɧɨɤ ɛɭɞɟɦɨ ɩɪɨɜɨɞɢɬɢ ɦɟɬɨɞɨɦ 
ɩɥɚɧɿɜ ɫɢɥ. ȼɜɚɠɚɬɢɦɟɦɨ, ɳɨ ɜɫɿ ɡɨɜɧɿɲɧɿ ɫɢɥɢ, ɩɪɢɤɥɚɞɟɧɿ 
ɞɨ ɥɚɧɤɢ, ɚ ɬɚɤɨɠ ɫɢɥɢ ɿɧɟɪɰɿʀ ɿ ɦɨɦɟɧɬɢ ɩɚɪ ɫɢɥ ɿɧɟɪɰɿʀ 
ɡɚɦɿɧɟɧɿ ɨɞɧɿєɸ ɭɡɚɝɚɥьɧɟɧɨɸ ɫɢɥɨɸ. 
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Ʉɿɧɟɬɨɫɬɚɬɢɤɚ ɝɪɭɩ Ⱥɫɫɭɪɚ І ɜɢɞɭ 

Ɇɟɯɚɧɿɡɦɢ, ɭɬɜɨɪɟɧɿ ɿɡ ɝɪɭɩ Ⱥɫɫɭɪɚ ȱ ɜɢɞɭ, 
ɡɚɫɬɨɫɨɜɭɸɬьɫɹ, ɧɚɩɪɢɤɥɚɞ, ɭ ɜɟɪɫɬɚɬɚɯ, ɩɿɞɣɨɦɧɢɯ 
ɦɟɯɚɧɿɡɦɚɯ ɤɪɚɧɿɜ ɿ ɿɧ. 

ɇɚɤɪɟɫɥɢɦɨ ɜ ɩɟɜɧɨɦɭ ɦɚɫɲɬɚɛɿ ɝɪɭɩɭ Ⱥɫɫɭɪɚ ȱ ɜɢɞɭ 
(ɪɢɫ. 6.31, ɚ). ɇɟɯɚɣ ɞɨ ɥɚɧɤɢ 2 ɩɪɢɤɥɚɞɟɧɨ ɭɡɚɝɚɥьɧɟɧɭ 
ɫɢɥɭ ܨଶ⃗⃗  ⃗, ɚ ɞɨ ɥɚɧɤɢ 3 – ɭɡɚɝɚɥьɧɟɧɭ ɫɢɥɭ ܨଷ⃗⃗  ⃗. Ʌɿɧɿɸ ɞɿʀ, 
ɜɟɥɢɱɢɧɭ ɿ ɬɨɱɤɢ ɩɪɢɤɥɚɞɚɧɧɹ ɨɛɨɯ ɫɢɥ ɡɚɞɚɧɨ. Ⱦɿɸ 
ɜɿɞʼєɞɧɚɧɢɯ ɥɚɧɨɤ ɦɟɯɚɧɿɡɦɭ ɡɚɦɿɧɢɦɨ ɪɟɚɤɰɿɹɦɢ ɜ 
ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪɚɯ ܨோ. ɐɿ ɪɟɚɤɰɿʀ ɧɟɜɿɞɨɦɿ ɹɤ ɡɚ 
ɜɟɥɢɱɢɧɨɸ, ɬɚɤ ɿ ɡɚ ɧɚɩɪɹɦɨɦ. 

Ɋɨɡɤɥɚɞɟɦɨ ɤɨɠɧɭ ɧɟɜɿɞɨɦɭ, ɩɪɢɤɥɚɞɟɧɭ ɜ ɰɟɧɬɪɿ 
ɲɚɪɧɿɪɚ, ɧɚ ɞɜɿ ɫɤɥɚɞɨɜɿ: ɧɨɪɦɚɥьɧɭ ܨோ⃗⃗⃗⃗  ⃗ – ɧɚɩɪɹɦɥɟɧɭ 
ɜɡɞɨɜɠ ɜɿɞɩɨɜɿɞɧɨʀ ɥɚɧɤɢ ɿ ɬɚɧɝɟɧɰɿɚɥьɧɭ ܨோ𝜏⃗⃗⃗⃗  – ɧɚɩɪɹɦɥɟɧɭ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɞɨ ɰɿєʀ ɠ ɥɚɧɤɢ. Ɍɨɞɿ, ɡɝɿɞɧɨ ɩɪɢɧɰɢɩɭ 
Ⱦɚɥɚɦɛɟɪɚ, ɝɪɭɩɚ ɛɭɞɟ ɜ ɫɬɚɧɿ ɪɿɜɧɨɜɚɝɢ, ɿ ɞɨ ɧɟʀ ɦɨɠɧɚ 
ɡɚɫɬɨɫɨɜɭɜɚɬɢ ɪɿɜɧɹɧɧɹ ɫɬɚɬɢɤɢ. 

Ʉɨɠɧɭ ɥɚɧɤɭ ɨɤɪɟɦɨ ɬɚɤɨɠ ɦɨɠɧɚ ɪɨɡɝɥɹɞɚɬɢ ɜ ɫɬɚɧɿ 
ɪɿɜɧɨɜɚɝɢ, ɬɚɤ ɹɤ ɞɿɸ ɨɞɧɿєʀ ɥɚɧɤɢ ɧɚ ɞɪɭɝɭ ɦɨɠɧɚ ɡɚɦɿɧɢɬɢ 
ɪɟɚɤɰɿєɸ ɜ ɫɟɪɟɞɧɿɣ ɤɿɧɟɦɚɬɢɱɧɿɣ ɩɚɪɿ. 

 
Ɋɢɫ. 6.31. Ʉɿɧɟɬɨɫɬɚɬɢɤɚ ɝɪɭɩɢ Ⱥɫɫɭɪɚ ȱȱ ɤɥɚɫɭ ȱȱ ɩɨɪɹɞɤɭ ȱ ɜɢɞɭ: 

ɚ – ɝɪɭɩɚ Ⱥɫɫɭɪɚ ȱ ɜɢɞɭ; ɛ – ɩɥɚɧ ɫɢɥ 
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ȼɢɡɧɚɱɢɦɨ ɬɚɧɝɟɧɰɿɚɥьɧɿ ɫɤɥɚɞɨɜɿ ɪɟɚɤɰɿʀ, 
ɪɨɡɝɥɹɧɭɜɲɢ ɪɿɜɧɨɜɚɝɭ ɨɤɪɟɦɨ ɤɨɠɧɨʀ ɥɚɧɤɢ. ȼɿɡьɦɟɦɨ 
ɫɭɦɭ ɦɨɦɟɧɬɿɜ ɜɫɿɯ ɫɢɥ ɜɿɞɧɨɫɧɨ ɬ. ȼ ɞɥɹ ɞɪɭɝɨʀ ɥɚɧɤɢ: ∑݉𝐹ሺܤሻ = Ͳ. (6.140) ܨଶℎଶ − ோଵଶ𝜏ܨ ℎଵ = Ͳ; ܨோଵଶ𝜏 = ଶܨ ℎଶℎଵ. (6.141) 

ȼɿɡьɦɟɦɨ ɫɭɦɭ ɦɨɦɟɧɬɿɜ ɜɫɿɯ ɫɢɥ ɜɿɞɧɨɫɧɨ ɬ. ȼ ɞɥɹ 
ɬɪɟɬьɨʀ ɥɚɧɤɢ: ∑݉𝐹ሺܤሻ = Ͳ; (6.142) ܨଷℎଷ − ோଷସ𝜏ܨ ℎସ = Ͳ; ⇒ ோଷସ𝜏ܨ  = ଷܨ ℎଷℎସ. (6.143) 

ɋɤɥɚɞɟɦɨ ɜɟɤɬɨɪɧɟ ɪɿɜɧɹɧɧɹ ɫɭɦɢ ɜɫɿɯ ɫɢɥ, ɳɨ ɞɿɸɬь 
ɧɚ ɝɪɭɩɭ Ⱥɫɫɭɪɚ, ɬɚɤ, ɳɨɛ ɩɟɪɲɢɣ ɿ ɨɫɬɚɧɧɿɣ ɞɨɞɚɧɨɤ ɛɭɥɢ 
ɧɟɜɿɞɨɦɢɦɢ ɪɟɚɤɰɿɹɦɢ. ȼ ɧɚɲɨɦɭ ɜɢɩɚɞɤɭ ɰɟ, ɜɿɞɩɨɜɿɞɧɨ ܨோଵଶ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗   ɿ ܨோଷସ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ ோଵଶ⃗⃗ܨ :  ⃗⃗ ⃗⃗ ⃗⃗  + ோଵଶ𝜏⃗⃗ܨ ⃗⃗ ⃗⃗ ⃗⃗  + ଶ⃗⃗ܨ  ⃗ + ଷ⃗⃗ܨ  ⃗ + ோଷସ𝜏⃗⃗ܨ ⃗⃗ ⃗⃗ ⃗⃗  + ோଷସ⃗⃗ܨ ⃗⃗ ⃗⃗ ⃗⃗  = Ͳ. (6.144) 

ɉɨɛɭɞɭєɦɨ ɩɥɚɧ ɫɢɥ ɜ ɦɚɫɲɬɚɛɿ (ɪɢɫ. 6.31, ɛ): ߤ𝐹 =  (6.145) ,ܨ݂

ɞɟ ܨ – ɞɿɣɫɧɟ ɡɧɚɱɟɧɧɹ ɫɢɥɢ ɜ ɇ; ݂ – ɜɿɞɪɿɡɨɤ ɧɚ ɩɥɚɧɿ ɫɢɥ ɜ 
ɦɦ, ɳɨ ɡɨɛɪɚɠɚє ɞɿɣɧɟ ɡɧɚɱɟɧɧɹ ɫɢɥɢ. 

ȼɢɛɢɪɚєɦɨ ɞɨɜɿɥьɧɭ ɬɨɱɤɭ ܲ 𝐹 – ɩɨɥɸɫ ɩɥɚɧ ɫɢɥ ɿ ɡ ɧɟʀ, 
ɜ ɜɢɛɪɚɧɨɦɭ ɦɚɫɲɬɚɛɿ ߤ𝐹, ɪɨɡɩɨɱɢɧɚєɦɨ ɩɨɛɭɞɨɜɭ ɩɥɚɧɭ 

ɫɢɥ, ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɪɿɜɧɹɧɧɹ (6.144). ɑɟɪɟɡ ɬɨɱɤɭ �ܲ� 

ɩɪɨɜɨɞɢɦɨ ɥɿɧɿɸ ɞɿʀ ɧɨɪɦɚɥьɧɨʀ ɪɟɚɤɰɿʀ ܨோଵଶ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  , ɜɟɥɢɱɢɧɚ ɹɤɨʀ 
ɩɨɤɢ ɳɨ ɧɟɜɿɞɨɦɚ. Ⱦɚɥɿ, ɡ ɬɨɱɤɢ �ܲ�  ɜɿɞɤɥɚɞɟɦɨ ɜɟɤɬɨɪ, ɳɨ 
ɡɨɛɪɚɠɚє ɪɟɚɤɰɿɸ ܨோଵଶ𝜏⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  . Ɂ ɤɿɧɰɹ ɨɬɪɢɦɚɧɨɝɨ ɜɟɤɬɨɪɚ, 

ɜɿɞɤɥɚɞɚєɦɨ ɜɟɤɬɨɪ, ɳɨ ɡɚɩɢɫɚɧɢɣ ɭ ɪɿɜɧɹɧɧɿ (6.144) 

ɧɚɫɬɭɩɧɢɦ (ɜ ɧɚɲɨɦɭ ɜɢɩɚɞɤɭ ܨଶ⃗⃗  ⃗). ȱ ɬɚɤ ɞɚɥɿ ɩɨɫɥɿɞɨɜɧɨ 
ɜɟɤɬɨɪɢ ɜɫɿɯ ɫɢɥ, ɡɝɿɞɧɨ ʀɯ ɜɟɥɢɱɢɧɢ ɿ ɧɚɩɪɹɦɭ. Ⱦɥɹ 
ɨɫɬɚɧɧьɨɝɨ (ɜɟɤɬɨɪɚ ɧɨɪɦɚɥьɧɨʀ ɪɟɚɤɰɿʀ ܨோଷସ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ) ɩɪɨɜɨɞɢɦɨ 



180 

ɥɿɧɿɸ ɣɨɝɨ ɞɿʀ ɞɨ ɜɡɚєɦɧɨɝɨ ɩɟɪɟɬɢɧɭ ɡ ɥɿɧɿєɸ ɞɿʀ ɩɟɪɲɨɝɨ 
ɩɪɨɜɟɞɟɧɨɝɨ ɜɟɤɬɨɪɚ (ܨோଵଶ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ). Ɉɬɪɢɦɚɧɚ ɬɨɱɤɚ ɩɟɪɟɬɢɧɭ ɛɭɞɟ 
ɤɿɧɰɟɦ ɜɟɤɬɨɪɚ ܨோଷସ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗   ɿ ɩɨɱɚɬɤɨɦ ܨோଵଶ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  . ɉɨɜɧɿ ɪɟɚɤɰɿʀ ܨோଵଶ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗   ɿ ܨோଷସ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗   ɨɬɪɢɦɚєɦɨ ɞɨɞɚɜɚɧɧɹɦ ɜɿɞɩɨɜɿɞɧɢɯ ɧɨɪɦɚɥьɧɢɯ ɿ 
ɬɚɧɝɟɧɰɿɚɥьɧɢɯ ɫɤɥɚɞɨɜɢɯ. 

ȼɢɡɧɚɱɢɦɨ ɪɟɚɤɰɿɸ ɜ ɫɟɪɟɞɧɿɣ ɤɿɧɟɦɚɬɢɱɧɿɣ ɩɚɪɿ. Ⱦɥɹ 
ɰьɨɝɨ ɪɨɡɝɥɹɧɟɦɨ ɪɿɜɧɨɜɚɝɭ ɨɞɧɿєʀ ɥɚɧɤɢ, ɧɚɩɪɢɤɥɚɞ, ɞɪɭɝɨʀ. 
ɋɤɥɚɞɟɦɨ ɜɟɤɬɨɪɧɟ ɪɿɜɧɹɧɧɹ: ܨோଵଶ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  + ଶ⃗⃗ܨ  ⃗ + ோଷଶ⃗⃗ܨ ⃗⃗ ⃗⃗ ⃗⃗  = Ͳ. (6.146) 

Ⱦɥɹ ɡɧɚɯɨɞɠɟɧɧɹ ɪɟɚɤɰɿʀ ܨோଷଶ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  , ɜɢɤɨɪɢɫɬɚєɦɨ ɜɠɟ 
ɩɨɛɭɞɨɜɚɧɢɣ ɩɥɚɧ, ɧɹ ɹɤɨɦɭ є ɩɨɛɭɞɨɜɚɧɿ ɜɟɤɬɨɪɢ ܨଶ⃗⃗  ⃗ ɿ ܨோଵଶ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  . 
əɤ ɜɢɞɧɨ ɡ ɪɿɜɧɹɧɧɹ (6.146), ɳɨɛ ɩɪɨɜɟɫɬɢ ܨோଷଶ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  , ɞɨɫɬɚɬɧьɨ 

ɡʼєɞɧɚɬɢ ɤɿɧɟɰь ɩɟɪɲɨɝɨ ɜɟɤɬɨɪɚ ɡ ɩɨɱɚɬɤɨɦ ɞɪɭɝɨɝɨ.  

Ⱦɿɣɫɧɿ ɡɧɚɱɟɧɧɹ ɪɟɚɤɰɿɣ ɡɧɚɣɞɟɦɨ ɦɧɨɠɟɧɧɹɦ 
ɜɿɞɩɨɜɿɞɧɨɝɨ ɜɿɞɪɿɡɤɚ, ɳɨ ɡɨɛɪɚɠɚє ɰɸ ɪɟɚɤɰɿɸ ɧɚ ɦɚɫɲɬɚɛ 
ɩɥɚɧɚ ɫɢɥ, ɧɚɩɪɢɤɥɚɞ: ܨோଵଶ = ோ݂ଵଶߤ𝐹; ோଵଶ𝜏ܨ  = ݂ோభమ𝜏 𝐹ߤ . (6.147) 

 

Ʉɿɧɟɬɨɫɬɚɬɢɤɚ ɝɪɭɩ Ⱥɫɫɭɪɚ II ɜɢɞɭ 

Ɇɟɯɚɧɿɡɦɢ, ɭɬɜɨɪɟɧɿ ɿɡ ɝɪɭɩ Ⱥɫɫɭɪɚ II ɜɢɞɭ, 
ɡɚɫɬɨɫɨɜɭɸɬьɫɹ, ɧɚɩɪɢɤɥɚɞ, ɜ ɞɜɢɝɭɧɚɯ ɜɧɭɬɪɿɲɧьɨɝɨ 
ɡɝɨɪɹɧɧɹ, ɤɨɦɩɪɟɫɨɪɚɯ ɿ ɿɧ. 

ɇɚɤɪɟɫɥɢɦɨ ɜ ɦɚɫɲɬɚɛɿ ɝɪɭɩɭ Ⱥɫɫɭɪɚ II ɜɢɞɭ (ɪɢɫ. 
6.32, ɚ) ɉɪɢɤɥɚɞɟɦɨ ɞɨ ɥɚɧɨɤ 2 ɿ 3 ɭ ɜɿɞɩɨɜɿɞɧɢɯ ɬɨɱɤɚɯ 
ɭɡɚɝɚɥьɧɟɧɿ ɫɢɥɢ ܨଶ⃗⃗  ⃗ ɿ ܨଷ⃗⃗  ⃗. Ⱦɿɸ ɜɿɞʼєɞɧɚɧɢɯ ɥɚɧɨɤ ɡɚɦɿɧɢɦɨ 
ɪɟɚɤɰɿɹɦɢ ɜ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪɚɯ. Ɋɨɡɤɥɚɞɟɦɨ ɧɟɜɿɞɨɦɭ 
ɪɟɚɤɰɿɸ ɜ ɤɿɧɟɦɚɬɢɱɧɿɣ ɩɚɪɿ Ⱥ ɧɚ ɧɨɪɦɚɥьɧɭ ܨோଵଶ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗   ɿ ܨோଵଶ𝜏⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗   
ɬɚɧɝɟɧɰɿɚɥьɧɭ, ɚ ɜ ɤɿɧɟɦɚɬɢɱɧɿɣ ɩɚɪɿ ȼ ɪɟɚɤɰɿɹ ܨோଷ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗   ɛɭɞɟ 
ɧɚɩɪɹɦɥɟɧɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɧɚɩɪɹɦɧɢɦ ɿ ɩɪɨɯɨɞɢɬɢɦɟ 
ɱɟɪɟɡ ɰɟɧɬɪ ɲɚɪɧɿɪɚ. Ɍɨɞɿ ɰɹ ɝɪɭɩɚ Ⱥɫɫɭɪɚ ɿ ɤɨɠɧɚ ʀʀ ɥɚɧɤɚ 
ɛɭɞɟ ɡɧɚɯɨɞɢɬɢɫɹ ɜ ɫɬɚɧɿ ɪɿɜɧɨɜɚɝɢ. Ɋɨɡɝɥɹɧɟɦɨ ɪɿɜɧɨɜɚɝɭ 
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ɞɪɭɝɨʀ ɥɚɧɤɢ. ȼɿɡьɦɟɦɨ ɫɭɦɭ ɦɨɦɟɧɬɿɜ ɜɫɿɯ ɫɢɥ ɜɿɞɧɨɫɧɨ 
ɬ. ȼ: ∑݉𝐹ሺܤሻ = Ͳ ଶℎଶܨ (6.148) ; − ோଵଶ𝜏ܨ ℎଵ = Ͳ; ⇒ ோଵଶ𝜏ܨ  = ଶܨ ℎଶℎଵ. (6.149) 

ɋɤɥɚɞɟɦɨ ɜɟɤɬɨɪɧɟ ɪɿɜɧɹɧɧɹ ɫɭɦɢ ɜɫɿɯ ɫɢɥ, ɳɨ ɞɿɸɬь 
ɧɚ ɝɪɭɩɭ: ܨோଵଶ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  + ோଵଶ𝜏⃗⃗ܨ ⃗⃗ ⃗⃗ ⃗⃗  + ଶ⃗⃗ܨ  ⃗ + ଷ⃗⃗ܨ  ⃗ + ோଷ⃗⃗ܨ ⃗⃗ ⃗⃗ ⃗⃗  = Ͳ. (6.150) 

 

 
Ɋɢɫ. 6.32. Ʉɿɧɟɬɨɫɬɚɬɢɤɚ ɝɪɭɩɢ Ⱥɫɫɭɪɚ ȱȱ ɤɥɚɫɭ  

ȱȱ ɩɨɪɹɞɤɭ ȱȱ ɜɢɞɭ: 
ɚ – ɝɪɭɩɚ Ⱥɫɫɭɪɚ ȱȱ ɜɢɞɭ; ɛ – ɩɥɚɧ ɫɢɥ 

 

ɉɨɛɭɞɭєɦɨ ɩɥɚɧ ɫɢɥ ɜ ɩɟɜɧɨɦɭ ɦɚɫɲɬɚɛɿ, ߤ𝐹  

(ɪɢɫ. 6.32, ɛ). ȼɢɛɢɪɚєɦɨ ɞɨɜɿɥьɧɭ ɬɨɱɤɭ �ܲ�, ɿ ɡ ɧɟʀ 
ɩɪɨɜɨɞɢɦɨ ɥɿɧɿɸ ɞɿʀ ɪɟɚɤɰɿʀ ܨோଵଶ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗   ɬɚ ɜɿɞɤɥɚɞɟɦɨ ɜ ɦɚɫɲɬɚɛɿ 
ɪɟɚɤɰɿɸ ܨோଵଶ𝜏⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  . Ɂɚɬɢɦ, ɡɝɿɞɧɨ ɜɟɤɬɨɪɧɨɝɨ ɪɿɜɧɹɧɧɹ (6.150) 

ɛɭɞɭєɦɨ ɩɥɚɧ ɫɢɥ, ɹɤ ɨɩɢɫɚɧɨ ɞɥɹ ɩɨɩɟɪɟɞɧьɨɝɨ ɩɪɢɤɥɚɞɭ. 

ɇɚ ɩɟɪɟɬɢɧɿ ɥɿɧɿʀ ɞɿɣ ɩɟɪɲɨʀ ɿ ɨɫɬɚɧɧьɨʀ ɫɢɥɢ ɡ ɪɿɜɧɹɧɧɹ 
ɨɬɪɢɦɭєɦɨ ɜɟɤɬɨɪɢ ɰɢɯ ɫɢɥ. ɉɪɢ ɰьɨɦɭ ɦɚєɦɨ ɩɨɜɧɭ 
ɪɟɚɤɰɿɸ ܨோଷ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  , ɚ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɩɨɜɧɨʀ ɪɟɚɤɰɿʀ ܨோଵଶ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗   
ɫɩɨɥɭɱɢɦɨ ɩɨɱɚɬɨɤ ɜɟɤɬɨɪɚ ܨோଵଶ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗   ɡ ɤɿɧɰɟɦ ɜɟɤɬɨɪɚ ܨோଵଶ𝜏⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  . 
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Ⱦɥɹ ɜɢɡɧɚɱɟɧɧɹ ɪɟɚɤɰɿʀ ɜ ɫɟɪɟɞɧɿɣ ɤɿɧɟɦɚɬɢɱɧɿɣ ɩɚɪɿ 
ɫɤɥɚɞɟɦɨ ɜɟɤɬɨɪɧɟ ɪɿɜɧɹɧɧɹ ɫɭɦɢ ɜɫɿɯ ɫɢɥ, ɳɨ ɞɿɸɬь ɧɚ 
ɞɪɭɝɭ ɥɚɧɤɭ: ܨோଵଶ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  + ଶ⃗⃗ܨ  ⃗ + ோଷଶ⃗⃗ܨ ⃗⃗ ⃗⃗ ⃗⃗  = Ͳ. (6.151) 

ɇɚ ɩɥɚɧɿ ɫɢɥ ɡʼєɞɧɚєɦɨ ɤɿɧɟɰь ɜɟɤɬɨɪɚ ܨଶ⃗⃗  ⃗ ɿɡ ɩɨɱɚɬɤɨɦ 
ɜɟɤɬɨɪɚ ܨோଵଶ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  . Ɉɬɪɢɦɚɧɢɣ ɜɟɤɬɨɪ ɿ ɛɭɞɟ ɡɨɛɪɚɠɚɬɢ ɜ 
ɦɚɫɲɬɚɛɿ ɪɟɚɤɰɿɸ ܨோଷଶ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  . 

Ʉɿɧɟɬɨɫɬɚɬɢɤɚ ɝɪɭɩ Ⱥɫɫɭɪɚ III ɜɢɞɭ 

Ɇɟɯɚɧɿɡɦɢ, ɜ ɫɤɥɚɞ ɹɤɢɯ ɜɯɨɞɹɬь ɝɪɭɩɢ Ⱥɫɫɭɪɚ ȱȱȱ 
ɜɢɞɭ, ɡɚɫɬɨɫɨɜɭɸɬьɫɹ, ɧɚɩɪɢɤɥɚɞ, ɜ ɫɬɪɭɝɚɥьɧɢɯ ɜɟɪɫɬɚɬɚɯ. 

ɇɚɤɪɟɫɥɢɦɨ ɜ ɦɚɫɲɬɚɛɿ ɝɪɭɩɭ Ⱥɫɫɭɪɚ ȱȱȱ ɜɢɞɭ  
(ɪɢɫ. 6.33, ɚ). ɉɪɢɤɥɚɞɟɦɨ ɞɨ ɥɚɧɨɤ 2 ɿ 3 ɭ ɜɿɞɩɨɜɿɞɧɢɯ 
ɬɨɱɤɚɯ ɪɿɜɧɨɞɿɣɧɿ ɫɢɥɢ ܨଶ⃗⃗  ⃗  ɿ ܨଷ⃗⃗  ⃗. Ⱦɿɸ ɜɿɞʼєɞɧɚɧɢɯ ɥɚɧɨɤ 
ɡɚɦɿɧɢɦɨ ɪɟɚɤɰɿɹɦɢ ɜ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪɚɯ. 

Ɋɨɡɝɥɹɧɟɦɨ ɫɩɨɱɚɬɤɭ ɪɿɜɧɨɜɚɝɭ ɬɪɟɬьɨʀ ɥɚɧɤɢ, ɞɥɹ 

ɰьɨɝɨ ɭɦɨɜɧɨ ɜɿɞʼєɞɧɚєɦɨ ɞɪɭɝɭ ɥɚɧɤɭ ɿɡ ɫɢɥɚɦɢ, ɳɨ ɞɿɸɬь 
ɧɚ ɧɟʀ. Ⱦɿɸ ɜɿɞʼєɞɧɚɧɨʀ ɥɚɧɤɢ 2 ɧɚ ɥɚɧɤɭ 3 ɡɚɦɿɧɢɦɨ 
ɪɟɚɤɰɿєɸ ܨோଶଷ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗   ɹɤɚ ɛɭɞɟ ɧɚɩɪɹɦɥɟɧɚ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɞɨ 
ɬɪɟɬьɨʀ ɥɚɧɤɢ. Ɋɟɚɤɰɿɸ ɜ ɤɿɧɟɦɚɬɢɱɧɿɣ ɩɚɪɿ Ɉ ɪɨɡɤɥɚɞɟɦɨ ɧɚ 
ɧɨɪɦɚɥьɧɭ ܨோଷ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗   ɿ ɬɚɧɝɟɧɰɿɚɥьɧɭ ܨோଷ𝜏⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  . 

 
Ɋɢɫ. 6.33. Ʉɿɧɟɬɨɫɬɚɬɢɤɚ ɝɪɭɩɢ Ⱥɫɫɭɪɚ ȱȱ ɤɥɚɫɭ ȱȱ ɩɨɪɹɞɤɭ  

ȱȱȱ ɜɢɞɭ: 
ɚ – ɝɪɭɩɚ Ⱥɫɫɭɪɚ ȱȱȱ ɜɢɞɭ; ɛ – ɩɥɚɧ ɫɢɥ 
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ȼɿɡьɦɟɦɨ ɫɭɦɭ ɦɨɦɟɧɬɿɜ ɜɿɞɧɨɫɧɨ ɬ. Ⱥ ∑݉𝐹ሺܣሻ = Ͳ. (6.152) ܨଷℎଶ − ோଷ𝜏ܨ ℎଵ = Ͳ; ⇒ ோଷ𝜏ܨ  = ଷܨ ℎଶℎଵ. (6.153) 

ɋɤɥɚɞɟɦɨ ɜɟɤɬɨɪɧɟ ɪɿɜɧɹɧɧɹ ɫɭɦɢ ɜɫɿɯ ɫɢɥ, ɳɨ ɞɿɸɬь 
ɧɚ ɬɪɟɬɸ ɥɚɧɤɭ: ܨோଷ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  + ோଷ𝜏⃗⃗ܨ ⃗⃗ ⃗⃗ ⃗⃗  + ଷ⃗⃗ܨ  ⃗ + ோଶଷ⃗⃗ܨ ⃗⃗ ⃗⃗ ⃗⃗  = Ͳ. (6.154) 

ɉɨɛɭɞɭєɦɨ ɩɥɚɧ ɫɢɥ ɜ ɦɚɫɲɬɚɛɿ ߤ𝐹 (ɪɢɫ. 6.33, ɛ), ɡɚ 
ɚɥɝɨɪɢɬɦɨɦ, ɞɟɬɚɥьɧɨ ɨɩɢɫɚɧɢɦ ɞɥɹ ɩɨɩɟɪɟɞɧɿɯ ɩɪɢɤɥɚɞɿɜ. 

ȱɡ ɩɥɚɧɚ ɫɢɥ ɡɧɚɣɞɟɦɨ ɪɟɚɤɰɿʀ ܨோଷ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗   ɿ ܨோଶଷ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  . 
Ɂɚɬɢɦ ɪɨɡɝɥɹɧɟɦɨ ɪɿɜɧɨɜɚɝɭ ɝɪɭɩɢ Ⱥɫɫɭɪɚ ɜ ɰɿɥɨɦɭ. 

ɋɤɥɚɞɟɦɨ ɜɟɤɬɨɪɧɟ ɪɿɜɧɹɧɧɹ ɫɭɦɢ ɜɫɿɯ ɫɢɥ, ɳɨ ɞɿɸɬь ɧɚ 
ɝɪɭɩɭ: ܨோଷ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  + ଷ⃗⃗ܨ  ⃗ + ଶ⃗⃗ܨ  ⃗ + ோଵଶ⃗⃗ܨ ⃗⃗ ⃗⃗ ⃗⃗  = Ͳ. (6.155) 

ɇɚ ɩɥɚɧɿ ɫɢɥ (ɪɢɫ. 6.33, ɛ) ɡ ɤɿɧɰɹ ɜɟɤɬɨɪɚ ɫɢɥɢ ܨଷ⃗⃗  ⃗ 
ɩɨɛɭɞɭєɦɨ ɜɟɤɬɨɪ ɫɢɥɢ ܨଶ⃗⃗  ⃗. Ɂʼєɞɧɚєɦɨ ɤɿɧɟɰь ɜɟɤɬɨɪɚ ɫɢɥɢ ܨଶ⃗⃗  ⃗ ɡ ɩɨɱɚɬɤɨɦ ɜɟɤɬɨɪɚ ܨோଷ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  . Ɉɬɪɢɦɚєɦɨ ɜɟɤɬɨɪ ܨோଵଶ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  . 
ɉɪɢɦɿɬɤɚ. əɤɳɨ ܨଶ = Ͳ, ɬɨ  ܨோଵଶ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  = ோଶଷ⃗⃗ܨ ⃗⃗ ⃗⃗ ⃗⃗  . 

 

Ʉɿɧɟɬɨɫɬɚɬɢɤɚ ɦɟɯɚɧɿɡɦɭ І ɤɥɚɫɭ 

ɇɚɤɪɟɫɥɢɦɨ ɜ ɦɚɫɲɬɚɛɿ ɦɟɯɚɧɿɡɦ ȱ ɤɥɚɫɭ (ɪɢɫ. 6.34, ɚ). 

ɉɪɢɤɥɚɞɟɦɨ ɜ ɰɟɧɬɪɿ ɦɚɫ ܵଵ ɫɢɥɭ ɬɹɠɿɧɧɹ ܨଵ⃗⃗⃗⃗⃗⃗  ɬɚ ɫɢɥɭ ɿɧɟɪɰɿʀ ܨపଵ⃗⃗⃗⃗  ⃗. Ⱦɿɸ ɜɿɞʼєɞɧɚɧɨʀ ɥɚɧɤɢ 2 ɡɚɦɿɧɢɦɨ ɪɟɚɤɰɿєɸ ܨோଶଵ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  , ɹɤɚ 
ɞɨɪɿɜɧɸє ܨோଶଵ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  = ோଵଶ⃗⃗ܨ− ⃗⃗ ⃗⃗ ⃗⃗  . Ⱦɨ ɥɚɧɤɢ 1 ɜ ɬ.Ⱥ ɩɪɢɤɥɚɞɟɦɨ 
ɡɪɿɜɧɨɜɚɠɭɜɚɥьɧɭ ɫɢɥɭ ́ܨ ˓⃗⃗⃗⃗  ⃗ ɿ ɜɢɡɧɚɱɢɦɨ ʀʀ. ȼɿɡьɦɟɦɨ ɫɭɦɭ 
ɦɨɦɟɧɬɿɜ ɜɫɿɯ ɫɢɥ ɜɿɞɧɨɫɧɨ ɬ. Ɉ ∑݉𝐹ሺܱሻ = Ͳ. (6.156) ́ܨ ˓ ℎଵ − ோଶଵℎଶܨ − ଵℎଷܨ = Ͳ. (6.157) 

 

ȱɡ ɪɿɜɧɹɧɧɹ (6.145) ɡɧɚɯɨɞɢɦɨ: 
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ܨ́ ˓ = ோଶଵℎଶܨ + ଵℎଷℎଵܨ . (6.158) 

ȼɢɡɧɚɱɢɦɨ ɪɟɚɤɰɿɸ ܨோଵ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  . ɋɤɥɚɞɟɦɨ ɜɟɤɬɨɪɧɟ ɪɿɜɧɹɧɧɹ 
ɫɢɥ, ɳɨ ɞɿɸɬь ɧɚ ɦɟɯɚɧɿɡɦ ȱ ɤɥɚɫɭ: ܨோଶଵ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  + + ଵ⃗⃗⃗⃗⃗⃗ܨ పଵ⃗⃗⃗⃗ܨ  ⃗ + ோଵ⃗⃗ܨ ⃗⃗ ⃗⃗ ⃗⃗  = Ͳ. (6.159) 

ɉɨɛɭɞɭєɦɨ ɩɥɚɧ ɫɢɥ ɜ ɦɚɫɲɬɚɛɿ ߤ𝐹 (ɪɢɫ. 6.34, ɛ), 

ɡɝɿɞɧɨ ɜɟɤɬɨɪɧɨɝɨ ɪɿɜɧɹɧɧɹ (6.147), ɞɥɹ ɩɟɪɲɢɯ ɬɪьɨɯ ɫɢɥ. 
Ʉɿɧɟɰь ɜɟɤɬɨɪɚ ܨపଵ⃗⃗⃗⃗  ⃗ ɫɩɨɥɭɱɢɦɨ ɡ ɩɨɱɚɬɤɨɦ ɜɟɤɬɨɪɚ ܨோଶଵ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  . 

Ɉɬɪɢɦɚɧɢɣ ɜɟɤɬɨɪ ɿ ɛɭɞɟ ɡɨɛɪɚɠɚɬɢ ɪɟɚɤɰɿɸ ܨோଵ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  . 

 
Ɋɢɫ. 6.34. Ʉɿɧɟɬɨɫɬɚɬɢɤɚ ɦɟɯɚɧɿɡɦɭ ȱ ɤɥɚɫɭ: 

ɚ – ɦɟɯɚɧɿɡɦ ȱ ɤɥɚɫɭ; ɛ – ɩɥɚɧ ɫɢɥ 

 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɤɿɧɟɬɨɫɬɚɬɢɱɧɟ ɞɨɫɥɿɞɠɟɧɧɹ ɦɟɯɚɧɿɡɦɿɜ 
ɞɨɡɜɨɥɹє ɜɢɡɧɚɱɢɬɢ ɪɟɚɤɰɿʀ ɭ ɜɫɿɯ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪɚɯ ɬɚ 
ɡɪɿɜɧɨɜɚɠɭɜɚɥьɧɭ ɫɢɥɭ, ɚɛɨ ɡɪɿɜɧɨɜɚɠɭɜɚɥьɧɢɣ ɦɨɦɟɧɬ: ܯˊ˓ = ܨ́ ˓ ݈ை. (6.160) 

ɋɢɥɢ ɬɟɪɬɹ ɜ ɦɟɯɚɧɿɡɦɚɯ ɦɨɠɧɚ ɜɪɚɯɭɜɚɬɢ 
ɧɚɫɬɭɩɧɢɦ ɱɢɧɨɦ. ɉɿɫɥɹ ɜɢɡɧɚɱɟɧɧɹ ɪɟɚɤɰɿʀ ɜ ɤɿɧɟɦɚɬɢɱɧɢɯ 
ɩɚɪɚɯ ɛɟɡ ɜɪɚɯɭɜɚɧɧɹ ɫɢɥ ɬɟɪɬɹ, ɡɚɞɚєɦɨɫь ɜɟɥɢɱɢɧɚɦɢ 
ɤɨɟɮɿɰɿєɧɬɿɜ ɬɟɪɬɹ ɿ ɜɢɡɧɚɱɚєɦɨ ɜɿɞɩɨɜɿɞɧɿ ɫɢɥɢ ɬɟɪɬɹ, ɚ 
ɡɚɬɢɦ ɜɜɨɞɢɦɨ ɰɿ ɫɢɥɢ ɬɟɪɬɹ ɜ ɱɢɫɥɨ ɡɨɜɧɿɲɧɿɯ ɫɢɥ, ɹɤɿ 
ɩɪɢɤɥɚɞɟɧɿ ɞɨ ɜɿɞɩɨɜɿɞɧɢɯ ɥɚɧɨɤ ɿ ɩɨɜɬɨɪɸєɦɨ ɜɟɫь 
ɪɨɡɪɚɯɭɧɨɤ ɫɩɨɱɚɬɤɭ ɡ ɜɪɚɯɭɜɚɧɧɹɦ ɡɧɚɣɞɟɧɢɯ ɫɢɥ ɬɟɪɬɹ. 
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Ɍɚɤɢɦ ɱɢɧɨɦ, ɡɚɡɧɚɱɟɧɢɣ ɩɪɨɰɟɫ ɦɨɠɧɚ ɩɪɨɞɨɜɠɢɬɢ ɣ 
ɞɚɥɿ, ɚɥɟ ɩɪɚɤɬɢɱɧɨ ɰɿɥɤɨɦ ɞɨɫɢɬь ɨɛɦɟɠɢɬɢɫь ɞɪɭɝɢɦ 
ɧɚɛɥɢɠɟɧɧɹɦ. 
 

Ɂɚɩɢɬɚɧɧɹ ɞɥɹ ɩɟɪɟɜɿɪɤɢ ɡɧɚɧь ɩɨ ɬɟɦɿ 6: 

1. ɋɢɥɨɜɢɦ ɚɧɚɥɿɡɨɦ ɦɟɯɚɧɿɡɦɭ ɧɚɡɢɜɚєɬьɫɹ… 

2. Ⱦɢɧɚɦɿɱɧɢɦ ɚɧɚɥɿɡɨɦ ɦɟɯɚɧɿɡɦɭ ɧɚɡɢɜɚєɬьɫɹ… 

3. ɋɢɥɚ, ɡ ɬɨɱɤɢ ɡɨɪɭ ɞɢɧɚɦɿɤɢ ɦɟɯɚɧɿɡɦɿɜ. 

4. ȼɟɥɢɱɢɧɚ ɫɢɥɢ, ɰɟ … 

5. əɤ ɧɚɡɢɜɚɸɬьɫɹ ɫɢɥɢ, ɹɤɿ ɫɬɜɨɪɸɸɬьɫɹ ɞɜɢɝɭɧɚɦɢ ɿ 
ɧɚɦɚɝɚɸɬьɫɹ ɩɪɢɫɤɨɪɢɬɢ ɪɭɯ ɥɚɧɨɤ ɦɟɯɚɧɿɡɦɭ? 

6. əɤ ɧɚɡɢɜɚɸɬьɫɹ ɫɢɥɢ, ɞɥɹ ɩɟɪɟɛɨɪɸɜɚɧɧɹ ɹɤɢɯ 
ɩɪɢɡɧɚɱɟɧɚ ɦɚɲɢɧɚ? 

7. əɤ ɧɚɡɢɜɚɸɬьɫɹ ɫɢɥɢ, ɳɨ ɜɢɡɧɚɱɚɸɬьɫɹ ɮɿɡɢɤɨ-

ɦɟɯɚɧɿɱɧɢɦɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢ ɥɚɧɨɤ? 

8.  əɤ ɧɚɡɢɜɚɸɬьɫɹ ɫɢɥɢ, ɹɤɿ ɜɪɚɯɨɜɭɸɬь 
ɧɟɪɿɜɧɨɦɿɪɧɿɫɬь ɪɭɯɭ ɥɚɧɨɤ? 

9. əɤ ɜɢɡɧɚɱɚєɬьɫɹ ɟɥɟɦɟɧɬɚɪɧɚ ɪɨɛɨɬɚ, ɳɨ 
ɜɢɤɨɧɭєɬьɫɹ ɪɭɲɿɣɧɨɸ ɫɢɥɨɸ ɧɚ ɟɥɟɦɟɧɬɚɪɧɨɦɭ 
ɩɟɪɟɦɿɳɟɧɧɿ? 

10. əɤ ɜɢɡɧɚɱɚєɬьɫɹ ɟɥɟɦɟɧɬɚɪɧɚ ɪɨɛɨɬɚ, ɳɨ 
ɜɢɤɨɧɭєɬьɫɹ ɫɢɥɨɸ ɤɨɪɢɫɧɨɝɨ ɨɩɨɪɭ ɧɚ ɟɥɟɦɟɧɬɚɪɧɨɦɭ 

ɩɟɪɟɦɿɳɟɧɧɿ? 

11. əɤ ɜɢɡɧɚɱɚєɬьɫɹ ɟɥɟɦɟɧɬɚɪɧɚ ɪɨɛɨɬɚ, ɳɨ 
ɜɢɤɨɧɭєɬьɫɹ ɝɪɚɜɿɬɚɰɿɣɧɨɸ ɫɢɥɨɸ ɧɚ ɟɥɟɦɟɧɬɚɪɧɨɦɭ 

ɩɟɪɟɦɿɳɟɧɧɿ? 

12. əɤɿ ɪɟɚɤɰɿʀ ɜɢɧɢɤɚɸɬь ɜ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪɚɯ? 

13. ɓɨ ɧɚɡɢɜɚɸɬь ɦɟɯɚɧɿɱɧɨɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɸ 
ɞɜɢɝɭɧɚ, ɚɛɨ ɪɨɛɨɱɨʀ ɦɚɲɢɧɢ? 

14. əɤɢɦ ɫɩɨɫɨɛɨɦ ɜɢɤɨɧɭɸɬь ɡɦɟɧɲɟɧɧɹ ɝɚɛɚɪɢɬɿɜ 
ɬɚ ɦɚɫɢ ɦɚɲɢɧɧɨɝɨ ɚɝɪɟɝɚɬɭ? 

15. əɤ ɜɢɡɧɚɱɚєɬьɫɹ ɩɨɬɭɠɧɿɫɬь ɞɜɢɝɭɧɚ? 

16. ɓɨ ɜɫɬɚɧɨɜɥɸɸɬь ɦɿɠ ɞɜɢɝɭɧɨɦ ɿ ɪɨɛɨɱɨɸ 
ɦɚɲɢɧɨɸ ɞɥɹ ɡɦɟɧɲɟɧɧɹ ɤɭɬɨɜɨʀ ɲɜɢɞɤɨɫɬɿ? 
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17. Ɂɚɤɨɧ ɡɦɿɧɢ ɤɿɧɟɬɢɱɧɨʀ ɟɧɟɪɝɿʀ ɞɥɹ ɦɟɯɚɧɿɡɦɭ ɡ 
ɨɞɧɢɦ ɫɬɭɩɟɧɟɦ ɜɿɥьɧɨɫɬɿ. 

18. Ʉɿɧɟɬɢɱɧɚ ɟɧɟɪɝɿɹ ɦɟɯɚɧɿɡɦɭ ɜ ɞɨɜɿɥьɧɨɦɭ 
ɩɨɥɨɠɟɧɧɿ ɩɪɢ ɩɨɫɬɭɩɚɥьɧɨɦɭ ɪɭɫɿ. 

19. Ʉɿɧɟɬɢɱɧɚ ɟɧɟɪɝɿɹ ɦɟɯɚɧɿɡɦɭ ɜ ɞɨɜɿɥьɧɨɦɭ 
ɩɨɥɨɠɟɧɧɿ ɩɪɢ ɨɛɟɪɬɨɜɨɦɭ ɪɭɫɿ. 

20. Ʉɿɧɟɬɢɱɧɚ ɟɧɟɪɝɿɹ ɦɟɯɚɧɿɡɦɭ ɜ ɞɨɜɿɥьɧɨɦɭ 
ɩɨɥɨɠɟɧɧɿ ɩɪɢ ɩɥɨɫɤɨɩɚɪɚɥɟɥьɧɨɦɭ ɪɭɫɿ. 

21. ɉɪɢ ɹɤɿɣ ɭɦɨɜɿ ɦɨɠɥɢɜɢɣ ɩɭɫɤ ɪɨɛɨɬɢ ɦɚɲɢɧɧɨɝɨ 
ɚɝɪɟɝɚɬɭ? 

22. ɉɪɢ ɹɤɿɣ ɭɦɨɜɿ ɦɨɠɥɢɜɟ ɝɚɥьɦɭɜɚɧɧɹ ɦɚɲɢɧɧɨɝɨ 
ɚɝɪɟɝɚɬɭ? 

23. ɉɪɢ ɹɤɿɣ ɭɦɨɜɿ ɦɨɠɥɢɜɢɣ ɭɫɬɚɥɟɧɢɣ ɪɭɯ 
ɦɚɲɢɧɧɨɝɨ ɚɝɪɟɝɚɬɭ? 

24. ɓɨ ɧɚɡɢɜɚєɬьɫɹ ɫɢɥɨɸ ɬɟɪɬɹ? 

25. əɤɟ ɬɟɪɬɹ ɧɚɡɢɜɚєɬьɫɹ ɝɪɚɧɢɱɧɢɦ? 

26. əɤɟ ɬɟɪɬɹ ɧɚɡɢɜɚєɬьɫɹ ɱɢɫɬɢɦ? 

27. əɤɟ ɬɟɪɬɹ ɧɚɡɢɜɚєɬьɫɹ ɪɿɞɢɧɧɢɦ? 

28. əɤɟ ɬɟɪɬɹ ɧɚɡɢɜɚєɬьɫɹ ɧɚɩɿɜɪɿɞɢɧɧɢɦ?: 

29. əɤɟ ɬɟɪɬɹ ɧɚɡɢɜɚєɬьɫɹ ɧɚɩɿɜɫɭɯɢɦ? 

30. Ɋɿɜɧɹɧɧɹ Ʉɭɥɨɧɚ-Ⱥɦɨɧɬɨɧɚ. 

31. əɤ ɡɚɜɠɞɢ ɧɚɩɪɚɜɥɟɧɚ ɫɢɥɚ ɬɟɪɬɹ? 

32. əɤ ɜɢɡɧɚɱɚєɬьɫɹ ɤɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ ɤɨɜɡɚɧɧɹ? 

33. əɤ ɜɢɡɧɚɱɚєɬьɫɹ ɫɢɥɚ ɬɟɪɬɹ ɞɥɹ ɤɥɢɧɱɚɫɬɨɝɨ 
ɠɨɥɨɛɚ? 

34. əɤ ɜɢɡɧɚɱɚєɬьɫɹ ɫɢɥɚ ɬɟɪɬɹ ɞɥɹ ɰɢɥɿɧɞɪɢɱɧɨɝɨ 
ɠɨɥɨɛɚ? 

35. əɤ ɜɢɡɧɚɱɚєɬьɫɹ ɩɪɢɜɟɞɟɧɢɣ ɤɨɟɮɿɰɿєɧɬ ɬɟɪɬɹ ɞɥɹ 
ɩɪɢɩɪɚɰьɨɜɚɧɨʀ ɰɚɩɮɢ? 

36. əɤ ɜɢɡɧɚɱɚєɬьɫɹ ɦɨɦɟɧɬ ɬɟɪɬɹ ɭ ɫɭɰɿɥьɧɿɣ ɩʼɹɬɿ? 

37. Ɋɿɜɧɹɧɧɹ ȿɣɥɟɪɚ: 
38. Ɉɞɢɧɢɰɹ ɜɢɦɿɪɭ ɤɨɟɮɿɰɿєɧɬɚ ɬɟɪɬɹ ɤɨɱɟɧɧɹ: 
39. Ɉɞɢɧɢɰɹ ɜɢɦɿɪɭ ɤɨɟɮɿɰɿєɧɬɚ ɬɟɪɬɹ ɤɨɜɡɚɧɧɹ: 



187 

40. ɉɪɢ ɩɟɪɟɦɿɳɟɧɧɿ ɰɢɥɿɧɞɪɚ ɩɨ ɩɥɨɳɢɧɿ, ɱɢɫɬɟ 
ɤɨɜɡɚɧɧɹ ɛɭɞɟ ɜɿɞɛɭɜɚɬɢɫь ɩɪɢ…? 

41. ɉɪɢ ɩɟɪɟɦɿɳɟɧɧɿ ɰɢɥɿɧɞɪɚ ɩɨ ɩɥɨɳɢɧɿ, ɱɢɫɬɟ 
ɤɨɱɟɧɧɹ ɛɭɞɟ ɜɿɞɛɭɜɚɬɢɫь ɩɪɢ…? 

42. ɉɪɢ ɩɟɪɟɦɿɳɟɧɧɿ ɰɢɥɿɧɞɪɚ ɩɨ ɩɥɨɳɢɧɿ, ɤɨɜɡɚɧɧɹ 
ɪɚɡɨɦ ɿɡ ɤɨɱɟɧɧɹɦ ɛɭɞɟ ɜɿɞɛɭɜɚɬɢɫь ɩɪɢ …? 

43. Ʉɨɥɢ ɜɢɤɨɪɢɫɬɨɜɭєɬьɫɹ ɡɚɦɿɧɚ ɪɟɡɭɥьɬɭɸɱɨʀ ɫɢɥɢ 
ɿɧɟɪɰɿʀ, ɫɢɥɚɦɢ ɿɧɟɪɰɿʀ ɦɚɫ, ɹɤɿ ɡɨɫɟɪɟɞɠɟɧɿ ɭ ɩɟɜɧɢɯ 
ɬɨɱɤɚɯ? 

44. ɉɪɢ ɹɤɿɣ ɭɦɨɜɿ ɨɬɪɢɦɭєɬьɫɹ ɫɬɚɬɢɱɧɟ ɪɨɡɦɿɳɟɧɧɹ 
ɦɚɫɢ ɥɚɧɤɢ, ɦɟɬɨɞɨɦ ɡɚɦɿɳɟɧɢɯ ɬɨɱɨɤ? 

45. ɉɪɢ ɹɤɿɣ ɭɦɨɜɿ ɨɬɪɢɦɭєɬьɫɹ ɞɢɧɚɦɿɱɧɟ 
ɪɨɡɦɿɳɟɧɧɹ ɦɚɫɢ ɥɚɧɤɢ. ɦɟɬɨɞɨɦ ɡɚɦɿɳɟɧɢɯ ɬɨɱɨɤ? 

46. əɤ ɧɚɡɢɜɚєɬьɫɹ ɫɢɥɨɜɢɣ ɪɨɡɪɚɯɭɧɨɤ, ɹɤɢɣ 
ɜɢɤɨɧɭєɬьɫɹ ɡ ɜɪɚɯɭɜɚɧɧɹɦ ɫɢɥ ɿɧɟɪɰɿʀ? 

47. ɓɨ ɧɟ ɜɪɚɯɨɜɭєɬьɫɹ ɩɪɢ ɩɪɨɜɟɞɟɧɧɿ ɫɢɥɨɜɨɝɨ 

ɪɨɡɪɚɯɭɧɨɤɭ ɭ ɩɟɪɲɨɦɭ ɧɚɛɥɢɠɟɧɿ? 

48. Ⱦɥɹ ɱɨɝɨ ɜ ɪɨɡɪɚɯɭɧɤɢ ɜɜɨɞɹɬь ɫɢɥɢ ɿɧɟɪɰɿʀ ɬɚ 
ɦɨɦɟɧɬɢ ɩɚɪ ɫɢɥ ɿɧɟɪɰɿʀ? 

49. ɍɦɨɜɚ ɫɬɚɬɢɱɧɨʀ ɜɢɡɧɚɱɟɧɨɫɬɿ ɤɿɧɟɦɚɬɢɱɧɨɝɨ 
ɥɚɧɰɸɝɚ. 

50. Ʉɨɟɮɿɰɿєɧɬ ɤɨɪɢɫɧɨʀ ɞɿʀ ɦɚɲɢɧɢ. 

51. Ɋɨɛɨɬɚ ɫɢɥ ɤɨɪɢɫɧɨɝɨ ɨɩɨɪɭ. 

52. Ʉɨɟɮɿɰɿєɧɬ ɜɬɪɚɬ ɭ ɦɟɯɚɧɿɡɦɿ. 
53. Ɉɡɧɚɤɨɸ ɫɚɦɨɝɚɥьɦɭɜɚɧɧɹ, ɚɛɨ ɡɚɤɥɢɧɸɜɚɧɧɹ 

ɦɟɯɚɧɿɡɦɭ є? 

54. Ʉɨɟɮɿɰɿєɧɬ ɤɨɪɢɫɧɨʀ ɞɿʀ ɦɚɲɢɧɧɨɝɨ ɚɝɪɟɝɚɬɭ ɡ 
ɩɨɫɥɿɞɨɜɧɢɦ ɡʼєɞɧɚɧɧɹɦ ɦɟɯɚɧɿɡɦɿɜ. 
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ɌȿɆА 7. Ⱦɨɫɥɿɞɠɟɧɧɹ ɪɭɯɭ ɦɟɯɚɧɿɡɦɿɜ ɬɚ 
ɪɟɝɭɥɸɜɚɧɧɹ ɯɨɞɭ ɦɚɲɢɧ 

 

7.1. Ɋɭɯ ɦɟɯɚɧɿɡɦɿɜ ɩɿɞ ɞɿєɸ ɡɚɞɚɧɢɯ ɫɢɥ. Ɉɫɧɨɜɧɿ ɜɿɞɨɦɨɫɬɿ 
7.2. Ɂɜɟɞɟɧɿ ɫɢɥɢ ɿ ɦɨɦɟɧɬɢ 

7.3. Ɍɟɨɪɟɦɚ Ɇ.ȯ. ɀɭɤɨɜɫьɤɨɝɨ 

7.4. Ɂɜɟɞɟɧɚ ɦɚɫɚ ɿ ɡɜɟɞɟɧɢɣ ɞɢɧɚɦɿɱɧɢɣ ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ 
ɦɟɯɚɧɿɡɦɭ 

7.5. Ɋɿɜɧɹɧɧɹ ɪɭɯɭ ɦɚɲɢɧɢ 

7.6. ɇɟɪɿɜɧɨɦɿɪɧɿɫɬь ɪɭɯɭ ɦɟɯɚɧɿɡɦɿɜ 

7.7. ɋɟɪɟɞɧɹ ɲɜɢɞɤɿɫɬь ɪɭɯɭ. Ʉɨɟɮɿɰɿєɧɬ ɧɟɪɿɜɧɨɦɿɪɧɨɫɬɿ 
ɪɭɯɭ 

7.8. ȼɢɡɧɚɱɟɧɧɹ ɞɢɧɚɦɿɱɧɨɝɨ ɦɨɦɟɧɬɭ ɿɧɟɪɰɿʀ ɦɚɯɨɜɢɤɚ 

 

7.1. Ɋɭɯ ɦɟɯɚɧɿɡɦɿɜ ɩɿɞ ɞɿєɸ ɡɚɞɚɧɢɯ ɫɢɥ. Ɉɫɧɨɜɧɿ 
ɜɿɞɨɦɨɫɬɿ 

ȼɢɜɱɚɸɱɢ ɪɭɯ ɦɟɯɚɧɿɡɦɭ, ɦɢ ɞɨɫɿ ɩɪɢɩɭɫɤɚɥɢ, ɳɨ 
ɜɯɿɞɧɚ (ɜɟɞɭɱɚ) ɥɚɧɤɚ ɨɛɟɪɬɚєɬьɫɹ ɿɡ ɫɬɚɥɨɸ ɤɭɬɨɜɨɸ 
ɲɜɢɞɤɿɫɬɸ (߱ଵ =  Ⱦɥɹ ɡɞɿɣɫɧɟɧɧɹ ɬɚɤɨɝɨ ɪɭɯɭ .(ݐݏ݊ܿ
ɩɨɬɪɿɛɧɟ ɰɿɥɤɨɦ ɩɟɜɧɟ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɦɿɠ ɫɢɥɚɦɢ, ɳɨ 
ɞɿɸɬь ɧɚ ɦɟɯɚɧɿɡɦ. ȼɡɚɝɚɥɿ ɧɟɦɨɠɥɢɜɨ ɜɫɬɚɧɨɜɢɬɢ ɬɚɤɟ 
ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɦɿɠ ɫɢɥɚɦɢ, ɳɨ ɞɿɸɬь ɧɚ ɦɟɯɚɧɿɡɦ, ɹɤɟ ɛ 
ɡɚɛɟɡɩɟɱɢɥɨ ɡɚɞɚɧɢɣ ɡɚɤɨɧ ɣɨɝɨ ɪɭɯɭ. 

ɍ ɛɿɥьɲɨɫɬɿ ɜɢɩɚɞɤɿɜ ɫɢɥɢ ɤɨɪɢɫɧɨɝɨ ɨɩɨɪɭ ɡɚɥɟɠɚɬь 
ɜɿɞ ɩɨɥɨɠɟɧɧɹ ɥɚɧɨɤ, ɞɨ ɹɤɢɯ ɜɨɧɢ ɩɪɢɤɥɚɞɟɧɿ. ɇɚɩɪɢɤɥɚɞ, 
ɫɢɥɚ ɨɩɨɪɭ ɫɬɢɫɤɭ ɩɨɜɿɬɪɹ ɜ ɰɢɥɿɧɞɪɿ ɤɨɦɩɪɟɫɨɪɚ ɡɚɥɟɠɢɬь 
ɜɿɞ ɣɨɝɨ ɤɭɬɨɜɨʀ ɲɜɢɞɤɨɫɬɿ. ɍ ɪɹɞɿ ɜɢɩɚɞɤɿɜ ɫɢɥɢ ɤɨɪɢɫɧɢɯ 
ɨɩɨɪɿɜ ɡɚɥɟɠɚɬь ɜɿɞ ɲɜɢɞɤɨɫɬɿ ɬɨɱɨɤ ʀɯ ɩɪɢɤɥɚɞɚɧɧɹ, ɚ ɿɧɨɞɿ 
ɜɿɞ ɱɚɫɭ. ɇɚɩɪɢɤɥɚɞ, ɦɨɦɟɧɬ ɨɩɨɪɭ ɩɪɨɩɟɥɟɪɚ ɡɚɥɟɠɢɬь ɜɿɞ 
ɣɨɝɨ ɤɭɬɨɜɨʀ ɲɜɢɞɤɨɫɬɿ, ɚ ɡɭɫɢɥɥɹ ɩɟɪɟɦɿɲɭɜɚɧɧɹ ɬɿɫɬɚ 
ɡɚɥɟɠɢɬь ɜɿɞ ɱɚɫɭ ɩɟɪɟɛɭɜɚɧɧɹ ɬɿɫɬɚ ɭ ɦɿɫɢɥьɧɿɣ ɦɚɲɢɧɿ. 
ɋɢɥɚ ɨɩɨɪɭ ɩɟɪɟɦɿɳɟɧɧɸ ɬɪɚɧɫɩɨɪɬɧɨɝɨ ɡɚɫɨɛɭ 
(ɚɜɬɨɦɨɛɿɥɹ) ɡɚɥɟɠɢɬь ɧɟ ɬɿɥьɤɢ ɜɿɞ ɦɚɫɢ ɜɚɧɬɚɠɭ, ɚɥɟ ɿ ɜɿɞ 
ɲɜɢɞɤɨɫɬɿ ɬɚ ɩɪɨɮɿɥɸ ɲɥɹɯɨɩɪɨɜɨɞɭ. 
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ȼɢɡɧɚɱɟɧɧɹ ɡɚɤɨɧɭ ɪɭɯɭ ɦɟɯɚɧɿɡɦɭ, ɳɨ ɩɟɪɟɛɭɜɚє ɩɿɞ 
ɞɿєɸ ɩɪɢɤɥɚɞɟɧɢɯ ɞɨ ɣɨɝɨ ɥɚɧɨɤ ɡɚɞɚɧɢɯ ɫɢɥ, ɿ є ɡɚɞɚɱɟɸ 
ɞɢɧɚɦɿɱɧɨɝɨ ɚɧɚɥɿɡɭ. Ⱦɥɹ ɦɟɯɚɧɿɡɦɭ, ɳɨ ɦɚє ɨɞɢɧ ɫɬɭɩɿɧь 
ɜɿɥьɧɨɫɬɿ, ɰɸ ɡɚɞɚɱɭ ɦɨɠɧɚ ɜɜɚɠɚɬɢ ɪɨɡɜʼɹɡɚɧɨɸ, ɤɨɥɢ ɛɭɞɟ 
ɜɫɬɚɧɨɜɥɟɧɨ ɡɚɤɨɧ ɪɭɯɭ ɨɞɧɿєʀ ɥɚɧɤɢ. Ɂɚ ɬɚɤɭ ɥɚɧɤɭ, 
ɡɜɢɱɚɣɧɨ, ɜɢɛɢɪɚɸɬь ɜɟɞɭɱɢɣ ɜɚɥ ɪɨɛɨɱɨʀ ɦɚɲɢɧɢ ɚɛɨ 
ɜɟɞɟɧɢɣ ɜɚɥ ɞɜɢɝɭɧɚ. Ⱦɨ ɰɿєʀ ɥɚɧɤɢ, ɳɨ ɩɪɢɣɦɚєɬьɫɹ ɡɚ 
ɥɚɧɤɭ ɡɜɟɞɟɧɧɹ, ɞɨɰɿɥьɧɨ ɡɜɟɫɬɢ ɜɫɿ ɫɢɥɢ ɣ ɦɨɦɟɧɬɢ ɩɚɪ ɫɢɥ, 
ɳɨ ɩɪɢɤɥɚɞɟɧɿ ɞɨ ɦɟɯɚɧɿɡɦɭ. ɉɪɢ ɰьɨɦɭ ɧɟɨɛɯɿɞɧɨ, ɳɨɛ 
ɩɨɬɭɠɧɿɫɬь, ɹɤɭ ɪɨɡɜɢɜɚє ɡɚɦɿɧɸɸɱɚ ɫɢɥɚ, ɞɨɪɿɜɧɸɜɚɥɚ 
ɫɭɦɿ ɩɨɬɭɠɧɨɫɬɟɣ, ɳɨ ɪɨɡɜɢɜɚɸɬь ɜɫɿ ɫɢɥɢ, ɩɪɢɤɥɚɞɟɧɿ ɞɨ 
ɥɚɧɨɤ ɦɟɯɚɧɿɡɦɭ. ɐɸ ɡɚɦɿɧɸɸɱɭ ɫɢɥɭ ɧɚɡɢɜɚɬɢɦɟɦɨ 
ɡɜɟɞɟɧɨɸ ɫɢɥɨɸ ́ܨ ˅. 

Ɇɚɫɢ ɜɫɿɯ ɥɚɧɨɤ ɡɪɭɱɧɨ ɡɚɦɿɧɢɬɢ ɞɟɹɤɨɸ ɭɦɨɜɧɨɸ 
ɦɚɫɨɸ, ɡɨɫɟɪɟɞɠɟɧɨɸ ɜ ɬɨɱɰɿ ɡɜɟɞɟɧɧɹ. ɉɪɢ ɰьɨɦɭ 
ɧɟɨɛɯɿɞɧɨ, ɳɨɛ ɤɿɧɟɬɢɱɧɚ ɟɧɟɪɝɿɹ ɡɜɟɞɟɧɨʀ ɦɚɫɢ ɜ ɞɚɧɨɦɭ 
ɩɨɥɨɠɟɧɧɿ ɞɨɪɿɜɧɸɜɚɥɚ ɫɭɦɿ ɤɿɧɟɬɢɱɧɢɯ ɟɧɟɪɝɿɣ ɭɫɿɯ ɥɚɧɨɤ 
ɦɟɯɚɧɿɡɦɭ. Ɍɨɞɿ ɡɚɦɿɫɬь ɪɨɡɝɥɹɞɚɧɧɹ ɜɫьɨɝɨ ɤɨɦɩɥɟɤɫɭ ɫɢɥ, 
ɳɨ ɞɿɸɬь ɧɚ ɥɚɧɤɢ ɦɟɯɚɧɿɡɦɭ, ɦɨɠɧɚ ɪɨɡɝɥɹɧɭɬɢ ɫɢɥɢ, ɳɨ 
ɞɿɸɬь ɥɢɲɟ ɧɚ ɨɞɧɭ ɥɚɧɤɭ – ɥɚɧɤɭ ɡɜɟɞɟɧɧɹ, ɧɚɩɪɢɤɥɚɞ 
ɤɪɢɜɨɲɢɩ ʝଵА  (ɪɢɫ. 7.1), ɳɨ ɩɟɪɟɛɭɜɚɬɢɦɟ ɩɿɞ ɞɿєɸ 
ɡɜɟɞɟɧɨʀ ɫɢɥɢ ́ܨ ˅ ɚɛɨ ɡɜɟɞɟɧɨɝɨ ɦɨɦɟɧɬɭ ܯˊ˅ (ɡɦɿɧɧɨɝɨ ɭ 
ɡɚɝɚɥьɧɨɦɭ ɜɢɩɚɞɤɭ) ɿ ɦɚɬɢɦɟ ɡɜɟɞɟɧɭ ɦɚɫɭ ݉ˊ˅ (ɡɦɿɧɧɭ ɭ 
ɡɚɝɚɥьɧɨɦɭ ɜɢɩɚɞɤɭ), ɡɨɫɟɪɟɞɠɟɧɭ ɧɿɛɢ ɜ ɬɨɱɰɿ ɡɜɟɞɟɧɧɹ А. 

 
Ɋɢɫ. 7.1. ȼɯɿɞɧɚ ɥɚɧɤɚ (ɥɚɧɤɚ ɡɜɟɞɟɧɧɹ) 
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əɤɳɨ ɥɚɧɤɚ ɡɜɟɞɟɧɧɹ ɪɨɛɢɬь ɨɛɟɪɬɚɥьɧɢɣ ɪɭɯ, ɬɨ ɜɫɿ 
ɞɿɸɱɿ ɫɢɥɢ ɿ ɦɨɦɟɧɬɢ ɞɨɰɿɥьɧɨ ɡɚɦɿɧɢɬɢ ɨɞɧɿєɸ ɡɜɟɞɟɧɨɸ 
ɩɚɪɨɸ ɫɢɥ ɡ ɦɨɦɟɧɬɨɦ ܯˊ˅ ɚ ɜɫɿ ɦɚɫɢ ɿ ɞɢɧɚɦɿɱɧɿ ɦɨɦɟɧɬɢ 
ɿɧɟɪɰɿʀ ɥɚɧɨɤ ɡɚɦɿɧɢɬɢ ɡɜɟɞɟɧɢɦ ɞɢɧɚɦɿɱɧɢɦ ɦɨɦɟɧɬɨɦ 
ɿɧɟɪɰɿʀ ́ܫ ˅ , ɧɚɞɚɧɢɦ ɥɚɧɰɿ ɡɜɟɞɟɧɧɹ ʝଵА. 

Ɉɬɠɟ, ɭ ɰьɨɦɭ ɜɢɩɚɞɤɭ ɡɚɞɚɱɚ ɩɨɥɹɝɚє ɭ ɜɢɡɧɚɱɟɧɧɿ 
ɡɚɤɨɧɭ ɪɭɯɭ ɨɞɧɿєʀ ɥɚɧɤɢ, ɳɨ ɩɟɪɟɛɭɜɚє ɩɿɞ ɞɿєɸ ɡɜɟɞɟɧɨɝɨ 
ɦɨɦɟɧɬɭ ɿ ɦɚє ɡɜɟɞɟɧɢɣ ɞɢɧɚɦɿɱɧɢɣ ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ ́ܫ ˅. 

Ɂɚɤɨɧ ɪɭɯɭ ɜɫɿɯ ɿɧɲɢɯ ɥɚɧɨɤ ɦɟɯɚɧɿɡɦɭ ɦɨɠɧɚ ɜɢɡɧɚɱɢɬɢ 
ɦɟɬɨɞɨɦ ɩɥɚɧɿɜ ɲɜɢɞɤɨɫɬɟɣ ɬɚ ɩɪɢɫɤɨɪɟɧь, ɚɛɨ ɦɟɬɨɞɨɦ 
ɤɿɧɟɦɚɬɢɱɧɢɯ ɞɿɚɝɪɚɦ. 

 

7.2. Ɂɜɟɞɟɧɿ ɫɢɥɢ ɿ ɦɨɦɟɧɬɢ 

Ɂɜɟɞɟɧɨɝɨ ɫɢɥɨɸ (ɦɨɦɟɧɬɨɦ) ɧɚɡɢɜɚєɬьɫɹ ɫɢɥɚ 
(ɦɨɦɟɧɬ), ɳɨ ɡɚɦɿɧɸє ɞɿɸ ɜɫɿɯ ɫɢɥ ɿ ɦɨɦɟɧɬɿɜ ɜ ɦɟɯɚɧɿɡɦɿ ɿɡ 
ɭɦɨɜɢ ɪɿɜɧɨɫɬɿ ɦɢɬɬєɜɢɯ ɩɨɬɭɠɧɨɫɬɟɣ ɡɜɟɞɟɧɨʀ ɫɢɥɢ 
(ɦɨɦɟɧɬɭ) ɿ ɜɫɿɯ ɫɢɥ ɿ ɦɨɦɟɧɬɿɜ, ɳɨ ɡɜɨɞɹɬьɫɹ. 

ɋɢɥɚ (ɦɨɦɟɧɬ), ɳɨ ɞɨɪɿɜɧɸє ɡɚ ɜɟɥɢɱɢɧɨɸ ɡɜɟɞɟɧɿɣ 
ɫɢɥɿ (ɦɨɦɟɧɬɭ) ɿ ɩɪɨɬɢɥɟɠɧɨ ʀɣ ɧɚɩɪɹɦɥɟɧɚ, ɧɚɡɢɜɚєɬьɫɹ 
ɡɪɿɜɧɨɜɚɠɭɜɚɥьɧɨɸ ɫɢɥɨɸ (ɦɨɦɟɧɬɨɦ). ́ܨ ˓ = ܨ́− ˅ ; = ˓ˊܯ   (7.1) . ˅ˊܯ−

Ɍɨɱɤɚ, ɞɨ ɹɤɨʀ ɩɪɢɤɥɚɞɟɧɚ ɡɜɟɞɟɧɚ ɫɢɥɚ, ɧɚɡɢɜɚєɬьɫɹ 
ɬɨɱɤɨɸ ɡɜɟɞɟɧɧɹ, ɚ ɥɚɧɤɚ, ɞɨ ɹɤɨʀ ɡɜɨɞɹɬьɫɹ ɜɫɿ ɫɢɥɢ ɿ 
ɦɨɦɟɧɬɢ, ɧɚɡɢɜɚєɬьɫɹ ɥɚɧɤɨɸ ɡɜɟɞɟɧɧɹ. 

 
Ɋɢɫ. 7.2. Ʉɪɢɜɨɲɢɩɧɨ-ɩɨɜɡɭɧɧɢɣ ɦɟɯɚɧɿɡɦ: 

ɚ – ɤɿɧɟɦɚɬɢɱɧɚ ɫɯɟɦɚ; ɛ – ɩɨɜɟɪɧɭɬɢɣ ɩɥɚɧ ɲɜɢɞɤɨɫɬɟɣ 
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ɇɟɯɚɣ ɞɨ ɦɟɯɚɧɿɡɦɭ (ɪɢɫ. 7.2, ɚ) ɩɪɢɤɥɚɞɟɧɿ ɫɢɥɚ ܨଷ ɿ 
ɦɨɦɟɧɬ ܯଶ. 

ȼ ɡɚɝɚɥьɧɨɦɭ ɜɢɩɚɞɤɭ, ɧɚ ɨɫɧɨɜɿ ɜɢɡɧɚɱɟɧɧɹ ɡɜɟɞɟɧɨʀ 
ɫɢɥɢ (ɦɨɦɟɧɬɭ) ɦɨɠɧɚ ɡɚɩɢɫɚɬɢ: ܲ́ ˅ = ∑ ܲ

=ଵ . (7.2) 

Ɇɢɬɬєɜɿ ɩɨɬɭɠɧɨɫɬɿ ɜɢɡɧɚɱɚɸɬьɫɹ ɡɚ ɜɿɞɨɦɢɦɢ 
ɮɨɪɦɭɥɚɦɢ: ܲ́ ˅ = ܨ́ ˅ ܸ = ∑ ଵ. (7.3)߱ ˅ˊܯ ܲ

=ଵ = ܨ∑ ܸ cos(ܨఫ ⃗⃗  ⃗^ ఫܸ⃗⃗ )
=ଵ +  ߱ܯ∑

=ଵ . (7.4) 

ȱɡ ɪɿɜɧɹɧь (7.3) ɬɚ (7.4) ɦɚєɦɨ ́ܨ ˅ =  ܸܨ∑ cos(ܨఫ ⃗⃗  ⃗^ ఫܸ⃗⃗ ) +  ܸ߱ܯ∑


=ଵ


=ଵ . (7.5) 

= ˅ˊܯ  ܸ߱ଵܨ∑ cos(ܨఫ ⃗⃗  ⃗^ ఫܸ⃗⃗ ) +  ߱߱ଵܯ∑


=ଵ


=ଵ . (7.6) 

Ⱦɥɹ ɤɨɧɤɪɟɬɧɨɝɨ ɦɟɯɚɧɿɡɦɭ (ɪɢɫ. 7.2, ɚ) ɿɡ ɞɿɸɱɨɸ 
ɫɢɥɨɸ ܨଷ ɿ ɦɨɦɟɧɬɨɦ ܯଶ ɡɜɟɞɟɧɚ ɫɢɥɚ ɞɨɪɿɜɧɸє: ́ܨ ˅ = ଷ ܸܸܨ + ଶ ߱ଶܸܯ . (7.7) 

Ɂɜɟɞɟɧɢɣ ɦɨɦɟɧɬ ɛɭɞɟ ́ܨ ˅ = ଷ ܸ߱ଵܨ +  ଶ ߱ଶ߱ଵ. (7.8)ܯ

Ʌɿɧɿɣɧɿ ɲɜɢɞɤɨɫɬɿ ɬɨɱɨɤ ɿ ɤɭɬɨɜɿ ɲɜɢɞɤɨɫɬɿ ɥɚɧɨɤ 
ɦɨɠɧɚ ɜɢɡɧɚɱɢɬɢ, ɩɨɛɭɞɭɜɚɜɲɢ ɩɨɜɟɪɧɭɬɢɣ ɩɥɚɧ 
ɲɜɢɞɤɨɫɬɟɣ (ɪɢɫ. 7.2, ɛ). 

 

7.3. Ɍɟɨɪɟɦɚ Ɇ.Є. ɀɭɤɨɜɫьɤɨɝɨ 

Ɂɧɚɣɬɢ ɡɜɟɞɟɧɭ ɫɢɥɭ, ɚɛɨ ɡɜɟɞɟɧɢɣ ɦɨɦɟɧɬ ɦɨɠɧɚ 
ɬɚɤɨɠ, ɤɨɪɢɫɬɭɸɱɢɫь ɦɟɬɨɞɨɦ Ɇ.ȯ. ɀɭɤɨɜɫьɤɨɝɨ. 
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Ɍɟɨɪɟɦɚ Ɇ.Є. ɀɭɤɨɜɫьɤɨɝɨ ɱɢɬɚєɬьɫɹ ɬɚɤ. əɤɳɨ 
ɦɟɯɚɧɿɡɦ ɩɿɞ ɞɿєɸ ɫɢɫɬɟɦɢ ɩɪɢɤɥɚɞɟɧɢɯ ɞɨ ɧьɨɝɨ ɫɢɥ 
ɩɟɪɟɛɭɜɚє ɜ ɪɿɜɧɨɜɚɡɿ, ɬɨ ɿ ɩɨɜɟɪɧɭɬɢɣ ɧɚ 90° ɩɥɚɧ 
ɲɜɢɞɤɨɫɬɟɣ ɦɟɯɚɧɿɡɦɭ, ɧɚɜɚɧɬɚɠɟɧɢɣ ɬɢɦɢ ɠ ɫɢɥɚɦɢ, 
ɩɪɢɤɥɚɞɟɧɢɦɢ ɜ ɨɞɧɨɣɦɟɧɧɢɯ ɬɨɱɤɚɯ ɩɥɚɧɭ, ɬɚɤɨɠ 
ɩɟɪɟɛɭɜɚɬɢɦɟ ɜ ɪɿɜɧɨɜɚɡɿ . 

ɉɥɚɧ ɲɜɢɞɤɨɫɬɟɣ ɪɨɡɝɥɹɞɚєɬьɫɹ ɹɤ ɠɨɪɫɬɤɢɣ ɜɚɠɿɥь ɡ 
ɨɩɨɪɨɸ ɜ ɩɨɥɸɫɿ ɩɥɚɧɭ. Ɍɟɨɪɟɦɭ ɀɭɤɨɜɫьɤɨɝɨ ɦɨɠɧɚ ɬɚɤɨɠ 
ɡɚɫɬɨɫɭɜɚɬɢ ɞɨ ɫɢɫɬɟɦɢ, ɹɤɚ ɧɟ ɩɟɪɟɛɭɜɚє ɜ ɪɿɜɧɨɜɚɡɿ. Ⱦɥɹ 
ɰьɨɝɨ ɩɨɬɪɿɛɧɨ ɤɪɿɦ ɞɿɸɱɢɯ ɫɢɥ ɩɪɢɤɥɚɫɬɢ ɞɨ ɫɢɫɬɟɦɢ ɳɟ ɣ 
ɫɢɥɢ ɿɧɟɪɰɿʀ, ɚ ɦɨɦɟɧɬɢ ɩɚɪ ɫɢɥ ɿɧɟɪɰɿʀ ɡɚɦɿɧɢɬɢ ɩɚɪɚɦɢ ɫɢɥ 
ɿɧɟɪɰɿʀ. ɋɢɫɬɟɦɚ ɰɢɯ ɩɪɢɤɥɚɞɟɧɢɯ ɫɢɥ ɭɦɨɜɧɨ ɩɟɪɟɛɭɜɚɬɢɦɟ 
ɜ ɪɿɜɧɨɜɚɡɿ ɿ ɞɨ ɧɢɯ ɦɨɠɧɚ ɡɚɫɬɨɫɭɜɚɬɢ ɬɟɨɪɟɦɭ 
ɀɭɤɨɜɫьɤɨɝɨ. Ⱦɥɹ ɞɨɜɟɞɟɧɧɹ ɬɟɨɪɟɦɢ ɫɤɨɪɢɫɬɚєɦɨɫь 
ɩɪɢɧɰɢɩɨɦ ɦɨɠɥɢɜɢɯ ɩɟɪɟɦɿɳɟɧь (ɩɪɢɧɰɢɩ Ⱦɚɥɚɦɛɟɪɚ). 
ɋɭɦɚ ɦɨɠɥɢɜɢɯ ɪɨɛɿɬ ɡɚɞɚɧɢɯ ɫɢɥ ܨ ɧɚ ɟɥɟɦɟɧɬɚɪɧɢɯ 
ɩɟɪɟɦɿɳɟɧɧɹɯ ߜ ܵ ɬɨɱɨɤ ʀɯ ɩɪɢɤɥɚɞɚɧɧɹ ɞɨɪɿɜɧɸє ɧɭɥɸ. 
Ɇɚɬɟɦɚɬɢɱɧɢɣ ɜɢɪɚɡ ɩɪɢɧɰɢɩɭ ɦɨɠɥɢɜɢɯ ɩɟɪɟɦɿɳɟɧь ɦɚє 
ɜɢɝɥɹɞ: ∑ܨߜ ܵ

=ଵ cos(ܨఫ ⃗⃗ ߜ^⃗  ఫܵ⃗⃗⃗⃗⃗⃗ ) = Ͳ. (7.9) 

ɉɨɞɿɥɢɦɨ (7.9) ɧɚ ݀ݐ, ɞɿɫɬɚɧɟɦɨ: ∑ܨ ܸ cos(ܨఫ ⃗⃗  ⃗^ ఫܸ⃗⃗ )
=ଵ = Ͳ, (7.10) 

ɞɟ ܨ  – ɡɚɞɚɧɿ ɫɢɥɢ; ఫܸ⃗⃗  – ɲɜɢɞɤɨɫɬɿ ɬɨɱɨɤ ɩɪɢɤɥɚɞɚɧɧɹ ɫɢɥ ܨ ; ܸ cos(ܨఫ ⃗⃗  ⃗^ ఫܸ⃗⃗ ) – ɩɪɨɟɤɰɿʀ ɲɜɢɞɤɨɫɬɟɣ ɬɢɯ ɫɚɦɢɯ ɬɨɱɨɤ ɧɚ 
ɥɿɧɿʀ ɞɿʀ ɫɢɥ ܨ ; ܲ  – ɩɨɬɭɠɧɨɫɬɿ, ɳɨ ɪɨɡɜɢɜɚɸɬь ɫɢɥɢ ܨ . 

ɇɟɯɚɣ ɜ ɬɨɱɰɿ j ɥɚɧɤɢ Аȼ ɩɪɢɤɥɚɞɟɧɚ ɫɢɥɚ ܨ   
(ɪɢɫ. 7.3, ɚ). ɉɟɪɟɧɟɫɟɦɨ ɰɸ ɫɢɥɭ ɩɚɪɚɥɟɥьɧɨ ʀɣ ɫɚɦɿɣ ɜ 
ɨɞɧɨɣɦɟɧɧɭ ɬɨɱɤɭ j ɩɨɜɟɪɧɭɬɨɝɨ ɧɚ 90° ɩɥɚɧɭ ɲɜɢɞɤɨɫɬɟɣ 
ɥɚɧɤɢ (ɪɢɫ. 7.3, ɛ). 
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Ɋɢɫ. 7.3. Ⱦɨ ɬɟɨɪɟɦɢ Ɇ.ȯ. ɀɭɤɨɜɫьɤɨɝɨ: 

ɚ – ɥɚɧɤɚ ɦɟɯɚɧɿɡɦɭ; ɛ – ɩɨɜɟɪɧɭɬɢɣ ɩɥɚɧ ɲɜɢɞɤɨɫɬɟɣ 

 

ȱɡ ɩɨɜɟɪɧɭɬɨɝɨ ɩɥɚɧɭ ɲɜɢɞɤɨɫɬɟɣ ɩɨɬɭɠɧɿɫɬь ܲ  ɫɢɥɢ 
ɦɨɠɧɚ ɜɢɡɧɚɱɢɬɢ ɬɚɤ: ܲ = ܨ ܸ cos = ߙ ܨ 𝑉ߤ ௩݆  cos = ߙ ܨ  ℎ ߤ𝑉. (7.11) 

ɞɟ ℎ  – ɩɟɪɩɟɧɞɢɤɭɥɹɪ, ɨɩɭɳɟɧɢɣ ɿɡ ɩɨɥɸɫɚ ௩ ɩɥɚɧɭ 
ɲɜɢɞɤɨɫɬɟɣ ɧɚ ɥɿɧɿɸ ɞɿʀ ɫɢɥɢ ܨ ; ߙ  – ɤɭɬ ɦɿɠ ɜɟɤɬɨɪɨɦ 
ɲɜɢɞɤɨɫɬɿ ௩݆ ɿ ɩɥɟɱɟɦ ℎ . 

Ɂɚɫɬɨɫɭєɦɨ ɪɿɜɧɹɧɧɹ (7.11) ɞɥɹ ɜɫɿɯ ɫɢɥ ∑ ܲ
=ଵ = 𝑉ߤ ℎ ܨ∑

=ଵ , (7.12) 

ɳɨ ɿ є ɞɨɜɟɞɟɧɧɹɦ ɬɟɨɪɟɦɢ. 
Ɂɚɫɬɨɫɭєɦɨ ɦɟɬɨɞ ɀɭɤɨɜɫьɤɨɝɨ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ 

ɡɜɟɞɟɧɨʀ ́ܨ ˅, ɚɛɨ ɡɪɿɜɧɨɜɚɠɭɜɚɥьɧɨʀ ́ܨ ˓ ɫɢɥɢ. 
ɇɟɯɚɣ ɧɚ ɥɚɧɤɢ 2 ɿ 3 ɦɟɯɚɧɿɡɦɭ (ɪɢɫ. 7.4, ɚ) ɞɿɸɬь ɫɢɥɢ ܨଶ ɿ ܨଷ, ɩɪɢɤɥɚɞɟɧɿ ɜ ɬɨɱɤɚɯ ܵଶ ɿ ܵଷ . ɋɢɥɢ ܨଶ ɿ ܨଷ є 

ɪɿɜɧɨɞɿɣɧɢɦɢ ɜɫɿɯ ɫɢɥ, ɳɨ ɞɿɸɬь ɧɚ ɦɟɯɚɧɿɡɦ, ɜɤɥɸɱɚɸɱɢ ɿ 
ɫɢɥɢ ɿɧɟɪɰɿʀ. 

Ⱦɥɹ ɡɜɟɞɟɧɧɹ ɦɟɯɚɧɿɡɦɭ ɞɨ ɪɿɜɧɨɜɚɠɧɨɝɨ ɫɬɚɧɭ 
ɧɟɨɛɯɿɞɧɨ ɩɪɢɤɥɚɫɬɢ ɡɪɿɜɧɨɜɚɠɭɜɚɥьɧɭ ɫɢɥɭ ́ܨ ˓ ɜ ɬɨɱɰɿ А 

ɤɪɢɜɨɲɢɩɚ, ɫɩɪɹɦɨɜɭɸɱɢ ʀʀ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɞɨ Ɉ1Ⱥ. 
ɉɨɛɭɞɭєɦɨ ɜ ɞɨɜɿɥьɧɨɦɭ ɦɚɫɲɬɚɛɿ ɩɨɜɟɪɧɭɬɢɣ ɩɥɚɧ 
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ɲɜɢɞɤɨɫɬɟɣ ɦɟɯɚɧɿɡɦɭ (ɪɢɫ. 7.4, ɛ) ɿ ɩɟɪɟɧɟɫɟɦɨ ɜɟɤɬɨɪɢ ɫɢɥ ܨଶ ɿ ܨଷ, ɚ ɬɚɤɨɠ ɡɪɿɜɧɨɜɚɠɭɜɚɥьɧɭ ɫɢɥɭ ́ܨ ˓ ɩɚɪɚɥɟɥьɧɨ ɫɚɦɢɦ 
ɫɨɛɿ ɜ ɨɞɧɨɣɦɟɧɧɿ ɬɨɱɤɢ ݏଶ, ݏଷ ɿ a ɩɥɚɧɭ ɲɜɢɞɤɨɫɬɟɣ. 

 
Ɋɢɫ. 7.4. Ʉɪɢɜɨɲɢɩɧɨ-ɤɨɪɨɦɢɫɥɨɜɢɣ ɦɟɯɚɧɿɡɦ: 

ɚ – ɤɿɧɟɦɚɬɢɱɧɚ ɫɯɟɦɚ; ɛ – ɩɨɜɟɪɧɭɬɢɣ ɩɥɚɧ ɲɜɢɞɤɨɫɬɟɣ 

 

ȼɿɡьɦɟɦɨ ɫɭɦɭ ɦɨɦɟɧɬɿɜ ɰɢɯ ɫɢɥ ɜɿɞɧɨɫɧɨ ɩɨɥɸɫɚ PV 
ɩɥɚɧɭ ɲɜɢɞɤɨɫɬɟɣ, ɨɬɪɢɦɚєɦɨ: ܨଶ ℎଶ + ଷℎଷܨ − ܨ́ ˓ℎˊ˓ = Ͳ. (7.13) 

Ɂ ɪɿɜɧɹɧɧɹ (7.13) ɜɢɡɧɚɱɢɦɨ ɜɟɥɢɱɢɧɭ 
ɡɪɿɜɧɨɜɚɠɭɜɚɥьɧɨʀ ɫɢɥɢ: ́ܨ ˓ = ଶ ℎଶܨ + ˓ˊଷℎଷℎܨ . (7.14) 

əɤɳɨ ɩɪɚɜɚ ɱɚɫɬɢɧɚ ɪɿɜɧɹɧɧɹ ɩɿɫɥɹ ɱɢɫɥɨɜɨɝɨ 
ɩɿɞɪɚɯɭɧɤɭ ɛɭɞɟ ɞɨɞɚɬɧɨɸ, ɬɨ ɡɧɚɱɢɬь ɧɚɩɪɹɦ ɫɢɥɢ ́ܨ ˓ 

ɜɢɛɪɚɧɢɣ ɜɿɪɧɨ. ɉɪɢ ɜɿɞʼєɦɧɨɦɭ ɡɧɚɱɟɧɧɿ ɩɪɚɜɨʀ ɱɚɫɬɢɧɢ 
ɧɚɩɪɹɦ ɫɢɥɢ ́ܨ ˓ ɬɪɟɛɚ ɡɦɿɧɢɬɢ ɧɚ ɩɪɨɬɢɥɟɠɧɢɣ. 
ȼɢɡɧɚɱɢɜɲɢ ɡɪɿɜɧɨɜɚɠɭɜɚɥьɧɭ ɫɢɥɭ ́ܨ ˓ ɿ ɡɦɿɧɢɜɲɢ ɧɚɩɪɹɦ 
ʀʀ ɧɚ ɩɪɨɬɢɥɟɠɧɢɣ, ɞɿɫɬɚɧɟɦɨ ɡɜɟɞɟɧɭ ɫɢɥɭ ́ܨ ˅. Ɂɜɟɞɟɧɚ ɫɢɥɚ 
є ɭɦɨɜɧɨɸ ɫɢɥɨɸ. 
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7.4. Ɂɜɟɞɟɧɚ ɦɚɫɚ ɿ ɡɜɟɞɟɧɢɣ ɞɢɧɚɦɿɱɧɢɣ ɦɨɦɟɧɬ 
ɿɧɟɪɰɿʀ ɦɟɯɚɧɿɡɦɭ 

Ɂɜɟɞɟɧɨɸ ɦɚɫɨɸ (ɞɢɧɚɦɿɱɧɢɦ ɦɨɦɟɧɬɨɦ ɿɧɟɪɰɿʀ) 
ɦɟɯɚɧɿɡɦɭ, ɧɚɡɢɜɚєɬьɫɹ ɬɚɤɚ ɭɦɨɜɧɚ ɦɚɫɚ (ɞɢɧɚɦɿɱɧɢɣ 
ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ), ɹɤɚ ɛɭɞɭɱɢ ɡɨɫɟɪɟɞɠɟɧɨɸ ɜ ɬɨɱɰɿ ɡɜɟɞɟɧɧɹ 
ɦɚє ɤɿɧɟɬɢɱɧɭ ɟɧɟɪɝɿɸ, ɳɨ ɞɨɪɿɜɧɸє ɫɭɦɿ ɤɿɧɟɬɢɱɧɢɯ 
ɟɧɟɪɝɿɣ ɜɫɿɯ ɥɚɧɨɤ ɦɟɯɚɧɿɡɦɭ. 

Ɉɬɠɟ, ɤɿɧɟɬɢɱɧɚ ɟɧɟɪɝɿɹ ɡɜɟɞɟɧɨʀ ɦɚɫɢ ݉ˊ˅, 

ɡɨɫɟɪɟɞɠɟɧɨʀ ɜ ɬɨɱɰɿ Ⱥ ɥɚɧɤɢ ɡɜɟɞɟɧɧɹ (ɪɢɫ. 7.1) 

ଵܶ = ݉ˊ˅ ܸଶʹ , 
ɚɛɨ ɤɿɧɟɬɢɱɧɚ ɟɧɟɪɝɿɹ ɡɜɟɞɟɧɨɝɨ ɞɢɧɚɦɿɱɧɨɝɨ ɦɨɦɟɧɬɭ 
ɿɧɟɪɰɿʀ ́ܫ ˅. 

ଵܶ = ܫ́ ˅߱ଵଶʹ , (7.15) 

ɦɚє ɞɨɪɿɜɧɸɜɚɬɢ ɫɭɦɿ ܶ ɤɿɧɟɬɢɱɧɢɯ ɟɧɟɪɝɿɣ ɭɫɿɯ ɥɚɧɨɤ 
ɦɟɯɚɧɿɡɦɭ, ɬɨɛɬɨ: ଵܶ = ∑ ܶ, ɚɛɨ: 

ଵܶ = ͳʹ∑ሺ ݉ ௌܸଶ + ௌܫ ߱ଶሻ
=ଵ . (7.16) 

Ɂɜɿɞɤɢ ɞɿɫɬɚєɦɨ: ݉ˊ˅ = ʹ ଵܶ ܸଶ = ∑ቆ ݉ ( ௌܸܸ )ଶ + ௌܫ ( ܸ߱)ଶቇ
=ଵ ; (7.17) 

ܫ́ ˅ = ʹ ଵܶ ߱ଵଶ = ∑ቆ ݉ ( ௌܸ߱ଵ)ଶ + ௌܫ ( ߱߱ଵ)ଶቇ
=ଵ . (7.18) 

ɍ ɮɨɪɦɭɥɚɯ (7.17) ɿ (7.18) ݉  ɿ ܫௌ – ɰɟ ɜɿɞɩɨɜɿɞɧɨ ɦɚɫɚ 
j-ʀ ɥɚɧɤɢ ɬɚ ʀʀ ɞɢɧɚɦɿɱɧɢɣ ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ ɜɿɞɧɨɫɧɨ ɨɫɿ, ɳɨ 
ɩɪɨɯɨɞɢɬь ɱɟɪɟɡ ɰɟɧɬɪ ɦɚɫɢ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨ ɩɥɨɳɢɧɿ 
ɪɭɯɭ, ௌܸ – ɲɜɢɞɤɿɫɬь ɰɟɧɬɪɚ ɦɚɫɢ ɥɚɧɤɢ; ߱ – ɤɭɬɨɜɚ 
ɲɜɢɞɤɿɫɬь ɥɚɧɤɢ; ܸ – ɲɜɢɞɤɿɫɬь ɬɨɱɤɢ ɡɜɟɞɟɧɧɹ Ⱥ; ߱ଵ – 

ɤɭɬɨɜɚ ɲɜɢɞɤɿɫɬь ɥɚɧɤɢ ɡɜɟɞɟɧɧɹ. 
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Ɂɜɟɞɟɧɚ ɦɚɫɚ ɿ ɡɜɟɞɟɧɢɣ ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ ɡɚɥɟɠɢɬь 
ɬɿɥьɤɢ ɜɿɞ ɫɩɿɜɜɿɞɧɨɲɟɧɧɹ ɲɜɢɞɤɨɫɬɟɣ, ɹɤɿ ɜ ɫɜɨɸ ɱɟɪɝɭ 
ɡɚɥɟɠɚɬь ɜɿɞ ɩɨɥɨɠɟɧɧɹ ɥɚɧɨɤ ɦɟɯɚɧɿɡɦɭ, ɬɨɛɬɨ ɜɿɞ 

ɩɨɥɨɠɟɧɧɹ ɥɚɧɤɢ ɡɜɟɞɟɧɧɹ ɦɟɯɚɧɿɡɦɭ, ɿ ɛɭɞɭɬь ɡɚɜɠɞɢ 
ɜɟɥɢɱɢɧɚɦɢ ɞɨɞɚɬɧɢɦɢ. 

Ɂɧɚɣɞɟɦɨ ɡɜɟɞɟɧɢɣ ɞɢɧɚɦɿɱɧɢɣ ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ 
ɤɪɢɜɨɲɢɩɧɨ-ɩɨɜɡɭɧɧɨɝɨ ɦɟɯɚɧɿɡɦɭ (ɪɢɫ. 7.2, ɚ). ́ܫ ˅ଵ߱ଵଶʹ = ʹௌଵ߱ଵଶܫ + ݉ଵ ௌܸଵଶʹ + ʹௌଶ߱ଶଶܫ + +݉ଶ ௌܸଶଶʹ + ݉ଷ ܸଶʹ . (7.19) 

Ɂɜɿɞɤɢ ɦɚєɦɨ: ́ܫ ˅ଵ = ௌଵܫ + ݉ଵ ( ௌܸଵ߱ଵ)ଶ + ௌଶܫ (߱ଶ߱ଵ)ଶ + +݉ଶ ( ௌܸଶ߱ଵ)ଶ + ݉ଷ ( ܸ߱ଵ)ଶ. (7.20) 

Ɂɧɚɱɟɧɧɹ ɥɿɧɿɣɧɢɯ ɿ ɤɭɬɨɜɢɯ ɲɜɢɞɤɨɫɬɟɣ ɜɢɪɚɡɢɦɨ 
ɱɟɪɟɡ ɜɿɞɩɨɜɿɞɧɿ ɜɿɞ-ɪɿɡɤɢ ɩɥɚɧɿɜ ɲɜɢɞɤɨɫɬɟɣ. ȼɿɞɨɦɨ, ɳɨ: ߱ଵ = ܸ݈ை = 𝑉݈ைߤ ௩ܽ ;  ߱ଶ = ܸ݈ = 𝑉݈ைߤ ܾܽ ; 

ௌܸଵ = ;𝑉ߤ ଵݏ௩  ௌܸଶ = ;𝑉ߤ ଶݏ௩  ܸ =  .𝑉ߤ ௩ܾ
Ɍɨɞɿ ɪɿɜɧɹɧɧɹ (7.20) ɩɪɢɣɦɟ ɜɢɝɥɹɞ: ́ܫ ˅ଵ = ௌଵܫ + ݉ଵ݈ைଶ ௩ܽଵݏ௩) )ଶ + ௌଶܫ ( ௩ܽ)ଶܾܽ (݈ை݈)ଶ + +݉ଶ݈ைଶ ௩ܽଶݏ௩) )ଶ + ݉ଷ݈ைଶ  ଶ. (7.21)(௩ܽ௩ܾ)

7.5. Ɋɿɜɧɹɧɧɹ ɪɭɯɭ ɦɚɲɢɧɢ. 
ȼɢɤɨɧɚɜɲɢ ɡɜɟɞɟɧɧɹ ɫɢɥ ɿ ɦɚɫ, ɛɭɞь-ɹɤɢɣ ɦɟɯɚɧɿɡɦ ɡ 

ɨɞɧɿєɸ ɫɬɭɩɿɧɧɸ ɜɿɥьɧɨɫɬɿ (ɜɚɠɿɥьɧɢɣ, ɡɭɛɱɚɫɬɢɣ, 
ɤɭɥɚɱɤɨɜɢɣ ɿ ɿɧ.) (ɪɢɫ. 7.5, ɚ), ɹɤɢɦ ɛɢ ɫɤɥɚɞɧɢɦ ɜɿɧ ɧɟ ɛɭɜ ɿ 
ɫɤɿɥьɤɢ ɛ ɫɢɥ ɧɚ ɧьɨɝɨ ɧɟ ɞɿɹɥɨ, ɦɨɠɧɚ ɡɚɦɿɧɢɬɢ 
ɞɢɧɚɦɿɱɧɨɸ ɦɨɞɟɥɥɸ (ɪɢɫ. 7.5, ɛ). 
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Ɋɢɫ. 7.5. Ɇɟɯɚɧɿɡɦ ɫɬɪɭɝɚɥьɧɨɝɨ ɜɟɪɫɬɚɬɭ: 

ɚ – ɤɿɧɟɦɚɬɢɱɧɚ ɫɯɟɦɚ; ɛ – ɞɢɧɚɦɿɱɧɚ ɦɨɞɟɥь 

 

Ɉɫɧɨɜɨɸ ɞɥɹ ɫɤɥɚɞɚɧɧɹ ɪɿɜɧɹɧɧɹ ɪɭɯɭ ɦɟɯɚɧɿɡɦɭ ɱɢ 
ɦɚɲɢɧɢ ɡ ɨɞɧɿєɸ ɫɬɭɩɿɧɧɸ ɜɿɥьɧɨɫɬɿ є ɬɟɨɪɟɦɚ ɩɪɨ ɡɦɿɧɭ 
ɤɿɧɟɬɢɱɧɨʀ ɟɧɟɪɝɿʀ: ܶ − ܶ = ΣA, (7.22) 

ɞɟ ܶ ɿ ܶ – ɤɿɧɟɬɢɱɧɚ ɟɧɟɪɝɿɹ ɦɟɯɚɧɿɡɦɭ ɜɿɞɩɨɜɿɞɧɨ ɜ 
ɞɨɜɿɥьɧɨɦɭ ɿ ɩɨɱɚɬɤɨɜɨɦɭ ɩɨɥɨɠɟɧɧɿ; ΣА – ɫɭɦɚ ɪɨɛɿɬ ɜɫɿɯ 
ɫɢɥ (ɪɭɲɿɣɧɢɯ ɿ ɨɩɨɪɭ). 

Ɋɿɜɧɹɧɧɹ ɪɭɯɭ ɜ ɮɨɪɦɿ ɪɿɜɧɹɧɧɹ ɤɿɧɟɬɢɱɧɨʀ ɟɧɟɪɝɿʀ 
ɛɭɞɟ ɦɚɬɢ ɜɢɝɥɹɞ: ݉ˊ˅ܸଶʹ − ݉ˊ˅ ܸଶʹ = 𝐹ʟܣ +  𝐹ʝʞ, (7.23)ܣ

ɞɟ ܣ𝐹ʟ ɿ ܣ𝐹ʝʞ ɪɨɛɨɬɚ ɡɜɟɞɟɧɢɯ ɞɨ ɥɚɧɤɢ ɡɜɟɞɟɧɧɹ ɫɢɥ 
ɪɭɲɿɣɧɢɯ ɿ ɫɢɥ ɨɩɨɪɭ; ݉ˊ˅, ݉ˊ˅ ɿ ܸ, ܸ – ɡɜɟɞɟɧɿ ɦɚɫɢ ɿ 
ɲɜɢɞɤɨɫɬɿ ɬɨɱɤɢ ɡɜɟɞɟɧɧɹ ɜɿɞɩɨɜɿɞɧɨ ɜ ɞɨɜɿɥьɧɨɦɭ ɿ 
ɩɨɱɚɬɤɨɜɨɦɭ ɩɨɥɨɠɟɧɧɿ. 

əɤɳɨ ɥɚɧɤɚ ɡɜɟɞɟɧɧɹ ɡɞɿɣɫɧɸє ɨɛɟɪɬɚɥьɧɢɣ ɪɭɯ 
ɧɚɜɤɨɥɨ ɧɟɪɭɯɨɦɨʀ ɨɫɿ, ɬɨ ɪɿɜɧɹɧɧɹ ɪɭɯɭ ɩɪɢɣɦɟ ɜɢɝɥɹɞ: ́ܫ ˅߱ଵଶʹ − ܫ́ ˅߱ଵଶʹ = ெʟܣ +  ெʝʞ, (7.24)ܣ
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ɞɟ ܣெʟ ɿ ܣெʝʞ – ɪɨɛɨɬɚ ɡɜɟɞɟɧɢɯ ɞɨ ɥɚɧɤɢ ɡɜɟɞɟɧɧɹ ɦɨɦɟɧɬɿɜ 
ɪɭɲɿɣɧɢɯ ɿ ɨɩɨɪɭ; ́ܫ ܫ́ ,˅ ˅ ɿ ߱ଵ, ߱ଵ – ɡɜɟɞɟɧɿ ɞɢɧɚɦɿɱɧɿ 
ɦɨɦɟɧɬɢ ɿɧɟɪɰɿʀ ɥɚɧɨɤ ɿ ɤɭɬɨɜɚ ɲɜɢɞɤɿɫɬь ɥɚɧɤɢ ɡɜɟɞɟɧɧɹ 
ɜɿɞɩɨɜɿɞɧɨ ɜ ɞɨɜɿɥьɧɨɦɭ ɿ ɩɨɱɚɬɤɨɜɨɦɭ ɩɨɥɨɠɟɧɧɿ. 

ɉɨɪɿɜɧɹɧɨ ɩɪɨɫɬɢɦ ɦɟɬɨɞɨɦ ɫɤɥɚɞɚɧɧɹ ɪɿɜɧɹɧь ɪɭɯɭ 
ɦɟɯɚɧɿɡɦɿɜ ɹɜɥɹєɬьɫɹ ɦɟɬɨɞ Ʌɚɝɪɚɧɠɨɜɢɯ ɪɿɜɧɹɧь. ɉɪɢ 
ɫɤɥɚɞɚɧɧɿ ɪɿɜɧɹɧь Ʌɚɝɪɚɧɠɚ ɞɪɭɝɨɝɨ ɪɨɞɭ ɜɜɚɠɚєɦɨ, ɳɨ ɪɭɯ 
ɦɟɯɚɧɿɡɦɭ ɞɨɫɥɿɞɠɭєɬьɫɹ ɜ ɫɢɫɬɟɦɿ ɭɡɚɝɚɥьɧɟɧɢɯ 
ɤɨɨɪɞɢɧɚɬ, ɜ ɹɤɨɫɬɿ ɹɤɢɯ ɩɪɢɣɧɹɬɿ ɧɟɡɚɥɟɠɧɿ ɩɚɪɚɦɟɬɪɢ, ɹɤɿ 
ɜɢɡɧɚɱɚɸɬь ɩɨɥɨɠɟɧɧɹ ɦɟɯɚɧɿɡɦɭ, ɧɚɩɪɢɤɥɚɞ, ɩɟɪɟɦɿɳɟɧɧɹ 
ɞɟɹɤɢɯ ɬɨɱɨɤ ɥɚɧɨɤ, ɚɛɨ ɤɭɬɢ ɩɨɜɨɪɨɬɭ ɥɚɧɨɤ ɜɿɞɧɨɫɧɨ 
ɧɟɪɭɯɨɦɢɯ ɨɫɟɣ. ɑɢɫɥɨ ɪɿɜɧɹɧь Ʌɚɝɪɚɧɠɚ ɩɨɜɢɧɧɨ 
ɞɨɪɿɜɧɸɜɚɬɢ ɱɢɫɥɭ ɫɬɭɩɟɧɿɜ ɜɿɥьɧɨɫɬɿ ɦɟɯɚɧɿɡɦɭ. 

ȱɡ ɤɭɪɫɭ ɬɟɨɪɟɬɢɱɧɨʀ ɦɟɯɚɧɿɤɢ ɜɿɞɨɦɨ, ɳɨ ɪɿɜɧɹɧɧɹ 
Ʌɚɝɪɚɧɠɚ ɞɪɭɝɨɝɨ ɪɨɞɭ ɦɚє ɧɚɫɬɭɩɧɢɣ ɜɢɝɥɹɞ: ݀݀ݐ ቆ ቇݍ̇ߜܶߜ − ݍߜܶߜ + ݍߜʞߜ = ܨ , (7.25) 

ɞɟ ܶ – ɤɿɧɟɬɢɱɧɚ ɟɧɟɪɝɿɹ ɦɟɯɚɧɿɡɦɭ; ݍ – ɭɡɚɝɚɥьɧɟɧɚ 
ɤɨɨɪɞɢɧɚɬɚ; ̇ݍ – ɭɡɚɝɚɥьɧɟɧɚ ɲɜɢɞɤɿɫɬь; ɉ – ɩɨɬɟɧɰɿɚɥьɧɚ 
ɟɧɟɪɝɿɹ ɫɢɫɬɟɦɢ; ܨ – ɭɡɚɝɚɥьɧɟɧɚ ɫɢɥɚ, ɹɤɚ ɜɿɞɩɨɜɿɞɚє 
ɭɡɚɝɚɥьɧɟɧɿɣ ɤɨɨɪɞɢɧɚɬɿ ݍ. 

Ɂɚɦɿɧɢɦɨ ɦɟɯɚɧɿɡɦ (ɪɢɫ. 7.5, ɚ) ɟɤɜɿɜɚɥɟɧɬɧɨɸ ɫɯɟɦɨɸ 
(ɪɢɫ. 7.5, ɛ), ɬɨɞɿ ɛɭɞɟɦɨ ɦɚɬɢ: ݍ = ܵ; ݍ̇  = ܸ; ܨ = ܨ́ ˅; ܶ = ݉ˊ˅ ܸଶʹ , 

ɚɛɨ ݍ = ߮ଵ; ݍ̇  = ߱ଵ; ܨ = ;˅ˊܯ ܶ = ܫ́ ˅߱ଵଶʹ . 
əɤɳɨ ɧɟ ɜɪɚɯɨɜɭɜɚɬɢ ɫɢɥɢ ɬɹɠɿɧɧɹ ɥɚɧɨɤ ɿ ɫɢɥɭ 

ɩɪɭɠɧɨɫɬɿ, ɬɨ ߜʞ/ݍߜ = Ͳ. 

ȼ ɰьɨɦɭ ɜɢɩɚɞɤɭ ɪɿɜɧɹɧɧɹ Ʌɚɝɪɚɧɠɚ ɩɪɢɣɦɚє ɜɢɝɥɹɞ: 
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ݐ݀݀ ቆ ቇݍ̇ߜܶߜ − ݍߜܶߜ = ܨ . (7.26) 

əɤɳɨ ɦɟɯɚɧɿɡɦ ɡɚɦɿɧɟɧɢɣ ɟɤɜɿɜɚɥɟɧɬɧɨɸ ɫɯɟɦɨɸ 
(ɪɢɫ. 7.5, ɛ), ɬɨ ɦɚєɦɨ: ݀݀ݐ ( ߜߜ ܸ ቆ݉ˊ˅ ܸଶʹ ቇ) − ߜߜ ܵ ቆ݉ˊ˅ ܸଶʹ ቇ = ܨ́ ˅. (7.27) 

Ɂɜɟɞɟɧɚ ɦɚɫɚ ɜɿɞ ɲɜɢɞɤɨɫɬɿ ɬɨɱɤɢ ɡɜɟɞɟɧɧɹ ɧɟ 
ɡɚɥɟɠɢɬь, ɚ ɬɨɦɭ: ߜߜ ܸ ቆ݉ˊ˅ ܸଶʹ ቇ = ݉ˊ˅ ܸ  і ݀݀ݐ ሺ݉ˊ˅ ܸሻ= ݉ˊ˅ ݀ ܸ݀ݐ + ݐ݀˅ˊ݉݀ ܸ. (7.28) 

ȼɢɤɨɧɚєɦɨ ɩɟɪɟɬɜɨɪɟɧɧɹ: ݀݉ˊ˅݀ݐ = ݀݉ˊ˅݀ ܵ ݀ ܵ݀ݐ = ݀݉ˊ˅݀ ܵ ܸ. (7.29) 

Ʉɪɿɦ ɬɨɝɨ, ܸ ɡɚɥɟɠɢɬь ɬɿɥьɤɢ ɜɿɞ ɱɚɫɭ, ɡɧɚɱɢɬь: ߜߜ ܵ ቆ݉ˊ˅ ܸଶʹ ቇ = ͳʹ ݀݉ˊ˅݀ ܵ ܸଶ. (7.30) 

Ɂɚɦɿɧɢɦɨ ɜ ɪɿɜɧɹɧɧɿ (7.27) ɩɨɯɿɞɧɿ ʀɯ ɡɧɚɱɟɧɧɹɦɢ ɿɡ 
(7.28)–(7.30), ɬɨɞɿ ɨɫɬɚɬɨɱɧɨ ɨɬɪɢɦɚєɦɨ: ݉ˊ˅ ݀ ܸ݀ݐ + ͳʹ ݀݉ˊ˅݀ ܵ ܸଶ = ܨ́ ˅. (7.31) 

ɍ ɜɢɩɚɞɤɭ ɡɚɦɿɧɢ ɦɟɯɚɧɿɡɦɭ ɟɤɜɿɜɚɥɟɧɬɧɨɸ ɫɯɟɦɨɸ, 
ɹɤɚ ɦɚє ɡɜɟɞɟɧɢɣ ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ ́ܫ ˅ ɿ ɜɿɞɩɨɜɿɞɧɭ ɤɿɧɟɬɢɱɧɭ 
ɟɧɟɪɝɿɸ T, ɹɤ ɜ (7.15), ɚɧɚɥɨɝɿɱɧɨ (7.31) ɛɭɞɟɦɨ ɦɚɬɢ: ́ܫ ˅ ݀߱ଵ݀ݐ + ͳʹ ܫ́݀ ˅݀߮ଵ ߱ଵଶ =  (7.32) .˅ˊܯ

Ⱦɢɮɟɪɟɧɰɿɣɧɿ ɪɿɜɧɹɧɧɹ (7.31) ɿ (7.32) ɧɚɡɢɜɚɸɬьɫɹ 
ɪɿɜɧɹɧɧɹɦɢ ɪɭɯɭ ɦɚɲɢɧɢ. Ʉɨɠɧɚ ɫɤɥɚɞɨɜɚ ɥɿɜɨʀ ɱɚɫɬɢɧɢ 
ɪɿɜɧɹɧɧɹ (7.31) ɦɚє ɪɨɡɦɿɪɧɿɫɬь ɫɢɥɢ, ɚ ɫɤɥɚɞɨɜɿ ɥɿɜɨʀ 
ɱɚɫɬɢɧɢ ɪɿɜɧɹɧɧɹ (7.32) – ɪɨɡɦɿɪɧɿɫɬь ɦɨɦɟɧɬɭ. 
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7.6. ɇɟɪɿɜɧɨɦɿɪɧɿɫɬь ɪɭɯɭ ɦɟɯɚɧɿɡɦɿɜ 

 

Ɋɿɜɧɨɦɿɪɧɿɫɬь ɪɭɯɭ ɱɚɫɬɢɧ ɦɟɯɚɧɿɡɦɭ є ɿɫɬɨɬɧɨ 
ɜɚɠɥɢɜɨɸ ɭɦɨɜɨɸ ɧɚɣɜɢɝɿɞɧɿɲɨɝɨ ɣɨɝɨ ɜɢɤɨɪɢɫɬɚɧɧɹ. 
Ɋɨɡɪɿɡɧɹɸɬь ɞɜɚ ɬɢɩɢ ɤɨɥɢɜɚɧɧɹ ɲɜɢɞɤɨɫɬɟɣ ɦɟɯɚɧɿɡɦɭ: 
ɩɟɪɿɨɞɢɱɧɟ ɿ ɧɟɩɟɪɿɨɞɢɱɧɟ, ɳɨ ɡɭɦɨɜɥɟɧɨ ɝɨɥɨɜɧɢɦ ɱɢɧɨɦ 
ɡɦɿɧɨɸ ɧɚɜɚɧɬɚɠɟɧɧɹ ɦɟɯɚɧɿɡɦɭ. 

ɍ ɪɨɬɚɰɿɣɧɢɯ ɞɜɢɝɭɧɚɯ (ɟɥɟɤɬɪɨɞɜɢɝɭɧɢ) ɪɨɛɨɱɢɣ 
ɩɪɨɰɟɫ ɜɿɞɛɭɜɚєɬьɫɹ ɧɟ ɰɢɤɥɿɱɧɨ, ɚ ɛɟɡɩɟɪɟɪɜɧɨ ɿ ɩɪɢ 
ɭɫɬɚɥɟɧɨɦɭ ɪɭɫɿ ɯɚɪɚɤɬɟɪɢɡɭєɬьɫɹ ɫɬɚɥɿɫɬɸ ɪɭɲɿɣɧɨɝɨ 
ɦɨɦɟɧɬɭ; ɨɬɠɟ, ɭ ɰɢɯ ɞɜɢɝɭɧɚɯ ɩɟɪɿɨɞɢɱɧɢɯ ɤɨɥɢɜɚɧь 
ɲɜɢɞɤɨɫɬɿ ɧɟ ɛɭɞɟ ɿ ɝɨɥɨɜɧɚ ɥɚɧɤɚ ɩɪɢ ɭɫɬɚɥɟɧɨɦɭ ɪɭɫɿ 
ɨɛɟɪɬɚɬɢɦɟɬьɫɹ ɪɿɜɧɨɦɿɪɧɨ. 

ɍ ɩɨɪɲɧɟɜɢɯ ɞɜɢɝɭɧɚɯ, ɜ ɨɫɧɨɜɿ ɹɤɢɯ ɥɟɠɢɬь 
ɤɪɢɜɨɲɢɩɧɨ-ɩɨɜɡɭɧɧɢɣ ɦɟɯɚɧɿɡɦ, ɨɪɝɚɧ, ɳɨ ɫɩɪɢɣɦɚє 
ɪɨɛɨɬɭ ɪɭɲɿɣɧɢɯ ɫɢɥ (ɩɨɪɲɟɧь), ɪɨɛɢɬь ɡɜɨɪɨɬɧɨ-

ɩɨɫɬɭɩɚɥьɧɿ ɪɭɯɢ. ɐɟ ɭɫɤɥɚɞɧɸє ɪɟɝɭɥɸɜɚɧɧɹ ɤɭɬɨɜɨʀ 
ɲɜɢɞɤɨɫɬɿ ɨɛɟɪɬɚɧɧɹ ɝɨɥɨɜɧɨɝɨ ɜɚɥɚ ɞɜɢɝɭɧɚ. ȼ ɬɚɤɢɯ 
ɞɜɢɝɭɧɚɯ ɪɭɲɿɣɧɚ ɫɢɥɚ ɿ ɫɢɥɚ ɤɨɪɢɫɧɨɝɨ ɨɩɨɪɭ ɹɜɥɹɸɬьɫɹ 
ɡɦɿɧɧɢɦɢ ɜɟɥɢɱɢɧɚɦɢ, ɧɟɡɚɥɟɠɧɢɦɢ ɨɞɧɚ ɜɿɞ ɨɞɧɨʀ. 
ɍɫɬɚɥɟɧɢɣ ɪɭɯ ɦɟɯɚɧɿɡɦɭ ɫɭɩɪɨɜɨɞɠɭєɬьɫɹ ɩɟɪɿɨɞɢɱɧɢɦɢ 
ɡɦɿɧɚɦɢ ɲɜɢɞɤɨɫɬɿ ɨɛɟɪɬɚɧɧɹ ɝɨɥɨɜɧɨɝɨ ɜɚɥɚ. Ɍɚɤɚ 
ɧɟɪɿɜɧɨɦɿɪɧɿɫɬь ɧɚɡɢɜɚєɬьɫɹ ɩɟɪɿɨɞɢɱɧɨɸ. ȼɟɥɢɤɿ 
ɩɟɪɿɨɞɢɱɧɿ ɤɨɥɢɜɚɧɧɹ ɲɜɢɞɤɨɫɬɿ ɧɟɞɨɩɭɫɬɢɦɿ, ɛɨ ɜɨɧɢ 
ɫɩɪɢɱɢɧɹɸɬь ɭ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪɚɯ ɞɨɞɚɬɤɨɜɿ ɞɢɧɚɦɿɱɧɿ 
ɡɭɫɢɥɥɹ, ɹɤɿ ɡɧɢɠɭɸɬь ɧɚɞɿɣɧɿɫɬь ɪɨɛɨɬɢ ɦɟɯɚɧɿɡɦɭ ɬɚ ɣɨɝɨ 
ɡɚɝɚɥьɧɢɣ ɤɨɟɮɿɰɿєɧɬ ɤɨɪɢɫɧɨʀ ɞɿʀ. Ɂɚɞɚɱɚ ɩɪɨ ɫɬɚɥɿɫɬь 
ɲɜɢɞɤɨɫɬɿ ɨɛɟɪɬɚɧɧɹ ɩɨɥɹɝɚє ɜ ɬɨɦɭ, ɳɨɛ ɧɟɦɢɧɭɱɿ 
ɩɟɪɿɨɞɢɱɧɿ ɤɨɥɢɜɚɧɧɹ ɲɜɢɞɤɨɫɬɿ ɭɫɬɚɥɟɧɨɝɨ ɪɭɯɭ ɞɨɜɟɫɬɢ 
ɞɨ ɞɟɹɤɢɯ, ɧɚɩɟɪɟɞ ɡɚɞɚɧɢɯ ɡɧɚɱɟɧь. Ɉɬɠɟ, ɩɢɬɚɧɧɹ 
ɡɜɨɞɢɬьɫɹ ɞɨ ɡɚɞɚɱɿ ɪɟɝɭɥɸɜɚɧɧɹ ɤɨɥɢɜɚɧь ɲɜɢɞɤɨɫɬɿ 
ɨɛɟɪɬɚɧɧɹ ɝɨɥɨɜɧɨɝɨ ɜɚɥɚ ɩɪɢ ɭɫɬɚɥɟɧɨɦɭ ɪɭɫɿ. ɐɟ 
ɪɟɝɭɥɸɜɚɧɧɹ ɡɞɿɣɫɧɸєɬьɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɞɨɞɚɬɤɨɜɨʀ ɦɚɫɢ – 
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ɦɚɯɨɜɢɤɚ (ɤɨɥɟɫɚ ɡ ɜɟɥɢɤɢɦ ɞɢɧɚɦɿɱɧɢɦ ɦɨɦɟɧɬɨɦ ɿɧɟɪɰɿʀ), 
ɹɤɢɣ ɜɫɬɚɧɨɜɥɸɸɬь ɧɚ ɨɞɧɨɦɭ ɡ ɜɚɥɿɜ ɦɟɯɚɧɿɡɦɭ. 

Ⱦɿɹ ɦɚɯɨɜɢɤɚ ɩɨɥɹɝɚє ɜ ɬɨɦɭ, ɳɨ ɩɪɢ ɩɟɪɟɜɢɳɟɧɧɿ 
ɪɨɛɨɬɢ ɪɭɲɿɣɧɢɯ ɫɢɥ ɧɚɞ ɪɨɛɨɬɨɸ ɫɢɥ ɨɩɨɪɭ, ɦɚɯɨɜɢɤ 
ɫɩɪɢɣɦɚє ɧɚ ɫɟɛɟ ɧɚɞɥɢɲɨɤ ɤɿɧɟɬɢɱɧɨʀ ɟɧɟɪɝɿʀ ɦɟɯɚɧɿɡɦɭ, 
ɡɚɜɞɹɤɢ ɫɜɨєɦɭ ɜɟɥɢɤɨɦɭ ɦɨɦɟɧɬɭ ɿɧɟɪɰɿʀ ɧɟ ɞɚє ɲɜɢɞɤɨɫɬɿ 
ɧɚɞɦɿɪɧɨ ɡɪɨɫɬɚɬɢ; ɤɨɥɢ ɠ ɪɨɛɨɬɚ ɫɢɥ ɨɩɨɪɭ ɩɟɪɟɜɢɳɭє 
ɪɨɛɨɬɭ ɪɭɲɿɣɧɢɯ ɫɢɥ, ɦɚɯɨɜɢɤ ɜɿɞɞɚє ɧɚɝɪɨɦɚɞɠɟɧɭ 
ɤɿɧɟɬɢɱɧɭ ɟɧɟɪɝɿɸ, ɩɪɨɬɢɞɿɸɱɢ ɡɦɟɧɲɟɧɧɸ ɲɜɢɞɤɨɫɬɿ. 

Ʉɪɿɦ ɩɟɪɿɨɞɢɱɧɢɯ ɤɨɥɢɜɚɧь, ɭ ɦɟɯɚɧɿɡɦɿ ɦɨɠɥɢɜɿ 
ɤɨɥɢɜɚɧɧɹ ɲɜɢɞɤɨɫɬɿ, ɳɨ ɧɟ ɦɚɸɬь ɩɟɜɧɨɝɨ ɰɢɤɥɭ, ɬɚɤ ɡɜɚɧɿ 
ɧɟɩɟɪɿɨɞɢɱɧɿ ɤɨɥɢɜɚɧɧɹ. ɐɿ ɤɨɥɢɜɚɧɧɹ ɦɨɠɭɬь ɜɢɧɢɤɚɬɢ 
ɩɪɢ ɪɚɩɬɨɜɿɣ ɡɦɿɧɿ ɧɚɜɚɧɬɚɠɟɧɧɹ, ɜɤɥɸɱɟɧɧɹ ɜ ɦɟɯɚɧɿɡɦ 
ɞɨɞɚɬɤɨɜɢɯ ɦɚɫ ɬɨɳɨ. ɇɟɩɟɪɿɨɞɢɱɧɿ ɤɨɥɢɜɚɧɧɹ ɪɟɝɭɥɸɸɬь 
ɡɚ ɞɨɩɨɦɨɝɨɸ ɫɩɟɰɿɚɥьɧɢɯ ɦɟɯɚɧɿɡɦɿɜ, ɹɤɿ ɧɚɡɢɜɚɸɬьɫɹ 
ɪɟɝɭɥɹɬɨɪɚɦɢ. 

 

7.7. ɋɟɪɟɞɧɹ ɲɜɢɞɤɿɫɬь ɪɭɯɭ. Ʉɨɟɮɿɰɿєɧɬ 
ɧɟɪɿɜɧɨɦɿɪɧɨɫɬɿ ɪɭɯɭ 

ɉɪɢ ɩɪɨɟɤɬɭɜɚɧɧɿ ɬɚ ɪɨɡɪɚɯɭɧɤɭ ɦɟɯɚɧɿɡɦɿɜ ɫɟɪɟɞɧє 
ɡɧɚɱɟɧɧɹ ɤɭɬɨɜɨʀ ɲɜɢɞɤɨɫɬɿ ɜɯɿɞɧɨʀ ɥɚɧɤɢ (ɝɨɥɨɜɧɨɝɨ ɜɚɥɭ) 
ɡɚ ɨɞɢɧ ɰɢɤɥ ɭɫɬɚɥɟɧɨɝɨ ɪɭɯɭ ɡɚɜɠɞɢ ɡɚɞɚєɬьɫɹ ɧɚ ɨɫɧɨɜɿ 
ɡɚɝɚɥьɧɢɯ ɦɿɪɤɭɜɚɧь ɩɪɨ ɪɨɛɨɬɭ ɦɟɯɚɧɿɡɦɭ ɜ ɡɜʼɹɡɤɭ ɡ ɣɨɝɨ 
ɪɨɛɨɱɢɦ ɩɪɨɰɟɫɨɦ. 

Ɋɨɡɝɥɹɧɟɦɨ ɭɫɬɚɥɟɧɢɣ ɪɭɯ, ɩɪɢ ɹɤɨɦɭ ɱɟɪɟɡ ɞɟɹɤɿ 
ɩɪɨɦɿɠɤɢ ɱɚɫɭ ɩɚɪɚɦɟɬɪ ɪɭɯɭ ɛɭɞɟ ɩɨɜɬɨɪɸɜɚɬɢɫɹ  
(ɪɢɫ. 7.6). 

ɐɟɣ ɩɪɨɦɿɠɨɤ ɱɚɫɭ ɧɚɡɜɟɦɨ ɰɢɤɥɨɦ ɩɟɪɿɨɞɢɱɧɨɝɨ 
ɪɭɯɭ. ɉɪɢ ɜɢɡɧɚɱɟɧɧɿ ɫɟɪɟɞɧьɨʀ ɤɭɬɨɜɨʀ ɲɜɢɞɤɨɫɬɿ ߱ʠʟ 

ɤɨɪɢɫɬɭɸɬьɫɹ ɧɚɛɥɢɠɟɧɨɸ ɮɨɪɦɭɥɨɸ: ߱ʠʟ = ߱௫ + ߱ʹ , (7.33) 

ɞɟ ߱௫ ɿ ߱ – ɜɿɞɩɨɜɿɞɧɨ ɦɚɤɫɢɦɚɥьɧɚ ɿ ɦɿɧɿɦɚɥьɧɚ 
ɤɭɬɨɜɿ ɲɜɢɞɤɨɫɬɿ ɜɯɿɞɧɨʀ ɥɚɧɤɢ. 
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Ɋɢɫ. 7.6. Ɂɦɿɧɚ ɤɭɬɨɜɨʀ ɲɜɢɞɤɨɫɬɿ ɜɯɿɞɧɨʀ ɥɚɧɤɢ 

 

ɋɟɪɟɞɧɹ ɲɜɢɞɤɿɫɬь ߱ʠʟ ɛɟɪɟɬьɫɹ ɪɿɜɧɨɸ ɧɨɦɿɧɚɥьɧɿɣ 
ɤɭɬɨɜɿɣ ɲɜɢɞɤɨɫɬɿ, ɬɨɛɬɨ ɤɭɬɨɜɿɣ ɲɜɢɞɤɨɫɬɿ, ɹɤɚ 
ɩɪɨɫɬɚɜɥɹєɬьɫɹ ɭ ɩɚɫɩɨɪɬɿ ɞɜɢɝɭɧɚ ɦɟɯɚɧɿɡɦɭ, ɚɛɨ ɦɚɲɢɧɢ. 
ɉɪɢ ɪɟɝɭɥɸɜɚɧɧɿ ɪɭɯɭ ɦɟɯɚɧɿɡɦɿɜ ɬɪɟɛɚ ɧɚɩɟɪɟɞ ɡɧɚɬɢ, ɜ 
ɹɤɢɯ ɦɟɠɚɯ ɞɨɩɭɫɤɚєɬьɫɹ ɪɨɛɨɱɢɦ ɩɪɨɰɟɫɨɦ ɦɟɯɚɧɿɡɦɭ 
ɡɦɿɧɚ ɤɭɬɨɜɨʀ ɲɜɢɞɤɨɫɬɿ ߱ʠʟ ɜɯɿɞɧɨʀ (ɝɨɥɨɜɧɨʀ) ɥɚɧɤɢ. ɐɿ 
ɦɟɠɿ ɭɫɬɚɧɨɜɥɸɸɬьɫɹ ɡ ɞɨɫɜɿɞɭ. ɇɟɪɿɜɧɨɦɿɪɧɿɫɬь ɪɭɯɭ 
ɦɟɯɚɧɿɡɦɭ ɯɚɪɚɤɬɟɪɢɡɭєɬьɫɹ ɜɿɞɧɨɲɟɧɧɹɦ ɚɛɫɨɥɸɬɧɨʀ 
ɧɟɪɿɜɧɨɦɿɪɧɨɫɬɿ ɪɭɯɭ ɦɟɯɚɧɿɡɦɭ ɞɨ ɣɨɝɨ ɫɟɪɟɞɧьɨʀ 
ɲɜɢɞɤɨɫɬɿ ߜ = ߱௫ − ߱߱ʠʟ . (7.34) 

ȼɟɥɢɱɢɧɚ ߜ ɧɚɡɢɜɚєɬьɫɹ ɤɨɟɮɿɰɿєɧɬɨɦ ɧɟɪɿɜɧɨɦɿɪɧɨɫɬɿ 
ɪɭɯɭ ɦɟɯɚɧɿɡɦɭ. ɇɚɣɫɭɜɨɪɿɲɿ ɜɢɦɨɝɢ ɳɨɞɨ ɪɿɜɧɨɦɿɪɧɨɫɬɿ 
ɪɭɯɭ ɩɨɜɢɧɧɿ ɡɚɞɨɜɨɥьɧɹɬɢ ɞɜɢɝɭɧɢ, ɹɤɿ ɧɚɞɚɸɬь ɪɭɯ 
ɟɥɟɤɬɪɢɱɧɢɦ ɝɟɧɟɪɚɬɨɪɚɦ ɡɦɿɧɧɨɝɨ ɫɬɪɭɦɭ. Ⱦɥɹ ɧɢɯ ߜ =ͳ/ʹͲͲ…ͳ/͵ͲͲ ɞɥɹ ɦɟɬɚɥɨɨɛɪɨɛɧɢɯ ɜɟɪɫɬɚɬɿɜ ߜ = ͳ/͵Ͳ…ͳ/ͶͲ ɞɥɹ ɞɜɢɝɭɧɿɜ ɜɧɭɬɪɿɲɧьɨɝɨ ɡɝɨɪɹɧɧɹ ߜ = ͳ/ͺͲ…ͳ/ͳͷͲ. 

Ɋɨɡɜʼɹɡɭɸɱɢ ɫɭɦɿɫɧɨ ɪɿɜɧɹɧɧɹ (7.33) ɿ (7.34) 

ɞɿɫɬɚɧɟɦɨ: ߱௫ = ߱ʠʟሺͳ + Ͳ,ͷߜሻ; (7.35) ߱ = ߱ʠʟሺͳ − Ͳ,ͷߜሻ. (7.36) 
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7.8. ȼɢɡɧɚɱɟɧɧɹ ɞɢɧɚɦɿɱɧɨɝɨ ɦɨɦɟɧɬɭ ɿɧɟɪɰɿʀ 
ɦɚɯɨɜɢɤɚ 

7.8.1. Ƚɪɚɮɿɤɢ ɦɨɦɟɧɬɿɜ, ɪɨɛɿɬ ɬɚ ɩɪɢɪɨɫɬɭ 
ɤɿɧɟɬɢɱɧɨʀ ɟɧɟɪɝɿʀ ɦɟɯɚɧɿɡɦɭ 

 

Ɋɨɡɝɥɹɧɟɦɨ ɩɢɬɚɧɧɹ ɩɪɨ ɡɚɥɟɠɧɿɫɬь ɦɿɠ ɤɿɧɟɬɢɱɧɨɸ 
ɟɧɟɪɝɿєɸ, ɡɜɟɞɟ ɧɢɦ ɞɢɧɚɦɿɱɧɢɦ ɦɨɦɟɧɬɨɦ ɿɧɟɪɰɿʀ ɿ 
ɤɨɟɮɿɰɿєɧɬɨɦ ɧɟɪɿɜɧɨɦɿɪɧɨɫɬɿ ɪɭɯɭ ɜɯɿɞɧɨʀ ɥɚɧɤɢ 
(ɝɨɥɨɜɧɨɝɨ ɜɚɥɭ) ɦɚɲɢɧɢ. Ɂɚɫɬɨɫɭєɦɨ ɦɟɬɨɞ ɟɧɟɪɝɨɦɚɫ 
(ɦɟɬɨɞ ȼɿɬɬɟɧɛɚɭɟɪɚ) ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɩɨɬɪɿɛɧɨɝɨ 
ɞɢɧɚɦɿɱɧɨɝɨ ɦɨɦɟɧɬɭ ɿɧɟɪɰɿʀ ɦɚɯɨɜɢɤɚ. 

ɉɨɛɭɞɭєɦɨ ɝɪɚɮɿɤ ɡɜɟɞɟɧɢɯ ɦɨɦɟɧɬɿɜ ɫɢɥ ɨɩɨɪɭ ɡɚ 
ɰɢɤɥ ɭɫɬɚɥɟɧɨɝɨ ɪɭɯɭ ܯˊ˅ = ˅ˊܯ ሺ߮ሻ (ɪɢɫ. 7.7, ɚ)˅ˊܯ = ; ˓ˊܯ− = ˓ˊܯ  ܨ́ ˓ ݈ை, (7.37) 

ɞɟ ܯˊ˅ ɿ ܯˊ˓  – ɡɜɟɞɟɧɢɣ ɿ ɡɪɿɜɧɨɜɚɠɭɜɚɥьɧɢɯ ɦɨɦɟɧɬɢ ɫɢɥ 
ɨɩɨɪɭ; ́ܨ ˓  – ɡɪɿɜɧɨɜɚɠɭɜɚɥьɧɚ ɫɢɥɚ, ɜɢɡɧɚɱɟɧɚ ɜɿɞɨɦɢɦɢ 
ɦɟɬɨɞɚɦɢ, ɧɚɩɪɢɤɥɚɞ, ɜɚɠɿɥɟɦ ɀɭɤɨɜɫьɤɨɝɨ; ݈ை – ɞɨɜɠɢɧɚ 
ɜɯɿɞɧɨʀ ɥɚɧɤɢ (ɥɚɧɤɢ ɡɜɟɞɟɧɧɹ). ȼɢɡɧɚɱɢɦɨ ɦɚɫɲɬɚɛɢ 
ɝɪɚɮɿɤɚ ɦɨɦɟɧɬɿɜ:  ߤெ = ݕܯ ; 𝜑ߤ  = ܮߨʹ , (7.38) 

ɞɟ ܯ – ɡɧɚɱɟɧɧɹ ɦɨɦɟɧɬɭ ɜ ɿ-ɦɭ ɩɨɥɨɠɟɧɧɿ ɦɟɯɚɧɿɡɦɭ; ݕ – 

ɜɿɞɪɿɡɨɤ ɜ ɦɦ ɧɚ ɪɢɫ. 7.7, ɚ, ɳɨ ɡɨɛɪɚɠɚє ɦɨɦɟɧɬ ܯ ɜ ɞɚɧɨɦɭ 
ɩɨɥɨɠɟɧɧɿ; ܮ – ɜɿɞɪɿɡɨɤ ɜ ɦɦ, ɳɨ ɡɨɛɪɚɠɚє ɤɭɬ 2ߨ ɩɨɜɨɪɨɬɭ 
ɜɯɿɞɧɨʀ ɥɚɧɤɢ. 

ɉɨɛɭɞɭєɦɨ ɝɪɚɮɿɤ ɪɨɛɿɬ ɫɢɥ ɨɩɨɪɭ ܣˑ˒ =   ˑ˒ሺ߮ሻܣ

(ɪɢɫ. 7.7, ɛ) ɞɥɹ ɰьɨɝɨ ɝɪɚɮɿɱɧɨ ɿɧɬɟɝɪɭєɦɨ ɝɪɚɮɿɤ ɡɜɟɞɟɧɢɯ 
ɦɨɦɟɧɬɿɜ ɫɢɥ ɨɩɨɪɭ ܯˊ˅ =  .ሺ߮ሻ˅ˊܯ

Ɇɚɫɲɬɚɛ ɝɪɚɮɿɤɚ ɪɨɛɿɬ ɛɭɞɟ: ߤ =  (7.39) ,ܪ𝜑ߤெߤ

ɞɟ ܪ – ɞɨɜɿɥьɧɨ ɜɢɛɪɚɧɚ ɩɨɥɸɫɧɚ ɜɿɞɫɬɚɧь. 
ɉɨɛɭɞɭєɦɨ ɝɪɚɮɿɤ ɪɨɛɿɬ ɪɭɲɿɣɧɢɯ ɫɢɥ ܣ˓  ሺ߮ሻ˓ܣ =

(ɪɢɫ. 7.7, ɛ). Ɂɧɚɸɱɢ, ɳɨ ɩɪɢ ɭɫɬɚɥɟɧɨɦɭ ɪɭɫɿ ɪɨɛɨɬɚ ɫɢɥ 
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ɨɩɨɪɭ ɞɨɪɿɜɧɸє ɪɨɛɨɬɿ ɪɭɲɿɣɧɢɯ ɫɢɥ, ɡʼєɞɧɚєɦɨ ɩɨɱɚɬɨɤ ɿ 
ɤɿɧɟɰь ɝɪɚɮɿɤɚ ɪɨɛɨɬɢ ɫɢɥ ɨɩɨɪɭ ɩɪɹɦɨɸ ɥɿɧɿєɸ: ܣˑ˒ =  (7.40) .˓ܣ

ɐɟ ɿ ɛɭɞɟ ɝɪɚɮɿɤ ɪɨɛɿɬ ɪɭɲɿɣɧɢɯ ɫɢɥ. 

 
Ɋɢɫ. 7.7. Ƚɪɚɮɿɤɢ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɞɢɧɚɦɿɱɧɨɝɨ ɦɨɦɟɧɬɭ ɿɧɟɪɰɿʀ 

ɦɚɯɨɜɢɤɚ 
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ɉɨɛɭɞɭєɦɨ ɝɪɚɮɿɤ ɦɨɦɟɧɬɿɜ ɪɭɲɿɣɧɢɯ ɫɢɥ ܯ˓  ሺ߮ሻ (ɪɢɫ. 7.7, ɚ), ɞɥɹ ɰьɨɝɨ ɝɪɚɮɿɱɧɨ ɞɢɮɟɪɟɧɰɿɸєɦɨ˓ܯ =
ɝɪɚɮɿɤ ɪɨɛɿɬ ɪɭɲɿɣɧɢɯ ɫɢɥ ܣ˓  .ሺ߮ሻ˓ܣ =

ɉɨɛɭɞɭєɦɨ ɝɪɚɮɿɤ ɩɪɢɪɨɫɬɭ ɤɿɧɟɬɢɱɧɨʀ ɟɧɟɪɝɿʀ 
ɦɟɯɚɧɿɡɦɭ Δܶ =  Δܶሺ߮ሻ (ɪɢɫ. 7.7, ɜ), ɜɢɤɨɪɢɫɬɚɜɲɢ, ɩɪɢ 
ɰьɨɦɭ, ɜɿɞɧɨɲɟɧɧɹ: Δܶ = ˓ܣ −  ˑ˒. (7.41)ܣ

Ɇɚɫɲɬɚɛ ɝɪɚɮɿɤɚ ɩɪɢɪɨɫɬɭ ɤɿɧɟɬɢɱɧɨʀ ɟɧɟɪɝɿʀ ɛɭɞɟ: ߤΔ் =  , (7.42)ߤ݉

ɞɟ ݉ – ɤɨɟɮɿɰɿєɧɬ ɩɪɨɪɨɩɨɪɰɿɣɧɨɫɬɿ. 
 

7.8.2. Ƚɪɚɮɿɤ ɡɜɟɞɟɧɨɝɨ ɞɢɧɚɦɿɱɧɨɝɨ ɦɨɦɟɧɬɭ ɿɧɟɪɰɿʀ 
ɦɟɯɚɧɿɡɦɭ 

ɉɨɛɭɞɭєɦɨ ɝɪɚɮɿɤ ɡɜɟɞɟɧɨɝɨ ɞɢɧɚɦɿɱɧɨɝɨ ɦɨɦɟɧɬɭ 
ɿɧɟɪɰɿʀ ɦɟɯɚɧɿɡɦɭ ɡɚ ɰɢɤɥ ́ܫ ˅ = ܫ́ ˅ሺ߮ሻ (ɪɢɫ. 7.7, ɝ). 

ɑɢɫɥɨɜɿ ɡɧɚɱɟɧɧɹ ɡɜɟɞɟɧɨɝɨ ɞɢɧɚɦɿɱɧɨɝɨ ɦɨɦɟɧɬɭ 
ɿɧɟɪɰɿʀ ɞɥɹ ɤɨɠɧɨɝɨ ɦɟɯɚɧɿɡɦɭ ɜɢɡɧɚɱɚɸɬьɫɹ ɿɡ ɮɨɪɦɭɥɢ, 
ɹɤɚ ɜɢɜɨɞɢɬьɫɹ ɿɡ ɭɦɨɜɢ ɪɿɜɧɨɫɬɿ ɤɿɧɟɬɢɱɧɢɯ ɟɧɟɪɝɿɣ (ɞɢɜ. 
ɪɨɡɞ. 7.4). 

ȼɢɡɧɚɱɢɦɨ ɦɚɫɲɬɚɛ ɝɪɚɮɿɤɚ ɡɜɟɞɟɧɨɝɨ ɞɢɧɚɦɿɱɧɨɝɨ 
ɦɨɦɟɧɬɭ ɿɧɟɪɰɿʀ: ߤூˊ˅ = ܫ́ ˅ܺ , ቆˍˆ ∙ ˏଶˏˏ ቇ, (7.43) 

ɞɟ ́ܫ ˅ – ɡɜɟɞɟɧɢɣ ɞɢɧɚɦɿɱɧɢɣ ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ ɦɟɯɚɧɿɡɦɭ ɜ ɿ-
ɦɭ ɩɨɥɨɠɟɧɧɿ; ܺ – ɜɿɞɪɿɡɨɤ ɜ ɦɦ ɧɚ ɪɢɫ. 7.7, ɝ, ɳɨ ɡɨɛɪɚɠɚє 
ɰɟɣ ɦɨɦɟɧɬ ́ܫ ˅. 

 

7.8.3. Ⱦɿɚɝɪɚɦɚ ɟɧɟɪɝɨɦɚɫ 

ɉɨɛɭɞɭєɦɨ ɞɿɚɝɪɚɦɭ ɟɧɟɪɝɨɦɚɫ Δܶ =  Δܶሺ́ܫ ˅ሻ  

(ɪɢɫ. 7.7, ɞ). ɐɸ ɞɿɚɝɪɚɦɭ ɛɭɞɭєɦɨ ɝɪɚɮɿɱɧɢɦ ɫɤɥɚɞɚɧɧɹɦ 
ɝɪɚɮɿɤɿɜ ɩɪɢɪɨɫɬɭ ɤɿɧɟɬɢɱɧɨʀ ɟɧɟɪɝɿʀ ɦɟɯɚɧɿɡɦɭ Δܶ = Δܶሺ߮ሻ (ɪɢɫ. 7.7, ɜ) ɿ ɡɜɟɞɟɧɨɝɨ ɞɢɧɚɦɿɱɧɨɝɨ ɦɨɦɟɧɬɭ ɿɧɟɪɰɿʀ 
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ɦɟɯɚɧɿɡɦɭ ́ܫ ˅ = ܫ́ ˅ሺ߮ሻ ɪɢɫ. 7.7, ɝ) ɦɟɬɨɞɨɦ ɜɢɤɥɸɱɟɧɧɹ 
ɩɚɪɚɦɟɬɪɭ ߮. 

ɉɪɨɜɟɞɟɦɨ ɞɨɬɢɱɧɿ ɞɨ ɞɿɚɝɪɚɦɢ ɟɧɟɪɝɨɦɚɫ Δܶ = Δܶሺ́ܫ ˅ሻ ɩɿɞ ɤɭɬɚɦɢ ߰௫  ɿ ߰ (ɪɢɫ. 7.7, ɞ). Ɉɬɪɢɦɚєɦɨ ɧɚ 
ɩɟɪɟɬɢɧɿ ɰɢɯ ɞɨɬɢɱɧɢɯ ɡ ɜɿɫɫɸ ɜɿɞɪɿɡɨɤ, ɹɤɢɣ ɩɨɡɧɚɱɢɦɨ Δܶ. 

ȼɢɡɧɚɱɢɦɨ ɤɭɬɢ ߰௫   ɿ ߰. Ɍɨɱɤɚ ܱଵ – ɩɟɪɟɬɢɧɭ 
ɞɨɬɢɱɧɢɯ ɛɭɞɟ ɩɨɱɚɬɤɨɦ ɧɨɜɢɯ ɨɫɟɣ ɤɨɨɪɞɢɧɚɬ ɞɿɚɝɪɚɦɢ 
ɩɨɜɧɨʀ ɤɿɧɟɬɢɱɧɨʀ ɟɧɟɪɝɿʀ ɜɫьɨɝɨ ɦɟɯɚɧɿɡɦɭ ɭ ɮɭɧɤɰɿʀ 
ɩɨɜɧɨɝɨ ɡɜɟɞɟɧɨɝɨ ɞɢɧɚɦɿɱɧɨɝɨ ɦɨɦɟɧɬɭ ɿɧɟɪɰɿʀ ɦɟɯɚɧɿɡɦɭ 
ɡ ɦɚɯɨɜɢɤɨɦ. 

Ⱦɥɹ ɛɭɞь-ɹɤɨʀ ɬɨɱɤɢ ɋ ɞɿɚɝɪɚɦɢ ɟɧɟɪɝɨɦɚɫ ɦɨɠɧɚ 
ɡɚɩɢɫɚɬɢ: ܱଵܦ = ܦܧ + ܱଵ(7.44) ,ܧ 

ɞɟ ܱଵܦ – ɜɿɞɪɿɡɨɤ, ɳɨ ɡɨɛɪɚɠɚє ɩɨɜɧɢɣ ɡɜɟɞɟɧɢɣ 
ɞɢɧɚɦɿɱɧɢɣ ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ ɦɟɯɚɧɿɡɦɭ ɡ ɦɚɯɨɜɢɤɨɦ; ܦܧ – 

ɜɿɞɪɿɡɨɤ, ɳɨ ɡɨɛɪɚɠɚє ɡɜɟɞɟɧɢɣ ɞɢɧɚɦɿɱɧɢɣ ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ 
ɦɟɯɚɧɿɡɦɭ; ܱଵܧ – ɜɿɞɪɿɡɨɤ, ɳɨ ɡɨɛɪɚɠɚє ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ 
ɦɚɯɨɜɢɤɚ. 

ȱɡ ɬɪɢɤɭɬɧɢɤɚ ܱଵܦܥ ɦɚєɦɨ t݃ ߰ =  (7.45) .ܦଵܱܦܥ

ȼɢɡɧɚɱɢɦɨ ɤɭɬɨɜɭ ɲɜɢɞɤɿɫɬь ɜɯɿɞɧɨʀ ɥɚɧɤɢ ɜ ɛɭɞь-

ɹɤɨɦɭ ɿ-ɦɭ ɩɨɥɨɠɟɧɧɿ ɦɟɯɚɧɿɡɦɭ. ȱɡ ɪɿɜɧɹɧɧɹ ɤɿɧɟɬɢɱɧɨʀ 
ɟɧɟɪɝɿʀ ɦɚєɦɨ ߱ଵଶ = ʹ ܶ ́ܫ ˅ , (7.46) 

ɞɟ ܶ = ܫ́ ,Δ்ߤܦܥ ˅ = ܱଵߤܦூˊ˅. ɉɿɞɫɬɚɜɢɦɨ ɡɧɚɱɟɧɧɹ ܶ  ɿ ́ܫ ˅ 
ɜ ɪɿɜɧɹɧɧɹ (7.46), ɨɬɪɢɦɚєɦɨ: ߱ଵଶ = ˅ˊூߤܦΔ் ܱଵߤܦܥʹ . (7.47) 

ȼɪɚɯɨɜɭɸɱɢ ɜɿɞɧɨɲɟɧɧɹ (7.45), ɡɧɚɣɞɟɦɨ: ߱ଵଶ = ʹ t݃߰ ˅ˊூߤ Δ்ߤ , ˃˄ˑ t݃ ߰ = ߱ଵଶߤூˊ˅ʹߤΔ் . (7.48) 



207 

ɉɿɞɫɬɚɜɢɦɨ ɜ ɪɿɜɧɹɧɧɹ (7.48) ɡɧɚɱɟɧɧɹ ߱௫ ɿ ߱ ɿɡ 
(7.35) ɿ (7.36). Ɂɧɚɣɞɟɦɨ ߰௫   ɿ ߰. Ɂɜɚɠɚɸɱɢ ɧɚ ɦɚɥɭ 
ɜɟɥɢɱɢɧɭ ɤɨɟɮɿɰɿєɧɬɚ δ, ɱɥɟɧɨɦ ɧɟɯɬɭєɦɨ. Ɍɨɞɿ ɨɬɪɢɦɚєɦɨ: t݃ ߰௫ = Δ்ߤʹ˅ˊூߤ ߱ʠʟଶ ሺͳ + ሻ; t݃ߜ ߰ = Δ்ߤʹ˅ˊூߤ ߱ʠʟଶ ሺͳ −  ሻ. (7.49)ߜ

 

7.8.4. Ⱦɢɧɚɦɿɱɧɢɣ ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ ɬɚ ɝɟɨɦɟɬɪɢɱɧɿ 
ɪɨɡɦɿɪɢ ɦɚɯɨɜɢɤɚ 

ȼɢɡɧɚɱɢɦɨ ɞɢɧɚɦɿɱɧɢɣ ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ ɦɚɯɨɜɢɤɚ ܫ௫, 

ɿɡ ɪɢɫ. 7.7, ɞ: ܫ௫ = ܱଵߤ ܧூˊ˅ . (7.50) 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɜɢɦɿɪɸɸɱɢ ɜ ɦɿɥɿɦɟɬɪɚɯ ɛɟɡɩɨɫɟɪɟɞɧьɨ 
ɿɡ ɪɢɫ. 7.7, ɞ ɜɿɞɪɿɡɨɤ ܱଵܧ ɡɚ ɮɨɪɦɭɥɨɸ (7.50) ɜɢɡɧɚɱɢɦɨ 
ɞɢɧɚɦɿɱɧɢɣ ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ ɦɚɯɨɜɢɤɚ. ɉɪɨɬɟ ɩɪɢ ɦɚɥɨɦɭ 
ɡɧɚɱɟɧɧɿ ɤɨɟɮɿɰɿєɧɬɚ ɧɟɪɿɜɧɨɦɿɪɧɨɫɬɿ δ ɬɨɱɤɚ ɩɟɪɟɬɢɧɭ ܱଵ 

ɞɨɬɢɱɧɢɯ ɦɨɠɟ ɜɢɣɬɢ ɡɚ ɦɟɠɿ ɪɢɫɭɧɤɚ. Ɂɧɚɱɧɨ ɩɪɨɫɬɿɲɟ 
ɤɨɪɢɫɬɭɜɚɬɢɫɹ ɜɿɞɪɿɡɤɨɦܾܽ. ȱɡ ɪɢɫɭɧɤɚ ɜɢɞɧɨ, ɳɨ:  ܽܧ =ܱଵܧ t݃ ߰௫ i ܾܧ = ܱଵܧ t݃߰. 

ȼɿɞɧɿɦɟɦɨ ɜɿɞ ɩɟɪɲɨɝɨ ɪɿɜɧɹɧɧɹ ɞɪɭɝɟ, ɨɬɪɢɦɚєɦɨ: ܽܧ − ܧܾ = ܱଵܧ ሺt݃߰୫ax − t݃߰ሻ. (7.51) 

ȱɡ ɜɿɞɧɨɲɟɧɧɹ (7.51) ɡɧɚɯɨɞɢɦɨ: ܱଵܧ = ܾܽt݃߰୫ax − t݃߰. (7.52) 

ɉɿɞɫɬɚɜɢɦɨ ɡɧɚɱɟɧɧɹ ߰௫   ɿ ߰ ɿɡ (7.49) ɿ ܱଵܧ ɿɡ 
(7.50) ɜ ɮɨɪɦɭɥɭ (7.52), ɨɬɪɢɦɚєɦɨ: ܫ௫ߤூˊ˅ = Δ்ߤʹ˅ˊூߤܾܽ ߱ʠʟଶ  (7.53) .ߜʹ

Ɂɜɿɞɤɢ ɡɧɚɯɨɞɢɦɨ: ܫ௫ = Δ்߱ʠʟଶߤ ܾܽ ߜ . (7.54) 
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ȼɢɡɧɚɱɢɦɨ ɝɟɨɦɟɬɪɢɱɧɿ ɪɨɡɦɿɪɢ ɦɚɯɨɜɢɤɚ. 
ȼɜɚɠɚєɦɨ, ɳɨ ɦɚɫɚ ɦɚɯɨɜɢɤɚ ɪɿɜɧɨɦɿɪɧɨ ɪɨɡɩɨɞɿɥɟɧɚ 

ɩɨ ɤɨɥɭ ɞɿɚɦɟɬɪɚ ܦ, ɚ ɬɚɤɨɠ ɧɟɯɬɭєɦɨ ɦɨɦɟɧɬɚɦɢ ɿɧɟɪɰɿʀ 
ɦɚɬɨɱɢɧɢ ɿ ɫɩɢɰь, ɨɫɤɿɥьɤɢ ɜɨɧɢ ɜɿɞɧɨɫɧɨ ɧɟɜɟɥɢɤɿ  
(ɪɢɫ. 7.8). Ɇɨɦɟɧɬ ɿɧɟɪɰɿʀ ܫ௫ ɦɨɠɧɚ ɩɨɞɚɬɢ ɬɚɤ: ܫ௫ = ଶͶܦ݉ . (7.55) 

əɤɳɨ ɜɪɚɯɭɜɚɬɢ ɦɨɦɟɧɬɢ ɿɧɟɪɰɿʀ ɦɚɬɨɱɢɧɢ ɿ ɫɩɢɰь, ɬɨ: ܫ௫ = ͳ,ͳܫ௫ . (7.56) 

 
Ɋɢɫ. 7.8. ȿɫɤɿɡ ɦɚɯɨɜɢɤɚ 

 

ȼɢɪɚɡ ݉ܦଶ ɧɚɡɢɜɚєɬьɫɹ ɦɚɯɨɜɢɦ ɦɨɦɟɧɬɨɦ, ɚɛɨ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɸ ɦɚɯɨɜɢɤɚ. Ɂɚɞɚɸɱɢɫь ɞɿɚɦɟɬɪɨɦ ܦ 

ɦɚɯɨɜɢɤɚ, ɜɟɥɢɱɢɧɚ ɹɤɨɝɨ ɜɢɡɧɚɱɚєɬьɫɹ ɡ ɤɨɧɫɬɪɭɤɬɢɜɧɢɯ 
ɦɿɪɤɭɜɚɧь, ɦɨɠɧɚ ɥɟɝɤɨ ɜɢɡɧɚɱɢɬɢ ɦɚɫɭ ɦɚɯɨɜɢɤɚ. ɓɨɛ 
ɡɚɩɨɛɿɝɬɢ ɧɟɛɟɡɩɟɰɿ ɦɨɠɥɢɜɨɝɨ ɪɨɡɪɢɜɭ ɦɚɯɨɜɢɤɚ, ɣɨɝɨ 
ɞɿɚɦɟɬɪ ɜɢɛɢɪɚɸɬь ɬɚɤɢɦ, ɳɨɛ ɤɨɥɨɜɚ ɲɜɢɞɤɿɫɬь ɧɚ ɨɛɨɞɿ 
ɧɟ ɩɟɪɟɜɢɳɭɜɚɥɚ ɞɨɩɭɫɬɢɦɨʀ, ɞɥɹ ɦɚɬɟɪɿɚɥɭ ɦɚɯɨɜɢɤɚ 
ɜɟɥɢɱɢɧɢ. ɇɚɩɪɢɤɥɚɞ, ɞɥɹ ɱɚɜɭɧɧɨɝɨ ɦɚɯɨɜɢɤɚ ɞɨɩɭɫɬɢɦɚ 
ɲɜɢɞɤɿɫɬь V = 30 ɦ/ɫ. 

əɤɳɨ ɦɚɯɨɜɢɤ ɜɫɬɚɧɨɜɢɬɢ ɧɟ ɧɚ ɜɯɿɞɧɿɣ ɥɚɧɰɿ 
ɦɟɯɚɧɿɡɦɭ, ɚ ɧɚ ɹɤɿɣ-ɧɟɛɭɞь ɿ-ɣ ɣɨɝɨ ɥɚɧɰɿ, ɬɨ ɡ ɭɦɨɜɢ 
ɪɿɜɧɨɫɬɿ ɤɿɧɟɬɢɱɧɢɯ ɟɧɟɪɝɿɣ ɦɚєɦɨ ܫ௫߱ଵଶʹ = ʹ௫߱ଶܫ . 
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Ɂɜɿɞɤɢ:  ܫ௫ = ௫ܫ (߱ଵ߱)ଶ, (7.57) 

ɞɟ ܫ௫ – ɞɢɧɚɦɿɱɧɢɣ ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ ɦɚɯɨɜɢɤɚ, 
ɜɫɬɚɧɨɜɥɟɧɨɝɨ ɧɚ ɿ-ɣ ɥɚɧɰɿ; ߱ ɤɭɬɨɜɚ ɲɜɢɞɤɿɫɬь ɰɿєʀ ɥɚɧɤɢ. 

əɤɳɨ ɦɿɠ ɜɯɿɞɧɨɸ ɥɚɧɤɨɸ ɿ ɞɜɢɝɭɧɨɦ ɜɫɬɚɧɨɜɥɟɧɨ 
ɪɟɞɭɤɬɨɪ ɡ ɩɟɪɟɞɚɬɨɱɧɢɦ ɱɢɫɥɨɦ ݑ𝑝, ɬɨ ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ 
ɦɚɯɨɜɢɤɚ ɧɚ ɜɚɥɭ ɞɜɢɝɭɧɚ ɛɭɞɟ: ܫ௫ ˇ˅ = 𝑝ଶݑ௫ܫ . (7.58) 

ɇɟɨɛɯɿɞɧɚ, ɩɨɬɭɠɧɿɫɬь ɞɜɢɝɭɧɚ ɧɚ ɜɯɿɞɧɿɣ ɥɚɧɰɿ: ܲ̌ ˅ =  ʠʟ, (7.59)߱˓ܯ

ɞɟ ܯ˓ =  .ெߤݕ

Ɇɟɯɚɧɿɡɦ ɡ ɦɚɯɨɜɢɤɨɦ ɩɪɢ ɭɫɬɚɥɟɧɨɦɭ ɪɭɫɿ ɩɪɚɰɸє 
ɬɚɤɢɦ ɱɢɧɨɦ. ȼ ɬɢɯ ɩɨɥɨɠɟɧɧɹɯ ɦɟɯɚɧɿɡɦɭ (ɜ ɛɿɥьɲɨɫɬɿ ɩɪɢ 
ɯɨɥɨɫɬɨɦɭ ɯɨɞɿ), ɤɨɥɢ ɦɨɦɟɧɬ ɪɭɲɿɣɧɢɯ ɫɢɥ ɛɿɥьɲɢɣ ɡɚ 
ɦɨɦɟɧɬ ɫɢɥ ɨɩɨɪɭ (ܯ˓ >  ˑ˒) ɡɛɿɥьɲɭєɬьɫɹ ɤɭɬɨɜɚܯ
ɲɜɢɞɤɿɫɬь ɜɯɿɞɧɨʀ ɥɚɧɤɢ ɿ ɬɨɞɿ, ɦɚɯɨɜɢɤ, ɡɚɜɞɹɤɢ ɫɜɨєɦɭ 
ɡɧɚɱɧɨɦɭ ɞɢɧɚɦɿɱɧɨɦɭ ɦɨɦɟɧɬɭ ɿɧɟɪɰɿʀ, ɫɩɪɢɣɦɚє 
ɧɚɞɥɢɲɨɤ ɤɿɧɟɬɢɱɧɨʀ ɟɧɟɪɝɿʀ ɦɟɯɚɧɿɡɦɭ ɿ ɧɟ ɞɨɡɜɨɥɹє 
ɤɭɬɨɜɿɣ ɲɜɢɞɤɨɫɬɿ ɧɚɞɦɿɪɧɨ ɡɪɨɫɬɚɬɢ. ȼ ɩɨɥɨɠɟɧɧɹɯ 
ɦɟɯɚɧɿɡɦɭ (ɜ ɛɿɥьɲɨɫɬɿ ɩɪɢ ɪɨɛɨɱɨɦɭ ɯɨɞɿ), ɤɨɥɢ ܯˑ˒ >  ,˓ܯ

ɦɚɯɨɜɢɤ ɜɿɞɞɚє ɧɚɤɨɩɢɱɟɧɭ ɤɿɧɟɬɢɱɧɭ ɟɧɟɪɝɿɸ, ɩɪɨɬɢɞɿɸɱɢ 
ɡɦɟɧɲɟɧɧɸ ɤɭɬɨɜɨʀ ɲɜɢɞɤɨɫɬɿ ɜɯɿɞɧɨʀ ɥɚɧɤɢ. Ɉɬɠɟ, 
ɩɪɢɡɧɚɱɟɧɧɹ ɦɚɯɨɜɢɤɚ – ɰɟ ɪɟɝɭɥɸɜɚɧɧɹ ɜ ɡɚɞɚɧɢɯ ɦɟɠɚɯ 
ɩɟɪɿɨɞɢɱɧɢɯ ɤɨɥɢɜɚɧь ɤɭɬɨɜɨʀ ɲɜɢɞɤɨɫɬɿ ɜɯɿɞɧɨʀ ɥɚɧɤɢ 
ɦɟɯɚɧɿɡɦɭ ɩɪɢ ɭɫɬɚɥɟɧɨɦɭ ɪɭɫɿ. Ʉɪɿɦ ɬɨɝɨ, ɦɚɯɨɜɢɤ 
ɞɨɡɜɨɥɹє ɡɦɟɧɲɢɬɢ ɩɨɬɪɿɛɧɢɣ ɪɭɲɿɣɧɢɣ ɦɨɦɟɧɬ, ɚ ɡɧɚɱɢɬь 
ɡɦɟɧɲɢɬɢ ɿ ɧɟɨɛɯɿɞɧɭ ɩɨɬɭɠɧɿɫɬь ɞɜɢɝɭɧɚ.  
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Ɂɚɩɢɬɚɧɧɹ ɞɥɹ ɩɟɪɟɜɿɪɤɢ ɡɧɚɧь ɩɨ ɬɟɦɿ 7: 

1. ɋɢɥɚ (ɦɨɦɟɧɬ), ɳɨ ɡɚɦɿɧɸє ɞɿɸ ɜɫɿɯ ɫɢɥ ɿ ɦɨɦɟɧɬɿɜ 
ɜ ɦɟɯɚɧɿɡɦɿ ɿɡ ɭɦɨɜɢ ɪɿɜɧɨɫɬɿ ɦɢɬɬєɜɢɯ ɩɨɬɭɠɧɨɫɬɟɣ, 
ɧɚɡɢɜɚєɬьɫɹ…? 

2. Ɍɟɨɪɟɦɚ ɀɭɤɨɜɫьɤɨɝɨ. 
3. əɤ ɧɚɡɢɜɚєɬьɫɹ ɭɦɨɜɧɚ ɦɚɫɚ (ɞɢɧɚɦɿɱɧɢɣ ɦɨɦɟɧɬ 

ɿɧɟɪɰɿʀ), ɹɤɚ ɡɨɫɟɪɟɞɠɟɧɚ ɜ ɩɟɜɧɿɣ ɬɨɱɰɿ ɿ ɦɚє ɤɿɧɟɬɢɱɧɭ 
ɟɧɟɪɝɿɸ, ɳɨ ɞɨɪɿɜɧɸє ɫɭɦɿ ɤɿɧɟɬɢɱɧɢɯ ɟɧɟɪɝɿɣ ɜɫɿɯ ɥɚɧɨɤ 
ɦɟɯɚɧɿɡɦɭ? 

4. Ɉɫɧɨɜɨɸ ɞɥɹ ɫɤɥɚɞɚɧɧɹ ɪɿɜɧɹɧɧɹ ɪɭɯɭ ɦɟɯɚɧɿɡɦɭ 
ɱɢ ɦɚɲɢɧɢ ɡ ɨɞɧɢɦ ɫɬɭɩɟɧɟɦ ɪɭɯɨɦɨɫɬɿ є ɬɟɨɪɟɦɚ? 

5. əɤɢɦ ɦɟɬɨɞɨɦ ɫɤɥɚɞɚɸɬьɫɹ ɪɿɜɧɹɧɧɹ ɪɭɯɭ 
ɦɟɯɚɧɿɡɦɭ? 

6. Ⱦɥɹ ɱɨɝɨ ɩɪɢɡɧɚɱɟɧɢɣ ɦɚɯɨɜɢɤ? 

7. Ʉɨɟɮɿɰɿєɧɬ ɧɟɪɿɜɧɨɦɿɪɧɨɫɬɿ ɪɭɯɭ ɦɟɯɚɧɿɡɦɭ. 

8. əɤɢɦ ɦɟɬɨɞɨɦ ɜɢɡɧɚɱɚɸɬь ɜɟɥɢɱɢɧɭ ɞɢɧɚɦɿɱɧɨɝɨ 
ɦɨɦɟɧɬɭ ɿɧɟɪɰɿʀ ɦɚɯɨɜɢɤɚ? 
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ɌȿɆА 8. Ɂɪɿɜɧɨɜɚɠɟɧɧɹ ɿ ɜɿɛɪɨɡɚɯɢɫɬ ɦɚɲɢɧ 

 

8.1. Ɂɚɝɚɥьɧɿ ɩɨɥɨɠɟɧɧɹ 

8.2. Ɂɪɿɜɧɨɜɚɠɭɜɚɧɧɹ ɨɛɟɪɬɨɜɢɯ ɬɿɥ 

8.3. Ɂɪɿɜɧɨɜɚɠɭɜɚɧɧɹ ɦɟɯɚɧɿɡɦɿɜ 

8.4. ɋɬɚɬɢɱɧɟ ɿ ɞɢɧɚɦɿɱɧɟ ɛɚɥɚɧɫɭɜɚɧɧɹ ɨɛɟɪɬɨɜɢɯ ɬɿɥ 

8.5. ȼɿɛɪɨɡɚɯɢɫɬ ɦɚɲɢɧ 

 

8.1. Ɂɚɝɚɥьɧɿ ɩɨɥɨɠɟɧɧɹ 

ȼ ɤɿɧɰɿ XIX ɫɬɨɥɿɬɬɹ ɲɢɪɨɤɨɝɨ ɡɚɫɬɨɫɭɜɚɧɧɹ ɧɚɛɭɥɢ 
ɲɜɢɞɤɨɯɿɞɧɿ ɦɚɲɢɧɢ, ɜ ɡɜʼɹɡɤɭ ɡ ɱɢɦ ɿ ɩɨɫɬɚɥɚ ɡɚɞɚɱɚ 
ɡɪɿɜɧɨɜɚɠɭɜɚɧɧɹ ɿ ɜɿɛɪɨɡɚɯɢɫɬɭ ɦɟɯɚɧɿɡɦɿɜ. 

ɉɿɞ ɱɚɫ ɪɭɯɭ ɥɚɧɨɤ ɦɟɯɚɧɿɡɦɭ ɭ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪɚɯ 
ɜɢɧɢɤɚɸɬь, ɤɪɿɦ ɫɬɚɬɢɱɧɢɯ ɡɭɫɢɥь, ɞɨɞɚɬɤɨɜɿ ɡɭɫɢɥɥɹ – ɬɚɤ 
ɡɜɚɧɿ ɞɢɧɚɦɿɱɧɿ ɬɢɫɤɢ, ɹɤɿ ɩɟɪɟɞɚɸɬьɫɹ ɧɚ ɫɬɚɧɢɧɭ ɿ 
ɮɭɧɞɚɦɟɧɬ ɦɟɯɚɧɿɡɦɭ. ɐɿ ɡɦɿɧɧɿ ɡɚ ɜɟɥɢɱɢɧɨɸ ɿ ɧɚɩɪɹɦɨɦ 
ɬɢɫɤɢ ɫɩɪɢɱɢɧɹɸɬь ɤɨɥɢɜɚɧɧɹ ɿ ɜɿɛɪɚɰɿʀ ɨɩɨɪ ɬɚ 
ɮɭɧɞɚɦɟɧɬɭ ɦɟɯɚɧɿɡɦɿɜ ɿ ɨɫɨɛɥɢɜɨ ɧɟɛɟɡɩɟɱɧɿ ɛɭɜɚɸɬь ɭ ɬɢɯ 
ɜɢɩɚɞɤɚɯ, ɤɨɥɢ ɱɚɫɬɨɬɚ ɜɿɛɪɚɰɿɣ ɡɛɿɝɚєɬьɫɹ ɡ ɱɚɫɬɨɬɨɸ 
ɜɥɚɫɧɢɯ ɤɨɥɢɜɚɧь ɫɬɚɧɢɧɢ, ɬɨɛɬɨ ɩɪɢ ɧɚɹɜɧɨɫɬɿ ɪɟɡɨɧɚɧɫɭ. 
Ʉɪɿɦ ɬɨɝɨ, ɞɢɧɚɦɿɱɧɿ ɡɭɫɢɥɥɹ, ɹɤɿ ɜɢɧɢɤɚɸɬь ɩɿɞ ɱɚɫ ɪɭɯɭ 
ɦɟɯɚɧɿɡɦɭ, ɡɛɿɥьɲɭɸɬь ɫɢɥɢ ɬɟɪɬɹ ɜ ɨɩɨɪɚɯ ɜɚɥɿɜ ɿ 
ɫɩɪɚɰɸɜɚɧɧɹ ɩɿɞɲɢɩɧɢɤɿɜ. 

ɍ ɫɭɱɚɫɧɿɣ ɬɟɯɧɿɰɿ ɡɪɿɜɧɨɜɚɠɭɜɚɧɧɹ ɦɟɯɚɧɿɡɦɿɜ ɦɚє 

ɜɚɠɥɢɜɟ ɡɧɚɱɟɧɧɹ, ɨɫɤɿɥьɤɢ ɛɚɝɚɬɨ ɦɟɯɚɧɿɡɦɿɜ ɿ ɦɚɲɢɧ 
ɩɪɚɰɸɸɬь ɧɚ ɜɟɥɢɤɢɯ ɲɜɢɞɤɨɫɬɹɯ. Ⱥ ɬɨɦɭ ɜ ɩɪɨɰɟɫɿ 
ɩɪɨɟɤɬɭɜɚɧɧɹ ɦɟɯɚɧɿɡɦɭ ɫɬɚɜɢɬьɫɹ ɡɚɞɚɱɚ ɡɪɿɜɧɨɜɚɠɭɜɚɧɧɹ 
ɦɟɯɚɧɿɡɦɿɜ, ɬɨɛɬɨ ɩɨɜɧɨɝɨ ɚɛɨ ɱɚɫɬɤɨɜɨɝɨ ɩɨɝɚɲɟɧɧɹ 
ɞɢɧɚɦɿɱɧɢɯ ɡɭɫɢɥь. 

Ⱦɨɫɥɿɞɠɭɸɱɢ ɩɢɬɚɧɧɹ ɩɪɨ ɡɪɿɜɧɨɜɚɠɭɜɚɧɧɹ 
ɦɟɯɚɧɿɡɦɭ ɧɚ ɣɨɝɨ ɮɭɧɞɚɦɟɧɬɿ, ɜɢɜɱɚɬɢɦɟɦɨ ɞɜɿ ɡɚɞɚɱɿ: 

• ɡɪɿɜɧɨɜɚɠɭɜɚɧɧɹ ɨɤɪɟɦɢɯ ɨɛɟɪɬɨɜɢɯ ɥɚɧɨɤ; 
• ɡɪɿɜɧɨɜɚɠɭɜɚɧɧɹ ɦɟɯɚɧɿɡɦɭ ɜ ɰɿɥɨɦɭ. 
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Ⱦɢɧɚɦɿɱɧɿ ɡɭɫɢɥɥɹ ɧɚ ɮɭɧɞɚɦɟɧɬ ɜɿɞ ɦɚɲɢɧɢ 
ɜɢɧɢɤɚɸɬь ɬɨɞɿ, ɤɨɥɢ ɫɢɫɬɟɦɚ ɫɢɥ ɿɧɟɪɰɿʀ ɧɟ ɞɨɪɿɜɧɸє ɧɭɥɸ, 
Ⱥ ɬɨɦɭ ɡɚɞɚɱɚ ɩɪɨ ɡɪɿɜɧɨɜɚɠɭɜɚɧɧɹ ɦɚɫ ɩɨɥɹɝɚє ɜ ɬɚɤɨɦɭ 
ɪɨɡɩɨɞɿɥɿ ʀɯ ɜ ɦɚɲɢɧɿ, ɩɪɢ ɹɤɨɦɭ ɫɢɥɢ ɿɧɟɪɰɿʀ ɿ ɦɨɦɟɧɬɢ ɩɚɪ 
ɫɢɥ ɿɧɟɪɰɿʀ ɛɭɥɢ ɛ ɪɿɜɧɿ ɧɭɥɸ, ɚɛɨ ɞɨɫɬɚɬɧьɨ ɦɚɥɿ. 
ɉɨɡɧɚɱɢɦɨ ɝɨɥɨɜɧɢɣ ɜɟɤɬɨɪ ɫɢɥ ɿɧɟɪɰɿʀ ܨప⃗⃗  ɿ ɝɨɥɨɜɧɢɣ 
ɦɨɦɟɧɬ ɩɚɪ ɫɢɥ ɿɧɟɪɰɿʀ ܯప⃗⃗ ⃗⃗ . 

Ɍɨɞɿ ɜɢɦɨɝɚ, ɳɨɛ ɞɢɧɚɦɿɱɧɿ ɡɭɫɢɥɥɹ ɧɚ ɮɭɧɞɚɦɟɧɬ 
ɛɭɥɢ ɜɿɞɫɭɬɧɿɦɢ, ɡɜɨɞɢɬьɫɹ ɞɨ ɫɢɫɬɟɦɢ ɪɿɜɧɹɧь: ܨప⃗⃗ = Ͳ ɿ ܯప⃗⃗ ⃗⃗ = Ͳ, ɚɛɨ ɜ ɩɪɨɟɤɰɿɹɯ ɧɚ ɨɫɿ ɤɨɨɪɞɢɧɚɬ: ܲ̌ ˅ =  ʠʟ. (8.1)߱˓ܯ

 

8.2. Ɂɪɿɜɧɨɜɚɠɭɜɚɧɧɹ ɨɛɟɪɬɨɜɢɯ ɬɿɥ 

ɇɟɡɪɿɜɧɨɜɚɠɟɧɿɫɬь ɬɿɥ ɨɛɟɪɬɚɧɧɹ, ɹɤɚ ɜɢɤɥɢɤɚɧɚ 
ɧɟɞɨɫɤɨɧɚɥɿɫɬɸ ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ ɩɪɨɰɟɫɭ ʀɯ ɜɢɝɨɬɨɜɥɟɧɧɹ, 
ɭɫɭɜɚєɬьɫɹ ɲɥɹɯɨɦ ɩɪɢɛɚɜɥɟɧɧɹ ɚɛɨ ɜɢɞɚɥɟɧɧɹ ɧɟɜɟɥɢɤɨʀ 
ɦɚɫɢ ɦɚɬɟɪɿɚɥɭ. ȼɢɩɪɚɜɥɟɧɧɹ ɬɚɤɨʀ ɧɟɡɪɿɜɧɨɜɚɠɟɧɨɫɬɿ 
ɧɚɡɢɜɚєɬьɫɹ ɛɚɥɚɧɫɭɜɚɧɧɹɦ. 

ɇɟɡɪɿɜɧɨɜɚɠɟɧɿɫɬь, ɹɤɚ ɜɢɧɢɤɚє ɜɧɚɫɥɿɞɨɤ 
ɤɨɧɮɿɝɭɪɚɰɿʀ ɞɟɬɚɥɿ (ɤɨɥɿɧɜɚɥ, ɤɭɥɚɱɨɤ) ɭɫɭɜɚєɬьɫɹ ɲɥɹɯɨɦ 
ɜɫɬɚɧɨɜɥɟɧɧɹ ɩɪɨɬɢɜɚɝ. 

ɇɟɯɚɣ ɩɨɬɪɿɛɧɨ ɡɪɿɜɧɨɜɚɠɢɬɢ ɬɪɢ ɦɚɫɢ, ɳɨ 
ɨɛɟɪɬɚɸɬьɫɹ ɧɚ ɜɚɥɭ ɿ ɰɟɧɬɪɢ ɦɚɫ ɹɤɢɯ ɪɨɡɦɿɳɟɧɿ ɜ ɨɞɧɿɣ 
ɩɥɨɳɢɧɿ (ɪɢɫ. 8.1, ɚ). ȼ ɰьɨɦɭ ɜɢɩɚɞɤɭ ɞɨɫɬɚɬɧьɨ ɩɿɞɿɛɪɚɬɢ 
ɱɟɬɜɟɪɬɭ ɦɚɫɭ ɬɚɤ, ɳɨɛ ɰɟɧɬɪ ʀʀ ɦɚɫ ɬɚɤɨɠ ɡɧɚɯɨɞɢɜɫɹ ɜ ɰɿɣ 
ɠɟ ɩɥɨɳɢɧɿ, ɚ ɪɚɞɿɭɫ-ɜɟɤɬɨɪ ɡɚɝɚɥьɧɨɝɨ ɰɟɧɬɪɭ ɦɚɫ 
ɞɨɪɿɜɧɸє ɧɭɥɸ ݎௌ = Ͳ. 

ȼɿɞɫɬɚɧɿ ɰɟɧɬɪɿɜ ɦɚɫ ݉ଵ, ݉ଶ, ݉ଷ ɿ ݉ ɞɨ ɨɫɿ ɨɛɟɪɬɚɧɧɹ 
ɩɨɡɧɚɱɢɦɨ ݎଵ, ݎଶ, ݎଷ ɿ ݎ. 

ȼɿɞɰɟɧɬɪɨɜɿ ɫɢɥɢ ɿɧɟɪɰɿʀ ɤɨɠɧɨʀ ɦɚɫɢ ɞɨɪɿɜɧɸɸɬь: ܨଵ = ߱ଶ݉ଵݎଵ; ଶܨ  = ߱ଶ݉ଶݎଶ;  ܨଷ = ߱ଶ݉ଷݎଷ; ܨ  = ߱ଶ݉ݎ. (8.2) 
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Ɋɢɫ. 8.1. Ɂɪɿɜɧɨɜɚɠɟɧɧɹ ɩɪɨɬɢɜɚɝɨɸ 

 

Ⱦɥɹ ɡɪɿɜɧɨɜɚɠɟɧɧɹ ɧɟɨɛɯɿɞɧɨ, ɳɨɛ ɝɨɥɨɜɧɢɣ ɜɟɤɬɨɪ 
ɫɢɥ ɿɧɟɪɰɿʀ ɞɨɪɿɜɧɸɜɚɜ ɧɭɥɸ ܨప⃗⃗ = Ͳ, ɬɨɛɬɨ ܨపଵ⃗⃗⃗⃗  ⃗ + పଶ⃗⃗⃗⃗ܨ  ⃗ + పଷ⃗⃗⃗⃗ܨ  ⃗ + ప⃗⃗⃗⃗ܨ  ⃗ = Ͳ, (8.3) 

ɚɛɨ ɜɪɚɯɨɜɭɸɱɢ (8.2) ݉ଵݎଵ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗ + ݉ଶݎଶ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗ + ݉ଷݎଷ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗ + ݉ݎ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗ = Ͳ, (8.4) 

ɐɟ ɿ є ɭɦɨɜɚ ɫɬɚɬɢɱɧɨɝɨ ɡɪɿɜɧɨɜɚɠɭɜɚɧɧɹ 
ɨɛɟɪɬɨɜɢɯ ɬɿɥ. 

Ɂɚɞɚɱɚ ɜɢɪɿɲɭєɬьɫɹ ɝɪɚɮɿɱɧɢɦ ɫɤɥɚɞɚɧɧɹɦ ɜɟɤɬɨɪɿɜ ݉పݎప⃗⃗ ⃗⃗ ⃗⃗  ⃗ (ɪɢɫ. 8.1, ɛ). 

ɉɪɢ ɰьɨɦɭ ɜɟɤɬɨɪ ݉ݎ⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  ⃗ ɩɨɤɚɡɭє ɧɚɩɪɹɦ ɪɚɞɿɭɫɚ-

ɜɟɤɬɨɪɚ, ɧɚ ɹɤɨɦɭ ɩɨɬɪɿɛɧɨ ɜɫɬɚɧɨɜɢɬɢ ɩɪɨɬɢɜɚɝɭ. 

Ɂɚɞɚɸɱɢɫь ɜɟɥɢɱɢɧɨɸ ɪɚɞɿɭɫɚ ݎ, ɡɧɚɣɞɟɦɨ ɦɚɫɭ ɩɪɨɬɢɜɚɝɢ ݉. 

əɤɳɨ ɩɥɨɳɢɧɭ ɤɪɿɩɥɟɧɧɹ ɩɪɨɬɢɜɚɝɢ ɤɨɧɫɬɪɭɤɬɢɜɧɨ 
ɧɟ ɦɨɠɥɢɜɨ ɜɢɛɪɚɬɢ ɜ ɬɿɣ ɠɟ ɩɥɨɳɢɧɿ ɨɛɟɪɬɚɧɧɹ ɳɨ ɿ 
ɧɟɡɪɿɜɧɨɜɚɠɟɧɿ ɦɚɫɢ, ɬɨ ɜɫɬɚɧɨɜɥɸɸɬь ɞɜɿ ɩɪɨɬɢɜɚɝɢ ɜ ɞɜɨɯ 
ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɢɯ, ɞɨ ɨɫɿ ɨɛɟɪɬɚɧɧɹ, ɩɥɨɳɢɧɚɯ (ɪɢɫ. 8.2). 

 
Ɋɢɫ. 8.2. Ɂɪɿɜɧɨɜɚɠɭɜɚɧɧɹ ɞɜɨɦɚ ɩɪɨɬɢɜɚɝɚɦɢ 
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ɉɪɢ ɰьɨɦɭ ɧɟɨɛɯɿɞɧɨ ɜɢɤɥɸɱɢɬɢ ɦɨɠɥɢɜɿɫɬь 
ɜɢɧɢɤɧɟɧɧɹ ɞɨɞɚɬɤɨɜɢɯ ɡɭɫɢɥь ɧɚ ɩɿɞɲɢɩɧɢɤɢ ɧɟ ɬɿɥьɤɢ ɜɿɞ 
ɪɟɡɭɥьɬɭɸɱɨʀ ɫɢɥɢ ɿɧɟɪɰɿʀ, ɚ ɿ ɜɿɞ ɦɨɦɟɧɬɿɜ ɩɚɪ ɫɢɥ ɿɧɟɪɰɿʀ. 

ɋɤɥɚɞɟɦɨ ɪɿɜɧɹɧɧɹ ɦɨɦɟɧɬɿɜ {݉′ ଵݎ + ݉′′ݎଶ = ′݉;ݎ݉ ଵܽଵݎ = ݉′′ݎଶܽଶ.  (8.5) 

ȼɫɬɚɧɨɜɥɟɧɧɹɦ ɞɜɨɯ ɩɪɨɬɢɜɚɝ ɦɚɫɚɦɢ ݉′  i ݉′′ 
ɞɨɫɹɝɚєɬьɫɹ ɩɨɜɧɟ ɡɪɿɜɧɨɜɚɠɭɜɚɧɧɹ ɦɚɫɢ ݉, ɩɪɢ ɰьɨɦɭ 
ɧɟɨɛɯɿɞɧɨ, ɳɨɛ ɰɟɧɬɪɢ ɦɚɫ ݉, ݉′  i ݉′′ ɡɧɚɯɨɞɢɥɢɫɹ ɜ ɨɞɧɿɣ 
ɩɥɨɳɢɧɿ, ɹɤɚ ɩɪɨɯɨɞɢɬь ɱɟɪɟɡ ɜɿɫь ɨɛɟɪɬɚɧɧɹ. 

Ɋɨɡɝɥɹɧɟɦɨ ɡɚɞɚɱɭ ɩɪɨ ɡɪɿɜɧɨɜɚɠɭɜɚɧɧɹ ɜɚɥɚ, ɧɚ 
ɹɤɨɦɭ ɠɨɪɫɬɤɨ ɡɚɤɪɿɩɥɟɧɿ ɦɚɫɢ ݉ଵ, ݉ଶ i ݉ଷ ɪɨɡɦɿɳɟɧɿ ɜ 
ɬɪьɨɯ ɩɥɨɳɢɧɚɯ, ɹɤɿ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɿ ɞɨ ɨɫɿ ɨɛɟɪɬɚɧɧɹ  
(ɪɢɫ. 8.3, ɚ). 

ɍɦɨɜɚ ɜɿɞɫɭɬɧɨɫɬɿ ɬɢɫɤɭ ɧɚ ɩɿɞɲɢɩɧɢɤɢ ɜɿɞ ɝɨɥɨɜɧɨɝɨ 
ɜɟɤɬɨɪɚ ɫɢɥ ɿɧɟɪɰɿʀ ܨప⃗⃗  i ɝɨɥɨɜɧɨɝɨ ɦɨɦɟɧɬɭ ɩɚɪ ɫɢɥ ɿɧɟɪɰɿʀ ܯప⃗⃗ ⃗⃗  
ɜɿɞɧɨɫɧɨ ɰɟɧɬɪɚ ɡɜɟɞɟɧɧɹ ʝଵ ɜɢɪɚɠɚєɬьɫɹ ɪɿɜɧɹɧɧɹɦɢ: 

{ ߱ଶ ∑ ݉పݎప⃗⃗ ⃗⃗ ⃗⃗  ⃗ଵ = Ͳ;߱ଶ ∑ ݉పݎప⃗⃗ ⃗⃗ ⃗⃗  ⃗ଵ ܽప⃗⃗  ⃗ = Ͳ. (8.6) 

 
Ɋɢɫ. 8.3. Ɂɪɿɜɧɨɜɚɠɟɧɧɹ ɦɚɫ ɜ ɪɿɡɧɢɯ ɩɥɨɳɢɧɚɯ 
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Ȼɭɞɭєɦɨ ɦɧɨɝɨɤɭɬɧɢɤɢ ɜɟɤɬɨɪɿɜ ɫɢɥ (ɪɢɫ. 8.3, ɛ) ɿ 
ɜɟɤɬɨɪɿɜ ɦɨɦɟɧɬɿɜ (ɪɢɫ. 8.3, ɜ). Ɂɪɿɜɧɨɜɚɠɭɜɚɥьɧɢɦ ɭ 
ɩɟɪɲɨɦɭ ɜɢɩɚɞɤɭ є ɜɟɤɬɨɪ ͵Ͳ⃗⃗⃗⃗ , ɡɨɛɪɚɠɟɧɢɣ ɧɚ ɩɥɨɳɢɧɿ 2 
ɜɟɤɬɨɪɨɦ ⃗⃗⃗⃗⃗⃗݉  (ɪɢɫ. 8.3, ɝ), ɚ ɜ ɞɪɭɝɨɦɭ – ɜɟɤɬɨɪ ݎͲ⃗⃗⃗⃗ , ɹɤɢɣ 
ɡɨɛɪɚɠɚє ɩɨɜɟɪɧɭɬɢɣ ɦɨɦɟɧɬ ɩɚɪɢ ɜɟɤɬɨɪɿɜ ⃗⃗⃗⃗݊ , ɳɨ ɥɟɠɢɬь 
ɭ ɩɥɨɳɢɧɿ 1 (ɪɢɫ. 8.3, ɞ) ɿ ݊ଵ⃗⃗⃗⃗⃗⃗  ⃗, ɳɨ ɥɟɠɢɬь ɭ ɩɥɨɳɢɧɿ 2. 
ȼɟɥɢɱɢɧɚ ɤɨɠɧɨɝɨ ɡ ɧɢɯ ɞɨɪɿɜɧɸє ݎ/ݕ.  

Ɍɚɤɢɦ ɱɢɧɨɦ, ɡɚɞɚɧɿ ɦɚɫɢ ݉ଵ, ݉ଶ i ݉ଷ ɛɭɞɭɬь ɰɿɥɤɨɦ 
ɡɪɿɜɧɨɜɚɠɟɧɿ ɞɜɨɦɚ ɦɚɫɚɦɢ, ɪɨɡɦɿɳɟɧɢɦɢ ɜɡɞɨɜɠ ⃗⃗⃗⃗݊  ɭ 
ɩɥɨɳɢɧɿ 1 ɿ ɜɡɞɨɜɠ ɪɿɜɧɨɞɿɣɧɨʀ ⃗⃗⃗⃗݇  y ɩɥɨɳɢɧɿ 2. 

Ɂ ɜɢɤɥɚɞɟɧɨɝɨ ɜɢɩɥɢɜɚє: ɛɭɞь-ɹɤɚ ɤɿɥьɤɿɫɬь ɦɚɫ, ɳɨ 
ɥɟɠɢɬь ɭ ɪɿɡɧɢɯ ɩɥɨɳɢɧɚɯ ɨɛɟɪɬɚɧɧɹ, ɡɪɿɜɧɨɜɚɠɭєɬьɫɹ 
ɞɜɨɦɚ ɩɪɨɬɢɜɚɝɚɦɢ, ɹɤɿ ɜɫɬɚɧɨɜɥɸɸɬьɫɹ ɜ ɞɜɨɯ ɞɨɜɿɥьɧɢɯ 
ɩɥɨɳɢɧɚɯ, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɢɯ ɞɨ ɨɫɿ ɨɛɟɪɬɚɧɧɹ ɩɪɢ 
ɞɨɞɟɪɠɚɧɧɿ ɞɜɨɯ ɭɦɨɜ ɪɿɜɧɨɜɚɝɢ ɜɟɤɬɨɪɿɜ: ܨప⃗⃗ = Ͳ ɿ ܯప⃗⃗ ⃗⃗ =Ͳ, ɬɨɛɬɨ  ∑ ݉పݎప⃗⃗ ⃗⃗ ⃗⃗  ⃗ଵ = Ͳ  і  ∑ ݉పݎప⃗⃗ ⃗⃗ ⃗⃗  ⃗ଵ ܽప⃗⃗  ⃗ = Ͳ. (8.7) 

 

8.3. Ɂɪɿɜɧɨɜɚɠɭɜɚɧɧɹ ɦɟɯɚɧɿɡɦɿɜ 

Ⱦɥɹ ɡɨɜɧɿɲɧьɨɝɨ ɡɪɿɜɧɨɜɚɠɭɜɚɧɧɹ ɩɥɨɫɤɨɝɨ 
ɦɟɯɚɧɿɡɦɭ ɧɟɨɛɯɿɞɧɨ ɿ ɞɨɫɬɚɬɧьɨ ɬɚɤ ɩɿɞɿɛɪɚɬɢ ɦɚɫɢ ɰьɨɝɨ 
ɦɟɯɚɧɿɡɦɭ, ɳɨɛ: 

• ɫɩɿɥьɧɢɣ ɰɟɧɬɪ ɦɚɫ ɭɫɿɯ ɣɨɝɨ ɪɭɯɨɦɢɯ ɥɚɧɨɤ 
ɡɚɥɢɲɚɜɫɹ ɧɟɪɭɯɨɦɢɦ ݔ௦ = ௦ݕ ;ݐݏ݊ܿ =  (8.8) .ݐݏ݊ܿ

• ɞɢɧɚɦɿɱɧɿ ɦɨɦɟɧɬɢ ɿɧɟɪɰɿʀ ɦɚɫ ɭɫɿɯ ɥɚɧɨɤ ɦɟɯɚɧɿɡɦɭ 
ɜɿɞɧɨɫɧɨ ɩɥɨɳɢɧ XZ ɿ YZ ɛɭɥɢ ɫɬɚɥɿ ܫ௫௭ = ௬௭ܫ ;ݐݏ݊ܿ =  (8.9) .ݐݏ݊ܿ

ɉɪɢ ɞɨɞɟɪɠɚɧɧɿ ɰɢɯ ɭɦɨɜ ɛɭɞɭɬь ɡɪɿɜɧɨɜɚɠɟɧɿ 
ɝɨɥɨɜɧɢɣ ɜɟɤɬɨɪ ɫɢɥ ɿɧɟɪɰɿʀ ɿ ɝɨɥɨɜɧɢɣ ɦɨɦɟɧɬ ɩɚɪ ɫɢɥ 
ɿɧɟɪɰɿʀ ɜɿɞɧɨɫɧɨ ɨɫɟɣ ɯ ɿ ɭ . Ƚɨɥɨɜɧɢɣ ɦɨɦɟɧɬ ɫɢɥ ɿɧɟɪɰɿʀ 
ɜɿɞɧɨɫɧɨ ɨɫɿ z, ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɨʀ ɞɨ ɩɥɨɳɢɧɢ ɪɭɯɭ 
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ɦɟɯɚɧɿɡɦɭ, ɡɪɿɜɧɨɜɚɠɭєɬьɫɹ ɦɨɦɟɧɬɨɦ ɪɭɲɿɣɧɢɯ ɫɢɥ ɿ ɫɢɥ 
ɨɩɨɪɭ ɧɚ ɝɨɥɨɜɧɨɦɭ ɜɚɥɿ ɦɚɲɢɧɢ. 

ɍ ɩɪɚɤɬɢɰɿ ɦɚɲɢɧɨɛɭɞɭɜɚɧɧɹ ɩɪɢ ɡɪɿɜɧɨɜɚɠɭɜɚɧɧɿ 
ɦɟɯɚɧɿɡɦɿɜ ɭɦɨɜɢ (8.8) ɿ (8.9) ɡɜɢɱɚɣɧɨ ɜɢɤɨɧɭɸɬьɫɹ ɬɿɥьɤɢ 
ɱɚɫɬɤɨɜɨ. 

ɇɟɯɚɣ, ɧɚɩɪɢɤɥɚɞ, ɬɪɟɛɚ ɡɪɿɜɧɨɜɚɠɢɬɢ ɬɿɥьɤɢ 
ɝɨɥɨɜɧɢɣ ɜɟɤɬɨɪ ɫɢɥ ɿɧɟɪɰɿʀ ɤɪɢɜɨɲɢɩɧɨ-ɩɨɜɡɭɧɧɨɝɨ 
ɦɟɯɚɧɿɡɦɭ (ɪɢɫ. 8.4). ɉɨɡɧɚɱɢɦɨ ɦɚɫɢ ɤɪɢɜɨɲɢɩɚ 1, ɲɚɬɭɧɚ 
2 ɿ ɩɨɜɡɭɧɚ 3 ɱɟɪɟɡ ݉ଵ, ݉ଶ i ݉ଷ ɿ ɜɜɚɠɚɬɢɦɟɦɨ, ɳɨ ɜɨɧɢ 
ɡɨɫɟɪɟɞɠɟɧɿ ɜɿɞɩɨɜɿɞɧɨ ɜ ɰɟɧɬɪɚɯ ɦɚɫ ܵଵ ɿ ܵଶ ɿ ܤ ɥɚɧɨɤ. ɇɚ 
ɥɿɧɿʀ Аȼ ɜ ɬɨɱɰɿ D ɜɫɬɚɧɨɜɥɸєɦɨ ɩɪɨɬɢɜɚɝɭ ɿ ɜɢɡɧɚɱɚєɦɨ ʀʀ 
ɦɚɫɭ ݉˒𝑝ଶ ɡ ɭɦɨɜɢ, ɳɨɛ ɰɟɧɬɪ ɦɚɫ ݉˒𝑝ଶ, ݉ଶ i ݉ଷ ɡɛɿɝɚɜɫɹ ɡ 
ɬɨɱɤɨɸ А. 

 
Ɋɢɫ. 8.4. Ʉɪɢɜɨɲɢɩɧɨ-ɩɨɜɡɭɧɧɢɣ ɦɟɯɚɧɿɡɦ 

 

ɋɤɥɚɞɟɦɨ ɪɿɜɧɹɧɧɹ ɫɬɚɬɢɱɧɢɯ ɦɨɦɟɧɬɿɜ ɜɿɞɧɨɫɧɨ 
ɬɨɱɤɢ А ݉ଷ݈ + ݉ଶܽ = ݉˒𝑝ଶܿ. (8.10) 

ɡɜɿɞɤɢ ɦɚєɦɨ: ݉˒𝑝ଶ = ͳܿ ሺ݉ଷ݈ + ݉ଶܽሻ. (8.11) 

Ɇɚɫɭ ݉˒𝑝ଵ, ɩɪɨɬɢɜɚɝɢ, ɹɤɭ ɜɫɬɚɧɨɜɥɟɧɨ ɜ ɬɨɱɰɿ C 

ɤɪɢɜɨɲɢɩɚ, ɜɢɡɧɚɱɚєɦɨ ɡ ɭɦɨɜɢ, ɳɨɛ ɰɟɧɬɪ ɦɚɫ ݉˒𝑝ଶ, ݉ଵ i ݉ ɡɛɿɝɚɜɫɹ ɡ ɬɨɱɤɨɸ D.  
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ɉɨɜɧɚ ɦɚɫɚ ɜ ɬɨɱɰɿ А ɛɭɞɟ: ݉ = ݉˒𝑝ଶ + ݉ଶ + ݉ଷ. (8.12) 

ɋɤɥɚɞɟɦɨ ɪɿɜɧɹɧɧɹ ɫɬɚɬɢɱɧɢɯ ɦɨɦɟɧɬɿɜ ɜɿɞɧɨɫɧɨ 
ɬɨɱɤɢ D ݉ݎ + ݉ଵ݁ = ݉˒𝑝ଵ(8.13) .ݏ 

ɡɜɿɞɤɢ ɦɚєɦɨ: ݉˒𝑝ଵ = ͳݏ ሺ݉ݎ + ݉ଵ݁ሻ. (8.14) 

Ɍɚɤɢɦ ɱɢɧɨɦ, ɞɜɿ ɩɪɨɬɢɜɚɝɢ ݉˒𝑝ଵ ɿ ݉˒𝑝ଶ ɰɿɥɤɨɦ 
ɡɪɿɜɧɨɜɚɠɭɸɬь ɭɫɿ ɫɢɥɢ ɿɧɟɪɰɿʀ ɞɚɧɨɝɨ ɦɟɯɚɧɿɡɦɭ. ɉɪɨɬɟ 
ɬɚɤɟ ɩɨɜɧɟ ɡɪɿɜɧɨɜɚɠɭɜɚɧɧɹ ɪɟɡɭɥьɬɭɸɱɨʀ ɫɢɥɢ ɿɧɟɪɰɿʀ 
ɤɪɢɜɨɲɢɩɧɨ-ɩɨɜɡɭɧɧɢɯ ɦɟɯɚɧɿɡɦɿɜ ɧɚ ɩɪɚɤɬɢɰɿ 
ɡɚɫɬɨɫɨɜɭєɬьɫɹ ɪɿɞɤɨ, ɛɨ ɩɪɢ ɦɚɥɨɦɭ ɡɧɚɱɟɧɧɿ ɪɚɞɿɭɫɚ s ɦɚɫɚ ݉˒𝑝ଶ ɛɭɞɟ ɞɭɠɟ ɜɟɥɢɤɨɸ, ɜɧɚɫɥɿɞɨɤ ɱɨɝɨ ɜ ɤɿɧɟɦɚɬɢɱɧɢɯ 
ɩɚɪɚɯ ɿ ɥɚɧɤɚɯ ɦɟɯɚɧɿɡɦɭ ɜɢɧɢɤɧɭɬь ɞɨɞɚɬɤɨɜɿ 
ɧɚɜɚɧɬɚɠɟɧɧɹ. ɉɪɢ ɜɟɥɢɤɨɦɭ ɡɧɚɱɟɧɧɿ ɪɚɞɿɭɫɚ s ɞɭɠɟ 
ɡɛɿɥьɲɭɸɬьɫɹ ɝɚɛɚɪɢɬɢ ɜɫьɨɝɨ ɦɟɯɚɧɿɡɦɭ. ɑɟɪɟɡ ɬɟ ɱɚɫɬɨ 
ɨɛɦɟɠɭɸɬьɫɹ ɥɢɲɟ ɧɚɛɥɢɠɟɧɢɦ ɡɪɿɜɧɨɜɚɠɭɜɚɧɧɹɦ 
ɦɟɯɚɧɿɡɦɿɜ. ɇɚ ɩɪɚɤɬɢɰɿ ɱɚɫɬɨ ɡɚɫɬɨɫɨɜɭɸɬь 
ɡɪɿɜɧɨɜɚɠɭɜɚɧɧɹ ɬɿɥьɤɢ ɦɚɫɢ ɤɪɢɜɨɲɢɩɚ ɿ ɱɚɫɬɢɧɢ ɦɚɫɢ 
ɲɚɬɭɧɚ. 

 

8.4. ɋɬɚɬɢɱɧɟ ɿ ɞɢɧɚɦɿɱɧɟ ɛɚɥɚɧɫɭɜɚɧɧɹ ɨɛɟɪɬɨɜɢɯ 
ɬɿɥ 

Ɋɨɡɪɿɡɧɹɸɬь ɞɜɚ ɪɨɞɢ ɛɚɥɚɧɫɭɜɚɧɧɹ: ɫɬɚɬɢɱɧɟ ɿ 
ɞɢɧɚɦɿɱɧɟ. Ɉɛɟɪɬɨɜɟ ɬɿɥɨ ɛɭɞɟ ɫɬɚɬɢɱɧɨ ɡɛɚɥɚɧɫɨɜɚɧɟ, ɤɨɥɢ 
ɰɟɧɬɪ ɦɚɫɢ ɬɿɥɚ ɥɟɠɚɬɢɦɟ ɧɚ ɨɫɿ ɨɛɟɪɬɚɧɧɹ. 

ɓɨɛ ɡɛɚɥɚɧɫɭɜɚɬɢ ɬɿɥɨ ɫɬɚɬɢɱɧɨ, ɣɨɝɨ ɫɬɚɜɥɹɬь 
ɰɚɩɮɚɦɢ ɧɚ ɞɜɿ ɩɚɪɚɥɟɥьɧɿ ɥɿɧɿɣɤɢ (ɪɢɫ. 8.5). 

ɍ ɡɜʼɹɡɤɭ ɡ ɬɢɦ, ɳɨ ɰɟɧɬɪ ɦɚɫ ɬɿɥɚ ɥɟɠɢɬь ɧɚ ɨɫɿ, ɹɤɚ 
ɜɿɞɞɚɥɟɧɚ ɜɿɞ ɨɫɿ ɨɛɟɪɬɚɧɧɹ ɬɿɥɚ ɧɚ ɜɿɞɫɬɚɧɿ ݎௌ, ɬɨ ɫɢɥɚ ɜɚɝɢ 
ɬɿɥɚ ɧɚɦɚɝɚɬɢɦɟɬьɫɹ ɩɨɜɟɪɧɭɬɢ ɣɨɝɨ ɜ ɬɚɤɟ ɩɨɥɨɠɟɧɧɹ, ɩɪɢ 
ɹɤɨɦɭ ɣɨɝɨ ɰɟɧɬɪ ɦɚɫ ɫɬɚɧɟ ɜ ɧɚɣɧɢɠɱɟ ɩɨɥɨɠɟɧɧɹ. 
ɉɿɞɛɢɪɚɸɱɢ ɞɨɞɚɬɤɨɜɢɣ ɬɹɝɚɪ, ɪɨɡɦɿɳɟɧɢɣ ɧɚ ɩɥɟɱɿ r ɜɿɞ ɨɫɿ 
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ɨɛɟɪɬɚɧɧɹ, ɡɚɜɠɞɢ ɦɨɠɧɚ ɞɨɛɢɬɢɫь ɫɬɚɧɭ ɛɚɣɞɭɠɨʀ 
ɪɿɜɧɨɜɚɝɢ ɬɿɥɚ ɧɚ ɥɿɧɿɣɤɚɯ. ɍɦɨɜɚ ɫɬɚɬɢɱɧɨ ɡɛɚɥɚɧɫɨɜɚɧɨɝɨ 
ɬɿɥɚ ∑ ݉పݎప⃗⃗ ⃗⃗ ⃗⃗  ⃗ଵ = Ͳ. (8.15) 

 
Ɋɢɫ. 8.5. ɋɬɚɬɢɱɧɟ ɛɚɥɚɧɫɭɜɚɧɧɹ 

 

ɋɬɚɬɢɱɧɟ ɛɚɥɚɧɫɭɜɚɧɧɹ ɩɪɨɜɨɞɢɬьɫɹ ɞɥɹ ɪɨɬɨɪɿɜ, ɜ 
ɹɤɢɯ ɲɢɪɢɧɚ b ɧɚɛɚɝɚɬɨ ɦɟɧɲɚ ɞɿɚɦɟɬɪɚ d, ܾ  Ͳ,ʹ݀, ɚ ɬɚɤɨɠ 
ɬɿɥ ɨɛɟɪɬɚɧɧɹ ɡ ɧɟɜɟɥɢɤɨɸ ɤɭɬɨɜɨɸ ɲɜɢɞɤɿɫɬɸ  
n < 200 ɨɛ/ɯɜ. 

Ⱦɥɹ ɛɚɪɚɛɚɧɿɜ, ɭɫɹɤɢɯ ɪɨɬɨɪɿɜ, ɤɨɥɿɫ ɚɜɬɨɦɨɛɿɥɹ, ɹɤɿ 
ɦɚɸɬь ɡɧɚɱɧɭ ɤɭɬɨɜɭ ɲɜɢɞɤɿɫɬь, ɧɟɨɛɯɿɞɧɟ ɞɢɧɚɦɿɱɧɟ 
ɛɚɥɚɧɫɭɜɚɧɧɹ, ɛɨ ɧɚɜɿɬь ɧɟɡɧɚɱɧɢɣ ɞɢɫɛɚɥɚɧɫ ɫɬɜɨɪɸє 
ɜɟɥɢɤɿ ɞɢɧɚɦɿɱɧɿ ɡɭɫɢɥɥɹ ɧɚ ɩɿɞɲɢɩɧɢɤɢ. ȼɿɫь ɨɛɟɪɬɚɧɧɹ 
ɞɢɧɚɦɿɱɧɨ ɡɛɚɥɚɧɫɨɜɚɧɨɝɨ ɬɿɥɚ ɫɬɚє ɝɨɥɨɜɧɨɸ ɰɟɧɬɪɚɥьɧɨɸ 
ɜɿɫɫɸ ɿɧɟɪɰɿʀ. ɍ ɰьɨɦɭ ɜɢɩɚɞɤɭ ɝɨɥɨɜɧɢɣ ɜɟɤɬɨɪ ɿ ɝɨɥɨɜɧɢɣ 
ɦɨɦɟɧɬ ɩɚɪ ɫɢɥ ɿɧɟɪɰɿʀ ɨɛɟɪɬɨɜɨɝɨ ɬɿɥɚ ɞɨɪɿɜɧɸє ɧɭɥɸ, 
ɬɨɛɬɨ: ∑ ݉పݎప⃗⃗ ⃗⃗ ⃗⃗  ⃗ଵ = Ͳ  і  ∑ ݉పݎప⃗⃗ ⃗⃗ ⃗⃗  ⃗ଵ ܽప⃗⃗  ⃗ = Ͳ. (8.16) 

ɍɫɬɚɧɨɜɤɢ (ɪɢɫ. 8.6), ɩɪɢɡɧɚɱɟɧɿ ɞɥɹ ɜɢɹɜɥɟɧɧɹ 
ɞɢɧɚɦɿɱɧɨʀ ɧɟɜɪɿɜɧɨɜɚɠɟɧɨɫɬɿ ɬɿɥɚ, ɞɚɸɬь ɦɨɠɥɢɜɿɫɬь 
ɨɞɧɨɱɚɫɧɨ ɜɢɹɜɢɬɢ ɿ ɣɨɝɨ ɫɬɚɬɢɱɧɭ ɧɟɡɪɿɜɧɨɜɚɠɟɧɿɫɬь. 

ɇɚɣɩɪɨɫɬɿɲɢɦɢ ɭɫɬɚɧɨɜɤɚɦɢ ɞɥɹ ɞɢɧɚɦɿɱɧɨɝɨ 
ɛɚɥɚɧɫɭɜɚɧɧɹ є ɤɨɥɢɫɤɨɜɿ, ɹɤɿ ґɪɭɧɬɭɸɬьɫɹ ɧɚ ɩɪɢɧɰɢɩɿ 
ɜɫɬɚɧɨɜɥɟɧɧɹ ɞɟɬɚɥɿ, ɳɨ ɛɚɥɚɧɫɭєɬьɫɹ ɧɚ ɩɪɭɠɧɭ ɨɫɧɨɜɭ 
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(ɤɨɥɢɫɤɚ ɧɚ ɩɪɭɠɢɧɚɯ). ɍ ɬɚɤɢɯ ɭɫɬɚɧɨɜɤɚɯ ɞɟɬɚɥɿ ɳɨ 
ɛɚɥɚɧɫɭɸɬьɫɹ ɧɚɞɚєɬьɫɹ ɱɢɫɥɨ ɨɛɟɪɬɿɜ, ɛɥɢɡьɤɟ ɞɨ 
ɪɟɡɨɧɚɧɫɧɢɯ. Ɍɨɞɿ ɧɟɡɪɿɜɧɨɜɚɠɟɧɿ ɫɢɥɢ ɫɬɜɨɪɸɸɬь ɡɧɚɱɧɿ 
ɚɦɩɥɿɬɭɞɢ ɤɨɥɢɜɚɧь, ɹɤɿ ɮɿɤɫɭɸɬьɫɹ ɡɚ ɞɨɩɨɦɨɝɨɸ ɩɪɢɥɚɞɿɜ. 
Ɋɟɡɭɥьɬɚɬɢ ɨɛɱɢɫɥɟɧь ɞɚɸɬь ɦɨɠɥɢɜɿɫɬь ɜɢɡɧɚɱɢɬɢ 
ɜɟɥɢɱɢɧɭ ɞɢɫɛɚɥɚɧɫɭ ɿ ɦɿɫɰɹ ɣɨɝɨ ɜɫɬɚɧɨɜɥɟɧɧɹ. ȼɿɞɨɦɢɣ 
ɛɚɥɚɧɫɭɸɱɢɣ ɫɬɟɧɞ ɒɢɬɿɤɨɜɚ. 

 
Ɋɢɫ. 8.6. ɋɬɟɧɞ ɞɥɹ ɛɚɥɚɧɫɭɜɚɧɧɹ 

 

8.5. ȼɿɛɪɨɡɚɯɢɫɬ ɦɚɲɢɧ 

ȱɞɟɚɥьɧɨ ɡɪɿɜɧɨɜɚɠɢɬɢ ɥɚɧɤɢ ɦɟɯɚɧɿɡɦɭ ɧɟɦɨɠɥɢɜɨ. 
Ɋɭɯ ɬɚɤɢɯ ɥɚɧɨɤ ɜɢɤɥɢɤɚє ɡɦɿɧɧɿ ɡɚ ɜɟɥɢɱɢɧɨɸ ɿ ɧɚɩɪɹɦɨɦ 
ɫɢɥɢ, ɤɨɬɪɿ ɜɢɤɥɢɤɚɸɬь ɤɨɥɢɜɚɧɧɹ (ɜɿɛɪɚɰɿʀ) ɦɚɲɢɧɢ. 
Ⱥɦɩɥɿɬɭɞɚ А ɤɨɥɢɜɚɧь ɬɢɦ ɛɿɥьɲɚ, ɱɢɦ ɛɥɢɠɱɟ ɜɥɚɫɧɚ 
ɱɚɫɬɨɬɚ  ɤɨɥɢɜɚɧь ɥɚɧɤɢ ɞɨ ɱɚɫɬɨɬɢ ω ɤɨɥɢɜɚɧь 
ɧɟɡɪɿɜɧɨɜɚɠɟɧɨʀ ɫɢɥɢ. ɉɪɢ ߱ =  ɜɢɧɢɤɚє ɪɟɡɨɧɚɧɫ, ɹɤɢɣ 
ɫɭɩɪɨɜɨɞɢɬьɫɹ ɪɿɡɤɢɦ ɡɛɿɥьɲɟɧɧɹɦ ɚɦɩɥɿɬɭɞɢ. 

ȼɿɛɪɚɰɿʀ ɦɨɠɭɬь ɩɪɢɜɟɫɬɢ ɞɨ ɪɭɣɧɭɜɚɧɧɹ ɟɥɟɦɟɧɬɿɜ 
ɦɚɲɢɧ ɿ ɮɭɧɞɚɦɟɧɬɚ, ɱɢɧɹɬь ɲɤɿɞɥɢɜɢɣ ɜɩɥɢɜ ɧɚ ɥɸɞɢɧɭ. 

ȼɿɛɪɚɰɿʀ ɦɨɠɭɬь ɛɭɬɢ ɿ ɤɨɪɢɫɧɢɦɢ. Ȳɯ ɜɢɤɨɪɢɫɬɨɜɭɸɬь 
ɞɥɹ ɩɟɪɟɫɭɜɚɧɧɹ ɜɚɧɬɚɠɿɜ (ɜɿɛɪɚɰɿɣɧɿ ɬɪɚɧɫɩɨɪɬɟɪɢ), 
ɡɚɝɥɢɛɥɟɧɧɹ ɩɚɥь, ɩɿɞɜɢɳɟɧɧɹ ɩɪɨɞɭɤɬɢɜɧɨɫɬɿ ɨɛɪɨɛɤɢ 
ɞɟɹɤɢɯ ɦɚɬɟɪɿɚɥɿɜ. 

Ⱦɥɹ ɡɦɟɧɲɟɧɧɹ ɚɦɩɥɿɬɭɞɢ ɜɿɛɪɚɰɿɣ ɿɧɨɞɿ 
ɜɢɤɨɪɢɫɬɨɜɭɸɬь ɞɟɦɩɮɟɪɢ, ɜ ɹɤɢɯ ɫɢɥɚ ɨɩɨɪɭ ɡɚɥɟɠɢɬь ɜɿɞ 



220 

ɲɜɢɞɤɨɫɬɿ (ɪɢɫ. 8.7). ɑɢɦ ɛɿɥьɲɟ ɞɟɦɩɮɭɜɚɧɧɹ, ɬɢɦ ɦɟɧɲɚ 
ɚɦɩɥɿɬɭɞɚ ɤɨɥɢɜɚɧь. 

Ɋɨɡɪɿɡɧɹɸɬь ɞɜɚ ɨɫɧɨɜɧɿ ɦɟɬɨɞɢ ɛɨɪɨɬьɛɢ ɡ 
ɜɿɛɪɚɰɿɹɦɢ – ɜɿɛɪɨɿɡɨɥɹɰɿɹ ɿ ɜɿɛɪɨɝɚɲɟɧɧɹ. 

ɉɪɢɤɥɚɞɨɦ ɜɿɛɪɨɿɡɨɥɹɰɿʀ ɦɨɠɟ ɫɥɭɠɢɬɢ ɩɿɞɜɿɫɤɚ 
ɚɜɬɨɦɨɛɿɥɹ. ȼɿɧ ɧɟɦɨɜ ɛɢ ɿɡɨɥьɨɜɚɧɢɣ ɪɟɫɨɪɚɦɢ ɿ 
ɩɧɟɜɦɚɬɢɱɧɢɦɢ ɲɢɧɚɦɢ ɜɿɞ ɛɿɥьɲɨɫɬɿ ɧɟɪɿɜɧɨɫɬɟɣ ɲɥɹɯɭ. 
ɇɚ ɪɢɫ. 8.7 ɡɨɛɪɚɠɟɧɚ ɞɢɧɚɦɿɱɧɚ ɦɨɞɟɥь ɜɿɛɪɨɿɡɨɥьɨɜɚɧɨʀ 
ɫɢɫɬɟɦɢ. Ɇɚɲɢɧɚ ɦɚɫɨɸ m, ɭɫɬɚɧɨɜɥɟɧɚ ɧɚ ɮɭɧɞɚɦɟɧɬ 
(ɨɫɧɨɜɭ) ɡɚ ɞɨɩɨɦɨɝɨɸ ɚɦɨɪɬɢɡɚɬɨɪɚ ɡ ɩɪɢɜɟɞɟɧɨɸ 
ɠɨɪɫɬɤɿɫɬɸ ɋ ɿ ɩɪɢɜɟɞɟɧɢɦ ɤɨɟɮɿɰɿєɧɬɨɦ ɞɟɦɩɮɭɜɚɧɧɹ υ . 

Ɋɿɜɧɹɧɧɹ ɪɭɯɭ ɚɦɨɪɬɢɡɨɜɚɧɨɝɨ ɨɛʼєɤɬɚ ݉ݕ = ܨ sin߱ݐ + ,ݕோሺܨ  ሻ, (8.17)ݕ

ɞɟ ܨோሺݕ,  .ሻ – ɩɪɢɜɟɞɟɧɚ ɪɟɚɤɰɿɹ ɚɦɨɪɬɢɡɚɬɨɪɚݕ

 
Ɋɢɫ. 8.7. ȼɿɛɪɨɿɡɨɥьɨɜɚɧɚ ɫɢɫɬɟɦɚ 

 

ȼɥɚɫɧɚ ɱɚɫɬɨɬɚ p ɤɨɥɢɜɚɧь ɦɚɫɢ ɧɚ ɩɪɭɠɢɧɿ ɞɨɪɿɜɧɸє  = ܥ݉√ . (8.18) 

Ⱥɦɩɥɿɬɭɞɚ ɤɨɥɢɜɚɧь ɚɦɨɪɬɢɡɨɜɚɧɨɝɨ ɨɛʼєɤɬɚ, ɜ 
ɡɚɥɟɠɧɨɫɬɿ ɜɿɞ ɱɚɫɬɨɬɢ ߱ ɜɢɦɭɲɟɧɢɯ ɤɨɥɢɜɚɧь 
ɩɿɞɪɚɯɨɜɭєɬьɫɹ ɜɿɞɩɨɜɿɞɧɨ ɡ ɜɢɪɚɡɨɦ: ܣ = ଶ݉√ሺܨ − ߱ଶሻଶ − Ͷ݊ଶ߱ଶ, (8.19) 

ɞɟ ݊ = ߭/ʹ݉. 
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ɉɪɢ ߱ =  ɜɢɧɢɤɚє ɪɟɡɨɧɚɧɫ ɿ ɜɿɛɪɨɿɡɨɥɹɰɿɹ ɜ ɰьɨɦɭ 
ɜɢɩɚɞɤɭ ɲɤɿɞɥɢɜɚ, ɛɨ ɚɦɩɥɿɬɭɞɚ ɤɨɥɢɜɚɧь ɫɬɚє ɛɿɥьɲɨɸ, 
ɧɿɠ ɜɨɧɚ ɛɭɥɚ ɛ ɛɟɡ ɚɦɨɪɬɢɡɚɬɨɪɿɜ. ȼ ɰɢɯ ɜɢɩɚɞɤɚɯ 
ɡɚɫɬɨɫɨɜɭɸɬь ɧɟɥɿɧɿɣɧɿ ɚɦɨɪɬɢɡɚɬɨɪɢ. 

ȼɡɚɝɚɥɿ ɛɨɪɨɬьɛɚ ɡ ɜɿɛɪɚɰɿɹɦɢ ɩɪɨɜɨɞɢɬьɫɹ ɩɨ ɬɪьɨɯ 
ɧɚɩɪɹɦɤɚɯ. ɇɚ ɟɬɚɩɿ ɩɪɨɟɤɬɭɜɚɧɧɹ ɡɧɢɠɟɧɧɹ 
ɜɿɛɪɨɚɤɬɢɜɧɨɫɬɿ ɞɨɫɹɝɚєɬьɫɹ ɜɢɛɨɪɨɦ ɿɧɟɪɰɿɣɧɢɯ ɿ ɩɪɭɠɧɢɯ 
ɩɚɪɚɦɟɬɪɿɜ ɦɚɲɢɧɢ, ɡɦɟɧɲɟɧɧɹɦ ɫɢɥ ɹɤɿ ɞɿɸɬь ɧɚ ɥɚɧɤɢ 
ɦɟɯɚɧɿɡɦɿɜ, ɡɪɿɜɧɨɜɚɠɟɧɧɹɦ ɥɚɧɨɤ ɿ ɬ.ɩ. ɇɚ ɟɬɚɩɿ 
ɜɢɝɨɬɨɜɥɟɧɧɹ – ɞɨɬɪɢɦɚɧɧɹ ɬɟɯɧɨɥɨɝɿʀ, ɫɬɚɪɚɧɧɟ 
ɛɚɥɚɧɫɭɜɚɧɧɹ ɨɛɟɪɬɨɜɢɯ ɥɚɧɨɤ. ɇɚ ɟɬɚɩɿ ɟɤɫɩɥɭɚɬɚɰɿʀ – 

ɜɢɛɿɪ ɪɚɰɿɨɧɚɥьɧɢɯ ɪɟɠɢɦɿɜ ɪɭɯɭ ɦɚɲɢɧ. 
 

Ɂɚɩɢɬɚɧɧɹ ɞɥɹ ɩɟɪɟɜɿɪɤɢ ɡɧɚɧь ɩɨ ɬɟɦɿ 8: 

1. əɤ ɧɚɡɢɜɚєɬьɫɹ ɜɢɩɪɚɜɥɟɧɧɹ ɧɟɡɪɿɜɧɨɜɚɠɟɧɨɫɬɿ 
ɦɟɯɚɧɿɡɦɭ ɲɥɹɯɨɦ ɩɪɢɛɚɜɥɟɧɧɹ ɚɛɨ ɜɢɞɚɥɟɧɧɹ ɧɟɜɟɥɢɤɨʀ 
ɦɚɫɢ ɦɚɬɟɪɿɚɥɭ? 

2. əɤ ɩɨɬɪɿɛɧɨ ɩɿɞɿɛɪɚɬɢ ɦɚɫɢ ɞɥɹ ɡɨɜɧɿɲɧьɨɝɨ 
ɡɪɿɜɧɨɜɚɠɭɜɚɧɧɹ ɜɚɠɿɥьɧɨɝɨ ɦɟɯɚɧɿɡɦɭ? 

3. Ʉɨɥɢ ɬɿɥɨ, ɹɤɟ ɨɛɟɪɬɚєɬьɫɹ, ɛɭɞɟ ɫɬɚɬɢɱɧɨ 
ɡɛɚɥɚɧɫɨɜɚɧɟ? 

4. Ʉɨɥɢ ɬɿɥɨ, ɹɤɟ ɨɛɟɪɬɚєɬьɫɹ, ɛɭɞɟ ɞɢɧɚɦɿɱɧɨ 
ɡɛɚɥɚɧɫɨɜɚɧɟ? 

5. Ⱦɥɹ ɱɨɝɨ ɧɟɨɛɯɿɞɧɢɣ ɜɿɛɪɨɡɚɯɢɫɬ ɦɚɲɢɧ? 
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ɌȿɊɆІɇɈɅɈȽІɑɇɂɃ ɋɅɈȼɇɂɄ 

 

Ȼɚɥɚɧɫɭɜɚɧɧɹ – ɰɟ ɜɢɩɪɚɜɥɟɧɧɹ ɧɟɡɪɿɜɧɨɜɚɠɟɧɨɫɬɿ ɬɿɥ 
ɨɛɟɪɬɚɧɧɹ, ɹɤɚ ɜɢɤɥɢɤɚɧɚ ɧɟɞɨɫɤɨɧɚɥɿɫɬɸ ɬɟɯɧɨɥɨɝɿɱɧɨɝɨ 
ɩɪɨɰɟɫɭ ʀɯ ɜɢɝɨɬɨɜɥɟɧɧɹ. 

ȼɢɯɿɞɧɚ (ɜɟɞɟɧɨɸ) ɥɚɧɤɚ – ɰɟ ɥɚɧɤɚ, ɜɿɞ ɹɤɨʀ ɨɬɪɢɦɭє 

ɩɨɬɪɿɛɧɿ ɪɭɯɢ ɿ ɫɢɥɢ ɪɨɛɨɱɢɣ ɨɪɝɚɧ ɦɟɯɚɧɿɡɦɭ.  
ȼɯɿɞɧɚ (ɜɟɞɭɱɚ) ɥɚɧɤɚ – ɰɟ ɥɚɧɤɚ, ɡɚɤɨɧ ɪɭɯɭ ɿ ɫɢɥɢ 

ɹɤɨʀ ɡɚɞɚɸɬьɫɹ.  
Ⱦɟɬɚɥь – ɰɟ ɜɢɪɿɛ, ɜɢɝɨɬɨɜɥɟɧɢɣ ɿɡ ɨɞɧɨɪɿɞɧɨɝɨ 

ɦɚɬɟɪɿɚɥɭ, ɛɟɡ ɡɚɫɬɨɫɭɜɚɧɧɹ ɫɤɥɚɞɚɥьɧɢɯ ɨɩɟɪɚɰɿɣ. 

Ⱦɢɮɟɪɟɧɰɿɚɥьɧɢɣ ɦɟɯɚɧɿɡɦ – ɰɟ ɩɥɚɧɟɬɚɪɧɢɣ 

ɦɟɯɚɧɿɡɦ ɡɿ ɫɬɭɩɿɧɧɸ ɜɿɥьɧɨɫɬɿ ɞɜɚ ɿ ɛɿɥьɲɟ. 
Ⱦɿɥɢɥьɧɟ (ɩɨɱɚɬɤɨɜɟ) ɤɨɥɨ ɞɿɥɢɬь ɩɟɪɟɪɿɡ ɡɭɛɚ ɩɨ 

ɜɢɫɨɬɿ ɧɚ ɞɜɿ ɱɚɫɬɢɧɢ: ɧɿɠɤɭ ɿ ɝɨɥɨɜɤɭ.  
ȿɜɨɥьɜɟɧɬɚ ɤɨɥɚ – ɤɪɢɜɚ, ɹɤɭ ɨɩɢɫɭє ɬɨɱɤɚ ɧɚ ɩɪɹɦɿɣ 

ɥɿɧɿʀ, ɳɨ ɤɨɬɢɬьɫɹ ɩɨ ɤɨɥɭ ɛɟɡ ɩɪɨɤɨɜɡɭɜɚɧɧɹ. 
Ɂɜɟɞɟɧɚ ɦɚɫɚ (ɞɢɧɚɦɿɱɧɢɣ ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ) – ɰɟ ɬɚɤɚ 

ɭɦɨɜɧɚ ɦɚɫɚ (ɞɢɧɚɦɿɱɧɢɣ ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ) ɦɟɯɚɧɿɡɦɭ, ɹɤɚ 
ɛɭɞɭɱɢ ɡɨɫɟɪɟɞɠɟɧɨɸ ɜ ɬɨɱɰɿ ɡɜɟɞɟɧɧɹ ɦɚє ɤɿɧɟɬɢɱɧɭ 
ɟɧɟɪɝɿɸ, ɳɨ ɞɨɪɿɜɧɸє ɫɭɦɿ ɤɿɧɟɬɢɱɧɢɯ ɟɧɟɪɝɿɣ ɜɫɿɯ ɥɚɧɨɤ 
ɦɟɯɚɧɿɡɦɭ. 

Ɂɜɟɞɟɧɚ ɫɢɥɚ (ɦɨɦɟɧɬɨɦ) – ɰɟ ɫɢɥɚ (ɦɨɦɟɧɬ), ɳɨ 
ɡɚɦɿɧɸє ɞɿɸ ɜɫɿɯ ɫɢɥ ɿ ɦɨɦɟɧɬɿɜ ɜ ɦɟɯɚɧɿɡɦɿ ɿɡ ɭɦɨɜɢ 
ɪɿɜɧɨɫɬɿ ɦɢɬɬєɜɢɯ ɩɨɬɭɠɧɨɫɬɟɣ ɡɜɟɞɟɧɨʀ ɫɢɥɢ (ɦɨɦɟɧɬɭ) ɿ 
ɜɫɿɯ ɫɢɥ ɿ ɦɨɦɟɧɬɿɜ, ɳɨ ɡɜɨɞɹɬьɫɹ. 

Ɂɪɿɜɧɨɜɚɠɭɜɚɥьɧɚ ɫɢɥɚ (ɦɨɦɟɧɬ) – ɰɟ ɫɢɥɚ (ɦɨɦɟɧɬ), 
ɳɨ ɞɨɪɿɜɧɸє ɡɚ ɜɟɥɢɱɢɧɨɸ ɡɜɟɞɟɧɿɣ ɫɢɥɿ (ɦɨɦɟɧɬɭ) ɿ 
ɩɪɨɬɢɥɟɠɧɨ ʀɣ ɧɚɩɪɹɦɥɟɧɚ. 

Ɂɭɛɱɚɫɬɚ ɩɟɪɟɞɚɱɚ – ɰɟ ɦɟɯɚɧɿɡɦ, ɩɪɢɡɧɚɱɟɧɢɣ ɞɥɹ 
ɩɟɪɟɞɚɜɚɧɧɹ ɨɛɟɪɬɨɜɨɝɨ ɪɭɯɭ ɜɿɞ ɨɞɧɨɝɨ ɜɚɥɚ ɞɨ ɿɧɲɨɝɨ ɡɚ 
ɞɨɩɨɦɨɝɨɸ ɡɭɛɱɚɫɬɢɯ ɤɨɥɿɫ, ɳɨ ɩɟɪɟɛɭɜɚɸɬь ɭ ɡɚɱɟɩɥɟɧɧɿ ɡ 
ɡɚɞɚɧɢɦ ɜɿɞɧɨɲɟɧɧɹɦ ɤɭɬɨɜɢɯ ɲɜɢɞɤɨɫɬɟɣ. 
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Іɧɜɨɥɸɬɚ – ɰɟ ɤɭɬ ɦɿɠ ɩɨɱɚɬɤɨɜɢɦ ɪɚɞɿɭɫɨɦ-

ɜɟɤɬɨɪɨɦ ɟɜɨɥьɜɟɧɬɢ ɿ ʀʀ ɛɿɠɭɱɢɦ ɪɚɞɿɭɫɨɦ. 

Ʉɿɧɟɦɚɬɢɱɧɚ ɩɚɪɚ – ɰɟ ɦɿɫɰɟ ɪɭɯɨɦɨɝɨ ɡʼєɞɧɚɧɧɹ 
ɞɜɨɯ ɥɚɧɨɤ. 

Ʉɿɧɟɦɚɬɢɱɧɢɣ ɥɚɧɰɸɝ – ɰɟ ɫɭɤɭɩɧɿɫɬь ɥɚɧɨɤ, 
ɡʼєɞɧɚɧɢɯ ɦɿɠ ɫɨɛɨɸ ɤɿɧɟɦɚɬɢɱɧɢɦɢ ɩɚɪɚɦɢ. 

Ʉɨɜɡɚɸɱɢɣ ɤɚɦɿɧь – ɰɟ ɥɚɧɤɚ, ɳɨ ɡɞɿɣɫɧɸє 
ɩɪɹɦɨɥɿɧɿɣɧɨ-ɩɨɫɬɭɩɚɥьɧɢɣ ɪɭɯ ɜɡɞɨɜɠ ɪɭɯɨɦɨʀ ɧɚɩɪɹɦɧɨʀ.  

Ʉɨɥɨ ɜɟɪɲɢɧɢ ɡɭɛɿɜ – ɰɟ ɤɨɥɨ ɡɭɛɱɚɫɬɨɝɨ ɤɨɥɟɫɚ, ɳɨ 
ɨɛɦɟɠɭє ɡɭɛɢ ɡɡɨɜɧɿ. 

Ʉɨɥɨɦ ɡɚɩɚɞɢɧ ɡɭɛɿɜ – ɰɟ ɤɨɥɨ ɡɭɛɱɚɫɬɨɝɨ ɤɨɥɟɫɚ, ɳɨ 
ɨɛɦɟɠɭє ɡɚɩɚɞɢɧɢ ɡɭɛɿɜ. 

Ʉɨɪɨɦɢɫɥɨ – ɰɟ ɨɛɟɪɬɨɜɚ ɥɚɧɤɚ, ɳɨ ɡɞɿɣɫɧɸє 
ɧɟɩɨɜɧɢɣ ɨɛɟɪɬ ɧɚɜɤɨɥɨ ɧɟɪɭɯɨɦɨʀ ɨɫɿ. 

Ʉɪɢɜɨɲɢɩ – ɰɟ ɨɛɟɪɬɨɜɚ ɥɚɧɤɚ, ɹɤɚ ɦɨɠɟ ɡɞɿɣɫɧɸɜɚɬɢ 
ɩɨɜɧɢɣ ɨɛɟɪɬ ɧɚɜɤɨɥɨ ɧɟɪɭɯɨɦɨʀ ɨɫɿ.  

Ʉɭɥɚɱɤɨɜɢɣ ɦɟɯɚɧɿɡɦ – ɰɟ ɦɟɯɚɧɿɡɦ, ɜ ɫɤɥɚɞ ɹɤɨɝɨ 
ɜɯɨɞɢɬь ɤɭɥɚɱɨɤ. 

Ʉɭɥɚɱɨɤ – ɰɟ ɥɚɧɤɚ, ɹɤɚ ɦɚє ɡɦɿɧɧɭ ɤɪɢɜɢɡɧɭ ɩɨɜɟɪɯɧɿ 
ɿ ɧɚɞɚє ɩɟɪɟɦɿɳɟɧɧɹ ɲɬɨɜɯɚɱɭ.  

Ʉɭɥɿɫɚ – ɰɟ ɨɛɟɪɬɨɜɚ ɥɚɧɤɚ, ɹɤɚ є ɧɚɩɪɹɦɧɨɸ 
ɤɨɜɡɚɸɱɨɝɨ ɤɚɦɟɧɹ. 

Ʌɚɧɤɚ – ɰɟ ɞɟɬɚɥь, ɚɛɨ ɠɨɪɫɬɤɟ ɡʼєɞɧɚɧɧɹ ɞɟɤɿɥьɤɨɯ 
ɞɟɬɚɥɟɣ, ɳɨ ɧɟɫɟ ɟɥɟɦɟɧɬɢ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪ.  

Ʌɚɧɤɚ ɡɜɟɞɟɧɧɹ – ɰɟ ɥɚɧɤɚ, ɞɨ ɹɤɨʀ ɡɜɨɞɹɬьɫɹ ɜɫɿ ɫɢɥɢ 
ɿ ɦɨɦɟɧɬɢ. 

Ɇɚɫɲɬɚɛ (ɦɚɫɲɬɚɛɧɢɦ ɤɨɟɮɿɰɿєɧɬɨɦ) – ɰɟ ɱɢɫɥɨ, 
ɳɨ ɩɨɤɚɡɭє, ɫɤɿɥьɤɢ ɨɞɢɧɢɰь ɞɿɣɫɧɨʀ ɜɟɥɢɱɢɧɢ ɩɪɢɩɚɞɚє ɧɚ 
1 ɦɦ ɧɚ ɤɪɟɫɥɟɧɧɿ. 

Ɇɚɲɢɧɚ – ɰɟ ɬɟɯɧɿɱɧɢɣ ɨɛʼєɤɬ, ɳɨ ɜɢɤɨɧɭє ɦɟɯɚɧɿɱɧɿ 
ɪɭɯɢ ɞɥɹ ɩɟɪɟɬɜɨɪɟɧɧɹ ɟɧɟɪɝɿʀ, ɦɚɬɟɪɿɚɥɿɜ ɬɚ ɿɧɮɨɪɦɚɰɿʀ, 
ɳɨɛ ɩɨɥɟɝɲɢɬɢ ɩɪɚɰɸ ɥɸɞɢɧɢ.  

Ɇɚɲɢɧɧɢɣ ɚɝɪɟɝɚɬ – ɰɟ ɜɢɪɿɛ, ɳɨ ɫɤɥɚɞɚєɬьɫɹ ɡ 
ɞɜɢɝɭɧɚ ɿ ɪɨɛɨɱɨʀ ɦɚɲɢɧɭ, ɳɨ ɡ ɧɢɦ ɡʼєɞɧɚɧɚ. 
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Ɇɟɯɚɧɿɡɦ – ɰɟ ɫɢɫɬɟɦɚ ɬɜɟɪɞɢɯ ɬɿɥ, ɡʼєɞɧɚɧɢɯ ɦɿɠ 
ɫɨɛɨɸ ɪɭɯɨɦɨ, ɹɤɚ ɩɪɢɡɧɚɱɟɧɚ ɞɥɹ ɩɟɪɟɬɜɨɪɟɧɧɹ ɪɭɯɿɜ ɿ ɫɢɥ 
ɨɞɧɨɝɨ ɱɢ ɤɿɥьɤɨɯ ɬɿɥ ɭ ɩɨɬɪɿɛɧɿ ɪɭɯɢ ɿ ɫɢɥɢ ɿɧɲɢɯ ɬɿɥ.  

Ɇɟɯɚɧɿɱɧɢɣ ɄɄȾ – ɰɟ ɜɿɞɧɨɲɟɧɧɹ ɜɟɥɢɱɢɧɢ ɪɨɛɨɬɢ 
ɫɢɥ ɤɨɪɢɫɧɨɝɨ ɨɩɨɪɭ ɞɨ ɪɨɛɨɬɢ ɫɢɥ ɪɭɲɿɣɧɢɯ ɡɚ ɰɢɤɥ 
ɭɫɬɚɥɟɧɨɝɨ ɪɭɯɭ ɦɚɲɢɧɢ. 

Ɇɨɞɭɥь – ɰɟ ɱɢɫɥɨ ɦɿɥɿɦɟɬɪɿɜ ɞɿɚɦɟɬɪɚ ɞɿɥɢɥьɧɨɝɨ 
(ɩɨɱɚɬɤɨɜɨɝɨ) ɤɨɥɚ, ɳɨ ɩɪɢɩɚɞɚє ɧɚ ɨɞɢɧ ɡɭɛ. 

Ɇɭɥьɬɢɩɥɿɤɚɬɨɪ – ɰɟ ɡɭɛɱɚɫɬɢɣ ɦɟɯɚɧɿɡɦ, ɹɤɢɣ 

ɡɛɿɥьɲɭє ɤɭɬɨɜɭ ɲɜɢɞɤɿɫɬь ɩɪɢ ɩɟɪɟɞɚɱɿ ɜɿɞ ɜɟɞɭɱɨʀ ɥɚɧɤɢ 

ɞɨ ɜɟɞɟɧɨʀ. 
Ɉɫɧɨɜɧɟ ɤɨɥɨ ɡɭɛɿɜ – ɰɟ ɤɨɥɨ ɡɭɛɱɚɫɬɨɝɨ ɤɨɥɟɫɚ, ɩɨ 

ɹɤɨɦɭ ɧɟɨɛɯɿɞɧɨ ɤɨɬɢɬɢ ɛɟɡ ɩɪɨɤɨɜɡɭɜɚɧɧɹ ɞɨɬɢɱɧɭ, ɳɨɛ 
ɨɬɪɢɦɚɬɢ ɟɜɨɥьɜɟɧɬɭ ɩɪɨɮɿɥɹ ɡɭɛɚ ɞɥɹ ɰьɨɝɨ ɤɨɥɟɫɚ. 

ɉɥɚɧɟɬɚɪɧɢɣ ɦɟɯɚɧɿɡɦ – ɰɟ ɡɭɛɱɚɫɬɢɣ ɦɟɯɚɧɿɡɦ, ɭ 
ɹɤɨɦɭ ɝɟɨɦɟɬɪɢɱɧɿ ɨɫɿ ɨɞɧɨɝɨ ɱɢ ɞɟɤɿɥьɤɨɯ ɤɨɥɿɫ 
ɩɟɪɟɦɿɳɭɸɬьɫɹ ɭ ɩɪɨɫɬɨɪɿ.  

ɉɨɜɡɭɧ – ɰɟ ɥɚɧɤɚ, ɹɤɚ ɭɬɜɨɪɸє ɩɨɫɬɭɩɚɥьɧɭ ɩɚɪɭ ɡɿ 
ɫɬɨɹɤɨɦ. 

Ɋɟɞɭɤɬɨɪ – ɰɟ ɡɭɛɱɚɫɬɢɣ ɦɟɯɚɧɿɡɦɢ, ɜ ɹɤɨɦɭ 

ɜɿɞɛɭɜɚєɬьɫɹ ɡɦɟɧɲɟɧɧɹ ɤɭɬɨɜɢɯ ɲɜɢɞɤɨɫɬɟɣ ɩɪɢ ɩɟɪɟɞɚɱɿ 
ɜɿɞ ɜɟɞɭɱɨʀ ɥɚɧɤɢ ɞɨ ɜɟɞɟɧɨʀ. 

Ɋɭɲɿɣɧɿ ɫɢɥɢ – ɰɟ ɫɢɥɢ, ɳɨ ɫɬɜɨɪɸɸɬьɫɹ ɞɜɢɝɭɧɚɦɢ, 
ɹɤɿ ɡɞɿɣɫɧɸɸɬь ɩɟɪɟɬɜɨɪɟɧɧɹ ɹɤɨɝɨɫь ɜɢɞɭ ɟɧɟɪɝɿʀ 
(ɬɟɩɥɨɜɨʀ, ɟɥɟɤɬɪɢɱɧɨʀ, ɝɿɞɪɚɜɥɿɱɧɨʀ) ɭ ɦɟɯɚɧɿɱɧɭ ɪɨɛɨɬɭ. 

ɋɢɥɚ – ɰɟ ɞɿɹ ɧɚɜɤɨɥɢɲɧьɨɝɨ ɫɟɪɟɞɨɜɢɳɚ ɧɚ ɬɿɥɨ, ɹɤɚ 
ɩɪɚɝɧɟ ɡɦɿɧɢɬɢ ɣɨɝɨ ɫɬɚɧ ɫɩɨɤɨɸ, ɚɛɨ ɪɭɯɭ. 

ɋɢɥɢ ɜɢɪɨɛɧɢɱɨɝɨ (ɤɨɪɢɫɧɨɝɨ) ɨɩɨɪɭ – ɰɟ ɫɢɥɢ, ɞɥɹ 
ɩɟɪɟɛɨɪɸɜɚɧɧɹ ɹɤɢɯ ɩɪɢɡɧɚɱɟɧɚ ɦɚɲɢɧɚ. 

ɋɢɥɢ ɧɟɜɢɪɨɛɧɢɱɢɯ ɨɩɨɪɿɜ – ɰɟ ɫɢɥɢ ɨɩɨɪɭ 
ɩɨɜɿɬɪɹɧɨɝɨ ɱɢ ɪɿɞɢɧɧɨɝɨ ɫɟɪɟɞɨɜɢɳɚ ɩɟɪɟɦɿɳɟɧɧɸ ɥɚɧɨɤ ɿ 
ɫɢɥɢ ɬɟɪɬɹ ɜ ɤɿɧɟɦɚɬɢɱɧɢɯ ɩɚɪɚɯ ɦɚɲɢɧ. 

Ɍɨɱɤɚ ɡɜɟɞɟɧɧɹ – ɰɟ ɬɨɱɤɚ, ɞɨ ɹɤɨʀ ɩɪɢɤɥɚɞɟɧɚ ɡɜɟɞɟɧɚ 
ɫɢɥɚ. 
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Ɏɪɢɤɰɿɣɧɿ ɦɟɯɚɧɿɡɦɢ – ɰɟ ɦɟɯɚɧɿɡɦɢ, ɜ ɹɤɢɯ ɞɥɹ 
ɩɟɪɟɞɚɱɿ ɪɭɯɭ ɜɢɤɨɪɢɫɬɨɜɭɸɬьɫɹ ɫɢɥɢ ɬɟɪɬɹ. 

ɑɟɪɜʼɹɤ – ɰɟ ɜɟɞɭɱɚ ɥɚɧɤɚ ɱɟɪɜʼɹɱɧɨʀ ɩɟɪɟɞɚɱɿ, ɹɤɚ ɦɚє 
ɮɨɪɦɭ ɨɞɧɨɜɢɬɤɨɜɨɝɨ ɚɛɨ ɛɚɝɚɬɨɜɢɬɤɨɜɨɝɨ ɝɜɢɧɬɚ. 

ɑɟɪɜʼɹɱɧɟ ɤɨɥɟɫɨ – ɰɟ ɜɟɞɟɧɚ ɥɚɧɤɚ ɱɟɪɜʼɹɱɧɨʀ 
ɩɟɪɟɞɚɱɿ, ɹɤɚ ɦɚє ɜɢɝɥɹɞ ɡɭɛɱɚɫɬɨɝɨ ɤɨɥɟɫɚ ɿɡ ɡɭɛɰɹɦɢ 
ɨɫɨɛɥɢɜɨʀ ɮɨɪɦɢ, ɳɨ ɹɜɥɹɸɬь ɫɨɛɨɸ ɜɢɫɬɭɩɢ ɝɜɢɧɬɨɜɨʀ 
ɪɿɡьɛɢ ɝɚɣɤɢ, ɹɤɚ ɜɿɞɩɨɜɿɞɚє ɝɜɢɧɬɭ. 

ɒɚɪɧɿɪɧɚ ɬɹɝɚ – ɰɟ ɥɚɧɤɚ, ɳɨ ɧɟɫɟ ɬɿɥьɤɢ ɨɛɟɪɬɚɥьɧɿ 
ɤɿɧɟɦɚɬɢɱɧɿ ɩɚɪɢ. 

ɒɚɬɭɧ – ɰɟ ɥɚɧɤɚ, ɳɨ ɡʼєɞɧɚɧɚ ɨɛɟɪɬɚɥьɧɢɦɢ 
ɤɿɧɟɦɚɬɢɱɧɢɦɢ ɩɚɪɚɦɢ ɬɿɥьɤɢ ɡ ɪɭɯɨɦɢɦɢ ɥɚɧɤɚɦɢ, ɨɞɧɚ 
ɹɤɢɯ ɩɨɜɡɭɧ. 

ɒɟɫɬɟɪɧɹ – ɰɟ ɦɟɧɲɟ (ɡɚɡɜɢɱɚɣ ɜɟɞɭɱɟ) ɡ ɞɜɨɯ 
ɡɭɛɱɚɫɬɢɯ ɤɨɥɿɫ ɜ ɡɭɛɱɚɫɬɿɣ ɩɟɪɟɞɚɱɿ. 

ɒɬɨɜɯɚɱ – ɰɟ ɥɚɧɤɚ, ɹɤɚ ɨɬɪɢɦɭє ɪɭɯ ɛɟɡɩɨɫɟɪɟɞɧьɨ 
ɜɿɞ ɤɭɥɚɱɤɚ. 
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