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ȼɫɬɭɩ 

 

У ɫɭɱɚɫɧɨɦɭ ɪɢɧɤɨɜɨɦɭ ɫɟɪɟɞɨɜɢɳі ɩɪɨɰɟɫ 
ɜɞɨɫɤɨɧɚɥɟɧɧя ɥɨɝіɫɬɢɱɧɨɝɨ ɭɩɪɚɜɥіɧɧя ɩɟ-
ɪɟɦіɳɟɧɧяɦ ɬɨɜɚɪіɜ ɨɛ’єɤɬɢɜɧɨ ɩɪɢɜɨɞɢɬɶ ɞɨ 

ɩɨɫɢɥɟɧɧя іɧɬɟɝɪɚɰіʀ ɩіɞɩɪɢєɦɫɬɜ, яɤі ɛɟɪɭɬɶ 
ɭɱɚɫɬɶ ɭ ɩɟɪɟɦіɳɟɧɧі ɬɨɜɚɪіɜ. ȼɢɧɢɤɚє ɧɟɨɛ-
ɯіɞɧіɫɬɶ ɪɟɝɭɥɸɜɚɧɧя ɭɫієʀ ɫɢɫɬɟɦɢ ɩɟɪɟɦі-
ɳɟɧɧя ɬɨɜɚɪіɜ; ɩɪɢ ɰɶɨɦɭ ɟɮɟɤɬɢɜɧіɫɬɶ ɥɚɧ-

ɰɸɝɚ ɩɨɫɬɚɜɨɤ ɜɢɡɧɚɱɚєɬɶɫя ɪіɜɧɟɦ 

ɨɪɝɚɧіɡɚɰіɣɧɨɝɨ ɨɮɨɪɦɥɟɧɧя ɝɨɫɩɨɞɚɪɫɶɤɢɯ 

ɡɜ’яɡɤіɜ ɭɫіɯ ɭɱɚɫɧɢɤіɜ ɬɨɜɚɪɨɨɛіɝɭ. Ɏɨɪɦɚɦɢ 

ɟɮɟɤɬɢɜɧɨʀ ɜɡɚєɦɨɞіʀ ɣ іɧɬɟɝɪɚɰіʀ ɩіɞɩɪɢ-

єɦɫɬɜ ɱɚɫɬɨ ɜɢɫɬɭɩɚɸɬɶ ɥɨɝіɫɬɢɱɧі ɨɛ’єɞ-

ɧɚɧɧя ɬɚ ɰɟɧɬɪɢ. У ɰіɥɨɦɭ ɥɨɝіɫɬɢɱɧі ɰɟɧɬɪɢ 

є ɡɚɤɨɧɨɦіɪɧɢɦ ɪɟɡɭɥɶɬɚɬɨɦ ɨɛ’єɤɬɢɜɧɨɝɨ 

ɩɪɨɰɟɫɭ ɟɜɨɥɸɰіʀ ɥɨɝіɫɬɢɱɧɢɯ ɮɭɧɤɰіɣ. ɉіɞ 

ɜɩɥɢɜɨɦ ɬɟɧɞɟɧɰіɣ іɧɬɟɝɪɚɰіʀ ɜɫіɯ ɭɱɚɫɧɢɤіɜ 
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ɥɨɝіɫɬɢɱɧɨɝɨ ɥɚɧɰɸɝɚ, ɳɨ ɚɤɬɢɜɧɨ ɜіɞɛɭɜɚ-
ɸɬɶɫя, ɫɩɨɫɬɟɪіɝɚєɬɶɫя ɜɫɟ ɛіɥɶɲ ɬіɫɧɢɣ ɜɡɚ-
єɦɨɡɜ’яɡɨɤ ɦіɠ ɨɪɝɚɧіɡɚɰіяɦɢ, ɳɨ ɡɞіɣɫɧɸ-

ɸɬɶ ɪɭɯ ɦɚɬɟɪіɚɥɶɧɢɯ, ɮіɧɚɧɫɨɜɢɯ, 
іɧɮɨɪɦɚɰіɣɧɢɯ ɬɚ іɧɲɢɯ ɩɨɬɨɤіɜ.  
 

ȼɢɡɧɚɱɟɧɨ, ɳɨ ɞɥя ɬɟɪɦіɧɚɥɶɧɢɯ ɤɨɦɩɥɟɤɫіɜ 
є ɯɚɪɚɤɬɟɪɧɨɸ ɪіɡɧɚ ɩɨɬɪɟɛɚ ɭ ɪɟɫɭɪɫɚɯ ɡɚ-
ɥɟɠɧɨ ɜіɞ ɤɨɥɢɜɚɧɶ ɩɨɩɢɬɭ ɣ ɡɚɫɬɨɫɨɜɭɜɚɧɨʀ 
ɬɟɯɧɨɥɨɝіʀ, ɚ ɞɥя ɩіɞɜɢɳɟɧɧя ɟɮɟɤɬɢɜɧɨɫɬі ʀɯ 

ɮɭɧɤɰіɨɧɭɜɚɧɧя ɧɟɨɛɯіɞɧɟ ɭɪɚɯɭɜɚɧɧя ɭɦɨɜ 
ɧɟɜɢɡɧɚɱɟɧɨɫɬі ɣ ɪɢɡɢɤɭ, ɚ ɬɚɤɨɠ ɨɛґɪɭɧɬɭ-

ɜɚɧɧя ɬɟɯɧɨɥɨɝіɱɧɢɯ ɪɟɡɟɪɜіɜ ɭ ɪɨɛɨɬі ɩɟɪɫɨ-
ɧɚɥɭ ɬɚ ɬɪɚɧɫɩɨɪɬɧɨ-ɫɤɥɚɞɫɶɤɨɝɨ ɨɛɥɚɞ-
ɧɚɧɧя. 
 

Аɧɚɥіɡ ɩɭɛɥіɤɚɰіɣ 

 

ȼ ɪɟɡɭɥɶɬɚɬі ɚɧɚɥіɡɭ ɬɟɨɪɟɬɢɱɧɢɯ ɨɫɧɨɜ ɮɭɧ-

ɤɰіɨɧɭɜɚɧɧя ɬɟɪɦіɧɚɥɶɧɢɯ ɤɨɦɩɥɟɤɫіɜ ɜɢяɜ-
ɥɟɧɨ, ɳɨ ɜɨɧɢ ɜɢɤɨɧɭɸɬɶ ɦɚɣɠɟ ɜɫі ɥɨɝіɫ-
ɬɢɱɧі ɮɭɧɤɰіʀ ɬɚ ɫɬɚɥɢ ɦɚɣɠɟ ɧɟɜіɞ’єɦɧɨɸ 

ɱɚɫɬɢɧɨɸ ɥɨɝіɫɬɢɱɧɨɝɨ ɥɚɧɰɸɝɚ ɦіɠ ɜɢɪɨɛ-

ɧɢɤɨɦ ɬɚ ɫɩɨɠɢɜɚɱɟɦ [1–3]. 

 

ȼ [4] ɚɜɬɨɪɨɦ ɡɚɡɧɚɱɟɧɨ, ɳɨ ɥɨɝіɫɬɢɱɧі 
ɰɟɧɬɪɢ ɦɨɠɭɬɶ ɧɚɣɩɨɜɧіɲɟ ɞɨɦɚɝɚɬɢɫя ɡɧɢ-

ɠɟɧɧя ɜɢɬɪɚɬ і ɩіɞɜɢɳɟɧɧя ɟɮɟɤɬɢɜɧɨɫɬі 
ɭɩɪɚɜɥіɧɧя ɬɨɜɚɪɧɢɦɢ ɩɨɬɨɤɚɦɢ ɲɥяɯɨɦ 

ɫɬɜɨɪɟɧɧя єɞɢɧɨʀ іɧɮɨɪɦɚɰіɣɧɨʀ, ɦɚɪɤɟɬɢɧ-

ɝɨɜɨʀ, ɬɪɚɧɫɩɨɪɬɧɨʀ, ɫɤɥɚɞɫɶɤɨʀ ɣ ɫɟɪɜіɫɧɨʀ 
іɧɮɪɚɫɬɪɭɤɬɭɪɢ ɜ ɪɚɦɤɚɯ ɪɟɝіɨɧɚɥɶɧɨɝɨ ɫɩɨ-
ɠɢɜɱɨɝɨ ɤɨɦɩɥɟɤɫɭ і ɪɟɝɭɥɸɜɚɥɶɧɨɝɨ ɜɩɥɢɜɭ 

ɡ ɛɨɤɭ ɦіɫɰɟɜɢɯ ɨɪɝɚɧіɜ ɜɥɚɞɢ. 

 

Ɉɫɧɨɜɧі ɧɟɞɨɥіɤɢ ɬɟɯɧɨɥɨɝіɣ ɮɭɧɤɰіɨɧɭ-

ɜɚɧɧя іɫɧɭɸɱɢɯ ɬɟɪɦіɧɚɥɶɧɢɯ ɤɨɦɩɥɟɤɫіɜ: 
ɩɨɧɚɞɧɨɪɦɚɬɢɜɧі ɱɚɫɨɜі ɩɪɨɫɬɨʀ, ɧɢɡɶɤɚ ɩɪɨ-
ɩɭɫɤɧɚ ɡɞɚɬɧіɫɬɶ, ɜɟɥɢɤі ɪɟɫɭɪɫɧі ɡɚɬɪɚɬɢ, 

ɦɚɥɢɣ ɚɫɨɪɬɢɦɟɧɬ ɩɨɫɥɭɝ [5]. 

 

Аɧɚɥіɡ ɥіɬɟɪɚɬɭɪɧɢɯ ɞɠɟɪɟɥ ɩɨɤɚɡɚɜ, ɳɨ ɬɪɚ-
ɧɫɩɨɪɬɧɨ-ɫɤɥɚɞɫɶɤі ɤɨɦɩɥɟɤɫɢ є ɞɨɜɨɥі ɫɤɥɚ-
ɞɧɨɸ ɫɢɫɬɟɦɨɸ, ɳɨ ɩɨɬɪɟɛɭє ɩɨɫɬіɣɧɨɝɨ 
ɭɞɨɫɤɨɧɚɥɟɧɧя іɫɧɭɸɱɢɯ ɩіɞɯɨɞіɜ ɬɚ ɦɨɞɟɥɟɣ, 

ɡ ɦɟɬɨɸ ɜɪɚɯɭɜɚɧɧя ɜɩɥɢɜɭ ɛіɥɶɲɨʀ ɤіɥɶɤɨɫɬі 
ɮɚɤɬɨɪіɜ ɬɚ ɨɫɨɛɥɢɜɨɫɬɟɣ ɫɭɱɚɫɧɢɯ ɭɦɨɜ [6, 7].  

 

Ɇɟɬɚ і ɩɨɫɬɚɧɨɜɤɚ ɡɚдɚчі 
 

Ɇɟɬɨɸ ɩɭɛɥіɤɚɰіʀ є ɜɢɡɧɚɱɟɧɧя ɪɚɰіɨɧɚɥɶɧɨʀ 
ɤіɥɶɤɨɫɬі ɪɟɫɭɪɫіɜ ɬɟɪɦіɧɚɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɭ 
ɡɚɞɥя ɩіɞɜɢɳɟɧɧя ɟɮɟɤɬɢɜɧɨɫɬі ɣɨɝɨ ɮɭɧɤɰі-
ɨɧɭɜɚɧɧя.  
 

Дɥя ɞɨɫяɝɧɟɧɧя ɩɨɫɬɚɜɥɟɧɨʀ ɦɟɬɢ ɧɟɨɛɯіɞɧɨ 
ɜɢɪіɲɢɬɢ ɪяɞ ɡɚɞɚɱ, ɩɨɜ’яɡɚɧɢɯ ɡ ɦіɧіɦіɡɚ-
ɰієɸ ɜɢɬɪɚɬ ɧɚ ɩɟɪɟɪɨɛɤɭ ɬɨɜɚɪɭ, ɬɚ ɜɪɚɯɭ-

ɜɚɬɢ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɜɯіɞɧɨɝɨ ɜɚɧɬɚɠɨ-
ɩɨɬɨɤɭ, ɜɢɦɨɝɢ ɫɩɨɠɢɜɚɱɚ, ɬɟɯɧɨɥɨɝіɱɧі 
ɨɫɨɛɥɢɜɨɫɬі ɩɪɢ ɩɟɪɟɪɨɛɰі ɜɚɧɬɚɠɭ, ɬɟɯɧіɱɧɟ 
ɡɚɛɟɡɩɟɱɟɧɧя ɬɟɪɦіɧɚɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɭ і ɧɚя-
ɜɧɭ ɤіɥɶɤіɫɬɶ ɦɚɬɟɪіɚɥɶɧɢɯ ɬɚ ɥɸɞɫɶɤɢɯ ɪɟ-
ɫɭɪɫіɜ. 
 

Дɥя ɜɢɪіɲɟɧɧя ɨɩɬɢɦіɡɚɰіɣɧɢɯ ɡɚɞɚɱ ɬɚɤɨɝɨ 

ɬɢɩɭ ɟɮɟɤɬɢɜɧɨ ɡɚɫɬɨɫɨɜɭɜɚɬɢ ɫіɬɶɨɜɟ ɩɥɚɧɭ-

ɜɚɧɧя, ɳɨ ɞɨɡɜɨɥяє ɩɨɜɧɨ ɬɚ ɧɚɨɱɧɨ ɜіɞɨɛɪɚ-
ɡɢɬɢ ɜɫі ɨɩɟɪɚɰіʀ, яɤі ɜɢɤɨɧɭɸɬɶɫя ɧɚ ɬɟɪɦі-
ɧɚɥɶɧɨɦɭ ɤɨɦɩɥɟɤɫі.  
 

Фɨɪɦɚɥіɡɚɰія  ɩɪɨɰɟɫɭ ɮɭɧɤɰіɨɧɭɜɚɧɧя 

ɬɟɪɦіɧɚɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɭ ɜ ɦɟɠɚх ɬɟɨɪіʀ 
ɫіɬɶɨɜɨɝɨ ɩɥɚɧɭɜɚɧɧя 

 

Ɋɨɡɪɨɛɥɟɧɨ ɫіɬɶɨɜɢɣ ɝɪɚɮ, ɳɨ ɜіɞɨɛɪɚɠɚє 
ɮɭɧɤɰіɨɧɭɜɚɧɧя ɬɟɪɦіɧɚɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɭ, ɚ 
ɫɚɦɟ ɜɫі ɪɨɛɨɬɢ, ɳɨ ɜɢɤɨɧɭɸɬɶɫя ɧɚ ɧɶɨɦɭ, ɬɚ 
ɩɨɫɥіɞɨɜɧіɫɬɶ ʀɯ ɜɢɤɨɧɚɧɧя (ɪɢɫ. 1).  

 

Ɋɢɫ. 1. ɋіɬɶɨɜɢɣ ɝɪɚɮ ɮɭɧɤɰіɨɧɭɜɚɧɧя ɬɟɪɦіɧɚɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɭ 
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ɋіɬɶɨɜɢɣ ɝɪɚɮ ɮɭɧɤɰіɨɧɭɜɚɧɧя ɬɪɚɧɫɩɨɪɬɧɨ-
ɫɤɥɚɞɫɶɤɨɝɨ ɤɨɦɩɥɟɤɫɭ ɜіɞɨɛɪɚɠɚє ɬɚɤі ɪɨɛɨ-
ɬɢ: t1-2 – ɩɟɪɜɢɧɧɭ ɩɟɪɟɜіɪɤɭ ɧɚ ɰіɥіɫɧіɫɬɶ;  
t2-3 – ɩɟɪɜɢɧɧɭ ɩɟɪɟɜіɪɤɭ ɧɚ ɤіɥɶɤіɫɬɶ; t3-4 – 

ɪɨɡɜɚɧɬɚɠɟɧɧя; t4-5 – ɨɮɨɪɦɥɟɧɧя ɞɨɤɭɦɟɧ-

ɬіɜ; t5-6 – ɭɩɚɤɭɜɚɧɧя; t5-7 – ɦɚɪɤɭɜɚɧɧя;  
t5-8 – ɭɤɪɭɩɧɟɧɧя; t6-9, t7-9, t8-9 – ɫɨɪɬɭɜɚɧɧя;  
t5-10, t9-10, t11-10 – ɡɛɟɪіɝɚɧɧя; t9-11 – ɦɢɬɧɟ ɨɮɨɪ-
ɦɥɟɧɧя; t10-12 – ɜіɞɛіɪ ɰіɥɨɝɨ ɩɚɤɟɬɚ ɱɢ ɱɚɫɬ-
ɤɢ; t5-13, t9-13, t10-13, t11-13, t12-13 – ɩɟɪɟɦіɳɟɧɧя ɜ 
ɡɨɧɭ ɟɤɫɩɟɞɢɰіʀ; t13-14 – ɨɮɨɪɦɥɟɧɧя ɞɨɤɭɦɟɧ-

ɬіɜ; t14-15 – ɜіɞɜɚɧɬɚɠɟɧɧя; t15-16 – ɡɧяɬɬя ɜɚɧ-

ɬɚɠɭ ɡ ɨɛɥіɤɭ. 
 

əɤ ɤɪɢɬɟɪіɣ ɟɮɟɤɬɢɜɧɨɫɬі ɨɛɪɚɧɨ ɫɭɦɚɪɧі 
ɜɢɬɪɚɬɢ ɧɚ ɮɭɧɤɰіɨɧɭɜɚɧɧя ɬɟɪɦіɧɚɥɶɧɨɝɨ 

ɤɨɦɩɥɟɤɫɭ. ɉɪɨɚɧɚɥіɡɨɜɚɧɨ ɤɨɠɧɭ ɫɤɥɚɞɨɜɭ 
ɨɛɪɚɧɨɝɨ ɤɪɢɬɟɪіɸ ɟɮɟɤɬɢɜɧɨɫɬі ɬɚ ɡɚɩɪɨɩɨ-
ɧɨɜɚɧɨ ʀɯ ɮɨɪɦɚɥіɡɚɰіɸ.  

 

Ɋɨɡɪɨɛɥɟɧɨ ɦɨɞɟɥɶ ɮɭɧɤɰіɨɧɭɜɚɧɧя ɬɟɪɦіɧɚ-
ɥɭ, ɳɨ ɩɟɪɟɞɛɚɱɚє ɜɢɛіɪ ɪɚɰіɨɧɚɥɶɧɨʀ ɤіɥɶɤɨ-
ɫɬі ɪɟɫɭɪɫіɜ Ni, Nj ɬɚ ɞɨɡɜɨɥяє ɡɦɟɧɲɢɬɢ ɫɭ-

ɦɚɪɧі ɜɢɬɪɚɬɢ. ɐіɥɶɨɜɚ ɮɭɧɤɰія 
 

ɧ( , , , , , , , , , ) mink k i i j mC f Q t C W N N T p q   , (1) 

 

ɞɟ Q  – ɨɛɫяɝ ɜɯіɞɧɨɝɨ ɜɚɧɬɚɠɨɩɨɬɨɤɭ ɧɚ  
ɬɟɪɦіɧɚɥ, ɬ/ɞɨɛ.; kt  – ɱɚɫ ɜɢɤɨɧɚɧɧя ɤ-ɨʀ ɬɟɯ-
ɧɨɥɨɝіɱɧɨʀ ɨɩɟɪɚɰіʀ ɧɚ ɬɟɪɦіɧɚɥі, ɝɨɞ; kC  – 

ɜɚɪɬіɫɧі ɩɨɤɚɡɧɢɤɢ ɤ-ɝɨ ɜɢɞɭ, ɝɪɧ; iW  – ɩɪɨ-
ɞɭɤɬɢɜɧіɫɬɶ і-ɝɨ ɬɢɩɭ ɪɟɫɭɪɫɭ, ɬ/ɝɨɞ;   – ɤɨ-
ɟɮіɰієɧɬ ɜɚɪіɚɰіʀ ɜɢɩɚɞɤɨɜɨʀ ɜɟɥɢɱɢɧɢ Q ; 

iN  – ɤіɥɶɤіɫɬɶ НɊɆ j-ɝɨ ɬɢɩɭ; jN  – ɤіɥɶɤіɫɬɶ 
ɥɸɞɫɶɤɢɯ ɪɟɫɭɪɫіɜ і-ʀ ɩɪɨɮɟɫіʀ; ɧT  – ɱɚɫ ɪɨ-
ɛɨɬɢ ɜɚɧɬɚɠɧɨɝɨ ɮɪɨɧɬɭ, ɝɨɞ; p  – ɣɦɨɜіɪ-
ɧіɫɬɶ ɩɪɨɯɨɞɠɟɧɧя ɜɚɧɬɚɠɟɦ jQ  ɦɢɬɧɨɝɨ 

ɤɨɧɬɪɨɥɸ; mq  – ɪɨɡɦіɪ ɩɚɪɬіʀ, ɬ. 
 

Ɉɛɦɟɠɟɧɧяɦ ɞɨ ɦɨɞɟɥі ɜɢɫɬɭɩɚє ɱɚɫ ɩɟɪɟ-
ɪɨɛɤɢ ɜɚɧɬɚɠɭ ɧɚ ɬɟɪɦіɧɚɥɶɧɨɦɭ ɤɨɦɩɥɟɤɫі 
 

tɩɟɪ < tɞɨɝ ,  (2) 

 

ɞɟ tɩɟɪ – ɱɚɫ ɧɚ ɩɨɜɧɭ ɩɟɪɟɪɨɛɤɭ ɜɚɧɬɚɠɭ ɧɚ 
ɫɤɥɚɞі, ɝɨɞ; tɞɨɝ – ɞɨɝɨɜіɪɧɢɣ ɱɚɫ ɧɚ ɩɟɪɟɪɨɛ-

ɤɭ ɜɚɧɬɚɠɭ, ɝɨɞ. 

 

Дɥя ɜɢɛɨɪɭ ɨɩɬɢɦɚɥɶɧɨʀ ɤіɥɶɤɨɫɬі ɪɟɫɭɪɫіɜ  
ɜɫɬɚɧɨɜɥɟɧɨ ɧɟɨɛɯіɞɧі ɬɟɪɦіɧɢ ɜɢɤɨɧɚɧɧя 
ɭɫіɯ ɪɨɛіɬ ɳɨɞɨ ɩɟɪɟɪɨɛɤɢ ɜɚɧɬɚɠɭ ɧɚ ɬɟɪɦі-
ɧɚɥɶɧɨɦɭ ɤɨɦɩɥɟɤɫі.  
 

ɉɪɨɚɧɚɥіɡɭɜɚɜɲɢ ɜɯіɞɧɢɣ ɩɨɬіɤ ɜɚɧɬɚɠɭ ɡɚ 
2008–2011 ɪɨɤɢ, ɜɢɡɧɚɱɟɧɨ ɞɨɛɨɜɢɣ ɜɯіɞɧɢɣ 

ɜɚɧɬɚɠɨɩɨɬіɤ ɞɨɫɥіɞɠɭɜɚɧɨɝɨ ɬɟɪɦіɧɚɥɭ, 
яɤɢɣ ɡɧɚɯɨɞɢɬɶɫя ɜ ɦɟɠɚɯ 400–2400 ɬ/ɞɨɛ.  

 

ȼ ɪɟɡɭɥɶɬɚɬі ɚɧɚɥіɡɭ ɜɫɬɚɧɨɜɥɟɧɨ ɤɪɢɬɢɱɧɢɣ 

ɲɥяɯ, ɳɨ ɩɪɨɯɨɞɢɬɶ ɩɨ ɬɢɯ ɪɨɛɨɬɚɯ, ɞɟ ɪɟɡɟ-
ɪɜɢ ɱɚɫɭ ɞɨɪіɜɧɸɸɬɶ 0, ɚ ɫɚɦɟ 1–2–3–4–5–8–

9–10–12–13–14–15–16.  

 

Ɂɚɝɚɥɶɧɚ ɬɪɢɜɚɥіɫɬɶ ɜɢɤɨɧɚɧɧя ɤɨɦɩɥɟɤɫɭ 
ɪɨɛіɬ ɡɚ ɡɚɞɚɧɢɯ ɱɚɫɨɜɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɫɬɚ-
ɧɨɜɢɬɶ Ɍ = 25,4 ɝɨɞ. Дɢɫɩɟɪɫія ɱɚɫɭ ɧɚ ɜɢɤɨ-
ɧɚɧɧя ɪɨɛіɬ, ɳɨ ɨɱіɤɭєɬɶɫя, ɞɨɪіɜɧɸє ɫɭɦі 
ɞɢɫɩɟɪɫіɣ ɤɪɢɬɢɱɧɢɯ ɪɨɛіɬ ɬɚ ɫɬɚɧɨɜɢɬɶ  

2 =18 ɝɨɞ2
. ɋɟɪɟɞɧɶɨɤɜɚɞɪɚɬɢɱɧɟ ɜіɞɯɢɥɟɧɧя 

ɱɚɫɭ ɜɢɤɨɧɚɧɧя ɪɨɛіɬ ( )T  ɫɬɚɧɨɜɢɬɶ 4,2 ɝɨ-
ɞɢɧɢ.  

 

ɐɟ ɫɜіɞɱɢɬɶ ɩɪɨ ɬɟ, ɳɨ ɩɪɢ ɨɛɫɥɭɝɨɜɭɜɚɧɧі 
ɤɥієɧɬіɜ ɬɟɪɦіɧɚɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɭ ɦɨɠɭɬɶ 
ɜɢɧɢɤɚɬɢ ɡɚɬɪɢɦɤɢ ɬɚ ɫɬɜɨɪɸɜɚɬɢɫя ɱɟɪɝɢ, 

ɳɨ ɜɪɚɯɨɜɚɧɨ ɩɪɢ ɩɥɚɧɭɜɚɧɧі ɪɨɛɨɬɢ ɬɟɪɦі-
ɧɚɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɭ. 
 

Ɋɨɛɨɬɢ t5-6, t5-7, t6-9, t7-9, t9-11, t11-10, t5-10, t5-13, t9-13, 

t10-13, t11-13 ɦɚɸɬɶ ɪɟɡɟɪɜɢ, ɬɨɦɭ ɫɚɦɟ ɬɟɪɦіɧɢ 

ɜɢɤɨɧɚɧɧя ɰɢɯ ɪɨɛіɬ ɦɨɠɧɚ ɡɛіɥɶɲɭɜɚɬɢ. ȼɢ-

ɡɧɚɱɟɧɧя ɪɟɡɟɪɜіɜ ɱɚɫɭ ɞɚɥɨ ɡɦɨɝɭ ɜɢɡɧɚɱɢɬɢ, 

яɤі ɪɨɛɨɬɢ ɦɨɠɭɬɶ ɛɭɬɢ ɡɚɜɟɪɲɟɧі ɪɚɧіɲɟ, 
ɚɛɨ ɡɚɤіɧɱɟɧі ɩіɡɧіɲɟ, ɚɛɨ ɪɨɡɬяɝɧɭɬі ɜ ɱɚɫі. 
 

ɋɤɨɪɨɱɟɧɧя ɱɚɫɭ ɜɢɤɨɧɚɧɧя ɤɪɢɬɢɱɧɢɯ ɪɨɛіɬ 
ɦɨɠɧɚ ɞɨɫяɝɬɢ ɡɚ ɞɨɩɨɦɨɝɨɸ ɞɨɩɨɦіɠɧɢɯ 
ɪɟɫɭɪɫіɜ. Ɍɚɤɢɦ ɱɢɧɨɦ ɜɚɪɬіɫɬɶ ɰɢɯ ɪɨɛіɬ 
ɡɪɨɫɬɟ, ɚɥɟ ɡɚɝɚɥɶɧɢɣ ɱɚɫ ɩɟɪɟɪɨɛɤɢ ɜɚɧɬɚɠɭ 
ɡɦɟɧɲɢɬɶɫя, ɳɨ ɦɨɠɟ ɩɪɢɡɜɟɫɬɢ ɞɨ ɡɧɢɠɟɧ-

ɧя ɡɚɝɚɥɶɧɢɯ ɜɢɬɪɚɬ. 
 

Ɉɬɪɢɦɚɧɨ ɡɚɥɟɠɧіɫɬɶ ɫɭɦɚɪɧɢɯ ɜɢɬɪɚɬ ɜіɞ 

ɡɚɞіяɧɢɯ ɧɚ ɬɟɪɦіɧɚɥɶɧɨɦɭ ɤɨɦɩɥɟɤɫі ɬɪɚɧɫ-
ɩɨɪɬɧɨ-ɫɤɥɚɞɫɶɤɢɯ ɪɟɫɭɪɫіɜ ɩɪɢ ɜɯіɞɧɨɦɭ 
ɜɚɧɬɚɠɨɩɨɬɨɰі 400 ɬɚ 800 ɬ/ɞɨɛ. (ɪɢɫ. 2).  

 

Ɉɬɠɟ, ɩɪɢ ɜɯіɞɧɨɦɭ ɜɚɧɬɚɠɨɩɨɬɨɰі 400 ɬ/ɞɨɛ. 
ɨɩɬɢɦɚɥɶɧɚ ɤіɥɶɤіɫɬɶ НɊɆ ɫɬɚɧɨɜɢɬɶ 6 ɨɞɢ-

ɧɢɰɶ, ɚ ɩɪɢ ɜɚɧɬɚɠɨɩɨɬɨɰі 800 ɬ/ɞɨɛ. – 11 

ɨɞɢɧɢɰɶ. Кɨɠɟɧ НɊɆ ɩɪɚɰɸє ɭ ɛɪɢɝɚɞі ɡ 
ɬɪɶɨɯ ɱɨɥɨɜіɤ: ɜɨɞіɣ ɬɚ 2 ɜɚɧɬɚɠɧɢɤɢ. Ɍɚɤɨɠ 

ɭ ɡɨɧі ɫɨɪɬɭɜɚɧɧя ɡɚɞіяɧі ɪɨɛіɬɧɢɤɢ, ɧɟ ɡɚ-
ɤɪіɩɥɟɧі ɡɚ ɛɪɢɝɚɞɚɦɢ.  

 

ȼɢɡɧɚɱɟɧɨ ʀɯ ɨɩɬɢɦɚɥɶɧɭ ɤіɥɶɤіɫɬɶ, ɳɨ ɜіɞɨ-
ɛɪɚɠɟɧɨ ɝɪɚɮіɱɧɨ (ɪɢɫ. 3). 
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Ɋɢɫ. 2. Ɂɚɥɟɠɧіɫɬɶ ɫɭɦɚɪɧɢɯ ɜɢɬɪɚɬ ɧɚ ɮɭɧɤɰіɨɧɭɜɚɧɧя ɬɟɪɦіɧɚɥɭ ɜіɞ ɤіɥɶɤɨɫɬі НɊɆ 

 

  

Ɋɢɫ. 3. Ɂɚɥɟɠɧіɫɬɶ ɫɭɦɚɪɧɢɯ ɜɢɬɪɚɬ ɧɚ ɮɭɧɤɰіɨɧɭɜɚɧɧя ɬɟɪɦіɧɚɥɭ ɜіɞ ɤіɥɶɤɨɫɬі ɥɸɞɫɶɤɢɯ  
ɪɟɫɭɪɫіɜ 

 

 

Аɧɚɥɨɝіɱɧɨ ɜɢɡɧɚɱɟɧɨ ɨɩɬɢɦɚɥɶɧɭ ɤіɥɶɤіɫɬɶ 
ɪɟɫɭɪɫіɜ ɞɥя ɨɛɫяɝіɜ ɜɯіɞɧɨɝɨ ɜɚɧɬɚɠɨɩɨɬɨɤɭ 
1200, 1600, 2000 ɬɚ 2400 ɬ/ɞɨɛ. (ɬɚɛɥ. 1). 

 
Ɍɚɛɥɢɰя 1 Ɋɚɰіɨɧɚɥɶɧɚ ɤіɥɶɤіɫɬɶ ɪɟɫɭɪɫіɜ  
ɞɥя ɪіɡɧɢɯ ɨɛɫяɝіɜ ɜɯіɞɧɨɝɨ ɜɚɧɬɚɠɨɩɨɬɨɤɭ 

 

Кіɥɶɤіɫɬɶ ɪɟɫɭɪɫіɜ, Nopt , ɨɞ. 
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400 6 20 10463 

800 11 38 19660 

1200 16 55 28924 

1600 21 73 38247 

2000 27 93 48047 

2400 35 110 66435 

Ɋɟɡɭɥɶɬɚɬɢ ɦɨɞɟɥɸɜɚɧɧя ɩɨɤɚɡɚɥɢ, ɳɨ ɧɟɨɛ-
ɯіɞɧɚ ɤіɥɶɤіɫɬɶ ɥɸɞɫɶɤɢɯ ɪɟɫɭɪɫіɜ ɩɪɢ ɜɯіɞ-
ɧɢɯ ɨɛɫяɝɚɯ ɜɚɧɬɚɠɨɩɨɬɨɤіɜ 400 ɬ/ɞɨɛ. ɬɚ  
800 ɬ/ɞɨɛ. ɫɬɚɧɨɜɢɬɶ 20 ɬɚ 38 ɪɨɛіɬɧɢɤіɜ ɜіɞ-

ɩɨɜіɞɧɨ. ȼіɞɩɨɜіɞɧɨ ɞɨ ɨɩɬɢɦɚɥɶɧɨʀ ɤіɥɶɤɨɫ-
ɬі ɪɟɫɭɪɫіɜ ɩɪɢ ɜɚɧɬɚɠɨɩɨɬɨɤɚɯ 400 ɬɚ  
800 ɬ/ɞɨɛ., ɫɭɦɚɪɧі ɜɢɬɪɚɬɢ ɧɚ ɭɬɪɢɦɚɧɧя ɬɚ 
ɟɤɫɩɥɭɚɬɚɰіɸ ɬɟɪɦіɧɚɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɭ 
ɫɤɥɚɥɢ 10463 ɝɪɧ/ɞɨɛ. ɬɚ 19660 ɝɪɧ/ɞɨɛ. 

 

ȼɢɫɧɨɜɤɢ ɬɚ ɩɟɪɫɩɟɤɬɢɜɢ ɩɨдɚɥɶɲɢх  
дɨɫɥідɠɟɧɶ 

 

Ɏɭɧɤɰіɨɧɭɜɚɧɧя ɬɟɪɦіɧɚɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɭ 
ɩɪɟɞɫɬɚɜɥɟɧɨ ɧɚ ɨɫɧɨɜі ɬɟɨɪіʀ ɫіɬɶɨɜɨɝɨ ɩɥɚ-
ɧɭɜɚɧɧя. ɉɨɛɭɞɨɜɚɧɨ ɫіɬɶɨɜɢɣ ɝɪɚɮ, ɜɢɡɧɚ-
ɱɟɧɨ ɱɚɫɨɜі ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ ɜɢɤɨɧɚɧɧя ɨɤɪɟ-
ɦɢɯ ɪɨɛіɬ, ɚ ɫɚɦɟ ʀɯ ɬɪɢɜɚɥіɫɬɶ ɬɚ ɪɟɡɟɪɜɢ 

ɱɚɫɭ, ɳɨ ɞɨɡɜɨɥяє ɡɦіɳɚɬɢ ɩɨɱɚɬɨɤ ɜɢɤɨɧɚɧ-

ɧя ɰɢɯ ɪɨɛіɬ ɧɚ ɜɟɥɢɱɢɧɭ ɪɟɡɟɪɜɭ.  

Nɧɪɦ, ɨɞ. 

Nɱɨɥ, ɱɨɥ.
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Ɂɚɩɪɨɩɨɧɨɜɚɧɨ ɦɚɬɟɦɚɬɢɱɧɭ ɮɨɪɦɚɥіɡɚɰіɸ 

ɩɪɨɰɟɫɭ ɮɭɧɤɰіɨɧɭɜɚɧɧя ɬɟɪɦіɧɚɥɶɧɨɝɨ ɤɨɦ-

ɩɥɟɤɫɭ. ȼɢɡɧɚɱɟɧɨ ɪɚɰіɨɧɚɥɶɧɭ ɤіɥɶɤіɫɬɶ ɪɟ-
ɫɭɪɫіɜ ɜіɞɩɨɜіɞɧɨ ɞɨ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɚɧɬɚɠɨ-
ɩɨɬɨɤɭ ɧɚ ɜɯɨɞі ɬɚ ɮɚɤɬɨɪіɜ ɧɚяɜɧɨɫɬі 
ɧɚɞɦіɪɧɢɯ ɱɢ ɧɟɞɨɫɬɚɬɧіɯ ɣɨɝɨ ɨɛɫяɝіɜ, ɳɨ 

ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɞɨɞɚɬɤɨɜɢɯ ɩɪɨɫɬɨʀɜ ɬɪɚɧɫɩɨ-
ɪɬɧɢɯ ɡɚɫɨɛіɜ, ɥɸɞɫɶɤɢɯ ɬɚ ɬɪɚɧɫɩɨɪɬɧɨ-
ɫɤɥɚɞɫɶɤɢɯ ɪɟɫɭɪɫіɜ ɬɟɪɦіɧɚɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɭ. 
 

ȼɫɬɚɧɨɜɥɟɧɨ ɨɱіɤɭɜɚɧɢɣ ɬɟɪɦіɧ ɜɢɤɨɧɚɧɧя 
ɩɟɪɟɪɨɛɤɢ ɜɚɧɬɚɠɭ – 25,4 ɝɨɞɢɧɢ, ɜɢɡɧɚɱɟɧɨ 
ɫɬɚɧɞɚɪɬɧɟ ɜіɞɯɢɥɟɧɧя ɱɚɫɭ ɜɢɤɨɧɚɧɧя ɭɫɶɨ-
ɝɨ ɤɨɦɩɥɟɤɫɭ ɪɨɛіɬ – 4,2 ɝɨɞɢɧɢ, ɳɨ ɞɨɡɜɨɥяє 
ɩɪɨɝɧɨɡɭɜɚɬɢ ɬɚ ɩɥɚɧɭɜɚɬɢ ɞіяɥɶɧіɫɬɶ ɬɟɪɦі-
ɧɚɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɭ. 
 

ɉɨɞɚɥɶɲі ɞɨɫɥіɞɠɟɧɧя ɫɥіɞ ɫɩɪяɦɭɜɚɬɢ ɧɚ 
ɜɢɡɧɚɱɟɧɧя ɣɦɨɜіɪɧіɫɧɢɯ ɯɚɪɚɤɬɟɪɢɫɬɢɤ ɜɚɧ-

ɬɚɠɨɩɨɬɨɤɭ ɬɚ ɪɨɡɪɨɛɤɭ іɦіɬɚɰіɣɧɨʀ ɦɨɞɟɥі 
ɮɭɧɤɰіɨɧɭɜɚɧɧя ɬɟɪɦіɧɚɥɶɧɨɝɨ ɤɨɦɩɥɟɤɫɭ ɡ 
ɭɪɚɯɭɜɚɧɧяɦ ɭɦɨɜ ɧɟɜɢɡɧɚɱɟɧɨɫɬі ɬɚ ɪɢɡɢɤɭ. 
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