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Ⱥɧɞɪɿɣ Ȼɿɞɚɤɨɜ, Ɉɤɫɚɧɚ ɉɭɫɬɨɜɨɣɬɨɜɚ, Єɜɝɟɧ Ɋɚɫɩɨɩɨɜ, Ȼɨɝɞɚɧ ɋɬɪɚɲɤɨ  
ɆȱɐɇȱɋɌɖ ɉɄȾ ɉȺɇȿɅȿɃ ɉɊɂ Ɂɋɍȼȱ ɌȺ ɄɊɍɑȿɇɇȱ 

Ⱥɤɬɭɚɥɶɧɿɫɬɶ ɬɟɦɢ ɞɨɫɥɿɞɠɟɧɧɹ ɉɨɡɢɬɢɜɧɢɣ ɞɨɫɜɿɞ ɜɢɤɨɪɢɫɬɚɧɧɹ ɉɄȾ ɩɚɧɟɥɟɣ ɭ ɛɭɞɿɜɧɢɰɬɜɿ ɫɩɨɫɬɟɪɿɝɚ-
єɬɶɫɹ ɩɪɨɬɹɝɨɦ ɬɪɢɜɚɥɨɝɨ ɩɟɪɿɨɞɭ ɜ ɋɯɿɞɧɿɣ Єɜɪɨɩɿ ɬɚ ɜɜɚɠɚєɬɶɫɹ ɡɚ ɧɟɨɛɯɿɞɧɟ ɞɨɫɥɿɞɠɟɧɧɹ ɦɿɰɧɨɫɬɿ ɬɚ ɱɢɧɧɢɤɿɜ, 
ɳɨ ɜɩɥɢɜɚɸɬɶ ɧɚ ɧɟɫɭɱɭ ɡɞɚɬɧɿɫɬɶ ɰɶɨɝɨ ɬɢɩɭ ɤɨɧɫɬɪɭɤɰɿɣ ɿɡ ɩɨɩɟɪɟɱɧɨʀ ɤɥɟєɧɨʀ ɞɟɪɟɜɢɧɢ (ɉɄȾ ɚɛɨ CLT). 

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɢ ɇɟɜɿɞ’єɦɧɨɸ ɜɚɠɥɢɜɨɸ ɩɪɨɛɥɟɦɚɬɢɤɨɸ ɞɥɹ ɉɄȾ ɩɚɧɟɥɟɣ є ɦɿɰɧɿɫɬɶ ɩɪɢ ɤɪɭɱɟɧɧɿ, ɹɤɟ 
ɦɚє ɫɯɟɦɭ ɪɭɣɧɭɜɚɧɧɹ ɲɥɹɯɨɦ ɡɤɨɥɸɜɚɧɧɹ ɲɚɪɿɜ ɞɨɲɨɤ ɿ ɩɨɬɪɟɛɭє ɜɫɬɚɧɨɜɥɟɧɧɸ ɨɫɧɨɜɧɢɯ ɱɢɧɧɢɤɿɜ ɜɩɥɢɜɭ ɞɥɹ ɨɰɿɧɤɢ 
ɧɟɫɭɱɨʀ ɡɞɚɬɧɨɫɬɿ ɡɚ ɰɢɦ ɜɢɞɨɦ ɧɚɩɪɭɠɟɧɨɝɨ ɫɬɚɧɭ. 

Ⱥɧɚɥɿɡ ɨɫɬɚɧɧɿɯ ɞɨɫɥɿɞɠɟɧɶ ɿ ɩɭɛɥɿɤɚɰɿɣ Ɇɿɰɧɿɫɬɶ ɩɪɢ ɡɫɭɜɿ ɬɚ ɤɪɭɱɟɧɿ є ɨɞɧɢɦ ɡ ɨɫɧɨɜɧɢɯ ɩɢɬɚɧɶ ɦɿɰɧɨɫɬɿ 
ɉɄȾ ɩɚɧɟɥɟɣ ɹɤ ɨɪɬɨɬɪɨɩɧɨʀ ɩɥɚɫɬɢɧɢ, ɹɤɟ ɰɿɤɚɜɢɥɨ ɛɚɝɚɬɨ ɞɨɫɥɿɞɧɢɤɿɜ ɡ ɪɿɡɧɢɯ ɤɪɚʀɧ ɫɟɪɟɞ ɹɤɢɯ Blaß, Görlacher 
(2002) [1], Bosl (2002) [4], Jeitler (2004) [11], Jöbstl, Bogensperger, Schieckhofer [12], Wallner (2004) [18], Bogensperger, 
Moosbrugger (2007) [3], Silly (2010) [14; 15], Hirschmann (2011), Blaß, Flaig (2012) [2], Dröscher, Brandner, Kreuzinger, 
Sieder (2013), Dietsch (2017), Serrano (2018). 

ȼɢɞɿɥɟɧɧɹ ɧɟɞɨɫɥɿɞɠɟɧɢɯ ɱɚɫɬɢɧ ɡɚɝɚɥɶɧɨʀ ɩɪɨɛɥɟɦɢ ɇɟ ɜɢɪɿɲɟɧɨ ɩɢɬɚɧɧɹ ɜɢɹɜɥɟɧɧɹ ɱɢɧɧɢɤɿɜ, ɳɨ ɜɩɥɢɜɚɸɬɶ 
ɧɚ ɧɟɫɭɱɭ ɡɞɚɬɧɿɫɬɶ ɉɄȾ ɩɚɧɟɥɟɣ ɩɪɢ ɡɫɭɜɿ ɬɚ ɤɪɭɱɟɧɧɿ. 

ɉɨɫɬɚɧɨɜɤɚ ɡɚɜɞɚɧɧɹ. ȼɫɬɚɧɨɜɥɟɧɧɹ ɨɫɧɨɜɧɢɯ ɱɢɧɧɢɤɿɜ ɜɩɥɢɜɭ ɞɥɹ ɨɰɿɧɤɢ ɧɟɫɭɱɨʀ ɡɞɚɬɧɨɫɬɿ ɉɄȾ ɩɚɧɟɥɟɣ ɩɪɢ 
ɡɫɭɜɿ ɬɚ ɤɪɭɱɟɧɧɿ. 

ȼɢɤɥɚɞ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɿɚɥɭ ɉɨɩɟɪɟɱɧɚ ɤɥɟєɧɚ ɞɟɪɟɜɢɧɚ, ɹɤ ɥɢɫɬɨɜɢɣ ɛɭɞɿɜɟɥɶɧɢɣ ɦɚɬɟɪɿɚɥ ɧɚ ɨɫɧɨɜɿ ɲɚɪɿɜ ɞɨ-
ɲɨɤ ɡɿ ɜɡɚєɦɧɨ ɩɟɪɩɟɧɞɢɤɭɥɹɪɧɢɦ ɪɨɡɬɚɲɭɜɚɧɧɹɦ ɞɨɲɨɤ ɭ ɫɭɦɿɠɧɢɯ ɲɚɪɚɯ, ɦɚє ɛɚɝɚɬɨ ɜɚɝɨɦɢɯ ɮɚɤɬɨɪɿɜ, ɳɨ ɜɩɥɢ-
ɜɚɸɬɶ ɧɚ ɜɟɥɢɱɢɧɢ ɦɿɰɧɨɫɬɿ ɉɄȾ ɩɚɧɟɥɟɣ ɩɪɢ ɡɫɭɜɿ ɬɚ ɤɪɭɱɟɧɧɿ. Ɍɪɢɞɰɹɬɢɪɿɱɧɢɣ ɫɜɿɬɨɜɢɣ ɞɨɫɜɿɞ ɜɢɤɨɪɢɫɬɚɧɧɹ ɉɄȾ 
ɩɚɧɟɥɟɣ ɭ ɛɚɝɚɬɨɩɨɜɟɪɯɨɜɨɦɭ ɛɭɞɿɜɧɢɰɬɜɿ ɞɨɜɨɞɢɬɶ ɜɚɠɥɢɜɿɫɬɶ ɪɨɡɝɥɹɞɚɧɧɹ ɪɿɡɧɢɯ ɦɨɞɟɥɟɣ ɪɨɛɨɬɢ ɩɚɧɟɥɟɣ ɹɤ ɞɿɚɮ-
ɪɚɝɦ ɬɚ ɠɨɪɫɬɤɢɯ ɟɥɟɦɟɧɬɿɜ ɤɚɪɤɚɫɿɜ ɡ ɩɚɧɟɥɶɧɨ-ɤɚɪɤɚɫɧɢɯ ɛɭɞɿɜɟɥɶ. Ɉɫɨɛɥɢɜɭ ɭɜɚɝɭ ɩɪɢ ɰɶɨɦɭ ɩɪɢɞɿɥɹɸɬɶ ɯɚɪɚɤ-
ɬɟɪɭ ɪɭɣɧɭɜɚɧɧɹ ɩɚɧɟɥɿ ɧɚ ɫɤɨɥɸɜɚɧɧɹ ɹɤ ɭ ɩɥɨɳɢɧɿ ɩɚɧɟɥɿ, ɬɚɤ ɿ ɡ ɩɥɨɳɢɧɢ. ȼɚɠɥɢɜɿɫɬɶ ɰɶɨɝɨ ɜɢɞɭ ɧɚɩɪɭɠɟɧɨɝɨ 
ɫɬɚɧɭ ɞɨɞɚɬɤɨɜɨ ɩɿɞɫɢɥɸєɬɶɫɹ ɝɪɭɩɨɸ ɪɿɡɧɢɯ ɫɯɟɦ ɜɢɩɪɨɛɭɜɚɧɶ ɧɚ ɡɫɭɜ ɚɛɨ ɫɤɨɥɸɜɚɧɧɹ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɫɬɚɧɞɚɪɬɭ 
EN16351, ɡɨɤɪɟɦɚ ɜɢɩɪɨɛɭɜɚɧɧɹ ɧɚ ɦɿɰɧɿɫɬɶ ɩɪɢ ɪɨɥɢɤɨɜɨɦɭ ɡɫɭɜɿ. Ɉɫɬɚɧɧɹ ɜɟɥɢɱɢɧɚ ɦɿɰɧɨɫɬɿ є ɧɨɜɨɸ ɮɟɧɨɦɟɧɨɥɨ-
ɝɿɱɧɨɸ ɨɫɨɛɥɢɜɿɫɬɸ ɉɄȾ ɩɚɧɟɥɟɣ. 

ȼɢɫɧɨɜɤɢ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɫɬɚɬɬɿ. ȼɟɥɢɱɢɧɚ ɦɿɰɧɨɫɬɿ ɉɄȾ ɩɚɧɟɥɟɣ ɧɚ ɡɫɭɜ є ɜɚɠɥɢɜɨɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɸ ɲɚɪɭ-
ɜɚɬɨɝɨ ɦɚɬɟɪɿɚɥɭ ɬɚ ɛɚɝɚɬɨɫɤɥɚɞɨɜɨɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɸ, ɹɤɚ ɦɚє ɞɟɤɿɥɶɤɚ ɫɯɟɦ ɪɭɣɧɭɜɚɧɧɹ, ɬɚ ɡɚɥɟɠɚɬɶ ɜɿɞ ɫɤɥɚ-
ɞɨɜɢɯ ɩɨɩɟɪɟɱɧɨɝɨ ɩɟɪɟɪɿɡɭ ɿ ɬɟɯɧɨɥɨɝɿʀ ɜɢɪɨɛɧɢɰɬɜɚ ɉɄȾ ɩɚɧɟɥɟɣ, ɳɨ ɩɨɬɪɟɛɭє ʀɯ ɤɨɦɩɥɟɤɫɧɨɝɨ ɪɨɡɝɥɹɞɭ. 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ:. ɦɿɰɧɿɫɬɶ ɩɪɢ ɡɫɭɜɿ; ɩɨɩɟɪɟɱɧɚ ɤɥɟєɧɚ ɞɟɪɟɜɢɧɚ; ɉɄȾ; CLT; ɦɟɬɨɞɢɤɚ ɪɨɡɪɚɯɭɧɤɭ; ɞɟɮɨɪɦɚɰɿɹ 
ɡɫɭɜɭ; ɤɪɭɱɟɧɧɹ; ɠɨɪɫɬɤɿɫɬɶ ɩɪɢ ɡɫɭɜɿ. 

Ɋɢɫ.: 6. Ȼɿɛɥ.: 18. 

Ⱥɤɬɭɚɥɶɧɿɫɬɶ ɬɟɦɢ ɞɨɫɥɿɞɠɟɧɧɹ. ɉɨɡɢɬɢɜɧɢɣ ɞɨɫɜɿɞ ɜɢɤɨɪɢɫɬɚɧɧɹ ɉɄȾ ɩɚɧɟɥɟɣ ɭ 
ɛɭɞɿɜɧɢɰɬɜɿ ɫɩɨɫɬɟɪɿɝɚєɬɶɫɹ ɩɪɨɬɹɝɨɦ ɬɪɢɜɚɥɨɝɨ ɩɟɪɿɨɞɭ ɜ ɋɯɿɞɧɿɣ Єɜɪɨɩɿ ɬɚ ɜɜɚɠɚєɬɶɫɹ 
ɡɚ ɧɟɨɛɯɿɞɧɟ ɞɨɫɥɿɞɠɟɧɧɹ ɦɿɰɧɨɫɬɿ ɬɚ ɱɢɧɧɢɤɿɜ, ɳɨ ɜɩɥɢɜɚɸɬɶ ɧɚ ɧɟɫɭɱɭ ɡɞɚɬɧɿɫɬɶ ɰɶɨɝɝɨ 
ɬɢɩɭ ɤɨɧɫɬɪɭɤɰɿɣ ɿɡ ɩɨɩɟɪɟɱɧɨʀ ɤɥɟєɧɨʀ ɞɟɪɟɜɢɧɢ (ɉɄȾ ɚɛɨ CLT). 

ɉɨɫɬɚɧɨɜɤɚ ɩɪɨɛɥɟɦɢ. ɇɟɜɿɞ’єɦɧɨɸ ɜɚɠɥɢɜɨɸ ɩɪɨɛɥɟɦɨɸ ɞɥɹ ɉɄȾ ɩɚɧɟɥɟɣ є 
ɦɿɰɧɿɫɬɶ ɩɪɢ ɤɪɭɱɟɧɧɿ, ɹɤɟ ɦɚє ɫɯɟɦɭ ɪɭɣɧɭɜɚɧɧɹ ɲɥɹɯɨɦ ɡɤɨɥɸɜɚɧɧɹ ɲɚɪɿɜ ɞɨɲɨɤ ɿ 
ɩɨɬɪɟɛɭє ɜɫɬɚɧɨɜɥɟɧɧɸ ɨɫɧɨɜɧɢɯ ɱɢɧɧɢɤɿɜ ɜɩɥɢɜɭ ɞɥɹ ɨɰɿɧɤɢ ɧɟɫɭɱɨʀ ɡɞɚɬɧɨɫɬɿ ɡɚ ɰɢɦ 
ɜɢɞɨɦ ɧɚɩɪɭɠɟɧɨɝɨ ɫɬɚɧɭ. 

Ⱥɧɚɥɿɡ ɨɫɬɚɧɧɿɯ ɞɨɫɥɿɞɠɟɧɶ ɿ ɩɭɛɥɿɤɚɰɿɣ. Ɇɿɰɧɿɫɬɶ ɩɪɢ ɡɫɭɜɿ ɬɚ ɤɪɭɱɟɧɿ є ɨɞɧɢɦ ɡ 
ɨɫɧɨɜɧɢɯ ɩɢɬɚɧɶ ɦɿɰɧɨɫɬɿ ɉɄȾ ɩɚɧɟɥɟɣ ɹɤ ɨɪɬɨɬɪɨɩɧɨʀ ɩɥɚɫɬɢɧɢ, ɹɤɟ ɰɿɤɚɜɢɥɨ ɛɚɝɚɬɨ 
ɞɨɫɥɿɞɧɢɤɿɜ ɿɡ ɪɿɡɧɢɯ ɤɪɚʀɧ, ɡ-ɩɨɦɿɠ ɹɤɢɯ Blaß, Görlacher (2002) [1], Bosl (2002) [4], Jeitler 
(2004) [11], Jöbstl, Bogensperger, Schieckhofer [12], Wallner (2004) [18], Bogensperger, 

Moosbrugger (2007) [3], Silly (2010) [14, 15], Hirschmann (2011), Blaß, Flaig (2012) [2], 
Dröscher, Brandner, Kreuzinger, Sieder (2013), Dietsch (2017), Serrano (2018). ɍɫɿ ɬɪɢ 
ɦɨɠɥɢɜɿ ɦɨɞɟɥɿ ɪɭɣɧɭɜɚɧɧɹ (ɪɢɫ. 1), ɚ ɫɚɦɟ ɧɟɬɬɨ-ɡɫɭɜ (1), ɩɨɜɧɢɣ ɡɫɭɜ (2) ɬɚ ɤɪɭɱɟɧɧɹ 
(3) Brandner ɬɚ Dietsch (2017) [5], ɩɨɜɢɧɧɿ ɜɢɡɧɚɱɚɬɢɫɹ ɡɚ ɩɟɪɟɞɛɚɱɟɧɢɦɢ ɦɟɬɨɞɚɦɢ 
ɜɢɩɪɨɛɭɜɚɧɶ ɬɚ ɜɪɚɯɨɜɭɜɚɬɢɫɶ ɩɪɢ ɩɪɨєɤɬɭɜɚɧɧɿ. 

ȼɢɞɿɥɟɧɧɹ ɧɟɞɨɫɥɿɞɠɟɧɢɯ ɱɚɫɬɢɧ ɡɚɝɚɥɶɧɨʀ ɩɪɨɛɥɟɦɢ. ɇɟ ɜɢɪɿɲɟɧɨ ɩɢɬɚɧɧɹ 
ɜɢɹɜɥɟɧɧɹ ɱɢɧɧɢɤɿɜ, ɳɨ ɜɩɥɢɜɚɸɬɶ ɧɚ ɧɟɫɭɱɭ ɡɞɚɬɧɿɫɬɶ ɉɄȾ ɩɚɧɟɥɟɣ ɩɪɢ ɡɫɭɜɿ ɬɚ 
ɤɪɭɱɟɧɧɿ. 
 

 Ȼɿɞɚɤɨɜ Ⱥ. Ɇ., ɉɭɫɬɨɜɨɣɬɨɜɚ Ɉ. Ɇ., Ɋɚɫɩɨɩɨɜ Є. Ⱥ., ɋɬɪɚɲɤɨ Ȼ. Ɉ., 2020 
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Ɋɢɫ. 1. Ɍɪɢ ɦɨɞɟɥɿ ɪɭɣɧɭɜɚɧɧɹ ɉɄȾ ɩɚɧɟɥɟɣ ɩɪɢ ɡɫɭɜɿ (ȿ. Serrano) 

Ɇɨɞɟɥɶ ɪɭɣɧɭɜɚɧɧɹ (1) ɪɨɡɝɥɹɞɚє ɜɚɪɿɚɧɬ ɪɭɣɧɭɜɚɧɧɹ ɉɄȾ ɩɚɧɟɥɿ ɩɪɢ ɡɫɭɜɿ ɹɤ 
ɦɨɧɨɥɿɬɧɨɝɨ ɫɭɰɿɥɶɧɨɝɨ ɦɚɬɟɪɿɚɥɭ, ɞɨɲɤɢ ɹɤɨɝɨ ɦɚɸɬɶ ɫɤɥɟɸɜɚɧɧɹ ɩɨ ɛɨɤɨɜɢɯ ɝɪɚɧɹɯ ɿ 
ɜɫɿ ɛɟɪɭɬɶ ɭɱɚɫɬɶ ɭ ɪɨɛɨɬɿ ɧɚ ɫɤɨɥɸɜɚɧɧɹ. Ɇɨɞɟɥɶ (2) ɞɨɩɭɫɤɚє ɪɭɣɧɭɜɚɧɧɹ ɉɄȾ ɩɚɧɟɥɟɣ 
ɿɡ ɳɿɥɢɧɚɦɢ, ɦɿɠ ɹɤɢɦɢ ɜɿɞɛɭɜɚєɬɶɫɹ ɪɭɣɧɭɜɚɧɧɹ ɞɨɲɨɤ ɫɟɪɟɞɧɿɯ ɲɚɪɿɜ. Ɍɚɤɢɦ ɱɢɧɨɦ, ɭ 
ɪɨɛɨɬɿ ɧɚ ɡɫɭɜ ɛɟɪɭɬɶ ɭɱɚɫɬɶ ɥɢɲɟ ɩɨɩɟɪɟɱɧɿ ɞɨɲɤɢ, ɚɛɨ ɩɨɩɟɪɟɱɧɢɣ ɩɟɪɟɪɿɡ ɧɟɬɬɨ. 
Ɇɨɞɟɥɶ ɪɭɣɧɭɜɚɧɧɹ (3) ɪɨɡɝɥɹɞɚє ɪɭɣɧɭɜɚɧɧɹ ɉɄȾ ɩɚɧɟɥɿ ɜ ɪɟɡɭɥɶɬɚɬɿ ɤɪɭɱɟɧɧɹ ɞɨɲɨɤ 
ɫɭɦɿɠɧɢɯ ɲɚɪɿɜ. Ɍɚɤɨɠ ɭ ɪɨɛɨɬɿ (Brandner ɬɚ Dietsch (2017) [5]) ɡɚɡɧɚɱɟɧɨ, ɳɨ ɪɨɛɨɬɚ 
ɛɚɥɤɢ ɬɚ ɩɚɧɟɥɿ ɧɚ ɡɫɭɜ ɜɿɞɪɿɡɧɹєɬɶɛɫɹ ɬɚ ɩɨɬɪɿɛɧɨ ɪɨɡɞɿɥɹɬɢ ɩɚɪɚɦɟɬɪɢ ɦɿɰɧɨɫɬɿ ɜɿɞ 
ɯɚɪɚɤɬɟɪɚ ɪɨɛɨɬɢ ɉɄȾ ɟɥɟɦɟɧɬɚ. ɇɚɩɪɢɤɥɚɞ, ɩɪɢ ɪɨɡɝɥɹɞɚɧɧɿ ɉɄȾ ɩɚɧɟɥɿ ɹɤ ɫɬɿɧɨɜɨʀ 
ɞɿɚɮɪɚɝɦɢ ɿɫɧɭє ɬɪɢ ɦɟɯɚɧɿɡɦɚ: ɦɟɯɚɧɿɡɦ 1 – Casagrande [6], ɦɟɯɚɧɿɡɦ 2 – Hummel [10] ɬɚ 
ɦɟɯɚɧɿɡɦ 3 – Flatscher, Schichhofer [9], ɳɨ ɡɨɛɪɚɠɟɧɿ ɧɚ ɪɢɫ. 2.

 

 
ɚ  ɛ      ɜ 

Ɋɢɫ. 2. Ɇɟɯɚɧɿɡɦɢ ɪɨɛɨɬɢ ɉɄȾ ɩɚɧɟɥɿ ɩɪɢ ɡɫɭɜɿ ɹɤ ɫɬɿɧɨɜɨʀ ɞɿɚɮɪɚɝɦɢ:  
ɚ – ɞɟɮɨɪɦɚɰɿɹ ɭ ɩɥɨɳɢɧɿ ; ɛ – ɩɟɪɟɦɿɳɟɧɧɹ ɠɨɪɫɬɤɨɝɨ ɟɥɟɦɟɧɬɚ; ɜ – ɩɨɜɨɪɨɬ ɠɨɪɫɬɤɨɝɨ ɟɥɟɦɟɧɬɚ 

Ɇɟɬɚ ɫɬɚɬɬɿ. Ɇɟɬɚ ɞɨɫɥɿɞɠɟɧɧɹ, ɩɨɥɹɝɚє ɜ ɤɪɢɬɢɱɧɨɦɭ ɚɧɚɥɿɡɿ ɦɨɞɟɥɟɣ ɪɨɛɨɬɢ (ɉɄȾ) 
ɚɛɨ CLT ɩɚɧɟɥɟɣ ɩɪɢ ɡɫɭɜɿ ɭ ʀɯ ɩɥɨɳɢɧɿ ɬɚ ɡ ɭɪɚɯɭɜɚɧɧɹɦ ɦɟɬɨɞɿɜ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ 
ɜɢɩɪɨɛɭɜɚɧɶ, ɞɨɡɜɨɥɹɸɬɶ ɜɫɬɚɧɨɜɥɸɜɚɬɢ ɯɚɪɚɤɬɟɪɢɫɬɢɱɧɿ ɡɧɚɱɟɧɧɹ ɦɿɰɧɨɫɬɿ ɩɪɢ ɡɫɭɜɿ 
ɧɚ ɪɿɡɧɢɯ ɬɢɩɚɯ ɡɪɚɡɤɿɜ. ɇɟɜɿɞєɦɧɨɸ ɜɚɠɥɢɜɨɸ ɩɪɨɛɥɟɦɨɸ ɞɥɹ ɉɄȾ ɩɚɧɟɥɟɣ є ɦɿɰɧɿɫɬɶ 
ɩɪɢ ɤɪɭɱɟɧɧɿ, ɹɤɟ ɦɚє ɫɯɟɦɭ ɪɭɣɧɭɜɚɧɧɹ ɲɥɹɯɨɦ ɡɤɨɥɸɜɚɧɧɹ ɲɚɪɿɜ ɞɨɲɨɤ ɿ ɩɨɬɪɟɛɭє 
ɜɫɬɚɧɨɜɥɟɧɧɸ ɨɫɧɨɜɧɢɯ ɱɢɧɧɢɤɿɜ ɜɩɥɢɜɭ ɞɥɹ ɨɰɿɧɤɢ ɧɟɫɭɱɨʀ ɡɞɚɬɧɨɫɬɿ ɡɚ ɰɢɦ ɜɢɞɨɦ 
ɧɚɩɪɭɠɟɧɨɝɨ ɫɬɚɧɭ. 

ȼɢɤɥɚɞ ɨɫɧɨɜɧɨɝɨ ɦɚɬɟɪɿɚɥɭ. ȼɿɞɩɨɜɿɞɧɨ ɞɨ ɩɪɚɰɿ Wallner-Novak (2013) ɪɨɛɨɬɚ 
ɉɄȾ ɩɚɧɟɥɟɣ ɹɤ ɞɿɚɮɪɚɝɦ ɚɛɨ ɫɬɿɧ ɹɤɿ ɫɩɪɢɣɦɚɸɬɶ ɡɧɚɱɧɿ ɧɚɜɧɚɧɬɚɠɟɧɧɹ ɡɫɭɜɭ ɨɩɢɫɚɧɚ 
ɡɚ ɪɿɡɧɢɦɢ ɦɟɯɚɧɿɡɦɚɦɢ. Ɇɟɯɚɧɿɡɦ (1) ɩɟɪɟɞɛɚɱɚє ɚɧɚɥɿɡ ɪɨɛɨɬɢ ɉɄȾ ɩɚɧɟɥɿ ɡ ɛɨɤɨɜɨɦ 
ɫɤɥɟɸɜɚɧɧɹɦ ɞɨɲɨɤ ɬɚ ɛɟɡ ɩɪɨɩɢɥɿɜ, ɳɨ ɡɚɛɟɡɩɟɱɭє ɫɭɰɿɥɶɧɭ ɪɨɛɨɬɭ ɧɚ ɡɫɭɜ ɭɫɿєʀ ɩɚɧɟɥɿ. 
Ɇɟɯɚɧɿɡɦ (2) ɜɪɚɯɨɜɭє ɨɫɨɛɥɢɜɨɫɬɿ ɪɨɛɨɬɢ ɉɄȾ ɩɚɧɟɥɿ ɡ ɧɟɜɟɥɢɤɢɦɢ ɳɿɥɢɧɚɦɢ ɦɿɠ 
ɞɨɲɤɚɦɢ ɬɚ ɩɪɢɩɭɫɤɚєɬɶɫɹ, ɳɨ ɩɨɩɟɪɟɱɧɿ ɲɚɪɢ ɞɨɲɨɤ ɜɢɤɨɧɭɸɬɶ ɪɨɥɶ ɩɿɞɫɢɥɟɧɧɹ 
ɩɨɜɡɞɨɜɠɧɿɯ ɲɚɪɿɜ ɞɨɲɨɤ. ɐɟ ɩɪɢɡɜɨɞɢɬɶ ɞɨ ɬɨɝɨ, ɳɨ ɦɿɰɧɿɫɬɶ ɩɪɢ ɡɫɭɜɿ ɚɛɨ ɫɤɨɥɸɜɚɧɧɿ 
ɩɟɪɟɜɢɳɭє ɦɿɰɧɿɫɬɶ ɞɨɲɨɤ ɧɚ ɡɫɭɜ. Ɇɿɰɧɿɫɬɶ ɩɪɢ ɡɫɭɜɿ ɜ ɩɥɨɳɢɧɿ ɉɄȾ ɩɚɧɟɥɿ ɡɚ 
ɪɟɡɭɥɶɬɚɬɚɦɢ Jöbstl (2008) ɫɬɚɧɨɜɢɬɶ fv,xy,k = 10 ɇ/ɦɦ2. ɉɪɢ ɞɟɹɤɢɯ ɫɬɪɭɤɬɭɪɚɯ 
ɩɨɩɟɪɟɱɧɢɯ ɩɟɪɟɪɿɡɿɜ ɜɟɥɢɱɢɧɚ ɦɿɰɧɨɫɬɿ ɩɪɢ ɡɫɭɜɿ ɭ ɩɥɨɳɢɧɿ ɦɨɠɟ ɫɬɚɧɨɜɢɬɢ 
fv,xy,k = 5,5 ɇ/ɦɦ2, ɹɤ ɰɟ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 3. 
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Ɋɢɫ. 3. ɋɯɟɦɚ ɪɭɣɧɭɜɚɧɧɹ ɉɄȾ ɩɚɧɟɥɿ ɩɪɢ ɡɫɭɜɿ ɜ ɩɥɨɳɢɧɿ  
ɡɝɿɞɧɨ ɡ ɦɟɯɚɧɿɡɦɨɦ 2, ɡɚɩɪɨɩɨɧɨɜɚɧɨɝɨ Wallner-Novak (2013) 

Ɇɟɯɚɧɿɡɦ (3) ɪɨɡɝɥɹɞɚє ɪɨɛɨɬɭ ɉɄȾ ɩɚɧɟɥɿ ɩɪɢ ɡɫɭɜɿ ɭ ɩɥɨɳɢɧɿ ɹɤ ɫɢɫɬɟɦɭ ɨɤɪɟɦɢɯ 
ɜɭɡɥɿɜ, ɳɨ ɩɪɚɰɸɸɬɶ ɧɚ ɤɪɭɱɟɧɧɹ (ɪɢɫ. 4), ɡɚ ɭɦɨɜɢ ɜɟɥɢɤɢɯ ɳɿɥɢɧ ɦɿɠ ɞɨɲɤɚɦɢ ɭ ɲɚɪɚɯ 
ɩɚɧɟɥɿ. 

 

Ɋɢɫ. 4. Ɂɫɭɜ ɹɤ ɪɨɛɨɬɚ ɨɤɪɟɦɢɯ ɜɭɡɥɿɜ ɉɄȾ ɩɚɧɟɥɿ ɧɚ ɤɪɭɱɟɧɧɹ ɡɝɿɞɧɨ ɡ ɦɟɯɚɧɿɡɦɨɦ 3 

Ɋɟɡɭɥɶɬɚɬɢ ɞɨɫɥɿɞɠɟɧɶ. Ɋɨɡɪɚɯɭɧɨɤ ɦɿɰɧɨɫɬɿ ɛɚɥɨɤ ɡ ɉɄȾ ɩɚɧɟɥɟɣ ɩɨɬɪɟɛɭє 
ɜɪɚɯɭɜɚɧɧɹ ɜɟɥɢɱɢɧ ɟɮɟɤɬɢɜɧɨɝɨ ɬɚ ɩɨɜɧɨɝɨ ɩɨɩɟɪɟɱɧɨɝɨ ɩɟɪɟɪɿɡɿɜ ɡɝɿɞɧɨ ɡ 

ɞɨɫɥɿɞɠɟɧɧɹɦɢ Flaig M. Ɍɚ Blaß H.J. [7; 8]. Ⱦɥɹ ɉɄȾ ɩɚɧɟɥɟɣ ɹɤɿ ɦɚɸɬɶ ɳɿɥɢɧɢ ɦɿɠ 
ɞɨɲɤɚɦɢ ɭ ɲɚɪɚɯ ɉɄȾ ɩɚɧɟɥɿ ɧɟɨɛɯɿɞɧɨ ɩɟɪɟɜɿɪɹɬɢ ɧɚɩɪɭɠɟɧɧɹ ɜɿɞ ɤɪɭɬɢɥɶɧɨɝɨ ɡɫɭɜɭ 
ɬɚ ɪɨɥɢɤɨɜɨɝɨ ɡɫɭɜɭ ɦɿɠ ɞɨɲɤɚɦɢ ɫɭɦɿɠɧɢɯ ɲɚɪɿɜ. ɇɚɩɪɭɠɟɧɧɹ ɤɪɭɱɟɧɧɹ ɭ ɩɥɨɳɿ ɜɭɡɥɚ 
ɩɪɢ ɤɪɭɱɟɧɧɿ ɫɥɿɞ ɜɢɡɧɚɱɚɬɢ ɡɚ ɦɟɬɨɞɢɤɨɸ M. Flaig. 
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Ʉɨɟɮɿɰɿєɧɬ bk  ɜɪɚɯɨɜɭє ɪɿɡɧɭ ɲɢɪɢɧɭ ɞɨɲɨɤ ɭ ɧɚɩɪɹɦɭ x ɬɚ y. Ⱦɥɹ ɬɪɶɨɯɲɚɪɨɜɨʀ 
ɉɄȾ ɩɚɧɟɥɿ ɞɟ 2 ɤɥɟɣɨɜɢɯ ɲɚɪɢ nCA = 2 ɬɚ nl,x = 2, ɚ ɲɢɪɢɧɚ ɞɨɲɨɤ ɫɬɚɧɨɜɢɬɶ 
wl,x = wl,y = 80 ɦɦ, ɜɢɪɚɡ (1) ɦɨɠɟ ɦɚɬɢ ɬɚɤɢɣ ɜɢɝɥɹɞ 
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Ɍɚɤɨɠ M. Flaig ɩɪɨɩɨɧɭє ɜɢɡɧɚɱɚɬɢ ɦɿɰɧɿɫɬɶ ɩɪɢ ɪɨɥɢɤɨɜɨɦɭ ɡɫɭɜɿ ɩɥɨɳɿ ɜɭɡɥɚ ɩɟɪɟ-
ɬɢɧɚɸɱɢɯɫɹ ɞɨɲɨɤ ɜɢɡɧɚɱɚєɬɶɫɹ ɡɚ ɬɚɤɢɦ ɜɢɪɚɡɨɦ 
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ȼɪɚɯɨɜɭɸɱɿ ɚɧɚɥɨɝɿɱɧɿ ɩɚɪɚɦɟɬɪɢ, ɹɤ ɰɟ ɡɚɡɧɚɱɟɧɨ ɜɢɳɟ, ɦɨɠɥɢɜɨ ɨɬɪɢɦɚɬɢ ɫɩɪɨɳɟ-
ɧɢɣ ɜɢɪɚɡ 
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Ʉɨɟɮɿɰɿєɧɬ kcr, ɹɤɢɣ ɜɪɚɯɨɜɭє ɦɨɠɥɢɜɭ ɩɨɹɜɭ ɬɪɿɳɢɧ ɭ ɰɿɥɶɧɿɣ ɬɚ ɤɥɟєɧɿɣ ɞɟɪɟɜɢɧɿ 
ɱɟɪɟɡ ɡɜɨɥɨɠɟɧɧɹ ɬɚ ɭɫɭɲɤɭ ɩɪɢ ɪɨɡɪɚɯɭɧɤɚɯ ɦɿɰɧɨɫɬɿ ɧɚ ɡɫɭɜ ɚɛɨ ɫɤɨɥɸɜɚɧɧɿ, ɞɥɹ ɉɄȾ 
ɩɚɧɟɥɟɣ ɧɟ ɜɪɚɯɨɜɭєɬɶɫɹ, ɨɫɤɿɥɶɤɢ ɦɨɠɥɢɜɟ ɥɢɲɟ ɬɪɿɳɢɧɨɭɬɜɨɪɟɧɧɹ ɭ ɞɨɲɤɚɯ ɡɨɜɧɿɲɧɿɯ 
ɲɚɪɿɜ ɉɄȾ ɩɚɧɟɥɿ ɬɚ ɱɟɪɟɡ ɞɨɩɭɫɬɢɦɭ ɧɚɹɜɧɿɫɬɶ ɳɿɥɢɧ ɬɚ ɤɨɦɩɟɧɫɚɰɿɣɧɢɯ ɩɪɨɩɢɥɿɜ ɡɚ 
ɬɟɯɧɨɥɨɝɿєɸ ɜɢɪɨɛɧɢɰɬɜɚ ɉɄȾ ɩɚɧɟɥɟɣ. 

ȼɚɪɬɨ ɜɿɞɡɧɚɱɢɬɢ, ɳɨ ɦɟɬɨɞ ɟɤɫɩɟɪɢɦɟɧɬɚɥɶɧɢɯ ɜɢɩɪɨɛɭɜɚɧɶ ɞɥɹ ɜɢɡɧɚɱɟɧɧɹ ɦɿɰɧɨɫɬɿ 
ɧɚ ɡɫɭɜ ɚɛɨ ɫɤɨɥɸɜɚɧɧɿ ɞɥɹ ɰɿɥɶɧɨʀ ɬɚ ɤɥɟєɧɨʀ ɞɟɪɟɜɢɧɢ ɜɢɤɨɧɭєɬɶɫɹ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɫɬɚɧɞɚ-
ɪɬɭ EN 408:2010, ɞɟ ɡɪɚɡɤɢ ɞɥɹ ɜɢɩɪɨɛɭɜɚɧɶ ɩɨɤɚɡɚɧɿ ɧɚ ɪɢɫ. 5, ɚ), ɹɤɿ ɦɚɸɬɶ ɧɚɫɬɭɩɧɿ ɝɟɨ-
ɦɟɬɪɢɱɧɿ ɩɚɪɚɦɟɬɪɢ: l = (300 ± 2) ɦɦ; b = (32 ± 1) ɦɦ; h = (55 ± 1) ɦɦ. Ɍɨɜɳɢɧɚ ɦɟɬɚɥɟɜɢɯ 
ɩɥɚɫɬɢɧ ɩɨɜɢɧɧɚ ɛɭɬɢ (10 ± 1) ɦɦ, ɹɤɿ ɩɪɢɤɥɟɸɸɬɶɫɹ ɞɨ ɡɪɚɡɤɿɜ. ɇɚ ɪɢɫ. 5, ɛ-ɞ ɡɨɛɪɚɠɟɧɿ 
ɫɯɟɦɢ ɜɢɩɪɨɛɭɜɚɧɶ ɉɄȾ ɩɚɧɟɥɟɣ ɧɚ ɪɿɡɧɿ ɜɢɞɢ ɡɫɭɜɭ ɬɚ ɤɪɭɱɟɧɧɹ, ɹɤɿ є ɜɢɦɨɝɚɦɢ ɫɬɚɧɞɚɪɬɭ 
EN16351. ɍ ɪɨɛɨɬɿ P. Mestek [13] ɪɨɡɝɥɹɞɚɜɫɹ ɜɚɠɥɢɜɢɣ ɜɢɩɚɞɨɤ ɫɬɢɫɧɭɬɨɝɨ ɫɤɨɥɸɜɚɧɧɹ 
ɚɛɨ ɤɨɦɛɿɧɚɰɿɹ ɨɞɧɨɱɚɫɧɨʀ ɞɿʀ ɫɤɨɥɸɜɚɧɧɹ ɬɚ ɫɬɢɫɤɭ ɩɨɩɟɪɟɤ ɩɥɨɳɢɧɢ ɉɄȾ ɩɚɧɟɥɿ ɩɨ ɜɫɿɣ 
ʀʀ ɩɥɨɳɿ, ɩɪɢ ɰɶɨɦɭ ɤɭɬ ɧɚɯɢɥɭ ɡɪɚɡɤɚ ɫɤɥɚɞɚɜ 10°. 

                                       

 ɚ  ɛ      ɜ 

        

ɝ   ɞ 

Ɋɢɫ. 5. ɋɯɟɦɚ ɧɚɜɚɧɬɚɠɟɧɧɹ ɡɪɚɡɤɿɜ ɩɪɢ ɜɢɩɪɨɛɭɜɚɧɧɹɯ ɧɚ ɡɫɭɜ ɞɥɹ ɰɿɥɶɧɨʀ ɞɟɪɟɜɢɧɢ (ɚ), 
ɩɚɪɚɦɟɬɪɢ ɡɪɚɡɤɿɜ ɧɚ ɡɫɭɜ ɉɄȾ ɩɚɧɟɥɟɣ (ɛ-ɝ) ɬɚ ɧɚ ɤɪɭɱɟɧɧɹ (ɞ). 
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Ʉɪɭɬɢɥɶɧɭ ɠɨɪɫɬɤɿɫɬɶ ɝɧɭɱɤɢɯ ɉɄȾ ɛɚɥɨɤ ɦɨɠɥɢɜɨ ɜɢɜɟɫɬɢ ɩɪɢɪɿɜɧɸɸɱɢ ɤɪɭɬɢɥɶ-
ɧɢɣ ɦɨɦɟɧɬ ɩɥɚɫɬɢɧɢ ɡ ɤɪɭɬɢɥɶɧɢɦ ɦɨɦɟɧɬɨɦ ɝɧɭɱɤɢɯ ɛɚɥɨɤ ɡɝɿɞɧɨ ɬɟɨɪɿʀ ɋɟɧ-ȼɟɧɚɧɚ 
(Moosbrugger T., Krenn H., Bogensperger T.), ɹɤɚ ɞɨɩɭɫɤɚє, ɳɨ ɤɪɭɬɢɥɶɧɢɣ ɦɨɦɟɧɬ ɞɿɸɱɢɣ 
ɜɡɞɨɜɠ ɝɪɚɧɟɣ ɩɚɧɟɥɿ ɚɛɨ ɩɥɚɫɬɢɧɢ ɜɡɞɨɜɠ ɩɪɨɥɶɨɬɚ ɦɨɠɭɬɶ ɛɭɬɢ ɡɚɦɿɳɟɧɢɦɢ ɩɚɪɨɸ ɫɢɥ 
ɞɿɸɱɢɯ ɭ ɧɚɩɪɹɦɿ z ɨɛɨɯ ɤɿɧɰɿɜ ɛɚɥɤɢ, ɹɤ ɩɨɤɚɡɚɧɨ ɧɚ ɪɢɫ. 6. 

        

ɚ     ɛ 

 

ɜ 

Ɋɢɫ. 6. Ɂɚɦɿɳɟɧɧɹ ɤɪɭɬɢɥɶɧɨɝɨ ɦɨɦɟɧɬɭ ɞɿɸɱɨɝɨ ɩɨ ɝɪɚɧɹɯ ɩɥɚɫɬɢɧɢ ɩɚɪɨɸ ɫɢɥ 

Ʉɪɭɬɢɥɶɧɢɣ ɦɨɦɟɧɬ ɿɧɟɪɰɿʀ ɉɄȾ ɞɿɚɝɪɚɦ, ɫɬɿɧ ɬɚ ɛɚɥɨɤ ɜɪɚɯɨɜɭєɬɶɫɹ ɩɪɢ ɜɢɡɧɚɱɟɧɿ 
ɤɪɭɬɢɥɶɧɨʀ ɠɨɪɫɬɤɨɫɬɿ Dx,y* ɩɪɢ ɪɨɡɝɥɹɞɚɧɧɿ ɉɄȾ ɹɤ ɩɨɥɨɫɢ ɲɢɪɢɧɨɸ 1 ɦ ɡɚ ɦɟɬɨɞɢɤɨɸ 
Silly G. [17], ɹɤɚ ɦɚє ɬɚɤɢɣ ɜɢɞ: 
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ɞɟ  Gxz,mean – ɫɟɪɟɞɧє ɡɧɚɱɟɧɧɹ ɦɨɞɭɥɹ ɡɫɭɜɭ ɭ ɩɥɨɳɢɧɿ, ɭ ɇ/ɦɦ2;

 

txlam – ɬɨɜɳɢɧɚ ɞɨɲɤɢ ɉɄȾ ɩɚɧɟɥɿ, ɭ ɦɦ; 
tl,max – ɦɚɤɫɢɦɚɥɶɧɚ ɬɨɜɳɢɧɚ ɞɨɲɤɢ ɉɄȾ ɩɚɧɟɥɿ, ɭ ɦɦ; 
wl,mean – ɫɟɪɟɞɧɹ ɲɢɪɢɧɚ ɞɨɲɤɢ ɉɄȾ ɩɚɧɟɥɿ, ɭ ɦɦ; 
pD, qD – ɩɚɪɚɦɟɬɪɢ ɡɚɩɪɨɩɨɧɨɜɚɧɿ Silly G. 2010 [16];

 hxlam – ɡɚɝɚɥɶɧɚ ɜɢɫɨɬɚ ɉɄȾ ɟɥɟɦɟɧɬɚ.
  Ɇɨɞɭɥɶ ɩɪɭɠɧɨɫɬɿ ɬɚ ɦɨɞɭɥɶ ɡɫɭɜɭ ɞɥɹ ɞɨɲɨɤ ɭ ɤɥɟєɧɿɣ ɞɟɪɟɜɢɧɿ ɬɚɤɨɠ ɫɬɚɬɢɫɬɢɱɧɨ 

ɧɟɡɚɥɟɠɧɿ ɬɚ (EG)05 ɦɨɠɥɢɜɨ ɫɩɪɨɫɬɢɬɢ ɹɤ (EG)05 = 1,4 ȿ05G05 ≈ ȿmeanGmean, ɳɨ ɬɚɤɨɠ ɦɨ-
ɠɥɢɜɨ ɜɢɤɨɪɢɫɬɨɜɭɜɚɬɢ ɞɥɹ ɉɄȾ ɩɚɧɟɥɟɣ ɡɝɿɞɧɨ ɪɟɤɨɦɟɧɞɚɰɿʀ Blaß 2015 [2] ɩɪɢ ɜɢɡɧɚ-
ɱɟɧɿ ɤɪɢɬɢɱɧɨɝɨ ɦɨɦɟɧɬɭ ɿɧɟɪɰɿʀ: 
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ȼɢɤɨɪɢɫɬɚɧɧɹ ɉɄȾ ɩɚɧɟɥɟɣ ɤɨɦɛɿɧɨɜɚɧɢɯ ɤɥɚɫɿɜ ɦɿɰɧɨɫɬɿ ɞɨɲɨɤ, ɡ ɪɨɡɬɚɲɭɜɚɧɧɹɦ 
ɞɨɲɨɤ ɜɢɫɨɤɢɯ ɤɥɚɫɿɜ ɦɿɰɧɨɫɬɿ ɜ ɡɨɜɧɿɲɧɿɯ ɲɚɪɚɯ ɞɨɡɜɨɥɢɬɶ ɡɧɚɱɧɨ ɡɦɟɧɲɢɬɢ ɞɟɮɨɪɦɚ-
ɬɢɜɧɿɫɬɶ ɩɚɧɟɥɟɣ ɩɪɢ ɡɫɭɜɿ ɬɚ ɤɪɭɱɟɧɧɿ. 

ȼɢɫɧɨɜɤɢ ɜɿɞɩɨɜɿɞɧɨ ɞɨ ɫɬɚɬɬɿ. ȼɟɥɢɱɢɧɚ ɦɿɰɧɨɫɬɿ ɉɄȾ ɩɚɧɟɥɟɣ ɧɚ ɡɫɭɜ є ɜɚɠɥɢɜɨɸ 
ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɸ ɲɚɪɭɜɚɬɨɝɨ ɦɚɬɟɪɿɚɥɭ ɬɚ ɛɚɝɚɬɨɫɤɥɚɞɨɜɨɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɸ, ɹɤɚ ɦɚє 
ɞɟɤɿɥɶɤɚ ɫɯɟɦ ɪɭɣɧɭɜɚɧɧɹ, ɬɚ ɡɚɥɟɠɚɬɶ ɜɿɞ ɫɤɥɚɞɨɜɢɯ ɩɨɩɟɪɟɱɧɨɝɨ ɩɟɪɟɪɿɡɭ ɿ ɬɟɯɧɨɥɨɝɿʀ 
ɜɢɪɨɛɧɢɰɬɜɚ ɉɄȾ ɩɚɧɟɥɟɣ, ɳɨ ɩɨɬɪɟɛɭɸє ʀɯ ɤɨɦɩɥɟɤɫɧɨɝɨ ɪɨɡɝɥɹɞɚɧɧɹ. 
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UDC 624.011 

Andrii Bidakov, Oksana Pustovoitova, Ievgenii Raspopov, Strashko Bogdan  

STRENGTH OF CLT PANELS BY SHEAR AND TORSION 

Urgency of the research. Positive experience with the use of CLT panels in distress has been observed for a long time in 

Eastern Europe and is considered necessary to study the strength and factors affecting the load-bearing capacity of this type 

of structures made of transverse glued wood (CLT). 

Target setting. An integral important issue for CLT panels is torsional strength, which has a scheme of destruction by 

chipping layers of boards and requires the establishment of the main factors of influence to assess the load-bearing capacity 

of this type of stress. 

Actual scientific researches and issues analysis. Shear and torsional strength is one of the main issues in the strength of 

CLT panels as an orthotropic plate, which has interested many researchers from different countries, including Blaß, Görlacher 

(2002) [1], Bosl (2002) [4], Jeitler (2004) [11 ], Jöbstl, Bogensperger, Schieckhofer [12], Wallner (2004) [18], Bogensperger, 
Moosbrugger (2007) [3], Silly (2010) [14, 15], Hirschmann (2011), Blaß, Flaig (2012) [2], Dröscher, Brandner, Kreuzinger, 
Sieder (2013), Dietsch (2017), Serrano (2018). 

Uninvestigated parts of general matters defining. The issue of identifying factors influencing the bearing capacity of 

PKD panels during shear and torsion has not been resolved.. 

The purpose of the article. Establishment of the main factors of influence for an estimation of bearing capacity of CLT of 

panels at shift and torsion.. 

https://publikationen.bibliothek.kit.edu/1000054023
http://holz.vaka.kit.edu/download/cib2013.pdf
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The presentation of the main material. Cross laminated timber, as a sheet building material based on layers of boards 

with mutually perpendicular arrangement of boards in adjacent layers, has a number of important factors that affect the 

strength of CLT panels in shear and torsion. Thirty years of world experience in the use of CLT panels in multi-storey con-

struction proves the importance of considering different models of panels as diaphragms and rigid frame elements from panel-

frame buildings. Particular attention is paid to the nature of the destruction of the panel for chipping, both in the plane of the 

panel and from the plane. The importance of this type of stress state is further enhanced by a group of different shear or group 

of test schemes according to EN16351, including rolling shear strength tests. The latter value of strength is a new phenome-

nological feature of CLT panels. 

Conclusions and suggestion. Based on experimental studies of the strength of the glued rods in the cross section of CLT 

panel, the change in strength depending on the diameter of the metal rod and its location in the cross section, which is char-

acterized by alternation of mutually transverse layers of boards. 

Ʉeywords: shear strength; cross laminated timber; CLT, calculation method; shear deformation; torsion; shear stiffness. 
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