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ABSTRACT 

The subject of the present diploma thesis concerns on the one hand the investigation 

of the necessity of diaphragms in steel and composite bridges and on the other hand 

the assessment of the pertinent guidelines of the applicable codes. Although the 

diaphragms contribute to the proper function and the durability of the bridges, the 

increase of the budget and the construction difficulties which accompany them 

constitute the motivation of the present thesis. The investigation of their necessity is 

carried out using higher order beam theories and a software package based on the 

finite element method. Cases of open and closed cross-sections in straight or curved 

bridges are examined. The results of the two methods are compared in order to reach 

the relevant conclusions. The codesô assessment is executed based on these results. 

More specifically, in the examined cases of straight bridges the codes are particularly 

conservative, whereas in the cases of curved bridges although the diaphragmsô 

necessity is higher, the codes are also proved to be conservative. 
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ȹɘŮɟŮɨɜɖůɖ ŬɜŬɔəŬɘɧŰɖŰŬɠ ŭɘŬűɟŬɔɛɎŰɤɜ ůŮ ůɘŭɖɟɏɠ əŬɘ ůɨɛɛɘəŰŮɠ ɔɏűɡɟŮɠ 

1. ȺɘůŬɔɤɔɐ 
 

1.1 ȾɑɜɖŰɟɞ əŬɘ ůŰɧɢɞɘ 

Ƀɘ ůɨɛɛɘəŰŮɠ ɔɏűɡɟŮɠ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ Űɞ əŬŰɎůŰɟɤɛŬ, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ 

əŬŰŬůəŮɡŬůɛɏɜɞ Ŭˊɧ ɞˊɚɘůɛɏɜɞ ůəɡɟɧŭŮɛŬ əŬɘ Űɘɠ əɨɟɘŮɠ ŭɞəɞɨɠ, ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ 

əŬŰŬůəŮɡŬůɛɏɜŮɠ Ŭˊɧ ɢɎɚɡɓŬ. Ƀɘ əɨɟɘŮɠ ŭɞəɞɑ ůɡɜŭɏɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ ůŮ ɘəŬɜɏɠ 

ŬˊɞůŰɎůŮɘɠ ɛɏůɤ ŭɘŬŭɞəɑŭɤɜ. ɄɟɧəŮɘŰŬɘ ɔɘŬ ɢŬɚɨɓŭɘɜŮɠ ŭɞəɞɨɠ, ɞɘ ɞˊɞɑŮɠ ɏɢɞɡɜ 

ůɡɜɐɗɤɠ əɞɑɚɖ ɞɟɗɞɔɤɜɘəɐ ŭɘŬŰɞɛɐ ɐ ŭɘŬŰɞɛɐ ŭɘˊɚɞɨ ŰŬɡ. ɆŰɧɢɞɠ Űɞɡɠ ŮɑɜŬɘ ɞ 

ˊŮɟɘɞɟɘůɛɧɠ Űɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ ŮɜŰɧɠ əŬɘ ŮəŰɧɠ Űɖɠ ŭɘŬŰɞɛɐɠ. ȼ ɡɘɞɗɏŰɖůɖ 

ŭɘŬŭɞəɑŭɤɜ ůŮ ɔɏűɡɟŬ ŮɝŬůűŬɚɑɕŮɘ Űɖ ɓɏɚŰɘůŰɖ ŭɘɎɟəŮɘŬ ɕɤɐɠ Űɞɡ ɏɟɔɞɡ ɚɧɔɤ 

ɛŮɑɤůɖɠ Űɤɜ ŬɜŬˊŰɡůůɧɛŮɜɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ Ŭˊɧ ŰŬ űɞɟŰɑŬ ůŰŬ ɞˊɞɑŬ 

ɡˊɞɓɎɚɚŮŰŬɘ. Ⱥˊɑůɖɠ, ŮɝŬůűŬɚɑɕŮɘ Űɖ ůɤůŰɐ ɚŮɘŰɞɡɟɔɑŬ Űɤɜ Ŭɟɛɩɜ əŬɘ Űɤɜ 

ŮűŮŭɟɎɜɤɜ  Űɖɠ ɔɏűɡɟŬɠ, ˊŬɟŮɛˊɞŭɑɕɞɜŰŬɠ Űɖɜ ŬɜɎˊŰɡɝɖ ɛŮɔɎɚɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ. 

ɋůŰɧůɞ, ɖ əŬŰŬůəŮɡɐ Űɤɜ ŭɘŬűɟŬɔɛɎŰɤɜ ŬɡɝɎɜŮɘ Űɞ əɧůŰɞɠ əŬŰŬůəŮɡɐɠ ɚɧɔɤ Űɤɜ 

ŬˊŬɘŰɞɨɛŮɜɤɜ ɡɚɘəɩɜ əŬɘ Űɤɜ ŮɟɔŬŰɘəɩɜ. ɄŬɟɎɚɚɖɚŬ, ůɡɢɜɎ ɖ əŬŰŬůəŮɡɐ Űɞɡɠ 

ɛˊɞɟŮɑ ɜŬ əŬŰŬůŰŮɑ ɘŭɘŬɑŰŮɟŬ ŭɡůɢŮɟɐɠ. ɉŬɟŬəŰɖɟɘůŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ ŮɑɜŬɘ ɖ 

ˊŮɟɑˊŰɤůɖ ɢŬɟŬŭɟɞɔɏűɡɟŬɠ, ɧˊɞɡ ɖ ůɨɜŭŮůɖ Űɤɜ ŭɘŬŭɞəɘŭɤɜ ɛŮ Űɘɠ əɨɟɘŮɠ ŭɞəɞɨɠ 

ŬˊŬɘŰŮɑ ˊɞɚɡɏɝɞŭɞ Ůɝɞˊɚɘůɛɧ əŬɘ ŭɨůəɞɚŮɠ ŰŮɢɜɘəɏɠ.  

ȷˊɧ ŰŬ ŬɜɤŰɏɟɤ əŬɗɑůŰŬŰŬɘ ůŬűɏɠ ɧŰɘ ɖ ɡɘɞɗɏŰɖůɖ Űɤɜ ŮɚɎɢɘůŰŬ ŬˊŬɘŰɞɨɛŮɜɤɜ 

ŭɘŬŭɞəɑŭɤɜ ŬˊɞŰŮɚŮɑ ŬɜŰɘəŮɑɛŮɜɞ ɕɤŰɘəɐɠ ůɖɛŬůɑŬɠ ɔɘŬ Űɖɜ ŬɜɗŮəŰɘəɧŰɖŰŬ, Űɖ 

ŭɘɎɟəŮɘŬ ɕɤɐɠ, Űɖɜ ɞɘəɞɜɞɛɑŬ əŬɘ Űɖɜ ŮɡəɞɚɑŬ əŬŰŬůəŮɡɐɠ Űɞɡ ɏɟɔɞɡ. ɆŰɧɢɞɠ Űɖɠ 

ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ŬˊɞŰŮɚŮɑ ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ ŮɚɎɢɘůŰɞɡ 

ŬˊŬɘŰɞɨɛŮɜɞɡ Ŭɟɘɗɛɞɨ ŭɘŬűɟŬɔɛɎŰɤɜ ɔɏűɡɟŬɠ, əŬɗɩɠ əŬɘ ɖ ŬˊɞŰɑɛɖůɖ Űɤɜ 

ůɡůŰɎůŮɤɜ ˊɞɡ ɞɟɑɕɞɡɜ ɞɘ ůɢŮŰɘəɞɑ əŬɜɞɜɘůɛɞɑ. 

 

1.2 ȷɜŰɘɛŮŰɩˊɘůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ 

ũɘŬ Űɖɜ ˊɟɞůɏɔɔɘůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŬɡŰɞɨ ůɡɔəɟɑɗɖəŬɜ ɞɘ ŰɎůŮɘɠ əŬɘ ɞɘ 

ɛŮŰŬŰɞˊɑůŮɘɠ ůŮ ɢŬɟŬəŰɖɟɘůŰɘəɞɨɠ əɧɛɓɞɡɠ Űɤɜ ˊɟɞůɞɛɞɘɤɛɎŰɤɜ. ȷɟɢɘəɎ 

ɛŮɚŮŰɐɗɖəŬɜ ŮɡɗɨɔɟŬɛɛɞɘ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ əŬɛˊɨɚɞɘ űɞɟŮɑɠ ɛŮ ɢɟɐůɖ ɡűɘůŰɎɛŮɜɞɡ 

ɚɞɔɘůɛɘəɞɨ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ əŬɗɩɠ əŬɘ ɛŮ ɢɟɐůɖ ɗŮɤɟɘɩɜ ŭɞəɞɨ ŬɜɩŰŮɟɖɠ 

ŰɎɝɖɠ. ɇŬ ɛɞɜŰɏɚŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɧůɞ ɛɞɜŰɏɚŬ ɛɑŬɠ ŭɞəɞɨ 

ɧůɞ əŬɘ ˊŮɟɘˊŰɩůŮɘɠ ɛɞɜŰɏɚɤɜ ˊɞɡ ˊɟɞůɞɛɞɘɩɜɞɡɜ ɛɑŬ ɔɏűɡɟŬ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŭɨɞ 

əɨɟɘŮɠ ŭɞəɞɨɠ əŬɘ əŬŰɎůŰɟɤɛŬ. ȳɚŬ ŰŬ ˊŬɟŬˊɎɜɤ ˊɟɞůɞɛɞɘɩɗɖəŬɜ ŬɟɢɘəɎ ɢɤɟɑɠ 

ŭɘɎűɟŬɔɛŬ. ɆŰɖ ůɡɜɏɢŮɘŬ ˊɟɞůŰɏɗɖəŬɜ ɏɜŬ ɐ ˊŮɟɘůůɧŰŮɟŬ ŭɘŬűɟɎɔɛŬŰŬ ůŮ ŭɘɎűɞɟŮɠ 

ɗɏůŮɘɠ, ŬɜɎɚɞɔŬ ɛŮ Űɞɡɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞɡɠ ȾŬɜɞɜɘůɛɞɨɠ. 

 

1.3 ɄŮɟɘɔɟŬűɐ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ 

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŮɑɜŬɘ ŭɘŬɟɗɟɤɛɏɜɖ ůŮ 8 əŮűɎɚŬɘŬ.  

ɇɞ ȾŮűɎɚŬɘɞ 1 ŬˊɞŰŮɚŮɑ Űɖɜ ŮɘůŬɔɤɔɐ Űɖɠ ŮɟɔŬůɑŬɠ. ɆŮ ŬɡŰɧ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ Űɞ 

əɑɜɖŰɟɞ Ůəˊɧɜɖůɖɠ Űɖɠ, ɞɘ ůŰɧɢɞɘ Űɖɠ, əŬɗɩɠ əŬɘ ɖ ŬɜŰɘɛŮŰɩˊɘůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. 



ȺɘůŬɔɤɔɐ 
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 ɆŬˊɞɡɜŰɕɎəɖ ȳɚɔŬ ï ȷəŬŭɖɛŬɥəɧ ɏŰɞɠ 2017 - 2018 

ɆŰɞ ȾŮűɎɚŬɘɞ 2 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɛŮ Űɖ ɢɟɐůɖ 

ɡűɘůŰɎɛŮɜɞɡ ɚɞɔɘůɛɘəɞɨ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ (ɟŬɓŭɤŰɎ ůŰɞɘɢŮɑŬ, ůŰɞɘɢŮɑŬ 

əŮɚɨűɞɡɠ). ɆɡɔəŮəɟɘɛɏɜŬ, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŰŬ ɓŬůɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ 

ˊɟɞůɞɛɞɘɤɛɎŰɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ, əŬɗɩɠ əŬɘ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ 

ŬɡŰɞɨ. ȺəŮɑ ˊŮɟɘɔɟɎűŮŰŬɘ Űɞ ůɨɜɞɚɞ Űɤɜ ŬɜŬɚɨůŮɤɜ ˊɞɡ ŮəŰŮɚɏůŰɖəŬɜ əŬɘ ɖ űɡůɘəɐ 

Űɞɡɠ ůɖɛŬůɑŬ. 

ɆŰɞ ȾŮűɎɚŬɘɞ 3 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ  ɞɘ ŬɟɘɗɛɖŰɘəɏɠ ŮűŬɟɛɞɔɏɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ 

ɛŮ Űɖ ɢɟɐůɖ ɡűɘůŰɎɛŮɜɞɡ ɚɞɔɘůɛɘəɞɨ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ. ɆɡɔəŮəɟɘɛɏɜŬ, 

ŮɝɖɔŮɑŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ ŭɘŬůŰŬůɘɞɚɧɔɖůɖɠ ɔɘŬ ŬɜɞɘɢŰɏɠ əŬɘ əɚŮɘůŰɏɠ ŭɘŬŰɞɛɏɠ əŬɗɩɠ 

əŬɘ ɧɚŬ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ɛɞɜŰɏɚɤɜ ˊɞɡ ŮɘůɎɢɗɖəŬɜ ůŰɞ ˊɟɧɔɟŬɛɛŬ 

ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ. ȹɑɜɞɜŰŬɘ ŰŬ ŬɜŰɑůŰɞɘɢŬ ŬɟɘɗɛɖŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɞɡ 

ˊɟɞɏəɡɣŬɜ ɔɘŬ əɎɗŮ ɛɑŬ ŬɜɎɚɡůɖ, ŭɖɚŬŭɐ ɞɘ ˊŬɟŬɛɞɟűɤɛɏɜŮɠ ŮɘəɧɜŮɠ, ɞɘ ŭɟɧɛɞɘ 

ɘůɞɟɟɞˊɑŬɠ əŬɘ ɞɘ ɘůɞŰŬůɘəɏɠ ŮˊɘűɎɜŮɘŮɠ.  

ɆŰɞ ȾŮűɎɚŬɘɞ 4 ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ŬɜŰɘɛŮŰɩˊɘůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɓŬůɘůɛɏɜɖ ůŮ 

ɗŮɤɟɑŬ ŭɞəɞɨ ŬɜɩŰŮɟɖɠ ŰɎɝɖɠ. ȷɟɢɘəɎ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɓɘɓɚɘɞɔɟŬűɘəɐ ŬɜŬŭɟɞɛɐ 

ůŰɞ ŬɜŰɘəŮɑɛŮɜɞ ŬɡŰɧ əŬɘ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůɨɔəɟɘůɖ ɛŮ ŰŬ ŰɟɘůŭɘɎůŰŬŰŬ 

ˊɟɞůɞɛɘɩɛŬŰŬ. ɆŰɖ ůɡɜɏɢŮɘŬ, ˊŬɟŬŰɑɗŮɜŰŬɘ ŰŬ ɓŬůɘəɎ ůŰɞɘɢŮɑŬ Űɖɠ ɗŮɤɟɑŬɠ ŬɡŰɐɠ, 

əŬɗɩɠ əŬɘ ɞɘ ŮɝɘůɩůŮɘɠ ˊɞɡ Űɖ ŭɘɏˊɞɡɜ. ȼ ɗŮɤɟɑŬ ŬɡŰɐ ŮɑɜŬɘ ɓŬůɘůɛɏɜɖ ůŰɖ ɗŮɤɟɑŬ 

ŮɚŬůŰɘəɧŰɖŰŬɠ, ŬˊɞűŮɨɔɞɜŰŬɠ Űɘɠ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ Űɘɠ ˊŬɟŬŭɞɢɏɠ Űɖɠ ɗŮɤɟɑŬɠ ŭɞəɞɨ 

Euler-Bernoulli, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɘɜ Űɧůɞ Űɖɜ ŮəŰɧɠ (warping),  ɧůɞ əŬɘ Űɖɜ ŮɜŰɧɠ 

(distortion) Ůˊɘˊɏŭɞɡ ˊŬɟŬɛɧɟűɤůɖ.  

ɆŰɞ ȾŮűɎɚŬɘɞ 5 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ŮˊɘɚɨůŮɘɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮ Űɖ ɢɟɐůɖ 

ˊɟɞɔɟɎɛɛŬŰɞɠ ɓŬůɘůɛɏɜɞ ůŮ ɗŮɤɟɑŮɠ ŭɞəɞɨ ŬɜɩŰŮɟɖɠ ŰɎɝɖɠ. ɇŬ ˊɟɞůɞɛɞɘɩɛŬŰŬ ˊɞɡ 

ŮɝŮŰɎůŰɖəŬɜ ŮɑɜŬɘ ɑŭɘŬ ɛŮ ŬɡŰɎ Űɞɡ ȾŮűŬɚŬɑɞɡ 4. Ƀɛɞɑɤɠ ɛŮ Űɖɜ ˊɟɩŰɖ Ůˊɑɚɡůɖ 

ˊŬɟŬŰɑɗŮɜŰŬɘ ɞɘ ɘůɞŰŬůɘəɏɠ ŮˊɘűɎɜŮɘŮɠ əŬɘ ŭɘŬɔɟɎɛɛŬŰŬ ɛŮŰŬɓɞɚɐɠ Űɞɡ űɞɟŰɑɞɡ ůŮ 

ůɡɜɎɟŰɖůɖ ɛŮ Űɞ ŮˊɘɓŬɚɚɧɛŮɜɞ űɞɟŰɑɞ. 

ɆŰɞ ȾŮűɎɚŬɘɞ 6 ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůɨɔəɟɘůɖ Űɤɜ ŭɨɞ ɛŮɗɧŭɤɜ. ɆɡɔəŮəɟɘɛɏɜŬ, 

ůɡɔəɟɑɜɞɜŰŬɘ ɞɘ ŰɎůŮɘɠ əŬɘ ɞɘ ˊŬɟŬɛɞɟűɩůŮɘɠ, əŬɗɩɠ əŬɘ ɖ ŬɜŬɔəŬɘɧŰɖŰŬ ɔɘŬ 

ŭɘŬűɟɎɔɛŬŰŬ ˊɞɡ əŬŰŬŭŮɘəɜɨŮŰŬɘ ɔɘŬ əɎɗŮ ɏɜŬ Ŭˊɧ ŰŬ ŮɝŮŰŬůɗɏɜŰŬ ˊɟɞůɞɛɞɘɩɛŬŰŬ.  

ɆŰɞ ȾŮűɎɚŬɘɞ 7 ˊŬɟŬŰɑɗŮɜŰŬɘ ɞɘ ůɢŮŰɘəɞɑ əŬɜɞɜɘůɛɞɑ ˊɞɡ Ŭűɞɟɞɨɜ Űɖɜ ŰɞˊɞɗɏŰɖůɖ 

ŭɘŬűɟŬɔɛɎŰɤɜ əŬɘ ɔɑɜŮŰŬɘ ɖ ŬˊɞŰɑɛɖůɖ Űɞɡɠ. ȷɟɢɘəɎ ɔɟɎűɞɜŰŬɘ ɞɘ ɞŭɖɔɑŮɠ Ŭˊɧ Űɞɡɠ 

ȺɡɟɤəɩŭɘəŮɠ, Űɞɜ AASHTO əŬɘ  Űɞɜ HEPCJ. ȰˊŮɘŰŬ, ɛŮ ɓɎůɖ Űɘɠ ŬɟɘɗɛɖŰɘəɏɠ 

ŮűŬɟɛɞɔɏɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ əŬɘ ŮˊŮɝɖɔɐɗɖəŬɜ ůŰɞ ȾŮűɎɚŬɘɞ 4 ɔɑɜŮŰŬɘ ɖ 

ŬˊɞŰɑɛɖůɖ Űɞɡɠ. 

ɆŰɞ ȾŮűɎɚŬɘɞ 8 ŬɜŬɚɨɞɜŰŬɘ ɧɚŬ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ŮɝɎɢɗɖəŬɜ Ŭˊɧ Űɖ 

ŭɘˊɚɤɛŬŰɘəɐ ŬɡŰɐ. Ⱥˊɑůɖɠ, ɔɑɜɞɜŰŬɘ ˊɟɞŰɎůŮɘɠ ɔɘŬ ɛŮɚɚɞɜŰɘəɐ ɏɟŮɡɜŬ. 

ɇɏɚɞɠ, ŬɜŬɔɟɎűŮŰŬɘ ɖ ůɢŮŰɘəɐ ɓɘɓɚɘɞɔɟŬűɑŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ Ůəˊɧɜɖůɖ 

Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ. 

 



3 

ȹɘŮɟŮɨɜɖůɖ ŬɜŬɔəŬɘɧŰɖŰŬɠ ŭɘŬűɟŬɔɛɎŰɤɜ ůŮ ůɘŭɖɟɏɠ əŬɘ ůɨɛɛɘəŰŮɠ ɔɏűɡɟŮɠ 

2. Ⱥˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɛŮ ɡűɘůŰɎɛŮɜɞ ɚɞɔɘůɛɘəɧ 

ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ 
 

ɆŰɖ ůɡɜɏɢŮɘŬ Űɞ ˊɟɧɓɚɖɛŬ ˊɟɞůŮɔɔɑůŰɖəŮ ɛŮ ɢɟɐůɖ ɡűɘůŰɎɛŮɜɞɡ ɚɞɔɘůɛɘəɞɨ 

ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ. ɆɡɔəŮəɟɘɛɏɜŬ Űɞ ˊɟɧɔɟŬɛɛŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɐŰŬɜ Űɞ 

ADINA . ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ŮəŰŮɚɏůŮɘɠ ɛŮ: 

¶ ɉɟɐůɖ ɔɟŬɛɛɘəɩɜ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ (beam elements) 

¶ ɉɟɐůɖ ŮˊɘűŬɜŮɘŬəɩɜ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ (shell elements) 

ũɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ŮˊɘűŬɜŮɘŬəɩɜ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ ŰŬ ˊɚɏɔɛŬŰŬ ˊɞɡ 

ŮˊɘɚɏɢɗɖəŬɜ ŮɑɢŬɜ ŬˊɞůŰɎůŮɘɠ 0.10õ0.50m. ɇɞ ˊɚɏɔɛŬŰŬ ŬɡŰɞ ˊɟɞůŭɘɞɟɑůŰɖəŬɜ 

ɏˊŮɘŰŬ Ŭˊɧ ɢɟɐůɖ ŭɘŬűɞɟŮŰɘəɩɜ ˊɚŮɔɛɎŰɤɜ, ɩůŰŮ ɛŮ ɧůɞ ŭɡɜŬŰɧɜ ɛɘəɟɧŰŮɟɞ 

ɡˊɞɚɞɔůŰɘəɧ űɧɟŰɞ ɜŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ Ŭəɟɘɓɏɠ ŬˊɞŰɏɚŮůɛŬ. ɇŬ ˊɚɏɔɛŬŰŬ ɏˊɟŮˊŮ ɜŬ 

ŮɑɜŬɘ ˊɡəɜɧŰŮɟŬ, ɧˊɞɡ ɡˊɐɟɢŮ əɑɜŭɡɜɞɠ ɚɡɔɘůɛɞɨ. ɆŰŬ ˊɟɞůɞɛɞɘɩɛŬŰŬ ˊɞɡ 

ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ŰŬ ŭɘŬűɟɎɔɛŬŰŬ ɡɚɞˊɞɘɐɗɖəŬɜ ɛɏůɤ rigid links, ŭɖɚŬŭɐ ɎəŬɛˊŰɤɜ 

ůɡɜŭɏůɛɤɜ ɞɘ ɞˊɞɑɞɘ Ůɜɩɜɞɡɜ Űɞɡɠ əɧɛɓɞɡɠ Űɖɠ ŭɘŬŰɞɛɐɠ ɛŮ ɏɜŬ ůɖɛŮɑɞ ůŰɞ əɏɜŰɟɞ 

Űɖɠ ŭɘŬŰɞɛɐɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 2.1. 

 

 

ȺɘəɧɜŬ 2.1: Ʉɟɞůɞɛɞɑɤůɖ ŭɘŬűɟɎɔɛŬŰɞɠ ɛɏůɤ ɎəŬɛˊŰɤɜ ůɡɜŭɏůɛɤɜ 

 

 

ȼ Ɏɟɗɟɤůɖ ɡɚɞˊɞɘɐɗɖəŮ ɤɠ ůɡɜɞɟɘŬəɐ ůɡɜɗɐəɖ ɛŮ ŭɏůɛŮɡůɖ Űɤɜ Űɟɘɩɜ 

ɛŮŰŬəɘɜɖůɘŬəɩɜ ɓŬɗɛɩɜ ŮɚŮɨɗŮɟɑŬɠ (ɛŮŰŬəɑɜɖůŮɘɠ x, y, z) əŬɘ Űɞɡ ůŰɟɞűɘəɞɨ ɓŬɗɛɞɨ 

ŮɚŮɡɗŮɟɑŬɠ y. Ƀɛɞɑɤɠ, ɖ əɨɚɘůɖ ɡɚɞˊɞɘɐɗɖəŮ ɛŮ ŭɏůɛŮɡůɖ Űɤɜ ɛŮŰŬəɘɜɖůɘŬəɩɜ 

ɓŬɗɛɩɜ ŮɚŮɡɗŮɟɑŬɠ x əŬɘ z. ȷɛűɧŰŮɟŮɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛɏůɤ Űɖɠ ɏɜɤůɖɠ ɛŮ 

ɎəŬɛˊŰɞɡɠ ůɡɜŭɏůɛɞɡɠ (rigid links) ůɖɛŮɑɤɜ Űɖɠ ŬəɟŬɑŬɠ ŭɘŬŰɞɛɐɠ ɛŮ ɏɜŬ ůɖɛŮɑɞ 

ɏəŰɞɠ ŬɡŰɐɠ ůŰɞ ɛɏůɞɜ Űɞɡ ɨɣɞɡɠ Űɖɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 2.2. ɆŰɞ ůɖɛŮɑɞ 

ŬɡŰɧ ŮűŬɟɛɧůŰɖəŮ ɖ ůɡɜɞɟɘŬəɐ ůɡɜɗɐəɖ. ɇɏɚɞɠ, ɖ ˊɎəŰɤůɖ ɡɚɞˊɞɘɐɗɖəŮ ɤɠ 

ůɡɜɞɟɘŬəɐ ůɡɜɗɐəɖ ɛŮ ŭɏůɛŮɡůɖ əŬɘ Űɤɜ 6 ɓŬɗɛɩɜ ŮɚŮɡɗŮɟɑŬɠ, ŭɖɚŬŭɐ Űɧůɞ Űɤɜ 

Űɟɘɩɜ ɛŮŰŬəɘɜɖůɘŬəɩɜ (ɛŮŰŬəɑɜɖůŮɘɠ x, y, z), ɧůɞ əŬɘ Űɤɜ Űɟɘɩɜ ůŰɟɞűɘəɩɜ (ůŰɟɞűɏɠ 

x, y, z). ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ɖ ůɡɜɞɟɘŬəɖ ůɡɜɗɐəɖ ŮűŬɟɛɧůŰɖəŮ ůŰŬ ůɖɛŮɑŬ Űɖɠ 

ŭɘŬŰɞɛɐɠ. 

 



Ⱥˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɛŮ ɡűɘůŰɎɛŮɜɞ ɚɞɔɘůɛɘəɧ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ 
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ȺɘəɧɜŬ 2.2: Ʉɟɞůɞɛɞɑɤůɖ əɨɚɘůɖɠ ɛɏůɤ ɎəŬɛˊŰɤɜ ůɡɜŭɏůɛɤɜ 

 

 

ɆŮ ɧɚŮɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ Űɤɜ ŮűŬɟɛɞɔɩɜ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ŬɟɢɘəɎ ɔɟŬɛɛɘəɏɠ 

ŬɜŬɚɨůŮɘɠ. ũɘŬ Űɘɠ ŬɜŬɚɨůŮɘɠ ŬɡŰɏɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ŬɜɎɚɡůɖ Űɨˊɞɡ Statics. ɆŮ 

ŬɡŰɏɠ Űɧůɞ Űɞ ůəɡɟɧŭŮɛŬ, ɧůɞ əŬɘ ɞ ɢɎɚɡɓŬɠ ˊɟɞůɞɛɞɘɩɗɖəŬɜ ɤɠ ɔɟŬɛɛɘəɎ 

ŮɚŬůŰɘəɎ ɡɚɘəɎ. ɆɡɔəŮəɟɘɛɏɜŬ, Űɞ ůəɡɟɧŭŮɛŬ C30/37 ˊɞɡ ɢɟɖůɘɛˊɞˊɞɘɐɗɖəŮ 

ɗŮɤɟɐɗɖəŮ ɤɠ ŮɚŬůŰɘəɧ ɘůɧŰɟɞˊɞ ɡɚɘəɧ ɛŮ ɛɏŰɟɞ ŮɚŬůŰɘəɧŰɖŰŬɠ Ⱥ=32GPa əŬɘ ɚɧɔɞ 

Poisson ɜ=0.2. Ƀɛɞɑɤɠ, ɞ ɢɎɚɡɓŬɠ S355 ɗŮɤɟɐɗɖəŮ ɤɠ ŮɚŬůŰɘəɧ ɘůɧŰɟɞˊɞ ɡɚɘəɧ ɛŮ 

ɛɏŰɟɞ ŮɚŬůŰɘəɞŰɖŰŬɠ E=210GPa əŬɘ ɚɧɔɞ Poisson ɜ=0.3. ɀŮ ɓɎůɖ Űɞ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞ ɡɚɘəɧ əŬɘ Űɞ ˊɎɢɞɠ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ŰŬ ŬɜŰɑůŰɞɘɢŬ element 

groups. 

ɆŰɖ ůɡɜɏɢŮɘŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛɖ ɔɟŬɛɛɘəɏɠ ŬɜŬɚɨůŮɘɠ. ȷɡŰɏɠ ˊŮɟɘɚɛɓɎɜɞɡɜ ɛɖ 

ɔɟŬɛɛɘəɏɠ ŬɜŬɚɨůŮɘɠ ɔŮɤɛŮŰɟɑŬɠ (GNA), ɛɖ ɔɟŬɛɛɘəɏɠ ŬɜŬɚɨůŮɘɠ ɡɚɘəɞɨ (ɀɁȷ) əŬɘ 

ɛɖ ɔɟŬɛɛɘəɏɠ ŬɜŬɚɨůŮɘɠ ɔŮɤɛŮŰɟɑŬɠ əŬɘ ɡɚɘəɞɨ (GMNA). ɀɖ ɔɟŬɛɛɘəɐ ŬɜɎɚɡůɖ 

ɔŮɤɛŮŰɟɑŬɠ ŮɑɜŬɘ ɖ ŬɜɎɚɡůɖ ůŰɖɜ ɞˊɞɑŬ ŭŮɜ ɘůɢɨŮɘ ɖ ɗŮɤɟɑŬ Űɤɜ ɛɘəɟɩɜ 

ɛŮŰŬŰɞˊɑůŮɤɜ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ ɞɘ ŮɝɘůɩůŮɘɠ ɘůɞɟɟɞˊɑŬɠ ŭŮ ɔɟɎűɞɜŰŬɘ ůŰɖɜ 

ŬˊŬɟŬɛɧɟűɤŰɖ, ŬɚɚɎ ůŰɖɜ ˊŬɟŬɛɞɟűɤɛɏɜɖ əŬŰɎůŰŬůɖ Űɞɡ űɞɟɏŬ. ɀɖ ɔɟŬɛɛɘəɐ 

ŬɜɎɚɡůɖ ɡɚɘəɞɨ ŮɑɜŬɘ ɖ ŬɜɎɚɡůɖ ůŰɖɜ ɞˊɞɑŬ Űɞ ɡɚɘəɧ ŭŮ ɗŮɤɟŮɑŰŬɘ ɔɟŬɛɛɘəɧ 

ŮɚŬůŰɘəɧ ůŮ ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ űɧɟŰɘůɖɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ɞ ɢɎɚɡɓŬɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ 

ŬɡŰɐ ˊɟɞůɞɛɞɘɩɗɖəŮ ɛŮ ŭɘɔɟŬɛɛɘəɧ ɡɚɘəɧ, ŭɖɚŬŭɐ ɔɟŬɛɛɘəɧ ŮɚŬůŰɘəɧ ɡɚɘəɧ ɛŮ 

ɛɏŰɟɞ ŮɚŬůŰɘəɧŰɖŰŬɠ Ⱥ=210GPa ɛɏɢɟɘ Űɞ ɧɟɘɞ ŭɘŬɟɟɞɐɠ Űɞɡ (fy=355MPa ɔɘŬ Űɞ 

ɢɎɚɡɓŬ S355 ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ) əŬɘ ɏˊŮɘŰŬ ŬˊɞɚɨŰɤɠ 

ˊɚŬůŰɘəɧ ɢɤɟɑɠ əɟɎŰɡɜůɖ. ɇɞɡ ɢɎɚɡɓŬ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ɛɖ ɔɟŬɛɛɘəɧŰɖŰŬɠ 

űŬɑɜŮŰŬɘ ůŰɞ ˊŬɟŬəɎŰɤ ůɢɐɛŬ (ȺɘəɧɜŬ 2.3). ɇɏɚɞɠ, ɛɖ ɔɟŬɛɛɘəɐ ŬɜɎɚɡůɖ 

ɔŮɤɛŮŰɟɑŬɠ əŬɘ ɡɚɘəɞɨ ŮɑɜŬɘ ɖ ŬɜɎɚɡůɖ ůŰɖɜ ɞˊɞɑŬ ŭŮɜ ɘůɢɨŮɘ ɖ ɗŮɤɟɑŬ Űɤɜ ɛɘəɟɩɜ 

ɛŮŰŬŰɞˊɑůŮɤɜ əŬɘ ˊŬɟɎɚɚɖɚŬ Űɞ ɡɚɘəɧ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɏɢŮɘ ŰŬ ˊŬɟŬˊɎɜɤ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ. 



ȾŮűɎɚŬɘɞ 2 

 

 

ȺɘəɧɜŬ 2.3: ȹɘɎɔɟŬɛɛŬ ɢɎɚɡɓŬ S355 

 

ɆŰɖ ůɡɜɏɢŮɘŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛɖ ɔɟŬɛɛɘəɩɜ ŬɜŬɚɨůŮɤɜ ɚɡɔɘůɛɞɨ (Linear 

Buckling Analysis). ɆŮ ŬɡŰɏɠ ŰŬ ɡɚɘəɎ ŮɑɜŬɘ ŮɚŬůŰɘəɎ, ŬɚɚɎ ŭŮɜ ɘůɢɨŮɘ ɖ ɗŮɤɟɑŬ Űɤɜ 

ɛɘəɟɩɜ ɛŮŰŬŰɞˊɑůŮɤɜ. ɆŰɧɢɞɠ ŮɑɜŬɘ ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɤɜ ɘŭɘɞɛɞɟűɩɜ ɚɡɔɘůɛɞɨ Űɤɜ 

ɛɞɜŰɏɚɤɜ əŬɘ ɞɘ ŬɜŰɑůŰɞɘɢɞɘ ůɡɜŰŮɚŮůŰɏɠ űɞɟŰɑɞɡ. ɆŰɘɠ ɛŮŰɏˊŮɘŰŬ ŬɜŬɚɨůŮɘɠ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɞɘ ˊɟɩŰŮɠ ɘŭɘɞɛɞɟűɏɠ, ɞɘ ɞˊɞɑŮɠ ɏɢɞɡɜ ˊŬɟŬˊɚɐůɘɞɡɠ ůɡɜŰŮɚŮůŰɏɠ 

űɞɟŰɑɞɡ. 

ɆŮ ŮˊɧɛŮɜɞ ůŰɎŭɘɞ ɞɘ ŬɜŬɚɨůŮɘɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮ ŮɘůŬɔɤɔɐ Ŭɟɢɘəɩɜ ŬŰŮɚŮɘɩɜ. 

ɆɡɔəŮəɟɘɛɏɜŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛɖ ɔɟŬɛɛɘəɏɠ ŬɜŬɚɨůŮɘɠ ɔŮɤɛŮŰɟɑŬɠ ɛŮ ɨˊŬɟɝɖ 

Ŭɟɢɘəɩɜ ŬŰŮɚŮɘɩɜ (GNIA) əŬɘ ɛɖ ɔɟŬɛɛɘəɏɠ ŬɜŬɚɨůŮɘɠ ɔŮɤɛŮŰɟɑŬɠ əŬɘ ɡɚɘəɞɨ ɛŮ 

ɨˊŬɟɝɖ Ŭɟɢɘəɩɜ ŬŰŮɚŮɘɩɜ (GMNIA). ȷˊɧ Űɘɠ ɔɟŬɛɛɘəɏɠ ŬɜŬɚɨůŮɘɠ ɚɡɔɘůɛɞɨ 

ˊɟɞůŭɘɞɟɑůŰɖəŬɜ ɔɘŬ Űɘɠ ˊɟɩŰŮɠ ɘŭɘɞɛɞɟűɏɠ ɞɘ ɘŭɘɞŰɘɛɏɠ ůŮ əɎɗŮ əɧɛɓɞ ůŰɘɠ 

ŭɘŮɡɗɨɜůŮɘɠ xȭx, yȭy əŬɘ zȭz. ũɘŬ əɎɗŮ ɛɑŬ Ŭˊɧ Űɘɠ ɘŭɘɞɛɞɟűɏɠ ŬɡŰɏɠ ŮˊɘɚɏɢɗɖəŮ ɞ 

əɧɛɓɞɠ əŬɘ ɖ ŭɘŮɨɗɡɜůɖ ɛŮ Űɖ ɛɏɔɘůŰɖ ɘŭɘɞŰɘɛɐ əŬɘ ůŮ ŬɡŰɐ ŮɘůɎɢɗɖəŬɜ Ŭɟɢɘəɏɠ 

ŬŰɏɚŮɘŮɠ ɛŮ ɛɏɔŮɗɞɠ 0.01m. 

ɆŮ ɧɚŮɠ Űɘɠ ˊɟɞŬɜŬűŮɟɗŮɑůŮɠ ŬɜŬɚɨůŮɘɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ɛɏɗɞŭɞɠ arc-length. ȼ 

ŬɜɎɚɡůɖ ɐŰŬɜ Űɨˊɞɡ Collapse. Ƀ Ŭɟɘɗɛɧɠ Űɤɜ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɤɜ ɓɖɛɎŰɤɜ ɐŰŬɜ 200 

ɛŮ ɛɏɔŮɗɞɠ 0.005. ȼ Ŭɟɢɘəɐ ɛŮŰŬŰɧˊɘůɖ ůŰŬ ŬɛűɘɏɟŮɘůŰŬ ˊɟɞůɞɛɞɘɩɛŬŰŬ ŮɘůɎɔɞɜŰŬɜ 

ůŰɞ ɛɏůɞ Űɞɡ ŬɜɞɑɔɛŬŰɞɠ əŬɘ ŮɑɢŮ ɛɏɔŮɗɞɠ 0.0001m. ȼ əŬɛˊɨɚɖ Ŭˊɧəɟɘůɖɠ əŬɘ ŰŬ 

ŬɜŰɑůŰɞɘɢŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ əŬŰɎ Űɞɜ ɎɝɞɜŬ zôz ŮɑɢŬɜ ɤɠ 

əɧɛɓɞɡɠ ŬɜŬűɞɟɎɠ əɧɛɓɞɡɠ ůŰɞ ɛɏůɞɜ Űɞɡ ŬɜɞɑɔɛŬŰɞɠ əŬŰɎ ɛɐəɞɠ əŬɘ əŬŰɎ ˊɚɎŰɞɠ 

ůŰɖɜ Ɏəɟɖ ɐ ůŰɞ ɛɏůɞɜ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ. Ƀɛɞɑɤɠ ɔɘŬ ɞɟɘɕɧɜŰɘŬ ɛŮŰŬŰɧˊɘůɖ əŬŰɎ 

Űɞɜ ɎɝɞɜŬ xôx ŮˊɘɚɏɢɗɖəŮ ɞ əɧɛɓɞɠ ˊɞɡ ˊŬɟɞɡůɑŬɕŮ Űɖ ɛŮɔŬɚɨŰŮɟɖ ɛŮŰŬŰɧˊɘůɖ əŬŰɎ 

Űɞɜ ɎɝɞɜŬ ŬɡŰɧɜ əŬɘ ɓɟɑůəŮŰŬɘ ůŰɖ ůɡɜŬɟɛɞɔɐ əɞɟɛɞɨ-ˊɏɚɛŬŰɞɠ ůŰɞ ɛɏůɞɜ Űɞɡ 

ŬɜɞɑɔɛŬŰɞɠ əŬŰɎ ɛɐəɞɠ.  

 



Ⱥˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɛŮ ɡűɘůŰɎɛŮɜɞ ɚɞɔɘůɛɘəɧ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ 

6 

 ɆŬˊɞɡɜŰɕɎəɖ ȳɚɔŬ ï ȷəŬŭɖɛŬɥəɧ ɏŰɞɠ 2017 - 2018 

 



7 

ȹɘŮɟŮɨɜɖůɖ ŬɜŬɔəŬɘɧŰɖŰŬɠ ŭɘŬűɟŬɔɛɎŰɤɜ ůŮ ůɘŭɖɟɏɠ əŬɘ ůɨɛɛɘəŰŮɠ ɔɏűɡɟŮɠ 

3. ȷɟɘɗɛɖŰɘəɏɠ ŮűŬɟɛɞɔɏɠ ɛŮ ɢɟɐůɖ ɡűɘůŰɎɛŮɜɞɡ ɚɞɔɘůɛɘəɞɨ 

ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ 
  

3.1 ȷɜɞɘəŰɏɠ ŭɘŬŰɞɛɏɠ 

3.1.1 ȺɡɗɨɔɟŬɛɛɖ ŭɞəɧɠ ŬɜɞɘəŰɐɠ ŭɘŬŰɞɛɐɠ ɛɐəɞɡɠ 30m 

ɇɞ ˊɟɩŰɞ ɛɞɜŰɏɚɞ ˊɞɡ ŮɝŮŰŬůŰɖəŮ ŮɑɜŬɘ ɔɏűɡɟŬ ŬɛűɘɏɟŮɘůŰɞɡ ŬɜɞɑɔɛŬŰɞɠ ɛɐəɞɡɠ 

L=30m. ȷ́ ɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɡɧ əɨɟɘŮɠ ŭɞəɞɨɠ əŬɘ ˊɚɎəŬ əŬŰŬůŰɟɩɛŬŰɞɠ. ȺˊɘɚɏɢɗɖəŮ 

əŬŰɎůŰɟɤɛŬ ˊɚɎŰɞɡɠ 12m, Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛɑŬ ɚɤɟɑŭŬ əɡəɚɞűɧɟɑŬɠ 

ˊɚɎŰɞɡɠ 3.25m, ɛɑŬ ɚɤɟɑŭŬ ɏəŰŬəŰɖɠ ŬɜɎɔəɖɠ (ȿȺȷ) ˊɚɎŰɞɡɠ 1.75m əŬɘ ˊŮɕɞŭɟɧɛɘɞ 

ˊɚɎŰɞɡɠ 1m ŬɜɎ əŬŰŮɨɗɡɜůɖ. ȼ ŬˊɧůŰŬůɖ Űɤɜ əɡɟɑɤɜ ŭɞəɩɜ Ŭˊɧ Űɖɜ Ɏəɟɖ Űɞɡ 

əŬŰŬůŰɟɩɛŬŰɞɠ ŮɑɜŬɘ 1m ɔɘŬ əɎɗŮ ŭɞəɧ əŬɘ ɖ ɛŮŰŬɝɨ Űɞɡɠ ŬˊɧůŰŬůɖ 10m. 

ɃɟɘɕɞɜŰɘɞɔɟŬűɘəɎ ɖ ɔɏűɡɟŬ ɓɟɑůəŮŰŬɘ ůŮ ŮɡɗɡɔɟŬɛɛɑŬ əŬɘ ɛŮ ůŰŬɗŮɟɐ əŬŰɎ ɛɐəɞɠ 

əɚɑůɖ ŮɟɡɗɟɎɠ 0%. ɇɞ ůɡɜɞɚɘəɧ ˊɎɢɞɠ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ ŮɑɜŬɘ 0.40m. ȼ ˊɚɎəŬ 

Űɞɡ ůəɡɟɞŭɏɛŬŰɞɠ ɏɢŮɘ ˊɎɢɞɠ 0.30m əŬɘ ŰŬ ŬůűŬɚŰɘəɎ 0.10m. ɇɞ ůɡɜɞɚɘəɧ ˊɎɢɞɠ 

Űɤɜ ˊŮɕɞŭɟɞɛɑɤɜ ŮɑɜŬɘ 0.50m əŬɘ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ  ɞˊɚɘůɛɏɜɞ ůəɡɟɧŭŮɛŬ əŬɘ Űɖɜ 

ˊɟɞɓɚŮˊɧɛŮɜɖ ŮˊɘəɎɚɡɣɖ. ɇŬ ŮˊɘɚŮɔɧɛŮɜŬ ɡɚɘəɎ ŮɑɜŬɘ ɢɎɚɡɓŬɠ ˊɞɘɧŰɖŰŬɠ S355 əŬɘ 

ůəɡɟɧŭŮɛŬ əŬŰɖɔɞɟɑŬɠ C30/37. 

ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɞɡ űɞɟŰɑɞɡ ůɢŮŭɘŬůɞɨ ůɡɜɡˊɞɚɞɔɑůŰɖəŬɜ ɛɧɜɘɛŬ, ˊɟɧůɗŮŰŬ 

ɛɧɜɘɛŬ əŬɘ əɘɜɖŰɎ űɞɟŰɑŬ. ɆɡɔəŮəɟɘɛɏɜŬ, Űɞ ɑŭɘɞ ɓɎɟɞɠ Űɞɡ ůəɡɟɞŭɏɛŬŰɞɠ ɚɐűɗɖəŮ 

ɔ= 25kN/m3 əŬɘ Űɞɡ ɢɎɚɡɓŬ ɔ= 78.5kN/m3.  Ⱥˊɑůɖɠ ɚɐűɗɖəŬɜ ɡˊɧɣɖ Űɞ ɑŭɘɞ ɓɎɟɞɠ 

Űɤɜ ŬůűŬɚŰɘəɩɜ əŬɘ Űɤɜ ˊŮɕɞŭɟɞɛɑɤɜ ɛŮ ɔ= 24kN/m3. ũɘŬ ŰŬ űɞɟŰɑŬ əɡəɚɞűɞɟɑŬɠ 

ŮˊɘɚɏɢɗɖəŮ ŬɟɢɘəɎ ɞɛɞɘɧɛɞɟűŬ əŬŰŬɜŮɛɖɛɏɜɞ űɞɟŰɑɞ qUDL=9kN/m2 əŬɘ 

ůɡɔəŮɜŰɟɤɛɏɜŬ űɞɟŰɑŬ QTS=300kN ŬɜɎ ɎɝɞɜŬ ůŰɘɠ ɚɤɟɑŭŮɠ əɡəɚɞűɞɟɑŬɠ, ůɨɛűɤɜŬ 

ɛŮ Űɞɡɠ ŬɜŰɑůŰɞɘɢɞɡɠ ȺɡɟɤəɩŭɘəŮɠ. ȳɚŬ ŰŬ ˊŬɟŬˊɎɜɤ űɞɟŰɑŬ, Űɧůɞ ŰŬ ɛɧɜɘɛŬ ɧůɞ 

əŬɘ ŰŬ əɘɜɖŰɎ, ˊɟɞůŬɡɝɐɗɖəŬɜ ɛŮ ůɡɜŰŮɚŮůŰɐ ŬůűŬɚŮɑŬɠ 1.35. ɇŮɚɘəɎ ɟ́ɞɏəɡɣŮ 

ɔɟŬɛɛɘəɎ əŬŰŬɜŮɛɖɛɏɜɞ űɞɟŰɑɞ qlin=175.7kN/m.  

ɆŮ ˊɟɤŰŬɟɢɘəɧ ůŰɎŭɘɞ ŮˊɘɚɏɢɗɖəŮ ɜŬ ɛŮɚŮŰɖɗŮɑ ŬɛűɘɏɟŮɘůŰɞ ˊɟɞůɞɛɞɑɤɛŬ ɛɑŬɠ 

əɡɟɑŬɠ ŭɞəɞɨ. ȷˊɧ Űɞ űɞɟŰɑɞ ˊɞɡ ɡˊɞɚɞɔɑůŰɖəŮ ˊŬɟŬˊɎɜɤ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ 

ˊɟɞɏəɡɣŮ əŬɛˊŰɘəɐ ɟɞˊɐ ůɢŮŭɘŬůɛɞɨ əŬɘ ɖ ŬɜŰɑůŰɞɘɢɖ ŬˊŬɘŰɞɨɛŮɜɖ ˊɚŬůŰɘəɐ ɟɞˊɐ 

ŬɜŰɑůŰŬůɖɠ: 

 

ɀed =  =
Ȣ

 = 19767 kNm (3.1Ŭ)  

Wreq=  = 
Ȣ

 = 55683cm3 (3.1ɓ) 

 

ȺˊɘɚɏɢɗɖəŮ ɢŬɚɨɓŭɘɜɖ ůɡɔəɞɚɚɖŰɐ ŭɘŬŰɞɛɐ ŭɘˊɚɞɨ ŰŬɡ ɛŮ ɎɜɘůŬ ˊɏɚɛŬŰŬ ɛŮ 

əɟɘŰɐɟɘɞ Űɖɜ ŬˊŬɘŰɞɨɛŮɜɖ ˊɚŬůŰɘəɐ ɟɞˊɐ ŬɜŰɑůŰŬůɖɠ. ɇŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ 

ŮˊɘɚŮɔŮɑůŬɠ ŭɘŬŰɞɛɐɠ űŬɑɜɞɜŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ (ɄɑɜŬəŬɠ 3.1) əŬɘ ůŰɖɜ 

ȺɘəɧɜŬ 3.1.. 
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ɄɑɜŬəŬɠ 3.1: ɉŬɟŬəŰɖɟɘůŰɘəɎ ŮˊɘɚŮɔŮɑůŬɠ ɢŬɚɨɓŭɘɜɖɠ ŭɘŬŰɞɛɐɠ ɔɘŬ ɎɜɞɘɔɛŬ 30m 

 
 

b (mm) h (mm) A (mm2) 

ȰɚŬůɛŬ 1 500 45 22500 

ȰɚŬůɛŬ 2 400 45 18000 

Ⱦɞɟɛɧɠ 25 1800 45000 

ɆɡɜɞɚɘəɎ  1890 85500 

 

 

ȺɘəɧɜŬ 3.1: ȺɔəɎɟůɘŬ Űɞɛɐ Űɖɠ ɢŬɚɨɓŭɘɜɖɠ ŭɞəɞɨ 

 

ũɘŬ Űɖ ŭɘŬŰɞɛɐ ŬɡŰɐ ˊɟɞəɨˊŰɞɡɜ ŰŬ Ůɝɐɠ ɔŮɤɛŮŰɟɘəɎ əŬɘ ŬŭɟŬɜŮɘŬəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ: 

Wpl=Вὃ Ὠ= 50Ĭ4.5Ĭ
Ȣ

+40Ĭ4.5Ĭ(
Ȣ

ρψπςȢυ =57611cm3 

Wpl  = 57611 cm3 > Wreq=55683cm3 (3.2Ŭ) 

Ƚfc =  = 
Ȣ

 = 303.8cm4 (3.2ɓ) 

Ƚft=  = 
Ȣ

 = 379.7cm4 (3.2ɔ) 

ɣf =  = 
Ȣ Ȣ

Ȣ Ȣ
 = -0.111 (3.2ŭ) 

hs= Ὤ = 
Ȣ Ȣ

ρψπ= 184.5cm (3.2Ů) 

zc=994mm 
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ȹɘŮɟŮɨɜɖůɖ ŬɜŬɔəŬɘɧŰɖŰŬɠ ŭɘŬűɟŬɔɛɎŰɤɜ ůŮ ůɘŭɖɟɏɠ əŬɘ ůɨɛɛɘəŰŮɠ ɔɏűɡɟŮɠ 

 

ȺɝŮŰɎůŰɖəŮ ɖ əŬŰɖɔɞɟɑŬ Űɖɠ ŭɘŬŰɞɛɐɠ Ŭˊɧ ɧˊɞɡ ŰŬ ˊɏɚɛŬŰŬ Űɖɠ ˊɟɞɏəɡɣŬɜ ɜŬ ŮɑɜŬɘ 

əŬŰɖɔɞɟɑŬɠ 1 əŬɘ ɞ əɞɟɛɧɠ əŬŰɖɔɞɟɑŬɠ 3, ɧˊɤɠ űŬɑɜŮŰŬɘ ˊŬɟŬəɎŰɤ: 

ȾŬŰɖɔɞɟɑŬ əɞɟɛɞɨ:  = 
ᶻȢ Ѝ

 = 71.21<100.44: əŬŰɖɔɞɟɑŬ 3  

  (3.3Ŭ) 

ȾŬŰɖɔɞɟɑŬ ˊɏɚɛŬŰɞɠ 1:  = 
ȢȾ Ȣ Ѝ

Ȣ
 = 5.06<7.29: əŬŰɖɔɞɟɑŬ 1 

  (3.3ɓ) 

ȾŬŰɖɔɞɟɑŬ ˊɏɚɛŬŰɞɠ 2:  = 
ȢȾ Ȣ Ѝ

Ȣ
 = 3.95<7.29: əŬŰɖɔɞɟɑŬ 1 

  (3.3ɔ) 

ȹɘŬŰɞɛɐ əŬŰɖɔɞɟɑŬɠ 3 

 

ũɘŬ Űɖɜ ˊŬɟŬˊɎɜɤ ˊŮɟɑˊŰɤůɖ, ɧ́ ɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ŮˊɘűŬɜŮɘŬəɎ əŬŰŬɜŮɛɖɛɏɜɞ 

űɞɟŰɑɞ ůŰɞ Ɏɜɤ ˊɏɚɛŬ Űɖɠ əɡɟɑŬɠ ŭɞəɞɨ ɗŬ ŮɑɜŬɘ q=439.3kN/m2. ɇɞ ˊɟɞůɞɛɞɑɤɛŬ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 3.2. 

 

 

ȺɘəɧɜŬ 3.2: ɄɟɞůɞɛɞɑɤɛŬ Űɖɠ ŬɛűɘɏɟŮɘůŰɖɠ əɨɟɘŬɠ ŭɞəɞɨ 

 

ũɘŬ Űɖɜ əɨɟɘŬ ŭɞəɧ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ŬɜŬɚɨůŮɘɠ GNA, MNA əŬɘ GMNA. ɆŮ 

ŬɡŰɏɠ ŰɞˊɞɗŮŰɐɗɖəŮ ˊɚŮɡɟɘəɐ ŮɝŬůűɎɚɘůɖ əŬŰɎ Űɞɜ ɎɝɞɜŬ xôx, ɩůŰŮ ɜŬ ŬˊɞűŮɡɢɗŮɑ 
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Űɞ űŬɘɜɧɛŮɜɞ ˊɚŮɡɟɘəɞɨ ɚɡɔɘůɛɞɨ, Űɞ ɞˊɞɑɞ ŭŮɜ ŮɑɜŬɘ ɡˊŬɟəŰɧ ůŰɖɜ ˊŮɟɑˊŰɤůɖ 

ɔɏűɡɟŬɠ ɛŮ əŬŰɎůŰɟɤɛŬ, Űɞ ɞˊɞɑɞ ˊɟɞůűɏɟŮɘ ˊɚŮɡɟɘəɐ ŮɝŬůűɎɚɘůɖ. Ƀɘ ŬɜŬɚɨůŮɘɠ 

ŬɡŰɏɠ ůɖɛŮɘɩɜɞɜŰŬɘ ůŰɞ ˊŬɟŬəɎŰɤ ŭɘɎɔɟŬɛɛŬ ɛŮ Űɖɜ ɏɜŭŮɘɝɖ r. ɆŰɘɠ ŬɜŬɚɨůŮɘɠ ůŰɘɠ 

ɞˊɞɑŮɠ ŭŮɜ ŰɞˊɞɗŮŰɐɗɖəŮ ˊɚŮɡɟɘəɐ ŮɝŬůűɎɚɘůɖ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŭɘɏűŮɟŬɜ 

ůɖɛŬɜŰɘəɎ ɚɧɔɤ Űɞɡ ˊɚŮɡɟɘəɞɨ ɚɡɔɘůɛɞɨ.  

 

ɆŰɖ ůɡɜɏɢŮɘŬ ŮɘůɎɢɗɖəŬɜ Ŭɟɢɘəɏɠ ŬŰɏɚŮɘŮɠ əŬŰɎ Űɖɜ 1ɖ ɘŭɘɞɛɞɟűɐ əŬɘ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ŬɜŬɚɨůŮɘɠ GNIA əŬɘ GMNIA. Ⱥˊɑůɖɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ 

ŬɜɎɚɡůɖ GNIA ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ŭɞəɞɨ ɛŮ ˊɚŮɡɟɘəɐ ŮɝŬůűɎɚɘůɖ. Ƀɘ ŬŰɏɚŮɘŮɠ 

ŮˊɖɟŮɎɕɞɡɜ Űɞ ŭɟɧɛɞ ɘůɞɟɟɞˊɑŬɠ, ɧˊɤɠ ɐŰŬɜ ŬɜŬɛŮɜɧɛŮɜɞ, Ŭűɞɨ Ŭˊɧ Űɖɜ ɔɟŬɛɛɘəɐ 

ŬɜɎɚɡůɖ ɚɡɔɘůɛɞɨ, ɞɘ ůɡɜŰŮɚŮůŰɏɠ Űɤɜ űɞɟŰɑɤɜ Űɤɜ ˊɟɩŰɤɜ ɘŭɘɞɛɞɟűɩɜ ɐŰŬɜ 

ɢŬɛɖɚɞɑ. ɋůŰɧůɞ, ɧŰŬɜ ɞɘ ŬŰɏɚŮɘŮɠ ŮɘůɐɢɗɖůŬɜ əŬŰɎ Űɘɠ 4 ˊɟɩŰŮɠ ɘŭɘɞɛɞɟűɏɠ Űɞ 

ŬˊɞŰɏɚŮůɛŬ ɐŰŬɜ ɑŭɘɞ ɛŮ Űɞ ˊŬɟŬˊɎɜɤ.  

 

Ƀɘ ůɡɜŰŮɚŮůŰɏɠ Űɤɜ űɞɟŰɑɤɜ Űɤɜ 4 ˊɟɩŰɤɜ ɘŭɘɞɛɞɟűɩɜ ɚɡɔɘůɛɞɨ űŬɑɜɞɜŰŬɘ ůŰɞ 

ȹɘɎɔɟŬɛɛŬ 3.1. ɆŰɘɠ ŮɘəɧɜŮɠ 3.3 əŬɘ 3.4 űŬɑɜɞɜŰŬɘ ŰŬ ůɢɐɛŬŰŬ Űɤɜ ŭɨɞ ˊɟɩŰɤɜ 

ɘŭɘɞɛɞɟűɩɜ ɚɡɔɘůɛɞɨ. ɇɞ űɞɟŰɑɞ ŬɜŰɞɢɐɠ ˊɞɡ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɞɡɠ Űɨˊɞɡɠ Űɖɠ 

ŭɘŬůŰŬůɘɞɚɧɔɖůɖɠ ůɡɛˊɑˊŰŮɘ ɛŮ Űɞ űɞɟŰɑɞ ˊɞɡ ɟɞəɨˊŰŮɘ Ŭˊɧ Űɘɠ ɛɖ ɔɟŬɛɛɘəɏɠ 

ŬɜŬɚɨůŮɘɠ ɛŮ Űɖɜ ˊɟɞɦ́ ɧɗŮůɖ ɜŬ ɡˊɎɟɢŮɘ ŭɏůɛŮɡůɖ Űɖɠ ˊɚŮɡɟɘəɐɠ ŮəŰɟɞˊɐɠ. ȳɚŬ ŰŬ 

ˊŬɟŬˊɎɜɤ űŬɑɜɞɜŰŬɘ ůŰɞ ȹɘɎɔɟŬɛɛŬ 3.2, Űɞ ɞˊɞɑɞ ɏɢŮɘ əɧɛɓɞ ŬɜŬűɞɟɎɠ Űɞɜ əɧɛɓɞ 

ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰɞ əɎŰɤ ˊɏɚɛŬ Űɖɠ ŭɞəɞɨ əŬɘ ˊŬɟɞɡůɘɎɕŮɘ Űɖ ɛɏɔɘůŰɖ əŬŰŬəɧɟɡűɖ 

ɛŮŰŬŰɧˊɘůɖ dz (Node 1896). 

 

 

 

ȹɘɎɔɟŬɛɛŬ 3.1: ɆɡɜŰŮɚŮůŰɏɠ űɞɟŰɑɞɡ Űɖɠ ŬɜɎɚɡůɖɠ LBA Űɖɠ ŭɞəɞɨ 
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ȺɘəɧɜŬ 3.3: ɆɢɐɛŬ 1ɖɠ ɘŭɘɞɛɞɟűɐɠ ɚɡɔɘůɛɞɨ Űɖɠ ŭɞəɞɨ 

 

 

 

 

ȺɘəɧɜŬ 3.4: ɆɢɐɛŬ 2ɖɠ ɘŭɘɞɛɞɟűɐɠ ɚɡɔɘůɛɞɨ Űɖɠ ŭɞəɞɨ 
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ȹɘɎɔɟŬɛɛŬ 3.2: ȹɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ ŬɛűɘɏɟŮɘůŰɖɠ əɨɟɘŬɠ ŭɞəɞɨ ɛɐəɞɡɠ 30m 

 

ɆŰɘɠ ȺɘəɧɜŮɠ 3.5õ3.10 űŬɑɜɞɜŰŬɘ ɞɘ ˊŬɟŬɛɞɟűɤɛɏɜŮɠ ŮɘəɧɜŮɠ Űɖɠ ŭɞəɞɨ ɔɘŬ Űɘɠ 

ŬɜŬɚɨůŮɘɠ GNA-r, GMNA-r əŬɘ GMNIA, əŬɗɩɠ əŬɘ ɞɘ ɘůɞŰŬůɘəɏɠ ŮˊɘűɎɜɘŮɠ ɔɘŬ 

ŰɎůɖ von Mises ŬɜŰɑůŰɞɘɢŬ. Ƀɘ ŬɜŰɑůŰɞɘɢŮɠ ŮɘəɧɜŮɠ ɔɘŬ Űɘɠ ɡˊɧɚɞɘˊŮɠ ŬɜŬɚɨůŮɘɠ 

ˊŬɟŬɚŮɑˊɞɜŰŬɘ, əŬɗɩɠ ŰŬɡŰɑɕɞɜŰŬɘ ɛŮ Űɘɠ ˊɟɞŬɜŬűŮɟɗŮɑůŮɠ.  

 

 

ȺɘəɧɜŬ 3.5: ɄŬɟŬɛɞɟűɤɛɏɜɖ ŮɘəɧɜŬ ŭɞəɞɨ ɔɘŬ ŬɜɎɚɡůɖ GNA-r 
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ȹɘŮɟŮɨɜɖůɖ ŬɜŬɔəŬɘɧŰɖŰŬɠ ŭɘŬűɟŬɔɛɎŰɤɜ ůŮ ůɘŭɖɟɏɠ əŬɘ ůɨɛɛɘəŰŮɠ ɔɏűɡɟŮɠ 

 

 

 

ȺɘəɧɜŬ 3.6: ȽůɞŰŬůɘəɐ ŮˊɘűɎɜŮɘŬ von Mises ŭɞəɞɨ ɔɘŬ ŬɜɎɚɡůɖ GNA-r 

 

 

 

ȺɘəɧɜŬ 3.7: ɄŬɟŬɛɞɟűɤɛɏɜɖ ŮɘəɧɜŬ ŭɞəɞɨ ɔɘŬ ŬɜɎɚɡůɖ GMNIA-r 

 

 



ȷɟɘɗɛɖŰɘəɏɠ ŮűŬɟɛɞɔɏɠ ɛŮ ɢɟɐůɖ ɡűɘůŰɎɛŮɜɞɡ ɚɞɔɘůɛɘəɞɨ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ 

14 

 ɆŬˊɞɡɜŰɕɎəɖ ȳɚɔŬ ï ȷəŬŭɖɛŬɥəɧ ɏŰɞɠ 2017 - 2018 

 

ȺɘəɧɜŬ 3.8: ȽůɞŰŬůɘəɐ ŮˊɘűɎɜŮɘŬ von Mises ŭɞəɞɨ ɔɘŬ ŬɜɎɚɡůɖ GMNIA-r 

 

 

 

 

 

 

ȺɘəɧɜŬ 3.9: ɄŬɟŬɛɞɟűɤɛɏɜɖ ŮɘəɧɜŬ ŭɞəɞɨ ɔɘŬ ŬɜɎɚɡůɖ GMNIA 
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ȹɘŮɟŮɨɜɖůɖ ŬɜŬɔəŬɘɧŰɖŰŬɠ ŭɘŬűɟŬɔɛɎŰɤɜ ůŮ ůɘŭɖɟɏɠ əŬɘ ůɨɛɛɘəŰŮɠ ɔɏűɡɟŮɠ 

 

 

ȺɘəɧɜŬ 3.10: ȽůɞŰŬůɘəɐ ŮˊɘűɎɜŮɘŬ von Mises ŭɞəɞɨ ɔɘŬ ŬɜɎɚɡůɖ GMNIA 

 

 

3.1.2 ȺɡɗɨɔɟŬɛɛɖ ůɨɛɛɘəŰɖ ɔɏűɡɟŬ ŬɜɞɘəŰɐɠ ŭɘŬŰɞɛɐɠ ɛɐəɞɡɠ 30m 

ɆŰɖ ůɡɜɏɢŮɘŬ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɛɞɜŰɏɚɞ, ɧˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ŭɨɞ əɨɟɘŮɠ ŭɞəɞɑ əŬɘ 

Űɞ əŬŰɎůŰɤɛŬ ɛɘŬɠ ɔɏűɡɟŬɠ. Ƀɘ ŭɨɞ əɨɟɘŮɠ ŭɞəɞɑ Ŭˊɏɢɞɡɜ Ŭˊɧ Űɖɜ Ɏəɟɖ Űɞɡ 

əŬŰŬůŰɟɩɛŬŰɞɠ 1m ɏəŬůŰɖ. ȼ ŭɘŬŰɞɛɐ Űɤɜ əɡɟɑɤɜ ŭɞəɩɜ ŮɑɜŬɘ ŬɡŰɐ ˊɞɡ 

ˊŮɟɘɔɟɎűɖəŮ ůŰɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ŮɜɧŰɖŰŬ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ, ɧˊɞɡ Űɞ űɞɟŰɑɞ 

əŬŰŬɜɏɛŮŰŬɘ ɞɛɞɘɧɛɞɟűŬ ůŮ ɧɚɞ Űɞ ˊɚɎŰɞɠ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ ɗŬ ŮɑɜŬɘ 

q=29.3kN/m2. ȼ ŮɔəɎɟůɘŬ Űɞɛɐ Űɖɠ ůɨɛɛɘəŰɖɠ ɔɏűɡɟŬɠ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 3.11. 

 

 

ȺɘəɧɜŬ 3.11: ȺɔəɎɟůɘŬ Űɞɛɐ Űɖɠ ůɨɛɛɘŰəɖɠ ŮɡɗɨɔɟŬɛɛɖɠ ɔɏűɡɟŬɠ 
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 ɆŬˊɞɡɜŰɕɎəɖ ȳɚɔŬ ï ȷəŬŭɖɛŬɥəɧ ɏŰɞɠ 2017 - 2018 

ũɘŬ Űɖɜ ˊŬɟŬˊɎɜɤ ŭɘŬŰɞɛɐ ɖ əŬɛˊŰɘəɐ ɟɞˊɐ ŬɜŰɞɢɐɠ əŬɘ Űɞ ŬɜŰɑůŰɞɘɢɞ űɞɟŰɑɞ 

ˊɟɞəɨˊŰɞɡɜ:  

 

Mrd = ὡὪ  
Ȣ

 = 20452kNm (3.4Ŭ) 

 

qrd=  =  = 454.5kN/m (3.4ɓ) 

 

ɇɞ ˊɟɞůɞɛɞɑɤɛŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 3.12. ɇɞ űɞɟŰɑɞ 

ŬɜŰɞɢɐɠ Űɞɡ ɛɞɜŰɏɚɞɡ ŬɡŰɞɨ ɏɜŬɜŰɘ ůŰɟŮˊŰɞəŬɛˊŰɘəɞɨ ɚɡɔɘůɛɞɨ, ůɨɛűɤɜŬ ɛŮ Űɞɡɠ 

ˊɟɞɓɚŮˊɧɛŮɜɞɡɠ Űɨˊɞɡɠ Ŭˊɧ Űɞɜ ȺɡɟɤəɩŭɘəŬ 3, ˊɟɞəɨˊŰŮɘ ɤɠ Ůɝɐɠ: 

 

 =  = 3.78 > 2: əŬɛˊɨɚɖ ɚɡɔɘůɛɞɨ d (3.5Ŭ) 

aLT=0.76 (3.5ɓ) 

zg = zc = 99.4cm (3.5ɔ) 

ɛŮ Űɖɜ ɡˊɧɗŮůɖ ɧŰɘ Űɞ űɞɟŰɑɞ ŮűŬɟɛɧɕŮŰŬɘ ůŰɞ əɏɜŰɟɞ ɓɎɟɞɡɠ Űɖɠ ŭɘŬŰɞɛɐɠ 

zj = ɣf Ĭ  =-0.111Ĭ
Ȣ
 = -10.25cm (3.5ŭ) 

Mcr = ὧ  ὧᾀ ὧᾀ Ȣ ὧᾀ ὧᾀ  = 

ρȢρσς  πȢτυωωωȢτ

πȢυςυ ρπȢςυ Ȣ πȢτυωωωȢτ πȢυςυ ρπȢςυ  = 224618kNcm 

 (3.5Ů) 

ɚLT =  = 
Ȣ
 = 3.02 (3.5ůŰ) 

ūLT = 0.5Ĭ(1+ aLT Ĭ( ɚLT -0.2) + ɚLT 2) = 0.5Ĭ(1+ 0.76 Ĭ( 3.02-0.2) + 3.022) = 6.123 

 (3.5ɕ) 

xLT = 
  

 = 
Ȣ  ЍȢ  Ȣ

 = 0.087 (3.5ɖ) 

Mbrd =  = 
Ȣ Ȣ

 = 1786kNm (3.5ɗ) 

qrd =  =  = 39.7kN/m (3.5ɘ) 
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ȹɘŮɟŮɨɜɖůɖ ŬɜŬɔəŬɘɧŰɖŰŬɠ ŭɘŬűɟŬɔɛɎŰɤɜ ůŮ ůɘŭɖɟɏɠ əŬɘ ůɨɛɛɘəŰŮɠ ɔɏűɡɟŮɠ 

 

 

 

 

 

ȺɘəɧɜŬ 3.3.12: ɄɟɞůɞɛɞɑɤɛŬ ɔɏűɡɟŬɠ ɛŮɘ ŭɡɞ əɨɟɘŮɠ ŭɞəɞɨɠ ɛɐəɞɡɠ 30m 

 

 

ũɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛɖ ɔɟŬɛɛɘəɏɠ ŬɜŬɚɨůŮɘɠ ɔŮɤɛŮŰɟɑŬɠ 

əŬɘ ɡɚɘəɞɨ ɛŮ əŬɘ ɢɤɟɑɠ Ŭɟɢɘəɏɠ ŬŰɏɚŮɘŮɠ. Ⱦɟɑůɘɛɖ ŮɑɜŬɘ ɖ Ůˊɘɟɟɞɐ Űɖɠ ɛɖ 

ɔɟŬɛɛɘəɧŰɖŰŬɠ Űɞɡ ɡɚɘəɞɨ, əŬɗɩɠ ɞɘ ŭɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ Űɤɜ ŬɜŬɚɨůŮɤɜ ɀɁȷ əŬɘ 

GMNA ůɡɛˊɑˊŰɞɡɜ, Ůɜɩ ɞ ŭɟɧɛɞɠ ɘůɞɟɟɞˊɑŬɠ Űɖɠ ŬɜɎɚɡůɖɠ GNA ŮɑɜŬɘ ůŰŬɗŮɟɎ 

Ŭɜɞŭɘəɧɠ. ȼ Ůˊɘɟɟɞɐ Űɤɜ Ŭɟɢɘəɩɜ ŬŰŮɚŮɘɩɜ ŮɑɜŬɘ ŬɛŮɚɖŰɏŬ, Ŭűɞɨ ɞɘ ŭɟɧɛɞɘ 

ɘůɞɟɟɞˊɑŬɠ Űɤɜ ŬɜŬɚɨůŮɤɜ GNA əŬɘ GNIA, əŬɗɩɠ əŬɘ GMNA əŬɘ GMNIA 

ŰŬɡŰɑɕɞɜŰŬɘ. ȷɡŰɧ ˊŬɟŬŰɖɟŮɑŰŬɘ Űɧůɞ ɧŰŬɜ ɞɘ ŬŰɏɚŮɘŮɠ ŮɘůɎɢɗɖəŬɜ əŬŰɎ Űɖɜ 1ɖ 

ɘŭɘɞɛɞɟűɐ, ɧůɞ əŬɘ ɧŰŬɜ ŮɘůɎɢɗɖəŬɜ əŬŰɎ Űɘɠ 4 ˊɟɩŰŮɠ ɘŭɘɞɛɞɟűɏɠ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ 

ɐŰŬɜ ŬɜŬɛŮɜɧɛŮɜɞ, əŬɗɩɠ Ŭˊɧ Űɖ ɔɟŬɛɛɘəɐ ŬɜɎɚɡůɖ ɚɡɔɘůɛɞɨ, ɞɘ ůɡɜŰŮɚŮůŰɏɠ Űɤɜ 

űɞɟŰɑɤɜ Űɤɜ ɘŭɘɞɛɞɟűɩɜ ɐŰŬɜ ɘŭɘŬɑŰŮɟŬ Ŭɡɝɖɛɏɜɞɘ. ȺɛűŬɜɑɕɞɜŰŬɜ Űɞˊɘəɧɠ ɚɡɔɘůɛɧɠ 

ůŮ ɛŮɔɎɚŮɠ Űɘɛɏɠ Űɞɡ űɞɟŰɑɞɡ, əŬɗɩɠ Űɞ əŬŰɎůŰɟɤɛŬ ŬˊɏŰɟŮˊŮ Űɞɜ ˊɚŮɡɟɘəɧ ɚɡɔɘůɛɧ 

Űɤɜ ŭɞəɩɜ. Ƀɘ ůɡɜŰŮɚŮůŰɏɠ Űɤɜ űɞɟŰɑɤɜ Űɤɜ 4 ˊɟɩŰɤɜ ɘŭɘɞɛɞɟűɩɜ ɚɡɔɘůɛɞɨ 

űŬɑɜɞɜŰŬɘ ůŰɞ ȹɘɎɔɟŬɛɛŬ 3.3. ɆŰɘɠ ȺɘəɧɜŮɠ 3.13 əŬɘ 3.14 űŬɑɜɞɜŰŬɘ ŰŬ ůɢɐɛŬŰŬ Űɤɜ 

ŭɨɞ ˊɟɩŰɤɜ ɘŭɘɞɛɞɟűɩɜ ɚɡɔɘůɛɞɨ. ɇŬ ˊŬɟŬˊɎɜɤ ŬˊɞŰŮɚɏůɛŬŰŬ űŬɑɜɞɜŰŬɘ ůŰɞ 

ȹɘɎɔɟŬɛɛŬ 3.4. Ƀɘ ŭɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ ɏɢɞɡɜ əɧɛɓɞ ŬɜŬűɞɟɎɠ ŬɡŰɧɜ ɛŮ Űɖ ɛɏɔɘůŰɖ 

əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰɖɜ Ɏəɟɖ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ (Ɂode 4703). 
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ȹɘɎɔɟŬɛɛŬ 3.3: ɆɡɜŰŮɚŮůŰɏɠ űɞɟŰɑɞɡ ŬɜɎɚɡůɖɠ LBA ŮɡɗɨɔɟŬɛɛɖɠ ɔɏűɡɟŬɠ ɛɐəɞɡɠ 30m 

 

 

 

ȺɘəɧɜŬ 3.13: ɆɢɐɛŬ 1ɖɠ ɘŭɘɞɛɞɟűɐɠ ɚɡɔɘůɛɞɨ ɔɘŬ Űɖɜ ŮɡɗɨɔɟŬɛɛɖ ɔɏűɡɟŬ ɛɐəɞɡɠ 30m 
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ȹɘŮɟŮɨɜɖůɖ ŬɜŬɔəŬɘɧŰɖŰŬɠ ŭɘŬűɟŬɔɛɎŰɤɜ ůŮ ůɘŭɖɟɏɠ əŬɘ ůɨɛɛɘəŰŮɠ ɔɏűɡɟŮɠ 

 

 

 

 

ȺɘəɧɜŬ 3.14: ɆɢɐɛŬ 2ɖɠ ɘŭɘɞɛɞɟűɐɠ ɚɡɔɘůɛɞɨ ɔɘŬ Űɖɜ ŮɡɗɨɔɟŬɛɛɖ ɔɏűɡɟŬ ɛɐəɞɡɠ 30m 

 

 

 

ȹɘɎɔɟŬɛɛŬ 3.4: ȹɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ ŮɡɗɨɔɟŬɛɛɖɠ ɔɏűɡɟŬɠ ɛŮ ŭɨɞ əɨɟɘŮɠ ŭɞəɞɨɠ ɛɐəɞɡɠ 30m. 

 

ɆŰɘɠ ŮɘəɧɜŮɠ 3.15õ3.22 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ˊŬɟŬɛɞɟűɤɛɏɜŮɠ ŮɘəɧɜŮɠ ůŮ ˊɟɞɞˊŰɘəɧ, 

ˊɚɎɔɘŬ ɧɣɖ əŬɘ ŮɔəɎɟůɘŬ Űɞɛɐ əŬɘ ɞɘ ɘůɞŰŬůɘəɏɠ ŮˊɘűɎɜŮɘŮɠ ɔɘŬ ŰɎůɖ von Mises ɔɘŬ 
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Űɘɠ ŬɜŬɚɨůŮɘɠ GNA əŬɘ GMNA. Ƀɘ ŬɜŰɑůŰɞɘɢŮɠ ŮɘəɧɜŮɠ ɔɘŬ Űɘɠ ɡˊɧɚɞɘˊŮɠ ŬɜŬɚɨůŮɘɠ 

ˊŬɟŬɚŮɑˊɞɜŰŬɘ, əŬɗɩɠ ŰŬɡŰɑɕɞɜŰŬɘ ɛŮ Űɘɠ ˊɟɞŬɜŬűŮɟɗŮɑůŮɠ. 

 

ȺɘəɧɜŬ 3.15: ɄɟɞɞˊŰɘəɧ  ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ŮɘəɧɜŬɠ Űɖɠ ɔɏűɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GNA 

 

 

ȺɘəɧɜŬ 3.16: ɄɚŬɥɜɐ ɧɣɖ Űɖɠ ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ŮəɧɜŬɠ Űɖɠ ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GNA 

 

 

ȺɘəɧɜŬ 3.17: ɄɚŬɥɜɐ ɧɣɖ Űɖɠ ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ŮəɧɜŬɠ Űɖɠ ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GNA 
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ȹɘŮɟŮɨɜɖůɖ ŬɜŬɔəŬɘɧŰɖŰŬɠ ŭɘŬűɟŬɔɛɎŰɤɜ ůŮ ůɘŭɖɟɏɠ əŬɘ ůɨɛɛɘəŰŮɠ ɔɏűɡɟŮɠ 

 

 

 

ȺɘəɧɜŬ 3.18: ȽůɞŰŬůɘəɐ ŮˊɘűɎɜŮɘŬ von Mises Űɖɠ ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GNA 

  

ȺɘəɧɜŬ 3.19: ɇɟɘůŭɘɎůŰŬŰɖ ˊŬɟŬɛɞɟűɤɛɏɜɖ ŮɘəɧɜŬŰɖɠ ɔɏűɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GMNA 

 

ȺɘəɧɜŬ 3.20: ɄɚŬɥɜɐ ɧɣɖ Űɖɠ ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ŮəɧɜŬɠ Űɖɠ ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GMNA 
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ȺɘəɧɜŬ 3.21: ɇɞɛɐ Űɖɠ ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ŮɘəɧɜŬɠ Űɖɠ ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GMNA 

 

 

ȺɘəɧɜŬ 3.22: ȽůɞŰŬůɘəɐ ŮˊɘűɎɜŮɘŬ von Mises Űɖɠ ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GMNA 

 

5.1.3 EɡɗɨɔɟŬɛɛɖ ůɨɛɛɘəŰɖ ɔɏűɡɟŬ ŬɜɞɘəŰɐɠ ŭɘŬŰɞɛɐɠ ɛɐəɞɡɠ 50m 

ɆŰɖ ůɡɜɏɢŮɘŬ Űɞ ŬɛűɘɏɟŮɘůŰɞ ɎɜɞɘɔɛŬ ŬɡɝɐɗɖəŮ ůŮ 50m. ɆŰɞ ɛɞɜŰɏɚɞ ŬɡŰɧ ɖ 

ŬˊɧůŰŬůɖ əɎɗŮ ŭɞəɞɨ Ŭˊɧ Űɖɜ Ɏəɟɖ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ ŮɑɜŬɘ 3m əŬɘ ɖ ɛŮŰŬɝɨ Űɞɡɠ 

ŬˊɧůŰŬůɖ 6m. ɀŮ Űɖɜ ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ˊŮɟɘɔɟɎűɖəŮ ˊŬɟŬˊɎɜɤ əŬɘ ŰŬ ɑŭɘŬ űɞɟŰɑŬ 

ŭɘŬůŰŬůɘɞɚɞɔɐɗɖəŬɜ ɞɘ əɨɟɘŮɠ ŭɞəɞɑ, ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ɞˊɞɑɤɜ űŬɑɜɞɜŰŬɘ ůŰɞɜ 

ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ (Error! Reference source not found.) əŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ ŮɘəɧɜŬ 

(ȺɘəɧɜŬ 3.23). ɄɟɞɏəɡɣŮ ŭɖɚŬŭɐ ɔɟŬɛɛɘəɧ űɞɟŰɑɞ ůɢŮŭɘŬůɛɞɨ q=183.3kN/m, ɞˊɧŰŮ 

ɡˊɞɚɞɔɑůŰɖəŮ ɟɞˊɐ ůɢŮŭɘŬůɛɞɨ əŬɘ ɖ ŬˊŬɘŰɞɨɛŮɜɖ ˊɚŬůŰɘəɐ ɟɞˊɐ ŬɜŰɑůŰŬůɖɠ: 

ɀed =  = 
Ȣ

 = 57279kNm (3.5Ŭ) 

Wreq =  = 
Ȣ

 = 161350cm3 (3.5ɓ) 
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ȹɘŮɟŮɨɜɖůɖ ŬɜŬɔəŬɘɧŰɖŰŬɠ ŭɘŬűɟŬɔɛɎŰɤɜ ůŮ ůɘŭɖɟɏɠ əŬɘ ůɨɛɛɘəŰŮɠ ɔɏűɡɟŮɠ 

 

ɄɑɜŬəŬɠ 3.2: ɉŬɟŬəŰɖɟɘůŰɘəɎ ŮˊɘɚŮɔŮɑůŬɠ ŭɘŬŰɞɛɐɠ ɔɘŬ ɎɜɞɘɔɛŬ 50m 

 

 

 

ȺɘəɧɜŬ 3.23: ȺɔəɎɟůɘŬ Űɞɛɐ Űɖɠ ůɨɛɛɘəŰɖɠ ŮɡɗɨɔɟŬɛɛɖɠ ɔɏűɡɟŬɠ ŬɜɞɘəŰɐɠ ŭɘŬŰɞɛɐɠ ɛɐəɞɡɠ 50m 

 

ũɘŬ Űɖ ŭɘŬŰɞɛɐ ŬɡŰɐ ˊɟɞəɨˊŰɞɡɜ ŰŬ Ůɝɐɠ ɔŮɤɛŮŰɟɘəɎ əŬɘ ŬŭɟŬɜŮɘŬəɎ 

ɢŬɟŬəŰɖɟɘůŰɡɘəɎ: 

Wpl=Вὃ Ὠ= 70Ĭ6Ĭ+60Ĭ6Ĭ( ςυπτ  = 162340cm3  

 (3.6Ŭ) 

Wpl  = 162340cm3  > Wreq=161350cm3 (3.6ɓ) 

Ƚfc =  =  = 1080cm3 (3.6ɔ) 

Ƚft =  =  = 1260cm3 (3.6ŭ) 

ɣf=  =  = -0.077 (3.6Ů) 

hs = Ὤ = ςυπ = 256cm (3.6ůŰ) 

zc=135.3cm (3.6ɕ) 

 

ȺɝŮŰɎůŰɖəŮ ɖ əŬŰɖɔɞɟɑŬ Űɖɠ ŭɘŬŰɞɛɐɠ Ŭˊɧ ɧˊɞɡ ŰŬ ˊɏɚɛŬŰŬ Űɖɠ ˊɟɞɏəɡɣŬɜ ɜŬ ŮɑɜŬɘ 

əŬŰɖɔɞɟɑŬɠ 1 əŬɘ ɞ əɞɟɛɧɠ əŬŰɖɔɞɟɑŬɠ 2, ɧˊɤɠ űŬɑɜŮŰŬɘ ˊŬɟŬəɎŰɤ: 

ȾŬŰɖɔɞɟɑŬ əɞɟɛɞɨ:  = 
ᶻȢ Ѝ

 = 62.01<67.23: əŬŰɖɔɞɟɑŬ 2 

 

 b (mm) h (mm) A (mm2) 

ȰɚŬůɛŬ 1 700 60 42000 

ȰɚŬůɛŬ 2 600 60 36000 

Ⱦɞɟɛɧɠ 40 2500 100000 

ɆɡɜɞɚɘəɎ  2620 178000 



ȷɟɘɗɛɖŰɘəɏɠ ŮűŬɟɛɞɔɏɠ ɛŮ ɢɟɐůɖ ɡűɘůŰɎɛŮɜɞɡ ɚɞɔɘůɛɘəɞɨ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ 
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  (3.7Ŭ) 

ȾŬŰɖɔɞɟɑŬ ˊɏɚɛŬŰɞɠ 1:  = 
Ⱦ Ȣ Ѝ

 = 5.34<7.29: əŬŰɖɔɞɟɑŬ 1 

  (3.7ɓ) 

ȾŬŰɖɔɞɟɑŬ ˊɏɚɛŬŰɞɠ 2:  = 
Ⱦ Ȣ Ѝ

 = 4.50<7.29: əŬŰɖɔɞɟɑŬ 1 

  (3.7ɔ) 

ȹɘŬŰɞɛɐ əŬŰɖɔɞɟɑŬɠ 2 

 

ɇɞ ɛɞɜŰɏɚɞ ɤůŰɧůɞ űɞɟŰɑůŰɖəŮ ɛŮ ɞɛɞɘɧɛɞɟűŬ əŬŰŬɜŮɛɖɛɏɜɞ űɞɟŰɑɞ ɛɧɜɞ ɚɧɔɤ 

ɛɧɜɘɛɤɜ əŬɘ ˊɟɧůɗŮŰɤɜ ɛɧɜɘɛɤɜ űɞɟŰɑɤɜ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ɚɧɔɤ ɘŭɑɞɡ ɓɎɟɞɡɠ Űɞɡ 

ůəɡɟɞŭɏɛŬŰɞɠ əŬɘ Űɤɜ ɢŬɚɨɓŭɘɜɤɜ ŭɞəɩɜ əŬɘ űɞɟŰɑɤɜ Ŭˊɧ Űɘɠ ŬůűŬɚŰɘəɏɠ ůŰɟɩůŮɘɠ 

əŬɘ ŰŬ ˊŮɕɞŭɟɧɛɘŬ. ɇɞ űɞɟŰɑɞ ˊɞɡ ˊɟɞɏəɡɣŮ Ŭˊɧ Űɞɜ ˊŬɟŬˊɎɜɤ ůɡɜŭɡŬůɛɧ, Űɞ ɞˊɞɑɞ 

ŮűŬɟɛɧɕŮŰŬɘ ůŮ ɧɚɞ Űɞ ˊɚɎŰɞɠ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ ŮɑɜŬɘ q=17kN/m2. ȼ əɡəɚɞűɞɟɑŬ 

ŮɘůɎɢɗɖəŮ ɤɠ ɏəəŮɜŰɟɞ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ. ɆɡɔəŮəɟɘɛɏɜŬ, ŰɞˊɞɗŮŰɐɗɖəŮ Űɞ 

ɛŮɔŬɚɨŰŮɟɞ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ əŬɘ ůŮ əŬŰɎɚɚɖɚŮɠ ŬˊɞůŰɎůŮɘɠ, ɧˊɤɠ 

ˊɟɞɓɚɏˊŮŰŬɘ Ŭˊɧ Űɞɡɠ ȺɡɟɤəɩŭɘəŮɠ, ŭɖɚŬŭɐ 300kN ŬɜɎ ɎɝɞɜŬ ůŮ ŬˊɧůŰŬůɖ 2m ůŰɖ 

ŭɘŬɛɐəɖ ŭɘŮɨɗɡɜůɖ əŬɘ 1.20m ůŰɖɜ ŮɔəɎɟůɘŬ ŭɘŮɨɗɡɜůɖ. ɇɞˊɞɗŮŰɐɗɖəŬɜ ůŰɖ ɛɏůŬɑŬ 

ŭɘŬŰɞɛɐ ůŰɖɜ Ɏəɟɖ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ. 

ũɘŬ Űɖɜ ˊŬɟŬˊɎɜɤ ŭɘŬŰɞɛɐ ɖ əŬɛˊŰɘəɐ ɟɞˊɐ ŬɜŰɞɢɐɠ əŬɘ Űɞ ŬɜŰɑůŰɞɘɢɞ űɞɟŰɑɞ 

ˊɟɞəɨˊŰɞɡɜ:  

 

Mrd = ὡὪ  
Ȣ

 = 57631kNm  (3.8Ŭ) 

qrd=  =  = 307.4kN/m (3.8ɓ) 

 

ɇɞ ˊɟɞůɞɛɞɑɤɛŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 3.24. ɇɞ űɞɟŰɑɞ 

ŬɜŰɞɢɐɠ Űɞɡ ɛɞɜŰɏɚɞɡ ŬɡŰɞɨ ɏɜŬɜŰɘ ůŰɟŮˊŰɞəŬɛˊŰɘəɞɨ ɚɡɔɘůɛɞɨ, ůɨɛűɤɜŬ ɛŮ Űɞɡɠ 

ˊɟɞɓɚŮˊɧɛŮɜɞɡɠ Űɨˊɞɡɠ Ŭˊɧ Űɞɜ ȺɡɟɤəɩŭɘəŬ 3, ˊɟɞəɨˊŰŮɘ ɤɠ Ůɝɐɠ: 

 

 =  = 3.74 > 2: əŬɛˊɨɚɖ ɚɡɔɘůɛɞɨ d (3.9Ŭ) 

aLT=0.76 (3.9ɓ) 

zg= zc = 131cm (3.9ɔ) 

ɛŮ Űɖɜ ɡˊɧɗŮůɖ ɧŰɘ Űɞ űɞɟŰɑɞ ŮűŬɟɛɧɕŮŰŬɘ ůŰɞ əɏɜŰɟɞ ɓɎɟɞɡɠ Űɖɠ ŭɘŬŰɞɛɐɠ 

zj= ɣf Ĭ  =-0.077Ĭ = -9.85cm (3.9ŭ) 
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Mcr = ὧ  ὧᾀ ὧᾀ Ȣ ὧᾀ ὧᾀ  = 

ρȢρσς  πȢτυωρσρ

πȢυςυ ωȢψυ Ȣ πȢτυωρσρπȢυςυ ωȢψυ  = 537052Ncm 

 (3.9Ů) 

ɚLT =  = 
Ȣ
 = 3.28 (3.9ůŰ) 

 

ūLT =0.5Ĭ(1+ aLT Ĭ( ɚLT -0.2) + ɚLT 2) = 0.5Ĭ(1+ 0.76 Ĭ( 3.28-0.2) + 3.282) = 7.034 

 (3.9ɕ) 

xLT = 
  

 = 
Ȣ  ЍȢ  Ȣ

 = 0.075 (3.9ɖ) 

Mbrd=  = 
Ȣ Ȣ

 = 4346kNm (3.9ɗ) 

qrd =  =  = 23.2kN/m (3.9ɘ) 

 

 

 

 

ȺɘəɧɜŬ 3.24: ɄɟɞůɞɛɞɑɤɛŬ ŮɡɗɨɔɟŬɛɛɖɠ ɔɏűɡɟŬɠ ɛŮ ŭɨɞ əɨɟɘŮɠ ŭɞəɞɨɠ ɛɐəɞɡɠ 50m 
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ũɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛɖ ɔɟŬɛɛɘəɏɠ ŬɜŬɚɨůŮɘɠ ɔŮɤɛŮŰɟɑŬɠ 

əŬɘ ɡɚɘəɞɨ ɛŮ əŬɘ ɢɤɟɑɠ Ŭɟɢɘəɏɠ ŬŰɏɚŮɘŮɠ. Ⱦɟɑůɘɛɖ ŮɑɜŬɘ ɖ ɛɖ ɔɟŬɛɛɘəɧŰɖŰŬ Űɞɡ 

ɡɚɘəɞɨ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɞɘ ŭɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ Űɤɜ ŬɜŬɚɨůŮɤɜ ɀɁȷ əŬɘ GMNA ɜŬ 

ŰŬɡŰɑɕɞɜŰŬɘ. H ŮɘůŬɔɤɔɐ Ŭɟɢɘəɩɜ ŬŰŮɚŮɘɩɜ ůŰɞ űɞɟɏŬ ŭŮɜ ŮˊɖɟŮɎɕŮɘ Űɞ ŬˊɞŰɏɚŮůɛŬ 

Űɖɠ ŬɜɎɚɡůɖɠ, əŬɗɩɠ, ɧˊɤɠ űɎɜɖəŮ əŬɘ Ŭˊɧ Űɖ ɔɟŬɛɛɘəɐ ŬɜɎɚɡůɖ ɚɡɔɘůɛɞɨ, ɞ 

űɞɟɏŬɠ ŮɛűɎɜɘɕŮ Űɞˊɘəɧ ɚɡɔɘůɛɧ ɛŮ ůɡɜŰŮɚŮůŰɏɠ űɞɟŰɑɤɜ Űɤɜ ˊɟɩŰɤɜ ɘŭɘɞɛɞɟűɩɜ 

ɘŭɘŬɑŰŮɟŬ Ŭɡɝɖɛɏɜɞɡɠ əŬɗɩɠ Űɞ əŬŰɎůŰɟɤɛŬ ŬˊɏŰɟŮˊŮ Űɞɜ ˊɚŮɡɟɘəɧ ɚɡɔɘůɛɧ Űɤɜ 

ŭɞəɩɜ. Ƀɘ ůɡɜŰŮɚŮůŰɏɠ Űɤɜ űɞɟŰɑɤɜ Űɤɜ 4 ˊɟɩŰɤɜ ɘŭɘɞɛɞɟűɩɜ ɚɡɔɘůɛɞɨ űŬɑɜɞɜŰŬɘ 

ůŰɞ ȹɘɎɔɟŬɛɛŬ 3.5. ɆŰɘɠ ȺɘəɧɜŮɠ 3.25 əŬɘ 3.26 űŬɑɜɞɜŰŬɘ ŰŬ ůɢɐɛŬŰŬ Űɤɜ ŭɨɞ 

ˊɟɩŰɤɜ ɘŭɘɞɛɞɟűɩɜ ɚɡɔɘůɛɞɨ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŬɜŬɚɨůŮɤɜ ŬɡŰɩɜ űŬɑɜɞɜŰŬɘ 

ůŰɞ ȹɘɎɔɟŬɛɛŬ 3.6, Űɞ ɞˊɞɑɞ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞɡɠ ŭɟɧɛɞɡɠ ɘůɞɟɟɞˊɑŬɠ ɔɘŬ Űɞɜ əɧɛɓɞ 

ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰɖ ɛŮůůŬɑŬ ŭɘŬŰɞɛɐ ůŰɖɜ Ɏəɟɖ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ (Node 21752) 

əŬɘ ˊŬɟɞɡůɘɎɕŮɘ Űɖ ɛɏɔɘůŰɖ əŬŰŬəɧɟɡűɖ ɛŮŰŬəɑɜɖůɖ. 

 

 

 

 

ȹɘɎɔɟŬɛɛŬ 3.5: ɆɡɜŰŮɚŮůŰɏɠ űɞɟŰɑɞɡ ŬɜɎɚɡůɖɠ LBA ŮɡɗɨɔɟŬɛɛɖɠ ɔɏűɡɟŬɠ ɛɐəɞɡɠ 50m 
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ȺɘəɧɜŬ 3.25: ɆɢɐɛŬ 1ɖɠ ɘŭɘɞɛɞɟűɐɠ ɚɡɔɘůɛɞɨ ɔɘŬ Űɖɜ ŮɡɗɨɔɟŬɛɛɖ ɔɏűɡɟŬ ɛɐəɞɡɠ 50m 

 

 
 

 

ȺɘəɧɜŬ 3.26: ɆɢɐɛŬ 2ɖɠ ɘŭɘɞɛɞɟűɐɠ ɚɡɔɘůɛɞɨ ɔɘŬ Űɖɜ ŮɡɗɨɔɟŬɛɛɖ ɔɏűɡɟŬ ɛɐəɞɡɠ 50m 
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ȹɘɎɔɟŬɛɛŬ 3.6:ȹɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ ŮɡɗɨɔɟŬɛɛɖɠ ɔɏűɡɟŬɠ ɛŮ ŭɨɞ əɨɟɘŮɠ ŭɞəɘɞɨɠ ɛɐəɞɡɠ 50m 

 

ɆŰɘɠ ŮɘəɧɜŮɠ 3.27õ3.34 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ˊŬɟŬɛɞɟűɤɛɏɜŮɠ ŮɘəɧɜŮɠ ůŮ ˊɟɞɞˊŰɘəɧ, 

ˊɚɎɔɘŬ ɧɣɖ əŬɘ ŮɔəɎɟůɘŬ Űɞɛɐ əŬɘ ɞɘ ɘůɞŰŬůɘəɏɠ ŮˊɘűɎɜŮɘŮɠ ɔɘŬ ŰɎůɖ von Mises ɔɘŬ 

Űɘɠ ŬɜŬɚɨůŮɘɠ GNA əŬɘ GMNA. Ƀɘ ŬɜŰɑůŰɞɘɢŮɠ ŮɘəɧɜŮɠ ɔɘŬ Űɘɠ ɡˊɧɚɞɘˊŮɠ ŬɜŬɚɨůŮɘɠ 

ˊŬɟŬɚŮɑˊɞɜŰŬɘ, əŬɗɩɠ ŰŬɡŰɑɕɞɜŰŬɘ ɛŮ Űɘɠ ˊɟɞŬɜŬűŮɟɗŮɑůŮɠ. 

 

 

ȺɘəɧɜŬ 3.27: ɄɟɞɞˊŰɘəɧ ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ŮɘəɧɜŬɠ ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GNA 
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ȹɘŮɟŮɨɜɖůɖ ŬɜŬɔəŬɘɧŰɖŰŬɠ ŭɘŬűɟŬɔɛɎŰɤɜ ůŮ ůɘŭɖɟɏɠ əŬɘ ůɨɛɛɘəŰŮɠ ɔɏűɡɟŮɠ 

 

 

ȺɘəɧɜŬ 3.28: ɄɚɎɔɘŬ ɧɣɖ ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ŮɘəɧɜŬɠ ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GNA 

 

 

 

ȺɘəɧɜŬ 3.29: ȺɔəɎɟůɘŬ Űɞɛɐ ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ŮɘəɧɜŬɠ ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GNA 

 

 

 ȺɘəɧɜŬ 3.30: ȽůɞŰŬůɘəɐ ŮˊɘűɎɜŮɘŬ von Mises ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GNA 
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ȺɘəɧɜŬ 3.31: ɄɟɞɞˊŰɘəɧ ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ŮɘəɧɜŬɠ ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GMNA 

  

 

ȺɘəɧɜŬ 3.32: ɄɚɎɔɘŬ ɧɣɖ ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ŮɘəɧɜŬɠ ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GMNA 

 

  

 

ȺɘəɧɜŬ 3.33: ȺɔəɎɟůɘŬ Űɞɛɐ ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ŮɘəɧɜŬɠ ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GMNA 
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ȹɘŮɟŮɨɜɖůɖ ŬɜŬɔəŬɘɧŰɖŰŬɠ ŭɘŬűɟŬɔɛɎŰɤɜ ůŮ ůɘŭɖɟɏɠ əŬɘ ůɨɛɛɘəŰŮɠ ɔɏűɡɟŮɠ 

 

 

 

 

ȺɘəɧɜŬ 3.34: ȽůɞŰŬůɘəɐ ŮˊɘűɎɜŮɘŬ von Mises ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GMNA 

 

ũɘŬ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ůɨɔəɟɘůɖ, ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ɛɞɜŰɏɚŬ, ůŰŬ ɞˊɞɑŬ Űɞ ɧɢɖɛŬ 

ŰɞˊɞɗŮŰɐɗɖəŮ ůŮ ŭɘŬűɞɟŮŰɘəɎ ůɖɛŮɑŬ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ŮəŰɧɠ Ŭˊɧ 

ɛɞɜŰɏɚɞ ɛŮ ɧɢɖɛŬ ůŰɞ ɛɏůɞɜ Űɞɡ ŬɜɞɑɔɛŬŰɞɠ ůŰɖɜ Ɏəɟɖ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ, 

ŭɖɛɘɞɡɟɔɐɗɖəŮ ɛɞɜŰɏɚɞ ɧˊɞɡ Űɞ ɧɢɖɛŬ ŰɞˊɞɗŮŰɐɗɖəŮ ůŰɞ ɛɏůɞɜ Űɞɡ ŬɜɞɑɔɛŬŰɞɠ 

ˊɎɜɤ Ŭˊɧ Űɖ ɛɑŬ əɨɟɘŬ ŭɞəɧ əŬɘ ůŰɞ ɛɏůɞɜ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ. ũɘŬ əɎɗŮ 

ŰɞˊɞɗɏŰɖůɖ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ŬɜɎɚɡůɖ GMNA. Ƀɘ ˊŬɟŬəɎŰɤ ŮɔəɎɟůɘŮɠ Űɞɛɏɠ Űɤɜ 

ˊŬɟŬɛɞɟűɤɛɏɜɤɜ Ůɘəɧɜɤɜ Űɖɠ ɔɏűɡɟŬɠ (ȺɘəɧɜŮɠ 3.35õ3.37) ŭŮɑɢɜɞɡɜ Űɖ ɛŮŰŬəɑɜɖůɖ 

Űɖɠ ɛŮůůŬɑŬɠ ŭɘŬŰɞɛɐɠ ůŮ əɎɗŮ ɛɑŬ Ŭˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ ˊŮɟɘˊŰɩůŮɘɠ.  

 

Ƀɛɞɑɤɠ, ɞɘ ˊŬɟŬəɎŰɤ ůɡɔəɟɘŰɘəɞɑ ŭɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ (ȹɘŬɔɟɎɛɛŬŰŬ 3.7 əŬɘ 3.8) 

ŬˊŮɘəɞɜɑɕɞɡɜ Űɖɜ Ůˊɘɟɟɞɐ Űɖɠ ŰɞˊɞɗɏŰɖůɖɠ Űɞɡ ɞɢɐɛŬŰɞɠ ůŰɖ ɛŮŰŬŰɧˊɘůɖ əŬŰɎ Űɞɡɠ 

ɎɝɞɜŮɠ zôz əŬɘ xôx ŬɜŰɑůŰɞɘɢŬ Űɞɡ űɞɟɏŬ. ɇɞ ˊɟɩŰɞ ŭɘɎɔɟŬɛɛŬ ɏɢŮɘ əɧɛɓɞ ŬɜŬűɞɟɎɠ 

ŬɡŰɧɜ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰɞ Ɏəɟɞ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ (Node 21752). To ŭŮɨŰŮɟɞ 

ŭɘɎɔɟŬɛɛŬ ɏɢŮɘ əɧɛɓɞ ŬɜŬűɞɟɎɠ ŬɡŰɧɜ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰɖ ůɡɜŬɟɛɞɔɐ Űɞɡ əɞɟɛɞɨ 

əŬɘ Űɞɡ əɎŰɤ ˊɏɚɛŬŰɞɠ Űɖɠ əɨɟɘŬɠ ŭɞəɞɨ əŬɘ ˊŬɟɞɡůɘɎɕŮɘ Űɖ ɛɏɔɘůŰɖ ɞɟɘɕɧɜŰɘŬ 

ɛŮŰŬŰɧˊɘůɖ (Node 29740). ȳˊɤɠ ŮɘɜŬɘ űŬɜŮɟɧ, ɖ ŰɞˊɞɗɏŰɖůɖ Űɞɡ űɞɟŰɑɞɡ ˊɎɜɤ Ŭˊɧ 

Űɖɜ əɨɟɘŬ ŭɞəɧ əŬɘ ůŰɞ ɛɏůɞɜ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ ɏɢŮɘ ˊŬɟɧɛɞɘŬ ŬˊɞŰŮɚɏůɛŬŰŬ ůŰɖɜ 

ˊŬɟŬɛɧɟűɤůɖ Űɞɡ űɞɟɏŬ. ȼ ŰɞˊɞɗɏŰɖůɖ Űɞɡ űɞɟŰɑɞɡ ůŰɞ Ɏəɟɞ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ 

ŭŮɜ ŮˊɖɟŮɎɕŮɘ ůɖɛŬɜŰɘəɎ Űɖɜ əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ Űɞɡ əŬŰŬůŰɟɩɛŬŬŰɞɠ. 

ȺˊɖɟŮɎɕŮɘ ɤůŰɧůɞ, Űɖɜ ˊɚŮɡɟɘəɐ ŮəŰɟɞˊɐ Űɤɜ ŭɞəɩɜ, ŭɖɚŬŭɐ Űɖ ɛŮŰŬŰɧˊɘůɖ Űɞɡɠ 

əŬŰɎ Űɞɜ ɎɝɞɜŬ xôx. 
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ȺɘəɧɜŬ 3.35: ȺɔəɎɟůɘŬ Űɞɛɐ ɔɘŬ ŰɞˊɞɗɏŰɖůɖ Űɞɡ űɞɟŰɑɞɡ ůŰɖ ɛɏůɖ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ 

 

 

ȺɘəɧɜŬ 3.36: ȺɔəɎɟůɘŬ Űɞɛɐ ɔɘŬ ŰɞˊɞɗɏŰɖůɖ Űɞɡ űɞɟŰɑɞɡ ˊɎɜɤ Ŭˊɧ Űɖɜ əɨɟɘŬ ŭɞəɧ 

 

 

ȺɘəɧɜŬ 3.37: ȺɔəɎɟůɘŬ Űɞɛɐ ɔɘŬ ŰɞˊɞɗɏŰɖůɖ Űɞɡ űɞɟŰɑɞɡ ůŰɖɜ Ɏəɟɖ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ 
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ȹɘŮɟŮɨɜɖůɖ ŬɜŬɔəŬɘɧŰɖŰŬɠ ŭɘŬűɟŬɔɛɎŰɤɜ ůŮ ůɘŭɖɟɏɠ əŬɘ ůɨɛɛɘəŰŮɠ ɔɏűɡɟŮɠ 

 

 

 

ȹɘɎɔɟŬɛɛŬ 3.7: ɆɡɔəɟɘŰɘəɞɑ ŭɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ ɔɘŬ ɛŮŰŬŰɧˊɘůɖ dz ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ ŰɞˊɞɗŮŰɐůŮɘɠ Űɞɡ ɞɢɐɛŬŰɞɠ 

 

 

 

ȹɘɎɔɟŬɛɛŬ 3.8: ɆɡɔəɟɘŰɘəɞɑ ŭɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ ɔɘŬ ɛŮŰŬŰɧˊɘůɖ dx ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ ŰɞˊɞɗŮŰɐůŮɘɠ Űɞɡ ɞɢɐɛŬŰɞɠ 
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ɆŰɞ ŮɡɗɨɔɟŬɛɛɞ ɛɞɜŰɏɚɞ ɛɐəɞɡɠ 50m ˊɟɞůŰɏɗɖəŬɜ ůŰɖ ůɡɜɏɢŮɘŬ ŭɘŬűɟɎɔɛŬŰŬ, ɖ 

ŬɜŬɔəŬɘɧŰɖŰŬ Űɤɜ ɞˊɞɑɤɜ əŬŰŬŭŮɘəɜɨŮŰŬɘ Ŭˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ ŬɜŬɚɨůŮɘɠ, ɞɘ ɞˊɞɑŮɠ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɢɤɟɑɠ ŭɘŬűɟɎɔɛŬŰŬ. ɆɡɔəŮəɟɘɛɏɜŬ, ŭɖɛɘɞɡɟɔɐɗɖəŬɜ 

ˊɟɞůɞɛɞɘɩɛŬŰŬ ɛŮ 1, 2, 3 əŬɘ 4 ŭɘŬűɟŬɔɛŬŰŬ. ɆŮ əɎɗŮ ɛɑŬ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ 

ŰŬ ŭɘŬűɟŬɔɛɎŰŬ ŰɞˊɞɗŮŰɞɨɜŰŬɜ ůŮ ɑůŮɠ ŬˊɞůŰɎůŮɘɠ ůŮ ŮɜŭɘɎɛŮůŮɠ ɗɏůŮɘɠ Űɞɡ űɞɟɏŬ. 

ɆŰɖ ůɡɜɏɢŮɘŬ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ˊɟɞůɞɛɞɘɩɛŬŰŬ ɛŮ 3, 5 əŬɘ 9 ŭɘŬűɟɎɔɛŬŰŬ Ůə Űɤɜ 

ɞˊɞɑɤɜ ŰŬ 2 ɐŰŬɜ ŰɞˊɞɗŮŰɖɛɏɜŬ ůŰɘɠ ŬəɟŬɑŮɠ ɗɏůŮɘɠ əŬɘ ŰŬ ɡˊɧɚɞɘˊŬ ůŮ ɑůŮɠ 

ŬˊɞůŰɎůŮɘɠ ɛŮŰŬɝɨ Űɞɡɠ. Ƀɘ ŬɜŬɚɨůŮɘɠ ŬɡŰɏɠ ůɖɛŮɘɩɜɞɜŰŬɘ ɛŮ Űɖɜ ɏɜŭŮɘɝɖ ȷ 

ˊŬɟŬəɎŰɤ. 

 

ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛɖ ɔɟŬɛɛɘəɏɠ ŬɜŬɚɨůŮɘɠ ɡɚɘəɞɨ əŬɘ ɔŮɤɛŮŰɟɑŬɠ (GMNA) ɔɘŬ 

əɎɗŮ ˊŮɟɑˊŰɤůɖ. ȺɝɎɚɚɞɡ əɟɑůɘɛɞɠ ŮɑɜŬɘ ɞ ůɡɜŭɡŬůɛɧɠ Űɖɠ ɛɖ ɔɟŬɛɛɘəɧŰɖŰŬɠ Űɖɠ 

ɔŮɤɛŮŰɟɑŬɠ əŬɘ Űɞɡ ɡɚɘəɞɨ, Ůɜɩ ɞɘ Ŭɟɢɘəɏɠ ŬŰɏɚŮɘŮɠ ŭŮɜ ŮˊɖɟŮɎɕɞɡɜ əŬɗɧɚɞɡ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ, ɧˊɤɠ ˊɞɏəɡɣŮ Ŭˊɧ ˊɟɞɖɔɞɨɛɡɜŮɠ ŬɜŬɚɨůŮɘɠ. ɆŰŬ ŭɘŬɔɟɎɛɛŬŰŬ 3.9 

əŬɘ 3.10 űŬɑɜɞɜŰŬɘ ŬɜŰɑůŰɞɘɢŬ ɞɘ ŭɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ ɔɘŬ əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ ɔɘŬ 

Űɞɜ əɧɛɓɞ ŬɜŬűɞɟɎɠ əŬɘ ɔɘŬ ɞɟɘɕɧɜŰɘŬ ɛŮŰŬŰɧˊɘůɖ ɔɘŬ Űɞɜ əɧɛɓɞ. ɇɞ ˊɟɩŰɞ 

ŭɘɎɔɟŬɛɛŬ ɏɢŮɘ əɧɛɓɞ ŬɜŬűɞɟɎɠ Űɞɜ əɧɛɓɞ 21752 əŬɘ Űɞ ŭŮɨŰŮɟɞ Űɞɜ əɧɛɓɞ 29740.  

 

 

 

ȹɘɎɔɟŬɛɛŬ 3.9: ȹɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ GMNA əŬŰŬəɧɟɡűɖɠ ɛŮŰŬŰɧˊɘůɖɠ dz ɔɘŬ ŰɞˊɞɗɏŰɖůɖ ŭɘŬűɟŬɔɛɎŰɤɜ 
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ȹɘɎɔɟŬɛɛŬ 3.10: ȹɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ GMNA ɛŮŰŬŰɧˊɘůɖɠ dx ɔɘŬ ŰɞˊɞɗɏŰɖůɖ ŭɘŬűɟŬɔɛɎŰɤɜ 

 

ȷˊɧ ŰŬ ˊŬɟŬˊɎɜɤ ŭɘŬɔɟɎɛɛŬŰŬ űŬɑɜŮŰŬɘ ɧŰɘ ɖ Ůˊɘɟɟɞɐ Űɖɠ ŰɞˊɞɗɏŰɖůɖɠ Űɤɜ 

ŭɘŬűɟŬɔɛɎŰɤɜ ůŰɖɜ əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ dz ůŰɞ ˊŬɟɧɜ ɛɞɜŰɏɚɞ ŮɑɜŬɘ ŬɛŮɚɖŰɏŬ 

ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɞ ˊɚɐɗɞɠ Űɞɡɠ əŬɘ Űɖ ŭɘɎŰŬɝɖ Űɞɡɠ. ȳůɞɜ ŬűɞɟɎ Űɖɜ ɞɟɘɕɧɜŰɘŬ 

ɛŮŰŬŰɧˊɘůɖ dx, ŬɡŰɐ ŮˊɖɟŮɎɕŮŰŬɘ ůɖɛŬɜŰɘəɎ ɛɧɜɞ Ŭˊɧ Űɖɜ ŰɞˊɞɗɏŰɖůɖ Űɤɜ 2 

ŬəɟŬɑɤɜ ŭɘŬűɟŬɔɛɎŰɤɜ əŬɘ Űɞɡ ŭɘŬűɟɎɔɛŬŰɞɠ Űɖɠ ɛŮůůŬɑŬɠ ŭɘŬŰɞɛɐɠ. ɇŬ ŮɜŭɘŬɛŮůŬ 

ŭɘŬűɟɎɔɛŬŰŬ ŭŮɜ ŮˊɖɟŮɎɕɞɡɜ Űɞ ŭɟɧɛɞ ɘůɞɟɟɞˊɑŬɠ. 

 

ȳůɞɜ ŬűɞɟɎ Űɖɜ Ůˊɘɟɟɞɐ Űɤɜ ŭɘŬűɟŬɔɛɎŰɤɜ ůŰɘɠ ŰɎůŮɘɠ ˊɞɡ ŬɜŬˊŰɨůůɞɜŰŬɘ ůŰɘɠ 

əɨɟɘŮɠ ŭɞəɞɨɠ Űɖɠ ɔɏűɡɟŬɠ, ŬɡŰɐ űŬɑɜŮŰŬɘ ɜŬ ŮɑɜŬɘ ŬɛŮɚɖŰɏŬ ɔɘŬ ŰɞˊɞɗɏŰɖůɖ 2, 3 əŬɘ 

5 ŭɘŬűɟŬɔɛɎŰɤɜ. ɆɡɔəŮəɟɘɛɏɜŬ, Űɞ űɞɟŰɑɞ ɔɘŬ Űɞ ɞˊɞɑɞ ůɡɛɓŬɑɜŮɘ ɖ ˊɟɩŰɖ ŭɘŬɟɟɞɐ 

ŮɑɜŬɘ ˊŮɟɑˊɞɡ ůŰŬɗŮɟɧ ůŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɛŮ 2, 3, 5 əŬɘ ɢɤɟɑɠ ŭɘŬűɟɎɔɛŬŰŬ (q ςπ 
kN/m2). ɆŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɛŮ 7 ɐ 9 ŭɘŬűɟɎɔɛŬŰŬ Űɞ űɞɟŰɑɞ ɔɘŬ Űɞ ɞˊɞɑɞ ůɡɛɓŬɑɜŮɘ ɖ 

ˊɟɩŰɖ ŭɘŬɟɟɞɐ ŮɑɜŬɘ q στkN/m2. ȼ əŬŰŬɜɞɛɐ Űɤɜ ŰɎůŮɤɜ ɏɢŮɘ ůŮ ɧɚŮɠ Űɘɠ 

ˊŮɟɘˊŰɩůŮɘɠ Űɖɜ ɑŭɘŬ ɛɞɟűɐ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɘɠ ȺɘəɧɜŮɠ 3.38 əŬɘ 3.39. 
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ȺɘəɧɜŬ 3.38: ȽůɞŰŬůɘəɏɠ ŮˊɘűɎɜŮɘŮɠ von Mises ɔɘŬ ŰɞˊɞɗɏŰɖůɖ 2 ŭɘŬűɟŬɔɛɎŰɤɜ (Ŭ) ůŰɖɜ ˊɟɩŰɖ ŭɘŬɟɟɞɐ (ɓ) ůŰɞ 

ŰŮɚɡŰŬɑɞ ůŰɎŭɘɞ 
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(ɓ) 

ȺɘəɧɜŬ 3.39: ȽůɞŰŬůɘəɏɠ ŮˊɘűɎɜŮɘŮɠ von Mises ɔɘŬ ŰɞˊɞɗɏŰɖůɖ 9 ŭɘŬűɟŬɔɛɎŰɤɜ (Ŭ) ůŰɖɜ ˊɟɩŰɖ ŭɘŬɟɟɞɐ (ɓ) ůŰɞ 

ŰŮɚɡŰŬɑɞ ůŰɎŭɘɞ 

 

 

3.1.4 ȾŬɛˊɨɚɖ ůɨɛɛɘəŰɖ ɔɏűɡɟŬ ŬɜɞɘəŰɐɠ ŭɘŬŰɞɛɐɠ ɛɐəɞɡɠ 50m 

ũɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɞɡ əŬɛˊɨɚɞɡ ɛɞɜŰɏɚɞɡ ŮˊɘɚɏɢɗɖəŮ əŬɛˊɡɚɧŰɖŰŬ ŬəŰɑɜŬɠ 

R=100m, ɩůŰŮ ɜŬ ŮɑɜŬɘ ůɨɛűɤɜɖ ɛŮ Űɞɡɠ ŬɜŰɑůŰɞɘɢɞɡɠ əŬɜɞɜɘůɛɞɨɠ. ɇɞ ɎɜɞɘɔɛŬ 

ŮɑɜŬɘ ŬɛűɘɏɟŮɘůŰɞ ɛɐəɞɡɠ 50m. ɇŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ ˊŬɟŬɛɏɜɞɡɜ 
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ůŰŬɗŮɟɎ, ɧˊɤɠ əŬɘ ŰŬ űɞɟŰɑŬ ůɢŮŭɘŬůɛɞɨ. ȺˊɘɚɏɢɗɖəŮ ɖ ɑŭɘŬ ůɡɔəɞɚɚɖŰɐ ŭɘŬŰɞɛɐ 

ˊɞɡ ŮˊɘɚɏɢɗɖəŮ əŬɘ ɔɘŬ Űɞ ŬɜŰɑůŰɞɘɢɞ ŮɡɗɨɔɟŬɛɛɞ ɛɞɜŰɏɚɞ, ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ 

ɞˊɞɑŬɠ űŬɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 3.2. ɇɞ ˊɟɞůɞɛɞɑɤɛŬ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ 

űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 3.40. 

 

 

 

ȺɘəɧɜŬ 3.40: ɄɟɞůɞɛɞɑɤɛŬ əŬɛˊɨɚɞɡ ɛɞɜŰɏɚɞɡ ɛɐəɞɡɠ 50m 

 

ũɘŬ Űɞ əŬɛˊɨɚɞ ɛɞɜŰɏɚɞ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ŬɟɢɘəɎ ɔɟŬɛɛɘəɐ əŬɘ ɛɖ ɔɟŬɛɛɘəɏɠ 

ŬɜŬɚɨůŮɘɠ. Ƀɘ ɛɖ ɔɟŬɛɛɘəɏɠ ŬɜŬɚɨůŮɘɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ɛɖ ɔɟŬɛɛɘəɐ ŬɜɎɚɡůɖ 

ɔŮɤɛŮŰɟɑŬɠ, ɛɖ ɔɟŬɛɛɘəɐ ŬɜɎɚɡůɖ ɡɚɘəɞɨ əŬɘ ɛɖ ɔɟŬɛɛɘəɐ ŬɜɎɚɡůɖ ɔŮɤɛŮŰɟɑŬɠ əŬɘ 

ɡɚɘəɞɨ. ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Ůˊɑůɖɠ ɔɟŬɛɛɘəɐ ŬɜɎɚɡůɖ ɚɡɔɘůɛɞɨ əŬɘ ɛɖ ɔɟŬɛɛɘəɏɠ 

ŬɜŬɚɨůŮɘɠ ɛŮ ŬŰɏɚŮɘŮɠ. Ƀɘ ŭɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ Űɤɜ ŬɜŬɚɨůŮɤɜ ŬɡŰɩɜ ɔɘŬ Űɞɜ əɧɛɓɞ 

ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰɖ ɛŮůůŬɑŬ ŭɘŬŰɞɛɐ ůŰɖɜ Ɏəɟɖ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ (Node 11682), 

űŬɑɜɞɜŰŬɘ ůŰɞ ŮˊɧɛŮɜɞ ůɢɐɛŬ. ȳˊɤɠ əŬɘ ůŰŬ ˊɟɞɖɔɞɨɛŮɜŬ ɛɞɜŰɏɚŬ, əɟɑůɘɛɖ ŮɑɜŬɘ ɖ 

Ůˊɘɟɟɞɐ Űɖɠ ɛɖ ɔɟŬɛɛɘəɧŰɖŰŬɠ Űɞɡ ɡɚɘəɞɨ, əŬɗɩɠ ɞɘ ŭɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ Űɤɜ 

ŬɜŬɚɨůŮɤɜ ɀɁȷ əŬɘ GMNA ůɡɛˊɑˊŰɞɡɜ, Ůɜɩ ɞ ŭɟɧɛɞɠ ɘůɞɟɟɞˊɑŬɠ Űɖɠ ŬɜɎɚɡůɖɠ 

GNA ŮɑɜŬɘ ůŰŬɗŮɟɎ Ŭɜɞŭɘəɧɠ.  

ȼ Ůˊɘɟɟɞɐ Űɤɜ Ŭɟɢɘəɩɜ ŬŰŮɚŮɘɩɜ ŮɑɜŬɘ ŬůɐɛŬɜŰɖ, Ŭűɞɨ ɞɘ ŭɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ Űɤɜ 

ŬɜŬɚɨůŮɤɜ GNA əŬɘ GNIA, əŬɗɩɠ əŬɘ GMNA əŬɘ GMNIA ŰŬɡŰɑɕɞɜŰŬɘ. ɇɞ ɔŮɔɞɜɧɠ 

ŬɡŰɧ ɐŰŬɜ ŬɜŬɛŮɜɧɛŮɜɞ, əŬɗɩɠ Ŭˊɧ Űɖ ɔɟŬɛɛɘəɐ ŬɜɎɚɡůɖ ɚɡɔɘůɛɞɨ, ɞɘ ůɡɜŰŮɚŮůŰɏɠ 

Űɤɜ űɞɟŰɑɤɜ Űɤɜ ɘŭɘɞɛɞɟűɩɜ ɐŰŬɜ ɘŭɘŬɑŰŮɟŬ Ŭɡɝɖɛɏɜɞɘ. ȺɛűŬɜɑɕɞɜŰŬɜ Űɞˊɘəɧɠ 

ɚɡɔɘůɛɧɠ ůŮ ɛŮɔɎɚŮɠ Űɘɛɏɠ Űɞɡ űɞɟŰɑɞɡ, əŬɗɩɠ Űɞ əŬŰɎůŰɟɤɛŬ ŬˊɏŰɟŮˊŮ Űɞɜ 

ˊɚŮɡɟɘəɧ ɚɡɔɘůɛɧ Űɤɜ ŭɞəɩɜ. Ƀɘ ůɡɜŰŮɚŮůŰɏɠ Űɤɜ űɞɟŰɑɤɜ Űɤɜ 4 ˊɟɩŰɤɜ 

ɘŭɘɞɛɞɟűɩɜ ɚɡɔɘůɛɞɨ űŬɑɜɞɜŰŬɘ ůŰɞ ȹɘɎɔɟŬɛɛŬ 3.11. ɆŰɘɠ ȺɘəɧɜŮɠ 3.41 əŬɘ 3.42 

űŬɑɜɞɜŰŬɘ ŰŬ ůɢɐɛŬŰŬ Űɤɜ ŭɨɞ ˊɟɩŰɤɜ ɘŭɘɞɛɞɟűɩɜ ɚɡɔɘůɛɞɨ. ɇŬ ˊŬɟŬˊɎɜɤ 

ŬˊɞŰŮɚɏůɛŬŰŬ űŬɑɜɞɜŰŬɘ ůŰɞ ȹɘɎɔɟŬɛɛŬ 3.12. Ƀɘ ŭɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ ɏɢɞɡɜ əɧɛɓɞ 

ŬɜŬűɞɟɎɠ ŬɡŰɧɜ ɛŮ Űɖ ɛɏɔɘůŰɖ əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰɖɜ Ɏəɟɖ Űɞɡ 

əŬŰŬůŰɟɩɛŬŰɞɠ (Node 11682). 
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ȹɘŮɟŮɨɜɖůɖ ŬɜŬɔəŬɘɧŰɖŰŬɠ ŭɘŬűɟŬɔɛɎŰɤɜ ůŮ ůɘŭɖɟɏɠ əŬɘ ůɨɛɛɘəŰŮɠ ɔɏűɡɟŮɠ 

 

 

ȹɘɎɔɟŬɛɛŬ 3.11: ɆɡɜŰŮɚŮůŰɏɠ űɞɟŰɑɞɡ ŬɜɎɚɡůɖɠ LBA əŬɛˊɨɚɖɠ ɔɏűɡɟŬɠ ɛɐəɞɡɠ 50m 

 

 

 

ȺɘəɧɜŬ 3.41: ɆɢɐɛŬ 1ɖɠ ɘŭɘɞɛɞɟűɐɠ ɚɡɔɘůɛɞɨ ɔɘŬ Űɖɜ əŬɛˊɨɚɖ ɔɏűɡɟŬ ɛɐəɞɡɠ 50m 
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ȺɘəɧɜŬ 3.42: ɆɢɐɛŬ 2ɖɠ ɘŭɘɞɛɞɟűɐɠ ɚɡɔɘůɛɞɨ ɔɘŬ Űɖɜ ŮəŬɛˊɨɚɖ ɔɏűɡɟŬ ɛɐəɞɡɠ 50m 

 

 

ȹɘɎɔɟŬɛɛŬ 3.12: ȹɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ əŬɛˊɨɚɖɠ ɔɏűɡɟŬɠ ɛŮ ŭɨɞ əɨɟŮɘɠ ŭɞəɞɨɠ ɛɐəɞɡɠ 50m 

 

ɆŰɘɠ ŮɘəɧɜŮɠ 3.43õ3.50 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ˊŬɟŬɛɞɟűɤɛɏɜŮɠ ŮɘəɧɜŮɠ ůŮ ˊɟɞɞˊŰɘəɧ, 

ˊɚɎɔɘŬ ɧɣɖ əŬɘ ŮɔəɎɟůɘŬ Űɞɛɐ əŬɘ ɞɘ ɘůɞŰŬůɘəɏɠ ŮˊɘűɎɜŮɘŮɠ ɔɘŬ ŰɎůɖ von Mises ɔɘŬ 

Űɘɠ ŬɜŬɚɨůŮɘɠ GNA əŬɘ GMNA. Ƀɘ ŬɜŰɑůŰɞɘɢŮɠ ŮɘəɧɜŮɠ ɔɘŬ Űɘɠ ɡˊɧɚɞɘˊŮɠ ŬɜŬɚɨůŮɘɠ 

ˊŬɟŬɚŮɑˊɞɜŰŬɘ, əŬɗɩɠ ŰŬɡŰɑɕɞɜŰŬɘ ɛŮ Űɘɠ ˊɟɞŬɜŬűŮɟɗŮɑůŮɠ. 
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ȺɘəɧɜŬ 3.43: ɄɟɞɞˊŰɘəɧ ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ŮɘəɧɜŬɠ ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GNA 

 

ȺɘəɧɜŬ 3.44: ɄɚɎɔɘŬ ɧɣɖ ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ŮɘəɧɜŬɠ ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GNA 

  

 

ȺɘəɧɜŬ 3.45: ȺɔəɎɟůɘŬ Űɞɛɐ  ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ŮɘəɧɜŬɠ ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GNA 
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ȺɘəɧɜŬ 3.46:ȽůɞŰŬůɘəɐ ŮˊɘűɎɜŮɘŬ von Mises ɔɘŬ ŬɜɎɚɡůɖ GNA 

 

ȺɘəɧɜŬ 3.47: ɄɟɞɞˊŰɘəɧ ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ŮɘəɧɜŬɠ ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GɀNA 

 

 

ȺɘəɧɜŬ 3.48: ɄɚɎɔɘŬ ɧɣɖ ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ŮɘəɧɜŬɠ ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GɀNA 
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ȺɘəɧɜŬ 3.49: ȺɔəɎɟůɘŬ Űɞɛɐ  ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ŮɘəɧɜŬɠ ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GMNA 

 

ȺɘəɧɜŬ 3.50: ȽůɞŰŬůɘəɐ ŮˊɘűɎɜŮɘŬ von Mises ɔɘŬ ŬɜɎɚɡůɖ GMNA 

 

ȾŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ əŬɛˊɨɚɞɡ ɛɞɜŰɏɚɞɡ Űɞ ɧɢɖɛŬ ŰɞˊɞɗŮŰɐɗɖəŮ ůŮ 

ŭɘŬűɞɟŮŰɘəɏɠ ɗɏůŮɘɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ŰɞˊɞɗŮŰɐɗɖəŮ ůŰɘɠ ŭɨɞ ɎəɟŮɠ əŬɘ ůŰɞ ɛɏůɞɜ Űɞɡ 

ŬɜɞɑɔɛŬŰɞɠ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ əŬɘ ˊɎɜɤ Ŭˊɧ Űɘɠ ŭɨɞ əɨɟɑŮɠ ŭɞəɞɨɠ əŬŰɎ ˊɚɎŰɞɠ Ůɜɩ 

əŬŰɎ ɛɐəɞɠ ɓɟɑůəɞɜŰŬɜ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ůŰɞ ɛɏůɞɜ Űɞɡ ŬɜɞɑɔɛŬŰɞɠ. ũɘŬ Űɘɠ 

ˊŮɟɘˊŰɩůŮɘɠ ŬɡŰɏɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛɖ ɔɟŬɛɛɘəɏɠ ŬɜŬɚɨůŮɘɠ ɔŮɤɛŮŰɟɑŬɠ əŬɘ 

ɡɚɘəɞɨ (GMNA). Ƀɘ ˊŬɟŬəɎŰɤ ŮɔəɎɟůɘŮɠ Űɞɛɏɠ Űɤɜ ˊŬɟŬɛɞɟűɤɛɏɜɤɜ Ůɘəɧɜɤɜ Űɖɠ 

ɔɏűɡɟŬɠ (ȺɘəɧɜŮɠ 3.51õ3.55) ŭŮɑɢɜɞɡɜ Űɖ ɛŮŰŬəɑɜɖůɖ Űɖɠ ɛŮůůŬɑŬɠ ŭɘŬŰɞɛɐɠ ůŮ əɎɗŮ 

ɛɑŬ Ŭˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ ˊŮɟɘˊŰɩůŮɘɠ.  

Ƀɛɞɑɤɠ, ɞɘ ˊŬɟŬəɎŰɤ ůɡɔəɟɘŰɘəɞɑ ŭɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ (ȹɘŬɔɟɎɛɛŬŰŬ 3.13 əŬɘ 3.14) 

ŬˊŮɘəɞɜɑɕɞɡɜ Űɖɜ Ůˊɘɟɟɞɐ Űɖɠ ŰɞˊɞɗɏŰɖůɖɠ Űɞɡ ɞɢɐɛŬŰɞɠ ůŰɖ ɛŮŰŬŰɧˊɘůɖ əŬŰɎ Űɞɡɠ 

ɎɝɞɜŮɠ zôz əŬɘ xôx ŬɜŰɑůŰɞɘɢŬ Űɞɡ űɞɟɏŬ. Ƀ əɧɛɓɞɠ ŬɜŬűɞɟɎɠ ɔɘŬ Űɞ ˊɟɩŰɞ 

ŭɘɎɔɟŬɛɛŬ ŮɑɜŬɘ ŬɡŰɧɠ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ ɛŮ Űɖ ɛɏɔɘůŰɖ əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ əŬɘ 

ɓɟɑůəŮŰŬɘ ůŰɖɜ ŮɝɤŰŮɟɘəɐ Ɏəɟɖ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ (Node 11682). Ƀ əɧɛɓɞɠ 

ŬɜŬűɞɟɎɠ ɔɘŬ Űɞ ŭŮɨŰŮɟɞ ŭɘɎɔɟŬɛɛŬ ŮɑɜŬɘ ŬɡŰɧɠ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ Űɖ ɛɏɔɘůŰɖ 

ɞɟɘɕɧɜŰɘŬ ɛŮŰŬŰɧˊɘůɖ əŬɘ ɓɟɑůəŮŰŬɘ ůŰɖ ůɡɜŬɟɛɞɔɐ Űɞɡ əɞɟɛɞɨ Űɖɠ əɡɟɑŬɠ ŭɞəɞɨ ɛŮ 

Űɞ əɎŰɤ ˊɏɚɛŬ (Node 30743). 
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ȺɘəɧɜŬ 3.51: ȺɔəɎɟůɘŬ Űɞɛɐ ɔɘŬ ŰɞˊɞɗɏŰɖůɖ Űɞɡ űɞɟŰɑɞɡ ˊɎɜɤ Ŭˊɧ Űɖɜ ŮůɤŰŮɟɘəɐ Ɏəɟɖ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ 

ȺɘəɧɜŬ 3.52: ȺɔəɎɟůɘŬ Űɞɛɐ ɔɘŬ ŰɞˊɞɗɏŰɖůɖ Űɞɡ űɞɟŰɑɞɡ ˊɎɜɤ Ŭˊɧ Űɖɜ ŮůɤŰŮɟɘəɐ əɨɟɘŬ ŭɞəɧ 

 

 

ȺɘəɧɜŬ 3.53: ȺɔəɎɟůɘŬ Űɞɛɐ ɔɘŬ ŰɞˊɞɗɏŰɖůɖ Űɞɡ űɞɟŰɑɞɡ ůŰɞ ɛɏůɞɜ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ 
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ȺɘəɧɜŬ 3.54: ȺɔəɎɟůɘŬ Űɞɛɐ ɔɘŬ ŰɞˊɞɗɏŰɖůɖ Űɞɡ űɞɟŰɑɞɡ ˊɎɜɤ Ŭˊɧ Űɖɜ ŮɝɤŰŮɟɘəɐ əɨɟɘŬ ŭɞəɧ 

 

ȺɘəɧɜŬ 3.55: ȺɔəɎɟůɘŬ Űɞɛɐ ɔɘŬ ŰɞˊɞɗɏŰɖůɖ Űɞɡ űɞɟŰɑɞɡ ˊɎɜɤ Ŭˊɧ Űɖɜ ŮɝɤŰŮɟɘəɐ Ɏəɟɖ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ 

 

 

ȹɘɎɔɟŬɛɛŬ 3.13: ɆɡɔəɟɘŰɘəɞɑ ŭɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ ɔɘŬ ɛŮŰŬŰɧˊɘůɖ dz ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ ŰɞˊɞɗŮŰɐůŮɘɠ Űɞɡ ɞɢɐɛŬŰɞɠ 
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ȹɘɎɔɟŬɛɛŬ 3.14: ɆɡɔəɟɘŰɘəɞɑ ŭɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ ɔɘŬ ɛŮŰŬŰɧˊɘůɖ dx ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ ŰɞˊɞɗŮŰɐůŮɘɠ Űɞɡ ɞɢɐɛŬŰɞɠ 

 

ɆŰɞ əŬɛˊɨɚɞ ɛɞɜŰɏɚɞ ɛɐəɞɡɠ 50m ˊɟɞůŰɏɗɖəŬɜ ůŰɖ ůɡɜɏɢŮɘŬ ŭɘŬűɟɎɔɛŬŰŬ, ɖ 

ŬɜŬɔəŬɘɧŰɖŰŬ Űɤɜ ɞˊɞɑɤɜ əŬŰŬŭŮɘəɜɨŮŰŬɘ Ŭˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ ŬɜŬɚɨůŮɘɠ, ɞɘ ɞˊɞɑŮɠ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɢɤɟɑɠ ŭɘŬűɟɎɔɛŬŰŬ. ɆɡɔəŮəɟɘɛɏɜŬ, ŭɖɛɘɞɡɟɔɐɗɖəŬɜ 

ˊɟɞůɞɛɞɘɩɛŬŰŬ ɛŮ 2, 3 əŬɘ 9 ŭɘŬűɟŬɔɛŬŰŬ. ɆŮ əɎɗŮ ɛɑŬ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ŰŬ 

ŭɘŬűɟŬɔɛɎŰŬ ŰɞˊɞɗŮŰɞɨɜŰŬɜ ůŮ ɑůŮɠ ŬˊɞůŰɎůŮɘɠ ůŮ ŮɜŭɘɎɛŮůŮɠ ɗɏůŮɘɠ Űɞɡ űɞɟɏŬ. 

ɆŰɖ ůɡɜɏɢŮɘŬ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ˊɟɞůɞɛɞɘɩɛŬŰŬ ɛŮ 2, 3, 5, 7  əŬɘ 9 ŭɘŬűɟɎɔɛŬŰŬ Ůə 

Űɤɜ ɞˊɞɑɤɜ ŰŬ 2 ɐŰŬɜ ŰɞˊɞɗŮŰɖɛɏɜŬ ůŰɘɠ ŬəɟŬɑŮɠ ɗɏůŮɘɠ əŬɘ ŰŬ ɡˊɧɚɞɘˊŬ ůŮ ɑůŮɠ 

ŬˊɞůŰɎůŮɘɠ ɛŮŰŬɝɨ Űɞɡɠ. Ƀɘ ŬɜŬɚɨůŮɘɠ ŬɡŰɏɠ ůɖɛŮɘɩɜɞɜŰŬɘ ɛŮ Űɖɜ ɏɜŭŮɘɝɖ ȷ 

ˊŬɟŬəɎŰɤ. 

 

ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛɖ ɔɟŬɛɛɘəɏɠ ŬɜŬɚɨůŮɘɠ ɡɚɘəɞɨ əŬɘ ɔŮɤɛŮŰɟɑŬɠ (GMNA) ɔɘŬ 

əɎɗŮ ˊŮɟɑˊŰɤůɖ. ɆŰŬ ȹɘŬɔɟɎɛɛŬŰŬ 3.15 əŬɘ 3.16 űŬɑɜɞɜŰŬɘ ŬɜŰɑůŰɞɘɢŬ ɞɘ ŭɟɧɛɞɘ 

ɘůɞɟɟɞˊɑŬɠ ɔɘŬ əŬŰŬəɧɟɡűɖ əŬɘ ɞɟɘɕɧɜŰɘŬ ɛŮŰŬŰɧˊɘůɖ. ɇɞ ˊɟɩŰɞ ŭɘɎɔɟŬɛɛŬ ɏɢŮɘ 

əɧɛɓɞ ŬɜŬűɞɟɎɠ Űɞɜ əɧɛɓɞ 11682 əŬɘ Űɞ ŭŮɨŰŮɟɞ Űɞɜ əɧɛɓɞ 30743. 
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ɳ˅˖ˍʶˊʽˁʺ ʱˁˊʹ
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ɳˋ˖ˍʶˊʽˁʺ ˁˏˊʽʰ ʵˇˁˈˌ

ɳˋ˖ˍʶˊʽˁʺ ʱˁˊʹ
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ȹɘɎɔɟŬɛɛŬ 3.15: ȹɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ GMNA əŬŰŬəɧɟɡűɖɠ ɛŮŰŬŰɧˊɘůɖɠ dz ɔɘŬ ŰɞˊɞɗɏŰɖůɖ ŭɘŬűɟŬɔɛɎŰɤɜ 

 

 

ȹɘɎɔɟŬɛɛŬ 3.16: ȹɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ GMNA ɛŮŰŬŰɧˊɘůɖɠ dx ɔɘŬ ŰɞˊɞɗɏŰɖůɖ ŭɘŬűɟŬɔɛɎŰɤɜ 

 

ȷˊɧ ŰŬ ˊŬɟŬˊɎɜɤ ŭɘŬɔɟɎɛɛŬŰŬ űŬɑɜŮŰŬɘ ɧŰɘ ɖ Ůˊɘɟɟɞɐ Űɖɠ ŰɞˊɞɗɏŰɖůɖɠ Űɤɜ 

ŭɘŬűɟŬɔɛɎŰɤɜ ůŰɖ ɛŮŰŬŰɧˊɘůɖ, Űɧůɞ əŬŰɎ Űɞɜ ɎɝɞɜŬ zôz, ɧůɞ əŬɘ əŬŰɎ Űɞɜ ɎɝɞɜŬ 

xôx,  ůŰɞ əŬɛˊɨɚɞ ɛɞɜŰɏɚɞ ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ ůŮ ŬɜŰɑɗŮůɖ ɛŮ ŬɡŰɐɜ ůŰɞ ŮɡɗɨɔɟŬɛɛɞ. ȼ 
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ʋ˖ˊʾˌ ʵʽʰ˒ˊʱʴ˃ʰˍʰ
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о ʵʽʰ˒ˊʱʴ˃ʰˍʰ

ф ʵʽʰ˒ˊʱʴ˃ʰˍʰ

н ʵʽʰ˒ˊʱʴ˃ʰˍʰ-ɮ

о ʵʽʰ˒ˊʱʴ˃ʰˍʰ-ɮ

р ʵʽʰ˒ˊʱʴ˃ʰˍʰ-ɮ

т ʵʽʰ˒ˊʱʴ˃ʰˍʰ-ɮ

ф ʵʽʰ˒ˊʱʴ˃ʰˍʰ-ɮ
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Ůˊɘɟɟɞɐ Űɤɜ ŭɘŬűɟŬɔɛɎŰɤɜ ůŰɘɠ ˊŬɟŬˊɎɜɤ ɛŮŰŬŰɞˊɑůŮɘɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ˊɚɐɗɞɠ 

əŬɘ Űɖ ŭɘɎŰŬɝɖ Űɞɡɠ. ȼ ŰɞˊɞɗɏŰɖůɖ 2, 3 ɐ 5 ŭɘŬűɟŬɔɛɎŰɤɜ űŬɑɜŮŰŬɘ ɜŬ ŮɘɜŬɘ 

əŬɗɞɟɘůŰɘəɐ ɔɘŬ Űɖɜ Ŭˊɧəɟɘůɖ Űɞɡ űɞɟɏŬ. ɋůŰɧůɞ, ɖ ŭɘŬűɞɟɎ ůŰɖɜ Ŭˊɧəɟɘůɖ Űɞɡ 

űɞɟɏŬ ɔɘŬ ŰɞˊɞɗɏŰɖůɖ 5, 7 ɐ 9 ŭɘŬűɟŬɔɛɎŰɤɜ ŮɑɜŬɘ ŬɛŮɚɖŰɏŬ.  

ȳůɞɜ ŬűɞɟɎ Űɖɜ Ůˊɘɟɟɞɐ Űɤɜ ŭɘŬűɟŬɔɛɎŰɤɜ ůŰɘɠ ŰɎůŮɘɠ ˊɞɡ ŬɜŬˊŰɨůůɞɜŰŬɘ ůŰɘɠ 

əɨɟɘŮɠ ŭɞəɞɨɠ Űɖɠ ɔɏűɡɟŬɠ, ŬɡŰɐ űŬɑɜŮŰŬɘ ɜŬ ŮɑɜŬɘ ŬɛŮɚɖŰɏŬ ɔɘŬ ŰɞˊɞɗɏŰɖůɖ 2 ɐ 3 

ŭɘŬűɟŬɔɛɎŰɤɜ. ɆɡɔəŮəɟɘɛɏɜŬ, Űɞ űɞɟŰɑɞ ɔɘŬ Űɞ ɞˊɞɑɞ ůɡɛɓŬɑɜŮɘ ɖ ˊɟɩŰɖ ŭɘŬɟɟɞɐ 

ŮɑɜŬɘ ˊŮɟɑˊɞɡ ůŰŬɗŮɟɧ ůŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɛŮ 2 ɐ 3 əŬɘ ɢɤɟɑɠ ŭɘŬűɟɎɔɛŬŰŬ (q σπ 
kN/m2). ɆŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɛŮ 5, 7 ɐ 9 ŭɘŬűɟɎɔɛŬŰŬ Űɞ űɞɟŰɑɞ ɔɘŬ Űɞ ɞˊɞɑɞ ůɡɛɓŬɑɜŮɘ ɖ 

ˊɟɩŰɖ ŭɘŬɟɟɞɐ ŮɑɜŬɘ q υφkN/m2. ȼ əŬŰŬɜɞɛɐ Űɤɜ ŰɎůŮɤɜ ŭŮɜ ɏɢŮɘ ůŮ ɧɚŮɠ Űɘɠ 

ˊŮɟɘˊŰɩůŮɘɠ Űɖɜ ɑŭɘŬ ɛɞɟűɐ ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɞ ŮɡɗɨɔɟŬɛɛɞ ɛɞɜŰɏɚɞ, ɧˊɤɠ űŬɑɜŮŰŬɘ 

ůŰɘɠ ȺɘəɧɜŮɠ 3.56 əŬɘ 3.57. 

 

 

(Ŭ) 

 

(ɓ) 

ȺɘəɧɜŬ 3.56: ȽůɞŰŬůɘəɏɠ ŮˊɘűɎɜŮɘŮɠ von Mises ɔɘŬ ŰɞˊɞɗɏŰɖůɖ 2 ŭɘŬűɟŬɔɛɎŰɤɜ (Ŭ) ůŰɖɜ ˊɟɩŰɖ ŭɘŬɟɟɞɐ (ɓ) ůŰɞ 

ŰŮɚɡŰŬɑɞ ůŰɎŭɘɞ 
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(Ŭ) 

 

(ɓ) 

ȺɘəɧɜŬ 3.57: ȽůɞŰŬůɘəɏɠ ŮˊɘűɎɜŮɘŮɠ von Mises ɔɘŬ ŰɞˊɞɗɏŰɖůɖ 9 ŭɘŬűɟŬɔɛɎŰɤɜ (Ŭ) ůŰɖɜ ˊɟɩŰɖ ŭɘŬɟɟɞɐ (ɓ) ůŰɞ 

ŰŮɚɡŰŬɑɞ ůŰɎŭɘɞ 

 

3.2 ȾɚŮɘůŰɏɠ ŭɘŬŰɞɛɏɠ 

3.2.1 ȺɡɗɨɔɟŬɛɛɖ ůɨɛɛɘəŰɖ ɔɏűɡɟŬ əɚŮɘůŰɐɠ ŭɘŬŰɞɛɐɠ ɛɐəɞɡɠ 50m 

ɇɞ ŮˊɧɛŮɜɞ ɛɞɜŰɏɚɞ ˊɞɡ ŮɝŮŰŬůŰɖəŮ ŮɑɜŬɘ ɔɏűɡɟŬ əɚŮɘůŰɐɠ ŭɘŬŰɞɛɐɠ ŬɛűɘɏɟŮɘůŰɞɡ 

ŬɜɞɑɔɛŬŰɞɠ ɛɐəɞɡɠ L=50m. ȷˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛɑŬ əɨɟɘŬ ŭɞəɧ əŬɘ ˊɚɎəŬ 

əŬŰŬůŰɟɩɛŬŰɞɠ. ɇŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ ŮɑɜŬɘ ɑŭɘŬ ɛŮ ŬɡŰɎ Űɤɜ 

ɔŮűɡɟɩɜ ɛŮ ŬɜɞɘɢŰɐ ŭɘŬŰɞɛɐ, ŭɖɚŬŭɐ ɏɢŮɘ ůɡɜɞɚɘəɧ ˊɚɎŰɞɠ 12m əŬɘ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 

ɛɑŬ ɚɤɟɑŭŬ əɡəɚɞűɧɟɑŬɠ ˊɚɎŰɞɡɠ 3.25m, ɛɑŬ ɚɤɟɑŭŬ ɏəŰŬəŰɖɠ ŬɜɎɔəɖɠ (ȿȺȷ) 

ˊɚɎŰɞɡɠ 1.75m əŬɘ ˊŮɕɞŭɟɧɛɘɞ ˊɚɎŰɞɡɠ 1m ŬɜɎ əŬŰŮɨɗɡɜůɖ. ɃɟɘɕɞɜŰɘɞɔɟŬűɘəɎ ɖ 

ɔɏűɡɟŬ ɓɟɑůəŮŰŬɘ ůŮ ŮɡɗɡɔɟŬɛɛɑŬ əŬɘ ɛŮ ůŰŬɗŮɟɐ əŬŰɎ ɛɐəɞɠ əɚɑůɖ ŮɟɡɗɟɎɠ 0%. ȼ 

ˊɚɎəŬ Űɞɡ ůəɡɟɞŭɏɛŬŰɞɠ ɏɢŮɘ ˊɎɢɞɠ 0.30m əŬɘ ŰŬ ŬůűŬɚŰɘəɎ 0.10m. ɇɞ ůɡɜɞɚɘəɧ 

ˊɎɢɞɠ Űɤɜ ˊŮɕɞŭɟɞɛɑɤɜ ŮɑɜŬɘ 0.50m əŬɘ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ  ɞˊɚɘůɛɏɜɞ ůəɡɟɧŭŮɛŬ əŬɘ 

Űɖɜ ˊɟɞɓɚŮˊɧɛŮɜɖ ŮˊɘəɎɚɡɣɖ. ɇŬ ŮˊɘɚŮɔɧɛŮɜŬ ɡɚɘəɎ ŮɑɜŬɘ əŬɘ ůŮ ŬɡŰɐ Űɖɜ 

ˊŮɟɑˊŰɤůɖ ɢɎɚɡɓŬɠ ˊɞɘɧŰɖŰŬɠ S355 əŬɘ ůəɡɟɧŭŮɛŬ əŬŰɖɔɞɟɑŬɠ C30/37. 
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ɇŬ űɞɟŰɑŬ ůɢŮŭɘŬůɛɞɨ ŮɑɜŬɘ ɑŭɘŬ ɛŮ Űɘɠ ˊɟɞŬɜŬűŮɟɗŮɑůŮɠ ˊŮɟɘˊŰɩůŮɘɠ əŬɘ ˊɟɞəɨˊŰŮɘ 

ŮˊɘűŬɜŮɘŬəɎ əŬŰŬɜŮɛɖɛɏɜɞ ůŰɞ əŬŰɎůŰɟɤɛŬ űɞɟŰɑɞ ůɢŮŭɘŬůɛɞɨ qed=29.6kN/m. 

ɋůŰɧůɞ ůŰɞ ɛɞɜŰɏɚɞ ŮɘůɎɢɗɖəŮ ɤɠ ŮˊɘűŬɜŬɘŬəɎ əŬŰŬɜŮɛɖɛɏɜɞ űɞɟŰɑɞ ɛɧɜɞ Űɞ 

űɞɟŰɑɞ ɚɧɔɤ ɛɧɜɘɛɤɜ əŬɘ ˊɟɧůɗŮŰɤɜ ɛɧɜɘɛɤɜ. ȼ əɡəɚɞűɞɟɑŬ ŮɘůɎɢɗɖəŮ, ɧˊɤɠ əŬɘ 

ůŰɘɠ ˊɟɞɖɔɞɨɛŮɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ, ɤɠ ɏəəŮɜŰɟɞ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ. ɆɡɔəŮəɟɘɛɏɜŬ, 

ŰɞˊɞɗŮŰɐɗɖəŮ Űɞ ɛŮɔŬɚɨŰŮɟɞ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ əŬɘ ůŮ əŬŰɎɚɚɖɚŮɠ ŬˊɞůŰɎůŮɘɠ, 

ɧˊɤɠ ˊɟɞɓɚɏˊŮŰŬɘ Ŭˊɧ Űɞɡɠ ȺɡɟɤəɩŭɘəŮɠ, ŭɖɚŬŭɐ 300kN ŬɜɎ ɎɝɞɜŬ ůŮ ŬˊɧůŰŬůɖ 

2m ůŰɖ ŭɘŬɛɐəɖ ŭɘŮɨɗɡɜůɖ əŬɘ 1.20m ůŰɖɜ ŮɔəɎɟůɘŬ ŭɘŮɨɗɡɜůɖ. ɇɞˊɞɗŮŰɐɗɖəŬɜ ůŰɖ 

ɛɏůŬɑŬ ŭɘŬŰɞɛɐ ůŰɖɜ Ɏəɟɖ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ. 

ȷˊɧ Űɞ űɞɟŰɑɞ ˊɞɡ ɡˊɞɚɞɔɑůŰɖəŮ ˊŬɟŬˊɎɜɤ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ˊɟɞɏəɡɣŮ ɟɞˊɐ 

ůɢŮŭɘŬůɛɞɨ əŬɘ ɖ ŬˊŬɘŰɞɨɛŮɜɖ ˊɚŬůŰɘəɐ ɟɞˊɐ ŬɜŰɑůŰŬůɖɠ: 

 

ɀed =  = 
Ȣ

 = 111114 kNm (3.10Ŭ) 

Wreq=  = 
Ȣ

 = 312998cm3 (3.10ɓ) 

 

ȺˊɘɚɏɢɗɖəŮ ɢŬɚɨɓŭɘɜɖ ůɡɔəɞɚɚɖŰɐ ŭɘŬŰɞɛɐ ɛɞɟűɐɠ əɘɓɤŰɑɞɡ. ɇŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

Űɖɠ ŭɘŬŰɞɛɐɠ űŬɑɜɞɜŰŬɘ ůŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ (ɄɑɜŬəŬɠ 4.3) əŬɘ ůŰɖɜ ˊŬɟŬəɎŰɤ 

ŮəɧɜŬ (ȺɘəɧɜŬ 3.58). 

 

ɄɑɜŬəŬɠ 3.3: ɉŬɟŬəŰɖɟɘůŰɘəɎ ŮˊɘɚŮɔŮɑůŬɠ əɚŮɘůŰɐɠ ŭɘŬŰɞɛɐɠ ɔɘŬ ɎɜɞɘɔɛŬ 50m 

 

 b (mm) 

 

l (mm) h (mm) A (mm2) 

ȷɟɘůŰŮɟɧ ɏɚŬůɛŬ 30 2200 196 66000 

ȹŮɝɑ ɏɚŬůɛŬ 30 2200 196 66000 

ɄɏɚɛŬ 4000 4000 40 120000 

ɆɡɜɞɚɘəɎ    252000 

 

 

ȺɘəɧɜŬ 3.58: ȺɔəɎɟůɘŬ Űɞɛɐ Űɖɠ ůɨɛɛɘəŰɖɠ ɔɏűɡɟŬɠ əɚŮɘůŰɐɠ ŭɘŬŰɞɛɐɠ ɛɐəɞɡɠ 50m 
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ȹɘŮɟŮɨɜɖůɖ ŬɜŬɔəŬɘɧŰɖŰŬɠ ŭɘŬűɟŬɔɛɎŰɤɜ ůŮ ůɘŭɖɟɏɠ əŬɘ ůɨɛɛɘəŰŮɠ ɔɏűɡɟŮɠ 

 

ũɘŬ Űɖ ŭɘŬŰɞɛɐ ŬɡŰɐ ˊɟɞəɨˊŰɞɡɜ ŰŬ Ůɝɐɠ ɔŮɤɛŮŰɟɘəɎ əŬɘ ŬŭɟŬɜŮɘŬəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ: 

 

Ƚz=109386621cm3 (3.11Ŭ) 

Ƚx=47756368cm3 (3.11ɓ) 

zəɓ=58.3cm (3.11ɔ) 

Wpl = 
Ȣ

 = 347001cm3  (3.11ŭ) 

Wpl = 347001cm3 > Wreq=312998cm3 (3.11Ů) 

 

ȺɝŮŰɎůŰɖəŮ ɖ əŬŰɖɔɞɟɑŬ Űɖɠ ŭɘŬŰɞɛɐɠ Ŭˊɧ ɧˊɞɡ Űɞ ŭŮɝɑ əŬɘ Űɞ ŬɟɘůŰŮɟɧ ɏɚŬůɛŬ 

ˊɟɞɏəɡɣŬɜ ɜŬ ŮɑɜŬɘ əŬŰɖɔɞɟɑŬɠ 3 əŬɘ Űɞ ˊɏɚɛŬ əŬŰɖɔɞɟɑŬɠ 4, ɧˊɤɠ űŬɑɜŮŰŬɘ 

ˊŬɟŬəɎŰɤ: 

 

ȾŬŰɖɔɞɟɑŬ ŬɟɘůŰŮɟɞɨ ŮɚɎůɛŬŰɞɠ:  =  = 72.33<100.44: əŬŰɖɔɞɟɑŬ 3 

  (3.12Ŭ) 

ȾŬŰɖɔɞɟɑŬ ŭŮɝɘɞɨ ŮɚɎůɛŬŰɞɠ:  =  = 72.33<100.44: əŬŰɖɔɞɟɑŬ 3 

  (3.12ɓ) 

ȾŬŰɖɔɞɟɑŬ ˊɏɚɛŬŰɞɠ:  =  = 131.33>100.44: əŬŰɖɔɞɟɑŬ 4 

  (3.12ɔ) 

ȹɘŬŰɞɛɐ əŬŰɖɔɞɟɑŬɠ 4 

 

ũɘŬ Űɖɜ ˊŬɟŬˊɎɜɤ ŭɘŬŰɞɛɐ ɖ əŬɛˊŰɘəɐ ɟɞˊɐ ŬɜŰɞɢɐɠ əŬɘ Űɞ űɞɟŰɑɞ ŬɜŰɞɢɐɠ 

ˊɟɞəɨˊŰɞɡɜ: 

 

Mrd = ὡὪ  
Ȣ

 = 123186kNm  (3.13Ŭ) 

qrd =  =  = 32.8kN/m2 (3.13ɓ) 

 

ȼ ŭɘŬŰɞɛɐ ŬɡŰɐ ŮɑɜŬɘ əɚŮɘůŰɐ Ůˊɞɛɏɜɤɠ ŭŮɜ ŮɑɜŬɘ ŮɡŬɑůɗɖŰɖ ůŮ ůŰɟŮˊŰɞəŬɛˊŰɘəɧ 

ɚɡɔɘůɛɧ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ɞ ɛŮɘɤŰɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ɘůɞɨŰŬɘ ɛŮ Űɖ ɛɞɜɎŭŬ (xLT=1). 



ȷɟɘɗɛɖŰɘəɏɠ ŮűŬɟɛɞɔɏɠ ɛŮ ɢɟɐůɖ ɡűɘůŰɎɛŮɜɞɡ ɚɞɔɘůɛɘəɞɨ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ 
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ɇɞ ˊɟɞůɞɛɞɑɤɛŬ Űɖɠ ůɨɛɛɘəŰɖɠ ŮɡɗɨɔɟŬɛɛɖɠ ɔɏűɡɟŬɠ əɚŮɘůŰɐɠ ŭɘŬŰɞɛɐɠ ɛɐəɞɡɠ 

50m űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 3.59. 

 

 

ȺɘəɧɜŬ 3.59: ɄɟɞůɞɛɞɑɤɛŬ ɔɏűɡɟŬɠ əɚŮɘůŰɐɠ ŭɘŬŰɞɛɐɠ ɛɐəɞɡɠ 50m 

 

ũɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛɖ ɔɟŬɛɛɘəɏɠ ŬɜŬɚɨůŮɘɠ ɔŮɤɛŮŰɟɑŬɠ 

əŬɘ ɡɚɘəɞɨ ɛŮ əŬɘ ɢɤɟɑɠ Ŭɟɢɘəɏɠ ŬŰɏɚŮɘŮɠ. Ⱦɟɑůɘɛɞɠ ŮɑɜŬɘ ɞ ůɡɜŭɡŬůɛɧɠ Űɖɠ ɛɖ 

ɔɟŬɛɛɘəɧŰɖŰŬɠ ɡɚɘəɞɨ əŬɘ ɔŮɤɛŬŰɟɑŬɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɞɘ ŭɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ Űɤɜ 

ŬɜŬɚɨůŮɤɜ ɀɁȷ əŬɘ GMNA ɜŬ ɛɖɜ ŰŬɡŰɑɕɞɜŰŬɘ ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖɜ ŬɜɞɘɢŰɐ 

ŭɘŬŰɞɛɐ. ȼ ŮɘůŬɔɤɔɐ Ŭɟɢɘəɩɜ ŬŰŮɚŮɘɩɜ ůŰɞ űɞɟɏŬ ŭŮɜ ŮˊɖɟŮɎɕŮɘ Űɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ 

ŬɜɎɚɡůɖɠ. ɆŮ ɢŬɛɖɚɏɠ Űɘɛɏɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ űɞɟŰɑɞɡ ŮɛűŬɜɑɕɞɜŰŬɜ Űɞˊɘəɧɠ ɚɡɔɘůɛɧɠ 

ůŰɘɠ ŬəɟŬɑŮɠ ŭɘŬŰɞɛɏɠ Űɞɡ űɞɟɏŬ. ɋůŰɧůɞ ɞ əɑɜŭɡɜɞɠ ɔɘŬ Űɞˊɘəɧ ɚɡɔɘůɛɧ 

ŮɝŬɚŮɑűɞɜŰŬɜ ɛŮ Űɖɜ ŰɞˊɞɗɏŰɖůɖ ŭɘŬűɟŬɔɛɎŰɤɜ ůŰɘɠ ŬəɟŬɑŮɠ ŭɘŬŰɞɛɏɠ Űɞɡ űɞɟɏŬ.  

Ƀɘ ůɡɜŰŮɚŮůŰɏɠ Űɤɜ űɞɟŰɑɤɜ Űɤɜ 4 ˊɟɩŰɤɜ ɘŭɘɞɛɞɟűɩɜ ɚɡɔɘůɛɞɨ űŬɑɜɞɜŰŬɘ ůŰɞ 

ȹɘɎɔɟŬɛɛŬ 3.3. ɆŰɘɠ ȺɘəɧɜŮɠ 3.60 əŬɘ 3.61 űŬɑɜɞɜŰŬɘ ŰŬ ůɢɐɛŬŰŬ Űɤɜ ŭɨɞ ˊɟɩŰɤɜ 

ɘŭɘɞɛɞɟűɩɜ ɚɡɔɘůɛɞɨ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŬɜŬɚɨůŮɤɜ ŬɡŰɩɜ űŬɑɜɞɜŰŬɘ ůŰɞ 

ˊŬɟŬəɎŰɤ ŭɘɎɔɟŬɛɛŬ (ȹɘɎɔɟŬɛɛŬ 3.13), Űɞ ɞˊɞɑɞ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɞɡɠ ŭɟɧɛɞɡɠ 

ɘůɞɟɟɞˊɑŬɠ ɔɘŬ Űɞɜ əɧɛɓɞ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰɖ ɛŮůůŬɑŬ ŭɘŬŰɞɛɐ ůŰɖɜ Ɏəɟɖ Űɞɡ 

əŬŰŬůŰɟɩɛŬŰɞɠ əŬɘ ˊŬɟɞɡůɘɎɕŮɘ Űɖ ɛɏɔɘůŰɖ əŬŰŬəɧɟɡűɖ ɛŮŰŬəɑɜɖůɖ (Node 2386).  
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ȹɘŮɟŮɨɜɖůɖ ŬɜŬɔəŬɘɧŰɖŰŬɠ ŭɘŬűɟŬɔɛɎŰɤɜ ůŮ ůɘŭɖɟɏɠ əŬɘ ůɨɛɛɘəŰŮɠ ɔɏűɡɟŮɠ 

 

 

ȹɘɎɔɟŬɛɛŬ 3.17: ɆɡɜŰŮɚŮůŰɏɠ űɞɟŰɑɞɡ ŬɜɎɚɡůɖɠ LBA ŮɡɗɨɔɟŬɛɛɖɠ ɔɏűɡɟŬɠ ɛɐəɞɡɠ 50m 

 

 

 

 

ȺɘəɧɜŬ 3.60: ɆɢɐɛŬ 1ɖɠ ɘŭɘɞɛɞɟűɐɠ ɚɡɔɘůɛɞɨ ɔɘŬ Űɖɜ ŮɡɗɨɔɟŬɛɛɖ ɔɏűɡɟŬ ɛɐəɞɡɠ 50m 
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ȺɘəɧɜŬ 3.61: ɆɢɐɛŬ 2ɖɠ ɘŭɘɞɛɞɟűɐɠ ɚɡɔɘůɛɞɨ ɔɘŬ Űɖɜ ŮɡɗɨɔɟŬɛɛɖ ɔɏűɡɟŬ ɛɐəɞɡɠ 50m 

 

 

ȹɘɎɔɟŬɛɛŬ 3.18:ȹɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ ůɨɛɛɘəŰɖɠ ŮɡɗɨɔɟŬɛɛɖɠ ɔɏűɡɟŬɠ əɚŮɘůŰɐɠ ŭɘŬŰɞɛɐɠ ɛɐəɞɡɠ 50m 

 

ɆŰɘɠ ȺɘəɧɜŮɠ 3.62õ3.69 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ˊŬɟŬɛɞɟűɤɛɏɜŮɠ ŮɘəɧɜŮɠ ůŮ ˊɟɞɞˊŰɘəɧ, 

ˊɚɎɔɘŬ ɧɣɖ əŬɘ ŮɔəɎɟůɘŬ Űɞɛɐ əŬɘ ɞɘ ɘůɞŰŬůɘəɏɠ ŮˊɘűɎɜŮɘŮɠ ɔɘŬ ŰɎůɖ von Mises ɔɘŬ 

Űɘɠ ŬɜŬɚɨůŮɘɠ GNA əŬɘ GMNA. Ƀɘ ŬɜŰɑůŰɞɘɢŮɠ ŮɘəɧɜŮɠ ɔɘŬ Űɘɠ ɡˊɧɚɞɘˊŮɠ ŬɜŬɚɨůŮɘɠ 

ˊŬɟŬɚŮɑˊɞɜŰŬɘ, əŬɗɩɠ ŰŬɡŰɑɕɞɜŰŬɘ ɛŮ Űɘɠ ˊɟɞŬɜŬűŮɟɗŮɑůŮɠ. 
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ȹɘŮɟŮɨɜɖůɖ ŬɜŬɔəŬɘɧŰɖŰŬɠ ŭɘŬűɟŬɔɛɎŰɤɜ ůŮ ůɘŭɖɟɏɠ əŬɘ ůɨɛɛɘəŰŮɠ ɔɏűɡɟŮɠ 

 

 

 

ȺɘəɧɜŬ 3.62: ɄɟɞɞˊŰɘəɧ ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ŮɘəɧɜŬɠ ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GNA 
 

 

ȺɘəɧɜŬ 3.63: ɄɚɎɔɘŬ ɧɣɖ ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ŮɘəɧɜŬɠ ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GNA 

 

 

 

ȺɘəɧɜŬ 3.64: ȺɔəɎɟůɘŬ Űɞɛɐ ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ŮɘəɧɜŬɠ ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GNA 

 



ȷɟɘɗɛɖŰɘəɏɠ ŮűŬɟɛɞɔɏɠ ɛŮ ɢɟɐůɖ ɡűɘůŰɎɛŮɜɞɡ ɚɞɔɘůɛɘəɞɨ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ 
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ȺɘəɧɜŬ 3.65: ȽůɞŰŬůɘəɐ ŮˊɘűɎɜŮɘŬ von Mises ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GNA 

 

 

ȺɘəɧɜŬ 3.66: ɄɟɞɞˊŰɘəɧ ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ŮɘəɧɜŬɠ ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GMNA 

 
 

 

 

ȺɘəɧɜŬ 3.67: ɄɚɎɔɘŬ ɧɣɖ ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ŮɘəɧɜŬɠ ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GMNA 
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ȹɘŮɟŮɨɜɖůɖ ŬɜŬɔəŬɘɧŰɖŰŬɠ ŭɘŬűɟŬɔɛɎŰɤɜ ůŮ ůɘŭɖɟɏɠ əŬɘ ůɨɛɛɘəŰŮɠ ɔɏűɡɟŮɠ 

 

 

 

 

ȺɘəɧɜŬ 3.68; ȺɔəɎɟůɘŬ Űɞɛɐ ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ŮɘəɧɜŬɠ ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GMNA 

 

 

 

ȺɘəɧɜŬ 3.69: ȽůɞŰŬůɘəɐ ŮˊɘűɎɜŮɘŬ von Mises ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GMNA 

 

ȾŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɛɞɜŰɏɚɞɡ əɚŮɘůŰɐɠ ŭɘŬŰɞɛɐɠ Űɞ ɧɢɖɛŬ ŰɞˊɞɗŮŰɐɗɖəŮ ůŮ 

ŭɘŬűɞɟŮŰɘəɏɠ ɗɏůŮɘɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ŰɞˊɞɗŮŰɐɗɖəŮ ůŰɖɜ Ɏəɟɖ əŬɘ ůŰɞ ɛɏůɞɜ Űɞɡ 

əŬŰŬůŰɟɩɛŬŰɞɠ ůŰɖ ɛŮůůŬɑŬ ŭɘŬŰɞɛɐ. ũɘŬ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ŬɡŰɏɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ 

ɛɖ ɔɟŬɛɛɘəɏɠ ŬɜŬɚɨůŮɘɠ ɔŮɤɛŮŰɟɑŬɠ əŬɘ ɡɚɘəɞɨ (GMNA). Ƀɘ ˊŬɟŬəɎŰɤ ŮɔəɎɟůɘŮɠ 

Űɞɛɏɠ Űɤɜ ˊŬɟŬɛɞɟűɤɛɏɜɤɜ Ůɘəɧɜɤɜ Űɖɠ ɔɏűɡɟŬɠ (ȺɘəɧɜŮɠ 3.70õ3.71) ŭŮɑɢɜɞɡɜ Űɖ 

ɛŮŰŬəɑɜɖůɖ Űɖɠ ɛŮůůŬɑŬɠ ŭɘŬŰɞɛɐɠ ůŮ əɎɗŮ ɛɑŬ Ŭˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ ˊŮɟɘˊŰɩůŮɘɠ.  
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Ƀɛɞɑɤɠ, ɞɘ ˊŬɟŬəɎŰɤ ůɡɔəɟɘŰɘəɞɑ ŭɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ (ȹɘŬɔɟɎɛɛŬŰŬ 3.19 əŬɘ 3.20) 

ŬˊŮɘəɞɜɑɕɞɡɜ Űɖɜ Ůˊɘɟɟɞɐ Űɖɠ ŰɞˊɞɗɏŰɖůɖɠ Űɞɡ ɞɢɐɛŬŰɞɠ ůŰɖ ɛŮŰŬŰɧˊɘůɖ əŬŰɎ Űɞɡɠ 

ɎɝɞɜŮɠ zôz əŬɘ xôx ŬɜŰɑůŰɞɘɢŬ Űɞɡ űɞɟɏŬ. Ƀ əɧɛɓɞɠ ŬɜŬűɞɟɎɠ ɔɘŬ Űɞ ˊɟɩŰɞ 

ŭɘɎɔɟŬɛɛŬ ŮɑɜŬɘ ŬɡŰɧɠ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ ɛŮ Űɖ ɛɏɔɘůŰɖ əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ əŬɘ 

ɓɟɑůəŮŰŬɘ ůŰɖɜ ŮɝɤŰŮɟɘəɐ Ɏəɟɖ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ (Node 2386). Ƀ əɧɛɓɞɠ 

ŬɜŬűɞɟɎɠ ɔɘŬ Űɞ ŭŮɨŰŮɟɞ ŭɘɎɔɟŬɛɛŬ ŮɑɜŬɘ ŬɡŰɧɠ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ Űɖ ɛɏɔɘůŰɖ 

ɞɟɘɕɧɜŰɘŬ ɛŮŰŬŰɧˊɘůɖ əŬɘ ɓɟɑůəŮŰŬɘ ůŰɖ ůɡɜŬɟɛɞɔɐ Űɞɡ ˊɚŬɔɑɞɡ ŮɚɎůɛŬŰɞɠ ɛŮ Űɞ 

ˊɏɚɛŬ Űɖɠ əɡɟɑŬɠ ŭɞəɞɨ (Node 2952). ɆŰɞ ȹɘɎɔɟŬɛɛŬ 3.20 ɔɑɜŮŰŬɘ ˊŬɟɎɚɚɖɚŬ 

ůɨɔəɟɘůɖ Űɤɜ ˊŬɟŬˊɎɜɤ ŭɟɧɛɤɜ ɘůɞɟɟɞˊɑŬɠ ɛŮ Űɞɜ ŬɜŰɑůŰɞɘɢɞ ŭɟɧɛɞ ɘůɞɟɟɞˊɑŬɠ Űɖɠ 

ŮɡɗɨɔɟŬɛɛɖɠ ɔɏűɡɟŬɠ ŬɜɞɘɢŰɐɠ ŭɘŬŰɞɛɐɠ, ɞ ɞˊɞɑɞɠ ɏɢŮɘ əŬŰŬůəŮɡŬůŰŮɑ ɛŮ əɧɛɓɞ 

ŬɜŬűɞɟɎɠ Űɞɜ ŬɜŰɑůŰɞɘɢɞ əɧɛɓɞ ɛŮ Űɖ ɛɏɔɘůŰɖ ɞɟɘɕɧɜŰɘŬ ɛŮŰŬŰɧˊɘůɖ.  

 

ȺɘəɧɜŬ 3.70: ȺɔəɎɟůɘŬ Űɞɛɐ ɔɏűɡɟŬɠ ɔɘŬ ŰɞˊɞɗɏŰɖůɖ Űɞɡ ɞɢɖɎɛŰɞɠ ůŰɞ ɛɏůɞɜ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ 

 

ȺɘəɧɜŬ 3.71: ȺɔəɎɟůɘŬ Űɞɛɐ ɔɏűɡɟŬɠ ɔɘŬ ŰɞˊɞɗɏŰɖůɖ Űɞɡ ɞɢɖɎɛŰɞɠ ůŰɖɜ Ɏəɟɖ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ 
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ȹɘɎɔɟŬɛɛŬ 3.19: ɆɡɔəɟɘŰɘəɞɑ ŭɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ ɔɘŬ ɛŮŰŬŰɧˊɘůɖ dz ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ ŰɞˊɞɗŮŰɐůŮɘɠ Űɞɡ ɞɢɐɛŬŰɞɠ 

 

 

ȹɘɎɔɟŬɛɛŬ 3.20: ɆɡɔəɟɘŰɘəɞɑ ŭɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ ɔɘŬ ɛŮŰŬŰɧˊɘůɖ dx ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ ŰɞˊɞɗŮŰɐůŮɘɠ Űɞɡ ɞɢɐɛŬŰɞɠ 

 

ɆŰɞ ɛɞɜŰɏɚɞ ˊɟɞůŰɏɗɖəŬɜ ůŰɖ ůɡɜɏɢŮɘŬ ŭɘŬűɟɎɔɛŬŰŬ, ɖ ŬɜŬɔəŬɘɧŰɖŰŬ Űɤɜ ɞˊɞɑɤɜ 

əŬŰŬŭŮɘəɜɨŮŰŬɘ Ŭˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ ŬɜŬɚɨůŮɘɠ, ɞɘ ɞˊɞɑŮɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɢɤɟɑɠ 

ŭɘŬűɟɎɔɛŬŰŬ. ɆɡɔəŮəɟɘɛɏɜŬ, ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ˊɟɞůɞɛɞɘɩɛŬŰŬ ɛŮ 2, 3, 5, 7 əŬɘ 9 

ŭɘŬűɟŬɔɛŬŰŬ, Ůə Űɤɜ ɞˊɞɑɤɜ ŰŬ 2 ɐŰŬɜ ŰɞˊɞɗŮŰɖɛɏɜŬ ůŰɘɠ ŬəɟŬɑŮɠ ɗɏůŮɘɠ əŬɘ ŰŬ 

ɡˊɧɚɞɘˊŬ ůŮ ɑůŮɠ ŬˊɞůŰɎůŮɘɠ ɛŮŰŬɝɨ Űɞɡɠ. ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛɖ ɔɟŬɛɛɘəɏɠ 
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ŬɜŬɚɨůŮɘɠ ɡɚɘəɞɨ əŬɘ ɔŮɤɛŮŰɟɑŬɠ (GMNA) ɔɘŬ əɎɗŮ ˊŮɟɑˊŰɤůɖ. ɆŰŬ ȹɘŬɔɟɎɛɛŬŰŬ 

3.21 əŬɘ 3.22 űŬɑɜɞɜŰŬɘ ŬɜŰɑůŰɞɘɢŬ ɞɘ ŭɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ ɔɘŬ əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ 

ɔɘŬ Űɞɜ əɧɛɓɞ ŬɜŬűɞɟɎɠ 2386 əŬɘ ɔɘŬ ɞɟɘɕɧɜŰɘŬ ɛŮŰŬŰɧˊɘůɖ ɔɘŬ Űɞɜ əɧɛɓɞ 30743. 

 

ȹɘɎɔɟŬɛɛŬ 3.21: ȹɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ GMNA əŬŰŬəɧɟɡűɖɠ ɛŮŰŬŰɧˊɘůɖɠ dz ɔɘŬ ŰɞˊɞɗɏŰɖůɖ ŭɘŬűɟŬɔɛɎŰɤɜ 

 

 

ȹɘɎɔɟŬɛɛŬ 3.22: ȹɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ GMNA ɞɟɘɕɧɜŰɘŬɠ ɛŮŰŬŰɧˊɘůɖɠ dx ɔɘŬ ŰɞˊɞɗɏŰɖůɖ ŭɘŬűɟŬɔɛɎŰɤɜ 
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ȼ ŰɞˊɞɗɏŰɖůɖ Űɤɜ ŭɨɞ ŬəɟŬɑɤɜ ŭɘŬűɟŬɔɛɎŰɤɜ űŬɑɜŮŰŬɘ Ŭˊɧ ŰŬ ˊŬɟŬˊɎɜɤ 

ŭɘŬɔɟɎɛɛŬŰŬ ɜŬ ɛɖ ŭɘŬŭɟŬɛŬŰɑɕŮɘ ůɖɛŬɜŰɘəɧ ɟɧɚɞ. ɋůŰɧůɞ, ɧˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ, 

ɛŮ Űɖɜ ŰɞˊɞɗɏŰɖůɖ Űɞɡɠ ŬˊɞűŮɨɔŮŰŬɘ ɞ əɑɜŭɡɜɞɠ Űɞˊɘəɞɨ ɚɡɔɘůɛɞɨ ůŮ ɢŬɛɖɚɏɠ Űɘɛɏɠ 

Űɞɡ ůɡɜŰŮɚŮůŰɐ űɞɟŰɑɞɡ, ɧˊɤɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ŬɜɎɚɡůɖ LBA. ȾŬɗɞɟɘůŰɘəɐ ŮɑɜŬɘ 

ɖ ŰɞˊɞɗɏŰɖůɖ Űɞɡ ŰɟɑŰɞɡ ŭɘŬűɟɎɔɛŬŰɞɠ ůŰɖ ɛŮůůŬɑŬ ŭɘŬŰɞɛɐ Űɞɡ ŬɜɞɑɔɛŬŰɞɠ, 

ɘŭɘŬɑŰŮɟŬ ɔɘŬ Űɖɜ ɞɟɘɕɧɜŰɘŬ ɛŮŰŬŰɧˊɘůɖ dx əŬɘ ɚɘɔɧŰŮɟɞ ɔɘŬ Űɖɜ əŬŰŬəɧɟɡűɖ 

ɛŮŰŬŰɧˊɘůɖ dz. ȼ ŰɞˊɞɗɏŰɖůɖ 5, 7 əŬɘ 9 ŭɘŬűɟŬɔɛɎŰɤɜ ůŰɞ ˊɟɞůɞɛɞɑɤɛŬ ŭŮɜ ɏɢŮɘ 

əŬɛɑŬ ŮˊɑŭɟŬůɖ ůŰɖ ɛŮŰŬŰɧˊɘůɖ Űɞɡ űɞɟɏŬ. 

ȳůɞɜ ŬűɞɟɎ Űɖɜ Ůˊɘɟɟɞɐ Űɤɜ ŭɘŬűɟŬɔɛɎŰɤɜ ůŰɘɠ ŰɎůŮɘɠ ˊɞɡ ŬɜŬˊŰɨůůɞɜŰŬɘ ůŰɘɠ 

əɨɟɘŮɠ ŭɞəɞɨɠ Űɖɠ ɔɏűɡɟŬɠ, ŬɡŰɐ űŬɑɜŮŰŬɘ ɜŬ ŮɑɜŬɘ ŬɛŮɚɖŰɏŬ ɔɘŬ ŰɞˊɞɗɏŰɖůɖ 2, 3, 5, 

7 ɐ 9 ŭɘŬűɟŬɔɛɎŰɤɜ. ɆɡɔəŮəɟɘɛɏɜŬ, Űɞ űɞɟŰɑɞ ɔɘŬ Űɞ ɞˊɞɑɞ ůɡɛɓŬɑɜŮɘ ɖ ˊɟɩŰɖ 

ŭɘŬɟɟɞɐ ŮɑɜŬɘ ˊŮɟɑˊɞɡ ůŰŬɗŮɟɧ ůŮ ɧɚŮɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ (q ςυ kN/m2). ȼ əŬŰŬɜɞɛɐ 

Űɤɜ ŰɎůŮɤɜ ɏɢŮɘ ůŮ ɧɚŮɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ˊŬɟɧɛɞɘŬ ɛɞɟűɐ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɘɠ 

ȺɘəɧɜŮɠ 3.72 əŬɘ 3.73. 

 

(Ŭ) 

 

(ɓ) 

ȺɘəɧɜŬ 3.72: ȽůɞŰŬůɘəɏɠ ŮˊɘűɎɜŮɘŮɠ von Mises ɔɘŬ ŰɞˊɞɗɏŰɖůɖ 2  ŭɘŬűɟŬɔɛɎŰɤɜ (Ŭ) ůŰɖɜ ˊɟɩŰɖ ŭɘŬɟɟɞɐ (ɓ) ůŰɞ 

ŰŮɚɡŰŬɑɞ ůŰɎŭɘɞ 
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(Ŭ) 

 

(ɓ) 

ȺɘəɧɜŬ 3.73: ȽůɞŰŬůɘəɏɠ ŮˊɘűɎɜŮɘŮɠ von Mises ɔɘŬ ŰɞˊɞɗɏŰɖůɖ 9 ŭɘŬűɟŬɔɛɎŰɤɜ (Ŭ) ůŰɖɜ ˊɟɩŰɖ ŭɘŬɟɟɞɐ (ɓ) ůŰɞ 

ŰŮɚɡŰŬɑɞ ůŰɎŭɘɞ 

 

3.2.2 ȾŬɛˊɨɚɖ ůɨɛɛɘəŰɖ ɔɏűɡɟŬ əɚŮɘůŰɐɠ ŭɘŬŰɞɛɐɠ ɛɐəɞɡɠ 50m 

ũɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɞɡ əŬɛˊɨɚɞɡ ɛɞɜŰɏɚɞɡ ŮˊɘɚɏɢɗɖəŮ,ɧˊɤɠ əŬɘ ůŰɞ 

ˊɟɞɖɔɞɨɛŮɜɞ əŬɛˊɨɚɞ ɛɞɜŰɏɚɞ ŬəŰɑɜŬ R=100m. ɇɞ ɎɜɞɘɔɛŬ ŮɑɜŬɘ ŬɛűɘɏɟŮɘůŰɞ 

ɛɐəɞɡɠ 50m. ɇŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ ˊŬɟŬɛɏɜɞɡɜ ůŰŬɗŮɟɎ, ɧˊɤɠ əŬɘ 

ŰŬ űɞɟŰɑŬ ůɢŮŭɘŬůɛɞɨ. ȺˊɘɚɏɢɗɖəŮ ɖ ɑŭɘŬ ůɡɔəɞɚɚɖŰɐ ŭɘŬŰɞɛɐ ˊɞɡ ŮˊɘɚɏɢɗɖəŮ əŬɘ 

ɔɘŬ Űɞ ŬɜŰɑůŰɞɘɢɞ ŮɡɗɨɔɟŬɛɛɞ ɛɞɜŰɏɚɞ, ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ɞˊɞɑŬɠ űŬɑɜɞɜŰŬɘ 

ůŰɞɜ ɄɑɜŬəŬ 3.3. ɇɞ ˊɟɞůɞɛɞɑɤɛŬ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ űŬɑɜŮŰŬɘ ůŰɖɜ ȺɘəɧɜŬ 

3.74. 
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ȺɘəɧɜŬ 3.74: ɄɟɞůɞɛɞɑɤɛŬ əŬɛˊɨɚɖɠ ůɨɛɛɘəŰɖɠ ɔɏűɡɟŬɠ əɚŮɘůŰɐɠ ŭɘŬŰɞɛɐɠ ɛɐəɞɡɠ 50m 

 

ũɘŬ Űɞ əŬɛˊɨɚɞ ɛɞɜŰɏɚɞ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ŬɟɢɘəɎ ɔɟŬɛɛɘəɐ əŬɘ ɛɖ ɔɟŬɛɛɘəɏɠ 

ŬɜŬɚɨůŮɘɠ. Ƀɘ ɛɖ ɔɟŬɛɛɘəɏɠ ŬɜŬɚɨůŮɘɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ɛɖ ɔɟŬɛɛɘəɐ ŬɜɎɚɡůɖ 

ɔŮɤɛŮŰɟɑŬɠ, ɛɖ ɔɟŬɛɛɘəɐ ŬɜɎɚɡůɖ ɡɚɘəɞɨ əŬɘ ɛɖ ɔɟŬɛɛɘəɐ ŬɜɎɚɡůɖ ɔŮɤɛŮŰɟɑŬɠ əŬɘ 

ɡɚɘəɞɨ. ȳˊɤɠ əŬɘ ůŰŬ ˊɟɞɖɔɞɨɛŮɜŬ ɛɞɜŰɏɚŬ, əɟɑůɘɛɞɠ ŮɑɜŬɘ ɞ ůɡɜŭɡŬůɛɧɠ Űɖɠ ɛɖ 

ɔɟŬɛɛɘəɧŰɖŰŬɠ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ əŬɘ Űɞɡ ɡɚɘəɞɨ. ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Ůˊɑůɖɠ ɔɟŬɛɛɘəɐ 

ŬɜɎɚɡůɖ ɚɡɔɘůɛɞɨ əŬɘ ɛɖ ɔɟŬɛɛɘəɏɠ ŬɜŬɚɨůŮɘɠ ɛŮ ŬŰɏɚŮɘŮɠ. ȼ Ůˊɘɟɟɞɐ Űɤɜ Ŭɟɢɘəɩɜ 

ŬŰŮɚŮɘɩɜ ŮɑɜŬɘ ŬůɐɛŬɜŰɖ, Ŭűɞɨ ɞɘ ŭɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ Űɤɜ ŬɜŬɚɨůŮɤɜ GNA əŬɘ 

GNIA, əŬɗɩɠ əŬɘ GMNA əŬɘ GMNIA ŰŬɡŰɑɕɞɜŰŬɘ. Ƀɘ ůɡɜŰŮɚŮůŰɏɠ Űɤɜ űɞɟŰɑɤɜ Űɤɜ 

4 ˊɟɩŰɤɜ ɘŭɘɞɛɞɟűɩɜ ɚɡɔɘůɛɞɨ űŬɑɜɞɜŰŬɘ ůŰɞ ȹɘɎɔɟŬɛɛŬ 3.23. ɆŰɘɠ ŮɘəɧɜŮɠ 3.71 əŬɘ 

3.72 űŬɑɜɞɜŰŬɘ ŰŬ ůɢɐɛŬŰŬ Űɤɜ ŭɨɞ ˊɟɩŰɤɜ ɘŭɘɞɛɞɟűɩɜ ɚɡɔɘůɛɞɨ. Ƀɘ ŭɟɧɛɞɘ 

ɘůɞɟɟɞˊɑŬɠ Űɤɜ ŬɜŬɚɨůŮɤɜ ŬɡŰɩɜ ɔɘŬ Űɞɜ əɧɛɓɞ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰɖ ɛŮůůŬɑŬ ŭɘŬŰɞɛɐ 

ůŰɖɜ Ɏəɟɖ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ (Node 13824), űŬɑɜɞɜŰŬɘ ůŰɞ ȹɘɎɔɟŬɛɛŬ 3.24. 

 

ȹɘɎɔɟŬɛɛŬ 3.23: ɆɡɜŰŮɚŮůŰɏɠ űɞɟŰɑɞɡ ŬɜɎɚɡůɖɠ LBA ŮɡɗɨɔɟŬɛɛɖɠ ɔɏűɡɟŬɠ ɛɐəɞɡɠ 50m 
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ȺɘəɧɜŬ 3.75:  ɆɢɐɛŬ 1ɖɠ ɘŭɘɞɛɞɟűɐɠ ɚɡɔɘůɛɞɨ ɔɘŬ Űɖɜ ŮɡɗɨɔɟŬɛɛɖ ɔɏűɡɟŬ ɛɐəɞɡɠ 50m 

 
 

 

ȺɘəɧɜŬ 3.76: ɆɢɐɛŬ 2ɖɠ ɘŭɘɞɛɞɟűɐɠ ɚɡɔɘůɛɞɨ ɔɘŬ Űɖɜ ŮɡɗɨɔɟŬɛɛɖ ɔɏűɡɟŬ ɛɐəɞɡɠ 50m 

 

 

ȹɘɎɔɟŬɛɛŬ 3.24: ȹɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ əŬɛˊɨɚɖɠ ůɨɛɛɘəŰɖɠ ɔɏűɡɟŬɠ əɚŮɘůŰɐɠ ŭɘŬŰɞɛɐɠ ɛɐəɞɡɠ 50m 
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ɆŰɘɠ ȺɘəɧɜŮɠ 3.77õ3.84 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ˊŬɟŬɛɞɟűɤɛɏɜŮɠ ŮɘəɧɜŮɠ ůŮ ˊɟɞɞˊŰɘəɧ, 

ˊɚɎɔɘŬ ɧɣɖ əŬɘ ŮɔəɎɟůɘŬ Űɞɛɐ əŬɘ ɞɘ ɘůɞŰŬůɘəɏɠ ŮˊɘűɎɜŮɘŮɠ ɔɘŬ ŰɎůɖ von Mises ɔɘŬ 

Űɘɠ ŬɜŬɚɨůŮɘɠ GNA əŬɘ GMNA. Ƀɘ ŬɜŰɑůŰɞɘɢŮɠ ŮɘəɧɜŮɠ ɔɘŬ Űɘɠ ɡˊɧɚɞɘˊŮɠ ŬɜŬɚɨůŮɘɠ 

ˊŬɟŬɚŮɑˊɞɜŰŬɘ, əŬɗɩɠ ŰŬɡŰɑɕɞɜŰŬɘ ɛŮ Űɘɠ ˊɟɞŬɜŬűŮɟɗŮɑůŮɠ. 

 

ȺɘəɧɜŬ 3.77: ɄɟɞɞˊŰɘəɧ ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ŮɘəɧɜŬɠ ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GNA 

 

 

ȺɘəɧɜŬ 3.78: ɄɚɎɔɘŬ ɧɣɖ ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ŮɘəɧɜŬɠ ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GNA 

 

ȺɘəɧɜŬ 3.79: ȺɔəɎɟůɘŬ Űɞɛɐ ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ŮɘəɧɜŬɠ ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GNA 
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ȺɘəɧɜŬ 3.80: ȽůɞŰŬůɘəɐ ŮˊɘűɎɜŮɘŬ von Mises ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GNA 

 

 

ȺɘəɧɜŬ 3.81: ɄɟɞɞˊŰɘəɧ ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ŮɘəɧɜŬɠ ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GMNA 

 

 

ȺɘəɧɜŬ 3.82: ɄɚɎɔɘŬ ɧɣɖ ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ŮɘəɧɜŬɠ ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GMNA 
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ȺɘəɧɜŬ 3.83: ȺɔəɎɟůɘŬ Űɞɛɐ ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ŮɘəɧɜŬɠ ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GɀNA 

 

 

ȺɘəɧɜŬ 3.84: ȽůɞŰŬůɘəɐ ŮˊɘűɎɜŮɘŬ von Mises ɔɏűɡɟŬɠ ɔɘŬ ŬɜɎɚɡůɖ GMNA 

 

ɆŰɖ ůɡɜɏɢŮɘŬ, Űɞ ɧɢɖɛŬ ŰɞˊɞɗŮŰɐɗɖəŮ ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ɗɏůŮɘɠ. ɆɡɔəŮəɟɘɛɏɜŬ, 

ŰɞˊɞɗŮŰɐɗɖəŮ ůŰɖɜ ŮɝɤŰŮɟɘəɐ əŬɘ ůŰɖɜ ŮůɤŰŮɟɘəɐ Ɏəɟɖ əŬɘ ůŰɞ ɛɏůɞɜ Űɞɡ 

əŬŰŬůŰɟɩɛŬŰɞɠ ůŰɖ ɛŮůůŬɑŬ ŭɘŬŰɞɛɐ. ũɘŬ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ŬɡŰɏɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ 

ɛɖ ɔɟŬɛɛɘəɏɠ ŬɜŬɚɨůŮɘɠ ɔŮɤɛŮŰɟɑŬɠ əŬɘ ɡɚɘəɞɨ (GMNA). Ƀɘ ˊŬɟŬəɎŰɤ ŮɔəɎɟůɘŮɠ 

Űɞɛɏɠ Űɤɜ ˊŬɟŬɛɞɟűɤɛɏɜɤɜ Ůɘəɧɜɤɜ Űɖɠ ɔɏűɡɟŬɠ (ȺɘəɧɜŮɠ 3.85õ3.87) ŭŮɑɢɜɞɡɜ Űɖ 

ɛŮŰŬəɑɜɖůɖ Űɖɠ ɛŮůůŬɑŬɠ ŭɘŬŰɞɛɐɠ ůŮ əɎɗŮ ɛɑŬ Ŭˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ ˊŮɟɘˊŰɩůŮɘɠ.  

Ƀɛɞɑɤɠ, ɞɘ ˊŬɟŬəɎŰɤ ůɡɔəɟɘŰɘəɞɑ ŭɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ (ȹɘŬɔɟɎɛɛŬŰŬ 3.25 əŬɘ 3.26) 

ŬˊŮɘəɞɜɑɕɞɡɜ Űɖɜ Ůˊɘɟɟɞɐ Űɖɠ ŰɞˊɞɗɏŰɖůɖɠ Űɞɡ ɞɢɐɛŬŰɞɠ ůŰɖ ɛŮŰŬŰɧˊɘůɖ əŬŰɎ Űɞɡɠ 

ɎɝɞɜŮɠ zôz əŬɘ xôx ŬɜŰɑůŰɞɘɢŬ Űɞɡ űɞɟɏŬ. Ƀ əɧɛɓɞɠ ŬɜŬűɞɟɎɠ ɔɘŬ Űɞ ˊɟɩŰɞ 

ŭɘɎɔɟŬɛɛŬ ŮɑɜŬɘ ŬɡŰɧɠ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ ɛŮ Űɖ ɛɏɔɘůŰɖ əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ əŬɘ 

ɓɟɑůəŮŰŬɘ ůŰɖɜ ŮɝɤŰŮɟɘəɐ Ɏəɟɖ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ (Node 13824). Ƀ əɧɛɓɞɠ 

ŬɜŬűɞɟɎɠ ɔɘŬ Űɞ ŭŮɨŰŮɟɞ ŭɘɎɔɟŬɛɛŬ ŮɑɜŬɘ ŬɡŰɧɠ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ Űɖ ɛɏɔɘůŰɖ 

ɞɟɘɕɧɜŰɘŬ ɛŮŰŬŰɧˊɘůɖ əŬɘ ɓɟɑůəŮŰŬɘ ůŰɖ ůɡɜŬɟɛɞɔɐ Űɞɡ ˊɚŬɔɑɞɡ ŮɚɎůɛŬŰɞɠ ɛŮ Űɞ 
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ˊɏɚɛŬ Űɖɠ əɡɟɑŬɠ ŭɞəɞɨ (Node 21525). ɆŰɞ ȹɘɎɔɟŬɛɛŬ 3.20 ɔɑɜŮŰŬɘ ˊŬɟɎɚɚɖɚŬ 

ůɨɔəɟɘůɖ Űɤɜ ˊŬɟŬˊɎɜɤ ŭɟɧɛɤɜ ɘůɞɟɟɞˊɑŬɠ ɛŮ Űɞɜ ŬɜŰɑůŰɞɘɢɞ ŭɟɧɛɞ ɘůɞɟɟɞˊɑŬɠ Űɖɠ 

ŮɡɗɨɔɟŬɛɛɖɠ ɔɏűɡɟŬɠ ŬɜɞɘɢŰɐɠ ŭɘŬŰɞɛɐɠ, ɞ ɞˊɞɑɞɠ ɏɢŮɘ əŬŰŬůəŮɡŬůŰŮɑ ɛŮ əɧɛɓɞ 

ŬɜŬűɞɟɎɠ Űɞɜ ŬɜŰɑůŰɞɘɢɞ əɧɛɓɞ ɛŮ Űɖ ɛɏɔɘůŰɖ ɞɟɘɕɧɜŰɘŬ ɛŮŰŬŰɧˊɘůɖ. 

 

ȺɘəɧɜŬ 3.85: ȺɔəɎɟůɘŬ Űɞɛɐ ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ŮɘəɧɜŬɠ ɔɏűɡɟŬɠ ɔɘŬ ŰɞˊɞɗɏŰɖůɖ Űɞɡ ɞɢɐɛŬŰɞɠ ůŰɖɜ ŮɝɤŰŮɟɘəɐ Ɏəɟɖ 

 

ȺɘəɧɜŬ 3.86: ȺɔəɎɟůɘŬ Űɞɛɐ ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ŮɘəɧɜŬɠ ɔɏűɡɟŬɠ ɔɘŬ ŰɞˊɞɗɏŰɖůɖ Űɞɡ ɞɢɐɛŬŰɞɠ ůŰɞ ɛɏŬɞɜ 

 

ȺɘəɧɜŬ 3.87: ȺɔəɎɟůɘŬ Űɞɛɐ ˊŬɟŬɛɞɟűɤɛɏɜɖɠ ŮɘəɧɜŬɠ ɔɏűɡɟŬɠ ɔɘŬ ŰɞˊɞɗɏŰɖůɖ Űɞɡ ɞɢɐɛŬŰɞɠ ůŰɖɜ ŮůɤŰŮɟɘəɐ Ɏəɟɖ 
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ȹɘɎɔɟŬɛɛŬ 3.25: ɆɡɔəɟɘŰɘəɞɑ ŭɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ ɔɘŬ ɛŮŰŬŰɧˊɘůɖ dz ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ ŰɞˊɞɗŮŰɐůŮɘɠ Űɞɡ ɞɢɐɛŬŰɞɠ 

 

 

ȹɘɎɔɟŬɛɛŬ 3.26: ɆɡɔəɟɘŰɘəɞɑ ŭɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ ɔɘŬ ɛŮŰŬŰɧˊɘůɖ dx ɔɘŬ ŭɘŬűɞɟŮŰɘəɏɠ ŰɞˊɞɗŮŰɐůŮɘɠ Űɞɡ ɞɢɐɛŬŰɞɠ 

 

ɆŰɞ ɛɞɜŰɏɚɞ ˊɟɞůŰɏɗɖəŬɜ ůŰɖ ůɡɜɏɢŮɘŬ ŭɘŬűɟɎɔɛŬŰŬ, ɖ ŬɜŬɔəŬɘɧŰɖŰŬ Űɤɜ ɞˊɞɑɤɜ 

əŬŰŬŭŮɘəɜɨŮŰŬɘ Ŭˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ ŬɜŬɚɨůŮɘɠ, ɞɘ ɞˊɞɑŮɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɢɤɟɑɠ 

ŭɘŬűɟɎɔɛŬŰŬ. ɆɡɔəŮəɟɘɛɏɜŬ, ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ˊɟɞůɞɛɞɘɩɛŬŰŬ ɛŮ 2, 3, 5, 7 əŬɘ 9 
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ŭɘŬűɟŬɔɛŬŰŬ, Ůə Űɤɜ ɞˊɞɑɤɜ ŰŬ 2 ɐŰŬɜ ŰɞˊɞɗŮŰɖɛɏɜŬ ůŰɘɠ ŬəɟŬɑŮɠ ɗɏůŮɘɠ əŬɘ ŰŬ 

ɡˊɧɚɞɘˊŬ ůŮ ɑůŮɠ ŬˊɞůŰɎůŮɘɠ ɛŮŰŬɝɨ Űɞɡɠ. ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛɖ ɔɟŬɛɛɘəɏɠ 

ŬɜŬɚɨůŮɘɠ ɡɚɘəɞɨ əŬɘ ɔŮɤɛŮŰɟɑŬɠ (GMNA) ɔɘŬ əɎɗŮ ˊŮɟɑˊŰɤůɖ. ɆŰŬ ȹɘŬɔɟɎɛɛŬŰŬ 

3.27 əŬɘ 3.28 űŬɑɜɞɜŰŬɘ ŬɜŰɑůŰɞɘɢŬ ɞɘ ŭɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ ɔɘŬ əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ 

ɔɘŬ Űɞɜ əɧɛɓɞ ŬɜŬűɞɟɎɠ 13824 əŬɘ ɔɘŬ ɞɟɘɕɧɜŰɘŬ ɛŮŰŬŰɧˊɘůɖ ɔɘŬ Űɞɜ əɧɛɓɞ 21525. 

 

 

ȹɘɎɔɟŬɛɛŬ 3.27: ȹɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ GMNA ɔɘŬ əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ dz ɔɘŬ ŰɞˊɞɗɏŰɖůɖ ŭɘŬűɟŬɔɛɎŰɤɜ 

 

 

ȹɘɎɔɟŬɛɛŬ 3.28: ȹɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ GMNA ɔɘŬ ɞɟɘɕɧɜŰɘŬ  ɛŮŰŬŰɧˊɘůɖ dx ɔɘŬ ŰɞˊɞɗɏŰɖůɖ ŭɘŬűɟŬɔɛɎŰɤɜ 
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ȳˊɤɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ ȹɘɎɔɟŬɛɛŬ 3.27 ɖ ŰɞˊɞɗɏŰɖůɖ Űɤɜ ŭɨɞ ŬəɟŬɑɤɜ 

ŭɘŬűɟŬɔɛɎŰɤɜ ůɡɛɓɎɚɚŮɘ əŬɗɞɟɘůŰɘəɎ ůŰɞɜ ˊŮɟɘɞɟɘůɛɧ Űɖɠ əŬŰŬəɧɟɡűɖɠ 

ɛŮŰŬŰɧˊɘůɖɠ ɔɘŬ əŬŰŬɜŮɛɖɛɏɜɞ űɞɟŰɑɞ q > 10kN/m2. ȼ ŰɞˊɞɗɏŰɖůɖ Ůˊɘˊɚɏɞɜ 

ŭɘŬűɟŬɔɛɎŰɤɜ ůŰɖ ůɡɜɏɢŮɘŬ ŭŮɜ ŮˊɖɟŮɎɕŮɘ Űɖ ɛŮŰŬŰɧˊɘůɖ dz. ȳůɞɜ ŬűɞɟɎ Űɖɜ 

ɞɟɘɕɧɜŰɘŬ ɛŮŰŬŰɧˊɘůɖ dx, ɖ Ůˊɘɟɟɞɐ Űɤɜ ŬəɟŬɑɤɜ ŭɘŬűɟŬɔɛɎŰɤɜ ůŮ ŬɡŰɐ űŬɑɜŮŰŬɘ ɜŬ 

ŮɑɜŬɘ ŬɝɘɞůɖɛŮɑɤŰɖ, ůɨɛűɤɜŬ ɛŮ Űɞ ȹɘɎɔɟŬɛɛŬ 3.28. ɇŬ ŮɜŭɘɎɛŮůŬ ŭɘŬűɟɎɔɛŬŰŬ ŭŮɜ 

ŮˊɖɟŮɎɕɞɡɜ əŬɗɧɚɞɡ Űɖɜ Ŭˊɧəɟɘůɖ Űɞɡ űɞɟɏŬ. ȺɝɎɚɚɞɡ, ɧˊɤɠ ŮɑɢŮ ˊɟɞəɨɣŮɘ əŬɘ Ŭˊɧ 

Űɞ ȹɘɎɔɟŬɛɛŬ 4.26, ɖ ɞɟɘɕɧɜŰɘŬ ɛŮŰŬŰɧˊɘůɖ Űɤɜ ˊɟɞůɞɛɞɘɤɛɎŰɤɜ əɚŮɘůŰɐɠ ŭɘŬŰɞɛɐɠ 

ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ɛŮɘɤɛɏɜɖ ůŮ ůɢɏůɖ ɛŮ ŬɡŰɐ Űɤɜ ˊɟɞůɞɛɞɘɤɛɎŰɤɜ ŬɜɞɘɢŰɐɠ ŭɘŬŰɞɛɐɠ. 

ȳůɞɜ ŬűɞɟɎ Űɖɜ Ůˊɘɟɟɞɐ Űɤɜ ŭɘŬűɟŬɔɛɎŰɤɜ ůŰɘɠ ŰɎůŮɘɠ ˊɞɡ ŬɜŬˊŰɨůůɞɜŰŬɘ ůŰɘɠ 

əɨɟɘŮɠ ŭɞəɞɨɠ Űɖɠ ɔɏűɡɟŬɠ, ŬɡŰɐ űŬɑɜŮŰŬɘ ɜŬ ŮɑɜŬɘ ŬɛŮɚɖŰɏŬ ɔɘŬ ŰɞˊɞɗɏŰɖůɖ 2, 3, 5, 

7 ɐ 9 ŭɘŬűɟŬɔɛɎŰɤɜ. ɆɡɔəŮəɟɘɛɏɜŬ, Űɞ űɞɟŰɑɞ ɔɘŬ Űɞ ɞˊɞɑɞ ůɡɛɓŬɑɜŮɘ ɖ ˊɟɩŰɖ 

ŭɘŬɟɟɞɐ ŮɑɜŬɘ ˊŮɟɑˊɞɡ ůŰŬɗŮɟɧ ůŮ ɧɚŮɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ (q ςυ kN/m2). ȼ əŬŰŬɜɞɛɐ 

Űɤɜ ŰɎůŮɤɜ ɏɢŮɘ ůŮ ɧɚŮɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ ˊŬɟɧɛɞɘŬ ɛɞɟűɐ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɘɠ 

ȺɘəɧɜŮɠ 3.88 əŬɘ 3.89. 

 

 

(Ŭ) 

 

(ɓ) 

ȺɘəɧɜŬ 3.88: ȽůɞŰŬůɘəɏɠ ŮˊɘűɎɜŮɘŮɠ von Mises ɔɘŬ ŰɞˊɞɗɏŰɖůɖ 2  ŭɘŬűɟŬɔɛɎŰɤɜ (Ŭ) ůŰɖɜ ˊɟɩŰɖ ŭɘŬɟɟɞɐ (ɓ) ůŰɞ 

ŰŮɚɡŰŬɑɞ ůŰɎŭɘɞ 
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(Ŭ) 

 

(ɓ) 

ȺɘəɧɜŬ 3.89 ȽůɞŰŬůɘəɏɠ ŮˊɘűɎɜŮɘŮɠ von Mises ɔɘŬ ŰɞˊɞɗɏŰɖůɖ 9  ŭɘŬűɟŬɔɛɎŰɤɜ (Ŭ) ůŰɖɜ ˊɟɩŰɖ ŭɘŬɟɟɞɐ (ɓ) ůŰɞ 

ŰŮɚɡŰŬɑɞ ůŰɎŭɘɞ 

 

3.3 Ɇɨɔəɟɘůɖ ˊɟɞůɞɛɞɘɤɛɎŰɤɜ ŬɜɞɘəŰɐɠ ï əɚŮɘůŰɐɠ ŭɘŬŰɞɛɐɠ 

ɆŰɖ ůɡɜɏɢŮɘŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ Űɤɜ ˊŬɟŬˊɎɜɤ ŬˊɞŰŮɚŮůɛɎŰɤɜ, 

ɩůŰŮ ɜŬ ŮɝŬɢɗɞɨɜ ůɡɛˊŮɟɎůɛŬŰŬ ɔɘŬ Űɖ ŭɘŬűɞɟŮŰɘəɧŰɖŰŬ Űɖɠ Ŭˊɧəɟɘůɖɠ ŬɜɞɘəŰɩɜ 

əŬɘ əɚŮɘůŰɩɜ ŭɘŬŰɞɛɩɜ. ɆɡɔəŮəɟɘɛɏɜŬ, ŰɞˊɞɗŮŰɐɗɖəŬɜ ůŰɞ ɑŭɘɞ ŭɘɎɔɟŬɛɛŬ ɞɘ ŭɟɧɛɞɘ 

ɘůɞɟɟɞˊɑŬɠ ɔɘŬ ŬɜŬɚɨůŮɘɠ GMNA ɔɘŬ əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ dz ɔɘŬ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ 

ŮɡɗɡɔɟŬɛɛɑŬɠ. Ƀ ŭɟɧɛɞɠ ɘůɞɟɟɞˊɑŬɠ Űɖɠ ŬɜɞɘəŰɐɠ ŭɘŬŰɞɛɐɠ ŮɑɜŬɘ Ŭɜɞŭɘəɧɠ ɛŮŰɎ Űɖɜ 

ɡˊɏɟɓŬůɖ Űɞɡ űɞɟŰɑɞɡ ŬɜŰɞɢɐɠ ɛŮ ɛɘəɟɧŰŮɟɖ əɚɑůɖ Ŭˊɧ ŬɡŰɐɜ ˊɞɡ ŮɑɢŮ ŬɟɢɘəɎ. 

ȷɜŰɑɗŮŰŬ, ɞ ŭɟɧɛɞɠ ɘůɞɟɟɞˊɑŬɠ Űɖɠ əɚŮɘůŰɐɠ ŭɘŬŰɞɛɐɠ ŮɑɜŬɘ ůŰŬɗŮɟɧɠ ɛŮŰɎ Űɖɜ 

ɡˊɏɟɓŬůɖ Űɞɡ űɞɟŰɑɞɡ ŬɜŰɞɢɐɠ. ɇŬ ˊŬɟŬˊɎɜɤ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ȹɘɎɔɟŬɛɛŬ 3.29. 

Ƀ əɧɛɓɞɠ ŬɜŬűɞɟɎɠ ɔɘŬ əɎɗŮ ŭɟɧɛɞ ɘůɞɟɟɞˊɑŬɠ ŮɑɜŬɘ ŬɡŰɧɠ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ Űɖ 

ɛɏɔɘůŰɖ əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ. 
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ȹɘɎɔɟŬɛɛŬ 3.29: ɆɡɔəɟɘŰɘəɞɑ ŭɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ ɔɘŬ ŬɜɞɘəŰɐ əŬɘ əɚŮɘůŰɐ ŭɘŬŰɞɛɐ ůŮ ŮɡɗɡɔɟŬɛɛɑŬ 

 

ɆŰɖɜ ˊɟɞůˊɎɗŮɘŬ ɜŬ ŮɟɛɖɜŮɡŰŮɑ Űɞ ˊŬɟŬˊɎɜɤ ŬˊɞŰɏɚŮůɛŬ əŬɘ ɜŬ ˊɟɞůɞɛɞɘɤɗŮɑ 

ɞɟɗɧŰŮɟŬ Űɞ ůəɡɟɧŭŮɛŬ ɤɠ ɡɚɘəɧ, ŬɡŰɧ ŮɘůɎɢɗɖəŮ ůŰɞ ˊɟɧɔɟŬɛɛŬ ɤɠ ŭɘɔɟŬɛɛɘəɧ 

ɡɚɘəɧ ɢɤɟɑɠ əɟɎŰɡɜůɖ, ɛŮ Űɞɜ Űɟɧˊɞ ŭɖɚŬŭɐ ˊɞɡ ˊɟɞůɞɛɞɘɩɗɖəŮ əŬɘ ɞ ɢɎɚɡɓŬɠ 

S355. ɋɠ çɧɟɘɞ ŭɘŬɟɟɞɐɠè Űɞɡ ɡɚɘəɞɨ ɞɟɑůŰɖəŮ ɖ ŬɜŰɞɢɐ Űɞɡ ůəɡɟɞŭɏɛŬŰɞɠ C30/37, 

ŭɖɚŬŭɐ fck = 30MPa. ɇɞ ɛɏŰɟɞ ŮɚŬůŰɘəɧŰɖŰŬɠ Űɞɡ ˊŬɟɏɛŮɘɜŮ E = 32GPa əŬɘ ɞ ɚɧɔɞɠ 

Űɞɡ Poisson ɜ = 0.2, ɧˊɤɠ ůŰŬ ɛɏɢɟɘ ŰɩɟŬ ˊɟɞůɞɛɞɘɩɛŬŰŬ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ 

ŬɜɞɘəŰɐɠ ŭɘŬŰɞɛɐɠ ɞ ŭɟɧɛɞɠ ɘůɞɟɟɞˊɑŬɠ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ŮɚŬůŰɘəɞɨ 

ůəɡɟɞŭɏɛŬŰɞɠ ˊŬɟɞɡůɘɎɕŮɘ ɛŮɔŬɚɨŰŮɟɖ ŬɜŰɞɢɐ Ŭˊɧ ŬɡŰɧɜ Űɞɡ ŭɘɔɟŬɛɛɘəɞɨ 

ůəɡɟɞŭɏɛŬŰɞɠ. Ⱥˊɑůɖɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ˊŬɟɧɚɞ ˊɞɡ ɛŮŰɎ Űɞ űɞɟŰɑɞ ŬɜŰɞɢɐɠ əŬɘ ɞɘ 

ŭɨɞ ŭɟɧɛɞɘ ŮɑɜŬɘ Ŭɜɞŭɘəɞɑ, ɖ əɚɑůɖ Űɞɡ ŭɟɧɛɞɡ ɛŮ Űɞ ŮɚŬůŰɘəɧ ůəɡɟɧŭŮɛŬ ŮɑɜŬɘ 

ŬɝɘɞůɖɛŮɑɤŰŬ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ ŬɡŰɐɜ Űɞɡ ŭɟɧɛɞɡ Űɞɡ ŭɘɔɟŬɛɛɘəɞɨ ůəɡɟɞŭɏɛŬŰɞɠ. 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ əɚŮɘůŰɐɠ ŭɘŬŰɞɛɐɠ ɞɘ ŭɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ ɔɘŬ Űɞ ŮɚŬůŰɘəɧ əŬɘ Űɞ 

ŭɘɔɟŬɛɛɘəɧ ůəɡɟɧŭŮɛŬ ŰŬɡŰɑɕɞɜŰŬɘ. ɇŬ ˊŬɟŬˊɎɜɤ ɛˊɞɟɞɨɜ ɜŬ ŮɟɛɖɜŮɡŰɞɨɜ ɛŮ Űɖɜ 

ɡˊɧɗŮůɖ ɧŰɘ Űɞ əɟɑůɘɛɞ ůɖɛŮɑɞ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ɞɘ ŭɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ ŭŮɜ 

ŬɜŰɘůŰɞɘɢŮɑ ůŮ ůɖɛŮɑɞ ŭɘŬɟɟɞɐɠ ɔɘŬ Űɖɜ ŬɜɞɘɢŰɐ ŭɘŬŰɞɛɐ əŬɘ ɔɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ɛŮŰɎ Űɞ 

ůɖɛŮɑɞ ŬɡŰɧ ŮɝŬəɞɚɞɡɗŮɑ ɜŬ ɛˊɞɟŮɑ ɜŬ ŬɜŬɚɎɓŮɘ ɛŮɔŬɚɨŰŮɟɞ űɞɟŰɑɞ. ɆŮ əɎɗŮ 

ˊŮɟɑˊŰɤůɖ ŬɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ŰŬ ˊɟɞůɞɛɞɘɩɛŬŰŬ əɚŮɘůŰɐɠ ŭɘŬŰɞɛɐɠ 

ˊŬɟɞɡůɘɎɕɞɡɜ űɞɟŰɑɞ ŬɜŰɞɢɐɠ ˊɞɚɨ ɡɣɖɚɧŰŮɟɞ Ŭˊɧ ɧŰɘ ŮəŮɑɜŬ ŬɜɞɘɢŰɐɠ ŭɘŬŰɞɛɐɠ. ɇŬ 

ˊŬɟŬˊɎɜɤ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ȹɘɎɔɟŬɛɛŬ 3.30. Ƀ əɧɛɓɞɠ ŬɜŬűɞɟɎɠ ɔɘŬ əɎɗŮ ŭɟɧɛɞ 

ɘůɞɟɟɞˊɑŬɠ ŮɑɜŬɘ ŬɡŰɧɠ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ Űɖ ɛɏɔɘůŰɖ əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ. 
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ȹɘɎɔɟŬɛɛŬ 3.30: ɆɡɔəɟɘŰɘəɞɑ ŭɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ ɔɘŬ ŬɜɞɘəŰɐ əŬɘ əɚŮɘůŰɐ ŭɘŬŰɞɛɐ ůŮ ŮɡɗɡɔɟŬɛɛɑŬ ɛŮ ŭɘɔɟŬɛɛɘəɧ 

ůəɡɟɧŭŮɛŬ 

 

ȳɛɞɘŬ ɛŮ ŰŬ ŮɡɗɨɔɟŬɛɛŬ ˊɟɞůɞɛɞɘɩɛŬŰŬ, ŰɞˊɞɗŮŰɐɗɖəŬɜ ɞɘ ŭɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ əŬɘ 

ɔɘŬ ŰŬ əŬɛˊɨɚŬ ˊɟɞůɞɛɞɘɩɛŬŰŬ ůŮ ůɡɔəɟɘŰɘəɧ ŭɘɎɔɟŬɛɛŬ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ 

ůŰɖɜ ŬɜɞɘəŰɐ ŭɘŬŰɞɛɐ ŭŮɜ ɡˊɎɟɢŮɘ ŮɛűŬɜɏɠ əɟɑůɘɛɞ ůɖɛŮɑɞ əŬɘ ɞ ŭɟɧɛɞɠ ɘůɞɟɟɞˊɑŬɠ 

ŮɑɜŬɘ Ŭɜɞŭɘəɧɠ. ȷɜŰɑɗŮŰŬ, ɞ ŭɟɧɛɞɠ ɘůɞɟɟɞˊɑŬɠ Űɖɠ əɚŮɘůŰɐɠ ŭɘŬŰɞɛɐɠ ˊŬɟɞɡůɘɎɕŮɘɞ 

ŮɛűŬɜɏɠ əɟɑůɘɛɞ ůɖɛŮɑɞ. Ƀɛɞɑɤɠ ɛŮ Űɖɜ ŮɡɗɡɔɟŬɛɛɑŬ ɖ əɚŮɘůŰɐ ˊŬɟɞɡůɘɎɕŮɘ 

ŬɝɘɞůɖɛŮɑɤŰŬ ɛŮɔŬɚɨŰŮɟɖ ŬɜŰɞɢɐ Ŭˊɧ Űɖɜ əɚŮɘůŰɐ. ɇŬ ˊŬɟŬˊɎɜɤ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ůŰɞ ȹɘɎɔɟŬɛɛŬ 3.31. Ƀ əɧɛɓɞɠ ŬɜŬűɞɟɎɠ ɔɘŬ əɎɗŮ ŭɟɧɛɞ ɘůɞɟɟɞˊɑŬɠ ŮɑɜŬɘ ŬɡŰɧɠ ˊɞɡ 

ˊŬɟɞɡůɘɎɕŮɘ Űɖ ɛɏɔɘůŰɖ əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ. 

 

 

ȹɘɎɔɟŬɛɛŬ 3.31: ɆɡɔəɟɘŰɘəɞɑ ŭɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ ɔɘŬ ŬɜɞɘəŰɐ əŬɘ əɚŮɘůŰɐ ŭɘŬŰɞɛɐ əŬɛˊɨɚɖɠ ɔɏűɡɟŬɠ 
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ɇɏɚɞɠ əŬɘ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ əŬɛˊɨɚɖɠ ɔɏűɡɟŬɠ ˊɟɞůɞɛɞɘɩɗɖəŮ Űɞ ůəɡɟɧŭŮɛŬ 

ɤɠ ŭɘɔɟŬɛɛɘəɧ ɡɚɘəɧ ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɡ ŬɜŬűɏɟɗɖəŬɜ ˊŬɟŬˊɎɜɤ. ɇŬ 

ˊŬɟŬˊɎɜɤ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞ ȹɘɎɔɟŬɛɛŬ 3.32. Ƀ əɧɛɓɞɠ ŬɜŬűɞɟɎɠ ɔɘŬ əɎɗŮ ŭɟɧɛɞ 

ɘůɞɟɟɞˊɑŬɠ ŮɑɜŬɘ ŬɡŰɧɠ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ Űɖ ɛɏɔɘůŰɖ əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ. 

 

 

ȹɘɎɔɟŬɛɛŬ 3.32: ɆɡɔəɟɘŰɘəɞɑ ŭɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ ɔɘŬ ŬɜɞɘəŰɐ əŬɘ əɚŮɘůŰɐ ŭɘŬŰɞɛɐ əŬɛˊɨɚɖɠ ɔɏűɡɟŬɠ ɛŮ ŭɘɔɟŬɛɛɘəɧ 

ůəɡɟɧŭŮɛŬ 

 

ȷɡŰɧ ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ ŮɑɜŬɘ ɧŰɘ ɧŰŬɜ Űɞ ůəɡɟɧŭŮɛŬ 

ˊɟɞůɞɛɞɘɤɗŮɑ ɤɠ ŭɘɔɟŬɛɛɘəɧ ɡɚɘəɧ ŭŮɜ ŬɚɚɎɕŮɘ ɖ ŭɡůəŬɛɣɑŬ Űɞɡ űɞɟɏŬ ůŰɖɜ 

ŮɚŬůŰɘəɐ ˊŮɟɘɞɢɐ. ɋůŰɧůɞ ɞ əɚɎŭɞɠ ɛŮŰɎ Űɖ ŭɘŬɟɟɞɐ ŭŮɜ ŮɑɜŬɘ Ŭɜɞŭɘəɧɠ, ɔŮɔɞɜɧɠ Űɞ 

ɞˊɞɑɞ ŮɑɜŬɘ ŬɜŬɛŮɜɧɛŮɜɞ, Ŭűɞɨ ɖ ŬɜɞŭɘəɧŰɖŰŬ Űɞɡ ɞűŮɑɚɞɜŰŬɜ ůŰɖɜ ŮɚŬůŰɘəɐ 

ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ůəɡɟɞŭɏɛŬŰɞɠ. 
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ȹɘŮɟŮɨɜɖůɖ ŬɜŬɔəŬɘɧŰɖŰŬɠ ŭɘŬűɟŬɔɛɎŰɤɜ ůŮ ůɘŭɖɟɏɠ əŬɘ ůɨɛɛɘəŰŮɠ ɔɏűɡɟŮɠ 

4. Ⱥˊɑɚɡůɖ Űɞɡ ˊɟɧɓɚɖɛŬŰɞɠ ɛŮ ˊɟɞɢɤɟɖɛɏɜŮɠ ɗŮɤɟɑŮɠ ŭɞəɞɨ 

ŬɜɩŰŮɟɖɠ ŰɎɝɖɠ 
 

4.1 ȺɘůŬɔɤɔɐ 

ɇɞ ˊɚɏɞɜ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞ ŭɞɛɘəɧ ůŰɞɘɢŮɑɞ ůŮ əŬŰŬůəŮɡɏɠ ˊɞɚɘŰɘəɞɨ ɛɖɢŬɜɘəɞɨ 

ŮɑɜŬɘ ŰŬ ɟŬɓŭɧɛɞɟűŬ ůŰɞɘɢŮɑŬ. ȹɞəɧɠ ŮɑɜŬɘ Űɞ ůŰɞɘɢŮɑɞ ˊɞɡ ɏɢŮɘ ɛɑŬ ŭɘɎůŰŬůɖ 

ɘŭɘŬɑŰŮɟŬ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɘɠ ɎɚɚŮɠ. ɇŬ ɛɏɚɖ ŬɡŰɎ ɛˊɞɟɞɨɜ ɜŬ əŬɚɞɨɜŰŬɘ ɔɘŬ Űɞ ɚɧɔɞ 

ŬɡŰɧ əŬɘ ɛɞɜɞŭɘɎůŰŬŰŬ. 

ȼ ŬɜɎɚɡůɖ Űɤɜ ůŰɞɘɢŮɑɤɜ ŬɡŰɩɜ ɔɑɜŮŰŬɘ ůɡɜɐɗɤɠ ɛŮ ɢɟɐůɖ ɗŮɤɟɘɩɜ, ɞɘ ɞˊɞɑŮɠ 

ˊŬɟɏɢɞɡɜ Ŭˊɚɏɠ əŬɘ ŮɨůŰɞɢŮɠ ɚɨůŮɘɠ. Ƀɘ ɗŮɤɟɑŮɠ ŬɡŰɏɠ ɓŬůɑɕɞɜŰŬɘ ůŮ ŭɨɞ ɓŬůɘəɏɠ 

ˊŬɟŬŭɞɢɏɠ: 

¶ ȹɘŬŰɞɛɐ əɎɗŮŰɖ ůŰɞɜ ɎɝɞɜŬ Űɖɠ ŭɞəɞɨ ˊɟɘɜ Űɖɜ ˊŬɟŬɛɧɟűɤůɖ Űɖɠ ˊŬɟŬɛɏɜŮɘ 

əɎɗŮŰɖ əŬɘ ůŰɖɜ ˊŬɟŬɛɞɟűɤɛɏɜɖ ŮɘəɧɜŬ Űɖɠ. 

¶ ȹɘŬŰɖɟŮɑŰŬɘ ɖ ŮˊɘˊŮŭɧŰɖŰŬ Űɖɠ ŭɘŬŰɞɛɐɠ ɛŮŰɎ Űɖɜ ˊŬɟŬɛɧɟűɤůɖ Űɖɠ. 

ɋůŰɧůɞ, ɞɘ ˊŬɟŬŭɞɢɏɠ ŬɡŰɏɠ ůŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɞŭɖɔɞɨɜ ůŮ ɚŬɜɗŬůɛɏɜŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ, ɘŭɘŬɑŰŮɟŬ ůŰɖɜ ˊŮɟɑˊŰɤůɖ əŬɛˊɨɚɖɠ ɔŮɤɛŮŰɟɑŬɠ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ 

ŭɘŬŰɡˊɩɗɖəŬɜ ɞɘ ɗŮɤɟɑŮɠ ŭɞəɞɨ ŬɜɩŰŮɟɖɠ ŰɎɝɖɠ, ůŰɘɠ ɞˊɞɑŮɠ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɘɜ ɞɘ 

ˊŬɟŬɛɧɟűɤůŮɘɠ ŮɜŰɧɠ əŬɘ ŮəŰɧɠ Űɞɡ Ůˊɘˊɏŭɞɡ Űɖɠ ŭɘŬŰɞɛɐɠ. Ƀɘ ˊŬɟŬɛɞɟűɩůŮɘɠ ŮɜŰɧɠ 

Űɞɡ Ůˊɘˊɏŭɞɡ Űɖɠ ŭɘŬŰɞɛɐɠ ɞűŮɑɚɞɜŰŬɘ ůŮ űŬɘɜɧɛŮɜŬ ŭɘŬůŰɟɏɓɚɤůɖɠ əŬɘ ɞɘ 

ˊŬɟŬɛɞɟűɩůŮɘɠ ŮəŰɧɠ Űɞɡ Ůˊɘˊɏŭɞɡ Űɖɠ ŭɘŬŰɞɛɐɠ ɞűŮɑɚɞɜŰŬɘ ůŮ űŬɘɜɧɛŮɜŬ 

ůŰɟɏɓɚɤůɖɠ. 

Ⱥˊɑůɖɠ, ŬˊɞŰɏɚŮůɛŬ Űɖɠ ŭŮɨŰŮɟɖɠ ˊŬɟŬŭɞɢɐɠ ˊɞɡ ˊɟɞŬɜŬűɏɟɗɖəŮ ŮɑɜŬɘ ɧŰɘ ɖ 

əŬŰŬɜɞɛɐ Űɤɜ ɞɟɗɩɜ ŰɎůŮɤɜ ůŰɖ ŭɘŬŰɞɛɐ ŮɑɜŬɘ ɔɟŬɛɛɘəɐ. ȼ əŬŰŬɜɞɛɐ ŬɡŰɐ ɘůɢɨŮɘ 

ɛɧɜɞ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɎˊŮɘɟɖɠ ŭɡůŰɛɖůɑŬɠ, əŬɗŬɟɐɠ əɎɛɣɖɠ ɐ ɞɛɞɘɧɛɞɟűɖɠ 

ŭɘɎŰɛɖůɖɠ. ɄŬɟŬŰɖɟɩɜŰŬɠ ŭɘŬŰɞɛɐ ɛɞɟűɐɠ əɘɓɤŰɑɞɡ ŮɑɜŬɘ ŮɛűŬɜɏɠ ɧŰɘ ɖ ˊŬɟɞɡůɑŬ 

ŭɘŬŰɛɖŰɘəɐɠ ŭɨɜŬɛɖɠ ŮɡɗɨɜŮŰŬɘ ɔɘŬ Űɖɜ ɨˊŬɟɝɖ ŭɘŬŰɛɖŰɘəɐɠ ŰɎůɖɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ 

əŬŰɎ Űɖɜ ɞˊɞɑŬ ɖ ŭɨɜŬɛɖ ŬɡŰɐ ŭŮɜ ŮɑɜŬɘ ůŰŬɗŮɟɐ əŬŰɎ ɛɐəɞɠ Űɖɠ ŭɞəɞɨ, 

ɞŭɖɔɞɨɛŬůŰŮ ůŮ Ŭɜɞɛɞɘɧɛɞɟűɖ ůŰɟɏɓɚɤůɖ, ˊɟɞəŬɚɩɜŰŬɠ Ůˊɘˊɚɏɞɜ ɞɟɗɏɠ ŰɎůŮɘɠ. Ƀɘ 

ŰɎůŮɘɠ ŬɡŰɏɠ ɛŮŰŬɓɎɚɚɞɡɜ Űɘɠ Ŭɟɢɘəɏɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɖ ůɡɜɞɚɘəɐ əŬŰŬɜɞɛɐ Űɤɜ 

ŰɎůŮɤɜ ɜŬ ɛɖɜ ŮɑɜŬɘ ˊɚɏɞɜ ɔɟŬɛɛɘəɐ. ȼ ůɡɔəɏɜŰɟɤůɖ ŰɎůŮɤɜ ůŰɘɠ ůɡɜŬɟɛɞɔɏɠ 

əɞɟɛɞɨ-ˊŮɚɛɎŰɤɜ ŬɡɝɎɜŮŰŬɘ, Ůɜɩ ɖ ɞɟɗɐ ŰɎůɖ ůŰɞ ɛɏůɞɜ Űɤɜ ˊŮɚɛɎŰɤɜ ɛŮɘɩɜŮŰŬɘ. 

Ƀɛɞɑɤɠ ɛˊɞɟŮɑ ɜŬ ɞɟɘůŰŮɑ Űɞ űŬɘɜɧɛŮɜɞ Űɖɠ ůŰɟŮˊŰɘəɐɠ ŭɘŬŰɛɖŰɘəɐɠ ɡůŰɏɟɖůɖɠ ɤɠ 

Űɟɞˊɞˊɞɑɖůɖ Űɖɠ Ŭɟɢɘəɐɠ əŬŰŬɜɞɛɐɠ Űɤɜ ɞɟɗɩɜ ŰɎůŮɤɜ ɚɧɔɤ Ůˊɘˊɚɏɞɜ 

ŭŮɡŰŮɟŮɨɞɡůŬɠ ůŰɟɏɓɚɤůɖɠ.   

ȼ ŭɘŬůŰɟɏɓɚɤůɖ ŬɜŬűɏɟŮŰŬɘ ůŰɖ ɛŮŰŬɓɞɚɐ Űɞɡ ůɢɐɛŬŰɞɠ Űɖɠ ŭɘŬŰɞɛɐɠ. ȷɟɢɘəɎ 

ˊŬɟŬŰɖɟɐɗɖəŮ ůŮ ŭɘŬŰɞɛɏɠ ɛɞɟűɐɠ əɘɓɤŰɑɞɡ ɡˊɧ ůŰɟŮˊŰɘəɎ űɞɟŰɑŬ. ȼ ŭɘŬůŰɟɏɓɚɤůɖ 

ŮɑɜŬɘ ŮɛűŬɜɐɠ ůŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ ɖ ŭɡůəŬɛɣɑŬ Űɖɠ ŭɘŬŰɞɛɐɠ ŮɑɜŬɘ ɢŬɛɖɚɐ. 

ȺɡŬɑůɗɖŰŮɠ ůŮ űŬɘɜɧɛŮɜŬ ŭɘŬůŰɟɏɓɚɤůɖɠ ŮɑɜŬɘ əŬɘ ɞɘ ɚɡɔɖɟɏɠ ɛŮŰŬɚɚɘəɏɠ ŭɘŬŰɞɛɏɠ, 

ɘŭɘŬɑŰŮɟŬ ɞɘ ŭɘŬŰɞɛɏɠ əŬŰɖɔɞɟɑŬɠ 4, əŬɗɩɠ əŬɘ ɞɘ ɚŮˊŰɧŰɞɘɢŮɠ ŭɘŬŰɞɛɏɠ. Ƀɘ ŰŮɚŮɡŰŬɑŮɠ 

ŮɑɜŬɘ Ůɡɟɏɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŮɠ ůŰɖ ɔŮűɡɟɞˊɞɘɑŬ, əŬɗɩɠ ˊɟɞůűɏɟɞɡɜ Ŭɡɝɖɛɏɜɖ 

ɟɞˊɐ ŬŭɟɎɜŮɘŬɠ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ɛŮɘɤɛɏɜɞ ɑŭɘɞ ɓɎɟɞɠ, ůɡɔəɟɘɜɧɛŮɜŮɠ ɛŮ Űɘɠ 

ŬɜŰɑůŰɞɘɢŮɠ ůɡɛˊŬɔŮɑɠ. ɆŰɖɜ ˊɟɞůˊɎɗŮɘŬ ɜŬ ˊŮɟɘɞɟɘůŰɞɨɜ ɞɘ ˊŬɟŬɛɞɟűɩůŮɘɠ Űɖɠ 
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ŭɘŬŰɞɛɐɠ ˊɞɡ ɞűŮɑɚɞɜŰŬɘ ůŮ űŬɘɜɧɛŮɜŬ ůŰɟɏɓɚɤůɖɠ əŬɘ ŭɘŬůŰɟɏɓɚɤůɖɠ, 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŰŬ ŭɘŬűɟɎɔɛŬŰŬ əŬŰɎ ɛɐəɞɠ Űɞɡ űɞɟɏŬ ůŮ ŬˊɞůŰɎůŮɘɠ, ɞɘ ɞˊɞɑŮɠ 

əŬɗɞɟɑɕɞɜŰŬɘ Ŭˊɧ Űɖ ɔŮɤɛŮŰɟɑŬ Űɞɡ űɞɟɏŬ ŬɜɎɚɞɔŬ ɛŮ Űɞɜ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞ 

əŬɜɞɜɘůɛɧ. 

 
ȺɘəɧɜŬ 4.1: ɆŰɟŮˊŰɘəɏɠ ŰɎůŮɘɠ ůŰɖ ŭɘŬŰɞɛɐ əŬɘ ɖ ŬɜŰɑůŰɞɘɢɖ ˊŬɟŬɛɧɟűɤůɖ Űɖɠ 

 

4.2 ɇɟɘůŭɘɎůŰŬŰŬ ï ɀɞɜɞŭɘɎůŰŬŰŬ ˊɟɞůɞɛɞɘɩɛŬŰŬ 

ɆŰɖ ɛɏɢɟɘ ůɐɛŮɟŬ ˊɞɟŮɑŬ Űɖɠ ŮˊɘůŰɐɛɖɠ ɏɢɞɡɜ ɔɑɜŮɘ ˊɟɞůˊɎɗŮɘŮɠ ˊɟɞůɞɛɞɑɤůɖɠ Űɧůɞ 

ɛɏůɤ Űɖɠ ɢɟɐůɖɠ ɛɞɜɞŭɘɎůŰŬŰɤɜ, ɧůɞ əŬɘ ŰɟɘůŭɘɎůŰŬŰɤɜ ˊɟɞůɞɛɞɘɤɛɎŰɤɜ. ɇŬ 

ˊɟɩŰŬ űŬɑɜŮŰŬɘ ɜŬ ˊɟɞůűɏɟɞɡɜ ˊɞɚɚɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ əŬɘ ɜŬ ɓɟɑůəɞɡɜ ŮűŬɟɛɞɔɐ ůŮ 

ˊɞɚɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ŰŬ ŭɘŭɘɎůŰŬŰŬ əŬɘ ŰɟɘůŭɘɎůŰŬŰŬ ˊɟɞůɞɛɞɘɩɛŬŰŬ 

ŮɑɜŬɘ ůɡɜɗŮŰɧŰŮɟŬ əŬɘ Ůˊɞɛɏɜɤɠ ɖ ŭɘŬŭɘəŬůɑŬ ɛɧɟűɤůɖɠ əŬɘ ɞ ɢŮɘɟɘůɛɧɠ Űɞɡɠ ŮɑɜŬɘ 

ˊɘɞ ŭɨůəɞɚɞɠ ůŮ ůɢɏůɖ ɛŮ ŬɡŰɐ Űɤɜ ɛɞɜɞŭɘɎůŰŬŰɤɜ. Ⱥˊɑůɖɠ, ɞ ɡˊɞɚɞɔɘůŰɘəɧɠ űɧɟŰɞɠ 

ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ŰɟɘůŭɘɎůŰŬŰɤɜ ˊɟɞůɞɛɞɘɤɛɎŰɤɜ ŮɑɜŬɘ ŮɝŬɘɟŮŰɘəɎ Ŭɡɝɖɛɏɜɞɠ, 

ɚɧɔɤ Űɤɜ ˊŮɟɘůůɧŰŮɟɤɜ ůŰɞɘɢŮɑɤɜ əŬɘ ɓŬɗɛɩɜ ŮɚŮɡɗŮɟɑŬɠ. Ƀ ˊɟɞŬɜŬűŮɟɗŮɑɠ űɧɟŰɞɠ 

ŬɡɝɎɜŮŰŬɘ ŬəɧɛŬ ˊŮɟɘůůɧŰŮɟɞ, ůŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ŬˊŬɑŰɖůɖɠ  ˊɡəɜɧŰŮɟɞɡ ˊɚɏɔɛŬŰɞɠ. 

ȼ Ůˊɘɚɞɔɐ Űɞɡ ůɤůŰɞɨ ˊɚɏɔɛŬŰɞɠ ŮɑɜŬɘ ŮɝɎɚɚɞɡ ɛɑŬ ɢɟɞɜɞɓɧɟŬ ŭɘŬŭɘəŬůɑŬ. 

ȼ ŮűŬɟɛɞɔɐ Űɤɜ ůɡɜɞɟɘŬəɩɜ ůɡɜɗɖəɩɜ ůŮ ɏɜŬ ɟŬɓŭɧɛɞɟűɞ ůŰɞɘɢŮɑɞ ɔɑɜŮŰŬɘ 

Ŭ́ ŮɡɗŮɑŬɠ, Ůɜɩ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ŰɟɘůŭɘɎůŰŬŰɤɜ ɛɞɜŰɏɚɤɜ ŬˊŬɘŰŮɑŰŬɘ ɞ ɞɟɘůɛɧɠ 

əɧɛɓɤɜ ɔɘŬ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡɠ, ɧˊɤɠ ˊŬɟŬŭŮɑɔɛŬŰɞɠ ɢɎɟɘɜ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ 

Ɏɟɗɟɤůɖɠ. Ƀ ɢŮɘɟɘůɛɧɠ Űɤɜ űŬɘɜɞɛɏɜɤɜ ůŰɟɏɓɚɤůɖɠ ŮɑɜŬɘ ˊɘɞ Ŭəɟɘɓɐɠ ůŰɖɜ 

ˊŮɟɑˊŰɤůɖ Űɤɜ ůŰɞɘɢŮɑɤɜ ŭɞəɞɨ ůŮ ůɢɏůɖ ɛŮ ŰŬ ůŰɞɘɢŮɑŬ əŮɚɨűɞɡɠ, ɧˊɞɡ 

ˊɟɞůɞɛɞɘɩɜŮŰŬɘ ɛɧɜɞ ɖ ɛɏůɖ ɔɟŬɛɛɐ Űɖɠ ŭɘŬŰɞɛɐɠ. ɇɏɚɞɠ, ŬɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɞɘ 

ůɖɛŮɟɘɜɞɑ əŬɜɞɜɘůɛɞɑ ŮəűɟɎɕɞɡɜ Űɖɜ ɘəŬɜɧŰɖŰŬ Ůɜɧɠ ɛɏɚɞɡɠ ůŮ ɧɟɞɡɠ ŰɎůŮɤɜ ɐ 

ˊŬɟŬɛɞɟűɩůŮɤɜ, ɞɘ ɞˊɞɑŮɠ ŭŮɜ ˊɟɞəɨˊŰɞɡɜ Űɧůɞ ŮɨəɞɚŬ Ŭˊɧ ůɡɜŮɢɐ 

ˊɟɞůɞɛɞɘɩɛŬŰŬ. ȷɜŰɑɗŮŰŬ, ŰŬ ɟŬɓŭɧɛɞɟűŬ ůŰɞɘɢŮɑŬ ˊɟɞůűɏɟɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ 

ŬˊŮɡɗŮɑŬɠ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɤɜ ŮɜŰŬŰɘəɩɜ ɛŮɔŮɗɩɜ. 

 

4.3 ȸɘɓɚɘɞɔɟŬűɘəɐ ŬɜŬŭɟɞɛɐ  

Ʉɞɚɚɏɠ ŮɟŮɡɜɖŰɘəɏɠ ˊɟɞůˊɎɗŮɘŮɠ  ɏɢɞɡɜ ɐŭɖ ŭɖɛɞůɘŮɡŰŮɑ ůɢŮŰɘəɎ ɛŮ Űɘɠ ɗŮɤɟɑŮɠ 

ŭɞəɞɨ ɞɘ ɞˊɞɑŮɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɘɠ Ůˊɘɟɟɞɏɠ Űɖɠ ŭɘŬůŰɟɏɓɚɤůɖɠ. ȼ ˊɚŮɘɞɣɖűɑŬ 

ŬɡŰɩɜ Űɤɜ ŮɟŮɡɜɖŰɘəɩɜ ˊɟɞůˊŬɗŮɘɩɜ ŮůŰɘɎɕɞɡɜ ůŮ ɚŮˊŰɧŰɞɘɢŮɠ ŭɘŬŰɞɛɏɠ, ɔɘô ŬɡŰɧ 

əŬɘ ɞɘ ŬˊɚɞˊɞɘɖɛɏɜŮɠ ɡˊɞɗɏůŮɘɠ Űɖɠ ŪŮɤɟɑŬɠ ȿŮˊŰɧŰɞɘɢɤɜ ȹɘŬŰɞɛɩɜ (Thin Tube 

Theory (TTT)) (Vlasov, 1963) ˊŬɑɕɞɡɜ əɡɟɑŬɟɢɞ ɟɧɚɞ ɔɘŬ Űɖɜ ŭɘŬŰɨˊɤůɖ Űɤɜ 

ůɢŮŰɘəɩɜ ɗŮɤɟɘɩɜ. ɆŰŬ ˊɚŬɑůɘŬ Űɖɠ ɗŮɤɟɑŬɠ ɇɇɇ, ɛŮɟɘəɏɠ Ŭˊɧ Űɘɠ ˊɟɩŰŮɠ əɚŬůůɘəɏɠ 



ȾŮűɎɚŬɘɞ 4 

 
79 

ȹɘŮɟŮɨɜɖůɖ ŬɜŬɔəŬɘɧŰɖŰŬɠ ŭɘŬűɟŬɔɛɎŰɤɜ ůŮ ůɘŭɖɟɏɠ əŬɘ ůɨɛɛɘəŰŮɠ ɔɏűɡɟŮɠ 

 

ˊɟɞůŮɔɔɑůŮɘɠ ŬɜŰɘɛŮŰɤˊɑɕɞɡɜ Űɞ ˊɟɧɓɚɖɛŬ ŭɘŬůŰɟɏɓɚɤůɖɠ ɚɧɔɤ ůŰɟɏɣɖɠ 

ŬˊɚɞˊɞɘɩɜŰŬɠ Űɞ ůŮ ɛɑŬ ɘůɞŭɨɜŬɛɖ ɗŮɤɟɑŬ Űɖɠ ȹɞəɞɨ Ůˊɑ ȺɚŬůŰɘəɞɨ ȺŭɎűɞɡɠ 

(Beam-on-Elastic-Foundation (BEF)) (Vlasov, 1963; Wright et al., 1968; Stavridis, 

2010). ȷɜŬɚɧɔɤɠ ɔɘŬ ɜŬ ŮˊɘɓŮɓŬɘɤɗŮɑ ɖ ɗŮɤɟɑŬ BEF, ɞɟɘůɛɏɜŮɠ ŮɟŮɡɜɖŰɘəɏɠ 

ˊɟɞůˊɎɗŮɘŮɠ ŮˊɏəŰŮɘɜŬɜ Űɖɜ əɚŬůɘəɐ ɗŮɤɟɑŬ Vlasov TTT, ŭɘŬɛɞɟűɩɜɞɜŰŬɠ 

ŬɜŰɑůŰɞɘɢŬ ŰɏůůŮɟɘɠ əŬŰɎ ůŮɘɟɎ ŭɘŬűɞɟɘəɏɠ ŮɝɘůɩůŮɘɠ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɠ Űɖɜ 

ŭɘŬůŰɟɏɓɚɤůɖ ɚɧɔɤ ůŰɟɏɣɖɠ əŬɘ ŮɘůɎɔɞɜŰŬɠ ɓŬůɘəɏɠ ɘŭɏŮɠ ɔɘŬ Űɖɜ ůŰɟɏɓɚɤůɖ ɚɧɔɤ 

ŭɘŬůŰɟɏɓɚɤůɖɠ, Űɖɜ əŮɜŰɟɞŮɘŭɐ ŭɘŬůŰɟɏɓɚɤůɖ əŬɘ Űɖɜ ŭɘŬůŰɟɏɓɚɤůɖ ɚɧɔɤ ɟɞˊɐɠ 

(Boswell and Zhang, 1983, 1984; Kermani and Waldron, 1993; Kim and Kim, 1999).  

ȰɜŬ ɓɐɛŬ ˊɟɞɠ Űɖɜ ɔŮɜɑəŮɡůɖ Űɖɠ ɗŮɤɟɑŬɠ Vlasov ɏŰůɘ ɩůŰŮ ɜŬ ůɡɛˊŮɟɘɚɖűɗɞɨɜ ɞɘ 

ŮˊɘˊŰɩůŮɘɠ ŭɘŬůŰɟɏɓɚɤůɖɠ ɚɧɔɤ əɎɛɣɖɠ əŬɘ ůŰɟɏɣɖɠ ŮɑɜŬɘ ɖ ŬɜɎˊŰɡɝɖ Űɖɠ ɔŮɜɘəɐɠ 

ɗŮɤɟɑŬɠ ŭɞəɞɨïGeneral Beam Theory (GBT). ȼ ɗŮɤɟɑŬ Űɖɠ GBT ŭɘŬɛɞɟűɩɗɖəŮ Ŭˊɧ 

Űɞɜ Schardt (Schardt, 1989, 1994a, 1994b) əŬɘ ŭɘŬŭɧɗɖəŮ Ŭˊɧ Űɞɜ Davies əŬɘ Űɞɡɠ 

ůɡɜŮɟɔɎŰŮɠ Űɞɡ (Davies and Leach, 1994; Davies et al., 1994; Leach, 1994; Leach 

and Davies, 1996). ȼ ŮɔəɡɟɧŰɖŰŬ ŬɡŰɩɜ Űɤɜ ˊɟɩŰɤɜ ŭɘŬŰɡˊɩůŮɤɜ Űɖɠ ɔŮɜɘəɐɠ 

ɗŮɤɟɑŬɠ ŭɞəɞɨ-GBT ɓŬůɑɕŮŰŬɘ ůŰɖɜ ˊŬɟŬŭɞɢɐ ɧŰɘ ŰŬ ŭɞɛɘəɎ ɛɏɚɖ ɏɢɞɡɜ ŬɜɞɘɢŰɏɠ 

ŭɘŬŰɞɛɏɠ ˊɞɡ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɞɟɗɞɔɩɜɘɞɡɠ Űɞɑɢɞɡɠ/ˊɚɎəŮɠ. ȰŰůɘ ˊŬɟŬŭɞɢɏɠ ɔɘŬ 

Űɖɜ ɗŮɤɟɑŬ ɚŮˊŰɩɜ ˊɚŬəɩɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɞ əɎɗŮ ŰɞɑɢɤɛŬ. ȼ ŬɜɎɚɡůɖ Űɖɠ 

ɔŮɜɘəɐɠ ɗŮɤɟɑŬɠ ŭɞəɞɨ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɨɞ űɎůŮɘɠ: Űɖɜ ŬɜɎɚɡůɖ Űɖɠ ŭɘŬŰɞɛɐɠ əŬɘ 

Űɖɜ ŬɜɎɚɡůɖ Űɞɡ ɛɏɚɞɡɠ. ȼ ŬɜɎɚɡůɖ Űɖɠ ŭɘŬŰɞɛɐɠ ɓŬůɑɕŮŰŬɘ ůŮ ŭɨɞ űɎůŮɘɠ, ɞɘ ɞˊɞɑŮɠ  

ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ Űɞɜ əŬɗɞɟɘůɛɧ Űɤɜ ɛɞɟűɩɜ ůŰɟɏɓɚɤůɖɠ əŬɘ ŭɘŬůŰɟɏɓɚɤůɖɠ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ůɡɜɗɐəɖ Vlasov ɛɖŭŮɜɘəɐɠ ŭɘŬŰɛɖŰɘəɐɠ ɏɜŰŬůɖɠ. 

Ƀ Ŭɟɘɗɛɧɠ əŬɘ ɖ ŬəɟɑɓŮɘŬ Űɤɜ ŮɜŰɧɠ Ůˊɘˊɏŭɞɡ ɛɞɟűɩɜ ˊŬɟŬɛɧɟűɤůɖɠ ˊɞɡ 

ɡˊɞɚɞɔɑůŰɖəŬɜ əŬŰɎ Űɖɜ űɎůɖ Űɖɠ ŬɜɎɚɡůɖɠ Űɖɠ ŭɘŬŰɞɛɐɠ ɓŬůɑɕɞɜŰŬɘ ůŰɖɜ 

ŭɘŬəɟɘŰɞˊɞɑɖůɖ Űɖɠ ŭɘŬŰɞɛɐɠ ůŮ ůŰɞɘɢŮɑŬ ˊɚɎəŬɠ (ɔɘŬ ɜŬ ŬɡɝɖɗŮɑ ɞ Ŭɟɘɗɛɧɠ 

ˊɟɞůŰɏɗɖəŬɜ ŮɜŭɘɎɛŮůɞɘ əɧɛɓɞɘ). ȷɡŰɐ ɖ ŭɘŬəɟɘŰɞˊɞɑɖůɖ ŭŮɜ ŮɑɜŬɘ ɛɘŬ ˊɟɞűŬɜɐɠ 

ŭɘŬŭɘəŬůɑŬ Ŭűɞɨ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ůɢɐɛŬ Űɖɠ ŭɘŬŰɞɛɐɠ əŬɘ Űɖɜ ŰɞˊɞɚɞɔɑŬ Űɤɜ 

əɧɛɓɤɜ (ŬɜɞɘɢŰɏɠ əŬɘ əɚŮɘůŰɏɠ ŭɘŬŰɞɛɏɠ ɛˊɞɟŮɑ ɜŬ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ). ɀŮ Űɖɜ 

ŮˊɏəŰŬůɖ Űɖɠ ɗŮɤɟɑŬɠ ɇɇɇ ŮɘůɎɔŮŰŬɘ ɖ ɘŭɏŬ Űɖɠ ŬɜɎɚɡůɖɠ Űɖɠ ŭɘŬŰɞɛɐɠ ɛŮ ɓɎůɖ Űɘɠ 

ɘŭɘɞŰɘɛɏɠ (Balch and Steele, 1987) ɔɘŬ Űɖɜ əŬɗɘɏɟɤůɖ ůɖɛŬɜŰɘəɩɜ ɘŭɘɞɛɞɟűɩɜ 

ˊŬɟŬɛɧɟűɤůɖɠ ɛŮ ŰŬ ŬɜŰɑůŰɞɘɢŬ ŮəɗŮŰɘəɎ ɛŮɘɞɨɛŮɜŬ ɛɐəɖ Űɞɡɠ, ŮˊɘŰɟɏˊɞɜŰŬɠ Űɖɜ 

ŰŬɝɘɜɧɛɖůɖ Űɞɡɠ ɛŮ ɓɎůɖ Űɖɜ ůɖɛŬɜŰɘəɧŰɖŰŬ Űɞɡɠ.  

ɄŬɟɎɚɚɖɚŬ ɛŮ Űɖɜ ɔŮɜɘəɐ ɗŮɤɟɑŬ ŭɞəɞɨ GBT, ɖ ɛɏɗɞŭɞɠ ˊŮˊŮɟŬůɛɏɜɤɜ ɚɤɟɑŭɤɜ 

(Finite Strip Method-FSɀ), ɏɢŮɘ ŮűŬɟɛɞůŰŮɑ əŬŰô ŮˊɏəŰŬůɖ ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ 

ɚŮˊŰɧŰɞɘɢɤɜ ŭɘŬŰɞɛɩɜ ŭɞəɞɨ. ɄŬɟɞɛɞɑɤɠ ɛŮ Űɖ GBT, ɖ FSM ɓŬůɑɕŮŰŬɘ ůŰɖɠ ɡˊɞ-

ɗɏůŮɘɠ Űɖɠ ɗŮɤɟɑŬɠ Űɤɜ ˊɚŬəɩɜ ɞɘ ɞˊɞɑŮɠ ŮűŬɟɛɧɕɞɜŰŬɘ ůŮ əɎɗŮ ŰɞɑɢɤɛŬ Űɖɠ ŭɘŬŰɞ-

ɛɐɠ. ȼ ɗŮɤɟɑŬ FSM ŮɑɜŬɘ ˊŮɟɘůůɧŰŮɟɞ ɛɑŬ ɔŮɜɘəɞɨ ůəɞˊɞɨ ɗŮɤɟɑŬ FEM Ŭˊô ɧŰɘ ɛɘŬ 

ɗŮɤɟɑŬ ŭɞəɞɨ. ɄŬɟô ɧɚŬ ŬɡŰɎ, ɞ Schafer, ɞ Ćd§ny əŬɘ ɞɘ ůɡɜŮɟɔɎŰŮɠ Űɞɡɠ ɏɢɞɡɜ 

ˊŬɟɞɡůɘɎůŮɘ ɛŮɚɏŰŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɖɠ ɗŮɤɟɑŬɠ FSM ůŮ 

ůɡɜŭɡŬůɛɧ ɛŮ Űɖ GBT ɏŰůɘ ɩůŰŮ ɜŬ ɛŮɚŮŰɞɨɜŰŬɘ ˊɟɞɓɚɐɛŬŰŬ ɚɡɔɘůɛɞɨ ŭɞəɩɜ. ũɘô 

ŬɡŰɧ Űɞ ůəɞˊɧ əɘɜɖɛŬŰɘəɞɑ ˊŮɟɘɞɟɘůɛɞɑ əŬɘ ˊŮɟɘɞɟɘůɛɞɑ ˊŬɟŬɛɧɟűɤůɖɠ ɏɢɞɡɜ 

ŮűŬɟɛɞůŰŮɑ ůŰɖ ůɡɛɓŬŰɘəɐ ɗŮɤɟɑŬ FSM ɞŭɖɔɩɜŰŬɠ ůŰɖɜ ŬɜɎˊŰɡɝɖ Űɖɠ ɚŮɔɧɛŮɜɖɠ 

ŭŮůɛŮɡɛɏɜɖɠ ɗŮɤɟɑŬɠ FSM (constrained FSM-cFSM) (Schafer əŬɘ Ćd§ny, 2005, Li  et 

al., 2011).  



Ⱥˊɑɚɡůɖ Űɞɡ ˊɟɧɓɚɖɛŬŰɞɠ ɛŮ ˊɟɞɢɤɟɖɛɏɜŮɠ ɗŮɤɟɑŮɠ ŭɞəɞɨ ŬɜɩŰŮɟɖɠ ŰɎɝɖɠ 

80 

 ɆŬˊɞɡɜŰɕɎəɖ ȳɚɔŬ ï ȷəŬŭɖɛŬɥəɧ ɏŰɞɠ 2017 - 2018 

Tɞ ˊɟɧɓɚɖɛŬ Űɖɠ ŬɜɎɚɡůɖɠ Űɖɠ ŭɘŬůŰɟɏɓɚɤůɖɠ Űɤɜ ŭɞəɩɜ ůŮ ŰɡɢŬɑŮɠ ŭɘŬŰɞɛɏɠ 

ŮəɗɏŰŮɘ Ŭɡɝɖɛɏɜɖ ˊɞɚɡˊɚɞəɧŰɖŰŬ Ŭəɧɛɖ əŬɘ Ŭɜ ɞɘ ɓŬůɘəɏɠ ŬɜŬɚɨůŮɘɠ ŮɑɜŬɘ ɑŭɘŮɠ ɛŮ 

ŬɡŰɏɠ Űɖɠ GBT. ȳůɞɜ ŬűɞɟɎ Űɖɜ ŬɜɎɚɡůɖ Űɖɠ ŭɘŬŰɞɛɐɠ, ˊɟɏˊŮɘ ɜŬ əŬɗɞɟɘůŰŮɑ ɛɘŬ 

əŬŰɎɚɚɖɚɖ ɓɎůɖ ɔɘŬ Űɘɠ ŮəŰɧɠ Ůˊɘˊɏŭɞɡ ɛɞɟűɏɠ ˊŬɟŬɛɧɟűɤůɖɠ ˊɞɡ ůɡɜɞŭŮɨɞɜŰŬɘ 

Ŭˊɧ ŬɜŰɑůŰɞɘɢŬ Űɤɜ ŮɜŰɧɠ Ůˊɘˊɏŭɞɡ, ɧɛɤɠ Űɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ˊŬɟɞɡůɘɎɕŮɘ ˊɘɞ 

ˊɞɚɨˊɚɞəɖ ůɡɛˊŮɟɘűɞɟɎ, Ŭˊɧ Űɖɜ ůŰɘɔɛɐ ˊɞɡ ůŰɖɜ ŰɡɢŬɑŬ ŭɘŬŰɞɛɐ, əɘɜɖɛŬŰɘəɏɠ 

ɗŮɤɟɑŮɠ əŬɘ ɓŬůɘəɏɠ ůɢɏůŮɘɠ Űɖɠ ŭŮɜ ɛˊɞɟŮɑ ɜŬ Ŭˊɚɞˊɞɘɖɗɞɨɜ. ɆɢŮŰɘəɎ ŰɩɟŬ ɛŮ Űɖɜ 

ŬɜɎɚɡůɖ Űɤɜ ɛŮɚɩɜ, ˊŬɟɞɛɞɑɤɠ ɛŮ Űɖɜ ɔŮɜɘəɐ ɗŮɤɟɑŬ ŭɞəɞɨ (GBT), ɖ ŭɘŬŰɨˊɤůɖ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɖɜ ɏəűɟŬůɖ Űɞɡ ˊŮŭɑɞɡ ɛŮŰŬəɑɜɖůɖɠ ɤɠ ɏɜŬɠ ɔɟŬɛɛɘəɧɠ ůɡɜŭɡŬů-

ɛɧɠ Űɤɜ ɛɞɟűɩɜ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ ˊɞɚɚŬˊɚŬůɘŬůɛɏɜŮɠ ɛŮ ůɢŮŰɘəɞɨɠ ˊŬɟŬɛɏŰɟɞɡɠ ɞɘ 

ɞˊɞɑɞɘ ɗŮɤɟɞɨɜŰŬɘ ůŬɜ ɔŮɜɘəŮɡɛɏɜŮɠ ůɡɜŰŮŰŬɔɛɏɜŮɠ.  

ũɘŬ ɜŬ ɚɡɗŮɑ Űɞ ˊɟɧɓɚɖɛŬ ŰɡɢŬɑɞɡ ůɢɐɛŬŰɞɠ ɞɛɞɔŮɜɞɨɠ ɐ ůɨɛɛɘəŰɖɠ ŭɘŬŰɞɛɐɠ, Űɞ 

ˊɟɧɓɚɖɛŬ Űɞɡ St.Venant ŮɚŬůŰɘəɞɨ ˊɟɘůɛŬŰɘəɞɨ ůɩɛŬŰɞɠ ˊŬɑɕŮɘ əɟɑůɘɛɞ ɟɧɚɞ ɔɘŬ 

Űɖɜ ŭɘŬŰɨˊɤůɖ ɢɟɐůɘɛɤɜ ůɡɜŬɟŰɐůŮɤɜ ůŰɟɏɓɚɤůɖɠ əŬɘ ŭɘŬůŰɟɏɓɚɤůɖɠ. ȳˊɤɠ ŮɑɜŬɘ 

Ůɡɟɏɤɠ ɔɜɤůŰɧ, ůŰŬ ˊɟɞɓɚɐɛŬŰŬ St.Venant ɖ əŮɜŰɟɘəɐ ɚɨůɖ ŮɑɜŬɘ ɏɔəɡɟɖ ɔɘŬ Űɞ 

ŮɝŮŰŬɕɧɛŮɜɞ ˊɟɘůɛŬŰɘəɧ ůɩɛŬ ˊɟɞɦˊɞɗɏŰɞɜŰŬɠ ɧŰɘ ŭŮɜ ˊŮɟɘɞɟɑɕɞɜŰŬɘ ɞɘ 

ˊŬɟŬɛɞɟűɩůŮɘɠ ůŰɟɏɓɚɤůɖɠ əŬɘ ɞɘ ŬɜŰɑůŰɞɘɢŮɠ Űɤɜ ŮɜŰɧɠ Ůˊɘˊɏŭɞɡ ůŰɖɜ ŭɘŬŰɞɛɐ-

ůŰɐɟɘɝɖ. ȷɡŰɐ ɖ Ŭɟɢɐ ŬɜŬűɏɟŮŰŬɘ əŬɘ ɤɠ óȷɟɢɐ St. Venantô ůɨɛűɤɜŬ ɛŮ Űɖɜ ɞˊɞɑŬ ɞ 

ŮɜŭŮɢɧɛŮɜɞɠ ˊŮɟɘɞɟɘůɛɧɠ əɞɜŰɎ ůŰɖ ůŰɐɟɘɝɖ Űɞɡ ŮɝŮŰŬɕɧɛŮɜɞɡ ˊɟɘůɛŬŰɘəɞɨ ůɩɛŬŰɞɠ 

ŭŮɜ ŮˊɖɟŮɎɕŮɘ Űɖɜ ɚɨůɖ ɛŬəɟɘɎ Ŭˊɧ Űɖɜ ůŰɐɟɘɝɖ. ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ɖɛɑ-

ŬɜŰɑůŰɟɞűɖ ɛɏɗɞŭɞ Űɞɡ St.Venant ɡˊɧ ůŰŬŰɘəɏɠ ůɡɜɗɐəŮɠ, Űɞ ˊŮŭɑɞ ɛŮŰŬəɘɜɐůŮɤɜ Űɖɠ 

Ŭəɧɚɞɡɗɖɠ ɛɞɟűɐɠ ɛˊɞɟŮɑ ɜŬ ŬɜŬűŮɟɗŮɑ (Regan əŬɘ Pilkey, 2002) ɤɠ: 

 

Ɇɡɜɞɚɘəɐ ɛŮŰŬəɑɜɖůɖɚɨůɖ ɄŬɟŬɛɏɜɞɡůŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ

ɚɧɔɤ Űɤɜ 

SV res

St. 

Ůˊɘɟɟɞɩɜ 

Venan

Ŭˊɞ ŰŬ Ɏəɟ

t 

Ŭ

= +u u u       (4.1 Ŭ) 

( ) () ( ) ()

( )

( )

( )

iK K

res i i i i

i 1 i 1
i

y,z

x, y,z Ŭ x y,z Ŭ x V y,z

W y,z= =

Fë û
î î

= = ì ü
î î
í ý

ä äu W                  (4.1 ɓ) 

 

ɆɨɛűɤɜŬ ɛŮ Űɘɠ ˊŬɟŬˊɎɜɤ ŮɝɘůɩůŮɘɠ, Űɞ ŭɘɎɜɡůɛŬ ɛŮŰŬəɑɜɖůɖɠ u  ůŮ ɏɜŬ ŰɡɢŬɑɞ 

ůɖɛŮɑɞ Űɖɠ ŭɘŬŰɞɛɐɠ ˊɟɞəɨˊŰŮɘ ɤɠ Űɞ ɎɗɟɞɘůɛŬ Űɖɠ ɚɨůɖɠ St.Venant ŭɖɚŬŭɐ Űɞɡ 

ŭɘŬɜɨůɛŬŰɞɠ SVu  (ˊ.ɢ. ɓɚ. Kosmatka əŬɘ Dong (1991)) əŬɘ Űɞɡ ŭɘŬɜɨůɛŬŰɞɠ Űɖɠ 

ˊŬɟŬɛɏɜɞɡůŬɠ ɛŮŰŬəɑɜɖůɖɠ resu  ŮɝŬɘŰɑŬɠ Űɤɜ Ůˊɘɟɟɞɩɜ Ŭˊɧ ŰŬ ɎəɟŬ ˊɞɡ ŮɑɜŬɘ 

ɡˊŮɨɗɡɜŬ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ ŬɡŰɧ-ɘůɞɟɟɞˊɞɨɛŮɜɖɠ əŬŰŬɜɞɛɐɠ ŰɎůŮɤɜ (Giavotto et 

al., 1983; Kazic əŬɘ Dong, 1990; Xu et al., 1997; Reagan əŬɘ Pilkey, 2002). ȷɡŰɏɠ ɞɘ 

ˊɟɧůɗŮŰŮɠ ɛŮŰŬəɘɜɐůŮɘɠ ɔɟɎűɞɜŰŬɘ ɤɠ ɏɜŬ ɎɗɟɞɘůɛŬ Ⱦ ŭɘŭɘɎůŰŬŰɤɜ ůɡɜŬɟŰɐůŮɤɜ Wi 

(ůɡɜŬɟŰɐůŮɘɠ ˊŬɟŬɛɧɟűɤůɖɠ ůŰɟɏɓɚɤůɖɠ/ŮɜŰɧɠ Ůˊɘˊɏŭɞɡ) ˊɞɚɚŬˊɚŬůɘŬůɛɏɜŮɠ ɛŮ 

ˊŬɟŬɛɏŰɟɞɡɠ Ŭi ˊɞɡ ŮəűɟɎɕɞɡɜ Űɖɜ ɏɜŰŬůɖ Űɞɡɠ.  
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ȹɘŮɟŮɨɜɖůɖ ŬɜŬɔəŬɘɧŰɖŰŬɠ ŭɘŬűɟŬɔɛɎŰɤɜ ůŮ ůɘŭɖɟɏɠ əŬɘ ůɨɛɛɘəŰŮɠ ɔɏűɡɟŮɠ 

 

ȿŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɘɠ ɘŭɏŮɠ Ŭˊɧ Űɘɠ ɚɨůŮɘɠ St.Venant, El Fatmi əŬɘ Ghazouani 

(Ghazouani əŬɘ El Fatmi, 2010, 2011; El Fatmi əŬɘ Ghazouani, 2011) ɢɟɖůɘɛɞˊɞɘɞɨɜ 

ŮɜŰɧɠ Ůˊɘˊɏŭɞɡ ɛɞɟűɏɠ St.Venant ůŮ ŬɜŰɘůŰɞɘɢɑŬ ɛŮ ŬɡŰɏɠ Űɖɠ ůŰɟɏɓɚɤůɖɠ ŰɡɢŬɑŬɠ 

ɞɟɗɧŰɟɞˊɖɠ ŭɘŬŰɞɛɐɠ ˊɞɚɚŬˊɚŬůɘŬůɛɏɜŮɠ ɛŮ ŬɜŮɝɎɟŰɖŰɞɡɠ ˊŬɟŬɛɏŰɟɞɡɠ, ɏŰůɘ ɩůŰŮ 

ɜŬ ɚɎɓɞɡɜ ɡˊɧɣɖ Űɖɜ ɛɖ ɞɛɞɘɧɛɞɟűɖ əŬŰŬɜɞɛɐ Űɞɡɠ ůŰɞ ɛɐəɞɠ Űɖɠ ŭɞəɞɨ. ȼ ɑŭɘŬ 

ɘŭɏŬ ɏɢŮɘ ŮűŬɟɛɞůŰŮɑ əŬɘ Ŭˊɧ Űɞɜ Petrov əŬɘ Geradin (1998), ɞɘ ɞˊɞɑɞɘ ŭɘŬŰɨˊɤůŬɜ 

ɛɑŬ ɗŮɤɟɑŬ ɔɘŬ əŬɛˊɨɚŬ əŬɘ ˊɟɞůŰɟŬɛɛɏɜŬ ŭɞəɎɟɘŬ ŰɡɢŬɑɤɜ ɞɛɞɔŮɜɩɜ ŭɘŬŰɞɛɩɜ 

əŬɚɨˊŰɞɜŰŬɠ Ůˊɑůɖɠ Űɞ Ůɨɟɞɠ ɔŮɤɛŮŰɟɘəɐɠ ɛɖ ɔɟŬɛɛɘəɧŰɖŰŬɠ. ȳɛɤɠ ŬɡŰɏɠ ɞɘ 

ŭɘŬŰɡˊɩůŮɘɠ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɡɜ ɛɧɜɞ əŬɛˊŰɘəɏɠ əŬɘ Ŭɝɞɜɘəɏɠ ɛɞɟűɏɠ 

ˊŬɟŬɛɞɟűɩůŮɤɜ ɡˊɧ Űɖɜ ŮˊɐɟŮɘŬ Űɖɠ ŬɜŬɚɞɔɑŬɠ Poisson, Ůɜɩ ɖ ˊŬɟŬɛɧɟűɤůɖ ɚɧɔɤ 

ůŰɟɏɣɖɠ ŬɔɜɞŮɑŰŬɘ. 

ȼ ɘŭɏŬ Űɖɠ ŬɜɎɚɡůɖɠ ɘŭɘɞŰɘɛɩɜ ɏɢŮɘ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əŬɘ ůŮ ɛŮɟɘəɏɠ ˊɟɧůűŬŰŮɠ 

ŮɟŮɡɜɖŰɘəɏɠ ́ɟɞůˊɎɗŮɘŮɠ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɞɘ Ferradi əŬɘ Cespedes (2014) 

ŭɘŬɛɧɟűɤůŬɜ ɏɜŬ ůŰɞɘɢŮɑɞ ŭɞəɞɨ ɛŮ ɓɎůɖ Űɞ FEM əŬɘ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŬɜɎɚɡůɖɠ 

ɘŭɘɞŰɘɛɐɠ ˊɞɡ ŬűɞɟɎ Űɞ űŬɘɜɧɛŮɜɞ Űɖɠ ŭɘŬůŰɟɏɓɚɤůɖɠ ůŰɖ ůɡɛˊŮɟɘűɞɟɎ Űɖɠ 

ŭɘŬŰɞɛɐɠ (ˊɟɧɓɚɖɛŬ ŮɜŰɧɠ Ůˊɘˊɏŭɞɡ) əŬɘ ɡˊɞɚɞɔɑɕŮɘ ůɡɜŬɟŰɐůŮɘɠ ůŰɟɏɓɚɤůɖɠ 

ɝŮɢɤɟɘůŰɎ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɏɜŬ əŬŰô ŮˊɏəŰŬůɖ ůɢɐɛŬ ɘůɞɟɟɞˊɑŬɠ ɓŬůɘůɛɏɜɞ ůŮ 

ˊɟɞɖɔɞɨɛŮɜɖ ɛŮɚɏŰɖ Ŭˊɧ  Űɞɡɠ ɑŭɘɞɡɠ ůɡɔɔɟŬűŮɑɠ (Ferradi et al., 2013). ɇŮɚɘəɎ ɞ 

Genoese et al. (2014) ŬɜɏˊŰɡɝŮ ɛɑŬ FEM ŭɘŬŭɘəŬůɑŬ ɓŬůɘůɛɏɜɖ ůŰɞ ñmixed 

variational theoryò ɔɘŬ ɞɟɗɧŰɟɞˊŮɠ ŭɞəɞɨɠ ŬɜŬˊŰɨůůɞɜŰŬɠ ɏɜŬ ˊɟɧɓɚɖɛŬ ɘŭɘɞŰɘɛɩɜ 

ɔɘŬ Űɘɠ ŭɘŬŰɞɛɏɠ ˊŬɟɎɔɞɜŰŬɠ ŰŬɡŰɧɢɟɞɜŬ ůɡɜŬɟŰɐůŮɘɠ ŭɘŬůŰɟɏɓɚɤůɖɠ əŬɘ 

ůŰɟɏɓɚɤůɖɠ ɔɘŬ ŰɡɢŬɑɞɡ ůɢɐɛŬŰɞɠ ŭɘŬŰɞɛɏɠ. 

 

4.4 ȹɘŬŰɨˊɤůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ 

4.4.1 ȽůɞɟɟɞˊɑŬ ůŰɞ ŮˊɑˊŮŭɞ Űɖɠ ŭɘŬŰɞɛɐɠ 

ŪŮɤɟŮɑŰŬɘ ˊɟɘůɛŬŰɘəɐ ŭɞəɧɠ ɛɐəɞɡɠ L, ŰɡɢɧɜŰɞɠ ůɢɐɛŬŰɞɠ ůɨɜɗŮŰɖɠ ŭɘŬŰɞɛɐɠ ˊɞɡ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɡɚɘəɎ ůŮ ŮˊŬűɐ, əŬɗɏɜŬ Ŭˊɧ ŰŬ ɞˊɞɑŬ ˊŮɟɘɓɎɚɚɞɜŰŬɘ Ŭˊɧ ɏɜŬ 

ˊŮˊŮɟŬůɛɏɜɞ Ŭɟɘɗɛɧ ˊɟɞůɗɖəɩɜ (ŰɟɨˊŮɠ). ɇŬ ɡɚɘəɎ, ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ 

ŬˊɚɎ ɐ ˊɞɚɚŬˊɚɎ ŮɜɤɛɏɜŬ ůɨɜɞɚŬ 
mW ( 1,2,...,m M= ) ůŰɞ ŮˊɑˊŮŭɞ yz ŮɑɜŬɘ 

ůŰŬɗŮɟɎ ůɡɜŭŮŭŮɛɏɜŬ ɛŮŰŬɝɨ Űɞɡɠ əŬɘ ɗŮɤɟɞɨɜŰŬɘ ɞɛɞɔŮɜɐ ɘůɧŰɟɞˊŬ əŬɘ ɔɟŬɛɛɘəɎ 

ŮɚŬůŰɘəɎ ɛŮ ɛɏŰɟɞ ŮɚŬůŰɘəɧŰɖŰŬɠ 
mE , ɛɏŰɟɞ ŭɘɎŰɛɖůɖɠ mG  əŬɘ ɛɏŰɟɞ Poisson 

mn . 

ɆɢŮŰɘəɎ ɛŮ ŰŬ ůɨɜɞɟŬ ɛɖ ŭɘŬůŰŬɡɟɞɨɛŮɜɤɜ ůɡɜɧɚɤɜ 
mW  ŭɖɚɩɜɞɜŰŬɘ Ŭˊɧ Űɞ 

mW
G  (

1,2,...,m M= ). ȷɡŰɏɠ ɞɘ ůɡɜɞɟɘŬəɏɠ əŬɛˊɨɚŮɠ ŮɑɜŬɘ əŬŰɎ ŰɛɐɛŬŰŬ ɞɛŬɚɏɠ (ˊ.ɢ. 

ɏɢɞɡɜ ɏɜŬɜ ˊŮˊŮɟŬůɛɏɜɞ Ŭɟɘɗɛɧ Ŭˊɧ ɔɤɜɑŮɠ ). ɆŰɞ ɆɢɐɛŬ 2.2, CXYZ  ŮɑɜŬɘ Űɞ ɓŬůɘəɧ 

ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ ɔɘŬ əɎɛɣɖ ɏɢɞɜŰŬɠ ůŰɖɜ ŭɘŬŰɞɛɐ ɤɠ əŮɜŰɟɞŮɘŭɐ Űɞ ůɖɛŮɑɞ 

C, Ůɜɩ 
Cy , 

Cz  ŮɑɜŬɘ ɞɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɞɡ ůŮ ůɢɏůɖ ɛŮ Űɞ ůɨůŰɖɛŬ Sxyz ɏɢɞɜŰŬɠ ɤɠ 

əɏɜŰɟɞ ůŰɟɞűɐɠ Űɞ ůɖɛŮɑɞ S. 

Ɇô ŬɡŰɐ Űɖɜ űɎůɖ ɗŮɤɟŮɑŰŬɘ ɧŰɘ ɖ ŭɞəɧɠ ŮɑɜŬɘ ŬűɧɟŰɘůŰɖ ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ əŬɘ 

ŰɡɢŬɑŬ əŬŰŬɜɞɛɐ ŰɎůŮɤɜ ŮűŬɟɛɧɕŮŰŬɘ ɛɧɜɞ ůŰɖɜ ŬəɟŬɑŬ ŭɘŬŰɞɛɐ. ɀŮ ůəɞˊɧ ɜŬ 

ɡˊɞɚɞɔɘůŰɞɨɜ ɞɘ Ůˊɘɟɟɞɏɠ Ŭˊɧ Űɘɠ ůŰɖɟɑɝŮɘɠ, ɖ ˊŬɟŬŭɞɢɐ ɧŰɘ ɖ ŭɘŬŰɞɛɐ ůŰɖ ůŰɐɟɘɝɖ 

ŮɑɜŬɘ ˊŮɟɘɞɟɘůɛɏɜɖ ɛɧɜɞ ɔɘŬ Űɘɠ əɘɜɐůŮɘɠ Űɞɡ ůŰŮɟŮɞɨ ůɩɛŬŰɞɠ (ˊ.ɢ. ɛŮŰŬəɘɜɐůŮɘɠ 
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ɚɧɔɤ ůŰɟɏɓɚɤůɖɠ əŬɘ ŭɘŬůŰɟɏɓɚɤůɖɠ ŭŮɜ ˊŮɟɘɞɟɑɕɞɜŰŬɘ) ŬɜŬɘɟŮɑŰŬɘ. ɆɡɜŮˊɩɠ 

ŮəɗŮŰɘəɎ ɛŮɘɞɨɛŮɜŮɠ ɛŮŰŬəɘɜɐůŮɘɠ ɚɧɔɤ ůŰɟɏɓɚɤůɖɠ əŬɘ ŭɘŬůŰɟɏɓɚɤůɖɠ ůɡɛɓŬɑɜɞɡɜ 

ůŰɖ ŭɘŬŰɞɛɐ əɞɜŰɎ ůŰɖɜ ůŰɐɟɘɝɖ Űɞɡ ˉ́ ˇʲˈ˂ˇˎΦ  
 

  

 

 

y                   
1 1,  E G  S 

       
Cz      C  

Y    
Cy  

Wm
   ,  m mE G  

  

Z  z  
ȺɘəɧɜŬ 4.2: ɆɨɜɗŮŰɖ ˊɟɘůɛŬŰɘəɐ ŭɘŬŰɞɛɐ ɛŮ ŭɘŭɘɎůŬŰŮɠ ˊŮɟɘɞɢɏɠ ɋ 

 
 

ɈɘɞɗŮŰɩŰŬɠ Űɖɜ Ůˊɘɟɟɞɐ Ŭˊɧ ŰŬ ɎəɟŬ Űɖɠ ŭɞəɞɨ ŭɘŬŰɡˊɩɜŮŰŬɘ ɏɜŬ ˊɟɧɓɚɖɛŬ ɔɘŬ Űɖɜ 

ŬɜɎɚɡůɖ Űɖɠ ŭɘŬŰɞɛɐɠ. ɇɞ ˊŮŭɑɞ ɛŮŰŬŰɞˊɑůŮɤɜ ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ Űɘɠ ŬəɧɚɞɡɗŮɠ 

ŮɝɘůɩůŮɘɠ: 

 

( ) ( ) ( ) () () () () ( )
əɘɜɐůŮɘɠ ůŰŮɟŮɞɨ ůɩɛŬŰɞɠ ůŰɟɏɓɚɤůɖ

, , , , , , Ŭ ,RB res Y Zu x y z u x y z u x y z u x x Z x Y x y zq q= + = + - + F 

 (4.2Ŭ) 

( ) ( ) ( ) () () ()( )
əɘɜɐůŮɘɠ ůŰŮɟŮɞɨ ůɩɛŬŰɞɠŭɘŬůŰɟɏɓɚɤůɖ

,, , , , , , Ŭ ,RB res x xv x y z v x y z v x y z v x z x x V y zq= + = - +  

 (4.2ɓ) 

( ) ( ) ( ) () () () ( )RB res x ,x

əɘɜɐůŮɘɠ ůŰŮɟŮɞɨ ůɩɛŬŰɞɠŭɘŬůŰɟɏɓɚɤůɖ

w x,y,z =w x,y,z +w x,y,z = w x +yq x +Ŭ x W y,z 

 (4.2ɔ)

  

ɀŮ ɓɎůɖ Űɘɠ ŮɝɘůɩůŮɘɠ Űɖɠ ɗŮɤɟɑŬ ŮɚŬůŰɘəɧŰɖŰŬɠ ˊɟɞəɨˊŰɞɡɜ ɞɘ ˊŬɟŬəɎŰɤ 

ŮɝɘůɩůŮɘɠ, ɞɘ ɞˊɞɑŮɠ ŭɘɏˊɞɡɜ Űɞ ˊɟɧɓɚɖɛŬ: 

 

() ( )( ) ( )()2 2 2 2 0cx

m m m m mm m m
c c em m l m l -è øÐ F + + ÐÖ + + F =ê úU  

  (4.3Ŭ) 

() ( )( ) ( )( ) ()2 3

,,
0cx

m m m m m y mm m y mm
c V c c c V em m l m l m -è øÐ + + ÐÖ + + F + =
ê ú

U  

(4.3ɓ) 
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( ) ( )( ) ( )( ) ( )2 3

,,
0cx

m m m m m z mm m z mm
c W c c c W em m l m l m -è øÐ + + ÐÖ + + F + =
ê ú

U  

 (4.3ɔ)

  

ũɘŬ ɜŬ ɘůɢɨŮɘ Űɞ ˊŬɟŬˊɎɜɤ ůɨůŰɖɛŬ ɔɘŬ əɎɗŮ Űɛɐ Űɞɡ x, ˊɟɏˊŮɘ ɜŬ ɘəŬɜɞˊɞɘɞɨɜŰŬɘ ɞɘ 

ŬəɧɚɞɡɗŮɠ ŮɝɘůɩůŮɘɠ: 
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c
m l m l

m m

è ø+ +
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ɇɞ ůɨůŰɖɛŬ ŬɡŰɧ ɏɢŮɘ Űɘɠ ŬəɧɚɞɡɗŮɠ ůɡɜɞɟɘŬəɏɠ ůɡɜɗɐəŮɠ: 
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()( ) ()( )
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t t
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W W

ë =    ÍG    =î
ì
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W
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ì

=-  ÍG ÇG   =   ¸îí
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()( )

()( ) ()( )

0  , 1,2,...,
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m
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fr

zn m

int int

zn znm n

s s m M

s s s m n M m n

t

t t

W

W W

ë =    ÍG    =î
ì

=-  ÍG ÇG   =   ¸îí

 (4.5ɔ) 

 

ȷəɞɚɞɨɗɤɠ, ŮűŬɟɛɧɕɞɜŰŬɠ əŬŰɎɚɚɖɚɖ ŭɘŬəɟɘŰɞˊɞɑɖůɖ ůŰɖ ŭɘŬŰɞɛɐ, ɞɘ ůɡɜɞɟɘŬəɏɠ 

ůɡɜɗɐəŮɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɞŭɖɔɞɨɜ ůŰɖ ŭɘŬŰɨˊɤůɖ Űɞɡ ɔŮɜɘəŮɡɛɏɜɞɡ ˊɟɞɓɚɐɛŬŰɞɠ 

ůɡɜɞɟɘŬəɩɜ Űɘɛɩɜ Űɖɠ ɛɞɟűɐɠ: 

 AW = c2BW (4.6) 
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ɧ́ ɞɡ ȷ, ȸ ŮɑɜŬɘ ŰŬ ɔɜɤůŰɎ ɛɖŰɟɩŬ ůɡɜŰŮɚŮůŰɩɜ ŰŬ ɞˊɞɑŬ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɖ 

ŭɘŬəɟɘŰɞˊɞɑɖůɖ əŬɘ c2W = [ū U]T ŮɑɜŬɘ ɔŮɜɘəŮɡɛɏɜŮɠ Űɘɛɏɠ ɘŭɘɞŰɘɛɐɠ əŬɘ 

ɘŭɘɞŭɘŬɜɨůɛŬŰɞɠ Űɤɜ ɛɖŰɟɩɤɜ ȷ əŬɘ ȸ ŬɜŰɑůŰɞɘɢŬ. ȼ ɚɨůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ 

ɘŭɘɞŰɘɛɐɠ ˊŬɟɎɔŮɘ Ɂ ɘŭɘɞŰɘɛɏɠ ci
2 ɛŮ ŰŬ ŬɜŰɑůŰɞɘɢŬ ɘŭɘɞŭɘŬɜɨůɛŬŰŬ Wi(i=1,é,N) ŰŬ 

ɞˊɞɑŬ ŬˊɞŰŮɚɞɨɜ ɛɑŬ ɓɎůɖ Ŭˊɧ ɛɞɟűɏɠ ˊŬɟŬɛɧɟűɤůɖɠ Űɖɠ ŭɘŬŰɞɛɐɠ əŬŰɎɚɚɖɚɖ ɔɘŬ 

Űɖɜ ŬɜɎɚɡůɖ ŭɘŬůŰɟɏɓɚɤůɖɠ Űɤɜ ŭɞəɩɜ. 

 

4.4.2 ȾŬɗɞɚɘəɐ ɘůɞɟɟɞˊɑŬ 

ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ŬɜɎɚɡůɖ Űɖɠ ŭɘŬŰɞɛɐɠ  ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŰɞ ůɢɐɛŬ ŭɘŬŭɞɢɘəɐɠ 

ɘůɞɟɟɞˊɑŬɠ ɛˊɞɟɞɨɜ ɜŬ  ˊɟɞəɨɣɞɡɜ  ɛɞɟűɏɠ ŭɘŬůŰɟɏɓɚɤůɖɠ ɚɧɔɤ əɎɛɣɖɠ əŬɘ 

ůŰɟɏɣɖɠ, ɖ ŬɜɎɚɡůɖ Űɖɠ ŭɞəɞɨ ɛŮ Ůˊɘɟɟɞɐ ŭɘŬůŰɟɏɓɚɤůɖɠ ɛˊɞɟŮɑ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ. Ɇô ŬɡŰɐɜ Űɖɜ ˊŮɟɑˊŰɤůɖ, ɞɘ ɡˊɞɗɏůŮɘɠ ˊɞɡ ɗŮɤɟɐɗɖəŬɜ ůŰɖɜ Ŭɟɢɐ 

Űɖɠ ŮɜɧŰɖŰŬɠ 4.4.1 ɛˊɞɟɞɨɜ ɜŬ ɔŮɜɘəŮɡŰɞɨɜ ɏŰůɘ ɩůŰŮ ɜŬ ɛɖɜ ŮűŬɟɛɞůŰŮɑ əŬɜɏɜŬɠ 

ˊŮɟɘɞɟɘůɛɧɠ ɧůɞɜ ŬűɞɟɎ Űɞɜ Űɟɧˊɞ Űɖɠ ůŰɐɟɘɝɖɠ əŬɘ Űɖɠ űɧɟŰɘůɖɠ.  

ȼ ŭɞəɧɠ ɛˊɞɟŮɑ ɜŬ ɡűɑůŰŬŰŬɘ ůŮ ɏɜŬ ůɡɜŭɡŬůɛɧ ŭɟɎůŮɤɜ Ŭˊɧ ŰɡɢŬɑŮɠ əŬŰŬɜŮɛɖɛɏɜŮɠ 

ɐ ůɡɔəŮɜŰɟɤɛɏɜŮɠ Ŭɝɞɜɘəɏɠ űɞɟŰɑůŮɘɠ : ( )x xp p X  əŬŰɎ Űɖɜ ŭɘŮɨɗɡɜůɖ X , ŮɔəɎɟůɘŬ 

űɞɟŰɑŬ : ( )y yp p x  əŬɘ : ( )z zp p x əŬŰɎ Űɘɠ ŭɘŮɡɗɨɜůŮɘɠ y ,z  ŬɜŰɑůŰɞɘɢŬ, ůŰɟŮˊŰɘəɏɠ 

ɟɞˊɏɠ : ( )t tm m x  ˊŮɟɑ Űɖɠ ŭɘŮɨɗɡɜůɖɠ x, ɟɞˊɏɠ ɚɡɔɘůɛɞɨ : ( )Y Ym m x , : ( )Z Zm m x  

ˊŮɟɑ Űɤɜ ŭɘŮɡɗɨɜůŮɤɜ Y , Z  ,ŬɜŰɑůŰɞɘɢŬ , ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ɟɞˊɏɠ ɚɧɔɤ ůŰɟɏɓɚɤůɖɠ 

: ( )P P
S S

m m x , : ( )S S
S S

m m x , : ( )P P
CY CY

m m x ,           : ( )P P
CZ CZ

m m x  əŬɘ 

ŬɜɩŰŮɟŮɠ ɟɞˊɏɠ : ( )P P
Dx Dxm m x , : ( )S S

Dx Dxm m x , : ( )P P
DY DYm m x ,  : ( )S S

DY DYm m x ,  

: ( )P P
DZ DZm m x , : ( )S S

DZ DZm m x  ɞɘ ɞˊɞɑŮɠ ůŮ ɧŰɘ ŬəɞɚɞɡɗŮɑ ɛˊɞɟŮɑ ɜŬ ŬɜŬűŮɟɗɞɨɜ 

əŬɘ ɤɠ ɟɞˊɏɠ ŭɘŬůŰɟɏɓɚɤůɖɠ ˊɞɡ ɗŬ ɞɟɘůŰɞɨɜ ůŰɖɜ ŮˊɧɛŮɜɖ ŮɜɧŰɖŰŬ. Ƀɘ ˊŬɟŬˊɎɜɤ 

űɞɟŰɑůŮɘɠ ůɡɛɓŬɑɜɞɡɜ ɤɠ ŬˊɞŰɏɚŮůɛŬ ŰɡɢŬɑɤɜ əŬŰŬɜŮɛɖɛɏɜɤɜ ŭɘŬɜɡůɛɎŰɤɜ ŰɎůŮɤɠ 
T

x y zt t tt ˊɎɜɤ ůŰɖ ˊŬɟɎˊɚŮɡɟɖ ŮˊɘűɎɜŮɘŬ Űɖɠ ŭɞəɞɨ (ȺɘəɧɜŬ 4.3) . 
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ȺɘəɧɜŬ 4.3: ɆɨɜɗŮŰɖ ˊɟɘůɛŬŰɘəɐ ŭɞəɧɠ ɡˊɧ ŰɡɢŬɑŮɠ əŬŰŬɜŮɛɖɛɏɜŮɠ ŰɎůŮɘɠ 
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Ɉ ɧ́ Űɖɜ ŮˊɐɟŮɘŬ Űɖɠ ˊŬɟŬˊɎɜɤ ɔŮɜɘəɐɠ űɧɟŰɘůɖɠ əŬɘ Űɤɜ ˊɘɗŬɜɩɜ ˊŮɟɘɞɟɘůɛɩɜ, ɖ 

ŭɞəɧɠ ɞŭɖɔŮɑŰŬɘ ůŮ əɎɛɣɖ əŬɘ /ɐ ůŰɟɏɣɖ ůɡɜɞŭŮɡɧɛŮɜŬ Ŭˊɧ Űɖɜ ŬɜɎˊŰɡɝɖ  

ˊŬɟŬɛɞɟűɩůŮɤɜ ɚɧɔɤ ůŰɟɏɓɚɤůɖɠ əŬɘ ŭɘŬůŰɟɏɓɚɤůɖɠ. ɆŰŬ ˊɚŬɑůɘŬ Űɤɜ ˊŬɟŬˊɎɜɤ, 

ɞɘ ůɡɜɘůŰɩůŮɠ ɛŮŰŬəɑɜɖůɖɠ ůŮ ɏɜŬ ŰɡɢŬɑɞ ůɖɛŮɑɞ Űɖɠ ŭɞəɞɨ ŭɑɜŮŰŬɘ ɧˊɤɠ ˊŬɟŬəɎŰɤ: 

 

( ) ( ) ( ) () () () () ( )
ˊɟɤŰɞɔŮɜŮɑɠ ŭɘŬɛɐəŮɘɠ ɛŮŰŬəɘɜɐ

P

ůŮɘ

P
Y Z x

ɠ

S
Su x, y,z u x, y,z u x, y,z u x x Z x Y x y,z= + = +q -q +h j + 

 () ( ) () ( ) () ( )
ŭŮɡŰŮɟɞɔŮɜŮɑɠ ŭɘŬɛɐəŮɘɠ ɛŮŰŬ

P P S
Y CY Z CZ x S

əɘɜɐůŮɘɠ

x y,z x y,z x y,z+h j +h j +x j (4.7Ŭ) 

 

 ( ) () () () ( ) () ( ) () ( )
ŮɔəɎɟůɘŮɠ ɛŮŰŬəɘɜɐůŮɘɠ ŮɝŬɘŰ

P P P
x

ɑŬɠ Űɖɠ ŭɘ

x S Y CY

ŬůŰɟɏɓɚɤ

Z C

ůɖɠ

Zv x, y,z v x z x x v y,z x v y,z x v y,z= - q +z +z +z + 

 () ( ) () ( ) () ( )
ŮɔəɎɟůɘŮɠ ɛŮŰŬəɘɜɐůŮɘɠ ŮɝŬɘŰɑŬɠ Űɖɠ ŭɘŬůŰ

S S S
x S Y

ɟɏɓɚɤů

CY Z

ɖɠ

CZx v y,z x v y,z x v y,z+l +l +l  (4.7ɓ) 

  

( ) () () () ( ) () ( ) () ( )
ŮɔəɎɟůɘŮɠ ɛŮŰŬəɘɜɐůŮɘɠ ŮɝŬɘŰ

P P P
x

ɑŬɠ Űɖɠ ŭɘ

x S Y CY

ŬůŰɟɏɓɚɤ

Z C

ůɖɠ

Zw x, y,z w x y x x w y,z x w y,z x w y,z= + q +z +z +z + 

 () ( ) () ( ) () ( )
ŮɔəɎɟůɘŮɠ ɛŮŰŬəɘɜɐůŮɘɠ ŮɝŬɘŰɑŬɠ Űɖɠ ŭɘŬůŰɟ

S S S
x S Y CY Z C

ɏɓɚɤ ɠ

Z

ůɖ

x w y,z x w y,z x w y,zl +l +l  (4.7ɔ) 

 

 ɧˊɞɡ : , ,u u x y z , : , ,v v x y z , : , ,w w x y z  ŮɑɜŬɘ ɞɘ Ŭɝɞɜɘəɏɠ əŬɘ ŮɔəɎɟůɘŮɠ 

ůɡɜɘůŰɩůŮɠ ɛŮŰŬəɘɜɐůŮɤɜ ůŮ ůɢɏůɖ ɛŮ Űɞ ůɨůŰɖɛŬ ŬɝɧɜɤɜSxyz,Ůɜɩ 

: , ,P Pu u x y z , : , ,S Su u x y z  ŭɖɚɩɜŮɘ Űɘɠ ˊɟɤŰɞɔŮɜŮɑɠ əŬɘ Űɘɠ ŭŮɡŰŮɟɞɔŮɜŮɑɠ 

ŭɘŬɛɐəŮɘɠ ɛŮŰŬəɘɜɐůŮɘɠ ŬɜŰɑůŰɞɘɢŬ. Ⱥˊɘˊɚɏɞɜ, :v v x , :w w x  ˊŮɟɘɔɟɎűɞɡɜ  Űɖɜ 

ŮəŰɟɞˊɐ Űɞɡ əɏɜŰɟɞɡ ůŰɟɞűɐɠ S, Ůɜɩ :u u x  ŭɖɚɩɜŮɘ óŰɖ ɛɏůɖô Ŭɝɞɜɘəɐ 

ɛŮŰŬəɑɜɖůɖ Űɖɠ ŭɘŬŰɞɛɐɠ. :Y Y x , :Z Z x  ŮɑɜŬɘ ɞɘ ɔɤɜɑŮɠ ˊŮɟɘůŰɟɞűɐɠ əŬŰɎ 

ɛɐəɞɠ Űɤɜ əŮɜŰɟɞŮɘŭɐ Ŭɝɧɜɤɜ  Y , Z,ŬɜŰɑůŰɞɘɢŬ. :x x x , :x x x  ŮɑɜŬɘ ɞɘ 

ŬɜŮɝɎɟŰɖŰɞɘ ˊŬɟɎɛŮŰɟɞɘ ůŰɟɏɓɚɤůɖɠ ˊɞɡ ŮɘůɎɔɞɜŰŬɘ ɔɘŬ ɜŬ ˊŮɟɘɔɟɎɣɞɡɜ Űɖɜ ɛɖ 

ɞɛɞɘɧɛɞɟűɖ əŬŰŬɜɞɛɐ ˊɟɤŰɞɔŮɜɞɨɠ əŬɘ ŭŮɡŰŮɟɞɔŮɜɞɨɠ ůŰɟŮˊŰɘəɐɠ ůŰɟɏɓɚɤůɖɠ Ůɜɩ 

:Y Y x , :Z Z x  ŮɑɜŬɘ ɞɘ ŬɜŮɝɎɟŰɖŰɞɘ ˊŬɟɎɛŮŰɟɞɘ ůŰɟɏɓɚɤůɖɠ ˊɞɡ ŮɘůɎɔɞɜŰŬɘ 

ɔɘŬ ɜŬ ˊŮɟɘɔɟɎɣɞɡɜ Űɖɜ ɛɖ ɞɛɞɘɧɛɞɟűɖ əŬŰŬɜɞɛɐ Űɖɠ ˊɟɤŰɞɔŮɜɞɨɠ ůŰɟɏɓɚɤůɖɠ 

ŮɝŬɘŰɑŬɠ Űɖɠ ŭɘɎŰɛɖůɖɠ, : ,P P
S S y z  ŮɑɜŬɘ ɖ ˊɟɤŰɞɔŮɜɐɠ  əŬɘ : ,S S

S S y z  ɖ 

ŭŮɡŰŮɟɞɔŮɜɐ ůɡɜɎɟŰɖůɖ ůŰɟŮˊŰɘəɐɠ ůŰɟɏɓɚɤůɖɠ ůŮ ůɢɏůɖ ɛŮ Űɞ əɏɜŰɟɞ ůŰɟɞűɐɠ S , 
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Ůɜɩ  : ,P P
CY CY y z , : ,P P

CZ CZ y z  ŮɑɜŬɘ ɞɘ ŬɜŰɑůŰɞɘɢŮɠ ˊɟɤŰɞɔŮɜŮɑɠ ůɡɜŬɟŰɐůŮɘɠ 

ůŰɟɏɓɚɤůɖɠ ɚɧɔɤ ŭɘɎŰɛɖůɖɠ ůŮ ůɢɏůɖ ɛŮ Űɖɜ əŮɜŰɟɞŮɘŭɐ C .  

ȷəɞɚɞɡɗɩɜŰŬɠ Űɖɜ ɑŭɘŬ ɘŭɏŬ :x x x , :x x x  ŮɑɜŬɘ ɞɘ ŬɜŮɝɎɟŰɖŰɞɘ ˊŬɟɎɛŮŰɟɞɘ 

ŭɘŬůŰɟɏɓɚɤůɖɠ ˊɞɡ ŮɘůɎɔɞɜŰŬɘ ɔɘŬ ɜŬ ˊŮɟɘɔɟɎɣɞɡɜ Űɖɜ ɛɖ ɞɛɞɘɧɛɞɟűɖ əŬŰŬɜɞɛɐ 

ɚɧɔɤ ůŰɟɏɣɖɠ (ˊɟɤŰɞɔŮɜɐ əŬɘ ŭŮɡŰŮɟɞɔŮɜɐ ŬɜŰɑůŰɞɘɢŬ) əŬɘ :Y Y x , :Y Y x , 

:Z Z x , :Z Z x  ŮɑɜŬɘ ɞɘ ŬɜŮɝɎɟŰɖŰɞɘ ˊŬɟɎɛŮŰɟɞɘ ŭɘŬůŰɟɏɓɚɤůɖɠ ˊɞɡ 

ŮɘůɎɔɞɜŰŬɘ ɔɘŬ ɜŬ ˊŮɟɘɔɟɎɣɞɡɜ Űɖɜ ɛɖ ɞɛɞɘɧɛɞɟűɖ əŬŰŬɜɞɛɐ Űɖɠ ŭɘŬůŰɟɏɓɚɤůɖɠ 

ɚɧɔɤ əɎɛɣɖɠ (ˊɟɤŰɞɔŮɜɐ əŬɘ ŭŮɡŰŮɟɞɔŮɜɐ ŬɜŰɑůŰɞɘɢŬ), : ,i i
S Sv v y z , : ,i i

S Sw w y z , 

: ,i i
CY CYv v y z , : ,i i

CY CYw w y z , : ,i i
CZ CZv v y z , : ,i i

CZ CZw w y z  ( ,i P S ) 

ŮɑɜŬɘ ɞɘ ůɡɜɘůŰɩůŮɠ Űɤɜ ŭɘŬɜɡůɛɎŰɤɜ Űɤɜ ůɡɜŬɟŰɐůŮɤɜ ŭɘŬůŰɟɏɓɚɤůɖɠ i
Su , i

CYu , 

i
CZu  ( ,i P S ). 

ũɘŬ Űɖ ŭɘŬŰɨˊɤůɖ Űɖɠ ŭɘŬűɞɟɘəɐɠ Ůɝɑůɤůɖɠ ɘůɞɟɟɞˊɑŬɠ ɢɟɖůɘɛɞˊɞŮɑŰŬɘ ɖ Ŭɟɢɐ Űɤɜ 

ŭɡɜŬŰɩɜ ɏɟɔɤɜ:  

 

 T T

V F
U W dV dFd d d d=    Ý   =  ñ ñe s u t  (4.8) 

ɧˊɞɡ ŭ() ŭɖɚɩɜŮɘ ŭɡɜŬŰɏɠ ˊɞůɧŰɖŰŮɠ, t ŮɑɜŬɘ Űɞ ŭɘɎɜɡůɛŬ ŰɎůŮɤɜ ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ 

ůŰɖɜ ˊŬɟɎˊɚŮɡɟɖ ŮˊɘűɎɜŮɘŬ Űɖɠ ŭɞəɞɨ ůɡɛˊŮɟɘɚŬɛɓɎɜɞɜŰŬɠ Űɘɠ ŬəɟɘŬɜɏɠ ŭɘŬŰɞɛɏɠ, 

ˊɞɡ ŭɖɚɩɜɞɜŰŬɘ Ŭˊɧ Űɞ F Ůɜɩ Űɞ V ŮɑɜŬɘ ɞ ɧɔəɞɠ Űɖɠ ŭɞəɞɨ. 
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5. ȷɟɘɗɛɖŰɘəɏɠ ŮűŬɟɛɞɔɏɠ ɛŮ ɢɟɐůɖ ɗŮɤɟɘɩɜ ŭɞəɞɨ ŬɜɩŰŮɟɖɠ 

ŰɎɝɖɠ 
 

ȼ ŭŮɨŰŮɟɖ Ůˊɑɚɡůɖ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮ Űɖ ɢɟɐůɖ əɩŭɘəŬ 

ɔɟŬɛɛɏɜɞɡ ůŮ ɔɚɩůůŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ Fortran. ɇɞ ˊɟɧɔɟŬɛɛŬ ŬɡŰɧ ɚŬɛɓɎɜŮɘ 

ɡˊɧɣɘɜ Űɘɠ ˊŬɟŬɛɞɟűɩůŮɘɠ ŮɜŰɧɠ əŬɘ ŮəŰɧɠ Űɞɡ Ůˊɘˊɏŭɞɡ Űɖɠ ŭɘŬŰɞɛɐɠ, ŭɖɚŬŭɐ Űɖ 

ůŰɟɏɓɚɤůɖ əŬɘ Űɖ ŭɘŬůŰɟɏɓɚɤůɖ, ůɨɛűɤɜŬ ɛŮ Űɘɠ ŮɝɘůɩůŮɘɠ ˊɞɡ ˊŬɟɞɡůɘɎůŰɖəŬɜ 

ůŰɖɜ ˊɟɞɖɔɞɨɛŮɜɖ ŮɜɧŰɖŰŬ. ȿŮɘŰɞɡɟɔŮɑ ɛŮ ɛɞɜɞŭɘɎůŰŬŰŬ ůŰɞɘɢŮɑŬ əŬɘ ˊɟɞůűɏɟŮɘ 

ɛŮɔɎɚɖ ŮɡɢɏɟŮɘŬ ůŰɞɜ ɞɟɘůɛɧ ůɡɜɞɟɘŬəɩɜ ůɡɜɗɖəɩɜ əŬɘ űɧɟŰɘůɖɠ. ȷˊŬɘŰŮɑ Űɖ ɢɟɐůɖ 

əŬŰɎɚɚɖɚɞɡ ˊɚɏɔɛŬŰɞɠ, Űɞ ɞˊɞɑɞ ɛŮ ˊɟɞəɨˊŰŮɘ əŬŰɧˊɘɜ ŭɞəɘɛɩɜ. 

Ƀɘ ŬɜŬɚɨůŮɘɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ɛŮ ŬɡŰɧ ŮɑɜŬɘ ɔɟŬɛɛɘɘəɏɠ Űɧůɞ ɤɠ ˊɟɞɠ Űɖ 

ɔŮɤɛŮŰɟɑŬ, ɧůɞ əŬɘ ɤɠ ˊɟɞɠ Űɞ ɡɚɘəɧ. ȼ ɨˊŬɟɝɖ Ŭɟɢɘəɩɜ ŬŰŮɚŮɘɩɜ ŭŮ ɚŬɛɓɎɜŮŰŬɘ 

ɡˊɧɣɘɜ. ɇŬ ˊɟɞůɞɛɞɘɩɛŬŰŬ ˊɞɡ ŮɝŮŰɎůŰɖəŬɜ ŮɑɜŬɘ ŰŬ ɑŭɘŬ ɛŮ ŬɡŰɎ ˊɞɡ ŮɝŮŰɎůŰɖəŬɜ 

ɛŮ Űɖ ɢɟɐůɖ ɡűɘůŰɎɛŮɜɞɡ ɚɞɔɘůɛɘəɞɨ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ 

ˊŬɟoɡůɘɎɕɞɜŰŬɘ ůŰɘɠ ŮˊɧɛŮɜŮɠ ɡˊɞŮɜɧŰɖŰŮɠ. ɆŰɧɢɞɠ Űɤɜ ŬɜŬɚɨůŮɤɜ ŬɡŰɩɜ ŮɑɜŬɘ ɜŬ 

ŮˊɘɓŮɓŬɘɤɗŮɑ ɖ ɞɟɗɧŰɖŰŬ Űɞɡ ɚɞɔɘůɛɘəɞɨ ŬɡŰɞɨ ɛɏůɤ Űɞɡ ɡűɘůŰɎɛŮɜɞɡ ɚɞɔɘůɛɘəɞɨ 

ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ, əŬɗɩɠ Űɞ ˊɟɩŰɞ ˊɟɞŬűɏɟŮɘ ɧɚŬ ŰŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɖɠ 

ŬɜɎɚɡůɖɠ ɛŮ ɟŬɓŭɧɛɞɟűŬ ůŰɞɘɢŮɑŬ ˊɞɡ ŬɜŬɚɨɗɖəŬɜ ůŰɞ ˊɟɞɖɔɞɨɛŮɜɞ ȾŮűɎɚŬɘɞ. 

 

 

ȺɘəɧɜŬ 5.1: ȹɖɛɘɞɡɟɔɑŬ ˊɚɏɔɛŬŰɞɠ ɔɘŬ Űɞ ˊɟɧɔɟŬɛɛŬ ˊɞɡ ɓŬůɑɕŮŰŬɘ ůŮ ɗŮɤɟɑŮɠ ŭɞəɞɨ ŬɜɩŰŮɟɖɠ ŰɎɝɖɠ 

 

5.1 ȷɜɞɘɢŰɏɠ ŭɘŬŰɞɛɏɠ 

5.1.1 ȺɡɗɨɔɟŬɛɛɖ ůɨɛɛɘəŰɖ ɔɏűɡɟŬ ŬɜɞɘɢŰɐɠ ŭɘŬŰɞɛɐɠ ɛɐəɞɡɠ 50m 

ũɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ŮɡɗɨɔɟŬɛɛɖɠ ɔɏűɡɟŬɠ ŬɜɞɘəŰɐɠ ŭɘŬŰɞɛɐɠ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ 

ˊɟɞůɞɛɞɘɩɛŬŰŬ Űɧůɞ ɛŮ ɧůɞ əŬɘ ɢɤɟɑɠ ŭɘŬűɟɎɔɛŬŰŬ. ɆɡɔəŮəɟɘɛɏɜŬ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ 

ˊɟɞůɞɛɞɘɩɛŬŰŬ ɛŮ 2, 3, 5, 7 əŬɘ 9 ŭɘŬűɟɎɔɛŬŰŬ. ɆŮ əɎɗŮ ɛɑŬ Ŭˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ 
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ˊŮɟɘˊŰɩůŮɘɠ ŰŬ ŭɘŬűɟɎɔɛŬŰŬ ŰɞˊɞɗŮŰɐɗɖəŬɜ ůŮ ɑůŮɠ ɛŮŰŬɝɨ Űɞɡɠ ŬˊɞůŰɎůŮɘɠ. ɆŰɞ 

ȹɘɎɔɟŬɛɛŬ 5.1 űŬɑɜŮŰŬɘ ɖ Ůˊɘɟɟɞɐ Űɖɠ ŰɞˊɞɗɏŰɖůɖɠ ŭɘŬűɟŬɔɛɎŰɤɜ ůŰɖɜ əŬŰŬəɧɟɡűɖ 

ɛŮŰŬŰɧˊɘůɖ dz Űɞɡ űɞɟɏŬ. ȺɑɜŬɘ ŮɛűŬɜɏɠ ɧŰɘ ɖ ŰɞˊɞɗɏŰɖůɖ ŭɘŬűɟŬɔɛɎŰɤɜ ŭŮɜ 

ŮˊɖɟŮɎɕŮɘ əŬɗɧɚɞɡ Űɖɜ Ŭˊɧəɟɘůɖ Űɞɡ űɞɟɏŬ ɔɘŬ ŬɡŰɏɠ Űɘɠ Űɘɛɏɠ Űɞɡ űɞɟŰɑɞɡ ůŮ 

ŮɡɗɡɔɟŬɛɛɑŬ. Ƀ əɧɛɓɞɠ ŬɜŬűɞɟɎɠ ɔɘŬ ɧɚŮɠ Űɘɠ ˊŬɟŬəɎŰɤ əŬɛˊɨɚŮɠ ŮɑɜŬɘ ŬɡŰɧɠ ˊɞɡ 

ɓɟɑůəŮŰŬɘ ůŰɞ ɛɏůɞɜ Űɞɡ űɞɟɏŬ əŬɘ ˊŬɟɞɡůɘɎɕŮɘ Űɖ ɛɏɔɘůŰɖ əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ 

dz. 

 

 

ȹɘɎɔɟŬɛɛŬ 5.1: Ⱥˊɘɟɟɞɐ ŰɞˊɞɗɏŰɖůɖɠ ŭɘŬűɟŬɔɛɎŰɤɜ ůŰɖɜ əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ dz 

 

5.1.2 ȾŬɛˊɨɚɖ ůɨɛɛɘəŰɖ ɔɏűɡɟŬ ŬɜɞɘɢŰɐɠ ŭɘŬŰɞɛɐɠ ɛɐəɞɡɠ 50m 

ũɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ əŬɛˊɨɚɖɠ ɔɏűɡɟŬɠ ŬɜɞɘəŰɐɠ ŭɘŬŰɞɛɐɠ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ 

ˊɟɞůɞɛɞɘɩɛŬŰŬ Űɧůɞ ɛŮ ɧůɞ əŬɘ ɢɤɟɑɠ ŭɘŬűɟɎɔɛŬŰŬ. ɆɡɔəŮəɟɘɛɏɜŬ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ 

ˊɟɞůɞɛɞɘɩɛŬŰŬ ɛŮ 2, 3, 5, 7 əŬɘ 9 ŭɘŬűɟɎɔɛŬŰŬ. ɆŮ əɎɗŮ ɛɑŬ Ŭˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ 

ˊŮɟɘˊŰɩůŮɘɠ ŰŬ ŭɘŬűɟɎɔɛŬŰŬ ŰɞˊɞɗŮŰɐɗɖəŬɜ ůŮ ɑůŮɠ ɛŮŰŬɝɨ Űɞɡɠ ŬˊɞůŰɎůŮɘɠ. ɆŰɞ 

ȹɘɎɔɟŬɛɛŬ 5.2 űŬɑɜŮŰŬɘ ɖ Ůˊɘɟɟɞɐ Űɖɠ ŰɞˊɞɗɏŰɖůɖɠ ŭɘŬűɟŬɔɛɎŰɤɜ ůŰɖɜ əŬŰŬəɧɟɡűɖ 

ɛŮŰŬŰɧˊɘůɖ dz Űɞɡ űɞɟɏŬ. ȺɑɜŬɘ ŮɛűŬɜɏɠ ɧŰɘ ɖ ŰɞˊɞɗɏŰɖůɖ Űɤɜ ŬəɟŬɑɤɜ 

ŭɘŬűɟŬɔɛɎŰɤɜ əŬɗɩɠ əŬɘ Űɞɡ ŭɘŬűɟɎɔɛŬŰɞɠ Űɖɠ ɛŮůůŬɑŬɠ ŭɘŬŰɞɛɐɠ ɛŮɘɩɜŮɘ Űɖɜ 

əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ Űɞɡ űɞɟɏŬ ůŮ ŬɝɘɞůɖɛŮɑɤŰɞ ˊɞůɞůŰɧ.  Ƀɛɞɑɤɠ ɖ ŮɘůŬɔɤɔɐ 5 

ŭɘŬűɟŬɔɛɎŰɤɜ ɏɢŮɘ ůɖɛŬɜŰɘəɐ Ůˊɘɟɟɞɐ ůŰɞɜ ˊŮɟɘɞɟɘůɛɧ Űɖɠ ɛŮŰŬəɑɜɖůɖɠ. ȷɜŰɑɗŮŰŬ, 

ɖ Ŭˊɧəɟɘůɖ Űɞɡ űɞɟɏŬ ɔɘŬ ŰɞˊɞɗɏŰɖůɖ 7 əŬɘ 9 ŭɘŬűɟŬɔɛɎŰɤɜ ˊŬɟɞɡůɘɎɕŮɘ ɢŬɛɖɚɐ 

Ŭˊɧəɚɘůɖ Ŭˊɧ ŬɡŰɐɜɔɘŬ 5 ŭɘŬűɟɎɔɛŬŰŬ. Ƀ əɧɛɓɞɠ ŬɜŬűɞɟɎɠ ɔɘŬ ɧɚŮɠ Űɘɠ ˊŬɟŬəɎŰɤ 

əŬɛˊɨɚŮɠ ŮɑɜŬɘ ŬɡŰɧɠ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰɞ ɛɏůɞɜ Űɞɡ űɞɟɏŬ əŬɘ ˊŬɟɞɡůɘɎɕŮɘ Űɖ 

ɛɏɔɘůŰɖ əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ dz. 
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ȹɘɎɔɟŬɛɛŬ 5.2: Ⱥˊɘɟɟɞɐ ŰɞˊɞɗɏŰɖůɖɠ ŭɘŬűɟŬɔɛɎŰɤɜ ůŰɖɜ əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ dz 

 

5.2 ȾɚŮɘůŰɏɠ ŭɘŬŰɞɛɏɠ 

5.2.1 ȺɡɗɨɔɟŬɛɛɖ ůɨɛɛɘəŰɖ ɔɏűɡɟŬ əɚŮɘůŰɐɠ ŭɘŬŰɞɛɐɠ ɛɐəɞɡɠ 50m 

Ƀɛɞɑɤɠ ɛŮ ŰŬ ˊɟɞŬɜŬűŮɟɗɏɜŰŬ, ɔɘŬ Űɖɜ ŮɡɗɨɔɟŬɛɛɖ ɔɏűɡɟŬ əɚŮɘůŰɐɠ ŭɘŬŰɞɛɐɠ 

ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ˊɟɞůɞɛɞɘɩɛŬŰŬ  ɢɤɟɑɠ əŬɘ ɛŮ 2, 3, 5, 7 əŬɘ 9 ŭɘŬűɟɎɔɛŬŰŬ, ůŮ ɑůŮɠ 

ɛŮŰŬɝɨ Űɞɡɠ ŬˊɞůŰɎůŮɘɠ. ɆŰɞ ȹɘɎɔɟŬɛɛŬ 5.3 űŬɑɜŮŰŬɘ ɖ Ůˊɘɟɟɞɐ Űɖɠ ŰɞˊɞɗɏŰɖůɖɠ 

ŭɘŬűɟŬɔɛɎŰɤɜ ůŰɞ űɞɟɏŬ. ȺɑɜŬɘ ŮɛűŬɜɏɠ ɧŰɘ ɖ ŰɞˊɞɗɏŰɖůɖ ŭɘŬűɟŬɔɛɎŰɤɜ ŭŮɜ 

ŮˊɖɟŮɎɕŮɘ əŬɗɧɚɞɡ Űɖɜ Ŭˊɧəɟɘůɖ Űɞɡ űɞɟɏŬ. Ƀ əɧɛɓɞɠ ŬɜŬűɞɟɎɠ ɓɟɑůəŮŰŬɘ ůŰɞ 

ɛɏůɞɜ Űɞɡ űɞɟɏŬ əŬɘ ˊŬɟɞɡůɘɎɕŮɘ Űɖ ɛɏɔɘůŰɖ əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ dz. 

 

 

ȹɘɎɔɟŬɛɛŬ 5.3: Ⱥˊɘɟɟɞɐ ŰɞˊɞɗɏŰɖůɖɠ ŭɘŬűɟŬɔɛɎŰɤɜ ůŰɖɜ əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ dz 
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5.2.2 ȾŬɛˊɨɚɖ ůɨɛɛɘəŰɖ ɔɏűɡɟŬ əɚŮɘůŰɐɠ ŭɘŬŰɞɛɐɠ ɛɐəɞɡɠ 50m 

ũɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ əŬɛˊɨɚɖɠ ɔɏűɡɟŬɠ əɚŮɘůŰɐɠ ŭɘŬŰɞɛɐɠ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ 

ˊɟɞůɞɛɞɘɩɛŬŰŬ Űɧůɞ ɛŮ ɧůɞ əŬɘ ɢɤɟɑɠ ŭɘŬűɟɎɔɛŬŰŬ. ɆɡɔəŮəɟɘɛɏɜŬ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ 

ˊɟɞůɞɛɞɘɩɛŬŰŬ ɛŮ 2, 3, 5, 7 əŬɘ 9 ŭɘŬűɟɎɔɛŬŰŬ. ɆŮ əɎɗŮ ɛɑŬ Ŭˊɧ Űɘɠ ˊŬɟŬˊɎɜɤ 

ˊŮɟɘˊŰɩůŮɘɠ ŰŬ ŭɘŬűɟɎɔɛŬŰŬ ŰɞˊɞɗŮŰɐɗɖəŬɜ ůŮ ɑůŮɠ ɛŮŰŬɝɨ Űɞɡɠ ŬˊɞůŰɎůŮɘɠ. ɆŰɞ 

ȹɘɎɔɟŬɛɛŬ 5.4 űŬɑɜŮŰŬɘ ɖ Ůˊɘɟɟɞɐ Űɖɠ ŰɞˊɞɗɏŰɖůɖɠ ŭɘŬűɟŬɔɛɎŰɤɜ ůŰɞ űɞɟɏŬ. ȺɑɜŬɘ 

ŮɛűŬɜɏɠ ɧŰɘ ɖ ŰɞˊɞɗɏŰɖůɖ Űɤɜ ŬəɟŬɑɤɜ ŭɘŬűɟŬɔɛɎŰɤɜ ŮɑɜŬɘ əŬɗɞɟɘůŰɘəɐ ɔɘŬ Űɞɜ 

ˊŮɟɘɞɟɘůɛɧ Űɖɠ əŬŰŬəɧɟɡűɖɠ ɛŮŰŬŰɧˊɘůɖɠ, Ůɜɩ ɖ ŰɞˊɞɗɏŰɖůɖ Űɤɜ ŮɜŭɘɎɛŮůɤɜ 

ŭɘŬűɟŬɔɛɎŰɤɜ ŭŮɜ ŮˊɖɟŮɎɕŮɘ əŬɗɧɚɞɡ Űɖɜ Ŭˊɧəɟɘůɖ Űɞɡ űɞɟɏŬ. Ƀ əɧɛɓɞɠ ŬɜŬűɞɟɎɠ 

ɔɘŬ ɧɚŮɠ Űɘɠ ˊŬɟŬəɎŰɤ əŬɛˊɨɚŮɠ ɓɟɑůəŮŰŬɘ ůŰɞ ɛɏůɞɜ Űɞɡ űɞɟɏŬ əŬɘ ˊŬɟɞɡůɘɎɕŮɘ Űɖ 

ɛɏɔɘůŰɖ əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ dz. 

 

 

ȹɘɎɔɟŬɛɛŬ 5.4: Ⱥˊɘɟɟɞɐ ŰɞˊɞɗɏŰɖůɖɠ ŭɘŬűɟŬɔɛɎŰɤɜ ůŰɖɜ əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ dz 
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6. Ɇɨɔəɟɘůɖ Űɤɜ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɤɜ ɛŮɗɧŭɤɜ 
  

ɆŰŬ ˊŬɟŬˊɎɜɤ əŮűɎɚŬɘŬ ˊŬɟɞɡůɘɎůŰɖəŬɜ ŭɨɞ ɛɏɗɞŭɞɘ ŬɜŰɘɛŮŰɩˊɘůɖɠ Űɞɡ 

ˊɟɞɓɚɐɛŬŰɞɠ Űɖɠ ŰɞˊɞɗɏŰɖůɖɠ ŭɘŬűɟŬɔɛɎŰɤɜ. ȼ ˊɟɩŰɖ ŬűɞɟɎ Űɖ ɢɟɐůɖ 

ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ əŬɘ ɖ ŭŮɨŰŮɟɖ Űɖ ɢɟɐůɖ ɟŬɓŭɤŰɩɜ ůŰɞɘɢŮɑɤɜ. ɆŰɖ ůɡɜɏɢŮɘŬ 

ɔɑɜŮŰŬɘ ˊɟɞůˊɎɗŮɘŬ ůɨɔəɟɘůɖɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɤɜ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɤɜ 

ɛŮɗɧŭɤɜ. ȼ ůɨɔəɟɘůɖ ŬűɞɟɎ Űɞ ŰɛɐɛŬ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŮ ŮɚŬůŰɘəɐ ˊŮɟɘɞɢɐ, ŭɖɚŬŭɐ 

ɔɘŬ əŬŰŬɜŮɛɖɛɏɜɞ űoɟŰɑɞ Űɞ ɞˊɞɑɞ ŭŮɜ ɡˊŮɟɓŬɑɜŮɘ ŰŬ 21kN/m2.  

ɆŰŬ ˊŬɟŬəɎŰɤ ŭɘŬɔɟɎɛɛŬŰŬ (ȹɘŬɔɟɎɛɛŬŰŬ 6.1õ6.8) űŬɑɜɞɜŰŬɘ ɞɘ ůɡɔəɟɘŰɘəɞɑ ŭɟɧɛɞɘ 

ɔɘŬ Űɘɠ ŭɨɞ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŮɠ ɛŮɗɧŭɞɡɠ. ɇŬ ŭɘŬɔɟɎɛɛŬŰŬ ŬɡŰɎ Ŭűɞɟɞɨɜ Űɖɜ 

əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ Űɞɡ űɞɟɏŬ əŬɘ ɏɢɞɡɜ ɤɠ əɧɛɓɞ ŬɜŬűɞɟɎɠ Űɞɜ əɧɛɓɞ ɛŮ Űɖ 

ɛɏɔɘůŰɖ əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ űŬɑɜɞɜŰŬɘ ɜŬ ŰŬɡŰɑɕɞɜŰŬɘ ɛŮ 

ˊɞɚɨ ɛɘəɟɐ Ŭˊɧəɚɘůɖ (<10%), ɔŮɔɞɜɧɠ ˊɞɡ ŮɜɗŬɟɟɨɜŮɘ Űɖ ɢɟɐůɖ ɟŬɓŭɤŰɩɜ 

ůŰɞɘɢŮɑɤɜ, əŬɗɩɠ ɧˊɤɠ ˊɟɞŬɜŬűɏɟɗɖəŮ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ŮɨɢɟɖůŰŬ. ɄŬɟŬŰɑɗŮɜŰŬɘ ɛɧɜɞ 

ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ ɔɘŬ űɞɟŮɑɠ ɢɤɟɑɠ ŭɘŬűɟɎɔɛŬŰŬ, ɛŮ 5 əŬɘ ɛŮ 9 ŭɘŬűɟɎɔɛŬŰŬ. ɇŬ 

ɡˊɧɚɞɘˊŬ ŭɘŬɔɟɎɛɛŬŰŬ ˊŬɟɞɡůɘɎɕɞɡɜ Űɖɜ ɑŭɘŬ Ŭˊɧəɚɘůɖ əŬɘ ˊŬɟŬɚŮɑˊɞɜŰŬɘ.  

 

 

6.1 ȷɜɞɘəŰɏɠ ŭɘŬŰɞɛɏɠ 

 

6.1.1 ȺɡɗɔɟŬɛɛɖ ůɨɛɛɘəŰɖ ɔɏűɡɟŬ ŬɜɞɘəŰɐɠ ŭɘŬŰɞɛɐɠ ɛɐəɞɡɠ 50m 

 

 

ȹɘɎɔɟŬɛɛŬ 6.1: Ɇɨɔəɟɘůɖ Űɤɜ ŭɨɞ ɛŮɗɧŭɤɜ ɔɘŬ ŮɡɗɨɔɟŬɛɛɖ ůɨɛɛɘəŰɖ ɔɏűɡɟŬ ŬɜɞɘəŰɐɠ ŭɘŬŰɞɛɐɠ ɢɤɟɑɠ ŭɘŬűɟɎɔɛŬŰŬ 
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ȹɘɎɔɟŬɛɛŬ 6.2: Ɇɨɔəɟɘůɖ Űɤɜ ŭɨɞ ɛŮɗɧŭɤɜ ɔɘŬ ŮɡɗɨɔɟŬɛɛɖ ůɨɛɛɘəŰɖ ɔɏűɡɟŬ ŬɜɞɘəŰɐɠ ŭɘŬŰɞɛɐɠ ɛŮ 5 ŭɘŬűɟɎɔɛŬŰŬ 

 

 

 

ȹɘɎɔɟŬɛɛŬ 6.3: Ɇɨɔəɟɘůɖ Űɤɜ ŭɨɞ ɛŮɗɧŭɤɜ ɔɘŬ ŮɡɗɨɔɟŬɛɛɖ ůɨɛɛɘəŰɖ ɔɏűɡɟŬ ŬɜɞɘəŰɐɠ ŭɘŬŰɞɛɐɠ ɛŮ 9 ŭɘŬűɟɎɔɛŬŰŬ 
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6.1.2 ȾŬɛˊɨɚɖ ůɨɛɛɘəŰɖ ɔɏűɡɟŬ ŬɜɞɘəŰɐɠ ŭɘŬŰɞɛɐɠ ɛɐəɞɡɠ 50m 
 

ȹɘɎɔɟŬɛɛŬ 6.4: Ɇɨɔəɟɘůɖ Űɤɜ ŭɨɞ ɛŮɗɧŭɤɜ ɔɘŬ əŬɛˊɨɚɖ ůɨɛɛɘəŰɖ ɔɏűɡɟŬ ŬɜɞɘəŰɐɠ ŭɘŬŰɞɛɐɠ ɢɤɟɑɠ ŭɘŬűɟɎɔɛŬŰŬ 

 

ȹɘɎɔɟŬɛɛŬ 6.5: Ɇɨɔəɟɘůɖ Űɤɜ ŭɨɞ ɛŮɗɧŭɤɜ ɔɘŬ əŬɛˊɨɚɖ ůɨɛɛɘəŰɖ ɔɏűɡɟŬ ŬɜɞɘəŰɐɠ ŭɘŬŰɞɛɐɠ ɛŮ 5 ŭɘŬűɟɎɔɛŬŰŬ 
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ȹɘɎɔɟŬɛɛŬ 6.6: Ɇɨɔəɟɘůɖ Űɤɜ ŭɨɞ ɛŮɗɧŭɤɜ ɔɘŬ əŬɛˊɨɚɖ ůɨɛɛɘəŰɖ ɔɏűɡɟŬ ŬɜɞɘəŰɐɠ ŭɘŬŰɞɛɐɠ ɛŮ 9 ŭɘŬűɟɎɔɛŬŰŬ 

 

6.2 ȾɚŮɘůŰɏɠ ŭɘŬŰɞɛɏɠ 

 

6.2.1 ȺɡɗɨɔɟŬɛɛɖ ůɨɛɛɘəŰɖ ɔɏűɡɟŬ əɚŮɘůŰɐɠ ŭɘŬŰɞɛɐɠ ɛɐəɞɡɠ 50m 
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7. ȾŬɜɞɜɘůɛɞɑ əŬɘ ȷˊɞŰɑɛɖůɖ Űɞɡɠ 
 

Ƀɘ ůɨɔɢɟɞɜɞɘ əŬɜɞɜɘůɛɞɑ ŬɜŬɔɜɤɟɑɕɞɡɜ Űɖ ůɖɛŬůɑŬ Űɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ ɚɧɔɤ 

űŬɘɜɞɛɏɜɤɜ ůŰɟɏɓɚɤůɖɠ əŬɘ ŭɘŬůŰɟɏɓɚɤůɖɠ əŬɘ ˊɟɞŰŮɑɜɞɡɜ ɞŭɖɔɑŮɠ ɔɘŬ Űɞ 

ůɡɜɡˊɞɚɞɔɘůɛɧ Űɞɡɠ əŬŰɎ Űɖɜ ŬɜɎɚɡůɖ Űɞɡ űɞɟɏŬ Űɖɠ əŬŰŬůəŮɡɐɠ. 

 

7.1 ȺɡɟɤəɩŭɘəŮɠ (EC) 

ȷɜŬűɞɟɘəɎ ɛŮ Űɖ ůŰɟɏɣɖ ůŰɘɠ ˊŬɟŬɔɟɎűɞɡɠ 6.2.7.1 əŬɘ 6.2.7.2 Űɞɡ EN 1993-2, 

ȺɡɟɤəɩŭɘəŬɠ 3: Design of steel structures ï Part 2: Steel bridges ŮˊɘůɖɛŬɑɜŮŰŬɘ ɧŰɘ ɖ 

ŰɎůɖ ɚɧɔɤ ŭɘŬůŰɟɏɓɚɤůɖɠ ŭŮɜ ˊɟɏˊŮɘ ɜŬ ɡˊŮɟɓŬɑɜŮɘ əɎˊɞɘɞ ɧɟɘɞ. ɆŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ 

ŬɛŮɚɖɗŮɑ ɖ ŭɘŬůŰɟɏɓɚɤůɖ ˊɟɏˊŮɘ ɜŬ ŬəɞɚɞɡɗɞɨɜŰŬɘ ůɡɔəŮəɟɘɛɏɜŮɠ ɞŭɖɔɑŮɠ, ɞɘ ɞˊɞɑŮɠ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰŬ ůɖɛŮɑŬ (1)-(9) Űɖɠ ɡˊɞŮɜɧŰɖŰŬɠ 6.2.7, ɖ ɞˊɞɑŬ ŬűɞɟɎ ůŰɟɏɣɖ 

Űɞɡ EN 1993-1-1, ȺɡɟɤəɩŭɘəŬɠ 3: Design of steel structures ï Part 1-1: General rules 

and rules for buildings. ɋůŰɧůɞ, ŭŮɜ ɡˊɎɟɢɞɡɜ ůɡɔəŮəɟɘɛɏɜŮɠ ɞŭɖɔɑŮɠ ɔɘŬ ŰŬ 

ˊŬɟŬˊɎɜɤ. Ƀɘ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ Űɘɠ ŭɘŬŰɎɝŮɘɠ Űɞɡ ȺɡɟɤəɩŭɘəŬ 3 ˊɞɡ Ŭűɞɟɞɨɜ 

ůŰɟɏɣɖ ɘůɢɨɞɡɜ ɛɧɜɞ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ ɖ ˊŬɟŬɛɧɟűɤůɖ ɚɧɔɤ ŭɘŬůŰɟɏɓɚɤůɖɠ 

ŬɛŮɚŮɑŰŬɘ.  

ȳɛɞɘŮɠ ŮɑɜŬɘ ɞɘ ɞŭɖɔɑŮɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Ůɚɏɔɢɞɡ Űɤɜ ɛŮɚɩɜ Űɞɡ űɞɟɏŬ Űɖɠ 

əŬŰŬůəŮɡɐɠ ɏɜŬɜŰɘ ɚɡɔɘůɛɞɨ, ɧˊɤɠ ŬɜŬűɏɟŮŰŬɘ ůŰɞ ůɖɛŮɑɞ (1) Űɖɠ ɡˊɞŮɜɧŰɖŰŬɠ 6.3.3 

Űɞɡ EN 1993-1-1. Ƀ ɚɡɔɘůɛɧɠ ˊɞɡ ɞűŮɑɚŮŰŬɘ ůŮ ŭɘŬůŰɟɏɓɚɤůɖ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞɡɠ 

EN 1993-1-3, ȺɡɟɤəɩŭɘəŬɠ 3 ï Design of steel structures ï Part 1-3: General rules ï

Supplementary rules for cold-formed member and sheeting əŬɘ EN 1993-1-4, 

ȺɡɟɤəɩŭɘəŬɠ 3 ï Design of steel structures ï Part 1-4: General rules ï 

Supplementary rules for stainless steels. ȿŬɛɓɎɜŮŰŬɘ ɡˊɧɣɘɜ ɛɏůɤ ɛŮɘɤŰɘəɩɜ 

ůɡɜŰŮɚŮůŰɩɜ əŬɘ Ůɘŭɘəɩɜ ŭɘŬŰɎɝŮɤɜ, ɩůŰŮ ɜŬ ŮɛˊɞŭɑɕŮŰŬɘ ɖ Ůəŭɐɚɤůɖ Űɖɠ 

ŭɘŬůŰɟɏɓɚɤůɖɠ. Ⱥˊɑůɖɠ ɖ Ůˊɘɟɟɞɐ Űɖɠ ŭɘŬůŰɟɏɓɚɤůɖɠ ˊɟɞŰŮɑɜŮŰŬɘ ɜŬ ɚŬɛɓɎɜŮŰŬɘ 

ɡˊɧɣɘɜ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Ɏɞˊɚɤɜ ɛŮɚɩɜ (ɈˊɞŮɜɧŰɖŰŬ 7.5.2.1(7) Űɞɡ EN 1993-1-8, 

ȺɡɟɤəɩŭɘəŬɠ 3: Design of steel structures ï Part 1-8: Design of joints), ɩůŰŮ ɜŬ 

ŬˊɞűŮɡɢɗŮɑ ɖ ŬůŰɞɢɑŬ ɚɧɔɤ ŭɘŬůŰɟɏɓɚɤůɖɠ əŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɤɜ ɞɟɗɩɜ ŰɎůŮɤɜ 

ɚɧɔɤ əɧˊɤůɖɠ (ȺɜɧŰɖŰŬ 4(1) of EN 1993-1-9, ȺɡɟɤəɩŭɘəŬɠ 3: Design of steel 

structures ï Part 1-9: Fatigue). 

ɆɢŮŰɘəɎ ɛŮ Űɞ ůɢŮŭɘŬůɛɧ əŬŰŬůəŮɡɩɜ Ŭˊɧ Ŭɚɞɡɛɑɜɘɞ (ȺɡɟɤəɩŭɘəŬɠ 9: Design of 

aluminum structures ï Part 1-1: General structural rules and Part 1-3: Structures 

susceptible to fatigue) əɎˊɞɘɞɘ ɔŮɜɘəɞɑ əŬɜɧɜŮɠ Ůɝɖɔɞɨɜ ɔɘŬ Űɖ ŭɘŬůŰɟɏɓɚɤůɖ əŬɘ Űɞ 

ɚɡɔɘůɛɧ ɚɧɔɤ ŭɘŬůŰɟɏɓɚɤůɖɠ ɎɜŮɡ ůɡɔəŮəɟɘɛɏɜɤɜ ůɡůŰɎůŮɤɜ. 

 

7.2 American Association of State Highway and Transportation Officials ï 

AASHTO 

ɄŬɟɎ ŰŬ ɧůŬ ŬɜŬűɏɟɗɖəŬɜ ɔɘŬ Űɞɡɠ ȺɡɟɤəɩŭɘəŮɠ, ɡˊɎɟɢɞɡɜ əŬɜɞɜɘůɛɞɑ, ɞɘ ɞˊɞɑɞɘ 

ůɡɜɘůŰɞɨɜ ůɡɔəŮəɟɘɛɏɜŮɠ ɞŭɖɔɑŮɠ ɔɘŬ Űɖɜ Ŭˊɞűɡɔɐ Űɤɜ űŬɘɜɞɛɏɜɤɜ Űɖɠ 

ŭɘŬůŰɟɏɓɚɤůɖɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ɞ AASHTO (American Association of State Highway 

and Transportation Officials) ɞɟɑɕŮɘ Űɖɜ ɛɏɔɘůŰɖ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɤɜ 
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Űɞɞ́ɗŮŰɞɨɛŮɜɤɜ ŭɘŬűɟŬɔɛɎŰɤɜ ůŮ ɞɟɘɕɞɜŰɘɞɔɟŬűɘəɎ əŬɛˊɨɚɖ ɔɏűɡɟŬ ɛɏůɤ Űɞɡ 

Ŭəɧɚɞɡɗɞɡ ˊɟɞůŮɔɔɘůŰɘəɞɨ Űɨˊɞɡ 5.1. 

ὒ  ὒ ςυ Ὢὸ (5.1) 

 

ȼ ɞŭɖɔɑŬ ŬɡŰɐ ɘəŬɜɞˊɞɘŮɑ Űɖɜ ŬˊŬɑŰɖůɖ ɧŰɘ ɖ ŰɎůɖ ɚɧɔɤ ŭɘŬůŰɟɏɓɚɤůɖɠ ˊŮɟɘɞɟɑɕŮŰŬɘ 

ůŮ ŮˊɑˊŮŭŬ Űɖɠ ŰɎɝɖɠ Űɞɡ 10% Űɖɠ ŰɎůɖɠ ɚɧɔɤ əɎɛɣɖɠ əŬɘ ɖ ŭɘŬŰɛɖŰɘəɐ ŰɎůɖ 

ˊŮɟɘɞɟɑɕŮŰŬɘ ůŮ 13.7MPa ɐ  əŬɘ ɚɘɔɧŰŮɟɞ. 

 

7.3 Hanshin Expressway Public Corporation of Japan - HEPCJ 

ȯɚɚɞɠ ɏɜŬɠ əŬɜɞɜɘůɛɧɠ ˊɞɡ ˊɟɞŰŮɑɜŮɘ ůɡɔəŮəɟɘɛɏɜŮɠ ɞŭɖɔɑŮɠ ɔɘŬ Űɖɜ Űɖɜ Ŭˊɞűɡɔɐ 

Űɤɜ űŬɘɜɞɛɏɜɤɜ Űɖɠ ŭɘŬůŰɟɏɓɚɤůɖ ŮɑɜŬɘ ɞ HEPCJ (Hanshin Expressway Public 

Corporation of Japan), ɞ ɞˊɞɑɞɠ ˊŬɟɏɢŮɘ ɞŭɖɔɑŮɠ ɔɘŬ Űɞ ůɢŮŭɘŬůɛɧ ɞɟɘɕɞɜŰɘɞɔɟŬűɘəɎ 

əŬɛˊɨɚɤɜ ɔŮűɡɟɩɜ ɞɟɑɕɞɜŰŬɠ Űɖ ɛɏɔɘůŰɖ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɤɜ ŰɞˊɞɗŮŰɞɨɛŮɜɤɜ 

ŭɘŬűɟŬɔɛɎŰɤɜ ůŮ əŬɛˊɨɚŮɠ ŭɞəɞɨɠ əɘɓɤŰɘɞŮɘŭɞɨɠ ŭɘŬŰɞɛɐɠ. ȼ ŬˊɧůŰŬůɖ ŬɡŰɐ 

ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ŬˊɧůŰŬůɖ ˊɞɡ ɞɟɑɕŮŰŬɘ ɔɘŬ ŮɡɗɨɔɟŬɛɛŮɠ ŭɞəɞɨɠ 

əɘɓɤŰɘɞŮɘŭɞɨɠ ŭɘŬŰɞɛɐɠ ˊɞɚɚŬˊɚŬůɘŬůɛɏɜɖ ɛŮ ɏɜŬ ɛŮɘɤŰɘəɧ ůɡɜŰŮɚŮůŰɐ ˊɞɡ ŮɑɜŬɘ 

ɑůɞɠ ɛŮ Űɖ ɛɞɜɎŭŬ ɔɘŬ ɏɜŬ ɎɜɞɘɔɛŬ ɛɘəɟɧŰŮɟɞ Űɤɜ 60m. 
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7.4 ȷ́ ɞŰɑɛɖůɖ Űɤɜ əŬɜɞɜɘůɛɩɜ 
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ȹɘŮɟŮɨɜɖůɖ ŬɜŬɔəŬɘɧŰɖŰŬɠ ŭɘŬűɟŬɔɛɎŰɤɜ ůŮ ůɘŭɖɟɏɠ əŬɘ ůɨɛɛɘəŰŮɠ ɔɏűɡɟŮɠ 

 

ůɨɛűɤɜŬ ɛŮ Űɞɜ AASHTO əŬɘ 9 ŭɘŬűɟɎɔɛŬŰŬ ůɨɛűɤɜŬ ɛŮ Űɞɜ HEPCJ ɔɘŬ ɎɜɞɘɔɛŬ 

ɛɐəɞɡɠ 50m. ũɘŬ ŰŬ əŬɛˊɨɚŬ ɛɞɜŰɏɚŬ (R=100m), ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɞ ůɢɐɛŬ Űɖɠ 

ŭɘŬŰɞɛɐɠ ˊɟɞəɨˊŰŮɘ ɧŰɘ ŬˊŬɘŰɞɨɜŰŬɘ 9 ŭɘŬűɟɎɔɛŬŰŬ, Űɧůɞ ůɨɛűɤɜŬ ɛŮ Űɞɜ 

AASHTO, ɧůɞ əŬɘ ůɨɛűɤɜŬ ɛŮ Űɞɜ HEPCJ.  

ɄŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɞ HEPCJ ˊɟɞɓɚɏˊŮɘ Űɞɜ ɑŭɘɞ Ŭɟɘɗɛɧ ŭɘŬűɟŬɔɛɎŰɤɜ ɔɘŬ 

ŮɡɗɨɔɟŬɛɛŮɠ əŬɘ əŬɛˊɨɚŮɠ ɔɏűɡɟŮɠ, ɧŰŬɜ Űɞ ɛɐəɞɠ Űɞɡ ŬɜɞɑɔɛŬŰɞɠ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞ 

Ŭˊɧ 60m. ɆɨɛűɤɜŬ ɛŮ ŰŬ ˊŬɟŬŭŮɑɔɛŬŰŬ ˊɞɡ ŮɝŮŰɎůŰɖəŬɜ, ɞɘ ˊŬɟŬɛɞɟűɩůŮɘɠ ɚɧɔɤ 

ŭɘŬůŰɟɏɓɚɤůɖɠ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ŬɡɝɖɛɏɜŮɠ ůŰŬ əŬɛˊɨɚŬ ɛɞɜŰɏɚŬ ůŮ ůɢɏůɖ ɛŮ ŰŬ 

ŮɡɗɨɔɟŬɛɛŬ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ůɡɜŮˊɎɔŮŰŬɘ Űɖɜ ŬˊŬɑŰɖůɖ ɔɘŬ ŰɞˊɞɗɏŰɖůɖ 

ˊŮɟɘůůɧŰŮɟɤɜ ŭɘŬűɟŬɔɛɎŰɤɜ.  

ɆŮ ɧɚŬ ŰŬ ɛɞɜŰɏɚŬ ˊɞɡ ŮɝŮŰɎůŰɖəŬɜ, əɡɟɑŬɟɢɞ ɟɧɚɞ ůŰɞɜ ˊŮɟɘɞɟɘůɛɧ Űɧůɞ Űɖɠ 

əŬŰŬəɧɟɡűɖɠ ɛŮŰŬŰɧˊɘůɖɠ dz, ɧůɞ əŬɘ Űɖɠ ɞɟɘɕɧɜŰɘŬɠ ɛŮŰŬŰɧˊɘůɖɠ dx, 

ŭɘŬŭɟŬɛŬŰɑɕɞɡɜ ŰŬ ŭɨɞ ŬəɟŬɑŬ ŭɘŬűɟɎɔɛŬŰŬ, əŬɗɩɠ əŬɘ Űɞ ŭɘɎűɟŬɔɛŬ ˊɞɡ 

ŰɞˊɞɗŮŰŮɑŰŬɘ ůŰɖ ɛŮůůŬɑŬ ŭɘŬŰɞɛɐ. ɇŬ ŭɘŬűɟɎɔɛŬŰŬ ˊɞɡ ŰɞˊɞɗŮŰɐɗɖəŬɜ ůŮ 

ŮɜŭɘɎɛŮůŮɠ ɗɏůŮɘɠ ŭŮɜ ŮˊɖɟɏŬůŬɜ Űɞɡɠ ŭɟɧɛɞɡɠ ɘůɞɟɟɞˊɑŬɠ Űɤɜ ɛŮŰŬŰɞˊɑůŮɤɜ. 

ȳůɞɜ ŬűɞɟɎ Űɞ űɞɟŰɑɞ ŭɘŬɟɟɞɐɠ, əɟɑůɘɛɖ ŮɑɜŬɘ ɖ ŰɞˊɞɗɏŰɖůɖ 7 ŭɘŬűɟŬɔɛɎŰɤɜ ɔɘŬ 

Űɖɜ ˊŮɟɑˊŰɤůɖ ŬɜɞɘɢŰɐɠ ŭɘŬŰɞɛɐɠ ůŮ ŮɡɗɡɔɟŬɛɛɑŬ əŬɘ ɖ ŰɞˊɞɗɏŰɖůɖ 5 ŭɘŬűɟŬɔɛɎŰɤɜ 

ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ ŬɜɞɘɢŰɐɠ ŭɘŬŰɞɛɐɠ ůŮ əŬɛˊɨɚɖ ɔɏűɡɟŬ. ɋůŰɧůɞ, ŬɡŰɐ ɖ Ŭɨɝɖůɖ 

ůŰɞ űɞɟŰɑɞ ŭɘŬɟɟɞɐɠ ɝŮˊŮɟɜɎŮɘ əŬŰɎ ˊɞɚɨ Űɞ űɞɟŰɑɞ ůɢŮŭɘŬůɛɞɨ əŬɘ ŮɑɜŬɘ Ɏůəɞˊɖ. 

ɆŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ əɚŮɘůŰɩɜ ŭɘŬŰɞɛɩɜ ŭŮɜ ŮɛűŬɜɑɕŮŰŬɘ ŬɝɘɞůɖɛŮɑɤŰɖ ɛŮŰŬɓɞɚɐ ůŰɞ 

űɞɟŰɑɞ ŭɘŬɟɟɞɐɠ ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ŰɞˊɞɗŮŰɞɨɛŮɜɤɜ ŭɘŬűɟŬɔɛɎŰɤɜ. 

ɆɖɛŬɜŰɘəɧ ɗŬ ɐŰŬɜ ɜŬ ˊɟɞɓɚŮűɗɞɨɜ Ŭˊɧ Űɞɜ ȺɡɟɤəɩŭɘəŬ ůɡɔəŮəɟɘɛɏɜŮɠ ɞŭɖɔɑŮɠ 

ˊɟɞɠ Űɞɡɠ ɛŮɚŮŰɖŰɏɠ ŬɜŬűɞɟɘəɎ ɛŮ Űɖɜ ŰɞˊɞɗɏŰɖůɖ ŭɘŬűɟŬɔɛɎŰɤɜ, ɧˊɤɠ ŮɝɎɚɚɞɡ 

ˊɟɞɓɚɏˊɞɡɜ ɞ ŬɛŮɟɘəɎɜɘəɞɠ əŬɘ ɞ ɘŬˊɤɜɘəɧɠ əŬɜɞɜɘůɛɧɠ, əŬɗɩɠ ŬˊɞŰŮɚɞɨɜ ůŰɞɘɢŮɑɞ 

ɕɤŰɘəɐɠ ůɖɛŬůɑŬɠ ɔɘŬ Űɖ ůɤůŰɐ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ɏɟɔɞɡ. Ⱥˊɑůɖɠ, ɗŬ ɐŰŬɜ ůəɧˊɘɛɞɠ ɞ 

ŭɘŬɢɤɟɘůɛɧɠ Űɤɜ ůɡůŰɎůŮɤɜ ůŮ ŬɜɞɘəŰɏɠ əŬɘ əɚŮɘůŰɏɠ ŭɘŬŰɞɛɏɠ, Ůűɧůɞɜ ŬɡŰɏɠ 

űŬɑɜɞɜŰŬɘ ɜŬ ɏɢɞɡɜ ŭɘŬűɞɟŮŰɘəɐ Ŭˊɧəɟɘůɖ. 
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ȹɘŮɟŮɨɜɖůɖ ŬɜŬɔəŬɘɧŰɖŰŬɠ ŭɘŬűɟŬɔɛɎŰɤɜ ůŮ ůɘŭɖɟɏɠ əŬɘ ůɨɛɛɘəŰŮɠ ɔɏűɡɟŮɠ 

8. ɆɡɛˊŮɟɎůɛŬŰŬ ï ɀŮɚɚɞɜŰɘəɞɑ ůŰɧɢɞɘ 
 

8.1 ɄŮɟɑɚɖɣɖ 

ɇɞ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ŬűɞɟɎ ŬűŮɜɧɠ Űɖ ŭɘŮɟŮɨɜɖůɖ 

Űɖɠ ŬɜŬɔəŬɘɧŰɖŰŬɠ ŰɞˊɞɗɏŰɖůɖɠ ŭɘŬűɟŬɔɛɎŰɤɜ ůŮ ůɘŭɖɟɏɠ əŬɘ ůɨɛɛɘəŰŮɠ ɔɏűɡɟŮɠ 

əŬɘ ŬűŮŰɏɟɞɡ Űɖɜ ŬˊɞŰɑɛɖůɖ Űɤɜ ůɢŮŰɘəɩɜ ɞŭɖɔɘɩɜ Űɤɜ ɘůɢɨɞɜŰɤɜ əŬɜɞɜɘůɛɩɜ. ȼ 

ŭɘŮɟŮɨɜɖůɖ Űɖɠ ŬɜŬɔəŬɘɧŰɖŰŬɠ Űɞɡɠ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ Űɧůɞ ɛŮ ɢɟɐůɖ ɗŮɤɟɘɩɜ ŭɞəɞɨ 

ŬɜɩŰŮɟɖɠ ŰɎɝɖɠ, ɧůɞ əŬɘ ɛŮ ɢɟɐůɖ ɡűɘůŰɎɛŮɜɞɡ ɚɞɔɘůɛɘəɞɨ ˊŮˊŮɟŬůɛɏɜɤɜ 

ůŰɞɘɢŮɑɤɜ. ȺɝŮŰɎɕɞɜŰŬɘ ˊŮɟɘˊŰɩůŮɘɠ ɔŮűɡɟɩɜ ŬɜɞɘəŰɐɠ əŬɘ əɚŮɘůŰɐɠ ŭɘŬŰɞɛɐɠ ůŮ 

ŮɡɗɡɔɟŬɛɛɑŬ ɐ ɞɟɘɕɞɜŰɘɞɔɟŬűɘəɐ əŬɛˊɨɚɖ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŭɨɞ ɛŮɗɧŭɤɜ 

ůɡɔəɟɑɜɞɜŰŬɘ əŬɘ ŭɘŬˊɘůŰɩɜŮŰŬɘ ɧŰɘ ŬɡŰɎ ůɡɔəɚɑɜɞɡɜ. ȼ ŬˊɞŰɑɛɖůɖ Űɤɜ əŬɜɞɜɘůɛɩɜ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɛŮ ɓɎůɖ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ ŬɡŰɎ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ůŰɘɠ 

ŮɝŮŰŬůɗŮɑůŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŮɡɗɡɔɟŬɛɛɑŬɠ ɞɘ əŬɜoɜɘůɛɞɑ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ůɡɜŰɖɟɖŰɘəɞɑ 

Ůɜɩ ůŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ɞɟɘɕɞɜŰɘɞɔɟŬűɘəɐɠ əŬɛˊɨɚɖɠ Ŭɜ ɖ ŬɜŬɔəŬɘɧŰɖŰŬ Űɤɜ 

ŭɘŬűɟŬɔɛɎŰɤɜ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ ɞɘ əŬɜɞɜɘůɛɞɑ ŬˊɞŭŮɘəɜɨɞɜŰŬɘ əŬɘ ˊɎɚɘ 

ůɡɜŰɖɟɖŰɘəɞɑ. ȷɝɘɞůɖɛŮɑɤŰɖ űŬɑɜŮŰŬɘ Ůˊɑůɖɠ ɖ Ůˊɘɟɟɞɐ Űɤɜ ŭɘŬűɟŬɔɛɎŰɤɜ ůŰɖɜ 

ɞɟɘɕɧɜŰɘŬ ɛŮŰŬŰɧˊɘůɖ dx ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɤɜ ˊɟɞůɞɛɞɘɤɛɎŰɤɜ ŬɜɞɘɢŰɐɠ ŭɘŬŰɞɛɐɠ. 

 

8.2 ɆɡɛˊŮɟɎůɛŬŰŬ  

8.2.1 ȷɜɞɘɢŰɏɠ ŭɘŬŰɞɛɏɠ 

¶ ȼ ŭɞəɧɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭŮɜ ŮɑɜŬɘ ŮɝŬůűŬɚɘůɛɏɜɖ əŬŰɎ ɛɐəɞɠ ɏɜŬɜŰɘ 

ˊɚŮɡɟɘəɞɨ ɚɡɔɘůɛɞɨ ɏɢŮɘ ŮɝŬɘɟŮŰɘəɎ ɢŬɛɖɚɐ ŬɜŰɞɢɐ. 

¶ Ƀɘ ŭɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ Űɤɜ ŬɜŬɚɨůŮɤɜ MNA əŬɘ GMNA ŰŬɡŰɑɕɞɜŰŬɘ ůŮ əɎɗŮ 

ˊŮɟɑˊŰɤůɖ, Űɞ ɞˊɞɑɞ ůɡɜŮˊɎɔŮŰŬɘ ɧŰɘ əɟɑůɘɛɖ ŮɑɜŬɘ ɖ ɛɖ ɔɟŬɛɛɘəɧŰɖŰŰŬ Űɞɡ 

ɡɚɘəɞɨ. 

¶ ȼ ŮɘůŬɔɤɔɐ Ŭɟɢɘəɩɜ ŬŰŮɚŮɘɩɜ ůŰɞ űɞɟɏŬ ŮˊɖɟŮɎɕŮɘ Űɖɜ Ŭˊɧəɟɘůɖ Űɞɡ ɛɧɜɞ 

ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ŭɞəɞɨ ɢɤɟɑɠ əŬŰɎůŰɟɤɛŬ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ, 

ůɨɛűɤɜŬ ɛŮ Űɖɜ ŬɜɎɚɡůɖ LBA, ɖ ˊɟɩŰɖ ɘŭɘɞɛɞɟűɐ ɏɢŮɘ ɢŬɛɖɚɧ ůɡɜŰŮɚŮůŰɐ 

űɞɟŰɑɞɡ əŬɘ ŮɛűŬɜɑɕŮŰŬɘ ˊɚŮɡɟɘəɧɠ ɚɡɔɘůɛɧɠ. ɆŰɘɠ ɡˊɧɚɞɘˊŮɠ ˊŮɟɘˊŰɩůŮɘɠ Űɞ 

əŬŰɎůŰɟɤɛŬ ˊɟɞůűɏɟŮɘ ˊɚŮɡɟɘəɐ ŮɝŬůűɎɚɘůɖ əŬɘ ɞɘ ˊɟɩŰŮɠ ɘŭɘɞɛɞɟűɏɠ 

Ŭűɞɟɨɜ Űɞˊɘəɧ ɚɡɔɘůɛɧ ůŮ Ŭɡɝɖɛɏɜɞɡɠ ůɡɜŰŮɚŮůŰɏɠ űɞɟŰɑɞɡ. 

¶  ɇɞ űɞɟŰɑɞ ŬɜŰɞɢɐɠ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞɡɠ ŭɟɧɛɞɡɠ ɘůɞɟɟɞˊɑŬɠ Űɤɜ 

ɛɞɜŰɏɚɤɜ, ůɡɛˊɑˊŰŮɘ ɛŮ ŬɡŰɧ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞɡɠ Űɨˊɞɡɠ ˊɞɡ ˊɟɞɓɚɏˊɞɡɜ 

ɞɘ ȺɡɟɤəɩŭɘəŮɠ ɔɘŬ ŮɡɗɨɔɟŬɛɛɞɡɠ űɞɟŮɑɠ. 

¶ ɇɞ űɞɟŰɑɞ ŬɜŰɞɢɐɠ ɛŮɘɩɜŮŰŬɘ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɞɡ ɛɐəɞɡɠ Űɞɡ 

ˊɟɞůɞɛɞɘɩɛŬŰɞɠ. 

¶ ɇɞ űɞɟŰɑɞ ŬɜŰɞɢɐɠ ɛŮɘɩɜŮŰŬɘ ůŰɞ əŬɛˊɨɚɞ ˊɟɞůɞɛɞɑɤɛŬ ůŮ ůɢɏůɖ ɛŮ Űɞ 

ŮɡɗɨɔɟŬɛɛɞ. 

¶ ɇɞˊɞɗŮŰɩɜŰŬɠ Űɞ ɓŬɟɨŰŮɟɞ ɧɢɖɛŬ ˊɞɡ ˊɟɞɓɚɏˊŮŰŬɘ Ŭˊɧ Űɞɡɠ ȺɡɟɤəɩŭɘəŮɠ 

ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ɗɏůŮɘɠ əŬŰɎ ˊɚɎŰɞɠ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ ůŰɖ ɛŮůůŬɑŬ 

ŭɘŬŰɞɛɐ, Űɧůɞ ɖ əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ dz, ɧůɞ əŬɘ ɖ ɞɟɘɕɧɜŰɘŬ dx, 

ˊŬɟɞɡůɘɎɕɞɡɜ ˊŬɟɞɡůɘɎɕɞɡɜ ɢŬɛɖɚɐ ɖ ɛɖŭŮɜɘəɐ ŭɘŬűɞɟɞˊɞɑɖůɖ. 
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¶ ɆŰɖɜ ŮɡɗɡɔɟŬɛɛɑŬ ɖ ŮɘůŬɔɤɔɐ ŭɘŬűɟŬɔɛɎŰɤɜ ŭŮɜ ɛŮŰŬɓɎɚɚŮɘ əŬɗɧɚɞɡ Űɞ 

ŭɟɧɛɞ ɘůɞɟɟɞˊɑŬɠ ɔɘŬ Űɖɜ əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ dz əŬɘ ɏɢŮɘ ŬɛŮɚɖŰɏŬ 

ŮˊɑŭɟŬůɖ ůŮ ŬɡŰɧɜ Űɖɠ ɞɟɘɕɧɜŰɘŬɠ ɛŮŰŬŰɧˊɘůɖɠ dx. 

¶ ɇɞ ɑŭɘɞ ɓɎɟɞɠ əŬɘ ŰŬ ˊɟɧůɗŮŰŬ ɛɧɜɘɛŬ űɞɟŰɑŬ ˊɟɞəŬɚɞɨɜ ɏɜŰɞɜŬ ůŰɟŮˊŰɘəɎ 

űɘŬɜɞɛɏɜŬ əŬɘ ɡˊɞŭŮɘəɜɨɞɡɜ Űɖɜ ŰɞˊɞɗɏŰɖůɖ ŭɘŬűɟŬɔɛɎŰɤɜ ůŰɖɜ əŬɛˊɨɚɖ 

ɔɏűɡɟŬ. ȼ űɧɟŰɘůɖ ɚɧɔɤ Űɖɠ əɡəɚɞűɞɟɑŬɠ, ŬəɧɛŬ əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ 

ŬɡŰɐ ŰɞˊɞɗŰɖɗŮɑ ɏəəŮɜŰɟŬ, ŮɑɜŬɘ ůɡɔəɟɘŰɘəɎ ŬɛŮɚɖŰɏŬ. ȷɡŰɧ ŬˊɞŭŮɘəɜɨŮŰŬɘ 

əŬɘ Ŭˊɧ Űɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ŮɡɗɨɔɟŬɛɛɖɠ ɔɏűɡɟŬɠ, ɧˊɞɡ Űɞ ɑŭɞ ɓɎɟɞɠ əŬɘ ŰŬ 

ˊɟɧůɗŮŰŬ ɛɧɜɘɛŬ űɞɟŰɑŬ ŭŮɜ ˊɟɞəŬɚɞɨɜ ůŰɟŮˊŰɘəɎ űɘŬɜɧɛŮɜŬ. 

¶ ɆŰɞ əŬɛˊɨɚɞ ɛɞɜŰɏɚɞ ɖ ŰɞˊɞɗɏŰɖůɖ Űɤɜ ŭɨɞ ŬəɟŬɑɤɜ əŬɘ Űɞɡ ɛŮůůŬɑɞɡ 

ŭɘŬűɟɎɔɛŬŰɞɠ ŮɑɜŬɘ əŬɗɞɟɘůŰɘəɐ. ɆɖɛŬɜŰɘəɐ ŮɑɜŬɘ əŬɘ ɖ ɛŮŰŬɓɞɚɐ Űɞɡ ŭɟɧɛɞɡ 

ɘůɞɟɟɞˊɑŬɠ ɚɧɔɤ Űɖɠ ŰɞˊɞɗɏŰɖůɖɠ 5 ŭɘŬűɟŬɔɛɎŰɤɜ. ȼ ŮˊɑŭɟŬůɖ Űɖɠ 

ŰɞˊɞɗɏŰɖůɖɠ ŮɜŭɘŬɛɏůɤɜ ŭɘŬűɟŬɔɛɎŰɤɜ ŮɑɜŬɘ ŬɛŮɚɖŰɏŬ. 

¶ ȼ ŮɘůŬɔɤɔɐ ŭɘŬűɟŬɔɛɎŰɤɜ ŮˊɖɟŮɎɕŮɘ Űɞ űɞɟŰɑɞ ůŰɞ ɞˊɞɑɞ ůɡɛɓŬɑɜŮɘ ɖ ˊɟɩŰɖ 

ŭɘŬɟɟɞɐ Űɞɡ ɡɚɘəɞɨ. ɆɡɔəŮəɟɘɛɏɜŬ, ůŰɖɜ ˊŮɟɘˊŰɤůɖ Űɖɠ ŮɡɗɡɔɟŬɛɛɑŬɠ 

əɟɑůɘɛɖ ŮɑɜŬɘ ɖ ŮɘůŬɔɤɔɐ 7 ŭɘŬűɟŬɔɛɎŰɤɜ əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ əŬɛˊɨɚɖɠ 

ɔɏűɡɟŬɠ ɖ ŮɘůŬɔɤɔɐ 5 ŭɘŬűɟŬɔɛɎŰɤɜ. ɇɏɚɞɠ ŬɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ůŰɖɜ 

ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ ɖ əŬŰŬɜɞɛɐ Űɤɜ ŰɎůŮɤɜ ŮɑɜŬɘ ɑŭɘŬ ůŰɞ űɞɟɏŬ ŬɜŮɝɎɟŰɖŰŬ 

Ŭˊɧ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ŰɞˊɞɗŮŰɞɨɛŮɜɤɜ ŭɘŬűɟɔɛɎŰɤɜ, ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖ 

ŭŮɨŰŮɟɖ. 

 

8.2.2 ȾɚŮɘůŰɏɠ ŭɘŬŰɞɛɏɠ 

¶ ȼ ŮɘůŬɔɤɔɐ Ŭɟɢɘəɩɜ ŬŰŮɚŮɘɩɜ ůŰɞ űɞɟɏŬ ŭŮɜ ŮˊɖɟŮɎɕŮɘ Űɖɜ Ŭˊɧəɟɘůɖ Űɞɡ. ɇɞ 

əŬŰɎůŰɟɤɛŬ ˊɟɞůűɏɟŮɘ ˊɚŮɡɟɘəɐ ŮɝŬůűɎɚɘůɖ əŬɘ ɞɘ ˊɟɩŰŮɠ ɘŭɘɞɛɞɟűɏɠ 

Ŭűɞɟɨɜ Űɞˊɘəɧ ɚɡɔɘůɛɧ ůŮ Ŭɡɝɖɛɏɜɞɡɠ ůɡɜŰŮɚŮůŰɏɠ űɞɟŰɑɞɡ. 

¶ Ƀɘ ŭɟɧɛɞɘ ɘůɞɟɟɞˊɑŬɠ Űɤɜ ŬɜŬɚɨůŮɤɜ ɀɁȷ əŬɘ GMNA ŭŮɜ ŰŬɡŰɑɕɞɜŰŬɘ, Űɞ 

ɞˊɞɑɞ ůɡɜŮˊɎɔŮŰŬɘ ɧŰɘ əɟɑůɘɛɞɠ ŮɑɜŬɘ ɞ ůɡɜŭɡŬůɛɧɠ Űɖɠ ɛɖ ɔɟŬɛɛɘəɧŰɖŰŬɠ 

Űɞɡ ɡɚɘəɞɨ əŬɘ Űɖɠ ɔŮɤɛŮŰɟɑŬɠ. 

¶ ɇɞ űɞɟŰɑɞ ŬɜŰɞɢɐɠ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ ŭɟɧɛɞɡɠ ɘůɞɟɟɞˊɑŬɠ Űɖɠ 

ŮɡɗɨɔɟŬɛɛɖɠ ɔɏűɡɟŬɠ, ůɡɛˊɑˊŰŮɘ ɛŮ ŬɡŰɧ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞɡɠ Űɨˊɞɡɠ ˊɞɡ 

ˊɟɞɓɚɏˊɞɡɜ ɞɘ ȺɡɟɤəɩŭɘəŮɠ ɔɘŬ ŮɡɗɨɔɟŬɛɛɞɡɠ űɞɟŮɑɠ. 

¶ ɇɞ űɞɟŰɑɞ ŬɜŰɞɢɐɠ ɛŮɘɩɜŮŰŬɘ ůŰɞ əŬɛˊɨɚɞ ˊɟɞůɞɛɞɑɤɛŬ ůŮ ůɢɏůɖ ɛŮ Űɞ 

ŮɡɗɨɔɟŬɛɛɞ. 

¶ ɇɞˊɞɗŮŰɩɜŰŬɠ Űɞ ɓŬɟɨŰŮɟɞ ɧɢɖɛŬ ˊɞɡ ˊɟɞɓɚɏˊŮŰŬɘ Ŭˊɧ Űɞɡɠ ȺɡɟɤəɩŭɘəŮɠ 

ůŮ ŭɘŬűɞɟŮŰɘəɏɠ ɗɏůŮɘɠ əŬŰɎ ˊɚɎŰɞɠ Űɞɡ əŬŰŬůŰɟɩɛŬŰɞɠ ůŰɖ ɛŮůůŬɑŬ 

ŭɘŬŰɞɛɐ, ɖ ŮˊɑŭɟŬůɖ Űɧůɞ ůŰɖɜ əŬŰŬəɧɟɡűɖ ɛŮŰŬŰɧˊɘůɖ dz, ɧůɞ əŬɘ ůŰɖɜ 

ɞɟɘɕɧɜŰɘŬ ɛŮŰŬŰɧˊɘůɖ dx, ŮɑɜŬɘ ɛɘəɟɐ. 

¶ ɆŰɖɜ ŮɡɗɡɔɟŬɛɛɑŬ ɖ ɔɏűɡɟŬ ɛŮ Űɖɜ ŬɜɞɘɢŰɐ ŭɘŬŰɞɛɐ ˊŬɟɞɡůɘɎɕŮɘ ɛɘəɟɧŰŮɟɖ 

ɞɟɘɕɧɜŰɘŬ ɛŮŰŬəɑɜɖůɖ Ŭˊɧ ŬɡŰɐ ɛŮ Űɖɜ əɚŮɘůŰɐ ŭɘŬŰɞɛɐ. ɆŰɖɜ əŬɛˊɨɚɖ 

ɔɏűɡɟŬ ůɡɛɓŬɑɜŮɘ Űɞ ŬɜŰɑɗŮŰɞ. 

¶ ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ŮɡɗɨɔɟŬɛɛɞɡ ɛɞɜŰɏɚɞɡ ɖ ŰɞˊɞɗɏŰɖůɖ Űɤɜ ŭɨɞ ŬəɟŬɑɤɜ 

ŭŮɜ ŮˊɖɟŮɎɕŮɘ əŬɗɧɚɞɡ Űɧůɞ Űɖɜ əŬŰŬəɧɟɡűɖ, ɧůɞ əŬɘ Űɖɜ ɞɟɘɕɧɜŰɘŬ 

ɛŮŰŬŰɧˊɘůɖ. ȼ ŰɞˊɞɗɏŰɖůɖ Űɞɡ ɛŮůůŬɑɞɡ ŭɘŬűɟɎɔɛŬŰɞɠ ˊŮɟɘɞɟɑɕŮɘ Űɘɠ 

ɛŮŰŬəɘɜɐůŮɘɠ. ɇŬ ɡˊɧɚɞɘˊŬ ŮɜŭɘɎɛŮůŬ ŭɘŬűɟɎɔɛŬŰŬ ŭŮɜ ŭɘŬűɞɟɞˊɞɘɞɨɜ 

əŬɗɧɚɞɡ Űɞɡɠ ŭɟɧɛɞɡɠ ɘůɞɟɟɞˊɑŬɠ. 
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¶ ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ əŬɛˊɨɚɞɡ ɛɞɜŰɏɚɞɡ ɖ ŰɞˊɞɗɏŰɖůɖ Űɤɜ ŭɨɞ ŬəɟŬɑɤɜ 

ŮˊɖɟŮɎɕŮɘ ůɖɛŬɜŰɘəɎ Űɖɜ əŬŰŬəɧɟɡűɖ, ŬɚɚɎ ɞɢɘ Űɖɜ ɞɟɘɕɧɜŰɘŬ ɛŮŰŬŰɧˊɘůɖ. 

ɇŬ ɡˊɧɚɞɘˊŬ ŮɜŭɘɎɛŮůŬ ŭɘŬűɟɎɔɛŬŰŬ ŭŮɜ ŭɘŬűɞɟɞˊɞɘɞɨɜ Űɞɡɠ ŭɟɧɛɞɡɠ 

ɘůɞɟɟɞˊɑŬɠ. 

¶ ȼ ŮɘůŬɔɤɔɐ ŭɘŬűɟŬɔɛɎŰɤɜ ůŰŬ ˊɟɞůɞɛɞɘɩɛŬŰŬ əɚŮɘůŰɐɠ ŭɘŬŰɞɛɐɠ ŭŮɜ 

űŬɑɜŮŰŬɘ ɜŬ ɏɢŮɘ ůɖɛŬɜŰɘəɐ ŮˊɑŭɟŬůɖ ůŰɞ űɞɟŰɑɞ ůŰɞ ɞˊɞɑɞ ůɡɛɓŬɑɜŮɘ ɖ 

ˊɟɩŰɖ ŭɘŬɟɟɞɐ əŬɘ ůŰɖɜ əŬŰŬɜɞɛɐ Űɤɜ ŰɎůŮɤɜ ůŰɞ űɞɟɏŬ. 

 

8.2.3 Ɇɨɔəɟɘůɖ Űɤɜ ŭɨɞ ɛŮɗɧŭɤɜ 

¶ Ƀɘ ŭɨɞ ɛɏɗɞŭɞɘ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ˊŬɟɞɡůɘɎɕɞɡɜ ůɨɔəɚɘůɖ ůŮ 

ɘəŬɜɞˊɞɘɖŰɘəɧ ˊɞůɞůŰɧ (>90%). 

¶ ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ŮɜɗŬɟɟɨɜŮɘ Űɖ ɢɟɐůɖ ɟŬɓŭɤŰɩɜ ůŰɞɘɢŮɑɤɜ ůŰɖɜ ŬɜɎɚɡůɖ 

Űɤɜ əŬŰŬůəŮɡɩɜ, əŬɗɩɠ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ŮɨɢɟɖůŰŬ. 

 

8.2.4 ȷˊɞŰɑɛɖůɖ Űɤɜ əŬɜɞɜɘůɛɩɜ 

¶ Ƀɘ əŬɜɞɜɘůɛɞɑ ůŰŬ ˊŬɟŬŭŮɑɔɛŬŰŬ ˊɞɡ ŮɝŮŰɎůŰɖəŬɜ űŬɑɜɞɜŰŬɘ ɘŭɘŬɑŰŮɟŬ 

ůɡɜŰɖɟɖŰɘəɞɑ. 

¶ ȽŭɘŬɑŰŮɟŬ ůŰɘɠ ˊŮɟɘˊŰɩůŮɘɠ ŮɡɗɡɔɟŬɛɛɑŬɠ ɖ ŰɞˊɞɗɏŰɖůɖ Ŭɡɝɖɛɏɜɞɡ ˊɚɐɗɞɡɠ 

ŭɘŬűɟŬɔɛɎŰɤɜ  ŭŮɜ ɏɢŮɘ ŮˊɑŭɟŬůɖ ůŰɖɜ Ŭˊɧəɟɘůɖ Űɖɠ əŬŰŬůəŮɡɐɠ. 

¶ ɇŬ ŭɘŬűɟɎɔɛŬŰŬ ɛˊɞɟɞɨɜ ɜŬ ŭɘŬŭɟŬɛŬŰɑůɞɡɜ əŬɗɞɟɘůŰɘəɧ ɟɧɚɞ ůŰɖɜ 

Ŭˊɧəɟɘůɖ Űɖɠ əŬŰŬůəŮɡɐɠ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ɖ ɡɘɞɗɏŰɖůɖ ůɡɔəŮəɟɘɛɏɜɤɜ 

ɞŭɖɔɘɩɜ Ŭˊɧ Űɞɜ ȺɡɟɤəɩŭɘəŬ ŮɑɜŬɘ ɡɣɖɚɐɠ ůɖɛŬůɑŬɠ. 

¶ ȺɑɜŬɘ ŬɜŬɔəŬɑŬ ɖ ŭɘɎəɟɘůɖ ɔɘŬ ŬɜɞɘəŰɏɠ əŬɘ əɚŮɘůŰɏɠ ŭɘŬŰɞɛɏɠ, əŬɗɩɠ ŬɡŰɏɠ 

űŬɑɜɞɜŰŬɘ ɜŬ ɏɢɞɡɜ ŭɘŬűɞɟŮŰɘəɐ Ŭˊɧəɟɘůɖ. 

 

8.3 ɀŮɚɚɞɜŰɘəɞɑ ůŰɧɢɞɘ 

ɇɞ ɗɏɛŬ Űɖɠ ŬɜŬɔəŬɘɧŰɖŰŬɠ Űɤɜ ŭɘŬűɟŬɔɛɎŰɤɜ əŬɘ Űɖɠ ŬˊɞŰɑɛɖůɖɠ Űɤɜ ůɢŮŰɘəɩɜ 

ɘůɢɨɞɜŰɤɜ əŬɜɞɜɘůɛɩɜ ŮɑɜŬɘ ˊɞɚɡˊŬɟŬɛŮŰɟɘəɧ əŬɘ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɧ. ũɘŬ Űɞ ɚɧɔɞ 

ŬɡŰɧ ŬˊŬɘŰŮɑŰŬɘ ŬəɧɛŬ ŮəŰŮŰŬɛɏɜɖ ɏɟŮɡɜŬ, ɩůŰŮ ɜŬ ŮɝŬɢɗɞɨɜ ŬůűŬɚɐ 

ůɡɛˊŮɟɎůɛŬŰŬ.  

ȰɜŬɠ ɛŮɚɚɞɜŰɘəɧɠ ůŰɧɢɞɠ ɔɘŬ Űɞ ˊŬɟɧɜ ɗɏɛŬ ŬˊɞŰŮɚŮɑ ɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ Ůˊɘɟɟɞɐɠ Űɞɡ 

ɛɐəɞɡɠ Űɖɠ ɔɏűɡɟŬɠ ůŰɞɜ Ŭɟɘɗɛɧ Űɤɜ ŰɞˊɞɗɏŰɞɨɛŮɜɤɜ ŭɘŬűɟŬɔɛɎŰɤɜ. ɆŰɖɜ ˊŬɟɞɨůŬ 

ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŬɡŰɧ űɎɜɖəŮ ɜŬ ŭɘŬŭɟŬɛŬŰɑɕŮɘ ůɖɛŬɜŰɘəɧ ɟɧɚɞ, əŬɗɩɠ  ɧŰŬɜ 

ŬɡɝɐɗɖəŮ Ŭˊɧ L=30m ůŮ L=50m ŬəɧɛŬ əŬɘ ůŮ ŮɡɗɨɔɟŬɛɛɞ ɛɞɜŰɏɚɞ, ɞɘ 

ˊŬɟŬɛɞɟűɩůŮɘɠ ŬɡɝɐɗɖəŬɜ ŬɘůɗɖŰɎ. ȷɜ ɖ Ŭɨɝɖůɖ Űɞɡ ɛɐəɞɡɠ ɐŰŬɜ ɛŮɔŬɚɨŰŮɟɖ əŬɘ 

ɘŭɘŬɑŰŮɟŬ ůŮ əŬɛˊɨɚŬ ɛɞɜŰɏɚŬ, ɖ ŮˊɑŭɟŬůɖ Űɖɠ ůŰɘɠ ˊŬɟŬɛɞɟűɩůŮɘɠ ɑůɤɠ ɐŰŬɜ 

ŮɜŰɞɜɧŰŮɟɖ. ȷɡŰɧ ɗŬ əŬŰŬŭŮɘɢɗŮɑ ɛɏůɤ ˊɞɚɚŬˊɚɩɜ ɛɞɜŰɏɚɤɜ ɛŮ ŭɘŬűɞɟŮŰɘəɧ ɛɐəɞɠ. 

ȰɝŬɚɚɞɡ, ɞɘ əŬɜɞɜɘůɛɞɑ ŬɜŬɔɜɤɟɑɕɞɡɜ Űɖ ůɖɛŬůɑŬ Űɞɡ ɛɐəɞɡɠ Űɞɡ ŬɜɞɑɔɛŬŰɞɠ ůŰɖɜ 

Ůˊɘɚɞɔɐ Űɞɡ Ŭɟɘɗɛɞɨ Űɤɜ ŰɞˊɞɗŮŰɞɨɛŮɜɤɜ ŭɘŬűɟŬɔɛɎŰɤɜ ɛɏůɤ Űɤɜ ˊɟɞůŮɔɔɘůŰɘəɩɜ 

Űɨˊɤɜ ˊɞɡ ɞɟɑɕɞɡɜ. 



ɆɡɛˊŮɟɎůɛŬŰŬ ï ɀŮɚɚɞɜŰɘəɞɑ ůŰɧɢɞɘ 
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 ɆŬˊɞɡɜŰɕɎəɖ ȳɚɔŬ ï ȷəŬŭɖɛŬɥəɧ ɏŰɞɠ 2017 - 2018 

ɀŮɚɚɞɜŰɘəɧ ůŰɧɢɞ ɛˊɞɟŮɑ Ůˊɑůɖɠ ɜŬ ŬˊɞŰŮɚɏůŮɘ əŬɘ ɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ Ůˊɘɟɟɞɐɠ Űɖɠ 

ŬəŰɑɜŬɠ əŬɛˊɡɚɧŰɖŰŬɠ Űɞɡ ŮɝŮŰŬɕɧɛŮɜɞɡ ɛɞɜŰɏɚɞɡ ůŰɖɜ ŬɜŬɔəŬɘɧŰɖŰŬ Űɖɠ 

ŰɞˊɞɗɏŰɖůɖɠ ŭɘŬűɟŬɔɛɎŰɤɜ. ȼ ˊŬɟɎɛŮŰɟɞɠ ŬɡŰɐ ɚŬɛɓɎɜŮŰŬɘ, ɞɛɞɑɤɠ ɛŮ Űɞ ɛɐəɞɠ, 

ɡˊɧɣɘɜ ůŰɞɡɠ ȾŬɜɞɜɘůɛɞɨɠ ɛɏůɤ Űɤɜ Űɨˊɤɜ. ɋůŰɧůɞ, ůŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ 

ŮɟɔŬůɑŬ, ɖ Ůˊɘɟɟɞɐ Űɖɠ ŭŮɜ ŮɝŮŰɎůŰɖəŮ, əŬɗɩɠ ɖ ŬəŰɑɜŬ əŬɛˊɡɚɧŰɖŰŬɠ ɐŰŬɜ ůŰŬɗŮɟɐ 

ůŮ ɧɚŬ ŰŬ ɛɞɜŰɏɚŬ ˊɞɡ ŮɝŮŰɎůŰɖəŬɜ. 
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