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ɀˊɞɡɚŬůɑəɖɠ ŪŮɧŭɤɟɞɠ (Ⱥˊɘɓɚɏˊɤɜ: ȷɓɟŬɎɛ ɇɎůɞɠ) 

ɩʀʍʚʇʂʕʂ 

ȷɜŰɘəŮɑɛŮɜɞ ŬɡŰɐɠ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ŬɜɎɚɡůɖ əŬɘ ɖ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ 

Ůɜɧɠ űɏɟɞɜŰŬ ɞɟɔŬɜɘůɛɞɨ əŰɖɟɑɞɡ Ŭˊɧ ɢɎɚɡɓŬ ɛŮ Űɖ ɢɟɐůɖ Ůɜɧɠ Ůɛˊɞɟɘəɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ 

ŬɜɎɚɡůɖɠ əŬɘ ŭɘŬůŰŬůɘɞɚɧɔɖůɖɠ (SAP 2000 Űɖɠ CSI). ɇɞ əŰɐɟɘɞ ŮɑɜŬɘ ɏɜŬ ɛŮŰŬɚɚɘəɧ 

ůŰɏɔŬůŰɟɞ ˊɞɡ əŬɚɨˊŰŮɘ Űɘɠ ŬˊɞɓɎɗɟŮɠ əŬɘ Űɘɠ ɔɟŬɛɛɏɠ Űɞɡ ůɘŭɖɟɞŭɟɞɛɘəɞɨ ůŰŬɗɛɞɨ Űɞɡ 

ȼɆȷɄ ůŰɞɜ ɄŮɘɟŬɘɎ. ɆŰɧɢɞɠ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ɛŮɚɏŰɖ Ůɜɧɠ ŮɜŬɚɚŬəŰɘəɞɨ, ůŮ 

ůɢɏůɖ ɛŮ Űɞ ɡˊɎɟɢɞɜ, ůŰŮɔɎůŰɟɞɡ ůɨɛűɤɜŬ ɛŮ ŰŬ ůɨɔɢɟɞɜŬ ˊɟɧŰɡˊŬ əŬɘ ˊɟŬəŰɘəɏɠ, ůŰɖɜ 

ɑŭɘŬ ɧɛɤɠ ɗɏůɖ əŬɘ ɛŮ ŰŬ ɑŭɘŬ ˊŮɟɘɓɎɚɚɞɜŰŬ əŰɐɟɘŬ.  

ɆŰŬ ˊɚŬɑůɘŬ Űɖɠ ŮɟɔŬůɑŬɠ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ŭɨɞ ŮɜŬɚɚŬəŰɘəɏɠ ɚɨůŮɘɠ ɔɘŬ Űɞ űɏɟɞɜŰŬ 

ɞɟɔŬɜɘůɛɧ, ɖ ɛɑŬ ɛŮ ˊɚŬɑůɘŬ ɛŮ ɔɟŬɛɛɘəɎ ŮɚŬŰɎ ůŰɞɘɢŮɑŬ ůŰŬɗŮɟɐɠ ŭɘŬŰɞɛɐɠ əŬɘ ˊŬəŰɤɛɏɜŬ 

ɡˊɞůŰɡɚɩɛŬŰŬ, Ůɜɩ ɖ ŭŮɨŰŮɟɖ ɛŮ ˊɚŬɑůɘŬ Űɖɠ ɛɞɟűɐɠ ŰɟɘŬɟɗɟɤŰɩɜ űɞɟɏɤɜ əŬɘ ɔɟŬɛɛɘəɎ 

ůŰɞɘɢŮɑŬ Ŭˊɧ ůɡɔəɞɚɚɖŰɏɠ ŭɘŬŰɞɛɏɠ ɛŮŰŬɓɚɖŰɞɨ ɨɣɞɡɠ.  

ȼ ŭɘŬŭɘəŬůɑŬ ɛŮɚɏŰɖɠ ˊŮɟɘɚɎɛɓŬɜŮ ŬɟɢɘəɎ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ, ɛŮ ɓɎůɖ ŰŬ əŮɑɛŮɜŬ Űɤɜ 

Ⱥɡɟɤəɤŭɑəɤɜ, Űɤɜ űɞɟŰɑɤɜ ˊɞɡ əŬŰŬˊɞɜɞɨɜ Űɞɜ űɞɟɏŬ əŬɘ Űɖɜ ŬɜɎɚɡůɖ Űɞɡ űɞɟɏŬ. ɀŮŰɎ 

Űɞɜ Ŭɟɢɘəɧ ɞɟɘůɛɧ Űɤɜ ŭɘŬŰɞɛɩɜ, ŰŬ ŮɜŰŬŰɘəɎ əŬɘ ˊŬɟŬɛɞɟűɤůɘŬəɎ ɛŮɔɏɗɖ ˊɞɡ ˊɟɞɏəɡɣŬɜ 

Ŭˊɧ Űɖɜ ŬɜɎɚɡůɖ Űɞɡ űɞɟɏŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɛŮŰɏˊŮɘŰŬ ɔɘŬ Űɖ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ Űɤɜ 

ŭɘŬŰɞɛɩɜ Űɤɜ ɛŮɚɩɜ Űɞɡ űɞɟɏŬ əŬɘ ɔɘŬ Űɞɡɠ Ůɚɏɔɢɞɡɠ ůŰɘɠ ɞɟɘŬəɏɠ əŬŰŬůŰɎůŮɘɠ ŬůŰɞɢɑŬɠ əŬɘ 

ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ. Ⱥˊɑůɖɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɞɘ ŬɜŰɘůŮɘůɛɘəɞɑ ɏɚŮɔɢɞɘ Ůˊɘɟɟɞɩɜ 2
ɖɠ

 ŰɎɝɖɠ 

əŬɘ ˊŮɟɘɞɟɘůɛɞɨ ɓɚŬɓɩɜ. ɇɏɚɞɠ, ɏɔɘɜŮ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ əŬɘ ɏɚŮɔɢɞɠ ɞɟɘůɛɏɜɤɜ ɓŬůɘəɩɜ 

əɞɢɚɘɤŰɩɜ ůɡɜŭɏůŮɤɜ ɛŮ ɢɟɐůɖ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ Robot Structural Analysis Űɖɠ Autodesk. 

ɆɡɛˊŮɟŬůɛŬŰɘəɎ, ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ůɨɔəɟɘůɖ Űɤɜ ŭɨɞ ŮɜŬɚɚŬəŰɘəɩɜ əŬɘ Űɞɡ ɡˊɎɟɢɞɜŰɞɠ 

əŰɖɟɑɞɡ ɛŮ ɓɎůɖ Űɞ ɓɎɟɞɠ Űɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞɡ ɢɎɚɡɓŬ, ɤɠ ɛɑŬ ɏɜŭŮɘɝɖ Űɞɡ əɧůŰɞɡɠ 

əŬŰŬůəŮɡɐɠ, ɧˊɞɡ ˊɟɞəɨˊŰŮɘ ɧŰɘ ŮɚŬűɟɨŰŮɟɖ əŬŰŬůəŮɡɐ ŬˊɞŰŮɚŮɑ ɖ ɚɨůɖ ɛŮ ŰŬ ˊŬəŰɤɛɏɜŬ 

ˊɚŬɑůɘŬ, ŬəɞɚɞɡɗŮɑ ŬɡŰɐ ɛŮ ŰŬ ŰɟɘŬɟɗɟɤŰɎ ˊɚŬɑůɘŬ əŬɘ ɓŬɟɨŰŮɟɖ ŮɑɜŬɘ ɖ ɡˊɎɟɢɞɡůŬ. Ⱥˊɑůɖɠ, 

ɖ ŭŮɨŰŮɟɖ ɚɨůɖ ɛŮ ŰŬ ŰɟɘŬɟɗɟɤŰɎ ˊɚŬɑůɘŬ ŭŮ ɔɑɜŮŰŬɘ ŬˊɞŭŮəŰɐ əŬɘ ɚɧɔɤ ɛŮɔɎɚɤɜ ɞɟɘɕɧɜŰɘɤɜ 

ɛŮŰŬəɘɜɐůŮɤɜ ɚɧɔɤ Ŭɜɏɛɞɡ, ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ ɜŬ ŬɜŰɘɛŮŰɤˊɘůŰŮɑ ɛŮ Ŭɨɝɖůɖ Űɖɠ ŭɡůəŬɛɣɑŬɠ 

ɛɏůɤ Űɖɠ ˊɟɞůɗɐəɖɠ ŬɜŰɘɟɟɑŭɤɜ ůŰɞɡɠ əɧɛɓɞɡɠ Űɤɜ ˊɚŬɘůɑɤɜ.  

ȼ ŬɜɎɚɡůɖ əŬɘ  ɖ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ Űɤɜ ɛŮɚɩɜ əŬɘ Űɤɜ ůɡɜŭɏůŮɤɜ Űɖɠ əŬŰŬůəŮɡɐɠ 

ɏɔɘɜŬɜ ɛŮ ɓɎůɖ Űɞɡɠ ȺɡɟɤəɩŭɘəŮɠ 0, 1, 3 əŬɘ ŰŬ ȺɚɚɖɜɘəɎ ȺɗɜɘəɎ ɄɟɞůŬɟŰɐɛŬŰŬ. Ƀ 

ŬɜŰɘůŮɘůɛɘəɧɠ ɡˊɞɚɞɔɘůɛɧɠ ɏɔɘɜŮ ɛŮ ɓɎůɖ Űɞɜ EɡɟɤəɩŭɘəŬ 8. ɋɠ ɡɚɘəɧ əŬŰŬůəŮɡɐɠ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŭɞɛɘəɧɠ ɢɎɚɡɓŬɠ ˊɞɘɧŰɖŰŬɠ S235. 
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Abstract  

The object of this thesis is the analysis and dimensioning of a load bearing structure made 

of steel, using a commercial analysis and design computer program (SAP 2000 by CSI). The 

structure is a metallic canopy covering the platforms and tracks of the railway station of 

Athens-Piraeus Electric Railways (ISAP) in Piraeus. The aim of this thesis is to study an 

alternative canopy to the already existing, according to modern standards and practices, 

though in the same location and surrounded by the same buildings.  

In the context of this project two alternative load bearing structures are considered, the 

first consists of a frame with linear, malleable elements of fixed section and classical frame 

function (anchored braces) and the second with three-hinged frames and linear members with 

welded sections of variable height. 

Initially the study includes the determination, according the Eurocode's texts, of the 

bearing load and the structure analysis. After a primary selection of sections, the intensive 

quantity and distortion, which resulted from the analysis, were used afterwords to design the 

sections of the canopy's members and to check those at the Ultimate Limit State (ULS) and 

the Serviceability Limit State (SLS). In addition to the latter, the anti-seismic checks of 

second order effects influence and damage limitation were carried. Finally, some of the 

structureôs bolted connections are designed and checked using Autodeskôs Robot Structrural 

Analysis computer program. 

Conclusively, a comparison between the two alternatives and the existing structure is 

carried out based on the weight of the amount of steel needed as an indication of the cost of 

the construction and the result arising is that the most light-weight construction is the first 

option with the anchored frames, followed by the second option with the three-hinged frames 

and so the existing structure is the most heavy-weight. Moreover, the second option cannot be 

approved also owing to excess horizontal movement caused by the wind, which can be 

overtaken by increasing the stiffness through the addition of buttresses to the junctions of the 

frames. 

The analysis and design of the structureôs members and connections were based on the 

Eurocodes 0, 1, 3 and 8 and the Greek National Appendices. The anti-seismic estimation was 

based on Eurocode 8. The material used for the construction is structural steel S235. 
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ɞʑʔɻʍʅʎʐʚʀʏ 

ŪŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɗŮɟɛɎ Űɞɜ ə. ȷɓɟŬɎɛ ɇɎůɞ ˊɞɡ ɛŮ Űɞɜ ɟɧɚɞ Űɞɡ ŮˊɘɓɚɏˊɞɜŰŬ 

əŬɗɖɔɖŰɐ ɛɞɡ ˊɟɞůɏűŮɟŮ ɛŮ ˊɟɞɗɡɛɑŬ Űɘɠ ŬˊŬɟŬɑŰɖŰŮɠ ůɡɛɓɞɡɚɏɠ əŬɘ əŬŰŮɡɗɨɜůŮɘɠ ɔɘŬ Űɖɜ 

ˊŮɟŬɑɤůɖ ŬɡŰɐɠ Űɖɠ ŮɟɔŬůɑŬɠ. 

 

ŪŮɟɛɏɠ ŮɡɢŬɟɘůŰɑŮɠ ɗŬ ɐɗŮɚŬ ɜŬ ŮəűɟɎůɤ Ůˊɑůɖɠ ɔɘŬ ɧɚɞɡɠ Űɞɡɠ ɡˊɞɣɐűɘɞɡɠ ŭɘŭɎəŰɞɟŮɠ 

ůŰɞ ŮɟɔŬůŰɐɟɘɞ ɛŮŰŬɚɚɘəɩɜ əŬŰŬůəŮɡɩɜ ˊɞɡ ɛŮ ɡˊɞɛɞɜɐ ɛŮ ɓɞɐɗɖůŬɜ ůŰɖɜ əŬŰŬɜɧɖůɖ əŬɘ 

ůŰɖɜ ɢɟɐůɖ Űɤɜ ůŰŬŰɘəɩɜ ˊɟɞɔɟŬɛɛɎŰɤɜ ȼ/Ɉ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖɜ ŮɟɔŬůɑŬ. 

 

ȺɡɢŬɟɘůŰɩ Űɖɜ ɞɘəɞɔɏɜŮɘɎ ɛɞɡ ˊɞɡ ɛŮ ůŰɐɟɘɝŮ əŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ůˊɞɡŭɩɜ ɛɞɡ, 

ŮɚˊɑɕɞɜŰŬɠ ɜŬ əŬŰŬűɏɟɤ ɜŬ Űɖɠ ˊɟɞůűɏɟɤ əŬɘ ɔɤ ɛŮ Űɖ ůŮɘɟɎ ɛɞɡ ɧ,Űɘ əŬɚɨŰŮɟɞ. 

 

ȺɡɢŬɟɘůŰɩ Űɞ űɞɘŰɖŰɘəɧ əɑɜɖɛŬ ˊɞɡ ɛŮ ŮűɞŭɑŬůŮ ɛŮ ůəɏɣɖ əŬɘ ˊɟŬəŰɘəɐ əŬɘ ɛɏůŬ Ŭˊɧ 

ŬɡŰɧ ɏɛŬɗŬ ɜŬ ˊŬɚŮɨɤ ůɡɚɚɞɔɘəɎ ɔɘŬ ŰŬ ŭɘəŬɘɩɛŬŰŬ əŬɘ Űɘɠ ŬɜɎɔəŮɠ ɛŬɠ. ȺɡɢŬɟɘůŰɩ, Ůˊɑůɖɠ, 

ɧɚɞɡɠ ŮəŮɑɜɞɡɠ ˊɞɡ ůŰŬɗɐəŬɛŮ ɛŬɕɑ ůŮ ŬɡŰɞɨɠ Űɞɡɠ ŬɔɩɜŮɠ. 
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1 ɞʅʎɻɾʖɾʙ  

1.1 ɜʀʉʅʆʗ 

ȼ Ůˊɘɚɞɔɐ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ɗɏɛŬŰɞɠ ɛŮɚɏŰɖɠ ɏɔɘɜŮ ɚɧɔɤ Űɞɡ ɘŭɘŬɑŰŮɟɞɡ ŮɜŭɘŬűɏɟɞɜŰɞɠ 

ɔɘŬ Űɘɠ ɛŮŰŬɚɚɘəɏɠ əŬŰŬůəŮɡɏɠ. Ɇəɞˊɧɠ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ɐŰŬɜ ɛɏůɤ Űɖɠ 

Ůəˊɧɜɖůɖɠ Űɖɠ ɛŮɚɏŰɖɠ ɛɑŬɠ ɛɞɜɩɟɞűɖɠ ɛŮŰŬɚɚɘəɐɠ əŬŰŬůəŮɡɐɠ ɜŬ ŮűŬɟɛɞůŰɞɨɜ ɞɘ ɓŬůɘəɏɠ 

ɔɜɩůŮɘɠ əɞɟɛɞɨ ˊɞɡ ŬˊɞəŰɐɗɖəŬɜ ŰŬ ˊɟɞɖɔɞɨɛŮɜŬ ɢɟɧɜɘŬ Ŭˊɧ Űɖ űɞɑŰɖůɖ ůŰɖ Ɇɢɞɚɐ, 

ŮűŬɟɛɧɕɞɜŰŬɠ ˊŬɟɎɚɚɖɚŬ Űɘɠ əŬɜɞɜɘůŰɘəɏɠ ŭɘŬŰɎɝŮɘɠ Űɤɜ ȺɡɟɤˊŬɥəɩɜ ɄɟɞŰɨˊɤɜ, əŬɗɩɠ əŬɘ 

ɜŬ ŬɜŬˊŰɡɢɗɞɨɜ ŭŮɝɘɧŰɖŰŮɠ ˊɞɡ Ŭűɞɟɞɨɜ ůŰɞ ůɢŮŭɘŬůɛɧ əŬɘ ůŰɖɜ ŬɜɎɚɡůɖ ˊɟɞůɞɛɞɘɤɛɏɜɤɜ 

əŬŰŬůəŮɡɩɜ ɛŮ Űɖ ɢɟɐůɖ ˊɟɞɔɟɎɛɛŬŰɞɠ ůŮ ȼ/Ɉ. Ⱥˊɑůɖɠ ˊɟɞůˊɎɗŮɘŬ ɏɔɘɜŮ ɜŬ ŭɘŮɟŮɡɜɖɗɞɨɜ 

ɓɏɚŰɘůŰɞɘ Űɟɧˊɞɘ ůɢŮŭɘŬůɛɞɨ ůɡɔəŮəɟɘɛɏɜɤɜ ɛŮɚɩɜ əŬɘ ˊɟɞůɞɛɞɑɤůɐɠ Űɞɡɠ ɛŮ Űɞɜ ˊɘɞ 

ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɧ Űɟɧˊɞ ůŰɞ ˊɟɧɔɟŬɛɛŬ ŬɜɎɚɡůɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ.  

ɄŬɟɎɚɚɖɚŬ, ɖ Ůɘŭɘəɐ ŮɜŬůɢɧɚɖůɖ ɛŮ Űɞ ɗɏɛŬ Űɖɠ ɛŮɚɏŰɖɠ  ůɨɔɢɟɞɜɤɜ ŮɜŬɚɚŬəŰɘəɩɜ ɔɘŬ 

Űɖɜ ŬɜŬəŬŰŬůəŮɡɐ Űɞɡ ɡˊɎɟɢɞɜŰɞɠ ůɘŭɖɟɞŭɟɞɛɘəɞɨ ůŰŬɗɛɞɨ ɏɢŮɘ ɤɠ Ŭűɞɟɛɐ Űɖ ůɖɛŬůɑŬ 

ůɡɔəɞɘɜɤɜɘŬəɩɜ ɏɟɔɤɜ ůŬɜ ŬɡŰɧ, ŬɚɚɎ əŬɘ Űɞ ɘŭɘŬɑŰŮɟɞ ŮɜŭɘŬűɏɟɞɜ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ ɖ əŬɗô 

ŬɡŰɐ əŬŰŬůəŮɡɐ Ŭˊɧ Űɖ ůəɞˊɘɎ Űɞɡ ɛɖɢŬɜɘəɞɨ əŬɗɩɠ əŬɘ ŬɘůɗɖŰɘəɎ. 

1.2 ɥʀʐɻʇʇʅʆʘʏ ʆɻʐɻʎʆʀʑʘʏ 

Ƀ ŭɞɛɘəɧɠ ɢɎɚɡɓŬɠ ŮɑɜŬɘ əɟɎɛŬ ɛŮ ɓŬůɘəɧ ůɡůŰŬŰɘəɧ Űɞ ůɑŭɖɟɞ (Fe) əŬɘ ŭɘɎűɞɟŬ ɎɚɚŬ 

ɛŮŰŬɚɚɘəɎ əŬɘ ɛɖ ůŰɞɘɢŮɑŬ ůŮ ɛɘəɟɐ ŬɜŬɚɞɔɑŬ, ɧˊɤɠ ȯɜɗɟŬəŬɠ(C), ɀŬɔɔɎɜɘɞ(Mn), 

ɄɡɟɑŰɘɞ(Si), Ɂɘəɏɚɘɞ(Ni), ɉŬɚəɧɠ(Cu), ɉɟɩɛɘɞ(Cr), ɀɞɚɡɓŭŬɑɜɘɞ(Mo), ȸŬŭɎɜɘɞ(V), 

Ȼɘɟəɧɜɘɞ(Zr), ŪŮɑɞ(S), ūɤůűɧɟɞɠ(P). ɃɟɘůɛɏɜŬ Ŭˊɧ ŬɡŰɎ ŮɑɜŬɘ ŬɜŮˊɘɗɨɛɖŰŬ, ŮˊŮɘŭɐ 

ŮˊɖɟŮɎɕɞɡɜ ŭɡůɛŮɜɩɠ əɎˊɞɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ɢɎɚɡɓŬ. 

ȼ ˊɞůɞůŰɘŬɑŬ ůɡɛɛŮŰɞɢɐ Űɤɜ ůŰɞɘɢŮɑɤɜ ŬɡŰɩɜ ˊɟɞůŭɘɞɟɑɕŮɘ Űɘɠ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ 

ɘŭɘɧŰɖŰŮɠ Űɞɡ ɢɎɚɡɓŬ (ŬɜŰɞɢɐ, ɞɚəɘɛɧŰɖŰŬ, ŮɡŬɘůɗɖůɑŬ ůŰɖ ŭɘɎɓɟɤůɖ, ůɡɔəɞɚɚɖůɘɛɧŰɖŰŬ 

əɚˊ). ɀɘəɟɐ ɛŮŰŬɓɞɚɐ Űɖɠ ɛŮŰŬɓɞɚɐ Űɖɠ ŬɜŬɚɞɔɑŬɠ ŬɡŰɐɠ ɞŭɖɔŮɑ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ Ɏɚɚɞɡ 

Ůɑŭɞɡɠ ɢɎɚɡɓŬ. ȰŰůɘ, ŬɜŬűɞɟɘəɎ ɛŮ Űɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ɎɜɗɟŬəŬ, ˊɞɡ ŮɑɜŬɘ Ŭˊɧ ŰŬ 

əɡɟɘɧŰŮɟŬ ůɡůŰŬŰɘəɎ Űɞɡ ɢɎɚɡɓŬ, ŬɡŰɐ ˊɞɘəɑɚŮɘ Ŭˊɧ 0,15% Ůɩɠ 1,7%. Ƀɘ ůɡɜɐɗŮɘɠ ŭɞɛɘəɞɑ 

ɢɎɚɡɓŮɠ ɏɢɞɡɜ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ ɎɜɗɟŬəŬ ɛŮŰŬɝɨ 0,15% əŬɘ 0,29%. 

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɞ ŭɞɛɘəɧɠ ɢɎɚɡɓŬɠ ɏɢŮɘ əɡɟɘŬɟɢɐůŮɘ ůŰɞ ɢɩɟɞ Űɤɜ əŬŰŬůəŮɡɩɜ. 

ɇŬ ˊɟɩŰŬ əŰɑɟɘŬ ˊɞɡ əŬŰŬůəŮɡɎůŰɖəŬɜ Ŭˊɧ ŭɞɛɘəɧ ɢɎɚɡɓŬ ɐŰŬɜ əŰɑɟɘŬ ɛŮ ɓɘɞɛɖɢŬɜɘəɐ 

ɢɟɐůɖ, ɧˊɤɠ ɓɘɞɛɖɢŬɜɘəɏɠ ŮɔəŬŰŬůŰɎůŮɘɠ, ůŰɏɔŬůŰɟŬ əŬɘ ŬˊɞɗɐəŮɠ. ȼ əŬŰŬůəŮɡɐ Ůɜɧɠ 

əŰɘɟɑɞɡ Ŭˊɧ ɢɎɚɡɓŬ ɛŬɠ ŭɑɜŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ŭɖɛɘɞɡɟɔɑŬɠ əŰɘɟɑɤɜ ɛŮ ɛŮɔɎɚŬ ŬɜɞɑɔɛŬŰŬ, 

ɢɤɟɑɠ ɜŬ ɡˊɎɟɢŮɘ ŬɜɎɔəɖ Ŭˊɧ ŮɜŭɘɎɛŮůŬ ɡˊɞůŰɡɚɩɛŬŰŬ. ɀŮ ŬɡŰɧ Űɞɜ Űɟɧˊɞ ɛˊɞɟŮɑ ɜŬ 

ŭɖɛɘɞɡɟɔɖɗŮɑ ˊŮɟɘůůɧŰŮɟɞɠ ŮəɛŮŰŬɚɚŮɨůɘɛɞɠ ɢɩɟɞɠ, ɞ ɞˊɞɑɞɠ ŮɝɡˊɖɟŮŰŮɑ əɎɗŮ Ůɑŭɞɡɠ 

ɓɘɞɛɖɢŬɜɘəɐ əŬɘ ɧɢɘ ɛɧɜɞ ŭɟŬůŰɖɟɘɧŰɖŰŬ. Ⱥˊɑůɖɠ ɏɜŬ ɛŮŰŬɚɚɘəɧ əŰɑɟɘɞ ɛˊɞɟŮɑ ŬɜɎ ˊɎůŬ 

ůŰɘɔɛɐ ɜŬ ŮˊŮəŰŬɗŮɑ ɔɟɐɔɞɟŬ əŬɘ ŬˊɚɎ, ɤɠ Ůˊɑůɖɠ əŬɘ ɜŬ ŬˊɞůɡɜŬɟɛɞɚɞɔɖɗŮɑ əŬɘ ɜŬ 

ɛŮŰŬűŮɟɗŮɑ. ɇŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ Űɟɧˊɞɡ əŬŰŬůəŮɡɐɠ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ 

ˊɞɘɧŰɖŰŬ əŬŰŬůəŮɡɐɠ ɩɗɖůŬɜ Űɞɡɠ ɛŮɚŮŰɖŰɏɠ əŬɘ Űɞɡɠ əŬŰŬůəŮɡŬůŰɏɠ ɜŬ ŮɘůŬɔɎɔɞɡɜ Űɞ 

ŭɞɛɘəɧ ɢɎɚɡɓŬ əŬɘ ůŮ əŰɑɟɘŬ Ɏɚɚɤɜ ɢɟɐůŮɤɜ (ɔɏűɡɟŮɠ, ůɐɟŬɔɔŮɠ, ɘůŰɞɑ ŰɖɚŮˊɘəɞɘɜɤɜɘɩɜ, 

ˊɞɚɡɩɟɞűŬ əŰɑɟɘŬ, ůɘɚɧ, ůŰŬɗɛɞɑ ŭɘɞŭɑɤɜ, ɓɘɞɛɖɢŬɜɘəɎ ɟɎűɘŬ, əŬŰɞɘəɑŮɠ). 

 

 

ɄɚŮɞɜŮəŰɐɛŬŰŬ ɛŮŰŬɚɚɘəɩɜ ɛɞɜɩɟɞűɤɜ əŰɘɟɑɤɜ: 
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ȷ) Ƀ ɢɎɚɡɓŬɠ ɏɢŮɘ ɛɘəɟɧ ɑŭɘɞ ɓɎɟɞɠ əŬɘ ɛŮɔɎɚɖ ŬɜŰɞɢɐ, ůɡɜŮˊɩɠ ɛŮɘɩɜŮŰŬɘ Űɞ ɛɧɜɘɛɞ űɞɟŰɑɞ 

Űɖɠ əŬŰŬůəŮɡɐɠ, ŮɝɞɘəɞɜɞɛŮɑŰŬɘ ɡɚɘəɧ əŬɘ ɢɩɟɞɠ, ɛŮɘɩɜŮŰŬɘ ɖ ŬŭɟŬɜŮɘŬəɐ ůŮɘůɛɘəɐ ŭɟɎůɖ, 

əŬɘ ɔɑɜŮŰŬɘ ˊɘɞ Ŭˊɚɐ ɗŮɛŮɚɑɤůɖ, ŮɘŭɘəɎ ůŮ əŬəɐɠ ˊɞɘɧŰɖŰŬɠ ŮŭɎűɖ. 

ȸ) ɀŮɔɎɚɖ ŰŬɢɨŰɖŰŬ əŬŰŬůəŮɡɐɠ. 

ũ) Ɉɣɖɚɧ ˊɞůɞůŰɧ ɓɘɞɛɖɢŬɜɘəɐɠ ˊɟɞəŬŰŬůəŮɡɐɠ Űɞɡ ɏɟɔɞɡ. ȷɡŰɧ ɏɢŮɘ ɗŮŰɘəɏɠ ůɡɜɏˊŮɘŮɠ əŬɘ 

ůŰɖɜ ˊɞɘɧŰɖŰɎ Űɞɡ. 

ȹ) Ʉɞɚɨ ɘəŬɜɞˊɞɘɖŰɘəɐ əŬɘ ŮɚŮɔɢɧɛŮɜɖ Ŭˊɧəɟɘůɖ ůŮ ůɡɜɗɐəŮɠ ůŮɘůɛɞɨ, ɞűŮɘɚɧɛŮɜɖ əɡɟɑɤɠ 

ůŰɖ ɛŮɔɎɚɖ ɞɚəɘɛɧŰɖŰŬ Űɞɡ ɢɎɚɡɓŬ əŬɘ ůŰŬ ɛɘəɟɎ ŬŭɟŬɜŮɘŬəɎ űɞɟŰɑŬ. 

Ⱥ) ɀɞɟűɞɚɞɔɘəɐ ŮɚŮɡɗŮɟɑŬ əŬɘ ŮɡəɞɚɑŬ ŮˊɘůəŮɡɐɠ, Űɟɞˊɞˊɞɑɖůɖɠ əŬɘ Ůɜɑůɢɡůɖɠ Űɖɠ 

ɡˊɎɟɢɞɡůŬɠ əŬŰŬůəŮɡɐɠ. 

Ɇɇ) ɃɛɞɘɞɔɏɜŮɘŬ ɡɚɘəɞɨ. Ƀ ŭɞɛɘəɧɠ ɢɎɚɡɓŬɠ ɏɢŮɘ ůŰŬɗŮɟɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ůŮ əɎɗŮ ůɖɛŮɑɞ 

Űɖɠ ɛɎɕŬɠ Űɞɡ ɡɚɘəɞɨ, əŬɘ ɏŰůɘ ŮɝŬůűŬɚɑɕŮŰŬɘ ɖ ŬəɟɑɓŮɘŬ Űɤɜ ˊŬɟŬŭɞɢɩɜ ŬɜɎɚɡůɖɠ əŬɘ Űɤɜ 

Ůɚɏɔɢɤɜ ŬɜŰɞɢɐɠ. 

Ȼ) ɀɞɜɘɛɧŰɖŰŬ ɡɚɘəɞɨ (ɛˊɞɟŮɑ ɜŬ ŮɝŬůűŬɚɘůŰŮɑ əŬɘ ŬˊŮɟɘɧɟɘůŰɖ ŭɘɎɟəŮɘŬ ɕɤɐɠ Űɖɠ 

əŬŰŬůəŮɡɐ) ɚɧɔɤ ŬɛŮŰɎɓɚɖŰɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ůŰɞ ɢɟɧɜɞ. ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ 

əŬŰɎɚɚɖɚɖ ůɡɜŰɐɟɖůɖ. 

 

ɀŮɘɞɜŮəŰɐɛŬŰŬ ɛŮŰŬɚɚɘəɩɜ ɛɞɜɩɟɞűɤɜ əŰɘɟɑɤɜ: 

 

ȷ) ȾɧůŰɞɠ ˊɟɩŰɖɠ ɨɚɖɠ. 

ȸ) ȷɡɝɖɛɏɜɖ ŬɜɎɔəɖ ˊɟɞůŰŬůɑŬɠ Ŭˊɧ ŭɘɎɓɟɤůɖ əŬɘ ˊɡɟɞˊɟɞůŰŬůɑŬɠ. 

ũ) ȷɜɎɔəɖ ůɡɜŰɐɟɖůɖɠ. 

ȹ) Ⱥɘŭɘəɧɠ ɡˊɞɚɞɔɘůɛɧɠ ůɡɜŭɏůŮɤɜ. 

 

ɄŬɟŬəɎŰɤ űŬɑɜɞɜŰŬɘ ŮɘəɧɜŮɠ ɛɞɜɩɟɞűɤɜ ɛŮŰŬɚɚɘəɩɜ əŬŰŬůəŮɡɩɜ 

 

ɆɢɐɛŬ 1.1: ūɏɟɤɜ ɞɟɔŬɜɘůɛɧɠ ɛŮŰŬɚɚɘəɞɨ ɡˊɧůŰŮɔɞɡ 
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ɆɢɐɛŬ 1.2 

 

 

 

ɆɢɐɛŬ 1.3 
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Ɇɘŭɖɟɞŭɟɞɛɘəɞɑ ůŰŬɗɛɞɑ əŬɘ ɛŮŰŬɚɚɘəɏɠ əŬŰŬůəŮɡɏɠ 

 
Ƀɘ ůɘŭɖɟɞŭɟɞɛɘəɞɑ ůŰŬɗɛɞɑ ŬˊɞŰŮɚɞɨɜ ůɖɛŬɜŰɘəɏɠ əŬŰŬůəŮɡɏɠ, ŬˊŬɟŬɑŰɖŰŮɠ ɔɘŬ Űɖ 

ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ůɘŭɖɟɞŭɟɧɛɞɡ, ɞɘ ɞˊɞɑŮɠ ůɡɢɜɎ ŮɝɡˊɖɟŮŰɞɨɜ ɛŮɔɎɚɞ ˊɚɐɗɞɠ ŮˊɘɓŬŰɩɜ. ȼ 

ɛŮɔɎɚɖ əɑɜɖůɖ ůŮ ŬɡŰɞɨɠ, ŬɚɚɎ əŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɛˊɞɟŮɑ ɜŬ ŬˊɞŰŮɚɞɨɜ ůɖɛŬɜŰɘəɞɨɠ 

ůɡɔəɞɘɜɤɜɘŬəɞɨɠ əɧɛɓɞɡɠ, ˊɞɚɚɏɠ űɞɟɏɠ ɞŭɖɔɞɨɜ ůŰɞ ůɢŮŭɘŬůɛɧ Űɞɡɠ ɛŮ ɘŭɘŬɑŰŮɟŬ 

ɛɞɟűɞɚɞɔɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ, ŬəɧɛŬ əŬɘ ɛɜɖɛŮɘŬəɞɨ ɢŬɟŬəŰɐɟŬ, ŮɜɘůɢɨɞɜŰŬɠ ŰŬ 

ůɡɜŬɘůɗɐɛŬŰŬ Űɞɡ ŮˊɘůəɏˊŰɖ. 

ȰŰůɘ, ŬˊɞŰŮɚɞɨɜ ůɖɛŬɜŰɘəɞɨɠ ůŰŬɗɛɞɨɠ Űɖɠ ɘůŰɞɟɑŬɠ Űɤɜ əŬŰŬůəŮɡɩɜ ŰŬɡŰɘůɛɏɜɞɡɠ ɛŮ 

Űɖɜ ɘŭɏŬ Űɖɠ ˊɟɞɧŭɞɡ ˊɞɡ ůɡɜɧŭŮɣŮ Űɖɜ ɓɘɞɛɖɢŬɜɘəɐ ŮˊŬɜɎůŰŬůɖ əŬɘ Űɖɜ ŮəˊɚɖəŰɘəɐ 

ŭɘɎŭɞůɖ Űɤɜ ɛŮŰŬɚɚɘəɩɜ əŬŰŬůəŮɡɩɜ ˊɞɡ ɏəŬɜŬɜ ŭɡɜŬŰɐ Űɖɜ ɡɚɞˊɞɑɖůɖ Űɞɚɛɖɟɩɜ əŬɘ 

ŮˊɘɓɚɖŰɘəɩɜ ɏɟɔɤɜ ɘəŬɜɩɜ ɜŬ ŮəűɟɎůɞɡɜ Űɘɠ űɘɚɞŭɞɝɑŮɠ ɛɘŬɠ Ůˊɞɢɐɠ ˊɞɡ ˊɑůŰŮɡŮ ɧŰɘ ŭŮɜ ɗŬ 

ɔɜɩɟɘɕŮ ɧɟɘŬ. 

ɄɏɟŬ, ɧɛɤɠ, Ŭˊɧ Űɞɜ ŮˊɘɓɚɖŰɘəɧ Űɞɡɠ ɢŬɟŬəŰɐɟŬ, ůŰɖɜ ɘůŰɞɟɑŬ Űɤɜ əŬŰŬůəŮɡɩɜ 

ůɖɛŬŭŮɨɞɡɜ ɛɘŬ Ůˊɞɢɐ ˊɞɡ ɖ əŬŰŬůəŮɡŬůŰɘəɐ ˊɟɧɞŭɞɠ ŮɑɜŬɘ ůɡɜɡűŬůɛɏɜɖ ɛŮ Űɖɜ ɔɏɜɜɖůɖ 

Űɤɜ ůɨɔɢɟɞɜɤɜ ˊɞɚɘŰɘəɩɜ ɛɖɢŬɜɘəɩɜ ůŰɞɡɠ ɞˊɞɑɞɡɠ ɞűŮɑɚŮŰŬɘ ɧɢɘ ɛɧɜɞɜ ɡˊɞŭɞɛɐ ˊɞɡ ɐŰŬɜ 

ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ Űɖɜ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ ůɘŭɖɟɞŭɟɧɛɞɡ (Űɟɞɢɘɏɠ, ɔŮűɡɟɩůŮɘɠ əɚˊ), ŬɚɚɎ ůŮ ɛŮɔɎɚɞ 

ɓŬɗɛɧ əŬɘ ɖ ɛɞɟűɞɚɞɔɘəɐ əŬɘ ŰŮɢɜɘəɐ ŭɘŬɛɧɟűɤůɖ Űɤɜ ůŰŬɗɛɩɜ Űɖɠ Ůˊɞɢɐɠ. ȰŰůɘ ɏɢɞɡɛŮ Űɖ 

ɔŮɜɑəŮɡůɖ Űɖɠ ɢɟɐůɖɠ Űɞɡ ɢɎɚɡɓŬ ˊɞɡ ɝŮəɘɜɩɜŰŬɠ Ŭˊɧ Űɖɜ əɎɚɡɣɖ Űɤɜ ŬɜŬɔəɩɜ Űɞɡ 

ůɘŭɖɟɞŭɟɞɛɘəɞɨ ŭɘəŰɨɞɡ ŮˊŮəŰɎɗɖəŮ ůŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɏɟɔɤɜ əŬɘ ůŰɘɠ əŰɘɟɘŬəɏɠ 

əŬŰŬůəŮɡɏɠ. ũŮɜɜɐɗɖəŮ, ɏŰůɘ, ɖ ůɨɔɢɟɞɜɖ ůŰŬŰɘəɐ ɛɏůŬ Ŭˊɧ Űɖɜ ˊɟŬəŰɘəɐ əŬɘ ɗŮɤɟɖŰɘəɐ 

ŬɜŬɕɐŰɖůɖ Űɤɜ ɜɧɛɤɜ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɞɡ ɜɏɞɡ ŬɡŰɞɨ ɡɚɘəɞɨ. 

1.3 ɩɻʍʋʑʎʚɻʎʂ ʑʌʗʍʔʋʉʐʋʏ ʘʍɾʋʑȟ ʐʋʑ ʎʐɻʃʈʋʞ  ɠɫɚɩ ʐʋʑ ɩʀʅʍɻʅʗ 

 

ɆɢɐɛŬ 1.4: ȺɝɤŰŮɟɘəɐ Ɏˊɞɣɖ Űɞɡ ůŰŬɗɛɞɨ ȼɆȷɄ ůŰɞɜ ɄŮɘɟŬɘɎ 
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ȼ ɔɟŬɛɛɐ Űɞɡ ȼɆȷɄ əŬɘ ɞ ŰŮɟɛŬŰɘəɧɠ ůŰŬɗɛɧɠ ůŰɞɜ ɄŮɘɟŬɘɎ ŮɑɜŬɘ ɏɜŬ ɘůŰɞɟɘəɧ əŬɘ 

ˊɞɚɨ ůɖɛŬɜŰɘəɧ ɏɟɔɞ ɔɘŬ Űɘɠ ŬůŰɘəɏɠ ůɡɔəɞɘɜɤɜɑŮɠ Űɖɠ ɛɖŰɟɞˊɞɚɘŰɘəɐɠ ˊŮɟɘɞɢɐɠ ȷɗɖɜɩɜ ï 

ɄŮɘɟŬɘɩɠ. ȺɑɜŬɘ ɏɜŬɠ ůŰŬɗɛɧɠ ɛŮ ɛŮɔɎɚɖ ŮˊɘɓŬŰɘəɐ əɑɜɖůɖ əŬɘ Űɞ ɓŬůɘəɧŰŮɟɞ ůɡɔəɞɘɜɤɜɘŬəɧ 

ɏɟɔɞ ˊɞɡ ŮɝɡˊɖɟŮŰŮɑ Űɞ əɏɜŰɟɞ Űɖɠ ˊɧɚɖɠ Űɞɡ ɄŮɘɟŬɘɎ, ůɡɜŭɏɞɜŰŬɠ Űɞɜ ɛŮ Űɞ əɏɜŰɟɞ Űɖɠ 

ȷɗɐɜŬɠ əŬɘ ɧɚŬ ŰŬ ŮɜŭɘɎɛŮůŬ ˊɟɞɎůŰɘŬ ɛɏɢɟɘ əŬɘ Űɖɜ ȾɖűɘůɘɎ. ɀɎɚɘůŰŬ Űɞ əɞɛɛɎŰɘ ɛŮŰŬɝɨ 

ŪɖůŮɑɞɡ əŬɘ ɄŮɘɟŬɘɎ, ŰɧŰŮ ɛŮ ɛɞɜɐ ɔɟŬɛɛɐ əŬɘ ŬŰɛɞəɑɜɖŰɞ, ŬˊɞŰŮɚŮɑ Űɞɜ ˊɟɩŰɞ 

ůɘŭɖɟɧŭɟɞɛɞ ˊɞɡ əŬŰŬůəŮɡɎůŰɖəŮ ˊɞŰɏ ůŰɖɜ ȺɚɚɎŭŬ Űɞ 1869. Ⱥˊɑůɖɠ, ɞ çɖɚŮəŰɟɘəɧɠè ŮɑɜŬɘ 

Űɞ əɨɟɘɞ ɀɏůɞ ɀŬɕɘəɐɠ ɀŮŰŬűɞɟɎɠ ˊɞɡ ŮɝɡˊɖɟŮŰŮɑ Űɞ ɛŮɔŬɚɨŰŮɟɞ ůŮ ɏəŰŬůɖ, Ůɛˊɞɟɘəɐ əŬɘ 

ŮˊɘɓŬŰɘəɐ əɑɜɖůɖ ɚɘɛɎɜɘ Űɖɠ ɢɩɟŬɠ, ŬɡŰɧ Űɞɡ ɄŮɘɟŬɘɎ. Ƀ ɐŭɖ ˊɟɞɖɔɞɡɛɏɜɤɠ ůɖɛŬɜŰɘəɧɠ 

ůɡɔəɞɘɜɤɜɘŬəɧɠ ɟɧɚɞɠ Űɞɡ ůŰŬɗɛɞɨ, ŬɡɝɐɗɖəŮ Ŭəɧɛɖ ˊŮɟɘůůɧŰŮɟɞ ɛŮ Űɖ ɚŮɘŰɞɡɟɔɑŬ əŬɘ Űɖɜ 

ŮˊɏəŰŬůɖ Ŭˊɧ Űɞ 2000 əŬɘ ɛŮŰɎ Űɞɡ ŭɘəŰɨɞɡ Űɞɡ ɀŮŰɟɧ əŬɘ Űɖɜ ŮɜůɤɛɎŰɤůɖ Űɖɠ ˊŬɚɘɎɠ 

ɔɟŬɛɛɐɠ Űɞɡ ȼɆȷɄ ůŮ ŬɡŰɧ. ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ, ɞ ůŰŬɗɛɧɠ ŮˊɘŰɟɏˊŮɘ Űɖ ůɨɜŭŮůɖ Űɞɡ 

ɄŮɘɟŬɘɎ ɛŮ ˊɞɚɨ ˊŮɟɘůůɧŰŮɟŮɠ ˊŮɟɘɞɢɏɠ Űɞɡ ɚŮəŬɜɞˊŮŭɑɞɡ. 

Ƀ ůŰŬɗɛɧɠ ɓɟɑůəŮŰŬɘ ůŰɖɜ ȸȷ ɔɤɜɑŬ Űɞɡ ɚɘɛɏɜŬ ɄŮɘɟŬɘɩɠ, ůŰɖɜ ŬəŰɐ ȾŬɚɚɘɛŬůɘɩŰɖ əŬɘ 

ŭɑˊɚŬ Űɞɡ ɓɟɑůəŮŰŬɘ ɖ ˊɚŬŰŮɑŬ Ƀŭɖůůɞɨ. ȼ ŮɝɤŰŮɟɘəɐ ŮɛűɎɜɘůɖ Űɞɡ əŰɖɟɑɞɡ ŭŮɜ ɡˊɞŭɖɚɩɜŮɘ 

ɝŮəɎɗŬɟŬ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ əŬɘ ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ŮɑɜŬɘ ɏɜŬ ɞˊɞɘɞŭɐˊɞŰŮ ɜŮɞəɚŬůɘəɧ əŰɐɟɘɞ 

ɡˊɖɟŮůɑŬɠ ɐ ɝŮɜɞŭɞɢŮɑɞ (ɓɚ. ůɢɐɛŬ 1.4). ȼ ŬɑɗɞɡůŬ ŬűɑɝŮɤɜ ï ŬɜŬɢɤɟɐůŮɤɜ əŬɘ Űɞ 

ɛŮŰŬɚɚɘəɧ ůŰɏɔŬůŰɟɞ ˊɞɡ Űɖɜ əŬɚɨˊŰŮɘ ŬˊɞəɟɨˊŰɞɜŰŬɘ ˊɚɐɟɤɠ Ŭˊɧ Űɘɠ ɧɣŮɘɠ Űɞɡ əŰɖɟɑɞɡ əŬɘ 

Űɞɡ ŭɘˊɚŬɜɞɨ ɛɖɢŬɜɞůŰŬůɑɞɡ əŬɘ ɏŰůɘ ɖ ɢɟɐůɖ Űɞɡ ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɐ ɛŮŰɎ Űɖɜ Ůɑůɞŭɞ ůŰɞ 

əŰɐɟɘɞ (ɓɚ. ůɢɐɛŬ 1.5) ūŬɑɜŮŰŬɘ, ɚɞɘˊɧɜ, ɧŰɘ ɡˊɐɟɝŮ ůɡɜŮɘŭɖŰɐ Ůˊɘɚɞɔɐ ˊɚɐɟɞɡɠ ɏɜŰŬɝɖɠ Űɞɡ 

ůŰɞ ŬůŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ, Ůɜɩ Űɞ ŬɘůɗɖŰɘəɎ ˊɞɛˊɩŭŮɠ ůŰɏɔŬůŰɟɞ ɛˊɞɟŮɑ ɜŬ ɗŬɡɛŬůŰŮɑ ɛɧɜɞ 

Ŭˊɧ Űɞ ŮůɤŰŮɟɘəɧ Űɞɡ.  

 

ɆɢɐɛŬ 1.5: ȯˊɞɣɖ Űɞɡ ɛŮŰŬɚɚɘəɞɨ ůŰŮɔɎůŰɟɞɡ Ŭˊɧ Űɞ ŮůɤŰŮɟɘəɧ Űɞɡ ůŰŬɗɛɞɨ 
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ɆɢɐɛŬ 1.6: ɇɞ ůŰɏɔŬůŰɟɞ ɡˊɧ əŬŰŬůəŮɡɐ Űɞ 1926 

 

ȼ əŬŰŬůəŮɡɐ Űɞɡ ɛŮŰŬɚɚɘəɞɨ ɡˊɧůŰŮɔɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɢɤɟɘůŰɎ Ŭˊɧ ŰŬ ɚɞɘˊɎ 

əŰɐɟɘŬ Űɞɡ ůŰŬɗɛɞɨ əŬɘ Űɖ ɛŮɚɏŰɖ ŬɜɏɚŬɓŮ ɛŮŰɎ Ŭˊɧ ŭɘŬɔɤɜɘůɛɧ ɖ ɔŬɚɚɘəɐ ŮŰŬɘɟŮɑŬ Dyle et 

Bacalan Űɞ 1926. ȼ ŬɜɏɔŮɟůɖ ɞɚɞəɚɖɟɩɗɖəŮ Ŭˊɧ Űɖ ũŮɜɘəɐ ȺŰŬɘɟɑŬ ȾŬŰŬůəŮɡɩɜ ɛŮŰɎ Ŭˊɧ 

ˊŬɟɎŭɞůɖ ůŰɞɜ ɄŮɘɟŬɘɎ ɓɘɞɛɖɢŬɜɞˊɞɘɖɛɏɜɞɡ ɧɚɞɡ Űɞɡ ŬˊŬɟŬɑŰɖŰɞɡ ɡɚɘəɞɨ. ɇɞ ɓɎɟɞɠ Űɖɠ 

əŬŰŬůəŮɡɐɠ ɏűŰŬɜŮ ůɡɜɞɚɘəɎ Űɞɡɠ 375 Űɧɜɞɡɠ ɢɎɚɡɓŬ əŬɘ Ůˊɘˊɚɏɞɜ 12,5 Űɧɜɞɡɠ 

ɔŬɚɓŬɜɘůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ, Ůɜɩ Űɞ əɧůŰɞɠ Űɖɠ ɎɔɔɘɕŮ Űɘɠ 5900 ɚɑɟŮɠ ȷɔɔɚɑŬɠ. ȺɜŭɘŬűɏɟɞɜ 

ˊŬɟɞɡůɘɎɕɞɡɜ Ůˊɑůɖɠ ŰŬ ůɢɏŭɘŬ əŬɘ ɞɘ ůŰŬŰɘəɞɑ ɡˊɞɚɞɔɘůɛɞɑ Űɞɡ ůŰŮɔɎůŰɟɞɡ, ɧˊɞɡ Űɞ 

ˊɟɧɓɚɖɛŬ ɏɢŮɘ ŬɜŬɚɡɗŮɑ ůŮ ŮˊɑˊŮŭɞɡɠ űɞɟŮɑɠ ˊɞɡ ɏɢɞɡɜ ŮˊɘɚɡɗŮɑ ɛŮ ɔɟŬűɘəɏɠ ɛŮɗɧŭɞɡɠ. ȼ 

ŭɘŬůŰŬůɘɞɚɧɔɖůɖ Űɤɜ Ůˊɑ ɛɏɟɞɡɠ ŭɘŬŰɞɛɩɜ ɔɑɜŮŰŬɘ ɛŮ ŮˊɘŰɟŮˊɧɛŮɜŮɠ ŰɎůŮɘɠ əŬɘ Űɘɠ ɔɜɤůŰɏɠ 

ůɢɏůŮɘɠ Űɖɠ ŬɜŰɞɢɐɠ Űɤɜ ɡɚɘəɩɜ ɔɘŬ Űɖɜ əɎɛɣɖ ɛŮ ɞɟɗɐ ŭɨɜŬɛɖ əŬɘ ɖ ˊŮɟɑˊŰɤůɖ Űɞɡ 

ɚɡɔɘůɛɞɨ ŬɜŰɘɛŮŰɤˊɑɕŮŰŬɘ ɛŮ ɛŮɑɤůɖ Űɖɠ ŭɘŬɗɏůɘɛɖɠ ŭɘŬŰɞɛɐɠ ɛɏůɤ ůɡɜŰŮɚŮůŰɐ. (ɓɚ. 

ůɢɐɛŬŰŬ 1.9, 1.10, 1.11, 1.12) 

ɇŮɢɜɘəɎ, Űɞ ůŰɏɔŬůŰɟɞ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛɘŬ ůŮɘɟɎ ŬɣɘŭɤŰɩɜ ŰɟɘŬɟɗɟɤŰɩɜ Űɧɝɤɜ 

ŬɜɞɑɔɛŬŰɞɠ 20,20m əŬɘ ɨɣɞɡɠ 12,70m, ŰɞˊɞɗŮŰɖɛɏɜɤɜ ŬɜɎ 12,30m ůɢɖɛŬŰɑɕɞɜŰŬɠ ɛɘŬ 

ŬɑɗɞɡůŬ ůɡɜɞɚɘəɞɨ ɛɐəɞɡɠ 123,0m ˊɞɡ əŬɚɨˊŰŮɘ Űɘɠ ŭɨɞ ɔɟŬɛɛɏɠ. ɇŬ ŬɜɞɑɔɛŬŰŬ ɛŮŰŬɝɨ Űɤɜ 

Űɧɝɤɜ əŬŰɎ ɛɐəɞɠ Űɖɠ ŬɑɗɞɡůŬɠ əŬɚɨˊŰɞɜŰŬɘ ɛŮ ŬɟɗɟɤŰɏɠ ŭɞəɞɨɠ Gerber Ůˊɑ Űɤɜ ɞˊɞɑɤɜ 

ůŰŮɟŮɩɜɞɜŰŬɘ ŭŮɡŰŮɟŮɨɞɡůŮɠ ŭɞəɞɑ (ˊŬɟɎɚɚɖɚŮɠ Űɤɜ ˊɚŬɘůɑɤɜ) ˊɞɡ űɏɟɞɡɜ ŰŬ ɡŬɚɞůŰɎůɘŬ 

Űɖɠ ɞɟɞűɐɠ. ɄɎɜɤ Ŭˊɧ ŰŬ ŰɧɝŬ ɡˊɎɟɢŮɘ Űɟɘɔɤɜɘəɐ ɡˊŮɟɨɣɤůɖ Űɖɠ ůŰɏɔɖɠ (ɚŬŰɏɟɜŬ) ɔɘŬ Űɞɜ 

ŬŮɟɘůɛɧ Űɖɠ ŬɑɗɞɡůŬɠ. Ƀɘ ůɨɜɗŮŰŮɠ ŭɘŬŰɞɛɏɠ Űɞɡ Űɧɝɞɡ ɛɞɟűɩɜɞɜŰŬɘ Ŭˊɧ ŮˊɑˊŮŭŬ ŮɚɎůɛŬŰŬ 

əŬɘ ɔɤɜɘŬəɎ ˊɟɞűɑɚ ˊɟɘŰůɘɜɤɛɏɜŬ ɛŮŰŬɝɨ Űɞɡɠ. Ƀɘ ŬˊŬɟŬɑŰɖŰŮɠ ůɡɜŭɏůŮɘɠ ɔɘŬ Űɖɜ ɛɧɟűɤůɖ 

Űɖɠ ɧɚɖɠ əŬŰŬůəŮɡɐɠ ŮɑɜŬɘ əŬŰɎ əŬɜɧɜŬ ˊɟɘŰůɘɜɤŰɏɠ (ɔɡɟɤŰɘəɧɠ ɐɚɞɠ). ȼ ŮˊɘəɎɚɡɣɖ Űɞɡ 

ůŰŮɔɎůŰɟɞɡ ŬˊɞŰŮɚŮɑŰŬɘ ůŰɞ ɣɖɚɧŰŮɟɞ ŰɛɐɛŬ Űɖɠ ɞɟɞűɐɠ Ŭˊɧ ɖɛɘŭɘŬűŬɜɏɠ ɡɚɘəɧ, ˊɚɏɞɜ 

ˊɚɏɝɘɔəɚŬɠ, Ůɜɩ ŰŬ əŬŰɩŰŮɟŬ ŮəŬŰɏɟɤɗŮɜ ŰɛɐɛŬŰŬ Ŭˊɧ ŭɘŬəɞůɛɖɛɏɜŮɠ ŰůɘɛŮɜŰɞůŬɜɑŭŮɠ. 
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ɆɢɐɛŬ 1.7: ȼ Ɏɟɗɟɤůɖ ůŰɖ ɓɎůɖ Űɞɡ ɡˊɞůŰɡɚɩɛŬŰɞɠ 

 

ɆɢɐɛŬ 1.8: Ƀ ŰɞɝɤŰɧɠ űɞɟɏŬɠ əŬɘ ɛɏɟɞɠ Űɖɠ ɔŮɜɘəɐɠ ŭɘɎŰŬɝɖɠ Űɖɠ ůŰɏɔɖɠ 
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ɆɢɐɛŬ 1.9: Ⱥˊɑɚɡůɖ ɛŮ ɛɞɜɧˊɚŮɡɟɖ ɢɘɞɜɞűɧɟŰɘůɖ 

 

ɆɢɐɛŬ 1.10: Ⱥˊɑɚɡůɖ ɛŮ ɜŮəɟɎ űɞɟŰɑŬ 
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ɆɢɐɛŬ 1.11: ȹɘŬůŰŬůɘɞɚɧɔɖůɖ Űɖɠ Ɏɟɗɟɤůɖɠ ůŰɖ ɓɎůɖ Űɞɡ ˊɚŬɘůɑɞɡ 

  

ɆɢɐɛŬ 1.12: ȹɘŬůŰŬůɘɞɚɧɔɖůɖ ůŰɞɘɢŮɑɤɜ Űɖɠ əŬŰŬůəŮɡɐɠ , Űɞ ˊɟɞűɑɚ Űɖɠ ŭŮɝɘɎɠ ůŮɚɑŭŬɠ 

ɡˊɞɚɞɔɑɕŮŰŬɘ ůŮ ɚɡɔɘůɛɧ ɛŮ ɛŮɑɤůɖ Űɖɠ ŭɘŬŰɞɛɐɠ (section de flambage) 
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2 ɬʋ ʆʐʙʍʅʋ 

2.1 ɩɻʍʋʑʎʚɻʎʂ ʐʋʑ ʘʍɾʋʑ 

ȷɜŰɘəŮɑɛŮɜɞ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɞ ŮˊŬɜŬůɢŮŭɘŬůɛɧɠ ůɨɛűɤɜŬ ɛŮ ůɨɔɢɟɞɜŬ 

ˊɟɧŰɡˊŬ, ˊɟŬəŰɘəɏɠ əŬɘ ɛɞɟűɐ Űɞɡ ɛŮŰŬɚɚɘəɞɨ ɡˊɧůŰŮɔɞɡ Űɞɡ ůŰŬɗɛɞɨ Űɞɡ ȼɆȷɄ ůŰɞɜ 

ɄŮɘɟŬɘɎ. ɀŮɚŮŰɩɜŰŬɘ ŭɨɞ ŮɜŬɚɚŬəŰɘəɏɠ ɚɨůŮɘɠ, ɖ ɛɑŬ ɛŮ ˊŬəŰɤɛɏɜŬ ɞɚɧůɤɛŬ ˊɚŬɑůɘŬ 

ůŰŬɗŮɟɐɠ ŭɘŬŰɞɛɐɠ ɡˊɞůŰɡɚɤɛɎŰɤɜ əŬɘ ɕɡɔɩɛŬŰɞɠ əŬɘ ɖ Ɏɚɚɖ ɛŮ ŰɟɘŬɟɗɟɤŰɞɨɠ əɨɟɘɞɡɠ 

űɞɟŮɑɠ əŬɘ ɞɚɧůɤɛŬ ɛɏɚɖ ɛŮŰŬɓɚɖŰɐɠ ŭɘŬŰɞɛɐɠ. ȾŬɘ ɞɘ ŭɨɞ ŮɜŬɚɚŬəŰɘəɏɠ ɏɢɞɡɜ ɧɛɞɘŬ ɛɞɟűɐ 

əŬɘ ŭɘŬůŰɎůŮɘɠ. ȼ ɛɞɟűɐ ˊɞɡ ŮˊɘɚɏɔŮŰŬɘ ŭɘŬűɏɟŮɘ ŬɘůɗɖŰɘəɎ Ŭˊɧ ŰŬ ŰɞɝɤŰɎ ˊɚŬɑůɘŬ Űɖɠ 

ɡˊɎɟɢɞɡůŬɠ əŬŰŬůəŮɡɐɠ əŬɘ ŮɑɜŬɘ ɖ ůɡɜɐɗɖɠ ɛɞɟűɐ Űɞɡ ŭɑɟɘɢŰɞɡ ɕŮɡəŰɞɨ ˊɞɡ ůŰɖɟɑɕŮŰŬɘ ůŮ 

ŮɡɗɨɔɟŬɛɛŬ ɡˊɞůŰɡɚɩɛŬŰŬ. ɋůŰɧůɞ, ɏɔɘɜŮ ˊɟɞůˊɎɗŮɘŬ ɩůŰŮ ɖ ɛɞɟűɐ ɜŬ ˊɚɖůɘɎɕŮɘ ůŮ 

ɔŮɜɘəɏɠ ɔɟŬɛɛɏɠ ŬɡŰɐ Űɞɡ ɡˊɎɟɢɞɜŰɞɠ ɏɟɔɞɡ, əŬɗɩɠ Ůˊɑůɖɠ əŬɘ ɞɘ ŭɘŬůŰɎůŮɘɠ ɜŬ ŮɑɜŬɘ 

ˊŬɟɧɛɞɘŮɠ ɛŮ Űɘɠ ˊɟŬɔɛŬŰɘəɏɠ. 

ɆŰɞ ůŰŬŰɘəɧ ˊɟɧɔɟŬɛɛŬ ɛŮɚŮŰɎŰŬɘ Űɞ ɛɘůɧ əŰɐɟɘɞ, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ůɡɛɛŮŰɟɘəɧ ůŰɞ 

ɡˊɧɚɞɘˊɞ ɛɘůɧ əŬɘ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 12 ˊɚŬɑůɘŬ ŬɜɎ 5,5m, ŭɖɚŬŭɐ ɏɢŮɘ ɛɐəɞɠ 60,5m. ɇɞ 

ůɡɜɞɚɘəɧ ɛɐəɞɠ Űɖɠ əŬŰŬůəŮɡɐɠ ŮɑɜŬɘ 121m. ɇŬ ˊɚŬɑůɘŬ ɏɢɞɡɜ ɎɜɞɘɔɛŬ 20m ɛŮŰɟɞɨɛŮɜɞ Ŭˊɧ 

Űɞɡɠ ɎɝɞɜŮɠ Űɤɜ ɡˊɞůŰɡɚɤɛɎŰɤɜ. ɇŬ ɡˊɞůŰɡɚɩɛŬŰŬ ɏɢɞɡɜ ɨɣɞɠ 9,9m. ɇɞ ɕɨɔɤɛŬ ɏɢŮɘ 

əɚɑůɖ 19,8
ɞ
 əŬɘ Űɞ ɨɣɞɠ Űɖɠ əŬŰŬůəŮɡɐɠ ŮɑɜŬɘ 13,5m. ɆŰɞ ɛɘůɧ əŰɐɟɘɞ ˊɞɡ ɛŮɚŮŰɎŰŬɘ ɏɢɞɡɜ 

ŰɞˊɞɗŮŰɖɗŮɑ ɢɘŬůŰɑ ůɨɜŭŮůɛɞɘ ŭɡůəŬɛɣɑŬɠ ɞɟɘɕɧɜŰɘɞɘ əŬɘ əŬŰŬəɧɟɡűɞɘ ůŰɞ ˊɟɩŰɞ, ůŰɞ 

ɛŮůŬɑɞ əŬɘ ůŰɞ ŰŮɚŮɡŰŬɑɞ űɎŰɜɤɛŬ ɛŮŰŬɝɨ ˊɚŬɘůɑɤɜ, ɎɟŬ Űɞ ůɨɜɞɚɞ ɏɟɔɞ űɏɟŮɘ ůɡɜŭɏůɛɞɡɠ 

ŭɡůəŬɛɣɑŬɠ ůŮ 6 űŬŰɜɩɛŬŰŬ. 

2.2 ɝʋʈʅʆʗ ʎʐʋʅʔʀʚɻ ʐʂʏ ʆɻʐɻʎʆʀʑʙʏ 

2.2.1 ɣʞʍʅʋʅ ʒʋʍʀʚʏ ɀ ʌʇɻʚʎʅɻ 

Ƀɘ əɨɟɘɞɘ űɞɟŮɑɠ ŮɑɜŬɘ ůɡɜɐɗɤɠ ˊɚŬɑůɘŬ, ˊɞɡ ŭɘŬŰɎůůɞɜŰŬɘ əŬŰɎ əŬɜɧɜŬ ŬɜɎ ɑůŮɠ 

ŬˊɞůŰɎůŮɘɠ ɛŮŰŬɝɨ Űɞɡɠ əŬɘ ɏɢɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ˊŬɟŬɚŬɓɐɠ əŬŰŬəɧɟɡűɤɜ əŬɘ ɞɟɘɕɧɜŰɘɤɜ 

űɞɟŰɑɤɜ ɛɏůŬ ůŰɞ ŮˊɑˊŮŭɞ Űɞɡɠ. ɄŬɟŬɚŬɛɓɎɜɞɡɜ əɡɟɑɤɠ űɞɟŰɑŬ ɢɘɞɜɘɞɨ, Ŭɜɏɛɞɡ əŬɘ 

ůŮɘůɛɘəɏɠ ŭɡɜɎɛŮɘɠ. Ƀɘ əɧɛɓɞɘ Űɤɜ ˊɚŬɘůɑɤɜ ŬɡŰɩɜ ˊɟɏˊŮɘ ɜŬ ɏɢɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ 

ˊŬɟŬɚŬɓɐɠ ɟɞˊɩɜ. ɇŬ ˊɚŬɑůɘŬ ŮɑɜŬɘ ɞɘ ŰŮɚɘəɞɑ ŬˊɞŭɏəŰŮɠ Űɤɜ əɨɟɘɤɜ űɞɟŰɑɤɜ Űɖɠ 

əŬŰŬůəŮɡɐɠ, ŰŬ ɞˊɞɑŬ əŬɘ ɛŮŰŬɓɘɓɎɕɞɡɜ ɛɏůɤ Űɖɠ ɗŮɛŮɚɑɤůɖɠ Űɞɡɠ ůŰɞ ɏŭŬűɞɠ. 

 

 

ɆɢɐɛŬ 2.1: ɉŬɟŬəŰɖɟɘůŰɘəɐ ŭɘɎŰŬɝɖ ˊɚŬɘůɑɞɡ 
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ɆɢɐɛŬ 2.2: Ƀɟɗɧɠ ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ ŭɘŬŰɞɛɩɜ ŭɘˊɚɞɨ ŰŬɡ Ůˊɘˊɏŭɤɜ ˊɚŬɘůɑɤɜ 

 

ɇŬ ɛɏɚɖ Űɤɜ əɨɟɘɤɜ űɞɟɏɤɜ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ: 

¶ ɃɚɧůɤɛŬ ůŰŬɗŮɟɐɠ ɐ ɛŮŰŬɓɚɖŰɐɠ ŭɘŬŰɞɛɐɠ 

¶ ȹɘəŰɡɤŰɎ 

Ƀɘ əɨɟɘɞɘ űɞɟŮɑɠ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ŰŬ ɡˊɞůŰɡɚɩɛŬŰŬ əŬɘ Űɞ ɕɨɔɤɛŬ, Űɞ ɞˊɞɑɞ ůɡɜɐɗɤɠ 

ŮɑɜŬɘ ŭɑɟɘɢŰɞ ɛŮ əɚɑůɖ ˊŮɟɑˊɞɡ 10Á, ɩůŰŮ ɜŬ ˊŬɟŬɚŬɛɓɎɜŮɘ əŬɘ ŰŬ əŬŰŬəɧɟɡűŬ űɞɟŰɑŬ əŬɘ ɛŮ 

Ŭɝɞɜɘəɐ, ɧɢɘ ɛɧɜɞ ɛŮ əŬɛˊŰɘəɐ ŭɟɎůɖ. ɇŬ ɡˊɞůŰɡɚɩɛŬŰŬ əŬɘ ŰŬ ɕɡɔɩɛŬŰŬ Űɤɜ əɨɟɘɤɜ 

űɞɟɏɤɜ əŬŰŬˊɞɜɞɨɜŰŬɘ əɡɟɑɤɠ ůŮ əɎɛɣɖ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ, ɔɘŬ ŰŬ ɛɏɚɖ Űɤɜ əɨɟɘɤɜ űɞɟɏɤɜ, 

ɧŰŬɜ ŬɡŰɎ ŮɑɜŬɘ ɞɚɧůɤɛŬ, ˊɟɞŰɘɛɩɜŰŬɘ ŭɘŬŰɞɛɏɠ ŭɘˊɚɞɨ ŰŬɡ, Ŭűɞɨ ɧůɞ ˊɘɞ ŬˊɞɛŬəɟɡůɛɏɜɞ 

ŮɑɜŬɘ Űɞ ɡɚɘəɧ ɛɘŬɠ ŭɘŬŰɞɛɐɠ Ŭˊɧ Űɞ əɏɜŰɟɞ ɓɎɟɞɡɠ Űɖɠ, Űɧůɞ əŬɚɨŰŮɟŬ ůɡɛˊŮɟɘűɏɟŮŰŬɘ ůŮ 

əɎɛɣɖ, ɔɘŬŰɑ Űɞ ɡɚɘəɧ ůɡɔəŮɜŰɟɩɜŮŰŬɘ ůŮ ɗɏůŮɘɠ Ŭɡɝɖɛɏɜɤɜ ŰɎůŮɤɜ. ȰŰůɘ ɛŮɔŬɚɩɜŮɘ ɖ ɟɞˊɐ 

ŬŭɟɎɜŮɘŬɠ ˊɞɡ ŮɑɜŬɘ ɛɏŰɟɞ əŬɛˊŰɘəɐɠ ŭɡůəŬɛɣɑŬɠ, əŬɘ ɖ ɟɞˊɐ ŬɜŰɑůŰŬůɖɠ ˊɞɡ ŮɑɜŬɘ ɛɏŰɟɞ 

əŬɛˊŰɘəɐɠ ŬɜŰɞɢɐɠ. ɇŬ ɕɡɔɩɛŬŰŬ əŬŰŬůəŮɡɎɕɞɜŰŬɘ ůɡɜɐɗɤɠ Ŭˊɧ ɡɣɑəɞɟɛŮɠ ŭɘŬŰɞɛɏɠ ɧˊɤɠ 

IPE əŬɘ ŰŬ ɡˊɞůŰɡɚɩɛŬŰŬ Ŭˊɧ ˊɚŬŰɨˊŮɚɛŮɠ ŭɘŬŰɞɛɏɠ ɧˊɤɠ HEA ɐ HEB. ȳůɞɜ ŬűɞɟɎ Űɞɜ 

ˊɟɞůŬɜŬŰɞɚɘůɛɧ Űɤɜ əɨɟɘɤɜ űɞɟɏɤɜ ɞɘ ŭɘŬŰɞɛɏɠ Űɤɜ ɛŮɚɩɜ Űɤɜ əɨɟɘɤɜ űɞɟɏɤɜ 

ŰɞˊɞɗŮŰɞɨɜŰŬɘ ɏŰůɘ ɩůŰŮ əŬŰɎ Űɖ ŭɟɎůɖ ɛŮɔɎɚɤɜ űɞɟŰɑɤɜ əŬŰɎ ɛɘŬ ɞɟɘůɛɏɜɖ ŭɘŮɨɗɡɜůɖ ɜŬ 

ŮɜŮɟɔɞˊɞɘɞɨɜŰŬɘ ɞɘ ɘůɢɡɟɞɑ ɎɝɞɜŮɠ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 2.2. 

 

 

ɆɢɐɛŬ 2.3: Ⱥɨɟɞɠ ɕɩɜɖɠ Ůˊɘɟɟɞɐɠ Űɡˊɘəɞɨ ŮɜŭɘɎɛŮůɞɡ ˊɚŬɘůɑɞɡ 
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ȳˊɤɠ ŮɘˊɩɗɖəŮ əŬɘ ˊɟɘɜ, ɞɘ əɨɟɘɞɘ űɞɟŮɑɠ ˊŬɟŬɚŬɛɓɎɜɞɡɜ Űɞ ɛŮɔŬɚɨŰŮɟɞ ˊɞůɞůŰɧ Űɤɜ 

ŭɟɩɜŰɤɜ űɞɟŰɑɤɜ ůŰɖɜ əŬŰŬůəŮɡɐ, (ɎɜŮɛɞɠ, ɢɘɧɜɘ, ůŮɘůɛɧɠ əŬɘ Űɞ ɑŭɘɞ ɓɎɟɞɠ ŮˊɘəɎɚɡɣɖɠ, 

ŰŮɔɑŭɤɜ, ɛɖəɑŭɤɜ əŬɘ Űɞɡ ŮŬɡŰɞɨ Űɞɡɠ). ȳɚŬ ŬɡŰɎ ŰŬ ɛŮŰŬɓɘɓɎɕɞɡɜ ůŰŬ ɗŮɛɏɚɘɎ Űɞɡɠ, əŬɘ 

Ŭˊɧ ŮəŮɑ ůŰɞ ɏŭŬűɞɠ. Ƀ Űɟɧˊɞɠ ˊɞɡ ŬɡŰɞɑ ɛɞɟűɩɜɞɜŰŬɘ (ɧɚɞɘ ůŰɖɜ ɑŭɘŬ ŮɡɗŮɑŬ əŬɘ 

ɘůŬˊɏɢɞɜŰŮɠ) ŮˊɘŰɟɏˊŮɘ ɜŬ ɗŮɤɟɖɗŮɑ ˊɤɠ Űɞ ɘŭŮŬŰɧ ŮɛɓŬŭɧ ɛŮ Űɞ ɞˊɞɑɞ ůɡɛɛŮŰɏɢɞɡɜ ůŰɖɜ 

ŬɜɎɚɖɣɖ Űɤɜ űɞɟŰɑɤɜ Űɖɠ əŬŰŬůəŮɡɐɠ, ŮɑɜŬɘ ŬɡŰɧ ˊɞɡ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 2.3. ɇɞ ŮɛɓŬŭɧɜ 

ŬɡŰɧ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɘɠ ŮɡɗŮɑŮɠ ˊɞɡ ŭɘɏɟɢɞɜŰŬɘ Ŭˊɧ ŰŬ ɛɏůŬ Űɤɜ ŬˊɞůŰɎůŮɤɜ ŭɨɞ ŭɘŬŭɞɢɘəɩɜ 

ˊɚŬɘůɑɤɜ, Ůɜɩ ɖ ˊɟɎɝɖ ɏɢŮɘ ŭŮɑɝŮɘ ˊɤɠ Űɞ ůűɎɚɛŬ ŬɡŰɐɠ Űɖɠ ɗŮɩɟɖůɖɠ ŮɑɜŬɘ ˊɞɚɨ ɛɘəɟɧ ůŮ 

ůɢɏůɖ ɛŮ Űɖɜ ŮˊɘɗɡɛɖŰɐ ŬəɟɑɓŮɘŬ. 

 

 

ɆɢɐɛŬ 2.4: ȾŬŰŬɜɞɛɐ əŬɛˊŰɘəɩɜ ɟɞˊɩɜ ŬɛűɘŬɟɗɟɤŰɞɨ əŬɘ ŬɛűɑˊŬəŰɞɡ ˊɚŬɘůɑɞɡ 

 

ȼ ɗŮɛŮɚɑɤůɖ Űɞɡ ˊɚŬɘůɑɞɡ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ Ɏɟɗɟɤůɖ ɐ ˊɎəŰɤůɖ. ȰɜŬ ŬɛűɑˊŬəŰɞ 

ˊɚŬɑůɘɞ ůŮ ůɨɔəɟɘůɖ ˊɟɞɠ Űɞ ŬɜŰɑůŰɞɘɢɧ Űɞɡ ŬɛűɘŬɟɗɟɤŰɧ, ɏɢŮɘ ůɡɜɗŮŰɧŰŮɟɖ ɚŮˊŰɞɛɏɟŮɘŬ 

ɏŭɟŬůɖɠ Ůˊɑ Űɞɡ ɗŮɛŮɚɑɞɡ, ŬɚɚɎ ˊŬɟɞɡůɘɎɕŮɘ ŮɡɜɞɥəɧŰŮɟɖ əŬŰŬɜɞɛɐ Űɤɜ əŬɛˊŰɘəɩɜ ɟɞˊɩɜ 

əŬɗɩɠ əŬɘ ɛŮɘɤɛɏɜɖ ˊŬɟŬɛɞɟűɤůɘɛɧŰɖŰŬ Űɧůɞ ɡˊɧ ŰŬ əŬŰŬəɧɟɡűŬ, ɧůɞ əŬɘ ɡˊɧ ŰŬ 

ɞɟɘɕɧɜŰɘŬ űɞɟŰɑŬ, ɔŮɔɞɜɧɠ ˊɞɚɨ ůɖɛŬɜŰɘəɧ ɔɘŬ Ůɚɏɔɢɞɡɠ ůŰɖ ɞɟɘŬəɐ əŬŰɎůŰŬůɖ 

ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ. (ɓɚ. ɆɢɐɛŬ 2.4) 

 

¶ ɄɟɩŰɖ ŮɜŬɚɚŬəŰɘəɐ ɚɨůɖ ɛŮ ŬɛűɑˊŬəŰŬ ˊɚŬɑůɘŬ 

 

ɆŮ ŬɡŰɐ Űɖ ɚɨůɖ ŰŬ ɡˊɞůŰɡɚɩɛŬŰŬ Űɤɜ ˊɚŬɘůɑɤɜ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɞɚɧůɤɛŮɠ ŮɚŬŰɏɠ 

ŭɞəɞɨɠ ˊɟɧŰɡˊɖɠ ůŰŬɗŮɟɐɠ ŭɘŬŰɞɛɐɠ ȼȺȸ360, Ůɜɩ ɞɘ ŭɞəɞɑ Űɞɡ ɕŮɡəŰɞɨ Ŭˊɧ Ůˊɑůɖɠ 

ɞɚɧůɤɛŮɠ ŮɚŬŰɏɠ ŭɞəɞɨɠ ˊɟɧŰɡˊɖɠ ŭɘŬŰɞɛɐɠ IPE500. Ƀɘ əɧɛɓɞɘ Űɤɜ ˊɚŬɘůɑɤɜ ŮɑɜŬɘ 

Ůɜɘůɢɡɛɏɜɞɘ ɛŮ ůɡɔəɧɚɚɖůɖ ŭɘŬŰɞɛɐɠ ůŰɞ əɎŰɤ ˊɏɚɛŬ Űɞɡ ɕɡɔɩɛŬŰɞɠ. 

 

 

ɆɢɐɛŬ 2.5: ȳɣɖ Űɞɡ ˊɚŬɘůɑɞɡ Űɖɠ ˊɟɩŰɖɠ ɚɨůɖɠ 
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¶ ȹŮɨŰŮɟɖ ŮɜŬɚɚŬəŰɘəɐ ɚɨůɖ ɛŮ ŰɟɘŬɟɗɟɤŰɎ ˊɚŬɑůɘŬ 

 

Ⱥŭɩ ɏɔɘɜŮ ˊɟɞůˊɎɗŮɘŬ ɞ űɞɟɏŬɠ ɜŬ ɏɢŮɘ ˊŬɟɧɛɞɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɛŮ ŬɡŰɎ Űɞɡ 

ɡˊŬɟəŰɞɨ. Ⱥˊɞɛɏɜɤɠ, ůŮ ŬɡŰɐ Űɖ ɚɨůɖ ŰŬ ɡˊɞůŰɡɚɩɛŬŰŬ əŬɘ ɞɘ ŭɞəɞɑ Űɞɡ ɕŮɡəŰɞɨ 

ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɞɚɧůɤɛŮɠ ůɡɔəɞɚɚɖŰɏɠ ŭɞəɞɨɠ ŭɘŬŰɞɛɐɠ ɛŮŰŬɓɚɖŰɞɨ ɨɣɞɡɠ. ɇɞ ɨɣɞɠ Űɖɠ 

ŭɘŬŰɞɛɐɠ ɛŮŰŬɓɎɚɚŮŰŬɘ ɔɟŬɛɛɘəɎ Ŭˊɧ 200mm ůŮ 550mm, Ůɜɩ Űɞ ˊɚɎŰɞɠ Űɖɠ Ŭˊɧ 200mm ůŮ 

300mm. ɆŰɞ ɡˊɞůŰɨɚɤɛŬ Űɞ ˊɎɢɞɠ Űɤɜ ˊŮɚɛɎŰɤɜ Űɖɠ ŭɘŬŰɞɛɐɠ ŮɑɜŬɘ 25mm əŬɘ Űɞ ˊɎɢɞɠ Űɞɡ 

əɞɟɛɞɨ 15mm. ɆŰɖ ŭɞəɧ Űɞɡ ɕɡɔɩɛŬŰɞɠ Űɞ ˊɎɢɞɠ Űɤɜ ˊŮɚɛɎŰɤɜ ŮɑɜŬɘ 25mm əŬɘ Űɞ ˊɎɢɞɠ 

Űɞɡ əɞɟɛɞɨ 12mm. 

 

ɆɢɐɛŬ 2.6: ȳɣɖ Űɞɡ ˊɚŬɘůɑɞɡ Űɖɠ ŭŮɨŰŮɟɖɠ ɚɨůɖɠ 

2.2.2 ɬʀɾʚɿʀʏ 

Ƀɘ ŰŮɔɑŭŮɠ ŮɑɜŬɘ ŭɞəɞɑ ˊɞɡ ɔŮűɡɟɩɜɞɡɜ Űɘɠ ŬˊɞůŰɎůŮɘɠ ɛŮŰŬɝɨ Űɤɜ əɨɟɘɤɜ űɞɟɏɤɜ əŬɘ 

ɛŮŰŬűɏɟɞɡɜ ůŮ ŬɡŰɞɨɠ ŰŬ űɞɟŰɑŬ ŰŬ ɞˊɞɑŬ ŬůəɞɨɜŰŬɘ ůŰɖɜ ŮˊɘůŰɏɔŬůɖ (űɞɟŰɑŬ ɢɘɞɜɘɞɨ, 

ŬɜŮɛɞˊɑŮůɖ, ɓɎɟɞɠ űɨɚɚɤɜ ŮˊɘəɎɚɡɣɖɠ, ɤűɏɚɘɛɞ űɞɟŰɑɞ). Ⱥˊɑůɖɠ, ůŰɘɠ ŰŮɔɑŭŮɠ ůɡɢɜɎ 

ŬɜŬɟŰɎŰŬɘ ɖɚŮəŰɟɞɛɖɢŬɜɞɚɞɔɘəɧɠ Ůɝɞˊɚɘůɛɧɠ, ɣŮɡŭɞɟɞűɏɠ əŬɘ ɎɚɚŬ ůŰɞɘɢŮɑŬ. Ƀɘ ŰŮɔɑŭŮɠ 

ŭɘŬŰɎůůɞɜŰŬɘ əŬŰɎ əŬɜɧɜŬ ŬɜɎ ɑůŮɠ ŬˊɞůŰɎůŮɘɠ ɛŮŰŬɝɨ Űɞɡɠ (ɓɚ. ɆɢɐɛŬ 2.7), ůɡɜɐɗɤɠ ŬɜɎ 

2,00m Ůɩɠ 3,50m.  

 

ɆɢɐɛŬ 2.7: Ȼɩɜɖ Ůˊɘɟɟɞɐɠ ŰŮɔɑŭɤɜ 
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Ƀɘ ŰŮɔɑŭŮɠ ŮɑɜŬɘ ůŰɞɘɢŮɑŬ əŬŰŬˊɞɜɞɨɛŮɜŬ əɡɟɑɤɠ ůŮ əɎɛɣɖ. Ɇɡɜɐɗɤɠ ɡɚɞˊɞɘɞɨɜŰŬɘ Ŭˊɧ 

ŮɚŬŰɏɠ ŭɘŬŰɞɛɏɠ ɐ ŭɘŬɛɞɟűɤɛɏɜŮɠ Ůɜ ɣɡɢɟɩ ŭɘŬŰɞɛɏɠ. ȷˊɧ Űɘɠ ŮɚŬŰɏɠ ŭɘŬŰɞɛɏɠ 

əŬŰŬɚɚɖɚɧŰŮɟŮɠ ŮɑɜŬɘ ɞɘ ŭɘŬŰɞɛɏɠ I, əŬɘ ůɡɜɖɗɏůŰŮɟŬ ɞɘ IPE. ɉɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ Ůˊɑůɖɠ əŬɘ 

ŭɘŬŰɞɛɏɠ U. ɆŮ ˊŮɟɘˊŰɩůŮɘɠ ɛŮɔɎɚɤɜ əɚɑůŮɤɜ ɧˊɞɡ ɖ əɎɛɣɖ əŬɘ ɤɠ ˊɟɞɠ Űɞɡɠ ŭɨɞ ɎɝɞɜŮɠ 

ŮɑɜŬɘ ɏɜŰɞɜɖ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ˊɚŬŰɨˊŮɚɛŬ I, ůɡɜɐɗɤɠ HEA. ȳŰŬɜ ɞɟɘůɛɏɜŮɠ ŰŮɔɑŭŮɠ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬɘ ɤɠ ɗɚɘɓɧɛŮɜŬ ůŰɞɘɢŮɑŬ ɞɟɘɕɧɜŰɘɤɜ ŬɜŰɘŬɜɏɛɘɤɜ ůɡɜŭɏůɛɤɜ, ˊɏɟŬɜ Űɖɠ 

əɨɟɘŬɠ əŬɛˊŰɘəɐɠ Űɞɡɠ əŬŰŬˊɧɜɖůɖɠ, ŮˊɘɚɏɔɞɜŰŬɘ ůɡɢɜɎ ɔɘô ŬɡŰɏɠ ŭɘŬŰɞɛɏɠ HEB. 

 

 

ɆɢɐɛŬ 2.8: ȹɘŮɡɗɨɜůŮɘɠ űɞɟŰɑɤɜ ŰŮɔɑŭŬɠ 

Ƀɘ ŰŮɔɑŭŮɠ ɛˊɞɟŮɑ ɜŬ əŬŰŬůəŮɡɎɕɞɜŰŬɘ ɤɠ ŬɛűɘɏɟŮɘůŰŬ ůŰɞɘɢŮɑŬ ɛŮŰŬɝɨ ŭɘŬŭɞɢɘəɩɜ 

əɨɟɘɤɜ űɞɟɏɤɜ ɐ ɤɠ ůɡɜŮɢŮɑɠ ŭɞəɞɑ (ˊ.ɢ. ůɡɜŮɢŮɑɠ ŭɞəɞɑ 2 ŬɜɞɘɔɛɎŰɤɜ). Ⱥˊɑůɖɠ ŬɟəŮŰɎ 

ůɡɜɖɗɘůɛɏɜŮɠ ŮɑɜŬɘ ɞɘ ŰŮɔɑŭŮɠ Űɨˊɞɡ Gerber.  

¶ ɇŬ ŬɛűɘɏɟŮɘůŰŬ ůŰɞɘɢŮɑŬ ŮɑɜŬɘ ˊɘɞ ŮɨəɞɚŬ ůŰɖ ůɨɜŭŮůɖ əŬɘ ůŰɖɜ ŬɜɏɔŮɟůɖ, ɧɛɤɠ ɡˊɧ 

Űɞ ɑŭɘɞ űɞɟŰɑɞ , ůɡɔəɟɘŰɘəɎ ɛŮ ɎɚɚŮɠ ůŰŬŰɘəɏɠ ɛɞɟűɏɠ, ˊŬɟɞɡůɘɎɕɞɡɜ ɛŮɔŬɚɨŰŮɟŮɠ 

əŬɛˊŰɘəɏɠ ɟɞˊɏɠ əŬɘ ɛŮɔŬɚɨŰŮɟŮɠ ˊŬɟŬɛɞɟűɩůŮɘɠ, ŭɖɚŬŭɐ ɢɟŮɘɎɕɞɜŰŬɘ ɛŮɔŬɚɨŰŮɟŮɠ 

ŭɘŬŰɞɛɏɠ. 

¶ ɇŮɔɑŭŮɠ ůɡɜŮɢŮɑɠ Ůˊɑ 2 ŭɘŬŭɞɢɘəɩɜ ŬɜɞɘɔɛɎŰɤɜ ɏɢɞɡɜ Űɖɜ ɑŭɘŬ ɛɏɔɘůŰɖ əŬɛˊŰɘəɐ ɟɞˊɐ 

ɛŮ ŰŬ ŬɛűɘŬɟɗɟɤŰɎ ůŰɞɘɢŮɑŬ, ɧɛɤɠ ˊŬɟɞɡůɘɎɕɞɡɜ ɛɘəɟɧŰŮɟŮɠ ˊŬɟŬɛɞɟűɩůŮɘɠ. 

¶ ɇŮɔɑŭŮɠ Űɨˊɞɡ Gerber ŮɑɜŬɘ ůɡɜŮɢŮɑɠ ŰŮɔɑŭŮɠ ɛŮ ŮɜŭɘɎɛŮůŮɠ ŬɟɗɟɩůŮɘɠ. 

 

 

ɆŰɖ ůɡɔəŮəɟɘɛɏɜɖ ŮɟɔŬůɑŬ ɞɘ ŰŮɔɑŭŮɠ ˊɞɡ ŮˊɘɚɏɔɞɜŰŬɘ əŬɘ ɔɘŬ Űɘɠ ŭɨɞ ŮɜŬɚɚŬəŰɘəɏɠ 

ɚɨůŮɘɠ ŮɑɜŬɘ ŬɛűɘɏɟŮɘůŰŮɠ ɛɐəɞɡɠ 5,5m əŬɘ ŭɘŬŰɞɛɐɠ IPE160 ŰɞˊɞɗŮŰɖɛɏɜŮɠ ŬɜɎ 1,77m, 

ɛŮŰɟɞɨɛŮɜŬ ůŮ ŮˊɑˊŮŭɞ ˊŬɟɎɚɚɖɚɞ Űɖɠ ůŰɏɔɖɠ. Ƀɘ ŰŮɔɑŭŮɠ Ůˊɑůɖɠ ɗŮɤɟɐɗɖəŬɜ ůŰɞ ůŰŬŰɘəɧ 

ˊɟɞůɞɛɞɑɤɛŬ ɤɠ ůɡɛɛŮŰɏɢɞɡůŮɠ ůŰŬ ŭɘəŰɡɩɛŬŰŬ Űɤɜ ɞɟɘɕɧɜŰɘɤɜ ůɡɜŭɏůɛɤɜ ŭɡůəŬɛɣɑŬɠ, 

ɚŮɘŰɞɡɟɔɩɜŰŬɠ ɤɠ ɞɟɗɞůŰɎŰŮɠ. ȿɧɔɤ Űɖɠ ůɢŮŰɘəɎ ɛŮɔɎɚɖɠ əɚɑůɖɠ Űɖɠ ůŰɏɔɖɠ (19,8
ɞ
), ɞɘ 

ŰŮɔɑŭŮɠ ɡˊɧəŮɘɜŰŬɘ ůŮ ŭɘŬɝɞɜɘəɐ əɎɛɣɖ ɛŮ ůɢŮŰɘəɎ ůɖɛŬɜŰɘəɐ ɟɞˊɐ əŬɘ ˊŮɟɑ Űɞɜ ŬůɗŮɜɐ 

ɎɝɞɜŬ. Ⱥˊɑůɖɠ ɗŮɤɟɐɗɖəŮ ɧŰɘ ŰŬ űɨɚɚŬ ŮˊɘəɎɚɡɣɖɠ ŮɑɜŬɘ ŮˊŬɟəɩɠ ůŰŮɟŮɤɛɏɜŬ Ůˊɑ Űɤɜ 

ŰŮɔɑŭɤɜ ɔŮɔɞɜɧɠ ˊɞɡ ˊɟɞůűɏɟŮɘ ůɡɜŮɢɐ ɡˊɞůŰɐɟɘɝɖ ůŰɞ Ɏɜɤ ˊɏɚɛŬ Űɤɜ ŰŮɔɑŭɤɜ əŬɘ 

ˊŬɟŮɛˊɞŭɑɕŮɘ Űɘɠ ˊɚŮɡɟɘəɏɠ ˊŬɟŬɛɞɟűɩůŮɘɠ Űɞɡɠ əŬɗɩɠ. ɀŮɟɘəɩɠ ŭŮůɛŮɡɛɏɜɖ ɗŮɤɟɐɗɖəŮ 

əŬɘ ɖ ŮɚŮɡɗŮɟɑŬ ůŰɟɞűɐɠ Űɤɜ ŰŮɔɑŭɤɜ ŮɝŬɘŰɑŬɠ Űɖɠ ŭɡůəŬɛɣɑŬɠ Űɤɜ űɨɚɚɤɜ ɔɘŬ 

ˊŬɟŬɛɞɟűɩůŮɘɠ ŮəŰɧɠ Űɞɡ Ůˊɘˊɏŭɞɡ Űɞɡɠ. 
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2.2.3 ɥʂʆʚɿʀʏ 

Ƀɘ ɛɖəɑŭŮɠ ŮɑɜŬɘ ɞɟɘɕɧɜŰɘŮɠ ŭɞəɞɑ ˊɞɡ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ŬɜɎ ŬˊɞůŰɎůŮɘɠ ůŮ ɧɚŮɠ Űɘɠ ɧɣŮɘɠ 

Űɞɡ əŰɘɟɑɞɡ, əŬɘ ɔŮűɡɟɩɜɞɡɜ Űɘɠ ŬˊɞůŰɎůŮɘɠ ɛŮŰŬɝɨ Űɤɜ ɡˊɞůŰɡɚɤɛɎŰɤɜ (ˊɚŬɘůɘŬəɩɜ əŬɘ 

ɛŮŰɤˊɘəɩɜ) əŬɘ ŭɏɢɞɜŰŬɘ ŰŬ űɨɚɚŬ ˊɚŮɡɟɘəɐɠ Ůˊɏɜŭɡůɖɠ Űɖɠ əŬŰŬůəŮɡɐɠ. Ƀɘ ɛɖəɑŭŮɠ 

ůɡɜɐɗɤɠ əŬŰŬůəŮɡɎɕɞɜŰŬɘ əŬŰɎ Űɟɧˊɞ ˊŬɟɧɛɞɘɞ Űɤɜ ŰŮɔɑŭɤɜ əŬɘ ˊɞɚɚɏɠ űɞɟɏɠ ɏɢɞɡɜ əŬɘ 

Űɖɜ ɑŭɘŬ ŭɘŬŰɞɛɐ. ȾɨɟɘŬ űɧɟŰɘůɖ Űɤɜ ɛɖəɑŭɤɜ ŮɑɜŬɘ ɖ ŬɜŮɛɞˊɑŮůɖ. 

Ƀɘ ɛɖəɑŭŮɠ ŭɘŬɛɞɟűɩɜɞɜŰŬɘ ůɡɜɐɗɤɠ ɤɠ ŬɛűɘɏɟŮɘůŰŬ, ɔɘŬ ŰŬ ɞɟɘɕɧɜŰɘŬ űɞɟŰɑŬ ůŰɞɘɢŮɑŬ. 

ɀˊɞɟŮɑ ɧɛɤɠ ɜŬ əŬŰŬůəŮɡɎɕɞɜŰŬɘ əŬɘ ɤɠ ŬɟɗɟɤŰɏɠ ŭɞəɞɑ. ɇɞ əɎŰɤ ˊɏɚɛŬ Űɞɡɠ ŮŭɟɎɕŮŰŬɘ 

ůŰɞ ˊɎɜɤ ˊɏɚɛŬ Űɤɜ ŭɞəɩɜ Űɤɜ ɡˊɞůŰɡɚɤɛɎŰɤɜ, ŮˊɘŰɡɔɢɎɜɞɜŰŬɠ ɏŰůɘ Űɖɜ ŮɜŮɟɔɞˊɞɑɖůɖ əŬɘ 

Űɤɜ ŭɡɞ əɨɟɘɤɜ Ŭɝɧɜɤɜ ŬŭɟɎɜŮɘɎɠ Űɞɡɠ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɞ ɘůɢɡɟɧɠ ɎɝɞɜŬɠ Űɤɜ ɛɖəɑŭɤɜ 

ˊŬɟŬɚŬɛɓɎɜŮɘ Űɞɜ ɎɜŮɛɞ, Ůɜɩ ɞ ŬůɗŮɜɐɠ ɎɝɞɜŬɠ ˊŬɟŬɚŬɛɓɎɜŮɘ ŰŬ ɑŭɘŬ ɓɎɟɖ Űɖɠ 

ˊɚŬɔɘɞəɎɚɡɣɖɠ əŬɘ Űɞ ɑŭɘɞ ɓɎɟɞɠ Űɖɠ ɛɖəɑŭŬɠ, ŰŬ ɞˊɞɑŬ ɛŮŰŬɓɘɓɎɕŮɘ ůŰŬ ɡˊɞůŰɡɚɩɛŬŰŬ Űɤɜ 

əɨɟɘɤɜ űɞɟɏɤɜ.  

ȷɜɎɚɞɔŬ ɛŮ Űɖ ɗɏůɖ Űɞɡɠ ˊɎɜɤ ůŰɞɡɠ ůŰɨɚɞɡɠ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ: 

Ŭ) ȷəɟŬɑŮɠ ɛɖəɑŭŮɠ: ˊɟɧəŮɘŰŬɘ ɔɘŬ ŬɡŰɏɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɞ ɨɣɞɠ Űɖɠ 

ɏɜɤůɖɠ ůŰɨɚɤɜ-ɕɡɔɩɛŬŰɞɠ əŬɘ ŬɡŰɏɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ɢŬɛɖɚɎ əŬɘ 

ůɡɜŭɏɞɡɜ Űɞɜ ˊɧŭŬ Űɞɡ əɎɗŮ ůŰɨɚɞɡ. 

ɓ) ȺɜŭɘɎɛŮůŮɠ ɛɖəɑŭŮɠ: ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŮ ɧɚŬ ŰŬ ɡˊɧɚɞɘˊŬ ŮɜŭɘɎɛŮůŬ 

ɨɣɖ. 

 

 

ɆɢɐɛŬ 2.9: ȻɩɜŮɠ Ůˊɘɟɟɞɐɠ ɛɖəɑŭɤɜ 

ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ɞɘ ɛɖəɑŭŮɠ ɛɐəɞɡɠ 5,5m ŮɑɜŬɘ ŬɛűɘɏɟŮɘůŰŮɠ, ŰɞˊɞɗŮŰɖɛɏɜŮɠ ŬɜɎ 

1,65m əŬɘ ɏɢɞɡɜ ŭɘŬŰɞɛɐ IPE160. 

2.2.4 ɝʀʑʐʀʍʀʞʋʑʎʀʏ ɿʋʆʋʚ - ʆʀʒɻʇʋɿʋʆʋʚ 

Ƀɘ əŮűŬɚɞŭɞəɞɑ ŮɑɜŬɘ ɞɟɘɕɧɜŰɘŬ ɔɟŬɛɛɘəɎ ůŰɞɘɢŮɑŬ, ˊɞɡ ůɡɜŭɏɞɡɜ Űɘɠ əŮűŬɚɏɠ Űɤɜ 

ɡˊɞůŰɡɚɤɛɎŰɤɜ əŬɘ ŭɘŬŰɟɏɢɞɡɜ ɧɚɞ Űɞ ɛɐəɞɠ Űɞɡ əŰɘɟɑɞɡ əŬŰɎ Űɖ ŭɘŮɨɗɡɜůɖ Űɖɜ əɎɗŮŰɖ 

ˊɟɞɠ ŰŬ ŮˊɑˊŮŭŬ Űɤɜ əɨɟɘɤɜ űɞɟɏɤɜ. ɀɏůɤ Űɤɜ əŮűŬɚɞŭɞəɩɜ ɞɘ ůŮɘůɛɘəɏɠ əŬɘ ɞɘ ɡˊɧɚɞɘˊŮɠ 

ɞɟɘɕɧɜŰɘŮɠ ŭɡɜɎɛŮɘɠ, ˊɞɡ ŬůəɞɨɜŰŬɘ ůŰɞ ŮˊɑˊŮŭɞ Űɖɠ ŮˊɘəɎɚɡɣɖɠ əŬɘ ˊŬɟŬɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ 

ŰŬ ɞɟɘɕɧɜŰɘŬ ůɡůŰɐɛŬŰŬ (ůɡɜŭɏůɛɞɡɠ) ŭɡůəŬɛɣɑŬɠ, ɛŮŰŬűɏɟɞɜŰŬɘ əŬɘ əŬŰɎ ˊɟɞůɏɔɔɘůɖ 

ɘůɞəŬŰŬɜɏɛɞɜŰŬɘ ůŰŬ əŬŰŬəɧɟɡűŬ (ɛŮŰŬɝɨ ɡˊɞůŰɡɚɤɛɎŰɤɜ) ůɡůŰɐɛŬŰŬ ŭɡůəŬɛɣɑŬɠ, ɩůŰŮ 

ɞɘ ɤɗɐůŮɘɠ ɜŬ əŬŰŬɚɐɔɞɡɜ ůŰɖ ɗŮɛŮɚɑɤůɖ ɛɏůɤ ˊŮɟɘůůɧŰŮɟɤɜ ɗɏůŮɤɜ ůŰɐɟɘɝɖɠ əŬɘ ɜŬ 

ɡˊɎɟɢɞɡɜ ˊŮɟɘůůɧŰŮɟŮɠ ɗɏůŮɘɠ Ŭˊɞɟɟɧűɖůɖɠ ůŮɘůɛɘəɐɠ ŮɜɏɟɔŮɘŬɠ ůŮ ˊŮɟɑˊŰɤůɖ ůŮɘůɛɘəɐɠ 

əŬŰŬˊɧɜɖůɖɠ. 
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Ƀɘ əŮűŬɚɞŭɞəɞɑ ŬˊɞŰŮɚɞɨɜ Ůˊɑůɖɠ ůɖɛŬɜŰɘəɧ ůŰɞɘɢŮɑɞ ůɡɜŬɟɛɞɚɧɔɖůɖɠ Űɖɠ 

əŬŰŬůəŮɡɐɠ əŬŰɎ Űɖ űɎůɖ ŬɜɏɔŮɟůɖɠ ŮˊŮɘŭɐ ůɡɜŭɏɞɡɜ ŮɔəɎɟůɘŬ Űɞɡɠ ŬɜŮɔŮɘɟɧɛŮɜɞɡɠ 

ŭɘŬŭɞɢɘəɎ ŮˊɑˊŮŭɞɡɠ űɞɟŮɑɠ. Ⱥˊɑůɖɠ ɖ ůɨɜŭŮůɖ, əŬŰɎ Űɖ űɎůɖ ŬɡŰɐ, Ůɜɧɠ ɜɏɞɡ 

ŰɞˊɞɗŮŰɖɛɏɜɞɡ ɡˊɞůŰɡɚɩɛŬŰɞɠ ɛŮ Űɞ ˊɟɞɖɔɞɨɛŮɜɧ Űɞɡ, ɛɏůɤ əŮűŬɚɞŭɞəɞɨ, əŬɗɞŭɖɔŮɑ ůŰɖɜ 

Űɐɟɖůɖ Űɖɠ Ŭəɟɘɓɞɨɠ ɗɏůɖɠ Űɞɡ, ɞɟɘɕɞɜŰɘɞɔɟŬűɘəɎ əŬɘ ɡɣɞɛŮŰɟɘəɎ. Ƀɘ əŮűŬɚɞŭɞəɞɑ ůŰɖ 

ůɡɔəŮəɟɘɛɏɜɖ ɛŮɚɏŰɖ ŮɑɜŬɘ ŭɘŬŰɞɛɐɠ HEA240. 

2.2.5 ɨʍʅʁʝʉʐʅʋʅ ʎʞʉɿʀʎʈʋʅ ɿʑʎʆɻʈʕʚɻʏ 

Ƀɘ ɞɟɘɕɧɜŰɘɞɘ ůɨɜŭŮůɛɞɘ ŭɡůəŬɛɣɑŬɠ ŮɑɜŬɘ ůɡɜɐɗɤɠ ŭɘəŰɡɤŰɞɑ űɞɟŮɑɠ, ˊɞɡ 

ŭɘŬŰɎůůɞɜŰŬɘ ůŰɞ ŮˊɑˊŮŭɞ Űɤɜ ɕɡɔɤɛɎŰɤɜ Űɤɜ ˊɚŬɘůɑɤɜ əŬɘ əŬŰŬɚŬɛɓɎɜɞɡɜ Űɞ Ůɨɟɞɠ ɛŮŰŬɝɨ 

ŭɨɞ ŭɘŬŭɞɢɘəɩɜ əɨɟɘɤɜ űɞɟɏɤɜ. ɇɞ ŭɘəŰɨɤɛŬ ůɡɔəɟɞŰŮɑŰŬɘ Ŭˊɧ ŰŬ ɕɡɔɩɛŬŰŬ Űɤɜ 

ŮəŬŰɏɟɤɗŮɜ ˊɚŬɘůɑɤɜ (ɤɠ ˊŮɚɛɎŰɤɜ), ɞɟɘůɛɏɜŮɠ ŰŮɔɑŭŮɠ, əŬɘ ˊɟɧůɗŮŰŮɠ ŭɘŬɔɩɜɘŮɠ ɟɎɓŭɞɡɠ 

(ɓɚ. ɆɢɐɛŬ 2.10).  

Ɇəɞˊɧɠ Űɤɜ Ůˊɘɛɏɟɞɡɠ ŬɡŰɩɜ űɞɟɏɤɜ ŮɑɜŬɘ ɖ ɛŮŰŬűɞɟɎ Űɤɜ ɞɟɘɕɧɜŰɘɤɜ ŭɡɜɎɛŮɤɜ ˊɞɡ 

ŬůəɞɨɜŰŬɘ ůŰɞ ŮˊɑˊŮŭɞ Űɖɠ ŮˊɘůŰɏɔŬůɖɠ əɎɗŮŰŬ ˊɟɞɠ ŰŬ ŮˊɑˊŮŭŬ Űɤɜ əɨɟɘɤɜ űɞɟɏɤɜ, ůŰŬ 

əŬŰŬəɧɟɡűŬ ůɡůŰɐɛŬŰŬ ŭɡůəŬɛɣɑŬɠ. Ƀɘ ůɨɜŭŮůɛɞɘ ŬɡŰɞɑ ˊŬɟŬəɞɚɞɡɗɞɨɜ Űɖɜ əɚɑůɖ Űɤɜ 

ɕɡɔɤɛɎŰɤɜ Űɤɜ əɨɟɘɤɜ űɞɟɏɤɜ, əŬɘ ŭŮɜ ŮɑɜŬɘ ŮˊɑˊŮŭɞɘ űɞɟŮɑɠ, Ŭɜ əŬɘ ůɡɜɐɗɤɠ 

ŬɜŰɘɛŮŰɤˊɑɕɞɜŰŬɘ ɤɠ ŰɏŰɞɘɞɘ. 

 

 

ɆɢɐɛŬ 2.10: ɀɏɚɖ ŭɘəŰɡɩɛŬŰɞɠ ɞɟɘɕɧɜŰɘɞɡ ůɡɜŭɏůɛɞɡ ŭɡůəŬɛɣɑŬɠ 

Ƀɘ əɨɟɘŮɠ ɚŮɘŰɞɡɟɔɑŮɠ Űɤɜ ůɡɜŭɏůɛɤɜ Űɖɠ əŬŰɖɔɞɟɑŬɠ ŬɡŰɐɠ ŮɑɜŬɘ: 

¶ ɀŮŰŬűɞɟɎ ůŰŬ əŬŰŬəɧɟɡűŬ (ɛŮŰŬɝɨ ɡˊɞůŰɡɚɤɛɎŰɤɜ) ůɡůŰɐɛŬŰŬ ŭɡůəŬɛɣɑŬɠ 

Űɤɜ ɞɟɘɕɧɜŰɘɤɜ ŬɜŮɛɞˊɘɏůŮɤɜ ɞɘ ɞˊɞɑŮɠ ŬůəɞɨɜŰŬɘ ůŰŬ ɛɏŰɤˊŬ əŬɘ űŰɎɜɞɡɜ ůŰɞ ŮˊɑˊŮŭɞ Űɤɜ 

ɕɡɔɤɛɎŰɤɜ ɛɏůɤ Űɤɜ ɛŮŰɤˊɘəɩɜ ɡˊɞůŰɡɚɤɛɎŰɤɜ. 

¶ ɀŮŰŬűɞɟɎ ůŰŬ əŬŰŬəɧɟɡűŬ ůɡůŰɐɛŬŰŬ ŭɡůəŬɛɣɑŬɠ Űɤɜ ɞɟɘɕɧɜŰɘɤɜ ůŮɘůɛɘəɩɜ 

ŭɡɜɎɛŮɤɜ ˊɞɡ ŬůəɞɨɜŰŬɘ ůŰɞ ŮˊɑˊŮŭɞ Űɤɜ ɕɡɔɤɛɎŰɤɜ.  

¶ ȹɘŬɛɧɟűɤůɖ ůŰɞɘɢŮɑɞɡ ŭɡůəŬɛɣɑŬɠ ůŰɞ ɞˊɞɑɞ ŬəɡɟɩɜɞɜŰŬɘ ɞɘ ŰŮɔɑŭŮɠ ŮəŮɑɜŮɠ 

ˊɞɡ ˊɟɞůűɏɟɞɡɜ ˊɚŮɡɟɘəɐ ůŰɐɟɘɝɖ (ŮɝŬůűɎɚɘůɖ ɏɜŬɜŰɘ ůŰɟŮˊŰɞəŬɛˊŰɘəɞɨ ɚɡɔɘůɛɞɨ) ůŰŬ 

ɕɡɔɩɛŬŰŬ. 

¶ Ɇɡɛɓɞɚɐ ůŰɖɜ ŮɡůŰɎɗŮɘŬ Űɖɠ əŬŰŬůəŮɡɐɠ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŬɜɏɔŮɟůɖɠ.  
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ȺˊŮɘŭɐ ɞɘ ůɨɜŭŮůɛɞɘ ŭɡůəŬɛɣɑŬɠ ŮɑɜŬɘ ŭɘəŰɡɤŰɞɑ űɞɟŮɑɠ, ɧɚŬ Űɞɡɠ ŰŬ ɛɏɚɖ ɗŮɤɟɞɨɜŰŬɘ 

ɧŰɘ əŬŰŬˊɞɜɞɨɜŰŬɘ ŬɝɞɜɘəɎ. ȰŰůɘ, ŬəɧɛŬ əŬɘ ɔɘŬ Űɘɠ ŰŮɔɑŭŮɠ (ɞɟɗɞůŰɎŰŮɠ), ŬɚɚɎ əŬɘ ɔɘŬ Űɞɡɠ 

əɨɟɘɞɡɠ űɞɟŮɑɠ (ˊɏɚɛŬŰŬ) - ɛɏɚɖ ɔɘŬ ŰŬ ɞˊɞɑŬ ŭŮɢŰɐəŬɛŮ ˊɤɠ əɎɛˊŰɞɜŰŬɘ ɧŰŬɜ ŮɝŮŰɎůŰɖəŬɜ 

ŬɜŮɝɎɟŰɖŰŬ - ɔɑɜŮŰŬɘ ɖ ˊŬɟŬŭɞɢɐ ˊɤɠ əŬŰŬˊɞɜɞɨɜŰŬɘ ɛɧɜɞ ŬɝɞɜɘəɎ, ɧŰŬɜ ůɡɛɛŮŰɏɢɞɡɜ ůŰɞɡɠ 

ůɡɜŭɏůɛɞɡɠ ŭɡůəŬɛɣɑŬɠ ůŰɏɔɖɠ.  

Ƀɘ ŭɘŬɔɩɜɘɞɘ Űɤɜ ŭɘəŰɡɤɛɎŰɤɜ ŮɑŰŮ ŮűŮɚəɨɞɜŰŬɘ, ŮɑŰŮ ɗɚɑɓɞɜŰŬɘ, əŬɘ ŭŮɜ 

ˊŬɟŬɚŬɛɓɎɜɞɡɜ əŬɛˊŰɘəɎ űɞɟŰɑŬ, ɔɘŬŰɑ ŭŮɜ ɏɟɢɞɜŰŬɘ ůŮ ŮˊŬűɐ ɛŮ Űɖɜ ŮˊɘəɎɚɡɣɖ. ȼ 

ŮˊɘəɎɚɡɣɖ ůŰɏɔɖɠ ŮɑɜŬɘ ŰɞˊɞɗŮŰɖɛɏɜɖ ˊɎɜɤ ůŰɘɠ ŰŮɔɑŭŮɠ, ɞɘ ɞˊɞɑŮɠ ɛŮ Űɖ ůŮɘɟɎ Űɞɡɠ 

ŰɞˊɞɗŮŰɞɨɜŰŬɘ ˊɎɜɤ ůŰɞɡɠ əɨɟɘɞɡɠ űɞɟŮɑɠ. Ƀɘ ŭɘŬɔɩɜɘɞɘ Űɞɡ ŭɘəŰɡɩɛŬŰɞɠ ŭŮɜ ɏɟɢɞɜŰŬɘ ůŮ 

ŮˊŬűɐ ɛŮ Űɖɜ ŮˊɘəɎɚɡɣɖ, ŮɑɜŬɘ ŮəŰɧɠ Űɞɡ Ůˊɘˊɏŭɞɡ Űɖɠ, ŬɚɚɎ ˊŬɟɎɚɚɖɚŮɠ ɛŮ ŬɡŰɐ.  

ɆɨɜŭŮůɛɞɘ ŭɡůəŬɛɣɑŬɠ ůŰɏɔɖɠ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ŬɜŬɔəŬůŰɘəɎ ůŰŬ ŭɨɞ ŬəɟŬɑŬ űŬŰɜɩɛŬŰŬ 

Űɞɡ əŰɘɟɑɞɡ, ɔɘŬ ɜŬ ˊŬɟŬɚɎɓɞɡɜ ŰŬ ŮűŮɚəɡůŰɘəɎ ɐ ɗɚɘˊŰɘəɎ űɞɟŰɑŬ Űɤɜ əŮűŬɚɩɜ Űɤɜ 

ɛŮŰɤˊɘəɩɜ ůŰɨɚɤɜ. ȴˊŬɟɝɖ Ůˊɘˊɚɏɞɜ ůɡɜŭɏůɛɤɜ ŭɡůəŬɛɣɑŬɠ ůŮ ŮɜŭɘɎɛŮůŬ űŬŰɜɩɛŬŰŬ Űɞɡ 

ɡˊɞůŰɏɔɞɡ, əɟɑɜŮŰŬɘ ŬˊŬɟŬɑŰɖŰɖ ůŮ ɛŮɔɎɚɞɡ ɛɐəɞɡɠ əŰɑɟɘŬ. ɇɧŰŮ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ɛɞɟűɤɗŮɑ 

ɏɜŬɠ Ůˊɘˊɚɏɞɜ ůɨɜŭŮůɛɞɠ ŭɡůəŬɛɣɑŬɠ ůŰɞ ɛŮůŬɑɞ űɎŰɜɤɛŬ, ɐ əŬɘ ŭɨɞ ůɨɜŭŮůɛɞɘ 

ŭɡůəŬɛɣɑŬɠ əŬŰɎ ˊɟɞŰɑɛɖůɖ ůɡɛɛŮŰɟɘəɎ Ŭˊɧ Űɞ ɛŮůŬɑɞ űɎŰɜɤɛŬ.  

ȾŬŰɎ əŬɜɧɜŬ, ɔɘŬ Űɖɜ Űɡˊɞˊɞɑɖůɖ Űɤɜ əŬŰŬůəŮɡŬůŰɘəɩɜ ɚŮˊŰɞɛŮɟŮɘɩɜ əŬɘ Űɖɜ 

ɞɛɞɘɞɛɞɟűɑŬ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ɑŭɘŬ ŭɘŬŰɞɛɐ ɔɘŬ ɧɚŮɠ Űɘɠ ŭɘŬɔɩɜɘŮɠ ɟɎɓŭɞɡɠ. ȼ 

ŭɘŬůŰŬůɘɞɚɧɔɖůɖ ɛˊɞɟŮɑ Ůˊɞɛɏɜɤɠ ɜŬ ɔɑɜŮŰŬɘ ɛŮ ɓɎůɖ Űɘɠ ŭɘŬɔɤɜɑɞɡɠ Űɤɜ ŬəɟŬɑɤɜ 

űŬŰɜɤɛɎŰɤɜ, ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ ɞɘ ˊŮɟɘůůɧŰŮɟɞ əŬŰŬˊɞɜɞɨɛŮɜŮɠ. ȼ ůɡɜɐɗɤɠ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɖ 

ŭɘŬŰɞɛɐ ŮɑɜŬɘ ŰŬ ɘůɞůəŮɚɐ ɔɤɜɘŬəɎ. Ⱥˊɑůɖɠ ɛˊɞɟɞɨɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ əŬɘ əɞɑɚŮɠ 

əɡəɚɘəɏɠ ŭɘŬŰɞɛɏɠ, ɢɤɟɑɠ ɧɛɤɠ ɜŬ ŮɝŬůűŬɚɑɕŮŰŬɘ ɞɘəɞɜɞɛɘəɧ ŬˊɞŰɏɚŮůɛŬ, ɚɧɔɤ Űɖɠ 

ŭɡůɢŮɟɏůŰŮɟɖɠ ŭɘŬɛɧɟűɤůɖɠ Űɤɜ ůɡɜŭɏůŮɤɜ. 

ɆŰɞ ɡˊɧ ɛŮɚɏŰɖ əŰɑɟɘɞ ŰɞˊɞɗŮŰɐɗɖəŬɜ ɞɟɘɕɧɜŰɘɞɘ əŬɘ əŬŰŬəɧɟɡűɞɘ ůɨɜŭŮůɛɞɘ 

ŭɡůəŬɛɣɑŬɠ ůŰŬ ŬəɟŬɑŬ űŬŰɜɩɛŬŰŬ əŬɘ ůŰɞ ɛŮůŬɑɞ űɎŰɜɤɛŬ Űɞɡ ɛɘůɞɨ əŰɖɟɑɞɡ ˊɞɡ 

ɛŮɚŮŰɐɗɖəŮ, ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ůŰɞ ɆɢɐɛŬ 2.11. Ⱥˊɞɛɏɜɤɠ ůŰɞ ůɡɜɞɚɘəɧ əŰɐɟɘɞ ɞɘ ůɨɜŭŮůɛɞɘ 

ŭɡůəŬɛɣɑŬɠ ŮɑɜŬɘ ŰɞˊɞɗŮŰɖɛɏɜɞɘ ůŰŬ ŬəɟŬɑŬ űŬŰɜɩɛŬŰŬ, ůŰŬ ŭɨɞ űŬŰɜɩɛŬŰŬ ŮəŬŰɏɟɤɗŮɜ 

Űɞɡ əŮɜŰɟɘəɞɨ ˊɚŬɘůɑɞɡ əŬɘ ůŰŬ ɛŮůŬɑŬ űŬŰɜɩɛŬŰŬ ɛŮŰŬɝɨ Űɤɜ ˊɟɞŬɜŬűŮɟɗɏɜŰɤɜ (ůŰɞ ı 

ˊŮɟɑˊɞɡ Ŭˊɧ Űɞ Ɏəɟɞ Űɞɡ ɡˊɧůŰŮɔɞɡ). 

 

ɆɢɐɛŬ 2.11: ɇɞˊɞɗɏŰɖůɖ ɞɟɘɕɧɜŰɘɤɜ əŬɘ əŬŰŬəɧɟɡűɤɜ ůɡɜŭɏůɛɤɜ ŭɡůəŬɛɣɑŬɠ ůŰɞ ɛɘůɧ əŰɐɟɘɞ 

ȼ ŭɘŬŰɞɛɐ ˊɞɡ ŮˊɘɚɏɢɗɖəŮ ɔɘŬ Űɘɠ ŭɘŬɔɤɜɑɞɡɠ ŮɑɜŬɘ ɘůɞůəŮɚɐ ɔɤɜɘŬəɎ 2L80x12/20 



 

23 

2.2.6 ɣɻʐɻʆʝʍʑʒʋʅ ʎʞʉɿʀʎʈʋʅ ɿʑʎʆɻʈʕʚɻʏ 

Ƀɘ əŬŰŬəɧɟɡűɞɘ ůɨɜŭŮůɛɞɘ ŭɡůəŬɛɣɑŬɠ ŮɑɜŬɘ ůɡɜɐɗɤɠ ŭɘəŰɡɤŰɞɑ ůɢɖɛŬŰɘůɛɞɑ, 

ŭɘŬűɧɟɤɜ ɛɞɟűɩɜ, ˊɞɡ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ɛŮŰŬɝɨ ŭɨɞ ŭɘŬŭɞɢɘəɩɜ ɡˊɞůŰɡɚɤɛɎŰɤɜ əŬɘ 

ɛŮŰŬűɏɟɞɡɜ ůŰɖ ɗŮɛŮɚɑɤůɖ ŰŬ ɞɟɘɕɧɜŰɘŬ űɞɟŰɑŬ, ŰŬ ɞˊɞɑŬ ˊŬɟŬɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ Űɞɡɠ 

ɞɟɘɕɧɜŰɘɞɡɠ ůɡɜŭɏůɛɞɡɠ əŬɘ Űɘɠ əŮűŬɚɞŭɞəɞɨɠ. ɆŰŬ ˊŬɟŬˊɎɜɤ ŭɘəŰɡɩɛŬŰŬ, ˊɏɚɛŬŰŬ 

ŬˊɞŰŮɚɞɨɜ ŰŬ ŮəŬŰɏɟɤɗŮɜ ɡˊɞůŰɡɚɩɛŬŰŬ, ɞɟɗɞůŰɎŰŮɠ ŮɑɜŬɘ ɞɘ ɛɖəɑŭŮɠ əŬɘ ɞɘ əŮűŬɚɞŭɞəɞɑ, 

əŬɘ ůɡɛˊɚɖɟɩɜɞɜŰŬɘ ɛŮ ˊɟɧůɗŮŰŬ ŭɘŬɔɩɜɘŬ ůŰɞɘɢŮɑŬ. Ƀɘ əŬŰŬəɧɟɡűɞɘ ůɨɜŭŮůɛɞɘ 

ŭɡůəŬɛɣɑŬɠ ůɡɜɑůŰŬŰŬɘ ɜŬ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŰŬ ɑŭɘŬ űŬŰɜɩɛŬŰŬ ůŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ŭɘŬŰŬɢɗŮɑ əŬɘ 

ɞɟɘɕɧɜŰɘɞɘ ůɨɜŭŮůɛɞɘ. 

Ƀɘ əɨɟɘŮɠ ɚŮɘŰɞɡɟɔɑŮɠ Űɤɜ əŬŰŬəɧɟɡűɤɜ ůɡɜŭɏůɛɤɜ ŭɡůəŬɛɣɑŬɠ ŮɑɜŬɘ: 

¶ ɄŬɟŬɚŬɓɐ Ŭˊɧ ŰŬ ɞɟɘɕɧɜŰɘŬ ůɡůŰɐɛŬŰŬ ŭɡůəŬɛɣɑŬɠ Űɤɜ ɞɟɘɕɧɜŰɘɤɜ űɞɟŰɑɤɜ 

ˊɞɡ ŭɟɞɡɜ əŬŰɎ Űɖ ŭɘŬɛɐəɖ ŭɘŮɨɗɡɜůɖ Űɞɡ ɡˊɞůŰɏɔɞɡ əŬɘ ɛŮŰŬűɞɟɎ Űɞɡɠ ůŰɖ 

ɗŮɛŮɚɑɤůɖ. 

¶ ɄŬɟɞɢɐ Ůɜɧɠ ŭɨůəŬɛˊŰɞɡ ůɡůŰɐɛŬŰɞɠ ůŰɞ ɞˊɞɑɞ ɜŬ əŬŰŬɚɐɔɞɡɜ ɞɘ ɛɖəɑŭŮɠ ˊɞɡ 

ˊŬɟɏɢɞɡɜ ˊɚŮɡɟɘəɐ ůŰɐɟɘɝɖ ůŰŬ ɡˊɞůŰɡɚɩɛŬŰŬ. 

¶ ɄŬɟɞɢɐ ˊɟɞůɤɟɘɜɐɠ ŮɡůŰɎɗŮɘŬɠ ůŰɖɜ əŬŰŬůəŮɡɐ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ 

ŬɜɏɔŮɟůɐɠ Űɖɠ. 

 

ɆɢɐɛŬ 2.12: ɀɏɚɖ ŭɘəŰɡɩɛŬŰɞɠ əŬŰŬəɧɟɡűɞɡ ůɡɜŭɏůɛɞɡ ŭɡůəŬɛɣɑŬɠ 

ȺˊŮɘŭɐ ɞɘ ůɨɜŭŮůɛɞɘ ŭɡůəŬɛɣɑŬɠ ŮɑɜŬɘ ŭɘəŰɡɤŰɞɑ űɞɟŮɑɠ, ɧɚŬ ŰŬ ɛɏɚɖ ɗŮɤɟɞɨɜŰŬɘ ɧŰɘ 

əŬŰŬˊɞɜɞɨɜŰŬɘ ŬɝɞɜɘəɎ. ȰŰůɘ ŬəɧɛŬ əŬɘ ɔɘŬ Űɘɠ ɛɖəɑŭŮɠ ŬɚɚɎ əŬɘ ɔɘŬ Űɞɡɠ ůŰɨɚɞɡɠ Űɤɜ 

əɨɟɘɤɜ űɞɟɏɤɜ ï ɛɏɚɖ ɔɘŬ ŰŬ ɞˊɞɑŬ ŭŮɢŰɐəŬɛŮ ˊɤɠ əɎɛˊŰɞɜŰŬɘ ɧŰŬɜ ŮɝŮŰɎůŰɖəŬɜ 

ŬɜŮɝɎɟŰɖŰŬ - ɔɑɜŮŰŬɘ ɖ ˊŬɟŬŭɞɢɐ ˊɤɠ əŬŰŬˊɞɜɞɨɜŰŬɘ ɛɧɜɞ ŬɝɞɜɘəɎ, ɧŰŬɜ ůɡɛɛŮŰɏɢɞɡɜ ůŰɞɡɠ 

ůɨɜŭŮůɛɞɡɠ ŭɡůəŬɛɣɑŬɠ ůŰɏɔɖɠ. Ƀɘ ŭɘŬɔɩɜɘɞɘ Űɤɜ ŭɘəŰɡɤɛɎŰɤɜ, ŮɑŰŮ ŮűŮɚəɨɞɜŰŬɘ, ŮɑŰŮ 

ɗɚɑɓɞɜŰŬɘ əŬɘ ŭŮɜ ˊŬɟŬɚŬɛɓɎɜɞɡɜ əŬɛˊŰɘəɎ űɞɟŰɑŬ, ɔɘŬŰɑ ŭŮɜ ɏɟɢɞɜŰŬɘ ůŮ ŮˊŬűɐ ɛŮ Űɖɜ 

ŮˊɘəɎɚɡɣɖ. ȼ ˊɚŮɡɟɘəɐ ŮˊɘəɎɚɡɣɖ ŮɑɜŬɘ ŰɞˊɞɗŮŰɖɛɏɜɖ ˊɎɜɤ ůŰɘɠ ɛɖəɑŭŮɠ, ɞɘ ɞˊɞɑŮɠ ɛŮ Űɖ 

ůŮɘɟɎ Űɞɡɠ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŰŬ ɏɝɤ ˊɏɚɛŬŰŬ Űɤɜ ůŰɨɚɤɜ Űɤɜ əɨɟɘɤɜ űɞɟɏɤɜ. Ƀɘ ŭɘŬɔɩɜɘɞɘ 

Űɞɡ ŭɘəŰɡɩɛŬŰɞɠ ŭŮɜ ɏɟɢɞɜŰŬɘ ůŮ ŮˊŬűɐ ɛŮ Űɖɜ ŮˊɘəɎɚɡɣɖ, ŮɑɜŬɘ ŮəŰɧɠ Űɞɡ Ůˊɘˊɏŭɞɡ Űɖɠ, 

ŬɚɚɎ ˊŬɟɎɚɚɖɚŮɠ ɛŮ ŬɡŰɐ Ŭˊɧ Űɖ ɛɏůŬ ˊɚŮɡɟɎ. 

ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ɞɘ əŬŰŬəɧɟɡűɞɘ ůɨɜŭŮůɛɞɘ ŭɡůəŬɛɣɑŬɠ ŰɞˊɞɗŮŰɐɗɖəŬɜ ůŰŬ ɑŭɘŬ 

űŬŰɜɩɛŬŰŬ ɛŮ Űɞɡɠ ɞɟɘɕɧɜŰɘɞɡɠ əŬɘ ɞɘ ŭɘŬɔɩɜɘɞɘ Űɞɡɠ ɏɢɞɡɜ ŭɘŬŰɞɛɏɠ ɧɛɞɘŮɠ ɛŮ ŬɡŰɏɠ ůŰɞɡɠ 

ɞɟɘɕɧɜŰɘɞɡɠ. 
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2.2.7 ɮʞʇʇɻ ʀʌʅʆʗʇʑʕʂʏ 

ɀŮ Űɞɜ ɧɟɞ ŮˊɘəɎɚɡɣɖ ŮɜɜɞɞɨɛŮ ŰŬ űɨɚɚŬ ɛŮ ŰŬ ɧˊɞɘŬ ŮˊɘəŬɚɨˊŰŮŰŬɘ əŬɘ ŮˊŮɜŭɨŮŰŬɘ 

ˊɚŮɡɟɘəɎ ɞ űɏɟɤɜ ɞɟɔŬɜɘůɛɧɠ ɐ ŰŬ ɘůɞŭɨɜŬɛŬ ůɡůŰɐɛŬŰŬ ˊɞɡ ɛˊɞɟŮɑ ŮɜŬɚɚŬəŰɘəɎ ɜŬ 

ŮűŬɟɛɧɕɞɜŰŬɘ ɔɘŬ Űɖɜ ŮˊɘəɎɚɡɣɖ əŬɘ Űɖɜ ˊɚŮɡɟɘəɐ Ůˊɏɜŭɡůɖ ˊɟɏˊŮɘ ɜŬ ɏɢɞɡɜ ŮˊŬɟəɐ ŬɜŰɞɢɐ 

əŬɘ ɜŬ ɏɢɞɡɜ Ůˊɑůɖɠ ŮˊŬɟəɩɠ ŬəɡɟɤɗŮɑ Ůˊɑ Űɤɜ ůŰɞɘɢŮɑɤɜ Ůˊɑ Űɤɜ ɞˊɞɑɤɜ ůŰɖɟɑɕɞɜŰŬɘ ɩůŰŮ 

ɜŬ ɛˊɞɟɞɨɜ ɜŬ ɛŮŰŬűɏɟɞɡɜ ůŮ ŬɡŰɎ (ŰŮɔɑŭŮɠ ɔɘŬ ŰŬ űɨɚɚŬ ŮˊɘəɎɚɡɣɖɠ əŬɘ ɛɖəɑŭŮɠ ɔɘŬ ŰŬ 

űɨɚɚŬ ˊɚŮɡɟɘəɐɠ Ůˊɏɜŭɡůɖɠ) Űɘɠ ˊɘɏůŮɘɠ əŬɘ ɡˊɞˊɘɏůŮɘɠ ˊɞɡ ŮɝŬůəɞɨɜ ɞ ɎɜŮɛɞɠ ɐ ɎɚɚŬ 

űɞɟŰɑŬ. ɇŬ ůɡůŰɐɛŬŰŬ ŮˊɘəɎɚɡɣɖɠ əŬɘ Ůˊɏɜŭɡůɖɠ ˊɟɏˊŮɘ Ůˊɘˊɚɏɞɜ ɜŬ ŭɘŬɗɏŰɞɡɜ Űɖɜ 

ŬˊŬɘŰɞɡɛɏɜɖ ɗŮɟɛɞɛɞɜɤŰɘəɐ ɘəŬɜɧŰɖŰŬ. ɇŬ ɛɞɜɤŰɘəɎ űɨɚɚŬ ŮˊɘəɎɚɡɣɖɠ əŬɘ Ůˊɏɜŭɡůɖɠ ŭŮɜ 

ɗŮɤɟŮɑŰŬɘ ɔŮɜɘəɎ ɧŰɘ ŬˊɞŰŮɚɞɨɜ ůŰɞɘɢŮɘɎ Űɞɡ űɏɟɞɜŰɞɠ ɞɟɔŬɜɘůɛɞɨ Űɖɠ əŬŰŬůəŮɡɐɠ ˊɟɞɠ Űɞɜ 

ɞˊɞɑɞ ɛŮŰŬűɏɟɞɡɜ ŰŬ űɞɟŰɑŬ. 

ȹɨɞ ŮɑɜŬɘ ɞɘ əɨɟɘŮɠ ɛɞɟűɏɠ Űɤɜ űɨɚɚɤɜ ŮˊɘəɎɚɡɣɖɠ ˊɞɡ əɡəɚɞűɞɟɞɨɜ ůŰɞ Ůɛˊɧɟɘɞ: 

Ŭ. H óŬˊɚɐô ɛɞɟűɐ űɨɚɚɤɜ ŮˊɘəɎɚɡɣɖɠ, ŬˊɞŰŮɚɞɨɛŮɜɖ Ŭˊɧ ɏɜŬ ɛɧɜɞ 

ˊɟɞəŬŰŬůəŮɡŬůɛɏɜɞ ˊŰɡɢɤŰɧ ɢŬɚɡɓŭɧűɡɚɚɞ ɛŮ ˊɟɞűɑɚ əɡɛŬŰɞŮɘŭɏɠ ɐ ŰɟŬˊŮɕɞŮɘŭɏɠ, Űɞ 

ɞˊɞɑɞ ŮɑɜŬɘ ůɡɜɐɗɤɠ ɔŬɚɓŬɜɘůɛɏɜɞ ɔɘŬ ˊɟɞůŰŬůɑŬ ɏɜŬɜŰɘ ůəɤɟɑŬůɖɠ. 

ɓ. ɇŬ ɗŮɟɛɧ-ɖɢɞɛɞɜɤŰɘəɎ ˊɟɞəŬŰŬůəŮɡŬůɛɏɜŬ űɨɚɚŬ ŮˊɘəɎɚɡɣɖɠ, Űɤɜ ɞˊɞɑɤɜ ɖ 

ɔŮɜɘəɐ ɛɞɟűɐ ŮɑɜŬɘ ɏɜŬ ůəɚɖɟɧ ůŰɟɩɛŬ ˊɞɚɡɞɡɟŮɗŬɜɑɞɡ (ɗŮɟɛɞ-ɖɢɞɛɞɜɤŰɘəɧ ɡɚɘəɧ) ˊɎɢɞɡɠ 

30mm ɏɤɠ 80mm, ɛŮ ŮˊɘəɎɚɡɣɖ űɨɚɚɞɡ Ŭɚɞɡɛɘɜɑɞɡ ůŰɖɜ ŮɝɤŰŮɟɘəɐ ˊɚŮɡɟɎ əŬɘ ŮˊɘəɎɚɡɣɖ 

űɨɚɚɞɡ ɢɎɚɡɓŬ ůŰɖɜ ŮůɤŰŮɟɘəɐ.  

ɔ. ɇŬ ŭɘɎűŬɜŬ ˊɞɚɡəŬɟɛˊɞɜɘəɎ űɨɚɚŬ ˊɞɡ ŬˊɞŰŮɚɞɨɜŰŬɘ ŮɑŰŮ Ŭˊɧ ůɡɛˊŬɔɐ űɨɚɚŬ 

ŰɞˊɞɗŮŰɖɛɏɜŬ ɛɧɜŬ Űɞɡɠ, ŮɑŰŮ ŭɘˊɚɎ ɛŮ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɞɡɠ ŬɜŰɑůŰɞɘɢɖ ɛŮ Űɞ ˊɎɢɞɠ Űɤɜ 

ɗŮɟɛɞɛɞɜɤŰɘəɩɜ, ŮɑŰŮ ɛŮ űɨɚɚŬ ɛŮ Ůɜɘůɢɡɛɏɜɖ ŭɘŬŰɞɛɐ ˊɞɡ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ˊɞɚɚŬˊɚɎ 

ŮůɤŰŮɟɘəɎ ŰɞɘɢɩɛŬŰŬ.   

 

ɆɢɐɛŬ 2.13: ȷˊɚɐ ɛɞɟűɐ űɨɚɚɤɜ ŮˊɘəɎɚɡɣɖɠ əŬɘ ˊɟɞəŬŰŬůəŮɡŬůɛɏɜŬ 

ɗŮɟɛɞɛɞɜɤŰɘəɎ űɨɚɚŬ ŮˊɘəɎɚɡɣɖɠ 
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ɆɢɐɛŬ 2.14: ȹɘɎűŬɜŬ ˊɞɚɡəŬɟɛˊɞɜɘəɎ űɨɚɚŬ əŬɘ ˊŬɟɎŭŮɘɔɛŬ Ůɜɘůɢɡɛɏɜɖɠ ŭɘŬŰɞɛɐɠ 

Ƀɘ Űɨˊɞɘ Űɤɜ űɨɚɚɤɜ ŮˊɘəɎɚɡɣɖɠ ˊɞɡ űŬɑɜɞɜŰŬɘ ůŰɞ ɆɢɐɛŬ 2.13 ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

Űɧůɞ ɔɘŬ ŮˊɘůŰŮɔɎůɛŬŰŬ, ɧůɞ əŬɘ ɔɘŬ ˊɚŬɔɘɞəŬɚɨɣŮɘɠ. ɇɞ Űɘ Űɨˊɞɠ űɨɚɚɞɡ ŮˊɘəɎɚɡɣɖɠ ɗŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŮ əɎɗŮ ɏɟɔɞ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɘɠ ŬˊŬɘŰɐůŮɘɠ ůŮ ɗŮɟɛɞɛɧɜɤůɖ əŬɘ ɖɢɞɛɧɜɤůɖ, 

ˊɞɡ ŮɑɜŬɘ ůɡɜɎɟŰɖůɖ Űɞɡ ɛɏɟɞɡɠ ůŰɞ ɞˊɞɑɞ əŬŰŬůəŮɡɎɕŮŰŬɘ, ŬɚɚɎ əŬɘ Ŭˊɧ Űɘɠ ŬˊŬɘŰɐůŮɘɠ əŬɘ 

Űɖɜ ɞɘəɞɜɞɛɘəɐ ŭɡɜŬŰɧŰɖŰŬ Űɞɡ əɨɟɘɞɡ Űɞɡ ɏɟɔɞɡ. ɄɟɞűŬɜɩɠ ŰŬ ůɡɜɗŮŰɧŰŮɟŬ űɨɚɚŬ 

ŮˊɘəɎɚɡɣɖɠ ɏɢɞɡɜ əŬɘ Űɞ ŬɜɎɚɞɔɞ Ŭɡɝɖɛɏɜɞ əɧůŰɞɠ. 

ɆŰɖɜ ȺɚɚɎŭŬ ɡˊɎɟɢɞɡɜ ŬɟəŮŰɏɠ ɓɘɞɛɖɢŬɜɑŮɠ ˊŬɟŬɔɤɔɐɠ Űɡˊɞˊɞɘɖɛɏɜɤɜ óˊɎɜŮɚɠô. ȳɚŮɠ 

ɞɘ ɓɘɞɛɖɢŬɜɑŮɠ ˊŬɟŬɔɤɔɐɠ ŮˊɘůŰŮɔŬůɛɎŰɤɜ ɡˊɞɢɟŮɞɨɜŰŬɘ ɜŬ ŭɘŬɗɏŰɞɡɜ ŰŬ ˊɟɞɥɧɜŰŬ Űɞɡɠ ɛŮ 

ˊɘůŰɞˊɞɘɐůŮɘɠ əŬɘ ůɡɔəŮəɟɘɛɏɜŮɠ ˊɟɞŭɘŬɔɟŬűɏɠ ɡɚɘəɩɜ, ŬɚɚɎ əŬɘ ɛŮ ˊɑɜŬəŮɠ Űɤɜ ŰŮɢɜɘəɩɜ 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɞɡɠ. 

ȼ ůŰɐɟɘɝɐ Űɞɡɠ ůŰɖ űɏɟɞɡůŬ əŬŰŬůəŮɡɐ ɔɑɜŮŰŬɘ ɛŮ əŬŰɎɚɚɖɚŮɠ ɓɑŭŮɠ, ɞɘ ɞˊɞɑŮɠ 

əŬɚɨˊŰɞɜŰŬɘ ɛŮ ŬɟɛɞəɎɚɡˊŰɟŬ. Ƀ ůɡɜɖɗɏůŰŮɟɞɠ Űɟɧˊɞɠ ˊɟɞůɧɣŮɤɜ ŮɑɜŬɘ ɛŮ ɢɟɐůɖ 

ɗŮɟɛɞɛɞɜɤŰɘəɩɜ ˊŬɜɏɚɚɤɜ ůɎɜŰɞɡɘŰɠ, ůŮ ŭɘɎűɞɟŮɠ ŮˊɘűŬɜŮɘŬəɏɠ ŭɘŬɛɞɟűɩůŮɘɠ (ŮˊɑˊŮŭŬ, 

əɡɛŬŰɞŮɘŭɐ, ɛŮ ɜŮɡɟɩůŮɘɠ). Ƀɘ ŬɡɚŬəɩůŮɘɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ əŬŰŬəɧɟɡűŮɠ ɐ ɞɟɘɕɧɜŰɘŮɠ. 

Ɇɡɜɐɗɤɠ ɧɛɤɠ ɔɘŬ Űɘɠ ˊɟɞůɧɣŮɘɠ ˊɟɞŰɘɛɩɜŰŬɘ ŰŬ ŮˊɑˊŮŭŬ ˊŬɜɏɚɚŬ, ŰŬ ɞˊɞɑŬ ŭŮ ɚŮɟɩɜɞɡɜ 

ŮɨəɞɚŬ. 

 

ɆɢɐɛŬ 2.15: ɆŰɐɟɘɝɖ űɨɚɚɤɜ ŮˊɘəɎɚɡɣɖɠ ůŰɖɜ ŰŮɔɑŭŬ ɛŮ əŬŰɎɚɚɖɚŮɠ ɓɑŭŮɠ 
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ɆŰɞ ɡˊɧůŰŮɔɞ ˊɞɡ ɛŮɚŮŰɎŰŬɘ ůŰɖɜ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ, ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ 

ɗŮɟɛɞɛɞɜɤŰɘəɎ ˊŬɜɏɚɚŬ ɑŭɘɞɡ Űɨˊɞɡ Űɧůɞ ɔɘŬ ŰŬ ŮˊɘůŰŮɔɎůɛŬŰŬ ůŰɞ 1/3 Űɖɠ ɞɟɞűɐɠ, ɧůɞ əŬɘ 

ɔɘŬ Űɘɠ ˊɚŬɔɘɞəŬɚɨɣŮɘɠ, ɔɘŬ ŰŬ ɞˊɞɑŬ ɘůɢɨɞɡɜ: 

Ŭ. Ȳŭɘɞ ɓɎɟɞɠ: 20Kg/mĮׅ 0,20 KN/mĮ. 

ɓ. Ƀɘ ůɡɜŭɏůŮɘɠ ˊɞɡ ɗŬ ŮˊɘɚŮɔɞɨɜ ŮɑɜŬɘ ŭɨůəŬɛˊŰŮɠ ůɡɜŭɏůŮɘɠ, Űɤɜ 

ˊŬɜɏɚɚɤɜ ɛŮŰŬɝɨ Űɞɡɠ ŬɚɚɎ əŬɘ ɛŮ Űɘɠ ŭɘŬŭɞəɑŭŮɠ, ɡɚɞˊɞɘɞɨɛŮɜŮɠ ɛŮ 

ŬɡŰɞŭɘŬŰɟɞɨɛŮɜɞɡɠ əɞɢɚɑŮɠ. 

ɆŰŬ ɡˊɧɚɞɘˊŬ 2/3 Űɖɠ ɞɟɞűɐɠ ɗŬ ŰɞˊɞɗŮŰɖɗɞɨɜ ŮɜɘůɢɡɛɏɜŬ ŭɘŬűŬɜɐ ˊɞɚɡəŬɟɛˊɞɜɘəɎ űɨɚɚŬ 

ˊɎɢɞɡɠ 32mm ɛŮ ɑŭɘɞ ɓɎɟɞɠ ɑůɞ ɛŮ 3,9Kg/mĮׅ0,04KN/mĮ (ɓɚ. ɆɢɐɛŬ 2.14). 
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3 ɩʍʋʎʋʈʋʚʖʎʂ ʒʋʍʘɻ ʎʐʋ ʌʍʝɾʍɻʈʈɻ ɻʉʗʇʑʎʂʏ 
ʆɻʐɻʎʆʀʑʙʏ 

3.1 ɩɻʍʋʑʎʚɻʎʂ ʐʋʑ ʌʍʋɾʍʗʈʈɻʐʋʏ SAP2000 

ũɘŬ Űɖɜ ŬɜɎɚɡůɖ Űɞɡ űɞɟɏŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ˊɟɧɔɟŬɛɛŬ SAP2000 version 14, ˊɞɡ 

Ůŭɩ əŬɘ 30 ɢɟɧɜɘŬ ŮɑɜŬɘ ŭɘŮɗɜɩɠ ŬɜŬɔɜɤɟɘůɛɏɜɞ ɤɠ Űɞ ɚ́ɏɞɜ ŮɝŮɚɘɔɛɏɜɞ ŭɘŬɗɏůɘɛɞ ɚɞɔɘůɛɘəɧ 

ůŰɖɜ ŰŮɢɜɞɚɞɔɑŬ Űɖɠ ŰɟɘůŭɘɎůŰŬŰɖɠ ŬɜɎɚɡůɖɠ- ŭɘŬůŰŬůɘɞɚɧɔɖůɖɠ ŭɞɛɘəɩɜ ůŰɞɘɢŮɑɤɜ. 

ȹɘŬɗɏŰŮɘ ɏɜŬ Ůɨəɞɚɞ ůŰɖ ɢɟɐůɖ ɔɟŬűɘəɧ ˊŮɟɘɓɎɚɚɞɜ, ˊɟɞůűɏɟɞɜŰŬɠ ůɡɔɢɟɧɜɤɠ Űɘɠ ˊɘɞ 

ŮɝŮɚɘɔɛɏɜŮɠ ɡˊɞɚɞɔɘůŰɘəɏɠ ŰŮɢɜɘəɏɠ ɛŮ ˊŬɜɑůɢɡɟŮɠ ŭɡɜŬŰɧŰɖŰŮɠ ŭɖɛɘɞɡɟɔɑŬɠ 

ˊɟɞůɞɛɞɘɤɛɎŰɤɜ. ɄŬɟŬəɎŰɤ ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŮ əɎˊɞɘŬ ɓŬůɘəɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ ˊɞɡ 

ˊɟɞůűɏɟŮɘ Űɞ ůɡɔəŮəɟɘɛɏɜɞ ŮɟɔŬɚŮɑɞ ŬɜɎɚɡůɖɠ: 

¶ ɇɞ SAP2000 ŭɑɜŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ŰŬɢɨŰŬŰɖɠ ˊŬɟŬɔɤɔɐɠ ˊɟɞůɞɛɞɘɤɛɎŰɤɜ ɛŮ Űɖ 

ɢɟɐůɖ ˊɟɞŰɨˊɤɜ ( templates). ȼ ŭɖɛɘɞɡɟɔɑŬ əŬɘ ɖ Űɟɞˊɞˊɞɑɖůɖ Űɤɜ ˊɟɞůɞɛɞɘɤɛɎŰɤɜ, ɖ 

ŮəŰɏɚŮůɖ Űɖɠ ŬɜɎɚɡůɖɠ, ɖ ŬɜɎɔɜɤůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ, əŬɘ ɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ 

ŭɘŬůŰŬůɘɞɚɧɔɖůɖɠ ŮɑɜŬɘ ɧɚŬ ŬɚɚɖɚɏɜŭŮŰŬ ůŰɞ ɑŭɘɞ ˊŮɟɘɓɎɚɚɞɜ ɢɟɐůɖɠ. 

¶ Ⱥˊɘˊɚɏɞɜ, ɤɠ ˊɟɞɠ Űɘɠ ŭɡɜŬŰɧŰɖŰŮɠ ůŰŬŰɘəɩɜ űɞɟŰɑůŮɤɜ, ŮˊɘŰɟɏˊŮɘ Űɖɜ ŮűŬɟɛɞɔɐ 

űɞɟŰɑɤɜ ɓŬɟɨŰɖŰŬɠ, ˊɑŮůɖɠ (ɞɛɞɘɧɛɞɟűŬ əŬŰŬɜŮɛɖɛɏɜɤɜ űɞɟŰɑɤɜ), ɗŮɟɛɞəɟŬůɘŬəɩɜ 

űɞɟŰɑɤɜ əŬɘ űɞɟŰɑɤɜ Ŭˊɧ ˊɟɞɏɜŰŬůɖ, Ůɜɩ Ůˊɘˊɚɏɞɜ ɛˊɞɟɞɨɛŮ ɜŬ ɏɢɞɡɛŮ ŮˊɘəɧɛɓɘŮɠ 

űɞɟŰɑůŮɘɠ ɛŮ ˊɟɞəŬɗɞɟɘůɛɏɜŮɠ ŭɡɜɎɛŮɘɠ ɐ ɛŮŰŬəɘɜɐůŮɘɠ ůŰɞɡɠ əɧɛɓɞɡɠ. Ƀɘ ŭɡɜŬɛɘəɏɠ 

űɞɟŰɑůŮɘɠ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ Űɖɠ ɛɞɟűɐɠ űŬůɛŬŰɘəɐɠ Ŭˊɧəɟɘůɖɠ ˊɞɚɚŬˊɚɐɠ ɓɎůŮɤɠ ɐ ˊɞɚɚŬˊɚɎ 

ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜɤɜ űɞɟŰɑɤɜ əŬɘ ŭɘŮɔɏɟůŮɘɠ ɓɎůɖɠ. ɇɞ ˊɟɧɔɟŬɛɛŬ ɡˊɞůŰɖɟɑɕŮɘ 

ŬɜɎɚɡůɖ ɛŮ ɘŭɘɞɛɞɟűɏɠ əŬɘ ŬɜɎɚɡůɖ Ritz, əŬɗɩɠ əŬɘ ůɡɜŭɡŬůɛɧ ɘŭɘɞɛɞɟűɩɜ ɛŮ Űɘɠ ɛŮɗɧŭɞɡɠ 

SRSS, CQC ɐ GMC. Ⱥˊɘˊɚɏɞɜ, ŮɑɜŬɘ ŭɘŬɗɏůɘɛŬ ɛŮŰŬɓŬɚɚɧɛŮɜŬ űɞɟŰɑŬ ɞɢɖɛɎŰɤɜ ɔɘŬ 

ɛŮɛɞɜɤɛɏɜŬ ɞɢɐɛŬŰŬ, ɚɤɟɑŭŮɠ űɧɟŰɘůɖɠ əŬɘ űɞɟŰɑŬ ůɡɟɛɩɜ. 

¶ ɇɞ ˊɟɧɔɟŬɛɛŬ ŮɑɜŬɘ ŮűɞŭɘŬůɛɏɜɞ ɛŮ ɧɚɞɡɠ Űɞɡɠ ȹɘŮɗɜŮɑɠ əŬɜɞɜɘůɛɞɨɠ, 

ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ Űɤɜ Ⱥɡɟɤəɤŭɑəɤɜ əŬɘ Űɤɜ ȷɛŮɟɘəŬɜɘəɩɜ əŬɜɞɜɘůɛɩɜ. ȰŰůɘ, ˊŬɟɏɢŮɘ 

ɞɚɞəɚɖɟɤɛɏɜɖ ŭɡɜŬŰɧŰɖŰŬ ŭɘŬůŰŬůɘɞɚɧɔɖůɖɠ ˊɞɡ ůɡɛˊŮɟɘɚŬɛɓɎɜŮɘ Ůˊɘɚɞɔɏɠ 

ŭɘŬůŰŬůɘɞɚɧɔɖůɖɠ əŬɘ ɓŮɚŰɘůŰɞˊɞɑɖůɖɠ ɢŬɚɨɓŭɘɜɤɜ ŭɘŬŰɞɛɩɜ ɛŮ AISC-ASD, LRFD əŬɘ 

EC3, ŭɘŬůŰŬůɘɞɚɧɔɖůɖ ɛŮɚɩɜ Ŭˊɧ ɞˊɚɘůɛɏɜɞ ůəɡɟɧŭŮɛŬ ɛŮ ȷɛŮɟɘəɎɜɘəɞɡɠ əŬɜɞɜɘůɛɞɨɠ əŬɘ 

EC2, əŬɗɩɠ əŬɘ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ ŮˊɘűŬɜŮɘŬəɩɜ ůŰɞɘɢŮɑɤɜ. 

¶ Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɛŮɟɘəɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ ˊɞɡ ˊɟɞůűɏɟŮɘ Űɞ SAP2000 ɔɘŬ Űɖ 

ŭɘŮɡəɧɚɡɜůɖ Űɞɡ ɢɟɐůŰɖ ŬɜŬűɏɟɞɜŰŬɘ ˊŬɟŬəɎŰɤ:  

ī ɆɢŮŭɘŬůŰɘəɎ ŮɟɔŬɚŮɑŬ Autocad ɧˊɤɠ ŮɟɔŬɚŮɑŬ əŬɗŮŰɧŰɖŰŬɠ, ɏɚɝɖɠ əɚˊ. ɔɘŬ ɔɟɐɔɞɟɖ 

əŬɘ Ůɨəɞɚɖ ŭɖɛɘɞɡɟɔɑŬ ɛɞɜŰɏɚɤɜ . 

ī ȾŬɟŰŮůɘŬɜɧ əŬɘ əɡɚɘɜŭɟɘəɧ ůɨůŰɖɛŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ. ɇŬ ɛɞɜŰɏɚŬ ɛˊɞɟɞɨɜ ɜŬ ɏɢɞɡɜ 

ˊɞɚɚŬˊɚɎ ůɡůŰɐɛŬŰŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ ŰŬ ɞˊɞɑŬ ɛˊɞɟɞɨɜ ɜŬ ˊŮɟɘůŰɟŬűɞɨɜ ˊɟɞɠ 

ɞˊɞɘŬŭɐˊɞŰŮ əŬŰŮɨɗɡɜůɖ. 

ī ɆŰɞ ˊɟɧɔɟŬɛɛŬ ŮɑɜŬɘ ŭɘŬɗɏůɘɛŮɠ ɢŬɚɨɓŭɘɜŮɠ ŭɘŬŰɞɛɏɠ ɞˊɞɘŬůŭɐˊɞŰŮ ɛɞɟűɐɠ ɧˊɤɠ 

ŭɘˊɚɞɨ ŰŬɡ, əɞɑɚŮɠ ŰŮŰɟŬɔɤɜɘəɏɠ, əɞɑɚŮɠ əɡəɚɘəɏɠ, ɔɤɜɘŬəɎ ɣɡɢɟɐɠ ɐ ɗŮɟɛɐɠ ɏɚŬůɖɠ 

əŬɗɩɠ əŬɘ ɓɘɓɚɘɞɗɐəŮɠ ˊɟɧŰɡˊɤɜ ŭɘŬŰɞɛɩɜ ůɨɛűɤɜŮɠ ɛŮ Űɞɡɠ ȺɡɟɤəɩŭɘəŮɠ, Űɞ AISC 

əŬɘ Ɏɚɚɞɡɠ ȹɘŮɗɜŮɑɠ əŬɜɞɜɘůɛɞɨɠ. 

ī ȹɡɜŬŰɧŰɖŰŬ ɔɟŬűɘəɞɨ ůɢŮŭɘŬůɛɞɨ Ŭˊɧ Űɞɜ ɢɟɐůŰɖ ŭɘŬŰɞɛɩɜ ɞˊɞɘɞŭɐˊɞŰŮ ůɢɐɛŬŰɞɠ 

əŬɘ ɞɟɘůɛɞɨ Űɞɡ ɡɚɘəɞɨ əŬŰŬůəŮɡɐɠ (section designer). 
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ī ȹɡɜŬŰɧŰɖŰŬ ŮɝŬɔɤɔɐɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɖɠ ŬɜɎɚɡůɖɠ ůŰɞ ˊɟɧɔɟŬɛɛŬ Excel ɔɘŬ 

ˊŮɟŬɘŰɏɟɤ ŮˊŮɝŮɟɔŬůɑŬ əŬɗɩɠ əŬɘ ŬɟɢŮɑɤɜ DXF ɔɘŬ Űɖ ɔŮɤɛŮŰɟɑŬ Űɞɡ űɞɟɏŬ. 

ī ɇŬ ɛɏɚɖ Űɞɡ ˊɟɞůɞɛɞɘɩɛŬŰɞɠ ůŰɞ ˊɟɧɔɟŬɛɛŬ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ŮɡɗɨɔɟŬɛɛŬ ɐ 

əŬɛˊɨɚŬ. 

ī ɄɞɚɚŬˊɚɎ ˊŬɟɎɗɡɟŬ ŬˊŮɘəɧɜɘůɖɠ Űɞɡ űɞɟɏŬ (3D, xz, xy, yz) ɔɘŬ əŬɚɨŰŮɟɖ ŮˊɞˊŰŮɑŬ 

Űɞɡ űɞɟɏŬ. 

ī ȷɜŬɚɡŰɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ ŰŬ ɛɏɚɖ Űɞɡ ˊɟɞůɞɛɞɘɩɛŬŰɞɠ ɛŮ ɏɜŬ ŭŮɝɑ əɚɘə əŬɘ 

ˊɚɐɟɖɠ ɏɚŮɔɢɞɠ ŮˊɎɟəŮɘŬɠ ŭɘŬŰɞɛɩɜ ůɨɛűɤɜŬ ɛŮ Űɞɡɠ ɘůɢɨɞɜŰŮɠ əŬɜɞɜɘůɛɞɨɠ əɚˊ. 

3.2 ɩʍʋʎʋʈʋʚʖʎʂ ʒʘʍʋʉʐɻ ʋʍɾɻʉʅʎʈʋʞ ʎʐʋ SAP2000 

ɆŰɖɜ ŬɜɎɚɡůɖ, Űɞ ˊɟɞůɞɛɞɑɤɛŬ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ, ˊɟɏˊŮɘ ɜŬ ˊŮɟɘɔɟɎűŮɘ əŬɘ ɜŬ 

ŬˊŮɘəɞɜɑɕŮɘ ɛŮ ɘəŬɜɞˊɞɘɖŰɘəɐ ŬəɟɑɓŮɘŬ əŬɘ ůŬűɐɜŮɘŬ Űɖ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ˊɟŬɔɛŬŰɘəɞɨ űɞɟɏŬ 

ɤɠ ůɡɜɧɚɞɡ, ŬɚɚɎ əŬɘ Űɤɜ Ůˊɘɛɏɟɞɡɠ ůŰɞɘɢŮɑɤɜ Űɞɡ (ŭɘŬŰɞɛɏɠ, əɧɛɓɞɘ, ɛɏɚɖ, ŮŭɟɎůŮɘɠ), ɔɘŬ 

Űɖ ůɡɔəŮəɟɘɛɏɜɖ ɞɟɘŬəɐ əŬŰɎůŰŬůɖ. ŪŬ ˊɟɏˊŮɘ ɜŬ ˊŮɟɘɚŬɛɓɎɜŮɘ ɧɚŬ ŰŬ əɨɟɘŬ űɏɟɞɜŰŬ 

ůŰɞɘɢŮɑŬ Űɖɠ əŬŰŬůəŮɡɐɠ, ɛɏůɤ Űɤɜ ɞˊɞɑɤɜ ɗŬ ɛŮŰŬűŮɟɗɞɨɜ ɛŮ ŬůűɎɚŮɘŬ ůŰɞ ɏŭŬűɞɠ ɧɚŮɠ ɞɘ 

ŭɟɎůŮɘɠ ˊɞɡ ŬůəɞɨɜŰŬɘ ůŮ ŬɡŰɐɜ. ȷˊɧ ŰŬ ŭŮɡŰŮɟŮɨɞɜŰŬ ůŰɞɘɢŮɑŬ, ɛˊɞɟŮɑ ɛŮɟɘəɎ ɜŬ 

ˊŬɟŬɚɖűɗɞɨɜ, ŮɎɜ ŬɡŰɧ ɏɢŮɘ ɛɘəɟɐ Ůˊɘɟɟɞɐ ůŰŬ ŮɜŰŬŰɘəɎ ɛŮɔɏɗɖ Űɞɡ űɞɟɏŬ, ɗŬ ˊɟɏˊŮɘ ɧɛɤɠ 

ɜŬ ˊŮɟɘɚɖűɗɞɨɜ ŰŬ űɞɟŰɑŬ ŰŬ ɞˊɞɑŬ űɏɟɞɜŰŬɘ Ŭˊɧ ŰŬ ůŰɞɘɢŮɑŬ ŬɡŰɎ. ɆŰɞ əŰɑɟɘɞ ˊɞɡ 

ůɢŮŭɘɎɕŮŰŬɘ ˊŬɟŬɚŮɑˊɞɜŰŬɘ ɖ ˊɚŮɘɞɣɖűɑŬ Űɤɜ ŰŮɔɑŭɤɜ əŬɘ ɛɖəɑŭɤɜ ŮəŰɧɠ Ŭˊɧ ŬɡŰɏɠ ˊɞɡ 

ůɡɛɛŮŰɏɢɞɡɜ ůŰŬ ŭɘəŰɡɩɛŬŰŬ Űɤɜ ůɡɜŭɏůɛɤɜ ŭɡůəŬɛɣɑŬɠ, ɧˊɤɠ əŬɘ ŰŬ űɨɚɚŬ ŮˊɘəɎɚɡɣɖɠ. 

ɇŬ űɞɟŰɑŬ Űɤɜ ˊɟɞŬɜŬűŮɟɗɏɜŰɤɜ ůŰɞɘɢŮɑɤɜ (ɑŭɘɞ ɓɎɟɞɠ, űɞɟŰɑɞ ɢɘɞɜɘɞɨ, ŬɜŮɛɞˊɘɏůŮɘɠ) 

ˊɟɞůɞɛɞɘɎɕɞɜŰŬɘ ɤɠ ɔɟŬɛɛɘəɎ ˊɎɜɤ ůŰɞɡɠ əɨɟɘɞɡɠ űɞɟŮɑɠ ɛɏůɤ ɗŮɤɟɞɨɛŮɜɤɜ ɕɤɜɩɜ 

Ůˊɘɟɟɞɐɠ. 

ɇɞ ˊɟɞůɞɛɞɑɤɛŬ ůɢŮŭɘɎɕŮŰŬɘ əŬɘ ŬɜŬɚɨŮŰŬɘ Ůɝ Ŭɟɢɐɠ ɤɠ ɢɤɟɘəɧ ɚɧɔɤ Űɖɠ ŮɡəɞɚɑŬɠ ˊɞɡ 

ˊŬɟɏɢŮɘ ɖ ɢɟɐůɖ ȼɚŮəŰɟɞɜɘəɞɨ ɈˊɞɚɞɔɘůŰɐ. ũɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ ɔɑɜɞɜŰŬɘ ŬˊɚɞˊɞɘɐůŮɘɠ ɞɘ 

ɞˊɞɑŮɠ ŭŮɜ ˊɟɏˊŮɘ ɜŬ ɞŭɖɔɞɨɜ ˊɘɗŬɜɧɜ ůŮ Ŭɚɚɞɑɤůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ, ŬɚɚɎ Ŭˊɧ Űɖɜ Ɏɚɚɖ 

ŭŮɜ ŮɑɜŬɘ ůəɧˊɘɛɞ ɜŬ ɔɑɜŮŰŬɘ ˊɟɞůɞɛɞɑɤůɖ ɛŮ ɡˊŮɟɓɞɚɘəɏɠ ɚŮˊŰɞɛɏɟŮɘŮɠ, ˊɞɡ ɛˊɞɟŮɑ ɜŬ 

ɞŭɖɔɐůŮɘ ůŮ ɣŮɡŭɐ ɐ ŮůűŬɚɛɏɜɖ ŬˊɞŰɑɛɖůɖ Űɖɠ əŬŰŬůəŮɡɐɠ. 

ɇɞ ɛɞɜɩɟɞűɞ əŰɑɟɘɞ ɏɢŮɘ ˊɚŬɘůɘŬəɐ ɚŮɘŰɞɡɟɔɑŬ əŬŰɎ Űɞɜ ɎɝɞɜŬ Y, ŭɖɚŬŭɐ əŬŰɎ Űɖ 

ŭɘŮɨɗɡɜůɖ ˊɞɡ ŬɜŬˊŰɨůůŮŰŬɘ ɖ ɛɘəɟɐ Űɞɡ ˊɚŮɡɟɎ (20 ɛɏŰɟŬ). Ƀɘ ůɡɜŭɏůŮɘɠ ɛŮŰŬɝɨ ŭɞəɩɜ əŬɘ 

ɡˊɞůŰɡɚɤɛɎŰɤɜ ůɢŮŭɘɎɕɞɜŰŬɘ ɤɠ ůɡɜŭɏůŮɘɠ ɟɞˊɐɠ, ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ɖ ůɨɜŭŮůɖ ɛŮŰŬɝɨ Űɤɜ 

ŭɞəɩɜ Űɤɜ ɕɡɔɤɛɎŰɤɜ ůŰɞɜ əɞɟűɘɎ ůŰɖɜ ˊɟɩŰɖ ɚɨůɖ. ɆŰɖɜ ŭŮɨŰŮɟɖ ɚɨůɖ ɖ ůɨɜŭŮůɖ ůŰɞɜ 

əɞɟűɘɎ ɛɞɟűɩɜŮŰŬɘ ɤɠ Ɏɟɗɟɤůɖ ȼ ˊɚŮɡɟɘəɐ ŮɡůŰɎɗŮɘŬ əŬŰɎ Űɞɜ Ɏɚɚɞ ɎɝɞɜŬ (ɎɝɞɜŬɠ ɉ) 

ŮɝŬůűŬɚɑɕŮŰŬɘ ɛɏůɤ Űɤɜ ůɡɜŭɏůɛɤɜ ŭɡůəŬɛɣɑŬɠ. Ƀɘ ůɨɜŭŮůɛɞɘ ŭɡůəŬɛɣɑŬɠ ŮɑɜŬɘ 

ůɢŮŭɘŬůɛɏɜɞɘ ɜŬ ˊŬɟŬɚŬɛɓɎɜɞɡɜ űɞɟŰɑŬ ɛɧɜɞ ůŰɞ ŮˊɑˊŮŭɞ Űɞɡɠ. 

ɀŮŰɎ Űɞ ůɢŮŭɘŬůɛɧ Űɞɡ űɞɟɏŬ ůŰɞ ˊɟɧɔɟŬɛɛŬ ɏɔɘɜŮ ɞ ɞɟɘůɛɧɠ Űɞɡ Ůɑŭɞɡɠ Űɤɜ 

ůŰɖɟɑɝŮɤɜ ůŰɘɠ ɓɎůŮɘɠ Űɤɜ ɡˊɞůŰɡɚɤɛɎŰɤɜ (ůŰɖɜ ˊɟɩŰɖ ɚɨůɖ ɤɠ  ˊŬəŰɩůŮɘɠ əŬɘ ůŰɖ 

ŭŮɨŰŮɟɖ ɤɠ ŬɟɗɟɩůŮɘɠ). ɃɟɑůŰɖəŮ Ŭəɧɛɖ Űɞ Ůɑŭɞɠ Űɤɜ ůɡɜŭɏůŮɤɜ Űɤɜ ɚɞɘˊɩɜ ůŰɞɘɢŮɑɤɜ (ɓɚ. 

ůɢɐɛŬ) ɧˊɤɠ ɞɘ əŮűŬɚɞŭɞəɞɑ (ŬɛűɘŬɟɗɟɤŰɏɠ) əŬɘ ɞɘ ŭɘŬɔɩɜɘɞɘ Űɤɜ ɢɘŬůŰɑ ůɡɜŭɏůɛɤɜ 

(ŬɟɗɟɩůŮɘɠ ůŰŬ ɎəɟŬ əŬɘ ůŰɞ ɛɏůɞ Űɞɡ ɢɘŬůŰɑ). 

ȰˊŮɘŰŬ, ɞɟɑůŰɖəŮ Űɞ ɡɚɘəɧ Űɖɠ əŬŰŬůəŮɡɐɠ, ŭɖɚŬŭɐ ɞ ɢɎɚɡɓŬɠ ˊɞɘɧŰɖŰŬɠ S235, 

ˊŮɟɜɩɜŰŬɠ ŰŬ ůŰɞɘɢŮɑŬ ɛŮ Űɘɠ ɘŭɘɧŰɖŰɏɠ Űɞɡ ůŰɞ ˊɟɧɔɟŬɛɛŬ. Ⱥˊɑůɖɠ, ŮˊɘɚɏɢɗɖəŬɜ ɞɘ ˊɟɧŰɡˊŮɠ 

əŬɘ ɛɖ ŭɘŬŰɞɛɏɠ ɧɚɤɜ Űɤɜ ɛŮɚɩɜ Űɖɠ əŬŰŬůəŮɡɐɠ. Ƀɘ ɛɖ ˊɟɧŰɡˊŮɠ ŭɘŬŰɞɛɏɠ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ 

Ŭˊɧ ˊɟɧŰɡˊŮɠ űɧɟɛŮɠ (ˊ.ɢ. ɔɘŬ ŭɘŬŰɞɛɐ Űɨˊɞɡ ȼ), ŭɑɜɞɜŰŬɠ Űɘɠ ŮˊɘɗɡɛɖŰɏɠ ŭɘŬůŰɎůŮɘɠ. ɇɏŰɞɘŮɠ 

ŭɘŬŰɞɛɏɠ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ɔɘŬ ŰŬ ɎəɟŬ Űɤɜ ɛŮɚɩɜ ɛŮŰŬɓɚɖŰɐɠ ŭɘŬŰɞɛɐɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖ ŭŮɨŰŮɟɖ ɚɨůɖ. ũɘŬ Űɖɜ ˊɟɞůɞɛɞɑɤůɖ Űɖɠ Ůɜɑůɢɡůɖɠ Űɞɡ əɧɛɓɞɡ əŬɘ 

ɤɠ ˊɟɞɠ Űɖɜ ŬɜŰɞɢɐ Űɖɠ ŭɞəɞɨ Űɞɡ ɕɡɔɩɛŬŰɞɠ ůŰɖɜ ˊɟɩŰɖ ŮɜŬɚɚŬəŰɘəɐ, ɏɔɘɜŮ ɢɟɐůɖ Űɞɡ 

ŮɟɔŬɚŮɑɞɡ section designer Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ɧˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŮ ɛɘŬ ůɨɜɗŮŰɖ ŭɘŬŰɞɛɐ ˊɞɡ 
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ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛɘŬ ˊɟɧŰɡˊɖ ŭɘˊɚɞɨ ŰŬɡ əŬɘ Ůˊɘˊɚɏɞɜ Űɖ ɛɘůɐ ŬɡŰɐɠ ůɡɔəɞɚɚɖɛɏɜɖ ůŰɞ 

əɎŰɤ ˊɏɚɛŬ (ɓɚ. ɆɢɐɛŬ 3.3 ). ȼ Ůɜɑůɢɡůɖ ˊɟɞůɞɛɞɘɎůŰɖəŮ ɤɠ ɏɜŬ ŰɛɐɛŬ Űɖɠ ŭɞəɞɨ ɛŮ 

ɛŮŰŬɓɚɖŰɐ ŭɘŬŰɞɛɐ, ɧˊɞɡ Űɞ ɏɜŬ Ɏəɟɞ ɞɟɑůŰɖəŮ ɖ ůɨɜɗŮŰɖ ŭɘŬŰɞɛɐ əŬɘ Űɞ Ɏɚɚɞ ɖ ˊɟɧŰɡˊɖ  

 

ɆɢɐɛŬ 3.1: ɆŰɖɟɑɝŮɘɠ ɛŮɚɩɜ Űɞɡ űɞɟɏŬ 

 

ɆɢɐɛŬ 3.2: Ƀɟɘůɛɧɠ Űɞɡ ɢɎɚɡɓŬ S235 ůŰɞ SAP2000 
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ŭɘŬŰɞɛɐ Űɖɠ ŭɞəɞɨ. ȼ ɛŮŰŬɓɞɚɐ Űɖɠ ɟɞˊɐɠ ŬŭɟŬɜŮɑŬɠ Űɖɠ ŭɘŬŰɞɛɐɠ ɤɠ ˊɟɞɠ Űɞɜ ɘůɢɡɟɧ ɎɝɞɜŬ 

ɞɟɑůŰɖəŮ ɤɠ əɡɓɘəɐ ůɡɜɎɟŰɖůɖ əŬɘ ɤɠ ˊɟɞɠ Űɞɜ ŬůɗŮɜɐ ɤɠ ɔɟŬɛɛɘəɐ. 

ũɘŬ Űɞɜ ɏɚŮɔɢɞ Űɤɜ ɛŮɚɩɜ Űɞɡ űɞɟɏŬ ɞɟɑůŰɖəŬɜ ɞɘ ŬˊŬɟŬɑŰɖŰɞɘ ůɡɜŭɡŬůɛɞɑ űɞɟŰɑůŮɤɜ. 

ɇɞ  SAP2000 ŭɑɜŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɔɘŬ Ůˊɘɚɞɔɐ əŬɜɞɜɘůɛɞɨ Ůɚɏɔɢɞɡ ŮˊɎɟəŮɘŬɠ Űɤɜ ŭɘŬŰɞɛɩɜ 

əŬɘ ɛŮɚɩɜ ůŰɖɜ ɃȾȷ. ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ŮˊɘɚɏɢɗɖəŮ ɞ ȺɡɟɤəɩŭɘəŬɠ 3. ɆŰɘɠ Ůˊɘɚɞɔɏɠ Űɞɡ 

ȺɡɟɤəɩŭɘəŬ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɤɜ ɛŮɚɩɜ ɞɟɑůŰɖəŮ ɤɠ ɛɐəɞɠ ɚɡɔɘůɛɞɨ Űɤɜ ɛŮɚɩɜ ɑůɞ ɛŮ Űɞ 

ɛɐəɞɠ Űɞɡɠ, ɛɘŬ ůɡɜŰɖɟɖŰɘəɐ Ůˊɘɚɞɔɐ ɡˊɏɟ Űɖɠ ŬůűŬɚŮɑŬɠ. 

 

 

ɆɢɐɛŬ 3.3: ɆɢŮŭɘŬůɛɧɠ Űɖɠ ŭɘŬŰɞɛɐɠ Űɖɠ Ůɜɘůɢɡɛɏɜɖɠ ŭɞəɞɨ ɕɡɔɩɛŬŰɞɠ ůŰɞɜ əɧɛɓɞ ŭɞəɞɨ ï 

ɡˊɞůŰɡɚɩɛŬŰɞɠ Űɖɠ 1
ɖɠ

 ɚɨůɖɠ ɛŮ Űɞ ŮɟɔŬɚŮɑɞ section designer ůŰɞ SAP2000 
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ɆɢɐɛŬ 3.4: Ƀɟɘůɛɧɠ Űɞɡ ȺɡɟɤəɩŭɘəŬ 3 ɤɠ əŬɜɞɜɘůɛɞɨ ɛŮ Űɞɜ ɞˊɞɑɞ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɞ ɏɚŮɔɢɞɠ 

ŭɘŬŰɞɛɩɜ əŬɘ ɛŮɚɩɜ ůŰɞ SAP2000 
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4 ɮʋʍʐʚɻ ʐʂʏ ʆɻʐɻʎʆʀʑʙʏ 

4.1 ɞʅʎɻɾʖɾʙ 

Ƀ ůɢŮŭɘŬůɛɧɠ Űɖɠ əŬŰŬůəŮɡɐɠ (ɛɧɟűɤůɖ, ŬɜɎɚɡůɖ, ŭɘŬůŰŬůɘɞɚɧɔɖůɖ) ɔɑɜŮŰŬɘ ɛŮ ɓɎůɖ 

ŰŬ əŮɑɛŮɜŬ Űɤɜ Ⱥɡɟɤəɤŭɑəɤɜ. ɆɨɛűɤɜŬ ɛŮ Űɞɜ ȺɡɟɤəɩŭɘəŬ 1 (ȸŬůɘəɏɠ Ŭɟɢɏɠ ůɢŮŭɘŬůɛɞɨ 

əŬɘ ŭɟɎůŮɘɠ ůŰɘɠ əŬŰŬůəŮɡɏɠ) ůŮ ɛɘŬ əŬŰŬůəŮɡɐ ŮɜŮɟɔɞɨɜ ŰɟɑŬ Ůɑŭɖ ŭɟɎůŮɤɜ ɤɠ ˊɟɞɠ Űɞ 

ɢɟɧɜɞ: 

¶ G: ɀɧɜɘɛŮɠ ȹɟɎůŮɘɠ (ɑŭɘŬ ɓɎɟɖ əŬŰŬůəŮɡɐɠ, ɚɞɘˊɎ 

ɛɧɜɘɛŬ űɞɟŰɑŬ ɧˊɤɠ ůŰŬɗŮɟɧɠ Ůɝɞˊɚɘůɛɧɠ əŬɘ ŮˊɘůŰɟɩůŮɘɠ). 

¶ Q: ɀŮŰŬɓɚɖŰɏɠ ȹɟɎůŮɘɠ (ɤűɏɚɘɛŬ űɞɟŰɑŬ, ɢɘɧɜɘ, ɎɜŮɛɞɠ). 

¶ A: ɇɡɢɖɛŬŰɘəɏɠ ȹɟɎůŮɘɠ (ŮəɟɐɝŮɘɠ, ˊɟɞůəɟɞɨŮɘɠ 

ɞɢɖɛɎŰɤɜ, ˊɡɟəŬɔɘɎ) 

Ⱥˊɑůɖɠ, ŭɟɎůɖ Ůˊɑ Űɖɠ əŬŰŬůəŮɡɐɠ ɗŮɤɟɞɨɛŮ əŬɘ Űɖ ůŮɘůɛɘəɐ, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɏɛɛŮůɖ 

ŭɟɎůɖ ɚɧɔɤ ŮˊɘɓŬɚɚɧɛŮɜɤɜ ɛŮŰŬŰɞˊɑůŮɤɜ: 

¶ E: ɆŮɘůɛɘəɏɠ ȹɟɎůŮɘɠ  

4.2 ɥʝʉʅʈʀʏ ɿʍʗʎʀʅʏ 

ɀŮ Űɞɜ ɧɟɞ ŬɡŰɧ ɜɞɞɨɜŰŬɘ ɧɚŮɠ ɞɘ ŭɟɎůŮɘɠ, ɞɘ ɞˊɞɑŮɠ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ŮˊŮɜŮɟɔɐůɞɡɜ əŬŰɎ 

Űɖ ŭɘɎɟəŮɘŬ ɛɘŬɠ ŭŮŭɞɛɏɜɖɠ ˊŮɟɘɧŭɞɡ ŮˊŬɜŬűɞɟɎɠ əŬɘ ɔɘŬ Űɖɜ ɞˊɞɑŬ ɖ ŭɘŬűɞɟɞˊɞɑɖůɖ Űɞɡ 

ɛŮɔɏɗɞɡɠ Űɞɡɠ ůŰɞ ɢɟɧɜɞ ŮɑɜŬɘ ŬɛŮɚɖŰɏŬ. ɄŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ɧɚŬ ŰŬ əŬŰŬəɧɟɡűŬ űɞɟŰɑŬ ˊɞɡ 

ŭɟɞɡɜ əŬɗô ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ ɕɤɐɠ Űɖɠ əŬŰŬůəŮɡɐɠ, ɧˊɤɠ ŰŬ ɑŭɘŬ ɓɎɟɖ (űɏɟɞɜŰŬ ůŰɞɘɢŮɑŬ, 

Űɞɑɢɞɘ ˊɚɖɟɩůŮɤɠ, ɣŮɡŭɞɟɞűɏɠ, ŮˊɘəŬɚɨɣŮɘɠ əŬɘ ŮˊŮɜŭɨůŮɘɠ, ŮˊɘůŰɟɩůŮɘɠ əŬɘ ɛɞɜɩůŮɘɠ 

ŭŬˊɏŭɤɜ, ɖɚŮəŰɟɘəɎ əŬɘ ɡŭɟŬɡɚɘəɎ ŭɑəŰɡŬ, əɚɘɛŬŰɘůŰɘəɎ ůɡůŰɐɛŬŰŬ). 

 

Ƀɘ Űɘɛɏɠ Űɤɜ ɛɧɜɘɛɤɜ űɞɟŰɑɤɜ ˊɞɡ ŭɟɞɡɜ ůŰɞ űɞɟɏŬ ŮɑɜŬɘ: 

1.Ȳŭɘɞ ɓɎɟɞɠ ɢɎɚɡɓŬ 78,5 kN/mį 

2.Ȳŭɘɞ ɓɎɟɞɠ ŮˊɘəɎɚɡɣɖɠ 0,30 kN/mĮ (0,20 kN/mĮ űɨɚɚŬ ŮˊɘəɎɚɡɣɖɠ əŬɘ 

0,10 kN/mĮ ȼ/ɀ Ůɝɞˊɚɘůɛɧɠ ůŰɖ ůŰɏɔɖ). 

 

ȷɝɑɕŮɘ, Ůŭɩ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ Űɞ ɓɎɟɞɠ Űɖɠ ŮˊɘəɎɚɡɣɖɠ ŮɑɜŬɘ ɡˊŮɟŮəŰɘɛɖɛɏɜɞ, ɡˊɏɟ Űɖɠ 

ŬůűŬɚŮɑŬɠ, əŬɗɩɠ ŰŬ 2/3 Űɖɠ ɞɟɞűɐɠ əŬɚɨˊŰɞɜŰŬɘ Ŭˊɧ ŮɚŬűɟɨŰŮɟŬ ŭɘŬűŬɜɐ ůŰɞɘɢŮɑŬ ɧˊɤɠ 

ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ ˊŬɟɎɔɟŬűɞ 2.2.7. 

ȹɘŮɡəɟɘɜɑɕŮŰŬɘ ɧŰɘ ŰŬ ɑŭɘŬ ɓɎɟɖ Űɞɡ űɏɟɞɜŰɞɠ ɞɟɔŬɜɘůɛɞɨ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ŬɡŰɧɛŬŰŬ Ŭˊɧ 

Űɞ ́ɟɧɔɟŬɛɛŬ SAP2000. 



 

33 

 

ɆɢɐɛŬ 4.1: ɄŬɟŬɛɧɟűɤůɖ Űɞɡ űɞɟɏŬ Űɖɠ 1
ɖɠ

 ŮɜŬɚɚŬəŰɘəɐɠ ɔɘŬ ŰŬ ɑŭɘŬ ɓɎɟɖ 

 

ɆɢɐɛŬ 4.2: ɄŬɟŬɛɧɟűɤůɖ Űɞɡ űɞɟɏŬ Űɖɠ 2
ɖɠ

 ŮɜŬɚɚŬəŰɘəɐɠ ɔɘŬ ŰŬ ɑŭɘŬ ɓɎɟɖ 
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4.3 ɥʀʐɻɼʇʂʐʘʏ ɿʍʗʎʀʅʏ - ɣʅʉʂʐʗ ʒʋʍʐʚɻ 

ɆŰɖɜ əŬŰɖɔɞɟɑŬ ŬɡŰɐ Űɤɜ ŭɟɎůŮɤɜ, ŮɜŰɎůůɞɜŰŬɘ ŰŬ əŬŰŬəɧɟɡűŬ űɞɟŰɑŬ ˊɞɡ 

ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ ɢɟɐůɖ Űɞɡ əŰɘɟɑɞɡ əŬɘ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ Űɖɜ ˊŬɟɞɡůɑŬ Ŭɜɗɟɩˊɤɜ, 

Ůˊɑˊɚɤɜ, əɘɜɖŰɞɨ Ůɝɞˊɚɘůɛɞɨ, ɞɢɖɛɎŰɤɜ, ŬˊɞɗɖəŮɡɛɏɜɤɜ ŬɔŬɗɩɜ əɚˊ. ȿɧɔɤ Űɖɠ űɨůŮɤɠ 

Űɤɜ űɞɟŰɑɤɜ ŬɡŰɩɜ, ŭŮɜ ŮɑɜŬɘ ŮˊŬəɟɘɓɏɠ Űɞ ɓɎɟɞɠ əŬɘ ɖ ɗɏůɖ Űɞɡɠ, ɔɘô ŬɡŰɧ əŬɘ 

ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ůŰŬŰɘůŰɘəɎ əŬɘ ɞɘ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ Űɘɛɏɠ Űɞɡɠ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɞɡɠ 

əŬɜɞɜɘůɛɞɨɠ. 

Ƀɘ ɛŮŰŬɓɚɖŰɏɠ ŭɟɎůŮɘɠ, ɗŬ ˊɟɏˊŮɘ ɜŬ ŰɞˊɞɗŮŰɞɨɜŰŬɘ əŬŰɎ Űɞɜ ˊɚɏɞɜ ŭɡůɛŮɜɐ Űɟɧˊɞ ůŰɞ 

űɞɟɏŬ, ɩůŰŮ ɜŬ əŬɚɨˊŰɞɜŰŬɘ ɧɚŮɠ ɞɘ ŮɜŭŮɢɧɛŮɜŮɠ űɞɟŰɘəɏɠ əŬŰŬůŰɎůŮɘɠ əŬɘ ɜŬ 

ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɖ ŭɡůɛŮɜɏůŰŮɟɖ Ůˊɘɟɟɞɐ Űɞɡɠ. 

ɆŮ əŬŰŬůŰɎůŮɘɠ ůɢŮŭɘŬůɛɞɨ, ɧˊɞɡ ŰŬ ŮˊɘɓŬɚɚɧɛŮɜŬ űɞɟŰɑŬ ŭɟɞɡɜ ŰŬɡŰɧɢɟɞɜŬ ɛŮ ɎɚɚŮɠ 

ɛŮŰŬɓɚɖŰɏɠ ŭɟɎůŮɘɠ (ˊ.ɢ. ɎɜŮɛɞɠ, ɢɘɧɜɘ əɚˊ.), Űɞ ůɨɜɞɚɞ Űɤɜ ŮˊɘɓŬɚɚɧɛŮɜɤɜ űɞɟŰɑɤɜ ˊɞɡ 

ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ űɧɟŰɘůɖɠ, ɗŬ ɗŮɤɟŮɑŰŬɘ ɤɠ ɛɑŬ ŮɜɘŬɑŬ 

ŭɟɎůɖ. ɆŮ ůŰɏɔŮɠ, ŰŬ ŮˊɘɓŬɚɚɧɛŮɜŬ űɞɟŰɑŬ ŭŮɜ ŮűŬɟɛɧɕɞɜŰŬɘ ŰŬɡŰɧɢɟɞɜŬ ɛŮ ŰŬ űɞɟŰɑŬ 

ɢɘɞɜɘɞɨ ɐ Ŭɜɏɛɞɡ. 

 

ȾɘɜɖŰɧ űɞɟŰɑɞ ůŰɏɔɖɠ 
ɆŰɖɜ ˊɟɞəŮɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ ɖ ůŰɏɔɖ Űɖɠ əŬŰŬůəŮɡɐɠ ŮɑɜŬɘ ɛɖ ɓŬŰɐ əŬɘ Űɞ ɛɧɜɞ əɘɜɖŰɧ 

űɞɟŰɑɞ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ ɓɎɟɞɠ ŮɟɔɎŰɖ ɔɘŬ Űɖ ůɡɜŰɐɟɖůɖ Űɖɠ. ȼ ˊɟɞŰŮɘɜɧɛŮɜɖ Űɘɛɐ Ŭˊɧ Űɞ 

Ůɗɜɘəɧ ˊɟɞůɎɟŰɖɛŬ Űɞɡ ȺɡɟɤəɩŭɘəŬ ɔɘŬ ŮɚɎɢɘůŰɞ əŬŰŬɜŮɛɖɛɏɜɞ əɘɜɖŰɧ űɞɟŰɑɞ ŮɑɜŬɘ ɑůɖ ɛŮ 

0,4KN/mĮ, Űɞ ɞˊɞɑɞ əŬɚɨˊŰŮŰŬɘ Ŭˊɧ Űɞ űɞɟŰɑɞ Űɞɡ ɢɘɞɜɘɞɨ, ɧˊɤɠ űŬɑɜŮŰŬɘ ˊŬɟŬəɎŰɤ. 

Ⱥˊɞɛɏɜɤɠ, ŭŮɜ ɗŮɤɟŮɑŰŬɘ əŬŰŬɜŮɛɖɛɏɜɞ əɘɜɖŰɧ űɞɟŰɑɞ ůŰɞ ůɨɜɞɚɞ Űɖɠ ůŰɏɔɖɠ. ŪŮɤɟŮɑŰŬɘ, 

ɧɛɤɠ, ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ ŮɟɔɎŰɖ ůɨɛűɤɜŬ ɛŮ Űɞɜ ȺɡɟɤəɩŭɘəŬ ɑůɞ ɛŮ 1KɁ, ɛŮ Űɞ ɞˊɞɑɞ 

ŮɚɏɔɢɞɜŰŬɘ ɞɘ ŰŮɔɑŭŮɠ ůŮ ɃȾȷ əŬɘ ɃȾȿ. ȼ ŮˊɑŭɟŬůɖ Űɞɡ ůɡɔəŮɜŰɟɤɛɏɜɞɡ ŬɡŰɞɨ űɞɟŰɑɞɡ 

ɗŮɤɟŮɑŰŬɘ ŬɛŮɚɖŰɏŬ ɔɘŬ Űɞɡɠ əɨɟɘɞɡɠ űɞɟŮɑɠ ï ˊɚŬɑůɘŬ. 

4.4 ɮʋʍʐʚʋ ʔʅʋʉʅʋʞ 

ɇɞ űɞɟŰɑɞ ɢɘɞɜɘɞɨ ŬɜɐəŮɘ ůŰɘɠ ɛŮŰŬɓɚɖŰɏɠ ůŰŬɗŮɟɏɠ ŭɟɎůŮɘɠ. ȷɜɎɚɞɔŬ ɛŮ Űɖ ɛɞɟűɐ Űɖɠ 

ůŰɏɔɖɠ, ŰŬ ɗŮɟɛɘəɎ Űɖɠ ɢŬɟŬəŰɖɟɘůŰɘəɎ, Űɖɜ ŰɟŬɢɨŰɖŰŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ, Űɞ ˊɞůɧ Űɖɠ 

ɗŮɟɛɧŰɖŰŬɠ ˊɞɡ ŮəɚɨŮŰŬɘ əɎŰɤ Ŭˊɧ Űɖ ůŰɏɔɖ, Űɖɜ ŬˊɧůŰŬůɖ Űɤɜ ɔŮɘŰɞɜɘəɩɜ əŰɘɟɑɤɜ, Űɞɜ 

ˊŮɟɘɓɎɚɚɞɜŰŬ ɢɩɟɞ əŬɘ Űɘɠ Űɞˊɘəɏɠ əɚɘɛŬŰɞɚɞɔɘəɏɠ ůɡɜɗɐəŮɠ, Űɞ ɢɘɧɜɘ ɛˊɞɟŮɑ ɜŬ 

ůɡůůɤɟŮɡŰŮɑ ůŰɖɜ ůŰɏɔɖ əŬŰɎ ŭɘɎűɞɟɞɡɠ Űɟɧˊɞɡɠ. ȽŭɘŬɑŰŮɟɖ ůɖɛŬůɑŬ ɏɢŮɘ Űɞ əŬŰɎ ˊɧůɞɜ 

ŮɑɜŬɘ ŮəŰŮɗŮɘɛɏɜɖ ɖ ɞɟɞűɐ ůŰɞɜ ɎɜŮɛɞ, ɞɘ ɛŮŰŬɓɞɚɏɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬɗɩɠ əŬɘ ɖ 

ˊɘɗŬɜɧŰɖŰŬ ůɡɔəɏɜŰɟɤůɖɠ ɚɧɔɤ əŬŰŬəɟɐɛɜɘůɖɠ ɐ ɓɟɞɢɧˊŰɤůɖɠ. 

ɆŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ɛŮɚɏŰɖ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ Űɞ ɡˊɧůŰŮɔɞ ɓɟɑůəŮŰŬɘ ůŮ ŰɞˊɞɗŮůɑŬ ɛŮ 

ɡɣɧɛŮŰɟɞ 0,150 m ŭɖɚŬŭɐ ɛɘəɟɧŰŮɟɞ Ŭˊɧ 1500 m, ɗŬ ŮűŬɟɛɞůŰɞɨɜ ɞɘ ɞŭɖɔɑŮɠ Űɞɡ ɀɏɟɞɡɠ 

1-3 Űɞɡ ȺɁ1991 (ȺɡɟɤəɩŭɘəŬɠ 1) ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɤɜ űɞɟŰɑɤɜ ɢɘɞɜɘɞɨ. ŪŮɤɟŮɑŰŬɘ, 

Ůˊɘˊɚɏɞɜ, ɧŰɘ ůŰɖɜ ˊŮɟɘɞɢɐ ŮˊɘəɟŬŰɞɨɜ əŬɜɞɜɘəɏɠ ůɡɜɗɐəŮɠ (ŭɖɚŬŭɐ ɢɤɟɑɠ ˊɘɗŬɜɧŰɖŰŬ ɜŬ 

ɚɎɓŮɘ ɢɩɟŬ ŮɝŬɘɟŮŰɘəɐ ɢɘɞɜɧˊŰɤůɖ ɐ ɛŮŰŬŰɧˊɘůɖ ɚɧɔɤ Ŭɜɏɛɤɜ). Ⱥˊɞɛɏɜɤɠ, ɗŬ ŮűŬɟɛɞůŰŮɑ ɞ 

ůɡɜŭɡŬůɛɧɠ ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŮ əŬŰŬůŰɎůŮɘɠ ŭɘŬɟəŮɑŬɠ ɐ ˊŬɟɞŭɘəɏɠ. 

ɇɞ űɞɟŰɑɞ ɢɘɞɜɘɞɨ s ůŮ ɛɑŬ ůŰɏɔɖ ɗŮɤɟŮɑŰŬɘ ɧŰɘ ŮɜŮɟɔŮɑ əŬŰŬəɧɟɡűŬ, ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ 

ɞɟɘɕɧɜŰɘŬ ˊɟɞɓɞɚɐ Űɖɠ ůŰɏɔɖɠ, ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ŭŮ Ŭˊɧ Űɖɜ ˊŬɟŬəɎŰɤ ůɢɏůɖ ɔɘŬ əŬŰŬůŰɎůŮɘɠ 

ŭɘŬɟəŮɑŬɠ ɐ ˊŬɟɞŭɘəɏɠ: 

kte sCCs ÖÖÖ= im  (4.1) 
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ɧˊɞɡ:  

im ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ɛɞɟűɐɠ űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ 

ks  ŮɑɜŬɘ ɖ ɢŬɟŬəŰɖɟɘůŰɘəɐ Űɘɛɐ Űɞɡ űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ Ůˊɑ Űɞɡ ŮŭɎűɞɡɠ 

eC  ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ɏəɗŮůɖɠ, ɞ ɞˊɞɑɞɠ ɔɘŬ əŬɜɞɜɘəɏɠ ůɡɜɗɐəŮɠ ɚŬɛɓɎɜŮŰŬɘ ɑůɞɠ ɛŮ 1. 

ɆɡɜɘůŰɩɛŮɜŮɠ Űɘɛɏɠ ɔɘŬ ɎɚɚŮɠ ůɡɜɗɐəŮɠ ŮɑɜŬɘ: 

¶ ũɘŬ ɏəɗŮůɖ ůŮ ɘůɢɡɟɞɨɠ Ŭɜɏɛɞɡɠ eC  = 0,8. 

¶ ũɘŬ əŬŰŬůəŮɡɏɠ ˊɟɞůŰŬŰŮɡɛɏɜŮɠ (Ŭˊɧ əŰɑɟɘŬ ɐ ŭɏɜŰɟŬ) eC  = 1,2. 

tC  ŮɑɜŬɘ ɞ ɗŮɟɛɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ, ɞ ɞˊɞɑɞ ɠ ŮɑɜŬɘ ůɡɜɐɗɤɠ ɑůɞɠ ɛŮ 1 ɔɘŬ əŬɜɞɜɘəɏɠ 

ůɡɜɗɐəŮɠ ɗŮɟɛɘəɐɠ ɛɧɜɤůɖɠ Űɖɠ ůŰɏɔɖɠ. ɀˊɞɟŮɑ ɜŬ ŮˊɘŰɟɏˊɞɜŰŬɘ ɛɘəɟɧŰŮɟŮɠ Űɘɛɏɠ, 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ɚɖűɗŮɑ ɡˊɧɣɖ ɖ Ůˊɘɟɟɞɐ Űɖɠ ŬˊɩɚŮɘŬɠ ɗŮɟɛɧŰɖŰŬɠ ɛɏůɤ Űɖɠ ůŰɏɔɖɠ. 

ɇɞ űɞɟŰɑɞ s ɗŮɤɟŮɑŰŬɘ ɧŰɘ ŮɜŮɟɔŮɑ əŬŰŬəɧɟɡűŬ əŬɘ ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ ɞɟɘɕɧɜŰɘŬ ˊɟɞɓɞɚɐ 

Űɖɠ ůŰɏɔɖɠ.  

ũɘŬ Űɘɠ ɢɩɟŮɠ Űɖɠ ȺɡɟɤˊŬɥəɐɠ Ȱɜɤůɖɠ, ɞɘ Űɘɛɏɠ Űɞɡ ks  ɔɘŬ ˊŮɟɑɞŭɞ ŮˊŬɜŬűɞɟɎɠ 50 

ŮŰɩɜ ŭɑɜɞɜŰŬɘ ůŰɞ ɄŬɟɎɟŰɖɛŬ C Űɞɡ ȺɁ 1991 - ɀɏɟɞɠ 1-3. 

ɆɨɛűɤɜŬ ɛŮ Űɞ Ⱥɗɜɘəɧ ɄɟɞůɎɟŰɖɛŬ, ɔɘŬ Űɖɜ ȺɚɚɎŭŬ, ɞɟɑɕɞɜŰŬɘ ɞɘ ˊŬɟŬəɎŰɤ ŰɟŮɘɠ 

ɕɩɜŮɠ ɢɘɞɜɘɞɨ, ɛŮ Űɘɠ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ Űɘɛɏɠ 0,ks  Űɤɜ űɞɟŰɑɤɜ ɔɘŬ ɏŭŬűɞɠ ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰɖɜ 

ůŰɎɗɛɖ Űɖɠ ɗɎɚŬůůŬɠ. 

¶ Ȼɩɜɖ Ƚ (0,ks =0,4 kN/mĮ): Ɂɞɛɞɑ ȷɟəŬŭɑŬɠ, ȼɚŮɑŬɠ, ȿŬəɤɜɑŬɠ, ɀŮůůɖɜɑŬɠ əŬɘ 

ɧɚŬ ŰŬ ɜɖůɘɎ ˊɚɖɜ Űɤɜ ɆˊɞɟɎŭɤɜ əŬɘ Űɖɠ ȺɨɓɞɘŬɠ. 

¶ Ȼɩɜɖ ȽȽ (0,ks =1,7 kN/mĮ): Ɂɞɛɞɑ ɀŬɔɜɖůɑŬɠ, ūɗɘɩŰɘŭŬɠ, ȾŬɟŭɑŰůŬɠ, ɇɟɘəɎɚɤɜ, 

ȿɎɟɘůŬɠ, ɆˊɞɟɎŭŮɠ əŬɘ ȺɨɓɞɘŬ. 

¶ Ȼɩɜɖ ȽȽȽ (0,ks =0,8 kN/mĮ): Ɉˊɧɚɞɘˊɖ ɢɩɟŬ. 

ũɘŬ ŰɞˊɞɗŮůɑŮɠ ɛŮ ɡɣɧɛŮŰɟɞ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ 1500m, ˊɟɏˊŮɘ ɜŬ ɔɑɜŮŰŬɘ Ůɘŭɘəɐ ɛŮɚɏŰɖ 

əŬɘ Ŭɝɘɞɚɧɔɖůɖ. ɄŮɟɘůůɧŰŮɟŮɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Ůɘŭɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ ˊŮɟɘɏɢɞɜŰŬɘ ůŰɞ Ⱥɗɜɘəɧ 

ɄɟɞůɎɟŰɖɛŬ. 

ȼ ɢŬɟŬəŰɖɟɘůŰɘəɐ Űɘɛɐ ks  Űɞɡ űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ Ůˊɑ Űɞɡ ŮŭɎűɞɡɠ ůŮ kN/mĮ ůɡɜŬɟŰɐůŮɘ 

Űɖɠ ɕɩɜɖɠ əŬɘ Űɞɡ ŬɜŰɑůŰɞɘɢɞɡ ɡɣɞɛɏŰɟɞɡ (ȷ), ɔɘŬ ɛɘŬ ůɡɔəŮəɟɘɛɏɜɖ ŰɞˊɞɗŮůɑŬ, ŭɑɜŮŰŬɘ Ŭˊɧ 

Űɖ ůɢɏůɖ: 
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ɧˊɞɡ: 

0,ks  ŮɑɜŬɘ ɖ ɢŬɟŬəŰɖɟɘůŰɘəɐ Űɘɛɐ Űɞɡ űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ ůŰɖɜ ůŰɎɗɛɖ Űɖɠ ɗɎɚŬůůŬɠ (ŭɖɚ. ɔɘŬ 

ȷ=0), ůŮ kN/mĮ 

ȷ ŮɑɜŬɘ Űɞ ɡɣɧɛŮŰɟɞ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŰɞˊɞɗŮůɑŬɠ Ŭˊɧ Űɖ ůŰɎɗɛɖ Űɖɠ 

ɗɎɚŬůůŬɠ, ůŮ m. 

 

ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ŬɜŰɑůŰɞɘɢɞɡ ůɡɜŰŮɚŮůŰɐ ɛɞɟűɐɠ, ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ŭɨɞ 

ɛɞɟűɏɠ əŬŰŬɜɞɛɐɠ űɞɟŰɑɞɡ: 

¶ ȼ ˊɟɩŰɖ ɛɞɟűɐ ˊɟɞəɨˊŰŮɘ Ŭˊɧ ɛɘŬ ɞɛɞɘɧɛɞɟűɖ əŬŰŬɜɞɛɐ Űɞɡ ɢɘɞɜɘɞɨ ˊɎɜɤ ůŮ 

ɞɚɧəɚɖɟɖ Űɖ ůŰɏɔɖ, ŮɎɜ Űɞ ɢɘɧɜɘ ˊɏűŰŮɘ ɛŮ ɛɘəɟɐ ˊɜɞɐ Ŭɜɏɛɞɡ 

¶ ȼ ŭŮɨŰŮɟɖ ɛɞɟűɐ ˊɟɞəɨˊŰŮɘ Ŭˊɧ ɛɑŬ ŬůɨɛɛŮŰɟɖ əŬŰŬɜɞɛɐ, ɐ Ŭˊɧ Űɞˊɘəɐ 

ůɡɔəɏɜŰɟɤůɖ ůŮ ŮɛˊɧŭɘŬ, ɐ Ŭˊɧ ŬɜŬəŬŰŬɜɞɛɐ Űɞɡ ɢɘɞɜɘɞɨ ˊɞɡ ŮˊɖɟŮɎɕŮɘ Űɖɜ 
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əŬŰŬɜɞɛɐ Űɞɡ űɞɟŰɑɞɡ ůŰɞ ůɨɜɞɚɞ Űɖɠ ůŰɏɔɖɠ (ˊ.ɢ. ɢɘɧɜɘ ˊɞɡ ɛŮŰŬűɏɟŮŰŬɘ Ŭˊɧ 

Űɖɜ ˊɟɞůɐɜŮɛɖ ˊɟɞɠ Űɖɜ ɡˊɐɜŮɛɖ ˊɚŮɡɟɎ Űɖɠ ůŰɏɔɖɠ). 

ɆŰɖɜ ˊɟɞəŮɑɛŮɜɖ ˊŮɟɑˊŰɤůɖ, ˊɟɧəŮɘŰŬɘ ɔɘŬ ŭɘəɚɘɜɐ ɘůɞəɚɘɜɐ ůŰɏɔɖ. Ƀ ůɡɜŰŮɚŮůŰɐɠ 

ɛɞɟűɐɠ 1m ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ ˊŬɟŬəɎŰɤ ɄɑɜŬəŬ 4.1 ɔɘŬ Űɘɠ ŭɘɎűɞɟŮɠ Űɘɛɏɠ Űɖɠ ɔɤɜɑŬɠ Ŭ Űɖɠ 

ůŰɏɔɖɠ, ɧŰŬɜ ɖ ɞɚɑůɗɖůɖ Űɞɡ ɢɘɞɜɘɞɨ ŭŮɜ ˊŬɟŮɛˊɞŭɑɕŮŰŬɘ. 

ɄɑɜŬəŬɠ 4.1: ɆɡɜŰŮɚŮůŰɏɠ ɛɞɟűɐɠ űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ 

Ⱦɚɑůɖ ůŰɏɔɖɠ Ŭ ¯¢¢̄ 300 a  ¯¢¢̄ 6030 a  ¯>60a  

1m 0,8 0,8Ŀ(60-Ŭ)/30 0,0 

2m  0,8+0,8ĿŬ/30 1,6 - 

 

 

ɆɢɐɛŬ 4.3: ɆɡɜŰŮɚŮůŰɐɠ ůɢɐɛŬŰɞɠ űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ ɔɘŬ ŭɘəɚɘɜɐ ůŰɏɔɖ 

Ɉˊɞɚɞɔɘůɛɧɠ Űɞɡ űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ 

ȼ ɡˊɧ ɛŮɚɏŰɖ ɛŮŰŬɚɚɘəɐ əŬŰŬůəŮɡɐ ɓɟɑůəŮŰŬɘ ŭɑˊɚŬ ůŰɞ ɚɘɛɎɜɘ Űɞɡ ɄŮɘɟŬɘɎ əŬɘ ɖ 

əɚɑůɖ Űɖɠ ůŰɏɔɖɠ ŮɑɜŬɘ ɑůɖ ɛŮ ¯== 8,1921 aa . ȼ əŬŰŬůəŮɡɐ ɚɞɘˊɧɜ ŬɜɐəŮɘ ůŰɖɜ 

ˊɟɞŬɜŬűŮɟɗŮɑůŬ Ȼɩɜɖ ɢɘɞɜɘɞɨ ȽȽȽ ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɐ Űɘɛɐ Űɞɡ űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ ůŰɖɜ ůŰɎɗɛɖ 

Űɖɠ ɗɎɚŬůůŬɠ 0,ks  ɑůɖ ɛŮ 0,8 kN/mĮ əŬɘ ɡɣɧɛŮŰɟɞ ŰɞˊɞɗŮůɑŬɠ ȷ=0m Ŭˊɧ Űɖ ůŰɎɗɛɖ Űɖɠ 

ɗɎɚŬůůŬɠ. 

 

ȼ ɢŬɟŬəŰɖɟɘůŰɘəɐ Űɘɛɐ Űɞɡ űɞɟŰɑɞɡ ɢɘɞɜɘɞɨ Ůˊɑ Űɞɡ ŮŭɎűɞɡɠ ŮɑɜŬɘ Ŭˊɧ Űɖ ůɢɏůɖ 4.2: 
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ȷˊɧ ˊɑɜŬəŬ 4.1 ɔɘŬ ¯== 8,1921 aa  ˊɟɞəɨˊŰŮɘ 1m=0,8 əŬɘ ɔɘŬ əŬɜɞɜɘəɏɠ ůɡɜɗɐəŮɠ ɘůɢɨŮɘ: 

¶ eC  (ůɡɜŰŮɚŮůŰɐɠ ɏəɗŮůɖɠ) ŮɑɜŬɘ ɑůɞɠ ɛŮ 1. 

¶ tC  (ɗŮɟɛɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ) ŮɑɜŬɘ ɑůɞɠ ɛŮ 1. 

ȯɟŬ, ŰŮɚɘəɎ Űɞ űɞɟŰɑɞ ɢɘɞɜɘɞɨ Ůˊɑ Űɖɠ ůŰɏɔɖɠ ɘůɞɨŰŬɘ: 

64,08,00,10,18,0i =ÖÖÖ=ÖÖÖ= kte sCCs m  kN/mĮ 
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4.5 ɮʋʍʐʚɻ ɻʉʘʈʋʑ 

Ƀɘ ŭɟɎůŮɘɠ ɚɧɔɤ Ŭɜɏɛɞɡ ůŰɘɠ əŬŰŬůəŮɡɏɠ Ŭˊɧ ɢɎɚɡɓŬ, ˊŬɑɕɞɡɜ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɧ 

ɟɧɚɞ əŬɘ ŬˊɞŰŮɚɞɨɜ ůŮ ˊɞɚɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ Űɖ ɓŬůɘəɐ űɧɟŰɘůɖ, ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɞɜ Űɨˊɞ 

Űɞɡɠ (ɛɞɜɩɟɞűŬ, ˊɞɚɡɩɟɞűŬ əɚˊ.).  

Ƀɘ ŭɡɜɎɛŮɘɠ ɚɧɔɤ Ŭɜɏɛɞɡ ŮɑɜŬɘ ɢɟɞɜɘəɎ ɛŮŰŬɓŬɚɚɧɛŮɜŮɠ əŬɘ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůɞɡɜ 

ŰŬɚŬɜŰɩůŮɘɠ, ɔɘŬ ˊɞɚɚɏɠ ɧɛɤɠ əŬŰŬůəŮɡɏɠ (ˊ.ɢ. ůŮ ŭɨůəŬɛˊŰŮɠ) ɖ ŭɡɜŬɛɘəɐ ŬɡŰɐ ŮˊɑŭɟŬůɖ 

ŮɑɜŬɘ ɛɘəɟɐ, ɞˊɧŰŮ ŰŬ űɞɟŰɑŬ Űɞɡ Ŭɜɏɛɞɡ ɛˊɞɟŮɑ ɜŬ ɗŮɤɟɞɨɜŰŬɘ ɤɠ ůŰŬŰɘəɎ.  

ȼ ˊɚɏɞɜ ůɖɛŬɜŰɘəɐ ˊŬɟɎɛŮŰɟɞɠ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ŭɟɎůŮɤɜ Ŭɜɏɛɞɡ ŮɑɜŬɘ ɖ 

ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ. ȼ ɓɎůɖ ůɢŮŭɘŬůɛɞɨ ŮɑɜŬɘ ɖ ɛɏɔɘůŰɖ ŰŬɢɨŰɖŰŬ ˊɞɡ ˊɟɞɓɚɏˊŮŰŬɘ ɔɘŬ Űɖ 

ŭɘɎɟəŮɘŬ ɕɤɐɠ ůɢŮŭɘŬůɛɞɨ Űɖɠ əŬŰŬůəŮɡɐɠ. Ƀɘ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɞ ɛɏɔŮɗɞɠ Űɖɠ 

ŰŬɢɨŰɖŰŬɠ əŬɘ Űɖɠ ŬůəɞɨɛŮɜɖɠ ˊɑŮůɖɠ ŮɑɜŬɘ: 

¶ ȼ ɔŮɤɔɟŬűɘəɐ ɗɏůɖ Űɖɠ əŬŰŬůəŮɡɐɠ. 

¶ ȼ űɡůɘəɐ ɗɏůɖ Űɖɠ əŬŰŬůəŮɡɐɠ. 

¶ ȼ ŰɞˊɞɔɟŬűɑŬ. 

¶ Ƀɘ ŭɘŬůŰɎůŮɘɠ Űɤɜ əŰɘɟɑɤɜ. 

¶ ȼ ɛɏůɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ. 

¶ ɇɞ ůɢɐɛŬ Űɖɠ əŬŰŬůəŮɡɐɠ. 

¶ ȼ əɚɑůɖ Űɖɠ ůŰɏɔɖɠ. 

¶ ȼ ŭɘŮɨɗɡɜůɖ Űɞɡ Ŭɜɏɛɞɡ. 

ɇɞ prEN 1991-1-4 (ȺɡɟɤəɩŭɘəŬɠ 1, ɀɏɟɞɠ 1-4) ˊŬɟɏɢŮɘ əŬɜɧɜŮɠ əŬɘ ɛŮɗɧŭɞɡɠ 

ɡˊɞɚɞɔɘůɛɞɨ Űɤɜ ŭɟɎůŮɤɜ ɚɧɔɤ Ŭɜɏɛɞɡ ůŮ əŰɑɟɘŬ əŬɘ ɏɟɔŬ ˊɞɚɘŰɘəɞɨ ɛɖɢŬɜɘəɞɨ əŬɘ ůŰŬ 

Ůˊɘɛɏɟɞɡɠ ůŰɞɘɢŮɑŬ əŬɘ ůŰŬ ˊɟɞůŬɟŰɐɛŬŰɎ Űɞɡɠ ɔɘŬ ɨɣɖ ɛɏɢɟɘ 200m.  

ɀɎɚɘůŰŬ, ůŰɞ ȺɡɟɤˊŬɥəɧ ɄɟɧŰɡˊɞ ȺɁ1991-1-4 (ȹɟɎůŮɘɠ Ŭɜɏɛɞɡ), ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ŬˊɚɞˊɞɘɖɗŮɑ ɖ ŭɘŬŭɘəŬůɑŬ ŮɘůŬɔɤɔɐɠ Űɤɜ ŭɟɎůŮɤɜ ɚɧɔɤ Ŭɜɏɛɞɡ ůŰɘɠ əŬŰŬůəŮɡɏɠ, ɞɘ ŭɟɎůŮɘɠ 

ŬɜɎɔɞɜŰŬɘ ůŮ ŭɡɜɎɛŮɘɠ ɐ ˊɘɏůŮɘɠ (əɎɗŮŰŮɠ ɐ ŮűŬˊŰɞɛŮɜɘəɏɠ) Ůˊɑ Űɤɜ ŮɝɤŰŮɟɘəɩɜ ɐ əŬɘ 

ŮůɤŰŮɟɘəɩɜ ŮˊɘűŬɜŮɘɩɜ əŬɘ ɛɎɚɘůŰŬ ɛŮ ɞɛɞɘɧɛɞɟűɖ əŬŰŬɜɞɛɐ ůŮ ɧɚɖ Űɖɜ ŮˊɘűɎɜŮɘŬ ɛɘŬɠ 

ɧɣɖɠ ɐ ůŮ ŰɛɐɛŬ Űɖɠ. 

4.5.1 ɞʊʖʐʀʍʅʆʙ ʌʚʀʎʂ we  

ȼ ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ ɖ ɞˊɞɑŬ ŭɟŬ əɎɗŮŰŬ ůŰɘɠ ŮɝɤŰŮɟɘəɏɠ ŮˊɘűɎɜŮɘŮɠ ɛɘŬɠ əŬŰŬůəŮɡɐɠ, 

ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

() peepe czqw Ö=   (4.3) 

ɧˊɞɡ: 

()ep zq  ŮɑɜŬɘ ɖ ˊɑŮůɖ ŰŬɢɨŰɖŰŬɠ Ŭɘɢɛɐɠ 

ez  ŮɑɜŬɘ Űɞ ɨɣɞɠ ŬɜŬűɞɟɎɠ ɔɘŬ Űɖɜ ŮɝɤŰŮɟɘəɐ ˊɑŮůɖ 

pec  ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŮɝɤŰŮɟɘəɐɠ ˊɑŮůɖɠ 

4.5.2 ɞʎʖʐʀʍʅʆʙ ʌʚʀʎʂ w i 

ȼ ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ ɖ ɞˊɞɑŬ ŭɟŬ əɎɗŮŰŬ ůŰɘɠ ŮůɤŰŮɟɘəɏɠ ŮˊɘűɎɜŮɘŮɠ ɛɘŬɠ əŬŰŬůəŮɡɐɠ, 

ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖ ůɢɏůɖ: 
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() piipi czqw Ö=   (4.4) 

ɧˊɞɡ: 

()ip zq  ŮɑɜŬɘ ɖ ˊɑŮůɖ ŰŬɢɨŰɖŰŬɠ Ŭɘɢɛɐɠ 

iz  ŮɑɜŬɘ Űɞ ɨɣɞɠ ŬɜŬűɞɟɎɠ ɔɘŬ Űɖɜ ŮůɤŰŮɟɘəɐ ˊɑŮůɖ 

pic  ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŮůɤŰŮɟɘəɐɠ ˊɑŮůɖɠ 

4.5.3 ɩʚʀʎʂ ʐɻʔʞʐʂʐɻʏ ɻʅʔʈʙʏ 

ȼ ˊɑŮůɖ ŰŬɢɨŰɖŰŬɠ Ŭɘɢɛɐɠ ůŮ ɨɣɞɠ z, ɖ ɞˊɞɑŬ ˊŮɟɘɚŬɛɓɎɜŮɘ ɛɏůŮɠ əŬɘ ɛɘəɟɐɠ ŭɘɎɟəŮɘŬɠ 

ŭɘŬəɡɛɎɜůŮɘɠ ŰŬɢɨŰɖŰŬɠ, ˊɟɞůŭɘɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

() ()[ ] () () bevp qzczzIzq Ö=ÖÖÖÖ+=
2

mv
2

1
71 r   (4.5) 

ɧˊɞɡ: 

r ŮɑɜŬɘ ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ŬɏɟŬ, ˊɞɡ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɡɣɧɛŮŰɟɞ, Űɖ ɗŮɟɛɞəɟŬůɑŬ əŬɘ Űɖ 

ɓŬɟɞɛŮŰɟɘəɐ ˊɑŮůɖ ˊɞɡ ŬɜŬɛɏɜɞɜŰŬɘ ůŮ ɛɑŬ ˊŮɟɘɞɢɐ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ ŬɜŮɛɞɗɨŮɚɚŬɠ. 

(ɟ = 1,25 Kg/mį) 

()zI v  ŮɑɜŬɘ ɖ ɏɜŰŬůɖ Űɞɡ ůŰɟɞɓɘɚɘůɛɞɨ ůŮ ɨɣɞɠ z 

()zce  ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ɏəɗŮůɖɠ ˊɞɡ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

()
()

b

p

e
q

zq
zc =   (4.6) 

bq  ŮɑɜŬɘ ɖ ɓŬůɘəɐ ˊɑŮůɖ ˊɞɡ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

2

b
2

1
vqb ÖÖ= r   (4.7) 

ɧˊɞɡ: 

bv  ŮɑɜŬɘ ɖ ɓŬůɘəɐ ŰŬɢɨŰɖŰŬ Ŭɜɏɛɞɡ, ˊɞɡ ɞɟɑɕŮŰŬɘ ɤɠ ůɡɜɎɟŰɖůɖ Űɖɠ ŭɘŮɨɗɡɜůɖɠ Űɞɡ 

Ŭɜɏɛɞɡ əŬɘ Űɖɠ Ůˊɞɢɐɠ Űɞɡ ɏŰɞɡɠ, ůŰŬ 10m ˊɎɜɤ Ŭˊɧ Űɞ ɏŭŬűɞɠ əŬŰɖɔɞɟɑŬɠ ȽȽ, 

ůɨɛűɤɜŬ ɛŮ Űɖ ůɢɏůɖ: 

0,bseasondirb vccv ÖÖ=   (4.8) 

ɧˊɞɡ: 

dirc  ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŭɘŮɨɗɡɜůɖɠ (ɑůɞɠ ɛŮ 1,0) 

seasonc  ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ Ůˊɞɢɐɠ (ɑůɞɠ ɛŮ 1,0) 

0,bv  ŮɑɜŬɘ ɖ ɗŮɛŮɚɘɩŭɖɠ Űɘɛɐ Űɖɠ ɓŬůɘəɐɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ Ŭɜɏɛɞɡ, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɖ 

ɢŬɟŬəŰɖɟɘůŰɘəɐ ɛɏůɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ 10 ɚŮˊŰɩɜ, ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɖ ŭɘŮɨɗɡɜůɐ 

Űɞɡ əŬɘ Űɖɜ Ůˊɞɢɐ Űɞɡ ɏŰɞɡɠ, ůŰŬ 10m ˊɎɜɤ Ŭˊɧ Űɞ ɏŭŬűɞɠ, ůŮ ŬɜɞɘɢŰɐ ˊŮɟɘɞɢɐ ɛŮ 
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ɢŬɛɖɚɐ ɓɚɎůŰɖůɖ, ɧˊɤɠ ɔɟŬůɑŭɘ əŬɘ ɛŮ ɛŮɛɞɜɤɛɏɜŬ ŮɛˊɧŭɘŬ ŬɜɎ ŬˊɞůŰɎůŮɘɠ ɛŮŰŬɝɨ 

Űɞɡɠ ŰɞɡɚɎɢɘůŰɞɜ 20 űɞɟɏɠ Űɞ ɨɣɞɠ Űɤɜ Ůɛˊɞŭɑɤɜ (ɏŭŬűɞɠ əŬŰɖɔɞɟɑŬɠ ȽȽ). 

 

ɆɨɛűɤɜŬ ɛŮ Űɞ Ⱥɗɜɘəɧ ɄɟɞůɎɟŰɖɛŬ, ɖ ɗŮɛŮɚɘɩŭɖɠ Űɘɛɐ Űɖɠ ɓŬůɘəɐɠ ŰŬɢɨŰɖŰŬɠ Űɞɡ 

Ŭɜɏɛɞɡ 0,bv  ɔɘŬ Űɖɜ ɢɩɟŬ ɛŬɠ ɞɟɑɕŮŰŬɘ ůŮ 33 m/s ɔɘŬ ŰŬ ɜɖůɘɎ əŬɘ ŰŬ ˊŬɟɎɚɘŬ ɛɏɢɟɘ 10 km 

Ŭˊɧ Űɖɜ ŬəŰɐ əŬɘ ůŮ 27 m/s ɔɘŬ Űɖɜ ɡˊɧɚɞɘˊɖ ɢɩɟŬ.  

ȼ ɛɏůɖ ŰŬɢɨŰɖŰŬ Űɞɡ Ŭɜɏɛɞɡ ()zvm  ůŮ ɨɣɞɠ z ˊɎɜɤ Ŭˊɧ Űɞ ɏŭŬűɞɠ, ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ 

ŰɟŬɢɨŰɖŰŬ Űɞɡ ŮŭɎűɞɡɠ əŬɘ Űɖɜ ŰɞˊɞɔɟŬűɘəɐ ŭɘŬɛɧɟűɤůɖ, ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ŭŮ Ŭˊɧ Űɖ ůɢɏůɖ: 

() () () borm vzczczv ÖÖ=   (4.9) 

ɧˊɞɡ: 

()zcr  ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŰɟŬɢɨŰɖŰŬɠ 

()zco  ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŰɞˊɞɔɟŬűɘəɐɠ ŭɘŬɛɧɟűɤůɖɠ (ˊɟɞŰŮɘɜɧɛŮɜɖ Űɘɛɐ 1,0) 

bv  ŮɑɜŬɘ ɖ ɓŬůɘəɐ ŰŬɢɨŰɖŰŬ Ŭɜɏɛɞɡ (=33m/s) 

 

ȼ ɏɜŰŬůɖ ůŰɟɞɓɘɚɘůɛɞɨ ()zI v  ůŮ ɨɣɞɠ z ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɘɠ ůɢɏůŮɘɠ: 

()
() () ( )0/ln zzzc

k

zv
zI

o

I

m

v
v

Ö
==

s
    ɔɘŬ mzxzzz ¢¢min  (4.10) 

() ( )minzIzI vv =                                 ɔɘŬ minzz¢  (4.11) 

ɧˊɞɡ: 

Ik  ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ůŰɟɞɓɘɚɘůɛɞɨ (ɑůɞɠ ɛŮ 1,0) 

4.5.4 ɬʀʇʅʆʙ ʌʚʀʎʂ 

ȼ ŰŮɚɘəɐ ˊɑŮůɖ Űɞɡ Ŭɜɏɛɞɡ Ůˊɑ Ůɜɧɠ Űɞɑɢɞɡ ɐ Ůɜɧɠ Ůˊɘɛɏɟɞɡɠ ůŰɞɘɢŮɑɞɡ ŮɑɜŬɘ ɖ ŭɘŬűɞɟɎ 

Űɤɜ ˊɘɏůŮɤɜ Ůˊɑ Űɤɜ ŮˊɘűŬɜŮɘɩɜ Űɞɡ Űɞɑɢɞɡ ɐ Űɞɡ ůŰɞɘɢŮɑɞɡ, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɖ űɞɟɎ 

Űɤɜ ˊɘɏůŮɤɜ ŬɡŰɩɜ. ȼ ˊɑŮůɖ, ˊɞɡ əŬŰŮɡɗɨɜŮŰŬɘ ˊɟɞɠ Űɖɜ ŮˊɘűɎɜŮɘŬ ɚŬɛɓɎɜŮŰŬɘ ɤɠ ɗŮŰɘəɐ, 

Ůɜɩ ɖ ŬɜŬɟɟɧűɖůɖ, Űɞ ŭɘɎɜɡůɛŬ Űɖɠ ɞˊɞɑŬɠ ŬˊɞɛŬəɟɨɜŮŰŬɘ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ, ɚŬɛɓɎɜŮŰŬɘ 

ɤɠ ŬɟɜɖŰɘəɐ. ɄŬɟŬəɎŰɤ űŬɑɜɞɜŰŬɘ ůɢɖɛŬŰɘəɎ ˊŬɟŬŭŮɑɔɛŬŰŬ ůɐɛŬɜůɖɠ Űɖɠ ˊɑŮůɖɠ (ɓɚ. 

ɆɢɐɛŬ 4.4). 



40 

 

ɆɢɐɛŬ 4.4: ɄɑŮůɖ Ůˊɑ Űɤɜ ŮˊɘűŬɜŮɘɩɜ 

4.5.5 ɫʑʉʐʀʇʀʎʐʙʏ ʐʍɻʔʞʐʂʐɻʏ  cr(z)  

Ƀ ůɡɜŰŮɚŮůŰɐɠ ŰɟŬɢɨŰɖŰŬɠ ()zcr  ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɖ ɛŮŰŬɓɚɖŰɧŰɖŰŬ Űɖɠ ɛɏůɖɠ 

ŰŬɢɨŰɖŰŬɠ Ŭɜɏɛɞɡ ůŰɖ ɗɏůɖ Űɖɠ əŬŰŬůəŮɡɐɠ ɚɧɔɤ Űɞɡ ɨɣɞɡɠ ˊɎɜɤ Ŭˊɧ Űɞ ɏŭŬűɞɠ əŬɘ ɚɧɔɤ 

Űɖɠ ŰɟŬɢɨŰɖŰŬɠ Űɞɡ ŮŭɎűɞɡɠ Űɖɠ ˊɟɞůɐɜŮɛɖɠ ˊŮɟɘɞɢɐɠ ůŰɖ ɗŮɤɟɞɨɛŮɜɖ ŭɘŮɨɗɡɜůɖ Űɞɡ 

Ŭɜɏɛɞɡ, ɡˊɞɚɞɔɑɕŮŰŬɘ ŭŮ ůɡɜŬɟŰɐůŮɘ Űɞɡ ɨɣɞɡɠ z ɛŮ Űɘɠ ŬəɧɚɞɡɗŮɠ ɚɞɔŬɟɘɗɛɘəɏɠ ůɢɏůŮɘɠ: 

() ö
ö
÷

õ
æ
æ
ç

å
Ö=

0

ln
z

z
kzc rr     ɔɘŬ mzxzzz ¢¢min  (4.12) 

() ( )minzczc rr =           ɔɘŬ minzz¢  (4.13) 

ɧˊɞɡ: 

rk  ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŮŭɎűɞɡɠ ˊɞɡ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

07,0

,0

019,0
ö
ö

÷

õ

æ
æ

ç

å
Ö=

II

r
z

z
k  (4.14) 

ɆŰɘɠ ˊŬɟŬˊɎɜɤ ůɢɏůŮɘɠ ɘůɢɨŮɘ: 

0z  ŮɑɜŬɘ Űɞ ɛɐəɞɠ ŰɟŬɢɨŰɖŰŬɠ ůŮ m(ɓɚ. ɄɑɜŬəŬ 4.2) 

IIz ,0  ɑůɞ ɛŮ 0,05m ɔɘŬ əŬŰɖɔɞɟɑŬ ŮŭɎűɞɡɠ ȽȽ (ɓɚ. ɄɑɜŬəŬ 4.2) 

minz  ŮɑɜŬɘ Űɞ ŮɚɎɢɘůŰɞ ɨɣɞɠ ˊɞɡ ɞɟɑɕŮŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 4.2 

maxz  ɚŬɛɓɎɜŮŰŬɘ ɑůɞ ˊɟɞɠ 200m 

 

Ƀ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬɠ 3.4 ŭɑɜŮɘ Űɘɠ ˊɟɞŰŮɘɜɧɛŮɜŮɠ Űɘɛɏɠ ɔɘŬ ŰŬ 0z  əŬɘ minz  ɔɘŬ ˊɏɜŰŮ 

ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɏɠ əŬŰɖɔɞɟɑŮɠ ŮŭɎűɞɡɠ. 
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ɄɑɜŬəŬɠ 4.2: ȾŬŰɖɔɞɟɑŮɠ ŮŭɎűɞɡɠ əŬɘ ŬɜŰɑůŰɞɘɢŮɠ ˊŬɟɎɛŮŰɟɞɘ 

ȾŬŰɖɔɞɟɑŬ ŮŭɎűɞɡɠ 0z (m) 
minz (m) 

0 ŪɎɚŬůůŬ ɐ ˊŬɟɎəŰɘŬ ˊŮɟɘɞɢɐ ŬɜɞɘəŰɐɠ ɗɎɚŬůůŬɠ. 0,003 1 

Ƚ ȿɑɛɜŮɠ ɐ ŮˊɑˊŮŭŮɠ əŬɘ ɞɟɘɕɧɜŰɘŮɠ ˊŮɟɘɞɢɏɠ ɛŮ ŬɛŮɚɖŰɏŬ 

ɓɚɎůŰɖůɖ əŬɘ ɢɤɟɑɠ ŮɛˊɧŭɘŬ. 
0,01 1 

II ɄŮɟɘɞɢɐ ɛŮ ɢŬɛɖɚɐ ɓɚɎůŰɖůɖ ɧˊɤɠ ɔɟŬůɑŭɘ əŬɘ ɛŮɛɞɜɤɛɏɜŬ 

ŮɛˊɧŭɘŬ (ŭɏɜŰɟŬ, əŰɑɟɘŬ) ɛŮ ŬˊɧůŰŬůɖ ŰɞɡɚɎɢɘůŰɞɜ 20 űɞɟɏɠ Űɞ 

ɨɣɞɠ Űɤɜ Ůɛˊɞŭɑɤɜ. 

0,05 2 

ȽȽȽ ɄŮɟɘɞɢɐ ɛŮ əŬɜɞɜɘəɐ əɎɚɡɣɖ ɓɚɎůŰɖůɖɠ ɐ ɛŮ əŰɑɟɘŬ ɐ ɛŮ 

ɛŮɛɞɜɤɛɏɜŬ ŮɛˊɧŭɘŬ ɛŮ ɛɏɔɘůŰɖ ŬˊɧůŰŬůɖ Űɞ ˊɞɚɨ 20 űɞɟɏɠ Űɞ 

ɨɣɞɠ Űɤɜ Ůɛˊɞŭɑɤɜ (ɧˊɤɠ ɢɤɟɘɎ, ˊɟɞɎůŰɘŬ, ɛɧɜɘɛŬ ŭɎůɖ). 

0,3 5 

IV ɄŮɟɘɞɢɐ ɧˊɞɡ ŰɞɡɚɎɢɘůŰɞɜ Űɞ 15% Űɖɠ ŮˊɘűɎɜŮɘŬɠ əŬɚɨˊŰŮŰŬɘ 

ɛŮ əŰɑɟɘŬ Űɤɜ ɞˊɞɑɤɜ Űɞ ɛɏůɞ ɨɣɞɠ ɝŮˊŮɟɜɎ ŰŬ 15m. 
1,0 10 

4.5.6 ɝʑʉɻʈʅʆʝʏ ʎʑʉʐʀʇʀʎʐʙʏ cscd 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ɔɑɜŮɘ ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɤɜ ŭɡɜɎɛŮɤɜ, ɞɘ ɞˊɞɑŮɠ ŮɜŮɟɔɞɨɜ ůŮ ɛɑŬ 

əŬŰŬůəŮɡɐ əŬɘ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ŬɜŮɛɞˊɑŮůɖ, ˊɟɏˊŮɘ ɜŬ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɞ ŭɡɜŬɛɘəɧɠ 

ůɡɜŰŮɚŮůŰɐɠ dscc . Ƀ ůɡɜŰŮɚŮůŰɐɠ ŬɡŰɧɠ ŬˊŬɟŰɑɕŮŰŬɘ Ŭˊɧ ŭɨɞ Ůˊɘɛɏɟɞɡɠ ˊŬɟŬɛɏŰɟɞɡɠ, Űɖɜ 

ˊŬɟɎɛŮŰɟɞ ɛŮɔɏɗɞɡɠ sc , ɖ ɞˊɞɑŬ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɖɠ Űɖ ɛŮɘɤŰɘəɐ ŮˊɑŭɟŬůɖ ůŰɖ ŭɟɎůɖ Űɞɡ 

Ŭɜɏɛɞɡ ɚɧɔɤ ɛɖ ŰŬɡŰɧɢɟɞɜɖɠ ɨˊŬɟɝɖɠ Űɤɜ ˊɘɏůŮɤɜ Ŭɘɢɛɐɠ Ŭˊɧ ɎɜŮɛɞ Ůˊɑ Űɖɠ ŮˊɘűɎɜŮɘŬɠ, əŬɘ 

Űɖ ŭɡɜŬɛɘəɐ ˊŬɟɎɛŮŰɟɞ dc , ɖ ɞ ˊɞɑŬ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɖɠ Űɖɜ Ŭɡɝɖɛɏɜɖ ŮˊɑŭɟŬůɖ Ŭˊɧ 

ŰŬɚŬɜŰɩůŮɘɠ ɚɧɔɤ ůŰɟɞɓɘɚɘůɛɞɨ.  

Ƀ ŭɡɜŬɛɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ Űɖɠ əŬŰŬůəŮɡɐɠ(əŬŰŬůəŮɡɐ Ŭˊɧ 

ůəɡɟɧŭŮɛŬ ɐ ɢɎɚɡɓŬ) əŬɘ Ŭˊɧ Űɞ ɨɣɞɠ əŬɘ Űɞ ˊɚɎŰɞɠ Űɖɠ, ɛˊɞɟŮɑ ŭŮ ɜŬ ŮəŰɘɛɖɗŮɑ ŮɑŰŮ ɛŮ Űɖ 

ɓɞɐɗŮɘŬ ŭɘŬɔɟŬɛɛɎŰɤɜ ɐ, Ůűɧůɞɜ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞɠ Ŭˊɧ 1,10 , ɛŮ ɚŮˊŰɞɛŮɟɐ ŭɘŬŭɘəŬůɑŬ ˊɞɡ 

ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɞ ɀɏɟɞɠ 1-4 Űɞɡ ȺɡɟɤəɩŭɘəŬ 1.  

ɆŰɖɜ əŬŰŬůəŮɡɐ ˊɞɡ ŮɝŮŰɎɕŮŰŬɘ ůŰŬ ˊɚŬɑůɘŬ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŬɡŰɐɠ ɧˊɞɡ Űɞ ɨɣɞɠ Űɞɡ 

əŰɘɟɑɞɡ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞ Ŭˊɧ 15m ɖ Űɘɛɐ Űɞɡ dscc  ɛˊɞɟŮɑ ɜŬ ɚŬɛɓɎɜŮŰŬɘ ɑůɖ ɛŮ 1. 

4.5.7 ɫʑʉʐʀʇʀʎʐʘʏ ʀʊʖʐʀʍʅʆʙʏ ʌʚʀʎʂʏ cpe 

Ƀɘ ůɡɜŰŮɚŮůŰɏɠ ŮɝɤŰŮɟɘəɐɠ ˊɑŮůɖɠ 
pec  ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɘɠ ŭɘŬůŰɎůŮɘɠ Űɖɠ űɞɟŰɘɕɧɛŮɜɖɠ 

ŮˊɘűɎɜŮɘŬɠ ȷ əŬɘ ŭɑɜɞɜŰŬɘ ˊŬɟŬəɎŰɤ ɔɘŬ ŭɨɞ ɢŬɟŬəŰɖɟɘůŰɘəɏɠ Űɘɛɏɠ Űɖɠ, ɔɘŬ 1mĮ əŬɘ ɔɘŬ 

10mĮ.  

ɋɠ űɞɟŰɘɕɧɛŮɜɖ, ɗŮɤɟŮɑŰŬɘ ɖ ŮˊɘűɎɜŮɘŬ, ɖ ɞˊɞɑŬ ɛŮŰŬűɏɟŮɘ ůŰɞ ŮɝŮŰŬɕɧɛŮɜɞ ůŰɞɘɢŮɑɞ 

Űɖɠ əŬŰŬůəŮɡɐɠ Űɖ ŭɟɎůɖ Űɖɠ ŬɜŮɛɞˊɑŮůɖɠ əŬɘ ˊɟɞəŬɚŮɑ Űɖɜ ŬɜŰɑůŰɞɘɢɖ əŬŰŬˊɧɜɖůɐ Űɞɡ.  

ɆŰɞ Ɇɢ.3.5 űŬɑɜŮŰŬɘ ɖ ɔɟŬűɘəɐ ŬˊŮɘəɧɜɘůɖ Űɖɠ ɛŮŰŬɓɞɚɐɠ Űɖɠ ˊɑŮůɖɠ pec  ůɡɜŬɟŰɐůŮɘ 

Űɖɠ űɞɟŰɘɕɧɛŮɜɖɠ ŮˊɘűɎɜŮɘŬɠ. ȳˊɤɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ ɆɢɐɛŬ 4.5: 

 

ɔɘŬ 1¢A mĮ  ŮɑɜŬɘ pec = 1,pec  

ɔɘŬ 1mĮ ¢¢A 10mĮ ŮɑɜŬɘ ( ) Acccc pepepepe 101,10,1, log-+=  

ɔɘŬ 10²A mĮ  ŮɑɜŬɘ pec = 10,pec  
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 ɆɢɐɛŬ 4.5: ɀŮŰŬɓɞɚɐ Űɞɡ ůɡɜŰŮɚŮůŰɐ ŮɝɤŰŮɟɘəɏɠ ˊɑŮůɖɠ ůŮ əŰɑɟɘŬ, ůɡɜŬɟŰɐůŮɘ Űɖɠ 

űɞɟŰɘɕɧɛŮɜɖɠ ŮˊɘűɎɜŮɘŬɠ ȷ 

ȳˊɤɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ ůɢɐɛŬ, ɔɘŬ ŮɛɓŬŭɧɜ űɞɟŰɘɕɧɛŮɜɖɠ ŮˊɘűɎɜŮɘŬɠ ²A 10mĮ ɏɢɤ 

pec  = 10,pec , Űɞ ɞˊɞɑɞ ɘůɢɨŮɘ ɔɘŬ ɧɚŮɠ Űɘɠ űɞɟŰɘɕɧɛŮɜŮɠ ŮˊɘűɎɜŮɘŮɠ Űɞɡ əŰɘɟɑɞɡ Űɖɠ ˊŬɟɞɨůŬɠ 

ŮɟɔŬůɑŬɠ. 

Ƀ ȺɡɟɤəɩŭɘəŬɠ 1 ŭɘŬɢɤɟɑɕŮɘ Űɘɠ űɞɟŰɘɕɧɛŮɜŮɠ ŮˊɘűɎɜŮɘŮɠ (əŬɘ ŬɜŰɑůŰɞɘɢŬ Űɞɡɠ 

ůɡɜŰŮɚŮůŰɏɠ ŮɝɤŰŮɟɘəɐɠ ˊɑŮůɖɠ) ůŮ: 

 

i. ȾŬŰŬəɧɟɡűɞɘ Űɞɑɢɞɘ əŰɘɟɑɤɜ ɛŮ ɞɟɗɞɔɤɜɘəɐ əɎŰɞɣɖ 

ii. ɃɟɘɕɧɜŰɘŮɠ ůŰɏɔŮɠ 

iii. ɀɞɜɧəɚɘɜŮɠ ůŰɏɔŮɠ 

iv. ȹɘəɚɘɜŮɑɠ ůŰɏɔŮɠ 

v. ɇŮŰɟɎəɚɘɜŮɠ ůŰɏɔŮɠ 

vi. ȺˊŬɜŬɚŬɛɓŬɜɧɛŮɜŮɠ ůŰɏɔŮɠ 

vii. Ⱦɡɚɘɜŭɟɘəɏɠ ůŰɏɔŮɠ əŬɘ ɗɧɚɞɘ 

4.5.8 ɣɻʐɻʆʝʍʑʒʋʅ ʐʋʚʔʋʅ ʆʐʅʍʚʖʉ ʈʀ ʋʍʃʋɾʖʉʅʆʙ ʆʗʐʋʕʂ 

ɆŰɞ ˊŬɟŬəɎŰɤ Ɇɢ. űŬɑɜŮŰŬɘ ɞ Űɟɧˊɞɠ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɞɡ ɨɣɞɡɠ ŬɜŬűɞɟɎɠ ez  ɔɘŬ Űɞɡɠ 

ˊɟɞůɐɜŮɛɞɡɠ Űɞɑɢɞɡɠ, ŬɜɎɚɞɔŬ ɛŮ Űɖ ůɢɏůɖ ɛŮŰŬɝɨ Űɞɡ ɨɣɞɡɠ h əŬɘ Űɞɡ ˊɚɎŰɞɡɠ b Űɞɡ 

əŰɘɟɑɞɡ. ȹŮŭɞɛɏɜɞɡ ɧŰɘ ůŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ɘůɢɨŮɘ h=13,5m < b=20m ɐ 121m (b ŮɑɜŬɘ 

ˊɎɜŰŬ ɖ ŮɔəɎɟůɘŬ ŭɘɎůŰŬůɖ ůŰɞɜ ɎɜŮɛɞ əŬɘ ɎɟŬ ɛŮŰŬɓɎɚɚŮŰŬɘ ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŭɘŮɨɗɡɜůɖ Űɞɡ 

Ŭɜɏɛɞɡ(0Ü,90Ü)) ˊɟɞəɨˊŰŮɘ ɧŰɘ ez =h. 

 

ɆɢɐɛŬ 4.6: ȴɣɞɠ ŬɜŬűɞɟɎɠ ez  ůɡɜŬɟŰɐůŮɘ Űɤɜ h əŬɘ b əŬɘ əŬŰŬɜɞɛɐ ˊɘɏůŮɤɜ 
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ũɘŬ Űɞɜ ɡˊɐɜŮɛɞ Űɞɑɢɞ əŬɘ Űɞɡɠ ˊŬɟɎˊɚŮɡɟɞɡɠ Űɞɑɢɞɡɠ, Űɞ ɨɣɞɠ ŬɜŬűɞɟɎɠ ɚŬɛɓɎɜŮŰŬɘ 

ɑůɞ ˊɟɞɠ Űɞ ɨɣɞɠ Űɞɡ əŰɘɟɑɞɡ. ɆŰɞɜ ɄɑɜŬəŬ 4.3 ŭɑɜɞɜŰŬɘ ɞɘ ůɡɜŰŮɚŮůŰɏɠ ŮɝɤŰŮɟɘəɐɠ ˊɑŮůɖɠ 

10,pec  əŬɘ 1,pec , ɞɘ ɞˊɞɑɞɘ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɞɡɠ əŬŰŬəɧɟɡűɞɡɠ Űɞɑɢɞɡɠ ɞɟɗɞɔɤɜɘəɩɜ əŰɘɟɑɤɜ, 

ůɨɛűɤɜŬ ɛŮ Űɞɜ ůɡɛɓɞɚɘůɛɧ Űɞɡ Ɇɢ. 4.7.  

ɄɑɜŬəŬɠ 4.3: ɆɡɜŰŮɚŮůŰɏɠ ŮɝɤŰŮɟɘəɐɠ ˊɑŮůɖɠ ɔɘŬ əŬŰŬəɧɟɡűɞɡɠ Űɞɑɢɞɡɠ 

ɞɟɗɞɔɤɜɘəɩɜ əŰɘɟɑɤɜ 

 
 

 

ɆɢɐɛŬ 4.7: Ɇɡɛɓɞɚɘůɛɞɑ ɔɘŬ əŬŰŬəɧɟɡűɞɡɠ Űɞɑɢɞɡɠ 
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4.5.9 ɝʅʆʇʅʉʀʚʏ ʎʐʘɾʀʏ 

ȼ ůŰɏɔɖ Űɞɡ ɓɘɞɛɖɢŬɜɘəɞɨ əŰɘɟɑɞɡ ŮɑɜŬɘ ŭɘəɚɘɜɐɠ. Ƀɘ ůɡɜŰŮɚŮůŰɏɠ ŮɝɤŰŮɟɘəɐɠ ˊɑŮůɖɠ 

ɔɘŬ əɎɗŮ ɕɩɜɖ ŭɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ (ɔɘŬ ŭɘəɚɘɜŮɑɠ ůŰɏɔŮɠ) ůɨɛűɤɜŬ ɛŮ Űɞ ůɡɛɓɞɚɘůɛɧ Űɞɡ 

ɆɢɐɛŬŰɞɠ  

(1) ȼ ůŰɏɔɖ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ əŬɘ Űɤɜ ˊɟɞŮɝŮɢɧɜŰɤɜ ŰɛɖɛɎŰɤɜ, ɗŬ ŭɘŬɘɟŮɑŰŬɘ ůŮ 

ɕɩɜŮɠ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 4.8. 

(2) ɇɞ ɨɣɞɠ ŬɜŬűɞɟɎɠ ze ɗŬ ɚŬɛɓɎɜŮŰŬɘ ɑůɞ ɛŮ h. 

(3) Ƀɘ ůɡɜŰŮɚŮůŰɏɠ ˊɑŮůɖɠ ɔɘŬ əɎɗŮ ɕɩɜɖ, ˊɞɡ ˊɟɏˊŮɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ, ŭɑɜɞɜŰŬɘ 

ůŰɞɡɠ ɄɑɜŬəŮɠ 4.4 əŬɘ 4.5. 

 

ɆɢɐɛŬ 4.8: Ɇɡɛɓɞɚɘůɛɞɑ ɔɘŬ ŭɘəɚɘɜŮɑɠ ůŰɏɔŮɠ 
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ɄɑɜŬəŬɠ 4.4: ɆɡɜŰŮɚŮůŰɏɠ ŮɝɤŰŮɟɘəɐɠ ˊɑŮůɖɠ ɔɘŬ ŭɘəɚɘɜŮɑɠ ůŰɏɔŮɠ 

ɞɟɗɞɔɤɜɘəɩɜ əŰɘɟɑɤɜ ɔɘŬ ɗ=0Ü 
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ɄɑɜŬəŬɠ 4.5: ɆɡɜŰŮɚŮůŰɏɠ ŮɝɤŰŮɟɘəɐɠ ˊɑŮůɖɠ ɔɘŬ ŭɘəɚɘɜŮɑɠ ůŰɏɔŮɠ 

ɞɟɗɞɔɤɜɘəɩɜ əŰɘɟɑɤɜ ɔɘŬ ɗ=90Ü 

 

4.5.10 ɞʎʖʐʀʍʅʆʘʏ ʌʅʘʎʀʅʏ 

ȼ ŮůɤŰŮɟɘəɐ ˊɑŮůɖ ŭɟŬ ŰŬɡŰɧɢɟɞɜŬ ɛŮ Űɖɜ ŮɝɤŰŮɟɘəɐ ˊɑŮůɖ ə Ŭɘ ˊɟɏˊŮɘ ůŰɞɡɠ 

ɡˊɞɚɞɔɘůɛɞɨɠ ɜŬ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ɛŬɕɑ ɛŮ ŬɡŰɐɜ, ɔɘŬ əɎɗŮ ůɡɜŭɡŬůɛɧ ŭɡɜŬŰɩɜ 

ŬɜɞɘɔɛɎŰɤɜ. Ƀ ůɡɜŰŮɚŮůŰɐɠ ŮůɤŰŮɟɘəɐɠ ˊɑŮůɖɠ pic  ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɛɏɔŮɗɞɠ əŬɘ Űɖɜ 

əŬŰŬɜɞɛɐ Űɤɜ ŬɜɞɘɔɛɎŰɤɜ ůŰɖɜ ůɡɜɞɚɘəɐ ŮˊɘűɎɜŮɘŬ Űɞɡ əŰɘɟɑɞɡ. 

ȳˊɞɡ ɏɜŬ ŮɝɤŰŮɟɘəɧ ɎɜɞɘɔɛŬ, ɧˊɤɠ ɛɑŬ ˊɧɟŰŬ ɐ ɏɜŬ ˊŬɟɎɗɡɟɞ, ɗŬ ɐŰŬɜ əŬɗɞɟɘůŰɘəɧ 

ŮɎɜ ɐŰŬɜ ŬɜɞɘɢŰɧ, ŬɚɚɎ ɗŮɤɟŮɑŰŬɘ əɚŮɘůŰɧ ůŰɖɜ ɞɟɘŬəɐ əŬŰɎůŰŬůɖ ŬůŰɞɢɑŬɠ, əŬŰɎ Űɖ 

ŭɘɎɟəŮɘŬ ŬɜŮɛɞɗɨŮɚɚŬɠ, ɖ əŬŰɎůŰŬůɖ ɛŮ Űɖɜ ˊɧɟŰŬ ɐ Űɞ ˊŬɟɎɗɡɟɞ ŬɜɞɘɢŰɧ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ɗŮɤɟŮɑŰŬɘ ɤɠ ŰɡɢɖɛŬŰɘəɐ. 

ȾŬɗɞɟɘůŰɘəɐ ˊɟɏˊŮɘ ɜŬ ɗŮɤɟŮɑŰŬɘ ɖ ˊɚŮɡɟɎ Ůɜɧɠ əŰɘɟɑɞɡ ɧŰŬɜ ɖ ŮˊɘűɎɜŮɘŬ Űɤɜ 

ŬɜɞɘɔɛɎŰɤɜ Űɖɠ ŮɑɜŬɘ ŰɞɡɚɎɢɘůŰɞɜ ŭɘˊɚɎůɘŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɤɜ ŬɜɞɘɔɛɎŰɤɜ əŬɘ ůɖɛŮɑɤɜ 

ŭɘŬɟɟɞɐɠ ůŰɘɠ ɡˊɧɚɞɘˊŮɠ ˊɚŮɡɟɏɠ Űɞɡ ɗŮɤɟɞɨɛŮɜɞɡ əŰɘɟɑɞɡ. 

ɆŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ Űɞɡ ɛŮɚŮŰɩɛŮɜɞɡ ɡˊɧůŰŮɔɞɡ, ɏɢŮɘ ɔɑɜŮɘ ɖ ɗŮɩɟɖůɖ ɧŰɘ 

ŰŬ ŬɜɞɑɔɛŬŰŬ ůŰɖɜ əŬɗɞɟɘůŰɘəɐ ˊɚŮɡɟɎ ɏɢɞɡɜ ŮˊɘűɎɜŮɘŬ ŰɞɡɚɎɢɘůŰɞɜ ŰɟɘˊɚɎůɘŬ Ŭˊɧ Űɖɜ 

ŮˊɘűɎɜŮɘŬ Űɤɜ ŬɜɞɘɔɛɎŰɤɜ ůŰɘɠ ɡˊɧɚɞɘˊŮɠ ˊɚŮɡɟɏɠ. Ⱥˊɞɛɏɜɤɠ, ɖ ŮůɤŰŮɟɘəɐ ˊɑŮůɖ ɗŬ 

ɚŬɛɓɎɜŮŰŬɘ ɤɠ ɏɜŬ əɚɎůɛŬ Űɖɠ ŮɝɤŰŮɟɘəɐɠ ˊɑŮůɖɠ ůŰŬ ŬɜɞɑɔɛŬŰŬ Űɖɠ əŬɗɞɟɘůŰɘəɐɠ ˊɚŮɡɟɎɠ. 

ɆŰɞ ɛŮɚŮŰɞɨɛŮɜɞ ɡˊɧůŰŮɔɞ ɖ ɛɑŬ ˊɚŮɡɟɎ Űɞɡ ŮɑɜŬɘ ɛɧɜɘɛŬ ŬɜɞɘɢŰɐ ɔɘŬ Űɖ ŭɘɏɚŮɡůɖ Űɤɜ 

ůɡɟɛɩɜ, Ůɜɩ ůŰɘɠ ɡˊɧɚɞɘˊŮɠ ŭŮɜ ɡˊɎɟɢɞɡɜ ůɖɛŬɜŰɘəɎ ŬɜɞɑɔɛŬŰŬ. ȯɟŬ Űɞ ɎɜɞɘɔɛŬ Űɖɠ 

ŭŮůˊɧɕɞɡůŬɠ ˊɚŮɡɟɎɠ ŮɑɜŬɘ ŰɞɡɚɎɢɘůŰɞɜ ŰɟŮɑɠ űɞɟɏɠ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ ŰŬ ŬɜɞɑɔɛŬŰŬ Űɤɜ 

Ɏɚɚɤɜ ˊɚŮɡɟɩɜ əŬɘ Ůˊɞɛɏɜɤɠ Ŭˊɧ Űɞɜ ȺɡɟɤəɩŭɘəŬ 1 ˊɟɞəɨˊŰŮɘ: 

pepi cc 90,0=  

ɧ́ ɞɡ pec  ŮɑɜŬɘ ɖ Űɘɛɐ Űɞɡ ůɡɜŰŮɚŮůŰɐ ŮɝɤŰŮɟɘəɐɠ ˊɑŮůɖɠ ůŰŬ ŬɜɞɑɔɛŬŰŬ Űɖɠ əŬɗɞɟɘůŰɘəɐɠ 

ˊɚŮɡɟɎɠ. ȾŬɗɞɟɘůŰɘəɐ ˊɚŮɡɟɎ ŮɑɜŬɘ ŬɡŰɐ ˊɞɡ űɏɟŮɘ Űɞ əɡɟɑɤɠ ɎɜɞɘɔɛŬ Űɖɠ əŬŰŬůəŮɡɐɠ.  
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ȳůɞɜ ŬűɞɟɎ Űɞ ɨɣɞɠ ŬɜŬűɞɟɎɠ ɔɘŬ Űɘɠ ŮůɤŰŮɟɘəɏɠ ˊɘɏůŮɘɠ ɗŬ ɚŬɛɓɎɜŮŰŬɘ ɑůɞ ɛŮ Űɞ 

ɨɣɞɠ ŬɜŬűɞɟɎɠ ez  ɔɘŬ Űɘɠ ŮɝɤŰŮɟɘəɏɠ ˊɘɏůŮɘɠ, ůŰɘɠ ˊɚŮɡɟɏɠ ˊɞɡ ůɡɜŮɘůűɏɟɞɡɜ ɛŮ ŰŬ 

ŬɜɞɑɔɛŬŰɎ Űɞɡɠ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ Űɖɠ ŮůɤŰŮɟɘəɐɠ ˊɑŮůɖɠ. 

4.5.11 ɭʌʋʇʋɾʅʎʈʝʏ ʒʋʍʐʚʖʉ ɻʉʘʈʋʑ ɾʅɻ ʐʋ ʈʀʇʀʐʋʞʈʀʉʋ ʑʌʝʎʐʀɾʋ 

ũɑɜŮŰŬɘ ɗŮɩɟɖůɖ əŬŰɖɔɞɟɑŬɠ ŮŭɎűɞɡɠ IV, ŭɖɚŬŭɐ ŬůŰɘəɞɨ ˊŮɟɘɓɎɚɚɞɜŰɞɠ, Ŭűɞɨ ɞ 

ůŰŬɗɛɧɠ ɓɟɑůəŮŰŬɘ ŮɜŰɧɠ Űɖɠ ˊɧɚɖɠ Űɞɡ ɄŮɘɟŬɘɎ əŬɘ ˊŮɟɘɓɎɚɚŮŰŬɘ Ŭˊɧ ůɢŮŰɘəɎ ɣɖɚɎ əŰɐɟɘŬ. 

Ⱥˊɞɛɏɜɤɠ Ŭˊɧ Űɞɜ ˊɑɜŬəŬ ˊɟɞəɨˊŰŮɘ 0z =1m əŬɘ minz =10m. 

ɇɞ ɡˊɧ ɛŮɚɏŰɖ ɡˊɧůŰŮɔɞ ɓɟɑůəŮŰŬɘ ˊŮɟɘɛŮŰɟɘəɎ ůŮ ŮˊŬűɐ ɛŮ ɎɚɚŬ, Ůˊɑ Űɞ ˊɚŮɑůŰɞɜ 

ɣɖɚɧŰŮɟŬ əŰɐɟɘŬ, ŮəŰɧɠ Ŭˊɧ Űɖɜ ˊɚŮɡɟɎ Ůɘůɧŭɞɡï Ůɝɧŭɞɡ Űɤɜ ůɡɟɛɩɜ. ȼ ŰŮɚŮɡŰŬɑŬ 

ɓɟɑůəŮŰŬɘ ůɡɜŮɢɩɠ ŬɜɞɘɢŰɐ. ɋůŰɧůɞ, ŮˊɘɚɏɔŮŰŬɘ ɡˊɏɟ Űɖɠ ŬůűŬɚŮɑŬɠ ɜŬ ɛŮɚŮŰɖɗɞɨɜ ůɡɜɞɚɘəɎ 

ŰŬ űɞɟŰɑŬ Ŭɜɏɛɞɡ ɔɘŬ ˊɟɞůɐɜŮɛɖ Űɖɜ ɛŮɔɎɚɖ ˊɚŮɡɟɎ (ŭɘŮɨɗɡɜůɖ Ŭɜɏɛɞɡ ɗ=0Ü). Ⱥˊɑůɖɠ ɖ 

əŬŰŬůəŮɡɐ ɗŬ ɛŮɚŮŰɖɗŮɑ ɛɧɜɞ ɔɘŬ Űɖɜ ˊŮɟɑˊŰɤůɖ çɗɨɟŮɠ ŬɜɞɘɢŰɏɠè, ɧˊɞɡ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ 

ɖ ůɡɜɘůŰŬɛɏɜɖ ŮɝɤŰŮɟɘəɩɜ əŬɘ ŮůɤŰŮɟɘəɩɜ ˊɘɏůŮɤɜ. ɀɎɚɘůŰŬ ɚɧɔɤ Űɞɡ ůɢŮŰɘəɎ ɛɘəɟɞɨ 

ɓɎɟɞɡɠ Űɖɠ əŬŰŬůəŮɡɐɠ ŰŬ űɞɟŰɑŬ Űɞɡ Ŭɜɏɛɞɡ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ɏɢɞɡɜ ůɖɛŬɜŰɘəɐ ůɡɛɓɞɚɐ ɤɠ 

ɞɟɘɕɧɜŰɘŬ űɞɟŰɑŬ ůŰɖɜ əŬŰŬˊɧɜɖůɖ Űɞɡ əŰɖɟɑɞɡ, Ůɜɩ ɔɘŬ ˊɟɞůɐɜŮɛɖ ˊɚŮɡɟɎ Űɖɜ ŬɜɞɘɢŰɐ 

(ŭɘŮɨɗɡɜůɖ Ŭɜɏɛɞɡ ɗ=90Ü) ŬɜŬɛɏɜŮŰŬɘ ůɖɛŬɜŰɘəɐ ŬɜŬɟɟɧűɖůɖ. ȼ ɛŮɚɏŰɖ ɔɘŬ ŭɘŮɨɗɡɜůɖ 

Ŭɜɏɛɞɡ ɗ=-90Ü ŭŮɜ ˊŬɟɞɡůɘɎɕŮŰŬɘ əŬɗɩɠ ɖ ˊɚŮɡɟɎ ŬɡŰɐ əŬɚɨˊŰŮŰŬɘ ˊɚɐɟɤɠ Ŭˊɧ ɣɖɚɧŰŮɟɞ 

əŰɐɟɘɞ ɔɟŬűŮɑɤɜ əŬɘ Ůˊɘˊɚɏɞɜ ŰŬ űɞɟŰɑŬ ŮɑɜŬɘ ůŬűɩɠ ŮɡɛŮɜɏůŰŮɟŬ Ŭˊɧ Űɖɜ ˊŮɟɑˊŰɤůɖ ɛŮ 

ɗ=90Ü. 

Ⱥˊɘˊɚɏɞɜ, ɏɢŮɘ ɔɑɜŮɘ ɖ ɗŮɩɟɖůɖ ɧŰɘ ɞɘ űɞɟŰɘɕɧɛŮɜŮɠ ŮˊɘűɎɜŮɘŮɠ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟŮɠ Ŭˊɧ 

10mĮ, ɎɟŬ 10,pepe cc = . 

ɇɏɚɞɠ, ɖ űɧɟŰɘůɖ Űɞɡ ˊɟɞůɞɛɞɘɩɛŬŰɞɠ ůŰɞ ˊɟɧɔɟŬɛɛŬ ɏɔɘɜŮ ɔɘŬ Űɞ ŭɡůɛŮɜɏůŰŮɟɞ ɛɘůɧ 

Űɖɠ əŬŰŬůəŮɡɐɠ. 

 

Ƚ) ȹɘŮɨɗɡɜůɖ Ŭɜɏɛɞɡ ɗ=0Ü 

 

¶ ɆɡɜŰŮɚŮůŰɏɠ ŮɝɤŰŮɟɘəɐɠ ˊɑŮůɖɠ 

h=13,5m 

b=121,0m 

d=20,0m 

 

ȺˊŮɘŭɐ h=13,5m < b=121,0m (ɧˊɞɡ b ŮɑɜŬɘ ˊɎɜŰŬ ɖ ŮɔəɎɟůɘŬ ŭɘɎůŰŬůɖ ůŰɞɜ ɎɜŮɛɞ) 

ɚŬɛɓɎɜŮŰŬɘ ɤɠ ɨɣɞɠ ŬɜŬűɞɟɎɠ ze=h=13,5m. 

IůɢɨŮɘ: 

( ) ( ) 0,270,27;0,121min2;min === hbe m > d=20,0m 

675,0
0,20

5,13
==

d

h
, ɎɟŬ ɘůɢɨŮɘ 0,25 < h/d < 1 əŬɘ Ŭˊɧ Űɞɜ ˊɑɜŬəŬ ɛŮ ɔɟŬɛɛɘəɐ ˊŬɟŮɛɓɞɚɐ 

ˊɟɞəɨˊŰɞɡɜ ɞɘ ˊŬɟŬəɎŰɤ ůɡɜŰŮɚŮůŰɏɠ ŮɝɤŰŮɟɘəɐɠ ˊɑŮůɖɠ ŬɜɎ ŮˊɘűɎɜŮɘŬ(ɓɚ. ɆɢɐɛŬ 4.7): 

Ȼɩɜɖ A B D E 

h/d 10,pec  10,pec  10,pec  10,pec  

=0,675 -1,2 -0,8 0,76 -0,41 
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Ƀɘ ůɡɜŰŮɚŮůŰɏɠ ŮɝɤŰŮɟɘəɐɠ ˊɑŮůɖɠ ŬɜɎ ŮˊɘűɎɜŮɘŬ (ɓɚ. ɆɢɐɛŬ 4.8) ɔɘŬ Űɖɜ ŭɘəɚɘɜɐ ůŰɏɔɖ ŮɑɜŬɘ 

ɔɘŬ ɔɤɜɑŬ Ŭ =19,8Ü Ŭˊɧ ɄɑɜŬəŬ ɛŮ ɔɟŬɛɛɘəɐ ˊŬɟŮɛɓɞɚɐ(ɛŮŰŬɝɨ Ŭ=15Ü əŬɘ Ŭ=30Ü): 

ũɤɜɑŬ əɚɑůɖɠ 

Ŭ 

Ȼɩɜɖ 

F G H I  J 

10,pec  10,pec  10,pec  10,pec  10,pec  

=19,8Ü (-0,77),(+0,37) (-0,7),(+0,37) (-0,27),(+0,27) (-0,4) (-0,83) 

 

¶ ɆɡɜŰŮɚŮůŰɏɠ ŮůɤŰŮɟɘəɐɠ ˊɑŮůɖɠ 

ȽůɢɨŮɘ pepi cc 90,0=  ,ɧˊɞɡ pec  ɞ ůɡɜŰŮɚŮůŰɐɠ Űɞɡ ŬɜɞɑɔɛŬŰɞɠ 

ũɘŬ Űɞɡɠ əŬŰŬəɧɟɡűɞɡɠ Űɞɑɢɞɡɠ: pec =0,91 

ũɘŬ Űɖ ůŰɏɔɖ: pec =-0,46 əŬɘ -0,11 

 

II ) ȹɘŮɨɗɡɜůɖ Ŭɜɏɛɞɡ ɗ=90Ü 
 

¶ ɆɡɜŰŮɚŮůŰɏɠ ŮɝɤŰŮɟɘəɐɠ ˊɑŮůɖɠ 

h=13,5m 

b=20,0m 

d=121,0m 

 

ȺˊŮɘŭɐ h=13,5m < b=20,0m (ɧˊɞɡ b ŮɑɜŬɘ ˊɎɜŰŬ ɖ ŮɔəɎɟůɘŬ ŭɘɎůŰŬůɖ ůŰɞɜ ɎɜŮɛɞ) 

ɚŬɛɓɎɜŮŰŬɘ ɤɠ ɨɣɞɠ ŬɜŬűɞɟɎɠ ze=h=13,5m. 

IůɢɨŮɘ: 

( ) ( ) 0,200,27;0,20min2;min === hbe m > d=121,0m 

112,0
0,121

5,13
==

d

h
, ɎɟŬ ɘůɢɨŮɘ h/d Ò 0,25 əŬɘ Ŭˊɧ Űɞɜ ˊɑɜŬəŬ ɛŮ ɔɟŬɛɛɘəɐ ˊŬɟŮɛɓɞɚɐ 

ˊɟɞəɨˊŰɞɡɜ ɞɘ ˊŬɟŬəɎŰɤ ůɡɜŰŮɚŮůŰɏɠ ŮɝɤŰŮɟɘəɐɠ ˊɑŮůɖɠ ŬɜɎ ŮˊɘűɎɜŮɘŬ(ɓɚ. ɆɢɐɛŬ 4.7): 

 

Ƀɘ ůɡɜŰŮɚŮůŰɏɠ ŮɝɤŰŮɟɘəɐɠ ˊɑŮůɖɠ ŬɜɎ ŮˊɘűɎɜŮɘŬ (ɓɚ. ɆɢɐɛŬ 4.8) ɔɘŬ Űɖɜ ŭɘəɚɘɜɐ ůŰɏɔɖ ŮɑɜŬɘ  

ɔɘŬ ɔɤɜɑŬ Ŭ =19,8Ü Ŭˊɧ ɄɑɜŬəŬ ɛŮ ɔɟŬɛɛɘəɐ ˊŬɟŮɛɓɞɚɐ(ɛŮŰŬɝɨ Ŭ=15Ü əŬɘ Ŭ=30Ü): 

ũɤɜɑŬ əɚɑůɖɠ Ŭ 

Ȼɩɜɖ 

F G H I  

10,pec  10,pec  10,pec  10,pec  

=19,8Ü -1,23 -1,33 -0,67 -0,5 

 

Ȼɩɜɖ A B C E 

h/d 10,pec  10,pec  10,pec  10,pec  

=0,112 -1,2 -0,8 -0,5 -0,3 
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¶ ɆɡɜŰŮɚŮůŰɏɠ ŮůɤŰŮɟɘəɐɠ ˊɑŮůɖɠ 

ȽůɢɨŮɘ pepi cc 90,0=  ,ɧˊɞɡ pec  ɞ ůɡɜŰŮɚŮůŰɐɠ Űɞɡ ŬɜɞɑɔɛŬŰɞɠ 

ũɘŬ Űɞɡɠ əŬŰŬəɧɟɡűɞɡɠ Űɞɑɢɞɡɠ: pec =0,7 

ũɘŬ Űɖ ůŰɏɔɖ: pec =-1,28 

 

Ɉˊɞɚɞɔɘůɛɧɠ Űɖɠ ˊɑŮůɖɠ ŰŬɢɨŰɖŰŬɠ Ŭɘɢɛɐɠ Ŭɜɏɛɞɡ ()zqp  

 

ȼ ɓŬůɘəɐ ŰŬɢɨŰɖŰŬ Ŭɜɏɛɞɡ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

0,bseasondirb vccv ÖÖ=  

dirc =1,0 

seasonc =1,0 

ȾŬɘ0,bv =33m/s ɔɘŬ ŬˊɧůŰŬůɖ ɛɏɢɟɘ 10km Ŭˊɧ Űɖɜ ŬəŰɐ. Ⱥˊɞɛɏɜɤɠ, 33330,10,1 =ÖÖ=bv m/s 

 

ȼ ɛɏůɖ ŰŬɢɨŰɖŰŬ Ŭɜɏɛɞɡ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ: 

() () () borm vzczczv ÖÖ=  

 

ũɘŬ əŬŰɖɔɞɟɑŬ ŮŭɎűɞɡɠ IV ɘůɢɨŮɘ 0z =1m əŬɘ minz =10m, Ůˊɑůɖɠ maxz =200m. 

ȺɑɜŬɘ z =13,5m, ŭɖɚŬŭɐ mzxzzz ¢¢min  ɎɟŬ ɘůɢɨŮɘ: 

() ö
ö
÷

õ
æ
æ
ç

å
Ö=

0

ln
z

z
kzc rr  

əŬɘ 
07,0

,0

019,0
ö
ö

÷

õ

æ
æ

ç

å
Ö=

II

r
z

z
k  

23,0
05,0

0,1
19,0

07,0

=ö
÷

õ
æ
ç

å
Ö=rk  

ɎɟŬ 

() 60,0
1

5,13
ln23,0 =ö

÷

õ
æ
ç

å
Ö=zcr  

əŬɘ 

() 8,193300,160,0 =ÖÖ=zvm m/s 

 

ȼ ɑ́Ůůɖ ŰŬɢɨŰɖŰŬɠ Ŭɘɢɛɐɠ ůŮ ɨɣɞɠ ez  ˊɟɞůŭɘɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

() ()[ ] () () bevp qzczzIzq Ö=ÖÖÖÖ+=
2

mv
2

1
71 r  

əŬɘ 

()
() () ( )0/ln zzzc

k

zv
zI

o

I

m

v
v

Ö
==

s
       ɔɘŬ mzxzzz ¢¢min  

()
( )

384,0
0,1/5,13ln0,1

0,1
=

Ö
=zI v  
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ɔɘŬ Ik =1,0 (ůɡɜŰŮɚŮůŰɐɠ ůŰɟɞɓɘɚɘůɛɩɜ) 

ɇŮɚɘəɎ, ()[ ] 90,019,800125,0
2

1
384,071 2 =ÖÖÖÖ+=zqp kN/mĮ 

ɧˊɞɡ ɟ=1,25 Kg/mį=0,00125 kN/mĮ ɖ ˊɡəɜɧŰɖŰŬ ŬɏɟŬ. 

 

ɇŮɚɘəɏɠ ˊɘɏůŮɘɠ Ůˊɑ Űɤɜ ŮˊɘűŬɜŮɘɩɜ Űɞɡ ɡˊɧůŰŮɔɞɡ 

 

Ⱥŭɩ űŬɑɜɞɜŰŬɘ ůɡɔəŮɜŰɟɤŰɘəɎ ɞɘ ŰŮɚɘəɏɠ ˊɘɏůŮɘɠ Ŭˊɧ Űɞɜ ɎɜŮɛɞ ůŮ kN/mĮ 

ȹɘŮɨɗɡɜůɖ 

Ŭɜɏɛɞɡ ɗ 

ȻɩɜŮɠ 

A B C D E 

0Ü (-0,343) (+0,017) - (+1,421) (+0,368) 

90Ü (-1,647) (-1,287) (-1,170) - (-0,837) 

 

ȹɘŮɨɗɡɜůɖ 

Ŭɜɏɛɞɡ ɗ 
ȻɩɜŮɠ 

F G H I  J 

0Ü (+0,422)  (+0,422) (+0,332) (+0,013) (-0,374) 

90Ü (-2,144) (-2,234) (-1,640) (-1,487) - 

 

 

ɆɢɐɛŬ 4.9: ūɞɟŰɑɞ Ŭɜɏɛɞɡ ɔɘŬ ɗ=0Ü ůŰɞ ŭŮɨŰŮɟɞ Ŭˊɧ Űɞ ɎɜɞɘɔɛŬ ˊɚŬɑůɘɞ  
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ɆɢɐɛŬ 4.10: ūɞɟŰɑɞ Ŭɜɏɛɞɡ ɔɘŬ ɗ=90Ü ůŰɞ ŭŮɨŰŮɟɞ Ŭˊɧ Űɞ ɎɜɞɘɔɛŬ ˊɚŬɑůɘɞ  

 

ɆɢɐɛŬ 4.11: ɄŬɟŬɛɧɟűɤůɖ Űɞɡ űɞɟɏŬ Űɖɠ 1
ɖɠ

 ŮɜŬɚɚŬəŰɘəɐɠ ɚɨůɖɠ ɔɘŬ Űɞ űɞɟŰɑɞ Ŭɜɏɛɞɡ ɛŮ ɗ=90Ü 
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ɆɢɐɛŬ 4.12: ɄŬɟŬɛɧɟűɤůɖ Űɞɡ űɞɟɏŬ Űɖɠ 1
ɖɠ

 ŮɜŬɚɚŬəŰɘəɐɠ ɚɨůɖɠ ɔɘŬ Űɞ űɞɟŰɑɞ Ŭɜɏɛɞɡ ɛŮ ɗ=0Ü 

 

ɆɢɐɛŬ 4.13: ɄŬɟŬɛɧɟűɤůɖ Űɞɡ űɞɟɏŬ Űɖɠ 2
ɖɠ

 ŮɜŬɚɚŬəŰɘəɐɠ ɚɨůɖɠ ɔɘŬ Űɞ űɞɟŰɑɞ Ŭɜɏɛɞɡ ɛŮ ɗ=0Ü 
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ɆɢɐɛŬ 4.14: ɄŬɟŬɛɧɟűɤůɖ Űɞɡ űɞɟɏŬ Űɖɠ 2
ɖɠ

 ŮɜŬɚɚŬəŰɘəɐɠ ɚɨůɖɠ ɔɘŬ Űɞ űɞɟŰɑɞ Ŭɜɏɛɞɡ ɛŮ ɗ=90Ü 

4.6 ɮʋʍʐʚɻ ʎʀʅʎʈʋʞ 

ɆɨɛűɤɜŬ ɛŮ Űɖɜ ŮˊɘůŰɐɛɖ Űɖɠ ɆŮɘůɛɞɚɞɔɑŬɠ, ůŮɘůɛɧɠ ŮɑɜŬɘ ɖ ŮŭŬűɘəɐ ŭɧɜɖůɖ ˊɞɡ 

ɔŮɜɜɘɏŰŬɘ əŬŰɎ Űɖɜ ˊŬɟɞŭɘəɐ ŭɘŬŰɎɟŬɝɖ Űɖɠ ɛɖɢŬɜɘəɐɠ ɘůɞɟɟɞˊɑŬɠ Űɤɜ ɔɐɘɜɤɜ ˊŮŰɟɤɛɎŰɤɜ 

ůŮ ɞɟɘůɛɏɜɞ ɛɏɟɞɠ Űɖɠ ůŰŮɟŮɎɠ ũɖɠ, Ŭˊɧ űɡůɘəɎ ŬɑŰɘŬ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɞ ŮůɤŰŮɟɘəɧ Űɖɠ 

ũɖɠ. 

ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Ůɜɧɠ ůŮɘůɛɞɨ ŬɜŬˊŰɨůůɞɜŰŬɘ ůŰɞ ɏŭŬűɞɠ ŮˊɘŰŬɢɨɜůŮɘɠ (ɞɟɘɕɧɜŰɘŮɠ əŬɘ 

əŬŰŬəɧɟɡűŮɠ), ˊɞɡ ɏɢɞɡɜ ɤɠ ůɡɜɏˊŮɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ŬŭɟŬɜŮɘŬəɩɜ ŭɡɜɎɛŮɤɜ Ůˊɑ Űɤɜ 

əŬŰŬůəŮɡɩɜ. ȷˊɧ Űɘɠ ŭɡɜɎɛŮɘɠ ŬɡŰɏɠ, ɞɘ ɞɟɘɕɧɜŰɘŮɠ ɗŮɤɟɞɨɜŰŬɘ ɤɠ ɞɘ ˊɚɏɞɜ ůɞɓŬɟɏɠ, ɢɤɟɑɠ 

ŬɡŰɧ ɜŬ ůɖɛŬɑɜŮɘ, ɧŰɘ ɞɘ əŬŰŬəɧɟɡűŮɠ ŭŮɜ ɛˊɞɟŮɑ ɜŬ Ŭˊɞɓɞɨɜ əŬŰŬůŰɟɞűɘəɏɠ ɡˊɧ ɞɟɘůɛɏɜŮɠ 

ůɡɜɗɐəŮɠ. 

ȼ ȺɚɚɎŭŬ ɓɟɑůəŮŰŬɘ ůŮ ɛɘŬ ŮɝŬɘɟŮŰɘəɎ ůŮɘůɛɞɔŮɜɐ ˊŮɟɘɞɢɐ əŬɘ ɤɠ Ůə ŰɞɨŰɞɡ ɞɘ 

ůŮɘůɛɘəɏɠ ŭɟɎůŮɘɠ ˊŬɑɕɞɡɜ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɞ ůɢŮŭɘŬůɛɧ Űɤɜ əŬŰŬůəŮɡɩɜ. ɋɠ ůŮɘůɛɘəɏɠ 

ŭɟɎůŮɘɠ ůɢŮŭɘŬůɛɞɨ ɗŮɤɟɞɨɜŰŬɘ ɞɘ ŰŬɚŬɜŰɩůŮɘɠ Űɞɡ əŰɘɟɑɞɡ ɚɧɔɤ Űɞɡ ůŮɘůɛɞɨ, ɞɘ ɞˊɞɑŮɠ 

ɞɜɞɛɎɕɞɜŰŬɘ əŬɘ ůŮɘůɛɘəɏɠ ŭɘŮɔɏɟůŮɘɠ ɐ ůŮɘůɛɘəɏɠ ŭɞɜɐůŮɘɠ. Ƀɘ ůŮɘůɛɘəɏɠ ŭɟɎůŮɘɠ 

əŬŰŬŰɎůůɞɜŰŬɘ ůŰɘɠ ŰɡɢɖɛŬŰɘəɏɠ əŬɘ ŭŮɜ ůɡɜŭɡɎɕɞɜŰŬɘ ɛŮ ɎɚɚŮɠ ŰɡɢɖɛŬŰɘəɏɠ ŭɟɎůŮɘɠ, ɧˊɤɠ 

Ůˊɑůɖɠ ŭŮɜ ůɡɜŭɡɎɕɞɜŰŬɘ ɛŮ Űɘɠ ŭɟɎůŮɘɠ ɚɧɔɤ Ŭɜɏɛɞɡ. 

ɆɨɛűɤɜŬ ɛŮ Űɞɜ ȺɡɟɤəɩŭɘəŬ 8, ɖ ȺɚɚɎŭŬ ɡˊɞŭɘŬɘɟŮɑŰŬɘ Ŭˊɧ Űɘɠ Ůɗɜɘəɏɠ Ŭɟɢɏɠ ůŮ 

ůŮɘůɛɘəɏɠ ɕɩɜŮɠ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ Űɞˊɘəɐ ŮˊɘəɘɜŭɡɜɧŰɖŰŬ Ůɜɩ ɡˊɞŰɑɗŮŰŬɘ ɧŰɘ ɛɏůŬ ůŮ əɎɗŮ 

ɕɩɜɖ ɖ ŮˊɘəɘɜŭɡɜɧŰɖŰŬ ŮɑɜŬɘ ůŰŬɗŮɟɐ. ɆŰɞ ˊŬɟŬəɎŰɤ ůɢɐɛŬ ŭɑɜŮŰŬɘ ɞ ɢɎɟŰɖɠ Űɤɜ Űɟɘɩɜ 

ůŮɘůɛɘəɩɜ ɕɤɜɩɜ Ȼ1, Ȼ2, Ȼ3 ˊɞɡ ɘůɢɨŮɘ ɔɘŬ Űɖɜ ȺɚɚɎŭŬ. ɆŮ əɎɗŮ ůŮɘůɛɘəɐ ɕɩɜɖ, ɞɟɑɕŮŰŬɘ ɛɑŬ 



54 

Űɘɛɐ ŬɜŬűɞɟɎɠ gRa , ɖ ɞ ˊɞɑŬ ŬɜŰɘůŰɞɘɢŮɑ ůŰɖɜ Űɘɛɐ ŬɜŬűɞɟɎɠ Űɖɠ ˊŮɟɘɧŭɞɡ ŮˊŬɜŬűɞɟɎɠ 

NCRT =475 ɏŰɖ, ůɨɛűɤɜŬ ɛŮ Űɞɜ Ŭəɧɚɞɡɗɞ ɄɑɜŬəŬ 4.6. 

. ũɘô ŬɡŰɐɜ Űɖɜ Űɘɛɐ ŬɜŬűɞɟɎɠ Űɖɠ ˊŮɟɘɧŭɞɡ ŮˊŬɜŬűɞɟɎɠ ɞɟɑɕŮŰŬɘ ůɡɜŰŮɚŮůŰɐɠ 

ůˊɞɡŭŬɘɧŰɖŰŬɠ Ig ɑůɞɠ ɛŮ 1.00. ũɘŬ Űɘɛɐ Űɖɠ ˊŮɟɘɧŭɞɡ ŮˊŬɜŬűɞɟɎɠ ŭɘŬűɞɟŮŰɘəɐ Ŭˊɧ Űɖɜ Űɘɛɐ 

ŬɜŬűɞɟɎɠ, ɖ ŮŭŬűɘəɐ ŮˊɘŰɎɢɡɜůɖ ůɢŮŭɘŬůɛɞɨ ůŮ ɏŭŬűɞɠ Űɨˊɞɡ ȷ, ga, ŮɑɜŬɘ ɑůɖ ɛŮ gRa  Ůˊɑ 

Űɞɜ ůɡɜŰŮɚŮůŰɐ ůˊɞɡŭŬɘɧŰɖŰŬɠ Ig ( ga  = IgĀgRa ) 

ɄɑɜŬəŬɠ 4.6: ɇɘɛɏɠ ŬɜŬűɞɟɎɠ gRa  Űɖɠ ɛɏɔɘůŰɖɠ ůŮɘůɛɘəɐɠ ŮˊɘŰɎɢɡɜůɖɠ 

 

 

 

 

 

 

 

 

ɆɢɐɛŬ 4.15: ɉɎɟŰɖɠ Ȼɤɜɩɜ ɆŮɘůɛɘəɐɠ ȺˊɘəɘɜŭɡɜɧŰɖŰŬɠ Űɖɠ ȺɚɚɎŭŬɠ 

Ƀ ȺɡɟɤəɩŭɘəŬɠ ɞɟɑɕŮɘ Űɘɠ əŬŰɖɔɞɟɑŮɠ ůˊɞɡŭŬɘɧŰɖŰŬɠ ůɨɛűɤɜŬ ɛŮ Űɞɜ ɄɑɜŬəŬ 4.7 əŬɘ 

əŬŰŬŰɎůůŮɘ ŰŬ ŮŭɎűɖ ůɨɛűɤɜŬ ɛŮ Űɞɜ ɄɑɜŬəŬ 4.8. 

Ȼɩɜɖ ůŮɘůɛɘəɐɠ 

ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ 
gRa /g 

Ȼ1 0,16 

Ȼ2 0,24 

Ȼ3 0,36 
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ɄɑɜŬəŬɠ 4.7: ɇɘɛɏɠ ůɡɜŰŮɚŮůŰɐ ůˊɞɡŭŬɘɧŰɖŰŬɠ 

ȾŬŰɖɔɞɟɑŬ 

ůˊɞɡŭŬɘɧŰɖŰŬɠ 
Ƚ ȽȽ ȽȽȽ IV  

ɆɡɜŰŮɚŮůŰɐɠ 

ůˊɞɡŭŬɘɧŰɖŰŬɠ Ig  
0,80 1,00 1,20 1,40 

ɄɑɜŬəŬɠ 4.8: ȾŬŰɖɔɞɟɑŮɠ ŮŭŬűɩɜ 

.  

ɆŰŬ ˊɚŬɑůɘŬ ŬɡŰɐɠ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ, ɗŮɤɟɐɗɖəŮ əŬŰɖɔɞɟɑŬ ŮŭɎűɞɡɠ ȸ. 

Ⱥˊɘˊɚɏɞɜ, Ůűɧůɞɜ ɞ ůŰŬɗɛɧɠ ɓɟɑůəŮŰŬɘ ůŰɞɜ ɄŮɘɟŬɘɎ ŮɜŰɧɠ Ɂɞɛɞɨ ȷŰŰɘəɐɠ, ɖ ɕɩɜɖ 

ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ ɔɘŬ Űɞ ɡˊɧůŰŮɔɞ ˊɞɡ ɛŮɚŮŰɎŰŬɘ ŮɑɜŬɘ Ȼ1 əŬɘ Ůˊɞɛɏɜɤɠ gRa =0,16g. 

ŪŮɤɟɞɨɛŮ ɧŰɘ ɖ əŬŰŬůəŮɡɐ ˊɞɡ ɛŮɚŮŰɐɗɖəŮ ŬɜɐəŮɘ ůŰɖɜ əŬŰɖɔɞɟɑŬ ůˊɞɡŭŬɘɧŰɖŰŬɠ ȽȽȽ, 

əŬɗɩɠ ůŰŮɔɎɕŮɘ ɢɩɟɞ ůɡɜɎɗɟɞɘůɖɠ ŮˊɘɓŬŰɩɜ əŬɘ ɎɟŬ, ůɨɛűɤɜŬ ɛŮ Űɞɜ ɄɑɜŬəŬ  ɓɟɑůəŮŰŬɘ ɧŰɘ 

ɛŮ ɓɎůɖ Űɞ Ⱥɗɜɘəɧ ɄɟɞůɎɟŰɖɛŬ Űɞɡ ȺɡɟɤəɩŭɘəŬ ŮɑɜŬɘ Ig=1,20. 
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ȼ Ůˊɘɚɞɔɐ Űɖɠ ɛɞɟűɐɠ Űɞɡ ŮɚŬůŰɘəɞɨ űɎůɛŬŰɞɠ Ŭˊɧəɟɘůɖɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ɛɘŬ 

ɢɩɟŬ ɐ ɛɏɟɞɠ Űɖɠ ɢɩɟŬɠ ɛˊɞɟŮɑ ɜŬ ɓɟŮɗŮɑ ůŰɞ Ⱥɗɜɘəɧ ɄɟɞůɎɟŰɖɛŬ. ȰŰůɘ, ůŮ ɧɚŮɠ Űɘɠ 

ůŮɘůɛɘəɏɠ ɕɩɜŮɠ ůŰɖɜ ȺɚɚɎŭŬ ŮűŬɟɛɧɕŮŰŬɘ ɞɟɘɕɧɜŰɘɞ űɎůɛŬ ŮɚŬůŰɘəɐɠ Ŭˊɧəɟɘůɖɠ ɇɨˊɞɡ Ƚ, 

ɛŮ Űɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ űŬɑɜɞɜŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 4.9. 

ɄɑɜŬəŬɠ 4.9: ɇɘɛɏɠ Űɤɜ ˊŬɟŬɛɏŰɟɤɜ ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ ŰŬ ůɡɜɘůŰɩɛŮɜŬ űɎůɛŬŰŬ ŮɚŬůŰɘəɐɠ  ˊɧəɟɘůɖɠ 

ɇɨˊɞɡ 1 

 

 

ɆɢɐɛŬ 4.16: ɀɞɟűɐ ůɡɜɘůŰɩɛŮɜɞɡ űɎůɛŬŰɞɠ ŮɚŬůŰɘəɐɠ Ŭˊɧəɟɘůɖɠ ɇɨˊɞɡ 1 ɔɘŬ əŬŰɖɔɞɟɑŮɠ ŮŭɎűɞɡɠ 

ȷ ɏɤɠ Ⱥ ɛŮ ŬˊɧůɓŮůɖ 

4.6.1 ɮʗʎʈɻ ʎʔʀɿʅɻʎʈʋʞ 

ũɘŬ ɜŬ ŬˊɞűŮɡɢɗŮɑ ɖ ŮəŰɏɚŮůɖ ˊɚɐɟɤɠ ŬɜŮɚŬůŰɘəɐɠ ŬɜɎɚɡůɖɠ ůŰɖɜ ɛŮɚɏŰɖ, ɖ 

ɘəŬɜɧŰɖŰŬ Űɞɡ űɞɟɏŬ ɔɘŬ Ŭˊɧŭɞůɖ ŮɜɏɟɔŮɘŬɠ, əɡɟɑɤɠ ɛɏůɤ Űɖɠ ˊɚɎůŰɘɛɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ 

ůŰɞɘɢŮɑɤɜ Űɞɡ ɐ əŬɘ Ɏɚɚɤɜ ɛɖɢŬɜɘůɛɩɜ, ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ɛŮ ŮəŰɏɚŮůɖ ŮɚŬůŰɘəɐɠ ŬɜɎɚɡůɖɠ 

ɓŬůɘůɛɏɜɖɠ ůŮ űɎůɛŬ Ŭˊɧəɟɘůɖɠ ɛŮɘɤɛɏɜɞ ůŮ ůɢɏůɖ ɛŮ Űɞ ŮɚŬůŰɘəɧ, ˊɞɡ ɞɜɞɛɎɕŮŰŬɘ ŮűŮɝɐɠ 

"űɎůɛŬ ůɢŮŭɘŬůɛɞɨ''. ȼ ɛŮɑɤůɖ ŬɡŰɐ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖɜ ŮɘůŬɔɤɔɐ Űɞɡ ůɡɜŰŮɚŮůŰɐ 

ůɡɛˊŮɟɘűɞɟɎɠ q 

Ƀ ŭŮɑəŰɖɠ ůɡɛˊŮɟɘűɞɟɎɠ q ŮɘůɎɔŮɘ Űɖɜ ɛŮɑɤůɖ Űɤɜ ůŮɘůɛɘəɩɜ ŮˊɘŰŬɢɨɜůŮɤɜ Űɖɠ 

ɟ́ŬɔɛŬŰɘəɐɠ əŬŰŬůəŮɡɐɠ ɚɧɔɤ ɛŮŰŮɚŬůŰɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ, ůŮ ůɢɏůɖ ɛŮ Űɘɠ ŮˊɘŰŬɢɨɜůŮɘɠ 

ˊɞɡ ˊɟɞəɨˊŰɞɡɜ ɡˊɞɚɞɔɘůŰɘəɎ ůŮ ŮɚŬůŰɘəɧ ůɨůŰɖɛŬ, ŮəűɟɎɕŮɘ ŭŮ ɔŮɜɘəɎ Űɖɜ ɘəŬɜɧŰɖŰŬ Ůɜɧɠ 

ŭɞɛɘəɞɨ ůɡůŰɐɛŬŰɞɠ ɜŬ ŬˊɞɟɟɞűɎ ŮɜɏɟɔŮɘŬ ɛɏůɤ ɚ́ɎůŰɘɛɖɠ ůɡɛˊŮɟɘűɞɟɎɠ ɞɟɘůɛɏɜɤɜ 

ɛŮɚɩɜ Űɞɡ, ɢɤɟɑɠ ɜŬ ɛŮɘɩɜŮŰŬɘ ŭɟŬůŰɘəɎ ɖ ŬɜŰɞɢɐ Űɞɡ. Ƀɘ Űɘɛɏɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ 

ůɡɛˊŮɟɘűɞɟɎɠ q, ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Ůˊɑůɖɠ Űɖɜ Ůˊɘɟɟɞɐ ɘɝɩŭɞɡɠ ŬˊɧůɓŮůɖɠ ŭɘŬűɞɟŮŰɘəɐɠ 

Ŭˊɧ 5%, ŭɑɜɞɜŰŬɘ ɔɘŬ ŭɘɎűɞɟŬ ɡɚɘəɎ əŬɘ ůŰŬŰɘəɎ ůɡůŰɐɛŬŰŬ ůŮ ŮɝɎɟŰɖůɖ Ŭˊɧ Űɘɠ ůɢŮŰɘəɏɠ 

əŬŰɖɔɞɟɑŮɠ ˊɚŬůŰɘɛɧŰɖŰŬɠ ůŰŬ ŭɘɎűɞɟŬ ɀɏɟɖ Űɞɡ ȺɡɟɤəɩŭɘəŬ 8 . ȼ Űɘɛɐ Űɞɡ q ɞɟɑɕŮŰŬɘ, 

ɔŮɜɘəɎ, ɔɘŬ ɞɚɧəɚɖɟɞ Űɞ əŰɑɟɘɞ. ɆŰɖ ůɡɜɐɗɖ ˊŮɟɑˊŰɤůɖ əŰɘɟɑɤɜ Ŭˊɧ Űɞ ɑŭɘɞ ɡɚɘəɧ ůŮ ɧɚɞɡɠ 
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Űɞɡɠ ɞɟɧűɞɡɠ əŬɘ ɛŮ ɞɟɗɞɔɤɜɘəɐ ŭɘɎŰŬɝɖ Űɤɜ əŬŰŬəɧɟɡűɤɜ ůŰɞɘɢŮɑɤɜ ŭɡůəŬɛɣɑŬɠ, ɖ Űɘɛɐ 

Űɞɡ q ɞɟɑɕŮŰŬɘ ɔɘŬ əɎɗŮ əɨɟɘŬ ŭɘŮɨɗɡɜůɖ (x ɐ y) Űɞɡ əŰɘɟɑɞɡ ŬɜɎɚɞɔŬ ɛŮ Űɞ ŬɜŰɑůŰɞɘɢɞ ŭɞɛɘəɧ 

ůɨůŰɖɛŬ. 

ũɘŬ Űɘɠ ɞɟɘɕɧɜŰɘŮɠ ůɡɜɘůŰɩůŮɠ Űɖɠ ůŮɘůɛɘəɐɠ ŭɟɎůɖɠ, Űɞ ŮɚŬůŰɘəɧ űɎůɛŬ Ŭˊɧəɟɘůɖɠ 

()TSe  əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ Űɘɠ ŬəɧɚɞɡɗŮɠ ŮəűɟɎůŮɘɠ: 

 
ũɘŬ Űɘɠ ɞɟɘɕɧɜŰɘŮɠ ůɡɜɘůŰɩůŮɠ Űɖɠ ůŮɘůɛɘəɐɠ ŭɟɎůɖɠ, Űɞ űɎůɛŬ ůɢŮŭɘŬůɛɞɨ 

()TSd əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ Űɘɠ ŬəɧɚɞɡɗŮɠ ŮəűɟɎůŮɘɠ: 

 
ɧˊɞɡ: 

()TSd   Űɞ űɎůɛŬ ůɢŮŭɘŬůɛɞɨ 

ɇ  ɖ ˊŮɟɑɞŭɞɠ ŰŬɚɎɜŰɤůɖɠ Ůɜɧɠ ɔɟŬɛɛɘəɞɨ ůɡůŰɐɛŬŰɞɠ ɛɑŬɠ ŮɚŮɡɗŮɟɑŬɠ əɑɜɖůɖɠ 

ga   ŮɑɜŬɘ ɖ ŮŭŬűɘəɐ ŮˊɘŰɎɢɡɜůɖ ůɢŮŭɘŬůɛɞɨ ( ga  = IgĀgRa ) 

BT   ŮɑɜŬɘ ɖ ˊŮɟɑɞŭɞɠ əɎŰɤ ɞɟɑɞɡ Űɞɡ əɚɎŭɞɡ ůŰŬɗŮɟɐɠ űŬůɛŬŰɘəɐɠ Ůɘ́ŰɎɢɡɜůɖɠ 

CT   ŮɑɜŬɘ ɖ ˊŮɟɑɞŭɞɠ Ɏɜɤ ɞɟɑɞɡ Űɞɡ əɚɎŭɞɡ ůŰŬɗŮɟɐɠ űŬůɛŬŰɘəɐɠ ŮˊɘŰɎɢɡɜůɖɠ 

DT   ŮɑɜŬɘ ɖ Űɘɛɐ Űɖɠ ˊŮɟɘɧŭɞɡ ˊɞɡ ɞɟɑɕŮɘ Űɖɜ Ŭɟɢɐ Ű ɖɠ ˊŮɟɘɞɢɐɠ ůŰŬɗŮɟɐɠ 

S  ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŮŭɎűɞɡɠ ɛŮŰŬəɑɜɖůɖɠ Űɞɡ űɎůɛŬŰɞɠ 

ɖ  ŮɑɜŬɘ ɞ ŭɘɞɟɗɤŰɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ŬˊɧůɓŮůɖɠ, ɛŮ Űɘɛɐ ŬɜŬűɞɟɎɠ ɖ = 1 ɔɘŬ 

5% ɘɝɩŭɖ ŬˊɧůɓŮůɖ. ȼ Űɘɛɐ Űɞɡ ŭɘɞɟɗɤŰɘəɞɨ ůɡɜŰŮɚŮůŰɐ ŬˊɧůɓŮůɖɠ ɖ 

ɛˊɞɟŮɑ ɜŬ ɚɖűɗŮɑ Ŭˊɧ Űɖɜ ɏəűɟŬůɖ:  55,0
5

10
²

+
=

z
h  

ɧˊɞɡ ɕ ŮɑɜŬɘ ɞ ɚɧɔɞɠ ɘɝɩŭɞɡɠ ŬˊɧůɓŮůɖɠ Űɞɡ űɞɟɏŬ, ŮəűɟŬůɛɏɜɞɠ ůŬɜ 

ˊɞůɞůŰɧ Ůˊɑ Űɘɠ ŮəŬŰɧ. ȺɎɜ ɔɘŬ Ůɘŭɘəɞɨɠ ɚɧɔɞɡɠ ˊɟɏˊŮɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ 
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ɚɧɔɞɠ ɘɝɩŭɞɡɠ ŬˊɧůɓŮůɖɠ ŭɘŬűɞɟŮŰɘəɧɠ Ŭˊɧ 5%, ɖ Űɘɛɐ ŬɡŰɐ ŭɑɜŮŰŬɘ ůŰɞ 

ůɢŮŰɘəɧ ɀɏɟɞɠ Űɞɡ ȺɡɟɤəɩŭɘəŬ 8. ɆŰɖɜ ˊɟɞəŮɑɛŮɜɖ ˊŮɟɑˊŰɤůɖ ɏɢŮɘ ɔɑɜŮɘ ɖ 

ɗŮɩɟɖůɖ ɔɘŬ ɕ=4%, Ŭűɞɨ ˊɟɧəŮɘŰŬɘ ɔɘŬ əŬŰŬůəŮɡɐ Ŭˊɧ ɢɎɚɡɓŬ əŬɘ əɞɢɚɘɤŰɏɠ 

ůɡɜŭɏůŮɘɠ. 

q  ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ůɡɛˊŮɟɘűɞɟɎɠ 

ɓ  ŮɑɜŬɘ o ůɡɜŰŮɚŮůŰɐɠ əŬŰɩŰŬŰɞɡ ɞɟɑɞɡ ɔɘŬ Űɞ ɞɟɘɕɧɜŰɘɞ űɎůɛŬ ůɢŮŭɘŬůɛɞɨ. 

ȼ Űɘɛɐ ˊɞɡ ŬˊɞŭɑŭŮŰŬɘ ůŰɞɜ ɓ ɔɘŬ ɢɟɐůɖ ůŮ ɛɘŬ ɢɩɟŬ ɛˊɞɟŮɑ ɜŬ ɓɟŮɗŮɑ ůŰɞ Ⱥɗɜɘəɧ 

ɄɟɞůɎɟŰɖɛŬ əŬɘ ɔɘŬ Űɖɜ ȺɚɚɎŭŬ ɘůɞɨŰŬɘ ɛŮ 0,2. 

ɆŰŬ ˊɚŬɑůɘŬ ŬɡŰɐɠ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ, Űɞ ɛŮŰŬɚɚɘəɧ ɡˊɧůŰŮɔɞ ˊɞɡ ɛŮɚŮŰɎŰŬɘ 

ŬˊɞŰŮɚŮɑ əŬɜɞɜɘəɧ ůɨůŰɖɛŬ űɞɟɏŬ əŬɘ ɏɢŮɘ ɗŮɤɟɖɗŮɑ ɀɏůɖ ȾŬŰɖɔɞɟɑŬ ɄɚŬůŰɘɛɧŰɖŰŬɠ 

(ȾɄɀ). ȾŬŰɎ Űɖ x ɡˊɎɟɢɞɡɜ ˊɚŬɑůɘŬ ɛŮ ŭɘəŰɡɤŰɎ ɕɡɔɩɛŬŰŬ Ůɜɩ əŬŰɎ Űɖ ŭɘŮɨɗɡɜůɖ y 

əŬŰŬəɧɟɡűɞɘ ŭɘŬɔɩɜɘɞɘ ůɨɜŭŮůɛɞɘ ŭɡůəŬɛɣɑŬɠ ɢɤɟɑɠ ŮəəŮɜŰɟɧŰɖŰŬ. Ⱥˊɞɛɏɜɤɠ, ůɨɛűɤɜŬ ɛŮ 

Űɞɜ ȺɡɟɤəɩŭɘəŬ 8 ɔɘŬ Űɖ ŭɘŮɨɗɡɜůɖ y ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ɗŮɤɟɖɗŮɑ q=4 Ůɜɩ ɔɘŬ Űɖ ŭɘŮɨɗɡɜůɖ x 

ɜŬ ɗŮɤɟɖɗŮɑ q=3. ɋůŰɧůɞ, ɔɘŬ Űɖɜ Ŭˊɞűɡɔɐ Űɤɜ Ůɚɏɔɢɤɜ ɔɘŬ Űɖɜ ŮɝŬůűɎɚɘůɖ ŬɝɘɧˊɘůŰɞɡ 

ŮɚŬůŰɞˊɚŬůŰɘəɞɨ ɛɖɢŬɜɘůɛɞɨ əŬɘ Űɤɜ Ůɚɏɔɢɤɜ ɘəŬɜɞŰɘəɞɨ ůɢŮŭɘŬůɛɞɨ ŮˊɘɚɏɢɗɖəŮ q=1,5. 

 

ɆɡɔəŮɜŰɟɤŰɘəɎ ɔɘŬ Űɞɜ űɞɟɏŬ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ɏɢɞɡɛŮ: 

1. Ȼɩɜɖ ŮˊɘəɘɜŭɡɜɧŰɖŰŬɠ ůɨɛűɤɜŬ ɛŮ Űɞɜ ůŮɘůɛɘəɧ ɢɎɟŰɖ Űɖɠ ȺɚɚɎŭɞɠ Ȼ1 əŬɘ 

Ůˊɞɛɏɜɤɠ gRa /g = 0,16 

2. ɆɡɜŰŮɚŮůŰɐɠ ůˊɞɡŭŬɘɧŰɖŰŬɠ Ig=1,20 Ůűɧůɞɜ ɖ əŬŰɖɔɞɟɑŬ ůˊɞɡŭŬɘɧŰɖŰŬɠ ŮɑɜŬɘ ȽIȽ. 

3. ga  = IgĀgRa = 1,20Ā0,16g = 0,192g 

4. ȾŬŰɖɔɞɟɑŬ ŮŭɎűɞɡɠ ȸ 

5. q =1,5 əŬɘ ɔɘŬ Űɘɠ ŭɨɞ ŭɘŮɡɗɨɜůŮɘɠ x əŬɘ y 

6. ɆɡɜŰŮɚŮůŰɐɠ ŬˊɧůɓŮůɖɠ ɕ=4% 

 

ɄŬɟŬəɎŰɤ (ůŰɞ ɆɢɐɛŬ 4.17) űŬɑɜɞɜŰŬɘ ůŰŬ ŭŮŭɞɛɏɜŬ Űɖɠ ůŮɘůɛɘəɐɠ ŭɘɏɔŮɟůɖɠ ɧˊɤɠ 

ŮɘůɐɢɗɖůŬɜ ůŰɞ SAP 2000 əŬɘ ɔɘŬ Űɘɠ ŭɨɞ ŭɘŮɡɗɨɜůŮɘɠ Űɞɡ ůŮɘůɛɞɨ. 
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ɆɢɐɛŬ 4.17: ūɎůɛŬ ŮɚŬůŰɘəɐɠ Ŭˊɧəɟɘůɖɠ Űɨˊɞɡ 1 Űɞɡ ɛŮŰŬɚɚɘəɞɨ ɡˊɧůŰŮɔɞɡ əŬɘ ůŰɘɠ ŭɨɞ 

ŭɘŮɡɗɨɜůŮɘɠ 

 

ɆɢɐɛŬ 4.18: ɄŬɟŬɛɧɟűɤůɖ Űɞɡ űɞɟɏŬ Űɖɠ 1
ɖɠ

 ŮɜŬɚɚŬəŰɘəɐɠ ɚɨůɖɠ ɔɘŬ ůŮɘůɛɧ ůŰɖ ŭɘŮɨɗɡɜůɖ ɉ 
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ɆɢɐɛŬ 4.19: ɄŬɟŬɛɧɟűɤůɖ Űɞɡ űɞɟɏŬ Űɖɠ 1
ɖɠ

 ŮɜŬɚɚŬəŰɘəɐɠ ɚɨůɖɠ ɔɘŬ ůŮɘůɛɧ ůŰɖ ŭɘŮɨɗɡɜůɖ Ɉ 

 

ɆɢɐɛŬ 4.20: ɄŬɟŬɛɧɟűɤůɖ Űɞɡ űɞɟɏŬ Űɖɠ 2
ɖɠ

 ŮɜŬɚɚŬəŰɘəɐɠ ɚɨůɖɠ ɔɘŬ ůŮɘůɛɧ ůŰɖ ŭɘŮɨɗɡɜůɖ ɉ 
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ɆɢɐɛŬ 4.21: ɄŬɟŬɛɧɟűɤůɖ Űɞɡ űɞɟɏŬ Űɖɠ 2
ɖɠ

 ŮɜŬɚɚŬəŰɘəɐɠ ɚɨůɖɠ ɔɘŬ ůŮɘůɛɧ ůŰɖ ŭɘŮɨɗɡɜůɖ Ɉ 

 

4.6.2 ɥʘʃʋɿʋʅ ɻʉʗʇʑʎʂʏ 

ɆɨɛűɤɜŬ ɛŮ Űɞɜ ȺɡɟɤəɩŭɘəŬ 8, ŬɜɎɚɞɔŬ ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ űɞɟɏŬ Űɞɡ əŰɘɟɑɞɡ 

ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɏɜŬɠ Ŭˊɧ Űɞɡɠ Ŭəɧɚɞɡɗɞɡɠ ŭɨɞ Űɨˊɞɡɠ ɔɟŬɛɛɘəɐɠ-ŮɚŬůŰɘəɐɠ 

ŬɜɎɚɡůɖɠ: 

a. ɖ "ɛɏɗɞŭɞɠ ŬɜɎɚɡůɖɠ ɞɟɘɕɧɜŰɘŬɠ űɧɟŰɘůɖɠ" (ŭŮɜ ŬˊŬɘŰŮɑŰŬɘ ɘŭɘɞɛɞɟűɘəɐ ŬɜɎɚɡůɖ, 

ŬɚɚɎ ůŰɖɟɑɕŮŰŬɘ ůŮ ˊɟɞůŮɔɔɘůŰɘəɐ ɗŮɩɟɖůɖ ɛɧɜɞɜ Űɖɠ ɗŮɛŮɚɘɩŭɞɡɠ ɘŭɘɞɛɞɟűɘəɐɠ 

ŰŬɚɎɜŰɤůɖɠ) 

b. ɖ "ɘŭɘɞɛɞɟűɘəɐ ŬɜɎɚɡůɖ űɎůɛŬŰɞɠ Ŭˊɧəɟɘůɖɠ" (ˊɚɐɟɖɠ ɘŭɘɞɛɞɟűɘəɐ ŬɜɎɚɡůɖ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ, ɡˊɞɚɞɔɘůɛɧɠ ɛɏɔɘůŰɖɠ ůŮɘůɛɘəɐɠ Ŭˊɧəɟɘůɖɠ ɔɘŬ əɎɗŮ ɘŭɘɞɛɞɟűɐ ŰŬɚɎɜŰɤůɖɠ 

əŬɘ Űɏɚɞɠ ɘŭɘɞɛɞɟűɘəɐ ŮˊŬɚɚɖɚɑŬ Űɤɜ ɛɏɔɘůŰɤɜ ɘŭɘɞɛɞɟűɘəɩɜ ŬˊɞəɟɑůŮɤɜ). 

ɆŰɖɜ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ŭŮɨŰŮɟɖ ɛɏɗɞŭɞɠ 

 

Ƚŭɘɞɛɞɟűɘəɐ ŬɜɎɚɡůɖ űɎůɛŬŰɞɠ Ŭˊɧəɟɘůɖɠ 

 

ȼ ɛɏɗɞŭɞɠ ɛˊɞɟŮɑ ɜŬ ŮűŬɟɛɞůŰŮɑ ɔɘŬ ɧɚɞɡɠ Űɞɡɠ Űɨˊɞɡɠ əŰɘɟɑɤɜ. ɆŰɖ ɛɏɗɞŭɞ ŬɡŰɐ 

ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ɖ Ŭˊɧəɟɘůɖ ɧɚɤɜ Űɤɜ ɘŭɘɞɛɞɟűɩɜ ŰŬɚɎɜŰɤůɖɠ ˊɞɡ ůɡɛɓɎɚɚɞɡɜ 

ůɖɛŬɜŰɘəɎ ůŰɖ ůɡɜɞɚɘəɐ Ŭˊɧəɟɘůɖ. ɇɞɨŰɞ ɗŮɤɟŮɑŰŬɘ ɧŰɘ ɘəŬɜɞˊɞɘŮɑŰŬɘ Ŭɜ ɘůɢɨŮɘ ɏɜŬ Ŭˊɧ ŰŬ 

ˊŬɟŬəɎŰɤ: 

- Űɞ ɎɗɟɞɘůɛŬ Űɤɜ ŭɟɤůɩɜ ɘŭɘɞɛɞɟűɘəɩɜ ɛŬɕɩɜ ɔɘŬ Űɘɠ ɘŭɘɞɛɞɟűɏɠ 

ˊɞɡ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ŮɑɜŬɘ ŰɞɡɚɎɢɘůŰɞɜ Űɞ 90% Űɖɠ ůɡɜɞɚɘəɐɠ 

ɛɎɕŬɠ Űɞɡ űɞɟɏŬ. 
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- ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ɧɚŮɠ ɞɘ ɘŭɘɞɛɞɟűɏɠ ɛŮ ŭɟɩůŮɠ ɘŭɘɞɛɞɟűɘəɏɠ 

ɛɎɕŮɠ ɛŮɔŬɚɨŰŮɟŮɠ Ŭˊɧ Űɞ 5% Űɖɠ ůɡɜɞɚɘəɐɠ ɛɎɕŬɠ. 

ɆɨɛűɤɜŬ ɛŮ Űɞɜ ȺɡɟɤəɩŭɘəŬ 8, ɖ ŭɟɩůŬ ɘŭɘɞɛɞɟűɘəɐ ɛɎɕŬ km , ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŮ 

ɘŭɘɞɛɞɟűɐ k, əŬɗɞɟɑɕŮŰŬɘ ɏŰůɘ ɩůŰŮ ɖ ŰɏɛɜɞɡůŬ ŭɨɜŬɛɖ ɓɎůɖɠ ˊɞɡ ŭɟŬ ůŰɖɜ ŭɘŮɨɗɡɜůɖ 

ŮűŬɟɛɞɔɐɠ Űɖɠ ůŮɘůɛɘəɐɠ ŭɟɎůɖɠ, ɜŬ ɛˊɞɟŮɑ ɜŬ ŮəűɟŬůŰŮɑ ɤɠ () kkdbk mTSF Ö= . 

ȷˊɞŭŮɘəɜɨŮŰŬɘ ɧŰɘ Űɞ ɎɗɟɞɘůɛŬ Űɤɜ ŭɟɤůɩɜ ɘŭɘɞɛɞɟűɘəɩɜ ɛŬɕɩɜ (ɔɘŬ ɧɚŮɠ Űɘɠ ɘŭɘɞɛɞɟűɏɠ 

əŬɘ ɛɘŬ ŭŮŭɞɛɏɜɖ ŭɘŮɨɗɡɜůɖ) ŮɑɜŬɘ ɑůɖ ɛŮ Űɖ ɛɎɕŬ Űɞɡ űɞɟɏŬ. 

ȳůɞɜ ŬűɞɟɎ Űɞɜ ůɡɜŭɡŬůɛɧ Űɤɜ ɘŭɘɞɛɞɟűɘəɩɜ ŬˊɞəɟɑůŮɤɜ, ɓɎůɖ Űɞɡ ȺɡɟɤəɩŭɘəŬ 8, 

ɞɘ ŬˊɞəɟɑůŮɘɠ ůŮ ŭɨɞ ɘŭɘɞɛɞɟűɏɠ ŰŬɚɎɜŰɤůɖɠ i əŬɘ j (ˊɞɡ ˊŮɟɘɚŬɛɓɎɜɞɡɜ əŬɘ ɛŮŰŬűɞɟɘəɏɠ əŬɘ 

ůŰɟŮˊŰɘəɏɠ ɘŭɘɞɛɞɟűɏɠ) ɛˊɞɟŮɑ ɜŬ ɚɖűɗɞɨɜ ɤɠ ŬɜŮɝɎɟŰɖŰŮɠ Ůűɧůɞɜ ɞɘ ˊŮɟɑɞŭɞɑ Űɞɡɠ iT  əŬɘ 

jT  ɘəŬɜɞˊɞɘɞɨɜ (ɛŮ jT Ò iT ) Űɖ ůɡɜɗɐəɖ: jT Ò0,9Ŀ iT . 

ȷəɞɚɞɡɗŮɑ ůɨɜŰɞɛɖ ˊŮɟɘɔɟŬűɐ Űɖɠ ɛŮɗɧŭɞɡ, ɧˊɤɠ ŬɡŰɐ ŮűŬɟɛɧůŰɖəŮ ůŰɖɜ ˊŬɟɞɨůŬ 

ɛŮɚɏŰɖ. 

¶ ȾŬŰɎ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ɘŭɘɞɛɞɟűɘəɐɠ ŬɜɎɚɡůɖɠ űɎůɛŬŰɞɠ ŬˊɞəɟɑůŮɤɠ ůŰɖɜ 

ɡˊɧ ɛŮɚɏŰɖ əŬŰŬůəŮɡɐ, ɏɔɘɜŮ ɖ ɗŮɩɟɖůɖ Ůɜɧɠ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ Űɤɜ ŭɨɞ 

ɞɟɘɕɞɜŰɑɤɜ, əŬɘ əŬɗɏŰɤɜ ɛŮŰŬɝɨ Űɞɡɠ, ůɡɜɘůŰɤůɩɜ Űɖɠ ůŮɘůɛɘəɐɠ ŭɟɎůɖɠ 

ŰŬɡŰɑɕɞɜŰɎɠ Űɖɠ ɛŮ Űɞɡɠ ɎɝɞɜŮɠ ɉ əŬ Ɉ, ɧˊɤɠ ŬɡŰɞɑ ɏɢɞɡɜ ɞɟɘůŰŮɑ ůŰɞ 

ˊɟɞůɞɛɞɑɤɛŬ ˊɞɡ ɏɢŮɘ ŮɘůŬɢɗŮɑ ůŰɞ ˊɟɧɔɟŬɛɛŬ. ȾŬŰɎ Űɖɜ ɘŭɘɞɛɞɟűɘəɐ ŬɜɎɚɡůɖ 

ɡˊɞɚɞɔɑůŰɖəŬɜ ɞɘ ɘŭɘɞɛɞɟűɏɠ ŰŬɚɎɜŰɤůɖɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ əŬɘ ɞɘ ŬɜŰɑůŰɞɘɢŮɠ 

ɘŭɘɞˊŮɟɑɞŭɞɘ əŬɘ ɘŭɘɞůɡɢɜɧŰɖŰŮɠ. 

¶ ȾŬŰɎ Űɖɜ ɘŭɘɞɛɞɟűɘəɐ Ŭˊɧəɟɘůɖ, ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ɞɟɘɕɧɜŰɘɞ űɎůɛŬ 

ůɢŮŭɘŬůɛɞɨ, ɧˊɤɠ ŬɡŰɧ ˊŮɟɘɔɟɎűɖəŮ ˊŬɟŬˊɎɜɤ, ɡˊɞɚɞɔɑɕɞɜŰŬɠ ɔɘŬ əɎɗŮ 

ůɡɜɘůŰɩůŬ Űɞɡ ůŮɘůɛɞɨ Űɖɜ ŬəɟŬɑŬ Ŭˊɧəɟɘůɖ (ɛŮŰŬəɑɜɖůɖ, ɏɜŰŬůɖ), ɛŮ 

əŬɗɞɟɘůɛɏɜɞ ˊɟɧůɖɛɞ, ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŮ əɎɗŮ ɘŭɘɞɛɞɟűɐ ŰŬɚɎɜŰɤůɖɠ. 

¶ ũɘŬ Űɖɜ ɘŭɘɞɛɞɟűɘəɐ ŮˊŬɚɚɖɚɑŬ, əŬŰɎ Űɖɜ ɞˊɞɑŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ɔɘŬ əɎɗŮ 

ůɡɜɘůŰɩůŬ Űɞɡ ůŮɘůɛɞɨ ɖ ˊɘɗŬɜɐ ŬəɟŬɑŬ Űɘɛɐ Űɞɡ ŰɡɢɧɜŰɞɠ ɛŮɔɏɗɞɡɠ Ŭˊɧəɟɘůɖɠ 

(ɛŮ ŬəŬɗɧɟɘůŰɞ ˊɟɧůɖɛɞ), ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ Ʉɚɐɟɖɠ ɇŮŰɟŬɔɤɜɘəɐ ȺˊŬɚɚɖɚɑŬ 

(CQC). 

¶ ũɘŬ Űɖɜ ɢɤɟɘəɐ ŮˊŬɚɚɖɚɑŬ, əŬŰɎ Űɖɜ ɞˊɞɑŬ ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ˊɘɗŬɜɐ ŬəɟŬɑŬ Űɘɛɐ 

ŰɡɢɧɜŰɞɠ ɛŮɔɏɗɞɡɠ Ŭˊɧəɟɘůɖɠ ɔɘŬ ŰŬɡŰɧɢɟɞɜɖ ŭɟɎůɖ Űɤɜ ůɡɜɘůŰɤůɩɜ Űɞɡ 

ůŮɘůɛɞɨ (ɛŮ ŬəŬɗɧɟɘůŰɞ ˊɟɧůɖɛɞ), ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ȷˊɚɐ ɇŮŰɟŬɔɤɜɘəɐ 

ȺˊŬɚɚɖɚɑŬ (SRSS). 

¶ ȼ ůɡɛɛŮŰɏɢɞɡůŬ ɛɎɕŬ ɞɟɑůŰɖəŮ Ŭˊɧ Űɞ ˊɟɧɔɟŬɛɛŬ, ůɨɛűɤɜŬ ɛŮ ŰŬ űɞɟŰɑŬ ˊɞɡ 

ɏɢɞɡɜ ŮɘůŬɢɗŮɑ, ɡˊɧ Űɞ ůɡɜŭɡŬůɛɧ ɛŮ ŭɟɩɜŰŬ ɛɧɜɞ ŰŬ ɛɧɜɘɛŬ űɞɟŰɑŬ (G). 

ɄɑɜŬəŬɠ 4.10: ɆɡɛɛŮŰɞɢɐ ŭɟɩůɤɜ ɘŭɘɞɛɞɟűɘəɩɜ ɛŬɕɩɜ ůŰɞɜ űɞɟɏŬ Űɖɠ 1
ɖ
 ɚɨůɖɠ 

Modes Period UX UY SumUX SumUY 

Unitless Sec Unitless Unitless Unitless Unitless 

1 0,521487 1,09E-20 0,26337 1,09E-20 0,26337 

2 0,494408 1,421E-18 5,013E-17 1,432E-18 0,26337 

3 0,494405 6,27E-20 0,5261 1,495E-18 0,78947 

4 0,48254 6,892E-19 0 2,184E-18 0,78947 

5 0,481964 5,405E-19 0,15194 2,724E-18 0,94141 

6 0,464242 3,644E-17 3,449E-19 3,917E-17 0,94141 

7 0,462882 1,755E-17 0,00345 5,672E-17 0,94486 

8 0,449815 0,44219 9,347E-18 0,44219 0,94486 

9 0,442734 1,579E-16 5,528E-18 0,44219 0,94486 
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10 0,441938 8,814E-16 0,00147 0,44219 0,94632 

11 0,346758 1,112E-14 3,007E-16 0,44219 0,94632 

12 0,345888 0,000001262 1,637E-17 0,44219 0,94632 

13 0,345837 1,466E-18 1,677E-19 0,44219 0,94632 

14 0,345757 0,000000981 1,115E-18 0,44219 0,94632 

15 0,345753 9,235E-18 1,786E-17 0,44219 0,94632 

16 0,339137 0,03802 1,252E-18 0,48021 0,94632 

17 0,324426 1,197E-16 1,759E-17 0,48021 0,94632 

18 0,324245 1,086E-15 0,000001737 0,48021 0,94632 

19 0,317248 8,917E-18 8,462E-20 0,48021 0,94632 

20 0,317141 2,604E-17 0,000001031 0,48021 0,94632 

21 0,314919 3,744E-18 9,132E-20 0,48021 0,94632 

22 0,312981 7,054E-19 2,821E-07 0,48021 0,94632 

23 0,24964 4,021E-14 7,088E-16 0,48021 0,94632 

24 0,233988 1,126E-14 2,643E-19 0,48021 0,94632 

25 0,233177 0,00238 8,863E-17 0,48259 0,94632 

26 0,229031 1,489E-10 3,091E-16 0,48259 0,94632 

27 0,229031 5,636E-14 2,793E-16 0,48259 0,94632 

28 0,229028 5,788E-11 8,018E-17 0,48259 0,94632 

29 0,229028 1,017E-14 1,983E-16 0,48259 0,94632 

30 0,229024 1,559E-10 8,787E-17 0,48259 0,94632 

31 0,229024 9,239E-15 5,209E-17 0,48259 0,94632 

32 0,116856 2,12E-16 0,00542 0,48259 0,95174 

33 0,115529 9,423E-17 8,81E-18 0,48259 0,95174 

34 0,115519 3,122E-17 0,00993 0,48259 0,96167 

35 0,112622 5,828E-16 1,259E-16 0,48259 0,96167 

36 0,112486 1,247E-16 3,224E-16 0,48259 0,96167 

37 0,112201 0,00055 2,884E-15 0,48314 0,96167 

38 0,110241 1,957E-16 4,438E-18 0,48314 0,96167 

39 0,108482 1,827E-15 8,318E-16 0,48314 0,96167 

40 0,10808 0,00074 1,346E-17 0,48388 0,96167 

41 0,107955 4,078E-15 0,0008 0,48388 0,96247 

42 0,107694 3,783E-15 2,084E-15 0,48388 0,96247 

43 0,107693 3,13E-14 0,00136 0,48388 0,96383 

44 0,107359 4,359E-15 7,388E-16 0,48388 0,96383 

45 0,102516 4,841E-14 2,092E-16 0,48388 0,96383 

46 0,097593 5,145E-15 2,159E-16 0,48388 0,96383 

47 0,096881 2,008E-14 0,00037 0,48388 0,9642 

48 0,091884 0,42787 6,644E-15 0,91175 0,9642 

49 0,089955 2,038E-14 0,00141 0,91175 0,96561 

50 0,0864 2,552E-15 1,36E-15 0,91175 0,96561 

51 0,086225 0,00143 5,357E-16 0,91318 0,96561 

52 0,086171 6,79E-17 4,712E-15 0,91318 0,96561 

53 0,085403 4,546E-16 1,32E-15 0,91318 0,96561 

54 0,084881 7,034E-14 0,000003689 0,91318 0,96561 

55 0,083943 4,832E-15 4,541E-16 0,91318 0,96561 

56 0,083903 5,381E-07 4,736E-16 0,91318 0,96561 

57 0,083867 4,773E-15 2,526E-15 0,91318 0,96561 
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58 0,083418 3,156E-13 0,0022 0,91318 0,96781 

59 0,083274 3,826E-16 2,554E-16 0,91318 0,96781 

60 0,081621 0,00857 9,947E-17 0,92175 0,96781 

61 0,081365 7,277E-13 0,00785 0,92175 0,97566 

62 0,080829 3,223E-14 1,514E-17 0,92175 0,97566 

63 0,077644 1,294E-13 0,00007292 0,92175 0,97573 

64 0,077581 7,78E-12 0,0004 0,92175 0,97613 

65 0,077576 3,502E-14 8,323E-15 0,92175 0,97613 

66 0,070318 2,402E-12 4,272E-15 0,92175 0,97613 

67 0,070287 3,573E-13 5,046E-15 0,92175 0,97613 

68 0,070281 0,00013 7,18E-14 0,92189 0,97613 

69 0,069651 3,777E-13 4,103E-14 0,92189 0,97613 

70 0,068084 4,246E-12 0,00001367 0,92189 0,97614 

71 0,068083 0,02996 1,615E-15 0,95185 0,97614 

72 0,068078 1,352E-11 0,00004375 0,95185 0,97619 

73 0,068078 3,889E-13 1,249E-14 0,95185 0,97619 

74 0,062229 1,016E-12 2,227E-15 0,95185 0,97619 

75 0,058996 0,001 8,626E-16 0,95284 0,97619 

76 0,058889 1,568E-13 7,845E-16 0,95284 0,97619 

77 0,055072 1,011E-15 0,00256 0,95284 0,97875 

78 0,055072 1,915E-14 2,407E-11 0,95284 0,97875 

79 0,055067 1,626E-14 1,259E-09 0,95284 0,97875 

80 0,055067 1,986E-13 3,609E-13 0,95284 0,97875 

81 0,055061 5,377E-15 0,00009199 0,95284 0,97884 

82 0,055061 8,069E-14 4,826E-14 0,95284 0,97884 

83 0,054741 0,00014 3,616E-14 0,95299 0,97884 

84 0,054113 7,273E-15 0,00001236 0,95299 0,97885 

85 0,053061 2,086E-13 5,787E-15 0,95299 0,97885 

86 0,05047 1,273E-13 1,668E-14 0,95299 0,97885 

87 0,05047 2,43E-11 9,071E-15 0,95299 0,97885 

88 0,050468 9,325E-12 2,03E-15 0,95299 0,97885 

89 0,050468 1,198E-12 7,456E-17 0,95299 0,97885 

90 0,050467 1,634E-11 5,518E-15 0,95299 0,97885 

91 0,050467 2,186E-13 1,513E-15 0,95299 0,97885 

92 0,050368 8,618E-14 2,621E-15 0,95299 0,97885 

93 0,049874 1,749E-12 4,7E-15 0,95299 0,97885 

94 0,04947 3,901E-15 0,00096 0,95299 0,97981 

95 0,049083 0,00031 2,487E-15 0,9533 0,97981 

96 0,048361 0,00003486 1,489E-14 0,95334 0,97981 

97 0,048275 1,025E-14 0,007 0,95334 0,98681 

98 0,048195 3,255E-14 6,754E-15 0,95334 0,98681 

99 0,048192 7,167E-14 9,235E-14 0,95334 0,98681 

100 0,048048 1,551E-14 3,148E-14 0,95334 0,98681 

 

ɆŰɖɜ ˊɟɩŰɖ ɚɨůɖ ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɔɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ Űɞ ŮˊɘɗɡɛɖŰɧ ˊɞůɞůŰɧ 

ɘŭɘɞɛɞɟűɘəɐɠ ɛɎɕŬɠ (ˊɎɜɤ Ŭˊɧ 90%) əŬŰɎ Űɖ ŭɘŮɨɗɡɜůɖ ɉ ŬˊŬɘŰɐɗɖəŬɜ 48 ɘŭɘɞɛɞɟűɏɠ, Ůɜɩ 

əŬŰɎ Űɖ ŭɘŮɨɗɡɜůɖ Ɉ ŬˊŬɘŰɐɗɖəŬɜ 5. ȼ əɨɟɘŬ ɘŭɘɞˊŮɟɑɞŭɞɠ əŬŰɎ Űɖ ŭɘŮɨɗɡɜůɖ ɉ ɘůɞɨŰŬɘ ɛŮ 

ɇ = 0,091sec ɖ ɞˊɞɑŬ ŭɑɜŮŰŬɘ ůŰɖɜ 48ɖ ɘŭɘɞɛɞɟűɐ əŬɘ ŭɑɜŮɘ ˊɞůɞůŰɧ Űɖɠ ɘŭɘɞɛɞɟűɘəɐɠ ɛɎɕŬɠ 
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ɑůɞ ɛŮ 91,18%. ȾŬŰɎ Űɖ ŭɘŮɨɗɡɜůɖ Ɉ ɖ əɨɟɘŬ ɘŭɘɞˊŮɟɑɞŭɞɠ ɘůɞɨŰŬɘ ɛŮ ɇ = 0,481sec, ɖ ɞˊɞɑŬ 

ŭɑɜŮŰŬɘ ůŰɖɜ 5
ɖ
 ɘŭɘɞɛɞɟűɐ əŬɘ ŭɑɜŮɘ ˊɞůɞůŰɧ Űɖɠ ɘŭɘɞɛɞɟűɘəɐɠ ɛɎɕŬɠ ɑůɞ ɛŮ 94,14%. 

 

ɆɢɐɛŬ 4.22: ȾɨɟɘŬ ɘŭɘɞɛɞɟűɐ əŬŰɎ Űɖ ŭɘŮɨɗɡɜůɖ ɉ (48
ɖ
 ɛŮ ɇ = 0,091sec) Űɞɡ űɞɟɏŬ Űɖɠ 1

ɖɠ
 

ŮɜŬɚɚŬəŰɘəɐɠ ɚɨůɖɠ 
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ɆɢɐɛŬ 4.23: ȾɨɟɘŬ ɘŭɘɞɛɞɟűɐ əŬŰɎ Űɖ ŭɘŮɨɗɡɜůɖ Ɉ (5
ɖ
 ɛŮ ɇ = 0,481sec) Űɞɡ űɞɟɏŬ Űɖɠ 1

ɖɠ
 

ŮɜŬɚɚŬəŰɘəɐɠ ɚɨůɖɠ 

ɄɑɜŬəŬɠ 4.11: ɆɡɛɛŮŰɞɢɐ ŭɟɩůɤɜ ɘŭɘɞɛɞɟűɘəɩɜ ɛŬɕɩɜ ůŰɞɜ űɞɟɏŬ Űɖɠ 2
ɖ
 ɚɨůɖɠ 

Modes Period UX UY UZ SumUX SumUY 

Unitless Sec Unitless Unitless Unitless Unitless Unitless 

1 0,959645 0 0,45747 0 0 0,45747 

2 0,930196 3,41E-19 0 1,639E-20 3,413E-19 0,45747 

3 0,929587 1,438E-19 0,44469 1,027E-20 4,85E-19 0,90216 

4 0,850843 1,151E-18 2,772E-20 4,707E-20 1,636E-18 0,90216 

5 0,84127 0 0,07523 4,942E-20 1,639E-18 0,97739 

6 0,759232 1,87E-18 9,135E-19 8,611E-19 3,509E-18 0,97739 

7 0,750221 8,437E-18 0,00049 1,178E-18 1,195E-17 0,97788 

8 0,725312 0,31594 9,394E-18 4,297E-20 0,31594 0,97788 

9 0,684611 1,249E-17 3,77E-18 5,371E-18 0,31594 0,97788 

10 0,681631 2,421E-17 0,00049 6,435E-18 0,31594 0,97837 

11 0,419364 1,54E-16 8,091E-17 0,10263 0,31594 0,97837 

12 0,419364 6,6E-13 2,234E-15 5,869E-07 0,31594 0,97837 

13 0,41936 5,829E-16 3,288E-17 1,602E-12 0,31594 0,97837 

14 0,41936 5,521E-11 4,41E-16 2,933E-15 0,31594 0,97837 

15 0,419356 7,335E-18 7,637E-16 0,00302 0,31594 0,97837 

16 0,419356 7E-13 1,662E-15 0,000000144 0,31594 0,97837 

17 0,385272 2,183E-16 9,282E-18 0,05628 0,31594 0,97837 
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18 0,363345 6,402E-16 7,892E-17 0,09738 0,31594 0,97837 

19 0,362694 0,00157 7,456E-16 4,616E-16 0,31751 0,97837 

20 0,145482 1,033E-16 0,00449 1,455E-16 0,31751 0,98286 

21 0,144388 1,351E-16 2,217E-19 5,735E-16 0,31751 0,98286 

22 0,144378 7,431E-16 0,00794 1,663E-14 0,31751 0,99081 

23 0,140689 1,241E-16 3,603E-18 0,00011 0,31751 0,99081 

24 0,140504 9,572E-16 1,142E-17 0,00062 0,31751 0,99081 

25 0,140493 0,00009708 3,098E-18 3,09E-14 0,31761 0,99081 

26 0,13265 1,562E-15 0,00019 4,498E-15 0,31761 0,991 

27 0,131645 9,129E-16 1,766E-16 6,798E-15 0,31761 0,991 

28 0,131613 3,938E-17 0,00047 1,61E-15 0,31761 0,99147 

29 0,129517 1,363E-15 1,303E-16 0,00709 0,31761 0,99147 

30 0,12837 0,03345 1,162E-16 7,331E-15 0,35106 0,99147 

31 0,127031 6,022E-18 5,158E-17 5,171E-16 0,35106 0,99147 

32 0,124128 0,07484 9,456E-16 4,78E-15 0,4259 0,99147 

33 0,122248 2,654E-16 4,96E-15 0,0284 0,4259 0,99147 

34 0,120535 1,414E-14 1,754E-15 7,246E-16 0,4259 0,99147 

35 0,119966 6,264E-16 0,0000297 4,373E-15 0,4259 0,9915 

36 0,117683 7,534E-17 4,996E-15 0,03751 0,4259 0,9915 

37 0,116219 0,09461 3,838E-17 1,718E-16 0,52051 0,9915 

38 0,112014 7,254E-18 0,00087 1,141E-15 0,52051 0,99237 

39 0,107665 2,214E-16 1,75E-19 1,672E-18 0,52051 0,99237 

40 0,106663 0,42123 3,093E-17 6,909E-15 0,94174 0,99237 

41 0,10653 4,599E-18 0,00226 6,339E-16 0,94174 0,99462 

42 0,105692 1,005E-16 7,554E-18 1,398E-15 0,94174 0,99462 

43 0,103615 1,804E-15 3,156E-16 0,00522 0,94174 0,99462 

44 0,102755 9,92E-16 3,829E-16 0,00251 0,94174 0,99462 

45 0,099312 0,01677 2,696E-16 2,266E-16 0,95851 0,99462 

46 0,097067 9,31E-15 8,4E-16 0,0076 0,95851 0,99462 

47 0,089077 1,948E-14 7,706E-15 0,00057 0,95851 0,99462 

48 0,088993 0,000004086 7,33E-17 4,783E-14 0,95852 0,99462 

49 0,088993 3,565E-14 1,289E-15 0,00134 0,95852 0,99462 

50 0,088889 1,941E-15 0,00011 1,393E-15 0,95852 0,99473 

51 0,088839 1,224E-14 0,00021 7,326E-17 0,95852 0,99494 

52 0,088837 8,303E-16 1,322E-15 4,474E-18 0,95852 0,99494 

53 0,08783 1,836E-14 0,0001 2,903E-15 0,95852 0,99504 

54 0,08749 1,293E-13 0,00034 1,008E-14 0,95852 0,99538 

55 0,08749 1,146E-13 4,875E-18 6,894E-14 0,95852 0,99538 

56 0,081412 2,339E-13 9,001E-16 0,000009292 0,95852 0,99538 

57 0,080983 0,00015 5,983E-16 1,974E-14 0,95867 0,99538 

58 0,080962 8,757E-13 5,569E-16 0,00001476 0,95867 0,99538 

59 0,070656 7,146E-13 0,00005159 1,69E-14 0,95867 0,99543 

60 0,070649 4,229E-15 2,078E-17 8,555E-14 0,95867 0,99543 

61 0,070649 2,326E-13 0,00006652 8,685E-15 0,95867 0,9955 

62 0,069799 2,559E-13 8,745E-16 0,00074 0,95867 0,9955 

63 0,069772 7,304E-07 7,731E-16 2,297E-14 0,95867 0,9955 

64 0,069771 1,435E-13 1,45E-15 0,00105 0,95867 0,9955 

65 0,06447 1,85E-12 0,00002787 1,095E-13 0,95867 0,99553 
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66 0,063301 0,00004913 1,941E-16 1,525E-15 0,95872 0,99553 

67 0,062994 3,35E-13 5,063E-15 0,00136 0,95872 0,99553 

68 0,062956 7,172E-15 8,796E-15 9,621E-14 0,95872 0,99553 

69 0,062279 0,0011 1,762E-15 1,618E-14 0,95981 0,99553 

70 0,061965 1,601E-13 6,144E-16 0,00997 0,95981 0,99553 

71 0,061785 1,879E-13 5,409E-15 9,846E-15 0,95981 0,99553 

72 0,061094 2,619E-13 2,157E-15 0,01567 0,95981 0,99553 

73 0,060679 0,00033 3,834E-15 2,27E-14 0,96014 0,99553 

74 0,058985 1,961E-13 1,904E-16 0,00344 0,96014 0,99553 

75 0,058781 0,0000778 2,02E-15 2,132E-14 0,96022 0,99553 

76 0,058586 2,913E-14 0,00159 3,033E-15 0,96022 0,99712 

77 0,057708 1,474E-13 0,00204 2,344E-14 0,96022 0,99916 

78 0,057056 1,488E-15 1,13E-16 7,857E-15 0,96022 0,99916 

79 0,055824 1,066E-13 0,00073 2,976E-15 0,96022 0,99989 

80 0,041043 0,00133 1,121E-16 7,541E-14 0,96155 0,99989 

81 0,037138 6,203E-15 5,758E-17 2,125E-14 0,96155 0,99989 

82 0,036266 5,5E-14 2,166E-14 0,00065 0,96155 0,99989 

83 0,035388 0,00093 7,253E-15 6,558E-14 0,96248 0,99989 

84 0,034166 1,35E-13 1,186E-14 5,437E-13 0,96248 0,99989 

85 0,033902 1,82E-13 0,00004293 6,486E-13 0,96248 0,99993 

86 0,033724 1,914E-14 1,086E-15 2,781E-14 0,96248 0,99993 

87 0,033668 2,374E-16 0,00004166 1,157E-14 0,96248 0,99997 

88 0,033049 8,259E-14 1,703E-15 0,02176 0,96248 0,99997 

89 0,033035 9,269E-14 3,265E-15 0,00496 0,96248 0,99997 

90 0,032687 0,00035 6,242E-15 2,106E-13 0,96283 0,99997 

91 0,030703 5,946E-07 3,316E-19 7,727E-14 0,96283 0,99997 

92 0,030032 6,904E-13 5,898E-15 0,01197 0,96283 0,99997 

93 0,029721 6,718E-14 0,0000246 2,53E-13 0,96283 1 

94 0,029675 8,282E-13 4,405E-17 2,69E-13 0,96283 1 

95 0,029174 0,00037 8,333E-15 6,323E-13 0,9632 1 

96 0,027569 0,00043 2,253E-15 6,016E-13 0,96363 1 

97 0,027444 1,55E-15 7,228E-16 0,00294 0,96363 1 

98 0,027227 7,994E-13 6,125E-08 8,962E-13 0,96363 1 

99 0,026416 1,715E-12 3,222E-16 7,508E-13 0,96363 1 

100 0,023148 1,259E-18 1,956E-16 1,411E-14 0,96363 1 

 

ɆŰɖ ŭŮɨŰŮɟɖ ɚɨůɖ ˊŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɔɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ Űɞ ŮˊɘɗɡɛɖŰɧ ˊɞůɞůŰɧ 

ɘŭɘɞɛɞɟűɘəɐɠ ɛɎɕŬɠ (ˊɎɜɤ Ŭˊɧ 90%) əŬŰɎ Űɖ ŭɘŮɨɗɡɜůɖ ɉ ŬˊŬɘŰɐɗɖəŬɜ 40 ɘŭɘɞɛɞɟűɏɠ, Ůɜɩ 

əŬŰɎ Űɖ ŭɘŮɨɗɡɜůɖ Ɉ ŬˊŬɘŰɐɗɖəŬɜ 3. ȼ əɨɟɘŬ ɘŭɘɞˊŮɟɑɞŭɞɠ əŬŰɎ Űɖ ŭɘŮɨɗɡɜůɖ ɉ ɘůɞɨŰŬɘ ɛŮ 

ɇ = 0,107sec ɖ ɞˊɞɑŬ ŭɑɜŮŰŬɘ ůŰɖɜ 40ɖ ɘŭɘɞɛɞɟűɐ əŬɘ ŭɑɜŮɘ ˊɞůɞůŰɧ Űɖɠ ɘŭɘɞɛɞɟűɘəɐɠ ɛɎɕŬɠ 

ɑůɞ ɛŮ 94,17%. ȾŬŰɎ Űɖ ŭɘŮɨɗɡɜůɖ Ɉ ɖ əɨɟɘŬ ɘŭɘɞˊŮɟɑɞŭɞɠ ɘůɞɨŰŬɘ ɛŮ ɇ = 0,930sec, ɖ ɞˊɞɑŬ 

ŭɑɜŮŰŬɘ ůŰɖɜ 3
ɖ
 ɘŭɘɞɛɞɟűɐ əŬɘ ŭɑɜŮɘ ˊɞůɞůŰɧ Űɖɠ ɘŭɘɞɛɞɟűɘəɐɠ ɛɎɕŬɠ ɑůɞ ɛŮ 90,22%. 
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ɆɢɐɛŬ 4.24: ȾɨɟɘŬ ɘŭɘɞɛɞɟűɐ əŬŰɎ Űɖ ŭɘŮɨɗɡɜůɖ ɉ (40
ɖ
 ɛŮ ɇ = 0,107sec) Űɞɡ űɞɟɏŬ Űɖɠ 2

ɖɠ
 

ŮɜŬɚɚŬəŰɘəɐɠ ɚɨůɖɠ 

 

ɆɢɐɛŬ 4.25: ȾɨɟɘŬ ɘŭɘɞɛɞɟűɐ əŬŰɎ Űɖ ŭɘŮɨɗɡɜůɖ Ɉ (3
ɖ
 ɛŮ ɇ = 0,930sec) Űɞɡ űɞɟɏŬ Űɖɠ 2

ɖɠ
 

ŮɜŬɚɚŬəŰɘəɐɠ ɚɨůɖɠ 

4.7 ɫʑʉɿʑɻʎʈʋʚ ʒʋʍʐʚʎʀʖʉ 

ɃɟɘŬəɏɠ əŬŰŬůŰɎůŮɘɠ ŮɑɜŬɘ ɞɘ əŬŰŬůŰɎůŮɘɠ ˊɏɟŬɜ Űɤɜ ɞˊɞɑɤɜ ɞ űɞɟɏŬɠ ɐ ŰɛɐɛŬ ŬɡŰɞɨ 

ŭŮɜ ɘəŬɜɞˊɞɘŮɑ ˊɚɏɞɜ ŰŬ əɟɘŰɐɟɘŬ ůɢŮŭɘŬůɛɞɨ Űɞɡ. Ƀɘ ůɨɔɢɟɞɜɞɘ əŬɜɞɜɘůɛɞɑ ˊɟɞůŭɘɞɟɑɕɞɡɜ 

ŭɘɎűɞɟŮɠ ɞɟɘŬəɏɠ əŬŰŬůŰɎůŮɘɠ ɏɜŬɜŰɘ Űɤɜ ɞˊɞɑɤɜ ˊɟɏˊŮɘ ɜŬ ɔɑɜɞɜŰŬɘ ɞɘ ŭɘɎűɞɟɞɘ ɏɚŮɔɢɞɘ Űɞɡ 

űɞɟɏŬ Űɞɡ ɏɟɔɞɡ. ȰɢŮɘ ŮˊɘəɟŬŰɐůŮɘ ɖ ɗŮɩɟɖůɖ ŭɨɞ ɞɟɘŬəɩɜ əŬŰŬůŰɎůŮɤɜ ɤɠ Ůɝɐɠ: 
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¶ ɃɟɘŬəɏɠ əŬŰŬůŰɎůŮɘɠ ŬůŰɞɢɑŬɠ (Ultimate Limit States-ULS, ˊɚŬůŰɘəɏɠ ŬɜŰɞɢɏɠ, 

ŬˊɩɚŮɘŬ ŮɡůŰɎɗŮɘŬɠ, ɗɟŬɨůɖ, əɧˊɤůɖ, ŬɜŬŰɟɞˊɐ əɚˊ.), ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ 

əŬŰɎɟɟŮɡůɖ ɐ ɛŮ ɘůɞŭɨɜŬɛŮɠ ɛɞɟűɏɠ ŬůŰɞɢɑŬɠ Űɞɡ űɞɟɏŬ ɐ ŰɛɐɛŬŰɧɠ Űɞɡ. 

¶ ɃɟɘŬəɏɠ əŬŰŬůŰɎůŮɘɠ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ (Serviceability Limit States-SLS, 

ɛŮŰŬŰɞˊɑůŮɘɠ, ŰŬɚŬɜŰɩůŮɘɠ, ɟɖɔɛŬŰɩůŮɘɠ əɚˊ), ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ ůɡɜɗɐəŮɠ 

ˊɏɟŬɜ Űɤɜ ɞˊɞɑɤɜ ŭŮɜ ˊɚɖɟɞɨɜŰŬɘ ˊɚɏɞɜ ɞɘ əŬɗɞɟɘůɛɏɜŮɠ ɚŮɘŰɞɡɟɔɘəɏɠ 

ŬˊŬɘŰɐůŮɘɠ ɔɘŬ Űɞ űɞɟɏŬ ɐ ɔɘŬ ɛɏɚɞɠ ŬɡŰɞɨ. 

Ƀɘ əŬŰŬůŰɎůŮɘɠ ŬɡŰɏɠ (ULS əŬɘ SLS) ˊɟɞůŮɔɔɑɕɞɜŰŬɘ ɛŮ ˊɟɞůŬɨɝɖůɖ Űɤɜ űɞɟŰɑɤɜ 

ɚŮɘŰɞɡɟɔɑŬɠ Űɞɡ űɞɟɏŬ ɛɏůɤ Űɤɜ Ůˊɘɛɏɟɞɡɠ ůɡɜŰŮɚŮůŰɩɜ ŬůűŬɚŮɑŬɠ (partial safety factors), 

ɞɘ ɞˊɞɑɞɘ ŮɑɜŬɘ ůɢŮŭɧɜ ˊɎɜŰŬ ɛŮɔŬɚɨŰŮɟɞɘ ɐ ɑůɞɘ ˊɟɞɠ Űɖ ɛɞɜɎŭŬ. ɇŬ ˊɟɞəɨˊŰɞɜŰŬ űɞɟŰɑŬ 

ɞɜɞɛɎɕɞɜŰŬɘ űɞɟŰɑŬ ɐ ŭɟɎůŮɘɠ ůɢŮŭɘŬůɛɞɨ əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɡˊɧ ɛɞɟűɐ ůɡɜŭɡŬůɛɩɜ ɔɘŬ 

Űɞ ůɢŮŭɘŬůɛɧ Űɞɡ űɞɟɏŬ. 

ɆɨɛűɤɜŬ ɛŮ Űɞɡɠ ɜɏɞɡɠ əŬɜɞɜɘůɛɞɨɠ, ɖ Ŭɜɑůɤůɖ Ůɚɏɔɢɞɡ ɔɟɎűŮŰŬɘ ɛŮ ɢɟɐůɖ Ůˊɘɛɏɟɞɡɠ 

ůɡɜŰŮɚŮůŰɩɜ ŬůűŬɚŮɑŬɠ ɔɘŬ Űɘɠ ŭɟɎůŮɘɠ əŬɘ Űɘɠ ŬɜŰɘůŰɎůŮɘɠ əŬɘ ŮɑɜŬɘ: 
 

dd RE ¢
 

 

ɧˊɞɡ dE  ɞɘ Űɘɛɏɠ ůɢŮŭɘŬůɛɞɨ Űɤɜ ŭɟɎůŮɤɜ əŬɘ dR  ɞɘ Űɘɛɏɠ ůɢŮŭɘŬůɛɞɨ Űɤɜ ŬɜŰɘŭɟɎůŮɤɜ. Ƀɘ 

ůɡɜŰŮɚŮůŰɏɠ ŬůűŬɚŮɑŬɠ ɔɘŬ Űɘɠ ˊŬɟŬˊɎɜɤ ŭɟɎůŮɘɠ ůɨɛűɤɜŬ ɛŮ Űɞɜ ȺɡɟɤəɩŭɘəŬ ŮɑɜŬɘ: 

ɄɑɜŬəŬɠ 4.12: ɆɡɜŰŮɚŮůŰɏɠ ŬůűŬɚŮɑŬɠ ŭɟɎůŮɤɜ 

 ɃɟɘŬəɏɠ əŬŰŬůŰɎůŮɘɠ ŬůŰɞɢɑŬɠ 
ɃɟɘŬəɏɠ əŬŰŬůŰɎůŮɘɠ 

ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ 

 
ȹɡůɛŮɜɐɠ 

ŮˊɑŭɟŬůɖ 

ȺɡɛŮɜɐɠ 

ŮˊɑŭɟŬůɖ 

ȹɡůɛŮɜɐɠ 

ŮˊɑŭɟŬůɖ 

ȺɡɛŮɜɐɠ 

ŮˊɑŭɟŬůɖ 

Gg  1,35 1,0 1,0 1,0 

Qg  
1,5 0 1,0 0 

 

ȼ ˊɘɗŬɜɧŰɖŰŬ ɢɟɞɜɘəɐɠ ůɨɛˊŰɤůɖɠ Űɤɜ ɛɏɔɘůŰɤɜ Űɘɛɩɜ ŭɘŬűɧɟɤɜ ŬɜŮɝɎɟŰɖŰɤɜ 

ɛŮŰŬɓɚɖŰɩɜ ŭɟɎůŮɤɜ ŮɑɜŬɘ ɛɘəɟɐ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ əŬŰɎ Űɖɜ ŮɝɏŰŬůɖ Űɤɜ ůɡɜŭɡŬůɛɩɜ Űɤɜ 

ɛŮŰŬɓɚɖŰɩɜ ŭɟɎůŮɤɜ ŮɘůɎɔɞɜŰŬɘ ůɡɜŰŮɚŮůŰɏɠ ůɡɜŭɡŬůɛɞɨ ɣ. 
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ɄɑɜŬəŬɠ 4.13: ɄɟɞŰŮɘɜɧɛŮɜŮɠ Űɘɛɏɠ Űɤɜ ůɡɜŰŮɚŮůŰɩɜ iy  ɔɘŬ əŰɑɟɘŬ 

 

 
ȿŬɛɓɎɜɞɜŰŬɠ ɚɞɘˊɧɜ ɡˊɧɣɖ ŰŬ ˊŬɟŬˊɎɜɤ ɏɢɞɡɛŮ ůɡɔəŮɜŰɟɤŰɘəɎ ɔɘŬ ŰŬ űɞɟŰɑŬ Űɞɡ 

űɞɟɏŬ: 

1. ɀɧɜɘɛŬ űɞɟŰɑŬ ɔɘŬ ŰŬ ɞˊɞɑŬ ɔɘŬ ŭɡůɛŮɜɐ űɧɟŰɘůɖ Gg=1,35 ŮɑɜŬɘ əŬɘ ɔɘŬ ŮɡɛŮɜɐ 

űɧɟŰɘůɖ Gg=1,00 

2. ȾɘɜɖŰɎ űɞɟŰɑŬ ɔɘŬ ŰŬ ɞˊɞɑŬ ɔɘŬ ŭɡůɛŮɜɐ űɧɟŰɘůɖ Qg=1,50 ŮɑɜŬɘ əŬɘ ɔɘŬ ŮɡɛŮɜɐ 

űɧɟŰɘůɖ Qg=0 əŬɘ ůɡɜŰŮɚŮůŰɏɠ ůɡɜŭɡŬůɛɞɨ 0y =0,5 əŬɘ 1y =0,2 

3. ūɞɟŰɑŬ Ŭɜɏɛɞɡ ɔɘŬ ŰŬ ɞˊɞɑŬ ɔɘŬ ŭɡůɛŮɜɐ űɧɟŰɘůɖ Qg=1,50 ŮɑɜŬɘ əŬɘ ɔɘŬ ŮɡɛŮɜɐ 

űɧɟŰɘůɖ Qg=0 əŬɘ ůɡɜŰŮɚŮůŰɏɠ ůɡɜŭɡŬůɛɞɨ 0y =0,6 əŬɘ 1y =0,2 

ɆŰɞ űɞɟɏŬ Űɖɠ ɛŮɚɏŰɖɠ ŭŮ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ɤűɏɚɘɛŬ əɘɜɖŰɎ űɞɟŰɑŬ, ɧˊɤɠ ɏɢŮɘ 

ŬɜŬűŮɟɗŮɑ ůŰɞ əŮűɎɚŬɘɞ 4.3, ɤɠ əɘɜɖŰɎ űɞɟŰɑŬ ɜɞɞɨɜŰŬɘ ŰŬ űɞɟŰɑŬ Űɞɡ ɢɘɞɜɘɞɨ. 

 

Ƀɘ ůɡɜŭɡŬůɛɞɑ ˊɞɡ ŮɚɐűɗɖůŬɜ ɡˊɧɣɖ ůŰɖɜ ŮɟɔŬůɑŬ ŮɑɜŬɘ ɞɘ ˊŬɟŬəɎŰɤ: 

¶ ɃɟɘŬəɐ ȾŬŰɎůŰŬůɖ ȷůŰɞɢɑŬɠ (ɃȾȷ): 

o ȹɘŮɨɗɡɜůɖ Ŭɜɏɛɞɡ ɗ=0Ü: 

ɆɡɜŭɡŬůɛɞɑ ɛŮ ŭɡůɛŮɜɐ ŰŬ űɞɟŰɑŬ ˊɟɞɠ ŰŬ əɎŰɤ: 

ULS1: 1,35(DEAD+DEADST)+1,5SNOW+1,5Ŀ0,6WINDY 
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ULS2: 1,35(DEAD+DEADST)+1,5WINDY+1,5Ŀ0,5SNOW 

o ȹɘŮɨɗɡɜůɖ Ŭɜɏɛɞɡ ɗ=90Ü: 

ɆɡɜŭɡŬůɛɞɑ ɛŮ ŭɡůɛŮɜɐ ŰŬ űɞɟŰɑŬ ˊɟɞɠ ŰŬ əɎŰɤ: 

ULS3: 1,35(DEAD+DEADST)+1,5SNOW 

ɆɡɜŭɡŬůɛɞɑ ɛŮ ŭɡůɛŮɜɐ ŰŬ űɞɟŰɑŬ ˊɟɞɠ ŰŬ ˊɎɜɤ: 

ULS4: 1,35(DEAD+DEADST)+1,5WINDX 

¶ ɃɟɘŬəɐ ȾŬŰɎůŰŬůɖ ȿŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ (ɃȾȿ): 

o ȹɘŮɨɗɡɜůɖ Ŭɜɏɛɞɡ ɗ=0Ü: 

ɆɡɜŭɡŬůɛɞɑ ɛŮ ŭɡůɛŮɜɐ ŰŬ űɞɟŰɑŬ ˊɟɞɠ ŰŬ əɎŰɤ: 

SLS1: 1,0(DEAD+DEADST)+1,0SNOW+1,0Ŀ0,6WINDY 

SLS2: 1,0(DEAD+DEADST)+1,0WINDY+1,0Ŀ0,5SNOW 

o ȹɘŮɨɗɡɜůɖ Ŭɜɏɛɞɡ ɗ=90Ü: 

ɆɡɜŭɡŬůɛɞɑ ɛŮ ŭɡůɛŮɜɐ ŰŬ űɞɟŰɑŬ ˊɟɞɠ ŰŬ əɎŰɤ: 

SLS3: 1,0(DEAD+DEADST)+1,0SNOW 

ɆɡɜŭɡŬůɛɞɑ ɛŮ ŭɡůɛŮɜɐ ŰŬ űɞɟŰɑŬ ˊɟɞɠ ŰŬ ˊɎɜɤ: 

SLS4: 1,0(DEAD+DEADST)+1,0WINDX 

¶ ɆŮɘůɛɘəɞɑ ůɡɜŭɡŬůɛɞɑ: 

SEISM1: 1,0(DEAD+DEADST)+EX+0,3EY 

SEISM2: 1,0(DEAD+DEADST)+EX-0,3EY 

SEISM3: 1,0(DEAD+DEADST)-EX+0,3EY 

SEISM4: 1,0(DEAD+DEADST)-EX-0,3EY 

SEISM5: 1,0(DEAD+DEADST)+EY+0,3EX 

SEISM6: 1,0(DEAD+DEADST)+EY-0,3EX 

SEISM7: 1,0(DEAD+DEADST)-EY+0,3EX 

SEISM8: 1,0(DEAD+DEADST)-EY-0,3EX 

 

ɧˊɞɡ: 

DEAD  Űɞ ɑŭɘɞ ɓɎɟɞɠ 

DEADST Űɞ ˊɟɧůɗŮŰɞ ɛɧɜɘɛɞ űɞɟŰɑɞ (űɞɟŰɑŬ ŮˊɘəɎɚɡɣɖɠ, ɓɎɟɞɠ ȼ/ɀ Ůɝɞˊɚɘůɛɞɨ 

ɞɟɞűɐɠ) 

SNOW  Űɞ űɞɟŰɑɞ Űɞɡ ɢɘɞɜɘɞɨ 

WINDY Űɞ űɞɟŰɑɞ Űɞɡ Ŭɜɏɛɞɡ ɔɘŬ ŭɘŮɨɗɡɜůɖ ɗ=0Ü 

WINDX Űɞ űɞɟŰɑɞ Űɞɡ Ŭɜɏɛɞɡ ɔɘŬ ŭɘŮɨɗɡɜůɖ ɗ=90Ü 

EX  ɖ ůŮɘůɛɘəɐ ŭɟɎůɖ ůŰɖ ŭɘŮɨɗɡɜůɖ x ɧˊɞɡ ɔɘŬ Űɞɜ ůɡɜŭɡŬůɛɧ Űɤɜ 

ɘŭɘɞɛɞɟűɩɜ ɏɢŮɘ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɖ ɛɏɗɞŭɞɠ CQC 

EY  ɖ ůŮɘůɛɘəɐ ŭɟɎůɖ ůŰɖ ŭɘŮɨɗɡɜůɖ y ɧˊɞɡ ɔɘŬ Űɞɜ ůɡɜŭɡŬůɛɧ Űɤɜ 

ɘŭɘɞɛɞɟűɩɜ ɏɢŮɘ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɖ ɛɏɗɞŭɞɠ CQC 

 

ũɘŬ ŰŬ ŮɜŰŬŰɘəɎ ɛŮɔɏɗɖ Ŭˊɧ Űɞ ůŮɘůɛɧ ůɢŮŭɘŬůɛɞɨ ŮˊɘɚɏɢɗɖəŮ ɜŬ ɛɖɜ ɡˊɞɚɞɔɘůŰɞɨɜ 

Ŭˊɧ Űɖɜ ŰŮŰɟŬɔɤɜɘəɐ ɟɑɕŬ Űɞɡ ŬɗɟɞɑůɛŬŰɞɠ Űɤɜ ŰŮŰɟŬɔɩɜɤɜ Űɤɜ Űɘɛɩɜ Űɤɜ ɛŮɔŮɗɩɜ ɚɧɔɤ 

əɎɗŮ ɞɟɘɕɧɜŰɘŬɠ ůɡɜɘůŰɩůŬɠ Űɖɠ ůŮɘůɛɘəɐɠ ŭɟɎůɖɠ ŭɘɧŰɘ ɖ ɗŮɩɟɖůɖ ŬɡŰɐ ŭɑɜŮɘ ˊɞɚɨ 

ůɡɜŰɖɟɖŰɘəɏɠ Űɘɛɏɠ.  

ɆɨɛűɤɜŬ ɛŮ Űɞɜ ȺɡɟɤəɩŭɘəŬ 8 (4.3.3.5.1), ŰŬ ŮɜŰŬŰɘəɎ ɛŮɔɏɗɖ əŬɘ ɞɘ ɛŮŰŬəɘɜɐůŮɘɠ 

ɚɧɔɤ ůɡɜŭɡŬůɛɞɨ Űɤɜ ɞɟɘɕɧɜŰɘɤɜ ůɡɜɘůŰɤůɩɜ Űɖɠ ůŮɘůɛɘəɐɠ ŭɟɎůɖɠ ɛˊɞɟɞɨɜ ɜŬ 

ɡˊɞɚɞɔɘůŰɞɨɜ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ əŬɘ Űɞɡɠ ŭɨɞ Ŭəɧɚɞɡɗɞɡɠ ůɡɜŭɡŬůɛɞɨɠ: 

Ŭ) EEdx "+" 0,30EEdy 

ɓ) 0,30EEdx "+" EEdy 

ɧˊɞɡ "+" ůɖɛŬɑɜŮɘ "ɜŬ ůɡɜŭɡŬůŰŮɑ ɛŮ ''. 
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5 ɳʇʀɾʔʋʏ ʀʌʗʍʆʀʅɻʏ ʆɻʅ ɿʅɻʎʐɻʎʅʋʇʝɾʂʎʂ ɿʅɻʐʋʈʡʉ ʆɻʅ 
ʈʀʇʡʉ ʆɻʐɻʎʆʀʑʙʏ 

5.1 ɜʀʉʅʆʗ 

ȼ ůŰŬŰɘəɐ ŬɜɎɚɡůɖ əŬɘ ŭɘŬůŰŬůɘɞɚɧɔɖůɖ Űɞɡ əŰɘɟɑɞɡ ɏɔɘɜŮ ɛŮ Űɖ ɓɞɐɗŮɘŬ ɖɚŮəŰɟɞɜɘəɞɨ 

ɡˊɞɚɞɔɘůŰɐ ɛŮ ɢɟɐůɖ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ SAP2000 v.14. 

ɀɏůɤ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ SAP2000, ɓɟɏɗɖəŬɜ ŰŬ ŮɜŰŬŰɘəɎ ɛŮɔɏɗɖ ˊɞɡ əŬŰŬˊɞɜɞɨɜ ŰŬ 

ůŰɞɘɢŮɑŬ Űɖɠ əŬŰŬůəŮɡɐɠ, ɔɘŬ ɧɚɞɡɠ Űɞɡɠ ůɡɜŭɡŬůɛɞɨɠ űɞɟŰɑůŮɤɜ. Ƀ ɏɚŮɔɢɞɠ ŮˊɎɟəŮɘŬɠ Űɤɜ 

ŭɘŬŰɞɛɩɜ ɔɑɜŮŰŬɘ ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜŬ Ŭˊɧ Űɞ ˊɟɧɔɟŬɛɛŬ, ɛŮ ɓɎůɖ Űɞɜ ȺɡɟɤəɩŭɘəŬ 3. Ƀɘ 

ŭɘŬŰɞɛɏɠ Űɤɜ ůŰɞɘɢŮɑɤɜ Űɞɡ űɞɟɏŬ ŮˊɘɚɏɢɗɖəŬɜ ɛŮ ŮˊŬɜŬɚɖˊŰɘəɏɠ ŭɘŬŭɘəŬůɑŮɠ ŬɜɎɚɡůɖɠ əŬɘ 

ŭɘŬůŰŬůɘɞɚɧɔɖůɖɠ, ɏŰůɘ ɩůŰŮ ɜŬ ŮˊŬɟəɞɨɜ ɏɜŬɜŰɘ Űɤɜ ŭŮŭɞɛɏɜɤɜ Ůɚɏɔɢɤɜ, əŬɘ Ůˊɑůɖɠ ɜŬ 

ŮɑɜŬɘ ɞɘəɞɜɞɛɘəɐ ɖ ŬɜɏɔŮɟůɖ Űɖɠ əŬŰŬůəŮɡɐɠ. 

ɀɏůɤ Űɖɠ ŮɜŰɞɚɐɠ Start Steel Design/Check of Structure, Űɞ ˊɟɧɔɟŬɛɛŬ ɓɟɐəŮ ŰŬ 

ŮɜŰŬŰɘəɎ ɛŮɔɏɗɖ ɔɘŬ ɧɚɞɡɠ Űɞɡɠ ůɡɜŭɡŬůɛɞɨɠ, əŬɘ ŮɛűɎɜɘůŮ ŰŬ Ůɝɐɠ ŬˊɞŰŮɚɏůɛŬŰŬ 

(ůɡɜŰŮɚŮůŰɏɠ ŮəɛŮŰɎɚɚŮɡůɖɠ), ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ůɢɐɛŬ: 

5.2 ɚʌɻʅʐʋʞʈʀʉʋʅ ɻʌʝ ʐʋʉ ECχ ʘʇʀɾʔʋʅ ʎʐʂʉ ɨʍʅɻʆʙ ɣɻʐʗʎʐɻʎʂ 
ɚʎʐʋʔʚɻʏ 

5.2.1 ɣɻʐʗʐɻʊʂ ɿʅɻʐʋʈʡʉ 

ɀŮ ɓɎůɖ Űɖ ɛɏɗɞŭɞ ŬɜɎɚɡůɖɠ əŬɘ ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ ŬɜŰɞɢɐɠ Űɤɜ ŭɘŬŰɞɛɩɜ ɔɘŬ Űɖɜ 

ɞɟɘŬəɐ əŬŰɎůŰŬůɖ ŬůŰɞɢɑŬɠ, ŬɚɚɎ əŬɘ ɛŮ Űɖɜ ɏəŰŬůɖ ůŰɖɜ ɞˊɞɑŬ ɖ ŬɜŰɞɢɐ əŬɘ ɖ ůŰɟɞűɘəɐ 

ɘəŬɜɧŰɖŰŬ Űɤɜ ŭɘŬŰɞɛɩɜ ˊŮɟɘɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞɜ Űɞˊɘəɧ ɚɡɔɘůɛɧ, ɞɘ ŭɘŬŰɞɛɏɠ əŬŰŬŰɎůůɞɜŰŬɘ 

ůŰɘɠ ŬəɧɚɞɡɗŮɠ 4 əŬŰɖɔɞɟɑŮɠ: 

¶ ȹɘŬŰɞɛɏɠ əŬŰɖɔɞɟɑŬɠ 1: ȺɑɜŬɘ ŮəŮɑɜŮɠ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ůɢɖɛŬŰɑůɞɡɜ ˊɚŬůŰɘəɐ 
Ɏɟɗɟɤůɖ ɛŮ Űɖɜ ŬˊŬɘŰɞɨɛŮɜɖ Ŭˊɧ Űɖɜ ˊɚŬůŰɘəɐ ŬɜɎɚɡůɖ ŭɡɜŬŰɧŰɖŰŬ ůŰɟɞűɐɠ 

ɢɤɟɑɠ ɛŮɑɤůɖ Űɖɠ ŬɜŰɞɢɐɠ Űɞɡɠ. 

¶ ȹɘŬŰɞɛɏɠ əŬŰɖɔɞɟɑŬɠ 2: ȺɑɜŬɘ ŮəŮɑɜŮɠ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ŬɜŬˊŰɨɝɞɡɜ Űɖɜ ˊɚŬůŰɘəɐ 

ɟɞˊɐ ŬɜŰɞɢɐɠ Űɞɡɠ, ŬɚɚɎ ɏɢɞɡɜ ˊŮɟɘɞɟɘůɛɏɜɖ ŭɡɜŬŰɧŰɖŰŬ ůŰɟɞűɐɠ ɚɧɔɤ 

Űɞˊɘəɞɨ ɚɡɔɘůɛɞɨ. 

¶ ȹɘŬŰɞɛɏɠ əŬŰɖɔɞɟɑŬɠ 3: ȺɑɜŬɘ ŮəŮɑɜŮɠ ůŰɘɠ ɞˊɞɑŮɠ ɖ ŰɎůɖ ůŰɖɜ ŬəɟŬɑŬ ɗɚɘɓɧɛŮɜɖ 
ɑɜŬ Űɞɡ ɢŬɚɨɓŭɘɜɞɡ ɛɏɚɞɡɠ, ɡˊɞɗɏŰɞɜŰŬɠ ŮɚŬůŰɘəɐ əŬŰŬɜɞɛɐ Űɤɜ ŰɎůŮɤɜ, 

ɛˊɞɟŮɑ ɜŬ űɗɎůŮɘ Űɖɜ ŬɜŰɞɢɐ ŭɘŬɟɟɞɐɠ, ŬɚɚɎ Űɞˊɘəɧɠ ɚɡɔɘůɛɧɠ ŮɑɜŬɘ ˊɘɗŬɜɧɜ ɜŬ 

ŮɛˊɞŭɑůŮɘ Űɖɜ ŬɜɎˊŰɡɝɖ Űɖɠ ˊɚŬůŰɘəɐɠ ɟɞˊɐɠ ŬɜŰɞɢɐɠ. 

¶ ȹɘŬŰɞɛɏɠ əŬŰɖɔɞɟɑŬɠ 4: ȺɑɜŬɘ ŮəŮɑɜŮɠ ůŰɘɠ ɞˊɞɑŮɠ Űɞˊɘəɧɠ ɚɡɔɘůɛɧɠ ɗŬ ůɡɛɓŮɑ 
ˊɟɘɜ Űɖɜ ŬɜɎˊŰɡɝɖ Űɖɠ ŰɎůɖɠ ŭɘŬɟɟɞɐɠ ůŮ ɏɜŬ ɐ ˊŮɟɘůůɧŰŮɟŬ ɛɏɟɖ Űɖɠ ŭɘŬŰɞɛɐɠ. 

 

Ƀɘ ɟɞˊɏɠ ŬɜŰɞɢɐɠ ɔɘŬ Űɘɠ 4 əŬŰɖɔɞɟɑŮɠ ŭɘŬŰɞɛɩɜ ŮɑɜŬɘ: 

ȾŬŰɖɔɞɟɑŬ 1: ȼ ˊɚŬůŰɘəɐ ɟɞˊɐ yplpl fWM Ö=  

ȾŬŰɖɔɞɟɑŬ 2: ȼ ˊɚŬůŰɘəɐ ɟɞˊɐ yplpl fWM Ö=  

ȾŬŰɖɔɞɟɑŬ 3: ȼ ŮɚŬůŰɘəɐ ɟɞˊɐ yelel fWM Ö=  
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ȾŬŰɖɔɞɟɑŬ 4: ȼ ɟɞˊɐ Űɞˊɘəɞɨ ɚɡɔɘůɛɞɨ elMM <  

 

ȼ əŬŰɎŰŬɝɖ ɛɘŬɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŭɘŬŰɞɛɐɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ ɚɧɔɞ ˊɚɎŰɞɡɠ ˊɟɞɠ ˊɎɢɞɠ 

c/t əŬɗŮɜɧɠ Ŭˊɧ ŰŬ ɚɧɔɤ Ŭɝɞɜɘəɐɠ ŭɨɜŬɛɖɠ ɐ/əŬɘ əŬɛˊŰɘəɐɠ ɟɞˊɐɠ ɗɚɘɓɧɛŮɜŬ ůŰɞɘɢŮɑŬ Űɖɠ. 

Ⱥˊɞɛɏɜɤɠ ɖ əŬŰɖɔɞɟɑŬ ůŰɖɜ ɞˊɞɑŬ ŬɜɐəŮɘ ɛɑŬ ŭɘŬŰɞɛɐ ŮɝŬɟŰɎŰŬɘ Űɧůɞ Ŭˊɧ Űɖ ɔŮɤɛŮŰɟɑŬ Űɖɠ, 

ɧůɞ əŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ Űɖɠ űɧɟŰɘůɖɠ ˊɞɡ ŮˊɘɓɎɚɚŮŰŬɘ ů' ŬɡŰɐ. ɇŬ Ůˊɘɛɏɟɞɡɠ ɗɚɘɓɧɛŮɜŬ 

ˊɚŬəɞŮɘŭɐ ůŰɞɘɢŮɑŬ ɛɘŬɠ ŭɘŬŰɞɛɐɠ (ˊ.ɢ. ɞ əɞɟɛɧɠ ɐ Űɞ ˊɏɚɛŬ) ɛˊɞɟɞɨɜ, ɔŮɜɘəɎ, ɜŬ Ŭɜɐəɞɡɜ 

ůŮ ŭɘŬűɞɟŮŰɘəɏɠ əŬŰɖɔɞɟɑŮɠ, ɖ ŭŮ ŭɘŬŰɞɛɐ əŬŰŬŰɎůůŮŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɖɜ ɡɣɖɚɧŰŮɟɖ 

əŬŰɖɔɞɟɑŬ (ɚɘɔɧŰŮɟɞ ŮɡɛŮɜɐ) Űɤɜ ɗɚɘɓɧɛŮɜɤɜ ůŰɞɘɢŮɑɤɜ Űɖɠ. 

5.2.2 ɞʒʀʇʆʑʎʈʝʏ 

ȼ Űɘɛɐ ůɢŮŭɘŬůɛɞɨ Űɖɠ ŮűŮɚəɡůŰɘəɐɠ ŭɨɜŬɛɖɠ EdN  ůŮ əɎɗŮ ŭɘŬŰɞɛɐ ˊɟɏˊŮɘ ɜŬ 

ɘəŬɜɞˊɞɘŮɑ Űɖ ůɢɏůɖ: 

0,1
,

¢
Rdt

Ed

N

N
 (5.1) 

ɧˊɞɡ RdtN ,  ɖ ŬɜŰɞɢɐ ůɢŮŭɘŬůɛɞɨ ůŮ ŮűŮɚəɡůɛɧ. 

 

ũɘŬ ŭɘŬŰɞɛɏɠ ɛŮ ɞˊɏɠ ɖ RdtN ,  ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜŮŰŬɘ ɤɠ ɖ ɛɘəɟɧŰŮɟɖ Ŭˊɧ: 

Ŭ) Űɖɜ ˊɚŬůŰɘəɐ ŬɜŰɞɢɐ ůɢŮŭɘŬůɛɞɨ Űɖɠ ˊɚɐɟɞɡɠ ŭɘŬŰɞɛɐɠ: 

0

,

M

=
g

y

Rdpl

Af
N  (5.2) 

ɧˊɞɡ: 

ȷ Űɞ ŮɛɓŬŭɧɜ Űɖɠ ˊɚɐɟɞɡɠ ŭɘŬŰɞɛɐɠ 

yf  Űɞ ɧɟɘɞ (ɐ ŰɎůɖ) ŭɘŬɟɟɞɐɠ Űɞɡ ɢɎɚɡɓŬ 

0Mg  ɞ Ůˊɘɛɏɟɞɡɠ ůɡɜŰŮɚŮůŰɐɠ ŬůűŬɚŮɑŬɠ Űɞɡ ɢɎɚɡɓŬ 

 

ɓ) Űɖɜ ɞɟɘŬəɐ ŬɜŰɞɢɐ ůɢŮŭɘŬůɛɞɨ Űɖɠ əŬɗŬɟɐɠ ŭɘŬŰɞɛɐɠ ůŰɘɠ ɗɏůŮɘɠ ɛŮ ɞˊɏɠ əɞɢɚɘɩɜ: 

2

,

9,0

M

=
g

unet

Rdu

fA
N  (5.3) 

ɧˊɞɡ: 

netA  Űɞ ŮɛɓŬŭɧɜ Űɖɠ əŬɗŬɟɐɠ ŭɘŬŰɞɛɐɠ 

uf  ɖ ŮűŮɚəɡůŰɘəɐ ŬɜŰɞɢɐ (ŰɎůɖ ɗɟŬɨůɖɠ) Űɞɡ ɢɎɚɡɓŬ 

2Mg  ɞ Ůˊɘɛɏɟɞɡɠ ůɡɜŰŮɚŮůŰɐɠ ŬůűŬɚŮɑŬɠ Űɞɡ ɢɎɚɡɓŬ ůŮ ɗɟŬɨůɖ 

 

ɆŮ ˊŮɟɘˊŰɩůŮɘɠ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɧɚəɘɛɖ ɛɞɟűɐ ŬůŰɞɢɑŬɠ (ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ˊɚɎůŰɘɛŬ ɛɏɚɖ 

ůŮ ŬɜŰɘůŮɘůɛɘəɏɠ əŬŰŬůəŮɡɏɠ), ˊɟɏˊŮɘ ɜŬ ŮˊɘŭɘɩəŮŰŬɘ: 

RdplRdu NN ,, ¢  
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5.2.3 ɡʇʚʕʂ 

ȼ Űɘɛɐ ůɢŮŭɘŬůɛɞɨ Űɖɠ ɗɚɘˊŰɘəɐɠ ŭɨɜŬɛɖɠ EdN  ůŮ əɎɗŮ ŭɘŬŰɞɛɐ ɗɚɘɓɧɛŮɜɞɡ ɛɏɚɞɡɠ 

ˊɟɏˊŮɘ ɜŬ ɘəŬɜɞˊɞɘŮɑ Űɖ ůɢɏůɖ: 

0,1
,

¢
Rdc

Ed

N

N
 (5.4) 

ɧˊɞɡ RdcN ,  ɖ ŬɜŰɞɢɐ ůɢŮŭɘŬůɛɞɨ Űɖɠ ŭɘŬŰɞɛɐɠ ůŮ ɞɛɞɘɧɛɞɟűŬ ŮˊɘɓŮɓɚɖɛɏɜɖ ɗɚɑɣɖ. 

 

ȼ ŬɜŰɞɢɐ ůɢŮŭɘŬůɛɞɨ RdcN ,  əŬɗɞɟɑɕŮŰŬɘ ůɨɛűɤɜŬ ɛŮ ŰŬ ˊŬɟŬəɎŰɤ: 

0

,

M

=
g

y

Rdc

Af
N   ɔɘŬ ŭɘŬŰɞɛɏɠ əŬŰɖɔɞɟɑŬɠ 1, 2 ɐ 3 (5.5) 

0

,

M

=
g

yeff

Rdc

fA
N ɔɘŬ ŭɘŬŰɞɛɏɠ əŬŰɖɔɞɟɑŬɠ 4 (5.6) 

ɧˊɞɡ: 

A  ɖ ˊɚɐɟɖɠ ŭɘŬŰɞɛɐ 

effA  ɖ ŮɜŮɟɔɧɠ ŭɘŬŰɞɛɐ 

5.2.4  ɥʋʉʋɻʊʋʉʅʆʙ ɉʙ ɻʌʇʙɊ ʆʗʈʕʂ 

ȼ Űɘɛɐ ůɢŮŭɘŬůɛɞɨ Űɖɠ ɟɞˊɐɠ əɎɛɣɖɠ EdM  ůŮ əɎɗŮ ŭɘŬŰɞɛɐ ˊɟɏˊŮɘ ɜŬ ɘəŬɜɞˊɞɘŮɑ Űɖ 

ůɢɏůɖ: 

0,1
,

¢
Rdc

Ed

M

M

 (5.7) 

ɧˊɞɡ RdcM ,  ɖ ŬɜŰɞɢɐ ůɢŮŭɘŬůɛɞɨ Űɖɠ ŭɘŬŰɞɛɐɠ ůŮ əɎɛɣɖ. 

 

ȼ əŬɛˊŰɘəɐ ŬɜŰɞɢɐ ůɢŮŭɘŬůɛɞɨ ɔɘŬ əɎɛɣɖ ˊŮɟɑ ɏɜŬ əɨɟɘɞ ɎɝɞɜŬ Űɖɠ ŭɘŬŰɞɛɐɠ 

əŬɗɞɟɑɕŮŰŬɘ ɤɠ Ůɝɐɠ: 

0

,,

M

==
g

ypl

RdplRdc

fW
MM  ɔɘŬ ŭɘŬŰɞɛɏɠ əŬŰɖɔɞɟɑŬɠ 1 ɐ 2 (5.8) 
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MM   ɔɘŬ ŭɘŬŰɞɛɏɠ əŬŰɖɔɞɟɑŬɠ 3 (5.9) 
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Rdc

fW
M   ɔɘŬ ŭɘŬŰɞɛɏɠ əŬŰɖɔɞɟɑŬɠ 4 (5.10) 

ɧˊɞɡ elW  əŬɘ effW  ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɖɜ ˊɟɩŰɖ ŭɘŬɟɟɞɐ Űɖɠ ŬəɟŬɑŬɠ ɗɚɘɓɧɛŮɜɖɠ ɑɜŬɠ əŬɘ ůŰɖɜ 

ŮɜŮɟɔɧ ŭɘŬŰɞɛɐ ŬɜŰɑůŰɞɘɢŬ. 
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5.2.5 ɬʘʈʉʋʑʎɻ 

ũɘŬ Űɞɜ ɏɚŮɔɢɞ ŮˊɎɟəŮɘŬɠ ɏɜŬɜŰɘ ŰɏɛɜɞɡůŬɠ, ɖ Űɘɛɐ ůɢŮŭɘŬůɛɞɨ Űɖɠ ŰɏɛɜɞɡůŬɠ ŭɨɜŬɛɖɠ 

EdV  ůŮ əɎɗŮ ŭɘŬŰɞɛɐ ˊɟɏˊŮɘ ɜŬ ɘəŬɜɞˊɞɘŮɑ Űɖ ůɡɜɗɐəɖ: 

0,1
,

¢
Rdc

Ed

V

V
 (5.11) 

ɧˊɞɡ RdcV ,  ɖ ŬɜŰɞɢɐ ůɢŮŭɘŬůɛɞɨ Űɖɠ ŭɘŬŰɞɛɐɠ ůŮ ŰɏɛɜɞɡůŬ. 

 

ũɘŬ ˊɚŬůŰɘəɧ ůɢŮŭɘŬůɛɧ, ɖ RdcV ,  ŮɑɜŬɘ ɑůɖ ɛŮ Űɖɜ ˊɚŬůŰɘəɐ ŭɘŬŰɛɖŰɘəɐ ŬɜŰɞɢɐ RdplV ,  

(ɢɤɟɑɠ ˊŬɟɞɡůɑŬ ůŰɟŮˊŰɘəɐɠ əŬŰŬˊɧɜɖůɖɠ), ɧˊɤɠ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 
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,
3 M

=
g
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Rdpl
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V  (5.12) 

ɧˊɞɡ vA  ɖ ŮˊɘűɎɜŮɘŬ ŭɘɎŰɛɖůɖɠ. 

5.2.6 ɣʗʈʕʂ ʆɻʅ ɿʅʗʐʈʂʎʂ 

ȳŰŬɜ ɡˊɎɟɢŮɘ ŭɘŬŰɛɖŰɘəɐ ŭɨɜŬɛɖ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮŰŬɘ ˊɟɧɓɚŮɣɖ ɔɘŬ Űɖɜ ŮˊɑŭɟŬůɐ Űɖɠ ůŰɖ 

ɟɞˊɐ ŬɜŰɞɢɐɠ. 

ȳˊɞɡ ɖ ŭɘŬŰɛɖŰɘəɐ ŭɨɜŬɛɖ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ Ŭˊɧ Űɖ ɛɘůɐ ˊɚŬůŰɘəɐ ŭɘŬŰɛɖŰɘəɐ ŬɜŰɞɢɐ, ɖ 

ŮˊɑŭɟŬůɐ Űɖɠ ůŰɖ ɟɞˊɐ ŬɜŰɞɢɐɠ ɛˊɞɟŮɑ ɜ Ŭ ŬɔɜɞŮɑŰŬɘ ŮəŰɧɠ Ŭˊɧ ŮəŮɑ ɧˊɞɡ ɞ ɚɡɔɘůɛɧɠ ɚɧɔɤ 

ŰɏɛɜɞɡůŬɠ (ŭɘŬŰɛɖŰɘəɐ əɨɟŰɤůɖ) ɛŮɘɩɜŮɘ Űɖɜ ŬɜŰɞɢɐ Űɖɠ ŭɘŬŰɞɛɐɠ ůɨɛűɤɜŬ ɛŮ Űɞ ˊɟɧŰɡˊɞ 

EN 1993-1-5. 

ȹɘŬűɞɟŮŰɘəɎ, ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜŮŰŬɘ ɤɠ ŬɜŰɞɢɐ ůɢŮŭɘŬůɛɞɨ Űɖɠ ŭɘŬŰɞɛɐɠ ɖ ɛŮɘɤɛɏɜɖ 

ɟɞˊɐ ŬɜŰɞɢɐɠ, ˊɞɡ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɖ ŭɘɎŰɛɖůɖ əŬɘ ɔɘŬ ŭɘŬŰɞɛɏɠ Ƚ əŬŰɖɔɞɟɑŬɠ 1 ɐ 2 ɛŮ ɑůŬ 

ˊɏɚɛŬŰŬ əŬɘ əɎɛɣɖ ˊŮɟɑ Űɞɜ ɘůɢɡɟɧ ɎɝɞɜŬ ŬŭɟŬɜŮɑŬɠ, ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

0

2

,

,,

4

M

ù
ú

ø
é
ê

è
-

=
g

r
y

w

w

ypl

RdVy

f
t

A
W

M  ŬɚɚɎ ˊɟɏˊŮɘ RdcyRdVy MM ,,,, ¢  (5.13) 

ɧˊɞɡ: 
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5.2.7 ɣʗʈʕʂ ʆɻʅ ɻʊʋʉʅʆʙ ɿʞʉɻʈʂ 

ȳˊɞɡ ɡˊɎɟɢŮɘ Ŭɝɞɜɘəɐ ŭɨɜŬɛɖ, ˊɟɏˊŮɘ ɜŬ ɔɑɜŮŰŬɘ ˊɟɧɓɚŮɣɖ ɔɘŬ Űɖɜ ŮˊɑŭɟŬůɐ Űɖɠ ůŰɖɜ 

ˊɚŬůŰɘəɐ ɟɞˊɐ ŬɜŰɞɢɐɠ. 
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ũɘŬ ŭɘŬŰɞɛɏɠ əŬŰɖɔɞɟɑŬɠ 1 əŬɘ 2, ɖ ŮˊɑŭɟŬůɖ Űɖɠ Ŭɝɞɜɘəɐɠ ŭɨɜŬɛɖɠ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ 

ɛŮ ɛŮɑɤůɖ Űɖɠ ˊɚŬůŰɘəɐɠ ɟɞˊɐɠ ŬɜŰɞɢɐɠ. ɇɞ əɟɘŰɐɟɘɞ ůɢŮŭɘŬůɛɞɨ ɔɟɎűŮŰŬɘ: 

RdNEd MM ,¢  (5.15) 

ɧˊɞɡ RdNM ,  ɖ ˊɚŬůŰɘəɐ ɟɞˊɐ ŬɜŰɞɢɐɠ, ɛŮɘɤɛɏɜɖ ɚɧɔɤ Űɖɠ Ŭɝɞɜɘəɐɠ ŭɨɜŬɛɖɠ EdN . 

 

ũɘŬ ɞɟɗɞɔɤɜɘəɏɠ ůɡɛˊŬɔŮɑɠ ŭɘŬŰɞɛɏɠ ɢɤɟɑɠ ɞˊɏɠ ɚɧɔɤ əɞɢɚɘɩɜ, Űɞ RdNM ,  ɚŬɛɓɎɜŮŰŬɘ ɤɠ: 

ù
ù

ú

ø

é
é

ê

è

ö
ö

÷

õ

æ
æ

ç

å
-=

2

,

,, 1
Rdpl

Ed
RdplRdN

N

N
MM  (5.16) 

ɧˊɞɡ 
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Rdpl

Af
N  ɖ Ŭɝɞɜɘəɐ ŭɨɜŬɛɖ ůɢŮŭɘŬůɛɞɨ ŭɘŬɟɟɞɐɠ Űɖɠ ŭɘŬŰɞɛɐɠ əŬɘ ȷ Űɞ ŮɛɓŬŭɧɜ 

Űɖɠ ŭɘŬŰɞɛɐɠ. 

 

ũɘŬ ŭɘŬŰɞɛɏɠ ŭɘˊɚɐɠ ůɡɛɛŮŰɟɑŬɠ Ƚ əŬɘ ȼ ɐ ɎɚɚŮɠ ŭɘŬŰɞɛɏɠ ɛŮ ˊɏɚɛŬŰŬ, ŭŮɜ ŬˊŬɘŰŮɑŰŬɘ ɜŬ 

ɔɑɜŮɘ ɛŮɑɤůɖ Űɖɠ ˊɚŬůŰɘəɐɠ ɟɞˊɐɠ ŬɜŰɞɢɐɠ ˊŮɟɑ Űɞɜ ɎɝɞɜŬ y-y ɚɧɔɤ Űɖɠ ŮˊɑŭɟŬůɖɠ Űɖɠ 

Ŭɝɞɜɘəɐɠ ŭɨɜŬɛɖɠ, ɧŰŬɜ ɘəŬɜɞˊɞɘɞɨɜŰŬɘ ŰŬɡŰɧɢɟɞɜŬ ŰŬ ŭɨɞ ˊŬɟŬəɎŰɤ əɟɘŰɐɟɘŬ: 

RdplEd NN ,25,0¢  (5.17) 

əŬɘ 
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N  (5.18) 

ɧˊɞɡ: 

wh  ɖ ŮůɤŰŮɟɘəɐ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɤɜ ˊŮɚɛɎŰɤɜ 

wt  Űɞ ˊɎɢɞɠ Űɞɡ əɞɟɛɞɨ 

 

ũɘŬ ŭɘŬŰɞɛɏɠ ŭɘˊɚɐɠ ůɡɛɛŮŰɟɑŬɠ Ƚ əŬɘ ȼ, ŭŮɜ ŬˊŬɘŰŮɑŰŬɘ ɜŬ ɔɑɜŮŰŬɘ ɛŮɑɤůɖ Űɖɠ 

ˊɚŬůŰɘəɐɠ ɟɞˊɐɠ ŬɜŰɞɢɐɠ ˊŮɟɑ Űɞɜ ɎɝɞɜŬ z-z ɚɧɔɤ Űɖɠ ŮˊɑŭɟŬůɖɠ Űɖɠ Ŭɝɞɜɘəɐɠ ŭɨɜŬɛɖɠ, 

ɧŰŬɜ: 
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yww

Ed
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N  (5.19) 

ũɘŬ ŮɚŬŰɏɠ ŭɘŬŰɞɛɏɠ Ƚ ɐ ȼ əŬɘ ɔɘŬ ůɡɔəɞɚɚɖŰɏɠ ŭɘŬŰɞɛɏɠ Ƚ ɐ ȼ ɛŮ ɑůŬ ˊɏɚɛŬŰŬ, ůŰɘɠ 

ɞˊɞɑŮɠ ŭŮɜ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ɞɘ ɞˊɏɠ əɞɢɚɘɩɜ, ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɞɘ ˊŬɟŬəɎŰɤ 

ˊɟɞůŮɔɔɘůŰɘəɏɠ ůɢɏůŮɘɠ: 
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=  ŬɚɚɎ ˊɟɏˊŮɘ RdyplRdyN MM ,,,, ²  (5.20) 

ũɘŬ nÒŬ: RdzplRdzN MM ,,,, =  

ũɘŬ n>Ŭ: 
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=  ˊɟɏˊŮɘ ɧɛɤɠ ŬÒ0,5. 

5.2.8 ɝʅɻʊʋʉʅʆʙ ʆʗʈʕʂ 

ũɘŬ ŭɘŬɝɞɜɘəɐ əɎɛɣɖ ɞɘ ŭɘŬŰɞɛɏɠ ˊŬɟɞɡůɘɎɕɞɡɜ ˊɚŬůŰɘəɧ ɞɡŭɏŰŮɟɞ ɎɝɞɜŬ əŮəɚɘɛɏɜɞ 

ɤɠ ˊɟɞɠ Űɞ ɞɟɗɞɔɤɜɘəɧ ůɨůŰɖɛŬ Ŭɝɧɜɤɜ Űɖɠ ŭɘŬŰɞɛɐɠ əŬŰɎ ɔɤɜɑŬ, ɖ ɞˊɞɑŬ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ 

ɚɧɔɞ Űɤɜ ɟɞˊɩɜ əŬɘ ˊɞɡ ŭɟɞɡɜ ɤɠ ˊɟɞɠ Űɞɡɠ ŭɨɞ əɨɟɘɞɡɠ ɎɝɞɜŮɠ əŬɘ Ŭˊɧ Űɖ ɔŮɤɛŮŰɟɑŬ Űɖɠ 

ŭɘŬŰɞɛɐɠ. ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ ŮˊɎɟəŮɘŬɠ Űɖɠ 

ŭɘŬŰɞɛɐɠ Űɞ ˊŬɟŬəɎŰɤ əɟɘŰɐɟɘɞ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ: 
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 (5.21) 

ůŰɞ ɞˊɞɑɞ Ŭ əŬɘ ɓ ŮɑɜŬɘ ůŰŬɗŮɟɏɠ, ˊɞɡ ůɡɜŰɖɟɖŰɘəɎ ɛˊɞɟɞɨɜ ɜŬ ɚŬɛɓɎɜɞɜŰŬɘ ɤɠ ɛɞɜɎŭŬ, 

ɐ Ŭɚɚɘɩɠ ɤɠ Ůɝɐɠ: 

 

¶ Ƚ əŬɘ ȼ ŭɘŬŰɞɛɏɠ: 

2=a əŬɘ n5=b  ŬɚɚɎ 1²b  

¶ ȾɞɑɚŮɠ əɡəɚɘəɏɠ ŭɘŬŰɞɛɏɠ: 

2=a əŬɘ 2=b  

¶ ȾɞɑɚŮɠ ɞɟɗɞɔɤɜɘəɏɠ ŭɘŬŰɞɛɏɠ: 

213,11

66,1

n-
==ba  ŬɚɚɎ 6¢=ba  

ɧˊɞɡ RdplEd NNn ,/=  

5.2.9 ɚʉʐʋʔʙ ʈʀʇʡʉ ʎʀ ʆɻʈʌʐʅʆʝ ʇʑɾʅʎʈʝ ɉʈʘʇʂ ʎʐɻʃʀʍʙʏ ɿʅɻʐʋʈʙʏ ʑʌʝ 
ʃʇʚʕʂɊ 

ȼ ŮˊɎɟəŮɘŬ Ůɜɧɠ ɗɚɘɓɧɛŮɜɞɡ ɛɏɚɞɡɠ ɛŮ ůŰŬɗŮɟɐ ŭɘŬŰɞɛɐ ɏɜŬɜŰɘ əŬɛˊŰɘəɞɨ ɚɡɔɘůɛɞɨ 

ŮɚɏɔɢŮŰŬɘ ɛŮ ɓɎůɖ Űɖɜ Ŭəɧɚɞɡɗɖ ůɢɏůɖ: 

0,1
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¢
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Ed
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N
 (5.22) 
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ɧ́ ɞɡ: 

EdN  ɖ Űɘɛɐ ůɢŮŭɘŬůɛɞɨ Űɖɠ ɗɚɘˊŰɘəɐɠ ŭɨɜŬɛɖɠ 

RdbN ,  ɖ ŬɜŰɞɢɐ Űɞɡ ɗɚɘɓɧɛŮɜɞɡ ɛɏɚɞɡɠ ůŮ ɚɡɔɘůɛɧ. 

 

ȼ ŬɜŰɞɢɐ Ůɜɧɠ ɗɚɘɓɧɛŮɜɞɡ ɛɏɚɞɡɠ ůŮ ɚɡɔɘůɛɧ ɚŬɛɓɎɜŮŰŬɘ ɤɠ Ůɝɐɠ: 

1
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M
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g

c y

Rdb

Af
N    ɔɘŬ ŭɘŬŰɞɛɏɠ əŬŰɖɔɞɟɑŬɠ 1, 2 ɐ 3 (5.23) 

ɧˊɞɡ ɢ ɛŮɘɤŰɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ. 

 

ɆŮ ɛɏɚɖ ɡˊɧ Ŭɝɞɜɘəɐ ɗɚɑɣɖ, ɖ Űɘɛɐ Űɞɡ ɛŮɘɤŰɘəɞɨ ůɡɜŰŮɚŮůŰɐ ɢ ɡˊɞɚɞɔɑɕŮŰŬɘ ůɨɛűɤɜŬ 

ɛŮ Űɖɜ ˊŬɟŬəɎŰɤ ůɢɏůɖ ɤɠ ůɡɜɎɟŰɖůɖ Űɖɠ Ŭɜɖɔɛɏɜɖɠ ɚɡɔɖɟɧŰɖŰŬɠ l əŬɘ Űɞɡ ůɡɜŰŮɚŮůŰɐ 

ŬŰŮɚŮɘɩɜ Ŭ, ɞ ɞˊɞɑɞɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ŬɜŰɑůŰɞɘɢɖ əŬɛˊɨɚɖ ɚɡɔɘůɛɞɨ: 

22

1

l

c

-F+F

=  ɛŮ ɢÒ1,0 (5.24) 

ɧˊɞɡ: 

( )[ ]22,015,0 lla +-+=F  (5.25) 

cr

y

N

Af
=l    ɔɘŬ ŭɘŬŰɞɛɏɠ əŬŰɖɔɞɟɑŬɠ 1, 2 ɐ 3 (5.26) 

Ŭ ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŬŰŮɚŮɘɩɜ, ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŮ əɎɗŮ əŬɛˊɨɚɖ ɚɡɔɘůɛɞɨ əŬɘ 

ɚŬɛɓɎɜŮŰŬɘ Ŭˊɧ Űɞɜ ɄɑɜŬəŬ 5.1, ůŮ ůɢɏůɖ əŬɘ ɛŮ Űɞɡɠ ɄɑɜŬəŮɠ 5.2 əŬɘ 5.4. 

crN  ŮɑɜŬɘ Űɞ ŮɚŬůŰɘəɧ əɟɑůɘɛɞ űɞɟŰɑɞ ɔɘŬ Űɖɜ ŬɜŰɑůŰɞɘɢɖ ɛɞɟűɐ ɚɡɔɘůɛɞɨ ɓŬůɘůɛɏɜɞ 

ůŰɘɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ ˊɚɐɟɞɡɠ ŭɘŬŰɞɛɐɠ 

ɄɑɜŬəŬɠ 5.1: ɆɡɜŰŮɚŮůŰɏɠ ŬŰŮɚŮɘɩɜ ɔɘŬ əŬɛˊɨɚŮɠ ɚɡɔɘůɛɞɨ 

 

ɇɘɛɏɠ Űɞɡ ɛŮɘɤŰɘəɞɨ ůɡɜŰŮɚŮůŰɐ ɢ ɔɘŬ Űɖɜ əŬŰɎɚɚɖɚɖ Ŭɜɖɔɛɏɜɖ ɚɡɔɖɟɧŰɖŰŬ l ɛˊɞɟŮɑ 

ɜŬ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ Űɞ ɆɢɐɛŬ 

 

ũɘŬ ɚɡɔɖɟɧŰɖŰŬ: 

2,0¢l  ɐ ɔɘŬ 04,0¢
cr

Ed

N

N
 

(ɛɘəɟɐ ɚɡɔɖɟɧŰɖŰŬ), ɖ ŬɜŰɞɢɐ Űɖɠ ŭɘŬŰɞɛɐɠ ŮɝŬɜŰɚŮɑŰŬɘ ˊɟɘɜ ŮəŭɖɚɤɗŮɑ ɚɡɔɘůɛɧɠ. Ⱥˊɞɛɏɜɤɠ, 

ɞɘ ŮˊɘŭɟɎůŮɘɠ Űɞɡ ɚɡɔɘůɛɞɨ ɛˊɞɟɞɨɜ ɜŬ ŬɔɜɞɞɨɜŰŬɘ əŬɘ ɜŬ ŮűŬɟɛɧɕɞɜŰŬɘ ɛɧɜɞ ɏɚŮɔɢɞɘ 

ŭɘŬŰɞɛɩɜ. 
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ɆɢɐɛŬ 5.1: ȾŬɛˊɨɚŮɠ ɚɡɔɘůɛɞɨ 

5.2.10 ɚʉʂɾʈʘʉʂ ʇʑɾʂʍʝʐʂʐɻ ɾʅɻ ʆɻʈʌʐʅʆʝ ʇʑɾʅʎʈʝ 

ȼ Ŭɜɖɔɛɏɜɖ ɚɡɔɖɟɧŰɖŰŬ l ŭɑɜŮŰŬɘ Ŭˊɧ: 

1

1

l
l

i

L

N

Af
cr

cr

y
==    ɔɘŬ ŭɘŬŰɞɛɏɠ əŬŰɖɔɞɟɑŬɠ 1, 2 ɐ 3 (5.27) 

ɧ́ ɞɡ: 

crL    ŮɑɜŬɘ Űɞ ɛɐəɞɠ ɚɡɔɘůɛɞɨ ůŰɞ ɡˊɧ ɗŮɩɟɖůɖ ŮˊɑˊŮŭɞ ɚɡɔɘůɛɞɨ. 

AIi /=  ŮɑɜŬɘ ɖ ŬəŰɑɜŬ ŬŭɟŬɜŮɑŬɠ ˊŮɟɑ Űɞɜ ŬɜŰɑůŰɞɘɢɞ ɎɝɞɜŬ, ɡˊɞɚɞɔɘɕɧɛŮɜɖ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ ˊɚɐɟɞɡɠ ŭɘŬŰɞɛɐɠ 

el 9,93
f

E
ˊ

y

1 ==  

yf

235
=e  ( yf  ůŮ N/mmĮ) 

 

 



 

81 

ɄɑɜŬəŬɠ 5.2: Ⱥˊɘɚɞɔɐ əŬɛˊɨɚɖɠ ɚɡɔɘůɛɞɨ ɔɘŬ ŭŮŭɞɛɏɜɖ ŭɘŬŰɞɛɐ 
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5.2.11 ɚʉʂɾʈʘʉʂ ʇʑɾʂʍʝʐʂʐɻ ɾʅɻ ʎʐʍʀʌʐʅʆʝ ʆɻʅ ʎʐʍʀʌʐʋʆɻʈʌʐʅʆʝ 
ʇʑɾʅʎʈʝ 

ȼ Ŭɜɖɔɛɏɜɖ ɚɡɔɖɟɧŰɖŰŬ Tl  ɔɘŬ ůŰɟŮˊŰɘəɧ ɐ ůŰɟŮˊŰɞəŬɛˊŰɘəɧ ɚɡɔɘůɛɧ ˊɟɏˊŮɘ ɜŬ 

ɚŬɛɓɎɜŮŰŬɘ ɤɠ: 

T

T=
,cr

y

N

Af
l    ɔɘŬ ŭɘŬŰɞɛɏɠ əŬŰɖɔɞɟɑŬɠ 1, 2 ɐ 3 (5.28) 

ũɘŬ ůŰɟŮˊŰɘəɧ ɚɡɔɘůɛɧ, ɖ əŬŰɎɚɚɖɚɖ əŬɛˊɨɚɖ ɚɡɔɘůɛɞɨ ɛˊɞɟŮɑ ɜŬ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞɜ 

ɄɑɜŬəŬ , ɗŮɤɟɩɜŰŬɠ ŬɡŰɐɜ ˊɞɡ ůɢŮŰɑɕŮŰŬɘ ɛŮ Űɞɜ ɎɝɞɜŬ z. ɄɟŬəŰɘəɎ ɞ ůŰɟŮˊŰɘəɧɠ ɚɡɔɘůɛɧɠ 

ŮɑɜŬɘ ŭɡůɛŮɜɏůŰŮɟɞɠ Űɞɡ əŬɛˊŰɘəɞɨ ɔɘŬ ˊŮɟɘɞɟɘůɛɏɜɞ Ŭɟɘɗɛɧ ŭɘŬŰɞɛɩɜ. 

5.2.12 ɚʉʐʋʔʙ ʈʀʇʡʉ ʎʀ ʎʐʍʀʌʐʋʆɻʈʌʐʅʆʝ ʇʑɾʅʎʈʝ ɉʈʘʇʂ ʎʐɻʃʀʍʙʏ 
ɿʅɻʐʋʈʙʏ ʑʌʝ ʆʗʈʕʂɊ 

ũɘŬ əŬɛˊŰɧɛŮɜŬ ɛɏɚɖ ůŰŬɗŮɟɐɠ ŭɘŬŰɞɛɐɠ, ɖ Űɘɛɐ Űɞɡ ɛŮɘɤŰɘəɞɨ ůɡɜŰŮɚŮůŰɐ LTc  ɔɘŬ 

Űɖɜ ŬɜŰɑůŰɞɘɢɖ Ŭɜɖɔɛɏɜɖ ɚɡɔɖɟɧŰɖŰŬ LTl , ˊɟɏˊŮɘ ɜŬ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖ ůɢɏůɖ: 

22

1

LTLTLT

LT

l

c

-F+F

=  ɛŮ 0,1LT ¢c  (5.29) 

ɧˊɞɡ: 

( )[ ]2

2,015,0 LTLTLTLT lla +-+=F  (5.29) 

LTa  ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŬŰŮɚŮɘɩɜ (Ŭˊɧ ɄɑɜŬəŬ 5.3) 

cr

yy
LT

M

fW
=l  ɖ Ŭɜɖɔɛɏɜɖ ɚɡɔɖɟɧŰɖŰŬ ˊɚŮɡɟɘəɞɨ ɚɡɔɘůɛɞɨ (5.30) 

crM  ŮɑɜŬɘ ɖ ŮɚŬůŰɘəɐ əɟɑůɘɛɖ ɟɞˊɐ ˊɚŮɡɟɘəɞɨ ɚɡɔɘůɛɞɨ, ɡˊɞɚɞɔɘɕɧɛŮɜɖ ɛŮ ɓɎůɖ Űɘɠ 

ɘŭɘɧŰɖŰŮɠ Űɖɠ ˊɚɐɟɞɡɠ ŭɘŬŰɞɛɐɠ əŬɘ ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɘɠ ůɡɜɗɐəŮɠ űɧɟŰɘůɖɠ, Űɖɜ 

ˊɟŬɔɛŬŰɘəɐ əŬŰŬɜɞɛɐ Űɖɠ ɟɞˊɐɠ əŬɘ Űɘɠ ˊɚŮɡɟɘəɏɠ ŭŮůɛŮɨůŮɘɠ. 

ɄɑɜŬəŬɠ 5.3: ɆɡɜŰŮɚŮůŰɏɠ ŬŰŮɚŮɘɩɜ ɔɘŬ əŬɛˊɨɚŮɠ ˊɚŮɡɟɘəɞɨ ɚɡɔɘůɛɞɨ 

 
ȼ əŬŰɎɚɚɖɚɖ əŬɛˊɨɚɖ ɚɡɔɘůɛɞɨ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ, ŭɑɜŮŰŬɘ ůŰɞɜ ɄɑɜŬəŬ 5.4 
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ɄɑɜŬəŬɠ 5.4: ȾŬɛˊɨɚŮɠ ˊɚŮɡɟɘəɞɨ ɚɡɔɘůɛɞɨ 

 
Ƀɘ Űɘɛɏɠ Űɞɡ ɛŮɘɤŰɘəɞɨ ůɡɜŰŮɚŮůŰɐ LTc  ɛˊɞɟɞɨɜ ɜŬ ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ əŬɘ Ŭˊɧ Űɞ 

ɆɢɐɛŬ, ůɡɜŬɟŰɐůŮɘ Űɖɠ ŬɜŰɑůŰɞɘɢɖɠ Ŭɜɖɔɛɏɜɖɠ ɚɡɔɖɟɧŰɖŰŬɠ LTl . 

 

ũɘŬ ɚɡɔɖɟɧŰɖŰŬ: 

2,0¢LTl  ɐ ɔɘŬ 04,0¢
cr

Ed

M

M
 ( 4,0¢LTl ɐ 16,0¢

cr

Ed

M

M
 ŬɜŰɑůŰɞɘɢŬ ɔɘŬ ŮɚŬŰɏɠ ŭɘŬŰɞɛɏɠ) 

ɞ əɑɜŭɡɜɞɠ ŬůŰɞɢɑŬɠ ɛɏůɤ ˊɚŮɡɟɘəɞɨ ɚɡɔɘůɛɞɨ ɛˊɞɟŮɑ ɜŬ ŬɛŮɚɖɗŮɑ əŬɘ ɜŬ ɔɑɜɞɜŰŬɘ ɛɧɜɞɜ 

ɏɚŮɔɢɞɘ ŭɘŬŰɞɛɐɠ. 

5.2.13 ɣʍʚʎʅʈʂ ʍʋʌʙ ʎʐʍʀʌʐʋʆɻʈʌʐʅʆʋʞ ʇʑɾʅʎʈʋʞ 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŭɞəɞɨ ůŰŬɗŮɟɐɠ ŭɘŬŰɞɛɐɠ, ɛŮ ůɡɜɐɗŮɘɠ ůŰɟŮˊŰɘəɏɠ ůɡɜɗɐəŮɠ ůŰɐɟɘɝɖɠ 

ůŰŬ ɎəɟŬ Űɖɠ, ůɡɛɛŮŰɟɘəɐ ɤɠ ˊɟɞɠ Űɞɜ ŬůɗŮɜɐ ɎɝɞɜŬ ŬŭɟŬɜŮɑŬɠ əŬɘ ɡˊɞəŮɑɛŮɜɖɠ ůŮ əɎɛɣɖ 

ˊŮɟɑ Űɞɜ ɘůɢɡɟɧ ɎɝɞɜŬ ŬŭɟŬɜŮɑŬɠ, ɖ əɟɑůɘɛɖ ŮɚŬůŰɘəɐ ɟɞˊɐ ˊɚŮɡɟɘəɞɨ ɚɡɔɘůɛɞɨ, ɧˊɤɠ 

ˊɟɞɓɚɏˊŮŰŬɘ ůŰɞ ɄŬɟɎɟŰɖɛŬ F Űɞɡ EC3-ɀɏɟɞɠ 1.1 (ɏəŭɞůɖ 1992), ŭɑɜŮŰŬɘ Ŭˊɧ Űɞ ɔŮɜɘəɧ 

Űɨˊɞ: 

( )

( ) ( ) ( )
î
í

î
ì

ë

î
ý

î
ü

û

--
ù
ù

ú

ø

é
é

ê

è
-++ù

ú

ø
é
ê

è
= jgjg

z

t

z

w

w

z
cr zCzCzCzC

EI

GIkL

I

I

k

k

kL

EI
CM 32

5,0

2

322

22

2

2

1
p

p
 (5.31) 

ɧˊɞɡ: 

1C , 2C , 3C  ůɡɜŰŮɚŮůŰɏɠ ŮɝŬɟŰɩɛŮɜɞɘ Ŭˊɧ Űɘɠ ůɡɜɗɐəŮɠ űɧɟŰɘůɖɠ əŬɘ ůŰɟŮˊŰɘəɐɠ ůŰɐɟɘɝɖɠ 

tI   ɖ ůŰŬɗŮɟɎ ůŰɟɏɣɖɠ 

wI   ɖ ůŰŬɗŮɟɎ ůŰɟɏɓɚɤůɖɠ 

zI   ɖ ɟɞˊɐ ŬŭɟŬɜŮɑŬɠ ɤɠ ˊɟɞɠ Űɞɜ ŬůɗŮɜɐ ɎɝɞɜŬ 

L   Űɞ ɛɐəɞɠ Űɖɠ ŭɞəɞɨ ɛŮŰŬɝɨ ůɖɛŮɑɤɜ ˊɚŮɡɟɘəɎ ŮɝŬůűŬɚɘůɛɏɜɤɜ 

k  əŬɘ wk  ůɡɜŰŮɚŮůŰɏɠ ŮɝŬɟŰɩɛŮɜɞɘ Ŭˊɧ Űɞ Ůɑŭɞɠ Űɤɜ ůŰɖɟɑɝŮɤɜ ɤɠ ˊɟɞɠ Űɖɜ ŮɚŮɡɗŮɟɑŬ 

ůŰɟɞűɐɠ əŬɘ ůŰɟɏɓɚɤůɖɠ Űɤɜ Ɏəɟɤɜ Űɞɡ ŮɝŮŰŬɕɧɛŮɜɞɡ ˊɚŮɡɟɘəɎ ɛɖ 

ˊɟɞůŰŬŰŮɡɛɏɜɞɡ ŰɛɐɛŬŰɞɠ 

sag zzz -=  ɖ ŬˊɧůŰŬůɖ Űɞɡ əɏɜŰɟɞɡ ŭɘɎŰɛɖůɖɠ Ŭˊɧ Űɞ ůɖɛŮɑɞ ŮűŬɟɛɞɔɐɠ Űɞɡ űɞɟŰɑɞɡ 

az  ɖ ŰŮŰŬɔɛɏɜɖ Űɞɡ ůɖɛŮɑɞɡ ŮűŬɟɛɞɔɐɠ Űɞɡ űɞɟŰɑɞɡ ɤɠ ˊɟɞɠ Űɞ əŮɜŰɟɞɓŬɟɘəɧ 

ɎɝɞɜŬ y-y 

sz   ɖ ŰŮŰŬɔɛɏɜɖ Űɞɡ əɏɜŰɟɞɡ ŭɘɎŰɛɖůɖɠ ɤɠ ˊɟɞɠ Űɞɜ əŮɜŰɟɞɓŬɟɘəɧ ɎɝɞɜŬ y-y 
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( ) y

A

sj IdAzyzzz /5,0 22
ù
ú

ø
é
ê

è
+-= ñ . 

 

Ƀɘ ŰŮŰŬɔɛɏɜŮɠ az  əŬɘ sz  ɛŮŰɟɩɜŰŬɘ ɛŮ ŬűŮŰɖɟɑŬ Űɞ əɏɜŰɟɞ ɓɎɟɞɡɠ Űɖɠ ŭɘŬŰɞɛɐɠ əŬɘ 

ŮɑɜŬɘ ˊɟɞůɖɛŬůɛɏɜŮɠ ɛŮ ɗŮŰɘəɐ űɞɟɎ ˊɟɞɠ Űɞ ɗɚɘɓɧɛŮɜɞ ˊɏɚɛŬ Űɖɠ ŭɘŬŰɞɛɐɠ. 

ũɘŬ ŭɞəɞɨɠ ŭɘˊɚɐɠ ůɡɛɛŮŰɟɑŬɠ ŮɑɜŬɘ 0=jz , Ůɜɩ ɧŰŬɜ ŰŬ ŮɝɤŰŮɟɘəɎ űɞɟŰɑŬ ŬůəɞɨɜŰŬɘ 

ůŰɞ əɏɜŰɟɞ ŭɘɎŰɛɖůɖɠ Űɖɠ ŭɘŬŰɞɛɐɠ ŮɑɜŬɘ 0=gz . 

Ƀ ůɡɜŰŮɚŮůŰɐɠ k ɚŬɛɓɎɜŮŰŬɘ ɑůɞɠ ɛŮ Űɖ ɛɞɜɎŭŬ, ɧŰŬɜ əŬɘ ŰŬ ŭɨɞ ɎəɟŬ Űɞɡ ˊɚŮɡɟɘəɎ ɛɖ 

ˊɟɞůŰŬŰŮɡɛɏɜɞɡ ŰɛɐɛŬŰɞɠ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞůɞɛɞɘɤɗɞɨɜ ɛŮ Ŭˊɚɏɠ ůŰɟŮˊŰɘəɏɠ ůŰɖɟɑɝŮɘɠ. ȺɎɜ 

əŬɘ ŰŬ ŭɨɞ ɎəɟŬ ŮɑɜŬɘ ˊŬəŰɤɛɏɜŬ ŬɜŰɘůŰɞɘɢŮɑ Űɘɛɐ k = 0,5 , Ůɜɩ ɔɘŬ ˊŮɟɑˊŰɤůɖ Ůɜɧɠ Ɏəɟɞɡ 

ˊŬəŰɤɛɏɜɞɡ əŬɘ Ůɜɧɠ ɛŮ Ŭˊɚɐ ůŰɟŮˊŰɘəɐ ůŰɐɟɘɝɖ, k = 0,7 . Ƀ ůɡɜŰŮɚŮůŰɐɠ ŬűɞɟɎ Űɖ ůŰɟɞűɐ 

Űɞɡ Ɏəɟɞɡ ůŰɞ ɞɟɘɕɧɜŰɘɞ ŮˊɑˊŮŭɞ, ŮɑɜŬɘ ŭŮ ŬɜɎɚɞɔɞɠ Űɞɡ ůɡɜŰŮɚŮůŰɐ ɘůɞŭɨɜŬɛɞɡ ɛɐəɞɡɠ 

ɚɡɔɘůɛɞɨ LLcr /  Ůɜɧɠ ɗɚɘɓɧɛŮɜɞɡ ůŰɞɘɢŮɑɞɡ, ɔɘŬ ɚɡɔɘůɛɧ ˊŮɟɑ Űɞɜ ŬůɗŮɜɐ ɎɝɞɜŬ, ůŮ 

ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ŮɚŮɡɗŮɟɑŬ ůŰɟɞűɩɜ ɚɧɔɤ əɎɛɣɖɠ ůŰŬ ɎəɟŬ. 

Ƀ ůɡɜŰŮɚŮůŰɐɠ wk  ŬűɞɟɎ Űɖ ůŰɟɏɓɚɤůɖ Űɞɡ Ɏəɟɞɡ əŬɘ ɚŬɛɓɎɜŮŰŬɘ ɑůɞɠ ˊɟɞɠ 1,0 ɔɘŬ 

ɎəɟŬ ɛŮ ŮɚŮɨɗŮɟɖ ůŰɟɏɓɚɤůɖ. ɆɡɜɑůŰŬŰŬɘ, ɔŮɜɘəɎ, əŬɘ ůŮ ɎɚɚŮɠ ˊŮɟɘˊŰɩůŮɘɠ ɜŬ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ ůɡɜŰɖɟɖŰɘəɐ Űɘɛɐ 1=wk . 

Ƀɘ ůɡɜŰŮɚŮůŰɏɠ 1C , 2C əŬɘ 3C  ŭɑɜɞɜŰŬɘ ůŰɞɡɠ ɄɑɜŬəŮɠ 5.5 əŬɘ 5.6 ɔɘŬ ŭɘɎűɞɟŮɠ 

ˊŮɟɘˊŰɩůŮɘɠ űɧɟŰɘůɖɠ əŬɘ ŭɘɎűɞɟŮɠ Űɘɛɏɠ Űɞɡ k, ŬɜɎɚɞɔŬ ɛŮ Űɖ ɛɞɟűɐ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ 

əŬɛˊŰɘəɩɜ ɟɞˊɩɜ ůŰɞ ɛɐəɞɠ L ɛŮŰŬɝɨ ˊɚŮɡɟɘəɩɜ ůŰɖɟɑɝŮɤɜ. 
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ɄɑɜŬəŬɠ 5.5: ɆɡɜŰŮɚŮůŰɏɠ 1C , 2C əŬɘ 3C  ɔɘŬ ŭɘɎűɞɟŮɠ Űɘɛɏɠ Űɞɡ k , ůŮ ˊŮɟɑˊŰɤůɖ 

űɧɟŰɘůɖɠ ɛɧɜɞ ɛŮ ŬəɟŬɑŮɠ ɟɞˊɏɠ 
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ɄɑɜŬəŬɠ 5.6: ɆɡɜŰŮɚŮůŰɏɠ 1C , 2C əŬɘ 3C  ɔɘŬ ŭɘɎűɞɟŮɠ Űɘɛɏɠ Űɞɡ k , ůŮ ˊŮɟɑˊŰɤůɖ ŮɔəɎɟůɘɤɜ 

űɞɟŰɑɤɜ 

 

5.2.14 ɫʐʍʀʌʐʋʆɻʈʌʐʅʆʝʏ ʇʑɾʅʎʈʝʏ ʈʀʇʡʉ ʎʐɻʃʀʍʙʏ ɿʅɻʐʋʈʙʏ ʑʌʝ 
ʃʇʚʕʂ ʆɻʅ ʆʗʈʕʂ 

ȺəŰɧɠ ŮɎɜ ŮəŰŮɚŮɑŰŬɘ ŬɜɎɚɡůɖ ŭŮɨŰŮɟɖɠ ŰɎɝɖɠ, ɖ ŮɡůŰɎɗŮɘŬ ɛŮɚɩɜ ůŰŬɗŮɟɐɠ ŭɘŬŰɞɛɐɠ 

ŭɘˊɚɐɠ ůɡɛɛŮŰɟɑŬɠ, ˊɞɡ ŭŮɜ ŮɑɜŬɘ ŮɡŬɑůɗɖŰɖ ůŮ ůŰɟŮˊŰɘəɏɠ ˊŬɟŬɛɞɟűɩůŮɘɠ, ˊɟɏˊŮɘ ɜŬ 

ŮɚɏɔɢŮŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɘɠ ˊŬɟŬəɎŰɤ ˊŬɟŬɔɟɎűɞɡɠ, ɧˊɞɡ ŭɘɎəɟɘůɖ ɔɑɜŮŰŬɘ ɛŮŰŬɝɨ: 

¶ MŮɚɩɜ ˊɞɡ ŭŮɜ ŮɑɜŬɘ ŮɡŬɑůɗɖŰŬ ůŮ ůŰɟŮˊŰɘəɏɠ ˊŬɟŬɛɞɟűɩůŮɘɠ, ˊ.ɢ. əɞɑɚŮɠ 
əɡəɚɘəɏɠ ŭɘŬŰɞɛɏɠ ɐ ŭɘŬŰɞɛɏɠ ɧˊɞɡ ɖ ůŰɟɏɣɖ ˊŬɟŮɛˊɞŭɑɕŮŰŬɘ, ůŰŬ ɞˊɞɑŬ 

ɚŬɛɓɎɜŮŰŬɘ LTc =1,0. 

¶ MŮɚɩɜ ˊɞɡ ŮɑɜŬɘ ŮɡŬɑůɗɖŰŬ ůŮ ůŰɟŮˊŰɘəɏɠ ˊŬɟŬɛɞɟűɩůŮɘɠ, ˊ.ɢ. ɛɏɚɖ ɛŮ 

ŬɜɞɘɢŰɏɠ ŭɘŬŰɞɛɏɠ, ůŰŬ ɞˊɞɑŬ ŭŮɜ ˊŬɟŮɛˊɞŭɑɕŮŰŬɘ ɖ ůŰɟɏɣɖ, ɧˊɞɡ ɞ 

ůŰɟŮˊŰɞəŬɛˊŰɘəɧɠ ɚɡɔɘůɛɧɠ ŬˊɞŰŮɚŮɑ ˊɘɗŬɜɐ ɛɞɟűɐ ŬůŰɞɢɑŬɠ, ɞˊɧŰŮ ˊɟŮɏˊŮɘ ɜŬ 

ɡˊɞɚɞɔɑɕŮŰŬɘ ɞ LTc . 

ũɘŬ ɛɏɚɖ ŭɞɛɘəɩɜ ůɡůŰɖɛɎŰɤɜ ɞ ɏɚŮɔɢɞɠ ŬɜŰɞɢɐɠ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮŰŬɘ ɓŬůɘɕɧɛŮɜɞɠ ůŰŬ 

ɛŮɛɞɜɤɛɏɜŬ ɛɏɚɖ Ůɜɧɠ ŬɜɞɑɔɛŬŰɞɠ, ɗŮɤɟɞɨɛŮɜŬ ŬˊɞəɞɛɛɏɜŬ Ŭˊɧ Űɞ ůɨůŰɖɛŬ. 

Ⱥˊɞɛɏɜɤɠ, ɛɏɚɖ ˊɞɡ ɡˊɧəŮɘɜŰŬɘ ůŮ ůɡɜŭɡŬůɛɏɜɖ əɎɛɣɖ əŬɘ ɗɚɑɣɖ ˊɟɏˊŮɘ ɜŬ 

ɘəŬɜɞˊɞɘɞɨɜ Űɘɠ Ůɝɐɠ ůɢɏůŮɘɠ: 
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 (5.33) 

ɧˊɞɡ: 

EdN , EdyM ,  əŬɘ EdzM ,  ɞɘ Űɘɛɏɠ ůɢŮŭɘŬůɛɞɨ Űɖɠ ɗɚɘˊŰɘəɐɠ Ŭɝɞɜɘəɐɠ ŭɨɜŬɛɖɠ əŬɘ Űɤɜ 

ɛɏɔɘůŰɤɜ ɟɞˊɩɜ ɤɠ ˊɟɞɠ Űɞɡɠ ɎɝɞɜŮɠ y-y əŬɘ z-z əŬŰɎ ɛɐəɞɠ 

Űɞɡ ɛɏɚɞɡɠ ŬɜŰɑůŰɞɘɢŬ 

EdyM ,D , EdzM ,D   ɞɘ ɟɞˊɏɠ ɚɧɔɤ ɛŮŰŬŰɧˊɘůɖɠ Űɞɡ əŮɜŰɟɞɓŬɟɘəɞɨ ɎɝɞɜŬ ɔɘŬ 

ŭɘŬŰɞɛɏɠ əŬŰɖɔɞɟɑŬɠ 4, ɓɚ. ɄɑɜŬəŬ 5.7. 

yc  əŬɘ zc   ɞɘ ɛŮɘɤŰɘəɞɑ ůɡɜŰŮɚŮůŰɏɠ ɚɧɔɤ əŬɛˊŰɘəɞɨ ɚɡɔɘůɛɞɨ 

LTc  ɞ ɛŮɘɤŰɘəɧɠ ůɡɜŰŮɚŮůŰɐɠ ɚɧɔɤ ˊɚŮɡɟɘəɞɨ ɚɡɔɘůɛɞɨ. ũɘŬ ɛɏɚɖ 

ɛɖ ŮɡŬɑůɗɖŰŬ ůŮ ůŰɟŮˊŰɘəɐ ˊŬɟŬɛɧɟűɤůɖ, ɗŬ ɚŬɛɓɎɜŮŰŬɘ 

0,1LT =c  

yyk , yzk , zyk , zzk  ɞɘ ůɡɜŰŮɚŮůŰɏɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ, ŮɝŬɟŰɩɛŮɜɞɘ Ŭˊɧ Űɖ ɛɏɗɞŭɞ 

ˊɞɡ ɏɢŮɘ ŮˊɘɚŮɔŮɑ. 

ɄɑɜŬəŬɠ 5.7: ɇɘɛɏɠ ɔɘŬ iyRk AfN = , iyRki WfM =,  əŬɘ EdiM ,D  ɔɘŬ Űɘɠ ŭɘɎűɞɟŮɠ əŬŰɖɔɞɟɑŮɠ 

ŭɘŬŰɞɛɐɠ 

 
Ƀɘ ůɡɜŰŮɚŮůŰɏɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ yyk , yzk , zyk , zzk  ɛˊɞɟɞɨɜ ɜŬ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ ŭɨɞ 

ŮɜŬɚɚŬəŰɘəɏɠ ɛŮɗɧŭɞɡɠ, ɛŮ Űɞ Ⱥɗɜɘəɧ ɄɟɞůɎɟŰɖɛŬ ɜŬ ŮˊɘŰɟɏˊŮɘ Űɖ ɢɟɐůɖ əŬɘ Űɤɜ ŭɨɞ. ɆŰŬ 

ˊɚŬɑůɘŬ Űɤɜ Ůɚɏɔɢɤɜ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŮ ŬɡŰɐɜ Űɖ ŭɘˊɚɤɛŬŰɘəɐ ŮˊɘɚɏɢɗɖəŮ ɖ 2
ɖ 

ɛɏɗɞŭɞɠ, ůɨɛűɤɜŬ ɛŮ Űɖɜ ɞˊɞɑŬ ɞɘ Űɘɛɏɠ Űɤɜ yyk , yzk , zyk , zzk  ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɛŮ ɓɎůɖ Űɞɡɠ 

ˊŬɟŬəɎŰɤ ɄɑɜŬəŮɠ 5.8 əŬɘ 5.9. 
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ɄɑɜŬəŬɠ 5.8: ɆɡɜŰŮɚŮůŰɏɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ijk  ɔɘŬ ɛɏɚɖ ɛɖ ŮɡŬɑůɗɖŰŬ ůŮ ůŰɟŮˊŰɘəɏɠ ˊŬɟŬɛɞɟűɩůŮɘɠ 

ůɨɛűɤɜŬ ɛŮ Űɖ 2
ɖ
 ɛɏɗɞŭɞ 
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ɄɑɜŬəŬɠ 5.9: ɆɡɜŰŮɚŮůŰɏɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ijk  ɔɘŬ ɛɏɚɖ ŮɡŬɑůɗɖŰŬ ůŮ ůŰɟŮˊŰɘəɏɠ ˊŬɟŬɛɞɟűɩůŮɘɠ 

ůɨɛűɤɜŬ ɛŮ Űɖ 2
ɖ
 ɛɏɗɞŭɞ 

 

ɄɑɜŬəŬɠ 5.10: ɆɡɜŰŮɚŮůŰɏɠ Cm ɘůɞŭɨɜŬɛɖɠ ɞɛɞɘɧɛɞɟűɖɠ ɟɞˊɐɠ ůŰɞɡɠ ɄɑɜŬəŮɠ 

5.8 əŬɘ 5.9 
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5.3 ɚʌɻʅʐʋʞʈʀʉʋʅ ɻʌʝ ʐʋʉ ECχ ʘʇʀɾʔʋʅ ʎʐʂʉ ɨʍʅɻʆʙ ɣɻʐʗʎʐɻʎʂ 
ɤʀʅʐʋʑʍɾʅʆʝʐʂʐɻʏ 

ȼ ɃɟɘŬəɐ ȾŬŰɎůŰŬůɖ ȿŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ ŬűɞɟɎ ɔŮɜɘəɎ Űɖɜ ŮɝŬůűɎɚɘůɖ ɧŰɘ ɞɘ 

ɛŮŰŬəɘɜɐůŮɘɠ əŬɘ ɞɘ ůŰɟɞűɏɠ ŭŮɜ ŮɑɜŬɘ ɡˊŮɟɓɞɚɘəɏɠ ɡˊɧ əŬɜɞɜɘəɏɠ ůɡɜɗɐəŮɠ ɢɟɐůɖɠ. ɆŮ 

ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŮɑɜŬɘ Ůˊɑůɖɠ ŬɜŬɔəŬɑɞ ɜŬ ŮɝŬůűŬɚɘůŰŮɑ ɧŰɘ ɖ əŬŰŬůəŮɡɐ ŭŮɜ ɡˊɧəŮɘŰŬɘ 

ůŮ ɡˊŮɟɓɞɚɘəɏɠ ŰŬɚŬɜŰɩůŮɘɠ.ɄŮɟɘˊŰɩůŮɘɠ ɧˊɞɡ ŬɡŰɧ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɧ, 

ˊŮɟɘɚŬɛɓɎɜɞɡɜ əŬŰŬůəŮɡɏɠ ŮəŰŮɗŮɘɛɏɜŮɠ ůŮ ůɖɛŬɜŰɘəɏɠ ŭɡɜŬɛɘəɏɠ əŬŰŬˊɞɜɐůŮɘɠ ɐ ŮəŮɑɜŮɠ 

ˊɞɡ ŮɝɡˊɖɟŮŰɞɨɜ ŮɡŬɑůɗɖŰɞ Ůɝɞˊɚɘůɛɧ. ɇɧůɞ ɞɘ ɛŮŰŬəɘɜɐůŮɘɠ ɧůɞ əŬɘ ɞɘ ŰŬɚŬɜŰɩůŮɘɠ 

ůɡɜŭɏɞɜŰŬɘ ˊŮɟɘůůɧŰŮɟɞ ɛŮ Űɖɜ ŭɡůəŬɛɣɑŬ ˊŬɟɎ ɛŮ Űɖɜ ŬɜŰɞɢɐ Űɖɠ əŬŰŬůəŮɡɐɠ. 

ũɘŬ əŬŰŬůəŮɡɏɠ Ŭˊɧ ɢɎɚɡɓŬ, ŮˊŬɟəɐɠ ŭɡůəŬɛɣɑŬ ŮɝŬůűŬɚɑɕŮŰŬɘ ɔŮɜɘəɎ ɡˊɞɚɞɔɑɕɞɜŰŬɠ 

Űɘɠ ɛŮŰŬəɘɜɐůŮɘɠ əŬɘ ŮɝŬůűŬɚɑɕɞɜŰŬɠ ɧŰɘ ŬɡŰɏɠ ŮɑɜŬɘ ɛɘəɟɧŰŮɟŮɠ Ŭˊɧ ŰŬ ˊɟɞəŬɗɞɟɘůɛɏɜŬ 

ɧɟɘŬ. ȺˊŮɘŭɐ ɞɘ ɞɟɘŬəɏɠ əŬŰŬůŰɎůŮɘɠ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ ŬɜŬűɏɟɞɜŰŬɘ ůŰɖɜ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ 

űɞɟɏŬ ɡˊɧ ůɡɜɗɐəŮɠ űɞɟŰɑůŮɤɠ ɚŮɘŰɞɡɟɔɑŬɠ, ɞ ɏɚŮɔɢɞɠ ɔɑɜŮŰŬɘ ɛŮ Űɞɡɠ ŬɜŰɑůŰɞɘɢɞɡɠ 

ůɡɜŭɡŬůɛɞɨɠ űɞɟŰɑɤɜ əŬɘ ɛŮ ɓɎůɖ Űɖɜ ŮɚŬůŰɘəɐ ŬɜɎɚɡůɖ ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɖɜ ŬɜɎɚɡůɖ ˊɞɡ 

ɏɢŮɘ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɞɜ ůɢŮŭɘŬůɛɧ ůŰɖɜ ɞɟɘŬəɐ əŬŰɎůŰŬůɖ ŬůŰɞɢɑŬɠ. 

Ƀɘ ɡˊŮɟɓɞɚɘəɏɠ ɛŮŰŬŰɞˊɑůŮɘɠ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ˊɟɞəŬɚɏůɞɡɜ ɏɜŬ ˊɚɐɗɞɠ ŬɜŮˊɘɗɨɛɖŰɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɧůɞ ŬɘůɗɖŰɘəɩɜ ŬɚɚɎ əɡɟɑɤɠ ɚŮɘŰɞɡɟɔɘəɩɜ. ɀŮɟɘəɎ Ŭˊɧ ŬɡŰɎ ŮɑɜŬɘ ɞɘ 

ɕɖɛɘɏɠ ůŰŬ ŰŮɚŮɘɩɛŬŰŬ əŬɘ ŰŬ ɡɚɘəɎ ˊɚɐɟɤůɖɠ (ɢɤɟɑůɛŬŰŬ) Űɖɠ əŬŰŬůəŮɡɐɠ (ŮɘŭɘəɎ ɧŰŬɜ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŮɨɗɟŬɡůŰŬ ɡɚɘəɎ, ɧˊɤɠ ɔɡŬɚɑ ɔɨɣɘɜŮɠ əŬŰŬůəŮɡɏɠ əŬɘ ŬůɓŮůŰɞəɞɜɑŬɛŬ), 

ɞɘ ůɡůůɤɟŮɨůŮɘɠ ɜŮɟɞɨ ůŮ ŮˊɑˊŮŭŮɠ ůŰɏɔŮɠ, ɖ ŭɡůɢɏɟŮɘŬ ůŰɖ ɚŮɘŰɞɡɟɔɑŬ ɔŮɟŬɜɞɔŮűɡɟɩɜ, ɖ 

ɞˊŰɘəɐ Ůɜɧɢɚɖůɖ ůŰɞɡɠ ɢɟɐůŰŮɠ əŬɘ ůŮ ŮɝŬɘɟŮŰɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ, ŬɚɚŬɔɏɠ ůŰɖɜ ůŰŬŰɘəɐ 

ɚŮɘŰɞɡɟɔɑŬ Űɞɡ űɞɟɏŬ, ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ ŬəɧɛŬ əŬɘ ŬůŰɞɢɑŮɠ. 

Ƀ ůɢŮŭɘŬůɛɧɠ ˊŮɟɘɚŬɛɓɎɜŮɘ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ əŬŰŬəɧɟɡűɤɜ ɓŮɚɩɜ əŬɘ ůɨɔəɟɘůɖ Űɞɡɠ 

ɛŮ ŰŬ ŮˊɘŰɟŮˊɧɛŮɜŬ ɧɟɘŬ, ŰŬ ɞˊɞɑŬ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɞ Ůɑŭɞɠ Űɞɜ űŮɟɧɜŰɤɜ əŬɘ ɛɖ űŮɟɧɜŰɤɜ 

ůŰɞɘɢŮɑɤɜ (ˊ.ɢ. ŭɘŬűɞɟŮŰɘəɎ ɧɟɘŬ ɓŮɚɩɜ ɔɘŬ ɞɟɞűɏɠ əŬɘ ŭɎˊŮŭŬ). 

 

ɆɢɐɛŬ 5.2: ȸɏɚɖ əɎɛɣɖɠ 

ɇɞ ůɡɜɞɚɘəɧ ɓɏɚɞɠ ɘůɞɨŰŬɘ ɛŮ: 021max dddd ++=  

ɧˊɞɡ: 

maxd  ŮɑɜŬɘ Űɞ ůɡɜɞɚɘəɧ ɓɏɚɞɠ əɎɛɣɖɠ ůŰɖɜ ŰŮɚɘəɐ əŬŰɎůŰŬůɖ ɛŮ Űɖɜ ŮɡɗŮɑŬ ɔɟŬɛɛɐ ˊɞɡ 

ŮɜɩɜŮɘ Űɘɠ ůŰɖɟɑɝŮɘɠ 

1d ŮɑɜŬɘ Űɞ ɓɏɚɞɠ ɚɧɔɤ ɛɞɜɑɛɤɜ űɞɟŰɑɤɜ 

2d ŮɑɜŬɘ Űɞ ɓɏɚɞɠ ɚɧɔɤ ɛŮŰŬɓɚɖŰɩɜ ŭɟɎůŮɤɜ 

0d  ŮɑɜŬɘ Űɞ Ŭɟɢɘəɧ ŬɜŰɘɓɏɚɞɠ əɎɛɣɖɠ ůŰɖɜ ŬűɧɟŰɘůŰɖ əŬŰɎůŰŬůɖ 

 

ɆɨɛűɤɜŬ ɛŮ Űɞ Ⱥɗɜɘəɧ ɄɟɞůɎɟŰɖɛŬ (ɀɏɟɞɠ 1-1 : ũŮɜɘəɞɑ əŬɜɧɜŮɠ əŬɘ əŬɜɧɜŮɠ ɔɘŬ 

əŰɑɟɘŬ) ɔɘŬ ŰŬ ɧɟɘŬ Űɤɜ əŬŰŬəɧɟɡűɤɜ ɓŮɚɩɜ ɘůɢɨɞɡɜ ɞɘ Űɘɛɏɠ Űɞɡ ɄɑɜŬəŬ 5.9. 
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ɄɑɜŬəŬɠ 5.9: ɀɏɔɘůŰŮɠ ŬˊɞŭŮəŰɏɠ Űɘɛɏɠ ɓŮɚɩɜ əɎɛɣɖɠ 

 maxd  
2d  

ɀɖ ɓŬŰɏɠ ůŰɏɔŮɠ L/200 L/250 

ɄŬŰɩɛŬŰŬ əŬɘ ɓŬŰɏɠ ůŰɏɔŮɠ L/250 L/300 

. 

ũɘŬ ŰŬ ɧɟɘŬ Űɤɜ ɞɟɘɕɧɜŰɘɤɜ ɛŮŰŬŰɞˊɑůŮɤɜ, əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ɔɘŬ ɛɞɜɩɟɞűŬ 

ɓɘɞɛɖɢŬɜɘəɎ əŬɘ Ɏɚɚɞɡ Ůɑŭɞɡɠ əŰɑɟɘŬ, ɢɤɟɑɠ ɔŮɟŬɜɞɔɏűɡɟŮɠ ˊɟɏˊŮɘ ɜŬ ɘůɢɨŮɘ uÒH/150, ɧˊɞɡ u 

ɖ ɞɟɘɕɧɜŰɘŬ ɛŮŰŬəɑɜɖůɖ əŬɘ ȼ Űɞ ɨɣɞɠ Űɞɡ əŰɖɟɑɞɡ. 

5.4 ɳʇʀɾʔʋʏ ʀʌʗʍʆʀʅɻʏ ʐʖʉ ʈʀʇʡʉ ʐʋʑ ʆʐʂʍʚʋʑ 

ũɘŬ Űɖɜ ŬɜɎɚɡůɖ ŰŬ əɞɘɜɎ ŭɞɛɘəɎ ůŰɞɘɢŮɑŬ ɔɑɜɞɜŰŬɘ ɞɛɎŭŮɠ (Groups) əŬɘ 

ŭɘŬůŰŬůɘɞɚɞɔɞɨɜŰŬɘ ɛŮ ɓɎůɖ ŬɡŰɧ ˊɞɡ əŬŰŬˊɞɜŮɑŰŬɘ ˊŮɟɘůůɧŰŮɟɞ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ əɎɗŮ 

ŭɘŬŰɞɛɐɠ űŬɑɜɞɜŰŬɘ ˊŬɟŬəɎŰɤ. ũɘŬ ɧɚŬ ŰŬ ɛɏɚɖ ˊɚɖɜ Űɤɜ ŰŮɔɑŭɤɜ əŬɘ ɛɖəɑŭɤɜ ɞ ɏɚŮɔɢɞɠ 

ɔɑɜŮŰŬɘ Ŭˊɧ Űɞ ˊɟɧɔɟŬɛɛŬ SAP2000 ůɨɛűɤɜŬ ɛŮ ŰŬ ŬˊŬɘŰɞɨɛŮɜŬ Ŭˊɧ Űɞɜ ȺɡɟɤəɩŭɘəŬ 3. 

 

ɆɢɐɛŬ 5.3: ȰɚŮɔɢɞɠ Űɤɜ ɛŮɚɩɜ Űɞɡ űɞɟɏŬ Űɖɠ 1
ɖɠ

 ɚɨůɖɠ əŬɘ ɞɘ ůɡɜŰŮɚŮůŰɏɠ ŮəɛŮŰɎɚɚŮɡůɖɠ Űɞɡɠ 

(ɢɟɩɛŬŰŬ). 
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ɆɢɐɛŬ 5.4: ȰɚŮɔɢɞɠ Űɤɜ ɛŮɚɩɜ Űɞɡ űɞɟɏŬ Űɖɠ 2
ɖɠ

 ɚɨůɖɠ əŬɘ ɞɘ ůɡɜŰŮɚŮůŰɏɠ ŮəɛŮŰɎɚɚŮɡůɖɠ Űɞɡɠ 

(ɢɟɩɛŬŰŬ). 

5.4.1 ɝʋʆʋʚ ʁʑɾʖʈʗʐʖʉ ʌʇɻʅʎʚʖʉ 

¶ ɆŰɖɜ ˊɟɩŰɖ ŮɜŬɚɚŬəŰɘəɐ ɚɨůɖ: 

ȺˊɘɚɏɢɗɖəŮ ŭɘŬŰɞɛɐ IPE500. ȼ ˊɘɞ ŭɡůɛŮɜɐɠ ˊŮɟɑˊŰɤůɖ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɞ ŰɟɑŰɞ Ŭˊɧ Űɞ 

ɎɜɞɘɔɛŬ ˊɚŬɑůɘɞ ɔɘŬ Űɞɜ ůɡɜŭɡŬůɛɧ ULS2 ɛŮ ůɡɜŰŮɚŮůŰɐ ŮəɛŮŰɎɚɚŮɡůɖɠ ɑůɞ ɛŮ 0,793. 
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ɆɢɐɛŬ 5.5: ȷɜɎɚɡůɖ ŭɞəɞɨ ɕɡɔɩɛŬŰɞɠ ɔɘŬ Űɖɜ 1
ɖ
 ɚɨůɖ 

 

 

ɆɢɐɛŬ 5.6: ȹɘŬɔɟɎɛɛŬŰŬ ŮɜŰŬŰɘəɩɜ ɛŮɔŮɗɩɜ ŭɞəɞɨ ɕɡɔɩɛŬŰɞɠ ɔɘŬ Űɖɜ 1
ɖ
 ɚɨůɖ 
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¶ ɆŰɖ ŭŮɨŰŮɟɖ ŮɜŬɚɚŬəŰɘəɐ ɚɨůɖ: 

ɇɞ ɨɣɞɠ Űɖɠ ŭɘŬŰɞɛɐɠ ɛŮŰŬɓɎɚɚŮŰŬɘ ɔɟŬɛɛɘəɎ Ŭˊɧ 200mm ůŮ 550mm, Ůɜɩ Űɞ ˊɚɎŰɞɠ 

Űɖɠ Ŭˊɧ 200mm ůŮ 300mm. ɆŰɖ ŭɞəɧ Űɞɡ ɕɡɔɩɛŬŰɞɠ Űɞ ˊɎɢɞɠ Űɤɜ ˊŮɚɛɎŰɤɜ ŮɑɜŬɘ 25mm əŬɘ 

Űɞ ˊɎɢɞɠ Űɞɡ əɞɟɛɞɨ 12mm. ȼ ˊɘɞ ŭɡůɛŮɜɐɠ ˊŮɟɑˊŰɤůɖ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɞ ˊɏɛˊŰɞ Ŭˊɧ Űɞ 

ɎɜɞɘɔɛŬ ˊɚŬɑůɘɞ ɔɘŬ Űɞɜ ůɡɜŭɡŬůɛɧ ULS1 ɛŮ ůɡɜŰŮɚŮůŰɐ ŮəɛŮŰɎɚɚŮɡůɖɠ ɑůɞ ɛŮ 0,788. 

 
ɆɢɐɛŬ 5.7: ȷɜɎɚɡůɖ ŭɞəɞɨ ɕɡɔɩɛŬŰɞɠ ɔɘŬ Űɖɜ 2

ɖ
 ɚɨůɖ 

. 
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ɆɢɐɛŬ 5.8: ȹɘŬɔɟɎɛɛŬŰŬ ŮɜŰŬŰɘəɩɜ ɛŮɔŮɗɩɜ ŭɞəɞɨ ɕɡɔɩɛŬŰɞɠ ɔɘŬ Űɖɜ 2
ɖ
 ɚɨůɖ 

5.4.2 ɭʌʋʎʐʑʇʡʈɻʐɻ ʌʇɻʅʎʚʖʉ 

¶ ɆŰɖɜ ˊɟɩŰɖ ŮɜŬɚɚŬəŰɘəɐ ɚɨůɖ: 

ȺˊɘɚɏɢɗɖəŮ ŭɘŬŰɞɛɐ HEB360. ȼ ˊɘɞ ŭɡůɛŮɜɐɠ ˊŮɟɑˊŰɤůɖ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɞ ˊɏɛˊŰɞ Ŭˊɧ 

Űɞ ɎɜɞɘɔɛŬ ˊɚŬɑůɘɞ ɔɘŬ Űɞɜ ůɡɜŭɡŬůɛɧ ULS1 ɛŮ ůɡɜŰŮɚŮůŰɐ ŮəɛŮŰɎɚɚŮɡůɖɠ ɑůɞ ɛŮ 0,571. 

 

ɆɢɐɛŬ 5.9: ȷɜɎɚɡůɖ ɡˊɞůŰɡɚɩɛŬŰɞɠ ɔɘŬ Űɖɜ 1
ɖ
 ɚɨůɖ 
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ɆɢɐɛŬ 5.10: ȹɘŬɔɟɎɛɛŬŰŬ ŮɜŰŬŰɘəɩɜ ɛŮɔŮɗɩɜ  ɔɘŬ Űɖɜ 1
ɖ
 ɚɨůɖ 

¶ ɆŰɖ ŭŮɨŰŮɟɖ ŮɜŬɚɚŬəŰɘəɐ ɚɨůɖ: 

ɇɞ ɨɣɞɠ Űɖɠ ŭɘŬŰɞɛɐɠ ɛŮŰŬɓɎɚɚŮŰŬɘ ɔɟŬɛɛɘəɎ Ŭˊɧ 200mm ůŮ 550mm, Ůɜɩ Űɞ ˊɚɎŰɞɠ 

Űɖɠ Ŭˊɧ 200mm ůŮ 300mm. ɆŰɞ ɡˊɞůŰɨɚɤɛŬ Űɞ ˊɎɢɞɠ Űɤɜ ˊŮɚɛɎŰɤɜ Űɖɠ ŭɘŬŰɞɛɐɠ ŮɑɜŬɘ 

25mm əŬɘ Űɞ ˊɎɢɞɠ Űɞɡ əɞɟɛɞɨ 15mm. ȼ ˊɘɞ ŭɡůɛŮɜɐɠ ˊŮɟɑˊŰɤůɖ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɞ ˊɏɛˊŰɞ 

Ŭˊɧ Űɞ ɎɜɞɘɔɛŬ ˊɚŬɑůɘɞ ɔɘŬ Űɞɜ ůɡɜŭɡŬůɛɧ ULS1 ɛŮ ůɡɜŰŮɚŮůŰɐ ŮəɛŮŰɎɚɚŮɡůɖɠ ɑůɞ ɛŮ 

0,748. 
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ɆɢɐɛŬ 5.11: ȷɜɎɚɡůɖ ɡˊɞůŰɡɚɩɛŬŰɞɠ ɔɘŬ Űɖɜ 2
ɖ
 ɚɨůɖ 

 

 

ɆɢɐɛŬ 5.12: ȹɘŬɔɟɎɛɛŬŰŬ ŮɜŰŬŰɘəɩɜ ɛŮɔŮɗɩɜ ɡˊɞůŰɡɚɩɛŬŰɞɠ  ɔɘŬ Űɖɜ 2
ɖ
 ɚɨůɖ 
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5.4.3 ɝʅɻɾʡʉʅʋʅ ʆɻʐɻʆʝʍʑʒʖʉ ʎʑʉɿʘʎʈʖʉ ɿʑʎʆɻʈʕʚɻʏ 

¶ ɆŰɖɜ ˊɟɩŰɖ ŮɜŬɚɚŬəŰɘəɐ ɚɨůɖ: 

ȺˊɘɚɏɢɗɖəŮ ŭɘŬŰɞɛɐ 2L80x12. ȼ ˊɘɞ ŭɡůɛŮɜɐɠ ˊŮɟɑˊŰɤůɖ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɞ ŭŮɨŰŮɟɞ 

Ŭˊɧ Űɞ ɎɜɞɘɔɛŬ ůɨɜŭŮůɛɞ ŭɡůəŬɛɣɑŬɠ ɔɘŬ Űɞɡɠ ůɡɜŭɡŬůɛɞɨɠ SEISM1-4 ɛŮ ůɡɜŰŮɚŮůŰɐ 

ŮəɛŮŰɎɚɚŮɡůɖɠ ɑůɞ ɛŮ 0,250. 

 

ɆɢɐɛŬ 5.13: ȷɜɎɚɡůɖ ŭɘŬɔɤɜɑɞɡ Űɞɡ əŬŰŬəɧɟɡűɞɡ ůɡɜŭɏůɛɞɡ ŭɡůəŬɛɣɑŬɠ ɔɘŬ Űɖɜ 1
ɖ
 ɚɨůɖ 

 

ɆɢɐɛŬ 5.14: ȹɘɎɔɟŬɛɛŬ Ŭɝɞɜɘəɐɠ ŭɨɜŬɛɖɠ Űɖɠ ŭɘŬɔɤɜɑɞɡ Űɞɡ əŬŰŬəɧɟɡűɞɡ ůɡɜŭɏůɛɞɡ ŭɡůəŬɛɣɑŬɠ 

ɔɘŬ Űɖɜ 1
ɖ
 ɚɨůɖ 
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¶ ɆŰɖ ŭŮɨŰŮɟɖ ŮɜŬɚɚŬəŰɘəɐ ɚɨůɖ: 

ȺˊɘɚɏɢɗɖəŮ ŭɘŬŰɞɛɐ 2L80x12. ȼ ˊɘɞ ŭɡůɛŮɜɐɠ ˊŮɟɑˊŰɤůɖ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɞ ŭŮɨŰŮɟɞ 

Ŭˊɧ Űɞ ɎɜɞɘɔɛŬ ůɨɜŭŮůɛɞ ŭɡůəŬɛɣɑŬɠ ɔɘŬ Űɞɡɠ ůɡɜŭɡŬůɛɞɨɠ SEISM1-4 ɛŮ ůɡɜŰŮɚŮůŰɐ 

ŮəɛŮŰɎɚɚŮɡůɖɠ ɑůɞ ɛŮ 0,277. 

 

ɆɢɐɛŬ 5.15: ȷɜɎɚɡůɖ ŭɘŬɔɤɜɑɞɡ Űɞɡ əŬŰŬəɧɟɡűɞɡ ůɡɜŭɏůɛɞɡ ŭɡůəŬɛɣɑŬɠ ɔɘŬ Űɖɜ 2
ɖ
 ɚɨůɖ 

 

ɆɢɐɛŬ 5.16: ȹɘɎɔɟŬɛɛŬ Ŭɝɞɜɘəɐɠ ŭɨɜŬɛɖɠ Űɖɠ ŭɘŬɔɤɜɑɞɡ Űɞɡ əŬŰŬəɧɟɡűɞɡ ůɡɜŭɏůɛɞɡ ŭɡůəŬɛɣɑŬɠ 

ɔɘŬ Űɖɜ 2
ɖ
 ɚɨůɖ 
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5.4.4 ɝʅɻɾʡʉʅʋʅ ʋʍʅʁʝʉʐʅʖʉ ʎʑʉɿʘʎʈʖʉ ɿʑʎʆɻʈʕʚɻʏ 

¶ ɆŰɖɜ ˊɟɩŰɖ ŮɜŬɚɚŬəŰɘəɐ ɚɨůɖ: 

ȺˊɘɚɏɢɗɖəŮ ŭɘŬŰɞɛɐ 2L80x12. ȼ ˊɘɞ ŭɡůɛŮɜɐɠ ˊŮɟɑˊŰɤůɖ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɞ ˊɟɩŰɞ Ŭˊɧ 

Űɞ ɎɜɞɘɔɛŬ ůɨɜŭŮůɛɞ ŭɡůəŬɛɣɑŬɠ ɔɘŬ Űɞɡɠ ůɡɜŭɡŬůɛɞɨɠ SEISM1-4 ɛŮ ůɡɜŰŮɚŮůŰɐ 

ŮəɛŮŰɎɚɚŮɡůɖɠ ɑůɞ ɛŮ 0,210. 

 

ɆɢɐɛŬ 5.17: ȷɜɎɚɡůɖ ŭɘŬɔɤɜɑɞɡ Űɞɡ ɞɟɘɕɧɜŰɘɞɡ ůɡɜŭɏůɛɞɡ ŭɡůəŬɛɣɑŬɠ ɔɘŬ Űɖɜ 1
ɖ
 ɚɨůɖ 

 

ɆɢɐɛŬ 5.18: ȹɘɎɔɟŬɛɛŬ Ŭɝɞɜɘəɐɠ ŭɨɜŬɛɖɠ Űɖɠ ŭɘŬɔɤɜɑɞɡ Űɞɡ ɞɟɘɕɧɜŰɘɞɡ ůɡɜŭɏůɛɞɡ ŭɡůəŬɛɣɑŬɠ ɔɘŬ 

Űɖɜ 1
ɖ
 ɚɨůɖ 
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¶ ɆŰɖ ŭŮɨŰŮɟɖ ŮɜŬɚɚŬəŰɘəɐ ɚɨůɖ: 

ȺˊɘɚɏɢɗɖəŮ ŭɘŬŰɞɛɐ 2L80x12. ȼ ˊɘɞ ŭɡůɛŮɜɐɠ ˊŮɟɑˊŰɤůɖ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɞɜ ˊɟɩŰɞ əŬɘ 

ŰɟɑŰɞ Ŭˊɧ Űɞ ɎɜɞɘɔɛŬ ůɨɜŭŮůɛɞ ŭɡůəŬɛɣɑŬɠ ɔɘŬ Űɞɡɠ ůɡɜŭɡŬůɛɞɨɠ SEISM1-4 ɛŮ ůɡɜŰŮɚŮůŰɐ 

ŮəɛŮŰɎɚɚŮɡůɖɠ ɑůɞ ɛŮ 0,306. 

 

ɆɢɐɛŬ 5.19: ȷɜɎɚɡůɖ ŭɘŬɔɤɜɑɞɡ Űɞɡ ɞɟɘɕɧɜŰɘɞɡ ůɡɜŭɏůɛɞɡ ŭɡůəŬɛɣɑŬɠ ɔɘŬ Űɖɜ 2
ɖ
 ɚɨůɖ 

 

ɆɢɐɛŬ 5.20: ȹɘɎɔɟŬɛɛŬ Ŭɝɞɜɘəɐɠ ŭɨɜŬɛɖɠ Űɖɠ ŭɘŬɔɤɜɑɞɡ Űɞɡ ɞɟɘɕɧɜŰɘɞɡ ůɡɜŭɏůɛɞɡ ŭɡůəŬɛɣɑŬɠ ɔɘŬ 

Űɖɜ 2
ɖ
 ɚɨůɖ 
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5.4.5 ɝʀʑʐʀʍʀʞʋʑʎʀʏ ɿʋʆʋʚ ɀ ɣʀʒɻʇʋɿʋʆʋʚ 

¶ ɆŰɖɜ ˊɟɩŰɖ ŮɜŬɚɚŬəŰɘəɐ ɚɨůɖ: 

ȺˊɘɚɏɢɗɖəŮ ŭɘŬŰɞɛɐ HEA240. ȼ ˊɘɞ ŭɡůɛŮɜɐɠ ˊŮɟɑˊŰɤůɖ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɞ ɏəŰɞ Ŭˊɧ 

Űɞ ɎɜɞɘɔɛŬ űɎŰɜɤɛŬ ɔɘŬ Űɞɜ ůɡɜŭɡŬůɛɧ ULS4 ɛŮ ůɡɜŰŮɚŮůŰɐ ŮəɛŮŰɎɚɚŮɡůɖɠ ɑůɞ ɛŮ 0,030. 

 

ɆɢɐɛŬ 5.21: ȷɜɎɚɡůɖ əŮűŬɚɞŭɞəɞɨ ɔɘŬ Űɖɜ 1
ɖ
 ɚɨůɖ 

 

ɆɢɐɛŬ 5.22: ȹɘɎɔɟŬɛɛŬ Ŭɝɞɜɘəɐɠ ŭɨɜŬɛɖɠ Űɖɠ əŮűŬɚɞŭɞəɞɨ ɔɘŬ Űɖɜ 1
ɖ
 ɚɨůɖ 

¶ ɆŰɖ ŭŮɨŰŮɟɖ ŮɜŬɚɚŬəŰɘəɐ ɚɨůɖ: 
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ȺˊɘɚɏɢɗɖəŮ ŭɘŬŰɞɛɐ HEA240. ȼ ˊɘɞ ŭɡůɛŮɜɐɠ ˊŮɟɑˊŰɤůɖ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɞ ɏəŰɞ Ŭˊɧ 

Űɞ ɎɜɞɘɔɛŬ űɎŰɜɤɛŬ ɔɘŬ Űɞɡɠ ůɡɜŭɡŬůɛɞɨɠ SEISM1-4 ɛŮ ůɡɜŰŮɚŮůŰɐ ŮəɛŮŰɎɚɚŮɡůɖɠ ɑůɞ ɛŮ 

0,035. 

 

ɆɢɐɛŬ 5.23: ȷɜɎɚɡůɖ əŮűŬɚɞŭɞəɞɨ ɔɘŬ Űɖɜ 2
ɖ
 ɚɨůɖ 

 

ɆɢɐɛŬ 5.24: ȹɘɎɔɟŬɛɛŬ Ŭɝɞɜɘəɐɠ ŭɨɜŬɛɖɠ Űɖɠ əŮűŬɚɞŭɞəɞɨ ɔɘŬ Űɖɜ 2
ɖ
 ɚɨůɖ 

5.4.6 ɬʀɾʚɿʀʏ 

Ƀɘ ŰŮɔɑŭŮɠ ŭŮɜ ŮɘůɐɢɗɖůŬɜ ůŰɞ ɚɞɔɘůɛɘəɧ ˊɟɧɔɟŬɛɛŬ SAP2000 əŬɘ ɡˊɞɚɞɔɑůŰɖəŬɜ 

ɝŮɢɤɟɘůŰɎ. ȰɔɘɜŮ Ůˊɘɚɞɔɐ ŰŮɔɑŭɤɜ ŭɘŬŰɞɛɐɠ IPE160 əŬɘ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɞ ɏɚŮɔɢɞɠ ɔɘŬ əɎɗŮ 
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ůɡɜŭɡŬůɛɧ űɧɟŰɘůɖɠ ˊɞɡ űŬɑɜŮŰŬɘ ˊŬɟŬəɎŰɤ Űɖɠ ŬɜŰɑůŰɞɘɢŬ ŭɡůɛŮɜɏůŰŮɟɖɠ Ŭˊɧ Ɏˊɞɣɖ 

űɧɟŰɘůɖɠ ŰŮɔɑŭŬɠ. 

Ƀɘ ŰŮɔɑŭŮɠ ŮɑɜŬɘ ŰɞˊɞɗŮŰɖɛɏɜŮɠ ɡˊɧ ɔɤɜɑŬ ű=19,799Ü əŬɘ ɏɢɞɡɜ ɛɐəɞɠ L=5,5m. ȼ 

ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɞɡɠ (ɎɟŬ əŬɘ ɖ ɕɩɜɖ Ůˊɘɟɟɞɐɠ) ŮɑɜŬɘ ɛŮŰɟɖɛɏɜɖ ůŮ ɞɟɘɕɧɜŰɘɞ ŮˊɑˊŮŭɞ ɑůɖ 

ɛŮ 10/6m=1,67m əŬɘ ɛŮŰɟɖɛɏɜɖ ůŰɞ əŮəɚɘɛɏɜɞ ŮˊɑˊŮŭɞ Űɖɠ ůŰɏɔɖɠ ɑůɖ ɛŮ 1,77m. 

 

ɇŬ űɞɟŰɑŬ ˊɞɡ ŬůəɞɨɜŰŬɘ ůŰɖɜ ŰŮɔɑŭŬ ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 

Ȳŭɘɞ ɓɎɟɞɠ ŰŮɔɑŭŬɠ: 0,158kN/m 

ɄɟɧůɗŮŰɞ ɛɧɜɘɛɞ űɞɟŰɑɞ (ŮˊɘəɎɚɡɣɖɠ əŬɘ ȼ/ɀ Ůɝɞˊɚɘůɛɞɨ):0,30kN/mĮĿ1,67m=0,501kN/m 

ūɞɟŰɑɞ ɢɘɞɜɘɞɨ: 0,64kN/mĮĿ1,67m=1,069kN/m 

ūɞɟŰɑɞ Ŭɜɏɛɞɡ(ˊɟɞɠ ŰŬ ˊɎɜɤ): -1,85kN/mĮĿ1,77m=-3,28kN/m 

ȾɘɜɖŰɧ űɞɟŰɑɞ ůŰɏɔɖɠ: ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ Q=1kN (ɓɎɟɞɠ ŮɟɔɎŰɖ) ůŰɞ ɛɏůɞ Űɖɠ ŰŮɔɑŭŬɠ. 

 

ȿŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ɛɧɜɞ Űɞ ˊɘɞ ŭɡůɛŮɜɏɠ űɞɟŰɑɞ Űɞɡ Ŭɜɏɛɞɡ ˊɟɞɠ ŰŬ ˊɎɜɤ, ŭɖɚŬŭɐ ɔɘŬ 

ŭɘŮɨɗɡɜůɖ ɗ=0Ü, əŬɗɩɠ ŰŬ űɞɟŰɑŬ ˊɟɞɠ ŰŬ əɎŰɤ ŮɑɜŬɘ ˊɞɚɨ ɛɘəɟɎ ůŮ ůɢɏůɖ ɛŮ ɎɚɚŬ əɘɜɖŰɎ 

ɧˊɤɠ Űɞ ɓɎɟɞɠ ɢɘɞɜɘɞɨ. ȼ ŬəɟŬɑŬ (ˊɟɞɠ Űɞ ɎɜɞɘɔɛŬ) ŰŮɔɑŭŬ ˊɞɡ ŭɏɢŮŰŬɘ əŬɘ Űɞ ɛŮɔŬɚɨŰŮɟɞ 

űɞɟŰɑɞ ŬɜŬɟɟɧűɖůɖɠ űɞɟŰɑɕŮŰŬɘ əŬɘ Ŭˊɧ Űɘɠ ŭɨɞ ŮˊɘűɎɜŮɘŮɠ G əŬɘ H(ɧˊɤɠ ˊŮɟɘɔɟɎűɞɜŰŬɘ ůŰɞ 

əŮűɎɚŬɘɞ 4.5.9) əŬɘ Űɞ űɞɟŰɑɞ -1,85kN/mĮ ˊɟɞəɨˊŰŮɘ Ŭˊɧ ŬɜŬɚɞɔɘəɧ ůɡɜŭɡŬůɛɧ Űɤɜ űɞɟŰɑɤɜ 

Űɤɜ ŭɨɞ ŮˊɘűŬɜŮɘɩɜ. 

ɇɞ əɘɜɖŰɧ űɞɟŰɑɞ ůŰɏɔɖɠ ŭŮ ůɡɜŭɡɎɕŮŰŬɘ ɛŮ ŰŬ ɡˊɧɚɞɘˊŬ ɛŮŰŬɓɚɖŰŬ űɞɟŰɑŬ (ɢɘɧɜɘ, 

ɎɜŮɛɞ), ɛŮ Űɖɜ ɏɜɜɞɘŬ ɧŰɘ ŭŮɜ ˊɟɧəŮɘŰŬɘ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ůɡɜŰɐɟɖůɖ Űɖɠ ɛɖ ɓŬŰɐɠ ůŰɏɔɖɠ 

ůŮ ŬəɟŬɑŮɠ əŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ. 

 

ɆŰɖɜ ɃɟɘŬəɐ ȾŬŰɎůŰŬůɖ ȷůŰɞɢɑŬɠ ɛŮɚŮŰɩɜŰŬɘ ɞɘ Ůɝɐɠ ůɡɜŭɡŬůɛɞɑ: 

¶ wsgq 2,0Q,2Q,1G yggg ++=  (əɨɟɘɞ əɘɜɖŰɧ Űɞ ɢɘɧɜɘ) 

¶ swgq 2,0Q,2Q,1G yggg ++=  (əɨɟɘɞ əɘɜɖŰɧ ɞ ɎɜŮɛɞɠ) 

¶ ɆɡɜŭɡŬůɛɧɠ ɛŮ ŰŬ ɛɧɜɘɛŬ űɞɟŰɑŬ ɛŮ ůɡɜŰŮɚŮůŰɐ Gg  əŬɘ Űɞ ůɡɔəŮɜŰɟɤɛɏɜɞ əɘɜɖŰɧ ɛŮ 

ůɡɜŰŮɚŮůŰɐ Q,1g , ɞ ɞˊɞɑɞɠ ŭɑɜŮɘ ɟɞˊɏɠ 446, =yEdM kNcm əŬɘ 28, =zEdM kNcm. Ƀɘ 

ŰŮɚŮɡŰŬɑŮɠ ŮɑɜŬɘ ŮɡɛŮɜɏůŰŮɟŮɠ Ŭˊɧ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ Űɞɡ ůɡɜŭɡŬůɛɞɨ ɛŮ ŭɡůɛŮɜɐ ŰŬ 

űɞɟŰɑŬ ˊɟɞɠ ŰŬ əɎŰɤ ˊɞɡ űŬɑɜŮŰŬɘ ˊŬɟŬəɎŰɤ. 

 

ɆɡɜŭɡŬůɛɧɠ ɛŮ ŭɡůɛŮɜɐ ŰŬ űɞɟŰɑŬ ˊɟɞɠ ŰŬ əɎŰɤ: 

wsgqwsgq 60,0050,135,12,0Q,2Q,1G Ö++=Ú++= yggg   

( )[ ] 35,2799,19cos069,150,1501,0158,035,1 =̄Ö++=zq kN/m 

( )[ ] 84,0799,19sin069,150,1501,0158,035,1 =̄Ö++=yq kN/m 

 

ɆɡɜŭɡŬůɛɧɠ ɛŮ ŭɡůɛŮɜɐ ŰŬ űɞɟŰɑŬ ˊɟɞɠ ŰŬ ˊɎɜɤ: 

swgqswgq 50,0050,100,12,0Q,2Q,1G Ö++=Ú++= yggg   

( )[ ] 30,4799,19cos28,350,1501,0158,000,1 -=̄Ö-+=zq kN/m 

( )[ ] 22,0799,19sin501,0158,000,1 =̄+=yq kN/m (ɞ ɎɜŮɛɞɠ ŭɟŬ əɎɗŮŰŬ ůŰɞ ŮˊɑˊŮŭɞ Űɖɠ 

ůŰɏɔɖɠ, ɎɟŬ ŭŮ əŬŰŬˊɞɜŮɑ Űɞɜ ŬůɗŮɜɐ ɎɝɞɜŬ Űɖɠ ŰŮɔɑŭŬɠ). 

 

ȿɧɔɤ ɛŮɔɎɚɞɡ ɓɏɚɞɡɠ əɎɛɣɖɠ ůŰɞɜ ŬůɗŮɜɐ ɎɝɞɜŬ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ əŮűɎɚŬɘɞ, 

ŮˊɘɚɏɢɗɖəŮ ɜŬ ŰɞˊɞɗŮŰɖɗŮɑ ŮɚəɡůŰɐɟŬɠ (ɜŰɑɕŬ) ŮɔəɎɟůɘŬ ůŰɞ ɛɏůɞ Űɤɜ ŬɛűɘɏɟŮɘůŰɤɜ 

ŰŮɔɑŭɤɜ. ɀŮ ɓɎůɖ ŬɡŰɧ Űɞ ůŰŬŰɘəɧ ůɨůŰɖɛŬ ˊɟɞəɨˊŰɞɡɜ ŰŬ Ůɝɐɠ ŮɜŰŬŰɘəɎ ɛŮɔɏɗɖ: 

¶ Ʌɞˊɏɠ əɎɛɣɖɠ 
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8/2

, LqM zyEd =  

2

, 07,0 LqM yzEd =  ůŰŬ ŬɜɞɑɔɛŬŰŬ 

8/2

, LqM yzEd =  ůŰɖ ůŰɐɟɘɝɖ Űɖɠ ɜŰɑɕŬɠ 

¶ ɇɏɛɜɞɡůŮɠ 

2/, LqV zzEd =  

8/3, LqV yyEd =  ůŰɘɠ ŬəɟŬɑŮɠ ůŰɖɟɑɝŮɘɠ 

8/5, LqV yyEd =  ůŰɖ ɛŮůŬɑŬ ůŰɐɟɘɝɖ ï ɗɏůɖ ɜŰɑɕŬɠ 

¶ ȷɜŰɘŭɟɎůŮɘɠ ůŰɘɠ ůŰɖɟɑɝŮɘɠ əŬŰɎ Űɞɜ Űɞˊɘəɧ ɎɝɞɜŬ y 

8/3 LqR yy =  ůŰɘɠ ŬəɟŬɑŮɠ ůŰɖɟɑɝŮɘɠ 

8/10 LqR yy =  ůŰɖ ɛŮůŬɑŬ ůŰɐɟɘɝɖ ï ɗɏůɖ ɜŰɑɕŬɠ 

 

ȺˊɘɚɏɔŮŰŬɘ ɜŬ ɔɑɜŮɘ ŮɚŬůŰɘəɧɠ ɏɚŮɔɢɞɠ Űɤɜ ŰŮɔɑŭɤɜ, ɡˊɏɟ Űɖɠ ŬůűŬɚŮɑŬɠ, Ŭɜ əŬɘ ɖ 

ŭɘŬŰɞɛɐ ŮɑɜŬɘ əŬŰɖɔɞɟɑŬɠ 1. 

 

ũɘŬ Űɞ ŭɡůɛŮɜɐ ůɡɜŭɡŬůɛɧ ɛŮ űɞɟŰɑŬ ˊɟɞɠ ŰŬ əɎŰɤ ɏɢɤ: 

 

¶ Ʌɞˊɏɠ əɎɛɣɖɠ 

88,88/5,535,2 2

, =Ö=yEdM kNm = 888kNcm 

( ) 24,12/5,584,007,0
2

, =ÖÖ=zEdM kNm = 124kNcm ůŰŬ ŬɜɞɑɔɛŬŰŬ 

( ) 22,28/2/5,584,0
2

, =Ö=zEdM kNm = 222kNcm ůŰɖ ůŰɐɟɘɝɖ Űɖɠ ɜŰɑɕŬɠ 

¶ ɇɏɛɜɞɡůŮɠ 

46,62/5,535,2, =Ö=zEdV kN 

( ) 87,08/2/5,584,03, =ÖÖ=yEdV kN ůŰɘɠ ŬəɟŬɑŮɠ ůŰɖɟɑɝŮɘɠ 

( ) 44,18/2/5,584,05, =ÖÖ=yEdV kN ůŰɖ ɛŮůŬɑŬ ůŰɐɟɘɝɖ ï ɗɏůɖ ɜŰɑɕŬɠ 

¶ ȷɜŰɘŭɟɎůŮɘɠ ůŰɘɠ ůŰɖɟɑɝŮɘɠ ůŰɖ ŭɘŮɨɗɡɜůɖ y 

87,08/75,284,03 =ÖÖ=yR kN ůŰɘɠ ŬəɟŬɑŮɠ ůŰɖɟɑɝŮɘɠ 

89,28/75,284,010 =ÖÖ=yR kN ůŰɖ ɛŮůŬɑŬ ůŰɐɟɘɝɖ ï ɗɏůɖ ɜŰɑɕŬɠ 

 

ȺɚŬůŰɘəɧɠ ɏɚŮɔɢɞɠ ŬɜŰɞɢɐɠ ůŮ ŭɘŬɝɞɜɘəɐ əɎɛɣɖ: 
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00,1

/5,2366,16
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00,1
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Ƀ ɏɚŮɔɢɞɠ ŮɑɜŬɘ ɞɟɘŬəɧɠ, ŬɚɚɎ ɏɢŮɘ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɞ ůɡɜŰɖɟɖŰɘəɧɠ ŮɚŬůŰɘəɧɠ ɏɚŮɔɢɞɠ. Ƀ 

ˊɚŬůŰɘəɧɠ ɏɚŮɔɢɞɠ ɗŬ ɐŰŬɜ ɛŮ ɓŮɓŬɘɧŰɖŰŬ ŮˊŬɟəɐɠ. Ƀ ɏɚŮɔɢɞɠ ŮɑɜŬɘ ŭŮəŰɧɠ. 
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ȺɚŬůŰɘəɧɠ ɏɚŮɔɢɞɠ ŭɘŬŰɛɖŰɘəɩɜ ŰɎůŮɤɜ: 

 

¶ ȾŬŰɎ Űɞɜ Űɞˊɘəɧ ɎɝɞɜŬ z 

ɇɞ ŮɛɓŬŭɧɜ Űɞɡ əɞɟɛɞɨ ŮɑɜŬɘ: ( ) 226,75,074,020,16 cmcmcmcmthA www =ÖÖ-=Ö=  

2

2

,

, /89,0
26,7

46,6
cmkN

cm

kN

A

V

w

zEd

xzEd ===t  

1065,0

00,13

/5,23

/89,0

3

2

2

0

,
¢=

Ö

=

ÖM

cmkN

cmkN

f y

xzEd

g

t
 

Ƀ ɏɚŮɔɢɞɠ ŮɑɜŬɘ ŭŮəŰɧɠ. 

¶ ȾŬŰɎ Űɞɜ Űɞˊɘəɧ ɎɝɞɜŬ y 

Ƀ ɏɚŮɔɢɞɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮɘ ɛŮ Űɖɜ ɛɏɔɘůŰɖ ŰɎůɖ ůŰɞ ɛɏůɞɜ əɎɗŮ ˊɏɚɛŬŰɞɠ, ɖ ɞˊɞɑŬ 

ŮɑɜŬɘ ɑůɖ ɛŮ 1,50 Ůˊɑ Űɖ ɛɏůɖ ŰɎůɖ. 

ɇɞ ŮɛɓŬŭɧɜ əɎɗŮ ˊɏɚɛŬŰɞɠ ŮɑɜŬɘ: 207,674,02,8 cmcmcmtbA ff =Ö=Ö=  

2

2

,

, /18,0
07,62

44,1
50,1

2
50,1 cmkN

cm

kN

A

V

f

yEd

xzEd =
Ö

Ö=Ö=t  

1013,0

00,13
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/18,0

3

2

2

0

,
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=
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cmkN

f y
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g

t
 

Ƀ ɏɚŮɔɢɞɠ ŮɑɜŬɘ ŭŮəŰɧɠ. 

 

ɆɨɜɗŮŰɞɠ ɏɚŮɔɢɞɠ əŬŰɎ Von Mises ï ȰɚŮɔɢɞɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɚɧɔɤ ŭɘŬŰɛɖŰɘəɩɜ ŰɎůŮɤɜ: 

 

ɆɨɛűɤɜŬ ɛŮ Űɞɜ ůɨɜɗŮŰɞ ɏɚŮɔɢɞ əŬŰɎ Von Mises ɗŬ ˊɟɏˊŮɘ ɜŬ ɘůɢɨŮɘ ůŮ əɎɗŮ ůɖɛŮɑɞ 

Űɖɠ ŰŮɔɑŭŬɠ: 
0

2

,

2

,

2 33
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ttss
y

xzEdxyEdxVM
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ɆɢɐɛŬ 5.25: Ƀɟɗɏɠ əŬɘ ŭɘŬŰɛɖŰɘəɏɠ ŰɎůŮɘɠ ŰŮɔɑŭŬɠ ůŰŮɔɎůŰɟɞɡ 2 ɚɧɔɤ űɞɟŰɑɞɡ qz 

Ŭ) ůx ɚɧɔɤ maxɀy ůŰɞ ɛɏůɞɜ Űɖɠ ŰŮɔɑŭŬɠ ɓ) Űxz ɚɧɔɤ maxVz ůŰŬ ɎəɟŬ Űɖɠ ŰŮɔɑŭŬɠ 

 

ɆɢɐɛŬ 5.26: Ƀɟɗɏɠ əŬɘ ŭɘŬŰɛɖŰɘəɏɠ ŰɎůŮɘɠ ŰŮɔɑŭŬɠ ůŰŮɔɎůŰɟɞɡ 2 ɚɧɔɤ űɞɟŰɑɞɡ qy 

Ŭ) ůx, ɚɧɔɤ maxɀz ůŰɖ ɗɏůɖ Űɖɠ ɜŰɑɕŬɠ ɓ) Űxy ɚɧɔɤ maxVy ůŰɖ ɗɏůɖ Űɖɠ ɜŰɑɕŬɠ 
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ȺɝŮŰɎɕŮŰŬɘ ɖ ŭɘŬŰɞɛɐ ůŰɞ ɛɏůɞɜ Űɖɠ ŰŮɔɑŭŬɠ, ŭɖɚŬŭɐ ůŰɖ ɗɏůɖ Űɖɠ ɜŰɑɕŬɠ, ɧˊɞɡ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɛɏɔɘůŰŮɠ ɟɞˊɏɠ əɎɛɣɖɠ yM  əŬɘ zM  əŬɗɩɠ əŬɘ ɖ ɛɏɔɘůŰɖ ŰɏɛɜɞɡůŬ 

ŭɨɜŬɛɖ yV . ɆŰɖ ɗɏůɖ ŬɡŰɐ ɖ ŰɏɛɜɞɡůŬ ŭɨɜŬɛɖ zV  ŮɑɜŬɘ ɑůɖ ɛŮ ɛɖŭɏɜ. 

¶ ɆɖɛŮɑɞ 1:  

22

33

,

,

,

,
/

00,1

5,23
/49,21

66,16

222

7,108

888
cmkNcmkN

cm

kNcm
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kNcm

W

M

W

M
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zEd

yel

yEd

x ¢=+=+=s  

Ůˊɞɛɏɜɤɠ  

2

0

2222

,

2 /5,23/49,210349,213 cmkN
f

cmkN
y

xyEdxVM =¢=Ö+=+=
Mg

tss  

¶ ɆɖɛŮɑɞ 2: 

22

3

,

,
/

00,1

5,23
/17,8

7,108

888
cmkNcmkN

cm

kNcm

W

M

yel

yEd

x ¢===s  

Ůˊɞɛɏɜɤɠ  

2

0

2222

,

2 /5,23/18,818,0349,213 cmkN
f

cmkN
y

xyEdxVM =¢=Ö+=+=
Mg

tss  

 

ũɘŬ Űɞ ŭɡůɛŮɜɐ ůɡɜŭɡŬůɛɧ ɛŮ űɞɟŰɑŬ ˊɟɞɠ ŰŬ ˊɎɜɤ ɏɢɤ: 

 

¶ Ʌɞˊɏɠ əɎɛɣɖɠ 

( ) 26,168/5,530,4 2

, -=Ö-=yEdM kNm = 1626kNcm 

( ) 12,02/5,522,007,0
2

, =ÖÖ=zEdM kNm = 12kNcm ůŰŬ ŬɜɞɑɔɛŬŰŬ 

( ) 21,08/2/5,522,0
2

, =Ö=zEdM kNm = 21kNcm ůŰɖ ůŰɐɟɘɝɖ Űɖɠ ɜŰɑɕŬɠ 

¶ ɇɏɛɜɞɡůŮɠ 

( ) 83,112/5,530,4, =Ö-=zEdV kN 

( ) 23,08/2/5,522,03, =ÖÖ=yEdV kN ůŰɘɠ ŬəɟŬɑŮɠ ůŰɖɟɑɝŮɘɠ 

( ) 38,08/2/5,522,05, =ÖÖ=yEdV kN ůŰɖ ɛŮůŬɑŬ ůŰɐɟɘɝɖ ï ɗɏůɖ ɜŰɑɕŬɠ 

¶ ȷɜŰɘŭɟɎůŮɘɠ ůŰɘɠ ůŰɖɟɑɝŮɘɠ ůŰɖ ŭɘŮɨɗɡɜůɖ y 

23,08/75,222,03 =ÖÖ=yR kN ůŰɘɠ ŬəɟŬɑŮɠ ůŰɖɟɑɝŮɘɠ 

76,08/75,222,010 =ÖÖ=yR kN ůŰɖ ɛŮůŬɑŬ ůŰɐɟɘɝɖ ï ɗɏůɖ ɜŰɑɕŬɠ 

 

ȺɚŬůŰɘəɧɠ ɏɚŮɔɢɞɠ ŬɜŰɞɢɐɠ ůŮ ŭɘŬɝɞɜɘəɐ əɎɛɣɖ: 
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Ƀ ɏɚŮɔɢɞɠ ŮɑɜŬɘ ŭŮəŰɧɠ. 

 

ȺɚŬůŰɘəɧɠ ɏɚŮɔɢɞɠ ŭɘŬŰɛɖŰɘəɩɜ ŰɎůŮɤɜ: 

 

¶ ȾŬŰɎ Űɞɜ Űɞˊɘəɧ ɎɝɞɜŬ z 

ɇɞ ŮɛɓŬŭɧɜ Űɞɡ əɞɟɛɞɨ ŮɑɜŬɘ: ( ) 226,75,074,020,16 cmcmcmcmthA www =ÖÖ-=Ö=  

2

2

,

, /63,1
26,7

83,11
cmkN

cm

kN

A

V

w

zEd

xzEd ===t  

112,0

00,13

/5,23

/63,1

3

2
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¢=
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=
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f y

xzEd

g

t
 

Ƀ ɏɚŮɔɢɞɠ ŮɑɜŬɘ ŭŮəŰɧɠ. 

¶ ȾŬŰɎ Űɞɜ Űɞˊɘəɧ ɎɝɞɜŬ y 

Ƀ ɏɚŮɔɢɞɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮɘ ɛŮ Űɖɜ ɛɏɔɘůŰɖ ŰɎůɖ ůŰɞ ɛɏůɞɜ əɎɗŮ ˊɏɚɛŬŰɞɠ, ɖ ɞˊɞɑŬ 

ŮɑɜŬɘ ɑůɖ ɛŮ 1,50 Ůˊɑ Űɖ ɛɏůɖ ŰɎůɖ. 

ɇɞ ŮɛɓŬŭɧɜ əɎɗŮ ˊɏɚɛŬŰɞɠ ŮɑɜŬɘ: 207,674,02,8 cmcmcmtbA ff =Ö=Ö=  
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, /05,0
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2
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1003,0

00,13

/5,23

/05,0

3

2

2

0

,
¢=

Ö

=

ÖM

cmkN

cmkN

f y

xzEd

g

t
 

Ƀ ɏɚŮɔɢɞɠ ŮɑɜŬɘ ŭŮəŰɧɠ. 

 

ɆɨɜɗŮŰɞɠ ɏɚŮɔɢɞɠ əŬŰɎ Von Mises ï ȰɚŮɔɢɞɠ ŬɚɚɖɚŮˊɑŭɟŬůɖɠ ɚɧɔɤ ŭɘŬŰɛɖŰɘəɩɜ ŰɎůŮɤɜ: 

 

ɆɨɛűɤɜŬ ɛŮ Űɞɜ ůɨɜɗŮŰɞ ɏɚŮɔɢɞ əŬŰɎ Von Mises ɗŬ ˊɟɏˊŮɘ ɜŬ ɘůɢɨŮɘ ůŮ əɎɗŮ ůɖɛŮɑɞ 

Űɖɠ ŰŮɔɑŭŬɠ: 
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,

2 33
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¢++=
g

ttss
y

xzEdxyEdxVM

f
 

ȺɝŮŰɎɕŮŰŬɘ ɖ ŭɘŬŰɞɛɐ ůŰɞ ɛɏůɞɜ Űɖɠ ŰŮɔɑŭŬɠ, ŭɖɚŬŭɐ ůŰɖ ɗɏůɖ Űɖɠ ɜŰɑɕŬɠ, ɧˊɞɡ 

ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɛɏɔɘůŰŮɠ ɟɞˊɏɠ əɎɛɣɖɠ yM  əŬɘ zM  əŬɗɩɠ əŬɘ ɖ ɛɏɔɘůŰɖ ŰɏɛɜɞɡůŬ 

ŭɨɜŬɛɖ yV . ɆŰɖ ɗɏůɖ ŬɡŰɐ ɖ ŰɏɛɜɞɡůŬ ŭɨɜŬɛɖ zV  ŮɑɜŬɘ ɑůɖ ɛŮ ɛɖŭɏɜ. 

¶ ɆɖɛŮɑɞ 1:  
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¶ ɆɖɛŮɑɞ 2: 
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2

0
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,

2 /5,23/96,1405,0396,143 cmkN
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cmkN
y

xyEdxVM =¢=Ö+=+=
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tss  

 

ȹɘŬůŰŬůɘɞɚɧɔɖůɖ ŮɚəɡůŰɐɟŬ (ɜŰɑɕŬɠ) 

 

Ʉɘɞ ŭɡůɛŮɜɐɠ ŮɑɜŬɘ ɞ ůɡɜŭɡŬůɛɧɠ ɛŮ ŭɡůɛŮɜɐ ŰŬ űɞɟŰɑŬ ˊɟɞɠ ŰŬ əɎŰɤ əŬɘ ɛŮ ŬɡŰɧɜ 

ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ ɜŰɑɕŬ. 

 

ȼ ŬɜŰɑŭɟŬůɖ ůŰɞ ɛɏůɞɜ Űɖɠ ŰŮɔɑŭŬɠ əŬŰɎ Űɞɜ ŬůɗŮɜɐ ɎɝɞɜŬ ɔɘŬ Űɘɠ 5 ŮɜŭɘɎɛŮůŮɠ ŮɑɜŬɘ  

 

89,2=yR kN 

 

Ůɜɩ ɔɘŬ Űɖɜ ŬəɟŬɑŬ, ɔɘŬ Űɖɜ ɞˊɞɑŬ Űɞ Ůɨɟɞɠ ɕɩɜɖɠ Ůˊɘɟɟɞɐɠ ŮɑɜŬɘ ɑůɞ ɛŮ 1,77/2m, ɖ 

ŬɜŰɑŭɟŬůɖ əŬŰɎ Űɞɜ ŬůɗŮɜɐ ɎɝɞɜŬ ŮɑɜŬɘ ɑůɖ ɛŮ:  

 

44,12/89,2 ==yR kN 

 

ɆɢɐɛŬ 5.27: Ŭ) ɄɟɞɞˊŰɘəɧ, ɓ) ȾɎŰɞɣɖ ɜŰɑɕŬɠ 

ȼ ɛɏɔɘůŰɖ ůɡɜɞɚɘəɐ ŭɨɜŬɛɖ ˊɞɡ əŬŰŬˊɞɜŮɑ Űɞ ŮɡɗɨɔɟŬɛɛɞ ŰɛɐɛŬ Űɞɡ ŮɚəɡůŰɐɟŬ ŮɑɜŬɘ ɑůɖ 

ɛŮ:  

kNFEd 1344,1189,24, =Ö+Ö=AB  

 

Ⱥɜɩ ɖ ůɡɜɞɚɘəɐ ŭɨɜŬɛɖ ůŰɞ ůɖɛŮɑɞ ŭɘŬəɚɎŭɤůɖɠ Űɞɡ ŮɚəɡůŰɐɟŬ ŮɑɜŬɘ ɑůɖ ɛŮ: 

kNF 89,1544,1189,25 =Ö+Ö=  

 

ȼ ɔɤɜɑŬ ůŰɖ ɗɏůɖ ŭɘŬəɚɎŭɤůɖɠ ŮɑɜŬɘ: ¯=ö
÷

õ
æ
ç

å
= 77,32

5,5/2

1,77
arctanf  

əŬɘ ɖ ŮűŮɚəɡůŰɘəɐ ŭɨɜŬɛɖ Űɞɡ ɚɞɝɞɨ ŮɚəɡůŰɐɟŬ ŮɑɜŬɘ: 

kNFF EdEd 68,14
sin32,772

15,89
,, =

¯Ö
== BDBG  
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ȺˊŮɘŭɐ ɘůɢɨŮɘ ABBG> ,, EdEd FF , ɖ ŭɨɜŬɛɖ ůɢŮŭɘŬůɛɞɨ ɔɘŬ Űɞɜ ŮɚəɡůŰɐɟŬ ɗŬ ŮɑɜŬɘ ɖ 

kNFEd 68,14, =BG . ũɘŬ Űɞɜ ŮɚəɡůŰɐɟŬ ŮˊɘɚɏɔŮŰŬɘ ŭɘŬŰɞɛɐ ū16 ˊɞɘɧŰɖŰŬɠ S235 ɛŮ ŮɛɓŬŭɧɜ 

ŭɘŬŰɞɛɐɠ ůŰɞ ůˊŮɑɟɤɛŬ ɑůɖ ɛŮ 257,1 cmAs =  

 

kNkN
Af

F sub

Rdt 89,1556,26
25,1

57,15,2390,090,0

b

, >=
ÖÖ

=
ÖÖ

=
Mg

 

Ⱥˊɞɛɏɜɤɠ ɖ ŮˊɘɚŮɢɗŮɑůŬ ŭɘŬŰɞɛɐ ŮˊŬɟəŮɑ. 

5.4.7 ɥʂʆʚɿʀʏ 

Ƀɘ ɛɖəɑŭŮɠ ˊɞɡ ŮˊɘɚɏɢɗɖəŬɜ ŮɑɜŬɘ ŭɘŬŰɞɛɐɠ IPE160. Ȱɢɞɡɜ ɛɐəɞɠ 5,5m əŬɘ ŮɑɜŬɘ 

ŰɞˊɞɗŮŰɖɛɏɜŮɠ ŬɜɎ 9,9/6=1,65m, ŭɖɚŬŭɐ Űɞ Ůɨɟɞɠ Űɖɠ ɕɩɜɖɠ Ůˊɘɟɟɞɐɠ ɔɘŬ ŰŬ űɞɟŰɑŬ ŮɑɜŬɘ 

1,65m. 

 

ɇŬ űɞɟŰɑŬ ˊɞɡ ŬůəɞɨɜŰŬɘ ůŰɖ ɛɖəɑŭŬ ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 

Ȳŭɘɞ ɓɎɟɞɠ ɛɖəɑŭŬɠ: 0,158kN/m 

ūɞɟŰɑɞ Ŭɜɏɛɞɡ: (-1,647)Ŀ1,65=-2,72kN/m 

 

ɆŰɖɜ ɃɟɘŬəɐ ȾŬŰɎůŰŬůɖ ȷůŰɞɢɑŬɠ ɘůɢɨŮɘ: 

wgqwgq 50,135,1Q,1G +=Ú+= gg  

( ) mkNwgqwgq zz /08,472,250,1035,150,135,150,135,1 -=-Ö+Ö=+=Ú+=  

mkNwgqwgq yy /213,0050,1158,035,150,135,150,135,1 =Ö+Ö=+=Ú+=  

 

ȺɝŮŰɎɕŮŰŬɘ ɖ ŬəɟŬɑŬ (ˊɟɞɠ Űɞ ɎɜɞɘɔɛŬ) ɛɖəɑŭŬ, ɖ ɞˊɞɑŬ ŭɏɢŮŰŬɘ əŬɘ Űɞ ɛŮɔŬɚɨŰŮɟɞ űɞɟŰɑɞ 

Ŭɜɏɛɞɡ. 

 

ȺˊɘɚɏɔŮŰŬɘ ɜŬ ɔɑɜŮɘ ˊɚŬůŰɘəɧɠ ɏɚŮɔɢɞɠ Űɖɠ ɛɖəɑŭŬɠ, əŬɗɩɠ ɖ IPE160 ŮɑɜŬɘ ŭɘŬŰɞɛɐ 

əŬŰɖɔɞɟɑŬɠ 1. 

 

ɄɚŬůŰɘəɧɠ ɏɚŮɔɢɞɠ ůŮ ŭɘŬɝɞɜɘəɐ əɎɛɣɖ: 
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ũɘŬ ŭɘŬŰɞɛɏɠ Ƚ əŬɘ ȼ ɘůɢɨŮɘ: Ŭ=2 əŬɘ ɓ=5n ŬɚɚɎ ɓÓ1 

ɧˊɞɡ RdplEd NNn ,/= , ŬɚɚɎ 0=EdN , ɞˊɧŰŮ Ŭ=2 əŬɘ ɓ=1 
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Ƀ ɏɚŮɔɢɞɠ ŮɑɜŬɘ ŭŮəŰɧɠ. 
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ɄɚŬůŰɘəɧɠ ɏɚŮɔɢɞɠ ɔɘŬ ŰɏɛɜɞɡůŬ: 

 

kN
Lq

V z
Ed 22,11

2

5,508,4

2
=

Ö
==  

ɇɞ ŮɛɓŬŭɧɜ Űɖɠ ŰŮɛɜɧɛŮɜɖɠ ŮˊɘűɎɜŮɘŬɠ ɔɘŬ Űɖ ŭɘŬŰɞɛɐ IPE160 ŮɑɜŬɘ 266,9 cmAvz =  

Ed

yvz

Rdc VkN
cmkNcmfA

V >=
Ö

Ö
=

Ö
=

M

131
0,13

/5,2366,9

3

22

0

,
g

 

Ƀ ɏɚŮɔɢɞɠ ŮɑɜŬɘ ŭŮəŰɧɠ. 

 

ȯɟŬ ɖ ŭɘŬŰɞɛɐ ŮˊŬɟəŮɑ. 

5.5 ɳʇʀɾʔʋʏ ɼʀʇʡʉ ʎʐʂʉ ɨʍʅɻʆʙ ɣɻʐʗʎʐɻʎʂ ɤʀʅʐʋʑʍɾʅʆʝʐʂʐɻʏ 

ɆŰɖɜ ˊŬɟɎɔɟŬűɞ ŬɡŰɐ ɗŬ ŮɚŮɔɢɗɞɨɜ ŰŬ ɓɏɚɖ Ŭˊɧ ŰŬ ŭɡůɛŮɜɏůŰŮɟŬ ɛɏɚɖ əɎɗŮ ɞɛɎŭŬɠ 

ůŰɞɘɢŮɑɤɜ ůŰɖɜ ɞɟɘŬəɐ əŬŰɎůŰŬůɖ ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ, əŬɘ ɗŬ ůɡɔəɟɘɗɞɨɜ ɛŮ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ 

ŬˊɞŭŮəŰɏɠ Űɘɛɏɠ ɓŮɚɩɜ əɎɛɣɖɠ Űɞɡ ɄɑɜŬəŬ  (ȾŮűɎɚŬɘɞ 5.3). 

ɇŬ ɓɏɚɖ ɡˊɞɚɞɔɑɕɞɜŰŬɘ Ŭˊɧ Űɞ SAP2000 ɔɘŬ ŬɜɎɚɡůɖ ɛŮ Űɞɡɠ ůɡɜŭɡŬůɛɞɨɠ ůŮ ɃɟɘŬəɐ 

ȾŬŰɎůŰŬůɖ ȿŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ. 

5.5.1 ɬʀɾʚɿʀʏ 

Ⱥŭɩ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɏɚŮɔɢɞɘ ˊɟɘɜ Űɖɜ ŰɞˊɞɗɏŰɖůɖ Űɞɡ ŮɚəɡůŰɐɟŬ (ɜŰɑɕŬɠ) ŮɔəɎɟůɘŬ 

ůŰɘɠ ŰŮɔɑŭŮɠ. 

¶ ɆɡɜŭɡŬůɛɞɑ ɛŮ ɛɧɜɘɛŬ əŬɘ əɘɜɖŰɎ űɞɟŰɑŬ: 

ɆɡɜŭɡŬůɛɧɠ ɛŮ ŭɡůɛŮɜɐ ŰŬ űɞɟŰɑŬ ˊɟɞɠ ŰŬ əɎŰɤ: 

wsgqwsgq 60,0000,100,12,0Q,2Q,1G Ö++=Ú++= yggg   

( )[ ] 62,1799,19cos069,100,1501,0158,000,1 =̄Ö++=zq kN/m 

( )[ ] 58,0799,19sin069,100,1501,0158,000,1 =̄Ö++=yq kN/m 

 

ɇŬ ɓɏɚɖ ŮɑɜŬɘ: 
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y
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ŮɑɜŬɘ ŬˊɞŭŮəŰɧ əŬɘ ŬɜŰɘɛŮŰɤˊɑɕŮŰŬɘ ɛŮ Űɖɜ ˊɟɞůɗɐəɖ Űɞɡ ŮɚəɡůŰɐɟŬ, ɞ ɞˊɞɑɞɠ ɛŮɘɩɜŮɘ Űɞ 

ɓɏɚɞɠ  ůŰɞɜ ŬůɗŮɜɐ ɎɝɞɜŬ ůŰɞ 1/16 Űɞɡ ɓɏɚɞɡɠ ɢɤɟɑɠ ŮɚəɡůŰɐɟŬ, Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ŬˊɞŭŮəŰɧ ůŮ 

ɧɚŮɠ Űɘɠ ˊŬɟŬəɎŰɤ ˊŮɟɘˊŰɩůŮɘɠ.  

 

ɆɡɜŭɡŬůɛɧɠ ɛŮ ŭɡůɛŮɜɐ ŰŬ űɞɟŰɑŬ ˊɟɞɠ ŰŬ ˊɎɜɤ: 

swgqswgq 50,0000,100,12,0Q,2Q,1G Ö++=Ú++= yggg   

( )[ ] 65,2799,19cos28,300,1501,0158,000,1 -=̄Ö-+=zq kN/m 

( )[ ] 22,0799,19sin501,0158,000,1 =̄+=yq kN/m (ɞ ɎɜŮɛɞɠ ŭɟŬ əɎɗŮŰŬ ůŰɞ ŮˊɑˊŮŭɞ Űɖɠ 

ůŰɏɔɖɠ, ɎɟŬ ŭŮ əŬŰŬˊɞɜŮɑ Űɞɜ ŬůɗŮɜɐ ɎɝɞɜŬ Űɖɠ ŰŮɔɑŭŬɠ). 
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ɇŬ ɓɏɚɖ ŮɑɜŬɘ: 
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ɇɞ ůɡɜɘůŰɎɛŮɜɞ ɓɏɚɞɠ ŮɑɜŬɘ max

22

200
75,252,2 d==<=+=

L
cmcmwww yz  

 

¶ ɆɡɜŭɡŬůɛɞɑ ɛɧɜɞ ɛŮ əɘɜɖŰɎ űɞɟŰɑŬ: 

ɆɡɜŭɡŬůɛɧɠ ɛŮ ŭɡůɛŮɜɐ ŰŬ űɞɟŰɑŬ ˊɟɞɠ ŰŬ əɎŰɤ: 

wsqwsq 60,0000,12,0Q,2Q,1 Ö+=Ú+= ygg   

01,1799,19cos069,100,1 =̄ÖÖ=zq kN/m 

36,0799,19sin069,100,1 =̄ÖÖ=yq kN/m 

 

ɇŬ ɓɏɚɖ ŮɑɜŬɘ: 
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ŮɑɜŬɘ ŬˊɞŭŮəŰɧ əŬɘ ŬɜŰɘɛŮŰɤˊɑɕŮŰŬɘ ɛŮ Űɖɜ ˊɟɞůɗɐəɖ Űɞɡ ŮɚəɡůŰɐɟŬ.  

 

ɆɡɜŭɡŬůɛɧɠ ɛŮ ŭɡůɛŮɜɐ ŰŬ űɞɟŰɑŬ ˊɟɞɠ ŰŬ ˊɎɜɤ: 

swqswq 50,0000,12,0Q,2Q,1 Ö+=Ú+= ygg   

( ) 28,328,300,1 -=-Ö=zq kN/m 

0=yq kN/m (ɞ ɎɜŮɛɞɠ ŭɟŬ əɎɗŮŰŬ ůŰɞ ŮˊɑˊŮŭɞ Űɖɠ ůŰɏɔɖɠ, ɎɟŬ ŭŮ əŬŰŬˊɞɜŮɑ Űɞɜ ŬůɗŮɜɐ 

ɎɝɞɜŬ Űɖɠ ŰŮɔɑŭŬɠ). 

 

ɇŬ ɓɏɚɖ ŮɑɜŬɘ: 
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ɇŬ ɓɏɚɖ ˊŮɟɑ Űɞɜ ɘůɢɡɟɧ ɎɝɞɜŬ ŮɑɜŬɘ ŮɜŰɧɠ ɞɟɑɤɜ, ɎɟŬ ɖ ŭɘŬŰɞɛɐ IPE160 ŮɑɜŬɘ ŬˊɞŭŮəŰɐ. 

ȳůɞɜ ŬűɞɟɎ ůŰŬ ɓɏɚɖ ˊŮɟɑ Űɞɜ ŬůɗŮɜɐ ɎɝɞɜŬ ˊɞɡ ɡˊŮɟɓŬɑɜɞɡɜ ŰŬ ɧɟɘŬ , ɧˊɤɠ ɏɢŮɘ 

ˊɟɞŬɜŬűŮɟɗŮɑ ɛŮɘɩɜɞɜŰŬɘ ŭɟŬůŰɘəɎ ɛŮ Űɖɜ ˊɟɞůɗɐəɖ ŮɚəɡůŰɐɟŬ. 

5.5.2 ɟʑɾʡʈɻʐɻ ʌʇɻʅʎʚʖʉ 

ɇɞ ɛɏɔɘůŰɞ ɓɏɚɞɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŮ ɧɚŮɠ Űɘɠ ŮɜŬɚɚŬəŰɘəɏɠ ɚɨůŮɘɠ ůŰŬ ɕɡɔɩɛŬŰŬ ˊɞɡ 

ŬˊɞŰŮɚɞɨɜ ŰŬ ˊɏɚɛŬŰŬ Űɤɜ ɞɟɘɕɧɜŰɘɤɜ ůɡɜŭɏůɛɤɜ ŭɡůəŬɛɣɑŬɠ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŰɞ ı Űɞɡ 

ɛɐəɞɡɠ Űɞɡ əŰɖɟɑɞɡ ɛŮŰɟɞɨɛŮɜɞ Ŭˊɧ Űɖɜ ŬɜɞɘɢŰɐ ˊɚŮɡɟɎ. 
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ɇŬ ˊŬɟŬəɎŰɤ ɓɏɚɖ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɔɘŬ Űɞɡɠ ůɡɜŭɡŬůɛɞɨɠ Űɖɠ ɃȾȿ Ŭˊɧ Űɞ ˊɟɧɔɟŬɛɛŬ 

SAP2000. 

 

ɇŬ ɛɏɔɘůŰŬ ŮˊɘŰɟŮˊɧɛŮɜŬ ɓɏɚɖ ŮɑɜŬɘ ůɨɛűɤɜŬ ɛŮ Űɞ əŮűɎɚŬɘɞ 5.3: 

ũɘŬ ɓɏɚɖ ɚɧɔɤ ɛɧɜɘɛɤɜ əŬɘ əɘɜɖŰɩɜ űɞɟŰɑɤɜ: cmL 10200/2000200/max ===d  

ũɘŬ ɓɏɚɖ ɚɧɔɤ əɘɜɖŰɩɜ űɞɟŰɑɤɜ ɛɧɜɞ: cmL 8250/2000250/2max ===d  

 

ɆŰɖɜ ˊɟɩŰɖ ŮɜŬɚɚŬəŰɘəɐ (ɛŮ ŰŬ ŬɛűɑˊŬəŰŬ ˊɚŬɑůɘŬ əŬɘ ŰŬ ɛɏɚɖ ůŰŬɗŮɟɐɠ ŭɘŬŰɞɛɐ) ŮɑɜŬɘ: 

cmcm 1038,3 max =<= dd  ɔɘŬ Űɞɜ ůɡɜŭɡŬůɛɧ SLS3 

cmcm 874,1 max22 =<= dd  ɔɘŬ Űɞ əɘɜɖŰɧ űɞɟŰɑɞ ɢɘɞɜɘɞɨ (SNOW) 

ˊɞɡ ŮɑɜŬɘ ŬˊɞŭŮəŰɎ. 

 

ɆŰɖɜ ŭŮɨŰŮɟɖ ŮɜŬɚɚŬəŰɘəɐ (ɛŮ ŰŬ ŰɟɘŬɟɗɟɤŰɎ ˊɚŬɑůɘŬ əŬɘ ŰŬ ɛɏɚɖ ɛŮŰŬɓɚɖŰɐɠ ŭɘŬŰɞɛɐɠ) 

ŮɑɜŬɘ: 

cmcm 1041,7 max =<= dd  ɔɘŬ Űɞɜ ůɡɜŭɡŬůɛɧ SLS3 

cmcm 865,3 max22 =<= dd  ɔɘŬ Űɞ əɘɜɖŰɧ űɞɟŰɑɞ ɢɘɞɜɘɞɨ (SNOW) 

ɄŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɘəŬɜɞˊɞɘŮɑŰŬɘ ɞ ɏɚŮɔɢɞɠ ɓŮɚɩɜ.  

 

ȳˊɤɠ ŬɜŬűɏɟŮŰŬɘ ůŰɖɜ ˊŬɟɎɔɟŬűɞ 5.5.3 ŮɑɜŬɘ ŮˊɘɗɡɛɖŰɐ ůŰɖ 2
ɖ
 ŮɜŬɚɚŬəŰɘəɐ ɚɨůɖ ɖ Ŭɨɝɖůɖ 

Űɖɠ ŭɡůəŬɛɣɑŬɠ ɛɏůɤ Űɖɠ ˊɟɞůɗɐəɖɠ ůŰŬ ˊɚŬɑůɘŬ ŬɜŰɘɟɑŭɤɜ əɞɑɚɖɠ ŰŮŰɟŬɔɤɜɘəɐɠ ŭɘŬŰɞɛɐɠ 

TUBO140x140x10. 

 

ɀŮŰɎ Űɖɜ ˊɟɞůɗɐəɖ Űɤɜ ŬɜŰɘɟɑŭɤɜ ŮɑɜŬɘ: 

cmcm 32,517,3 max =<= dd  ɔɘŬ Űɞɜ ůɡɜŭɡŬůɛɧ SLS3 

cmcm 25,454,1 max22 =<= dd  ɔɘŬ Űɞ əɘɜɖŰɧ űɞɟŰɑɞ ɢɘɞɜɘɞɨ (SNOW) 

ˊɞɡ ŮɑɜŬɘ ŬˊɞŭŮəŰɎ. 

5.5.3 ɳʇʀɾʔʋʏ ʎʀ ʋʍʅʁʝʉʐʅɻ ʈʀʐɻʐʝʌʅʎʂ 

ȳˊɤɠ ŮɘˊɩɗɖəŮ ůŰɞ əŮűɎɚŬɘɞ 5.3, ˊɟɏˊŮɘ ɞɘ ɞɟɘɕɧɜŰɘŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ ůŰɖɜ ɃȾȿ ɜŬ ɛɖɜ 

ɡˊŮɟɓŬɑɜɞɡɜ Űɞ cmHu 6,6150/990150/max === . 

Ƀɘ ˊŬɟŬəɎŰɤ ɛŮŰŬŰɞˊɑůŮɘɠ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɔɘŬ Űɞɡɠ ůɡɜŭɡŬůɛɞɨɠ Űɖɠ ɃȾȿ Ŭˊɧ Űɞ 

ˊɟɧɔɟŬɛɛŬ SAP2000. 

 

Ƀɘ ɛŮŰŬŰɞˊɑůŮɘɠ xu  ˊŬɟɎɚɚɖɚŬ ůŰɞɜ ŭɘŬɛɐəɖ ɎɝɞɜŬ Űɞɡ əŰɖɟɑɞɡ (ɎɝɞɜŬ X) ŮɑɜŬɘ 

ŬɛŮɚɖŰɏŮɠ ɔɘŬ ɧɚŮɠ Űɘɠ ŮɜŬɚɚŬəŰɘəɏɠ. 

 

ɆŰɖɜ ˊɟɩŰɖ ŮɜŬɚɚŬəŰɘəɐ (ɛŮ ŰŬ ŬɛűɑˊŬəŰŬ ˊɚŬɑůɘŬ əŬɘ ŰŬ ɛɏɚɖ ůŰŬɗŮɟɐɠ ŭɘŬŰɞɛɐ) ɘůɢɨŮɘ: 

ȼ ɛɏɔɘůŰɖ ɛŮŰŬŰɧˊɘůɖ ˊŬɟɎɚɚɖɚŬ ůŰɞɜ ɎɝɞɜŬ Y Űɞɡ əŰɖɟɑɞɡ ŮɑɜŬɘ: 

cmucmuy 6,628,3 max =<=  ɔɘŬ Űɞɜ ůɡɜŭɡŬůɛɧ SLS2 

 

ɆŰɖɜ ŭŮɨŰŮɟɖ ŮɜŬɚɚŬəŰɘəɐ (ɛŮ ŰŬ ŰɟɘŬɟɗɟɤŰɎ ˊɚŬɑůɘŬ əŬɘ ŰŬ ɛɏɚɖ ɛŮŰŬɓɚɖŰɐɠ ŭɘŬŰɞɛɐɠ) 

ŮɑɜŬɘ: 

ȼ ɛɏɔɘůŰɖ ɛŮŰŬŰɧˊɘůɖ ˊŬɟɎɚɚɖɚŬ ůŰɞɜ ɎɝɞɜŬ Y Űɞɡ əŰɖɟɑɞɡ ŮɑɜŬɘ: 

cmucmuy 6,617,11 max =>=  ɔɘŬ Űɞɜ ůɡɜŭɡŬůɛɧ SLS2 
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ɇɞ ˊɟɧɓɚɖɛŬ ŬɡŰɧ ŬɜŰɘɛŮŰɞˊɑɕŮŰŬɘ ɛŮ Űɖɜ ˊɟɞůɗɐəɖ Űɤɜ ŬɜŰɘɟɑŭɤɜ ŭɘŬŰɞɛɐɠ 

TUBO140x140x10 ́ ɞɡ ŭɘŬůŰŬůɘɞɚɞɔɞɨɜŰŬɘ ůŰɖɜ ˊŬɟɎɔɟŬűɞ 5.8 əŬɘ ɞɘ ɞˊɞɑŮɠ ŬɡɝɎɜɞɡɜ Űɖɜ 

ŬəŬɛɣɑŬ Űɤɜ ˊɚŬɘůɑɤɜ ůŰɞ ŮˊɑˊŮŭɧ Űɞɡɠ. 

 

ɀŮŰɎ Űɖɜ ˊɟɞůɗɐəɖ Űɤɜ ŬɜŰɘɟɑŭɤɜ ŮɑɜŬɘ: 

ȼ ɛɏɔɘůŰɖ ɛŮŰŬŰɧˊɘůɖ ˊŬɟɎɚɚɖɚŬ ůŰɞɜ ɎɝɞɜŬ Y Űɞɡ əŰɖɟɑɞɡ ŮɑɜŬɘ: 

cmucmuy 6,612,6 max =<=  ɔɘŬ Űɞɜ ůɡɜŭɡŬůɛɧ SLS2 

5.6 ɳʇʀɾʔʋʏ ʌʀʍʅʋʍʅʎʈʋʞ ɼʇɻɼʡʉ 

ȼ ŬˊŬɑŰɖůɖ ˊŮɟɘɞɟɘůɛɞɨ ɓɚŬɓɩɜ ŬˊɞŰŮɚŮɑ ɗŮɛŮɚɘɩŭɖ Ŭɟɢɐ ˊɞɡ ˊɟɏˊŮɘ ɜŬ əŬɚɨˊŰŮŰŬɘ 

ɛŮ ɘəŬɜɞˊɞɘɖŰɘəɐ ŬɝɘɞˊɘůŰɑŬ ɔɘŬ űɞɟŮɑɠ ůŮ ůŮɘůɛɘəɏɠ ˊŮɟɘɞɢɏɠ. ɆɨɛűɤɜŬ ɛŮ Űɖɜ ˊŬɟŬˊɎɜɤ 

ŬˊŬɑŰɖůɖ, ɞ űɞɟɏŬɠ ůɢŮŭɘɎɕŮŰŬɘ əŬɘ əŬŰŬůəŮɡɎɕŮŰŬɘ ɔɘŬ ɜŬ ŬɜŬɚŬɛɓɎɜŮɘ ůŮɘůɛɘəɐ ŭɟɎůɖ ɛŮ 

ɛŮɔŬɚɨŰŮɟɖ ˊɘɗŬɜɧŰɖŰŬ ŮɛűɎɜɘůɖɠ Ŭˊɧ Űɖ ůŮɘůɛɘəɐ ŭɟɎůɖ ůɢŮŭɘŬůɛɞɨ, ɢɤɟɑɠ Űɖɜ ŮɛűɎɜɘůɖ 

ɓɚŬɓɩɜ əŬɘ ůɡɜŮˊŬəɧɚɞɡɗɞɡɠ ˊŮɟɘɞɟɘůɛɞɨɠ ɢɟɐůɖɠ, ɞɘ ŭŬˊɎɜŮɠ Űɤɜ ɞˊɞɑɤɜ ɗŬ ɐŰŬɜ 

ŭɡůŬɜɎɚɞɔŬ ɡɣɖɚɏɠ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɖɜ ŭŬˊɎɜɖ Űɞɡ ɑŭɘɞɡ Űɞɡ űɞɟɏŬ. 

ȼ ŬˊŬɑŰɖůɖ ˊŮɟɘɞɟɘůɛɞɨ ɓɚŬɓɩɜ ɗŮɤɟŮɑŰŬɘ ɧŰɘ ɘəŬɜɞˊɞɘŮɑŰŬɘ, ŮɎɜ ɞɘ ůɢŮŰɘəɏɠ 

ˊŬɟŬɛɞɟűɩůŮɘɠ Űɤɜ ɞɟɧűɤɜ ˊŮɟɘɞɟɑɕɞɜŰŬɘ ůɨɛűɤɜŬ ɛŮ ŰŬ ˊŬɟŬəɎŰɤ: 

 

ɄŮɟɘɞɟɘůɛɧɠ ůɢŮŰɘəɐɠ ˊŬɟŬɛɧɟűɤůɖɠ ɞɟɧűɞɡ 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ɘəŬɜɞˊɞɘŮɑŰŬɘ ɖ ŬˊŬɑŰɖůɖ ˊŮɟɘɞɟɘůɛɞɨ ɓɚŬɓɩɜ, ˊɟɏˊŮɘ ɜŬ ɘůɢɨɞɡɜ ŰŬ 

ŬəɧɚɞɡɗŬ ɧɟɘŬ, ɔɘŬ əɎɗŮ ˊŮɟɑˊŰɤůɖ, ɔɘŬ Űɖɜ Űɘɛɐ ůɢŮŭɘŬůɛɞɨ Űɖɠ ůɢŮŰɘəɐɠ ɛŮŰŬəɑɜɖůɖɠ Űɞɡ 

ɞɟɧűɞɡ rd , ɖ ɞˊɞɑŬ ɚŬɛɓɎɜŮŰŬɘ ɤɠ ɖ ŭɘŬűɞɟɎ Űɤɜ ɛɏůɤɜ ɞɟɘɕɧɜŰɘɤɜ ɛŮŰŬəɘɜɐůŮɤɜ sd  Űɤɜ 

ŭŬˊɏŭɤɜ Űɞɡ ɡˊɧ ŮɝɏŰŬůɖ ɞɟɧűɞɡ. 

 

Ŭ) ũɘŬ əŰɑɟɘŬ ɛŮ ɛɖ-űɏɟɞɜŰŬ ůŰɞɘɢŮɑŬ Ŭˊɧ ɣŬɗɡɟɧ ɡɚɘəɧ, ůɡɜŭŮŭŮɛɏɜŬ ɛŮ Űɞ űɞɟɏŬ: 

hvdr 005,0¢  

ɓ) ũɘŬ əŰɑɟɘŬ ɛŮ ˊɚɎůŰɘɛŬ ɛɖ-űɏɟɞɜŰŬ ůŰɞɘɢŮɑŬ: 

hvdr 0075,0¢  

ɔ) ɔɘŬ əŰɑɟɘŬ ɛŮ ɛɖ-űɏɟɞɜŰŬ ůŰɞɘɢŮɑŬ ŬɔəɡɟɤɛɏɜŬ ɛŮ ŰɏŰɞɘɞ Űɟɧˊɞ ɩůŰŮ ɜŬ ɛɖɜ ŮˊɖɟŮɎɕɞɜŰŬɘ 

Ŭˊɧ Űɘɠ ˊŬɟŬɛɞɟűɩůŮɘɠ Űɞɡ űɞɟɏŬ, ɐ ɔɘŬ əŰɑɟɘŬ ˊɞɡ ŭŮɜ ɏɢɞɡɜ ɛɖ-űɏɟɞɜŰŬ ůŰɞɘɢŮɑŬ: 

hvdr 010,0¢  

 

ɧˊɞɡ: 

h  ŮɑɜŬɘ Űɞ ɨɣɞɠ Űɞɡ ɞɟɧűɞɡ. 

v  ŮɑɜŬɘ ůɡɜŰŮɚŮůŰɐɠ ɛŮɑɤůɖɠ ˊɞɡ ɚŬɛɓɎɜŮɘ ɡˊɧɣɖ Űɖ ɛɘəɟɧŰŮɟɖ ˊŮɟɑɞŭɞ ŮˊŬɜŬűɞɟɎɠ 

Űɖɠ ůŮɘůɛɘəɐɠ ŭɟɎůɖɠ ˊɞɡ ůɡɜŭɏŮŰŬɘ ɛŮ Űɖɜ ŬˊŬɑŰɖůɖ ˊŮɟɘɞɟɘůɛɞɨ ɓɚŬɓɩɜ. Ƀɘ 

ůɡɜɘůŰɩɛŮɜŮɠ Űɘɛɏɠ Űɞɡ ŮɑɜŬɘ v=0.4 ɔɘŬ Űɘɠ əŬŰɖɔɞɟɑŮɠ ůˊɞɡŭŬɘɧŰɖŰŬɠ Ƚ əŬɘ II əŬɘ 

ɜ=0.5 ɔɘŬ Űɘɠ əŬŰɖɔɞɟɑŮɠ ůˊɞɡŭŬɘɧŰɖŰŬɠ ȽII əŬɘ ȽV. 

rd  ɖ ɛŮŰŬŰɧˊɘůɖ Űɞɡ ɞɟɧűɞɡ. 

 

ɆɨɛűɤɜŬ ɛŮ Űɘɠ ŭɘŬŰɎɝŮɘɠ Űɞɡ ȺɡɟɤəɩŭɘəŬ 8, ŮɎɜ ɔɑɜŮŰŬɘ ɔɟŬɛɛɘəɐ ŬɜɎɚɡůɖ, ɞɘ ɛŮŰŬəɘɜɐůŮɘɠ 

ˊɞɡ ˊɟɞəŬɚɞɨɜŰŬɘ Ŭˊɧ Űɖ ůŮɘůɛɘəɐ ŭɟɎůɖ ůɢŮŭɘŬůɛɞɨ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ɓɎůŮɘ Űɤɜ ŮɚŬůŰɘəɩɜ 

ˊŬɟŬɛɞɟűɩůŮɤɜ Űɞɡ ůŰŬŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɖɠ Ŭəɧɚɞɡɗɖɠ ŬˊɚɞɡůŰŮɡɛɏɜɖɠ 

ɏəűɟŬůɖɠ: 

 

eds dqd Ö=  
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ɧˊɞɡ: 

sd  ŮɑɜŬɘ ɖ ɛŮŰŬəɑɜɖůɖ ůɖɛŮɑɞɡ Űɞɡ ůŰŬŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ ˊɞɡ ˊɟɞəŬɚŮɑŰŬɘ Ŭˊɧ Űɖ 

ůŮɘůɛɘəɐ ŭɟɎůɖ ůɢŮŭɘŬůɛɞɨ. 

dq  ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ůɡɛˊŮɟɘűɞɟɎɠ ɛŮŰŬəɑɜɖůɖɠ, ˊɞɡ ɚŬɛɓɎɜŮŰŬɘ ɑůɞɠ ɛŮ Űɞɜ q ɖ 

ŮəŰɧɠ Ŭɜ ɞɟɑɕŮŰŬɘ ŭɘŬűɞɟŮŰɘəɎ. 

ed  ŮɑɜŬɘ ɖ ɛŮŰŬəɑɜɖůɖ Űɞɡ ɑŭɘɞɡ ůɖɛŮɑɞɡ Űɞɡ ůŰŬŰɘəɞɨ ůɡůŰɐɛŬŰɞɠ, ɧˊɤɠ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ 

Ŭˊɧ Űɖ ɔɟŬɛɛɘəɐ ŬɜɎɚɡůɖ ɓŬůɘůɛɏɜɖ ůŰɞ űɎůɛŬ Ŭˊɧəɟɘůɖɠ ůɢŮŭɘŬůɛɞɨ. 

 

ȼ ɡˊɧ ɛŮɚɏŰɖ əŬŰŬůəŮɡɐ ŬɜɐəŮɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɓ ɞˊɧŰŮ ˊɟɏˊŮɘ: 

hvdr 0075,0¢  

 

Ⱥˊɑůɖɠ ŬɜɐəŮɘ ůŰɖɜ əŬŰɖɔɞɟɑŬ ůˊɞɡŭŬɘɧŰɖŰŬɠ ȽȽȽ, ɞˊɧŰŮ ɚŬɛɓɎɜŮŰŬɘ: 

ɜ=0,5. 

 

¶ ũɘŬ ůŮɘůɛɧ əŬŰɎ X: 

Ƀɘ ɛŮŰŬŰɞˊɑůŮɘɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɞ ůŮɘůɛɧ ůŰɖ ŭɘŮɨɗɡɜůɖ X ŮɑɜŬɘ ŬɛŮɚɖŰɏŮɠ. 

 

¶ ũɘŬ ůŮɘůɛɧ əŬŰɎ Y: 

ɆŰɖɜ ˊɟɩŰɖ ŮɜŬɚɚŬəŰɘəɐ (ɛŮ ŰŬ ŬɛűɑˊŬəŰŬ ˊɚŬɑůɘŬ əŬɘ ŰŬ ɛɏɚɖ ůŰŬɗŮɟɐɠ ŭɘŬŰɞɛɐ) ɘůɢɨŮɘ: 

cmde 92,2=  

5,1=dq  

5,0=v  

cmh 990=  

cmdqdd edsr 38,492,25,1 =Ö=Ö==  

cmcmvdr 425,79900075,019,25,038,4 =Ö¢=Ö=  

 

ɆŰɖɜ ŭŮɨŰŮɟɖ ŮɜŬɚɚŬəŰɘəɐ (ɛŮ ŰŬ ŰɟɘŬɟɗɟɤŰɎ ˊɚŬɑůɘŬ əŬɘ ŰŬ ɛɏɚɖ ɛŮŰŬɓɚɖŰɐɠ ŭɘŬŰɞɛɐɠ) 

ŮɑɜŬɘ: 

cmde 55,5=  

5,1=dq  

5,0=v  

cmh 990=  

cmdqdd edsr 33,855,55,1 =Ö=Ö==  

cmcmvdr 425,79900075,0165,45,033,8 =Ö¢=Ö=  

 

ɀŮŰɎ Űɖɜ ˊɟɞůɗɐəɖ Űɤɜ ŬɜŰɘɟɑŭɤɜ ŮɑɜŬɘ: 

cmde 88,4=  

5,1=dq  

5,0=v  

cmh 990=  

cmdqdd edsr 32,788,45,1 =Ö=Ö==  

cmcmvdr 425,79900075,066,35,032,7 =Ö¢=Ö=  

 

Ƀ ɏɚŮɔɢɞɠ ɘəŬɜɞˊɞɘŮɑŰŬɘ ůŮ ɧɚŮɠ Űɘɠ ˊŬɟŬˊɎɜɤ ˊŮɟɘˊŰɩůŮɘɠ. 
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5.7 ɳʇʀɾʔʋʏ ʀʌʅʍʍʋʡʉ φɻʏ ʐʗʊʀʖʏ 

ɆɨɛűɤɜŬ ɛŮ Űɘɠ ŭɘŬŰɎɝŮɘɠ Űɞɡ ȺɡɟɤəɩŭɘəŬ 8, ŬˊɞŰŮɚɏůɛŬŰŬ ŭŮɡŰɏɟŬɠ ŰɎɝŮɤɠ 

(ŬˊɞŰŮɚɏůɛŬŰŬ Ʌ-ȹ) ŭŮɜ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ŮɎɜ ɖ Ŭəɧɚɞɡɗɖ ůɡɜɗɐəɖ 

ɘəŬɜɞˊɞɘŮɑŰŬɘ ůŮ ɧɚɞɡɠ Űɞɡɠ ɞɟɧűɞɡɠ: 

 

10,0¢
Ö

Ö
=

hV

dP

tot

rtotq  

ɧˊɞɡ: 

ɗ ŮɑɜŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ŮɡŬɘůɗɖůɑŬɠ ůɢŮŰɘəɐɠ ɛŮŰŬəɑɜɖůɖɠ Űɞɡ ɞɟɧűɞɡ. 

totP  ŮɑɜŬɘ Űɞ ůɡɜɞɚɘəɧ űɞɟŰɑɞ ɓŬɟɨŰɖŰŬɠ ůŰɖɜ ůŮɘůɛɘəɐ əŬŰɎůŰŬůɖ ůɢŮŭɘŬůɛɞɨ Űɞɡ 

ɞɟɧűɞɡ ˊɞɡ ŮɝŮŰɎɕŮŰŬɘ əŬɘ Űɤɜ ɡˊŮɟəŮɑɛŮɜɤɜ ɞɟɧűɤɜ 

rd  ŮɑɜŬɘ ɖ Űɘɛɐ ůɢŮŭɘŬůɛɞɨ Űɖɠ ůɢŮŰɘəɐɠ ɛŮŰŬəɑɜɖůɖɠ Űɞɡ ɞɟɧűɞɡ, ˊɞɡ ɚŬɛɓɎɜŮŰŬɘ ɤɠ ɖ 

ŭɘŬűɞɟɎ Űɤɜ ɛɏůɤɜ ɞɟɘɕɧɜŰɘɤɜ ɛŮŰŬəɘɜɐůŮɤɜ Űɤɜ ŭŬˊɏŭɤɜ Űɞɡ ɡˊɧ ŮɝɏŰŬůɖ ɞɟɧűɞɡ. 

totV  ŮɑɜŬɘ ɖ ůɡɜɞɚɘəɐ ůŮɘůɛɘəɐ ŰɏɛɜɞɡůŬ Űɞɡ ɞɟɧűɞɡ. 

h  ŮɑɜŬɘ Űɞ ɨɣɞɠ Űɞɡ ɞɟɧűɞɡ. 

 

Ⱥˊɘˊɚɏɞɜ, 

ȺɎɜ 0,1 < ɗ < 0,2, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ŭŮɡŰɏɟŬɠ ŰɎɝŮɤɠ ɛˊɞɟɞɨɜ ɜŬ ɚɖűɗɞɨɜ ɡˊɧɣɖ 

ˊɟɞůŮɔɔɘůŰɘəɎ ˊɞɚɚŬˊɚŬůɘɎɕɞɜŰŬɠ ŰŬ ŬɜŰɑůŰɞɘɢŬ ůŮɘůɛɘəɎ ŮɜŰŬŰɘəɎ ɛŮɔɏɗɖ əŬɘ ɛŮŰŬəɘɜɐůŮɘɠ 

ɛŮ ůɡɜŰŮɚŮůŰɐ ɑůɞ ɛŮ 1/(1 ï ɗ) əŬɘ ȼ Űɘɛɐ Űɞɡ ůɡɜŰŮɚŮůŰɐ ɗ ŭŮɜ ɗŬ ɡˊŮɟɓŬɑɜŮɘ Űɞ 0,3. 

 

ũɘŬ Űɞ ŭɡůɛŮɜɏůŰŮɟɞ ˊɚŬɘůɘŬəɧ ůɨůŰɖɛŬ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɞ ŭŮɑəŰɖɠ ɗ əŬɘ 

ɔɘŬ Űɘɠ ŭɡɞ əŬŰŮɡɗɨɜůŮɘɠ X,Y: 

 

¶ ũɘŬ ůŮɘůɛɧ əŬŰɎ X: 

Ƀɘ ɛŮŰŬŰɞˊɑůŮɘɠ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɞ ůŮɘůɛɧ ůŰɖ ŭɘŮɨɗɡɜůɖ X ŮɑɜŬɘ ŬɛŮɚɖŰɏŮɠ. 

 

¶ ũɘŬ ůŮɘůɛɧ əŬŰɎ Y: 

ɆŰɖɜ ˊɟɩŰɖ ŮɜŬɚɚŬəŰɘəɐ (ɛŮ ŰŬ ŬɛűɑˊŬəŰŬ ˊɚŬɑůɘŬ əŬɘ ŰŬ ɛɏɚɖ ůŰŬɗŮɟɐɠ ŭɘŬŰɞɛɐ) ɘůɢɨŮɘ: 

kNPtot 1531=  

kNVtot 417=  

cmh 990=  

cmdqdd edsr 38,492,25,1 =Ö=Ö==  

10,0016,0
990417

38,41531
¢=

Ö

Ö
=

cmkN

cmkN
q  

 

ɆŰɖɜ ŭŮɨŰŮɟɖ ŮɜŬɚɚŬəŰɘəɐ (ɛŮ ŰŬ ŰɟɘŬɟɗɟɤŰɎ ˊɚŬɑůɘŬ əŬɘ ŰŬ ɛɏɚɖ ɛŮŰŬɓɚɖŰɐɠ ŭɘŬŰɞɛɐɠ) 

ŮɑɜŬɘ: 

kNPtot 1715=  

kNVtot 312=  

cmh 990=  

cmdqdd edsr 33,855,55,1 =Ö=Ö==  

10,0046,0
990312

33,81715
¢=

Ö

Ö
=

cmkN

cmkN
q  
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ɀŮŰɎ Űɖɜ ˊɟɞůɗɐəɖ Űɤɜ ŬɜŰɘɟɑŭɤɜ ŮɑɜŬɘ: 

kNPtot 1874=  

kNVtot 417=  

cmh 990=  

cmdqdd edsr 32,788,45,1 =Ö=Ö==  

10,0033,0
990417

32,71874
¢=

Ö

Ö
=

cmkN

cmkN
q  

 

Ⱥˊɞɛɏɜɤɠ, ɞ ɏɚŮɔɢɞɠ ɘəŬɜɞˊɞɘŮɑŰŬɘ əŬɘ ŭŮɜ ŬˊŬɘŰŮɑŰŬɘ ɜŬ ɚɖűɗɞɨɜ ɡˊɧɣɖ ŰŬ űŬɘɜɧɛŮɜŬ 2Ŭɠ 

ŰɎɝŮɤɠ. 

5.8 ɳʇʀɾʔʋʏ ɻʉʐʅʍʚɿɻʏ ɾʅɻ ʐʂʉ ɻʉʐʅʈʀʐʡʌʅʎʂ ʐʖʉ ʌʍʋɼʇʂʈʗʐʖʉ 
ʇʀʅʐʋʑʍɾʅʆʝʐʂʐɻʏ 

 

ɆɢɐɛŬ 5.28: ȳɣɖ Űɞɡ ˊɚŬɘůɑɞɡ Űɖɠ 2
ɖɠ

 ɚɨůɖɠ ɛŮŰɎ Űɖɜ ˊɟɞůɗɐəɖ Űɤɜ ŬɜŰɘɟɑŭɤɜ 

ȺˊɘɚɏɢɗɖəŮ ŭɘŬŰɞɛɐ TUBO140x140x10. ȼ ˊɘɞ ŭɡůɛŮɜɐɠ ˊŮɟɑˊŰɤůɖ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰɞ 

ɏəŰɞ Ŭˊɧ Űɞ ɎɜɞɘɔɛŬ ˊɚŬɑůɘɞ ɔɘŬ Űɞɜ ůɡɜŭɡŬůɛɧ ULS1 ɛŮ ůɡɜŰŮɚŮůŰɐ ŮəɛŮŰɎɚɚŮɡůɖɠ ɑůɞ ɛŮ 

0,608. 
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ɆɢɐɛŬ 5.29: ȷɜɎɚɡůɖ Űɖɠ ŬɜŰɘɟɑŭŬɠ 

 

ɆɢɐɛŬ 5.30: ȹɘɎɔɟŬɛɛŬ Ŭɝɞɜɘəɐɠ ŭɨɜŬɛɖɠ Űɖɠ ŬɜŰɘɟɑŭŬɠ 

ȰɔɘɜŮ ɏɚŮɔɢɞɠ əŬɘ Űɤɜ ɡˊɧɚɞɘˊɤɜ ɛŮɚɩɜ Űɞɡ űɞɟɏŬ Űɖɠ ŭŮɨŰŮɟɖɠ ŮɜŬɚɚŬəŰɘəɐɠ ɛŮŰɎ 

Űɖɜ ˊɟɞůɗɐəɖ Űɤɜ ŬɜŰɘɟɑŭɤɜ, əŬɗɩɠ ɎɚɚŬɝŮ Űɞ ůŰŬŰɘəɧ ůɨůŰɖɛŬ Űɞɡ űɞɟɏŬ. ɆŰɞɜ ɏɚŮɔɢɞ 

űɎɜɖəŮ ˊɤɠ ɧɚŬ ŰŬ ɛɏɚɖ ŮɑɜŬɘ ŮˊŬɟəɐ. 
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5.9 ɳʇʀɾʔʋʏ ʎʑʉɿʘʎʀʖʉ 

ɆŮ ŬɡŰɐ Űɖɜ ˊŬɟɎɔɟŬűɞ ɔɑɜŮŰŬɘ ŮɜŭŮɘəŰɘəɎ ɞ ɏɚŮɔɢɞɠ ɞɟɘůɛɏɜɤɜ əɞɢɚɘɤŰɩɜ ůɡɜŭɏůŮɤɜ 

Űɖɠ əŬŰŬůəŮɡɐɠ ůɨɛűɤɜŬ ɛŮ Űɘɠ ŬˊŬɘŰɐůŮɘɠ Űɞɡ ȺɡɟɤəɩŭɘəŬ 3 (EN 1993-1-

8:2005/AC:2009) ɛŮ Űɖ ɢɟɐůɖ Űɞɡ ɚɞɔɘůɛɘəɞɨ Autodesk Robot Structural Analysis 

Professional 2014. Ƀɘ ůɡɜŭɏůŮɘɠ ˊɞɡ ŮɚɏɔɢɞɜŰŬɘ űŬɑɜɞɜŰŬɘ ˊŬɟŬəɎŰɤ. 

5.9.1 ɫʞʉɿʀʎʂ ɿʋʆʋʞ ɀ ʑʌʋʎʐʑʇʡʈɻʐʋʏ ʎʐʂʉ ʌʍʡʐʂ ʀʉɻʇʇɻʆʐʅʆʙ ʇʞʎʂȢ 

 

ɆɢɐɛŬ 5.31: ȯˊɞɣɖ Űɖɠ ůɨɜŭŮůɖɠ 

Ƀ ŭɡůɛŮɜɏůŰŮɟɞɠ ůɡɜŭɡŬůɛɧɠ űɧɟŰɘůɖɠ ŮɑɜŬɘ ɞ ULS1 əŬɘ ůŰɞ ůɢɐɛŬ űŬɑɜɞɜŰŬɘ ɞɘ űɞɟŰɑůŮɘɠ 

Űɖɠ ůɨɜŭŮůɖɠ. 
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ɆɢɐɛŬ 5.32: ūɧɟŰɘůɖ Űɖɠ ůɨɜŭŮůɖɠ 

ũȺɋɀȺɇɅȽȷ 

 

ɈɄɃɆɇɈȿɋɀȷ 

ȹȽȷɇɃɀȼ: HEB 360  

a = - 90,0  [Deg] ũɋɁȽȷ ȾȿȽɆȼɆ  

ɈȿȽȾɃ S235 

fyc = 235,00  [MPa] ȷɁɇɃɉȼ  

ȹɃȾɃɆ 

ȹȽȷɇɃɀȼ: IPE 500  

a = 19,8  [Deg] ũɋɁȽȷ ȾȿȽɆȼɆ  

ɈȿȽȾɃ S235 

fyb = 235,00  [MPa] ȷɁɇɃɉȼ  

 

ȾɃɉȿȽȺɆ 

The shear plane passes through the UNTHREADED portion of the bolt.  

d = 20 [mm] ȹȽȷɀȺɇɅɃɆ ȾɃɉȿȽȷ  

ɄɃȽɃɇȼɇȷ = 10.9   ȾȷɇȼũɃɅȽȷ ȾɃɉȿȽɋɁ  

FtRd = 176,40  [kN] ȺűŮɚəɡůŰɘəɐ ŬɜŰɞɢɐ əɞɢɚɑŬ  
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The shear plane passes through the UNTHREADED portion of the bolt.  

d = 20 [mm] ȹȽȷɀȺɇɅɃɆ ȾɃɉȿȽȷ  

nh = 2  ȷɅȽŪɀɃɆ ȾɃɉȿȽɋɁ ɈɄɃɆɇɈȿɋɀȷɇɋɁ  

nv = 8  ȷɅȽŪɀɃɆ ɆȺȽɅɋɁ ȾɃɉȿȽɋɁ  

h1 = 95 [mm] ȷˊɧůŰŬůɖ ɛŮŰŬɝɨ ˊɟɩŰɞɡ əɞɢɚɑŬ əŬɘ Ɏɜɤ Ɏəɟɞɡ ɚŮˊɑŭŬɠ ůɨɜŭŮůɖɠ  

ɃɅȽȻɃɁɇȽȷ ȷɄɃɆɇȷɆȼ ɀȺɇȷɂɈ ei = 140 [mm]  

ȾȷɇȷȾɃɅɈūȼ ȷɄɃɆɇȷɆȼ ɀȺɇȷɂɈ pi = 70;70;70;170;160;70;70 [mm]  

ɄȿȷȾȷ 

hp = 882  [mm] ɈɊɃɆ ȿȺɄȽȹȷɆ  

bp = 250  [mm] ɄȿȷɇɃɆ ȿȺɄȽȹȷɆ  

tp = 30 [mm] ɄȷɉɃɆ ȿȺɄȽȹȷɆ  

ɈȿȽȾɃ S235 

fyp = 235,00  [MPa] ȷɁɇɃɉȼ  

Ⱦȷɇɋ ȺɁȽɆɉɈɆȼ 

wd = 200  [mm] ɄȿȷɇɃɆ ȿȺɄȽȹȷɆ  

tfd = 17 [mm] ɄȷɉɃɆ ɄȺȿɀȷɇɃɆ  

hd = 275  [mm] ɈɊɃɆ ȿȺɄȽȹȷɆ  

twd = 11 [mm] ɄȷɉɃɆ ȾɃɅɀɃɈ  

ld = 2126  [mm] ɀȼȾɃɆ ȿȺɄȽȹȷɆ  

a = 26,4  [Deg] ũɋɁȽȷ ȾȿȽɆȼɆ  

ɈȿȽȾɃ S235 

fybu = 235,00  [MPa] ȷɁɇɃɉȼ  

ȺɁȽɆɉɈɆȼ ɈɄɃɆɇɈȿɋɀȷɇɃɆ 

ȷɁɋ 

hsu = 315  [mm] ɈɊɃɆ ȺɁȽɆɉɈɆȼɆ  

bsu = 144  [mm] ɄȿȷɇɃɆ ɁȺɈɅɋɆȼɆ  

thu = 12 [mm] ɄȷɉɃɆ ȺɁȽɆɉɈɆȼɆ  

ɈȿȽȾɃ S235 

fysu = 235,00  [MPa] ȷɁɇɃɉȼ  

Ⱦȷɇɋ 

hsd = 315  [mm] ɈɊɃɆ ȺɁȽɆɉɈɆȼɆ  

bsd = 144  [mm] ɄȿȷɇɃɆ ɁȺɈɅɋɆȼɆ  

thd = 12 [mm] ɄȷɉɃɆ ȺɁȽɆɉɈɆȼɆ  

ɈȿȽȾɃ S235 

fysu = 235,00  [MPa] ȷɁɇɃɉȼ  

ɆɈũȾɃȿȿȼɆȺȽɆ ȺɂɋɅȷūȼɆ 

aw = 5 [mm] ɆɈũȾɃȿȿȼɆȼ ȾɃɅɀɃɈ  

af = 8 [mm] ȾɃȿȿȼɆȼ ɄȺȿɀȷɇɃɆ  

as = 5 [mm] ȺɁȽɆɉɈɆȼ ɆɈũȾɃȿȿȼɆȼɆ  

afd = 5 [mm] ɃɅȽȻɃɁɇȽȷ ɆɈũȾɃȿȿȼɆȼ  

 

ɆɈɁɇȺȿȺɆɇȺɆ ɈȿȽȾɃɈ 

gM0 = 1,00   ɀȺɅȽȾɃɆ ɆɈɁɇȺȿȺɆɇȼɆ ȷɆūȷȿȺȽȷɆ [2.2] 

gM1 = 1,00   ɀȺɅȽȾɃɆ ɆɈɁɇȺȿȺɆɇȼɆ ȷɆūȷȿȺȽȷɆ [2.2] 

gM2 = 1,25   ɀȺɅȽȾɃɆ ɆɈɁɇȺȿȺɆɇȼɆ ȷɆūȷȿȺȽȷɆ [2.2] 

gM3 = 1,25   ɀȺɅȽȾɃɆ ɆɈɁɇȺȿȺɆɇȼɆ ȷɆūȷȿȺȽȷɆ [2.2] 

ūɃɅɇȽȷ 
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ɃɅȽȷȾȼ ȾȷɇȷɆɇȷɆȼ ȷɆɇɃɉȽȷɆ 

ɄȺɅȽɄɇɋɆȼ: ɈɄɃȿɃũȽɆɀɃȽ ȷɄɃ ɉɅȼɆɇȼ. 

 

Mb1,Ed = 282,49  [kN*m] ɅɃɄȼ ȾȷɀɊȼɆ ɆɇɃ ȹȺɂȽ ȹɃȾȷɅȽ  

Vb1,Ed = 81,78  [kN] ȹɈɁȷɀȼ ȹȽȷɇɀȼɆȼɆ ɆɇɃ ȹȺɂȽ ȹɃȾȷɅȽ  

Nb1,Ed = - 91,83  [kN] ȷɂɃɁȽȾȼ ȹɈɁȷɀȼ ɆɇɃ ȹȺɂȽ ȹɃȾȷɅȽ  

ȷɄɃɇȺȿȺɆɀȷɇȷ 

ȷɁɇɃɉȺɆ ȹɃȾȷɅȽɃɈ 

Ncb,Rd = 2714,77  [kN] ȷɁɇɃɉȼ ɆɉȺȹȽȷɆɀɃɈ ȹȽȷɇɃɀȼɆ ɆȺ ŪȿȽɊȼ EN1993-1-1:[6.2.4] 

Vcb,Rd = 1226,51  [kN] ȷɁɇɃɉȼ ɆɉȺȹȽȷɆɀɃɈ ȹȽȷɇɃɀȼɆ ɆȺ ȹȽȷɇɀȼɆȼ EN1993-1-1:[6.2.6.(2)] 

Vb1,Ed / Vcb,Rd ¢ 1,0 0,07 < 1,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,07)  

Mb,pl,Rd = 515,65  [kN*m] ɄȿȷɆɇȽȾȼ ȷɁɇɃɉȼ ȹȽȷɇɃɀȼɆ ɆȺ ȾȷɀɊȼ (ɉɋɅȽɆ ȺɁȽɆɉɈɆȺȽɆ) EN1993-1-1:[6.2.5.(2)] 

Mcb,Rd = 896,23  [kN*m] ȷɁɇɃɉȼ ɆɉȺȹȽȷɆɀɃɈ ȹȽȷɇɃɀȼɆ ɆȺ ȾȷɀɊȼ EN1993-1-1:[6.2.5] 

Fc,fb,Rd = 1136,91  [kN] ȷɁɇɃɉȼ ŪȿȽȸɃɀȺɁɃɈ ɄȺȿɀȷɇɃɆ ȾȷȽ ȾɃɅɀɃɈ [6.2.6.7.(1)] 

Fc,wb,Rd,low = 1010,50  [kN] ȷɁɇɃɉȼ ȾɃɅɀɃɈ ȹɃȾȷɅȽɃɈ [6.2.6.2.(1)] 

 

ȷɁɇɃɉȺɆ ɈɄɃɆɇɈȿɋɀȷɇɃɆ 

Vwp,Ed = 431,93  [kN] ȹɈɁȷɀȼ ȹȽȷɇɀȼɆȼɆ ɄɃɈ ȺūȷɅɀɃȻȺɇȷȽ ɆȺ ȾɃɅɀɃ [5.3.(3)] 

Vwp,Rd = 768,65  [kN] ȷɁɇɃɉȼ ȾɃɅɀɃɈ ɈɄɃɆɇɈȿɋɀȷɇɃɆ ɆȺ ȹȽȷɇɀȼɆȼ [6.2.6.1] 

 

Vwp,Ed / Vwp,Rd ¢ 1,0 0,56 < 1,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,56)  

Fc,wc,Rd = 1583,94  [kN] ȷɁɇɃɉȼ ȾɃɅɀɃɈ ɈɄɃɆɇɈȿɋɀȷɇɃɆ [6.2.6.2.(1)] 

Fc,wc,Rd,upp = 1582,57  [kN] ȷɁɇɃɉȼ ȾɃɅɀɃɈ ɈɄɃɆɇɈȿɋɀȷɇɃɆ [6.2.6.2.(1)] 

 

ȷɁɇɃɉȼ ɆɈɁȹȺɆȼɆ ɆȺ ŪȿȽɊȼ 

Nj,Rd = 2021,00  [kN] ȷɁɇɃɉȼ ɆɈɁȹȺɆȼɆ ɆȺ ŪȿȽɊȼ [6.2] 

 

Nb1,Ed / Nj,Rd ¢ 1,0 0,05 < 1,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,05)  

 

ȷɁɇɃɉȼ ɆɈɁȹȺɆȼɆ ɆȺ ȾȷɀɊȼ 

 

ɆɈũȾȺɁɇɅɋɇȽȾɃɆ ɄȽɁȷȾȷɆ ȹɈɁȷɀȺɋɁ 

 

Nr hj Ftj,Rd Ft,fc,Rd Ft,wc,Rd Ft,ep,Rd Ft,wb,Rd Ft,Rd Bp,Rd 

1 738  352,80  352,80  660,33  352,80  892,25  352,80  732,87  

2 668  228,77  352,80  660,33  352,8 0 732,82  352,80  732,87  

3 598  106,81  352,80  660,33  352,80  732,82  352,80  732,87  

4 528  80,27  352,80  660,33  352,80  732,82  352,80  732,87  

5 358  -  352,80  660,33  352,80  732,82  352,80  732,87  

6 198  -  352,80  660,33  352,80  732,82  352,80  732,87  

7 128  -  352,80  660, 33  352,80  732,82  352,80  732,87  

8 58  -  352,80  660,33  352,80  732,82  352,80  732,87  

 

ȷɁɇɃɉȼ ɆɈɁȹȺɆȼɆ ɆȺ ȾȷɀɊȼ Mj,Rd 

Mj,Rd =  ́hj Ftj,Rd  

Mj,Rd = 519,29  [kN*m] ȷɁɇɃɉȼ ɆɈɁȹȺɆȼɆ ɆȺ ȾȷɀɊȼ [6.2] 

 

Mb1,Ed / Mj,Rd ¢ 1,0 0,54 < 1,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,54)  
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ȷɁɇɃɉȼ ɆɈɁȹȺɆȼɆ ɆȺ ȹȽȷɇɀȼɆȼ 

Vj,Rd = 1977,84  [kN] ȷɁɇɃɉȼ ɆɈɁȹȺɆȼɆ ɆȺ ȹȽȷɇɀȼɆȼ [ɄȽɁȷȾȷɆ 3.4] 

 

Vb1,Ed / Vj,Rd ¢ 1,0 0,04 < 1,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,04)  

 

ȷɁɇɃɉȼ ɆɈũȾɃȿȿȼɆȼɆ 

Õ[ŝmax
2
 + 3*(t̂max

2
)] ¢ fu/(bw*gM2) 132,65 < 360,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,37)  

Õ[ŝ
2
 + 3*(t̂

2
+tII

2
)] ¢ fu/(bw*gM2) 126,93 < 360,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,35)  

ŝ ¢ 0.9*fu/gM2 66,33 < 259,20  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,26)  

 

ȷȾȷɀɊȽȷ ɆɈɁȹȺɆȼɆ 

 

 

Sj,ini = 186312,35  [kN*m] ȷɅɉȽȾȼ ȷȾȷɀɊȽȷ ɆɇɅȺɊȼɆ [6.3.1.(4)] 

Sj = 93156,18  [kN*m] ɇȺȿȽȾȼ ȷȾȷɀɊȽȷ ɆɇɅȺɊȼɆ [6.3.1.(4)] 

 

ȾȷɇȼũɃɅɃɄɃȽȼɆȼ ɆɈɁȹȺɆȼɆ ȿɃũɋ ȷȾȷɀɊȽȷɆ. 

Sj,rig = 74083,70  [kN*m] ȷȾȷɀɊȽȷ ɆɇȷŪȺɅȼɆ ɆɈɁȹȺɆȼɆ [5.2.2.5] 

Sj,pin = 4630,23  [kN*m] ȷȾȷɀɊȽȷ ȷɅŪɅɋɀȺɁȼɆ ɆɈɁȹȺɆȼɆ [5.2.2.5] 

 

Sj,ini ² Sj,rig ɆɇȷŪȺɅȼ  

 

ȾȷɇȼũɃɅɃɄɃȽȼɆȼ ɆɈɁȹȺɆȼɆ ȸȷɆȺȽ ȷɁɇɃɉȼɆ. 

Mpl,Rd,lim = Max(Mb,pl,Rd , Max(Mc,pl,Rd)  

Mpl,Rd,lim = 630,54  [kN*m] ȷɁɇɃɉȼ ɆɈɁȹȺɆȼɆ ɄȿȼɅɃɈɆ ɄȷȾɇɋɆȼɆ [5.2.3] 

 

0.25 Mpl,Rd,lim < Mj,Rd < Mpl,Rd,lim ɀȺɅȽȾȼ ȷɁɇɃɉȼ  

 

ȺȿȺũɂȺ:ȷȾɀɊȽȷ ɆɈɁȹȺɆȼɆ 

ɆɈɀūɋɁȷ ɀȺ ɇɃ ȷɅŪɅɃ 6.4,ȼ ȽȾȷɁɃɇȼɇȷ ɄȺɅȽɆɇɅɃūȼɆ ɇȼɆ ɆɈɁȹȺɆȼɆ ȺȽɁȷȽ Ⱦȷɇȷȿȿȼȿȼ.  

 

ɄȽɃ ȷȹɈɁȷɀɃ ɇɀȼɀȷ: 

ȾɃɅɀɃɆ ɈɄɃɆɇɈȿɋɀȷɇɃɆ- ȹȽȷɇɀȼɆȼ  

   

   

ȼ ɆɈɁȹȺɆȼ ȺȽɁȷȽ ɆɈɀūɋɁȼ ɀȺ ɇɃɁ ȾȷɁɃɁȽɆɀɃ ȿɃũɃɆ 0,56  
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5.9.2 ɫʞʉɿʀʎʂ ɿʋʆʋʞ ɀ ʑʌʋʎʐʑʇʡʈɻʐʋʏ ʎʐʂ ɿʀʞʐʀʍʂ ʀʉɻʇʇɻʆʐʅʆʙ ʇʞʎʂȢ 

 

ɆɢɐɛŬ 5.33: ȯˊɞɣɖ Űɖɠ ůɨɜŭŮůɖɠ 

Ƀ ŭɡůɛŮɜɏůŰŮɟɞɠ ůɡɜŭɡŬůɛɧɠ űɧɟŰɘůɖɠ ŮɑɜŬɘ ɞ ULS1. 

 

ũȺɋɀȺɇɅȽȷ 

 

ȷɅȽɆɇȺɅȼ ɄȿȺɈɅȷ 

ȹɃȾɃɆ 

ȹȽȷɇɃɀȼ: I - BISYM_1 

a = - 109,8  [Deg] ũɋɁȽȷ ȾȿȽɆȼɆ  

ɈȿȽȾɃ S235 

fyb = 235,00  [MPa] ȷɁɇɃɉȼ  

ȹȺɂȽȷ ɄȿȺɈɅȷ 

ȹɃȾɃɆ 

ȹȽȷɇɃɀȼ: I - BISYM_1 

a = 0,0  [Deg] ũɋɁȽȷ ȾȿȽɆȼɆ  

ɈȿȽȾɃ S235 

fyb = 235,00  [MPa] ȷɁɇɃɉȼ  
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ȾɃɉȿȽȺɆ 

The shear plane passes through the UNTHREADED portion of the bolt.  

d = 20 [mm] ȹȽȷɀȺɇɅɃɆ ȾɃɉȿȽȷ  

ɄɃȽɃɇȼɇȷ = 10.9   ȾȷɇȼũɃɅȽȷ ȾɃɉȿȽɋɁ  

FtRd = 176,40  [kN] ȺűŮɚəɡůŰɘəɐ ŬɜŰɞɢɐ əɞɢɚɑŬ  

nh = 2  ȷɅȽŪɀɃɆ ȾɃɉȿȽɋɁ ɈɄɃɆɇɈȿɋɀȷɇɋɁ  

nv = 7  ȷɅȽŪɀɃɆ ɆȺȽɅɋɁ ȾɃɉȿȽɋɁ  

h1 = 35 [mm] ȷˊɧůŰŬůɖ ɛŮŰŬɝɨ ˊɟɩŰɞɡ əɞɢɚɑŬ əŬɘ Ɏɜɤ Ɏəɟɞɡ ɚŮˊɑŭŬɠ ůɨɜŭŮůɖɠ  

ɃɅȽȻɃɁɇȽȷ ȷɄɃɆɇȷɆȼ ɀȺɇȷɂɈ ei = 200 [mm]  

ȾȷɇȷȾɃɅɈūȼ ȷɄɃɆɇȷɆȼ ɀȺɇȷɂɈ pi = 130;130;130;130;135;145 [mm]  

ɄȿȷȾȷ 

hpr = 870  [mm] ɈɊɃɆ ȿȺɄȽȹȷɆ  

bpr = 350  [mm] ɄȿȷɇɃɆ ȿȺɄȽȹȷɆ  

tpr = 30 [mm] ɄȷɉɃɆ ȿȺɄȽȹȷɆ  

ɈȿȽȾɃ S235 

fypr = 235,00  [MPa] ȷɁɇɃɉȼ  

ɆɈũȾɃȿȿȼɆȺȽɆ ȺɂɋɅȷūȼɆ 

aw = 5 [mm] ɆɈũȾɃȿȿȼɆȼ ȾɃɅɀɃɈ  

af = 8 [mm] ȾɃȿȿȼɆȼ ɄȺȿɀȷɇɃɆ  

 

ɆɈɁɇȺȿȺɆɇȺɆ ɈȿȽȾɃɈ 

gM0 = 1,00   ɀȺɅȽȾɃɆ ɆɈɁɇȺȿȺɆɇȼɆ ȷɆūȷȿȺȽȷɆ [2.2] 

gM1 = 1,00   ɀȺɅȽȾɃɆ ɆɈɁɇȺȿȺɆɇȼɆ ȷɆūȷȿȺȽȷɆ [2.2] 

gM2 = 1,25   ɀȺɅȽȾɃɆ ɆɈɁɇȺȿȺɆɇȼɆ ȷɆūȷȿȺȽȷɆ [2.2] 

gM3 = 1,25   ɀȺɅȽȾɃɆ ɆɈɁɇȺȿȺɆɇȼɆ ȷɆūȷȿȺȽȷɆ [2.2] 

ūɃɅɇȽȷ 

 

ɃɅȽȷȾȼ ȾȷɇȷɆɇȷɆȼ ȷɆɇɃɉȽȷɆ 

ɄȺɅȽɄɇɋɆȼ: ɈɄɃȿɃũȽɆɀɃȽ ȷɄɃ ɉɅȼɆɇȼ. 

 

Mb1,Ed = 512,55  [kN*m] ɅɃɄȼ ȾȷɀɊȼɆ ɆɇɃ ȹȺɂȽ ȹɃȾȷɅȽ  

Vb1,Ed = 97,35  [kN] ȹɈɁȷɀȼ ȹȽȷɇɀȼɆȼɆ ɆɇɃ ȹȺɂȽ ȹɃȾȷɅȽ  

Nb1,Ed = - 130,22  [kN] ȷɂɃɁȽȾȼ ȹɈɁȷɀȼ ɆɇɃ ȹȺɂȽ ȹɃȾȷɅȽ  

ȷɄɃɇȺȿȺɆɀȷɇȷ 

ȷɁɇɃɉȺɆ ȹɃȾȷɅȽɃɈ 

Ncb,Rd = 5076,00  [kN] ȷɁɇɃɉȼ ɆɉȺȹȽȷɆɀɃɈ ȹȽȷɇɃɀȼɆ ɆȺ ŪȿȽɊȼ EN1993-1-1:[6.2.4] 

Vcb,Rd = 895,47  [kN] ȷɁɇɃɉȼ ɆɉȺȹȽȷɆɀɃɈ ȹȽȷɇɃɀȼɆ ɆȺ ȹȽȷɇɀȼɆȼ EN1993-1-1:[6.2.6.(2)] 

Vb1,Ed / Vcb,Rd ¢ 1,0 0,11 < 1,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,11)  

Mb,pl,Rd = 1226,70  [kN*m] ɄȿȷɆɇȽȾȼ ȷɁɇɃɉȼ ȹȽȷɇɃɀȼɆ ɆȺ ȾȷɀɊȼ (ɉɋɅȽɆ ȺɁȽɆɉɈɆȺȽɆ) EN1993-1-1:[6.2.5.(2)] 

Mcb,Rd = 1226,70  [kN*m] ȷɁɇɃɉȼ ɆɉȺȹȽȷɆɀɃɈ ȹȽȷɇɃɀȼɆ ɆȺ ȾȷɀɊȼ EN1993-1-1:[6.2.5] 

Fc,fb,Rd = 2133,39  [kN] ȷɁɇɃɉȼ ŪȿȽȸɃɀȺɁɃɈ ɄȺȿɀȷɇɃɆ ȾȷȽ ȾɃɅɀɃɈ [6.2.6.7.(1)] 

 

ȷɁɇɃɉȼ ɆɈɁȹȺɆȼɆ ɆȺ ŪȿȽɊȼ 

Nj,Rd = 5076,00  [kN] ȷɁɇɃɉȼ ɆɈɁȹȺɆȼɆ ɆȺ ŪȿȽɊȼ [6.2] 



 

127 

 

Nb1,Ed / Nj,Rd ¢ 1,0 0,03 < 1,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,03)  

 

ȷɁɇɃɉȼ ɆɈɁȹȺɆȼɆ ɆȺ ȾȷɀɊȼ 

 

ɆɈũȾȺɁɇɅɋɇȽȾɃɆ ɄȽɁȷȾȷɆ ȹɈɁȷɀȺɋɁ 

 

Nr hj Ftj,Rd Ft,fc,Rd Ft,wc,Rd Ft,ep,Rd Ft,wb,Rd Ft,Rd Bp,Rd 

1 743  352,80  -  -  352,80  -  352,80  977,16  

2 613  291,08  -  -  352,80  1463,02  352,80  977,16  

3 483  229,36  -  -  352,80  1260,89  352,80  977,16  

4 353  167,64  -  -  352,80  1260,89  352,80  977,16  

5 223  105,92  -  -  352,80  1260,89  352,80  977,16  

6 88  41,82  -  -  352,80  1260,89  352,80  977,16  

7 - 57  -  -  -  352,80  -  352,80  977,16  

 

ȷɁɇɃɉȼ ɆɈɁȹȺɆȼɆ ɆȺ ȾȷɀɊȼ Mj,Rd 

Mj,Rd =  ́hj Ftj,Rd  

Mj,Rd = 637,92  [kN*m] ȷɁɇɃɉȼ ɆɈɁȹȺɆȼɆ ɆȺ ȾȷɀɊȼ [6.2] 

 

Mb1,Ed / Mj,Rd ¢ 1,0 0,80 < 1,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,80)  

 

ȷɁɇɃɉȼ ɆɈɁȹȺɆȼɆ ɆȺ ȹȽȷɇɀȼɆȼ 

Vj,Rd = 1396,64  [kN] ȷɁɇɃɉȼ ɆɈɁȹȺɆȼɆ ɆȺ ȹȽȷɇɀȼɆȼ [ɄȽɁȷȾȷɆ 3.4] 

 

Vb1,Ed / Vj,Rd ¢ 1,0 0,07 < 1,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,07)  

 

ȷɁɇɃɉȼ ɆɈũȾɃȿȿȼɆȼɆ 

Õ[ŝmax
2
 + 3*(t̂max

2
)] ¢ fu/(bw*gM2) 206,36 < 360,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,57)  

Õ[ŝ
2
 + 3*(t̂

2
+tII

2
)] ¢ fu/(bw*gM2) 191,08 < 360,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,53)  

ŝ ¢ 0.9*fu/gM2 103,18 < 259,20  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,40)  

 

ȷȾȷɀɊȽȷ ɆɈɁȹȺɆȼɆ 

 

Sj,ini = 915337,72  [kN*m] ȷɅɉȽȾȼ ȷȾȷɀɊȽȷ ɆɇɅȺɊȼɆ [6.3.1.(4)] 

Sj = 305112,57  [kN*m] ɇȺȿȽȾȼ ȷȾȷɀɊȽȷ ɆɇɅȺɊȼɆ [6.3.1.(4)] 

 

ȾȷɇȼũɃɅɃɄɃȽȼɆȼ ɆɈɁȹȺɆȼɆ ȿɃũɋ ȷȾȷɀɊȽȷɆ. 

Sj,rig = 222366,89  [kN*m] ȷȾȷɀɊȽȷ ɆɇȷŪȺɅȼɆ ɆɈɁȹȺɆȼɆ [5.2.2.5] 

Sj,pin = 13897,93  [kN*m] ȷȾȷɀɊȽȷ ȷɅŪɅɋɀȺɁȼɆ ɆɈɁȹȺɆȼɆ [5.2.2.5] 

 

Sj,ini ² Sj,rig ɆɇȷŪȺɅȼ  

 

ȾȷɇȼũɃɅɃɄɃȽȼɆȼ ɆɈɁȹȺɆȼɆ ȸȷɆȺȽ ȷɁɇɃɉȼɆ. 

Mpl,Rd,lim = Mb,pl,Rd  

Mpl,Rd,lim = 1226,70  [kN*m] ȷɁɇɃɉȼ ɆɈɁȹȺɆȼɆ ɄȿȼɅɃɈɆ ɄȷȾɇɋɆȼɆ [5.2.3] 

 

0.25 Mpl,Rd,lim < Mj,Rd < Mpl,Rd,lim ɀȺɅȽȾȼ ȷɁɇɃɉȼ  
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ȺȿȺũɂȺ:ȷȾɀɊȽȷ ɆɈɁȹȺɆȼɆ 

ȼ ɆɈɁȹȺɆȼ ȹȺɁ ȽȾȷɁɃɄɃȽȺȽ ɇȽɆ ɄɅɃɈɄɃŪȺɆȺȽɆ ɇȼɆ ȷɄȷȽɇɃɈɀȺɁȼɆ ȽȾȷɁɃɇȼɇȷɆ ɄȺɅȽɆɇɅɃūȼɆ 
ɆɈɀūɋɁȷ ɀȺ ɇɃ ȷɅŪɅɃ 6.4.- 

 

 

ɄȽɃ ȷȹɈɁȷɀɃ ɇɀȼɀȷ: 

ɀɄɅɃɆɇȽɁɃ ȺȿȷɆɀȷ - ȺūȺȿȾɈɆɀɃɆ  

   

   

ȼ ɆɈɁȹȺɆȼ ȺȽɁȷȽ ɆɈɀūɋɁȼ ɀȺ ɇɃɁ ȾȷɁɃɁȽɆɀɃ ȿɃũɃɆ 0,80  

 

5.9.3 ɫʞʉɿʀʎʂ ɿʋʆʡʉ ʎʐʂʉ ʆʋʍʑʒʙ ʐʋʑ ʁʑɾʡʈɻʐʋʏ ʎʐʂʉ ʌʍʡʐʂ 
ʀʉɻʇʇɻʆʐʅʆʙ ʇʞʎʂȢ 

 

ɆɢɐɛŬ 5.34: ȯˊɞɣɖ Űɖɠ ůɨɜŭŮůɖɠ 

Ƀ ŭɡůɛŮɜɏůŰŮɟɞɠ ůɡɜŭɡŬůɛɧɠ űɧɟŰɘůɖɠ ŮɑɜŬɘ ɞ ULS3 

ũȺɋɀȺɇɅȽȷ 

 

ȷɅȽɆɇȺɅȼ ɄȿȺɈɅȷ 

ȹɃȾɃɆ 

ȹȽȷɇɃɀȼ: IPE 500  

a = - 160,2  [Deg] ũɋɁȽȷ ȾȿȽɆȼɆ  
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ɈȿȽȾɃ S235 

fyb = 235,00  [MPa] ȷɁɇɃɉȼ  

ȹȺɂȽȷ ɄȿȺɈɅȷ 

ȹɃȾɃɆ 

ȹȽȷɇɃɀȼ: IPE 500  

a = - 19,8  [Deg] ũɋɁȽȷ ȾȿȽɆȼɆ  

ɈȿȽȾɃ S235 

fyb = 235 ,00  [MPa] ȷɁɇɃɉȼ  

 

ȾɃɉȿȽȺɆ 

The shear plane passes through the UNTHREADED portion of the bolt.  

d = 16 [mm] ȹȽȷɀȺɇɅɃɆ ȾɃɉȿȽȷ  

ɄɃȽɃɇȼɇȷ = 10.9   ȾȷɇȼũɃɅȽȷ ȾɃɉȿȽɋɁ  

FtRd = 113,04  [kN] ȺűŮɚəɡůŰɘəɐ ŬɜŰɞɢɐ əɞɢɚɑŬ  

nh = 2  ȷɅȽŪɀɃɆ ȾɃɉȿȽɋɁ ɈɄɃɆɇɈȿɋɀȷɇɋɁ  

nv = 6  ȷɅȽŪɀɃɆ ɆȺȽɅɋɁ ȾɃɉȿȽɋɁ  

h1 = 60 [mm] ȷˊɧůŰŬůɖ ɛŮŰŬɝɨ ˊɟɩŰɞɡ əɞɢɚɑŬ əŬɘ Ɏɜɤ Ɏəɟɞɡ ɚŮˊɑŭŬɠ ůɨɜŭŮůɖɠ  

ɃɅȽȻɃɁɇȽȷ ȷɄɃɆɇȷɆȼ ɀȺɇȷɂɈ ei = 130 [mm]  

ȾȷɇȷȾɃɅɈūȼ ȷɄɃɆɇȷɆȼ ɀȺɇȷɂɈ pi = 70;150;150;70;70 [mm]  

ɄȿȷȾȷ 

hpr = 601  [mm] ɈɊɃɆ ȿȺɄȽȹȷɆ  

bpr = 250  [mm] ɄȿȷɇɃɆ ȿȺɄȽȹȷɆ  

tpr = 20 [mm] ɄȷɉɃɆ ȿȺɄȽȹȷɆ  

ɈȿȽȾɃ S235 

fypr = 235,00  [MPa] ȷɁɇɃɉȼ  

ɆɈũȾɃȿȿȼɆȺȽɆ ȺɂɋɅȷūȼɆ 

aw = 5 [mm] ɆɈũȾɃȿȿȼɆȼ ȾɃɅɀɃɈ  

af = 8 [mm] ȾɃȿȿȼɆȼ ɄȺȿɀȷɇɃɆ  

 

ɆɈɁɇȺȿȺɆɇȺɆ ɈȿȽȾɃɈ 

gM0 = 1,00   ɀȺɅȽȾɃɆ ɆɈɁɇȺȿȺɆɇȼɆ ȷɆūȷȿȺȽȷɆ [2.2] 

gM1 = 1,00   ɀȺɅȽȾɃɆ ɆɈɁɇȺȿȺɆɇȼɆ ȷɆūȷȿȺȽȷɆ [2.2] 

gM2 = 1,25   ɀȺɅȽȾɃɆ ɆɈɁɇȺȿȺɆɇȼɆ ȷɆūȷȿȺȽȷɆ [2.2] 

gM3 = 1,25   ɀȺɅȽȾɃɆ ɆɈɁɇȺȿȺɆɇȼɆ ȷɆūȷȿȺȽȷɆ [2.2] 

ūɃɅɇȽȷ 

 

ɃɅȽȷȾȼ ȾȷɇȷɆɇȷɆȼ ȷɆɇɃɉȽȷɆ 

ɄȺɅȽɄɇɋɆȼ: ɈɄɃȿɃũȽɆɀɃȽ ȷɄɃ ɉɅȼɆɇȼ. 

 

Mb1,Ed = 127,36  [kN*m] ɅɃɄȼ ȾȷɀɊȼɆ ɆɇɃ ȹȺɂȽ ȹɃȾȷɅȽ  

Vb1,Ed = 11,65  [kN] ȹɈɁȷɀȼ ȹȽȷɇɀȼɆȼɆ ɆɇɃ ȹȺɂȽ ȹɃȾȷɅȽ  

Nb1,Ed = - 36,22  [kN] ȷɂɃɁȽȾȼ ȹɈɁȷɀȼ ɆɇɃ ȹȺɂȽ ȹɃȾȷɅȽ  

ȷɄɃɇȺȿȺɆɀȷɇȷ 
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ȷɁɇɃɉȺɆ ȹɃȾȷɅȽɃɈ 

Ncb,Rd = 2714,77  [kN] ȷɁɇɃɉȼ ɆɉȺȹȽȷɆɀɃɈ ȹȽȷɇɃɀȼɆ ɆȺ ŪȿȽɊȼ EN1993-1-1:[6.2.4] 

Vcb,Rd = 812,35  [kN] ȷɁɇɃɉȼ ɆɉȺȹȽȷɆɀɃɈ ȹȽȷɇɃɀȼɆ ɆȺ ȹȽȷɇɀȼɆȼ EN1993-1-1:[6.2.6.(2)] 

Vb1,Ed / Vcb,Rd ¢ 1,0 0,01 < 1,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,01)  

Mb,pl,Rd = 515,65  [kN*m] ɄȿȷɆɇȽȾȼ ȷɁɇɃɉȼ ȹȽȷɇɃɀȼɆ ɆȺ ȾȷɀɊȼ (ɉɋɅȽɆ ȺɁȽɆɉɈɆȺȽɆ) EN1993-1-1:[6.2.5.(2)] 

Mcb,Rd = 515,65  [kN*m] ȷɁɇɃɉȼ ɆɉȺȹȽȷɆɀɃɈ ȹȽȷɇɃɀȼɆ ɆȺ ȾȷɀɊȼ EN1993-1-1:[6.2.5] 

Fc,fb,Rd = 1065,39  [kN] ȷɁɇɃɉȼ ŪȿȽȸɃɀȺɁɃɈ ɄȺȿɀȷɇɃɆ ȾȷȽ ȾɃɅɀɃɈ [6.2.6.7.(1)] 

 

ȷɁɇɃɉȼ ɆɈɁȹȺɆȼɆ ɆȺ ŪȿȽɊȼ 

Nj,Rd = 2714,77  [kN] ȷɁɇɃɉȼ ɆɈɁȹȺɆȼɆ ɆȺ ŪȿȽɊȼ [6.2] 

 

Nb1,Ed / Nj,Rd ¢ 1,0 0,01 < 1,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,01)  

 

ȷɁɇɃɉȼ ɆɈɁȹȺɆȼɆ ɆȺ ȾȷɀɊȼ 

 

ɆɈũȾȺɁɇɅɋɇȽȾɃɆ ɄȽɁȷȾȷɆ ȹɈɁȷɀȺɋɁ 

 

Nr hj Ftj,Rd Ft,fc,Rd Ft,wc,Rd Ft,ep,Rd Ft,wb,Rd Ft,Rd Bp,Rd 

1 473  226,08  -  -  226,08  816,94  226,08  521,15  

2 403  172,39  -  -  226,08  699,86  226,08  521,15  

3 253  120 ,91  -  -  226,08  699,86  226,08  521,15  

4 103  49,20  -  -  226,08  699,86  226,08  521,15  

5 33  15,73  -  -  226,08  699,86  226,08  521,15  

6 - 37  -  -  -  226,08  -  226,08  521,15  

 

ȷɁɇɃɉȼ ɆɈɁȹȺɆȼɆ ɆȺ ȾȷɀɊȼ Mj,Rd 

Mj,Rd =  ́hj Ftj,Rd  

Mj,Rd = 212,53  [kN*m] ȷɁɇɃɉȼ ɆɈɁȹȺɆȼɆ ɆȺ ȾȷɀɊȼ [6.2] 

 

Mb1,Ed / Mj,Rd ¢ 1,0 0,60 < 1,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,60)  

 

ȷɁɇɃɉȼ ɆɈɁȹȺɆȼɆ ɆȺ ȹȽȷɇɀȼɆȼ 

Vj,Rd = 881,74  [kN] ȷɁɇɃɉȼ ɆɈɁȹȺɆȼɆ ɆȺ ȹȽȷɇɀȼɆȼ [ɄȽɁȷȾȷɆ 3.4] 

 

Vb1,Ed / Vj,Rd ¢ 1,0 0,01 < 1,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,01)  

 

ȷɁɇɃɉȼ ɆɈũȾɃȿȿȼɆȼɆ 

Õ[ŝmax
2
 + 3*(t̂max

2
)] ¢ fu/(bw*gM2) 110,02 < 360,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,31)  

Õ[ŝ
2
 + 3*(t̂

2
+tII

2
)] ¢ fu/(bw*gM2) 93,60 < 360,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,26)  

ŝ ¢ 0.9*fu/gM2 55,01 < 259,20  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,21)  

 

ȷȾȷɀɊȽȷ ɆɈɁȹȺɆȼɆ 

 

Sj,ini = 196367,07  [kN*m] ȷɅɉȽȾȼ ȷȾȷɀɊȽȷ ɆɇɅȺɊȼɆ [6.3.1.(4)] 

Sj = 196367,07  [kN*m] ɇȺȿȽȾȼ ȷȾȷɀɊȽȷ ɆɇɅȺɊȼɆ [6.3.1.(4)] 

 

ȾȷɇȼũɃɅɃɄɃȽȼɆȼ ɆɈɁȹȺɆȼɆ ȿɃũɋ ȷȾȷɀɊȽȷɆ. 
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Sj,rig = 161946,96  [kN*m] ȷȾȷɀɊȽȷ ɆɇȷŪȺɅȼɆ ɆɈɁȹȺɆȼɆ [5.2.2.5] 

Sj,pin = 10121,68  [kN*m] ȷȾȷɀɊȽȷ ȷɅŪɅɋɀȺɁȼɆ ɆɈɁȹȺɆȼɆ [5.2.2.5] 

 

Sj,ini ² Sj,rig ɆɇȷŪȺɅȼ  

 

ɄȽɃ ȷȹɈɁȷɀɃ ɇɀȼɀȷ: 

ɀɄɅɃɆɇȽɁɃ ȺȿȷɆɀȷ - ȺūȺȿȾɈɆɀɃɆ  

   

   

ȼ ɆɈɁȹȺɆȼ ȺȽɁȷȽ ɆɈɀūɋɁȼ ɀȺ ɇɃɁ ȾȷɁɃɁȽɆɀɃ ȿɃũɃɆ 0,60  

 

 

5.9.4 ɫʞʉɿʀʎʂ ʎʐʂ ɼʗʎʂ ʐʋʑ ʑʌʋʎʐʑʇʡʈɻʐʋʏ ʎʐʂʉ ʌʍʡʐʂ ʀʉɻʇʇɻʆʐʅʆʙ 
ʇʞʎʂ 

 

 

 

ɆɢɐɛŬ 5.35: ȯˊɞɣɖ Űɖɠ ůɨɜŭŮůɖɠ 
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Ƀ ŭɡůɛŮɜɏůŰŮɟɞɠ ůɡɜŭɡŬůɛɧɠ űɧɟŰɘůɖɠ ŮɑɜŬɘ ɞ ULS1 

 

ũȺɋɀȺɇɅȽȷ 

ɈɄɃɆɇɈȿɋɀȷ 

ȹȽȷɇɃɀȼ: HEB 360  

Lc = 9,90  [m] ɀȼȾɃɆ ɈɄɃɆɇɈȿɋɀȷɇɃɆ  

ɈȿȽȾɃ S235 

 

ȸȷɆȼ ɈɄɃɆɇɈȿɋɀȷɇɃɆ 

lpd = 800  [mm] ɀȼȾɃɆ  

bpd = 800  [mm] ɄȿȷɇɃɆ  

tpd = 35 [mm] ɄȷɉɃɆ  

ɈȿȽȾɃ S235 

fypd = 235,00  [MPa] ȷɁɇɃɉȼ  

fupd = 360,00  [MPa] ɇȷɆȼ ȹȽȷɅɅɃȼɆ ȺɁɃɆ ɈȿȽȾɃɈ  

 

ȷũȾɈɅɋɆȼ 

The shear plane passes through the UNTHREADED portion of the bolt.  

ɄɃȽɃɇȼɇȷ = 10.9   ȾȷɇȼũɃɅȽȷ ȷũȾɈɅɋɆȼɆ  

fyb = 900, 00 [MPa] ɇȷɆȼ ȹȽȷɅɅɃȼɆ ɇɃɈ ɈȿȽȾɃɈ ɇɃɈ ȷũȾɈɅȽɃɈ  

fub = 1000,00  [MPa] ȺūȺȿȾɈɆɇȽȾȼ ȷɁɇɃɉȼ ɇɃɈ ɈȿȽȾɃɈ ɇɃɈ ȷũȾɈɅȽɃɈ  

d = 20 [mm] ȹȽȷɀȺɇɅɃɆ ȾɃɉȿȽȷ  

nH = 4  ȷɅȽŪɀɃɆ ȾɃɉȿȽɋɁ ɈɄɃɆɇɈȿɋɀȷɇɋɁ  

nV = 6  ȷɅȽŪɀɃɆ ɆȺȽɅɋɁ ȾɃɉȿȽɋɁ  

ɃɅȽȻɃɁɇȽȷ ȷɄɃɆɇȷɆȼ ɀȺɇȷɂɈ eHi = 200;2 00 [mm]  

ȾȷɇȷȾɃɅɈūȼ ȷɄɃɆɇȷɆȼ ɀȺɇȷɂɈ eVi = 125;125;125 [mm]  

 

ɄɇȺɅɈũȽɃ 

ȹȽȷɇɃɀȼ: IPE 200  

lw = 200  [mm] ɀȼȾɃɆ  

ɈȿȽȾɃ S235 

fyw = 235,00  [MPa] ȷɁɇɃɉȼ  

 

ȺɁȽɆɉɈɆȼ 

ls = 700  [mm] ɀȼȾɃɆ  

ws = 700  [mm] ɄȿȷɇɃɆ  

hs = 400  [mm] ɈɊɃɆ  

ts = 10 [mm] ɄȷɉɃɆ  

d1 = 20 [mm] ɇɃɀȼ  

d2 = 20 [mm] ɇɃɀȼ  

ɆɈɁɇȺȿȺɆɇȺɆ ɈȿȽȾɃɈ 

gM0 = 1,00   ɀȺɅȽȾɃɆ ɆɈɁɇȺȿȺɆɇȼɆ ȷɆūȷȿȺȽȷɆ  

gM2 = 1,25   ɀȺɅȽȾɃɆ ɆɈɁɇȺȿȺɆɇȼɆ ȷɆūȷȿȺȽȷɆ  

gC = 1,50   ɀȺɅȽȾɃɆ ɆɈɁɇȺȿȺɆɇȼɆ ȷɆūȷȿȺȽȷɆ  
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ȸȷɆȼ ɈɄɃɆɇɈȿɋɀȷɇɃɆ ȷɄɃ ɆȾɈɅɃȹȺɀȷ 

L = 2000  [mm] ɀȼȾɃɆ ɄȺȹȽȿɃɈ  

B = 2000  [mm] ɄȿȷɇɃɆ ɄȺȹȽȿɃɈ  

H = 1000  [mm] ɈɊɃɆ ɄȺȹȽȿɃɈ  

 

ɆȾɈɅɃȹȺɀȷ 

ɄɃȽɃɇȼɇȷ C25/30  

fck = 25,00  [MPa] ȷɁɇɃɉȼ ɆȺ ŪȿȽɊȼ  

 

ɆɇɅɋɆȼ ɇɆȽɀȺɁɇȺɁȺɀȷɇɃɆ 

tg = 30 [mm] ɄȷɉɃɆ ɇȼɆ ȺɄȽūȷɁȺȽȷȾȼɆ ɆɇɅɋɆȼɆ (ɇɆȽɀȺɁɇȺɁȺɀȷ)  

fck,g = 12,00  [MPa] ȷɁɇɃɉȼ ɆȺ ŪȿȽɊȼ  

Cf,d = 0,30   ɆɈɁɇȺȿȺɆɇȼɆ ɇɅȽȸȼɆ ɀȺɇȷɂɈ ɇȼɆ ɄȿȷȾȷɆ ȺȹɅȷɆȺɋɆ ȾȷȽ ɇɃɈ ɆȾɈɅɃȹȺɀȷɇɃɆ  

 

ȾɃȿȿȼɆȺȽɆ 

ap = 8 [mm] ɄȿȷȾȷ ɄȺȹȽȿɃɈ ɇȼɆ ȸȷɆȼɆ ɈɄɃɆɇɈȿɋɀȷɇɃɆ  

aw = 8 [mm] ɄɇȺɅɈũȽɃ  

as = 8 [mm] ȺɁȽɆɉɈɆȺȽɆ  

 

ūɃɅɇȽȷ 

 

ɄȺɅȽɄɇɋɆȼ: ɈɄɃȿɃũȽɆɀɃȽ ȷɄɃ ɉɅȼɆɇȼ.  

 

Nj,Ed = - 133,98  [kN] ȷɂɃɁȽȾȼ ȹɈɁȷɀȼ  

Vj,Ed,y = - 41,97  [kN] ȹȽȷɇɀȼɇȽȾȼ ȹɈɁȷɀȼ  

Mj,Ed,y = - 222,24  [kN*m] ȾȷɀɄɇȽȾȼ ɅɃɄȼ  

ȷɄɃɇȺȿȺɆɀȷɇȷ 

 

ŪȿȽȸɃɀȺɁȼ ȻɋɁȼ 

 

ŪȿȽɊȼ ɆɇɃ ɆȾɈɅɃȹȺɀȷ 

c = 62 [mm] ȺɄȽɄɅɃɆŪȺɇɃ ɄȿȷɇɃɆ ɇȼɆ ȻɋɁȼɆ ŪȿȽɄɇȽȾȼɆ ȷɁɇɃɉȼɆ [6.2.5.(4)] 

fjd = 33,33  [MPa] ȷɁɇɃɉȼ ɆɉȺȹȽȷɆɀɃɈ [6.2.5.(7)] 

Fc,Rd,n = 9671,59  [kN] ȷɁɇɃɉȼ ɆȾɈɅɃȹȺɀȷɇɃɆ ɆȺ ŪȿȽɊȼ [6.2.8.2.(1)] 

Fc,Rd,y = 4401,35  [kN] ȷɁɇɃɉȼ ɆȾɈɅɃȹȺɀȷɇɃɆ ɆȺ ȾȷɀɊȼ My [6.2.8.3.(1)] 

 

ɄȺȿɀȷ ȾȷȽ ȾɃɅɀɃɆ ɈɄɃɆɇɈȿɋɀȷɇɃɆ ɆȺ ŪȿȽɊȼ 

Mc,Rd,y = 1171,27  [kN*m] ȷɁɇɃɉȼ ɆɉȺȹȽȷɆɀɃɈ ȹȽȷɇɃɀȼɆ ɆȺ ȾȷɀɊȼ EN1993-1-1:[6.2.5] 

hf,y = 386  [mm] ȾȺɁɇɅɃȸȷɅȽȾȼ ȷɄɃɆɇȷɆȼ ɀȺɇȷɂɈ ɇɋɁ ɄȺȿɀȷɇɋɁ [6.2.6.7.(1)] 

Fc,fc,Rd,y = 3032,04  [kN] ȷɁɇɃɉȼ ŪȿȽȸɃɀȺɁɃɈ ɄȺȿɀȷɇɃɆ ȾȷȽ ȾɃɅɀɃɈ [6.2.6.7.(1)] 

 

ȷɁɇɃɉȼ ɇȼɆ ŪȺɀȺȿȽɋɆȼɆ Ɇɇȼ ŪȿȽȸɃɀȺɁȼ ȻɋɁȼ 

Nj,Rd = Fc,Rd,n  

Nj,Rd = 9671,59  [kN] ȷɁɇɃɉȼ ɇȼɆ ŪȺɀȺȿȽɋɆȼɆ ɆȺ ȷɂɃɁȽȾȼ ŪȿȽɊȼ [6.2.8.2.(1)] 

FC,Rd,y = min(Fc,Rd,y,Fc,fc,Rd,y)  

FC,Rd,y = 3032,04  [kN] ȷɁɇɃɉȼ ɇȼɆ ŪȺɀȺȿȽɋɆȼɆ ɆɇȼɁ ŪȿȽȸɃɀȺɁȼ ȻɋɁȼ [6.2.8.3] 

 

ȻɋɁȼ ȺūȺȿȾɈɆɀɃɈ 
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ȷɆɇɃɉȽȷ ɉȷȿɈȸȷ 

Ft,Rd,s1 = 149,94  [kN] ȷɁɇɃɉȼ ȷũȾɈɅȽɃɈ ɆȺ ȷɆɇɃɉȽȷ ɉȷȿɈȸȷ [ɄȽɁȷȾȷɆ 3.4] 

Ft,Rd,s2 = 183,75  [kN] ȷɁɇɃɉȼ ȷũȾɈɅȽɃɈ ɆȺ ȷɆɇɃɉȽȷ ɉȷȿɈȸȷ CEB [9.2.2] 

 

Ft,Rd,s = min(Ft,Rd,s1,Ft,Rd,s2)  

Ft,Rd,s = 149,94  [kN] ȷɁɇɃɉȼ ȷũȾɈɅȽɃɈ ɆȺ ȷɆɇɃɉȽȷ ɉȷȿɈȸȷ  

 

ȷɆɇɃɉȽȷ ȿɃũɋ ȺɂɃȿȾȺɈɆȼɆ 

Ft,Rd,p = 108,30  [kN] ȷɁɇɃɉȼ ɆɉȺȹȽȷɆɀɃɈ ɆȺ ȷɁɈɊɋɆȼ EN 1992-1:[8.4.2.(2)] 

 

ȷɆɇɃɉȽȷ ȾɋɁɃɈ ɆȾɈɅɃȹȺɀȷɇɃɆ 

NRk,c
0
 = 

378,0

4 
[kN] ȷɁɇɃɉȼ ɆɉȺȹȽȷɆɀɃɈ ɆȺ ȷɁɈɊɋɆȼ CEB [9.2.4] 

Ft,Rd,c = 
171,9

3 
[kN] 
ȷɁɇɃɉȼ ɆɉȺȹȽȷɆɀɃɈ ȷũȾɈɅɋɆȼɆ ȺɁȷɁɇȽ ȷɆɇɃɉȽȷɆ ȾɋɁɃɈ 
ɆȾɈɅɃȹȺɀȷɇɃɆ 

EN 1992-1:[8.4.2.(2)] 

 

ȷɆɇɃɉȽȷ ȿɃũɋ ȷɄɃȾɃȿȿȼɆȼɆ 

NRk,c
0
 = 607,16  [kN] ȷɁɇɃɉȼ ɆɉȺȹȽȷɆɀɃɈ ɆȺ ȷɁɈɊɋɆȼ CEB [9.2.5] 

Ft,Rd,sp = 238,44  [kN] ȷɁɇȽɆɇȷɆȼ ɆɉȺȹȽȷɆɀɃɈ ȷũȾɈɅȽɃɈ ȺɁȷɁɇȽ ȷɄɃȾɃȿȿȼɆȼɆ ɇɃɈ ɆȾɈɅɃȹȺɀȷɇɃɆ CEB [9.2.5] 

 

ȺūȺȿȾɈɆɇȽȾȼ ȷɁɇɃɉȼ ȷũȾɈɅɋɆȼɆ 

Ft,Rd = min(Ft,Rd,s , Ft,Rd,p , Ft,Rd,c , Ft,Rd,sp)  

Ft,Rd = 108,30  [kN] ȺūȺȿȾɈɆɇȽȾȼ ȷɁɇɃɉȼ ȷũȾɈɅȽɃɈ  

 

ȾȷɀɊȼ ɇȼɆ ɄȿȷȾȷɆ ȸȷɆȺɋɆ 

Ft,pl,Rd,y = 544,74  [kN] ȺūȺȿȾɈɆɇȽȾȼ ȷɁɇɃɉȼ ɄȿȷȾȷɆ [6.2.4] 

 

ȷɁɇɃɉȼ ɇȼɆ ŪȺɀȺȿȽɋɆȼɆ ɆɇȼɁ ȺūȺȿȾɈɃɀȺɁȼ ȻɋɁȼ 

FT,Rd,y = Ft,pl,Rd,y  

FT,Rd,y = 544,74  [kN] ȷɁɇɃɉȼ ɇȼɆ ȸȷɆȼɆ ɈɄɃɆɇɈȿɋɀȷɇɃɆ ɆɇȼɁ ȺūȺȿȾɈɃɀȺɁȼ ȻɋɁȼ [6.2.8.3] 

 

ȺȿȺũɉɃɆ ȷɁɇɃɉȼɆ ɆɈɁȹȺɆȼɆ 

 

Nj,Ed / Nj,Rd ¢ 1,0 (6.24) 0,01 < 1,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,01)  

 

Mj,Rd,y = 304,04  [kN*m] ȷɁɇɃɉȼ ɆɈɁȹȺɆȼɆ ɆȺ ȾȷɀɊȼ [6.2.8.3] 

Mj,Ed,y / Mj,Rd,y ¢ 1,0 (6.23) 0,73 < 1,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,73)  

 

ȹȽȷɇɀȼɆȼ 

 

ɄȽȺɆȼ ȷũȾɈɅȽɃɈ Ɇɇȼ ɄȿȷȾȷ ȺȹɅȷɆȺɋɆ 

F1,vb,Rd,y = 504,00  [kN] ȷɁɇɃɉȼ ȷũȾɈɅȽɃɈ ũȽȷ ɄȽȺɆȼ ɆɇȼɁ ɄȿȷȾȷ ȺȹɅȷɆȺɋɆ [6.2.2.(7)] 

 

ȹȽȷɇɀȼɆȼ ȷũȾɈɅȽɃɈ 

F2,vb,Rd = 62,33  [kN] ȹȽȷɇɀȼɇȽȾȼ ȷɁɇɃɉȼ ȺɁɃɆ ȷũȾɈɅȽɃɈ - ɉɋɅȽɆ ȷũȾȽɆɇɅɃ [6.2.2.(7)] 

 

Fv,Rd,sm = 19,63  [kN] ȹȽȷɇɀȼɇȽȾȼ ȷɁɇɃɉȼ ȺɁɃɆ ȷũȾɈɅȽɃɈ - ɀȺ ȷũȾȽɆɇɅɃ CEB [9.3.1] 

 

ȷɆɇɃɉȽȷ ȷɄɃȾɃȿȿȼɆȼɆ ɆȾɈɅɃȹȺɀȷɇɃɆ 

Fv,Rd,cp = 343,87  [kN] ȷɁɇɃɉȼ ɆȾɈɅɃȹȺɀȷɇɃɆ ũȽȷ ȷɄɃȾɃȿȿȼɆȼ CEB [9.3.1] 

 

ȷɆɇɃɉȽȷ ȷȾɅȼɆ ɆȾɈɅɃȹȺɀȷɇɃɆ 

Fv,Rd,c,y = 425,94  [kN] ȷɁɇɃɉȼ ɆȾɈɅɃȹȺɀȷɇɃɆ ũȽȷ ȷɆɇɃɉȽȷ ȷȾɀȼɆ CEB [9.3.1] 
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ȷɁɇɃɉȼ ȹȽȷɉɋɅȽɆɀɃɈ 

Ff,Rd = 40,19  [kN] ȷɁɇɃɉȼ ɆȺ ɃȿȽɆŪȼɆȼ [6.2.2.(6)] 

 

ɄȽȺɆȼ ȺɄȷūȼɆ ɇȼɆ ɆūȼɁȷɆ ɆɇɃ ɆȾɈɅɃȹȺɀȷ 

Fv,Rd,wg,y = 933,33  [kN] ȷɁɇɃɉȼ ũȽȷ ɄȽȺɆȼ ȺɄȷūȼɆ ɇȼɆ ɆūȼɁȷɆ ɆɇɃ ɆȾɈɅɃȹȺɀȷ  

 

ȺȿȺũɉɃɆ ɆȺ ȹȽȷɇɀȼɆȼ 

 

Vj,Rd,y = nb*min(F1,vb,Rd,y,F2,vb,Rd,Fv,Rd,sm,Fv,Rd,cp,Fv,Rd,c,y) + Fv,Rd,wg,y + Ff,Rd  

Vj,Rd,y = 1287,66  [kN] ȷɁɇɃɉȼ ɆɈɁȹȺɆȼɆ ɆȺ ȹȽȷɇɀȼɆȼ CEB [9.3.1] 

Vj,Ed,y / Vj,Rd,y ¢ 1,0 0,03 < 1,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,03)  

 

 

ȺȿȺũɉɃɆ ȺɁȽɆɉɈɆȺɋɁ 

 

ȺɁȽɆɉɈɆȼ ɄȷɅȷȿȿȼȿȼ ɆɇɃɁ ȾɃɅɀɃ (Ⱦȷɇȷ ɀȼȾɃɆ ɇȼɆ ȺɄȺȾɇȷɆȼɆ ɇɃɈ ȾɃɅɀɃɈ ɇɃɈ 
ɈɄɃɆɇɈȿɋɀȷɇɃɆ) 

sd = 3,03  [MPa] ɃɅŪȼ ɇȷɆȼ ɆɇȼɁ ȺɄȽūȷɁȺȽȷ ȺɄȷūȼɆ ɀȺɇȷɂɈ ȺɁȽɆɉɈɆȼɆ ȾȷȽ ɄȿȷȾȷɆ EN 1993-1-1:[6.2.1.(5)] 

sg = 84,74  [MPa] ɃɅŪȼ ɇȷɆȼ ɆɇȽɆ ȷɁɋ ȽɁȺɆ EN 1993-1-1:[6.2.1.(5)] 

t = 99,54  [MPa] ȺūȷɄɇɃɀȺɁȽȾȼ ɇȷɆȼ ɆȺ ɀȽȷ ȺɁȽɆɉɈɆȼ EN 1993-1-1:[6.2.1.(5)] 

sz = 172,44  [MPa] ȽɆɃȹɈɁȷɀȼ ɇȷɆȼ ɆɇȼɁ ȺɄȽūȷɁȺȽȷ ȺɄȷūȼɆ ɀȺɇȷɂɈ ȺɁȽɆɉɈɆȼɆ ȾȷȽ ɄȿȷȾȷɆ EN 1993-1-1:[6.2.1.(5)] 

max (sg, t / (0.58), sz ) / (fyp/gM0) ¢ 1.0 (6.1) 0,73 < 1,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,73)  

 

ȺɁȽɆɉɈɆȼ ȾȷŪȺɇȼ ɆɇɃɁ ȾɃɅɀɃ (Ⱦȷɇȷ ɀȼȾɃɆ ɇȼɁ ȺɄȺȾɇȷɆȼɆ ɇɋɁ ɄȺȿɀȷɇɋɁ ɇɃɈ 
ɈɄɃɆɇɈȿɋɀȷɇɃɆ) 

sd = 2,58  [MPa] ɃɅŪȼ ɇȷɆȼ ɆɇȼɁ ȺɄȽūȷɁȺȽȷ ȺɄȷūȼɆ ɀȺɇȷɂɈ ȺɁȽɆɉɈɆȼɆ ȾȷȽ ɄȿȷȾȷɆ EN 1993-1-1:[6.2.1.(5)] 

sg = 30,83  [MPa] ɃɅŪȼ ɇȷɆȼ ɆɇȽɆ ȷɁɋ ȽɁȺɆ EN 1993-1-1:[6.2.1.(5)] 

t = 33,73  [MPa] ȺūȷɄɇɃɀȺɁȽȾȼ ɇȷɆȼ ɆȺ ɀȽȷ ȺɁȽɆɉɈɆȼ EN 1993-1-1:[6.2.1.(5)] 

sz = 58,48  [MPa] ȽɆɃȹɈɁȷɀȼ ɇȷɆȼ ɆɇȼɁ ȺɄȽūȷɁȺȽȷ ȺɄȷūȼɆ ɀȺɇȷɂɈ ȺɁȽɆɉɈɆȼɆ ȾȷȽ ɄȿȷȾȷɆ EN 1993-1-1:[6.2.1.(5)] 

max (sg, t / (0.58), sz ) / (fyp/gM0) ¢ 1.0 (6.1) 0,25 < 1,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,25)  

ȾɃȿȿȼɆȺȽɆ ɀȺɇȷɂɈ ɇɃɈ ɈɄɃɆɇɈȿɋɀȷɇɃɆ ȾȷȽ ɇȼɆ ɄȿȷȾȷɆ ȸȷɆȼɆ 

ŝ = 29,65  [MPa] ɃɅŪȼ ɇȷɆȼ ɆȺ ɀȽȷ ȾɃȿȿȼɆȼ [4.5.3.(7)] 

t̂ = 29,65  [MPa] ȾȷŪȺɇȼ ȺūȷɄɇɃɀȺɁȽȾȼ ɇȷɆȼ [4.5.3.(7)] 

tyII = - 1,89  [MPa] ȺūȷɄɇɃɀȺɁȽȾȼ ɇȷɆȼ ɄȷɅȷȿȿȼȿȼ ɆɇɃ Vj,Ed,y [4.5.3.(7)] 

tzII = 0,00  [MPa] ȺūȷɄɇɃɀȺɁȽȾȼ ɇȷɆȼ ɄȷɅȷȿȿȼȿȼ ɆɇɃ Vj,Ed,z [4.5.3.(7)] 

bW = 0,80   ɆɈɁɇȺȿȺɆɇȼɆ ȺɂȷɅɇɋɀȺɁɃɆ ȷɄɃ ɇȼɁ ȷɁɇȽɆɇȷɆȼ [4.5.3.(7)] 

ŝ / (0.9*fu/gM2)) ¢ 1.0 (4.1) 0,11 < 1,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,11)  

Õ(ŝ
2
 + 3.0 (tyII

2
 + t̂

2
)) / (fu/(bW*gM2))) ¢ 1.0 (4.1) 0,16 < 1,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,16)  

Õ(ŝ
2
 + 3.0 (tzII

2
 + t̂

2
)) / (fu/(bW*gM2))) ¢ 1.0 (4.1) 0,14 < 1,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,14)  

 

ȾȷɇȷȾɃɅɈūȺɆ ȾɃȿȿȼɆȺȽɆ ȺɁȽɆɉɈɆȺɋɁ 

 

ȺɁȽɆɉɈɆȼ ɄȷɅȷȿȿȼȿȼ ɆɇɃɁ ȾɃɅɀɃ (Ⱦȷɇȷ ɀȼȾɃɆ ɇȼɆ ȺɄȺȾɇȷɆȼɆ ɇɃɈ ȾɃɅɀɃɈ ɇɃɈ 
ɈɄɃɆɇɈȿɋɀȷɇɃɆ) 

ŝ = 79,19  [MPa] ɃɅŪȼ ɇȷɆȼ ɆȺ ɀȽȷ ȾɃȿȿȼɆȼ [4.5.3.(7)] 

t̂ = 79,19  [MPa] ȾȷŪȺɇȼ ȺūȷɄɇɃɀȺɁȽȾȼ ɇȷɆȼ [4.5.3.(7)] 

tII = 62,22  [MPa] ɄȷɅȷȿȿȼȿȼ ȺūȷɄɇɃɀȺɁȽȾȼ ɇȷɆȼ [4.5.3.(7)] 

sz = 191,56  [MPa] ɃȿȽȾȼ ȽɆɃȹɈɁȷɀȼ ɇȷɆȼ [4.5.3.(7)] 

bW = 0,80   ɆɈɁɇȺȿȺɆɇȼɆ ȺɂȷɅɇɋɀȺɁɃɆ ȷɄɃ ɇȼɁ ȷɁɇȽɆɇȷɆȼ [4.5.3.(7)] 

max (ŝ, tII * Õ3, sz) / (fu/(bW*gM2)) ¢ 1.0 (4.1) 0,53 < 1,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,53)  
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ȺɁȽɆɉɈɆȼ ȾȷŪȺɇȼ ɆɇɃɁ ȾɃɅɀɃ (Ⱦȷɇȷ ɀȼȾɃɆ ɇȼɁ ȺɄȺȾɇȷɆȼɆ ɇɋɁ ɄȺȿɀȷɇɋɁ ɇɃɈ 
ɈɄɃɆɇɈȿɋɀȷɇɃɆ) 

ŝ = 27,95  [MPa] ɃɅŪȼ ɇȷɆȼ ɆȺ ɀȽȷ ȾɃȿȿȼɆȼ [4.5.3.(7)] 

t̂ = 27,95  [MPa] ȾȷŪȺɇȼ ȺūȷɄɇɃɀȺɁȽȾȼ ɇȷɆȼ [4.5.3.(7)] 

tII = 21,08  [MPa] ɄȷɅȷȿȿȼȿȼ ȺūȷɄɇɃɀȺɁȽȾȼ ɇȷɆȼ [4.5.3.(7)] 

sz = 66,77  [MPa] ɃȿȽȾȼ ȽɆɃȹɈɁȷɀȼ ɇȷɆȼ [4.5.3.(7)] 

bW = 0,80   ɆɈɁɇȺȿȺɆɇȼɆ ȺɂȷɅɇɋɀȺɁɃɆ ȷɄɃ ɇȼɁ ȷɁɇȽɆɇȷɆȼ [4.5.3.(7)] 

max (ŝ, tII * Õ3, sz) / (fu/(bW*gM2)) ¢ 1.0 (4.1) 0,19 < 1,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,19)  

 

ȺũȾȷɅɆȽȺɆ ȾɃȿȿȼɆȺȽɆ ȺɁȽɆɉɈɆȺɋɁ 

 

ȺɁȽɆɉɈɆȼ ɄȷɅȷȿȿȼȿȼ ɆɇɃɁ ȾɃɅɀɃ (Ⱦȷɇȷ ɀȼȾɃɆ ɇȼɆ ȺɄȺȾɇȷɆȼɆ ɇɃɈ ȾɃɅɀɃɈ ɇɃɈ 
ɈɄɃɆɇɈȿɋɀȷɇɃɆ) 

ŝ = 103,51  [MPa] ɃɅŪȼ ɇȷɆȼ ɆȺ ɀȽȷ ȾɃȿȿȼɆȼ [4.5.3.(7)] 

t̂ = 103,51  [MPa] ȾȷŪȺɇȼ ȺūȷɄɇɃɀȺɁȽȾȼ ɇȷɆȼ [4.5.3.(7)] 

tII = 83,23  [MPa] ɄȷɅȷȿȿȼȿȼ ȺūȷɄɇɃɀȺɁȽȾȼ ɇȷɆȼ [4.5.3.(7)] 

sz = 252,27  [MPa] ɃȿȽȾȼ ȽɆɃȹɈɁȷɀȼ ɇȷɆȼ [4.5.3.(7)] 

bW = 0,80   ɆɈɁɇȺȿȺɆɇȼɆ ȺɂȷɅɇɋɀȺɁɃɆ ȷɄɃ ɇȼɁ ȷɁɇȽɆɇȷɆȼ [4.5.3.(7)] 

max (ŝ, tII * Õ3, sz) / (fu/(bW*gM2)) ¢ 1.0 (4.1) 0,70 < 1,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,70)  

 

ȺɁȽɆɉɈɆȼ ȾȷŪȺɇȼ ɆɇɃɁ ȾɃɅɀɃ (Ⱦȷɇȷ ɀȼȾɃɆ ɇȼɁ ȺɄȺȾɇȷɆȼɆ ɇɋɁ ɄȺȿɀȷɇɋɁ ɇɃɈ 
ɈɄɃɆɇɈȿɋɀȷɇɃɆ) 

ŝ = 29,81  [MPa] ɃɅŪȼ ɇȷɆȼ ɆȺ ɀȽȷ ȾɃȿȿȼɆȼ [4.5.3.(7)] 

t̂ = 29,81  [MPa] ȾȷŪȺɇȼ ȺūȷɄɇɃɀȺɁȽȾȼ ɇȷɆȼ [4.5.3.(7)] 

tII = 28,26  [MPa] ɄȷɅȷȿȿȼȿȼ ȺūȷɄɇɃɀȺɁȽȾȼ ɇȷɆȼ [4.5.3.(7)] 

sz = 77,14  [MPa] ɃȿȽȾȼ ȽɆɃȹɈɁȷɀȼ ɇȷɆȼ [4.5.3.(7)] 

bW = 0,80   ɆɈɁɇȺȿȺɆɇȼɆ ȺɂȷɅɇɋɀȺɁɃɆ ȷɄɃ ɇȼɁ ȷɁɇȽɆɇȷɆȼ [4.5.3.(7)] 

max (ŝ, tII * Õ3, sz) / (fu/(bW*gM2)) ¢ 1.0 (4.1) 0,21 < 1,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,21)  

ȷȾȷɀɊȽȷ ɆɈɁȹȺɆȼɆ 

ȾȷɀɄɇȽȾȼ ɅɃɄȼ Mj,Ed,y 

k13,y = 29 [mm] ɆɈɁɇȺȿȺɆɇȼɆ ȷȾȷɀɊȽȷɆ ŪȿȽȸɃɀȺɁɃɈ ɆȾɈɅɃȹȺɀȷɇɃɆ [ɄȽɁȷȾȷɆ 6.11] 

k15,y = 5 [mm] ɆɈɁɇȺȿȺɆɇȼɆ ȷȾȷɀɊȽȷɆ ɇȼɆ ɄȿȷȾȷɆ ȺȹɅȷɆȼɆ ɈɄɃȸȷȿȿɃɀȺɁȼ ɆȺ ȾȷɀɊȼ [ɄȽɁȷȾȷɆ 6.11] 

k16,y = 2 [mm] ɆɈɁɇȺȿȺɆɇȼɆ ȷȾȷɀɊȽȷɆ ȷũȾɈɅȽɃɈ ɈɄɃ ȺūȺȿȾɈɆɀɃ [ɄȽɁȷȾȷɆ 6.11] 

 

l0,y = 0,68   ȿɈũȼɅɃɇȼɇȷ ɈɄɃɆɇɈȿɋɀȷɇɃɆ [5.2.2.5.(2)] 

Sj,ini,y = 50800,85  [kN*m] ȷɅɉȽȾȼ ȷȾȷɀɊȽȷ ɆɇɅȺɊȼɆ [ɄȽɁȷȾȷɆ 6.12] 

Sj,rig,y = 274867,73  [kN*m] ȷȾȷɀɊȽȷ ɆɇȷŪȺɅȼɆ ɆɈɁȹȺɆȼɆ [5.2.2.5] 

Sj,ini,y < Sj,rig,y ȼɀȽɆɇȷŪȺɅȼ [5.2.2.5.(2)] 

 

ɄȽɃ ȷȹɈɁȷɀɃ ɇɀȼɀȷ: 

ȺɁȽɆɉɈɆȼ - ȷɁɇɃɉȼ  

   

   

ȼ ɆɈɁȹȺɆȼ ȺȽɁȷȽ ɆɈɀūɋɁȼ ɀȺ ɇɃɁ ȾȷɁɃɁȽɆɀɃ ȿɃũɃɆ 0,73  
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5.9.5 ɫʞʉɿʀʎʂ ʎʐʂ ɼʗʎʂ ʐʋʑ ʑʌʋʎʐʑʇʡʈɻʐʋʏ ʎʐʂ ɿʀʞʐʀʍʂ ʀʉɻʇʇɻʆʐʅʆʙ 
ʇʞʎʂ 

 
 

 

ũȺɋɀȺɇɅȽȷ 
ɈɄɃɆɇɈȿɋɀȷ 

ȹȽȷɇɃɀȼ: 200 - 550  

Lc = 9,90  [m] ɀȼȾɃɆ ɈɄɃɆɇɈȿɋɀȷɇɃɆ  

ɈȿȽȾɃ S235 

 

ȸȷɆȼ ɈɄɃɆɇɈȿɋɀȷɇɃɆ 

lpd = 400  [mm] ɀȼȾɃɆ  

bpd = 400  [mm] ɄȿȷɇɃɆ  

tpd = 30 [mm] ɄȷɉɃɆ  

ɈȿȽȾɃ S235 

fypd = 235,00  [MPa] ȷɁɇɃɉȼ  

fupd = 360,00  [MPa] ɇȷɆȼ ȹȽȷɅɅɃȼɆ ȺɁɃɆ ɈȿȽȾɃɈ  

 

ȷũȾɈɅɋɆȼ 

The shear plane passes through the UNTHREADED portion of the bolt.  

ɄɃȽɃɇȼɇȷ = 10.9   ȾȷɇȼũɃɅȽȷ ȷũȾɈɅɋɆȼɆ  

fyb = 900,00  [MPa] ɇȷɆȼ ȹȽȷɅɅɃȼɆ ɇɃɈ ɈȿȽȾɃɈ ɇɃɈ ȷũȾɈɅȽɃɈ  
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The shear plane passes through the UNTHREADED portion of the bolt.  

ɄɃȽɃɇȼɇȷ = 10.9   ȾȷɇȼũɃɅȽȷ ȷũȾɈɅɋɆȼɆ  

fub = 
1000,0

0 
[MPa] 

ȺūȺȿȾɈɆɇȽȾȼ ȷɁɇɃɉȼ ɇɃɈ ɈȿȽȾɃɈ ɇɃɈ 

ȷũȾɈɅȽɃɈ 
 

d = 20 [mm] ȹȽȷɀȺɇɅɃɆ ȾɃɉȿȽȷ  

nV = 2  ȷɅȽŪɀɃɆ ȾɃɉȿȽɋɁ ɈɄɃɆɇɈȿɋɀȷɇɋɁ  

nH = 2  ȷɅȽŪɀɃɆ ɆȺȽɅɋɁ ȾɃɉȿȽɋɁ  

eH = 90 [mm] ɃɅȽȻɃɁɇȽȷ ȷɄɃɆɇȷɆȼ ɀȺɇȷɂɈ  

eV = 100  [mm] ȾȷɇȷȾɃɅɈūȼ ȷɄɃɆɇȷɆȼ ɀȺɇȷɂɈ  

 

ɄɇȺɅɈũȽɃ 

ȹȽȷɇɃɀȼ: IPE 100  

lw = 200  [mm] ɀȼȾɃɆ  

ɈȿȽȾɃ S235 

fyw = 235,00  [MPa] ȷɁɇɃɉȼ  

 

ɆɈɁɇȺȿȺɆɇȺɆ ɈȿȽȾɃɈ 

gM0 = 1,00   ɀȺɅȽȾɃɆ ɆɈɁɇȺȿȺɆɇȼɆ ȷɆūȷȿȺȽȷɆ  

gM2 = 1,25   ɀȺɅȽȾɃɆ ɆɈɁɇȺȿȺɆɇȼɆ ȷɆūȷȿȺȽȷɆ  

gC = 1,50   ɀȺɅȽȾɃɆ ɆɈɁɇȺȿȺɆɇȼɆ ȷɆūȷȿȺȽȷɆ  

ȸȷɆȼ ɈɄɃɆɇɈȿɋɀȷɇɃɆ ȷɄɃ ɆȾɈɅɃȹȺɀȷ 

L = 2000  [mm] ɀȼȾɃɆ ɄȺȹȽȿɃɈ  

B = 2000  [mm] ɄȿȷɇɃɆ ɄȺȹȽȿɃɈ  

H = 1000  [mm] ɈɊɃɆ ɄȺȹȽȿɃɈ  

 

ɆȾɈɅɃȹȺɀȷ 

ɄɃȽɃɇȼɇȷ C25/30  

fck = 25,00  [MPa] ȷɁɇɃɉȼ ɆȺ ŪȿȽɊȼ  

 

ɆɇɅɋɆȼ ɇɆȽɀȺɁɇȺɁȺɀȷɇɃɆ 

tg = 30 [mm] ɄȷɉɃɆ ɇȼɆ ȺɄȽūȷɁȺȽȷȾȼɆ ɆɇɅɋɆȼɆ (ɇɆȽɀȺɁɇȺɁȺɀȷ)  

fck,g = 12,00  [MPa] ȷɁɇɃɉȼ ɆȺ ŪȿȽɊȼ  

Cf,d = 0,30   ɆɈɁɇȺȿȺɆɇȼɆ ɇɅȽȸȼɆ ɀȺɇȷɂɈ ɇȼɆ ɄȿȷȾȷɆ ȺȹɅȷɆȺɋɆ ȾȷȽ ɇɃɈ ɆȾɈɅɃȹȺɀȷɇɃɆ  

 

ȾɃȿȿȼɆȺȽɆ 

ap = 4 [mm] ɄȿȷȾȷ ɄȺȹȽȿɃɈ ɇȼɆ ȸȷɆȼɆ ɈɄɃɆɇɈȿɋɀȷɇɃɆ  

aw = 4 [mm] ɄɇȺɅɈũȽɃ  

 

ūɃɅɇȽȷ 

 

ɄȺɅȽɄɇɋɆȼ: ɈɄɃȿɃũȽɆɀɃȽ ȷɄɃ ɉɅȼɆɇȼ. 

 

Nj,Ed = 83,77  [kN]  ȷɂɃɁȽȾȼ ȹɈɁȷɀȼ  

V j,Ed,z = 67,83  [kN]  ȹȽȷɇɀȼɇȽȾȼ ȹɈɁȷɀȼ  

ȷɄɃɇȺȿȺɆɀȷɇȷ 
 

ȻɋɁȼ ȺūȺȿȾɈɆɀɃɈ 

 

ȷɆɇɃɉȽȷ ɉȷȿɈȸȷ 

Ft,Rd,s1 = 149,94  [kN]  ȷɁɇɃɉȼ ȷũȾɈɅȽɃɈ ɆȺ ȷɆɇɃɉȽȷ ɉȷȿɈȸȷ [ɄȽɁȷȾȷɆ 3.4] 

Ft,Rd,s2 = 183,75  [kN]  ȷɁɇɃɉȼ ȷũȾɈɅȽɃɈ ɆȺ ȷɆɇɃɉȽȷ ɉȷȿɈȸȷ CEB [9.2.2] 

 

Ft,Rd,s = min(Ft,Rd,s1,Ft,Rd,s2)  
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Ft,Rd,s = 149,94  [kN]  ȷɁɇɃɉȼ ȷũȾɈɅȽɃɈ ɆȺ ȷɆɇɃɉȽȷ ɉȷȿɈȸȷ  

 

ȷɆɇɃɉȽȷ ȿɃũɋ ȺɂɃȿȾȺɈɆȼɆ 

Ft,Rd,p = 118,45  [kN]  ȷɁɇɃɉȼ ɆɉȺȹȽȷɆɀɃɈ ɆȺ ȷɁɈɊɋɆȼ EN 1992-1:[8.4.2.(2)] 

 

ȷɆɇɃɉȽȷ ȾɋɁɃɈ ɆȾɈɅɃȹȺɀȷɇɃɆ 

NRk,c
0
 = 602,42  [kN]  ȷɁɇɃɉȼ ɆɉȺȹȽȷɆɀɃɈ ɆȺ ȷɁɈɊɋɆȼ CEB [9.2.4] 

Ft,Rd,c = 277,07  [kN]  
ȷɁɇɃɉȼ ɆɉȺȹȽȷɆɀɃɈ ȷũȾɈɅɋɆȼɆ ȺɁȷɁɇȽ ȷɆɇɃɉȽȷɆ ȾɋɁɃɈ 

ɆȾɈɅɃȹȺɀȷɇɃɆ 

EN 1992-

1:[8.4.2.(2)] 

 

ȷɆɇɃɉȽȷ ȿɃũɋ ȷɄɃȾɃȿȿȼɆȼɆ 

NRk,c
0
 = 694,51  [kN]  ȷɁɇɃɉȼ ɆɉȺȹȽȷɆɀɃɈ ɆȺ ȷɁɈɊɋɆȼ CEB [9.2.5] 

Ft,Rd,sp = 256,92  [kN] 
ȷɁɇȽɆɇȷɆȼ ɆɉȺȹȽȷɆɀɃɈ ȷũȾɈɅȽɃɈ ȺɁȷɁɇȽ ȷɄɃȾɃȿȿȼɆȼɆ ɇɃɈ 

ɆȾɈɅɃȹȺɀȷɇɃɆ 
CEB [9.2.5] 

 

ȺūȺȿȾɈɆɇȽȾȼ ȷɁɇɃɉȼ ȷũȾɈɅɋɆȼɆ 

Ft,Rd = min(Ft,Rd,s , Ft,Rd,p , Ft,Rd,c , Ft,Rd,sp)  

Ft,Rd = 118,45  [kN]  ȺūȺȿȾɈɆɇȽȾȼ ȷɁɇɃɉȼ ȷũȾɈɅȽɃɈ  

 

ȾȷɀɊȼ ɇȼɆ ɄȿȷȾȷɆ ȸȷɆȺɋɆ 

Ft,pl,Rd = 236,91  [kN]  ȺūȺȿȾɈɆɇȽȾȼ ȷɁɇɃɉȼ ɄȿȷȾȷɆ [6.2.4] 

 

ȺūȺȿȾɈɆɇȽȾȼ ȷɁɇɃɉȼ ȾɃɅɀɃɈ ɈɄɃɆɇɈȿɋɀȷɇɃɆ 

Ft,wc,Rd = 395,26  [kN]  ȷɁɇɃɉȼ ȾɃɅɀɃɈ ɈɄɃɆɇɈȿɋɀȷɇɃɆ [6.2.6.3.(1)] 

 

ȷɁɇɃɉȼ ɇȼɆ ŪȺɀȺȿȽɋɆȼɆ ɆɇȼɁ ȺūȺȿȾɈɃɀȺɁȼ ȻɋɁȼ 

Nj,Rd = 473,81  [kN]  ȷɁɇɃɉȼ ɇȼɆ ŪȺɀȺȿȽɋɆȼɆ ɆȺ ȷɂɃɁȽȾɃ ȺūȺȿȾɈɆɀɃ [6.2.8.3] 

 

ȺȿȺũɉɃɆ ȷɁɇɃɉȼɆ ɆɈɁȹȺɆȼɆ 
 

Nj,Ed / Nj,Rd ¢ 1,0 (6.24) 0,18 < 1,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,18)  

 

ȹȽȷɇɀȼɆȼ 
 

ɄȽȺɆȼ ȷũȾɈɅȽɃɈ Ɇɇȼ ɄȿȷȾȷ ȺȹɅȷɆȺɋɆ 

F1,vb,Rd,z = 432,00  [kN]  ȷɁɇɃɉȼ ȷũȾɈɅȽɃɈ ũȽȷ ɄȽȺɆȼ ɆɇȼɁ ɄȿȷȾȷ ȺȹɅȷɆȺɋɆ [6.2.2.(7)] 

 

ȹȽȷɇɀȼɆȼ ȷũȾɈɅȽɃɈ 

F2,vb,Rd = 62,33  [kN]  ȹȽȷɇɀȼɇȽȾȼ ȷɁɇɃɉȼ ȺɁɃɆ ȷũȾɈɅȽɃɈ - ɉɋɅȽɆ ȷũȾȽɆɇɅɃ [6.2.2.(7)] 

 

Fv,Rd,sm = 28,47  [kN]  ȹȽȷɇɀȼɇȽȾȼ ȷɁɇɃɉȼ ȺɁɃɆ ȷũȾɈɅȽɃɈ - ɀȺ ȷũȾȽɆɇɅɃ CEB [9.3.1] 

 

ȷɆɇɃɉȽȷ ȷɄɃȾɃȿȿȼɆȼɆ ɆȾɈɅɃȹȺɀȷɇɃɆ 

Fv,Rd,cp = 554,15  [kN]  ȷɁɇɃɉȼ ɆȾɈɅɃȹȺɀȷɇɃɆ ũȽȷ ȷɄɃȾɃȿȿȼɆȼ CEB [9.3.1] 

 

ȷɆɇɃɉȽȷ ȷȾɅȼɆ ɆȾɈɅɃȹȺɀȷɇɃɆ 

Fv,Rd,c,z = 554,26  [kN]  
ȷɁɇɃɉȼ ɆȾɈɅɃȹȺɀȷɇɃɆ ũȽȷ ȷɆɇɃɉȽȷ 

ȷȾɀȼɆ 
CEB [9.3.1] 

 

ȷɁɇɃɉȼ ȹȽȷɉɋɅȽɆɀɃɈ 

Ff,Rd = 0,00  [kN]  ȷɁɇɃɉȼ ɆȺ ɃȿȽɆŪȼɆȼ [6.2.2.(6)] 

 

ɄȽȺɆȼ ȺɄȷūȼɆ ɇȼɆ ɆūȼɁȷɆ ɆɇɃ ɆȾɈɅɃȹȺɀȷ 

Fv,Rd,wg,z = 256,67  [kN]  ȷɁɇɃɉȼ ũȽȷ ɄȽȺɆȼ ȺɄȷūȼɆ ɇȼɆ ɆūȼɁȷɆ ɆɇɃ ɆȾɈɅɃȹȺɀȷ  
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ȺȿȺũɉɃɆ ɆȺ ȹȽȷɇɀȼɆȼ 

 

V j,Rd,z = nb*min(F1,vb,Rd,z,F2,vb,Rd,Fv,Rd,sm,Fv,Rd,cp,Fv,Rd,c,z) + Fv,Rd,wg,z + Ff,Rd  

V j,Rd,z = 370,54  [kN]  ȷɁɇɃɉȼ ɆɈɁȹȺɆȼɆ ɆȺ ȹȽȷɇɀȼɆȼ CEB [9.3.1] 

V j,Ed,z / Vj,Rd,z ¢ 1,0 0,18 < 1,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,18)  

 

ȾɃȿȿȼɆȺȽɆ ɀȺɇȷɂɈ ɇɃɈ ɈɄɃɆɇɈȿɋɀȷɇɃɆ ȾȷȽ ɇȼɆ ɄȿȷȾȷɆ 

ȸȷɆȼɆ 
ŝ = 13,84  [MPa] ɃɅŪȼ ɇȷɆȼ ɆȺ ɀȽȷ ȾɃȿȿȼɆȼ [4.5.3.(7)] 

t̂ = 13,84  [MPa] ȾȷŪȺɇȼ ȺūȷɄɇɃɀȺɁȽȾȼ ɇȷɆȼ [4.5.3.(7)] 

tyII = 0,00  [MPa] ȺūȷɄɇɃɀȺɁȽȾȼ ɇȷɆȼ ɄȷɅȷȿȿȼȿȼ ɆɇɃ V j,Ed,y [4.5.3.(7)] 

tzII = 56,52  [MPa] ȺūȷɄɇɃɀȺɁȽȾȼ ɇȷɆȼ ɄȷɅȷȿȿȼȿȼ ɆɇɃ V j,Ed,z [4.5.3.(7)] 

bW = 0,80   ɆɈɁɇȺȿȺɆɇȼɆ ȺɂȷɅɇɋɀȺɁɃɆ ȷɄɃ ɇȼɁ ȷɁɇȽɆɇȷɆȼ [4.5.3.(7)] 

ŝ / (0.9*fu/gM2)) ¢ 1.0 (4.1) 0,05 < 1,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,05)  

Õ(ŝ
2
 + 3.0 (tyII

2
 + t̂

2
)) / (fu/(bW*gM2))) ¢ 1.0 (4.1) 0,08 < 1,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,08)  

Õ(ŝ
2
 + 3.0 (tzII

2
 + t̂

2
)) / (fu/(bW*gM2))) ¢ 1.0 (4.1) 0,28 < 1,00  ȺɄȷȿȼŪȺɈȺɇȷȽ (0,28)  

ɄȽɃ ȷȹɈɁȷɀɃ ɇɀȼɀȷ: 
ɆɈũȾɃȿȿȼɆȺȽɆ ɄɃɈ ɆɈɁȹȺɃɈɁ ɇɃ ɈɄɃɆɇɈȿɋɀȷ ɀȺ ɇȼɁ ɄȿȷȾȷ ȺȹɅȷɆȼɆ  

  

  

ȼ ɆɈɁȹȺɆȼ ȺȽɁȷȽ ɆɈɀūɋɁȼ ɀȺ ɇɃɁ ȾȷɁɃɁȽɆɀɃ ȿɃũɃɆ 0,28  
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6 ɫʑʈʌʀʍʗʎʈɻʐɻ  

ȰɜŬ Ŭˊɧ ŰŬ ɓŬůɘəɎ ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ 

ŮɟɔŬůɑŬ ŮɑɜŬɘ Űɞ ɧŰɘ ŮˊɘɓŮɓŬɘɩɜŮŰŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞ ɎɜŮɛɞɠ ŬˊɞŰŮɚŮɑ ůɖɛŬɜŰɘəɐ űɧɟŰɘůɖ, 

ɧˊɤɠ ɎɚɚɤůŰŮ ŬɜŬɛɏɜŮŰŬɘ ůŮ ŰɏŰɞɘɞɡ Ůɑŭɞɡɠ əŬŰŬůəŮɡɏɠ. ȷɜ əŬɘ ůŰɖɜ ˊɟŬɔɛŬŰɘəɧŰɖŰŬ Űɞ 

ɡˊŬɟəŰɧ ɡˊɧůŰŮɔɞ ŮɑɜŬɘ ˊŮɟɑəɚŮɘůŰɞ Ŭˊɧ ɎɚɚŬ əŰɐɟɘŬ ůŰɘɠ ŰɟŮɑɠ Űɞɡ ˊɚŮɡɟɏɠ, əɎŰɘ ˊɞɡ 

ˊŮɟɘɞɟɑɕŮɘ Űɘɠ űɞɟŰɑůŮɘɠ ɚɧɔɤ Ŭɜɏɛɞɡ, ŮɜŰɞɨŰɞɘɠ ůŰɖ ɛŮɚɏŰɖ ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ɡˊɏɟ Űɖɠ 

ŬůűŬɚŮɑŬɠ əŬɘ ɖ űɧɟŰɘůɖ ɛŮ ˊɟɞůɐɜŮɛɖ Űɖ ɛŮɔɎɚɖ ˊɚŮɡɟɎ Űɞɡ əŰɖɟɑɞɡ. ɆŰɖɜ ɃȾȷ ɞ 

ůɡɜŭɡŬůɛɧɠ ɛŮ əɨɟɘŬ űɧɟŰɘůɖ Űɞɜ ɎɜŮɛɞ (ULS2) ŭŮɜ ŮɑɜŬɘ ɞ ŭɡůɛŮɜɏůŰŮɟɞɠ ɔɘŬ ŰŬ 

ˊŮɟɘůůɧŰŮɟŬ ɛɏɚɖ, ŮəŰɧɠ Ŭˊɧ Űɘɠ ŭɞəɞɨɠ Űɤɜ ɕɡɔɤɛɎŰɤɜ ůŰɖ ˊɟɩŰɖ ɚɨůɖ. ɋůŰɧůɞ, ůŰɖɜ 

ɃȾȿ ɞ ɎɜŮɛɞɠ (ůɡɜŭɡŬůɛɧɠ SLS2) ŮɑɜŬɘ əɨɟɘŬ ɡˊŮɨɗɡɜɞɠ ɔɘŬ Űɘɠ ɞɟɘɕɧɜŰɘŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ Űɖɠ 

əŬŰŬůəŮɡɐɠ əŬɘ ůŰɘɠ ŭɨɞ ŮɜŬɚɚŬəŰɘəɏɠ.  

Ⱥˊɘˊɚɏɞɜ, ɚɧɔɤ ɛɘəɟɞɨ ɓɎɟɞɡɠ Űɖɠ əŬŰŬůəŮɡɐɠ əŬɘ ɔɘŬ űɧɟŰɘůɖ ɛŮ ˊɟɞůɐɜŮɛɖ Űɖɜ 

ˊɚŮɡɟɎ Űɞɡ ŬɜɞɑɔɛŬŰɞɠ, ɖ ŭɡɜɎɛŮɘɠ ˊɟɞɠ ŰŬ ˊɎɜɤ ˊɞɡ ŬůəɞɨɜŰŬɘ ɡˊŮɟɓŬɑɜɞɡɜ ŰŬ ɑŭɘŬ ɓɎɟɖ 

əŬɘ ɖ ůɡɜɘůŰŬɛɏɜɖ ɏɢŮɘ űɞɟɎ ˊɟɞɠ ŰŬ ˊɎɜɤ. Ƀɘ ŮűŮɚəɡůŰɘəɏɠ ŬɡŰɏɠ ŭɡɜɎɛŮɘɠ 

ˊŬɟŬɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ Űɘɠ ɗŮɛŮɚɘɩůŮɘɠ (ŬɔəɨɟɘŬ ůŮ ůəɡɟɧŭŮɛŬ). 

ȺɘŭɘəɎ ůŰɖ ŮɜŬɚɚŬəŰɘəɐ ɚɨůɖ ɛŮ ŰŬ ŰɟɘŬɟɗɟɤŰɎ ˊɚŬɑůɘŬ, Ŭɜ əŬɘ ŰŬ ɛɏɚɖ ŮɑɜŬɘ ŮˊŬɟəɐ 

ůŰɖɜ ɃȾȷ, ůŰɖɜ ɃȾȿ ɞɘ ɞɟɘɕɧɜŰɘŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ ɚɧɔɤ Ŭɜɏɛɞɡ ůŰɞɜ ɎɝɞɜŬ Y, ɡˊɐɟɝŬɜ ˊɞɚɨ 

ɛŮɔɎɚŮɠ (ŮəŰɧɠ ɞɟɑɤɜ). ɇɞ ɕɐŰɖɛŬ ŬɡŰɧ ŬɜŰɘɛŮŰɤˊɑůɗɖəŮ ɛŮ Űɖɜ ˊɟɞůɗɐəɖ ŬɜŰɘɟɑŭɤɜ (ɓɚ. 

ɆɢɐɛŬ 5.28) ůŰŬ ˊɚŬɑůɘŬ ɔɘŬ Űɖ Ŭɨɝɖůɖ Űɖɠ ŭɡůəŬɣɑŬɠ ůŰɞ ŮˊɑˊŮŭɞ Űɞɡɠ. Ⱥˊɞɛɏɜɤɠ, ŮɎɜ Űɞ 

ɡˊɧůŰŮɔɞ əŬŰŬůəŮɡŬůŰŮɑ ɛŮ ŰɟɘŬɟɗɟɤŰɎ ˊɚŬɑůɘŬ ůŮ ůɡɜɗɐəŮɠ ŭɘŬűɞɟŮŰɘəɏɠ Ŭˊɧ ŬɡŰɏɠ Űɞɡ 

ɡˊŬɟəŰɞɨ (ŭɖɚŬŭɐ ɢɩɟɘɠ ŰŬ ˊŮɟɘɓɎɚɚɞɜŰŬ əŰɐɟɘŬ), ŬˊŬɘŰŮɑŰŬɘ Ůɜɑůɢɡůɖ Űɤɜ ˊɚŬɘůɑɤɜ ˊ.ɢ. ɛŮ 

Űɖɜ ˊɟɞůɗɐəɖ Űɤɜ ŬɜŰɘɟɑŭɤɜ ɧˊɤɠ ɛŮɚŮŰɐɗɖəŮ ůŰɖɜ ŮɟɔŬůɑŬ. 

ɇɞ ɔŮɔɞɜɧɠ ɧŰɘ ŰŬ ɛŮɔŬɚɨŰŮɟŬ ŮɜŰŬŰɘəɎ ɛŮɔɏɗɖ əŬɘ ɞɘ ůɖɛŬɜŰɘəɧŰŮɟŮɠ ɞɟɘɕɧɜŰɘŮɠ 

ɛŮŰŬŰɞˊɑůŮɘɠ ŭŮ ˊɟɞəɨˊŰɞɡɜ ɔɘŬ Űɞɡɠ ůŮɘůɛɘəɞɨɠ ůɡɜŭɡŬůɛɞɨɠ ɞűŮɑɚŮŰŬɘ ůŰɞ ɛɘəɟɧ ɓɎɟɞɠ 

Űɖɠ əŬŰŬůəŮɡɐɠ, ŭɖɚŬŭɐ ůŰɖ ɛɘəɟɐ ŰŬɚŬɜŰɞɨɛŮɜɖ ɛɎɕŬ Űɞɡ əŰɖɟɑɞɡ. ɇɞ űŬɘɜɧɛŮɜɞ ŬɡŰɧ 

ŮɑɜŬɘ ůɨɜɖɗŮɠ ɔɘŬ ɓɘɞɛɖɢŬɜɘəɎ əŬɘ ɎɚɚŬ ˊŬɟɧɛɞɘɞɡ Űɨˊɞɡ ɛŮ Űɞ ɛŮɚŮŰɞɨɛŮɜɞ ɡˊɧůŰŮɔŬ. 

ȳůɞɜ ŬűɞɟɎ ůŰɖ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ Űɤɜ ŮɜŬɚɚŬəŰɘəɩɜ ɚɨůŮɤɜ ˊɞɡ ɛŮɚŮŰɐɗɖəŬɜ ůŮ 

ůɢɏůɖ ɛŮ Űɞ ɓɎɟɞɠ Űɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞɡ ɢɎɚɡɓŬ, ˊɟɞɏəɡɣŬɜ ŰŬ Ůɝɐɠ ŬˊɞŰŮɚɏůɛŬŰŬ: 

¶ ɆŰɖɜ ˊɟɩŰɖ ŮɜŬɚɚŬəŰɘəɐ (ɛŮ ŰŬ ŬɛűɑˊŬəŰŬ ˊɚŬɑůɘŬ əŬɘ ŰŬ ɛɏɚɖ ůŰŬɗŮɟɐɠ ŭɘŬŰɞɛɐ) Űɞ 
ůɡɜɞɚɘəɧ ɓɎɟɞɠ Űɞɡ ɢɎɚɡɓŬ ŮɑɜŬɘ ɑůɞ ɛŮ 207,3t. 

¶ ɆŰɖɜ ŭŮɨŰŮɟɖ ŮɜŬɚɚŬəŰɘəɐ (ɛŮ ŰŬ ŰɟɘŬɟɗɟɤŰɎ ˊɚŬɑůɘŬ əŬɘ ŰŬ ɛɏɚɖ ɛŮŰŬɓɚɖŰɐɠ 
ŭɘŬŰɞɛɐɠ) Űɞ ůɡɜɞɚɘəɧ ɓɎɟɞɠ Űɞɡ ɢɎɚɡɓŬ ŮɑɜŬɘ ɑůɞ ɛŮ 221,7t. 

¶ ɀŮŰɎ Űɖɜ ˊɟɞůɗɐəɖ Űɤɜ ŬɜŰɘɟɑŭɤɜ Űɞ ůɡɜɞɚɘəɧ ɓɎɟɞɠ Űɞɡ ɢɎɚɡɓŬ ŮɑɜŬɘ ɑůɞ ɛŮ 

235,5t. 

ɄŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɧɚŮɠ ɞɘ ɚɨůŮɘɠ ɏɢɞɡɜ ɛɘəɟɧŰŮɟɞ ůɡɜɞɚɘəɧ ɓɎɟɞɠ ɢɎɚɡɓŬ ůŮ ůɢɏůɖ ɛŮ ŬɡŰɧ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɔɘŬ Űɖɜ ŬɜɏɔŮɟůɖ Űɞɡ ɡˊɎɟɢɞɜŰɞɠ ɏɟɔɞɡ, Űɞ ɞˊɞɑɞ ŬɜɏɟɢŮŰŬɘ ůŮ 375t 

ˊŮɟɑˊɞɡ. 

ɇɞ ɓɎɟɞɠ Űɞɡ ɢɎɚɡɓŬ ŭŮɜ ŬˊɞŰŮɚŮɑ Űɞɜ ɛɞɜŬŭɘəɧ ˊŬɟɎɔɞɜŰŬ ˊɞɡ ŮˊɖɟŮɎɕŮɘ Űɞ əɧůŰɞɠ 

Űɖɠ əŬŰŬůəŮɡɐɠ. Ⱥˊɑůɖɠ, ŮɑɜŬɘ ɔɜɤůŰɧ ɧŰɘ Űɖɜ Ůˊɞɢɐ Űɖɠ əŬŰŬůəŮɡɐɠ Űɞɡ ůŰŮɔɎůŰɟɞɡ ůŰɞ 

ůŰŬɗɛɧ Űɞɡ ɄŮɘɟŬɘɎ, Űɞ 1926, Űɞ əɧůŰɞɠ Űɞɡ ɡɚɘəɞɨ ɐŰŬɜ ɛŮɔŬɚɨŰŮɟɞ Ŭˊô ɧŰɘ ůɐɛŮɟŬ, Ůɜɩ Űɞ 

əɧůŰɞɠ Űɤɜ ŮɟɔŬŰɘəɩɜ ɛɘəɟɧŰŮɟɞ Ŭˊô ɧŰɘ ůɐɛŮɟŬ. ɇŬɡŰɧɢɟɞɜŬ, ɧɛɤɠ ɛɘŬ ɚɨůɖ ɧˊɤɠ ŬɡŰɐ Űɖɠ 

ˊɟɩŰɖɠ ŮɜŬɚɚŬəŰɘəɐɠ ˊɞɡ ɛŮɚŮŰɐɗɖəŮ, ŮɑɜŬɘ ŮɡɟɨŰŬŰŬ ŭɘŬŭŮŭɞɛɏɜɖ ůŰɘɠ ɛɏɟŮɠ ɛŬɠ əŬɘ ɖ 

ŭɘŬŭɘəŬůɑŬ əŬŰŬůəŮɡɐɠ Űɖɠ ŮɑɜŬɘ ŬɟəŮŰɎ Űɡˊɞˊɞɘɖɛɏɜɖ, əɎŰɘ ˊɞɡ ůɡɛɓɎɚɚŮɘ ůŰɖ ɛŮɑɤůɖ Űɞɡ 

əɧůŰɞɡɠ Űɖɠ. ŬɡŰɧ ɞŭɖɔŮɑ ůŰɖɜ ŮəŰɑɛɖůɖ ɧŰɘ Űɞ əɧůŰɞɠ ɛɘŬɠ ůɨɔɢɟɞɜɖɠ əŬŰŬůəŮɡɐɠ, ɧˊɤɠ 

ŬɡŰɏɠ ˊɞɡ ɛŮɚŮŰɐɗɖəŬɜ ůŰɖɜ ŮɟɔŬůɑŬ, ɗŬ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞ Ŭˊɧ ŬɡŰɧ Űɞɡ ˊŬɚŬɘɞɨ ɡˊɧůŰŮɔɞɡ. 
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ȼ ɚɨůɖ ɛŮ ŰŬ ŰɟɘŬɟɗɟɤŰɎ ˊɚŬɑůɘŬ əŬɘ ŰŬ ɛɏɚɖ ɛŮŰŬɓɚɖŰɐɠ ŭɘŬŰɞɛɐɠ ŮˊɘɚɏɢɗɖəŮ ɜŬ 

ɛŮɚŮŰɖɗŮɑ ɤɠ ɖ ˊɘɞ əɞɜŰɘɜɐ ůŰɞ űɞɟɏŬ Űɞɡ ˊɟŬɔɛŬŰɘəɞɨ ůŰŮɔɎůŰɟɞɡ. ɀŮ ɓɎůɖ, ɧɛɤɠ, ŰŬ 

ˊŬɟŬˊɎɜɤ ŭŮ ɗŬ ŮˊɘɚŮɢɗŮɑ ůŮ ˊŮɟɑˊŰɤůɖ əŬŰŬůəŮɡɐɠ (ɐ ŬɜŬəŬŰŬůəŮɡɐɠ) Űɞɡ ɏɟɔɞɡ. ȼ ɛɖ 

ɘəŬɜɞˊɞɘɖŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ ɛŮ Űɘɠ ɛŮɔɎɚŮɠ ˊŬɟŬɛɞɟűɩůŮɘɠ əŬɘ Űɖɜ ŬˊŬɑŰɖůɖ Ůɜɑůɢɡůɖɠ, ůŮ 

ůɡɜŭɡŬůɛɧ ɛŮ Űɞ ɛŮɔŬɚɨŰŮɟɞ əɧůŰɞɠ ɚɧɔɤ Űɖɠ ɢɟɐůɖ ˊŮɟɘůůɧŰŮɟɞɡ ɡɚɘəɞɨ, ŬɚɚɎ əŬɘ Űɞɡ 

Ŭɡɝɖɛɏɜɞɡ əɧůŰɞɡɠ Űɤɜ ůɡɔəɞɚɚɖŰɩɜ ɛŮɚɩɜ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ ůŰɖ ɚɨůɖ ŬɡŰɐ, ɞŭɖɔɞɨɜ ůŰɖɜ 

Ůˊɘɚɞɔɐ Űɖɠ ˊɟɩŰɖɠ ŮɜŬɚɚŬəŰɘəɐɠ. 

ɇɏɚɞɠ, ɔɜɩɛɖ Űɞɡ ůɡɔɔɟŬűɏŬ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɧŰɘ ůŮ ˊŮɟɑˊŰɤůɖ 

əŬŰŬůŰɟɞűɐɠ əŬɘ ŬɜɎɔəɖɠ ŬɜŬəŬŰŬůəŮɡɐɠ Űɞɡ ɡˊŬɟəŰɞɨ ŰɞɝɤŰɞɨ ůŰŮɔɎůŰɟɞɡ ůŰɞɜ ůŰŬɗɛɧ 

Űɞɡ ɖɚŮəŰɟɘəɞɨ ůŰɞɜ ɄŮɘɟŬɘɎ, əŬɘ ɚɧɔɤ Űɞɡ ɘŭɘŬɑŰŮɟɞɡ ɢŬɟŬəŰɐɟŬ əŬɘ Űɖɠ ŬɘůɗɖŰɘəɐɠ Űɞɡ, ɗŬ 

ˊɟɏˊŮɘ ɜŬ ŬəɞɚɞɡɗɖɗŮɑ ɛɘŬ ɚɨůɖ ˊŬɜɞɛɞɘɧŰɡˊɖɠ ɛɞɟűɐɠ ɛŮ Űɞ ɔɜɤůŰɧ ůŮ ɛŬɠ ɏɟɔɞ. Ⱥˊɑůɖɠ, 

ɗŬ ˊɟɏˊŮɘ ɜŬ ŭɞɗŮɑ ɏɛűŬůɖ ůŰɞ ůɢŮŭɘŬůɛɧ Űɞɡ ɡˊɧůŰŮɔɞɡ ɏɜŬɜŰɘ Űɖɠ űɧɟŰɘůɖɠ Űɞɡ Ŭɜɏɛɞɡ, 

ɩůŰŮ ɜŬ ŬɜŰɘɛŮŰɤˊɘůŰɞɨɜ ɞɘ ɛŮŰŬŰɞˊɑůŮɘɠ. ȼ ɛŮɚɏŰɖ ŬɡŰɐ ɏɜŬɜŰɘ Ŭɜɏɛɞɡ ɗŬ ŬˊŬɘŰɖɗŮɑ əŬɘ ůŮ 

ˊŮɟɑˊŰɤůɖ ˊɞɡ əŬŰŬůŰŬűŮɑ əɎˊɞɘɞ Ŭˊɧ ŰŬ əŰɐɟɘŬ ˊɞɡ ˊŮɟɘəɚŮɑɞɡɜ Űɞ ɡˊŬɟəŰɧ ůŰɏɔŬůŰɟɞ. 

ȼ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŬˊɞŰɏɚŮůŮ ɛɘŬ ˊɞɚɨ ŭɘŭŬəŰɘəɐ ŮűŬɟɛɞɔɐ Űɤɜ ɔɜɩůŮɤɜ ˊɞɡ 

Ŭɞ́əŰɐɗɖəŬɜ ůŰɖ ůɢɞɚɐ, ŬɚɚɎ əŬɘ ɛɘŬ ŮɡəŬɘɟɑŬ ɔɘŬ ˊŮɟŬɘŰɏɟɤ ŮɝɞɘəŮɑɤůɖ ɛŮ Űɖ ɚɞɔɘəɐ Űɞɡ 

ůɢŮŭɘŬůɛɞɨ, Űɖɠ ŬɜɎɚɡůɖɠ əŬɘ Űɖɠ ŭɘŬůŰŬůɘɞɚɧɔɖůɖɠ Ůɜɧɠ əŰɖɟɑɞɡ əŬɘ Űɖ ɢɟɐůɖ 

ˊɟɞɔɟɎɛɛŬŰɞɠ ůŮ ȼ/Ɉ ɔɘŬ Űɘɠ ŭɘŬŭɘəŬůɑŮɠ ŬɡŰɏɠ. 
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