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ʅ˔ʶʵʽʰˋ˃ˈˌ ʶ˅ʰ˗ˊˇ˒ˇˎ ˃ʶˍʰ˂˂ʽˁˇˏ ˁˍʽˊʾˇˎ ˁʰˍˇʽˁʽ˗˄ ˃ʶ 
ˋˎ˄ʵʷˋ˃ˇˎˌ ʵˎˋˁʰ˃˕ʾʰˌ 

 
ɱʽʰ˄˄ʰˁˈˉˇˎ˂ˇˌ ɯʴʴʶ˂ˇˌ όɳˉʽʲ˂ʷˉ˖˄Υ ɸʰ˄ˈˉˇˎ˂ˇˌ ʃʰˏ˂ˇˌ) 

 

ʃʶˊʾ˂ʹ˕ʹ 
ɮ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍʹˌ ˉʰˊˇˏˋʰˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ʶˊʴʰˋʾʰˌ ʶʾ˄ʰʽ ʹ ˃ʶ˂ʷˍʹ ˁʰʽ ˇ ˋ˔ʶʵʽʰˋ˃ˈˌ ʶ˄ˈˌ 
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ɮˍˍʽˁʺˌ  ˁʰʽ ˉˊˇˇˊʾʸʶˍʰʽ ʴʽʰ ˁʰˍˇʽˁʾʶˌΦ  

ʁ ˒ʷˊ˖˄ ˇˊʴʰ˄ʽˋ˃ˈˌ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˃ʶˍʰ˂˂ʽˁʱ ˋˍˇʽ˔ʶʾʰ ˁʰʽ ˋˍˇʽ˔ʶʾʰ ˇˉ˂ʽˋ˃ʷ˄ˇˎ 
ˋˁˎˊˇʵʷ˃ʰˍˇˌΦ ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ˍʰ ʵʱˉʶʵʰ ˍ˖˄ ˇˊˈ˒˖˄ ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ ˋˏ˃˃ʽˁˍʶˌ 
ˉ˂ʱˁʶˌ ˇʽ ˇˉˇʾʶˌ ʶʾ˄ʰʽ ʵʽʰˍ˃ʹˍʽˁʱ ˋˎ˄ʵʶ˃ʷ˄ʶˌ ˃ʶ ʵʶˎˍʶˊʶˏˇˎˋʶˌ ʵˇˁˇˏˌ ˁʰʽ 
ˉˊˇˋ˒ʷˊˇˎ˄ ʵʽʰ˒ˊʰʴ˃ʰˍʽˁʺ ˂ʶʽˍˇˎˊʴʾʰΦ ʅˍʹ ˃ʽʰ ˁˏˊʽʰ ʵʽʶˏʻˎ˄ˋʹ ˍʹˌ ˁʰˍʰˋˁʶˎʺˌ 
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Robot Structural Analysis ˍʹˌ Autodesk. ɶ ˃ʶ˂ʷˍʹ ʲʰˋʾˋˍʹˁʶ ˋˍʽˌ ʽˋ˔ˏˇˎˋʶˌ ʵʽʰˍʱ˅ʶʽˌ 
ˍ˖˄ ɳˎˊ˖ˁ˖ʵʾˁ˖˄ ˁʰʽ ˍˇˎ ɳ˂˂ʹ˄ʽˁˇˏ ɮ˄ˍʽˋʶʽˋ˃ʽˁˇˏ ɼʰ˄ˇ˄ʽˋ˃ˇˏ όɳɮɼ нлллύΦ ʁ 
ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍ˖˄ ʵˊʱˋʶ˖˄ ˁʰʻ˗ˌ ˇ ʷ˂ʶʴ˔ˇˌ ˁʰʽ ʹ ʵʽʰˋˍʰˋʽˇ˂ˈʴʹˋʹ ˍ˖˄ ˃ʶ˂˗˄ ˁʰʽ ˍ˖˄ 
ˋˎ˄ʵʷˋʶ˖˄ ʷʴʽ˄ʶ ˗ˋˍʶ ˄ʰ ʽˁʰ˄ˇˉˇʽˇˏ˄ˍʰʽ ˈ˂ʶˌ ˇʽ ʵʽʰˍʱ˅ʶʽˌ ˍ˖˄ ˁʰ˄ˇ˄ʽˋ˃˗˄Φ  
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Abstract 

NATIONAL TECHNICAL UNIVERSITY OF ATHENS 
FACULTY OF CIVIL ENGINEERING 
INSTITUTE OF STEEL STRUCTURES 

 
Diploma Thesis 
ɳɾɼ ɲɳ 2018/27 

 

Design of a six-storey steel residential building with stiff 
connectors 

 
Giannakopoulos Angelos (Supervised by Thanopoulos Pavlos) 

 

Abstract 
The subject of this diploma thesis is the design and structural analysis of a six-storey steel 
building. The building is located in the area of Petroupoli, Attica and is intended for 
residential use. 

The bearing structure consists of steel and reinforced concrete components. In 
particular, the floors of the building are composed of composite slabs which are shear-
bonded to secondary beams and act as rigid diaphragm. In one main direction of 
construction, vertical stiffeners have been installed to ensure the integrity of the frames 
and the required lateral stiffness of the structure. The rest of the bearing structure 
consists of steel beams and steel columns. 

The analysis of the construction was carried out with the help of the Autodesk Robot 
Structural Analysis program. The design and the analysis were based on the current 
provisions of the Eurocodes and the Greek Seismic Regulation (EAK 2000). The 
assessment of the actions, the dimensioning of the members and the connections were 
made in order to satisfy all the provisions of the regulations. 
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ɳˎ˔ʰˊʽˋˍʾʶˌ 
ɮˊ˔ʽˁʱΣ ʻh  ̋ʻʶ˂ʰ  ˄ʰ ʶˎ˔ʰˊʽˋˍʺˋ˖ ʻʁ ˊ˃ʱ ˍˇ˄ ˁΦ ʃʰˏ˂ˇ ɸʰ˄ˈˉˇˎ˂ˇ, ɽʷˁˍˇˊʰ ˍˇˎ 
ɳ̒ ˄ʽˁˇˏ ɾʶˍˋˈʲʽˇˎ ʃ̌ ˂ˎˍʶ˔˄ʶʾˇˎΣ ʴʽʰ ˍʹ˄ ɦ̞ ˇʴʹ ˋˎ˄ʶˊʴʰˋʾʰ ˃ʰˌ ˁʰΩ̒ ̍˂ ʹ ˍ ́ʵʽʱˊˁʶʽʰ 
ʶˁˉˈ˄ʹˋʹˌ ̱ ʹˌ ̄ ʰˊˇˏˋʰˌ ʁ ˊʴʰˋʾʰˌΦ 

ɳˉʾˋʹˌ ʻʰ ʺʻʶ˂ʰ ˄ʰ ʶˎ˔ʰˊʽˋˍʺˋ˖ ˍˇˎˌ ʴˇ˄ʶʾˌ ˃ˇˎΣ ɽʶ˖˄ʾʵʰ ˁʰʽ ɳˎʰ˄ʻʾʰ, ˍʰ ʰʵʷˊ˒ʽʰ 
˃ˇˎ ɱʽʱ˄˄ʹ ˁʰʽ ɴ˒ʹΣ ˉˇˎ ˃ʶ ˎˉˇˋˍʺˊʽ˅ʰ˄ ˈ˂ʰ ʰˎˍʱ ˍʰ ˔ˊˈ˄ʽʰ ˁʰʽ ˃ʶ ʲˇʹʻˇˏ˄ ˄ʰ ˁʱ˄˖ 
ˍʽˌ ʶˉʽʻˎ˃ʾʶˌ ˃ˇˎ ˉˊʰʴ˃ʰˍʽˁˈˍʹˍʰΣ ˁʰʻ˗ˌ ˁʰʽ ˍˇˎˌ ˒ʾ˂ˇˎˌ ˃ˇˎΣ ɮ˂ʷ˅ʰ˄ʵˊˇΣ ɱʽʱ˄˄ʹ ˁʰʽ 
ɱʽ˗ˊʴˇ ʴʽʰ ˍʹ˄ ʲˇʺʻʶʽʰ ˁʰʽ ˋˎ˃ˉʰˊʱˋˍʰˋʺ ˍˇˎˌΣ ˍˈˋˇ ˁʰˍʱ ˍʹ˄ ʵʽʱˊˁʶʽʰ ˍ˖˄ ˋˉˇˎʵ˗˄ 
˃ˇˎ ˈˋˇ ˁʰʽ ɹ ʽʰ ˍʹ˄ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˍʹˌ ʵʽˉ˂˖˃ʰˍʽˁʺˌ ˃ˇˎ ʶˊʴʰˋʾʰˌΦ 

ʆʷ˂ˇˌ ʻʰ ʺʻʶ˂ʰ ˄ʰ ʶˎ˔ʰˊʽˋˍʺˋ˖ ʰˉˈ ˁʰˊʵʽʱˌΣ ˍʹ˄ ɲʷˋˉˇʽ˄ʰ ˉˇˎ ˃ʶ ˍˇ ʶ˄ʵʽʰ˒ʷˊˇ˄Σ ˍʹ˄ 
ʰʴʱˉʹ ˁʰʽ ˍʹ˄ ˎˉˇ˃ˇ˄ʺ ˍʹˌΣ  ˃ʶ ˎˉˇˋˍʺˊʽ˅ʶ ˃ʶ ˍˇ ʵʽˁˈ ˍʹˌ ˍˊˈˉˇΣ ˋˍʹ˄ ˇ˂ˇˁ˂ʺˊ˖ˋʹ ˍ˖˄ 
ˋˉˇˎʵ˗˄ ˃ˇˎΦ 
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1 ɳʽˋʰʴ˖ʴʺ 

1.1 ɱʶ˄ʽˁʱ 

ʆˇ ʰ˄ˍʽˁʶʾ˃ʶ˄ˇ ˍʹˌ ˉʰˊˇˏˋʰ ̩ʶˊʴʰˋʾʰˌ ʶʾ˄ʰʽ ˇ ˋ˔ʶʵʽʰˋ˃ˈˌ ˁʰʽ ʹ ʵʽʰˋˍʰˋʽˇ˂ˈʴʹˋʹ ʶ˄ˈˌ 
˃ʶˍʰ˂˂ʽˁˇˏ ˁˍʽˊʾˇˎΦ 

ʅˎʴˁʶˁˊʽ˃ʷ˄ʰΣ ʹ ʰˊ˔ʽˍʶˁˍˇ˄ʽˁʺ ʷ˃ˉ˄ʶˎˋʹ ˉˊˇʷˁˎ˕ʶ ʰˉˈ ʺʵʹ ˎˉʱˊ˔ˇ˄ ˁˍʾˊʽˇ ˃ʶ ˒ʷˊ˖˄ 
ˇˊʴʰ˄ʽˋ˃ˈ ʰˉˈ ˇˉ˂ʽˋ˃ʷ˄ˇ ˋˁˎˊˈʵʶ˃ʰΦ ɰˊʾˋˁʶˍʰʽ ˋˍʹ˄ ˉʶˊʽˇ˔ʺ ˍʹˌ ʃʶˍˊˇˏˉˇ˂ʹˌ 
ɮˍˍʽˁʺˌ ˁʰʽ ˉˊˇˇˊʾʸʶˍʰʽ ʴʽʰ ˇʽˁˇʴʶ˄ʶʽʰˁʷˌ ˁʰˍˇʽˁʾʶˌΦ 

ʁ ˒ˇˊʷʰˌ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˃ʶˍʰ˂˂ʽˁʷˌ ʵˇˁˇˏˌΣ ˇʽ ˇˉˇʾʶˌ ʷ˔ˇˎ˄ ˋˏ˃˃ʽˁˍʹ ˂ʶʽˍˇˎˊʴʾʰ ˃ʶ 
ˍʹ˄ ˉ˂ʱˁʰ ˋˁˎˊˇʵʷ˃ʰˍˇˌ ˍ˖˄ ˇˊˈ˒˖˄Σ ˃ʶˍʰ˂˂ʽˁʱ ˎˉˇˋˍˎ˂˗˃ʰˍʰ ˁʰʽ ˁʰˍʰˁˈˊˎ˒ˇˎˌ 
ˋˎ˄ʵʷˋ˃ˇˎˌ ʵˎˋˁʰ˃˕ʾʰˌ, ˇʽ ˇˉˇʾˇʽ ˍˇˉˇʻʶˍʺʻʹˁʰ˄ ʴʽʰ ˄ʰ ʶ˅ʰˋ˒ʰ˂ʾˋˇˎ˄ ˍʹ˄ 
ʰˉʰʽˍˇˏ˃ʶ˄ʹ ˉ˂ʶˎˊʽˁʺ ʵˎˋˁʰ˃˕ʾʰ ̱ ʹˌ ˁʰˍʰˋˁʶˎʺˌΦ 

ɱʽʰ ˍˇ˄ ˋ˔ʶʵʽʰˋ˃ˈ ˁʰʽ ˍʹ˄ ˃ʶ˂ʷˍʹ ˍˇˎ ˁˍʽˊʾˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˇʽ ʶ˅ʺˌ ʽˋ˔ˏˇ˄ˍʶˌ 
ˁʰ˄ˇ˄ʽˋ˃ˇʾΥ 

¶ ɳˎˊ˖ˁ˗ʵʽˁʰˌ мΥ ɰʰˋʽˁʷˌ ɮˊ˔ʷˌ ʅ˔ʶʵʽʰˋ˃ˇˏ ˁʰʽ ɲˊʱˋʶʽˌ ˋˍʽˌ ˁʰˍʰˋˁʶˎʷˌ 

¶ ɳˎˊ˖ˁ˗ʵʽˁʰˌ оΥ ʅ˔ʶʵʽʰˋ˃ˈˌ ɼʰˍʰˋˁʶˎ˗˄ ʰˉˈ ʋʱ˂ˎʲʰ 

¶ ɳˎˊ˖ˁ˗ʵʽˁʰˌ пΥ ʅ˔ʶʵʽʰˋ˃ˈˌ ʅˏ˃˃ʽˁˍ˖˄ ɼʰˍʰˋˁʶˎ˗˄ 

¶ ɳ˂˂ʹ˄ʽˁˈˌ ɮ˄ˍʽˋʶʽˋ˃ʽˁˈˌ ɼʰ˄ˇ˄ʽˋ˃ˈˌ όɳΦɮΦɼ нлллύ 

1.2  ʃʶˊʽʴˊʰ˒ʺ ˍʹˌ ˁʰˍʰˋˁʶˎʺˌ 

ʆˇ ʶ˅ʶˍʰʸˈ˃ʶ˄ˇ ˉˇ˂ˎ˗ˊˇ˒ˇ ˁˍʾˊʽˇ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ с ˇˊˈ˒ˇˎˌΣ ˋˎ˄ˇ˂ʽˁˇˏ ˏ˕ˇˎˌ ну ƳΦ 
ʆˇ ˁ˂ʽ˃ʰˁˇˋˍʱˋʽˇ ˁʰʻ˗ˌ ˁʰʽ ˇ ʰ˄ʶ˂ˁˎˋˍʺˊʰˌ ˋˎ˄ʶ˔ʾʸˇˎ˄ ˁʰʻΩ ˏ˕ˇˌ ʶˉʾ ˍʹˌ ˋˍʷʴʹˌ ˃ʶ 
ʰˉˇˍʷ˂ʶˋ˃ʰ ˍˇ ˍʶ˂ʽˁˈ ˏ˕ˇˌ ˄ʰ ʰ˄ʷˊ˔ʶˍʰʽ ˋˍʰ он ƳΦ ʆˇ ˋˍʰˍʽˁˈ ˏ˕ˇˌ ˁʱʻʶ ˇˊˈ˒ˇˎ 
ʶˉʽ˂ʷ˔ʻʹˁʶ 4 m ʴʽʰ ˄ʰ ʷ˔ˇˎ˃ʶ ʶˉʰˊˁʺ ʵʽʰ˒ˇˊʱ ˃ʶˍʰ˅ˏ ˇ˂ʽˁˇˏ ˏ˕ˇˎˌ ˁʰʽ ˁʰʻʰˊˇˏ 
ˏ˕ˇˎˌ, ʁ ˅ʰʽˍʾʰˌ ̱ ˖˄ ˎ˂ʽˁ˗˄ ˉˇˎ ˉʰˊʶ˃ʲʱ˂˂ˇ˄ˍʰʽ ʶ˄ʵʽʱ˃ʶˋʰ όˋ˖˂ʹ˄˗ˋʶʽˌΣ ʶˉʽˁʰ˂ˏ˕ʶʽˌΣ 
˒˖ˍʽˋ˃ˈˌΣ ˕ʶˎʵˇˊˇ˒ʺΣ ˉ˂ʱˁʰ ˋˁˎˊˇʵʷ˃ʰˍˇˌ ˁ˂ˉΦύΦ  

 

ʅ˔ʺ˃ʰ 1.1: ʂ˕ʹ ˁˍʽˊʾˇˎ ˁʰˍʱ ʶˉʾˉʶʵˇ ʇɵ 
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ɶ ˁʱˍˇ˕ʹ ˍˇˎ ˁˍʽˊʾˇˎ ˋʶ ˁʱʻʶ ˈˊˇ˒ˇ ʶʾ˄ʰʽ ʾʵʽʰΦ ɮˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ п ʶ˅˗ˋˍʶˌ ό˃ˉʰ˂ˁˈ˄ʽʰύ 
ˁʰʽ ʶʾ˄ʰʽ ˋˎ˄ˇ˂ʽˁˇˏ ʶ˃ʲʰʵˇˏ 390,5 m2. 

 

ʅ˔ʺ˃ʰ 1.2: ɼʱˍˇ˕ʹ ˍˎˉʽˁˇˏ ˇˊˈ˒ˇˎ 

ɼʱʻʶ ˈˊˇ˒ˇˌ ʰˉˇˍʶ˂ʶʾˍʰʽ h ˉˈ ˋˏ˃˃ʽˁˍʹ ˉ˂ʱˁʰ όˍˊʰˉʶʸˇʶʽʵʷˌ ˔ʰ˂ˎʲʵˈ˒ˎ˂˂ˇ ˁʰʽ ʷʴ˔ˎˍˇ 
ˋˁˎˊˈʵʶ˃ʰύ ˋˎ˄ˇ˂ʽˁˇˏ ˉʱ˔ˇˎˌ лΣмр ƳΣ ʹ ˇˉˇʾʰ ʶʵˊʱʸʶˍʰʽ ˃ʷˋ˖ ʵʽʰˍ˃ʹˍʽˁ˗˄ ʺ˂˖˄ 
ˉʱ˄˖ ˋʶ ʵʶˎˍʶˊʶˏˇˎˋʶˌ ʵˇˁˇˏˌ όʵʽʰʵˇˁʾʵʶˌύ ˉˊˇˋ˒ʷˊˇ˄ˍʰˌ ʵʽʰ˒ˊʰʴ˃ʰˍʽˁʺ ˂ʶʽˍˇˎˊʴʾʰ 
ˋˍˇ ˇˊʽy̍ ˄ˍʽˇ ʶˉʾˉʶʵˇΦ ʁʽ ʵʽʰʵˇˁʾʵʶˌ ʶʵˊʱʸˇ˄ˍʰʽ ʰ˃˒ʽʰˊʻˊ˖ˍʱ ˋˍʽˌ ˁˏˊʽʶˌ ʵˇˁˇˏˌ ˁʰʽ 
ʷ˔ˇˎ˄ ˍˇ˄ ʵʽʰ˃ʺˁʹ ʱ˅ˇ˄ʰ ˍˇˎˌ ˋˍˇ˄ ˁʰʻˇ˂ʽˁˈ ʱ˅ˇ˄ʰ ʇΦ ʁʽ ˁˏˊʽʶˌ ʵˇˁˇʾ ˋˍʹˊʾʸˇ˄ˍʰʽ ˋˍʰ 
ˎˉˇˋˍˎ˂˗˃ʰˍʰ ˁʰʽ ˋ˔ʹ˃ʰˍʾʸˇˎ˄ ˉ˂ʰʾˋʽʰ ˊˇˉʺˌΦ  

ʅˍʹ˄ ʵʽʶˏʻˎ˄ˋʹ ʇ ʷ˔ˇˎ˄ ˍˇˉˇʻʶˍʹʻʶʾ ˁʰˍʰˁˈˊˎ˒ˇʽ ˋˏ˄ʵʶˋ˃ˇʽ ʵˎˋˁʰ˃˕ʾʰˌΣ ˇʽ ˇˉˇʾˇʽ 
ˁʰ˂ˇˏ˄ˍʰʽ ˄ʰ ˉʰˊʰ˂ʱʲˇˎ˄ ˍʽˌ ˇˊʽʸˈ˄ˍʽʶˌ ʵˊʱˋʶʽˌ ˋʶ ʰˎˍʺ ˍʹ˄ ʵʽʶˏʻˎ˄ˋʹΦ 

 

ʅ˔ʺ˃ʰ 1.3: ʃˊˇˇˉˍʽˁˈ ˍˇˎ ˁˍʽˊʾˇˎ 
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1.3 ʇ˂ʽˁʱ ɼʰˍʰˋˁʶˎʺˌ 

ɲˇ˃ʽˁˈˌ ʋʱ˂ˎʲʰˌ 

ʁ ˔ʱ˂ˎʲʰˌ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˋʶ ˈ˂ʰ ˍʰ ˋˍˇʽ˔ʶʾʰ ˍʹˌ ˁʰˍʰˋˁʶˎʺˌ ʶʾ˄ʰʽ ˁʰˍʹʴˇˊʾʰˌ 
S355 ˃ ʶ ˍʰ ʶ˅ʺˌ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱΥ 

¶ ɳʽʵʽˁˈ ʲʱˊˇˌ ɹ Ґ78,5 kN/m3  

¶ ʂˊʽˇ ʵʽʰˊˊˇʺˌ fy=355 MPa  

¶ ɳ˒ʶ˂ˁˎˋˍʽˁʺ ʰ˄ˍˇ˔ʺ fu=510 MPa 

¶ ɾʷˍˊˇ ʶ˂ʰˋˍʽˁˈˍʹˍʰˌ ɳҐ210000 MPa 

¶ ɽˈʴˇˌ  toissoƴ tƻƛǎǎƻƴ ˄Ґл,3 

¶ ɾʷˍˊˇ ʵʽʱˍ˃ʹˋʹˌ DҐɳκώнόмҌ˄ύϐҐумллл MPa 

¶ ʅˎ˄ˍΦ ʻʶˊ˃ʽˁʺˌ ʵʽʰˋˍˇ˂ʺˌ ʰҐмн Ȅ 10-6 όʴʽʰ ¢ ғ млллϲ/ύ 

ʅˁˎˊˈʵʶ˃ʰ 

ɱ̔ ʰ ˍʽˌ ˋˏ˃˃ʽˁˍʶˌ ˉ˂ʱˁʶˌ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˋˁˎˊˈʵʶ˃ʰ /нрκолΣ ˍˇˎ ˇˉˇʾˇˎ ˇʽ ˍʽ˃ʷˌ 
ˋ˔ʶʵʽʰˋ˃ˇˏ ʶʾ˄ʰʽΥ 

¶ ɾʷˍˊˇ ʶ˂ʰˋˍʽˁˈˍʹˍʰˌ ɳҐом GPa  

¶ ɳʽʵʽˁˈ ʲʱˊˇˌ ʴҐ25 kN/m3 

¶ ɮ˄ˍˇ˔ʺ fck=25 MPa 

ʋʰ˂ˎʲʵˈ˒ˎ˂˂ˇ 

ʋˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˍˇ ˔ʰ˂ˎʲʵˈ˒ˎ˂˂ˇ {¸a59/Y то ˍˇ ˇˉˇʾˇ ʶʾ˄ʰʽ ˍˊʰˉʶʸˇʶʽʵˇˏˌ 
ˋ˔ʺ˃ʰˍˇˌ, ̄ ˇʽˈˍʹˍʰˌ S320 ̀ ˏ˃˒˖˄ʰ ˃ʶ ˍˇ˄ ɳˎˊ˖ˁ˗ʵʽˁʰ оΦ 

¶ ʂˊʽˇ ʵʽʰˊˊˇʺˌ Ŧyp=320 MPa 

¶ ɳ˒ʶ˂ˁˎˋˍʽˁʺ ʰ˄ˍˇ˔ʺ Ŧup=390 MPa 

 

ʅ˔ʺ˃ʰ 1.4: ɱʶ˖˃ʶˍˊʾʰ ˍˇˎ ˍˊʰˉʶʸˇʶʽʵˇˏˌ ˔ʰ˂ˎʲʵˈ˒ˎ˂˂ˇˎ {¸a59/Y то 

 

ʃˇʽˈˍʹˍʰ ɼˇ˔˂ʾ˖˄ 

ʅˍʽˌ ˃ʶˍʰ˂˂ʽˁʷˌ ˋˎ˄ʵʷˋʶʽˌ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˁˇ˔˂ʾʶˌ ˉˇʽˈˍʹˍʰˌ уΦу ˃ʶ ˍʰ ʶ˅ʺˌ 
˔ʰˊʰˁˍʹˊʽˋˍʽˁʱΥ 

¶ ʂ́ʽˇ ʵʽʰˊˊˇʺˌ Ŧyb=640 MPa 

¶ ɳ˒ʶ˂ˁˎˋˍʽˁʺ h ˄ˍˇ˔ʺ fub=800 MPa 
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2 ɲˊʱˋʶʽˌ 

ʁ ˒ˇˊʷʰˌ ˋ˔ʶʵʽʱʸʶˍʰʽ ˄ʰ ʰ˄ˍʽ˃ʶˍ˖ˉʾʸʶʽ ˃ʶ ̔ˁ ʰ˄ˇˉˇʽʹˍʽˁˈ ʲʰʻ˃ˈ ʰ˅ʽˇˉʽˋˍʾʰˌ ˈ˂ʶˌ ˍʽˌ 
ʵˊʱˋʶʽˌ ˁʰʽ ʶˉʽʵˊʱˋʶʽˌ ʰˉˈ ˍˇ ˉʶˊʽʲʱ˂˂ˇ˄Σ ˇʽ ˇˉˇʾʶˌ ʶʾ˄ʰʽ ˉʽʻʰ˄ˈ˄ ˄ʰ ʶ˃˒ʰ˄ʽˋˍˇˏ˄ 
ˁʰˍʱ ˍʹ˄ ʶˁˍʷ˂ʶˋʹ ˁʰʽ ˍʹ˄ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ ˍˇˎ ˁʰʽ ˄ʰ ˉʰˊʰ˃ʷ˄ʶʽ ˁʰˍʱ˂˂ʹ˂ˇˌ ˁʰʻΩ ˈ˂ʹ ˍʹ˄ 
ʵʽʱˊˁʶʽʰ ˍʹˌ ˔ˊʺˋʹˌ ʴʽʰ ˍʹ˄ ˇˉˇʾʰ ˉˊˇˇˊʾʸʶˍʰʽΦ ɮ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ˄ ˔ˊʺˋʹΣ ˍʹ˄ ˃ˇˊ˒ʺ ˁʰʽ 
ˍʹ˄ ʻʷˋʹ ˍˇˎ ʷˊʴˇˎΣ ˉˊˇˋʵʽˇˊʾʸˇ˄ˍʰʽ ˇʽ ʵˊʱˋʶʽˌ ʴʽʰ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˍˇˎ ˒ˇˊʷʰΣ 
ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˉˊˇˋʵʽˇˊʽˋʻˇˏ˄ ˍʰ ʵˎˋ˃ʶ˄ʷˋˍʶˊʰ ʶ˄ˍʰˍʽˁʱ ˁʰʽ ˉʰˊʰ˃ˇˊ˒˖ˋʽʰˁʱ 
˃ʶʴʷʻʹΦ 

ʁʽ ʵˊʱˋʶʽˌ ˉˇˎ ʰˋˁʺʻʹˁʰ˄ ˋˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʽˌ ʵʽʰˍʱ˅ʶʽˌ 
ˍˇˎ ɳˎˊ˖ˁ˗ʵʽˁʰ м όɳɿ мффмύ ˁʰʽ ˍʰ˅ʽ˄ˇ˃ˇˏ˄ˍʰʽ ˋˍʽˌ ˉʰˊʰˁʱˍ˖ ˁʰˍʹʴˇˊʾʶˌ ʰ˄ʱ˂ˇʴʰ ˃ʶ 
ˍˇ˄ ˔ˊˈ˄ˇ: 

¶ ɾˈ˄ʽ˃ʶˌ όG) (permanent) 

¶ ɾʶˍʰʲ˂ʹˍʷˌ όQ) (variable) 

¶ ʆˎ˔ʹ˃ʰˍʽˁʷˌ όA) (accidental) 

2.1 ɾˈ˄ʽ˃ʶˌ ɲˊʱˋʶʽˌ  

ɾʶ ˍˇ˄ ˈˊˇ ˃ˈ˄ʽ˃ʶˌ ʵˊʱˋʶʽˌ ˄ˇˇˏ˄ˍʰʽ ˈ˂ʶˌ ˇʽ ʵˊʱˋʶʽˌΣ ˇʽ ˇˉˇʾʶˌ ʰ˄ʰ˃ʷ˄ʶˍʰʽ ˄ʰ 
ʶˉʶ˄ʶˊʴʺˋˇˎ˄ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˃ʽʰˌ ʵʶʵˇ˃ʷ˄ʹˌ ˉʶˊʽˈʵˇˎ ʰ˄ʰ˒ˇˊʱˌ ˁʰʽ ʴʽʰ ˍʹ˄ ˇˉˇʾʰ 
ʹ ʵʽʰ˒ˇˊˇˉˇʾʹˋʹ ˍˇˎ ˃ʶʴʷʻˇˎˌ ˍˇˎˌ ˋˍˇ˄ ˔ˊˈ˄ˇ ʶʾ˄ʰʽ ʰ˃ʶ˂ʹˍʷʰΦ ʅˍʹ˄ ˁʰˍʹʴˇˊʾʰ ʰˎˍʺ 
ˉʶˊʽ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˈ˂ʶˌ ˇʽ ˁʰˍʰˁˈˊˎ˒ʶˌ ʵˊʱˋʶʽˌ ˉˇˎ ʵˊˇˎ˄ ˁʰʻΩ ˈ˂ʹ ˍʹ˄ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ 
ˍˇˎ ʷˊʴˇˎΦ 

ʁʽ ʵˊʱˋʶʽˌ ˉ̌ ˎ ˂ʺ˒ʻʹˁʰ˄ ˎˉˈ˕ʹ ̟ ˌ ˃ˈ˄ʽ˃ʶˌ ʶʾ˄ʰʽ ˇʽ ʁ ˅ʺˌΥ  

¶ ʆ̌  ˋˏ˄ˇ˂ˇ ˍˇˎ ʾʵʽˇˎ ʲʱˊˇˎˌ ˍʹˌ ˁʰˍʰˋˁʶˎʺˌ ˁʰʽ ˍ˖˄ ˂ˇʽˉ˗˄ ˒ʶˊˈ˃ʶ˄˖˄ 
ˋˍˇʽ˔ʶʾ˖˄ ʶˉΩ ʰˎˍʺˌ όʵˇˁˇʾΣ ˎˉˇˋˍˎ˂˗˃ʰˍʰύ ˍʰ ˇˉˇʾʰ ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄ ʰˉˈ ˍˇ 
ˉˊˈʴˊʰ˃˃ʰ ʰ˄ʱ˂ˎˋʹˌ Robot Structural Analysis78,5 kN/m3  ɹ ʽʰ ʵˇ˃ʽˁˈ ˔ʱ˂ˎʲʰΦ 

¶ ɺʵʽˇ ʲʱˊˇˌ ˉ˂ʱˁʰˌ ˋˁˎˊˇʵʷ˃ʰˍˇˌ: ḡ .˂ = 2,8 kN/m2. ʅˎʴˁʶˁˊʽ˃ʷ˄ʰ ˃ʶ ˍʹ˄ ˔ˊʺˋʹ 
ˍˇˎ ˂ˇʴʽˋ˃ʽˁˇˏ Symdeck Designer ̄ ˊˇʷˁˎ˕ʶ:  
 
h=0,15 cm (ˉʱ˔ˇˌ ˉ˂ʱˁʰˌ ˃ʶ ˔ʰ˂ˎʲʵˈ˒ˎ˂˂ˇ) 
t=0,75mm & hpҐтоƳƳ όˉʱ˔ˇˌ ˁʰʽ ˏ˕ˇˌ ˔ʰ˂ˎʲʵˈ˒ˎ˂˂ˇˎ {¸a59/Y тоύ 

ɾʷˋˇ ˉʱ˔ˇˌ ˉ˂ʱˁʰˌΥ πȟρυ-πȟπχσϽπȟυ  πȟρρσυ Í  
ḡ .˂ = 0.1135 m Ͻ 25 kN/ m3 = 2,8 kN/ m2  

 
¶ ʃˊˈˋʻʶˍʰ ɾˈ˄ʽ˃ʰ ʊˇˊˍʾʰ: 

G1 = 0,7 kN/m2 (ʶˉʽˁʰ˂ˏ˕ʶʽˌ ̄ ʰˍ˖˃ʱˍ˖˄Σ ˕ʶˎʵˇˊˇ˒ʺύ 
G2 = 10,5 kN/m όˉʶˊʽ˃ʶˍˊʽˁʺ ˍˇʽ˔ˇˉˇʽʾʰ, ʴˊʰ˃˃ʽˁˈ ˒ˇˊˍʾˇ ˋˍʽˌ ˉʶˊʽ˃ʶˍˊʽˁʷˌ 
ʵˇˁˇˏˌύ 
G3 = 0,8 kN/m2 όˉˊˈˋʻʶˍˇ ˒ˇˊˍʾˇ ʴʽʰ ʶ˅˗ˋˍʶˌΣ ʲʰˍʺ ϧ ˃ʹ ʲʰˍʺ ˋˍʷʴʹΣ 
ˉʁ ˊʽ˂ʰ˃ʲʱ˄ʶʽ ʶˉʽˁʰ˂ˏ˕ʶʽˌΣ ˁʱʴˁʶ˂ʰΣ ˁ˂ˉ.) 
G4 = 0,8 kɿκm (ʾɻ ʽˇ ʲʱˊˇˌ ˁ˂ʽ˃ʰˁˇˋˍʰˋʾˇˎ, ʴˊʰ˃˃ʽˁˈ ˒ˇˊˍʾˇ ˋˍʽˌ ˉʶˊʽ˃ʶˍˊʽˁʷˌ 
ʵˇˁˇˏˌ) 
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ɲʽʰ˃ˈˊ˒˖ˋʹ ʶˋ˖ˍʶˊʽˁʺˌ ˍˇʽ˔ˇˉˇʽʾʰˌ  

ʂˊʻʽʰ ʵʽˉ˂ʺ ʵʽʰ˃ˈˊ˒˖ˋʹ ˃ʶ ˋʶ˄ʱʸΣ ˃ˈ˄˖ˋʹ ˁʰʽ ˋˇʲʱΦ 

G = 2,90 kN/m2 (ʾʵʽˇ ʲʱˊˇˌ ʵʽʰ˃ˈˊ˒˖ˋʹˌύ  

ɼʰʻʰˊˈ ˏ˕ˇˌ ˇˊˈ˒ˇˎ п m-0,40 m = 3.60 m 

G2=2,90 Ͻ 3,60 = 10,50 kN/m 

 

ʅ˔ʺ˃ʰ 2.1Υ ɲʽʰ˃ˈˊ˒˖ˋʹ ʶˋ˖ˍʶˊʽˁʺˌ ˍˇʽ˔ˇˉˇʽʾʰˌ 

2.2 ɼʽ˄ʹˍʱ ʊˇˊˍʾ h

ʆʰ ʶˉʽʲʰ˂˂ˈ˃ʶ˄ʰ ˒ˇˊˍʾʰ ˍ˖˄ ˁˍʽˊʾ˖˄ ʶʾ˄ʰʽ ˇ˃ˇʽˈ˃ˇˊ˒ʰ ʵʽʰ˄ʶ˃ʹ˃ʷ˄ʰ (qk) ʺ 
ˋˎʴˁʶ˄ˍˊ˖˃ʷ˄ʰ (Qkύ ˁʰʽ ˇ˒ʶʾ˂ˇ˄ˍʰʽ ʶʾˍʶ ˋʶ ˁʰ˄ˇ˄ʽˁʺ ˔ˊʺˋʹ ˍˇˎ ˁˍʽˊʾˇˎ ʰˉˈ ʰ˄ʻˊ˗ˉˇˎˌΣ 
ʶʾˍʶ ˋʶ ʷˉʽˉ˂ʰΣ ˁʽ˄ʹˍʱ ʰ˄ˍʽˁʶʾ˃ʶ˄ʰΣ ˃ʹ˔ʰ˄ʺ˃ʰˍʰ ˁʰʽ ˇ˔ʺ˃ʰˍʰΦ ɽˈʴ˖ ˍʹˌ ˒ˏˋʹˌ ˍ˖˄ 
˒ˇˊˍʾ˖˄ ʰˎˍ˗˄ ʵʶ˄ ʶʾ˄ʰʽ ʶˉʰˁˊʽʲʺˌ ʹ ˍʽ˃ʺ ˁʰʽ ʹ ʻʷˋʹ ˍˇˎˌ ˁʰʽ ʴʽʰ ˍˇ ˂ˈʴˇ ʰˎˍˈ 
ˉˊˇˋʵʽˇˊʾʸˇ˄ˍʰʽ ˋˍʰˍʽˋˍʽˁʱ ˃ʶ ˍʽ˃ʷˌ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʰˉˈ ˍˇˎˌ ˁʰ˄ˇ˄ʽˋ˃ˇˏˌΦ ʁʽ 
˃ʶˍʰʲ˂ʹˍʷˌ ʵˊʱˋʶʽˌΣ ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˖ˌ ˇ˃ˇʽˈ˃ˇˊ˒ʰ ˁʰˍʰ˄ʶ˃ʹ˃ʷ˄ʶˌ ˁʰʽ ʻʰ ˉˊʷˉʶʽ ˄ʰ 
ˍˇˉˇʻʶˍˇˏ˄ˍʰʽ ˁʰˍʱ ˍˇ˄ ˉ˂ʷˇ˄ ʵˎˋ˃ʶ˄ʺ ˍˊˈˉˇ ˋˍˇ ˒ˇˊʷʰΣ ˗ˋˍʶ ˄ʰ ˁʰ˂ˏˉˍˇ˄ˍʰʽ ˈ˂ʶˌ ˇʽ 
ʵˎˋ˃ʶ˄ʶʾˌ ˒ˇˊˍʾˋʶʽˌ 

ʃˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ʴʾ˄ʶʽ ˇ ˁʰʻˇˊʽˋ˃ˈˌ ˍ˖˄ ʶˉʽʲʰ˂˂ˈ˃ʶ˄˖˄ ˒ˇˊˍʾ˖˄ ˇʽ ʶˉʽ˒ʱ˄ʶʽʶˌ ˍ˖˄ 
ˁˍʽˊʾ˖˄ ˁʰˍʰˍʱˋˋˇ˄ˍʰʽ ˋʶ ˁʰˍʹʴˇˊʾʶˌΣ ʰ˄ʰ˂ˈʴ˖ˌ ˃ʶ ˍʹ˄ ˔ˊʺˋʹ ˍˇˎˌΦ  

ʁʽ ʁ̀˖ˍʶˊʽˁʷˌ ʶˉʽ˒ʱ˄ʶʽʶˌ ˍʹˌ ˁʰˍʰˋˁʶˎʺ ˃ʰˌ ˁʰʻ˗ˌ ˁʰʽ ʹ ʲʰˍʺ ˋˍʷʴʹΣ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ˄ 
ɳɿ 1991-1-мΣ ˉʾ˄ʰˁʰ 6.1 ʶʾ˄ʰʽ ˁʰˍʹʴˇˊʾʰˌ ɮ. ɳˉʽˉ˂ʷˇ˄ ʹ ˃ʹ ʲʰˍʺ ˋˍʷʴʹ όˇˊˇ˒ʺ 
ʵ˗˃ʰˍˇˌύ ʶʾ˄ʰʽ ˁʰˍʹʴˇˊʾʰˌ ɶ. ʆʰ ̀ˎ ʴˁʶ˄ˍˊ˖˃ʷ˄ʰ ˒ˇˊˍʾʰ ʻʰ ʰʴ˄ˇʹʻˇˏ˄Φ  

 

ʃʾ˄ʰˁʰˌ 2.1Υ ɼʰˍʹʴˇˊʾʶˌ ˔ˊʺˋʹˌ ʶˉʽ˒ʰ˄ʶʽ˗˄ ˁˍʽˊʾ˖˄ 

ɼʰˍʹʴˇˊʾʰ ɳʽʵʽˁʺ ʋˊʺˋʹ ʃʰˊʱʵʶʽʴ˃ʰ 

ɮ 
ɳˉʽ˒ʱ˄ʶʽʶˌ ˁʰˍˇʽˁʽ˗˄ 
ˁʰʽ ̄ ʰˊˈ˃ˇʽ˖˄ 
ʵˊʰˋˍʹˊʽˇˍʺˍ˖˄ 

ɲ˖˃ʱˍʽʰ ˋʶ ˁˍʾˊʽʰ ˁʰˍˇʽˁʽ˗˄ ˁʰʽ 
ˇʽˁʽ˗˄Σ ʇˉ˄ˇʵ˖˃ʱˍʽʰ ˁʰʽ ʻʱ˂ʰ˃ˇʽ 
˄ˇˋˇˁˇ˃ʶʾ˖˄Σ ˁ ˇˎʸʾ˄ʶˌ ˁʰʽ ˍˇˎʰ˂ʷˍʶˌΦ 
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ʃʾ˄ʰˁʰˌ 2.2: ɼʰˍʹʴˇˊʾʶˌ ˔ˊʺˋʹˌ ˇˊˇ˒˗˄ 

ɼʰˍʹʴˇˊʾʰ ɳʽʵʽˁʺ ˔ˊʺˋʹ 

H 
ʁˊˇ˒ʷˌ ˉˊˇˋʽˍʷˌ ˃ˈ˄ˇ ʴʽʰ ˁʰ˄ˇ˄ʽˁʺ ˋˎ˄ˍʺˊʹˋʹΣ 
ʶˉʽˋˁʶˎʺΣ ʲʰ˒ʺ ˁʰʽ ˃ʽˁˊˇʶˉʽˋˁʶˎʷˌΦ 

 

ʃʾ˄ʰˁʰˌ 2.3: ɳˉʽʲʰ˂˂ˈ˃ʶ˄ʰ ˒ˇˊˍʾʰ ʵʰˉʷʵ˖˄ ˁˍʽˊʾ˖˄ 

ʊˇˊˍʽʸˈ˃ʶ˄ʶˌ ʶˉʽ˒ʱ˄ʶʽʶˌ qk (kN/m2) Qk (kN) 

ɼʰˍʹʴˇˊʾʰ ɮ   

ɲɦ ˉʶʵʰ 2,0 2,0 

ɼ˂ ʾ˃ʰˁʶˌ 3,5 2,0 

ɳ˅ ˗ˋˍʶˌ 5,0 3,0 

 

ʃʾ˄ʰˁʰˌ 2.4: ɳˉʽʲʰ˂˂ˈ˃ʶ˄ʰ ˒ˇˊˍʾʰ ˋʶ ˋˍʷʴʶˌ 

ʅˍʷʴʹ qk (kN/m2) Qk (kN) 

ɼʰˍʹʴˇˊʾʰ I 0,5 1,0 

 

ɳˉˇ˃ʷ˄˖ˌΣ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇˎˌ ˉʰˊʰˉʱ˄˖ ˉʾ˄ʰˁʶˌ ʰˉˈ ˍˇ ʶʻ˄ʽˁˈ ˉˊˇˋʱˊˍʹ˃ʰ (ɳɿ мффм-
1-1ύ ˉˊˇʷˁˎ˕ʰ˄ ˍʰ ˉʰˊʰˁʱˍ˖ ˖˒ʷ˂ʽ˃ʰ ˒ˇˊˍʾʰΥ 

¶ ɳˋ˖ˍʶˊʽˁʱ ʵʱˉʶʵʰ ϧ ʲʰˍʺ ˋˍʷʴʹΥ Q1 = 2 kN/m2  

¶ ɾʹ ʲʰˍʺ ˋˍʷʴʹΥ Q2 = 0.5 kN/m2 

¶ ɳ˅˗ˋˍʶˌΥ Q3 = 5 kN/m2 

¶ ʅˁʱ˂ʶˌΥ Q4 = 3,5 kN/m2 

ɳˉʾˋʹˌ ˖ˌ ˁʽ˄ʹˍˈ ˒ˇˊˍʾˇ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˁʰʽ ʶˉʽˉ˂ʷˇ˄ ˒ˇˊˍʾˇ ˉˇˎ ˂ʰ˃ʲʱ˄ʶʽ ˎˉˈ˕ʹ ˍʰ 
ˇˉˇʽʰʵʺˉˇˍʶ ʶˋ˖ˍʶˊʽˁʱ ʶ˄ʵʽʱ˃ʶˋʰ ˔˖ˊʾˋ˃ʰˍʰ ˋˍˇˎˌ ˇˊˈ˒ˇˎˌΦ ʅˍˇ ˁˍʾˊʽˇ ˃ʰˌ ˂ʺ˒ʻʹˁʶ 
ˍˇ ˒ˇˊˍʾˇ ʰˎˍˈ ˖ˌ Q5 Ґ лΣу ƪbκƳчΣ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ˄ ˋʹ˃ʶʾ˖ˋʹ сΦнΦόуύ ˍˇˎ ɳɿ мффм-1-1. 

2.3 ɲˊʱˋʶʽˌ ʋʽˇ˄ʽˇˏ 

ʆʰ ˒ˇˊˍʾʰ ˂ˈʴ˖ ˔ʽˇ˄ˈˉˍ˖ˋʹˌ ˉˊˇˋʵʽˇˊʾʸˇ˄ˍʰʽ ˃ʶ ʲʱˋʹ ˍʽˌ ʵʽʰˍʱ˅ʶʽˌ ˍˇˎ ɳˎˊ˖ˁ˗ʵʽˁʰ м 
- ɾʷˊˇˌ 1.3 (EN 1991-1-оύΦ ʆʰ ˒ˇˊˍʾʰ ʰˎˍʱ ʰ˄ʰ˒ʷˊˇ˄ˍʰʽ ˋʶ ˁˍʾˊʽʰ ʺ ˋʶ ʷˊʴʰ ˉˇ˂ʽˍʽˁˇˏ 
˃ʹ˔ʰ˄ʽˁˇˏ ʴʶ˄ʽˁʱΣ ʴʽʰ ˎ˕ˈ˃ʶˍˊˇ ˁʱˍ˖ ˍ˖˄ мрллƳΦ ɸʶ˖ˊˇˏ˄ˍʰʽ ˖ˌ ˋˍʰˍʽˁʱ ˁʰʽ 
ˁʰˍʰˍʱˋˋˇ˄ˍʰʽ ˋˍʽˌ ˃ʶˍʰʲ˂ʹˍʷˌΣ ˁʰʻˇˊʽˋ˃ʷ˄ʶˌ ʵˊʱˋʶʽˌ όˈˉ˖ˌ ʰˎˍʷˌ ˇˊʾʸˇ˄ˍʰʽ ˋˍˇ 9b 
мффлύΦ ʅʶ ʶʽʵʽˁʷˌ ˉʶˊʽˉˍ˗ˋʶʽˌΣ ˈˍʰ˄ ˇʽ ˁʰˍʰʴˊʰ˒ʷˌ ˍʹˌ ˔ʽˇ˄ˈˉˍ˖ˋʹˌ ʵʾ˄ˇˎ˄ ʰˁˊʰʾʶˌ 
ˍʽ˃ʷˌ ˇʽ ˇˉˇʾʶˌ ʵʶ˄ ˃ˉˇˊˇˏ˄ ˄ʰ ʰ˅ʽˇˉˇʽʹʻˇˏ˄ ˃ʷˋ˖ ˍ˖˄ ˋˎ˄ʺʻ˖˄ ˋˍʰˍʽˋˍʽˁ˗˄ ˃ʶʻˈʵ˖˄ 
ʴʽʰ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍʹˌ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʺˌ ˍʽ˃ʺˌ ˍˇˎ ˒ˇˊˍʾˇˎ ˔ʽˇ˄ʽˇˏΣ ˇʽ ʰˁˊʰʾʶˌ ˍʽ˃ʷˌ 
ʰˎˍʷˌ ˃ˉˇˊʶʾ ˄ʰ ʻʶ˖ˊˇˏ˄ˍʰʽ ˖ˌ ˍˎ˔ʹ˃ʰˍʽˁʷˌ ʵˊʱˋʶʽˌΦ 
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ʊˇˊˍʾˇ ʋʽˇ˄ʽˇˏ 

ʆˇ ˒̌ ˊˍʾˇ s ʻʶ˖ˊʶʾˍʰʽ ˈˍʽ ʶ˄ʶˊʴʶʾ ˁʰˍʰˁˈˊˎ˒ʰ ˁʰʽ ʰ˄ʰ˒ʷˊʶˍʰʽ ˋˍʹ˄ ˇˊʽʸˈ˄ˍʽʰ ˉˊˇʲˇ˂ʺ 
ˍʹˌ ˋˍʷʴʹˌΦ  

Ó  ʈϽ#Ͻ#ϽÓ                                                                        (2.1) 

ʂˉˇˎ: 

i˃Υ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˃ˇˊ˒ʺˌ ˒ˇˊˍʾˇˎ ˔ʽˇ˄ʽˇˏΦ 

skΥ ʹ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʺ ˍʽ˃ʺ ˍˇˎ ˒ˇˊˍʾˇˎ ˔ʽˇ˄ʽˇˏ ʶˉʾ ˍˇˎ ʶʵʱ˒ˇˎˌΦ 

CeΥ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʷˁʻʶˋʹˌΣ ˇ ˇˉˇʾˇˌ ʴʽʰ ˁʰ˄ˇ˄ʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ˂ʰ˃ʲʱ˄ʶˍʰʽ ʾˋˇˌ ˃ʶ 1,00. 

CtΥ ˇ ʻʶˊ˃ʽˁˈˌ ˋˎ˄ˍʶ˂ʶˋˍʺˌΣ ˇ ˇˉˇʾˇˌ ʴʽʰ ˁʰ˄ˇ˄ʽˁʷˌ ˋˎ˄ʻʺˁʶˌ ʻʶˊ˃ʽˁʺˌ ˃ˈ˄˖ˋʹˌ ˍʹˌ 
ˋˍʷʴʹˌ ˂ ʰ˃ʲʱ˄ʶˍʰʽ ʾˋˇˌ ˃ʶ 1,00. 

 

ʋʰˊʰˁˍʹˊʽˋˍʽˁʺ ˍʽ˃ʺ ʊˇˊˍʾˇˎ ʋʽˇ˄ʽˇˏ 

Ó   ÓȟϽρ                                                             (2.2) 

sk,0 Υ ʹ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʺ ˍʽ˃ʺ ˍˇˎ ˒ˇˊˍʾˇˎ ˋˍʹ ˋˍʱʻ˃ʹ ˍʹˌ ʻʱ˂ʰˋˋʰˌ όʵʹ˂Φ ʴʽʰ ɮҐлύΣ ˋʶ 
kN/m2 

ɮΥ ʶʾ˄ʰʽ ˍˇ ˎ˕ˈ˃ʶˍˊˇ ˍʹˌ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹˌ ˍˇˉˇʻʶˋʾʰˌ ʰˉˈ ˍʹ˄ ˋˍʱʻ˃ʹ ˍʹˌ ʻʱ˂ʰˋˋʰˌΣ ˋʶ 
m. 

To ˎ̞ ˈ˃ʶˍˊˇ ˍʹˌ ʃʶˍˊˇˏˉˇ˂ʹˌΣ ɮˍˍʽˁʺˌ ʶʾ˄ʰʽ ɮ Ґ мпл m (ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ WikipediaύΦ ɶ 
ɮˍˍʽˁʺ ʰ˄ʺˁʶʽ ˋˍʹ˄ ɵ˗˄ʹ I ̝ ʽˇ˄ʽˇˏΣ ˃ʶ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʺ ˍʽ˃ʺ sk,0 = 0,4 kN/ m2 (ˋˏ˃˒˖˄ʰ ˃ʶ 
ˍˇ˄ ˉʰˊʰˁʱˍ˖ ˔ʱˊˍʹύ.  

ʅˎ˄ʶˉ˗ˌ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʹ ʅ˔ʷˋʹ (2.2) ̄ ˊˇˁˏˉˍʶʽΥ sk = 0,409 kN/ m2  

 

 

ʅ˔ʺ˃ʰ 2.2: ɳʻ˄ʽˁʷˌ ʸ˗˄ʶˌ ˔ʽˇ˄ʽˇˏ όʃʰˊʱˊˍʹ˃ʰ /Σ 9b мффм-1-3) 
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ʅˎ˄ˍʶ˂ʶˋˍʺˌ ɾˇˊ˒ʺˌ ʊˇˊˍʾˇˎ ʋʽˇ˄ʽˇˏ 

ɱʽʰ ˋˍʷʴʶˌ ˃ʶ ʰˉˈˍˇ˃ʶˌ ʰ˂˂ʰʴʷˌ ˏ˕ˇˎˌ ˈˉˇˎ ʶʾ˄ʰʽ ˉʽʻʰ˄ʺ ʹ ˋˎʴˁʷ˄ˍˊ˖ˋʹ ˔ʽˇ˄ʽˇˏ ˂ˈʴ˖ 
ʰ˄ʷ˃ˇˎ ʺ ˇ˂ʾˋʻʹˋʹˌ ʰˉˈ ˎ˕ʹ˂ˈˍʶˊʹ ˋˍʷʴʹΣ ʹ ˁʰˍʰ˄ˇ˃ʺ ʵʾ˄ʶˍʰʽ ʰˉˈ ˍˇ ˉʰˊʰˁʱˍ˖ 
ˋ˔ʺ˃ʰ: 

 

ʅ˔ʺ˃ʰ 2.3: ʅˎ˄ˍʶ˂ʶˋˍʷˌ ˃ˇˊ˒ʺˌ ˒ˇˊˍʾˇˎ ˔ʽˇ˄ʽˇˏ ʴʽʰ ʰˉˈˍˇ˃ʶˌ ʰ˂˂ʰʴʷˌ ̱ ˇˎ ˏ˕ˇˎˌ 
ˋˍʶʴ˗˄ 

ʁʽ ˋˎ˄ˍʶ˂ʶˋˍʷˌ ˃ˇˊ˒ʺˌ ʶʾ˄ʰʽ ˇʽ ʰˁˈ˂ˇˎʻˇʽΥ 

¶ 1˃ = 0,80 Υ ʹ ˔ʰ˃ʹ˂ˈˍʶˊʹ ˋˍʷʴʹ ʶʾ˄ʰʽ ʶˉʾˉʶʵʹ 

¶ 2˃ Ґ ˃s Ҍ ˃w Υ ˈˉˇˎ s˃ ʶʾ˄ʰʽ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˃ˇˊ˒ʺˌ ˂ˈʴ˖ ˇ˂ʾˋʻʹˋʹˌΣ ʽˋˇˏˍʰʽ ˃ʶ л 
ʴʽʰˍʾ ʰ Ґ л ˁʰʽ w˃ ʁ ʾ˄ʰʽ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˃ˇˊ˒ʺˌ ˂ˈʴ˖ ʰ˄ʷ˃ˇˎΦ 

ʁ ˋˎ˄ˍʶ˂ʶˋˍʺˌ w˃ ̄ ˊˇˋʵʽˇˊʾʸʶˍʰʽ ʰˉˈ ˍʹ˄ ˋ˔ʷˋʹΥ 

ʈ×  
Âρ Âς

ςϽÈ
                                                                                (2.3) 

˃ʶ ˍˇ˄ ˉʶˊʽˇˊʽˋ˃ˈΥ лΣул Җ w˃ Җ 4,0 

ˈˉˇˎ  ɹ= 2 kN/m3 όˉˎˁ˄ˈˍʹˍʰ ˔ʽˇ˄ʽˇˏύΣ ˁʰʽ ls = 2h, ˃ ʶ ˍˇ˄ ˉʶˊʽˇˊʽˋ˃ˈΥ р m Җ ls Җ мр m 

¶ ɲ̔ ʶˏʻˎ˄ˋʹ y-y: b1 = 2,5 m & b2 = 7 m , ls = 2h = 8 m 
ɳˉˇ˃ʷ˄˖ˌ w˃,y = 1,1875 Җ 4,0 
ɳˉʶʽʵʺ b2 < ls ,  ˃ мΩ Ґ лΣупу όˎˉˇ˂ˇʴʾʸʶˍʰʽ ˃ʶ ʴˊʰ˃˃ʽˁʺ ˉʰˊʶ˃ʲˇ˂ʺύ 

¶ ɲ̔ ʶˏʻˎ˄ˋʹ x-x: b1 = 7 m & b2 = 9 m , ls = 2h = 8 m 
ɳˉˇ˃ʷ˄˖ˌ w˃,x = 2 Җ 4,0 

 

ʆʶ˂ʽˁˈ ʊˇˊˍʾˇ ʋʽˇ˄ʽˇˏ  

ʆˇ ˍʶ˂ʽˁˈ ˒ˇˊˍʾˇ ˔ʽˇ˄ʽˇˏ ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍʹ ʅ̝ ʷˋʹ (2.1) ʾ ˋˇ ˃ʶ:  

s1 = 0,327 kN/m2   
sw,y = 0,486 kN/m2  &  sмΩ = 0,347 kN/m2   
sw,x = 0,818 kN/m2   
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2.4 ɲˊʱˋʶʽˌ ɮ˄ʷ˃ˇˎ 

Ҡ ̩˒ˇˊˍʾˇ ʰ˄ʷ˃ˇˎ ʶˉʾ ˍ˖˄ ˁʰˍʰˋˁʶˎ˗˄ ʻʶ˖ˊʶʾˍʰʽ ʹ ˉʾʶˋʹ ˉˇˎ ʰ˄ʰˉˍˏˋˋʶˍʰʽ ʰˉˈ ˍʹ˄ 
ʰ˄ʱˋ˔ʶˋʹ ˍʹˌ ˊˇʺˌ ˍˇˎ ʰ˄ʷ˃ˇˎΦ ɮˉˈ ˍʽˌ ʰ˄ʰˉˍˎˋˋˈ˃ʶ˄ʶˌ ˉʽʷˋʶʽˌ ˉˊˇˁˏˉˍˇˎ˄ ʵˎ˄ʱ˃ʶʽˌ 
ˁʱʻʶˍʶˌ ˉˊˇˌ ˍʹ˄ ˉˊˇˋʲʰ˂˂ˈ˃ʶ˄ʹ ʶˉʽ˒ʱ˄ʶʽʰΦ ʁ ɳˎˊ˖ˁ˗ʵʽˁʰ ̩мΣ ɾʷˊˇˌ м-4 ɲ́ ʱˋʶʽˌ 
ʰ˄ʷ˃ˇˎΣ ˉʰˊʷ˔ʶʽ ˁʰ˄ˈ˄ʶˌ ˁʰʽ ˃ʶʻˈʵˇˎˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏ ˍ˖˄ ʵˊʱˋʶ˖˄ ˂ˈʴ˖ ʰ˄ʷ˃ˇˎ ˋʶ 
ˁˍʾˊʽʰ ˁʰʽ ʷˊʴʰ ʃˇ˂ʽˍʽˁˇˏ ɾʹ˔ʰ˄ʽˁˇˏΦ ʁʽ ʵˊʱˋʶʽˌ ˍˇˎ ʰ˄ʷ˃ˇˎ ʶˉʾ ˍ˖˄ ˁʰˍʰˋˁʶˎ˗˄ ˁʰʽ 
ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ˋˍˇʽ˔ʶʾ˖˄ ˍˇˎˌ ˉˊˇˋʵʽˇˊʾʸˇ˄ˍʰʽ ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˍˈˋˇ ˍʽˌ ʶ˅˖ˍʶˊʽˁʷˌ 
ˈˋˇ ˁʰʽ ˍʽˌ ʶˋ˖ˍʶˊʽˁʷˌ ˉʽʷˋʶʽˌ ʰ˄ʷ˃ˇˎΣ ˍʰˎˍˈ˔ˊˇ˄ʰΦ  

ʁʽ ̡hˋʽˁʷˌ ˉʰˊʱ˃ʶˍˊˇʽ ̄ ˇˎ ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˎˉˈ˕ʹ ʶʾ˄ʰʽΥ  

¶ ʃʾʶˋʹ ˍʰ˔ˏˍʹˍʰˌ ʰʽ˔˃ʺˌ ǉp όʹ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʺ ˉʾʶˋʹ ˂ˈʴ˖ ˍʹˌ ˍʰ˔ˏˍʹˍʰˌ ˍˇˎ 
ʰ˄ʷ˃ˇˎ ˋʶ ʰʵʽʰˍʱˊʰˁˍˇ ˉʶʵʾˇύ  

¶ ɼʰˍʱ˂˂ʹ˂ˇʽ ʰʶˊˇʵˎ˄ʰ˃ʽˁˇʾ ˋˎ˄ˍʶ˂ʶˋˍʷˌ όˋˎ˄ˍʶ˂ʶˋˍʷˌ ˉʾʶˋʹˌ ʰ˄ʷ˃ˇˎ ʺ 
ˋˎ˄ˍʶ˂ʶˋˍʷˌ ʵˏ˄ʰ˃ʹˌ). 

 

ɰʰˋʽˁʺ ʆʰ˔ˏˍʹˍʰ ɮ˄ʷ˃ˇˎ 

ɶ ʲʰˋʽˁʺ ˍʰ˔ˏˍʹˍʰ ʰ˄ʷ˃ˇˎ ˇˊʾʸʶˍʰʽ ˖ˌ ˋˎ˄ʱˊˍʹˋʹ ˍʹˌ ʵʽʶˏʻˎ˄ˋʹˌ ˍˇˎ ʰ˄ʷ˃ˇˎ ˁʰʽ ˍʹˌ 
ʶˉˇ˔ʺˌ ˍˇˎ ʷˍˇˎˌΦ 

Vb = cdirϊcseasonϊVb,0 = 27 m/s                                                       (2.4) 

ʂˉˇˎΥ 

cdir : ʁ ʾ˄ʰʽ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʵʽʶˏʻˎ˄ˋʹˌ όʾˋˇˌ ˃ʶ 1,0)  

cseason : ʁ ʾ˄ʰʽ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʶˉˇ˔ʺˌ όʾˋˇˌ ˃ʶ 1,0)  

Vb,0 : ʁ ʾ˄ʰʽ ʹ ʻʶ˃ʶ˂ʽ˗ʵʹˌ ˍʽ˃ʺ ˍʹˌ ʲʰˋʽˁʺˌ ˍʰ˔ˏˍʹˍʰˌ ˍˇˎ ʰ˄ʷ˃ˇˎΦ ʅˏ˃˒˖˄ʰ ˃ʶ ˍˇ ɳʻ˄ʽˁˈ 
ʃˊˇˋʱˊˍʹ˃ʰΣ ʹ ʻʶ˃ʶ˂ʽ˗ʵʹˌ ˍʽ˃ʺ ˍʹˌ ʲʰˋʽˁʺˌ ˍʰ˔ˏˍʹˍʰˌ ˍˇˎ ʰ˄ʷ˃ˇˎ ˇˊʾʸʶˍʰʽ ˋʶ 27 m/ s 
ʴʽʰ ˍʽˌ ˉʶˊʽˇ˔ʷˌ ˃ʶ ʰˉˈˋˍʰˋʹ ˃ʶʴʰ˂ˏˍʶˊʹ ˍ˖˄ мл km h ˉˈ ˍʹ˄ ʰˁˍʺ όˉ˂ʹ˄ ˍ˖˄ ˄ʹˋʽ˗˄ύΦ  

 

ɾʷˋʹ ʆʰ˔ˏˍʹˍʰ ɮ˄ʷ˃ˇˎ  

ɶ ˃ʷˋʹ ˍʰ˔ˏˍʹˍʰ ʰ˄ʷ˃ˇˎΣ ˋʶ ˏ˕ˇˌ Z ̄ ʱ˄˖ ʰˉˈ ˍˇ ʷʵʰ˒ˇˌΣ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍʹ˄ ˍˊʰ˔ˏˍʹˍʰ 
ˍˇˎ ʶʵʱ˒ˇˎˌ ˁʰʽ ˍʹ˄ ˍˇˉˇʴˊʰ˒ʽˁʺ ʵʽʰ˃ˈˊ˒˖ˋʹΦ 

Vm(z) = cr(z)ϊc0(zύϊVb                                                                (2.5) 

ʂˉˇˎΥ 

c0(z) Υ ʶʾ˄ʰʽ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˍˇˉˇʴˊʰ˒ʽˁʺˌ ʵʽʰ˃ˈˊ˒˖ˋʹˌ όˉˊˇˍʶʽ˄ˈ˃ʶ˄ʹ ˍʽ˃ʺ 1,0) 

cr(z) Υ ʶʾ˄ʰʽ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˍˊʰ˔ˏˍʹˍʰˌΦ ɽʰ˃ʲʱ˄ʶʽ ˎˉˈ˕ʹ ˍʹ ˃ʶˍʰʲ˂ʹˍˈˍʹˍʰ ˍʹˌ ˃ʷˋʹˌ 
ˍʰ˔ˏˍʹˍʰˌ ʰ˄ʷ˃ˇˎ ˋˍʹ ʻʷˋʹ ˁʰˍʰˋˁʶˎʺˌ ˂ˈʴ˖ ˍˇˎˌ ˏ˕ˇˎˌ ˉʱ˄˖ ʰˉˈ ˍˇ ʷʵʰ˒ˇˌ ˁʰʽ 
˂ˈʴ˖ ˍʹˌ ˍˊʰ˔ˏˍʹˍʰˌ ˍˇˎ ʶʵʱ˒ˇˎˌ ˍʹˌ ˉˊˇˋʺ˄ʶ˃ʹˌ ˉʶˊʽˇ˔ʺˌ ˋˍʹ ʻʶ˖ˊˇˏ˃ʶ˄ʹ 
ʵʽʶˏʻˎ˄ˋʹ ˍˇˎ ʰ˄ʷ˃ˇˎΦ 

ÃÒÚ  ËÒϽÌÎ       ɹ ʽʰ     ÚÍÉÎ Ú  ÚÍÁØ                                           (2.6) 

 

ƪǊҐлΣмфϽό
Ȋл

ȊлΣLL
ύ
лΣлт

       όˋˎ˄ˍʶ˂ʶˋˍʺˌ ʶʵʱ˒ˇˎˌ)                                          (2.7) 
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ʁʽ ˉˊˇˍʶʽ˄ˈ˃ʶ˄ʶˌ ˍʽ˃ʷˌ ʴʽʰ ˍˇ ˃ʺˁˇˌ ˍˊʰ˔ˏˍʹˍʰˌ z0 ˁʰʽ ˍˇ ʶ˂ʱ˔ʽˋˍˇ ˏ˕ˇˌ zmin  ʵʾ˄ˇ˄ˍʰʽ 
ˋˍˇ˄ ̄ ʰˊʰˁʱˍ˖ ˉʾ˄ʰˁʰ: 

ʃʾ˄ʰˁʰˌ 2.5: ʃˊˇˍʶʽ˄ˈ˃ʶ˄ʶˌ ˍʽ˃ʷˌ Ȋo ˁ ʰʽ Ȋmin 

ɼʰˍʹʴˇˊʾʰ ʶʵʱ˒ˇˎˌ z0 (m) zmin 
(m) 

0 ɸʱ˂ʰˋˋʰ ʺ ˉʰˊʱˁˍʽʰ ˉʶˊʽˇ˔ʺ ʰ˄ˇʽˁˍʺˌ ʻʱ˂ʰˋˋʰˌ 0.003 1 

I ɽʾ˃˄ʶˌ ʺ ʶˉʾˉʶʵʶˌ ˁʰʽ ˇˊʽʸˈ˄ˍʽʶˌ ˉʶˊʽˇ˔ʷˌ ˃ʶ ʰ˃ʶ˂ʹˍʷʰ ʲ˂ʱˋˍʹˋʹ ˁʰʽ ˔˖ˊʾˌ 
ʶ˃ˉˈʵʽʰ 

0.01 1 

II ʃʶˊʽˇ˔ʺ ˃ʶ ˔ʰ˃ʹ˂ʺ ʲ˂ʱˋˍʹˋʹ ˈˉ˖ˌ ʴˊʰˋʾʵʽ ˁʰʽ ˃ʶ˃ˇ˄˖˃ʷ˄ʰ ʶ˃ˉˈʵʽʰ 
όʵʷ˄ˍˊʰΣ ˁˍʾˊʽʰύ ˋʶ ʰˉˈˋˍʰˋʹ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ нл ˒ˇˊʷˌ ˍˇ ˏ˕ˇˌ 
ˍ˖˄ ʶ˃ˉˇʵʾ˖˄ 

0.05 2 

III ʃʶˊʽˇ˔ʺ ˃ʶ ˁʰ˄ˇ˄ʽˁʺ ˁʱ˂ˎ˕ʹ ʲ˂ʱˋˍʹˋʹˌ ʺ ˃ʶ ˁˍʾˊʽʰ ʺ ˃ʶ ˃ʶ˃ˇ˄˖˃ʷ˄ʰ 
ʶ˃ˉˈʵʽʰ ˃ʶ ˃ʷʴʽˋˍʹ ʰˉˈˋˍʰˋʹ ˍˇ ˉˇˏ нл ˒ˇˊʷˌ ˍˇ ˏ˕ˇˌ ˍ˖˄ ʶ˃ˉˇʵʾ˖˄ 
όˈˉ˖ˌ ˔˖ˊʾʰΣ ˉˊˇʱˋˍʽʰΣ ˃ˈ˄ʽ˃ʰ ʵʱˋʹύ 

0.3 5 

I
V 
ʃʶˊʽˇ˔ʺ ˈˉˇˎ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ˍˇ мр҈ ˍʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˁʰ˂ˏˉˍʶˍʰʽ ˃ʶ ˁˍʾˊʽʰ ˁʰʽ 
ˍˇ ˃ʷˋˇ ˏ˕ˇˌ ˍˇˎˌ ˅ʶˉʶˊ˄ʱ ˍʰ мрƳ 

1.0 10 

ɶ ˉʶˊʽˇ˔ʺ ˉˇˎ ˍˇˉˇʻʶˍʶʾˍʰʽ ʹ ˁʰˍʰˋˁʶˎʺ ʶʾ˄ʰʽ ɼʰˍʹʴˇˊʾʰˌ ʶʵʱ˒ˇˎˌ IVΣ ˇˉˈˍʶ z0 = 1 m 
ˁʰʽ zmin =10 m. 

ȊлΣLL = 0,05 m όˁʰˍʹʴˇˊʾʰ ʶʵʱ˒ˇˎˌ ɹɹ) 

z1 = 28 m (ˏ˕ˇˌ ˁˍʽˊʾˇˎΣ ˔˖ˊʾˌ ʵ˗˃ʰύ 

z2 = 32 m (ˏ˕ˇˌ ˁˍʽˊʾˇˎ ˃ʶ ʵ˗˃ʰύ 

 

ɳˉˇ˃ʷ˄˖ˌ ɹ ʽʰ z1 h ˉˈ ʅ˔ʷˋʹ (2.7),  kr = 0,234 ˁ ʰʽ ʰˉˈ ʅ˔ʷˋʹ (2.6), cr(z1) = 0,780. 

ɶ ˃ʷˋʹ ˍʰ˔ˏˍʹˍʰ ʰ˄ʷ˃ˇˎΣ ʰˉˈ ˍʹ ʅ˔ʷˋʹ (2.5), ʁ ʾ˄ʰʽ Vm(z1) = 21,06 m/ s. 

 

ɱʽʰ z2 h ˉˈ (2.7),  kr = 0,234 ˁ ʰʽ ʰˉˈ (2.6), cr(z2) = 0,810. 

ɶ ˃ʷˋʹ ˍʰ˔ˏˍʹˍʰ ʰ˄ʷ˃ˇˎΣ ʰˉˈ ˍʹ˄ ˋ˔ʷˋʹ (2.5), ʁ ʾ˄ʰʽ Vm(z2) = 21,87 m/ s. 

 

ʃʾʶˋʹ ˍʰ˔ˏˍʹˍʰˌ ʰʽ˔˃ʺˌ ǉp 

ɶ ˉʾʶˋʹ ˍʰ˔ˏˍʹˍʰˌ ʰʽ˔˃ʺˌ ˋʶ ˏ˕ˇˌ ȊΣ ʹ ˇˉˇʾʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˃ʷˋʶˌ ˁʰʽ ˃ʽˁˊʺˌ ʵʽʱˊˁʶʽʰˌ 

ʵʽʰˁˎ˃ʱ˄ˋʶʽˌ ˍʰ˔ˏˍʹˍʰˌΣ ˉˊˇˋʵʽˇˊʾʸʶˍʰʽ ʰˉˈ ˍʹ ˋ˔ʷˋʹΥ 

ÑÐÚ  ρχϽ)ÖÚϽ
ρ

ς
ϽʍϽ6Í

ςÚ                                                   (2.8) 

 

ʂˉˇˎΥ 

ˊ Υ ́  ˉˎˁ˄ˈˍʹˍʰ ˍˇˎ ʰʷˊʰ ˁʰʽ ˂ʰ˃ʲʱ˄ʶˍʰʽ ʾˋʹ ˃ʶ лΣллмнр aƎκƳ3
 

Iv(z) : ́  ʷ˄ˍʰˋʹ ˍˇˎ ˋˍˊˇʲʽ˂ʽˋ˃ˇˏ ˋʶ ˏ˕ˇˌ z 
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)ÖÚ
Ë)

ÃπÚϽÌÎ
Ú

Úπ

   ɾʅɻ    ÚÍÉÎ Ú  ÚÍÁØ                                          (2.9) 

ʂ̄ ˇˎΥ 

kI : ̀ ˎ˄ˍʶ˂ʶˋˍʺˌ ˋˍˊˇʲʽ˂ʽˋ˃ˇˏ όʾˋˇˌ ˃ʶ мΣлύΦ 

ɮˉˈ ˍʹ ʅ˔ʷˋʹ (2.9)Σ ʷ˔ˇˎ˃ʶ: ɹ˄(z1) = 0,300 ˁ ʰʽ ʰˉˈ ˍʹ ʅ˔ʷˋʹ (2.8) ˉˊˇˁˏˉˍʶʽ ˈˍʽ qp(z1) = 
0,859 kN/ m2. 

ɮ˄ˍʾˋˍˇʽ˔ʰ ʴʽʰ z2 = 32 mΣ ʷ˔ˇˎ˃ʶ ɹ˄(z2) = 0,289 ˁ ʰʽ qp(z2) = 0,903 kN/ m2. 

 

ʅˎ˄ˍʶ˂ʶˋˍʺˌ ɳ˅˖ˍʶˊʽˁʺˌ ʃʾʶˋʹˌ 

ʁʽ ˋˎ˄ˍʶ˂ʶˋˍʷˌ ʶ˅˖ˍʶˊʽˁʺˌ ˉʾʶˋʹˌ Ŏpe ʶ˅ʰˊˍ˗˄ˍʰʽ ʰˉˈ ˍʽˌ ʵʽʰˋˍʱˋʶʽˌ ˍʹˌ ˒ˇˊˍʽʸˈ˃ʶ˄ʹˌ 
ʶˉʽ˒ʱ˄ʶʽʰˌ ɮ ʴʽʰ ʵˏˇ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʷˌ ˍʽ˃ʷˌΣ ʴʽʰ м Ƴ2 ˁ ʰʽ ʴʽʰ мл Ƴ2.  

ʍˌ ˒ˇˊˍʽʸˈ˃ʶ˄ʹ ʶˉʽ˒ʱ˄ʶʽʰΣ ʻʶ˖ˊʶʾˍʰʽ ʹ ʶˉʽ˒ʱ˄ʶʽʰΣ ʹ ˇˉˇʾʰ ˃ʶˍʰ˒ʷˊʶʽ ˋˍˇ ʶ˅ʶˍʰʸˈ˃ʶ˄ˇ 
ˋˍˇʽ˔ʶʾˇ ˍʹˌ ˁʰˍʰˋˁʶˎʺˌ ˍʹ ʵˊʱˋʹ ˍʹˌ ʰ˄ʶ˃ˇˉʾʶˋʹˌ ˁʰʽ ˉˊˇˁʰ˂ʶʾ ˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ 
ˁʰˍʰˉˈ˄ʹˋʹ ˍˇˎΦ  

ʅˍˇ ʅ˔ʺ˃ʰ 2.п ˒ʰʾ˄ʶˍʰʽ ʹ ʴˊʰ˒ʽˁʺ ʰˉʶʽˁˈ˄ʽˋʹ ˍʹˌ ˃ʶˍʰʲˇ˂ʺˌ ˍʹˌ ˉʾʶˋʹˌ Ŏpe ˋˎ˄ʰˊˍʺˋʶʽ 
ˍʹˌ ˒ˇˊˍʽʸˈ˃ʶ˄ʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ˁʰʽ ˇʽ ˍʽ˃ʷˌ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ʴʽʰ ˍˇˎˌ ˋˎ˄ˍʶ˂ʶˋˍʷˌ 
ʶ˅˖ˍʶˊʽˁʺˌ ˉʾʶˋʹˌ ʶʾ˄ʰʽΥ 

¶ cpe=cpe,1  ɹ ʽʰ  ɮҖм m2                                                                                                    (2.10) 

¶ ÃÐÅ  ÃÐÅȟρ ÃÐÅȟρπ-ÃÐÅȟρϽÌÏÇ! ɹ ʽʰ 1 m2 <A <10 m2                                              (2.11) 

¶ cpe=cpe,10  ɹ ʽʰ ɮҗмл Ƴ
2                                                                                                 (2.12) 

 

ʅ˔ʺ˃ʰ 2.4: ɾʶˍʰʲˇ˂ʺ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ʶ˅˖ˍʶˊʽˁʺˌ ˉʾʶˋʹˌ ˋʶ ˁˍʾˊʽˇΣ ˋˎ˄ʰˊˍʺˋʶʽ ˍʹˌ 
˒ˇˊˍʽʸˈ˃ʶ˄ʹˌ ʶˉʽ˒ʱ˄ʶʽʰˌ ɮ 

 

ɳ˅˖ˍʶˊʽˁʷˌ ˉʽʷˋʶʽˌ ˋʶ ˁʰˍʰˁˈˊˎ˒ˇˎˌ ˍˇʾ˔ˇˎˌ ˃ʶ ˇˊʻˇʴ˖˄ʽˁʺ ˁʱˍˇ˕ʹ 

ʅˍˇ ˉʰˊʰˁʱˍ˖ ʅ˔ʺ˃ʰ ό2.5ύ ˒ʰʾ˄ʶˍʰʽ ˇ ˍˊˈˉˇˌ ˉˊˇˋʵʽˇˊʽˋ˃ˇˏ ˍˇˎ ˏ˕ˇˎˌ ʰ˄ʰ˒ˇˊʱˌ ze 
ʴʽʰ ˍˇˎˌ ˉˊˇˋʺ˃ʶ˄ˇˎˌ ˍˇʾ˔ˇˎˌΣ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ ˋ˔ʷˋʹ ˃ʶˍʰ˅ˏ ˍˇˎ ˏ˕ˇˎˌ h ˁʰʽ ˍˇˎ 
ˉ˂ʱˍˇˎˌ b ̱ ˇˎ ˁˍʽˊʾˇˎΦ 
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ʅ˔ʺ˃ʰ 2.5: ʈ˕ʹ ʰ˄ʰ˒ˇˊʱ ȊŜ ˋˎ˄ʰˊˍʺˋʶʽ ˍ˖˄ Ƙ ˁʰʽ ōΣ ˁʰʽ ˁʰˍʰ˄ˇ˃ʺ ˉʽʷˋʶ˖˄ 

 

ɱʽʰ ˂ˈʴˇˎˌ ʰˋ˒ʰ˂ʶʾʰˌ ˁʰʽ ʰˉ˂ˇˏˋˍʶˎˋʹˌ ʻʰ ʻʶ˖ˊʺˋˇˎ˃ʶ ˍʹ˄ ˉʾʶˋʹ ʰʽ˔˃ʺˌ ˋˍʰʻʶˊʺ 
ʰˉˈ ˍʹ˄ ʲʱˋʹ ʷ˖ˌ ˍʰ ну m ˖ˌ qp(z1) = 0,859 kN/ m2 ˁʰʽ ʰˉˈ ˍʰ ну m ʷ˖ˌ ˍʰ он m όʵ˗˃ʰύ 
˖ˌ qp(z2) = 0,903 kN/ m2. 

ʅˍˇˎˌ ˎˉʺ˄ʶ˃ˇˎˌ ˁʰʽ ˍˇˎˌ ˉʰˊʱˉ˂ʶˎˊˇˎˌ ˍˇʾ˔ˇˎˌΣ ˍˇ ˏ˕ˇˌ ʰ˄ʰ˒ˇˊʱˌ ˂ʰ˃ʲʱ˄ʶˍʰʽ ʾˋˇ 
˃ʶ ˍˇ ˏ˕ˇˌ ˍˇˎ ˁˍʽˊʾˇˎΦ ʅˍˇ ʅ˔ʺ˃ʰ нΦс ˒ʰʾ˄ˇ˄ˍʰʽ ˇʽ ʸ˗˄ʶˌ ˎˉˇʵʽʰʾˊʶˋʹˌ ˍ˖˄ 
ˁʰˍʰˁˈˊˎ˒˖˄ ʶˉʽ˒ʰ˄ʶʽ˗˄ ˁʰʽ ˋˍˇ˄ ˉʾ˄ʰˁʰ нΦс ʵʾ˄ˇ˄ˍʰʽ ˇʽ ˋˎ˄ˍʶ˂ʶˋˍʷˌ ʶ˅˖ˍʶˊʽˁʺˌ 
ˉʾʶˋʹˌ Ŏpe,10 ˁʰʽ Ŏpe,1 ˋˎ˄ʰˊˍʺˋʶʽ ˍˇˎ ˂ˈʴˇˎ ƘκŘ ˁʰʽ ˍ˖˄ ʸ˖˄˗˄ ˎˉˇʵʽʰʾˊʶˋʹˌ ˍ˖˄ 
ˁʰˍʰˁˈˊˎ˒˖˄ ˍˇʾ˔˖˄ ˍʹˌ ˁʰˍʰˋˁʶˎʺˌΦ 

 

b < h ¢ 2b 

ɧɣɖ əŰɘɟɑɞɡ əŬŰŬɜɞɛɐ ˊɑŮůɖɠ Ŭɜɏɛɞɡ ɨɣɞɠ 
ŬɜŬűɞɟɎɠ 
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ʅ˔ʺ˃ʰ 2.6: ʅˎ˃ʲˇ˂ʽˋ˃ˇʾ ʴʽʰ ˁʰˍʰˁˈˊˎ˒ˇˎˌ ˍˇʾ˔ˇˎˌ 

 

ʃʾ˄ʰˁʰˌ 2.6: ʅˎ˄ˍʶ˂ʶˋˍʷˌ ʶ˅˖ˍʶˊʽˁʺˌ ˉʾʶˋʹˌ ʴʽʰ ˁʰˍʰˁˈˊˎ˒ˇˎˌ ˍˇʾ˔ˇˎˌ ˇˊʻˇʴ˖˄ʽˁ˗˄ 
ˁˍʽˊʾ˖˄ 

ɵ˗˄ʹ ɮ ɰ C D E 

h/d cpe,10 cpe,1 cpe,10 cpe,1 cpe,10 cpe,1 cpe,10 cpe,1 cpe,10 cpe,1 

5 -1,2 -1,4 -0,8 -1,1 -0,5 

-0,5 

-0,5 

+0,8 +1,0 -0,7 

-0,5 

-0,3 
1 -1,2 -1,4 -0,8 -1,1 +0,8 +1,0 

Җ0,25 -1,2 -1,4 -0,8 -1,1 +0,7 +1,0 

ɱʽʰ ʶ˄ʵʽʱ˃ʶˋʶˌ ˍʽ˃ʷˌ ˍˇˎ ƘκŘ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ʴˊʰ˃˃ʽˁʺ ˉʰˊʶ˃ʲˇ˂ʺΦ 

 

ȳɣɖ 

ȾɎŰɞɣɖ 
e=b ɐ 2h, 
    ɧˊɞɘɞ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞ 
 
b: ŭɘɎůŰŬůɖ ŮɔəɎɟůɘŬ ůŰɞɜ ɎɜŮɛɞ 
 

ȳɣɖ ɔɘŬ e < d 

ɎɜŮɛɞɠ 

ɎɜŮɛɞɠ 

ɎɜŮɛɞɠ 

ȳɣɖ ɔɘŬ e ² d 

ɎɜŮɛɞɠ 

ɎɜŮɛɞɠ 

ȳɣɖ ɔɘŬ e ² 5d 

ɎɜŮɛɞɠ ɎɜŮɛɞɠ 

                 d 
e/5               d-e/5 

               e                       d-e 
  e/5          4/5 e 

d 
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ɳ˅˖ˍʶˊʽˁʺ ˉʾʶˋʹ 

ɶ ˉʾʶˋʹ ˍˇˎ ʰ˄ʷ˃ˇˎ ʹ ˇˉˇʾʰ ʵˊʰ ˁʱʻʶˍʰ ˋˍʽˌ ʶ˅˖ˍʶˊʽˁʷˌ ʶˉʽ˒ʱ˄ʶʽʶˌ ˃ʽʰˌ ˁʰˍʰˋˁʶˎʺˌΣ 
ˉˊˇˁˏˉˍʶʽ ʰˉˈ ˍʹ˄ ˋ˔ʷˋʹΥ 

×Å ÑÐÚÅϽÃÐÅ                                                           (2.13) 

 

ʇˉˇ˂ˇʴʽˋ˃ˈˌ ʶ˅˖ˍʶˊʽˁ˗˄ ˉʽʷˋʶ˖˄ 

ɱʽʰ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˃ʰˌ ʻʰ ˃ʶ˂ʶˍʹʻˇˏ˄ о ʵʽʶˎʻˏ˄ˋʶʽˌ ʰ˄ʷ˃ˇˎ ʶ˅ʰʽˍʾʰˌ ˍʹˌ 
ʰ˄ˇ˃ˇʽˇ˃ˇˊ˒ʾʰˌ ˍˇˎ ˁˍʽˊʾˇˎ ˁʰʽ ˍʹˌ ʵʽʰ˒ˇˊʶˍʽˁʺˌ ˁʰˍʰ˄ˇ˃ʺˌ ˍ˖˄ ˒ˇˊˍʾ˖˄ ˋʶ ˁʱʻʶ 
ˍ˃ʺ˃ʰΦ ʁʽ ʵʽʶˎʻˏ˄ˋʶʽˌ ˉˇˎ ʻʰ ʰ˄ʰ˂ˎʻˇˏ˄Υ 

¶ ʻ Ґ лˇ όˁʰˍʱ ҌY) 

¶ ʻ Ґ флˇ όˁʰˍʱ ςʋύ 

¶ ʻ Ґ мулˇ όˁʰˍʱ ςY) 

ʅˍʽˌ о ʵʽʶˎʻˏ˄ˋʶʽˌ ˍˇˎ ʰ˄ʷ˃ˇˎ ˍˇ ˁˍʾˊʽˇ ʻʰ ˔˖ˊʽˋˍʶʾ ˋʶ н ˍ˃ʺ˃ʰˍʰ ˁʰʽ ʻʰ ˎˉˇ˂ˇʴʽˋʻˇˏ˄ 
˅ʶ˔˖ˊʽˋˍʱ ˇʽ ʶ˅˖ˍʶˊʽˁʷˌ ˉʽʷˋʶʽˌΦ ʆˇ ˉˊ˗ˍˇ ˍ˃ʺ˃ʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇ ˁˍʾˊʽˇ ʰˉˈ ˍʹ˄ ʲʱˋʹ 
ʷ˖ˌ ˍʰ 28 m ˁʰʽ ˍˇ ʵʶˏˍʶˊˇ ˍ˃ʺ˃ʰ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ˍˇ ʵ˗˃ʰ (h = 4 m & z2 = 32 m). ʅˍˇ 
ˋ˔ʺ˃ʰ нΦт ʵʾ˄ˇ˄ˍʰʽ ˋʶ ˁʱˍˇ˕ʹ ˇʽ ʵʽʶˎʻˏ˄ˋʶʽˌ ʰ˄ʷ˃ˇˎ ˉˇˎ ʻʰ ˃ʶ˂ʶˍʹʻˇˏ˄Φ 

 

ʅ˔ʺ˃ʰ 2.7Υ ɲʽʶˎʻˏ˄ˋʶʽˌ ʰ˄ʷ˃ˇˎ 

ɲʽʶˏʻˎ˄ˋʹ ʰ˄ʷ˃ˇˎ ʻҐлϲ 
ʆ˃ʺ˃ʰ ʃˊ˗ˍˇ (z1 = 28 m) 

ɲʶʵˇ˃ʷ˄ʰΥ  h = 28 m, b = 25 m & d = 13,5 m, qp(z1) = 0,859 kN/m2 

ɴ˔ˇˎ˃ʶ Å ÍÉÎ ÂȠςÈ ςυ Í ˁ ʰʽ h/d = 2,07 

ɳˉʶʽʵʺ eҗd ʰˉˈ ˍˇ ʅ˔ʺ˃ʰ 2.6 ˉˊˇˁˏˉˍʶʽ ˈˍʽ ˍˇ ˃ʺˁˇˌ d ʻʰ ˔˖ˊʽˋˍʶʾ ˋʶ ʵˏˇ ʸ˗˄ʶˌΣ ɮ ˁʰʽ 
ɰΦ 

¶ ɵ˗˄ʹ ɮ  
ɾʺˁˇˌ: e/5 = 5 m  
ɳ˃ʲʰʵˈ˄: ɳɮ = (e/5)  h = 140 m2 > 10 m2 h ˉˈ ̀ ˔ʷˋʹ (2.12) cpe = cpe,10 
cpe = -1,2 (ʃʾ˄ʰˁʰˌ 2.6) 
We = cpe  qp(z1) = -1,03 kN/m2 
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¶ ɵ˗˄ʹ ɰ 
ɾʺˁˇˌ: d-(e/5) = 8,5 m  
ɳ˃ʲʰʵˈ˄: ɳɮ = [d-(e/5)]  h = 238 m2 > 10 m2 h ˉˈ ̀ ˔ʷˋʹ (2.12) cpe = cpe,10 
cpe = -0,8 (ʃʾ˄ʰˁʰˌ 2.6) 
We = cpe  qp(z1) = -0,69 kN/m2 
 

¶ ɵ˗˄ʹ D 
ɾʺˁˇˌ: b = 25 m  
ɳ˃ʲʰʵˈ˄: ɳɮ = b  h = 700 m2 > 10 m2 h ˉˈ ̀ ˔ʷˋʹ (2.12) cpe = cpe,10 
cpe = +0,8 (ʃʾ˄ʰˁʰˌ 2.6) 
We = cpe  qp(z1) = +0,69 kN/m2 
 

¶ ɵ˗˄ʹ 9 
ɾʺˁˇˌΥ ō Ґ нр Ƴ  
ɳ˃ʲʰʵˈ˄Υ ɳɮ Ґ ō ϊ Ƙ Ґ тлл Ƴ

2 > 10 m2 h ˉˈ ˋ˔ʷˋʹ (2.12) cpe = cpe,10 
cpe = -0,554 (ʃʾ˄ʰˁʰˌ 2.6) 
We = cpe ϊ ǉp(z1) = -0,48 kN/m2 

 

 

ʅ˔ʺ˃ʰ 2.8: ʊˇˊˍʾˋʶʽˌ ˉˊ˗ˍˇˎ ˍ˃ʺ˃ʰˍˇˌ ˂ˈʴ˖ ˍˇˎ ʰ˄ʷ˃ˇˎ ʻ Ґ лˇ 

 

ʆ˃ʺ˃ʰ ɲʶˏˍʶˊˇ (z2 = 32 m) 

ɲʶʵˇ˃ʷ˄ʰΥ  h = 4 m, b = 7 m & d = 2,5 m, qp(z2) = 0,903 kN/m2 

ɴ˔ˇˎ˃ʶ Å ÍÉÎ ÂȠςÈ χ Í ˁ ʰʽ h/d = 1,6 

ɳˉʶʽʵʺ eҗd ʰˉˈ ˍˇ ʅ˔ʺ˃ʰ 2.6 ˉˊˇˁˏˉˍʶʽ ˈˍʽ ˍˇ ˃ʺˁˇˌ d ʻʰ ˔˖ˊʽˋˍʶʾ ˋʶ ʵˏˇ ʸ˗˄ʶˌΣ ɮ ˁʰʽ 
ɰΦ ɽˈʴ˖ ˍˇˎ ˈˍʽ ʹ ʵʽʱˋˍʰˋʹ d ʶʾ˄ʰʽ ˋ˔ʶˍʽˁʱ ˃ʽˁˊʺ ʻʰ ʻʶ˖ˊʺˋ˖ ˃ʽʰ ʸ˗˄ʹ ˋʶ ˈ˂ˇ ˍˇ 
˃ʺˁˇˌΣ ˍʹ˄ ɮΣ ˖ˌ ʵˎˋ˃ʶ˄ʷˋˍʶˊʹ ˁʰʽ ˎˉʷˊ ʰˋ˒ʰ˂ʶʾʰˌΦ 
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¶ ɵ˗˄ʹ ɮ  
ɾʺˁˇˌ: e/5 = 1,4 m  
ɳ˃ʲʰʵˈ˄: ɳɮ=(e/5)h=5,6m2<10m2 ʰˉˈ ˋ˔ʷˋʹ (2.11) 

ÃÐÅ  ÃÐÅȟρ ÃÐÅȟρπ-ÃÐÅȟρϽÌÏÇ! 

cpe,1 = -1,4 & cpe,10 = -1,2 h ˉˈ (ʃʾ˄ʰˁʰˌ 2.6) 
cpe = -1,25 
We = cpe  qp(z2) = -1,13 kN/m2 
 

¶ ɵ˗˄ʹ D 
ɾʺˁˇˌ: b = 7 m  
ɳ˃ʲʰʵˈ˄Υ ɳɮ = b  h = 28 m2 > 10 m2 h ˉˈ ˋ˔ʷˋʹ (2.12) cpe = cpe,10 
cpe = +0,8 (ʃʾ˄ʰˁʰˌ 2.6) 
We = cpe  qp(z2) = +0,72 kN/m2 
 

¶ ɵ˗˄ʹ E 
ɾʺˁˇˌ: b = 7 m  
ɳ˃ʲʰʵˈ˄Υ ɳɮ = b  h = 28 m2 > 10 m2 h ˉˈ ˋ˔ʷˋʹ (2.12) cpe = cpe,10 
cpe = -0,5 (ʃʾ˄ʰˁʰˌ 2.6) 
We = cpe  qp(z2) = -0,45 kN/m2 

 

 

ʅ˔ʺ˃ʰ 2.9: ʊˇˊˍʾˋʶʽˌ ʵʶˏˍʶˊˇˎ ̱ ˃ʺ˃ʰˍˇˌ ˂ˈʴ˖ ˍˇˎ ʰ˄ʷ˃ˇˎ ʻ Ґ лˇ 

 

ɲʽʶˏʻˎ˄ˋʹ ʰ˄ʷ˃ˇˎ ʻ Ґ флˇ 
ʆ˃ʺ˃ʰ ʃˊ˗ˍˇ όz1 = 28 m) 

ɲʶʵˇ˃ʷ˄ʰΥ  h = 28 m, b = 13,5 m & d = 25 m, qp(z1) = 0,859 kN/m2 

ɴ˔ˇˎ˃ʶ Å ÍÉÎ ÂȠςÈ ρσȟυ Í ˁ ʰʽ h/d = 1,12 

ɳˉʶʽʵʺ e<d ʰˉˈ ˍˇ ʅ˔ʺ˃ʰ 2.6 ˉˊˇˁˏˉˍʶʽ ˈˍʽ ˍˇ ˃ʺˁˇˌ d ʻʰ ˔˖ˊʽˋˍʶʾ ˋʶ ˍˊʶʽˌ ʸ˗˄ʶˌΣ ɮΣ ɰ 
ˁʰʽ C. ʅˍʹ˄ ˉʶˊʽˇ˔ʺ ˃ʶ ˍʹ˄ ʶˋˇ˔ʺ όʱ˄˖ ˍ˃ʺ˃ʰύ ˂ˈʴ˖ ʴʶ˖˃ʶˍˊʾʰˌ ʻʶ˖ˊʺʻʹˁʶ ˍˇ 
ʵˎˋ˃ʶ˄ʷˋˍʶˊˇ ˋʶ˄ʱˊʽˇΦ 
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¶ ɵ˗˄ʹ ɮ  
ɾʺˁˇˌ: e/5 = 2,7 m  
ɳ˃ʲʰʵˈ˄Υ ɳɮ = (e/5)  h = 75,6 m2 > 10 m2 h ˉˈ ˋ˔ʷˋʹ (2.12) cpe = cpe,10 
cpe = -1,2 (ʃʾ˄ʰˁʰˌ 2.6) 
We = cpe  qp(z1) = -1,03 kN/m2 
 

¶ ɵ˗˄ʹ ɰ 
ɾʺˁˇˌ: (4/5)  e = 10,8 m  
ɳ˃ʲʰʵˈ˄: ɳɮ = (4/5)  e  h = 302,4 m2 > 10 m2 h ˉˈ ̀ ˔ʷˋʹ (2.12) cpe = cpe,10 
cpe = -0,8 ʃʾ˄ʰˁʰˌ 2.6) 
We = cpe  qp(z1) = -0,69 kN/m2 
 

¶ ɵ˗˄ʹ C 
ɾʺˁˇˌ: d-e = 11,5 m  
ɳ˃ʲʰʵˈ˄: ɳɮ = (d-e)  h = 322 m2 > 10 m2 h ˉˈ ̀ ˔ʷˋʹ (2.12) cpe = cpe,10 
cpe = -0,5 (ʃʾ˄ʰˁʰˌ 2.6) 
We = cpe  qp(z1) = -0,43 kN/m2 
 

¶ ɵ˗˄ʹ D 
ɾʺˁˇˌΥ ō Ґ 13,5 m  
ɳ˃ʲʰʵˈ˄Υ ɳɮ Ґ ō ϊ Ƙ Ґ 378 m2 > 10 m2 h ˉˈ ˋ˔ʷˋʹ (2.12) cpe = cpe,10 
cpe = +0,8 ʃʾ˄ʰˁʰˌ 2.6) 
We = cpe ϊ ǉp(z1) = +0,69 kN/m2 
 

¶ ɵ˗˄ʹ E 
ɾʺˁˇˌΥ ō Ґ 13,5 m  
ɳ˃ʲʰʵˈ˄Υ ɳɮ Ґ ō ϊ Ƙ Ґ 378 m2 > 10 m2 h ˉˈ ˋ˔ʷˋʹ (2.12)cpe = cpe,10 
cpe = -0,506 (ʃʾ˄ʰˁʰˌ 2.6) 
We = cpe ϊ ǉp(z1) = -0,43 kN/m2 

 

 

ʅ˔ʺ˃ʰ 2.10: ʊˇˊˍʾˋʶʽˌ ˉˊ˗ˍˇˎ ˍ˃ʺ˃ʰˍˇˌ ˂ˈʴ˖ ˍˇˎ ʰ˄ʷ˃ˇˎ ʻ = 90ˇ 
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ʆ˃ʺ˃ʰ ɲʶˏˍʶˊˇ όz2 = 32 m) 

ɲʶʵˇ˃ʷ˄ʰΥ  h = 4 m, b = 2,5 m & d = 7 m, qp(z2) = 0,903 kN/m2 

ɴ˔ˇˎ˃ʶ Å ÍÉÎ ÂȠςÈ ςȟυ Í ˁ ʰʽ h/d = 0,57 

ɳˉʶʽʵʺ e<d ʰˉˈ ˍˇ ʅ˔ʺ˃ʰ 2.6 ˉˊˇˁˏˉˍʶʽ ˈˍʽ ˍˇ ˃ʺˁˇˌ d ʻʰ ˔˖ˊʽˋˍʶʾ ˋʶ ˍˊʶʽˌ ʸ˗˄ʶˌΣ ɮΣ ɰ 
ˁʰʽ C. ʇˉʷˊ ʰˋ˒ʰ˂ʶʾʰˌ ʻʰ ʻʶ˖ˊʺˋ˖ ˃ʽʰ ʸ˗˄ʹ ˋʶ ˈ˂ˇ ˍˇ ˃ʺˁˇˌ dΣ ˍʹ˄ ɮΣ ˖ˌ 
ʵˎˋ˃ʶ˄ʷˋˍʶˊʹΦ 

¶ ɵ˗˄ʹ ɮ  
ɾʺˁˇˌ: e/5 = 0,5 m  

ɳ˃ʲʰʵˈ˄: ɳɮ=(e/5) h=2m2< 10 m2 h ˉˈ ̀ ˔ʷˋʹ (2.11) ÃÐÅ  ÃÐÅȟρ ÃÐÅȟρπ-ÃÐÅȟρϽÌÏÇ! 

cpe,1 = -1,4 & cpe,10 = -1,2 h ˉˈ (ʃʾ˄ʰˁʰˌ 2.6) 
cpe = -1,25 
We = cpe  qp(z2) = -1,13 kN/m2 
 

¶ ɵ˗˄ʹ D 
ɾʺˁˇˌ: b = 2,5 m  
ɳ˃ʲʰʵˈ˄Υ ɳɮ = b  h = 10 m2 җ 10 m2 h ˉˈ ˋ˔ʷˋʹ (2.12) cpe = cpe,10 
cpe = +0,8 (ʃʾ˄ʰˁʰˌ 2.6) 
We = cpe  qp(z2) = +0,72 kN/m2 
 

¶ ɵ˗˄ʹ E 
ɾʺˁˇˌ: b = 2,5 m  
ɳ˃ʲʰʵˈ˄Υ ɳɮ = b  h = 10 m2 җ 10 m2 h ˉˈ ˋ˔ʷˋʹ (2.12) cpe = cpe,10 
cpe = -0,5 (ʃʾ˄ʰˁʰˌ 2.6) 
We = cpe  qp(z2) = -0,45 kN/m2 

 

 

ʅ˔ʺ˃ʰ 2.11: ʊˇˊˍʾˋʶʽˌ ʵʶˏˍʶˊˇˎ ˍ˃ʺ˃ʰˍˇˌ ˂ˈʴ˖ ˍˇˎ ʰ˄ʷ˃ˇˎ ʻ Ґ флˇ 

 

 

 

 

 

 



 
 32 

 

ɲʽʶˏʻˎ˄ˋʹ ʰ˄ʷ˃ˇˎ ʻ Ґ 180ˇ 
ʆ˃ʺ˃ʰ ʃˊ˗ˍˇ όz1 = 28 m) 

ɲʶʵˇ˃ʷ˄ʰΥ  h = 28 m, b = 25 m & d = 13,5 m, qp(z1) = 0,859 kN/m2 

ɴ˔ˇˎ˃ʶ Å ÍÉÎ ÂȠςÈ ςυ Í ˁ ʰʽ h/d = 2,07 

ɳˉʶʽʵʺ eҗd ʰˉˈ ˍˇ ʅ˔ʺ˃ʰ 2.6 ˉˊˇˁˏˉˍʶʽ ˈˍʽ ˍˇ ˃ʺˁˇˌ d ʻʰ ˔˖ˊʽˋˍʶʾ ˋʶ ʵˏˇ ʸ˗˄ʶˌΣ ɮ ˁʰʽ 
ɰΦ 

¶ ɵ˗˄ʹ ɮ  
ɾʺˁˇˌ: e/5 = 5 m  
ɳ˃ʲʰʵˈ˄Υ ɳɮ = (e/5)  h = 140 m2 > 10 m2 h ˉˈ ˋ˔ʷˋʹ (2.12) cpe = cpe,10 
cpe = -1,2 (ʃʾ˄ʰˁʰˌ 2.6) 
We = cpe  qp(z1) = -1,03 kN/m2 
 

¶ ɵ˗˄ʹ ɰ 
ɾʺˁˇˌ: d-(e/5) = 8,5 m  
ɳ˃ʲʰʵˈ˄: ɳɮ = [d-(e/5)]  h = 238 m2 > 10 m2 h ˉˈ ˋ˔ʷˋʹ (2.12) cpe = cpe,10 
cpe = -0,8 (ʃʾ˄ʰˁʰˌ 2.6) 
We = cpe  qp(z1) = -0,69 kN/m2 
 

¶ ɵ˗˄ʹ D 
ɾʺˁˇˌ: b = 25 m  
ɳ˃ʲʰʵˈ˄: ɳɮ = b  h = 700 m2 > 10 m2 h ˉˈ ̀ ˔ʷˋʹ (2.12) cpe = cpe,10 
cpe = +0,8 (ʃʾ˄ʰˁʰˌ 2.6) 
We = cpe  qp(z1) = +0,69 kN/m2 
 

¶ ɵ˗˄ʹ 9 
ɾʺˁˇˌΥ ō Ґ нр Ƴ  
ɳ˃ʲʰʵˈ˄Υ ɳɮ Ґ ō ϊ Ƙ Ґ тлл Ƴ

2 > 10 m2 h ˉˈ ˋ˔ʷˋʹ (2.12) cpe = cpe,10 
cpe = -0,554 (ʃʾ˄ʰˁʰˌ 2.6) 
We = cpe ϊ ǉp(z1) = -0,48 kN/m2 

 

ʅ˔ʺ˃ʰ 2.12: ʊˇˊˍʾˋʶʽˌ ˉˊ˗ˍˇˎ ˍ˃ʺ˃ʰˍˇˌ ˂ˈʴ˖ ˍˇˎ ʰ˄ʷ˃ˇˎ ʻ Ґ мулˇ 
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ʆ˃ʺ˃ʰ ɲʶˏˍʶˊˇ όz2 = 32 m) 

ɲʶʵˇ˃ʷ˄ʰΥ  h = 4 m, b = 7 m & d = 2,5 m, qp(z2) = 0,903 kN/m2 

ɴ˔ˇˎ˃ʶ Å ÍÉÎ ÂȠςÈ χ Í ˁ ʰʽ h/d = 1,6 

ɳˉʶʽʵʺ eҗd ʰˉˈ ˍˇ ˋ˔ʺ˃ʰ нΦс ˉˊˇˁˏˉˍʶʽ ˈˍʽ ˍˇ ˃ʺˁˇˌ d ʻʰ ˔˖ˊʽˋˍʶʾ ˋʶ ʵˏˇ ʸ˗˄ʶˌΣ ɮ ˁʰʽ 
ɰΦ ɽˈʴ˖ ˍˇˎ ˈˍʽ ʹ ʵʽʱˋˍʰˋʹ d ʶʾ˄ʰʽ ˋ˔ʶˍʽˁʱ ˃ʽˁˊʺ ʻʰ ʻʶ˖ˊʺˋ˖ ˃ʽʰ ʸ˗˄ʹ ˋʶ ˈ˂ˇ ˍˇ 
˃ʺˁˇˌΣ ˍʹ˄ ɮΣ ˖ˌ ʵˎˋ˃ʶ˄ʷˋˍʶˊʹ ˁʰʽ ˎˉʷˊ ʰˋ˒ʰ˂ʶʾʰˌΦ ʁ˃ˇʾ˖ˌ ˃ʶ ʻ Ґ лˇ ˉˊˇˁˏˉˍʶʽ ʹ 
ˉʰˊʰˁʱˍ˖ ˒ˈˊˍʽˋʹΥ 

 

ʅ˔ʺ˃ʰ 2.13: ʊˇˊˍʾˋʶʽˌ ʵʶˏˍʶˊˇˎ ˍ˃ʺ˃ʰˍˇˌ ˂ˈʴ˖ ˍˇˎ ʰ˄ʷ˃ˇˎ ʻ Ґ мул ̌ 

 

ʃʽʷˋʶʽˌ ˋʶ ˇˊʽʸˈ˄ˍʽʶˌ ˋˍʷʴʶˌ 

ʁˊʽʸˈ˄ˍʽʶˌ ʻʶ˖ˊˇˏ˄ˍʰʽ ˇʽ ˋˍʷʴʶˌ ˃ʶ ˁ˂ʾˋʹ ˃ʷ˔ˊʽ ҕр҈ ˖ˌ ˉˊˇˌ ˍˇ ˇˊʽʸˈ˄ˍʽˇ ʶˉʾˉʶʵˇΦ ɶ 
ˋˍʷʴʹ ɻ ʽʰʽˊʶʾˍʰʽ ˋʶ ʸ˗˄ʶˌ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ ʅ˔ʺ˃ʰ 2.14Φ ʁʽ ˋˎ˄ˍʶ˂ʶˋˍʷˌ ʶ˅˖ˍʶˊʽˁʺˌ ˉʾʶˋʹˌ 
ʵʾ˄ˇ˄ˍʰʽ ˋˍˇ˄ ʃʾ˄ʰˁʰˌ 2.7, ̀ ˏ˃˒˖˄ʰ ˃ʶ ˍˇ ˋˎ˃ʲˇ˂ʽˋ˃ˈ ˍˇˎ ʅ˔ʺ˃ʰˍˇˌ 2.14. 

ʃʾ˄ʰˁʰˌ 2.7Υ ʅˎ˄ˍʶ˂ʶˋˍʷˌ ʶ˅˖ˍʶˊʽˁʺˌ ˉʾʶˋʹˌ ʴʽʰ ˇˊʽʸˈ˄ˍʽʶˌ ˋˍʷʴʶˌ 

ʆˏˉˇˌ ˋˍʷʴʹˌ 

ɵ˗˄ʹ 

F G H I 

cpe,10 cpe,1 cpe,10 cpe,1 cpe,10 cpe,1 cpe,10 cpe,1 

ɮʽ˔˃ʹˊʱ ʱˁˊʰ -1,8 -2,5 -1,2 -2,0 -0,7 -1,2 
+0,2 

-0,2 

ɾʶ ˋˍʹʻʰʾʰ 

hp/h = 0,025 -1,6 -2,2 -1,1 -1,8 -0,7 -1,2 
+0,2 

-0,2 

hp/h = 0,05 -1,4 -2,0 -0,9 -1,6 -0,7 -1,2 
+0,2 

-0,2 

hp/h = 0,10 -1,2 -1,6 -0,8 -1,4 -0,7 -1,2 
+0,2 

-0,2 
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ʅ˔ʺ˃ʰ 2.14: ʅˎ˃ʲˇ˂ʽˋ˃ˇʾ ʴʽʰ ˇˊʽʸˈ˄ˍʽʶˌ ˋˍʷʴʶˌ 

 

ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʺ ˃ʰˌΣ ʹ ˁʰˍʰˋˁʶˎʺ ˃ʰˌ ʷ˔ʶʽ ˇˊʽʸˈ˄ˍʽʰ ˋˍʷʴʹ ˃ʶ ʰ Ґ л ˁʰʽ ʴʽʰ z1 = 28 m ˁ ʰʽ 
ʴʽʰ z2 = 32 mΦ ʅˏ˃˒˖˄ʰ ˃ʶ ˍʹ˄ ˉʰˊʱʴˊʰ˒ˇ тΦнΦо ˍˇˎ ɳɿ мффм-1-п ˍˇ ˏ˕ˇˌ ʰ˄ʰ˒ˇˊʱˌ ʴʽʰ 
ˋˍʷʴʶˌ ˃ʶ ˋˍʹʻʰʾʰ ʻʰ ˉˊʷˉʶʽ ˄ʰ ˂ʰ˃ʲʱ˄ʶˍʰʽ ˖ˌ h+hpΣ ˈˉˇˎ hp ʶʾ˄ʰʽ ˍˇ ˏ˕ˇˌ ˍˇˎ 
ˋˍʹʻʰʾˇˎΦ ʆˇ ˏ˕ˇˌ ˍˇˎ ˋˍʹʻʰʾˇ ˎ̫ ˔ʶʽ ʶˉʽ˂ʶ˔ʻʶʾ ˖ˌ hp = 1,4 m. 

 

 

ɲʽʶˏʻˎ˄ˋʹ ʰ˄ʷ˃ˇˎ ʻҐлϲ 
ʆ˃ʺ˃ʰ ʃˊ˗ˍˇ όz1 = 28 m) 

ɶ ˋˍʷʴʹ ʶʾ˄ʰʽ ˇˊʽʸˈ˄ˍʽʰ ˃ʶ ˋˍʹʻʰʾʰΦ ɶ ˋˍʷʴʹ ʵʽʰʽˊʶʾˍʰʽ ˋʶ ˍʷˋˋʶˊʽˌ ʸ˗˄ʶˌ ˋˏ˃˒˖˄ʰ ˃ʶ 
ˍˇ ʅ˔ʺ˃ʰ 2.14. 

ɲʶʵˇ˃ʷ˄ʰΥ h = 28 m, hp = 1,4 m & hp/h = 0,05, b = 25 m & d = 13,5 m, qp(z1) = 0,859 
kN/m2 

ɴ˔ˇˎ˃ʶ Å ÍÉÎ ÂȠςÈ ςυ Í  



 
 35 

 

¶ ɵ˗˄ʹ F  
ɾʺˁˇˌ: e/4 = 6,25 m  
ʃ˂ʱˍˇˌΥ e/10 = 2,5 m 
ɳ˃ʲʰʵˈ˄Υ ɳF = (e/4)  (e/10) = 15,625 m2 > 10 m2 h ˉˈ ˋ˔ʷˋʹ (2.12) cpe = cpe,10 
cpe = -1,4 (ʃʾ˄ʰˁʰˌ 2.7) 
We = cpe  qp(z1) = -1,20 kN/m2 
 

¶ ɵ˗˄ʹ G 
ɾʺˁˇˌ: b-2 (e/4) = 12,5 m 
ʃ˂ʱˍˇˌΥ e/10 = 2,5 m 
ɳ˃ʲʰʵˈ˄: ɳɮ = [b-2 (e/4)]  (e/10) = 31,25 m2 > 10 m2 h ˉˈ ˋ˔ʷˋʹ (2.12) cpe = cpe,10 
cpe = -0,9 ʃʾ˄ʰˁʰˌ 2.7) 
We = cpe  qp(z1) = -0,77 kN/m2 
 

¶ ɵ˗˄ʹ H 
ɾʺˁˇˌ: b = 25 m 
ʃ˂ʱˍˇˌΥ (e/2)-(e/10) = 10 m  
ɳ˃ʲʰʵˈ˄: ɳɮ = b  [(e/2)-(e/10)] = 250 m2 > 10 m2 h ˉˈ ̀ ˔ʷˋʹ (2.12) cpe = cpe,10 
cpe = -0,70 (ʃʾ˄ʰˁʰˌ 2.7) 
We = cpe  qp(z1) = -0,60 kN/m2 
 

¶ ɵ˗˄ʹ I 
ɾʺˁˇˌΥ ō Ґ нр Ƴ  
ʃ˂ʱˍˇˌ: d-(e/2) = 1 m 
ɳ˃ʲʰʵˈ˄: ɳɮ = b ϊ ώd-(e/2)] = 25 m2 > 10 m2 h ˉˈ ̀ ˔ʷˋʹ (2.12) cpe = cpe,10 
cpe = +0,20 (ʃʾ˄ʰˁʰˌ 2.7) 
We = cpe ϊ ǉp(z1) = +0,17 kN/m2 

 

ʅ˔ʺ˃ʰ 2.15: ʊˇˊˍʾˋʶʽˌ ˋˍʷʴʹˌ ˉˊ˗ˍˇˎ ˍ˃ʺ˃ʰˍˇˌ ˂ˈʴ˖ ˍˇˎ ʰ˄ʷ˃ˇˎ ʻ Ґ лˇ 
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ʆ˃ʺ˃ʰ ɲʶˏˍʶˊˇ όz2 = 32 m) 

ɶ ˋˍʷʴʹ ˍˇˎ ʵ˗˃ʰˍˇˌ ʶʾ˄ʰʽ ˇˊʽʸˈ˄ˍʽʰ ˃ʶ ʰʽ˔˃ʹˊʱ ʱˁˊʰ ˁʰʽ ʶʾ˄ʰʽ ˃ʹ ʲʰˍʺΦ ɽˈʴ˖ 
˃ʶʴ̫̒ ˇˎˌ ˁʰʽ ʻʷˋʹˌ ʻʰ ʻʶ˖ˊʺˋˇˎ˃ʶ ˃ʾʰ ʸ˗˄ʹ ˒ˈˊˍʽˋʹˌΣ ˍʹ˄ ʵˎˋ˃ʶ˄ʷˋˍʶˊʹΣ ˎˉʷˊ 
ʰˋ˒ʰ˂ʶʾʰˌΦ  

ɲʶʵˇ˃ʷ˄ʰΥ b = 7 m, d = 2,5 m, h = 4 m, qp(z2) = 0,903 kN/m2 

Å ÍÉÎ
 
ÂȠςÈ χ Í 

¶ ɵ˗˄ʹ F 
ɾʺˁˇˌΥ b = 7 m 
ʃ˂ʱˍˇˌΥ d = 2,5 m  
ɳ˃ʲʰʵˈ˄Υ ɳF = b  d = 17,5 m2 җ мл m2 h ˉˈ ˋ˔ʷˋʹ (2.12) cpe = cpe,10 
cpe = -1,8 (ʃʾ˄ʰˁʰˌ 2.7) 
We = cpe ϊ ǉp(z2) = -1,63 kN/m2 

 

ʅ˔ʺ˃ʰ 2.16: ʊˇˊˍʾˋʶʽˌ ˋˍʷʴʹˌ ʵʶˏˍʶˊˇˎ ˍ˃ʺ˃ʰˍˇˌ ˂ˈʴ˖ ˍˇˎ ʰ˄ʷ˃ˇˎ ʻ Ґ лˇ 

 

ɲʽʶˏʻˎ˄ˋʹ ʰ˄ʷ˃ˇˎ ʻҐ9лϲ 

ʆ˃ʺ˃ʰ ʃˊ˗ˍˇ όz1 = 28 m) 

ɶ ˋˍʷʴʹ ʶʾ˄ʰʽ ˇˊʽʸˈ˄ˍʽʰ ˃ʶ ˋˍʹʻʰʾʰΦ ɶ ˋˍʷʴʹ ʵʽʰʽˊʶʾˍʰʽ ˋʶ ˍʷˋˋʶˊʽˌ ʸ˗˄ʶˌ ˋˏ˃˒˖˄ʰ ˃ʶ 
ˍˇ ʅ˔ʺ˃ʰ 2.14. 

ɲʶʵˇ˃ʷ˄ʰΥ h = 28 m, hp = 1,4 m & hp/h = 0,05, b = 13,5 m & d = 25 m, qp(z1) = 0,859 
kN/m2 

ɴ˔ˇˎ˃ʶ Å ÍÉÎ ÂȠςÈ ρσȟυ Í  

 

¶ ɵ˗˄ʹ F  
ɾʺˁˇˌΥ e/4 = 3,38 m  
ʃ˂ʱˍˇˌΥ e/10 = 1,35 m 
ɳ˃ʲʰʵˈ˄Υ ɳF = (e/4)  (e/10) = 4,60 m2 Җ мл m2  

ʰˉˈ ˋ˔ʷˋʹ (2.11) ̫ ˔ˇˎ˃ʶ ÃÐÅ  ÃÐÅȟρ ÃÐÅȟρπ-ÃÐÅȟρϽÌÏÇ!  

cpe,1 = -2,0 & cpe,10 = -1,4 (ʃʾ˄ʰˁʰˌ 2.7) 
cpe = -1,60 
We = cpe  qp(z1) = -1,38 kN/m2 
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¶ ɵ˗˄ʹ G 
ɾʺˁˇˌ: b-2 (e/4) = 6,75 m 
ʃ˂ʱˍˇˌ: e/10 = 1,35 m 
ɳ˃ʲʰʵˈ˄: ɳɮ = [b-2 (e/4)]  (e/10) = 9,12 m2 Җ 10 m2 

ʰˉˈ ˋ˔ʷˋʹ (2.11) ̫ ˔ˇˎ˃ʶ ÃÐÅ  ÃÐÅȟρ ÃÐÅȟρπ-ÃÐÅȟρϽÌÏÇ!  

cpe,1 = -1,6 & cpe,10 = -0,9 (ʃʾ˄ʰˁʰˌ 2.7) 
cpe = -0,93  
We = cpe  qp(z1) = -0,80 kN/m2 
 

¶ ɵ˗˄ʹ H 
ɾʺˁˇˌ: b = 13,5 m 
ʃ˂ʱˍˇˌ: (e/2)-(e/10) = 5,4 m  
ɳ˃ʲʰʵˈ˄: ɳɮ = b  [(e/2)-(e/10)] = 72,9 m2 > 10 m2 h ˉˈ ̀ ˔ʷˋʹ (2.12) cpe = cpe,10 
cpe = -0,70 (ʃʾ˄ʰˁʰˌ 2.7) 
We = cpe  qp(z1) = -0,60 kN/m2 
 

¶ ɵ˗˄ʹ I 
ɾʺˁˇˌΥ ō Ґ моΣр m  
ʃ˂ʱˍˇˌΥ d-(e/2) = 18,25 m 
ɳ˃ʲʰʵˈ˄: ɳɮ = b ϊ ώd-(e/2)] = 246,40 m2 > 10 m2 h ˉˈ ̀ ˔ʷˋʹ (2.12) cpe = cpe,10 
cpe = +0,20 (ʃʾ˄ʰˁʰˌ 2.7) 
We = cpe ϊ ǉp(z1) = +0,17 kN/m2 

 

ʅ˔ʺ˃ʰ 2.17: ʊˇˊˍʾˋʶʽˌ ˋˍʷʴʹˌ ˉˊ˗ˍˇˎ ˍ˃ʺ˃ʰˍˇˌ ˂ˈʴ˖ ˍˇˎ ʰ˄ʷ˃ˇˎ ʻ Ґ флˇ 

 

ʆ˃ʺ˃ʰ ɲʶˏˍʶˊˇ όz2 = 32 m) 

ɶ ˋˍʷʴʹ ˍˇˎ ʵ˗˃ʰˍˇˌ ʶʾ˄ʰʽ ˇˊʽʸˈ˄ˍʽʰ ˃ʶ ʰʽ˔˃ʹˊʱ ʱˁˊʰ ˁʰʽ ʶʾ˄ʰʽ ˃ʹ ʲʰˍʺΦ ɽˈʴ˖ 
˃ʶʴ̫̒ ˇˎˌ ˁʰʽ ʻʷˋʹˌ ʻʰ ʻʶ˖ˊʺˋˇˎ˃ʶ ˃ʾʰ ʸ˗˄ʹ ˒ˈˊˍʽˋʹˌΣ ˍʹ˄ ʵˎˋ˃ʶ˄ʷˋˍʶˊʹΣ ˎˉʷˊ 
ʰˋ˒ʰ˂ʶʾʰˌΦ  

ɲʶʵˇ˃ʷ˄ʰΥ b = 2,5 m, d = 7 m, h = 4 m, qp(z2) = 0,903 kN/m2 

Å ÍÉÎ
 
ÂȠςÈ χ Í 
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¶ ɵ˗˄ʹ F 
ɾʺˁˇˌΥ b = 2,5 m 
ʃ˂ʱˍˇˌΥ d = 7 m  
ɳ˃ʲʰʵˈ˄Υ ɳF = b  d = 17,5 m2 җ мл m2 h ˉˈ ˋ˔ʷˋʹ (2.12) cpe = cpe,10 
cpe = -1,8 (ʃʾ˄ʰˁʰˌ 2.7) 
We = cpe ϊ ǉp(z2) = -1,63 kN/m2 

 

ʅ˔ʺ˃ʰ 2.18: ʊˇˊˍʾˋʶʽˌ ˋˍʷʴʹˌ ʵʶˏˍʶˊˇˎ ˍ˃ʺ˃ʰˍˇˌ ˂ˈʴ˖ ˍˇˎ ʰ˄ʷ˃ˇˎ ʻ Ґ флˇ 

 

ɲʽʶˏʻˎ˄ˋʹ ʰ˄ʷ˃ˇˎ ʻҐ18лϲ 
ʆ˃ʺ˃ʰ ʃˊ˗ˍˇ όz1 = 28 m) 

ɶ ˋˍʷʴʹ ʶʾ˄ʰʽ ˇˊʽʸˈ˄ˍʽʰ ˃ʶ ˋˍʹʻʰʾʰΦ ɶ ˋˍʷʴʹ ʵʽʰʽˊʶʾˍʰʽ ˋʶ ʸ˗˄ʶˌ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ ʅ˔ʺ˃ʰ 
2.14. 

ɲʶʵˇ˃ʷ˄ʰΥ h = 28 m, hp = 1,4 m & hp/h = 0,05, b = 25 m & d = 13,5 m, qp(z1) = 0,859 
kN/m2 

ɽˈʴ˖ ʴʶ˖˃ʶˍˊʾʰˌ ˁʰʽ ˍʹˌ ˏˉʰˊ˅ʹˌ ˍˇˎ ʵ˗˃ʰˍˇˌ ʻʰ ˔˖ˊʾˋˇˎ˃ʶ ˍʹ˄ ˋˍʷʴʹ ˃ʰˌ ˋʶ ʵˏˇ 
˃ʷˊʹ ˃ ʶ b1 = 9 m, d1 = 13,5 m & b2 = 7 m, d2 = 9,5 m. 

ɴ˔ˇˎ˃ʶ Åρ ÍÉÎ ÂȠςÈ ω Í & Åς ÍÉÎ ÂȠςÈ χ Í 

 

ɾʷˊˇˌ ɮ όb1 = 9 m, d1 = 13,5 m) 
¶ ɵ˗˄ʹ F  
ɾʺˁˇˌΥ e/4 = 2,25 m  
ʃ˂ʱˍˇˌΥ e/10 = 0,9 m 
ɳ˃ʲʰʵˈ˄Υ ɳF = (e/4)  (e/10) = 2,1 m2 Җ мл m2 ʰˉˈ ˋ˔ʷˋʹ (2.11) ʷ˔ˇˎ˃ʶ 

ÃÐÅ  ÃÐÅȟρ ÃÐÅȟρπ-ÃÐÅȟρϽÌÏÇ!  

cpe,1 = -2,0 & cpe,10 = -1,4 ʃʾ˄ʰˁʰˌ 2.7) 
cpe = -1,82 
We = cpe  qp(z1) = -1,56 kN/m2 
 

¶ ɵ˗˄ʹ G 
ɾʺˁˇˌ: b-2 (e/4) = 4,5 m 
ʃ˂ʱˍˇˌ: e/10 = 0,9 m 
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ɳ˃ʲʰʵˈ˄: ɳɮ = [b-2 (e/4)]  (e/10) = 4,05 m2 Җ 10 m2 ʰˉˈ ˋ˔ʷˋʹ (2.11) ʷ˔ˇˎ˃ʶ 

ÃÐÅ  ÃÐÅȟρ ÃÐÅȟρπ-ÃÐÅȟρϽÌÏÇ!  

cpe,1 = -1,6 & cpe,10 = -0,9 (ʃʾ˄ʰˁʰˌ 2.7) 
cpe = -1,17  
We = cpe  qp(z1) = -1,01 kN/m2 
 

¶ ɵ˗˄ʹ H 
ɾʺˁˇˌ: b = 9 m 
ʃ˂ʱˍˇˌΥ όe/2)-(e/10) = 3,6 m  
ɳ˃ʲʰʵˈ˄: ɳɮ = b  [(e/2)-(e/10)] = 32,4 m2 > 10 m2 h ˉˈ ̀ ˔ʷˋʹ (2.12) cpe = cpe,10 
cpe = -0,70 (ʃʾ˄ʰˁʰˌ 2.7) 
We = cpe  qp(z1) = -0,60 kN/m2 
 

¶ ɵ˗˄ʹ I 
ɾʺˁˇˌΥ ō Ґ ф m  
ʃ˂ʱˍˇˌΥ d-(e/2) = 9 m 
ɳ˃ʲʰʵˈ˄: ɳɮ = b ϊ ώd-(e/2)] = 81 m2 > 10 m2 h ˉˈ ̀ ˔ʷˋʹ (2.12) cpe = cpe,10 
cpe = +0,20 (ʃʾ˄ʰˁʰˌ 2.7) 
We = cpe ϊ ǉp(z1) = +0,17 kN/m2 

 

ɾʷˊˇˌ ɰ (b2 = 7 m, d2 = 9,5 m) 

ɳ˅ʰʽˍʾʰˌ ˍˇˎ ʵ˗˃ʰˍˇˌΣ ˇʽ ʸ˗˄ʶˌ F & G, ˉʰˊˈ˂ˇ ˉˇˎ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ʵʶ˄ ʶ˒ʰˊ˃ˈʸˇ˄ˍʰʽ 
ˋˍʹ˄ ˋˍʷʴʹ ˃ʰˌΦ ʍˋˍˈˋˇΣ ˔ˊʶʽʰʸˈ˃ʰˋˍʶ ˍʽˌ ʵʽʰˋˍʱˋʶʽˌ ˍ˖˄ ʶˉʽ˒ʰ˄ʶʽ˗˄ ˍˇˎˌ ʴʽʰ ˄ʰ 
ˇˊʾˋ˖ ˍʽˌ ˎˉˈ˂ˇʽˉʶˌ ʸ˗˄ʶˌΦ 

¶ ɵ˗˄ʹ F  
ɾʺˁˇˌΥ e/4 = 1,75 m  
ʃ˂ʱˍˇˌΥ e/10 = 0,7 m 
 

¶ ɵ˗˄ʹ G 
ɾʺˁˇˌ: b-2 (e/4) = 3,5 m 
ʃ˂ʱˍˇˌΥ e/10 = 0,7 m 
 

¶ ɵ˗˄ʹ H 
ɾʺˁˇˌ: b = 7 m 
ʃ˂ʱˍˇˌΥ όe/2)-(e/10) = 2,8 m  
ɳ˃ʲʰʵˈ˄: ɳɮ = b  [(e/2)-(e/10)] = 19,6 m2 > 10 m2 h ˉˈ ̀ ˔ʷˋʹ (2.12) cpe = cpe,10 
cpe = -0,70 (ʃʾ˄ʰˁʰˌ 2.7) 
We = cpe  qp(z1) = -0,60 kN/m2 
 

¶ ɵ˗˄ʹ I 
ɾʺˁˇˌΥ ō Ґ 7 m  
ʃ˂ʱˍˇˌΥ d-(e/2) = 6 m 
ɳ˃ʲʰʵˈ˄: ɳɮ = b ϊ ώd-(e/2)] = 42 m2 > 10 m2 h ˉˈ ̀ ˔ʷˋʹ (2.12) cpe = cpe,10 
cpe = +0,20 (ʃʾ˄ʰˁʰˌ 2.7) 
We = cpe ϊ ǉp(z1) = +0,17 kN/m2 
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ʅ˔ʺ˃ʰ 2.19: ʊˇˊˍʾˋʶʽˌ ˋˍʷʴʹˌ ˉˊ˗ˍˇˎ ˍ˃ʺ˃ʰˍˇˌ ˂ˈʴ˖ ˍˇˎ ʰ˄ʷ˃ˇˎ ʻ Ґ мулˇ 

 

ʆ˃ʺ˃ʰ ɲʶˏˍʶˊˇ όz2 = 32 m) 

ʁ˃ˇʾ˖ˌ ˃ʶ ʻ Ґ лˇΣ ˂ˈʴ˖ ˋˎ˃˃ʶˍˊʾʰˌΣ ˉˊˇˁˏˉˍʶʽ ʹ ˉʰˊʰˁʱˍ˖ ˒ˈˊˍʽˋʹΥ 

 

ʅ˔ʺ˃ʰ 2.20: ʊˇˊˍʾˋʶʽˌ ˋˍʷʴʹˌ ʵʶˏˍʶˊˇˎ ˍ˃ʺ˃ʰˍˇˌ ˂ˈʴ˖ ˍˇˎ ʰ˄ʷ˃ˇˎ ʻ Ґ мул ̌

 
ɳˋ˖ˍʶˊʽˁʺ ʃʾʶˋʹ 

ʁʽ ʶˋ˖ˍʶˊʽˁʷˌ ˉʽʷˋʶʽˌ ʵˊˇˎ˄ ˍʰˎˍˈ˔ˊˇ˄ʰ ˃ʶ ˍʽˌ ʶ˅˖ˍʶˊʽˁʷˌ ˉʽʷˋʶʽˌ ˁʰʽ ˉˊʷˉʶʽ ˋˍˇˎˌ 
ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ ˄ʰ ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˎˉˈ˕ʹ ˃ʰʸʾ ˃ʶ ʰˎˍʷˌΣ ʴʽʰ ˁʱʻʶ ˋˎ˄ʵˎʰˋ˃ˈ ʵˎ˄ʰˍ˗˄ 
ʰ˄ˇʽʴ˃ʱˍ˖˄Φ 
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ʁ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʶ˅˖ˍʶˊʽˁʺˌ ˉʾʶˋʹˌ Ŏpi ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍˇ ˃ʷʴʶʻˇˌ ˁʰʽ ˍʹ˄ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ 
ʰ˄ˇʽʴ˃ʱˍ˖˄ ˋˍʹ ˋˎ˄ˇ˂ʽˁʺ ʶˉʽ˒ʱ˄ʶʽʰ ˍˇˎ ˁˍʽˊʾˇˎΦ 

ʂˉˇˎ ʵʶ˄ ʶʾ˄ʰʽ ʵˎ˄ʰˍʺ ʺ ʵʶ˄ ʻʶ˖ˊʶʾˍʰʽ ʶˉʰˊˁʺˌ ʹ ʶˁˍʾ˃ʹˋʹ ˍˇˎ ˂ˈʴˇˎ ʰ˄ˇʽʴ˃ʱˍ˖˄ ˃ 
ʴʽʰ ˃ʾʰ ˋˎʴˁʶˁˊʽ˃ʷ˄ʹ ˉʶˊʾˉˍ˖ˋʹΣ ˍˈˍʶ ˍˇ cpi ˉˊʷˉʶʽ ˄ʰ ˂h ˃ʲʱ˄ʶˍʰʽ ˖ˌ ˍˇ ˉ˂ʷˇ˄ 
ʵˎˋ˃ʶ˄ʷˌ ʰˉˈ ˍʰ ҌлΣн ˁʰʽ -0,3. 

¶ ɱʽʰ cpi Ґ ҌлΣн ˁʰʽ qp(z1) = 0,859 kN/m2 ̫ ˔ˇˎ˃ʶΥ 
Wpi =  cpi qp(z1ύ Ґ ҌлΣмт όʻʶˍʽˁʺ ʶˋ˖ˍʶˊʽˁʺ ˉʾʶˋʹύ 
 

¶ ɱʽʰ cpi = -лΣо ˁʰʽ qp(z1) = 0,859 kN/m2 ̫ ˔ˇˎ˃ʶΥ 
Wpi =  cpi qp(z1) = -лΣнс όʰˊ˄ʹˍʽˁʺ ʶˋ˖ˍʶˊʽˁʺ ˉʾʶˋʹύ 

 

ʅ˔ʺ˃ʰ 2.21: ɸʶˍʽˁʺ ʶˋ˖ˍʶˊʽˁʺ ˉʾʶˋʹ 

 

 

ʅ˔ʺ˃ʰ 2.22: ɮˊ˄ʹˍʽˁʺ ʶˋ˖ˍʶˊʽˁʺ ˉʾʶˋʹ 



 
 42 

 

ɮ˄ˍʾˋˍˇʽ˔ʰ ʴʽʰ z2 = 32 m ̌ ʽ ʶˋ˖ˍʶˊʽˁʷˌ ˉʽʷˋʶʽˌ ˍˇˎ ʵ˗˃ʰˍˇˌ ʶʾ˄ʰʽΥ  

¶ ɱʽʰ cpi Ґ ҌлΣн ˁʰʽ qp(z2) = 0,903 kN/m2 ̫ ˔ˇˎ˃ʶΥ 
Wpi =  cpi qp(z2ύ Ґ ҌлΣму όʻʶˍʽˁʺ ʶˋ˖ˍʶˊʽˁʺ ˉʾʶˋʹύ 
 

¶ ɱʽʰ cpi = -лΣо ˁʰʽ qp(z2) = 0,903 kN/m2 ̫ ˔ˇˎ˃ʶΥ 
Wpi =  cpi qp(z2) = -лΣнт όʰˊ˄ʹˍʽˁʺ ʶˋ˖ˍʶˊʽˁʺ ˉʾʶˋʹύ 

 
ʆʶ˂ʽˁʺ ʃʾʶˋʹ ɮ˄ʷ˃ˇˎ 

ʁʽ ˍʶ˂ʽˁʷˌ ˉʽʷˋʶʽˌ ˍˇˎ ʰ˄ʷ˃ˇˎ ʶˉʾ ʶ˄ˈˌ ˍˇʾ˔ˇˎ ʺ ʶ˄ˈˌ ʶˉʽ˃ʷˊˇˎˌ ˋˍˇʽ˔ʶʾˇˎ ʶʾ˄ʰʽ ʹ 
ʵʽʰ˒ˇˊʱ ˍ˖˄ ʶ˅˖ˍʶˊʽˁ˗˄ ˁʰʽ ˍ˖˄ ʶˋ˖ˍʶˊʽˁ˗˄ ˉʽʷˋʶ˖˄ ʶˉʾ ˍ˖˄ ʶˉʽ˒ʰ˄ʶʽ˗˄ ˍˇˎ ˍˇʾ˔ˇˎ ʺ 
ˍˇˎ ˋˍˇʽ˔ʶʾˇˎΣ ˂ʰ˃ʲʱ˄ˇ˄ˍʰˌ ˎˉˈ˕ʹ ˍʹ ˒ˇˊʱ ˍ˖˄ ˉʽʷˋʶ˖˄ ʰˎˍ˗˄Φ ɶ ˉʾʶˋʹ, ˉˇˎ 
ˁʰˍʶˎʻˏ˄ʶˍʰʽ ˉˊˇˌ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˂ʰ˃ʲʱ˄ʶˍʰʽ ˖ˌ ʻʶˍʽˁʺΣ ʶ˄˗ ʹ ʰ˄ʰˊˊˈ˒ʹˋʹΣ ˍˇ 
ʵʽʱ˄ˎˋ˃ʰ ˍʹˌ ˇˉˇʾʰˌ ʰˉˇ˃ʰˁˊˏ˄ʶˍʰʽ ʰˉˈ ˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰΣ ˂ʰ˃ʲʱ˄ʶˍʰʽ ˖ˌ ʰˊ˄ʹˍʽˁʺΣ 
ˈˉ˖ˌ ʰˉʶʽˁˇ˄ʾʸʶˍʰʽ ˋˍˇ ʅ̝ ʺ˃ʰ 2.23. 

 

ʅ˔ʺ˃ʰ 2.23: ʃʾʶˋʹ ʶˉʾ ˍ˖˄ ʶˉʽ˒ʰ˄ʶʽ˗˄ 
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2.5 ʅʶʽˋ˃ʽˁʷˌ ʵˊʱˋʶʽˌ 

ɼʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ˍˇˎ ˋʶʽˋ˃ˇˏ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ ˋˍˇ ʷʵʰ˒ˇˌ ʶˉʽˍʰ˔ˏ˄ˋʶʽˌ όˇˊʽʸˈ˄ˍʽʶˌ ˁʰʽ 
ˁʰˍʰˁˈˊˎ˒ʶˌύΣ ˉˇˎ ʷ˔ˇˎ˄ ˖ˌ ˋˎ˄ʷˉʶʽʰ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ʰʵˊʰ˄ʶʽʰˁ˗˄ ʵˎ˄ʱ˃ʶ˖˄ ʶˉʾ ˍ˖˄ 
ˁʰˍʰˋˁʶˎ˗˄Φ ɮˉˈ ˍʽˌ ʵˎ˄ʱ˃ʶʽˌ ʰˎˍʷˌΣ ˇʽ ˇˊʽʸˈ˄ˍʽʶˌ ʻʶ˖ˊˇˏ˄ˍʰʽ ˇʽ ˉ˂ʷˇ˄ ˋˇʲʰˊʷˌ 
όˁˎˊʾ˖ˌ ˂ˈʴ˖ ˃ʶʴʷʻˇˎˌύΣ ˔˖ˊʾˌ ˈ˃˖ˌ ʰˎˍˈ ˄ʰ ˋʹ˃ʰʾ˄ʶʽΣ ˈˍʽ ˁʰʽ ˇʽ ˁʰˍʰˁˈˊˎ˒ʶˌ ʵʶ 
˃ˉˇˊˇˏ˄ ˄ʰ ʰˉˇʲˇˏ˄ ˁʰˍʰˋˍˊˇ˒ʽˁʷˌ ˎˉˈ ˇˊʽˋ˃ʷ˄ʶˌ ˋˎ˄ʻʺˁʶˌΦ 

ɶ ˔˗ˊʰ ˃ʰˌ ʲˊʾˋˁʶˍʰʽ ˋʶ ˃ʽʰ ʶ˅ʰʽˊʶˍʽˁʱ ˋʶʽˋ˃ˇʴʶ˄ʺ ˉʶˊʽˇ˔ʺ ˁʰʽ ˖ˌ ʶˁ ˍˇˏˍˇˎ ˇʽ 
ˋʶʽˋ˃ʽˁʷˌ ʵˊʱˋʶʽˌ ˉʰʾʸˇˎ˄ ˋʹ˃ʰ˄ˍʽˁˈ ˊˈ˂ˇ ˋˍˇ ˋ˔ʶʵʽʰˋ˃ˈ ˍ˖˄ ˁʰˍʰˋˁʶˎ˗˄Φ ʍˌ 
ˋʶʽˋ˃ʽˁʷˌ ʵˊʱˋʶʽˌ ˋ˔ʶʵʽʰˋ˃ˇˏ ʻʶ˖ˊˇˏ˄ˍʰʽ ˇʽ ˍʰ˂ʰ˄ˍ˗ˋʶʽˌ ˍˇˎ ˁˍʽˊʾˇˎ ˂ˈʴ˖ ˍˇˎ 
ˋʶʽˋ˃ˇˏΣ ˇʽ ˇˉˇʾʶˌ ˇ˄ˇ˃ʱʸˇ˄ˍʰʽ ˋʶʽˋ˃ʽˁʷˌ ʵʽʶʴʷˊˋʶʽˌ ʺ ˋʶʽˋ˃ʽˁʷˌ ʵˇ˄ʺˋʶʽˌΦ ʁʽ ˋʶʽˋ˃ʽˁʷˌ 
ʵˊʱˋʶʽˌ ˁʰˍʰˍʱˋˋˇ˄ˍʰʽ ʶˉʾˋʹˌ ˋˍʽˌ ˍˎ˔ʹ˃ʰˍʽˁʷˌ ˁʰʽ ʵʶ ˋˎ˄ʵˎʱʸˇ˄ˍʰʽ ˃ʶ ʱ˂˂ʶˌ 
ˍˎ˔ʹ˃ʰˍʽˁʷˌ ʵˊʱˋʶʽˌΣ ˈˉ˖ˌ ʶˉʾˋʹˌ ʵʶ ˋˎ˄ʵˎʱʸˇ˄ˍʰʽ ˃ʶ ˍʽˌ ʵˊʱˋʶʽˌ ˂ˈʴ˖ ʰ˄ʷ˃ˇˎΦ ɳʾ˄ʰʽ 
˂ˇʽˉˈ˄ ʰʵˊʰ˄ʶʽʰˁʷˌ ʵˎ˄ʱ˃ʶʽˌ ˉˇˎ ˉˊˇʷˊ˔ˇ˄ˍʰʽ ʰˉˈ ˍʹ˄ ʰ˄ˍʾˋˍʰˋʹ ˍʹˌ ˃ʱʸʰˌ ˍʹˌ 
ˁʰˍʰˋˁʶˎʺˌ ˋˍʹ˄ ˃ʶˍʰʵʽʵˈ˃ʶ˄ʹ ˋʶ ʰˎˍʺ˄ ˁʾ˄ʹˋʹ ʰˉˈ ˍˇ ʷʵʰ˒ˇˌΦ ɼʰˍʱ ˋˎ˄ʷˉʶʽʰ ˇʽ 
ˋʶʽˋ˃ʽˁʷˌ ʵˊʱˋʶʽˌ ʶ˅ʰˊˍ˗˄ˍʰʽ ʰˉˈ ˍʹ˄ ˒ˏˋʹ ˍʹˌ ˋʶʽˋ˃ʽˁʺˌ ˁʾ˄ʹˋʹˌ ˍˇˎ ʶʵʱ˒ˇˎˌ 
όˁʰʻˇˊʽʸˈ˃ʶ˄ʹ ʰˉˈ ˍʹ˄ ʶˉʽˍʱ˔ˎ˄ˋʹΣ ˍʹ˄ ˍʰ˔ˏˍʹˍʰΣ ˍʹ ˔ˊˇ˄ʽˁʺ ʵʽʱˊˁʶʽʰ ˁʰʽ ˍʹ 
ʵʽʶˏʻˎ˄ˋʹύ ˁʰʽ ˍʹ˄ ˋˎ˃ˉʶˊʽ˒ˇˊʱ ˍʹˌ ˁʰˍʰˋˁʶˎʺˌ όˁʰʻˇˊʽʸˈ˃ʶ˄ʹ ʰˉˈ ˍʹ˄ ʰˁʰ˃˕ʾʰΣ ˍʹ˄ 
ˁʰˍʰ˄ˇ˃ʺ ˃ʱʸʰˌΣ ˍʹ˄ ʰˉˈˋʲʶˋʹΣ ˍʽˌ ʽʵʽˈˍʹˍʶˌ ˍˇˎ ˎ˂ʽˁˇˏ ˁΦˍΦ˂ΦύΦ 

ɶ ʷ˄ˍʰˋʹ ˍ˖˄ ʶʵʰ˒ʽˁ˗˄ ˋʶʽˋ˃ʽˁ˗˄ ʵʽʶʴʷˊˋʶ˖˄Σ ˁʰʻˇˊʾʸʶˍʰʽ ˋˎ˃ʲʰˍʽˁʱ ˃ʶ ˃ʽʰ ˃ˈ˄ˇ 
ˉʰˊʱ˃ʶˍˊˇΣ ˍʹ ˃ʷʴʽˋˍʹ ˋʶʽˋ˃ʽˁʺ ʶˉʽˍʱ˔ˎ˄ˋʹ ghr ˁʰʽ ˁʰʻˇˊʾʸʶˍʰʽ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ ʸ˗˄ʹ 
ˋʶʽˋ˃ʽˁʺˌ ʶˉʽˁʽ˄ʵˎ˄ˈˍʹˍʰˌ ˋˍʹ˄ ˇˉˇʾʰ ʲˊʾˋˁʶˍʰʽ ˍˇ ʷˊʴˇΦ ɶ ˔˗ˊʰ ˃ʰˌ ˔˖ˊʾʸʶˍʰʽ ˋʶ ˍˊʶʾˌ 
ɵ˗˄ʶˌ ʅʶʽˋ˃ʽˁʺˌ ɳˉʽˁʽ˄ʵˎ˄ˈˍʹˍʰˌ όɹΣ ɹɹΣ ɹɹɹ) ˍʰ ˈˊʽʰ ˍ˖˄ ˇˉˇʾ˖˄ ˁʰʻˇˊʾʸˇ˄ˍʰʽ ˋˍˇ˄ ˔ʱˊˍʹ 
ˋʶʽˋ˃ʽˁʺˌ ʶˉʽˁʽ˄ʵˎ˄ˈˍʹˍʰˌΦ ʅʶ ˁʱʻʶ ʸ˗˄ʹ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˃ʽʰ ˍʽ˃ʺ ˋʶʽˋ˃ʽˁʺˌ ʶˉʽˍʱ˔ˎ˄ˋʹˌΣ ʹ 
ˇˉˇʾʰ ʷ˔ʶʽ ˉʽʻʰ˄ˈˍʹˍʰ ˎˉʷˊʲʰˋʹˌ мл҈ ˋˍʰ рл ʷˍʹ όʺ ˉʶˊʾˇʵˇ ʶˉʰ˄ʰ˒ˇˊʱˌ прт ʷˍʹύΦ ɱʽʰ 
ˍʹ˄ ˉʰˊˇˏˋʰ ˁʰˍʰˋˁʶˎʺ ʴʾ˄ʶˍʰʽ ʹ ʻʶ˗ˊʹˋʹ ˉ˖ˌ ʲˊʾˋˁʶˍʰʽ ˋˍʹ ɵ̠ ˄ʹ ʅʶʽˋ˃ʽˁʺˌ 
ɳˉʽˁʽ˄ʵˎ˄ˈˍʹˍʰˌ ɹ.  

 

ʅ˔ʺ˃ʰ 2.24: ɵ˗˄ʶˌ ˋʶʽˋ˃ʽˁʺˌ ʶˉʽˁʽ˄ʵˎ˄ˈˍʹˍʰˌ ʴʽʰ ˍˇ˄ ʶ˂˂ʹ˄ʽˁˈ ˔˗ˊˇ 

 

ʅʶ ˁʱʻʶ ʸ˗˄ʹ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˃ʽʰ ˍʽ˃ʺ ˋʶʽˋ˃ʽˁʺˌ ʶˉʽˍʱ˔ˎ˄ˋʹˌ ʰgr ˉˇˎ ʷ˔ʶʽ ˂ʹ˒ʻʶʾ ʰˉˈ ˍˇ˄ 
˔ʱ́ˍʹ ʸ˖˄˗˄ ˋˍˇ ɳʻ˄ʽˁˈ ʃˊˇˋʱˊˍʹ˃ʰΣ ˁʰʽ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʰ ˋʶʽˋ˃ˇ˂ˇʴʽˁʱ ʵʶʵˇ˃ʷ˄ʰ ʷ˔ʶʽ 
ˉʽʻʰ˄ˈˍʹˍʰ ˎˉʷˊʲʰˋʹˌ мл҈ ˋˍʰ рл ʷˍʹΣ ˃ʶ ʲʱˋʹ ˍʹ ˋ˔ʷˋʹ ʰgҐ ghr iɹΦ ɱʽʰ ʸ˗˄ʹ ˋʶʽˋ˃ʽˁʺˌ 
ʶˉʽˁʽ˄ʵˎ˄ˈˍʹˍʰˌ ɹΣ ʹ ˋʶʽˋ˃ʽˁʺ ʶˉʽˍʱ˔ˎ˄ˋʹ ˍˇˎ ʶʵʱ˒ˇˎˌ ʶʾ˄ʰʽ ghr=0,16g. 
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ʃʾ˄ʰˁʰˌ 2.8: ɳˉʽˍʱ˔ˎ˄ˋʹ ʶʵʱ˒ˇˎˌ 

ɵ˗˄ʹ ʅʶʽˋ˃ʽˁʺˌ ɳˉʽˁʽ˄ʵˎ˄ˈˍʹˍʰˌ ɹ ɹɹ ɹɹɹ 

gh 0,16 0,24 0,36 

 

ɮˉˈ ʱˉˇ˕ʹ ˋʶʽˋ˃ʽˁʺˌ ʶˉʽˁʽ˄ʵˎ˄ˈˍʹˍʰˌΣ ˍʰ ʶʵʱ˒ʹ ˁʰˍʰˍʱˋˋˇ˄ˍʰʽ ˋʶ ˉʷ˄ˍʶ ʲʰˋʽˁʷˌ 
ˁʰˍʹʴˇˊʾʶˌ (ɮΣ ɰΣ C, D ˁʰʽ ɳ) ˉˇˎ ˁʰʻˇˊʾʸˇ˄ˍʰʽ ʰˉˈ ˍʹ˄ ˋˍˊ˖˃ʰˍˇʴˊʰ˒ʾʰ ˁʰʽ ˍʰ 
˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍˇˎ ʶʵʱ˒ˇˎˌ ˁʰʽ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻˇˏ˄ ʴʽʰ ˄ʰ ʰˉˇˍʽ˃ʺˋˇˎ˄ ˍʹ˄ 
ʶˉʽˊˊˇʺ ˍ˖˄ ˍˇˉʽˁ˗˄ ʶʵʰ˒ʽˁ˗˄ ˋˎ˄ʻʹˁ˗˄ ˋˍʹ ˋʶʽˋ˃ʽˁʺ ʵˊʱˋʹΦ ʆˇ ˉʰˊˈ˄ ˁˍʾˊʽˇ 
ʶʵˊʱʸʶˍʰʽ ˋʶ ʷʵʰ˒ˇˌ ˁʰˍʹʴˇˊʾʰˌ ɰ όʰˉˇʻʷˋʶʽˌ ˉˇ˂ˏ ˉˎˁ˄ʺˌ ʱ˃˃ˇˎ, ˔ʰ˂ʽˁʽ˗˄ ʺ ˉˇ˂ˏ 
ˋˁ˂ʹˊʺˌ ʰˊʴʾ˂ˇˎΣ ˉʱ˔ˇˎˌ ˍˇˎ˂ʱ˔ʽˋˍˇ˄ ʰˊˁʶˍ˗˄ ʵʶˁʱʵ˖˄ ˃ʷˍˊ˖˄Σ ˉˇˎ ˔ʰˊʰˁˍʹˊʾʸˇ˄ˍʰʽ 
ʰˉˈ ʲʰʻ˃ʽʰʾʰ ʲʶ˂ˍʾ˖ˋʹ ˍ˖˄ ˃ʹ˔ʰ˄ʽˁ˗˄ ʽʵʽˇˍʺˍ˖˄ ˃ʶ ˍˇ ʲʱʻˇˌύ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇ˄ 
ɳˎˊ˖ˁ˗ʵʽˁʰ у. ʁʽ ˍʽ˃ʷˌ ˍ˖˄ ˉʰˊʰ˃ʷˍˊ˖˄ ˉˇˎ ˁʰʻˇˊʾʸˇˎ˄ ˍˇ ˇˊʽʸˈ˄ˍʽˇ ˒ʱˋ˃ʰ ʶ˂ʰˋˍʽˁʺˌ 
ʰˉˈˁˊʽˋʹˌ ʵʾ˄ˇ˄ˍʰʽ ˋˍˇ˄ ʃʾ˄ʰˁʰ нΦсΦ 

 

ʃʾ˄ʰˁʰˌ 2.9: ʆʽ˃ʷˌ ˉʰˊʰ˃ʷˍˊ˖˄ ˒ʱˋ˃ʰˍˇˌ ʰˉˈˁˊʽˋʹˌ 

ɼʰˍʹʴˇˊʾʰ 
ɳʵʱ˒ˇˎˌ 

S TB (s) TC (s) TD (s) 

A 1,0 0,15 0,4 2,5 

B 1,2 0,15 0,5 2,5 

C 1,15 0,20 0,6 2,5 

D 1,35 0,20 0,8 2,5 

E 1,4 0,15 0,5 2,5 

 

ʆʰ ˁˍʾˊʽʰ ˁʰˍʰˍʱˋˋˇ˄ˍʰʽ ˋʶ ˍʷˋˋʶˊʽˌ ˁʰˍʹʴˇˊʾʶˌ ˋˉˇˎʵʰʽˈˍʹˍʰˌ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʽˌ 
ˁˇʽ˄˖˄ʽˁˇˇʽˁˇ˄ˇ˃ʽˁʷˌ ˋˎ˄ʷˉʶʽʶˌ ˉˇˎ ˃ˉˇˊʶʾ ˄ʰ ʷ˔ʶʽ ʶ˄ʵʶ˔ˈ˃ʶ˄ʹ ˁʰˍʰˋˍˊˇ˒ʺ ʺ ʵʽʰˁˇˉʺ 
ˍʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎˌΦ ʅʶ ˁʱʻʶ ˁʰˍʹʴˇˊʾʰ ˋˉˇˎʵʰʽˈˍʹˍʰˌ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˃ʽʰ ˍʽ˃ʺ ˍˇˎ 
ˋˎ˄ˍʶ˂ʶˋˍʺ ˋˉˇˎʵʰʽˈˍʹˍʰˌ ʴi όʃʾ˄ʰˁʰˌ нΦтύΦ ɱʽʰ ˁʰˍʹʴˇˊʾʰ ˋˉˇˎʵʰʽˈˍʹˍʰˌ ɹɹ όˋˎ˄ʺʻʹ 
ˁˍʾˊʽʰ ˁʰˍˇʽˁʽ˗˄ ˁʰʽ ʴˊʰ˒ʶʾ˖˄Σ ʲʽˇ˃ʹ˔ʰ˄ʽˁʱ ˁˍʾˊʽʰΣ ˅ʶ˄ˇʵˇ˔ʶʾʰ ˁˍ˂Φύ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ 
ˋˉˇˎʵʰʽˈˍʹˍʰˌ ʶʾ˄ʰʽ ɹɹɹ=1.00. 

 

ʃʾ˄ʰˁʰˌ 2.10: ʅˎ˄ˍʶ˂ʶˋˍʺˌ ˋˉˇˎʵʰʽˈˍʹˍʰˌ 

ɼʰˍʹʴˇˊʾʰ ʅˉˇˎʵʰʽˈˍʹˍʰˌ I II III IV 

iɹ 0,8 1,0 1,2 1,4 
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ʁ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ǉ ʶʽˋʱʴʶʽ ˍʹ ˃ʶʾ˖ˋʹ ˍ˖˄ ˋʶʽˋ˃ʽˁ˗˄ ʶˉʽˍʰ˔ˏ˄ˋʶ˖˄ ˍʹˌ 
ˉˊʰʴ˃ʰˍʽˁʺˌ ˁʰˍʰˋˁʶˎʺˌ ˂ˈʴ˖ ˃ʶˍʶ˂ʰˋˍʽˁʺˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌΣ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʽˌ 
ʶˉʽˍʰ˔ˏ˄ˋʶʽˌ ˉˇˎ ˉˊˇˁˏˉˍˇˎ˄ ˎˉˇ˂ˇʴʽˋˍʽˁʱ ˋʶ ʰˉʶˊʽˈˊʽˋˍʰ ʶ˂ʰˋˍʽˁˈ ˋˏˋˍʹ˃ʰΦ 
ɳˁ˒ˊʱʸʶʽΣ ʴʶ˄ʽˁʱΣ ˍʹ˄ ʽˁʰ˄ˈˍʹˍʰ ʶ˄ˈˌ ʵˇ˃ʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌ ˄ʰ ʰˉˇˊˊˇ˒ʱ ʶ˄ʷˊʴʶʽʰ ˃ʷˋ˖ 
ˉ˂ʱˋˍʽ˃ʹˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ˇˊʽˋ˃ʷ˄˖˄ ˃ʶ˂˗˄ ˍˇˎ ˔˖ˊʾˌ ˄ʰ ˃ʶʽ˗˄ʶˍʰʽ ʵˊʰˋˍʽˁʱ ʹ ʰ˄ˍˇ˔ʺ 
ˍˇˎΦ ɾʷʴʽˋˍʶˌ ˍʽ˃ʷˌ ˍˇˎ ˋˎ˄ˍʶ˂ʶˋˍʺ ǉ ʵʾ˄ˇ˄ˍʰʽ ˋˍˇ˄ ʃʾ˄ʰˁʰ 2.8Σ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ ʶʾʵˇˌ 
ˍˇˎ ˎ˂ʽˁˇˏ ˁʰˍʰˋˁʶˎʺˌ ˁʰʽ ˍˇ˄ ˍˏˉˇ ˍˇˎ ʵˇ˃ʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌΦ ʁʽ ˍʽ˃ʷˌ ʰˎˍʷˌ ʽˋ˔ˏˇˎ˄ 
ʶ˒ˈˋˇ˄ ʴʽʰ ˍˇ ˋʶʽˋ˃ˈ ˋ˔ʶʵʽʰˋ˃ˇˏ ʷ˔ˇˎ˃ʶ ʷ˄ʰˊ˅ʹ ʵʽʰˊˊˇʺˌ ˍˇˎ ˋˎˋˍʺ˃ʰˍˇˌ όˉˊ˗ˍʹ 
ˉ˂ʰˋˍʽˁʺ ʱˊʻˊ˖ˋʹύ ˁʰʽ ˃ʶ ˍʹ˄ ˉʶˊʰʽˍʷˊ˖ ʰˏ˅ʹˋʹ ˍʹˌ ˒ˈˊˍʽˋʹˌ ʶʾ˄ʰʽ ʵˎ˄ʰˍˈˌ ˇ 
ˋ˔ʹ˃ʰˍʽˋ˃ˈˌ ʰ˅ʽˈˉʽˋˍˇˎ ˃ʹ˔ʰ˄ʽˋ˃ˇˏ ʵʽʰˊˊˇʺˌ ˃ʶ ˍʹ ʵʹ˃ʽˇˎˊʴʾʰ ʽˁʰ˄ˇˏ ʰˊʽʻ˃ˇˏ 
ˉ˂ʰˋˍʽˁ˗˄ ʰˊʻˊ˗ˋʶ˖˄Φ 

ʃʾ˄ʰˁʰˌ 2.11: ɾʷʴʽˋˍʶˌ ˍʽ˃ʷˌ ˋˎ˄ˍʶ˂ʶˋˍʺ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ǉ ʰ˄ʰ˂ˈʴ˖ˌ ˍˇˎ ʵˇ˃ʽˁˇˏ 
ˋˎˋˍʺ˃ʰˍˇˌ 

ʅˍʰˍʽˁˈˌ ʆˏˉˇˌ 

ɼʰˍʹʴˇˊʾʰ 
ʃ˂ʰˋˍʽ˃ˈˍʹˍʰˌ 

ɼʃɾ ɼʃʇ 

ɮύ ʃ˂ʰʾˋʽʰ ˉʰˊʰ˂ʰʲʺˌ ˊˇˉ˗˄ 4 5 uh/ 1h 

ɰύ ʃ˂ʰʾˋʽˇ ˃ʶ ˋˎ˄ʵʷˋ˃ˇˎˌ ̝ ˖ˊʾˌ ʶˁˁʶ˄ˍˊˈˍʹˍʰΥ 

-ɲʽʰʴ˗˄ʽˇʽ ˋˏ˄ʵʶˋ˃ˇʽ 

-ʅˏ˄ʵʶˋ˃ˇʽ ˃ˇˊ˒ʺˌ V 

 

4 

2 

 

4 

2,5 

ɱύ ʃ˂ʰʾˋʽʰ ˃ʶ ʷˁˁʶ˄ˍˊˇˎˌ ˋˎ˄ʵʷˋ˃ˇˎˌ 4 5 uh/ 1h 

ɲύ ɮ˄ʶˋˍˊʰ˃˃ʷ˄ˇ ʶˁˁˊʶ˃ʷˌ 2 2 uh/ 1h 

 

ɱʽʰ ˍˇ ˁˍʾˊʽˇ ʶˉʽ˂ʷ˔ʻʹˁʶ ɼʰˍʹʴˇˊʾʰ ɾʷˋʹˌ ʃ˂ʰˋˍʽ˃ˈˍʹˍʰˌ. ʁ ˋˎ˄ˍʶ˂ʶˋˍʺˌ 
ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ ʴʽʰ ˍˇ˄ ˒ˇˊʷʰ ˃ʶ ˉ˂ʰʾˋʽʰ ˉʰˊʰ˂ʰʲʺˌ ˊˇˉ˗˄  ʶˉʽ˂ʷ˔ʻʹˁʶ q = 3 ʶ˄˗ 
ʰ˄ˍʾˋˍˇʽ˔ʰ ʴʽʰ ˍˇ˄ ˒ˇˊʷʰ ˃ʶ ˉ˂ʰʾˋʽˇ ˃ʶ ʵʽʰʴ˗˄ʽˇˎˌ ˋˎ˄ʵʷˋ˃ˇˎˌ ʶˉ̔˂ʷ˔ʻʹˁʶ q = 2,5. 
ɳˉʾˋʹˌΣ ˍˇ ˁˍʾˊʽˇ ʰˉˇˍʶ˂ʶʾ ˁˇ˔˂ʽ˖ˍʺ ˁʰˍʰˋˁʶˎʺ ˁʰ̔  ʻʰ ʻʶ˖ˊʺˋˇˎ˃ʶ ˈˍʽ ˍˇ ʸ όʰˉˈˋʲʶˋʹύ 
ʶʾ˄ʰʽ ʸҐр҈. 

ɶ ˋʶʽˋ˃ʽˁʺ ˁʾ˄ʹˋʹ ˋΩ ʷ˄ʰ ʵʶʵˇ˃ʷ˄ˇ ˋʹ˃ʶʾˇ ˋˍʹ˄ ʶˉʽ˒ʱ˄ʶʽʰ ˉˊˇˋˇ˃ˇʽ˗˄ʶˍʰʽ ˃ʶ ˍˇ 
ʶ˂ʰˋˍʽˁˈ ˒ʱˋ˃ʰ ʰˉˈˁˊʽˋʹˌΦ ɶ ˇˊʽʸˈ˄ˍʽʰ ˋʶʽˋ˃ʽˁʺ ʵˊʱˋʹ ˉʶˊʽʴˊʱ˒ʶˍʰʽ ʰˉˈ ʵˏˇ 
ˇˊʻˇʴ˗˄ʽʶˌ ˋˎ˄ʽˋˍ˗ˋʶˌ όX ˁʰʽ Yύ ˉˇˎ ʻʶ˖ˊˇˏ˄ˍʰʽ ʰ˄ʶ˅ʱˊˍʹˍʶˌ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˁʰʽ 
ʶˁ˒ˊʱʸˇ˄ˍʰʽ ʰˉˈ ˍˇ ʾʵʽˇ ˒ʱˋ˃ʰ ʰˉˈˁˊʽˋʹˌΦ  

ɱʽʰ ˍʽˌ ˇˊʽʸˈ˄ˍʽʶˌ ˋˎ˄ʽˋˍ˗ˋʶˌ ˍʹˌ ˋʶʽˋ˃ʽˁʺˌ ʵˊʱˋʹˌ ˍˇ ˒ʱˋ˃ʰ ˋ˔ʶʵʽʰˋ˃ˇˏ, Sd(T) 
ˇˊʾʸʶˍʰʽ ˖ˌ ʶ˅ʺˌ όɳɼуύΥ 
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ʅ˔ʺ˃ʰ 2.25: ɾˇˊ˒ʺ ʶ˂ʰˋˍʽˁˇˏ ˒ʱˋ˃ʰˍˇˌ ʰˉˈˁˊʽˋʹˌ 

¶                                                  (2.14)

  

¶                                                                            (2.15)

  

¶                                                             (2.16) 

¶                                                             (2.17) 

ʂˉˇˎΥ  

Sd(T) ʁ ʾ˄ʰʽ ʹ ˒ʰˋ˃ʰˍʽˁʺ ʶˉʽˍʱ˔ˎ˄ˋʹ ˋ˔ʶʵʽʰˋ˃ˇˏ  

T ʁ ʾ˄ʰʽ ʹ ˉʶˊʾˇʵˇˌ ˍʰ˂ʱ˄ˍ˖ˋʹˌ ʶ˄ˈˌ ʴˊʰ˃˃ʽˁˇˏ ˋˎˋˍʺ˃ʰˍˇˌ ˃ʾʰˌ ʶ˂ʶˏʻʶˊʹˌ ˁʾ˄ʹˋʹˌ  

ag ʁ ʾ˄ʰʽ ʹ ʶʵʰ˒ʽˁʺ ʶˉʽˍʱ˔ˎ˄ˋʹ ˋ˔ʶʵʽʰˋ˃ˇˏ ˋʶ ʷʵʰ˒ˇˌ ˁʰˍʹʴˇˊʾʰˌ ɰ όŀg Ґ ʴi ghR)  

TB ʁ ʾ˄ʰʽ ʹ ˉʶˊʾˇʵˇˌ ˁʱˍ˖ ˇˊʾˇˎ ˍˇˎ ˁ˂ʱʵˇˎ ˋˍʰʻʶˊʺˌ ˒ʰˋ˃ʰˍʽˁʺˌ ʶˉʽˍʱ˔ˎ˄ˋʹˌ  

TC ʁ ʾ˄ʰʽ ʹ ˉʶˊʾˇʵˇˌ ʱ˄˖ ˇˊʾˇˎ ˍˇˎ ˁ˂ʱʵˇˎ ˋˍʰʻʶˊʺˌ ˒ʰˋ˃ʰˍʽˁʺˌ ʶˉʽˍʱ˔ˎ˄ˋʹˌ  

TD ʶʾ˄ʰʽ ʹ ˍʽ˃ʺ ˍʹˌ ˉʶˊʽˈʵˇˎ ˉˇˎ ˇˊʾʸʶʽ ˍʹ˄ ʰˊ˔ʺ ˍʹˌ ˉʶˊʽˇ˔ʺˌ ˋˍʰʻʶˊʺˌ ˃ʶˍʰˁʾ˄ʹˋʹˌ 
ˍˇˎ ˒ʱˋ˃ʰˍˇˌ 

S ʁ ʾ˄ʰʽ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʶʵʱ˒ˇˎˌ  

q ʁ ʾ˄ʰʽ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˋˎ˃ˉʶˊʽ˒ˇˊʱˌ  

 ̡ʁ ʾ˄ʰʽ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˁʰˍ˗ˍʰˍˇˎ ˇˊʾˇˎ ʴʽʰ ˍˇ ˇˊʽʸˈ˄ˍʽˇ ˒ʱˋ˃ʰ ˋ˔ʶʵʽʰˋ˃ˇˏΣ ˋˎ˄ʽˋˍ˗˃ʶ˄ʹ 
ˍʽ˃ʺ ʲҐлΣнΦ 
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2.6 ʅˎ ˄ʵˎʰˋ˃ˇʾ ɲˊʱˋʶ˖˄ 

ʁˊʽʰˁʷˌ ˁʰˍʰˋˍʱˋʶʽˌ ʶʾ˄ʰʽ ˇʽ ˁʰˍʰˋˍʱˋʶʽˌ ˉʷˊʰ˄ ˍ˖˄ ˇˉˇʾ˖˄ ˇ ˒ˇˊʷʰˌ ʺ ˍ˃ʺ˃ʰ ʰˎˍˇˏ 
ʵʶ˄ ʽˁʰ˄ˇˉˇʽʶʾ ˉ˂ʷˇ˄ ˍʰ ˁˊʽˍʺˊʽʰ ˋ˔ʶʵʽʰˋ˃ˇˏ ˍˇˎΦ ɲʽʰˁˊʾ˄ˇ˄ˍʰʽ ʵʶ ˋʶ ʵˏˇ ˁʰˍʹʴˇˊʾʶˌΣ 
ˍʽˌ ʁˊʽʰˁʷˌ ɼʰˍʰˋˍʱˋʶʽˌ ɮˋˍˇ˔ʾʰˌ ˁʰʽ ˍʽˌ ʁˊʽʰˁʷˌ ɼʰˍʰˋˍʱˋʶʽˌ ɽʶʽˍˇˎˊʴʽˁˈˍʹˍʰˌ ˉˇˎ 
ˉʶˊʽʴˊʱ˒ˇ˄ˍʰʽ ˉʰˊʰˁʱˍ˖Φ 

ʁˊʽʰˁʷˌ ɼʰˍʰˋˍʱˋʶʽˌ ɮˋˍˇ˔ʾʰˌ (Ultimate Limit States - ¦[{ύ ʶʾ˄ʰʽ ˇʽ ˇˊʽʰˁʷˌ 
ˁʰˍʰˋˍʱˋʶʽˌ ˉˇˎ ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʶ ˁʰˍʱˊˊʶˎˋʹ ʺ ˃ʶ ʽˋˇʵˏ˄ʰ˃ʶˌ ˃ˇˊ˒ʷˌ ʰˋˍˇ˔ʾʰˌ ˍˇˎ 
˒ˇˊʷʰ ʺ ˍ˃ʺ˃ʰˍˈˌ ˍˇˎ ˁʰʽ ˋ˔ʶˍʾʸˇ˄ˍʰʽ ˃ʶ ˍʹ˄ ʰˋ˒ʱ˂ʶʽʰ ˍ˖˄ ʰ˄ʻˊ˗ˉ˖˄Σ ˍʹ˄ ʰˋ˒ʱ˂ʶʽʰ 
ˍˇˎ ˒ˇˊʷʰ ˁʰʽ ˍʹ˄ ˉˊˇˋˍʰˋʾʰ ˍ˖˄ ˉʶˊʽʶ˔ˇ˃ʷ˄˖˄Φ 

ʁˊʽʰˁʷˌ ɼʰˍʰˋˍʱˋʶʽˌ ɽʶʽˍˇˎˊʴʽˁˈˍʹˍʰˌ (Serviceability Limit States - {[{ύ ʶʾ˄ʰʽ ˇʽ 
ˇˊʽʰˁʷˌ ˁʰˍʰˋˍʱˋʶʽˌ ˉˇˎ ˋˎ˄ʵʷˇ˄ˍʰʽ ˃ʶ ˋˎ˄ʻʺˁʶˌ ˉʷˊʰ˄ ˍ˖˄ ˇˉˇʾ˖˄ ʵʶ˄ ˉ˂ʹˊˇˏ˄ˍʰʽ 
ˉ˂ʷˇ˄ ˇʽ ˁʰʻˇˊʽˋ˃ʷ˄ʶˌ ˂ʶʽˍˇˎˊʴʽˁʷˌ ʰˉʰʽˍʺˋʶʽˌ ʴʽʰ ˍˇ ˒ˇˊʷʰ ʺ ʴʽʰ ˃ʷ˂ˇˌ ʰˎˍˇˏΦ 
ɮ˒ˇˊˇˏ˄ ʵʶ ˍʽˌ ˂ʶʽˍˇˎˊʴʽˁʷˌ ʰˉʰʽˍʺˋʶʽˌ ʰˉˈ ˒ˇˊʷʰ ʺ ʵˇ˃ʽˁˈ ˃ʷ˂ˇˌ ˎˉˈ ˋˎ˄ʻʺˁʶˌ 
ˋˎ˄ʺʻˇˎˌ ˔ˊʺˋʹˌΣ ˍʹ˄ ʱ˄ʶˋʹ ˍ˖˄ ˔ˊʹˋˍ˗˄ ˁʰʽ ˍʹ˄ ʶ˅˖ˍʶˊʽˁʺ ʶ˃˒ʱ˄ʽˋʹ ˍ˖˄ ʵˇ˃ʽˁ˗˄ 
ˋˍˇʽ˔ʶʾ˖˄ όˉΦ˔Φ ʷ˄ˍˇ˄ʹ ˁʰ˃ˉˍʽˁʺ ˉʰˊʰ˃ˈˊ˒˖ˋʹ ʺ ʶˁˍʶˍʰ˃ʷ˄ʹ ˊʹʴ˃ʱˍ˖ˋʹύΦ 

ɮ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ ʶʾʵˇˌΣ ˍʹ ˃ˇˊ˒ʺ ˁʰʽ ˍʹ ʻʷˋʹ ˍʹˌ ˁʰˍʰˋˁʶˎʺˌΣ ˉˊˇˋʵʽˇˊʾˋˍʹˁʰ˄ ˇʽ 
ʵʽʱ˒ˇˊʶˌ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʷˌ ˍʽ˃ʷˌ ˍ˖˄ ʵˊʱˋʶ˖˄Σ ˇʽ ˇˉˇʾʶˌ ʶˉʶ˄ʶˊʴˇˏ˄ ʶˉΩ ʰˎˍʺˌΦ ʁʽ 
ʵˊʱˋʶʽˌ ʰˎˍʷˌ ˉˇ˂˂ʰˉ˂ʰˋʽʰʸˈ˃ʶ˄ʶˌ ˃ʶ ˁʰˍʱ˂˂ʹ˂ˇˎˌ ˋˎ˄ˍʶ˂ʶˋˍʷˌ όʶˉʽ˃ʷˊˇˎˌ 
ˋˎ˄ˍʶ˂ʶˋˍʷˌ ʰˋ˒ʰ˂ʶʾʰˌ ʴύΣ ˋˎ˄ʵˎʱʸˇ˄ˍʰʽ ˃ʶˍʰ˅ˏ ˍˇˎˌ ˁʰˍʰ˂˂ʺ˂˖ˌ όˋˎ˄ˍʶ˂ʶˋˍʷˌ 
ˋˎ˄ʵˎʰˋ˃ˇˏˌ ʌύ ʴʽʰ ˁʱʻʶ ˃ʽʰ ʰˉˈ ˍʽˌ ʵˏˇ ˇˊʽʰˁʷˌ ˁʰˍʰˋˍʱˋʶʽˌ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ 
ʶ˒ʰˊ˃ˈʸˇ˄ˍʰʽ ʶˉʾ ˍˇˎ ˒ˇˊʷʰΦ 

 

ʅˎ˄ˍʶ˂ʶˋˍʷˌ ɮˋ˒ʰ˂ʶʾʰˌ 

ʁʽ ʶˉʽ˃ʷˊˇˎˌ ˋˎ˄ˍʶ˂ʶˋˍʷˌ ʰˋ˒ʰ˂ʶʾʰˌ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽΣ ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˂ʹ˒ʻˇˏ˄ 
ˎˉˈ˕ʹ ˉʽʻʰ˄ʷˌ ʵˎˋ˃ʶ˄ʶʾˌ ʰˉˇˁ˂ʾˋʶʽˌ ʺ ˉʽʻʰ˄ʺ ˃ʹ ʰˁˊʽʲʺˌ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍ˖˄ ʵˊʱˋʶ˖˄Σ 
ˁʰʻ˗ˌ ˁʰʽ ʰʲʶʲʰʽˈˍʹˍʶˌ ˋˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˍ˖˄ ʵˊʱˋʶ˖˄ 
όʶ˄ˍʰˍʽˁʱ ˃ʶʴʷʻʹΣ ˃ʶˍʰˁʽ˄ʺˋʶʽˌ ˁ˂ˉΦύΦ 

ʁʽ ˍʽ˃ʷˌ ˍ˖˄ ʶˉʽ˃ʷˊˇˎˌ ˋˎ˄ˍʶ˂ʶˋˍ˗˄ ʴʽʰ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʶ˂ʷʴ˔ˇˎ ʰˋˍˇ˔ʾʰˌ ʶ˄ˈˌ ˁˍʽˊʾˇˎ 
ʺ ˃ʷ˂ˇˎˌ ʶʾ˄ʰʽΥ 

ɼʰˍʰˋˍʱˋʶʽˌ ʵʽʱˊˁʶʽʰˌ ˁʰʽ ˉʰˊˇʵʽˁʷˌΦ 

¶ ʴ̔ ʰ ˃ˈ˄ʽ˃ʶˌ ʵˊʱˋʶʽˌΥ 

Gɹ,sup = мΣор όʵˎˋ˃ʶ˄ʺˌ ʶˉʽˊˊˇʺύ 

Gɹ,inf = мΣлл όʶˎ˃ʶ˄ʺˌ ʶˉʽˊˊˇʺύ 

¶ ʴ̔ ʰ ˃ʶˍʰʲ˂ʹˍʷˌ ʵˊʱˋʶʽˌΥ 

Qɹ,i = 1,50     όʺ ʴQ,i Ґ л ʴʽʰ ˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʶˎ˃ʶ˄ˇˏˌ ʶˉʽˊˊˇʺˌύ 

 

ɼʰˍʰˋˍʱˋʶʽˌ ˍˎ˔ʹ˃ʰˍʽˁʷˌΣ ʴʶ˄ʽˁ˗ˌ ʴA = 1,0 

 

ʁ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˋˉˇˎʵʰʽˈˍʹˍʰˌ όʴIύ ˍʹˌ ˁʰˍʰˋˁʶˎʺˌ ʰ˄ˍʽˋˍˇʽ˔ʶʾ ˋˍʽˌ ˁʰˍʹʴˇˊʾʶˌ 
ˋˉˇˎʵʰʽˈˍʹˍʰˌ ˋˍʽˌ ˇˉˇʾʶˌ ˁʰˍʰˍʱˋˋˇ˄ˍʰʽ ˇʽ ˁʰˍʰˋˁʶˎʷˌΣ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍˇ˄ ˁʾ˄ʵˎ˄ˇ ˉˇˎ 
ˋˎ˄ʶˉʱʴʶˍʰʽ ʴʽʰ ˍˇ˄ ʱ˄ʻˊ˖ˉˇΣ ʰ˂˂ʱ ˁʰʽ ʴʽʰ ˍʽˌ ˁˇʽ˄˖˄ʽˁˇˇʽˁˇ˄ˇ˃ʽˁʷˌ ˋˎ˄ʷˉʶʽʶˌ ˉˇˎ 
˃ˉˇˊʶʾ ˄ʰ ʷ˔ʶʽ ʶ˄ʵʶ˔ˈ˃ʶ˄ʹ ˁʰˍʰˋˍˊˇ˒ʺ ˍˇˎˌ ʺ ʵʽʰˁˇˉʺ ˍʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇˎˌ όʲ˂Φ ɳɿ 
мффу ˁʰʽ ɳɮɼ нлллύΦ  
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ʅˎ˄ˍʶ˂ʶˋˍʷˌ ʅˎ˄ʵˎʰˋ˃ˇˏ 

ʁʽ ˋˎ˄ˍʶ˂ʶˋˍʷˌ ˋˎ˄ʵˎʰˋ˃ˇˏ ʌ ˍ˖˄ ˃ʶˍʰʲ˂ʹˍ˗˄ ʵˊʱˋʶ˖˄Σ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ 
ˉˊˇˁʶʽ˃ʷ˄ˇˎ ˄ʰ ˂ʹ˒ʻʶʾ ˎˉˈ˕ʹ ʹ ˃ʶʽ˖˃ʷ˄ʹ ˉʽʻʰ˄ˈˍʹˍʰ ʴʽʰ ˍʰˎˍˈ˔ˊˇ˄ʹ ˋˎ˄ˏˉʰˊ˅ʹ ˍ˖˄ 
ˉ˂ʷˇ˄ ʵˎˋ˃ʶ˄˗˄ ˍʽ˃˗˄ ˍ˖˄ ʵʽʰ˒ˈˊ˖˄ ʰ˄ʶ˅ʱˊˍʹˍ˖˄ ʵˊʱˋʶ˖˄Φ ʁʽ ˋˎ˄ˍʶ˂ʶˋˍʷˌ ˕ ʴʽʰ ˍʰ 
ˁˍʾˊʽʰ ˈˉ˖ˌ ˉˊˇˍʶʾ˄ˇ˄ˍʰʽ ʰˉˈ ˍˇ˄ ɳˎˊ˖ˁ˗ʵʽˁʰ ʵʾ˄ˇ˄ˍʰʽ ˋˍˇ˄ ʃʾ ˄ʰˁʰ 2.12. 

ʃʾ˄ʰˁʰˌ 2.12: ʅˎ˄ˍʶ˂ʶˋˍʷˌ ˋˎ˄ʵˎʰˋ˃ˇˏ ʵˊʱˋʶ˖˄ ʌƛ ˁʰˍʱ ˍˇ ɳɿ мффл 

ɲˊʱˋ́ ʌ0 ʌ1 ʌ2 

ɳˉʽʲʰ˂˂ˈ˃ʶ˄ʰ ˒ˇˊˍʾʰ ˋʶ ˁˍʺˊʽʰΣ ˁʰˍʹʴˇˊʾʰ     

ɼʰˍʹʴˇˊʾʰ ɮΥ ˁʰˍˇʽˁʾʶˌ 0,7 0,5 0,3 

ɼʰˍʹʴˇˊʾʰ ɰΥ ˔˗ˊˇʽ ʴˊʰ˒ʶʾ˖˄ 0,7 0,5 0,3 

ɼʰˍʹʴˇˊʾʰ CΥ ˔˗ˊˇʽ ˋˎ˄ʱʻˊˇʽˋʹˌ 0,7 0,7 0,6 

ɼʰˍʹʴˇˊʾʰ 5Υ ˔˗ˊˇʽ ˁʰˍʰˋˍʹ˃ʱˍ˖˄ 0,7 0,7 0,6 

ɼʰˍʹʴˇˊʾʰ 9Υ ˔˗ˊˇʽ ʰˉˇʻʺˁʶˎˋʹˌ 1,0 0,9 0,8 

ʊˇˊˍʾʰ ˁˎˁ˂ˇ˒ˇˊʾʰˌ ˇ˔ʹ˃ʱˍ˖˄ ˋʶ ˁˍʺˊʽʰ    

ɼʰˍʹʴˇˊʾʰ CΥ ʲʱˊˇˌ ˇ˔ʹ˃ʱˍ˖˄ Җ олƪb 0,7 0,7 0,6 

ɼʰˍʹʴˇˊʾʰ DΥ олƪb ғ ʲʱˊˇˌ ˇ˔ʹ˃ʱˍ˖˄ Җ мслƪb 0,7 0,5 0,3 

ɼʰˍʹʴˇˊʾʰ ɶΥ ˇˊˇ˒ʷˌ 0 0 0 

ʊˇˊˍʾʰ ˔ʽˇ˄ʽˇˏ ˋʶ ˁˍʺˊʽʰ όʲ˂ʷˉʶ ɳɿ мффм-1-3): 

ɱʽʰ ˎ˕ˈ˃ʶˍˊˇ мллл m < ɶ < 1500 m 

ɱʽʰ ˎ˕ˈ˃ʶˍˊˇ ɶ Җ мллл Ƴ 

 

0,7 

0,5 

 

0,5 

0,2 

 

0,2 

0 

ʊˇˊˍʾʰ ʰ˄ʷ˃ˇˎ ˋʶ ˁˍʺˊʽʰ όʲ˂ʷˉʶ ɳɿ мффм-1-4) 0,6 0,2 0 

ɸʶˊ˃ˇˁˊʰˋʾʰ ˋʶ ˁˍʺˊʽʰ όʶˁˍˈˌ ˉˎˊˁʰʴʽʱˌύ όʲ˂Φ ɳɿ 
1991-1-5) 

0,6 0,5 0 

 
ʁˊʽʰˁʺ ˁʰˍʱˋˍʰˋʹ h ˋˍˇ˔ʾʰˌ (ULS: Ultimate limit  state)  

ʁʽ ˋˎ˄ʵˎʰˋ˃ˇʾ ˋ˔ʶʵʽʰˋ˃ˇˏ ʴʽʰ ˍˇ˄ ʷ˂ʶʴ˔ˇ ˋˍʹ˄ ˇˊʽʰˁʺ ˁʰˍʱˋˍʰˋʹ ʰˋˍˇ˔ʾʰˌΣ ʶʾ˄ʰʽ ˇʽ 
ʰˁˈ˂ˇˎʻˇʽΥ 

¶ ɱʽʰ ˁʰˍʰˋˍʱˋʶʽˌ ʵʽʱˊˁʶʽʰˌ ʺ ˉʰˊˇʵʽˁʷˌ 

 
¶ ɱʽʰ ˍˎ˔ʹ˃ʰˍʽˁʷˌ ˁʰˍʰˋˍʱˋʶʽˌ 
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¶ ɱʽʰ ˁʰˍʰˋˍʱˋʶʽˌ ˋʶʽˋ˃ˇˏ 

 

ɶ ˃ˇˊ˒ʺ ˍ˖˄ ˋˎ˄ʵˎʰˋ˃˗˄ ʶʾ˄ʰʽ ˋˎ˃ʲˇ˂ʽˁʺ ˁʰʽ ˍˇ ˋˏ˃ʲˇ˂ˇ ˍˇˎ ʰʻˊˇʾˋ˃ʰˍˇˌ ʵʶ˄ 
ˋʹ˃ʰʾ˄ʶʽ ʶʵ˗ ʰ˂ʴʶʲˊʽˁʺ ʺ ʴʶ˖˃ʶˍˊʽˁʺ ʱʻˊˇʽˋʹΣ ʰ˂˂ʱ ʰˉ˂˗ˌ ʶˉʰ˂˂ʹ˂ʾʰ ʵˊʱˋʶ˖˄ 
όʵʹ˂ʰʵʺ ˍʰˎˍˈ˔ˊˇ˄ʹ ˋˎ˄ˏˉʰˊ˅ʹ ˍ˖˄ ʵʽʰ˒ˈˊ˖˄ ʵˊʱˋʶ˖˄ύΦ ʁʽ ˉˊˇˍʶʽ˄ˈ˃ʶ˄ʶˌ ˍʽ˃ʷˌ ˍ˖˄ 
ˋˎ˄ˍʶ˂ʶˋˍ˗˄ ˕Σ ʵʾ˄ˇ˄ˍʰʽ ˋˍˇ˄ ʃʾ˄ʰˁʰ 2.12. 

 

ʁˊʽʰˁʺ ˁʰˍʱˋˍʰˋʹ ˂ ʶʽˍˇˎˊʴʽˁˈˍʹˍʰˌ (SLS: Serviceability limit  states)  

ʁʽ ˋˎ˄ʵˎʰˋ˃ˇʾ ˋ˔ʶʵʽʰˋ˃ˇˏ ʴʽʰ ˍˇ˄ ʷ˂ʶʴ˔ˇ ˋˍʹ˄ ˇˊʽʰˁʺ ˁʰˍʱˋˍʰˋʹ ˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʰˌ, 
ʶʾ˄ʰʽ ˇʽ ʰˁˈ˂ˇˎʻˇʽ: 

¶ ʋʰˊʰˁˍʹˊʽˋˍʽˁˈˌ ˋˎ˄ʵˎʰˋ˃ˈˌ 

 
¶ ʅˎ˔˄ˈˌ όfrequent) ̀ ˎ˄ʵˎʰˋ˃ˈˌ 

 
¶ ɶ˃ʽ˃ˈ˄ʽ˃ˇˌ όquasi-permanent) ̀ ˎ˄ʵˎʰˋ˃ˈˌ 

 

ʁʽ ˋˎ˄ʵˎʰˋ˃ˇʾ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʰ˄ ˋˍʹ˄ ʵʽʰˋˍʰˋʽˇ˂ˈʴʹˋʹ ˁʰʽ ˍˇ˄ ʷ˂ʶʴ˔ˇ ˍʹˌ 
ˁʰˍʰˋˁʶˎʺˌ ʶʾ˄ʰʽ ˇʽ ʶ˅ʺˌΥ 

ʁˊʽʰˁʺ ˁʰˍʱˋˍʰˋʹ ʰˋˍˇ˔ʾʰˌ 

¶ ɲʶ˄ ʰˋˁˇˏ˄ˍʰʽ ˍˎ˔ʹ˃ʰˍʽˁʷˌ ʵˊʱˋʶʽˌ ˋˍʹ˄ ˁʰˍʰˋˁʶˎʺΦ ɳˉˇ˃ʷ˄˖ˌ ʰ˄ ɮd=0 (̱ ʽ˃ʺ 
ˋ˔ʶʵʽʰˋ˃ˇˏ ˍʹˌ ˍˎ˔ʹ˃ʰˍʽˁʺˌ ʵˊʱˋʹˌύ ˖ˌ ʵˎˋ˃ʶ˄ʷˋˍʶˊˇˌ ˋˎ˄ʵˎʰˋ˃ˈˌ ˉˊˇˁˏˉˍʶʽ 
ʰˎˍˈˌ ʴʽʰ ˁʰˍʰˋˍʱˋʶʽˌ ʵʽʱˊˁʶʽʰˌ ʺ ˉʰˊˇʵʽˁʷˌ. 

1. ɰʰˋʽˁˈ ˃ʶˍʰʲ˂ʹˍˈ ˍʰ ˁʽ˄ʹˍʱΥ мΣорϊDҌмΣрлϊvҌмΣрлϊлΣрлϊ{ҌмΣрлϊлΣслϊW 
2. ɰʰˋʽˁˈ ˃ʶˍʰʲ˂ʹˍˈ ˍˇ ˔ʽˈ˄ʽΥ мΣорϊDҌмΣрлϊ{ҌмΣрлϊлтлϊvҌмΣрлϊлΣслϊ² 
3. ɰʰˋʽˁˈ ˃ʶˍʰʲ˂ʹˍˈ ˇ ʱ˄ʶ˃ˇˌΥ мΣорϊDҌмΣрлϊ²ҌмΣрлϊлΣтлϊvҌмΣрлϊлΣрлϊ{ 

 

¶ ɼʰˍʰˋˍʱˋʶʽˌ ˋʶʽˋ˃ˇˏ: 
1. G + 0,30Q ҕ 1,00EX ҕ  0,30EY 
2. G + 0,30Q ҕ 0,30EX ҕ 1,00EY 

ʁˊʽʰˁʺ ˁʰˍʱˋˍʰˋʹ ˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʰˌ 

¶ ʁ ˔h́ ʰˁˍʹˊʽˋˍʽˁˈˌ ˋˎ˄ʵˎʰˋ˃ˈˌ ̄ ˊˇˁˏˉˍʶʽ ʵˎˋ˃ʶ˄ʷˋˍʶˊˇˌ: 
1. ɰʰˋʽˁˈ ˃ʶˍʰʲ˂ʹˍˈ ˍʰ ˁʽ˄ʹˍʱ Υ мΣллϊDҌмΣллϊvҌлΣрлϊ{ҌлΣслϊ² 
2. ɰʰˋʽˁˈ ˃ʶˍʰʲ˂ʹˍˈ ˍˇ ˔ʽˈ˄ʽ Υ мΣллϊDҌмΣллϊ{ҌлΣтлϊvҌлΣслϊ² 
3. ɰʰˋʽˁˈ ˃ʶˍʰʲ˂ʹˍˈ ˇ ʱ˄ʶ˃ˇˌ Υ мΣллϊDҌмΣллϊ²ҌлΣтлϊvҌлΣрлϊ{ 

ʂˉˇˎΥ  G ˃ˈ˄ʽ˃ʰ ˒ˇˊˍʾʰ, Q ˁʽ˄ʹˍʱ ˒ˇˊˍʾʰ, S ʵˊʱˋʶʽˌ ˔ʽˇ˄ʽˇˏ, W ʵˊʱˋʶʽˌ ʰ˄ʷ˃ˇˎ, EX, EY 
ˋʶʽˋ˃ʽˁʷˌ ʵˊʱˋʶʽˌ όʵʽʶˏʻˎ˄ˋʹ ʋ ˁʰʽ ʇύ 
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3 ʅ˔ʶʵʽʰˋ˃ˈˌ ˁʰʽ ʰ˄ʱ˂ˎˋʹ ˁʰˍʰˋˁʶˎʺˌ 

3.1 ʅˍʰˍʽˁˈ ˉˊˇˋˇ˃ˇʾ˖˃ʰ 

ʆˇ ˉˊˈʴˊʰ˃˃ʰ ˉˇˎ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʴʽʰ ˍʹ˄ ˉˊˇˋˇ˃ˇʾ˖ˋʹΣ ˍʹ˄ ʰ˄ʱ˂ˎˋʹ ˁʰʽ ˍˇ 
˂ʶˉˍˇ˃ʶˊʺ ʷ˂ʶʴ˔ˇ ˍ˖˄ ˃ʶ˂˗˄ ˍʹˌ ˁʰˍʰˋˁʶˎʺˌ ʶʾ˄ʰʽ ˍˇ wƻōƻǘ {ǘǊǳŎǘǳǊŀƭ !ƴŀƭȅǎƛǎΣ ˍʹˌ 
Autodesk. 

ʅˍˇ ˉˊˈʴˊʰ˃˃ʰ ˋ˔ʶʵʽʱˋˍʹˁʶ ʹ ˁʰˍʰˋˁʶˎʺ ˃ʶ ˃ʶˍʰ˂˂ʽˁʱ ʴˊʰ˃˃ʽˁʱ ˋˍˇʽ˔ʶʾʰΣ ˔˖ˊʾˌ ˍʹ 
ˋˏ˃˃ʽˁˍʹ ˉ˂ʱˁʰ ˂ˈʴ˖ ˍʹˌ ʰʵˎ˄ʰ˃ʾʰˌ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ ˄ʰ ˂ʱʲʶʽ ˍʹ ˋˏ˃˃ʽˁˍʹ ʵˊʱˋʹ 
˔ʱ˂ˎʲʰ-ˋˁˎˊˇʵʷ˃ʰˍˇˌ ˁʰʽ ˍʹ˄ ʶˉʰ˂˂ʹ˂ʾʰ ˍ˖˄ ˒ʱˋʶ˖˄ ˁʰˍʰˋˁʶˎʺˌΦ ɱʽʰ ˍˇ ˂ˈʴˇ ʰˎˍˈ ˇʽ 
ʵʶˎˍʶˊʶˏˇˎˋʶˌ ˋˏ˃˃ʽˁˍʶˌ ʵˇˁˇʾ ˋ˔ʶʵʽʱˋˍʹˁʰ˄ ˃ ʶ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ ̀ ˍˇ Excel. 

ɶ ˉˊˇˋˇ˃ˇʾ˖ˋʹ ˍʹˌ ʵʽʰ˒ˊʰʴ˃ʰˍʽˁʺˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˉˇˎ ˉˊˇˋ˒ʷˊʶʽ ʹ ˉ˂ʱˁʰ ˋˍˇ ˇˊʽʸˈ˄ˍʽˇ 
ʶˉʾˉʶʵˇ ʷʴʽ˄ʶ ˃ʶ ˍʹ˄ ʶˉʽ˂ˇʴʺ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ rigid ƭƛƴƪǎΣ ʶ˄˗˄ˇ˄ˍʰˌ ˈ˂ˇˎˌ ˍˇˎˌ 
ˁˈ˃ʲˇˎˌ ˁʱʻʶ ˇˊˈ˒ˇˎ ˋʶ ʷ˄ʰ˄ ˁˈ˃ʲˇΦ ɾʶ ˍˇ˄ ˍˊˈˉˇ ʰˎˍˈ ʵʶˋ˃ʶˏˋʰ˃ʶ ˍʽˌ ˇˊʽʸˈ˄ˍʽʶˌ 
˃ʶˍʰˁʽ˄ʺˋʶʽˌ Ux ˁ ʰʽ Uy ̱ ʹˌ ˉ˂ʱˁʰˌ.  

 

ʅ˔ʺ˃ʰ 3.1: ʃˊˇˋˇ˃ˇʾ˖ˋʹ ɻ ʽʰ˒ˊʰʴ˃ʰˍʽˁʺˌ ˂ʶʽˍˇˎˊʴʾʰˌ ˉ˂ʱˁʰˌ ˋˁˎˊˇʵʷ˃ʰˍˇˌ 

ʆʰ ʾɻ ʽʰ ʲʱˊʹ ˍ˖˄ ˋˍˇʽ˔ʶʾ˖˄ ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄ ʰˎˍˈ˃ʰˍʰ ʰˉˈ ˍˇ ˉˊˈʴˊʰ˃˃ʰΦ ʆˇ ˒ˇˊˍʾˇ ˍʹˌ 
ˉ˂ʱˁʰˌΣ ˍʰ ˉˊˈˋʻʶˍʰ ˃ˈ˄ʽ˃ʰΣ ˍʰ ˁʽ˄ʹˍʱΣ ˍʰ ˒ˇˊˍʾʰ ˔ʽˇ˄ʽˇˏ ˁʰʽ ʰ˄ʷ˃ˇˎ ʶʽˋʺ˔ʻʹˋʰ˄ ˖ˌ 
ʶˉʽ˒ʰ˄ʶʽʰˁʱ ʺ ʴˊʰ˃˃ʽˁʱ ˇ˃ˇʽˈ˃ˇˊ˒ʰ ˁʰˍʰ˄ʶ˃ʹ˃ʷ˄ʰ ˒ˇˊˍʾʰ ˍˇˉˇʻʶˍʹ˃ʷ˄ʰ ˋʶ 
ʶˉʽ˒ʱ˄ʶʽʶˌ ˒ˈˊˍʽˋʹˌ (claddingsύ ˉˇˎ ˃ʶˍʰ˒ʷˊˇˎ˄ ˍʰ ˒ˇˊˍʾʰ ˋˍʰ ˃ʷ˂ʹ ˍˇˎ ˒ˇˊʷʰ όload 
distribution). 

ʁʽ ˋˏ˄ʵʶˋ˃ˇʽ ʵˎˋˁʰ˃˕ʾʰˌ ˋˍʹ˄ ˁʰʻˇ˂ʽˁʺ ʵʽʶˏʻˎ˄ˋʹ ʇ ̱̫ ʻʹˁʰ˄ ˖ˌ truss bars ˗ˋˍʶ ˄ʰ 
ˉʰˊʰ˂ʰ˃ʲʱ˄ˇˎ˄ ˃ˈ˄ˇ ʰ˅ˇ˄ʽˁʷˌ ʵˎ˄ʱ˃ʶʽˌΦ ʅˍʰ ʰ˃˒ʽʰˊʻˊ˖ˍʱ ˃ʷ˂ʹ ˍʹˌ ˁʰˍʰˋˁʶˎʺˌ 
˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ʹ ʶˉʽ˂ˇʴʺ ǊŜƭŜŀǎŜǎ ˁʰʽ ˔ʰˊʰˁˍʹˊʾˋˍʹˁʰ˄ ˖ˌ ǇƛƴƴŜŘ-pinned, 
ʵʹ˃ʽˇˎˊʴ˗˄ˍʰˌ ʷˍˋʽ ʰˊʻˊ˗ˋʶʽˌ ˋˍʰ ʱˁˊʰ ˍˇˎˌΦ ʆʰ ˎˉˇˋˍˎ˂˗˃ʰˍʰ ʶʾ˄ʰʽ ˋˎ˄ʶ˔ʺ ˁʰʻΩ 
ˏ˕ˇˌ ˃ʶ ˉ˂ʺˊʹ ʰˉˇˁʰˍʱˋˍʰˋʹ ˋˎ˄ʷ˔ʶʽʰˌ ˁʰʽ ʻʶ˖ˊˇˏ˄ˍʰʽ ʰˊʻˊ˖ˍʱ ˋˍʹ ˁʰʻˇ˂ʽˁʺ 
ʵʽʶˏʻˎ˄ˋʹ ʇ ˁʰʽ ˉʰˁˍ˖˃ʷ˄ʰ ˋˍʹ˄ ʵʽʶˏʻˎ˄ˋʹ ʋΦ ʁ ˉˊˇˋʰ˄ʰˍˇ˂ʽˋ˃ˈˌ ˍˇˎˌ ʶʾ˄ʰʽ ˍʷˍˇʽˇˌ 
˗ˋˍʶ ˇ ʽˋ˔ˎˊˈˌ ˍˇˎˌ ʱ˅ˇ˄ʰˌ ˄ʰ ʲˊʾˋˁʶˍʰʽ ˋˍʹ˄ ʵʽʶˏʻˎ˄ˋʹ ʇ ˁʰʽ ˇ ʰˋʻʶ˄ʺˌ ʱ˅ˇ˄ʰˌ ˋˍʹ˄ 
ʵʽʶˏʻˎ˄ˋʹ ʋΦ 
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ʅ˔ʺ˃ʰ 3.2Υ ɼʰˍʰ˄ˇ˃ʺ ˒ˇˊˍʾ˖˄ όload distribution) 

3.2  ʅˍʰˍʽˁʺ ɮ˄ʱ˂ˎˋʹ 

ʇˉʱˊ˔ˇˎ˄ ʵˏˇ ˃ʷʻˇʵˇʽ ˋˍʰˍʽˁʺˌ ʰ˄ʱ˂ˎˋʹˌ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ˉˊʰʴ˃ʰˍˇˉˇʽʹʻˇˏ˄ ʴʽʰ ˍʹ˄ 
ʰ˄ʱ˂ˎˋʹ ˃ʾʰˌ ˁʰˍʰˋˁʶˎʺˌΥ  

¶ ɳ˂ʰˋˍʽˁʺ ˋˍʰˍʽˁʺ ʰ˄ʱ˂ˎˋʹ: ˃ ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˋʶ ˈ˂ʶˌ ˍʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌΦ 

¶ ʃ˂ʰˋˍʽˁʺ ˋˍʰˍʽˁʺ ʰ˄ʱ˂ˎˋʹΥ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʶʾˍʰʽ ˃ˈ˄ˇ ˈˉˇˎ ʹ ˁʰˍʰˋˁʶˎʺ 
ʷ˔ʶʽ ʽˁʰ˄ˇˉˇʽʹˍʽˁʺ ʵˎ˄ʰˍˈˍʹˍʰ ˋˍˊˇ˒ʺˌ ˋˍʽˌ ʻʷˋʶʽˌ ˍ˖˄ ˉ˂ʰˋˍʽˁ˗˄ ʰˊʻˊ˗ˋʶ˖˄Φ 

ɽh ˃ʲʱ˄ˇ˄ˍʰʽ ˎˉˈ˕ʹ ˇʽ ʶˉʽʵˊʱˋʶʽˌ ˍʹˌ ˃ʹ ʴˊʰ˃˃ʽˁˈˍʹˍʰˌ ˍˇˎ ˎ˂ʽˁˇˏ ˁʰˍʱ ˍˇ˄ 
ˎˉˇ˂ˇʴʽˋ˃ˈ ˍ˖˄ ʰˉˇˍʶ˂ʶˋ˃ʱˍ˖˄ ˍ˖˄ ʵˊʱˋʶ˖˄ ʶˉʾ ˍˇˎ ˒ˇˊʷʰΣ ʶ˄˗ ʹ ˋ˔ʷˋʹ 
ˍʱˋʶ˖˄-ˉʰˊʰ˃ˇˊ˒˗ˋʶ˖˄ ˍˇˎ ˎ˂ʽˁˇˏ ʶʾ˄ʰʽ ˉʱ˄ˍʰ ʴˊʰ˃˃ʽˁʺΦ 

ʅˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ʶ˂ʰˋˍʽˁʺ ʰ˄ʱ˂ˎˋʹ мʹˌ ˍʱ˅ʹˌ ʰ˒ˇˏ ˉˊˇʷˁˎ˕ʶ 
ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʶˎʰʽˋʻʹˋʾʰˌ ˋ˔ʶˍʽˁʺˌ ˃ʶˍʰˁʾ˄ʹˋʹˌ ˇˊˈ˒ˇˎ,  ̒< лΣм Φ ɶ ʶˉʾ˂ˎˋʹ ʷʴʽ˄ʶ ˃ʶ 
ʲʱˋʹ ˍʹ˄ ʰˊ˔ʽˁʺΣ ʰˉʰˊʰ˃ˈˊ˒˖ˍʹ ʴʶ˖˃ʶˍˊʾʰ ˍˇˎ ˒ˇˊʷʰΦ 

 

3.3 ɲˎ˄ʰ˃ʽˁʺ ɮ˄ʱ˂ˎˋʹ 

ɶ ʵˎ˄ʰ˃ʽˁʺ ʰ˄ʱ˂ˎˋʹ ˍʹˌ ˁʰˍʰˋˁʶˎʺˌΣ ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʶ ˃ʶ ˍʹ ˃ʷʻˇʵˇ ˍʹˌ 
ʽʵʽˇ˃ˇˊ˒ʽˁʺˌ ʰ˄ʱ˂ˎˋʹˌ ˒ʱˋ˃ʰˍˇˌ ʰˉˈˁˊʽˋʹˌΦ ɶ ˃ʷʻˇʵˇˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʽʵʽˇ˃ˇˊ˒ʽˁʺ 
ʰ˄ʱ˂ˎˋʹ ˃ʶ ˍʹ˄ ˇˉˇʾʰ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ˇʽ ʽʵʽˇ˃ˇˊ˒ʷˌ ˍʹˌ ˁʰˍʰˋˁʶˎʺˌ ˁʰʽ ˋˍʹ ˋˎ˄ʷ˔ʶʽʰ 
ʽʵʽˇ˃ˇˊ˒ʽˁʺ ˁʰʽ ˔˖ˊʽˁʺ ʶˉʰ˂˂ʹ˂ʾʰ ʰˎˍ˗˄Φ 

ʂ˂ʰ ˍʰ  ʵʶʵˇ˃ʷ˄ʰ ˍʹˌ ˋʶʽˋ˃ʽˁʺˌ ʵʽʷʴʶˊˋʹˌ ʶʽˋʺ˔ʻʹˋʰ˄ ˋˍˇ ˉˊˈʴˊʰ˃˃ʰ ʴʽʰ ˄ʰ 
ˎˉˇ˂ˇʴʽˋˍˇˏ˄ ̱ ʰ ˋʶʽˋ˃ʽˁʱ ˒ˇˊˍʾʰ ˁʰˍʱ · ˁʰʽ Y.  

ʍˌ ˋˎ˃˃ʶˍʷ˔ˇˎˋʰ ˃ʱʸʰ ˇˊʾˋˍʹˁʶ ʹ ˃ʱʸʰ ˉˇˎ ˉˊˇʷˊ˔ʶˍʰʽ ʰˉˈ ˍʰ ˃ˈ˄ʽ˃ʰ ˒ˇˊˍʾʰ G ˁ ʰʽ ˍʰ 
ˁʽ˄ʹˍʱ ˒ˇˊˍʾʰ Q ̄ ˇ˂˂ʰˉ˂ʰˋʽʰˋ˃ʷ˄ʰ ˃ʶ ˍˇ˄ ̀ ˎ˄ˍʶ˂ʶˋˍʺ лΣоΦ 
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ɾʶ ̱ʹ ˃ʷʻˇʵˇ /v/ ό/ƻƳǇƭŜǘŜ ǉǳŀŘǊŀǘƛŎ ŎƻƳōƛƴŀǘƛƻƴύ ˎˉˇ˂ˇʴʾˋˍʹˁʰ˄ ʰˉˈ ˍˇ 
ˉˊˈʴˊʰ˃˃ʰ ˇʽ ˃ʷʴʽˋˍʶˌ ʰˉˇˁˊʾˋʶʽˌ ʰ˄ʱ ʵʽʶˏʻˎ˄ˋʹ ˋʶʽˋ˃ˇˏΣ ˎ˂ˇˉˇʽ˗˄ˍʰˌ ˍʹ˄ 
ʶˉʰ˂˂ʹ˂ʾʰ ˍ˖˄ ʽʵʽˇ˃ˇˊ˒ʽˁ˗˄ ʰˉˇˁˊʾˋʶ˖˄. 

ɼʰˍʱ ˍʹ˄ ʽʵʽˇ˃ˇˊ˒ʽˁʺ ʰ˄ʱ˂ˎˋʹ ˉʰˊʰˍʹˊʺʻʹˁʶ ˈˍʽ ʰˉʰʽˍˇˏ˄ˍʰʽ р ʽʵʽˇ˃ˇˊ˒ʷˌ ˁʰˍʱ ˍʹ 
ʵʽʶˏʻˎ˄ˋʹ Y ˁʰʽ т ʽʵʽˇ˃ˇˊ˒ʷˌ ˁʰˍʱ ˍʹ˄ ʵʽʶˏʻˎ˄ˋʹ X ˗ˋˍʶ ˍˇ ʱʻˊˇʽˋ˃ʰ ˍ˖˄ 
ʽʵʽˇ˃ˇˊ˒ʽˁ˗˄ ˃ʰʸ˗˄ ˄ʰ ˒ʻʱˋʶʽ ˍˇ фл҈ ˍʹˌ ˋˎ˄ˇ˂ʽˁʺˌ ˃ʱʸʰˌΦ ɮˎˍˈ ˋˎ˃ʲʰʾ˄ʶʽΣ ʶˉʶʽʵʺ ʹ 
ˁʰˍʰˋˁʶˎʺ ˉʰˊˇˎˋʽʱʸʶʽ ʰˋˎ˃˃ʶˍˊʾʰ ˖ˌ ˉˊˇˌ ˍʹ ʵˎˋˁʰ˃˕ʾʰ ˍʹˌ ˁʰˍʱ ˍʽˌ ʵˏˇ 
ʵʽʶˎʻˏ˄ˋʶʽˌ ˂ˈʴ˖ ˍʹˌ ˃ʹ ˏˉʰˊ˅ʹˌ ˁʰˍʰˁˈˊˎ˒˖˄ ˋˎ˄ʵʷˋ˃˖˄ ˋˍʹ˄ ʵʽʶˏʻˎ˄ˋʹ ʋΦ 

ɱʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍʹ ˃ʷʴʽˋˍʹˌ ˋʶʽˋ˃ʽˁʺˌ ʰˉˈˁˊʽˋʹˌ, ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˎˉˈ˕ʹ ˇʽ 7 ˉˊ˗ˍʶˌ 
ʽʵʽˇ˃ˇˊ˒ʷˌΦ ʅˍˇ˄ ʃʾ ˄ʰˁʰ 3.1 ˉʰˊˇˎˋʽʱʸˇ˄ˍʰʽ ˇʽ ˍʽ˃ʷˌ ˍ˖˄ ʽʵʽˇ˃ˇˊ˒˗˄ ˇʽ ˇˉˇʾʶˌ 
ʶ˄ʶˊʴˇˉˇʽˇˏ˄ ˍʰ ˃ʶʴʰ˂ˏˍʶˊʰ ˉˇˋˇˋˍʱ ʽʵʽˇ˃ˇˊ˒ʽˁ˗˄ ˃ʰʸ˗˄Φ 

ʃʾ˄ʰˁʰˌ 3.1: ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ʽʵʽˇ˃ˇˊ˒ʽˁʺˌ ʰ˄ʱ˂ˎˋʹˌ 

ɹʵʽˇ˃ˇˊ˒ʺ ɹʵʽˇˉʶˊʾˇʵˇˌ 
ʃˇˋˇˋˍˈ ʽʵʽˇ˃ˇˊ˒ʽˁʺˌ ˃ʱʸʰˌ ό҈ύ 

ʋ ʇ 

1 2,02 77,91 0,00 

2 1,69 0,00 78,10 

3 1,36 0,12 0,00 

4 0,69 10,79 0,00 

5 0,58 0,00 14,30 

6 0,47 0,01 0,00 

7 0,39 4,37 0,00 

ʅˎ˄ˇ˂ʽˁˈ ˉˇˋˇˋˍˈ ˋˎ˃˃ʶˍʷ˔ˇˎˋʰˌ 
˃ʱʸʰˌ 

93,2 92,40 

ɼʰˍʱ ˍʹ˄ ʵʽʱˊˁʶʽʰ ˍʹˌ ˋʶʽˋ˃ʽˁʺˌ ʵʽʷʴʶˊˋʹˌ ˎˉˇʻʷˋʰ˃ʶ ˈˍʽ ˋˍʹ˄ ʵʽʶˏʻˎ˄ˋʹ ʇ 
ʶ˄ʶˊʴˇˉˇʽˇˏ˄ˍʰʽ ˃ˈ˄ˇ ˇʽ ʶ˒ʶ˂ˁˎˈ˃ʶ˄ˇʽ ˁʰˍʰˁˈˊˎ˒ˇʽ ˋˏ˄ʵʶˋ˃ˇʽ ʵˎˋˁʰ˃˕ʾʰˌΦ ɾʶ ˍˇ˄ 
ˍˊˈˉˇ ʰˎˍˈ ˇʽ ˋˏ˄ʵʶˋ˃ˇʽ ʵˎˋˁʰ˃˕ʾʰˌ ˃ˉˇˊˇˏ˄ ˄ʰ ʰ˄ʰˉˍˏ˅ˇˎ˄ ˋʹ˃ʰ˄ˍʽˁʷˌ ˉ˂ʰˋˍʽˁʷˌ 
ˉʰˊʰ˃ˇˊ˒˗ˋʶʽˌ ˉˊʽ˄ ˍʹ˄ ʰˋˍˇ˔ʾʰ ˍˇˎˌΦ 

ʅˍʰ ʅ˔ʺ˃ʰˍʰ оΦо ˁʰʽ оΦп ˒ʰʾ˄ʶˍʰʽ ʹ ˉʰˊʰ˃ˈˊ˒˖ˋʹ ˍʹˌ ˁʰˍʰˋˁʶˎʺˌ ʴʽʰ ˍʽˌ ʵʶˋˉˈʸˇˎˋʶˌ 
ʽʵʽˇ˃ˇˊ˒ʷˌ ˍʹˌ ʵʽʶˏʻˎ˄ˋʹˌ ʋ ˁʰʽ ʇ 
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ʅ˔ʺ˃ʰ 3.3Υ мʹ ɹʵʽˇ˃ˇˊ˒ʺΣ ʵʶˋˉˈʸˇˎˋʰ ˁʰˍʱ ʋ όʆ = 2,02 sec) 

 

ʅ˔ʺ˃ʰ 3.4Υ нʹ ɹʵʽˇ˃ˇˊ˒ʺΣ ʵʶˋˉˈʸˇˎˋʰ ˁʰˍʱ ʇ (T = 1,69 sec) 

 

 

 

 

 



 
 54 

 

4 ɴ˂ʶʴ˔ˇˌ ˁʰʽ ʵʽʰˋˍʰˋʽˇ˂ˈʴʹˋʹ ˁʰˍʰˋˁʶˎʺˌ 

ʁ ʷ˂ʶʴ˔ˇˌ ˁʰʽ ʹ ʵʽʰˋˍʰˋʽˇ˂ˈʴʹˋʹ ˍˇˎ ˒ˇˊʷʰ ʷʴʽ˄ʰ˄ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʽˌ ˁʰ˄ˇ˄ʽˋˍʽˁʷˌ 
ʵʽʰˍʱ˅ʶʽˌ ˍˇˎ ɳˎˊ˖ˁ˗ʵʽˁʰ нΣ ˍˇˎ ɳˎˊ˖ˁ˗ʵʽˁʰ о ˁʰʽ ˍˇˎ ɳˎˊ˖ˁ˗ʵʽˁʰ пΦ ʆʰ ˃ʶʴʷʻʹ 
ˋ˔ʶʵʽʰˋ˃ˇˏ ˍˇˎ ˒ˇˊʷʰ ˉˊˇˁˏˉˍˇˎ˄ ˃ʶ ʲʱˋʹ ˍʹ ˋˍʰˍʽˁʺ ˁʰʽ ʵˎ˄ʰ˃ʽˁʺ ʰ˄ʱ˂ˎˋʹ ˉˇˎ 
ˉˊʰʴ˃ʰˍˇˉˇʽʺʻʹˁʰ˄ ˋˍˇ ˔˖ˊʽˁˈ ˉˊˇˋˇ˃ˇʾ˖˃ʰ ˍʹˌ ˁʰˍʰˋˁʶˎʺˌΦ ɶ ʶˉʽ˂ˇʴʺ ˍ˖˄ 
ʵʽʰˍˇ˃˗˄ ˉˊˇˁˏˉˍʶʽ ˃ʷˋ˖ ʶˉʰ˄ʰ˂ʹˉˍʽˁʺˌ ʵʽʰʵʽˁʰˋʾʰˌ ˈˉˇˎ ʶʾ˄ʰʽ ʰˉʰˊʰʾˍʹˍˇˌ ˇ 
ˉˊˇˋʵʽˇˊʽˋ˃ˈˌ ˍʹˌ ˃ʶʻˈʵˇˎ ʰ˄ʱ˂ˎˋʹˌ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍ˖˄ ʶ˄ˍʰˍʽˁ˗˄ ˃ʶʴʶʻ˗˄ 
ˁʰʻ˗ˌ ˁʰʽ ʴʽʰ ˍˇ˄ ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍ˖˄ ʰ˄ˍˇ˔˗˄Φ 

4.1 ɼʰˍʹʴˇˊʾʰ ʵʽʰˍˇ˃˗˄ 

ʁʽ ʵʽʰˍˇ˃ʷˌ ˁʰˍʰˍʱˋˋˇ˄ˍʰʽ ˋʶ ˍʷˋˋʶˊʽˌ ˁʰˍʹʴˇˊʾʶˌΣ ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʹ ˊˇˉʺ ʰ˄ˍˇ˔ʺˌΣ ˍʹ 
ˋˍˊˇ˒ʽˁʺ ʽˁʰ˄ˈˍʹˍʰ ˁʰʽ ˍʹ˄ ʰ˄ˍˇ˔ʺ ˋʶ ˂ˎʴʽˋ˃ˈΦ ɱʽʰ ˄ʰ ʶ˅ʰˋ˒ʰ˂ʽˋˍʶʾ ʹ ʰˉʰˊʰʾˍʹˍʹ 
ˋˍˊˇ˒ʽˁʺ ʽˁʰ˄ˈˍʹˍʰΣ ˉˊʷˉʶʽ ˇʽ ʰˁˊʰʾʶˌ ʾ˄ʶˌ ˃ʽʰˌ ʵʽʰˍˇ˃ʺˌ ˄ʰ ˃ˉˇˊˇˏ˄ ˄ʰ 
ˉʰˊʰ˃ˇˊ˒˖ʻˇˏ˄ ˔˖ˊʾˌ ˃ʶʾ˖ˋʹ ˍʹˌ ʰ˄ˍˇ˔ʺˌΦ ɴˍˋʽ ʷ˔ˇˎ˃ʶ ˍʽˌ ʶ˅ʺˌ ˁʰˍʹʴˇˊʾʶˌΥ 

¶ ɼʰˍʹʴˇˊʾʰ мΥ ɳʾ˄ʰʽ ʵʽʰˍˇ˃ʷˌ ˃ʶ ʰ˄ˍˇ˔ʺ ˋʶ ˊˇˉʺ ˃ʶʴʰ˂ˏˍʶˊʹ ˍʹˌ ˉ˂ʰˋˍʽˁʺˌ ˊˇˉʺˌ 
ˁʰʽ ʶˉʰˊˁʺ ˋˍˊˇ˒ʽˁʺ ʽˁʰ˄ˈˍʹˍʰΦ  

¶ ɼʰˍʹʴˇˊʾʰ нΥ ɳʾ˄ʰʽ ʵʽʰˍˇ˃ʷˌ ˉˇˎ ˃ˉˇˊˇˏ˄ ˄ʰ ʰ˄ʰˉˍˏ˅ˇˎ˄ ˍʹ˄ ˉ˂ʰˋˍʽˁʺ ˊˇˉʺ 
ʰ˄ˍˇ˔ʺˌ ˍˇˎˌΣ ʰ˂˂ʱ ʷ˔ˇˎ˄ ˉʶˊʽˇˊʽˋ˃ʷ˄ʹ ˋˍˊˇ˒ʽˁʺ ʽˁʰ˄ˈˍʹˍʰ ˂ˈʴ˖ ˍˇˉʽˁˇˏ 
˂ˎʴʽˋ˃ˇˏΦ  

¶ ɼʰˍʹʴˇˊʾʰ оΥ ɳʾ˄ʰʽ ʵʽʰˍˇ˃ʷˌ ˋˍʽˌ ˇˉˇʾʶˌ ʹ ˍʱˋʹ ˋˍʹ˄ ʰˁˊʰʾʰ ʻ˂ʽʲˈ˃ʶ˄ʹ ʾ˄ʰ ˍˇˎ 
˔ʰ˂ˏʲʵʽ˄ˇˎ ˃ʷ˂ˇˎˌΣ ˎˉˇʻʷˍˇ˄ˍʰˌ ʶ˂ʰˋˍʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ˍʱˋʶ˖˄Σ ˃ˉˇˊʶʾ ˄ʰ 
˒ʻʱˋʶʽ ˍˇ ˈˊʽˇ ʵʽʰˊˊˇʺˌΣ ʰ˂˂ʱ ˇ ˍˇˉʽˁˈˌ ˂ˎʴʽˋ˃ˈˌ ʶ˃ˉˇʵʾʸʶʽ ˍʹ˄ ʰ˄ʱˉˍˎ˅ʹ ˍʹˌ 
ˉ˂ʰˋˍʽˁʺˌ ˊˇˉʺˌ ʰ˄ˍˇ˔ʺˌΦ  

¶ ɼh ˍʹʴˇˊʾʰ пΥ ɳʾ˄ʰʽ ʵʽʰˍˇ˃ʷˌ ˋˍʽˌ ˇˉˇʾʶˌ ˇ ˍˇˉʽˁˈˌ ˂ˎʴʽˋ˃ˈˌ ʻʰ ˋˎ˃ʲʶʾ ˉˊʽ˄ ˍʹ˄ 
ʰ˄ʱˉˍˎ˅ʹ ˍʹˌ ˍʱˋʹˌ ʵʽʰˊˊˇʺˌ ˋʶ ʷ˄ʰ ʺ ˉʶˊʽˋˋˈˍʶˊʰ ˃ʷˊʹ ˍʹˌ ʵʽʰˍˇ˃ʺˌΦ 

ʃʾ˄ʰˁʰˌ 4.1Υ ʄˇˉʷˌ ʰ˄ˍˇ˔ʺˌ ʰ˄ʱ ˁʰˍʹʴˇˊʾʰ ʵʽʰˍˇ˃ʺˌ 

ɼʰˍʹʴˇˊʾʰ ʵʽʰˍˇ˃ʺˌ ʄˇˉʺ ʰ˄ˍˇ˔ʺˌ 

1 & 2 ʃ˂ʰˋˍʽˁʺ ˊˇˉʺ Mpl = Wpl  fy 

3 ɳ˂ʰˋˍʽˁʺ ˊˇˉʺ Mel = Wel  fy 

4 ʄˇˉʺ ˍˇˉʽˁˇˏ ˂ˎʴʽˋ˃ˇˏ M0 < Mel 

ɶ ˁʰˍʹʴˇˊʾʰ ˋˍʹ˄ ˇˉˇʾʰ ʰ˄ʺˁʶʽ ˃ʽʰ ʵʽʰˍˇ˃ʺ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍʹ ʴʶ˖˃ʶˍˊʾʰ ˍʹˌ ˁʰʽ ʰˉˈ ˍʹ 
˒ˈˊˍʽˋʹ ˉˇˎ ʶˉʽʲʱ˂˂ʶˍʰʽ ˋʶ ʰˎˍʺΦ ɼʱʻʶ ʵʽʰˍˇ˃ʺ ˋˎ˄ˍʾʻʶˍʰʽ ʰˉˈ ʵʽʱ˒ˇˊʰ ˉ˂ʰˁˇʶʽʵʺ 
ˋˍˇʽ˔ʶʾʰΣ ˈˉ˖ˌ ˇ ˁˇˊ˃ˈˌ ˁʰʽ ˍʰ ˉʷ˂˃ʰˍʰΣ ˍʰ ˇˉˇʾʰ ˃ˉˇˊʶʾ ˄ʰ ʰ˄ʺˁˇˎ˄ ˁʰʻʷ˄ʰ ˋʶ 
ʵʽʰ˒ˇˊʶˍʽˁʺ ˁʰˍʹʴˇˊʾʰ ʰ˂˂ʱ ʹ ˁʰˍʱˍʰ˅ʹ ˍʹˌ ʵʽʰˍˇ˃ʺˌ ʴʾ˄ʶˍʰʽ ˃ʶ ˍʹ ʵˎˋ˃ʶ˄ʷˋˍʶˊʹ ʶˁ 
ˍ˖˄ ʻ˂ʽʲˇ˃ʷ˄˖˄ ˋˍˇʽ˔ʶʾ˖˄Φ  

ʅˍˇˎˌ  ʃʾ˄ʰˁʶˌ 4.2, 4.3 ˁʰʽ 4.4 ˒ʰʾ˄ˇ˄ˍʰʽ ˇʽ ʴʶ˄ʽˁˇʾ ˁʰ˄ˈ˄ʶˌ ʴʽʰ ˍʹ˄ ˁʰˍʱˍʰ˅ʹ ˍ˖˄ 
ʵʽʰˍˇ˃˗˄Φ 
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ʃʾ˄ʰˁʰˌ 4.2Υ ɼʰˍʱˍʰ˅ʹ ʶˋ˖ˍʶˊʽˁ˗˄ ʶ˂ʰˋ˃ʱˍ˖˄ 
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ʃʾ˄ʰˁʰˌ 4.3Υ ɼʰˍʱˍʰ˅ʹ ˉˊˇʶ˅ʶ˔ˈ˄ˍ˖˄ ʶ˂ʰˋ˃ʱˍ˖˄ 

 

 

ʃʾ˄ʰˁʰˌ 4.4: ɼʰˍʱˍʰ˅ʹ ʴ˖˄ʽʰˁ˗˄ ˁʰʽ ˋ˖˂ʹ˄˖ˍ˗˄ ʵʽʰˍˇ˃˗ ˄
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4.2 ʅˏ˃˃ʽˁˍʶˌ ˉ˂ʱˁʶˌ 

ʅˏ˃˃ʽˁˍʶˌ ˉ˂ʱˁʶˌ ˇ˄ˇ˃ʱʸˇ˄ˍʰʽ ˇʽ ˒ʷˊˇˎˋʶˌ ˉ˂ʱˁʶˌ ˇˊˇ˒ʺˌ ˁˍʽˊʾ˖˄Σ ˇʽ ˇˉˇʾʶˌ 
ʰˉˇˍʶ˂ˇˏ˄ˍʰʽ ʰˉˈ ˔ʰ˂ˎʲʵˈ˒ˎ˂˂ʰ ˁʰʽ ʶˉʾ ˍˈˉˇˎ ʷʴ˔ˎˍˇ ˋˁˎˊˈʵʶ˃ʰΦ ʆʰ ˉ˂ʶˇ˄ʶˁˍʺ˃ʰˍʰ 
ʰˉˈ ˍʹ ˔ˊʺˋʹ ˍˇˎˌ ˋˎ˄ˇ˕ʾʸˇ˄ˍʰʽ ˋˍʰ ˉʰˊʰˁʱˍ˖Υ 

¶ ɮˉʰʽˍˇˏ˄ˍʰʽ ʴʶ˄ʽˁ˗ˌ ˃ʽˁˊˈˍʶˊˇʽ ˔ˊˈ˄ˇʽ ˁ ʰˍʰˋˁʶˎʺˌΦ 

¶ ɮˉˇ˒ʶˏʴʶˍʰʽ ʹ ˔ˊʺˋʹ ˅ˎ˂ˇˍˏˉˇˎΦ 

¶ ɳˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ʹ ʴʶ˒ˏˊ˖ˋʹ ˃ʶʴʰ˂ˏˍʶˊ˖˄ ʰ˄ˇʽʴ˃ʱˍ˖˄ ˃ʶ ʰ˄ˍʾˋˍˇʽ˔ʹ ˃ʶʾ˖ˋʹ ˍ˖˄ 
˃ʶˍʰ˂˂ʽˁ˗˄ ʵʽʰʵˇˁʽʵ˗ˋʶ˖˄Φ 

ʆˇ ʲʰˋʽˁˈ ˋˎˋˍʰˍʽˁˈ ˍ˖˄ ˋˏ˃˃ʽˁˍ˖˄ ˉ˂ʰˁ˗˄ ʶʾ˄ʰʽ ˍʰ ˔ʰ˂ˎʲʵˈ˒ˎ˂˂ʰ ˉˇˎ ˂ʶʽˍˇˎˊʴˇˏ˄ 
ʰˊ˔ʽˁʱ ˁʰˍʱ ˍʹ ˒ʱˋʹ ˁʰˍʰˋˁʶˎʺˌ ˖ˌ ˃ʶˍʰ˂˂ˈˍˎˉˇˌ ʴʽʰ ˍˇ ʷʴ˔ˎˍˇ ˋˁˎˊˈʵʶ˃ʰΣ 
˃ʶˍʰ˒ʷˊˇ˄ˍʰˌ ˍʰ ˒ˇˊˍʾʰ ˍʹˌ ˋˁˎˊˇʵʷˍʹˋʹˌΦ ɾʶˍʱ ˍʹ˄ ˉʺ˅ʹ ˍˇˎ ˋˁˎˊˇʵʷ˃ʰˍˇˌ ʹ 
ˉʰˊʰ˂ʰʲʺ ˍ˖˄ ˂ˇʽˉ˗˄ ˒ˇˊˍʾ˖˄ ˁʰˍʱ ˍʹ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ ˍʹˌ ˁʰˍʰˋˁʶˎʺˌ ʴʾ˄ʶˍʰʽ ʰˉˈ ˍʹ 
ˋˏ˃˃ʽˁˍʹ ʵˊʱˋʹ ˍ˖˄ ʵˏˇ ˎ˂ʽˁ˗˄ ˉˇˎ ˂ʶʽˍˇˎˊʴˇˏ˄ ˉ˂ʷˇ˄ ˖ˌ ˋˏ˃˃ʽˁˍʹ ˉ˂ʱˁʰΦ ʅˍʹ 
ˋˏ˃˃ʽˁˍʹ ˉ˂ʱˁʰ ˉˊˇʲ˂ʷˉʶˍʰʽ ˋˎ˄ʺʻ˖ˌ ʷ˄ʰˌ ʶ˂ʰ˒ˊˏˌ ˇˉ˂ʽˋ˃ˈˌ ˉˇˎ ʰ˒ʶ˄ˈˌ ˃ʶ˄ 
ˉˊˇˋˍʰˍʶˏʶʽ ˍˇ ˋˁˎˊˈʵʶ˃ʰ ʰˉˈ ˍʹ ˊʹʴ˃ʱˍ˖ˋʹΣ ʰ˒ʶˍʷˊˇˎ ʵʶ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ 
ʴʽʰ ˍʹ˄ ˉʰˊʰ˂ʰʲʺ ˍ˖˄ όʰˊ˄ʹˍʽˁ˗˄ύ ˊˇˉ˗˄ ˍ˖˄ ˋˍʹˊʾ˅ʶ˖˄ ˋˍʹ ˉʶˊʾˉˍ˖ˋʹ ˉˇˎ ʶˉʽ˂ʶʴʶʾ 
ˍˇ ˋˍʰˍʽˁˈ ˋˏˋˍʹ˃ʰ ˍʹˌ ˋˎ˄ʶ˔ˇˏˌ ʵˇˁˇˏ ˉˇ˂˂˗˄ ʰ˄ˇʽʴ˃ʱˍ˖˄Φ 

 

ʅ˔ʺ˃ʰ 4.1: ʆˎˉʽˁʺ ʵʽʱˍʰ˅ʹ ˎˉˇʵˇ˃ʺˌ ˋˏ˃˃ʽˁˍʹˌ ˉ˂ʱˁʰˌ 

 

ɶ ˃ʶ˂ʷˍʹ ˁʰʽ ˇ ˋ˔ʶʵʽʰˋ˃ˈˌ ˍ˖˄ ˋˏ˃˃ʽˁˍ˖˄ ˉ˂ʰˁ˗˄ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʽˌ ʵʽʰˍʱ˅ʶʽˌ ˍˇˎ 
ɳˎˊ˖ˁ˗ʵʽˁʰ п ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʵˏˇ ˋˍʱʵʽʰΣ ˍʹ ˒ʱˋʹ ˁʰˍʰˋˁʶˎʺˌ ˁʰʽ ˍʹ ˒ʱˋʹ 
˂ʶʽˍˇˎˊʴʾʰˌΦ ɼʰˍʱ ˍʹ ˒ʱˋʹ ˁʰˍʰˋˁʶˎʺˌΣ ʵʹ˂ʰʵʺ ˉˊʽ˄ ˍʹ ˋˁ˂ʺˊˎ˄ˋʹ ˍˇˎ ˋˁˎˊˇʵʷ˃ʰˍˇˌΣ 
ʶˉʽʵʽ˗ˁʶˍʰʽ ˍˇ ˉˊˇʲ˂ʶˉˈ˃ʶ˄ˇ ˋˍʰˍʽˁˈ ˋˏˋˍʹ˃ʰ ˄ʰ ʷ˔ʶʽ ˍʹ˄ ʽˁʰ˄ˈˍʹˍʰ ˉʰˊʰ˂ʰʲʺˌ ˍʹˌ 
ʷ˄ˍʰˋʹˌ ˉˇˎ ʵʹ˃ʽˇˎˊʴʶʾ ˍˇ ˄˖ˉˈ ˋˁˎˊˈʵʶ˃ʰ ˁʰʽ ˍʰ ˂ˇʽˉʱ ˒ˇˊˍʾʰ ʵʽʱˋˍˊ˖ˋʹˌΦ ʁ 
˒ˇˊʷʰˌ ˉʰˊʰ˂ʰʲʺˌ ˍʹˌ ˉˊˇˁʰ˂ˇˏ˃ʶ˄ʹˌ ʷ˄ˍʰˋʹˌ ʶʾ˄ʰʽ ˍˇ ʴˎ˃˄ˈ ˔ʰ˂ˎʲʵˈ˒ˎ˂˂ˇ ˃ʶ ˍʽˌ 
ˋˍʹˊʾ˅ʶʽˌΣ ˉˇˎ ˋˍʹ˄ ˇˎˋʾʰ ʶʾ˄ʰʽ ˇ ˃ʶˍʰ˂˂ˈˍˎˉˇˌ ˍʹˌ ˉ˂ʱˁʰˌΦ ɾʶˍʱ ˍʹ˄ ˉʺ˅ʹ ˍˇˎ 
ˋˁˎˊˇʵʷ˃ʰˍˇˌΣ ˇ ˋ˔ʶʵʽʰˋ˃ˈˌ ʰ˒ˇˊʱ ˍʹ ˒ʱˋʹ ˂ʶʽˍˇˎˊʴʾʰˌΣ ˈˉˇˎ ˔ʰ˂ˎʲʵˈ˒ˎ˂˂ˇ ˁʰʽ 
ˋˁˎˊˈʵʶ˃ʰ ʵˊˇˎ˄ ˋˏ˃˃ʽˁˍʰ ˖ˌ ʶ˄ʽʰʾʰ ˉ˂ʱˁʰΦ ɶ ʷ˄ˍʰˋʹ ˉˇˎ ˉˊˇˁʰ˂ˇˏ˄ ˍʰ ˒ˇˊˍʾʰ ˉˇˎ 
ʶˉʽʲʱ˂˂ˇ˄ˍʰʽ ˋˍʹ˄ ˉ˂ʱˁʰ ˁʰˍʱ ˍʹ˄ ʵʽʱˊˁʶʽʰ ʸ˖ʺˌ ˍˇˎ ʷˊʴˇˎ ˉʰˊʰ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˋΩ ʰˎˍʺ 
ˍʹ ˒ʱˋʹ ʰˉˈ ˍʹ ˋˏ˃˃ʽˁˍʹ ʵˊʱˋʹ ˍ˖˄ ʵˏˇ ˎ˂ʽˁ˗˄. 
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ʅ˔ʺ˃ʰ 4.2: ɲʽʰ˃ˈˊ˒˖ˋʹ ˍʹˌ ˋˏ˃˃ʽˁˍʹˌ ˉ˂ʱˁʰˌ 

ɱʽʰ ˍʹ˄ ʵʽʰˋˍʰˋʽˇ˂ˈʴʹˋʹ ˍʹˌ ˋˏ˃˃ʽˁˍʹˌ ˉ˂ʱˁʰˌ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶ ˍˇ ˔ʰ˂ˎʲʵˈ˒ˎ˂˂ˇ 
SYMDECK 73Σ ˍˇ ˇˉˇʾˇ ʶʾ˄ʰʽ ʷ˄ʰ ʴʰ˂ʲʰ˄ʽˋ˃ʷ˄ˇ ˉˊˇ˒ʾ˂ ˍˊʰˉʶʸˇʶʽʵˇˏˌ ˋ˔ʺ˃ʰˍˇˌ ʽʵʰ˄ʽˁˈ 
ʴʽʰ ˍʹ˄ ˁʰˍʰˋˁʶˎʺ ˋˏ˃˃ʽˁˍ˖˄ ˉ˂ʰˁ˗˄ ˃ʶʴʱ˂˖˄ ʰ˄ˇʽʴ˃ʱˍ˖˄Φ ɳˉʾˋʹˌ ˃ˉˇˊʶʾ ˄ʰ 
˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˖ˌ ʰ˃ʽʴ˗ˌ ˃ʶˍʰ˂˂ʽˁˈˌ ˒ˇˊʷʰˌ ʽˁʰ˄ˈˌ ˄ʰ ˁʰ˂ˏ˕ʶʽ ˃ʶʴʱ˂ʰ ʰ˄ˇʾʴ˃ʰˍʰΦ ʆˇ 
ʱ˄˖ ˉʷ˂˃ʰ ˍˇˎ ˔ʰ˂ˎʲʵˈ˒ˎ˂˂ˇˎ ʶʾ˄ʰʽ ʶ˄ʽˋ˔ˎ˃ʷ˄ˇ ʷ˄ʰ˄ˍʽ ˍˇˉʽˁˇˏ ˂ˎʴʽˋ˃ˇˏ ˃ʶ ˃ʽʰ 
ʶ˄ʵʽʱ˃ʶˋʹ ʶ˄ʾˋ˔ˎˋʹ ˋˍˇ ˃ʷˋˇ ˍˇˎΦ ʅˍˇ˄ ˁˇˊ˃ˈ ˎˉʱˊ˔ˇˎ˄ ʶʽʵʽˁʷˌ ˄ʶˎˊ˗ˋʶʽˌ 
όʶ˄ˍˎˉ˗˃ʰˍʰύ ˃ʺˁˇˎˌ пл ƳƳΣ ˍʰ ˇˉˇʾʰ ˉˊˇˋʵʾʵˇˎ˄ ˍʹ˄ ʶˉʽˉ˂ʷˇ˄ ˋˎ˄ʱ˒ʶʽʰ ˉˇˎ 
ʰˉʰʽˍʶʾˍʰʽ ˃ʶˍʰ˅ˏ ˔ʰ˂ˎʲʵˈ˒ˎ˂˂ˇˎ ˁʰʽ ˋˁˎˊˇʵʷ˃ʰˍˇˌ ˇˏˍ˖ˌ ˗ˋˍʶ ˄ʰ ˃ʶˍʰ˒ʷˊˇ˄ˍʰʽ ˇʽ 
ʵˎ˄ʱ˃ʶʽˌ ʵʽʰ˃ʺˁˇˎˌ ʵʽʱˍ˃ʹˋʹˌ ˉˇˎ ʰ˄ʰˉˍˏˋˋˇ˄ˍʰʽ ˃ʶˍʰ˅ˏ ˍ˖˄ ʵˏˇ ˎ˂ʽˁ˗˄Φ 

ʁʽ ˉ˂ʱˁʶˌ ˋ˔ʶʵʽʱˋˍʹˁʰ˄ ʴʽʰ ˃ʾʰ ˍˎˉʽˁʺ ˍˇ˃ʺ ˍˇˎ ˃ʶ ˋˎ˄ˇ˂ʽˁˈ ˏ˕ˇˌ ƘҐмрлƳƳ ˁʰʽ 
˔ʰ˂ˎʲʵˈ˒ˎ˂˂ˇ {¸a59/Y то ˉʱ˔ˇˎˌ ǘҐлΣтрƳƳ ˁʰʽ ˏ˕ˇˎˌ Ƙp=7,3 cƳΦ ʆˇˉˇʻʶˍʺʻʹˁʰ˄ 
ˋˎ˄ʶ˔ʺ ˔ʰ˂ˎʲʵˈ˒ˎ˂˂ʰ ˃ʶ ˍʽˌ ˄ʶˎˊ˗ˋʶʽˌ ˁʱʻʶˍʶˌ ˋˍʽˌ ʵʶˎˍʶˊʶˏˇˎˋʶˌ ʵˇˁˇˏˌΦ ɸʰ 
ˉʰˊʰʻʶˍˇˏ˄ ˇʽ ʷ˂ʶʴ˔ˇʽ ˋʶ ˒ʱˋʹ ˁʰˍʰˋˁʶˎʺ ̩ ˁʰʽ ˂ʶʽˍˇˎˊʴʾʰˌ ˃ʶ ˍʹ˄ ˔ˊʺˋʹ ˍˇˎ 
˂ˇʴʽˋ˃ʽˁˇˏ Symdeck Designer ˍʹˌ ʶˍʰʽˊʾʰˌ ɳɽɮʅʆʄʁɿ ʴʽʰ ˍʹ˄ ʵˎˋ˃ʶ˄ʷˋˍʶˊʹ ˍˇ˃ʺΣ 
ˋˎ˄ˇ˂ʽˁˇˏ ʰ˄ˇʾʴ˃ʰˍˇˌ нΣрm. 

ʆʰ ʵʶʵˇ˃ʷ˄ʰ ˉˇˎ ʶʽˋʺ˔ʻʹˋʰ˄ ˋˍˇ ˉˊˈʴˊʰ˃˃ʰ ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍˇ ˉʰˊʰˁʱˍ˖ ˋ˔ʺ˃ʰΥ 

 

ʅ˔ʺ˃ʰ 4.3Υ ɱʶ˄ʽˁʱ ˋˍˇʽ˔ʶʾʰ ˋˏ˃˃ʽˁˍʹˌ ˉ˂ʱˁʰˌ 
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ʊʱˋʹ ɼʰˍʰˋˁʶˎʺˌ 

ʅˍʹ ˒ʱˋʹ ˁʰˍʰˋˁʶˎʺˌ ˇ ˋ˔ʶʵʽʰˋ˃ˈˌ ʴʾ˄ʶˍʰʽ ˃ʶ ʲʱˋʹ ˍʽˌ ˇˊʽʰˁʷˌ ˁʰˍʰˋˍʱˋʶʽˌ ʰˋˍˇ˔ʾʰˌ 
ˁʰʽ ˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʰˌΦ ɳʽʵʽˁˈˍʶˊʰ ʶ˂ʷʴ˔ʶˍʰʽ ʹ ʵˎ˄ʰˍˈˍʹˍʰ ˉʰˊʰ˂ʰʲʺˌ ˍʹˌ ˊˇˉʺˌ ˁʱ˃˕ʹˌ 
ˉˇˎ ˉˊˇˁʰ˂ˇˏ˄ ˍʰ ʵˊ˗˄ˍʰ ˒ˇˊˍʾʰ ʰˉˈ ˍˇ ˔ʰ˂ˎʲʵˈ˒ˎ˂˂ˇ ˃ʶ ˍˇ ʵʶʵˇ˃ʷ˄ˇ ˋˍʰˍʽˁˈ 
ˋˏˋˍʹ˃ʰΦ ɶ ˇˊʽʰˁʺ ˁʰˍʱˋˍʰˋʹ ʰ˄ˍˇ˔ʺˌ ʵʽʶ˅ʱʴʶˍʰʽ ˋˏ˃˒˖˄ʰ ˃ʶ ˍʽˌ ʵʽʰˍʱ˅ʶʽˌ ˍˇˎ 
ɳˎˊ˖ˁ˗ʵʽˁʰ о ˉˇˎ ʰ˒ˇˊˇˏ˄ ˋˍʽˌ ˂ʶˉˍˈˍˇʽ˔ʶˌ ʵʽʰˍˇ˃ʷˌ ˕ˎ˔ˊʺˌ ʵʽʰ˃ˈˊ˒˖ˋʹˌΦ ʅˍʹ˄ 
ˉʶˊʾˉˍ˖ˋʹ ˈˉˇˎ ʴʽʰ ʵʶʵˇ˃ʷ˄ˇ ˉʱ˔ˇˌ ˔ʰ˂ˎʲʵˈ˒ˎ˂˂ˇˎ ˇ ʷ˂ʶʴ˔ˇˌ ʵʶ˄ ʽˁʰ˄ˇˉˇʽʶʾˍʰʽΣ 
ˉˊˇʲ˂ʷˉˇ˄ˍʰʽ ʶ˄ʵʽʱ˃ʶˋʶˌ ˋˍʹˊʾ˅ʶʽˌ ˋˍˇ ˔ʰ˂ˎʲʵˈ˒ˎ˂˂ˇΦ ɳˉʾˋʹˌ ʻʰ ˉˊʷˉʶʽ ˍʰ ʲʷ˂ʹ 
ˁʱ˃˕ʹˌ ˉˇˎ ʵʹ˃ʽˇˎˊʴˇˏ˄ˍʰʽ ˄ʰ ʶʾ˄ʰʽ ʶ˄ˍˈˌ ˍ˖˄ ˇˊʾ˖˄ ˉˇˎ ˁʰʻˇˊʾʸˇ˄ˍʰʽ ʰˉˈ ˍˇ˄ 
ɳˎˊ˖ˁ˗ʵʽˁʰ пΦ 

ʁʽ ʷ˂ʶʴ˔ˇʽ ˍʹˌ ˋˏ˃˃ʽˁˍʹˌ ˉ˂ʱˁʰˌ ʴʽʰ ˍʹ ˒ʱˋʹ ˁʰˍʰˋˁ ʶˎʺˌ ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍʰ ʅ˔ʺ˃ʰˍʰ 4.4 
ˁʰʽ 4.5. 

 

ʅ˔ʺ˃ʰ 4.4: ɴ˂ʶʴ˔ˇˌ ˊˇˉ˗˄ ˋˍʹ ˒ʱˋʹ ˁʰˍʰˋˁʶˎʺˌ 

 

                                                                                                               

 

ʅ˔ʺ˃ʰ 4.5: ɴ˂ʶʴ˔ˇˌ ʲʶ˂˗˄ ˁʱ˃˕ʹˌ ˋˍʹ ˒ʱˋʹ ˁʰˍʰˋˁʶˎʺˌ 

 

ʊʱˋʹ ɽʶʽˍˇˎˊʴʾʰˌ 

ʅˍʹ ˒ʱˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ ʵʽʶ˅ʱʴˇ˄ˍʰʽ ʷ˂ʶʴ˔ˇʽ ˉˇˎ ʰ˒ˇˊˇˏ˄ ˍʹ˄ ʽˁʰ˄ˈˍʹˍʰ ˉʰˊʰ˂ʰʲʺˌ ˍʹˌ 
ʷ˄ˍʰˋʹˌ ˍʹˌ ˉ˂ʱˁʰˌ ʷ˄ʰ˄ˍʽ ʰˊ˄ʹˍʽˁʺˌ ˁʰʽ ʻʶˍʽˁʺˌ ˊˇˉʺˌ ˁʱ˃˕ʹˌ ˁʰʻ˗ˌ ˁʰʽ ʷ˄ʰ˄ˍʽ 
ˁʰˍʰˁˈˊˎ˒ʹˌ ˁʰʽ ʵʽʰ˃ʺˁˇˎˌ ʵʽʱˍ˃ʹˋʹˌΦ ɳˉʾˋʹˌ ʶ˂ʷʴ˔ˇ˄ˍʰʽ ˇʽ ˉʰˊʰ˃ˇˊ˒˗ˋʶʽˌ ˍʹˌ 
ˋˏ˃˃ʽˁˍʹˌ ̄ ˂ɦˁʰˌ ˇʽ ˇˉˇʾʶˌ ʻʰ ˉˊʷˉʶʽ ˄ʰ ʶʾ˄ʰʽ ˋˎ˃ʲʰˍʷˌ ˃ʶ ˉˊˇˁʰʻˇˊʽˋ˃ʷ˄ʰ ˈˊʽʰΦ  
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ʁ ˉʰˊʰˉʱ˄˖ ˋ˔ʶʵʽʰˋ˃ˈˌ ʷ˄ʰ˄ˍʽ ˍ˖˄ ˇˊʽʰˁ˗˄ ˁʰˍʰˋˍʱˋʶ˖˄ ʰˋˍˇ˔ʾʰˌ ʷ˔ʶʽ ˖ˌ ˋˁˇˉˈ ˍʹ˄ 
ʰˉˇˍˊˇˉʺ ˍ˖˄ ˃ ˇˊ˒˗˄ ʰˋˍˇ˔ʾʰˌ ˉˇˎ ˉʶˊʽʴˊʱ˒ʹˁʰ˄ ˋˍʰ ˉˊˇʹʴˇˏ˃ʶ˄ʰΦ 

ʁʽ ʷ˂ʶʴ˔ˇʽ ˍʹˌ ˋˏ˃˃ʽˁˍʹˌ ˉ˂ʱˁʰˌ ʴʽʰ ˍʹ ˒ʱˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍʰ ʅ˔ʺ˃ʰˍʰ 4.6, 
4.7 ˁ ʰʽ 4.8. 

 

ʅ˔ʺ˃ʰ 4.6: ɴ˂ʶʴ˔ˇˌ ˊˇˉ˗˄ ˁʱ˃˕ʹˌ ˋˍʹ ˒ʱˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ 

 

 

ʅ˔ʺ˃ʰ 4.7: ɴ˂ʶʴ˔ˇˌ ˋʶ ʵʽʱˍ˃ʹˋʹ ˋˍʹ ˒ʱˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ 

 

 

ʅ˔ʺ˃ʰ 4.8: ɴ˂ʶʴ˔ˇˌ ʲʶ˂˗˄ ˁʱ˃˕ʹˌ ˋˍʹ ˒ʱˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ 
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4.3 ʅˏ˃˃ʽˁˍʶˌ ɲʽʰʵˇˁʾʵʶˌ  

ʁʽ ʵʽʰʵˇˁʾʵʶˌ ʷ˔ˇˎ˄ ˋ˔ʶʵʽʰˋˍʶʾ ˖ˌ ʰ˃˒ʽʷˊʶʽˋˍʶˌ ˋˏ˃˃ʽˁˍʶˌ ʵˇˁˇʾΦ ɶ ʵʽʰˋˍʰˋʽˇ˂ˈʴʹˋʹ 
ˍˇˎˌ ˉʶˊʽ˂ʰ˃ʲʱ˄ʶʽ ʰˊ˔ʽˁʱ ˍʹ˄ ˔ʰ˂ˏʲʵʽ˄ʹ ʵˇˁˈ ˋˍʹ˄ ˒ʱˋʹ ˁʰˍʰˋˁʶˎʺˌ ˁʰʽ ʷˉʶʽˍʰ ˍʹ˄ 
ˋˏ˃˃ʽˁˍʹ ʵˇˁˈ ˋˍʹ˄ ˒ʱˋʹ ˂ʶʽˍˇˎˊʴʾʰˌΦ ʁʽ ʷ˂ʶʴ˔ˇʽ ʰ˒ˇˊˇˏ˄ ˍʹ˄ ˇˊʽʰˁʺ ˁʰˍʱˋˍʰˋʹ 
ʰˋˍˇ˔ʾʰˌ ˁʰʽ ˍʹ˄ ˇˊʽʰˁʺ ˁʰˍʱˋˍʰˋʹ ˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʰˌΦ 

ʅˍʹ˄ ˒ʱˋʹ ˁʰˍʰˋˁʶˎʺˌ  ˍˇ ˋˁˎˊˈʵʶ˃ʰ ʵʶ˄ ʷ˔ʶʽ ʰˉˇˁˍʺˋʶʽ ˍʹ˄ ʻ˂ʽˉˍʽˁʺ ʰ˄ˍˇ˔ʺ ˍˇˎ ˁʰʽ ʹ 
ʵʽʰˍˇ˃ʺ ʶʾ˄ʰʽ ˔ʰ˂ˏʲʵʽ˄ʹ ˁʰʽ ˁʰˍʰˉˇ˄ʶʾˍʰʽ ʰˉˈ ˍˇ ʾʵʽˇ ʲʱˊˇˌ ˍʹˌ ˁʰʻ˗ˌ ˁʰʽ ʰˉˈ ˍˇ 
˄˖ˉˈ ˋˁˎˊˈʵʶ˃ʰ ˃ʰʸʾ ˃ʶ ˍˇ ˔ʰ˂ˎʲʵˈ˒ˎ˂˂ˇΦ ɳˉʾˋʹˌ ˍˇ ʱ˄˖ ˉʷ˂˃ʰ ˍʹˌ ʵˇˁˇˏ ʻ˂ʾʲʶˍʰʽ 
ˁʰʽ ʵʶ˄ ʶʾ˄ʰʽ ˉ˂ʶˎˊʽˁʱ ʶ˅ʰˋ˒ʰ˂ʽˋ˃ʷ˄ˇ ʶˉˇ˃ʷ˄˖ˌ ʰˉʰʽˍʶʾˍʰʽ ˇ ʷ˂ʶʴ˔ˇˌ ʶˎˋˍʱʻʶʽʰˌ 
ʷ˄ʰ˄ˍʽ ˉ˂ʶˎˊʽˁˇˏ ˂ˎʴʽˋ˃ˇˏΦ ɼʰˍʱ ˍʹ ˒ʱˋʹ ˁʰˍʰˋˁʶˎʺˌ ˃ˉˇˊʶʾ ˄ʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ʺ ˈ˔ʽ 
ˉˊˇˋ˖ˊʽ˄ʺ ˎˉˇˋˍʺˊʽ˅ʹ ˋˍʹ ʵˇˁˈΦ ʁ ʷ˂ʶʴ˔ˇˌ ˉʰˊʰ˃ˇˊ˒˗ˋʶ˖˄ ˋˍʹ˄ ˇˊʽʰˁʺ ˁʰˍʱˋˍʰˋʹ 
˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʰˌ ʶʾ˄ʰʽ ̌  ˉ˂ʷˇ˄ ˁˊʾˋʽ˃ˇˌ ʴʽʰ ˍʹ˄ ˏˉʰˊ˅ʹ ʺ ˈ˔ʽ ˉˊˇˋ˖ˊʽ˄ʺˌ ˎˉˇˋˍʺˊʽ˅ʹˌ.  

ɶ ˋˏ˃˃ʽˁˍʹ ˂ʶʽˍˇˎˊʴʾʰ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ˃ʶ ˍʹ˄ ˔ˊʺˋʹ ʵʽʰˍ˃ʹˍʽˁ˗˄ ʺ˂˖˄ ˉˇˎ 
ʶ˅ʰˋ˒ʰ˂ʾʸˇˎ˄ ˍʹ˄ ˋˎ˄ʶˊʴʰˋʾʰ ˍʹˌ ˔ʰ˂ˏʲʵʽ˄ʹˌ ʵʽʰˍˇ˃ʺˌ ˃ʶ ˍʹ˄ ˉ˂ʱˁʰ ˋˁˎˊˇʵʷ˃ʰˍˇˌΦ 
ʅˍʹ˄ ˒ʱˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ ˍˇ ˋˁˎˊˈʵʶ˃ʰ ʷ˔ʶʽ ʰ˄ʰˉˍˏ˅ʶʽ ˍʹ˄ ʻ˂ʽˉˍʽˁʺ ʰ˄ˍˇ˔ʺ ˁʰʽ ʹ ʵʽʰˍˇ˃ʺ 
˃ʰˌ ʶʾ˄ʰʽ ˋˏ˃˃ʽˁˍʹΦ ʅˍʹ˄ ˒ʱˋʹ ʰˎˍʺ ʹ ʵʽʰˍˇ˃ʺ ˁʰˍʰˉˇ˄ʶʾˍʰʽ ʰˉˈ ˍˇ ˋˏ˄ˇ˂ˇ ˍ˖˄ 
˒ˇˊˍʾ˖˄ ˍʹˌ ˁʰˍʰˋˁʶˎʺˌ ό˃ˈ˄ʽ˃ʰΣ ˁʽ˄ʹˍʱΣ ˒ˇˊˍʾʰ ˔ʽˇ˄ʽˇˏΣ ˁ˂ˉΦύΦ ʆʷ˂ˇˌ ʹ ʵʽʰ˒ˊʰʴ˃ʰˍʽˁʺ 
˂ʶʽˍˇˎˊʴʾʰ ˍʹˌ ˉ˂ʱˁʰˌ ˋˁˎˊˇʵʷ˃ʰˍˇˌ ʶ˃ˉˇʵʾʸʶʽ ˍˇ˄ ˂ˎʴʽˋ˃ˈ ˍˇˎ ʻ˂ʽʲˈ˃ʶ˄ˇˎ ˉʷ˂˃ʰˍˇˌ 
ˁʰʻ˗ˌ ˁʰʽ ˍʹ˄ ˋˍˊˇ˒ʺ ˍʹˌ ʵˇˁˇˏ ˁʰʽ ʵʶ˄ ʰˉʰʽˍʶʾˍʰʽ ˇ ʷ˂ʶʴ˔ˇˌ ʶˎˋˍʱʻʶʽʰˌ ʷ˄ʰ˄ˍʽ 
ˋˍˊʶˉˍˇˁʰ˃ˉˍʽˁˇˏ-ˉ˂ʶˎˊʽˁˇˏ ˂ˎʴʽˋ˃ˇˏΦ 

ɱʽʰ ˍˇ˄ ˋ˔ʶʵʽʰˋ˃ˈ ˁʰʽ ˍˇ˄ ʷ˂ʶʴ˔ˇ ˍ˖˄ ʵʽʰʵˇˁʾʵ˖˄ ʶˉʽ˂ʷ˔ʻʹˁʶ ʹ ʵˇˁˈˌ ˉˇˎ ˉʰˊˇˎˋʽʱʸʶʽ 
ˍʰ ʵˎˋ˃ʶ˄ʷˋˍʶˊʰ ʶ˄ˍʰˍʽˁʱ ˃ʶʴʷʻʹΦ ɶ ʵˇˁˈˌ ʷ˔ʶʽ ˃ʺˁˇˌ L = 7 m ˁʰʽ ʰˉʷ˔ʶʽ ʰˉˈ ˍʽˌ 
ʴʶʽˍˇ˄ʽˁʷˌ ʵˇˁˇˏˌ м,75 m. ɶ ʵʽʰˍˇ˃ʺ ˉˇˎ ʶˉʽ˂ʷ˔ʻʹˁʶ ʶʾ˄ʰʽ ́  ̄ ˊˈˍˎˉʹ ʶ˂ʰˍʺ ʵʽʰˍˇ˃ʺ IPE 
180, ˍʰ ʴʶ˖˃ʶˍˊʽˁʱ ˁʰʽ ʰʵˊʰ˄ʶʽʰˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ ˇˉˇʾʰˌ ʶ˃˒ʰ˄ʾʸˇ˄ˍʰʽ ˋˍˇ˄ 
ʃʾ˄ʰˁʰ 4.5. 

ʃʾ˄ʰˁʰˌ 4.5Υ ɱʶ˖˃ʶˍˊʽˁʱ ˁʰʽ ʰʵˊʰ˄ʶʽʰˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʵʽʰˍˇ˃ʺˌ IPE 180 

h (mm) b (mm) ts (mm) 
tg 

(mm) 
r 

(mm) 
A 

(cm2) 
G (kN/m) 

180 91 5,3 8 9 23,95 0,188 

Wpl,y 
(cm3) 

Avz 
(cm2) 

Iz (cm4) 
Iw 

(cm6) 
It 

(cm4) 
Iy 

(cm4) 
h-2c 
(mm) 

166 11,25 100,9 7430 4,79 1317 146 

 
ɼʰˍʱˍʰ˅ʹ ʵʽʰˍˇ˃ʺˌ 

ɶ ʵʽʰʵˇˁʾʵʰ ˎˉˈˁʶʽˍʰʽ ˋʶ ʶʴˁʱˊˋʽʰ ˒ˇˊˍʾʰΦ ɱʽΩ ʰˎˍˈ ʶ˂ʷʴ˔ʶˍʰʽ ˋʶ ˁʱ˃˕ʹ ˁʰʽ ʵʽʱˍ˃ʹˋʹΦ 
ɳʽʵʽˁˈˍʶˊʰ ˁʰˍʱ ˍʹ˄ ˁʰˍʱˍʰ˅ʹ ˍʹˌ ʵʽʰˍˇ˃ʺˌΣ ʶ˂ʷʴ˔ˇˎ˃ʶ ˍˇ˄ ˁˇˊ˃ˈ ˋʶ ˁʱ˃˕ʹ ˁʰʽ ˍˇ 
ˉʷ˂˃ʰ ˋʶ ʻ˂ʾ˕ʹΦ  

ɮˉˈ ˍˇ˄ ʷ˂ʶʴ˔ˇ ˁʰʽ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇˎˌ ʃʾ˄ʰˁʶˌ 4.2 ˁʰʽ 4.3 ˉˊˇˁˏˉˍʶʽ ʵʽʰˍˇ˃ʺ 
ɼh ˍʹʴˇˊʾʰˌ 1Φ ʁˉˈˍʶ ˉʰˊʰˁʱˍ˖ ʻʰ ʴʾ˄ˇˎ˄ ˉ˂ʰˋˍʽˁˇʾ ʷ˂ʶʴ˔ˇʽ. ɶ ˁʰˍʱˍʰ˅ʹ ˍʹˌ ʵʽʰˍˇ˃ʺˌ 
ʴʾ˄ʶˍʰʽ ʴʽʰ ˍʹ ʵʽʰʵˇˁʾʵʰ ̀ ˍʹ ˒ʱˋʹ ˁʰˍʰˋˁʶˎʺˌΦ 
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ʊʱˋʹ ˁʰˍʰˋˁʶˎʺˌ 

ʆʰ ˒ˇˊˍʾʰ ˉˇˎ ˃ʶˍʷ˔ˇˎ˄ ˋΩ ʰˎˍʺ˄ ˍʹ ˒ʱˋʹ ʶʾ˄ʰʽΥ 

¶ ɺʵʽˇ ʲʱˊˇˌ ˄˖ˉˇˏ ˋˁˎˊˇʵʷ˃ʰˍˇˌ: ḡ  ˂= 2,70 kN/m2 

¶ ɺʵʽˇ ʲʱˊˇˌ ˋʽʵʹˊˇʵˇˁˇˏ: gIPE180 = 0.188 kN/m 

¶ ɺʵʽˇ ʲʱˊˇˌ ˔ʰ˂ˎʲʵˈ˒ˎ˂˂ˇˎ : g̝ ʰ˂ = 0,125 kN/m2 

ʃ˂ʱˍˇˌ ʶˉʽˊˊˇʺˌΥ b = 1,75 m 

ʋ˖ˊʾˌ ˉˊˇˋ˖ˊʽ˄ʺ ˎˉˇˋˍʺˊʽ˅ʹ 

ɼʰˍʱ ˍʹ ˒ʱˋʹ ˁʰˍʰˋˁʶˎʺˌ ˔˖ˊʾˌ ˉˊˇˋ˖ˊʽ˄ʺ ˎˉˇˋˍʺˊʽ˅ʹ ˍˇ ˋˍʰˍʽˁˈ ˉˊˇˋˇ˃ˇʾ˖˃ʰ ʶʾ˄ʰʽ 
ʰ˃˒ʽʷˊʶʽˋˍʹ ʵˇˁˈˌΦ  

ɸʰ ʴʾ˄ʶʽ ˉˊ˗ˍʰ ˇ ʷ˂ʶʴ˔ˇˌ ˉʰˊʰ˃ˇˊ˒˗ˋʶ˖˄ ˋˍʹ˄ ˇˊʽʰˁʺ ˁʰˍʱˋˍʰˋʹ ˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʰˌ 
ʴʽʰ ˄ʰ ʵˇˏ˃ʶ h ˄ ʶʾ˄ʰʽ ˁˊʾˋʽ˃ˇ ˍˇ ʲʷ˂ˇˌ ˁʱ˃˕ʹˌ ˍʹˌ ˋʽʵʹˊˇʵˇˁˇˏ ʰˉˈ ˍʰ ʾʵʽʰ ʲʱˊʹΦ 

¶ ʊˇˊˍʾˇ ˋ˔ʶʵʽʰˋ˃ˇˏ όʁɼɽύ: qser = 1( ḡ  ˂+ g̝ ʰ˂) b + gIPE180 = 5,13 kN/m 

¶ ɰʷ˂ˇˌ ˁ ʱ˃˕ʹˌ: ɿρ  
υϽÑϽ,τ

σψτϽ%Ͻ)Ù
 = 0,058 m 

¶ ɾʷʴʽˋˍˇ ʶˉʽˍˊʶˉˍˈ ʲʷ˂ˇˌΥ ʵmax = L/250 = 0,028 m ғ ʵ1 

ɳˉˇ˃ʷ˄˖ˌ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʹʻʶʾ ˉˊˇˋ˖ˊʽ˄ʺ ˎˉˇˋˍʺˊʽ˅ʹ ˋˍˇ ˃ʷˋˇ˄ ˍʹˌ ʵʶˎˍʶˊʶˏˇˎˋʰˌ 
ʵˇˁˇˏ ˗ˋˍʶ ˄ʰ ˃ʶʽ˖ʻʶʾ ˍˇ ʲʷ˂ˇˌ ˁ ʱ˃˕ʹˌΦ 

ɾʶ ˉˊˇˋ˖ˊʽ˄ʺ ˎˉˇˋˍʺˊʽ˅ʹ 

ʆˇ ˋˍʰˍʽˁˈ ˉˊˇˋˇ˃ˇʾ˖˃ʰ ˍʹˌ ʵʽʰʵˇˁʾʵʰˌ ˋˍʹ˄ ˒ʱˋʹ ˁʰˍʰˋˁʶˎʺˌ ʶʾ˄ʰʽ ˋˎ˄ʶ˔ʺˌ ʵˇˁˈˌ 
ʵˏˇ ʰ˄ˇʽʴ˃ʱˍ˖˄ ˃ʶ L1=L2=3,5 m 

¶ ʊˇˊˍʾˇ ˋ˔ʶʵʽʰˋ˃ˇˏ όʁɼɮύΥ q = 1,35 [( ḡ  ˂+ g̝ ʰ˂) b + gIPE180] = 6,93 kN/m 

 

ʅ˔ʺ˃ʰ 4.9Υ ɲʽʱʴˊʰ˃˃ʰ ˊˇˉ˗˄ ˁʱ˃˕ʹˌ ʵʶˎˍʶˊʶˏˇˎˋʰˌ ʵˇˁˇˏ ˋˍʹ ˒ʱˋʹ ˁʰˍʰˋˁʶˎʺˌ 
(kNm) 
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ʅ˔ʺ˃ʰ 4.10Υɲʽʱʴˊʰ˃˃ʰ ˍʶ˃˄ˇˎˋ˗˄ ʵʶˎˍʶˊʶˏˇˎˋʰˌ ʵˇˁˇˏ ˋˍʹ ˒ʱˋʹ ˁʰˍʰˋˁʶˎʺˌ όkN) 

¶ ɮ˄ˍˇ˔ʺ ɻ ʽʰˍˇ˃ʺˌ ̀  ʁˁ ʱ˃˕ʹ: Mpl,Rd = 
7ÐÌϽÆÙ

ɾɥπ
 = 58,93 kNm > MEd = 10,61 kNm Ṋ 

 

¶ ɮ˄ˍˇ˔ʺ ʵʽʰˍˇ˃ʺˌ ˋʶ ʵʽʱˍ˃ʹˋʹΥ Vpl,Rd = 
!ʉϽ

ÆÙ

Ѝσ

ɾɥπ
 = 230,58 kN > VEd = 30,32 kN Ṋ 

 
 

¶ ɴ˂ʶʴ˔ˇˌ ʰˉˇ˃ʶʾ˖ˋʹˌ ˊˇˉʺˌ ʰ˄ˍˇ˔ʺˌ Υ лΣрVpl,Rd = 115,29 kN > VEd = 30,32 kN 
ɲʶ˄ ʰˉʰʽˍʶʾˍʰʽ ʰˉˇ˃ʶʾ˖ˋʹ ˍʹˌ ˊˇˉʺˌ ʰ˄ˍˇ˔ʺˌΦ 

 

¶ ɴ˂ʶʴ˔ˇˌ ʶˎˋˍʱʻʶʽʰˌ ˃ʷ˂ˇˎˌ ʷ˄ʰ˄ˍʽ ˉ˂ʶˎˊʽˁˇˏ ˂ˎʴʽˋ˃ˇˏΥ 

  (4.1) 

ʂˉˇˎΥ 

C1, C2 & C3Υ ʶʾ˄ʰʽ ˋˎ˄ˍʶ˂ʶˋˍʷˌ ʶ˅ʰˊˍ˗˃ʶ˄ˇʽ ʰˉˈ ˍʽˌ ˋˎ˄ʻʺˁʶˌ ˒ˈˊˍʽˋʹˌ ˁʰʽ ˋˍˊʶˉˍʽˁʺˌ 
ˋˍʺˊʽ˅ʹˌ 

It Υ ʹ ˋˍʰʻʶˊʱ ˋˍˊʷ˕ʹˌ ˍʹˌ ʵʽʰˍˇ˃ʺˌ 

Iw Υ ʹ ˋˍʰʻʶˊʱ ˋˍˊʷʲ˂˖ˋʹˌ 

Iz Υ ʹ ˊˇˉʺ ʰʵˊʱ˄ʶʽʰˌ ˖ˌ ˉˊˇˌ ˍˇ˄ ʰˋʻʶ˄ʺ ʱ˅ˇ˄ʰ 

L Υ ˍˇ ˃ʺˁˇˌ ˍʹˌ ʵˇˁˇˏ ˃ʶˍʰ˅ˏ ˋʹ˃ʶʾ˖˄ ˉ˂ʶˎˊʽˁʱ ʶ˅ʰˋ˒ʰ˂ʽˋ˃ʷ˄˖˄ 

k & kw: ˋˎ˄ˍʶ˂ʶˋˍʷˌ ʶ˅ʰˊˍ˗˃ʶ˄ˇʽ ʰˉˈ ˍˇ ʶʾʵˇˌ ˍ˖˄ ˋˍʹˊʾ˅ʶ˖˄ ˖ˌ ˉˊˇˌ ˍʹ˄ ʶ˂ʶˎʻʶˊʾʰ 
ˋˍˊˇ˒ʺˌ ˁʰʽ ˋˍˊʷʲ˂˖ˋʹˌ ˍ˖˄ ʱˁˊ˖˄ ˍˇˎ ʶ˅ʶˍʰʸˈ˃ʶ˄ˇˎ ˉ˂ʶˎˊʽˁʱ ˃ʹ ˉˊˇˋˍʰˍʶˎ˃ʷ˄ˇˎ 
ˍ˃ʺ˃ʰˍˇˌ 

zg=za-zs Υ ʹ ʰˉˈˋˍʰˋʹ ̱ ˇˎ ˁʷ˄ˍˊˇˎ ʵʽʱˍ˃ʹˋʹˌ ʰˉˈ ˍˇ ˋʹ˃ʶʾˇ ʶ˒ʰˊ˃ˇʴʺˌ ˍˇˎ ˒ˇˊˍʾˇˎ 

za Υ ʹ ˍʶˍʰʴ˃ʷ˄ʹ ˍˇˎ ˋʹ˃ʶʾˇˎ ʶ˒ʰˊ˃ˇʴʺˌ ˍˇˎ ˒ˇˊˍʾˇˎ ˖ˌ ˉˊˇˌ ˍˇ˄ ˁʶ˄ˍˊˇʲʰˊʽˁˈ ʱ˅ˇ˄ʰ 
y-y 

zs Υ ʹ ˍʶˍʰʴ˃ʷ˄ʹ ˍˇˎ ˁʷ˄ˍˊˇˎ ʵʽʱˍ˃ʹˋʹˌ ˖ˌ ˉˊˇˌ ˍˇ˄ ˁʶ˄ˍˊˇʲʰˊʽˁˈ ʱ˅ˇ˄ʰ ȅ-y 

zj=0 Υ ʴʽʰ ʵʽʰˍˇ˃ʺ ʵʽˉ˂ʺˌ ˋˎ˃˃ʶˍˊʾʰˌ 
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ʁʽ ˋˎ˄ˍʶ˂ʶˋˍʷˌ ƪ ˁʰʽ ƪw ˂ ʰ˃ʲʱ˄ˇ˄ˍʰʽ ʾˋˇʽ ˃ʶΥ 

k=1,0 , ɹ ʽʰˍʾ ˍʰ ˉʰˊʰˁʶʾ˃ʶ˄ʰ ˍ˃ʺ˃ʰˍʰ ˍʹˌ ʵˇˁˇˏ ˂ˎʴʾʸˇˎ˄ ʶ˄ʰ˂˂ʱ˅Φ 

kwҐмΣл Σ ˋˎ˄ʾˋˍʰˍʰʽ ʴʶ˄ʽˁʱ ʴʽʰ ˈ˂ʶˌ ˍʽˌ ˉʶˊʽˉˍ˗ˋʶʽˌΦ 

ʆˇ ˒ˇˊˍʾˇ ʶ˒ʰˊ˃ˈʸʶˍʰʽ ˋˍˇ ʱ˄˖ ˉʷ˂˃ʰ ˍʹˌ ʵˇˁˇˏΣ ˇˉˈˍʶ ˂ʰ˃ʲʱ˄ʶˍʰʽΥ Ȋg=h/2=90 mm 
ʁʽ ˋˎ˄ˍʶ˂ʶˋˍʷˌ C1, C2 ˁʰʽ /3 ˇˊʾʸˇ˄ˍʰʽ ˃ʶ ʲʱˋʹ ˍˇ˄ ʃʾ˄ʰˁʰ 4.6 ʰ˄ʱ˂ˇʴʰ ˃ʶ ˍʽˌ ˋˎ˄ʻʺˁʶˌ 
˒ˈˊˍʽˋʹˌ ˁʰʽ ̱ ˇ ʵʽʱʴˊʰ˃˃ʰ ˁʰ˃ˉˍʽˁ˗˄ ˊˇˉ˗˄Σ ˈˉ˖ˌ ˇˊʾʸʶˍʰʽ ʰˉˈ ˍˇ˄ 9b мффо-1-1. 

ʃʾ˄ʰˁʰˌ 4.6Υ ʅˎ˄ˍʶ˂ʶˋˍʷˌ C1, C2 ˁ ʰʽ C3 ɹ ʽʰ ʵʽʱ˒ˇˊʶˌ ˍʽ˃ʷˌ ˍˇˎ kΣ ˋʶ ˉʶˊʾˉˍ˖ˋʹ 
ʶʴˁʱˊˋʽ˖˄ ˒ˇˊˍʾ˖˄ 

 

ɳˉʶʽʵʺ ˍˇ ʵʽʱʴˊʰ˃˃ʰ ˊˇˉ˗˄ ˍʹˌ ʵˇˁˇˏ ʵʶ˄ ʶ˃ˉʶˊʽʷ˔ʶˍʰʽ ˋˍˇ˄ ʃʾ˄ʰˁʰ 4.6Σ ʴʽʰ ˍˇ˄ 
ˉˊˇˋʵʽˇˊʽˋ˃ˈ ˍ˖˄ ˋˎ˄ˍʶ˂ʶˋˍ˗˄ / ʶˉʽ˂ʷ˔ʻʹˁʶ ʹ ˉʶˊʾˉˍ˖ˋʹ ˍˇˎ ʵʽʰʴˊʱ˃˃ʰˍˇˌ ˊˇˉ˗˄ 
ʰ˃˒ʽʷˊʶʽˋˍʹˌΦ ʅˎ˄ʶˉ˗ˌ, ̄ ˊˇˁˏˉˍˇˎ˄ /1=1,132, C2ҐлΣпрф ˁʰʽ /3=0,525. 

ɾʶ ʲʱˋʹ ˍʽˌ ˉʰˊʰˉʱ˄˖ ˍʽ˃ʷˌ ˁʰʽ ʴʽʰ ˃ʺˁˇˌ ʾˋˇ ˃ʶ L1=L2=3,5 mΣ ˉˊˇʷˁˎ˕ʶ ʶ˂ʰˋˍʽˁʺ 
ˁˊʾˋʽ˃ʹ ́ ˇˉʺ ʾˋʹ ˃ʶΥ 

Mcr = 34,62 kNm 

ɳˉʶʽʵʺ ˈ˃˖ˌΥ MEd/Mcr = 0,17 > 0,16  

ɮˉʰʽˍʶʾˍʰʽ ˄ʰ ʴʾ˄ʶʽ ˇ ʷ˂ʶʴ˔ˇˌ ˋʶ ˋˍˊʶˉˍˇˁʰ˃ˉˍʽˁˈ ˂ˎʴʽˋ˃ˈΦ 

ɮ˄ˇʽʴ˃ʷ˄ʹ ˂ˎʴʽˊˈˍʹˍʰ:  ʇ,4  
7ÙϽÆÙ

-ÃÒ
 = 1,30 

ɳˉʽ˂ˇʴʺ ˁʰ˃ˉˏ˂ʹˌ ˂ˎʴʽˋ˃ˇˏ: h/b = 1,97 Җ н, ʁ ˉʽ˂ʷ˔ʻʹˁʶ ʹ ˁʰ˃ˉˏ˂ʹ a 

ʅˎ˄ˍʶ˂ʶˋˍʺˌ ʰˍʶ˂ʶʽ˗˄: h LT = 0,210 

ɾʶʽ˖ˍʽˁˈˌ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ˋˍˊʶˉˍˇˁʰ˃ˉˍʽˁˇˏ ˂ˎʴʽˋ˃ˇˏ: ʊLT = 1,47 & XLT = 0,47 

ɳˉˇ˃ʷ˄˖ˌ Mb,Rd = 
8,4ϽÆÙϽ7Ù

ɾɥρ
 = 27,56 kNm > MEd   Ṋ 
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ʊʱˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ  

ɶ ʵˇˁˈˌ ˃ʶ ˍˇ ˋˁˎˊˈʵʶ˃ʰ ʰˉˇˍʶ˂ˇˏ˄ ˍʹ˄ ˋˏ˃˃ʽˁˍʹ ʵˇˁˈΣ ʹ ˇˉˇʾʰ ˁʰˍʰˉˇ˄ʶʾˍʰʽ ʰˉˈ ˍˇ 
ˋˏ˄ˇ˂ˇ ˍ˖˄ ˒ˇˊˍʾ˖˄Φ ʁ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍ˖˄ ˊˇˉ˗˄ ʰ˄ˍˇ˔ʺˌ ˍʹˌ ʵʽʰˍˇ˃ʺˌ ʴʾ˄ʶˍʰʽ ˃ʶ 
ˉ˂ʰˋˍʽˁʺ ʰ˄ʱ˂ˎˋʹΦ 

ʆʰ ʴʶ˖˃ʶˍˊʽˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ˍʹˌ ˋˏ˃˃ʽˁˍʹˌ ʵʽʰˍˇ˃ʺˌΣ ʶʾ˄ʰʽ ˍʰ ʰˁˈ˂ˇˎʻʰΥ 

¶ ʅˎ˄ˇ˂ʽˁˈ ˉʱ˔ˇˌ ˉ˂ʱˁʰˌ Υ Ƙ = 15 cm 

¶ ʃʱ˔ˇˌ ˋˁˎˊˇʵʷ˃ʰˍˇˌ Υ Ƙc = 7,7 cm 

¶ ʈ˕ˇˌ ˔ʰ˂ˎʲʵˈ˒ˎ˂˂ˇˎ Υ Ƙp = 7,3 cm 

¶ ʃ˂ ʱˍˇˌ ʁ ˉʽˊˊˇʺˌ: be,i = L/8 = 0,875 m , beff = 2 be,i = 1,75 m 

¶ ɳ˃ʲʰʵˈ˄ ˋˁˎˊˇʵʷ˃ʰˍˇˌ Υ !c = hcϊbeff = 1347,5 cm2 

ʁˊʽʰˁʺ ˁʰˍʱˋˍʰˋʹ ɮˋˍˇ˔ʾʰˌ  

 

ʅ˔ʺ˃ʰ 4.11Υ ɲʽʱʴˊʰ˃˃ʰ ˊˇˉ˗˄ ˁʱ˃˕ʹˌ ʵʶˎˍʶˊʶˏˇˎˋʰˌ ʵˇˁˇˏ ˋˍʹ ˒ʱˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ 
(kNm) 

 

ʅ˔ʺ˃ʰ 4.12Υ ɲʽʱʴˊʰ˃˃ʰ ˍʶ˃˄ˇˎˋ˗˄ ʵʶˎˍʶˊʶˏˇˎˋʰˌ ʵˇˁˇˏ ˋˍʹ ˒ʱˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ όkN) 

¶ ɮ˄ˍˇ˔ʺ ʵʽʰˍˇ˃ʺˌ  

ɸ˂ʽˉˍʽˁʺ ʰ˄ˍˇ˔ʺ ˋˁˎˊˇʵʷ˃ʰˍˇˌ: 

Fc = Ac  fcd = 2290,75 kN 

ɳ˒ʶ˂ˁˎˋˍʽˁʺ ʵˏ˄ʰ˃ʹ  ˔ʰ˂ˏʲʵʽ˄ʹˌ ʵʽʰˍˇ˃ʺˌ: 

Fa = Aa  fyd = 739,33 kN 
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ɳˉʶʽʵʺ Cc > Fa, ˇ ˇˎʵʷˍʶˊˇˌ ʱ˅ˇ˄ʰ ̩ʲˊʾˋˁʶˍʰʽ ʶ˄ˍˈˌ ˍʹˌ ˉ˂ʱˁʰˌ ˋˁˎˊˇʵʷ˃ʰˍˇˌ ˗ˋˍʶ ˄ʰ 
ˎˉʱˊ˔ʶʽ ʽˋˇˊˊˇˉʾʰ ʶˋ˖ˍʶˊʽˁ˗˄ ʵˎ˄ʱ˃ʶ˖˄Φ ɳˉˇ˃ʷ˄˖ˌΣ ʶ˒ʶ˂ˁˏʶˍʰʽ ˈ˂ʹ ʹ ̝ʰ˂ˏʲʵʽ˄ʹ 
ʵˇˁˈˌ ˁ ʰʽ ʁ ʾ˄ʰʽ ɼʰˍʹʴˇˊʾʰˌ м.  

ɶ ˉ˂ʰˋˍʽˁʺ ˊˇˉʺ ʰ˄ˍˇ˔ʺˌ ˍʹˌ ˋˏ˃˃ʽˁˍʹˌ ʵʽʰˍˇ˃ʺˌ ʶʾ˄ʰʽΥ 

Mpl,Rd = Fa (za ς z0/2) = 168,25 kNm > MEd = 97,19 kNm Ṋ 

ʂˉˇˎ:  Úπ  
&Á

ÂÅÆÆϽÆÃÄ
 = 2,49 < 7,7 cm 

ʁʽ ˍʷ˃˄ˇˎˋʶˌ ʵˎ˄ʱ˃ʶʽˌ ˉʰˊʰ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ˃ˈ˄ˇ ʰˉˈ ˍˇ˄ ˁˇˊ˃ˈ ˍʹˌ ʵˇˁˇˏΥ 

Vpl,Rd = 230,58 kN > VEd = 55,54 kN Ṋ 

 

ɲʽʰˍ˃ʹˍʽˁʺ ˋˏ˄ʵʶˋʹ  

ɰʰˋʽˁʺ ˉˊˇːˉˈʻʶˋʹ ˍʹˌ ˋˏ˃˃ʽˁˍʹˌ ˂ʶʽˍˇˎˊʴʾʰˌ ʶʾ˄ʰʽ ʹ ˉʰˊʰ˂ʰʲʺ ˍʹˌ ʵʽʱˍ˃ʹˋʹˌ ˉˇˎ 
ʰ˄ʰˉˍˏˋˋʶˍʰʽ ˋˍʹ˄ ʵʽʶˉʽ˒ʱ˄ʶʽʰ ˃ʶˍʰ˅ˏ ˔ʰ˂ˏʲʵʽ˄ʹˌ ʵʽʰˍˇ˃ʺˌ ˁʰʽ ˋˁˎˊˇʵʷ˃ʰˍˇˌΦ ɶ 
ˉʰˊʰ˂ʰʲʺ ʰˎˍʺ ʴʾ˄ʶˍʰʽ ˃ʶ ˃ʹ˔ʰ˄ʽˁʱ ˃ʷˋʰΣ ˍʰ ˇˉˇʾʰ ˇ˄ˇ˃ʱʸˇ˄ˍʰʽ ʵʽʰˍ˃ʹˍʽˁˇʾ 
ˋˏ˄ʵʶˋ˃ˇʽΦ ʁʽ ʵʽʰˍ˃ʹˍʽˁˇʾ ˋˏ˄ʵʶˋ˃ˇʽ ˉʰˊʰ˂ʰ˃ʲʱ˄ˇˎ˄ ˍʹ ʵʽʰˍ˃ʹˍʽˁʺ ˊˇʺ ˃ʶˍʰ˅ˏ ˍʹˌ 
˔ʰ˂ˏʲʵʽ˄ʹˌ ʵʽʰˍˇ˃ʺˌ ˁʰʽ ˍˇˎ ˋˁˎˊˇʵʷ˃ʰˍˇˌΣ ʶ˃ˉˇʵʾʸˇˎ˄ ˍʹ˄ ˇ˂ʾˋʻʹˋʹ ˃ʶˍʰ˅ˏ ˍ˖˄ ʵˏˇ 
ˋˍˇʽ˔ʶʾ˖˄ ˁʰʽ ʶ˅ʰˋ˒ʰ˂ʾʸˇˎ˄ ˍʹ˄ ˁˇʽ˄ʺΣ ˋˏ˃˃ʽˁˍʹ ˂ʶʽˍˇˎˊʴʾʰ. 

ʍˌ ʵʽʰˍ˃ʹˍʽˁˇˏˌ ˋˎ˄ʵʷˋ˃ˇˎˌ ʻʰ ˔ˊʹˋʽ˃ˇˉˇʽʺˋˇˎ˃ʶ ʺ˂ˇˎˌ ˁʶ˒ʰ˂ʺˌΦ ɳˉʽ˂ʷʴˇ˄ˍʰʽ 
ʵʽʰˍ˃ʹˍʽˁˇʾ ʺ˂ˇʽ ˁʶ˒ʰ˂ʺˌ {орр ˇʽ ˇˉˇʾˇʽ ʰˉˇˍʶ˂ˇˏ˄ ˍˇ ˋˎ˄ʹʻʷˋˍʶˊˇ ˍˏˉˇ ʵʽʰˍ˃ʹˍʽˁ˗˄ 
ˋˎ˄ʵʷˋ˃˖˄Φ ʁʽ ˋˏ˄ʵʶˋ˃ˇʽ ʰˎˍˇʾ ˉˊˇˍʽ˃˗˄ˍʰʽ ˂ˈʴ˖ ˍˇˎ ʶˏˁˇ˂ˇˎ ˍˊˈˉˇˎ ˁʰˍʰˋˁʶˎʺˌ 
ˍˇˎˌ ˁʰʽ ˍˇˎ ˉ˂ʶˇ˄ʶˁˍʽˁˇˏ ˊˈ˂ˇˎ ˍʹˌ ˁʶ˒ʰ˂ʺˌ ˍˇˎˌ ʹ ˇˉˇʾʰ ʶ˃ˉˇʵʾʸʶʽ ˍʹ˄ ʰ˄ˏ˕˖ˋʹ ˍʹˌ 
ˉ˂ʱˁʰˌ ˋˁˎˊˇʵʷ˃ʰˍˇˌ ˁʰʽ ˍʹ˄ ʰˉˇˁˈ˂˂ʹˋʺ ˍʹˌ ʰˉˈ ˍʹ ʵˇˁˈΦ ʁʽ ʵʽʰˋˍʱˋʶʽˌ ˁʰʽ ˇʽ 
ʰˉˇˋˍʱˋʶʽˌ ˍ˖˄ ʺ˂˖˄ ʶˉʽ˂ʷʴˇ˄ˍʰʽ ˗ˋˍʶ ˄ʰ ʽˁʰ˄ˇˉˇʽˇˏ˄ ˇˊʽˋ˃ʷ˄ʶˌ ʰˉʰʽˍʺˋʶʽˌΦ 

ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʺ ˃ʰˌ ʶˉʽ˂ʷ˔ʻʹˁʶ ˉ˂ʺˊʹˌ ʵʽʰˍ˃ʹˍʽˁʺ ˋˏ˄ʵʶˋʹΣ ˗ˋˍʶ ˇʽ ʺ˂ˇʽ ˄ʰ 
ˉʰˊʰ˂ʰ˃ʲʱ˄ˇˎ˄ ˈ˂ʹ ˍʹ ʵʽʰ˃ʺˁʹ ʵʽʱˍ˃ʹˋʹ ˁʰʽ ʷˍˋʽ ˄ʰ ʶ˃ˉˇʵʾʸʶˍʰʽ ˉ˂ʺˊ˖ˌ ʹ ˇ˂ʾˋʻʹˋʹ 
˃ʶˍʰ˅ˏ ˋʽʵʹˊˇʵˇˁˇˏ ˁʰʽ ˉ˂ʱˁʰˌ ˋˁˎˊˇʵʷ˃ʰˍˇˌΦ 

¶ ɲʽʰ˃ʺˁʹˌ ʵʽʱˍ˃ʹˋʹ 

ɶ ʵʽʰ˃ʺˁʹˌ ʵʽʱˍ˃ʹˋʹ ˉˊˇˋʵʽˇˊʾʸʶˍʰʽ ˃ʶ ˉ˂ʰˋˍʽˁʺ ʰ˄ʱ˂ˎˋʹ ˁʰʻ˗ˌ ˁʰʽ ˇʽ ʰ˄ˍˇ˔ʷˌ ˍ˖˄ 
ʵʽʰˍˇ˃˗˄ ˉˊˇʷˁˎ˕ʰ˄ ˃ʶ ˉ˂ʰˋˍʽˁʺ ʰ˄ʱ˂ˎˋʹΦ  

ʅʶ ˈ˂ˇ ˍˇ ˍ˃ʺ˃ʰ ˍʹˌ ʵˇˁˇˏ ʲˊʽˋˁˈ˃ʰˋˍʶ ˃ʶˍʰ˅ˏ ˃ʹʵʶ˄ʽˁ˗˄ ˁʰʽ ʻʶˍʽˁ˗˄ ˊˇˉ˗˄ 
όʰ˃˒ʽʷˊʶʽˋˍʶˌ ʵˇˁˇʾύ ˁʰʽ ʽˋ˔ˏʶʽ ʴʽʰ ˈ˂ˇ ˍˇ ˋˏ˄ˇ˂ˇ ˍʹˌ ʵʽʰ˃ʺˁˇˎˌ ʵʽʱˍ˃ʹˋʹˌ ʹ ˋ˔ʷˋʹΥ 

V1 Ґ ʅʆ1 = D+ Ґ ɵ+ = ɮa  fyd = 739,33 kN 

¶ ɲʽʰˍ˃ʹˍʽˁˇʾ ʺ˂ˇʽ ˁʶ˒ʰ˂ʺˌ 

ɳˉʽ˂ʷʴˇ˄ˍʰʽ ʺ˂ˇʽ ˁʶ˒ʰ˂ʺˌ ʵʽʰ˃ʷˍˊˇˎ d = 19 mm, ˏ˕ˇˎˌ h = 125 mm ˁʰʽ ʶ˒ʶ˂ˁˎˋˍʽˁʺˌ 
ʰ˄ˍˇ˔ʺˌ fu = 500 MPa. 

ʃˊʷˉʶʽ ˄ʰ ʽˁʰ˄ˇˉˇʽˇˏ˄ˍʰʽ ˇʽ ˉʰˊʰˁʱˍ˖ ʰˉʰʽˍʺˋʶʽˌΥ 

¶ ɲʽʱ˃ʶˍˊˇˌ ʺ˂ˇˎΥ Ř = мфƳƳ ғ нΣрϊǘf = 20 mm Ṋ 

¶ ʈ˕ˇˌ ʺ˂ˇˎΥ Ƙsc = 125 mm > hp=73mm Ṋ 

¶ hsc = 125 mm < h = 150mm Ṋ 

¶ ʇˉʶˊˁʱ˂ˎ˕ʹ ˋˁˎˊˇʵʷ˃ʰˍˇˌ Cnom: h - hsc Ґ нр ƳƳ җ нлƳƳ Ṋ 
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¶ ɮ˄ˍˇ˔ʺ ʺ˂ˇˎ 

ɶ ˉʰˊʰ˂ʰ˃ʲʰ˄ˈ˃ʶ˄ʹ ʰˉˈ ˍˇ˄ ʺ˂ˇ ʵˏ˄ʰ˃ʹ ʶ˅ʰˊˍʱˍʰʽ ʰˉˈ ˍʹ˄ ʰ˄ˍˇ˔ʺ ˍˇˎ ʺ˂ˇˎ ˋʶ 
ʵʽʱˍ˃ʹˋʹ (Pv,Rd) ˁʰʽ ʰˉˈ ˍʹ˄ ʰ˄ˍˇ˔ʺ ˍˇˎ ˋˁˎˊˇʵʷ˃ʰˍˇˌ ˋʶ ˋˏ˄ʻ˂ʽ˕ʹ ʱ˄ˍˎʴʰˌ (Pb,Rd). 
ʅˎ˄ʶˉ˗ˌΣ ʹ ˇˊʽʰˁʺ ʰ˄ˍˇ˔ʺ ˍˇˎ ʺ˂ˇˎ ʶ˄ˍˈˌ ˋˎ˃ˉʰʴˇˏˌ ˉ˂ʱˁʰˌ ˋˁˎˊˇʵʷ˃ʰˍˇˌ 
ˉˊˇˋʵʽˇˊʾʸʶˍʰʽ ˖ˌ ʹ ʶ˂ʱ˔ʽˋˍʹ ˍʽ˃ʺ ʰˉˈ ˍʽˌ ˋ˔ʷˋʶʽˌΥ 

 0Öȟ2Äπȟψ Ͻ ÆÕ Ͻ 
ʌϽÄς

τ
Ⱦɾʉ                                                                                                           (4.2)   

0Âȟ2Äπȟςω Ͻɻ ϽÄ
ς ÆÃË%ÃÍȾɾʉ                                                                                                     (4.3) 

ʂˉˇˎΥ ʴ ˄Ґ мΣнр ˁʰʽ ʰ Ґ м 

PRd = min(Pv,Rd , Pb,Rd) = min (81,65;73,13) = 73,13 kN 

ɶ ʰ˄ˍˇ˔ʺ ˍ˖˄ ʺ˂˖˄ ʶ˄ˍˈˌ ˋˏ˃˃ʽˁˍʹˌ ˉ˂ʱˁʰˌ ˉˇˎ ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ˍˊʰˉʶʸˇʶʽʵʷˌ 
˔ʰ˂ˎʲʵˈ˒ˎ˂˂ˇ ˁʰʽ ˉ˂ʱˁʰ ˋˁˎˊˇʵʷ˃ʰˍˇˌ ʶʾ˄ʰʽ ˃ʽˁˊˈˍʶˊʹ ʰˉˈ ˍʹ˄ ʰ˄ˍˇ˔ʺ ˍˇˎˌ ʶ˄ˍˈˌ 
ˋˎ˃ˉʰʴˇˏˌ ˉ˂ʱˁʰˌΦ ɮˎˍˈ ˋˎ˃ʲʰʾ˄ʶʽ ʴʽʰˍʾ ʵʶ˄ ˎˉʱˊ˔ʶʽ ʶˉʰˊˁʷˌ ˋˁˎˊˈʵʶ˃ʰ ˉʾˋ˖ ʰˉˈ 
ˍˇ˄ ʺ˂ˇ ˂ˈʴ˖ ˍˇˎ ˃ʶˍʰ˂˂ʽˁˇˏ ˔ʰ˂ˎʲʵˈ˒ˎ˂˂ˇˎ ˇˉˈˍʶ ˁʰʽ ˃ʶʽ˗˄ʶˍʰʽ ʹ ʰ˄ˍˇ˔ʺ ˍˇˎΦ 
ɳ˒ˈˋˇ˄ ˇʽ ˄ʶˎˊ˗ˋʶʽˌ ˍˇˎ ˔ʰ˂ˎʲʵˈ˒ˎ˂˂ˇˎ ʶʾ˄ʰʽ ˁʱʻʶˍʶˌ ˋˍʹ ʵʶˎˍʶˊʶˏˇˎˋʰ ʵˇˁˈ ˇ 
˃ʶʽ˖ˍʽˁˈˌ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʵʾ˄ʶˍʰʽ ʰˉˈ ˍʹ ˋ˔ʷˋʹΥ 
 

ËÔ  
πȟχ

.Ò
Ͻ
Âπ

ÈÐ

ÈÓÃ

ÈÐ
-ρ ËÔȟÍÁØ                                                                                  (4.4) 

 
ʂˉˇˎΥ  

¶ NrΥ ʰˊʽʻ˃ˈˌ ʵʽʰˍ˃ʹˍʽˁ˗˄ ʺ˂˖˄ ˋʶ ˁʱʻʶ ʰˎ˂ʱˁ˖ˋʹ ˃ʶ ˃ʶ br Җ н ʴʽʰ ˍˇˎˌ 
ˎˉˇ˂ˇʴʽˋ˃ˇˏˌΦ ɴˋˍ˖ Nr = 2. 

¶ b0Υ ˃ʷˋˇ ˉ˂ʱˍˇˌ ˍ˖˄ ʰˎ˂ʰˁ˗ˋʶ˖˄ 
b0 = (95,5 - 50)/2+50 = 72,5 mm < 73 mm = hp ,ʱˊʰ b0 = hp = 73 mm 
hsc - hp = 125 -73 = 52 mm җ нϊd = 38 mm 
d = 19mm < 22 ƳƳ ʴʽʰ ˋˎʴˁˈ˂˂ʹˋʹ ʵʽʰ˃ʷˋˇˎ ˇˉ˗˄ ˋˍʰ ˒ˏ˂˂ʰ 

¶ kt,max Ґ лΣсл ʴʽʰ br Ґ н ˁʰʽ ǘҐлΣтрƳƳ Җ м 

ʃˊˇˁˏˉˍʶʽ ˃ʶʽ˖ˍʽˁˈˌ ˋˎ˄ˍʶ˂ʶˋˍʺˌ kt = 0,5 

ɳˉˇ˃ʷ˄˖ˌ ʹ ˍʶ˂ʽˁʺ ʰˉˇ˃ʶʽ˖˃ʷ˄ʹ ʰ˄ˍˇ˔ʺ ˍˇˎ ʵʽʰˍ˃ʹˍʽˁˇˏ ʺ˂ˇˎ ʶʾ˄ʰʽΥ  

PRd = 0,5  73,13 = 36,56 kN 

¶ ɼʰˍʰ˄ˇ˃ʺ ʺ˂˖˄ 

ɱʽʰ ˍʹ˄ ˉ˂ʰˋˍʽˁʺ ˁʰˍʰ˄ˇ˃ʺ ˋˎ˄ʵʷˋ˃˖˄ ˁʰˍʱ ˃ʺˁˇˌ ˍʹˌ ʵˇˁˇˏ ˔ˊʶʽʱʸʶˍʰʽ ˄ʰ ˉ˂ʹˊˇˏ˄ˍʰʽ 
ˇʽ ʶ˅ʺˌ ˉˊˇːˉˇʻʷˋʶʽˌΥ 

¶ ʂ˂ˁʽ˃ˇʽ ʺ˂ˇʽ ˁʶ˒ʰ˂ʺˌ όмс ƳƳ ғ Ř ғ нн ƳƳύ ϧ όƘ Ҕ пŘ Ґ тс ƳƳύ Ṋ 

¶ ɲʽʰˍˇ˃ʷˌ ˁʰˍʹʴˇˊʾʰˌ м ʺ н Ṋ 

¶ ʃˊʷˉʶʽ Mpl,Rd / Mpl,a,Rd Җ 2,5  
ʂ˃˖ˌ:  168,25/58,93 = 2,85 ɻ ʶ˄ ʽˁʰ˄ˇˉˇʽʶʾˍʰʽ  

ɶ ˁʰˍʰ˄ˇ˃ʺ ˍ˖˄ ʺ˂˖˄ ʻʰ ʴʾ˄ʶʽ ˃ʶ ʶ˂ʰˋˍˇˉ˂ʰˋˍʽˁʺ ʰ˄ʱ˂ˎˋʹΦ ʅˍʹ˄ ˉʶˊʾˉˍ˖ˋʹ ʰˎˍʺ 
ˍˇˉˇʻʶˍˇˏ˄ˍʰʽ ˋˍʰ ʰˁˊʰʾʰ ˍ˃ʺ˃ʰˍʰ ˃ʺˁˇˎˌ Lκп ʵʽˉ˂ʱˋʽˇʽ ʵʽʰˍ˃ʹˍʽˁˇʾ ˋˏ˄ʵʶˋ˃ˇʽ ˋʶ 
ˋ˔ʷˋʹ ˃ʶ ˍˇ ˃ʶˋʰʾˇ ˍ˃ʺ˃ʰΦ ɮˎˍˈ ʶˉʽˍˎʴ˔ʱ˄ʶˍʰʽ ʰˉ˂ʱ ˍˇˉˇʻʶˍ˗˄ˍʰˌ ˍˇˎˌ ʺ˂ˇˎˌ ˋˍʰ 
ʰˁˊʰʾʰ Lκп ˋʶ н ˋʶʽˊʷˌΣ ʁ ˄˗ ˋˍˇ ʶ˄ʵʽʱ˃ʶˋˇ ̀ ʶ ˃ʾʰ ˋʶʽˊʱ ̋ ˂˖˄Φ 
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ʅˎ˄ʶˉ˗ˌ ˇ ʰˉʰˊʰʾˍʹˍˇˌ ʰˊʽʻ˃ˈˌ ˋˎ˄ʵʷˋ˃˖˄ ʴʽʰ ˄ʰ ʰ˄ʰˉˍˎ˔ʻʶʾ ˉ˂ʺˊʹˌ ʵʽʰˍ˃ʹˍʽˁʺ 
ˋˏ˄ʵʶˋʹ ʶʾ˄ʰʽΥ 

nf Ґ тофΣооκосΣрсҐнлΣнн Σʵʹ˂ʰʵʺ нп ʺ˂ˇʽ ˋˍˇ ˃ʽˋˈ ˃ʺˁˇˌ ˍʹˌ ʵˇˁˇˏ. 

¶ ɱʽʰ ˍʰ ʰˁˊʰʾʰ L/4Σ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ мс ʺ˂ˇʽ ˇʽ ˇˉˇʾˇʽ ˍˇˉˇʻʶˍˇˏ˄ˍʰʽ ˋʶ н 
ˋʶʽˊʷˌ ˃ʶ e  ̱= 80 mm ˁ ʰʽ eL = 210mm. 

¶ ɱʽʰ ˍʹ˄ ˃ʷˋʹΣ ˔ˊʹˋʽ˃ˇˉˇʽˇˏ˄ˍʰʽ у ʺ˂ˇʽ ˇʽ ˇˉˇʾˇʽ ˍˇˉˇʻʶˍˇˏ˄ˍʰʽ ˋʶ ˃ʽʰ ˋʶʽˊʱ 
˃ʶ eL = 437 mm. 

ʁʽ ʶ˂ʱ˔ʽˋˍʶˌ ˁʰʽ ˇʽ ˃ʷʴʽˋˍʶˌ ʰˉˇˋˍʱˋʶʽˌ ˉˇˎ ˉˊʷˉʶʽ ˄ʰ ʽˁʰ˄ˇˉˇʽˇˏ˄ˍʰʽ ʶʾ˄ʰʽΥ 

¶ ɳ˂ʱ˔ʽˋˍʶˌ ʵʽʰ˃ʺˁʶʽˌ ʰˉˇˋˍʱˋʶʽˌΥ ƳƛƴŜL = рϊŘ = рϊмф = 95 mm Җ 210 mm Ṋ 

¶ ɾʷʴʽˋˍʶˌ ʵʽʰ˃ʺˁʶʽˌ ʰˉˇˋˍʱˋʶʽˌΥ  

maxeL Ґ ƳƛƴώсϊόƘc+hpύΤулл ƳƳϐ Ґ ƳƛƴώсϊмрлΤуллϐ Ґ улл ƳƳ җ 437 mm Ṋ 

¶ ɳ˂ʱ˔ʽˋˍʶˌ ʶʴˁʱˊˋʽʶˌ ʰˉˇˋˍʱˋʶʽˌΥ ƳƛƴŜT = пϊŘ = пϊмф = 76 mm Җ 80 mm Ṋ 
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4.4 ɲˇˁˇʾ ˉ˂ʰʽˋʾ˖˄ ́ ˇˉʺˌ 

ʁʽ ʵʽʰʵˇˁʾʵʶˌ ʶʵˊʱʸˇ˄ˍʰʽ ˋˍˇ ʸˏʴ˖˃ʰ ˍ˖˄ ˉ˂ʰʽˋʾ˖˄ ʰ˃˒ʽʰˊʻˊ˖ˍʱ ˃ʶˍʰ˒ʷˊˇ˄ˍʰˌ ˍʰ 
ʶˉʽ˒ʰ˄ʶʽʰˁʱ ˒ˇˊˍʾʰ ˍ˖˄ ˉ˂ʰˁ˗˄ ˖ˌ ˋˎʴˁʶ˄ˍˊ˖˃ʷ˄ʰ ˁʰˍʰˁˈˊˎ˒ʰ ˒ˇˊˍʾʰΦ ɳˉʾˋʹˌ ʶˉʾ 
ˍˇˎ ʸˎʴ˗˃ʰˍˇˌ ʶʵˊʱʸˇ˄ˍʰʽ ˁʰʽ ˇʽ ʶˉʽ˃ʷˊˇˎˌ ˍˇʽ˔ˇˉˇʽʾʶˌΦ 

ʆʰ yˎ ʴ˗˃ʰˍʰ ʵʶ˄ ʶʾ˄ʰʽ ʵʽʰˍ˃ʹˍʽˁʱ ˋˎ˄ʵʶʵʶ˃ʷ˄ʰ ˃ʶ ˍʹ˄ ˋˏ˃˃ʽˁˍʹ ˉ˂ʱˁʰ ʹ ˇˉˇʾʰ ˁʰʽ ʵʶ˄ 
ˍ hʶ˅h̀ ˒ʰ˂ʾʸʶʽ ˋʶ ˉ˂ʶˎˊʽˁˈ ˂ˎʴʽˋ˃ˈ ˋˍʹ˄ ˒ʱˋʹ ˂ʶʽˍˇˎˊʴʾʰˌΦ ʍˋˍˈˋˇ ʹ ˋˏ˄ʵʶˋʺ ˍˇˎˌ ˃ʶ 
ˍʽˌ ʵʽʰʵˇˁʾʵʶˌ ʰ˄ʱ мΣрm ˁ ʰʽ мΣтрm ʁ ˅ʰˋ˒ʰ˂ʾʸˇˎ˄ ˍʰ ˉʷ˂˃ʰˍʰ ˋʶ ʻ˂ʾ˕ʹΦ 

ɽˈʴ˖ ˍˇˎ ʵʽʰ˒ˊʱʴ˃ʰˍˇˌ ˉˇˎ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʰˉˈ ˍʹ˄ ˋˏ˃˃ʽˁˍʹ ˉ˂ʱˁʰΣ ˍʰ ʸˎʴ˗˃ʰˍʰ ʵʶ˄ 
ˁʰˍʰˉˇ˄ˇˏ˄ˍʰʽ ʰˉˈ ʰ˅ˇ˄ʽˁʷˌ ʵˎ˄ʱ˃ʶʽˌΦ ʁʽ ʵʽʰˍˇ˃ʷˌ ˁʰʽ ˍʰ ˃ʷ˂ʹ ʶ˂ʷʴ˔ˇ˄ˍʰʽ ˋʶ ˇˊʽʰˁʺ 
ˁʰˍʱˋˍʰˋʹ ʰˋˍˇ˔ʾʰˌ όʁɼɮύ ˁʰʽ ˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʰˌ όʁɼɽύ ˋˍʹ˄ ˒ʱˋʹ ˂ʶʽˍˇˎˊʴʾʰˌΦ  

ɳ˄ʵʶʽˁˍʽˁʱ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˇ ʷ˂ʶʴ˔ˇˌ ʴʽʰ ˍʹ ʵˎˋ˃ʶ˄ʷˋˍʶˊʹ ʵˇˁˈ ˍˇˎ ʵʶˏˍʶˊˇˎ ˇˊˈ˒ˇˎ 
ˍˇˎ ʶˋ˖ˍʶˊʽˁˇˏ ̄ ˂ʰʽˋʾˇˎ όHEA 400) ˃ ʺˁˇˎˌ L = 9 m.  

ʃʾ˄ʰˁʰˌ 4.7: ɱʶ˖˃ʶˍˊʽˁʱ ˁʰʽ ʰʵˊʰ˄ʶʽʰˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʵʽʰˍˇ˃ʺˌ HEA 400 

h (mm) b (mm) ts (mm) tg (mm) A (cm2) Wpl,y (cm3) 

390 300 11 19 158,98 2561,97 

Wpl,z (cm3) Ix (cm4) Iy (cm4) Iz (cm4) Iy (cm4) ry (cm) 

872,88 191,00 45069 8563 45069,40 16,8 

 
ɼʰˍʱˍʰ˅ʹ ʵʽʰˍˇ˃ʺˌ 

ɶ ʵˇˁˈˌ ˍˇˎ ʸˎʴ˗˃ʰˍˇˌ ˎˉˈˁʶʽˍʰʽ ˋʶ ʶʴˁʱˊˋʽʰ ˒ˇˊˍʾʰΦ ɱʽΩ ʰˎˍˈ ʶ˂ʷʴ˔ʶˍʰʽ ˋʶ ˁʱ˃˕ʹ ˁʰʽ 
ʵʽʱˍ˃ʹˋʹΦ ɳʽʵʽˁˈˍʶˊʰ ˁʰˍʱ ˍʹ˄ ˁʰˍʱˍʰ˅ʹ ˍʹˌ ʵʽʰˍˇ˃ʺˌΣ ʶ˂ʷʴ˔ˇˎ˃ʶ ˍˇ˄ ˁˇˊ˃ˈ ˋʶ ˁʱ˃˕ʹ 
ˁʰʽ ˍˇ ˉʷ˂˃ʰ ˋʶ ʻ˂ʾ˕ʹΦ  

ɮˉˈ ˍˇ˄ ʷ˂ʶʴ˔ˇ ˁʰʽ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇˎˌ ʃʾ˄ʰˁʶˌ 4.2 ˁʰʽ 4.3, ˉˊˇˁˏˉˍʶʽ ʹ ʵʽʰˍˇ˃ʺ 
ɼʰ̱ʹʴˇˊʾʰˌ мΦ ɳˉˇ˃ʷ˄˖ˌ ʻʰ ʴʾ˄ʶʽ ˉ˂ʰˋˍʽˁˈˌ ʷ˂ʶʴ˔ˇˌΦ 

 

ʅ˔ʺ˃ʰ 4.13Υ ɲʽʱʴˊʰ˃˃ʰ ˊˇˉ˗˄ ˁʱ˃˕ʹˌ ʸˎʴ˗˃ʰˍˇˌ ̀ ˍʹ ˒ʱˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ όʁɼɮύ (kNm) 
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ʅ˔ʺ˃ʰ 4.14: ɲʽʱʴˊʰ˃˃ʰ ˍʶ˃˄ˇˎˋ˗˄ ʸˎʴ˗˃ʰˍˇˌ ˋˍʹ ˒ʱˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ όʁɼɮύ (kN) 

 

ʁɼɮ ς ʊʱˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ 
 

¶ ɴ˂ʶʴ˔ˇˌ ʶˎˋˍʱʻʶʽʰˌ ʷ˄ʰ˄ˍʽ ˋˍˊʶˉˍˇˁʰ˃ˉˍʽˁˇˏ ˂ˎʴʽˋ˃ˇˏΥ 
Mpl,Rd = 909,50 kNm , XLT=0,95 , Mb,Rd = 865,42 kNm > My,ed = 475,56 kNm 
 

¶ ɴ˂ʶʴ˔ˇˌ ˋʶ ˁʱ˃˕ʹΥ ɼʰ˂ˏˉˍʶˍʰʽ ʰˉˈ ˍˇ˄ ʷ˂ʶʴ˔ˇ ʷ˄ʰ˄ˍʽ ˋˍˊʶˉˍˇˁʰ˃ˉˍʽˁˇˏ 
˂ˎʴʽˋ˃ˇˏ όʶˎ˃ʶ˄ʷˋˍʶˊˇˌ ˇ ʷ˂ʶʴ˔ˇˌ ˋʶ ˁʱ˃˕ʹύΦ 
 

¶ ɴ˂ʶʴ˔ˇˌ ˋʶ ʵʽʱˍ˃ʹˋʹΥ  
Vpl,Rd = 1174,99 kN  >  Ved = 256,04 kN 
Ved/Vpl,Rd ғ лΣр Σ ʱˊʰ ʵʶ ˔ˊʶʽʱʸʶˍʰʽ ʰˉˇ˃ʶʾ˖ˋʹ ˊˇˉʺˌ ˂ˈʴ˖ ˍʷ˃˄ˇˎˋʰˌΦ 

 

ʁɼɽ ς ʊʱˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ  
 

¶ ɾʷʴʽˋˍʹ ˉʰˊʰ˃ˈˊ˒˖ˋʹΥ 
zɻ= 1 cm < ɻ max = L/250 = 3,6 cm 

 

¶ ʃʰˊʰ˃ˈˊ˒˖ˋʹ ˂ˈʴ˖ ˃ʶˍʰʲ˂ʹˍ˗˄ ʵˊʱˋʶ˖˄Υ 
ʵȊ=0,4 cm < ɻ н= L/300 = 3 cm 
 

ʃʰˊʰˁʱˍ˖ ˋˍʰ ʅ˔ʺ˃ʰˍʰ 4.15 ˁʰʽ 4.16, ˉʰˊʰˍʾʻʶ˄ˍʰʽ ˇʽ ʷ˂ʶʴ˔ˇʽ ˋʶ ʁɼɮ ˁʰʽ ʁɼɽ ˋˍʹ˄ 
˒ʱˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ wƻōƻǘ Structural Analysis. 
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ʅ˔ʺ˃ʰ 4.15: ɴ˂ʶʴ˔ˇʽ ˋʶ ʁɼɮ ς ɲˇˁˈˌ ʸˎʴ˗˃ʰˍˇˌ 

 

ʅ˔ʺ˃ʰ 4.16Υ ɴ˂ʶʴ˔ˇʽ ˋʶ ʁɼɽ ς ɲˇˁˈˌ ʸˎʴ˗˃ʰˍˇˌ 
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4.5 ɲˇˁˇʾ ˉ˂ʰʽˋʾ˖˄ ˃ ʶ ˁʰˍʰˁˈˊˎ˒ˇˎˌ ˋˎ˄ʵʷˋ˃ˇˎˌ ʵˎˋˁʰ˃˕ʾʰˌ 

ʁʽ ʵˇˁˇʾ ˍ˖˄ ˉ˂ʰʽˋʾ˖˄ ˃ʶ ˁʰˍʰˁˈˊˎ˒ˇˎˌ ˋˎ˄ʵʷˋ˃ˇˎˌ ʵˎˋˁʰ˃˕ʾʰˌ  ʁ ˉʽ˂ʷ˔ʻʹˁʰ˄ ˄ʰ ˃ʹ˄ 
ʶʾ˄ʰʽ ʵʽʰˍ˃ʹˍʽˁʱ ˋˎ˄ʵʶʵʶ˃ʷ˄ʶˌ ˃ʶ ˍʹ ˋˏ˃˃ʽˁˍʹ ˉ˂ʱˁʰΦ ɳˉˇ˃ʷ˄˖ˌ ˇʽ ʵˇˁˇʾ ʵʶ˄ ʶʾ˄ʰʽ 
ˉ˂ʶˎˊʽˁʱ ʶ˅ʰˋ˒ʰ˂ʽˋ˃ʷ˄ʶˌ ˂ˈʴ˖ ˍʹˌ ˉ˂ʱˁʰˌ ˋˁˎˊˇʵʷ˃ʰˍˇˌ ˁʰʽ ˎˉˈˁʶʽ˄ˍʰʽ ˋʶ 
ˋˍˊʶˉˍˇˁʰ˃ˉˍʽˁˈ ˂ˎʴʽˋ˃ˈ. 

ɽˈʴ˖ ˍˇˎ ʵʽʰ˒ˊʱʴ˃ʰˍˇˌ ˉˇˎ ʵʹ˃ʽˇˎˊʴʶʾˍʰʽ ʰˉˈ ˍʹ˄ ˋˏ˃˃ʽˁˍʹ ˉ˂ʱˁʰΣ ˇʽ ʵˇˁˇʾ ʵʶ˄ 
ˁʰˍʰˉˇ˄ˇˏ˄ˍʰʽ ʰˉˈ ʰ˅ˇ˄ʽˁʷˌ ʵˎ˄ʱ˃ʶʽˌΦ ʁʽ ʵʽʰˍˇ˃ʷˌ ˁʰʽ ˍʰ ˃ʷ˂ʹ ʶ˂ʷʴ˔ˇ˄ˍʰʽ ˋʶ ˇˊʽʰˁʺ 
ˁʰˍʱˋˍʰˋʹ ʰˋˍˇ˔ʾʰˌ όʁɼɮύ ˁʰʽ ˂ʶʽˍˇˎˊʴʽˁˈˍʹˍʰˌ όʁɼɽύ ˋˍʹ˄ ˒ʱˋʹ ˂ʶʽˍˇˎˊʴʾʰˌΦ  

ɳ˄ʵʶʽˁˍʽˁʱ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˇ ʷ˂ʶʴ˔ˇˌ ʴʽʰ ˍʹ ʵˎˋ˃ʶ˄ʷˋˍʶˊʹ ʁ ˅˖ˍʶˊʽˁʺ  ɻ ˇˁˈ ˍˇˎ ʵʶˏˍʶˊˇˎ 
ˇˊˈ˒ˇˎ ˍˇˎ ʶ˄˗˄ʶʽ ˍˇ ʶ˅˖ˍʶˊʽˁˈ ˉ˂ʰʾˋʽˇ ˊˇˉʺˌ ˃ʶ ˍˇ ʶˋ˖ˍʶˊʽˁˈ ˉ˂ʰʾˋʽˇ (HEA 260) 
˃ʺˁˇˎˌ L = 7 m. 
 

ʃʾ˄ʰˁʰˌ 4.8: ɱʶ˖˃ʶˍˊʽˁʱ ˁʰʽ ʰʵˊʰ˄ʶʽʰˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʵʽʰˍˇ˃ʺˌ HEA 260 

h (mm) b (mm) ts (mm) tg (mm) A (cm2) Wel,y (cm3) 

250 260 8 13 86,82 836,40 

Wel,z (cm3) Ix (cm4) Iy (cm4) Iz (cm4) rz (cm) ry (cm) 

282,12 46,30 10455,00 3667,56 6,5 11 

 

ɼʰˍʱˍʰ˅ʹ ʵʽʰˍˇ˃ʺˌ 

ɶ ʵˇˁˈˌ ˎˉˈˁʶʽˍʰʽ ˋʶ ʶʴˁʱˊˋʽʰ ˁʰˍʰ˄ʶ˃ʹ˃ʷ˄ʰ ˒ˇˊˍʾʰΦ ɱʽʰ ˍʹ˄ ˁʰˍʱˍʰ˅ʹ ˍʹˌ ʵʽʰˍˇ˃ʺˌΣ 
ʶ˂ʷʴ˔ˇˎ˃ʶ ˍˇ˄ ˁˇˊ˃ˈ ˋʶ ˁʱ˃˕ʹ ˁʰʽ ˍˇ ˉʷ˂˃ʰ ˋʶ ʻ˂ʾ˕ʹΦ  

ɮˉˈ ˍˇ˄ ʷ˂ʶʴ˔ˇ ˁʰʽ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇˎˌ ʃʾ˄ʰˁʶˌ 4.2 ˁʰʽ 4.3Σ ˉˊˇˁˏˉˍʶʽ ˇ ˁˇˊ˃ˈˌ 
ˁʰˍʹʴˇˊʾʰ м ˁʰʽ ˍˇ ˉʷ˂˃ʰ ˁʰˍʹʴˇˊʾʰ оΦ ɳˉˇ˃ʷ˄˖ˌ ʹ ʵʽʰˍˇ˃ʺ ʶʾ˄ʰʽ ɼʰˍʹʴˇˊʾʰˌ о. 
ɳˉˇ˃ʷ˄˖ˌ ̒ ʰ ʴʾ˄ʶʽ ʶ˂ʰˋˍʽˁˈˌ ʷ˂ʶʴ˔ˇˌΦ 

 

ʅ˔ʺ˃ʰ 4.17Υ ɲʽʱʴˊʰ˃˃ʰ ˊˇˉ˗˄ ˁʱ˃˕ʹˌ ʵˇˁˇˏ ˋˍʹ ˒ʱˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ όʁɼɮύ όƪbƳύ 
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ʅ˔ʺ˃ʰ 4.18: ɲʽʱʴˊʰ˃˃ʰ ˍʶ˃˄ˇˎˋ˗˄ ʵˇˁˇˏ ˋˍʹ ˒ʱˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ όʁɼɮύ όƪbύ 

 
ʁɼɮ ς ʊʱˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ 

 

¶ ɴ˂ʶʴ˔ˇˌ ʶˎˋˍʱʻʶʽʰˌ ʷ˄ʰ˄ˍʽ ˋˍˊʶˉˍˇˁʰ˃ˉˍʽˁˇˏ ˂ˎʴʽˋ˃ˇˏΥ 
Mel,Rd = 296,92 kNm , XLT = 0,61 , Mb,Rd = 182,10 kNm > My,ed = 133,35 kNm 
 

¶ ɴ˂ʶʴ˔ˇˌ ˋʶ ˁʱ˃˕ʹΥ ɼʰ˂ˏˉˍʶˍʰʽ ʰˉˈ ˍˇ˄ ʷ˂ʶʴ˔ˇ ʷ˄ʰ˄ˍʽ ˋˍˊʶˉˍˇˁʰ˃ˉˍʽˁˇˏ 
˂ˎʴʽˋ˃ˇˏ όʶˎ˃ʶ˄ʷˋˍʶˊˇˌ ˇ ʷ˂ʶʴ˔ˇˌ ˋʶ ˁʱ˃˕ʹύΦ 
 

ʁɼɽ ς ʊʱˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ  
 

¶ ɾʷʴʽˋˍʹ ˉʰˊʰ˃ˈˊ˒˖ˋʹΥ 
zɻ= 2,3 cm < ɻ max = L/250 = 2,8 cm 

 

¶ ʃʰˊʰ˃ˈˊ˒˖ˋʹ ˂ˈʴ˖ ˃ʶˍʰʲ˂ʹˍ˗˄ ʵˊʱˋʶ˖˄Υ 
ʵȊ=0,3 cm < ɻ н= L/300 = 2,3 cm 
 

ʃʰˊʰˁʱˍ˖ ˋˍʰ ʅ˔ʺ˃ʰˍʰ 4.19 ˁʰʽ 4.20, ˉʰˊʰˍʾʻʶ˄ˍʰʽ ˇʽ ʷ˂ʶʴ˔ˇʽ ˋʶ ʁɼɮ ˁʰʽ ʁɼɽ ˋˍʹ˄ 
˒ʱˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ wƻōƻǘ Structural Analysis. 
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ʅ˔ʺ˃ʰ 4.19Υ ɴ˂ʶʴ˔ˇʽ ʁɼɮ - ɲˇˁˈˌ ˉ˂ʰʽˋʾˇˎ ˃ʶ ˁʰˍʰˁˈˊˎ˒ˇˎˌ ˋˎ˄ʵʷˋ˃ˇˎˌ ʵˎˋˁʰ˃˕ʾʰˌ 

 

ʅ˔ʺ˃ʰ 4.20Υ ɴ˂ʶʴ˔ˇʽ ʁɼɽ - ɲˇˁˈˌ ˉ˂ʰʽˋʾˇˎ ˃ʶ ˁʰˍʰˁˈˊˎ˒ˇˎˌ ˋˎ˄ʵʷˋ˃ˇˎˌ ʵˎˋˁʰ˃˕ʾʰˌ 
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4.6  ʇˉˇˋˍˎ˂˗˃ʰˍʰ 

ʆʰ ˎˉˇˋˍˎ˂˗˃ʰˍʰ ˎˉˈˁʶʽ˄ˍʰʽ ˋʶ ʻ˂ʾ˕ʹ ˁʰʽ ʵʽʰ˅ˇ˄ʽˁʺ ˁʱ˃˕ʹΦ ʅˍʹ˄ ˁʰʻˇ˂ʽˁʺ ʵʽʶˏʻˎ˄ˋʹ 
ʇ όʵʽʶˏʻˎ˄ˋʹ ˁʰˍʰˁˈˊˎ˒˖˄ ˋˎ˄ʵʷˋ˃˖˄ ʵˎˋˁʰ˃˕ʾʰˌύ ʷ˔ˇˎ˄ ʱˊʻˊ˖ˋʹ ˋˍʹ˄ ʲʱˋʹ ˍˇˎˌ 
ʶ˄˗ ˋˍʹ˄ ˁʰʻˇ˂ʽˁʺ ʵʽʶˏʻˎ˄ˋʹ ʋ  όʵʽʶˏʻˎ˄ˋʹ ˉ˂ʰʽˋʾ˖˄ ˊˇˉʺˌύ ʶʾ˄ʰʽ ˉʰˁˍ˖˃ʷ˄ʰΦ 

ɲʷ˔ˇ˄ˍʰʽ ˇˊʽʸˈ˄ˍʽʶˌ ˒ˇˊˍʾˋʶʽˌ ˂ˈʴ˖ ʰ˄ʷ˃ˇˎ ˁʰʽ ˋʶʽˋ˃ˇˏ ˈˉˇˎ ˋˍʹ˄ ˁʰʻˇ˂ʽˁʺ ʵʽʶˏʻˎ˄ˋʹ 
ʋ ˉʰˊʰ˂ʰ˃ʲʱ˄ˇ˄ˍʰʽ ʶ˅Ω ˇ˂ˇˁ˂ʺˊˇˎ ʰˉˈ ˍʰ ˎˉˇˋˍˎ˂˗˃ʰˍʰ ʶ˄˗ ˋˍʹ˄ ʰ˄ˍʾˋˍˇʽ˔ʹ ʇ 
ˋʹ˃ʰ˄ˍʽˁˈ ˉˇˋˇˋˍˈ ˉʰˊʰ˂ʰ˃ʲʱ˄ʶˍʰʽ ʰˉˈ ˍˇˎˌ ˁʰˍʰˁˈˊˎ˒ˇˎˌ ˋˎ˄ʵʷˋ˃ˇˎˌ 
ʵˎˋˁʰ˃˕ʾʰˌΦ ɾʶ ʲʱˋʹ ˍʰ ˉʰˊʰˉʱ˄˖Σ ʷ˔ˇˎ˄ ˍˇˉˇʻʶˍʹʻʶʾ ˁʰˍʱ˂˂ʹ˂ʰ ˇ ʽˋ˔ˎˊˈˌ ˁʰʽ ˇ 
ʰˋʻʶ˄ʺˌ ʱ˅ˇ˄ʰˌ  ˍ˖˄ ˎˉˇˋˍˎ˂˖˃ʱˍ˖˄Σ ˗ˋˍʶ ˄ʰ ˃ʹ˄ ˉˊˇˁˏ˕ˇˎ˄ ˉˊˇʲ˂ʺ˃ʰˍʰ 
ʶˎˋˍʱʻʶʽʰˌ ˂ˈʴ˖ ˂ˎʴʽˋ˃ˇˏΦ 

ɽˈʴ˖ ʶˊʴˇˋˍʰˋʽʰˁ˗˄ ˉˊˇʵʽʰʴˊʰ˒˗˄ ˁʰʻ˗ˌ ˁʰʽ ʴʽʰ ˍʹ˄ ʲʶ˂ˍʽˋˍˇˉˇʾʹˋʹ ˍˇˎ 
ˋ˔ʶʵʽʰˋ˃ˇˏΣ ʶˉʽ˂ʷ˔ʻʹˁʶ ˃ʶˍʰʲ˂ʹˍʺ ʵʽʰˍˇ˃ʺ ˁʰʻΩ ˏ˕ˇˌ ˍʹ˄ ˁʰˍʰˋˁʶˎʺˌΦ ɳˉˇ˃ʷ˄˖ˌ ˍʰ 
ˎˉˇˋˍˎ˂˗˃ʰˍʰ ʲʱˋʹˌ ˋˎ˄ˇ˂ʽˁˇˏ ˏ˕ˇˎˌ п m ˋ˔ʶʵʽʱˋˍʹˁʰ˄ ˅ʶ˔˖ˊʽˋˍʱ ˁʰʽ ˍʰ 
ˎˉˇˋˍˎ˂˗˃ʰˍʰ ˍ˖˄ ˇˊˈ˒˖˄ ˋ˔ʶʵʽʱˋˍʹˁʰ˄ ʰ˄ʱ ˍˊʶʽˌ ˇˊˈ˒ˇˎˌΣ ʲʱˋʶʽ ˍˇˎ 
ʵˎˋ˃ʶ˄ʷˋˍʶˊˇˎΦ     

ɳ˄ʵʶʽˁˍʽˁʱ ˉʰˊˇˎˋʽʱʸʶˍʰʽ ˇ ʷ˂ʶʴ˔ˇˌ ˁʰʻΩ ˏ˕ˇˌ ˍˇˎ ˎˉˇˋˍˎ˂˗˃ʰˍˇˌ ˉˇˎ ʵʷ˔ʶˍʰʽ ˍˇ 
ʵˎˋ˃ʶ˄ʷˋˍʶˊˇ ʻ˂ʽˉˍʽˁˈ ˒ˇˊˍʾˇΣ ˍˇ ˇˉˇʾˇ ʲˊʾˋˁʶˍʰʽ ˋˍʹ˄ ˈ˕ʹ ˍʹˌ ˁʰˍʰˋˁʶˎʺˌ ˁʰʽ 
ʰˉˇˍʶ˂ʶʾˍʰʽ ʰˉˈ ʵʽʰˍˇ˃ʷˌ ˍʹˌ ˋʶʽˊʱˌ HEBΦ ɳ˂ʷʴ˔ʶˍʰʽ ʹ ʰ˄ˍˇ˔ʺ ˁʰʽ ʹ ʶˎˋˍʱʻʶʽʰ ˋʶ ʁɼɮ 
ˁʰʽ ʹ ˉʰˊʰ˃ˈˊ˒˖ˋʹ ˋʶ ʁɼɽ ˋˍʹ˄ ˒ʱˋʹ ˁʰˍʰˋˁʶˎʺˌΦ 

 

ʅ˔ʺ˃ʰ 4.21Υ ɸʷˋʹ ˎˉˇˋˍˎ˂˗˃ʰˍˇˌ ʶ˂ʷʴ˔ˇˎ 



 
 76 

 

ʇˉˇˋˍˏ˂˖˃ʰ ʲʱˋʹˌ: 0 Җ h Җ 4 m 

ɱʽʰ ˍˇ ˎˉˇˋˍˏ˂˖˃ʰ ʲʱˋʹˌ ʶˉʽ˂ʷ˔ʻʹˁʶ ʹ ʵʽʰˍˇ˃ʺ HEB 450. 

ʃʾ˄ʰˁʰˌ 4.9Υ ɱʶ˖˃ʶˍˊʽˁʱ ˁʰʽ ʰʵˊʰ˄ʶʽʰˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʵʽʰˍˇ˃ʺˌ HEB 450 

h (mm) b (mm) ts (mm) tg (mm) A (cm2) Wpl,y (cm3) 

450 300 14 26 217,98 3982,57 

Wpl,z (cm3) Ix (cm4) Iy (cm4) Iz (cm4) rz (cm) ry (cm) 

1197,67 485,00 79887,60 11721,30 7,3 19,1 

 
ɼʰˍʱˍʰ˅ʹ ʵʽʰˍˇ˃ʺˌ 

ɱʽʰ ˍʹ˄ ˁʰˍʱˍʰ˅ʹ ˍʹˌ ʵʽʰˍˇ˃ʺˌΣ ʶ˂ʷʴ˔ˇˎ˃ʶ ˍˇ˄ ˁˇˊ˃ˈ ˁʰʽ ˍˇ ˉʷ˂˃ʰ ˋʶ ʻ˂ʾ˕ʹΦ  

ɮˉˈ ˍˇ˄ ʷ˂ʶʴ˔ˇ ˁʰʽ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇˎˌ ʃʾ˄ʰˁʶˌ 4.2 ˁʰʽ 4.3Σ ˉˊˇˁˏˉˍʶʽ ˇ ˁˇˊ˃ˈˌ ˁʰʽ ˍˇ 
ˉʷ˂˃ʰ ˁʰˍʹʴˇˊʾʰ мΦ ɳˉˇ˃ʷ˄˖ˌ ʹ ʵʽʰˍˇ˃ʺ ʶʾ˄ʰʽ ɼʰˍʹʴˇˊʾʰˌ 1Φ ɳˉˇ˃ʷ˄˖ˌ ʻʰ ʴʾ˄ʶʽ 
ˉ˂ʰˋˍʽˁˈˌ ̫ ˂ʶʴ˔ˇˌΦ 

 

ʅ˔ʺ˃ʰ 4.22Υ ɲʽʰʴˊʱ˃˃ʰˍʰ ʶ˄ˍʰˍʽˁ˗˄ ˃ʶʴʶʻ˗˄ N (kN), My (kNm), Mz (kNm) 
ˎˉˇˋˍˎ˂˗˃ʰˍˇˌ ʽˋˇʴʶʾˇˎ 

 

ʃʰˊʰˁʱˍ˖ ˋˍʰ ʅ˔ʺ˃ʰˍʰ 4.23 ˁʰʽ 4.24, ˉʰˊʰˍʾʻʶ˄ˍʰʽ ˇʽ ʷ˂ʶʴ˔ˇʽ ˋʶ ʁɼɮ ˁʰʽ ʁɼɽ ˋˍʹ˄ 
˒ʱˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ wƻōƻǘ Structural Analysis. 
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ʅ˔ʺ˃ʰ 4.23: ɴ˂ʶʴ˔ˇʽ ʁɼɮ - ʇˉˇˋˍˏ˂˖˃ʰ ʲʱˋʹˌ 

 

ʅ˔ʺ˃ʰ 4.24Υ ɴ˂ʶʴ˔ˇʽ ʁɼɽ - ʇˉˇˋˍˏ˂˖˃ʰ ʲʱˋʹˌ 
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ʇˉˇˋˍˏ˂˖˃ʰ ɶɳɰ осл: 4 m Җ h Җ 16 m 
ɼʰˍʱˍʰ˅ʹ ʵʽʰˍˇ˃ʺˌ 

ɱʽʰ ˍʹ˄ ˁʰˍʱˍʰ˅ʹ ˍʹˌ ʵʽʰˍˇ˃ʺˌΣ ʶ˂ʷʴ˔ˇˎ˃ʶ ˍˇ˄ ˁˇˊ˃ˈ ˁʰʽ ˍˇ ˉʷ˂˃ʰ ˋʶ ʻ˂ʾ˕ʹΦ  

ɮˉˈ ˍˇ˄ ʷ˂ʶʴ˔ˇ ˁʰʽ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇˎˌ ʃʾ˄ʰˁʶˌ 4.2 ˁʰʽ 4.3Σ ˉˊˇˁˏˉˍʶʽ ˇ ˁˇˊ˃ˈˌ ˁʰʽ ˍˇ 
ˉʷ˂˃ʰ ˁʰˍʹʴˇˊʾʰ мΦ ɳˉˇ˃ʷ˄˖ˌ ʹ ʵʽʰˍˇ˃ʺ ʶʾ˄ʰʽ ɼʰˍʹʴˇˊʾʰˌ 1Φ ɳˉˇ˃ʷ˄˖ˌ ʻʰ ʴʾ˄ʶʽ 
ˉ˂ʰˋˍʽˁˈˌ ʷ˂ʶʴ˔ˇˌΦ 

ʃʾ˄ʰˁʰˌ 4.10: ɱʶ˖˃ʶˍˊʽˁʱ ˁʰʽ ʰʵˊʰ˄ʶʽʰˁʱ ̝ ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʵʽʰˍˇ˃ʺˌ I9. осл 

h (mm) b (mm) ts (mm) tg (mm) A (cm2) Wpl,y (cm3) 

360 300 13 23 180.63 2683.14 

Wpl,z (cm3) Ix (cm4) Iy (cm4) Iz (cm4) rz (cm) ry (cm) 

1032.51 310.00 43193.50 10141.20 15.5 7.5 

 

 

ʅ˔ʺ˃ʰ 4.25: ɲʽʰʴˊʱ˃˃ʰˍʰ ʶ˄ˍʰˍʽˁ˗˄ ˃ʶʴʶʻ˗˄ b όƪbύΣ ay (kNm), Mz (kNm) 
ˎˉˇˋˍˎ˂˗˃ʰˍˇˌ 4 m Җ h Җ 16 m 

 

ʃʰˊʰˁʱˍ˖ ˋˍʰ ʅ˔ʺ˃ʰˍʰ 4.26 ˁʰʽ 4.27, ˉʰˊʰˍʾʻʶ˄ˍʰʽ ˇʽ ʷ˂ʶʴ˔ˇʽ ˋʶ ʁɼɮ ˁʰʽ ʁɼɽ ˋˍʹ˄ 
˒ʱˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ wƻōƻǘ Structural Analysis. 
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ʅ˔ʺ˃ʰ 4.26: ɴ˂ʶʴ˔ˇʽ ʁɼɮ - ʇˉˇˋˍˏ˂˖˃ʰ п m Җ h Җ 16 m 

 

ʅ˔ʺ˃ʰ 4.27: ɴ˂ʶʴ˔ˇʽ ʁɼɽ - ʇˉˇˋˍˏ˂˖˃ʰ 4 m Җ h Җ мс m 
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ʇˉˇˋˍˏ˂˖˃ʰ ɶɳɰ нсл: 16 m Җ h Җ 28 m 
ɼʰˍʱˍʰ˅ʹ ʵʽʰˍˇ˃ʺˌ 

ɱʽʰ ˍʹ˄ ˁʰˍʱˍʰ˅ʹ ˍʹˌ ʵʽʰˍˇ˃ʺˌΣ ʶ˂ʷʴ˔ˇˎ˃ʶ ˍˇ˄ ˁˇˊ˃ˈ ˁʰʽ ˍˇ ˉʷ˂˃ʰ ˋʶ ʻ˂ʾ˕ʹΦ  

ɮˉˈ ˍˇ˄ ʷ˂ʶʴ˔ˇ ˁʰʽ ˋˏ˃˒˖˄ʰ ˃ʶ ˍˇˎˌ ʃʾ˄ʰˁʶˌ 4.2 ˁʰʽ 4.3Σ ˉˊˇˁˏˉˍʶʽ ˇ ˁˇˊ˃ˈˌ ˁʰʽ ˍˇ 
ˉʷ˂˃ʰ ˁʰˍʹʴˇˊʾʰ мΦ ɳˉˇ˃ʷ˄˖ˌ ʹ ʵʽʰˍˇ˃ʺ ʶʾ˄ʰʽ ɼʰˍʹʴˇˊʾʰˌ 1Φ ɳˉˇ˃ʷ˄˖ˌ ʻʰ ʴʾ˄ʶʽ 
ˉ˂hˋˍʽˁˈˌ ʷ˂ʶʴ˔ˇˌΦ 

ʃʾ˄ʰˁʰˌ 4.11: ɱʶ˖˃ʶˍˊʽˁʱ ˁʰʽ ʰʵˊʰ˄ʶʽʰˁʱ ˔ʰˊʰˁˍʹˊʽˋˍʽˁʱ ʵʽʰˍˇ˃ʺˌ I9. н60 

h (mm) b (mm) ts (mm) tg (mm) A (cm2) Wpl,y (cm3) 

260 260 10 18 118.44 1283.00 

Wpl,z (cm3) Ix (cm4) Iy (cm4) Iz (cm4) rz (cm) ry (cm) 

602.26 125.00 14919.40 5134.52 11.2 6.6 

 

 

ʅ˔ʺ˃ʰ 4.28Υ ɲʽʰʴˊʱ˃˃ʰˍʰ ʶ˄ˍʰˍʽˁ˗˄ ˃ʶʴʶʻ˗˄ N (kN), My (kNm), Mz (kNm) 
ˎˉˇˋˍˎ˂˗˃ʰˍˇˌ 16 m Җ h Җ 28 m 

 

ʃʰˊʰˁʱˍ˖ ˋˍʰ ʅ˔ʺ˃ʰˍʰ 4.29 ˁʰʽ 4.30, ˉʰˊʰˍʾʻʶ˄ˍʰʽ ˇʽ ʷ˂ʶʴ˔ˇʽ ˋʶ ʁɼɮ ˁʰʽ ʁɼɽ ˋˍʹ˄ 
˒ʱˋʹ ˂ʶʽˍˇˎˊʴʾʰˌ ˃ʶ ˍʹ ʲˇʺʻʶʽʰ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ wƻōƻǘ Structural Analysis. 
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ʅ˔ʺ˃ʰ 4.29: ɴ˂ʶʴ˔ˇʽ ʁɼɮ - ʇˉˇˋˍˏ˂˖˃ʰ 16 m Җ h Җ 28 m 

 

 

ʅ˔ʺ˃ʰ 4.30: ɴ˂ʶʴ˔ˇʽ ʁɼɽ - ʇˉˇˋˍˏ˂˖˃ʰ мс m Җ h Җ 28 m 
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4.7 ɹˁ ʰ˄ˇˍʽˁˇʾ ɴ˂ʶʴ˔ˇʽ 

4.7.1 ɴ˂ʶʴ˔ˇˌ ˉ˂ʰʽˋʾˇˎ ˃ʶ ˁʰˍʰˁˈˊˎ˒ˇˎˌ ˋˎ˄ʵʷˋ˃ˇˎˌ ʵˎˋˁʰ˃˕ʾʰˌ 
όʅʶʽˋ˃ˈˌ ˁʰˍʱ ʇύ 

ɱʽʰ ˁʱʻʶ ˈˊˇ˒ˇ ˎˉˇ˂ˇʴʾʸʶˍʰʽ ˇ ˋˎ˄ˍʶ˂ʶˋˍʺˌ ʻ ˃ʷˋ˖ ˍˇˎ ˇˉˇʾˇˎ ˁʰʻˇˊʾʸʶˍʰʽ ʰ˄ ˍʰ 
˒ʰʽ˄ˈ˃ʶ˄ʰ ʵʶˏˍʶˊʹˌ ˍʱ˅ʹˌ ʶʾ˄ʰʽ ˋʹ˃ʰ˄ˍʽˁʱ ˁʰʽ ˃ʶ ˉˇʽˇ ˍˊˈˉˇ ˉˊʷˉʶʽ ˄ʰ ˂ʹ˒ʻˇˏ˄ 
ˎˉˈ˕ʹΦ ʁ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ʴʾ˄ʶˍʰʽ ˋˍˇ˄ ʃʾ˄ʰˁʰ 4.12Σ ˃ʶ ʲʱˋʹ ˍʰ ʰˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍʹˌ 
ʰ˄ʱ˂ˎˋʹˌΥ 

ʃʾ˄ʰˁʰˌ 4.12: ʇˉˇ˂ˇʴʽˋ˃ˈˌ ˋˎ˄ˍʶ˂ʶˋˍʺ ʻ ˁʰˍʱ ˍʹ ʵʽʶˏʻˎ˄ˋʹ ʇ 

 

ɳˉʶʽʵʺ ʻ җ лΣмΣ ˍʰ ˒ʰʽ˄ˈ˃ʶ˄ʰ ʵʶˏˍʶˊʹˌ ˍʱ˅ʹˌ ʵʶ˄ ˃ˉˇˊˇˏ˄ ˄ʰ ʰʴ˄ˇʹʻˇˏ˄Σ ʰ˂˂ʱ 
˃ˉˇˊˇˏ˄ ˄ʰ ˂ʹ˒ʻˇˏ˄ ˎˉˈ˕ʹ ˉˊˇˋʶʴʴʽˋˍʽˁʱ ˉˊˇˋʰˎ˅ʱ˄ˇ˄ˍʰˌ ˍʰ ˋʶʽˋ˃ʽˁʱ ˃ʶʴʷʻʹ ˍʹˌ 
ʵʽʶˏʻˎ˄ˋʹˌ ʇ ˁʰˍʱ мκόм-ʻύ Ґ мΣммΦ ʆʰ ˉˊˇˋʰˎ˅ʹ˃ʷ˄ʰ ʶ˄ˍʰˍʽˁʱ ˃ʶʴʷʻʹ ˒ʰʾ˄ˇ˄ˍʰʽ ˋˍˇ 
ʅ˔ʺ˃ʰ 4.32. 

ɴ˂ʶʴ˔ˇˌ ʶ˅˖ˍʶˊʽˁ˗˄ ʵʽʰʴ˗˄ʽ˖˄ ˋˎ˄ʵʷˋ˃˖˄ 

 

ʅ˔ʺ˃ʰ 4.31: ɳ˅˖ˍʶˊʽˁˇʾ ˁʰˍʰˁˈˊˎ˒ˇʽ ˋˏ˄ʵʶˋ˃ˇʽ ʵˎˋˁʰ˃˕ʾʰˌ 

ʂˊˇ˒ˇˌ 1 2 3 4 5 6 7 8

ʅˎ˄ˇ˂ʽˁˈ ˒ˇˊˍʾˇ 

ʲʰˊˏˍʹˍʰˌ 
Ptot (kN)18807,2615945,69 13090,48 10239,84 7390,62 4554,44 1729,40 90,30

ʅˎ˄ˇ˂ʽˁʺ 

ˍʷ˃˄ˇˎˋʰ ˇˊˈ˒ˇˎ
Vtot (kN) 986,53 896,29 780,17 681,9 591,79 474,44 247,16 16,7

ʆʽ˃ʺ ˋ˔ʶʵʽʰˋ˃ˇˏ 

ˋ˔ʶˍʽˁʺˌ 

˃ʶˍʰˁʾ˄ʹˋʹˌ 

ˇˊˈ˒ˇˎ

dr (cm) 2 2,3 2,2 2,3 2,1 2 1,7 1,8

ʈ˕ˇˌ ˇˊˈ˒ˇˎh (cm) 400,00 400,00 400,00 400,00 400,00 400,00 400,00 400,00

ʅˎ˄ˍʶ˂ʶˋˍʺˌ 

ʶˎʰʽˋʻʹˋʾʰˌ 

ˋ˔ʶˍʽˁʺˌ 

˃ʶˍʰˁʾ˄ʹˋʹˌ 

ˇˊˈ˒ˇˎ

ʻ 0,10 0,10 0,09 0,09 0,07 0,05 0,03 0,02
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ʁʽ ʵʽʰʴ˗˄ʽˇʽ ˋˏ˄ʵʶˋ˃ˇʽ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˎˉˈ ʻ˂ʾ˕ʹ ʰʴ˄ˇˇˏ˄ˍʰʽ ˁʰˍʱ ˍʹ˄ ʰ˄ʱ˂ˎˋʹΣ ˎˉʷˊ 
ˍʹˌ ʰˋ˒ʱ˂ʶʽʰˌΦ ɱʽʰ ˄ʰ ʶ˅ʰˋ˒ʰ˂ʽˋˍʶʾ ˈˍʽ ˇʽ ʵʽʰʴ˗˄ʽˇʽ ʻʰ ˋˎ˃ˉʶˊʽ˒ʶˊʻˇˏ˄ ˁʰˍʱ ˍˇ˄ 
ʶˉʽʻˎ˃ʹˍˈ ˍˊˈˉˇ ˉˊʷˉʶʽ ʹ ˂ˎʴʹˊˈˍʹˍʰ ˍˇˎˌ ˄ʰ ʶʾ˄ʰʽ мΣо Җ ˂ Җ нΣл. 

ʁʽ ʵʽʰʴ˗˄ʽˇʽ ˋˏ˄ʵʶˋ˃ˇʽ ˋˎ˄ʵʷˇ˄ˍʰʽ ˋˍˇ ˃ʷˋˇ ˍˇˎˌΣ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍˇ ˃ʺˁˇˌ ˂ˎʴʽˋ˃ˇˏ 
ˍˇˎˌ ˄ʰ ʶʾ˄ʰʽ ʾˋˇ ˃ʶ ˍˇ рл҈ ˍˇˎ ˉˊʰʴ˃ʰˍʽˁˇˏ ˃ʺˁˇˎˌΣ ˍˈˋˇ ʶ˄ˍˈˌ ˈˋˇ ˁʰʽ ʶˁˍˈˌ 
ʶˉʽˉʷʵˇˎΥ 

¶ Lcr = 0,5  Lɻ ʽʰʴ = 3,815 m 

¶ ɱʽʰ ˔ʱ˂ˎʲʰ S355, ́  ˂ˎʴʹˊˈˍʹˍʰ ʰ˄ʰ˒ˇˊʱˌ ʶʾ˄ʰʽΥ ˂1 = 76,41 

ʃʰˊʰˁʱˍ˖ ʰˁˇ˂ˇˎʻʶʾ ˇ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍʹˌ ʰ˄ʹʴ˃ʷ˄ʹˌ ˂ˎʴʹˊˈˍʹˍʰˌ ʴʽʰ ˁʱʻʶ ˃ʷ˂ˇˌΦ ʅʶ 
ˈ˂ˇˎˌ ˍˇˎˌ ˎ ˉˇ˂ˇʴʽˋ˃ˇˏˌ ˁˊʾˋʽ˃ˇˌ ʶʾ˄ʰʽ ˇ ʰˋʻʶ˄ʺˌ ʱ˅ˇ˄ʰˌ ˍ˖˄ ʵʽʰˍˇ˃˗˄Φ 

¶ ɲʽʰʴ˗˄ʽˇˌ ʽˋˇʴʶʾˇˎ ό{I{/ флȄфлȄуύ  

ʇ  
,ÃÒ

ÉÚ
Ͻ
ρ

ʇρ
 = 1,53 Ṋ      

¶ ɲʽʰʴ˗˄ʽˇˌ ˉˊ˗ˍˇˎ ˇˊˈ˒ˇˎ ό{I{/ флȄфлȄсύ 

ʇ  
,ÃÒ

ÉÚ
Ͻ
ρ

ʇρ
 = 1,48 Ṋ         

¶ ɲʽʰʴ˗˄ʽˇˌ ʵʶˎˍʷˊˇˎ ˇˊˈ˒ˇˎ ό{I{/ флȄфлȄуύ  

ʇ  
,ÃÒ

ÉÚ
Ͻ
ρ

ʇρ
  = 1,53 Ṋ            

¶ ɲʽʰʴ˗˄ʽˇˌ ˍˊʾˍˇˎ ˇˊˈ˒ˇˎ ό{I{/ флȄфлȄсύ   

ʇ  
,ÃÒ

ÉÚ
Ͻ
ρ

ʇρ
  = 1,48 Ṋ           

¶ ɲʽʰʴ˗˄ʽˇˌ ˍʷˍʰˊˍˇˎ ̌ ˊˈ˒ˇˎ ό{I{/ улȄулȄу ) 

ʇ  
,ÃÒ

ÉÚ
Ͻ
ρ

ʇρ
 = 1,76 Ṋ          

¶ ɲʽʰʴ˗˄ʽˇˌ ˉʷ˃ˉˍˇˎ ˇˊˈ˒ˇˎ ό/I{ ууΦфȄсύ  

ʇ  
,ÃÒ

ÉÚ
Ͻ
ρ

ʇρ
 = 1,70 Ṋ             

¶ ɲʽʰʴ˗˄ʽˇˌ ʷˁˍˇˎ ˇˊˈ˒ˇˎ (CHS 76.1x6)  

ʇ  
,ÃÒ

ÉÚ
Ͻ
ρ

ʇρ
 = 2,00  Ṋ    

 

ʅ˔ʺ˃ʰ 4.32: ɲʽʱʴˊʰ˃˃ʰ ˉˊˇˋʰˎ˅ʹ˃ʷ˄˖˄ ʰ˅ˇ˄ʽˁ˗˄ ʵˎ˄ʱ˃ʶ˖˄ ˂ˈʴ˖ ˋʶʽˋ˃ˇˏ ˁʰˍʱ ˍʹ 
ʵʽʶˏʻˎ˄ˋʹ Y ˂ ˈʴ˖ ˒ʰʽ˄ˇ˃ʷ˄˖˄ ʵʶˏˍʶˊʹˌ ˍʱ˅ʹˌ (kN) 
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ʁʽ ʵʽʰʴ˗˄ʽˇʽ ʶ˂ʷʴ˔ˇ˄ˍʰʽ ˋʶ ʶ˒ʶ˂ˁˎˋ˃ˈΣ ˇ ˇˉˇʾˇˌ ˉˊˇˁˏˉˍʶʽ ˃ˈ˄ˇ ʰˉˈ ˍʰ ˋʶʽˋ˃ʽˁʱ 
˒ˇˊˍʾʰΣ ʰ˒ˇˏ ˍʰ ˁʰˍʰˁˈˊˎ˒ʰ ˒ˇˊˍʾʰ ʵʶ˄ ˉˊˇˁʰ˂ˇˏ˄ ʰ˅ˇ˄ʽˁʷˌ ʵˎ˄ʱ˃ʶʽˌ ˋˍʽˌ 
ʵʽʰʴ˖˄ʾˇˎˌΥ 

.ÐÌȟ2Ä!Ͻ
ÆÙ

ɾɥπ
 

¶ ɹˋˈʴʶʽˇΥ Npl,Rd / NEd = 852/462,18 =1,84 

¶ ʃˊ˗ˍˇˌ ˈˊˇ˒ˇˌΥ Npl,Rd / NEd = 681,60/411,19 = 1,65 

¶ ɲʶˏˍʶˊˇˌ ˈˊˇ˒ˇˌΥ Npl,Rd / NEd = 852/462,09 = 1,84 

¶ ʆˊʾˍˇˌ ˈˊˇ˒ˇˌΥ Npl,Rd / NEd = 681,60/382,45 = 1,79 

¶ ʆʷˍʰˊˍˇˌ ˈˊˇ˒ˇˌΥ Npl,Rd / NEd = 738,40/355,99 = 2,07 

¶ ʃʷ˃ˉˍˇˌ ˈˊˇ˒ˇˌΥ Npl,Rd / NEd = 554,45/281,88 = 1,95 

¶ ɴˁˍˇˌ ˈˊˇ˒ˇˌΥ Npl,Rd / NEd = 468,84/163,88 = 2,80 

ʅˍˇ˄ ˍʶ˂ʶˎˍʰʾˇ ˈˊˇ˒ˇ ʹ ʰ˅ˇ˄ʽˁʺ ʵˏ˄ʰ˃ʹ ʶʾ˄ʰʽ ˎˉˇʵʶʷˋˍʶˊʹ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍˇˎˌ 
ˁʰˍ˗ˍʶˊˇˎˌ ˇˊˈ˒ˇˎˌΣ ʶˉˇ˃ʷ˄˖ˌ ʵʶ˄ ʻʰ ˂ʹ˒ʻʶʾ ˎˉˈ˕ʹ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍˇˎ ʍ. 

 

ɱʽʰ ˄ʰ ʶ˅ʰˋ˒ʰ˂ʽˋˍʶʾ ˇ˃ˇʽˈ˃ˇˊ˒ʹ ˉ˂ʰˋˍʽ˃ˈˍʹˍʰ ˁʰʻΩˏ˕ˇˌ ˍˇˎ ˉ˂ʰʽˋʾˇˎ ˉˊʷˉʶʽ ʹ 
˃ʷʴʽˋˍʹ ˍʽ˃ʺ ˍʹˌ ˎˉʶˊʰ˄ˍˇ˔ʺˌ ˄ʰ ˃ʹ˄ ˅ʶˉʶˊ˄ʱʶʽ ˍʹ˄ ʶ˂ʱ˔ʽˋˍʹ ˍʽ˃ʺ ˍʹˌ ˎˉʶˊʰ˄ˍˇ˔ʺˌ 
ˁʰˍʱ ˉʶˊʽˋˋˈˍʶˊˇ ʰˉˈ нр҈Υ 

 
ςȟπχ-ρȟφυ

ρȟφυ
 πȟςυπȟςυ  Ṋ ʽˁʰ˄ˇˉˇʽʶʾˍʰʽ 

 
 ɴ˂ʶʴ˔ˇˌ ˎˉˇˋˍˎ˂˖˃ʱˍ˖˄ ˁʰʽ ʵˇˁ˗˄ ʁ ˅˖ˍʶˊʽˁˇˏ ˉ˂ʰʽˋʾˇˎ 

ɳ˂ʷʴ˔ʶˍʰʽ ˍˇ ʵˎˋ˃ʶ˄ʷˋˍʶˊˇ ˎˉˇˋˍˏ˂˖˃ʰ ˍˇ ˇˉˇʾˇ ʶʾ˄ʰʽ ˍˇ I9. 450 ˍˇˎ ʶ˅˖ˍʶˊʽˁˇˏ 
ˉ˂ʰʽˋʾˇˎΦ ʁʽ ʵˇˁˇʾ ʵʶ˄ ʶˉʽʲʰˊˏ˄ˇ˄ˍʰʽ ʰˉˈ ˍˇˎˌ ˋʶʽˋ˃ʽˁˇˏˌ ˋˎ˄ʵˎʰˋ˃ˇˏˌΣ ˂ˈʴ˖ ˍʹˌ 
ʵʽʰ˒ˊʰʴ˃ʰˍʽˁʺˌ ˂ʶʽˍˇˎˊʴʾʰˌΦ  

ɮ˅ˇ˄ʽˁʺ ʵˏ˄ʰ˃ʹ ˋ˔ʶʵʽʰˋ˃ˇˏΥ NEd = NEd,G + 1,1ʴ̌ ʍ˄min NEd,Ey +0,3NEd,Ex = 3423,53 kN 

ʂˉˇˎ:  ʍmin = 1,65 & ɹˇ ˄= 1,25 

ɾʶ ˍˇ˄ ʾʵʽˇ ˍˊˈˉˇ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ˍʰ ʶ˄ˍʰˍʽˁʱ ˃ʶʴʷʻʹ ˍˇˎ ˎˉˇˋˍˎ˂˗˃ʰˍˇˌΦ 
ʃˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˇ ʷ˂ʶʴ˔ˇˌ ˍˇˎ ˎˉˇˋˍˎ˂˗˃ʰˍˇˌ ˎˉˈ ˁʱ˃˕ʹ ˁʰʽ ʻ˂ʾ˕ʹΣ ˁʱ˄ˇ˄ˍʰˌ ˍʹ˄ 
ˉʰˊʰʵˇ˔ʺ ˈˍʽ ˇ ʷ˂ʶʴ˔ˇˌ ʰˎˍˈˌ ʶʾ˄ʰʽ ʵˎˋ˃ʶ˄ʷˋˍʶˊˇˌ ʰˉˈ ˍˇˎˌ ʶ˂ʷʴ˔ˇˎˌ ʵʽʰˍˇ˃ʺˌΣ ˇʽ 
ˇˉˇʾˇʽ ʻʰ ʽˁʰ˄ˇˉˇʽˇˏ˄ˍʰʽ ʶ˒ˈˋˇ˄ ʽˁʰ˄ˇˉˇʽˇˏ˄ˍʰʽ ˁʰʽ ˇʽ ʷ˂ʶʴ˔ˇʽ ˃ʷ˂ˇˎˌΦ 

 

ʅ˔ʺ˃ʰ 4.33Υ ɳ˄ˍʰˍʽˁʱ ˃ʶʴʷʻʹ ʶ˅˖ˍ. ˎ ˉˇˋˍˎ˂˗˃ʰˍˇˌ  h ύ ɿ όkN) ̡ ύ V (kN) ɹ ύ My (kNm) 
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ɶ ˁʰˍʱˍʰ˅ʹ ˍʹˌ ʵʽʰˍˇ˃ʺˌ ɶɳɰ прл ʴʽʰ ˁʰʻʰˊʺ ʻ˂ʾ˕ʹ ˉˊˇˁˏˉˍʶʽ ɼʰˍʹʴˇˊʾʰ м.  

ʃʰˊʰˁʱˍ˖ ˋˍˇ ʅ˔ʺ˃ʰ 4.34, ˉʰˊʰˍʾʻʶ˄ˍʰʽ  ̌ ʷ˂ʶʴ˔ˇˌ ˃ʷ˂ˇˎˌ ˍˇˎ ʶ˅˖ˍʶˊʽˁˇˏ 
ˎˉˇˋˍˎ˂˗˃ʰˍˇˌ ˋʶ ˁʱ˃˕ʹ ˁʰʽ ʻ˂ʾ˕ʹ ˁʰʻ˗ˌ ˁʰʽ ˇ ʷ˂ʶʴ˔ˇˌ ˍʹˌ ʵʽʰˍˇ˃ʺˌ ˋʶ ʵʽʱˍ˃ʹˋʹ ˃ʶ 
ˍʹ ʲˇʺʻʶʽʰ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ wƻōƻǘ Structural Analysis.  

 

ʅ˔ʺ˃ʰ 4.34Υ ɴ˂ʶʴ˔ˇˌ ʶˉʱˊˁʶʽʰˌ ʷ˄ʰ˄ˍʽ ˋʶʽˋ˃ˇˏ EY ʁ ˅˖ˍʶˊʽˁˇˏ ˎˉˇˋˍˎ˂˗˃ʰˍˇˌ 
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ɴ˂ʶʴ˔ˇˌ ʶˋ˖ˍʶˊʽˁ˗˄ ʵʽʰʴ˗˄ʽ˖˄ ˋˎ˄ʵʷˋ˃˖˄ 

 

ʅ˔ʺ˃ʰ 4.35: ɸʷˋʹ ʶˋ˖ˍʶˊʽˁ˗˄ ˋˎ˄ʵʷˋ˃˖˄ ʵˎˋˁʰ˃˕ʾʰˌ 

ʁʽ ʵʽʰʴ˗˄ʽˇʽ ˋˏ˄ʵʶˋ˃ˇʽ ˉˇˎ ʲˊʾˋˁˇ˄ˍʰʽ ˎˉˈ ʻ˂ʾ˕ʹ ʰʴ˄ˇˇˏ˄ˍʰʽ ˁʰˍʱ ˍʹ˄ ʰ˄ʱ˂ˎˋʹΣ ˎˉʷˊ 
ˍʹˌ ʰˋ˒ʱ˂ʶʽʰˌΦ ɱʽʰ ˄ʰ ʶ˅ʰˋ˒ʰ˂ʽˋˍʶʾ ˈˍʽ ˇʽ ʵʽʰʴ˗˄ʽˇʽ ʻʰ ˋˎ˃ˉʶˊʽ˒ʶˊʻˇˏ˄ ˁʰˍʱ ˍˇ˄ 
ʶˉʽʻˎ˃ʹˍˈ ˍˊˈˉˇ ˉˊʷˉʶʽ ʹ ˂ˎʴʹˊˈˍʹˍʰ ˍˇˎˌ ˄ʰ ʶʾ˄ʰʽ мΣо Җ ˂ Җ нΣл. 

ʁʽ ʵʽʰʴ˗˄ʽˇʽ ˋˏ˄ʵʶˋ˃ˇʽ ˋˎ˄ʵʷˇ˄ˍʰʽ ˋˍˇ ˃ʷˋˇ ˍˇˎˌΣ ˃ʶ ʰˉˇˍʷ˂ʶˋ˃ʰ ˍˇ ˃ʺˁˇˌ ˂ˎʴʽˋ˃ˇˏ 
ˍˇˎˌ ˄ʰ ʶʾ˄ʰʽ ʾˋˇ ˃ʶ ˍˇ рл҈ ˍˇˎ ˉˊʰʴ˃ʰˍʽˁˇˏ ˃ʺˁˇˎˌΣ ˍˈˋˇ ʶ˄ˍˈˌ ˈˋˇ ˁʰʽ ʶˁˍˈˌ 
ʶˉʽˉʷʵˇˎΥ 

¶ Lcr = 0,5  Lɻ ʽʰʴ = 2,36 m 

¶ ɱʽʰ ˔ʱ˂ˎʲʰ S355, ́  ˂ˎʴʹˊˈˍʹˍʰ ʰ˄ʰ˒ˇˊʱˌ ʶʾ˄ʰʽΥ ˂1 = 76,41 

ʃʰˊʰˁʱˍ˖ ʰˁˇ˂ˇˎʻʶʾ ˇ ˎˉˇ˂ˇʴʽˋ˃ˈˌ ˍʹˌ ʰ˄ʹʴ˃ʷ˄ʹˌ ˂ˎʴʹˊˈˍʹˍʰˌ ʴʽʰ ˁʱʻʶ ˃ʷ˂ˇˌΦ ʅʶ 
ˈ˂ˇˎˌ ˍˇˎˌ ˎˉˇ˂ˇʴʽˋ˃ˇˏˌ ˁˊʾˋʽ˃ˇˌ ʶʾ˄ʰʽ ˇ ʰˋʻʶ˄ʺˌ ʱ˅ˇ˄ʰˌ ˍ˖˄ ʵʽʰˍˇ˃˗˄Φ 

¶ ɲʽʰʴ˗˄ʽˇˌ ʽˋˇʴʶʾˇˎ ό{I{/ слȄслȄсύ  

ʇ  
,ÃÒ

ÉÚ
Ͻ
ρ

ʇρ
 = 1,43 Ṋ      

¶ ɲʽʰʴ˗˄ʽˇˌ ˉˊ˗ˍˇˎ ˇˊˈ˒ˇˎ ό{I{/ слȄслȄсύ 

ʇ  
,ÃÒ

ÉÚ
Ͻ
ρ

ʇρ
 = 1,43 Ṋ         

¶ ɲʽʰʴ˗˄ʽˇˌ ʵʶˎˍʷˊˇˎ ˇˊˈ˒ˇˎ ό{I{/ слȄслȄоύ  

ʇ  
,ÃÒ

ÉÚ
Ͻ
ρ

ʇρ
  = 1,34 Ṋ            

¶ ɲʽʰʴ˗˄ʽˇˌ ˍˊʾˍˇˎ ˇˊˈ˒ˇˎ ό{I{/ рлȄрлȄпύ   

ʇ  
,ÃÒ

ÉÚ
Ͻ
ρ

ʇρ
  = 1,67 Ṋ           

¶ ɲʽʰʴ˗˄ʽˇˌ ˍʷˍʰˊˍˇˎ ˇˊˈ˒ˇˎ ό{I{/ рлȄрлȄн ) 

ʇ  
,ÃÒ

ÉÚ
Ͻ
ρ

ʇρ
 = 1,59 Ṋ          
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¶ ɲʽʰʴ˗˄ʽˇˌ ˉʷ˃ˉˍˇˎ ˇˊˈ˒ˇˎ ό{I{/ рлȄрлȄнύ  

ʇ 
,ÃÒ

ÉÚ
Ͻ
ρ

ʇρ
 = 1,59 Ṋ             

¶ ɲʽʰʴ˗˄ʽˇˌ ʷˁˍˇˎ ˇˊˈ˒ˇˎ ό{I{/ плȄплȄнύ  

ʇ  
,ÃÒ

ÉÚ
Ͻ
ρ

ʇρ
 = 2,00  Ṋ    

¶ ɲʽʰʴ˗˄ʽˇˌ ʵ˗˃ʰˍˇˌ ό{I{/ плȄплȄнύ  

ʇ  
,ÃÒ

ÉÚ
Ͻ
ρ

ʇρ
 = 2,00  Ṋ    

 

ʅ˔ʺ˃ʰ 4.36: ɲʽʱʴˊʰ˃˃ʰ ˉˊˇˋʰˎ˅ʹ˃ʷ˄˖˄ ʰ˅ˇ˄ʽˁ˗˄ ʵˎ˄ʱ˃ʶ˖˄ ˂ˈʴ˖ ˋʶʽˋ˃ˇˏ ˁʰˍʱ ˍʹ 
ʵʽʶˏʻˎ˄ˋʹ ¸ ˂ˈʴ˖ ˒ʰʽ˄ˇ˃ʷ˄˖˄ ʵʶˏˍʶˊʹˌ ˍʱ˅ʹˌ όƪbύ 

ʁʽ ʵʽʰʴ˗˄ʽˇʽ ʶ˂ʷʴ˔ˇ˄ˍʰʽ ˋʶ ʶ˒ʶ˂ˁˎˋ˃ˈΣ ˇ ˇˉˇʾˇˌ ˉˊˇˁˏˉˍʶʽ ˃ˈ˄ˇ ʰˉˈ ˍʰ ˋʶʽˋ˃ʽˁʱ 
˒ˇˊˍʾʰΣ ʰ˒ˇˏ ˍʰ ˁʰˍʰˁˈˊˎ˒ʰ ˒ˇˊˍʾʰ ʵʶ˄ ˉˊˇˁʰ˂ˇˏ˄ ʰ˅ˇ˄ʽˁʷˌ ʵˎ˄ʱ˃ʶʽˌ ˋˍʽˌ 
ʵʽʰʴ˖˄ʾˇˎˌΥ 

.ÐÌȟ2Ä!Ͻ
ÆÙ

ɾɥπ
 

¶ ɹˋˈʴʶʽˇΥ Npl,Rd / NEd = 220,82/425=1,95 

¶ ʃˊ˗ˍˇˌ ˈˊˇ˒ˇˌΥ Npl,Rd / NEd = 208,87/425 = 2,04 

¶ ɲʶˏˍʶˊˇˌ ˈˊˇ˒ˇˌΥ Npl,Rd / NEd = 96,64/234,66 = 2,40 

¶ ʆˊʾˍˇˌ ˈˊˇ˒ˇˌΥ Npl,Rd / NEd = 106,09/246,72 = 2,30 

¶ ʆʷˍʰˊˍˇˌ ˈˊˇ˒ˇˌΥ Npl,Rd / NEd = 52,72/132,77 = 2,40 
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¶ ʃʷ˃ˉˍˇˌ ˈˊˇ˒ˇˌΥ Npl,Rd / NEd = 58,42/132,77 = 2,27 

¶ ɴˁˍˇˌ ˈˊˇ˒ˇˌΥ Npl,Rd / NEd = 31,59/104,37 = 3,30 

¶ ɲ˗˃ʰΥ Npl,Rd / NEd = 24,28/104,37 = 4,30 

ʅˍˇ˄ ˍʶ˂ʶˎˍʰʾˇ ˈˊˇ˒ˇ ˁʰʽ ˋˍˇ ʵ˗˃ʰ ʹ ʰ˅ˇ˄ʽˁʺ ʵˏ˄ʰ˃ʹ ʶʾ˄ʰʽ ˎˉˇʵʶʷˋˍʶˊʹ ˋʶ ˋ˔ʷˋʹ ˃ʶ 
ˍˇˎˌ ˁʰˍ˗ˍʶˊˇˎˌ ˇˊˈ˒ˇˎˌΣ ʶˉˇ˃ʷ˄˖ˌ ʵʶ˄ ʻʰ ˂ʹ˒ʻʶʾ ˎˉˈ˕ʹ ʴʽʰ ˍˇ˄ ˎˉˇ˂ˇʴʽˋ˃ˈ ˍˇˎ ʍ. 

ɱʽʰ ˄ʰ ʶ˅ʰˋ˒ʰ˂ʽˋˍʶʾ ˇ˃ˇʽˈ˃ˇˊ˒ʹ ˉ˂ʰˋˍʽ˃ˈˍʹˍʰ ˁʰʻΩˏ˕ˇˌ ˍˇˎ ˉ˂ʰʽˋʾˇˎ ˉˊʷˉʶʽ ʹ 
˃ʷʴʽˋˍʹ ˍʽ˃ʺ ˍʹˌ ˎˉʶˊʰ˄ˍˇ˔ʺˌ ˄ʰ ˃ʹ˄ ˅ʶˉʶˊ˄ʱʶʽ ˍʹ˄ ʶ˂ʱ˔ʽˋˍʹ ˍʽ˃ʺ ˍʹˌ ˎˉʶˊʰ˄ˍˇ˔ʺˌ 
ˁʰˍʱ ˉʶˊʽˋˋˈˍʶˊˇ ʰˉˈ нр҈Υ 

 
ςȟτ-ρȟωυ

ρȟωυ
 πȟςσπȟςυ  Ṋ ʽˁʰ˄ˇˉˇʽʶʾˍʰʽ 

 

ɴ˂ʶʴ˔ˇˌ ˎˉˇˋˍˎ˂˖˃ʱˍ˖˄ ˁʰʽ ʵˇˁ˗˄ ʶˋ˖ˍʶˊʽˁˇˏ ˉ˂ʰʽˋʾˇˎ 

ɳ˂ʷʴ˔ʶˍʰʽ ˍˇ ʵˎˋ˃ʶ˄ʷˋˍʶˊˇ ˎˉˇˋˍˏ˂˖˃ʰ ˍˇ ˇˉˇʾˇ ʶʾ˄ʰʽ ˍˇ I9. ос0 ˍˇˎ ʶˋ˖ˍʶˊʽˁˇˏ 
ˉ˂ʰʽˋʾˇˎΦ ʁʽ ʵˇˁˇʾ ʵʶ˄ ʶˉʽʲʰˊˏ˄ˇ˄ˍʰʽ ʰˉˈ ˍˇˎˌ ˋʶʽˋ˃ʽˁˇˏˌ ˋˎ˄ʵˎʰˋ˃ˇˏˌΣ ˂ˈʴ˖ ˍʹˌ 
ʵʽʰ˒ˊʰʴ˃ʰˍʽˁʺˌ ˂ʶʽˍˇˎˊʴʾʰˌΦ  

ɮ˅ˇ˄ʽˁʺ ʵˏ˄ʰ˃ʹ ˋ˔ʶʵʽʰˋ˃ˇˏΥ NEd = NEd,G + 1,1ʴ̌ ʍ˄min NEd,Ey +0,3NEd,Ex = 2088,68 kN 

ʂˉˇˎ:  ʍmin = 1,95 & ɹ ˇ ˄= 1,25 

ɾʶ ˍˇ˄ ʾʵʽˇ ˍˊˈˉˇ ˎˉˇ˂ˇʴʾʸˇ˄ˍʰʽ ˍʰ ʶ˄ˍʰˍʽˁʱ ˃ʶʴʷʻʹ ˍˇˎ ˎˉˇˋˍˎ˂˗˃ʰˍˇˌΦ 
ʃˊʰʴ˃ʰˍˇˉˇʽʶʾˍʰʽ ˇ ʷ˂ʶʴ˔ˇˌ ˍˇˎ ˎˉˇˋˍˎ˂˗˃ʰˍˇˌ ˎˉˈ ˁʱ˃˕ʹ ˁʰʽ ʻ˂ʾ˕ʹΣ ˁʱ˄ˇ˄ˍʰˌ ˍʹ˄ 
ˉʰˊʰʵˇ˔ʺ ˈˍʽ ˇ ʷ˂ʶʴ˔ˇˌ ʰˎˍˈˌ ʶʾ˄ʰʽ ʵˎˋ˃ʶ˄ʷˋˍʶˊˇˌ ʰˉˈ ˍˇˎˌ ʶ˂ʷʴ˔ˇˎˌ ʵʽʰˍˇ˃ʺˌΣ ˇʽ 
ˇˉˇʾˇʽ ʻʰ ʽˁʰ˄ˇˉˇʽˇˏ˄ˍʰʽ ʶ˒ˈˋˇ˄ ʽˁʰ˄ˇˉˇʽˇˏ˄ˍʰʽ ˁʰʽ ˇʽ ʷ˂ʶʴ˔ˇʽ ˃ʷ˂ˇˎˌΦ 

 

ʅ˔ʺ˃ʰ 4.37Υ ɳ˄ˍʰˍʽˁʱ ˃ʶʴʷʻʹ ʶˋ˖ˍΦ ˎˉˇˋˍˎ˂˗˃ʰˍˇˌ  ʰύ ɿ όƪbύ ʲύ ± όƪbύ ʴύ aȅ όƪbƳύ 

 

ɶ ˁʰˍʱˍʰ˅ʹ ˍʹˌ ʵʽʰˍˇ˃ʺˌ ɶɳɰ 36л ʴʽʰ ˁʰʻʰˊʺ ʻ˂ʾ˕ʹ ˉˊˇˁˏˉˍʶʽ ɼʰˍʹʴˇˊʾʰ м.  

ʃʰˊʰˁʱˍ˖ ˋˍˇ ʅ˔ʺ˃ʰ 4.38, ˉʰˊʰˍʾʻʶ˄ˍʰʽ  ̌ ʷ˂ʶʴ˔ˇˌ ˃ʷ˂ˇˎˌ ˍˇˎ ʶ˅˖ˍʶˊʽˁˇˏ 
ˎˉˇˋˍˎ˂˗˃ʰˍˇˌ ˋʶ ˁʱ˃˕ʹ ˁʰʽ ʻ˂ʾ˕ʹ ˁʰʻ˗ˌ ˁʰʽ ˇ ʷ˂ʶʴ˔ˇˌ ˍʹˌ ʵʽʰˍˇ˃ʺˌ ˋʶ ʵʽʱˍ˃ʹˋʹ ˃ʶ 
ˍʹ ʲˇʺʻʶʽʰ ˍˇˎ ˉˊˇʴˊʱ˃˃ʰˍˇˌ wƻōƻǘ Structural Analysis.  
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ʅ˔ʺ˃ʰ 4.38Υ ɴ˂ʶʴ˔ˇˌ ʶˉʱˊˁʶʽʰˌ ʷ˄ʰ˄ˍʽ ˋʶʽˋ˃ˇˏ EY ʁ ˋ̟ ˍʶˊʽˁˇˏ ˎˉˇˋˍˎ˂˗˃ʰˍˇˌ 

 

  






























