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ȺŪɁȽȾɃ ɀȺɇɆɃȸȽɃ ɄɃȿɈɇȺɉɁȺȽɃ 

ɆɉɃȿȼ ɄɃȿȽɇȽȾɋɁ ɀȼɉȷɁȽȾɋɁ 

ȺɅũȷɆɇȼɅȽɃ ɀȺɇȷȿȿȽȾɋɁ ȾȷɇȷɆȾȺɈɋɁ 

 

ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 

ȺɀȾ ȹȺ 2012/24 

ɄŮɘɟŬɛŬŰɘəɐ ŭɘŮɟŮɨɜɖůɖ ˊŬɜɏɚɤɜ ɀɃɀȷɇ əŬɘ ˊɟɞŰɎůŮɘɠ ɓŮɚŰɑɤůɖɠ 

Űɤɜ ɘŭɘɞŰɐŰɤɜ Űɞɡ əŬŰɧˊɘɜ űɗɞɟɎɠ 

ɄŬˊŬɓŬůɘɚŮɑɞɡ ȸ.ȹ.-ɇůŬəŬɚɎəɖɠ ȹ.Ⱦ. (Ⱥˊɘɓɚɏˊɤɜ: ɅŬɡŰɞɔɘɎɜɜɖɠ Ƚ.) 

ɄŮɟɑɚɖɣɖ 

ȼ ɢɟɐůɖ ŬůŰŬɗɩɜ ŮŭŬűɩɜ ůŮ ŮəŰŬəŰŮɠ ŬɜɎɔəŮɠ Ŭˊɧ Űɘɠ ŮŰŬɘɟɑŮɠ Logistics ŬˊɞŰŮɚɞɨůŮ 

ŬɜɏəŬɗŮɜ ɏɜŬ ˊɟɧɓɚɖɛŬ. Ⱥˊɑɚɡůɖ ɛŮɟɘəɩɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ŬɡŰɞɨ ɏɔɘɜŮ ɛŮ Űɖɜ ŬɜɎˊŰɡɝɖ 

ŭɘŬŰɎɝŮɤɜ ůŰŬɗŮɟɞˊɞɑɖůɖɠ Űɤɜ ŮŭŬűɩɜ. ɇŬ ɡɚɘəɎ ŬɡŰɩɜ Űɤɜ ŭɘŬŰɎɝŮɤɜ ɐŰŬɜ ɎɚɚɞŰŮ 

ɝɨɚɘɜŬ əŬɘ ɎɚɚŮɠ űɞɟɏɠ ɛŮŰŬɚɚɘəɎ. ɇɞ ɓɎɟɞɠ ɛŮŰŬűɞɟɎɠ əŬɘ ɞɘ ŭɡůəɞɚɑŮɠ ůɨɜŭŮůɖɠ Űɞɡɠ 

ɞŭɐɔɖůŬɜ Űɘɠ ŮŰŬɘɟɑŮɠ ůŰɖɜ ŬɜɎˊŰɡɝɖ ɜɏɤɜ əŬŰŬůəŮɡɩɜ ɛŮ ůɨɜɗŮŰŬ ɡɚɘəɎ. ɀŮɑɤůɖ Űɞɡ 

ɓɎɟɞɡɠ ɛŮ ŰŬɡŰɧɢɟɞɜɖ ŮˊɑŰŮɡɝɖ ɡɣɖɚɩɜ ŬɜŰɞɢɩɜ əŬɗɘɏɟɤůŬɜ ŰŬ ɡɚɘəɎ ŬɡŰɎ Ůˊɑ 

ŭŮəŬŮŰɑŮɠ. 

ȼ ůɡɢɜɐ ɢɟɐůɖ ŬɡŰɩɜ ɛŮɑɤůŮ Űɖ űɏɟɞɡůŬ ɘəŬɜɧŰɖŰŬ Űɤɜ ɡɚɘəɩɜ əŬɘ ɖ ŰŬɡŰɧɢɟɞɜɖ 

ɏəɗŮůɖ ůŰɞɜ ɐɚɘɞ əŬɘ Űɖ ɓɟɞɢɐ ŮɜɑůɢɡůŬɜ Űɖɜ ŬˊɞɛŮɑɤůɖ. Ɇəɞˊɧɠ ɚɞɘˊɧɜ ŬɡŰɐɠ Űɖɠ 

ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ˊŮɘɟŬɛŬŰɘəɐ ŭɘŮɟŮɨɜɖůɖ Űɖɠ əŬŰɎůŰŬůɖɠ əŬɘ ˊɘɗŬɜɧŰɖŰŮɠ Ůɜɑůɢɡůɖɠ Ůɜɧɠ 

Űɨˊɞɡ ŰɏŰɞɘɞɡ ɡɚɘəɞɨ Űɞ ɞˊɞɑɞ ɞɜɞɛɎɕŮŰŬɘ ɀɃ.ɀȷɇ. 

ȷɜŬɔɜɤɟɑůŰɖəŮ ɛŬəɟɞůəɞˊɘəɎ ɖ ůɨɜɗŮůɖ Űɞɡ ˊŬɜɏɚɞɡ əŬɘ əŬɗɞɟɑůŰɖəŮ ɞ Űɟɧˊɞɠ 

ŬɜŰɘɛŮŰɩˊɘůɖɠ Űɖɠ ˊŮɘɟŬɛŬŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ. ȷˊɧ Űɞ ɛɖŰɟɘəɧ ɡɚɘəɧ ŮˊŮɡŰŮɨɢɗŮɘ ɖ 

Ŭˊɞəɞˊɐ 3 ŰŮŰɟŬɔɤɜɘəɩɜ ŭɞəɘɛɑɤɜ ŰŬ ɞˊɞɑŬ ɡˊɞɓɚɐɗɖəŬɜ ůŮ ŭɞəɘɛɐ ůɡɛˊɑŮůɖɠ. 

 ɇŬɡŰɧɢɟɞɜŬ əŬŰŬůəŮɡɎůŰɖəŬɜ əŬɘ ŭɞəɑɛɘŬ ɜɏɤɜ ůɡɜɗɏůŮɤɜ ɔɘŬ ɜŬ ŭɘŬˊɘůŰɤɗŮɑ, Űɧůɞ 

ɞ Űɟɧˊɞɠ Ŭˊɞɟɟɧűɖůɖɠ ŮɜɏɟɔŮɘŬɠ, ɧůɞ əŬɘ ɞ Űɟɧˊɞɠ ɛŮ Űɞɜ ɞˊɞɑɞ ŬůŰɞɢɞɨɜ, ɛŮ ůŰɧɢɞ ɜŬ 

ŬɜŬɕɖŰɖɗŮɑ əŬŰɎɚɚɖɚɞɠ Űɟɧˊɞɠ Ůɜɑůɢɡůɖɠ. 

Ƀɘ ɞˊɞɘŮůŭɐˊɞŰŮ ŮˊŮɛɓɎůŮɘɠ Ůˊɘŭɟɞɨɜ ůŰɖɜ əŬɛˊɡɚɧŰɖŰŬ Űɞɡ ɡɚɘəɞɨ əŬɘ ɛŮ ŭŮŭɞɛɏɜɞ 

ɧŰɘ ŰŬ ɡɚɘəɎ ŬɡŰɎ ɔɘŬ ɜŬ ɛŮŰŬűŮɟɗɞɨɜ əŬɘ ɜŬ ŬˊɞɗɖəŮɡŰɞɨɜ ůɡɚɚɏɔɞɜŰŬɘ ůŮ ɟɞɚɚɞɨɠ 

ŬˊŬɘŰɐɗɖəŮ əŬɘ ɞ ɏɚŮɔɢɞɠ Űɖɠ əŬɛˊɡɚɧŰɖŰŬɠ Űɤɜ Ůɜɘůɢɡɛɏɜɤɜ ŭɞəɘɛɑɤɜ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ 

əŬŰŬůəŮɡɎůŰɖəŬɜ ɜɏŬ ɞɟɗɞɔɤɜɘəɎ əŬɛˊɡɚɧɛɞɟűŬ ŭɞəɑɛɘŬ əŬɘ ɛŬɕɑ ɛŮ ŰŬ ŭɞəɑɛɘŬ Űɞɡ 

ɛɖŰɟɘəɞɨ ɡɚɘəɞɨ ŮɚɏɔɢɖəŬɜ ůŮ əɎɛɣɖ Űɟɘɩɜ ůɖɛŮɑɤɜ.  

ȹɘŬˊɘůŰɩɗɖəŮ ɧŰɘ ɖ ŮˊɏɛɓŬůɖ ŮɑɜŬɘ ŮűɘəŰɐ ŬɚɚɎ ŬˊŬɘŰŮɑŰŬɘ ɜŬ ɛŮɚŮŰɖɗŮɑ ɞ Űɟɧˊɞɠ 

ůɨɜŭŮůɖɠ ɛŮŰŬɝɨ ˊŬɚɘɞɨ əŬɘ ɜɏɞɡ ŰɛɐɛŬŰɞɠ.  
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Papavasileiou V.D.-TsakalakisD.K. (supervised by Raftoyiannis, I.G.) 

Abstract 

The necessity of transportation over unstable soils in emergency situations from  

Logistics Companies has always been a problem. This problem was partially solved with 

the development and use of several types of elements for stabilizing soils. 

The materials of these structures, were sometimes wood, sometimes metal. Due to the 

heavy weight on transferring and connecting these materials , the companies were led  to 

develop new structures with composite materials. Low weight combined with  high  

mechanical characteristics of these materials established them in the construction field for 

decades. 

 

The frequent use of these materials during last decades along with exposure to sun and 

rain reduced their flexibility and load carrying capacity and increased their  deformation. 

Aim of this work is the experimental research of such a materialôs failure statement and the 

capability of reinforcing them. The  type of material used in this diploma thesis , is called 

MO.MAT. 

 

The experimental procedure consisted of the following steps. Identification of the 

synthesis of the composite material  MO.MAT. Abscission from the parent material of  3 

square specimens which were tested in compression. Construction and   testing of several 

new specimens with different number of layers applied (glass fibres) in order  to determine 

energy absorption needed , failure statement and methods of reinforcement. 

 

Finally it was determined that any kind of interventions to the parent material affected 

on the curvature, a factor that should be taken in consideration due to the fact that MO-

MAT is to be stored and transported in rolls not exceeding a specific angle of curvature. 

For this reason the parent material, the reinforced parent specimens along with several new 

formed rectangular specimens were tested  in three point bending. 

In conclusion it is found that reinforcement of MO-MAT can be accomplished but the 

methods of bonding between the old and new layers should be studied thoroughly.  
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ȺɡɢŬɟɘůŰɑŮɠ 

ŪŬ ɗɏɚŬɛŮ ɜŬ ŮɡɢŬɟɘůŰɐůɞɡɛŮ ɧɚɞɡɠ ɧůɞɡɠ, ɞɘ ɞˊɞɑɞɘ ŮəŰɧɠ ŬɡŰɐɠ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ 

ŮɟɔŬůɑŬɠ, ɛŬɠ ɓɞɐɗɖůŬɜ ɜŬ ɞɚɞəɚɖɟɩůɞɡɛŮ Űɘɠ ůˊɞɡŭɏɠ ɛŬɠ ůŰɖɜ ŮˊɘůŰɐɛɖ Űɞɡ 

ɄɞɚɘŰɘəɞɨ ɀɖɢŬɜɘəɞɨ. ȾŬŰô ŬɟɢɎɠ ɗŬ ɗɏɚŬɛŮ ɜŬ ŮɡɢŬɟɘůŰɐůɞɡɛŮ Űɞɜ Ⱥˊɑəɞɡɟɞ əŬɗɖɔɖŰɐ 

əɨɟɘɞ ȽɤɎɜɜɖ ɅŬɡŰɞɔɘɎɜɜɖ , ŮˊɘɓɚɏˊɞɜŰŬ Űɖɠ ŮɟɔŬůɑŬɠ ɛŬɠ, ɞ ɞˊɞɑɞɠ ɛŬɠ ŮɛˊɘůŰŮɨŰɖəŮ , 

ŬűɞɡɔəɟɎůŰɖəŮ Űɘɠ ŬɜɖůɡɢɑŮɠ ɛŬɠ, ŬɝɘɞɚɧɔɖůŮ Űɘɠ ɘŭɏŮɠ ɛŬɠ əŬɘ ɛŮ Űɞ ˊɟɞůɤˊɘəɧ əŬɘ 

ŬəŬŭɖɛŬɥəɧ ɐɗɞɠ əŬɘ ɨűɞɠ ˊɞɡ Űɞɜ ŭɘɏˊɞɡɜ ɛŬɠ əŬŰŮɨɗɡɜŮ ůŮ əɎɗŮ ɓɐɛŬ Űɖɠ. ȼ 

ŮɛˊɘůŰɞůɨɜɖ Űɞɡ, ɛŬɠ ŭŮůɛŮɨŮɘ Űɧůɞ ˊɟɞůɤˊɘəɎ ɧůɞ əŬɘ ŮˊŬɔɔŮɚɛŬŰɘəɎ, ɜŬ Űɞɡ 

ɡˊɞůɢŮɗɞɨɛŮ ɧŰɘ ɗŬ űŬɜɞɨɛŮ ŬɜŰɎɝɘɞɘ Űɖɠ.  

ȺɡɢŬɟɘůŰɞɨɛŮ ɧɚɞ Űɞ ˊɟɞůɤˊɘəɧ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ Űɤɜ ɛŮŰŬɚɚɘəɩɜ əŬŰŬůəŮɡɩɜ ɔɘŬ 

Űɖɜ ŬˊɟɧůəɞˊŰɖ ɞɚɞəɚɐɟɤůɖ Űɖɠ ŮɟɔŬůɑŬɠ ɛŬɠ əŬɘ Űɖɜ ŬɛɏɟɘůŰɖ ůɡɛˊŬɟɎůŰŬůɖ ɣɡɢɘəɐ 

əŬɘ ɡɚɘəɐ ˊɞɡ ɛŬɠ ˊŬɟŮɑɢŬɜ. ȷˊɧ Űɖɜ ɏɜŬɟɝɖ ŬɡŰɐɠ Űɖɠ ŮɟɔŬůɑŬɠ ɞ ɡˊŮɨɗɡɜɞɠ Űɞɡ 

ŮɟɔŬůŰɖɟɑɞɡ ə. ɂŮɜɞűɩɜŰŬɠ ȿɘɔɜɧɠ ůŮ ůɡɜŮɟɔŬůɑŬ ɛŮ Űɞɜ ŮˊɘɓɚɏˊɞɜŰŬ əŬɗɖɔɖŰɐ ɛŬɠ 

ˊŬɟŮɑɢŮ ŰŮɢɜɘəɏɠ ɔɜɩůŮɘɠ ŬɚɚɎ ɛŬɠ əŬɘ ɏűŮɟŮ ůŮ ŮˊŬűɐ ɛŮ ůɡɜŮɟɔɎŰŮɠ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ ɞɘ 

ɞˊɞɑɞɘ ŮɘŭɘəŮɨɞɜŰŬɘ ůŰŬ ůɨɜɗŮŰŬ ɡɚɘəɎ. ɇŬ ˊŮɘɟɎɛŬŰŬ ŭŮɜ ɗŬ ɐŰŬɜ ŭɡɜŬŰɧ ɜŬ 

ˊŬɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ ɢɤɟɑɠ Űɖɜ ɓɞɐɗŮɘŬ əŬɘ Űɘɠ ŰŮɢɜɘəɏɠ ɔɜɩůŮɘɠ Űɞɡ əɡɟɑɞɡ ɆŰɏɚɘɞɡ 

ȾŬŰůŬŰɕɑŭɖ, ɞ ɞˊɞɑɞɠ ɢɤɟɑɠ Űɖɜ ɞˊɞɘŬŭɐˊɞŰŮ Ůɡɗɨɜɖ əŬɘ ɡˊɞɢɟɏɤůɖ, ˊɟɞɔɟŬɛɛɎŰɘɕŮ 

ˊŮɘɟɎɛŬŰŬ ŬəɧɛŬ əŬɘ Űɘɠ ɖɛɏɟŮɠ ŮɟɔŬůɘŬəɞɨ űɧɟŰɞɡ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ.  

ȺɡɢŬɟɘůŰɞɨɛŮ Ůˊɑůɖɠ Űɞɡɠ ɡˊɞɣɐűɘɞɡɠ ŭɘŭɎəŰɞɟŮɠ ȹŬůɑɞɡ ɀŬɟɑŬ Ⱥɚɏɜɖ, 

ȹɖɛŬəɞɔɘɎɜɜɖ ȹŬɜɎɖ, ȹɞɨɔəŬ ũŮɤɟɔɑŬ ɔɘŬ Űɖɜ ˊŬɟɞɢɐ ŰŮɢɜɘəɩɜ əŬɘ ɗŮɤɟɖŰɘəɩɜ 

ůɡɛɓɞɡɚɩɜ Ůˊɑ Űɖɠ ŮɟɔŬůɑŬɠ ɛŬɠ ůŰɖ űɎůɖ ŬɜɎɚɡůɖɠ Űɞɡ ɛɞɜŰɏɚɞɡ ɛŬɠ ɛŮ Űɞ ɚɞɔɘůɛɘəɧ 

Abaqus. Ƀɘ ůŰɞɢŮɡɛɏɜŮɠ ŬˊŬɜŰɐůŮɘɠ Űɞɡɠ, ůŮ ŬůŬűŮɑɠ ˊɞɚɚɏɠ űɞɟɏɠ Ŭˊɧ ɛɏɟɞɡɠ ɛŬɠ 

ŮɟɤŰɐůŮɘɠ, ɛŬɠ ɏŭɤůŬɜ ɩɗɖůɖ ɜŬ ɞɚɞəɚɖɟɩůɞɡɛŮ Űɖɜ ŬɜŬɚɡŰɘəɐ ˊɟɞůŮɔɔɘůɖ Űɞɡ 

ɛɞɜŰɏɚɞɡ ɛŬɠ.  

ȺɡɢŬɟɘůŰɞɨɛŮ ɧɚɞɡɠ ɧůɞɡɠ, ůŮ ˊɟɞůɤˊɘəɧ ŮˊɑˊŮŭɞ, ɛŬɠ ůɡɛˊŬɟŬůŰɎɗɖəŬɜ ůŰɖ ˊɞɟŮɑŬ 

Űɤɜ ůˊɞɡŭɩɜ ɛŬɠ ɛŮ Űɖ ůŰɐɟɘɝɖ Űɤɜ ɞɘəɞɔŮɜŮɘɩɜ ɛŬɠ ůŮ ɞˊɞɘŬŭɐˊɞŰŮ ŭɨůəɞɚɖ ůŰɘɔɛɐ 

ŮɛŮɑɠ ŬˊɞɡůɘɎɕŬɛŮ ɔɘŬ Űɖɜ ŬˊɟɧůəɞˊŰɖ ɞɚɞəɚɐɟɤůɖ Űɤɜ ůˊɞɡŭɩɜ ɛŬɠ.  

ȺɡɢŬɟɘůŰɞɨɛŮ Űɞɡɠ ɔɞɜŮɑɠ ɛŬɠ ɔɘŬŰɑ ŬəɧɛŬ əŬɘ ŰɩɟŬ ɛŮŰɎ Ŭˊɧ ŰɧůŬ ɢɟɧɜɘŬ ůˊɞɡŭɩɜ 

ŮɑɜŬɘ Ŭɟɤɔɞɑ Űɤɜ ˊɟɞůˊŬɗŮɘɩɜ ɛŬɠ əŬɘ ɏɢɞɡɜ Űɘɠ ɑŭɘŮɠ ŬɜɖůɡɢɑŮɠ ˊɞɡ ŮɑɢŬɜ əŬɘ ɧŰŬɜ 

ɓɟɘůəɧɛŬůŰŬɜ ůŰŬ ˊɟɩŰŬ ůŰɎŭɘŬ Űɤɜ ɛŬɗɖŰɘəɩɜ ɛŬɠ ɢɟɧɜɤɜ. ȺɚˊɑɕɞɡɛŮ ɜŬ Űɞɡɠ ɏɢɞɡɛŮ 

əɎɜŮɘ ɡˊŮɟɐűŬɜɞɡɠ ɔɘŬ ɛɘŬ ŬəɧɛŬ űɞɟɎ.  

ȷűɘŮɟɩɜɞɡɛŮ Űɞɡɠ əɧˊɞɡɠ əŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ůˊɞɡŭɩɜ ɛŬɠ ůŰɘɠ ɞɘəɞɔɏɜŮɘŮɠ 

ɛŬɠ. ȳůŬ ɏɢɞɡɛŮ əŬŰŬűɏɟŮɘ ɗŬ ɐŰŬɜ ŬŭɨɜŬŰŬ ɢɤɟɑɠ Űɖɜ Ŭɜɞɢɐ ,Űɖɜ ɡˊɞɛɞɜɐ əŬɘ Űɖɜ 

əŬŰŬɜɧɖůɖ Űɞɡɠ. ȺɚˊɑɕɞɡɛŮ ɛɏůŬ Ŭˊɧ ŬɡŰɧ Űɞ ŭɨůəɞɚɞ ŰŬɝɑŭɘ Űɤɜ ɔɜɩůŮɤɜ, ˊɏɟŬ Ŭˊɧ Űɖ 

ɚɞɔɘəɐ Űɖɠ ŮˊɘůŰɖɛɞɜɘəɐɠ əŬŰɎɟŰɘůɖɠ, ɜŬ ŬˊɞŰŮɚɏůɞɡɛŮ ˊŬɟɎŭŮɘɔɛŬ ɔɘŬ ŰŬ ˊŬɘŭɘɎ ɛŬɠ. ɁŬ 

ŬɜŬɕɖŰɞɨɜ ůŮ əɎɗŮ űɎůɖ Űɖɠ ɕɤɐɠ Űɞɡɠ Űɞ əɎŰɘ ˊŬɟŬˊɎɜɤ ɧɢɘ ŮəŮɑɜɞ ˊɞɡ ɗŬ Űɞɡɠ 

əŬŰŬɝɘɩɜŮɘ ůŰŬ ɛɎŰɘŬ Űɤɜ Ɏɚɚɤɜ ŬɚɚɎ ŮəŮɑɜɞ ˊɞɡ ɗŬ Űɞɡɠ ɔŮɛɑɕŮɘ ɛŮ ůɘɔɞɡɟɘɎ əŬɘ 

ŬɡŰɞˊŮˊɞɑɗɖůɖ. 



 

7 

1 ȺɘůŬɔɤɔɐ  

1.1 ũŮɜɘəɎ 

ɇɞ ɡˊɧ ˊŮɘɟŬɛŬŰɘəɐ ŭɘŮɟŮɨɜɖůɖ Űɤɜ ɘŭɘɞŰɐŰɤɜ Űɞɡ ˊŬɜɏɚɞ Űɖɠ ŮŰŬɘɟɑŬɠ Air Logistics 

Corporation, ɛˊɞɟŮɑ ɜŬ ɢŬɟŬəŰɖɟɘůŰŮɑ ɤɠ əŬɛˊɡɚɧɛɞɟűɖ (ñwaffleò pattern) ɚŮˊŰɧŰɞɘɢɖ 

ˊɚɎəŬ əŬŰŬɜɞɛɐɠ ŰɎůŮɤɜ əŬŰŬůəŮɡŬůɛɏɜɖ Ŭˊɧ ůɨɜɗŮŰŬ ɡɚɘəɎ, ɖ ɞˊɞɑŬ ŰɞˊɞɗŮŰɞɨɛŮɜɖ 

Ůˊɑ  ŮŭɎűɞɡɠ (ŮˊɘŭɘɩəŮŰŬɘ ůɡɜɐɗɤɠ ɜŬ ŮɑɜŬɘ ɛŮŰɎ Ŭˊɧ ŭɘŬɛɧɟűɤůɖ ɞɟɘɕɧɜŰɘɞ) əŬŰŬɜɏɛŮɘ 

ŰŬ űɞɟŰɑŬ Űɟɞɢɞűɧɟɤɜ ɞɢɖɛɎŰɤɜ. 

 

ɆɢɐɛŬ 1:ɇɛɐɛŬ ɡɚɘəɞɨ ɀɃɀȷɇ ɔɘŬ ɏɚŮɔɢɞ 

ɇɞ ɡɚɘəɧ Űɞ ɞˊɞɑɞ ŭɘŬŰɏɗɖəŮ ɔɘŬ ŭɘŮɟŮɨɜɖůɖ ŮɑɢŮ ɡˊɞůŰŮɑ ŮəŰŮŰŬɛɏɜɖ űɗɞɟɎ. Ƀɘ 

ɛɖɢŬɜɘůɛɞɑ ɞɘ ɞˊɞɑɞɘ əŬɗɞɟɑɕɞɡɜ Űɖɜ ŬɜŰɞɢɐ Űɤɜ ůɨɜɗŮŰɤɜ ɡɚɘəɩɜ ˊŮɟɘɚŬɛɓɎɜɞɡɜ Űɧůɞ 

űɡůɘəɏɠ ɧůɞ əŬɘ ɢɖɛɘəɏɠ ŭɘŮɟɔŬůɑŮɠ ůŰɖ ˊɞɚɡŮůŰŮɟɘəɐ ɛɐŰɟŬ, ɛŮɘɩůŮɘɠ ůŰɖɜ ŬɜŰɞɢɐ Űɤɜ 

ɘɜɩɜ.  

ȷɜŬɚɞɔɘɕɧɛŮɜɞɘ ɚɞɘˊɧɜ Űɘɠ ůɡɜɗɐəŮɠ əɎŰɤ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ Űɞ ɡɚɘəɧ ɛŬɠ ŮəŰŮɑɗŮŰŬɘ 

ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ Űɧůɞ ɖ ˊɞɚɡŮůŰŮɟɘəɐ ɛɐŰɟŬ (resin matrix) ɧůɞ əŬɘ ɞɘ ɑɜŮɠ (fibers) 

ɛˊɞɟɞɨɜ ɜŬ ˊɟɞůɓɚɖɗɞɨɜ Ŭˊɞ Űɖɜ ɡɔɟŬůɑŬ, Űɖ ɗŮɟɛɞəɟŬůɑŬ , Űɖɜ ɖɚɘŬəɐ ŬəŰɘɜɞɓɞɚɑŬ 

(UV radiation). ɆŮ ɧɚŬ ŬɡŰɎ ɛˊɞɟɞɨɛŮ ɜŬ ˊɟɞůɗɏůɞɡɛŮ əŬɘ Űɘɠ ůɡɜɗɐəŮɠ ɏŭɟŬůɖɠ əŬɘ Űɞɜ 

Űɟɧˊɞ Ůˊɘɓɞɚɐɠ Űɤɜ űɞɟŰɑɤɜ.      

ȼ ŮˊɑŭɟŬůɖ ɧɚɤɜ ŬɡŰɩɜ Űɤɜ ˊŬɟŬɔɧɜŰɤɜ ůŰŬ ɛɖɢŬɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ɡɚɘəɩɜ 

ɏɢŮɘ ɛŮɚŮŰɖɗŮɑ əŬŰɎ əŬɘɟɞɨɠ Ŭˊɧ ˊɞɚɚɞɨɠ ŮɟŮɡɜɖŰɏɠ əŬɘ ɏɢɞɡɜ ˊɟɞŰŬɗŮɑ ŮɝɘůɩůŮɘɠ 

ˊɟɞůŭɘɞɟɘůɛɞɨ Űɤɜ ɛɏŰɟɤɜ ŮɚŬůŰɘəɧŰɖŰŬɠ Ⱥ[11]. 

1.2 ȷɜŰɘəŮɘɛŮɜɘəɧɠ ůəɞˊɧɠ əŬɘ ůŰɧɢɞɘ Űɖɠ ŮɟɔŬůɑŬɠ 

ȷɜŰɘəŮɘɛŮɜɘəɧɠ ůəɞˊɧɠ Űɖɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ŭɘŮɟŮɨɜɖůɖ Űɖɠ ŭɡɜŬŰɧŰɖŰŬɠ Ůɜɑůɢɡůɖɠ 

Űɞɡ ɡˊɎɟɢɞɜŰɞɠ űɗŬɟɛɏɜɞɡ ɡɚɘəɞɨ ɛŮ ɜɏŬ Ůˊɏɜŭɡůɖ ɡŬɚɞɦűɎůɛŬŰɞɠ ɐ ŬˊɚɎ ɛŮ Űɖ 

ŮˊɘəɎɚɡɣɖ ůŰɟɩɛŬŰɞɠ ˊɞɚɡŮůŰɏɟŬ, əŬŰŮɡɗɡɜɧɛŮɜɞɘ ůŮ ɛɘŬ Ŭˊɚɐ ŭɘŬŭɘəŬůɑŬ ŮˊɏɛɓŬůɖɠ 

əŬɘ Ůɜɑůɢɡůɖɠ Űɤɜ ɘŭɘɞŰɐŰɤɜ Űɞɡ ɡɚɘəɞɨ.  

 ɆŰɖ ˊɟɞůˊɎɗŮɘŬ ŬɡŰɐ ˊŬɟŬŰɖɟɐůŬɛŮ ɧŰɘ Űɞ ɡɚɘəɧ ɛŬɠ əŬŰɎ Űɖ űɎůɖ əŬŰŬůəŮɡɐɠ 

ˊŬɟɐɢɗŮɘ ůŮ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜŬ ůŰɞɘɢŮɑŬ (modules) ŭɘŬůŰɎůŮɤɜ 30x30 cm. ɄɏɟŬ ɚɞɘˊɧɜ 

Ŭˊɧ Űɖ ŮˊŬɜŬɚɖɣɘɛɧŰɖŰŬ ŭɘŬˊɑůŰɩůŬɛŮ ɧŰɘ ŬɡŰɐ ɖ ŭɘɎůŰŬůɖ ɛˊɞɟŮɑ ɜŬ əŬɗɞɟɑůŮɘ, ɔɘŬ Űɞɜ 

ŮɚŮɔɢɧ ɛŬɠ, Űɖɜ ŮˊɘűɎɜŮɘŬ űɧɟŰɘůɖɠ Űɧůɞ Ŭˊɧ ŰɟɞɢɞűɧɟŬ ɧůɞ əŬɘ Ŭˊɧ ŮɟˊɡůŰɟɘɞűɧɟŬ 

ɞɢɐɛŬŰŬ. 

ɇɞ ɡɚɘəɧ Űɞ ɞˊɞɑɞ ŮɚɏɔɢŮŰŬɘ ˊŮɘɟŬɛŬŰɘəɎ ˊɟɑɜ əŬɘ ɛŮŰɎ Űɖ ɢɟɐůɖ ŬˊɞɗɖəŮɨŮŰŬɘ əŬɘ 

ˊɟɞůŰŬŰŮɨŮŰŬɘ ůŮ ɟɞɚɚɞɨɠ ůɢɐɛŬ 2. 
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ɆɢɐɛŬ 2:ɇɞ ɡɚɘəɧ ɀɃɀȷɇ ůŮ ɟɞɚɚɞɨɠ ŬˊɞɗɐəŮɡůɖɠ 

 

ɃˊɞɘŬŭɐˊɞŰŮ ŮˊɏɛɓŬůɖ ɔɘŬ Űɖɜ ŬˊɞəŬŰɎůŰŬůɖ əŬɘ Ůɜɑůɢɡůɖ Űɞɡ ɡɚɘəɞɨ ŮɑɜŬɘ ůɑɔɞɡɟɞ 

ɧŰɘ ɗŬ ŭɖɛɘɞɡɟɔɞɨůŮ ˊɟɧɓɚɖɛŬ ůŰɖɜ əŬɛˊɡɚɧŰɖŰŬ Űɞɡ ɡɚɘəɞɨ əŬɘ əŬŰɎ ůɡɜɏˊŮɘŬ ůŰɞ 

Űɟɧˊɞ ŬˊɞɗɐəŮɡůɖɠ əŬɘ ɛŮŰŬűɞɟɎɠ Űɞɡ. ȳɚŬ ŬɡŰɎ ɏˊɟŮˊŮ ɜŬ ˊɟɞɓɚŮűɗɞɨɜ ˊɟɞəŮɘɛɏɜɞɡ 

ɜŬ ɔɑɜŮɘ əŬɘ ɞ ŬɜɎɚɞɔɞɠ ůɢŮŭɘŬůɛɧɠ ůŮ ˊŮɟɑˊŰɤůɖ Ůɜɑůɢɡůɖɠ. ȷɡŰɧ ɛˊɞɟɞɨůŮ ɜŬ ɔɑɜŮɘ 

ɛɧɜɞ ɛŮ ˊɟɞůɞɛɞɑɤůɖ əŬɛˊɨɚɤůɖɠ Űɞɡ ɡɚɘəɞɨ ůŮ ůɡɜɗɐəŮɠ ŬɜɎɚɞɔŮɠ Űɖɠ ɢɟɐůɖɠ. 

ɋůŰɧůɞ ɚɧɔɤ Űɞɡ ɧŰɘ ŭŮɜ ɛˊɞɟɞɨůŬɜ ɜŬ ŮɝŮŰŬůŰɞɨɜ ɧɚŮɠ ɞɘ ŭɡɜŬŰɏɠ Ůˊɘɚɞɔɏɠ 

ˊɟɞůɞɛɞɑɤůɖɠ ŬˊɞűŬůɑůŰɖəŮ ɞ ɏɚŮɔɢɞɠ ɛŮ əɎɛɣɖ Űɟɘɩɜ ůɖɛŮɑɤɜ ůŮ ŭɞəɑɛɘŬ ɛɐəɞɡɠ 

30cm əŬɘ ˊɚɎŰɞɡɠ 15 cm. ȺəŰɧɠ Űɤɜ ŭɞəɘɛɑɤɜ Űɞɡ ɛɖŰɟɘəɞɨ ɡɚɘəɞɨ əŬŰŬůəŮɡɎůŰɖəŬɜ əŬɘ 

ɜɏŬ ŭɞəɑɛɘŬ əŬɗɩɠ ŮɜɘůɢɨɗɖəŬɜ əŬɘ ɞɟɘůɛɏɜŬ Ŭˊɧ ŰŬ ˊŬɚɘɎ. 

1.3 ȹɞɛɐ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ. 

ȼ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ŬɜŬˊŰɨůůŮŰŬɘ ůŮ ˊɏɜŰŮ əŮűɎɚŬɘŬ. ɆŰɞ ˊŬɟɧɜ əŮűɎɚŬɘɞ(1ɞ 

əŮűɎɚŬɘɞ) ɔɑɜŮŰŬɘ ɛɘŬ ɔŮɜɘəɐ ŬɜŬűɞɟɎ ůŰɞ ɡɚɘəɧ Űɞ ɞˊɞɑɞ ɡˊɞɓɎɚɚŮŰŬɘ ůŮ ɏɚŮɔɢɞ əŬɘ Űɞɡɠ 

ɚɧɔɞɡɠ ɞɘ ɞˊɞɑɞɘ ˊɟɞəŬɚɞɨɜ Űɖ űɗɞɟɎ Űɞɡ. ɆŰɞ 2ɞ əŮűɎɚŬɘɞ ŬɜŬˊŰɨůůŮŰŬɘ Űɞ ɗŮɤɟɖŰɘəɧ 

ɡˊɧɓŬɗɟɞ əŬɘ ɛɧɜɞ ůŮ ɏəŰŬůɖ ˊɞɡ ŬűɞɟɎ Űɖɜ ŮɟɔŬůɑŬ ŬɚɚɎ əŬɘ ŰŬ ɗŮɤɟɖŰɘəɎ ŮɟɔŬɚŮɑŬ 

ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ ɛɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ. ɆŰɞ 3ɞ əŮűɎɚŬɘɞ 

ˊŮɟɘɔɟɎűŮŰŬɘ Űɞ ˊŮɘɟŬɛŬŰɘəɧ ɛɏɟɞɠ Űɖɠ ŮɟɔŬůɑŬɠ. ɆŰɞ əŮűɎɚŬɘɞ ŬɡŰɧ ɔɑɜŮŰŬɘ ŬɜŬűɞɟɎ ůŰɞ 

Űɟɧˊɞ ɛŮ Űɞ ɞˊɞɑɞ ˊɟɞůŮɔɔɑůŰɖəŮ Űɞ ˊɟɧɓɚɖɛŬ Űɖɠ ŭɘŮɟŮɨɜɖůɖɠ ŬɝɘɞˊɞɘɩɜŰŬɠ ŰɛɐɛŬ 

űɗŬɟɛɏɜɞɡ ɡɚɘəɞɨ ɛŮ ŰŬɡŰɧɢɟɞɜɖ əŬŰŬůəŮɡɐ əŬɘ ɜɏɤɜ ŭɞəɘɛɑɤɜ. ɇŬ ɜɏŬ ŭɞəɑɛɘŬ 

əŬŰŬůəŮɡɎůŰɖəŬɜ ůŰɖ ɚɞɔɘəɐ Űɖɠ ŭɘŮɟŮɨɜɖůɖɠ Űɞɡ Űɟɧˊɞɡ ŬɜŰɑŭɟŬůɖɠ əŬɘ ŬůŰɞɢɑŬɠ Űɞɡ 

ɡɚɘəɞɨ. ɇŬɡŰɧɢɟɞɜŬ ɏɔɘɜŮ ˊɟɞůˊɎɗŮɘŬ ɜŬ ŮəŰɘɛɖɗŮɑ əŬŰɎ ˊɧůɞ ɏɘɜŬɘ ŭɡɜŬŰɧ ɜŬ ŮˊɘŰŮɡɢɗŮɑ 

ɛɘŬ ɜɏŬ ůɨɜɗŮůɖ ɛŮ ɓŮɚŰɘɤɛɏɜŮɠ ɘŭɘɧŰɖŰŮɠ. ɆŰɞ 4
ɞ
 əŮűɎɚŬɘɞ ůɡɜɞɣɑɕɞɜŰŬɘ ŰŬ əɡɟɘɧŰŮɟŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ŮɟɔŬůɑŬɠ əŬɘ ůɡɜŭɡɎɕɞɜŰŬɠ ŰŬ, ˊɟɞŰŮɑɜŮŰŬɘ Űɟɧɞ́ɠ ŬˊɞŭɞŰɘəɐɠ 

ŮˊɏɛɓŬůɖɠ əŬɘ ˊɟɞŰŮɑɜɞɜŰŬɘ ɗɏɛŬŰŬ ˊɟɞɠ ˊŮɟŬɘŰɏɟɤ ɏɟŮɡɜŬ. ɆŰɞ 5
ɞ
 əŮűɎɚŬɘɞ ɔɑɜŮŰŬɘ ɛɘŬ 

ˊɟɞůˊɎɗŮɘŬ ŬɟɘɗɛɖŰɘəɐɠ ŬɜɎɚɡůɖɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ ɛŮ ˊŮˊŮɟŬůɛɏɜŬ ůŰɞɘɢŮɑŬ ůŰɞ 

ɚɞɔɘůɛɘəɧ Abaqus 6.10. ȼ ŮˊɘűɎɜŮɘŬ ŬɜŬˊŬɟɐɢɗŮɘ ůŮ ůɢŮŭɘŬůŰɘəɧ ˊɟɧɔɟŬɛɛŬ (AutoCad 

2013-student version) əŬɘ ɏɔɘɜŮ ˊɟɞůˊɎɗŮɘŬ ŬɜɎɚɡůɖɠ ůŮ ɛɑŬ Ůə Űɤɜ ɜɏɤɜ ůɡɜɗɏůŮɤɜ ɛŮ 

12 ŰŮɛɎɢɘŬ ɡŬɚɞɡűɎůɛŬŰɞɠ ŮˊɘűŬɜŮɘŬəɞɨ ɓɎɟɞɡɠ 200gr/m
2
. 
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2 ŪŮɤɟɖŰɘəɧ ɛɏɟɞɠ 

2.1 ȺɘůŬɔɤɔɘəɎ ůŰɞɘɢŮɑŬ ůɨɜɗŮŰɤɜ ɡɚɘəɩɜ. 

2.1.1 ȺɘůŬɔɤɔɘəɎ ůŰɞɘɢŮɑŬ 

ȹɘɎűɞɟɞɘ Űɨˊɞɘ ůɨɜɗŮŰɤɜ ɡɚɘəɩɜ ɛŮ ɛŮɔɎɚŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ ŮɑɜŬɘ ůŮ ɢɟɐůɖ ůŰɘɠ 

ŮűŬɟɛɞɔɏɠ Űɖɠ ŮˊɘůŰɐɛɖɠ Űɞɡ ˊɞɚɘŰɘəɞɨ ɛɖɢŬɜɘəɞɨ. Ƀ ůɡɜŭɡŬůɛɧɠ ɛɘəɟɞɨ ɓɎɟɞɡɠ əŬɘ 

Ŭɡɝɖɛɏɜɤɜ ŬɜŰɞɢɩɜ ŮɜɘůɢɡɛɏɜŬ ɛŮ Űɖɜ Ŭɡɝɖɛɏɜɖ ŬɜŰɑůŰŬůɖ ůŰɘɠ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ 

ŮˊɘŭɟŬůŮɘɠ əŬɗɘůŰɞɨɜ ŰŬ ɡɚɘəɎ ŬɡŰɎ ŮɚəɡůŰɘəɎ ˊɟɞɠ ɢɟɐůɖ. ȺɑɜŬɘ ŭɡɜŬŰɐ ɖ ɛɞɟűɞˊɞɑɖůɖ 

Űɞɡɠ ůŮ ŭɘɎűɞɟɞɡɠ ůɢɖɛŬŰɘůɛɞɨɠ ɖ ɞˊɞɑŬ ŭɡɜŬŰɧŰɖŰŬ ůɡɜŭɡŬůɛɏɜɖ ɛŮ Űɖɜ ŬɜɎˊŰɡɝɖ ɜɏɤɜ 

ɛŮɗɧŭɤɜ ˊŬɟŬɔɤɔɐɠ əŬɗɘůŰɞɨɜ Űɖ ɢɟɐůɖ  Űɞɡɠ ɞɚɞɏɜŬ ŬɡɝŬɜɧɛŮɜɖ. ɀɏůŬ Ŭˊɧ Űɘɠ 

ŭɘŬŭɘəŬůɑŮɠ ůɢŮŭɘŬůɛɞɨ ɛɧɚɘɠ ɞ ŮɟŮɡɜɖŰɐɠ əŬŰŬɚɐɝŮɘ ɛŮŰɎ Űɖ ɗŮɤɟɖŰɘəɐ ˊɟɞůɏɔɔɘůɖ ůŰɖ 

ůɨɜɗŮůɖ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ əŬɗɞɟɘůŰɞɨɜ ɞɘ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ. ȷˊŬɟŬɑŰɖŰɖ ɧɛɤɠ 

ŮɑɜŬɘ ůɢŮŭɘɎůɖ ɓɎůɖ Űɤɜ ɗŮɤɟɖŰɘəɩɜ ɡˊɞɚɞɔɘůɛɩɜ. 

Ƀ ɧɟɞɠ ůɨɜɗŮŰŬ ɡɚɘəɎ ůɖɛŬɑɜŮɘ ůɡɜŭɡŬůɛɧɠ ŭɨɞ ɐ ˊŮɟɘůůɞŰɏɟɤɜ ɡɚɘəɩɜ ɡˊɧ ŭɘŬəɟɘŰɐ 

ɛɞɟűɐ Űɤɜ ɞˊɞɑɤɜ ɖ ŬɜɎɛɘɝɖ, ɛŮ ŭɘɎűɞɟŮɠ ɛŮɗɧŭɞɡɠ, ŭɖɛɘɞɡɟɔŮɑ ɏɜŬ ɜɏɞ ɡɚɘəɧ ɛŮ 

ɓŮɚŰɘɤɛɏɜŮɠ ɘŭɘɧŰɖŰŮɠ əŬɘ ŭɖɛɘɞɡɟɔɞɡɜ ɏɜŬ ɜɏɞ ɡɚɘəɧ ɛŮ ɓŮɚŰɘɤɛɏɜŮɠ ɘŭɘɧŰɖŰŮɠ. ɄŬɟɎ Űɞ 

ɔŮɔɞɜɧɠ ɧŰɘ ɞɘ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ Ůɜɧɠ ŮəɎůŰɞɡ ɡɚɘəɞɨ ŬˊɞɛŮɘɩɜɞɜŰŬɘ ɛŮŰɎ Űɖ ůɡɜɏɜɤůɖ 

ɖ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ůɨɜɗŮŰɞɡ ɡɚɘəɞɨ əɟɑɜɞɜŰŬɘ ŮɝŬɘɟŮŰɘəɩɠ ɘəŬɜɞˊɞɘɖŰɘəɏɠ ɔɘŬ Űɖɜ 

ɢɟɐůɖ ůŮ ŮűŬɟɛɞɔɏɠ ˊɞɚɘŰɘəɞɨ ɛɖɢŬɜɘəɞɨ.  

ȼ ɘůŰɞɟɑŬ Űɤɜ ůɨɜɗŮŰɤɜ ɡɚɘəɩɜ ɛˊɞɟŮɑ ɜŬ ŭɘŬəɟɘɗŮɑ ůŮ űɡůɘəɐ ŬɚɚɎ əŬɘ ůŮ ŰŮɢɜɖŰɐ. 

ɇɞ ɝɨɚɞ ˊŮɟɘɏɢŮɘ ɑɜŮɠ əɡŰŰŬɟɑɜɖɠ (cellulose) ůŮ ɏɜŬ ůɡɜŭŮŰɘəɧ ɡɚɘəɧ Ŭˊɧ ɝɨɚɞ (lignin). Ƀɘ 

ŬɜɗɟɩˊɘɜŮɠ əŬŰŬůəŮɡɏɠ ůɨɜɗŮŰɤɜ ɡɚɘəɩɜ ˊɎɜŮ ˊɑůɤ ɢɟɞɜɘəɎ ůŰɖ ɢɟɐůɖ Ŭɟɔɑɚɞɡ 

Ůɜɘůɢɡɛɏɜɖɠ ɛŮ Ɏɢɡɟɞ ɔɘŬ Űɞɨɓɚɞ əŬɗɩɠ əŬɘ əŮɟŬɛɘəɎ Ůɑŭɖ. ȼ ŮəŰŮŰŬɛɏɜɖ ɧɛɤɠ ɘůŰɞɟɘəɐ 

ɢɟɐůɖ Űɤɜ ůɨɜɗŮŰɤɜ ɡɚɘəɩɜ ɛŮ Űɖ ɓɘɞɛɖɢŬɜɘəɐ Űɞɡɠ ɛɞɟűɐ ŮɑɜŬɘ ůɢŮŰɘəɎ ɛɘəɟɐ. 

ɆɡɜɞˊŰɘəɎ ŬɜŬűɏɟɞɡɛŮ [4]: 
1907:  ɄŬɟŬůəŮɡɐ  ɓŬəŮɚɑŰɖ (űŬɘɜɧɚɖ) 

1916:  ȾŬŰŬůəŮɡɐ Űɞɡ ˊɟɩŰɞɡ ŬŮɟɞůəɎűɞɡɠ Ŭˊɞ ɑɜŮɠ Ůɜɘůɢɡɛɏɜɞɡ ˊɚŬůŰɘəɞɨ (R. 

Kemp). 

1935: ȾŬŰŬůəŮɡɐ Ŭˊɞ Űɖɜ Owens-Corning Fiberglass Corporation Űɤɜ ˊɟɩŰɤɜ ɘɜɩɜ 

ɔɘŬɚɘɞɨ. 

1938:  ɄŬɟŬůəŮɡɐ Űɖɠ ˊɟɩŰɖɠ ŮˊɞɝŮɘəɐɠ ɟɖŰɑɜɖɠ (P. Castan) 

1943: ȾŬŰŬůəŮɡɐ ˊŬɜɏɚɞɡ Ŭˊɞ ɘɜŮɠ ɔɡŬɚɘɞɨ əŬɘ ˊɞɚɡŮůŰɏɟŬ ɛŮ ˊɡɟɐɜŬ balsa wood ɔɘŬ 

əŬŰŬůəŮɡɐ ŰɛɖɛɎŰɤɜ ŬŮɟɞůəŬűɩɜ.  

1957:  ȼ US corporation Union Carbide ɝŮəɘɜɎ Űɖɜ ˊŬɟŬɔɤɔɐ ɘɜɩɜ carbon  

 1967: ȾŬŰŬůəŮɡɐ Űɞɡ ˊɟɩŰɞɡ ŬŮɟɞůəɎűɞɡɠ ůɢŮŭɞɜ Ůɝ ɞɚɞəɚɐɟɞɡ Ŭˊɞ GFRP( 

Windecker Research Inc.)  

1971: ɄŬɟŬůəŮɡɐ ˊɟɩŰɤɜ ɘɜɩɜ ŬɟŬɛɘŭɑɞɡ ɛŮ ɛŮ Ůɛˊɞɟɘəɐ ɞɜɞɛŬůɑŬ Kevlar Ŭˊɞ Űɖɜ 

ŮŰŬɘɟɑŬ (DuPont) 
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2.1.2 Ⱥˊɘɛɏɟɞɡɠ ɡɚɘəɎ 

ɇŬ Ůˊɘɛɏɟɞɡɠ ɡɚɘəɎ ŰŬ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰŬ ůɨɜɗŮŰŬ ŮɑɜŬɘ əŬŰŬ əɨɟɘɞ ɚɧɔɞ 

ɑɜŮɠ ůŮ ŭɘɎűɞɟŮɠ ɛɞɟűɏɠ əŬɘ Űɞ ůɡɜŭŮŰɘəɧ ɡɚɘəɧ. Ƀɘ ɑɜŮɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰŬ ůɨɜɗŮŰŬ 

ɡɚɘəɎ ɔɘŬŰɑ ɏɢɞɡɜ ɛɘəɟɧ ɓɎɟɞɠ, ŮɑɜŬɘ ˊɘɞ ŭɨůəŬɛˊŰŮɠ əŬɘ ɏɢɞɡɜ ɛŮɔɎɚɖ ŬɜŰɞɢɐ. Ƀɘ ɑɜŮɠ 

ŮɑɜŬɘ ˊɘɞ ɘůɢɡɟɏɠ Ŭˊɧ Űɞ ůɡɛˊŬɔɏɠ ŬəŬŰɏɟɔŬůŰɞ ɡɚɘəɧ Ŭˊô Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚɞɨɜŰŬɘ. ȷɡŰɧ 

ɞűŮɑɚŮŰŬɘ ůŰɖɜ ˊɟɞɜɞɛɘŬəɐ əŬŰŮɨɗɡɜůɖ Űɤɜ ɛɞɟɑɤɜ əŬŰɎ ɛɐəɞɠ Űɖɠ ŭɘŮɨɗɡɜůɖɠ Űɤɜ ɘɜɩɜ 

əŬɘ ɚɧɔɤ Űɞɡ ɛŮɘɤɛɏɜɞɡ ˊɚɐɗɞɡɠ ŬŰŮɚŮɘɩɜ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŮ ɛɘŬ ɑɜŬ, ˊɟɎɔɛŬ  

ŬɜŰɑɗŮŰɞ ɛŮ ŬɡŰɧ ˊɞɡ ůɡɛɓŬɑɜŮɘ ůŰɞ ŬəŬŰɏɟɔŬůŰɞ ɡɚɘəɧ. 
ɇɞ ůɡɜŭŮŰɘəɧ ɡɚɘəɧ ůɡɔəɟŬŰŮɑ Űɘɠ ɑɜŮɠ ɛŬɕɑ əŬɘ Ůˊɘˊɚɏɞɜ ɛŮŰŬűɏɟŮɘ Űɞ űɞɟŰɑɞ ɛŮŰŬɝɨ 

Űɤɜ ɘɜɩɜ, Űɞɡ ůɡɜŭŮŰɘəɞɨ ɡɚɘəɞɨ əŬɘ Űɤɜ ůŰɖɟɑɝŮɤɜ. Ⱥˊɑůɖɠ ˊɟɞůŰŬŰŮɨŮɘ Űɘɠ ɑɜŮɠ Ŭˊɧ Űɞ 

ˊŮɟɘɓɎɚɚɞɜ əŬɘ Űɘɠ ɛɖɢŬɜɘəɏɠ Űɟɘɓɏɠ əŬɘ ˊŬɟŬɚŬɛɓɎɜŮɘ ɛɏɟɞɠ Űɞɡ űɞɟŰɑɞɡ, əɡɟɑɤɠ Űɘɠ 

ŮɔəɎɟůɘŮɠ ŰɎůŮɘɠ əŬɘ Űɖɜ ŮɜŭɞůŰɟɤɛŬŰɘəɐ (ŮɜŰɧɠ Űɞɡ Ůˊɘˊɏŭɞɡ) ŭɘŬŰɛɖŰɘəɐ ŰɎůɖ.[2] 

2.1.2.1 ȲɜŮɠ  

Ƀɘ ɑɜŮɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ ɞˊɚɘůɛɧɠ ůŰŬ ůɨɜɗŮŰŬ ɡɚɘəɎ ɛŮ ŮɜɘŬɑɞ ˊɟɞůŬɜŬŰɞɚɘůɛɧ, 

ɧˊɞɡ ɏɜŬɠ ɛŮɔɎɚɞɠ Ŭɟɘɗɛɧɠ ɘɜɩɜ ŮɡɗɡɔɟŬɛɛɑɕɞɜŰŬɘ ɛɏůŬ ůŰɞ ɛɘəɟɧ ˊɎɢɞɠ Ůɜɧɠ ɛɘəɟɞɨ 

əŮɚɨűɞɡɠ ɐ ˊɚɎəŬɠ ˊɞɡ ɞɜɞɛɎɕŮŰŬɘ ůŰɟɩůɖ ɐ űɨɚɚɞ. ɀɘɎ ůŰɟɩůɖ ɛŮ ɑɜŮɠ ŮɜɘŬɑɞɡ 

ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ ɏɢŮɘ Űɖ ɛɏɔɘůŰɖ ŬɜŰɞɢɐ əŬɘ ŭɡůəŬɛɣɑŬ əŬŰɎ Űɖ ŭɘŮɨɗɡɜůɖ Űɤɜ ɘɜɩɜ əŬɘ 

Űɖɜ ŮɚɎɢɘůŰɖ ɔɘŬ ŭɘŮɨɗɡɜůɖ əɎɗŮŰɖ ůŰɘɠ ɑɜŮɠ. ȳŰŬɜ ŮɑɜŬɘ ŮˊɘɗɡɛɖŰɏɠ ɑŭɘŮɠ ɘŭɘɧŰɖŰŮɠ ůŮ 

əɎɗŮ ŭɘŮɨɗɡɜůɖ Űɞɡ Ůˊɘˊɏŭɞɡ Űɖɠ ůŰɟɩůɖɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɑɜŮɠ ɛŮ ŰɡɢŬɑɞ 

ˊɟɞůŬɜŬŰɞɚɘůɛɧ. ɀɘŬ ŭɘŬůŰɟɤɛɎŰɤůɖ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɨɞ ɐ ˊŮɟɘůůɧŰŮɟŮɠ ŮˊɎɚɚɖɚŮɠ 

ůŰɟɩůŮɘɠ ůɡɜŮɟɔŬɕɧɛŮɜŮɠ ɛŮŰŬɝɨ Űɞɡɠ. ɇɞ ŰŮɚɘəɧ ˊɟɞɥɧɜ ɏɢŮɘ Űɘɠ ŭɘɎűɞɟŮŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ 

ůŮ əɎɗŮ ŭɘŮɨɗɡɜůɖ ůŰɞ ŮˊɑˊŮŭɞ Űɖɠ ůŰɟɩůɖɠ. 

Ƀɘ ɘŭɘɧŰɖŰŮɠ Ůɟˊɡůɛɞɨ Űɤɜ ůɨɜɗŮŰɤɜ ɡɚɘəɩɜ ɞűŮɑɚɞɜŰŬɘ əɡɟɑɤɠ ůŰɞ ůɡɜŭŮŰɘəɧ ɡɚɘəɧ. 

ɇŬ ůɨɜɗŮŰŬ ɡɚɘəɎ ˊɞɡ ŮɜɘůɢɨɞɜŰŬɘ ɛŮ əɞɜŰɏɠ ɑɜŮɠ (chopped fibers, whiskers) ɐ ůɤɛŬŰɑŭɘŬ 

ɛˊɞɟɞɨɜ ɜŬ ɡˊɞůŰɞɨɜ ɛŮɔɎɚŮɠ ˊŬɟŬɛɞɟűɩůŮɘɠ ŬəɧɛŬ əŬɘ ůŮ əŬɜɞɜɘəɏɠ ůɡɜɗɐəŮɠ 

ɗŮɟɛɞəɟŬůɑŬɠ. ȷɡŰɧɠ ŮɑɜŬɘ ɞ əɨɟɘɞɠ ɚɧɔɞɠ Űɖɠ ɢɟɐůɖɠ Űɤɜ ůɡɜŮɢɩɜ ɘɜɩɜ ůŰɘɠ ŮűŬɟɛɞɔɏɠ 

Űɤɜ əŬŰŬůəŮɡɩɜ. ȺˊɘɚɏɔɞɜŰŬɠ ɑɜŮɠ (Ŭˊɧ ɎɜɗɟŬəŬ ɐ ɔɡŬɚɑ), ɛŮ ˊɞɚɨ ɛɘəɟɏɠ 

ˊŬɟŬɛɞɟűɩůŮɘɠ ɚɧɔɤ Ůɟˊɡůɛɞɨ, ŰŬ ůɨɜɗŮŰŬ ɡɚɘəɎ ɛŮ ˊɞɚɡɛŮɟɐ ůɡɜŭŮŰɘəɎ (PMC) 

ɛˊɞɟɞɨɜ ɜŬ əŬŰŬůŰɞɨɜ ŬɟəŮŰɎ ŬɜɗŮəŰɘəɎ ɏɜŬɜŰɘ Ůɟˊɡůɛɞɨ. 

Ƀɘ ɑɜŮɠ ŬɜŬɚɧɔɤɠ Űɞɡ Űɟɧˊɞɡ ɛŮ Űɞɜ ɞˊɞɑɞ Ůɜɘůɢɨɞɡɜ ŰŬ ůɨɜɗŮŰŬ ɡɚɘəɎ ŭɘŬəɟɑɜɞɜŰŬɘ 

ůŮ: 

 1. ȷˊɚɏɠ ŮɜɘůɢɨůŮɘɠ ɛŮ ɢŬɟŬəŰɖɟɘůŰɘəɎ ɘɜɩɜ. 

  Ŭ. ɆɡɜŮɢŮɑɠ ŮˊɘɛɐəŮɘɠ ɑɜŮɠ 

   (1) ȲɜŮɠ ŮɜɘŬɑɞɡ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ 

   (2) ȲɜŮɠ ŭɘˊɚɞɨ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ (ˊ.ɢ. ˊɚŮəŰɏɠ (woven), 

stitched mat ə.Ŭ.) 

   (3) ɇɡɢŬɑɞɡ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ (ůɡɜŮɢŮɑɠ ŭɏůɛŮɠ ɘɜɩɜ  

continuous strand mat-CSM) 

  ɓ. ȷůɡɜŮɢŮɑɠ ɑɜŮɠ 

   (1) ŰɡɢŬɑɞɡ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ (ˊ.ɢ. əɞɜŰɏɠ ŭɏůɛŮɠ ɘɜɩɜ 

(chopped strand mat)) 

   (2) ůɡɔəŮəɟɘɛɏɜɞɡ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ (ˊ.ɢ. oriented strand mat.) 

  ɔ. ȾɞɜŰɏɠ ɑɜŮɠ əŬɘ ůɤɛŬŰɑŭɘŬ 

   (1) ŰɡɢŬɑɞɡ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ  

   (2) ůɡɔəŮəɟɘɛɏɜɞɡ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ 
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 2. ȹɘŬɛɧɟűɤůɖ ɘɜɩɜ ɤɠ ŭɘŬůŰɟɤɛɎŰɤůɖ. 

  Ŭ. ȺɜɘŬɑɞɡ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ, ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɤɜ ˊɞɚɚɩɜ 

ůŰɟɩůŮɤɜ, ɛŮ Űɞ ɑŭɘɞ ɡɚɘəɧ əŬɘ ˊɟɞůŬɜŬŰɞɚɘůɛɧ ůŮ ɧɚŮɠ Űɘɠ ůŰɟɩůŮɘɠ. 

  ɓ. Ɇɡɜɐɗɖɠ ŭɘŬůŰɟɤɛɎŰɤůɖ, ɧˊɞɡ ŰɞɡɚɎɢɘůŰɞɜ əɎˊɞɘŮɠ ůŰɟɩůŮɘɠ 

ɏɢɞɡɜ ŭɘŬűɞɟŮŰɘəɧ ˊɟɞůŬɜŬŰɞɚɘůɛɧ ɐ ɡɚɘəɧ. 

 3. Ɉɓɟɘŭɘəɐ əŬŰŬůəŮɡɐ. 

  Ŭ. ȹɘŬűɞɟŮŰɘəɎ ɡɚɘəɎ ůŮ ŭɘɎűɞɟŮɠ ůŰɟɩůŮɘɠ (ˊ.ɢ. ŭɘɛŮŰŬɚɚɘəɎ). 

  ɓ. ȹɘŬűɞɟŮŰɘəɐ Ůɜɑůɢɡůɖ ůŰɖ ůŰɟɩůɖ (ˊ.ɢ. ŬɜŬɛɘɔɛɏɜŮɠ ɑɜŮɠ ɓɞɟɑɞɡ 

əŬɘ ɎɜɗɟŬəŬ ( intermingled borion əŬɘ carbon) 

 

ɆɢɐɛŬ 3:Ɇɢɏůɖ ŬɜŰɞɢɐɠ əŬɘ əŬŰŮɨɗɡɜůɖɠ Űɤɜ ɘɜɩɜ 

Ƀɘ ˊɚɏɞɜ ůɡɜɐɗŮɘɠ ɑɜŮɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰŬ ůɨɜɗŮŰŬ ɡɚɘəɎ ŮɑɜŬɘ Ŭˊɧ ɔɡŬɚɑ, 

ɎɜɗɟŬəŬ, ɞɟɔŬɜɘəɏɠ (Kevlar), ɓɧɟɘɞ, Silicon Carbide (SiC), Ŭɚɞɡɛɑɜɘɞ əŬɘ ɎɚɚŬ ɡɚɘəɎ ůŮ 

ˊɚɏɞɜ ŮɝŮɘŭɘəŮɡɛɏɜŮɠ ŮűŬɟɛɞɔɏɠ. ȼ Ůˊɘɚɞɔɐ Űɞɡ Űɨˊɞɡ Űɖɠ ɑɜŬɠ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ 

ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɘɠ ŮˊɘɗɡɛɖŰɏɠ ɛɖɢŬɜɘəɏɠ əŬɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ əŬɗɩɠ əŬɘ Űɞ 

əɧůŰɞɠ ŬɡŰɐɠ. ũɘŬ Űɘɠ ɑɜŮɠ ɔɡŬɚɘɞɨ Űɘɠ ɞˊɞɑŮɠ əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ 

ŬɜɎɚɞɔŬ ɛŮ Űɖ ɢɖɛɘəɐ Űɞɡɠ ůɨůŰŬůɖ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ɤɠ Űɨˊɞɡ E, C əŬɘ S. 

Eïglass (E=electrical): ɄɟɧəŮɘŰŬɘ ɔɘŬ ŰŬ ůɡɢɜɧŰŮɟŬ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŬ ɡŬɚɞɜɐɛŬŰŬ 

ɛŮ əŬɚɏɠ ɖɚŮəŰɟɘəɏɠ ɘŭɘɧŰɖŰŮɠ, ŬɜŰɞɢɐ əŬɘ ŭɡůəŬɛɣɑŬ, əŬɗɩɠ əŬɘ ˊɞɚɨ əŬɚɐ ůɡɛˊŮ-

ɟɘűɞɟɎ ůŰɖɜ ŬɚɚŬɔɐ Űɤɜ əŬɘɟɘəɩɜ ůɡɜɗɖəɩɜ, ŬɚɚɎ ɛŮ ɛɏŰɟɘŬ ŬɜŰɞɢɐ ůŮ ɢɖɛɘəɎ 

ŬɜŰɘŭɟŬůŰɐɟɘŬ. 

Cïglass (C=corrosion): ɈŬɚɞɜɐɛŬŰŬ ɛŮ ɡɣɖɚɐ ŬɜŰɑůŰŬůɖ ůŰɖ ɢɖɛɘəɐ ŭɘɎɓɟɤůɖ, 

ŬɚɚɎ əŬɘ ɛŮ əŬɚɚɑŰŮɟŮɠ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ Ŭˊɧ Űɘɠ ɑɜŮɠ Űɨˊɞɡ E, Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ɧɛɤɠ 

ŮɑɜŬɘ ŬəɟɘɓɧŰŮɟŮɠ. 

Sïglass (S=stiffness): ȷəɟɘɓɧŰŮɟɞ ɡɚɘəɧ Ŭˊɧ Űɞ Eïglass, ŬɚɚɎ ɛŮ ɡɣɖɚɧŰŮɟɖ 

ŭɡůəŬɛɣɑŬ əŬɘ ɗŮɟɛɘəɐ ŬɜŰɞɢɐ. ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ əɡɟɑɤɠ ůŰɖɜ ŬŮɟɞˊɞɟɘəɐ ɓɘɞɛɖɢŬɜɑŬ.[2] 

2.1.2.2 ɆɡɜŭŮŰɘəɧ ɡɚɘəɧ 

ɇŬ ůɡɜŭŮŰɘəɎ ɡɚɘəɎ ɛˊɞɟɞɨɜ ɜŬ ŮɑɜŬɘ ˊɞɚɡɛŮɟɐ(ɅɖŰɑɜŮɠ), ɛŮŰŬɚɚɘəɎ ɐ əŮɟŬɛɘəɎ. 

ɇŬ ˊɚɏɞɜ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŬ ůɡɜŭŮŰɘəɎ ɡɚɘəɎ  ŮɑɜŬɘ əɡɟɑɤɠ ɞɘ ɗŮɟɛɞůəɚɖɟɡɜɧɛŮɜŮɠ 

ɟɖŰɑɜŮɠ (thermosetting resins) ˊɞɡ ůəɚɖɟŬɑɜɞɡɜ ɛɧɜɘɛŬ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɞɡ 

ˊɞɚɡɛŮɟɘůɛɞɨ əŬɘ ůəɚɐɟɡɜůɐɠ Űɞɡɠ (curing). TɏŰɞɘŮɠ ŮɑɜŬɘ ɞɘ űŬɘɜɞɚɘəɏɠ (phenolic), ɞɘ 

ŮˊɞɝŮɘŭɘəɏɠ (epoxy), ɞɘ ɓɘɜɡɚŮůŰŮɟɘəɏɠ (vinylester) əŬɘ ɞɘ ˊɞɚɡŮůŰŮɟɘəɏɠ (polyester) 

ɟɖŰɑɜŮɠ, ɞɘ ɞˊɞɑŮɠ ŬˊɞŰŮɚɞɨɜ əŬɘ Űɘɠ ˊŮɟɘůůɧŰŮɟɞ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŮɠ.                                             

Ⱥˊɑůɖɠ, ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬɘ ɞɘ ɗŮɟɛɞˊɚŬůŰɘəɏɠ ɟɖŰɑɜŮɠ (thermoplastic resins), ŬɚɚɎ ɔɘŬ 

ŮɝŮɘŭɘəŮɡɛɏɜŬ ŰɛɐɛŬŰŬ ůəŬűɩɜ. 
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2.2 ȹɘŬŭɘŬəŬůɑŬ ůɢŮŭɘŬůɛɞɨ ůɨɜɗŮŰɤɜ ɡɚɘəɩɜ 

Ƀ ůɢŮŭɘŬůɛɧɠ ŮɑɜŬɘ ɛɘŬ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ ɧɚŮɠ Űɘɠ ŬˊŬɟŬɑŰɖŰŮɠ ŬˊɞűɎůŮɘɠ 

ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ, Űɞɜ ɢŮɘɟɘůɛɧ, Űɖ ůɡɜŰɐɟɖůɖ əŬɘ Űɖ ŭɘɎɗŮůɖ Ůɜɧɠ ˊɟɞɥɧɜŰɞɠ. Ƀ 

ůɢŮŭɘŬůɛɧɠ ɝŮəɘɜɎŮɘ ɛŮ Űɖɜ ŬɜŬɔɜɩɟɘůɖ Űɤɜ ŬɜŬɔəɩɜ. ɃɟɑɕɞɜŰŬɘ Ůˊɑůɖɠ əɟɘŰɐɟɘŬ 

Ŭˊɧŭɞůɖɠ ɡˊɧ Űɖɜ ɏɜɜɞɘŬ ɧŰɘ əɎɗŮ ɚɨůɖ ˊɞɡ ɗŬ ˊɟɞŰŬɗŮɑ ŬɟɔɧŰŮɟŬ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ɘəŬɜɞˊɞɘŮɑ ŬɡŰɎ ŰŬ əɟɘŰɐɟɘŬ ɏŰůɘ ɩůŰŮ ɜŬ ɗŮɤɟŮɑŰŬɘ ŬˊɞŭŮəŰɐ. Ƀ ůɢŮŭɘŬůɛɧɠ ůŰɖɟɑɕŮŰŬɘ 

ůŰɖɜ ŬɜɎɚɡůɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Ůɜɧɠ ˊɟɞɥɧɜŰɞɠ ˊɟɘɜ ŬɡŰɧ əŬŰŬůəŮɡŬůŰŮɑ ˊɟŬɔɛŬŰɘəɎ. ȼ 

ɓɏɚŰɘůŰɖ ɚɨůɖ ůŰɖ ůɡɜɏɢŮɘŬ ŬˊɞŰɘɛɎŰŬɘ ůŮ ůɢɏůɖ ɛŮ ŰŬ əɟɘŰɐɟɘŬ Ŭˊɧŭɞůɖɠ ˊɞɡ 

ŭɘŬŰɡˊɩɗɖəŬɜ ůŰɞɜ ɞɟɘůɛɧ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. ɇŬ əɟɘŰɐɟɘŬ Ŭˊɧŭɞůɖɠ ɔɑɜɞɜŰŬɘ Űɞ ɛɏŰɟɞ 

ɓŬɗɛɞɜɧɛɖůɖɠ, ɛŮ Űɞ ɞˊɞɑɞ ɖ Ŭˊɧŭɞůɖ ɐ ɖ Ůˊɘɚɞɔɐ ɡˊɏɟ ɞˊɞɘŬůŭɐˊɞŰŮ ˊɟɞŰŮɘɜɧɛŮɜɖɠ 

ɚɨůɖɠ ɛŮŰɟɩɜŰŬɘ. ȹɘŬɔɟŬɛɛŬŰɘəɎ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ˊŬɟŬəɎŰɤ ůɢɐɛŬ[2]: 

 

 

ɆɢɐɛŬ 4:ȹɘɎɔɟŬɛɛŬ ŭɘŬŭɘəŬůɑŬɠ ůɢŮŭɘŬůɛɞɨ 

 

2.3 ȹɘŬŭɘəŬůɑŮɠ ɄŬɟŬɔɤɔɐɠ 

2.3.1 ɉŮɘɟɞɜŬəŰɘəɐ ŭɘŬŭɘəŬůɑŬ ɛɧɟűɤůɖɠ ŭɘŬůŰɟɤɛɎŰɤůɖɠ çhand lay upè 

ȼ ŰŮɢɜɘəɐ Űɖɠ ɢŮɘɟɤɜŬəŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ ɛɧɟűɤůɖɠ ɛɘŬɠ ŭɘŬůŰɟɤɛɎŰɤůɖɠ (hand lay-

up), ɞɜɞɛɎɕŮŰŬɘ əŬɘ wet hand lay-up, ŮɑɜŬɘ ɖ ˊɘɞ Ŭˊɚɐ əŬɘ ŭɘŬŭŮŭɞɛɏɜɖ ŭɘŬŭɘəŬůɑŬ 

ˊŬɟŬɔɤɔɐɠ. ɄŮɟɘɚŬɛɓɎɜŮɘ Űɖɜ ɢŮɘɟɤɜŬəŰɘəɐ ŰɞˊɞɗɏŰɖůɖ Űɤɜ ɝɖɟɩɜ ŮɜɘůɢɨůŮɤɜ ůŰɞ 

ŮəɛŬɔŮɑɞ əŬɘ Űɞɜ ŮɛˊɞŰɘůɛɧ ɛŮ ɟɖŰɑɜɖ. ɆŰɖ ůɡɜɏɢŮɘŬ, Űɞ ɡˊɧ ɡɔɟɐ ɛɞɟűɐ ůɨɜɗŮŰɞ ɡɚɘəɧ 

ŭɘŬɛɞɟűɩɜŮŰŬɘ ɛŮ ɢŮɘɟɞəɑɜɖŰŬ ɟɞɚɎ ɩůŰŮ ɜŬ ŭɘŮɡəɞɚɡɜɗŮɑ ɖ ɞɛɞɘɧɛɞɟűɖ ŭɘɎůŰɟɤůɖ əŬɘ ɖ 

ŬˊɞɛɎəɟɡɜůɖ Űɤɜ ɗɡɚɎəɤɜ ŬɏɟŬ. ȷɡŰɐ ɖ ŭɘŬŭɘəŬůɑŬ ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ɛɏɢɟɘ ɜŬ 

ŮˊɘŰŮɡɢɗŮɑ Űɞ ŮˊɘɗɡɛɖŰɧ ˊɎɢɞɠ. ȰŰůɘ ˊɟɞəɨˊŰŮɘ ɛɑŬ əŬŰŬůəŮɡɐ ɛŮ ŭɘŬŭɞɢɘəɏɠ ůŰɟɩůŮɘɠ. 

ɇŬ ɓɐɛŬŰŬ ŮűŬɟɛɞɔɐɠ Űɖɠ ɛŮɗɧŭɞɡ ŮɑɜŬɘ: Ŭ) ˊɟɞŮŰɞɘɛŬůɑŬ ŮəɛŬɔŮɑɞɡ, ɓ) ŮˊɘəɎɚɡɣɖ ɛŮ 

ɕŮɚŬŰɑɜɖ (gel coating), ɔ) ŭɘɎůŰɟɤůɖ (lay-up) əŬɘ ŭ) ůŰŮɟŮɞˊɞɑɖůɖ (curing). 

 

ɆɢɐɛŬ 5:ɉŮɘɟɞɜŬəŰɘəɐ ŭɘŬŭɘəŬůɑŬ ŭɘŬůŰɟɤɛɎŰɤůɖɠ 
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2.3.2 ȹɘŬůŰɟɤɛɎŰɤůɖ ɛŮ ˊɟɞəŬŰŬůəŮɡŬůɛɏɜŮɠ ůŰɟɩůŮɘɠ Prepreg Lay Up 

ȼ ˊɟɞəŬŰŬůəŮɡŬůɛɏɜɖ ůŰɟɩůɖ (prepreg) ŮɑɜŬɘ ˊɟɞ-ŮɛˊɞŰɘůɛɏɜɞ ɡɚɘəɧ Ůɜɘůɢɡɛɏɜɞ ɛŮ 

ɑɜŮɠ (pre-impregnated fiber reinforced material) ɧˊɞɡ ɖ ɟɖŰɑɜɖ ɏɢŮɘ ɛŮɟɘəɩɠ 

ůŰŮɟŮɞˊɞɘɖɗŮɑ ɐ ŮɑɜŬɘ ˊɘɧ ˊŬɢɨɟɟŮɡůŰɖ. Ƀɘ ɑɜŮɠ ŮɑɜŬɘ ŰŬəŰɞˊɞɘɖɛɏɜŮɠ ůŮ ɛɑŬ ŰŬɘɜɑŬ ɛɞɜɞɨ 

ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ (unidirectional tape), ɏɜŬ ˊɚŮəŰɧ ɨűŬůɛŬ (woven fabric) ɐ ůŮ űɨɚɚŬ ɛŮ 

əɞɜŰɏɠ ɑɜŮɠ ŰɡɢŬɑɞɡ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ (random chopped fiber sheets). ȼ ɓŬůɘəɐ ŭɘŬűɞɟɎ 

ɛŮŰŬɝɨ Űɖɠ ɛŮɗɧŭɞɡ ŭɘŬůŰɟɤɛɎŰɤůɖɠ ɛŮ ˊɟɞəŬŰŬůəŮɡŬůɛɏɜŮɠ ůŰɟɩůŮɘɠ (prepreg lay-up) 

əŬɘ Űɖɠ ůɡɛɓŬŰɘəɐɠ ɛŮɗɧŭɞɡ ɢŮɘɟɤɜŬəŰɘəɐɠ ɛɧɟűɤůɖɠ ŭɘŬůŰɟɤɛɎŰɤůɖɠ (hand lay-up) 

ŮɑɜŬɘ ɧŰɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ˊɟɞəŬŰŬůəŮɡŬůɛɏɜŮɠ ůŰɟɩůŮɘɠ (prepreg) ɞ ŮɛˊɞŰɘůɛɧɠ 

(impregnation) Űɤɜ ɘɜɩɜ ɔɑɜŮŰŬɘ ˊɟɘɜ Űɞ əŬɚɞɨˊɤɛŬ. 

2.3.3 ɀɧɟűɤůɖ ůɨɜɗŮŰɞɡ ɡɚɘəɞɨ ɛɏůɤ ˊŮɟɘɓɚɐɛŬŰɞɠ ïçBag-Moldingè 

ɈˊɎɟɢɞɡɜ ŰɟŮɘɠ ɓŬůɘəɏɠ ɛɏɗɞŭɞɘ ůŰɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ˊɑŮůɖɠ ůŰɖ ŭɘŬůŰɟɤɛɎŰɤůɖ: Ŭ) 

pressure bag ɓ) vaccum bag əŬɘ ɔ) ŭɘŬŭɘəŬůɑŬ ɛŮ əɚɑɓŬɜɞ (autoclave processing), ɛŮ Űɘɠ 

ŭɨɞ ŰŮɚŮɡŰŬɑŮɠ ɜŬ ŮɑɜŬɘ ɞɘ ˊɘɞ ŭɖɛɞűɘɚŮɑɠ.  

ɆŰɖ ŭɘŬůŰɟɤɛɎŰɤůɖ, əŬɘ ˊɟɘɜ ŬɡŰɐ ůŰŮɟŮɞˊɞɘɖɗŮɑ, ŮűŬɟɛɧɕŮŰŬɘ ɛɑŬ ɞɛɞɘɧɛɞɟűɖ ˊɑŮůɖ 

ɓŮɚŰɘɩɜɞɜŰŬɠ Űɖɜ ůŰŬɗŮɟɞˊɞɑɖůɖ Űɤɜ ɘɜɩɜ əŬɘ Űɖɜ ŬˊɞɛɎəɟɡɜůɖ Űɖɠ ˊŮɟɘŰŰɐɠ ɟɖŰɑɜɖɠ, 

Űɞɡ ŬɏɟŬ əŬɘ Űɤɜ ˊŰɖŰɘəɩɜ ɞɡůɘɩɜ Ŭˊɧ Űɞ ůɡɜŭŮŰɘəɧ ɡɚɘəɧ. ȼ ˊɑŮůɖ ŮűŬɟɛɧɕŮŰŬɘ ɛŮ Űɖ 

ɓɞɐɗŮɘŬ Ůɜɧɠ ŮɨəŬɛˊŰɞɡ ŭɘŬűɟɎɔɛŬŰɞɠ ɐ Ůɜɧɠ ˊŮɟɘɓɚɐɛŬŰɞɠ (bag). Ƀɘ ůŰɟɩůŮɘɠ 

ŬˊɚɩɜɞɜŰŬɘ ˊɟɩŰŬ ůŰɞ əŬɚɞɨˊɘ əŬɘ ŬəɞɚɞɡɗŮɑ ɖ ɟɖŰɑɜɖ. ɀɘŬ ŬˊŮɚŮɡɗŮɟɤŰɘəɐ ɛŮɛɓɟɎɜɖ ɐ 

ɛɏůɞ (release film ɐ agent) ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬɘ ůŰɘɠ ŭɨɞ ˊɚŮɡɟɏɠ Űɖɠ ŭɘŬůŰɟɤɛɎŰɤůɖɠ ɔɘŬ 

ɜŬ Űɖɜ ŬˊɞŰɟɏɣŮɘ ɜŬ əɞɚɚɐůŮɘ ůŰɞ əŬɚɞɨˊɘ ɐ ůŰɞ breather. ɀŮɟɘəɏɠ űɞɟɏɠ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɏɜŬ peel-ply ɔɘŬ ɜŬ ŬűɐůŮɘ ůɖɛɎŭɘ (imprint) ɐ ɏɜŬ ůɢɏŭɘɞ/ˊŬŰɟɧɜ 

(pattern) ůŰɖɜ ŮˊɘűɎɜŮɘŬ ɩůŰŮ ɜŬ ŭɡɜŬɛɩůŮɘ ɞ ůɡɔəɞɚɚɖŰɘəɧɠ ŭŮůɛɧɠ (ŭŮɡŰŮɟŮɨɤɜ 

ŭŮůɛɧɠ) ŬɟɔɧŰŮɟŬ. Ƀ ůɡɜŭɡŬůɛɧɠ breather-bleeder ɓɞɖɗɎ ůŰɖɜ ŭɘɎŭɞůɖ Űɖɠ ŬɜŬɟɟɧűɖůɖɠ 

(vacuum) ɐ Űɤɜ ŭɘɧŭɤɜ (channels) Űɤɜ ˊŰɖŰɘəɩɜ ɞɡůɘɩɜ əŬɘ Űɖɠ ˊŮɟɘŰŰɐɠ ɟɖŰɑɜɖɠ ůŰɖɜ 

ɏɝɞŭɞ ŬɜŬɟɟɧűɖůɖɠ (vacuum port). ȼ ŭɘŬůŰɟɤɛɎŰɤůɖ ɛŮŰɎ əŬɚɨˊŰŮŰŬɘ ɛŮ ɏɜŬ ŮɨəŬɛˊŰɞ 

ˊŮɟɑɓɚɖɛŬ (flexible bag), Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ŰɏɚŮɘŬ ůűɟŬɔɘůɛɏɜɞ ůŰɞ ŮɟɔŬɚŮɑɞ. ɆŰɖ ůɡɜɏɢŮɘŬ 

ŮűŬɟɛɧɕŮŰŬɘ ŬɜŬɟɟɧűɖůɖ (vacuum) əŬɘ Űɞ ŰɛɐɛŬ ůŰŮɟŮɞˊɞɘŮɑŰŬɘ ɛŮ ɗɏɟɛŬɜůɖ əŬɘ ˊɑŮůɖ. 

ɀŮ Űɖɜ ŮűŬɟɛɞɔɐ Űɖɠ ŬɜŬɟɟɧűɖůɖɠ (vacuum) əɎŰɤ Ŭˊɧ Űɞ ˊŮɟɑɓɚɖɛŬ (bag), ɖ 

ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ ŬůəŮɑŰŬɘ ɞɛɞɘɧɛɞɟűŬ ˊɎɜɤ ůŰɖ ŭɘŬůŰɟɤɛɎŰɤůɖ. 

 

ɆɢɐɛŬ 6:ȹɘŬŭɘəŬůɑŬ ɛɏůɤ ˊŮɟɘɓɚɐɛŬŰɞɠ 

2.3.4 ȹɘŬŭɘəŬůɑŬ ɛɏůɤ əɚɘɓɎɜɞɡ 

Oɘ əɚɑɓŬɜɞɘ (autoclaves) ŮɑɜŬɘ ŭɞɢŮɑŬ ɡˊɧ ˊɑŮůɖ ˊɞɡ ˊŮɟɘɏɢɞɡɜ ˊŮˊɘŮůɛɏɜɞ ŬɏɟŬ əŬŰɎ 

Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ŮˊŮɝŮɟɔŬůɑŬɠ Űɞɡ ůɨɜɗŮŰɞɡ ɡɚɘəɞɨ. ɉɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ 
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ɡɣɖɚɐɠ ˊɞɘɧŰɖŰŬɠ ˊɞɚɨˊɚɞəɤɜ ŰɛɖɛɎŰɤɜ. ȼ ɛɏɗɞŭɞɠ ŮɑɜŬɘ ˊɞɚɨ əŬɚɐ ɔɘŬ ɛŮɔɎɚŬ 

ŰɛɐɛŬŰŬ əŬɘ ɛɏŰɟɘŮɠ ˊɞůɧŰɖŰŮɠ ˊŬɟŬɔɤɔɐɠ. 

 

ɆɢɐɛŬ 7:ȾɚɑɓŬɜɞɠ ŮˊŮɝŮɟɔŬůɑŬɠ ůɨɜɗŮŰɤɜ ɡɚɘəɩɜ 

2.3.5 ȺəɛŬɔŮɑɞ ůɡɛˊɑŮůɖɠ- Compression Molding 

ȼ ŭɘŬŭɘəŬůɑŬ ɛɏůɤ Ůɜɧɠ ŮəɛŬɔŮɑɞɡ ůɡɛˊɑŮůɖɠ (compression molding) ɢɟɖůɘɛɞˊɞɘŮɑ 

ŮűŬɟɛɞɔɏɠ ŬɟůŮɜɘəɞɨ- ɗɖɚɡəɞɨ Űɨˊɞɡ əŬɘ ɛŮŰŬɚɚɘəɏɠ ɛɐŰɟŮɠ ɔɘŬ Űɞ ůɢɖɛŬŰɘůɛɧ Űɞɡ 

əŬɚɞɡˊɘɞɨ. ɀɘŬ ˊɟɞɛŮŰɟɖɛɏɜɖ ˊɞůɧŰɖŰŬ Űɞɡ ɛɑɔɛŬŰɞɠ (ɑɜŮɠ əŬɘ ɟɖŰɑɜŮɠ) ɔŮɛɑɕŮɘ ŬɟɢɘəɎ Űɞ 

əŬɚɞɨˊɘ. ȾŬŰɧˊɘɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɛɑŬ ɡŭɟŬɡɚɘəɐ ˊɟɏůŬ ɛŮ ɗŮɟɛɧŰɖŰŬ əŬɘ ůɢŮŰɘəɎ ɡɣɖɚɐ 

ˊɑŮůɖ ɔɘŬ Űɖ ůŰŮɟŮɞˊɞɑɖůɖ Űɤɜ ɘɜɩɜ əŬɘ ɟɖŰɘɜɩɜ əɚŮɑɜɞɜŰŬɠ Űɞ ŬɟůŮɜɘəɧ əŬɘ ɗɖɚɡəɧ 

ŰɛɐɛŬ Űɞɡ əŬɚɞɡˊɘɞɨ. ȷűɞɨ Űɞ ɡɚɘəɧ ɏɢŮɘ ůŰŮɟŮɞˊɞɘɖɗŮɑ, ɢŬɚŬɟɩɜŮɘ ɖ ˊɑŮůɖ əŬɘ Űɞ ŰɛɐɛŬ 

ɓɔŬɑɜŮɘ Ŭˊɧ Űɞ əŬɚɞɨˊɘ. 

 

ɆɢɐɛŬ 8:Compression molding process 

2.3.6 ȾŬɚɞɨˊɘ ɟɖŰɘɜɏɜŮůɖɠ- Resin transfer molding (RTM) 

ȼ ŭɘŬŭɘəŬůɑŬ ɛŮ Űɞ əŬɚɞɨˊɘ ɟɖŰɘɜŮɜɏůŮɤɠ - Resin Transfer Molding (RTM) 

ɢɟɖůɘɛɞˊɞɘŮɑ ɏɜŬ əŬɚɞɨˊɘ ɛŮ Ůɘůɧŭɞɡɠ ɔɘŬ Űɖɜ ŮɘůŬɔɤɔɐ Űɖɠ ɟɖŰɑɜɖɠ əŬɘ Ůɝɧŭɞɡɠ ˊɞɡ 

ŮˊɘŰɟɏˊɞɡɜ Űɖ ŭɘŬűɡɔɐ Űɞɡ ŬɏɟŬ. Ƀɘ ɑɜŮɠ Ůɜɑůɢɡůɖɠ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ɝɖɟɏɠ ůŰɞ əŬɚɞɨˊɘ əŬɘ 

ŬɡŰɧ əɚŮɑɜŮŰŬɘ. ȷˊɧ Űɖɜ Ůɑůɞŭɞ ŬɜŰɚŮɑŰŬɘ ɡɔɟɐ ɟɖŰɑɜɖ ɛɏůŬ ůŰɞ əŬɚɞɨˊɘ, ŮɛˊɞŰɑɕɞɜŰŬɠ Űɘɠ 

ɑɜŮɠ əŬɘ ɔŮɛɑɕɞɜŰŬɠ Űɖɜ əɞɘɚɧŰɖŰŬ Űɞɡ əŬɚɞɡˊɘɞɨ. ȳŰŬɜ ŬɡŰɧ ɔŮɛɑůŮɘ, ɖ ˊŬɟɞɢɐ ɟɖŰɑɜɖɠ 

ůŰŬɛŬŰɎ, ɞɘ Ůɑůɞŭɞɘ əŬɘ ɏɝɞŭɞɘ ůűɟŬɔɑɕɞɜŰŬɘ əŬɘ ŮűŬɟɛɧɕŮŰŬɘ ɗɏɟɛŬɜůɖ ɩůŰŮ ɜŬ 

ůŰŮɟŮɞˊɞɘɖɗŮɑ ɖ ɟɖŰɑɜɖ. ɆŰɖ ůɡɜɏɢŮɘŬ, Űɞ əŬɚɞɨˊɘ ŬɜɞɑɔŮŰŬɘ əŬɘ Űɞ ŰŮɚɘəɧ ŰɛɐɛŬ Űɞɡ 

ůɨɜɗŮŰɞɡ ɡɚɘəɞɨ ŬˊɞɛŬəɟɨɜŮŰŬɘ. 

 

ɆɢɐɛŬ 9:ȾŬɚɞɨˊɘ ɟɖŰɘɜɏɜŮůɖɠ 
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2.3.7 ȹɘŬŭɘəŬůɑŬ ˊŬɟŬɔɤɔɐɠ ɛŮ ɏɚɝɖ-Pultrusion 

ȼ ŭɘŬŭɘəŬůɑŬ ˊŬɟŬɔɤɔɐɠ ɛŮ ɏɚɝɖ (pultrusion) ŮɑɜŬɘ ɛɑŬ ůɡɜŮɢɐɠ ŭɘŬŭɘəŬůɑŬ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ɜŬ əŬŰŬůəŮɡɎɕŮɘ ůŰŬɗŮɟɏɠ ˊɟɧŰɡˊŮɠ ŭɘŬŰɞɛɏɠ ɞɘɞɡŭɐˊɞŰŮ ɛɐəɞɡɠ. Ƀɘ 

ɑɜŮɠ ŮɑɜŬɘ ŮɛˊɞŰɘůɛɏɜŮɠ ɛŮ ɟɖŰɑɜɖ əŬɘ ɏɚəɞɜŰŬɘ ɛɏůɤ ɛɘŬɠ ɗŮɟɛŬɘɜɧɛŮɜɖɠ ɛɐŰɟŬɠ, Ŭˊɧ 

ɧˊɞɡ ˊŮɟɜɩɜŰŬɠ ůɢɖɛŬŰɑɕŮŰŬɘ əŬɘ ůŰŮɟŮɞˊɞɘŮɑŰŬɘ Űɞ ŰŮɚɘəɧ ˊɟɞɥɧɜ.  

ɆŰɖɜ ŬˊɚɞɨůŰŮɟɖ ɔɟŬɛɛɐ ˊŬɟŬɔɤɔɐɠ ɛŮ ɏɚɝɖ (pultrusion), ɞɘ ŭɏůɛŮɠ Űɤɜ ɘɜɩɜ 

ŰŮɜŰɩɜɞɜŰŬɘ əŬɘ ɞŭɖɔɞɨɜŰŬɘ ůŮ əŬɚɞɨˊɘŬ ˊɟɞůɢɖɛŬŰɘůɛɞɨ. TŬ performing guides ɗɏŰɞɡɜ 

Űɘɠ ɑɜŮɠ ɛŮ əŬŰɎɚɚɖɚɖ ŭɘɎŰŬɝɖ ɛɏůŬ ůŰɖ ŭɘŬŰɞɛɐ (cross-section) Űɞɡ ˊɟɞɥɧɜŰɞɠ, ɧˊɤɠ 

ɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞɜ ůɢŮŭɘŬůŰɐ. Ƀɘ ŮɜɘůɢɨůŮɘɠ ŮɘůɏɟɢɞɜŰŬɘ ɝɖɟɏɠ ůŰɞ ɗɎɚŬɛɞ ɏɔɢɡůɖɠ 

(injection chamber), ɧˊɞɡ ŮɛˊɞŰɑɕɞɜŰŬɘ ɛŮ ˊŬɟɞɢŮŰŮɡɧɛŮɜɖ ɟɖŰɑɜɖ ɡˊɧ ˊɑŮůɖ. ȼ ŭɘŬŰɞɛɐ 

(cross-section) Űɖɠ ɛɐŰɟŬɠ ŭɑɜŮɘ Űɞ ŰŮɚɘəɧ ůɢɐɛŬ Űɞɡ ˊɟɞɥɧɜŰɞɠ. 

 

ɆɢɐɛŬ 10:ȹɘŬŭɘəŬůɑŬ ˊŬɟŬɔɤɔɐɠ ɛŮ ɏɚɝɖ 

2.3.8 ȹɘŬŭɘəŬůɑŬ ˊŮɟɘɏɚɘɝɖɠ-filament winding 

ɇŬ ˊŮɟɘůůɧŰŮɟŬ ůɢɐɛŬŰŬ ˊɞɡ ɛɞɟűɩɜɞɜŰŬɘ ɛɏůɤ ŬɡŰɐɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŮɑɜŬɘ 

ŮˊɘűɎɜŮɘŮɠ əɡɚɘɜŭɟɘəɩɜ ɐ ůűŬɘɟɘəɩɜ əŮɚɡűɩɜ, ɧˊɤɠ ůɤɚɐɜŮɠ, əɨɚɘɜŭɟɞɘ əŬɘ ůűŬɑɟŮɠ. ɆŰɖ 

ŭɘŬŭɘəŬůɑŬ Űɖɠ ˊŮɟɘɏɚɘɝɖɠ (filament winding), ůɡɜŮɢŮɑɠ ŮɜɘůɢɨůŮɘɠ ɧˊɤɠ ŭɏůɛŮɠ ɘɜɩɜ 

(roving) ˊŮɟɘŰɡɚɑɔɞɜŰŬɘ ɔɨɟɤ Ŭˊɧ ɏɜŬɜ ˊŮɟɘůŰɟŮűɧɛŮɜɞ əŬɚɞɨˊɘ/ɎɝɞɜŬ (mandrel) ɛɏɢɟɘ ɖ 

Ů́ ɘűɎɜŮɘŬ ɜŬ əŬɚɡűɗŮɑ əŬɘ ɜŬ ŮˊɘŰŮɡɢɗŮɑ Űɞ ŮˊɘɗɡɛɖŰɧ ˊɎɢɞɠ. ɆŰɖ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ 

ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ŬəŬŰɏɟɔŬůŰŬ ɡɚɘəɎ, ɑɜŮɠ əŬɘ ɟɖŰɑɜŮɠ, ůŮ ɛɘŬ ůɢŮŭɧɜ ŬɡŰɞɛŬŰɞˊɞɘɖɛɏɜɖ 

ɛɞɟűɐ ɛŮ ɛɘəɟɧ əɧůŰɞɠ ŮɟɔŬůɑŬɠ ˊɞɡ ůɡɜŮɘůűɏɟŮɘ ůŰɞ ɛɘəɟɧ əɧůŰɞɠ ˊŬɟŬɔɤɔɐɠ. ȼ Ůə Űɤɜ 

ˊɟɞŰɏɟɤɜ ˊɟɞɔɟŬɛɛŬŰɘůɛɏɜɖ ˊŮɟɘůŰɟɞűɐ Űɞɡ ɎɝɞɜŬ əŬɘ ɖ ɞɟɘɕɧɜŰɘŬ ɛŮŰŬəɑɜɖůɖ Űɞɡ 

ůŰɞɛɑɞɡ ˊŬɟɞɢɐɠ (delivery eye) ˊŬɟɎɔŮɘ ɏɜŬ ŮɚɘəɞŮɘŭɏɠ ůɢɐɛŬ, ˊɞɡ ŮɑɜŬɘ ɖ ŬˊɚɞɨůŰŮɟɖ 

ɛɏɗɞŭɞɠ ɚŮɘŰɞɡɟɔɑŬɠ Űɖɠ ŮɚɘəɞŮɘŭɞɨɠ ɛɖɢŬɜɐɠ ˊŮɟɘɏɚɘɝɖɠ (helical winding machine). 

ɈˊɎɟɢɞɡɜ ŭɨɞ ɓŬůɘəɞɑ Űɨˊɞɘ Űɤɜ ɛɖɢŬɜɩɜ ˊŮɟɘɏɚɘɝɖɠ: ɖ ŮɚɘəɞŮɘŭɐɠ əŬɘ ɖ ˊɞɚɘəɐ ɤɠ 

ˊɟɞɠ ůɖɛŮɑɞ (polar). 

 

ɆɢɐɛŬ 11:ȹɘŬŭɘəŬůɑŬ ˊŮɟɘɏɚɘɝɖɠ 
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2.4 ȺɚŬůŰɘəɧŰɖŰŬ ůɨɜɗŮŰɤɜ ɡɚɘəɩɜ  

2.4.1 ũŮɜɘəɎ 

ɆŰɖ ɛɖɢŬɜɘəɐ Űɞɡ ˊŬɟŬɛɞɟűɤůɑɛɞɡ ůŰŮɟŮɞɨ ŮɝŮŰɎɕɞɜŰŬɘ ŰŬ ŬəɧɚɞɡɗŬ ŰɏůůŮɟŬ ˊŮŭɑŬ: 

 Ŭ. Űɞ ˊŮŭɑɞ ɛŮŰŬŰɞˊɑůŮɤɜ u, 

 ɓ. Űɞ ˊŮŭɑɞ ˊŬɟŬɛɞɟűɩůŮɤɜ Ů, 

 ɔ. Űɞ ˊŮŭɑɞ ŰɎůŮɤɜ ů, əŬɘ 

 ŭ. Űɞ ˊŮŭɑɞ ŭɡɜɎɛŮɤɜ f. 

EɜŬ ˊŬɟŬɛɞɟűɩůɘɛɞ ůɩɛŬ ˊɞɡ ɡˊɞɓɎɚɚŮŰŬɘ ůŮ ŭŮŭɞɛɏɜɞ ˊŮŭɑɞ ŮɝɤŰŮɟɘəɩɜ ŭɡɜɎɛŮɤɜ 

f ɗŬ ŬɜŬˊŰɨɝŮɘ ŮůɤŰŮɟɘəɏɠ ŰɎůŮɘɠ ů əŬɘ ˊŬɟŬɛɞɟűɩůŮɘɠ Ů, əŬɘ ɗŬ ɛŮŰŬŰɞˊɘůŰŮɑ əŬŰɎ u. ɇŬ 

ˊŮŭɑŬ ɛŮŰŬŰɞˊɑůŮɤɜ, ˊŬɟŬɛɞɟűɩůŮɤɜ, ŰɎůŮɤɜ əŬɘ ŭɡɜɎɛŮɤɜ ŮəűɟɎɕɞɜŰŬɘ ůŮ ɏɜŬ 

ŰɟɘůŭɘɎůŰŬŰɞ əɨɟɘɞ ůɨůŰɖɛŬ 1-2-3 ɡˊɧ ŭɘŬɜɡůɛŬŰɘəɐ ɛɞɟűɐ ɤɠ Ŭəɞɚɞɨɗɤɠ: 

 Ů. ɀŮŰŬŰɞˊɑůŮɘɠ   ui 

 ůŰ. ɄŬɟŬɛɞɟűɩůŮɘɠ  Ůij 

 ɕ. ɇɎůŮɘɠ    ůij 

 ɖ. ȹɡɜɎɛŮɘɠ   fij 

 ɧˊɞɡ ɞɘ ŭŮɑəŰŮɠ ˊŬɑɟɜɞɡɜ Űɘɛɏɠ i,j =1,2,3.  

 ɇŬ ˊŮŭɑŬ ŬɡŰɎ ůɡɜŭɏɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ ɛŮ ůɢɏůŮɘɠ ɞɘ ɞˊɞɑŮɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ 

Űɖɜ Ůˊɑɚɡůɖ ˊɟɞɓɚɖɛɎŰɤɜ ŮɚŬůŰɘəɧŰɖŰŬɠ.  

Ƀɘ ŰɎůŮɘɠ ůɡɜŭɏɞɜŰŬɘ ɛŮ Űɘɠ ŭɡɜɎɛŮɘɠ ɛɏůɤ Űɤɜ ŮɝɘůɩůŮɤɜ ɘůɞɟɟɞˊɑŬɠ ,ɞɘ 

ˊŬɟŬɛɞɟűɩůŮɘɠ ɛŮ Űɘɠ ŰɎůŮɘɠ ɛɏůɤ Űɞɡ ɜɧɛɞɡ ŮɚŬůŰɘəɧŰɖŰŬɠ əŬɘ ɞɘ ɛŮŰŬŰɞˊɑůŮɘɠ ɛŮ Űɘɠ 

ˊŬɟŬɛɞɟűɩůŮɘɠ ɛɏůɤ Űɤɜ əɘɜɖɛŬŰɘəɩɜ ůɢɏůŮɤɜ əŬɘ Űɤɜ ŮɝɘůɩůŮɤɜ ůɡɛɓɘɓŬůŰɞɨ.  
µs

µ

ij

j

i
x

f+ =0

  ŮɝɘůɩůŮɘɠ ɘůɞɟɟɞˊɑŬɠ     (2.1) 
s eij ijk kC= ? ?  ɜɧɛɞɠ ŮɚŬůŰɘəɧŰɖŰŬɠ     (2.2) 

e
µ
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µ
ij
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x
= + +
è

ê
é
é

ø
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ù
ù

1

2
   əɘɜɖɛŬŰɘəɐ ůɢɏůɖ  (2.3) 

µe

µ µ

µe

µµ

µe

µµ

µe

µµ

2 2 2 2

ij

k

k

i j

ik

j

j

i kx x x x x x x x?

?

?

?
+ = +

  ŮɝɘůɩůŮɘɠ ůɡɛɓɘɓŬůŰɞɨ (2.4) 

ɧˊɞɡ i, j, k,?=1,2,3. 

ɀŮ ɓɎůɖ Űɖɜ ɗŮɤɟɑŬ ɛɘəɟɩɜ ˊŬɟŬɛɞɟűɩůŮɤɜ, ɖ əɘɜɖɛŬŰɘəɐ ůɢɏůɖ (2.3) ŬˊɚɞˊɞɘŮɑŰŬɘ 

ůŰɖɜ Ŭəɧɚɞɡɗɖ: 

e
µ

µ

µ

µ
ij

i

j

j

i

u

x

u

x
= +
å

ç
ææ

õ

÷
öö

1

2
        (2.5) 

ɀŮŰŬŰɞˊɑůŮɘɠ

ui

ȹɡɜɎɛŮɘɠ

fi

ɄŬɟŬɛɞɟűɩůŮɘɠ

Ůij

TɎůŮɘɠ

ůij

Ɂɧɛɞɠ ȺɚŬůŰɘəɧŰɖŰɞɠ

Ⱥɝ. ɆɡɛɓɘɓŬůŰɞɨ

ȽůɞɟɟɞˊɑŬȾɘɜɖɛŬŰɘəɐ

 

ɆɢɐɛŬ 12:ɇŬ ŰɏůůŮɟŬ ˊŮŭɑŬ Űɖɠ ɛɖɢŬɜɘəɐɠ 
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2.4.2 ɇɎůŮɘɠəŬɘ ˊŬɟŬɛɞɟűɩůŮɘɠ 

ŪŮɤɟɩɜŰŬɠ Űɞ əɨɟɘɞ ůɨůŰɖɛŬ Ŭɝɧɜɤɜ 1-2-3 ɏɢɞɡɛŮ: 

ů2

ů3

ů1

3

2

1

Ű12

Ű13

Ű31

Ű32

Ű21

Ű23

 

ɆɢɐɛŬ 13:ɇɎůŮɘɠ ůŰɞ əɨɟɘɞ ůɨůŰɖɛŬ Ŭɝɧɜɤɜ 

 

{ů}
ɇ
={ů1  ů2  ů3  Ű23  Ű31  Ű12}       (2.6) 

Ƀɛɞɑɤɠ, ɞɘ ŬɜŰɑůŰɞɘɢŮɠ ˊŬɟŬɛɞɟűɩůŮɘɠ ůɡɛɓɞɚɑɕɞɜŰŬɘ ɛŮ Ůi (ɞɟɗɏɠ) əŬɘ ɔij 

(ŭɘŬŰɛɖŰɘəɏɠ). ȽůɢɨŮɘ ɧɛɤɠ ɧŰɘ: 

ɔij=2Ůij          (2.7) 

ɇɞ ŭɘɎɜɡůɛŬ Űɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ ŮɑɜŬɘ 

{Ů}
ɇ
={Ů1  Ů2  Ů3  ɔ23  ɔ31  ɔ12}       (2.8) 

ȷəɟɘɓɩɠ ŬɜɎɚɞɔŮɠ ůɢɏůŮɘɠ ɘůɢɨɞɡɜ əŬɘ ɔɘŬ ɏɜŬ Űɡɢɧɜ ůɨůŰɖɛŬ x-y-z, ɧˊɞɡ ɞɘ ŭŮɑəŰŮɠ 

ɚŬɛɓɎɜɞɡɜ Űɘɛɏɠ i,j = x,y,z. 

2.4.3 ũŮɜɘəŮɡɛɏɜɞɠ ɜɧɛoɠ Hooke 

Ƀ ɜɧɛɞɠ ŮɚŬůŰɘəɧŰɖŰŬɠ,  ůɡɜŭɏŮɘ ŰɎůŮɘɠ əŬɘ ˊŬɟŬɛɞɟűɩůŮɘɠ ɛŮ 81 ŮɚŬůŰɘəɏɠ ůŰŬɗŮɟɏɠ 

Cijk? (i,j,k,?=1,2,3). ȺˊŮɘŭɐ ɧɛɤɠ ɞɘ ŰɎůŮɘɠ əŬɘ ɞɘ ˊŬɟŬɛɞɟűɩůŮɘɠ ŮɑɜŬɘ ůɡɛɛŮŰɟɘəɏɠ (ůij=ůji 

əŬɘ Ůij=Ůji), ɞ ɜɧɛɞɠ ɔɑɜŮŰŬɘ: 
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                 (2.9) 

 

ȷɡŰɐ ŬˊɞŰŮɚŮɑ ɛɘŬ ɔŮɜɘəɐ  ɏəűɟŬůɖ ɖ ɞˊɞɑŬ ŮɝɖɔŮɑ Űɖ ůɡɛˊŮɟɘűɞɟɎ Ůɜɧɠ ŬɜɘůɧŰɟɞˊɞɡ 

ɔɟŬɛɛɘəɩɠ ŮɚŬůŰɘəɞɨ ɡɚɘəɞɨ. Ƀɘ 36 ŮɚŬůŰɘəɏɠ ůŰŬɗŮɟɏɠ ɧɛɤɠ ŭŮɜ ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰŮɠ 

ɛŮŰŬɝɨ Űɞɡɠ. ȷɜ ɗŮɤɟɐůɞɡɛŮ Űɖɜ ŮɜɏɟɔŮɘŬ ˊŬɟŬɛɞɟűɩůŮɤɠ W 

W ij ij=1
2se         (2.10) 

əŬɘ ˊŬɟŬɔɤɔɑůɞɡɛŮ ɤɠ ˊɟɞɠ Űɘɠ ˊŬɟŬɛɞɟűɩůŮɘɠ, ɏɢɞɡɛŮ 
µ

µe
e s

W
C

ij

ij ij ij= =

        (2.11Ŭ) 
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µ

µe
e s

W
C

ji

ji ji ji= =

       (2.11ɓ) 

ȽůɢɨŮɘ ůij=ůji, ɧˊŮɟ ůɖɛŬɑɜŮɘ ɧŰɘ əŬɘ ɔɘŬ Űɘɠ ŮɚŬůŰɘəɏɠ ůŰŬɗŮɟɏɠ ɘůɢɨŮɘ Cij=Cji. ȯɟŬ, ɞɘ 

ŬɜŮɝɎɟŰɖŰŮɠ ůŰŬɗŮɟɏɠ ŮɑɜŬɘ 21. ɇɞ ɡɚɘəɧ ůŰɖɜ ˊŮɟɑˊŰɤůɖ əŬɚŮɑŰŬɘ Űɟɘəɚɘɜɘəɧ. 

Aɜ ɡˊɎɟɢŮɘ ɏɜŬ ŮˊɑˊŮŭɞ ůɡɛɛŮŰɟɑŬɠ (ˊ.ɢ. Űɞ 1-2), ŰɧŰŮ Űɞ ɡɚɘəɧ ɚɏɔŮŰŬɘ ɛɞɜɞəɚɘɜɘəɧ, 

əŬɘ ɞ ɜɧɛɞɠ ŮɚŬůŰɘəɧŰɖŰŬɠ ŬˊɚɞˊɞɘŮɑŰŬɘ ůŮ: 
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     (2.12) 

Ƀɘ ŬɜŮɝɎɟŰɖŰŮɠ ůŰŬɗŮɟɏɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ŮɑɜŬɘ 13. 

ȷɜ ɡˊɎɟɢŮɘ ůɡɛɛŮŰɟɑŬ ɤɠ ˊɟɞɠ 3 ɞɟɗɞɔɤɜɘəɎ ŮˊɑˊŮŭŬ, Űɞ ɡɚɘəɧ ɚɏɔŮŰŬɘ ɞɟɗɧŰɟɞˊɞ. Ƀ 

ɜɧɛɞɠ ŮɚŬůŰɘəɧŰɖŰŬɠ ɔɑɜŮŰŬɘ: 
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     (2.13) 

əŬɘ ˊŮɟɘɏɢŮɘ 9 ŬɜŮɝɎɟŰɖŰŮɠ ŮɚŬůŰɘəɏɠ ůŰŬɗŮɟɏɠ. 

 

ɄɑɜŬəŬɠ 1:ɄɑɜŬəŬɠ ŮɚŬůŰɘəɩɜ ůŰŬɗŮɟɩɜ 

ȷɜŰɘůŰɟɏűɞɜŰŬɠ Űɖɜ ůɢɏůɖ ŰɎůŮɤɜ-ˊŬɟŬɛɞɟűɩůŮɤɜ Ůɝ.(2.9) ɏɢɞɡɛŮ 
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     (2.14) 

ɧˊɞɡ Sij ŮɑɜŬɘ ɞ ɧɟɞɘ ŮɡəŬɛɣɑŬɠ. 

 

2.4.4  Ʉɟɞůŭɘɞɟɘůɛɧɠ ɛɖɢŬɜɘəɩɜ ůŰŬɗŮɟɩɜ 

Ƀɘ ɛɖɢŬɜɘəɏɠ ůŰŬɗŮɟɏɠ ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ɛŮ ŬˊɚɎ ˊŮɘɟɎɛŬŰŬ. 

 ȺűŬɟɛɧɕɞɜŰŬɠ ɛɞɜɞŬɝɞɜɘəɎ ŰɎůɖ ů1 ɧˊɞɡ (ů2=ů3=Ű23=Ű31=Ű12=0), ɏɢɞɡɛŮ 

Ɉɚɘəɧ ȷɜŮɝɎɟŰɖŰŮɠ 1-2-3 x-y-z Mɖ ɛɖŭŮɜɘəɏɠ 

ɇɟɘəɚɘɜɘəɧ 21 36 36 36 
ɀɞɜɞəɚɘɜɘəɧ 13 20 36 36 

ɃɟɗɧŰɟɞˊɞ 9 12 20 36 

Ⱥɔə. 

ȽůɧŰɟɞˊɞ 

5 12 20 36 

ȽůɧŰɟɞˊɞ 2 12 12 12 
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  (2.14Ŭ) 

 ȺűŬɟɛɧɕɞɜŰŬɠ ɛɞɜɞŬɝɞɜɘəɎ ŰɎůɖ ů2 ɧˊɞɡ (ů1=ů3=Ű23=Ű31=Ű12=0), ɏɢɞɡɛŮ 
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  (2.14ɓ) 

 ȺűŬɟɛɧɕɞɜŰŬɠ ɛɞɜɞŬɝɞɜɘəɎ ŰɎůɖ ů3 ɧˊɞɡ (ů1=ů2=Ű23=Ű31=Ű12=0), ɏɢɞɡɛŮ 
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  (2.14ɔ) 

 ȺűŬɟɛɧɕɞɜŰŬɠ əŬɗŬɟɐ ŭɘɎŰɛɖůɖ Ű23 ɧˊɞɡ (ů1=ů2=ů3=Ű31=Ű12=0), ɏɢɞɡɛŮ 

 g t23= 23 23/G         (2.14ŭ) 

 ȺűŬɟɛɧɕɞɜŰŬɠ əŬɗŬɟɐ ŭɘɎŰɛɖůɖ Ű31 ɧˊɞɡ (ů1=ů2=ů3=Ű23=Ű12=0), ɏɢɞɡɛŮ 

 g t31= 31 13/G         (2.14Ů) 

 ȺűŬɟɛɧɕɞɜŰŬɠ əŬɗŬɟɐ ŭɘɎŰɛɖůɖ Ű12 ɧˊɞɡ (ů1=ů2=ů3=Ű23=Ű31=0), ɏɢɞɡɛŮ 

 g t12= 12 12/G         (2.14ůŰ) 

 ȰŰůɘ, Űɞ ŬɜŰɑůŰɟɞűɞ Űɞɡ ɜɧɛɞɡ ŮɚŬůŰɘəɧŰɖŰɞɠ ůɡɜŬɟŰɐůŮɘ Űɤɜ ɛɖɢŬɜɘəɩɜ 

ůŰŬɗŮɟɩɜ ŮɑɜŬɘ: 
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    (2.15) 

Ƀɘ ɚɧɔɞɘ Poisson ɞɟɑɕɞɜŰŬɘ:  

n
e

e
ij

j

i

=-

, ɧˊɞɡ i,j=1,2,3. 

ȺˊŮɘŭɐ Űɞ ɛɖŰɟɩɞ ŮɚŬůŰɘəɧŰɖŰŬɠ ŮɑɜŬɘ ůɡɛɛŮŰɟɘəɧ, ɗŬ ɘůɢɨŮɘ   
n nij

i

ji

jE E
=

  ɛŮ i,j=1,2,3       (2.16) 

ũɘŬ ŮɔəɎɟůɘŬ-ɘůɧŰɟɞˊŬ ɡɚɘəɎ ɘůɢɨŮɘ: 

G G E E G
E

13 12 2 3 21 31 23 32 23
2

322 1
= = = = =

+
, , ,

( )
n n n n kai

n
   (2.17) 

ũɘŬ ɘůɧŰɟɞˊŬ ɡɚɘəɎ ŮɑɜŬɘ: 

G G E E G
E

ij ij ij= = = =
+

, ,
( )

n nkai
n2 1      (2.18) 

2.5 ȺˊɑˊŮŭɖ ŮɜŰŬŰɘəɐ əŬŰɎůŰŬůɖ 

2.5.1 ɃɟɗɧŰɟɞˊɞ ɡɚɘəɧ 

ȰůŰɤ ɏɜŬ ɞɟɗɧŰɟɞˊɞ ɡɚɘəɧ ůŮ ŮˊɑˊŮŭɖ ŮɜŰŬŰɘəɐ əŬŰɎůŰŬůɖ ŭɖɚ. ů3=Ű23=Ű31=0. ɇɧŰŮ ɖ 

ůɢɏůɖ (2.15) ŬˊɚɞˊɞɘŮɑŰŬɘ ɤɠ Ůɝɐɠ: 
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Ƀɘ ŬɜŮɝɎɟŰɖŰŮɠ ůŰŬɗŮɟɏɠ ŮɑɜŬɘ ˊɚɏɞɜ ŰɏůůŮɟŮɘɠ, ŭɖɚ. Ⱥ1, Ⱥ2, ɜ12, G12 əŬɘ ɘůɢɨŮɘ 
n n12

1

21

2E E
=

        (2.20) 

2.5.2 ɇŮŰɟŬɔɤɜɘəɩɠ ůɡɛɛŮŰɟɘəɧ ɡɚɘəɧ 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ŮɑɜŬɘ Ⱥ1=Ⱥ2 əŬɘ əŬŰô ŮˊɏəŰŬůɖ ɜ12=ɜ21. ȼ Ůɝ.(2.19) ŬˊɚɞˊɞɘŮɑŰŬɘ 

ˊŮɟŬɘŰɏɟɤ ůŰɖɜ Ŭəɧɚɞɡɗɖ: 
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    (2.21) 

ɇɞ ɡɚɘəɧ ɏɢŮɘ ŰɟŮɘɠ ŬɜŮɝɎɟŰɖŰŮɠ ůŰŬɗŮɟɏɠ Ⱥ1, ɜ12, G12. ȷɝɑɕŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ůŰŬ 

ŰŮŰɟŬɔɤɜɘəɩɠ ůɡɛɛŮŰɟɘəɎ ɡɚɘəɎ : 

G
E

12
1

122 1
¸

+( )n
       (2.22) 

2.6 Ɂɧɛɞɠ ůɨɜɗŮůɖɠ 

Ƀ ɜɧɛɞɠ Űɖɠ ůɨɜɗŮůɖɠ (rule of mixtures) ŮəűɟɎɕŮɘ ŰŬ ˊɞůɞůŰɎ ůɡɛɛŮŰɞɢɐɠ ɘɜɩɜ əŬɘ 

ɛɖŰɟɩɞɡ ůŰɞ ŰŮɚɘəɧ ˊɟɞɥɧɜ. ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ ŭŮ ůŰɖɜ ˊɟɧɓɚŮɣɖ Űɤɜ ɛɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ 

Űɞɡ ůɨɜɗŮŰɞɡ ɡɚɘəɞɨ. ȰůŰɤ ůɨɜɗŮŰɞ ɡɚɘəɧ ɔɘŬ Űɞ ɞˊɞɑɞ ɞɟɑɕɞɜŰŬɘ: 
V: ůɡɜɞɚɘəɧɠ ɧɔəɞɠ 

Vf: ɧɔəɞɠ ɘɜɩɜ 

Vm: ɧɔəɞɠ ɛɖŰɟɩɞɡ 

Vv: ɧɔəɞɠ əŮɜɩɜ 

ɧˊɞɡ ˊɟɞűŬɜɩɠ V=Vf+Vm+Vv. 

ɃɟɑɕɞɜŰŬɘ ɞɘ ɚɧɔɞɘ vf, vm, əŬɘ vv ɤɠ Ůɝɐɠ: 

vf: ɚɧɔɞɠ ɧɔəɞɡ ɘɜɩɜ (fiber volume fraction)              v
V

V
f

f=   (2.23) 

vm: ɚɧɔɞɠ ɧɔəɞɡ ɛɖŰɟɩɞɡ (matrix volume fraction) v
V

V
m

m=   (2.24) 

vv: ɚɧɔɞɠ ɧɔəɞɡ əŮɜɩɜ (void volume fraction)             
V

V
v v

v =   (2.25) 

ɔɘŬ ŰŬ ɞˊɞɑŬ ɘůɢɨŮɘ v v vf m v+ + =1. 

ȷɜ W ŮɑɜŬɘ Űɞ ůɡɜɞɚɘəɧ ɓɎɟɞɠ Ůɜɧɠ əɞɛɛŬŰɘɞɨ ɡɚɘəɞɨ, Wf Űɞ ɓɎɟɞɠ ɘɜɩɜ əŬɘ Wm Űɞ 

ɓɎɟɞɠ Űɞɡ ɛɖŰɟɩɞɡ, ŰɧŰŮ ɞɟɑɕɞɜŰŬɘ ɞɘ Ŭəɧɚɞɡɗɞɘ ɚɧɔɞɘ 

wf: ɚɧɔɞɠ ɓɎɟɞɡɠ ɘɜɩɜ              w
W

W
f

f=       (2.26) 

wm: ɚɧɔɞɠ ɓɎɟɞɡɠ ɛɖŰɟɩɞɡ            w
W

W
m

m=              (2.27) 

əŬɘ ŮɑɜŬɘ wf  + wm=1. 
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ȰůŰɤ ɟf ɖ ˊɡəɜɧŰɖŰŬ Űɤɜ ɘɜɩɜ əŬɘ ɟm ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ɛɖŰɟɩɞɡ, ŰɧŰŮ ɖ ůɡɜɞɚɘəɐ 

ˊɡəɜɧŰɖŰŬ ɟ Űɞɡ ůɨɜɗŮŰɞɡ ɡɚɘəɞɨ ɞɟɑɕŮŰŬɘ ɤɠ Ůɝɐɠ  : 

ɟ = ɟf  vf + ɟm vm         (2.28) 

ɆɨɛűɤɜŬ ɛŮ ŰŬ ˊŬɟŬˊɎɜɤ, ɞ ɚɧɔɞɠ ɧɔəɞɡ əŮɜɩɜ vv ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ 

v v v
W

V

W

V
v f m

f f m m=- - =- -1 1
/ /r r        (2.29 )  

2.7 Ʉɟɞůŭɘɞɟɘůɛɧɠ ɛɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ 

2.7.1 ɀɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ 

ɀŮ Űɞɜ ɧɟɞ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ ŮɜɜɞɞɨɛŮ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ůɨɜɗŮŰɞɡ ɡɚɘəɞɨ ůŬɜ 

ɞɛɞɔŮɜɏɠ ůɩɛŬ. ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡɠ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɞɘ ˊŬɟŬəɎŰɤ ɛɏɗɞŭɞɘ: 

  Ŭ. ȺɛˊŮɘɟɘəɏɠ əŬɘ ɖɛɘŬɜŬɚɡŰɘəɏɠ ɛɏɗɞŭɞɘ 

  ɓ. ɆŰɖɟɑɕɞɜŰŬɘ ůŮ Ŭˊɚɏɠ Ŭɟɢɏɠ əŬɘ ˊŮɘɟŬɛŬŰɘəɐ ŮˊŬɚɐɗŮɡůɖ. 

  ɔ. ȺɜŮɟɔŮɘŬəɏɠ ɛɏɗɞŭɞɘ 

   ŭ. ȿŮˊŰɞɛŮɟŮɘŬəɐ ŬɜɎɚɡůɖ ɛɏůɤ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ. 

2.7.2 ɀɖɢŬɜɘəɐ Ʉɟɞůɏɔɔɘůɖ 

ȼ ɛɖɢŬɜɘəɐ ˊɟɞůɏɔɔɘůɖ ŬɜɐəŮɘ ůŰɖɜ əŬŰɖɔɞɟɑŬ Űɤɜ ɖɛɘŬɜŬɚɡŰɘəɩɜ ɛŮɗɧŭɤɜ əŬɘ 

ůŰɖɟɑɕŮŰŬɘ ůŰɘɠ Ůɝɐɠ ˊŬɟŬŭɞɢɏɠ: 

 Ŭ. Ƀɘ ɑɜŮɠ ŮɑɜŬɘ ɞɛɞɔŮɜɏɠ(ɧɢɘ Ŭəɟɘɓɐɠ ˊŬɟŬŭɞɢɐ) ɘůɧŰɟɞˊɞ, ɔɟŬɛɛɘəɩɠ 

ŮɚŬůŰɘəɧ ɛŮ əŬɜɞɜɘəɐ ŭɘɎŰŬɝɖ əŬɘ ˊɟɞůŬɜŬŰɞɚɘůɛɏɜŮɠ. 

 ɓ. ɇɞ ɛɖŰɟɩɞ ɏɘɜŬɘ ɞɛɞɔŮɜŮɠ ɘůɧŰɟɞˊɞ ɔɟŬɛɛɘəɩɠ ŮɚŬůŰɘəɧ (ɧɢɘ Ŭəɟɘɓɐɠ 

ˊŬɟŬŭɞɢɐ). 

ȹɘɎɛɖəŮɠ ɀɏŰɟɞ ȺɚŬůŰɘəɧŰɖŰŬɠ Ⱥ1 

 

 

ů1: ɛɏůɖ ŰɎůɖ 

ů1=Ⱥ1Ů1 

 

ȺɑɜŬɘ:  
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 əŬɘ 

    mmff1 EvEvE +=       (2.30) 

ȺɔəɎɟůɘɞ ɀɏŰɟɞ ȺɚŬůŰɘəɧŰɖŰŬɠ Ⱥ2 
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ȯɟŬ mffm

mf
2

m

m

f

f

2 EvEv

EE
E  

E

v

E

v

E

1

+
=h¡+=

    (2.31) 

 

 

 

ȿɧɔɞɠ Poisson ɜ12 (Ůɝ' ɞɟɘůɛɞɨ ɜ12= ) 

 ȺűŬɟɛɧɕɞɡɛŮ ɞɟɗɐ ŰɎůɖ ů1 ɞˊɧŰŮ ɖ ŮɔəɎɟůɘŬ 

ɓɟɎɢɡɜůɖ ŮɑɜŬɘ ȹ 

1122 HH en=e-=D  əŬɘ 

D D D= +m f  

 

1mmm Hv en=D  əŬɘ 1fff Hv en=D  

ȯɟŬ: mmff12 vv n+n=n       (2.32) 

ɀɏŰɟɞ ȹɘɎŰɛɖůɖɠ G12 
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        (2.33) 

ȼ ɛɖɢŬɜɘəɐ ˊɟɞůɏɔɔɘůɖ ŮɑɜŬɘ Ŭəɟɘɓɐɠ ɔɘŬ ŰŬ Ⱥ1 əŬɘ ɜ12, ŬɚɚɎ ɧɢɘ əŬɘ ɔɘŬ ŰŬ Ⱥ2 əŬɘ G12. 

ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ˊɟɞŰɎɗɖəŬɜ ɓŮɚŰɘɩůŮɘɠ ɓŬůɘůɛɏɜŮɠ ůŮ ˊŮɘɟŬɛŬŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ. 

ȸŮɚŰɑɤůɖ əŬŰɎ Halphin & Tsai 

ɉɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɞ ŭɘɞɟɗɤŰɘəɧɠ ɧɟɞɠ 
h

x
=

-

+

E E

E E

f m

f m

/

/

1

, ɧˊɞɡ ɝ ɛɘŬ ˊŬɟɎɛŮŰɟɞɠ 

ˊɟɞůŭɘɞɟɘɕɧɛŮɜɖ Ŭˊɧ ˊŮɘɟŬɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ. ɇɧŰŮ ŰŬ ɛɏŰɟŬ Ⱥ2 əŬɘ G12 ɡˊɞɚɞɔɑɕɞɜŰŬɘ Ŭˊɧ 

Űɘɠ ŬəɧɚɞɡɗŮɠ ůɢɏůŮɘɠ: 
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         (2.34Ŭ) 

f

f

m

12

v1

v1

G

G

h-

xh+
=

         (2.34ɓ) 

ɄŬɟŬŰɖɟɐɗɖəŮ ɧŰɘ ɔɘŬ Űɘɛɐ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ ɝ=2 ɡˊɎɟɢŮɘ ˊɞɚɨ əŬɚɐ ůɡɛűɤɜɑŬ ɛŮ ŰŬ 

ˊŮɘɟŬɛŬŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ. 
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ȸŮɚŰɑɤůɖ əŬŰɎ Tsai & Hahn 

EɘůɎɔŮŰŬɘ ɖ ˊŬɟɎɛŮŰɟɞɠ ŭɘŬɢɤɟɘůɛɞɨ ŰɎůŮɤɜ ɖ2 əŬɘ ɛŮ ɓɎůɖ ŬɡŰɐɜ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ŰŬ 

ɛɏŰɟŬ Ⱥ2 əŬɘ G12 Ŭˊɧ Űɘɠ ŬəɧɚɞɡɗŮɠ ůɢɏůŮɘɠ: 
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       (2.35ɓ) 

ɄŬɟŬŰɖɟɐɗɖəŮ ɧŰɘ ɔɘŬ Űɘɛɐ Űɖɠ ˊŬɟŬɛɏŰɟɞɡ ŭɘŬɢɤɟɘůɛɞɨ ŰɎůŮɤɜ ɖ2=0.50 ɡˊɎɟɢŮɘ 

ˊɞɚɨ əŬɚɐ ůɡɛűɤɜɑŬ ɛŮ ŰŬ ˊŮɘɟŬɛŬŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ. 

2.8 ɀŮŰŬůɢɖɛŬŰɘůɛɧɠ ŰɎůŮɤɜ ï ˊŬɟŬɛɞɟűɩůŮɤɜ 

2.8.1 ũŮɜɘəɎ 

ɀŮ ŭŮŭɞɛɏɜɖ Űɖ ůɢɏůɖ ŰɎůŮɤɜ-ˊŬɟŬɛɞɟűɩůŮɤɜ ůŰɞ ůɨůŰɖɛŬ ɡɚɘəɞɨ 1-2 (ŭɘŮɨɗɡɜůɖ 

ɘɜɩɜ əŬɘ əɎɗŮŰɞɠ ŬɡŰɐɠ), ɗɏɚɞɡɛŮ ɜŬ ˊɟɞůŭɘɞɟɑůɞɡɛŮ Űɖɜ ŬɜɎɚɞɔɖ ůɢɏůɖ ůŮ ɏɜŬ Ɏɚɚɞ 

ůɨůŰɖɛŬ x-y ɡˊɧ ɔɤɜɑŬ ɗ ɤɠ ˊɟɞɠ Űɞ ůɨůŰɖɛŬ 1-2. ɇɞ ˊɟɩŰɞ ɓɐɛŬ ŮɑɜŬɘ ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ 

Űɤɜ ůɢɏůŮɤɜ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ ɔɘŬ Űɘɠ ŰɎůŮɘɠ əŬɘ Űɘɠ ˊŬɟŬɛɞɟűɩůŮɘɠ Ŭˊɧ Űɞ ůɨůŰɖɛŬ 1-2 

ůŰɞ ůɨůŰɖɛŬ x-y. ȼ ɗŮŰɘəɐ űɞɟɎ ɔɘŬ Űɖɜ ɔɤɜɑŬ ɗ əŬɗɞɟɑɕŮŰŬɘ ůŰɞ Ŭəɧɚɞɡɗɞ ůɢɐɛŬ: 

 

ɆɢɐɛŬ 14:ɆɨůŰɖɛŬ ɡɚɘəɞɨ 1-2 əŬɘ Űɡɢɧɜ ůɨůŰɖɛŬ x-y ɛŮ ɔɤɜɑŬ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ ɗ 

O  ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ Űɤɜ ŰɎůŮɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞɠ ŭɘɧŰɘ: 

Ŭ. Ƀɘ ɘŭɘɧŰɖŰŮɠ ɡɚɘəɞɨ ŮˊɖɟɟŮɎɕɞɜŰŬɘ Ŭˊɧ Űɞɜ ˊɟɞůŬɜŬŰɞɚɘůɛɧ Űɤɜ ɘɜɩɜ. 

ɓ. Ƀ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ ŮɑɜŬɘ ŬɜŬɔəŬɑɞɠ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ŰɎůŮɤɜ əŬɘ 

ˊŬɟŬɛɞɟűɩůŮɤɜ ůŰɞ ůɨůŰɖɛŬ ɡɚɘəɞɨ 1-2. 

ɔ. Ƀ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ ŮɑɜŬɘ ŬɜŬɔəŬɑɞɠ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ɧɟɤɜ ŬəŬɛɣɑŬɠ əŬɘ 

ŮɡəŬɛɣɑŬɠ əŬɗɩɠ əŬɘ Űɤɜ ɘůɞŭɡɜɎɛɤɜ ɛɏŰɟɤɜ ŮɚŬůŰɘəɧŰɖŰŬɠ. 

2.8.2 ɀŮŰŬůɢɖɛŬŰɘůɛɧɠ ŰɎůŮɤɜ 

ȼ ŭɘŬŭɘəŬůɑŬ ɔɘŬ Űɞ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ɛɖŰɟɩɤɜ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ [
+
sT
] əŬɘ [

-
sT

] ŮɑɜŬɘ 

ɖ Ůɝɐɠ: 

 

ɆɢɐɛŬ 15:ȹɘɎɔɟŬɛɛŬ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ ŰɎůŮɤɜ 

Ŭ. ȾɎɜɞɡɛŮ ɛɘŬ Űɞɛɐ Ŭ-Ŭ əɎɗŮŰŬ ůŰɖ ŭɘŮɨɗɡɜůɖ Űɤɜ ɘɜɩɜ əŬɘ ɗŮɤɟɞɨɛŮ Űɖɜ 

ɘůɞɟɟɞˊɑŬ Űɞɡ Űɟɘɔɤɜɘəɞɨ ůŰɞɘɢŮɑɞɡ. ŪɏŰɞɡɛŮ ɢɎɟɘɜ ŬˊɚɞɨůŰŮɡůɖɠ s=sinɗ əŬɘ c=cosɗ. 
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 (1) ȽůɞɟɟɞˊɑŬ əŬŰɎ Űɞɜ ɎɝɞɜŬ x ( 0=Sxf ) ŭɑɜŮɘ: 

  121xyx scsc t-s=t+s
      (2.36) 

 (2) ȽůɞɟɟɞˊɑŬ əŬŰɎ Űɞɜ ɎɝɞɜŬ y ( 0=Syf ) ŭɑɜŮɘ: 

  121xyy cscs t-s=t+s
      (2.37) 

 (3) ȿɨɜɞɜŰŬɠ Űɘɠ ˊŬɟŬˊɎɜɤ ŭɨɞ ŮɝɘůɩůŮɘɠ ɤɠ ˊɟɞɠ Űɘɠ ŰɎůŮɘɠ ů1 əŬɘ Ű12 

ˊɟɞəɨˊŰŮɘ: 

  xy
22

yx12

xyy
2

x
2

1

)sc(cscs

cs2sc

t-+s+s-=t

t+s+s=s

     (2.38) 

 

ɆɢɐɛŬ 16:ɇɞɛɐ Ŭ-Ŭ əŬɘ ɘůɞɟɟɞˊɑŬ ŭɟɎůŮɤɜ 

ɓ. ȾɎɜɞɡɛŮ ɛɘŬ Űɞɛɐ ɓ-ɓ ˊŬɟɎɚɚɖɚŬ ůŰɖ ŭɘŮɨɗɡɜůɖ Űɤɜ ɘɜɩɜ əŬɘ ɗŮɤɟɞɨɛŮ Űɖɜ 

ɘůɞɟɟɞˊɑŬ Űɞɡ Űɟɘɔɤɜɘəɞɨ ůŰɞɘɢŮɑɞɡ. 

 (1) ȽůɞɟɟɞˊɑŬ əŬŰɎ Űɞɜ ɎɝɞɜŬ x ( 0=Sxf ) ŭɑɜŮɘ: 

  122xyx cscs t-s=t-s
       (2.39) 

 (2) ȽůɞɟɟɞˊɑŬ əŬŰɎ Űɞɜ ɎɝɞɜŬ y ( 0=Syf ) ŭɑɜŮɘ: 

  122xyy scsc t+s=t-s
       (2.40) 

 (3) ȿɨɜɞɜŰŬɠ Űɘɠ ˊŬɟŬˊɎɜɤ ŭɨɞ ŮɝɘůɩůŮɘɠ ɤɠ ˊɟɞɠ Űɘɠ ŰɎůŮɘɠ ů2 əŬɘ Ű12 

ˊŬɑɟɜɞɡɛŮ Űɖɜ ɐŭɖ ɔɜɤůŰɐ ɏəűɟŬůɖ ɔɘŬ Űɖɜ Ű12 əŬɘ  

  xyy
2

x
2

2 cs2cs t-s+s=s
      (2.41) 

 

ɆɢɐɛŬ 17:ɇɞɛɐ ɓ-ɓ əŬɘ əŬɘ ɘůɞɟɟɞˊɑŬ ŭɟɎůŮɤɜ 

Ƀɘ ŮɝɘůɩůŮɘɠ (2.38) əŬɘ (2.41) ɛˊɞɟɞɨɜ ɜŬ ɔɟŬűɞɨɜ ɤɠ Ŭəɞɚɞɨɗɤɠ: 
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y

x

22
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22

12

2

1

T

sccscs

cs2cs

cs2sc

      (2.42) 

ɧˊɞɡ ][ +

sT  ŮɑɜŬɘ Űɞ ɛɖŰɟɩɞ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ Űɤɜ ŰɎůŮɤɜ ůx, ůy əŬɘ Űxy Ŭˊɧ Űɞ 

ůŰɟŬɛɛɏɜɞ ůɨůŰɖɛŬ x-y ůŰɞ ůɨůŰɖɛŬ ɡɚɘəɞɨ 1-2. ȰŰůɘ ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ɞɘ ŰɎůŮɘɠ ů1, ů2 

əŬɘ Ű12 (ɖ ɔɤɜɑŬ ůŰɟɞűɐɠ ɗ ŮɑɜŬɘ ɗŮŰɘəɎ ɞɟɘůɛɏɜɖ). 

ɇɞ ɛɖŰɟɩɞ ŬɜŰɑůŰɟɞűɞɡ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ ][ -

sT  ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ŮɑŰŮ ɛŮ ŬɜŰɘůŰɟɞűɐ 

Űɞɡ ɛɖŰɟɩɞɡ ][ +

sT , ŮɑŰŮ ɗɏŰɞɜŰŬɠ ŬɟɜɖŰɘəɐ Űɖɜ ɔɤɜɑŬ ůŰɟɞűɐɠ ɗ ůŰɖɜ ůɢɏůɖ (2.42). 

Ŭ 

x 
1 

y 

2 

x 1 

y 

2 
ɓ 
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ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞɜ ŬɜŰɑůŰɟɞűɞ ɛŮŰŬůɢɖɛŬŰɘůɛɧ, ɞɘ ŰɎůŮɘɠ ůx, ůy əŬɘ Űxy 

ɡˊɞɚɞɔɑɕɞɜŰŬɘ Ŭˊɧ Űɘɠ ŰɎůŮɘɠ ů1, ů2 əŬɘ Ű12. ȰŰůɘ 
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12

2

1

12

2

1

22

22

22

xy

y

x

T

sccscs

cs2cs

cs2sc

      (2.43) 

2.8.3 ɀŮŰŬůɢɖɛŬŰɘůɛɧɠ ˊŬɟŬɛɞɟűɩůŮɤɜ 

Ƀɘ ˊŬɟŬɛɞɟűɩůŮɘɠ ɞɟɑɕɞɜŰŬɘ ɓɎůŮɘ Űɤɜ ɛŮŰŬŰɞˊɑůŮɤɜ ɤɠ Ŭəɞɚɞɨɗɤɠ: 

1

1
1

x

u

µ

µ
=e

, 2

2
2

x

u

µ

µ
=e

, əŬɘ 2

1

1

2
12

x

u

x

u

µ

µ
+

µ

µ
=g

     (2.44) 

x

u
x
µ

µ
=e

, y

v
y
µ

µ
=e

, əŬɘ y

u

x

v
xy

µ

µ
+

µ

µ
=g

     (2.45) 

ũɘŬ ŰŬ ůɡůŰɐɛŬŰŬ ůɡɜŰŮŰŬɔɛɏɜɤɜ ɘůɢɨŮɘ: 

cysxcosysinxx

sycxsinycosxx

2

1

+-=q+q-=

+=q+q=

       (2.46) 

əŬɘ ŬɜŰɘůŰɟɧűɤɠ 

21

21

cxsxy

sxcxx

+=

-=

         (2.43) 

Ƀɛɞɑɤɠ əŬɘ ɔɘŬ Űɘɠ ɛŮŰŬŰɞˊɑůŮɘɠ ɘůɢɨŮɘ 

cvsuu

svcuu

2

1

+-=

+=

          (2.47) 

əŬɘ ŬɜŰɘůŰɟɧűɤɠ 

21

21

cusuv

sucuu

-=

-=

          (2.48) 

ɆɡɜŮˊɩɠ, ɔɘŬ Űɖɜ ˊŬɟŬɛɧɟűɤůɖ Ů1 ŮɑɜŬɘ: 

y
2

xy
2

x
22

111

1

1

1

1

1
1

scscs
y

v
cs

y

u
sc

x

v
c

x

u
=    

x

y

y

)svcu(

x

x

x

)svcu(

x

y

y

u

x

x

x

u

x

u

e+g+e=
µ

µ
+

µ

µ
+

µ

µ
+

µ

µ

=
µ

µ

µ

+µ
+

µ

µ

µ

+µ
=

µ

µ

µ

µ
+

µ

µ

µ

µ
=

µ

µ
=e

   (2.49) 

ȾŬɗȭ ɧɛɞɘɞ Űɟɧˊɞ ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ɞɘ ŮəűɟɎůŮɘɠ Űɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ Ů2 əŬɘ ɔ12. 

Ⱥˊɞɛɏɜɤɠ ɏɢɞɡɛŮ: 

[ ]{}e=
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ý
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g
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22

12
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1

      (2.50) 

Ƀ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ ŬɡŰɧɠ Űɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ ŮɑɜŬɘ Ůˊɑůɖɠ ɏɜŬɠ əŬɗŬɟɎ 

ɔŮɤɛŮŰɟɘəɧɠ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ əŬɘ Űɞ ɛɖŰɟɩɞ ][ -

eT  Űɞɡ ŬɜŰɑůŰɟɞűɞɡ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ 

ɡˊɞɚɞɔɑɕŮŰŬɘ ɗɏŰɞɜŰŬɠ ŬɟɜɖŰɘəɐ ɔɤɜɑŬ ůŰɞ ][ +

eT , ŭɖɚŬŭɐ 
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      (2.51) 

ȼ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɤɜ ɛɖŰɟɩɤɜ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ [ɇů] əŬɘ [ɇŮ] ɏɔəŮɘŰŬɘ ůŰɞɜ ɞɟɘůɛɧ 

Űɖɠ ŭɘŬŰɛɖŰɘəɐɠ ˊŬɟŬɛɧɟűɤůɖɠ ɔ12=2Ů12. ũŮɜɘəɎ ɘůɢɨŮɘ 
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         (2.52) 

EɘůɎɔɞɜŰŬɠ Űɞɜ ůɡɜŰŮɚŮůŰɐ 1/2 , ɞ ɞˊɞɑɞɠ ˊɞɚɚŬˊɚŬůɘɎɕŮɘ Űɘɠ ˊŬɟŬɛɞɟűɩůŮɘɠ ɔ, ůŰɞɡɠ 

ɧɟɞɡɠ Űɞɡ ɛɖŰɟɩɞɡ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ Űɤɜ ŰɎůŮɤɜ ][ +

sT  ˊŬɑɟɜɞɡɛŮ Űɞ ɛɖŰɟɩɞ 

ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ Űɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ ][ +

eT . 

 

ɆɢɐɛŬ 18:ȹɘɎɔɟŬɛɛŬ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ ˊŬɟŬɛɞɟűɩůŮɤɜ 

2.9 ɀŮŰŬůɢɖɛŬŰɘůɛɧɠ ɧɟɤɜ ŬəŬɛɣɑŬɠ Qij  

ȼ ůɢɏůɖ ɖ ɞˊɞɑŬ ůɡɜŭɏŮɘ Űɘɠ ŰɎůŮɘɠ ï ˊŬɟŬɛɞɟűɩůŮɘɠ ůŰɞ ůɨůŰɖɛŬ 1-2 ŮɑɜŬɘ: 
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       (2.53) 

ŪŮɤɟɞɨɛŮ ůɨůŰɖɛŬ x-y ůŰɟŬɛɛɏɜɞ əŬŰɎ ɔɤɜɑŬ ɗ ůŮ ůɢɏůɖ ɛŮ Űɞ ůɨůŰɖɛŬ ɡɚɘəɞɨ. ŪŬ 

ˊɟɞůŭɘɞɟɑůɞɡɛŮ Űɖ ůɢɏůɖ ˊɞɡ ůɡɜŭɏŮɘ Űɘɠ ŰɎůŮɘɠ ůx, ůy, əŬɘ Űxy ɛŮ Űɘɠ ˊŬɟŬɛɞɟűɩůŮɘɠ Ůx, 
Ůy, əŬɘ ɔxy ůŰɞ ůŰɟŬɛɛɏɜɞ ůɨůŰɖɛŬ x-y. ȷɡŰɧ ůɡɜɑůŰŬŰŬɘ ůŰɞ ˊɤɠ ŮəűɟɎɕɞɜŰŬɘ ɞɘ ɧɟɞɘ 

ŬəŬɛɣɑŬɠ Qij ůŰɞ ůɨůŰɖɛŬ x-y. 

ɆɢɐɛŬ 19: ȹɘɎɔɟŬɛɛŬ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ Űɤɜ ɧɟɤɜ ŬəŬɛɣɑŬɠ [Q] 

Ƀ ˊɟɞůŭɘɞɟɘůɛɧɠ ŬɡŰɧɠ ůɡɜɑůŰŬŰŬɘ Ŭˊɧ 3 ɓɐɛŬŰŬ: 

 Ŭ.  ȺəűɟɎɕɞɡɛŮ Űɘɠ ˊŬɟŬɛɞɟűɩůŮɘɠ Ů1, Ů2, əŬɘ ɔ12 ɤɠ ˊɟɞɠ Űɘɠ ˊŬɟŬɛɞɟűɩůŮɘɠ 

Ůx, Ůy, əŬɘ ɔxy ůŰɞ ůɨůŰɖɛŬ x-y ɛɏůɤ Űɞɡ ɗŮŰɘəɞɨ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ ŰɎůŮɤɜ ][ +

eT . 

xyy
2

x
2

1 cssc g+e+e=e
 

xyy
2

x
2

2 cscs g-e+e=e
 

xy
22

yx12 )sc(cs2cs2 g-+e+e-=g
 

 

 ɓ.  ȺəűɟɎɕɞɡɛŮ Űɘɠ ů1, ů2, Ű12 ɤɠ ˊɟɞɠ Űɘɠ Ůx  Ůy  ɔxy. 
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( ) ( ) ( )

( ) ( ) ( )

( ) xy66
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y66x6612

xy2212y22
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xy1211y12
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11
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11
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1

QsccsQ2csQ2

csQQQcQsQsQc

csQQQcQsQsQc

g-+e+e-=t

g-+e++e+=s

g-+e++e+=s

 

 ɔ.  ȺəűɟɎɕɞɡɛŮ ŰŬ ůx, ůy, Űxy ɤɠ ˊɟɞɠ Űɘɠ Ůx  Ůy  ɔxy (ŬɟɜɖŰɘəɧ [
-
sT ]) 
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əŬɘ ŬɜŬəŬŰŬŰɎůůɞɜŰŬɠ ɏɢɞɛŮ: 
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Ƀɛɞɑɤɠ, ŬɜŬˊŰɨůůɞɛŮ ŰŬ ůy əŬɘ Űxy əŬɘ ˊɟɞůŭɘɞɟɑɕɞɡɛŮ Űɘɠ ŮəűɟɎůŮɘɠ: 

xy66y26x16xy
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QQQ

g+e+e=t

g+e+e=s

 

Ƀɘ ɛŮŰŬůɢɖɛŬŰɘůɛɏɜɞɘ ɧɟɞɘ ŬəŬɛɣɑŬɠ ijQ  ɡˊɞɚɞɔɑɕɞɜŰŬɘ ůɡɜŬɟŰɐůŮɘ Űɤɜ ijQ  ɤɠ 

Ŭəɞɚɞɨɗɤɠ: 
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ȼ ůɢɏůɖ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ Űɤɜ ɧɟɤɜ ŬəŬɛɣɑŬɠ ɔɟɎűŮŰŬɘ ɡˊɧ ůɡɛɓɞɚɘəɐ ɛɞɟűɐ: 

[]ijQij QTQ = , ɧˊɞɡ Űɞ [TQ] ŮɑɜŬɘ ɏɜŬ ɛɖŰɟɩɞ 6x4. 

2.10 ɀŮŰŬůɢɖɛŬŰɘůɛɧɠ ɧɟɤɜ ŮɡəŬɛɣɑŬɠ Sij  

ȼ ůɢɏůɖ ɖ ɞˊɞɑŬ ůɡɜŭɏŮɘ Űɘɠ ˊŬɟŬɛɞɟűɩůŮɘɠ ɛŮ Űɘɠ ŰɎůŮɘɠ ŮɑɜŬɘ: 
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       (2.55) 

 

MŮ ŬɜɎɚɞɔɖ ŭɘŬŭɘəŬůɑŬ ɛŮ ŬɡŰɐ Űɖɠ ˊŬɟŬɔɟɎűɞɡ 2.9 ˊɟɞəɨˊŰŮɘ ɖ ůɢɏůɖ 

ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ Ŭˊɧ Űɘɠ ŰɎůŮɘɠ ůŮ ˊŬɟŬɛɞɟűɩůŮɘɠ: 

ȷɜŬˊŰɨůůɞɜŰŬɠ əŬɘ ŬɜŬŭɘŬŰɎůůɞɜŰŬɠ Űɞɡɠ ɧɟɞɡɠ ˊɟɞəɨˊŰŮɘ ɖ Ŭəɧɚɞɡɗɖ ůɢɏůɖ 

ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ ɔɘŬ Űɞɡɠ ɧɟɞɡɠ ŮɡəŬɛɣɑŬɠ 
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ɐ ɡˊɧ ůɡɛɓɞɚɘəɐ ɛɞɟűɐ ijsij STS ][= , ɧˊɞɡ ɇs ŮɑɜŬɘ ɏɜŬ ɛɖŰɟɩɞ 6x4. 

Ƀɘ ˊŬɟŬŰɖɟɐůŮɘɠ ɔɘŬ Űɞɡɠ ɧɟɞɡɠ ŬəŬɛɣɑŬɠ ijQ  ɘůɢɨɞɡɜ Ůˊɑůɖɠ əŬɘ ɔɘŬ Űɞɡɠ ɧɟɞɡɠ  

ŮɡəŬɛɣɑŬɠ ijS . Ƀɘ ŭɘŬűɞɟɏɠ ɛŮŰŬɝɨ Űɤɜ ɛɖŰɟɩɤɜ ɛŮŰŬůɢɖɛŬŰɘůɛɞɨ [ɇS] əŬɘ [ɇQ] 

ɞűŮɑɚɞɜŰŬɘ ůŰɞɜ ɞɟɘůɛɧ Űɖɠ ŭɘŬŰɛɖŰɘəɐɠ ˊŬɟŬɛɧɟűɤůɖɠ ɔij=2Ůij. ɇŮɚɘəɎ, ɖ ůɢɏůɖ ŰɎůŮɤɜ-

ˊŬɟŬɛɞɟűɩůŮɤɜ ɛŮ ɧɟɞɡɠ ŮɡəŬɛɣɑŬɠ ɔɑɜŮŰŬɘ ůŰɞ ůŰɟŬɛɛɏɜɞ ůɨůŰɖɛŬ x-y: 
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                         (2.56) 

2.11 ɀɖɢŬɜɘəɏɠ ůŰŬɗŮɟɏɠ ɡɚɘəɞɨ 

ũɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ  ɛɖɢŬɜɘəɐɠ ůɡɛˊŮɟɘűɞɟɎɠ Ůɜɧɠ ɡɚɘəɞɨ ɞɘ ɑɜŮɠ Űɞɡ ɞˊɞɑɞɡ 

ůɢɖɛŬŰɑɕɞɡɜ ɔɤɜɑŬ ɗ ɛŮ Űɞ ůɨůŰɖɛŬ x-y, ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ˊɟɞůŭɘɞɟɑůɞɡɛŮ ŰŬ ɛɏŰɟŬ 

ŮɚŬůŰɘəɧŰɖŰŬɠ, Űɞɡɠ ɚɧɔɞɡɠ Poisson əŬɘ Űɞ ɛɏŰɟɞ ŭɘɎŰɛɖůɖɠ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŰɞ 

ůŰɟŬɛɛɏɜɞ ůɨůŰɖɛŬ x-y. Ƀɘ ɘŭɘɧŰɖŰŮɠ ŬɡŰɏɠ ůŰɞ ůŰɟŬɛɛɏɜɞ ůɨůŰɖɛŬ x-y ɞɜɞɛɎɕɞɜŰŬɘ 

ɛɖɢŬɜɘəɏɠ ůŰŬɗŮɟɏɠ Űɞɡ ɡɚɘəɞɨ əŬɘ ɞɟɑɕɞɜŰŬɘ ɤɠ Ůɝɐɠ: 
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     (2.57) 

ȺɛűŬɜɑɕɞɜŰŬɘ ɞɘ ɧɟɞɘ ɜxs əŬɘ ɜys ˊɞɡ Ůɛˊɚɏəɞɡɜ əɨɟɘŮɠ əŬɘ ŭɘŬŰɛɖŰɘəɏɠ 

ˊŬɟŬɛɞɟűɩůŮɘɠ. Ƀɘ ɧɟɞɘ ŬɡŰɞɑ ŭŮɜ ɡˊɎɟɢɞɡɜ ůŰŬ ɘůɧŰɟɞˊŬ ɡɚɘəɎ. Ⱥˊɑůɖɠ ŬɝɑɕŮɘ ɜŬ 

ˊŬɟŬŰɖɟɖɗŮɑ ɧŰɘ Űɞ ˊŬɟŬˊɎɜɤ ɛɖŰɟɩɞ ŮɑɜŬɘ ůɡɛɛŮŰɟɘəɧ, ŬɚɚɎ ɞɘ ɚɧɔɞɘ Űɞɡ Poisson ŮɑɜŬɘ 

ŭɘŬűɞɟŮŰɘəɞɑ. 

ɄŮɘɟŬɛŬŰɘəɎ, ɞɘ ɛɖɢŬɜɘəɏɠ ůŰŬɗŮɟɏɠ ɛˊɞɟɞɨɜ ɜŬ ˊɟɞůŭɘɞɟɘůŰɞɨɜ ɤɠ Ůɝɐɠ: 

-ɀŮ ɛɞɜɞŬɝɞɜɘəɧ ŮűŮɚəɡůɛɧ əŬŰɎ x 

ɃɟɑɕŮŰŬɘ: 
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      (2.58)                            11
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ɄɟɞəɨˊŰŮɘ: 
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-ɀŮ ɛɞɜɞŬɝɞɜɘəɧ ŮűŮɚəɡůɛɧ əŬŰŬ y 

ɃɟɑɕŮŰŬɘ: 
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ɄɟɞəɨˊŰŮɘ: 
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- ɀŮ əŬɗŬɟɐ ŭɘɎŰɛɖůɖ 

ɃɟɑɕŮŰŬɘ: 
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ɄɟɞəɨˊŰŮɘ: 
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2.12 ȾɟɘŰɐɟɘŬ ŬůŰɞɢɑŬɠ 

2.12.1 ũŮɜɘəɎ 

ȷˊɧ ɛɘŬ Ŭˊɚɐ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ Űɤɜ ůɡɜɐɗɤɜ ɡɚɘəɩɜ (ɘůɧŰɟɞˊŬ)  əŬɘ Űɤɜ ůɡɜɗɏŰɤɜ 

ɡɚɘəɩɜ (ɞɟɗɧŰɟɞˊŬ ɐ ŬɜɘůɧŰɟɞˊŬ) ɤɠ ˊɟɞɠ Űɘɠ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ əŬɘ Űɖ ůɡɛˊŮɟɘűɞɟɎ 

Űɞɡɠ, ˊɟɞəɨˊŰŮɘ ɖ ŬɜɎɔəɖ əŬɗɞɟɘůɛɞɨ ɜɏɤɜ əɟɘŰɖɟɑɤɜ ŬůŰɞɢɑŬɠ ɔɘŬ ŰŬ ůɨɜɗŮŰŬ ɡɚɘəɎ. 

1. ɇɘ ɘůɢɨŮɘ ůŰŬ ůɡɜɐɗɖ ɡɚɘəɎ (ɘůɧŰɟɞˊŬ). 

 Ŭ. ȲŭɘŮɠ ɘŭɘɧŰɖŰŮɠ ˊɟɞɠ əɎɗŮ əŬŰŮɨɗɡɜůɖ. 

 ɓ. ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɞ ɚɧɔɞɠ Poisson ŮɑɜŬɘ ůɡɜɐɗɤɠ ɜ=0.3, ɢɟŮɘŬɕɧɛŬůŰŮ ɛɧɜɞ 

Űɖɜ Űɘɛɐ Űɞɡ ɛɏŰɟɞɡ ŮɚŬůŰɘəɧŰɖŰŬɠ Ⱥ. 

 ɔ. Ⱥˊɑůɖɠ, ŬɟəŮɑ ɜŬ ɔɜɤɟɑɕɞɡɛŮ Űɖɜ ůy ŭɘɧŰɘ Űy=0.50 ůy ɏɤɠ 0.60ůy (ɧˊɞɡ ɖ 

ŰɎůɖ ŭɘŬɟɟɞɐɠ ůy ŬɜŰɘůŰɞɘɢŮɑ ůŮ ɛɞɜɞŬɝɞɜɘəɧ ŮűŮɚəɡůɛɧ). 

 ŭ. ȺəŰɘɛɎŰŬɘ ɖ ŰɎůɖ ůŮ əɎˊɞɘŬ ɗɏůɖ ŬůŰɞɢɑŬɠ Űɞɡ ɡɚɘəɞɨ əŬɘ ɔɑɜŮŰŬɘ ɞ 

ɏɚŮɔɢɞɠ. 

2. ɇɘ ɘůɢɨŮɘ ůŰŬ ůɨɜɗŮŰŬ ɡɚɘəɎ (ɞɟɗɧŰɟɞˊŬ ɐ ŬɜɘůɧŰɟɞˊŬ). 

 Ŭ. Ƀɘ ɘŭɘɧŰɖŰŮɠ ŮɑɜŬɘ ůɡɜɎɟŰɖůɖ Űɞɡ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ ůŰɞ ɔŮɜɘəɧ ůɨůŰɖɛŬ x-

y. 

 ɓ. ȷˊŬɘŰɞɨɜŰŬɘ 4 ŮɚŬůŰɘəɏɠ ůŰŬɗŮɟɏɠ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ 

ůɡɛˊŮɟɘűɞɟɎɠ. 

 ɔ. Ⱥˊɑůɖɠ, ŬˊŬɘŰɞɨɜŰŬɘ 6 ůŰŬɗŮɟɏɠ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ ŬůŰɞɢɑŬɠ. 

 ŭ. ɇŬ əɟɘŰɐɟɘŬ ŬůŰɞɢɑŬɠ ɘůɧŰɟɞˊɤɜ ɡɚɘəɩɜ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ŮűŬɟɛɞůŰɞɨɜ Ŭˊ' 

ŮɡɗŮɑŬɠ ůŰŬ ůɨɜɗŮŰŬ ɡɚɘəɎ. 

 

ɃɟɑɕɞɜŰŬɘ ɞɘ ŬəɧɚɞɡɗŮɠ əɟɑůɘɛŮɠ ŰɎůŮɘɠ ŬůŰɞɢɑŬɠ: 
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ɉ ŰɎůɖ ŬůŰɞɢɑŬɠ ůŮ ɛɞɜɞŬɝɞɜɘəɧ ŮűŮɚəɡůɛɧ əŬŰɎ x. 

ɉȭ ŰɎůɖ ŬůŰɞɢɑŬɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ əŬŰɎ x. 

Ɉ ŰɎůɖ ŬůŰɞɢɑŬɠ ůŮ ɛɞɜɞŬɝɞɜɘəɧ ŮűŮɚəɡůɛɧ əŬŰɎ y. 

Ɉȭ ŰɎůɖ ŬůŰɞɢɑŬɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ əŬŰɎ y. 

S ŰɎůɖ ŬůŰɞɢɑŬɠ ůŮ əŬɗŬɟɐ ŭɘɎŰɛɖůɖ. 

Ƀɘ əɟɑůɘɛŮɠ ŰɎůŮɘɠ X, Xȭ,Y,Yȭ, əŬɘ S ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ɛŮ ˊŮɘɟŬɛŬŰŬ ŬɜŬɚɧɔɤɠ Űɞɡ 

Űɟɧˊɞɡ ŬůŰɞɢɑŬɠ. 

2.12.2 ȾɟɘŰɐɟɘɞ ɛɏɔɘůŰɖɠ ŰɎůɖɠ 

ȹɘŬŰɡˊɩɗɖəŮ ɡˊɧ Űɞɡ Jenkins (1920) ɔɘŬ ŰŬ ɞɟɗɧŰɟɞˊŬ ɡɚɘəɎ əŬɘ ŬˊɞŰŮɚŮɑ ŮˊɏəŰŬůɖ 

Űɞɡ əɟɘŰɖɟɑɞɡ Rankine ɔɘŬ ŰŬ ɘůɧŰɟɞˊŬ. ɆɨɛűɤɜŬ ɛŮ Űɞ əɟɘŰɐɟɘɞ ŬɡŰɧ, ŬůŰɞɢɑŬ ɚŬɛɓɎɜŮɘ 

ɢɩɟŬ ɧŰŬɜ ŭŮɜ ɘəŬɜɞˊɞɘŮɑŰŬɘ ɏůŰɤ ɛɑŬ Ŭˊɧ Űɘɠ ˊŬɟŬəɎŰɤ ůɢɏůŮɘɠ: 

Xȭ<ů1<X Yȭ<ů2<Ɉ |Ű12|<S       (2.67)  

ɇɞ əɟɘŰɐɟɘɞ ɛɏɔɘůŰɖɠ ŰɎůɖɠ  ɛˊɞɟŮɑ ɜŬ ˊŬɟŬůŰŬɗŮɑ ɔɟŬűɘəɎ ůŰɞ ŮˊɑˊŮŭɞ (ů1,ů2) ɛŮ 

Ű12=0 ɤɠ Ůɝɐɠ: 

 

 

ɆɢɐɛŬ 20:ũɟŬűɘəɐ ˊŬɟɎůŰŬůɖ Űɞɡ əɟɘŰɖɟɑɞɡ ɛŮɔɑůŰɖɠ ŰɎůɖɠ 

2.12.3 ȾɟɘŰɐɟɘɞ ɛɏɔɘůŰɖɠ ˊŬɟŬɛɧɟűɤůɖɠ 

ȹɘŬŰɡˊɩɗɖəŮ ɡˊɧ Űɞɡ Waddoups (1967) əŬɘ ŬˊɞŰŮɚŮɑ ŮˊɏəŰŬůɖ Űɞɡ əɟɘŰɖɟɑɞɡ St. 

Venant ɔɘŬ ŰŬ ɘůɧŰɟɞˊŬ ɡɚɘəɎ. ɆɨɛűɤɜŬ ɛŮ Űɞ əɟɘŰɐɟɘɞ ŬɡŰɧ, ŬůŰɞɢɑŬ Űɞɡ ɡɚɘəɞɨ 

ŮˊɏɟɢŮŰŬɘ ɧŰŬɜ ŭŮɜ ɘəŬɜɞˊɞɘŮɑŰŬɘ ɏůŰɤ ɛɑŬ Ŭˊɧ Űɘɠ ŬəɧɚɞɡɗŮɠ ůɢɏůŮɘɠ: 

s12y2yx1x ||eeee g<g<e<¡<e<¡       (2.68) 

ɀɘŬ Ɏɚɚɖ ŭɘŬŰɨˊɤůɖ Űɞɡ əɟɘŰɖɟɑɞɡ ŬɡŰɞɨ ůɡɜŬɟŰɐůŮɘ Űɤɜ əɟɘůɑɛɤɜ ŰɎůŮɤɜ ŮɑɜŬɘ: 

12
12

2
2

21
1

1 G

S
||

E

Y

E

Y

E

X

E

X
<g<e<

¡
<e<

¡
      (2.69) 

( )

( )211212
22

121

2

2
2

12
12

1
2

11

212

1

1
1

Y
E

Y

EE

/1
x

E

X

EE

nklishsn+=sÝ=
sn

-
s
=e

nklish
n

-s
=sÝ=

sn
-

s
=e

 

 

ɆɢɐɛŬ 21:ũɟŬűɘəɐ ŬˊŮɘəɧɜɘůɖ Űɞɡ əɟɘŰɖɟɑɞɡ ɛɏɔɘůŰɖɠ ˊŬɟŬɛɧɟűɤůɖɠ 
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2.12.4 ȾɟɘŰɐɟɘɞ Tsai-Hill  

Ƀ Hill (1950) ˊŬɟɞɡůɑŬůŮ ɛɘŬ ɗŮɤɟɑŬ ŬůŰɞɢɑŬɠ ɔɘŬ ŬɜɘůɧŰɟɞˊŬ ɡɚɘəɎ: 

1N2M2L2F2G2

H2)GF()HF()HG(

2
12

2
31

2
233231

21
2
3

2
2

2
1

¢t+t+t+ss-ss-

-ss-s++s++s+

 (2.70) 

ɧˊɞɡ ɞɘ G, H, F, L, M, əŬɘ N ŮɑɜŬɘ ůŰŬɗŮɟɏɠ Űɞɡ ɡɚɘəɞɨ.  

ɇɞ əɟɘŰɐɟɘɞ ŬɡŰɧ ŮɑɜŬɘ: 

 Ŭ. ɇŮŰɟŬɔɤɜɘəɧ əɟɘŰɐɟɘɞ əŬɘ ˊŬɟɧɛɞɘɞ ɛŮ Űɞ əɟɘŰɐɟɘɞ von-Mises ɔɘŬ 

ɘůɧŰɟɞˊŬ.ɇɞ von-Mises ůɡɜŭɏŮŰŬɘ ɛŮ Űɖɜ ŮɜɏɟɔŮɘŬ ůŰɟŮɓɚɩůŮɤɠ. 

 ɓ. ɆŰŬ ŬɜɘůɧŰɟɞˊŬ ɡɚɘəɎ, ɖ ŮɜɏɟɔŮɘŬ ůŰɟŮɓɚɩůŮɤɠ əŬɘ ɖ ŮɜɏɟɔŮɘŬ ɛŮŰŬɓɞɚɐɠ 

ɧɔəɞɡ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ Ŭˊɞɛɞɜɤɗɞɨɜ ŭɘɧŰɘ ɡˊɎɟɢŮɘ ŬɚɚɖɚŮˊɑŭɟŬůɖ. 

 ɔ. Ƀɘ ɏɝɘ ůŰŬɗŮɟɏɠ ɡɚɘəɞɨ G, H, F, L, M, N ɛˊɞɟɞɨɜ ɜŬ ŬɜŰɘůŰɞɘɢɘůɗɞɨɜ ɛŮ Űɘɠ 

ŰɎůŮɘɠ ŬůŰɞɢɑŬɠ. 

 ŭ. ɇɞ əɟɘŰɐɟɘɞ ŬɡŰɧ ŮɑɜŬɘ ɔŮɜɘəɧ ɔɘŬ ŰɟɘůŭɘɎůŰŬŰɖ əŬŰŬ́ ɧɜɖůɖ. 

ɆŰɖ ůɡɜɏɢŮɘŬ, ɞ Tsai (1968) ůɡɜɏŭŮůŮ Űɘɠ ůŰŬɗŮɟɏɠ ɡɚɘəɞɨ ůŰɞ əɟɘŰɐɟɘɞ Hill ɛŮ Űɘɠ 

əɟɑůɘɛŮɠ ŰɎůŮɘɠ ŬůŰɞɢɑŬɠ. ȺűŬɟɛɧɕɞɜŰŬɠ ɛɧɜɞ ŰɎůɖ ů1 ɏɢɞɡɛŮ 1)( 2=+ XHG  ɞˊɧŰŮ 

2X

1
HG =+

          (2.71) 

ȺűŬɟɛɧɕɞɜŰŬɠ ɛɧɜɞ ŰɎůɖ ů2 ˊɟɞəɨˊŰŮɘ 

2Y

1
HF =+

          (2.72) 

əŬɘ, ŮűŬɟɛɧɕɞɜŰŬɠ ɛɧɜɞ ŰɎůɖ ů3 ˊɟɞəɨˊŰŮɘ 

2Z

1
GF =+

          (2.73) 

ɧˊɞɡ Ȼ ŮɑɜŬɘ ɖ ŰɎůɖ ŬůŰɞɢɑŬɠ əŬŰɎ Űɖ ŭɘŮɨɗɡɜůɖ 3. ȺˊɘɚɨɞɜŰŬɠ Űɘɠ (2.71), (2.72) əŬɘ 

(2.73) ɤɠ ˊɟɞɠ Űɘɠ ůŰŬɗŮɟɏɠ H, G əŬɘ F ˊɟɞəɨˊŰŮɘ 

222

222

222

X

1

Z

1

Y

1
F2

Y

1

X

1

Z

1
G2

Z

1

Y

1

X

1
H2

-+=

-+=

-+=

         (2.74) 

ɇɏɚɞɠ, ŮűŬɟɛɧɕɞɜŰŬɠ ɛɧɜɞ ŰɎůŮɘɠ Ű23, Ű31 əŬɘ Ű12 ˊɟɞəɨˊŰɞɡɜ ŬɜŰɑůŰɞɘɢŬ 

 
2
YZS

1
L2 =

          (2.75) 

2
ZXS

1
M2 =

          (2.76) 

əŬɘ 

2S

1
N2 =

          (2.77) 

ũɘŬ ɏɜŬ ůɨɜɗŮŰɞ ɡɚɘəɧ ɛŮ ˊɟɞůŬɜŬŰɞɚɘůɛɏɜŮɠ ɑɜŮɠ əŬŰɎ Űɖ ŭɘŮɨɗɡɜůɖ x, ɞɘ ɘŭɘɧŰɖŰŮɠ 

əŬŰɎ y ŮɑɜŬɘ ɑŭɘŮɠ ɛŮ ŬɡŰɏɠ əŬŰɎ z, əŬɘ ůɡɜŮˊɩɠ 

2222 X

1

Y

2
F2

X

1
G2 

X

1
H2 -===

     (2.78) 

ɇɞ əɟɘŰɐɟɘɞ Tsai-Hill ŮəűɟŬůɛɏɜɞ ůŰɞ ŮˊɑˊŮŭɞ ŬˊɚɞˊɞɘŮɑŰŬɘ ůŰɖ ɛɞɟűɐ 

1N2H2)HF()HG( 2
1221

2
2

2
1 ¢t+ss-s++s+

      (2.79) 

əŬɘ ŬɜŰɘəŬɗɘůŰɩɜŰŬɠ Űɘɠ ůɢɏůŮɘɠ (2.78) ůŰɖɜ (2.79) ɔɑɜŮŰŬɘ: 
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1
SYXX 2

2
12

2

2
2

2

21

2

2
1 ¢

t
+

s
+

ss
-

s

        (2.80) 

ȷůŰɞɢɑŬ ɡɚɘəɞɨ ɚŬɛɓɎɜŮɘ ɢɩɟŬ ɧŰŬɜ ŭŮɜ ɘəŬɜɞˊɞɘŮɑŰŬɘ ɖ ŬɜɤŰɏɟɤ ůɢɏůɖ. 

2.12.5 ȾɟɘŰɐɟɘɞ Tsai-Wu 

ɇɞ əɟɘŰɐɟɘɞ ŬɡŰɧ ˊŬɟɞɡůɘɎůŰɖəŮ Ŭˊɧ Űɞɡɠ Tsai əŬɘ Wu (1971) ɤɠ ɛɘŬ ˊɚɏɞɜ 

ɔŮɜɘəŮɡɛɏɜɖ ɛɞɟűɐ Űɞɡ əɟɘŰɖɟɑɞɡ Tsai-Hill. ȺəűɟɎɕŮŰŬɘ ɛŮ Űɖ ɛɞɟűɐ ŰɎůŮɤɜ əŬɘ 

ˊŬɟŬɛɞɟűɩůŮɤɜ ɤɠ Ůɝɐɠ: 

1GG

1FF

iijiij

iijiij

¢e+ee

¢s+ss
         (2.81) 

ŪŮɤɟɩɜŰŬɠ Űɖɜ ˊɟɩŰɖ ɏəűɟŬůɖ ɤɠ ˊɟɞɠ Űɘɠ ŰɎůŮɘɠ əŬɘ ŬɜŬˊŰɨůůɞɜŰŬɠ ˊɟɞəɨˊŰŮɘ 

1FFFF2

F2FFF2F

126221112226

12116
2
1266

2
2222112

2
111

¢t+s+s+ts+

+ts+t+s+ss+s
   (2.82) 

ȼ ŬɚɚŬɔɐ ˊɟɞůɐɛɞɡ Űɖɠ ŭɘŬŰɛɖŰɘəɐɠ ŰɎůɖɠ Ű12 ŭŮɜ ˊɟɏˊŮɘ ɜŬ ŮˊɖɟɟŮɎɕŮɘ Űɞ əɟɘŰɐɟɘɞ, 

ɎɟŬ ɞɘ ɧɟɞɘ F16=F26=F6=0.  

 

ȰŰůɘ ɖ ůɢɏůɖ (2.82) ŬˊɚɞˊɞɘŮɑŰŬɘ ůŰɖɜ 

1FFFFF2F 2211
2
1266

2
2222112

2
111 ¢s+s+t+s+ss+s      (2.83) 

Oɘ ɏɝɘ ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ ˊŮɟɘɏɢɞɜŰŬɘ ůŰɖ ůɢɏůɖ (2.83) ůɡůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɘɠ əɟɑůɘɛŮɠ 

ŰɎůŮɘɠ ŬůŰɞɢɑŬɠ Űɞɡ ɡɚɘəɞɨ ɛɏůɤ Ŭˊɚɩɜ ˊŮɘɟŬɛɎŰɤɜ ɛɞɜɞŬɝɞɜɘəɞɨ ŮűŮɚəɡůɛɞɨ,  ɗɚɑɣɖɠ 

əŬɘ əŬɗŬɟɐɠ ŭɘɎŰɛɖůɖɠ. 

ȺűŬɟɛɧɕɞɜŰŬɠ ɛɧɜɞ ů1=X ɐ ů1=Xȭ ɏˊŮŰŬɘ 

1XFX F

1XFXF

1
2

11

1
2

11

=¡+¡

=+  

Ŭˊȭ ɧˊɞɡ ˊɟɞəɨˊŰŮɘ 

XX

1
F11

¡
=           (2.84) 

X

1

X

1
F1

¡
-=           (2.85) 

Ƀɛɞɑɤɠ, ŮűŬɟɛɧɕɞɜŰŬɠ ɛɧɜɞ ů2=Y ɐ ů2=Yȭ ɏˊŮŰŬɘ 

1YFY F

1YFYF

2
2

22

2
2

22

=¡+¡

=+  

Ŭˊȭ ɧˊɞɡ ˊɟɞəɨˊŰŮɘ 

YY

1
F22

¡
=           (2.86) 

Y

1

Y

1
F2

¡
-=           (2.87) 

ɇɏɚɞɠ, ŮűŬɟɛɧɕɞɜŰŬɠ ɛɧɜɞ Ű12=S ɏˊŮŰŬɘ F66S
2
=1 Ŭˊȭ ɧˊɞɡ ˊɟɞəɨˊŰŮɘ 

266
S

1
F =           (2.88) 

ɄŬɟŬɛɏɜŮɘ ŬəɧɛŬ ˊɟɞɠ ɡˊɞɚɞɔɘůɛɧ ɖ ůŰŬɗŮɟɎ F12 ɔɘŬ Űɖɜ ɞˊɞɑŬ ŬˊŬɘŰŮɑŰŬɘ ɏɜŬ 

ŭɘŬɝɞɜɘəɧ ˊŮɑɟŬɛŬ. ɀˊɞɟɞɨɛŮ ɧɛɤɠ ɜŬ ŮəŰɘɛɐůɞɡɛŮ ɗŮɤɟɖŰɘəɎ Űɖɜ F12 ɛŮ Űɞɜ Ŭəɧɚɞɡɗɞ 

Űɟɧˊɞ. ȼ Ůɝɑůɤůɖ Fijůiůj+Fiůi=1 ŮɑɜŬɘ ɛɘŬ əɤɜɘəɐ ŮˊɘűɎɜŮɘŬ. ŪŮɤɟɩɜŰŬɠ Űɖɜ Űɞɛɐ Űɖɠ ɛŮ 

Űɞ ŮˊɑˊŮŭɞ Ű12=0 ɏɢɞɛŮ ɛɘŬ əŬɛˊɨɚɖ Űɖɠ ɛɞɟűɐɠ 

ac4b||

0...
y

F
c

yx

F
b

x

F
a

2

2

22

2

2

-=D

=+
µ

µ
+

µµ

µ
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µ
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ɇɞ ˊɟɧůɖɛɞ Űɖɠ ŭɘŬəɟɑɜɞɡůŬɠ 2211
2
12 FF4F4|| -=D  ɢŬɟŬəŰɖɟɑɕŮɘ Űɖɜ ɛɞɟűɐ Űɖɠ 

əŬɛˊɨɚɖɠ, ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɏɚɚŮɘɣɖ ɔɘŬ |ȹ|<0, ɡˊŮɟɓɞɚɐ ɔɘŬ |ȹ|>0 əŬɘ ˊŬɟŬɓɞɚɐ ɔɘŬ |ȹ|=0. Ƀɘ 

ɛɞɟűɏɠ Űɖɠ ˊŬɟŬɓɞɚɐɠ əŬɘ Űɖɠ ɡˊŮɟɓɞɚɐɠ ŬɜŰɘůŰɞɘɢɞɨɜ ɗŮɤɟɖŰɘəɎ ůŮ ɡɚɘəɧ ɛŮ ɎˊŮɘɟɖ 

ŬɜŰɞɢɐ. ɆɡɜŮˊɩɠ ɖ ɛɧɜɖ ŬˊɞŭŮəŰɐ ɛɞɟűɐ əŬɛˊɨɚɖɠ ŮɑɜŬɘ ɖ ɏɚɚŮɘɣɖ ɛŮ |ȹ|<0. 

ȷŭɘŬůŰŬŰɞˊɞɘɩɜŰŬɠ Űɖɜ ůŰŬɗŮɟɎ F12 ɤɠ Ůɝɐɠ 

2211

12
12

FF

F
F =*  

ˊɟɞəɨˊŰŮɘ ɧŰɘ ɔɘŬ ɜŬ ŮɑɜŬɘ ɖ ɛɞɟűɐ Űɖɠ əŬɛˊɨɚɖɠ ɏɚɚŮɘɣɖ ɗŬ ˊɟɏˊŮɘ 

 1F1 12<<- *  

ȰɢɞɡɛŮ ɚɞɘˊɧɜ ˊɟɞůŭɘɞɟɑůŮɘ ɏɜŬ Ɏɜɤ əŬɘ ɏɜŬ əɎŰɤ ɧɟɘɞ ɔɘŬ Űɖɜ ůŰŬɗŮɟɎ F12. 

ɃɟɑɕɞɜŰŬɠ Ůˊɑůɖɠ 6612222111 Fz ,Fy ,Fx t=s=s= , Űɞ əɟɘŰɐɟɘɞ ɔɑɜŮŰŬɘ: 

1yFxFzyxyF2x 21
22

12
2 ¢+++++ ***  

ɧˊɞɡ 

YY

YY

F

F
F    

XX

XX

F

F
F

22

2
2

11

1
1

¡

-¡
==

¡

-¡
== **  

ɆŰɞ ŮˊɑˊŮŭɞ z=0 (ŭɖɚŬŭɐ ɔɘŬ Ű12=0) ɏɢɞɛŮ 

1yFxFyxyF2x 21
2*

12
2 =++++ **  

əŬɘ ůɡɔəɟɑɜɞɜŰŬɠ ɛŮ Űɞ əɟɘŰɐɟɘɞ von-Mises ɔɘŬ ɘůɧŰɟɞˊŬ ɡɚɘəɎ ˊɞɡ ŮɑɜŬɘ 

1yxyx 22 =+-  

ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ɔɘŬ ŰŬ ɘůɧŰɟɞˊŬ ɡɚɘəɎ ŮɑɜŬɘ 
2
1

12F -=* . ȯɟŬ ɖ Űɘɛɐ 
2
1

12F -=*  ŮɑɜŬɘ  

Ůˊɑůɖɠ ɛɘŬ ŬˊɞŭŮəŰɐ Űɘɛɐ əŬɘ ɔɘŬ ŰŬ ůɨɜɗŮŰŬ ɡɚɘəɎ. 

ŪŮɤɟɩɜŰŬɠ Űɖɜ ɏəűɟŬůɖ Űɞɡ əɟɘŰɖɟɑɞɡ Tsai-Wu ɤɠ ˊɟɞɠ Űɘɠ ˊŬɟŬɛɞɟűɩůŮɘɠ 

(Ůɝ.2.81), ɛˊɞɟɞɨɛŮ ɜŬ ˊɟɞůŭɘɞɟɑůɞɛŮ Űɘɠ ůŰŬɗŮɟɏɠ Gij əŬɘ Gi ŬɜŰɘəŬɗɘůŰɩɜŰŬɠ Űɘɠ  

ŮəűɟɎůŮɘɠ ů1=Q11Ů1+Q12Ů2, ů2=Q12Ů1+Q22Ů2, əŬɘ Ű12=Q66ɔ12 ůŰɖɜ Ŭɟɢɘəɐ ɛɞɟűɐ (2.82). ȷˊɧ 

ŬɡŰɐɜ ˊɟɞəɨˊŰɞɡɜ ɞɘ ŬəɧɚɞɡɗŮɠ Űɘɛɏɠ ɔɘŬ Űɘɠ ůŰŬɗŮɟɏɠ Gij əŬɘ Gi 

2221212

1221111

2
666666

221222
2
1222111212111112

2
2222221212

2
121122

2
1222121112

2
111111

QFQFG

QFQFG

QFG

QQF)QQQ(F2QQFG

QFQQF2QFG

QFQQF2QFG

+=

+=

=

+++=

++=

++=

     

 (3.23) 

əŬɘ ɖ ŬɜŰɑůŰɞɘɢɖ ɏəűɟŬůɖ Űɖɠ (6.17) ŮɑɜŬɘ 

1GGGGG2G 22111266
2
2222112

2
111 ¢e+e+g+e+ee+e      (2.89) 

ɇŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ Űɖɠ ɏəűɟŬůɖɠ Űɞɡ əɟɘŰɖɟɑɞɡ Tsai-Wu ɤɠ ˊɟɞɠ Űɘɠ ˊŬɟŬɛɞɟűɩůŮɘɠ 

ŮɑɜŬɘ 

 Ŭ. Ƀɘ ůŰŬɗŮɟɏɠ Gij əŬɘ Gi ŮɑɜŬɘ ŬŭɘɎůŰŬŰŮɠ. 

 ɓ. Ƀɘ ˊŬɟŬɛɞɟűɩůŮɘɠ ŮɑɜŬɘ ůŰŬɗŮɟɏɠ ɐ ɛŮŰŬɓɎɚɚɞɜŰŬɘ ɔɟŬɛɛɘəɎ ůŮ ɛɘŬ 

ŭɘŬůŰɟɤɛɎŰɤůɖ əŬɘ ůɡɜŮˊɩɠ ɞ ɏɚŮɔɢɞɠ Űɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ ŮɑɜŬɘ ˊɘɞ ŮɡɢŮɟɐɠ Ŭˊɧ Űɞɜ 

ɏɚŮɔɢɞ Űɤɜ ŰɎůŮɤɜ ůŮ əɎɗŮ ůŰɟɩůɖ. 
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2.13 ȹɘŮˊɘűŬɜŮɘŬəɏɠ ŰɎůŮɘɠ ï ŬˊɞəɞɚɚɐůŮɘɠ 

2.13.1 ũŮɜɘəɎ 

ɆŮ ɛɘŬ ˊɚɎəŬ Ŭˊɧ ůɨɜɗŮŰŬ ɡɚɘəɎ ɛŮ ŭŮŭɞɛɏɜɖ ŭɘŬůŰɟɤɛɎŰɤůɖ ɧˊɞɡ ŮɜŮɟɔɞɨɜ 

ŰɏɛɜɞɡůŮɠ Vx əŬɘ Vy ŬɜŬˊŰɨůůɞɜŰŬɘ ŭɘŮˊɘűŬɜŮɘŬəɏɠ ŰɎůŮɘɠ Űzx əŬɘ Űzy. ȹɘŮˊɘűŬɜŮɘŬəɏɠ 

ŰɎůŮɘɠ ɧɛɤɠ ɛˊɞɟɞɨɜ ɜŬ ŬɜŬˊŰɡɢɗɞɨɜ əɞɜŰɎ ůŰɘɠ ɎəɟŮɠ ŭɘŬůŰɟɤɛŬŰɩůŮɤɜ ɢɤɟɑɠ Űɖɜ 

ɨˊŬɟɝɖ ŰŮɛɜɞɡůɩɜ ŭɡɜɎɛŮɤɜ ŬɚɚɎ ɛɧɜɞɜ ɛŮɛɓɟŬɜɘəɩɜ. 

ȺůŰɤ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɛɘŬ ŭɘŬůŰɟɤɛɎŰɤůɖ ˊɎɢɞɡɠ h əŬɘ ˊɚɎŰɞɡɠ 2b ˊɞɡ ɡˊɞɓɎɚɚŮŰŬɘ 

ůŮ ɛɞɜɞŬɝɞɜɘəɧ ŮűŮɚəɡůɛɧ ůx. ɆŰŬ ŮɚŮɨɗŮɟŬ ɎəɟŬ Űɖɠ ɡˊɎɟɢŮɘ ɛɘŬ ɕɩɜɖ ɛŮ ˊɚɎŰɞɠ 

ˊŮɟɑˊɞɡ ɧůɞ əŬɘ Űɞ ˊɎɢɞɠ Űɖɠ ŭɘŬůŰɟɤɛɎŰɤůɖɠ, ɖ ɞˊɞɑŬ ɞɡůɘŬůŰɘəɎ ŰŮɚŮɑ ɡˊɧ ŰɟɘŬɝɞɜɘəɐ 

əŬŰŬˊɧɜɖůɖ. 

 

ɆɢɐɛŬ 22: ɀɞɜŰɏɚɞ ŬɜɎɚɡůɖɠ ŭɘŮˊɘűŬɜŮɘŬəɩɜ ŰɎůŮɤɜ ůŮ ŭɘŬůŰɟɤɛŬŰɤůɖ ɡˊɧ ɛɞɜɞŬɝɞɜɘəɧ 
ŮűŮɚəɡůɛɧ[1] 

ȷ́ ɧ Űɖ ŪŮɤɟɑŬ ȺɚŬůŰɘəɧŰɖŰŬɠ ɏɢɞɛŮ: 

0
zyx

0
zyx

0
zyx

zyzxz

yzyxy

xzxyx

=
µ

µs
+

µ

µt
+

µ

µt

=
µ

µt
+

µ

µs
+

µ

µt

=
µ

µt
+

µ

µt
+

µ

µs

        (2.90) 

ȾɞɜŰɎ ůŰɘɠ ŮɚŮɨɗŮɟŮɠ ɎəɟŮɠ Űɖɠ ŭɘŬůŰɟɤɛɎŰɤůɖɠ ɧˊɞɡ by °=  əŬɘ ů' ɏɜŬ ůŰɞɘɢŮɑɞ 

ɧˊɞɡ 0/ =xx µµs  (ŬɛŮŰɎɓɚɖŰŮɠ), Ŭˊɧ Űɖɜ ˊɟɩŰɖ ˊɟɞəɨˊŰŮɘ 

dz
y

z

2/h

xy
xz ñ

- µ

µt
-=t

         (2.91) 

ŪŮɤɟɞɨɛŮ ɧŰɘ ɖ ŰɎůɖ Űxy ɏɢŮɘ ůŰŬɗŮɟɐ Űɘɛɐ ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ ˊɚɎŰɞɡɠ 2b Űɖɠ 

ŭɘŬůŰɟɤɛɎŰɤůɖɠ, ŬɚɚɎ əɞɜŰɎ ůŰŬ ŮɚŮɨɗŮɟŬ ɎəɟŬ Űɖɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ɛɖŭŮɜɑɕŮŰŬɘ. ɆɡɜŮˊɩɠ, 

əŬɗɩɠ ɖ ŰɎůɖ xyt  ɔɘŬ by °­ , ɖ ɛŮŰŬɓɞɚɐ 
y

xy

µ

µt
 ɗŬ ˊɟɏˊŮɘ ɜŬ ɛŮɔŬɚɩɜŮɘ. ȷɟŬ ɖ ŰɎůɖ Űxz 

ŬɡɝɎɜŮɘ Ŭˊɧ ɛɖŭɏɜ ˊɞɡ ŮɑɜŬɘ ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ ˊɚɎŰɞɡɠ 2b ůŮ ɛɘŬ ˊɞɚɨ ɛŮɔɎɚɖ Űɘɛɐ ůŰŬ 

ɎəɟŬ by °= . 

Ƀɘ ɚɞɘˊɏɠ ŭɨɞ ŭɘŮˊɘűŬɜŮɘŬəɏɠ ŰɎůŮɘɠ Űyz, ůz ŮɑɜŬɘ 
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dz
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2/h
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2/h

y
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µt
-=s

µ

µs
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         (2.92) 

2.13.2 ȷˊɞəɧɚɚɖůɖ ɆŰɟɩůŮɤɜ-ȾɟɘŰɐɟɘŬ 

2.13.2.1 KɟɘŰɐɟɘɞ Kim-Soni 

 ȳŰŬɜ ɖ ŮűŮɚəɡůŰɘəɐ ŮɔəɎɟůɘŬ ŰɎůɖ 
zs  əɞɜŰɎ ůŰŬ ŮɚŮɨɗŮɟŬ ɎəɟŬ ɐ ɎɚɚŮɠ 

ŬůɡɜɏɢŮɘŮɠ ɛɘŬɠ ŭɘŬůŰɟɤɛɎŰɤůɖɠ űɗɎůŮɘ əŬɘ ɡˊŮɟɓŮɑ Űɖɜ ŮűŮɚəɡůŰɘəɐ ŬɜŰɞɢɐ Z ŰɧŰŮ 

ɏɢɞɛŮ Ŭˊɞəɧɚɚɖůɖ ůŰɟɩůŮɤɜ. ɇɞ əɟɘŰɐɟɘɞ ŭɘŬŰɡˊɩɜŮŰŬɘ ɤɠ Ůɝɐɠ 

Zdy)0,y(
b

1 b

bb

z
o

z

o

¢s=s ñ
-         (2.93) 

ɧˊɞɡ bo ŮɑɜŬɘ Űɞ ˊɎɢɞɠ ɛɘŬɠ ůŰɟɩůɖɠ əŬɘ Ȼ ŮɑɜŬɘ ɖ ŬɜŰɞɢɐ əŬŰɎ z. ȼ ŬɜŰɞɢɐ Ȼ ůɡɜɐɗɤɠ 

ɚŬɛɓɎɜŮŰŬɘ ɑůɖ ɛŮ Űɖɜ ŬɜŰɞɢɐ Ɉ. 

2.13.2.2 ũŮɜɘəɧ ȾɟɘŰɐɟɘɞ Brewer-Lagace 

 ɇɞ əɟɘŰɐɟɘɞ ŭɘŬŰɡˊɩɜŮŰŬɘ ɤɠ Ůɝɐɠ 
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      (2.94) 

ɧˊɞɡ: yzxztt , : ɛɏůŮɠ ŭɘŮˊɘűŬɜŮɘŬəɏɠ ŰɎůŮɘɠ 

 
zzss ¡, : ɛɏůŮɠ ŮűŮɚəɡůŰɘəɏɠ-ɗɚɘˊŰɘəɏɠ ŰɎůŮɘɠ 

  Xz, Yz: ŭɘŬŰɛɖŰɘəɏɠ ŬɜŰɞɢɏɠ 

  Ȼ, Ȼȭ: ŮűŮəɚɡůŰɘəɐ əŬɘ ɗɚɘˊŰɘəɐ ŬɜŰɞɢɐ əŬŰɎ z. 

əŬɘ 

 
ls

l
=s ñ

l

d
1 ɛŮůɞ

0

ij
ɛŮůɞ

ij

 

 ɚ: ŬˊɧůŰŬůɖ Ŭˊɧ ɏɜŬ ůɖɛŮɑɞ ŬɜŬűɞɟɎɠ 

 ɚɛɏůɞ: ɛɏůɖ ŬˊɧůŰŬůɖ 

 

2.13.2.3 ɇɟɞˊɞˊɞɘɖɛɏɜɞ ȾɟɘŰɐɟɘɞ Brewer-Lagace 

 ɆŮ ŬɡŰɧ ŮɝŮŰɎɕɞɜŰŬɘ ɛɧɜɞ ɞɘ ŭɘŮˊɘűŬɜŮɘŬəɏɠ ŰɎůŮɘɠ ůz əŬɘ Űxz. ȺɑɜŬɘ 
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õ
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ç

åt

        (2.95) 

ɧˊɞɡ  Ȼ, , zij Xs  ɤɠ ŬɜɤŰɏɟɤ. 

2.14 ɀŮɛɓɟŬɜɘəɐ əŬɘ əŬɛˊŰɘəɐ əŬŰŬˊɧɜɖůɖ 

2.14.1 ũŮɜɘəɎ 

ɀɞɟűɩɜɞɡɛŮ ɛɘŬ ŭɘŬůŰɟɤɛɎŰɤůɖ ɗɏŰɞɜŰŬɠ ˊɞɚɚɏɠ ůŰɟɩůŮɘɠ ɛŬɕɑ ůŮ ůɡɜŮɟɔŬůɑŬ əɎɗŮ 

ɛɑŬ Ůə Űɤɜ ɞˊɞɑɤɜ ɏɢŮɘ Űɘɠ ŭɘəɏɠ Űɖɠ ɘŭɘɧŰɖŰŮɠ əŬɘ ɔŮɤɛŮŰɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ, ɧˊɤɠ 

ˊɎɢɞɠ, əŬŰŮɨɗɡɜůɖ ɘɜɩɜ, ůɡɜŭŮŰɘəɧ ɡɚɘəɧ - ɑɜŮɠ əŬɘ ɚɧɔɞ ůɡɛɛŮŰɞɢɐɠ ɧɔəɞɡ ɘɜɩɜ. ȾɎɗŮ 

ŭɘŬůŰɟɤɛɎŰɤůɖ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ Ŭˊɧ Űɞɜ əɩŭɘəŬ ŬɚɚɖɚɞɡɢɑŬɠ ˊɞɡ ˊŮɟɘɔɟɎűŮɘ Űɖɜ ɗɏůɖ 

əɎɗŮ ůŰɟɩůɖɠ ɛɏůŬ ůŰɞ ůɡɜɞɚɘəɧ ˊɎɢɞɠ h Űɖɠ ŭɘŬůŰɟɤɛɎŰɤůɖɠ. ȿŬɛɓɎɜŮŰŬɘ ɤɠ ŮˊɑˊŮŭɞ 

ŬɜŬűɞɟɎɠ Űɞ ɛɏůɞ ŮˊɑˊŮŭɞ Űɖɠ ŭɘŬůŰɟɤɛɎŰɤůɖɠ  ˊɞɡ ɓɟɑůəŮŰŬɘ ůŰɖɜ ɗɏůɖ h/2. ȰůŰɤ ɧŰɘ 

əɎɗŮ ůŰɟɩůɖ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ Űɞ ɑŭɘɞ ɡɚɘəɧ əŬɘ ˊɎɢɞɠ. ȷɜ ɏɢɞɡɛŮ ɕɡɔɧ Ŭɟɘɗɛɧ ůŰɟɩůŮɤɜ 

ŭɘŬŰŮŰŬɔɛɏɜɤɜ ůɡɛɛŮŰɟɘəɎ ɤɠ ˊɟɞɠ Űɞ ɛɏůɞ ŮˊɑˊŮŭɞ [ɗ(z)=ɗ(-z)] ŰɧŰŮ ɖ ŭɘŬůŰɟɤɛɎŰɤůɖ 

ɚɏɔŮŰŬɘ ůɡɛɛŮŰɟɘəɐ. 

ȼ Ŭɟɑɗɛɖůɖ ŬɟɢɑɕŮɘ Ŭˊɧ ŰŬ ŬɟɜɖŰɘəɎ z ˊɟɞɠ ŰŬ ɗŮŰɘəɎ (əɎŰɤ ˊɟɞɠ ŰŬ ŮˊɎɜɤ). Ƀ 

ŭŮɑəŰɖɠ S ůɖɛŬɑɜŮɘ ůɡɛɛŮŰɟɑŬ ɤɠ ˊɟɞɠ Űɞ ɛɏůɞ ŮˊɑˊŮŭɞ, Ůɜɩ ɞ ŭŮɑəŰɖɠ ɇ ŬɜŬűɏɟŮŰŬɘ ůŰɞ 

ůɡɜɞɚɘəɧ ˊɎɢɞɠ h. ȷɜ ɏɢɞɛŮ ŭɑˊɚŬ ŭɨɞ ɐ ˊŮɟɘůůɧŰŮɟŮɠ ůŰɟɩůŮɘɠ ɛŮ Űɖɜ ɑŭɘŬ ɔɤɜɑŬ 

əŬŰŮɨɗɡɜůɖɠ ɗ, ŰɧŰŮ ŬɡŰɏɠ ŬˊɞŰŮɚɞɨɜ ɞɛɎŭŬ əŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ůŰɟɩůŮɤɜ Űɖɠ ɞɛɎŭŬɠ 

ɛˊŬɑɜŮɘ ůŬɜ ŭŮɑəŰɖɠ, ˊ.ɢ. [03/902/452/-452]S. Ɇɡɜɐɗɤɠ ůŰɞ ɛɏůɞ ŮˊɑˊŮŭɞ ŰɞˊɞɗŮŰŮɑŰŬɘ 

ˊɡɟɐɜŬɠ ˊɎɢɞɡɠ 2zc Ŭˊɧ ŬůɗŮɜɏɠ ɡɚɘəɧ. 

 

ɆɢɐɛŬ 23:ɆɨůŰɖɛŬ Ŭɝɧɜɤɜ ɡɚɘəɞɨ ŭɘŬůŰɟɤɛɎŰɤůɖɠ 

2.14.2 ɀŮɛɓɟŬɜɘəɐ ŬəŬɛɣɑŬ 

ȹŮɢɧɛŬůŰŮ ůŰŬɗŮɟɐ ˊŬɟŬɛɧɟűɤůɖ əŬŰɎ Űɞ ˊɎɢɞɠ Űɖɠ ŭɘŬůŰɟɤɛɎŰɤůɖɠ, ŭɖɚŬŭɐ ŮɑɜŬɘ 
o
xxx )0()z( e=e=e  
o
yyy )0()z( e=e=e          (2.96) 

o
xyxyxy )0()z( g=g=g  

Ⱥˊɑůɖɠ ɞɟɑɕɞɡɛŮ ɓɞɖɗɖŰɘəɎ Űɖɜ ɛɏůɖ ŰɎůɖ s, ɞˊɧŰŮ ɏɢɞɡɛŮ: 
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         (2.97) 

əŬɘ ŬɜŰɘəŬɗɘůŰɩɜŰŬɠ Űɖɜ ůɢɏůɖ ŰɎůŮɤɜ-ˊŬɟŬɛɞɟűɩůŮɤɜ {ů}=[Q]{Ů}, ˊɢ. ůŰɖɜ ˊɟɩŰɖ 

Ůə Űɤɜ (2.97) ˊɟɞəɨˊŰŮɘ 
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ɀŮŰŬɗɏŰɞɜŰŬɠ ůŰɞ ŬɟɘůŰŮɟɧ ɛɏɚɞɠ Űɖɠ ˊŬɟŬˊɎɜɤ ůɢɏůŮɤɠ Űɞ ˊɎɢɞɠ h əŬɘ ɞɟɑɕɞɜŰŬɠ 

Űɖɜ ɛŮɛɓɟŬɜɘəɐ ŭɨɜŬɛɖ Nx ɤɠ Űɞ ɔɘɜɧɛŮɜɞ xs h ɏɢɞɡɛŮ Űɖɜ ɏəűɟŬůɖ 

xy16y12x11xx AAAhN g+e+e=s=
       (2.98)

 

ȼ ɛŮɛɓɟŬɜɘəɐ ŭɟɎůɖ Ɂx ŮɑɜŬɘ Ŭɝɞɜɘəɐ ŭɨɜŬɛɖ ŬɜɎ ɛɞɜɎŭŬ ɛɐəɞɡɠ ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ 

ůŰɞ ɛɏůɞ ŮˊɑˊŮŭɞ Űɖɠ ŭɘŬůŰɟɤɛɎŰɤůɖɠ əŬɘ ɞɡůɘŬůŰɘəɎ ŬˊɞŰŮɚŮɑ Űɞ ɎɗɟɞɘůɛŬ Űɤɜ 

Ůˊɘɛɏɟɞɡɠ ŭɡɜɎɛŮɤɜ ˊɞɡ ŬɜŬˊŰɨůůɞɜŰŬɘ ůŮ əɎɗŮ ůŰɟɩůɖ. ȾŬɗȭ ɧɛɞɘɞ Űɟɧˊɞ ɞɟɑɕɞɜŰŬɘ ɞɘ 

ɛŮɛɓɟŬɜɘəɏɠ ŭɡɜɎɛŮɘɠ Ny əŬɘ Nxy. 

ɃɟɑɕɞɜŰŬɠ ɚɞɘˊɧɜ Űɞɡɠ ɧɟɞɡɠ ɛŮɛɓɟŬɜɘəɐɠ ŬəŬɛɣɑŬɠ 
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ijij dzQA , i,j=1,2,6       (2.99) 

ɛˊɞɟɞɨɛŮ ɜŬ ɔɟɎɣɞɡɛŮ Űɖɜ ůɢɏůɖ ŰɎůŮɤɜ-ˊŬɟŬɛɞɟűɩůŮɤɜ ˊɞɡ ˊɟɞəɨˊŰŮɘ ɛŮŰɎ Űɖɜ 

ɞɚɞəɚɐɟɤůɖ Űɤɜ ŰɎůŮɤɜ ɤɠ ˊɟɞɠ Űɞ ˊɎɢɞɠ Űɖɠ ŭɘŬůŰɟɤɛɎŰɤůɖɠ ɤɠ Ůɝɐɠ: 
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ɧˊɞɡ ɞɘ ɧɟɞɘ Aij ɚɏɔɞɜŰŬɘ ɛŮɛɓɟŬɜɘəɏɠ ŬəŬɛɣɑŮɠ Űɖɠ ŭɘŬůŰɟɤɛɎŰɤůɖɠ əŬɘ ɏɢɞɡɜ 

ɛɞɜɎŭŮɠ əŬŰŬɜŮɛɖɛɏɜɖɠ ŭɨɜŬɛɖɠ. 

ȷɜŰɘůŰɟɏűɞɜŰŬɠ Űɖɜ ˊŬɟŬˊɎɜɤ ůɢɏůɖ ˊŬɑɟɜɞɡɛŮ 
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ɧˊɞɡ ɞɘ ɧɟɞɘ aij ŮɑɜŬɘ ɞɘ ɛŮɛɓɟŬɜɘəɞɑ ɧɟɞɘ ŮɡəŬɛɣɑŬɠ Űɖɠ ŭɘŬůŰɟɤɛɎŰɤůɖɠ. 

ȷɜ əɎɗŮ ůŰɟɩůɖ k ɏɢŮɘ ˊɎɢɞɠ tk ŰɧŰŮ ɖ ůɢɏůɖ (2.99) ɔɑɜŮŰŬɘ: 
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2.14.3 ȺɜŮɟɔɎ ɛɏɟŬ ŮɚŬůŰɘəɧŰɖŰŬɠ 

ɀɑŬ ŭɘŬůŰɟɤɛɎŰɤůɖ ůɡɛˊŮɟɘűɏɟŮŰŬɘ ůŬɜ ɏɜŬ ɜɏɞ ɡɚɘəɧ ɛŮ əŬɘɜɞɨɟɘŮɠ ɘŭɘɧŰɖŰŮɠ əŬɘ 

ɛˊɞɟɞɨɛŮ ɜŬ ɞɟɑůɞɡɛŮ ŰŬ ŮɜŮɟɔɎ ɛɏŰɟŬ ŮɚŬůŰɘəɧŰɖŰŬɠ ɤɠ Ŭəɞɚɞɨɗɤɠ: 
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ȼ ɏɜɜɞɘŬ Űɞɡ ŮɜŮɟɔɞɨ ɛɏŰɟɞɡ ŮɚŬůŰɘəɧŰɖŰŬɠ ŮɛˊŮɟɘɏɢŮɘ ɧɚŮɠ Űɘɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɞ 

ůɨɜɗŮŰɞ ɡɚɘəɧ, ɧˊɤɠ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ Ůˊɘɛɏɟɞɡɠ ɡɚɘəɩɜ, Űɞɡɠ ɚɧɔɞɡɠ ůɡɛɛŮŰɞɢɐɠ Űɞɡɠ, 

əŬɗɩɠ əŬɘ Űɞɜ ˊɟɞůŬɜŬŰɞɚɘůɛɧ əŬɘ ŰŬ ˊɎɢɖ əɎɗŮ ůŰɟɩůŮɤɠ. 
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2.15 ɄŮɘɟŬɛŬŰɘəɐ ŬɜŰɞɢɐ ůɨɜɗŮŰɤɜ ɡɚɘəɩɜ. 

2.15.1 ũŮɜɘəɎ 

ȿɧɔɤ Űɤɜ Ůɘŭɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ ůɨɜɗŮŰɤɜ ɡɚɘəɩɜ , ɧˊɤɠ ɖ ŬɜɘůɞŰɟɞˊɑŬ, ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɞ ɔɘŬ Űɖɜ əŬŰŬɜɧɖůɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ ɡɚɘəɩɜ ŬɡŰɩɜ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ˊŮɘɟŬɛŬŰɘəɏɠ ɛŮŰɟɐůŮɘɠ. Ⱥŭɩ ɗŬ ŬɜŬűɏɟɞɡɛŮ ůɡɜɞˊŰɘəɎ Űɘɠ ɛŮɗɧŭɞɡɠ 

ɞɘ ɞˊɞɑŮɠ ŮűŬɟɛɧɕɞɜŰŬɘ ůŰɘɠ ˊŮɘɟŬɛŬŰɘəɏɠ ɛŮŰɟɐůŮɘɠ. 

2.15.1.1 ȹɞəɘɛɏɠ ɘɜɩɜ 

ȼ ŮűŮɚəɡůŰɘəɐ ŬɜŰɞɢɐ əŬɘ Űɞ ɛɏŰɟɞ ŮɚŬůŰɘəɧŰɖŰŬɠ Ⱥ Űɤɜ ɘɜɩɜ ɡˊɧ ůŰŬŰɘəɐ 

ɛɞɜɞŬɝɞɜɘəɐ əŬŰŬˊɧɜɖůɖ əŬŰɎ Űɖ ŭɘŬɛɐəɖ Űɞɡɠ ɏɜɜɞɘŬ ɛˊɞɟŮɑ ɜŬ əŬɗɞɟɘůŰŮɑ ɓɎůɖ Űɞɡ 

ˊɟɞŰɨˊɞɡ ASTM D 3379. 

2.15.1.2 ȹɞəɘɛɏɠ ɛɖŰɟɩɤɜ əŬɗŬɟɐɠ ɟɖŰɑɜɖɠ 

ȼ ŰɎůɖ ŭɘŬɟɟɞɐɠ ůŮ ŮűŮɚəɡůɛɧ , ɖ ŮűŮɚəɡůŰɘəɐ ŬɜŰɞɢɐ, Űɞ ɛɏŰɟɞ ŮɚŬůŰɘəɧŰɖŰŬɠ əŬɘ ɖ 

Ůˊɘɛɐəɡɜůɖ Űɤɜ ŭɞəɘɛɑɤɜ ɛɖŰɟɩɤɜ əŬɗŬɟɐɠ ɟɖŰɑɜɖɠ ɛˊɞɟɞɨɜ ɜŬ əŬɗɞɟɘůŰɞɨɜ ɛŮ ɓɎůɖ Űɖ 

ɛɏɗɞŭɞ ˊɞɡ ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɞ ˊɟɧŰɡˊɞ ASTM D 638-90 ɔɘŬ Űɘɠ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ 

ˊɚŬůŰɘəɩɜ ůŮ ŮűŮɚəɡůɛɧ. 

2.15.2 ɀŮŰɟɐůŮɘɠ ɓŬůɘəɩɜ ɘŭɘɞŰɐŰɤɜ ůɨɜɗŮŰɤɜ ɡɚɘəɩɜ 

2.15.2.1 ȹɞəɘɛɏɠ ŮűŮɚəɡůɛɞɨ 

Ƀɘ ŮűŮɚəɡůŰɘəɏɠ ŬɜŰɞɢɏɠ ůŰɟɩůŮɤɜ ɉ əŬɘ Ɉ , ŰŬ ɛɏŰɟŬ ŮɚŬůŰɘəɧŰɖŰŬɠ Ⱥ1 əŬɘ Ⱥ2 əŬɘ ɞɘ 

ůɡɜŰŮɚŮůŰɏɠ Poisson ɜ12 əŬɘ ɜ21 ɛˊɞɟɞɨɜ ɜŬ ˊɟɞůŭɘɞɟɘůŰɞɨɜ Ŭˊɧ ŭɞəɑɛɘŬ ůŮ ŭɘŬɛɐəɖ (0Ü) 

əŬɘ ŮɔəŬɟůɘɞ (90Ü) ˊɟɞůŬɜŬŰɞɚɘůɛɧ ɘɜɩɜ ůɨɛűɤɜŬ ɛŮ Űɖ Űɡˊɞˊɞɘɖɛɏɜɖ ɛɏɗɞŭɞ ŭɞəɘɛɐɠ 

ASTM 3039-00. 

2.15.2.2 ȹɞəɘɛɏɠ ɗɚɑɣɖɠ 

ȼ ˊɟɧŰɡˊɖ ɛɏɗɞŭɞɠ ŭɞəɘɛɐɠ ASTM D3410 ŮűŬɟɛɧɕŮŰŬɘ ɔɘŬ Űɞ ɡˊɞɚɞɔɘůɛɧ Űɖɠ 

ɗɚɘˊŰɘəɐɠ ŬɜŰɞɢɐɠ əŬɘ Űɞ ɛɏŰɟɞ ŮɚŬůŰɘəɧŰɖŰŬɠ. 

2.15.2.3 ȹɞəɘɛɏɠ ŭɘɎŰɛɖůɖɠ ŮɜŰɧɠ Ůˊɘˊɏŭɞɡ 

Ƀɘ ŮɜŰɧɠ Ůˊɘˊɏŭɞɡ ɘŭɘɧŰɖŰŮɠ Ůɜɧɠ ůɨɜɗŮŰɞɡ ɡɚɘəɞɨ ŭŮɜ ŮɑɜŬɘ ŬˊŬɟŬɘŰɐŰɤɠ ɑůŮɠ ɛŮ Űɘɠ 

ŭɘŬŰɛɖŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ əŬŰɎ Űɖɜ ɏɜɜɞɘŬ Űɞɡ ˊɎɢɞɡɠ. ȾŬŰŬ ůɡɜɏˊŮɘŬ ŬˊŬɘŰɞɨɜŰŬɘ ɛɏɗɞŭɞɘ 

ŭɞəɘɛɐɠ ˊɞɡ ŮűŬɟɛɧɕɞɡɜ əŬɗŬɟɐ ŭɘɎŰɛɖŰɘəɐ űɧɟŰɘůɖ əŬɘ əŬŰɎ Űɘɠ ŭɨɞ ɏɜɜɞɘŮɠ. ɆɨɛűɤɜŬ 

ɛŮ Űɞɜ Whitney , ɞɘ ŰɏůůŮɟɘɠ ŮɡɟɨŰŬŰŬ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŮɠ ɛɏɗɞŭɞɘ ŭɞəɘɛɩɜ ɔɘŬ Űɖ ɛɏŰɖůɖ 

Űɤɜ ŮɜŰɧɠ Ůˊɘˊɏŭɞɡ ŭɘŬŰɛɖŰɘəɩɜ ɘŭɘɞŰɐŰɤɜ Ůɜɧɠ ůɨɜɗŮŰɞɡ ɡɚɘəɞɨ ɛŮ ŮɜɘŬɑɞ 

ˊɟɞůŬɜŬŰɞɚɘůɛɧ ɘɜɩɜ ŮɑɜŬɘ: ɞ ɛɞɜɞŬɝɞɜɘəɧɠ ŮűŮɚəɡůɛɧɠ ŭɘŬůŰɟɤɛɎŰɤůɖɠ ɡˊɧ ɔɤɜɑŬ 

[Ñ45Ü]s,ɞ ɛɞɜɞŬɝɞɜɘəɧɠ ŮűŮɚəɡůɛɧɠ ůŰɟɩůɖɠ ɡˊɧ ɔɤɜɑŬ, ɖ ŭɞəɘɛɐ ůŮ ŭɘɎŰɛɖůɖ ɛŮ 

əɨɚɘůŰɟŬ əŬɘ ɖ ŭɞəɘɛɐ ůŮ əŬɗŬɟɐ ůŰɟɏɣɖ. 
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2.15.2.4 ȹɞəɘɛɏɠ ŭɘɎŰɛɖůɖɠ ůŮ ŭɘŮˊɘűɎɜŮɘŮɠ ůŰɟɩůŮɤɜ 

ȺəŰɧɠ Ŭˊɧ Űɖ ŭɞəɘɛɐ Iosipescu ɡˊɎɟɢŮɘ əŬɘ ɛɘŬ Ɏɚɚɖ ŭɞəɘɛɐ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ 

Űɖ ŭɘŮˊɘűŬɜŮɘŬəɐ ŭɘŬŰɛɖŰɘəɐ ŬɜŰɞɢɐ əŬɘ ɖ ɞˊɞɘŬ ɞɜɞɛɎɕŮŰŬɘ çŭɞəɘɛɐ ŭɘɎŰɛɖůɖɠ ɓɟŬɢŮɑŬɠ 

ŭɞəɞɨè. ɄɟɏˊŮɘ ɤůŰɧůɞ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ŰŬ ŬˊɞŰŮɚɏůɛŬ ŬɡŰɞɨ Űɞɡ Űɨˊɞɡ ŭɞəɘɛɐɠ ŭŮɜ 

ˊɟɏˊŮɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɖ ůɢŮŭɑŬůɖ Űɤɜ ůɨɜɗŮŰɤɜ ɡɚɘəɩɜ. ȼ ŭɞəɘɛɐ ɔɑɜŮŰŬɘ əŬŰɎ 

Űɞ ˊɟɧŰɡˊɞ ASTM D-2344. 

2.15.2.5 ȹɞəɘɛɏɠ Ŭˊɚɐɠ əɎɛɣɖɠ 

ȷɜŰɑɗŮŰŬ ɛŮ ɧŰɘ ůɡɛɓŬɑɜŮɘ ůŰŬ ɞɛɞɘɞɔŮɜɐ əŬɘ ɘůɧŰɟɞˊŬ ɡɚɘəɎ, ŰŬ ůɨɜɗŮŰŬ ɛŮ 

ŭɘŬůŰɟɤɛɎŰɤůɖ ŭŮɜ ɏɢɞɡɜ Űɘɠ ɑŭɘŮɠ əŬɛˊŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ ɛŮ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ Ŭɝɞɜɘəɏɠ.         

ȼ ɛɏɗɞŭɞɠ ŭɞəɘɛɐɠ ASTM D 790 ˊɟɞɓɚɏˊŮɘ ŭɞəɘɛɐ əɎɛɣɖɠ Űɟɘɩɜ əŬɘ ŰŮůůɎɟɤɜ ůɖɛŮɑɤɜ 

əŬɘ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əŬɘ ůŰŬ ůɨɜɗŮŰŬ ɛŮ ŭɘŬůŰɟɤɛɎŰɤůɖ. 

2.15.2.6 ȹɞəɘɛɏɠ ŭɘŮˊɘűŬɜŮɘŬəɐɠ ɗɟŬɨůɖɠ 

Ƀɘ ŭɞəɘɛɏɠ ŭɘŮˊɘűŬɜŮɘŬəɐɠ ɗɟŬɨůɖɠ ŮɑɜŬɘ ˊɞɚɨ ůɖɛŬɜŰɘəɏɠ əŬɗɩɠ ɏɢŮɘ ɛŮɔɎɚɖ ůɖɛŬůɑŬ 

ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɞ ɟɡɗɛɧ ŬˊŮɚŮɡɗɏɟɤůɖɠ ŮɜɏɟɔŮɘŬɠ ˊŬɟŬɛɧɟűɤůɖɠ ɔɘŬ Űɞ 

ɢŬɟŬəŰɖɟɘůɛɧ Űɖɠ ŬɜɗŮəŰɘəɧŰɖŰŬɠ ůŮ ŭɘŮˊɘűŬɜŮɘŬəɖ ɗɟŬɨůɖ. 

2.15.2.7 ȹɞəɘɛɏɠ ůɡɜɎűŮɘŬɠ ɘɜɩɜ ɛɖŰɟɩɞɡ 

ȼ ɧůɞ Űɞ ŭɡɜŬŰɧɜ əŬɚɐ ůɡɜɎűŮɘŬ ɛŮŰŬɝɨ ɘɜɩɜ əŬɘ ɛɖŰɟɩɞɡ ŬˊŬŰŮɚŮɑ ɗŮɛŮɚɘɩŭɖ 

ŬˊŬɑŰɖůɖ ŮŬɜ ɏɜŬ ůɨɜɗŮŰɞ ɡɚɘəɧ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɤɠ ŭɞɛɘəɧ ɡɚɘəɧ əŬɘ ɖ 

ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ ůɡɜɎűŮɘŬɠ ɛˊɞɟŮɑ ɜŬ ɚɎɓŮɘ ɢɩɟŬ ɛɧɜɞ Ŭɜ ɏɢɞɡɛŮ ŬɝɘɧˊɘůŰŮɠ ɛŮɗɧŭɞɡɠ 

ɔɘŬ Űɖ ɛɏŰɟɖůɖ ŬɡŰɐɠ. ȰɜŬ ŭɞəɑɛɘɞ ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛɘŬ ɑɜŬ ŮɜůɤɛŬŰɤɛɏɜɖ ůŮ ɏɜŬ 

ŭɞəɑɛɘɞ ɛɖŰɟɩɞɡ ɡˊɞɓɎɚŮŰŬɘ ůŮ ŮűŮɚəɡůɛɧ əŬɘ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŮ ɛɘəɟɞůəɧˊɘɞ Ůɤɠ ɧŰɞɡ ɖ 

ɑɜŬ ůˊɎůŮɘ ůŮ ŰɛɐɛŬŰŬ ˊɞɡ ŬɜŰɘůŰɞɘɢɞɨɜ ůŮ əɟɑůɘɛɞ ɛɐəɞɠ Lc. 
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3 ɄŮɘɟŬɛŬŰɘəɧ ɀɏɟɞɠ 

3.1 ũŮɜɘəɎ 

ɇɞ ɡˊɧ ˊŮɘɟŬɛŬŰɘəɐ ŭɘŮɟŮɨɜɖůɖ Űɤɜ ɘŭɘɞŰɐŰɤɜ Űɞɡ ˊŬɜɏɚɞ Űɖɠ ŮŰŬɘɟɑŬɠ Air Logistics 

Corporation, ɛˊɞɟŮɑ ɜŬ ɢŬɟŬəŰɖɟɘůŰŮɑ ɤɠ əŬɛˊɡɚɧɛɞɟűɖ (ñwaffleò pattern) ɚŮˊŰɧŰɞɘɢɖ 

ˊɚɎəŬ əŬŰŬɜɞɛɐɠ ŰɎůŮɤɜ əŬŰŬůəŮɡŬůɛɏɜɖ Ŭˊɧ ůɨɜɗŮŰŬ ɡɚɘəɎ, ɖ ɞˊɞɑŬ ŰɞˊɞɗŮŰɞɨɛŮɜɖ 

Ůˊɑ  ŮŭɎűɞɡɠ (ŮˊɘŭɘɩəŮŰŬɘ ůɡɜɐɗɤɠ ɜŬ ŮɑɜŬɘ ɛŮŰɎ Ŭˊɧ ŭɘŬɛɧɟűɤůɖ ɞɟɘɕɧɜŰɘɞ) əŬŰŬɜɏɛŮɘ 

ŰŬ űɞɟŰɑŬ Űɟɞɢɞűɧɟɤɜ ɞɢɖɛɎŰɤɜ. 

ɇŬ ɔŮɤɛŮŰɟɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ůŰŬ ˊɟɞɠ ɢɟɐůɖ ŰŮɛɎɢɘŬ ŮɑɜŬɘ 14,80 m 

ɛɐəɞɠ əŬɘ 3,70m ˊɚɎŰɞɠ. ūɏɟɞɡɜ əɞɚɞɟɞəɤɜɘəɏɠ Ůůɞɢɏɠ əŬɘ Ůɝɞɢɏɠ ɛŮ ŭɘŬůŰɎůŮɘɠ 

ŭɘɎɛŮŰɟɞɠ ɛŮɔɎɚɞɡ əɨəɚɞɡ 70,5 mm ŭɘɎɛŮŰɟɞɠ ɛɘəɟɞɨ əɨəɚɞɡ 30mm ɨɣɞɠ 12mm ůŮ 

ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜŬ ůŰɞɘɢŮɑŬ(modules) ŭɘŬůŰɎůŮɤɜ 30x30 cm. ɄɟɞəŮɘɛɏɜɞɡ ɜŬ 

ŬɜŬˊŬɟɎɝɞɡɛŮ ŬɡŰɐ ůŮ ůɢŮŭɘŬůŰɘəɎ ɛɞɜŰɏɚŬ (cad), ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɛŮŰɟɐůŮɘɠ ɛŮ 

ɛɘəɟɧɛŮŰɟɞ əŬɘ ˊŬɢɨɛŮŰɟɞ.  

ȹɘŬˊɘůŰɩɗɖəŮ ɧɛɤɠ ɛŮŰɎ Ŭˊɧ ˊŬɟŬŰɐɟɖůɖ Űɖɠ ŮˊɘűɎɜŮɘŬɠ əŬɘ ɛŮ ŮˊɘɓŮɓŬɑɤůɖ Ŭˊɧ Űɘɠ 

ɛŮŰɟɞɨɛŮɜŮɠ ŭɘŬůŰɎůŮɘɠ ɧŰɘ ɧɚɖ ɖ əŬŰŬůəŮɡɐ ůŰɖɟɑɕŮŰŬɘ ůŰɞ Ŭˊɚɧ ůɢɐɛŬ Űɞɡ əɧɚɞɟɞɡ 

əɩɜɞɡ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ůɢɐɛŬ 25.  

  

 ɇŬ ɡɚɘəɎ ŰŬ ɞˊɞɑŬ ůɡɜɗɏŰɞɡɜ Űɖɜ ˊɚɎəŬ ŮɑɜŬɘ ˊɘɗŬɜɩɠ 6 ɡŬɚɞɦűɎůɛŬŰŬ ɛɞɜɐɠ 

əŬŰŮɨɗɡɜůɖɠ (unidirectiɞnal) ɛŮ ˊɘɗŬɜɐ ˊɞɚɡŮůŰŮɟɘəɐ ɛɐŰɟŬ. ȷɜŬűɏɟŮŰŬɘ ɤɠ ˊɘɗŬɜɐ 

ˊɞɚɡŮůŰŮɟɘəɐ ɛɖŰɟŬ (matrix) əŬɗɩɠ ŭŮɜ ɡˊɐɟɢŬɜ ůŰɞɘɢŮɑŬ ɔɘŬ Űɘɠ ɘŭɘɧŰɖŰŮɠ əŬɘ Űɞɜ Űɨˊɞ 

Űɖɠ ɛɐŰɟŬɠ. Ƀ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɤɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ Ůˊɘɛɏɟɞɡɠ ɡɚɘəɩɜ əŬŰɏůŰɖ ůɢŮŰɘəɎ 

ŬŭɨɜŬŰɞɠ əŬɗɩɠ ŭŮɜ ɛˊɞɟɞɨůŮ ɜŬ ˊɟɞůŭɘɞɟɘůŰŮɑ Űɧůɞ Űɞ Ŭɟɢɘəɧ ɡɚɘəɧ ůŰɖ űɎůɖ 

əŬŰŬůəŮɡɐɠ ɧůɞ əŬɘ ɞɘ ɘŭɘɞŰɖŰɏɠ Űɞɡ ɛŮŰɎ Űɖɜ ˊɞɚɡŮŰɐ ɢɟɐůɖ Űɞɡ. ȼ ɛŮɗɞŭɞɚɞɔɑŬ ˊɞɡ 

ŮˊɘɚɏɢɗɖəŮ, əŬɗɩɠ ɡˊɐɟɢŬɜ ˊɞɚɚɏɠ ŬɓŮɓŬɘɧŰɖŰŮɠ,  ɐŰŬɜ ɜŬ əŬŰŬůəŮɡŬůŰɞɨɜ ɜɏŮɠ 

ůɡɜɗɏůŮɘɠ ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ ŭɘŬůŰɎůŮɘɠ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɛɘŬ ˊɟɞůɏɔɔɘůɖ Űɤɜ 

Ŭɟɢɘəɩɜ ɘŭɘɞŰɐŰɤɜ, ɛŮ ůəɞˊɧ ɜŬ ŮɑɛŬůŰŮ ůŮ ɗɏůɖ ůŰɖ ůɡɜɏɢŮɘŬ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɞɨɛŮ 

ŬɟɘɗɛɖŰɘəɏɠ ŬɜŬɚɨůŮɘɠ ɔɘŬ Űɖɜ Ŭɨɝɖůɖ Űɤɜ ɘŭɘɞŰɐŰɤɜ ɛɏůɤ ŮˊŮɛɓɎůŮɤɜ.         

 

ɆɢɐɛŬ 24:ȹɘŬˊɘůŰŮɡɛɏɜŬ ɧɟɔŬɜŬ ɛŮŰɟɐůŮɤɜ 

 

ɆɢɐɛŬ 25: ɀɞɟűɞɚɞɔɑŬ ŮˊɘűɎɜŮɘŬɠ ɀɃɀȷɇ 
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3.2 ɀŮɗɞŭɞɚɞɔɑŬ ˊɟɞůŭɘɞɟɘůɛɞɨ ŭɞəɘɛɑɤɜ Ůɚɏɔɢɞɡ 

3.2.1 ũŮɜɘəɎ 

Ƀ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɤɜ ŬˊŬɟŬɑŰɖŰɤɜ ŭɞəɘɛɑɤɜ ɔɘŬ Űɖ ˊŮɘɟŬɛŬŰɘəɐ ŭɘŮɟŮɨɜɖůɖ 

ɓŬůɑůŰɖəŮ ůŰɘɠ ŬˊŬɘŰɐůŮɘɠ Űɞɡ ˊɟɞɓɚɐɛŬŰɞɠ. Ƀɘ ŬˊŬɘŰɐůŮɘɠ ɔɘŬ ɏɚŮɔɢɞ űɏɟɞɡůŬɠ 

ɘəŬɜɧŰɖŰŬɠ Űɞɡ ɛɖŰɟɘəɞɨ ɡɚɘəɞɨ (Ůɜɘůɢɡɛɏɜɞɡ əŬɘ ɛɖ) ůŮ ŮˊɘűɎɜŮɘŬ űɧɟŰɘůɖɠ ɑůɖ ɛŮ Űɞ 

ɛɞŰɑɓɞ əŬŰŬůəŮɡɐɠ əŬɘ ŰŬɡŰɧɢɟɞɜŬ ŭɘŬůŰɎůŮɤɜ Űɤɜ ɛŮŰŬɚɚɘəɩɜ ˊɚŬəɩɜ Űɖɠ ɛɖɢŬɜɐɠ 

ůɡɛˊɑŮůɖɠ 30x30 cm ɛŬɠ ɞŭɐɔɖůŮ ˊɟɞűŬɜɩɠ ůŰɖ əɞˊɐ ŰŮŰɟɎɔɤɜɤɜ əŬɛˊɡɚɧɛɞɟűɤɜ 

ŭɞəɘɛɑɤɜ ůŮ ŬɡŰɏɠ Űɘɠ ŭɘŬůŰɎůŮɘɠ. ɀŮŰɎ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ űɏɟɞɡůŬɠ ɘəŬɜɧŰɖŰŬɠ 

ɏˊɟŮˊŮ ɜŬ ŮɚŮɔɗŮɑ ɖ ŮˊɑŭɟŬůɖ Űɤɜ ŮˊŮɛɓɎůŮɤɜ ůŰɖɜ əŬɛˊɡɚɧŰɖŰŬ Űɞɡ ɡɚɘəɞɨ əŬɗɩɠ 

ŮˊɘŭɟɎ ůŰɖɜ ŬˊɞɗɐəŮɡůɖ əŬɘ ɛŮŰŬűɞɟɎ Űɖɠ ůɡɚɚɞɔɐɠ. ȷɜŰɑůŰɞɘɢŬ əŬŰŬůəŮɡɎůŰɖəŬɜ  əŬɘ 

ɜɏŬ ŭɞəɑɛɘŬ ŭɘŬűɧɟɤɜ ůɡɜɗɏůŮɤɜ Ŭˊɧ ˊɚŮɡɟɎɠ ˊɎɢɞɡɠ Ůɜɩ ŰŬ Ůˊɘɛɏɟɞɡɠ ɡɚɘəɎ 

ˊŬɟɏɛŮɘɜŬɜ ŰŬ ɑŭɘŬ. 

3.2.2 ȾŬɛˊɡɚɧɛɞɟűŬ ŰŮŰɟŬɔɤɜɘəŬ ŭɞəɑɛɘŬ ŭɘŬůŰɎůŮɤɜ 30x30 cm 

ȾŬɛˊɡɚɧɛɞɟűŬ ŭɞəɑɛɘŬ ŰŮŰɟŬɔɤɜɘəɩɜ ŭɘŬůŰɎůŮɤɜ 30ɉ30cm ŬˊɞəɧˊɖəŬɜ Ŭˊɧ Űɞ 

ŭɘŬŰɘɗɏɛŮɜɞ ˊɟɞɠ ˊŮɘɟŬɛŬŰɘəɐ ŭɘŮɡɟŮɨɜɖůɖ ŰɛɐɛŬ əŬɘ ŰŬɡŰɧɢɟɞɜŬ əŬŰŬůəŮɡɎůŰɖəŬɜ ɜɏŬ 

ŭɞəɑɛɘŬ ɛŮ Ŭɟɘɗɛɧ ɡŬɚɞɦűŬůɛɎŰɤɜ. ȷˊɧ Űɞ ŭɘŬŰɘɗɏɛŮɜɞ ˊɟɞɠ ŭɘŮɟŮɨɜɖůɖ ɡɚɘəɧ 

ŬˊɞəɧˊɞˊɖəŬɜ 3 ŭɞəɑɛɘŬ ŭɘŬůŰɎůŮɤɜ 30x30 cm ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ŮɘəɞɜɘɕɧɛŮɜɞ ůɢɐɛŬ.  

 

 

ɆɢɐɛŬ 26:ɇŮŰɟŬɔɤɜɘəɎ ŭɞəɑɛɘŬ Űɞɡ ɛɖŰɟɘəɞɨ ɡɚɘəɞɨ 

ɇŬ ŭɞəɑɛɘŬ ŬɡŰɎ ŮˊɘɚɏɔɖůŬɜ ɜŬ ɡˊɞɓɚɖɗɞɨɜ ůŮ ŭɞəɘɛɐ ɗɚɑɣɖɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ŭɘŬˊɘůŰɤɗŮɑ ɖ űɏɟɞɡůŬ ɘəŬɜɧŰɖŰŬ ůŮ űɞɟŰɑɞ əŬɘ ɡˊɧ Űɘɠ ŭɡůɛŮɜɏůŰŮɟŮɠ ůɡɜɗɐəŮɠ ɏŭɟŬůɖɠ 

(ŬəɚɧɜɖŰŮɠ ɛŮŰŬɝɨ Űɞɡɠ ɛŮŰŬɚɚɘəɏɠ ˊɚɎəŮɠ). ɆŮ ůɡɜɗɐəŮɠ ɢɟɐůɖɠ ɖ ˊɚɎəŬ ɀɃɀȷɇ 

ŮŭɟɎɕŮŰŬɘ ůŰɞ ɏŭŬűɞɠ, ůɡɜɖɗɏůŰŮɟŬ ůŮ ɛŮɔɎɚɖɠ ŮɜŭɞůɘɛɧŰɖŰŬɠ ŮŭɎűɖ əŬɘ ůˊŬɜɘɧŰŮɟŬ ůŮ 

ůəɚɖɟɎ əŬɘ ɛɖ ˊɟɞŮŰɞɘɛŬůɛɏɜŬ ŮŭɎűɖ. ɆŮ ŭɨɞ Ůɝ ŬɡŰɩɜ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Ůɜɑůɢɡůɖ ɛŮ 

Ŭˊɚɐ ŮˊɘəɎɚɡɣɖ ɛŮ ůŰɟɩɛŬ ˊɞɚɡŮůŰɏɟŬ əŬɘ ůŰɞ Ɏɚɚɞ ŰɞˊɞɗŮŰɐɗɖəŬɜ 2 ɡŬɚɞɦűɎůɛŬŰŬ  

Űɨˊɞɡ roving 200gr/m
2
 ɏəŬůŰɞ.  

ȼ ɚɞɔɘəɐ Űɤɜ ŮɜɑůɢɨůŮɤɜ ŬəɞɚɞɨɗɖůŮ Űɖɜ Ŭɟɢɐ Űɖɠ ŬˊɚɧŰɖŰŬɠ, ŭɖɚŬŭɐ 

ˊɟɞůˊŬɗɐůŬɛŮ ɜŬ ŮɜɘůɢɨůɞɡɛŮ ɛŮ Űɞɜ ˊɘɞ Ŭˊɚɧ, ůŮ ŭɘŬŭɘəŬůɑŬ, Űɟɧˊɞ Űɞ ɡɚɘəɧ ɛŬɠ 

ˊɟɞəŮɘɛɏɛŮɜɞɡ ɜŬ Ŭɟɗɞɨɜ ɞɘ ˊŬɗɞɔɏɜŮɘŮɠ (ůɢ.27) Űɞɡ ɞɘ ɞˊɞɑŮɠ ůɡɜɞɣɑɕɞɜŰŬɘ ůŮ: 

 Ŭ. ȹɘŬəɞˊɐ ůɡɜɏɢŮɘŬɠ ɘɜɩɜ ɚɧɔɤ ɗɟŬɨůɖɠ Űɞɡ ɡɚɘəɞɨ. 

 ɓ. ȷˊɞəɎɚɡɣɖ ɘɜɩɜ əŬɘ ɑůɤɠ əŬɘ ɞɚɧəɚɐɟɞɡ ɡŬɚɞɦűɎůɛŬŰɞɠ ɚɧɔɤ űɗɞɟɎɠ 

Űɞɡ ɡɚɘəɞɨ Űɖɠ ɛɐŰɟŬɠ(resin matrix). 

 ɔ. ȷˊɞəɞɚɚɐůŮɘɠ ŮˊɘűŬɜŮɘŬəɩɜ ůŰɟɤɛɎŰɤɜ ɡŬɚɞɦűɎůɛŬŰɞɠ. 
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ɆɢɐɛŬ 27:ɄŬɗɞɔɏɜŮɘŮɠ űɗŬɟɛɏɜɞɡ ɡɚɘəɞɨ 

 

ɆɢɐɛŬ 28:ȹɞəɑɛɘɞ ɜɏŬɠ ůɨɜɗŮůɖɠ
 

ɇŬɡŰɧɢɟɞɜŬ ŬˊɞűŬůɑůŰɖəŮ ɜŬ əŬŰŬůəŮɡŬůŰɞɨɜ əŬɘ ɜɏŬ ŭɞəɑɛɘŬ (ůɢ.28) ɑŭɘɤɜ 

ŭɘŬůŰɎůŮɤɜ əŬɘ ŭɘŬɛɧɟűɤůɖɠ. ȼ əŬŰŬůəŮɡɐ Űɤɜ ɜɏɤɜ ŭɞəɘɛɑɤɜ ůŰɖɟɑɢɗɖəŮ ůŰɖɜ ɘŭɏŬ ɜŬ 

ˊɟɞůɞɛɞɘɩůɞɡɛŮ Űɞ ɛɖŰɟɘəɧ ɡɚɘəɧ ůŮ ŬɜŰɞɢɏɠ ɛŮ Űɖ Ŭəɧɚɞɡɗɖ ɚɞɔɘəɐ: 

 ŭ. ɉɟɖůɘɛɞˊɞɑɤɜŰŬɠ Űɞɜ ɑŭɘɞ Ŭɟɘɗɛɧ ɡŬɚɞɦűŬůɛɎŰɤɜ ɛŮ ŰŬ ɛŮŰɟɞɨɛŮɜŬ ůŰɞ 

ɛɖŰɟɘəɧ ɡɚɘəɧ (ɡˊɞɚɞɔɑůŰɖəŬɜ ůŮ 6). 

 Ů. ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ Ŭɟɘɗɛɧ ɡŬɚɞɦűŬůɛɎŰɤɜ ɔɘŬ ɜŬ ŮˊɘŰŮɡɢɗŮɑ Űɞ ɛŮŰɟɞɨɛŮɜɞ 

ůŰɞ ɛɖŰɟɘəɧ ɡɚɘəɧ ˊɎɢɞɠ Űɤɜ 2,54 mm. ȾŬŰŬůəŮɡɎůŰɖəŬɜ ŭɞəɑɛɘŬ ɚɞɘˊɧɜ ɛŮ 7,8 əŬɘ 12 

ɡŬɚɞɦűɎůɛŬŰŬ Űɤɜ 200gr/m
2 
əŬɗɩɠ əŬɘ ɛŮ 3,4,5 ɡŬɚɞɦűɎůɛŬŰŬ Űɤɜ 500gr/m

2
 əŬɘ ɡɚɘəɧ 

ɛɐŰɟŬɠ Űɞɜ ˊɞɚɡŮůŰɏɟŬ. ȾŬŰŬůəŮɡɎůŰɖəŮ əŬɘ ɏɜŬ ŭɞəɑɛɘɞ ɛŮ 12 ɡŬɚɞɦűɎůɛŬŰŬ əŬɘ 

Ůɞ́ɝŮɘəɐ ɟɖŰɑɜɖ. 

ɇŬ ɜɏŬ ŭɞəɑɛɘŬ ɡˊɞɓɚɐɗɖəŬɜ ůŮ ŭɞəɘɛɐ ɗɚɑɣɖɠ ɛŮ ůəɞˊɧ ɜŬ ŭɘŬˊɘůŰɤɗŮɑ Űɧůɞ ɖ 

űɏɟɞɡůŬ ɘəŬɜɧŰɖŰŬ ɧůɞ əŬɘ ɞɘ ɛɖɢŬɜɘůɛɞɑ ŬůŰɞɢɑŬɠ. 

3.2.3 ȾŬɛˊɡɚɧɛɞɟűŬ ɞɟɗɞɔɤɜɘəɎ ŭɞəɑɛɘŬ ŭɘŬůŰɎůŮɤɜ 30x15 cm 

ȾŬɛˊɡɚɧɛɞɟűŬ ŭɞəɑɛɘŬ ɞɟɗɞɔɤɜɘəɩɜ ŭɘŬůŰɎůŮɤɜ 30ɉ15 cm ŬˊɞəɧˊɖəŬɜ Ŭˊɧ Űɞ 

ŭɘŬŰɘɗɏɛŮɜɞ ˊɟɞɠ ˊŮɘɟŬɛŬŰɘəɐ ŭɘŮɡɟŮɨɜɖůɖ ŰɛɐɛŬ əŬɘ ŰŬɡŰɧɢɟɞɜŬ əŬŰŬůəŮɡɎůŰɖəŬɜ ɜɏŬ 

ŭɞəɑɛɘŬ ɛŮ Ŭɟɘɗɛɧ ɡŬɚɞɦűŬůɛɎŰɤɜ. ȷˊɧ Űɞ ŭɘŬŰɘɗɏɛŮɜɞ ˊɟɞɠ ŭɘŮɟŮɨɜɖůɖ ɡɚɘəɧ 

ŬˊɞəɧˊɞˊɖəŬɜ  ŭɞəɑɛɘŬ ŭɘŬůŰɎůŮɤɜ 30x15 cm ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ŮɘəɞɜɘɕɧɛŮɜɞ ůɢɐɛŬ. 

 

ɆɢɐɛŬ 29:ȹɞəɑɛɘɞ ɞɟɗɞɔɤɜɘəɩɜ ŭɘŬůŰɎůŮɤɜ 

ɇŬ ŭɞəɑɛɘŬ ŬɡŰɎ ŮˊɘɚɏɔɖůŬɜ ɜŬ ɡˊɞɓɚɖɗɞɨɜ ůŮ ŭɞəɘɛɐ əɎɛɣɖɠ Űɟɘɩɜ ůɖɛŮɑɤɜ 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŭɘŬˊɘůŰɤɗŮɑ əŬŰɎ ˊɧůɞ ŮˊɖɟŮɎɕŮŰŬɘ ɖ əŬɛˊɡɚɧŰɖŰŬ Űɞɡ ŭɞəɘɛɑɞɡ ɛŮŰɎ 

Ŭˊɧ ŮˊŮɛɓɎůŮɘɠ Ůɜɑůɢɡůɖɠ əŬɘ əŬŰɎ ˊɧůɞ ŬɡŰɏɠ ɞɘ ŮɜɘůɢɨůŮɘɠ ŮɑɜŬɘ ŬˊɞŰŮɚŮůɛŬŰɘəɏɠ. 

 ȺɜɘůɢɨůŮɘɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɤɠ Ůɝɐɠ : 

 Ŭ. ȰɜŬ ŭɞəɑɛɘɞ ɛŮ Ůɜɑůɢɡůɖ Ůɜɧɠ ɡŬɚɞɦűɎůɛŬŰɞɠ 200gr/m
2
. 

 ɓ. ȰɜŬ ŭɞəɑɛɘɞ ɛŮ Ůɜɑůɢɡůɖ ŭɨɞ ɡŬɚɞɦűŬůɛɎŰɤɜ 200gr/m
2
. 

 ɔ. ȰɜŬ ŭɞəɑɛɘɞ ɛŮ Ůɜɑůɢɡůɖ Ůɜɧɠ ɡŬɚɞɦűɎůɛŬŰɞɠ 500gr/m
2
. 
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 ŭ. ȰɜŬ ŭɞəɑɛɘɞ ɛŮ Ůɜɑůɢɡůɖ ŭɨɞ ɡŬɚɞɦűŬůɛɎŰɤɜ 200gr/m
2
 əŬɘ ŮˊɞɝŮɘəɐ 

ɟɖŰɑɜɖ ŬɜɞɑɔɞɜŰŬɠ ŰŬɡŰɧɢɟɞɜŬ ŭɘŬɛˊŮɟŮɑɠ ɞˊɏɠ ůŰɞ ɛɖŰɟɘəɧ ɡɚɘəɧ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ŭɖɛɘɞɡɟɔɖɗŮɑ çɛɘŬ Űɨˊɞɡ əɞɢɚɑɤůɖè. 

 Ů. ȰɜŬ ŭɞəɑɛɘɞ ɛŮ Ůɜɑůɢɡůɖ ŭɨɞ ɡŬɚɞɦűŬůɛɎŰɤɜ 200gr/m
2
 ůŮ ɛɞɟűɐ ɚɤɟɑŭɤɜ 

(strips) əŬɘ ŮˊɞɝŮɘəɐ ɟɖŰɑɜɖ ŬɜɞɑɔɞɜŰŬɠ ŰŬɡŰɧɢɟɞɜŬ ŭɘŬɛˊŮɟŮɑɠ ɞˊɏɠ ůŰɞ ɛɖŰɟɘəɧ ɡɚɘəɧ 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŭɖɛɘɞɡɟɔɖɗŮɑ ɡˊɞŰɡˊɩŭɖɠ çəɞɢɚɑɤůɖè. 

ȼ ɛŮɗɞŭɞɚɞɔɑŬ Űɤɜ ŮɜɑůɢɨůŮɤɜ ůŰɖ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ůŰɖɟɑɢŰɖəŮ ůŰɖ ɚɞɔɘəɐ ɜŬ 

ŭɘŬˊɘůŰɩůɞɡɛŮ Űɖɜ ŮˊɑŭɟŬůɖ ˊɞɡ ɏɢŮɘ ɛɘŬ Ůɜɑůɢɡůɖ ůŰɖ əŬɛˊɡɚɧŰɖŰŬ Űɞɡ ɡɚɘəɞɨ ɛŬɠ əŬɘ 

əŬŰɎ ˊɧůɞ ŮɑɜŬɘ ŬˊɞŭɞŰɘəɐ. ȼ ŬˊɚɧŰɖŰŬ əŬɘ ůŰɖ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ɐŰŬɜ Űɞ ɕɖŰɞɨɛŮɜɞ əŬɘ 

ɔɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ŬɟɢɘəɎ ɞɘ ŮɜɘůɢɨůŮɘɠ ŬˊɚɎ ŮˊɘəɞɚɚɐɗɖəŬɜ Ůˊɑ Űɞɡ ɛɖŰɟɘəɞɨ ɡɚɘəɞɨ əŬɘ 

ůɡɜɏɢŮɘŬ ɏɔɘɜŮ ŭɘɎɜɞɘɝɖ ɞˊɩɜ ɧˊɤɠ ŮɛűŬɑɜŮŰŬɘ ůŰɞ ůɢɐɛŬ 30. 

 

 

ɆɢɐɛŬ 30:Ⱥɜɑůɢɡůɖ ŭɞəɘɛɑɞɡ ɛŮ ɚɤɟɑŭŮɠ ɡŬɚɞɡűɎůɛŬŰɞɠ əŬɘ ŮˊɞɝŮɘəɐ ɟɖŰɑɜɖ 

Ƀɘ ŰŬəŰɘəɐ ůŰɖ ŭɘɎɜɞɘɝɖ Űɤɜ ɞˊɩɜ ŮɑɜŬɘ ŭɘŬűɞɟŮŰɘəɐ ůŰŬ ŭɨɞ ŭɞəɑɛɘŬ ŰŬ ɞˊɞɑŬ 

ŮɜɘůɢɨɗɖəŬɜ ɛŮ ŮˊɞɝŮɘəɐ ɟɖŰɑɜɖ əŬɘ ɡŬɚɞɦűɎůɛŬŰŬ. ɆŰɖ ˊŮɟɑˊŰɤůɖ Űɖɠ ˊɚɐɟɞɡɠ əɎɚɡɣɖɠ 

ɛŮ ŭɨɞ (2) ɡŬɚɞɡűɎůɛŬŰŬ ɞˊɏɠ ŭɘŬɜɐɢɗɖəŬɜ ɛɧɜɞ ůŰŬ əɏɜŰɟŬ Űɤɜ əɏɜŰɟŬ Űɤɜ ɛɘəɟɩɜ 

əɨəɚɤɜ Űɞɡ əɧɚɞɟɞɡ əɩɜɞɡ (ˊɟɎůɘɜɞɘ əɨəɚɞɘ ůŰɞ ůɢɐɛŬ 30). Ⱥɜɩ ůŰɖ ˊŮɟɑˊŰɤůɖ 

Ůɜɑůɢɡůɖɠ ɛŮ ŮˊɞɝŮɘəɐ ɟɖŰɑɜɖ əŬɘ ɚɤɟɑŭŮɠ ɡŬɚɞɦűɎůɛŬŰɞɠ ŭɘŬɜɞɑɢɗɖəŬɜ ɞˊɏɠ əŬɘ ůŰŬ 

əŬɛˊɨɚŬ ŰɛɐɛŬŰŬ ůɖɛŮɑŬ (ˊɟɎůɘɜɞɘ əŬɘ əɧəəɘɜɞɘ əɨəɚɞɘ ůŰɞ ůɢɐɛŬ 30). 

3.2.4 ȹɞəɑɛɘŬ Ůɚɏɔɢɞɡ ŮűŮɚəɡůɛɞɨ ɞɟɗɞɔɤɜɘəɎ (coupons) 

ȾŬŰŬůəŮɡɎůŰɖəŬɜ ŭɞəɑɛɘŬ ɞɟɗɞɔɤɜɘəɩɜ ŭɘŬůŰɎůŮɤɜ 250x25mm ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ŮɚŮɔɢɞɨɜ ůŮ ŮűŮɚəɡůɛɧ əŬɘ ɛŮ ůəɞˊɧ ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ ŰŬ ɛɏŰɟŬ ŮɚŬůŰɘəɧŰɖŰŬɠ əŬɘ ɞɘ 

ɛɏɔɘůŰɖ ŰɎůɖ ŮűŮɚəɡůɛɞɨ. ɇŬ ŭɞəɑɛɘŬ əŬŰŬůəŮɡɎůŰɖəŬɜ ůŮ ůɡɜɗɏůŮɘɠ ɑŭɘŮɠ ɛŮ Űɘɠ 

ůɡɜɗɏůŮɘɠ Űɤɜ əŬɛˊɡɚɧɛɞɟűɤɜ ŭɞəɘɛɑɤɜ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ əŬŰŬůəŮɡɎůŰɖəŬɜ  Ŭˊɧ 7 

ŭɞəɑɛɘŬ ɧɚɤɜ Űɤɜ ůɡɜɗɏůŮɤɜ 6,7,8 ɡŬɚɞɦűŬůɛɎŰɤɜ Űɤɜ 200gr/m
2
 əŬɘ 3,4,5 

ɡŬɚɞɦűŬůɛɎŰɤɜ Űɤɜ 500gr/m
2
. ȷˊɧ ŰŬ 7 ŬɡŰɎ ŭɞəɑɛɘŬ 5 ŮɚɏɔɗɢɖəŬɜ ůŮ ŮűŮɚəɡůɛɧ ɢɤɟɑɠ 

ɞˊɞɘŬŭɐˊɞŰŮ ɛŮŰŬɓɞɚɐ ůŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ Ůɜɤ ŰŬ ɡˊɧɚɞɘˊŬ 2 ŰɞˊɞɗŮŰɐɗɖəŬɜ ůŮ 

ɜŮɟɧ ɔɘŬ 15 ɖɛɏɟŮɠ. Ⱥˊɑůɖɠ 1 Ŭˊɧ ŰŬ ŰŮɚŮɡŰŬɑŬ ŰɞˊɞɗŮŰɐɗɖəŮ ůŮ əŬŰɎɣɡɝɖ ɛŮŰɎ Űɖɜ 

15ɜɗɐɛŮɟɖ ˊŬɟŬɛɞɜɐ Űɞɡ ůŰɞ ɜŮɟɧ. 

 

ɆɢɐɛŬ 31: ȹɞəɑɛɘŬ Ůɚɏɔɢɞɡ ŮűŮɚəɡůɛɞɨ 
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3.3 ȹɘŬŭɘəŬůɑŬ ˊŬɟŬɔɤɔɐɠ ŭɞəɘɛɑɤɜ 

3.3.1 ɉɟɖůɘɛɞˊɞɘɞɨɛŮɜŬ ɡɚɘəɎ 

ɇŬ ɡɚɘəɎ ŰŬ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ əŬɗɧɚɖ Űɖɜ ŮɟɔŬůɑŬ Ŭűɞɟɞɨɜ Űɧůɞ ůŰɖ 

əŬŰŬůəŮɡɐ Űɤɜ ŭɞəɘɛɑɤɜ ɧůɞ əŬɘ ůŰɖ ŭɘŬŭɘəŬůɑŬ Űɤɜ ˊŮɘɟŬɛŬŰɘəɩɜ ŭɘŬŰɎɝŮɤɜ. ȺɑɜŬɘ 

ůəɧˊɘɛɞ ɜŬ ŰŬ ŬɜŬűɏɟɞɡɛŮ Ůɝ Ŭɟɢɐɠ əŬɗɩɠ ɗŬ ɔɑɜŮŰŬɘ ůɡɢɜɎ ŬɜŬűɞɟɎ ůŰɖ ůɡɜɏɢŮɘŬ. ũɘŬ 

ŰŬ ŭɞəɑɛɘŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɡɚɘəɎ ɛɐŰɟŬɠ (matrix) ɟɖŰɑɜŮɠ Űɧůɞ ˊɞɚɡŮůŰŮɟɘəɏɠ ɧůɞ əŬɘ 

ŮˊɞɝŮɘəɏɠ əŬɗɩɠ əŬɘ ɡŬɚɞɦűɎůɛŬŰŬ 2 Űɨˊɤɜ ɓɎɟɞɡɠ.  

3.3.1.1 ɄɞɚɡŮůŰŮɟɘəɐ ɟɖŰɑɜɖ 

 ɉɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ɟɖŰɑɜɖ Reversol P-9509 NW Űɖɠ ŮŰŬɘɟɑŬɠ Revertex ɛŮ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ɧˊɤɠ ůŰɞ ůɢɐɛŬ 32. 

ȼ ɟɖŰɑɜɖ Reversol P-9509 NW ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ˊɟɞŮˊɘŰŬɢɡɜɧɛŮɜɖ əŬɘ ɔɘŬ Űɖɜ 

ůəɚɨɟɖɜůɖ Űɖɠ ŬˊŬɘŰŮɑŰŬɘ ɖ ˊɟɞůɗɐəɖ əŬŰŬɚɨŰɖ Űɞɡ ɡˊŮɟɞɝŮɘŭɑɞɡ Űɖɠ ɀŮɗɡɚɞ ȷɘɗɡɚɘəɐɠ 

ȾŮŰɧɜɖɠ (Methyl Ethyl Ketone Peroxide-MEKP) ůŮ ŬɜŬɚɞɔɑŬ 1% Ůɤɠ 2% ŬɜɎɚɞɔŬ ɛŮ Űɘɠ 

ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ůɡɜɗɐəŮɠ. 

 

ɆɢɐɛŬ 32:ɉŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɚɡŮůŰŮɟɘəɐɠ ɟɖŰɑɜɖɠ 

 

ɆɢɐɛŬ 33: Methyl Ethyl Ketone Peroxide 2D 

3.3.1.2 ȺˊɞɝŮɘəɐ ɟɖŰɑɜɖ 

ɉɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ŮˊɞɝŮɘəɐ ɟɖŰɑɜɖ Lexotil PR 102 əŬɘ ɤɠ ůəɚɡɟɖɜŰɐɠ Űɖɠ Űɞ ˊɟɞɥɞɜ 

Lexotil EM 402 Űɖɠ ŮŰŬɘɟɑŬɠ 5ɀ. ȼ ŬɜŬɚɞɔɑŬ ŬɜɎɛɘɝɖɠ ŮɑɜŬɘ 100:40 əŬŰɎ ɓɎɟɞɠ 

ɟɖŰɑɜɖ/əŬŰŬɚɨŰɖ. 

3.3.1.3 ɈŬɚɞɨűŬůɛŬ 

ɉɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɖɠ ŮŰŬɘɟɑŬɠ KROSGLASS ɛŮ əɤŭɘəoɨɠ ˊŮɟɘɔɟŬűɐɠ STR 015-200-

110(200 gr/m
2
) əŬɘ STR 024-500-110 (500gr/m

2
). 
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ɆɢɐɛŬ 34: ȷˊŮɘəɧɜɘůɖ ɡŬɚɞɦűɎůɛŬŰɞɠ woven 

roving 200gr/m
2
 

 

ɆɢɐɛŬ 35: ȷˊŮɘəɧɜɘůɖ ɡŬɚɞɦűɎůɛŬŰɞɠ woven 

roving 500 gr/m
2
 

3.3.1.4 Ɉɚɘəɧ ˊŬɟŬɔɤɔɐɠ əŬɚɞɡˊɘɞɨ 

ũɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ əŬɚɞɡˊɘɞɨ ŬɜŬˊŬɟŬɔɤɔɐɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ 

əŬŰŬůəŮɡɐɠ Űɤɜ əŬɛˊɡɚɧɛɞɟűɤɜ ŭɞəɘɛɑɤɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ŮˊɞɝŮɘŭɘəɧ əɞɜɑŬɛŬ ŭɨɞ 

ůɡůŰŬŰɘəɩɜ SINPAST P/A Űɖɠ ŮŰŬɘɟɑŬɠ SINTECNO. ɇɞ ůɡɔəŮəɟɘɛɏɜɞ əɞɜɑŬɛŬ 

ŮˊɘɚɏɢɗɖəŮ əŬɗɩɠ ɛŮŰŬ Űɖɜ ůəɚɨɟɖɜůɖ Űɞɡ ŬˊɞəŰɎ ɡɣɖɚɐ ŬɜŰɞɢɐ ůŮ ɗɚɑɣɖ əŬɘ əɟɞɨůɖ , 

ɘŭɘɧŰɖŰŮɠ ˊɞɡ ŬˊŬɘŰɐɗɖəŬɜ əŬŰɎ Űɖ űɎůɖ ˊŬɟŬɔɤɔɐɠ Űɤɜ ŭɞəɘɛɑɤɜ. 

 

ɆɢɐɛŬ 36: ȺˊɞɝŮɘŭɘəɧ ȾɞɜɑŬɛŬ 2 ůɡůŰŬŰɘəɩɜ Űɖɠ SINTECNO 

3.3.1.5 ȷˊɞəɞɚɚɖŰɘəɧ əŮɟɑ 

ɉɟɖůɘɛɞˊɞɘɐɗɖəŮ ŬˊɞəɞɚɚɖŰɘəɧ əŮɟɑ ɔɘŬ Űɖɜ Ůɨəɞɚɖ əŬɘ ŬˊɟɧůəɞˊŰɖ ŬˊɧůˊŬůɖ Űɤɜ 

ŭɞəɘɛɑɤɜ Ŭˊɞ Űɞ əŬɚɞɨˊɘ ˊŬɟŬɔɤɔɐɠ. ɇɞ ˊɟɞɥɧɜ Űɞ ɞˊɞɑɞ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ŮɑɜŬɘ Űɖɠ 

ŮŰŬɘɟɑŬɠ GRIGNARD ɛŮ ɞɜɞɛŬůɑŬ Mold Magic. 

 

ɆɢɐɛŬ 37:ȷ́ɞəɞɚɚɖŰɘəɧ əŮɟɑ Magic Mold 
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3.3.1.6 ȺˊɞɝŮɘəɐ əɧɚɚŬ 2 ůɡůŰŬŰɘəɩɜ 

ɆŰɖ űɎůɖ Űɞɡ ˊŮɘɟŬɛŬŰɘəɞɨ Ůɚɏɔɢɞɡ Űɤɜ ŭɞəɘɛɑɤɜ Űɨˊɞɡ coupons  ˊŬɟɎ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ 

Ŭˊɧ Űɞ ˊɟɧŰɡˊɞ ŬɜɎűɞɟɎɠ ASTM 3039 ŭŮɜ əŬɗɞɟɑɕŮŰŬɘ ɖ ɢɟɖůɘɛɞˊɞɑɖůɖ  ˊɟɧůɗŮŰɤɜ 

ŰŮɛŬɢɑɤɜ ůŰŬ ɎəɟŬ Űɤɜ ŭɞəɘɛɑɤɜ ñTabsò ɚɧɔɤ ˊɟɞŭɘŬɔɟŬűɩɜ ŰɞˊɞɗŮŰɐɗɖəŬɜ ŬˊɚɎ 

ŰŮɛɎɢɘŬ ɡŬɚɞɢɎɟŰɞɡ ŰŬ ɞˊɞɑŬ ɛŮŰɎ Ŭˊɧ ŮˊŬɜŮɘɚɖɛɛɏɜŮɠ ŮűŬɟɛɞɔɏɠ ŭɘŬűɧɟɤɜ əɞɚɚɖŰɘəɩɜ 

ɛɏůɤɜ əŬŰŬɚɐɣŬɛŮ ůŰɖ ɢɟɐůɖ Űɖɠ ŮˊɞɝŮɘəɐɠ əɧɚɚŬɠ ůɨɞ ůɡůŰŬŰɘəɩɜ Epoxy Universal 

Űɖɠ ŮŰŬɘɟɑŬɠ BISON.  ȼ əɧɚɚŬ ŬɡŰɐ ˊŬɟɞɡůɘɎɕŮɘ ɛŮɔɎɚɖ ˊɟɧůűɡůɖ ůŰŬ ŭɞəɑɛɘŬ əŬɘ ŭŮɜ 

ˊŬɟŬŰɖɟŮɑŰŬɘ ɞɚɑůɗɖůɖ ɛŮŰŬɝɡ ŭɞəɘɛɑɞɡ əŬɘ ɡŬɚɞɢɎɟŰɞɡ ŬəɧɛŬ əŬɘ Ŭɜ ɖ ɗɏůɖ ŬůŰɞɢɑŬɠ 

ŮɑɜŬɘ ˊɞɚɨ əɞɜŰɎ ůŰɞ Ɏəɟɞ Űɞɡ. 

 
ɆɢɐɛŬ 38: ȺˊɞɝŮɘəɐ ȾɧɚɚŬ 2 ɆɡůŰŬŰɘəɩɜ 

 
ɆɢɐɛŬ 39: ȹɞəɑɛɘɞ ɛŮŰɎ Ŭˊɧ Űɖɜ ŭɞəɘɛɐ 
ȺűŮɚəɡůɛɞɨ ɛŮ ŰŮɛɎɢɘŬ ɡŬɚɧɢŬɟŰɞɡ 

3.3.2 ɄŮɟɘɔɟŬűɐ ˊŬɟŬɔɤɔɐɠ ŰŮŰɟŬɔɤɜɘəɩɜ əŬɛˊɡɚɧɛɞɟűɤɜ ŭɞəɘɛɑɤɜ 

ȷˊɞ Űɞ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ŬˊŬɘŰɐůŮɤɜ ůŮ ŬɜŰɞɢɏɠ ɗɚɑɣɖɠ əŬɘ əɟɞɨůɖɠ ŬˊɞűŬůɑůŰɖəŮ 

ɜŬ əŬŰŬůəŮɡŬůŰŮɑ əŬɚɞɨˊɘ Ŭˊɧ Űɞ ŮˊɞɝŮɘŭɘəɧ əɞɜɑŬɛŬ SINPAST J/A. ȷɟɢɘəɎ ŮˊɘɚɏɔŮɘ ůŰɞ 

ɛɖŰɟɘəɧ ɡɚɘəɧ ɛɘŬ ˊŮɟɘɞɢɐ ɖ ɞˊɞɑŬ əŬɘ ˊŬɟɞɡůɑŬɕŮ Űɘɠ ɚɘɔɧŰŮɟŮɠ Ŭˊɧ Ɏˊɞɣɖ ŮɛűɎɜɘůɖɠ 

űɗɞɟɏɠ. ȹɖɚɎŭɖ ŭŮɜ ŮɑɢŮ ɛŮɔɎɚŮɠ ŬˊɞəɞɚɚɐůŮɘɠ əŬɘ ŬůɡɜɏɢŮɘŮɠ  ɘɜɩɜ. ȼ ˊɟɞůˊɎɗŮɘŬ 

ŮɨɟŮůɖɠ ɛɘŬɠ çəŬɗŬɟɐɠè ŮˊɘűɎɜŮɘŬɠ ɢɤɟɑɠ ŮˊɏɛɓŬůɖ ɔɘŬ Űɖɜ ŬˊɞəŬŰɎůŰŬůɖ Űɤɜ 

ŬɜɤɛŬɚɘɩɜ ɞűŮɑɚŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ůŰɖ ůɡɜɏɢŮɘŬ Ŭˊɧ ŬɡŰɐ Űɖɜ ŮˊɘűɎɜŮɘŬ ɗŬ 

ŬˊɞəɧˊŰɞɜŰŬɜ ŰŮŰɟŬɔɤɜɘəɧ ŭɞəɑɛɘɞ əŬɘ ŭŮɜ ɗɏɚŬɛŮ ɜŬ ɏɢɞɡɛŮ ŮˊɏɛɓŮɘ ůŮ ŬɡŰɧ ˊɟɘɜ Űɞ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ űɏɟɞɡůŬɠ ɘəŬɜɧŰɖŰŬɠ. 

 

ɆɢɐɛŬ 40:ɀŬɟəɎɟɘůɛŬ ˊŮɟɘɞɢɐɠ Ŭˊɞəɞˊɐɠ ŭɞəɘɛɑɞɡ 

ɆŰɖ ůɡɜɏɢŮɘŬ əŬŰŬůəŮɡɎůŰɖəŮ ŰŮŰɟɎɔɤɜɞ ˊɚŬɑůɘɞ Ŭˊɧ ɘɜɧˊɚŬəŮɠ ɛɏůɖɠ ˊɡəɜɧŰɖŰŬɠ 

(MDF) ŭɘŬůŰɎůŮɤɜ 30x30 cm Űɞ ɞˊɞɑɞ ŰɞˊɞɗŮŰɐɗɖəŮ ůŰɖ ɗɏůɖ ˊɞɡ ɡˊɞŭŮɘəɜɨŮŰŬɘ ůŰɞ 

ůɢɐɛŬ 41.  
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ɆɢɐɛŬ 41: ȾŬŰŬůəŮɡɐ-ŰɞˊɞɗɏŰɖůɖ-ůŰŮɔɎɜɤůɖ ɝɨɚɘɜɞɡ ˊɚŬɘůɑɞɡ əŬɘ ŬŭɘŬɓɟɞɢɞˊɞɑɖůɖ Ů́ ɘűɎɜŮɘŬɠ 

ȼ ůŰŮɔɎɜɤůɖ Űɞɡ ˊɚŬɘůɑɞɡ ɏɔɘɜŮ ɛŮ ˊɖɚɧ əŬɗɩɠ ůŰŬ ůɖɛŮɑŬ ŮˊŬűɐɠ ɛŮ Űɖɜ ŮˊɘűɎɜŮɘŬ 

ɡˊɐɟɢŬɜ əŮɜɎ ŰŬ ɞˊɞɑŬ ɏˊɟŮˊŮ ɜŬ əŬɚɡűɗɞɨɜ. ɆŰɖ ůɡɜɏɢŮɘŬ ɖ ŮˊɘűɎɜŮɘŬ ɢɤɟɑɠ 

ɞˊɞɘŬŭɐˊɞŰŮ Ɏɚɚɖ ŮˊɏɛɓŬůɖ əŬɚɨűɗɖəŮ ɛŮ ŬˊɞəɞɚɚɖŰɘəɧ əŮɟɑ. 

 ɀŮŰɎ Űɘɠ ŬˊŬɟŬɑŰɖŰŮɠ ŭɘŬŭɘəŬůɑŮɠ  ŬŭɘŬɓɟɞɢɞˊɞɑɖůɖɠ əŬɘ ůŰŮɔɜɩɛŬŰɞɠ Űɞɡ 

ŬˊɞəɞɚɚɖŰɘəɞɨ əŮɟɘɞɨ ɏɔɘɜŮ ɖ ŬɜŬɛɘɝɖ Űɞɡ ŮˊɞɝŮɘŭɘəɞɨ əɞɜɘɎɛŬŰɞɠ ŭɨɞ ůɡůŰŬŰɘəɩɜ 

ůɨɛűɤɜŬ ɛŮ Űɘɠ ɞŭɖɔɑŮɠ Űɖɠ ŮŰŬɘɟɑŬɠ əŬɘ Űɞ ˊŮɟɘŮɢɧɛŮɜɞ Űɖɠ ŬɜɎɛɘɝɖɠ ŰɞˊɞɗŮŰɐɗɖəŮ ůŰɞ 

ɝɨɚɘɜɞ ˊɚŬɑůɘɞ ɔɘŬ Űɖ əŬŰŬůəŮɡɐ Űɖɠ ɛɑŬɠ ˊɚɎəŬɠ Űɞɡ əŬɚɞɡˊɘɞɨ əŬŰŬůəŮɡɐɠ Űɤɜ 

ŭɞəɘɛɑɤɜ. 

    

ɆɢɐɛŬ 42: ȷɜɎɛɘɝɖ əɞɜɘɎɛŬŰɞɠ ŰɞˊɞɗɏŰɖůɖ ůŰɞ əŬɚɞɨˊɘ əŬɘ ŬűŬɑɟŮůɖ ɝɡɚɧŰɡˊɞɡ 

ɀŮŰɎ ˊŬɟɏɚŮɡůɖ ɛɘŬɠ ɖɛɏɟŬɠ ŬűŬɘɟɏɗɖəŮ ɞ ɝɡɚɧŰɡˊɞɠ əŬɘ ŬˊɞůˊɎůŰɖəŮ Űɞ əŬɚɞɨˊɘ 

ɛŮ ůɢŮŰɘəɐ ŮɡəɞɚɑŬ əŬɗɩɠ ŮɑɢŮ ŮˊɏɚɗŮɘ ɛŮɟɘəɐ ůɡɟɟɑəɜɤůɖ. 

ũɘŬ Űɖ əŬŰŬůəŮɡɐ Űɞɡ ŬɜŰɘɔɟɎűɞɡ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ɞ ɝɡɚɧŰɡˊɞɠ ˊɟɞůŬɟɛɧůŰɖəŮ Ůə 

ɜɏɞɡ ůŰɖɜ Ŭɟɢɘəɐ ŮˊɘűɎɜŮɘŬ əŬɘ ŮˊŬɜŬɚɐɗɖəŮ ɖ ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ ɔɘŬ Űɖ ˊŬɟŬɔɤɔɐ Űɞɡ 

ŭŮɡŰɏɟɞɡ ŰɛɐɛŬŰɞɠ Űɞɡ əŬɚɞɡˊɘɞɨ. 

3.3.2.1 ɄŮɟɘɔɟŬűɐ ˊŬɟŬɔɤɔɐɠ ŭɞəɘɛɑɤɜ 

ɀŮŰŬ Űɖ əŬŰŬůəŮɡɐ Űɤɜ ŭɨɞ ŰŮɛŬɢɑɤɜ Űɞɡ əŬɚɞɡˊɘɞɨ ɎɟɢɘůŮ ɖ ɢŮɘɟɞɜŬəŰɘəɐ (hand-lay 

up) ˊŬɟŬɔɤɔɐ Űɤɜ ŭɞəɘɛɑɤɜ ɖ ɞˊɞɑŬ ŮɑɜŬɘ ɖ ɑŭɘŬ ɔɘŬ ɧɚŬ ŰŬ ŭɞəɑɛɘŬ əŬɘ ɛˊɞɟɞɨɛŮ ɜŬ Űɖ 

ůɡɜɞɣɑůɞɡɛŮ ůŰŬ Ůɝɐɠ ůŰɎŭɘŬ: 

Ŭ. ȾɏɟɤɛŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɤɜ ŭɨɞ ˊɚŬəɩɜ. ȷɜŬɛɞɜɐ ɚɑɔɤɜ ɚŮˊŰɩɜ ɔɘŬ ɜŬ ůŰŮɔɜɩůŮɘ 

Űɞ ŬˊɞəɞɚɚɖŰɘəɧ əŮɟɑ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɛŮ ůəɚɖɟɧ ˊŬɜɑ ɔɡŬɚɑɕɞɡɛŮ Űɖɜ ŮˊɘűɎɜŮɘŬ.  
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ɆɢɐɛŬ 43: ȾɏɟɤɛŬ ŮˊɘűɎɜŮɘŬɠ ɛŮ ŬˊɞəɞɚɚɖŰɘəɧ əŮɟɑ əŬɘ ŮˊɑůŰɟɤůɖ ɛŮ PVȷ 

ɓ. ȷűɞɨ ɏɢŮɘ ůŰŮɔɜɩůŮɘ Űɞ əŮɟɑ əŬɘ ɏɢŮɘ ůŰɘɚɓɤɗŮɑ ɖ ŮˊɘűɎɜŮɘŬ, ɛŮ ɏɜŬ ˊɘɜɏɚɞ əŬɚɐɠ 

ˊɞɘɧŰɖŰŬɠ ŬɚɚɎ ɛŬɚŬəɐɠ ŰɟɑɢŬɠ ŮˊɘůŰɟɩɜŮŰŬɘ ɏɜŬ ɚŮˊŰɧ ůŰɟɩɛŬ Ʉɞɚɡɓɘɜɡɚɘəɐɠ 

ȷɚəɞɧɚɖɠ (Polyvinyl Alcohol ïPVA) ɏɜŬ ɢɖɛɘəɧ ɡɔɟɧ Űɞ ɞˊɞɑɞ ɧŰŬɜ ůŰŮɔɜɩůŮɘ ɏɢŮɘ ˊɞɚɨ 

ɚŮˊŰɞ ˊɎɢɞɠ ŮɑɜŬɘ ůɢŮŭɧɜ ŬŭɘɧɟŬŰɞ ŬɚɚŬ ɛŮ Űɖ ɢɟɐůɖ Űɞɡ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɚŮɑŬ ŮˊɘűɎɜŮɘŬ 

Űɞɡ ˊŬɟŬɔɩɛŮɜɞɡ ŭɞəɘɛɑɞɡ. 

ɔ. Ⱦɞˊɐ Űɤɜ ɡŬɚɞɡűŬůɛɎŰɤɜ ůŰɞ ɛɏɔŮɗɞɠ Űɞɡ əŬɚɞɡˊɘɞɨ ɛŮ ŭɘŮɨɗɡɜůɖ Űɤɜ ɘɜɩɜ ůŮ 

0Ü,90Ü. ȼ ŭɘŮɨɗɡɜůɖ ŬɡŰɐ ŮˊɘŭɘɩɢɗɖəŮ ɛŮ Űɖ əŬŰŬůəŮɡɐ Űɞɡ ŭɞəɘɛɑɞɡ ůŰɟŬɛɛɏɜɞɡ əŬŰɎ 

45Ü ɤɠ ˊɟɞɠ Űɞ ɛɐəɞɠ Űɖɠ ˊɚɎəŬɠ Űɞɡ ɛɖŰɟɘəɞɨ ɡɚɘəɞɨ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮɑɜŬɘ ˊɘɞ Ůɨəɞɚɖ ɖ 

Űɞ́ɞɗɏŰɖůɖ Űɤɜ ɡŬɚɞɡűŬůɛɎŰɤɜ. 

ŭ. Ȼɨɔɘůɖ Űɤɜ ŰɛɖɛɎŰɤɜ ɡŬɚɞɦűɎůɛŬŰɞɠ ɛŮ ɕɡɔɧ ˊɟɞəŮɑɛɏɜɞɡ ɜŬ ŮˊɘŰŮɡɢɗŮɑ 

ŬɜŬɚɞɔɑŬ 70:30 ɡŬɚɞɡűɎůɛŬŰɞɠ əŬɘ ɟɖŰɑɜɖɠ. ūɡůɘəɎ Űɘɠ ˊŮɟɘůůɧŰŮɟŮɠ Űɤɜ ŮűŬɟɛɞɔɩɜ 

ŬˊŬɘŰɐɗɖəŮ ɖ ŬɜɎɛɘɝɖ əŬɘ ɜɏŬɠ ˊɞůɧŰɖŰŬɠ əŬŰŬɚɨŰɖ-ɟɖŰɑɜɖɠ (ˊɏɟŬɜ ŬɡŰɐɠ ˊɞɡ 

ŬɜŬɚɞɔɞɨůŮ ůŰɞ 30% Űɞɡ ŭɞəɘɛɑɞɡ) əŬɗɩɠ ŭŮɜ ɛˊɞɟɞɨůŮ ɜŬ ˊɟɞɓɚŮűɗŮɑ ɖ ŬˊɩɚŮɘŬ ůŰɞ 

ˊɘɜɏɚɞ ŮɛˊɞŰɘůɛɞɨ əŬɗɩɠ əŬɘ ɞ ɓŬɗɛɧɠ ŮɛˊɞŰɘůɛɞɨ ůŮ əɎɗŮ ůɖɛŮɑɞ Űɞɡ əŬɚɞɡˊɘɞɨ ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ ɔɑɜŮŰŬɘ ɡˊŮɟəŬŰŬɜɎɚɤůɖ Űɖɠ ɟɖŰɑɜɖɠ. ɇɞ ˊɟɧɓɚɖɛŬ ŬɡŰɧ ŮˊɘɚɨɗɖəŮ əŬŰŬ 

ɛɘŬ ɏɜɜɞɘŬ ɛŮ Űɖɜ çɡɓɟɘŭɘəɐè  ɛɏɗɞŭɞ hand lay-up ˊɞɡ ŮűŬɟɛɧůŰɖəŮ əŬɗɩɠ ɛŮŰɎ Űɖɜ 

ŰɞˊɞɗɏŰɖůɖ Űɤɜ ɡŬɚɞɦűŬůɛɎŰɤɜ əŬɘ ŮɛˊɞŰɘůɛɧ ŬɡŰɩɜ ŰŬ əŬɚɞɨˊɘŬ ůɡɛˊɘɏɕɞɜŰŬɜ 

ŮɚŮɔɢɧɛŮɜŬ ɛŮ Űɖ ŰɞˊɞɗɏŰɖůɖ ɛŮŰŬɚɚɘəɩɜ ˊɚŬəɩɜ ŮűŬɟɛɧɕɞɜŰŬɠ ɏɜŬ Ůɑŭɞɠ compress 

molding. ȷɡŰɧ ŮɑɢŮ ůŬɜ ŬˊɞŰɏɚŮůɛŬ ɖ ˊŮɟɘŰŰɐ ˊɞůɧŰɖŰŬ ɟɖŰɑɜɖɠ ɜŬ ŬűŬɘɟŮɑŰŬɘ əŬɘ ɜŬ 

ŮˊɘŰɡɔɢɎɜŮŰŬɘ Űɞ ŮˊɘɗɡɛɖŰɧ ˊɎɢɞɠ ŭɞəɘɛɑɞɡ Űɞ ɞˊɞɑɞ əŬɗɞɟɑɕŮŰŬɘ ŬˊɞəɚŮɘůŰɘəɎ əŬɘ ɛɧɜɞ 

Ŭˊɧ Űɞ ˊɎɢɞɠ Űɤɜ ɡŬɚɞɦűŬůɛɎŰɤɜ. 

   

ɆɢɐɛŬ 44: ɄɟɞŮŰɞɘɛŬůɑŬ ɡɚɘəɩɜ ɔɘŬ əŬŰŬůəŮɡɐ ŭɞəɘɛɑɞɡ 

ůŰ. ɀŮŰɎ Űɖɜ ŬɜɎɛɘɝɖ Űɖɠ ɟɖŰɑɜɖɠ əŬɘ Űɞɡ əŬŰŬɚɨŰɖ ŮˊɘůŰɟɩɜŮŰŬɘ Ůˊɑ Űɞɡ əŬɚɞɡˊɘɞɨ 

ˊɞůɧŰɖŰŬ ɟɖŰɑɜɖɠ əŬɘ ŰɞˊɞɗŮŰŮɑŰŬɘ Űɞ ˊɟɩŰɞ əɞɛɛɎŰɘ ɡŬɚɞɦűɎůɛŬŰɞɠ Űɞ ɞˊɞɑɞ 

ŮɛˊɞŰɑɕŮŰŬɘ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɞɡ ˊɘɜɏɚɞɡ. ɀɧɚɘɠ ŮɛˊɞŰɘůŰŮɑ ůɡɜŮɢɑɕŮŰŬɘ ɖ ɑŭɘŬ ŭɘŬŭɘəŬůɑŬ 

ɛɏɢɟɘ ɜŬ ŰɞˊɞɗŮŰɖɗɞɨɜ ɧɚŬ ŰŬ əɞɛɛɎŰɘŬ ɡŬɚɞɦűɎůɛŬŰɞɠ. ɀŮ Űɞ ˊɏɟŬɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ 

ŰɞˊɞɗŮŰŮɑŰŬɘ Űɞ Ɏɜɤ ŰɛɐɛŬ Űɞɡ əŬɚɞɡˊɘɞɨ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ɞɘ ˊɚɎəŮɠ 

ůɡɛˊɑŮůɖɠ. 
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ɆɢɐɛŬ 45: ȹɘŬŭɘəŬůɑŬ ŮɛˊɞŰɘůɛɞɨ ɡŬɚɞɦűŬůɛɎŰɤɜ 

ɕ. ɇɏɚɞɠ ɛŮ Űɖ ˊŬɟɏɚŮɡůɖ Ůɜɧɠ ŰɞɡɚɎɢɘůŰɞ 24ɩɟɞɡ Űɞ ŭɞəɑɛɘɞ ŬűŬɘɟŮɑŰŬɘ Ŭˊɧ Űɖ 

ɛɐŰɟŬ. 

ɖ. ȺˊŬɜɎɚɖɣɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ Ŭˊɞ 7.3.2.2.1 ɏɤɠ 7.3.2.2.6 ɔɘŬ əɎɗŮ ŭɞəɑɛɘɞ. ɇŬ 

ŭɞəɑɛɘŬ ŰŬ ɞˊɞɑŬ ˊŬɟɐɢɗɖůŬɜ ŮɑɜŬɘ ɛŮ Ŭɟɘɗɛɧ ŰŮɛŬɢɑɤɜ ɡŬɚɞɦűɎůɛŬŰɞɠ 6,7,8,12 Űɤɜ 

200gr/m
2
 ɛŮ ˊɞɚɡŮůŰŮɟɘəɐ ɟɖŰɑɜɖ 12 Űɤɜ 200gr/m

2
 ɛŮ ŮˊɞɝŮɘəɐ ɟɖŰɑɜɖ əŬɘ 3,4,5 Űɤɜ 

500gr/m
2
. 

3.3.2.2 ɄŮɟɘɔɟŬűɐ Ⱦɞˊɐɠ əŬɘ ȹɘŬɛɧɟűɤůɖɠ Űɤɜ ȹɞəɘɛɑɤɜ 

ɇŬ ŭɞəɑɛɘŬ ŰŬ ɞˊɞɑŬ əŬŰŬůəŮɡɎůŰɖəŬɜ, ɚɧɔɤ Űɞɡ Űɟɧˊɞɡ əŬŰŬůəŮɡɐɠ (hand lay-up) 

əŬɘ Űɖɠ ŬŭɡɜŬɛɑŬɠ ɜŬ ŮˊɘŰŮɢɗŮɑ ɛɘŬ Ŭəɟɘɓɐɠ ŮɝŬɟɢɐɠ əɞˊɐ Űɤɜ ɡŬɚɞɦűŬůɛɎŰɤɜ ůŰɘɠ 

ŭɘŬůŰɎůŮɘɠ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɜ, ɚɧɔɤ ɏɚɚŮɘɣɖɠ əŬŰɎɚɚɖɚɤɜ ŮɟɔŬɚŮɑɤɜ əɞˊɐɠ, 

ŭɘŬɛɞɟűɩɗɖəŬɜ ůŮ ɨůŰŮɟɞ  ɢɟɧɜɞ. ȼ ŭɘŬɛɧɟűɤůɖ ɏɔɘɜŮ ɛŮ ɛɖɢɎɜɖɛŬ əɞˊɐɠ (ůɏɔŬ) ɛŮ 

ɛŮŰŬɚɚɘəɐ ɚŮˊɑŭŬ. ȹɘŬˊɘůŰɩɗɖəŮ Ŭˊɧ ŭɞəɘɛŬůŰɘəɐ əɞˊɐ ɧŰɘ ŬˊŬɘŰɞɨɜŰŬɜ ɚŮˊɑŭŬ ɛŮ ˊɞɚɨ 

ˊɡəɜɐ ŭɘɎŰŬɝɖ ɞŭɧɜŰɤɜ əŬɘ ŮˊɘɚɏɢɗɖəŮ ɖ ɚŮˊɑŭŬ əɞˊɐɠ ɛŮŰŬɚɚɘəɩɜ ŮɚŬůɛɎŰɤɜ. 

 

ɆɢɐɛŬ 46: Ⱦɞˊɐ əŬɘ ŭɘŬɛɧɟűɤůɖ ŭɞəɘɛɑɤɜ 

3.3.3 ɄŮɟɘɔɟŬűɐ ˊŬɟŬɔɤɔɐɠ əŬɛˊɡɚɧɛɞɟűɤɜ ɞɟɗɞɔɤɜɘəɩɜ ŭɞəɘɛɑɤɜ 

ȼ ˊŬɟŬɔɤɔɐ Űɤɜ əŬɛˊɡɚɧɛɞɟűɤɜ ɛŮ ɜɏŬ ůɨɜɗŮůɖ ŭɞəɘɛɑɤɜ ˊɟɞɐɚɗŮ Ŭˊɧ Űɖɜ 

ŬˊŬɑŰɖůɖ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɛɘŬ ˊɟɞůɞɛɞɑɤůɖ ɤɠ ˊɟɞɠ Űɞ ɛɖŰɟɘəɧ ɡɚɘəɧ ɛŮ Ůˊɘŭɑɤɝɖ ɜŬ 

ŭɘŬˊɘůŰɤɗŮɑ ɖ əŬɛˊɡɚɧŰɖŰŬ Űɤɜ ɜɏɤɜ ůɡɜɗɏůŮɤɜ ůŮ ůɢɏůɖ ɛŮ Űɞ ɛɖŰɟɘəɧ ɡɚɘəɧ, ɞ 

ŬˊɞŭɞŰɘəɧŰŮɟɞɠ Űɟɧˊɞɠ ůɨɜŭŮůɖɠ ˊŬɚɘɞɨ əŬɘ ɜɏɞɡ ɡɚɘəɞɨ Ůɜɑůɢɡůɖɠ əŬɘ əŬŰɎ ˊɧůɞ ŮˊɘŭɟɎ 

ɖ Ůɜɑůɢɡůɖ ůŰɖ əŬɛˊɡɚɧŰɖŰŬ. 

3.3.3.1 ɄŮɟɘɔɟŬűɐ ˊŬɟŬɔɤɔɐɠ əŬɚɞɡˊɘɩɜ ɔɘŬ Űɖ ˊŬɟŬɔɤɔɐ ŭɞəɘɛɑɤɜ 

ɆŰɖ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ɚɧɔɤ Űɞɡ ɔŮɔɞɜɧŰɞɠ ɧŰɘ ɖ ŮˊɘűɎɜŮɘŬ Űɤɜ əŬɚɞɡˊɘɩɜ  əŬɘ ŰŬ 

ŰŮɛɎɢɘŬ ɡŬɚɞɦűɎůɛŬŰɞɠ ŮɑɜŬɘ ůɢŮŰɘəɎ ɛɘəɟɎ ŮˊɘɚɏɢɗɖəŮ ɜŬ əŬŰŬůəŮɡŬůŰɞɨɜ əŬɚɞɨˊɘŬ 

Ŭˊɧ ɔɨɣɞ əɞɘɜɧ ɛŮ Ůɜɑůɢɡůɖ Ŭˊɧ ɡŬɚɧˊɚŮɔɛŬ. ȾŬŰŬůəŮɡɎůŰɖəŮ ŰŮŰɟɎɔɤɜɞ ˊɚŬɑůɘɞ Ŭˊɧ 

ɘɜɧˊɚŬəŮɠ ɛɏůɖɠ ˊɡəɜɧŰɖŰŬɠ (MDF) ŭɘŬůŰɎůŮɤɜ 30x15 cm. 
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 ȼ ůŰŮɔɎɜɤůɖ Űɞɡ ˊɚŬɘůɑɞɡ ɏɔɘɜŮ ɛŮ ˊɖɚɧ əŬɗɩɠ ůŰŬ ůɖɛŮɑŬ ŮˊŬűɐɠ ɛŮ Űɖɜ 

ŮˊɘűɎɜŮɘŬ ɡˊɐɟɢŬɜ əŮɜɎ ŰŬ ɞˊɞɑŬ ɏˊɟŮˊŮ ɜŬ əŬɚɡűɗɞɨɜ. ɆŰɖ ůɡɜɏɢŮɘŬ ɖ ŮˊɘűɎɜŮɘŬ ɢɤɟɑɠ 

ɞˊɞɘŬŭɐˊɞŰŮ Ɏɚɚɖ ŮˊɏɛɓŬůɖ əŬɚɨűɗɖəŮ ɛŮ ŬˊɞəɞɚɚɖŰɘəɧ əŮɟɑ. 

 ɀŮŰɎ Űɘɠ ŬˊŬɟŬɑŰɖŰŮɠ ŭɘŬŭɘəŬůɑŮɠ  ŬŭɘŬɓɟɞɢɞˊɞɑɖůɖɠ əŬɘ ůŰŮɔɜɩɛŬŰɞɠ Űɞɡ 

ŬˊɞəɞɚɚɖŰɘəɞɨ əŮɟɘɞɨ ɏɔɘɜŮ ɖ ŬɜŬɛɘɝɖ Űɞɡ əɞɘɜɞɨ ɞɘəɞŭɞɛɘəɞɨ ɔɨɣɞɡ əŬɘ Űɞ ˊŮɟɘŮɢɧɛŮɜɞ 

Űɖɠ ŬɜɎɛɘɝɖɠ ŰɞˊɞɗŮŰɐɗɖəŮ ůŰɞ ɝɨɚɘɜɞ ˊɚŬɑůɘɞ ɔɘŬ Űɖ əŬŰŬůəŮɡɐ Űɖɠ ɛɑŬɠ ˊɚɎəŬɠ Űɞɡ 

əŬɚɞɡˊɘɞɨ əŬŰŬůəŮɡɐɠ Űɤɜ ŭɞəɘɛɑɤɜ. 

 

ɆɢɐɛŬ 47: ɄŬɟŬɔɤɔɐ əŬɚɞɡˊɘɩɜ Ŭˊɧ əɞɘɜɧ ɞɘəɞŭɞɛɘəɧ ɔɨɣɞ 

3.3.3.2 ɄŮɟɘɔɟŬűɐ ˊŬɟŬɔɤɔɐɠ ŭɞəɘɛɑɤɜ 

ɇŬ ɜɏŬ ŭɞəɑɛɘŬ ŰŬ ɞˊɞɑŬ ˊŬɟɐɢɗɖůŬɜ ůŮ ŬɡŰɐ Űɖ ˊŮɟɑˊŰɤůɖ ɐŰŬɜ ɛɧɜɞ ŭɨɞ ɛŮ 12 

ŰŮɛɎɢɘŬ ɡŬɚɞɦűɎůɛŬŰɞɠ 200gr/m
2
 əŬɘ ůɡɜŭŮŰɘəɧ ɡɚɘəɧ ˊɞɚɡŮůŰɏɟɘəɐ ɟɖŰɑɜɖ ůŰɞ ɏɜŬ əŬɘ 

ŮˊɞɝŮɘəɐ ůŰɞ Ɏɚɚɞ. ȼ ɚɞɔɘəɐ Űɖɠ əŬŰŬůəŮɡɐɠ ɛɧɜɞ ŬɡŰɩɜ Űɤɜ ŭɨɞ ɜɏɤɜ ŭɞəɘɛɑɤɜ 

ůŰɖɟɑɢŰɖəŮ ůŰɞ ɔŮɔɞɜɧɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ŰŬ ɞˊɞɑŬ ŮɝɖɢɗɖůŬɜ Ŭˊɧ Űɘɠ ŭɞəɘɛɏɠ 

ůɡɛˊɑŮůɖɠ Űɤɜ ŰŮŰɟŬɔɤɜɘəɩɜ əŬɛˊɡɚɧɛɞɟűɤɜ ŭɞəɘɛɑɤɜ. ȷˊɞ ŮəŮɑ ɚɞɘˊɧɜ ŭɘŬˊɘůŰɩůŬɛŮ 

ɧŰɘ ůŮ əŬɛɑŬ Ɏɚɚɖ ˊŮɟɑˊŰɤůɖ ŭɞəɘɛɑɤɜ ɛŮŰŬɝɨ Űɤɜ ŬɡŰɩɜ ɛŮ 6,7,8 ŰŮɛɎɢɘŬ 

ɡŬɚɞɡűɎůɛŬŰɞɠ 200gr/m
2
 əŬɘ  3,4,5 ŰŮɛɎɢɘŬ ɡŬɚɞɡűɎůɛŬŰɞɠ 500gr/m

2
 ŭŮɜ ŮˊŮŰŮɨɢɗɖůŬɜ 

ŬɜŰɞɢɏɠ ɛŮɔŬɚɨŰŮɟŮɠ Ŭˊɧ ŬɡŰɏɠ Űɞɡ ɛɖŰɟɘəɞɨ ɡɚɘəɞɨ əŬɘ ɛɘŬ Űɡɢɧɜ ŮˊɑŰŮɡɝɖ ɗŬ 

ˊɟɞŮɟɢɧŰŬɜ Ŭˊɧ ŭɞəɑɛɘɞ ɛŮ ůɡɜɗŮůɖ 12/200gr/m
2
 . 

 ȼ ŭɘŬŭɘəŬůɑŬ ˊŬɟŬɔɤɔɐɠ ŮɑɜŬɘ ɑŭɘŬ ɛŮ ŬɡŰɐ ˊɞɡ ˊɟɞŬɜŬűɏɟɗɖəŮ ůŰɖ ˊŮɟɑˊŰɤůɖ 

Űɤɜ ŰŮŰɟŬɔɤɜɘəɩɜ əŬɛɡɚɧɛɞɟűɤɜ ŭɞəɘɛɑɤɜ ůŰɘɠ ˊŬɟŬɔɟɎűɞɡɠ 7.3.2.2.1 ɏɤɠ 7.3.2.2.6 ɛŮ 

Űɖ ɛɧɜɖ ŭɘŬűɞɟɎ ɧŰɘ ŭŮɜ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ əŬɘ ɖ ŭɨɞ ˊɚɎəŮɠ Ŭˊɧ ɔɨɣɞ əŬɘ ŬˊɚɎ Ůŭɤ ɖ 

ŭɘŬŭɘəŬůɑŬ ɚɧɔɤ Űɖɠ ɛɘəɟɐɠ ŮˊɘűɎɜŮɘŬɠ ɐŰŬɜ ɢŮɘɟɞɜŬəŰɘəɐ (hand lay-up). 

3.3.3.3 ɄŮɟɘɔɟŬűɐ əɞˊɐɠ əŬɘ ŭɘŬɛɧɟűɤůɖɠ Űɤɜ ŭɞəɘɛɑɤɜ 

ȼ ŭɘŬŭɘəŬůɑŬ əŬɘ ŰŬ ŮɟɔŬɚŮɑŬ əɞˊɐɠ əŬɘ ŭɘŬɛɧɟűɤůɖɠ Űɤɜ ŭɞəɘɛɑɤɜ ŮɑɜŬɘ ŰŬ ɑŭɘŬ ɛŮ 

ŬɡŰɎ Űɖɠ ˊŬɟŬɔɟɎűɞɡ 3.3.2.2. 

3.3.4 ɄŮɟɘɔɟŬűɐ ˊŬɟŬɔɤɔɐɠ ɞɟɗɞɔɤɜɘəɩɜ ŭɞəɘɛɑɤɜ ɔɘŬ ɏɚŮɔɢɞ ŮűŮɚəɡůɛɞɨ 

ȾŬŰɎ Űɖɜ ŬɜŬɔɜɩɟɘůɖ Űɤɜ ŬɜŬɔəɩɜ ŬˊŬɘŰɐɗɖəŮ ɖ ɔɜɩůɖ Űɞɡ ɛɏŰɟɞɡ ŮɚŬůŰɘəɧŰɖŰŬɠ 

əŬɘ Űɖɠ ɛɏɔɘůŰɖɠ ŰɎůɖɠ ŮűŮɚəɡůɛɞɨ əɎɗŮ ŭɞəɘɛɑɞɡ Űɞ ɞˊɞɑɞ ˊŬɟɐɢɗŮɘ. ȹɖɚŬŭɐ 

ŬɜŬűŮɟɧɛŬůŰŮ ůŰŬ ŭɞəɑɛɘŬ ɛŮ 3,4,5,6,7,8 ŰŮɛɎɢɘŬ ɡŬɚɞɦűɎůɛŬŰɞɠ. ɇŬ ŭɞəɑɛɘŬ ŰŬ ɞˊɞɑŬ 

ˊŬɟɐɢɗɖůŬɜ ɔɘŬ ɏɚŮɔɢɞ ůŮ ŮűŮɚəɡůɛɧ ŮɑɢŬɜ ŭɘɎŰŬɝɖ ɘɜɩɜ Ñ45Ü ůŮ əɎɗŮ ůŰɟɩůɖ. ȷɡŰɐ ɖ 

ŭɘɎŰŬɝɖ Ůɚɏɔɢɞɡ ˊɟɞɏəɡɣŮ Ŭˊɧ Űɖɜ ŭɘɎŰŬɝɖ Űɤɜ ɘɜɩɜ ɛɏůŬ ůŰɞ ɡɚɘəɧ. ȼ ŭɘŬűɞɟɎ Űɤɜ 

ɘɜɩɜ ɛŮ Űɞ ɛɖŰɟɘəɧ ɡɚɘəɧ ŮɑɜŬɘ ɧŰɘ ůŰɞ ŰŮɚŮɡŰŬɑɞ ŬɝɘɞɚɞɔɐɗɖəŮ ɖ ɨˊŬɟɝɖ ɘɜɩɜ ŮɜɘŬɑŬɠ 

əŬŰŮɨɗɡɜůɖɠ (unidirectional) ůŮ ůɢɏůɖ ɛŮ ŰŬ ɜɏŬ ɡŬɚɞɦűɎůɛŬŰŬ Űɨˊɞɡ roving. ɆŰɞ ůɢɐɛŬ 

7.27 űŬɑɜŮŰŬɘ ɛŮ ˊɟɎůɘɜŮɠ əŬɘ əɧəəɘɜŮɠ ɔɟŬɛɛɏɠ ɖ ŭɘɎŰŬɝɖ Űɤɜ ɘɜɩɜ əŬɘ ɛŮ ɛˊɚɏ ɓɏɚɞɠ ɖ 

əŬŰŮɨɗɡɜůɖ ɢɟɐůɖɠ Űɖɠ ˊɚɎəŬɠ ɀɃɀȷɇ ɛŮŰɎ Űɖɜ ŰɞˊɞɗŮŰɖůɐɠ Űɖɠ. 
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ɆɢɐɛŬ 48: ȾŬŰŮɨɗɡɜůɖ ɘɜɩɜ ůŰɞ ɛɖŰɟɘəɧ ɡɚɘəɧ əŬɘ ŭɘɎŰŬɝɖ ɢɟɐůɖɠ ŬɡŰɞɨ 

3.3.4.1 ɄŮɟɘɔɟŬűɐ ˊŬɟŬɔɤɔɐɠ Űɤɜ ŭɞəɘɛɑɤɜ Űɨˊɞɡ coupon 

ȼ ˊŬɟŬɔɤɔɐ ŬɡŰɞɨ Űɞɡ Űɨˊɞɡ ŭɞəɘɛɑɤɜ ɐŰŬɜ ɖ ˊɘɞ Ůɨəɞɚɖ əŬɗɩɠ ŭŮɜ ŬˊŬɘŰɐɗɖəŮ 

əŬɜɏɜŬɠ ɘŭɘŬɑŰŮɟɞɠ Ůɝɞˊɚɘůɛɧɠ ɐ əŬɚɞɨˊɘ. ɄɎɜɤ ůŮ ɏɜŬ ŰɟŬˊɏɕɘ ŰɞˊɞɗŮŰɐɗɖəŮ ɏɜŬ əɞɘɜɧ 

ŰɕɎɛɘ. ȺəŮɑ ŬɟɢɘəɎ ŰɞˊɞɗŮŰɞɨɜŰŬɜ ˊɞůɧŰɖŰŬ ɟɖŰɑɜɖɠ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɏɜŬ ɏɜŬ ŰŬ ŰŮɛɎɢɘŬ 

ɡŬɚɞɦűɎůɛŬŰɞɠ ůŮ əŬŰŮɨɗɡɜůɖ ɘɜɩɜ 0Ü,90Ü ŰŬ ɞˊɞɑŬ ŮɛˊɞŰɑɕɞɜŰŬɜ ɛŮ ˊɘɜɏɚɞ ˊɘɏɕɞɜŰŬɠ 

ŰŬɡŰɧɢɟɞɜŬ ɛŮ Ŭˊɚɧ ɟɞɚɧ Űɞɜ ŬɏɟŬ ɞ ɞˊɞɑɞɠ Űɡɢɧɜ ŮɑɢŮ ŮɔəɚɤɓɘůŰŮɑ ɛŮŰŬɝɨ Űɤɜ ˊŬɜɘɩɜ. 

ɀŮ Űɖɜ ˊŬɟɏɚŮɡůɖ Ůɜɧɠ 24ɩɟɞɡ Űɞ ŰŮɛɎɢɘɞ ŬűŬɘɟɞɨɜŰŬɜ ɛŮ ůɢŮŰɘəɐ ŮɡəɞɚɑŬ. 

ȾŬŰŬůəŮɡɎůŰɖəŬɜ ɛŮ Űɖ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ 6 ŰŮɛɎɢɘŬ ɛŮ ůɡɜɗɏůŮɘɠ 3,4,5,6,7,8 

ɡŬɚɞɡűɎůɛŬŰŬ. 

 

 

ɆɢɐɛŬ 49: ɇŮɛɎɢɘɞ əŬŰŬůəŮɡɐɠ coupons 

3.3.4.2 ɄŮɟɘɔɟŬűɐ əɞˊɐɠ əŬɘ ŭɘŬɛɧɟűɤůɖɠ Űɤɜ ŭɞəɘɛɑɤɜ 

ȼ əŬŰŬůəŮɡɐ Űɤɜ ŭɞəɘɛɑɤɜ ɏɔɘɜŮ ɛŮ ŭɘɎŰŬɝɖ Űɤɜ ɡŬɚɞɡűŬůɛɎŰɤɜ ůŮ əŬŰŮɡɗɨɜůŮɘɠ 

0Ü,90Ü. ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ŭɘŬɛɞɟűɩɗɞɨɜ coupons ɛŮ ŭɘɎŰŬɝɖ Ñ45Ü ɏɔɘɜŮ ɖ Ůɝɐɠ Ŭˊɚɐ 

ŭɘŬŭɘəŬůɑŬ: ȺɜŰɞˊɑůŬɛŮ ɛɘŬ ɑɜŬ Űɞɡ ŰŮɛŬɢɑɞɡ. ɆɖɛŮɘɩůŬɛŮ ŬɡŰɐ ɛŮ ɛɞɚɨɓɘ əŬɘ ůŰɖ 

ůɡɜɏɢŮɘŬ ɛŮ ɛɞɘɟɞɔɜɤɛɧɜɘɞ ůɢŮůɘɎůŬɛŮ Űɖɜ ɔɤɜɑŬ Űɤɜ 45Ü. ȷəɞɚɞɨɗɤɠ ɛŮ ɏɜŬ əŬɜɧɜŬ əŬɘ 

ˊŬɟɎɚɚɖɚɖ ɛŮŰŬűɞɟɎ Űɞɡ ŬɜŬ 25 mm ůɢŮŭɘɎůŬɛŮ ŰŬ ŭɞəɑɛɘŬ ůŰɘɠ ŭɘŬůŰɎůŮɘɠ ˊɞɡ ɧɟɘɕŮ Űɞ 

ˊɟɧŰɡˊɞ ASTM D 3039-00 ŭɖɚŬŭɐ 250 mm x25mm. ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ 

ɔɘŬ ɧɚŬ ŰŬ ŰŮɛɎɢɘŬ ɖ ɑŭɘŬ. ɆŰɞ ůɢɐɛŬ 7.29Ŭ űŬɑɜŮŰŬɘ ɛŮ əɧəəɘɜɖ ɔɟŬɛɛɐ ɖ ɑɜŬ ŬɜŬűɞɟɎɠ 

ɛŮ ɛˊɚɏ ɔɟŬɛɛɐ ɞ ůɢŮŭɘŬůɛɧɠ Űɤɜ 45Ü əŬɘ ɛŮ ˊɟɎůɘɜɖ ɔɟŬɛɛɐ ɞɟɑɕŮŰŬɘ Űɞ ɛɐəɞɠ Űɤɜ 

ŭɞəɘɛɑɤɜ. 
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ɆɢɐɛŬ 50: ɆŰɎŭɘŬ əɞˊɐɠ coupons 

ũɘŬ Űɖ əɞˊɐ Űɤɜ ŭɞəɘɛɑɤɜ ŬɟɢɘəɎ ɏɔɘɜŮ ŭɞəɘɛɐ ɛŮ ˊɞɚɡŮɟɔŬɚŮɑɞ ɢɎɟŬɝɖɠ Űɖɠ ŮŰŬɘɟɑŬɠ 

dremel ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŬˊɞűɨɔɞɡɛŮ ŬˊɞəɞɚɚɐůŮɘɠ Űɤɜ ɘɜɩɜ ɖ əŬŰŬůŰɟɞűɐ Űɖɠ ɟɖŰɑɜɖɠ. 

ȹɘŬˊɘůŰɩůŬɛŮ ɧɛɤɠ ɧŰɘ ɖ əɞˊɐ ɐŰŬɜ ŮɡəɞɚɧŰŮɟɖ ɛŮ ůɏɔŬ əŬɘ ŭŮɜ ˊɟɞəŬɚɞɨůŮ 

ɞɡůɘŬůŰɘəɏɠ űɗɞɟɏɠ. ȰɢɞɜŰŬɠ əɧɣŮɘ ŬɟɢɘəɎ ŰŬ ŭɞəɑɛɘŬ ɛŮ əɎˊɞɘŮɠ Ŭɜɞɢɏɠ ɤɠ ˊɟɞɠ Űɞ 

ˊɚɎŰɞɠ Űɤɜ 25 mm ˊɟɞəŮɑɛɏɜɞɡ ůŰɖ ůɡɜɏɢŮɘŬ ɜŬ ŭɘɞɟɗɩůɞɡɛŮ Űɡɢɧɜ ŬŰɏɚŮɘŮɠ, ůŰɖ 

ůɡɜɏɢŮɘŬ ɔɘŬ ɜŬ ŭɘŬɛɞɟűɩůɞɡɛŮ ˊŬɟɎɚɚɖɚŮɠ ˊɚŮɡɟɏɠ ŰŬ ŰɞˊɞɗŮŰɐůŬɛŮ ɏɜŬ ɏɜŬ ůŮ 

ɛɏɔɔŮɜɖ ɧˊɞɡ ɏɔɘɜŮ əŬɘ ɖ ŰŮɚɘəɐ ŮˊŮɝŮɟɔŬůɑŬ. 

 

ɆɢɐɛŬ 51: Ⱦɞˊɐ əŬɘ ŭɘŬɛɧɟűɤůɖ coupons 

3.3.4.3 ɄɟɞŮŰɞɘɛŬůɑŬ Űɤɜ ŭɞəɘɛɑɤɜ ɔɘŬ ɏɚŮɔɢɞ 

ɆɨɛűɤɜŬ ɛŮ Űɞ ˊɟɧŰɡˊɞ ASTM D 3039M-00, ŰŬ ŭɞəɑɛɘŬ ɚɧɔɤ Űɞɡ ˊɎɢɞɡɠ, ˊɟɏˊŮɘ ɜŬ 

ɏɢɞɡɜ ŭɘŬůŰɎůŮɘɠ 250mmx25mm əŬɘ ůŰŬ ɎəɟŬ Űɞɡɠ ɔɘŬ ˊɟɞůŰŬůɑŬ Ŭˊɧ Űɘɠ ɚŬɓɏɠ Űɖɠ 

ɛɖɢŬɜɐɠ ŮűŮɚəɡůɛɞɨ ŭŮɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ŰɞˊɞɗŮŰɖɗɞɨɜ ŰŮɛɎɢɘŬ (tabs) Ŭˊɞ Űɞ ɑŭɘɞ 

ɡɚɘəɧ, ŬɚɚɎ Ŭˊɧ ɡŬɚɧɢŬɟŰɞ (Emery Cloth - 40 Grit). ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ŰɞˊɞɗŮŰɐůŬɛŮ 

ŰŮɛɎɢɘŬ ɡŬɚɞɢɎɟŰɞɡ ŭɘŬůŰɎůŮɤɜ 50mmx25mm ůŰŬ ɎəɟŬ Űɤɜ ŭɞəɘɛɑɤɜ, əɞɚɚɐɗɖəŬɜ ɛŮ 

ŮˊɞɝŮɘŭɘəɐ əɧɚɚŬ 2 ůɡůŰŬŰɘəɩɜ əŬɘ ůɡɛˊɘɏůŰɖəŬɜ ɛŮŰŬɝɡ ɛŮɚɚɘəɩɜ ˊɚŬəɩɜ ɔɘŬ 24 ɩɟŮɠ 

ɔɘŬ ůəɚɐɟɡɜůɖ Űɖɠ əɧɚɚŬɠ. Ⱥˊɑůɖɠ ůɖɛŮɘɩɗɖəŮ Űɞ ɛɏůɞ Űɤɜ ŭɞəɘɛɑɤɜ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ 

ůɖɛŮɘɩɗɖəŮ ŬˊɧůŰŬůɖ 25 mm ŮəŬŰɏɟɤɗŮɜ Űɞɡ ɛɏůɞɡ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŭɘŮɡəɞɚɨɜŮŰŬɘ ɖ 

Űɞ́ɞɗɏŰɖůɖ Űɞɡ ɖɚŮəŰɟɞɜɘəɞɨ ŬˊɞůŰŬůɘɞɛɏŰɟɞɡ (extension meter). 

    

ɆɢɐɛŬ 52: ɇɞˊɞɗɏŰɖůɖ Űɤɜ "Tabs" 

Ŭ 
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3.4 ȺəŰɏɚŮůɖ Űɤɜ ˊŮɘɟŬɛŬŰɘəɩɜ Ůɚɏɔɢɤɜ 

3.4.1 ȳɟɔŬɜŬ əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜŮɠ ůɡůəŮɡɏɠ 

3.4.1.1 Instron LX 300 

ũɘŬ Űɖ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ ɧɚɤɜ Űɤɜ Űɨˊɤɜ Űɤɜ Ůɚɏɔɢɤɜ ůɡɛ́ ɑŮůɖɠ , ŮűŮɚəɡůɛɞɨ, 

əɎɛɣɖɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɖ ůɡůəŮɡɐ Ƚnstron 300 LX Űɞɡ ȺɟɔŬůŰɖɟɑɞɡ ɀŮŰŬɚɚɘəɩɜ 

ȾŬŰŬůəŮɡɩɜ Űɞɡ ɇɞɛɏŬ ȹɞɛɞůŰŬŰɘəɐɠ Űɞɡ Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ. ȼ ɛɖɢŬɜɐ 

ŬɡŰɐ ɏɢŮɘ ŭɡɜŬŰɧŰɖŰŮɠ ŮűŬɟɛɞɔɐɠ űɞɟŰɑɞɡ ŮűŮɚəɡůɛɞɨ 300kN Ůɜɩ 100əɁ ůŮ ůɡɛˊɑŮůɖ. 

ȰɢŮɘ Űɞ ˊɚŮɞɜɏəŰɖɛŬ Űɖɠ ɡŭɟŬɡɚɘəɐɠ ɟɨɗɛɘůɖɠ ɨɣɞɡɠ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ Űɖɠ ůŰŮɚŮɢɩɜ. 

3.4.1.2 ȿɞɔɘůɛɘəɧ ůɡɚɚɞɔɐɠ ŬˊɞŰŮɚŮůɛɎŰɤɜ BluehillÈ 3 

Bluehill È 3 ŮɑɜŬɘ ɖ ˊɘɞ ˊɟɧůűŬŰɖ ɏəŭɞůɖ Űɞɡ ŭɖɛɞűɘɚɞɨɠ ɚɞɔɘůɛɘəɞɨ Bluehill 

Instron, ˊŮɟɘɏɢɞɡɜ ɓŮɚŰɘɩůŮɘɠ əŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɡ ɏɢɞɡɜ ůɢŮŭɘŬůŰŮɑ ŮɘŭɘəɎ ɔɘŬ Űɘɠ 

ŬˊŬɘŰɐůŮɘɠ Űɤɜ ɢɟɐůŰɖ. 

3.4.1.3 Isntron ExtensoMeter 

ȼ ɛɏŰɟɖůɖ Űɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮ Űɞ ɖɚŮəŰɟɞɜɘəɧ ɛɖɢŬɜɖɛŬ 

ɛɏŰɟɖůɖɠ Űɖɠ Instron ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ůɢɐɛŬ 8.1. ȼ ŬˊɧůŰŬůɖ ŬɜŬűɞɟɎɠ ɔɘŬ Űɞ ɧɟɔŬɜɧ 

ɛŬɠ ɐŰŬɜ 50mm Ůɜɩ ɞɘ ŰŬɢɨŰɖŰŮɠ Ůˊɘɓɞɚɐɠ ɛŮŰŬŰɞˊɑůŮɤɜ ɐŰŬɜ 1mm/min. 

 

ɆɢɐɛŬ 53: ɀɖɢŬɜɐ Instron 300 LX əŬɘ ExtensoMeter 

3.4.1.4 ŪŮɟɛɧɛŮŰɟɞ- ɡɔɟɧɛŮŰɟɞ 

Ƀɘ ɛŮŰɟɐůŮɘ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ Űɖɠ ɡɔɟŬůɑŬɠ ɏɔɘɜŬɜ Ŭˊɧ ɏɜŬ ɧɟɔŬɜɞ ɛɖ 

ŭɘŬˊɘůŰŮɡɛɏɜɞ, ŬɚɚɎ ŭŮɜ ɐŰŬɜ əŬɘ Űɞ ɕɖŰɞɨɛŮɜɞ ůŰɖɜ ŮɟɔŬůɑŬ əŬɗɩɠ ɛɘŬ Űɡˊɘəɐ 

əŬŰŬɔɟŬűɐ ŬɡŰɩɜ ɐŰŬɜ ɘəŬɜɞˊɞɘɖŰɘəɐ. 
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3.5 ɄŮɘɟŬɛŬŰɘəɧɠ ɏɚŮɔɢɞɠ ŰŮŰɟŬɔɤɜɘəɩɜ ŭɞəɘɛɑɤɜ 

ȼ ɛɏɗɞŭɞɠ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɖɠ űɏɟɞɡůŬɠ ɘəŬɜɧŰɖŰŬɠ Űɞɡ ɡɚɘəɞɨ əŬɗɞɟɑůŰɖəŮ Ŭˊɧ Űɖ 

ɚɞɔɘəɐ ɛŮ Űɖɜ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘŮɑŰŮ Űɞ ɡɚɘəɧ ůŰɖ ŰŮɚɘəɐ Űɞɡ ɛɞɟűɐ ɤɠ ɚŮˊŰɧŰɞɘɢɖ ˊɚɎəŬ 

əŬŰŬɜɞɛɐɠ űɞɟŰɑɞɡ əŬɘ əŬŰô ŮˊɏəŰŬůɖ əŬŰŬɜɞɛɐɠ ŰɎůŮɤɜ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ 

ŬˊɞűŬůɑůŰɖəŮ ɜŬ ŮɚŮɔɢŮɑ ɖ űɏɟɞɡůŬ ɘəŬɜɧŰɖŰŬ ɛŮ ŭɞəɘɛɐ ůɡɛˊɑŮůɖɠ. ȼ ŭɞəɘɛɐ ůɡɛˊɑŮůɖɠ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮŰŬɝɨ ŬůɡɛˊɑŮůŰɤɜ ɛŮŰŬɝɨ Űɞɡɠ ˊɚŬəɩɜ, ŭɖɚŬŭɐ ɞɘ ůɡɜɗɐəŮɠ 

ůŰɐɟɘɝɖɠ əŬɘ Ůˊɘɓɞɚɐɠ űɞɟŰɑɞɡ ŮűŬɟɛɧůŰɖəŬɜ ɛŮ Űɖ ŭɡůɛŮɜɏůŰŮɟɖ ɔɘŬ Űɞ ɡɚɘəɧ ɛɞɟűɐ 

Űɞɡɠ. ȼ ŮɜŭɞůɘɛɧŰɖŰŬ Űɞɡ ŮŭɎűɞɡɠ ůŰɘɠ ˊŮɟɘůůɧŰŮɟŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŮűŬɟɛɞɔɐɠ Űɞɡ ɡɚɘəɞɨ 

ŮˊɘŰɟɏˊŮɘ Űɖɜ ˊŬɟŬɛɧɟűɤůɖ Űɞɡ ɡɚɘəɞɨ əŬɘ ŰɎůŮɘɠ ŬɜŬˊŰɨůɞɜŰŬɘ ůŮ ɧɚɖ Űɖɜ ŮˊɘűɎɜŮɘŬ 

Űɞɡ. ɆŰɖ ˊŮɟɑˊŰɤůɖ ɛŬɠ ɧɛɤɠ Űɞ űɞɟŰɑɞ ŮˊɘɓɎɚŮŰŬɘ ůŮ ɛɏɟɞɠ Űɞɡ ɡɚɘəɞɨ (Ɏɜɤ əŬɘ əɎŰɤ 

ŰɛɐɛŬ əɧɚɞɟɤɜ əɩɜɤɜ). 

3.5.1 ɇŮɢɜɘəɎ ůŰɞɘɢŮɑŬ ŭɞəɘɛɑɤɜ ˊɟɞɠ ɏɚŮɔɢɞ 

ɇŬ ŭɞəɑɛɘŬ ůŰɖ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ ŬɡŰɎ ŰŬ ɞˊɞɑŬ ŭɘŬɛɞɟűɩɗɖəŬɜ Ŭˊɧ Űɞ 

ɛɖŰɟɘəɧ əŬɘ űɗŬɟɛɏɜɞ ɡɚɘəɧ əŬɘ ůŮ ŬɡŰɎ ŰŬ ɞˊɞɑŬ əŬŰŬůəŮɡɎůŰɖəŬɜ ůŰɖ ɚɞɔɘəɐ Űɞɡ 

ˊɟɞůŭɘɞɟɘůɛɞɨ Űɤɜ ɛɖɢŬɜɘůɛɩɜ űɗɞɟɎɠ Űɞɡ ɡɚɘəɞɨ ɛŮ Űɘɖɜ ŮˊɑŰŮɡɝɖ ˊŬɟɧɛɞɘŬɠ Űɞ 

ŭɡɜŬŰɧɜ ŬɜŰɞɢɐɠ. 

ɮκɮ ɲˇˁʾ˃ʽˇ ʅˏ˄ʻʶˋʹ 
thickness 

(mm) 
weight 

(gr) 

1 ɲм 6/200gr 1.4 220.31 

2 ɲн 8/200gr 2 305.84 

3 ɲо 7/200gr 1.49 233.42 

4 ɲп 3/500gr 1.95 233.01 

5 ɲр 4/500gr 2.39 308.33 

6 ɲс 5/500gr 2.8 397.65 

7 ɲт 

ɲˇˁʾ˃ʽˇ ˎˉʱˊ˔ˇˎˋʰˌ 
ˋˏ˄ʻʶˋʹˌ  ˍʶˍˊʰʴ˖˄ʽˁʺˌ 
ʵʽʰˍˇ˃ʺˌ ʶ˄ʽˋ˔ˎ˃ʷ˄ˇ ˃ˈ˄ˇ 
˃ʶ ˉˇ˂ˎʶˋˍʶˊʽˁʺ ˊʹˍʾ˄ʹ 

2.54 394.64 

8 ɲу 
ɲˇˁʾ˃ʽˇ ˎˉʱˊ˔ˇˎˋʰˌ 
ˋˏ˄ʻʶˋʹˌ  ˍʶˍˊʰʴ˖˄ʽˁʺˌ 

ʵʽʰˍˇ˃ʺˌ 
2.54 364.7 

9 ɲуw 
Ť  ɲˇˁʾ˃ʽˇ ɲу ʶ˄ʽˋ˔ˎ˃ʷ˄ˇ 
˃ʶ ʶˉˇ˅ʶʽˁʺ ˊʹˍʾ˄ʹ 2.56 390 

10 ɲф 

ɲˇˁʾ˃ʽˇ ˎˉʱˊ˔ˇˎˋʰˌ 
ˋˏ˄ʻʶˋʹˌ  ˍʶˍˊʰʴ˖˄ʽˁʺˌ 
ʵʽʰˍˇ˃ʺˌ ʶ˄ʽˋ˔ˎ˃ʷ˄ˇ ˃ʶ н 
ˎʰ˂ˇˎ˒ʱˋ˃ʰˍʰ нллgr/mч  

2.6 499.7 

11 ɲнм 12/200 gr polyester 2.6 360 

12 ɲнн 12/200 gr epoxy 2.65 313 

ɄɑɜŬəŬɠ 2: ɄɑɜŬəŬɠ ŰŮɢɜɘəɩɜ ůŰɞɘɢŮɑɤɜ ŰŮŰɟŬɔɤɜɘəɩɜ ŭɞəɘɛɑɤɜ 

ɇŬ ŭɞəɑɛɘŬ ȹ1 ɏɤɠ ȹ6 ŮɑɜŬɘ ŬɡŰɎ ŰŬ ɞˊɞɑŬ əŬŰŬůəŮɡɎůŰɖəŬɜ ɛŮ Űɖ ɛɏɗɞŭɞ hand lay-

up əŬɘ ŰŬ ɓɎɟɖ Űɞɡɠ ˊɟɞůŭɘɞɟɑůŰɖəŬɜ ɛŮ ɕɡɔɧ ŬəɟɘɓŮɑŬɠ. ɇŬ ŭɞəɑɛɘŬ Ŭˊɧ Ŭ/Ŭ 1-3 Ŭɜɐəɞɡɜ 

ůŰɖɜ ɑŭɘŬ ɞɛɎŭŬ Ŭˊɧ Ɏˊɞɣɖ ŮˊɘűŬɜŮɘŬəɞɨ ɓɎɟɞɡɠ ɡŬɚɞɦűɎůɛŬŰɞɠ əŬɘ ˊŬɟɞɡůɘɎɕɞɡɜ ɛɘŬ 

ɔɟŬɛɛɘəɧŰɖŰŬ ůŰɖɜ Ŭɨɝɖůɖ Űɞɡ ɓɎɟɞɡɠ ůŮ ůɢɏůɖ ɛŮ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ɡŬɚɞɡűŬůɛɎŰɤɜ 

ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ŭɘɎɔɟŬɛɛŬ Űɞɡ ůɢɐɛŬŰɞɠ 54. ɇŬ ŭɞəɑɛɘŬ Ŭˊɧ Ŭ/Ŭ 4-6 Ŭɜɐəɞɡɜ ůŰɖɜ 

ɞɛɎŭŬ Űɤɜ 500 gr/m
2
 əŬɘ ˊŬɟɞɡůɘɎɕɞɡɜ ɛɘŬ ůɢɏůɖ ɓŬɟɞɡɠ-ˊɎɢɞɡɠ ˊɞɚɡɤɜɡɛɘəɐ 2

ɞɡ
 

ɓŬɗɛɞɨ. 
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ɆɢɐɛŬ 54: ȹɘɎɔɟŬɛɛŬ ɄɎɢɞɡɠ-ȸɎɟɞɡɠ ŭɞəɘɛɑɤɜ Űɤɜ 200 əŬɘ 500gr/m
2
 

ȼ ˊɞɚɡɤɜɡɛɘəɐ ŬɡŰɐ ůɢɏůɖ ůŰɖ ˊŮɟɑˊŰɤůɖ Űɤɜ 500 gr/m
2
 ɛˊɞɟŮɑ ɜŬ ɞűŮɑɚŮŰŬɘ ůŮ 

əŬŰŬůəŮɡŬůŰɘəɏɠ ŬŰɏɚŮɘŮɠ ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɛŮɔŬɚɨŰŮɟɖ ˊɞůɧŰɖŰŬ ɟɖŰɑɜɖɠ ůŰɞ 

ŭɞəɑɛɘɞ. ȹŮɜ ŬɝɘɞɚɞɔŮɑŰŬɘ ɚɞɘˊɧɜ ɎɛŮůŬ ɛɘŬ ŰɏŰɞɘŬ ůɢɏůɖ əŬɗɩɠ ɞɘ ůɡɜɗɐəŮɠ ɜŬɘ ɛŮɜ ɐŰŬɜ 

ɑŭɘŮɠ ůŰɖ əŬŰŬůəŮɡɐ ɧɚɤɜ Űɤɜ ŭɞəɘɛɑɤɜ ˊŬɟɧɚŬ ŬɡŰɎ ŬŭɨɜŬŰɞ ɜŬ ˊɟɞɓɚŮűɗɞɨɜ Űɡɢɧɜ 

ŬˊɞəɚɑůŮɘɠ. 

3.5.2 ȹɞəɑɛɘɞ ȹ1(6/200gr/m
2
) 

ɇɞ ŭɞəɑɛɘɞ ȹ1 ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 6 ŰŮɛɎɢɘŬ ɡŬɚɞɡűɎůɛŬŰɞɠ Űɤɜ 200 gr/m
2
 ůɡɜɞɚɘəɞɨ 

ɓɎɟɞɡɠ 220,31 gr. 

 

 

ɆɢɐɛŬ 55: ȹɞəɑɛɘɞ ȹ1 200gr/m
2 

ɇɞ ŭɘɎɔɟŬɛɛŬ Űɞ ɞˊɞɑɞ ˊɟɞɏəɡɣŮ Ŭˊɧ Űɖɜ ůɡɚɚɞɔɐ ůŰɞɘɢŮɑɤɜ ɛŮ Űɞ ɚɞɔɘůɛɘəɧ Bluehill 

3 əŬɘ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ůŰɞ Excel űŬɑɜŮŰŬɘ ůŰɞ ůɢɐɛŬ 56. ȷˊɧ Űɖɜ 

Ŭɝɘɞɚɧɔɖůɖ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ŰɞɜɑůɞɡɛŮ ɧŰɘ ɛɘŬ Ŭɟɢɘəɐ ˊŮɟɘɞɢɐ ŭŮŭɞɛɏɜɤɜ 

ɧˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ŬɟɜɖŰɘəɏɠ Űɘɛɏɠ ˊŬɟŬɛɧɟűɤůɖɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɞɘ 

ŮɘəɞɜɘɕɧɛŮɜŮɠ ůŰɞ ůɢɐɛŬ 55 ˊɚɎəŮɠ ŭŮɜ ɏɢɞɡɜ ɏɟɗŮɘ ůŮ ŮˊŬűɐ ˊɚɐɟɖ ɛŮ Űɞ ŭɞəɑɛɘɞ.  
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ɆɢɐɛŬ 56:ȹɘɎɔɟŬɛɛŬ ŰɎůŮɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ ŭɞəɘɛɑɞɡ ȹ1 

ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ ɗŬ ˊɟɏˊŮɘ ɜŬ ŰŮɗɞɨɜ əŬɘ ŰŬ ɧɟɘŬ Ŭˊɞŭɞɢɐɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ. ɇɞ ɨɣɞɠ 

Űɤɜ ŭɞəɘɛɑɤɜ ůŮ ɛɏůŮɠ ŬˊɞůŰɎůŮɘɠ  Ɏɜɤ əŬɘ əɎŰɤ əɞɟɡűɩɜ Űɤɜ əɩɜɤɜ ŮɑɜŬɘ 12 mm. ȷˊɧ 

Űɞ ŭɘɎɔɟŬɛɛŬ ɓɚɏˊɞɡɛŮ ɧŰɘ ŰŬ ŭŮŭɞɛɏɜŬ əɎɜɞɡɜ ŭɨɞ ŬɚɚŬɔɏɠ ůŰɘɠ əɚɑůŮɘɠ Űɞɡɠ, ɛɘŬ ŬɟɢɘəɎ 

ɛɏɢɟɘ Űɖɜ ůɡɚɚɞɔɐ ˊɟŬɔɛŬŰɘəɩɜ ŭŮŭɞɛɏɜɤɜ ɗɚɑɣɖɠ Űɞɡ ɡɚɘəɞɨ əŬɘ ɛɑŬ ůŰɖ ˊŮɟɘɞɢɐ 

ɛŮŰŬɝɨ 10 əŬɘ 11 mm ˊŬɟŬɛɧɟűɤůɖɠ, ɧˊɞɡ ɞɘ ˊɚŬəɏɠ ɞɡůɘŬůŰɘəɎ ɓɟɑůəɞɜŰŬɘ ůŮ ŮɔɔɨŰɖŰŬ 

ɛŮŰŬɝɨ Űɞɡɠ əŬɘ çŭɑɜɞɡɜè ˊɚŬůɛŬŰɘəɎ ˊɚɏɞɜ ůŰɞɘɢŮɑŬ ˊŮɟɑ Űɖɠ ŬɜŰɞɢɐɠ. ɀɘɚɎɛŮ ɚɞɘˊɧɜ 

ɔɘŬ ɛɘŬ ˊŮɟɘɞɢɐ Űɖɜ ɞˊɞɑŬ ɚŬɛɓŬɜɞɡɛŮ ɡˊɧɣɖ ůŰŬ ŭŮŭɞɛɏɜŬ ɛŬɠ ɛŮŰŬɝɨ ŰɎůŮɤɜ Ŭˊɧ 0 

ɀPa əŬɘ ŬɚɚŬɔɐɠ əɚɑůɖɠ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ (ůɢ 56). ɀŮ ŬɡŰɐ Űɖ ɚɞɔɘəɐ ůŰɖ 

ˊŬɟŬɛɧɟűɤůɖ Űɤɜ 10 mm ɏɢɞɡɛŮ ŰɎůɖ 1,393 MPa. 

3.5.3 ȹɞəɑɛɘɞ ȹ3(7/200gr/m
2
) 

ɇɞ ŭɞəɑɛɘɞ ȹ3 ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 7 ŰŮɛɎɢɘŬ ɡŬɚɞɡűɎůɛŬŰɞɠ Űɤɜ 200 gr/m
2
 ůɡɜɞɚɘəɞɨ 

ɓɎɟɞɡɠ 233,42 gr. 

 

ɆɢɐɛŬ 57: ȹɞəɑɛɘɞ ȹ3 200 gr/m
2 

ɆŰɖ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ ŰŬ ůŰɞɘɢŮɑŬ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ ɛˊɞɟɞɨɜ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ Ůɝô ɞɚɞəɚɐɟɞɡ əŬɘ ɜŬ ɛŬɠ ŭɩůɞɡɜ ɛɏɔɘůŰɖ ɗɚɘˊŰɘəɐ ŰɎůɖ 1,90 ɀPa. 

ɀɘŬ ŭɘŬˊɑůŰɤůɖ ůɢŮŰɘəɎ ɛŮ Űɘɠ űɗɞɟɏɠ əŬɘ Űɘɠ ŬˊɞəɞɚɚɐůŮɘɠ ŮɑɜŬɘ ɧŰɘ Ůɜɩ ŭŮɜ ɡˊɐɟɢŮ 

ŭɡɜŬŰɞŰɖŰŬ ŮɜŰɞˊɑůɛɞɨ Űɞɡɠ ůŰɖ űɎůɖ ŭɘŮɝŬɔɤɔɐɠ ,ɛˊɞɟɞɨɛŮ ɛɏůŬ Ŭˊɧ ŰŬ ŭɘŬɔɟɎɛɛŬŰŬ 
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ɜŬ ŭɘŬˊɘůŰɩůɞɡɛŮ ůŮ ˊɞɘɎ ůɖɛŮɑŬ ŮɑɢŬɛŮ Űɘɠ Űɘɠ űɗɞɟɏɠ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɜŬ ŮɜŰɞˊɑůɞɡɛŮ 

Űɞ Ůɑŭɞɠ Űɞɡɠ ɛŮŰɎ Űɞ ˊɏɟŬɠ Űɞɡ ˊŮɘɟɎɛŬŰɞɠ. ɇɏŰɞɘŮɠ ŬˊɞŭŮɑɝŮɘɠ ŮɑɜŬɘ ŰŬ ůɖɛŮɑŬ ɛŮ əŬɛˊɏɠ 

ɖ ŬɜɎɚɞɔŬ ɛŮ ŰŬ ůɖɛŮɑŬ ˊɞɡ űŬɑɜɞɜŰŬɘ ůŰɞ əɧəəɘɜɞ ˊɚŬɑůɘɞ Űɞɡ ůɢɐɛŬŰɞɠ 58. 

 

ɆɢɐɛŬ 58: ȹɘɎɔɟŬɛɛŬ ɇɎůŮɤɜ ɄŬɟŬɛɞɟűɩůŮɤɜ ȹɞəɘɛɑɞɡ ȹ3 

3.5.4 ȹɞəɑɛɘɞ ȹ2(8/200gr/m
2
) 

ɇɞ ŭɞəɑɛɘɞ ȹ2 ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 8 ŰŮɛɎɢɘŬ ɡŬɚɞɡűɎůɛŬŰɞɠ Űɤɜ 200 gr/m
2
 ůɡɜɞɚɘəɞɨ 

ɓɎɟɞɡɠ 305,84 gr. ɀŮ ɛɘŬ ɛɘəɟɐ əɟɎŰɡɜůɖ ůŰɖ ˊŬɟŬɛɧɟűɤůɖ Űɤɜ 10 mm ɡˊɞɚɞɔɑɕŮŰŬɘ 

ŰɎůɖ 3,02 MPa. 

 

ɆɢɐɛŬ 59: ȹɞəɑɛɘɞ ȹ2 8/200 gr/m
2
 

 

ɆɢɐɛŬ 60: ȹɘɎɔɟŬɛɛŬ ɇɎůŮɤɜ ɄŬɟŬɛɞɟűɩůŮɤɜ ȹɞəɘɛɑɞɡ ȹ2 
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3.5.5 ȹɞəɑɛɘɞ ȹ4 (3/500gr/m
2
) 

ɇɞ ŭɞəɑɛɘɞ ȹ4 ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 3 ŰŮɛɎɢɘŬ ɡŬɚɞɡűɎůɛŬŰɞɠ Űɤɜ 500 gr/m
2
 ůɡɜɞɚɘəɞɨ 

ɓɎɟɞɡɠ 233,01 gr. ɆŰɖ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ɖ ˊŬɟŬɛɧɟűɤůɖ  ŬɜɏɟɢŮŰŬɘ ůŰɖ Űɘɛɐ Űɤɜ 11 mm  

ɛŮ ɛɏɔɘůŰɖ ŰɎůɖ 1,89 MPa. 

 

ɆɢɐɛŬ 61: ȹɞəɑɛɘɞ ȹ4 3/500 gr/m2 

 
ɆɢɐɛŬ 62: ȹɘɎɔɟŬɛɛŬ ŰɎůŮɤɜ Ŭ́ɟŬɛɞɟűɩůŮɤɜ ŭɞəɘɛɑɞɡ ȹ4 

3.5.6 ȹɞəɑɛɘɞ ȹ5(4/500 gr/m
2
) 

ɇɞ ŭɞəɑɛɘɞ ȹ5 ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 4 ŰŮɛɎɢɘŬ ɡŬɚɞɡűɎůɛŬŰɞɠ Űɤɜ 500 gr/m
2
 ůɡɜɞɚɘəɞɨ 

ɓɎɟɞɡɠ 308,33 gr. ɀɏɔɘůŰɖ ˊŬɟŬŰɖɟɞɨɛŮɜɖ ŰɎůɖ 3,12 ɀPa ůŮ 11,47 mm ˊŬɟŬɛɧɟűɤůɖ. 

 

ɆɢɐɛŬ 63: ȹɞəɑɛɘɞ ȹ5 4/500 gr/m
2
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ɆɢɐɛŬ 64: ȹɘɎɔɟŬɛɛŬ ɇɎůŮɤɜ ɄŬɟŬɛɞɟűɩůŮɤɜ ȹɞəɘɛɑɞɡ ȹ5 

3.5.7 ȹɞəɑɛɘɞ ȹ6(5/500gr/m
2
) 

ɇɞ ŭɞəɑɛɘɞ ȹ6 ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 5 ŰŮɛɎɢɘŬ ɡŬɚɞɡűɎůɛŬŰɞɠ Űɤɜ 500 gr/m
2
 ůɡɜɞɚɘəɞɨ 

ɓɎɟɞɡɠ 397,65 gr. ɀɏɔɘůŰɖ ˊŬɟŬŰɖɟɞɨɛŮɜɖ ŰɎůɖ 3,87 ɀPa ůŮ ˊŬɟŬɛɧɟűɤůɖ ɛŮŰŬɝɨ 8 

əŬɘ 9 mm. 

 

ɆɢɐɛŬ 65: ȹɞəɑɛɘɞ ȹ6 5/500 gr/m
2
 

 

ɆɢɐɛŬ 66:ȹɘɎɔɟŬɛɛŬ ŰɎůŮɤɜ ˊŬɟŬɛɞɟűɤůŮɤɜ ŭɞəɑɞɡ ȹ6 5/500 gr/m
2
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3.5.8 ȹɞəɑɛɘɞ ȹ7 (Ůɜɘůɢɡɛɏɜɞ ɛɧɜɞ ɛŮ ˊɞɚɡŮůŰŮɟɘəɐ ɟɖŰɑɜɖ) 

ɇɞ ŭɞəɑɛɘɞ ŬɡŰɧ ɏɢŮɘ ŬˊɞəɞˊŮɑ Ŭˊɧ Űɞ ɛɖŰɟɘəɧ ɡɚɘəɧ əŬɘ ɏɢŮɘ ŮˊɘůŰɟɤɗŮɘ ŬˊɚɎ əŬɘ 

ɛɧɜɞ ɛŮ ɏɜŬ ůŰɟɩɛŬ ˊɞɚɡŮůŰŮɟɘəɐɠ ɟɖŰɑɜɖɠ ůɡɜɞɚɘəɞɨ ɓɎɟɞɡɠ 394,64 gr. ɀɏɔɘůŰɖ 

ˊŬɟŬŰɖɟɞɨɛŮɜɖ ŰɎůɖ ůŮ ˊŬɟŬɛɧɟűɤůɖ 10,3 mm əŬɘ ŮɑɜŬɘ 3,04 MPa. 

 

ɆɢɐɛŬ 67: ȹɞəɑɛɘɞ ȹ7 (ŰŮɛɎɢɘɞ ɛɖŰɟɘəɞɨ ɡɚɘəɞɨ) 

 

ɆɢɐɛŬ 68: ȹɘɎɔɟŬɛɛŬ ŰɎůŮɤɜ Ŭ́ɟŬɛɞɟűɩůŮɤɜ ŭɞəɘɛɑɞɡ ȹ7 

3.5.9 ȹɞəɑɛɘɞ ȹ8 

ɇɞ ŭɞəɑɛɘɞ ŬɡŰɧ ɏɢŮɘ ŬˊɞəɞˊŮɑ Ŭˊɧ Űɞ Ŭɟɢɘəɧ ɡɚɘəɧ əŬɘ ɡˊɞɓɎɚɚŮŰŬɘ ůŮ ɗɚɑɣɖ ɔɘŬ ɜŬ 

ˊɎɟɞɡɛŮ ůŰɞɘɢŮɑŬ ŬɜŬɔɤɔɐɠ. ȰɢŮɘ ůɡɜɞɚɘəɧ ɓɎɟɞɠ 364,70 gr.  

 

 

ɆɢɐɛŬ 69: ȹɞəɑɛɘɞ ȹ8  

ȼ ɛɏɔɘůŰɖ ɗɚɘˊŰɘəɐ ŰɎůɖ ŮɑɜŬɘ 3,72 MPa ůŮ ˊŬɟŬɛɧɟűɤůɖ 7,042 mm.  
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ɇɞ ɑŭɘɞ ɧɛɤɠ ŭɞəɑɛɘɞ Ŭűɞɨ ɏɢŮɘ ɡˊɞůŰŮɑ ɧɚɖ ŬɡŰɐ Űɖ əŬŰŬˊɧɜɖůɖ Űɞ ŮɜɘůɢɨůŬɛŮ ɛŮ 

ŮˊɞɝŮɘəɐ ɟɖŰɑɜɖ əŬɘ Űɞ ɡˊɞɓɎɚɚŬɛŮ Ůə ɜɏɞɡ ůŮ űɧɟŰɘůɖ(ůɢ 71). ɆŰɖ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ɖ 

ɛɏɔɘůŰɖ ŰɎůɖ ɐŰŬɜ  2,47 MPa ůŮ ˊŬɟŬɛɧɟűɤůɖ əɞɜŰɎ ůŰŬ 9,5 mm. 

 

 

 

ɆɢɐɛŬ 70:ȹɘɎɔɟŬɛɛŬ ů-Ů ŭɞəɘɛɑɞɡ ȹ8 

 

ɆɢɐɛŬ 71:Ɇɨɔəɟɘůɖ ŭɘŬɔɟŬɛɛɎŰɤɜ ů-Ů ŭɞəɘɛɑɞɡ ȹ8 
ɛŮŰɎ Ŭˊɧ 2 Ůɚɏɔɢɞɡɠ 

3.5.10 ȹɞəɑɛɘɞ ȹ9 

ɄɟɧəŮɘŰŬɘ ɔɘŬ ɏɜŬ ŭɞəɑɛɘɞ Űɞ ɞˊɞɑɞ ŮɑɢŮ ŬˊɞəɞˊŮɑ Ŭˊɧ Űɞ ɛɖŰɟɘəɧ ɡɚɘəɧ əŬɘ ɏɔɘɜŮ ɛɘŬ 

ˊɟɞůˊɎɗŮɘŬ ɜŬ ŮɜɘůɢɡɗŮɑ ɛŮ 1 ŰŮɛŬɢɑɞ ɡŬɚɞɦűɎůɛŬŰɞɠ 200 gr/m
2
 ŮəŬŰɏɟɤɗŮɜ Űɤɜ ɧɣŮɤɜ. 

ɆŰɖ ˊɟɞůˊɎɗŮɘŬ ŬɡŰɐ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ əŬɚɞɨˊɘ Űɖɠ ŮˊɞɝŮɘŭɘəɐɠ əɧɚɚŬɠ. ɇɞ ŭɞəɑɛɘɞ 

ɧɛɤɠ ɚɧɔɤ ˊŬɟŬɛŮɜɞɡůɩɜ ˊŬɟŬɛɞɟűɩůŮɤɜ ůŰɞ ŮˊɑˊŮŭɞ Űɖɠ ˊɚɎəŬɠ ŭŮɜ ŰŬɑɟɘŬɕŮ ŬˊɧɚɡŰŬ 

ůŰɞ əŬɚɞɨˊɘ ɛŮ ŬˊɞŰɏɚŮůɛŬ Ůɜɩ ůŰɖ ɛɑŬ ɧɣɖ ŮˊɘŰŮɨɢɗŮɘ ŬˊɧɚɡŰɖ ŮˊŬűɐ ɛŮ Űɞ ɡɚɘəɧ ůŰɖɜ 

Ɏɚɚɖ ɚɧɔɤ əŬəɩɜ ɢŮɘɟɘůɛɩɜ ŮɘůɐɚɗŮ ŬɏɟŬ ɛŮŰŬɝɨ ˊŬɜɘɞɨ əŬɘ ɡɚɘəɞɨ. ɄŬɟɎ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ 

ŬůəɐɗɖəŮ ˊɑŮůɖ ůŰɞ ɡɚɘəɧ ɛŮ ɛŮŰŬɚɚɘəɏɠ ˊɚɎəŮɠ Űɞ ŬˊɞŰɏɚŮůɛŬ ŭŮɜ ɐŰŬɜ Űɞ 

ŬɜŬɛŮɜɧɛŮɜɞ. ȷəɧɛŬ ɧɛɤɠ əŬɘ ɛŮ ŬɡŰɏɠ Űɘɠ ůɡɜɗɐəŮɠ ŬˊɞűŬůɑůŰɖəŮ ɜŬ ŮɚŮɔɢŮɘ ůŮ ɗɚɑɣɖ. 

ȼ ɛɏɔɘůŰɖ ɗɚɘˊŰɘəɐ ŰɎůɖ ɖ ɞˊɞɑŬ ˊŬɟŬŰɖɟɐɗɖəŮ 5,92 MPa əŬɘ ůŮ ˊŬɟŬɛɧɟűɤůɖ 9,705 

mm ɛɘəɟɧŰŮɟɖ Ŭˊɧ Űɖɜ Ŭɟɢɘəɐ ɞɟɘůɛɏɜɖ ɤɠ ɧɟɘɞ Ŭˊɞŭɞɢɐɠ. 

 

 

ɆɢɐɛŬ 72:ȹɞəɑɛɘɞ ȹ9 
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ɆɢɐɛŬ 73: ȹɘɎɔɟŬɛɛŬ ɇɎůŮɤɜ ɄŬɟŬɛɞɟűɩůŮɤɜ ȹɞəɘɛɑɞɡ ȹ9 

3.5.11 ȹɞəɑɛɘɞ ȹ21(12/200gr/m
2
) 

ɇɞ ŭɞəɑɛɘɞ ŬɡŰɧ ŬˊɞŰŮɚŮɑŰŮ Ŭˊɧ 12 ŰŮɛɎɢɘŬ ɡŬɚɞɦűɎůɛŬŰɞɠ 200gr/m
2
 əŬɘ 

əŬŰŬůəŮɡɎůŰɖəŮ ůŰɖ ɚɞɔɘəɐ Űɞɡ ɜŬ ŮɚŮɔɢŮɑ ɖ űɏɟɞɡůŬ ɘəŬɜɧŰɖŰŬ ůŮ ůɢɏůɖ ɛŮ Űɞ 

ŬɜŰɑůŰɞɘɢɞ Űɤɜ 6 ˊŬɜɘɩɜ. ȰɢŮɘ ůɡɜɞɚɘəɧ ɓɎɟɞɠ 360 gr. ɀɏɔɘůŰɖ ŰɎůɖ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŮ 

ˊŬɟŬɛɧɟűɤůɖ 8,599 mm əŬɘ ŮɑɜŬɘ 3,69 MPa. ȼ ŰɎůɖ ŬɡŰɐ ŮɜŭɏɢŮŰŬɘ ɜŬ ɛɖɜ 

ŬɜŰŬˊɞəɟɑɜŮŰŬɘ ůŰɖɜ ɘəŬɜɧŰɖŰŬ Űɞɡ ŭɞəɘɛɑɞɡ əŬɗɩɠ ŬɡŰɧ ŮɚɏɔɗɢɖəŮ 4 ɖɛɏɟŮɠ Ŭˊɧ Űɖɜ 

əŬŰŬůəŮɡɐ Űɞɡ Ůɜɩ ŰŬ ɡˊɧɚɞɘˊŬ ɝŮˊŮɟɎůŬɜ Űɞ ɧɟɘɞ Űɤɜ 7 ɖɛŮɟɩɜ. ȸɏɓŬɘŬ ɗŬ ˊɟɏˊŮɘ ɜŬ 

ŬɝɘɞɚɞɔɐůɞɡɛŮ əŬɘ Űɞ ůɖɛŮɑɞ Űɞ ɞˊɞɑɞ ˊŬɟɞɡůɘɎɕŮɘ Űɘɠ ˊɟɩŰŮɠ ɓɚɎɓŮɠ əŬɘ ŬɡŰɧ ŮɑɜŬɘ 

ŬɟəŮŰɎ ɡɣɖɚɎ ůŰŬ 3,20 MPa ŰɎůɖɠ. ũɘŬ Űɖɜ Ůˊɘɚɞɔɐ ŬɡŰɞɨ Űɞɡ ůɖɛŮɑɞɡ ŭŮɜ ɏɢŮɘ 

əŬɗɞɟɘůŰŮɑ əɟɘŰɐɟɘɞ Ůˊɘɚɞɔɐɠ əŬɘ ɔɘ ŬɡŰɧ ɔɑɜŮŰŬɘ ɞˊŰɘəɎ Ŭˊɧ Űɘɠ ɛŮŰŬɓɞɚɏɠ Űɞɡ 

ŭɘŬɔɟɎɛɛŬŰɞɠ. ɀˊɞɟŮɑ ɓɏɓŬɘŬ Ŭˊɧ ŰŬ ŭŮŭɞɛɏɜŬ ɜŬ ŮɜŰɞˊɘůŰɞɨɜ ɞɘ ɗɏůŮɘɠ ŬůŰɞɢɑŬɠ ŬɚɚɎ 

ŮɑɜŬɘ ɢɟɞɜɞɓɧɟɞɠ ŭɘŬŭɘəŬůɑŬ əŬɘ ɢɤɟɑɠ ɞɡůɘŬůŰɘəɧ ŬˊɞŰɏɚŮůɛŬ. 

 

ɆɢɐɛŬ 74: ȹɞəɑɛɘɞ ȹ21 12/200gr/m
2
 

 

ɆɢɐɛŬ 75:ȹɎɔɟŬɛɛŬ ů-Ů ŭɞəɘɛɑɞɡ ȹ9 

 

ɆɢɐɛŬ 76:Ɇɨɔəɟɘůɖ ŭɘŬɔɟŬɛɛɎŰɤɜ ů-Ů 

ŭɞəɘɛɑɤɜ ȹ1 əŬɘ ȹ21 
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3.5.12 ȹɞəɑɛɘɞ ȹ22 (12/200 gr/m2 ɛŮ ŮˊɞɝŮɘəɐ ɟɖŰɑɜɖ) 

ɇɞ ŭɞəɑɛɘɞ ŬɡŰɧ əŬŰŬůəŮɡɎůŰɖəŮ ůŰɖ ˊɟɞůˊɎɗŮɘŬ ɜŬ ŮɜŰɞˊɑůɞɡɛŮ Űɡɢɧɜ ŭɘŬűɞɟŮŰɘəɐ 

ůɡɛˊŮɟɘűɞɟɎ ɛŮ Ɏɚɚɞɡ Ůɑŭɞɡɠ ůɡɜŭŮŰɘəɧ ɡɚɘəɧ. ȰɢŮɘ ɓɎɟɞɠ 313gr. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɗŬ 

ˊɟɏˊŮɘ ɜŬ Ŭɝɘɞɚɞɔɖɗɞɨɜ ɚŬɛɓŬɜɞɜŰŬɠ ɡˊɧɣɖ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ Űɞ ŭɞəɑɛɘɞ ŮɚɏɔɗɖəŮ ɛɘŬ 

ɖɛɏɟŬ ɛŮŰɎ Űɖɜ ˊŬɟŬɔɤɔɐ ɚɧɔɤ ɢɟɞɜɘəɞɨ ˊŮɟɘɞɟɘůɛɞɨ. 

 

 

ɆɢɐɛŬ 77:ȹɘɎɔɟŬɛɛŬ ů-Ů ŭɞəɘɛɑɞɡ ȹ22 

 

ɆɢɐɛŬ 78:Ɇɨɔəɟɘůɖ ŭɘŬɔɟŬɛɛɎŰɤɜ ŭɞəɘɛɑɤɜ 

ȹ21-ȹ22 

 

3.6 ɄŮɘɟŬɛŬŰɘəɧɠ ɏɚŮɔɢɞɠ əŬɛˊɡɚɧɛɞɟűɤɜ ɞɟɗɞɔɤɜɘəɩɜ ŭɞəɘɛɑɤɜ 

3.6.1 ɇŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŭɞəɘɛɑɤɜ 

ɆŰɞ ˊɑɜŬəŬ ˊɞɡ ŬəɞɚɞɡɗŮɑ űŬɑɜɞɜŰŬɘ ŰŬ ŰŮɢɜɘəɎ ůŰɞɘɢŮɑŬ Űɤɜ ŭɞəɘɛɑɤɜ ŰŬ ɞˊɞɑŬ 

ɡˊɞɓɚɐɗɖəŬɜ ůŮ ɏɚŮɔɢɞ əɎɛɣɖɠ Űɟɘɩɜ ůɖɛŮɑɤɜ. 
ɮκɮɲˇˁʾ˃ʽˇ ʅˏ˄ʻʶˋʹ ɲˇˁʽ˃ʾˇˎɰʱˊˇˌ ƳƳ

1 ɲмлɲˇˁʾ˃ʽˇ ˎˉʱˊ˔ˇˎˋʰˌ ˋˏ˄ʻʶˋʹˌ  ˇˊʻˇʴ˖˄ʽˁʺˌ ʵʽʰˍˇ˃ʺˌ218.46

2 ɲммɲˇˁʾ˃ʽˇ ˎˉʱˊ˔ˇˎˋʰˌ ˋˏ˄ʻʶˋʹˌ  ˇˊʻˇʴ˖˄ʽˁʺˌ ʵʽʰˍˇ˃ʺˌ209.54

3 ɲмнɲˇˁʾ˃ʽˇ ˎˉʱˊ˔ˇˎˋʰˌ ˋˏ˄ʻʶˋʹˌ  ˇˊʻˇʴ˖˄ʽˁʺˌ ʵʽʰˍˇ˃ʺˌ224.72

4 ɲ{н
ɲˇˁʾ˃ʽˇ ˎˉʱˊ˔ˇˎˋʰˌ ˋˏ˄ʻʶˋʹˌ  ˇˊʻˇʴ˖˄ʽˁʺˌ ʵʽʰˍˇ˃ʺˌ 

ʶ˄ʽˋ˔ˎ˃ʷ˄ˇ ˃ʶ н ˎʰ˂ˇː˒ʱˋ˃ʰˍʰ ˍˏˉˇˎ ˂˖ˊʾʵ˖˄ ˁʰʽ 

ʶˉˇ˅ʶʽˁʺ ˊʹˍʾ˄ʹ

212.31

5 ɲtн
ɲˇˁʾ˃ʽˇ ˎˉʱˊ˔ˇˎˋʰˌ ˋˏ˄ʻʶˋʹˌ  ˇˊʻˇʴ˖˄ʽˁʺˌ ʵʽʰˍˇ˃ʺˌ 

ʶ˄ʽˋ˔ˎ˃ʷ˄ˇ ˃ʶ н ˎʰ˂ˇː˒ʱˋ˃ʰˍʰ нлл ƎǊκƳч ˁʰʽ ʶˉˇ˅ʶʽˁʺ 

ˊʹˍʾ˄ʹ

213.81

6 ɲмр
ɲˇˁʾ˃ʽˇ ˎˉʱˊ˔ˇˎˋʰˌ ˋˏ˄ʻʶˋʹˌ  ˇˊʻˇʴ˖˄ʽˁʺˌ ʵʽʰˍˇ˃ʺˌ 

ʶ˄ʽˋ˔ˎ˃ʷ˄ˇ ˃ʶ м ˎʰ˂ˇˏ˒ʰˋ˃ʰ рлл ƎǊκƳч ˁʰʽ ˉˇ˂ˎʶˋˍʷˊʰ
288.35

7 ɲмт
ɲˇˁʾ˃ʽˇ ˎˉʱˊ˔ˇˎˋʰˌ ˋˏ˄ʻʶˋʹˌ  ˇˊʻˇʴ˖˄ʽˁʺˌ ʵʽʰˍˇ˃ʺˌ 

ʶ˄ʽˋ˔ˎ˃ʷ˄ˇ ˃ˈ˄ˇ ˃ʶ ˉˇ˂ˎʶˋˍʷˊʰ
210.57

8 ɲму
ɲˇˁʾ˃ʽˇ ˎˉʱˊ˔ˇˎˋʰˌ ˋˏ˄ʻʶˋʹˌ  ˇˊʻˇʴ˖˄ʽˁʺˌ ʵʽʰˍˇ˃ʺˌ 

ʶ˄ʽˋ˔ˎ˃ʷ˄ˇ ˃ʶ м ˎʰ˂ˇˏ˒ʰˋ˃ʰ нлл ƎǊκƳч ˁʰʽ ˉˇ˂ˎʶˋˍʷˊʰ
236.89

9 ɲмс
ɲˇˁʾ˃ʽˇ ˎˉʱˊ˔ˇˎˋʰˌ ˋˏ˄ʻʶˋʹˌ  ˇˊʻˇʴ˖˄ʽˁʺˌ ʵʽʰˍˇ˃ʺˌ 

ʶ˄ʽˋ˔ˎ˃ʷ˄ˇ ˃ʶ н ˎʰ˂ˇˏ˒ʰˋ˃ʰ нлл ƎǊκƳч ˁʰʽ ˉˇ˂ˎʶˋˍʷˊʰ
265.09

10 ɲмф
ɲˇˁʾ˃ʽˇ ˎˉʱˊ˔ˇˎˋʰˌ ˋˏ˄ʻʶˋʹˌ  ˇˊʻˇʴ˖˄ʽˁʺˌ ʵʽʰˍˇ˃ʺˌ 

ʶ˄ʽˋ˔ˎ˃ʷ˄ˇ ˃ʶ м ˎʰ˂ˇˏ˒ʰˋ˃ʰ нлл ƎǊκƳч ˁʰʽ ˉˇ˂ˎʶˋˍʷˊʰ
238.46

11 ɲнл
ɲˇˁʾ˃ʽˇ ˎˉʱˊ˔ˇˎˋʰˌ ˋˏ˄ʻʶˋʹˌ  ˇˊʻˇʴ˖˄ʽˁʺˌ ʵʽʰˍˇ˃ʺˌ 

ʶ˄ʽˋ˔ˎ˃ʷ˄ˇ ˃ʶ н ˎʰ˂ˇˏ˒ʰˋ˃ʰ нлл ƎǊκƳч ˁʰʽ ˉˇ˂ˎʶˋˍʷˊʰ
268.61

12 ɲнм
ɲˇˁʾ˃ʽˇ ˄ʷʰˌ ˋˏ˄ʻʶˋʹˌ  ˇˊʻˇʴ˖˄ʽˁʺˌ ʵʽʰˍˇ˃ʺˌ мн 

ˎʰ˂ˇˎ˒ʰˋ˃ʱˍ˖˄ нллƎǊκƳч ʷˁʰˋˍˇ ˁʰʽ ˉˇ˂ˎʶˋˍʷˊʰ213

13 ɲнн
ɲˇˁʾ˃ʽˇ ˄ʷʰˌ ˋˏ˄ʻʶˋʹˌ  ˇˊʻˇʴ˖˄ʽˁʺˌ ʵʽʰˍˇ˃ʺˌ мн 

ˎʰ˂ˇˎ˒ʰˋ˃ʱˍ˖˄ нллƎǊκƳч ʷˁʰˋˍˇ ˁʰʽ ʶˉˇ˅ʶʽˁʺ ˊʹˍʾ˄ʹ182  

ɄɑɜŬəŬɠ 3: ɄɑɜŬəŬɠ ŰŮɢɜɘəɩɜ ůŰɞɘɢŮɑɤɜ əŬɛˊɡɚɧɛɞɟűɤɜ ɞɟɗɞɔɤɜɘəɩɜ ŭɞəɘɛɑɤɜ 
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3.6.2 ȹɞəɑɛɘɞ ȹ10 (ŰɛɐɛŬ ɛɖŰɟɘəɞɨ ɡɚɘəɞɨ) 

ɇɞ ŭɞəɑɛɘɞ ŬɡŰɧ ŮɑɜŬɘ ŰɛɐɛŬ Űɞɡ ˊŬɚɘɞɨ ɛɖŰɟɘəɞɨ ɡɚɘəɞɨ ůŮ ŭɘŬůŰɎůŮɘɠ 300x150 mm. 

ȰɢŮɘ ɓɎɟɞɠ 218,46 gr əŬɘ ˊɎɢɞɠ ŭɞəɘɛɑɞɡ 2,54 mm əŬŰɎ ɛɏůɞ ɧɟɞ. ɇɞ ŭɞəɑɛɘɞ ŬɡŰɧ 

ŬɟɢɘəɎ ŮˊŮɚɏɔɖ ɜŬ  ŮɚŮɔɗɢŮɑ ůŮ əɎɛɣɖ Űɟɘɩɜ ůɖɛŮɑɤɜ ɛŮ ůɡɜɗɐəŮɠ ůŰɐɟɘɝɖɠ ŬɟɗɟɩůŮɘɠ ůŮ 

ɏɜŬ ɛɐəɞɠ ŭɞəɘɛɑɞɡ ˊŮɟɑ ŰŬ 200 mm. ȷɡŰɧ əɟɑɗɖəŮ ŬɜŬˊɞŰŮɚŮůɛŬŰɘəɧ əŬɗɩɠ ɖ 

əŬɛˊɡɚɧŰɖŰŬ Űɖɜ ɞˊɞɑŬ ŬɜɏˊŰɡůůŮ Űɞ ɡɚɘəɧ ɐŰŬɜ ŰŮŰɞɘŬ ˊɞɡ əɘɜŭɨɜŮɡŬɜ ɞɘ ŬɟɗɟɩůŮɘɠ ɜŬ 

ŬůŰɞɢɐůɞɡɜ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ˊŬɟŬəɎŰɤ ůɢɐɛŬ. 

 

ɆɢɐɛŬ 79: ȹɞəɑɛɘɞ ȹ10 ɛŮ ŬɟɗɟɩůŮɘɠ ůŮ ɛɐəɞɠ 200mm 

ũɘŬ Űɞɜ ˊŬɟŬˊɎɜɤ ɚɧɔɞ əŬɘ ŮɚɚŮɑɣɖ Űɤɜ ˊŮɘɟŬɛŬŰɘəɩɜ ŭɘŬŰɎɝŮɤɜ Űɖɠ ŮŰŬɘɟɑŬɠ Instron 

ŬˊɞűŬůɑůŰɖəŮ ɜŬ ŮűŬɟɛɞůŰŮɑ ɖ Ŭɟɢɐ Űɖɠ ŬˊɚɧŰɖŰŬɠ. ɆŰɖ ˊŮɟɑˊŰɤůɖ ɛŬɠ ɖ Ŭɟɢɐ ŬɡŰɐ  

ɛŮŰŬűɟɎɕŮŰŬɘ ůŮ ɛŮɑɤůɖ Űɞɡ  ɛɐəɞɡɠ ɏŭɟŬůɖɠ ɛŮ Ŭˊɚɐ ˊŬɟɎɗŮůɖ Űɞɡ ŭɞəɘɛɑɞɡ ɛŮŰŬɝɨ Űɞɡ 

əŮɜɞɨ Űɖɠ əɎŰɤ ŬɟˊɎɔɖɠ Űɖɠ ɛɖɢŬɜɐɠ. 

   

ɆɢɐɛŬ 80: ȹɞəɑɛɘɞ ȹ10 ɛŮ Ŭˊɚɐ ˊŬɟɎɗŮůɖ Űɞɡ ŭɞəɘɛɑɞɡ ɛŮŰŬɝɨ Űɤɜ ůɘŬɔɧɜɤɜ Űɖɠ ɛɖɢŬɜɐɠ 

ȰŰůɘ ŮˊŮŰŮɨɢɗŮɘ ɛɐəɞɠ ŭɞəɘɛɑɞɡ 128 mm əŬɘ Űɞ ɡɚɘəɧ ɏűɗŬɜŮ ɛɏɢɟɘ Űɖɜ əŬŰɎɟɟŮɡůɖ. 

ɇɞ ɛɧɜɞ Űɞ ɞˊɞɑɞ ˊŬɟŬŰɖɟŮɑŰŬɘ ůŰŬ ŭŮŭɞɛɏɜŬ ŮɑɜŬɘ ŬɚɚŬɔɐ əɚɑůɖɠ Űɞɡ ŭɘŬɔɟɎɛɛŬŰɞɠ ɖ 

ɞˊɞɑŬ ɞűŮɑɚŮŰŬɘ ůŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ɎɚɚŬɕŮ Űɞ ɛɐəɞɠ ɏŭɟŬůɖɠ ɚɧɔɤ Űɖɠ ɛɞɟűɞɚɞɔɑŬɠ Űɤɜ 

ůɘŬɔɧɜɤɜ.  

 ɆŰɧɢɞɠ ɛŬɠ ŮɑɜŬɘ ɛɏůŬ Ŭˊɧ ɛɘŬ ŰɏŰɞɘŬ ˊŮɘɟŬɛŬŰɘəɐ ŭɘɎŰŬɝɖ ɜŬ ɡˊɞɚɞɔɑůɞɡɛŮ Űɖɜ 

ŬəŰɑɜŬ əŬɛˊɡɚɧŰɖŰŬɠ ɔɘŬ ɜŬ ɞɟɑůɞɡɛŮ Űɖɜ ɟultimate Űɞɡ ɡɚɘəɞɨ. ɆŰɖ ˊŮɟɑˊŰɤůɖ ɛŬɠ ŮɑɜŬɘ ɧŰɘ 

ŮűŬɟɛɧɕɞɡɛŮ ɛɘŬ ŭɘŬŭɘəŬůɑŬ ɖ ɞˊɞɑŬ ůŮ ɞˊɞɘŬŭɐˊɞŰŮ Ɏɚɚɖ ɛɞɟűɐ ŭɘŬŰɞɛɐɠ əŬɘ ůŮ 

ɘŭɘɧŰɖŰŮɠ ɡɚɘəɧ ɗŬ ɛˊɞɟɞɨůŬɛŮ ɜŬ ɡˊɞɚɞɔɑůɞɡɛŮ ɏɛɛŮůŬ Űɖɜ ŬəŰɑɜŬ əŬɛˊɡɚɧŰɖŰŬɠ. Ⱥŭɩ 

ɚɧɔɤ Űɖɠ ɘŭɘŬɘŰŮɟɧŰɖŰŬɠ Űɞɡ ˊɟɞɠ ɏɚŮɔɢɞ ŭɞəɘɛɑɞɡ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ŬəŰɑɜŬɠ 

əŬɛˊɡɚɧŰɖŰŬɠ əɘɜɐɗɖəŬɛŮ ŬɜɞɟɗɧŭɞɝŬ əŬɘ ŮɚɚŮɑɣɖ Ɏɚɚɤɜ ɛŮŰɟɐůŮɤɜ ŮəŰɧɠ Űɤɜ 

ŬůəɞɨɛŮɜɤɜ ŭɡɜɎɛŮɤɜ əŬɘ ɓɡɗɑůŮɤɜ ŮűŬɟɛɧůŬɛŮ Űɖɜ Ůɝɐɠ ŭɘŬŭɘəŬůɑŬ: 

Ŭ. ȷˊɧ ŰŬ videos Űɤɜ ˊŮɘɟŬɛŬŰɘəɩɜ Ůɚɏɔɢɤɜ ŬˊɞəɧɣŬɛŮ ŰɛɐɛŬŰŬ űɤŰɞɔɟŬűɑŬɠ ůŰɖɜ 

Ŭɟɢɘəɐ əŬŰɎůŰŬůɖ əŬɘ ůŰɖ ŰŮɚɘəɐ (ɐ ɚɑɔɞ ˊɟɘɜ Űɖ əŬŰɎɟɟŮɡůɖ). 

ɓ. ɀŮŰŬűɏɟŬɛŮ Ŭɡɏɠ Űɘɠ ŮɘəɧɜŮɠ ůŰɞ ůɢŮŭɘŬůŰɘəɧ ɚɞɔɘůɛɘəɧ AutoCad 2013 (student 

version). 

ɔ. ɄɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɞɘ əŬŰɎɚɚɖɚŮɠ ɛŮŰŬŰɟɞˊɏɠ ŭɘŬůŰɎůŮɤɜ ɛŮŰŬŰɟɏˊɞɜŰŬɠ Űɖɜ 

əɚɑɛŬəŬ Űɞɡɠ ɏɢɞɜŰŬɠ ɔɜɤůŰɧ Űɞ ɛɐəɞɠ Űɤɜ ŭɞəɘɛɑɤɜ 300mm. 
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ŭ. ɆŰɖ ůɡɜɏɢŮɘŬ əŬŰŬůəŮɡɎůŬɛŮ əɨəɚɞɡɠ ɞɘ ɞˊɞɑɞɘ ɞɟɑůŰɖəŬɜ ɛŮŰŬɝɨ Űɤɜ ůɖɛŮɑɤɜ 

ɏŭɟŬůɖɠ əŬɘ Űɞɡ ɛŮůŬɑɞɡ ůɖɛŮɑɞɡ. ɀŮŰɟɐɗɖəŮ ɖ ŬəŰɑɜŬ əŬɛˊɡɚɧŰɖŰŬɠ əŬɘ ůŮ ŭɨɞ 

ŭɘŬűɞɟŮŰɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ ɔɘŬ Űɞ ŭɞəɑɛɘɞ ȹ10 ɛŮ əŬŰŬůəŮɡŬůɛɏɜŮɠ ŬɟɗɟɤůŮɘɠ əŬɘ ɛŮ Ŭˊɚɐ 

ˊŬɟɎɗŮůɖ Űɞɡ ŭɞəɘɛɑɞɡ ůŰɖ ɛɖɢŬɜɐ ŮɑɢŬɛŮ ɛɘŬ Ŭˊɧəɚɘůɖ 3 mm. ȼ Ŭˊɧəɚɘůɖ ŬɡŰɐ ɛˊɞɟŮɑ 

ɜŬ ɞűŮɑɚŮŰŬɘ ůŮ ˊɞɚɚɏɠ ŬɘŰɑŮɠ ɧˊɤɠ ɚɎɗɞɠ ŰɞˊɞɗɏŰɖůɖ Űɖɠ əɘɜɖɛŬŰɞɔɟŬűɘəɐɠ ɛɖɢŬɜɐɠ, 

ɚɎɗɞɠ ŮəŰɑɛɖůɖ Űɤɜ ŬˊɞůŰɎůŮɤɜ ůŰɞ ůɢŮŭɘŬůŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ ɚɧɔɞ ɘəŬɜɧŰɖŰŬɠ Űɞɡ 

ɢɟɐůŰɖ ɐ ŬəɧɛŬ əŬɘ ůŰɖɜ ŬŭɡɜŬɛɑŬ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɞɡ ůɖɛŮɑɞɡ əŬŰɎɟɟŮɡůɖɠ ɛɏůŬ Ŭˊɧ 

Űɘɠ űɤŰɞɔɟŬűɘəɏɠ ɚɐɣŮɘɠ. ũŮɔɞɜɧɠ ɧɛɤɠ ŮɑɜŬɘ ɧŰɘ ˊɟɧəŮɘŰŬɘ ɔɘŬ ɛɘŬ ŮɚɎɢɘůŰɖ ŭɘŬűɞɟɎ əŬɘ 

Űɞ ŬˊɞŰɏɚŮůɛŬ Ɏəɟɤɠ ɘəŬɜɞˊɞɘɖŰɘəɧ. 

ɆŰɞ ůɢɐɛŬ 81 Űɞ ŰɟɑŰɞ ŭɞəɑɛɘɞ ŮɑɜŬɘ Űɞ ȹ10 ˊɎɜɤ ůŮ ŬɟɗɟɩůŮɘɠ ɏɢŮɘ ŬəŰɑɜŬ 

əŬɛˊɡɚɧŰɖŰŬɠ R=101,58 mm əŬɘ ɛŮ ɛɘŬ Ŭˊɚɐ ŬɜŬɔɤɔɐ ůŮ 128 mm ˊɞɡ ŬɜŰɘůŰɞɘɢŮɑ ůŰɞ 

ɛɐəɞɠ ˊŬɟɎɗŮůɖɠ Űɞɡ ŭɞəɘɛɑɞɡ ŭɑɜŮɘ R=65 mm Űɞ ɞˊɞɑɞ ɏɢŮɘ ŭɘŬűɞɟɎ ɛɧɜɞ 1 mm Ŭˊɧ Űɞ 

ŰɏŰŬɟŰɞ ŭɞəɑɛɘɞ ȹ10 ˊɟɘɜ Űɖ əŬŰɎɟɟŮɡůɖ ɛŮ R=66 mm. ɀŮ Űɞ Űɟɧˊɞ ŬɡŰɧ ɛˊɞɟɞɨɛŮ 

ˊɚɏɞɜ ɜŬ əɎɜɞɡɛŮ ŬɜŬɔɤɔɏɠ ůŮ ůɢɏůɖ ɛŮ ŰŬ ɎɚɚŬ ŭɞəɑɛɘŬ Ŭɜ əŬɘ ɧɢɘ Űɧůɞ ŬəɟɘɓŮɑɠ 

ˊŬɟɧɚŬ ŰŬɨŰŬ ɧɛɤɠ ŬɟəŮŰŬ ɘəŬɜɞˊɞɘɖŰɘəɏɠ ɔɘŬ Űɖɜ ŮɝŬɔɤɔɐ ůɡɛˊŮɟŬůɛɎŰɤɜ. 

 

ɆɢɐɛŬ 81: ȹɘŬŭɘəŬůɑŬ Ʉɟɞůŭɘɞɟɘůɛɞɨ ȷəŰɑɜŬɠ ȾŬɛˊɡɚɧŰɖŰŬɠ 

 

ɆɢɐɛŬ 82:ȹɘɎɔɟŬɛɛŬ ŰɎůŮɤɜ ɓŮɚɩɜ əɎɛɣɖɠ ŭɞəɘɛɑɞɡ ȹ10 
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3.6.3 ȹɞəɑɛɘɞ ȹ11 

ɇɞ ŭɞəɑɛɘɞ ŬɡŰɧ ŮɑɜŬɘ Ůˊɑůɖɠ ɏɜŬ ŰɛɐɛŬ Űɞɡ ˊŬɚŬɘɞɨ ɛɖŰɟɘəɞɨ ɡɚɘəɞɨ ɛŮ ɓɎɟɞɠ 209,54 

gr. 

 

ɆɢɐɛŬ 83: ȹɘɎɔɟŬɛɛŬ ɇɎůŮɤɜ ȸŮɚɩɜ ȾɎɛɣɖɠ ŭɞəɘɛɑɞɡ ȹ11 

3.6.4 ȹɞəɑɛɘɞ ȹ12 

ɇɞ ŭɞəɑɛɘɞ ŬɡŰɧ ŮɑɜŬɘ Ůˊɑůɖɠ ɏɜŬ ŰɛɐɛŬ Űɞɡ ˊŬɚŬɘɞɨ ɛɖŰɟɘəɞɨ ɡɚɘəɞɨ ɛŮ ɓɎɟɞɠ 224,72 

gr. ȹɘŬˊɘůŰɩɜɞɡɛŮ əŬɘ ůŰɖ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ Űɖ ˊɟɞůɏɔɔɘůɖ Űɖɠ əŬɛˊɡɚɧŰɖŰŬɠ Űɤɜ 

ŭɞəɘɛɑɤɜ Űɞɡ ɛɖŰɟɘəɞɨ ɡɚɘəɞɨ. Ⱥŭɩ ɖ ɔɤɜɑŬ ɚɐɣɖɠ ŭŮɜ ŮɑɜŬɘ ɖ əŬɚɨŰŮɟɖ ŭɡɜŬŰɐ. 

 

ɆɢɐɛŬ 84: Ʉɟɞůŭɘɞɟɘůɛɧɠ ȾŬɛˊɡɚɧŰɖŰŬɠ  ȹɞəɘɛɑɞɡ ȹ12 

 

ɆɢɐɛŬ 85: ȹɘɎɔɟŬɛɛŬ ɇɎůŮɤɜ ȸŮɚɩɜ ȾɎɛɣɖɠ 
ȹɞəɘɛɑɞɡ ȹ12 

 

ɆɢɐɛŬ 86: ɆɡɔəɟɘŰɘəɧ ȹɘɎɔɟŬɛɛŬ ȹɞəɘɛɑɤɜ 
ȹ10 11 əŬɘ 12 

ȷˊɧ Űɞ ůɢɐɛŬ 86 ɛˊɞɟɞɨɛŮ ɜŬ ůɡɛˊŮɟɎɜɞɡɛŮ ŰŬ ŭɞəɑɛɘŬ ȹ10 əŬɘ ȹ12 ˊɟɎɔɛŬŰɘ ɏɢɞɡɜ 

Űɖɜ ɑŭɘŬ ůɡɛˊŮɟɘűɞɟɎ əŬɘ ɚɞɔɘəɧ ŮɑɜŬɘ ɖ ŬəŰɑɜŮɠ əŬɛˊɡɚɧŰɖŰŬɠ Űɞɡɠ ɜŬ ŮɑɜŬɘ ˊŮɟɑˊɞɡ ɑŭɘŮɠ 

Ůɜɩ Űɞ ŭɞəɑɛɘɞ ȹ11 ɏɢŮɘ ɞɚɘůɗɐůŮɘ 2 űɞɟɏɠ ɤɠ ˊɟɞɠ Űɖ ɗɏůɖ ɏŭɟŬůɖɠ. 
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3.6.5 ȹɞəɑɛɘɞ ȹ17 

ɇɞ ŭɞəɑɛɘɞ ŬɡŰɧ ŮɑɜŬɘ ŰɛɐɛŬ Űɞɡ ˊŬɚŬɘɞɨ əŬɘ űɗŬɟɛɏɜɞɡ ɡɚɘəɞɨ Űɞ ɞˊɞɑɞ ŮɜɘůɢɨɗɖəŮ 

ɛɧɜɞ ɛŮ ɟɖŰɑɜɖ əŬɘ ɏɢŮɘ ɓɎɟɞɠ 210,57 gr. ȼ ŬəŰɑɜŬ əŬɛˊɡɚɧŰɖŰŬɠ űŬɑɜŮŰŬɘ ɜŬ ˊŬɟŬɛɏɜŮɘ ɖ 

ɑŭɘŬ ɚɑɔɞ ˊɟɘɜ Űɖ əŬŰɎɟɟŮɡůɖ ɧɛɤɠ ɖ ŬɜŰɞɢɐ ɚɧɔɤ Űɖɠ ŮˊɏɛɓŬůɖɠ ɛŮ ɟɖŰɑɜɖ ŭŮɜ űŬɑɜŮŰŬɘ 

ɜŬ ɏɢŮɘ ŬˊɞŰɏɚŮůɛŬ ɤɠ ˊɟɞɠ Űɖɜ əɎɛɣɖ ůŮ ůɢɏůɖ ɛŮ ŰŬ ŭɞəɑɛɘŬ ȹ10,ȹ12. ȷɡŰɧ űɎɘɜŮŰŬɘ 

ɜŬ ŮɑɜŬɘ ɚɞɔɘəɧ əŬɗɩɠ ɛɘŬ ŮˊɘəɎɚɡɣɖ ɛŮ ɟɖŰɑɜɖ ɖ ɞˊɞɑŬ ɏɢŮɘ ŬɜŰɞɢɐ ůŮ ŮűŮɚəɡůɛɧ ˊɞɚɨ 

ɛɘəɟɧŰŮɟɖ Űɞɡ ɡɚɘəɞɨ əŬɘ ŰŬɡŰɧɢɟɞɜŬ ŮɑɜŬɘ ŰɏŰɞɘɞ Űɞ ˊɎɢɞɠ  ŮˊɘəɎɚɡɣɖɠ ˊɞɡ ŭŮɜ ŮˊɘŭɟɎ 

ůŮ əŬɛɑŬ ˊŮɟɑˊŰɤůɖ ůŰɖ əɎɛɣɖ. 

 

ɆɢɐɛŬ 87: Ʉɟɞůŭɘɞɟɘůɛɧɠ ŬəŰɑɜŬɠ əŬɛˊɡɚɧŰɖŰŬɠ ŭɞəɘɛɑɞɡ ȹ17 

 

ɆɢɐɛŬ 88: ɆɡɔəɟɘŰɘəɧ ŭɘɎɔɟŬɛɛŬ ŭɞəɘɛɑɤɜ ȹ10 11 12 əŬɘ 17 

3.6.6 ȹɞəɑɛɘɞ ȹ18 

ȺɑɜŬɘ ɏɜŬ ŭɞəɑɛɘɞ ɡˊɎɟɢɞɡůŬɠ ůɨɜɗŮůɖɠ  ɞɟɗɞɔɤɜɘəɐɠ ŭɘŬŰɞɛɐɠ Ůɜɘůɢɡɛɏɜɞ ɛŮ 1 

ɡŬɚɞɨűŬůɛŬ 200 gr/mĮ əŬɘ ˊɞɚɡŮůŰɏɟŬ. ɆŮ ŬɡŰɧ Űɞ ŭɞəɑɛɘɞ ŮűŬɟɛɧůŰɖəŮ Ůɜɑůɢɡůɖ ɛŮ 1 

ŰŮɛɎɢɘɞ ɡŬɚɞɡűɎůɛŬŰɞɠ Űɤɜ 200gr/m
2
 ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŭɘŬˊɘůŰɤɗŮɑ Űɞ əŬŰŬ ˊɧůɞ ŮɑɜŬɘ 

ŭɡɜŬŰɧ ɜŬ ɡˊɎɟɝŮɘ ɓŮɚŰɘɩůɖ Űɤɜ ɘŭɘɞŰɐŰɤɜ ůŮ əɎɛɣɖ Űɞɡ ɡɚɘəɞɨ. ȰɢŮɘ ɓɎɟɞɠ 236,89 gr.  

ɆŰɖ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ɗŬ ˊŬɟŬɗɏůɞɡɛŮ ŬɟɢɘəɎ Űɞ ŭɘɎɔɟŬɛɛŬ ŰɎůŮɤɜ ɓŮɚɩɜ əɎɛɣɖɠ 

ˊɟɞəŮɘɛɏɜɞɡ ɜŬ əɎɜɞɡɛŮ ɛŮɟɘəɏɠ ˊŬɟŬŰɖɟɐůŮɘɠ. 

 

ɆɢɐɛŬ 89: ȹɘɎɔɟŬɛɛŬ ɇɎůŮɤɜ ȸŮɚɩɜ ȾɎɛɣɖɠ ŭɞəɘɛɑɞɡ ȹ18 
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Ⱥŭɩ ˊŬɟŬŰɖɟɞɨɛŮ ŬɜŬˊɖŭɐůŮɘɠ ůŰɞ ŭɘɎɔɟŬɛɛŬ ɞɘ ɞˊɞɑŮɠ əŬɘ Ŭˊɧ Űɖɜ ˊŬɟŬəɞɚɞɨɗɖůɖ 

Űɞɡ ˊŮɘɟɎɛŬŰɞɠ ɞűŮɑɚɞɜŰŬɘ ůŰɘɠ ŬˊɞəɞɚɐůŮɘɠ Űɞɡ ɡɚɘəɞɨ Ůɜɑůɢɡůɖɠ. ȰɔɘɜŮ ɞ ŮɜŰɞˊɘůɛɧɠ 

Űɞɡ ůɖɛŮɑɞɡ ŬɡŰɞɨ əŬɘ ɓɟɏɗɖəŮ Ŭˊɧ Űɞ ŭɘɎɔɟŬɛɛŬ ɧŰɘ ɏɔɘɜŮ ůŮ ŰɎůɖ 0,03411 MPa əŬɘ 

ɓɏɚɞɠ əɎɛɣɖɠ 14,121 mm. ȷˊɧ ŰŬ ŭŮŭɞɛɏɜŬ ŬɜɎɚɡůɖɠ ɖ ŰɎůɖ ŬɡŰɐ ŮˊŮŰŮɨɢɗŮɘ ůŮ ɢɟɧɜɞ 

ˊŮɟɘ ŰŬ 841,2 sec Ŭˊɧ Űɖɜ ɏɜŬɟɝɖ Űɞɡ ˊŮɘɟɎɛŬŰɞɠ. ȼ ŮɘəɧɜŬ Űɞɡ ŭɞəɘɛɑɞɡ ůŮ ŬɡŰɐ Űɖ 

ɢɟɞɜɘəɐ ůŰɘɔɛɐ ŮɑɜŬɘ ŬɡŰɐ Űɞɡ ůɢɐɛŬŰɞɠ 90. 

 

 

ɆɢɐɛŬ 90: ȷˊŮɘəɧɜɘůɖ ŭɞəɘɛɑɞɡ ȹ18 ůŰɖ ˊɟɩŰɖ Ŭˊɞəɧɚɚɖůɖ Űɞɡ ɡɚɘəɞɨ Ůɜɑůɢɡůɖɠ 

Ⱥŭɩ ŮɑɜŬɘ ŮˊɘɓŮɓɚɖɛɏɜɖ ɛɘŬ ůɨɔəɟɘůɖ Űɖɠ əŬŰɎůŰŬůɖɠ Űɞɡ ŭɞəɘɛɑɞɡ ŬɡŰɞɨ ɛŮ ŰŬ 

ŬɜŰɑůŰɞɘɢŬ Űɤɜ Ŭɟɢɘəɩɜ ŭɘŬɔɟŬɛɛɎŰɤɜ. 

 

ɆɢɐɛŬ 91:Ɇɨɔəɟɘůɖ ŭɘŬɔɟŬɛɛɎŰɞɠ ů-Ů Űɞɡ ȹ18 ŭɞəɘɛɑɞɡ ɛŮ ŰŬ ŭɞəɑɛɘŬ ɓɎůɖɠ 

 

ɆɢɐɛŬ 92: ȷˊŮɘəɧɜɘůɖ ȹɞəɘɛɑɤɜ ȹ12 əŬɘ ȹ18 ůŮ ŬɜŰɘˊŬɟŬɓɞɚɐ ɓɏɚɞɡɠ əɎɛɣɖɠ 14,121 mm 

ɆŰɞ ůɢɐɛŬ 92 űŬɑɜŮŰŬɘ ɖ ŬˊŮɘəɧɜɘůɖ Űɤɜ ŭɞəɘɛɑɤɜ ȹ12 əŬɘ ȹ18 ůŮ ɢɟɞɜɘəɧ ůɖɛŮɑɞ 

ɧˊɞɡ ɏɢɞɡɜ Űɞ ɑŭɘɞ ɓɏɚɞɠ əɎɛɣɖɠ 14,121 mm, əŬɗɩɠ ˊŬɟɞɡůɘɎɕɞɡɜ Űɖɜ ɑŭɘŬ ůɡɛˊŮɟɘűɞɟɎ 

ůŮ əɎɛɣɖ, əŬɘ ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ  ɖ əŬɛˊɡɚɧŰɖŰŬ Űɞɡɠ ˊŬɟɞɡůɘɎɕŮɘ ɛɘŬ ɛɘəɟɐ ŭɘŬűɞɟɎ. ȹŮɜ 

ɛˊɞɟɞɨɛŮ ɤůŰɧůɞ ɜŬ ɘůɢɡɟɘůŰɞɨɛŮ ɧŰɘ ůŰɖ ˊŬɟɞɨůŬ űɎůɖ ŮɑɜŬɘ Ŭɝɘɞɚɞɔɐůɘɛɖ.    
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ɇɞ ůɡɔəŮəɟɘɛɏɜɞ ŭɞəɑɛɘɞ ŭŮɜ ɛˊɞɟɞɨɛŮ ɜŬ Űɞ əŬŰŬŰɎɝɞɡɛŮ ůŰɖɜ ɞɛɎŭŬ Űɤɜ ŭɞəɘɛɑɤɜ 

ȹ10-12 ɖ ȹ11-17 əŬɗɩɠ ŭŮɜ ɔɜɤɟɑɕɞɡɛŮ Űɖ Ŭɟɢɘəɐ Űɞɡ ˊɟɘɜ Űɖɜ Ůɜɑůɢɡůɖ ůɡɛˊŮɟɘűɞɟɎ 

əŬɘ ɏŰůɘ ŭŮɜ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ Ŭɜ ɞɘ ɘŭɘɧŰɖŰŮɠ ɓŮɚŰɘɩɗɖəŬɜ ɐ ɞɢɘ. ɄŬɟɎ ɧɛɤɠ ŬɡŰɐ Űɖɜ 

ŬŭɡɜŬɛɑŬ ɛŬɠ ɔɜɤɟɑɕɞɡɛŮ ɧŰɘ ůŮ ɓɏɚɞɠ əɎɛɣɖɠ 14,121 mm ŬůŰɞɢŮɑ ɖ Ůɜɑůɢɡůɖ. 

3.6.7 ȹɞəɑɛɘɞ ȹ19 

ȺɑɜŬɘ ɏɜŬ ŭɞəɑɛɘɞ ɡˊɎɟɢɞɡůŬɠ ůɨɜɗŮůɖɠ  ɞɟɗɞɔɤɜɘəɐɠ ŭɘŬŰɞɛɐɠ Ůɜɘůɢɡɛɏɜɞ ɛŮ 1 

ɡŬɚɞɨűŬůɛŬ 200 gr/mĮ əŬɘ ˊɞɚɡŮůŰɏɟŬ. ȰɢŮɘ ɓɎɟɞɠ 238,46 gr. 

ɄŬɟŬŰɖɟɞɨɜŰŬɘ əŬɘ Ůŭɩ ŬɜŬˊɖŭɐůŮɘɠ ůŰɞ ŭɘɎɔɟŬɛɛŬ (ůɢ.93) Űɘɠ ɑŭɘŬɠ ɛɞɟűɐɠ ɛŮ Űɞɡ 

ŭɞəɘɛɑɞɡ ȹ18. ȷˊɞəɞɚɚɐůŮɘɠ Űɞɡ ɡɚɘəɞɨ Ůɜɑůɢɡůɖɠ əŬɘ ɛɎɚɘůŰŬ ɛɏůŬ Ŭˊɧ Űɖ ůɡɜŮɢɐ 

ˊŬɟŬəɞɚɞɨɗɖůɖ Űɞɡ ˊŮɘɟɎɛŬŰɞɠ ɞɘ ŬˊɞəɞɚɚɐůŮɘɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ŬɟɢɘəɎ ůŰŬ əɞɑɚŬ 

ŰɛɐɛŬŰŬ Űɤɜ əɧɚɞɟɤɜ əɩɜɤɜ ůŰɘɠ əɞɟɡűɏɠ Űɤɜ ɞˊɞɘɤɜ ŬůəɞɨɜŰŬɜ Űɞ űɞɟŰɑɞ. ɄŬɟɧɚŬ 

ŬɡŰɎ ŮɛűŬɜɩɠ ɡˊɎɟɢŮɘ ɓŮɚŰɑɤůɖ Űɤɜ ɘŭɘɞŰɐŰɤɜ ŬɚɚɎ ůŮ ɢŬɛɖɚɏɠ Űɘɛɏɠ ɓŮɚɩɜ əɎɛɣɖɠ 

ɏɢɞɡɛŮ ŬˊɞəɞɚɚɐůŮɘɠ ɎɟŬ ɛɧɜɘɛŮɠ ɓɚɎɓŮɠ Űɖɠ Ůɜɑůɢɡůɖɠ. 

 

ɆɢɐɛŬ 93: ȹɘɎɔɟŬɛɛŬ ɇɎůŮɤɜ ȸŮɚɩɜ ȾɎɛɣɖɠ 
ȹɞəɘɛɑɞɡ ȹ19 

 

ɆɢɐɛŬ 94: ɆɡɔəɟɘŰɘəɧ ȹɘɎɔɟŬɛɛŬ ŭɞəɘɛɑɤɜ ȹ18 
əŬɘ ȹ19 

3.6.8 ȹɞəɑɛɘɞ ȹ16 

ȹɞəɑɛɘɞ ɡˊɎɟɢɞɡůŬɠ ůɨɜɗŮůɖɠ  ɞɟɗɞɔɤɜɘəɐɠ ŭɘŬŰɞɛɐɠ Ůɜɘůɢɡɛɏɜɞ ɛŮ 2 ɡŬɚɞɨűŬůɛŬ 

200 gr/mĮ əŬɘ ˊɞɚɡŮůŰɏɟŬ ůɡɜɞɚɘəɞɨ ɓɎɟɞɡɠ 265,09 gr. ȾŬɘ Ůŭɩ ŮɑɜŬɘ ŮɛűŬɜɐɠ ɞɘ ɓɚɎɓŮɠ 

ůŰɞ ɡɚɘəɧ Ůɜɑůɢɡůɖɠ əŬɘ ˊŬɟŬŰɖɟŮɑŰŬɘ ɛŮɔŬɚɨŰŮɟɖ çɣŬɗɡɟɧŰɖŰŬè ůŰɖ ůɡɛˊŮɟɘűɞɟɎ, 

űŬɘɜɧɛŮɜɞ ˊɞɡ ŮɝɖɔŮɑŰŬɘ ɚɞɔɘəɎ əŬɗɩɠ Űɞ ɡɚɘəɧ Ůɜɑůɢɡůɖɠ ŬˊɞəŰɎ ɛŮɔŬɚɨŰŮɟɖ 

ŭɡůəŬɛɣɑŬ əŬɘ ŬˊɞəɞɚɚɎŰŬɘ ŮɡəɞɚɧŰŮɟŬ. 

 

ɆɢɐɛŬ 95: ȹɘɎɔɟŬɛɛŬ ŰɎůŮɤɜ ɓŮɚɩɜ əɎɛɣɖɠ ŭɞəɘɛɑɞɡ ȹ16 
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3.6.9 ȹɞəɑɛɘɞ ȹ20 

ȹɞəɑɛɘɞ ɡˊɎɟɢɞɡůŬɠ ůɨɜɗŮůɖɠ  ɞɟɗɞɔɤɜɘəɐɠ ŭɘŬŰɞɛɐɠ Ůɜɘůɢɡɛɏɜɞ ɛŮ 2 ɡŬɚɞɨűŬůɛŬ 

200 gr/mĮ əŬɘ ˊɞɚɡŮůŰɏɟŬ ůɡɜɞɚɘəɞɨ ɓɎɟɞɡɠ 268,61 gr. ɄŬɟɎ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɡˊɎɟɢŮɘ 

ɓŮɚŰɑɤůɖ Űɤɜ ɘŭɘɞŰɐŰɤɜ ŭŮ ɛˊɞɟŮɑ ɜŬ ɢŬɟŬəŰɖɟɘůŰŮɑ ɤɠ ŬˊɞŭɞŰɘəɐ əŬɗɩɠ ɏɢɞɡɛŮ ɓɚɎɓŮɠ 

ůŰɞ ɡɚɘəɧ Ůɜɑůɢɡůɖɠ ůŮ ɛɘəɟɎ ɓɏɚɖ əɎɛɣɖɠ. 

 

 

ɆɢɐɛŬ 96: ȹɘɎɔɟŬɛɛŬ ŰɎůŮɤɜ ɓŮɚɩɜ əɎɛɣɖɠ ŭɞəɘɛɑɞɡ ȹ20 

3.6.10 ȹɞəɑɛɘɞ ȹ15 

ȹɞəɑɛɘɞ ɡˊɎɟɢɞɡůŬɠ ůɨɜɗŮůɖɠ  ɞɟɗɞɔɤɜɘəɐɠ ŭɘŬŰɞɛɐɠ Ůɜɘůɢɡɛɏɜɞ ɛŮ 1 ɡŬɚɞɨűŬůɛŬ 

500 gr/mĮ əŬɘ ˊɞɚɡŮůŰɏɟŬ ůɡɜɞɚɘəɞɨ ɓɎɟɞɡɠ 288,35 gr. ɆŰɞ ŭɞəɑɛɘɞ ŬɡŰɧ ˊŬɟŬŰɖɟɞɨɜŰŬɘ 

ŬˊɞəɞɚɚɐůŮɘɠ ůŮ ŬəɧɛŬ ɛɘəɟɧŰŮɟŬ ɓɏɚɖ əɎɛɣɖɠ ɔŮɔɞɜɧɠ ˊɞɡ ŭɘəŬɘɞɚɞɔŮɑŰŬɘ Ŭˊɧ Űɖɜ 

ɛŮɔŬɚɨŰŮɟɖ ŭɡůəŬɛɣɑŬ Űɞɡ ɡɚɘəɞɨ Ŭˊɧ ŰŬ ˊɟɞɖɔɞɨɛŮɜŬ ŭɞəɑɛɘŬ Ůɚɏɔɢɞɡ. 

 

ɆɢɐɛŬ 97: ȹɘɎɔɟŬɛɛŬ ŰɎůŮɤɜ ɓŮɚɩɜ əɎɛɣɖɠ ŭɞəɘɛɑɞɡ ȹ15 

3.6.11 ȹɞəɑɛɘɞ ȹɅ2 

ȹɞəɑɛɘɞ ɡˊɎɟɢɞɡůŬɠ ůɨɜɗŮůɖɠ  ɞɟɗɞɔɤɜɘəɐɠ ŭɘŬŰɞɛɐɠ Ůɜɘůɢɡɛɏɜɞ ɛŮ 2 ɡŬɚɞɦűɎůɛŬŰŬ 

200 gr/mĮ əŬɘ ŮˊɞɝŮɘəɐ ɟɖŰɑɜɖ. ȹɘŬˊɘůŰɩɜɞɜŰŬɠ ůŮ ɧɚŮɠ Űɘɠ ˊŬɟŬˊɎɜɤ ˊŮɟɘˊŰɩůŮɘɠ 

ŭɞəɘɛɑɤɜ ɧŰɘ ŮɑɢŬɛŮ ůŮ ŬɟəŮŰɏɠ Ůɝ ŬɡŰɩɜ ɓŮɚŰɑɤůɖ Űɤɜ ɘŭɘɞŰɐŰɤɜ Űɞɡɠ ɏůŰɤ əŬɘ ŮɚɎɢɘůŰɖ, 

ˊŬɟɎ ŰŬɨŰŬ ɖ ɓɚɎɓŮɠ ůŮ ŮˊɑˊŮŭɞ ŬˊɞəɞɚɚɐůŮɤɜ Űɞɡ ɡɚɘəɞɨ Ůɜɑůɢɡůɖɠ əŬɗɘůŰɞɨůŮ ɛɖ 

ŬˊɞŭɞŰɘəɐ Űɖ ɢɟɐůɖ ŰɏŰɞɘɤɜ Űɟɧˊɤɜ ŮˊɏɛɓŬůɖɠ. ȷˊɞűŬůɑůŰɖəŮ ůŰɖ ůɡɜɏɢŮɘŬ ɜŬ 

ˊɟɞəŬɚɏůɞɡɛŮ ŰŮɢɜɖŰɎ ŭɘŬəɞˊɐ Űɖɠ ůɡɜɏɢŮɘŬɠ Űɤɜ ɘɜɩɜ Űɞɡ ɛɖŰɟɘəɞɨ ɡɚɘəɞɨ əŬɘ ɜŬ 

ŮɜɘůɢɨůɞɡɛŮ ůŰɞ ŭɞəɑɛɘɞ ȹɅ2 ɛŮ ɡɚɘəɧ Ůɜɑůɢɡůɖɠ 1 ŰŮɛɎɢɘɞ ɡŬɚɞɦűɎůɛŬŰɞɠ əŬɘ ŮˊɞɝŮɘəɐ 

ˊɚɏɞɜ ɟɖŰɑɜɖ. ȷɡŰɐ ɖ ɚɞɔɘəɐ Ůɜɑůɢɡůɖɠ ˊɟɞŮəɚɐɗŮɘ Ŭˊɧ Űɘɠ ˊŬɟŬŰɖɟɐůŮɘɠ ɧŰɘ ɞɘ 

ŬˊɞəɞɚɚɐůŮɘɠ ůŰŬ ɡˊɧɚɞɘˊŬ ŭɞəɑɛɘŬ ɐŰŬɜ çɣŬɗɡɟɏɠè ɚɧɔɤ ɛŮɔɎɚɖɠ ŭɡůəŬɛɣɑŬɠ Űɞɡ 
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ůɡɜŭŮŰɘəɞɨ ɡɚɘəɞɨ (ˊɞɚɡŮůŰŮɟɘəɐ ɟɖŰɑɜɖ) əŬɘ ɚɧɔɤ Űɞɡ ɧŰɘ ŭŮɜ ɡˊɐɟɢŮ ůɨɜŭŮůɖ ɛŮŰŬɝɨ 

ˊŬɚɘɞɨ əŬɘ ɜɏɞɡ ɡɚɘəɞɨ. ũɘ ŬɡŰɧ ůŰɖ ˊŮɟɑˊŰɤůɖ ŬɡŰɞɨ Űɞɡ ŭɞəɘɛɑɞɡ ŭɘŬɜɞɑɢɗɖəŬɜ ɞˊɏɠ ɛŮ 

ɖɚŮəŰɟɘəɧ ŭɟɎˊŬɜɞ Ï3mm ůŰŬ ůɖɛŮɑŬ ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ɡˊɞŭŮɘɢɗŮɑ ůŰɞ ůɢɐɛŬ 30.  

ȼ Ůɜɘůɢɡůɖ ůŰɞ ŭɞəɑɛɘɞ ȹɅ2 ŮɑɜŬɘ ůŬűɩɠ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰŮɟɖ Űɤɜ ɡˊɞɚɞɑˊɤɜ ɛŮ 

ˊɞɚɡŮůŰŮɟɘəɐ ɟɖŰɑɜɖ əŬɘ ɞɘ ɞˊɞɘŮůŭɐˊɞŰŮ ɓɚɎɓŮɠ ŬˊɞəɞɚɚɐůŮɤɜ ɔɑɜɞɜŰŬɘ əɞɜŰɎ ůŰɖɜ 

ŬůŰɞɢɑŬ Űɞɡ ŭɞəɘɛɑɞɡ. ũɘŬ ɜŬ əŬŰŬůŰŮɑ ůŬűɏɠ Űɞ ɔŮɔɞɜɧɠ Űɖɠ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬɠ 

ˊŬɟŬɗɏŰɞɡɛŮ Űɞ ůɡɔəɟɘŰɘəɧ ŭɘɎɔɟŬɛɛŬ Űɤɜ ŭɞəɘɛɑɤɜ ȹ10-11-12 əŬɘ ȹɅ2. ɆŰɞ ŭɘɎɔɟŬɛɛŬ 

űŬɑɜŮŰŬɘ ůŬűɩɠ ɖ ɓŮɚŰɑɤůɖ Űɤɜ ɘŭɘɞŰɐŰɤɜ ɛŮ ɛɘŬ ɓɏɓŬɘŬ ɛŮɑɤůɖ Űɞɡ ɓɏɚɞɡɠ əɎɛɣɖɠ 

ŬůŰɞɢɑŬɠ. 

 

ɆɢɐɛŬ 98: ȹɘɎɔɟŬɛɛŬ ɇɎůŮɤɜ ȸŮɚɩɜ ȾɎɛɣɖɠ 
ȹɞəɘɛɑɞɡ ȹɅ2 

 

ɆɢɐɛŬ 99: ɆɡɔəɟɘŰɘəɧ ȹɘɎɔɟŬɛɛŬ ɇɎůŮɤɜ 
ȸŮɚɩɜ ȾɎɛɣɖɠ ŭɞəɘɛɑɤɜ ȹ10-11-12-Ʌ2 

ȷɡŰɧ Űɞ ɞˊɞɑɞ ŮˊɖɟŮɎɕŮŰŬɘ ŮɛűŬɜɩɠ ŮɑɜŬɘ ɖ ŬəŰɑɜŬ əŬɛɡɚɧŰɖŰŬɠ ɧˊɞɡ ůŰɞ ŭɞəɑɛɘɞ 

ȹɅ2 ůŰɖ ˊɟɩŰɖ Ŭˊɞəɧɚɚɖůɖ ŮɑɜŬɘ ɟ=95,75 mm Ůɜɩ ůŰɘɠ ŬɜŰɑůŰɞɘɢŮɠ ůɡɜɗɐəŮɠ Űɞɡ 

ŭɞəɘɛɑɞɡ ȹ10 ŮɑɜŬɘ ɟ=79,61 mm. Ⱥŭɩ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮɘ ɡˊŮɜɗɨɛɘůɖ ɧŰɘ ɧɚŮɠ ŬɡŰɏɠ ɞɘ 

ɛŮŰɟɐůŮɘɠ ɏɔɘɜŬɜ ɔɟŬűɘəɎ ɛŮ ŬɜŬɔɤɔɐ ŬɚɚɎ ˊŬɟɧɚŬ ŬɡŰɎ ŮɑɜŬɘ ŮɛűŬɜɐɠ ɖ ŭɘŬűɞɟɎ ůŰɘɠ 

ŬəŰɑɜŮɠ əŬɛˊɡɚɧŰɖŰŬɠ. 

 

ɆɢɐɛŬ 100: ȷˊŮɘəɧɜɘůɖ ŬəŰɑɜɤɜ əŬɛˊɡɚɧŰɖŰŬɠ ŭɞəɘɛɑɤɜ Ʌ2 (Ŭɟ) əŬɘ ȹ10 ůŰɘɠ ɑŭɘŮɠ ůɡɜɗɐəŮɠ 

3.6.12 ȹɞəɑɛɘɞ ȹS2 

ȹɞəɑɛɘɞ ɡˊɎɟɢɞɡůŬɠ ůɨɜɗŮůɖɠ  ɞɟɗɞɔɤɜɘəɐɠ ŭɘŬŰɞɛɐɠ Ůɜɘůɢɡɛɏɜɞ ɛŮ 2 ɡŬɚɞɦűɎůɛŬŰŬ 

Űɨˊɞɡ ɚɤɟɑŭɤɜ əŬɘ ŮˊɞɝŮɘəɐ ɟɖŰɑɜɖ. ɀɘŬ ŭɘŬűɞɟŮŰɘəɐ ŰŮɢɜɘəɐ ɖ ɞˊɞɑŬ ŮˊɘɚɏɔŮɘ ŮɑɜŬɘ 

ŬɜɎɚɞɔɖɠ ɚɞɔɘəɐɠ ɛŮ ŬɡŰɐ Űɞɡ ŭɞəɘɛɑɞɡ ȹɅ2 ɛɧɜɞ ˊɞɡ ůŮ ŬɡŰɐ Űɖ ˊŮɟɑˊŰɤůɖ ɖ Ůɜɑůɢɡůɖ 

ŰɞˊɞɗŮŰɐɗɖəŮ ůŮ ɚɤɟɑŭŮɠ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ůɢɐɛŬ 30. ɇɞ ɓɎɟɞɠ Űɞɡ ŭɞəɘɛɑɞɡ ŬɜɏɟɢŮŰŬɘ 

ůŰŬ 212,31 gr əŬɘ ɞɘ ŭɘŬɜɞɘɢɗɐůŮɠ ɞˊɏɠ ŭɘŬŰɎůůɞɜŰŬɘ ɛɧɜɞ əŬŰŬ ɛɐəɞɠ Űɤɜ ɚɤɟɑŭɤɜ. ȷˊɧ 
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Űɞ ŭɘɎɔɟŬɛɛŬ Űɞɡ ůɢɐɛŬŰɞɠ 101 űŬɑɜŮŰŬɘ ɧŰɘ ɜŬɘ ɛŮɜ ɖ Ůɜɑůɢɡůɖ ŬůŰɧɢɖůŮ ŬɚɚŬ ŮˊɏŰɟŮɣŮ 

Űɖɜ ŬɜɎˊŰɡɝɖ ɛŮɔɎɚɤɜ ɓŮɚɩɜ əɎɛɣɖɠ ɛɏɢɟɘ Űɞɡ ůɖɛŮɑɞɡ Űɖɠ əŬŰɎɟɟŮɡůɖɠ. 

 

ɆɢɐɛŬ 101: ȹɘɎɔɟŬɛɛŬ ɇɎůŮɤɜ ɄŬɟŬɛɞɟűɩůŮɤɜ ȹɞəɘɛɑɞɡ ȹS2 

3.6.13 ȹɞəɑɛɘɞ ȹ21 ɞɟɗɞɔɤɜɘəɧ 

ȹɞəɑɛɘɞ ɜɏŬɠ ůɨɜɗŮůɖɠ  ɞɟɗɞɔɤɜɘəɐɠ ŭɘŬŰɞɛɐɠ 12 ɡŬɚɞɡűŬůɛɎŰɤɜ 200gr/mĮ ɏəŬůŰɞ 

əŬɘ ˊɞɚɡŮůŰɏɟŬ ůɡɜɞɚɘəɞɨ ɓɎɟɞɡɠ 213 gr. ɇɞ ŭɞəɑɛɘɞ ŬɡŰɧ əŬŰŬůəŮɡɎůŰɖəŮ ůŰɖ ɚɞɔɘəɐ 

ɜŬ ŮɚŮɔɢɗŮɑ ɖ əŬɛˊɡɚɧŰɖŰŬ ɖ ɞˊɞɑŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖ ůɨɜɗŮůɖ 12/200gr/m
2
. ȷˊɧ Űɞ 

ůɡɔəɟɘŰɘəɧ ŭɘɎɔɟŬɛɛŬ ɛŮŰŬɝɨ Űɤɜ ŭɞəɘɛɑɤɜ ȹ10,11,12 əŬɘ ȹ21 ɓɚɏˊɞɡɛŮ ɧŰɘ çəɘɜŮɑŰŬɘè 

ůŰɖ ˊŮɟɘɞɢɐ ŭŮŭɞɛɏɜɤɜ Űɤɜ Ŭɟɢɘəɩɜ ŭɞəɘɛɑɤɜ. ȷɡŰɧ Űɞ ɞˊɞɑɞ ɛŮɘɩɜŮŰŬɘ ŮɑɜŬɘ ɖ ŬəŰɑɜŬ 

əŬɛˊɡɚɧŰɖŰŬɠ ŬɚɚɎ ɧˊɤɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ ŰŬ ŭŮŭɞɛɏɜŬ ˊɟɧəŮɘŰŬɘ ɔɘŬ ɛɘəɟɐ ŭɘŬűɞɟɎ ɛŮ Űɘɠ 

ŬəŰɑɜŮɠ əŬɛˊɡɚɧŰɖŰŬɠ Űɤɜ Ŭɟɢɘəɩɜ ŭɞəɘɛɑɤɜ. 

 

ɆɢɐɛŬ 102: ɆɡɔəɟɘŰɘəɧ ŭɘɎɔɟŬɛɛŬ ŰɎůŮɤɜ ɓŮɚɩɜ əɎɛɣɖɠ ŭɞəɘɛɑɤɜ ȹ10-11-12-21 

3.6.14 ȹɞəɑɛɘɞ ȹ22 ɞɟɗɞɔɤɜɘəɧ 

ȹɞəɑɛɘɞ ɜɏŬɠ ůɨɜɗŮůɖɠ  ɞɟɗɞɔɤɜɘəɐɠ ŭɘŬŰɞɛɐɠ 12 ɡŬɚɞɡűŬůɛɎŰɤɜ 200gr/mĮ ɏəŬůŰɞ 

əŬɘ ŮˊɞɝŮɘəɐ ɟɖŰɑɜɖ Űɞ ɞˊɞɑɞ əŬŰŬəŮɡɎůŰɖəŮ ůŰɖ ɚɞɔɘəɐ Űɞɡ ŭɞəɘɛɑɞɡ ȹ21. 
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ɆɢɐɛŬ 103: ȹɘɎɔɟŬɛɛŬ ɇɎůŮɤɜ ȸŮɚɩɜ ȾɎɛɣɖɠ 
ȹɞəɘɛɑɞɡ ȹ22 

 

ɆɢɐɛŬ 104: ɆɡɔəɟɘŰɘəɧ ȹɘɎɔɟŬɛɛŬ ȹɞəɘɛɑɤɜ 
ȹ21 əŬɘ ȹ22 

ȼ  ŬəŰɑɜŬ əŬɛˊɡɚɧŰɖŰŬɠ ɚɑɔɞ ˊɟɘɜ Űɖ əŬŰɎɟɟŮɡůɖ ŮɑɜŬɘ ˊŮɟɑˊɞɡ ɖ ɑŭɘŬ ɛŮ ŬɡŰɐ Űɞɡ 

ɛɖŰɟɘəɞɨ ɡɚɘəɞɨ. 

 

ɆɢɐɛŬ 105: Ɉˊɞɚɞɔɘůɛɧɠ ȾŬɛˊɡɚɧŰɖŰŬɠ ȹɞəɘɛɑɞɡ ȹ22 

3.7 ɄŮɘɟŬɛŬŰɘəɧɠ ȰɚŮɔɢɞɠ ȷɜŰɞɢɐɠ Ƀɟɗɞɔɤɜɘəɩɜ ȹɞəɘɛɑɤɜ (coupons) 

Ƀ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɤɜ ɛɖɢŬɜɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ ůɡɜɗɏůŮɤɜ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɔɘŬ Űɖ əŬŰŬůəŮɡɐ Űɤɜ əŬɛˊɡɚɧɛɞɟűɤɜ ŭɞəɘɛɑɤɜ ŬˊɞűŬůɑůŰɖəŮ ɜŬ 

ɔɑɜŮɘ ɛŮ Űɞɜ ɏɚŮɔɢɞ ůŮ ŮűŮɚəɡůɛɧ ŭɞəɘɛɑɤɜ Űɨˊɞɡ coupons əŬŰɎ Űɞ ˊɟɧŰɡˊɞ ASTM 

D3039-00. ɇɞ ˊɚɐɗɞɠ Űɤɜ ŭɞəɘɛɑɤɜ əŬɗɞɟɑůŰɖəŮ Ŭˊɧ Űɖɜ ŮɚɎɢɘůŰɖ ŬˊŬɑŰɖůɖ Űɞɡ 

ˊɟɞŰɨˊɞɡ ɔɘŬ 5 ŭɞəɑɛɘŬ əŬɘ Ůˊɘˊɚɏɞɜ ŬˊɞűŬůɑůŰɖəŮ ɞ ɏɚŮɔɢɞɠ əŬɘ Ŭˊɧ ɏɜŬ ŭɞəɑɛɘɞ Űɞ 

ɞˊɞɑɞ ɓɡɗɑůŰɖəŮ ůŰɞ ɜŮɟɧ əŬɘ ɏɜŬ Űɞ ɞˊɞɑɞ ɡˊɞɓɚɐɗɖəŮ ůŮ ɡɔɟɧ ˊŮɟɘɓɎɚɚɞɜ əŬɘ ɣɨɝɖ. 

ȿɧɔɤ Űɞɡ ɛŮɔɎɚɞɡ ɧɔəɞɡ ˊɚɖɟɞűɞɟɘɩɜ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ əɎɗŮ ɞɛɎŭŬ ŭɞəɘɛɑɤɜ ɗŬ 

ŭɑɜɞɜŰŬɘ ůŮ ɏɜŬ ŭɘɎɔɟŬɛɛŬ. 

3.7.1 ȹɞəɑɛɘŬ ůɨɜɗŮůɖɠ 6/200 

Ƀ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ɛɏŰɟɞɡ ŮɚŬůŰɘəɧŰɖŰŬɠ Ⱥchord ɏɔɘɜŮ ůɨɛűɤɜŬ ɛŮ ŬɡŰɎ ˊɞɡ ɞɟɑɕŮɘ Űɞ 

ˊɟɧŰɡˊɞ ASTM D3039-00. ɈˊɞɚɞɔɑɕŮŰŬɘ ŬɟɢɘəɎ ɖ ŭɘŬűɞɟɎ ȹů əŬɘ ȹŮ ůŰɘɠ ˊŮɟɘɞɢɏɠ Űɘɛɩɜ 

0,001<Ů<0,003 əŬɘ ˊɟɞəɨˊŰŮɘ ɏŰůɘ Űɞ Ⱥchord=ȹů/ȹŮ. ȳůɞ ŬűɞɟɎ Űɞ ŭŮɡŰŮɟŮɨɞɜ ɛɏŰɟɞ 

ŮɚŬůŰɘəɧŰɖŰŬɠ ŬɡŰɧ ɡˊɞɚɞɔɑůŰɖəŮ əŬŰɎ Űɘɠ Ŭɟɢɏɠ Űɞɡ ˊɟɞŰɨˊɞɡ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ 

ɚŬɛɓɎɜɞɜŰŬɠ ɛɘŬ ɛɘəɟɐ ˊŮɟɘɞɢɐ ůŰŬ ŭŮŭɞɛɏɜŬ ˊɞɡ ˊɟɞůŮɔɔɑɕɞɡɜ Űɞ ɛɏɔɘůŰɞ ɡˊɞɚɞɔɑůŬɛŮ 

Ŭˊɧ Űɞ Excel Űɖɜ ŮɡɗŮɑŬ ɖ ɞˊɞɑŬ ŮűɎˊŰŮŰŬɘ ůŮ ɛɘŬ ˊŮɟɘɞɟɘůɛɏɜɖ ˊŮɟɘɞɢɐ ŭŮŭɞɛɏɜɤɜ. 
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ɄɑɜŬəŬɠ 4: ɄɑɜŬəŬɠ ŰŮɢɜɘəɩɜ ůŰɞɘɢŮɑɤɜ ŭɞəɘɛɑɤɜ ůɨɜɗŮůɖɠ 6/200gr/m
2
 

 

ɆɢɐɛŬ 106: ɆɡɔəɟɘŰɘəɧ ȹɘɎɔɟŬɛɛŬ ɇɎůŮɤɜ ȷɜɖɔɛɏɜɤɜ ɄŬɟŬɛɞɟűɩůŮɤɜ ůɡɜɗɏůŮɤɜ 6/200 

3.7.2 ȹɞəɑɛɘŬ ůɨɜɗŮůɖɠ 7/200 

ɄɑɜŬəŬɠ 5:ɇŮɢɜɘəɎ ůŰɞɘɢŮɑŬ ŭɞəɘɛɑɤɜ ůɨɜɗŮůɖɠ 7/200gr/m
2 

 

ɆɢɐɛŬ 107: ȹɘɎɔɟŬɛɛŬ ɇɎůŮɤɜ ȷɜɖɔɛɏɜɤɜ ɄŬɟŬɛɞɟűɩůŮɤɜ ȹɞəɘɛɑɤɜ ɆɨɜɗŮůɖɠ 7/200gr/m
2
 

 
coupon 
index 

thickness 
(mm) 

weight 
(gr) 

temperature 
ϲ/ 

humidity 
% 

max stress 
max stress 

mean 
Echord 
(Mpa) 

sec Echord 
(Mpa) 

C1 1.24 12.43 26 35 83.77627 

88.840332 

7728 254 

C2 1.23 12.4 27.5 32.5 93.76292 7051 129 

C3 1.23 12.13 28 32.5 93.60236 7615 60 

C7 1.23 12.55 28.5 33 88.43522 7384 296 

C8 1.25 12.75 29 32 84.62489 6515 188 

C4w 1.25 12.1 28 32.5 98.57143 98.57143 8383 252 

C6w,c 1.49 13.02 28 32.5 77.60416 77.60416 6368 270 

coupon 

index 

thickness 

(mm) 

weight 

(gr) 

temperature 

ÁC 

humidity 

% 
max stress 

max stress 

mean 

Echord 

(Mpa) 

sec Echord 

(Mpa) 

C9 1.44 12.4 26 41.5 90.21708 

98.618224 

6025 222 

C10 1.48 14.78 26.5 37.5 93.15514 5930 288 

C11 1.45 14.61 25 48 100.7756 8917 354 

C12 1.45 14.81 23.5 53.5 103.4303 6430 326 

C13 1.4 14.55 24 51 105.513 7723 356 

C15w 1.39 14.26 23.5 40.5 104.7748 104.7748 8339 354 

C17wc 1.43 14.31 22.5 41.5 93.41412 93.41412 7462 237 
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3.7.3 ȹɞəɑɛɘŬ ůɨɜɗŮůɖɠ 8/200 

coupon 

index 

thickness 

(mm) 

weight 

(gr) 
temperature 

ϲ/ 
humidity 

% 
max stress 

Echord 

(Mpa) 

sec Echord 

(Mpa) 

C18 1.53 15.85 23.5 48 109.6247 8307 207 

C19 1.5 15.92 25 52 110.4622 7605 300 

C20 1.54 15.98 23.5 51 107.0613 8950 353 

C21a 1.51 15.87 24.5 49 99.9374 9723 595 

c21b 1.51 15.87 24.5 49 113.286 7093 20 

C23a 1.5 15.94 25.5 49 110.6694 9822 162 

c23b 1.5 15.94 25.5 49 92.00248 3985 116 

C24wc 1.44 15.9 22.5 41.5 110.1247 8552 223 

C25w 1.57 15.88 22.5 41.5 103.8389 7565 200 

ɄɑɜŬəŬɠ 6:ɇŮɢɜɘəɎ ůŰɞɘɢŮɑŬ ŭɞəɘɛɑɤɜ ůɨɜɗŮůɖɠ 8/200gr/m
2
 

 

ɆɢɐɛŬ 108: ȹɘɎɔɟŬɛɛŬ ɇɎůŮɤɜ ȷɜɖɔɛɏɜɤɜ ɄŬɟŬɛɞɟűɩůŮɤɜ ŭɞəɘɛɑɤɜ ůɡɜɗɏůŮɤɠ 8/200gr/m
2
 

ɆŰɞ ŭɘɎɔɟŬɛɛŬ Űɞɡ ůɢɐɛŬŰɞɠ 109 ɏɢɞɡɛŮ ŰɞˊɞɗŮŰɐůŮɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŭɞəɘɛɑɤɜ 

Űɖɠ ůɨɜɗŮůɖɠ 8/200gr/m
2
 ŰŬ ɞˊɞɑŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ɢɤɟɑɠ ŭɘŬəɞˊɐ ůŰɖ ŭɘɎɟəŮɘŬ 

ɡɚɞˊɞɑɖůɖɠ Űɞɡɠ. ɆŰŬ ŭɞəɑɛɘŬ 21 əŬɘ 23 ŭɘŮəɧˊŮɘ ɖ űɧɟŰɘůɖ ˊɟɘɜ Űɖ əŬŰɎɟɟŮɡůɖ əŬɘ ɚɑɔɞ 

ɛŮŰɎ ŬɜŰɑůŰɞɘɢŬ. 

 

ɆɢɐɛŬ 109: ɆɡɔəɟɘŰɘəɧ ŭɘɎɔɟŬɛɛŬ ŭɞəɘɛɑɤɜ C21 əŬɘ C23 ˊɟɤŰŮɡɞɨůɖɠ əŬɘ ŭŮɡŰŮɟŮɡɞɨůɖɠ 
űɞɟŰɑůɖɠ 

ȹɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ əŬɘ ŰŬ ŭɨɞ ŭɞəɑɛɘŬ ůŰɖɜ Ŭɟɢɘəɐ Űɞɡɠ űɧɟŰɘůɖ Ŭəɞɚɞɡɗɞɨɜ Űɖɜ ɑŭɘŬ 

ŭɘŬŭɟɞɛɐ. ȷɡŰɧ ˊɞɡ ˊɟɞəŬɚŮɑ ɏəˊɚɖɝɖ ŮɑɜŬɘ ɖ Ŭɨɝɖůɖ Űɖɠ űɏɟɞɡůŬɠ ɘəŬɜɧŰɖŰŬɠ Űɞɡ 

ŭɞəɘɛɑɞɡ 21 ůŰɖ ŭŮɨŰŮɟɖ űɧɟŰɘůɖ.  
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3.7.4 ȹɞəɑɛɘŬ ůɨɜɗŮůɖɠ 3/500 

ɄɑɜŬəŬɠ 7: ɇŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŭɞəɘɛɑɤɜ ůɨɜɗŮůɖɠ 3/500gr/m
2
 

 

ɆɢɐɛŬ 110: ȹɘɎɔɟŬɛɛŬ ɇɎůŮɤɜ ȷɜɖɔɛɏɜɤɜ ɄŬɟŬɛɞɟűɩůŮɤɜ ŭɞəɘɛɑɤɜ ůɨɜɗŮůɖɠ 3/500gr/m
2
 

3.7.5 ȹɞəɑɛɘŬ ůɨɜɗŮůɖɠ 4/500 

ɄɑɜŬəŬɠ 8: ɇŮɢɜɘəɎ ůŰɞɘɢŮɑŬ ŭɞəɘɛɑɤɜ ůɨɜɗŮůɖɠ 4/500gr/m
2
 

ɄŬɟŬəɎŰɤ ˊŬɟŬŰɑɗŮɜŰŬɘ ŭɨɞ ŭɘŬɔɟɎɛɛŬŰŬ ɏɜŬ ɛŮ ŰŬ ŭɞəɑɛɘŬ 34,36,37,38,39 Ŭˊɧ ŰŬ 

ɞˊɞɑŬ əɎɜɞɡɛŮ Űɖ ˊŮɟɘɔɟŬűɘəɐ ůŰŬŰɘůŰɘəɐ əŬɘ ɏɜŬ ɛŮ ɧɚŬ ɛŬɕɑ ůɡɛˊŮɟɘɚŬɛɓŬɜɞɛɏɜɞɡ əŬɘ 

ŬɡŰɩɜ ŰŬ ɞˊɞɑŬ ŰɞˊɞɗŮŰɐɗɖəŬɜ ůŰɞ ɜŮɟɧ əŬɘ ůŰɖ ɣɨɝɖ. ɄŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ŰŬ ŭɞəɑɛɘŬ ŰŬ 

ɞˊɞɑŬ ɡˊɞɓɚɐɗɖəŬɜ ůŮ ˊɟɞɖɔɞɨɛŮɜɖ əŬŰŬˊɧɜɖůɖ ɏɢɞɡɜ ˊɞɚɨ ɛɘəɟɧŰŮɟɞ ɛɏŰɟɞ 

ŮɚŬůŰɘəɧŰɖŰŬɠ Ŭˊɧ ŰŬ ɡˊɧɚɞɘˊŬ ŰŬ ɞˊɞɑŬ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ůŬűɩɠ ɤɠ ɣŬɗɡɟɎ. 

 

 

coupon 

index 

thickness 

(mm) 

weight 

(gr) 
temperature 

ϲ/ 
humidity 

% 
max stress 

Echord 

(Mpa) 

sec Echord 

(Mpa) 

C26 1.7 17.01 24.5 49.5 89.38535 7909 250 

C27 1.71 16.98 23 55 97.97716 7580 191 

C28 1.74 17.18 54.5 23.5 95.7031 8200 177 

C29 1.72 16.82 24 54.5 98.15529 7678 350 

C30 1.67 16.77 54.5 23.5 107.8826 8438 380 

C31w 1.77 17.17 54.5 23.5 86.00095 7253 400 

C32wc 1.6 16.67 54.5 23.5 102.1932 8122 113 

coupon 

index 

thickness 

(mm) 

weight 

(gr) 
temperature 

ϲ/ 
humidity 

% 
max stress 

Echord 

(Mpa) 

sec Echord 

(Mpa) 

C34 2.24 22.84 23 31 68.02404 551162 37074 

C36 2.24 22.82 23 30 105.8667 302312 15969 

C37 2.21 22.53 23 30 105.9939 324178 30886 

C38 2.3 22.34 23 30 106.0341 545402 51375 

C39 2.36 22.97 23 30 76.02385 256170 21746 

C35w 2.22 23.25 22.5 31.5 96.54005 8121 298 

C40wc 2.34 23.27 23 30 82.19906 6703 175 
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ɆɢɐɛŬ 111: ȹɘɎɔɟŬɛɛŬ ŰɎůŮɤɜ Ŭɜɖɔɛɏɜɤɜ 
ˊŬɟŬɛɞɟűɩůŮɤɜ ŭɞəɘɛɑɤɜ ůɨɜɗŮůɖɠ 

4/500gr/m
2
 

 

ɆɢɐɛŬ 112: ȹɘɎɔɟŬɛɛŬ ɇɎůŮɤɜ ȷɜɖɔɛɏɜɤɜ 

ˊŬɟŬɛɞɟűɩůŮɤɜ ɧɚɤ Űɤɜ ŭɞəɘɛɑɤɜ Űɖɠ 

ůɨɜɗŮůɖɠ 4/500gr/m
2 

 

3.7.6 ȹɞəɑɛɘɞ 5/500 

ɆɢɐɛŬ 113: ȹɘɎɔɟŬɛɛŬ ŰɎůŮɤɜ Ŭɜɖɔɛɏɜɤɜ Ŭ́ɟŬɛɞɟűɩůŮɤɜ ŭɞəɘɛɑɤɜ ůɨɜɗŮůɖɠ 5/500gr/m
2
 

 

ɆɢɐɛŬ 114: ȹɘɎɔɟŬɛɛŬ ŰɎůŮɤɜ Ŭɜɖɔɛɏɜɤɜ Ŭ́ɟŬɛɞɟűɩůŮɤɜ ŭɞəɘɛɑɤɜ ůɨɜɗŮůɖɠ 5/500gr/m
2
 

coupon 
index 

thickness 
(mm) 

weight 
(gr) 

temperature 
ϲ/ 

humidity 
% 

max stress 
Echord 
(Mpa) 

sec Echord 
(Mpa) 

C41 2.57 26.35 23.5 30 76.98599 159417 

 C42 2.57 26.21 23.5 30 85.99773 238398 

 C43 2.55 26.68 24 29 101.9923 418360 40556 

C44 2.59 26.75 24 30.5 94.03285 178223 22830 

C45 2.57 26.16 24.5 31 81.102 357743 5316 

C46wc 2.96 27.07 45 23.5 75.60045 6909 53 

C47w 2.57 25.43 50 23.5 77.28484 7280 56 
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ȾŬɘ ůŮ ŬɡŰɐ Űɖ ˊŮɟɑˊŰɤůɖ Űɤɜ ŭɞəɘɛɑɤɜ ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ ɖ ˊɟɞɖɔɞɨɛŮɜɖ 

əŬŰŬˊɧɜɖůɖ Űɤɜ ŭɞəɘɛɑɤɜ ɛŮɘɩɜŮɘ Űɖ űɏɟɞɡůŬ ɘəŬɜɧŰɖŰŬ əŬɘ ŰŬɡŰɧɢɟɞɜŬ ŭɑɜŮɘ 

ɛŮɔŬɚɨŰŮɟɖ ɞɚəɘɛɧŰɖŰŬ ůŰɞ ɡɚɘəɧ.  
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4 ɆɡɛˊŮɟɎůɛŬŰŬ-ȷɝɘɞɚɧɔɖůɖ ȷˊɞŰŮɚŮůɛɎŰɤɜ 

4.1 ũŮɜɘəɎ 

ɀɏůŬ Ŭˊɧ Űɖ ˊŮɘɟŬɛŬŰɘəɐ ŭɘŬŭɘəŬůɑŬ ˊɟɞɏəɡɣŬɜ ŬˊɞŰŮɚɏůɛŬŰŬ ŰŬ ɞˊɞɑŬ ˊŬɟɎ Űɞ 

ɛɘəɟɧ ˊɚɐɗɞɠ Űɞɡɠ ůŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ ŮɑɜŬɘ ɘəɎɜŬ ˊŬɟɎ ŰŬɨŰŬ ɜŬ ɛŬɠ ŭɩůɞɡɜ 

ůɡɛˊŮɟɎůɛŬŰŬ ůŮ ŮˊɑˊŮŭɞ ˊŰɡɢɘŬəɐɠ ŮɟɔŬůɑŬɠ. Ƀɘ ɏɚŮɔɢɞɘ ɞɘ ɞˊɞɑɞɘ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ 

ůŰŬ ŭɞəɑɛɘŬ, ŰŬ ɞˊɞɑŬ ɐŰŬɜ ɏɜŬɠ ůɡɜŭɡŬůɛɧɠ ˊŬɚŬɘɩɜ əŬɘ ɜɏɤɜ, ɏɔɘɜŮ ˊɟɞůˊɎɗŮɘŬ ɜŬ ɛŬɠ 

ŭɩůɞɡɜ ɞɡůɘŬůŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ. 

4.2 ȷɝɘɞɚɧɔɖůɖ ūɏɟɞɡůŬɠ ȽəŬɜɧŰɖŰŬɠ Ɉɚɘəɞɨ ůŰɖɜ ŮəŰɧɠ Ⱥˊɘˊɏŭɞɡ 
ūɧɟŰɘůɖ 

ȼ əŮɜŰɟɘəɐ ɘŭɏŬ Űɖɠ ˊŮɘɟŬɛŬŰɘəɐɠ ŭɘŮɟŮɨɜɖůɖɠ Űɞɡ ɡɚɘəɞɨ ɀɃ.ɀȷɇ ɐŰŬɜ ɜŬ ŮɚŮɔɢɗŮɑ 

ɖ ŭɡɜŬŰɧŰɖŰŬ ŮˊɏɛɓŬůɖɠ, ɛŮ ɡɚɘəɎ Ůɜɑůɢɡůɖɠ ɔɘŬ ŬˊɞəŬŰɎůŰŬůɖ Űɤɜ ɓɚŬɓɩɜ, ɛŮ ůəɞˊɧ 

Űɖɜ ŮˊɏəŰŬůɖ Űɖɠ ɢɟɐůɖɠ əŬɘ Ŭɝɘɞˊɞɑɖůɖɠ Űɞɡ. ɇɞ ŭɘŬŰɘɗɏɛŮɜɞ ˊɟɞɠ ɏɚŮɔɢɞ ŰɛɐɛŬ 

ɓɟɘůəɧŰŬɜ Ŭˊɧ ˊɚŮɡɟɎɠ ɓɚŬɓɩɜ ůŰɞ ŮˊɘɗɡɛɖŰɧ ŮˊɑˊŮŭɞ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŭɞəɘɛɎůɞɡɛŮ 

Űɟɧˊɞɡɠ ŮˊɏɛɓŬůɖɠ. ȷɡŰɧ Űɞ ɞˊɞɑɞ ŭŮɜ ɛˊɞɟɞɨůŬɛŮ ɛŬəɟɞůəɞˊɘəɎ ɜŬ ŭɘŬˊɘůŰɩůɞɡɛŮ 

ɐŰŬɜ ɖ ůɨɜɗŮůɖ Űɖɠ əŬŰŬůəŮɡɐɠ Űɞɡ əŬɗɩɠ əŬɘ ŰŬ ɡɚɘəɎ Űɖɠ. ũɘŬ ɜŬ ŭɘŬˊɘůŰɩůɞɡɛŮ əɎŰɘ 

ŰɏŰɞɘɞ ɐ əŬɚɨŰŮɟŬ ɔɘŬ ɜŬ ˊɟɞůɞɛɞɘɎůɞɡɛŮ ůŰɘɠ ɘŭɘɧŰɖŰŮɠ əŬŰŬůəŮɡɎůŬɛŮ əŬɘ ɜɏŬ ŭɞəɑɛɘŬ. 

ɇŬ ŭɞəɑɛɘŬ ŰŬ ɞˊɞɑŬ əŬɗɞɟɑɕɞɡɜ Űɖɜ ˊɞɚɘŰɘəɐ ŮˊɏɛɓŬůɖɠ ŮɑɜŬɘ əɡɟɑɤɠ ŰŬ əŬɛˊɡɚɧɛɞɟűŬ 

ŰŮŰɟŬɔɤɜɘəɎ əŬɘ ɞɟɗɞɔɤɜɘəɎ ɤɠ ˊɟɞɠ Űɖ ůɡɛˊŮɟɘűɞɟɎ Űɞɡɠ. 

4.2.1 ȷɝɘɞɚɧɔɖůɖ Ůɜɑůɢɡůɖɠ ŰŮŰɟŬɔɤɜɘəɩɜ ŭɞəɘɛɑɤɜ 

ȼ ɛŮɔɎɚɖ ŭɡůəɞɚɑŬ ůŮ ŬɡŰɐ Űɖɜ ŮɟɔŬůɑŬ ɐŰŬɜ ŮɝŮɨɟŮůɖ ˊŬɚŬɘɞɨ ɡɚɘəɞɨ ɔɘŬ ɏɚŮɔɢɞ. 

ȷɡŰɧ ŬˊɞŰɏɚŮůŮ ˊɟɧɓɚɖɛŬ əŬɗɩɠ ŭŮɜ ɡˊɐɟɢŮ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɧ ŭŮɑɔɛŬ Űɧůɞ Ŭˊɧ ˊɚŮɡɟɎɠ 

ɢɟɐůɖɠ ůŮ ŭɘŬűɞɟŮŰɘəɐɠ ŮɜŭɞůɘɛɧŰɖŰŬɠ ŮŭɎűɖ ɧůɞ əŬɘ Ŭˊɧ ˊɚŮɡɟɎɠ ˊŬɚŬɘɧŰɖŰŬɠ 

ŭɘŬűɧɟɤɜ ŰɛɖɛɎŰɤɜ. ũɘ ŬɡŰɧ Űɞ ɚɧɔɞ ŬˊɞűŬůɑůŰɖəŮ ɜŬ ŰŮɗŮɑ ůŬɜ ŭɞəɑɛɘɞ ɓɎůɖɠ Űɞ 

ŭɞəɑɛɘɞ 8 Űɞɡ ɞˊɞɑɞɡ ɖ əŬŰɎůŰŬůɖ ɛˊɞɟŮɑ ɜŬ ɢŬɟŬəŰɖɟɘůŰŮɑ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɐ Ŭˊɧ 

ˊɚŮɡɟɎɠ ɓɚŬɓɩɜ əŬɘ ɢɟɐůɖɠ. ɆŰɖ ˊɟɞůˊɎɗŮɘŬ ɜŬ ɎɟɞɡɛŮ ɛŮɔɎɚɞ ɛɏɟɞɠ Űɤɜ ˊŬɟŬŭɞɢɩɜ, 

ɤɠ ˊɟɞɠ Űɞ ŭɞəɑɛɘɞ ɓɎůɖɠ, ŬˊɞűŬůɑůŰɖəŮ ɞɘ ɏɚŮɔɢɞɘ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ ɛŮ Űɖɜ 

ɗŮɩɟɖůɖ ŬɜɏɜŭɞŰɞɡ ŮŭɎűɞɡɠ ɛŮ ŰŬ ŭɞəɑɛɘŬ ɜŬ ůɡɛˊɘɏɕɞɜŰŬɘ ɛŮŰŬɝɨ ŬɜŮɜŭɧŰɤɜ 

ɛŮŰŬɚɚɘəɩɜ ˊɚŬəɩɜ ŮˊɘŰɡɔɢɎɜɞɜŰŬɠ ɏŰůɘ Űɘɠ ŭɡůɛŮɜɏůŰŮɟŮɠ Űɤɜ ůɡɜɗɖəɩɜ. ɆŰɞ ŭɞəɑɛɘɞ 8 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ 2 ˊŮɘɟŬɛŬŰɘəɞɑ ɏɚŮɔɢɞɘ ɏɜŬɠ ɢɤɟɑɠ Űɖɜ ɞˊɞɘŬŭɐˊɞŰŮ ŮˊɏɛɓŬůɖ əŬɘ 

ɏɜŬɠ ůŮ ŭŮɡŰŮɟɞ ɢɟɧɜɞ ɛŮ Űɖɜ ŮˊɘəɎɚɡɣɖ Űɞɡ ɛŮ ŮˊɞɝŮɘəɐ ɟɖŰɑɜɖ. 

 

 

ɆɢɐɛŬ 115: ɆɡɔəɟɘŰɘəɧ ŭɘɎɔɟŬɛɛŬ ˊŬɚŬɘɩɜ ŭɞəɑɛɑɤɜ əŬɘ ŭɞəɘɛɑɞɡ ɓɎůɖɠ. 
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ȺɑɜŬɘ űŬɜŮɟɧ ɧŰɘ ɖ ŬˊɞŭɞŰɘəɧŰŮɟɖ ŮˊɏɛɓŬůɖ ŮɑɜŬɘ ɖ ŮűŬɟɛɞɔɐ ɡŬɚɞɡűŬůɛɎŰɤɜ ůŰɖɜ 

Ɏɜɤ əŬɘ əɎŰɤ ŮˊɘűɎɜŮɘŬ Űɞɡ ɡɚɘəɞɨ, ɖ ɞˊɞɑŬ ŮŬɜ ŮűŬɟɛɞůŰŮɑ ůŮ ˊɟɞɓɚɖɛŬŰɘəɏɠ ˊŮɟɘɞɢɏɠ 

ˊŬɟɞɡůɘɎɕŮɘ əŬɚɨŰŮɟɖ ˊɟɧůűɡůɖ əŬɘ ŬɡɝɎɜŮɘ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ɡɚɘəɞɨ. ɇɞ ŭɞəɑɛɘɞ 9 ɏűŮɟŮ 

ŮəŰŮŰŬɛɏɜŮɠ ɓɚɎɓŮɠ Űɧůɞ ůŮ ŮˊɑˊŮŭɞ ŬˊɞəɞɚɚɐůŮɤɜ ɧůɞ əŬɘ ůŮ ŮˊɑˊŮŭɞ ŭɘŬəɞˊɐɠ Űɖɠ 

ůɡɜɏɢŮɘŬɠ.  

ȺəŮɑɜɞ ɔɘŬ Űɞ ɞˊɞɑɞ ɗŬ ˊɟɏˊŮɘ ɜŬ ŭɞɗŮɑ ɘŭɘŬɑŰŮɟɖ ˊɟɞůɞɢɐ ŮɑɜŬɘ ŮŬɜ ɞɘ ůɡɔəŮəɟɘɛɏɜŮɠ 

ŮˊŮɛɓɎůŮɘɠ ˊɟɞəŬɚɞɨɜ ɛŮɑɤůɖ Űɖɠ ɘəŬɜɧŰɖŰŬɠ Űɞɡ ɡɚɘəɞɨ  ůŮ əŬɛˊɨɚɤůɖ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ŬˊɞɗɖəŮɨŮŰŬɘ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ɜŬ ɛŮŰŬűɏɟŮŰŬɘ ˊɟɞɠ ɢɟɐůɖ.  

ȹɘŬˊɘůŰɩůŬɛŮ ɧŰɘ ɛŮ ɛɘŬ Ŭˊɚɐ Ůɜɑůɢɡůɖ ŮˊɎɚŮɘɣɖɠ ɞɡŭŮɛɑŬ ɛŮŰŬɓɞɚɐ ˊŬɟŬŰɖɟŮɑŰŬɘ 

ůŰɞ ɡɚɘəɧ ɛŬɠ ůŮ ɧŰɘ ŬűɞɟɎ Űɖ əŬɛˊɡɚɧŰɖŰŬ Űɞɡ. ɆŰɖ ˊŮɟɑˊŰɤůɖ Űɤɜ ŮɜɘůɢɨůŮɤɜ ɛŮ 

ɡŬɚɞɦűɎůɛŬŰŬ ɧɛɤɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ɛŮŰŬɓɞɚɐ Űɖɠ əŬɛˊɡɚɧŰɖŰŬɠ ˊŬɟɧɚŬ ŬɡŰɎ ɖ Ůɜɑůɢɡůɖ 

ůŰɖ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ŬůŰɞɢŮɑ ŬˊɞəɞɚɚɞɨɛŮɜɖ ˊɟɑɜ Űɖɜ əŬŰɎɟɟŮɡůɖ ɞˊɞɘɞɡŭɐˊɞŰŮ Ŭˊɧ ŰŬ 

ŭɡɞ ɡɚɘəɎ, ˊŬɚɘɞɨ əŬɘ ɜɏɞɡ. ȷɡŰɐ ɖ ŬůŰɞɢɑŬ ɛˊɞɟŮɑ ɜŬ ˊɟɞɚɖűɗŮɑ ɛŮ Űɖ ŭɘɎɜɞɘɝɖ ɞˊɩɜ 

ůŰɞ ˊŬɚŬɘɧ ɡɚɘəɧ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ ɛɑŬɠ ɘŭɘɧŰɡˊɖɠ əɞɢɚɑɤůɖɠ ɖ ɞˊɞɑŬ ůɢɖɛŬŰɑɕŮŰŬɘ əŬŰɎ 

Űɖ űɎůɖ ůəɚɨɟɖɜůɖɠ (curing) Űɖɠ ɟɖŰɑɜɖɠ , Űɧůɞ ˊɞɚɡŮůŰɏɟŬ ɧůɞ əŬɘ ŮˊɞɝŮɘəɐɠ, 

ŬˊɞŰɏɚŮůɛŬ Űɞ ɞˊɞɑɞ ˊŬɟŬŰɖɟɐɗɖəŮ ůŰɞ ŭɞəɑɛɘɞ ȹɅ2 ŬɚɚɎ ɛŮ ŬˊɞŰɏɚŮůɛŬ Ŭɨɝɖůɖɠ Űɖɠ 

ŬəŰɑɜŬɠ əŬɛˊɡɚɧŰɖŰŬɠ.  

ȷɡŰɧ Űɞ ɞˊɞɑɞ ɗŬ ˊɟɏˊŮɘ ɜŬ ŬɝɘɞɚɞɔɐůɞɡɛŮ ůŰɖ űɎůɖ ŬɡŰɐ ŮɑɜŬɘ Űɞ ŮŬɜ ɖ Ŭɨɝɖůɖ Űɖɠ 

űɏɟɞɡůŬɠ ɘəŬɜɧŰɖŰŬɠ ŮɑɜŬɘ ŬˊɞŭŮəŰɐ ůŮ ůɢɏůɖ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ŬəŰɑɜŬɠ əŬɛˊɡɚɧŰɖŰŬɠ. 

ɇɞ ɔŮɔɞɜɧɠ ɧŰɘ ůŰŬ ŭɞəɑɛɘŬ Űɞɡ ůɢɐɛŬŰɞɠ 115 ŭŮɜ ŮɛűŬɜɑɕɞɜŰŬɘ ɎɚɛŬŰŬ ůŰŬ 

ŭɘŬɔɟɎɛɛŬŰŬ ŭŮ ůɖɛŬɑɜŮɘ ɧŰɘ ɛɏɢɟɘ Űɖɜ ŮˊɑŰŮɡɝɖ  Űɖɠ ɛɏɔɘůŰɖɠ ŰɎůɖɠ ŭŮɜ ɏɢɞɡɛŮ ɓɚɎɓŮɠ 

ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ ɡɚɘəɞɨ. ȹŮɜ ɛˊɞɟɞɨɜ ɜŬ ŮɜŰɞˊɘůŰɞɨɜ ɛɏůŬ Ŭˊɧ ɏɜŬ ˊŮɑɟŬɛŬ ɗɚɑɣɖɠ ůŮ 

ɛɘŬ ŰɏŰɞɘŬ ŮˊɘűɎɜŮɘŬ ɓɚɎɓŮɠ əŬɗɩɠ ɚɧɔɞ Űɖɠ ɛɞɟűɞɚɞɔɑŬɠ ŰɛɐɛŬŰŬ Űɞɡ ɡɚɘəɞɨ ɗɚɑɓɞɜŰŬɘ 

əŬɘ ŰɛɐɛŬŰŬ ŮűŮɚəɨɞɜŰŬɘ. Ƀ Űɞˊɘəɏɠ ŬůŰɞɢɑŮɠ Űɞɡ ɡɚɘəɞɨ əŬɗɞɟɑɕɞɜŰŬɘ Ŭˊɧ Űɖɜ ɘəŬɜɧŰɖŰŬ 

ŬˊɞɗɐəŮɡůɖɠ ŮɜɏɟɔŮɘŬɠ ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ əŬɘ ŮɑɜŬɘ ŬɡŰɏɠ ˊɞɡ əŬɗɞɟɑɕɞɡɜ əŬɘ Űɖ 

ˊŬɟŬˊɏɟŬ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ.  

 

ɆɢɐɛŬ 116: ɆɡɔəɟɘŰɘəɧ ŭɘɎɔɟŬɛɛŬ ŰɎůŮɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ ɜɏɤɜ ŭɞəɘɛɑɤɜ ɛŮ Űɞ ŭɞəɑɛɘɞ ɓɎůɖɠ 

 

ɆɢɐɛŬ 117: ȹɘɎɔɟŬɛɛŬ ɏɟɔɤɜ ɄŬɟŬɛɧɟűɤůɖɠ ɜɏɤɜ ŭɞəɘɛɑɤɜ əŬɘ ŭɞəɘɛɑɞɡ ɓɎůɖɠ 
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ȷɡŰɧ Űɞ ɞˊɞɑɞ ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ ŮɑɜŬɘ ɛɘŬ ɞɛŬŭɞˊɞɑɖůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ əŬɘ ŬɡŰɧ 

ɗŬ ɛˊɞɟɞɨůŬɛŮ ɜŬ Űɞ ŮɝɖɔɐůɞɡɛŮ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ ŰŬ ˊɎɢɖ Űɤɜ ŭɞəɘɛɑɤɜ. 

ȹɘŬˊɘůŰɩɜɞɡɛŮ Ŭˊɧ Űɞ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ ɧŰɘ ɖ Ŭˊɞɟɟɧűɖůɖ ŮɜɏɟɔŮɘŬɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɞ 

ˊɎɢɞɠ Űɞɡ ŭɞəɘɛɑɞɡ əŬɘ űŬɑɜŮŰŬɘ Űɧůɞ Ŭˊɧ Űɖɜ ɞɛŬŭɞˊɞɑɖůɖ ɧůɞ əŬɘ Ŭˊɧ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ. ȷɡŰɧ ˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ Ůˊɑůɖɠ ŮɑɜŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ɖ ůɨɜɗŮůɖ Űɤɜ 

ŭɞəɘɛɑɤɜ ŭŮɜ ŬˊɞŰŮɚŮɑ ˊŬɟŬɔɞɜŰŬ ŭɘŬűɞɟɞˊɞɑɖůɖɠ əɟɑɜɞɜŰŬɠ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ. 

 ȹɘŬűɞɟɞˊɞɑɖůɖ ɧɛɤɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ɤɠ ˊɟɞɠ Űɞɜ Űɟɧˊɞ ŬɜɎˊŰɡɝɖɠ Űɤɜ ɓɚŬɓɩɜ ɧˊɞɡ 

ůŰŬ ŭɞəɑɛɘŬ ůɨɜɗŮůɖɠ 500gr/m
2
 ɞɘ ˊŬɟŬŰɖɟɖɗŮɑůŮɠ ɓɚɎɓŮɠ əŬɘ ŬůŰɞɢɑŮɠ ŮɑɜŬɘ ɣŬɗɡɟɏɠ əŬɘ 

ůŮ ůɖɛŮɑŬ ɡɣɖɚɐɠ Ŭˊɞɟɟɧűɖůɖɠ ŮɜɏɟɔŮɘŬɠ ɛɖ ŬɜŬůŰɟɏɣɘɛŮɠ ůŮ ŬɜŰɘŭɘŬůŰɞɚɐ ɛŮ ŬɡŰɏɠ 

Űɤɜ ɡˊɞɚɞɑˊɤɜ ŭɞəɘɛɑɤɜ ůɨɜɗŮůɖɠ 200gr/m
2
 . 

 

ɄɑɜŬəŬɠ 9: ɄɑɜŬəŬɠ ɞɛŬŭɞˊɞɑɖůɖɠ ŭɞəɘɛɑɤɜ ɓɎůɖ Űɞɡ ɓɎɟɞɡɠ Űɞɡɠ 

ɆŰɖ ˊŮɟɘɞɢɐ ˊŬɟŬɛɧɟűɤůɖɠ Űɤɜ 7 ɏɤɠ 8 mm ˊŬɟŬŰɖɟɞɨɛŮ ɧŰɘ ůŮ ɧɚŬ ŰŬ ŭɞəɑɛɘŬ ɓɎůɖ 

Űɖɠ ɞɛŬŭɞˊɞɑɖůɖɠ Űɖɜ ɞˊɞɑŬ əɎɜŬɛŮ ɞɘ ɔɟŬɛɛɏɠ ŬˊɞɟɟɞűɞɨɛŮɜɖ ŮɜɏɟɔŮɘŬɠ ůɢŮŭɧɜ 

ůɡɛˊɑˊŰɞɡɜ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ɗŬ ɗɏůɞɡɛŮ ɏɜŬ əɟɘŰɐɟɘɞ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɖɠ ɓŮɚŰɑɤůɖɠ ɖ 

ɛɖ Űɤɜ ɘŭɘɞŰɐŰɤɜ Ůɜɘůɢɡɛɏɜɞɡ ɡɚɘəɞɨ ŬɜɎɚɞɔŬ ɛŮ Űɞ ɓɎɟɞɠ Űɞɡ əŬɘ əŬŰŬ ˊɧůɞ  ɝŮˊŮɟɜɎ 

Űɖɜ ŬɜŰɑůŰɞɘɢɖ ɔɟŬɛɛɐ Ŭˊɞɟɟɧűɖůɖɠ ŮɜɏɟɔŮɘŬɠ. ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ɏɢɞɡɛŮ ŮˊɞˊŰŮɑŬ Űɤɜ 

ˊŬɟŬˊɎɜɤ ɗŬ ŰɟɞˊɞˊɞɘɐůɞɡɛŮ Űɞ ŭɘɎɔɟŬɛɛŬ Űɞɡ ůɢɐɛŬŰɞɠ 116 əŬɘ ɗŬ ŭɘŬŰɖɟɐůɞɡɛŮ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ůŰɘɠ ˊŬɟŬɛɞɟűɩůŮɘɠ ɛŮŰŬɝɨ 7 əŬɘ 8 mm ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ůɢɐɛŬ 118. 

 

 

ɆɢɐɛŬ 118: ȹɘɎɔɟŬɛɛŬ Ŭɝɘɞɚɧɔɖůɖɠ Ŭ́ ɧŭɞůɖɠ ŮɜɘůɢɨůŮɤɜ 

ɮκɮ ɲʁɼɹɾɹʁ 
ʅʇɿɸɳʅɶ 
ɲʁɼɹɾɹʁʇ 

ʃɽɮʆʁʅ 
mm 

ɾɶɼʁʅ 
mm ʃɮʋʁʅ ƳƳ ɰɮʄʁʅ ƎǊ 

1 ɲм 6/200gr 300 300 1.4 220.31 

2 ɲн 8/200gr 300 300 2 305.84 
5 ɲр 4/500gr 300 300 2.39 308.33 

3 ɲо 7/200gr 300 300 1.49 233.42 
4 ɲп 3/500gr 300 300 1.95 233.01 

6 ɲс 5/500gr 300 300 2.8 397.65 
7 ɲнм 12/200gr 300 300  2.60 360  

8 ɲу 
ɲˇˁʾ˃ʽˇ ˎˉʱˊ˔ˇˎˋʰˌ ˋˏ˄ʻʶˋʹˌ  
ˍʶˍˊʰʴ˖˄ʽˁʺˌ ʵʽʰˍˇ˃ʺˌ 300 300 2.54 364.7 
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ȷˊɧ Űɘɠ ŮɜɘůɢɨůŮɘɠ ɞɘ ɞˊɞɑŮɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ŬˊɞŭɞŰɘəɧŰŮɟɖ ŬˊɞŭŮɘəɜɨŮŰŬɘ ɖ 

Ůɜɑůɢɡůɖ ɛŮ ɏɜŬ ŰŮɛɎɢɘɞ ɡŬɚɞɦűɎůɛŬŰɞɠ ůŮ əɎɗŮ ŮˊɘűɎɜŮɘŬ Űɞɡ ŭɞəɘɛɑɞɡ. ȼ Ŭˊɞɟɟɧűɖůɖ 

ŮɜɏɟɔŮɘŬɠ ŬɡɝɐɗɖəŮ Ŭˊɧ 3,73% ůŰɖ ˊŬɟŬɛɧɟűɤůɖ Űɤɜ 7mm ɏɤɠ 17% ůŰɖ ˊŬɟŬɛɧɟűɤůɖ 

Űɤɜ 8 mm. ȼ Ůɜɑůɢɡůɖ Űɞɡ ŭɞəɘɛɑɞɡ ɛŮ ŮˊɎɚŮɘɣɖ ɟɖŰɑɜɖɠ ŭŮɜ ˊŬɟɞɡůɘɎɕŮɘ əɎˊɞɘŬ 

ɓŮɚŰɑɤůɖ Űɤɜ ɘŭɘɞŰɐŰɤɜ ůŮ ŬɜŰɘŭɘŬůŰɞɚɐ ɛŮ Űɖɜ Ůɜɑůɢɡůɖ Űɞɡ ɐŭɖ ɗɟŬɡɧɛŮɜɞɡ ŭɞəɘɛɑɞɡ 

ɛŮ ŮˊɞɝŮɘəɐ ɟɖŰɑɜɖ Űɞɡ ɞˊɞɑɞɡ ɖ ɔɟŬɛɛɐ ŮɜɏɟɔŮɘŬɠ ɓɟɑůəŮŰŬɘ ɡɣɖɚɧŰŮɟŬ Ŭˊɧ Űɖɜ 

ŬɜŰɑůŰɞɘɢɖ Űɞɡ ŭɞəɘɛɑɞɡ 7  .  

ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ˊɘɗŬɜɩɠ ɞűŮɑɚŮŰŬɘ ůŰɖɜ ŮɚŬůŰɘəɧŰɖŰŬ Űɖɜ ɞˊɞɑŬ ɏɢŮɘ ɖ ŮˊɞɝŮɘəɐ 

ɟɖŰɑɜɖ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊɞɚɡŮůŰŮɟɘəɐ ɟɖŰɑɜɖ əŬɘ ŮˊɘŰɏˊŮɘ ůŰɘɠ űɗŬɟɛɏɜŮɠ ˊŮɟɘɞɢɏɠ Űɞɡ 

ŭɞəɘɛɑɞɡ ɜŬ ˊŬɟŬɚɎɓɞɡɜ ɛŮɔŬɚɨŰŮɟŬ ˊɞůɎ ŮɜɏɟɔŮɘŬɠ. 

4.2.2 ȷɝɘɞɚɧɔɖůɖ Ůɜɑůɢɡůɖɠ ɞɟɗɞɔɤɜɘəɩɜ ŭɞəɘɛɑɤɜ 

ɆŰŬ ɞɟɗɞɔɤɜɘəɎ ŭɞəɑɛɘŬ ŰŬ ŭɞəɑɛɘŬ ŰŬ ɞˊɞɑŬ ŮɚɏɔɢɗɖəŬɜ Ŭˊɧ Űɞ ɛɖŰɟɘəɧ ɡɚɘəɧ ɐŰŬɜ 

ůɡɜɞɚɘəɎ 3 əŬɘ ɏɜŬ ɜɏɞ ŭɞəɑɛɘɞ ůɨɜɗŮůɖɠ 12/200 gr/m
2
. 

 

ɆɢɐɛŬ 119: ȹɘɎɔɟŬɛɛŬ Ŭˊɞɟɟɧűɖůɖɠ ŮɜɏɟɔŮɘŬɠ ůŮ əɎɛɣɖ ɛɖŰɟɘəɩɜ əŬɘ ɜɏɤɜ ŭɞəɘɛɑɤɜ 

Ƀɘ ɔɟŬɛɛɏɠ ŮɜɏɟɔŮɘŬɠ Űɤɜ ɛɖŰɟɘəɩɜ ŭɞəɘɛɑɤɜ ˊŬɟɞɡůɘɎɕɞɡɜ Ŭˊɧəɚɘůɖ əŬɘ ɔɘŬ Űɞ ɚɧɔɞ 

ŬɡŰɧ ɗŬ ŰɟɞˊɞˊɞɘɐůɞɡɛŮ ŬɡŰɧ ɛŮ ůəɞˊɧ ɜŬ ɏɢɞɡɛŮ ɛɑŬ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɐ ɔɟŬɛɛɐ 

ŮɜɏɟɔŮɘŬɠ ɡˊɞɚɞɔɑɕɞɜŰŬɠ Űɞɜ ɛɏůɞ ɧɟɞ Űɤɜ ŬˊɞɟɟɟɞűɖɗŮɘůɩɜ ŮɜŮɟɔŮɘɩɜ Ŭˊɧ ŰŬ 

ˊŬɟŬˊɎɜɤ ŭɞəɑɛɘŬ ůŮ ˊŬɟŬɛɧɟűɤůɖ Ŭˊɞ 2mm ɏɤɠ 22 mm. ȼ ɔɟŬɛɛɐ ŮɜɏɟɔŮɘŬɠ ɖ ɞˊɞɑŬ 

ˊɟɞəɨˊŰŮɘ ɗŬ ŬˊɞŰŮɚɏůŮɘ əŬɘ Űɞ ɧɟɘɞ Ŭɝɘɞɚɧɔɖůɖɠ Űɤɜ Ůɜɘůɢɡɛɏɜɤɜ ŭɞəɘɛɑɤɜ. 

 

ɆɢɐɛŬ 120: ȹɘɎɔɟŬɛɛŬ ɛɏůɖɠ ɔɟŬɛɛɐɠ Ŭ́ ɞɟɟɧűɖůɖɠ ŮɜɏɟɔŮɘŬɠ 
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ɆɢɐɛŬ 121: ȹɘɎɔɟŬɛɛŬ ůɨɔəɟɘůɖɠ ɔɟŬɛɛɩɜ ŮɜɏɟɔŮɘŬɠ Ůɜɘůɢɡɛɏɜɤɜ ŭɞəɘɛɑɤɜ ɛŮ Űɖ ɛɏůɖ ɔɟŬɛɛɐ 

ȷˊɧ Űɞ ŭɘɎɔɟŬɛɛŬ Űɞɡ ůɢɐɛŬŰɞɠ 121 ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ ɧɚŮɠ ɞɘ ŮɜɘůɢɨůŮɘɠ, ˊɚɐɜ Űɖɠ 

ŮˊɎɚŮɘɣɖɠ ɛŮ ˊɞɚɡŮůŰŮɟɘəɐ ɟɖŰɑɜɖ əŬɘ Ůɜɧɠ ŭɞəɘɛɑɞɡ ɛŮ Ůɜɑůɢɡůɖ Ůɜɧɠ ɡŬɚɞɦűɎůɛŬŰɞɠ 

200 gr/m
2
 , Ŭˊɞɟɟɞűɞɨɜ ɛŮɔŬɚɨŰŮɟŬ ˊɞůɎ ŮɜɏɟɔŮɘŬɠ Ŭˊɧ ŰŬ ŬɟɢɘəɎ ŭɞəɑɛɘŬ ŬɚɚŬ ɖ 

ŬˊɞŭɞŰɘəɧŰŮɟɖ ɧɚɤɜ ŮɑɜŬɘ ɖ Ůɜɑůɢɡůɖ ɛŮ 2 ɡŬɚɞɦűɎůɛŬŰŬ 200gr/m
2
 ŮɛˊɞŰɘůɛɏɜŬ ɛŮ 

ŮˊɞɝŮɘəɐ ɟɖŰɑɜɖ əŬɘ ɞˊɏɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ ŭɞəɘɛɑɞɡ. ɀɏůŬ Ŭˊɧ Űɘɠ ɔɟŬɛɛɏɠ ɔɑɜŮŰŬɘ 

űŬɜŮɟɧ ɧŰɘ əŬɘ ɖ Ůɜɑůɢɡůɖ ɛŮ 2 ɡŬɚɞɦűɎůɛŬŰŬ Űɤɜ 200 gr/m
2
 ɛɏɢɟɘ əŬɘ Űɖ ˊŬɟŬɛɧɟűɤůɖ 

Űɤɜ 10 mm ŬəɞɚɞɡɗŮɑ Űɞ çŭɟɧɛɞè ŮɜɏɟɔŮɘŬɠ Űɞɡ ŭɞəɘɛɑɞɡ ȹɅ2 ŬɚɚɎ ɚɧɔɞ Űɖɠ ŬˊɞɡůɑŬɠ 

ɞˊɩɜ, ɞɘ ɞˊɞɑŮɠ ŭɖɛɘɞɡɟɔɞɨɜ ɛɘŬ ɡˊɞŰɡˊɩŭɖ əɞɢɚɑɤůɖ, ɖ ɔɟŬɛɛɐ ŮɜɏɟɔŮɘŬɠ ɛŮŰŬˊɑˊŰŮɘ ůŮ 

ɛɘəɟɧŰŮɟŬ ˊɞůɎ ŮɜɏɟɔŮɘŬɠ. 

4.3 Ɇɨɜɞɣɖɠ-ɄɟɞŰɎůŮɘɠ ɔɘŬ ˊŮɟŬɘŰɏɟɤ ɏɟŮɡɜŬ 

ɆɡɜɞɣɑɕɞɜŰŬɠ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ɗŬ ɛˊɞɟɞɨůŬɛŮ ɜŬ ŭɘŬˊɘůŰɩůɞɡɛŮ 

ɧŰɘ Ůɜɑůɢɡůɖ Űɞɡ ɛɖŰɟɘəɞɨ ɡɚɘəɞɨ ŮɑɜŬɘ ŮűɘəŰɐ. ȼ Ŭˊɧŭɞůɖ Űɖɠ əɎɗŮ ɛɞɟűɐɠ Ůɜɑůɢɡůɖɠ 

ɧɛɤɠ ˊɞɘəɑɚɚŮɘ ŬɜŬɚɧɔɤɠ Űɞɡ Űɟɧˊɞɡ ŮűŬɟɛɞɔɐɠ Űɖɠ. ȷɡŰɧ Űɞ ɞˊɞɑɞ ŭŮɜ ŮˊŮŰŮɨɢɗŮɘ ɛŮ Űɖ 

əŬŰŬůəŮɡɐ ɜɏɤɜ ŭɞəɘɛɑɤɜ ɐŰŬɜ ɖ ɝŮˊŮɟŬůŰŮɑ ɖ űɏɟɞɡůŬ ɘəŬɜɧŰɖŰŬ Űɞɡ ɡɚɘəɞɨ əŬɘ ŬɡŰɧ 

ɛˊɞɟŮɑ ɜŬ ŬˊɞŭɞɗŮɑ ůŮ ŭɨɞ ˊŬɟɎɔɞɜŰŮɠ: 

Ŭ. ɆŰɘɠ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ  ˊɞɚɡŮůŰŮɟɘəɐɠ ɟɖŰɑɜɖɠ. 

ɓ. ɆŰɞ ɔŮɔɞɜɧɠ ɧŰɘ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɨˊɞɠ ɡŬɚɞɡűɎůɛŬŰɞɠ woven roving ɔŮɔɞɜɧɠ Űɞ 

ɞˊɞɑɞ ůɖɛŬɑɜŮɘ ɛɘəɟɧŰŮɟɞ ɛɏŰɟɞ ŮɚŬůŰɘəɧŰɖŰŬɠ Ŭˊɧ Űɞ ŬɜŰɑůŰɞɘɢɞ Űɞɡ ɛɖŰɟɘəɞɨ ɡɚɘəɞɨ 

ɧˊɞɡ ŭɘŬˊɘůŰɩɗɖəŮ ŮɜɘŬɑŬ əŬŰŮɨɗɡɜůɖ ɘɜɩɜ. 

ɇɞ ɓɎɟɞɠ Űɞɡ ŭɞəɘɛɑɞɡ ŮɑɜŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɧ əŬɘ ŮɑɜŬɘ ŬɡŰɧ Űɞ ɞˊɞɑɞ əŬɗɞɟɑɕŮɘ əŬɘ Űɖ 

ůɡɛˊŮɟɘűɞɟɎ Ŭˊɧ Ɏˊɞɣɖ Ŭˊɞɟɟɧűɖůɖɠ ŮɜɏɟɔŮɘŬɠ əŬɗɩɠ ɏŰůɘ ŬɡɝɎɜŮŰŬɘ Űɞ ˊɞůɞůŰɧ Űɤɜ 

ɘɜɩɜ.  ȷɡŰɐ ɖ ˊŬɟŬŭɞɢɐ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ŬˊɞŭŮəŰɐ ɛɧɜɞ ɧŰŬɜ ɖ əŬŰŬůəŮɡɐ Űɤɜ ŭɞəɘɛɑɤɜ 

ŬəɞɚɞɡɗŮɑ ůŮ əɎɗŮ ɏɜŬ Ŭˊɧ ŬɡŰɎ Űɖɜ ɑŭɘŬ ŮűŬɟɛɞɕɧɛŮɜɖ ŭɘŬŭɘəŬůɑŬ əŬɘ ŰŬ ůűɎɚɛŬŰŬ 

ŮűŬɟɛɞɔɐɠ ŮɚŬɢɘůŰɞˊɞɘɞɨɜŰŬɘ.  

 ȼ Ůɜɑůɢɡůɖ Űɤɜ ŭɞəɘɛɑɤɜ ɔɘŬ ŮˊɑŰŮɡɝɖ ɓŮɚŰɑɤůɖɠ Űɤɜ ɘŭɘɞŰɐŰɤɜ Űɞɡɠ 

ŭɘŬˊɘůŰɩɗɖəŮ ɧŰɘ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɛŮ ˊɞɚɚɞɨɠ Űɟɧˊɞɡɠ. ȼ ŬˊɞŭɞŰɘəɧŰŮɟɖ ɧɚɤɜ ŮɑɜŬɘ ɧɛɤɠ 

ɖ ŰɞˊɞɗɏŰɖůɖ 2 ɡŬɚɞɦűŬůɛɎŰɤɜ ɏɜŬ ůŮ əɎɗŮ ɧɣɖ Űɞɡ ɡɚɘəɞɨ ɛŮ ŰŬɡŰɧɢɟɞɜɖ ŭɘɎɜɞɘɝɖ 

ɞˊɩɜ ůŰɖɜ ŮˊɘűɎɜŮɘŬ. Ƀɘ ɞˊɏɠ ɞɘ ɞˊɞɑŮɠ ɏɔɘɜŬɜ ůŰɞ ɡɚɘəɧ ɏɢɞɡɜ ŭɘɎɛŮŰɟɞ 3mm. 

 Ƀ ůɖɛŬɜŰɘəɧŰŮɟɞɠ ˊŬɟɎɔɞɜŰŬɠ ɞ ɞˊɞɑɞɠ ŮˊɘŭɟɎ ůŰɘɠ ŮɜɘůɢɨůŮɘɠ ŮɑɜŬɘ ɖ ůɨɜŭŮůɖ 

Űɤɜ ŭɨɞ ŭɘŬűɞɟŮŰɘəɩɜ ůɡɜɗɏůŮɤɜ əŬɘ ɛɏůŬ Ŭˊɧ ŬɡŰɏɠ Űɘɠ ŮɜɘůɢɨůŮɘɠ ůŰŬ ˊɚŬɑůɘŬ ŬɡŰɐɠ 

Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ɛɧɜɞ ŮˊŬɜŬűɞɟɎ Űɞɡ űɗŬɟɛɏɜɞɡ ɡɚɘəɞɨ ůŰɖɜ Ŭɟɢɘəɐ űɏɟɞɡůŬ 

ɘəŬɜɧŰɖŰŬ Űɞɡ ŮˊŮŰŮɨɢɗŮɘ. 

ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ ɗŬ ˊɟɞŰŮɑɜɞɡɛŮ ɔɘŬ Űɖɜ ˊŮɟŬɘŰɏɟɤ ɏɟŮɡɜŬ: 

ɔ. ȼ ˊŮɘɟŬɛŬŰɘəɐ ŭɘŮɟŮɨɜɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ ůŰɖ ůɨɜŭŮůɖ ůɨɜɗŮŰɤɜ ɡɚɘəɩɜ ɛŮ 

çŬɡŰɞəɞɢɚɑɤůɖè ůŮ ŮˊɑˊŮŭɞ ŭɘŬɛɏŰɟɞɡ ɞˊɩɜ əŬɘ ůɡɜŭŮŰɘəɞɨ ɡɚɘəɞɨ. 

ŭ. ȼ ɗŮɤɟɖŰɘəɐ əŬɘ ˊŮɘɟŬɛŬŰɘəɐ ŭɘŮɟŮɨɜɖůɖ ɜɏŬɠ ɛɞɟűɞɚɞɔɑŬɠ ˊɚɎəŬɠ ɀɃɀȷɇ.  
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5 AɜɎɚɡůɖ ˊɟɞɓɚɐɛŬŰɞɠ ɛŮ Űɖ ɢɟɐůɖ ɚɞɔɘůɛɘəɞɨ 

5.1 ũŮɜɘəɎ 

ȼ ŭɡɜŬŰɧŰɖŰŬ ŬɜɎɚɡůɖɠ űɞɟɩɜ ɛŮ ˊŮˊŮɟŬůɛɏɜŬ ůŰɞɘɢŮɑŬ ɏɢŮɘ ŭɩůŮɘ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ 

ůŰɞɜ ɛŮɚŮŰɖŰɐ ɜŬ ůɢŮŭɘɎɕŮɘ ŬɚɚɎ əŬɘ ŰŬɡŰɧɢɟɞɜŬ ɜŬ ŮɚɏɔɢŮɘ Űɖɜ Ŭˊɧəɟɘůɖ Űɞɡ ɛɞɜŰɏɚɞɡ 

Űɞɡ ůŰŬ ŭɘɎűɞɟŬ Ůɑŭɖ űɞɟŰɑůŮɤɜ. ȼ ɢɟɐůɖ Űɖɠ ŬɜɎɚɡůɖɠ űɞɟɏɤɜ ɛŮ ŮˊŮˊŮɟŬůɛɏɜŬ 

ůŰɞɘɢɏɘŬ ŮəŰɧɠ Űɞɡ Ůɚɏɔɢɞɡ ɏɢŮɘ ŭɩůŮɘ əŬɘ Űɖɜ ɩɗɖůɖ ɏŰůɘ ɩůŰŮ ɛŮ ŮɚɎɢɘůŰɞ əɧůŰɞɠ ɜŬ 

ɔɑɜŮŰŬɘ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɞɡ űɞɟɏŬ. ɆŮ ŬɡŰɐ Űɖ ɚɞɔɘəɐ ŬˊɞűŬůɑůŰɖəŮ ɖ ŬɜɎɚɡůɖ Űɞɡ 

ɡɚɘəɞɨ ɛŬɠ ɛŮ Űɖ ɢɟɐůɖ Űɞɡ ɚɞɔɘůɛɘəɞɨ Abaqus 6.10.1 Űɖɠ ŮŰŬɘɟɑŬɠ Simulia Corp. 

 ȷɜŰɘəŮɘɛŮɜɘəɧɠ ůəɞˊɧɠ Űɖɠ ŬɜɎɚɡůɖɠ ɐŰŬɜ ɞ ɏɚŮɔɢɞɠ əŬɘ Űɡɢɧɜ ŰŬɡŰɞˊɞɑɖůɖ Űɞɡ 

ˊŮɘɟŬɛŬŰɘəɞɨ ŬˊɞŰŮɚɏůɛŬŰɞɠ ɛŮ Űɞ ɛɞɜŰɏɚɞ Űɞɡ ɚɞɔɘůɛɘəɞɨ. ɆŮ ŬɡŰɐ Űɖ ɓɎůɖ ɏɔɘɜŮ 

ˊɟɞůɞɛɞɑɤůɖ Űɖɠ ŮˊɘűɎɜŮɘŬ ůŰɞ ɔɟŬűɘəɧ ˊŮɟɘɓɎɚɚɞɜ Űɞɡ AutoCad 2013 (Student 

Version) əŬɘ ŬɜɎɚɡůɖ ɛŮ Űɞ ɚɞɔɘůɛɘəɧ Abaqus. 

5.2 Ʉɟɞůɞɛɞɑɤůɖ Űɖɠ ˊɟɞɠ ɏɚŮɔɢɞ ŮˊɘűɎɜŮɘŬɠ 

ɂŮəɘɜɩɜŰŬɠ Űɖɜ ŮɟɔŬůɑŬ ɛŬɠ ˊɟɞůˊŬɗɐůŬɛŮ ɜŬ ŬɜŬˊŬɟɎɔɞɡɛŮ Űɖ ŰɞˊɞɚɞɔɑŬ Űɖɠ 

ŮˊɘűɎɜŮɘŬɠ əɎɜɞɜŰŬɠ ɛŮŰɟɐůŮɘɠ ɛŮ ɛɘəɟɧɛŮŰɟɞ əŬɘ ˊŬɢɨɛŮŰɟɞ (ůɢ.24). ɆŰɧɢɞɠ ɖ 

ŭɖɛɘɞɡɟɔɑŬ ɓɎůɖɠ ŭŮŭɞɛɏɜɤɜ ɛŮŰɟɐůŮɤɜ ůŮ ɏɜŬ Ŭˊɧ ŰŬ ŮˊŬɜŬɚŬɛɓŬɜɧɛŮɜŬ ɛɞŰɑɓŬ Űɖɠ 

ŮˊɘűɎɜŮɘŬɠ (ůɢ.25) əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ŮɘůɎɔɤɜŰŬɠ ŬɡŰɎ ůŮ ůɢŮŭɘŬůŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ ɖ 

ŬɜŬˊŬɟŬɔɤɔɐ Űɞɡɠ ɛŮ ŮˊŬɜɎɚɖɣɖ.  

ȼ ˊɟɞůˊɎɗŮɘŬ ɏɘɢŮ ŬˊɞŰɏɚŮůɛŬ ŬɚɚɎ ɧɢɘ Űɞ ŬɜŬɛŮɜɧɛŮɜɞ əŬɗɩɠ ůŮ ˊɞɚɚɏɠ ɛŮŰɟɐůŮɘɠ 

ɚɧɔɤ Űɞɡ ɧŰɘ ŭŮɜ ɛˊɞɟɞɨůŬɛŮ ɜŬ ˊɟɞůŭɘɞɟɑůɞɡɛŮ ŮˊŬəɟɘɓɩɠ Űɞ ůɖɛŮɑɞ ɛɏŰɟɖůŮɘɠ əŬɘ 

ɡˊɐɟɢŬɜ ŬˊɞəɚɑůŮɘɠ . 

ɄŬɟŬŰɖɟɩɜŰŬɠ ɤůŰɧůɞ Űɖɜ ŮˊɘűɎɜŮɘŬ ŭɘŬˊɘůŰɩůŬɛŮ ɧŰɘ ŭŮɜ ɐŰŬɜ ŰɑˊɞŰŬ Ɏɚɚɞ Ŭˊɧ ɛɘŬ 

Ŭˊɚɐ ˊŬɟɎɗŮůɖ əɧɚɤɟɤɜ əɩɜɤɜ. ȼ ˊŬɟɎɗŮůɖ Űɤɜ əɩɜɤɜ ŬəɞɚɞɡɗɞɨůŮ Űɖ ɚɞɔɘəɐ :ɛɘŬ 

ůŮɘɟɎ əɩɜɤɜ ɛŮ Űɖ ɓɎůɖ əɎŰɤ ɛɘŬ ůŮɘɟɎ ɛŮ Űɖɜ ɓɎůɖ ŮˊɎɜɤ ɛŮ ŮˊɑˊŮŭɞ ůɡɛɛŮŰɟɑŬɠ Űɞ 

ɛɏůɞ Űɞɡ ɨɣɞɡɠ Űɞɡ əɩɜɞɡ. ȼ ˊŬɟŬŰɐɟɖůɖ ŬɡŰɐ ŭŮɜ ŬˊɞŰŮɚɞɨůŮ ŬɜŬəɎɚɡɣɖ əŬɗɩɠ 

ŮɑɢŬɛŮ Űɞ ˊɟɞűɑɚ Űɖɠ ŭɘŬŰɞɛɐɠ. ɇɞ ˊɟɧɓɚɖɛŬ ɐŰŬɜ ůŰɖ ůɨɕŮɡɝɖ Űɤɜ əɩɜɤɜ ɛŮŰŬɝɨ Űɞɡɠ 

əŬɗɩɠ ŭŮɜ ɛˊɞɟɞɨůŬɛŮ ɜŬ ˊŬɟɎɝɞɡɛŮ ɛɘŬ Ůɝɑůɤůɖ ˊɞɡ ɜŬ ɘəŬɜɞˊɞɘŮɑ Űɞ əŬɛˊɨɚɞ ŰɛɐɛŬ 

Űɖɠ ŮˊɘűɎɜŮɘŬɠ. ȾŬŰŬůəŮɡɎůŰɖəŮ əŬɛˊɨɚɖ ɔɟŬɛɛɐ əŬɘ ŭɖɛɘɞɡɟɔɐůŬɛŮ ŭɑɢɤɜɞ 

ɡˊŮɟɓɞɚɞŮɘŭɏɠ Ůə ˊŮɟɘůŰɟɞűɐɠ ɛŮ ˊɟɞɓɚɐɛŬŰŬ ɤůŰɧůɞ ůŰɖ ůɨɜŭŮůɖ Űɤɜ əɩɜɤɜ əŬɘ ˊɎɚɘ. 

ɇŮɚɘəɎ ɖ ɚɨůɖ ŭɧɗɖəŮ ɛɏůɤ Űɖɠ ŮɜŰɞɚɐɠ *fillet Űɞɡ ůɢŮŭɘŬůŰɘəɞɨ ˊɟɞɔɟɎɛɛŬŰɞɠ ɖ 

ɞˊɞɑŬ ɛŮ ɛɘŬ ɔɤɜɑŬ ɛɞɟűɞˊɞɑɖůɖɠ ůŰɘɠ 25Ü ɛŬɠ ɏŭɤůŮ Űɞ ŮˊɘɗɡɛɖŰɧ ŬˊɞŰɏɚŮůɛŬ.  
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5.3 ɀŮŰŬŰɟɞˊɐ Űɞɡ ůɢŮŭɘŬůŰɘəɞɨ ɛɞɜŰɏɚɞɡ ůŮ ŬɜŬɔɜɩůɘɛɞ Ŭˊɧ Űɞ 
Abaqus ŬɟɢŮɑɞ. 

ȼ əŬŰŬůəŮɡɐ Űɖɠ ŰɟɘůŭɘɎůŰŬŰɖɠ ŬˊŮɘəɧɜɘůɖɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ůŰɞ ůɢŮŭɘŬůŰɘəɧ 

ˊŮɟɘɓɎɚɚɞɜ Űɞɡ AutoCad 2013 ŭɡůŰɡɢɩɠ ŭŮɜ ůɖɛŬɑɜŮɘ ɧŰɘ Űɞ ŬɟɢŮɑɞ ŬɡŰɧ ŮɑɜŬɘ 

ŬɜŬɔɜɩůɘɛɞ ɎɛŮůŬ əŬɘ Ŭˊɧ Űɞ ɚɞɔɘůɛɘəɧ ŬɜɎɚɡůɖɠ Abaqus. ɇɞ ŬɟɢŮɑɞ Űɨˊɞɡ *.*dwg ɐ 

*.*dxf ůŰɞ ɞˊɞɑɞ ɛˊɞɟɞɨůŬɛŮ ɜŬ ŬˊɞɗɖəŮɨůɞɡɛŮ Űɞ ŭɘůŭɘɎůŰŬŰɞ ůɢɏŭɘɞ  ŭŮɜ 

ŬɜŬɔɜɤɟɑɕŮŰŬɘ ɔɘŬ 3D ŬˊŮɘəɞɜɑůŮɘɠ Ŭˊɧ Űɞ ȷbaqus ˊŬɟɎ ɛɧɜɞ ɔɘŬ 2D ŬˊŮɘəɞɜɑůŮɘɠ ɤɠ 

çůəɑŰůɞè (sketch). ɀɘŬ ɚɨůɖ ɐŰŬɜ ɜŬ ˊɟɞůˊŬɗɐůɞɡɛŮ ɜŬ əŬŰůəŮɡɎůɞɡɛŮ Ůɝ Ŭɟɢɐɠ Űɖɜ 

ŮˊɘűɎɜŮɘŬ ůɢŮŭɘŬůŰɘəɧ ˊŮɟɘɓɎɚɚɞɜ Űɞɡ Abaqus ˊɟɎɔɛŬ ŮɝŬɘɟŮŰɘəɎ ŭɨůəɞɚɞ əŬɗɩɠ ŰŬ 

ŮɟɔŬɚŮɑŬ əŬɘ ɖ ɢɟɐůɖɠ Űɞɡɠ ŭŮɜ ˊɟɞůűɏɟɞɜŰŬɘ ɔɘŬ Űɖɜ ŰɟɘůŭɘɎůŰŬŰɖ ŬˊŮɘəɧɜɘůɖ ɛɘŬɠ 

ŰɏŰɞɘɞɡ Űɨˊɞɡ ŮˊɘűɎɜŮɘŬɠ. ȼ ɚɨůɖ ˊɞɡ ŮˊɘɚɏɔŮɘ ɐŰŬɜ ŰŮɚɘəɎ ɜŬ ɔɑɜŮɘ ŬɜɎɚɡůɖ Űɞɡ *.*dxf 

ŬɟɢŮɑɞɡ ůŰɞ Ůɘŭɘəɧ ůɢŮŭɘŬůŰɘəɧ ɚɞɔɘůɛɘəɧ Űɖɠ Autodesk Inventor Fusion 2013 Űɞ ɞˊɞɑɞ 

ɓɟɑůəŮŰŬɘ ůŮ ŬɚɚɖɚŮˊɑŭɟŬůɖ  ɛŮ Űɞ AutoCad. 

ɀɏůɤ Űɞ ˊɟɞɔɟɎɛɛŬŰɞɠ Inventor Fusion 2013 ˊŬɟɏɢŮŰŬɘ ɖ ŭɡɜŬŰɧŰɖŰŬ ˊŮɟɘɞɟɘůɛɞɨ 

Űɤɜ ůɢŮŭɘŬůŰɘəɩɜ ŬŰŮɚŮɘɩɜ ůŰŬ ɧɟɘŬ Űɤɜ ŮˊŬűɩɜ Űɤɜ ŭɘŬűɧɟɤɜ ŰɛɖɛɎŰɤɜ ŬˊɞűŮɨɔɞɜŰŬɠ 

ɏŰůɘ əŬɘ Űɞ ˊɟɧɓɚɖɛŬ Űɤɜ ŬɜŬɚɨůŮɤɜ ůŰɞ Abaqus.  

 

ɆɢɐɛŬ 123:ȷɜɎɚɡůɖ dxf ŬɟɢŮɑɞɡ ůŰɞ Inventor Fusion 2013 əŬɘ ɛŮŰŬŰɟɞˊɐ ůŮ ŬɟɢŮɑɞ*.sat 

5.4 ȼ ŰɟɘŬůŭɘɎůŰŬŰɖ ŬˊŮɘəɧɜɘůɖ Űɖɠ ŮˊɘűɎɜŮɘŬɠ Űɞɡ ɀɃɀȷɇ ůŰɞ 

Abaqus 

ȼ ɛŮŰŬűɞɟɎ əŬɘ Űɞ ɎɜɞɘɔɛŬ Űɞɡ ŬɜŬɔɜɩůɘɛɞɡ ŬɟɢŮɑɞɡ Űɨˊɞɡ *.sat ɛŮ Űɞ ɚɞɔɘůɛɘəɧ 

ŬɜɎɚɡůɖɠ Abaqus ŭɏɢŮŰŬɘ Űɖɜ ŮˊɘűɎɜŮɘŬ ɤɠ çpartè. ũɘŬ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɖ ŬɜɎɚɡůɖ 

ŬˊŬɘŰɐɗɖəŮ ɜŬ ˊɟɞůŭɘɞɟɘůŰɞɨɜ ɞɘ ůɡɜɗɐəŮɠ ůŰɐɟɘɝɖɠ, Űɞ űɞɟŰɑɞ, ɞ ɢɟɧɜɞɠ Ůˊɘɓɞɚɐɠ Űɞɡ 

űɞɟŰɑɞɡ, ɖ əŬŰŬɜɞɛɐ Űɤɜ ɡŬɚɞɡűŬůɛɎŰɤɜ əŬɘ ɞɘ ɘŭɘɧŰɖŰŮɠ ŬɡŰɩɜ. Ƀ ɢɟɧɜɞɠ Ůˊɘɓɞɚɐɠ 

ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɖ əŬŰŬůəŮɡɐ əŬɛˊɨɚɖɠ ŰɎůŮɤɜ ˊŬɟŬɛɞɟűɩůŮɤɜ Ŭˊɧ ŰŬ ŭŮŭɞɛɏɜŬ ́ɞɡ 

ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ Űɖɜ ŬɜɎɚɡůɖ. 

5.4.1 ȾŬɗɞɟɘůɛɧɠ Űɤɜ ɘŭɘɞŰɐŰɤɜ Űɞɡ ɡɚɘəɞɨ 

ɇɞ ŭɞəɑɛɘɞ Űɞ ɞˊɞɑɞ ŬˊɞűŬůɑůŰɖəŮ ɜŬ ŮɚŮɔɢɗŮɑ ɛŮ Űɖ ɛɏɗɞŭɞ Űɤɜ ˊŮˊŮɟŬůɛɏɜɤɜ 

ůŰɞɘɢŮɑɤɜ ŮɑɜŬɘ Űɞ ŭɞəɑɛɘɞ ůɨɜɗŮůɖɠ 12 /200 gr/m
2
 ɛŮ ůɡɜŭŮŰɘəɧ ɡɚɘəɧ ˊɞɚɡŮůŰɏɟŬ. Ƀ 

ɚɧɔɞɠ ŮɑɜŬɘ ɧŰɘ ɔɘŬ Űɞ ŭɞəɑɛɘɞ ŬɡŰɧ ɛˊɞɟɞɨɛŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ 

ůɨɜɗŮůɖɠ 6/200gr/m
2
 ɛŮ ůɡɜŭŮŰɘəɧ ɡɚɘəɧ ˊɞɚɡŮůŰɏɟŬ. Ƀɘ ɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɖɠ 

ůɨɜɗŮůɖɠ 6/200 ɡˊɞɚɞɔɑůŰɖəŬɜ ɛŮ Űɞ ɜɧɛɞ Űɖɠ ůɨɜɗŮůɖɠ, ɧˊɤɠ ŬɜŬɚɨɗɖəŮ əŬɘ ůŰɞ 
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ɗŮɤɟɖŰɘəɧ ɛɏɟɞɠ, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ ɧŰɘ Űɞ ɡɚɘəɧ ɛŬɠ ůŰɞɜ ɏɚŮɔɢɞ ŮűŮɚəɡůɛɞɨ ŮɑɜŬɘ 

ŰŮŰɟŬɔɤɜɘəɩɠ ůɡɛɛŮŰɟɘəɧ ɛŮ ɡˊɧɗŮůɖ ɚɧɔɞɡ poisson ɜ=0.26 (Űɘɛɐ ɔɘŬ ůɨɜɗŮŰŬ ɛŮ 

ˊɞɚɡŮůŰɏɟŬ əŬɘ ɡŬɚɞɡűɎůɛŬŰŬ) ɓɟɐəŬɛŮ Ⱥ1=Ⱥ2=29 Gpa , G12=2 Gpa. ȼ ŰɞˊɞɗɏŰɖůɖ Űɤɜ 

ůŰɟɤɛɎŰɤɜ ɡɚɘəɞɨ ɏɔɘɜŮ ɤɠ Ůɝɐɠ: ɧɚŬ ŰŬ ˊŬɜɘɎ ɛŮ əŬŰŮɨɗɡɜůɖ 0Ü ɗŮɤɟɐɗɖəŬɜ ɏɜŬ 

ůŰɟɩɛŬ ɛŮ ˊɎɢɞɠ 1,40 mm əŬɘ ɧɚŬ ŰŬ ˊŬɜɘɎ ɛŮ əŬŰŮɨɗɡɜůɖ 90Ü Ůˊɑůɖɠ ɏɜŬ ůŰɟɩɛŬ ɛŮ 

ˊɎɢɞɠ 1,40mm[5]. ɇɞ ˊɎɢɞɠ ɞɟɑůŰɖəŮ ůŰɞ ŭɘˊɚɎůɘɞ Űɞɡ ŭɞəɘɛɑɞɡ ůɨɜɗŮůɖɠ 6/200 Űɞ ɞˊɞɑɞ 

ŭŮɜ ŬˊɏɢŮɘ əŬɘ ˊɞɚɨ Ŭˊɧ Űɖɜ ˊɟŬɔɛŬŰɘəɐ ɛɏŰɟɖůɖ Űɤɜ 2,72 mm Űɞɡ ŭɞəɘɛɑɞɡ ůɨɜɗŮůɖɠ 

12/200.  

5.4.2 ɆɡɜɗɐəŮɠ ůŰɐɟɘɝɖɠ 

 ɆŰɖɜ ŬɜɎɚɡůɖ ɚɧɔɤ ůɡɛɛŮŰɟɑŬɠ ɛŮɚŮŰɐɗɖəŮ ɛɧɜɞ Űɞ ı Űɖɠ ŬɜŰɑůŰɞɘɢɖɠ ŮˊɘűɎɜŮɘŬɠ 

Űɤɜ ˊŮɘɟŬɛŬŰɘəɩɜ ŭɞəɘɛɑɤɜ ɚɧɔɤ ɛŮɔɎɚɞɡ ɧɔəɞɡ ŭŮŭɞɛɏɜɤɜ əŬɘ Ŭɡɝɖɛɏɜɤɜ ŬˊŬɘŰɐůŮɤɜ 

ůŮ ɡˊɞɚɞɔɘůŰɘəɐ ɛɜɐɛɖ. Ƀɘ ůŰɖɟɑɝŮɘɠ ɏɔɘɜŬɜ ɤɠ Ůɝɐɠ: 

 

 

ɆɢɐɛŬ 124: ȷˊŮɘəɧɜɘůɖ Űɤɜ ůɡɜɗɖəɩɜ ůŰɐɟɘɝɖɠ 

ɆŰɖ ŭɘŮɨɗɡɜůɖ x ŭŮůɛŮɨŰɖəŬɜ ɞɘ ɛŮŰŬəɘɜɐůŮɘɠ ůŰɞɡɠ ɎɝɞɜŮɠ y,z (ŮəŰɧɠ Űɤɜ ŬəɟŬɑɤɜ 

ŭŮůɛŮɨůŮɤɜ ˊɞɡ ɏɔɘɜŬ ɛɧɜɞ əŬŰŬ y) əŬɘ ŮɘŭɘəɧŰŮɟŬ ůŰɞ ůɖɛŮɑɞ ˊɞɡ ůɖɛŮɘɩɜŮŰŬɘ ɛŮ 

əɧəəɘɜɞ əɨəɚɞ ɏɔɘɜŮ ŭɏůɛŮɡůɖ əŬɘ ůŰɞɡɠ ŰɟŮɑɠ ɎɝɞɜŮɠ. 

ɆŰɖ ŭɘŮɨɗɡɜůɖ y ŭŮůɛŮɨŰɖəŬɜ ɞɘ ɛŮŰŬəɘɜɐůŮɘɠ ůŰɞɡɠ ɎɝɞɜŮɠ x,z(ŮəŰɧɠ Űɤɜ ŬəɟŬɑɤɜ 

ŭŮůɛŮɨůŮɤɜ ˊɞɡ ɏɔɘɜŬ ɛɧɜɞ əŬŰŬ x). 

ɆŰɖ ŭɘŮɨɗɡɜůɖ z ŭŮůɛŮɨŰɖəŬɜ ɞɘ ɛŮŰŬəɘɜɐůŮɘɠ ůŰɞɡɠ ɎɝɞɜŮɠ x,y. 

ɇŬ ůɖɛŮɑŬ ŭŮůɛŮɨůŮɤɜ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ɛŮ ˊɞɟŰɞəŬɚɑ ɢɟɩɛŬ ůŰɞ ůɢɐɛŬ 124. 

5.4.3 ūɞɟŰɑůŮɘɠ 

ȼ űɧɟŰɘůɖ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ŮˊɘɓɚɐɗɖəŮ ůŰɘɠ ŮˊɘűɎɜŮɘŮɠ ˊɞɡ űŬɑɜɞɜŰŬɘ ůŰɞ ůɢɐɛŬ 125. 

 

ɆɢɐɛŬ 125: ȺˊɘűɎɜŮɘŮɠ Ůˊɘɓɞɚɐɠ ɞɛɞɘɧɛɞɟűɖɠ űɧɟŰɘůɖɠ 
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ɆŰɖ ˊŮɟɑˊŰɤůɖ Űɤɜ űɞɟŰɑůŮɤɜ ŬəɞɚɞɡɗɐɗɖəŮ ɖ ɚɞɔɘəɐ Űɖɠ ůɡɛɛŮŰɟɑŬɠ. ȷˊɧ ŰŬ 

ˊŮɘɟŬɛŬŰɘəɎ ŭŮŭɞɛɏɜŬ ŭɘŬˊɘůŰɩɗɖəŮ ɧŰɘ ɖ ɛɖɢŬɜɐ əŬŰɎ Űɖ űɎůɖ Űɖɠ ɛɏɔɘůŰɖɠ ŰɎůɖɠ ůŰɞ 

ŭɞəɑɛɘɞ ȹ21 ŬɜɏˊŰɡɝŮ ɡŭɟŬɡɚɘəɐ ŭɨɜŬɛɖ 62768,42 N. ȷɡŰɐ ŭɘŬɘɟɞɨɛŮɜɖ ɛŮ Űɖɜ ŮˊɘűɎɜŮɘŬ 

űɧɟŰɘůɖɠ ůŰɖ ˊŮɘɟŬɛŬŰɘəɐ ŭɘɎŰŬɝɖ ŬˊɏŭɤůŮ ŰɎůɖ 3,69 MPa. ɀŮ ŬɜŬɔɤɔɐ əɎɗŮ ŰɛɐɛŬ 

ŮˊɘűŬɜŮɑŬ ˊŬɟŬɚŬɛɓɎɜŮɘ 0,346 ɀPa. ȷɡŰɐ ɗŬ ŮɑɜŬɘ əŬɘ ɖ ŮˊɘɓŬɚɚɧɛŮɜɖ ˊɑŮůɖ ůŮ əŬɏɗ 

ŮˊɘűɎɜŮɘŬ əŬɗɩɠ ůŰɞ Abaqus ɖ űɧɟŰɘůɖ çpressureè ůŮ ɞɛɞɘɧɛɞɟűɖ əŬŰŬɜɞɛɐ ŮɑɜŬɘ 

ŭɨɜŬɛɖ ůŮ N ŬɜŬ ɛɞɜɎŭŬ ŮˊɘűŬɜŮɑŬɠ. 

5.4.4   ȹɘŬɛɏɟɘůɖ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ůŮ ŰŮŰɟŬˊɚŮɡɟɘəɎ ˊŮˊɟŬůɛɏɜŬ ůŰɞɘɢŮɑŬ (S4R) 

ȼ ŮˊɘűɎɜŮɘŬ ɛŮŰŬ Űɖɜ ŮˊŮɝŮɟɔŬůɑŬ Űɖɠ ɧˊɤɠ ŬɜŬűɏɟɗɖəŮ ůŰɖ ˊŬɟ.5.3 ɔɘŬ ɜŬ ŮˊɘɚɡɗŮɑ 

ɏˊɟŮˊŮ ɜŬ ŭɘŬɛŮɟɘůŰŮɑ (meshing). ȷɟɢɘəɎ ɏɔɘɜŮ Ůˊɘɚɞɔɐ ɜŬ ɔɑɜŮɘ ɖ ŭɘŬɛɏɟɘůɖ ɛŮ ŰɟɘɔɤɜɘəɎ 

ˊŮˊŮɟŬůɛɏɜŬ ůŰɞɘɢŮɑŬ əŬɗɩɠ ɛŮ Űɞ Űɟɧˊɞ ŬɡŰɧ ɔɘɜɧŰŬɜ ɛɘŬ ɞɛŬɚɐ əŬŰŬɜɞɛɐ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ.  

ȺˊɑˊŮŭŬ ŰɟɘɔɤɜɘəɎ ůŰɞɘɢŮɑŬ ɏɢɞɡɜ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖɜ ŬɜɎɚɡůɖ əŮɚɡűɩɜ ɛŮ 

ŮˊɘŰɡɢɑŬ. ȼ ˊɟɞůɞɛɞɑɤůɖ ɛŮ ŰɏŰɞɘŬ ůŰɞɘɢŮɑŬ ŮɑɜŬɘ ɖ əŬŰŬɚɚɖɚɧŰŮɟɖ əŬɗɩɠ ɏɢɞɡɜ Űɞ 

ˊɚŮɞɜɏəŰɖɛŬ ɧŰɘ ɖ ŭɘŬŰɨˊɤůɖ Űɤɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ŮɝɘůɩůŮɤɜ ˊɞɡ ŰŬ ŭɘɏˊŮɘ ŮɑɜŬɘ 

ůɢŮŰɘəɎ Ŭˊɚɐ,ɘəŬɜɞˊɞɘɞɨɜ Űɞɜ ɏɚŮɔɢɞ ůɡɟɟŬűɐɠ əŬɘ ŭŮɜ ŮɛűŬɜɑɕɞɡɜ ˊŬɟŬɛɞɟűɩůŮɘɠ ɧŰŬɜ 

ɛŮŰŬŰɞˊɑɕɞɜŰŬɘ ɤɠ ůŰŮɟŮɎ ůɩɛŬŰŬ. ɇɞ ɛŮɘɞɜɏəŰɖɛŬ Űɞɡɠ ɧɛɤɠ ŮɑɜŬɘ ɧŰɘ ŬŭɡɜŬŰɞɨɜ ɜŬ 

ˊɟɞůɞɛɞɘɩůɞɡɜ Űɖ ůɨɕŮɡɝɖ Űɤɜ əŬɛˊŰɘəɩɜ əŬɘ ɛŮɛɓɟŬɜɘəɩɜ ˊŬɟŬɛɞɟűɩůŮɤɜ ˊɞɡ 

ŮɜɡˊɎɟɢŮɘ ůŮ ɧɚŬ ŰŬ ůɖɛŮɑŬ Űɞɡ əŮɚɨűɞɡɠ.[1]  

ũɘŬ ŮˊɘŰŮɡɢɗŮɑ ɛɘŬ əŬɚɨŰŮɟɖ ŬɜɎɚɡůɖ Ŭˊɧ ɎˊɞɣŮɤɠ ŬˊɞŰŮɚŮůɛɎŰɤɜ ŮűŬɟɛɧůŰɖəŬɜ 

ˊŮˊŮɟŬůɛɏɜŬ ŰŮŰɟŬɔɤɜɘəɎ ůŰɞɘɢŮɑŬ. ȼ ŮˊɘűɎɜŮɘŬ ůŰɖ ˊŮɟɑˊŰɤůɖ ŬɡŰɐ ɏˊɟŮˊŮ ɜŬ 

ŭɘŬɢɤɟɘůŰŮɑ ɛŮ ñpartitionsò ůŮ ˊŮɟɘůůɧŰŮɟŬ ŰɛɐɛŬŰŬ. ɀŮ Űɖ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ Ŭˊɧ Űɞ 

Ŭɟɢɘəɧ 1 ŰɛɐɛŬ-çpartè əŬŰŬůəŮɡɎůŰɖəŬɜ 135 ɜɏŬ ŰɛɐɛŬŰŬ (faces) ɧˊɤɠ ŮɘəɞɜɑɕŮŰŬɘ ůŰɞ 

ůɢɐɛŬ 126. ȰŰůɘ ˊɟɞɏəɡɣŮ ɛŮ ŬɡŰɧɛŬŰɞ Űɟɧˊɞ ɖ ŭɘŬɛɏɟɘůɖ Űɤɜ ˊŮˊŮɟŬůɛɏɜɤɜ ůŰɞɘɢŮɑɤɜ 

Űɞɡ ůɢɐɛŬŰɞɠ 127.  

ɄŬɟŬŰɖɟɩɜŰŬɠ Űɖ űɤŰɞɔɟŬűɑŬ Űɞɡ ůɢɐɛŬŰɞɠ 127 ɛˊɞɟŮɑ ɞ ɛŮɚŮŰɖŰɐɠ ɜŬ ŭɘŬˊɘůŰɩůŮɘ 

ɧŰɘ ɡˊɎɟɢɞɡɜ ˊŮɟɘɞɢɏɠ ɛŮ ɎɜɘůŬ ůŮ ŭɘŬůŰɎůŮɘɠ ŰŮŰɟŬɔɤɜɘəɎ ůŰɞɘɢŮɑŬ. ɄɟɎɔɛŬŰɘ ɐŰŬɜ 

ŭɨůəɞɚɞ ɜŬ ɏɢɞɡɛŮ ŮˊŬəɟɘɓɩɠ ɛɘŬ ŰɏɚŮɘŬ ŭɘŬɛɏɟɘůɖ ŬɚɚŬ ŮəŮɑɜɞ Űɞ ɞˊɞɑɞ ˊɟɞůˊŬɗɐůŬɛŮ 

ɐŰŬɜ ɜŬ ˊɟɞůɞɛɞɘɎůɞɡɛŮ Űɘɠ ˊŮɟɘɞɢɏɠ Űɤɜ ŬůŰɞɢɘɩɜ əɡɟɑɤɠ Űɖɠ ˊŮɘɟŬɛŬŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ 

ɛŮ Űɖɜ ŬɡŰɐ ŭɘŬɛɏɟɘůɖ ůŮ ɧɚŬ ŰŬ ůɖɛŮɑŬ. ȰŰůɘ ɗŬ ŭɘŬˊɘůŰɩůɞɡɛŮ ɛɘŬ ɞɛɞɘɞɛɞɟűɑŬ ůŰŬ 

əŬɛˊɨɚŬ ŰɛɖɛŬŰŬ. ȰɜŬ Ɏɚɚɞ ůɖɛŮɑɞ Űɞ ɞˊɞɑɞ ɗɏɚŬɛŮ ɜŬ ˊɟɞůɏɝɞɡɛŮ əŬɘ ɜŬ ŮˊɘɓɎɚɚɞɡɛŮ 

Űɖ ŭɘŬɛɏɟɘůɖ ɐŰŬɜ Űɞ ˊɟɞɓŬɚɚɧɛŮɜɞ ůɖɛŮɑɞ ůŰɞ ůɢɐɛŬ 127 ɧˊɞɡ ŬˊŬɘŰɐůŬɛŮ ɛɘŬ 

ůɡɜɏɢŮɘŬ Űɤɜ ŭɘŬɛŮɟɑůŮɤɜ Űɞɡ əŬɛˊɨɚɞɡ əŬɘ Űɞɡ əɤɜɘəɞɨ ŰɛɐɛŬŰɞɠ əŬɗɩɠ ɖ ŬɜɎˊŰɡɝɖ 

ŰɎůŮɤɜ Űɖɠ ˊŮɘɟŬɛŬŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ ɛŬɠ ŬˊɏŭŮɘɝŮ Űɖɜ ɏɜŬɟɝɖ ŬůŰɞɢɑŬɠ ůŰŬ əŬɛˊɨɚŬ 

ŰɛɐɛŬŰŬ əŬɘ ůɡɜɏɢŮɘŬ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɞɡ əɩɜɞɡ.  

 

 

ɆɢɐɛŬ 126:ȷˊŮɘəɧɜɘůɖ Űɖɠ ŭɘŬɛɏɟɘůɖɠ ɛŮ "partitions" 
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ɆɢɐɛŬ 127:ȹɘŬɛɏɟɘůɖ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ɛŮ ˊŮˊŮɟŬůɛɏɜŬ ůŰɞɘɢŮɑŬ Űɨˊɞɡ S4R 

5.5 ȷˊɞŰŮɚɏůɛŬŰŬ əŬɘ ȷɝɘɞɚɧɔɖůɖ Űɖɠ ŬɜɎɚɡůɖɠ 

ɆŰɖ űɎůɖ Űɖɠ ŬɜɎɚɡůɖɠ əŬɗɞɟɑůŰɖəŬɜ Űɧůɞ ɞ ɢɟɧɜɞɠ Ůˊɘɓɞɚɐɠ Űɞɡ űɞɟŰɑɞɡ ɧůɞ əŬɘ Űɞ 

ɓɐɛŬ Ůˊɘɓɞɚɐɠ ɏŰůɘ əŬŰŬɚɐɝŬɛŮ ŬɜŬɕɖŰɩɜŰŬɠ Űɞ ɢɟɧɜɞ Űɖɠ ˊŮɘɟŬɛŬŰɘəɐɠ ŭɘŬŭɘəŬůɑŬɠ 

ůŰɞɜ ɞˊɞɑɞ ŮˊŮŰŮɨɢɗŮɘ ɖ ɛɏɔɘůŰɖ ŰɎůɖ əŬɘ ɓɟɐəŬɛŮ ɧŰɘ ŬɡŰɧ ɏɔɘɜŮ ůŮ ɢɟɧɜɞ 516 sec 

Ůˊɘɓɞɚɐɠ űɞɟŰɑɞɡ.  

ȺəŮɑɜɞ Űɞ ɞˊɞɑɞ ɗɏɚŬɛŮ ŬɟɢɘəɎ ɜŬ ŭɘŬˊɘůŰɩůɞɡɛŮ ɐŰŬɜ ŮŬɜ Űɞ ŬɜŬɚɡŰɘəɧ ɛŬɠ ɛɞɜŰɏɚɞ 

ŮɑɢŮ Űɖɜ ɑŭɘŬ Ŭˊɧəɟɘůɖ ůŰɖ űɧɟŰɘůɖ ɖ ɞˊɞɑŬ ˊŮɘɟŬɛŬŰɘəɎ ŮˊŮŰŮɨɢɗŮɘ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ 

ɛŮŰɎ Ŭˊɧ ŬɟəŮŰɏɠ ŮˊɘɚɨůŮɘɠ əŬŰŬɚɐɝŬɛŮ ɚɧɔɤ Űɖɠ ɏɚɚŮɘɣɖɠ ɡˊɞɚɞɔɘůŰɘəɐɠ ŭɨɜŬɛɖɠ ůŮ 

Ůˊɑɚɡůɖ ɢɟɞɜɘəɐɠ ˊŮɟɘɧŭɞɡ 130 sec ɛŮ increment size 5 sec ˊɟɞəŮɘɛɏɜɞɡ ɜŬ 

ŭɘŬˊɘůŰɩůɞɡɛŮ ŮŬɜ ɖ Ůɝɏɚɘɝɖ Űɤ ˊŬɟŬɛɞɟűɩůŮɤɜ ŮɑɜŬɘ ɖ ɑŭɘŬ ɛŮ ŰŬ ˊŮɘɟŬɛŬŰɘəɎ 

ŬˊɞŰŮɚɏůɛŬŰŬ əŬɘ ŰŬɡŰɧɢɟɞɜŬ ɜŬ əŬŰŬůəŮɡɎůɞɡɛŮ animation ɔɘŬ Űɖɜ ɞˊŰɘəɐ Ŭɝɘɞɚɧɔɖůɖ 

Űɖɠ ŬɜɎˊŰɡɝɖɠ Űɤɜ ŰɎůŮɤɜ. ȾŬŰŬ Űɖɜ ŮɝŬɔɤɔɐ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ŭɘŬˊɘůŰɩůŬɛŮ ɧŰɘ ɖ 

ŮˊɘɓŬɚɚɧɛŮɜɖ űɧɟŰɘůɖ Űɤɜ 5,5 N/mm2 Űɖɠ ˊŬɟŬɔɟɎűɞɡ 5.4.3 ŬˊŬɘŰɞɨůŮ ɛŮɔɎɚɖ 

ɢɤɟɖŰɘəɧŰɖŰŬ ŬˊɞɗɐəŮɡůɖɠ Űɤɜ ŭŮŭɞɛɏɜɤn əŬɘ ɔɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ ŰŮŰɟŬˊɚŬůɘɎůŬɛŮ Űɖɜ 

ŮˊɘɓŬɚɚɧɛŮɜɖ űɧɟŰɘůɖ ůŮ 22 N/mm2 ɛŮɘɩɜɞɜŰŬɠ Űɞɜ ɢɟɧɜɞ Űɖɠ ŬɜɎɚɡůɖɠ. ũɘŬ Űɖɜ 

Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɞɜ ɢɟɧɜɞ, ůŰɞɜ ɞˊɞɑɞ ŮˊŮɡŰŮɨɢɗɖůŬɜ ɞɘ ˊŬɟŬɛɞɟűɩůŮɘɠ 

Űɖɠ ŬɜŬɚɡŰɘəɐɠ ɛŮɗɧŭɞɡ, Űɞɜ ˊɞɚɚŬˊɚŬůɘɎůŬɛŮ ɛŮ Űɞ 4 ɛŮ ůəɞˊɧ ɜŬ ɎɟɞɡɛŮ Űɖɜ 

ˊŬɟŬŭɞɢɐ Űɞɡ ŰŮŰɟŬˊɚɎůɘɞɡ ŮˊɘɓŬɚɚɧɛŮɜɞɡ űɞɟŰɑɞɡ. ȷɜ əŬɘ ŬɡŰɧ ŭŮɜ ŮɑɜŬɘ ŮˊɘůŰɖɛɞɜɘəɎ 

Ŭəɟɘɓɏɠ ŭɘɧŰɘ Űɞ űɞɟŰɑɞ ɛŮ Űɞ ɟɡɗɛɧ ŬɜɎɚɡůɖɠ ˊɞɡ Űɞɡ ɞɟɑůŬɛŮ əŬɘ Űɞ ɔŮɔɞɜɧɠ ɧŰɘ 

ŮűŬɟɛɧɕŮŰŬɘ ůŮ ŮˊɘűɎɜŮɘŬ ŰŮŰɎɟŰɞɡ Űɖɠ Ŭɟɢɘəɐɠ ɤůŰɧůɞ ɔɘŬ ŰŬ ˊɟɩŰŬ ŭŮɡŰŮɟɧɚŮˊŰŬ 

űɧɟŰɘůɖɠ ɞ ɟɡɗɛɧɠ ŮɑɜŬɘ ɞ ɑŭɘɞɠ. ȷˊɞəɚɑůŮɘɠ ůŰɖɜ Ůɝɏɚɘɝɖ ɞűŮɑɚɞɜŰŬɘ Űɧůɞ ůŰɖ ůŰɐɟɘɝɖ 

Űɖɠ ˊɚɎəŬɠ ɧůɞ əŬɘ ůŰɞ űɞɟŰɑɞ. 

 

ɆɢɐɛŬ 128:ȹɘɎɔɟŬɛɛŬ ůɨɔəɟɘůɖɠ ɟɡɗɛɞɨ ˊŬɟŬɛɧɟűɤůɖɠ  
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ɆɢɐɛŬ 129: ɇɏŰŬɟŰɞ ŮˊɘűɎɜŮɘŬɠ ɛɖŰɟɘəɞɨ ɡɚɘəɞɨ 

 

ɆɢɐɛŬ 130:ȷˊŮɘəɧɜɘůɖ Űɤɜ ŰɎůŮɤɜ S11-S12-S Third Invariant 

ɆŰŬ ŭɨɞ ˊŬɟŬˊɎɜɤ ůɢɐɛŬŰŬ ˊŬɟŬŰɖɟɞɨɛŮ Űɞɜ Űɟɧˊɞ ɛŮ Űɞɜ ɞˊɞɑɞ ŬɜŬˊŰɨůůɞɜŰŬɘ ɞɘ 

ŰɎůŮɘɠ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ɛŬɠ Űɧůɞ ůŰɖ ˊŬŮɘɟŬɛŬŰɘəɐ ɧůɞ əŬɘ ůŰɖɜ ŬɜŬɚɡŰɘəɐ ŭɘŬŭɘəŬůɑŬ. ɇŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ ŮɑɜŬɘ ɘəŬɜɞˊɞɘɖŰɘəɎ əŬɘ ŭɘŬˊɘůŰɩɜɞɡɛŮ ɧŰɘ ɖ ˊɟŬɔɛŬŰɘəɐ ŮɘəɧɜŬ ŮɑɜŬɘ 

ůɢŮŭɧɜ ŰŬɡŰɧůɖɛɖ ɛŮ Űɞɡ ŬɜŬɚɡŰɘəɞɨ ɛɞɜŰɏɚɞɡ.  

Ƀ ŬɜŰɘəŮɘɛŮɜɘəɧɠ ůəɞˊɧɠ ɧɚɖɠ ŬɡŰɐɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ŮɑɜŬɘ ɜŬ ŭɘŬˊɘůŰɩůɞɡɛŮ ɧŰɘ Űɧůɞ 

Űɞ ɛɞɜŰɏɚɞ ɛŬɠ ɧůɞ əŬɘ ɞɘ ˊŬɟɎɛŮŰɟɞɘ, ɧˊɤɠ ɞ Űɟɧˊɞɠ ŮɘůŬɔɤɔɐɠ Űɞɡ ɡɚɘəɞɨ ɞɘ ůɡɜɗɐəŮɠ 

ůŰɐɟɘɝɖɠ ə.Ŭ, ɞɘ ɞˊɞɑɞɘ əŬɗɞɟɑɕɞɡɜ Űɖ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ, ŮɑɜŬɘ ŰɏŰɞɘŬ ɩůŰŮ ɜŬ 

ˊɟɞůɞɛɞɘɎɕɞɡɜ Űɞ ŭɡɜŬŰɧ əŬɚɨŰŮɟŬ Űɖ ˊɟŬɔɛŬŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ. ūɡůɘəɎ ɡˊɎɟɢŮɘ əŬɘ 

Ɏɚɚɞ ɏɟɔɞ Űɞ ɞˊɞɑɞ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ɧˊɤɠ ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ɖ ŭɘŬɛɏɟɘůɖ ɛŮ ŰɟɘɔɤɜɘəɎ 

ˊŮˊŮɟŬůɛɏɜŬ ůŰɞɘɢŮɑŬ ˊŬɟɎ Űɘɠ ɧˊɞɘŮɠ ˊŬɗɞɔɏɜŮɘŮɠ ˊŬɟɞɡůɘɎɕɞɡɜ ůŰɖɜ ŬɜɎˊŰɡɝɖ Űɤɜ 

ŮɝɘůɩůŮɤɜ. 

ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ˊɚɏɞɜ ɛŬɠ ŭɑɜŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŮɚɏɔɢɞɡɛŮ ɜɏŮɠ ůɡɜɗɏůŮɘɠ ˊɤɠ 

ŬɜŰɘŭɟɞɨɜ ůŰŬ ŭɑŬűɞɟŬ űɞɟŰɑŬ əŬɘ ɜŬ əɎɜɞɡɛŮ Űɘɠ ŬɜɎɚɞɔŮɠ ɓŮɚŰɘɩůŮɘɠ. ȷɡŰɧ Űɞ ɞˊɞɑɞ 

ŭŮɜ ɏɔɘɜŮ ɚɧɔɤ Űɞɡ Ůˊɘˊɏŭɞɡ ɏɟŮɡɜŬɠ  ɐŰŬɜ ɛŮŰɎ Űɖɜ Ŭɟɢɘəɐ űɧɟŰɘůɖ əŬɘ Űɖɜ ŮɝŬɔɤɔɐ Űɤɜ 
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ŬˊɞŰŮɚŮůɛɎŰɤɜ ŰɞˊɞɗɏŰɖůɖ ɜɏɞɡ ɡɚɘəɞɨ əŬɘ ŮˊŬɜŬˊɟɞůŭɘɞɟɘůɛɧɠ Űɖɠ űɏɟɞɡůŬɠ 

ɘəŬɜɧŰɖŰŬɠ. 

ȷɡŰɧ ɛˊɞɟŮɑ əŬɘ ɜŬ ŬˊɞŰŮɚɏůŮɘ əŬɘ ɏɜŬ ŬɜŰɘəŮɑɛŮɜɞ ɛŮɚɚɞɜŰɘəɐɠ ɏɟŮɡɜŬɠ.  
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