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ɄŮɟɑɚɖɣɖ 

ȼ ůɡɔəŮəɟɘɛɏɜɖ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŬˊɞŰŮɚŮɑ ɛɘŬ ˊɟɞůˊɎɗŮɘŬ ˊɟɞůŭɘɞɟɘůɛɞɨ ŭɘɎűɞɟɤɜ 

űɡůɘəɞɛɖɢŬɜɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ ŭɘŬəɞůɛɖŰɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ ɛŮ Űɖɜ ɛɏɗɞŭɞ Űɤɜ ɡˊŮɟɐɢɤɜ. ȼ 

ɢɟɐůɖ Űɖɠ ɛɖ əŬŰŬůŰɟɞűɘəɐɠ ɛŮɗɧŭɞɡ ɛɏŰɟɖůɖɠ ŰŬɢɨŰɖŰŬɠ ɡˊŮɟɐɢɤɜ ɤɠ ŮɜŬɚɚŬəŰɘəɐ ɛɏɗɞŭɞɠ ɔɘŬ Űɞɜ 

ˊɞɘɞŰɘəɧ ɏɚŮɔɢɞ əŬɘ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Ɏɚɚɤɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ ŭɘŬəɞůɛɖŰɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ, ɞɘ ɞˊɞɑŮɠ 

ˊɟɞůŭɘɞɟɑɕɞɜŰŬɘ ɛŮ ɛŮɗɧŭɞɡɠ əɡɟɑɤɠ əŬŰŬůŰɟɞűɘəɏɠ, ɢɟɞɜɞɓɧɟŮɠ əŬɘ ŭŬˊŬɜɖɟɏɠ, ŮɑɜŬɘ ˊɞɚɨ ŮɚəɡůŰɘəɐ 

ůŰɞɜ əɚɎŭɞ Űɖɠ ŰŮɢɜɘəɐɠ ɔŮɤɚɞɔɑŬɠ. 

ȷűɞɨ ɔɑɜŮɘ ɚɧɔɞɠ ɔɘŬ Űɖɜ ŬɝɑŬ əŬɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŭɘŬəɞůɛɖŰɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ ůŰɖɜ ȺɚɚɎŭŬ əŬɘ 

ůŰɞɜ əɧůɛɞ, ˊŬɟŬŰɑɗŮɜŰŬɘ ɚŮˊŰɞɛŮɟɩɠ ɧɚŮɠ ɞɘ űɡůɘəɞɛɖɢŬɜɘəɏɠ, ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ əŬɘ ɎɚɚŮɠ ɘŭɘɧŰɖŰŮɠ 

ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ůŮ ˊɞɚɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ ɔɘŬ ɜŬ ɚɎɓɞɡɜ ŰŬ ˊŮŰɟɩɛŬŰŬ ŬɡŰɎ Űɖɜ 

əŬŰɎɚɚɖɚɖ ůɐɛŬɜůɖ ˊɟɘɜ ɞˊɞɘŬŭɐˊɞŰŮ ɢɟɐůɖ Űɞɡɠ. Ƀɘ ɘŭɘɧŰɖŰŮɠ ɛŮ Űɘɠ ɞˊɞɑŮɠ ŬůɢɞɚŮɑŰŬɘ ɖ ˊŬɟɞɨůŬ 

ŮɟɔŬůɑŬ ŮɑɜŬɘ ɖ ŬɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ, ɖ ŬɜŰɞɢɐ ůŮ əɎɛɣɖ, ɖ ŬɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ, ɖ 

ɡŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ, ɖ ɡŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ, ɖ űŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ 

əŬɘ Űɞ ŬɜɞɘəŰɧ ˊɞɟɩŭŮɠ. ɆŰɖ ůɡɜɏɢŮɘŬ ŬɜŬɚɨŮŰŬɘ əŬɘ ɞ Űɟɧˊɞɠ ɛɏŰɟɖůɖɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɤɜ ŭɘŬɛɖəɩɜ 

(P-wave) ŬɚɚɎ əŬɘ Űɤɜ ŭɘŬŰɛɖŰɘəɩɜ (S-wave) əɡɛɎŰɤɜ Űɤɜ ɡˊŮɟɐɢɤɜ. 

ȼ ɛŮɚɏŰɖ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ŮˊɎɜɤ ůŮ ŰɟɘɎɜŰŬ ɞəŰɩ əɡɓɘəɎ ŭɞəɑɛɘŬ ɛŬɟɛɎɟɤɜ əŬɘ ŬůɓŮůŰɧɚɘɗɤɜ, ɛŮ 

Ŭəɛɐ ŮˊŰɎ ŮəŬŰɞůŰɩɜ, ɖ ˊɚŮɘɞɣɖűɑŬ Űɤɜ ɞˊɞɑɤɜ ɐŰŬɜ Ŭˊɧ ɚŬŰɞɛŮɑŬ Űɖɠ ȸɧɟŮɘŬɠ ȺɚɚɎŭŬɠ. Ƀɘ ɛɏůŮɠ 

Űɘɛɏɠ Űɤɜ űɡůɘəɞɛɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ ŭɞəɘɛɑɤɜ ŮɑɢŬɜ ˊɟɞůŭɘɞɟɘůŰŮɑ ůŰŬ ˊɚŬɑůɘŬ ˊɟɞɖɔɞɨɛŮɜɤɜ 

ŮɟɔŬůɘɩɜ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ŭɞəɑɛɘŬ Űɖɠ ɑŭɘŬɠ ñ́ ŬɟŰɑŭŬɠò əŬɘ əɟŬŰɩɜŰŬɠ ɏɜŬ ɛɧɜɞ ɔɘŬ ɛɏŰɟɖůɖ Űɖɠ 

ŰŬɢɨŰɖŰŬɠ Űɤɜ ɡˊŮɟɐɢɤɜ. ɇŬ ŭɞəɑɛɘŬ, əŬɗɩɠ əŬɘ ɧɚŮɠ ɞɘ Űɘɛɏɠ Űɤɜ űɡůɘəɞɛɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɞɡɠ, 

ˊŬɟŬɢɤɟɐɗɖəŬɜ Ŭˊɧ Űɞ ȺɟɔŬůŰɐɟɘɞ Ⱥɚɏɔɢɞɡ ȹɘŬəɞůɛɖŰɘəɩɜ ɄŮŰɟɤɛɎŰɤɜ çȿȽŪɃɆè Űɖɠ Ⱥ.ȷ.ũ.ɀ.Ⱥ., 

ůŰɞ ɢɩɟɞ Űɞɡ ɞˊɞɑɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ əŬɘ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɖɠ ɛŮɚɏŰɖɠ. 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ůɡůɢŮŰɘůɛɩɜ ɐŰŬɜ ŬɟəŮŰɎ ɘəŬɜɞˊɞɘɖŰɘəɎ ůŮ ˊɞɚɚɏɠ Ŭˊɧ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ. ɋůŰɧůɞ, 

ɛŮ ɔɜɩɛɞɜŬ ŬɟəŮŰɞɨɠ ŮɚɚɘˊŮɑɠ ůɡůɢŮŰɘůɛɞɨɠ, ŰŬ ŰɟɘɎɜŰŬ ɞəŰɩ ŭɞəɑɛɘŬ ɢɟŮɘɎůŰɖəŮ ɜŬ ɢɤɟɘůŰɞɨɜ ůŮ 

ŰɟŮɘɠ ɞɛɎŭŮɠ ɛŮ ɓɎůɖ Űɞɜ Űɨˊɞ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ, ɛŮ ůəɞˊɧ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɜŬ ŮɑɜŬɘ ˊɘɞ 

ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɎ. ɀŮ Űɞɜ Űɟɧˊɞ ŬɡŰɧ ŮɝɎɢɗɖəŬɜ əŬɘɜɞɨɟɘŬ, ˊɞɚɨ ŮɜŭɘŬűɏɟɞɜŰŬ əŬɘ ɢɟɐůɘɛŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ, ɔŮɔɞɜɧɠ ˊɞɡ ůɡɛɓɎɚŮɘ ɩůŰŮ ɛŮ Űɘɠ əŬŰɎɚɚɖɚŮɠ ŮɜɏɟɔŮɘŮɠ ɜŬ əŬŰŬůŰŮɑ ůŰɞ ɛɏɚɚɞɜ 

ɖɛɏɗɞŭɞɠ Űɤɜ ɡˊŮɟɐɢɤɜ ɤɠ ŮɜŬɚɚŬəŰɘəɐ ɛɏɗɞŭɞɠ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Ɏɚɚɤɜ əŬŰŬůŰɟɞűɘəɩɜ 

űɡůɘəɞɛɖɢŬɜɘəɩɜ ɛŮɗɧŭɤɜ.  
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Abstract 

This specific diploma thesis is an attempt to determine various physical and mechanical properties of 

ornamental stones using the method of ultrasound. The use of the non-destructive ultrasonic velocity 

method as an alternative method for quality control of other properties of ornamental stones, which are 

determined by conducting destructive, time-consuming and expensive methods, can be very attractive in 

the field of technical geology. 

After discussing the value and characteristics of ornamental stones in Greece and around the world, all 

the physical, mechanical and environmental properties that are required, in many cases, to be conducted 

in order for the stones to receive the appropriate marking before any use, are listed in detail. The 

properties that this paper deals with are the uniaxial compressive strength, the flexural strength, the 

abrasion resistance, the water absorption at atmospheric pressure, the water absorption by capillaries, the 

apparent density and the open porosity. After, the method of measuring the ultrasonic velocity of the 

longitudinal (P) and the shear (S) waves of stones, is analyzed. 

The study was carried out using thirty-eight cubic samples of marble and limestone, with an edge of 

seven centimeters, the majority of which were from quarries in Northern Greece. The average values of 

the physicomechanical properties of the specimens had been determined in the context of previous work, 

using specimens from the same ñbatchò and keeping only one for measuring the ultrasonic velocity. The 

specimens, as well as all the values of their physicomechanical properties, were provided by the 

çLITHOSè Ornamental Stones Quality Control Laboratory of the H.S.G.M.E., where most of this study 

was carried out. 

The results of the correlations were quite satisfactory in many of the cases. However, given several 

inadequate correlations, the thirty-eight specimens had to be divided into three groups considering their 

stone type, for the results to be more representative. This way, due to the high coefficient values obtained 

for many of the correlations that were made between specific properties and other interesting results, it 

seems possible to use ultrasonic velocity measurements as an alternative, non-destructive method to 

estimate various physical and mechanical properties of ornamental stones.  
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ɄɅɃȿɃũɃɆ 
ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŮəˊɞɜɐɗɖəŮ ůŰɞ ˊɚŬɑůɘɞ Űɞɡ ˊɟɞˊŰɡɢɘŬəɞɨ 

ˊɟɞɔɟɎɛɛŬŰɞɠ ůˊɞɡŭɩɜ Űɖɠ Ɇɢɞɚɐɠ ɀŮŰŬɚɚŮɘɞɚɧɔɤɜ ï ɀŮŰŬɚɚɞɡɟɔɩɜ ɀɖɢŬɜɘəɩɜ 

Űɞɡ Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ, ůŰɖɜ əŬŰŮɨɗɡɜůɖ Űɤɜ ũŮɤɚɞɔɘəɩɜ ȺˊɘůŰɖɛɩɜ. 

ɋɠ űɞɘŰɐŰɟɘŬ Űɖɠ ůɢɞɚɐɠ ŬɡŰɐɠ, ɏɢɤ Űɖɜ ŮɡəŬɘɟɑŬ ɜŬ ɛŮɚŮŰɩ Űɖ ůŰŮɜɐ əŬɘ ɞɡůɘŬůŰɘəɐ 

ůɢɏůɖ ŬɜɎɛŮůŬ ůŰɞɜ Ɏɜɗɟɤˊɞ əŬɘ Űɞ űɡůɘəɧ ˊŮɟɘɓɎɚɚɞɜ. ȼ ůɢɞɚɐ ˊŬɟɏɢŮɘ ɛɘŬ 

ɛɞɜŬŭɘəɐ ůɨɜŭŮůɖ ɛŮ Űɖ ũɖ, ŭɑɜɞɜŰɎɠ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ əŬŰŬɜɞɖɗŮɑ ɖ ůɨůŰŬůɖ, ɖ ŭɞɛɐ 

əŬɘ ɖ ŭɡɜŬɛɘəɐ Űɞɡ ɡˊŮŭɎűɞɡɠ.  

ȽŭɘŬɑŰŮɟɞ ŮɜŭɘŬűɏɟɞɜ ˊŬɟɞɡůɘɎɕŮɘ ɞ əɚɎŭɞɠ Űɖɠ ɇŮɢɜɘəɐɠ ũŮɤɚɞɔɑŬɠ, ɛɎɗɖɛŬ ŮˊɎɜɤ 

ůŰɞ ɞˊɞɑɞ ɓŬůɑɕŮŰŬɘ ɖ ŮɟɔŬůɑŬ ŬɡŰɐ, ɞ ɞˊɞɑɞɠ ůɡɜŭɡɎɕŮɘ Űɖ ɔŮɤɚɞɔɘəɐ ɔɜɩůɖ ɛŮ Űɖɜ 

ˊɟŬəŰɘəɐ ŮűŬɟɛɞɔɐ ůŮ ɏɟɔŬ ɛɖɢŬɜɘəɐɠ. ɀɏůŬ Ŭˊɧ Űɖ ɛŮɚɏŰɖ Űɤɜ ɔŮɤɚɞɔɘəɩɜ 

ůɢɖɛŬŰɘůɛɩɜ əŬɘ Űɖ ɓŬɗɨŰŮɟɖ əŬŰŬɜɧɖůɖ Űɖɠ ůɡɛˊŮɟɘűɞɟɎɠ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ əŬɘ Űɤɜ 

ŮŭŬűɩɜ, əŬɗɑůŰŬŰŬɘ ŭɡɜŬŰɐ ɖ ŬůűŬɚɐɠ ɗŮɛŮɚɑɤůɖ əŬɘ əŬŰŬůəŮɡɐ ŰŮɢɜɘəɩɜ ɏɟɔɤɜ, 

ɧˊɤɠ ůɐɟŬɔɔŮɠ, űɟɎɔɛŬŰŬ əŬɘ ŭɟɧɛɞɘ. ȼ ŰŮɢɜɘəɐ ɔŮɤɚɞɔɑŬ ůɡɛɓɎɚɚŮɘ əŬɗɞɟɘůŰɘəɎ 

ůŰɖɜ ˊɟɧɚɖɣɖ űɡůɘəɩɜ əɘɜŭɨɜɤɜ, ɧˊɤɠ əŬŰɞɚɘůɗɐůŮɘɠ ɐ əŬɗɘɕɐůŮɘɠ, əŬɘ ůŰɖ 

ŭɘŬůűɎɚɘůɖ Űɖɠ ůŰŬŰɘəɧŰɖŰŬɠ əŬɘ Űɖɠ ɓɘɤůɘɛɧŰɖŰŬɠ Űɤɜ ɏɟɔɤɜ. ȺɘŭɘəɎ ůŮ ɛɘŬ ɢɩɟŬ ɛŮ 

ɏɜŰɞɜɖ ɔŮɤɚɞɔɘəɐ ˊɞɘəɘɚɞɛɞɟűɑŬ ɧˊɤɠ ɖ ȺɚɚɎŭŬ, ɞ ɟɧɚɞɠ Űɖɠ ŮɑɜŬɘ ɞɡůɘŬůŰɘəɧɠ ɔɘŬ 

Űɖɜ ˊɟɞůŰŬůɑŬ Űɞɡ űɡůɘəɞɨ əŬɘ ŬɜɗɟɤˊɞɔŮɜɞɨɠ ˊŮɟɘɓɎɚɚɞɜŰɞɠ.  

ȺɑɜŬɘ ˊɞɚɨ ɢɟɐůɘɛɞ ɔɘŬ ɏɜŬɜ ɛɏɚɚɞɜŰŬ ˊŰɡɢɘɞɨɢɞ ɛŮŰŬɚɚŮɘɞɚɧɔɞ ɜŬ ɏɢŮɘ ɓɔŮɘ əŬɘ ɏɝɤ 

Ŭˊɧ Űɖɜ ŬɑɗɞɡůŬ, ɜŬ ɏɢŮɘ ɏɟɗŮɘ ůŮ ɎɛŮůɖ ŮˊŬűɐ ɛŮ ŰŬ ˊŮŰɟɩɛŬŰŬ əŬɘ Űɞ ɏŭŬűɞɠ, əŬɗɩɠ 

əŬɘ ɛŮ əŬŰŬůəŮɡɏɠ ́ɞɡ ɔɑɜɞɜŰŬɘ ˊɎɜɤ əŬɘ əɎŰɤ Ŭˊɧ ŬɡŰɧ. Ƀɘ ŮˊɘůəɏɣŮɘɠ ůŮ ŮɟɔɞŰɎɝɘŬ 

ŭɟɧɛɤɜ əŬɘ ůɖɟɎɔɔɤɜ, ůŮ ɔɏűɡɟŮɠ əŬɘ űɟɎɔɛŬŰŬ, ŬɚɚɎ əŬɘ ůŮ ŮɟɔɞůŰɎůɘŬ əŬɘ 

ŮɟɔŬůŰɐɟɘŬ ɧɚɤɜ Űɤɜ Ůɘŭɩɜ, ɐŰŬɜ ɏɜŬ ˊɟɞɜɧɛɘɞ ˊɞɡ ŭɑɜŮŰŬɘ ůŰɖ ůɢɞɚɐ. ȳɚŬ ŬɡŰɎ 

ŬˊɞŰŮɚɞɨɜ Ůˊɘˊɚɏɞɜ ɔɜɩůŮɘɠ əŬɘ ŮɛˊŮɘɟɑŮɠ ˊɞɡ ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ ŬˊɞəŰɖɗɞɨɜ ɛɏůŬ Ŭˊɧ 

ɛɘŬ ŬɑɗɞɡůŬ ˊŬɜŮˊɘůŰɖɛɑɞɡ ɐ ɏɜŬɜ ɖɚŮəŰɟɞɜɘəɧ ɡˊɞɚɞɔɘůŰɐ. 

ȳůɞɜ ŬűɞɟɎ ŬɡŰɐɜ Űɖɜ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ, ůəɞˊɧɠ Űɖɠ ŮɑɜŬɘ ɖ ˊɟɞůˊɎɗŮɘŬ 

ˊɟɞůŭɘɞɟɘůɛɞɨ, ůŮ ɘəŬɜɞˊɞɘɖŰɘəɧ əŬɘ ɢɟɐůɘɛɞ ˊɟŬəŰɘəɎ ɓŬɗɛɧ, ˊɞɚɚɩɜ ůɖɛŬɜŰɘəɩɜ 

űɡůɘəɞɛɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ ŬɜɗɟŬəɘəɩɜ ŭɘŬəɞůɛɖŰɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ ɔɜɩɛɞɜŬ Űɘɠ Űɘɛɏɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɤɜ ɡˊŮɟɐɢɤɜ. ȼ əŬɚɐ, ɐ əŬɘ 

əŬəɐ ůŮ ˊɞɚɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ, ůɡůɢɏŰɘůɖ Űɤɜ ɘŭɘɞŰɐŰɤɜ ŬɡŰɩɜ ŮɑɜŬɘ ɘəŬɜɐ ɜŬ ˊŬɟɎɝŮɘ 

ŭɘɎűɞɟŬ, ůɖɛŬɜŰɘəɎ ůɡɛˊŮɟɎůɛŬŰŬ ɔɘŬ ŬɡŰɏɠ Űɘɠ əŬŰɖɔɞɟɑŮɠ ˊŮŰɟɤɛɎŰɤɜ. 

ȼ ŬˊɧűŬůɖ ɜŬ ˊɎɟŮɘ ɕɤɐ ɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɚɐűɗɖəŮ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɄɟŬəŰɘəɐɠ 

ɛɞɡ Ɏůəɖůɖɠ ůŰɞ ȺɟɔŬůŰɐɟɘɞ Ⱥɚɏɔɢɞɡ ȹɘŬəɞůɛɖŰɘəɩɜ ɄŮŰɟɤɛɎŰɤɜ ñȿȽŪɃɆò, əŬŰɎ 

Űɞ ŰɏŰŬɟŰɞ ɏŰɞɠ Űɞɡ ˊɟɞɔɟɎɛɛŬŰɞɠ ůˊɞɡŭɩɜ Űɖɠ Ɇɢɞɚɐɠ ɀŮŰŬɚɚŮɘɞɚɧɔɤɜ ï 

ɀŮŰŬɚɚɞɡɟɔɩɜ ɀɖɢŬɜɘəɩɜ. Ƀ Ůˊɘɓɚɏˊɤɜ əŬɗɖɔɖŰɐɠ ɛɞɡ, ŬɚɚɎ əŬɘ Űɞ ˊɟɞůɤˊɘəɧ Űɞɡ 

ŮɟɔŬůŰɖɟɑɞɡ əŬɘ əɡɟɑɤɠ ɞ ŭɘŮɡɗɡɜŰɐɠ ə. ȿŬůəŬɟɑŭɖɠ, ɛŮŰɎ Űɖɜ ɎɟɘůŰɖ əŬɘ ˊɞɚɨ 

ŭɘŭŬəŰɘəɐ ɔɘŬ ŮɛɏɜŬ ůɡɜŮɟɔŬůɑŬ ɛŬɠ, ɗɏɚɖůŬɜ ɜŬ ůɡɜŮɟɔŬůŰɞɨɛŮ ɔɘŬ Ɏɚɚɖ ɛɘŬ űɞɟɎ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ˊɟɞɦˊɎɟɢɞɜŰŬ ŭŮŭɞɛɏɜŬ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ əŬɘ ůɡɜŭɡɎɕɞɜŰɎɠ ŰŬ ɛŮ 

ɛɘŬ ŭɘŬűɞɟŮŰɘəɐ ɛɖɢŬɜɘəɐ ɘŭɘɧŰɖŰŬ, ŬɡŰɐɜ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɤɜ ɡˊŮɟɐɢɤɜ. 
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ȺɈɉȷɅȽɆɇȽȺɆ 
ȼ ɨˊŬɟɝɖ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŮɟɔŬůɑŬɠ ɞűŮɑɚŮŰŬɘ ůŰɞɜ ŮˊɘɓɚɏˊɞɜŰŬ əŬɗɖɔɖŰɐ ɛɞɡ, ə. 

ȾɤɜůŰŬɜŰɑɜɞ ȿɞɡˊŬůɎəɖ, ȾŬɗɖɔɖŰɐ Űɞɡ Ⱥ.ɀ.Ʉ., ůŰɞɜ ɞˊɞɑɞ ŮəűɟɎɕɤ Űɘɠ ɗŮɟɛɏɠ 

ŮɡɢŬɟɘůŰɑŮɠ ɛɞɡ ɔɘŬ ɧɚɖ Űɖɜ ɡˊɞůŰɐɟɘɝɖ, Űɘɠ ůɡɛɓɞɡɚɏɠ əŬɘ Űɞ ɜɧɖɛŬ ˊɞɡ ɏŭɤůŮ ɧɚŬ 

ŬɡŰɎ ŰŬ ɢɟɧɜɘŬ ůŰŬ ɛŬɗɐɛŬŰɎ Űɞɡ əŬɘ ɛŮ ɏəŬɜŮ ɜŬ ŬɔŬˊɐůɤ Űɖ ůɢɞɚɐ, ŬɚɚɎ əŬɘ ɔɘŬ 

Űɖɜ Ůˊɘɚɞɔɐ ŬɡŰɞɨ Űɞɡ ˊɟɤŰɧŰɡˊɞɡ ɗɏɛŬŰɞɠ, Űɖɜ əŬɗɞŭɐɔɖůɖ əŬɘ ɡˊɞůŰɐɟɘɝɖ əŬɗô ɧɚɖ 

Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ůɡɔɔɟŬűɐɠ Űɖɠ ŮɟɔŬůɑŬɠ əŬɘ Űɞɜ ŮɜŭŮɚŮɢɐ ɏɚŮɔɢɞ əŬɘ ůɢɞɚɘŬůɛɧ Űɖɠ. 

ɄŬɟɎɚɚɖɚŬ, ɞűŮɑɚɤ ŰŮɟɎůŰɘŬ Ůɡɔɜɤɛɞůɨɜɖ ůŮ ɧɚɞ Űɞ ˊɟɞůɤˊɘəɧ Űɞɡ ȺɟɔŬůŰɖɟɑɞɡ 

Ⱥɚɏɔɢɞɡ ɄɞɘɧŰɖŰŬɠ ȹɘŬəɞůɛɖŰɘəɩɜ ɄŮŰɟɤɛɎŰɤɜ ñȿȽŪɃɆò Űɖɠ Ⱥɚɚɖɜɘəɐɠ ȷɟɢɐɠ 

ũŮɤɚɞɔɘəɩɜ & ɀŮŰŬɚɚŮɡŰɘəɩɜ ȺɟŮɡɜɩɜ (Ⱥ.ȷ.ũ.ɀ.Ⱥ.), Űɞɜ ə. ȾɤɜůŰŬɜŰɑɜɞ 

ȿŬůəŬɟɑŭɖ, ȹɘŭɎəŰɞɟŬ ũŮɤɚɧɔɞ əŬɘ ȹɘŮɡɗɡɜŰɐ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ, Űɞɜ ə. ɀɘɢɎɚɖ 

ɄŬŰɟɩɜɖ, ȹɘŭɎəŰɞɟŬ ɀŮŰŬɚɚŮɘɞɚɧɔɞ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ, Űɖɜ ə. ȷɔɔŮɚɘəɐ ȷɟŬˊɎəɞɡ, 

ȹɘŭɎəŰɞɟŬ ɀŮŰŬɚɚŮɘɞɚɧɔɞ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ əŬɘ Űɞɜ ə. ȽɤɎɜɜɖ ȾɞɡůŮɟɐ, Ⱥɟɔɞŭɖɔɧ 

ɀŮŰŬɚɚŮɑɤɜ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ. ȼ ůɡɛɓɞɚɐ ɧɚɤɜ ɐŰŬɜ ɎɟɟɖəŰŬ ůɡɜŭŮŭŮɛɏɜɖ ɛŮ Űɖɜ 

ŮˊɘŰɡɢɑŬ əŬɘ ɞɚɞəɚɐɟɤůɖ ŬɡŰɐɠ Űɖɠ ŮɟɔŬůɑŬɠ, əŬɗɩɠ ˊŬɟŮɑɢŬɜ Űɘɠ ˊɞɚɡŮŰŮɑɠ ɔɜɩůŮɘɠ 

Űɞɡɠ ŮˊɎɜɤ ůŰɞ ŬɜŰɘəŮɑɛŮɜɞ Űɤɜ ŭɘŬəɞůɛɖŰɘəɩɜ ́ ŮŰɟɤɛɎŰɤɜ ŬɚɚɎ əŬɘ Űɞɜ 

ŮɟɔŬůŰɖɟɘŬəɧ Űɞɡɠ Ůɝɞˊɚɘůɛɧ, Ŭűɞɨ ɖ ˊɚŮɘɞɜɧŰɖŰŬ Űɤɜ ˊŮɘɟŬɛɎŰɤɜ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ůŰɞ ɢɩɟɞ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ ñȿȽŪɃɆò ɡˊɧ Űɖɜ ŮˊɑɓɚŮɣɐ Űɞɡɠ. 

ɇɏɚɞɠ, Űɘɠ ɗŮɟɛɧŰŮɟŮɠ ŮɡɢŬɟɘůŰɑŮɠ ɛɞɡ Űɘɠ ŮəűɟɎɕɤ ůŰɞɡɠ ɔɞɜŮɑɠ ɛɞɡ, ɔɘŬ ɧŰɘ ɛɞɡ ɏɢɞɡɜ 

ˊɟɞůűɏɟŮɘ ɧɚŬ ŬɡŰɎ ŰŬ ɢɟɧɜɘŬ əŬɘ ŮˊŮɘŭɐ ŮɑɜŬɘ ŭɑˊɚŬ ɛɞɡ əŬɘ ɛŮ ůŰɖɟɑɕɞɡɜ ůɡɜŮɢɩɠ 

ůŮ əɎɗŮ ɛɞɡ ɓɐɛŬ, ŬɚɚɎ əŬɘ ůŰŬ ŰɟɑŬ ŬŭɏɚűɘŬ ɛɞɡ, ũɘɩɟɔɞ, ȷɚŮɝɎɜŭɟŬ əŬɘ ɄŬɜŰŮɚɐ, 

ŰŬ ɞˊɞɑŬ ɗŬɡɛɎɕɤ ɔɘŬ ɧɚŬ ɧůŬ ɏɢɞɡɜ əŬŰŬűɏɟŮɘ əŬɘ ɛŮ ɤɗɞɨɜ ɛŮ ŰŬ əŬŰɞɟɗɩɛŬŰɎ Űɞɡɠ 

əŬɗɖɛŮɟɘɜɎ ɜŬ ˊɟɞɞŭŮɨɤ əŬɘ Ůɔɩ ɧɚɞ əŬɘ ˊŮɟɘůůɧŰŮɟɞ. 
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ȺȽɆȷũɋũȼ 
 

ȼ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŮəˊɞɜɐɗɖəŮ ůŰɞ ˊɚŬɑůɘɞ Űɞɡ ˊɟɞˊŰɡɢɘŬəɞɨ 

ˊɟɞɔɟɎɛɛŬŰɞɠ ůˊɞɡŭɩɜ Űɖɠ Ɇɢɞɚɐɠ ɀŮŰŬɚɚŮɘɞɚɧɔɤɜ ï ɀŮŰŬɚɚɞɡɟɔɩɜ ɀɖɢŬɜɘəɩɜ 

Űɞɡ Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ ɄɞɚɡŰŮɢɜŮɑɞɡ, ůŰɖɜ əŬŰŮɨɗɡɜůɖ ũŮɤŰŮɢɜɞɚɞɔɑŬɠ. 

Ɇəɞˊɧɠ ŬɡŰɐɠ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɖ ˊɟɞůˊɎɗŮɘŬ ɏɛɛŮůɞɡ  ́ɟɞůŭɘɞɟɘůɛɞɨ 

ˊɚɖɗɩɟŬɠ űɡůɘəɞɛɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ ŬɜɗɟŬəɘəɩɜ ŭɘŬəɞůɛɖŰɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ 

ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ ɤɠ ɔɜɩɛɞɜŬ Űɘɠ Űɘɛɏɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɤɜ ɡˊŮɟɐɢɤɜ, əŬɗɩɠ əŬɘ ɜŬ 

ˊŬɟɞɡůɘɎůŮɘ ŭɘɎűɞɟŬ, ůɖɛŬɜŰɘəɎ ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ˊɟɞəɨˊŰɞɡɜ ɛŮ Űɖ ůɡůɢɏŰɘůɖ 

Űɤɜ ɘŭɘɞŰɐŰɤɜ ŬɡŰɩɜ. 

ȼ ŮɟɔŬůɑŬ ŬɜŬˊŰɨůůŮŰŬɘ ůŮ ɏɝɘ (6) əŮűɎɚŬɘŬ. ɆŰɞ ˊɟɩŰɞ əŮűɎɚŬɘɞ ˊŮɟɘɔɟɎűŮŰŬɘ ɞ 

Űɟɧˊɞɠ ŰŬɝɘɜɧɛɖůɖɠ əŬɘ ɞɜɞɛŬůɑŬɠ ɧɚɤɜ Űɤɜ Űɨˊɤɜ ŭɘŬəɞůɛɖŰɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ, ɛŮ 

ɏɛűŬůɖ ůŰŬ ŬɜɗɟŬəɘəɎ ˊŮŰɟɩɛŬŰŬ Űɞɡ ŮɚɚŬŭɘəɞɨ ɢɩɟɞɡ ŰŬ ɞˊɞɑŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ 

ɤɠ ŭɞəɑɛɘŬ. 

ɆŰɖ ůɡɜɏɢŮɘŬ, ůŰɞ ŭŮɨŰŮɟɞ əŮűɎɚŬɘɞ, Ŭűɞɨ ŭɞɗɞɨɜ ɛŮɟɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɞ 

ȺɟɔŬůŰɐɟɘɞ Ⱥɚɏɔɢɞɡ ɄɞɘɧŰɖŰŬɠ ȹɘŬəɞůɛɖŰɘəɩɜ ɄŮŰɟɤɛɎŰɤɜ çȿȽŪɃɆè, 

ˊŮɟɘɔɟɎűɞɜŰŬɘ ɚŮˊŰɞɛŮɟɩɠ ɞɘ ˊɘůŰɞˊɞɘɖɛɏɜŮɠ űɡůɘəɞɛɖɢŬɜɘəɏɠ ŭɞəɘɛɏɠ əŬɘ ɞ Űɟɧˊɞɠ 

ˊɞɡ ŭɘŮɜŮɟɔɞɨɜŰŬɘ ůŰɞ ŮɟɔŬůŰɐɟɘɞ ɔɘŬ ɜŬ ɚɎɓɞɡɜ ŰŬ ˊŮŰɟɩɛŬŰŬ Űɖɜ Ůɘŭɘəɐ ůɐɛŬɜůɖ 

CE. 

ɆŰɞ ŰɟɑŰɞ əŮűɎɚŬɘɞ, ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ɛɖɢɎɜɖɛŬ ɛɏŰɟɖůɖɠ Űɞɡ ɢɟɧɜɞɡ əŬɘ Űɖɠ 

ŰŬɢɨŰɖŰŬɠ ɛŮŰɎŭɞůɖɠ Űɤɜ əɡɛɎŰɤɜ Űɤɜ ɡˊŮɟɐɢɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰŬ ŭɞəɑɛɘŬ 

Űɖɠ ŮɟɔŬůɑŬɠ ŬɡŰɐɠ, əŬɘ ˊŬɟŬŰɑɗŮɜŰŬɘ ŰŬ ˊɞɚɚɎ ˊɚŮɞɜŮəŰɐɛŬŰŬ ŬɚɚɎ əŬɘ 

ɛŮɘɞɜŮəŰɐɛŬŰŬ ŬɡŰɐɠ Űɖɠ ɛŮɗɧŭɞɡ ɛɏŰɟɖůɖɠ. 

ȷəɞɚɞɡɗŮɑ, ůŰɞ ŰɏŰŬɟŰɞ əŮűɎɚŬɘɞ, ɖ ˊŬɟɎɗŮůɖ ɧɚɤɜ Űɤɜ ŭŮŭɞɛɏɜɤɜ Űɤɜ ɛŮŰɟɐůŮɤɜ 

ɧɚɤɜ Űɤɜ ŭɞəɘɛɩɜ ůŮ ɛɞɟűɐ çȯŰɚŬɜŰŬè, ɔɘŬ əɎɗŮ ɏɜŬ Ŭˊɧ ŰŬ ŰɟɘɎɜŰŬ ɞəŰɩ ŭɞəɑɛɘŬ, 

ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ɖ ɞɜɞɛŬůɑŬ əŬɘ ɎɚɚŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ. 

ɆŰɞ ˊɏɛˊŰɞ əŮűɎɚŬɘɞ, ˊŮɟɘɔɟɎűɞɜŰŬɘ ɧɚŬ ŰŬ ɓɐɛŬŰŬ ˊɞɡ ɏɔɘɜŬɜ ɛŮ ůŰɧɢɞ Űɞɜ 

ůɡůɢŮŰɘůɛɧ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɤɜ ɡˊŮɟɐɢɤɜ ɛŮ Űɘɠ ɡˊɧɚɞɘˊŮɠ űɡůɘəɞɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ 

Űɤɜ ŭɞəɘɛɑɤɜ, ŰŬ ɞˊɞɑŬ ˊŬɟŬŰɑɗŮɜŰŬɘ ɛŮ ˊɑɜŬəŮɠ əŬɘ ŭɘŬɔɟɎɛɛŬŰŬ əŬɘ ́ŬɟɞɡůɘɎɕɞɜŰŬɘ 

ɧɚŬ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ Űɖɜ ˊɟɞůˊɎɗŮɘŬ ůɡůɢŮŰɘůɛɞɨ Űɤɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ 

ˊŮŰɟɤɛɎŰɤɜ, ˊŮŰɡɢɖɛɏɜŬ ɐ ɛɖ, əŬɘ ɔɑɜŮŰŬɘ ůɡɕɐŰɖůɖ ɔɘŬ ˊŮɟŬɘŰɏɟɤ ŬɜŬɚɨůŮɘɠ ɛŮ ɓɎůɖ 

Ɏɚɚɞɡɠ ˊŬɟɎɔɞɜŰŮɠ. 

ɆŰɞ ɏəŰɞ əŬɘ ŰŮɚŮɡŰŬɑɞ əŮűɎɚŬɘɞ ɔɑɜŮŰŬɘ ůɡɜɞˊŰɘəɐ ˊŬɟɎɗŮůɖ ɧɚɤɜ Űɤɜ 

ůɡɛˊŮɟŬůɛɎŰɤɜ ˊɞɡ ŮəɛŬɘŮɨɗɖəŬɜ əŬŰɎ Űɖɜ ˊɟɞůˊɎɗŮɘŬ ůɡůɢŮŰɘůɛɞɨ Űɤɜ ɘŭɘɞŰɐŰɤɜ 

əŬɘ ŭɑɜŮŰŬɘ ÌŰɟɞűɐ ɔɘŬ ůəɏɣɖÌ ɔɘŬ ŮˊɧɛŮɜŮɠ ɛŮɚɏŰŮɠ. 
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ȾŮűɎɚŬɘɞ 1: ūɡůɘəɎ ȹɘŬəɞůɛɖŰɘəɎ ɄŮŰɟɩɛŬŰŬ 
 

ɇŬ űɡůɘəɎ ŭɘŬəɞůɛɖŰɘəɎ ˊŮŰɟɩɛŬŰŬ ŮɑɜŬɘ űɡůɘəɞɑ ɚɑɗɞɘ ˊɞɡ ŮɝɞɟɨůůɞɜŰŬɘ ůŮ ɚŬŰɞɛŮɑŬ 

ˊɞɡ ŭɘŬɜɞɑɔɞɜŰŬɘ ůŮ ɔŮɤɚɞɔɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ ˊɞɡ ɏɢɞɡɜ ŰŬ əŬŰɎɚɚɖɚŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ əŬɘ ŭɘŬəɧůɛɖůɖ ŮůɤŰŮɟɘəɩɜ 

əŬɘ ŮɝɤŰŮɟɘəɩɜ ɢɩɟɤɜ, ŬɝɘɞˊɞɘɩɜŰŬɠ Űɖ űɡůɘəɐ Űɞɡɠ ɞɛɞɟűɘɎ əŬɘ ŬɜŰɞɢɐ. ȷɡŰɎ ŰŬ 

ɡɚɘəɎ ůɡɢɜɎ ŮˊɘɚɏɔɞɜŰŬɘ ɔɘŬ Űɖɜ ŬɘůɗɖŰɘəɐ Űɞɡɠ ŬɝɑŬ, ŬɚɚɎ əŬɘ ɔɘŬ Űɖɜ ŬɜɗŮəŰɘəɧŰɖŰŬ 

əŬɘ Űɖ ɛŬəɟɞɢɟɧɜɘŬ ɢɟɐůɖ Űɞɡɠ. ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɞɟɡəŰɎ ˊɞɡ ˊɞɘəɑɚɞɡɜ, əŬŰɎ 

ˊŮɟɑˊŰɤůɖ, əŬɘ ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ůɡůůɤɛŬŰɤɗŮɑ ɛŮ Űɖ ɓɞɐɗŮɘŬ, ůɡɜɐɗɤɠ, ɞɟɡəŰɐɠ 

ůɡɔəɞɚɚɖŰɘəɐɠ ɨɚɖɠ. ɇɞ Ůɑŭɞɠ Űɤɜ ɞɟɡəŰɩɜ ˊɞɡ ˊŮɟɘɏɢɞɜŰŬɘ ůŮ əɎɗŮ ˊɏŰɟɤɛŬ, ɖ 

ˊɞůɞŰɘəɐ Űɞɡɠ ŬɜŬɚɞɔɑŬ ůŰɖɜ ɞɟɡəŰɞɚɞɔɘəɐ Űɞɡ ůɨůŰŬůɖ, ɖ ŭɞɛɐ Űɞɡɠ, Űɞ ɢɟɩɛŬ Űɞɡɠ, 

ɖ əɞəəɞɛŮŰɟɑŬ Űɞɡɠ əŬɘ ɞ Űɟɧˊɞɠ əŬɘ ɞ ɓŬɗɛɧɠ ůɡůůɤɛɎŰɤůɐɠ Űɞɡɠ ŭɘŬɛɞɟűɩɜɞɡɜ, 

ŰŮɚɘəɎ, ŰŬ ɘŭɘŬɑŰŮɟŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ əɎɗŮ ɡɚɘəɞɨ. ũɘŬ ŬɡŰɧ əŬɘ ŰŬ űɡůɘəɎ 

ŭɘŬəɞůɛɖŰɘəɎ ˊŮŰɟɩɛŬŰŬ, ɤɠ ɡɚɘəɎ ˊɞɡ ŰŬ ŭɖɛɘɞɨɟɔɖůŮ ɖ űɨůɖ, ŭŮɜ ɏɢɞɡɜ 

ŰɡˊɞˊɞɘɖɛɏɜŮɠ ɛɞɟűɏɠ əŬɘ ɢŬɟŬəŰɖɟɘůŰɘəɎ, ɧˊɤɠ ůɡɛɓŬɑɜŮɘ ɛŮ ɧɚŬ ŰŬ ɡɚɘəɎ 

ɓɘɞɛɖɢŬɜɘəɐɠ ˊŬɟŬɔɤɔɐɠ. ȷɜŰɑɗŮŰŬ, ɤɠ űɡůɘəɎ ɡɚɘəɎ, ɏɢɞɡɜ Űɞ əŬɗɏɜŬ Űɖ ŭɘəɐ Űɞɡ 

ˊɟɞůɤˊɘəɧŰɖŰŬ, Ŭűɞɨ ɖ ɛɞɟűɐ, ɞ ɢɟɤɛŬŰɘůɛɧɠ əŬɘ ɔŮɜɘəɧŰŮɟŬ ŰŬ ŬɘůɗɖŰɘəɎ, ŰŬ 

ˊɞɘɞŰɘəɎ əŬɘ ŰŬ ŰŮɢɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ əɎɗŮ ɡɚɘəɞɨ ŮɝŬɟŰɩɜŰŬɘ ɧɢɘ ɛɧɜɞ Ŭˊɧ Űɖɜ 

ɞɟɡəŰɞɚɞɔɘəɐ Űɞɡ ůɨůŰŬůɖ, ŬɚɚɎ əŬɘ Ŭˊɧ Űɖ ŭɘŬŭɘəŬůɑŬ ůɢɖɛŬŰɘůɛɞɨ Űɞɡ, ŭɖɚŬŭɐ Ŭˊɧ 

ˊŬɟɎɔɞɜŰŮɠ ˊɞɚɨ ŭɘŬűɞɟŮŰɘəɞɨɠ, ŬɜɎɚɞɔŬ ɛŮ Űɘɠ ɔŮɤɚɞɔɘəɏɠ Ůˊɞɢɏɠ əŬɘ Űɘɠ ŮəɎůŰɞŰŮ 

ůɡɜɗɐəŮɠ ůŰɘɠ ŭɘɎűɞɟŮɠ ɔŮɤɔɟŬűɘəɏɠ ɕɩɜŮɠ. ɇŬ űɡůɘəɎ ŭɘŬəɞůɛɖŰɘəɎ ˊŮŰɟɩɛŬŰŬ, 

Ůˊɞɛɏɜɤɠ, ɗŬ ɛˊɞɟɞɨůŬɜ ɜŬ ɢŬɟŬəŰɖɟɘůŰɞɨɜ əŬɘ ɤɠ ɡɚɘəɎ ɛŮ ɞɜɞɛŬůɑŬ ˊɟɞɏɚŮɡůɖɠ, 

Ŭűɞɨ ŮɑɜŬɘ ůˊɎɜɘɞ, ɏɤɠ ˊɟŬəŰɘəɎ ŬŭɨɜŬŰɞ, ɜŬ ɓɟŮɗɞɨɜ ŭɨɞ Ŭəɟɘɓɩɠ ɑŭɘŬ ɡɚɘəɎ, ˊɞɡ ɜŬ 

ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ŭɘŬűɞɟŮŰɘəɏɠ ɔŮɤɔɟŬűɘəɏɠ ˊŮɟɘɞɢɏɠ. (ɇɕŮűɏɟɖɠ, 2017) 

 

 

ȺɘəɧɜŬ.1.1: ɄɚŬəɑŭɘŬ ˊɞɡ ŬˊɞŭŮɘəɜɨɞɡɜ Űɖɜ ɘŭɘŬɑŰŮɟɖ ɞɛɞɟűɘɎ Űɤɜ ŭɘŬəɞůɛɖŰɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ.(Ʉɖɔɐ: ȷɟɢŮɑɞ Űɞɡ 

decobook.gr, ɇŬ űɡůɘəɎ ˊŮŰɟɩɛŬŰŬ ůŰɞɜ ŬɟɢɘŰŮəŰɞɜɘəɧ ůɢŮŭɘŬůɛɧ: ɢɟɖůŰɘəɧŰɖŰŬ əŬɘ ŬɘůɗɖŰɘəɐ) 
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Ⱥˊɘˊɚɏɞɜ, əɎɗŮ ŭɘŬəɞůɛɖŰɘəɧ ˊɏŰɟɤɛŬ ɏɢŮɘ ɞɟɘůɛɏɜŬ űɡůɘəɎ əŬɘ ɛɖɢŬɜɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ, Ŭˊɧ ŰŬ ɞˊɞɑŬ ŮɝŬɟŰɎŰŬɘ Űɞ əŬŰɎ ˊɧůɞɜ ŮɑɜŬɘ əŬŰɎɚɚɖɚɞ ɔɘŬ 

ůɡɔəŮəɟɘɛɏɜŮɠ ŮűŬɟɛɞɔɏɠ ůŰɖɜ ŬɟɢɘŰŮəŰɞɜɘəɐ əŬɘ ŭɘŬəɧůɛɖůɖ.  

ȳůɞɜ ŬűɞɟɎ Űɖɜ ŰŬɝɘɜɧɛɖůɖ Űɤɜ űɡůɘəɩɜ ŭɘŬəɞůɛɖŰɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ ůŮ ŭɘɎűɞɟŮɠ 

Ůˊɘɛɏɟɞɡɠ əŬŰɖɔɞɟɑŮɠ, ŬɡŰɐ ɔɑɜŮŰŬɘ ŮɑŰŮ ɛŮ ŮˊɘůŰɖɛɞɜɘəɎ əɟɘŰɐɟɘŬ (ɔŮɤɚɞɔɘəɐ ï 

ˊŮŰɟɞɔɟŬűɘəɐ ŰŬɝɘɜɧɛɖůɖ), ŮɑŰŮ ɛŮ ŮɛˊɞɟɘəɎ əɟɘŰɐɟɘŬ. Ƀɘ əŬŰɖɔɞɟɑŮɠ əŬɘ Űɤɜ ŭɨɞ 

ŰŬɝɘɜɞɛɐůŮɤɜ ŬɜŬɚɨɞɜŰŬɘ ůŰɖɜ ůɡɜɏɢŮɘŬ. 

 

1.1. ȺˊɘůŰɖɛɞɜɘəɐ ɇŬɝɘɜɧɛɖůɖ 

ȾŬŰɎ Űɖɜ ŮˊɘůŰɖɛɞɜɘəɐ ŰŬɝɘɜɧɛɖůɖ Űɤɜ ŭɘŬűɧɟɤɜ ŭɘŬəɞůɛɖŰɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ 

ɚŬɛɓɎɜŮŰŬɘ ɡˊɧɣɖ ɞ Űɟɧˊɞɠ ůɢɖɛŬŰɘůɛɞɨ Űɞɡɠ, ɖ ˊŮŰɟɞɔɟŬűɘəɐ Űɞɡɠ ŬɜɎɚɡůɖ əŬɘ ɖ 

ɞɟɡəŰɞɚɞɔɘəɐ Űɞɡɠ ůɨůŰŬůɖ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ŰŬ ŭɘŬəɞůɛɖŰɘəɎ ˊŮŰɟɩɛŬŰŬ, 

ŬɜɎɚɞɔŬ ɛŮ Űɞɜ Űɟɧˊɞ ůɢɖɛŬŰɘůɛɞɨ Űɞɡɠ, ŰŬɝɘɜɞɛɞɨɜŰŬɘ ůŰɘɠ ˊŬɟŬəɎŰɤ ŰɟŮɘɠ 

əŬŰɖɔɞɟɑŮɠ:  

ȽɕɖɛŬŰɞɔŮɜɐ ˊŮŰɟɩɛŬŰŬ.  

ȼ əŬŰɖɔɞɟɑŬ ŬɡŰɐ ˊŮɟɘɚŬɛɓɎɜŮɘ ˊŮŰɟɩɛŬŰŬ ˊɞɡ ůɢɖɛŬŰɑůŰɖəŬɜ Ŭˊɧ ŬˊɞɗɏůŮɘɠ 

ˊɟɞɥɧɜŰɤɜ ŬˊɞůɎɗɟɤůɖɠ Ɏɚɚɤɜ ˊŮŰɟɤɛɎŰɤɜ, ŰŬ ɞˊɞɑŬ ˊɟɞɦˊɐɟɢŬɜ ůŮ ɎɚɚŮɠ ɗɏůŮɘɠ 

Űɞɡ űɚɞɘɞɨ Űɖɠ ɔɖɠ. ɇŬ ɡɚɘəɎ ŬˊɞůɎɗɟɤůɖɠ, ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ɛŮ Űɖɜ ŮˊɑŭɟŬůɖ 

ŭɘŬűɧɟɤɜ ˊŬɟŬɔɧɜŰɤɜ (ɜŮɟɧ, ɗŮɟɛɞəɟŬůɘŬəɏɠ ɛŮŰŬɓɞɚɏɠ, ɎɜŮɛɞɠ ə.Ŭ) 

ŬˊɞɛŬəɟɨɜɗɖəŬɜ Ŭˊɧ Űɖɜ Ŭɟɢɘəɐ Űɞɡɠ ɗɏůɖ əŬɘ ɛŮŰŬəɘɜɐɗɖəŬɜ ůŮ əŬŰɎɚɚɖɚɞɡɠ ɔɘŬ 

ŬˊɧɗŮůɖ ɢɩɟɞɡɠ,  ɧˊɞɡ ŬəɞɚɞɨɗɖůŮ ɖ ŭɘŬɔɏɜŮůɖ, ŭɖɚŬŭɐ ɛɑŬ ŭɘŬŭɘəŬůɑŬ ɛŮŰŬɓɞɚɩɜ 

ůŰɞ Ŭɟɢɘəɧ ɑɕɖɛŬ, əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ɔŮɤɚɞɔɘəɩɜ Ŭɘɩɜɤɜ, ˊɞɡ Űɞ ɛŮŰɏŰɟŮɣŬɜ 

ŰŮɚɘəɎ, ůŮ ůɡɛˊŬɔɏɠ ˊɏŰɟɤɛŬ.  

ɆŰɖɜ əŬŰɖɔɞɟɑŬ ŬɡŰɐ əŬŰŬŰɎůůɞɜŰŬɘ ŰŬ ŭɘɎűɞɟŬ Ůɑŭɖ ŬůɓŮůŰɧɚɘɗɤɜ (limestones), ɞɘ 

ŰɟŬɓŮɟŰɑɜŮɠ (travertines), ŰŬ ɞɜɡɢɞɛɎɟɛŬɟŬ (onyx marbles), ŰŬ ɚŬŰɡˊɞˊŬɔɐ 

ˊŮŰɟɩɛŬŰŬ (breccias) əŬɘ ɞɘ ɣŬɛɛɑŰŮɠ (sandstones). 

ȺəɟɖɝɘɔŮɜɐ ˊŮŰɟɩɛŬŰŬ.  

ȼ əŬŰɖɔɞɟɑŬ ŬɡŰɐ ˊŮɟɘɚŬɛɓɎɜŮɘ ˊŮŰɟɩɛŬŰŬ ˊɞɡ ůɢɖɛŬŰɑůŰɖəŬɜ Ŭˊɧ ɛɎɔɛŬ ˊɞɡ 

ˊɟɞɐɚɗŮ Ŭˊɧ ŰŬ ɏɔəŬŰŬ Űɖɠ ũɖɠ əŬɘ Űɞ ɞˊɞɑɞ ɣɨɢɗɖəŮ əŬɘ ůŰŮɟŮɞˊɞɘɐɗɖəŮ, ŮɑŰŮ ůŮ 

ɛŮɔɎɚɞ ɓɎɗɞɠ əɎŰɤ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ũɖɠ, ŮɑŰŮ ůŰɖɜ ŮˊɘűɎɜŮɘɎ Űɖɠ (ɚɎɓŬ 

ɖűŬɘůŰŮɑɤɜ).ȷɜɎɚɞɔŬ ɛŮ Űɘɠ ůɡɜɗɐəŮɠ ůŰɘɠ ɞˊɞɑŮɠ ůŰŮɟŮɞˊɞɘɐɗɖəŮ Űɞ ɛɎɔɛŬ, ŰŬ 

ŮəɟɖɝɘɔŮɜɐ ˊŮŰɟɩɛŬŰŬ ŭɘŬɢɤɟɑɕɞɜŰŬɘ ůŮ ŭɨɞ ɛŮɔɎɚŮɠ ɡˊɞəŬŰɖɔɞɟɑŮɠ: Űɞɡɠ 

ˊɚɞɡŰɤɜɑŰŮɠ (ɣɨɝɖ əŬɘ ůŰŮɟŮɞˊɞɑɖůɖ Űɞɡ ɛɎɔɛŬŰɞɠ əɎŰɤ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ũɖɠ) 

əŬɘ Űɞɡɠ ɖűŬɘůŰɑŰŮɠ (ůŰŮɟŮɞˊɞɑɖůɖ Űɖɠ ɚɎɓŬɠ ˊɞɡ ŮəɢɨɗɖəŮ ˊɎɜɤ ůŰɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ 

ũɖɠ). 

ɆŰɖɜ əŬŰɖɔɞɟɑŬ Űɤɜ ˊɚɞɡŰɤɜɘŰɩɜ əŬŰŬŰɎůůɞɜŰŬɘ ɞɘ ˊɟŬɔɛŬŰɘəɞɑ ɔɟŬɜɑŰŮɠ, ɞɘ ɔɎɓɓɟɞɘ, 

ɞɘ ˊŮɟɘŭɞŰɑŰŮɠ ə.Ŭ., Ůɜɩ ůŰɖɜ əŬŰɖɔɞɟɑŬ Űɤɜ ɖűŬɘůŰɘŰɩɜ əŬŰŬŰɎůůɞɜŰŬɘ ɞɘ ŬɜŭŮůɑŰŮɠ, 

ɞɘ ɓŬůɎɚŰŮɠ, ɞɘ ˊɞɟűɡɟɑŰŮɠ ə.Ŭ. 

 

 



 

 
15 

ɀŮŰŬɛɞɟűɤɛɏɜŬ ˊŮŰɟɩɛŬŰŬ.  

ȼ əŬŰɖɔɞɟɑŬ ŬɡŰɐ ˊŮɟɘɚŬɛɓɎɜŮɘ ˊŮŰɟɩɛŬŰŬ ˊɞɡ ˊŬɟɞɡůɘɎɕɞɡɜ ůŬűɐ ůɢɘůŰɧŰɖŰŬ əŬɘ 

ɏɢɞɡɜ ůɢɖɛŬŰɘůŰŮɑ Ŭˊɧ ˊɟɞɦˊɎɟɢɞɜŰŬ ɘɕɖɛŬŰɞɔŮɜɐ ɐ ŮəɟɖɝɘɔŮɜɐ ˊŮŰɟɩɛŬŰŬ ˊɞɡ 

ɡˊɏůŰɖůŬɜ əŬɗɞɚɘəɐ ɐ ɛŮɟɘəɐ ɛŮŰŬɛɧɟűɤůɖ, ŭɖɚŬŭɐ ɛɘŬ ůŮɘɟɎ űɡůɘəɩɜ əŬɘ 

ɔŮɤɢɖɛɘəɩɜ ɛŮŰŬɓɞɚɩɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ɔŮɤɚɞɔɘəɩɜ Ŭɘɩɜɤɜ, ɡˊɧ Űɖɜ ŮˊɑŭɟŬůɖ 

ɡɣɖɚɩɜ ˊɘɏůŮɤɜ, ŰŮəŰɞɜɘəɩɜ űŬɘɜɞɛɏɜɤɜ, ɛŮɔɎɚɤɜ ɗŮɟɛɞəɟŬůɘɩɜ ɐ Ŭɏɟɘɤɜ əŬɘ 

ɗŮɟɛɩɜ ŭɘŬɚɡɛɎŰɤɜ. 

ɆŰɖɜ əŬŰɖɔɞɟɑŬ ŬɡŰɐ əŬŰŬŰɎůůɞɜŰŬɘ ŰŬ ɔɜɐůɘŬ ɛɎɟɛŬɟŬ əŬɘ ŭɘɎűɞɟɞɘ əɟɡůŰŬɚɚɘəɞɑ 

ŬůɓŮůŰɧɚɘɗɞɘ, ɞɘ ůɢɘůŰɧɚɘɗɞɘ (slates), ɞɘ ɔɜŮɨůɘɞɘ, ɞɘ ɢŬɚŬɕɑŰŮɠ ə.Ŭ. (ɇɕŮűɏɟɖɠ, 2017) 

 

1.2. Ⱥɛˊɞɟɘəɐ ɇŬɝɘɜɧɛɖůɖ 

ɀŮ Ůɛˊɞɟɘəɞɨɠ ɧɟɞɡɠ ɖ ˊɚɖɗɩɟŬ Ůɘŭɩɜ əŬɘ Űɨˊɤɜ ŭɘŬəɞůɛɖŰɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ 

ŰŬɝɘɜɞɛŮɑŰŬɘ, ůɡɜɐɗɤɠ, ůŮ ŰɟŮɘɠ ɛŮɔɎɚŮɠ əŬŰɖɔɞɟɑŮɠ, ŬɜɎɚɞɔŬ ɛŮ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

Űɞɡ əɎɗŮ ɡɚɘəɞɨ əŬɘ Űɘɠ ŰŮɢɜɘəɏɠ əŬŰŮɟɔŬůɑŬɠ əŬɘ Ůɝɧɟɡɝɖɠ Űɞɡ: 

ɀɎɟɛŬɟŬ.   

ɆŰɖɜ əŬŰɖɔɞɟɑŬ ŬɡŰɐ əŬŰŬŰɎůůɞɜŰŬɘ ɧɚŬ ŰŬ ˊŮŰɟɩɛŬŰŬ ɛɘəɟɐɠ ɏɤɠ ɛŮůŬɑŬɠ 

ůəɚɖɟɧŰɖŰŬɠ, ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɞɟɡəŰɎ ɛŮ ůəɚɖɟɧŰɖŰŬ Ŭˊɧ 3 ɏɤɠ 4 Űɖɠ 

əɚɑɛŬəŬɠ Mohs (ɧˊɤɠ Űɞ ɞɟɡəŰɧ ŬůɓŮůŰɑŰɖɠ), əŬɘ ŰŬ ɞˊɞɑŬ ɛˊɞɟɞɨɜ ɜŬ Ůɝɞɟɡɢɗɞɨɜ ůŮ 

ɧɔəɞɡɠ ɛŮɔɎɚɤɜ ŭɘŬůŰɎůŮɤɜ ˊɞɡ əɧɓɞɜŰŬɘ ůŮ ˊɚɎəŮɠ ɛɘəɟɞɨ ˊɚɎŰɞɡɠ. Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ ɤɠ çɛɎɟɛŬɟŬè ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ŰŬ ŭɘɎűɞɟŬ ŬůɓŮůŰɘŰɘəɎ əŬɘ ŭɞɚɞɛɘŰɘəɎ 

ˊŮŰɟɩɛŬŰŬ, ɧˊɤɠ ŮɑɜŬɘ ŰŬ ɔɜɐůɘŬ ɛɎɟɛŬɟŬ, ɞɘ ŬůɓŮůŰɧɚɘɗɞɘ, ɞɘ ŰɟŬɓŮɟŰɑɜŮɠ, ɞɘ ɧɜɡɢŮɠ, 

ŰŬ ŬɚɎɓŬůŰɟŬ, ŭɘɎűɞɟŬ ɚŬŰɡˊɞˊŬɔɐ əŬɘ ɞɘ ůŮɟˊŮɜŰɘɜɑŰŮɠ (ˊɟɎůɘɜŬ ɛɎɟɛŬɟŬ) ə.Ŭ. 

 

 

ȺɘəɧɜŬ 1.2: ɀŮɟɘəɎ Ŭˊɧ ŰŬ ˊɘɞ ɔɜɤůŰɎ ɛɎɟɛŬɟŬ Űɖɠ ȺɚɚɎŭŬɠ. (Ʉɖɔɐ: orykta.gr) 
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ũɟŬɜɑŰŮɠ.  

ɆŰɖɜ əŬŰɖɔɞɟɑŬ ŬɡŰɐ əŬŰŬŰɎůůɞɜŰŬɘ ɧɚŬ ŰŬ ˊŮŰɟɩɛŬŰŬ ɛŮɔɎɚɖɠ ůɢŮŰɘəɎ 

ůəɚɖɟɧŰɖŰŬɠ, ŰŬ ɞˊɞɑŬ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ɞɟɡəŰɎ ɛŮ ůəɚɖɟɧŰɖŰŬ Ŭˊɧ 5 ɏɤɠ 7 Űɖɠ 

əɚɑɛŬəŬɠ Mohs (ɧˊɤɠ Űɞ ɞɟɡəŰɧ ɢŬɚŬɕɑŬɠ), əŬɘ ŰŬ ɞˊɞɑŬ ɛˊɞɟɞɨɜ ɜŬ Ůɝɞɟɡɢɗɞɨɜ ůŮ 

ɧɔəɞɡɠ ɛŮɔɎɚɤɜ ŭɘŬůŰɎůŮɤɜ ˊɞɡ əɧɓɞɜŰŬɘ ůŮ ˊɚɎəŮɠ ɛɘəɟɞɨ ˊɚɎŰɞɡɠ. Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ ɤɠ çɔɟŬɜɑŰŮɠè ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ ˊɞɚɚɎ ŮəɟɖɝɘɔŮɜɐ əŬɘ ɛŮŰŬɛɞɟűɤɛɏɜŬ 

ŭɘŬəɞůɛɖŰɘəɎ ˊŮŰɟɩɛŬŰŬ ˊɞɘəɑɚɖɠ ɞɟɡəŰɞɚɞɔɘəɐɠ əŬɘ ɢɖɛɘəɐɠ ůɨůŰŬůɖɠ, ɧˊɤɠ ɞɘ 

ɔɜɐůɘɞɘ ɔɟŬɜɑŰŮɠ, ɞɘ ɔɟŬɜɞŭɘɞɟɑŰŮɠ, ɞɘ ɔɎɓɓɟɞɘ, ɞɘ ɔɜŮɨůɘɞɘ, ɞɘ ɢŬɚŬɕɑŰŮɠ ə.Ŭ. 

 

ȺɘəɧɜŬ 1.3: ȺɜŰɡˊɤůɘŬəɞɑ ŭɘŬəɞůɛɖŰɘəɞɑ ɔɟŬɜɑŰŮɠ Ŭˊɧ ɧɚɞ Űɞɜ əɧůɛɞ. (Ʉɖɔɐ: ȷɟɢŮɑɞ Űɞɡ Tradeindia.com, Granite 

Tiles - Premium Quality Natural Stone Variety) 

ȯɚɚŮɠ űɡůɘəɏɠ ́ɏŰɟŮɠ.   

ɆŰɖɜ ɛŮɔɎɚɖ əŬŰɖɔɞɟɑŬ ŬɡŰɐ əŬŰŬŰɎůůɞɜŰŬɘ ɧɚŬ ŰŬ ˊŮŰɟɩɛŬŰŬ ŰŬ ɞˊɞɑŬ  ŭŮɜ ɛˊɞɟɞɨɜ 

ɜŬ ŰŬɝɘɜɞɛɖɗɞɨɜ ůŰɘɠ ŭɨɞ ˊɟɞɖɔɞɨɛŮɜŮɠ, ŮɑŰŮ ɔɘŬŰɑ ŭŮɜ ŮɝɞɟɨůůɞɜŰŬɘ ůŮ 

ŮəɛŮŰŬɚɚŮɨůɘɛɞɡɠ ɧɔəɞɡɠ, ŮɑŰŮ ɔɘŬŰɑ ŭŮɜ ŮˊɘŭɏɢɞɜŰŬɘ ɚŮɑŬɜůɖ. ɇɏŰɞɘŬ ŭɘŬəɞůɛɖŰɘəɎ 

ˊŮŰɟɩɛŬŰŬ ŮɑɜŬɘ ŭɘɎűɞɟɞɘ ɣŬɛɛɑŰŮɠ, ŬůɓŮůŰɧɚɘɗɞɘ, ɢŬɚŬɕɑŰŮɠ, ůɢɘůŰɧɚɘɗɞɘ, ɔɜŮɨůɘɞɘ ɛŮ 

ůɢɘůŰɧŰɖŰŬ ə.Ŭ. ɇŬ ŭɘŬəɞůɛɖŰɘəɎ ˊŮŰɟɩɛŬŰŬ ŬɡŰɐɠ Űɖɠ əŬŰɖɔɞɟɑŬɠ ŮɝɞɟɨůůɞɜŰŬɘ 

ůɡɜɐɗɤɠ ůŮ ɛɞɟűɐ ɧɔəɤɜ ɛɘəɟɩɜ ŭɘŬůŰɎůŮɤɜ, Ŭˊɧ Űɞɡɠ ɞˊɞɑɞɡɠ ɛŮ ɗɟŬɨůɖ/əɞˊɐ 

ˊŬɟɎɔɞɜŰŬɘ, ŮɑŰŮ ˊɚɎəŮɠ, ɧŰŬɜ Űɞ ˊɏŰɟɤɛŬ ˊŬɟɞɡůɘɎɕŮɘ Űɖɜ ŬˊŬɘŰɞɨɛŮɜɖ ůɢɘůŰɧŰɖŰŬ, 

ŮɑŰŮ ɚɘɗɞůɩɛŬŰŬ ˊɞɘəɑɚɤɜ ůɢɖɛɎŰɤɜ əŬɘ ŭɘŬůŰɎůŮɤɜ, ɧˊɤɠ əɡɓɧɚɘɗɞɘ ɔɘŬ 

ɚɘɗɞůŰɟɩůŮɘɠ, ɔɤɜɘɧɚɘɗɞɘ, ˊɏŰɟŮɠ ɚɘɗɞŭɞɛɩɜ ə.Ŭ. ɇŬ ŰŮɚɘəɎ ˊɟɞɥɧɜŰŬ Ŭˊɧ ˊŮŰɟɩɛŬŰŬ 

ŬɡŰɐɠ Űɖɠ əŬŰɖɔɞɟɑŬɠ ŮɛűŬɜɑɕɞɡɜ ůɡɜɐɗɤɠ ŰɟŬɢɘɏɠ Űɘɠ ŮˊɘűɎɜŮɘɏɠ Űɞɡɠ (ˊŮɚŮəɖɛɏɜŮɠ, 

ŬɛɛɞɓɞɚɘůɛɏɜŮɠ əɚˊ) əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əɡɟɑɤɠ ůŮ ɞɘəɞŭɞɛɘəɏɠ ŮɟɔŬůɑŮɠ. 

(ɇɕŮűɏɟɖɠ, 2017) 
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ȺɘəɧɜŬ 1.4: ɄɞɚɨɢɟɤɛŬ ́ɚŬəɑŭɘŬ Ŭˊɧ ɣŬɛɛɑŰɖ. (Ʉɖɔɐ: ȷɟɢŮɑɞ Űɞɡ Tradeindia.com, Rainbow Sandstone) 

 

1.3. Ⱥˊɘɛɏɟɞɡɠ ɉŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ūɡůɘəɩɜ ȹɘŬəɞůɛɖŰɘəɩɜ 

ɄŮŰɟɤɛɎŰɤɜ 

ɉɟɩɛŬ 

ɇŬ ɘŭɘŬɑŰŮɟŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ, ˊɞɡ ŭɘŬűɞɟɞˊɞɘɞɨɜ əŬŰŬɟɢɐɜ ɛŮŰŬɝɨ Űɞɡɠ ŰŬ 

ŭɘŬəɞůɛɖŰɘəɎ ˊŮŰɟɩɛŬŰŬ əŬɘ ŭɘŬɛɞɟűɩɜɞɡɜ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ Űɖɜ Ůɛˊɞɟɘəɐ Űɞɡɠ ŬɝɑŬ, 

ŮɑɜŬɘ ŬɡŰɎ ˊɞɡ ɞɜɞɛɎɕɞɜŰŬɘ ŬɘůɗɖŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ ŰŬ ɞˊɞɑŬ ůŮ ŬɟəŮŰɏɠ 

ˊŮɟɘˊŰɩůŮɘɠ ŮɑɜŬɘ ɡˊɞəŮɘɛŮɜɘəɎ. ɇɏŰɞɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ ŮɑɜŬɘ Űɞ ɢɟɩɛŬ, ŰŬ ɢɟɤɛŬŰɘəɎ 

ůɢɏŭɘŬ, ɖ ɢɟɤɛŬŰɘəɐ ˊɚɞəɐ, əŬɗɩɠ əŬɘ ɖ ɛɞɟűɐ Űɞɡ ɡɚɘəɞɨ, ŭɖɚŬŭɐ ɖ Ůɜ ɔɏɜŮɘ ŭɞɛɐ 

əŬɘ ɖ ŮɛűɎɜɘůɖ Űɞɡ, ˊɞɡ ŮɝŬɟŰɎŰŬɘ əŬɘ Ŭˊɧ Űɞ ɛɏɔŮɗɞɠ Űɤɜ əɧəəɤɜ/əɟɡůŰɎɚɚɤɜ Űɞɡ. 

ɇɞ ɢɟɩɛŬ Űɤɜ ŭɘŬəɞůɛɖŰɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ, ůɖɛŬɜŰɘəɧ ɢŬɟŬəŰɖɟɘůŰɘəɧ əŬɘ əɡɟɑŬɟɢɞ 

əɟɘŰɐɟɘɞ Ůˊɘɚɞɔɐɠ ůŮ ůɡɜŭɡŬůɛɧ əŬɘ ɛŮ Űɖɜ Űɘɛɐ, ŮɝŬɟŰɎŰŬɘ Ŭˊɧ ŰŬ ŭɘɎűɞɟŬ ɞɟɡəŰɎ 

ˊɞɡ ůɡɛɛŮŰɏɢɞɡɜ ůŰɖɜ ůɨůŰŬůɖ Űɞɡɠ. ɆŰɖɜ ŬɔɞɟɎ ŰŬ ŭɘɎűɞɟŬ ɡɚɘəɎ ŭɘŬəɟɑɜɞɜŰŬɘ, 

ŬɜɎɚɞɔŬ ɛŮ Űɞ Űɡˊɘəɧ Űɞɡɠ ɢɟɩɛŬ, ůŮ çɚŮɡəɧè, çɖɛɑɚŮɡəɞè, çɔəɟɘè, çɛŬɨɟɞè, çɛˊŮɕè, 

çəŬűɏè, çəɧəəɘɜɞè, çɟɞɕè, çˊɟɎůɘɜɞè ə.Ŭ ˊŬɟɧɚɞ ˊɞɡ Űɞ ˊɟŬɔɛŬŰɘəɧ Űɞɡɠ ɢɟɩɛŬ 

ɛˊɞɟŮɑ ɜŬ ˊŬɟɞɡůɘɎɕŮɘ ŭɘŬűɞɟɞˊɞɘɐůŮɘɠ Ŭˊɧ ŰŬ ˊŬɟŬˊɎɜɤ ɓŬůɘəɎ ɢɟɩɛŬŰŬ əŬɗɩɠ əŬɘ 

ŭɘŬəɡɛɎɜůŮɘɠ ůŰɖɜ Ŭˊɧɢɟɤůɖ. 

ɋůŰɧůɞ Űɞ ɢɟɩɛŬ Űɤɜ ŰŮɚɘəɩɜ ˊɟɞɥɧɜŰɤɜ Ŭˊɧ ɏɜŬ ůɡɔəŮəɟɘɛɏɜɞ ˊɏŰɟɤɛŬ, ɛˊɞɟŮɑ ɜŬ 

ŭɘŬűɞɟɞˊɞɘŮɑŰŬɘ, ŬɜɎɚɞɔŬ ɛŮ Űɞ Ůɑŭɞɠ əŬŰŮɟɔŬůɑŬɠ Űɤɜ ŮɛűŬɜɩɜ ŮˊɘűŬɜŮɘɩɜ. ũɘŬ 

ˊŬɟɎŭŮɘɔɛŬ, ɛŮ Űɖ ɚŮɑŬɜůɖ əŬɘ Űɖɜ ůŰɑɚɓɤůɖ Űɖɠ ŮˊɘűŬɜŮɑŬɠ, Űɞ ɢɟɩɛŬ ŬɜŬŭŮɘəɜɨŮŰŬɘ 

ˊŮɟɘůůɧŰŮɟɞ, ůŮ ůɨɔəɟɘůɖ ɛŮ Űɞ ɢɟɩɛŬ ŮˊɘűŬɜŮɑŬɠ Ŭˊɧ Űɞ ɑŭɘɞ ɡɚɘəɧ ˊɞɡ ŮɑɜŬɘ ŬˊɚɎ 

Űɟɘɛɛɏɜɞ. ɇɞ ɢɟɤɛŬŰɘəɧ ŬɘůɗɖŰɘəɧ ŬˊɞŰɏɚŮůɛŬ, Ůˊɞɛɏɜɤɠ ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ ˊɞɘəɑɚŮɠ 

ŭɘŬɓŬɗɛɑůŮɘɠ, ŬɜɎɚɞɔŬ ɛŮ Űɞ Ůɑŭɞɠ Űɖɠ əŬŰŮɟɔŬůɑŬɠ Űɖɠ ŮˊɘűɎɜŮɘŬɠ, ɘŭɘɧŰɖŰŬ ˊɞɡ 

ɛˊɞɟŮɑ ɜŬ ŬɝɘɞˊɞɘɖɗŮɑ əŬŰɎɚɚɖɚŬ ɔɘŬ ŭɘŬəɞůɛɖŰɘəɏɠ ŮűŬɟɛɞɔɏɠ. Ⱥˊɘˊɚɏɞɜ, ůŮ ˊɞɚɚɞɨɠ 
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Űɨˊɞɡɠ ˊŮŰɟɤɛɎŰɤɜ, ɖ ŭɘŮɨɗɡɜůɖ əɞˊɐɠ Űɤɜ ɧɔəɤɜ (əɞˊɐ çůŰŬ ɜŮɟɎè ɐ əɞˊɐ 

çəɧɜŰɟŬè) ɛˊɞɟŮɑ ɜŬ ŭɩůŮɘ ŭɘŬűɞɟɞˊɞɘɖɛɏɜɞ ɢɟɤɛŬŰɘəɧ ŬˊɞŰɏɚŮůɛŬ, ɘŭɘɧŰɖŰŬ ˊɞɡ 

ˊŬɟɞɡůɘɎɕŮɘ, Ůˊɑůɖɠ, ŮɜŭɘŬűɏɟɞɜ ůŮ ŭɘŬəɞůɛɖŰɘəɏɠ ˊɏŰɟŮɠ. 

ȷˊɧ ˊɚŮɡɟɎɠ ɢɟɩɛŬŰɞɠ, ŰŬ ŭɘŬəɞůɛɖŰɘəɎ ˊŮŰɟɩɛŬŰŬ ɢɤɟɑɕɞɜŰŬɘ ůŮ ŭɨɞ əŬŰɖɔɞɟɑŮɠ 

ŰŬ ɛɞɜɧɢɟɤɛŬ əŬɘ ŰŬ ˊɞɚɨɢɟɤɛŬ. Ƀɘ ˊɘɞ əɞɘɜɏɠ ŬˊɞɢɟɩůŮɘɠ Űɤɜ ɛɞɜɧɢɟɤɛɤɜ 

ˊŮŰɟɤɛɎŰɤɜ ŮɑɜŬɘ Űɞ ɚŮɡəɧ əŬɘ Űɞ ɔəɟɑɕɞ. ȿɘɔɧŰŮɟɞ ůɡɢɜɎ ůɡɜŬɜŰɩɜŰŬɘ ˊŮŰɟɩɛŬŰŬ 

ɛŮ ˊɟɎůɘɜɞ, əɑŰɟɘɜɞ, ɛŬɨɟɞ əŬɘ ɛˊɚŮ ɢɟɩɛŬ.  

ȿŮɡəɧ ɢɟɩɛŬ ˊɟɞůŭɑɜɞɡɜ ŰŬ ɎɢɟɞŬ ɞɟɡəŰɎ ŬůɓŮůŰɑŰɖɠ, ɎůŰɟɘɞɘ əŬɘ ɢŬɚŬɕɑŬɠ. ɆŰɘɠ 

ˊŮɟɘůůɧŰŮɟŮɠ ˊŮɟɘˊŰɩůŮɘɠ, Űɞ ɔŬɚŬəŰɩŭŮɠ ɚŮɡəɧ ɢɟɩɛŬ ŮɑɜŬɘ ůɡɜŬɟŰɩɛŮɜɞ ɛŮ Űɖɜ 

ŭɞɚɞɛɘŰɘəɐ ůɨůŰŬůɖ Űɞɡ ɛŬɟɛɎɟɞɡ. (ɇɕŮűɏɟɖɠ, 2015) 

ɃɜɞɛŬŰɞɚɞɔɑŬ 

ȳůɞɜ ŬűɞɟɎ Űɖɜ ɞɜɞɛŬŰɞɚɞɔɑŬ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ, ůŰɖɜ ŬɔɞɟɎ Űɤɜ ɏɢɞɡɜ əŬɗɘŮɟɤɗŮɑ 

ɜŬ ɞɜɞɛŬŰɑɕɞɜŰŬɘ ŰŬ ŭɘɎűɞɟŬ ɡɚɘəɎ Ŭˊɧ Űɘɠ ŮˊɘɢŮɘɟɐůŮɘɠ ˊɞɡ ŰŬ ˊŬɟɎɔɞɡɜ ɐ ŰŬ 

ŮɛˊɞɟŮɨɞɜŰŬɘ, ɛŮ ɞɜɧɛŬŰŬ ŰŬ ɞˊɞɑŬ ŮɑŰŮ ˊŬɟŬˊɏɛˊɞɡɜ ůŰɖɜ ˊŮɟɘɞɢɐ ɧˊɞɡ ŮɝɞɟɨůůŮŰŬɘ 

Űɞ ˊɏŰɟɤɛŬ, ŮɑŰŮ ŮɑɜŬɘ ɞɜɧɛŬŰŬ əŬɗŬɟɩɠ ŮɛˊɞɟɘəɎ ɛŮ Űɖɜ ɏɜɜɞɘŬ Űɞɡ çbrand nameè 

(Ůˊɩɜɡɛɞ ˊɟɞɥɧɜ), ɩůŰŮ Űɞ əɎɗŮ ɡɚɘəɧ ɜŬ ŬˊɞəŰɐůŮɘ Űɖ ŭɘəɐ Űɞɡ ŰŬɡŰɧŰɖŰŬ. ȼ 

ˊɚɖɗɩɟŬ Űɤɜ ɡɚɘəɩɜ ɧɛɤɠ ˊɞɡ ŭɘŬŰɑɗŮɜŰŬɘ ůŰɖɜ ŬɔɞɟɎ, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ˊɚɖɗɩɟŬ 

Ůɛˊɞɟɘəɩɜ ɞɜɞɛɎŰɤɜ. ˊɞɡ ůŮ ˊɞɚɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ Ŭűɞɟɞɨɜ Űɞ ɑŭɘɞ ɡɚɘəɧ ɐ ůŮ ŭɘŬɚɞɔɏɠ 

Űɞɡ ɑŭɘɞɡ ɡɚɘəɞɨ, ŭɖɛɘɞɡɟɔŮɑ ůɨɔɢɡůɖ ůŰɖɜ ŬɔɞɟɎ. ȼ ůɨɔɢɡůɖ ŮˊɘŰŮɑɜŮŰŬɘ ˊŮɟŬɘŰɏɟɤ, 

ɧŰŬɜ Űɞ ɧɜɞɛŬ Űɞɡ ɡɚɘəɞɨ ŭŮ ˊɟɞůŭɘɞɟɑɕŮɘ Űɞɜ Űɨˊɞ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ, ˊɞɡ ůŮ ˊɞɚɚɏɠ 

ˊŮɟɘˊŰɩůŮɘɠ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɔɜɤůŰɧɠ ůŰɞɜ ŰŮɢɜɘəɧ əɧůɛɞ Űɞɡ ŰɞɛɏŬ Űɤɜ əŬŰŬůəŮɡɩɜ, 

ˊɞɡ ŮˊɘɚɏɔŮɘ ɡɚɘəɎ ɔɘŬ ŭɘɎűɞɟŮɠ ŮűŬɟɛɞɔɏɠ. 

ɆŮ ɛɘŬ ˊɟɞůˊɎɗŮɘŬ ɜŬ ŬɜŰɘɛŮŰɤˊɘůŰŮɑ Űɞ ˊŬɟŬˊɎɜɤ ɗɏɛŬ ɏŰůɘ ɩůŰŮ Űɞ ɧɜɞɛŬ Űɞɡ əɎɗŮ 

ɡɚɘəɞɨ ɜŬ ŬˊɞŭɑŭŮɘ ˊɚɖɟɏůŰŮɟŬ Űɖɜ ŰŬɡŰɧŰɖŰŬ Űɞɡ, ůɡɜŰɎɢɗɖəŮ ɖ ˊɟɧŰɡˊɖ ŮɡɟɤˊŬɥəɐ 

ˊɟɞŭɘŬɔɟŬűɐ ȺɁ 12440:2000 ɖ ɞˊɞɑŬ əŬɗɘŮɟɩɜŮɘ Űɡˊɘəɧ ɧɜɞɛŬ ɔɘŬ ŰŬ ŭɘŬəɞůɛɖŰɘəɎ 

ˊŮŰɟɩɛŬŰŬ, Űɞ ɞˊɞɑɞ ɓŬůɑɕŮŰŬɘ ůŮ ůɡɔəŮəɟɘɛɏɜŬ əɟɘŰɐɟɘŬ ɞɜɞɛŬŰɞɚɞɔɑŬɠ Űɤɜ űɡůɘəɩɜ 

ɚɑɗɤɜ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɖ ˊŬɟŬˊɎɜɤ ˊɟɞŭɘŬɔɟŬűɐ ˊɟɞɓɚɏˊŮɘ ɧŰɘ ɔɘŬ əɎɗŮ ɡɚɘəɧ, 

ˊɏɟŬ Ŭˊɧ Űɞ Ůɛˊɞɟɘəɧ Űɞɡ ɧɜɞɛŬ, ˊɟɏˊŮɘ ɜŬ ɞɟɑɕŮŰŬɘ ůŰɘɠ Ůɛˊɞɟɘəɏɠ ůɡɜŬɚɚŬɔɏɠ əŬɘ Űɞ 

Űɡˊɘəɧ Űɞɡ ɧɜɞɛŬ, ŭɖɚŬŭɐ ɏɜŬ ůɨɜɗŮŰɞ ɧɜɞɛŬ, Űɞ ɞˊɞɑɞ ɗŬ ˊɟɏˊŮɘ ɜŬ ˊŮɟɘɚŬɛɓɎɜŮɘ 

ɧɟɞɡɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ : 

Á  Űɞ ŮˊɘůŰɖɛɞɜɘəɧ ɧɜɞɛŬ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ, ɧˊɤɠ ŬɡŰɧ əŬɗɞɟɑɕŮŰŬɘ Ŭˊɧ ŰŬ 

ˊŮŰɟɞɔɟŬűɘəɎ Űɞɡ ɢŬɟŬəŰɖɟɘůŰɘəɎ, 

Á  Űɞ Űɡˊɘəɧ ɢɟɩɛŬ Űɞɡ ɡɚɘəɞɨ, 

Á Űɖ ɗɏůɖ Űɞɡ ɚŬŰɞɛŮɑɞɡ Ůɝɧɟɡɝɖɠ, ɖ ɞˊɞɑŬ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɧůɞ ɔɑɜŮŰŬɘ ˊɘɞ Ŭəɟɘɓɐɠ 

Á ɎɚɚŬ ɘŭɘŬɑŰŮɟŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ, ɧˊɤɠ ŮɑɜŬɘ ɖ ˊŬɟɞɡůɑŬ űɚŮɓɩɜ, ɖ ɡűɐ, ɖ 

ɔŮɤɚɞɔɘəɐ ɖɚɘəɑŬ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ ə.Ŭ. (ɇɕŮűɏɟɖɠ, 2017) 

ɋůŰɧůɞ ůŰɖɜ ˊɟɎɝɖ əŬɘ ůŮ ŭɘŮɗɜɏɠ ŮˊɑˊŮŭɞ, ɖ ˊŬɟŬˊɎɜɤ ˊɟɞŭɘŬɔɟŬűɐ ŮɚɎɢɘůŰŬ 

ŮűŬɟɛɧɕŮŰŬɘ ɛɏɢɟɘ ůɐɛŮɟŬ ŰɞɡɚɎɢɘůŰɞɜ ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɞ ŰŮɢɜɘəɧɠ əɧůɛɞɠ ɜŬ 

ɢɟŮɘɎɕŮŰŬɘ, ɧŰŬɜ ŬɡŰɧ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ, ɜŬ ŬűɘŮɟɩɜŮɘ ɢɟɧɜɞ ɔɘŬ ɜŬ ˊɟɞůŭɘɞɟɑůŮɘ ɛŮ 

ŬəɟɑɓŮɘŬ Űɖɜ ŰŬɡŰɧŰɖŰŬ ŭɘŬűɧɟɤɜ ɜɏɤɜ ɡɚɘəɩɜ ˊɞɡ ˊɟɞɏɟɢɞɜŰŬɘ Ŭˊɧ ŭɘɎűɞɟŮɠ ɢɩɟŮɠ. 
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1.4. ɇŬ ūɡůɘəɎ ȹɘŬəɞůɛɖŰɘəɎ ɄŮŰɟɩɛŬŰŬ ůŰɞɜ ȺɚɚŬŭɘəɧ 

ɢɩɟɞ 

ȼ ȺɚɚɎŭŬ, ɛɘŬ ɢɩɟŬ ɛŮ ˊɚɞɨůɘɞ ɔŮɤɚɞɔɘəɧ ɡˊɧɓŬɗɟɞ əŬɘ ɢɘɚɘŮŰɐ ɘůŰɞɟɑŬ ůŰɖ ɢɟɐůɖ 

űɡůɘəɩɜ ɚɑɗɤɜ, ŬˊɞŰŮɚŮɑ ɏɜŬɜ Ŭˊɧ Űɞɡɠ ůɖɛŬɜŰɘəɧŰŮɟɞɡɠ ˊŬɟŬɔɤɔɞɨɠ ŭɘŬəɞůɛɖŰɘəɩɜ 

ˊŮŰɟɤɛɎŰɤɜ ůŰɞɜ əɧůɛɞ. ȷˊɧ ŰŬ ˊŮɟɑűɖɛŬ ɛɎɟɛŬɟŬ Űɖɠ ŬɟɢŬɘɧŰɖŰŬɠ ɛɏɢɟɘ Űɖ 

ůɨɔɢɟɞɜɖ ɛŬɟɛŬɟɞɓɘɞɛɖɢŬɜɑŬ əŬɘ Űɖɜ ŮɝŬɔɤɔɘəɐ Űɖɠ ŭɡɜŬɛɘəɐ, ŰŬ ŭɘŬəɞůɛɖŰɘəɎ 

ˊŮŰɟɩɛŬŰŬ ŭɘŬŭɟŬɛŬŰɑɕɞɡɜ əŬɗɞɟɘůŰɘəɧ ɟɧɚɞ ůŰɖɜ ɞɘəɞɜɞɛɑŬ, Űɖɜ ŬɟɢɘŰŮəŰɞɜɘəɐ əŬɘ 

Űɖɜ ŰŬɡŰɧŰɖŰŬ Űɞɡ Ůɚɚɖɜɘəɞɨ ˊɞɚɘŰɘůɛɞɨ. 

 

1.4.1. ȽůŰɞɟɘəɐ əŬɘ ɄɞɚɘŰɘůŰɘəɐ ɆɡɜŮɘůűɞɟɎ 

ȼ ɢɟɐůɖ Űɞɡ ɛŬɟɛɎɟɞɡ əŬɘ Ɏɚɚɤɜ űɡůɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ ůŰɖɜ ȺɚɚɎŭŬ ŬɜɎɔŮŰŬɘ ɐŭɖ 

Ŭˊɧ Űɞɡɠ ˊɟɞɥůŰɞɟɘəɞɨɠ ɢɟɧɜɞɡɠ, ɛŮ ŮɜŰɡˊɤůɘŬəɎ ŭŮɑɔɛŬŰŬ ůŰɖ ɀɘɜɤɘəɐ əŬɘ 

ɀɡəɖɜŬɥəɐ ŬɟɢɘŰŮəŰɞɜɘəɐ. ɋůŰɧůɞ, əŬŰɎ Űɖɜ ȾɚŬůɘəɐ ˊŮɟɑɞŭɞ (5ɞɠ Ŭɘ. ˊ.ɉ.) űŰɎɜŮɘ 

ůŰɖɜ ŬˊɧɚɡŰɖ Ŭəɛɐ Űɞɡ. ɇɞ ɄŮɜŰŮɚɘəɧ əŬɘ Űɞ ɄŬɟɘŬɜɧ ɛɎɟɛŬɟɞ ŬˊɞŰɏɚŮůŬɜ Űɞ çɚŮɡəɧ 

ɢɟɡůɧè Űɤɜ ȷɗɖɜɩɜ əŬɘ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ůŰɖɜ əŬŰŬůəŮɡɐ ŮɛɓɚɖɛŬŰɘəɩɜ ɛɜɖɛŮɑɤɜ 

ɧˊɤɠ ɞ ɄŬɟɗŮɜɩɜŬɠ əŬɘ ɞ ɁŬɧɠ Űɖɠ ȷɗɖɜɎɠ Ɂɑəɖɠ.  

ȼ ŬɘůɗɖŰɘəɐ ŰŮɚŮɘɧŰɖŰŬ əŬɘ ɖ űɡůɘəɐ ŬɜŰɞɢɐ Űɞɡ Ůɚɚɖɜɘəɞɨ ɛŬɟɛɎɟɞɡ ŮɜɏˊɜŮɡůŬɜ 

əŬɚɚɘŰɏɢɜŮɠ ɧˊɤɠ ɞ ūŮɘŭɑŬɠ əŬɘ ɞ ɄɟŬɝɘŰɏɚɖɠ, Ůɜɩ Ŭəɧɛɖ əŬɘ ůŰɖ ɅɤɛŬɥəɐ əŬɘ 

ȸɡɕŬɜŰɘɜɐ ˊŮɟɑɞŭɞ, ɖ ɢɟɐůɖ Ůɚɚɖɜɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ ůɡɜɏɢɘůŮ ɜŬ əɡɟɘŬɟɢŮɑ. ɄɏɟŬ Ŭˊɧ 

Űɖɜ əŬŰŬůəŮɡɐ ɜŬɩɜ əŬɘ ŬɔŬɚɛɎŰɤɜ, ŰŬ ŭɘŬəɞůɛɖŰɘəɎ ˊŮŰɟɩɛŬŰŬ ɡˊɐɟɝŬɜ əŮɜŰɟɘəɎ 

ůŰɖɜ ŬůŰɘəɐ ŬɟɢɘŰŮəŰɞɜɘəɐ, Űɘɠ ůŬɟəɞűɎɔɞɡɠ, ŰŬ ŭɎˊŮŭŬ ɣɖűɘŭɤŰɩɜ əŬɘ Űɘɠ ˊɟɞůɧɣŮɘɠ 

ŭɖɛɧůɘɤɜ əŰɖɟɑɤɜ. 

ɄŬɟɑŬ ȿɑɗɞɠ ï ɇɞ ɝŮɢɤɟɘůŰɧ ɚŮɡəɧ ɛɎɟɛŬɟɞ Űɖɠ ɄɎɟɞɡ 

ȼ ɄŬɟɑŬ ȿɑɗɞɠ ɐŰŬɜ ůŰɖɜ ŬɟɢŬɘɧŰɖŰŬ Űɞ ˊŮɟɑűɖɛɞ əŬɘ ˊŮɟɘɕɐŰɖŰɞ ɚŮɡəɧ ɛɎɟɛŬɟɞ Űɖɠ 

ɄɎɟɞɡ Űɞ ɞˊɞɑɞ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŰɖɜ ŬɟɢɘŰŮəŰɞɜɘəɐ, ŬɚɚɎ əɡɟɑɤɠ ůŰɖɜ ɔɚɡˊŰɘəɐ Űɖɠ 

əɚŬůɘəɐɠ Ůˊɞɢɐɠ. 

ɇɞ ɛɎɟɛŬɟɞ ɄɎɟɞɡ, ɚɧɔɤ Űɞɡ ˊɎɚŮɡəɞɡ ɢɟɩɛŬŰɧɠ Űɞɡ ˊɟɞŰɘɛɐɗɖəŮ ɘŭɘŬɑŰŮɟŬ ůŰɖ 

ŭɖɛɘɞɡɟɔɑŬ ˊɞɚɚɩɜ ɔɚɡˊŰɩɜ ŬɚɚɎ əŬɘ ůŰɖɜ Ŭɜɞɘəɞŭɧɛɖůɖ ŬɟɢŬɑɤɜ ɜŬɩɜ. ɇɞ ɘŭɘŬɑŰŮɟɞ 

ɢŬɟŬəŰɖɟɘůŰɘəɧ ˊɞɡ ˊŬɟɞɡůɘɎɕŮɘ Űɞ ɛɎɟɛŬɟɞ Űɖɠ ɄɎɟɞɡ, ˊɞɡ ŭɘəŬɘɞɚɞɔɖɛɏɜŬ Űɞ 

əŬɗɘůŰɎ ɛɞɜŬŭɘəɧ ůŰɞɜ əɧůɛɞ ŮɑɜŬɘ ɖ ŭɘŬɨɔŮɘŬ əŬɘ ɖ ŭɘŬűɎɜŮɘɎ Űɞɡ ˊɞɡ űɗɎɜŮɘ ůŮ 

ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ Ŭəɧɛɖ əŬɘ ŰŬ 30 ɢɘɚɘɞůŰɎ, ɧˊɞɡ ˊŮɟɜɩɜŰŬɠ ɏŰůɘ Űɞ űɤɠ ɢŬɟɑɕŮɘ 

ŬɡŰɐ Űɖ ɛɞɜŬŭɘəɧŰɖŰŬ. Ɉˊɧɣɖ ɧŰɘ ɖ ŭɘŬűɎɜŮɘŬ Űɞɡ ˊŮɜŰŮɚɘəɞɨ ɛŬɟɛɎɟɞɡ ŭŮɜ 

ɝŮˊŮɟɜɎŮɘ Űɞ 1,5 ŮəŬŰɞůŰɧ. 

ɀŮ ˊŬɟɘŬɜɧ ɛɎɟɛŬɟɞ, ˊɞɡ ŮɑɜŬɘ əŬɗŬɟɧŰŬŰɞ ůɢŮŭɧɜ ŭɘɎűŬɜɞ, ůəŬɚɑůŰɖəŬɜ ŰŬ 

ůˊɞɡŭŬɘɧŰŮɟŬ ŬɟɘůŰɞɡɟɔɐɛŬŰŬ Űɖɠ ŬɟɢŬɑŬɠ Ⱥɚɚɖɜɘəɐɠ ɔɚɡˊŰɘəɐɠ. Ƀ Ⱥɟɛɐɠ Űɞɡ 

ɄɟŬɝɘŰɏɚɖ, ɖ ȷűɟɞŭɑŰɖ Űɖɠ ɀɐɚɞɡ, ɖ Ɂɑəɖ Űɖɠ ɆŬɛɞɗɟɎəɖɠ, ɖ Ɂɑəɖ Űɞɡ ɄŬɘɤɜɑɞɡ əŬɘ 

ɞɘ ˊŮɟɑűɖɛŮɠ əɧɟŮɠ Űɞɡ ȺɟŮɢɗŮɑɞɡ Űɖɠ ȷəɟɧˊɞɚɖɠ, ɞɘ ȾŬɟɡɎŰɘŭŮɠ. (ɀŬɡɟŬɔɎɜɖɠ, 

2024) 

ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ Űɞ ɛɎɟɛŬɟɞ ɄɎɟɞɡ ŮɑɜŬɘ Ůˊɑůɖɠ ɔɜɤůŰɧ əŬɘ ɛŮ Űɖɜ ɞɜɞɛŬůɑŬ 

"ɚɡɢɜɑŰɖɠ", ɖ ɞˊɞɑŬ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɞ ɚɡɢɜɎɟɘ, əŬɗɩɠ ɖ Ůɝɧɟɡɝɐ Űɞɡ ɔɘɜɧŰŬɜ 

ɡˊɞɔŮɑɤɠ, ɛŮ űɤŰɘůɛɧ Ŭˊɧ ɚɡɢɜɎɟɘŬ. 

https://el.wikipedia.org/wiki/%CE%94%CE%B9%CE%B1%CF%8D%CE%B3%CE%B5%CE%B9%CE%B1
https://el.wikipedia.org/wiki/%CE%94%CE%B9%CE%B1%CF%86%CE%AC%CE%BD%CE%B5%CE%B9%CE%B1
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ȺɘəɧɜŬ 1.5: ȹŮɑɔɛŬ ȿŮɡəɞɨ ɀŬɟɛɎɟɞɡ Űɖɠ ɄɎɟɞɡ Ŭˊɧ Űɖ ůɡɚɚɞɔɐ Űɞɡ ȺɟɔŬůŰɖɟɑɞɡ çȿȽŪɃɆè. (Ʉɖɔɐ: Ʉɟɞůɤˊɘəɧ 

ŬɟɢŮɑɞ) 

1.4.2. ȼ Ɇɨɔɢɟɞɜɖ ɀŬɟɛŬɟɞɓɘɞɛɖɢŬɜɑŬ ůŰɖɜ ȺɚɚɎŭŬ 

ɀɎɟɛŬɟɞ, ɛŮ Űɖɜ əŬŰŮɝɞɢɐɜ ˊŮŰɟɞɚɞɔɘəɐ ɏɜɜɞɘŬ Űɞɨ ɧɟɞɡ, ɗŮɤɟŮɑŰŬɘ əɎɗŮ ˊɏŰɟɤɛŬ 

ˊɞɨ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɖ ɛŮŰŬɛɧɟűɤůɖ ŬɜɗɟŬəɘəɩɜ ɘɕɖɛŬŰɞɔŮɜɩɜ ˊŮŰɟɤɛɎŰɤɜ 

(ŬůɓŮůŰɧɚɘɗɤɜ əŬɘ  ŭɞɚɞɛɘŰɩɜ). ɆŰɖɜ ŰŮɢɜɘəɐ, Ůɛˊɞɟɘəɐ əŬɘ ɜɞɛɘəɐ ɔɚɩůůŬ ɧɛɤɠ, ɞ 

ɧɟɞɠ çɛɎɟɛŬɟɞè ŮɑɜŬɘ ŮɡɟɨŰŮɟɞɠ əŬɘ ˊŮɟɘɚŬɛɓɎɜŮɘ əɎɗŮ ˊɏŰɟɤɛŬ ˊɞɨ ŮˊɘŭɏɢŮŰŬɘ əɞˊɐ, 

ɚŮɑŬɜůɖ əŬɘ ůŰɑɚɓɤůɖ. ɇɞ ɛɎɟɛŬɟɞ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ əɡɟɑɤɠ ɔɘŬ ŭɘŬəɞůɛɖŰɘəɞɨɠ 

ůəɞˊɞɨɠ Ůɜɩ ŰŬ ˊŬɟŬˊɟɞɥɧɜŰŬ Űɖɠ Ůɝɧɟɡɝɐɠ Űɞɡ  ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ  ůŰɖ ɓɘɞɛɖɢŬɜɑŬ 

(ˊɢ. ˊɚɖɟɤŰɘəɎ ə.Ŭ) əŬɘ ŰŬ ɡˊɞˊɟɞɥɧɜŰŬ Űɞɡ (ˊɢ. ɛŬɟɛŬɟɧůəɞɜɖ) ɤɠ ŭɞɛɘəɎ ɡɚɘəɎ ɐ 

əŬɘ ɤɠ ŬŭɟŬɜɐ ɡɚɘəɎ. 

ȼ ȺɚɚɎŭŬ ŮɑɜŬɘ ɛɘŬ Ŭˊɧ Űɘɠ ůˊɞɡŭŬɘɧŰŮɟŮɠ ɛŬɟɛŬɟɞˊŬɟŬɔɤɔɞɨɠ ɢɩɟŮɠ Űɞɡ əɧůɛɞɡ. ȼ 

ŮŰɐůɘŬ ˊŬɟŬɔɤɔɐ ɞɔəɞɛŬɟɛɎɟɤɜ Űɘɠ ŰŮɚŮɡŰŬɑŮɠ ŭŮəŬŮŰɑŮɠ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 200 ɏɤɠ 350 

ɢɘɚɘɎŭŮɠ əɡɓɘəɎ ɛɏŰɟŬ. ɇŬ ŬˊɞɗɏɛŬŰŬ ɔɘŬ ŰŬ ůˊɞɡŭŬɘɧŰŮɟŬ ŮɚɚɖɜɘəɎ ɛɎɟɛŬɟŬ ŮɑɜŬɘ 

ůɢŮŭɧɜ ŬɜŮɝɎɜŰɚɖŰŬ. ȼ ȺɚɚɎŭŬ ŭɘŬɗɏŰŮɘ Űɨˊɞɡɠ ɛŬɟɛɎɟɤɜ, ˊɞɨ ɧɛɞɘɎ Űɞɡɠ ŭŮɜ 

ɡˊɎɟɢɞɡɜ ůŰɖɜ ˊŬɔəɧůɛɘŬ ŬɔɞɟɎ (ɢɘɞɜɧɚŮɡəɞ ŪɎůɞɡ, ůɘˊɞɚɚɘɜɞɛɎɟɛŬɟɞ Ɂ. ȺɨɓɞɘŬɠ, 

ˊɞɚɨɢɟɤɛɞ ɛɎɟɛŬɟɞ Ɇəɨɟɞɡ əŰɚ.). ȹɘŬɗɏŰŮɘ Ŭəɧɛɖ Űɖ ɛŮɔŬɚɨŰŮɟɖ ˊɞɘəɘɚɑŬ ɚŮɡəɩɜ 

ɛŬɟɛɎɟɤɜ ůŰɞɜ əɧůɛɞ (ɄŮɜŰɏɚɖɠ, ŪɎůɞɡ, ɄɎɟɞɡ, ɁɎɝɞɡ, ȸɏɟɞɘŬɠ, ȾɞɕɎɜɖɠ əŰɚ.) 

ˊɞɨ, ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɘɠ ˊŮɟɘɞɟɘůɛɏɜŮɠ ˊɞůɧŰɖŰŮɠ ɚŮɡəɩɜ ɛŬɟɛɎɟɤɜ Űɐɠ ŭɘŮɗɜɞɨɠ 

ŬɔɞɟɎɠ, ŰŬ əɎɜɞɡɜ ˊŮɟɘɕɐŰɖŰŬ. 

ȼ ȺɚɚɎŭŬ ɗŮɤɟŮɑŰŬɘ ɖ ɢɩɟŬ ɛŮ Űɖ ɛŮɔŬɚɨŰŮɟɖ ˊɞɘəɘɚɑŬ ůŮ ŬɜɞɘɢŰɎ əŬɘ ŬɜɞɘɢŰɧɢɟɤɛŬ 

ɛɎɟɛŬɟŬ. ȺəŰɧɠ Ŭˊɧ ŰŬ ɚŮɡəɎ əŬɘ ŰŬ ɡˊɧɚŮɡəŬ, ɡˊɎɟɢɞɡɜ əŬɘ ˊɞɚɚɞɑ Űɨˊɞɘ 

ɢɟɤɛŬŰɘůŰɩɜ ɛŬɟɛɎɟɤɜ, ɧˊɤɠ ɔəɟɘ, ˊɟɎůɘɜŬ, ɛŬɨɟŬ, əɧəəɘɜŬ əɚˊ. ȺɟɔŬůŰɖɟɘŬəɏɠ 

ŭɞəɘɛɏɠ ɏɢɞɡɜ ŭŮɑɝŮɘ ˊɤɠ ŰŬ ŮɚɚɖɜɘəɎ ɛɎɟɛŬɟŬ ɢŬɟŬəŰɖɟɑɕɞɜŰŬɘ Ŭˊɧ ŮɝŬɘɟŮŰɘəɏɠ 

ɘŭɘɧŰɖŰŮɠ əŬɘ ɛˊɞɟɞɨɜ ɜŬ ŬɜŰŬˊɞəɟɘɗɞɨɜ ůŮ əŬŰŬůəŮɡɏɠ ɡɣɖɚɩɜ ˊɟɞŭɘŬɔɟŬűɩɜ. 

ɃɟɘůɛɏɜŬ Ŭˊɧ ŰŬ ɚŮɡəɎ ŮɚɚɖɜɘəɎ ɛɎɟɛŬɟŬ ɗŮɤɟɞɨɜŰŬɘ Ŭˊɧ ŰŬ əŬɚɨŰŮɟŬ ůŰɞɜ əɧůɛɞ. 

ɋůŰɧůɞ, ɡˊɎɟɢŮɘ ɏɜŬ Ŭəɧɛɖ ůŰɞɘɢŮɑɞ ˊɞɡ ŮɜɘůɢɨŮɘ Űɖ ůɖɛŬɜŰɘəɧŰɖŰɎ Űɞɡɠ: ɇŬ 

ŬˊɞɗɏɛŬŰŬ Űɤɜ əɞɘŰŬůɛɎŰɤɜ ɛŬɟɛɎɟɤɜ ůŰɖɜ ȺɚɚɎŭŬ ɗŮɤɟɞɨɜŰŬɘ ŰŮɟɎůŰɘŬ. ȷɟəŮŰɞɑ 

ɛɎɚɘůŰŬ ŰŬ ɗŮɤɟɞɨɜ əŬɘ ˊɟŬəŰɘəɎ ŬɜŮɝɎɜŰɚɖŰŬ. 
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ɇŬ ůˊɞɡŭŬɘɧŰŮɟŬ ɛŬɟɛŬɟɞűɧɟŬ əɞɘŰɎůɛŬŰŬ ŬɜɎɚɞɔŬ ɛŮ Űɞ ɢɟɩɛŬ, Űɖɜ ŰɎɝɖ ɛŮɔɏɗɞɡɠ 

Ŭˊɧ ˊɚŮɡɟɎɠ ŬˊɞɗŮɛɎŰɤɜ əŬɘ Űɖɜ ŮɛˊɞɟɘəɧŰɖŰɎ Űɞɡɠ, ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 

Á ȿŮɡəɎ: ɄŮɜŰɏɚɖɠ, ŪɎůɞɡ, ɄɎɟɞɡ, ɁɎɝɞɡ, ȸɏɟɞɘŬɠ, ȾɞɕɎɜɖɠ. 

Á ȼɛɑɚŮɡəŬ ɤɠ ŰŮűɟɎ: ȸɧɚɞɡ, ȾɞɕɎɜɖɠ, ȾŬɓɎɚŬɠ, óȷŰŰɘəɐɠ, ɆŮɟɟɩɜ. 

Á ũəɟɑɕŬ ɤɠ ɛŬɨɟŬ: ȯɚɘɓŮɟɑɞɡ, ȸɡŰɑɜŬɠ, ɇɟɑˊɞɚɖɠ, ȹɟɎɛŬɠ, Ⱦɞɟɑɜɗɞɡ. 

Á ɀˊŮɕ ɤɠ əŬűɏ: óȽɤŬɜɜɑɜɤɜ, ȷɟɔɞɚɑŭŬɠ, ɇɟɞɘɕɖɜɑŬɠ, Ūɖɓɩɜ. 

Á Ʌɞɕ ɤɠ əɧəəɘɜŬ: ȺɨɓɞɘŬ, ɀŬɔɜɖůɑŬɠ, Ⱦɘɚəɑɠ, ŪŮůůŬɚɞɜɑəɖɠ, ɉŬɚəɘŭɘəɐɠ. 

Á ɄɟɎůɘɜŬ: ȿɎɟɘůŬɠ, ɁɧŰɘŬɠ ȺɡɓɞɑŬɠ, ȸɏɟɞɘŬɠ, ɇɐɜɞɡ, ɁɎɞɡůŬɠ. 

Á ɄɞɚɨɢɟɤɛŬ: Ɇəɨɟɞɡ, ȷɟɔɞɚɑŭŬɠ, ȿɏůɓɞɡ. (ɇɕŮűɏɟɖɠ, 2016) 

 

 

ȺɘəɧɜŬ 1.6: ȯŰɚŬɜŰŬɠ Űɤɜ əɡɟɘɧŰŮɟɤɜ ŭɘŬəɞůɛɖŰɘəɩɜ əŬɘ ŭɞɛɘəɩɜ ɚɑɗɤɜ Űɖɠ ȺɚɚɎŭŬɠ. (Ʉɖɔɐ: ȺɟɔŬůŰɐɟɘɞ 

çȿȽŪɃɆè, 2015)  
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ɇɞ Ůɚɚɖɜɘəɧ ɛɎɟɛŬɟɞ ɏɢŮɘ ˊɚɏɞɜ əŬɗɘŮɟɤɗŮɑ ůŰɖɜ ˊŬɔəɧůɛɘŬ ŬɔɞɟɎ əŬɘ ˊɞɚɚɎ 

ŮɚɚɖɜɘəɎ ɚŬŰɞɛŮɑŬ ŮɑɜŬɘ ɐŭɖ ɔɜɤůŰɎ ŭɘŮɗɜɩɠ ɛŮ Űɞ ɧɜɞɛɎ Űɞɡɠ. ɆŰɖɜ ȺɚɚɎŭŬ ɖ 

ɓɘɞɛɖɢŬɜɑŬ ɛŬɟɛɎɟɞɡ ŬɜŬˊŰɨůůŮŰŬɘ ůɡɜŮɢɩɠ. ȺˊŮɜŭɨůŮɘɠ ɡɣɖɚɐɠ ŰŮɢɜɞɚɞɔɑŬɠ 

ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ, ɜɏŬ ɚŬŰɞɛŮɑŬ ɝŮəɘɜɞɨɜ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ, Ůɜɩ ŬɟəŮŰɏɠ ŮɑɜŬɘ ɞɘ 

ɎŭŮɘŮɠ ɔɘŬ Űɖɜ ɏɜŬɟɝɖ Űɤɜ ŮɝɞɟɨɝŮɤɜ ˊɞɡ ɓɟɑůəɞɜŰŬɘ ůŮ ŬɜŬɛɞɜɐ. 

ɀɞɚŬŰŬɨŰŬ, ɞɘ  ɛŬɟɛŬɟɞűɧɟŮɠ ˊŮɟɘɞɢɏɠ Űɖɠ ɢɩɟŬɠ ɏɢɞɡɜ ŮɟŮɡɜɖɗŮɑ Ůɚɚɘˊɩɠ əŬɘ ɐ 

Ůˊɘɚɞɔɐ Űɤɜ ɗɏůŮɤɜ ɔɘŬ Űɖ ŭɘɎɜɞɘɝɖ ɚŬŰɞɛŮɑɤɜ ɔɑɜŮŰŬɘ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ ŮɛˊŮɘɟɘəɎ. ɇɞ 

ŭɘəŬɑɤɛŬ ůŰɖɜ ɏɟŮɡɜŬ ˊɞɡ ŮəɢɤɟŮɑŰŬɘ ůɐɛŮɟŬ ŬˊɞůəɞˊŮɑ ˊŮɟɘůůɧŰŮɟɞ ůŰɖɜ ŭɏůɛŮɡůɖ 

Űɤɜ ɢɩɟɤɜ ˊŬɟɎ ůŰɖɜ ɞɡůɘŬůŰɘəɐ ɏɟŮɡɜŬ.  ȼ ŮəɛŮŰɎɚɚŮɡůɖ Űɤɜ ˊŮɟɘůůɧŰŮɟɤɜ 

əɞɘŰŬůɛɎŰɤɜ ŮɑɜŬɘ ŮɡəŬɘɟɘŬəɐ, ˊŮɟɘůŰŬůɘŬəɐ əŬɘ ŬɜŰɘɞɟɗɞɚɞɔɘəɐ. ȼ ŰŮɢɜɞɚɞɔɘəɐ 

ůŰɎɗɛɖ əŬɘ ůɡɔəɟɧŰɖůɖ Űɤɜ ˊŮɟɘůůɧŰŮɟɤɜ ɚŬŰɞɛɘəɩɜ əŬɘ ɛŬɟɛŬɟɞɓɘɞɛɖɢŬɜɘəɩɜ 

ɛɞɜɎŭɤɜ, ŮəŰɧɠ ɞɟɘůɛɏɜɤɜ ŮɝŬɘɟɏůŮɤɜ, ŮɑɜŬɘ ɔŮɜɘəɎ ɢŬɛɖɚɐ əŬɘ ŰŬ əɞůŰɞɚɧɔɘŬ 

ɛŮɔɎɚŬ. Ⱦɘ Ůɜɩ Űɞ ɛɎɟɛŬɟɞ ɤɠ űɡůɘəɧ ɡɚɘəɧ ɡˊɞəŬɗɘůŰɎ ůŰɖɜ ɞɘəɞŭɞɛɘəɐ ɎɚɚŬ ɡɚɘəɎ 

(ɝɨɚɞ, ˊɚŬůŰɘəɎ, əŮɟŬɛɘəɎ əŰɚ.), ŬɜɞɑɔɞɜŰŬɠ ɛŮɔɎɚŮɠ ˊɟɞɞˊŰɘəɏɠ ɔɘŬ Űɖɜ ˊŬɟŬˊɏɟŬ 

Ŭɝɘɞˊɞɑɖůɐ Űɞɡ, ŭɡůŰɡɢɩɠ ŭŮɜ ɏɔɘɜŮ ˊɞŰɏ ůɡůŰɖɛŬŰɘəɐ ˊɟɞɓɞɚɐ Űɞɡ Ůɚɚɖɜɘəɞɨ ɛŬɟɛɎ-

ɟɞɡ ůŰɘɠ Ŭɔɞɟɏɠ Űɞɡ ŮɝɤŰŮɟɘəɞɨ. (ɇɕŮűɏɟɖɠ, 2016) 

ɄɚɖɗɩɟŬ ɚŬŰɞɛŮɑɤɜ ůŰɖɜ ȺɚɚɎŭŬ ŭŮɜ ɓɟɑůəɞɜŰŬɘ ˊɚɏɞɜ ůŮ ɚŮɘŰɞɡɟɔɑŬ. 

ȷɝɘɞůɖɛŮɑɤŰɞɠ ɤůŰɧůɞ ɔɘŬ Űɞ ɛɏɔŮɗɞɠ Űɖɠ ɢɩɟŬɠ, ŮɑɜŬɘ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ɚŬŰɞɛŮɑɤɜ ˊɞɡ 

ɚŮɘŰɞɡɟɔŮɑ əŬɜɞɜɘəɎ ɛŮ Űɞ ˊɘɞ ůɖɛŬɜŰɘəɧ əɏɜŰɟɞ ˊŬɟŬɔɤɔɐɠ ɛŬɟɛɎɟɞɡ Űɖɠ ȺɚɚɎŭŬɠ 

ɜŬ ɓɟɑůəŮŰŬɘ ůŰɖɜ ȷɜŬŰɞɚɘəɐ ɀŬəŮŭɞɜɑŬ. 

ɇŬ ɚŬŰɞɛŮɑŬ Űɖɠ ȷɜŬŰɞɚɘəɐɠ ɀŬəŮŭɞɜɑŬɠ əŬŰŬɚŬɛɓɎɜɞɡɜ Űɞ 30,5 % Űɖɠ ůɡɜɞɚɘəɐɠ 

ɏəŰŬůɖɠ Űɤɜ ɚŬŰɞɛŮɑɤɜ Űɖɠ ɢɩɟŬɠ. ɆŰɖɜ ŮɡɟɨŰŮɟɖ ˊŮɟɘɞɢɐ ɡˊɎɟɢɞɡɜ 80 ˊŮɟɑˊɞɡ 

ɚŬŰɞɛŮɑŬ Ůɜ ŮɜŮɟɔŮɑŬ əŬɘ 15 ůɖɛŬɜŰɘəɎ ŮɟɔɞůŰɎůɘŬ. ȺəŰɘɛɎŰŬɘ ˊɤɠ ŰŬ ɚŬŰɞɛŮɑŬ Űɖɠ 

ˊŮɟɘɞɢɐɠ Ůɝɞɟɨůůɞɡɜ ˊɎɜɤ Ŭˊɧ 200.000 m3 Űɞ ɢɟɧɜɞ. (STONE GROUP) 

 

 

ȺɘəɧɜŬ 1.7: ȳɚŮɠ ɞɘ əŬŰɖɔɞɟɑŮɠ ɛŬɟɛɎɟɤɜ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ. (Ʉɖɔɐ: ȼɚŮəŰɟɞɜɘəɧɠ Ⱥɚɚɖɜɘəɧɠ  ȯŰɚŬɜŰŬɠ 

ɀŬɟɛɎɟɤɜ Űɖɠ Ⱥ.ȷ.ũ.ɀ.Ⱥ.) 
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ȺɘəɧɜŬ 1.8: ɄɞůɞůŰɘŬɑŬ əŬŰŬɜɞɛɐ ŬɜɎ əŬŰɖɔɞɟɑŬ ɛŬɟɛɎɟɤɜ ůŰɞɜ ȺɚɚŬŭɘəɧ ɢɩɟɞ. (Ʉɖɔɐ: ȼɚŮəŰɟɞɜɘəɧɠ Ⱥɚɚɖɜɘəɧɠ  

ȯŰɚŬɜŰŬɠ ɀŬɟɛɎɟɤɜ Űɖɠ Ⱥ.ȷ.ũ.ɀ.Ⱥ.) 

 

ɇɞ ɛɎɟɛŬɟɞ ŮɑɜŬɘ Ŭˊɧ Űɘɠ ŮɚɎɢɘůŰŮɠ ɞɟɡəŰɏɠ ˊɟɩŰŮɠ ɨɚŮɠ ˊɞɨ ŭŮɜ ŬˊŬɘŰɞɨɜ 

ŮɛˊɚɞɡŰɘůɛɧ ɐ əŬɛɑɜŮɡůɖ ɔɘŬ ɜŬ ˊŬɟŬɢɗɞɨɜ ŰŮɚɘəɎ ˊɟɞɥɧɜŰŬ. ɇɞ ɔŮɔɞɜɧɠ ŬɡŰɧ, ůŮ 

ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ŮűŬɟɛɞɔɐɠ ɡɣɖɚɐɠ ŰŮɢɜɞɚɞɔɑŬɠ ůô ɧɚŬ ŰŬ ˊŬɟŬɔɤɔɘəɎ 

ůŰɎŭɘŬ (Ůɝɧɟɡɝɖ, əɞˊɐ, ŮˊŮɝŮɟɔŬůɑŬ), ůɖɛŬɑɜŮɘ ɧŰɘ ɛˊɞɟŮɑ əŬɘ ˊɟɏˊŮɘ ɜŬ ˊɟɞɤɗɖɗŮɑ 

ɛŬɕɘəɎ ɐ əŬɗŮŰɞˊɞɑɖůɖ Űɞɡ ŰɞɛɏŬ. (ɇɕŮűɏɟɖɠ, 2016) 

 

1.4.3. Ƀɘəɞɜɞɛɘəɐ əŬɘ Ⱦɞɘɜɤɜɘəɐ ȺˊɑŭɟŬůɖ  

ȱ ůɡɛɓɞɚɐ Űɞɡ ɛŬɟɛɎɟɞɡ ůŰɖɜ ˊŮɟɘűŮɟŮɘŬəɐ ŬɜɎˊŰɡɝɖ ɛˊɞɟŮɑ ɜŬ ŬˊɞŭŮɘɢŰŮɑ 

əŬɗɞɟɘůŰɘəɐ, Ŭɜ ɚɖűɗŮɑ ɡˊɧɣɖ ɧŰɘ ůɡɜŰɟɏɢɞɡɜ ɧɚŮɠ ɞɘ ŬˊŬɟŬɑŰɖŰŮɠ ˊɟɞɦˊɞɗɏůŮɘɠ ˊɟɞɠ 

ŰɞɨŰɞ, ɧˊɤɠ Ɏűɗɞɜɖ ˊɟɩŰɖ ɨɚɖ əŬŰŬɜŮɛɖɛɏɜɖ ůŮ ɧɚɞ Űɞɜ ŮɚɚŬŭɘəɧ ɢɩɟɞ, Ŭɝɘɧɚɞɔɞ 

Ŭɜɗɟɩˊɘɜɞ ŮɟɔŬŰɞŰŮɢɜɘəɧ ŭɡɜŬɛɘəɧ əŰɚ. 

ȼ Ůɚɚɖɜɘəɐ ɛŬɟɛŬɟɞɓɘɞɛɖɢŬɜɑŬ ŬˊŬůɢɞɚŮɑ ˊŮɟɑˊɞɡ 6.500 ɎɛŮůŬ əŬɘ ˊɎɜɤ Ŭˊɧ 18.000 

ɏɛɛŮůŬ ŮɟɔŬɕɧɛŮɜɞɡɠ. ɆŰɖɜ ȺɚɚɎŭŬ ŮɝɞɟɨůůɞɜŰŬɘ ˊŮɟɑ ŰŬ 120 Ůɑŭɖ űɡůɘəɩɜ 

ŭɘŬəɞůɛɖŰɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ Ŭˊɧ 200 əŬɘ ˊɚɏɞɜ ɚŬŰɞɛŮɑŬ, ɛŮ ůɡɜɞɚɘəɐ ˊŬɟŬɔɤɔɐ Űɖɠ 

ŰɎɝɖɠ Űɞɡ 1 ŮəŬŰ. Űɧɜɤɜ (ůŰɞɘɢŮɑŬ 2007). ȺɝɞɟɨůůɞɜŰŬɘ əɡɟɑɤɠ ŬɜɞɘəŰɧɢɟɤɛŬ 

ɛɎɟɛŬɟŬ, ŬůɓŮůŰɧɚɘɗɞɘ, ůɢɘůŰɧɚɘɗɞɘ əŬɘ ˊɏŰɟŮɠ ɚɘɗɞŭɞɛɐɠ. Ⱥˊɑůɖɠ ŮɘůɎɔɞɜŰŬɘ ɛŮɔɎɚŮɠ 

ˊɞůɧŰɖŰŮɠ ɡɚɘəɩɜ ï ɛɎɟɛŬɟŬ əɡɟɑɤɠ, ɔɟŬɜɑŰŮɠ əŬɘ ɎɚɚŮɠ ˊɏŰɟŮɠ ï Ŭˊɧ ˊɞɚɚɏɠ ɢɩɟŮɠ, 

ɇɞɡɟəɑŬ, ȸɞɡɚɔŬɟɑŬ, ȸɧɟŮɘŬ ɀŬəŮŭɞɜɑŬ, ȽŰŬɚɑŬ, ȽůˊŬɜɑŬ, ȷɑɔɡˊŰɞɠ, ɀŬɟɧəɞ, ȾɑɜŬ 

ȽɜŭɑŬ ə.Ŭ. Ƀɘ ŮɘůŬɔɤɔɏɠ ŭɘŬəɞůɛɖŰɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ ŬɜɐɚɗŬɜ Űɞ 2007 ůŮ 590 ɢɘɚ. 

Űɧɜɞɡɠ ŬɝɑŬɠ 90 ŮəŬŰɞɛɛɡɟɑɤɜ ú. 
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ȺɘəɧɜŬ 1.9: ɄɞůɧŰɖŰŮɠ ŮɝŬɔɤɔɩɜ ɛŬɟɛŬɟɘəɩɜ ˊɟɞɥɧɜŰɤɜ ȺɚɚɎŭŬɠ (2001 ï 2017). (Ʉɖɔɐ:ȺȿɆɇȷɇ) 

 

ȼ ůɖɛŬůɑŬ Űɤɜ ŭɘŬəɞůɛɖŰɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ ůŰɖɜ ȺɚɚɎŭŬ ɝŮˊŮɟɜɎ Űɖɜ ɞɘəɞɜɞɛɘəɐ 

Űɞɡɠ ŬɝɑŬ. ȷˊɞŰŮɚɞɨɜ ŬɜŬˊɧůˊŬůŰɞ əɞɛɛɎŰɘ Űɖɠ Ůɚɚɖɜɘəɐɠ ŰŬɡŰɧŰɖŰŬɠ, Űɖɠ 

ˊɞɚɘŰɘůŰɘəɐɠ əɚɖɟɞɜɞɛɘɎɠ əŬɘ Űɖɠ ŬɘůɗɖŰɘəɐɠ Űɞɡ ɢɩɟɞɡ. ȼ ˊŬɔəɧůɛɘŬ ŬɔɞɟɎ űɡůɘəɩɜ 

ɚɑɗɤɜ, ɛŮ ˊɟɞɓɚŮˊɧɛŮɜɖ ŬɜɎˊŰɡɝɖ ůŰŬ 61,5 ŭɘů. ŭɞɚɎɟɘŬ ɏɤɠ Űɞ 2033, ŬűɐɜŮɘ 

ˊŮɟɘɗɩɟɘŬ ŬɘůɘɞŭɞɝɑŬɠ ɔɘŬ ˊŮɟŬɘŰɏɟɤ ŬɜɎŭŮɘɝɖ əŬɘ Ŭɝɘɞˊɞɑɖůɖ Űɤɜ Ůɚɚɖɜɘəɩɜ 

ˊŮŰɟɤɛɎŰɤɜ ůŰɞ ŭɘŮɗɜɏɠ ůəɖɜɘəɧ. 

 

ȺɘəɧɜŬ 1.10: ɄɟɞɓɚŮˊɧɛŮɜɖ ŬɜɎˊŰɡɝɖ ˊŬɔəɧůɛɘŬɠ ŬɔɞɟɎɠ űɡůɘəɩɜ ŭɘŬəɞůɛɖŰɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ (Ʉɖɔɐ: The Brainy 

Insights) 

 

ɆɡɜɞɚɘəɎ, ɖ ȺɚɚɎŭŬ ůɡɜŮɢɑɕŮɘ ɜŬ ŭɘŬŭɟŬɛŬŰɑɕŮɘ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɖɜ ˊŬɔəɧůɛɘŬ 

ŬɔɞɟɎ ŭɘŬəɞůɛɖŰɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ, ŬɝɘɞˊɞɘɩɜŰŬɠ Űɞɜ űɡůɘəɧ Űɖɠ ˊɚɞɨŰɞ əŬɘ Űɖɜ 

ŰŮɢɜɞɔɜɤůɑŬ Űɖɠ ůŰɞɜ ŰɞɛɏŬ. 
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ȾŮűɎɚŬɘɞ 2: Ƀɘ ūɡůɘəɞɛɖɢŬɜɘəɏɠ ȽŭɘɧŰɖŰŮɠ Űɤɜ 

ȹɘŬəɞůɛɖŰɘəɩɜ ɄŮŰɟɤɛɎŰɤɜ 
 

2.1. ɇɞ ȺɟɔŬůŰɐɟɘɞ Ⱥɚɏɔɢɞɡ ȹɘŬəɞůɛɖŰɘəɩɜ ɄŮŰɟɤɛɎŰɤɜ 

çȿȽŪɃɆè  

ɇɞ ȺɟɔŬůŰɐɟɘɞ Ⱥɚɏɔɢɞɡ ȹɘŬəɞůɛɖŰɘəɩɜ ɄŮŰɟɤɛɎŰɤɜ çȿȽŪɃɆè, Űɞ ɞˊɞɑɞ ˊɟɞůɏűŮɟŮ 

ˊɞɚɨŰɘɛŬ ŭŮŭɞɛɏɜŬ əŬɘ Ůɝɞˊɚɘůɛɧ ɔɘŬ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ ŬɡŰɐɠ Űɖɠ ŮɟɔŬůɑŬɠ, ŬɜɐəŮɘ 

ůŰɖɜ Ⱥɚɚɖɜɘəɐ ȷɟɢɐ ũŮɤɚɞɔɘəɩɜ əŬɘ ɀŮŰŬɚɚŮɡŰɘəɩɜ ȺɟŮɡɜɩɜ (Ⱥ.ȷ.ũ.ɀ.Ⱥ.) əŬɘ 

ɡˊɎɔŮŰŬɘ ůŰɞ ɇɛɐɛŬ ȾɞɘŰŬůɛŬŰɞɚɞɔɘəɐɠ əŬɘ ɀŮŰŬɚɚŮɡŰɘəɐɠ ȰɟŮɡɜŬɠ (ȾɃȽ.ɀȺ.) Űɖɠ 

ȹɘŮɨɗɡɜůɖɠ ɃɟɡəŰɩɜ Ʉɧɟɤɜ əŬɘ ɀŮŰŬɚɚŮɡŰɘəɐɠ (ȹ.Ƀ.Ʉ.ɀȺ.) 

ɇɞ ŮɟɔŬůŰɐɟɘɞ ɚŮɘŰɞɡɟɔŮɑ Ŭˊɧ Űɞ 1999 əŬɘ ˊɟɞůűɏɟŮɘ Űɘɠ ɡˊɖɟŮůɑŮɠ Űɞɡ ůŰɞɜ əɚɎŭɞ 

Űɤɜ ŭɘŬəɞůɛɖŰɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ, Ůɜɩ ˊŬɟɎɚɚɖɚŬ ůɡɛɛŮŰɏɢŮɘ ůŮ ŭɘɎűɞɟŬ ŮɟŮɡɜɖŰɘəɎ 

ˊɟɞɔɟɎɛɛŬŰŬ, ŮəɗɏůŮɘɠ, ɖɛŮɟɑŭŮɠ, ůɡɜɏŭɟɘŬ əŬɘ ɎɚɚŮɠ ŮəŭɖɚɩůŮɘɠ. 

ȷˊɧ Űɞ 2002 ŮɑɜŬɘ ŭɘŬˊɘůŰŮɡɛɏɜɞ Ŭˊɧ Űɞ Ⱥɗɜɘəɧ ɆɨůŰɖɛŬ ȹɘŬˊɑůŰŮɡůɖɠ (Ⱥ.ɆɈ.ȹ.), 

əŬŰɎ EN ISO/IEC 17025:2005 əŬɘ Ŭˊɧ Űɞ 2020 əŬŰɎ Űɖ ɜɏŬ ɏəŭɞůɖ ŬɡŰɞɨ (2017).  

ȷɡŰɧ ůɡɜŮˊɎɔŮŰŬɘ ɧŰɘ ŭɘŬɗɏŰŮɘ ůɨɔɢɟɞɜɞ əŬɘ ŭɘŬəɟɘɓɤɛɏɜɞ Ůɝɞˊɚɘůɛɧ ɔɘŬ Űɞɜ 

ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ˊɞɘɞŰɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ əŬɘ űɡůɘəɞɛɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ 

ŭɘŬəɞůɛɖŰɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ, ůɨɛűɤɜŬ ɛŮ ŰŬ ɘůɢɨɞɜŰŬ ȺɡɟɤˊŬɥəɎ ɄɟɧŰɡˊŬ (ȺɁ). ɇɞ 

ɄŮŭɑɞ ȹɘŬˊɑůŰŮɡůɖɠ Űɞɡ ȺɟɔŬůŰɖɟɑɞɡ ˊŮɟɘɚŬɛɓɎɜŮɘ ůŰɞ ůɨɜɞɚɧ Űɞɡ ŭɞəɘɛɏɠ əŬŰɎ ŰŬ 

ˊɟɧŰɡˊŬ ȺɁ, ŮɡɟɘůəɧɛŮɜɞ ůŮ ˊɚɐɟɖ ŮɜŬɟɛɧɜɘůɖ ɛŮ Űɖ ůɨɔɢɟɞɜɖ ˊɟŬəŰɘəɐ ůŰɖɜ 

ȺɡɟɤˊŬɥəɐ Ȱɜɤůɖ. ɃɟɘůɛɏɜŬ ˊɟɧŰɡˊŬ ȺɁ ɞɟɑɕɞɡɜ çɄɟɞŭɘŬɔɟŬűɏɠè ɔɘŬ ŰŮɚɘəɎ 

ˊɟɞɥɧɜŰŬ Ŭˊɧ ŭɘŬəɞůɛɖŰɘəɎ ˊŮŰɟɩɛŬŰŬ, ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŮ ůɡɔəŮəɟɘɛɏɜŮɠ 

ŮűŬɟɛɞɔɏɠ, ůŰɞɢŮɨɞɜŰŬɠ ůŰɖɜ Ŭˊɧŭɞůɖ, Ŭˊɧ Űɞɜ ŮɜŭɘŬűŮɟɧɛŮɜɞ (ˊŬɟŬɔɤɔɧ, ɏɛˊɞɟɞ, 

ŮɘůŬɔɤɔɏŬ ə.ɚˊ.) Űɖɠ çůɐɛŬɜůɖɠ CEè. ȼ ůɐɛŬɜůɖ CE ŮɑɜŬɘ ɡˊɞɢɟŮɤŰɘəɐ ůŰɖɜ ȺɚɚɎŭŬ 

Ŭˊɧ Űɞ 2008.  

 

ȺɘəɧɜŬ 2.1: ȹŮɑɔɛŬŰŬ ˊɚŬəɘŭɑɤɜ Ŭˊɧ ŭɘŬəɞůɛɖŰɘəɎ ˊŮŰɟɩɛŬŰŬ ɧɚɖɠ Űɖɠ ȺɚɚɎŭŬɠ, ȺɟɔŬůŰɐɟɘɞ çȿȽŪɃɆè. (Ʉɖɔɐ: 

ȺɟɔŬůŰɐɟɘɞ çȿȽŪɃɆè, ȺȷũɀȺ) 
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Ƀ ŭɘŬɟəɐɠ ůŰɧɢɞɠ Űɞɡ ȺɟɔŬůŰɖɟɑɞɡ ŮɑɜŬɘ ɖ ˊɟɞůűɞɟɎ ɡɣɖɚɐɠ ˊɞɘɧŰɖŰŬɠ ɡˊɖɟŮůɘɩɜ, 

ɛŮ ůəɞˊɧ Űɖɜ Ŭɨɝɖůɖ Űɖɠ ŬɜŰŬɔɤɜɘůŰɘəɧŰɖŰŬɠ əŬɘ Űɖɜ ɘůɢɡɟɞˊɞɑɖůɖ Űɖɠ ɗɏůɖɠ Űɞɡ 

çȺɚɚɖɜɘəɞɨ ȹɘŬəɞůɛɖŰɘəɞɨ ɄŮŰɟɩɛŬŰɞɠè. 

Ƀɘ ŬˊŬɘŰɞɨɛŮɜŮɠ ŭɞəɘɛɏɠ əŬɘ ɞɘ ɡˊɞůŰɖɟɘəŰɘəɏɠ ŮɟɔŬůɑŮɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɘ ůŰɞ 

ŮɟɔŬůŰɐɟɘɞ ɛŮ ůŰɧɢɞ Űɖɜ Ŭˊɧŭɞůɖ ůɐɛŬɜůɖɠ CE ůŮ ŰŮɚɘəɎ ˊɟɞɥɧɜŰŬ Ŭˊɧ űɡůɘəɞɨɠ 

ɚɑɗɞɡɠ, ŬɜɎɚɞɔŬ ɛŮ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡɠ, ŮɑɜŬɘ: 

Á ɄɟɞŮŰɞɘɛŬůɑŬ ŭɞəɘɛɑɤɜ ɔɘŬ ŮɟɔŬůŰɖɟɘŬəɧ ɏɚŮɔɢɞ 

Á ȺəŰɏɚŮůɖ űɡůɘəɩɜ ŭɞəɘɛɩɜ 

Á ȺəŰɏɚŮůɖ ɛɖɢŬɜɘəɩɜ ŭɞəɘɛɩɜ 

Á ȺəŰɏɚŮůɖ ŭɞəɘɛɩɜ ˊŮɟɘɓŬɚɚɞɜŰɘəɐɠ əŬŰŬˊɧɜɖůɖɠ 

Á ɄŮŰɟɞɔɟŬűɘəɐ ŮɝɏŰŬůɖ (ȺɅũȷɆɇȼɅȽɃ çȿȽŪɃɆè) 

 

 

ȺɘəɧɜŬ 2.2: Ƀ ɢɩɟɞɠ Űɞɡ ȺɟɔŬůŰɖɟɑɞɡ Ⱥɚɏɔɢɞɡ ȹɘŬəɞůɛɖŰɘəɩɜ ɄŮŰɟɤɛɎŰɤɜ çȿȽŪɃɆè. (Ʉɖɔɐ: ȺɟɔŬůŰɐɟɘɞ 

çȿȽŪɃɆè, ȺȷũɀȺ) 

 

2.2. Ƀɘ ɘŭɘɧŰɖŰŮɠ Űɤɜ ŭɘŬəɞůɛɖŰɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ 

Ƀɘ ŮűŬɟɛɞɔɏɠ Űɤɜ űɡůɘəɩɜ ŭɘŬəɞůɛɖŰɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ ůŰɘɠ əŬŰŬůəŮɡɏɠ ŮɑɜŬɘ 

ŬˊŮɟɘɧɟɘůŰŮɠ əŬɘ ɔɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ əŬŰŬűŮɨɔɞɡɜ ůŰɖ ɢɟɐůɖ Űɞɡɠ ˊɞɚɨ ˊŮɟɘůůɧŰŮɟɞɘ 

Ŭˊô ɧŰɘ ůŰɞ ˊŬɟŮɚɗɧɜ, ůô ɧɚɞ Űɞɜ əɧůɛɞ. Ƀɘ ŮűŬɟɛɞɔɏɠ Űɤɜ űɡůɘəɩɜ ŭɘŬəɞůɛɖŰɘəɩɜ 

ˊŮŰɟɤɛɎŰɤɜ, ŭŮɜ ɔɑɜɞɜŰŬɘ ɛɧɜɞ ɔɘŬ Űɞ ŬɘůɗɖŰɘəɧ ŬˊɞŰɏɚŮůɛŬ ˊɞɡ ˊɟɞůűɏɟɞɡɜ, ŬɚɚɎ 

əɡɟɑɤɠ ŭɘɧŰɘ ˊɚɖɟɞɨɜ Űɘɠ ɞɘəɞɜɞɛɘəɏɠ, ŰŮɢɜɘəɏɠ, ŬɘůɗɖŰɘəɏɠ əŬɘ ɞɘəɞɚɞɔɘəɏɠ ŬˊŬɘŰɐůŮɘɠ. 
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Ⱥˊɑůɖɠ, ŮˊɘɚɏɔɞɜŰŬɠ əŬɜŮɑɠ ɞɟɗɎ ŰŬ űɡůɘəɎ ŭɘŬəɞůɛɖŰɘəɎ ˊŮŰɟɩɛŬŰŬ ŮˊɘŰɡɔɢɎɜŮɘ Űɖɜ 

əŬɚɨŰŮɟɖ ůɢɏůɖ ˊɞɘɧŰɖŰŬɠ/Űɘɛɐɠ. 

Ƀɘ ˊŬɟɎɔɞɜŰŮɠ, ɞɘ ɞˊɞɑɞɘ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ŰŮɚɘəɐ Ůˊɘɚɞɔɐ Űɞɡ űɡůɘəɞɨ ŭɘŬəɞůɛɖŰɘəɞɨ 

ˊŮŰɟɩɛŬŰɞɠ, ŮɑɜŬɘ əɡɟɑɤɠ ɞɘ Ŭəɧɚɞɡɗɞɘ: 

Å ȹɡɜŬŰɧŰɖŰŬ ŮűŬɟɛɞɔɐɠ Űɖɠ əŬŰɎɚɚɖɚɖɠ ŰŮɢɜɞɚɞɔɑŬɠ ŮˊŮɝŮɟɔŬůɑŬɠ, ɩůŰŮ ɜŬ 

ŮˊɘŰŮɡɢɗŮɑ ɖ ŮˊɘɗɡɛɖŰɐ ŮˊŮɝŮɟɔŬůɛɏɜɖ ŮˊɘűɎɜŮɘŬ ůŰɞ ŮˊɘɚŮɢɗɏɜ ɡɚɘəɧ, əŬɗɩɠ əŬɘ ɖ 

ˊɞɘɞŰɘəɐ əŬɘ ˊɞůɞŰɘəɐ ŮɝŬůűɎɚɘůɖ Űɞɡ ɡɚɘəɞɨ ˊɞɡ ɗŬ ŬˊŬɘŰɖɗŮɑ, ɔɘŬ Űɞ ůɡɜɞɚɘəɧ ɏɟɔɞ. 

Å ɢɖɛɘəɏɠ-űɡůɘəɞɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ, ɞɘ ɞˊɞɑŮɠ ˊɟɏˊŮɘ ɜŬ ˊɚɖɟɞɨɜ Űɘɠ 

ˊɟɞŭɘŬɔɟŬűɏɠ ɩůŰŮ ɜŬ ɛɖɜ ŮˊɖɟŮŬůɗŮɑ ɛŮɚɚɞɜŰɘəɎ Űɞ ɡɚɘəɧ Ŭˊɧ Űɘɠ əɚɘɛŬŰɘəɏɠ 

ůɡɜɗɐəŮɠ Űɖɠ ˊŮɟɘɞɢɐɠ, ɧˊɞɡ ɗŬ ŰɞˊɞɗŮŰɖɗŮɑ əŬɘ 

Å ɇɞ ůɡɜɞɚɘəɧ əɧůŰɞɠ Űɖɠ Ůˊɏɜŭɡůɖɠ. 

ȷˊɧ ŰŬ ˊɟɞŬɜŬűŮɟɧɛŮɜŬ ɓɚɏˊɞɡɛŮ ɚɞɘˊɧɜ, ɧŰɘ ŬˊŬɘŰŮɑŰŬɘ ɖ ˊɘůŰɞˊɞɑɖůɖ Űɖɠ 

ˊɞɘɧŰɖŰŬɠ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ, ɛŮŰɎ Ŭˊɧ ŮɝɏŰŬůɖ Űɤɜ űɡůɘəɞɛɖɢŬɜɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɞɡ, ɞɘ 

ɞˊɞɑŮɠ əŬɗɞɟɑɕɞɡɜ Űɖɜ ɘəŬɜɧŰɖŰɎ Űɞɡ ůŰɞ ɜŬ ŬɜŰɘůŰŬɗŮɑ ůŰɖ ɛɧɚɡɜůɖ Űɞɡ 

ˊŮɟɘɓɎɚɚɞɜŰɞɠ əŬɘ Űɘɠ ɛɖɢŬɜɘəɏɠ Ůˊɘɟɟɞɏɠ, ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɖ Űɘɠ əɚɘɛŬŰɘəɏɠ 

ůɡɜɗɐəŮɠ Űɖɠ ˊŮɟɘɞɢɐɠ Űɞɡ ɏɟɔɞɡ. 

Ƀ ɏɚŮɔɢɞɠ əŬɘ ɖ ˊɘůŰɞˊɞɑɖůɖ əŬŰŬɚɚɖɚɧŰɖŰŬɠ Űɞɡ ɡɚɘəɞɨ ɔɑɜŮŰŬɘ ɛɧɜɞ ɛɏůŬ Ŭˊɧ Űɖɜ 

ˊɚɐɟɖ ŮɟɔŬůŰɖɟɘŬəɐ ɏɟŮɡɜŬ ɛŮŰɎ Ŭˊɧ ɛɑŬ ůŮɘɟɎ ŭɘŬˊɘůŰŮɡɛɏɜɤɜ ŭɞəɘɛɩɜ. 

ȼ ɔɜɩůɖ ɚɞɘˊɧɜ Űɤɜ űɡůɘəɞɛɖɢŬɜɘəɩɜ əŬɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɩɜ ɘŭɘɞŰɐŰɤɜ Űɤɜ űɡůɘəɩɜ 

ŭɘŬəɞůɛɖŰɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ ɛŬɠ ŭɑɜŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ɛˊɞɟɞɨɛŮ ɜŬ ˊɟɞɓɚɏɣɞɡɛŮ Űɖ 

ůɡɛˊŮɟɘűɞɟɎ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ ɛŮ Űɖɜ ˊɎɟɞŭɞ Űɞɡ ɢɟɧɜɞɡ. Ⱥɜɩ ŰŬ ɞɟɡəŰɞɚɞɔɘəɎ əŬɘ 

ˊŮŰɟɞɔɟŬűɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ, ŰŬ ɞˊɞɑŬ əŬɗɞɟɑɕɞɜŰŬɘ Ŭˊɧ Űɘɠ ɛŬəɟɞůəɞˊɘəɏɠ əŬɘ 

ɛɘəɟɞůəɞˊɘəɏɠ ɛŮɚɏŰŮɠ ůŰɞɢŮɨɞɡɜ ůŰɞ ɜŬ ŭɘŬůŬűɖɜɑůɞɡɜ ŰŬ ɔŮɜɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ 

Ůɜɧɠ ɡɚɘəɞɨ, ɧˊɤɠ ɞɛɞɘɞɔɏɜŮɘŬ, əɞəəɞɛŮŰɟɑŬ, ɢɟɩɛŬ, ɡűɐ ə.Ŭ. (ȿŬůəŬɟɑŭɖɠ, 2015) 

 

2.2.1. ɄɟɧŰɡˊŬ ȹɞəɘɛɩɜ əŬɘ ɄɟɞŮŰɞɘɛŬůɑŬ ȹɞəɘɛɑɤɜ 

Ƀɘ ŭɞəɘɛɏɠ ˊɞɡ ŮəŰŮɚɞɨɜŰŬɘ ůŰɞ ȺɟɔŬůŰɐɟɘɞ çȿȽŪɃɆè Ŭəɞɚɞɡɗɞɨɜ əŬŰɎ əŬɜɧɜŬ ŰŬ 

ŬɜŰɑůŰɞɘɢŬ ŮɡɟɤˊŬɥəɎ ˊɟɧŰɡˊŬ ȺɁ. ɇŬ ˊɟɧŰɡˊŬ ŬɡŰɎ ŭɘŬəɟɑɜɞɜŰŬɘ ůŮ ŭɨɞ ɓŬůɘəɏɠ 

əŬŰɖɔɞɟɑŮɠ:  

(Ŭ) ŬɡŰɎ ˊɞɡ ˊŮɟɘɔɟɎűɞɡɜ ɛŮɗɧŭɞɡɠ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɤɜ ŭɘɎűɞɟɤɜ űɡůɘəɞɛɖɢŬɜɘəɩɜ 

ɘŭɘɞŰɐŰɤɜ əŬɘ ŬɘůɗɖŰɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ ŭɘŬəɞůɛɖŰɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ, əŬɘ  

(ɓ) ŬɡŰɎ ˊɞɡ əŬɗɞɟɑɕɞɡɜ Űɘɠ ŭɞəɘɛɏɠ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ŮəŰŮɚŮůɗɞɨɜ, ůɨɛűɤɜŬ ɛŮ ŰŬ 

ˊɟɧŰɡˊŬ Űɖɠ əŬŰɖɔɞɟɑŬɠ (Ŭ), əŬɘ Űɘɠ ŬˊŬɘŰɐůŮɘɠ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ˊɚɖɟɞɨɜŰŬɘ ɔɘŬ Űɖɜ 

Ŭˊɧŭɞůɖ Űɖɠ ɐŭɖ ɡˊɞɢɟŮɤŰɘəɐɠ ŮɜŰɧɠ ȺɡɟɤˊŬɥəɐɠ Ȱɜɤůɖɠ ůɐɛŬɜůɖɠ CE ůŮ ŰŮɚɘəɎ 

ˊɟɞɥɧɜŰŬ Ŭˊɧ ŭɘŬəɞůɛɖŰɘəɎ ˊŮŰɟɩɛŬŰŬ, ɧˊɤɠ ˊɚɎəŮɠ, ˊɚŬəɑŭɘŬ, əɡɓɧɚɘɗɞɘ ə.Ŭ. 

 

2.2.1.1. ɄɟɧŰɡˊŬ ȹɞəɘɛɩɜ ï ȾŬŰɖɔɞɟɑŬ (Ŭ) 

ɇŬ ˊɟɧŰɡˊŬ Űɖɠ əŬŰɖɔɞɟɑŬɠ ŬɡŰɐɠ, ɞɘ ɞɟɘůɛɞɑ Űɤɜ ˊɟɞůŭɘɞɟɘɕɧɛŮɜɤɜ ɘŭɘɞŰɐŰɤɜ ï 

ɢŬɟŬəŰɖɟɘůŰɘəɩɜ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ, əŬɗɩɠ əŬɘ ɞɘ ɛɞɜɎŭŮɠ ɐ ɞ ůɢŮŰɘəɧɠ Űɟɧˊɞɠ ɛŮ Űɞɜ 
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ɞˊɞɑɞ ŮəűɟɎɕŮŰŬɘ əŬŰɎ ˊŮɟɑˊŰɤůɖ Űɞ ŬˊɞŰɏɚŮůɛŬ Űɖɠ əɎɗŮ ŭɞəɘɛɐɠ ŭɑɜɞɜŰŬɘ 

ŬɜŬɚɡŰɘəɎ ůŰɖɜ ŮɘəɧɜŬ ˊɞɡ ŬəɞɚɞɡɗŮɑ. 

ȷɜɎɚɞɔŬ ɛŮ Űɞ Ůɑŭɞɠ Űɖɠ ˊɟɞůŭɘɞɟɘɕɧɛŮɜɖɠ ɘŭɘɧŰɖŰŬɠ ɐ ɢŬɟŬəŰɖɟɘůŰɘəɞɨ, ɞɘ ŭɞəɘɛɏɠ 

ɢɤɟɑɕɞɜŰŬɘ ůŮ űɡůɘəɏɠ, ůŮ ɛɖɢŬɜɘəɏɠ əŬɘ ůŮ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ.  

ȳɚŮɠ ɞɘ ŭɞəɘɛɏɠ ˊɞɡ ŮəŰŮɚɞɨɜŰŬɘ Ŭˊɧ Űɞ ŮɟɔŬůŰɐɟɘɞ çȿȽŪɃɆè ɔɘŬ ˊɟɞůŭɘɞɟɘůɛɧ 

əɎˊɞɞɘŬɠ űɡůɘəɞɛɖɢŬɜɘəɐɠ ɘŭɘɧŰɖŰŬɠ Ůɜɧɠ ŭɘŬəɞůɛɖŰɘəɞɨ ˊŮŰɟɩɛŬŰɞɠ ˊŮɟɘɔɟɎűɞɜŰŬɘ 

ŬɜɎ əŬŰɖɔɞɟɑŬ ŬɜŬɚɡŰɘəɎ ůŰɞ ŮˊɧɛŮɜɞ ɡˊɞəŮűɎɚŬɘɞ.  

 

 

ȺɘəɧɜŬ 2.3: ɄɑɜŬəŬɠ ůɡůɢŮŰɘůɛɞɨ Űɤɜ ˊɟɞŰɨˊɤɜ Űɖɠ əŬŰɖɔɞɟɑŬɠ (Ŭ) əŬɘ Űɖɠ əŬŰɖɔɞɟɑŬɠ (ɓ). (Ʉɖɔɐ: ȷˊŬɘŰɞɨɛŮɜŮɠ 

ŭɞəɘɛɏɠ ˊɟɞɠ Ŭˊɧŭɞůɖ ůɐɛŬɜůɖɠ CE, ȺɟɔŬůŰɐɟɘɞ çȿȽŪɃɆè, ȺȷũɀȺ, eagme.gr) 
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2.2.1.2. ɄɟɧŰɡˊŬ ȹɞəɘɛɩɜ ï ȾŬŰɖɔɞɟɑŬ (ɓ) 

ɇŬ ˊɟɧŰɡˊŬ Űɖɠ əŬŰɖɔɞɟɑŬɠ ŬɡŰɐɠ əŬɗɞɟɑɕɞɡɜ ˊɞɘŮɠ ŭɞəɘɛɏɠ ˊɟɏˊŮɘ ɜŬ ŮəŰŮɚŮůɗɞɨɜ, 

ůɨɛűɤɜŬ ɛŮ ŰŬ ˊɟɧŰɡˊŬ Űɖɠ ˊɟɞɖɔɞɨɛŮɜɖɠ əŬŰɖɔɞɟɑŬɠ (Ŭ), ɔɘŬ ɜŬ ˊɎɟɞɡɜ Űɖɜ 

ɡˊɞɢɟŮɤŰɘəɐ ůɐɛŬɜůɖ CE ŰŬ ŰŮɚɘəɎ ˊɟɞɥɧɜŰŬ Ŭˊɧ ŭɘŬəɞůɛɖŰɘəɎ ˊŮŰɟɩɛŬŰŬ ˊɟɘɜ Űɖ 

ɢɟɐůɖ Űɞɡɠ ɤɠ ˊɚŬəɑŭɘŬ, əɡɓɧɚɘɗɞɘ ə.Ŭ.  

ɇŬ ˊɟɧŰɡˊŬ ŬɡŰɎ ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 

EN 1341:2012 : ɄɚɎəŮɠ Ŭˊɧ űɡůɘəɞɨɠ ɚɑɗɞɡɠ ɔɘŬ ŮɝɤŰŮɟɘəɏɠ ˊɚŬəɞůŰɟɩůŮɘɠ  

EN 1342:2012 : Ⱦɡɓɧɚɘɗɞɘ Ŭˊɧ űɡůɘəɞɨɠ ɚɑɗɞɡɠ ɔɘŬ ŮɝɤŰŮɟɘəɏɠ ˊɚŬəɞůŰɟɩůŮɘɠ 

EN 1343:2012 : ȾɟɎůˊŮŭŬ Ŭˊɧ űɡůɘəɞɨɠ ɚɑɗɞɡɠ ɔɘŬ ŮɝɤŰŮɟɘəɏɠ ˊɚŬəɞůŰɟɩůŮɘɠ 

ȺɁ 1469:2015 : ɄɟɞɥɧɜŰŬ Ŭˊɧ űɡůɘəɞɨɠ ɚɑɗɞɡɠ ï ɄɚɎəŮɠ ɔɘŬ ɞɟɗɞɛŬɟɛɎɟɤůɖ 

EN 12057:2015 : ɄɟɞɥɧɜŰŬ Ŭˊɧ űɡůɘəɞɨɠ ɚɑɗɞɡɠ ï ȹɘŬůŰŬůɘɞɚɞɔɖɛɏɜŬ ˊɚŬəɑŭɘŬ  

EN 12058:2015 : ɄɟɞɥɧɜŰŬ Ŭˊɧ űɡůɘəɞɨɠ ɚɑɗɞɡɠ ï ɄɚɎəŮɠ ɔɘŬ ŭɎˊŮŭŬ əŬɘ ůəɎɚŮɠ 

 

ɄŬɟɎɟŰɖɛŬ - Ƀɟɘůɛɞɑ  

1. ɄɚɎəŬ: ˊɟɞɥɧɜ űɡůɘəɞɨ ˊŮŰɟɩɛŬŰɞɠ ˊɞɡ ɚŬɛɓɎɜŮŰŬɘ ɛŮ əɞˊɐ ɐ ůɢɑůɘɛɞ əŬɘ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ɡɚɘəɧ ŮˊɑůŰɟɤůɖɠ, ɔɘŬ ŮɝɤŰŮɟɘəɏɠ ɞŭɞůŰɟɩůŮɘɠ əŬɘ 

ŰŮɚŮɘɩɛŬŰŬ ŭɟɧɛɞɡ ůŰŬ ɞˊɞɑŬ Űɞ ˊɚɎŰɞɠ ŮɟɔŬůɑŬɠ ɡˊŮɟɓŬɑɜŮɘ Űɞ ŭɘˊɚɎůɘɞ Űɞɡ 

ˊɎɢɞɡɠ. (EN 1341:2012) 

2. Ⱦɡɓɧɚɘɗɞɠ: ˊɟɞɥɧɜ űɡůɘəɞɨ ˊŮŰɟɩɛŬŰɞɠ ˊɞɡ ɚŬɛɓɎɜŮŰŬɘ ɛŮ əɞˊɐ ɐ ůɢɑůɘɛɞ əŬɘ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ɡɚɘəɧ ŮˊɑůŰɟɤůɖɠ, ůŰɖɜ ɞˊɞɑŬ Űɞ ɛɐəɞɠ əŬɘ Űɞ ˊɚɎŰɞɠ 

ŮɟɔŬůɑŬɠ ŭŮɜ ɡˊŮɟɓŬɑɜɞɡɜ Űɞ ŭɘˊɚɎůɘɞ Űɞɡ ˊɎɢɞɡɠ. (EN 1342:2012) 

3. ȾɟɎůˊŮŭɞ: ˊɟɞɥɧɜ ɛŮ ɛɐəɞɠ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ 300mm, ́ɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ 

ůɡɜɐɗɤɠ ɤɠ Ɏəɟɞ ůŮ ŭɟɧɛɞ ɐ ɛɞɜɞˊɎŰɘ. (EN 1343:2012) 

4. ȺɝɤŰŮɟɘəɏɠ ˊɚŬəɞůŰɟɩůŮɘɠ: ȼ ɢɟɐůɖ ŮɝɤŰŮɟɘəɩɜ ˊɚŬəɞůŰɟɩůŮɤɜ 

ˊŮɟɘɚŬɛɓɎɜŮɘ ɧɚŬ ŰŬ ŰɡˊɘəɎ ˊŮɕɞŭɟɧɛɘŬ ɞŭɘəɩɜ ɏɟɔɤɜ, ɧˊɤɠ ˊŮɟɘɞɢɏɠ ˊŮɕɩɜ, 

ˊɚŬŰŮɑŮɠ əŬɘ Ɏɚɚɞɡɠ ŮɝɤŰŮɟɘəɞɨɠ ɢɩɟɞɡɠ ˊɞɡ ɡˊɧəŮɘɜŰŬɘ ůŮ əŬɘɟɘəɞɨɠ 

ˊŬɟɎɔɞɜŰŮɠ, ɧˊɤɠ ŬɚɚŬɔɏɠ ɗŮɟɛɞəɟŬůɑŬɠ, ɓɟɞɢɐ, ˊɎɔɞ, ɎɜŮɛɞ ə.ɚˊ. (EN 

1341:2012) 

5. ɄɚɎəŮɠ ɔɘŬ ɞɟɗɞɛŬɟɛɎɟɤůɖ: ˊɚɎəŬ əɞɛɛɏɜɖ ůŮ ůɡɔəŮəɟɘɛɏɜɞ ɛɏɔŮɗɞɠ ɔɘŬ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɤɠ Ůˊɏɜŭɡůɖ ɔɘŬ ŮůɤŰŮɟɘəɞɨɠ əŬɘ ŮɝɤŰŮɟɘəɞɨɠ Űɞɑɢɞɡɠ əŬɘ 

ɛˊɞɟŮɑ ɜŬ ůŰŮɟŮɤɗŮɑ ɐ ɜŬ ŬɜŬɟŰɖɗŮɑ ɡˊɧ ɞˊɞɘɞŭɐˊɞŰŮ ɔɤɜɑŬ. (ȺɁ 1469:2015) 

6. ȹɘŬůŰŬůɘɞɚɞɔɖɛɏɜŬ ˊɚŬəɑŭɘŬ: ŮˊɑˊŮŭɞ əɞɛɛɎŰɘ űɡůɘəɞɨ ˊŮŰɟɩɛŬŰɞɠ ůŮ 

ŰŮŰɟɎɔɤɜɞ ɐ ɞɟɗɞɔɩɜɘɞ ůɢɐɛŬ, ˊɞɡ ɚŬɛɓɎɜŮŰŬɘ ɛŮ əɞˊɐ ɐ ůɢɑůɘɛɞ əŬɘ ɏɢŮɘ 

ˊɎɢɞɠ Ò 12mm. (EN 12057:2015) 

7. ɄɚɎəŮɠ ɔɘŬ ŭɎˊŮŭŬ əŬɘ ůəɎɚŮɠ: ŮˊɑˊŮŭɞ əɞɛɛɎŰɘ űɡůɘəɞɨ ˊŮŰɟɩɛŬŰɞɠ ůŮ 

ŰŮŰɟɎɔɤɜɞ ɐ ɞɟɗɞɔɩɜɘɞ ůɢɐɛŬ, ˊɞɡ ɚŬɛɓɎɜŮŰŬɘ ɛŮ əɞˊɐ ɐ ůɢɑůɘɛɞ əŬɘ ɏɢŮɘ 

ˊɎɢɞɠ > 12mm, ɛŮ ůəɞˊɧ ɜŬ ůɢɖɛŬŰɑůŮɘ Űɞ ɞɟɘɕɧɜŰɘɞ (ˊɏɚɛŬ) ɐ Űɞ əŬŰŬəɧɟɡűɞ 

ɛɏɟɞɠ Ůɜɧɠ ůəŬɚɞˊŬŰɘɞɨ. (EN 12058:2015) 

 

ũɘŬ əɎɗŮ ˊɟɧŰɡˊɞ Űɖɠ əŬŰɖɔɞɟɑŬɠ (ɓ) ůŰɖɜ ȺɘəɧɜŬ 2.3 ́ɞɡ ˊɟɞɖɔɐɗɖəŮ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ 

ɞɘ ŬˊŬɟŬɑŰɖŰŮɠ ŭɞəɘɛɏɠ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ŮəŰŮɚŮůɗɞɨɜ. 
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2.2.1.3. ɄɟɞŮŰɞɘɛŬůɑŬ ȹɞəɘɛɑɤɜ 

Ʉɟɘɜ Ŭˊɧ Űɖɜ ŮəŰɏɚŮůɖ ůɢŮŭɧɜ əɎɗŮ űɡůɘəɞɛɖɢŬɜɘəɐɠ əŬɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɐɠ ŭɞəɘɛɐɠ, 

ɧɚŬ ŰŬ ŭɞəɑɛɘŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɡˊɧəŮɘɜŰŬɘ ůŮ ɛɘŬ ˊɞɚɨ ůɡɔəŮəɟɘɛɏɜɖ 

ˊɟɞŮŰɞɘɛŬůɑŬ.  

ȷɟɢɘəɎ ˊɟɏˊŮɘ ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ əɎɗŮ ŭɞəɘɛɐ ɔɑɜŮŰŬɘ ůŮ ɏɜŬɜ ůɡɔəŮəɟɘɛɏɜɞ Ŭɟɘɗɛɧ 

ŭɞəɘɛɑɤɜ, ɧˊɤɠ ˊɟɞŰŮɑɜŮŰŬɘ əŬɘ Ŭˊɧ ŰŬ ŬɜŰɑůŰɞɘɢŬ ˊɟɧŰɡˊŬ Űɖɠ əɎɗŮ ŭɞəɘɛɐɠ, ŰŬ ɞˊɞɑŬ 

ůɡɜɐɗɤɠ ŮɑɜŬɘ ŭɏəŬ ɐ ɏɝɘ, əŬɘ ɏŰůɘ ůŰɞ Űɏɚɞɠ ɖ Űɘɛɐ Űɖɠ ŮəɎůŰɞŰŮ ɘŭɘɧŰɖŰŬɠ ˊɞɡ 

ɕɖŰɐɗɖəŮ Ŭˊɧ Űɞɜ ˊŮɚɎŰɖ, ŭɑɜŮŰŬɘ ɛŮ Űɖ ɛɞɟűɐ Űɞɡ ɛɏůɞɡ ɧɟɞɡ Űɤɜ Űɘɛɩɜ Űɞɡ ˊɚɐɗɞɡɠ 

Űɤɜ ŭɞəɘɛɑɤɜ. 

ɇŬ ŬˊŬɘŰɞɨɛŮɜŬ ŭɞəɑɛɘŬ ůɡɜɐɗɤɠ űŰɎɜɞɡɜ ůŰɞ ŮɟɔŬůŰɐɟɘɞ ɏŰɞɘɛŬ əɞɛɛɏɜŬ ůŰɘɠ 

ůɤůŰɏɠ ŭɘŬůŰɎůŮɘɠ Űɤɜ ˊɟɞŰɨˊɤɜ, űɡůɘəɎ ˊɎɜŰŬ ɛŮ ɏɜŬ ˊŮɟɘɗɩɟɘɞ ůűɎɚɛŬŰɞɠ. ũɘŬ 

ŬɡŰɧ Űɞ ɚɧɔɞ ˊɎɜŰŬ ŰŬ ŭɞəɑɛɘŬ ˊɞɡ ůŰɏɚɜɞɜŰŬɘ Ŭˊɧ Űɞɜ ˊŮɚɎŰɖ ŮɑɜŬɘ ɚɑɔŬ ˊŮɟɘůůɧŰŮɟŬ 

Ŭˊɧ Űɞɜ Ŭəɟɘɓɐ Ŭɟɘɗɛɧ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ Űɘɠ ŭɞəɘɛɏɠ.  

ȼ ˊɟɞŮŰɞɘɛŬůɑŬ, ɝŮəɘɜɎ Ŭˊɧ Űɖɜ Ůˊɘɚɞɔɐ Űɤɜ əŬɚɨŰŮɟɤɜ ŭɞəɘɛɑɤɜ, ŬɡŰɩɜ ŭɖɚŬŭɐ ˊɞɡ 

ŭŮɜ ɏɢɞɡɜ ŮɛűŬɜŮɑɠ ɟɤɔɛɏɠ əŬɘ Űɡɢɧɜ əŬŰŬˊɧɜɖůɖ Ŭˊɧ Űɖɜ ɛŮŰŬűɞɟɎ Űɞɡɠ ůŰɞ 

ŮɟɔŬůŰɐɟɘɞ ˊɞɡ ˊɟɞűŬɜɩɠ ɗŬ əŬŰŬůŰɐůŮɘ ɚŬɜɗŬůɛɏɜɖ Űɖɜ Űɘɛɐ ˊɞɚɚɩɜ ɘŭɘɞŰɐŰɤɜ. 

ɆŰɖ ůɡɜɏɢŮɘŬ ɛŮŰɟɘɞɨɜŰŬɘ ɧɚŮɠ ɞɘ ŭɘŬůŰɎůŮɘɠ Űɤɜ ŭɞəɘɛɑɤɜ (ɛɐəɞɠ, ˊɚɎŰɞɠ əŬɘ ɨɣɞɠ 

ɔɘŬ əɡɓɘəɎ ɐ ˊŬɟŬɚɚɖɚŮˊɑˊŮŭŬ ŭɞəɑɛɘŬ ɐ ŭɘɎɛŮŰɟɞɠ əŬɘ ɨɣɞɠ ɔɘŬ əɡɚɘɜŭɟɘəɎ ŭɞəɑɛɘŬ). 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ ˊɞɡ əɎˊɞɘŬ Ŭˊɧ Űɘɠ ŭɘŬůŰɎůŮɘɠ Ůɜɧɠ Ŭˊɧ ŰŬ ŭɞəɑɛɘŬ ŬˊɏɢŮɘ ˊɞɚɨ Ŭˊɧ 

ŰŬ ˊɟɧŰɡˊŬ ɐ Ŭˊɧ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ŭɘŬůŰɎůŮɘɠ Űɤɜ ɡˊɧɚɞɘˊɤɜ ŭɞəɘɛɑɤɜ, ŭŮɜ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ. Ⱥˊɑůɖɠ, ɔɑɜŮŰŬɘ əŬɘ ɕɨɔɘůɖ ɧɚɤɜ Űɤɜ ŭɞəɘɛɑɤɜ. 

ȰŰůɘ, ɏɢɞɜŰŬɠ əŬŰŬɔɟɎɣŮɘ ɧɚŮɠ Űɘɠ ŭɘŬůŰɎůŮɘɠ əŬɘ Űɘɠ ɛɎɕŮɠ Űɤɜ ŭɞəɘɛɑɤɜ ˊɞɡ 

ɢɟŮɘɎɕɞɜŰŬɘ, ŬɡŰɎ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŰɞɜ űɞɨɟɜɞ ůŰɞɡɠ 70ÁC ɔɘŬ 24 ɩɟŮɠ ɔɘŬ ɝɐɟŬɜůɖ 

əŬɘ ůŰŬɗŮɟɞˊɞɑɖůɖ Űɖɠ ɛɎɕŬɠ Űɞɡɠ. ɀŮŰɎ Űɞ ˊɏɟŬɠ Űɤɜ 24 ɤɟɩɜ ŰŬ ŭɞəɑɛɘŬ ˊɟɏˊŮɘ ɜŬ 

ɕɡɔɘůŰɞɨɜ ɝŬɜɎ ɩůŰŮ ɜŬ űŬɜŮɑ Ŭɜ ɏɢŮɘ ŮˊɘŰŮɡɢɗŮɑ ɖ ɝɖɟɐ ůŰŬɗŮɟɐ Űɞɡɠ ɛɎɕŬ. ȺɎɜ ɖ 

ŭɘŬűɞɟɎ ɛɎɕŬɠ ŭɨɞ ŭɘŬŭɞɢɘəɩɜ ɛŮŰɟɐůŮɤɜ Ůɜɧɠ ŭɞəɘɛɑɞɡ ˊɟɘɜ əŬɘ ɛŮŰɎ Űɘɠ 24 ɩɟŮɠ 

ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ 0,1%, ŰɧŰŮ ˊɟɏˊŮɘ ɖ ŭɘŬŭɘəŬůɑŬ ɝɐɟŬɜůɖɠ ɜŬ ŮˊŬɜŬɚɖűɗŮɑ ɛɏɢɟɘ 

ɜŬ ŮˊɘŰŮɡɢɗŮɑ ůŰŬɗŮɟɧŰɖŰŬ.  

ɇŮɚɘəɎ, Ŭűɞɨ ŮˊɘɚŮɔɞɨɜ ŰŬ əŬɚɨŰŮɟŬ ŭɞəɑɛɘŬ, ɛŮŰɟɖɗɞɨɜ ɞɘ ŭɘŬůŰɎůŮɘɠ Űɞɡɠ əŬɘ ɖ ɛɎɕŬ 

Űɞɡɠ ůŰŬɗŮɟɞˊɞɘɖɗŮɑ, ˊɟɏˊŮɘ ɜŬ ˊŮɟɎůŮɘ əɎˊɞɘɞɠ ɢɟɧɜɞɠ ˊŬɟŬɛɞɜɐɠ Űɞɡɠ ůŮ 

ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ 20ÁC ɏɤɠ Űɖɜ ŮˊɑŰŮɡɝɖ ɗŮɟɛɘəɞɨ ɘůɞɕɡɔɑɞɡ. ɀŮŰɎ Ŭˊɧ Űɖ 

ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ, ɖ ŮəŰɏɚŮůɖ Űɤɜ ŭɞəɘɛɩɜ ˊɟɏˊŮɘ ɜŬ ɔɑɜŮɘ ŮɜŰɧɠ 24 ɤɟɩɜ, Ŭɚɚɘɩɠ ɗŬ 

ˊɟɏˊŮɘ ɜŬ ŮˊŬɜŬɚɖűɗŮɑ ɝŬɜɎ ɖ ɝɐɟŬɜůɖ Űɤɜ ŭɞəɘɛɑɤɜ. 

ȺəŰɧɠ Ŭˊɧ Űɖɜ ˊɟɞŮŰɞɘɛŬůɑŬ Űɤɜ ŭɞəɘɛɑɤɜ, Ůɝɑůɞɡ ůɖɛŬɜŰɘəɧ ŮɑɜŬɘ ɜŬ ˊɟɞŮŰɞɘɛɎɕɞɜŰŬɘ 

ůɤůŰɎ əŬɘ ŰŬ ɛɖɢŬɜɐɛŬŰŬ ůŰŬ ɞˊɞɑŬ ŮəŰŮɚɞɨɜŰŬɘ ɞɘ ŭɞəɘɛɏɠ, ɜŬ ɔɑɜŮŰŬɘ ůɡɢɜɧɠ ɏɚŮɔɢɞɠ 

ɚŮɘŰɞɡɟɔɘəɧŰɖŰŬɠ, ɜŬ əŬɗŬɟɑɕɞɜŰŬɘ ɛŮŰɎ Ŭˊɧ əɎɗŮ ŭɞəɘɛɐ ɔɘŬ ɜŬ ɛɖɜ ɡˊɎɟɢɞɡɜ 

əŬŰɎɚɞɘˊŬ əŬɘ ɜŬ ɔɑɜŮŰŬɘ ˊɎɜŰŬ ŮɚŮɔɢɧɛŮɜɖ ɢɟɐůɖ Ŭˊɧ ŮɝŮɘŭɘəŮɡɛɏɜɞ ˊɟɞůɤˊɘəɧ. 
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ȺɘəɧɜŬ 2.4: ȹɘɎŰŬɝɖ Űɤɜ ŭɞəɘɛɑɤɜ ůŰɞ ŮůɤŰŮɟɘəɧ Űɞɡ űɞɨɟɜɞɡ ɝɐɟŬɜůɖɠ. (Ʉɖɔɐ: ȺɟɔŬůŰɐɟɘɞ çȿȽŪɃɆè, ȺȷũɀȺ) 

 

2.2.2. ūɡůɘəɏɠ ȽŭɘɧŰɖŰŮɠ  

 

2.2.2.1. ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ ï ȷɜɞɘəŰɧ ˊɞɟɩŭŮɠ 

ȼ űŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ ŮəűɟɎɕŮŰŬɘ ůŮ kg/m3 əŬɘ ŮɑɜŬɘ ɞ ɚɧɔɞɠ Űɖɠ ɛɎɕŬɠ Űɞɡ ɝɖɟɞɨ 

ŭɞəɘɛɑɞɡ ˊɟɞɠ Űɞɜ űŬɘɜɧɛŮɜɞ ɧɔəɞ Űɞɡ (ɧɔəɞɠ ɡɚɘəɞɨ + ɧɔəɞɠ ˊɧɟɤɜ). ɇɞ ŬɜɞɘəŰɧ 

ˊɞɟɩŭŮɠ ŮəűɟɎɕŮŰŬɘ ůŮ ˊɞůɞůŰɧ əŬŰɎ ɧɔəɞ (% ə.ɞ.) əŬɘ ŮɑɜŬɘ ɞ ɧɔəɞɠ Űɤɜ ŬɜɞɘəŰɩɜ 

ˊɧɟɤɜ Űɞɡ ŭɞəɘɛɑɞɡ, ɤɠ ˊɞůɞůŰɧ (%) Űɞɡ űŬɘɜɧɛŮɜɞɡ ɧɔəɞɡ Űɞɡ. ȾŬɘ ɞɘ ŭɨɞ ŬɡŰɏɠ 

ɘŭɘɧŰɖŰŮɠ ˊŮɟɘɔɟɎűɞɜŰŬɘ Ŭˊɧ Űɞ ˊɟɧŰɡˊɞ ȺɁ 1936 (2006). 

ɄɟɞŮŰɞɘɛŬůɑŬ ŭɞəɘɛɑɤɜ  

ɆɨɛűɤɜŬ ɛŮ Űɞ ˊɟɧŰɡˊɞ ɖ ŭɘŬŭɘəŬůɑŬ ŮəŰŮɚŮɑŰŬɘ ɛŮ ŭɞəɑɛɘŬ ŰŬ ɞˊɞɑŬ ɗŬ ŮɑɜŬɘ ŮɑŰŮ 

əɨɓɞɘ ŭɘŬůŰɎůŮɤɜ 50mm ɐ ůɡɜɖɗɏůŰŮɟŬ 70 mm ŮɑŰŮ əɨɚɘɜŭɟɞɘ ŭɘŬɛɏŰɟɞɡ əŬɘ ɨɣɞɡɠ 

50 ɐ ůɡɜɖɗɏůŰŮɟŬ 70 mm. ũɘŬ Űɖ ŭɞəɘɛɐ ŬɡŰɐ ŮɝŮŰɎɕɞɜŰŬɘ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛɏůɖ Űɘɛɐ 

ɏɝɘ (6) ŭɞəɘɛɑɤɜ Űɞ ɚɘɔɧŰŮɟɞ. 

ȺəŰɏɚŮůɖ ŭɞəɘɛɐɠ 

ȷɟɢɘəɎ ŰŬ ŭɞəɑɛɘŬ ɝɖɟŬɑɜɞɜŰŬɘ ůŰɞɡɠ 70ÁC əŬɘ ɕɡɔɑɕɞɜŰŬɘ ŬɜɎ 24 ɩɟŮɠ ɛɏɢɟɘ ɜŬ 

ŮˊɘŰŮɡɢɗŮɑ ɖ ɝɖɟɐ ůŰŬɗŮɟɐ ɛɎɕŬ. ȼ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ŬəɞɚɞɡɗŮɑŰŬɘ ɏɢŮɘ ɤɠ Ůɝɐɠ:  

¶ ȳɚŬ ŰŬ ŭɞəɑɛɘŬ ɕɡɔɑɕɞɜŰŬɘ əŬɘ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŰɞ ŭɞɢŮɑɞ ŭɖɛɘɞɡɟɔɑŬɠ əŮɜɞɨ, 

ɧˊɞɡ ɖ ˊɑŮůɖ ŮɚŬŰŰɩɜŮŰŬɘ ɓŬɗɛɘŬɑŬ ůŮ 2 kPa. ȷɡŰɐ ɖ ˊɑŮůɖ ŭɘŬŰɖɟŮɑŰŬɘ ɔɘŬ 2 

ɩɟŮɠ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ űɨɔŮɘ ɞ ŬɏɟŬɠ ˊɞɡ ˊŮɟɘɏɢŮŰŬɘ ůŰɞɡɠ ŬɜɞɘəŰɞɨɠ ˊɧɟɞɡɠ Űɞɡ 

ɡɚɘəɞɨ. 

¶ ɆŰɖ ůɡɜɏɢŮɘŬ ŮɘůɎɔŮŰŬɘ ůŰɞ ŭɞɢŮɑɞ Ŭˊɘɞɜɘůɛɏɜɞ ɜŮɟɧ ůŰɞɡɠ 20ÜC, ɏɤɠ ɧŰɞɡ 

əŬɚɡűɗɞɨɜ ŮɜŰŮɚɩɠ ŰŬ ŭɞəɑɛɘŬ. ȼ ˊɑŮůɖ Űɤɜ 2 kPa ŭɘŬŰɖɟŮɑŰŬɘ əŬŰɎ Űɞɜ ɢɟɧɜɞ 

ŮɘůŬɔɤɔɐɠ Űɞɡ ɜŮɟɞɨ. 



 

 
32 

¶ ȰˊŮɘŰŬ Ŭˊɧ ŬɡŰɧɜ Űɞɜ ɢɟɧɜɞ, Űɞ ŭɞɢŮɑɞ ŮˊŬɜŬűɏɟŮŰŬɘ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ 

əŬɘ ŰŬ ŭɞəɑɛɘŬ ŬűɐɜɞɜŰŬɘ əɎŰɤ Ŭˊɧ Űɞ ɜŮɟɧ ɔɘŬ ɎɚɚŮɠ 24 ɩɟŮɠ. 

ȳŰŬɜ ˊŮɟɎůɞɡɜ ɞɘ 24 ɩɟŮɠ, əɎɗŮ ŭɞəɑɛɘɞ ɕɡɔɑɕŮŰŬɘ ˊɟɩŰŬ ŮɛɓŬˊŰɘůɛɏɜɞ ůŰɞ ɜŮɟɧ əŬɘ 

əŬŰŬɔɟɎűŮŰŬɘ ɖ çɛɎɕŬ Űɞɡ ůŰɞ ɜŮɟɧè Ůɜɩ ɛŮŰɎ ŰŬ ŭɞəɑɛɘŬ ůəɞɡˊɑɕɞɜŰŬɘ ɛŮ ɡɔɟɐ 

ˊŮŰůɏŰŬ, ɩůŰŮ ɜŬ ŬűŬɘɟŮɗŮɑ ɛɧɜɞ Űɞ ŮˊɘűŬɜŮɘŬəɧ ɜŮɟɧ əŬɘ ɧɢɘ ɞˊɞɘŬŭɐˊɞŰŮ ˊɞůɧŰɖŰŬ 

ɜŮɟɞɨ Ŭˊɧ Űɞɡɠ ˊɧɟɞɡɠ Űɞɡɠ əŬɘ ɕɡɔɑɕɞɜŰŬɘ. ȰŰůɘ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɖ ɛɎɕŬ Űɞɡ 

əɞɟŮůɛɏɜɞɡ ɛŮ ɜŮɟɧ ŭɞəɑɛɘɞ. 

 

ȺɘəɧɜŬ 2.5: (Ŭ) ɇɞ ŮůɤŰŮɟɘəɧ Űɞɡ ŭɞɢŮɑɞɡ ŭɖɛɘɞɡɟɔɑŬɠ əŮɜɞɨ, (ɓ) Ƀɚɧəɚɖɟɞɠ ɞ ɛɖɢŬɜɘůɛɧɠ Űɞɡ ŭɞɢŮɑɞɡ ŭɖɛɘɞɡɟɔɑŬɠ 

əŮɜɞɨ. (Ʉɖɔɐ: Ʉɟɞůɤˊɘəɧ ŬɟɢŮɑɞ) 

ɆɖɛŬůɑŬ ŭɞəɘɛɐɠ  

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ: ȷˊŬɘŰŮɑŰŬɘ ɔɘŬ ɔɜɩůɖ Űɞɡ ɑŭɘɞɡ ɓɎɟɞɡɠ Űɖɠ əŬŰŬůəŮɡɐɠ. ȺɑɜŬɘ 

ɛɑŬ ɘŭɘɧŰɖŰŬ ɖ ɞˊɞɑŬ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɔɘŬ ɧɚŮɠ Űɘɠ əŬŰŬůəŮɡɏɠ, Ŭűɞɨ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ 

Űɞ ˊɎɢɞɠ Űɤɜ ɛŬɟɛɎɟɤɜ əŬɗɞɟɑɕŮɘ Űɖɜ ŮˊɘɓɎɟɡɜůɖ Űɖɠ əŬŰŬůəŮɡɐɠ 

ȷɜɞɘəŰɧ ˊɞɟɩŭŮɠ: ȷˊŬɘŰŮɑŰŬɘ ɔɘŬ ɢɟɐůɖ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ ůŮ ɡɔɟɞɨɠ ɐ / əŬɘ ŮɝɤŰŮɟɘəɞɨɠ 

ɢɩɟɞɡɠ. ȳůɞ ɛŮɔŬɚɨŰŮɟɞ ˊɞɟɩŭŮɠ ɏɢŮɘ ɏɜŬ ˊɏŰɟɤɛŬ, Űɧůɞ ˊŮɟɘůůɧŰŮɟɞ ŮɛˊɞŰɑɕŮŰŬɘ 

Ŭˊɧ ŭɘɎűɞɟŬ ɡɔɟɎ, ŰŬ ɞˊɞɑŬ ůŮ ˊŮɟɑˊŰɤůɖ ɗŮɟɛɞəɟŬůɘŬəɩɜ ɛŮŰŬɓɞɚɩɜ ɛˊɞɟɞɨɜ ɜŬ 

ˊɟɞəŬɚɏůɞɡɜ ŭɘɎɟɟɖɝɖ əŬɘ Ŭˊɞəɧɚɚɖůɖ ɡɚɘəɞɨ. 

 

2.2.2.2. ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ 

ȼ ɡŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ ŮəűɟɎɕŮŰŬɘ ůŮ ˊɞůɞůŰɧ əŬŰɎ ɓɎɟɞɠ 

(%ə.ɓ.) əŬɘ ŮɑɜŬɘ ɖ ɛɎɕŬ Űɞɡ ɜŮɟɞɨ ˊɞɡ ůɡɔəɟŬŰŮɑ Űɞ əɞɟŮůɛɏɜɞ ŭɞəɑɛɘɞ, ɤɠ ˊɞůɞůŰɧ 

Űɖɠ ɛɎɕŬɠ Űɞɡ əŬɘ ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ Űɞ ˊɟɧŰɡˊɞ ȺɁ 13755 (2008). 

ɄɟɞŮŰɞɘɛŬůɑŬ ŭɞəɘɛɑɤɜ  

ɆɨɛűɤɜŬ ɛŮ Űɞ ˊɟɧŰɡˊɞ ɖ ŭɘŬŭɘəŬůɑŬ ŮəŰŮɚŮɑŰŬɘ ɛŮ ŭɞəɑɛɘŬ ŰŬ ɞˊɞɑŬ ɗŬ ŮɑɜŬɘ ŮɑŰŮ 

əɨɓɞɘ ŭɘŬůŰɎůŮɤɜ 50mm ɐ ůɡɜɖɗɏůŰŮɟŬ 70 mm ŮɑŰŮ əɨɚɘɜŭɟɞɘ ŭɘŬɛɏŰɟɞɡ əŬɘ ɨɣɞɡɠ 

50 ɐ ůɡɜɖɗɏůŰŮɟŬ 70 mm. ũɘŬ Űɖ ŭɞəɘɛɐ ŬɡŰɐ ŮɝŮŰɎɕɞɜŰŬɘ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛɏůɖ Űɘɛɐ 

ɏɝɘ (6) ŭɞəɘɛɑɤɜ Űɞ ɚɘɔɧŰŮɟɞ. 
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ȺəŰɏɚŮůɖ 

ȷɟɢɘəɎ ŰŬ ŭɞəɑɛɘŬ ɝɖɟŬɑɜɞɜŰŬɘ ůŰɞɡɠ 70ÁC əŬɘ ɕɡɔɑɕɞɜŰŬɘ ŬɜɎ 24 ɩɟŮɠ ɛɏɢɟɘ ɜŬ 

ŮˊɘŰŮɡɢɗŮɑ ɖ ɝɖɟɐ ůŰŬɗŮɟɐ ɛɎɕŬ. ɆŰɖ ůɡɜɏɢŮɘŬ ŰŬ ŭɞəɑɛɘŬ  ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŰɞ 

ɡŭŬŰɧɚɞɡŰɟɞ ɧˊɞɡ ŮɛɓŬˊŰɑɕɞɜŰŬɘ ůŰɞ ɜŮɟɧ ůŰɞɡɠ 20ÜC ɛŮ Űɞɜ Ůɝɐɠ Űɟɧˊɞ: 

¶ ȷɟɢɘəɎ Űɞ ŭɞəɑɛɘɞ ŮɛɓŬˊŰɑɕŮŰŬɘ ůŰɞ ɜŮɟɧ ɔɘŬ ɛɘŬ ɩɟŬ ɤɠ Űɞ 1/2 Űɞɡ ɨɣɞɡɠ Űɞɡ 

¶ ɀŮŰɎ Űɖɜ ɛɘŬ ɩɟŬ Űɞ ŭɞəɑɛɘɞ ŮɛɓŬˊŰɑɕŮŰŬɘ ůŰɞ ɜŮɟɧ ɤɠ ŰŬ 3/4 Űɞɡ ɨɣɞɡɠ Űɞɡ 

ɔɘŬ Ɏɚɚɞ Űɧůɞ ɢɟɧɜɞ 

¶ ɇɏɚɞɠ, Űɞ ŭɞəɑɛɘɞ ŮɛɓŬˊŰɑɕŮŰŬɘ ˊɚɐɟɤɠ ůŰɞ ɜŮɟɧ (ɤɠ ŰŬ 4/4 Űɞɡ ɨɣɞɡɠ Űɞɡ) ɔɘŬ 

Űɘɠ ɡˊɧɚɞɘˊŮɠ 46 ɩɟŮɠ. 

ȳŰŬɜ ˊŮɟɎůɞɡɜ ˊɚɏɞɜ ɞɘ 48 ɩɟŮɠ, ŰŬ ŭɞəɑɛɘŬ ůəɞɡˊɑɕɞɜŰŬɘ ɛŮ ɡɔɟɐ ˊŮŰůɏŰŬ, ɩůŰŮ ɜŬ 

ŬűŬɘɟŮɗŮɑ ɛɧɜɞ Űɞ ŮˊɘűŬɜŮɘŬəɧ ɜŮɟɧ əŬɘ ɧɢɘ ɞˊɞɘŬŭɐˊɞŰŮ ˊɞůɧŰɖŰŬ ɜŮɟɞɨ Ŭˊɧ Űɞɡɠ 

ˊɧɟɞɡɠ Űɞɡɠ əŬɘ ɕɡɔɑɕɞɜŰŬɘ. ɆŰɖ ůɡɜɏɢŮɘŬ ŮɛɓŬˊŰɑɕɞɜŰŬɘ ˊɎɚɘ ˊɚɐɟɤɠ əŬɘ ɕɡɔɑɕɞɜŰŬɘ 

ŬɜɎ 24 ɩɟŮɠ.  

ȼ ˊŬɟŬˊɎɜɤ ŭɘŬŭɘəŬůɑŬ ŮˊŬɜŬɚŬɛɓɎɜŮŰŬɘ ɛɏɢɟɘ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ ɡɔɟɐ ůŰŬɗŮɟɐ ɛɎɕŬ 

Űɤɜ ŭɞəɘɛɑɤɜ. ȼ ŰŮɚɘəɐ ɛɎɕŬ ŮɑɜŬɘ ŮəŮɑɜɖ Űɞɡ əɞɟŮůɛɏɜɞɡ ŭɞəɘɛɑɞɡ. 

 

 

ȺɘəɧɜŬ 2.6: ɇɞ ɡŭŬŰɧɚɞɡŰɟɞ ůŰɞ ɞˊɞɑɞ ŮɛɓŬˊŰɑɕɞɜŰŬɘ ŰŬ ŭɞəɑɛɘŬ. (Ʉɖɔɐ: Ʉɟɞůɤˊɘəɧ ŬɟɢŮɑɞ) 

 

ɆɖɛŬůɑŬ ŭɞəɘɛɐɠ  

ȼ ŭɞəɘɛɐ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ ɢɟɐůɖ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ ůŮ ɡɔɟɞɨɠ ɐ / əŬɘ ŮɝɤŰŮɟɘəɞɨɠ ɢɩɟɞɡɠ. 

ȾŬɗɞɟɑɕŮɘ Űɖɜ əŬŰŬɚɚɖɚɧŰɖŰŬ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ ɔɘŬ ŮɝɤŰŮɟɘəɏɠ ɢɟɐůŮɘɠ ɧˊɤɠ, 

ŮˊɘəŬɚɨɣŮɘɠ, ŮɝɤŰŮɟɘəɏɠ ŮˊŮɜŭɨůŮɘɠ əŬɘ ˊɚŬəɞůŰɟɩůŮɘɠ. ȳŰŬɜ ɞ ůɡɜŰŮɚŮůŰɐɠ 

ŮɛˊɞŰɘůɛɞɨ ɝŮˊŮɟɜɎ Űɞ 0,5% ˊɟɏˊŮɘ Űɞ ˊɏŰɟɤɛŬ ɜŬ ɡˊɞɓɎɚɚŮŰŬɘ əŬɘ ůŮ ŭɞəɘɛɏɠ 

ŬɜŰɞɢɐɠ ůŮ ɗɚɑɣɖ ɛŮŰɎ Ŭˊɧ əɨəɚɞɡɠ ɣɨɝŮɤɠ, ɔɘŬ ɜŬ ŮɚŮɔɢɗŮɑ ɖ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ əŬɘ 

ɡˊɧ ůɡɜɗɐəŮɠ ˊŬɔŮŰɞɨ. 
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2.2.2.3. ɈŭŬŰŬˊɞɟɟɧűɖůɖ ɛɏůɤ ŰɟɘɢɞŮɘŭɩɜ 

ȼ ɡŭŬŰŬˊɞɟɟɧűɖůɖ ɛɏůɤ ŰɟɘɢɞŮɘŭɩɜ ŮəűɟɎɕŮŰŬɘ ůŮ gr/(m2*sec0.5) əŬɘ ŮɑɜŬɘ ɖ ɛɎɕŬ Űɞɡ 

ɜŮɟɞɨ (ůŮ gr) ˊɞɡ ŬˊɞɟɟɞűɎŰŬɘ Ŭˊɧ Űɞ ŭɞəɑɛɘɞ ɛɏůɤ Űɖɠ ŮɔəɎɟůɘŬɠ (əɎɗŮŰɖɠ ˊɟɞɠ Űɖ 

ŭɘŮɨɗɡɜůɖ Ŭˊɞɟɟɧűɖůɖɠ) ŭɘŬŰɞɛɐɠ Űɞɡ (ůŮ m2) ŬɜɎ Űɖɜ ŰŮŰɟŬɔɤɜɘəɐ ɟɑɕŬ Űɞɡ 

ŬɜŰɑůŰɞɘɢɞɡ ɢɟɧɜɞɡ (ůŮ sec). ȺɑɜŬɘ ɛɘŬ ɏɜŭŮɘɝɖ Űɞɡ ɨɣɞɡɠ ɧˊɞɡ űɗɎɜŮɘ Űɞ çɡŭɎŰɘɜɞ 

ɛɏŰɤˊɞè ɛɏůŬ ůŰɞ ŭɞəɑɛɘɞ, ɛŮŰɎ Ŭˊɧ ɞɟɘůɛɏɜɞ ɢɟɧɜɞ. ȼ ɡŭŬŰŬˊɞɟɟɧűɖůɖ ɛɏůɤ 

ŰɟɘɢɞŮɘŭɩɜ ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ Űɞ ˊɟɧŰɡˊɞ ȺɁ 1925 (1999). 

ɆɖɛŮɑɤůɖ: ȷɡŰɐɜ ɖ ɛɏɗɞŭɞɠ ŭŮɜ ŮɜŭŮɑəɜɡŰŬɘ ɔɘŬ ŭɞəɑɛɘŬ ɛŮ Űɘɛɐ ŬɜɞɘəŰɞɨ ˊɞɟɩŭɞɡɠ 

ɛɘəɟɧŰŮɟɖ Ŭˊɧ 1%, ɡˊɞɚɞɔɘůɛɏɜɖ əŬŰɎ Űɞ ˊɟɧŰɡˊɞ ȺɁ 1936. 

ɄɟɞŮŰɞɘɛŬůɑŬ ŭɞəɘɛɑɤɜ 

ɆɨɛűɤɜŬ ɛŮ Űɞ ˊɟɧŰɡˊɞ ɖ ŭɘŬŭɘəŬůɑŬ ŮəŰŮɚŮɑŰŬɘ ɛŮ ŭɞəɑɛɘŬ ŰŬ ɞˊɞɑŬ ɗŬ ŮɑɜŬɘ ŮɑŰŮ 

əɨɓɞɘ ŭɘŬůŰɎůŮɤɜ 50mm ɐ ůɡɜɖɗɏůŰŮɟŬ 70 mm ŮɑŰŮ əɨɚɘɜŭɟɞɘ ŭɘŬɛɏŰɟɞɡ əŬɘ ɨɣɞɡɠ 

50 ɐ ůɡɜɖɗɏůŰŮɟŬ 70 mm. ũɘŬ Űɖ ŭɞəɘɛɐ ŬɡŰɐ ŮɝŮŰɎɕɞɜŰŬɘ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛɏůɖ Űɘɛɐ 

ɏɝɘ (6) ŭɞəɘɛɑɤɜ Űɞ ɚɘɔɧŰŮɟɞ. 

ȺəŰɏɚŮůɖ ŭɞəɘɛɐɠ 

ȷɟɢɘəɎ ŰŬ ŭɞəɑɛɘŬ ɝɖɟŬɑɜɞɜŰŬɘ ůŰɞɡɠ 70ÁC əŬɘ ɕɡɔɑɕɞɜŰŬɘ ŬɜɎ 24 ɩɟŮɠ ɛɏɢɟɘ ɜŬ 

ŮˊɘŰŮɡɢɗŮɑ ɖ ɝɖɟɐ ůŰŬɗŮɟɐ ɛɎɕŬ. ɄɟɞŰɞɨ ɔɑɜŮɘ ɖ ŭɞəɘɛɐ, ŰŬ ŭɞəɑɛɘŬ ˊŬɟŬɛɏɜɞɡɜ ůŮ 

ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ (ůŰɞɡɠ 20ÁC) ɛɏɢɟɘ Űɖɜ ŮˊɑŰŮɡɝɖ ɗŮɟɛɘəɞɨ ɘůɞɕɡɔɑɞɡ. ȼ 

ŭɘŬŭɘəŬůɑŬ ˊɞɡ ŬəɞɚɞɡɗŮɑ ŮɑɜŬɘ ɖ Ůɝɐɠ: 

¶ ɇŬ ŭɞəɑɛɘŬ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ɞɟɘɕɧɜŰɘŬ ůŮ ŭɞɢŮɑɞ ɛŮ Űɖɜ ŮˊɘűɎɜŮɘŬ ɢɟɐůɖɠ əɎɗŮŰɖ 

əŬɘ ŮɛɓŬˊŰɑɕɞɜŰŬɘ ůŮ ɜŮɟɧ ɓɟɨůɖɠ ɛɏɢɟɘ Űɞ ɨɣɞɠ Űɤɜ Űɟɘɩɜ ɢɘɚɘɞůŰɩɜ (3 mm). 

ȺɎɜ ŰŬ ŭɞəɑɛɘŬ ɏɢɞɡɜ əɎˊɞɘŬ ɔɡŬɚɘůɛɏɜɖ ŮˊɘűɎɜŮɘŬ, ŬɡŰɐ ŭŮɜ ˊɟɏˊŮɘ ˊɞŰɏ ɜŬ 

ŮɑɜŬɘ ɖ ŮˊɘűɎɜŮɘŬ ɢɟɐůɖɠ (ŭɖɚŬŭɐ ɜŬ ɛɖɜ ŮɑɜŬɘ ŮɛɓŬˊŰɘůɛɏɜɖ) 

¶ ɇɞ ɨɣɞɠ ŬɡŰɧ ˊɟɏˊŮɘ ɜŬ ŭɘŬŰɖɟŮɑŰŬɘ ɛŮ ˊɟɞůɗɐəɖ ɜŮɟɞɨ ůŮ ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ 

ŭɞəɘɛɐɠ.  

¶ ɆŮ ŰŬəŰɎ ɢɟɞɜɘəɎ ŭɘŬůŰɐɛŬŰŬ ŬɜɎɚɞɔŬ ɛŮ Űɞ ɓŬɗɛɧ Ŭˊɞɟɟɧűɖůɖɠ Űɞɡ ɜŮɟɞɨ 

ůŮ əɎɗŮ ɡɚɘəɧ, ŰŬ ŭɞəɑɛɘŬ ɕɡɔɑɕɞɜŰŬɘ Ŭűɞɨ ůəɞɡˊɘůŰɞɨɜ ɛŮ ɡɔɟɐ ˊŮŰůɏŰŬ, ɩůŰŮ 

ɜŬ ŬűŬɘɟŮɗŮɑ ɛɧɜɞ Űɞ ŮˊɘűŬɜŮɘŬəɧ ɜŮɟɧ əŬɘ ɧɢɘ ɞˊɞɘŬŭɐˊɞŰŮ ˊɞůɧŰɖŰŬ ɜŮɟɞɨ 

Ŭˊɧ Űɞɡɠ ˊɧɟɞɡɠ Űɞɡɠ.  

ũɑɜɞɜŰŬɘ Űɞ ɚɘɔɧŰŮɟɞ 7 ɕɡɔɑůŮɘɠ. ȼ ŭɞəɘɛɐ ŰŮɚŮɘɩɜŮɘ ɧŰŬɜ ɖ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ ŭɨɞ 

ŭɘŬŭɞɢɘəɩɜ ɕɡɔɑůŮɤɜ Űɤɜ ŭɞəɘɛɑɤɜ ŭŮɜ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ Űɞ 1% Űɖɠ ɛɎɕŬɠ Űɞɡ 

ɜŮɟɞɨ ˊɞɡ ɏɢŮɘ ŬˊɞɟɟɞűɐůŮɘ Űɞ əɎɗŮ ŭɞəɑɛɘɞ. 

ɆɖɛŬůɑŬ ŭɞəɘɛɐɠ  

ũɘŬ ŰŬ ˊɟɞɥɧɜŰŬ Ŭˊɧ űɡůɘəɞɨɠ ɚɑɗɞɡɠ ɔɘŬ ŮɝɤŰŮɟɘəɐ ɢɟɐůɖ ɛŮ ˊɧɟɞɡɠ ůŮ ˊɞůɞůŰɧ 

ɛŮɔŬɚɨŰŮɟɞ Űɞɡ 1%,  ɛŮŰɟŮɑŰŬɘ ɞ ůɡɜŰŮɚŮůŰɐɠ ɡŭŬŰŬˊɞɟɟɧűɖůɖɠ ŭɘŬ ŰɟɘɢɞŮɘŭɩɜ, o 

ɞˊɞɑɞɠ ŮəűɟɎɕŮɘ Űɖɜ ˊɞůɧŰɖŰŬ Űɞɡ ɜŮɟɞɨ ˊɞɡ ŬˊɞɟɟɞűɎŰŬɘ ŬɜɎ ɛɞɜɎŭŬ ŮˊɘűŬɜŮɑŬɠ Űɞɡ 

ˊŮŰɟɩɛŬŰɞɠ ůŮ ůɡɜɎɟŰɖůɖ ɛŮ Űɞ ɢɟɧɜɞ. 
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ȺɘəɧɜŬ 2.7: ɆɢŮŭɘɎɔɟŬɛɛŬ Űɞɡ ɛɖɢŬɜɘůɛɞɨ ɡŭŬŰŬˊɞɟɟɧűɖůɖɠ ɛɏůɤ ŰɟɘɢɞŮɘŭɩɜ.(Ʉɖɔɐ: 

https://www.researchgate.net, Investigation of The Relationships Between Capillary Water Absorption Coefficients 

And Other Rock Properties of Some Natural Stones) 

 

2.2.3. ɀɖɢŬɜɘəɏɠ ȽŭɘɧŰɖŰŮɠ  

 

2.2.3.1. ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɀŮ ɓɎůɖ Űɞ ˊɟɧŰɡˊɞ ȺɁ 1926 (2006) ́ ŮɟɘɔɟɎűŮŰŬɘ ɖ ŭɞəɘɛɐ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ. ȺɑɜŬɘ ɞ ɚɧɔɞɠ Űɞɡ űɞɟŰɑɞɡ ˊɞɡ ˊɟɞəŬɚŮɑ Űɖ ɗɟŬɨůɖ 

Űɞɡ ŭɞəɘɛɑɞɡ ˊɟɞɠ Űɞ ŮɛɓŬŭɧɜ Űɖɠ ŮɔəɎɟůɘŬɠ (əɎɗŮŰɖɠ ˊɟɞɠ Űɖ ŭɘŮɨɗɡɜůɖ űɧɟŰɘůɖɠ) 

ŭɘŬŰɞɛɐɠ Űɞɡ əŬɘ ŮəűɟɎɕŮŰŬɘ ůŮ MPa (=N/mm2). 

ɄɟɞŮŰɞɘɛŬůɑŬ ŭɞəɘɛɑɤɜ 

ɆɨɛűɤɜŬ ɛŮ Űɞ ˊɟɧŰɡˊɞ ɖ ŭɘŬŭɘəŬůɑŬ ŮəŰŮɚŮɑŰŬɘ ɛŮ ŭɞəɑɛɘŬ ŰŬ ɞˊɞɑŬ ɗŬ ŮɑɜŬɘ ŮɑŰŮ 

əɨɓɞɘ ŭɘŬůŰɎůŮɤɜ 50mm ɐ ůɡɜɖɗɏůŰŮɟŬ 70 mm ŮɑŰŮ əɨɚɘɜŭɟɞɘ ŭɘŬɛɏŰɟɞɡ əŬɘ ɨɣɞɡɠ 

50 ɐ ůɡɜɖɗɏůŰŮɟŬ 70 mm. ũɘŬ Űɖ ŭɞəɘɛɐ ŬɡŰɐ ŮɝŮŰɎɕɞɜŰŬɘ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛɏůɖ Űɘɛɐ 

ŭɏəŬ (10) ŭɞəɘɛɑɤɜ Űɞ ɚɘɔɧŰŮɟɞ. 

ɆɖɛŮɑɤůɖ: Ƀɘ ŭɘŬůŰɎůŮɘɠ Űɤɜ ŭɞəɘɛɑɤɜ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ŰɞɡɚɎɢɘůŰɞɜ ŭŮəŬˊɚɎůɘŮɠ Ŭˊɧ 

Űɖɜ ɛŮɔŬɚɨŰŮɟɖ ŭɘɎůŰŬůɖ Űɞɡ ɛŮɔŬɚɨŰŮɟɞɡ ŮɛűŬɜɞɨɠ əɧəəɞɡ. Ⱥˊɞɛɏɜɤɠ, ŮɎɜ ɖ 

ŭɘɎůŰŬůɖ ŬɡŰɞɨ Űɞɡ əɧəəɞɡ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ 7mm ŮˊɘɓɎɚɚŮŰŬɘ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ˊŮɟɘůůɧŰŮɟŬ ŭɞəɑɛɘŬ ɔɘŬ ɜŬ ŮɑɜŬɘ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɎ ŰŬ ŭŮŭɞɛɏɜŬ. 

ȺəŰɏɚŮůɖ ŭɞəɘɛɐɠ  

ȷɟɢɘəɎ ŰŬ ŭɞəɑɛɘŬ ɝɖɟŬɑɜɞɜŰŬɘ ůŰɞɡɠ 70ÁC əŬɘ ɕɡɔɑɕɞɜŰŬɘ ŬɜɎ 24 ɩɟŮɠ ɛɏɢɟɘ ɜŬ 

ŮˊɘŰŮɡɢɗŮɑ ɖ ɝɖɟɐ ůŰŬɗŮɟɐ ɛɎɕŬ. ɄɟɞŰɞɨ ɔɑɜŮɘ ɖ ŭɞəɘɛɐ ŰŬ ŭɞəɑɛɘŬ ˊŬɟŬɛɏɜɞɡɜ ůŮ 

ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ 20ÁC ɛɏɢɟɘ Űɖɜ ŮˊɑŰŮɡɝɖ ɗŮɟɛɘəɞɨ ɘůɞɕɡɔɑɞɡ. Ƀɘ ŮˊɘűɎɜŮɘŮɠ 

ɗɚɑɣɖɠ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ŮˊɑˊŮŭŮɠ əŬɘ əɎɗŮŰŮɠ ůŰɞɜ ɎɝɞɜŬ Űɞɡ ŭɞəɘɛɑɞɡ əŬɘ ɖ Ŭˊɧəɚɘůɖ 

Űɞɡɠ ŭŮɜ ŮˊɘŰɟɏˊŮŰŬɘ ɜŬ ɡˊŮɟɓŬɑɜŮɘ Űɞ 0,1mm ŬɜɎ 100mm. Oɘ ˊŬɟɎˊɚŮɡɟŮɠ ŮˊɘűɎɜŮɘŮɠ 

əɎɗŮ ŭɞəɘɛɑɞɡ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɞɛŬɚɏɠ əŬɘ ŮɡɗŮɑŮɠ ɛŮ Ŭˊɧəɚɘůɖ ˊɞɡ ŭŮɜ ŮˊɘŰɟɏˊŮŰŬɘ ɜŬ 

ɡˊŮɟɓŬɑɜŮɘ ŰŬ 0,3mm ůŮ ɧɚɞ Űɞ ɛɐəɞɠ Űɞɡ.  
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ɇŬ ŭɞəɑɛɘŬ əŬɗŬɟɑɕɞɜŰŬɘ əŬɘ ŰɞˊɞɗŮŰɞɨɜŰŬɘ  əŮɜŰɟɘəɎ ŬɜɎɛŮůŬ ůŰɘɠ ˊɚɎəŮɠ ˊɑŮůɖɠ Űɖɠ 

ůɡůəŮɡɐɠ ɗɚɑɣɖɠ, ɛŮ Űɞɜ ɎɝɞɜŬ Űɞɡ əɎɗŮ ŭɞəɘɛɑɞɡ ɜŬ ŮɑɜŬɘ əɎɗŮŰɞɠ ˊɟɞɠ ŰŬ ŮˊɑˊŮŭŬ 

Űɡɢɧɜ ŬɜɘůɞŰɟɞˊɑŬɠ, ɧˊɤɠ ˊŰɡɢɩůŮɘɠ, ůŰɟɩůŮɘɠ ə.Ŭ. ɇɞ űɞɟŰɑɞ ˊɟɏˊŮɘ ɜŬ ŬɡɝɎɜŮŰŬɘ 

ůɡɜŮɢɩɠ ɛŮ ɟɡɗɛɧ Ůˊɘɓɞɚɐɠ ŰɎůɖɠ 1 MPa/sec ɏɤɠ ɧŰɞɡ ɜŬ ŮˊɏɚɗŮɘ ɗɟŬɨůɖ Űɞɡ 

ŭɞəɘɛɑɞɡ. 

 

 

ȺɘəɧɜŬ 2.8: ȼ ˊɟɏůŬ ˊɟɞůŭɘɞɟɘůɛɞɨ ŬɜŰɞɢɐɠ ůŮ ɗɚɑɣɖ. (Ʉɖɔɐ: Ʉɟɞůɤˊɘəɧ ŬɟɢŮɑɞ) 

ɆɖɛŬůɑŬ ŭɞəɘɛɐɠ  

ȼ ůɡɜɖɗɏůŰŮɟŬ ŮəŰŮɚɞɨɛŮɜɖ ŮɟɔŬůŰɖɟɘŬəɐ ŭɞəɘɛɐ, ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ 

ůŰŬŰɘəɐɠ űɧɟŰɘůɖɠ əŬɘ Űɖɠ űɏɟɞɡůŬɠ ɘəŬɜɧŰɖŰŬɠ Űɖɠ əŬŰŬůəŮɡɐɠ. ɄŬɟɏɢŮɘ ɏɜŬ ɎɛŮůɞ 

ɛɏŰɟɞ Űɖɠ ɘəŬɜɧŰɖŰŬɠ Ůɜɧɠ űɡůɘəɞɨ ˊŮŰɟɩɛŬŰɞɠ ɜŬ ŬɜŰɏɢŮɘ Űɘɠ ɗɚɘˊŰɘəɏɠ ŭɡɜɎɛŮɘɠ 

ɢɤɟɑɠ ŬůŰɞɢɑŬ. ȷɡŰɧ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ əŬŰŬɚɚɖɚɧŰɖŰŬɠ Űɞɡ 

ˊŮŰɟɩɛŬŰɞɠ ɔɘŬ ŮűŬɟɛɞɔɏɠ ůŰɞɜ əŬŰŬůəŮɡŬůŰɘəɧ əɚɎŭɞ. 

 

2.2.3.2. ȷɜŰɞɢɐ ůŮ əɎɛɣɖ (ɡˊɧ ůŰŬɗŮɟɐ ɟɞˊɐ/ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ) 

ɀŮ ɓɎůɖ Űɞ ˊɟɧŰɡˊɞ ȺɁ 12372 (2022) ́ ŮɟɘɔɟɎűŮŰŬɘ ɖ ŭɞəɘɛɐ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (Űɖɠ ɚŮɔɧɛŮɜɖɠ çŰɟɘɩɜ ůɖɛŮɑɤɜè). ɀŮ 

ɓɎůɖ Űɞ ˊɟɧŰɡˊɞ ȺɁ 13161 (2008) ́ŮɟɘɔɟɎűŮŰŬɘ ɖ ŭɞəɘɛɐ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɖɠ ŬɜŰɞɢɐɠ 

ůŮ əɎɛɣɖ ɡˊɧ ůŰŬɗŮɟɐ ɟɞˊɐ (Űɖɠ ɚŮɔɧɛŮɜɖɠ çŰŮůůɎɟɤɜ ůɖɛŮɑɤɜè). ȾŬɘ ůŰɘɠ ŭɨɞ 

ˊŮɟɘˊŰɩůŮɘɠ, ɖ ŬɜŰɞɢɐ ŮəűɟɎɕŮŰŬɘ ůŮ MPa əŬɘ ŮɑɜŬɘ ɞ ɚɧɔɞɠ Űɖɠ ɟɞˊɐɠ əɎɛɣɖɠ ˊɞɡ 

ˊɟɞəŬɚŮɑ Űɖ ɗɟŬɨůɖ Űɞɡ ŭɞəɘɛɑɞɡ ˊɟɞɠ Űɖ ɟɞˊɐ ŬɜŰɑůŰŬůɖɠ ˊɞɡ ŬɜŬˊŰɨůůŮŰŬɘ ůŮ ŬɡŰɧ. 

ɄɟɞŮŰɞɘɛŬůɑŬ ŭɞəɘɛɑɤɜ 

ɇŬ ŭɞəɑɛɘŬ ŮɑɜŬɘ ˊŬɟŬɚɚɖɚŮˊɑˊŮŭŬ, ɛŮ ůɡɜɐɗŮɘɠ ŭɘŬůŰɎůŮɘɠ {ɛɐəɞɠ-́ ɚɎŰɞɠ-́ Ɏɢɞɠ} 

ˊŮɟɑˊɞɡ {300-50-50} mm. ũɘŬ Űɖ ŭɞəɘɛɐ ŬɡŰɐ ŮɝŮŰɎɕɞɜŰŬɘ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛɏůɖ Űɘɛɐ 

ŭɏəŬ (10) ŭɞəɘɛɑɤɜ Űɞ ɚɘɔɧŰŮɟɞ. 
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ɆɖɛŮɑɤůɖ: ɇŬ ŭɞəɑɛɘŬ ɛˊɞɟɞɨɜ ɜŬ ɏɢɞɡɜ əŬɘ ŭɘŬűɞɟŮŰɘəɏɠ ŭɘŬůŰɎůŮɘɠ ŬɟəŮɑ Űɞ ˊɎɢɞɠ 

Űɞɡɠ ɜŬ ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ 25mm əŬɘ ŰɞɡɚɎɢɘůŰɞɜ ɑůɞ ɛŮ ŭɨɞ űɞɟɏɠ Űɞ ɛɏɔŮɗɞɠ Űɞɡ 

ɛŮɔŬɚɨŰŮɟɞɡ əɧəəɞɡ. Ⱥˊɑůɖɠ, Űɞ ɛɐəɞɠ Űɞɡɠ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɑůɞ ɛŮ ɏɝɘ űɞɟɏɠ Űɞ ˊɎɢɞɠ  

Űɞɡɠ əŬɘ Űɞ ˊɚɎŰɞɠ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞ Ŭˊɧ Űɞ ŰɟɘˊɚɎůɘɞ Űɞɡ ˊɎɢɞɡɠ, ŬɚɚɎ 

ɛŮɔŬɚɨŰŮɟɞ Ŭˊɧ 50mm.  

ɀŮ ɓɎůɖ Űɘɠ ˊŬɟŬˊɎɜɤ ˊɟɞɦˊɞɗɏůŮɘɠ Űɞ ŮɟɔŬůŰɐɟɘɞ çȿȽŪɃɆè, ůɡɜɐɗɤɠ, ŭɘŮɝɎɔŮɘ 

ŬɡŰɐ Űɖ ŭɞəɘɛɐ ɛŮ ŭɞəɑɛɘŬ ŭɘŬůŰɎůŮɤɜ {180-90-30}mm 

ȺəŰɏɚŮůɖ ŭɞəɘɛɐɠ 

ȷɟɢɘəɎ ŰŬ ŭɞəɑɛɘŬ ɝɖɟŬɑɜɞɜŰŬɘ ůŰɞɡɠ 70ÁC əŬɘ ɕɡɔɑɕɞɜŰŬɘ ŬɜɎ 24 ɩɟŮɠ ɛɏɢɟɘ ɜŬ 

ŮˊɘŰŮɡɢɗŮɑ ɖ ɝɖɟɐ ůŰŬɗŮɟɐ ɛɎɕŬ. ɄɟɞŰɞɨ ɔɑɜŮɘ ɖ ŭɞəɘɛɐ, ŰŬ ŭɞəɑɛɘŬ ˊŬɟŬɛɏɜɞɡɜ ůŮ 

ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ 20ÁC ɛɏɢɟɘ Űɖɜ ŮˊɑŰŮɡɝɖ ɗŮɟɛɘəɞɨ ɘůɞɕɡɔɑɞɡ. ɆəɞɡˊɑɕɞɜŰŬɘ ɞɘ 

əɨɚɘɜŭɟɞɘ Űɖɠ ɛɖɢŬɜɐɠ əŬɘ əŬɗŬɟɑɕɞɜŰŬɘ ŰŬ ŭɞəɑɛɘŬ Ŭˊɧ ɢŬɚŬɟɎ ŰŮɛŬɢɑŭɘŬ ˊɞɡ ɛˊɞɟŮɑ 

ɜŬ Ŭˊɞəɞɚɖɗɞɨɜ.  

ɇŬ ŭɞəɑɛɘŬ ŰɞˊɞɗŮŰɞɨɜŰŬɘ əŮɜŰɟɘəɎ ůŰɞɡɠ əɡɚɑɜŭɟɞɡɠ ůŰɐɟɘɝɖɠ Űɖɠ ɛɖɢŬɜɐɠ ůɨɛűɤɜŬ 

ɛŮ Űɞ ůɢɐɛŬ Űɞɡ ˊɟɞŰɨˊɞɡ. ȼ ŬˊɧůŰŬůɖ Űɤɜ əɡɚɑɜŭɟɤɜ ɟɡɗɛɑɕŮŰŬɘ ůŮ 5 űɞɟɏɠ Űɞ ɨɣɞɠ 

Űɞɡ əɎɗŮ ŭɞəɘɛɑɞɡ. ɇɞ űɞɟŰɑɞ ŬůəŮɑŰŬɘ əŮɜŰɟɘəɎ əŬɘ ŬɡɝɎɜŮŰŬɘ ɞɛɞɘɧɛɞɟűŬ ɛŮ ɟɡɗɛɧ 

Ůˊɘɓɞɚɐɠ ŰɎůɖɠ 0,25 MPa/sec ɤɠ Űɖ ɗɟŬɨůɖ Űɞɡ ŭɞəɘɛɑɞɡ.  

ȾŬŰŬɔɟɎűŮŰŬɘ Űɞ űɞɟŰɑɞ ɗɟŬɨůɖɠ F ɛŮŰɟɖɛɏɜɞ ůŮ N əŬɘ ɖ ˊŮɟɘɞɢɐ ɧˊɞɡ ůɡɛɓŬɑɜŮɘ ɖ 

ɗɟŬɨůɖ. ɇɏɚɞɠ, ɛŮŰɟŮɑŰŬɘ Űɞ ɨɣɞɠ (ˊɎɢɞɠ) əŬɘ Űɞ ˊɚɎŰɞɠ Űɞɡ ŭɞəɘɛɑɞɡ əɞɜŰɎ ůŰɞ 

ŮˊɑˊŮŭɞ ɗɟŬɨůɖɠ, ɛŮ ŬəɟɑɓŮɘŬ 0,1mm. 

 

 

ȺɘəɧɜŬ 2.9: (Ŭ) ȼ ˊɟɏůŬ ˊɟɞůŭɘɞɟɘůɛɞɨ ŬɜŰɞɢɐɠ ůŮ əɎɛɣɖ, (ɓ) ȼ ŬůŰɞɢɑŬ Ůɜɧɠ ŭɞəɘɛɑɞɡ ɡˊɧ Űɖɜ Ůˊɘɓɞɚɐ 

ůɡɔəŮɜŰɟɤɛɏɜɞɡ űɞɟŰɑɞɡ (ŭɞəɘɛɐ Űɟɘɩɜ ůɖɛŮɑɤɜ). (Ʉɖɔɐ: Ʉɟɞůɤˊɘəɧ ŬɟɢŮɑɞ) 
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ȼ ɛɧɜɖ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɤɜ ŭɨɞ ŭɞəɘɛɩɜ ŮɑɜŬɘ ɖ ɨˊŬɟɝɖ Ůɜɧɠ ˊŬɟŬˊɎɜɤ ɓɞɖɗɖŰɘəɞɨ 

əɡɚɑɜŭɟɞɡ. ȹɖɚŬŭɐ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ŭɞəɘɛɐɠ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɖɠ ŬɜŰɞɢɐɠ ůŮ əɎɛɣɖ 

ɡˊɧ ůŰŬɗŮɟɐ ɟɞˊɐ (Űɖɠ ɚŮɔɧɛŮɜɖɠ çŰŮůůɎɟɤɜ ůɖɛŮɑɤɜè) ŬɜŰɘůŰɞɘɢɞɨɜ ŰɏůůŮɟɘɠ 

əɨɚɘɜŭɟɞɘ (ŭɨɞ ˊɎɜɤ əŬɘ ŭɨɞ əɎŰɤ Ŭˊɧ Űɞ ŭɞəɑɛɘɞ), ůŮ ŬɜŰɑɗŮůɖ ɛŮ Űɖ ŭɞəɘɛɐ 

ˊɟɞůŭɘɞɟɘůɛɞɨ Űɖɠ ŬɜŰɞɢɐɠ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (Űɖɠ ɚŮɔɧɛŮɜɖɠ 

çŰɟɘɩɜ ůɖɛŮɑɤɜè), ůŰɖɜ ɞˊɞɑŬ ŬɜŰɘůŰɞɘɢɞɨɜ ŰɟŮɑɠ əɨɚɘɜŭɟɞɘ (ɏɜŬɠ ˊɎɜɤ əŬɘ ŭɨɞ əɎŰɤ 

Ŭˊɧ Űɞ ŭɞəɑɛɘɞ). 

 

ȺɘəɧɜŬ 2.10: (Ŭ) Ⱥˊɘɓɞɚɐ űɞɟŰɑɞɡ ůŰɖ ŭɞəɘɛɐ ŬɜŰɞɢɐɠ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ, (ɓ) Ⱥˊɘɓɞɚɐ űɞɟŰɑɞɡ 

ůŰɖ ŭɞəɘɛɐ ŬɜŰɞɢɐɠ ůŮ əɎɛɣɖ ɡˊɧ ůŰŬɗŮɟɐ ɟɞˊɐ. (Ʉɖɔɐ: ɀɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ ůɡɜɗɏŰɤɜ ɡɚɘəɩɜ: əɎɛɣɖ, ȯɚəɖɠ 

ɄŬɥˊɏŰɖɠ, ɇɛɐɛŬ ȺˊɘůŰɐɛɖɠ & ɇŮɢɜɞɚɞɔɑŬɠ Ɉɚɘəɩɜ) 

ɆɖɛŬůɑŬ ŭɞəɘɛɐɠ  

ȼ ŭɞəɘɛɐ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ŭɡɜŬɛɘəɐɠ űɧɟŰɘůɖɠ əŬɘ Űɖɠ űɏɟɞɡůŬɠ 

ɘəŬɜɧŰɖŰŬɠ Űɖɠ əŬŰŬůəŮɡɐɠ. ȼ ŬɜŰɞɢɐ ůŮ əɎɛɣɖ ŮɑɜŬɘ ɏɜŬɠ əɟɑůɘɛɞɠ ŭŮɑəŰɖɠ ɔɘŬ Űɖɜ 

Ŭɝɘɞɚɧɔɖůɖ Űɖɠ Ŭˊɧŭɞůɖɠ Ůɜɧɠ ɡɚɘəɞɨ ɡˊɧ űɞɟŰɑŬ əɎɛɣɖɠ əŬɘ ɏɢŮɘ ůɖɛŬɜŰɘəɐ ůɖɛŬůɑŬ 

ůŮ ˊɟŬəŰɘəɏɠ ŮűŬɟɛɞɔɏɠ. ȼ əŬŰŬɜɧɖůɖ əŬɘ ɖ ŭɞəɘɛɐ Űɖɠ ŬɜŰɞɢɐɠ ůŮ əɎɛɣɖ Űɤɜ 

ˊŮŰɟɤɛɎŰɤɜ ɛˊɞɟŮɑ ɜŬ ŭɘŬůűŬɚɑůŮɘ ɧŰɘ ɞɘ ŭɘɎűɞɟŮɠ ŭɞɛɏɠ ŭɘŬŰɖɟɞɨɜ ŮˊŬɟəɐ ŬůűɎɚŮɘŬ 

əŬɘ ŬɝɘɞˊɘůŰɑŬ əŬŰɎ Űɖ ɢɟɐůɖ. 

 

2.2.3.3. ūɞɟŰɑɞ ɗɟŬɨůɖɠ ůŰɖɜ ɞˊɐ Ŭɔəɨɟɤůɖɠ 

ɀŮ ɓɎůɖ Űɞ ˊɟɧŰɡˊɞ ȺɁ 13364 (2001) ́ ŮɟɘɔɟɎűŮŰŬɘ ɖ ŭɞəɘɛɐ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɞɡ 

űɞɟŰɑɞɡ ɗɟŬɨůɖɠ ůŰɖɜ ɞˊɐ Ŭɔəɨɟɤůɖɠ Ůɜɧɠ ŭɞəɘɛɑɞɡ ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ 

ɞɟɗɞɛŬɟɛɎɟɤůɖ. ȺəűɟɎɕŮŰŬɘ ůŮ Newton əŬɘ ŮɑɜŬɘ Űɞ űɞɟŰɑɞ ˊɞɡ ŮˊɘɓɎɚɚŮŰŬɘ ůŮ 

ɛŮŰŬɚɚɘəɧ Ŭɔəɨɟɘɞ əŬɘ ˊɟɞəŬɚŮɑ Űɖ ɗɟŬɨůɖ Űɞɡ ŭɞəɘɛɑɞɡ ůŰɖɜ ɞˊɐ Ŭɔəɨɟɤůɖɠ, ŭɖɚŬŭɐ 

ůŰŮɟɏɤůɖɠ Űɞɡ Ŭɔəɡɟɑɞɡ. 

ɄɟɞŮŰɞɘɛŬůɑŬ ŭɞəɘɛɑɤɜ 

ɇŬ ŭɞəɑɛɘŬ ŮɑɜŬɘ ŰŮŰɟŬɔɤɜɘəɎ ˊɚŬəɑŭɘŬ, ɛŮ ůɡɜɐɗŮɘɠ ŭɘŬůŰɎůŮɘɠ {ɛɐəɞɠ-́ ɚɎŰɞɠ-́ Ɏɢɞɠ} 

ˊŮɟɑˊɞɡ {200-200-30} mm. ũɘŬ Űɖ ŭɞəɘɛɐ ŬɡŰɐ ŮɝŮŰɎɕɞɜŰŬɘ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛɏůɖ 

Űɘɛɐ Űɟɘɩɜ (3) ŭɞəɘɛɑɤɜ Űɞ ɚɘɔɧŰŮɟɞ (ɛŮ ŭɨɞ ŬɔəɨɟɘŬ ůŰɞ əɎɗŮ ŭɞəɑɛɘɞ). 

ɆɖɛŮɑɤůɖ: ȺɎɜ ɡˊɎɟɢɞɡɜ ŮɛűŬɜŮɑɠ ŬɜɘůɞŰɟɞˊɑŮɠ ůŰɞ ɡɚɘəɧ ŮˊɘɓɎɚɚŮŰŬɘ ɜŬ 

ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ˊŮɟɘůůɧŰŮɟŬ ŭɞəɑɛɘŬ ɔɘŬ ɜŬ ŮɑɜŬɘ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɎ ŰŬ ŭŮŭɞɛɏɜŬ. 

ȺəŰɏɚŮůɖ ŭɞəɘɛɐɠ 

ȷɟɢɘəɎ, ůŰŬ əɏɜŰɟŬ ŭɨɞ ŬˊɏɜŬɜŰɘ ˊɚŮɡɟɩɜ Űɤɜ ˊɚŬəɘŭɑɤɜ ŭɘŬɜɞɑɔɞɜŰŬɘ ŭɨɞ ɞˊɏɠ ɛɏůŬ 

ůŰɘɠ ɞˊɞɑŮɠ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ŰŬ ŬɔəɨɟɘŬ əŬɘ ůŰŮɟŮɩɜɞɜŰŬɘ ɛŮ ůɡɔəɞɚɚɖŰɘəɧ ɡɚɘəɧ 

(ůɡɜɐɗɤɠ ŰůɘɛɏɜŰɞ). ȺɑɜŬɘ ůɖɛŬɜŰɘəɧ ɞɘ ˊɚŮɡɟɏɠ ůŰɘɠ ɞˊɞɑŮɠ ɗŬ ŰɞˊɞɗŮŰɖɗɞɨɜ ŰŬ 



 

 
39 

ŬɔəɨɟɘŬ ɜŬ ŮɑɜŬɘ ˊŬɟɎɚɚɖɚŬ əŬɘ ɧɢɘ əɎɗŮŰŬ ůŰŬ ŮˊɑˊŮŭŬ ŬɜɘůɞŰɟɞˊɑŬɠ Űɞɡ ɡɚɘəɞɨ, 

əŬɗɩɠ ŮəŮɑ ɗŬ ŮűŬɟɛɞůŰŮɑ Űɞ űɞɟŰɑɞ ɗɟŬɨůɖɠ. 

ɆŰɖ ůɡɜɏɢŮɘŬ, Űɞ ŭɞəɑɛɘɞ ŰɞˊɞɗŮŰŮɑŰŬɘ ɛɏůŬ ůŰɞ ɛɖɢɎɜɖɛŬ Ůˊɘɓɞɚɐɠ űɞɟŰɑɞɡ ɗɟŬɨůɖɠ 

ůŰɖɜ ɞˊɐ Ŭɔəɨɟɤůɖɠ (ˊɟɏůŬ), Űɞ ɞˊɞɑɞ ŮɑɜŬɘ ɛɘŬ ŭɘɎŰŬɝɖ ůɨůűɘɝɖɠ ˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ 

Ŭˊɧ ŭɨɞ ˊŬɟɎɚɚɖɚŮɠ ɛŮŰŬɚɚɘəɏɠ ˊɚɎəŮɠ ɛŮ əŬŰɎɚɚɖɚŮɠ ŭɘŬůŰɎůŮɘɠ ɩůŰŮ ɜŬ ɢɤɟɎŮɘ 

ŬɜɎɛŮůɎ Űɞɡɠ Űɞ ŭɞəɑɛɘɞ əŬɘ ɜŬ ˊɟɞŮɝɏɢŮɘ Ŭˊɧ ŬɡŰɏɠ ɛɧɜɞ Űɞ Ŭɔəɨɟɘɞ. ȺˊɎɜɤ Ŭˊɧ Űɘɠ 

ɛŮŰŬɚɚɘəɏɠ ˊɚɎəŮɠ ɡˊɎɟɢŮɘ ŮɜůɤɛŬŰɤɛɏɜɖ ɛɘŬ əŬŰŬəɧɟɡűɖ ŭɘɎŰŬɝɖ ɖ ɞˊɞɑŬ 

ŮűŬɟɛɧɕŮɘ Űɞ űɞɟŰɑɞ ɗɚɑɣɖɠ əɎɗŮŰŬ ůŰɞɜ ɎɝɞɜŬ Űɞɡ Ŭɔəɡɟɑɞɡ, ɩůˊɞɡ ɜŬ ŮˊɏɚɗŮɘ 

ɗɟŬɨůɖ. 

ȺəŰɧɠ Ŭˊɧ Űɞ űɞɟŰɑɞ ˊɞɡ ŬˊŬɘŰɐɗɖəŮ ůɖɛŮɘɩɜɞɜŰŬɘ əŬɘ ɞɘ ŭɘŬůŰɎůŮɘɠ Űɞɡ 

çůˊŬůɑɛŬŰɞɠè ɔɨɟɤ Ŭˊɧ Űɞ Ŭɔəɨɟɘɞ. 

 

 

ȺɘəɧɜŬ 2.11: (Ŭ) ȼ ˊɟɏůŬ Ůˊɘɓɞɚɐɠ űɞɟŰɑɞɡ ɗɟŬɨůɖɠ ůŰɖɜ ɞˊɐ Ŭɔəɨɟɤůɖɠ, (Ʉɖɔɐ: Ʉɟɞůɤˊɘəɧ ŬɟɢŮɑɞ) (ɓ) Ƀ Űɟɧˊɞɠ 

ŰɞˊɞɗɏŰɖůɖɠ Űɞɡ ŭɞəɘɛɑɞɡ ůŰɖɜ ˊɟɏůŬ (Ʉɖɔɐ: SpringerNature) 

 

ɆɖɛŬůɑŬ ŭɞəɘɛɐɠ  

ȼ əŬŰŬɜɧɖůɖ Űɞɡ űɞɟŰɑɞɡ ɗɟŬɨůɖɠ ůŰɖɜ ɞˊɐ Ŭɔəɨɟɤůɖɠ ɓɞɖɗɎ ůŰɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɖɠ 

ŭɞɛɘəɐɠ ŬəŮɟŬɘɧŰɖŰŬɠ Űɤɜ űɡůɘəɩɜ ɚɑɗɤɜ ɧŰŬɜ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ůŰɞɜ 

əŬŰŬůəŮɡŬůŰɘəɧ əɚɎŭɞ. ȺɝŬůűŬɚɑɕŮɘ ɧŰɘ Űɞ ˊɏŰɟɤɛŬ ɛˊɞɟŮɑ ɜŬ ŬɜŰɏɝŮɘ ŰŬ űɞɟŰɑŬ əŬɘ 

Űɘɠ əŬŰŬˊɞɜɐůŮɘɠ ˊɞɡ ɗŬ ɡˊɞůŰŮɑ əŬŰɎ Űɖɜ ˊɟŬɔɛŬŰɘəɐ ɢɟɐůɖ. 
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2.2.3.4. ȺɜɏɟɔŮɘŬ ɗɟŬɨůɖɠ Ŭˊɧ əɟɞɨůɖ 

ɀŮ ɓɎůɖ Űɞ ˊɟɧŰɡˊɞ ȺɁ 14158 (2004) ́ ŮɟɘɔɟɎűŮŰŬɘ ɖ ŭɞəɘɛɐ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɖɠ 

ŮɜɏɟɔŮɘŬɠ ɗɟŬɨůɖɠ (Ŭˊɧ əɟɞɨůɖ). ȺəűɟɎɕŮŰŬɘ ůŮ Joule əŬɘ ŮɑɜŬɘ ɖ ŭɡɜŬɛɘəɐ ŮɜɏɟɔŮɘŬ 

ɢŬɚɨɓŭɘɜɖɠ ůűŬɑɟŬɠ ɞɟɘůɛɏɜɖɠ ɛɎɕŬɠ (1kg), ɖ ɞˊɞɑŬ ˊɏűŰŮɘ Ůˊɑ Űɞɡ ŭɞəɘɛɑɞɡ Ŭˊɧ Űɞ 

ŮɚɎɢɘůŰɞ ɨɣɞɠ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ ɜŬ ˊɟɞəɚɖɗŮɑ ɖ ɗɟŬɨůɖ Űɞɡ.  

ɄɟɞŮŰɞɘɛŬůɑŬ ŭɞəɘɛɑɤɜ 

ɇŬ ŭɞəɑɛɘŬ ŮɑɜŬɘ ŰŮŰɟŬɔɤɜɘəɎ ˊɚŬəɑŭɘŬ, ɛŮ ůɡɜɐɗŮɘɠ ŭɘŬůŰɎůŮɘɠ {ɛɐəɞɠ-́ ɚɎŰɞɠ-́ Ɏɢɞɠ} 

ˊŮɟɑˊɞɡ {200-200-30} mm. ũɘŬ Űɖ ŭɞəɘɛɐ ŬɡŰɐ ŮɝŮŰɎɕɞɜŰŬɘ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛɏůɖ 

Űɘɛɐ ɏɝɘ (6) ŭɞəɘɛɑɤɜ Űɞ ɚɘɔɧŰŮɟɞ. 

ȺəŰɏɚŮůɖ ŭɞəɘɛɐɠ 

ȷɟɢɘəɎ ŰŬ ŭɞəɑɛɘŬ ɝɖɟŬɑɜɞɜŰŬɘ ůŰɞɡɠ 70ÁC əŬɘ ɕɡɔɑɕɞɜŰŬɘ ŬɜɎ 24 ɩɟŮɠ ɛɏɢɟɘ ɜŬ 

ŮˊɘŰŮɡɢɗŮɑ ɖ ɝɖɟɐ ůŰŬɗŮɟɐ ɛɎɕŬ.  

ɇɞ ˊɟɩŰɞ Ŭˊɧ ŰŬ ŭɞəɑɛɘŬ ˊɞɡ ɗŬ ŰŮɗŮɑ ůŰɖɜ ŭɞəɘɛɐ, ɗŮɤɟŮɑŰŬɘ ɤɠ ŭɞəɑɛɘɞ ŬɜŬűɞɟɎɠ. 

ɇɞ ŭɞəɑɛɘɞ ŰɞˊɞɗŮŰŮɑŰŬɘ ɛɏůŬ ůŰɞɜ ɛŮŰŬɚɚɘəɧ əɎŭɞ Űɞɡ ɛɖɢŬɜɐɛŬŰɞɠ, ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ 

ɔŮɛɘůɛɏɜɞɠ ɞɛɞɘɧɛɞɟűŬ ɛŮ Ɏɛɛɞ, ůŮ ůɖɛŮɑɞ ɧˊɞɡ ɖ ɛŮŰŬɚɚɘəɐ ůűŬɑɟŬ ɜŬ ɓɟɑůəŮŰŬɘ 

ŬɘɤɟɞɨɛŮɜɖ ɛŮ ɛŬɔɜɐŰɖ ŮˊɎɜɤ Ŭˊɧ Űɞ əɏɜŰɟɞ Űɞɡ. ȼ ɛŮŰŬɚɚɘəɐ ůűŬɑɟŬ ŬűɐɜŮŰŬɘ ɜŬ 

ˊɏůŮɘ ůŰɞ ŭɞəɑɛɘŬ Ŭˊɧ Ŭɟɢɘəɧ ɨɣɞɠ 100mm. ȺɎɜ ŭŮɜ ŮˊɏɚɗŮɘ ɗɟŬɨůɖ ůŰɞ ŭɞəɑɛɘɞ Űɞ 

ɨɣɞɠ ˊŰɩůɖɠ Űɖɠ ůűŬɑɟŬɠ ŬɡɝɎɜŮŰŬɘ əɎɗŮ űɞɟɎ əŬŰɎ 50mm ɏɤɠ ɧŰɞɡ ɜŬ ůˊɎůŮɘ Űɞ 

ˊɚŬəɎəɘ. ɇɞ ɨɣɞɠ ŬɡŰɧ əŬŰŬɔɟɎűŮŰŬɘ ɤɠ ɨɣɞɠ ɗɟŬɨůɖɠ Űɞɡ ŭɞəɘɛɑɞɡ ŬɜŬűɞɟɎɠ.  

ȰŰůɘ, ɔɘŬ əɎɗŮ ɏɜŬ Ŭˊɧ ŰŬ ɡˊɧɚɞɘˊŬ ˊɏɜŰŮ ŭɞəɑɛɘŬ, Űɞ ɨɣɞɠ ɟɑɣɖɠ Űɖɠ ɛŮŰŬɚɚɘəɐɠ 

ůűŬɑɟŬɠ ɝŮəɘɜɎ Ŭˊɧ 150mm ́ ɘɞ ɢŬɛɖɚɎ Ŭˊɧ Űɞ ɨɣɞɠ ŬɜŬűɞɟɎɠ. ȺɎɜ əɎˊɞɘɞ ŭɞəɑɛɘɞ 

ůˊɎůŮɘ ɛŮ Űɖɜ ˊɟɩŰɖ ɟɑɣɖ, ŰɧŰŮ ŬɡŰɧ ˊɟɏˊŮɘ ɜŬ əŬŰŬɔɟŬűŮɑ əŬɘ ɜŬ ɚɖűɗŮɑ ɡˊɧɣɖ əŬŰɎ 

Űɞɡɠ ɡˊɞɚɞɔɘůɛɞɨɠ Űɖɠ ɛɏůɖɠ Űɘɛɐɠ. 

 

ȺɘəɧɜŬ 2.12: (Ŭ) ȼ ůɡůəŮɡɐ əɟɞɨůɖɠ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ŮɜɏɟɔŮɘŬɠ ɗɟŬɨůɖɠ, (ɓ) ȹɞəɑɛɘɞ ˊɞɡ ɏɢŮɘ ŬůŰɞɢɐůŮɘ 

ɛŮŰɎ Űɖɜ ŭɘŮɝŬɔɤɔɐ Űɖɠ ŭɞəɘɛɐɠ. (Ʉɖɔɐ: Ʉɟɞůɤˊɘəɧ ŬɟɢŮɑɞ) 
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ȼ ŮɜɏɟɔŮɘŬ ɗɟŬɨůɖɠ Űɤɜ ŭɞəɘɛɑɤɜ ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ W = m * g * h, ɧˊɞɡ m 

ɖ ɛɎɕŬ Űɖɠ ɛŮŰŬɚɚɘəɐɠ ůűŬɑɟŬɠ, g ɖ ŮˊɘŰɎɢɡɜůɖ Űɖɠ ɓŬɟɨŰɖŰŬɠ əŬɘ h Űɞ ɨɣɞɠ ˊŰɩůɖɠ 

Űɖɠ ɛŮŰŬɚɚɘəɐɠ ůűŬɑɟŬɠ. 

ɆɖɛŬůɑŬ ŭɞəɘɛɐɠ  

ȼ ŭɞəɘɛɐ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ůŰɘɔɛɘŬɑŬɠ ŭɡɜŬɛɘəɐɠ űɧɟŰɘůɖɠ Űɖɠ 

əŬŰŬůəŮɡɐɠ. ȺɑɜŬɘ ůɖɛŬɜŰɘəɐ ɘŭɘɧŰɖŰŬ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ ɛŬɟɛɎɟɤɜ ɔɘŬ ɢɟɐůɖ 

Űɞɡɠ ůŮ ŭŬˊŮŭɞůŰɟɩůŮɘɠ, ɘŭɘŬɑŰŮɟŬ ůŮ ɢɩɟɞɡɠ ɧˊɞɡ ɡˊɎɟɢŮɘ ˊɘɗŬɜɧŰɖŰŬ ůɡɢɜɩɜ 

ˊŰɩůŮɤɜ ɓŬɟɏɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ (əɞɡɕɑɜŮɠ, ɛŬɔŮɘɟŮɑŬ, ŮɟɔŬůŰɐɟɘŬ əɚˊ.). 

 

2.2.3.5. ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ɛɏɗɞŭɞɠ Cappon / ɛɏɗɞŭɞɠ Boehme) 

ɀŮ ɓɎůɖ Űɞ ˊɟɧŰɡˊɞ ȺɁ 14157 (2017) ́ ŮɟɘɔɟɎűŮŰŬɘ ɖ ɛɏɗɞŭɞɠ ˊɟɞůŭɘɞɟɘůɛɞɨ 

ŬɜŰɑůŰŬůɖɠ ůŮ Űɟɘɓɐ. ɆŰɞ ŮɟɔŬůŰɐɟɘɞ ŮəŰŮɚɞɨɜŰŬɘ ŭɨɞ ɛɏɗɞŭɞɘ, ɖ ȷ (Mɏɗɞŭɞɠ Cappon) 

əŬɘ ɖ ȸ (Mɏɗɞŭɞɠ Boehme) ɛŮ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ůɡůəŮɡɏɠ Űɟɘɓɐɠ (çŰɟɘɓɧɛŮŰɟŬè). ȾŬŰɎ 

Űɖ ɀɏɗɞŭɞ ȷ, ɖ ŬɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ ŮəűɟɎɕŮŰŬɘ ůŮ mm əŬɘ ŮɑɜŬɘ Űɞ ɛɐəɞɠ Űɖɠ ɢɞɟŭɐɠ 

ůŰɞ ɛɏůɞɜ Űɖɠ ɢŬɟŬɔɐɠ ˊɞɡ ɡűɑůŰŬŰŬɘ Űɞ ŭɞəɑɛɘɞ Ŭˊɧ Űɞɜ Űɟɞɢɧ Űɟɘɓɐɠ, ɛŮŰɎ Űɖɜ 

ɡˊɞɓɞɚɐ Űɞɡ ůŰɖ ŭɘŬŭɘəŬůɑŬ Űɟɘɓɐɠ ɛŮ Űɖ ůɡůəŮɡɐ Cappon. ȾŬŰɎ Űɖ ɀɏɗɞŭɞ ȸ, ɖ 

ŬɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ ŮəűɟɎɕŮŰŬɘ ůŮ cm3/(50*cm2) əŬɘ ŭɑɜŮŰŬɘ ɤɠ ɖ ŬˊɩɚŮɘŬ ɧɔəɞɡ ˊɞɡ 

ɡűɑůŰŬŰŬɘ Űɞ ŭɞəɑɛɘɞ, ɛŮŰɎ Űɖɜ ɡˊɞɓɞɚɐ Űɞɡ ůŰɖ ŭɘŬŭɘəŬůɑŬ Űɟɘɓɐɠ ɛŮ Űɖ ůɡůəŮɡɐ 

Boehme.  

ɄɟɞŮŰɞɑɛŬůɘŬ ŭɞəɘɛɑɤɜ  

ũɘŬ Űɖɜ ɛɏɗɞŭɞ Cappon ɤɠ ŭɞəɑɛɘŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ˊŬɟŬɚɚɖɚŮˊɑˊŮŭŬ ɛŮ Ŭəɛɐ 140 

mm. ũɘŬ Űɖ ŭɞəɘɛɐ ŬɡŰɐ ŮɝŮŰɎɕɞɜŰŬɘ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛɏůɖ Űɘɛɐ ɏɝɘ (6) ŭɞəɘɛɑɤɜ Űɞ 

ɚɘɔɧŰŮɟɞ. 

ũɘŬ Űɖ ɛɏɗɞŭɞ Boehme ɤɠ ŭɞəɑɛɘŬ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əɨɓɞɘ ɛŮ Ŭəɛɐ 70 mm. ũɘŬ Űɖ 

ŭɞəɘɛɐ ŬɡŰɐ ŮɝŮŰɎɕɞɜŰŬɘ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛɏůɖ Űɘɛɐ Űɟɘɩɜ (3) ŭɞəɘɛɑɤɜ Űɞ ɚɘɔɧŰŮɟɞ. 

ȺəŰɏɚŮůɖ ŭɞəɘɛɐɠ (ɀɏɗɞŭɞɠ Cappon) 

ȷɟɢɘəɎ ŰŬ ŭɞəɑɛɘŬ ɝɖɟŬɑɜɞɜŰŬɘ ůŰɞɡɠ 70ÁC əŬɘ ɕɡɔɑɕɞɜŰŬɘ ŬɜɎ 24 ɩɟŮɠ ɛɏɢɟɘ ɜŬ 

ŮˊɘŰŮɡɢɗŮɑ ɖ ɝɖɟɐ ůŰŬɗŮɟɐ ɛɎɕŬ.  

ȾɎɗŮ ŭɞəɑɛɘɞ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŮ ɏɜŬ ůɖɛŮɑɞ ůɨůűɘɝɖɠ, Űɞ ɞˊɞɑɞ ɏɢŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ 

ˊɚɖůɘɎɕŮɘ əŬɘ ɜŬ ŬˊɞɛŬəɟɨɜŮŰŬɘ Ŭˊɧ Űɞɜ Űɟɞɢɧ Űɖɠ ůɡůəŮɡɐɠ. ȼ ɢɞɎɜɖ ŰɟɞűɞŭɞůɑŬɠ 

Űɞɡ ɡɚɘəɞɨ Űɟɘɓɐɠ, ŭɘŬɗɏŰŮɘ ŭɨɞ ɓŬɚɓɑŭŮɠ ɔɘŬ ɜŬ ɟɡɗɛɑɕŮŰŬɘ ɖ ɟɞɐ Űɞɡ ɡɚɘəɞɨ əŬɘ ɔŮɛɑɕŮɘ 

ɛŮ 2kg ŰŮɢɜɖŰɧ əɞɟɞɨɜŭɘɞ ɛŮɔɏɗɞɡɠ əɧəəɞɡ 80, Űɞ ɞˊɞɑɞ ŬɜŬəɡəɚɩɜŮŰŬɘ ɛŮŰɎ Űɖɜ əɎɗŮ 

ŭɞəɘɛɐ əŬɘ ɝŬɜŬɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ ŰɞɡɚɎɢɘůŰɞɜ ɎɚɚŮɠ ŰɟŮɑɠ űɞɟɏɠ. ȼ ŬˊɧůŰŬůɖ 
ˊŰɩůɖɠ ɛŮŰŬɝɨ Űɖɠ ůɢɘůɛɐɠ Űɖɠ ɢɞɎɜɖɠ əŬɘ Űɞɡ ɎɝɞɜŬ Űɞɡ Űɟɞɢɞɨ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ 

100mm əŬɘ ɖ ɟɞɐ Űɞɡ ɚŮɘŬɜŰɘəɞɨ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ 1 ɏɤɠ 5mm ́ɑůɤ Ŭˊɧ Űɞ ɛˊɟɞůŰɘɜɧ 

Ɏəɟɞ Űɞɡ Űɟɞɢɞɨ. 

ȼ ŬɜŰɑůŰŬůɖ ůŮ ŬˊɧŰɟɘɣɖ əŬɗɞɟɑɕŮŰŬɘ ɛɏůɤ Űɖɠ űɗɞɟɎɠ ˊɞɡ ɏɢŮɘ ɡˊɞůŰŮɑ Űɞ ŭɞəɑɛɘɞ 

əŬɘ ŮəűɟɎɕŮŰŬɘ ɤɠ Űɞ ɛɐəɞɠ Űɖɠ ɢɞɟŭɐɠ ůŰɞ ɛɏůɞ Űɞɡ ŬˊɞŰɡˊɩɛŬŰɞɠ ˊɞɡ ɎűɖůŮ ɞ 

Űɟɞɢɧɠ ůŰɞ əɎɗŮ ŭɞəɑɛɘɞ. 
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ȺɘəɧɜŬ 2.13: ȼ ůɡůəŮɡɐ Cappon ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ŬɜŰɑůŰŬůɖɠ ůŮ Űɟɘɓɐ. (Ʉɖɔɐ: Ʉɟɞůɤˊɘəɧ ŬɟɢŮɑɞ) 

ȺəŰɏɚŮůɖ ŭɞəɘɛɐɠ (ɀɏɗɞŭɞɠ Boehme) 

ȷɟɢɘəɎ ŰŬ ŭɞəɑɛɘŬ ɝɖɟŬɑɜɞɜŰŬɘ ůŰɞɡɠ 70ÁC əŬɘ ɕɡɔɑɕɞɜŰŬɘ ŬɜɎ 24 ɩɟŮɠ ɛɏɢɟɘ ɜŬ 

ŮˊɘŰŮɡɢɗŮɑ ɖ ɝɖɟɐ ůŰŬɗŮɟɐ ɛɎɕŬ. Ʉɟɘɜ Űɖ ŭɞəɘɛɐ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɖ űŬɘɜɧɛŮɜɖ 

ˊɡəɜɧŰɖŰŬ Űɤɜ ŭɞəɘɛɑɤɜ ɛŮŰɎ Ŭˊɧ ɛɏŰɟɖůɖ Űɤɜ ŭɘŬůŰɎůŮɤɜ əŬɘ ɕɨɔɘůɖ.  

ȾɎɗŮ ŭɞəɑɛɘɞ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŰɞ ŭɑůəɞ Űɖɠ ůɡůəŮɡɐɠ Boehme əŬɘ ɞ ŭɘɎŭɟɞɛɞɠ Űɟɘɓɐɠ 

ŰɟɞűɞŭɞŰŮɑŰŬɘ ɞɛɞɘɧɛɞɟűŬ ɛŮ 20gr ɡɚɘəɞɨ Űɟɘɓɐɠ (ŰŮɢɜɖŰɧ əɞɟɞɨɜŭɘɞ ɛŮ ɛɏɔŮɗɞɠ 

əɧəəɞɡ 80). ɆŰɖ ůɡɜɏɢŮɘŬ ŬůəŮɑŰŬɘ űɞɟŰɑɞ 294N əŬɘ Űɞ ŭɞəɑɛɘɞ ɡˊɧəŮɘŰŬɘ ůŮ Űɟɘɓɐ ɔɘŬ 

16 ˊŮɟɘɧŭɞɡɠ Űɤɜ 22 ůŰɟɞűɩɜ. ɀŮŰɎ Ŭˊɧ əɎɗŮ ˊŮɟɑɞŭɞ, əŬɗŬɟɑɕŮŰŬɘ ɞ ŭɘɎŭɟɞɛɞɠ 

Űɟɘɓɐɠ əŬɘ ɖ ŮˊɘűɎɜŮɘŬ ŮɝɏŰŬůɖɠ Űɞɡ ŭɞəɘɛɑɞɡ ůŰɟɏűŮŰŬɘ əŬŰɎ 90Ü ́ɟɞɠ Űɖɜ ɑŭɘŬ 

əŬŰŮɨɗɡɜůɖ əŬɘ ŰɞˊɞɗŮŰŮɑŰŬɘ ɜɏɞ ɡɚɘəɧ Űɟɘɓɐɠ. ȾɎɗŮ 4 ˊŮɟɘɧŭɞɡɠ əŬɘ ɛŮŰɎ Űɞ ˊɏɟŬɠ 16 

ˊŮɟɘɧŭɤɜ ŰŬ ŭɞəɑɛɘŬ əŬɗŬɟɑɕɞɜŰŬɘ əŬɘ ɕɡɔɑɕɞɜŰŬɘ. 

 

 

ȺɘəɧɜŬ 2.14: (Ŭ) ȼ ůɡůəŮɡɐ Boehme ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ŬɜŰɑůŰŬůɖɠ ůŮ Űɟɘɓɐ (ɓ) ȼ ůɤůŰɐ ŰɞˊɞɗɏŰɖůɖ Ůɜɧɠ 

ŭɞəɘɛɑɞɡ ɔɘŬ Űɖɜ ŭɘŮɝŬɔɤɔɐ Űɖɠ ŭɞəɘɛɐɠ. (Ʉɖɔɐ: Ʉɟɞůɤˊɘəɧ ŬɟɢŮɑɞ) 
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ȼ ŬɜŰɑůŰŬůɖ ůŮ ŬˊɧŰɟɘɣɖ əŬɗɞɟɑɕŮŰŬɘ ɛɏůɤ Űɖɠ űɗɞɟɎɠ ˊɞɡ ɏɢŮɘ ɡˊɞůŰŮɑ Űɞ ŭɞəɑɛɘɞ 

əŬɘ ŮəűɟɎɕŮŰŬɘ ɤɠ ůɡɜɞɚɘəɐ ŬˊɩɚŮɘŬ ɧɔəɞɡ Űɞɡ ŮəɎůŰɞŰŮ ŭɞəɘɛɑɞɡ. 

ɆɖɛŬůɑŬ ŭɞəɘɛɐɠ  

ȼ ŭɞəɘɛɐ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ űɗɞɟɎɠ ɛɘŬɠ ŭŬˊŮŭɧůŰɟɤůɖɠ (ŮůɤŰŮɟɘəɐɠ 

ɐ ŮɝɤŰŮɟɘəɐɠ) ɛŮŰɎ Ŭˊɧ ɢɟɐůɖ. ȼ ŭɞəɘɛɐ ŬɡŰɐ ŮɑɜŬɘ ůɖɛŬɜŰɘəɐ ɔɘŬ ɡɚɘəɎ ɘŭɑɤɠ ůŮ 

ɢɩɟɞɡɠ ɛŮɔɎɚɖɠ əɡəɚɞűɞɟɑŬɠ ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ɔɘŬ ɡɚɘəɧ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ 

əŬŰŬůəŮɡɐ ůəŬɚɞˊŬŰɘɩɜ. ɆŬɜ ɘŭɘɧŰɖŰŬ ŮɝŮŰɎɕŮŰŬɘ əŬɘ ůŰŬ ɛɤůŬɥəɎ ɔɘŬ Űɖɜ 

ɞɛɞɘɧɛɞɟűɖ űɗɞɟɎ Űɤɜ ɞˊɞɑɤɜ ˊɟɏˊŮɘ ɜŬ ŮˊɘɚɏɔŮŰŬɘ Űɞ ŬɜɎɚɞɔɞ ůɡɜŭŮŰɘəɧ ɡɚɘəɧ. 

 

2.2.3.6. ȷɜŰɑůŰŬůɖ ůŮ ɞɚɘůɗɖɟɧŰɖŰŬ 

ɀŮ ɓɎůɖ Űɞ ˊɟɧŰɡˊɞ ȺɁ 14231 (2003) ́ ŮɟɘɔɟɎűŮŰŬɘ ɖ ɛɏɗɞŭɞɠ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɖɠ 

ŬɜŰɑůŰŬůɖɠ ůŮ ɞɚɘůɗɖɟɧŰɖŰŬ ɝɖɟɩɜ ɐ ɡɔɟɩɜ ŮˊɘűŬɜŮɘɩɜ. ȺəűɟɎɕŮŰŬɘ ůŮ ŰɡɢŬɑŮɠ 

ɛɞɜɎŭŮɠ əŬɘ ŬˊɞŰŮɚŮɑ ɏɜŬ ɛɏŰɟɞ Űɧɝɞɡ ˊɞɡ ŭɘŬɔɟɎűŮɘ ɖ ŬəɑŭŬ Űɖɠ ůɢŮŰɘəɐɠ ůɡůəŮɡɐɠ 

(çɞɚɘůɗɖɟɧɛŮŰɟɞè), ůŮ əŬŰɎɚɚɖɚŬ ɓŬɗɛɞɚɞɔɖɛɏɜɖ ŰɡɢŬɑŬ əɚɑɛŬəŬ, 

ůɡɛˊŬɟŬůɡɟɧɛŮɜɖ Ŭˊɧ Űɞ ŮəəɟŮɛɏɠ Űɖɠ ůɡůəŮɡɐɠ əŬɗɩɠ ŬɡŰɧ ŭɘŬɜɨŮɘ ůɡɔəŮəɟɘɛɏɜɖ 

ŭɘŬŭɟɞɛɐ Ůˊɑ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ɢɟɐůɖɠ Űɞɡ ŭɞəɘɛɑɞɡ. 

ɄɟɞŮŰɞɘɛŬůɑŬ ŭɞəɘɛɑɤɜ 

ũɘŬ Űɖ ŭɞəɘɛɐ ŬɡŰɐ ŮɝŮŰɎɕɞɜŰŬɘ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛɏůɖ Űɘɛɐ ɏɝɘ (6) ŭɞəɘɛɑɤɜ Űɞ 

ɚɘɔɧŰŮɟɞ ŬɜɎ əŬŰɎůŰŬůɖ Ůɚɏɔɢɞɡ (ɝɖɟɐ-ɡɔɟɐ), ɛŮ ŭɘŬůŰɎůŮɘɠ ˊŮɟɑˊɞɡ {136-86-20} 

mm. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɔɘŬ ɜŬ ŮɚŮɔɢɗɞɨɜ ŰŬ ŭɞəɑɛɘŬ ůŮ ɡɔɟɐ əŬŰɎůŰŬůɖ ŮɛˊɞŰɑɕɞɜŰŬɘ 

ůŰɞ ɜŮɟɧ ɔɘŬ ŰɞɡɚɎɢɘůŰɞɜ ŭɨɞ ɩɟŮɠ əŬɘ ŭŮɜ ůəɞɡˊɑɕɞɜŰŬɘ ˊɟɘɜ Űɖ ŭɞəɘɛɐ. 

ɆɖɛŮɑɤůɖ: ȺɎɜ ɖ ŮˊɘűɎɜŮɘŬ ɢɟɐůɖɠ Űɞɡ ŭɞəɘɛɑɞɡ ɏɢŮɘ ɛŮɔŬɚɨŰŮɟɖ Ŭˊɧ 1mm, ɗŬ 

ɗŮɤɟŮɑŰŬɘ ɧŰɘ ŭŮɜ ɔɚɘůŰɟɎŮɘ, ɢɤɟɑɠ ɜŬ ˊɟŬɔɛŬŰɞˊɞɘɖɗŮɑ ɖ ŭɞəɘɛɐ. 

 

 

ȺɘəɧɜŬ 2.15: ȼ ůɡůəŮɡɐ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ŬɜŰɑůŰŬůɖɠ ůŮ ɞɚɘůɗɖɟɧŰɖŰŬ. (Ʉɖɔɐ: Ʉɟɞůɤˊɘəɧ ŬɟɢŮɑɞ) 
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ȺəŰɏɚŮůɖ 

ɄɟɞŰɞɨ ɔɑɜŮɘ ɖ ŭɞəɘɛɐ ɞ ɞɚɘůɗɖŰɐɟŬɠ (ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ əŬŰŬůəŮɡŬůɛɏɜɞɠ Ŭˊɧ Űɡˊɘəɧ 

əŬɞɡŰůɞɨə) əŬɘ ŰŬ ŭɞəɑɛɘŬ ˊŬɟŬɛɏɜɞɡɜ ůŮ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ 20ÁC ɔɘŬ ŭɨɞ ɩɟŮɠ. 

ȰˊŮɘŰŬ, ɖ ůɡůəŮɡɐ ůŰɐɜŮŰŬɘ ůŮ ůŰŬɗŮɟɐ ŮˊɘűɎɜŮɘŬ əŬɘ Űɞ ŮəəɟŮɛɏɠ ɟɡɗɛɑɕŮŰŬɘ ɏŰůɘ 

ɩůŰŮ ɞ ŭŮɑəŰɖɠ ɜŬ ˊŬɟŬůɨɟŮŰŬɘ ɛŮ ŮɚŮɨɗŮɟɖ ŰŬɚɎɜŰɤůɖ ůŰɖɜ ɏɜŭŮɘɝɖ 0 Űɖɠ əɚɑɛŬəŬɠ. 

ɆŰɖ ůɡɜɏɢŮɘŬ, Űɞ ŭɞəɑɛɘɞ ŰɞˊɞɗŮŰŮɑŰŬɘ əŮɜŰɟɘəɎ əŬɘ ůŰŬɗŮɟɎ ůŰɖ ŭɘɎŰŬɝɖ ůɡɔəɟɎŰɖůɖɠ 

ɏŰůɘ ɩůŰŮ ɞ ŭɘŬɛɐəɖɠ ɎɝɞɜŬɠ ɜŬ ŮɑɜŬɘ ˊŬɟɎɚɚɖɚɞɠ ˊɟɞɠ Űɖ ŭɘŬŭɟɞɛɐ Űɞɡ ŮəəɟŮɛɞɨɠ. 

Ƀɘ ɛŮŰɟɐůŮɘɠ ɔɑɜɞɜŰŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ɢɟɐůɖɠ Űɞɡ ŭɞəɘɛɑɞɡ əŬɘ ˊɟɞɠ ŭɡɞ ŬɜŰɑɗŮŰŮɠ 

əŬŰŮɡɗɨɜůŮɘɠ. ũɘŬ ɜŬ ŮɑɜŬɘ ɏɔəɡɟɞɘ ɞɘ ɡˊɞɚɞɔɘůɛɞɑ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮˊɘŰŮɡɢɗɞɨɜ ˊɏɜŰŮ 

ůɡɜŮɢɧɛŮɜŮɠ ɛŮŰɟɐůŮɘɠ ɔɘŬ əɎɗŮ əŬŰŮɨɗɡɜůɖ, Űɤɜ ɞˊɞɑɤɜ Űɞ Ůɨɟɞɠ ɜŬ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɞ 

ɐ ɑůɞ Űɤɜ Űɟɘɩɜ ɛɞɜɎŭɤɜ (ˊ.ɢ. 52, 54,51,52,53). ɆŰɖ ůɡɜɏɢŮɘŬ, ɚŬɛɓɎɜŮŰŬɘ ɞ ɛɏůɞɠ 

ɧɟɞɠ ɔɘŬ Űɘɠ ɛŮŰɟɐůŮɘɠ əɎɗŮ əŬŰŮɨɗɡɜůɖɠ. ȼ ŰŮɚɘəɐ Űɘɛɐ Űɖɠ ɞɚɘůɗɖɟɧŰɖŰŬɠ ɔɘŬ əɎɗŮ 

ŭɞəɑɛɘɞ ŮɑɜŬɘ ɞ ɛɏůɞɠ ɧɟɞɠ Űɤɜ ɛɏůɤɜ ɧɟɤɜ Űɖɠ ɞɚɘůɗɖɟɧŰɖŰŬɠ ɔɘŬ əɎɗŮ əŬŰŮɨɗɡɜůɖ.  

ɆɖɛŬůɑŬ ŭɞəɘɛɐɠ  

Ʉɟɘɜ Űɖɜ Ůˊɘɚɞɔɐ Ůɜɧɠ Ůɑŭɞɡɠ ɛŬɟɛɎɟɞɡ ɔɘŬ ɢɟɐůɖ ůŮ ˊɚŬəɎəɘŬ ɔɘŬ ɏɜŬɜ ůɡɔəŮəɟɘɛɏɜɞ 

ɢɩɟɞ, ɡˊɎɟɢŮɘ ɛɘŬ ˊɞɚɨ ůɖɛŬɜŰɘəɐ ɘŭɘɧŰɖŰŬ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ɚɖűɗŮɑ ɡˊɧɣɖ, ˊɏɟŬ Ŭˊɧ Űɞ 

ɢɟɩɛŬ, Űɞ ůɢɏŭɘɞ əŬɘ Űɞ ůɢɐɛŬ ˊɞɡ ŰŬɘɟɘɎɕŮɘ. ȷɡŰɐ ɖ ɘŭɘɧŰɖŰŬ ŮɑɜŬɘ ɖ 

ŬɜŰɘɞɚɘůɗɖŰɘəɧŰɖŰŬ, ŭɖɚŬŭɐ ɖ ŬɜŰɞɢɐ Űɞɡ ɛŬɟɛɎɟɞɡ ůŰɖɜ ɞɚɑůɗɖůɖ. ȾɎɗŮ ɛɎɟɛŬɟɞ 

ɏɢŮɘ ŭɘŬűɞɟŮŰɘəɐ ŬɜŰɞɢɐ ɞɚɑůɗɖůɖɠ ůŮ ɝɖɟɐ əŬŰɎůŰŬůɖ, ŬɚɚɎ ŬɜɎɚɞɔŬ ɛŮ Űɞ ɢɩɟɞ ˊɞɡ 

ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ, ˊɟɏˊŮɘ ɜŬ ɔɑɜŮɘ ɏɚŮɔɢɞɠ əŬɘ ɔɘŬ ɡɔɟɏɠ ůɡɜɗɐəŮɠ, ɞɘ ɞˊɞɑŮɠ ŮɑɜŬɘ əŬɘ 

ɞɘ ˊɘɞ ŮˊɘəɑɜŭɡɜŮɠ. ȷɡŰɧɠ ɞ əɑɜŭɡɜɞɠ ɛˊɞɟŮɑ ɜŬ ɝŮˊŮɟŬůŰŮɑ ɛŮ Űɖɜ ůɤůŰɐ Ůˊɘɚɞɔɐ 

ɛŬɟɛɎɟɞɡ, ŬɚɚɎ əŬɘ ɛŮ Űɖɜ əŬŰɎɚɚɖɚɖ ŮˊŮɝŮɟɔŬůɑŬ Űɖɠ ŮˊɘűɎɜŮɘŬɠ ɢɟɐůɖɠ Űɞɡɠ, ɧˊɤɠ 

ɔɘŬ ˊŬɟɎŭŮɘɔɛŬ ŭɖɛɘɞɡɟɔɑŬ ɛŬŰ ŮˊɘűɎɜŮɘŬɠ ŬɜŰɑ ɔɘŬ ɚŮɑŬ ɐ ŮˊɘůɛɎɚŰɤůɖ Űɖɠ. 

 

 

2.2.4. ɄŮɟɘɓŬɚɚɞɜŰɘəɏɠ ȹɞəɘɛɏɠ 

 

2.2.4.1. ȷɜŰɑůŰŬůɖ ůŮ ˊŬɔŮŰɧ 

ɀŮ ɓɎůɖ Űɞ ˊɟɧŰɡˊɞ ȺɁ 12371 (2010) ́ ŮɟɘɔɟɎűŮŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŭɞəɘɛɐɠ 

ŬɜŰɑůŰŬůɖɠ ůŮ ˊŬɔŮŰɧ ɛŮ əɨəɚɞɡɠ ɣɨɝɖɠ - Ŭˊɧɣɡɝɖɠ. ȼ ŭɞəɘɛɐ ˊɟɞůɞɛɞɘɩɜŮɘ Űɖɜ 

əŬŰŬˊɧɜɖůɖ ˊɞɡ ɡűɑůŰŬŰŬɘ Űɞ ˊɏŰɟɤɛŬ Ŭˊɧ Űɖɜ ɏəɗŮůɖ Űɞɡ ůŮ ɡɔɟŬůɑŬ əŬɘ ɢŬɛɖɚɏɠ 

ɗŮɟɛɞəɟŬůɑŮɠ. ȼ Ůɜ ɚɧɔɤ əŬŰŬˊɧɜɖůɖ ŬɝɘɞɚɞɔŮɑŰŬɘ ɛɏůɤ Űɖɠ ɞˊŰɘəɐɠ ˊŬɟŬŰɐɟɖůɖɠ 

əɎɗŮ ŭɞəɘɛɑɞɡ əŬɘ Ŭˊɧ Űɖɜ ˊɘɗŬɜɐ ɛŮŰŬɓɞɚɐ Űɞɡ ɛɏůɞɡ ɧɟɞɡ Űɖɠ ŬɜŰɞɢɐɠ Űɞɡ 

ˊŮŰɟɩɛŬŰɞɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ ɐ əɎɛɣɖ.  

ɄɟɞŮŰɞɘɛŬůɑŬ ŭɞəɘɛɑɤɜ 

ɇŬ ŭɞəɑɛɘŬ ɗŬ ɏɢɞɡɜ Űɘɠ ŭɘŬůŰɎůŮɘɠ ˊɞɡ ŬˊŬɘŰɞɨɜŰŬɘ ɔɘŬ Űɖɜ ŭɞəɘɛɐ ˊɞɡ ɗŬ 

ŬəɞɚɞɡɗɐůŮɘ ɛŮŰɎ Űɞɡɠ əɨəɚɞɡɠ ɣɨɝɖɠ ï Ŭˊɧɣɡɝɖɠ, ŭɖɚŬŭɐ ˊɟɏˊŮɘ ɜŬ ˊɚɖɟɞɨɜ ŮɑŰŮ 

Űɘɠ ˊɟɞŭɘŬɔɟŬűɏɠ Űɖɠ ŭɞəɘɛɐɠ ˊɟɞůŭɘɞɟɘůɛɞɨ ŬɜŰɞɢɐɠ ůŮ ɗɚɑɣɖ, ŮɑŰŮ Űɘɠ ˊɟɞŭɘŬɔɟŬűɏɠ 

Űɖɠ ŭɞəɘɛɐɠ ˊɟɞůŭɘɞɟɘůɛɞɨ ŬɜŰɞɢɐɠ ůŮ əɎɛɣɖ. ȾŬɘ ůŰɘɠ ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ, ɔɘŬ Űɖ 

ŭɞəɘɛɐ ŬɡŰɐ ŮɝŮŰɎɕɞɜŰŬɘ əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛɏůɖ Űɘɛɐ ŭɏəŬ (10) ŭɞəɘɛɑɤɜ Űɞ ɚɘɔɧŰŮɟɞ. 
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ȺəŰɏɚŮůɖ ŭɞəɘɛɐɠ 

ȷɟɢɘəɎ ŰŬ ŭɞəɑɛɘŬ ɝɖɟŬɑɜɞɜŰŬɘ ůŰɞɡɠ 70ÁC əŬɘ ɕɡɔɑɕɞɜŰŬɘ ŬɜɎ 24 ɩɟŮɠ ɛɏɢɟɘ ɜŬ 

ŮˊɘŰŮɡɢɗŮɑ ɖ ɝɖɟɐ ůŰŬɗŮɟɐ ɛɎɕŬ. ȾŬŰɧˊɘɜ, ůŰŬ ŭɞəɑɛɘŬ ŮəŰŮɚŮɑŰŬɘ ɖ ŭɞəɘɛɐ Űɖɠ  

ɡŭŬŰŬˊɞɟɟɞűɖůɖɠ ɡˊɧ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ, ɛŮ ɓɎůɖ Űɖ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ɏɢŮɘ ŬɜŬɚɡɗŮɑ. 

ɆŰɖ ůɡɜɏɢŮɘŬ, ŰŬ ŭɞəɑɛɘŬ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŰɞ ŭɞɢŮɑɞ Űɖɠ ůɡůəŮɡɐɠ ɣɨɝɖɠ ï Ŭˊɧɣɡɝɖɠ 

(ŭŮɝŬɛŮɜɐ ɣɨɝɖɠ ŮˊŬɟəɞɨɠ ɢɤɟɖŰɘəɧŰɖŰŬɠ ɛŮ ŬɡŰɧɜɞɛɞ ůɨůŰɖɛŬ Ůɚɏɔɢɞɡ ɔɘŬ Űɞɜ 

ˊɟɞɔɟŬɛɛŬŰɘůɛɧ Űɤɜ əɨəɚɤɜ ɣɨɝɖɠ əŬɘ Ŭˊɧɣɡɝɖɠ), ɛŮ Űɟɧˊɞ ɏŰůɘ ɩůŰŮ ɜŬ ɛɖ ɏɟɢɞɜŰŬɘ 

ůŮ ŮˊŬűɐ ɛŮŰŬɝɨ Űɞɡɠ ɐ ɛŮ Űɘɠ ˊɚŮɡɟɏɠ Űɞɡ ŭɞɢŮɑɞɡ. ɇɞˊɞɗŮŰɞɨɜŰŬɘ ůŮ ŬˊɧůŰŬůɖ 

ŰɞɡɚɎɢɘůŰɞɜ 10mm Űɞ ɏɜŬ Ŭˊɧ Űɞ Ɏɚɚɞ əŬɘ ŰɞɡɚɎɢɘůŰɞɜ 20mm Ŭˊɧ Űɘɠ ˊɚŮɡɟɏɠ Űɞɡ 

ŭɞɢŮɑɞɡ. ɇɞ ŭɞəɑɛɘɞ ŬɜŬűɞɟɎɠ ˊɞɡ ˊŮɟɘɏɢŮɘ Űɞ ůɨůŰɖɛŬ əŬŰŬɔɟŬűɐɠ Űɖɠ ɗŮɟɛɞəɟŬůɑŬɠ 

ŰɞˊɞɗŮŰŮɑŰŬɘ ůŰɞ ɛɏůɞ Űɤɜ ŭɞəɘɛɑɤɜ ˊɞɡ ɗŬ ŮɝŮŰŬůɗɞɨɜ. 

ɇɞ ˊɚɐɗɞɠ Űɤɜ əɨəɚɤɜ ˊɞɡ ɗŬ ŭɘŮɝŬɢɗɞɨɜ ɞɟɑɕŮŰŬɘ ůŰɞ əŬŰɎɚɚɖɚɞ, əŬŰɎ ˊŮɟɑˊŰɤůɖ, 

ˊɟɧŰɡˊɞ. ȾɎɗŮ 14 əɨəɚɞɡɠ (ɐ ɚɘɔɧŰŮɟɞɡɠ, Ŭɜ ŮɑɜŬɘ ɓɞɚɘəɧ), ŰŬ ŭɞəɑɛɘŬ ůŰɟɏűɞɜŰŬɘ 

əŬŰɎ 180 ̄ɔɨɟɤ Ŭˊɧ Űɞɜ ɞɟɘɕɧɜŰɘɞ ɎɝɞɜɎ Űɞɡɠ. ȾɎɗŮ əɨəɚɞɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛɑŬ 

ŮɝɎɤɟɖ (6h) ˊŮɟɑɞŭɞ ɣɨɝɖɠ ůŰɞɜ ŬɏɟŬ, ŬəɞɚɞɡɗɞɨɛŮɜɖ Ŭˊɧ ɛɑŬ ŮɝɎɤɟɖ (6h) ˊŮɟɑɞŭɞ 

Ŭˊɧɣɡɝɖɠ əŬŰɎ Űɖɜ ɞˊɞɑŬ ŰŬ ŭɞəɑɛɘŬ ŮɛɓŬˊŰɑɕɞɜŰŬɘ ůŰɞ ɜŮɟɧ. Ƀɘ əɨəɚɞɘ ɗŬ 

ŮˊŬɜŬɚŬɛɓɎɜɞɜŰŬɘ ɛɏɢɟɘ ŰŬ ŭɞəɑɛɘŬ ɜŬ ŬůŰɞɢɐůɞɡɜ ɐ ɏɤɠ Űɞ ŭŮŭɞɛɏɜɞ ɛɏɔɘůŰɞ ˊɚɐɗɞɠ 

əɨəɚɤɜ. 

 

ȺɘəɧɜŬ 2.16: ɇŬ ŭɨɞ ɣɡɔŮɑŬ ˊɞɡ ŭɘŬɗɏŰŮɘ Űɞ ȺɟɔŬůŰɐɟɘɞ çȿȽŪɃɆè ɔɘŬ Űɖ ŭɘŬŭɘəŬůɑŬ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɖɠ ŬɜŰɑůŰŬůɖɠ 

ůŮ ˊŬɔŮŰɧ. (Ʉɖɔɐ: Ʉɟɞůɤˊɘəɧ ŬɟɢŮɑɞ) 

ȺɎɜ ɖ ŭɞəɘɛɐ ˊɟɏˊŮɘ ɜŬ ŭɘŬəɞˊŮɑ, ŮəŰɧɠ Ŭˊɧ Űɖɜ ˊŮɟɑˊŰɤůɖ Ůɚɏɔɢɞɡ, ůŮ ɞˊɞɘŬŭɐˊɞŰŮ 

ɢɟɞɜɘəɐ ůŰɘɔɛɐ, ŰɧŰŮ ŰŬ ŭɞəɑɛɘŬ ˊɟɏˊŮɘ ɜŬ ŮɛɓŬˊŰɘůɗɞɨɜ ůŮ ɜŮɟɧ ůŰɞɡɠ 20C̄. ȷɜ ɖ 

ŭɘŬəɞˊɐ ɡˊŮɟɓŬɑɜŮɘ Űɘɠ 96h, ŰŬ ŭɞəɑɛɘŬ ˊɟɏˊŮɘ ɜŬ ɓɔɞɡɜ Ŭˊɧ Űɞ ɜŮɟɧ əŬɘ ɜŬ 

ůɡůəŮɡŬůɗɞɨɜ ˊɟɞɠ Ŭˊɞűɡɔɐ Űɖɠ ŮɝɎŰɛɘůɐɠ Űɞɡ. ɀŮŰɎ Űɖɜ ɞɚɞəɚɐɟɤůɖ Űɞɡ 

ŬˊŬɘŰɞɨɛŮɜɞɡ ˊɚɐɗɞɡɠ əɨəɚɤɜ, ɔɑɜŮŰŬɘ ɞˊŰɘəɐ ŮˊɘɗŮɩɟɖůɖ Űɤɜ ŭɞəɘɛɑɤɜ əŬɘ 

ŮɝŮŰɎɕɞɜŰŬɘ, əŬŰɎ ˊŮɟɑˊŰɤůɖ, ůɨɛűɤɜŬ ɛŮ Űɞ əŬŰɎɚɚɖɚɞ ˊɟɧŰɡˊɞ. 
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ȺɎɜ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ əŬɘ ɖ ˊɘɗŬɜɐ ɛŮŰŬɓɞɚɐ Űɞɡ ɛɏůɞɡ ɧɟɞɡ Űɖɠ ŬɜŰɞɢɐɠ 

ŮɑŰŮ ůŮ ɗɚɑɣɖ, ŮɑŰŮ ůŮ əɎɛɣɖ, ˊɟɘɜ əŬɘ ɛŮŰɎ Űɖɜ ŮˊɑŭɟŬůɖ Űɤɜ əɨəɚɤɜ ɣɨɝɖɠ əŬɘ 

Ŭˊɧɣɡɝɖɠ ůŰɞ ɡɚɘəɧ, ŰɧŰŮ ɗŬ ˊɟɏˊŮɘ Ůɝ Ŭɟɢɐɠ ɜŬ ɡˊɎɟɢɞɡɜ ŰɞɡɚɎɢɘůŰɞɜ Ůɑəɞůɘ (20) 

ŭɞəɑɛɘŬ Űɖɠ ɑŭɘŬɠ ˊŬɟŰɑŭŬɠ ůŰŬ ɛɘůɎ Ŭˊɧ ŰŬ ɞˊɞɑŬ ɗŬ ŮűŬɟɛɞůŰŮɑ ɖ ɕɖŰɞɨɛŮɜɖ ŭɞəɘɛɐ 

əŬɘ ůŰŬ ɎɚɚŬ ɛɘůɎ ɖ ŭɞəɘɛɐ ŬɜŰɑůŰŬůɖɠ ůŮ ˊŬɔŮŰɧ.  

ɆɖɛŬůɑŬ ŭɞəɘɛɐɠ  

ȼ ŭɞəɘɛɐ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ ɢɟɐůɖ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ ůŮ ɢɩɟɞɡɠ ɛŮ ɡɔɟŬůɑŬ, əŬɘ ɢŬɛɖɚɏɠ 

ɗŮɟɛɞəɟŬůɑŮɠ. ȷɜ Űɞ ɡɚɘəɧ ˊŬɟɞɡůɘɎůŮɘ űɗɞɟɏɠ (ɟŬɔɑůɛŬŰŬ, ɝŮűɚɞɡŭɑůɛŬŰŬ) ɛŮŰɎ Űɖ 

ŭɞəɘɛɐ, ɐ ŮɎɜ ɖ ɛɏůɖ ŬɜŰɞɢɐ Űɞɡ (ŮɑŰŮ ůŮ ɗɚɑɣɖ, ŮɑŰŮ ůŮ əɎɛɣɖ) ˊŬɟɞɡůɘɎůŮɘ ɛŮɑɤůɖ 

əŬŰɎ ˊŮɟɘůůɧŰŮɟɞ Ŭˊɧ 20% ɏɜŬɜŰɘ Űɖɠ ŬɜŰɞɢɐɠ Űɞɡ űɡůɘəɞɨ ɡɚɘəɞɨ, ŰɧŰŮ 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ˊŬɔɧˊɚɖəŰɞ əŬɘ ɗŮɤɟŮɑŰŬɘ ŬəŬŰɎɚɚɖɚɞ ɔɘŬ ŮɝɤŰŮɟɘəɐ ɢɟɐůɖ. 

 

2.2.4.2. ȷɜŰɑůŰŬůɖ ůŰɖ ɔɐɟŬɜůɖ ɛŮ ɗŮɟɛɘəɧ ŬɘűɜɘŭɘŬůɛɧ 

ɀŮ ɓɎůɖ Űɞ ˊɟɧŰɡˊɞ ȺɁ 14066 (2013) ́ ŮɟɘɔɟɎűŮŰŬɘ ɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŭɞəɘɛɐɠ 

ŬɜŰɑůŰŬůɖɠ ůŰɖ ɔɐɟŬɜůɖ ɛŮ ɗŮɟɛɘəɧ ŬɘűɜɘŭɘŬůɛɧ. ɄɟɞůɞɛɞɘɩɜŮŰŬɘ ɖ əŬŰŬˊɧɜɖůɖ ˊɞɡ 

ɡűɑůŰŬŰŬɘ Űɞ ˊɏŰɟɤɛŬ Ŭˊɧ Űɖɜ ɏəɗŮůɐ Űɞɡ ůŮ ɡɔɟŬůɑŬ əŬɘ ŬˊɧŰɞɛŮɠ ŮɜŬɚɚŬɔɏɠ 

ɗŮɟɛɞəɟŬůɑŬɠ. ȼ əŬŰŬˊɧɜɖůɖ ŬɡŰɐ ŬɝɘɞɚɞɔŮɑŰŬɘ ɛɏůɤ ɞˊŰɘəɐɠ ˊŬɟŬŰɐɟɖůɖɠ əɎɗŮ 

ŭɞəɘɛɑɞɡ (ˊŮɟɘɔɟŬűɐ ˊɘɗŬɜɩɜ ŬɚɚɞɘɩůŮɤɜ) əŬɘ Űɖɠ ˊɘɗŬɜɐɠ ɛŮŰŬɓɞɚɐɠ ůŰɞ ŬɜɞɘəŰɧ 

ˊɞɟɩŭŮɠ, əŬɗɩɠ əŬɘ Ŭˊɧ Űɖɜ ˊɘɗŬɜɐ ɛŮŰŬɓɞɚɐ Űɞɡ ɛɏůɞɡ ɧɟɞɡ Űɖɠ ŬɜŰɞɢɐɠ Űɞɡ 

ˊŮŰɟɩɛŬŰɞɠ ůŮ əɎɛɣɖ. ɆŮ ɧɚŮɠ ŬɡŰɏɠ Űɘɠ ˊŮɟɘˊŰɩůŮɘɠ, ɔɘŬ Űɖ ŭɞəɘɛɐ ŬɡŰɐ ŮɝŮŰɎɕɞɜŰŬɘ 

əŬɘ ɡˊɞɚɞɔɑɕŮŰŬɘ ɛɏůɖ Űɘɛɐ ŭɏəŬ (10) ŭɞəɘɛɑɤɜ Űɞ ɚɘɔɧŰŮɟɞ. 

ȺəŰɏɚŮůɖ ŭɞəɘɛɐɠ 

ȷɟɢɘəɎ ŰŬ ŭɞəɑɛɘŬ ɝɖɟŬɑɜɞɜŰŬɘ ůŰɞɡɠ 70ÁC əŬɘ ɕɡɔɑɕɞɜŰŬɘ ŬɜɎ 24 ɩɟŮɠ ɛɏɢɟɘ ɜŬ 

ŮˊɘŰŮɡɢɗŮɑ ɖ ɝɖɟɐ ůŰŬɗŮɟɐ ɛɎɕŬ. ȾŬŰɧˊɘɜ, ůŰŬ ŭɞəɑɛɘŬ ŮəŰŮɚŮɑŰŬɘ ɖ ŭɞəɘɛɐ Űɞɡ  

ɡˊɞɚɞɔɘůɛɞɨ Űɞɡ ŬɜɞɘəŰɞɨ ˊɞɟɩŭɞɡɠ, ɛŮ ɓɎůɖ Űɖ ŭɘŬŭɘəŬůɑŬ ˊɞɡ ɏɢŮɘ ŬɜŬɚɡɗŮɑ. ɀŮŰɎ 

ŬəɞɚɞɡɗŮɑ ɝɐɟŬɜůɖ Űɤɜ ŭɞəɘɛɑɤɜ ůŰɞɡɠ 40ÜC ɔɘŬ ɛɘŬ ŮɓŭɞɛɎŭŬ əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ 

ˊŬɟŬɛɞɜɐ Űɞɡɠ ůŮ ɗŮɟɛɞəɟŬůɑŬ ŭɤɛŬŰɑɞɡ ůŰɞɡɠ 20ÜC, ˊɟɘɜ Ŭˊɧ Űɖɜ ɏɜŬɟɝɖ Űɤɜ 

əɨəɚɤɜ. 

ɆŰɖ ůɡɜɏɢŮɘŬ, ŰŬ ŭɞəɑɛɘŬ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŰɞ ŭɞɢŮɑɞ Űɖɠ ůɡůəŮɡɐɠ ɗŮɟɛɘəɞɨ 

ŬɘűɜɘŭɘŬůɛɞɨ ɛŮ Űɟɧˊɞ ɏŰůɘ ɩůŰŮ ɜŬ ɛɖ ɏɟɢɞɜŰŬɘ ůŮ ŮˊŬűɐ ɛŮŰŬɝɨ Űɞɡɠ ɐ ɛŮ Űɘɠ 

ˊɚŮɡɟɏɠ Űɞɡ ŭɞɢŮɑɞɡ. ɇɞˊɞɗŮŰɞɨɜŰŬɘ ůŮ ůŰɖɟɑɔɛŬŰŬ ůŮ ŬˊɧůŰŬůɖ ŰɞɡɚɎɢɘůŰɞɜ 50mm 

Űɞ ɏɜŬ Ŭˊɧ Űɞ Ɏɚɚɞ əŬɘ ŰɞɡɚɎɢɘůŰɞɜ 50mm Ŭˊɧ Űɘɠ ˊɚŮɡɟɏɠ Űɞɡ ŭɞɢŮɑɞɡ. ũɘŬ Űɖ 

ŭɘŬŭɘəŬůɑŬ Űɞɡ ɗŮɟɛɘəɞɨ ŬɘűɜɘŭɘŬůɛɞɨ ɔɑɜɞɜŰŬɘ 20 əɨəɚɞɘ. ȾɎɗŮ əɨəɚɞɠ ŬˊɞŰŮɚŮɑŰŬɘ 

Ŭˊɧ 18 ɩɟŮɠ ůŮ ŬɏɟŬ ůŰɞɡɠ 70ÜC əŬɘ Ŭˊɧ 6 ɩɟŮɠ ůŮ ɜŮɟɧ ůŰɞɡɠ 20ÜC (Űɞ ɜŮɟɧ ˊɟɏˊŮɘ 

ɜŬ ŮɑɜŬɘ ŬɟəŮŰɧ ɏŰůɘ ɩůŰŮ ɖ ůŰɎɗɛɖ Űɞɡ ɜŬ ŮɑɜŬɘ ŰɞɡɚɎɢɘůŰɞɜ 50mm ́ Ɏɜɤ Ŭˊɧ ŰŬ 

ŭɞəɑɛɘŬ). ȰˊŮɘŰŬ Ŭˊɧ Űɞɡɠ 20 əɨəɚɞɡɠ ŰŬ ŭɞəɑɛɘŬ ɝɖɟŬɑɜɞɜŰŬɘ ůŰɞɡɠ 70ÜC ɛɏɢɟɘ ɜŬ 

ŮˊɘŰŮɡɢɗŮɑ ůŰŬɗŮɟɐ ɛɎɕŬ. ȺɚɏɔɢɞɜŰŬɘ ɞˊŰɘəɎ əŬɘ əŬŰŬɔɟɎűɞɜŰŬɘ Űɡɢɧɜ ɛŮŰŬɓɞɚɏɠ 

(ɟɤɔɛŬŰɩůŮɘɠ, ɚŮˊɘɩůŮɘɠ, ŬˊɞɚŮˊɑůŮɘɠ). 

ɆŰɖ ůɡɜɏɢŮɘŬ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ əŬɘ ˊɎɚɘ Űɞ ŬɜɞɘəŰɧ ˊɞɟɩŭŮɠ Űɤɜ ŭɞəɘɛɑɤɜ, ŮɚɏɔɢɞɜŰŬɘ 

Űɡɢɧɜ ɛŮŰŬɓɞɚɏɠ əŬɘ ŰŮɚɘəɎ ɡˊɧəŮɘɜŰŬɘ ůŰɖ ŭɘŬŭɘəŬůɑŬ ˊɟɞůŭɘɞɟɘůɛɞɨ Űɖɠ ŬɜŰɞɢɐɠ ůŮ 

əɎɛɣɖ. 
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ȷˊɧ Űɖ ůŰɘɔɛɐ ˊɞɡ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ əŬɘ ɖ ˊɘɗŬɜɐ ɛŮŰŬɓɞɚɐ Űɞɡ ɛɏůɞɡ ɧɟɞɡ 

Űɖɠ ŬɜŰɞɢɐɠ ůŮ əɎɛɣɖ, ˊɟɘɜ əŬɘ ɛŮŰɎ Űɖɜ ŮˊɑŭɟŬůɖ Űɞɡ ɗŮɟɛɘəɞɨ ŬɘűɜɘŭɘŬůɛɞɨ ůŰɞ 

ɡɚɘəɧ, ŰɧŰŮ ɗŬ ˊɟɏˊŮɘ Ůɝ Ŭɟɢɐɠ ɜŬ ɡˊɎɟɢɞɡɜ ŰɞɡɚɎɢɘůŰɞɜ Ůɑəɞůɘ (20) ŭɞəɑɛɘŬ Űɖɠ ɑŭɘŬɠ 

ˊŬɟŰɑŭŬɠ ůŰŬ ɛɘůɎ Ŭˊɧ ŰŬ ɞˊɞɑŬ ɗŬ ŮűŬɟɛɞůŰŮɑ ɖ ŭɞəɘɛɐ ˊɟɞůŭɘɞɟɘůɛɞɨ ŬɜŰɑůŰŬůɖɠ 

ůŮ əɎɛɣɖ ɢɤɟɑɠ Űɞɜ ɗŮɟɛɘəɧ ŬɘűɜɘŭɘŬůɛɧ.  

 

 

ȺɘəɧɜŬ 2.17: ɇɞ ˊŬŰŮɜŰŬɟɘůɛɏɜɞ ɛɖɢɎɜɖɛŬ ˊɞɡ ŭɘŬɗɏŰŮɘ Űɞ ȺɟɔŬůŰɐɟɘɞ çȿȽŪɃɆè ɔɘŬ Űɖ ŭɘŬŭɘəŬůɑŬ ˊɟɞůŭɘɞɟɘůɛɞɨ 

Űɖɠ ŬɜŰɑůŰŬůɖɠ ůŮ ɗŮɟɛɘəɧ ŬɘűɜɘŭɘŬůɛɧ. (Ʉɖɔɐ: Ʉɟɞůɤˊɘəɧ ŬɟɢŮɑɞ) 

ɆɖɛŬůɑŬ ŭɞəɘɛɐɠ  

ȼ ŭɞəɘɛɐ ŬˊŬɘŰŮɑŰŬɘ ɔɘŬ ɢɟɐůɖ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ ůŮ ɢɩɟɞɡɠ ɛŮ ɡɔɟŬůɑŬ, əŬɘ ɛŮɔɎɚŮɠ əŬɘ 

ŬˊɧŰɞɛŮɠ ŮɜŬɚɚŬɔɏɠ ɗŮɟɛɞəɟŬůɑŬɠ. ȼ ŮˊɘŰŬɢɡɜɧɛŮɜɖ ɔɐɟŬɜůɖ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ, ŭɑɜŮɘ 

Űɖ ŭɡɜŬŰɧŰɖŰŬ ɜŬ ˊɟɞɓɚŮűɗŮɑ Űɞ ˊɞůɞůŰɧ əŬŰŬůŰɟɞűɐɠ Űɞɡɠ ɧŰŬɜ ˊɟɧəŮɘŰŬɘ ɜŬ 

ŰɞˊɞɗŮŰɖɗɞɨɜ ůŮ ˊɧɚŮɘɠ, ˊɞɡ ŮɑɜŬɘ ŮˊɘɓŬɟɡɛɏɜŮɠ Ŭˊɧ ɓɑŬɘŮɠ ŮɜŬɚɚŬɔɏɠ əŬɘɟɘəɩɜ 

űŬɘɜɞɛɏɜɤɜ. 

 

2.2.5. ȯɚɚŮɠ ɘŭɘɧŰɖŰŮɠ 

ȺəŰɧɠ Ŭˊɧ Űɘɠ űɡůɘəɏɠ, ɛɖɢŬɜɘəɏɠ əŬɘ ˊŮɟɘɓŬɚɚɞɜŰɘəɏɠ ɘŭɘɧŰɖŰŮɠ, ɡˊɎɟɢɞɡɜ əŬɘ ŭɨɞ 

ŬəɧɛŬ ɘŭɘɧŰɖŰŮɠ ˊɞɡ ˊɟɏˊŮɘ ɜŬ ɚŬɛɓɎɜɞɜŰŬɘ ɡˊɧɣɖ ɧŰŬɜ ɛŮɚŮŰɎŰŬɘ ɏɜŬ ŭɘŬəɞůɛɖŰɘəɧ 

ˊɏŰɟɤɛŬ.  

2.2.5.1. ɄŮŰɟɞɔɟŬűɘəɐ ȺɝɏŰŬůɖ 

ȼ ˊŮŰɟɞɔɟŬűɘəɐ ŮɝɏŰŬůɖ ɖ ɞˊɞɑŬ ɛŬɕɑ ɛŮ Űɖɜ ɢɖɛɘəɐ ŬɜɎɚɡůɖ ŰŬɝɘɜɞɛŮɑ Űɞ ˊɏŰɟɤɛŬ 

əŬɘ ˊɟɞůŭɘɞɟɑɕŮɘ ŰŬ ŬɘůɗɖŰɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ, ˊŮɟɘɔɟɎűŮŰŬɘ Ŭˊɧ Űɞ ˊɟɧŰɡˊɞ ȺɁ 

12407 (2019). 
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ȺəŰɏɚŮůɖ 

ȼ ˊŮŰɟɞɔɟŬűɘəɐ-ɞɟɡəŰɞɚɞɔɘəɐ ɛŮɚɏŰɖ Űɤɜ  ɛŬɟɛɎɟɤɜ ˊŮɟɘɚŬɛɓɎɜŮɘ:   

Ŭ) əŬŰɎɚɚɖɚɖ əŬɘ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɐ ŭŮɘɔɛŬŰɞɚɖɣɑŬ, 

ɓ) ɛŬəɟɞůəɞˊɘəɐ ŮɝɏŰŬůɖ ɛŮ Űɖ ɢɟɐůɖ ůŰŮɟŮɞůəɞˊɘəɞɨ ɛɘəɟɞůəɞˊɑɞɡ əŬɘ Ůɜ 

ůɡɜŮɢŮɑŬ  ɛɘəɟɞůəɞˊɘəɐ ŮɝɏŰŬůɖ ɛŮ Űɖ ŭɘŬɛɧɟűɤůɖ ɚŮˊŰɩɜ Űɞɛɩɜ əŬɘ Űɖɜ 

ɢɟɐůɖ  ́ ɞɚɤŰɘəɞɨ ɛɘəɟɞůəɞˊɑɞɡ (ɞˊŰɘəɐ ɛɘəɟɞůəɞˊɑŬ),  

ɔ) ɛŮɚɏŰɖ ˊŮɟɘɗɚŬůɘɛŮŰɟɑŬɠ ŬəŰɑɜɤɜïɉ,  ɖ ɞˊɞɑŬ ŭɑɜŮɘ Űɖ ŭɡɜŬŰɧŰɖŰŬ ˊɏɟŬɜ Űɖɠ 

ˊɞɘɞŰɘəɐɠ ŬɜɎɚɡůɖɠ əŬɘ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ ɖɛɘ-́ ɞůɞŰɘəɩɜ ŬɜŬɚɨůŮɤɜ, 

ŭ) ˊɘɗŬɜɐ ŬɜɎɚɡůɖ-ŮɟɛɖɜŮɑŬ Űɤɜ ŭŮɘɔɛɎŰɤɜ ɛŮ ɢɟɐůɖ ɖɚŮəŰɟɞɜɘəɞɨ ɛɘəɟɞůəɞˊɑɞɡ 

ůɎɟɤůɖɠ (SEM)  əŬɘ SEM-EDS,  ɧˊɞɡ Űɞ ɖɚŮəŰɟɞɜɘəɧ ɛɘəɟɞůəɧˊɘɞ ůɡɜŭɏŮŰŬɘ  ɛŮ 

ɖɚŮəŰɟɞɜɘəɧ ŬɜɘɢɜŮɡŰɐ EDS. (Ʉɖɔɐ: ɃˊŰɘəɐ ɀɘəɟɞůəɞˊɑŬ (Optical Microscopy) by 

P.Tzeferis) 

 

ɆɖɛŬůɑŬ ŭɞəɘɛɐɠ  

Ƀɘ ɘŭɘɧŰɖŰŮɠ Űɤɜ űɡůɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ ŭŮɜ ŮˊɖɟŮɎɕɞɜŰŬɘ ɛɧɜɞ Ŭˊɧ ŰŬ ůɡůŰŬŰɘəɎ 

ɞɟɡəŰɎ Űɞɡɠ ɐ Űɞɜ ˊɟɞůŬɜŬŰɞɚɘůɛɧ ŬɡŰɩɜ, ŬɚɚɎ əŬɘ Ŭˊɧ Űɞ ɛɏɔŮɗɞɠ Űɤɜ əɧəəɤɜ, Űɖɜ 

ˊŬɟɞɡůɑŬ ɛɘəɟɞɟɤɔɛɩůŮɤɜ əŬɘ ɔŮɜɘəɧŰŮɟŬ Űɞɜ ɘůŰɧ əŬɘ Űɖɜ ɡűɐ Űɞɡɠ. 

ɆŰŬ ɛɎɟɛŬɟŬ ɛˊɞɟŮɑ ɜŬ ůɡɜɡˊɎɟɢɞɡɜ əŬɘ ɎɚɚŬ ɞɟɡəŰɎ (ˊɚɖɜ Űɞɡ ŬůɓŮůŰɑŰɖ əŬɘ Űɞɡ 

ŭɞɚɞɛɑŰɖ) ůŮ ŭɘɎűɞɟŮɠ ˊɞůɧŰɖŰŮɠ, ɧˊɤɠ ɢŬɚŬɕɑŬɠ, ɎůŰɟɘɞɘ, ɛɞůɢɞɓɑŰɖɠ ə.Ɏ. ȷɜŬɚɧɔɤɠ 

Űɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰɎ Űɞɡɠ ɛˊɞɟɞɨɜ ɜŬ ŮˊɖɟŮɎůɞɡɜ Űɧůɞ Űɘɠ ŰŮɢɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ, ɧůɞ əŬɘ 

Űɞ ɢɟɩɛŬ Űɞɡ ɛŬɟɛɎɟɞɡ.  

ɆɡɜŮˊɩɠ, ɞɘ űɡůɘəɞɛɖɢŬɜɘəɏɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ əŬɘ ůɡɜŬəɧɚɞɡɗŬ ɖ ˊɞɘɧŰɖŰŬ 

əŬɘ ɖ əŬŰŬɚɚɖɚɧŰɖŰŬ Ůɜɧɠ ŭɘŬəɞůɛɖŰɘəɞɨ ˊŮŰɟɩɛŬŰɞɠ ɔɘŬ ɢɟɐůɖ Űɞɡ ůŮ ŭɘɎűɞɟŮɠ 

ŮűŬɟɛɞɔɏɠ, ŮɝŬɟŰɩɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ ŰŬ ˊŮŰɟɞɔɟŬűɘəɎ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡɠ. 

 

2.2.5.2. ɃɜɞɛŬŰɞɚɞɔɑŬ 

ȼ ɞɜɞɛŬŰɞɚɞɔɑŬ Űɤɜ ŭɘŬəɞůɛɖŰɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ ŮɑɜŬɘ Ŭˊɧ ŰŬ ɓŬůɘəɧŰŮɟŬ ůŰɞɘɢŮɑŬ 

ˊɞɡ ŰŬ ɢŬɟŬəŰɖɟɑɕɞɡɜ, əŬɗɩɠ, ɧˊɤɠ ɏɢŮɘ ŮɘˊɤɗŮɑ əɎɗŮ ŭɘŬəɞůɛɖŰɘəɧ ˊɏŰɟɤɛŬ ŮɑɜŬɘ 

ˊɞɚɨ ɝŮɢɤɟɘůŰɧ əŬɘ ŮɑɜŬɘ ŬˊɑɗŬɜɞ ɜŬ ɓɟŮɗŮɑ ůŮ ŭɨɞ ŭɘŬűɞɟŮŰɘəɎ ɔŮɤɔɟŬűɘəɎ ůɖɛŮɑŬ. 

Ƀ Űɟɧˊɞɠ ɞɜɞɛŬŰɞɚɞɔɑŬɠ ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɞ ˊɟɧŰɡˊɞ ȺɁ 12440 (2017). 

ɆŮ ɛɘŬ ˊɟɞůˊɎɗŮɘŬ ɩůŰŮ Űɞ ɧɜɞɛŬ Űɞɡ əɎɗŮ ɡɚɘəɞɨ ɜŬ ŬˊɞŭɑŭŮɘ ˊɚɖɟɏůŰŮɟŬ Űɖɜ ˊɚɐɟɖ 

ŰŬɡŰɧŰɖŰŬ Űɞɡ əŬɘ Űɘɠ ɘŭɘɧŰɖŰɏɠ Űɞɡ, ůɡɜŰɎɢɗɖəŮ Űɞ ˊɟɧŰɡˊɞ ŬɡŰɧ, Űɞ ɞˊɞɑɞ əŬɗɘŮɟɩɜŮɘ 

Űɡˊɘəɧ ɧɜɞɛŬ ɔɘŬ ŰŬ űɡůɘəɎ ŭɘŬəɞůɛɖŰɘəɎ ˊŮŰɟɩɛŬŰŬ, ɛŮ ɓɎůɖ ůɡɔəŮəɟɘɛɏɜŬ əɟɘŰɐɟɘŬ 

ɞɜɞɛŬŰɞɚɞɔɑŬɠ Űɤɜ űɡůɘəɩɜ ɚɑɗɤɜ. Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɖ ˊŬɟŬˊɎɜɤ ˊɟɞŭɘŬɔɟŬűɐ 

ˊɟɞɓɚɏˊŮɘ ɧŰɘ ɔɘŬ əɎɗŮ ˊɏŰɟɤɛŬ, ˊɏɟŬ Ŭˊɧ Űɞ Ůɛˊɞɟɘəɧ Űɞɡ ɧɜɞɛŬ, ˊɟɏˊŮɘ ɜŬ ɞɟɑɕŮŰŬɘ 

ůŰɘɠ Ůɛˊɞɟɘəɏɠ ůɡɜŬɚɚŬɔɏɠ əŬɘ Űɞ Űɡˊɘəɧ Űɞɡ ɧɜɞɛŬ, ŭɖɚŬŭɐ ɏɜŬ ůɨɜɗŮŰɞ ɧɜɞɛŬ, Űɞ 

ɞˊɞɑɞ ɗŬ ˊɟɏˊŮɘ ɜŬ ˊŮɟɘɚŬɛɓɎɜŮɘ ɧɟɞɡɠ ˊɞɡ ůɢŮŰɑɕɞɜŰŬɘ ɛŮ Űɞ ŮˊɘůŰɖɛɞɜɘəɧ ɧɜɞɛŬ Űɞɡ 

ˊŮŰɟɩɛŬŰɞɠ, Űɞ Űɡˊɘəɧ ɢɟɩɛŬ Űɞɡ ɡɚɘəɞɨ, Űɖ ɗɏůɖ Űɞɡ ɚŬŰɞɛŮɑɞɡ Ůɝɧɟɡɝɖɠ ə.Ŭ. ɋɠ 

ˊŬɟɎŭŮɘɔɛŬ, ɞ ȸɘɞɛɘəɟɘŰɘəɧɠ ȷůɓŮůŰɧɚɘɗɞɠ ɊŬɗɩɜ-ɆɖŰŮɑŬɠ ůŰɖɜ ȾɟɐŰɖ ɞɜɞɛɎɕŮŰŬɘ 

əŬɘ ñɀŬɚŰŮɕɧˊŮŰɟŬò, Ůɜɩ Űɞ ȷůɓŮůŰɘŰɘəɧ ɀɎɟɛŬɟɞ Űɖɠ ɁɎɝɞɡ ŮɑɜŬɘ əɞɘɜɩɠ ɔɜɤůŰɧ 

əŬɘ ɤɠ ñȾɟɡůŰŬɚɚɑɜŬò ɁɎɝɞɡ. 



 

 
49 

ȾŮűɎɚŬɘɞ 3: ȼ ɛɏɗɞŭɞɠ ɛɏŰɟɖůɖɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ 

Űɤɜ ɡˊŮɟɐɢɤɜ ůŰŬ ˊŮŰɟɩɛŬŰŬ 

 

Ƀɘ ŰŮɢɜɘəɏɠ ɡˊŮɟɐɢɤɜ ŮɑɜŬɘ ɛɖ əŬŰŬůŰɟɞűɘəɏɠ əŬɘ ŮɨəɞɚŮɠ ůŰɖɜ ŮűŬɟɛɞɔɐ Űɞɡɠ, Űɧůɞ 

ɔɘŬ ůɡɜɗɐəŮɠ ɢɩɟɞɡ ɧůɞ əŬɘ ŮɟɔŬůŰɖɟɑɞɡ. ɆŰɖ ɓɟŬɢɞɛɖɢŬɜɘəɐ, ɞɘ ŰŮɢɜɘəɏɠ ŰŬɢɨŰɖŰŬɠ 

ɐɢɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɧɚɞ əŬɘ ˊŮɟɘůůɧŰŮɟɞ ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɤɜ ŭɡɜŬɛɘəɩɜ 

ɘŭɘɞŰɐŰɤɜ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ. ȼ ŰŬɢɨŰɖŰŬ ŭɘɎŭɞůɖɠ Űɞɡ ɐɢɞɡ ůŮ ɛɘŬ ɓɟŬɢɞɛɎɕŬ 

ůɢŮŰɑɕŮŰŬɘ ůŰŮɜɎ ɛŮ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɞɡ ŬŭɘŬŰɎɟŬɢŰɞɡ ˊŮŰɟɩɛŬŰɞɠ əŬɘ ɖ ɛɏŰɟɖůɖ Űɖɠ 

ŰŬɢɨŰɖŰŬɠ ůŮ ɓɟŬɢɩŭŮɘɠ ɛɎɕŮɠ ŭɘŮɟŮɡɜɎ Űɖ ŭɞɛɐ əŬɘ Űɖɜ ɡűɐ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ. Ƀɘ 

ůɖɛŬɜŰɘəɞɑ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ ŮɑɜŬɘ ɞ Űɨˊɞɠ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ, ɖ 

ɞɟɡəŰɞɚɞɔɘəɐ ůɨůŰŬůɖ, ɖ ɡűɐ əŬɘ ɖ ŭɞɛɐ Űɞɡ ˊŮŰɟɩɛŬŰɞɠ, Űɞ ɛɏɔŮɗɞɠ əŬɘ Űɞ ůɢɐɛŬ 

Űɤɜ əɧəəɤɜ, ɖ ˊɡəɜɧŰɖŰŬ, Űɞ ˊɞɟɩŭŮɠ, ɖ ɗŮɟɛɞəɟŬůɑŬ, ɞɘ əŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ, ŰŬ 

ŮˊɑˊŮŭŬ ůŰɟɩůɖɠ əŬɘ ɞɘ ɘŭɘɧŰɖŰŮɠ Űɤɜ Ŭɟɛɩɜ (ŰɟŬɢɨŰɖŰŬ, ɡɚɘəɧ ˊɚɐɟɤůɖɠ, ɜŮɟɧ, 

ŮɛɓɎˊŰɘůɖ əŬɘ ɢŰɡˊɐɛŬŰŬ ə.ɚˊ.). (Yasar, 2004) 

ȼ ɛɏɗɞŭɞɠ Űɤɜ ɡˊŮɟɐɢɤɜ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ ŮŭŬűɩɜ əŬɘ ˊŮŰɟɤɛɎŰɤɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ Ŭˊɧ 

ŰŬ ˊŮɟɘůůɧŰŮɟŬ ŮɟɔŬůŰɐɟɘŬ ɓɟŬɢɞÕɖɢŬɜɘəɐɠ ůŮ ɧɚɞ Űɞɜ əɧůɛɞ əŬɘ ŮˊɘŰɟɏˊŮɘ Űɞɜ 

ŮɜŰɞˊɘůɛɧ ŮůɤŰŮɟɘəɩɜ ŬŰŮɚŮɘɩɜ, ɟɤɔɛɩɜ, ˊɧɟɤɜ, ŮɔəɚŮɘůɛɎŰɤɜ ŬɚɚɎ əŬɘ 

ŭɘŮˊɘűŬɜŮɘŬəɩɜ ŬůŰɞɢɘɩɜ ŮˊɘůŰɟɩɛŬŰɞɠ əŬɘ ɡˊɞůŰɟɩɛŬŰɞɠ. 

ɇɞ əɨɛŬ ŭŮɜ ŭɘŬŭɑŭŮŰŬɘ ůŮ əŮɜɎ Ŭɏɟɞɠ, Ůˊɞɛɏɜɤɠ Ŭɜ ɡˊɎɟɢɞɡɜ ŰɏŰɞɘŬ əŮɜɎ ůŰɞ ɡˊɧ 

ŮɝɏŰŬůɖ ɛɏůɞ ŰɧŰŮ ɗŬ əŬŰŬɔɟŬűŮɑ ɞ ɢɟɧɜɞɠ ˊɞɡ ɏəŬɜŮ Űɞ əɨɛŬ ˊŬɟŬəɎɛˊŰɞɜŰŬɠ ŰŬ 

əŮɜɎ ɛɏůɤ Űɖɠ ůɡɜŰɞɛɧŰŮɟɖɠ ŭɘŬŭɟɞɛɐɠ. ȰŰůɘ ɛŮ Űɘɠ ɛŮŰɟɐůŮɘɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ ɔɨɟɤ 

Ŭˊɧ Űɖɜ ˊŮɟɘɞɢɐ ˊɞɡ ˊɘůŰŮɨŮŰŬɘ ɧŰɘ ɓɟɑůəɞɜŰŬɘ, ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ˊɟɞůŭɘɞɟɘůŰɞɨɜ 

ŰɏŰɞɘŬ əŮɜɎ. 

 

3.1 ȹɘŬŭɘəŬůɑŬ ɛɏŰɟɖůɖɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɤɜ ɡˊŮɟɐɢɤɜ 

ũɘŬ Űɖɜ ɛɏŰɟɖůɖ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɤɜ ɡˊŮɟɐɢɤɜ ŰŬ ŭɞəɑɛɘŬ ŭŮɜ ɢɟŮɘɎůŰɖəŬɜ əɎˊɞɘŬ 

ˊŮɟŬɘŰɏɟɤ ˊɟɞŮŰɞɘɛŬůɑŬ, ˊŬɟɎ ɛɧɜɞ ɜŬ ŮɚŮɔɢɗŮɑ Ŭɜ ɞɘ ŮˊɘűɎɜŮɘɏɠ Űɞɡɠ ŮɑɜŬɘ ɧůɞ Űɞ 

ŭɡɜŬŰɧɜ ˊɘɞ ɚŮɑŮɠ. ɆɖɛŬɜŰɘəɧ Ůˊɑůɖɠ ɐŰŬɜ ɜŬ ɛŮŰɟɖɗɞɨɜ ˊɟɞůŮəŰɘəɎ ɞɘ ŭɘŬůŰɎůŮɘɠ 

Űɞɡɠ, əŬɗɩɠ ɗŬ əŬɗɞɟɑůɞɡɜ ůŮ ɛŮɔɎɚɞ ɓŬɗɛɧ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ.  

ũɘŬ əɎɗŮ ɏɜŬ Ŭˊɧ ŰŬ 38 ŭɞəɑɛɘŬ Űɤɜ ɛŬɟɛɎɟɤɜ əŬɘ ŬůɓŮůŰɧɚɘɗɤɜ ˊɞɡ ɛŮɚŮŰɐɗɖəŬɜ, 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ŮɜɜɏŬ ɛŮŰɟɐůŮɘɠ ŰŬɢɨŰɖŰŬɠ ɡˊŮɟɐɢɤɜ (ŰɟŮɘɠ ůŮ əɎɗŮ ŭɘɎůŰŬůɖ) 

ɔɘŬ ŭɘŬɛɐəɖ (ɗɚɘˊŰɘəɎ) əɨɛŬŰŬ (P-wave) əŬɘ ɎɚɚŮɠ ŰɧůŮɠ ɔɘŬ ŮɔəɎɟůɘŬ (ŭɘŬŰɛɖŰɘəɎ) 

əɨɛŬŰŬ (S-wave). Ⱥˊɞɛɏɜɤɠ, ˊɟɞɏəɡɣŮ ɛɘŬ ůɡɜɞɚɘəɐ ŮɘəɧɜŬ Ŭˊɧ Űɘɠ ɛɏůŮɠ Űɘɛɏɠ Űɤɜ 

ŰŬɢɡŰɐŰɤɜ ůŮ əɎɗŮ ŭɘɎůŰŬůɖ, ŬɚɚɎ ŰŮɚɘəɎ əŬɘ ůŮ ɧɚɞ Űɞɜ ɧɔəɞ Űɞɡ əɎɗŮ ŭɞəɘɛɑɞɡ.  

ɄŮɟɘůůɧŰŮɟŮɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɜ ŭɘŬŭɘəŬůɑŬ ɛɏŰɟɖůɖɠ Űɤɜ ɡˊŮɟɐɢɤɜ ˊŬɟŬŰɑɗŮɜŰŬɘ 

ůŰɘɠ ɞŭɖɔɑŮɠ ɢɟɐůɖɠ Űɞɡ ɛɖɢŬɜɐɛŬŰɞɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ əŬɘ ˊŮɟɘɔɟɎűɞɜŰŬɘ 

ˊŮɟɘɚɖˊŰɘəɎ ůŰɖ ůɡɜɏɢŮɘŬ. 
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ȺɘəɧɜŬ 3.1: ɆŰɘɔɛɘɧŰɡˊɞ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɤɜ ɡˊŮɟɐɢɤɜ ůŮ ŭɘɎűɞɟŬ ŭɞəɑɛɘŬ 

ɛŬɟɛɎɟɤɜ əŬɘ ŬůɓŮůŰɧɚɘɗɤɜ. (Ʉɖɔɐ: Ʉɟɞůɤˊɘəɧ ŬɟɢŮɑɞ) 

 

3.2 ɇɞ ɛɖɢɎɜɖɛŬ ɛɏŰɟɖůɖɠ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɤɜ ɡˊŮɟɐɢɤɜ 

ũɘŬ Űɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ɛɖɢɎɜɖɛŬ Pundit Lab 

Ultrasonic Instrument Űɖɠ proceq, ɔɘŬ ɧɚŮɠ Űɘɠ ɛŮŰɟɐůŮɘɠ ŰŬɢɡŰɐŰɤɜ ŭɘŬɛɖəɩɜ ɐ 

ŭɘŬŰɛɖŰɘəɩɜ əɡɛɎŰɤɜ ɡˊŮɟɐɢɤɜ. ũɘŬ ɜŬ ŮˊɘŰŮɡɢɗɞɨɜ ɞɘ ɛŮŰɟɐůŮɘɠ ůɤůŰɎ əŬɘ ɛŮ 

ŬəɟɑɓŮɘŬ ˊɟɏˊŮɘ ɞɘ əŬŰɎɚɚɖɚɞɘ ɛŮŰŬŰɟɞˊŮɑɠ əŬɘ ŰŬ əŬŰɎɚɚɖɚŬ əŬɚɩŭɘŬ ɜŬ ůɡɜŭŮɗɞɨɜ 

ůŰɞ ɛɖɢɎɜɖɛŬ. ũɘŬ ŰŬ ŭɘŬɛɐəɖ əɨɛŬŰŬ (P-wave) ŮˊɘɚɏɢɗɖəŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ 

ɛŮŰŬŰɟɞˊŮɑɠ 54 kHz, Ůɜɩ ɔɘŬ ŰŬ ŭɘŬŰɛɖŰɘəɎ əɨɛŬŰŬ (S-wave) ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ ɞɘ 

əŬŰɎɚɚɖɚɞɘ ɛŮŰŬŰɟɞˊŮɑɠ Shear Wave Transducers 250kHz. 

 

 

ȺɘəɧɜŬ 3.2: ɇɞ ɛɖɢɎɜɖɛŬ Pundit Lab Ultrasonic ́ɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ. (Ʉɖɔɐ: Ʉɟɞůɤˊɘəɧ ŬɟɢŮɑɞ) 
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ɇɞ Pundit Lab ɗŬ ˊɟɏˊŮɘ ɜŬ ɓŬɗɛɞɜɞɛŮɑŰŬɘ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖ ɟɎɓŭɞ ɓŬɗɛɞɜɧɛɖůɖɠ 

ůŮ ŰŬəŰɘəɐ ɓɎůɖ əŬɘ ɘŭɘŬɑŰŮɟŬ ŮɎɜ ŬɚɚɎɝŮɘ ɖ ůɡɢɜɧŰɖŰŬ Űɞɡ ɛŮŰŬŰɟɞˊɏŬ ɐ ŮɎɜ 

ŬɚɚɎɝɞɡɜ ŰŬ əŬɚɩŭɘŬ. ȼ ŬɜŬɛŮɜɧɛŮɜɖ Űɘɛɐ ɓŬɗɛɞɜɧɛɖůɖɠ ŬɜŬɔɟɎűŮŰŬɘ ůŰɖ ɟɎɓŭɞ 

ɓŬɗɛɞɜɧɛɖůɖɠ. Ƀɘ ɛŮŰŬŰɟɞˊŮɑɠ ůɡɜŭɏɞɜŰŬɘ ůŰɖ ɟɎɓŭɞ ɓŬɗɛɞɜɧɛɖůɖɠ ŮűŬɟɛɧɕɞɜŰŬɠ 

ɡɚɘəɧ ŮˊŬűɐɠ ůŮ ŬɡŰɞɨɠ ŬɚɚɎ əŬɘ ůŰŬ ŭɨɞ ɎəɟŬ Űɖɠ ɟɎɓŭɞɡ əŬɘ ˊɘɏɕɞɜŰɎɠ Űɞɡɠ ůŰŬɗŮɟɎ 

ɛŮŰŬɝɨ Űɞɡɠ. 

ũɘŬ ŰŬ ŭɘŬɛɐəɖ əɨɛŬŰŬ (P-wave) ɤɠ ɡɚɘəɧ ŮˊŬűɐɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ gel əŬŰɎɚɚɖɚɞ ɔɘŬ 

ɡˊŮɟɐɢɞɡɠ, Ůɜɩ ɔɘŬ ŰŬ ŭɘŬŰɛɖŰɘəɎ əɨɛŬŰŬ (S-wave), ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ˊɘɞ ŭɨůəɞɚɞ ɜŬ 

ɛŮŰɟɖɗɞɨɜ, ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ɡɚɘəɧ ŮˊŬűɐɠ Ůɘŭɘəɧ çɔɟɎůɞè, ɛɘŬ ɛɖ Űɞɝɘəɐ, 

ɡŭŬŰɞŭɘŬɚɡŰɐ ˊɎůŰŬ ɛŮ ˊɞɚɨ ɛŮɔɎɚɞ ɘɝɩŭŮɠ. 

ȾŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ɛŮŰɟɐůŮɤɜ ɖ ŭɘɎŰŬɝɖ Űɤɜ ɛŮŰŬŰɟɞˊɏɤɜ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ 

ůɡɔəŮəɟɘɛɏɜɖ. ɈˊɎɟɢɞɡɜ ŰɟŮɑɠ ˊɘɗŬɜɏɠ ŭɘŬŰɎɝŮɘɠ, ɖ ɎɛŮůɖ, ɖ ɖɛɘ-ɎɛŮůɖ əŬɘ ɖ ɏɛɛŮůɖ 

(ɛɘŬɠ ŮˊɘűɎɜŮɘŬɠ). ȼ ɎɛŮůɖ ŭɘɎŰŬɝɖ ŮɑɜŬɘ ŬɡŰɐ ˊɞɡ ŭɑɜŮɘ ŰŬ əŬɚɨŰŮɟŬ ŬˊɞŰŮɚɏůɛŬŰŬ, 

əŬɗɩɠ ŮɝŬůűŬɚɑɕŮɘ Űɖ ɛɏɔɘůŰɖ ɛŮŰɎŭɞůɖ Űɞɡ ůɐɛŬŰɞɠ ɛŮŰŬɝɨ Űɤɜ ɛŮŰŬŰɟɞˊɏɤɜ ŰŬ 

əɏɜŰɟŬ Űɤɜ ɞˊɞɑɤɜ ŮɑɜŬɘ ŬɜŰɘəɟɘůŰɎ. ȼ ɖɛɘ-ɎɛŮůɖ ŭɘɎŰŬɝɖ ŮɑɜŬɘ ɚɘɔɧŰŮɟɞ ɏɛˊɘůŰɖ Ŭˊɧ 

Űɖɜ ɎɛŮůɖ. ȼ ɏɛɛŮůɖ ŭɘɎŰŬɝɖ ŮɑɜŬɘ ɖ ɚɘɔɧŰŮɟɞ ŮɡŬɑůɗɖŰɖ, ɤůŰɧůɞ ŮɑɜŬɘ ɖ ˊɘɞ ɢɟɐůɘɛɖ 

ɔɘŬ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ɓɎɗɞɡɠ ɛɘŬɠ ɟɤɔɛɐɠ, ɧŰŬɜ ŮɑɜŬɘ ˊɟɞůɓɎůɘɛɖ ɛɧɜɞ ɛɘŬ 

ŮˊɘűɎɜŮɘŬ Űɞɡ ɡˊɧ ɛŮɚɏŰɖ ˊŮŰɟɩɛŬŰɞɠ.  

 

 

ȺɘəɧɜŬ 3.3: Ƀɘ ŭɘŬŰɎɝŮɘɠ ůŰɘɠ ɞˊɞɑŮɠ ɛˊɞɟɞɨɜ ɜŬ ŰɞˊɞɗŮŰɖɗɞɨɜ ɞɘ ɛŮŰŬŰɟɞˊŮɑɠ. ȯɛŮůɖ, ȼɛɘ-ɎɛŮůɖ əŬɘ ɏɛɛŮůɖ (Ŭˊɧ 

ŬɟɘůŰŮɟɎ ˊɟɞɠ ŰŬ ŭŮɝɘɎ). ё̟ ͔͐ж͵ЮPundit Lab / Pundit Lab+ Ultrasonic Instrument by proceq, Operating 

Instructions) 

ɆŮ əɎɗŮ ˊŮɟɑˊŰɤůɖ, Űɞ ɛɐəɞɠ Űɖɠ ŭɘŬŭɟɞɛɐɠ ˊɞɡ ɗŬ ŬəɞɚɞɡɗɐůŮɘ Űɞ ůɐɛŬ ŮɑɜŬɘ ɖ 

ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɤɜ əɏɜŰɟɤɜ Űɤɜ ɛŮŰŬŰɟɞˊɏɤɜ. ȼ ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɤɜ 

ɛŮŰŬŰɟɞˊɏɤɜ ɗŬ ˊɟɏˊŮɘ ɜŬ ɛŮŰɟɎŰŬɘ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ŬəɟɘɓɏůŰŮɟŬ. Ⱥˊɑůɖɠ, ŮɑɜŬɘ ˊɞɚɨ 

ůɖɛŬɜŰɘəɧ ɜŬ ŭɘŬůűŬɚɘůŰŮɑ ɖ ŮˊŬɟəɐɠ ŬəɞɡůŰɘəɐ ůɨɕŮɡɝɖ Űɤɜ ɛŮŰŬŰɟɞˊɏɤɜ ɛŮ Űɖɜ 

ɡˊɧ ŭɞəɘɛɐ ŮˊɘűɎɜŮɘŬ. ȰɜŬ ɚŮˊŰɧ ůŰɟɩɛŬ ɡɚɘəɞɨ ŮˊŬűɐɠ ɗŬ ˊɟɏˊŮɘ ɜŬ ŮűŬɟɛɞůŰŮɑ 

ůŰɞɜ ɛŮŰŬŰɟɞˊɏŬ əŬɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ ŭɞəɘɛɐɠ. ɆŮ ɞɟɘůɛɏɜŮɠ ˊŮɟɘˊŰɩůŮɘɠ, ɛˊɞɟŮɑ ɜŬ 

ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɞ ɜŬ ˊɟɞŮŰɞɘɛŬůŰŮɑ ɖ ŮˊɘűɎɜŮɘŬ ɛŮ ɚŮɑŬɜůɐ Űɖɠ. 

ũɘŬ Űɖɜ ůɡɔəŮəɟɘɛɏɜɖ ɛŮɚɏŰɖ ɖ ɛɧɜɖ ŭɘɎŰŬɝɖ ɛŮŰŬŰɟɞˊɏɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ɐŰŬɜ 

ɖ ɎɛŮůɖ, əŬɗɩɠ ŮɑɜŬɘ ŬɡŰɐ ɛŮ ŰŬ ˊɘɞ ŬɝɘɧˊɘůŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ əŬɘ ŰŬ ŭɞəɑɛɘŬ ɐŰŬɜ 

ɛɘəɟɎ ůŮ ɛɏɔŮɗɞɠ əŬɘ ŮɨəɞɚŬ ůŰɖ ɛŮŰŬɢŮɑɟɘůɖ. ɇŬ ŭɞəɑɛɘŬ ŭŮɜ ɢɟŮɘɎůŰɖəŬɜ Ůˊɘˊɚɏɞɜ 

ɚŮɑŬɜůɖ. 
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ɆɖɛŮɑɤůɖ: ȳŰŬɜ ŮəŰŮɚŮɑŰŬɘ ɛɏŰɟɖůɖ ɛŮ ɛŮŰŬŰɟɞˊŮɑɠ ŭɘŬŰɛɖŰɘəɞɨ əɨɛŬŰɞɠ (250 kHz), 

ŮɑɜŬɘ ŮˊɘŰŬəŰɘəɐ ŬɜɎɔəɖ ɞɘ ŭɨɞ ɛŮŰŬŰɟɞˊŮɑɠ ɜŬ ŮɑɜŬɘ ůɤůŰɎ ŮɡɗɡɔɟŬɛɛɘůɛɏɜɞɘ. ȷɡŰɧ 

ůɡɛɓŬɑɜŮɘ ŮˊŮɘŭɐ ŰŬ ŭɘŬŰɛɖŰɘəɎ əɨɛŬŰŬ ˊŬɟɎɔɞɜŰŬɘ ɛɧɜɞ ůŮ ɏɜŬ ŮˊɑˊŮŭɞ. 

 

 

ȺɘəɧɜŬ 3.4: ȼ ůɤůŰɐ (ŮˊɎɜɤ) əŬɘ ɖ ɚɎɗɞɠ (əɎŰɤ) ŮɡɗɡɔɟɎɛɛɘůɖ Űɤɜ ɛŮŰŬŰɟɞˊɏɤɜ ɔɘŬ Űɖ ɛɏŰɟɖůɖ ŭɘŬŰɛɖŰɘəɩɜ 

əɡɛɎŰɤɜ. (Ʉɖɔɐ: Pundit Lab / Pundit Lab+ Ultrasonic Instrument by proceq, Shear Wave Transducers 250 kHz, 

Operating Instructions) 

 

3.3 ɄɚŮɞɜŮəŰɐɛŬŰŬ əŬɘ ɛŮɘɞɜŮəŰɐɛŬŰŬ Űɖɠ ɛŮɗɧŭɞɡ 

 ȼ ɛɏɗɞŭɞɠ ŮűŬɟɛɧůŰɖəŮ ɔɘŬ ˊɟɩŰɖ űɞɟɎ Ŭˊɧ Űɞɜ Sokolov Űɞ 1929 ɔɘŬ Űɖɜ ŬɜɑɢɜŮɡůɖ 

ŬŰŮɚŮɘɩɜ, Ůɜɩ Űɞ 1942 ŮűŬɟɛɧůŰɖəŮ ɔɘŬ Űɞɜ ɏɚŮɔɢɞ Űɤɜ ɡɚɘəɩɜ. ɆɐɛŮɟŬ ɓɟɑůəŮɘ 

ɘŭɘŬɑŰŮɟɖ ŮűŬɟɛɞɔɐ ůŮ ɏɚŮɔɢɞ əŬŰŬůəŮɡɩɜ ɡɣɖɚɞɨ əɘɜŭɨɜɞɡ, ɧˊɤɠ ŬŮɟɞˊɚɎɜŬ, 

ˊɡɟɖɜɘəɞɑ ŬɜŰɘŭɟŬůŰɐɟŮɠ, ŭŮɝŬɛŮɜɏɠ əŬɡůɑɛɤɜ əŬɘ ɢɖɛɘəɩɜ ɞɡůɘɩɜ ə.Ŭ. Ý ŮɟɏɢŮɘ 

ɏɜŬɜŰɘ ˊɞɚɚɩɜ Ɏɚɚɤɜ ɛɖ əŬŰŬůŰɟɞűɘəɩɜ ɛŮɗɧŭɤɜ Ůɚɏɔɢɞɡ, ŮˊŮɘŭɐ ŮɑɜŬɘ ŬɟəŮŰɎ Ŭˊɚɐ, 

ɢɟɖůɘɛɞˊɞɘŮɑ űɞɟɖŰɏɠ ůɡůəŮɡɏɠ ɢŬɛɖɚɞɨ əɧůŰɞɡɠ, ɏɢŮɘ ŬɟəŮŰɎ ɡɣɖɚɐ ŮɡŬɘůɗɖůɑŬ, ŭŮɜ 

ŮˊɖɟŮɎɕŮɘ əŬɛɑŬ Ŭˊɧ Űɘɠ ɘŭɘɧŰɖŰŮɠ Űɤɜ ɡˊɧ ɏɚŮɔɢɞ ɡɚɘəɩɜ əŬɘ ŮɑɜŬɘ ŮɜŰŮɚɩɠ Ŭəɑɜŭɡɜɖ 

ɔɘŬ Űɖɜ ɡɔŮɑŬ Űɞɡ Ŭɜɗɟɩˊɞɡ (ɄɟŬůɘŬɜɎəɖɠ, 1999).  

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, Ŭəɞɚɞɡɗɞɨɜ əɎˊɞɘŬ ˊɚŮɞɜŮəŰɐɛŬŰŬ ŬɚɚɎ əŬɘ əɎˊɞɘɞɘ ˊŮɟɘɞɟɘůɛɞɑ 

Űɖɠ ɛŮɗɧŭɞɡ 

 

ɄɚŮɞɜŮəŰɐɛŬŰŬ  

Å ɀŮɔɎɚɖ ŭɘŮɘůŭɡŰɘəɐ ɘəŬɜɧŰɖŰŬ ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŬɜɑɢɜŮɡůɖ ŬŰŮɚŮɘɩɜ ůŮ ɛŮɔɎɚɞ 

ɓɎɗɞɠ (ɛˊɞɟɞɨɜ ɜŬ ŮɚŮɔɢɗɞɨɜ ŬɜŰɘəŮɑɛŮɜŬ ɛŮ ɛɐəɞɠ əŬɘ ˊɎɢɞɠ ŬɟəŮŰɩɜ ɛɏŰɟɤɜ).  

Å ȷəɟɘɓɐɠ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɖɠ ɗɏůɖɠ əŬɘ ɛŮɔɏɗɞɡɠ ŮůɤŰŮɟɘəɩɜ ŬŰŮɚŮɘɩɜ əŬɘ 

ɢŬɟŬəŰɖɟɘůɛɧɠ Űɞɡ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ, ɛɞɟűɐɠ əŬɘ Űɨˊɞɡ Űɞɡɠ.  

Å ɇŮɢɜɘəɐ ŮɡŬɑůɗɖŰɖ ůŮ ŮˊɘűŬɜŮɘŬəɏɠ əŬɘ ɡˊɞ-ŮˊɘűŬɜŮɘŬəɏɠ ŬůɡɜɏɢŮɘŮɠ.  

Å ȷˊŬɘŰŮɑŰŬɘ ˊɟɧůɓŬůɖ ůŮ ɛɑŬ ɛɧɜɞ ŮˊɘűɎɜŮɘŬ Űɞɡ ɡˊɧ ɏɚŮɔɢɞ ŬɜŰɘəŮɘɛɏɜɞɡ.  

Å ȷˊŬɘŰŮɑŰŬɘ ŮɚɎɢɘůŰɖ ˊɟɞŮŰɞɘɛŬůɑŬ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ˊɟɞɠ ɏɚŮɔɢɞ.  

Å ɇŬ ůɨɔɢɟɞɜŬ ůɡůŰɐɛŬŰŬ ˊŬɟɏɢɞɡɜ ˊɚɐɟɖ ŬɡŰɞɛŬŰɞˊɞɑɖůɖ ɛŮ ŭɡɜŬŰɧŰɖŰŬ 

ŬˊŮɘəɧɜɘůɖɠ ɡɣɖɚɐɠ ŮɡŬɘůɗɖůɑŬɠ, ˊŬɟɏɢɞɜŰŬɠ ɎɛŮůŬ ŬˊɞŰŮɚɏůɛŬŰŬ.  
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Å ȼ ɡɣɖɚɐ ŮɡŬɘůɗɖůɑŬ Űɖɠ ɛŮɗɧŭɞɡ ŮˊɘŰɟɏˊŮɘ Űɖɜ ŬɜɑɢɜŮɡůɖ ˊɞɚɨ ɛɘəɟɩɜ ŬŰŮɚŮɘɩɜ.  

Å ȹɡɜŬŰɧŰɖŰŬ ɞɔəɞɛŮŰɟɘəɐɠ ŬɜɑɢɜŮɡůɖɠ, ˊɞɡ ŮˊɘŰɟɏˊŮɘ Űɞɜ ɏɚŮɔɢɞ Űɞɡ ůɡɜɞɚɘəɞɨ ɧɔəɞɡ 

Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ, ˊɞɡ ŮəŰŮɑɜŮŰŬɘ Ŭˊɧ Űɖɜ Ůɛˊɟɧɠ ŮˊɘűɎɜŮɘŬ ɤɠ Űɖɜ ˊɑůɤ ŮˊɘűɎɜŮɘɎ Űɞɡ.  

Å ūɞɟɖŰɧŰɖŰŬ.  

Å ȾŬɜɏɜŬɠ əɑɜŭɡɜɞɠ ɔɘŬ Űɖɜ ɡɔŮɑŬ Űɤɜ ɢŮɘɟɘůŰɩɜ Ŭˊɧ Űɖ ɢɟɐůɖ Űɖɠ ɛŮɗɧŭɞɡ. (ɀŬŰɑəŬɠ 

əŬɘ ȷɔɔɏɚɖɠ, 2015) 

 

ɄŮɟɘɞɟɘůɛɞɑ-ɀŮɘɞɜŮəŰɐɛŬŰŬ  

Å ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡ Ůɚɏɔɢɞɡ ŬˊŬɘŰɞɨɜ ŮɟɛɖɜŮɑŬ (ŮɝŬɘɟɞɨɜŰŬɘ ɞɘ ɣɖűɘŬəɞɑ ɛŮŰɟɖŰɏɠ 

ˊɎɢɞɡɠ ŰɞɘɢɩɛŬŰɞɠ) 

Å Ƀ ɢŮɘɟɘůŰɐɠ Űɖɠ ɛŮɗɧŭɞɡ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ɏɛˊŮɘɟɞɠ ɔɘŬ Űɖɜ Ŭɝɘɞɚɧɔɖůɖ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɞɡ Ůɚɏɔɢɞɡ. 

Å ȼ ŬɜɎˊŰɡɝɖ ŭɘŬŭɘəŬůɘɩɜ Ůɚɏɔɢɞɡ ŬˊŬɘŰŮɑ ŮəŰŮŰŬɛɏɜŮɠ ŰŮɢɜɘəɏɠ ɔɜɩůŮɘɠ. 

Å ȷɜŰɘəŮɑɛŮɜŬ ˊɞɡ ɏɢɞɡɜ ŰɟŬɢŮɑŬ ŮˊɘűɎɜŮɘŬ, ŬəŬɜɧɜɘůŰɞ ůɢɐɛŬ, ɐ ŮɑɜŬɘ ˊɞɚɨ ɛɘəɟɎ ůŮ 

ɛɏɔŮɗɞɠ ɐ ɏɢɞɡɜ ˊɞɚɨ ɚŮˊŰɐ ŭɘŬŰɞɛɐ ɐ ɛɖ ɞɛɞɘɞɔŮɜɐ, ŮɑɜŬɘ ŭɨůəɞɚɞ ɜŬ ŮɚŮɔɢɗɞɨɜ. 

Å ȼ ŮˊɘűɎɜŮɘŬ Űɞɡ ŭɞəɘɛɑɞɡ ˊɟɏˊŮɘ ɜŬ ŮɑɜŬɘ ˊɟɞůˊŮɚɎůɘɛɖ ɔɘŬ ɛŮŰɎŭɞůɖ ɡˊŮɟɐɢɤɜ. 

Å ȷůɡɜɏɢŮɘŮɠ ˊɞɡ ɡˊɎɟɢɞɡɜ ůŮ ɛɘəɟɧ ɓɎɗɞɠ Ŭɛɏůɤɠ əɎŰɤ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ, ŮɑɜŬɘ 

ŭɨůəɞɚɞ ɜŬ ŬɜɘɢɜŮɡɗɞɨɜ. 

Å ȺɑɜŬɘ ŭɨůəɞɚɞɠ ɞ ɏɚŮɔɢɞɠ ɢɞɜŭɟɧəɞəəɤɜ ɡɚɘəɩɜ ŮɝŬɘŰɑŬɠ Űɖɠ ɛŮɔɎɚɖɠ ŮɝŬůɗɏɜɖůɖɠ 

Űɤɜ ɡˊŮɟɐɢɤɜ əŬɘ Űɞɡ ɡɣɖɚɞɨ ůɐɛŬŰɞɠ ɗɞɟɨɓɞɡ ůŰŬ ɡɚɘəɎ ŬɡŰɎ. 

Å ũɟŬɛɛɘəɏɠ ŬŰɏɚŮɘŮɠ ˊɟɞůŬɜŬŰɞɚɘůɛɏɜŮɠ ˊŬɟɎɚɚɖɚŬ ɛŮ Űɖ ŭɏůɛɖ Űɤɜ ɡˊŮɟɐɢɤɜ 

ɛˊɞɟŮɑ ɜŬ ɛɖɜ ŬɜɘɢɜŮɡŰɞɨɜ. 

Å ȷˊŬɘŰŮɑŰŬɘ ɛɏůɞ ůɨɕŮɡɝɖɠ ɔɘŬ Űɖɜ ŬˊɞŰŮɚŮůɛŬŰɘəɐ ɛŮŰŬűɞɟɎ Űɖɠ ɖɢɖŰɘəɐɠ ŮɜɏɟɔŮɘŬɠ 

ůŰɞ ŭɞəɑɛɘɞ. 

Å ȷˊŬɘŰɞɨɜŰŬɘ ˊɟɧŰɡˊŬ ŬɜŬűɞɟɎɠ Űɧůɞ ɔɘŬ Űɖɜ ɓŬɗɛɞɜɧɛɖůɖ Űɞɡ Ůɝɞˊɚɘůɛɞɨ ɧůɞ əŬɘ 

ɔɘŬ Űɞɜ ɢŬɟŬəŰɖɟɘůɛɧ Űɤɜ ŬŰŮɚŮɘɩɜ. (ɀŬŰɑəŬɠ əŬɘ ȷɔɔɏɚɖɠ, 2015)  
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ȾŮűɎɚŬɘɞ 4: ȷɜŬɚɡŰɘəɐ ŬˊŮɘəɧɜɘůɖ ɧɚɤɜ Űɤɜ 

ɘŭɘɞŰɐŰɤɜ Űɤɜ ŭɞəɘɛɑɤɜ ˊɞɡ ɛŮɚŮŰɐɗɖəŬɜ 
 

ɀŮ Űɖ ɓɞɐɗŮɘŬ Űɞɡ ˊɟɞůɤˊɘəɞɨ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ çȿȽŪɃɆè ůɡɚɚɏɢɗɖəŬɜ ŰɟɘɎɜŰŬ 

ɞəŰɩ əɡɓɘəɎ ŭɞəɑɛɘŬ ŭɘŬűɞɟŮŰɘəɩɜ ˊŮŰɟɤɛɎŰɤɜ, Ŭˊɧ ŭɘɎűɞɟŮɠ ˊŬɟŰɑŭŮɠ ˊŮŰɟɤɛɎŰɤɜ 

ˊɞɡ ůŰɏɚɜɞɜŰŬɘ Ŭˊɧ ŰŬ ɚŬŰɞɛŮɑŬ ɧɚɖɠ Űɖɠ ȺɚɚɎŭŬɠ ůŰɞ ŮɟɔŬůŰɐɟɘɞ ɔɘŬ ɜŬ Űɞɡɠ 

ŬˊɞŭɞɗŮɑ ɖ ůɐɛŬɜůɖ CE. ȹɖɚŬŭɐ, ɛŮŰɎ Ŭˊɧ Űɖɜ ŭɘŮɝŬɔɤɔɐ ɧɚɤɜ Űɤɜ ŬˊŬɟŬɑŰɖŰɤɜ 

ŭɞəɘɛɩɜ ɔɘŬ ŰŬ ŭɞəɑɛɘŬ əɎɗŮ ɡɚɘəɞɨ ɛŮ ɧɚŮɠ Űɘɠ ˊɟɞŭɘŬɔɟŬűɏɠ ˊɞɡ ɏɢɞɡɜ ŬɜŬɚɡɗŮɑ ůŰɞ 

ȾŮűɎɚŬɘɞ 2, ˊŬɟɏɛŮɜŮ ɏɜŬ Ůˊɘˊɚɏɞɜ ŭɞəɑɛɘɞ ˊɞɡ ɛˊɞɟɞɨůŮ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ Űɖ 

ɛɏŰɟɖůɖ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɤɜ ɡˊŮɟɐɢɤɜ, əŬɗɩɠ ŭŮɜ ɗŬ ɏˊɟŮˊŮ ɜŬ ɏɢŮɘ ŰŮɗŮɑ ůŮ ɎɚɚŮɠ 

əŬŰŬůŰɟɞűɘəɏɠ ŭɞəɘɛɏɠ ɔɘŬ ɜŬ ŮɑɜŬɘ ŭɡɜŬŰɧ ɜŬ ɔɑɜŮɘ ɖ ɛɏŰɟɖůɖ.  

ũɘŬ ŬɡŰɧ Űɞ ɚɧɔɞ, ɖ Űɘɛɐ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɤɜ ɡˊŮɟɐɢɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɔɘŬ Űɞɡɠ 

ɧˊɞɘɞɡɠ ůɡůɢŮŰɘůɛɞɨɠ ŬˊŮɡɗɨɜŮŰŬɘ ůŮ əɎɗŮ ɛŮɛɞɜɤɛɏɜɞ ŭɞəɑɛɘɞ əŬɘ ɧɢɘ ůŮ ɞɚɧəɚɖɟɖ 

ˊŬɟŰɑŭŬ. ȷɜŰɘɗɏŰɤɠ, Ŭˊɧ ɧɚŮɠ Űɘɠ ɎɚɚŮɠ ɘŭɘɧŰɖŰŮɠ ˊɞɡ ɛŮɚŮŰɐɗɖəŬɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɖ 

ɛɏůɖ Űɘɛɐ ˊɞɡ ɡˊɞɚɞɔɑůŰɖəŮ Ŭˊɧ Űɞɡɠ ŮɟɔŬɕɞɛɏɜɞɡɠ Űɞɡ ŮɟɔŬůŰɖɟɑɞɡ ɔɘŬ Űɖɜ əɎɗŮ 

ˊŬɟŰɑŭŬ əŬɘ ˊŬɟŬɔɔŮɚɑŬ əɎɗŮ ˊŮɚɎŰɖ. 

ɋůŰɧůɞ, ɛŮŰɎ Űɞ ˊɏɟŬɠ ɧɚɤɜ Űɤɜ ɛŮŰɟɐůŮɤɜ Űɖɠ ŰŬɢɨŰɖŰŬɠ Űɤɜ ɡˊŮɟɐɢɤɜ, ŰŬ ŰɟɘɎɜŰŬ 

ɞəŰɩ ŭɞəɑɛɘŬ ŰɏɗɖəŬɜ ɡˊɧ Űɖ ŭɞəɘɛɐ Űɖɠ ŬɜŰɞɢɐɠ ůŮ ɗɚɑɣɖ əŬɘ ɏůˊŬůŬɜ. ȰŰůɘ, 

ŬˊɞəŰɐɗɖəŮ əŬɘ ɖ Űɘɛɐ Űɖɠ ŬɜŰɞɢɐɠ ůŮ ɗɚɑɣɖ Űɞɡ əŬɗŮɜɧɠ ɛŮɛɞɜɤɛɏɜɞɡ ŭɞəɘɛɑɞɡ, ˊɏɟŬ 

Ŭˊɧ Űɖɜ Űɘɛɐ Űɞɡ ɛɏůɞɡ ɧɟɞɡ Űɖɠ ˊŬɟŰɑŭŬɠ ůŰɖɜ ɞˊɞɑŬ Ŭɜɐəɞɡɜ. 

ũɘŬ Űɖ ɛɏŰɟɖůɖ Űɖɠ ŰŬɢɨŰɖŰŬɠ əŬɘ Űɞɡ ɢɟɧɜɞɡ ɛŮŰɎŭɞůɖɠ Űɤɜ ɡˊŮɟɐɢɤɜ ůŮ əɎɗŮ 

ŭɞəɑɛɘɞ ɏɔɘɜŬɜ ůɨɜɞɚɞ ŭŮəŬɞəŰɩ ɛŮŰɟɐůŮɘɠ, ŮɜɜɏŬ ɔɘŬ ŰŬ əɨɛŬŰŬ P, əŬɘ ŮɜɜɏŬ ɔɘŬ ŰŬ 

əɨɛŬŰŬ S. ȰɔɘɜŬɜ ŰɟŮɑɠ ɛŮŰɟɐůŮɘɠ ůŮ əɎɗŮ ŭɘɎůŰŬůɖ Űɞɡ əɡɓɘəɞɨ ŭɞəɘɛɑɞɡ (ɛɐəɞɠ, 

ˊɚɎŰɞɠ, ɨɣɞɠ) əŬɘ ɡˊɞɚɞɔɑůŰɖəŮ ɏɜŬɠ ɛɏůɞɠ ɧɟɞɠ ɔɘŬ Űɖɜ Űɘɛɐ əɎɗŮ ŭɘɎůŰŬůɖɠ, ŬɚɚɎ 

əŬɘ ɏɜŬɠ ůɡɜɞɚɘəɧɠ ɛɏůɞɠ ɧɟɞɠ ˊɞɡ ŰŮɚɘəɎ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ ɞɚɧəɚɖɟɞ Űɞɜ ɧɔəɞ Űɞɡ 

əɎɗŮ ŭɞəɘɛɑɞɡ. 

Ƀɘ ɘŭɘɧŰɖŰŮɠ ˊɞɡ ŮˊɘɚɏɢɗɖəŬɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ, ˊɏɟŬɜ ŬɡŰɐɠ Űɖɠ ŬɜŰɞɢɐɠ ůŮ ɗɚɑɣɖ 

ɐŰŬɜ ŬɡŰɏɠ ɔɘŬ Űɘɠ ɞˊɞɑŮɠ Űɞ ŮɟɔŬůŰɐɟɘɞ çȿȽŪɃɆè ŮɑɢŮ ŰŬ ˊŮɟɘůůɧŰŮɟŬ ŭŮŭɞɛɏɜŬ, 

ŭɖɚŬŭɐ ŬɡŰɏɠ ɞɘ ɞˊɞɑŮɠ ɕɖŰɎɜŮ ɞɘ ˊŮɟɘůůɧŰŮɟɞɘ ˊŮɚɎŰŮɠ. ȰŰůɘ, ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ 

ůɡůɢŮŰɘůɛɩɜ ɗŬ ŮɑɜŬɘ ɧůɞ Űɞ ŭɡɜŬŰɧ ˊɘɞ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ.  

ɃˊɧŰŮ ɞɘ ɘŭɘɧŰɖŰŮɠ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ ˊɞɡ ŮˊɘɚɏɢɗɖəŬɜ əŬɘ ɛŮ ɓɎůɖ Űɖ ůŮɘɟɎ ˊɞɡ ɗŬ 

ˊŬɟɞɡůɘŬůŰɞɨɜ ŮɑɜŬɘ ɞɘ Ůɝɐɠ: 

¶ ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ 

¶ ȷɜɞɘəŰɧ ˊɞɟɩŭŮɠ 

¶ ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ 

¶ ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ 

¶ ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

¶ ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ 

¶ ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ 
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ũɘŬ Űɖɜ ɘŭɘɧŰɖŰŬ Űɖɠ ɡŭŬŰŬˊɞɟɟɧűɖůɖɠ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ ˊɟɞɏəɡɣŬɜ ɛɧɜɞ ɏɝɘ Űɘɛɏɠ, 

ɤůŰɧůɞ, ɗŮɤɟɐɗɖəŮ ůɖɛŬɜŰɘəɧ ɜŬ ůɡɛˊŮɟɘɚɖűɗŮɑ əŬɘ ŬɡŰɐ ɖ ɘŭɘɧŰɖŰŬ. 

ɀŮ ɓɎůɖ ɚɞɘˊɧɜ Űɘɠ ˊŬɟŬˊɎɜɤ ˊɚɖɟɞűɞɟɑŮɠ əŬɘ ɏɢɞɜŰŬɠ ŮűŬɟɛɧůŮɘ ɧɚŬ ŰŬ ˊɟɧŰɡˊŬ 

ˊɞɡ ŬɜŬűɏɟɞɜŰŬɘ ůŰŬ ȾŮűɎɚŬɘŬ 2 əŬɘ 3, ůŰɘɠ ŮˊɧɛŮɜŮɠ ůŮɚɑŭŮɠ ˊŬɟŬŰɑɗŮɜŰŬɘ ɧɚŬ ŰŬ 

ŭŮŭɞɛɏɜŬ ˊɞɡ ůɡɚɚɏɢɗɖəŬɜ  ɔɘŬ əɎɗŮ ɏɜŬ Ŭˊɧ ŰŬ ŭɞəɑɛɘŬ ˊɞɡ ɛŮɚŮŰɐɗɖəŬɜ ůŰɞ ˊɚŬɑůɘɞ 

ŬɡŰɐɠ Űɖɠ ŮɟɔŬůɑŬɠ. 

ɇɞ əɞɛɛɎŰɘ ŬɡŰɧ Űɖɠ ŮɟɔŬůɑŬɠ ɏɢŮɘ Űɖ ɛɞɟűɐ Ůɜɧɠ ȯŰɚŬɜŰŬ ˊŮŰɟɤɛɎŰɤɜ, əŬɗɩɠ əɎɗŮ 

ůŮɚɑŭŬ ŮˊɘəŮɜŰɟɩɜŮŰŬɘ ůŮ ɏɜŬ ɝŮɢɤɟɘůŰɧ ŭɞəɑɛɘɞ ŭɑɜɞɜŰŬɠ ɏŰůɘ ɧɚŮɠ Űɘɠ ŬˊŬɟŬɑŰɖŰŮɠ 

ˊɚɖɟɞűɞɟɑŮɠ ɛŮ űɤŰɞɔɟŬűɑŮɠ, ɞɜɞɛŬůɑŮɠ, ŭɘŬůŰɎůŮɘɠ əŬɘ Űɘɛɏɠ ɘŭɘɞŰɐŰɤɜ. 

ɇŬ ŰɟɘɎɜŰŬ ɞəŰɩ ŭɞəɑɛɘŬ ɏɢɞɡɜ ɞɛŬŭɞˊɞɘɖɗŮɑ Ůˊɑůɖɠ ůŮ ŰɟŮɑɠ əŬŰɖɔɞɟɑŮɠ: 

¶ ȹɞɚɞɛɘŰɘəɎ ɀɎɟɛŬɟŬ - ŭŮəŬɏɝɘ (16) ŭɞəɑɛɘŬ 

¶ ȷůɓŮůŰɘŰɘəɎ ɀɎɟɛŬɟŬ ï ŭɏəŬ (10) ŭɞəɑɛɘŬ 

¶ ȷůɓŮůŰɧɚɘɗɞɡɠ ŭɩŭŮəŬ (12) ŭɞəɑɛɘŬ 

ɆŰɞ Űɏɚɞɠ əɎɗŮ ɛɘŬɠ Ŭˊɧ Űɘɠ əŬŰɖɔɞɟɑŮɠ ŭɞəɘɛɑɤɜ ɡˊɎɟɢŮɘ ɏɜŬɠ ɛɘəɟɧɠ ůɢɞɚɘŬůɛɧɠ, 

əɎˊɞɘŮɠ ˊŬɟŬŰɖɟɐůŮɘɠ əŬɘ ɛŮɟɘəɎ ůɡɛˊŮɟɎůɛŬŰŬ. 
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ȹɅȷɀȷɆ  ɈɄɃȿȺɈȾɃ (1) 

   

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2840 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 0.6 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) - 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.19 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 184 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

- 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) 19 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 202 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 4201 4621.5 4142 4321.5 

ȾɨɛŬŰŬ S, m/s 4201 4545 4154.5 4300.2 

 

 

ȸɎɟɞɠ (gr) 976.28 

ɀɐəɞɠ (mm) 70.76 

ɄɚɎŰɞɠ (mm) 69.91 

ȴɣɞɠ (mm) 70.09 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ȹɅȷɀȷɆ  ɈɄɃȿȺɈȾɃ (2) 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2840 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 0.91 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) - 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.29 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 183 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

- 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) - 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 187 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 2357 1882 1974.5 2071.2 

ȾɨɛŬŰŬ S, m/s 3139 2365 2074 2526.0 

 

 

ȸɎɟɞɠ (gr) 963.57 

ɀɐəɞɠ (mm) 69.82 

ɄɚɎŰɞɠ (mm) 69.73 

ȴɣɞɠ (mm) 69.72 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ȹɅȷɀȷɆ  ɈɄɃȿȺɈȾɃ (3) 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2840 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 0.85 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) - 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.26 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 189 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

- 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) 25 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 189 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 1859 2195 1859.5 1971.2 

ȾɨɛŬŰŬ S, m/s 2017.5 2857.5 2181 2352.0 

 

 

ȸɎɟɞɠ (gr) 963.88 

ɀɐəɞɠ (mm) 69.62 

ɄɚɎŰɞɠ (mm) 69.73 

ȴɣɞɠ (mm) 69.91 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ȹɅȷɀȷɆ  ɈɄɃȿȺɈȾɃ (4) 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2840 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 0.68 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) - 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.24 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 190 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

- 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) 25 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 155 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 3527.5 2836 3233.5 3199.0 

ȾɨɛŬŰŬ S, m/s 4131 2807.5 3439.5 3459.3 

 

 

ȸɎɟɞɠ (gr) 1001.13 

ɀɐəɞɠ (mm) 70.38 

ɄɚɎŰɞɠ (mm) 71.68 

ȴɣɞɠ (mm) 70.35 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ȹɅȷɀȷɆ  ɈɄɃȿȺɈȾɃ (5) 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2840 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 0.76 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) - 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.19 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 188 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

- 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) 25 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 198 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 3656 3708.5 3911 3758.5 

ȾɨɛŬŰŬ S, m/s 3611 3757 3911 3759.7 

 

 

ȸɎɟɞɠ (gr) 998.23 

ɀɐəɞɠ (mm) 70.28 

ɄɚɎŰɞɠ (mm) 71.41 

ȴɣɞɠ (mm) 70.43 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ȹɅȷɀȷɆ  ɈɄɃȿȺɈȾɃ (6) 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2840 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 1.02 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) - 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.29 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 195 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

3 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) - 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 187 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 1213.5 940.5 1467 1207.0 

ȾɨɛŬŰŬ S, m/s 2729.5 1566.5 2857 2384.3 

 

 

ȸɎɟɞɠ (gr) 970.40 

ɀɐəɞɠ (mm) 70.08 

ɄɚɎŰɞɠ (mm) 70.25 

ȴɣɞɠ (mm) 70.61 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ȹɅȷɀȷɆ  ɈɄɃȿȺɈȾɃ (7) 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2830 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 0.92 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) - 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.27 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 186 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

6.9 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) 16 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 203 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 5020.5 4340 5001 4787.2 

ȾɨɛŬŰŬ S, m/s 5075 4207.5 5042.5 4775.0 

 

 

ȸɎɟɞɠ (gr) 925.87 

ɀɐəɞɠ (mm) 68.40 

ɄɚɎŰɞɠ (mm) 68.55 

ȴɣɞɠ (mm) 69.94 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ȹɅȷɀȷɆ  ɈɄɃȿȺɈȾɃ (8) 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2810 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 1.22 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) 2.755 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.29 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 208 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

13.3 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) 16 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 179 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 3177 2875 3206 3086.0 

ȾɨɛŬŰŬ S, m/s 3206 2942 3508.5 3218.8 

 

 

ȸɎɟɞɠ (gr) 938.63 

ɀɐəɞɠ (mm) 70.81 

ɄɚɎŰɞɠ (mm) 70.29 

ȴɣɞɠ (mm) 67.40 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ȹɅȷɀȷɆ  ȼɀȽȿȺɈȾɃ (1) 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2820 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 1.10 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) 3.181 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.32 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 186 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

8.4 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) 26 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 222 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 2898 3310 3024 3077.3 

ȾɨɛŬŰŬ S, m/s 2874.5 3248.5 3037 3053.3 

 

 

ȸɎɟɞɠ (gr) 992.85 

ɀɐəɞɠ (mm) 70.87 

ɄɚɎŰɞɠ (mm) 70.29 

ȴɣɞɠ (mm) 70.42 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ȹɅȷɀȷɆ  ȼɀȽȿȺɈȾɃ (2) 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2820 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 1.11 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) 1.523 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.34 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 207 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

10.3 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) 18 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 211 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 4545 4861 4502.5 4636.2 

ȾɨɛŬŰŬ S, m/s 4698 5167.5 4698 4854.5 

 

 

ȸɎɟɞɠ (gr) 979.59 

ɀɐəɞɠ (mm) 70.10 

ɄɚɎŰɞɠ (mm) 69.88 

ȴɣɞɠ (mm) 69.84 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ȹɅȷɀȷɆ  ɅɃȻ 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2830 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 1.02 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) - 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.24 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 243 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

- 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) 14 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 193 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 3922 3868.5 4329 4039.8 

ȾɨɛŬŰŬ S, m/s 3827 3804 4265 3965.3 

 

 

ȸɎɟɞɠ (gr) 996.48 

ɀɐəɞɠ (mm) 70.17 

ɄɚɎŰɞɠ (mm) 70.28 

ȴɣɞɠ (mm) 71.23 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ŪȷɆɃɈ  ȿȺɈȾɃ (1) 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2830 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 0.64 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) - 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.18 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 164 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

14.9 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) 18 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 198 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 5668 5036 5054 5252.7 

ȾɨɛŬŰŬ S, m/s 5857.5 5072 5036 5321.8 

 

 

ȸɎɟɞɠ (gr) 970.15 

ɀɐəɞɠ (mm) 70.29 

ɄɚɎŰɞɠ (mm) 70.49 

ȴɣɞɠ (mm) 70.19 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ŪȷɆɃɈ  ȿȺɈȾɃ (2) 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2830 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 0.78 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) - 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.21 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 176 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

15.5 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) 20 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 145 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 3922 4277 4714 4304.3 

ȾɨɛŬŰŬ S, m/s 3967 4277 4688.5 4310.8 

 

 

ȸɎɟɞɠ (gr) 970.58 

ɀɐəɞɠ (mm) 70.08 

ɄɚɎŰɞɠ (mm) 68.48 

ȴɣɞɠ (mm) 70.35 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ŪȷɆɃɈ  ȿȺɈȾɃ (3) 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2830 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 0.78 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) - 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.21 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 172 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

15.5 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) 16 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 151 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 5581 5017.5 4690.5 5096.3 

ȾɨɛŬŰŬ S, m/s 5581 4933.5 4690.5 5068.3 

 

 

ȸɎɟɞɠ (gr) 1042.94 

ɀɐəɞɠ (mm) 71.81 

ɄɚɎŰɞɠ (mm) 71.77 

ȴɣɞɠ (mm) 71.79 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ȾȷȸȷȿȷɆ  ȾȽɇɅȽɁɃȿȺɈȾɃ 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2830 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 1.08 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) 1.371 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.36 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 194 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

15.3 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) 13 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 210 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 4281 4636.5 4861 4592.8 

ȾɨɛŬŰŬ S, m/s 4403 4644.5 4844.5 4697.5 

 

 

ȸɎɟɞɠ (gr) 967.08 

ɀɐəɞɠ (mm) 70.20 

ɄɚɎŰɞɠ (mm) 70.30 

ȴɣɞɠ (mm) 70.05 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ȷɅũɃȿȽȹȷɆ  ɄɃȿɈɉɅɋɀɃ 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2750 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 1.37 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) 1.138 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.41 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 157 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

7.8 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) 11 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 202 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 6731 6731 6731 6731 

ȾɨɛŬŰŬ S, m/s 6731 6576.5 6731 6679.5 

 

 

ȸɎɟɞɠ (gr) 950.29 

ɀɐəɞɠ (mm) 70.12 

ɄɚɎŰɞɠ (mm) 69.79 

ȴɣɞɠ (mm) 69.78 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ɆɉɃȿȽȷɆɀɃɆ 

ȹɞɚɞɛɘŰɘəɧ ɀɎɟɛŬɟɞ (dolomitic marble) ɛŮ Űɖɜ ŮˊɘůŰɖɛɞɜɘəɐ ɏɜɜɞɘŬ Űɞɡ ɧɟɞɡ, 

ɞɜɞɛɎɕŮŰŬɘ Űɞ ɛŮŰŬɛɞɟűɤɛɏɜɞ (əɟɡůŰŬɚɚɞůɢɘůŰɩŭŮɠ) ˊɏŰɟɤɛŬ, Űɞ ɞˊɞɑɞ ɏɢŮɘ 

ˊɟɞɏɚɗŮɘ Ŭˊɧ ɘůɢɡɟɐ ɛŮŰŬɛɧɟűɤůɖ ŭɞɚɞɛɘŰɩɜ. ɇŬ ŭɞɚɞɛɘŰɘəɎ ɛɎɟɛŬɟŬ ŮɑɜŬɘ, ůŮ 

ˊɞɚɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ, ɛɞɜɧɛɘəŰŬ ˊŮŰɟɩɛŬŰŬ, ůɡɜɑůŰŬɜŰŬɘ, ŭɖɚŬŭɐ, Ŭˊɧ ɏɜŬ əŬɘ ɛɧɜɞ 

əɨɟɘɞ ɞɟɡəŰɧ, Űɞɜ ŭɞɚɞɛɑŰɖ (ɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ɞɟɘůɛɏɜɤɜ ɛŬɟɛɎɟɤɜ ůŮ ŭɞɚɞɛɑŰɖ 

űŰɎɜŮɘ Űɞ 99+ %). ȼ ˊɞɘɧŰɖŰŬ Űɤɜ ɛŬɟɛɎɟɤɜ ŮɝŬɟŰɎŰŬɘ, ůŮ ůɖɛŬɜŰɘəɧ ɓŬɗɛɧ, Ŭˊɧ Űɖ 

ůɨůŰŬůɖ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ Ŭˊɧ ŰŬ ɞˊɞɑŬ ˊɟɞɐɚɗŬɜ, əŬɗɩɠ əŬɘ Ŭˊɧ Űɞ ɓŬɗɛɧ Űɖɠ 

ɛŮŰŬɛɧɟűɤůɐɠ Űɞɡɠ. (ȷȾɅɃȿȽŪɃɆ, 2015) 

ȳůɞɜ ŬűɞɟɎ ŰŬ ŭɞɚɞɛɘŰɘəɎ ɛɎɟɛŬɟŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŬɜ, ŬɡŰɎ ɏŭŮɘɝŬɜ ɛŮɔɎɚɖ 

ɞɛɞɘɞɛɞɟűɑŬ ůŮ ˊɞɚɚɏɠ Ŭˊɧ Űɘɠ ɘŭɘɧŰɖŰŮɠ ˊɞɡ ŮɝŮŰɎůŰɖəŬɜ, əŬɗɩɠ ŰŬ ˊŮɟɘůůɧŰŮɟŬ 

ɐŰŬɜ əŬɘ Ŭˊɧ ɚŬŰɞɛŮɑŬ Űɖɠ ȸɧɟŮɘŬɠ ȺɚɚɎŭŬɠ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ Űɖɠ ȹɟɎɛŬɠ. 

ȾɎˊɞɘɞɘ ɔɟɐɔɞɟɞɘ ůɢɞɚɘŬůɛɞɑ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ɔɑɜɞɡɜ ɛŮ ɓɎůŮɘ ɧɚŬ ŰŬ ŭŮŭɞɛɏɜŬ ŮɑɜŬɘ: 

¶ ɇŬ ŭɞɚɞɛɘŰɘəɎ ɛɎɟɛŬɟŬ ŮɑɢŬɜ Űɘɠ ɛɘəɟɧŰŮɟŮɠ Űɘɛɏɠ ŰŬɢɨŰɖŰŬɠ ɡˊŮɟɐɢɤɜ 

(əɡɛɎŰɤɜ S əŬɘ P). 

¶ ɇŬ ŭɞɚɞɛɘŰɘəɎ ɛɎɟɛŬɟŬ ŮɑɢŬɜ Űɘɠ ɛŮɔŬɚɨŰŮɟŮɠ Űɘɛɏɠ ŬɜŰɞɢɐɠ ůŮ ɛɏůɖ ɗɚɑɣɖ, ɛŮ 

Ůɨɟɞɠ Ŭˊɧ 243 ɏɤɠ 157MPa. 

¶ ɇŬ ŭɞɚɞɛɘŰɘəɎ ɛɎɟɛŬɟŬ ˊŬɟɞɡůɑŬůŬɜ Űɘɠ ɛŮɔŬɚɨŰŮɟŮɠ Űɘɛɏɠ űŬɘɜɧɛŮɜɖɠ 

ˊɡəɜɧŰɖŰŬɠ ɛŮ Ůɨɟɞɠ Ŭˊɧ 2750 ɏɤɠ 2840 kg/m3. 

¶ ȳůɞɜ ŬűɞɟɎ Űɖɜ ɡŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ əŬɘ Űɞ ŬɜɞɘɢŰɧ 

ˊɞɟɩŭŮɠ, ɘŭɘɧŰɖŰŮɠ ˊɞɡ ɏɢɞɡɜ ɎɛŮůɖ ůɢɏůɖ ɛŮŰŬɝɨ Űɞɡɠ, ŰŬ ŭɞɚɞɛɘŰɘəɎ 

ɛɎɟɛŬɟŬ ŮɑɢŬɜ ŮɜŭɘɎɛŮůŮɠ Űɘɛɏɠ ůŮ ůɢɏůɖ ɛŮ Űɘɠ ɎɚɚŮɠ əŬŰɖɔɞɟɑŮɠ ˊŮŰɟɤɛɎŰɤɜ. 

¶ Ⱥˊɑůɖɠ, ɛŮ əɎˊɞɘŮɠ ŮɝŬɘɟɏůŮɘɠ, ŰŬ ŭɞɚɞɛɘŰɘəɎ ɛɎɟɛŬɟŬ ŮɑɢŬɜ Űɘɠ ɛŮɔŬɚɨŰŮɟŮɠ 

Űɘɛɏɠ ŬɜŰɞɢɐɠ ůŮ Űɟɘɓɐ. 

 

ɄɟɏˊŮɘ, Űɏɚɞɠ, ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ůŰɞ ůɨɜɞɚɧ Űɞɡɠ ŰŬ ŭɞɚɞɛɘŰɘəɎ ɛɎɟɛŬɟŬ ŭŮɜ 

ŬəɞɚɞɨɗɖůŬɜ əɎˊɞɘɞ ůɡɔəŮəɟɘɛɏɜɞ Űɟɧˊɞ çůˊŬůɑɛŬŰɞɠè ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ 

ˊɟɞůŭɘɞɟɘůɛɞɨ Űɖɠ ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ. ɄɞɚɚɎ Ŭˊɧ ŬɡŰɎ ɏůˊŬůŬɜ ɛŮ Űɞɜ 

ŬɜŬɛŮɜɧɛŮɜɞ Űɟɧˊɞ, ŭɖɚŬŭɐ ŬˊɞəɞɚɚɐɗɖəŮ ɡɚɘəɧ ŮˊɘűŬɜŮɘŬəɎ Ŭˊɧ Űɘɠ ŰɏůůŮɟɘɠ (ɐ 

ɚɘɔɧŰŮɟŮɠ) Ŭˊɧ Űɘɠ ɏɝɘ ˊɚŮɡɟɏɠ ˊɞɡ ŭŮɜ ɐŰŬɜ ůŮ ŮˊŬűɐ ɛŮ Űɖɜ ˊɟɏůŬ. ɋůŰɧůɞ, ɛŮɟɘəɎ 

ŭŮɜ ŮɛűɎɜɘůŬɜ əŬɗɧɚɞɡ ɟɤɔɛɏɠ, ɎɟŬ ɖ ŬůŰɞɢɑŬ Űɞɡɠ ɐŰŬɜ ŮůɤŰŮɟɘəɐ, ůŮ ɎɚɚŬ 

ŬˊɞəɞɚɚɐɗɖəŮ ŮɚɎɢɘůŰɞ ɡɚɘəɧ əŬɘ ɏɜŬ Ŭˊɧ ŬɡŰɎ ɏůˊŬůŮ ŰŮɚŮɑɤɠ ůŮ əɞɛɛɎŰɘŬ.  

ȺɎɜ ɡˊɐɟɢŬɜ ŬɜŬɚɡŰɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɜ ɢɖɛɘəɐ ůɨůŰŬůɖ, Űɖɜ ɞɟɡəŰɞɚɞɔɑŬ əŬɘ 

Űɖɜ ˊŮŰɟɞɔɟŬűɑŬ Űɞɡ əɎɗŮ ɡɚɘəɞɨ əŬɘ ŭɞəɘɛɑɞɡ, ŰɧŰŮ ɗŬ ɐŰŬɜ ˊɞɚɨ Ůɨəɞɚɞ ɜŬ ɔɑɜŮɘ 

ůɢɞɚɘŬůɛɧɠ Űɤɜ ŬůŰɞɢɘɩɜ ŬɡŰɩɜ. 
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ȾȷȸȷȿȷɆ  ȼɀȽȿȺɈȾɃ (1) 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2700 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 0.53 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) - 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.15 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 112 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

15.5 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) 20 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 106 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 6451.5 6731 6422 6534.8 

ȾɨɛŬŰŬ S, m/s 6731 6731 6606 6689.3 

 

 

ȸɎɟɞɠ (gr) 927.68 

ɀɐəɞɠ (mm) 69.84 

ɄɚɎŰɞɠ (mm) 70.26 

ȴɣɞɠ (mm) 70.11 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ȾȷȸȷȿȷɆ  ȼɀȽȿȺɈȾɃ (2) 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2700 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 0.5 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) - 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.1 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 93 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

15.4 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) 21 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 100 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 5887 6432 6140 6153 

ȾɨɛŬŰŬ S, m/s 6134 6697 6393 6408 

 

 

ȸɎɟɞɠ (gr) 1001.50 

ɀɐəɞɠ (mm) 72.59 

ɄɚɎŰɞɠ (mm) 72.66 

ȴɣɞɠ (mm) 69.67 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ȾȷȸȷȿȷɆ  ȼɀȽȿȺɈȾɃ (3) 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2700 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 0.3 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) - 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.1 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 99 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

12.8 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) 21 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 48 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 5866 5965 5798 5876.3 

ȾɨɛŬŰŬ S, m/s 5738.5 5991.5 5599 5776.3 

 

 

ȸɎɟɞɠ (gr) 858.40 

ɀɐəɞɠ (mm) 68.43 

ɄɚɎŰɞɠ (mm) 68.30 

ȴɣɞɠ (mm) 68.62 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ɆȺɅɅɋɁ  ȼɀȽȿȺɈȾɃ 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2700 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 0.46 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) - 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.13 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 83 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

21.7 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) 19 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 77 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 6228 6195 6393 6272 

ȾɨɛŬŰŬ S, m/s 6341.5 6281 6544.5 6389 

 

 

ȸɎɟɞɠ (gr) 953.02 

ɀɐəɞɠ (mm) 71.21 

ɄɚɎŰɞɠ (mm) 70.47 

ȴɣɞɠ (mm) 70.05 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ȾɃȻȷɁȼɆ  ȼɀȽȿȺɈȾɃ 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2710 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 0.42 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) 0.798 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.11 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 114 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

14.3 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) 16 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 138 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 6228 6140 6140 6169.3 

ȾɨɛŬŰŬ S, m/s 6228 6011 6011 6083.3 

 

 

ȸɎɟɞɠ (gr) 924.40 

ɀɐəɞɠ (mm) 70.56 

ɄɚɎŰɞɠ (mm) 69.87 

ȴɣɞɠ (mm) 70.04 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ȹɅȷɀȷɆ  ɇȺūɅɃ 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2710 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 0.4 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) - 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.14 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 127 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

- 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) 16 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 134 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 5504 5882 6050 5812 

ȾɨɛŬŰŬ S, m/s 5966 5565 6050 5860.3 

 

 

ȸɎɟɞɠ (gr) 944.57 

ɀɐəɞɠ (mm) 70.56 

ɄɚɎŰɞɠ (mm) 69.49 

ȴɣɞɠ (mm) 71.56 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ȷɇɇȽȾȼɆ ȿȺɈȾɃ (1) 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2710 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 0.33 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) - 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.1 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 97 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

17.6 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) 18 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 59 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 5882 6228 5504 5871.3 

ȾɨɛŬŰŬ S, m/s 6140 6071 5726 5979 

 

 

ȸɎɟɞɠ (gr) 942.58 

ɀɐəɞɠ (mm) 70.43 

ɄɚɎŰɞɠ (mm) 70.89 

ȴɣɞɠ (mm) 70.70 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ȷɇɇȽȾȼɆ  ȿȺɈȾɃ (2) 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2720 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. - 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) - 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.1 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 101 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

12.9 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) - 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 132 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 6763.5 6422 5882 6355.8 

ȾɨɛŬŰŬ S, m/s 6254.5 6140 5882 6092.2 

 

 

ȸɎɟɞɠ (gr) 926.76 

ɀɐəɞɠ (mm) 70.35 

ɄɚɎŰɞɠ (mm) 69.89 

ȴɣɞɠ (mm) 69.50 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ȷɇɇȽȾȼɆ  ũȾɅȽ 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2720 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. - 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) - 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.1 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 113 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

16.1 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) - 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 98 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 6140 5645 6140 5975 

ȾɨɛŬŰŬ S, m/s 5882 5882 5882 5882 

 

 

ȸɎɟɞɠ (gr) 930.27 

ɀɐəɞɠ (mm) 70.02 

ɄɚɎŰɞɠ (mm) 70.02 

ȴɣɞɠ (mm) 69.80 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ɁȷɂɃɈ  ȿȺɈȾɃ 

ɃɜɞɛŬůɑŬ: ȾɅɈɆɇȷȿȿȽɁȷ 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2700 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 0.3 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) - 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.1 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 86 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

9.1 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) 21 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 51 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 6228 5525.5 6514 6089.3 

ȾɨɛŬŰŬ S, m/s 5966 5547 6097 5870 

 

 

ȸɎɟɞɠ (gr) 957.54 

ɀɐəɞɠ (mm) 70.58 

ɄɚɎŰɞɠ (mm) 71.08 

ȴɣɞɠ (mm) 70.86 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ɆɉɃȿȽȷɆɀɃɆ 

ȷůɓŮůŰɘŰɘəɧ ɀɎɟɛŬɟɞ (calcitic marble) ɛŮ Űɖɜ ŮˊɘůŰɖɛɞɜɘəɐ ɏɜɜɞɘŬ Űɞɡ ɧɟɞɡ, 

ɞɜɞɛɎɕŮŰŬɘ Űɞ ɛŮŰŬɛɞɟűɤɛɏɜɞ (əɟɡůŰŬɚɚɞůɢɘůŰɩŭŮɠ) ˊɏŰɟɤɛŬ, Űɞ ɞˊɞɑɞ ɏɢŮɘ 

ˊɟɞɏɚɗŮɘ Ŭˊɧ ɘůɢɡɟɐ ɛŮŰŬɛɧɟűɤůɖ ŬůɓŮůŰɧɚɘɗɤɜ. ɇŬ ŬůɓŮůŰɘŰɘəɎ ɛɎɟɛŬɟŬ ŮɑɜŬɘ, ůŮ 

ˊɞɚɚɏɠ ˊŮɟɘˊŰɩůŮɘɠ, ɛɞɜɧɛɘəŰŬ ˊŮŰɟɩɛŬŰŬ, ůɡɜɑůŰŬɜŰŬɘ, ŭɖɚŬŭɐ, Ŭˊɧ ɏɜŬ əŬɘ ɛɧɜɞ 

əɨɟɘɞ ɞɟɡəŰɧ, Űɞɜ ŬůɓŮůŰɑŰɖ (ɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ɞɟɘůɛɏɜɤɜ ɛŬɟɛɎɟɤɜ ůŮ ŬůɓŮůŰɑŰɖ 

űŰɎɜŮɘ Űɞ 99+ %). ȼ ˊɞɘɧŰɖŰŬ Űɤɜ ɛŬɟɛɎɟɤɜ ŮɝŬɟŰɎŰŬɘ, ůŮ ůɖɛŬɜŰɘəɧ ɓŬɗɛɧ, Ŭˊɧ Űɖ 

ůɨůŰŬůɖ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ Ŭˊɧ ŰŬ ɞˊɞɑŬ ˊɟɞɐɚɗŬɜ, əŬɗɩɠ əŬɘ Ŭˊɧ Űɞ ɓŬɗɛɧ Űɖɠ 

ɛŮŰŬɛɧɟűɤůɐɠ Űɞɡɠ. (ȷȾɅɃȿȽŪɃɆ, 2015) 

ȾɎˊɞɘɞɘ ɔɟɐɔɞɟɞɘ ůɢɞɚɘŬůɛɞɑ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ ɔɑɜɞɡɜ ɛŮ ɓɎůŮɘ ɧɚŬ ŰŬ ŭŮŭɞɛɏɜŬ ŮɑɜŬɘ: 

¶ ɇŬ ŬůɓŮůŰɘŰɘəɎ ɛɎɟɛŬɟŬ ŮɑɢŬɜ ŮɜŭɘɎɛŮůŮɠ Űɘɛɏɠ ŰŬɢɨŰɖŰŬɠ ɡˊŮɟɐɢɤɜ 

(əɡɛɎŰɤɜ S əŬɘ P). 

¶ ɇŬ ŬůɓŮůŰɘŰɘəɎ ɛɎɟɛŬɟŬ ŮɑɢŬɜ Űɘɠ ɛɘəɟɧŰŮɟŮɠ Űɘɛɏɠ ŬɜŰɞɢɐɠ ůŮ ɛɏůɖ ɗɚɑɣɖ, ɛŮ 

Ůɨɟɞɠ Ŭˊɧ 83 ɏɤɠ 127MPa. 

¶ ɇŬ ŬůɓŮůŰɘŰɘəɎ ɛɎɟɛŬɟŬ ˊŬɟɞɡůɑŬůŬɜ ŮɜŭɘɎɛŮůŮɠ Űɘɛɏɠ űŬɘɜɧɛŮɜɖɠ 

ˊɡəɜɧŰɖŰŬɠ ɛŮ ˊɞɚɨ ɛɘəɟɧ Ůɨɟɞɠ Ŭˊɧ 2700 ɏɤɠ 2720 kg/m3. 

¶ ȳůɞɜ ŬűɞɟɎ Űɖɜ ɡŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ əŬɘ Űɞ ŬɜɞɘɢŰɧ 

ˊɞɟɩŭŮɠ, ɘŭɘɧŰɖŰŮɠ ˊɞɡ ɏɢɞɡɜ ɎɛŮůɖ ůɢɏůɖ ɛŮŰŬɝɨ Űɞɡɠ, ŰŬ ŬůɓŮůŰɘŰɘəɎ 

ɛɎɟɛŬɟŬ ůŰɞ ůɨɜɞɚɧ Űɞɡɠ, ŮɑɢŬɜ Űɘɠ ɛɘəɟɧŰŮɟŮɠ Űɘɛɏɠ ůŮ ůɢɏůɖ ɛŮ Űɘɠ ɎɚɚŮɠ 

əŬŰɖɔɞɟɑŮɠ ˊŮŰɟɤɛɎŰɤɜ, ɛŮ Ůɨɟɞɠ Ŭˊɧ 0.1 ɏɤɠ 0.15% ə.ɓ. əŬɘ Ŭˊɧ 0.33 ɏɤɠ 

0.53% ə.ɞ. ŬɜŰɑůŰɞɘɢŬ. 

¶ Ⱥˊɑůɖɠ, ŰŬ ŬůɓŮůŰɘŰɘəɎ ɛɎɟɛŬɟŬ ŮɑɢŬɜ ŮɜŭɘɎɛŮůŮɠ Űɘɛɏɠ ŬɜŰɞɢɐɠ ůŮ Űɟɘɓɐ. 

 

ɄɟɏˊŮɘ, Űɏɚɞɠ, ɜŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ůŰɞ ůɨɜɞɚɧ Űɞɡɠ ŰŬ ŬůɓŮůŰɘŰɘəɎ ɛɎɟɛŬɟŬ ŭŮɜ 

ŬəɞɚɞɨɗɖůŬɜ əɎˊɞɘɞ ůɡɔəŮəɟɘɛɏɜɞ Űɟɧˊɞ çůˊŬůɑɛŬŰɞɠè ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ 

ˊɟɞůŭɘɞɟɘůɛɞɨ Űɖɠ ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ. ɄɞɚɚɎ Ŭˊɧ ŬɡŰɎ ɏůˊŬůŬɜ ɛŮ Űɞɜ 

ŬɜŬɛŮɜɧɛŮɜɞ Űɟɧˊɞ, ŭɖɚŬŭɐ ŬˊɞəɞɚɚɐɗɖəŮ ɡɚɘəɧ ŮˊɘűŬɜŮɘŬəɎ Ŭˊɧ Űɘɠ ŰɏůůŮɟɘɠ (ɐ 

ɚɘɔɧŰŮɟŮɠ) Ŭˊɧ Űɘɠ ɏɝɘ ˊɚŮɡɟɏɠ ˊɞɡ ŭŮɜ ɐŰŬɜ ůŮ ŮˊŬűɐ ɛŮ Űɖɜ ˊɟɏůŬ. ɋůŰɧůɞ, ɛŮɟɘəɎ 

ŭŮɜ ŮɛűɎɜɘůŬɜ əŬɗɧɚɞɡ ɟɤɔɛɏɠ, ɎɟŬ ɖ ŬůŰɞɢɑŬ Űɞɡɠ ɐŰŬɜ ŮůɤŰŮɟɘəɐ, ůŮ ɎɚɚŬ 

ŬˊɞəɞɚɚɐɗɖəŮ ŮɚɎɢɘůŰɞ ɡɚɘəɧ əŬɘ ŭɨɞ Ŭˊɧ ŬɡŰɎ ɏůˊŬůŬɜ ůŮ ŭɨɞ ɧɛɞɘŬ əɞɛɛɎŰɘŬ 

ˊŬɟɎɚɚɖɚŬ ůŰɞɜ ɎɝɞɜŬ ˊɞɡ ŬůəɐɗɖəŮ ɖ ɗɚɑɣɖ.  

ȺɎɜ ɡˊɐɟɢŬɜ ŬɜŬɚɡŰɘəɏɠ ˊɚɖɟɞűɞɟɑŮɠ ɔɘŬ Űɖɜ ɢɖɛɘəɐ ůɨůŰŬůɖ, Űɖɜ ɞɟɡəŰɞɚɞɔɑŬ əŬɘ 

Űɖɜ ˊŮŰɟɞɔɟŬűɑŬ Űɞɡ əɎɗŮ ɡɚɘəɞɨ əŬɘ ŭɞəɘɛɑɞɡ, ŰɧŰŮ ɗŬ ɐŰŬɜ ˊɞɚɨ Ůɨəɞɚɞ ɜŬ ɔɑɜŮɘ 

ůɢɞɚɘŬůɛɧɠ Űɤɜ ŬůŰɞɢɘɩɜ ŬɡŰɩɜ. 
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ȽɋȷɁɁȽɁɋɁ ɀɄȺȻ (1) 

ɃɜɞɛŬůɑŬ: ȺɁȹɃ-ȸȽɃɀȽȾɅȽɇȽȾɃɆ 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2610 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 3,6 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) - 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 1,3 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 143 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

15.5 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) - 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 210 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 6330 6140 6228 6232.7 

ȾɨɛŬŰŬ S, m/s 6053 6140 6228 6140.3 

 

 

ȸɎɟɞɠ (gr) 900.90 

ɀɐəɞɠ (mm) 69.30 

ɄɚɎŰɞɠ (mm) 70.33 

ȴɣɞɠ (mm) 71.17 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ȽɋȷɁɁȽɁɋɁ ɀɄȺȻ (2) 

ɃɜɞɛŬůɑŬ: ȸȽɃȾȿȷɆɇȽȾɃɆ 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2630 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 2.8 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) - 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.8 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 169 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

18 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) - 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 224 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 6316 6514 6228 6352.7 

ȾɨɛŬŰŬ S, m/s 6000 6371 6228 6199.7 

 

 

ȸɎɟɞɠ (gr) 955.73 

ɀɐəɞɠ (mm) 72.42 

ɄɚɎŰɞɠ (mm) 70.70 

ȴɣɞɠ (mm) 71.03 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ȽɋȷɁɁȽɁɋɁ ɀɄȺȻ (3) 

ɃɜɞɛŬůɑŬ: ȸȽɃȾȿȷɆɇȽȾɃɆ 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2660 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 1.6 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) - 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.4 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 150 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

15.3 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) - 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 159 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 6422 6422 6538 6460.7 

ȾɨɛŬŰŬ S, m/s 6451.5 6422 6388.5 6420.7 

 

 

ȸɎɟɞɠ (gr) 877.13 

ɀɐəɞɠ (mm) 69.84 

ɄɚɎŰɞɠ (mm) 69.93 

ȴɣɞɠ (mm) 68.12 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ȽɋȷɁɁȽɁɋɁ ɄɅȷɆȽɁɃɆ 

ɃɜɞɛŬůɑŬ: ȸȽɃȾȷȿȾȷɅȺɁȽɇȼɆ 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2660 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 1.5 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) - 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.7 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 156 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

21 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) - 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 157 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 6255.5 5882 5966 6034,5 

ȾɨɛŬŰŬ S, m/s 6097 5882 5966 5981.7 

 

 

ȸɎɟɞɠ (gr) 936.54 

ɀɐəɞɠ (mm) 70.72 

ɄɚɎŰɞɠ (mm) 70.34 

ȴɣɞɠ (mm) 71.26 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ȷɅũɃȿȽȹȷɆ ɀɄȺȻ (1) 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2690 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 0.38 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) - 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.16 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 171 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

10.9 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) 10 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 197 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 6389 6451.5 6422 6420.8 

ȾɨɛŬŰŬ S, m/s 6482.5 6409 6547.5 6479.7 

 

 

ȸɎɟɞɠ (gr) 917.42 

ɀɐəɞɠ (mm) 69.30 

ɄɚɎŰɞɠ (mm) 69.88 

ȴɣɞɠ (mm) 70.05 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ȷɅũɃȿȽȹȷɆ ɀɄȺȻ (2) 

ɃɜɞɛŬůɑŬ: ȹɃȿɃɀȽɇȽȾɃɆ - ɆȽȹȼɅɃɈɉɃɆ 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2690 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 4.58 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) - 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.87 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 151 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

3.2 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) 9 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 219 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 6731 6731 6596 6686 

ȾɨɛŬŰŬ S, m/s 6576.5 6731 6596 6634.5 

 

 

ȸɎɟɞɠ (gr) 834.65 

ɀɐəɞɠ (mm) 70.09 

ɄɚɎŰɞɠ (mm) 69.70 

ȴɣɞɠ (mm) 62.28 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ȷɅũɃȿȽȹȷɆ ɇȺūɅɃɆ 

ɃɜɞɛŬůɑŬ: ȸȽɃȾȿȷɆɇȽȾɃɆ 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2700 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 0.31 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) - 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.08 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 191 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

10.7 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) 11 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 171 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 6731 6731 6731 6731 

ȾɨɛŬŰŬ S, m/s 6731 6731 6731 6731 

 

 

ȸɎɟɞɠ (gr) 926.32 

ɀɐəɞɠ (mm) 70.05 

ɄɚɎŰɞɠ (mm) 70.28 

ȴɣɞɠ (mm) 69.81 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ȷɅũɃȿȽȹȷɆ ȾȷɆɇȷɁȺɅɈŪɅɃɆ 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2700 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 0.2 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) - 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.11 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 145 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

12.5 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) 10 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 209 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 6731 6731 6538 6666.7 

ȾɨɛŬŰŬ S, m/s 6576.5 6731 6538 6615.2 

 

 

ȸɎɟɞɠ (gr) 898.43 

ɀɐəɞɠ (mm) 69.82 

ɄɚɎŰɞɠ (mm) 70.21 

ȴɣɞɠ (mm) 68.01 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ȺɈȸɃȽȷɆ ɇȺūɅɃɆ 

ɃɜɞɛŬůɑŬ: ɀȽȾɅɃɆɄȷɅȽɇȽȾɃɆ 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2710 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 49 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) - 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.11 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 198 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

13.7 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) 12 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 220 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 6481 6389 6451.5 6440.5 

ȾɨɛŬŰŬ S, m/s 6731 6635 6547.5 6637.8 

 

 

ȸɎɟɞɠ (gr) 922.52 

ɀɐəɞɠ (mm) 70.47 

ɄɚɎŰɞɠ (mm) 69.24 

ȴɣɞɠ (mm) 69.92 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ɇȼɁɃɈ ɄɅȷɆȽɁɃɆ 

ɃɜɞɛŬůɑŬ: ɃūȽɇȷɆȸȺɆɇȽɇȼɆ 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2650 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 0.9 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) - 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.3 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 100 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

9.8 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) - 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 85 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 5645 3410.5 5090.5 4715.3 

ȾɨɛŬŰŬ S, m/s 5786.5 3808.5 5072 4889 

 

 

ȸɎɟɞɠ (gr) 924.74 

ɀɐəɞɠ (mm) 70.32 

ɄɚɎŰɞɠ (mm) 70.60 

ȴɣɞɠ (mm) 70.10 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 
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ȾɅȼɇȼɆ ũȾɅȽ 

ɃɜɞɛŬůɑŬ: ȹɃȿɃɀȽɇȽȾɃɆ 

 

 

ūɈɆȽȾɃɀȼɉȷɁȽȾȺɆ ȽȹȽɃɇȼɇȺɆ ɀȺɆȼ ɇȽɀȼ 

ūŬɘɜɧɛŮɜɖ ˊɡəɜɧŰɖŰŬ (ȺɁ 1936), kg/m3 2700 

ȷɜɞɘəŰɧ ɄɞɟɩŭŮɠ (ȺɁ 1936), % ə.ɞ. 0.4 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ Ŭˊɧ ŰɟɘɢɞŮɘŭɐ (ȺɁ 13755), gr/(m2*sec0.5) - 

ɈŭŬŰŬˊɞɟɟɧűɖůɖ ůŮ ŬŰɛɞůűŬɘɟɘəɐ ˊɑŮůɖ (ȺɁ 1925), % ə.ɓ. 0.1 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ (ȺɁ 1926), MPa 105 

ȷɜŰɞɢɐ ůŮ əɎɛɣɖ ɡˊɧ ůɡɔəŮɜŰɟɤɛɏɜɞ űɞɟŰɑɞ (ȺɁ 12372), 

MPa 

17.1 

ȷɜŰɑůŰŬůɖ ůŮ Űɟɘɓɐ (ȺɁ 14157-b), cm3/(50*cm2) - 

 

ȷɜŰɞɢɐ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ŭɞəɘɛɑɞɡ: 152 MPa 

 

ɇȷɉɈɇȼɇȷ ɈɄȺɅȼɉɋɁ ɀȼȾɃɆ ɄȿȷɇɃɆ ɈɊɃɆ ɀȺɆȼ ɇȽɀȼ 

ȾɨɛŬŰŬ P, m/s 6731 6731 6731 6731 

ȾɨɛŬŰŬ S, m/s 6576.5 6731 6731 6679.5 

 

 

ȸɎɟɞɠ (gr) 916.45 

ɀɐəɞɠ (mm) 69.73 

ɄɚɎŰɞɠ (mm) 70.06 

ȴɣɞɠ (mm) 69.54 

ɇɞ ŭɞəɑɛɘɞ ˊɟɘɜ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 

ɇɞ ŭɞəɑɛɘɞ ɛŮŰɎ Űɖɜ ŭɞəɘɛɐ Űɖɠ 

ŬɜŰɞɢɐɠ ůŮ ɛɞɜɞŬɝɞɜɘəɐ ɗɚɑɣɖ 


























































































































