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ɆɉɃȿȼ ɄɃȿȽɇȽȾɋɁ ɀȼɉȷɁȽȾɋɁ 

ȺɅũȷɆɇȼɅȽɃ ɀȺɇȷȿȿȽȾɋɁ ȾȷɇȷɆȾȺɈɋɁ 

 

ȹȽɄȿɋɀȷɇȽȾȼ ȺɅũȷɆȽȷ 

ȺɀȾ ȹȺ ɀȺ 2020/4 

 

ɆɢŮŭɘŬůɛɧɠ ůɨɛɛɘəŰɖɠ ɛɞɡůŮɘŬəɐɠ əŬŰŬůəŮɡɐɠ əŬɘ  

ɏɚŮɔɢɞɠ ŮɡůŰɎɗŮɘŬɠ ŮəɗŮɛɎŰɤɜ  

 

ȾɞɡŰůŬɡŰɎəɖɠ Ⱥ.ȷ. (Ⱥˊɘɓɚɏˊɤɜ: ȸɎɔɘŬɠ I.) 

ɄŮɟɑɚɖɣɖ 

 

Ƀɘ ůɨɔɢɟɞɜŮɠ ŬˊŬɘŰɐůŮɘɠ Űɖɠ əɞɘɜɤɜɑŬɠ ɔɘŬ əŰɑɟɘŬ ɛŮ ɡɣɖɚɎ ŮˊɑˊŮŭŬ 

ŮˊɘŰŮɚŮůŰɘəɧŰɖŰŬɠ ŮɑɜŬɘ ˊɚɏɞɜ ŮˊɘŰŬəŰɘəɐ ŬɜɎɔəɖ. ȷɡŰɐ ɖ ůɨɔɢɟɞɜɖ ŬˊŬɑŰɖůɖ ůŮ 

ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ŬɜŬɔəŬɘɧŰɖŰŬ ɜŬ ˊɟɞůŰŬŰŮɡŰɞɨɜ ŰŬ ɢɘɚɘɎŭŮɠ ˊɞɚɨŰɘɛŬ ŮəɗɏɛŬŰŬ  

ˊɞɡ űɘɚɞɝŮɜɞɨɜŰŬɘ ůŰŬ ɛɞɡůŮɑŬ Űɞɡ əɧůɛɞɡ, ŬˊɞŰŮɚŮɑ Űɞ ɚɧɔɞ Ůəˊɧɜɖůɖɠ Űɖɠ 

ŮɟɔŬůɑŬɠ.  

ũɑɜŮŰŬɘ ɖ ɛɞɜŰŮɚɞˊɞɑɖůɖ əŬɘ ɖ ŬɜɎɚɡůɖ Ůɜɧɠ ɛɞɡůŮɑɞɡ ɡɣɖɚɐɠ ůˊɞɡŭŬɘɧŰɖŰŬɠ, 

ˊɞɡ ůŰɞɜ ˊɟɩŰɞ ɧɟɞűɞ űɏɟŮɘ ŭɨɞ ˊɞɚɨŰɘɛŬ ŮəɗɏɛŬŰŬ, Ŭˊɚɩɠ ŮŭɟŬɕɧɛŮɜŬ. ȺɚɏɔɢŮŰŬɘ 

ɖ ŮɡůŰɎɗŮɘŬ ɛɘŬɠ ɛŬɟɛɎɟɘɜɖɠ əŮűŬɚɐɠ ŬɔɎɚɛŬŰɞɠ ŮˊɎɜɤ ůŮ ɝɨɚɘɜɖ ůŰɐɚɖ əŬɘ ɏɜŬɠ 

ŬɛűɞɟɏŬɠ ŬɟɢŬɥəɐɠ ˊŮɟɘɧŭɞɡ. ũɑɜŮŰŬɘ ŮəŰŮŰŬɛɏɜɖ ɢɟɐůɖ ůɨɛɛɘəŰɤɜ ŭɘŬŰɞɛɩɜ, 

ɡɣɖɚɩɜ ŬɜŰɞɢɩɜ, ɔɘŬ Űɖ ɔŮűɨɟɤůɖ ɛŮɔɎɚɤɜ ŬɜɞɘɔɛɎŰɤɜ əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

ˊɟɧůɗŮŰŬ ɛɏɚɖ Ŭˊɞɟɟɧűɖůɖɠ ůŮɘůɛɘəɐɠ ŮɜɏɟɔŮɘŬɠ. ɆŰɖ ɛŮɚɏŰɖ ˊɟɞůŰɑɗŮɜŰŬɘ əŬɘ 

ŮɝɖɔɞɨɜŰŬɘ ɞ Űɟɧˊɞɠ əŬɘ ɞɘ űɎůŮɘɠ əŬŰŬůəŮɡɐɠ ɞɟɘůɛɏɜɤɜ ůɨɜɗŮŰɤɜ ůŰɞɘɢŮɑɤɜ.  

Ƀ ɏɚŮɔɢɞɠ ŮɡůŰɎɗŮɘŬɠ Űɤɜ ŮəɗŮɛɎŰɤɜ ɓŬůɑɕŮŰŬɘ ůŮ ŬˊɞŭŮŭŮɘɔɛɏɜŮɠ űɧɟɛɞɡɚŮɠ 

Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ˊɟɞəɨˊŰɞɡɜ ɞɘ ɛɏɔɘůŰŮɠ ŭɡɜŬŰɏɠ ŰŬɢɨŰɖŰŮɠ əŬɘ ŮˊɘŰŬɢɨɜůŮɘɠ ˊɞɡ 

ɛˊɞɟɞɨɜ ɜŬ ˊɟɞəŬɚɏɣɞɡɜ Űɖɜ ˊŰɩůɖ Űɞɡɠ. ȼ əŬŰŬůəŮɡɐ ɡˊɞɓɎɚɚŮŰŬɘ ůŰɖ ůŮɘůɛɘəɐ 

ŭɘɏɔŮɟůɖ Űɞɡ ůŮɘůɛɞɨ Űɖɠ ȷɗɐɜŬɠ, Űɞ ɆŮˊŰɏɛɓɟɘɞ Űɞɡ 1999, ɧˊɞɡ ɞɟɘůɛɏɜŮɠ ˊŮɟɘɞɢɏɠ 

ɏűŰŬůŬɜ Űɖɜ ŮˊɘŰɎɢɡɜůɖ Űɤɜ 0,6g. Ƀɘ ŰŬɢɨŰɖŰŮɠ əŬɘ ŮˊɘŰŬɢɨɜůŮɘɠ ˊɞɡ ˊɟɞəŬɚɞɨɜŰŬɘ 

ůŰɞɜ ɧɟɞűɞ ůɡɔəɟɑɜɞɜŰŬɘ ɛŮ ŰŬ ɧɟɘŬ ŮɡůŰɎɗŮɘŬɠ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ.  
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Abstract 

 

The modern demands of society for buildings with high levels of efficiency are 

now imperative. This modern requirement, combined with the need to protect the 

thousands of valuable exhibits housed in museums around the world, is the reason for 

this dissertation. 

A museum of great importance is modeled and analyzed, which on the first 

floor has two valuable exhibits, simple based. The stability of a marble statue head on 

a wooden column and an amphora of an archaic period are checked. Extensive 

composite cross sections, high strength, used to bridge large openings and additional 

seismic absorption members are also used. The dissertation adds and explains the 

method and phases of construction of some complex elements. 

Exposure stability testing is based on proven formulas that result in the 

maximum possible speeds and accelerations that can cause them to fall. The 

construction is being submitted to the seismic stimulation of the Athens earthquake, in 

September 1999, where some areas reached the acceleration of 0.6g. The speeds and 

accelerations caused on the floor are compared with the stability limits of the objects. 
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ȺɡɢŬɟɘůŰɑŮɠ  

ɄɟɩŰŬ Ŭˊɞ ɧɚŬ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ Ůˊɘɓɚɏˊɤɜ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ, 

ə.ȸɎɔɘŬ, ɔɘŬ Űɞ ɏɛˊɟŬəŰɞ ŮɜŭɘŬűɏɟɞɜ Űɞɡ əŬɘ Űɘɠ ɞɡůɘŬůŰɘəɏɠ əŬɘ ŭɘŮɝɞŭɘəɏɠ ɚɨůŮɘɠ 

ˊɞɡ ˊɟɞůɏűŮɟŮ ůŮ ́ɞɚɡɎɟɘɗɛŬ əɤɚɨɛŬŰŬ, əŬɗôɧɚɖ Űɖɜ ŭɘɎɟəŮɘŬ Ůəˊɧɜɖůɖɠ Űɖɠ 

ŮɟɔŬůɑŬɠ. 

ŪŬ ɐɗŮɚŬ Ůˊɘˊɚɏɞɜ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɖ ŭɘŬəŮəɟɘɛɏɜɖ ŬɟɢŬɘɞɚɧɔɞ əŬɘ űɑɚɖ ɛɞɡ, 

Ⱥɚɑ́ŭŬ ɉŬŰɕɖŭɎəɖ, ɔɘŬ Űɖɜ əŬɗɞŭɐɔɖůɖ, Űɘɠ ɔɜɩůŮɘɠ əŬɘ Űɞ ˊɞɚɨŰɘɛɞ ɡɚɘəɧ ˊɞɡ ɛɞɡ 

ˊŬɟɏɗŮůŮ ůŮ ɛɞɡůŮɘŬəɎ ŮəɗɏɛŬŰŬ. 

ȺɡɢŬɟɘůŰɩ Űɞ űɑɚɞ əŬɘ ůɡɜɎŭŮɚűɞ ȾɤɜůŰŬɜŰɑɜɞ ɄŬˊŬɛŬɟəɎəɖ, ˊɞɡ ŬɜɏɚŬɓŮ 

Űɖɜ ŬɜɎɔɜɤůɖ Űɖɠ ŮɟɔŬůɑŬɠ əŬɘ ˊɟɧŰŮɘɜŮ ŬɟəŮŰɏɠ ŭɘŬɟɗɟɤŰɘəɏɠ ŬɚɚŬɔɏɠ ɩůŰŮ ɜŬ 

ɔɑɜŮɘ ˊŮɟɘůůɧŰŮɟɞ ŮɨɚɖˊŰɖ ɖ ˊɚɖɟɞűɞɟɑŬ Űɞɡ əŮɘɛɏɜɞɡ.   

ŪŬ ɐɗŮɚŬ Űɏɚɞɠ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɡɠ ɔɞɜŮɑɠ ɛɞɡ, ˊɞɡ ˊŬɟɧɚɞ ˊɞɡ ŭŮɜ ŮɑɜŬɘ 

ɛɖɢŬɜɘəɞɑ, ůɡɛɛŮŰŮɑɢŬɜ ɛŮ Űɘɠ ŭɘəɏɠ Űɞɡɠ ɔɜɩůŮɘɠ əŬɘ ŮɛˊŮɘɟɑŮɠ ŬɜŬűɞɟɘəɎ  ɛŮ Űɞ 

ůŮɘůɛɧ Űɞɡ 99ô Űɖɠ ȷɗɐɜŬɠ.  Ⱥˊɘˊɚɏɞɜ Űɞɡɠ ŮɡɢŬɟɘůŰɩ ɔɘŬ Űɖ ůŰɐɟɘɝɖ Űɖɠ ŬˊɧűŬůɖɠ 

ɛɞɡ ɜŬ ůɡɜŮɢɑůɤ Űɘɠ ɛŮŰŬˊŰɡɢɘŬəɏɠ ɛɞɡ ůˊɞɡŭɏɠ ůŰɞ ȺɀɄ.  
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1. ȺɘůŬɔɤɔɐ 

 

Ƀɘ ŬɡɝɖɛɏɜŮɠ ŬˊŬɘŰɐůŮɘɠ Űɖɠ əɞɘɜɤɜɑŬɠ ɔɘŬ ŬůűŬɚŮɑɠ əŬŰŬůəŮɡɏɠ ůŮ 

ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ŬˊɟɧɓɚŮˊŰɖ űɨůɖ Űɤɜ ůŮɘůɛɘəɩɜ űŬɘɜɞɛɏɜɤɜ ɏɢɞɡɜ ŮˊɘűɏɟŮɘ ůŰɖɜ 

əɞɘɜɧŰɖŰŬ Űɤɜ ŮˊɘůŰɖɛɧɜɤɜ ɛɖɢŬɜɘəɩɜ ɏɜŬ ɜɏɞ Űɟɧˊɞ ůəɏɣɖɠ əŬɘ ŬɜŬɚɨůŮɤɜ. Ƀ 

ɜɏɞɠ Űɟɧˊɞɠ ůəɏɣɖɠ əŬɘ ɞɘ ɜɏŮɠ ŬɜŬɚɨůŮɘɠ ŭŮɜ ŬɟəɞɨɜŰŬɘ ɛɧɜɞ ůŰɖɜ ŮˊɎɟəŮɘŬ ɛɘŬɠ 

əŬŰŬůəŮɡɐɠ ɏɜŬɜŰɘ Ůɜɧɠ ůŮɘůɛɞɨ, ŬɚɚɎ ŮˊɘɓɎɚɚɞɡɜ ůŰɞ ɛɖɢŬɜɘəɧ ɜŬ ŭɘŬůŰŬůɘɞɚɞɔŮɑ 

ɏɢɞɜŰŬɠ ɡˊɧɣɘɜ Űɞɡ ɧŰɘ ŬəɧɛŬ ɘůɢɡɟɧŰŮɟɞɘ əŬɘ ˊɘɞ əŬŰŬůŰɟɞűɘəɞɑ ůŮɘůɛɞɑ ɛˊɞɟɞɨɜ 

ɜŬ ůɡɛɓɞɨɜ. Ƀ ȺɡɟɤəɩŭɘəŬɠ 8 ŮɘůɎɔŮɘ ɔɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ Űɞ ůɡɜŰŮɚŮůŰɐ 

ůɡɛˊŮɟɘűɞɟɎɠ əŬŰɎ Űɞɜ ɞˊɞɑɞ ɖ ɡˊɏɟɓŬůɖ Űɖɠ ˊɟɞɓɚŮˊɧɛŮɜɖɠ ůŮɘůɛɘəɐɠ ŭɟɎůɖɠ 

ŬɜŬɚɑůəŮŰŬɘ ůŮ ŮɚŮɔɢɧɛŮɜŮɠ ˊŬɟŬɛɞɟűɩůŮɘɠ.  

ȳŰŬɜ ɞɘ ˊŬɟŬˊɎɜɤ ˊŬɟɎɛŮŰɟɞɘ ɞɟɗɐɠ ŭɘŬůŰŬůɘɞɚɧɔɖůɖɠ ɛɘŬɠ əŬŰŬůəŮɡɐɠ 

ˊɟɏˊŮɘ ɜŬ ŮűŬɟɛɞůŰɞɨɜ ůŮ əŬŰŬůəŮɡɐ ˊɞɡ ɗŬ çůŰŮɔɎůŮɘè ɛɏɟɞɠ Űɖɠ ˊɞɚɘŰɘůŰɘəɐɠ 

əɚɖɟɞɜɞɛɘɎɠ ɛɘŬɠ ɢɩɟŬɠ ŰɧŰŮ ɞɘ ŬˊŬɘŰɐůŮɘɠ ɔɑɜɞɜŰŬɘ ŬəɧɛŬ ˊɘɞ ŬɡůŰɖɟɏɠ əŬɘ ɖ 

ŮˊɘŰŮɚŮůŰɘəɧŰɖŰŬ ɗŬ ˊɟɏˊŮɘ ɜŬ űŰɎůŮɘ Űɞ ɛɏɔɘůŰɞ ŭɡɜŬŰɧ ɧɟɘɞ. ȷɡŰɧ ɚɞɘˊɧɜ 

ˊɟŬɔɛŬŰŮɨŮŰŬɘ ɖ ŮɟɔŬůɑŬ. ũɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ɡɣɖɚɐɠ ŮˊɘŰŮɚŮůŰɘəɧŰɖŰŬɠ, ɤɠ 

ŬɜŬɔəŬɘɧŰɖŰŬ ɔɘŬ ɜŬ ˊɟɞůŰŬŰŮɡɗɞɨɜ ŰŬ ˊɞɚɨŰɘɛŬ ŬɜŰɘəŮɑɛŮɜŬ ˊɞɡ ůŰŮɔɎɕɞɜŰŬɘ ɛɏůŬ 

ůŮ ŬɡŰɧ, ɏɢɞɡɜ ɔɑɜŮɘ ŬɜŬɟɑɗɛɖŰŮɠ ˊɟɞůˊɎɗŮɘŮɠ əŬɘ ˊŮɘɟɎɛŬŰŬ Ŭˊɧ ˊɞɚɚɞɨɠ 

ŮˊɘůŰɐɛɞɜŮɠ ɛɖɢŬɜɘəɞɨɠ ŰŬ ŰŮɚŮɡŰŬɑŬ 130 ɢɟɧɜɘŬ, Ŭˊɧ Űɖɜ ȾŬɚɘűɧɟɜɘŬ ɏɤɠ Űɖɜ 

ȽŬˊɤɜɑŬ. ȷɜŬɕɖŰɐɗɖəŬɜ əŬɘ ŮɝŬəɞɚɞɡɗɞɨɜ ɜŬ ŬɜŬɕɖŰɞɨɜŰŬɘ Űɨˊɞɘ əŬɘ űɧɟɛɞɡɚŮɠ 

ˊɞɡ Ůɚɏɔɢɞɡɜ Űɖɜ ˊŰɩůɖ ŭɨůəŬɛˊŰɤɜ əŬɘ ŮɨəŬɛˊŰɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ. 

Ɇəɞˊɧɠ Űɖɠ ˊŬɟɞɨůɖɠ ŮɟɔŬůɑŬɠ ŮɑɜŬɘ ɜŬ ůɢŮŭɘŬůŰŮɑ ɛɑŬ ŬəŬɜɧɜɘůŰɖ əŬɘ 

ɡˊɏɟɞɔəɖ əŬŰŬůəŮɡɐ ɛŮ ɘŭɘŬɑŰŮɟŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɘ ɜŬ ɔɑɜŮɘ ɖ ˊɟɞůˊɎɗŮɘŬ ɜŬ 

ůɡɛɛɞɟűɤɗŮɑ ˊɚɐɟɤɠ ɛŮ Űɞɡɠ əŬɜɞɜɘůɛɞɨɠ Űɞɡ ȺɡɟɤəɩŭɘəŬ 8. Ⱥˊɘˊɚɏɞɜ ɔɑɜŮŰŬɘ ɖ 

ˊɟɞůˊɎɗŮɘŬ ɩůŰŮ ɜŬ ɛŮɘɤɗɞɨɜ ɞɘ ŮˊɘɓŬɚɚɧɛŮɜŮɠ ŰŬɢɨŰɖŰŮɠ əŬɘ ŮˊɘŰŬɢɨɜůŮɘɠ ůŰɞɡɠ 

ɞɟɞűɧɡɠ ɩůŰŮ ɜŬ ŮɝŬůűŬɚɘůŰŮɑ ɖ ŮɡůŰɎɗŮɘŬ Űɤɜ ŮəɗŮɛɎŰɤɜ. ɇɞ ɓŬůɘəɧŰŮɟɞ ůŰɞɘɢŮɑɞ 

ŬɜŰɘɛŮŰɩˊɘůɖɠ Űɤɜ ɛŮɔɎɚɤɜ ŮˊɘɓŬɚɚɧɛŮɜɤɜ ŰŬɢɡŰɐŰɤɜ ŮɑɜŬɘ ɞɘ ŬˊɞůɓŮůŰɐɟŮɠ. ɀŮ 

ˊɞɚɡɎɟɘɗɛŮɠ ŬɜŬɚɨůŮɘɠ ɢɟɞɜɞɘůŰɞɟɑŬɠ əŬɘ ɛŮ ŭɘŬɟəŮɑɠ ŰɟɞˊɞˊɞɘɐůŮɘɠ Űɤɜ Űɘɛɩɜ, ɞɘ 

ŬˊɞůɓŮŰɐɟŮɠ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ůŰɖɜ əŬŰŬɚɚɖɚɧŰŮɟɖ ɗɏůɖ ŬˊɞűɏɟɞɜŰŬɠ ŰŬ ɓɏɚŰɘůŰŬ 

ŭɡɜŬŰɎ ŬˊɞŰŮɚɏůɛŬŰŬ. 

ɆŰɞ Űɏɚɞɠ Űɖɠ ŮɟɔŬůɑŬɠ ˊŬɟŬŰɑɗɞɜŰŬɘ ŭɨɞ ˊŬɟŬɟŰɐɛŬŰŬ. ɇɞ ˊɟɩŰɞ ŬűɞɟɎ Űɘɠ 

űɎůŮɘɠ əŬŰŬŰŬůəŮɡɐɠ Űɞɡ ůɨɛɛɘəŰɞɡ ɡˊɞůŰɡɚɩɛŬŰɞɠ əŬɘ Űɤɜ ůɡɜŭɏůŮɤɜ ˊɞɡ 

ɓŬɑɜɞɡɜ ůŮ ŬɡŰɧ. ɆŰɞ ŭŮɨŰŮɟɞ ˊŬɟɎɟŰɖɛŬ ɔɑɜŮŰŬɘ ɏɜŬɠ ɡˊɞɚɞɔɘůɛɧɠ Űɞɡ ůɡɜɞɚɘəɞɨ 

əɧůŰɞɡɠ Űɖɠ əŬŰŬůəŮɡɐɠ Űɞɡ űɞɟɏŬ, ɛŮ ɞɟɘůɛɏɜŬ əɨɟɘŬ ŬɟɢɘŰŮəŰɞɜɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ əŬɗɩɠ əŬɘ ɖ ɏŭɟŬůɖ Űɖɠ əŬŰŬůəŮɡɐɠ. 
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2. ȺɡůŰɎɗŮɘŬ ŬɜŰɘəŮɘɛɏɜɤɜ 

 

Ƀɘ ɏɚŮɔɢɞɘ ɚɘəɜɘůɛɞɨ əŬɘ ŬɜŬŰɟɞˊɐɠ Űɤɜ ɓŬůɘəɩɜ ŬɜŰɘəŮɘɛɏɜɤɜ ɡˊɧ ůŮɘůɛɘəɏɠ 

ŭɘŮɔɏɟůŮɘɠ ɝŮəɑɜɖůŬɜ ɜŬ ŬˊŬůɢɞɚɞɨɜ Űɞɡɠ ŮˊɘůŰɐɛɞɜŮɠ ɛɖɢŬɜɘəɞɨɠ ɐŭɖ Ŭˊɧ ŰŬ ɛɏůŬ 

Űɞɡ 19ɞɡ ŬɘɩɜŬ (J.Perry, óNote on the rocking of a columnô).  ȷɟɔɧŰŮɟŬ, ɛɏůŬ ůŰɞɜ 

20ɞ ŬɘɩɜŬ ɧɚɞ əŬɘ ˊŮɟɘůůɧŰŮɟɞɘ ɛɖɢŬɜɘəɞɑ ˊɟɞůˊɎɗɖůŬɜ ɜŬ ˊɟɞůŮɔɔɑůɞɡɜ Űɞ ɗɏɛŬ, 

ˊɟɞůɗɏŰɞɜŰŬɠ ˊŮɘɟɎɛŬŰŬ əŬɘ ŮɝŮɚɑůůɞɜŰŬɠ Űɘɠ űɧɟɛɞɡɚŮɠ əŬɘ Űɞ Ůɨɟɞɠ ŮűŬɟɛɞɔɐɠ 

Űɞɡɠ. ȹɘŬŰɨˊɤůŬɜ Űɨˊɞɡɠ əŬɘ ɗŮɤɟɑŮɠ ɔɘŬ ŮɨəŬɛˊŰŬ ůɩɛŬŰŬ, ɧˊɤɠ ɔɘŬ ɞɚɧəɚɖɟŬ 

əŰɑɟɘŬ, ɡŭŬŰɧˊɡɟɔɞɡɠ, əŬɛɘɜɎŭŮɠ, əŬɘ ɔɘŬ ŭɨůəŬˊŰŬ ůɩɛŬŰŬ ɧˊɤɠ ŰŬ ˊŮɟɘůůɧŰŮɟŬ  

ůɡɜɐɗɖ ŬɜŰɘəŮɑɛŮɜŬ.  

ũɘŬ Űɞɡɠ ůəɞˊɞɨɠ Űɖɠ ˊŬɟɞɨůɖɠ ŮɟɔŬůɑŬɠ əŬɘ ɗŮɤɟɩɜŰŬɠ ŰŬ ɛɞɡůŮɘŬəɎ 

ŮəɗɏɛŬŰŬ ɤɠ ŭɨůəŬɛˊŰŬ ůɩɛŬŰŬ, ɛŮ Űɞɜ əɑɜŭɡɜɞ əɡɟɑɤɠ Űɖɠ ŬɜŬŰɟɞˊɐɠ əŬɘ Űɞɡ 

ɚɘəɜɘůɛɞɨ, ŮˊɘɚɏɔŮŰŬɘ ɖ ˊɟɞůɏɔɔɘůɖ Űɞɡ Ishiyama (Ishiyama 1982) ɤɠ ɖ ˊɟɩŰɖ 

ˊŮɘɟŬɛŬŰɘəɩɠ ŬˊɞŭŮŭŮɘɔɛɏɜɖ əŬɘ ˊɞɚɡɢɟɖůɘɛɞˊɞɘɖɛɏɜɖ űɧɟɛɞɡɚŬ. Ƀ ɏɚŮɔɢɞɠ 

ŬɜŬŰɟɞˊɐɠ  ˊɞɡ ɔɑɜŮŰŬɘ Ůŭɩ ɔɘŬ ŰŬ ɛɞɡůŮɘŬəɎ ŮəɗɏɛŬŰŬ  ɚŮɘŰɞɡɟɔŮɑ ɨˊɞ Űɘɠ ɑŭɘŮɠ 

ˊɟɞɦˊɞɗɏůŮɘɠ ˊɞɡ ɏɗŮůŮ ɞ Ishiyama ůŰɖ ɗŮɤɟɑŬ Űɞɡ: 

Á Ƀɘ əɘɜɐůŮɘɠ Űɞɡ ůɩɛŬŰɞɠ ŮɑɜŬɘ ŮɜŰɧɠ Űɞɡ Ůˊɘˊɏŭɞɡ 

Á ɇɞ ůɩɛŬ ŮɑɜŬɘ ůɡɛɛŮŰɟɘəɧ ɤɠ ˊɟɞɠ Űɞɜ əɎɗŮŰɞ ɎɝɞɜŬ Űɞɡ 

Á ȼ ŮˊɘűɎɜŮɘŬ Űɞɡ ŭŬˊɏŭɞɡ ŮɑɜŬɘ ˊɎɜŰŬ ɞɟɘɕɧɜŰɘŬ 

Á Ƀ ɢɟɧɜɞɠ Űɖɠ ůŮɘůɛɘəɐɠ ŭɘɏɔŮɟůɖɠ ŮɑɜŬɘ ˊɞɚɨ ɓɟŬɢɨɠ əŬɘ Űɞ ůɩɛŬ ŭɘŬŰɖɟŮɑ 
Űɖɜ Ŭɟɢɘəɐ Űɞɡ ɗɏůɖ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ ŬɡŰɐɠ Űɖɠ ŭɘɏɔŮɟůɖɠ (ȷɡŰɧ ůɖɛŬɑɜŮɘ 

ɧŰɘ ɖ Űɟɘɓɐ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ɛŮ Űɞ ŭɎˊŮŭɞ ŮɑɜŬɘ ɛŮɔɎɚɖ ɩůŰŮ Űɞ ůɩɛŬ ŭŮɜ 

ˊɟɞɚŬɓŬɑɜŮɘ ɜŬ ɛŮŰŬŰɞˊɘůŰŮɑ əŬɘ ˊŮɟɘůŰɟɏűŮŰŬɘ Ŭˊɧ Űɞ əɎŰɤ, ŭŮɝɘɧ ɐ 

ŬɟɘůŰŮɟɧ, Ɏəɟɞ Űɞɡ) (Ⱥɘə. 2.1) 

Á ɇɞ ůɩɛŬ ŬɜŬŰɟɏˊŮŰŬɘ ɧŰŬɜ ɖ ɔɤɜɑŬ Ŭ ɔɑɜŮɘ ŬɟɜɖŰɘəɐ. 

 

 

ȺɘəɧɜŬ 2.1. Ŭ) ȷɟɘůŰŮɟɎ- ůŰŬɗŮɟɧ ůɩɛŬ  

ɓ) ȹŮɝɘɎ- ůɩɛŬ ůŮ əɑɜɖůɖ  
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2.1  ɇŬɢɨŰɖŰŬ ŬɜŬŰɟɞˊɐɠ 

 

ɆɡɜɡˊɞɚɞɔɑɕɞɜŰŬɠ Űɘɠ ˊŬɟŬˊɎɜɤ ɗŮɤɟɐůŮɘɠ, ɔɑɜŮŰŬɘ ɛɑŬ Ŭəɧɛɖ ɗŮɩɟɖůɖ, ɧŰɘ ɖ 

ŮˊɘɓŬɚɚɧɛŮɜɖ ŰŬɢɨŰɖŰŬ ŬɜŬŰɟɞˊɐɠ ŮˊɘŭɟɎ ŬəŬɟɘŬɑŬ ůŰŬ ŬɜŰɘəŮɑɛŮɜŬ, əŬɘ ˊɟɞəŬɚŮɑ 

Űɖɜ əŬŰɎɟɟŮɡůɖ Űɞɡɠ, ˊɟɘɜ ˊɟɞɚɎɓɞɡɜ ɜŬ ɚɘəɜɘůŰɞɨɜ.  

ȸɎůɖ ŬɡŰɩɜ, ɡˊɞɚɞɔɑɕŮŰŬɘ ɧŰɘ ɖ ŰŬɢɨŰɖŰŬ ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ ůŰɞ əɏɜŰɟɞ ɓɎɟɞɠ 

Ůɜɧɠ ůɩɛŬŰɞɠ əŬɘ ˊɟɞəŬɚŮɑ Űɖɜ ŬɜŬŰɟɞˊɐ Űɞɡ, ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ Ɇɢɏůɖ  2.1 (Ishiyama 

1982). 

 

 

ὺ   
ςὫ

ὶ
 É Ò  

ρ ὧέίὥ

ÃÏÓὥ
   Ɇɢɏůɖ 2.1 

ɋɠ r ɞɟɑɕŮŰŬɘ ɖ ɡˊɞŰŮɑɜɞɡůŬ Űɞɡ Űɟɘɔɩɜɞɡ ɛŮ əɎɗŮŰŮɠ ˊɚŮɡɟɏɠ  a  əŬɘ  b əŬɘ ɤɠ  

i  ɞɟɑɕŮŰŬɘ ɤɠ ɖ ŬəŰɑɜŬ ŬŭɟŬɜŮɑŬɠ Űɞɡ ůɩɛŬŰɞɠ ɔɨɟɤ Ŭˊɧ Űɞ əɏɜŰɟɞ ɓɎɟɞɡɠ Űɞɡ. ɆŰɖɜ 

ˊŮɟɑˊŰɤůɖ ˊɞɡ Űɞ ŭɨůəŬɛˊŰɞ ůɩɛŬ ɗŮɤɟŮɑŰŬɘ ɞɛɞɔŮɜɏɠ əŬɘ ɞɟɗɞɔɤɜɘəɧ əŬɘ ɖ ɓɎůɖ 

Űɞɡ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ Űɞɡ ɨɣɞɡɠ Űɞɡ ɞɟɗɞɔɤɜɘəɩɜ ůŰɞɘɢŮɑɤɜ ɘůɢɨŮɘ ɖ Ɇɢɏůɖ 2.2. 

 

 
É Ò

τ

σ
Ò Ɇɢɏůɖ 2.2 

 

ɃˊɧŰŮ ɖ Ɇɢɏůɖ 2.1 ŰɟɞˊɞˊɞɘŮɑŰŬɘ ůŰɖ Ɇɢɏůɖ 2.3. 

 

 

ὺ  
ψὫὶ

σ
   
ρ ὧέίὥ

ÃÏÓὥ
 Ɇɢɏůɖ 2.3 

 

ȼ ŰŬɢɨŰɖŰŬ ůŰɖ ɓɎůɖ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ v0, ɖ ɞˊɞɑŬ ŮɑɜŬɘ Űɞ ɢŬɛɖɚɧŰŮɟɞ ɧɟɘɞ 

Űɖɠ ɛɏɔɘůŰɖɠ ŰŬɢɨŰɖŰŬɠ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊɟɞəŬɚɏůŮɘ ŬɜŬŰɟɞˊɐ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ, ŮɑɜŬɘ 

ˊŮɟɑˊɞɡ 0,4 űɞɟɏɠ ɛɘəɟɧŰŮɟɖ Ŭˊɧ ŬɡŰɧ ůŰɞ əɏɜŰɟɞ ɓɎɟɞɡɠ Űɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ (Ɇɢɏůɖ 

2.4).  

 

 

ὺ πȢτ  
ψὫὶ

σ
   
ρ ὧέίὥ

ÃÏÓὥ
 Ɇɢɏůɖ 2.4 

 

ȷɜŰɘəŬɗɘůŰɩɜŰŬɠ Űɖ ɛɘəɟɐ ɔɤɜɑŬ Ŭ ɛŮ Űɘɠ ŭɨɞ ˊɚŮɡɟɏɠ ȸ əŬɘ ȼ ŰɧŰŮ ˊɟɞəɨˊŰŮɘ 

ɖ ŮɚɎɢɘůŰɖ ŰŬɢɨŰɖŰŬ ˊɞɡ ŭɟŬ ůŰɖ ɓɎůɖ əŬɘ ˊɟɞəŬɚŮɑ ŬɜŬŰɟɞˊɐ (Ɇɢɏůɖ 2.5). 

 

 
ὺ ρπ 

`

Ѝῷ
 ůŮ (cm, sec) Ɇɢɏůɖ 2.5 

ȺˊŮəŰŮɑɜɞɜŰŬɠ Űɖ ɢɟɖůɘɛɧŰɖŰŬ əŬɘ Űɞ Ůɨɟɞɠ Űɖɠ űɧɟɛɞɡɚŬɠ, ɞ  Nigbor 

ɡˊŮɟˊɐŭɖůŮ Űɖɜ ŭŮɨŰŮɟɖ ˊɟɞɦˊɧɗŮůɖ ˊɞɡ ɐɗŮɚŮ Űɞ ůɩɛŬ ɜŬ ŮɑɜŬɘ ůɡɛɛŮŰɟɘəɧ ɤɠ 

ˊɟɞɠ Űɞɜ əɎɗŮŰɞ ɎɝɞɜŬ Űɞɡ, əŬɘ ŮɘůɐɔŬɔŮ Űɖɜ ɏɜɜɞɘŬ Űɞɡ ɘůɞŭɨɜŬɛɞɡ ůɩɛŬŰɞɠ 

(Nigbor 1989). ȾŬŰɎ Űɖ ɗŮɤɟɑŬ ŬɡŰɐ əɎɗŮ ůɩɛŬ ŬəŬɜɧɜɘůŰɞɡ ůɢɐɛŬŰɞɠ (Ⱥɘə. 2.2) 

ɛˊɞɟŮɑ ɜŬ ɢɤɟɘůŰŮɑ ůŮ ˊɞɚɚɎ ɛɘəɟɧŰŮɟŬ ŰɛɐɛŬŰŬ, ɜŬ ɓɟŮɗŮɑ Űɞ əɏɜŰɟɞ ɓɎɟɞɡɠ Űɞɡ 
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ůɡɜɧɚɞɡ əŬɘ Ůɜ ŰɏɚŮɘ ɜŬ ŮɝɘůɤɗŮɑ ɛŮ ɏɜŬ ɞɟɗɞɔɤɜɘəɧ ůɩɛŬ ɑŭɘŬɠ ɓɎůɖɠ ŬɚɚɎ ɜɏɞɡ 

ɨɣɞɡɠ ȼȭ. ɇɞ ɜɏɞ ɨɣɞɠ ˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ ˊɚɏɞɜ ɛŮ ȼȭ, ŬɜŰɑ Űɞɡ ȼ, ŮɑɜŬɘ Űɞ ɨɣɞɠ Űɞɡ 

ɘůɞŭɨɜŬɛɞɡ ůɩɛŬŰɞɠ, Űɞ ɞˊɞɑɞ ɚŬɛɓɎɜŮɘ ɡˊɧɣɘɜ əŬɘ Űɖɜ ŭɘŬűɞɟŮŰɘəɐ ˊɡəɜɧŰɖŰŬ Űɤɜ 

ŬɜŰɘəŮɘɛɏɜɤɜ (Ɇɢɏůɖ 2.6). ɇɞ ɨɣɞɠ ŬɡŰɧ ɞɟɑɕŮŰŬɘ ɤɠ Űɞ ŭɘˊɚɎůɘɞ Űɞɡ ɨɣɞɡɠ Ŭˊɧ Űɞ 

əɏɜŰɟɞ ɓɎɟɞɡɠ Űɞɡ ůɩɛŬŰɞɠ. 

 

 

ȺɘəɧɜŬ 2.2. ɆɩɛŬ ŬəŬɜɧɜɘůŰɖɠ ɛɞɟűɐɠ 

 

 

 
ὺ ρπ 

`

Ѝῷᴂ
 ůŮ (cm, sec) Ɇɢɏůɖ 2.6 

 

ȼ Ɇɢɏůɖ 2.6 ŭɑɜŮɘ ˊɘɞ ůɡɜŰɖɟɘŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ, ŭɖɚŬŭɐ ɛɘəɟɧŰŮɟŮɠ ɞɟɘŬəɏɠ 

ŰŬɢɨŰɖŰŮɠ, ůŮ ůɢɏůɖ ɛŮ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ ɛɖ ŬˊɚɞˊɞɘɖɛɏɜŮɠ ůɢɏůŮɘɠ. Ƀ Podany  əɎɜŮɘ 

ˊɘɞ ŮəŰŮɜɐ ŬɜɎɚɡůɖ əŬɘ ˊŬɟɞɡůɘɎɕŮɘ ˊɞɘəɘɚɑŬ ˊɟɞɓɚɖɛɎŰɤɜ ɛŮ ůɩɛŬŰŬ ɛŮ 

ŭɘŬűɞɟŮŰɘəɐ ˊɡəɜɧŰɖŰŬ (Podany 2017). ȸɟɑůəŮɘ Űɞ əɏɜŰɟɞɡ ɓɎɟɞɡɠ Űɞɡ ɘůɞŭɨɜŬɛɞɡ 

ůɩɛŬŰɞɠ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖ ɛɎɕŬ Űɞɡ əɎɗŮ ůɩɛŬŰɞɠ ɤɠ ůɡɜŰŮɚŮůŰɐ ɓŬɟɨŰɖŰŬɠ. 

 

2.1  ȺˊɘŰɎɢɡɜůɖ ɚɘəɜɘůɛɞɨ 

ɆŰɖɜ ɑŭɘŬ ɓɎůɖ ɛŮ ŰŬ ˊɟɞɖɔɞɨɛŮɜŬ ɞ Ishiyama ˊɟɞɏɓɚŮɣŮ əŬɘ Űɞ ɚɘəɜɘůɛɧ Ůɜɧɠ 

ůɩɛŬŰɞɠ. Ƀ ɚɘəɜɘůɛɧɠ ŮɑɜŬɘ ɖ ŬəŬɜɧɜɘůŰɖ əɑɜɖůɖ Ůɜɧɠ ůɩɛŬŰɞɠ, ŬɜŮɝɎɟŰɖŰɖ ɛŮ Űɖɜ 

ŬɜŬŰɟɞˊɐ Ůɜɧɠ ŬɜŰɘəŮɘɛɏɜɞɡ ɚɧɔɤ ɛŮɔɎɚɖɠ ŮˊɘɓŬɚɚɧɛŮɜɖɠ ŮˊɘŰɎɢɡɜůɖɠ. Ɇɡɜɐɗɤɠ ɖ 

əɑɜɖůɖ ŬɡŰɐ ɛˊɞɟŮɑ ɜŬ ˊŬɟɞɡůɘŬůŰŮɑ ˊɟɘɜ Űɖɜ ŬɜŬŰɟɞˊɐ Ůɜɧɠ ůɩɛŬŰɞɠ. ɄŬɟɧɚŬ 

ŬɡŰɎ, Űɞ Ůɑŭɞɠ Űɖɠ əɑɜɖůɖɠ ŬɡŰɐɠ ŭŮɜ ŮɝŬůűŬɚɑɕŮɘ ɧŰɘ ɏɜŬ ŬɜŰɘəŮɑɛŮɜɞ ŭŮ ɗŬ 

ŬɜŬŰɟŬˊŮɑ, ŮɘŭɘəɎ ɧŰŬɜ ŬɡŰɧ ɓɟɑůəŮŰŬɘ ŮˊɎɜɤ ůŮ ɏɜŬ ŭŮɨŰŮɟɞ ŬɜŰɘəŮɑɛŮɜɞ. ɀɏůɤ Űɖɠ 

Ɇɢɏůɖɠ 2.7 ɡˊɞɚɧɔɘůŮ ɧŰɘ ɖ ˊŮɟɑˊŰɤůɖ Űɞɡ ɚɘəɜɘůɛɞɨ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ 

ŮˊɘɓŬɚɚɧɛŮɜɖ ŮˊɘŰɎɢɡɜůɖ.  

 
ὥ ȟ  

`

ῷ
Ὣ  Ɇɢɏůɖ 2.7 
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ɧˊɞɡ g = 981cm/s
2
. ȳˊɤɠ əŬɘ ˊɟɘɜ ɖ Ɇɢɏůɖ 2.7 ɛŮŰŬŰɟɏ́ ŮŰŬɘ ůŰɖ Ɇɢɏůɖ 2.8 ɐ ɞˊɞɑŬ 

ɢɟɖůɘɛɞˊɞɘŮɑ Űɞ ɘůɞŭɨɜŬɛɞ ɨɣɞɠ əŬɘ ŭɑɜŮɘ ˊɘɞ ɛɘəɟɏɠ ŮˊɘŰŬɢɨɜůŮɘɠ, ŭɖɚŬŭɐ ˊɘɞ 

ůɡɜŰɖɟɖŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Ŭˊɧ ŰŬ ˊɟŬɔɛŬŰɘəɎ  (Nigbor  1989). 

 
ὥ ȟ  

`

ῷᴂ
 Ὣ  Ɇɢɏůɖ 2.8 

Ƀɘ ɆɢɏůŮɘɠ 2.6 əŬɘ 2.8 (Agbabian ə.Ŭ. 1991) ŬˊɞŰɡˊɩɜɞɜŰŬɘ ůɡɜɎɟŰɖůŮɘ Űɖɠ 

ɓɎůɖɠ B əŬɘ Űɞɡ ɘůɞŭɨɜŬɛɞɡ ɨɣɞɡɠ Hô. ɄŬɟŬŰɖɟŮɑŰŬɘ ɧŰɘ ɡˊɧ ɛɘŬ ɘůɢɡɟɐ ůŮɘůɛɘəɐ 

ŭɘɏɔŮɟůɖ ŰŬ ůɩɛŬŰŬ, ɓɎůɖ Űɤɜ ŭɘŬůŰɎůŮɤɜ Űɞɡɠ, ˊŬɟɞɡůɘɎɕɞɡɜ ɛɘŬ ɢŬɟŬəŰɖɟɘůŰɘəɐ 

ůɡɛˊŮɟɘűɞɟɎ (ɆɢɐɛŬ 2.1). Ⱥˊɘˊɚɏɞɜ, ŬˊɏŭŮɘɝŬɜ ɛɏůŬ Ŭˊɧ ˊŮɘɟɎɛŬŰŬ ɧŰɘ ɧůɞ 

ɛŮɔŬɚɩɜŮɘ Űɞ ˊɚɎŰɞɠ ɏŭɟŬůɖɠ Ůɜɧɠ ŬɜŰɘəŮɘɛɏɜɞɡ Űɧůɞ ŬɡɝɎɜŮŰŬɘ ɖ ˊɘɗŬɜɧŰɖŰŬ 

ɚɘəɜɘůɛɞɨ əŬɘ ɛŮɘɩɜŮŰŬɘ ɖ ˊɘɗŬɜɧŰɖŰŬ ŬɜŬŰɟɞˊɐɠ ɚɧɔɤ ŰŬɢɨŰɖŰŬɠ. 

 

 

 

ɆɢɐɛŬ 2.1. ȹɘɎɔɟŬɛɛŬ ɤɠ ˊɟɞɠ Űɖ űɨůɖ ɚɘəɜɘůɛɞɨ  

Ůɜɧɠ ŭɨůəŬɛˊŰɞɡ ŬɜŰɘəŮɘɛɏɜɞɡ ɡˊɧ ɛɘŬ ɘůɢɡɟɐ ůŮɘůɛɘəɐ ŭɘɏɔŮɟůɖ 
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3  ȺɡůŰɎɗŮɘŬ ɛɞɡůŮɘŬəɩɜ ŬɜŰɘəŮɘɛɏɜɤɜ 

  

ɇŬ ɛɞɡůŮɘŬəɎ ŮəɗɏɛŬŰŬ ˊɞɡ ɛŮɚŮŰɩɜŰŬɘ əŬɘ Ůɜ ůɡɜŮɢŮɑŬ ŮɚɏɔɢŮŰŬɘ ɖ ŮɡůŰɎɗŮɘŬ 

Űɞɡɠ ůŰɖɜ Ůɜ ɚɧɔɤ əŬŰŬůəŮɡɐ ŮɑɜŬɘ ŰŬ Ůɝɐɠ: 

Á ȰɜŬɠ ŰŮűɟɞŭɧɢɞɠ ŬɛűɞɟɏŬɠ (Ⱥɘə 3.1Ŭ)  ˊɞɡ űɘɚɞɝŮɜŮɑŰŬɘ ůŰɖ ɆŰɞɎ Űɞɡ 

ȷŰŰɎɚɞɡ, ŬɟɢŬɥəɐɠ Ůˊɞɢɐɠ əŬɘ  

Á ɀɘŬ əŮűŬɚɐ əɞɨɟɞɡ ŮɚɚɖɜɘůŰɘəɐɠ Ůˊɞɢɐɠ (Ⱥɘə3.1ɓ) ˊɞɡ ɓɟɏɗɖəŮ ůŮ ɜŬɡɎɔɘɞ 

əɞɜŰɎ ůŰŬ ŬɟɢŬɑŬ ūŬɚɎůŬɟɜŬ. ȼ əŮűŬɚɐ ŬɜŬɛɏɜŮŰŬɘ ɜŬ ŮɔəŬŰŬůŰŬɗŮɑ 

ůɨɜŰɞɛŬ ůŰɞ ŬɟɢŬɘɞɚɞɔɘəɧ ɛɞɡůŮɑɞɡ Űɞɡ ȾŬůŰŮɚɑɞɡ ůŰŬ ɉŬɜɘɎ. 

  

ȺɘəɧɜŬ  3.1  Ŭ) ȷɟɘůŰŮɟɎ - ɇŮűɟɞŭɧɢɞɠ ŬɛűɞɟɏŬɠ  

ɓ) ȹŮɝɘɎ ï ȾŮűŬɚɐ əɞɨɟɞɡ 

 

3.1  ȳɟɘŬ ŮɡůŰɎɗŮɘŬɠ ŰŮűɟɞŭɧɢɞɡ 

 

Ƀɘ ŭɘŬůŰɎůŮɘɠ Űɖɠ ŰŮűɟɞŭɧɢɞɡ (Ⱥɘə. 3.1Ŭ)  ɛŮŰɟɐɗɖəŬɜ ɛŮ əŬɜɧɜŬ.  ɇɞ əɏɜŰɟɞ 

ɓɎɟɞɡɠ Űɖɠ ŰŮűɟɞŭɧɢɞɡ ŮəŰɘɛɐɗɖəŮ ɞˊŰɘəɎ ˊŮɟɑˊɞɡ ůŰŬ 33 cm, əŬɗɩɠ ŭŮɜ ɡˊɐɟɢŮ ɖ 

ŭɡɜŬŰɧŰɖŰŬ ɜŬ ŬűŬɘɟŮɗŮɑ Ŭˊɧ Űɖɜ ɏəɗŮůɖ əŬɘ ɜŬ ɔɑɜŮɘ ɖ əŬŰɎɚɚɖɚɖ ɞɔəɞɛɏŰɟɖůɖ. 

ɃˊɧŰŮ, ɓɎůɖ Űɤɜ ɗŮɤɟɘɩɜ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŬɜ ˊŬɟŬˊɎɜɤ, Űɞ ɘůɞŭɨɜŬɛɞ ɨɣɞɠ ŮɑɜŬɘ 

2Öhcm = 2Ö33=66cm. ȼ ɞɟɘŬəɐ ŰŬɢɨŰɖŰŬ, ˊɎɜɤ Ŭˊɧ Űɖɜ ɞˊɞɑŬ ˊɟɞəŬɚŮɑŰŬɘ ˊŰɩůɖ Űɞɡ 

ŬɜŰɘəŮɘɛɏɜɞɡ əŬɘ ɖ ɞɟɘŬəɐ ŮˊɘŰɎɢɡɜůɖ ˊɎɜɤ Ŭˊɧ Űɖɜ ɞˊɞɑŬ ˊɟɞəŬɚŮɑŰŬɘ ɚɘəɜɘůɛɧɠ 

ɡˊɞɚɞɔɑɕɞɜŰŬɘ (ɆɢɏůŮɘɠ 3.1).  

 

 ὺ ȟ ρπ 
Ѝ

ρπ
Ѝ

ρςȢσ cm/s   

ɆɢɏůŮɘɠ 3.1 
 ὥ ȟ Ὣ ωψρ ρτψȢφ cm/s

2
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ȺɘəɧɜŬ 3.2. Ŭ) ŬɟɘůŰŮɟɎ-ˊɟŬɔɛŬŰɘəɏɠ ŭɘŬůŰɎůŮɘɠ  

ŰŮűɟɞŭɧɢɞɡ ůŮ cm ɓ) ŭŮɝɘɎ-ɘůɞŭɨɜŬɛɞ ůɩɛŬ 

 

 

3.2  ȳɟɘŬ ŮɡůŰɎɗŮɘŬɠ ɛŬɟɛɎɟɘɜɖɠ əŮűŬɚɐɠ 

 

ȳˊɤɠ əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ŰŮűɟɞŭɧɢɞɡ, ɞɘ ŭɘŬůŰɎůŮɘɠ Űɖɠ əŮűŬɚɐɠ 

ɛŮŰɟɐɗɖəŬɜ ɛŮ əŬɜɧɜŬ. ȼ ŰɞˊɞɗɏŰɖůɖ Űɖɠ əŮűŬɚɐɠ ɔɑɜŮŰŬɘ ŮˊɎɜɤ ůŮ ɛŬɟɛɎɟɘɜɖ 

ɓɎůɖ ŬɚɚɎ, ɔɘŬ ɚɧɔɞɡɠ ŭɡůɛɏɜŮɘŬɠ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ, Ůŭɤ ɖ əŮűŬɚɐ ůŰɖɟɑɕŮŰŬɘ ůŮ 

ŬɓŬɟɐ ɓɎůɖ ˊɚɎŰɞɡɠ 12cm.  ȰŰůɘ Űɞ əɏɜŰɟɞ ɓɎɟɞɡɠ ŮəŰɘɛɎŰŬɘ ˊɟɞůŮɔɔɘůŰɘəɎ ůŰŬ 

18cm. ɇɞ ɘůɞŭɨɜŬɛɞ ůɩɛŬ ɗŬ ɏɢŮɘ ɨɣɞɠ 2Öhcm = 2Ö18=36cm. ɇɞ ɘůɞŭɨɜŬɛɞ ůɩɛŬ 

ɗŮɤɟŮɑŰŬɘ ɧŰɘ ɏɢŮɘ ŭɘɎůŰŬůɖ ɓɎůɖɠ ŮəŰɧɠ Ůˊɘˊɏŭɞɡ ɑůɖ ɛŮ 12cm.  

 

 
ȺɘəɧɜŬ 3.3 Ŭ) ŬɟɘůŰŮɟɎ - ŭɘŬůŰɎůŮɘɠ  

əŮűŬɚɐɠ ůŮ cm ɓ) ŭŮɝɘɎ - ɘůɞŭɨɜŬɛɞ ůɩɛŬ 

 

 

 ὺ ȟ ρπ 
Ѝ

ρπ
Ѝ

ςπȢπ cm/s   

ɆɢɏůŮɘɠ 3.2 
 ὥ ȟ Ὣ ωψρ σςχȢπ cm/s

2
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3.3   ȳɟɘŬ ŮɡůŰɎɗŮɘŬɠ ɛŬɟɛɎɟɘɜɖɠ əŮűŬɚɐɠ ůŮ ɝɨɚɘɜɖ ůŰɐɚɖ 

 

ȼ ɏəɗŮůɖ Űɤɜ ŬɜŰɘəŮɘɛɏɜɤɜ ůŰŬ ɛɞɡůŮɑŬ ɔɑɜŮŰŬɘ ůŰɞ ɑŭɘɞ ŮˊɑˊŮŭɞ ˊɞɡ 

ɓɟɑůəɞɜŰŬɘ ŰŬ ɛɎŰɘŬ Ůɜɧɠ ɛɏůɞɡ Ŭɜɗɟɩˊɞɡ. ɀŮ ɔɜɩɛɞɜŬ ŬɡŰɐ Űɖɜ ˊɟŬəŰɘəɐ ɖ 

ɛŬɟɛɎɟɘɜɖ əŮűŬɚɐ ŰɞˊɞɗŮŰŮɑŰŬɘ ŮˊɎɜɤ ůŮ ɛɘŬ ɝɨɚɘɜɖ ůŰɐɚɖ (Ⱥɘə 3.4). ɇɞ ɛɏɔɘůŰɞ 

ɨɣɞɠ ůŰɐɚɖɠ əŬɘ əŮűŬɚɐɠ űŰɎɜŮɘ ŰŬ 180cm. Ƀɘ ŭɘŬůŰɎůŮɘɠ Űɖɠ ɝɨɚɘɜɖɠ ɞɟɗɞɔɤɜɘəɐɠ 

ůŰɐɚɖɠ ŮɑɜŬɘ 32cm ɖ ɓɎůɖ əŬɘ 152cm Űɞ ɨɣɞɠ Űɖɠ. ȷɟɢɘəɎ ɔɑɜŮŰŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ 

ŰŬɢɨŰɖŰŬɠ ŬɜŬŰɟɞˊɐɠ Űɖɠ ɝɨɚɘɜɖɠ ůŰɐɚɖɠ Ŭˊɧ ɛɧɜɖ Űɖɠ, ɢɤɟɑɠ Űɖ ɛŬɟɛɎɟɘɜɖ əŮűŬɚɐ 

(Ɇɢɏůɖ 3.3). ȹŮɜ ɡˊɎɟɢŮɘ ɖ ɏɜɜɞɘŬ Űɞɡ ɘůɞŭɨɜŬɛɞɡ ůɩɛŬŰɞɠ Ůűɧůɞɜɖ ɝɨɚɘɜɖ ůŰɐɚɖ 

ŮɑɜŬɘ ɞɛɞɘɞɔŮɜɐɠ əŬɘ ɞɟɗɞɔɤɜɘəɐ (ȼ ŬɜŰɑ ɔɘŬ Hô). 

 

 ὺ ȟ ρπ 
Ѝ

ρπ
Ѝ

ςυȢω cm/s   

ɆɢɏůŮɘɠ 3.3 
 ὥ ȟ Ὣ ωψρ ςπφȢυ cm/s

2
 

 

ũɘŬ ɜŬ ɓɟŮɗŮɑ ɖ ŰŬɢɨŰɖŰŬ ŬɜŬŰɟɞˊɐɠ Űɖɠ əŮűŬɚɐɠ əŬɘ Űɖɠ ůŰɐɚɖɠ ɤɠ ɏɜŬ 

ŮɜɜɘŬɑɞ ůɩɛŬ ˊɟɏˊŮɘ ŬɟɢɘəɎ ɜŬ ɓɟŮɗŮɑ Űɞ əɏɜŰɟɞ ɓɎɟɞɡɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ. ȼ 

ˊɡəɜɧŰɖŰŬ Űɞɡ ɛŬɟɛɎɟɞɡ ŮɑɜŬɘ 2,7g/cm
3
  əŬɘ Űɖɠ ɝɨɚɘɜɖɠ ůŰɐɚɖɠ ŮɑɜŬɘ 0,4g/cm3, 

ɞˊɧŰŮ ɞɘ ɛɎɕŮɠ ˊɟɞəɨˊŰɞɡɜ MəŮű=13,75kg  əŬɘ  ɀůŰɖɚ=62,25kg. ɇɞ ůŰŬɗɛɘůɛɏɜɞ 

əɏɜŰɟɞ ɓɎɟɞɡɠ ɡˊɞɚɞɔɑɕŮŰŬɘ ůŰɖ Ɇɢɏůɖ 3.4. 

 

 

 ώ  ȟ Ö ȟ Ö
ωσȢςω cm  Ɇɢɏůɖ 3.4 

   

ȼ ɓɎůɖ Űɞɡ ɘůɞŭɨɜŬɛɞɡ ůŰɞɘɢŮɑɞɡ ˊŬɟŬɛɏɜŮɘ ɑŭɘŬ. ȼ ŰŬɢɨŰɖŰŬ ɖ ɞˊɞɑŬ ɛˊɞɟŮɑ 

ɜŬ ŬɜŬŰɟɏɣŮɘ Űɞ ůɨůŰɖɛŬ Űɤɜ ŭɨɞ ŬɜŰɘəŮɘɛɏɜɤɜ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖɜ ůɢɏůɖ 3.5. ɆɡɜŮˊɩɠ 

ɖ ŮɚɎɢɘůŰɖ Űɤɜ ŰŬɢɡŰɐŰɤɜ vmin = min{20.0, 25.9, 23.42} = 20.0 cm/s, ɞˊɧŰŮ ɖ 

əŮűŬɚɐ ŮɑɜŬɘ ŬɡŰɐ ˊɞɡ ŬɜŬŰɟɏˊŮŰŬɘ ˊɟɩŰɖ. ɇŬ ɑŭɘŬ ɘůɢɨɞɡɜ əŬɘ ɔɘŬ Űɖɜ ŮɚɎɢɘůŰɖ 

ŮˊɘŰɎɢɡɜůɖ Ŭmin = min{ 327, 206.5, 168.7} = 168.7 cm/s. ɄŬɟɧɚɞ ˊɞɡ ɞ ŬɛűɞɟɏŬɠ 

ŮɑɜŬɘ ˊɘɞ ŮˊɘɟɟŮˊɐɠ ůŮ ɚɘəɜɘůɛɧ ɏɢŮɘ ɛɘəɟɧŰŮɟɖ ˊɘɗŬɜɧŰɖŰŬ ɜŬ ŬɜŬŰɟŬˊŮɑ Ŭˊɧ Űɖɜ 

əŮűŬɚɐ ŮˊɎɜɤ ůŰɖ ɝɨɚɘɜɖ ůŰɐɚɖ. ȼ əŮűŬɚɐ ŬˊɞŰŮɚŮɑ ɛɏɟɞɠ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ ˊɞɡ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɨɞ ůɩɛŬŰŬ əɎɗŮɜŬ Ŭˊɧ ŰŬ ɞˊɞɑŬ ɚɘəɜɑɕŮŰŬɘ ŭɘŬűɞɟŮŰɘəɎ. ȼ ˊŰɩůɖ 

Űɖɠ əŮűŬɚɐɠ Ŭˊɧ Űɞ ɨɣɞɠ Űɤɜ 152cm ɗŬ ɛˊɞɟɞɨůŮ ɜŬ ˊɟɞəŬɚɏůŮɘ ůɞɓŬɟɐ ɕɖɛɘɎ ůŰɖ 

ɛŬɟɛɎɟɘɜɖ əŮűŬɚɐ. 

 

 

 ὺ ȟ ρπ 
Ѝ ˃

ρπ
Ѝ Ö Ȣ

ςσȢτς ὧάȾί  

ɆɢɏůŮɘɠ 3.5 
 ὥ ȟ Ὣ ωψρ ρφψȢχ cm/s2  
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ȺɘəɧɜŬ 3.4. Ŭ) ŬɟɘůŰŮɟɎ ï ɛŬɟɛɎɟɘɜɖ əŮűŬɚɐ ŮˊɎɜɤ ůŮ ɝɨɚɘɜɖ ůŰɐɚɖ  

ɓ) ŭŮɝɘɎ - ɘůɞŭɨɜŬɛɞ ůɨůŰɖɛŬ ůŮ cm 
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4.  ȷˊɞůɓŮůŰɐɟŮɠ 

 

ȼ ɢɟɐůɖ ŬˊɞůɓŮůŰɐɟɤɜ, ɧˊɤɠ əŬɘ ɖ Ŭɡɝɖɛɏɜɖ ŬɜŮɚŬůŰɘəɐ ůɡɛˊŮɟɘűɞɟɎ, 

ůŰɞɢŮɨŮɘ ůŰɖɜ əŬŰŬɜɎɚɤůɖ Űɖɠ ɛŮɔɎɚɖɠ ůŮɘůɛɘəɐɠ ŮɜɏɟɔŮɘŬɠ. ȼ űɘɚɞůɞűɑŬ ɢɟɐůɖɠ 

ŬˊɞůɓŮůŰɐɟɤɜ ɏɔəŮɘŰŬɘ Űɧůɞ ůŰɖɜ Ŭɨɝɖůɖ Űɖɠ ůɡɜɞɚɘəɐɠ ŬˊɧůɓŮůɖɠ Űɖɠ əŬŰŬůəŮɡɐɠ 

ɧůɞ əŬɘ ůŰɖ ɛŮɑɤůɖ Űɞɡ Ůɨɟɞɡɠ Űɤɜ ůŮɘůɛɘəɩɜ ŰŬɚŬɜŰɩůŮɤɜ (ȾɎˊˊɞɠ, 

ȹɖɛɖŰɟŬəɧˊɞɡɚɞɠ 2001), Űɘɠ ŰŬɢɨŰɖŰŮɠ əŬɘ Űɘɠ ŮˊɘŰŬɢɨɜůŮɘɠ Űɤɜ ɞɟɧűɤɜ. ȼ ɛŮɑɤůɖ 

Űɤɜ ŭɨɞ ŰŮɚŮɡŰŬɑɤɜ ŮɑɜŬɘ ɞ əɡɟɘɧŰŮɟɞɠ ˊŬɟɎɔɞɜŰŬɠ ůŰɖɜ ŮɡůŰɎɗŮɘŬ Űɤɜ ɛɞɡůŮɘŬəɩɜ 

ŬɜŰɘəŮɘɛɏɜɤɜ.  

ɇŬ ůɡůŰɐɛŬŰŬ ˊɟɧůɗŮŰɖɠ ŬˊɧůɓŮůɖɠ ɢɤɟɑɕɞɜŰŬɘ ůŮ ŰɟŮɘɠ əŬŰɖɔɞɟɑŮɠ: 

ɡůŰŮɟɖŰɘəŬ, ɘɝɩŭɖ əŬɘ ŰŬ ɚɞɘˊɎ. ũɘŬ Űɖɜ Ůɜ ɚɧɔɤ əŬŰŬůəŮɡɐ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ 

ɘɝɩŭŮɘɠ ŬˊɞůɓŮůŰɐɟŮɠ, ɏɜŬ Ŭˊɧ ŰŬ ůɡɜɖɗɏůŰŮɟŬ ůɡůŰɐɛŬŰŬ çˊŬɗɖŰɘəɞɨè Ůɚɏɔɢɞɡ 

ůŰɘɠ ůɨɔɢɟɞɜŮɠ əŬŰŬůəŮɡɏɠ. ȼ ŭɨɜŬɛɖ ŬɜŰɑůŰŬůɖɠ ˊɞɡ ŬɜŬˊŰɨůɞɡɜ ɞɘ ŬˊɞůɓŮůŰɐɟŮɠ 

ŮɑɜŬɘ ŬɜɎɚɞɔɖ Űɖɠ ŰŬɢɨŰɖŰŬ ˊɞɡ ŬɜŬˊŰɨůůŮŰŬɘ  Ŭˊɧ Űɞɡɠ ɞɟɧűɞɡɠ ˊɟɞɠ ŬɡŰɞɨɠ. 

ɆɡɜŮˊɩɠ ɞɘ ɛŮɔɎɚŮɠ ŰŬɢɨŰɖŰŮɠ, ˊɞɡ ŮɜŭɏɢŮŰŬɘ ɜŬ ŬɜŬˊŰɨůɞɡɜ ŰŬ ˊŬŰɩɛŬŰŬ ůŮ ɏɜŬ 

ůŮɘůɛɧ, ɗŬ ŬˊɞůɓɏɜɞɜŰŬɘ Ůɝɑůɞɡ ŮɨəɞɚŬ ɛŮ Űɘɠ ɛɘəɟɧŰŮɟŮɠ ŰŬɢɨŰɖŰŮɠ. ȼ ŭɨɜŬɛɖ 

ŬˊɧůɓŮůɖɠ ˊɞɡ ŬɜŬˊŰɨůůŮɘ ɞ ŬˊɞůɓŮůŰɐɟŬɠ ŭɑɜŮŰŬɘ Ŭˊɧ Űɖ Ɇɢɏůɖ 4.1. 

 

 Ὂ ὅ Ö  ό  Ɇɢɏůɖ 4.1 

ɧˊɞɡ C əŬɘ Ŭ ůŰŬɗŮɟɏɠ əŬɘ ό ɖ ŰŬɢɨŰɖŰŬ. Ƀ ŭŮɑəŰɖɠ Ŭ ŬɜŰɘˊɟɞůɤˊŮɨŮɘ Űɞ ɟɡɗɛɧ 

ŬˊɧůɓŮůɖɠ Űɞɡ ŬˊɞůɓŮůŰɐɟŬ. ɀɘəɟɧ Ŭ ůɖɛŬɑɜŮɘ ɧŰɘ ɖ ŬɜŬˊŰɡůůɧɛŮɜɖ ŬɜŰɑůŰŬůɖ Űɞɡ 

ŬˊɞůɓŮůŰɐɟŬ ŮɑɜŬɘ ŬɟəŮŰɎ əɞɜŰɎ ɔɘŬ ɛɘəɟɏɠ əŬɘ ɛŮɔɎɚŮɠ ŰŬɢɨŰɖŰŮɠ. ũɘŬ Űɞ ɚɧɔɞ ŬɡŰɧ 

ŮˊɘɚɏɔŮŰŬɘ ɖ ɛɏɔɘůŰɖ Űɘɛɐ, Ŭ=1, ŭɖɚŬŭɐ ɔɟŬɛɛɘəɐ ůɡɛˊŮɟɘűɞɟɎ ŬˊɞůɓŮůŰɐɟŬ əŬɘ 

ŬɜɎˊŰɡɝɖ ɛŮɔŬɚɨŰŮɟɤɜ ŮɜŰɎůŮɤɜ ŬɜŰɑůŰŬůɖɠ ɔɘŬ ɛŮɔŬɚɨŰŮɟŮɠ ŰŬɢɨŰɖŰŮɠ. 

ũɘŬ Űɖɜ ŮűŬɟɛɞɔɐ ůŰɞ ɏɟɔɞ ŮˊɘɚɏɔɞɜŰŬɘ ɞɘ ŬˊɞůɓŮůŰɐɟŮɠ Űɖɠ ŮŰŬɘɟŮɑŬɠ 

ENIDINE ɛŮ ɔɟŬɛɛɘəɐ ůɡɛˊŮɟɘűɞɟɎ (Ŭ=1), ˊɘɞ ůɡɔəŮəɟɘɛɏɜŬ ɞ Űɨˊɞɠ ŬˊɞůɓŮůŰɐɟŬ 

FVD-H, ɧˊɤɠ ɡˊɞŭŮɘəɜɨŮɘ ɖ ȺɘəɧɜŬ 4.1. Ƀ Űɨˊɞɠ ŬɡŰɧɠ űɏɟŮɘ ɛŮɔɎɚɖ ɘəŬɜɧŰɖŰŬ 

ˊŬɟŬɚŬɓɐɠ Ŭɝɞɜɘəɐɠ əŬɗɩɠ əŬɘ ɛŮɔɎɚɖ ɘəŬɜɧŰɖŰŬ Ůˊɘɛɐəɡɜůɖɠ. ȼ ůŰŬɗŮɟɎ 

ŬˊɧůɓŮůɖɠ C(kNÖsec/m) ˊɟɞəɨˊŰŮɘ ɤɠ ůɡɜɎɟŰɖůɖ Űɖɠ ɛɏɔɘůŰɖɠ Ŭɝɞɜɘəɐɠ ˊɞɡ ŭɏɢŮŰŬɘ 

ɖ ɟɎɓŭɞɠ əŬɘ Űɖɠ ɛɏɔɘůŰɖɠ ŮɛűŬɜɘɕɧɛŮɜɖɠ ŰŬɢɨŰɖŰŬɠ. 

 

  

 

ȺɘəɧɜŬ 4.1 ɇɨˊɞɠ ŬˊɞůɓŮůŰɐɟŬ FVD-H  

Űɖɠ ŮŰŬɘɟŮɑŬɠ ENIDINE 
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Ʉɘɞ ŬɜŬɚɡŰɘəɎ ɞɘ ɘŭɘɧŰɖŰŮɠ Űɞɡ ŬˊɞůɓŮůŰɐɟŬ əŬɘ ɞɘ ɗɏůŮɘɠ ůŰɘɠ ɞˊɞɑŮɠ Ůɜ ŰɏɚŮɘ 

ŰɞˊɞɗŮŰɩɜŰŬɘ ɔɘŬ ɜŬ űɏɟɞɡɜ Űɖ ɛɏɔɘůŰɖ Ŭˊɧŭɞůɖ ˊɟɞəɨˊŰŮɘ Ŭˊɧ ɛɘŬ ŭɘŬŭɞɢɘəɐ 

ŭɘŬŭɘəŬůɑŬ (ɆɢɐɛŬ 4.1) (ȾɎˊˊɞɠ, ȹɖɛɖŰɟŬəɧˊɞɡɚɞɠ, 2001). ȷɟɢɘəɎ ŬˊɞŰɘɛɎŰŬɘ ɖ 

ůɡɛˊŮɟɘűɞɟɎ Űɖɠ əŬŰŬůəŮɡɐɠ ɢɤɟɑɠ ˊɟɧůɗŮŰɞɡɠ ŬˊɞůɓŮůŰɐɟŮɠ (ɘŭɘɞɛɞɟűɏɠ,  

ŮɜŰɎůŮɘɠ, ŮˊɎɟəŮɘŮɠ). ȺɘůɎɔŮŰŬɘ ɛɘŬ ŭɡɜŬɛɘəɐ ŬɜɎɚɡůɖ (ɢɟɞɜɞ-ɘůŰɞɟɑŬ) Ŭˊɧ Űɖɜ 

ɞˊɞɑŬ ˊɟɞəɨˊŰɞɡɜ ɞɘ ŰŬɢɨŰɖŰŮɠ Űɤɜ ˊŬŰɤɛɎŰɤɜ. ȰˊŮɘŰŬ ŮəŰɘɛɩɜŰŬɘ ɞɘ Ŭɝɞɜɘəɏɠ 

ŭɡɜɎɛŮɘɠ ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɖ ŭɡůɛŮɜɏůŰŮɟɖ ůŮɘůɛɘəɐ əŬŰŬˊɧɜɖůɖ ůŮ ˊɟɞůɤɟɘɜɞɨɠ 

əŬŰŬəɧɟɡűɞɡɠ ůɡɜŭɏůɛɞɡɠ, ˊŮɟɘɛŮŰɟɘəɎ Űɞɡ űɞɟɏŬ, ɢɤɟɑɠ ɘŭɘɧŰɖŰŮɠ. ȼ ɛɏɔɘůŰɖ 

Ŭɝɞɜɘəɐ ŭɨɜŬɛɖ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɖɜ ŰŬɢɨŰɖŰŬ ˊɞɡ əŬɚŮɑŰŬɘ ɜŬ ŬˊɞɟɟɞűɐůŮɘ ɏɜŬɠ 

ŬˊɞůɓŮůŰɐɟŬɠ, ůŰŬ ŭɘɎűɞɟŬ ůɖɛŮɑŬ Űɖɠ əŬŰŬůəŮɡɐɠ, əŬɗɞɟɑɕɞɡɜ Űɞ ŬˊŬɘŰɞɨɛŮɜɞ 

ɛɏŰɟɞ ŬˊɧůɓŮůɖɠ əŬɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŮˊɘɚŮɔɛɏɜɤɜ ŬˊɞůɓŮůŰɐɟɤɜ.  

ȷűɞɡ ŮˊɘɚŮɔɞɨɜ ɞɘ ŬˊɞůɓŮůŰɐɟŮɠ əŬɘ ŰɞˊɞɗŮŰɖɗɞɨɜ ůŰɖ ůɡɜɘůŰɩɛŮɜɖ ɗɏůɖ 

ɡˊɞɓɎɚɚŮŰŬɘ ɝŬɜɎ ɖ əŬŰŬůəŮɡɐ ůŮ ŭɡɜŬɛɘəɐ ŬɜɎɚɡůɖ əŬɘ ŮəŰɘɛɎŰŬɘ ɖ ɛŮɑɤůɖ Űɤɜ 

ŰŬɢɡŰɐŰɤɜ ůŰɞɡɠ ɞɟɧűɞɡɠ. ȷɜ ɖ ŬˊɧůɓŮůɖ ŭŮɜ ŮɑɜŬɘ ɘəŬɜɞˊɞɘɖŰɘəɐ, ŮɑŰŮ ŮˊɘɚɏɔŮŰŬɘ 

ŭɘŬűɞɟŮŰɘəɐ ŭɘɎŰŬɝɖ Űɤɜ ŬˊɞůɓŮůŰɐɟɤɜ ůŰɞ ɢɩɟɞ, ŮɑŰŮ ŰɟɞˊɞˊɞɘɞɨɜŰŬɘ ŰŬ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɤɜ ŬˊɞůɓŮůŰɐɟɤɜ. ȼ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ ŬəɞɚɞɡɗŮɑŰŬɘ ɤůɧŰɞɡ ɞɘ 

ŰŬɢɨŰɖŰŮɠ űŰɎůɞɡɜ Űɖ ɓɏɚŰɘůŰɖ ŭɡɜŬŰɐ Űɘɛɐ əŬɘ ɖ ůɡɜɞɚɘəɐ ůɡɛˊŮɟɘűɞɟɎ Űɞɡ əŰɘɟɑɞɡ 

ŮɑɜŬɘ ɘəŬɜɞˊɞɘɖŰɘəɐ. 

 

 

 

 

ɆɢɐɛŬ 4.1. ȹɘŬŭɘəŬůɑŬ ŰɞˊɞɗɏŰɖůɖɠ ŬˊɞůɓŮůŰɐɟɤɜ 
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5.  ũŮɜɘəŬ ůŰɞɘɢŮɑŬ əŬŰŬůəŮɡɐɠ  

5.1 ɇɞˊɞɗŮůɑŬ əŬɘ ɉɟɐůɖ 

 

ȼ ɡˊɞɗŮŰɘəɐ ŰɞˊɞɗŮůɑŬ Űɖɠ əŬŰŬůəŮɡɐ ŮɑɜŬɘ ůŰŬ ɆˊɎŰŬ, ȷŰŰɘəɐɠ. ɇɞ ɡɣɧɛŮŰɟɞ 

Űɖɠ ŮɑɜŬɘ ůŰŬ 150m  Ŭˊɧ Űɞ ŮˊɑˊŮŭɞ Űɖɠ ɗɎɚŬůůŬɠ əŬɘ ɖ ŬˊɧůŰŬůɖ Űɞɡ Ŭˊɧ Űɖɜ 

ɗɎɚŬůůŬ ŮɑɜŬɘ ůŰŬ 8km. ȼ Ůɜ ɚɧɔɤ əŬŰŬůəŮɡɐ ŮɑɜŬɘ ɏɜŬ ɛɞɡůŮɑɞ əŬɘ űɘɚɞɝŮɜŮɑ 

ˊɞɚɨŰɘɛŬ ɛɞɡůŮɘŬəɎ ŮəɗɏɛŬŰŬ, Ůə Űɤɜ ɞˊɞɑɤɜ ɏɜŬɜ ŬɛűɞɟɏŬ əŬɘ ɛɑŬ əŮűŬɚɐ əɞɨɟɞɡ 

ŮˊɎɜɤ ůŮ ɝɨɚɘɜɖ ůŰɐɚɖ. ɇŬ ŮəɗɏɛŬŰŬ ŬɡŰɎ ŰɞˊɞɗŮŰɩɜŰŬɘ ůŰɞɜ ˊɟɩŰɞ ɧɟɞűɞ.  

ȿɧɔɤ Űɞɡ ˊɞɚɨ ůɖɛŬɜŰɘəɞɨ ˊɞɚɘŰɘůŰɘəɞɨ ɢŬɟŬəŰɐɟŬ əŬɘ Űɖɠ ůŰɏɔŬůɖɠ 

ŬɜŰɘəŮɘɛɏɜɤɜ ɛŮɔɎɚɖɠ ɘůŰɞɟɘəɐɠ ůɖɛŬůɑŬɠ Űɞ əŰɑɟɘɞ əŬŰŬŰɎůůŮŰŬɘ ůŮ əŬŰɖɔɞɟɑŬ 

ůˊɞɡŭŬɘɧŰɖŰŬɠ ȽV, ŭɖɚŬŭɐ ůŮ ˊŮɟɑˊŰɤůɖ Ŭəɧɛɖ əŬɘ ɘůɢɡɟɞɨ ůŮɘůɛɞɨ Űɞ əŰɑɟɘɞ 

ˊɟɏˊŮɘ ɜŬ ɛŮɑɜŮɘ ŬəɚɧɜɖŰɞ əŬɘ ɚŮɘŰɞɡɟɔɘəɧ. ȼ ŭɘɎɟəŮɘŬ ɕɤɐɠ ůɢŮŭɘŬůɛɞɨ ůɨɛűɤɜŬ ɛŮ 

Űɞ Ⱥɗɜɘəɧ ˊɟɞůɎɟŰɖɛŬ Űɞɡ EC1 ŮɑɜŬɘ əŬŰɖɔɞɟɑŬ 5, ŭɖɚŬŭɐ ŰŬ 100 ɢɟɧɜɘŬ. ȼ 

ůˊɞɡŭŬɘɧŰɖŰŬ Űɖɠ əŬŰŬůəŮɡɐɠ ůɡɜŮˊɎɔŮŰŬɘ ɏɜŬɜ ˊɚɐɟɖ ŮŭŬűɞŰŮɢɜɘəɧ ɏɚŮɔɢɞ, ɞ 

ɞˊɞɑɞɠ Ůŭɩ ˊŬɟŬɚŮɑˊŮŰŬɘ. Ⱥˊɘˊɚɏɞɜ ˊɏɟŬɜ Űɤɜ ɛɞɡůŮɘŬəɩɜ ŮəɗŮɛɎŰɤɜ ŭɘŬɗɏŰŮɘ 

ŮɚɎɢɘůŰŬ ɏˊɘˊɚŬ, ɔɡɣɞůŬɜɑůŮɠ əŬɘ ɎɚɚŬ ŮɡűɚŮəŰŬ ɡɚɘəɎ əŬɘ ɔɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ 

ˊŬɟŬɚŮɑˊŮŰŬɘ əŬɘ ɞ ɏɚŮɔɢɞɠ ůŮ ˊɡɟəŬɔɘɎ.  

 

5.2 ȷɟɢɘŰŮəŰɞɜɘəɐ - ũŮɤɛŮŰɟɑŬ  əŰɘɟɑɞɡ 

 

ȼ ɡˊɧ ɛŮɚɏŰɖ əŬŰŬůəŮɡɐ, Űɧůɞ ɖ ɔŮɤɛŮŰɟɑŬ ɧůɞ əŬɘ ɖ ŬɟɢɘŰŮəŰɞɜɘəɐ Űɞɡ 

ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ŮɟɔŬůɑŬɠ (Ⱥɘə 5.1-5.5).  ȼ əŬŰŬůəŮɡɐ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɨɞ ɞɟɧűɞɡɠ. ɇɞ ůɡɜɞɚɘəɧ ŮɛɓŬŭɧɜ ŮɑɜŬɘ 5338m
2
 əŬɘ ŬˊɞŰŮɚŮɑŰŬɘ 

ůŰɞ ůɨɜɞɚɞ Űɖɠ ˊŮɟɘɛɏŰɟɞɡ Űɞɡ Ŭˊɧ ɡŬɚɞˊŮŰɎůɛŬŰŬ ɩůŰŮ ɜŬ ɡˊɎɟɢŮɘ əŬŰɎ Űɞ 

ɛɏɔɘůŰɞ ŭɡɜŬŰɧ űɡůɘəɧɠ űɤŰɘůɛɧɠ.  ɇŬ ɡˊɞůŰɡɚɩɛŬŰŬ Űɞɡ ɏɢɞɡɜ əɡɚɘɜŭɘəɐ ɛɞɟűɐ. 

ɇɞ əŰɑɟɘɞ ŮɑɜŬɘ ɛɖ əŬɜɞɜɘəɧ ůŮ əɎŰɞɣɖ əŬɘ ɛɖ əŬɜɞɜɘəɧ əŬɗôɨɣɞɠ əŬɘ 

ˊɟɞůɞɛɞɘɩɜŮŰŬɘ ɛŮ Űɘɠ ɘŭɘɧŰɖŰŮɠ Ůɜɧɠ ɢɤɟɘəɞɨɠ ˊɟɞůɞɛɞɘɩɛŬŰɞɠ. 

 

 
ȺɘəɧɜŬ 5.1.  Ʉɟɧůɞɣɖ ɛɞɡůŮɑɞɡ  
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ȺɘəɧɜŬ 5.2.  ȾɎŰɞɣɖ ɘůɞɔŮɑɞɡ 

 

  
ȺɘəɧɜŬ 5.3.  ȾɎŰɞɣɖ ɞɟɧűɞɡ 
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ȺɘəɧɜŬ 5.4. ȾɎŰɞɣɖ ůŰɏɔɖɠ 

 

 

 

ɆŰɖɜ Ŭˊɧɚɖɝɖ Űɞɡ əŰɘɟɑɞɡ ɡˊɎɟɢŮɘ ɛɑŬ ɛŮɔɎɚɖ ůŰɏɔɖ Ŭˊɧ ɡŬɚɞˊŮŰɎůɛŬŰŬ. ȼ 

ɚŮɘŰɞɡɟɔɑŬ Űɖɠ ůŰɏɔɖɠ ɏɔəŮɘŰŬɘ ůŰɖɜ ˊɟɞůŰŬůɑŬ Űɤɜ ŮˊɘůəŮˊŰɩɜ, ˊɞɡ ŬɜŬɛɏɜɞɡɜ Űɖɜ 

Ůɑůɞŭɞ Űɞɡɠ əŬɘ ˊŬɟɎɚɚɖɚŬ ˊɟɞůŰŬŰŮɨɞɜŰŬɘ Ŭˊɧ Űɘɠ əŬɘɟɘəɏɠ ůɡɜɗɐəŮɠ. ȼ ůŰɏɔɖ 

ůŰɖɟɑɕŮŰŬɘ ůŮ ɛŮŰŬɚɚɘəɧ ůəŮɚŮŰɧ, ɞ ɞˊɞɑɞɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ŭɨɞ əɡɚɘɜŭɘəɎ ɛŮŰŬɚɚɘəɎ 

ŰɧɝŬ, ŭɘˊɚɐɠ əŬɛˊɡɚɧŰɖŰŬɠ əŬɘ ɛŮŰŬɓɚɖŰɐɠ ŭɘŬŰɞɛɐɠ. ɇɞ əŰɑɟɘɞ ˊɏɟŬɜ Űɤɜ Ɏɚɚɤɜ 

ŭɘŬɗɏŰŮɘ ˊŮɟɘɛŮŰɟɘəɎ ɛŮɔɎɚɞɡɠ ˊɟɞɓɧɚɞɡɠ, ɞɘ ɞˊɞɑɞɘ ɛˊɞɟɞɨɜ ɜŬ ŬɝɘɞˊɞɘɞɨɜŰŬɘ ɤɠ 

ɢɩɟɞɘ ˊŬɟŬŰɐɟɖůɖɠ Űɞɡ ˊŮɟɘɓɎɚɚɞɜŰɞɠ ɢɩɟɞɡ, ɘŭɘŬɑŰŮɟŬ Ŭɜ ɖ əŬŰŬůəŮɡɐ ŮɑɜŬɘ 

ŰɞˊɞɗŮŰɖɛɏɜɖ ůŮ ŬɟɢŬɘɞɚɞɔɘəɐ ˊŮɟɘɞɢɐ.  

ȼ əŬŰŬůəŮɡɐ ŭɘŬɗɏŰŮɘ Ůˊɑůɖɠ ůŰɞ ŮůɤŰŮɟɘəɧ Űɖɠ ŭɨɞ əɚɘɛŬəɞůŰɎůɘŬ ŰŬ ɞˊɞɑŬ 

ˊɟɞůűɏɟɞɡɜ ˊɟɧůɓŬůɖ Ŭˊɧ Űɞ ɘůɧɔŮɘɞ ůŰɞɜ ˊɟɩŰɞ ɧɟɞűɞ. ɇŬ əɚɘɛŬəɞůŰɎůɘŬ ŭŮɜ 

ůɡɜŭɏɞɜŰŬɘ ůŰɞ ˊɏɟŬɠ Űɞɡɠ ɛŮ Űɖɜ ɞɟɞűɐ Űɞɡ ɘůɞɔŮɑɞɡ əŬɘ ɔɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ 

ɗŮɤɟɞɨɜŰŬɘ ŬɜŮɝɎɟŰɖŰŬ əŬɘ ŭŮɜ ɛɞɜŰŮɚɞˊɞɘɞɨɜŰŬɘ. ɇɞ ɑŭɘɞ ɘůɢɨŮɘ əŬɘ ɔɘŬ Űɞɡɠ 

ŬɜŮɚəɡůŰɐɟŮɠ, ɞɘ ɞˊɞɑɞɘ ɛɏůɤ ɞˊɩɜ ůŰɖɜ ɞɟɞűɐ ɘůɞɔŮɑɞɡ, ŬɜŮɓŬɑɜɞɡɜ Ŭˊɧ Űɞ ɘůɧɔŮɘɞ 

ɏɤɠ Űɖɜ ɞɟɞűɐ Űɞɡ ɘůɞɔŮɑɞɡ. ȼ ŬɜŮɝɎɟŰɖůɖ ɚŮɘŰɞɡɟɔɑŬ Űɧůɞ Űɤɜ əɚɘɛŬəɞůŰŬůɑɤɜ 

ɧůɞ əŬɘ Űɤɜ ŬɜŮɚəɡůŰɐɟɤɜ ˊɟɞůűɏɟɞɡɜ ůŰɞ űɞɟɏŬ ˊŮɟɘůůɧŰŮɟɞ ŮɚŮɔɢɧɛŮɜŮɠ 

ŭɡůəŬɛɣɑŮɠ əŬɘ ˊŬɟŬɛɞɟűɩůŮɘɠ. Ⱥˊɘˊɚɏɞɜ ˊɟɞůɞɛɞɘɩɜŮŰŬɘ ɞɟɗɧŰŮɟŬ əŬɘ 

ŬˊɚɞɨůŰŮɟŬ ɞ űɞɟɏŬɠ əŬɘ ɖ ˊŬɟŬɚŬɓɐ Űɤɜ ŮɜŰɎůŮɤɜ ɔɑɜŮŰŬɘ Ŭˊɧ Űɞ ˊɚŬɘůɘŬəɧ 

ůɨůŰɖɛŬ ŭɞəɩɜ ɡˊɞůŰɡɚɤɛɎŰɤɜ.   
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ȺɘəɧɜŬ 5.5.  Ɇɡɜɞɚɘəɐ ŰɟɘůŭɘɎůŰŬŰɖ Ɏˊɞɣɖ əŰɘɟɑɞɡ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


































































































