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ȷˊŬɔɞɟŮɨŮŰŬɘ ɖ ŬɜŰɘɔɟŬűɐ, ŬˊɞɗɐəŮɡůɖ əŬɘ ŭɘŬɜɞɛɐ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ, Ůɝ ɞɚɞəɚɐɟɞɡ ɐ 

ŰɛɐɛŬŰɞɠ ŬɡŰɐɠ, ɔɘŬ Ůɛˊɞɟɘəɧ ůəɞˊɧ. ȺˊɘŰɟɏˊŮŰŬɘ ɖ ŬɜŬŰɨˊɤůɖ, ŬˊɞɗɐəŮɡůɖ əŬɘ ŭɘŬɜɞɛɐ ɔɘŬ ɛɖ 

əŮɟŭɞůəɞˊɘəɧ ůəɞˊɧ ɐ ɔɘŬ ŮəˊŬɘŭŮɡŰɘəɐ əŬɘ ŮɟŮɡɜɖŰɘəɐ ɢɟɐůɖ, ɡˊɧ Űɖɜ ˊɟɞɦˊɧɗŮůɖ ɜŬ ŬɜŬűɏɟŮŰŬɘ ɖ 

ˊɖɔɐ ˊɟɞɏɚŮɡůɖɠ əŬɘ Űɞ ˊŬɟɧɜ ɛɐɜɡɛŬ. ȺɟɤŰɐɛŬŰŬ ˊɞɡ Ŭűɞɟɞɨɜ Űɖɜ ɢɟɐůɖ Űɖɠ ŮɟɔŬůɑŬɠ ɔɘŬ 

əŮɟŭɞůəɞˊɘəɧ ůəɞˊɧ ˊɟɏˊŮɘ ɜŬ ŬˊŮɡɗɨɜɞɜŰŬɘ ˊɟɞɠ Űɞɜ ůɡɔɔɟŬűɏŬ.  

Ƀɘ ŬˊɧɣŮɘɠ əŬɘ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ ˊɞɡ ˊŮɟɘɏɢɞɜŰŬɘ ůŮ ŬɡŰɐ Űɖɜ ŮɟɔŬůɑŬ ŮəűɟɎɕɞɡɜ Űɞɜ ůɡɔɔɟŬűɏŬ 

əŬɘ ŭŮɜ ˊɟɏˊŮɘ ɜŬ ŮɟɛɖɜŮɡɗŮɑ ɧŰɘ ŮəűɟɎɕɞɡɜ Űɘɠ ŮˊɑůɖɛŮɠ ɗɏůŮɘɠ Űɞɡ ȷ.Ʉ.Ū 
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ɄŮɟɑɚɖɣɖ 
 

ɄŮɟɘɔɟŬűɐ ŮɟŮɡɜɖŰɘəɩɜ ɔŮɤŰɟɐůŮɤɜ əŬɘ ɢɖɛɘəɐ ůɨůŰŬůɖ ɛŮŰŬɚɚŮɨɛŬŰɞɠ Űɞɡ 

əɞɘŰɎůɛŬŰɞɠ ɢɟɤɛɑŰɖ ůŰɞ Ʌɘɕɧ ũɟŮɓŮɜɩɜ. 

Ⱥɚɏɜɖ Ⱦ. ȾɞɜŰɎɜɖ 

 

ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɘɢŮɑŬ Ŭˊɧ Űɖɜ ŮɟŮɡɜɖŰɘəɐ 

ŭɟŬůŰɖɟɘɧŰɖŰŬ Űɖɠ ŮŰŬɘɟŮɑŬɠ çȺȿȿȼɀȺɇ ȺȿȿȼɁȽȾȷ ɀȺɇȷȿȿȺȽȷ ȷ.Ⱥ.è ˊɞɡ 

ˊŮɟɘɚŬɛɓɎɜŮɘ ˊŮɟɘɔɟŬűɏɠ əɎˊɞɘɤɜ ŮɟŮɡɜɖŰɘəɩɜ ɔŮɤŰɟɐůŮɤɜ əŬɘ ɢɖɛɘəɩɜ ŬɜŬɚɨůŮɤɜ Ŭˊɧ 

ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɎ ŭŮɑɔɛŬŰŬ ɛŮŰŬɚɚɞűɞɟɑŬɠ Űɖɠ ɗɏůɖɠ Ʌɘɕɧ ũɟŮɓŮɜɩɜ Űɞɡ ɧɟɞɡɠ ȸɞɨɟɘɜɞɡ. Ƀɘ 

ɢɖɛɘəɏɠ ŬɜŬɚɨůŮɘɠ Ŭűɞɟɞɨɜ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɎ ŭŮɑɔɛŬŰŬ əɎɗŮ Űɨˊɞɡ ɛŮŰŬɚɚɞűɞɟɑŬɠ, ɧˊɤɠ 

Ůˊɑůɖɠ əŬɘ Űɤɜ Űɡˊɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ ˊɞɡ ůɡɜŬɜŰɩɜŰŬɘ ůŰɖɜ ɗɏůɖ ŬɡŰɐ. ɇŬ ŭŮɑɔɛŬŰŬ 

ŮɚɐűɗɖůŬɜ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Űɖɠ ɔŮɤɚɞɔɘəɐɠ ɢŬɟŰɞɔɟɎűɖůɖɠ Ŭˊɧ Űɖɜ ȺŰŬɘɟŮɑŬ, ůŮ 

ŮˊɘɚŮɔɛɏɜŮɠ ŮəɚŮəŰɘəɏɠ ɗɏůŮɘɠ ɛŮ ɓɎůɖ ˊŬɚŬɘɧŰŮɟɖ ɢŬɟŰɞɔɟɎűɖůɖ Űɖɠ ˊŮɟɘɞɢɐɠ. Ⱥˊɘˊɚɏɞɜ, 

ŬɜŬɚɨɗɖəŬɜ Ŭəɧɛɖ ŭɨɞ ŭŮɑɔɛŬŰŬ Űɤɜ ɞˊɞɑɤɜ ɖ ŭŮɘɔɛŬŰɞɚɖɣɑŬ ɏɔɘɜŮ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ 

ŮˊɘűŬɜŮɘŬəɐɠ Ůɝɧɟɡɝɖɠ ɛŮŰŬɚɚŮɨɛŬŰɞɠ ůŰɖɜ ɗɏůɖ ŬɡŰɐ. Ƀɘ ŬɜŬɚɨůŮɘɠ Űɤɜ ˊɟɩŰɤɜ ŭŮɘɔɛɎŰɤɜ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŮ ŮɝɤŰŮɟɘəɧ ˊɘůŰɞˊɞɘɖɛɏɜɞ ŮɟɔŬůŰɐɟɘɞ, əŬɘ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ɛŮŰɟɐůŮɘɠ 

ɔɘŬ ɧɚŬ ŰŬ ůŰɞɘɢŮɑŬ əŬɘ ɘɢɜɞůŰɞɘɢŮɑŬ Űɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ. Ⱥɜɩ ŰŬ ŭŮɨŰŮɟŬ ŬɜŬɚɨɗɖəŬɜ ůŰɞ 

ŮɟɔŬůŰɐɟɘɞ Űɖɠ ŮŰŬɘɟŮɑŬɠ əŬɘ ŮˊɘəŮɜŰɟɩɜɞɜŰŬɘ ůŰɖɜ ɛɏŰɟɖůɖ Űɖɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ ůŮ Cr2O3 

(%). ȷˊɧ Űɖɜ ˊŮɟɘɔɟŬűɐ Űɤɜ ɔŮɤŰɟɐůŮɤɜ ˊɟɞəɨˊŰŮɘ ɧŰɘ ůŰɖɜ ˊŮɟɘɞɢɐ əɡɟɘŬɟɢŮɑ ɞ 

ɢŬɟŰůɓɞɡɟɔɑŰɖɠ ɛŮ ůŰɟɩɛŬŰŬ ŭɞɡɜɑŰɖ. ɀɏůŬ ůŰɞɜ ŭɞɡɜɑŰɖ űɘɚɞɝŮɜŮɑŰŬɘ ɖ ɛŮŰŬɚɚɞűɞɟɑŬ. 

Ⱦɨɟɘɞɠ Űɨˊɞɠ ɛŮŰŬɚɚɞűɞɟɑŬɠ ŮɑɜŬɘ ůŮ ŰŬɘɜɑŮɠ (Schlieren), ŭɘɎůˊŬɟŰɞɠ, ɛŮɟɘəɏɠ űɞɟɏɠ 

ůɡɛˊŬɔɐɠ, ɧˊɤɠ Ůˊɑůɖɠ əɡɟɑɤɠ ůŰɞɜ əŮɜŰɟɘəɧ ŰɞɛɏŬ Űɖɠ ɗɏůɖɠ ŬɡŰɐɠ ɡˊɎɟɢɞɡɜ ɑɢɜɖ 

ɚŮɞˊŬɟŭɎɚŮɤɠ. ɀŮ ɓɎůɖ Űɘɠ ɔŮɤŰɟɐůŮɘɠ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŮ ŭɘŬűɞɟŮŰɘəɎ ɡɣɧɛŮŰɟŬ 

ɛŮ Űɞ ɡɣɖɚɧŰŮɟɞ ɜŬ ɝŮəɘɜɎŮɘ ůŰŬ 767 ɛɏŰɟŬ, ɖ ɛŮŰŬɚɚɞűɞɟɑŬ ŬɜŬˊŰɨůůŮŰŬɘ ɛŮŰŬɝɨ Űɤɜ 705 

ɛŮ 640 ɛɏŰɟɤɜ, Ůɜɩ ůŮ ɛŮɔŬɚɨŰŮɟŬ ɓɎɗɖ ŭŮɜ ŮɑɜŬɘ ɔɜɤůŰɧ Ŭɜ ɡˊɎɟɢŮɘ ɛŮŰŬɚɚɞűɞɟɑŬ ɚɧɔɤ 

ɏɚɚŮɘɣɖɠ ŭŮŭɞɛɏɜɤɜ. ȼ ˊŮɟɘɞɢɐ ŭɘŬŰɟɏɢŮŰŬɘ Ŭˊɧ ɟɐɔɛŬŰŬ ŭɘŮɨɗɡɜůɖɠ ȷ-ȹ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɞɘ 

ůɢɖɛŬŰɘůɛɞɑ ɜŬ ŮɑɜŬɘ ŬɟəŮŰɎ ŰŮəŰɞɜɘůɛɏɜɞɘ əŬɘ ŮɝŬɚɚɞɘɤɛɏɜɞɘ. ȷˊɧ Űɖɜ ɢɖɛɘəɐ ůɨůŰŬůɖ Űɞɡ 

ɛŮŰŬɚɚŮɨɛŬŰɞɠ ˊɟɞəɨˊŰŮɘ ɧŰɘ ůŰɖɜ ˊŮɟɘɞɢɐ ŮˊɘəɟŬŰŮɑ ɛŮɔɎɚɞ ˊɞůɞůŰɧ MgO ɛŮ Ůɨɟɞɠ Ŭˊɧ 

15.47 ɏɤɠ 47.68% ɧˊɤɠ Ůˊɑůɖɠ əŬɘ SiO2 (8.06-72.07%) Ůɜɩ ɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Űɞɡ 

ɛŮŰŬɚɚŮɨɛŬŰɞɠ ůŮ Cr2O3 əŬɘ Fe2O3 ŮɑɜŬɘ əŬŰɎ ɛɏůɞ ɧɟɞ 10% ˊŮɟɑˊɞɡ. ɇɏɚɞɠ, ɛɘəɟɧŰŮɟɖ 

ˊŮɟɘŮəŰɘəɧŰɖŰŬ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ Al2O3 Ůɜɩ ɖ ˊɡəɜɧŰɖŰŬ Űɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ əɡɛŬɑɜŮŰŬɘ ůŮ 

ɏɜŬ Ůɨɟɞɠ ɛŮŰŬɝɨ 3.11 əŬɘ 4.24 gr/cm3. 
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Abstract 

 

Description of the exploration drillings and the chemical composition of the Chromite 

deposite at Rizo Grevena, NW Greece. 

ELENI K. KONTANI  

 

This study focuses on the chromite deposit at Vourinos in Rizo of Grevena and the data 

obtained from the exploration drillings of the company ñHellenic Mines S.Aò. The main goal 

was to describe the mineralization and the chmical composition of the ore at representative 

chromite samples. Chemical analyses were collected from the disseminated, the schlieren, the 

nodular and the massive chromite outcrops and from the altered and fresh dunites, hartzburgites 

and pyroxenites of the host rocks. Additional samples were collected during the companyôs 

geological mapping and were analyzed at a certified lab in Finland for a large number of 

elements. Two more samples were collected from the surface mining site and the chemical 

analysis was perfomed at the laboratory of the company focusing only in Cr2O3.  The 

description of the drillings shows that hartzburgite is the dominant rock with layers of dunite. 

The chromite deposit is found in the dunite layers. The most common types of chromite are 

schlieren, disseminated and sometimes massive, whereas in the middle sector of the site, 

nodular type can be found. According to the drilling logging chromite can be found at a depth 

between 705 and 640 meter. However there are no data below this depth. In this area, there are 

many faults with a W-E direction which have affected the mineralization and the host rocks. 

The chemical composition of the deposit shows that the dominant components of the 

mineralization are the MgO which ranges between 15.47 to 47.68 wt%, and SiO2 (8.06-72.07 

wt%). The average concentration of Cr2O3 and Fe2O3 is 10 wt%. The content of Al 2O3 is low 

and the density of the chromite ore ranges from 3.11 to 4.24 gr/cm3. 
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Ʉɟɧɚɞɔɞɠ 

 

ȼ ˊŮɟɘɞɢɐ Űɞɡ ȸɞɨɟɘɜɞɡ ɏɢŮɘ Űɖɜ Űɨɢɖ ɜŬ űɘɚɞɝŮɜŮɑ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɢɟɤɛɘŰɘəɧ əɞɑŰŬůɛŬ 

ůŰɖɜ ȺɚɚɎŭŬ. ũɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ, ŮəŮɑ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Ŭˊɧ Űɞ 1970 ɏɤɠ 1991 ɛŮŰŬɚɚŮɡŰɘəɐ 

ŭɟŬůŰɖɟɘɧŰɖŰŬ ɛŮ Ůɝɧɟɡɝɖ Űɞɡ ɢɟɤɛɑŰɖ. ɆɐɛŮɟŬ ɖ ˊŮɟɘɞɢɐ ɝŬɜŬɓɘɩɜŮɘ ɛŮŰŬɚɚŮɡŰɘəɐ 

ŭɟŬůŰɖɟɘɧŰɖŰŬ Ŭˊɧ Űɖɜ ŮŰŬɘɟŮɑŬ çȺȿȿȼɀȺɇ ȺȿȿȼɁȽȾȷ ɀȺɇȷȿȿȺȽȷ ȷ.Ⱥ.è Ŭűɞɨ ŰŬ 

ŬˊɞɗɏɛŬŰŬ ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰɖɜ ˊŮɟɘɞɢɐ ůɨɛűɤɜŬ ɛŮ ˊŬɚŬɘɧŰŮɟŮɠ əŬɘ ˊɟɧůűŬŰŮɠ ɛŮɚɏŰŮɠ ŮɑɜŬɘ 

ɘəŬɜɎ ɜŬ ůŰɖɟɑɝɞɡɜ ŬɜɎɚɞɔɖ əŬɘ ɛŬəɟɞɓɘɧŰŮɟɖ ŭɟŬůŰɖɟɘɧŰɖŰŬ. 

ȷɜŰɘəŮɑɛŮɜɞ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ɛŮɚɏŰɖɠ ŮɑɜŬɘ ɖ ˊŮɟɘɔɟŬűɐ Űɤɜ ŮɟŮɡɜɖŰɘəɩɜ 

ɔŮɤŰɟɐůŮɤɜ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŰɞ Ʌɘɕɧ ũɟŮɓŮɜɩɜ, Ŭˊɧ Űɖɜ ŮŰŬɘɟɑŬ çȺȿȿȼɀȺɇ 

ȺȿȿȼɁȽȾȷ ɀȺɇȷȿȿȺȽȷ ȷ.Ⱥ.è, əŬɘ Űɖɠ ɢɖɛɘəɐɠ ůɨůŰŬůɖɠ Űɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ Űɖɠ ɗɏůɖɠ 

ŬɡŰɐɠ. ȼ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ ɏɢŮɘ ɤɠ ůəɞˊɧ 

¶ ɇɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɗɏůɖɠ Űɞɡ əɞɘŰɎůɛŬŰɞɠ ɢɟɤɛɑŰɖ ůŰɞ Ʌɘɕɧ. 

¶ ɇɖɜ ŬˊŮɘəɧɜɘůɖ Űɞɡ ɡˊŮŭɎűɞɡɠ ɔɘŬ Űɖɜ Ŭˊɧɚɖɣɖ Űɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ ɛŮ Űɞɜ əŬɚɨŰŮɟɞ 

ŭɡɜŬŰɧ Űɟɧˊɞ, ŮˊɘűŬɜŮɘŬəɎ ɐ ɡˊɧɔŮɘŬ. 

¶ ɇɖɜ ŮˊɘɓŮɓŬɑɤůɖ Űɖɠ ɨˊŬɟɝɖɠ ɛŮŰŬɚɚɞűɞɟɑŬɠ ůŰɖɜ ˊŮɟɘɞɢɐ, ůɨɛűɤɜŬ ɛŮ ˊŬɚŬɘɧŰŮɟŮɠ 

ɏɟŮɡɜŮɠ.  

¶ ɇɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɢɖɛɘəɐɠ ůɨůŰŬůɖɠ Űɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ ůŰɖɜ ɗɏůɖ ŬɡŰɐ. 

ɆŰɞ ůɖɛŮɑɞ ŬɡŰɧ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ ɧɚɞɡɠ ɧůɞɡɠ ɓɞɐɗɖůŬɜ ůŰɖɜ ˊŮɟɎŰɤůɖ Űɖɠ 

ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ, ɤɠ ŮɚɎɢɘůŰɞ ŭŮɑɔɛŬ Ůɡɔɜɤɛɞůɨɜɖɠ.  

ȷɟɢɘəɎ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɡɠ ŮˊɘɓɚɏˊɞɜŰŮɠ əŬɗɖɔɖŰɏɠ Űɞɡ ŰɞɛɏŬ 

ɃɟɡəŰɞɚɞɔɑŬɠ- ɄŮŰɟɞɚɞɔɑŬɠ-ȾɞɘŰŬůɛŬŰɞɚɞɔɑŬɠ ə. ɀɏɚűɞ ȸŬůɑɚŮɘɞ əŬɘ ə. ȾŬɜŰɖɟɎɜɖ 

ɁɘəɧɚŬɞ ɔɘŬ Űɖɜ ŬɜɎɗŮůɖ Űɞɡ ɗɏɛŬŰɞɠ, ŮˊɑɓɚŮɣɖ, Űɘɠ ɢɟɐůɘɛŮɠ ůɡɛɓɞɡɚɏɠ, Űɞ ŮɜŭɘŬűɏɟɞɜ, Űɘɠ 

ɡˊɞŭŮɑɝŮɘɠ əŬɘ ůɢɧɚɘŬ. 

ȺɡɢŬɟɘůŰɩ ɗŮɟɛɎ Űɖɜ ŮŰŬɘɟŮɑŬ çȺȿȿȼɀȺɇ ȺȿȿȼɁȽȾȷ ɀȺɇȷȿȿȺȽȷ ȷ.Ⱥ.è əŬɘ ŰŬ 

ůŰŮɚɏɢɖ Űɖɠ ɔɘŬ Űɖɜ ɎŭŮɘŬ ɛŮɚɏŰɖɠ Űɞɡ ůɡɔəŮəɟɘɛɏɜɞɡ ɗɏɛŬŰɞɠ əŬɘ ˊŬɟŬɢɩɟɖůɖɠ ŭŮŭɞɛɏɜɤɜ 

Űɞɡ ŬɟɢŮɘŬəɞɨ Űɖɠ ɡɚɘəɞɨ ůŰŬ ˊɚŬɑůɘŬ Űɖɠ ŮɟɔŬůɑŬɠ ɛɞɡ ŮəŮɑ. ȽŭɘŬɑŰŮɟŬ ɗŬ ɐɗŮɚŬ ɜŬ 

ŮɡɢŬɟɘůŰɐůɤ Űɞɜ ə. ũɎŰůɘɞ ȷɢɘɚɚɏŬ, ɀŮŰŬɚɚŮɘɞɚɧɔɞ ɀɖɢŬɜɘəɧ, əŬɘ ɧɚɞɡɠ Űɞɡɠ ůɡɜŮɟɔɎŰŮɠ 

ɔɘŬ Űɖɜ ɓɞɐɗŮɘŬ, ůɡɜŮɟɔŬůɑŬ, ůŰɐɟɘɝɖ əŬɘ Ŭˊɞŭɞɢɐ. 

ɂŮɢɤɟɘůŰɎ ɗŬ ɐɗŮɚŬ ɜŬ ˊɤ ɏɜŬ ɛŮɔɎɚɞ ŮɡɢŬɟɘůŰɩ ůŰɖɜ ŮˊɘəŮűŬɚɐɠ ɔŮɤɚɧɔɞ ɀˊŬŰůɐ 

ȯɜɜŬ ɔɘŬ Űɖɜ ˊɞɚɨŰɘɛɖ ɓɞɐɗŮɘɎ Űɖɠ, Űɘɠ ɢɟɐůɘɛŮɠ ůɡɛɓɞɡɚɏɠ əŬɘ əŬɗɞŭɐɔɖůɐ Űɖɠ, ɧɢɘ ɛɧɜɞ 

ůŰŬ ˊɚŬɑůɘŬ Űɖɠ ˊŬɟɞɨůɖɠ ŮɟɔŬůɑŬɠ. Ⱥˊɑůɖɠ ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ əŬŰɞɑəɞɡɠ Űɞɡ 

ɉɟɤɛɑɞɡ ȾɞɕɎɜɖɠ ɔɘŬ Űɘɠ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ ɛɞɡ ŭɩůŬɜŮ ůɢŮŰɘəɎ ɛŮ Űɖɜ ˊŬɚŬɘɧŰŮɟɖ 

ɛŮŰŬɚɚŮɡŰɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ ůŰɖɜ ˊŮɟɘɞɢɐ. 
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 ɇɘɠ ɛŮɔŬɚɨŰŮɟŮɠ ŮɡɢŬɟɘůŰɑŮɠ ɛɞɡ ɞűŮɑɚɤ ůŰɖɜ ɞɘəɞɔɏɜŮɘɎ ɛɞɡ ɔɘŬ Űɖɜ ˊɞɚɨŰɘɛɖ ůŰɐɟɘɝɖ, 

ɏɛˊɟŬəŰɖ ŬɔɎˊɖ əŬɘ ůɡɛˊŬɟɎůŰŬůɐ Űɖɠ ɧɚŬ ŬɡŰɎ ŰŬ ɢɟɧɜɘŬ. ȳˊɤɠ Ůˊɑůɖɠ əŬɘ ůŮ űɑɚɞɡɠ ˊɞɡ 

ůŰɎɗɖəŬɜ ŭɑˊɚŬ ɛɞɡ əŬŰɎ ŰŬ ɏŰɖ ŬɡŰɎ. 
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1.ȺɘůŬɔɤɔɐ 

 

ȼ ȺɚɚɎŭŬ ŮɑɜŬɘ ɛɑŬ ɢɩɟŬ ˊɚɞɨůɘŬ ůŮ ɞɟɡəŰɧ ˊɚɞɨŰɞ əŬɗɩɠ ŭɘŬɗɏŰŮɘ ɛŮɔɎɚɖ ˊɞɘəɘɚɑŬ 

ɞɟɡəŰɩɜ əŬɘ ɛŮŰŬɚɚŮɡɛɎŰɤɜ ɛŮ ůɖɛŬɜŰɘəɧ ɓɘɞɛɖɢŬɜɘəɧ ŮɜŭɘŬűɏɟɞɜ. Ƀ ɞɟɡəŰɧɠ ˊɚɞɨŰɞɠ 

ŭɘŬɘɟŮɑŰŬɘ ůŮ, ɓɘɞɛɖɢŬɜɘəɎ ɞɟɡəŰɎ əŬɘ ˊŮŰɟɩɛŬŰŬ, ůŰɘɠ ŮɜŮɟɔŮɘŬəɏɠ ˊɟɩŰŮɠ ɨɚŮɠ, ůŰŬ 

ɛŮŰŬɚɚɘəɎ ɞɟɡəŰɎ əŬɘ ůŰɘɠ əɟɑůɘɛŮɠ ˊɟɩŰŮɠ ɨɚŮɠ. ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɔɑɜŮŰŬɘ 

ɖ ˊɟɞůˊɎɗŮɘŬ ɔɘŬ ˊŮɟɘɔɟŬűɘəɐ ŬɜɎɚɡůɖ Űɞɡ əɞɘŰɎůɛŬŰɞɠ ɢɟɤɛɑŰɖ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ ȸɞɨɟɘɜɞɡ 

ȾɞɕɎɜɖɠ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ůŰɖɜ ɗɏůɖ «Ʌɘɕɧ», ůɨɛűɤɜŬ ɛŮ ŮɟŮɡɜɖŰɘəɏɠ ŭɘŮɟɔŬůɑŮɠ ɞɘ ɞˊɞɑŮɠ 

ŭɘŮɝɐɢɗɖůŬɜ ŮəŮɑ Űɖɜ ˊŮɟɑɞŭɞ Ƚɞɡɚɑɞɡ-ɃəŰɤɓɟɑɞɡ 2018. 

Ƀ ɢɟɤɛɑŰɖɠ, ɛŮ ɔŮɜɘəɧ Űɨˊɞ (Cr,Al,Fe3+)2O3(Mg,Fe2+)O, ŬɜɐəŮɘ ůŰɖɜ ɞɛɎŭŬ Űɤɜ 

ůˊɘɜŮɚɚɑɤɜ əŬɘ əɟɡůŰŬɚɚɩɜŮŰŬɘ ůŰɞ əɡɓɘəɧ ůɨůŰɖɛŬ, ɞ ɑŭɘɞɠ ŬˊɞŰŮɚŮɑ Űɖɜ ɛɞɜŬŭɘəɐ ˊɖɔɐ Cr 

Ŭűɞɨ ŮɑɜŬɘ əŬɘ Űɞ ɓŬůɘəɧ ůɡůŰŬŰɘəɧ Űɞɡ. ɇɞ ɢɟɩɛŬ Űɞɡ ŮɑɜŬɘ ŰŮűɟɧ ɏɤɠ ɛŬɨɟɞ ɛŮ ɛŮŰŬɚɚɘəɐ 

ɚɎɛɣɖ əŬɘ ɖ ɔɟŬɛɛɐ əɧɜŮɤɠ Űɞɡ ŮɑɜŬɘ əŬűɏ, Ůɜɩ ɛˊɞɟŮɑ ɜŬ əɞəəɘɜɑɕŮɘ ůŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŮɑɜŬɘ 

ˊɚɞɨůɘɞ ůŮ Fe, ɖ ůɡɜɐɗɖɠ ŬɜŬɚɞɔɑŬ Fe-Cr ŮɑɜŬɘ 1:3. ȰɜŬ Ůˊɘˊɚɏɞɜ ɢŬɟŬəŰɖɟɘůŰɘəɧ Űɞɡ 

ɢɟɤɛɑŰɖ ŮɑɜŬɘ Űɞ ɓɎɟɞɠ Űɞɡ, Űɞ ɞˊɞɑɞ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 4,5 ɏɤɠ 5,00 g/cm3, Ůɜɩ ɖ ůəɚɖɟɧŰɖŰŬ 

Űɞɡ ůɨɛűɤɜŬ ɛŮ Űɖɜ əɚɑɛŬəŬ Mohs əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 5,5 ɏɤɠ 6,00 ˊɟɎɔɛŬ Űɞ ɞˊɞɑɞ ůɖɛŬɑɜŮɘ 

ɧŰɘ ŮɑɜŬɘ ɏɜŬ ˊɞɚɨ ŮɨɗɟɡˊŰɞ ɞɟɡəŰɧ Ůɜɩ ɛŬɔɜɖŰɑɕŮŰŬɘ ŮɚŬűɟɩɠ. 

Ƀ ɑŭɘɞɠ ůɡɜŬɜŰɎŰŬɘ ůŮ ɓŬůɘəɎ əŬɘ ɡˊŮɟɓŬůɘəɎ ˊɡɟɘɔŮɜɐ ˊŮŰɟɩɛŬŰŬ ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ůŮ 

ɛŮŰŬɛɞɟűɤɛɏɜŬ. ɇŬ ůɡɜɞŭɎ ˊŮŰɟɩɛŬŰŬ ŮɑɜŬɘ ɞ ŭɞɡɜɑŰɖɠ, ɢŬɟŰůɓɞɡɟɔɑŰɖɠ, Ů́ɟɘŭɞŰɑŰɖɠ, 

ɡ́ɟɞɝŮɜɑŰɖɠ, ůŮɟˊŮɜŰɘɜɑŰɖɠ əŬɘ ɔŮɜɘəɎ ůŮ ˊŮŰɟɩɛŬŰŬ ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ˊɚɞɨůɘŬ ůŮ ɛŬɔɜɐůɘɞ 

(Mg). ȷɜɎɚɞɔŬ ɛŮ Űɞɜ Űɟɧˊɞ ůɢɖɛŬŰɘůɛɞɨ Űɞɡ ɞ ɢɟɤɛɑŰɖɠ ŮɜŰɞˊɑɕŮŰŬɘ ɤɠ ŰŬɘɜɘɤŰɧɠ, 

ŭɘɎůˊŬɟŰɞɠ ɛŮ ŬɟŬɘɞɨɠ əɧəəɞɡɠ Cr, ɛŮ Űɖɜ ɛɞɟűɐ ɚŮɞˊŬɟŭɎɚŮɤɠ ɧˊɞɡ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ 

əɞɜŭɨɚɞɡɠ Cr, əŬɘ ůɡɛˊŬɔɐɠ. ɇŬ ůɖɛŬɜŰɘəɧŰŮɟŬ əɞɘŰɎůɛŬŰŬ ɢɟɤɛɑŰɖ ŬɜɎ Űɞɜ əɧůɛɞ 

ŮɜŰɞˊɑɕɞɜŰŬɘ ůŰɖɜ Ɂ. ȷűɟɘəɐ, ůŰɖɜ ȻɘɛˊɎɛˊɞɡŮ, ůŰɘɠ ȼ.Ʉ.ȷ., ůŰɖ ɅɤůɑŬ, ůŰɖɜ ȷɚɓŬɜɑŬ, ůŰɖɜ 

ȽɜŭɑŬ, ůŰɖɜ ɇɞɡɟəɑŬ, ůŰɖɜ ūɘɚŬɜŭɑŬ əŬɘ ůŰɖɜ ȺɚɚɎŭŬ, əŬɗɞɟɑɕɞɜŰŬɠ Űɖɜ ˊŬɔəɧůɛɘŬ ˊŬɟŬɔɤɔɐ 

ɔɨɟɤ ůŰɞ 90%, ɛŮ Űɖɜ ȺɚɚɎŭŬ ɜŬ ůɡɛɓɎɚɚŮɘ ůŮ ˊɞɚɨ ɛɘəɟɧ ˊɞůɞůŰɧ. ȼ Ůɛˊɞɟɘəɐ ɢɟɐůɖ Űɞɡ 

ɢɟɤɛɑŰɖ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰɎ Űɞɡ ůŮ Cr2O3 əŬɘ ŭɘŬɢɤɟɑɕŮŰŬɘ ůŮ ɛŮŰŬɚɚɞɡɟɔɘəɧ 

(>46% Cr2O3), ˊɡɟɑɛŬɢɞ (30-40% Cr2O3), ɢɖɛɘəɧ (>44% Cr2O3) əŬɗɩɠ Ůˊɑůɖɠ əŬɘ ůŰɖɜ Ɏɛɛɞ 

ɢɡŰɖɟɑɞɡ. Ƀ ɛŮŰŬɚɚɞɡɟɔɘəɧɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŮ ůɡɜŭɡŬůɛɧ ɛŮ Űɞ Fe-Ni ůŰɖɜ ˊŬɟŬɔɤɔɐ 

ŬɜɞɝŮɑŭɤŰɞɡ ɢɎɚɡɓŬ. Ƀ ˊɡɟɑɛŬɢɞɠ ˊɟɞɦˊɞɗɏŰŮɘ Űɖɜ ɨˊŬɟɝɖ Al2O3 əŬɘ MgO əŬɘ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖɜ əŬŰŬůəŮɡɐ ˊɡɟɑɛŬɢɤɜ ɡɚɘəɩɜ. ȾŬɘ Űɏɚɞɠ, ɞ ɢɖɛɘəɧɠ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ 

ůŰɖɜ ɓɡɟůɞŭŮɣɑŬ, Űɖɜ Ůˊɘɢɟɤɛɑɤůɖ əŬɘ Űɖɜ ˊŬɟŬɔɤɔɐ ɢɟɤɛɎŰɤɜ ɢɟɤɛɑɞɡ. 
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ɆŰɖɜ ȺɚɚɎŭŬ ɞ ɢɟɤɛɑŰɖɠ ŮɛűŬɜɑɕŮŰŬɘ ůŰɘɠ ɕɩɜŮɠ ɋɚɞɜɞɨ-Ʉɑɜŭɞɡ, ɈˊɞˊŮɚŬɔɞɜɘəɐɠ, 

ɄŮɚŬɔɞɜɘəɐɠ əŬɘ ȷɝɘɞɨ. Ƀ ɢɟɤɛɑŰɖɠ ˊɞɡ ŮɝŮŰɎɕŮŰŬɘ ŬɜɐəŮɘ ůŰɞ ɞűɘɞɚɘɗɘəɧ ůɨɛˊɚŮɔɛŬ Űɞɡ 

ɧɟɞɡɠ «ȸɞɨɟɘɜɞɡ» Űɞ ɞˊɞɑɞ ŬɜɐəŮɘ ůŰɖɜ ɄŮɚŬɔɞɜɘəɐ ɕɩɜɖ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ, ɖ ɗɏůɖ «Ʌɘɕɧ» 

ŬɜɐəŮɘ ůŰɞ ɁɧŰɘɞ ŰɞɛɏŬ Űɞɡ ȸɧɟŮɘɞɡ ȸɞɨɟɘɜɞɡ. ɆɖɛŬɜŰɘəɧ əɞɑŰŬůɛŬ ɢɟɤɛɑɞɡ ɡˊɎɟɢŮɘ Ůˊɑůɖɠ 

ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ ȹɞɛɞəɞɨ Ůɜɩ ŮɛűŬɜɑůŮɘɠ ůŰɞɜ ŮɚɚŬŭɘəɧ ɢɩɟɞ ɓɟɏɗɖəŬɜ ůŮ ȺɨɓɞɘŬ, ȸɏɟɛɘɞ, 

Ɇɞɡűɚɑ, ȹ. ɉŬɚəɘŭɘəɐ, Ʉɑɜŭɞ, ɜɖůɘɎ ȷɘɔŬɑɞɡ, ȾɟɐŰɖ əŬɘ ŪɟɎəɖ. ȼ ɛɞɜŬŭɘəɐ ŮɜŮɟɔɐ 

ŮɝɞɟɡəŰɘəɐ ŭɘŬŭɘəŬůɑŬ ŬɡŰɐ Űɖɜ ůŰɘɔɛɐ ůŰɖɜ ȺɚɚɎŭŬ ɔɑɜŮŰŬɘ ůŰɞ ȸɞɨɟɘɜɞ, ůŰɘɠ ɗɏůŮɘɠ 

ȷŮŰɞɟɎɢŮɠ əŬɘ Ʌɘɕɧ Ŭˊɧ Űɞ 2018, Ůɜɩ ɚŮɘŰɞɡɟɔɞɨɜ ɜɏŮɠ ŮɔəŬŰŬůŰɎůŮɘɠ ŮɛˊɚɞɡŰɘůɛɞɨ ɢɟɤɛɑŰɖ 

ůŰɖɜ ɗɏůɖ ȸŮɔɔɑůŰɟŮɠ ůŰɖɜ ȸɎɟɖ ũɟŮɓŮɜɩɜ Ŭˊɧ Űɖɜ ŮŰŬɘɟŮɑŬ çȺȿȿȼɀȺɇ ȺȿȿȼɁȽȾȷ 

ɀȺɇȷȿȿȺȽȷ ȷ.Ⱥ.è. 
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2.Ƀűɘɧɚɘɗɞɘ 
 

Ƀ ɧɟɞɠ ɞűɘɧɚɘɗɞɠ ɏɢŮɘ Ůɚɚɖɜɘəɐ ɟɑɕŬ əŬɗɩɠ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ Űɘɠ ɚɏɝŮɘɠ «ɧűɘɠ» əŬɘ «ɚɑɗɞɠ» 

ɚɧɔɤ Űɖɠ ˊŬɟɞɛɞɑɤůɐɠ Űɞɡ ɛŮ ŭɏɟɛŬ űɘŭɘɞɨ, ɧˊɤɠ ŭɘŬŰɨˊɤůŮ ˊɟɩŰɞɠ ɞ Brogniart (1813) ɔɘŬ 

Űɞɡɠ ůŮɟˊŮɜŰɘɜɑŰŮɠ. ȷɟɔɧŰŮɟŬ, əŬŰɎ Űɞ 1827 ɞ ɑŭɘɞɠ ůɡɛˊŮɟɘɏɚŬɓŮ əŬɘ ɎɚɚŬ ˊŮŰɟɩɛŬŰŬ ɧˊɤɠ 

ɔɎɓɓɟɞɡɠ, ŭɘŬɓɎůŮɘɠ əŬɘ ɎɚɚŬ ɖűŬɘůŰŮɘŬəɎ ůŰɞɜ ɧɟɞ ŬɡŰɧ. ũŮɜɘəɎ ŭɘŬŰɡˊɩɗɖəŬɜ ŬɟəŮŰɏɠ 

ŬˊɧɣŮɘɠ Ŭˊɧ ˊɞɚɚɞɨɠ ŮɟŮɡɜɖŰɏɠ ɔɘŬ Űɞɡɠ ɞűɘɞɚɑɗɞɡɠ ɛɏɢɟɘ ɜŬ əŬŰŬɚɐɝɞɡɜ ůŮ ɏɜŬ ɔŮɜɘəɎ 

ŬˊɞŭŮəŰɧ ůɡɛˊɏɟŬůɛŬ. ȾŬŰɎ Űɞ 1886 əŬɘ 1909 ŬɜŬɔɜɤɟɑůŰɖəŮ ɖ ɨˊŬɟɝɖ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ 

ŬɡŰɩɜ ůŮ ɔŮɤɚɞɔɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ Űɤɜ ȯɚˊŮɤɜ əŬɘ ȷˊɏɜɘɜɜɤɜ ȳɟŮɤɜ Ŭˊɧ Űɞɡɠ Lotti əŬɘ 

Suess ŬɜŰɑůŰɞɘɢŬ. 

Ƀ Steinmann (1905,1927) ɡˊɞůŰɐɟɘɝŮ ˊɤɠ ůŰɞɜ ůɢɖɛŬŰɘůɛɧ Űɤɜ ɞűɘɞɚɑɗɤɜ Ŭɜɐəɞɡɜ 

ŰɟŮɘɠ əŬŰɖɔɞɟɑŮɠ Űɘɠ ɞˊɞɑŮɠ ɞɜɧɛŬůŮ «ɇɟɘɎŭŬ Űɞɡ Steinmann» əŬɘ ˊŮɟɘɚŬɛɓɎɜŮɘ Ů́ɟɘŭɞŰɑŰŮɠ- 

ůŮɟˊŮɜŰɘɜɑŰŮɠ, ɔɎɓɓɟɞɡɠ əŬɘ ŭɘŬɓɎůŮɘɠ-ůˊɖɚɑŰŮɠ ˊɞɡ ůɡɜŭɏɞɜŰŬɘ ɛŮ ɘɕɖɛŬŰɞɔɏɜŮůɖ ɓŬɗɘɎɠ 

ɗɎɚŬůůŬɠ, ɧˊɤɠ ɟŬŭɘɞɚŬɟɑŰŮɠ əŬɘ ŬůɓŮůŰɞɚɑɗɞɡɠ. 

ɆɨɛűɤɜŬ ɛŮ Űɞɜ Moores (1982, 2003), ɡˊɐɟɝŬɜ ŰɟŮɘɠ ůɢɞɚɏɠ ˊɞɡ ˊɟɞůˊɎɗɖůŬɜ ɜŬ 

ŮɟɛɖɜŮɨůɞɡɜ Űɖɜ ˊɟɞɏɚŮɡůɖ Űɤɜ ɞűɘɞɚɑɗɤɜ, ůŰɘɠ Ŭɟɢɏɠ Űɞɡ 1960. ȼ ˊɟɩŰɖ ɐŰŬɜ ɖ ȺɡɟɤˊŬɥəɐ 

ůɢɞɚɐ ɖ ɞˊɞɑŬ ŮəˊɟɞůɤˊɞɨɜŰŬɜ Ŭˊɧ ũɎɚɚɞɡɠ əɡɟɑɤɠ ŮɟŮɡɜɖŰɏɠ ˊɞɡ ŮɟɔɎůŰɖəŬɜ ůŰɖɜ 

ɀŮůɧɔŮɘɞ. Ƀ Juteau (2003) ɡˊɞůŰɐɟɘɕŮ ˊɤɠ ɖ ˊɟɞɏɚŮɡůɖ Űɤɜ ɞűɘɞɚɑɗɤɜ ɞűŮɑɚɞɜŰŬɜ ůŮ 

ɡˊɞɗŬɚɎůůɘŮɠ ŮəɢɨůŮɘɠ ɓŬůɘəɞɨ ɛɎɔɛŬŰɞɠ ɡˊɧ ɛɞɟűɐ ɗɨɚŬəŬ, əŬŰɎ ɛɐəɞɠ ɟɖɔɛɎŰɤɜ əŬɘ ůŮ 

ˊɞɚɨ ɛŮɔɎɚɞ ɓɎɗɞɠ əɎŰɤ Ŭˊɧ Űɖɜ ŮˊɘűɎɜŮɘŬ Űɖɠ ɗɎɚŬůůŬɠ. ȼ ȷɛŮɟɘəŬɜɘəɐ ůɢɞɚɐ 

ůŰŮɚŮɢɩɗɖəŮ Ŭˊɧ ŮɟŮɡɜɖŰɏɠ ɞɘ ɞˊɞɑɞɘ ŮəˊɟɞůɤˊɞɨůŬɜ Űɘɠ ɘŭɏŮɠ Űɞɡ Hess (1955). Ƀɘ ɑŭɘɞɘ 

ɡˊɞůŰɐɟɘɝŬɜ ˊɤɠ ŭŮɜ ɡˊɎɟɢŮɘ ůɢɏůɖ ɛŮŰŬɝɨ Űɤɜ ˊŮɟɘŭɞŰɘŰɩɜ əŬɘ ůɡɛˊɚŮɔɛɎŰɤɜ ́ ŮɟɘŭɞŰɘŰɩɜ-

ɔɎɓɓɟɤɜ Ŭɚˊɘəɞɨ Űɨˊɞɡ əŬɘ Űɤɜ ɖűŬɘůŰŮɘŬəɩɜ ˊŮŰɟɤɛɎŰɤɜ ɛŮ Űɞɡɠ ˊŮɟɘŭɞŰɑŰŮɠ-ɔɎɓɓɟɞɡɠ. ȼ 

ŰɟɑŰɖ ůɢɞɚɐ, ɛŮ ůəɞˊɧ ɜŬ ŮɝɖɔɐůŮɘ Űɖɜ ˊɟɞɏɚŮɡůɖ Űɤɜ ɞűɘɞɚɑɗɤɜ ɓŬůɑůŰɖəŮ ůŰɖɜ ɗŮɤɟɑŬ 

əɚŬůɛŬŰɘəɐɠ əɟɡůŰɎɚɚɤůɖɠ Űɞɡ Bowen (1927). 

ȷˊɧ Űɞ 1960 əŬɘ ɛŮŰɎ ŬɜŬˊŰɨɢɗɖəŮ ɏɜŬ əŬɘɜɞɨɟɔɘɞ ɛɞɜŰɏɚɞ ɔɏɜɜɖůɖɠ Űɤɜ ɞűɘɞɚɑɗɤɜ Űɞ 

ɞˊɞɑɞ ɓŬůɑůŰɖəŮ ůŰɖɜ ɗŮɤɟɑŬ Űɤɜ ɚɘɗɞůűŬɘɟɘəɩɜ ˊɚŬəɩɜ əŬɘ Űɖ ɗŮɤɟɑŬ ɛŬɔɛŬŰɘəɐɠ 

əɟɡůŰɎɚɚɤůɖɠ Űɞɡ Bowen. ȰˊŮɘŰŬ Ŭˊɧ ůɖɛŬɜŰɘəɐ ɛŮɚɏŰɖ ŬɟəŮŰɎ Ŭɝɘɧɚɞɔɤɜ ŮɟŮɡɜɖŰɩɜ 

ɔŮɤɚɧɔɤɜ ɞɟɔŬɜɩɗɖəŮ Űɞ ŭɘŮɗɜɏɠ ůɡɜɏŭɟɘɞ «Penrose» (Anonymous 1972) Űɖɠ ȷɛŮɟɘəŬɜɘəɐɠ 

ɔŮɤɚɞɔɘəɐɠ ŮŰŬɘɟŮɑŬɠ ɧˊɞɡ ŬˊɞűŬůɑůɗɖəŮ ɖ ɔŮɜɘəɐ ŮɟɛɖɜŮɑŬ Űɞɡ ɧɟɞɡ «Ƀűɘɧɚɘɗɞɘ». ɆɨɛűɤɜŬ 

ɛŮ ŰŬ ůɡɛˊŮɟɎůɛŬŰŬ Űɞɡ ůɡɜŮŭɟɑɞɡ: 

ü Ƀɘ ɞűɘɧɚɘɗɞɘ ŬˊɞŰŮɚɞɨɜ ŮɡŭɘɎəɟɘŰŮɠ ŬəɞɚɞɡɗɑŮɠ ɓŬůɘəɩɜ əŬɘ ɡˊŮɟɓŬůɘəɩɜ 

ˊŮŰɟɤɛɎŰɤɜ 
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ü ȹŮɜ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ əŬŰɎ Űɖɜ ɢŬɟŰɞɔɟɎűɖůɖ ɞ ɧɟɞɠ «Ƀűɘɧɚɘɗɞɠ» ɤɠ ɧɜɞɛŬ 

ˊŮŰɟɩɛŬŰɞɠ ɐ ɚɘɗɞɚɞɔɘəɐɠ ŮɜɧŰɖŰŬɠ 

ü ȳŰŬɜ ŮɑɜŬɘ ˊɚɐɟɤɠ ŬɜŮˊŰɡɔɛɏɜɖ ɛɑŬ ɞűɘɞɚɘɗɘəɐ ŬəɞɚɞɡɗɑŬ, ɞɘ ˊŮŰɟɞɔɟŬűɘəɞɑ Űɨˊɞɘ 

ůɡɜŬɜŰɩɜŰŬɘ ɛŮ ůɡɔəŮəɟɘɛɏɜɖ ůŮɘɟɎ (Ŭˊɧ ŰŬ əŬŰɩŰŮɟŬ ˊɟɞɠ ŰŬ ŬɜɩŰŮɟŬ ɛɏɚɖ) : 

ü ɈˊŮɟɓŬůɘəɞɑ ůŮɟˊŮɜŰɘɜɘɤɛɏɜɞɘ ŰŮəŰɞɜɑŰŮɠ ɞɘ ɞˊɞɑɞɘ űɘɚɞɝŮɜɞɨɜ əɡɟɑɤɠ ɚɞɓɧɛɞɟűŬ 

ɢɟɤɛɘŰɘəɎ ůɩɛŬŰŬ ŰŬ ɞˊɞɑŬ ˊŮɟɘɓɎɚɚɞɜŰŬɘ əɡɟɑɤɠ Ŭˊɧ ŭɞɡɜɘŰɘəɎ ˊŮŰɟɩɛŬŰŬ. 

ü ɆɤɟŮɘŰɘəɎ ɡˊŮɟɓŬůɘəɎ ˊŮŰɟɩɛŬŰŬ 

ü ũŬɓɓɟɘəɎ ˊŮŰɟɩɛŬŰŬ ůɤɟŮɘŰɘəɞɨ ɢŬɟŬəŰɐɟŬ 

ü ɆɡůŰɐɛŬŰŬ ɓŬůɘəɐɠ ůɨůŰŬůɖɠ ˊɞɚɚɩɜ ɛɘəɟɞɔŬɓɓɟɘəɩɜ űɚŮɓɩɜ ˊɞɡ ŭɘŬůɢɑɕɞɡɜ Űɞɡɠ 

ŰŮəŰɞɜɑŰŮɠ əŬɘ Űɞɡɠ ůɤɟŮɑŰŮɠ əɡɟɑɤɠ ůŰŬ ŬɜɩŰŮɟŬ ůŰɟɩɛŬŰɎ Űɞɡɠ. 

ü ȼűŬɘůŰŮɘŬəɏɠ ůŮɘɟɏɠ ɓŬůɘəɐɠ ůɨůŰŬůɖɠ ɛŮ ɛŬɝɘɚŬɟɞŮɘŭŮɑɠ ŭɞɛɏɠ (Pillow lavas) 

ü ɄŮɚŬɔɘəɏɠ ɘɕɖɛŬŰɞɔŮɜŮɑɠ ŬəɞɚɞɡɗɑŮɠ ˊɞɡ ɡˊɏɟəŮɘɜŰŬɘ Űɤɜ ɛŬɝɘɚŬɟɞŮɘŭɩɜ ŭɞɛɩɜ 

ü Ⱥˊɑůɖɠ ůɡɜŬɜŰɩɜŰŬɘ əŮɟŬŰɧɚɘɗɞɘ, ɚŮˊŰɏɠ ŭɘŬůŰɟɩůŮɘɠ Ŭɟɔɘɚɘəɩɜ ůɢɘůŰɩɜ, 

ŬůɓŮůŰɧɚɘɗɞɘ əŬɘ ɟŬŭɘɞɚŬɟɑŰŮɠ.  

Ƀɘ Moores et al. (1980) əŬɘ Moores (1982) ˊɟɧůɗŮůŬɜ ůŰɖɜ ɛŮɚɏŰɖ (1982), ůŰɖɜ ɓɎůɖ 

Űɖɠ ŬəɞɚɞɡɗɑŬɠ əŬɘ ŰŬ ɞűɘɞɚɘɗɘəɎ m®lange, ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ ɛɑɔɛŬŰŬ ɛŮŰŬɛɞɟűɤɛɏɜɤɜ 

ˊŮŰɟɤɛɎŰɤɜ ɡɣɖɚɐɠ ɗŮɟɛɞəɟŬůɑŬɠ əŬɘ ˊɟɧŰŮɘɜŬɜ Űɞɜ ůɡůɢŮŰɘůɛɧ əɎˊɞɘɤɜ ɞűɘɞɚɘɗɘəɩɜ 

ůɡɛˊɚŮɔɛɎŰɤɜ ɛŮ ɘɕɐɛŬŰŬ ɜɖɟɘŰɘəɐɠ űɎůɖɠ ŮəŰɧɠ Űɤɜ ˊŮɚŬɔɘəɩɜ. ȰŰůɘ ɞɚɞəɚɖɟɩɗɖəŮ ɖ 

ůŰɟɤɛŬŰɞɔɟŬűɘəɐ ŬəɞɚɞɡɗɑŬ ɖ ɞˊɞɑŬ ɔɑɜŮŰŬɘ ŬˊɞŭŮəŰɐ Ŭˊɧ ŬɟəŮŰɏɠ ˊŮɟɘɞɢɏɠ ˊŬɔəɞůɛɑɤɠ ɛŮ 

ɛɧɜɖ ɏɜůŰŬůɖ Űɖɜ ŬˊɞɡůɑŬ, ůŮ əɎˊɞɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ, Űɤɜ ŬɜɩŰŮɟɤɜ ůɢɖɛŬŰɘůɛɩɜ ɖ ɞˊɞɑŬ 

ɞűŮɑɚŮŰŬɘ ůŮ ˊɘɗŬɜɐ ŭɘɎɓɟɤůɖ ŬɡŰɩɜ. 

 

2.1 Ƀɘ ɞűɘɧɚɘɗɞɘ ůŰɖɜ ȺɚɚɎŭŬ 

 

Ƀɘ ɞűɘɧɚɘɗɞɘ ůŰɖɜ ȺɚɚɎŭŬ ŬˊɞŰŮɚɞɨɜ ɛɘŬ ůɡɜɏɢŮɘŬ ˊŬɟɎɚɚɖɚŬ Ůˊɤɗɖɛɏɜɤɜ ŮɜɞŰɐŰɤɜ 

ɤəŮɎɜɘɞɡ əŬɘ ɖˊŮɘɟɤŰɘəɞɨ űɚɞɘɞɨ ɛŮ ɔŮɜɘəɐ ŭɘŮɨɗɡɜůɖ ȸȹ-Ɂȷ. ɆɢɖɛŬŰɑɕŮŰŬɘ ɛɑŬ ŬɜŬŰɞɚɘəɐ 

əŬɘ ɛɑŬ ŭɡŰɘəɐ ɕɩɜɖ ɛŮ Űɖɜ əɡɟɘɧŰŮɟɖ ŬɜɎˊŰɡɝɐ Űɞɡɠ ůŰɘɠ ɕɩɜŮɠ ɈˊɞˊŮɚŬɔɞɜɘəɐɠ əŬɘ ȷɝɘɞɨ. 

ȼ ɄŮɚŬɔɞɜɘəɐ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ɤɠ ŭɘŬɢɤɟɘůŰɘəɐ ɕɩɜɖ ɛŮŰŬɝɨ Űɤɜ ŮůɤŰŮɟɘəɩɜ əŬɘ ŮɝɤŰŮɟɘəɩɜ 

Ⱥɚɚɖɜɑŭɤɜ ɞɘ ɞˊɞɑŮɠ ŭŮɜ ŭɘŬűɏɟɞɡɜ ɛɧɜɞ ɔŮɤɔɟŬűɘəɎ ŬɚɚɎ ˊŬɟɞɡůɘɎɕɞɡɜ ɔŮɤɚɞɔɘəɏɠ, 

ɔŮɤɢɖɛɘəɏɠ əŬɘ ˊŮŰɟɞɚɞɔɘəɏɠ ŭɘŬűɞɟɏɠ.  

 ɆŰɖɜ ŭɡŰɘəɐ ɕɩɜɖ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ɞɘ ɞűɘɧɚɘɗɞɘ Űɖɠ ɕɩɜɖɠ Ʉɑɜŭɞɡ ɖ ɞˊɞɑŬ ŮəŰŮɑɜŮŰŬɘ ůŮ 

ȺɚɚɎŭŬ, ȷɚɓŬɜɑŬ, ɆŮɟɓɑŬ, ȸɞůɜɑŬ əŬɘ ȾɟɞŬŰɑŬ (Robertson and Karamata 1994, Hoeck et al. 

2002, Smith and Rassios 2003, Koller et al. 2006, Dilek et al. 2008).  
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Ƀɘ əɡɟɘɧŰŮɟŮɠ ŮɛűŬɜɑůŮɘɠ Űɖɠ ŭɡŰɘəɐɠ ɕɩɜɖɠ Űɤɜ ɞűɘɞɚɑɗɤɜ ŮɑɜŬɘ ŬɡŰɏɠ Űɖɠ Ʉɑɜŭɞɡ.(ˊ.ɢ. 

Caperdri et al. 1980,1981, 1982, Kostopoulos 1988, Rassios 1991, Jones and Robertson 1991, 

Jones et al. 1991, Saccani and Photiades 2004, Prichard et al. 2008, ȾŬɣɘɩŰɖɠ 2008), Űɞɡ 

ȸɞɨɟɘɜɞɡ (Moores 1969a, Rassios et al. 1983a, b, Beccaluva et al. 1984, Baumgartner 1985, 

ȾɤɜůŰŬɜŰɞˊɞɨɚɞɡ 1990, Konstantopoulou and Economou-Eliopoulos 1990, Rassios and 

Smith 2000, ȾŬɣɘɩŰɖɠ 2008), Űɖɠ ȳɗɟɡɞɠ (ˊ.ɢ. Smith et al. 1975, Economou and Naldrett 

1984, ɀɘɔəɑɟɞɠ 1990, Rassios and Konstantopoulou 1993, Djikstra et al. 2001, Barth et al. 

2008, Barth and Gluhak 2009, ȾɞɡŰůɞɓɑŰɖɠ 2009), əŬɘ Űɖɠ ȺɨɓɞɘŬɠ (ˊ.ɢ. Simantov and 

Bertrand 1987, Gartzos et al. 1990, Robertson 1990, Robertson 1991, De Bono 1998, Danelian 

and Robertson 2001).  

ɀɘəɟɧŰŮɟŮɠ ŮɛűŬɜɑůŮɘɠ ɞűɘɞɚɑɗɤɜ ůŰɖɜ ŭɡŰɘəɐ ɕɩɜɖ ŮɛűŬɜɑɕɞɜŰŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ ȾɧɕɘŬəŬ 

(Ferierre 1982, Caperdi et al. 1985, ȿɏəəŬɠ 1988, Pomonis et al. 2002, 2004, Ʉɞɛɩɜɖɠ 2003, 

Pomonis 2008), ȷɟɔɞɚɑŭŬɠ (Baumgartner 1985, Hatzipanagiotou 1990, Dostal et al. 1991, Clift 

and Dixon 1998, Bortolotti et al. 2002, 2003), ȾŬůŰɞɟɘɎɠ (Mountrakis 1982, 1984. 1986), 

ȸŮɟɛɑɞɡ (Economou 1983, Economou et al. 1986, Saccani et al. 2008), ȷɜŬŰɞɚɘəɐɠ ŪŮůůŬɚɑŬɠ 

(Migiros and Economou 1988), Űɖɠ Ⱥŭɏůůɖɠ (ɀˊŬɜŰɐ 2002) əŬɘ Űɖɠ ɃɑŰɖɠ- ȾŬɚɚɑŭɟɞɛɞɡ 

(Celet 1962, Wigniolle 1977a, 1977b, Mitropoulos et al. 1987, Robertson et al. 1991, ȾŬɟɑˊɖ 

2004, Karipi et al. 2006, 2007). 

 ɆŰɖɜ ŬɜŬŰɞɚɘəɐ ɕɩɜɖ ɖ ɞˊɞɑŬ ɞɜɞɛɎɕŮŰŬɘ ɕɩɜɖ ȸŬɟŭɎɟɖ- ȷɝɘɞɨ ůɡɜŬɜŰɩɜŰŬɘ ɞűɘɧɚɘɗɞɘ 

ɞɘ ɞˊɞɑɞɘ ɏɢɞɡɜ ɢŬɟŬəŰɖɟɘůɗŮɑ ɤɠ «Ƀűɘɧɚɘɗɞɘ Űɖɠ ɕɩɜɖɠ ȸŬɟŭɎɟɖ» ɐ « ȺůɤŰŮɟɘəɞɑ Ůɚɚɖɜɘəɞɑ 

ɞűɘɧɚɘɗɞɘ» (Smith 1993). ɆŰɖɜ ɕɩɜɖ ȷɝɘɞɨ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ɞɘ ˊŮɟɘɞɢɏɠ ũŮɡɔŮɚɐɠ, 

ɋɟŬɘɞəɎůŰɟɞɡ, ȾŮɜŰɟɘəɐɠ ɉŬɚəɘŭɘəɐɠ, ȾŬůůɎɜŭɟŬɠ əŬɘ ɆɘɗɤɜɑŬɠ (haenel- Remy and Bebien 

1985, 1987, Mussallam and jung 1986, Mussallam 1991, Zachariadis 2007, Saric et al. 2009). 

ȺəŰɧɠ Ŭˊɧ Űɖɜ ŬɜŬŰɞɚɘəɐ əŬɘ ŭɡŰɘəɐ ɕɩɜɖ ɡˊɎɟɢɞɡɜ əɘ ɎɚɚŮɠ ŮɛűŬɜɑůŮɘɠ ɛɘəɟɧŰŮɟɖɠ 

ɏəŰŬůɖɠ ɞɘ ɞˊɞɑŮɠ ɓɟɑůəɞɜŰŬɘ ůŰɖɜ ɀɎɕŬ Űɖɠ Ʌɞŭɧˊɖɠ,(ɀŬɔɔŬɜɎɠ 1988, Magganas et al. 1991, 

ɇůɘəɞɨɟŬɠ 1992, Tsikouras and Hatzipanagiotou 1998, Magganas 2002), əŬŰɎ ɛɐəɞɠ Űɖɠ 

ɆŮɟɓɞɛŬəŮŭɞɜɘəɐɠ ɕɩɜɖɠ, (Dixon and Dimitriadis 1984) əŬɗɩɠ Ůˊɑůɖɠ əŬɘ ůŮ ŭɘɎűɞɟŬ ɜɖůɘɎ 

Űɞɡ ȾŮɜŰɟɘəɞɨ əŬɘ ɁɞŰɑɞɡ ȷɘɔŬɑɞɡ (Hatzipanagiotou 1988, ȸŬəɧɜŭɘɞɠ 1997, Migiros et al. 

2000, Koepke et al. 2002, Koglin et al. 2009, ȾɞəəŬɚɘɎɟɖ 2015). 

ȼ ŰɞˊɞɗɏŰɖůɖ Űɤɜ Ůɚɚɖɜɘəɩɜ ɞűɘɞɚɑɗɤɜ ɏɢŮɘ ˊɟɞůŭɘɞɟɘůŰŮɑ əŬŰɎ Űɞ ȽɞɡɟŬůɘəɧ- 

ȾɟɖŰɘŭɘəɧ (Brunn 1956, Spray and Roddick 1980, Robertson and Dixon 1984, Smith and Spray 

1984, Jones and Robertson 1991, Pe- Piper and Piper 1991, Robertson 1994, Hatzipanagiotou 

and Pe- Piper 1995, Robertson and Mountrakis 2006, Rassios and Dilek 2009, Papanikolaou 

2009). ũŮɜɘəɎ ɖ ɖɚɘəɑŬ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ ɛɏůɤ Űɖɠ ɛŮɗɧŭɞɡ Űɤɜ 
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ɟŬŭɘɞɢɟɞɜɞɚɞɔɐůŮɤɜ ɐ ɛɏůɤ Űɖɠ ɢɟɐůɖɠ əŬɗɞŭɖɔɖŰɘəɩɜ ŬˊɞɚɘɗɤɛɎŰɤɜ Űɤɜ ɔŮɤɚɞɔɘəɩɜ 

ɘɕɖɛŬŰɞɔŮɜɩɜ ůɢɖɛŬŰɘůɛɩɜ, Ŭəɧɛɖ əŬɘ Űɖɠ ŬɛűɘɓɞɚɘŰɘəɐɠ ůɧɚŬɠ Ůűɧůɞɜ ɡˊɎɟɢɞɡɜ. 

ɀŮŰɎ Ŭˊɧ ɛŮɚɏŰɖ ˊɞɡ ɏɔɘɜŮ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ ȸɞɨɟɘɜɞɡ, ɛŮ Űɖɜ ɛɏɗɞŭɞ 

ɟŬŭɘɞɢɟɞɜɞɚɧɔɖůɖɠ, ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Pb206/U238 ůŮ ɕɘɟəɧɜɘŬ Ŭˊɧ ˊɚŬɔɘɞɔɟŬɜɑŰŮɠ əŬɘ 

ɔɎɓɓɟɞɡɠ ˊɟɞɏəɡɣŮ ˊɤɠ ɖ ɖɚɘəɑŬ Űɞɡɠ ŮɑɜŬɘ 172,9 Ma əŬɘ 168,5 Ma ŬɜŰɑůŰɞɘɢŬ (Liati et al. 

2004). Ⱥɜɩ ůŰɖɜ ɕɩɜɖ Űɖɠ Ʉɑɜŭɞɡ ɧˊɞɡ ŮűŬɟɛɧůŰɖəŮ ɖ ɑŭɘŬ ɛɏɗɞŭɞɠ ůŮ ɔɎɓɓɟɞɡɠ ˊɟɞɏəɡɣŮ 

ˊɤɠ ɢɟɞɜɞɚɞɔɞɨɜŰŬɘ ůŰŬ 171 Ma (Liati et al. 2004).  
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3. ũŮɤɚɞɔɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ ȸɞɨɟɘɜɞɡ  

 

ɇɞ ɞűɘɞɚɘɗɘəɧ ůɨɛˊɚŮɔɛŬ Űɞɡ ȸɞɨɟɘɜɞɡ ɓɟɑůəŮŰŬɘ ɛŮŰŬɝɨ ȾɞɕɎɜɖɠ əŬɘ ũɟŮɓŮɜɩɜ Ůɜɩ 

ŮəŰŮɑɜŮŰŬɘ 250 km Ɂȹ Űɖɠ ɞɟɞůŮɘɟɎɠ ȸɞɨɟɘɜɞɡ əŬɘ 30 km ȸȷ Űɖɠ. ȹɘŬɢɤɟɑɕŮŰŬɘ ůŮ ŰɟɑŬ 

ŰɛɐɛŬŰŬ ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ Űɞ ȸɧɟŮɘɞ ɐ əɡɟɑɤɠ ȸɞɨɟɘɜɞ ɛŮ ɞɛɩɜɡɛɖ əɞɟɡűɐ ŰŬ 1866 m, Űɞ ɁɧŰɘɞ 

ȸɞɨɟɘɜɞ ɐ ūɚɎɛˊɞɡɟɞ əŬɘ ɞ ȾɑůůŬɓɞɠ (Ɇɢ. 3.1). 

 

 

ȺɘəɧɜŬ 3.1: ũŮɤɚɞɔɑŬ ȸɞɨɟɘɜɞɡ (Grieco et al. 2018) 

 

ɇɞ ɞűɘɞɚɘɗɘəɧ ůɨɛˊɚŮɔɛŬ  Ŭ́ ɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛɘŬ ˊɚɐɟɖ ŬəɞɚɞɡɗɑŬ ˊŮŰɟɤɛɎŰɤɜ 

(Anonymou, 1972) Űɖɠ ɀŮůɞɕɤɘəɐɠ ɇɖɗɨɞɠ Űɖɠ ȷɜŬŰɞɚɘəɐɠ ɀŮůɞɔŮɑɞɡ, ɖ ɞˊɞɑŬ ŮɑɜŬɘ 

ɛŮŰŬɛɞɟűɤɛɏɜɖ əŬɘ ŰŮəŰɞɜɘəɎ ŭɘŬɛŮɚɘůɛɏɜɖ (Brunn 1956, Zachos 1964, Aubouin 1965, 

Moores 1969). ȼ ɏəŰŬůɖ ˊɞɡ əŬŰŬɚŬɛɓɎɜŮɘ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 450 Ű. ɢɚɛ. əŬɘ ɓɟɑůəŮŰŬɘ ɛŮŰŬɝɨ 

Űɖɠ ɄŮɚŬɔɞɜɘəɐɠ əŬɘ ɈˊɞˊŮɚŬɔɞɜɘəɐɠ ɕɩɜɖɠ Ůɜɩ ŮɜŰɎůůŮŰŬɘ ůŰɖɜ ŭɡŰɘəɐ ɞűɘɞɚɘɗɘəɐ ɚɤɟɑŭŬ. 

Ƀ ȸɞɨɟɘɜɞɠ ŬˊɞŰŮɚŮɑ ŬɜŬŰɞɚɘəɧ ŰɏɛŬɢɞɠ Ůɜɧɠ ɛŮɔŬɚɨŰŮɟɞɡ ȽɞɡɟŬůɘəɞɨ ɞűɘɞɚɘɗɘəɞɨ 

ůɢɖɛŬŰɘůɛɞɨ ɔɜɤůŰɧ əŬɘ ɤɠ çɀŮůɞŮɚɚɖɜɘəɞɑ Ƀűɘɧɚɘɗɞɘè, Ůɜɩ ɖ Ʉɑɜŭɞɠ ŬˊɞŰŮɚŮɑ Űɞ ŭɡŰɘəɧ 

ŰɏɛŬɢɞɠ ŬɡŰɞɨ (Rassios and Dilek 2009).  

ɀˊɞɟŮɑ Űɞ ɞűɘɞɚɘɗɘəɧ ůɨɛˊɚŮɔɛŬ Űɞɡ ȸɞɨɟɘɜɞɡ ɜŬ ŬˊɏɢŮɘ ˊɎɜɤ Ŭˊɧ 30 ɢɚɛ. Ŭˊɧ ŬɡŰɧ 

Űɖɠ Ʉɑɜŭɞɡ, űŬɑɜŮŰŬɘ ɧɛɤɠ ɜŬ ŮɑɜŬɘ ŰɛɐɛŬŰŬ Űɞɡ ɑŭɘɞɡ ɓŬůɘəɞɨ- ɡˊŮɟɓŬůɘəɞɨ ŰŮɛɎɢɞɡɠ Űɞ 

ɞˊɞɑɞ ŮɑɜŬɘ ůɡɜŮɢɏɠ əɎŰɤ Ŭˊɧ Űɞ ɘɕɖɛŬŰɞɔŮɜɏɠ əɎɚɡɛɛŬ Űɖɠ ɀŮůɞŮɚɚɖɜɘəɐɠ ŬɨɚŬəŬɠ, 

(Saccani and Photiades 2004, Rassios and Moores 2006, Rassios and Dilek 2009). ɇɧůɞ ůŰɞ 

ȸɞɨɟɘɜɞ ɧůɞ əŬɘ ůŰɖɜ Ʉɑɜŭɞ ɡˊɎɟɢɞɡɜ ɞűɘɞɚɘɗɘəɎ m®lange ŰŬ ɞˊɞɑŬ ŭŮɑɢɜɞɡɜ ɚɘɗɞɚɞɔɘəɐ 
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ɞɛɞɘɧŰɖŰŬ (Ghikas et al. 2010). ɆɨɛűɤɜŬ ɛŮ ŰŬ ŰŮəŰɞɜɘəɎ, ɔŮɤɢɖɛɘəɎ əŬɘ əɞɘŰŬůɛŬŰɞɚɞɔɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ, ɗŮɤɟŮɑŰŬɘ ɧŰɘ ɞɘ ɞűɘɧɚɘɗɞɘ Űɞɡ ȸɞɨɟɘɜɞɡ, Űɖɠ Ʉɑɜŭɞɡ əŬɘ Űɖɠ ȳɗɟɡɞɠ 

ůɡɜŭɏɞɜŰŬɘ ɔŮɜŮŰɘəɎ əŬɘ ŰɞˊɞɗŮŰɐɗɖəŬɜ ˊɟɞɠ ŰŬ ȸȷ, əŬŰɎ Űɞ ȷ. ȽɞɡɟŬůɘəɧ, Ŭˊɧ Űɖɜ ɤəŮɎɜɘŬ 

ɚŮəɎɜɖ Űɖɠ Ʉɑɜŭɞɡ ɖ ɞˊɞɑŬ ɓɟɘůəɧŰŬɜ ŭɡŰɘəɎ Űɖɠ ɄŮɚŬɔɞɜɘəɐɠ Ȼɩɜɖɠ (Smith 1979, Rassios 

et al. 1999, Rassios and Moores 2006, Rassios and Dilek 2009). 

ȼ ɚɘɗɞɚɞɔɘəɐ ŮɜɧŰɖŰŬ Űɞɡ ȸɞɨɟɘɜɞɡ ŬˊŬɟŰɑɕŮŰŬɘ Ŭˊɧ ɛŬɜŭɡŬəɎ ˊŮŰɟɩɛŬŰŬ əɡɟɑɤɠ 

(ŰŮəŰɞɜɑŰŮɠ), əŬɘ Ŭˊɧ ɛɑŬ ŭɘŬŰɖɟɖɛɏɜɖ ɛŬɔɛŬŰɘəɐ ŬəɞɚɞɡɗɑŬ ɖ ɞˊɞɑŬ əɚɑɜŮɘ, ɐ ɏɢŮɘ ŬɜŬŰɟŬˊŮɑ, 

ˊɟɞɠ ŰŬ ŭɡŰɘəɎ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɖ ŭɞɛɘəɐ ŬəɞɚɞɡɗɑŬ ɜŬ ŮɛűŬɜɑɕŮŰŬɘ Ŭˊɧ ŰŬ ŭɡŰɘəɎ ˊɟɞɠ ŰŬ 

ŬɜŬŰɞɚɘəɎ (Moores 1969a, Jackson et al. 1975, Rassios et al 1983b, Smith 1993, Rassios and 

Moores 2006, Ghikas et al. 2010).Ƀɘ əɡɟɘɧŰŮɟɞɘ ɔŮɤɚɞɔɘəɞɑ ůɢɖɛŬŰɘůɛɞɑ ˊɞɡ ůɡɜŬɜŰɩɜŰŬɘ 

ůŰɖɜ ˊŮɟɘɞɢɐ, ůɨɛűɤɜŬ ɛŮ Űɞɜ ȾŬɣɘɩŰɖɠ (2008) ŮɑɜŬɘ Ŭˊɧ Űɞɡɠ əŬŰɩŰŮɟɞɡɠ ˊɟɞɠ Űɞɡɠ 

ŬɜɩŰŮɟɞɡɠ ɞɘ Ůɝɐɠ:  ˊŮɚŬɔɞɜɘəɧ ɡˊɧɓŬɗɟɞ (Ƀɟŭɞɓɑůɘɞ- ȹŮɓɧɜɘɞ), ɛɎɟɛŬɟŬ (ɇɟɘŬŭɘəɧ- 

ȽɞɡɟŬůɘəɧ), ɞűɘɞɚɘɗɘəɐ ŬəɞɚɞɡɗɑŬ, ŬůɓŮůŰɧɚɘɗɞɘ (ɇɘɗɩɜɘɞ- ȸŮɟɘɎůɘɞ),  ŬůɓŮůŰɧɚɘɗɞɘ 

(ȾɘɛɛŮɟɑŭɘɞ- ȯɚɓɘɞ),  ŬůɓŮůŰɧɚɘɗɞɘ (ȯɚɓɘɞ- ɇɞɡɟɩɜɘɞ əŬɘ ɇɞɡɟɩɜɘɞ- ɆŮɜɩɜɘɞ), űɚɨůɢɖɠ əŬɘ 

ɛŮŰŬűɚɨůɢɖɠ (ȷ. ɀŬɘůŰɟɑɢŰɘɞ) əŬɘ Űɏɚɞɠ ɛɞɚŬůɘəɞɑ ůɢɖɛŬŰɘůɛɞɑ (ɀŮɘɧəŬɘɜɞ) Űɖɠ 

ɛŮůɞŮɚɚɖɜɘəɐɠ ŬɨɚŬəŬɠ, ɢŬɚŬɟɞɑ ɘɕɖɛŬŰɞɔŮɜŮɑɠ ɄɚŮɘɞ- ɇŮŰŬɟŰɞɔŮɜŮɑɠ ůɢɖɛŬŰɘůɛɞɑ  

 . 

ü ɄŮɚŬɔɞɜɘəɧ ɡˊɧɓŬɗɟɞ (Ƀɟŭɞɓɑůɘɞ- ȹŮɓɧɜɘɞ) 

ɄŮɟɘɚŬɛɓɎɜŮɘ ɔɜŮɨůɘɞɡɠ əŬɘ ůɢɘůŰɧɚɘɗɞɡɠ ˊɞɡ ůɢɖɛŬŰɑůŰɖəŬɜ əŬŰɎ Űɖɜ ȺɟəɨɜŮɘŬ 

ɛŮŰŬɛɧɟűɤůɖ ůŮ ůɡɜɗɐəŮɠ ˊɟŬůɘɜɞůɢɘůŰɞɚɘɗɘəɐɠ- ŬɛűɘɓɞɚɘŰɘəɐɠ űɎůɖɠ (Moores 

1969a). 

 

ü ɀɎɟɛŬɟŬ (ɇɟɘŬŭɘəɞɨ- ȽɞɡɟŬůɘəɞɨ) 

ɆŰɞɡɠ ŬɜɩŰŮɟɞɡɠ ɞɟɑɕɞɜŰŮɠ ɓɟɑůəŮŰŬɘ ɖ ŮɜɧŰɖŰŬ ȷɔɑɞɡ ɁɘəɞɚɎɞɡ ɖ ɞˊɞɑŬ 

ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ˊŮɚŬɔɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ ˊŬɗɖŰɘəɞɨ ˊŮɟɘɗɤɟɑɞɡ (Naylor and Harle 

1976). ɆŮ ŬɡŰɐ Űɖɜ ŮɜɧŰɖŰŬ ˊŮɟɘɚŬɛɓɎɜɞɜŰŬɘ ůɢɖɛŬŰɘůɛɞɑ ɧˊɤɠ Ɏɟɔɘɚɞɘ, 

ŬɟɔɘɚɞɣŬɛɛɑŰŮɠ, Űɧűűɞɘ, ŰɞɡɟɓɘŭɑŰŮɠ, əŮɟŬŰɧɚɘɗɞɘ, űɡɚɚɑŰŮɠ, ɞɚɘůɗɞůŰɟɩɛŬŰŬ, əŬɘ 

ɟŬŭɘɞɚŬɟɑŰŮɠ ˊɞɡ ɏɢɞɡɜ ɛŮŰŬɛɞɟűɤɗŮɑ əŬŰɎ Űɖɜ ˊɟŬůɘɜɞůɢɘůŰɞɚɘɗɘəɐ űɎůɖ. 

 

ü Ƀűɘɞɚɘɗɘəɐ ŬəɞɚɞɡɗɑŬ 

Tɞ ɞűɘɞɚɘɗɘəɧ ůɨɛˊɚŮɔɛŬ ŮɑɜŬɘ Ůˊɤɗɖɛɏɜɞ ȸȷ ŮˊɎɜɤ ůŰŬ ɛɎɟɛŬɟŬ əŬɘ ŰŬ ɛŮŰŬ-

ɘɕɖɛŬŰɞɔŮɜɐ Űɤɜ ˊɟɞɖɔɞɨɛŮɜɤɜ ůɢɖɛŬŰɘůɛɩɜ. ȼ ŮˊɘűɎɜŮɘŬ Ůˊɩɗɖůɖɠ ŮɑɜŬɘ ŮɛűŬɜɐɠ 

ůŮ ˊɞɚɚɎ ůɖɛŮɑŬ Ŭˊɧ Űɞ ɓɧɟŮɘɞ ɛɏɢɟɘ əŬɘ Űɞ ɜɞŰɘɞŬɜŬŰɞɚɘəɧ ŰɛɐɛŬ Űɞɡ ɞűɘɞɚɘɗɘəɞɨ 
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ůɡɛˊɚɏɔɛŬŰɞɠ. ȼ ŬəɞɚɞɡɗɑŬ ˊɞɡ ůɡɜŬɜŰɎŰŬɘ Ŭˊɧ əɎŰɤ ˊɟɞɠ ŰŬ ˊɎɜɤ ˊŮɟɘɚŬɛɓɎɜŮɘ Űɘɠ 

Ůɝɐɠ ŮɜɧŰɖŰŮɠ: ɞűɘɞɚɘɗɘəɧ m®lange, ɛŮŰŬɛɞɟűɘəɧ ˊɏɚɛŬ əŬɘ ɞűɘɞɚɘɗɘəɞɑ ůɢɖɛŬŰɘůɛɞɑ. 

Ƀűɘɞɚɘɗɘəɧ m®lange  

ɇɞ ˊɎɢɞɠ Űɞɡ ŮɑɜŬɘ ˊŮɟɑˊɞɡ 0,8 ɢɚɛ. əŬɘ ɓɟɑůəŮŰŬɘ ůŮ ŮˊŬűɐ ɛŮ Űɞɡɠ ɡˊɞəŮɑɛŮɜɞɡɠ 

ůɢɖɛŬŰɘůɛɞɨɠ Űɞɡ ɛŮŰŬɛɞɟűɤɛɏɜɞɡ ɡˊɞɓɎɗɟɞɡ (Ross and Zimmerman 1996) ɞɘ 

ɞˊɞɑɞɘ ůɡɜɐɗɤɠ ŮɑɜŬɘ ɛŮŰŬˊɖɚɑŰŮɠ, ŮɝŬɚɚɞɘɤɛɏɜɞɘ ɖűŬɘůŰɑŰŮɠ, əŬɘ ůŮ ɛɘəɟɧŰŮɟɞ ɓŬɗɛɧ 

ˊŮɚŬɔɘəɞɑ ŬůɓŮůŰɧɚɘɗɞɘ, Ůɜɩ ůˊɎɜɘŬ ůɡɜŬɜŰɩɜŰŬɘ ɛŬűɘəɎ ˊŮŰɟɩɛŬŰŬ, ůŮɟˊŮɜŰɘɜɑŰŮɠ 

əŬɘ ɟŬŭɘɞɚŬɟɑŰŮɠ (Zimmerman 1972). Ƀɘ əɡɟɘɧŰŮɟŮɠ ŮɛűŬɜɑůŮɘɠ Űɞɡ ŮɑɜŬɘ ůŰɘɠ ˊŮɟɘɞɢɏɠ 

Űɖɠ əɞɘɚɎŭŬɠ Űɞɡ ȷɔɑɞɡ ɁɘəɞɚɎɞɡ, ɓɧɟŮɘŬ Űɖɠ ɆəɞɨɛŰůŬɠ, ůŰɞ ūɟɞɨɟɘɞ əŬɘ ůŰɖɜ 

əɞɘɚɎŭŬ Űɞɡ ˊɞŰŬɛɞɨ ȷɚɘɎəɛɞɜŬ (Ghikas et al. 2010). 

ɀŮŰŬɛɞɟűɘəɧ ˊɏɚɛŬ 

ɇɞ ɛŮŰŬɛɞɟűɘəɧ ˊɏɚɛŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ůŮɟˊŮɜŰɘɜɑŰŮɠ əŬɘ ŬɛűɘɓɞɚɑŰŮɠ ɞɘ ɞˊɞɑɞɘ 

ɏɢɞɡɜ ɢɟɞɜɞɚɞɔɖɗŮɑ ɔɨɟɤ ůŰŬ 171Ñ4 Ma (Spray and Roddick 1980). 

Ƀűɘɞɚɘɗɘəɞɑ ůɢɖɛŬŰɘůɛɞɑ  

ɄɎɜɤ Ŭˊɧ Űɘɠ ŭɨɞ ˊɟɞɖɔɞɨɛŮɜŮɠ ŮɜɧŰɖŰŮɠ ŮɛűŬɜɑɕɞɜŰŬɘ ɞɘ ɞűɘɞɚɘɗɘəɞɑ 

ůɢɖɛŬŰɘůɛɞɑ ɞɘ ɞˊɞɑɞɘ ˊɘɗŬɜɩɠ ɓɟɏɗɖəŬɜ ŮəŮɑ ɚɧɔɤ ŰŮəŰɞɜɘəɐɠ. ȼ ɓɎůɖ Űɞɡ 

əŬɚɨɛɛŬŰɞɠ ŬɡŰɞɨ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɛŬɜŭɡŬəɐɠ ˊɟɞɏɚŮɡůɖɠ ˊŮŰɟɩɛŬŰŬ ɧˊɤɠ 

ɢŬɟŰůɓɞɡɟɔɑŰŮɠ əŬɘ ŭɞɡɜɑŰŮɠ ɞɘ ɞˊɞɑɞɘ ůɡɜɞŭŮɨɞɜŰŬɘ Ŭˊɧ ɛŮŰŬɚɚɞűɞɟɑŬ ɢɟɤɛɑŰɖ 

(Moores 1969a, Moores and Vine 1971, Jackson et al. 1975, Harkins et al. 1980, 

Rassios et al. 1983b). Ƀɘ ɢŬɟŰůɓɞɡɟɔɑŰŮɠ ŭɘŬəɟɑɜɞɜŰŬɘ ɔɘŬ Űɞ ŮɝŬɘɟŮŰɘəɎ ɛŮɔɎɚɞ ˊɎɢɞɠ 

Űɞɡɠ əŬɘ ɔɘŬ Űɘɠ ŮɛűŬɜɑůŮɘɠ ŭɞɡɜɑŰɖ əŬɘ ɢɟɤɛɑŰɖ ɛɏůŬ ůŮ ŬɡŰɞɨɠ ɞɘ ɞˊɞɑɞɘ 

ˊŬɟɞɡůɘɎɕɞɡɜ ɘůɞəɚɘɜŮɑɠ ˊŰɡɢɏɠ ɛŮ ˊɞɘəɑɚŬ ŭɘŮɨɗɡɜůɖ (Ayrton 1968, Moores 1969a, 

Jackson et al. 1975, Harkins et al. 1980, Rassios et al. 1983b).  

Ƀɘ ɢŬɟŰůɓɞɡɟɔɑŰŮɠ əŬŰŬɚŬɛɓɎɜɞɡɜ Űɞɜ ɛŮɔŬɚɨŰŮɟɞ ɧɔəɞ ůŰɞ ɞűɘɞɚɘɗɘəɧ 

ůɨɛˊɚŮɔɛŬ Ůɜɩ ˊŬɟɞɡůɘɎɕɞɡɜ ůŮɟˊŮɜŰɘɜɑɤůɖ 15-95% ůɨɛűɤɜŬ ɛŮ Űɖɜ 

ȾɤɜůŰŬɜŰɞˊɞɨɚɞɡ (1990). Ƀɘ ůɢɖɛŬŰɘůɛɞɑ ŬɡŰɞɑ ɏɟɢɞɜŰŬɘ ůŮ ŮˊŬűɐ ɛŮ ˊŮŰɟɩɛŬŰŬ 

ůɤɟŮɘŰɘəɐɠ ŮɜɧŰɖŰŬɠ ˊɞɡ ŬəɞɚɞɡɗŮɑ ɧˊɤɠ ŭɞɡɜɑŰŮɠ, ɔɎɓɓɟɞɡɠ, ɜɞɟɑŰŮɠ əŬɘ ɓŮɟɚɑŰŮɠ 

(Moores 1969a). 

ȼ ůɤɟŮɘŰɘəɐ ŮɜɧŰɖŰŬ, ɏɢŮɘ ɢɤɟɘůŰŮɑ ůŮ ŬɜɩŰŮɟɖ əŬɘ əŬŰɩŰŮɟɖ Ŭˊɧ Űɖɜ Rassios 

(1981), ɛŮ Űɖɜ əŬŰɩŰŮɟɖ ɜŬ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɡˊŮɟɓŬůɘəɞɨɠ ůɤɟŮɑŰŮɠ əŬɘ Űɖɜ ŬɜɩŰŮɟɖ 

Ŭˊɧ ɓŬůɘəɞɨɠ (Moores 1969a).  

ȾɞɜŰɎ ůŰɞɜ ɞɘəɘůɛɧ Űɖɠ ɀɘəɟɞəɚŮɘůɞɨɟŬɠ ŮɜŰɞˊɑůɗɖəŬɜ űɚɏɓŮɠ ˊɚŬɔɘɞɔɟŬɜɘŰɩɜ 

ɛɏůŬ ůŰɞɡɠ ɔɎɓɓɟɞɡɠ ɛŮ ˊɎɢɞɠ 15-20 cm (Liati et al. 2004). 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

19 
 

ɆŰŬ ŬɜɩŰŮɟŬ ŮˊɑˊŮŭŬ Űɖɠ ůɤɟŮɘŰɘəɐɠ ŮɜɧŰɖŰŬɠ ŮɛűŬɜɑɕɞɜŰŬɘ ůɡɛˊŬɔŮɑɠ ŭɘɞɟɑŰŮɠ 

ɛŮ ŭɘŮɘůŭɨůŮɘɠ ˊɚŬɔɘɞɔɟŬɜɘŰɩɜ əŬɘ ůɛɖɜɞŮɘŭɩɜ ɛˊɞɜɘŰɘəɩɜ űɚŮɓɩɜ, ŭɘŬɓɎůŮɠ, ŭŬəɑŰŮɠ 

əŬɘ ɔɟŬűɨɟŮɠ (Bortolloti et al. 1969, Beccaluva et al. 1984). 

ɇɏɚɞɠ, ŮɛűŬɜɑɕɞɜŰŬɘ ɏəɢɡŰɞɘ ɖűŬɘůŰɑŰŮɠ ůɡɛˊŬɔɞɨɠ əŬɘ ɛŬɝɘɚŬɟɞŮɘŭɞɨɠ ŭɞɛɐɠ 

(pillow lavas) əŬɘ ɓŬůŬɚŰɘəɐɠ- ŬɜŭŮůɘŰɘəɐɠ ůɨůŰŬůɖɠ ɞɘ ɞˊɞɑɞɘ ŮˊɘəŬɚɨˊŰɞɜŰŬɘ ŰɞˊɘəɎ 

ɐ ŮɑɜŬɘ ŮɜŭɘŬůŰɟɤɛɏɜɞɘ ɛŮ ɟŬŭɘɞɚŬɟɘŰɘəɞɨɠ əŮɟŬŰɧɚɘɗɞɡɠ əŬɘ ŬůɓŮůŰɧɚɘɗɞɡɠ 

ȾɘɛɛŮɟɑŭɘŬɠ ɖɚɘəɑŬɠ (Mavrides et al. 1979, Baumgartner 1985). 

   

ü ȷůɓŮůŰɧɚɘɗɞɘ (ɇɘɗɩɜɘɞ- ȸŮɟɘɎůɘɞ) 

ɄŬɟɞɡůɘɎɕɞɡɜ ˊŮɟɘɞɟɘůɛɏɜɖ ŬɜɎˊŰɡɝɖ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ůŰɖɜ ˊŮɟɘɞɢɐ Űɞɡ 

ȿɡəɞˊɐɔŬŭɞɡ əŬɚɨˊŰɞɜŰŬɠ ŬůɨɛűɤɜŬ Űɞɡɠ ɞűɘɞɚɘɗɘəɞɨɠ ůɢɖɛŬŰɘůɛɞɨɠ. (Brunn 1956, 

Pichon and Lys) 

  

ü ȷůɓŮůŰɧɚɘɗɞɘ (ȾɘɛɛŮɟɑŭɘɞ- ȯɚɓɘɞ) 

ȷˊɞŰɏɗɖəŬɜ ɛŮ Ůˊɑəɚɡůɖ əŬɘ ŮɛűŬɜɑɕɞɡɜ ɡűŬɚɞɔŮɜŮɑɠ űɎůŮɘɠ ɞɘ ɞˊɞɑŮɠ 

ŬˊɞŭŮɘəɜɨɞɡɜ ˊŮɟɘɓɎɚɚɞɜ ɖˊŮɘɟɤŰɘəɐɠ əŬŰɤűɏɟŮɘŬɠ ˊɟɘɜ Ŭˊɧ Űɖɜ ȯɜɤ ȾɟɖŰɘŭɘəɐ 

Ůˊɑəɚɡůɖ əŬɘ ŬˊɧɗŮůɖ Űɖɠ ɛɞɚɎůůŬɠ (Pichon and Lys 1976). 

  

ü ȷůɓŮůŰɧɚɘɗɞɘ (ȯɚɓɘɞ- ɇɞɡɟɩɜɘɞ əŬɘ ɇɞɡɟɩɜɘɞ- ɆŮɜɩɜɘɞ) 

ȷˊɞŰŮɚɞɨɜ ɛɏɟɞɠ Űɖɠ ŬůɓŮůŰɞɚɘɗɘəɐɠ ůŮɘɟɎɠ ȿŬɔəŬŭɎəəɘŬ (ȯɚɓɘɞ- ɇɞɡɟɩɜɘɞ) 

əŬɘ ȻɡɔɧůŰɖ (ɇɞɡɟɩɜɘɞ- ɆŮɜɩɜɘɞ) ɧˊɞɡ ˊɟɞɏəɡɣŬɜ Ŭˊɧ ŮˊɘəɚɡůɘɔŮɜɐ ŬˊɧɗŮůɖ.  

 

ü ūɚɨůɢɖɠ əŬɘ ɀŮŰŬűɚɨůɢɖɠ (ȷ. ɀŬɘůŰɟɑɢŰɘɞ) 

ȼ ůŮɘɟɎ ŬɡŰɐ ɓɟɑůəŮŰŬɘ ȸȹ Űɖɠ ɅɞŭɘŬɜɐɠ əŬɘ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɞűɘɞɚɘɗɘəɎ 

əɟɞəŬɚɞˊŬɔɐ, ůŮɟˊŮɜŰɘɜɑŰŮɠ, ɟɞɡŭɘůŰɞűɧɟɞɡɠ ŬůɓŮůŰɧɚɘɗɞɡɠ ȷ. ȾɟɖŰɘŭɘəɞɨ əŬɘ 

űɚɨůɢɖ (Chiari et al. 2003). 

 

ü ɀɞɚŬůɘəɞɑ ůɢɖɛŬŰɘůɛɞɑ (ɀŮɘɧəŬɘɜɞ) Űɖɠ ɀŮůɞŮɚɚɖɜɘəɐɠ ŬɨɚŬəŬɠ 

ȼ ůŮɘɟɎ ŬɡŰɐ ˊŮɟɘɚŬɛɓɎɜŮɘ ɚɘɛɜŬɑŮɠ, ɛŬɟɔŬɥəɏɠ əŬɘ ɣŬɛɛɘŰɞɛŬɟɔŬɥəɏɠ ŬˊɞɗɏůŮɘɠ 

ˊɞɡ əŬɚɨˊŰɞɡɜ ɛŮɔɎɚɞ ɛɏɟɞɠ Űɤɜ ɞűɘɞɚɘɗɘəɩɜ ŮɛűŬɜɑůŮɤɜ (Chiari et al. 2003, 

Bortolloti et al. 2004, Rassios and Moores 2006). 

 

ü ɉŬɚŬɟɞɑ ɘɕɖɛŬŰɞɔŮɜŮɑɠ ɄɚŮɘɞ- ɇŮŰŬɟŰɞɔŮɜŮɑɠ ůɢɖɛŬŰɘůɛɞɑ  

ȺɛűŬɜɑɕɞɜŰŬɘ ůŮ ɛŮɔɎɚɖ ɏəŰŬůɖ əɡɟɑɤɠ ůŰɞ ŬɜŬŰɞɚɘəɧ ȸɞɨɟɘɜɞ. 
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4. ɇŬ əɞɘŰɎůɛŬŰŬ ɢɟɤɛɑŰɖ ůŰɞ ȸɞɨɟɘɜɞ 

 

Ƀ ȸɞɨɟɘɜɞɠ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɔɘŬ ŰŬ ɛŮɔŬɚɨŰŮɟŬ ŬˊɞɗɏɛŬŰŬ ůŮ ɢɟɤɛɑŰɖ ůŮ ůɢɏůɖ ɛŮ Űɘɠ 

ɡˊɧɚɞɘˊŮɠ ŮɛűŬɜɑůŮɘɠ ůŰɖɜ ȺɚɚɎŭŬ. ɆŰɖɜ ˊŮɟɘɞɢɐ ɏɢɞɡɜ ŮɜŰɞˊɘůŰŮɑ ˊŮɟɘůůɧŰŮɟŮɠ Ŭˊɧ 700 

ŮɛűŬɜɑůŮɘɠ (ȻɎɢɞɠ 1954, Zachos 1964, 1969, ȸɟŬɢɎŰɖɠ əŬɘ ũɟɑɓŬɠ 1980, ȾɤɜůŰŬɜŰɞˊɞɨɚɞɡ 

1990) ɛŮ ŮɚɎɢɘůŰŮɠ ůɢŮŰɘəɎ ɛŮ ŬɡŰɏɠ ɜŬ ŮɑɜŬɘ ɞɘəɞɜɞɛɘəɎ ŮəɛŮŰŬɚɚŮɨůɘɛŮɠ. ɆɨɛűɤɜŬ ɛŮ 

ˊŬɚŬɘɧŰŮɟŮɠ ɛŮɚɏŰŮɠ ˊɞɡ ɏɔɘɜŬɜ ůŰɖɜ ˊŮɟɘɞɢɐ, Űɞ ˊɚɞɡůɘɧŰŮɟɞ ŬˊɧɗŮɛŬ űŬɑɜŮŰŬɘ ɜŬ ŮɑɜŬɘ ůŰɞ 

ɂŮɟɞɚɑɓŬŭɞ (Ɂ. ȸɞɨɟɘɜɞ) Űɞ ɞˊɞɑɞ ŭɘŬɗɏŰŮɘ 4 ŮəŬŰɞɛɛɨɟɘŬ Űɧɜɞɡɠ əɞɘŰɎůɛŬŰɞɠ ɢɟɤɛɑŰɖ 

(ɆŰŬɛɞɨɚɖɠ 1990) ůɨɛűɤɜŬ ɛŮ ˊŬɚŬɘɧŰŮɟŮɠ ɏɟŮɡɜŮɠ. 

 

ȺəŰɧɠ Ŭˊɧ Űɞ ɂŮɟɞɚɑɓŬŭɞ ŮəɛŮŰŬɚɚŮɨůɘɛŬ əɞɘŰɎůɛŬŰŬ ɢɟɤɛɑŰɖ ůŰɖɜ ˊŮɟɘɞɢɐ ŮɑɜŬɘ: 

¶ ɆŰɞ ȸɧɟŮɘɞ ȸɞɨɟɘɜɞ ůŰɘɠ ˊŮɟɘɞɢɏɠ: 

Ʌɘɕɧ, Űɞ ɞˊɞɑɞ ŬˊɞŰŮɚŮɑ ŬɜŰɘəŮɑɛŮɜɞ Űɖɠ ˊŬɟɞɨůŬɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ, 

ȾɞɡɟůɞɨɛɘŬ, ȾŮɟŬůɑŰůŬ, ȸɞɥŭɧɚŬəəŬɠ, ȷɔɎ Ⱦɞɡɟɐ, ɄŮɨəŬ əŬɘ ȯɔɘɞɠ ȾɤɜůŰŬɜŰɑɜɞɠ 

¶ ɆŰɞ ɁɧŰɘɞ ȸɞɨɟɘɜɞ ůŰɘɠ ˊŮɟɘɞɢɏɠ: 

ɀɞɡŰůɎɟŬ, ɆəɞɨɛŰůŬ, Ⱦɞɜɘɓɧɠ, ȷŮŰɞɟɎɢŮɠ, Ⱦɞəəɘɜɧŭɟɞɛɞɠ, ɁŰɞɡɛŬɟɎɢɖ əŬɘ 

ȷɔɟɘɎŰůŮɠ. 

¶ ɆŰɞɜ ȾɑůůŬɓɞ 

¶ ɆŰɖ ɅɞŭɘŬɜɐ 

¶ ȾŬɘ ůŰɖɜ ɛŬɔɛŬŰɘəɐ ůŮɘɟɎ ůŰɘɠ ˊŮɟɘɞɢɏɠ ɇůɞɨəŬ əŬɘ ɇŬɝɘɎɟɢɖ. 

ɄŬɟŬəɎŰɤ ˊŮɟɘɔɟɎűɞɜŰŬɘ əɎˊɞɘŮɠ Ŭˊɧ Űɘɠ ˊɘɞ ůɖɛŬɜŰɘəɏɠ ŮɛűŬɜɑůŮɘɠ ɢɟɤɛɑŰɖ. (Ɇɢ. 4.1) 
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ȺɘəɧɜŬ 4.1:  ũŮɤɚɞɔɘəɧɠ  ɢɎɟŰɖɠ ȸɞɨɟɘɜɞɡ  ˊɞɡ ŬˊŮɘəɞɜɑɕŮɘ Űɘɠ ɗɏůŮɘɠ Űɖɠ ɛŮŰŬɚɚɞűɞɟɑŬɠ    

(V:ȸɞɥŭɧɚɚŬəŬɠ, Ⱦ:ȾɞɟůɞɨɛɘŬ, R:Ʌɘɕɧ, ȷ: ȷŮŰɞɟɎɢŮɠ əŬɘ ɉ:ɂŮɟɞɚɑɓŬŭɞ)  (ȾŬɣɘɩŰɖɠ 2013) 
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4.1 ȾɞɑŰŬůɛŬ ȸɞɥŭɧɚŬəəŬ 

 

ɆŰɞɜ ȸɞɥŭɧɚŬəəŬ ɓɟɑůəŮŰŬɘ Űɞ ŭŮɨŰŮɟɞ ɛŮɔŬɚɨŰŮɟɞ ůŮ ɏəŰŬůɖ əɞɑŰŬůɛŬ Űɞɡ ȸɞɨɟɘɜɞɡ 

ɛŮŰɎ Űɞ ɂŮɟɞɚɑɓŬŭɞ Űɞ ɞˊɞɑɞ ɏɢŮɘ ɏəŰŬůɖ ˊŮɟɑˊɞɡ Ůɜɧɠ ɢɘɚɘɞɛɏŰɟɞɡ (1 km). Ƀ əɨɟɘɞɠ Űɨˊɞɠ 

Űɞɡ əɞɘŰɎůɛŬŰɞɠ ŮɑɜŬɘ ůɡɛˊŬɔɐɠ əŬɘ ŮɜŰɞˊɑɕŮŰŬɘ ɛɏůŬ ůŮ ŭɞɡɜɑŰɖ. Ƀ ɢɟɤɛɑŰɖɠ ůɢɖɛŬŰɑɕŮɘ 

ŬɟəŮŰɎ ɛŮɔɎɚɞɡɠ əɟɡůŰɎɚɚɞɡɠ ůɢɖɛŬŰɑɕɞɜŰŬɠ ˊɡəɜɎ ůɡůůɤɛŬŰɩɛŬŰŬ ɛŮ ŮɚɎɢɘůŰɖ 

ůɡɛɛŮŰɞɢɐ Űɞɡ ɞɚɘɓɑɜɖ. ȺəŰɧɠ Ŭˊɧ ůɡɛˊŬɔɐɠ Űɨˊɞɠ ɛŮŰŬɚɚɞűɞɟɑŬɠ ŮɛűŬɜɑɕŮŰŬɘ əŬɘ Űɨˊɞɠ 

ɚŮɞˊŬɟŭɎɚŮɤɠ ɧˊɞɡ ɞɘ əɧɜŭɡɚɞɘ űŬɑɜŮŰŬɘ ɜŬ ŮɑɜŬɘ ˊŬɟŬɛɞɟűɤɛɏɜɞɘ ɛŮ Ůˊɘɛɐəɡɜůɖ ˊɟɞɠ 

ůɡɔəŮəɟɘɛɏɜɖ ŭɘŮɨɗɡɜůɖ. ȿɧɔɤ Űɖɠ ˊŬɟŬɛɧɟűɤůɖɠ ŬɡŰɐɠ, Ŭˊɧ ůűŬɘɟɞŮɘŭɐ ůɡůůɤɛŬŰɩɛŬŰŬ 

ɛŮŰŬŰɟɏˊɞɜŰŬɘ ůŮ ŮɚɚŮɘɣɞŮɘŭɐ ɛŮ ɛɏɔɘůŰɖ ŭɘɎɛŮŰɟɞ ɏɤɠ əŬɘ 1,5 cm əŬɘ ɛŮ ˊɞɚɨ ɛɘəɟɐ 

ŬˊɧůŰŬůɖ ɛŮŰŬɝɨ Űɞɡɠ ŭɑɜɞɜŰŬɠ Űɖɜ ŮɜŰɨˊɤůɖ ůɡɛˊŬɔɞɨɠ ŭɞɛɐɠ. ɇɏŰɞɘŮɠ ŬɚɚŬɔɏɠ 

ˊŬɟŬŰɖɟɞɨɜŰŬɘ əɞɜŰɎ ůŮ ŭɘŬŰɛɖŰɘəɏɠ ɕɩɜŮɠ. ȼ ˊɘɞ ůɡɜɖɗɘůɛɏɜɖ ɘůŰɞɚɞɔɘəɐ ŭɘŬŭɞɢɐ ůŰɖɜ ɗɏůɖ 

«ȸɞɥŭɧɚŬəəŬɠ» ŮɑɜŬɘ ŬɟɢɘəɎ ɞ ŭɘɎůˊŬɟŰɞɠ Űɨˊɞɠ ɢɟɤɛɑŰɖ ɞ ɞˊɞɑɞɠ ɛŮŰŬɓŬɑɜŮɘ ůŮ Űɨˊɞ 

ɚŮɞˊŬɟŭɎɚŮɤɠ, ůɢɖɛŬŰɑɕŮɘ ŬɟɔɧŰŮɟŬ ɛŮɔŬɚɨŰŮɟɞɡɠ əɞɜŭɨɚɞɡɠ əŬɘ əŬŰŬɚɐɔŮɘ ůŰɞɜ ůɡɛˊŬɔɐ 

Űɨˊɞ ɢɟɤɛɑŰɖ ɧˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ ˊɘɞ ůɡɢɜɎ ůŰɖɜ ˊŮɟɘɞɢɐ (ȽũɀȺ, 1992). 

ȼ ŮˊŬűɏɠ ɢɟɤɛɑŰɖ əŬɘ ŭɞɡɜɑŰɖ ˊɞɘəɑɚɞɡɜ Ŭˊɧ ŬˊɧŰɞɛŮɠ ůŮ ɛŮŰŬɓŬŰɘəɏɠ ŮˊɘűɎɜŮɘŮɠ ɞɘ 

ɞˊɞɑŮɠ ŭɘŬɢɤɟɑɕɞɡɜ Űɞ əɞɑŰŬůɛŬ Ŭˊɧ Űɞɜ ŭɞɡɜɑŰɖ. Ƀ ůɢɖɛŬŰɘůɛɧɠ Űɖɠ ŮˊŬűɐɠ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ 

Űɞɜ Űɨˊɞ ŬɜɎˊŰɡɝɐɠ Űɞɡ, ŭɖɚŬŭɐ Ŭɜ ŬɜŬˊŰɨůůŮŰŬɘ ɡˊɧ ɛɞɟűɐ ɗɡɚɎəɤɜ ɐ ɛŮ ɛɞɟűɐ əɞɑŰɖɠ. 

ɆŰɖɜ ˊɟɩŰɖ ˊŮɟɑˊŰɤůɖ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɛŮŰŬɓŬŰɘəɏɠ ŮˊŬűɏɠ Ůɜɩ ůŰɖɜ ŭŮɨŰŮɟɖ ŬˊɧŰɞɛŮɠ. 

(Ʌɘɔɧˊɞɡɚɞɠ, 2009). 

 Ƀ ŭɞɡɜɑŰɖɠ ˊɞɡ ůɡɜŬɜŰɎŰŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ ˊŬɟɞɡůɘɎɕŮɘ ŭɨɞ ɛɞɟűɏɠ, Űɞɜ 

ɚŮˊŰɞəɟɡůŰŬɚɚɘəɧ ɞ ɞˊɞɑɞɠ ŬɜŬˊŰɨůůŮŰŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ Űɖɠ űŬəɞŮɘŭɞɨɠ ŬɜɎˊŰɡɝɖɠ ɢɟɤɛɑŰɖ 

Ůɜɩ ɞ ŬŭɟɞəɟɡůŰŬɚɚɘəɧɠ ˊŮɟɘɓɎɚɚŮɘ Űɖɜ ˊŮɟɘɞɢɐ ŬɡŰɐ. ũŮɜɘəɎ ůŰɞɜ ȸɞɥŭɧɚŬəəŬ ɡˊɎɟɢɞɡɜ 

ŬɡŰɏɠ ɞɘ əŬŰɖɔɞɟɑŮɠ, ɚŮˊŰɞəɟɡůŰŬɚɚɘəɞɨ əŬɘ ŬŭɟɞəɟɡůŰŬɚɚɘəɞɨ, ɧɛɤɠ ɡˊŮɟɏɢŮɘ ɞ 

ɚŮˊŰɞəɟɡůŰŬɚɚɘəɧɠ. 

ɆŰɞ ŬɜŬŰɞɚɘəɧ ŰɛɐɛŬ Űɞɡ ȸɞɥŭɧɚŬəəŬ ŮɛűŬɜɑɕŮŰŬɘ ůŮɟˊŮɜŰɘɜɘɤɛɏɜɞɠ ŭɞɡɜɑŰɖɠ ɞ ɞˊɞɑɞɠ 

ɏɟɢŮŰŬɘ ůŮ ŮˊŬűɐ ɛŮ Űɞɜ ɢŬɟŰůɓɞɡɟɔɑŰɖ ŰŮəŰɞɜɘəɎ. ȼ ɔŮɜɘəɐ ŭɘŬŭɞɢɐ ůŰɖɜ ˊŮɟɘɞɢɐ ŮɑɜŬɘ 

ɢɟɤɛɑŰɖɠ, ɚŮˊŰɞəɟɡůŰŬɚɚɘəɧɠ ŭɞɡɜɑŰɖɠ, ŬŭɟɞəɟɡůŰŬɚɚɘəɧɠ ŭɞɡɜɑŰɖɠ, ɢŬɟŰůɓɞɡɟɔɑŰɖɠ əŬɘ 

əɚɘɜɞˊɡɟɞɝŮɜɘəɧɠ ɢŬɟŰůɓɞɡɟɔɑŰɖɠ, ɞ ɞˊɞɑɞɠ ŭŮɜ ŮɛűŬɜɑɕŮŰŬɘ ůɡɢɜɎ. Ⱥˊɑůɖɠ ůŰɖ ɗɏůɖ ŬɡŰɐ 

ůɡɜŬɜŰɩɜŰŬɘ ˊɡɟɞɝŮɜɘəɏɠ űɚɏɓŮɠ, ɛɘəɟɧŰŮɟŮɠ ůŮ Ŭɟɘɗɛɧ Ŭˊɧ ŬɡŰɏɠ ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰɘɠ ɔɨɟɤ 

ɗɏůŮɘɠ Űɞɡ ůɡɛˊɚɏɔɛŬŰɞɠ. 

ɆŰɞɡɠ ŬŭɟɞəɟɡůŰŬɚɚɘəɞɨɠ ŭɞɡɜɑŰŮɠ Űɖɠ ůɡɔəŮəɟɘɛɏɜɖɠ ɗɏůɖɠ ɧˊɤɠ əŬɘ Ŭɚɚɞɨ, (ˊ.ɢ. 

ɂɖɟɞɚɑɓŬŭɞ, Ʌɘɕɧ, ȷŮŰɞɟɎɢŮɠ) ŮɜŰɞˊɑɕɞɜŰŬɘ əɟɨůŰŬɚɚɞɘ ŭɘŬɛɏŰɟɞɡ ɏɤɠ əŬɘ 0,5cm ɚɧɔɤ Űɖɠ 
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ŬɜŬəɟɡůŰɎɚɚɤůɖɠ Űɞɡ ɞɚɘɓɑɜɖ ˊɞɡ ˊɟɞɏəɡɣŮ ɛɏůɤ Űɖɠ ˊɚŬůŰɘəɐɠ ˊŬɟŬɛɧɟűɤůɖɠ 

(Christiansen & Roberts 1986). 

ɃɘŬŭɟɞəɟɡůŰŬɚɚɘəɞɑ ŭɞɡɜɑŰŮɠ, ɛŮ Űɖɜ ɢɟɐůɖ Űɞɡ ŭɘəŰɨɞɡ Schmidt ˊɟɏəɡɣŮ ˊɤɠ ɖ ɔŮɜɘəɐ 

ŭɘŮɨɗɡɜůɐ Űɞɡɠ ŮɑɜŬɘ ȸȹ-Ɂȷ ɛŮ Ɂȹ əɚɑůɖ əŬɘ ůŮ ɛɘəɟɧŰŮɟɞ ɓŬɗɛɧ ȸȷ-Ɂȹ ɛŮ ȸȹ əɚɑůɖ. Ƀɘ 

ɞɟɗɞˊɡɟɧɝŮɜɞɘ əŬɘ ɞɘ ůˊɘɜɏɚɚɘɞɘ ˊŬɟɞɡůɘɎɕɞɡɜ űɞɚɑŭɤůɖ ŮɜŰɧɠ Űɤɜ ɛɡɚɞɜɘŰɘəɩɜ ɕɤɜɩɜ 

əɡɟɑɤɠ ɧˊɞɡ əŬɘ Ŭəɞɚɞɡɗɞɨɜ Űɞɜ ˊɟɞůŬɜŬŰɞɚɘůɛɧ Űɞɡɠ. ȳůɞ ŬˊɞɛŬəɟɨɜɞɜŰŬɘ Ŭˊɧ Űɘɠ 

ɛɡɚɞɜɘŰɘəɏɠ ɕɩɜŮɠ ŭŮɜ ɘůɢɨŮɘ ɖ ɑŭɘŬ ŰɎůɖ ˊɟɞůŬɜŬŰɞɚɘůɛɞɨ.  

ɄŬɟɧɚɞ ˊɞɡ ɖ űɞɚɑŭɤůɖ Űɞɡ ůˊɘɜɏɚɚɘɞɡ Űɞɡ Ŭŭɟɧəɞəəɞɡ ŭɞɡɜɑŰɖ ˊŬɟɞɡůɘɎɕŮɘ 

ůɡɔəŮəɟɘɛɏɜɞ ˊɟɞůŬɜŬŰɞɚɘůɛɧ ŭŮɜ ɘůɢɨŮɘ Űɞ ɑŭɘɞ əŬɘ ɔɘŬ Űɞɜ ůˊɘɜɏɚɚɘɞ ůŰɞɜ ɚŮˊŰɧəəɞəɞ 

ŭɞɡɜɑŰɖ. ȺəŮɑ, ɏˊŮɘŰŬ Ŭˊɧ ɛŮɚɏŰŮɠ ˊɞɡ ɏɔɘɜŬɜ, ŭŮɜ ˊɟɞůŭɘɞɟɑůŰɖəŮ əɎˊɞɘɞɠ ůɡɔəŮəɟɘɛɏɜɞɠ 

ˊɟɞůŬɜŬŰɞɚɘůɛɧɠ. ȼ ŭɘŬűɞɟɎ ŬɡŰɐ ɛŮŰŬɝɨ Ŭŭɟɧəəɞəɞɡ əŬɘ ɚŮˊŰɧəɞəəɞɡ ŭɞɡɜɑŰɖ ŭŮɑɢɜŮɘ ŭɨɞ 

ŭɘŬűɞɟŮŰɘəɏɠ űɎůŮɘɠ ůɢɖɛŬŰɘůɛɞɨ. ȷɜŰɑůŰɞɘɢŬ ůɡɛˊŮɟɎůɛŬŰŬ ɓɔɐəŬɜ əŬɘ ůŰɘɠ ˊŮɟɘɞɢɏɠ ȷɔɎ 

Ⱦɞɡɟɐ əŬɘ ȹɟŬɛɎɚŬɠ Űɖɠ Ʉɑɜŭɞɡ Ŭˊɧ Űɞɡɠ Rassios & Kostopoulos (1990) əŬɘ Rassios & 

Moores (2006) ŬɜŰɑůŰɞɘɢŬ. Ƀɘ ŰŮəŰɞɜɘəɏɠ ŮˊŬűɏɠ ɛŮŰŬɝɨ Ŭŭɟɧəəɞəɞɡ ŭɞɡɜɑŰɖ əŬɘ 

ɢŬɟŰůɓɞɡɟɔɑŰɖ ŭɘŬəɟɑɜɞɜŰŬɘ Ŭˊɧ Űɘɠ ɛɡɚɞɜɘŰɘəɏɠ ɕɩɜŮɠ.  

ɇŬ ɟɐɔɛŬŰŬ ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰɖɜ ˊŮɟɘɞɢɐ ŮɑɜŬɘ əŬɜɞɜɘəɎ əŬɘ ŬɜɎůŰɟɞűŬ əŬɘ ŭɘŬəɟɑɜɞɜŰŬɘ 

ůŮ ŭɨɞ ɞɛɎŭŮɠ. ȼ ˊɟɩŰɖ ˊŮɟɘɚŬɛɓɎɜŮɘ əŬɜɞɜɘəɎ əŬɘ ŬɜɎůŰɟɞűŬ ɛŮ ȸȹ-Ɂȷ ŭɘŮɨɗɡɜůɖ əŬɘ ɛŮ 

əɚɑůɖ ɎɚɚɞŰŮ ȸȷ əŬɘ ɎɚɚɞŰŮ Ɂȹ. ȼ ŭŮɨŰŮɟɖ ɞɛɎŭŬ ˊŮɟɘɚŬɛɓɎɜŮɘ əŬɜɞɜɘəɎ ɟɐɔɛŬŰŬ ŰŬ ɞˊɞɑŬ 

ŮɑɜŬɘ ȷȸȷ-ȹɁȹ ŭɘŮɨɗɡɜůɖɠ əŬɘ ɁɁȷ əɚɑůɖɠ. Ƀɘ ŭɘŬəɚɎůŮɘɠ ˊɞɡ ůɢɖɛŬŰɑɕɞɜŰŬɘ ůŰɘɠ ɕɩɜŮɠ 

ŬɡŰɏɠ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɖɜ ŭɘŮɨɗɡɜůɖ ŬɜɎˊŰɡɝɖɠ Űɤɜ ɟɖɔɛɎŰɤɜ ˊɞɡ ɡˊɎɔɞɜŰŬɘ ůŰɘɠ ˊŬɟŬˊɎɜɤ 

ɞɛɎŭŮɠ (ȾɤɜůŰŬɜŰɞˊɞɨɚɞɡ, 1990). 
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4.2 ȾɞɑŰŬůɛŬ Ⱦɞɡɟůɞɡɛɑɤɜ (ȸ. ȸɞɨɟɘɜɞɠ) 

 

ɆŰŬ ȾɞɡɟůɞɨɛɘŬ Űɞ əɞɑŰŬůɛŬ ůɡɜŬɜŰɎŰŬɘ ůŮ ŭɞɡɜɘŰɘəɧ ˊɏŰɟɤɛŬ Űɞ ɞˊɞɑɞ ŬɜŬˊŰɨůůŮŰŬɘ 

ɛŮ ŭɘŮɨɗɡɜůɖ ȹ-ȷ. ȾŬɘ ɞɘ ŭɞɡɜɘŰɘəɞɑ űŬəɞɑ ˊɞɡ ŬɜˊŰɨůůɞɜŰŬɘ ůŰɞ ɜɧŰɘɞ əŬɘ ŭɡŰɘəɧ ŰɛɐɛŬ Űɖɠ 

ˊŮɟɘɞɢɐɠ ˊŬɟɞɡůɘɎɕɞɡɜ ɑŭɘŬ ŬɜɎˊŰɡɝɖ. Ƀ ɢɟɤɛɑŰɖɠ ŮɜŰɞˊɑɕŮŰŬɘ əɡɟɑɤɠ ůŰɞ ŭɡŰɘəɧ ŰɛɐɛŬ əŬɘ 

ůŮ ɛɘəɟɧŰŮɟɞ ɓŬɗɛɧ ůŰɞ ɜɧŰɘɞ ŰɛɐɛŬ Űɖɠ ˊŮɟɘɞɢɐɠ ŬɡŰɐɠ, Ůɜɩ Űɟɧˊɞɠ ɛŮ Űɞɜ ɞˊɞɑɞ 

ŬɜŬˊŰɨůůŮŰŬɘ Űɞ əɞɑŰŬůɛŬ ŮɑɜŬɘ ɛŮ ɛɞɟűɐ űɚŮɓɩɜ əŬɘ ɛɘəɟɩɜ ɗɡɚɎəɤɜ. Ƀ ŮˊɘəɟŬŰɏůŰŮɟɞɠ 

Űɨˊɞɠ ɘůŰɞɨ ŮɑɜŬɘ əɡɟɑɤɠ ɚŮɞˊŬɟŭɎɚŮɤɠ Ůɜɩ ŬˊŬɜŰɩɜŰŬɘ ůŰɖɜ ˊŮɟɘɞɢɐ əŬɘ Űɨˊɞɘ ŭɘɎůˊŬɟŰɞɡ 

ɢɟɤɛɑŰɖ, əŬŰɎ ˊɚɎəŮɠ əŬɘ ůˊŬɜɘɧŰŮɟŬ ůɡɛˊŬɔɞɨɠ (ȾɤɜůŰŬɜŰɞˊɞɨɚɞɡ, 1990). 

ɆŰɞɜ ɘůŰɧ ɚŮɞˊŬɟŭɎɚŮɤɠ ɞ ɢɟɤɛɑŰɖɠ ŮɑɜŬɘ ůűŬɘɟɞŮɘŭɐɠ ɐ ŮɚɚŮɘɣɞŮɘŭɐɠ əŬɘ ɏɢŮɘ ŭɘɎɛŮŰɟɞ 

1cm ˊŮɟɑˊɞɡ, Ůɜɩ Ŭˊɧ Űɖɜ ˊŮɟɘűɏɟŮɘŬ ŬˊɞɛŬəɟɨɜɞɜŰŬɘ ɚŮˊŰɏɠ ŮˊɘɛɖəɡůɛɏɜŮɠ ŰŬɘɜɑŮɠ 

ŭɘɎůˊŬɟŰɞɡ ɢɟɤɛɑŰɖ ɞɘ ɞˊɞɑŮɠ ˊŮɟɘůŰɟɏűɞɜŰŬɘ ɔɨɟɤ Ŭˊɧ Űɞɡɠ ɢɟɤɛɘŰɘəɞɨɠ əɞɜŭɨɚɞɡɠ. ɆŰɞɜ 

əŬŰɎ ˊɚɎəŮɠ Űɟɧˊɞ ŬɜɎˊŰɡɝɖɠ ɢɟɤɛɑŰɖ ŮɜŬɚɚɎůůɞɜŰŬɘ ɢɟɤɛɘŰɘəɏɠ ɕɩɜŮɠ ɛŮɟɘəɩɜ ŮəŬŰɞůŰɩɜ 

ɛŮ ɚŮˊŰɞəɟɡůŰŬɚɚɘəɧ ŭɞɡɜɑŰɖ ɞ ɞˊɞɑɞɠ ˊŮɟɘɏɢŮɘ ŬɟŬɘɞɨɠ ŭɘɎůˊŬɟŰɞɡɠ əɧəəɞɡɠ ɢɟɤɛɑŰɖ. ɆŮ 

əɎˊɞɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ ˊŬɟŬŰɖɟŮɑŰŬɘ ɛŮŰɎɓŬůɖ Ŭˊɧ ɢɟɤɛɑŰɖ Űɨˊɞɡ əŬŰɎ ˊɚɎəŮɠ ůŮ Űɨˊɞ 

ɚŮɞˊŬɟŭɎɚŮɤɠ, ɧˊɤɠ Ůˊɑůɖɠ əŬɘ Ŭˊɧ Űɨˊɞ ɚŮɞˊŬɟŭɎɚŮɤɠ ůŮ ůɡɛˊŬɔɐ Űɨˊɞ ɢɟɤɛɑŰɖ ůŰɞ ɑŭɘɞ 

ɢɟɤɛɘŰɘəɧ ůɩɛŬ. ȼ ɛŮŰɎɓŬůɖ Ŭˊɧ Űɨˊɞ ɚŮɞˊŬɟŭɎɚŮɤɠ ůŮ ůɡɛˊŬɔɐ ˊɟɞɏəɡɣŮ ˊɘɗŬɜɩɠ, Ŭˊɧ 

Űɖɜ Ŭɡɝɖɛɏɜɖ ůɡɔəɏɜŰɟɤůɖ əŬɘ ůɡɜɏɜɤůɖ ůűŬɘɟɞŮɘŭɩɜ əɧəəɤɜ ɢɟɤɛɑŰɖ əŬŰɎ Űɖɜ 

əŬŰŬəɟɐɛɜɘůɐ Űɞɡ Ŭˊɧ Űɞ ɛɎɔɛŬ (Matveev & Ballhaus 2002). Ƀ ŭɘɎůˊŬɟŰɞɠ Űɨˊɞɠ ŮɛűŬɜɑɕŮŰŬɘ 

əɡɟɑɤɠ ůŰɞ ŭɡŰɘəɧ əŬɘ ɜɧŰɘɞ ŰɛɐɛŬ Űɖɠ ˊŮɟɘɞɢɐɠ ɛŮɚɏŰɖɠ əŬɘ ˊŬɟɞɡůɘɎɕŮɘ ɛɘəɟɎ ˊɞůɞůŰɎ 

ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ.  

ũŮɜɘəɎ ůŰɖɜ ˊŮɟɘɞɢɐ Űɤɜ Ⱦɞɡɟůɞɡɛɑɤɜ ŮˊɘəɟŬŰɞɨɜ ŬŭɟɞəɟɡůŰŬɚɚɘəɎ əɞɘŰɎůɛŬŰŬ ŰŬ 

ɞˊɞɑŬ ŭɘŬɢɤɟɑɕɞɜŰŬɘ Ŭˊɧ Űɞɜ ɚŮˊŰɞəɟɡůŰŬɚɚɘəɧ ŭɞɡɜɑŰɖ ɛŮ ŬˊɧŰɞɛŮɠ ɛŮŰŬɓɎůŮɘɠ. Ⱥˊɑůɖɠ 

ɡˊɎɟɢɞɡɜ əŬɘ ůŰŬŭɘŬəɏɠ ɛŮŰŬɓɎůŮɘɠ Ŭˊɧ ŭɘɎůˊŬɟŰɞ ɘůŰɧ ůŮ ɛɞɟűɐ ɚŮɞˊŬɟŭɎɚŮɤɠ ɞ ɞˊɞɑɞɠ 

ɛˊɞɟŮɑ ɜŬ əŬŰŬɚɐɝŮɘ əŬɘ ůŮ ůɡɛˊŬɔɐ ɢɟɤɛɑŰɖ. ŮəŰɧɠ Ŭˊɧ ŭɞɡɜɑŰɖ ɡˊɎɟɢŮɘ əŬɘ ɢŬɟŰůɓɞɡɟɔɑŰɖɠ 

ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ɛŮɔɎɚɖ ŮɛűɎɜɘůɖ ˊɡɟɞɝŮɜɑŰɖ ɛŮ ȸȸȹ-ɁɁȷ ŭɘŮɨɗɡɜůɖ. Ⱥˊɑůɖɠ ŮɜŰɞˊɑɕŮŰŬɘ 

ɛɘəɟɧɠ Ŭɟɘɗɛɧɠ ˊɡɟɞɝŮɜɘəɩɜ əŬɘ ɔŬɓɓɟɘəɩɜ űɚŮɓɩɜ ůŰŬ ˊŮŰɟɩɛŬŰŬ Űɖɠ ˊŮɟɘɞɢɐɠ.Ƀ ɢɟɤɛɑŰɖɠ 

ůŰɟɤɛŬŰɩɜŮŰŬɘ ɛŮ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ ŭɘŮɡɗɨɜůŮɘɠ, ɛɑŬ ȸȹ-Ɂȷ əŬɘ Ɏɚɚɖ ȹ-ȷ ůɢŮŭɧɜ. ȾŬɘ ůŰɘɠ 

ŭɨɞ ˊŮɟɘˊŰɩůŮɘɠ ŬɜŬˊŰɨůůɞɜŰŬɘ ŬɜŰɑɗŮŰŮɠ əɚɑůŮɘɠ ɚɧɔɤ Űɖɠ ˊɞɚɡˊŰɡɢɤɛɏɜɖɠ ˊŮɟɘɞɢɐɠ 

(ȾɤɜůŰŬɜŰɞˊɞɨɚɞɡ, 1990). 

ɇŬ ˊŮɟɘůůɧŰŮɟŬ ɟɐɔɛŬŰŬ ůŰɖɜ ˊŮɟɘɞɢɐ ɛŮŰɎ Ŭˊɧ ɛŮɚɏŰɖ Űɤɜ ɢɟɤɛɘŰɘəɩɜ ɕɤɜɩɜ əŬɘ Űɤɜ 

ˊɡɟɞɝŮɜɘəɩɜ űɚŮɓɩɜ ɏɢŮɘ ŬˊɞŭŮɘɢŰŮɑ ˊɤɠ ɏɢɞɡɜ əɞɘɜɐ ŬɜɎˊŰɡɝɖ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ȸȹ-Ɂȷ ɛŮ 

əɚɑůɖ ˊɟɞɠ ŰŬ Ɂȹ, Ůɜɩ ŮɑɜŬɘ əŬɜɞɜɘəɎ. 
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4.3 ȾɞɑŰŬůɛŬ ůŰɖ ɗɏůɖ Ʌɘɕɧ (ȸ. ȸɞɨɟɘɜɞɠ) 

 

ɇɞ əɞɑŰŬůɛŬ Űɞɡ Ʌɘɕɞɨ ɓɟɑůəŮŰŬɘ 4 km ŭɡŰɘəɎ Űɞɡ ɢɤɟɘɞɨ ɉɟɩɛɘɞ, Űɞ ɞˊɞɑɞ ˊɐɟŮ əŬɘ Űɞ 

ɧɜɞɛŬ Űɞɡ Ŭˊɧ Űɞɜ ɢɟɤɛɑŰɖ ˊɞɡ ŮɜŰɞˊɑůɗɖəŮ ůŰɖɜ ˊŮɟɘɞɢɐ, əŬɘ 1 km ɜɧŰɘŬ Űɤɜ Ⱦɞɡɟůɞɡɛɑɤɜ. 

ɇɞˊɞɗŮŰŮɑŰŬɘ ůŰɞ ɜɞŰɘɞŬɜŬŰɞɚɘəɧ ŰɛɐɛŬ Űɞɡ ȸɧɟŮɘɞɡ ȸɞɨɟɘɜɞɡ, ŭɖɚŬŭɐ ůŰɞ Ɏəɟɞ Űɖɠ 

ɛŮŰŬɚɚɞűɧɟɞɡ ɕɩɜɖɠ Űɖɠ ˊŮɟɘɞɢɐɠ. Ƀɘ ɛŮɔŬɚɨŰŮɟŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ ɛŮŰŬɚɚɞűɞɟɑŬɠ 

ŮɜŰɞˊɑɕɞɜŰŬɘ ůŰɞ ŭɡŰɘəɧ əŬɘ əŮɜŰɟɘəɧ ŰɛɐɛŬ Űɖɠ ˊŮɟɘɞɢɐɠ. ɇɞ əɞɑŰŬůɛŬ ůŰɞ Ʌɘɕɧ ŮəŰŮɑɜŮŰŬɘ 

ˊŬɟɎɚɚɖɚŬ ůŰɖ ɓɎůɖ Ůˊɩɗɖůɖɠ Űɞɡ ɞűɘɞɚɘɗɘəɞɨ ůɡɛˊɚɏɔɛŬŰɞɠ.  

ɇɞ ɛŮɔŬɚɨŰŮɟɞ ˊɞůɞůŰɧ Űɤɜ ɡˊŮɟəŮɑɛŮɜɤɜ ůŰɟɤɛɎŰɤɜ ˊɞɡ əŬɚɨˊŰŮɘ Űɖɜ ˊŮɟɘɞɢɐ ŮɑɜŬɘ 

ŬɚɚɞɨɓɘŬ əŬɘ ŮɚɚɞɨɓɘŬ Ůɜɩ əŬŰŮɡɗɡɜɧɛŮɜɞɘ ɜɧŰɘŬ, ɡˊŮɟəŮɑɛŮɜŬ ŬˊɞŰŮɚɞɨɜ ɜŮɞɔŮɜŮɑɠ 

ŬˊɞɗɏůŮɘɠ, əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ɘɕɐɛŬŰŬ Űɖɠ ɀŮůɞŮɚɚɖɜɘəɐɠ ŬɨɚŬəŬɠ. ɇŬ ˊŮŰɟɩɛŬŰŬ ˊɞɡ 

ŮˊɘəɟŬŰɞɨɜ ůŰɖɜ ˊŮɟɘɞɢɐ ŮɑɜŬɘ əɡɟɑɤɠ ŭɞɡɜɑŰɖɠ, ɢŬɟŰůɓɞɡɟɔɑŰɖɠ əŬɘ ˊɡɟɞɝŮɜɑŰɖɠ. Ƀ ŭɞɡɜɑŰɖɠ 

ŮəŮɑ ŬəɞɚɞɡɗŮɑ Űɖɜ ŭɘŮɨɗɡɜůɖ ȹ-ȷ ɧˊɤɠ ůɡɛɓŬɑɜŮɘ əŬɘ ɛŮ Űɖɜ ɛŮŰŬɚɚɞűɞɟɑŬ 

(ȾɤɜůŰŬɜŰɞˊɞɨɚɞɡ, 1990). 

ɇɞ ɛŮŰɎɚɚŮɡɛŬ ŮɜŰɞˊɑɕŮŰŬɘ ůŰɞɜ ɚŮˊŰɞəɟɡůŰŬɚɚɘəɧ ůŮɟˊŮɜŰɘɜɘɤɛɏɜɞ ŭɞɡɜɑŰɖ ɛŮ əɨɟɘɞ 

ɘůŰɞɚɞɔɘəɧ Űɨˊɞ Űɞɜ ŭɘɎůˊŬɟŰɞ ɢɟɤɛɑŰɖ ɞ ɞˊɞɑɞɠ ɛŮŰŬɓŬɑɜŮɘ ůŮ schlieren ɛŮɟɘəɩɜ ŮəŬŰɞůŰɩɜ 

əŬɘ ůɡɛˊŬɔɐ. Ⱥˊɑůɖɠ ˊŬɟŬŰɖɟɐɗɖəŮ ˊɤɠ ŮɜŰɧɠ Űɤɜ ɢɟɤɛɘŰɘəɩɜ ɕɤɜɩɜ ŮɜŰɞˊɑůɗɖəŬɜ 

ŭɞɡɜɘŰɘəɞɑ əɧɜŭɡɚɞɘ ɞɘ ɞˊɞɑɞɘ ŭɑɜɞɡɜ Űɖɜ ŮɜŰɨˊɤůɖ antinodular ɘůŰɞɨ (Ɇɢ. 4.3.1), ŭɖɚŬŭɐ 

ŬˊɞŰŮɚɞɨɜ Űɖɜ ŬɜŰɑɗŮŰɖ ɛɞɟűɐ ɚŮɞˊŬɟŭɎɚŮɤɠ (nodular) ɧˊɞɡ ɡˊɎɟɢɞɡɜ əɧɜŭɡɚɞɘ ɢɟɤɛɑŰɖ 

ɛɏůŬ ůŰɞɜ ŭɞɡɜɑŰɖ. ɆŮ ɛɘəɟɧ ɓŬɗɛɧ ɓɟɏɗɖəŬɜ ŮɛűŬɜɑůŮɘɠ ɞɕɩŭɞɡɠ Űɨˊɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ ŰŬ 

ɞˊɞɑŬ ŬˊɞŰŮɚɞɨɜŰŬɘ Ŭˊɧ ůűŬɘɟɞŮɘŭɐ ůɡůůɤɛŬŰɩɛŬŰŬ ɢɟɤɛɑŰɖ ŭɘŬɛɏŰɟɞɡ ɛɘəɟɧŰŮɟɖɠ Űɤɜ 0,5 

cm. 

 

 

ȺɘəɧɜŬ 4.3.1: Ⱦɧɜŭɡɚɞɘ ɞɚɘɓɑɜɞɘ ɛɏůŬ ůŮ ůɡɜŮəŰɘəɎ ůűŬɘɟɞŮɘŭɐ ůɡůůɤɛŬŰɩɛŬŰŬ (antinodular ɘůŰɧɠ), 

ŰɛɐɛŬ Ŭˊɧ ˊɡɟɐɜŬ ɔŮɩŰɟɖůɖɠ ůŰɖɜ ɗɏůɖ Ʌɘɕɧ.(ȺȿȿȼɀȺɇ 2018) 
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ɆŰɖɜ ˊŮɟɘɞɢɐ ɞ ɢɟɤɛɑŰɖɠ ŮɑɜŬɘ ɚŮˊŰɧəəɞəɞɠ əŬɘ ɓɟɑůəŮŰŬɘ əɡɟɑɤɠ ŮɜŰɧɠ 

ɚŮˊŰɞəɟɡůŰŬɚɚɘəɞɨ ůŮɟˊŮɜŰɘɜɘɤɛɏɜɞɡ ŭɞɡɜɑŰɖ Ůɜɩ ɖ ŮˊŬűɐ ɛŮŰŬɝɨ ŬɡŰɞɨ əŬɘ Űɞɡ ɢɟɤɛɑŰɖ 

ŮɑɜŬɘ ɛŮŰŬɓŬŰɘəɐ əŬɗɩɠ ŬɡɝɎɜŮŰŬɘ ůŰŬŭɘŬəɎ Űɞ ˊɞůɞůŰɧ ɛŮŰŬɚɚɞűɞɟɑŬɠ Ŭˊɧ ŭɘɎůˊŬɟŰɞ ůŮ 

ˊɘɞ ůɡɛˊŬɔɐ. ɇɞ ɛŮŰɎɚɚŮɡɛŬ ŮɑɜŬɘ ɛŮŰŬɚɚɞɡɟɔɘəɞɨ Űɨˊɞɡ ɛŮ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ɖ ɞˊɞɑŬ 

əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 6-18 % ůŮ Cr2O3 Ůɜɩ ŰŬ ŬˊɞɗɏɛŬŰŬ Űɞɡ ɡˊɞɚɞɔɑɕɞɜŰŬɘ ůŮ 625.000 ɀɇ 

ůɨɛűɤɜŬ ɛŮ ˊɟɞɖɔɞɨɛŮɜŮɠ ɏɟŮɡɜŮɠ Űɞɡ ȽũɀȺ. 
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4.4 ȾɞɑŰŬůɛŬ ȾŮɟŬůɑŰůŬɠ (Ɂ. ȸɞɨɟɘɜɞ) 

 

ɇɞ əɞɑŰŬůɛŬ Űɖɠ ȾŮɟŬůɑŰůŬɠ ŰɞˊɞɗŮŰŮɑŰŬɘ 1.5 km ɜɞŰɘɞŬɜŬŰɞɚɘəɎ Űɞɡ ȸɞɥŭɧɚŬəəŬ. 

ɆɨɛűɤɜŬ ɛŮ ɏɟŮɡɜŬ ˊɞɡ ɏɔɘɜŮ ůŰɖɜ ˊŮɟɘɞɢɐ ɛŮ ɡˊŬɑɗɟɘŬ ɢŬɟŰɞɔɟɎűɖůɖ əŬɘ ɔŮɤŰɟɐůŮɘɠ 

ɓɟɏɗɖəŬɜ ŬɟəŮŰɏɠ ŮˊɘűŬɜŮɘŬəɏɠ ŮɛűŬɜɑůŮɘɠ, Ůɜɩ ŮɜŰɞˊɑůŰɖəŮ əŬɘ Űɞ əɡɟɑɤɠ əɞɑŰŬůɛŬ. 

ȸŬůɘɕɧɛŮɜɞɘ ůŮ ŬɡŰɏɠ Űɘɠ ɏɟŮɡɜŮɠ ɡˊɞɚɧɔɘůŬɜ ˊɤɠ ŰŬ ŬˊɞɗɏɛŬŰŬ ůŮ əŬɗŬɟɧ ɢɟɤɛɑŰɖ 

ŬɜɏɟɢɞɜŰŬɘ ɔɨɟɤ ůŰɞɡɠ 500.000 Űɧɜɞɡɠ. ɇɞ ůɡɔəŮəɟɘɛɏɜɞ əɞɑŰŬůɛŬ ŭŮɜ ŮəɛŮŰŬɚɚŮɨɗɖəŮ ɤɠ 

ŰɩɟŬ ɚɧɔɤ Űɖɠ ɢŬɛɖɚɐɠ ˊŮɟɘŮəŰɘəɧŰɖŰɎɠ Űɞɡ ůŮ ɢɟɤɛɑŰɖ ŬɚɚɎ əŬɘ ɚɧɔɤ Űɖɠ ŭɨůəɞɚɖɠ ɏɤɠ 

ŰɧŰŮ Ŭˊɧɚɖɣɐɠ Űɞɡ ɞűŮɘɚɧɛŮɜɖ ůŰɞ ɛɘəɟɧ ɛɏɔŮɗɞɠ Űɤɜ ɢɟɤɛɘŰɘəɩɜ əɧəəɤɜ 

(ȾɤɜůŰŬɜŰɞˊɞɨɚɞɡ, 1990). 

ɉŬɟŬəŰɖɟɘůŰɘəɧ ŭŮɑɔɛŬ ůŰɖɜ ˊŮɟɘɞɢɐ ŮɑɜŬɘ ɖ ɏɚɚŮɘɣɖ ɛŮɔɎɚɤɜ ŭɞɡɜɘŰɘəɩɜ ɛŬɕɩɜ Ŭűɞɨ 

ŭŮɜ ɝŮˊŮɟɜɎɜ ůŮ ůɡɜɏɢŮɘŬ ŰŬ 20 ɛɏŰɟŬ, Ůɜɩ ŬɜŰɑɗŮŰŬ ɡˊŮɟɘůɢɨŮɘ ɞ ɢŬɟŰůɓɞɡɟɔɑŰɖɠ əŬɘ Ŭɛɏůɤɠ 

ɛŮŰɎ ɞ ˊɡɟɞɝŮɜɑŰɖɠ ɞ ɞˊɞɑɞɠ ŮɛűŬɜɑɕŮŰŬɘ ɛŮ Űɖɜ ɛɞɟűɐ űɚŮɓɩɜ ŬɚɚɎ əŬɘ ůɡɛˊŬɔɩɜ ŭɞɛɩɜ 

əɡɟɑɤɠ ˊŬɟɎɚɚɖɚŬ ůŰɖɜ ŮˊŬűɐ ŭɞɡɜɑŰɖ-ɢŬɟŰůɓɞɡɟɔɑŰɖ. Ƀ ŭɞɡɜɑŰɖɠ ůɡɜŬɜŰɎŰŬɘ ůŮ ˊɞɚɨ 

ɚŮˊŰɏɠ ɕɩɜŮɠ Ŭˊɧ 1cm ɏɤɠ əŬɘ 1m ŮɜŭɘɎɛŮůŬ Űɞɡ ɢŬɟŰůɓɞɡɟɔɑŰɖ Ůɜɩ ɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ 

ɢɟɤɛɑŰɖ ŮɑɜŬɘ ˊɎɟŬ ˊɞɚɨ ɛɘəɟɐ ůŮ ŬɡŰɎ ŰŬ ůŰɟɩɛŬŰŬ. Ƀ ŭɞɡɜɑŰɖɠ ɏɢŮɘ ɡˊɞůŰŮɑ ŮɝŬɚɚɞɑɤůɖ əɘ 

ɏɢŮɘ ůŮɟˊŮɜŰɘɜɘɤɗŮɑ ɧˊɤɠ Ůˊɑůɖɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ əŬɘ ůɢɘůŰɞˊɞɘɖɛɏɜɞɠ. 

ɆŰɖɜ ŮˊɘűɎɜŮɘŬ ɞ ɢɟɤɛɑŰɖɠ ůɡɜŬɜŰɎŰŬɘ ɤɠ ɚŮˊŰɧəɞəəɞɠ ŭɘɎůˊŬɟŰɞɠ əŬɘ ɛŮ ŬɟŬɘɤɛɏɜŮɠ 

ŮɛűŬɜɑůŮɘɠ Űɨˊɞɡ schlieren. ȳˊɞɡ ˊŬɟŬŰɖɟŮɑŰŬɘ ŮɛűɎɜɘůɖ ɢɟɤɛɑŰɖ ůɡɜŬɜŰɩɜŰŬɘ əŬɘ űɚɏɓŮɠ 

ˊɡɟɞɝɏɜɞɡ ɤɠ Űɞɜ əɨɟɘɞ ůɢɖɛŬŰɘůɛɧ, ɞɘ űɚɏɓŮɠ ŬɡŰɏɠ ɧɛɤɠ ŭŮɜ əɧɓɞɡɜ Űɞɜ ɢɟɤɛɑŰɖ ŬˊɚɎ 

ŬˊɞŰɑɗŮɜŰŬɘ ˊŬɟɎɚɚɖɚŬ ůŰɖɜ ůŰɟɩůɖ. ɆɨɛűɤɜŬ ɛŮ ˊŬɚŬɘɧŰŮɟɖ ɏɟŮɡɜŬ, ŰŬ ˊɞůɞůŰɎ ŮɨɟŮůɖɠ 

Űɞɡ ɢɟɤɛɑŰɖ ŬɜɏɟɢɞɜŰŬɘ ůŰɞ 12% ˊŮɟɑˊɞɡ (Ʌɘɔɧˊɞɡɚɞɠ, 2009). 

ȼ ˊŮɟɘɞɢɐ ŮɑɜŬɘ ŬɟəŮŰɎ ŰŮəŰɞɜɘůɛɏɜɖ ɛŮ ŰŬ əɨɟɘŬ ɟɐɔɛŬŰŬ ɜŬ ɏɢɞɡɜ ŭɘŮɨɗɡɜůɖ ȷ-ȹ ɖ 

ɞˊɞɑŬ ŮɑɜŬɘ ˊŬɟɎɚɚɖɚɖ ůŰɖɜ ůŰɟɩůɖ Űɞɡ ŭɞɡɜɑŰɖ əŬɘ űɨɚɚɤůɖ Űɞɡ ůˊɘɜɏɚɚɘɞɡ ɛɏůŬ ůŮ ŬɡŰɧɜ 

ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ůŰɖɜ ůŰɟɩůɖ Űɞɡ ɢɟɤɛɑŰɖ. Ƀɘ ɢɟɤɛɘŰɘəɏɠ ɕɩɜŮɠ ɓɡɗɑɕɞɜŰŬɘ ɛŮ ȹȸȹ ŭɘŮɨɗɡɜůɖ 

əŬɘ 26-60Á ɔɤɜɑŬ Ůɜɩ ɞ ɢɟɤɛɑŰɖɠ űŬɑɜŮŰŬɘ ˊɤɠ ɏɢŮɘ ŭŮɢŰŮɑ ˊɚŬůŰɘəɐ ˊŬɟŬɛɧɟűɤůɖ əŬɗɩɠ 

ˊŬɟŬŰɖɟŮɑŰŬɘ ɛŮɟɘəɐ ˊŰɨɢɤůɖ əŬɘ Ůˊɘɛɐəɡɜůɖ Űɤɜ ɢɟɤɛɘŰɘəɩɜ əɧəəɤɜ.  
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4.5 ȾɞɑŰŬůɛŬ ȷŮŰɞɟɎɢɖɠ (Ɂ. ȸɞɨɟɘɜɞɠ) 

 

Ƀ ŭɞɡɜɑŰɖɠ Űɤɜ ȷŮŰɞɟŬɢɩɜ ŮəŰŮɑɜŮŰŬɘ əŬŰɎ ŭɘŮɨɗɡɜůɖ ȸ-Ɂ Ůɜɩ ɖ ɢɟɤɛɘŰɘəɐ 

ɛŮŰŬɚɚɞűɞɟɑŬ Űɖɜ ɞˊɞɑŬ ˊŮɟɘəɚŮɑŮɘ űŬɑɜŮŰŬɘ ˊɤɠ əŬŰŮɡɗɨɜŮŰŬɘ Ŭˊɧ Űɞ ɜɧŰɘɞ ˊɟɞɠ Űɞ əŮɜŰɟɘəɧ 

ŰɛɐɛŬ Űɞɡ. Ƀ ŭɞɡɜɑŰɖɠ Űɖɠ ˊŮɟɘɞɢɐɠ ŮɑɜŬɘ ŬɟəŮŰɎ ŬˊɞůŬɗɟɤɛɏɜɞɠ ŮˊɘűŬɜŮɘŬəɎ, 

ˊŬɟɞɡůɘɎɕɞɜŰŬɠ ɏɜŬ əɑŰɟɘɜɞ ɏɤɠ əɧəəɘɜɞ ɢɟɩɛŬ Ůɜɩ ŮɑɜŬɘ əŬɘ ŬɟəŮŰɎ ůŮɟˊŮɜŰɘɜɘɤɛɏɜɞɠ. 

Ⱥˊɑůɖɠ ŮɜŰɞˊɑɕɞɜŰŬɘ ˊɞɚɨ ɛŮɔɎɚɞɘ əɟɨůŰŬɚɚɞɘ ɞɚɘɓɑɜɖ ůŬɜ ůűɐɜŬ ɛɏůŬ ůŰɞ ɛŮŰɎɚɚŮɡɛŬ, 

ˊɟɎɔɛŬ Űɞ ɞˊɞɑɞ ůɖɛŬɑɜŮɘ ˊɤɠ ɏɢŮɘ ŬɜŬəɟɡůŰŬɚɚɤɗŮɑ ɚɧɔɤ Űɖɠ ˊɚŬůŰɘəɐɠ ˊŬɟŬɛɧɟűɤůɖɠ Űɞɡ 

ɞűɘɞɚɑɗɞɡ (Christiansen and Roberts 1986). ɉŬɟŬəŰɖɟɘůŰɘəɐ ŮɑɜŬɘ əŬɘ ɖ ŭɘŮɑůŭɡůɖ 

ˊɡɟɞɝŮɜɘŰɘəɩɜ űɚŮɓɩɜ ɞɘ ɞˊɞɑŮɠ ŭɘŬəɧˊŰɞɡɜ Űɖɜ ɞɛŬɚɐ ůɡɜɏɢŮɘŬ Űɖɠ ɛŮŰŬɚɚɞűɞɟɑŬɠ 

ˊɟɞəŬɚɩɜŰŬɠ ɛɘəɟɐ ɛŮŰŬŰɧˊɘůɖ ŰɞˊɘəɎ. 

Ƀ Űɨˊɞɠ ɢɟɤɛɑŰɖ ˊɞɡ ŮˊɘəɟŬŰŮɑ ůŰɘɠ ŬɜɩŰŮɟŮɠ ůŰɟɤɛŬŰɞɔɟŬűɘəɏɠ ɕɩɜŮɠ ŮɑɜŬɘ ŭɘɎůˊŬɟŰɞɠ 

ɛɏůŬ ůŮ ŭɞɡɜɘŰɘəɞɨɠ űŬəɞɨɠ. Ⱥˊɑůɖɠ ɡˊɎɟɢɞɡɜ ŮɛűŬɜɑůŮɘɠ ɚŮɞˊŬɟŭɎɚŮɤɠ, Ůɜɩ əɡɟɘŬɟɢŮɑ ɞ 

Űɨˊɞɠ schlieren ɛŮ ɕɩɜŮɠ ˊɎɢɞɡɠ ɏɤɠ əŬɘ 0,5m ɛɏůŬ ůŮ ůŮɟˊŮɜŰɘɜɘɤɛɏɜɞ ɚŮˊŰɞəɟɡůŰŬɚɚɘəɧ 

ŭɞɡɜɑŰɖ ɞ ɞˊɞɑɞɠ ˊŮɟɘɏɢŮɘ ŭɘɎůˊŬɟŰɞ ɢɟɤɛɑŰɖ. ȼ ŮˊŬűɐ Űɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ ɛŮ Űɞɜ ŭɞɡɜɑŰɖ 

ŮɑɜŬɘ ɛŮŰŬɓŬŰɘəɐ əɡɟɑɤɠ əŬɘ ŬɡɝɎɜŮŰŬɘ ɖ ůɡɔəɏɜŰɟɤůɖ əŬɗɩɠ əŬŰŮɡɗɡɜɧɛŬůŰŮ Ŭˊɧ Űɞɜ ɁɧŰɞ 

ˊɟɞɠ Űɞɜ ȸɞɟɟɎ ɞˊɞɨ ɛˊɞɟŮɑ ɜŬ ɡˊɎɟɝɞɡɜ ɗɏůŮɘɠ ůŰɘɠ ɞˊɞɑŮɠ ŮɑɜŬɘ ůɢŮŭɧɜ ůɡɛˊŬɔɐɠ. ɆŰɖɜ 

schlieren ɛɞɟűɐ ŮɑɜŬɘ ůɡɜɖɗɘůɛɏɜɖ ɖ ˊŰɨɢɤůɖ ɛŮ ɛŮɔŬɚɨŰŮɟɖ ůɡɔəɏɜŰɟɤůɖ ůŰŬ ŬɜɩŰŮɟŬ 

ůŰɟɩɛŬŰŬ. ȳˊɤɠ əŬɘ ůŰɞ Ʌɘɕɧ ɏŰůɘ əŬɘ ůŰɘɠ ȷŮŰɞɟɎɢŮɠ ŭɘŬˊɘůŰɩɗɖəŬɜ ɗɏůŮɘɠ ůŰɘɠ ɞˊɞɑŮɠ 

ɛŮŰŬɝɨ Űɤɜ ůŰɟɤɛŬŰɞɔŮɜɩɜ ɕɤɜɩɜ ɢɟɤɛɑŰɖ ɡˊɎɟɢɞɡɜ əɧɜŭɡɚɞɘ ɞɚɘɓɑɜɖ ŬɜŬˊŰɨůůɞɜŰŬɠ 

antinodular ɘůŰɧ.  

ȼ ŮˊŬűɐ ɛŮŰŬɝɨ ɢɟɤɛɑŰɖ əŬɘ ɚŮˊŰɞəɟɡůŰŬɚɚɘəɞɨ ŭɞɡɜɑŰɖ ŮɑɜŬɘ ɛŮŰŬɓŬŰɘəɐ əŬɜɞɜɘəɐ əŬɘ 

ˊɞɚɨ ůˊɎɜɘŬ ŬˊɧŰɞɛɖ. ȼ ŮˊŬűɐ ɛŮŰŬɝɨ ŭɞɡɜɑŰɖ əŬɘ ɢŬɟŰůɓɞɡɟɔɑŰɖ ŮɑɜŬɘ ŬˊɧŰɞɛɖ ɏɤɠ 

ɛŮŰŬɓŬŰɘəɐ əŬɜɞɜɘəɐ. ɉŬɟŬəŰɖɟɘůŰɘəɧ Űɖɠ ˊŮɟɘɞɢɐɠ ŮɑɜŬɘ ɞɘ ˊŰɡɢɤɛɏɜŮɠ ɕɩɜŮɠ 

ɛŮŰŬɚɚɞűɞɟɑŬɠ ɞɘ ɞˊɞɑŮɠ ɏɢɞɡɜ ɎɝɞɜŬ ˊɞɡ ɓɡɗɑɕŮŰŬɘ ˊɟɞɠ ŰŬ Ɂȹ əŬɘ ɛŮɔŬɚɨŰŮɟɖ ůɡɔəɏɜŰɟɤůɖ 

ɢɟɤɛɑŰɖ ůŰɖɜ ɞɟɞűɐ Űɖɠ ˊŰɡɢɐɠ. Ⱥˊɑůɖɠ ɟɐɔɛŬŰŬ ȸȷ-Ɂȹ əŬŰŮɨɗɡɜůɖɠ ˊɞɡ ŬɜŬˊŰɨɢɗɖəŬɜ 

ůŰɖɜ ˊŮɟɘɞɢɐ űŬɑɜŮŰŬɘ ˊɤɠ ɛŮŰŬŰɧˊɘůŬɜ Űɞ əɞɑŰŬůɛŬ əŬŰɎ Űɧˊɞɡɠ. 
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4.6 ȾɞɑŰŬůɛŬ ɂŮɟɞɚɑɓŬŭɞɡ (Ɂ. ȸɞɨɟɘɜɞɠ) 

 

ɆŰɞ ɂŮɟɞɚɑɓŬŭɞ ɓɟɑůəŮŰŬɘ Űɞ ɜɞŰɘɧŰŮɟɞ ŰɛɐɛŬ Űɖɠ ɞűɘɞɚɘɗɘəɐɠ ŮɛűɎɜɘůɖɠ ɧɚɖɠ Űɖɠ 

ɛŬɜŭɡŬəɐɠ ŮɜɧŰɖŰŬɠ əŬɘ əŬŰŬɚŬɛɓɎɜŮɘ Űɞ ɛŮɔŬɚɨŰŮɟɞ ɛɏɟɞɠ Űɞɡ ɞűɘɞɚɘɗɘəɞɨ ůɡɛˊɚɏɔɛŬŰɞɠ 

Űɖɠ ɞɟɞůŮɘɟɎɠ ȸɞɨɟɘɜɞɡ, ˊŮɟɑˊɞɡ ůŰŬ 3km. ŪŮɤɟŮɑŰŬɘ ˊɤɠ ŭɘŬɗɏŰŮɘ Űɞ ɛŮɔŬɚɨŰŮɟɞ əɞɑŰŬůɛŬ 

ůŰɖɜ ˊŮɟɘɞɢɐ. ɆŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ɗɏůɖ ɏɢŮɘ ŭɘŬˊɘůŰɤɗŮɑ ˊɤɠ ɏɢɞɡɜ ŭɖɛɘɞɡɟɔɖɗŮɑ ˊɞɚɚŬˊɚɞɑ 

Űɨˊɞɘ əɞɘŰɎůɛŬŰɞɠ ɛŮ ȸȷ-Ɂȹ ŭɘŮɨɗɡɜůɖ əŬɘ ȸȹ əɚɑůɖɠ, ůɨɛűɤɜŬ ɛŮ ɛŮɚɏŰŮɠ ˊɞɡ ɏɔɘɜŬɜ ůŰɖɜ 

ˊŮɟɘɞɢɐ (Apostolides et al. 1980).  

Ƀ əɡɟɘɧŰŮɟɞɠ Űɨˊɞɠ ˊɞɡ ŮˊɘəɟŬŰŮɑ ŮɑɜŬɘ schlieren ɛŮ Űɞ ˊɎɢɞɠ Űɤɜ ɕɤɜɩɜ Űɞɡ ɜŬ ŮɑɜŬɘ 

ˊɞɚɨ ɛɘəɟɧ əŬɘ ɜŬ ŮɜŬɚɚɎůůŮŰŬɘ ɛŮ ůŰɟɩůŮɘɠ ŭɞɡɜɑŰɖ ɞ ɞˊɞɑɞɠ ˊŮɟɘɏɢŮɘ ŭɘɎůˊŬɟŰɞ ɢɟɤɛɑŰɖ. 

ɆŰɖɜ ŭɡŰɘəɐ ˊŮɟɘɞɢɐ Űɞɡ ɂŮɟɞɚɑɓŬŭɞɡ ɞ Űɨˊɞɠ Űɖɠ ɛŮŰŬɚɚɞűɞɟɑŬɠ ɔɑɜŮŰŬɘ ˊɘɞ ůɡɛˊŬɔɐɠ əŬɘ ɞ 

ŭɞɡɜɑŰɖɠ ŭŮɜ ŮɜŬɚɚɎůůŮŰŬɘ ˊɘŬ Űɧůɞ ŬɟɛɞɜɘəɎ. Ƀɘ əɧəəɞɘ Űɞɡ ɢɟɤɛɑŰɖ ˊɞɘəɑɚɞɡɜ Ŭˊɧ ˊɞɚɨ 

ɚŮˊŰɞɑ, ɧŰŬɜ ŮɑɜŬɘ ŭɘɎůˊŬɟŰɞɠ, ɏɤɠ ˊɘɞ Ŭŭɟɧəɞəəɞɘ, ɧˊɞɡ ɖ ɛŮŰŬɚɚɞűɞɟɑŬ ɔɑɜŮŰŬɘ ˊɘɞ 

ůɡɛˊŬɔɐɠ. ɇɞ əɞɑŰŬůɛŬ ˊŬɟɞɡůɘɎɕŮɘ ɗŮɟɛɘəɐ ˊŬɟŬɛɧɟűɤůɖ ɡɣɖɚɐɠ ɗŮɟɛɞəɟŬůɑŬɠ ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ ŮɑɜŬɘ ˊŰɡɢɤɛɏɜɞ əŬɘ ɜŬ ŮɛűŬɜɑɕŮŰŬɘ ɛŮɔŬɚɨŰŮɟɞ ˊɎɢɞɠ ɢɟɤɛɑŰɖ ůŰɘɠ əɞɟɡűɏɠ 

Űɤɜ ˊŰɡɢɩůŮɤɜ (Wright 1986). ɀɏůŬ ůŰɖɜ ŮɛűɎɜɘůɖ ŬɜŬˊŰɨůůɞɜŰŬɘ ɛŮɔɎɚɞɘ əɟɨůŰŬɚɚɞɘ 

ɞɚɘɓɑɜɖ ɞɘ ɞˊɞɑɞɘ ˊɘɗŬɜɩɠ ɞűŮɑɚɞɜŰŬɘ ůŰɖɜ ŬɜŬəɟɡůŰɎɚɚɤůɐ Űɞɡ əŬŰɎ Űɖɜ ˊɚŬůŰɘəɐ 

ˊŬɟŬɛɧɟűɤůɖ Űɞɡ ɞűɘɞɚɑɗɞɡ.(Christiansen and Roberts 1986) ɆŰɞ ɓɞɟŮɘɞŬɜŬŰɞɚɘəɧ ŰɛɐɛŬ 

Űɞɡ ŭɞɡɜɘŰɘəɞɨ ůɩɛŬŰɞɠ ɡˊɎɟɢŮɘ ɛɘəɟɐ ŮɛűɎɜɘůɖ ŭɘɎůˊŬɟŰɞɡ ɢɟɤɛɑŰɖ ůŮ ɘəŬɜɞˊɞɘɖŰɘəɏɠ 

ůɡɔəŮɜŰɟɩůŮɘɠ.  

ɇŬ ˊŮŰɟɩɛŬŰŬ Űɖɠ ˊŮɟɘɞɢɐɠ ŮɑɜŬɘ əɡɟɑɤɠ ŭɞɡɜɑŰɖɠ əŬɘ ɢŬɟŰůɓɞɡɟɔɑŰɖɠ Ůɜɩ 

ˊŬɟŮɛɓɎɚɚɞɜŰŬɘ əŬɘ əɎˊɞɘŮɠ űɚɏɓŮɠ ˊɡɟɞɝɏɜɞɡ. ȼ ŮˊŬűɐ ɛŮŰŬɝɨ ŭɞɡɜɑŰɖ əŬɘ ɢɟɤɛɑŰɖ 

ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ ɛŮŰŬɓŬŰɘəɐ Ůɜɩ ɖ ŮˊŬűɐ ɛŮ Űɞɜ ɢŬɟŰůɓɞɡɟɔɑŰɖ ɢŬɟŬəŰɖɟɑɕŮŰŬɘ ɤɠ 

ŬˊɧŰɞɛɖ. ɀɧɜɞ ɞɘ űɚɏɓŮɠ ˊɡɟɞɝɏɜɞɡ űŬɑɜŮŰŬɘ ˊɤɠ ɏɛŮɘɜŬɜ ŬɜŮˊɖɟɏŬůŰŮɠ Ŭˊɧ Űɖɜ ˊɚŬůŰɘəɐ 

ˊŬɟŬɛɧɟűɤůɖ ˊɟɎɔɛŬ Űɞ ɞˊɞɑɞ ŭŮɑɢɜŮɘ ˊɤɠ ŭɘŮɑůŭɡůŬɜ ŬɟɔɧŰŮɟŬ. 

 ɆŰɖɜ ˊŮɟɘɞɢɐ ůɡɜŬɜŰɩɜŰŬɘ ŰɟɑŬ əɨɟɘŬ ɟɐɔɛŬŰŬ ŰŬ ɞˊɞɑŬ ɢɤɟɑɕɞɡɜ Űɞ əɞɑŰŬůɛŬ ůŮ 

ŰɏůůŮɟɘɠ ŰɞɛŮɑɠ, Űɞɜ ȸɧɟŮɘɞ, ȾŮɜŰɟɘəɧ, ɁɧŰɘɞ əŬɘ ɁɞŰɘɞŭɡŰɘəɧ ˊɟɞəŬɚɩɜŰŬɠ ɎɚɚɞŰŮ 

ɞɟɘɕɧɜŰɘŮɠ əŬɘ ɎɚɚɞŰŮ əŬŰŬəɧɟɡűŮɠ ɛŮŰŬŰɞˊɑůŮɘɠ ˊɟɞɠ ŰŬ ȹȸȹ. Ƀɘ ɢɟɤɛɘŰɘəɏɠ ɛɎɕŮɠ ŮɑɜŬɘ 

ůɢŮŭɧɜ ˊŬɟɎɚɚɖɚŮɠ ɛŮŰŬɝɨ Űɞɡɠ ɛŮ ˊɎɢɞɠ Ŭˊɧ ɏɜŬ ɏɤɠ əŬɘ ˊɏɜŰŮ ɛɏŰɟŬ ŬɜɎ ŰɞɛɏŬ Ůɜɩ ɖ 

əŬŰŬəɧɟɡűɖ ŬɜɎˊŰɡɝɐ Űɞɡɠ űŰɎɜŮɘ ŰŬ 150 ɛɏŰɟŬ (Apostolidis et al. 1980, ɆŰŬɛɞɨɚɖɠ 1984). 

ȼ ˊɞɘɧŰɖŰŬ Űɞɡ ɡɚɘəɞɨ ŬɜɎ ŰɞɛɏŬ əɡɛŬɑɜŮŰŬɘ ůɨɛűɤɜŬ ɛŮ ŭŮŭɞɛɏɜŬ Űɞɡ ŰɧŰŮ ɡˊɎɟɢɞɜŰɞɠ 
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ɛŮŰŬɚɚŮɑɞɡ: ɔɘŬ Űɞɜ ȸɧɟŮɘɞ ŰɞɛɏŬ ůŰɞ 18%, Űɞɜ ȾŮɜŰɟɘəɧ 18-25%, əŬɘ Űɞ ˊɚɞɡůɘɧŰŮɟɞ 

ɛŮŰɎɚɚŮɡɛŬ ůŰɞɜ ɁɧŰɘɞ ŰɞɛɏŬ ɧˊɞɡ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 25-37%. 

5. ȽůŰɞɟɘəɐ ŬɜŬŭɟɞɛɐ ůŰɖɜ ŮəɛŮŰɎɚɚŮɡůɖ ɢɟɤɛɑŰɖ ůŰɞ ȸɞɨɟɘɜɞ. 
 

Ƀ ɞɟŮɘɜɧɠ ɧɔəɞɠ ȸɞɨɟɘɜɞɠ Űɖɠ ȹɡŰɘəɐɠ ɀŬəŮŭɞɜɑŬɠ ůŰŬ ůɨɜɞɟŬ Űɤɜ Ɂɞɛɩɜ ȾɞɕɎɜɖɠ- 

ũɟŮɓŮɜɩɜ ŰɡɢŬɑɜŮɘ ɜŬ ŮɑɜŬɘ ɞ ˊɘɞ ˊɚɞɨůɘɞɠ ůŮ əɞɑŰŬůɛŬ ɢɟɤɛɑŰɖɠ ɔɘŬ Űɞɜ ŮɚɚŬŭɘəɧ ɢɩɟɞ, Ůɜɩ 

ŬˊɞŰŮɚŮɑ Ůŭɩ əŬɘ ɢɟɧɜɘŬ Űɖɜ ɛɞɜŬŭɘəɐ ˊɖɔɐ ŮəɛŮŰɎɚɚŮɡůɖɠ əŬɘ ŮɛˊɚɞɡŰɘůɛɞɨ 

ůɡɛˊɡəɜɩɛŬŰɞɠ ɛŮ ůəɞˊɧ Űɖɜ ŮɝŬɔɤɔɐ Űɞɡ ůŮ ɎɚɚŮɠ ɢɩɟŮɠ. ȼ ɛŮŰŬɚɚŮɡŰɘəɐ ŭɟŬůŰɖɟɘɧŰɖŰŬ 

ɝŮəɑɜɖůŮ Ŭˊɧ Űɘɠ Ŭɟɢɏɠ Űɞɡ 19ɞɡ ŬɘɩɜŬ ɏɤɠ əŬɘ ŰŬ Űɏɚɖ Űɞɡ 20ɞɡ Ůɜɩ ŰŮɚŮɡŰŬɑŬ ŬˊɧˊŮɘɟŬ 

Ůɝɧɟɡɝɖɠ ɝŮəɑɜɖůŮ ŰŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ. 

ɆɨɛűɤɜŬ ɛŮ ŬɟɢŮɘŬəɧ ɡɚɘəɧ Űɞɡ ˊɞɚɘŰɘůŰɘəɞɨ ůɡɚɚɧɔɞɡ ɉɟɤɛɑɞɡ əŬɘ ɛŬɟŰɡɟɑŮɠ 

əŬŰɞɑəɤɜ, ˊɟɞəɨˊŰŮɘ ɧŰɘ, ɖ ŮəɛŮŰɎɚɚŮɡůɖ ɝŮəɑɜɖůŮ Ůˊɑ ŰɞɡɟəɞəɟŬŰɑŬɠ ɛŮ Űɖɜ ŮɛűɎɜɘůɖ 

ȺɓɟŬɑɤɜ ɛŮŰŬɚɚɞɓɘɞɛɖɢɎɜɤɜ ɞɘ ɞˊɞɑɞɘ ŮɝɧɟɡůůŬɜ Űɞ ˊɟɞɥɧɜ əŬɘ Űɞ ŮɝɐɔŬɔŬɜ ůŰɖɜ ũŮɟɛŬɜɑŬ. 

ȿɧɔɤ Űɤɜ ˊŮɟɘɞɟɘůɛɏɜɤɜ ɛɏůɤɜ ŮəɛŮŰɎɚɚŮɡůɖɠ ŰɧŰŮ ɖ Ůɝɧɟɡɝɖ ɓŬůɘɕɧŰŬɜ ůŮ ɢŮɘɟɤɜŬəŰɘəɐ 

ŮɟɔŬůɑŬ Ůɜɩ ɖ ɛŮŰŬűɞɟɎ ɔɘɜɧŰŬɜ ɛŮ ɛɞɡɚɎɟɘŬ ɛɏɢɟɘ Űɞɜ ůɘŭɖɟɞŭɟɞɛɘəɧ ůŰŬɗɛɧ ȷɛɡɜŰŬɑɞɡ 

(ȺɨɟɞɓɘŰɠ) Ŭˊô ɧˊɞɡ əŬɘ ɝŮəɘɜɞɨůŮ ɔɘŬ Űɖɜ ũŮɟɛŬɜɑŬ. 

ɇɞ 1935 ůŰɖɜ ˊŮɟɘɞɢɐ ɏűŰŬůŮ ɖ ŮŰŬɘɟŮɑŬ çɄŬˊŬůɤŰɖɟɑɞɡè ɛŮ ŭɡɜŬɛɘəɐ ŮɝɞɟɡəŰɘəɐ 

ŭɟŬůŰɖɟɘɧŰɖŰŬ əŬɘ ŮɟɔɞŰŬɝɘŬəɏɠ ŮɔəŬŰŬůŰɎůŮɘɠ ɛŮ ɔɟŬűŮɑŬ ůŰɞ ɢɤɟɘɧ ɉɟɩɛɘɞ ˊɟɞůűɏɟɞɜŰŬɠ 

ɕɤɐ Ŭűɞɨ ůɨɛűɤɜŬ ɛŮ ɛŬɟŰɡɟɑŮɠ Űɤɜ əŬŰɞɑəɤɜ Űɖɠ ˊŮɟɘɞɢɐɠ ŭɧɗɖəŬɜ ɗɏůŮɘɠ ŮɟɔŬůɑŬɠ əŬɘ 

ŬɜŬˊŰɨɢɗɖəŮ ˊɞɚɘŰɘůɛɧɠ ɛɏůŬ ůŮ ɏɜŬ ůɡɜɖɗɘůɛɏɜɞ əŰɖɜɞŰɟɞűɘəɧ ɢɤɟɘɧ. 

ȾŬŰɎ Űɞ 1941-1944 əŬŰɏűɗŬůŬɜ ũŮɟɛŬɜɞɑ əŬŰŬəŰɖŰɏɠ ɞɘ ɞˊɞɑɞɘ ɛŮ ɚɖůŰɟɘəɐ Ůɝɧɟɡɝɖ 

ɚŮɖɚɎŰɖůŬɜ Űɘɠ ůŰɞɏɠ ůŮ ȸɞɥŭɧɚŬəəŬ əŬɘ ɀˊɞɨɟɘɜɞ, ˊŬɟŬɚŬɛɓɎɜɞɜŰŬɠ Űɞ ˊɘɞ ˊɚɞɨůɘɞ ɡɚɘəɧ 

Űɞ ɞˊɞɑɞ əŬɘ ŬˊɞɗɐəŮɡŬɜ ůŮ ɝɨɚɘɜŮɠ ˊŬɟɎɔəŮɠ- ŬˊɞɗɐəŮɠ ůŰɞ ɢɤɟɘɧ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ Űɞ 

ůŰŮɑɚɞɡɜ ůŰɖɜ ũŮɟɛŬɜɑŬ ɧˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɜ Ŭˊɧ Űɘɠ ˊɞɚŮɛɘəɏɠ ɓɘɞɛɖɢŬɜɑŮɠ. 

ɇɞ 1954-1956 ůŰɖɜ ˊŮɟɘɞɢɐ ɎɟɢɘůŮ Űɖɜ Ůɝɧɟɡɝɖ ɖ ŮŰŬɘɟɑŬ çɀˊɞŭɞůɎəɖɠè. ȾŬŰŬůəŮɨŬůŮ 

Űɞ ˊɟɩŰɞ ŮɟɔɞůŰɎůɘɞ-ˊɚɡɜŰɐɟɘɞ ɔɘŬ Űɞɜ ŮɛˊɚɞɡŰɘůɛɧ Űɞɡ ɞɟɡəŰɞɨ ůŰɖɜ ŰɞˊɞɗŮůɑŬ 

çɇůɘŬɟɑŭŬè ɖ ɞˊɞɑŬ ɓɟɑůəŮŰŬɘ 500 ɛɏŰɟŬ ɜɧŰɘŬ Űɞɡ ɞɘəɘůɛɞɨ ɉɟɤɛɑɞɡ əŬɘ ůɐɛŮɟŬ ɞɜɞɛɎɕŮŰŬɘ 

çˊɚɡɜŰɐɟɘŬè (Ɇɢ. 5.1). ɇɖɜ ɑŭɘŬ ˊŮɟɑɞŭɞ əŬŰŬůəŮɡɎůŰɖəŮ Ŭəɧɛɖ ɏɜŬ ˊŬɟɧɛɞɘɞ ŮɟɔɞůŰɎůɘɞ 

ůŰɖɜ ˊŮɟɘɞɢɐ çɆəɞɨɛŰůŬè, 7 km ɜɧŰɘŬ Űɞɡ ɞɘəɘůɛɞɨ Ŭˊɧ Űɞɜ ŮˊɘɢŮɘɟɖɛŬŰɑŬ çȼɚɘɧˊɞɡɚɞè. ȼ 

ŭɟɎůɖ Űɞɡɠ ɐŰŬɜ ŬɟəŮŰɎ ɞɟɔŬɜɤɛɏɜɖ, Ŭűɞɨ ɏɔɘɜŬɜ ɞɘ ŬɜɎɚɞɔŮɠ ɔŮɤŰɟɐůŮɘɠ (Ɇɢ. 5.2), ɡˊɧɔŮɘŮɠ 

ůŰɞɏɠ Ůɜɩ ŭɘŬɜɞɑɢɗɖəŬɜ ŭɟɧɛɞɘ ɔɘŬ Űɘɠ ɛŮŰŬɚɚŮɡŰɘəɏɠ ŮɟɔŬůɑŮɠ. ɆŰɖɜ ˊŮɟɘɞɢɐ ŮəŰɧɠ Ŭˊɧ Űɞɡɠ 

ŭɨɞ ŬɡŰɞɨɠ ŮˊɘɢŮɘɟɖɛŬŰɑŮɠ ɡˊɐɟɢŬɜ əɘ Ɏɚɚɞɘ ɛŮŰŬɚɚŮɘɞəŰɐŰŮɠ ɧˊɤɠ ɞ ȷˊɞůŰɞɚɑŭɖɠ ůŰɞ Ʌɘɕɧ 

əŬɘ ɞ ɆəŬɚɘůŰɐɟɖɠ ůŰɖ ɅɞŭɘŬɜɐ. ȳˊɞɘɞɠ ŰɨɢŬɘɜŮ ɜŬ ˊŮɟɎůŮɘ Ŭˊɧ Űɞ ɉɟɩɛɘɞ əŬŰɎ Űɞ 1954 ŮɑɢŮ 
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Űɞ ˊɟɞɜɧɛɘɞ Űɞɡ ɟŮɨɛŬŰɞɠ ˊɟɎɔɛŬ Űɞ ɞˊɞɑɞ ɐŰŬɜ ůˊɎɜɘɞ ůŰɖɜ ˊŮɟɘɞɢɐ Ŭűɞɨ ɡˊɐɟɢŮ ɛɧɜɞ ŮəŮɑ 

əŬɘ ůŰɖɜ ȾɞɕɎɜɖ. ɆɨɛűɤɜŬ ɛŮ ɛŬɟŰɡɟɑŮɠ əŬŰɞɑəɤɜ ɛɏɢɟɘ əŬɘ Űɞ 2004 ůŰɞ ɛŮŰŬɚɚŮɑɞ Űɖɠ 

ɆəɞɨɛŰůŬɠ ɔɘɜɧŰŬɜ ůɡɜŰɐɟɖůɖ Ŭˊɧ ˊŮɟɘɞɟɘůɛɏɜɞ ŮɟɔŬŰɘəɧ ˊɟɞůɤˊɘəɧ. 

ȾŬɘ ˊɎɚɘ, əɎŰɞɘəɞɘ ɚɏɜŮ ˊɤɠ Űɞ 1966 ŮˊɘůəɏűɗɖəŬɜ Űɞ ɉɟɩɛɘɞ Ɇɞɡɖŭɞɑ ŮɟŮɡɜɖŰɏɠ, 

ˊɘɗŬɜɩɠ ɔŮɤɚɧɔɞɘ, ɞɘ ɞˊɞɑɞɘ ŬɜɏɓŬɘɜŬɜ ɛŮ ɔŬɥŭɞɨɟɘŬ ůŰɞ ɓɞɡɜɧ Ŭˊɧ ɧˊɞɡ əŬɘ ˊŬɑɟɜŬɜŮ 

ŭŮɑɔɛŬŰŬ ɜŬ ɛŮɚŮŰɐůɞɡɜ Ŭˊɧ Űɘɠ ɐŭɖ ɡˊɎɟɢɞɡůŮɠ ůŰɞɏɠ. ȿɧɔɤ Űɖɠ ŭɘəŰŬŰɞɟɑŬɠ ɧɛɤɠ 

ŭɘŬəɧˊɖəŮ ɞˊɞɘŬŭɐˊɞŰŮ ůɡɕɐŰɖůɖ ɔɘŬ ůɡɜŮɟɔŬůɑŬ. 

ȷˊɧ Űɞ 1984-1992 ɏɔɘɜŮ ŮɡɟŮɑŬ ɛŮɚɏŰɖ Űɖɠ ˊŮɟɘɞɢɐɠ, ɔɘŬ ɚɞɔŬɟɘŬůɛɧ Űɞɡ Ůɚɚɖɜɘəɞɨ 

ŭɖɛɞůɑɞɡ, ɖ ɞˊɞɑŬ ˊŮɟɘɚɎɛɓŬɜŮ ɡˊŬɑɗɟɘŬ ɢŬɟŰɞɔɟɎűɖůɖ əŬɘ ɔŮɤŰɟɐůŮɘɠ Ŭˊɧ Űɘɠ ŮŰŬɘɟŮɑŮɠ 

ũȺɀȺȺ- Ⱥɇȸȷ (ũŮɜɘəɐ ȺŰŬɘɟŮɑŬ ɀŮŰŬɚɚŮɡŰɘəɩɜ ȺɟŮɡɜɩɜ əŬɘ ȺəɛŮŰŬɚɚŮɨůŮɤɜ ï Ⱥɚɚɖɜɘəɐ 

ɇɟɎˊŮɕŬ ȸɘɞɛɖɢŬɜɘəɐɠ ȷɜɎˊŰɡɝɖɠ) ɧˊɤɠ Ůˊɑůɖɠ əŬɘ Ŭˊɧ Űɞɜ ȽũɀȺ (ȽɜůŰɘŰɞɨŰɞ ũŮɤɚɞɔɘəɩɜ 

əŬɘ ɀŮŰŬɚɚŮɡŰɘəɩɜ ȺɟŮɡɜɩɜ). 

ɄŬɟɎɚɚɖɚŬ ɛŮ Űɘɠ ɏɟŮɡɜŮɠ Űɞ ɛŮŰŬɚɚŮɑɞ Űɞɡ ȸɞɥŭɧɚŬəəŬ ŮɝɞɟɨůůŮɘ əŬɜɞɜɘəɎ 

ɛŮŰɎɚɚŮɡɛŬ Ŭˊɧ Űɘɠ ůŰɞɏɠ Űɞɡ Űɞ ɞˊɞɑɞ ŬˊɞŰɑɗŮŰŬɘ ůŮ ŬˊɞɗɐəŮɠ əŬɘ ŬˊɞůŰɏɚɚŮŰŬɘ ůŰɞɜ 

ȷɚɛɡɟɧ ȸɧɚɞɡ ɧˊɞɡ Űɞ 1983 ɝŮəɑɜɖůŮ ɖ ɛŮŰŬɚɚɞɡɟɔɘəɐ ɓɘɞɛɖɢŬɜɑŬ ȺɚɚɖɜɘəɎ ɆɘŭɖɟɞəɟɎɛŬŰŬ 

(Ⱥȿ.ɆȽ).  

ȾŬŰɎ Űɞ 1990 ɝŮəɘɜɎŮɘ ɜɏɞ ŮɟɔɞůŰɎůɘɞ ŮɛˊɚɞɡŰɘůɛɞɨ ɢɟɤɛɑŰɖ ůŰɖɜ ɗɏůɖ çȷɔɟɘɎɜŰɕŮɠè 

ůŰŬ ůɨɜɞɟŬ ɉɟɤɛɑɞɡ ȾɞɕɎɜɖɠ əŬɘ ȸɎɟɖɠ ũɟŮɓŮɜɩɜ. ȼ Ůˊɏɜŭɡůɖ ŬɡŰɐ ɓŬůɘɕɧŰŬɜ 

ŬˊɞəɚŮɘůŰɘəɎ ůŰɞ əɞɑŰŬůɛŬ Űɖɠ ɗɏůɖɠ çɅɘɕɧè ɡɚɘəɧ Űɞɡ ɞˊɞɑɞɡ ˊɟɞŮɟɢɧŰŬɜ Ŭˊɧ ŮˊɘűŬɜŮɘŬəɐ 

ŬɚɚɎ əŬɘ ɡˊɧɔŮɘŬ ŮəɛŮŰɎɚɚŮɡůɖ ɛɏůɤ Űɖɠ ůŰɞɎɠ ˊɞɡ ůɡɜɏŭŮŮ Űɘɠ ɗɏůŮɘɠ, çɅɘɕɧ- ȾɞɡɟůɞɨɛɘŬè. 

ɀŮŰɎ Ŭˊɧ ɚɑɔɞɡɠ ɛɐɜŮɠ ɚŮɘŰɞɡɟɔɑŬɠ ɏɔɘɜŮ ŬɜŬůŰɞɚɐ ŮɟɔŬůɘɩɜ ɚɧɔɤ Űɖɠ ˊŬɔəɧůɛɘŬɠ əɟɑůɖɠ 

ůŰɖɜ Űɘɛɐ Űɞɡ ɢɟɤɛɑŰɖ, ɓɎůɖ Űɖɠ ɞˊɞɑŬɠ ŭɘŬəɧˊɖəŮ ɞˊɞɘŬŭɐˊɞŰŮ ŭɟŬůŰɖɟɘɧŰɖŰŬ ɧůɞɜ ŬűɞɟɎ 

Űɞɜ ŰɞɛɏŬ ŬɡŰɧ ůŰɖɜ ȺɚɚɎŭŬ.  

ȸŬůɘɕɧɛŮɜɞɘ ůŰŬ ɓɏɓŬɘŬ ŬˊɞɗɏɛŬŰŬ ɢɟɤɛɑŰɖ ůŰɖɜ ˊŮɟɘɞɢɐ, əŬŰɎ Űɞ 2016 ɝŮəɑɜɖůŬɜ 

ŭɟŬůŰɖɟɘɧŰɖŰŮɠ ɔɘŬ Űɖɜ ŮˊŬɜŬɚŮɘŰɞɡɟɔɑŬ ŮɟɔɞůŰŬůɑɞɡ ŮɛˊɚɞɡŰɘůɛɞɨ ɩůŰŮ ɜŬ ŮəɛŮŰŬɚɚŮɡɗŮɑ 

ɞ ˊɚɞɨŰɞɠ Űɖɠ ˊŮɟɘɞɢɐɠ, Ŭˊɧ Űɖɜ ŮŰŬɘɟŮɑŬ çȺɚɚɖɜɘəɎ ɀŮŰŬɚɚŮɑŬ ȷ. Ⱥ.è Űɞɡ ɛŮŰŬɚɚŮɘɞɚɧɔɞɡ 

ɛɖɢŬɜɘəɞɨ ə. ȾɞɨŰɟŬ, ůŰɖɜ ɗɏůɖ çȸŮɔɔɑůŰɟŮɠè ůŰɖɜ ȸɎɟɖ ũɟŮɓŮɜɩɜ. ȰŰůɘ əŬŰɎ Űɞ 2018 

ɞɚɞəɚɖɟɩɗɖəŮ ɖ əŬŰŬůəŮɡɐ Űɞɡ ɜɏɞɡ ŮɟɔɞůŰŬůɑɞɡ ŮɛˊɚɞɡŰɘůɛɞɨ ɢɟɤɛɑŰɖ əŬɗɩɠ ɝŮəɑɜɖůŮ 

əŬɘ ɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡ əɎɜɞɜŰŬɠ ɢɟɐůɖ Űɞɡ ɡɚɘəɞɨ ˊɞɡ ˊɟɞəɨˊŰŮɘ, ɔɘŬ Űɖɜ ɩɟŬ, Ŭˊɧ ŮˊɘűŬɜŮɘŬəɐ 

Ůɝɧɟɡɝɖ Ŭˊɧ Űɘɠ ɗɏůŮɘɠ çȷŮŰɞɟɎɢŮɠè əŬɘ çɅɘɕɧè Ůɜɩ ɔɑɜŮŰŬɘ ɏɟŮɡɜŬ əŬɘ ɔɘŬ ŮˊɏəŰŬůɖ əŬɘ ůŮ 

ɎɚɚŮɠ ɛŮŰŬɚɚŮɡŰɘəɏɠ ɗɏůŮɘɠ ɧˊɤɠ ȾɞɡɟůɞɨɛɘŬ, ȾŮɟŬůɑŰůŬ, ȸɞɥŭɧɚŬəəŬ, Ⱦɞəəɘɜɧŭɟɞɛɞ əŬɘ 

ɂŮɟɞɚɑɓŬŭɞ. 
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ȺɘəɧɜŬ 5.1: ȺɟɔɞůŰɎůɘɞ ɀˊɞŭɞůɎəɖ, çɄɚɡɜŰɐɟɘŬè (ɄɞɚɘŰɘůŰɘəɧɠ ůɨɚɚɞɔɞɠ ɉɟɤɛɑɞɡ). 

 

 

ȺɘəɧɜŬ 5.2: ũŮɤŰɟɨˊŬɜɞ Ůˊɞɢɐɠ ůŰɖɜ ˊŮɟɘɞɢɐ ɢɟɤɛɑɞɡ ŮəŰŮɚŮɑ ŭŮɘɔɛŬŰɞɚɖɣɑŬ (ɄɞɚɘŰɘůŰɘəɧɠ 

ůɨɚɚɞɔɞɠ ɉɟɤɛɑɞɡ). 
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5.1 ɇŮɢɜɘəɐ Ůɝɧɟɡɝɖɠ Űɞɡ ɢɟɤɛɑŰɖ Ŭˊɧ Űɞ ˊŬɟŮɚɗɧɜ ɤɠ əŬɘ ůɐɛŮɟŬ 

 

ȼ ɛɏɗɞŭɞɠ ɏɟŮɡɜŬɠ əŬɘ Ůɝɧɟɡɝɖɠ Űɞɡ ɢɟɤɛɑŰɖ ˊŬɟŬɛɏɜŮɘ ůɢŮŭɧɜ ɑŭɘŬ Ůŭɩ əŬɘ ˊɞɚɚɎ 

ɢɟɧɜɘŬ, Ůɜɩ Űɞ ɛɧɜɞ ˊɞɡ ŬɚɚɎɕŮɘ ŮɑɜŬɘ ŰŬ ɛɏůŬ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ əŬɗɩɠ ŮɝŮɚɑůůŮŰŬɘ ɖ 

ŰŮɢɜɞɚɞɔɑŬ. ȰŰůɘ, əŬɗɩɠ ˊŮɟɜɎɜŮ ŰŬ ɢɟɧɜɘŬ ɛŮɘɩɜŮŰŬɘ ɖ ŬɜɎɔəɖ ůŮ ŮɟɔŬŰɘəɧ ˊɟɞůɤˊɘəɧ ɔɘŬŰɑ 

Űɖɜ ɗɏůɖ Űɞɡ ɏɢɞɡɜ ˊɎɟŮɘ ˊɚɏɞɜ ŰŬ ůɨɔɢɟɞɜŬ ɛɖɢŬɜɐɛŬŰŬ, ɧˊɤɠ Ůˊɑůɖɠ ɛŮɘɩɜɞɜŰŬɘ əŬɘ ŰŬ 

ŬŰɡɢɐɛŬŰŬ ɚɧɔɤ Űɖɠ ˊɟɞůɞɢɐɠ ˊɞɡ ŭɑɜŮŰŬɘ ˊɚɏɞɜ ůŰŬ ɛɏŰɟŬ ŬůűŬɚŮɑŬɠ. 

ɀɏɢɟɘ əŬɘ Űɞ 1954 ˊɞɡ ŮɛűŬɜɑůŰɖəŮ ůŰɖɜ ˊŮɟɘɞɢɐ ɞ «ɀˊɞŭɞůɎəɖɠ» əŬɘ ɞ «ȼɚɘɧˊɞɡɚɞɠ» 

ŭŮɜ ɡˊɐɟɢŮ ůŰɖɜ ȺɚɚɎŭŬ ŮɟɔɞůŰɎůɘɞ ŮˊŮɝŮɟɔŬůɑŬɠ əŬɘ ŮɛˊɚɞɡŰɘůɛɞɨ Űɞɡ ɢɟɤɛɑŰɖ, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɜŬ ŮɝɞɟɨůůŮŰŬɘ əŬɘ ɜŬ ŮɝɎɔŮŰŬɘ ɡɚɘəɧ Űɞ ɞˊɞɑɞ ɐŰŬɜ ˊɚɞɨůɘɞ ůŮ ɢɟɤɛɑŰɖ. ɀɏɢɟɘ 

ŰɧŰŮ ɧɚɖ ɖ ŮəɛŮŰɎɚɚŮɡůɖ Űɞɡ ˊɟɤŰŬɟɢɘəɞɨ ɡɚɘəɞɨ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɜ ɢŮɘɟɤɜŬəŰɘəɎ əŬɘ 

ŰɞˊɞɗŮŰɞɨɜŰŬɜ ůŮ ŭŮɟɛɎŰɘɜŬ əŬɚɎɗɘŬ, ŰŬ ɞˊɞɑŬ ɞɜɧɛŬɕŬɜ «ɕɘɛˊɑɚɘŬ», űɞɟŰɤɜɧŰŬɜ ůŮ 

ɛɞɡɚɎɟɘŬ əŬɘ ŬˊɞɛŬəɟɡɜɧŰŬɜ Ŭˊɧ Űɖɜ ůŰɞɎ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ űŰɎůŮɘ ůŰɞ ůɘŭɖɟɞŭɟɞɛɘəɧ 

ůŰŬɗɛɧ ūɚɩɟɘɜŬɠ ɩůŰŮ ɜŬ ɔɑɜŮɘ ɖ ŮɝŬɔɤɔɐ Űɞɡ.  

ȳŰŬɜ ɚŮɘŰɞɨɟɔɖůŮ Űɞ ˊɟɩŰɞ ŮɟɔɞůŰɎůɘɞ, ŮɝŮɚɑɢɗɖəŮ əŬɘ ɞ Űɟɧˊɞɠ ŮəɛŮŰɎɚɚŮɡůɖɠ. ȾŬŰɎ 

Űɖɜ ŮɟɔŬůɑŬ ŬɜŬˊŰɨɢɗɖəŮ ɖ ůɡɜŮɟɔŬůɑŬ əŬɘ ɞ ůɡɜŰɞɜɘůɛɧɠ. Ʉɟɘɜ Űɖɜ ŭɘɎɜɞɘɝɖ Űɖɠ ůŰɞɎɠ 

ɝŮəɘɜɞɨůŬɜ ɞɘ ŮɟɔŬůɑŮɠ ɔɘŬ əŬŰŬůəŮɡɐ ˊɖɔŬŭɘɩɜ ɛŮ ůəɞˊɧ Űɖɜ ŬɜŬəɨəɚɤůɖ Űɞɡ ŬɏɟŬ ɛɏůŬ 

ůŰɖɜ ůŰɞɎ ɩůŰŮ ɜŬ ɛˊɞɟŮɑ ɜŬ ŮɟɔɎɕŮŰŬɘ Űɞ ˊɟɞůɤˊɘəɧ. ɇɖɜ ůŰɞɎ űɩŰɘɕŬɜ ɚɎɛˊŮɠ ŬůŮŰɡɚɑɜɖɠ 

Űɘɠ ɞˊɞɑŮɠ ŭɘɏɗŮŰŮ ŬŰɞɛɘəɎ ɞ əɎɗŮ ŮɟɔŬɕɧɛŮɜɞɠ. ȼ ŭɘɎɜɞɘɝɖ Űɖɠ ůŰɞɎɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖɜ 

ɢɟɐůɖ ŮəɟɖəŰɘəɩɜ ɡɚɩɜ, əŬɘ əɡɟɑɤɠ ŭɡɜŬɛɑŰɖ. ȷɟɢɘəɎ ˊŮɟɜɞɨůŮ ɞ ˊɘůŰɞɚŬŭɧɟɞɠ ɞ ɞˊɞɑɞɠ 

ɎɜɞɘɔŮ Űɘɠ ɞˊɏɠ əɘ ɏˊŮɘŰŬ ɞ ɔŮɛɘůŰɐɠ ɞ ɞˊɞɑɞɠ Űɘɠ ɔɏɛɘɕŮ ɛŮ ŭɡɜŬɛɑŰɖ ɩůŰŮ ɜŬ ɔɑɜŮɘ ɖ ŬɜŬŰɑɜŬɝɖ 

(Ɇɢ. 5.1.1), Ůɜɩ ɖ ŬˊɞɛɎəɟɡɜůɖ Űɞɡ ɡɚɘəɞɨ ˊɟŬɔɛŬŰɞˊɞɘɞɨɜŰŬɜ Ŭˊɧ Űɞɡɠ ŮɟɔɎŰŮɠ ɞɘ ɞˊɞɑɞɘ 

ŰɞˊɞɗŮŰɞɨůŬɜ Űɞ ɡɚɘəɧ ůŮ ɓŬɔɞɜɏŰŬ ˊɞɡ əɘɜɞɨɜŰŬɜ ˊɎɜɤ ůŮ ůɘŭɖɟɞŭɟɞɛɘəɏɠ ɟɎɔŮɠ ɛŮ ůəɞˊɧ 

ɜŬ ɓɔɞɡɜ ůŰɖɜ ŮˊɘűɎɜŮɘŬ. ȼ ɛŮŰŬűɞɟɎ Ŭˊɧ Űɖɜ ůŰɞɎ ůŰɞ ŮɟɔɞůŰɎůɘɞ ŮɛˊɚɞɡŰɘůɛɞɨ, ˊɞɡ 

ůŰŮɔɎɕŮŰŬɘ ůŰɖɜ ɗɏůɖ «ȷɔɟɘɎɜŰɕŮɠ», ɔɘɜɧŰŬɜ ɛŮ ŮɘŭɘəɎ űɞɟŰɖɔɎ ɔɘŬ Űɖɜ Ůˊɞɢɐ, ŬɜɗŮəŰɘəɎ ůŰɘɠ 

ŭɨůəɞɚŮɠ ůɡɜɗɐəŮɠ. Ⱥɜɩ ŮəŮɑ ŮəŰɧɠ ɔɘɜɧŰŬɜ əŬɘ ɢŮɘɟɞŭɘŬɚɞɔɐ Ŭˊɧ ɔɡɜŬɑəŮɠ, ůɡɜɐɗɤɠ Űɘɠ 

ůɡɕɨɔɞɡɠ Űɤɜ ɛŮŰŬɚɚɤɟɨɢɤɜ, ɔɘŬ Űɞɜ ŭɘŬɢɤɟɘůɛɧ Űɞɡ ˊɘɞ ˊɚɞɨůɘɞɡ ɛŮŰŬɚɚŮɨɛŬŰɞɠ. 

ɇɞ űɞɟŰɖɔɧ ɎŭŮɘŬɕŮ Űɞ ɡɚɘəɧ Űɖɠ ŰɟɞűɞŭɞůɑŬɠ ůŮ ɏɜŬ ɛŮɔɎɚɞ ŰůɘɛŮɜŰɏɜɘɞ ůɘɚɧ Ŭˊɧ Űɞ 

ɞˊɞɑɞ ŬˊɞɛŬəɟɡɜɧŰŬɜ ɛɏůɤ ŰŬɘɜɘɞŭɟɧɛɞɡ ůŮ ɏɜŬɜ ůˊŬůŰɐɟŬ ɞ ɞˊɞɑɞɠ ŮɑɢŮ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ 

Űɞ ůˊɎůŮɘ ůŮ ɛɏɔŮɗɞɠ ˊŮɟɑˊɞɡ 4 ŮəŬŰɞůŰɩɜ, Ůɜɩ ɏˊŮɘŰŬ Ŭˊɧ ŬɡŰɐ Űɖɜ ɗɟŬɨůɖ ɛŮŰŬűŮɟɧŰŬɜ 

əŬɘ ˊɎɚɘ ɛɏůɤ ŰŬɘɜɑŬɠ ůŮ ŮˊɧɛŮɜɞ ůˊŬůŰɐɟŬ ɞ ɞˊɞɑɞɠ ŮɑɢŮ Űɖɜ ŭɡɜŬŰɧŰɖŰŬ ɜŬ Űɞ əɎɜŮɘ ůəɧɜɖ. 

ȰˊŮɘŰŬ ɝŮəɘɜɞɨůŮ ɖ ŭɘŬŭɘəŬůɑŬ ɏəˊɚɡůɖɠ əŬɘ ŮɛˊɚɞɡŰɘůɛɞɨ ɧˊɞɡ ɔɘɜɧŰŬɜ ɞ ŭɘŬɢɤɟɘůɛɧɠ Űɞɡ 

əŬɗŬɟɞɨ ɛŮŰŬɚɚŮɨɛŬŰɞɠ Ŭˊɧ Űɞ ůŰŮɑɟɞ Űɞ ɞˊɞɑɞ ˊŮɟɘŮɑɢŮ ůɡɜɞŭɎ ɞɟɡəŰɎ Űɞɡ ɢɟɤɛɑŰɖ. ȰŰůɘ 
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ɛŮŰɎ Űɖɜ ůɡɚɚɞɔɐ Űɞɡ ŰŮɚɘəɞɨ ˊɟɞɥɧɜŰɞɠ ɔɘɜɧŰŬɜ ɖ ɛŮŰŬűɞɟɎ ůŰɞɜ ůɘŭɖɟɞŭɟɞɛɘəɧ ůŰŬɗɛɧ 

ȾɞɕɎɜɖɠ ɧˊɞɡ əŬɘ ŬˊɞɗɖəŮɨɞɜŰŬɜ ɛŮ ůəɞˊɧ ɜŬ ɛŮŰŬűŮɟɗŮɑ ůŰɞɜ ȷɚɛɡɟɧ ȸɧɚɞɡ. 

ɆŰɖɜ ɑŭɘŬ ɚɞɔɘəɐ ɓŬůɑɕŮŰŬɘ əŬɘ Űɞ ůɖɛŮɟɘɜɧ ŮɟɔɞůŰɎůɘɞ ŮɛˊɚɞɡŰɘůɛɞɨ Űɞɡ ɢɟɤɛɑŰɖ Űɞ 

ɞˊɞɑɞ ɓɟɑůəŮŰŬɘ ůŰɖɜ ɗɏůɖ «ȸŮɔɔɑůŰɟŮɠ» Űɖɠ ȸɎɟɖɠ ũɟŮɓŮɜɩɜ ɛŮ Űɖɜ ɢɟɐůɖ ˊɘɞ ůɨɔɢɟɞɜɤɜ 

ɛɏůɤɜ ɔɘŬ Űɖɜ ˊŬɟŬɔɤɔɐ Űɞɡ ŰŮɚɘəɞɨ ůɡɛˊɡəɜɩɛŬŰɞɠ Űɞ ɞˊɞɑɞ əŬɘ ˊɎɚɘ ŬˊɞɗɖəŮɨŮŰŬɘ əŬɘ 

ŭɘŬɢɏŮŰŬɘ ůŰɘɠ ɛŮɔɎɚŮɠ Ŭɔɞɟɏɠ ɕɐŰɖůɖɠ, əɡɟɑɤɠ Űɖɜ ȾɑɜŬ. 

 

 

ȺɘəɧɜŬ 5.1.1: ȹɘŬŭɘəŬůɑŬ Ůɝɧɟɡɝɖɠ Űɞɡ ɢɟɤɛɑŰɖ ɛɏůŬ ůŰɖɜ ůŰɞɎ (ɄɞɚɘŰɘůŰɘəɧɠ ůɨɚɚɞɔɞɠ ɉɟɤɛɑɞɡ) 
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6. ȹŮɘɔɛŬŰɞɚɖɣɑŬ əŬɘ ɛɏɗɞŭɞɠ ɏɟŮɡɜŬɠ 

 

ȼ ˊŬɟɞɨůŬ ɛŮɚɏŰɖ ŮˊɘəŮɜŰɟɩɜŮŰŬɘ ůŰɖɜ ˊŮɟɘɔɟŬűɐ Űɤɜ ŮɟŮɡɜɖŰɘəɩɜ ɔŮɤŰɟɐůŮɤɜ ˊɞɡ 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ůŰɖɜ ɗɏůɖ Ʌɘɕɧ ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ůŰɖɜ ɢɖɛɘəɐ ůɨůŰŬůɖ Űɞɡ 

ɛŮŰŬɚɚŮɨɛŬŰɞɠ ɢɟɤɛɑŰɖ ůŰɖɜ ˊŮɟɘɞɢɐ. ȼ ɚɐɣɖ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ ŬɡŰɩɜ ˊɟɞɐɚɗŮ Ŭˊɧ Űɖɜ 

ɛŬəɟɞůəɞˊɘəɐ ˊŮɟɘɔɟŬűɐ Űɤɜ ŮɟŮɡɜɖŰɘəɩɜ ɔŮɤŰɟɐůŮɤɜ ˊɞɡ ɏɔɘɜŬɜ ůŰɖɜ ˊŮɟɘɞɢɐ əŬɘ ɛɏůɤ 

əɎˊɞɘɤɜ ɢɖɛɘəɩɜ ŬɜŬɚɨůŮɤɜ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɩɜ ŮˊɘűŬɜŮɘŬəɩɜ ŭŮɘɔɛɎŰɤɜ Ŭˊɧ in situ ɗɏůŮɘɠ 

ůŰɟŬŰɖɔɘəɎ ŮˊɘɚŮɔɛɏɜŮɠ ɓŬůɘɕɧɛŮɜŮɠ ůŮ ˊŬɚŬɘɧŰŮɟŮɠ ɛŮɚɏŰŮɠ. 

 

6.1 ũŮɤŰɟɐůŮɘɠ 

Ɇəɞˊɧɠ, Űɖɠ ɏɟŮɡɜŬɠ ŮɑɜŬɘ ɞ ˊɟɞůŭɘɞɟɘůɛɧɠ Űɞɡ əɞɘŰɎůɛŬŰɞɠ ɢɟɤɛɑŰɖ ůŰɖɜ ɗɏůɖ Ʌɘɕɧ ɔɘŬ 

Űɖɜ Ŭˊɧɚɖɣɐ Űɞɡ ɛŮ Űɞɜ əŬɚɨŰŮɟɞ ŭɡɜŬŰɧɜ Űɟɧˊɞ, ɧůɞɜ ŬűɞɟɎ Űɖɜ ŮˊɘűŬɜŮɘŬəɐ ɐ ɡˊɧɔŮɘŬ 

Ůɝɧɟɡɝɖ. ȰˊŮɘŰŬ Ŭˊɧ ɢŬɟŰɞɔɟɎűɖůɖ Űɖɠ ˊŮɟɘɞɢɐɠ, ŬɜŬɕɐŰɖůɖ ˊŬɚŬɘɧŰŮɟɤɜ ŮɟɔŬůɘɩɜ, 

ɔŮɤɚɞɔɘəɩɜ ɢŬɟŰɩɜ ˊɞɡ Ŭűɞɟɞɨɜ Űɖɜ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɘɞɢɐ, əŬɘ ŮűŬɟɛɞɔɐ 

ɖɚŮəŰɟɞɛŬɔɜɖŰɘəɩɜ ɛŮɗɧŭɤɜ ɏɟŮɡɜŬɠ, ˊɟɞůŭɘɞɟɑůŰɖəŬɜ ŬɟəŮŰɏɠ ɗɏůŮɘɠ ˊɘɗŬɜɩɜ ɔŮɤŰɟɐůŮɤɜ 

ůŰɖɜ ˊŮɟɘɞɢɐ əŬɘ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ 11 ɔŮɤŰɟɐůŮɘɠ ɛŮ ɛɏɔɘůŰɞ ɓɎɗɞɠ ŰŬ 163,21 ɛɏŰɟŬ. é.. 

ȼ ɏɜŬɟɝɐ Űɞɡɠ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮŰɎ Űɖɜ ŭɘŮɡɗɏŰɖůɖ ɧɚɤɜ Űɤɜ ŬˊŬɟŬɑŰɖŰɤɜ ŭɘŬŭɘəŬůɘɩɜ 

ɔɘŬ Űɘɠ ŬŭŮɘɞŭɞŰɐůŮɘɠ ɛŮ ůəɞˊɧ Űɖɜ ˊɚɐɟɖ ɛŮŰŬɚɚŮɘɞəŰɖůɑŬ Ŭˊɧ Űɖɜ ŮŰŬɘɟɑŬ çȺȿȿȼɀȺɇ 

ȺȿȿȼɁȽȾȷ ɀȺɇȷȿȿȺȽȷ ȷ.Ⱥè.  

   ũɘŬ Űɖɜ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Űɖɠ əɎɗŮ ɔŮɩŰɟɖůɖɠ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ŬɡŰɞəɘɜɞɨɛŮɜɞ 

ŭŮɘɔɛŬŰɞɚŮɘˊŰɘəɧ ɔŮɤŰɟɨˊŬɜɞ (Ɇɢ. 6.1.1), Űɨˊɞɡ Cassagrande wagon drill, ɛŮ ŰŮɢɜɘəɎ 

ɢŬɟŬəŰɖɟɘůŰɘəɎ ˊɞɡ ˊŮɟɘɔɟɎűɞɜŰŬɘ ůŰɞ Ɇɢ. 6.1.2. 
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ȺɘəɧɜŬ 6.1.1: ȷɡŰɞəɘɜɞɨɛŮɜɞ ŭŮɘɔɛŬŰɞɚɖˊŰɘəɧ ɔŮɤŰɟɨˊŬɜɞ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘŬ Űɖɠ ɏɟŮɡɜŬɠ 

(ȺȿȿȼɀȺɇ 2018). 

 

ȺɘəɧɜŬ 6.1.2 : ɄɑɜŬəŬɠ ŰŮɢɜɘəɩɜ ɢŬɟŬəŰɖɟɘůŰɘəɩɜ ɔŮɤŰɟɡˊɎɜɞɡ Casagrande C6. 

 

ɇŬ ˊɟɩŰŬ ɓɐɛŬŰŬ ˊɞɡ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ɔɑɜɞɡɜ ˊɟɘɜ ɝŮəɘɜɐůŮɘ ɛɑŬ ɔŮɩŰɟɖůɖ ŮɑɜŬɘ ɖ 

ŭɘŬɛɧɟűɤůɖ ŭɟɧɛɞɡ əŬɘ ɢɩɟɞɡ, ˊɟɞəŮɘɛɏɜɞɡ ɜŬ əŬŰŬűɏɟŮɘ ɜŬ ˊŮɟɎůŮɘ əŬɘ ɜŬ ůŰɖɗŮɑ Űɞ 

ɔŮɤŰɟɨˊŬɜɞ ɩůŰŮ ɜŬ ɝŮəɘɜɐůŮɘ ɖ ɔŮɩŰɟɖůɖ ɛŮ Űɖɜ ˊɟɞůɢŮŭɘŬůɛɏɜɖ əɚɑůɖ Űɖɠ. ȺɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɞ ɜŬ ɏɢŮɘ ɘůɞˊŮŭɤɗŮɑ əŬɘ ɜŬ ɏɢŮɘ ɞɟɘɕɞɜŰɘɤɗŮɑ Űɞ ˊɟŬɜɏɠ ˊɟɘɜ Űɖɜ ɏɜŬɟɝɖ Űɖɠ 
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ɔŮɩŰɟɖůɖɠ. ȰɜŬ Ůˊɘˊɚɏɞɜ ůɖɛŬɜŰɘəɧ ɢŬɟŬəŰɖɟɘůŰɘəɧ ɔɘŬ Űɖɜ ŭɘŮɝŬɔɤɔɐ ɛɑŬɠ ɔŮɩŰɟɖůɖɠ, ŮɑɜŬɘ 

ɖ ŮɝŬůűɎɚɘůɖ ŭɘəŰɨɞɡ ɜŮɟɞɨ. ȰŰůɘ, ůŰɖɜ ůɡɔəŮəɟɘɛɏɜɖ ˊŮɟɑˊŰɤůɖ ŮɔəŬŰŬůŰɎɗɖəŬɜ ŭɨɞ 

ŭŮɝŬɛŮɜɏɠ ɞɘ ɞˊɞɑŮɠ ɐŰŬɜ ůɡɜŭŮŭŮɛɏɜŮɠ ɛŮ Űɞ ɔŮɤŰɟɨˊŬɜɞ əŬɘ ŰɟɞűɞŭɞŰɞɨɜŰŬɜ ůɡɜŮɢɩɠ Ŭˊɧ 

ɡŭɟɞűɧɟɞ ɓɡŰɑɞ. ȼ ŰŮɚɘəɐ ŭɘŬɛɧɟűɤůɖ ˊɞɡ ŬˊŬɘŰŮɑŰŬɘ ůŰɞɜ ɢɩɟɞ ŬűɞɟɎ Űɖɜ ŭɘɎɜɞɘɝɖ 

ŬɡɚŬəɘɩɜ ɔɘŬ Űɖɜ əŬɜɞɜɘəɐ ɟɞɐ Űɤɜ ŮˊɘůŰɟŮűɧɛŮɜɤɜ ɜŮɟɩɜ Űɖɠ ɔŮɩŰɟɖůɖɠ. 

ȼ ɛɏɗɞŭɞɠ ŭɘɎŰɟɖůɖɠ ŮɑɜŬɘ ˊŮɟɘůŰɟɞűɘəɐ ɧˊɞɡ ˊŮɟɘůŰɟɏűŮŰŬɘ ɖ ɔŮɤŰɟɖŰɘəɐ ůŰɐɚɖ, ɛŮ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮɜɞ əɞˊŰɘəɧ Ɏəɟɞ, Űɖɜ ŬŭŬɛŬɜŰɞəɞɟɩɜŬ ɚɧɔɤ Űɤɜ ůəɚɖɟɩɜ ˊŮŰɟɤɛɎŰɤɜ Űɖɠ 

ˊŮɟɘɞɢɐɠ. ȼ ŬɜɎəŰɖůɖ Űɞɡ ŭŮɑɔɛŬŰɞɠ ŮɑɜŬɘ 1.5 ɛɏŰɟɞ Ůɜɩ ɞ ŭŮɘɔɛŬŰɞɚɐˊŰɖɠ ŮɑɜŬɘ ɛɞɜɞɨ 

ůɤɚɐɜŬ.ɇŬ ŭɘŬŰɟɖŰɘəɎ ůŰŮɚɏɢɖ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ, ɏɢɞɡɜ ɛɐəɞɠ 3 ɛɏŰɟŬ ɛŮ ɞɛɞɘɧɛɞɟűɖ 

ŮɝɤŰŮɟɘəɐ ŭɘɎɛŮŰɟɞ, Ůɜɩ ŰɞˊɞɗŮŰɞɨɜŰŬɘ ˊɎɜɤ ůŮ əŬɓŬɚɏŰŬ əɞɜŰɎ ůŰɞ ɔŮɤŰɟɨˊŬɜɞ, ɧůɞ ŮɑɜŬɘ 

ŮűɘəŰɧ, ɔɘŬ Űɖɜ ŮɡəɞɚɧŰŮɟɖ ɛŮŰŬűɞɟɎ Űɞɡɠ. ũɘŬ Űɖɜ ɞɛŬɚɐ Ůɝɏɚɘɝɖ Űɖɠ ɔŮɩŰɟɖůɖɠ ŮɑɜŬɘ 

ŬˊŬɟŬɑŰɖŰɖ ɖ ůɡɜŮɢɐɠ űɟɞɜŰɑŭŬ ɔɘŬ ŮˊɘůəŮɡɐ ɖ ŬɜŰɘəŬŰɎůŰŬůɖ Űɤɜ əɞˊŰɘəɩɜ Ɏəɟɤɜ ɐ 

ůŰŮɚŮɢɩɜ Ŭˊɧ Űɞɡɠ ɓɞɖɗɞɨɠ Űɞɡ ɔŮɤŰɟɡˊŬɜɘůŰɐ. ȷɜŬˊɧűŮɡəŰŬ ŮɑɜŬɘ əɎˊɞɘŮɠ űɞɟɏɠ əŬɘ ŰŬ 

űɟŬəŬɟɑůɛŬŰŬ Űɖɠ ŭɘŬŰɟɖŰɘəɐɠ ůŰɐɚɖɠ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ŮɨɟŮůɖɠ əɎˊɞɘɞɡ ɟɐɔɛŬŰɞɠ. 

ȷűɞɨ ɞɚɞəɚɖɟɤɗŮɑ ɧɚɖ ɖ ŬˊŬɟŬɑŰɖŰɖ ˊɟɞŮɟɔŬůɑŬ ɝŮəɘɜɎŮɘ ɖ ŭɘɎŰɟɖůɖ ɓɎɕɞɜŰŬɠ ŰŬ 

ˊɟɩŰŬ ŭɘŬŰɟɖŰɘəɎ ůŰŮɚɏɢɖ Ůɜɩ ˊŬɟɎɚɚɖɚŬ ɔɑɜŮŰŬɘ ŭŮɘɔɛŬŰɞɚɖɣɑŬ ŬɜɎ 1.5 ɛɏŰɟɞ Ŭˊɧ Űɞɜ 

ŭŮɘɔɛŬŰɞɚɐˊŰɖ ˊɞɡ ŮɘůɏɟɢŮŰŬɘ ůŰɖɜ ůɤɚɐɜɤůɖ Ůˊɏɜŭɡůɖɠ ɛŮ ɛɘəɟɧŰŮɟɖ ŭɘɎɛŮŰɟɞ Ŭˊɧ ŬɡŰɐ, 

ɏɤɠ ɧŰɞɡ űŰɎůŮɘ Űɞ ˊɟɞɓɚŮˊɧɛŮɜɞ ɓɎɗɞɠ. ȷűɞɨ ɓɔŮɘ ɞ ˊɡɟɐɜŬɠ Űɖɠ ɔŮɩŰɟɖůɖɠ, əŬŰŬɔɟɎűŮŰŬɘ 

Űɞ ɛɐəɞɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ, ɡˊɞɚɞɔɑɕŮŰŬɘ Űɞ ˊɞůɞůŰɧ ŬɜɎəŰɖůɖɠ əŬɘ Űɞ RQD (Rock- Quality 

Designation) Ůɜɩ ˊŬɟɎɚɚɖɚŬ ɔɑɜŮŰŬɘ ɖ ˊŮɟɘɔɟŬűɐ Űɤɜ ɔŮɤɚɞɔɘəɩɜ ůɢɖɛŬŰɘůɛɩɜ ˊɞɡ 

ůɡɜŬɜŰɎɛŮ ůŮ əɎɗŮ ɓɎɗɞɠ əŬɘ ɖ əŬŰŬɔɟŬűɐ Űɤɜ ŭɘŬəɚɎůŮɤɜ ɐ ůˊŬůɘɛɎŰɤɜ ŬɜŰɑůŰɞɘɢŬ. ɀŮŰɎ 

Űɖɜ əŬŰŬɔɟŬűɐ Űɞɡ ŭŮɑɔɛŬŰɞɠ űɤŰɞɔɟŬűɑɕŮŰŬɘ əŬŰɎ ɛɐəɞɠ ɞ ˊɡɟɐɜŬɠ Űɖɠ ɔŮɩŰɟɖůɖɠ əŬɘ 

0ŬˊɞɗɖəŮɨŮŰŬɘ ůŮ ɝɨɚɘɜŬ əɘɓɩŰɘŬ ůɡɜɞɚɘəɐɠ ɢɤɟɖŰɘəɧŰɖŰŬɠ 3 ɛɏŰɟɤɜ. ɄɎɜɤ ůŰɞ əɘɓɩŰɘɞ 

ŬɜŬɔɟɎűŮŰŬɘ Űɞ ɧɜɞɛŬ Űɖɠ ɔŮɩŰɟɖůɖɠ, Űɞ ɓɎɗɞɠ Ŭˊɧ ɧˊɞɡ ɝŮəɘɜɎŮɘ əŬɘ əŬŰŬɚɐɔŮɘ Űɞ 

ˊŮɟɘŮɢɧɛŮɜɧ Űɞɡ əŬɘ ɞ Ŭɟɘɗɛɧɠ Űɞɡ əɘɓɤŰɑɞɡ, ɩůŰŮ ɜŬ ŮɑɜŬɘ ŮɡəɞɚɧŰŮɟɖ ɖ əŬŰɎŰŬɝɐ Űɞɡɠ əŬŰɎ 

Űɖɜ ŬˊɞɗɐəŮɡůɖ. 

 

6.2 ȹŮɘɔɛŬŰɞɚɖɣɑŬ ŮˊɘűŬɜŮɘŬəɩɜ ŭŮɘɔɛɎŰɤɜ 

ɄŬɟɎɚɚɖɚŬ ɛŮ Űɖɜ ɢŬɟŰɞɔɟɎűɖůɖ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Ŭˊɧ Űɖɜ ŮŰŬɘɟŮɑŬ çȺȿȿȼɀȺɇ 

ȺȿȿȼɁȽȾȷ ɀȺɇȷȿȿȺȽȷ ȷ.Ⱥ..è ɏɔɘɜŮ əŬɘ ŭŮɘɔɛŬŰɞɚɖɣɑŬ 57 ŭŮɘɔɛɎŰɤɜ, əɡɟɑɤɠ Ŭˊɧ in situ 

ɗɏůŮɘɠ ɞɘ ɞˊɞɑŮɠ əŬɚɨˊŰɞɡɜ ɏɜŬ Ůɡɟɨ űɎůɛŬ Űɨˊɤɜ ɘůŰɞɚɞɔɘəɐɠ ŬɜɎˊŰɡɝɖɠ Űɞɡ ɢɟɤɛɑŰɖ ɧˊɤɠ: 

ŭɘɎůˊŬɟŰɞɡ, ɚŮɞˊŬɟŭɎɚŮɤɠ əŬɘ schlieren ɛɏůŬ ůŰɞɜ ŭɞɡɜɑŰɖ, əŬɘ ɓŬůɑɕɞɜŰŬɘ ůŮ ŮˊɘɚŮəŰɘəɏɠ 

ɗɏůŮɘɠ Ŭˊɧ ˊŬɚŬɘɧŰŮɟŮɠ ɢŬɟŰɞɔɟŬűɐůŮɘɠ. Ⱥˊɑůɖɠ, əŬŰɎ Űɞɜ ɑŭɘɞ Űɟɧˊɞ ůɡɚɚɏɢɗɖəŬɜ 
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ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɞɑ ɔɘŬ Űɖɜ ˊŮɟɘɞɢɐ ůɢɖɛŬŰɘůɛɞɑ ɧˊɤɠ ɢŬɟŰůɓɞɡɟɔɑŰŮɠ əŬɘ ˊɡɟɞɝŮɜɑŰŮɠ ɔɘŬ Űɖɜ 

ŬɜɎɚɡůɖ Űɖɠ ˊŮɟɘŮəŰɘəɧŰɖŰɎɠ Űɞɡɠ.  

 

6.3 ɃɟɡəŰɞɚɞɔɘəɐ ŬɜɎɚɡůɖ 

    ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ ɛɘəɟɞůəɞˊɘəɐ ŬɜɎɚɡůɖ ˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ 

Ŭˊɧ Űɞ ȽũɀȺ (ȽɜůŰɘŰɞɨŰɞ ũŮɤɚɞɔɘəɩɜ əŬɘ ɀŮŰŬɚɚŮɡŰɘəɩɜ ȺɟŮɡɜɩɜ), ɔɘŬ ɚɞɔŬɟɘŬůɛɧ Űɖɠ 

ŮŰŬɘɟŮɑŬɠ çȺȿȿȼɀȺɇ ȺȿȿȼɁȽȾȷ ɀȺɇȷȿȿȺȽȷ ȷ.Ⱥ.è, ůŮ ɚŮˊŰɏɠ ůŰɘɚˊɜɏɠ Űɞɛɏɠ ˊɞɡ 

ɛŮɚŮŰɐɗɖəŬɜ ůŮ ˊɞɚɤŰɘəɧ ɛɘəɟɞůəɧˊɘɞ (ŬɜŬəɚɩɛŮɜɞɡ əŬɘ ŭɘŮɟɢɧɛŮɜɞɡ űɤŰɘůɛɞɨ) Űɨˊɞɡ 

LEICA DMLP. 

 

6.4 ɉɖɛɘəɏɠ ŬɜŬɚɨůŮɘɠ 

ɇŬ 57 ŭŮɑɔɛŬŰŬ ˊɞɡ ůɡɚɚɏɢɗɖəŬɜ, ůŰɎɚɗɖəŬɜ ɛŮ Ůɡɗɨɜɖ Űɖɠ ŮŰŬɘɟŮɑŬɠ ůŮ ˊɘůŰɞˊɞɘɖɛɏɜɞ 

ŮɟɔŬůŰɐɟɘɞ ŬɜŬɚɨůŮɤɜ, əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ůŰɞ Eurofins Labtium Oy Űɞ ɞˊɞɑɞ ɓɟɑůəŮŰŬɘ ůŰɖ 

ūɘɚŬɜŭɑŬ, ɛŮ ůəɞˊɧ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ůŰɖɜ ɏɟŮɡɜŬ. ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɟɞɏəɡɣŬɜ ɏˊŮɘŰŬ 

Ŭˊɧ ŬɜɎɚɡůɖ ɖ ɞˊɞɑŬ ɏɔɘɜŮ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖɜ ɛɏɗɞŭɞ XRF (ūŬůɛŬŰɞůəɞˊɑŬ ɛŮ űɗɞɟɘůɛɧ 

Űɤɜ ŬəŰɑɜɤɜ ɉ) ɛŮŰɎ Ŭˊɧ ɚŮɘɞŰɟɑɓɖůɖ Űɤɜ ˊŮŰɟɤɛɎŰɤɜ əŬɘ ɛŮŰŬŰɟɞˊɐɠ ůɡɔəŮəɟɘɛɏɜɖɠ 

ˊɞůɧŰɖŰŬɠ ŭŮɑɔɛŬŰɞɠ ůŮ ɛɞɟűɐ ůɡɛˊɘŮůɛɏɜɤɜ ŭɘůəɑɤɜ (pellet pressed). 

ȺəŰɧɠ Ŭˊɧ ŰŬ ŭŮɑɔɛŬŰŬ ˊɞɡ ůŰɎɚɗɖəŬɜ ůŰɖ ūɘɚŬɜŭɑŬ, ɏɔɘɜŮ ɢɖɛɘəɐ ŬɜɎɚɡůɖ ůŰɞ 

ŮɟɔŬůŰɐɟɘɞ Űɖɠ ŮŰŬɘɟɑŬɠ ç ȺȿȿȼɀȺɇ ȺȿȿȼɁȽȾȷ ɀȺɇȷȿȿȺȽȷ ȷ.Ⱥ.è ůŮ ŭɨɞ ŭŮɑɔɛŬŰŬ 

Ŭˊɧ Űɖɜ ɗɏůɖ ɧˊɞɡ ɛŮɚŮŰɎŰŬɘ. ɆɨɛűɤɜŬ ɛŮ Űɘɠ ŬˊŬɘŰɐůŮɘɠ Űɖɠ ˊŬɟŬɔɤɔɐɠ Űɞɡ ŮɟɔɞůŰŬůɑɞɡ 

ůŰɞ ɢɖɛŮɑɞ Űɖɠ ŮŰŬɘɟŮɑŬɠ çȺȿȿȼɀȺɇ ȺȿȿȼɁȽȾȷ ɀȺɇȷȿȿȺȽȷ ȷ.Ⱥ.è ŮɑɜŬɘ ŭɡɜŬŰɐ ɛɧɜɞ 

ɖ ŬɜɎɚɡůɖ Űɤɜ ŭŮɘɔɛɎŰɤɜ ůŮ Cr2O3 (%). ȼ ŬɜɎɚɡůɖ ɔɑɜŮŰŬɘ ɛŮ Űɖ ŭɘŬŭɘəŬůɑŬ ŰɘŰɚɞŭɧŰɖůɖɠ ɖ 

ɞˊɞɑŬ ŬˊŬɘŰŮɑ ŬɟəŮŰɧ ɢɟɧɜɞ, ɗŮɤɟŮɑŰŬɘ ɧɛɤɠ əŬɘ ɖ ˊɘɞ ŬɝɘɧˊɘůŰɖ. ɄŬɟɎɚɚɖɚŬ ɛŮ Űɖɜ 

ŭɘŬŭɘəŬůɑŬ Űɖɠ ŰɘŰɚɞŭɧŰɖůɖɠ ɐŰŬɜ ŭɡɜŬŰɐ əŬɘ ɖ ɚɐɣɖ ŬˊɞŰŮɚŮůɛɎŰɤɜ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ ůŮ 

Cr2O3 Ŭˊɧ ɢŮɘɟɞəɑɜɖŰɖ ůɡůəŮɡɐ XRF (ūŬůɛŬŰɞůəɞˊɑŬ ɛŮ űɗɞɟɘůɛɧ Űɤɜ ŬəŰɑɜɤɜ ɉ), Űɞ 

ɛɞɜŰɏɚɞ S1 TITAN and Tracer 5.1 Űɖɠ Bruker. ũɘŬ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ ůɡɛˊɘŮůɛɏɜɤɜ ŭɘůəɑɤɜ 

(pellet press) ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ Űɞ ɛɞɜŰɏɚɞ Pellet Press PP 35 Űɖɠ Retsch. 

 

6.5 ȹɘŬŭɘəŬůɑŬ ŰɘŰɚɞŭɧŰɖůɖɠ 

ɄɟɞəŮɘɛɏɜɞɡ ɜŬ ŭɘŮɝŬɢɗŮɑ ɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŰɘŰɚɞŭɧŰɖůɖɠ ɞɛŬɚɎ əŬɘ ɜŬ ɗŮɤɟɖɗŮɑ 

ŬɝɘɧˊɘůŰɖ ɖ ɛɏŰɟɖůɖ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ŮɝŬůűɎɚɘůɖ ůŰŬɗŮɟɐɠ ɗŮɟɛɞəɟŬůɑŬɠ ůŰɞɜ ɢɩɟɞ, 

ɔɨɟɤ ůŰɞɡɠ 20-21 ÁC. ȼ ɗŮɟɛɞəɟŬůɑŬ ˊŬɑɕŮɘ ůɖɛŬɜŰɘəɧ ɟɧɚɞ ůŰɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŬɜɎɚɡůɖɠ 

ɧˊɤɠ Ůˊɑůɖɠ əŬɘ ůŰɖɜ ɕɨɔɘůɖ Űɞɡ ŭŮɑɔɛŬŰɞɠ ˊɟɞɠ ŬɜɎɚɡůɖ ɧˊɞɡ ŮəŮɑ ˊɟɞůŰɑɗŮɜŰŬɘ Ůˊɘˊɚɏɞɜ 
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ˊŬɟɎɛŮŰɟɞɘ ɧˊɤɠ, ɖ ɛɧɜɤůɖ Űɖɠ ɕɡɔŬɟɘɎɠ ɔɘŬ Űɖɜ ŬˊɞɡůɑŬ ˊɘɗŬɜɩɜ ɟŮɡɛɎŰɤɜ ɚɧɔɤ ŬɏɟŬ ɧˊɤɠ 

Ůˊɑůɖɠ əŬɘ ŭɞɜɐůŮɤɜ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɞŭɖɔɐůɞɡɜ ůŮ ɚɎɗɞɠ ɛɏŰɟɖůɖ. 

1. ȷɟɢɘəɎ Űɞ ŭŮɑɔɛŬ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŮ ůˊŬůŰɐɟŮɠ ɛŮ ůɘŬɔɧɜŮɠ ɞɘ ɞˊɞɑɞɘ Űɞɡ ŭɑɜɞɡɜ Űɞ 

ɛɏɔŮɗɞɠ Űɞɡ 1mm. (Ɇɢ. 6.5.1.1) 

2. ȷɛɏůɤɠ ɛŮŰɎ ɔɑɜŮŰŬɘ ɖ ɚɐɣɖ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɐɠ ˊɞůɧŰɖŰŬɠ ɛŮ Űɖɜ ŭɘŬŭɘəŬůɑŬ Űɞɡ 

ŰŮŰɟŬɛŮɟɘůɛɞɨ ɧˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ əŬɘ ɖ ŰŬɡŰɧɢɟɞɜɖ ŬɜɎŭŮɡůɐ Űɞɡ. (Ɇɢ. 6.5.1.2) 

3. ȰˊŮɘŰŬ ˊŮɟɜɎɛŮ ůŰɞ ɓɐɛŬ Űɖɠ ɝɐɟŬɜůɖɠ əŬŰɎ Űɖɜ ɞˊɞɑŬ ŬˊɞŭŮůɛŮɨŮŰŬɘ ɖ ŮůɤŰŮɟɘəɐ 

ɡɔɟŬůɑŬ. (Ɇɢ. 6.5.1.3) 

4. ȷűɞɨ əɟɡɩůŮɘ Űɞ ŭŮɑɔɛŬ ɛŬɠ, ɚŬɛɓɎɜŮŰŬɘ ɛŮɟɘəɐ ˊɞůɧŰɖŰŬ Ŭˊɧ ŭɘɎűɞɟŬ ůɖɛŮɑŬ, ɖ 

ɞˊɞɑŬ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŰɞ «pulveriser» ɛŮ ůəɞˊɧ Űɖɜ əɞɜɘɞɟŰɞˊɞɑɖůɐ Űɞɡ əŬŰŬɚɐɔɞɜŰŬɠ 

ůŮ ɛɞɟűɐ ˊɞɨŭɟŬɠ ɛŮ ɛɏɔŮɗɞɠ <0,2mm.(Ɇɢ. 6.5.1.4) (Ɇɢ. 6.5.1.5) 

5. ȾŬɘ ˊɎɚɘ ɛŮ Űɖɜ ŭɘŬŭɘəŬůɑŬ ŰŮŰɟŬɛŮɟɘůɛɞɨ ɔɑɜŮŰŬɘ ɖ ɚɐɣɖ Űɖɠ ŬˊŬɟŬɑŰɖŰɖɠ ˊɞůɧŰɖŰŬɠ 

ŭŮɑɔɛŬŰɞɠ ˊɟɞɠ ŬɜɎɚɡůɖ. (Ɇɢ. 6.5.1.6) 

6. ɆŰɖɜ ůɡɜɏɢŮɘŬ ɝŮəɘɜɎŮɘ ɖ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɢɖɛɘəɐɠ ŬɜɎɚɡůɖɠ ɛŮ Űɖɜ ɛɏɗɞŭɞ ɓɟŬůɛɞɨ 

(Ɇɢ. 6.5.1.7) 

7. ȷűɞɨ Űɞ ŭɘɎɚɡɛɎ ˊŮɟɎůŮɘ Ŭˊɧ ɧɚŬ ŰŬ ůŰɎŭɘŬ əŬɘ əŬŰŬɚɐɝŮɘ ůŰɖɜ ŰŮɚɘəɐ Űɞɡ ɛɞɟűɐ 

ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ɖ ɛɏŰɟɖůɐ Űɞɡ ɛŮ Űɖɜ ɢɟɐůɖ Ůɘŭɘəɩɜ ŭɘŬɚɡɛɎŰɤɜ (Ɇɢ. 6.5.1.8), (Ɇɢ. 

6.5.1.9), (Ɇɢ. 6.5.1.10), (Ɇɢ. 6.5.1.11) 

8. ɇɏɚɞɠ, ɛŮ Űɘɠ ŬˊŬɟŬɑŰɖŰŮɠ ɛŮŰŬŰɟɞˊɏɠ əŬŰŬɚɐɔɞɡɛŮ ůŰɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ 

ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ Űɞɡ ŭŮɑɔɛŬŰɞɠ ůŮ Cr2O3 (%).  
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ȺɘəɧɜŬ 6.5.1.: ūɤŰɞɔɟŬűɑŮɠ Ŭˊɧ Űɖɜ ŭɘŬŭɘəŬůɑŬ Űɖɠ ŰɘŰɚɞŭɧŰɖůɖɠ (6.5.1.1) ɆˊŬůŰɐɟŬɠ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɞ 1ɞ ɓɐɛŬ, (6.5.1.2) ́ ɞůɧŰɖŰŬ ŭŮɑɔɛŬŰɞɠ 1 mm ˊɞɡ ˊɟɞɏəɡɣŮ ɛŮ Űɖɜ ɛɏɗɞŭɞ 

ŰŮŰɟŬɛŮɟɘůɛɞɨ, (6.5.1.3) Ⱥɘŭɘəɧɠ ɝɖɟŬɜŰɐɟŬɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɞ 3ɞ ɓɐɛŬ, (6.5.1.4) Pulveriser ɔɘŬ 

Űɞ 4ɞ ɓɐɛŬ (ȺȿȿȼɀȺɇ 2019) 

 

 

 

 

 

ȺɘəɧɜŬ 6.5.1.: (6.5.1.5) əŬɘ (6.5.1.6) ŭŮɑɔɛŬ <0.2 mm ˊɞɡ ŮűŬɟɛɧɕŮŰŬɘ ɖ ɛɏɗɞŭɞɠ ŰŮŰɟŬɛŮɟɘůɛɞɨ ɔɘŬ 

Űɖɜ ɚɐɣɖ Űɞɡ ŭŮɑɔɛŬŰɞɠ, (ȺȿȿȼɀȺɇ 2019) 

 

 



Ψηφιακή βιβλιοθήκη Θεόφραστος – Τμήμα Γεωλογίας – Αριστοτέλειο Πανεπιστήμιο Θεσσαλονίκης

41 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

ȺɘəɧɜŬ 6.5.1.: (6.5.1.7) əŬɘ  (6.5.1.8) ɓɐɛŬŰŬ əŬŰɎ Űɖɜ ŭɘŬŭɘəŬůɑŬ ɓɟŬůɛɞɨ 

(ȺȿȿȼɀȺɇ 2019) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ȺɘəɧɜŬ 6.5.1.: (6.5.1.9) əŬɘ (6.5.1.10) ɓɐɛŬŰŬ əŬŰɎ Űɖɜ ŭɘŬŭɘəŬůɑŬ ɓɟŬůɛɞɨ (ȺȿȿȼɀȺɇ 2019) 
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 ȺɘəɧɜŬ 6.5.1.: ɇŮɚɘəɧ ůŰɎŭɘɞ ɛɏŰɟɖůɖɠ ɔɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ ůŮ Cr2O3. (ȺȿȿȼɀȺɇ 

2019) 
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6.6 ȹɘŬŭɘəŬůɑŬ ɡˊɞɚɞɔɘůɛɞɨ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ ɛŮ Űɖɜ ɛɏɗɞŭɞ XRF 

(ūŬůɛŬŰɞůəɞˊɑŬ ɛŮ űɗɞɟɘůɛɧ Űɤɜ ŬəŰɑɜɤɜ ɉ) 

 

ȳůɞɜ ŬűɞɟɎ ůŰɖ ɛɏɗɞŭɞ Űɞɡ ɢŮɘɟɞəɑɜɖŰɞɡ XRF ɞɘ ŬˊŬɘŰɐůŮɘɠ ɛŮɘɩɜɞɜŰŬɘ ůɢŮŰɘəɎ ɛŮ 

Űɖɜ ůŰŬɗŮɟɐ ɗŮɟɛɞəɟŬůɑŬ, ŭɘɧŰɘ ɞ ɢŮɘɟɘůŰɐɠ ɛˊɞɟŮɑ ɜŬ Űɞ ɢɟɖůɘɛɞˊɞɘɐůŮɘ əŬɘ əŬŰɎ Űɖɜ 

ɡˊŬɑɗɟɘŬ ŮɟɔŬůɑŬ ɧˊɞɡ ŭŮɜ ŮɑɜŬɘ ŭɡɜŬŰɧɜ əɎŰɘ ŰɏŰɞɘɞ. ȷˊŬɟŬɑŰɖŰɖ ˊɟɞɦˊɧɗŮůɖ ɔɘŬ Űɖɜ 

ɢɟɐůɖ Űɞɡ ŮɑɜŬɘ, ɖ ɏɜŭɡůɖ ɛŮ Űɞɜ ŬˊŬɟŬɑŰɖŰɞ Ůɝɞˊɚɘůɛɧ ɧŰŬɜ ɢɟɖůɘɛɞˊɞɘŮɑŰŬɘ ůŰɖɜ 

ɨˊŬɘɗɟɞ ɛŮ ůəɞˊɧ Űɖɜ Ŭˊɞűɡɔɐ ɏəɗŮůɐɠ Űɞɡ Ŭˊɧ Űɖɜ ŮɚɎɢɘůŰɖ ŮəˊŮɛˊɧɛŮɜɖ ŬəŰɘɜɞɓɞɚɑŬ. 

Ʉɟɘɜ Űɖɜ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɛɏŰɟɖůɖɠ, ɏɔɘɜŮ ɓŬɗɛɞɜɧɛɖůɖ Űɖɠ ůɡůəŮɡɐɠ ɛŮ ɓɎůɖ 20 ŭŮɑɔɛŬŰŬ, 

Ůə Űɤɜ ɞˊɞɑɤɜ ɛŮɟɘəɎ ɛŮŰɟɐɗɖəŬɜ Ŭˊɧ Űɖɜ SGS əŬɘ Űɖɜ Eurofins Labtium Oy əŬɘ ŰŬ 

ɡˊɧɚɞɘˊŬ ɛŮŰɟɐɗɖəŬɜ Ŭˊɧ Űɞ ŮɟɔŬůŰɐɟɘɞ Űɞɡ ŮɟɔɞůŰŬůɑɞɡ əŬɘ ŭɘŬůŰŬɡɟɩɗɖəŬɜ ɛŮ 

ˊɘůŰɞˊɞɘɖɛɏɜŬ ŬˊɞŰŮɚɏůɛŬŰŬ. ɆɖɛŮɘɩɜŮŰŬɘ ɧŰɘ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰɖ ɖ ŰŬəŰɘəɐ Ůɜɖɛɏɟɤůɖ Űɖɠ 

ůɡɔəŮəɟɘɛɏɜɖɠ əŬɛˊɨɚɖɠ əŬɘ ŬɜŬɓɎɗɛɘůɐɠ Űɖɠ ɛŮ ˊɟɧůɗŮŰŬ ůŰɞɘɢŮɑŬ ɛŮ ůəɞˊɧ Űɖɜ 

ɛŮɔŬɚɨŰŮɟɖ ŬɝɘɞˊɘůŰɑŬ Űɞɡ ɞɟɔɎɜɞɡ. ȼ ŮɝŬůűɎɚɘůɖ ůŰŬɗŮɟɐɠ əŬɛˊɨɚɖɠ əŬɘ ɔɜɩůɖɠ Űɖɠ 

Ůɜɖɛɏɟɤůɐɠ Űɖɠ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Űɖɜ əŬɗɖɛŮɟɘɜɐ ɛɏŰɟɖůɖ Ůɜɧɠ ůɡɔəŮəɟɘɛɏɜɞɡ ŭŮɑɔɛŬŰɞɠ. 

ũɘŬ Űɖɜ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɛŮɗɧŭɞɡ XRF ŰŬ 5 ˊɟɩŰŬ ɓɐɛŬŰŬ ŮɑɜŬɘ Ŭəɟɘɓɩɠ ɑŭɘŬ ɛŮ Űɖɜ 

ŭɘŬŭɘəŬůɑŬ Űɖɠ ŰɘŰɚɞŭɧŰɖůɖɠ 

1. ȷɟɢɘəɎ Űɞ ŭŮɑɔɛŬ ŰɞˊɞɗŮŰŮɑŰŬɘ ůŮ ůˊŬůŰɐɟŮɠ ɛŮ ůɘŬɔɧɜŮɠ ˊɞɡ Ŭˊɞŭɑŭɞɡɜ ŰŮɛɎɢɘŬ 

ɛŮɔɏɗɞɡɠ 1mm. (Ɇɢ. 6.5.1.1) 

2. ȷɛɏůɤɠ ɛŮŰɎ ɔɑɜŮŰŬɘ ɖ ɚɐɣɖ ŬɜŰɘˊɟɞůɤˊŮɡŰɘəɐɠ ˊɞůɧŰɖŰŬɠ ɛŮ Űɖɜ ŭɘŬŭɘəŬůɑŬ Űɞɡ 

ŰŮŰɟŬɛŮɟɘůɛɞɨ ɧˊɞɡ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ əŬɘ ɖ ŰŬɡŰɧɢɟɞɜɖ ŬɜɎŭŮɡůɖ Űɞɡ ŭŮɑɔɛŬŰɞɠ.(Ɇɢ. 

6.5.1.2) 

3. ȷəɞɚɞɡɗŮɑ ɖ űɎůɖ Űɖɠ ɝɐɟŬɜůɖɠ ůŰɞɡɠ 200Ü C, ůŮ Ůɘŭɘəɧ ɝɖɟŬɜŰɐɟŬ, əŬŰɎ Űɖɜ ɞˊɞɑŬ 

ŬˊɞŭŮůɛŮɨŮŰŬɘ ɖ ŮůɤŰŮɟɘəɐ ɡɔɟŬůɑŬ. (Ɇɢ. 6.5.1.3) 

4. ȷűɞɨ əɟɡɩůŮɘ Űɞ ŭŮɑɔɛŬ, ɚŬɛɓɎɜŮŰŬɘ ɛŮɟɘəɐ ˊɞůɧŰɖŰŬ Ŭˊɧ ŭɘɎűɞɟŬ ůɖɛŮɑŬ, ɖ ɞˊɞɑŬ 

ŰɞˊɞɗŮŰŮɑŰŬɘ ůŰɞ «pulveriser» ɛŮ ůəɞˊɧ Űɖɜ əɞɜɘɞɟŰɞˊɞɑɖůɐ Űɞɡ əŬŰŬɚɐɔɞɜŰŬɠ ůŮ 

ɛɞɟűɐ ˊɞɨŭɟŬɠ ɛŮ ɛɏɔŮɗɞɠ <0,2mm. (Ɇɢ. 6.5.1.4) 

5. ȾŬɘ ˊɎɚɘ ɛŮ Űɖɜ ŭɘŬŭɘəŬůɑŬ ŰŮŰɟŬɛŮɟɘůɛɞɨ ɔɑɜŮŰŬɘ ɖ ɚɐɣɖ Űɖɠ ŬˊŬɟŬɑŰɖŰɖɠ ˊɞůɧŰɖŰŬɠ 

ŭŮɑɔɛŬŰɞɠ ˊɟɞɠ ŬɜɎɚɡůɖ. (Ɇɢ. 6.6.1.1) 

6. ȰˊŮɘŰŬ, ɔɑɜŮŰŬɘ ɖ ŬɜɎŭŮɡůɐ Űɞɡ ɛŮ Űɖɜ ɘŭŬɜɘəɐ ˊɞůɧŰɖŰŬ ůɡɔəɞɚɚɖŰɘəɐɠ ɞɡůɑŬɠ (Ɇɢ. 

6.6.1.2) 

7. ɇɞˊɞɗŮŰŮɑŰŬɘ ůŰɖɜ ŮɘŭɘəɎ ůɢŮŭɘŬůɛɏɜɖ ˊɟɏůŬ Ŭˊɧ ɧˊɞɡ əŬɘ ɚŬɛɓɎɜŮŰŬɘ ůɡɛˊɘŮůɛɏɜɞ 

Űɞ ŭŮɑɔɛŬ (pellet pressed), ɏŰɞɘɛɞ ɔɘŬ ŬɜɎɚɡůɖ. (Ɇɢ. 6.6.1.3), (Ɇɢ. 6.6.1.4) 
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8. ɇɏɚɞɠ, Ŭűɞɨ əŬɗŬɟɘůŰŮɑ ɖ ŮˊɘűɎɜŮɘŬ Űɞɡ ŭŮɑɔɛŬŰɞɠ Ŭˊɧ ˊɘɗŬɜɐ ˊŬɟɞɡůɑŬ əɧɜŮɤɠ 

ŰɞˊɞɗŮŰŮɑŰŬɘ ůŰɖɜ Ůɘŭɘəɐ ɗɏůɖ Űɞɡ ɞɟɔɎɜɞɡ ɛŮ ůəɞˊɧ ɜŬ ɔɑɜŮɘ ɖ ɛɏŰɟɖůɖ ɏˊŮɘŰŬ Ŭˊɧ 4 

ɚŮˊŰɎ (240 sec) ŭɑɜɞɜŰɎɠ ɛŬɠ ɤɠ ŬˊɞŰɏɚŮůɛŬ Űɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ Cr2O3 (%). (Ɇɢ. 

6.6.1.5), (Ɇɢ. 6.6.1.6), (Ɇɢ. 6.6.1.7) əŬɘ (Ɇɢ.6.6.1.8) 

 

 

 

ȺɘəɧɜŬ 6.6.1: ūɤŰɞɔɟŬűɑŮɠ Ŭˊɧ Űɖɜ ŭɘŬŭɘəŬůɑŬ Űɖɠ ɛɏŰɟɖůɖɠ ɛŮ XRF Ŭˊɧ Űɞ 5ɞ ɓɐɛŬ əŬɘ ɛŮŰɎ 

(6.6.1.1) ȹɘŬŭɘəŬůɑŬ ŰŮŰɟŬɛŮɟɘůɛɞɨ əŬɘ ɚɐɣɖ ŬˊŬɟŬɑŰɖŰɖɠ ˊɞůɧŰɖŰŬɠ ŭŮɑɔɛŬŰɞɠ, (6.6.1.2) ˊɟɞůɗɐəɖ 

ůɡɔəɞɚɚɖŰɘəɐɠ ɞɡůɑŬɠ (ȺȿȿȼɀȺɇ 2019)  
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 ȺɘəɧɜŬ 

6.6.1: (6.6.1.3) ɛŮŰŬűɞɟɎ Űɞɡ ŭŮɑɔɛŬŰɞɠ ůŮ Ůɘŭɘəɧ ŭɘůəɑɞ ɛɏůŬ ůŰɖɜ ˊɟɏůůŬ, (6.6.1.4) ůɡɛˊɘŮůɛɏɜɞ 

ŭɘůəɑɞ ɏŰɞɘɛɞ ɔɘŬ ŬɜɎɚɡůɖ(ȺȿȿȼɀȺɇ 2019) 

 ȺɘəɧɜŬ 

6.6.1: (6.6.1.5) əŬɘ (6.6.1.6) ŰɞˊɞɗɏŰɖůɖ ŭɘůəɑɞɡ ůŰɖɜ ůɢŮŭɘŬůɛɏɜɖ ˊɟɞɠ ɛɏŰɟɖůɖ ŮˊɘűɎɜŮɘŬ 

(ȺȿȿȼɀȺɇ 2019) 
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ȺɘəɧɜŬ 6.6.1: (6.6.1.7) ɛɏŰɟɖůɖ ŭŮɑɔɛŬŰɞɠ əŬɘ (6.6.1.8) ŬɜɎɔɜɤůɖ ŬˊɞŰŮɚŮůɛɎŰɤɜ Ŭˊɧ Űɖɜ ɞɗɧɜɖ Űɖɠ 

ůɡůəŮɡɐɠ ɛɏŰɟɖůɖɠ (ȺȿȿȼɀȺɇ 2019) 
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7. ȷˊɞŰŮɚɏůɛŬŰŬ 

7.1 ɄŮɟɘɔɟŬűɐ ɔŮɤŰɟɐůŮɤɜ  

ɀŮ ɔɜɩɛɞɜŬ ˊŬɚŬɘɧŰŮɟŮɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ ŮəɛŮŰɎɚɚŮɡůɖɠ əŬɘ ɏɟŮɡɜŬɠ ůŰɖɜ ɗɏůɖ «Ʌɘɕɧ» 

ɝŮəɑɜɖůŬɜ Űɞɜ Ƚɞɨɚɘɞ Űɞɡ 2018 ŮˊɘűŬɜŮɘŬəɏɠ, ŮɟŮɡɜɖŰɘəɏɠ ɔŮɤŰɟɐůŮɘɠ Ŭˊɧ Űɖɜ ŮŰŬɘɟɑŬ 

çȺȿȿȼɀȺɇ ȺȿȿȼɁȽȾȷ ɀȺɇȷȿȿȺȽȷ ȷ.Ⱥ..è ɛŮ ůəɞˊɧ Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ ɗɏůɖɠ Űɞɡ 

əɞɘŰɎůɛŬŰɞɠ ɩůŰŮ ɜŬ ŮˊɘŰŮɡɢɗŮɑ ɖ Ŭˊɧɚɖɣɐ Űɞɡ ɛŮ Űɞɜ əŬɚɨŰŮɟɞ ŭɡɜŬŰɧ Űɟɧˊɞ, ŮˊɘűŬɜŮɘŬəɎ 

ɐ ɡˊɧɔŮɘŬ. ȷˊɧ Űɖɜ ŮŰŬɘɟɑŬ ŮˊɘɚɏɢɗɖəŬɜ ůɡɔəŮəɟɘɛɏɜŮɠ, ůŰɟŬŰɖɔɘəɏɠ ɗɏůŮɘɠ ɔŮɤŰɟɐůŮɤɜ ůŮ 

11 ůɖɛŮɑŬ ɛŮ ɓɎɗɞɠ ˊɞɡ əɡɛŬɑɜŮŰŬɘ Ŭˊɧ 85 ɏɤɠ 125 ɛɏŰɟŬ əŬɘ ůɡɜɞɚɘəɧ ɛɐəɞɠ 1121.99 ɛɏŰɟŬ. 

ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŮɜŭŮɘəŰɘəɎ ɛŮɟɘəɏɠ Ŭˊɧ Űɘɠ ɔŮɤŰɟɐůŮɘɠ ɧˊɞɡ ŭɘŮɝɎɢɗɖəŬɜ ůŰɞɜ 

ȹɡŰɘəɧ ŰɞɛɏŬ Űɖɠ ɗɏůɖɠ Ʌɘɕɧ (Ɇɢ. 7.1.1). 

   

ȺɘəɧɜŬ 7.1.1: ɉɎɟŰɖɠ ˊɟɞůŭɘɞɟɘůɛɞɨ ɗɏůŮɤɜ ɔŮɤŰɟɐůŮɤɜ ůŰɖɜ ˊŮɟɘɞɢɐ «Ʌɘɕɧ» (ȺȿȿȼɀȺɇ- 

ɀˊŬŰůɐ ȷ. 2018). 

 

RIZO034 

ȷɟɢɘəɎ, ɖ ɔŮɩŰɟɖůɖ RIZO034 ɛŮ ůɡɜŰŮŰŬɔɛɏɜŮɠ: x: 304206.6 y: 4444481 z: 747.88 

ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɛŮ Ŭɕɘɛɞɨɗɘɞ 40Ü əŬɘ ɖ ɔɤɜɑŬ ɛŮ Űɖɜ ɞˊɞɑŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ ɔŮɩŰɟɖůɖ 

ŮɑɜŬɘ 70Ü. ȼ ɔŮɩŰɟɖůɖ ŬɡŰɐ ɏűŰŬůŮ ŰŬ 125 ɛɏŰɟŬ ɓɎɗɞɠ, Ůˊɞɛɏɜɤɠ ɤɠ ŮəŮɑ űŰɎɜŮɘ ɖ ɔŮɤɚɞɔɘəɐ 

ˊɚɖɟɞűɞɟɑŬ Űɤɜ ůɢɖɛŬŰɘůɛɩɜ. ȼ ŭɘɎŰɟɖůɖ ŭɘɐɟəɖůŮ 6 ɛɏɟŮɠ Ŭűɞɨ ɝŮəɑɜɖůŮ ůŰɘɠ 29/08/2018 

əŬɘ ɞɚɞəɚɖɟɩɗɖəŮ ůŰɘɠ 03/09/2018. 
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ɇŬ ˊɟɩŰŬ ɛɏŰɟŬ Űɖɠ ɔŮɩŰɟɖůɖɠ ˊŮɟɘɚŬɛɓɎɜɞɡɜ ŭɞɡɜɑŰɖ ɛŮ ŬɟŬɘɐ ŮɛűɎɜɘůɖ ŭɘɎůˊŬɟŰɤɜ 

əɧəəɤɜ ɢɟɤɛɑŰɖ. Ƀ ŭɞɡɜɑŰɖɠ ŮɑɜŬɘ ůŮɟˊŮɜŰɘɜɘɤɛɏɜɞɠ, ŮɚŬɘɞˊɟɎůɘɜɞɠ əŬɘ əŬŰɎ Űɧˊɞɡɠ 

ɞɝŮɘŭɤɛɏɜɞɠ Ŭűɞɨ Űɞ ɢɟɩɛŬ Űɞɡ ɛŮŰŬɓŬɑɜŮɘ ůŮ əŬůŰŬɜɏɠ ŬˊɞɢɟɩůŮɘɠ. ȾŬŰɎ ɛɐəɞɠ Űɤɜ 

ˊɡɟɐɜɤɜ Űɖɠ ɔŮɩŰɟɖůɖɠ ɡˊɎɟɢɞɡɜ Űɞɛɏɠ-«ůˊŬůɑɛŬŰŬ» ŰŬ ɞˊɞɑŬ ŮɑɜŬɘ əŬŰŬəɧɟɡűŬ ɐ ŭɘŬɔɩɜɘŬ 

əŬɘ ɞűŮɑɚɞɜŰŬɘ ůŮ ɟɐɔɛŬŰŬ ɐ ŭɘŬəɚɎůŮɘɠ ˊɞɡ ůɡɜŬɜŰɩɜŰŬɘ əŬŰɎ Űɖɜ ŭɘɎŰɟɖůɖ, əŬɘ ŬɟəŮŰɏɠ 

űɞɟɏɠ ŮɑɜŬɘ ˊɚɖɟɤɛɏɜŬ ɛŮ ɞˊɎɚɚɘɞ ˊɎɢɞɡɠ ɛŮɟɘəɩɜ ɢɘɚɘɞůŰɩɜ ɏɤɠ ɛŮɟɘəɩɜ ŮəŬŰɞůŰɩɜ. 

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ, ɖ ɗɏůɖ ŬɡŰɐ ŬˊɞŰŮɚŮɑŰŬɘ əɡɟɑɤɠ Ŭˊɧ ŭɞɡɜɑŰɖ ˊɞɡ ŮɜŬɚɚɎůůŮŰŬɘ ɛŮ 

ɛɘəɟɎ ůŰɟɩɛŬŰŬ ɢŬɟŰůɓɞɡɟɔɑŰɖ ɛɏɢɟɘ ŰŬ 27.67 ɛɏŰɟŬ ɛŮ əɎˊɞɘŮɠ űɚɏɓŮɠ ˊɡɟɞɝɏɜɞɡ əŬɘ 

ŮɛűɎɜɘůɖ ˊɡɟɞɝŮɜɑŰɖ ůŰŬ 35.43-35.81 ɛɏŰɟŬ, Ůɜɩ ůŰŬ 35.81 əŬɘ ɏɤɠ ŰŬ 37.23 ɛɏŰɟŬ 

ŮɛűŬɜɑɕŮŰŬɘ ɢɟɤɛɑŰɖɠ ŰŬɘɜɘɤŰɧɠ (Schlieren) ɧˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ (Ɇɢ. 7.1.2, 7.1.3). 

 

 

ȺɘəɧɜŬ 7.1.2: ɀŮŰɎɓŬůɖ Ŭˊɧ ɄɡɟɞɝŮɜɑŰɖ ůŮ ȹɞɡɜɑŰɖ ɛŮ ɉɟɤɛɑŰɖ Űɨˊɞɡ Schlieren (ȺȿȿȼɀȺɇ 2018) 

 

ȺɘəɧɜŬ 7.1.3: ȹɞɡɜɑŰɖɠ ɛŮ ɢɟɤɛɑŰɖ Űɨˊɞɡ Schlieren (ȺȿȿȼɀȺɇ 2018). 
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ȷˊɧ ŰŬ 37.23 ɛɏɢɟɘ əŬɘ ŰŬ 66.64 ɛɏŰɟŬ ůɡɜŮɢɑɕŮɘ ůŮɟˊŮɜŰɘɜɘɤɛɏɜɞɠ ŭɞɡɜɑŰɖɠ, ůɡɛˊŬɔɐɠ 

ɛŮ ˊŬɟɞɡůɑŬ űɚŮɓɩɜ ˊɡɟɞɝŮɜɑŰɖ ɛŮɟɘəɩɜ ŮəŬŰɞůŰɩɜ əŬɘ ɞˊŬɚɚɑɞɡ ůŰɘɠ ŭɘŬəɚɎůŮɘɠ. ȷˊɧ ŰŬ 

66.64 ɏɤɠ əŬɘ ŰŬ 67.46 ɛɏŰɟŬ ɡˊɎɟɢŮɘ ůɢɖɛŬŰɘůɛɧɠ Űɨˊɞɡ Breccia (ɚŬŰɡˊɞŬɔɏɠ) (Ɇɢ. 7.1.4), 

Ůɜɩ ŮɛűŬɜɑɕŮŰŬɘ əŬɘ ɚŮɡəɧɚɘɗɞɠ (Ɇɢ. 7.1.5) ɚɧɔɤ ˊɘɗŬɜɞɨɠ ɟɖɝɘɔŮɜɞɨɠ ɕɩɜɖɠ ůŰɞ ɓɎɗɞɠ ŬɡŰɧ 

ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ˊŬɟŬəɎŰɤ. 

 

 

ȺɘəɧɜŬ 7.1.4: ȷɟɢɐ ɟɖɝɘɔŮɜɞɨɠ ɕɩɜɖɠ, ˊŬɟɞɡůɑŬ Breccia ůŮ ɓɎɗɞɠ 66.62-67.16 ɛɏŰɟŬ (ȺȿȿȼɀȺɇ 

2018). 

 

 

ȺɘəɧɜŬ 7.1.5: ɆɡɜɏɢŮɘŬ Breccia əŬɘ ɚŮɡəɧɚɘɗɞɠ ůŮ ɓɎɗɞɠ 67.16-67.60 ɛɏŰɟŬ (ȺȿȿȼɀȺɇ 2018). 

 

ȼ ɟɖɝɘɔŮɜɐɠ ɕɩɜɖ ɖ ɞˊɞɑŬ űŬɑɜŮŰŬɘ ɜŬ ŮˊɖɟɏŬůŮ ŬɟəŮŰɎ Űɞɜ ŭɞɡɜɑŰɖ,(Ɇɢ. 7.1.6) Ŭűɞɨ 

ŮɑɜŬɘ ɚɘɕŬɟŭɘŰɘɤɛɏɜɞɠ, əŬűɏ ɢɟɩɛŬŰɞɠ ɛŮ ŬɟəŮŰɎ űɚŮɓɑŭɘŬ ɞˊŬɚɚɑɞɡ ɧˊɤɠ əŬɘ ˊɡɟɞɝɏɜɞɡ. Ⱥɜɩ 

ˊŬɟɞɡůɘɎɕŮɘ əŬɘ ŬɟəŮŰɎ ůˊŬůɑɛŬŰŬ ɧˊɞɡ ŮɛűŬɜɑɕŮŰŬɘ ůŮɟˊŮɜŰɘɜɑŰɖɠ. 
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ȺɘəɧɜŬ 7.1.6: ɄɡɟɐɜŮɠ ůŰɞɡɠ ɞˊɞɑɞɡɠ ŭɘŬəɟɑɜŮŰŬɘ ɞ ŮɝŬɚɚɞɘɤɛɏɜɞɠ, ɞɝŮɘŭɤɛɏɜɞɠ ŭɞɡɜɑŰɖɠ ɛŮ űɚɏɓŮɠ 

ɞˊŬɚɚɑɞɡ əŬɘ ŮɛűɎɜɘůɖ Breccia (ȺȿȿȼɀȺɇ 2018). 

 

ɀɏůŬ ůŮ ŬɡŰɐ Űɖɜ ɕɩɜɖ ŭɘŬəɟɑɜɞɜŰŬɘ Ůˊɑůɖɠ ˊɡəɜɎ ůɡůůɤɛŬŰɩɛŬŰŬ ŭɘɎůˊŬɟŰɞɡ 

ɢɟɤɛɑŰɖ ůŮ ɓɎɗɞɠ 73.90 ɏɤɠ 75.25 ɛɏŰɟŬ (Ɇɢ. 7.1.7). 

 

 

ȺɘəɧɜŬ 7.1.7: ɆɡɔəŮɜŰɟɩůŮɘɠ ɢɟɤɛɑŰɖ ɛɏůŬ ůŮ ŮɝŬɚɚɞɘɤɛɏɜɞ ŭɞɡɜɑŰɖ ɛŮ űɚɏɓŮɠ ɞˊŬɚɚɑɞɡ, ůŮ ɓɎɗɞɠ 

74.51-75.06 (ȺȿȿȼɀȺɇ 2018). 

 

ȷˊɧ ŰŬ 75.25 ɏɤɠ əŬɘ ŰŬ 82.95 ɛɏŰɟŬ ůɡɜŮɢɑɕŮɘ ɖ ɛɎɕŬ ůɡɛˊŬɔɞɨɠ ŭɞɡɜɑŰɖ ɛŮ ŬɟŬɘɞɨɠ, 

ŭɘɎůˊŬɟŰɞɡɠ əɧəəɞɡɠ ɢɟɤɛɑŰɖ əŬɘ ŮɜŭɘɎɛŮůŬ űɚɏɓŮɠ ˊɡɟɞɝɏɜɞɡ əŬɗɩɠ əŬɘ əɎˊɞɘŬ ɑɢɜɖ 

ɞˊŬɚɚɑɞɡ ˊɞɡ ˊɚɖɟɩɜɞɡɜ Űɘɠ ŭɘŬəɚɎůŮɘɠ əŬɘ ŰŬ ůˊŬůɑɛŬŰŬ. ɆŮ ɓɎɗɞɠ 82.95 ɛŮ 83.10 ɛɏŰɟŬ 

ɡˊɎɟɢŮɘ əŬɘ ˊɎɚɘ ůɢɖɛŬŰɘůɛɧɠ Breccia əŬɘ ŮɝŬɚɚɞɘɤɛɏɜɞɠ ŭɞɡɜɑŰɖɠ ɚɧɔɤ ɟɐɔɛŬŰɞɠ. ȾŬɗɩɠ 

ůɡɜŮɢɑɕŮɘ ɖ ɔŮɩŰɟɖůɖ ůɡɜŬɜŰɩɜŰŬɘ ɞɘ ɑŭɘɞɘ ůɢɖɛŬŰɘůɛɞɑ Ůɜɩ ůŮ ɓɎɗɞɠ 95.18 ɏɤɠ 95.61 ɛɏŰɟŬ 

ˊŬɟŮɛɓɎɚɚŮŰŬɘ ɢŬɟŰůɓɞɡɟɔɑŰɖɠ. ɆŮ ɓɎɗɞɠ 99.70 ɛŮ 99.81 ɛɏŰɟŬ ŮɛűŬɜɑɕɞɜŰŬɘ ůɡɔəŮɜŰɟɩůŮɘɠ 

ůɡɛˊŬɔɞɨɠɢɟɤɛɑŰɖ ɛɏůŬ ůŰɞɜ ŭɞɡɜɑŰɖ (Ɇɢ. 7.1.8). 
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ȺɘəɧɜŬ 7.1.8: ɆɡɔəɏɜŰɟɤůɖ ɢɟɤɛɑŰɖ ɛɏůŬ ůŮ ůɡɛˊŬɔɐ ŭɞɡɜɑŰɖ ůŮ ɓɎɗɞɠ 99.70- 99.81 ɛɏŰɟŬ  

(ȺȿȿȼɀȺɇ 2018) 

 

ȷˊɧ ŰŬ 99.81 ɛɏŰɟŬ ɓɎɗɞɠ ɛɏɢɟɘ əŬɘ Űɞ Űɏɚɞɠ Űɖɠ ɔŮɩŰɟɖůɖɠ ůɡɜŮɢɑɕŮɘ ůɡɛˊŬɔɐɠ 

ŭɞɡɜɑŰɖɠ ɛŮ ŬɟŬɘɧ ŭɘɎůˊŬɟŰɞ ɢɟɤɛɑŰɖ əŬɘ űɚɏɓŮɠ ˊɡɟɞɝɏɜɞɡ ˊɎɢɞɡɠ ɛŮɟɘəɩɜ ŮəŬŰɞůŰɩɜ. 

ɄŬɟŬəɎŰɤ ŬˊŮɘəɞɜɑɕŮŰŬɘ əŬɘ ɖ Űɞɛɐ Űɖɠ ɔŮɩŰɟɖůɖɠ ɛŮ ɧɜɞɛŬ RIZO034. 

 

RIZO020  

ɀŮŰŬűŮɟɧɛŮɜɞɘ ˊɘɞ əŮɜŰɟɘəɎ (Ⱥɘə. 7.1.1), ɝŮəɑɜɖůŮ ɖ ɔŮɩŰɟɖůɖ ɛŮ ɧɜɞɛŬ RIZO020 ɖ 

ɞˊɞɑŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ Ŭˊɧ Űɘɠ 13/07/2018 ɏɤɠ Űɘɠ 18/07/2018 əŬɘ ɏűŰŬůŮ ůŰŬ 110.87 ɛɏŰɟŬ 

ɓɎɗɞɠ. Ƀɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ Űɖɠ ɔŮɩŰɟɖůɖɠ ŮɑɜŬɘ x: 304343 y:4444532 əŬɘ z: 766.9 Ůɜɩ Űɞ 

Ŭɕɘɛɞɨɗɘɞ ŮɑɜŬɘ 183Ü əŬɘ ɖ ɔɤɜɑŬ ɛŮ Űɖɜ ɞˊɞɑŬ ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŮ ɖ ɔŮɩŰɟɖůɖ ŮɑɜŬɘ 71Ü. 

ȼ ɚɘɗɞɚɞɔɑŬ əŬɘ ůŮ ŬɡŰɐ Űɖɜ ɗɏůɖ ůɡɜŮɢɑɕŮɘ ɜŬ ŮɑɜŬɘ ɑŭɘŬ ŭɖɚŬŭɐ, Ŭˊɧ ŰŬ ˊɟɩŰŬ əɘɧɚŬɠ 

ɛɏŰɟŬ ŮˊɘəɟŬŰŮɑ ɞ ŭɞɡɜɑŰɖɠ ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ůŮɟˊŮɜŰɘɜɘɤɛɏɜɞɠ, ɞɝŮɘŭɤɛɏɜɞɠ əŬŰɎ Űɧˊɞɡɠ əŬɘ 

əŬŰŬəŮɟɛŬŰɘůɛɏɜɞɠ ɚɧɔɤ ˊɘɗŬɜɞɨ ɟɐɔɛŬŰɞɠ. Ƀ ŭɞɡɜɑŰɖɠ ˊŮɟɘɏɢŮɘ ŬɟŬɘɞɨɠ əɧəəɞɡɠ 

ŭɘɎůˊŬɟŰɞɡ ɢɟɤɛɑŰɖ Ůɜɩ ŮɛűŬɜɑɕŮŰŬɘ ɛŮɔŬɚɨŰŮɟɖ ůɡɔəɏɜŰɟɤůɖ ůŰŬ ɓɎɗɖ 11.32 ɛŮ 11.60 əŬɘ 

15.83 ɏɤɠ 16.09 ɛɏŰɟŬ. Ⱥˊɑůɖɠ ůŰɞɜ ŭɞɡɜɑŰɖ ɧɚŮɠ ɞɘ ŭɘŬəɚɎůŮɘɠ ŮɑɜŬɘ ˊɚɖɟɤɛɏɜŮɠ ɛŮ ɞˊɎɚɚɘɞ 

ɛŮɟɘəɩɜ ɢɘɚɘɞůŰɩɜ əŬɘ ůŮ əɎˊɞɘŮɠ ˊŮɟɘˊŰɩůŮɘɠ ůŮɟˊŮɜŰɑɜɖ ɧˊɤɠ ůŰɞ ɓɎɗɞɠ Űɤɜ 24.03 ɏɤɠ 

24.15 ɛɏŰɟɤɜ. ȼ ɓŬůɘəɐ ŮɘəɧɜŬ Űɞɡ ŭɞɡɜɑŰɖ ˊɞɡ ůɡɜŬɜŰɎŰŬɘ ůŰɖɜ ɗɏůɖ ŬɡŰɐ űŬɑɜŮŰŬɘ ůŰɞ Ɇɢ. 

7.1.9. 
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ȺɘəɧɜŬ 7.1.9.: ɉŬɟŬəŰɖɟɘůŰɘəɐ ŮɛűɎɜɘůɖ ŭɞɡɜɑŰɖ ůŮɟˊŮɜŰɘɜɘɤɛɏɜɞɡ, ɞɝŮɘŭɤɛɏɜɞɡ, ɟɖɔɛŬŰɤɛɏɜɞɡ ɛŮ 

ŭɘɎůˊŬɟŰɞɡɠ əɧəəɞɡɠ ɢɟɤɛɑŰɖ əŬɘ ɞˊɎɚɚɘɞ ůŰɘɠ ŭɘŬəɚɎůŮɘɠ (ȺȿȿȼɀȺɇ 2018). 

 

ɆŮ ɓɎɗɞɠ 22.10 ɛŮ 23.85 ɛɏŰɟŬ ŭŮɜ ɐŰŬɜ ŭɡɜŬŰɐ ɖ ɚɐɣɖ ŭŮɑɔɛŬŰɞɠ ɚɧɔɤ ˊɘɗŬɜɩɠ 

ɚŮˊŰɧəəɞəɞɡ ŮŭŬűɘəɞɨ ɡɚɘəɞɨ Űɞ ɞˊɞɑɞ ŭŮɜ əŬŰɎűŮɟŮ ɜŬ ůɡɔəɟŬŰɖɗŮɑ ůŰɞɜ ˊɡɟɐɜŬ ɩůŰŮ ɜŬ 

űŰɎůŮɘ ůŰɖɜ ŮˊɘűɎɜŮɘŬ əŬɘ ŬˊɞɛŬəɟɨɜɗɖəŮ ɛŮ Űɖɜ ˊɑŮůɖ Űɞɡ ɜŮɟɞɨ, ɏŰůɘ ɐɟɗŮ ůŰɖɜ ŮˊɘűɎɜŮɘŬ 

ɛɞɟűɐ Breccia ɛŮ ŭŮɡŰŮɟɞɔŮɜɐ ɞˊɎɚɚɘɞ ɜŬ ˊŮɟɘɓɎɚɚŮɘ ŰɛɐɛŬŰŬ ŭɞɡɜɑŰɖ (Ɇɢ. 7.1.10, 7.1.11). 

 

 

ȺɘəɧɜŬ 7.1.10: ȰɚɚŮɘɣɖ ŭŮɑɔɛŬŰɞɠ Ŭˊɧ 19ɖ ɓɞɡŰɘɎ ůŮ ɓɎɗɞɠ 22.10 ɏɤɠ 23.25 ɛɏŰɟŬ (ȺȿȿȼɀȺɇ 

2018). 

 

 

ȺɘəɧɜŬ 7.1.11: ȰɚɚŮɘɣɖ ŭŮɑɔɛŬŰɞɠ Ŭˊɧ 20ɖ ɓɞɡŰɘɎ ůŮ ɓɎɗɞɠ 23.25 ɏɤɠ 23.85 ɛɏŰɟŬ (ȺȿȿȼɀȺɇ 

2018). 

 

Ⱦɘ Ůɜɩ ůɡɜŮɢɑɕŮɘ əŮɟɛŬŰɘůɛɏɜɞɠ əɘ ŮɝŬɚɚɞɘɤɛɏɜɞɠ ɞ ŭɞɡɜɑŰɖɠ ɛɏɢɟɘ Űɞ ɓɎɗɞɠ Űɤɜ 32.14 

ɛɏŰɟɤɜ ŮəŮɑ ŬɡɝɎɜŮŰŬɘ ɖ ůɡɔəɏɜŰɟɤůɖ Űɞɡ ŭɘɎůˊŬɟŰɞɡ ɢɟɤɛɑŰɖ əŬŰɎ Űɧˊɞɡɠ (Ɇɢ. 7.1.12) 

ɛɏɢɟɘ əŬɘ Űɞ ɓɎɗɞɠ Űɤɜ 35.30 ɛɏŰɟɤɜ. Ⱥˊɑůɖɠ ŬɡɝɎɜŮŰŬɘ ɖ ˊŬɟɞɡůɑŬ ˊɡɟɞɝŮɜɘəɩɜ űɚŮɓɩɜ Ŭˊɧ 

Űɞ ɓɎɗɞɠ Űɤɜ 35.30 ɛɏŰɟɤɜ. 
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ȺɘəɧɜŬ 7.1.12: ȺɛűŬɜɑůŮɘɠ ɢɟɤɛɑŰɖ ɛɏůŬ ůŮ ůɡɛˊŬɔɐ ůŮɟˊŮɜŰɘɜɘɤɛɏɜɞ ŭɞɡɜɑŰɖ (ȺȿȿȼɀȺɇ 2018). 

 

ȼ ɕɩɜɖ ŮɝŬɚɚɞɑɤůɖɠ Űɞɡ ŭɞɡɜɑŰɖ ůɡɜŮɢɑɕŮŰŬɘ əŬɘ űŬɑɜŮŰŬɘ ˊɤɠ ůŰŬɛŬŰɎŮɘ ůŰŬ 40 ɛɏŰɟŬ 

ˊŮɟɑˊɞɡ, ɧˊɞɡ ɛɏɢɟɘ əŬɘ ŰŬ 53 ɛɏŰɟŬ ŮˊɘəɟŬŰŮɑ ůɡɛˊŬɔɐɠ, ŮɚŬűɟɩɠ ůŮɟˊŮɜŰɘɜɘɤɛɏɜɞɠ, 

ŮɚŬɘɞˊɟɎůɘɜɞɠ ŭɞɡɜɑŰɖɠ ɛŮ ŬɟŬɘɞɨɠ əɧəəɞɡɠ ŭɘɎůˊŬɟŰɞɡ ɢɟɤɛɑŰɖ əŬɘ ŮɜŬɚɚŬɔɏɠ ɛŮ űɟɏůəɞ 

əŬŰɎ Űɧˊɞɡɠ ŭɞɡɜɑŰɖ.(Ɇɢ. 7.1.13, 7.1.14). 

 

 

 

ȺɘəɧɜŬ 7.1.13: ɆɡɛˊŬɔɐɠ, ŮɚŬűɟɩɠ ůŮɟˊŮɜŰɘɜɘɤɛɏɜɞɠ, ŮɚŬɘɞˊɟɎůɘɜɞɠ ŭɞɡɜɑŰɖɠ ɛŮ ŭɘɎůˊŬɟŰɞ ɢɟɤɛɑŰɖ 

(ȺȿȿȼɀȺɇ 2018). 
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ȺɘəɧɜŬ 7.1.14: ȺɜŬɚɚŬɔɏɠ ůŮɟˊŮɜŰɘɜɘɤɛɏɜɞɡ əŬɘ űɟɏůəɞɡ ŭɞɡɜɑŰɖ ɛŮ ŭɘɎůˊŬɟŰɞ ɢɟɤɛɑŰɖ(ȺȿȿȼɀȺɇ 

2018). 

 

ȷˊɧ Űɞ ɓɎɗɞɠ Űɤɜ 53.10 ɛɏŰɟɤɜ ɝŮəɘɜɎ əŬɘ ˊɎɚɘ ɟɖɝɘɔŮɜɐɠ ɕɩɜɖ ï ɕɩɜɖ ŮɝŬɚɚɞɑɤůɖɠ 

ɧˊɞɡ ɞ ŭɞɡɜɑŰɖɠ ŮɑɜŬɘ ˊɚɐɟɤɠ ŮɝŬɚɚɞɘɤɛɏɜɞɠ, ɞɝŮɘŭɤɛɏɜɞɠ əŬɘ əŬŰŬəŮɟɛŬŰɘůɛɏɜɞɠ ɛŮ 

ˊŬɟɞɡůɑŬ ɞˊŬɚɚɑɞɡ ůŰŬ ůˊŬůɑɛŬŰŬ əŬɘ ůŰɘɠ ŭɘŬəɚɎůŮɘɠ (Ɇɢ. 7.1.15). 

 

 

ȺɘəɧɜŬ 7.1.15: ȺɝŬɚɚɞɘɤɛɏɜɞɠ ŭɞɡɜɑŰɖɠ ɛŮ ůŰɟɩůŮɘɠ ɞˊŬɚɚɑɞɡ əŬɘ űɚɏɓŬ ˊɡɟɞɝɏɜɞɡ ůŮ ɓɎɗɞɠ 56 ɏɤɠ 

56.10 ɛɏŰɟŬ (ȺȿȿȼɀȺɇ 2018). 

 

ɀɏůŬ ůŰɖɜ ɕɩɜɖ ŬɡŰɐ əŬɘ ůŮ ɓɎɗɞɠ 57 ɛɏŰɟɤɜ ɏɤɠ ŰŬ 58 ɛɏŰɟŬ ůɡɜŬɜŰɎŰŬɘ ɛŮɔɎɚɖ 

ůɡɔəɏɜŰɟɤůɖ ŭɘɎůˊŬɟŰɞɡ ɢɟɤɛɑŰɖ (Ɇɢ. 7.1.16) ůŰɞɜ ŭɞɡɜɑŰɖ ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ ɟɖɔɛŬŰɤɛɏɜɞɠ əŬɘ 

ŮɜŬɚɚɎůůŮŰŬɘ Ŭˊɧ ůŰɟɩůŮɘɠ ɞˊŬɚɚɑɞɡ ůŰŬ ůˊŬůɑɛŬŰŬ ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ˊŬɟŬəɎŰɤ. 

 

 

ȺɘəɧɜŬ 7.1.16: ɆɡɔəɏɜŰɟɤůɖ ŭɘɎůˊŬɟŰɞɡ ɢɟɤɛɑŰɖ ɛɏůŬ ůŮ ŮɝŬɚɚɞɘɤɛɏɜɞ ŭɞɡɜɑŰɖ ɛŮ ˊŬɟɞɡůɑŬ 

ɞˊŬɚɚɑɞɡ (ȺȿȿȼɀȺɇ 2018). 
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Ȱɤɠ əŬɘ ŰŬ 70 ɛɏŰɟŬ ɓɎɗɞɠ ůɡɜŮɢɑɕŮɘ ɖ ɕɩɜɖ ŮɝŬɚɚɞɑɤůɖɠ Űɞɡ ŭɞɡɜɑŰɖ ɛŮ əŮɟɛŬŰɘůɛɏɜŮɠ 

ɕɩɜŮɠ əŬɘ ŭŮɡŰŮɟɞɔŮɜɐ ɞɟɡəŰɎ. ȺəŮɑ ŮɛűŬɜɑɕŮŰŬɘ ˊɘɞ ůɡɛˊŬɔɐɠ, ɡɔɘɐɠ ŭɞɡɜɑŰɖɠ ɞ ɞˊɞɑɞɠ űɏɟŮɘ 

əɧəəɞɡɠ ŭɘɎůˊŬɟŰɞɡ ɢɟɤɛɑŰɖ. Ƀɘ əɧəəɞɘ ŬɡŰɞɑ ŬɡɝɎɜɞɜŰŬɘ ůŮ ɓɎɗɞɠ 81.34 ɏɤɠ 81.76 (Ɇɢ. 

7.1.17) əŬŰɎ ɛɐəɞɠ Űɞɡ ˊɡɟɐɜŬ ɧˊɤɠ Ůˊɑůɖɠ ŮɛűŬɜɑɕŮŰŬɘ ɛŮɔɎɚɖ ůɡɔəɏɜŰɟɤůɖ Ŭˊɧ 83.68 ɏɤɠ 

85.59. 

 

 

ȺɘəɧɜŬ 7.1.17: ɆɡɔəɏɜŰɟɤůɖ ɢɟɤɛɑŰɖ ɛɏůŬ ůŰɞɜ ŭɞɡɜɑŰɖ ůŮ ɓɎɗɞɠ 84.18 ɛɏŰɟŬ (ȺȿȿȼɀȺɇ 2018). 

 

ɆŰɖɜ ůɡɜɏɢŮɘŬ ɞ ŭɞɡɜɑŰɖɠ ɡɔɘɐɠ, ůɡɛˊŬɔɐɠ ɞ ɞˊɞɑɞɠ ŮɜŬɚɚɎůůŮŰŬɘ ɛŮ ŮɝŬɚɚɞɘɤɛɏɜɞ 

ŭɞɡɜɑŰɖ, Ůɜɩ ˊŬɟɎɚɚɖɚŬ ˊŬɟŮɛɓŬɑɜɞɡɜ əŬɘ ˊɡɟɞɝŮɜɘəɏɠ űɚɏɓŮɠ ɛɏɢɟɘ əŬɘ Űɞ ɓɎɗɞɠ Űɤɜ 89.24 

ɛɏŰɟɤɜ. ȷˊɧ ŰŬ 89.24 ɏɤɠ əŬɘ ŰŬ 96.80 ɛɏŰɟŬ ɞ ŭɞɡɜɑŰɖɠ ŮɛűŬɜɑɕŮɘ ŬɡɝɖɛɏɜŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ 

ɚŮˊŰɧəɞəəɞɡ ŭɘɎůˊŬɟŰɞɡ ɢɟɤɛɑŰɖ (Ɇɢ. 7.1.18) Ůɜɩ ůŰɞ ŭɘɎůŰɖɛŬ 93.42 ɏɤɠ 93.61 ɛɏŰɟŬ 

ˊŬɟŮɛɓɎɚɚŮŰŬɘ ˊɡɟɞɝŮɜɑŰɖɠ əŬɘ ůŮɟˊŮɜŰɑɜɖɠ. 

 

 

ȺɘəɧɜŬ 7.1.18 : ɇɡˊɘəɐ ŮɘəɧɜŬ ŭɞɡɜɑŰɖ ůɡɛˊŬɔɞɨɠ ɛŮ ɛŮɔɎɚɖ ůɡɔəɏɜŰɟɤůɖ ŭɘɎůˊŬɟŰɞɡ ɢɟɤɛɑŰɖ ůŮ 

ɓɎɗɞɠ 92.60-93.21 ɛɏŰɟŬ (ȺȿȿȼɀȺɇ 2018). 

 

ɆŮ ɓɎɗɞɠ 96.80 ɏɤɠ 97.09 ɛɏŰɟŬ ˊŬɟŮɛɓɎɚɚŮŰŬɘ ɢŬɟŰůɓɞɡɟɔɑŰɖɠ Ůɜɩ ɛɏɢɟɘ əŬɘ ŰŬ 110.87 

ɛɏŰɟŬ əɡɟɘŬɟɢŮɑ ŭɞɡɜɑŰɖɠ ůɡɛˊŬɔɐɠ ɛŮ ůɡɔəŮɜŰɟɩůŮɘɠ ŭɘɎůˊŬɟŰɞɡ ɚŮˊŰɧəɞəəɞɡ ɢɟɤɛɑŰɖ əŬɘ 
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ŮɛűŬɜɑůŮɘɠ ɚɘɕŬɟŭɑŰɖ əŬŰɎ Űɧˊɞɡɠ (Ɇɢ. 7.1.19), Ůɜɩ ˊŬɟŮɛɓɎɚɚɞɜŰŬɘ əŬɘ ˊɡɟɞɝŮɜɘəɏɠ űɚɏɓŮɠ 

(Ɇɢ. 7.1.20) ɛŮɟɘəɩɜ ŮəŬŰɞůŰɩɜ. 

 

 

 

ȺɘəɧɜŬ 7.1.19: ȺɝŬɚɚɞɘɤɛɏɜɞɠ əŬɘ űɟɏůəɞɠ ŭɞɡɜɑŰɖɠ (ȺȿȿȼɀȺɇ 2018) 

 

  

 

ȺɘəɧɜŬ 7.1.20: ɄɡɟɞɝŮɜɘəɏɠ űɚɏɓŮɠ ɛɏůŬ ůŰɞɜ ŭɞɡɜɑŰɖ.(ȺȿȿȼɀȺɇ 2018) 

 

RIZO022  

ȾŬŰŮɡɗɡɜɧɛŮɜɞɘ ˊɘɞ ŬɜŬŰɞɚɘəɎ (Ⱥɘə. 7.1.1), ˊɟŬɔɛŬŰɞˊɞɘɐɗɖəŬɜ ŰɏůůŮɟɘɠ ɔŮɤŰɟɐůŮɘɠ, 

ɛɑŬ Ůə Űɤɜ ɞˊɞɑɤɜ ɐŰŬɜ əŬɘ ɖ ɔŮɩŰɟɖůɖ ɛŮ ɧɜɞɛŬ RIZO022. ȼ ɗɏůɖ Űɖɠ ɏɢŮɘ ůɡɜŰŮŰŬɔɛɏɜŮɠ 

x: 304557.9 y: 4444479 əŬɘ z: 761.2 əŬɘ Ŭɕɘɛɞɨɗɘɞ 179Ü, Ůɜɩ ɖ ŭɘɎŰɟɖůɖ ɏɔɘɜŮ ɛŮ ɔɤɜɑŬ 62Ü. 

ɇɞ ɓɎɗɞɠ Űɖɠ ɏűŰŬůŮ ɛɏɢɟɘ əŬɘ ŰŬ 83.55 ɛɏŰɟŬ. ȼ ŭɘŬŭɘəŬůɑŬ ɝŮəɑɜɖůŮ ůŰɘɠ 19/09/2018 əŬɘ 

ɞɚɞəɚɖɟɩɗɖəŮ ůŰɘɠ 26/09/2018, ůɡɜɞɚɘəɎ ɧɛɤɠ ɖ ŭɘɎŰɟɖůɖ ŭɘɐɟəɖůŮ 7 ŮɟɔɎůɘɛŮɠ ɖɛɏɟŮɠ, 

ˊŬɟɧɚɞ ˊɞɡ ŰŬ ɛɏŰɟŬ ɐŰŬɜ ɚɑɔŬ ɚɧɔɤ ůɡɜŮɢɧɛŮɜɤɜ ɟɖɝɘɔŮɜɩɜ ɕɤɜɩɜ, ɡˊɐɟɢŮ ŭɡůəɞɚɑŬ 

ˊŮɟɘůŰɟɞűɐɠ əŬŰɎ Űɖɜ ŭɘɎɟəŮɘɎ Űɖɠ. 

ɆŰŬ ˊɟɩŰŬ ɛɏŰɟŬ Űɖɠ ɔŮɩŰɟɖůɖɠ ŮɛűŬɜɑɕŮŰŬɘ ŭɞɡɜɑŰɖɠ əŮɟɛŬŰɘůɛɏɜɞɠ (Ɇɢ. 7.1.22) 

ůŮɟˊŮɜŰɘɜɘɤɛɏɜɞɠ, ɛŮ ŭɘɎůˊŬɟŰɞɡɠ, ŬɟŬɘɞɨɠ əɧəəɞɡɠ ɢɟɤɛɑŰɖ, Ůɜɩ ůŮ əɎˊɞɘŬ Ŭˊɧ ŰŬ 

ůˊŬůɑɛŬŰŬ ɡˊɎɟɢɞɡɜ ŮɜŭŮɑɝŮɘɠ ŬɜɗɟŬəɘəɩɜ ŬɚɎŰɤɜ (Ɇɢ. 7.1.21). 
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ȺɘəɧɜŬ 7.1.21: ɆɢɖɛŬŰɘůɛɧɠ ŬɜɗɟŬəɘəɩɜ ŬɚɎŰɤɜ ɛɏůŬ ůŰɞɜ ɟɖɔɛŬŰɤɛɏɜɞ ŭɞɡɜɑŰɖ (ȺȿȿȼɀȺɇ 

2018). 

 

 

 

ȺɘəɧɜŬ 7.1.22: ɇɡˊɘəɐ ŮɘəɧɜŬ ɟɖɔɛŬŰɤɛɏɜɞɡ ŭɞɡɜɑŰɖ ɔɘŬ ŰŬ ˊɟɩŰŬ ɛɏŰɟŬ Űɖɠ ɔŮɩŰɟɖůɖɠ (ȺȿȿȼɀȺɇ 

2018). 

 

ȾŬɗɩɠ əɘɜɞɨɛŬůŰŮ ɛɏůŬ ůŰɞɜ ůɢɖɛŬŰɘůɛɧ, ůɡɜŬɜŰɩɜŰŬɘ əŬɘ űɚɏɓŮɠ ˊɡɟɞɝɏɜɞɡ ɧˊɤɠ 

Ůˊɑůɖɠ əŬɘ ɚŮˊŰɏɠ ɕɩɜŮɠ ɛŮ ɞˊɎɚɚɘɞ (Ɇɢ. 7.1.23). 

 

 

ȺɘəɧɜŬ 7.1.23: ɉŬɟŬəŰɖɟɘůŰɘəɐ ŬɜɎˊŰɡɝɖ ɞˊŬɚɚɑɞɡ ɛɏůŬ ůŰɞ ɟɐɔɛŬ ˊɞɡ «əɧɓŮɘ» Űɞɜ ŭɞɡɜɑŰɖ 

(ȺȿȿȼɀȺɇ 2018). 

 

Ȱɤɠ əŬɘ ŰŬ 62.75 ɛɏŰɟŬ ɓɎɗɞɠ ɞ ɛɞɜŬŭɘəɧɠ ůɢɖɛŬŰɘůɛɧɠ ˊɞɡ ůɡɜŬɜŰɎŰŬɘ ŮɑɜŬɘ ŭɞɡɜɑŰɖɠ 

ŮɝŬɚɚɞɘɤɛɏɜɞɠ əŬɘ ŬɟəŮŰɎ əŮɟɛŬŰɘůɛɏɜɞɠ ɚɧɔɤ Űɖɠ ɨˊŬɟɝɖɠ ɛŮɔɎɚɤɜ ɟɖɝɘɔŮɜɩɜ ɕɤɜɩɜ ɞ 
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ɞˊɞɑɞɠ űɏɟŮɘ ˊɎɜɤ Űɞɡ ˊɡɟɞɝŮɜɘəɏɠ űɚɏɓŮɠ əŬɘ ɛŮɔɎɚŮɠ ůɡɔəŮɜŰɟɩůŮɘɠ ɢɟɤɛɑŰɖ ůŮ ŭɘɎűɞɟŬ 

ɓɎɗɖ. ȼ ɟɖɝɘɔŮɜɐɠ ɕɩɜɖ ɝŮəɘɜɎŮɘ Ŭˊɧ 21.60 ɏɤɠ 56.75 ɛɏŰɟŬ, ɧˊɞɡ ŮɑɜŬɘ əŬŰŬəŮɟɛŬŰɘůɛɏɜɞɠ 

əŬɘ ˊɚɐɟɤɠ ŮɝŬɚɚɞɘɤɛɏɜɞɠ ɞ ŭɞɡɜɑŰɖɠ. Ⱥɜɩ ůŮ ɓɎɗɞɠ 23.54 ɛɏɢɟɘ əŬɘ Űɞ ɓɎɗɞɠ 24.58 ɛɏŰɟŬ 

ŮɛűŬɜɑɕŮŰŬɘ Breccia ɧˊɞɡ ɛɏůŬ ůŰɞɜ ɞˊɎɚɚɘɞ ɡˊɎɟɢɞɡɜ əɞɛɛɎŰɘŬ ŭɞɡɜɑŰɖ (Ɇɢ. 7.1.24). ȿɧɔɤ 

Űɖɠ ɏɜŰɞɜɖɠ ŰŮəŰɞɜɘəɐɠ ůŰɖɜ ɗɏůɖ ŬɡŰɐ ůɖɛŬɜŰɘəɎ ŰɛɐɛŬŰŬ Űɞɡ ˊɡɟɐɜŬ ɏűŰŬůŬɜ ůŰɖɜ 

ŮˊɘűɎɜŮɘŬ ŮɚɚŮɘˊɐ, ɢɤɟɑɠ ɜŬ űɏɟɞɡɜ ɞɚɧəɚɖɟɞ Űɞ ŭŮɑɔɛŬ, ɔɘŬ Űɞɜ ɚɧɔɞ ŬɡŰɧ əŬɘ ůŰɖɜ 

ˊŬɟŬəɎŰɤ ŮɘəɧɜŬ Űɞ əɘɓɩŰɘɞ ůɡɜɞɚɘəɐɠ ɢɤɟɖŰɘəɧŰɖŰŬɠ 3 ɛɏŰɟɤɜ ˊŮɟɘɚŬɛɓɎɜŮɘ ŭŮɑɔɛŬ 4.68 

ɛɏŰɟɤɜ (Ɇɢ. 7.1.25).  

 

 

 

ȺɘəɧɜŬ 7.1.24: ɆɢɖɛŬŰɘůɛɧɠ Űɨˊɞɡ Breccia əŬɘ əŮɟɛŬŰɘůɛɏɜɞɠ ůŮɟˊŮɜŰɘɜɘɤɛɏɜɞɠ ŭɞɡɜɑŰɖɠ ɛɏůŬ ůŰɖɜ 

ɕɩɜɖ Űɞɡ ɟɐɔɛŬŰɞɠ ȺȿȿȼɀȺɇ 2018). 

 

 

ȺɘəɧɜŬ 7.1.25: ɇɡˊɘəɐ ŮɛűɎɜɘůɖ əŬŰŬəŮɟɛŬŰɘůɛɏɜɞɡ, ŮɝŬɚɚɞɘɤɛɏɜɞɡ ŭɞɡɜɑŰɖ ɛɏůŬ ůŰɖɜ ɕɩɜɖ 21.60- 

56.05 ɛɏŰɟŬ (ȺȿȿȼɀȺɇ 2018). 
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ɆŮ ɓɎɗɞɠ 56.75 ɏɤɠ 62.75 ɛɏŰɟŬ ɝŮəɘɜɎ ɕɩɜɖ əɞɘŰɎůɛŬŰɞɠ ɢɟɤɛɑŰɖ ůɢŮŭɧɜ ůɡɛˊŬɔɐɠ ɞ 

ɞˊɞɑɞɠ ůɡɜɞŭŮɨŮŰŬɘ Ŭˊɧ əɞɜŭɨɚɞɡɠ ŭɞɡɜɑŰɖ (antinodular ŭɞɛɐ) əŬɘ ůɡɜŮɢɑɕŮɘ ɜŬ ŮɑɜŬɘ 

ɟɖɔɛŬŰɤɛɏɜɞɠ ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɘɠ ˊŬɟŬəɎŰɤ ŮɘəɧɜŮɠ (Ɇɢ. 7.1.26). 

 

 

ȺɘəɧɜŬ 7.1.26: ɀŮɔɎɚɖ ůɡɔəɏɜŰɟɤůɖ ŭɘɎůˊŬɟŰɞɡ ɢɟɤɛɑŰɖ ɛɏůŬ ůŰɞɜ ŮɝŬɚɚɞɘɤɛɏɜɞ ŭɞɡɜɑŰɖ 

(ȺȿȿȼɀȺɇ 2018). 

 

ɆŮ ɓɎɗɞɠ 62.75 ɏɤɠ 63.37 ɛɏŰɟŬ ˊŬɟŮɛɓɎɚɚŮŰŬɘ ɢŬɟŰůɓɞɡɟɔɑŰɖɠ (Ɇɢ. 7.1.27) ɞ ɞˊɞɑɞɠ 

ůŰŬ 63.00 ɛŮ 63.05 ɛɏŰɟŬ ˊŮɟɘɏɢŮɘ ŭɞɡɜɑŰɖ ˊɚɞɨůɘɞ ůŮ ɢɟɤɛɑŰɖ. ȰˊŮɘŰŬ ɏɤɠ əŬɘ ŰŬ 67.90 ɛɏŰɟŬ 

ŮɜŬɚɚɎůůŮŰŬɘ ŮɝŬɚɚɞɘɤɛɏɜɞɠ, ɟɖɔɛŬŰɤɛɏɜɞɠ ŭɞɡɜɑŰɖɠ ˊɚɞɨůɘɞɠ ůŮ ɢɟɤɛɑŰɖ (Ɇɢ. 7.1.28) ɛŮ 

ɛŮɟɘəɏɠ ˊɡɟɞɝŮɜɘəɏɠ űɚɏɓŮɠ. ȷˊɧ ŰŬ 67.90 ɛɏɢɟɘ əŬɘ ŰŬ 72.00 ɛɏŰɟŬ ůɡɜŮɢɑɕŮɘ ɞ ŭɞɡɜɑŰɖɠ, Ůɜɩ 

Ŭˊɧ ŰŬ 71.50 ɏɤɠ əŬɘ ŰŬ 74.60 ɛɏŰɟŬ ŮˊɘəɟŬŰŮɑ ɢɟɤɛɑŰɖɠ ɛɏůŬ ůŰɞɜ ɟɖɔɛŬŰɤɛɏɜɞ ŭɞɡɜɑŰɖ (Ɇɢ. 

7.1.29). 

 

 

 

 

ȺɘəɧɜŬ 7.1.27: ȺɜŬɚɚŬɔɐ ɢɟɤɛɘŰɞɨɢɞɡ ŭɞɡɜɑŰɖ ɛŮ ɢŬɟŰůɓɞɡɟɔɑŰɖ ůŰŬ 62.75 ɛɏŰɟŬ (ȺȿȿȼɀȺɇ 

2018). 
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ȺɘəɧɜŬ 7.1.28: Ⱦɧɜŭɡɚɞɘ ŭɞɡɜɑŰɖ ɛɏůŬ ůŰɞɜ ɢɟɤɛɑŰɖ (antinodular ɘůŰɧɠ) ůŮ ɓɎɗɞɠ 64.05- 64.53 

ɛɏŰɟŬ.(ȺȿȿȼɀȺɇ 2018). 

 

    

ȺɘəɧɜŬ 7.1.29: ɉɟɤɛɘŰɞɨɢɞɠ ŭɞɡɜɑŰɖɠ ůŮ ɓɎɗɞɠ 73.06- 74.00 ɛɏŰɟŬ (ȺȿȿȼɀȺɇ 2018). 

 

ȷˊɧ ŰŬ 74.60 ɏɤɠ ŰŬ 75.15 ɛɏŰɟŬ ɡˊɎɟɢŮɘ ŭɞɡɜɑŰɖɠ, Ůɜɩ Ŭˊɧ 75.15 ɏɤɠ 75.95 

ɢŬɟŰůɓɞɡɟɔɑŰɖɠ. ɆɡɜŮɢɑɕɞɡɜ ɛɏɢɟɘ əŬɘ ŰŬ 78.40 ɛɏŰɟŬ ŮɜŬɚɚŬůůɧɛŮɜŬ ɟɐɔɛŬŰŬ ůŰɞ ŭɞɡɜɘŰɘəɧ 

ůɩɛŬ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɏɢŮɘ ŮɝŬɚɚɞɘɤɗŮɑ, Ůɜɩ Ŭˊɧ ŰŬ 78.40 ɛɏŰɟŬ ɛɏɢɟɘ əŬɘ Űɞ Űɏɚɞɠ Űɖɠ 

ɔŮɩŰɟɖůɖɠ ŮˊɘəɟŬŰŮɑ ůɡɛˊŬɔɐɠ ŭɞɡɜɑŰɖɠ, ŮɚŬűɟɩɠ ůŮɟˊŮɜŰɘɜɘɤɛɏɜɞɠ əŬŰɎ Űɧˊɞɡɠ ɛŮ əɧəəɞɡɠ 

ŭɘɎůˊŬɟŰɞɡ ɢɟɤɛɑŰɖ. 

 

ɆɨɛűɤɜŬ ɛŮ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ˊŮɟɘɔɟŬűɐɠ ɧɚɤɜ Űɤɜ ɔŮɤŰɟɐůŮɤɜ ˊɟɞəɨˊŰɞɡɜ Űɞɛɏɠ 

ɞɘ ɞˊɞɑŮɠ ŬˊŮɘəɞɜɑɕɞɡɜ ŰŬ ɓɎɗɖ ůŰŬ ɞˊɞɑŬ ŮɜŰɞˊɑůŰɖəŮ ɖ ɛŮŰŬɚɚɞűɞɟɑŬ ɢɟɤɛɑŰɖ ůŰɞ Ʌɘɕɧ (Ⱥɘ. 

7.1.31-33, ɔŬɚɎɕɘŬ ŰŮŰɟɎɔɤɜŬ. Ƀɘ Űɞɛɏɠ ɓŬůɑɕɞɜŰŬɘ ůŰɞɜ ɢɎɟŰɖ ɞ ɞˊɞɑɞɠ ŬˊŮɘəɞɜɑɕŮɘ Űɖɜ 

ɞɟɘɕɞɜŰɘɞɔɟŬűɑŬ Űɖɠ ˊŮɟɘɞɢɐɠ (Ⱥɘə. 7.1.30). Ȱɢɞɡɜ əŬŰŬůəŮɡŬůŰŮɑ ŰɟŮɘɠ Űɞɛɏɠ ˊɞɡ 

ˊɟɞɓɎɚɚɞɡɜ Űɘɠ ɔŮɤŰɟɐůŮɘɠ ůŰɘɠ ɗɏůŮɘɠ ŬɡŰɏɠ ɛŮ ŭɘŬűɞɟŮŰɘəɧ ˊɟɞůŬɜŬŰɞɚɘůɛɧ. ȼ Űɞɛɐ ȷȷ 

(Ⱥɘə. 7.1.31) ŬˊŮɘəɞɜɑɕŮɘ Űɖɜ ŭɡŰɘəɐ ɧɣɖ Űɤɜ ɔŮɤŰɟɐůŮɤɜ ŮəŮɑ. ȼ Űɞɛɐ ȸȸ (Ⱥɘə. 7.1.32) Űɖɜ 

ŬɜŬŰɞɚɘəɐ Ůɜɩ ɖ Űɞɛɐ ũũ (Ⱥɘə. 7.1.33) Űɖɜ ɓɧɟŮɘŬ.
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ȺɘəɧɜŬ 7.1.30: 

ɃɟɘɕɞɜŰɘɞɔɟŬűɑŬ Űɖɠ ɗɏůɖɠ Ʌɘɕɧ (ȺȿȿȼɀȺɇ ɄɏŰɟɞɡ ũ.-ɀˊŬŰůɐ ȷ. 2019) 
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ȺɘəɧɜŬ 7.1.31: ɇɞɛɐ ȷȷ (ȺȿȿȼɀȺɇ- ɄɏŰɟɞɡ ũ.- ɀˊŬŰůɐ ȷ. 2019) 
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ȺɘəɧɜŬ 7.1.32: ɇɞɛɐ ȸȸ (ȺȿȿȼɀȺɇ ɄɏŰɟɞɡ ũ. -ɀˊŬŰůɐ ȷ. 2019) 
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ȺɘəɧɜŬ 7.1.33: ɇɞɛɐ ũũ (ȺȿȿȼɀȺɇ ɄɏŰɟɞɡ ũ.- ɀˊŬŰůɐ ȷ. 2019). 
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7.2 ɃɟɡəŰɞɚɞɔɑŬ ɛŮŰŬɚɚŮɨɛŬŰɞɠ 

 

ɀɏůŬ ůŰɞɜ ŭɞɡɜɑŰɖ űɘɚɞɝŮɜŮɑŰŬɘ ɞ ɢɟɤɛɑŰɖɠ ɞ ɞˊɞɑɞɠ ŮɑɜŬɘ əɡɟɑɤɠ ɚŮˊŰɧəəɞəɞɠ ɏɤɠ 

ɛŮůɧəəɞəɞɠ ɛŮ ɘůŰɞɚɞɔɘəɐ ŬɜɎˊŰɡɝɖ əŬŰɎ Schlieren (Ⱥɘə. 7.2.1), ŭɘɎůˊŬɟŰɞɠ, ůŮ ɛŮɟɘəɏɠ 

ˊŮɟɘˊŰɩůŮɘɠ ůɡɛˊŬɔɐɠ, Ůɜɩ ůŰɞɜ əŮɜŰɟɘəɧ ŰɞɛɏŬ Űɞɡ Ʌɘɕɞɨ ɡˊɎɟɢɞɡɜ ɑɢɜɖ ɘůŰɞɨ 

ɚŮɞˊŬɟŭɎɚŮɤɠ ˊɞɡ ˊŬɟŮɛɓɎɚɚɞɜŰŬɘ ůŰɞɜ ŰŬɘɜɘɤŰɧ ɢɟɤɛɑŰɖ (Schlieren). ȼ ŮˊɘəɟŬŰɞɨůŬ 

ɛɞɟűɐ ůŰɖɜ ˊŬɟɞɨůŬ ɗɏůɖ ŮɑɜŬɘ ŭɘɎůˊŬɟŰɞɠ əŬɘ ŰŬɘɜɘɤŰɧɠ ɢɟɤɛɑŰɖɠ. 

ɆɨɛűɤɜŬ ɛŮ ɞɟɡəŰɞɚɞɔɘəɏɠ ŬɜŬɚɨůŮɘɠ ˊɞɡ ɏɢɞɡɜŮ ɔɑɜŮɘ ŬɜɎ ˊŮɟɘɧŭɞɡɠ ůŰɖɜ ˊŮɟɘɞɢɐ 

ˊɟɞəɨˊŰŮɘ ɧŰɘ ɞ ŭɞɡɜɑŰɖɠ ŬˊɞŰŮɚŮɑŰŬɘ Ŭˊɧ ɞɚɘɓɑɜɖ Űɨˊɞɡ űɞɟůŰŮɟɑŰɖ, ɢɟɤɛɑŰɖ, ŭɘɎűɞɟɤɜ 

ɘůŰɞɚɞɔɘəɩɜ Űɨˊɤɜ, ůŮɟˊŮɜŰɑɜɖ, ɢɚɤɟɑŰɖ əŬɘ ůŮ ɛɘəɟɐ ůɡɔəɏɜŰɟɤůɖ Ŭˊɧ ŬůɓŮůŰɑŰɖ əŬŰɎ 

Űɧˊɞɡɠ (ɄŬˊˊɎ 1996). 

ɆɨɛűɤɜŬ ɛŮ ˊɟɧůűŬŰɖ ɞɟɡəŰɞɚɞɔɘəɐ ŬɜɎɚɡůɖ ˊɞɡ ɏɔɘɜŮ Ŭˊɧ Űɞ ȽũɀȺ, ɔɘŬ ɚɞɔŬɟɘŬůɛɧ 

Űɖɠ ŮŰŬɘɟŮɑŬɠ çȺȿȿȼɀȺɇ ȺȿȿȼɁȽȾȷ ɀȺɇȷȿȿȺȽȷ ȷ.Ⱥ.è Ůɘ́ɓŮɓŬɘɩɜŮŰŬɘ ɧŰɘ ɞ ˊɟɧəŮɘŰŬɘ 

ɔɘŬ ɡˊŮɟɓŬůɘəɧ ˊɏŰɟɤɛŬ ůŮɟˊŮɜŰɘɜɘɤɛɏɜɞɡ ŭɞɡɜɑŰɖ ɛŮ ɛŮɔɎɚɖ ůɡɔəɏɜŰɟɤůɖ ɢɟɤɛɑŰɖ. 

 

 

ȺɘəɧɜŬ 7.2.1: ɇŬɘɜɘɤŰɧɠ ɢɟɤɛɑŰɖɠ ɛɏůŬ ůŮ ůŮɟˊŮɜŰɘɜɘɤɛɏɜɞ ŭɞɡɜɑŰɖ, ŭŮɑɔɛŬ 5. (ȺȿȿȼɀȺɇ 2018) 

 

ɆŰɞ ˊɚŬɑůɘɞ Űɖɠ ˊŬɟɞɨůŬɠ ɛŮɚɏŰɖɠ ɏˊŮɘŰŬ Ŭˊɧ ɛɘəɟɞůəɞˊɘəɐ ŬɜɎɚɡůɖ Űɞɡ ˊŬɟŬˊɎɜɤ 

ŭŮɑɔɛŬŰɞɠ (Ɇɢ. 7.2.1), ˊɟɞəɨˊŰŮɘ ɧŰɘ ŬˊɞŰŮɚŮɑŰŬɘ ɛɧɜɞ Ŭˊɧ ůŮɟˊŮɜŰɑɜɖ əŬɘ ɢɟɤɛɑŰɖ. Ƀ 

ůŮɟˊŮɜŰɑɜɖɠ ŮɑɜŬɘ ŭŮɡŰŮɟɞɔŮɜɏɠ ɞɟɡəŰɧ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ ŮɝŬɚɚɞɑɤůɖ ˊɟɤŰɞɔŮɜɩɜ ɞɟɡəŰɩɜ 

ˊɞɡ ɡˊɎɟɢɞɡɜ ůŰɞ ˊɏŰɟɤɛŬ. ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ əŬɘ ŮɘəɧɜŮɠ Ŭˊɧ Űɞ ˊɞɚɤŰɘəɧ 

ɛɘəɟɞůəɧˊɘɞ  (ȽũɀȺ, 2018) 
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ȺɘəɧɜŬ 7.2.2: ɀŮɚɏŰɖ Űɞɡ ŭŮɑɔɛŬŰɞɠ 5 ůŮ ˊɞɚɤŰɘəɧ ɛɘəɟɞůəɧˊɘɞ ŭɘŮɟɢɧɛŮɜɞɡ űɤŰɧɠ ɛŮ ˊŬɟɎɚɚɖɚŬ 

nicols ɧˊɞɡ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ŰŬ ɞɟɡəŰɎ ˊɞɡ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɢɟɤɛɑŰɖɠ əŬɘ ůŮɟˊŮɜŰɑɜɖɠ (ȽũɀȺ -

ȺȿȿȼɀȺɇ 2018) 

 

 

 

ȺɘəɧɜŬ 7.2.3: ɀŮɚɏŰɖ Űɞɡ ŭŮɑɔɛŬŰɞɠ 5 ůŮ ˊɞɚɤŰɘəɧ ɛɘəɟɞůəɧˊɘɞ ŭɘŮɟɢɧɛŮɜɞɡ űɤŰɧɠ ɛŮ əɎɗŮŰŬ nicols 

ɧˊɞɡ ŬˊŮɘəɞɜɑɕɞɜŰŬɘ ŰŬ ɞɟɡəŰɎ ˊɞɡ ŬˊŮɘəɞɜɑɕŮŰŬɘ ɢɟɤɛɑŰɖɠ əŬɘ ůŮɟˊŮɜŰɑɜɖɠ (ȽũɀȺ- ȺȿȿȼɀȺɇ 

2018) 
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7.3 ȷˊɞŰŮɚɏůɛŬŰŬ ɢɖɛɘəɩɜ ŬɜŬɚɨůŮɤɜ  

ȺɜŭŮɘəŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ Űɤɜ ŭŮɘɔɛɎŰɤɜ ˊɞɡ ůŰɎɚɗɖəŬɜ ůŰɖɜ ūɘɚŬɜŭɑŬ, əŬɘ 

ůɡɔəŮəɟɘɛɏɜŬ ůŰɞ ŮɟɔŬůŰɐɟɘɞ Eurofins Labtium Oy, ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ůŰɞɡɠ ˊɑɜŬəŮɠ 1-4. ɇŬ 

ŭŮɑɔɛŬŰŬ ˊɞɡ ŮˊɘɚɏɢɗɖəŬɜ ɔɘŬ ˊŬɟɞɡůɑŬůɖ Ŭűɞɟɞɨɜ ŬɜŬɚɨůŮɘɠ ˊɞɡ ɏɔɘɜŬɜ ůŮ ŭɞɡɜɑŰŮɠ ɛŮ 

ɢɟɤɛɑŰɖ Schlieren, ŭɘɎůˊŬɟŰɞ ŬɟŬɘɧ əŬɘ ˊɡəɜɎ ůɡůůɤɛŬŰɩɛŬŰŬ ŬɡŰɞɨ, ůɡɛˊŬɔɐ ɢɟɤɛɑŰɖ, 

ůŮɟˊŮɜŰɘɜɘɤɛɏɜɞ ŭɞɡɜɑŰɖ ɛŮ ˊɡɟɞɝŮɜɘəɏɠ űɚɏɓŮɠ ɧˊɤɠ Ůˊɑůɖɠ əŬɘ űɟɏůəɞ ˊɟɞɠ ŮɚŬűɟɩɠ 

ŮɝŬɚɚɞɘɤɛɏɜɞ  

ȳɚŬ ŰŬ ůŰɞɘɢŮɑŬ ŬɜŬűɏɟɞɜŰŬɘ ůŰɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Ůˊɑ Űɖɠ ŮəŬŰɧ (%) ŮəŰɧɠ Ŭˊɧ Űɞ Ni Űɞ 

ɞˊɞɑɞ ɛŮŰɟɘɏŰŬɘ ůŮ ppm (parts per million). Ƀɘ ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ ŬɜŬɚɨɗɖəŬɜ ůŮ ŬɡŰɎ ŮɑɜŬɘ Űɞ 

Ůɘŭɘəɧ ɓɎɟɞɠ, əŬɘ ɖ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŰŬ ˊŬɟŬəɎŰɤ ɢɖɛɘəɎ ůŰɞɘɢŮɑŬ əŬɘ ŮɜɩůŮɘɠ ɧˊɤɠ: As, Ba, 

Bi, Ce, Cl, Cr, Cu, Ga, La, Mo, Nb, Ni, Pb, S, Sb, Sc, Sn, Sr, Th, U, V, Y, Zn, Zr, Cr2O3, Al2O3, 

CaO, Fe2O3, K2O, MgO, MnO, NiO, ZnO, Na2O, P2O5, SiO2, TiO2. 

ɇŬ ůɖɛŬɜŰɘəɧŰŮɟŬ ůŰɞɘɢŮɑŬ ˊɞɡ ˊɟɞůɏɢɞɡɛŮ ɧůɞɜ ŬűɞɟɎ Űɞɜ ɢɟɤɛɑŰɖ əŬɘ ŰŬ ůɡɜɞŭɎ 

ˊŮŰɟɩɛŬŰŬ ŮɑɜŬɘ SiO2, Al2O3, Cr2O3, Fe2O3, MgO, ɧˊɤɠ Ůˊɑůɖɠ ŮɑɜŬɘ ɘŭɘŬɑŰŮɟŬ ůɖɛŬɜŰɘəɐ ɖ 

ŬɜŬɚɞɔɑŬ Fe/Cr. 

       ɀŮ ɓɎůɖ ŰŬ ˊŬɟŬˊɎɜɤ ŬˊɞŰŮɚɏůɛŬŰŬ ˊɟɞɏəɡɣŬɜ əŬɘ ɛŮɟɘəɎ ŭɘŬɔɟɎɛɛŬŰŬ ŰŬ ɞˊɞɑŬ 

ŭŮɑɢɜɞɡɜ Űɖɜ ůɢɏůɖ Űɖɠ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ ɛŮɟɘəɩɜ Ŭˊɧ ŰŬ ůŰɞɘɢŮɑŬ ˊɞɡ ŬɜŬɚɨɗɖəŬɜ ɛŮ Űɖɜ 

ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ Cr2O3 ɧˊɤɠ ŮɑɜŬɘ Űɞ SiO2-Cr2O3, Fe2O3-Cr2O3, MgO-Cr2O3, Al 2O3-Cr2O3, 

Ůˊɑůɖɠ ɖ ŬɜŬɚɞɔɑŬ Fe/Cr-Cr2O3 əŬɘ ɖ ůɢɏůɖ ˊɡəɜɧŰɖŰŬɠ- Cr2O3(Ɇɢ. 7.1-7.6). ɇŬ ŭɘŬɔɟɎɛɛŬŰŬ 

ŰŬ ŮˊɘɛŮɚɐɗɖəŮ ɞ ȾŬɗɖɔɖŰɐɠ Űɞɡ ɄŬɜŮˊɘůŰɖɛɑɞɡ ȷɗɖɜɩɜ ə. ȹɖɛɐŰɟɘɞɠ ȾɤůŰɧˊɞɡɚɞɠ ɞ 

ɞˊɞɑɞɠ ůɡɜŮɟɔɎůŰɖəŮ ɛŮ Űɖɜ ŮŰŬɘɟŮɑŬ çȺȿȿȼɀȺɇ ȺȿȿȼɁȽȾȷ ɀȺɇȷȿȿȺȽȷ ȷ.Ⱥ.è ůŰŬ 

ˊɚŬɑŬ Űɖɠ əɞɘŰŬůɛŬŰɞɚɞɔɘəɐɠ ɏɟŮɡɜŬɠ. 
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ɄɑɜŬəŬɠ 1: ȷˊɞŰŮɚɏůɛŬŰŬ ɢɖɛɘəɩɜ ŬɜŬɚɨůŮɤɜ ůŰŬ ŭŮɑɔɛŬŰŬ 78, 89, 91 (ȺȿȿȼɀȺɇ 

2019). 

   

 

Sample ID 78 89 91

Lithology dunite dunite dunite

Locality Rizo Rizo Rizo

Description chromitite-lumpy chromite disseminated, schlieren chromitite

Analytical method Analytical method description Unit Parameter 78 89 91

Multielement analysis by XRF-technique from pressed pellet % SiO2 29.61 38.75 8.06

Multielement analysis by XRF-technique from pressed pellet % TiO2 0.04 <0.003 0.1

Multielement analysis by XRF-technique from pressed pellet % Al2O3 2.85 0.39 7.39

Multielement analysis by XRF-technique from pressed pellet % Cr2O3 16.48475738 2.357470845 52.42997621

Multielement analysis by XRF-technique from pressed pellet % Fe2O3 10.35 8.72 16.01

Multielement analysis by XRF-technique from pressed pellet % MnO 0.13 0.11 0.19

Multielement analysis by XRF-technique from pressed pellet % MgO 38.17 46.28 15.47

Multielement analysis by XRF-technique from pressed pellet % NiO 0.367777358 0.360141842 0.183252386

Multielement analysis by XRF-technique from pressed pellet % ZnO 0.014936494 0.007468247 0.038585944

Multielement analysis by XRF-technique from pressed pellet % CaO 0.08 0.22 0.01

Multielement analysis by XRF-technique from pressed pellet % Na2O 0.05 0.04 0.04

Multielement analysis by XRF-technique from pressed pellet % K2O <0.003 <0.003 <0.003

Multielement analysis by XRF-technique from pressed pellet % P2O5 <0.006 <0.006 <0.006

Multielement analysis by XRF-technique from pressed pellet % S <0.01 <0.01 <0.01

Gravimetric combustion loss (1000 °C), LOI % LOI 2.37 3.83 1.64

Sum 100.5174712 101.0650809 101.5618145

Specific Gravity, powdered sample, Gas Pycnometer g/cm3 Density 3.52 4.24

Cr2O3/Fe2O31.592730182 0.270352161 3.274826746

Cr 11.279 1.613 35.873

Ni 0.289 0.283 0.144

Zn 0.012 0.006 0.031

Fe 7.239108381 6.09903624 11.19788649

Ni 2890 2830 1440

Cr/Fe 1.558064807 0.264468014 3.203550959

Unit Parameter 78 89 91

Multielement analysis by XRF-technique from pressed pellet % As <0.001 <0.001 <0.001

Multielement analysis by XRF-technique from pressed pellet % Ba <0.002 <0.002 <0.002

Multielement analysis by XRF-technique from pressed pellet % Bi <0.003 <0.003 <0.003

Multielement analysis by XRF-technique from pressed pellet % CaO 0.08 0.22 0.01

Multielement analysis by XRF-technique from pressed pellet % Ce <0.003 <0.003 <0.003

Multielement analysis by XRF-technique from pressed pellet % Cl 0.01 0.02 <0.01

Multielement analysis by XRF-technique from pressed pellet % Cu <0.002 <0.002 0.002

Multielement analysis by XRF-technique from pressed pellet % Ga <0.003 <0.003 <0.003

Multielement analysis by XRF-technique from pressed pellet % La <0.003 <0.003 <0.003

Multielement analysis by XRF-technique from pressed pellet % Mo <0.001 <0.001 <0.001

Multielement analysis by XRF-technique from pressed pellet % Nb <0.002 <0.002 <0.002

Multielement analysis by XRF-technique from pressed pellet % Pb <0.003 <0.003 <0.003

Multielement analysis by XRF-technique from pressed pellet % Rb <0.001 <0.001 <0.001

Multielement analysis by XRF-technique from pressed pellet % Sb <0.005 <0.005 <0.005

Multielement analysis by XRF-technique from pressed pellet % Sc <0.002 <0.002 <0.002

Multielement analysis by XRF-technique from pressed pellet % Sn <0.003 <0.003 0.003

Multielement analysis by XRF-technique from pressed pellet % Sr <0.001 <0.001 <0.001

Multielement analysis by XRF-technique from pressed pellet % Th <0.003 <0.003 <0.003

Multielement analysis by XRF-technique from pressed pellet % U <0.001 <0.001 <0.001

Multielement analysis by XRF-technique from pressed pellet % V 0.015 0.004 0.052

Multielement analysis by XRF-technique from pressed pellet % Y <0.001 <0.001 <0.001

Multielement analysis by XRF-technique from pressed pellet % Zr <0.001 <0.001 <0.001
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ɄɑɜŬəŬɠ 2: ȷˊɞŰŮɚɏůɛŬŰŬ ɢɖɛɘəɩɜ ŬɜŬɚɨůŮɤɜ ůŰŬ ŭŮɑɔɛŬŰŬ 94, 95, 97 (ȺȿȿȼɀȺɇ 

2019). 

            

 

Sample ID 94 95 97

Lithology dunite dunite dunite

Locality Rizo Rizo Rizo

Description chromitite, disseminateddisseminated disseminated-lumpy

Analytical method Analytical method description Unit Parameter 94 95 97

Multielement analysis by XRF-technique from pressed pellet % SiO2 28.51 36.14 36.33

Multielement analysis by XRF-technique from pressed pellet % TiO2 0.06 0.01 0.01

Multielement analysis by XRF-technique from pressed pellet % Al2O3 3.17 0.73 0.86

Multielement analysis by XRF-technique from pressed pellet % Cr2O3 22.20085687 7.39541381 6.125331873

Multielement analysis by XRF-technique from pressed pellet % Fe2O3 11.29 10.22 9.52

Multielement analysis by XRF-technique from pressed pellet % MnO 0.14 0.13 0.12

Multielement analysis by XRF-technique from pressed pellet % MgO 31.29 36.96 44.41

Multielement analysis by XRF-technique from pressed pellet % NiO 0.343598224 0.35759667 0.377958046

Multielement analysis by XRF-technique from pressed pellet % ZnO 0.018670618 0.013691786 0.009957663

Multielement analysis by XRF-technique from pressed pellet % CaO 0.33 0.05 0.08

Multielement analysis by XRF-technique from pressed pellet % Na2O 0.05 0.05 0.04

Multielement analysis by XRF-technique from pressed pellet % K2O <0.003 <0.003 <0.003

Multielement analysis by XRF-technique from pressed pellet % P2O5 <0.006 <0.006 <0.006

Multielement analysis by XRF-technique from pressed pellet % S <0.01 <0.01 <0.01

Gravimetric combustion loss (1000 °C), LOI % LOI 4.05 7.47 1.6

Sum 101.4531257 99.52670227 99.48324758

Specific Gravity, powdered sample, Gas Pycnometer g/cm3 Density 3.62 3.22 3.39

Cr2O3/Fe2O31.966417792 0.723621704 0.643417214

Cr 15.19 5.06 4.191

Ni 0.27 0.281 0.297

Zn 0.015 0.011 0.008

Fe 7.896573297 7.148182382 6.658580849

Ni 2700 2810 2970

Cr/Fe 1.923619199 0.707872258 0.629413398
Unit Parameter 94 95 97

Multielement analysis by XRF-technique from pressed pellet % As <0.001 <0.001 <0.001

Multielement analysis by XRF-technique from pressed pellet % Ba <0.002 <0.002 <0.002

Multielement analysis by XRF-technique from pressed pellet % Bi <0.003 <0.003 <0.003

Multielement analysis by XRF-technique from pressed pellet % CaO 0.33 0.05 0.08

Multielement analysis by XRF-technique from pressed pellet % Ce <0.003 <0.003 <0.003

Multielement analysis by XRF-technique from pressed pellet % Cl 0.02 0.02 <0.01

Multielement analysis by XRF-technique from pressed pellet % Cu <0.002 <0.002 <0.002

Multielement analysis by XRF-technique from pressed pellet % Ga <0.003 <0.003 <0.003

Multielement analysis by XRF-technique from pressed pellet % La <0.003 <0.003 <0.003

Multielement analysis by XRF-technique from pressed pellet % Mo <0.001 <0.001 <0.001

Multielement analysis by XRF-technique from pressed pellet % Nb <0.002 <0.002 <0.002

Multielement analysis by XRF-technique from pressed pellet % Pb <0.003 <0.003 <0.003

Multielement analysis by XRF-technique from pressed pellet % Rb <0.001 <0.001 <0.001

Multielement analysis by XRF-technique from pressed pellet % Sb <0.005 <0.005 <0.005

Multielement analysis by XRF-technique from pressed pellet % Sc <0.002 <0.002 <0.002

Multielement analysis by XRF-technique from pressed pellet % Sn <0.003 <0.003 <0.003

Multielement analysis by XRF-technique from pressed pellet % Sr <0.001 <0.001 <0.001

Multielement analysis by XRF-technique from pressed pellet % Th <0.003 <0.003 <0.003

Multielement analysis by XRF-technique from pressed pellet % U <0.001 <0.001 <0.001

Multielement analysis by XRF-technique from pressed pellet % V 0.021 0.01 0.006

Multielement analysis by XRF-technique from pressed pellet % Y <0.001 <0.001 <0.001

Multielement analysis by XRF-technique from pressed pellet % Zr <0.001 <0.001 <0.001
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ɄɑɜŬəŬɠ 3: ȷˊɞŰŮɚɏůɛŬŰŬ ɢɖɛɘəɩɜ ŬɜŬɚɨůŮɤɜ ůŰŬ ŭŮɑɔɛŬŰŬ 111, 113, 116 (ȺȿȿȼɀȺɇ 

2019). 

 

  

 

Sample ID 111 113 116

Lithology dunite dunite dunite

Locality Rizo Rizo Rizo

Description fresh and altered altered, serpentinised, disseminated chromitesome px included, disseminated chromite

Analytical method Analytical method description Unit Parameter 111 113 116

Multielement analysis by XRF-technique from pressed pellet % SiO2 39.93 41.39 42.48

Multielement analysis by XRF-technique from pressed pellet % TiO2 <0.003 <0.003 <0.003

Multielement analysis by XRF-technique from pressed pellet % Al2O3 0.28 0.22 0.34

Multielement analysis by XRF-technique from pressed pellet % Cr2O3 1.071311921 0.667925714 0.353693704

Multielement analysis by XRF-technique from pressed pellet % Fe2O3 8.75 10.75 8.89

Multielement analysis by XRF-technique from pressed pellet % MnO 0.11 0.14 0.12

Multielement analysis by XRF-technique from pressed pellet % MgO 45.37 41.13 41.59

Multielement analysis by XRF-technique from pressed pellet % NiO 0.355051498 0.35759667 0.314328746

Multielement analysis by XRF-technique from pressed pellet % ZnO 0.006223539 0.008712955 0.006223539

Multielement analysis by XRF-technique from pressed pellet % CaO 0.46 0.58 0.66

Multielement analysis by XRF-technique from pressed pellet % Na2O 0.04 0.04 0.05

Multielement analysis by XRF-technique from pressed pellet % K2O <0.003 <0.003 <0.003

Multielement analysis by XRF-technique from pressed pellet % P2O5 <0.006 <0.006 <0.006

Multielement analysis by XRF-technique from pressed pellet % S <0.01 <0.01 <0.01

Gravimetric combustion loss (1000 °C), LOI % LOI 4.19 4.35 3.98

Sum 100.562587 99.63423534 98.78424599

Specific Gravity, powdered sample, Gas Pycnometer g/cm3 Density

Cr2O3/Fe2O30.122435648 0.062132625 0.039785568

Cr 0.733 0.457 0.242

Ni 0.279 0.281 0.247

Zn 0.005 0.007 0.005

Fe 6.120019162 7.518880685 6.217939469

Ni 2790 2810 2470

Cr/Fe 0.119770867 0.060780323 0.038919646
Unit Parameter 111 113 116

Multielement analysis by XRF-technique from pressed pellet % As <0.001 <0.001 <0.001

Multielement analysis by XRF-technique from pressed pellet % Ba <0.002 <0.002 <0.002

Multielement analysis by XRF-technique from pressed pellet % Bi <0.003 <0.003 <0.003

Multielement analysis by XRF-technique from pressed pellet % CaO 0.46 0.58 0.66

Multielement analysis by XRF-technique from pressed pellet % Ce <0.003 <0.003 <0.003

Multielement analysis by XRF-technique from pressed pellet % Cl 0.02 0.02 0.02

Multielement analysis by XRF-technique from pressed pellet % Cu <0.002 <0.002 <0.002

Multielement analysis by XRF-technique from pressed pellet % Ga <0.003 <0.003 <0.003

Multielement analysis by XRF-technique from pressed pellet % La <0.003 <0.003 <0.003

Multielement analysis by XRF-technique from pressed pellet % Mo <0.001 <0.001 <0.001

Multielement analysis by XRF-technique from pressed pellet % Nb <0.002 <0.002 <0.002

Multielement analysis by XRF-technique from pressed pellet % Pb <0.003 <0.003 <0.003

Multielement analysis by XRF-technique from pressed pellet % Rb <0.001 <0.001 <0.001

Multielement analysis by XRF-technique from pressed pellet % Sb <0.005 <0.005 <0.005

Multielement analysis by XRF-technique from pressed pellet % Sc <0.002 <0.002 <0.002

Multielement analysis by XRF-technique from pressed pellet % Sn <0.003 <0.003 <0.003

Multielement analysis by XRF-technique from pressed pellet % Sr <0.001 <0.001 <0.001

Multielement analysis by XRF-technique from pressed pellet % Th <0.003 <0.003 <0.003

Multielement analysis by XRF-technique from pressed pellet % U <0.001 <0.001 <0.001

Multielement analysis by XRF-technique from pressed pellet % V 0.003 0.004 0.003

Multielement analysis by XRF-technique from pressed pellet % Y <0.001 <0.001 <0.001

Multielement analysis by XRF-technique from pressed pellet % Zr <0.001 <0.001 <0.001
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ɄɑɜŬəŬɠ 4: ȷˊɞŰŮɚɏůɛŬŰŬ ɢɖɛɘəɩɜ ŬɜŬɚɨůŮɤɜ ůŰŬ ŭŮɑɔɛŬŰŬ 117, 124 (ȺȿȿȼɀȺɇ 

2019). 

 

 

  

Sample ID 117 124

Lithology dunite dunite

Locality Rizo Rizo

Description highly altered with px veins, disseminated chromiteschlieren and disseminated

Analytical method Analytical method description Unit Parameter 117 124

Multielement analysis by XRF-technique from pressed pellet % SiO2 38.94 27.12

Multielement analysis by XRF-technique from pressed pellet % TiO2 <0.003 0.063

Multielement analysis by XRF-technique from pressed pellet % Al2O3 0.27 2.99

Multielement analysis by XRF-technique from pressed pellet % Cr2O3 0.957311471 24.01755635

Multielement analysis by XRF-technique from pressed pellet % Fe2O3 9.71 11.75

Multielement analysis by XRF-technique from pressed pellet % MnO 0.12 0.147

Multielement analysis by XRF-technique from pressed pellet % MgO 41.62 28.91

Multielement analysis by XRF-technique from pressed pellet % NiO 0.369049944 0.323236848

Multielement analysis by XRF-technique from pressed pellet % ZnO 0.006223539 0.01742591

Multielement analysis by XRF-technique from pressed pellet % CaO 0.2 0.751

Multielement analysis by XRF-technique from pressed pellet % Na2O 0.04 0.05

Multielement analysis by XRF-technique from pressed pellet % K2O <0.003 0.004

Multielement analysis by XRF-technique from pressed pellet % P2O5 <0.006 <0.006

Multielement analysis by XRF-technique from pressed pellet % S <0.01 <0.01

Gravimetric combustion loss (1000 °C), LOI % LOI 7.4 4.73

Sum 99.63258496 100.8732191

Specific Gravity, powdered sample, Gas Pycnometer g/cm3 Density 3.69

Cr2O3/Fe2O3 0.098590265 2.044047349

Cr 0.655 16.433

Ni 0.29 0.254

Zn 0.005 0.014

Fe 6.791472693 8.218311447

Ni 2900 2540

Cr/Fe 0.096444472 1.999559168
Unit Parameter 117 124

Multielement analysis by XRF-technique from pressed pellet % As <0.001 <0.001

Multielement analysis by XRF-technique from pressed pellet % Ba <0.002 <0.002

Multielement analysis by XRF-technique from pressed pellet % Bi <0.003 <0.003

Multielement analysis by XRF-technique from pressed pellet % CaO 0.2 0.751

Multielement analysis by XRF-technique from pressed pellet % Ce <0.003 <0.003

Multielement analysis by XRF-technique from pressed pellet % Cl 0.03 0.01

Multielement analysis by XRF-technique from pressed pellet % Cu <0.002 <0.002

Multielement analysis by XRF-technique from pressed pellet % Ga <0.003 <0.003

Multielement analysis by XRF-technique from pressed pellet % La <0.003 <0.003

Multielement analysis by XRF-technique from pressed pellet % Mo <0.001 <0.001

Multielement analysis by XRF-technique from pressed pellet % Nb <0.002 <0.002

Multielement analysis by XRF-technique from pressed pellet % Pb <0.003 <0.003

Multielement analysis by XRF-technique from pressed pellet % Rb <0.001 <0.001

Multielement analysis by XRF-technique from pressed pellet % Sb <0.005 <0.005

Multielement analysis by XRF-technique from pressed pellet % Sc <0.002 <0.002

Multielement analysis by XRF-technique from pressed pellet % Sn <0.003 <0.003

Multielement analysis by XRF-technique from pressed pellet % Sr <0.001 <0.001

Multielement analysis by XRF-technique from pressed pellet % Th <0.003 <0.003

Multielement analysis by XRF-technique from pressed pellet % U <0.001 <0.001

Multielement analysis by XRF-technique from pressed pellet % V 0.004 0.028

Multielement analysis by XRF-technique from pressed pellet % Y <0.001 <0.001

Multielement analysis by XRF-technique from pressed pellet % Zr <0.001 <0.001
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ɆɢɐɛŬ 7.1:MŮŰŬɓɞɚɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ SiO2 (%) ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Cr2O3 (%). 

(ȺȿȿȼɀȺɇ 2019). 

 

 

ɆɢɐɛŬ 7.2:MŮŰŬɓɞɚɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ MgO (%) ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ Cr2O3 (%). 

(ȺȿȿȼɀȺɇ 2019) 
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ɆɢɐɛŬ 7.3: MŮŰŬɓɞɚɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ Fe2O3 (%) ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰŬ Cr2O3 

(%(ȺȿȿȼɀȺɇ 2019). 

 

 

ɆɢɐɛŬ 7.4: ɀŮŰŬɓɞɚɐ ˊŮɟɘŮəŰɘəɧŰɖŰŬɠ Al2O3 ůŮ ůɢɏůɖ ɛŮ Űɞ Cr2O3 (%) (ȺȿȿȼɀȺɇ 2019). 
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 ɆɢɐɛŬ 

7.5: ɀŮŰŬɓɞɚɐ Űɖɠ ŬɜŬɚɞɔɑŬɠ Cr/Fe ɤɠ ˊɟɞɠ Űɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ Cr2O3 (%) (ȺȿȿȼɀȺɇ 2019). 

 

 

ɆɢɐɛŬ 7.6: ɀŮŰŬɓɞɚɐ Űɖɠ ˊɡəɜɧŰɖŰŬɠ ůŮ ůɢɏůɖ ɛŮ Űɖɜ ˊŮɟɘŮəŰɘəɧŰɖŰŬ ůŮ Cr (ȺȿȿȼɀȺɇ 2019). 

 

 

ɇŬ ŭŮɑɔɛŬŰŬ ˊɞɡ ŬɜŬɚɨɗɖəŬɜ ůŰɞ ŮɟɔŬůŰɐɟɘɞ Űɖɠ ŮŰŬɘɟɑŬɠ çȺȿȿȼɀȺɇ ȺȿȿȼɁȽȾȷ 

ɀȺɇȷȿȿȺȽȷè ɏɢɞɡɜ əɤŭɘəɞɨɠ, Űɞ ɏɜŬ R-002 (Ɇɢ. 7.3.1), Űɞ ɞˊɞɑɞ ɐŰŬɜ ŭɞɡɜɑŰɖɠ ɛŮ 
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ɛŮŰŬɚɚɞűɞɟɑŬ ɢɟɤɛɑŰɖ Űɨˊɞɡ Schlieren əŬɘ ŭɘɎůˊŬɟŰɞɡ Ůɜɩ Űɞ ŭŮɨŰŮɟɞ ɛŮ əɤŭɘəɧ R-003 (Ɇɢ. 

7.3.2) ɐŰŬɜ ɢŬɟŬəŰɖɟɘůŰɘəɧ ŭŮɑɔɛŬ ɢɟɤɛɑŰɖ antinodular ŭɞɛɐɠ, ŭɖɚŬŭɐ ɢɟɤɛɑŰɖɠ ɛŮ 

əɞɜŭɨɚɞɡɠ ŭɞɡɜɑŰɖ. 

ɇŬ ŬˊɞŰŮɚɏůɛŬŰŬ ɔɘŬ Űɞ ŭŮɑɔɛŬ ɛŮ əɤŭɘəɧ R-002 (Ɇɢ. 7.3.1) ɐŰŬɜ 8.74% Cr2O3ɛŮ Űɖɜ 

ŭɘŬŭɘəŬůɑŬ Űɖɠ ŰɘŰɚɞŭɧŰɖůɖɠ əŬɘ 9.36% Cr2O3 ůɨɛűɤɜŬ ɛŮ Űɖɜ ɛɏŰɟɖůɖ XRF.  

 

 

 

 

 

 

 

 

 

 

 

 

 

ȺɘəɧɜŬ 7.3.2: ȹŮɑɔɛŬ ɢɟɤɛɑŰɖ ɛŮ əɞɜŭɨɚɞɡɠ ŭɞɡɜɑŰɖ (R-003) (ȺȿȿȼɀȺɇ 2019). 
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