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 ȆȇȅΛȅΓȅΣ 

 

 Η παȡȠȪıα ǻȚπȜωȝαĲȚțȒ ǼȡȖαıȓα İțπȠȞȒșȘțİ ıĲȠ πȜαȓıȚȠ ĲȠυ ȝαșȒȝαĲȠȢ 

ȆυȡȘȞȚțȫȞ ȂİĲȡȘĲȚțȫȞ ȈυıĲȘȝȐĲωȞ ĲȠυ ĲȠȝȑα ȆυȡȘȞȚțȒȢ ȉİχȞȠȜȠȖȓαȢ ĲȠυ ǼȂȆ, ĲȘȞ 

χȡȠȞȚțȒ πİȡȓȠįȠ ǹπȡȚȜȓȠυ 2016 – ΦİȕȡȠυαȡȓȠυ 2017.  

 ΈȞαυıȝα ȖȚα ĲȘȞ İțπȩȞȘıȘ ĲȘȢ ǻȚπȜωȝαĲȚțȒȢ İȡȖαıȓαȢ απȠĲȑȜİıαȞ ȠȚ ıυȞİχİȓȢ 

πȡȠıπȐșİȚİȢ ȕİȜĲȓωıȘȢ ĲȘȢ ȝİșȠįȠȜȠȖȓαȢ αȞȐȜυıȘȢ ĲȘȢ įȚȐĲαȟȘȢ φșȠȡȚıȝȠȪ ȝİ αțĲȓȞİȢ 

Χ, Ș ȠπȠȓα İȓȞαȚ İȖțαĲİıĲȘȝȑȞȘ țαȚ ȜİȚĲȠυȡȖİȓ ıĲȠ ǼȡȖαıĲȒȡȚȠ ȆυȡȘȞȚțȒȢ ȉİχȞȠȜȠȖȓαȢ 

ĲȠυ ǼȂȆ (ǼȆȉ –ǼȂȆ). ȅȚ πȡȠıπȐșİȚİȢ ȕİȜĲȓωıȘȢ ĲȘȢ ȝİșȠįȠȜȠȖȓαȢ αȞȐȜυıȘȢ ȖȚα ĲȘ 

ıυȖțİțȡȚȝȑȞȘ įȚȐĲαȟȘ Ĳα ĲİȜİυĲαȓα χȡȩȞȚα ȒĲαȞ İȞĲαĲȚțȑȢ, țȐĲȚ πȠυ φαȓȞİĲαȚ İȪțȠȜα 

απȩ ĲȚȢ πȡȠȘȖȠȪȝİȞİȢ įȚπȜωȝαĲȚțȑȢ İȡȖαıȓİȢ πȠυ ȑχȠυȞ İțπȠȞȘșİȓ ıĲȠ ǼȆȉ – ǼȂȆ ȝİ 

ĲȠȞ ıțȠπȩ αυĲȩ [ǺαȡįαȕȐ ǹȚț., 2008] & [ǺαȜµαȞĲȫȞȘȢ ȃ.ǹ., 2009] & [ǺȜαııȩπȠυȜȠȢ 

ǼυıĲ. 2013].  

 ǹȞĲȚțİȓȝİȞȠ ĲȘȢ įȚπȜωȝαĲȚțȒȢ İȡȖαıȓαȢ αυĲȒȢ ȒĲαȞ Ș ȕİȜĲȓωıȘ ĲȘȢ 

ȝİșȠįȠȜȠȖȓαȢ πȠυ αțȠȜȠυșİȓĲαȚ ıĲȠ ǼȆȉ –ǼȂȆ, țυȡȚȩĲİȡα χȡȘıȚȝȠπȠȚȫȞĲαȢ ȝȚα Ȟȑα 

ĲİχȞȚțȒ παȡαıțİυȒȢ ĲωȞ įİȚȖȝȐĲωȞ πȡȠȢ αȞȐȜυıȘ. ȈȘȝαȞĲȚțȩ İȓȞαȚ Ȟα αȞαφȑȡȠυȝİ πωȢ 

Ș İțπȩȞȘıȘ ĲȘȢ įȚπȜωȝαĲȚțȒȢ İȡȖαıȓαȢ įİȞ șα ȒĲαȞ įυȞαĲȒ χωȡȓȢ ĲȘȞ χȡȒıȘ ȞȑȠυ 

İȟȠπȜȚıȝȠȪ ȖȚα ĲȘȞ πȡȠİĲȠȚȝαıȓα įİȚȖȝȐĲωȞ ĲȠȞ ȠπȠȓȠ İȓχİ πȡȠȝȘșİυĲİȓ ĲȠ ǼȆȉ –ǼȂȆ 

țαĲȐ ĲȘ įȚȐȡțİȚα ĲȠυ ȑĲȠυȢ 2014, Ș țαĲȠχȒ ĲȠυ ȠπȠȓȠυ ȖȑȞȞȘıİ ȝİȖȐȜȠ İȞįȚαφȑȡȠȞ ωȢ 

πȡȠȢ ĲȘȞ įυȞαĲȩĲȘĲα ȕİȜĲȓωıȘȢ ĲȘȢ πȠȚȩĲȘĲαȢ ĲωȞ įİȚȖȝȐĲωȞ țαȚ ĲİȜȚțȐ ĲωȞ 

απȠĲİȜİıȝȐĲωȞ ĲȘȢ αȞȐȜυıȘȢ ȝİ φșȠȡȚıȝȩ αțĲȓȞωȞ Χ. 

 ȆȡωĲȓıĲωȢ, șȑȜω Ȟα İυχαȡȚıĲȒıω ĲȠȞ ǹȞαπȜȘȡωĲȒ ȀαșȘȖȘĲȒ ǼȂȆ ț. Ȃ.ǿ. 

ǹȞαȖȞωıĲȐțȘ, ȖȚα ĲȘȞ įυȞαĲȩĲȘĲα πȠυ µȠυ ȑįωıİ Ȟα αıχȠȜȘșȫ µİ ĲȠ αȞĲȚțİȓȝİȞȠ ĲȠυ 

İȞįȚαφȑȡȠȞĲȠȢ µȠυ. Ȁαș’ ȩȜȘ ĲȘ įȚȐȡțİȚα πȡȠıȑφİȡİ απȜȩχİȡα țȚ αȞȚįȚȠĲİȜȫȢ ĲȘȞ 

πȠȜȪĲȚµȘ ȕȠȒșİȚα țαȚ ıĲȒȡȚȟȒ ĲȠυ, İȞȫ Ș ıυȞİȡȖαıȓα µαȢ țαș’ ȩȜȘ ĲȘ įȚȐȡțİȚα ĲȘȢ 

ǻȚπȜωȝαĲȚțȒȢ ǼȡȖαıȓαȢ υπȒȡȟİ ȐȡȚıĲȘ. 

  

 



 ǹțȠȜȠȪșωȢ, șα ȒșİȜα Ȟα İυχαȡȚıĲȒıω ĲȘ ȁȑțĲȠȡα țα. ȆαȞαȖȚȫĲα ȇȠȪȞȘ, ȖȚα ĲȘ 

ıυȞİȡȖαıȓα, ĲȘȞ αµȑȡȚıĲȘ ıυȝπαȡȐıĲαıȘ ĲȘȢ țαȚ ĲȘȞ παȡȠχȒ πȠȜȪĲȚȝȘȢ țαșȠįȒȖȘıȘȢ 

ıİ ȩȜα Ĳα ıĲȐįȚα İțπȩȞȘıȘȢ ĲȘȢ ǻȚπȜωȝαĲȚțȒȢ ǼȡȖαıȓαȢ. ǼπȚπȜȑȠȞ, ȠφİȓȜω Ȟα İțφȡȐıω 

ĲȚȢ İȚȜȚțȡȚȞİȓȢ İυχαȡȚıĲȓİȢ µȠυ ıĲȠȞ ǻȡ. ǻȘȝȒĲȡȘ. ȀαȡȐȖȖİȜȠ, ȝȑȜȠȢ Ǽ.ǻǿ.Ȇ. ĲȠυ ĲȠȝȑα 

ȆυȡȘȞȚțȒȢ ȉİχȞȠȜȠȖȓαȢ, Ƞ ȠπȠȓȠȢ παȡİȓχİ ıȘȝαȞĲȚțȒ υπȠıĲȒȡȚȟȘ ıİ țαȓȡȚα ıȘȝİȓα ĲȘȢ 

ǻȚπȜωȝαĲȚțȒȢ ǼȡȖαıȓαȢ. ȉȑȜȠȢ, İυχαȡȚıĲȫ ȩȜȠ ĲȠ πȡȠıωπȚțȩ ĲȠυ ĲȠȝȑα ȆυȡȘȞȚțȒȢ 

ȉİχȞȠȜȠȖȓαȢ ĲȠυ ǼȂȆ ȖȚα ĲȚȢ πȠȜȪĲȚȝİȢ ıυȝȕȠυȜȑȢ țαȚ ĲȘȞ İυțαȚȡȓα πȠυ ȝȠυ ȑįωıİ Ȟα 

αıχȠȜȘșȫ İȚȢ ȕȐșȠȢ ȝİ ĲȠ αȞĲȚțİȓȝİȞȠ ĲȠυ İȞįȚαφȑȡȠȞĲȠȢ ȝȠυ. 

 ȈĲȠ ıȘµİȓȠ αυĲȩ, șα ȒșİȜα Ȟα αȞαφİȡșȫ ıĲȠυȢ țȠȞĲȚȞȠȪȢ µȠυ αȞșȡȫπȠυȢ, ȠȚ 

ȠπȠȓȠȚ ıυȞȑȕαȜȜαȞ țαșȠȡȚıĲȚțȐ, Ƞ țαșȑȞαȢ µİ ĲȠȞ ĲȡȩπȠ ĲȠυ, ıĲȘȞ ıĲȒȡȚȟȘ ĲωȞ 

İπȚȜȠȖȫȞ µȠυ. ǹȡχȚțȐ, İυχαȡȚıĲȫ ĲȘȞ ȠȚțȠȖȑȞİȚα µȠυ, ĲȠȞ παĲȑȡα ȝȠυ ȆȠȜυχȡȩȞȘ, ĲȘ 

ȝȘĲȑȡα ȝȠυ ȃĲȓȞα țαȚ ĲȘȞ αįİȜφȒ ȝȠυ ΈȜȜȘ, ȖȚα ĲȘȞ ıυȞİχȒ ĲȠυȢ ıĲȒȡȚȟȘ țαȚ ĲȘȞ 

αȞȚįȚȠĲİȜȒ ĲȠυȢ πȡȠıφȠȡȐ, țαșȫȢ țαȚ ȩȜȠυȢ ĲȠυȢ αȞșȡȫπȠυȢ πȠυ ıĲȐșȘțαȞ įȓπȜα ȝȠυ 

țαĲȐ ĲȘȞ πİȡȓȠįȠ İțπȩȞȘıȘȢ ĲȘȢ ǻȚπȜωȝαĲȚțȒȢ ǼȡȖαıȓαȢ, υπİȞșυȝȓȗȠȞĲαȢ ȝȠυ ȝİ țȐșİ 

İυțαȚȡȓα ĲȘ ıȘȝαıȓα πȠυ ȑχİȚ Ȟα παȜİȪİȚ țȐπȠȚȠȢ ȖȚα αυĲȐ πȠυ αȖαπȐ. 

 

 ǹșȒȞα, ȂȐȡĲȚȠȢ 2017 
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ΚεφάȜαιο 1 

Ǽιıαγωγή 

 

 ȈĲȠ ǼȡȖαıĲȒȡȚȠ ȆυȡȘȞȚțȒȢ ȉİȤȞȠȜȠȖȓαȢ ĲȠυ ǼΜȆ (ǼȆȉ–ǼΜȆ) ȕȡȓıțİĲαȚ İȖțαĲİıĲȘȝȑȞȘ απȩ 

ĲȠ 1998 įȚȐĲαȟȘ φșȠȡȚıȝȠȪ αțĲȓȞȦȞ-Χ, Ș ȠπȠȓα ıυȞİȤȫȢ αȞαȕαșȝȓȗİĲαȚ țαȚ ȕİȜĲȚȫȞİĲαȚ ȝİ ıțȠπȩ ĲȘȞ 

İπȓĲİυȟȘ αȟȚȩπȚıĲȦȞ απȠĲİȜİıȝȐĲȦȞ ıĲȘȞ πȠıȠĲȚțȒ αȞȐȜυıȘ πİȡȚȕαȜȜȠȞĲȚțȫȞ įİȚȖȝȐĲȦȞ. ȈĲα 

πȜαȓıȚα ĲȘȢ πİȡαȚĲȑȡȦ ȕİȜĲȓȦıȘȢ ĲȘȢ αȞȐȜυıȘȢ ȝİ φșȠȡȚıȝȩ αțĲȓȞȦȞ-Χ (XRF) Ƞ ȉȠȝȑαȢ ȆυȡȘȞȚțȒȢ 

ȉİȤȞȠȜȠȖȓαȢ  πȡȠȝȘșİȪĲȘțİ ıυıțİυȒ παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ ȝİ ıȪȞĲȘȟȘ ȕȠȡȚțȫȞ αȜȐĲȦȞ țαȚ ĲȠ 

ȜȠȖȚıȝȚțȩ B-AXIL ȖȚα ĲȘȞ αȞȐȜυıȘ φαıȝȐĲȦȞ φșȠȡȚıȝȠȪ αțĲȓȞȦȞ-Χ. ȈĲȘ ǻȚπȜȦȝαĲȚțȒ ǼȡȖαıȓα 

(ǻǼ) αυĲȒ ȝİȜİĲȒșȘțİ Ș ĲİȤȞȚțȒ παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ ȝİ ıȪȞĲȘȟȘ ȕȠȡȚțȫȞ αȜȐĲȦȞ țαȚ ȑȖȚȞİ 

ıȪȖțȡȚıȘ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ πȠυ πȡȠȑțυȥαȞ απȩ ĲȘȞ αȞȐȜυıȘ įİȚȖȝȐĲȦȞ ıȪȞĲȘȟȘȢ țαȚ įİȚȖȝȐĲȦȞ 

πȠυ παȡαıțİυȐıșȘțαȞ ȝİ ıυȝπȓİıȘ, ȝȓα ĲİȤȞȚțȒ πȠυ ȤȡȘıȚȝȠπȠȚİȓĲαȚ ȖȚα ȤȡȩȞȚα ıĲȠ ǼȆȉ-ǼΜȆ. ΓȚα 

ĲȘȞ αȞȐȜυıȘ ĲȦȞ įİȚȖȝȐĲȦȞ ȤȡȘıȚȝȠπȠȚȒșȘțİ ĲȠ ȜȠȖȚıȝȚțȩ B-AXIL. Η ǻȚπȜȦȝαĲȚțȒ ǼȡȖαıȓα 

απȠĲİȜİȓĲαȚ απȩ ȑȟȚ ΚİφȐȜαȚα. 

 ȈĲȠ 2
ο
 ΚεφάȜαιο ȖȓȞİĲαȚ ıȪȞĲȠȝȘ παȡȠυıȓαıȘ ĲȘȢ įȚȐĲαȟȘȢ φșȠȡȚıȝȠȪ αțĲȓȞȦȞ-Χ ȩπȦȢ 

ȜİȚĲȠυȡȖȠȪıİ țαĲȐ ĲȘȞ ȑȞαȡȟȘ ĲȘȢ ǻǼ. ΑȡȤȚțȐ, παȡȠυıȚȐȗȠȞĲαȚ ȠȚ șİȦȡȘĲȚțȑȢ αȡȤȑȢ πȠυ įȚȑπȠυȞ ĲȘȞ 

παȡαȖȦȖȒ ĲȦȞ αțĲȓȞȦȞ-Χ, țαșȫȢ țαȚ ĲȘȞ ĲİȤȞȚțȒ αȞȐȜυıȘȢ ȝİ φșȠȡȚıȝȩ αțĲȓȞȦȞ-Χ (XRF). ǼπȚπȜȑȠȞ, 

πİȡȚȖȡȐφȠȞĲαȚ Ĳα ȕαıȚțȐ ȝȑȡȘ ȝȚαȢ πİȚȡαȝαĲȚțȒȢ įȚȐĲαȟȘȢ αȞȐȜυıȘȢ įİȚȖȝȐĲȦȞ ȝİ φșȠȡȚıȝȩ 

αțĲȓȞȦȞ-Χ țαȚ Ƞ ȡȩȜȠȢ πȠυ İȟυπȘȡİĲȠȪȞ. ȈĲȘ ıυȞȑȤİȚα, πİȡȚȖȡȐφİĲαȚ Ș  įȚȐĲαȟȘ XRF πȠυ įȚαșȑĲİȚ ĲȠ 

ǼȆȉ–ǼΜȆ, Ș ȠπȠȓα ȤȡȘıȚȝȠπȠȚȒșȘțİ țαĲȐ ĲȘȞ İțπȩȞȘıȘ ĲȘȢ ǻȚπȜȦȝαĲȚțȒȢ ǼȡȖαıȓαȢ. Η πİȡȚȖȡαφȒ 

αυĲȒ ıυȝπİȡȚȜαȝȕȐȞİȚ ȩȜİȢ ĲȚȢ ıυȞȚıĲȫıİȢ ĲȘȢ įȚȐĲαȟȘȢ, πȠυ İȟυπȘȡİĲȠȪȞ ĲȩıȠ ıĲȘ ȜȒȥȘ ĲȦȞ 

πİȚȡαȝαĲȚțȫȞ įİįȠȝȑȞȦȞ ȩıȠ țαȚ ıĲȘ ȝİĲȑπİȚĲα İπİȟİȡȖαıȓα ĲȠυȢ. ȉȑȜȠȢ, ıĲȠ țİφȐȜαȚȠ αυĲȩ ȖȓȞİĲαȚ 

ȝȚα ȜİπĲȠȝİȡȒȢ παȡȠυıȓαıȘ ĲȘȢ ȝİșȩįȠυ παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ ȝİ ĲȘ ȤȡȒıȘ πȡȑıαȢ πȠυ 

ȤȡȘıȚȝȠπȠȚİȓĲαȚ ȖȚα ȤȡȩȞȚα ıĲȠ ǼȆȉ–ǼΜȆ, ȝİ ıĲȩȤȠ ĲȘȞ țαȜȪĲİȡȘ țαĲαȞȩȘıȘ țαȚ İȟȠȚțİȓȦıȘ ĲȠυ 

αȞαȖȞȫıĲȘ ȝİ ĲȘ ȝȑșȠįȠ αυĲȒ, αȜȜȐ țαȚ ĲȘ įυȞαĲȩĲȘĲα ıȪȖțȡȚıȘȢ ıĲȘ ıυȞȑȤİȚα ȝİ ĲȘȞ Ȟȑα ȝȑșȠįȠ 

πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțİ țαĲȐ ĲȘȞ İțπȩȞȘıȘ ĲȘȢ ǻȚπȜȦȝαĲȚțȒȢ ǼȡȖαıȓαȢ. 

 ȈĲȠ 3
ο
 ΚεφάȜαιο παȡȠυıȚȐȗİĲαȚ ȝİ ȝİȖȐȜȘ ȜİπĲȠȝȑȡİȚα Ș Ȟȑα ĲİȤȞȚțȒ πȡȠİĲȠȚȝαıȓαȢ ĲȦȞ 

įİȚȖȝȐĲȦȞ πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțİ, αυĲȒ ĲȘȢ ıȪȞĲȘȟȘȢ ȝİ ĲȘ ȤȡȒıȘ ȕȠȡȚțȫȞ αȜȐĲȦȞ. ΑȡȤȚțȐ, ȖȓȞİĲαȚ 

ȕȚȕȜȚȠȖȡαφȚțȒ αȞαφȠȡȐ ıĲȘȞ ĲİȤȞȚțȒ ĲȘȢ ıȪȞĲȘȟȘȢ ȕȠȡȚțȫȞ αȜȐĲȦȞ, ıĲȚȢ șİȦȡȘĲȚțȑȢ αȡȤȑȢ πȠυ ĲȘ 
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įȚȑπȠυȞ țαșȫȢ țαȚ ıĲȠȞ İȟȠπȜȚıȝȩ πȠυ ȤȡȘıȚȝȠπȠȚİȓĲαȚ įȚİșȞȫȢ ıİ İȡȖαıĲȘȡȚαțȒ αȜȜȐ țαȚ İȝπȠȡȚțȒ 

țȜȓȝαțα ȖȚα ĲȘȞ İπȓĲİυȟȘ ĲȘȢ. ȉȠ țİφȐȜαȚȠ αυĲȩ ȑȤİȚ ȦȢ ıĲȩȤȠ αȡȤȚțȐ Ȟα İȟȠȚțİȚȫıİȚ ĲȠȞ αȞαȖȞȫıĲȘ 

ȝİ ĲȘȞ Ȟȑα αυĲȒ ĲİȤȞȚțȒ. ȈĲȘ ıυȞȑȤİȚα πİȡȚȖȡȐφİĲαȚ ȝİ ȝİȖȐȜȘ ȜİπĲȠȝȑȡİȚα Ș υπȐȡȤȠυıα įȚȐĲαȟȘ πȠυ 

įȚαșȑĲİȚ ĲȠ ǼȆȉ–ǼΜȆ ȖȚα ĲȘȞ πȡȠİĲȠȚȝαıȓα įİȚȖȝȐĲȦȞ ȝİ ıȪȞĲȘȟȘ ȕȠȡȚțȫȞ αȜȐĲȦȞ. ȈĲȠ ıȘȝİȓȠ 

αυĲȩ Ƞ αȞαȖȞȫıĲȘȢ įȚαșȑĲİȚ ȑȞαȞ αȞαȜυĲȚțȩ ȠįȘȖȩ ȖȚα ĲȠȞ ȤİȚȡȚıȝȩ țαȚ ĲȚȢ ȜİȚĲȠυȡȖȓİȢ ĲȘȢ įȚȐĲαȟȘȢ 

ıȪȞĲȘȟȘȢ, Ƞ ȠπȠȓȠȢ ȝπȠȡİȓ Ȟα ȤȡȘıȚȝȠπȠȚȘșİȓ ĲȩıȠ απȩ ĲȠȞ αȡȤȐȡȚȠ, ȩıȠ țαȚ ĲȠȞ πȡȠȤȦȡȘȝȑȞȠ 

ȤȡȒıĲȘ ȖȚα ĲȠȞ ȤİȚȡȚıȝȩ, πȡȠȖȡαȝȝαĲȚıȝȩ țαȚ ĲȘ ıȦıĲȒ ȜİȚĲȠυȡȖȓα ĲȘȢ įȚȐĲαȟȘȢ ıȪȞĲȘȟȘȢ. 

 ȈĲȠ 4
ο
 ΚεφάȜαιο παȡȠυıȚȐȗİĲαȚ ȩȜȘ Ș įȚαįȚțαıȓα παȡαıțİυȒȢ ĲȦȞ įİȚȖȝȐĲȦȞ πȠυ 

παȡȒȤșȘıαȞ ȝİ ĲȘ įȚȐĲαȟȘ Ș ȠπȠȓα πİȡȚȖȡȐφȘțİ ıĲȠ țİφȐȜαȚȠ 3, ıĲȠ πȜαȓıȚȠ ĲȘȢ İțπȩȞȘıȘ ĲȘȢ ǻǼ. 

ΑȡȤȚțȐ, ȖȓȞİĲαȚ ȝȚα İυȡȪĲİȡȘ πİȡȚȖȡαφȒ ĲȦȞ țαȞȩȞȦȞ πȠυ ȤȡİȚȐȗİĲαȚ Ȟα ȖȞȦȡȓȗİȚ țαȞİȓȢ ȖȚα ĲȘȞ 

İπȚĲυȤȒ παȡαıțİυȒ İȞȩȢ įİȓȖȝαĲȠȢ ȝİ ĲȘȞ ĲİȤȞȚțȒ ıȪȞĲȘȟȘȢ ȕȠȡȚțȫȞ αȜȐĲȦȞ, ȩπȦȢ Ș İπȚȜȠȖȒ 

țαĲȐȜȜȘȜȘȢ αȞαȜȠȖȓαȢ ĲȦȞ υȜȚțȫȞ Ȓ ȡυșȝȓıİȦȞ ĲȘȢ įȚȐĲαȟȘȢ. ȅȚ παȡȐȖȡαφȠȚ αυĲȑȢ απȠĲİȜȠȪȞ 

ıȘȝαȞĲȚțȩ ȠįȘȖȩ ȖȚα ĲȠȞ ȤȡȒıĲȘ πȠυ İπȚȤİȚȡİȓ ȖȚα πȡȫĲȘ φȠȡȐ ĲȘȞ πȡȠİĲȠȚȝαıȓα įİȚȖȝȐĲȦȞ ȝİ ĲȘȞ 

ĲİȤȞȚțȒ αυĲȒ. ȈĲȘ ıυȞȑȤİȚα, αțȠȜȠυșİȓ İțĲİȞȒȢ αȞαφȠȡȐ ıĲα İȓįȘ ĲȦȞ įİȚȖȝȐĲȦȞ πȠυ 

πȡȠİĲȠȚȝȐıĲȘțαȞ țαĲȐ ĲȘȞ İțπȩȞȘıȘ ĲȘȢ ǻǼ. Μȑıα ıĲȚȢ παȡαȖȡȐφȠυȢ αυĲȑȢ πİȡȚȖȡȐφȠȞĲαȚ ȩȜİȢ ȠȚ 

įυıțȠȜȓİȢ țαȚ ȠȚ πȡȠțȜȒıİȚȢ πȠυ παȡȠυıȚȐıĲȘțαȞ țαĲȐ ĲȘ παȡαıțİυȒ ĲȦȞ įİȚȖȝȐĲȦȞ αυĲȫȞ, țαșȫȢ 

țαȚ ȠȚ ȜȪıİȚȢ πȠυ įȩșȘțαȞ țȐșİ φȠȡȐ, țαșȫȢ țαȚ Ĳα ĲİȜȚțȐ απȠĲİȜȑıȝαĲα ȝİĲȐ ĲȘȞ İφαȡȝȠȖȒ ĲȠυȢ. ȅȚ 

παȡȐȖȡαφȠȚ αυĲȑȢ πİȡȚȜαȝȕȐȞȠυȞ ȤȡȘıĲȚțȑȢ ıυȝȕȠυȜȑȢ ıȤİĲȚțȐ ȝİ ĲȘȞ παȡαıțİυȒ įİȚȖȝȐĲȦȞ απȩ 

υȜȚțȐ πȠυ İȞįȚαφȑȡȠυȞ ĲȠ ǼȆȉ-ǼΜȆ (ȚπĲȐȝİȞȘ Ĳȑφȡα, ȠȟİȓįȚα țα) țαȚ ĲȘȞ αȞĲȚȝİĲȫπȚıȘ 

πȡȠȕȜȘȝȐĲȦȞ țαȚ įυıțȠȜȚȫȞ πȠυ ȝπȠȡİȓ țαȞİȓȢ Ȟα ıυȞαȞĲȒıİȚ. 

 ȈĲȠ 5ο
 ΚεφάȜαιο πİȡȚȖȡȐφİĲαȚ Ș İȖțαĲȐıĲαıȘ țαȚ Ș ȤȡȒıȘ ĲȠυ ȞȑȠυ ȜȠȖȚıȝȚțȠȪ B-AXIL πȠυ 

πȡȠȝȘșİȪĲȘțİ ĲȠ ǼȆȉ–ǼΜȆ ĲȠ 2016 ȖȚα ĲȘȞ πȠȚȠĲȚțȒ țαȚ πȠıȠĲȚțȒ αȞȐȜυıȘ ĲȦȞ πİȚȡαȝαĲȚțȫȞ 

απȠĲİȜİıȝȐĲȦȞ (φαıȝȐĲȦȞ) ĲȘȢ ĲİȤȞȚțȒȢ φșȠȡȚıȝȠȪ αțĲȓȞȦȞ-Χ (XRF) țαȚ ȤȡȘıȚȝȠπȠȚȒșȘțİ ȖȚα 

πȡȫĲȘ φȠȡȐ ıĲȘȞ παȡȠȪıα ǻǼ. ȉȠ țİφȐȜαȚȠ αυĲȩ ȤȦȡȓȗİĲαȚ ıİ įȪȠ ȝȑȡȘ ȖȚαĲȓ țαȚ ĲȠ ȜȠȖȚıȝȚțȩ πȠυ 

ȤȡȘıȚȝȠπȠȚȒșȘțİ ȤȦȡȓȗİĲαȚ ıİ įȪȠ ȝȑȡȘ. ȉȠ πȡȫĲȠ ȝȑȡȠȢ αφȠȡȐ ĲȠ ĲȝȒȝα ĲȠυ ȜȠȖȚıȝȚțȠȪ πȠυ 

İπİȟİȡȖȐȗİĲαȚ, πȡȠıαȡȝȩȗİȚ (fitting) țαȚ αȞαȜȪİȚ πȠȚȠĲȚțȐ ĲȠ φȐıȝα αțĲȓȞȦȞ-Χ, İȞȫ ĲȠ įİȪĲİȡȠ ȝȑȡȠȢ 

αφȠȡȐ ĲȠ ĲȝȒȝα  ĲȠυ ȜȠȖȚıȝȚțȠȪ ĲȠ ȠπȠȓȠ İțĲİȜİȓ ĲȘȞ πȠıȠĲȚțȒ αȞȐȜυıȘ ĲȠυ φȐıȝαĲȠȢ αțĲȓȞȦȞ-Χ. 

ΚαȚ ıĲα įȪȠ ȝȑȡȘ ĲȠυ țİφαȜαȓȠυ αȡȤȚțȐ πİȡȚȖȡȐφȠȞĲαȚ ȠȚ ȜİȚĲȠυȡȖȓİȢ țαȚ ȠȚ įυȞαĲȩĲȘĲİȢ πȠυ 

πȡȠıφȑȡİȚ αυĲȩ ĲȠ ȜȠȖȚıȝȚțȩ ıĲȠȞ ȤȡȒıĲȘ. Η πİȡȚȖȡαφȒ πİȡȚȜαȝȕȐȞİȚ ȩȜİȢ ĲȚȢ απαȡαȓĲȘĲİȢ 

ȜİȚĲȠυȡȖȓİȢ πȠυ πȡȑπİȚ țαȞİȓȢ Ȟα ȖȞȦȡȓȗİȚ ȖȚα ĲȘȞ ȤȡȒıȘ ĲȠυ. ΈπİȚĲα, πİȡȚȖȡȐφİĲαȚ Ƞ ĲȡȩπȠȢ ȝİ ĲȠȞ 

ȠπȠȓȠ ȡυșȝȓıĲȘțİ ĲȠ ȜȠȖȚıȝȚțȩ αυĲȩ ȝİ ȕȐıȘ ĲȚȢ παȡαȝȑĲȡȠυȢ ĲȘȢ πİȚȡαȝαĲȚțȒȢ įȚȐĲαȟȘȢ φșȠȡȚıȝȠȪ 

αțĲȓȞȦȞ-Χ ĲȠυ ǼȆȉ–ǼΜȆ ȝİ ıĲȩȤȠ ĲȘȞ ȜȒȥȘ αȟȚȩπȚıĲȦȞ απȠĲİȜİıȝȐĲȦȞ. Η πİȡȚȖȡαφȒ αυĲȒ 

πİȡȚȜαȝȕȐȞİȚ αȞαȜυĲȚțȐ Ĳα ȕȒȝαĲα πȠυ țαȜİȓĲαȚ Ȟα αțȠȜȠυșȒıİȚ Ƞ ȤȡȒıĲȘȢ ȖȚα ĲȘ ȡȪșȝȚıȘ ĲȠυ 
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ȜȠȖȚıȝȚțȠȪ țαȚ ıĲȘ ıυȞȑȤİȚα ȖȓȞİĲαȚ αȞαȜυĲȚțȒ αȞαφȠȡȐ ıĲȚȢ țαĲȐȜȜȘȜİȢ ȡυșȝȓıİȚȢ ȖȚα ĲȘȞ 

πȡȠıαȡȝȠȖȒ ĲȠυ ȜȠȖȚıȝȚțȠȪ ıĲα įİįȠȝȑȞα ĲȘȢ įȚȐĲαȟȘȢ φșȠȡȚıȝȠȪ αțĲȓȞȦȞ-Χ ĲȠυ ǼȆȉ–ǼΜȆ Ș 

ȠπȠȓα ȤȡȘıȚȝȠπȠȚȒșȘțİ. 

 ȈĲȠ 6
ο
 ΚεφάȜαιο παȡȠυıȚȐȗȠȞĲαȚ ȠȚ πİȚȡαµαĲȚțȑȢ ȝİĲȡȒıİȚȢ țαȚ ȠȚ αȞαȜȪıİȚȢ πȠυ 

πȡαȖȝαĲȠπȠȚȒșȘțαȞ ıĲȘȞ ǻǼ. ΑȡȤȚțȐ, πİȡȚȖȡȐφȠȞĲαȚ Ĳα απȠĲİȜȑıµαĲα ĲȦȞ αȞαȜȪıİȦȞ ĲȦȞ 

πİȚȡαȝȐĲȦȞ πȠυ πȡαȖȝαĲȠπȠȚȒșȘțαȞ țαȚ Ĳα πȠȚȠĲȚțȐ ıυȝπİȡȐıȝαĲα πȠυ πȡȠȑțυȥαȞ, țαĲȐ ĲȘ 

ıȪȖțȡȚıȘ ĲȦȞ αȞαȜȪıİȦȞ įİȚȖȝȐĲȦȞ πȠυ παȡαıțİυȐıșȘțαȞ ȝİ įȚαφȠȡİĲȚțȑȢ ȝİșȩįȠυȢ. Μȑıα απȩ ĲȘȞ 

πȠȚȠĲȚțȒ ıȪȖțȡȚıȘ ĲȦȞ πİȚȡαȝαĲȚțȫȞ απȠĲİȜİıȝȐĲȦȞ įȩșȘțİ Ș įυȞαĲȩĲȘĲα İȟαȖȦȖȒȢ ıȘȝαȞĲȚțȫȞ 

ıυȝπİȡαıȝȐĲȦȞ ȖȚα ĲȘȢ ȚįȚαȚĲİȡȩĲȘĲİȢ, Ĳα πȡȠĲİȡȒȝαĲα țαȚ Ĳα ȝİȚȠȞİțĲȒȝαĲα ĲȘȢ țȐșİ ĲİȤȞȚțȒȢ 

παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ ȖȚα ĲȘȞ αȞȐȜυıȘ ȝİ XRF. ǼȞ ıυȞİȤİȓα, παȡȠυıȚȐȗȠȞĲαȚ Ĳα πİȚȡȐȝαĲα țαȚ ȠȚ 

αȞαȜȪıİȚȢ πȠυ ȑȖȚȞαȞ ȝİ ĲȠ ȜȠȖȚıȝȚțȩ B-AXIL ȖȚα ĲȘȞ πȠıȠĲȚțȒ αȞȐȜυıȘ ĲȦȞ παȡαπȐȞȦ įİȚȖȝȐĲȦȞ 

țαȚ ĲȘ ȝİȜȑĲȘ ĲȘȢ İπȓįȡαıȘȢ ĲȠυ ĲȡȩπȠυ παȡαıțİυȒȢ ıĲα απȠĲİȜȑıȝαĲα πȠıȠĲȚțȒȢ αȞȐȜυıȘȢ ĲȦȞ 

įİȚȖȝȐĲȦȞ (πȤ. ȠȝȠȚȠȖȑȞİȚα, İπαȞαȜȘȥȚȝȩĲȘĲα țα). ȉȠ țİφȐȜαȚȠ αυĲȩ țȜİȓȞİȚ ȝİ ıȤȠȜȚαıȝȩ ĲȦȞ  

απȠĲİȜİıȝȐĲȦȞ ĲȦȞ ıυȖțȡȓıİȦȞ, πȡȠĲȐıİȚȢ ȖȚα πȚșαȞȑȢ ȕİȜĲȚȫıİȚȢ țαȚ ıυȞȑȤȚıȘ ĲȘȢ ȑȡİυȞαȢ.  

ȈĲȠ 7ο
 ΚεφάȜαιο ıυȞȠȥȓȗȠȞĲαȚ Ĳα απȠĲİȜȑıµαĲα ĲȘȢ παȡȠȪıαȢ įȚπȜȦȝαĲȚțȒȢ İȡȖαıȓαȢ țαȚ Ĳα 

ıυȝπİȡȐıȝαĲα πȠυ πȡȠȑțυȥαȞ İȞȫ πȡȠĲİȓȞȠȞĲαȚ țαȚ ȠȡȚıµȑȞα ȝİȜȜȠȞĲȚțȐ ȕȒµαĲα ȖȚα ĲȘȞ πİȡαȚĲȑȡȦ 

ȕİȜĲȓȦıȘ ĲȘȢ ȝİșȠįȠȜȠȖȓαȢ αȞȐȜυıȘȢ ĲȦȞ φαıµȐĲȦȞ țαȚ ĲȘȢ ĲİȤȞȚțȒȢ πȠıȠĲȚțȠȪ πȡȠıįȚȠȡȚıµȠȪ, 

țαșȫȢ țαȚ πȡȠĲȐıİȚȢ ȖȚα πİȡαȚĲȑȡȦ ȑȡİυȞα πȐȞȦ ıİ ĲȠȝİȓȢ πȠυ παȡȠυıȚȐȗȠυȞ İȡİυȞȘĲȚțȩ İȞįȚαφȑȡȠȞ. 

 

Η İȡȖαıȓα ȠȜȠțȜȘȡȫȞİĲαȚ ȝİ ȑȟȚ (6) παȡαȡĲȒȝαĲα: 

 ȈĲȠ ΠαράρĲηȝα ǹ παȡȠυıȚȐȗȠȞĲαȚ ȩȜα Ĳα φȐıȝαĲα πȠυ ȜȒφșȘıαȞ ıĲȠ πȜαȓıȚȠ ĲȘȢ ǻ.Ǽ. 

țαșȫȢ țαȚ Ș țȦįȚțȠπȠȓȘıȘ πȠυ İφαȡȝȩıĲȘțİ ȖȚα ĲȘȞ ȠȞȠȝαıȓα țαȚ ĲȦȞ įȚαȤȦȡȚıȝȩ ĲȦȞ įİȚȖȝȐĲȦȞ, 

φαıȝȐĲȦȞ αțĲȓȞȦȞ Χ țαȚ απȠĲİȜİıȝȐĲȦȞ ĲȘȢ αȞȐȜυıȘȢ. 

 ȈĲȠ ΠαράρĲηȝα Ǻ παȡȠυıȚȐȗȠȞĲαȚ αȞαȜυĲȚțȐ ıİ ȝȠȡφȒ πȓȞαțα ȩȜα Ĳα įİȓȖȝαĲα πȠυ 

παȡαıțİυȐıĲȘțαȞ ȖȚα αȞȐȜυıȘ XRF țαĲȐ ĲȘȞ İțπȩȞȘıȘ ĲȘȢ παȡȠȪıαȢ ǻ.Ǽ. ȝİ ȜİπĲȠȝİȡȒ ıĲȠȚȤİȓα 

ȖȚα ĲȘ ıȪıĲαıȘ țαȚ ĲȚȢ αȞαȜȠȖȓİȢ πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ țαĲȐ ĲȘȞ παȡαıțİυȒ ĲȠυȢ. 

 ȈĲȠ ΠαράρĲηȝα Γ παȡαĲȓșİĲαȚ ĲȠ πȚıĲȠπȠȚȘĲȚțȩ ĲȠυ įİȓȖȝαĲȠȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ 1633ȕ 

NIST, ıĲȠ ȠπȠȓȠ įȓȞȠȞĲαȚ ȠȚ πȚıĲȠπȠȚȘȝȑȞİȢ ĲȚȝȑȢ țαĲȐ ȝȐȗαȢ ıυȖțȑȞĲȡȦıȘȢ ĲȦȞ įȚȐφȠȡȦȞ ȤȘȝȚțȫȞ 

ıĲȠȚȤİȓȦȞ πȠυ πİȡȚȑȤİȚ. Η ȚπĲȐȝİȞȘ Ĳȑφȡα 1633ȕ NIST ȤȡȘıȚȝȠπȠȚȒșȘțİ İțĲİȞȫȢ ȖȚα παȡαıțİυȒ 

įİȚȖȝȐĲȦȞ țαȚ αȞȐȜυıȘ. 
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 ȈĲȠ ΠαράρĲηȝα ǻ παȡȠυıȚȐȗȠȞĲαȚ ȠȚ υπȠȡȠυĲȓȞİȢ πȠυ αȞαπĲȪȤșȘțαȞ ȖȚα ĲȘȞ įȚαȤİȓȡȚıȘ țαȚ 

ıȪȖțȡȚıȘ ĲȦȞ πİȚȡαȝαĲȚțȫȞ įİįȠȝȑȞȦȞ. ȅȚ υπȠȡȠυĲȓȞİȢ αυĲȑȢ αȞαπĲȪȤșȘțαȞ ıİ ȖȜȫııα 

πȡȠȖȡαȝȝαĲȚıȝȠȪ Visual Basic ȖȚα ȤȡȒıȘ ıİ πİȡȚȕȐȜȜȠȞ MS Excel 2003. 

 ȈĲȠ ΠαράρĲηȝα Ǽ παȡȠυıȚȐȗȠȞĲαȚ ȩȜα Ĳα απȠĲİȜȑıȝαĲα ĲȘȢ πȠȚȠĲȚțȒȢ țαȚ πȠıȠĲȚțȒȢ 

αȞȐȜυıȘȢ ĲȦȞ įİȚȖȝȐĲȦȞ πȠυ αȞαȜȪșȘțαȞ țαĲȐ ĲȘȞ İțπȩȞȘıȘ ĲȘȢ παȡȠȪıαȢ ǻ.Ǽ. ȝİ ĲȘ ȝȠȡφȒ 

αȞαφȠȡȫȞ (Report), ȩπȦȢ πȡȠțȪπĲȠυȞ απȩ ĲȠ ȜȠȖȚıȝȚțȩ αȞȐȜυıȘȢ πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțİ. 
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ȀİφȐȜαȚȠ 2 

Η ĲİχȞȚțȒ αȞȐȜυıȘȢ ȝİ φșȠȡȚıȝȩ αțĲȓȞωȞ-Χ ıĲȠ  ǼȆȉ–ǼȂȆ  

 

2.1 ǼȚıαȖωȖȒ 

ȈĲȠ ΚİφȐȜαȚȠ αυĲȩ ȖȓȞİĲαȚ αȡȤȚțȐ µȓα ıȪȞĲȠȝȘ αȞαφȠȡȐ ıĲȚȢ αțĲȓȞİȢ-Χ, țαșȫȢ țαȚ ĲȚȢ 

ȝİșȩįȠυȢ αȞȐȜυıȘȢ µİ ĲȘȞ ĲİȤȞȚțȒ ĲȠυ φșȠȡȚıµȠȪ ĲȦȞ αțĲȓȞȦȞ-Χ (Χ-Ray Fluorescence, XRF). ΓȚα 

İțĲİȞȑıĲİȡȘ αȞαφȠȡȐ ıĲȚȢ ȝİșȩįȠυȢ παȡαȖȦȖȒȢ ĲȦȞ αțĲȓȞȦȞ-Χ țαȚ ıĲȘȞ αȞȐȜυıȘ ȝİ φșȠȡȚıȝȩ 

αțĲȓȞȦȞ-Χ ȝπȠȡİȓ țαȞİȓȢ Ȟα αȞαĲȡȑȟİȚ ıİ πȡȠȘȖȠȪȝİȞİȢ ǻǼ πȠυ ȑȤȠυȞ İțπȠȞȘșİȓ ıĲȠ ǼȆȉ-ǼΜȆ [1][2]
. 

ȈĲȠ țȪȡȚȠ ȝȑȡȠȢ ĲȠυ țİφαȜαȓȠυ αυĲȠȪ πİȡȚȖȡȐφȠȞĲαȚ İȞ ıυȞĲȠȝȓα ȠȚ ıυȞȚıĲȫıİȢ ĲȘȢ įȚȐĲαȟȘȢ XRF 

ĲȠυ ǼȆȉ-ǼΜȆ, țαșȫȢ țαȚ Ș ĲİȤȞȚțȒ αȞȓȤȞİυıȘȢ ȚȤȞȠıĲȠȚȤİȓȦȞ Ș ȠπȠȓα αțȠȜȠυșİȓĲȠ ȝȑȤȡȚ ĲȘȞ ȑȞαȡȟȘ 

ĲȘȢ παȡȠȪıαȢ ǻǼ. Ǿ πİȡȚȖȡαφȒ İıĲȚȐȗİȚ ıİ ıȘȝİȓα πȠυ ȑȤȠυȞ İȞĲȠπȚıĲİȓ αįυȞαȝȓİȢ απȩ πȡȠȘȖȠȪȝİȞȘ 

ǻǼ [1]
 ȝİ ıĲȩȤȠ ĲȘȞ ȕİȜĲȓȦıȒ ĲȠυȢ ȝİ ȤȡȒıȘ ȞȑȦȞ įυȞαĲȠĲȒĲȦȞ πȠυ ȑȤİȚ πȜȑȠȞ ıĲȘ įȚȐșİıȒ ĲȠυ ĲȠ 

ǼȆȉ-ǼΜȆ, ȩπȦȢ șα φαȞİȓ ıĲα İπȩȝİȞα țİφȐȜαȚα.  

 

2.2 ǹțĲȓȞİȢ Χ 

 OȚ αțĲȓȞİȢ-Χ παȡȐȖȠȞĲαȚ ȦȢ απȠĲȑȜİıȝα įȪȠ įȚαφȠȡİĲȚțȫȞ αȜȜȘȜİπȚįȡȐıİȦȞ. ȅȚ 

αȜȜȘȜİπȚįȡȐıİȚȢ αυĲȑȢ πȠυ παȡȠυıȚȐȗȠȞĲαȚ ıȤȘȝαĲȚțȐ ıĲȠ ȈȤȒȝα 2.1 İȓȞαȚ [6]
: 

• ǼțπȠȝπȒ φȦĲȠȞȓȦȞ πȠυ πȡȠțȪπĲȠυȞ απȩ ĲȘȞ İπȚȕȡȐįυȞıȘ ȘȜİțĲȡȠȞȓȦȞ, ȩĲαȞ αυĲȐ 

πȡȠıİȖȖȓıȠυȞ ĲȠȞ πυȡȒȞα İȞȩȢ αĲȩȝȠυ (αțĲȚȞȠȕȠȜȓα πȑįȘıȘȢ), Ȓ 

• ǼțπȠȝπȒ φȦĲȠȞȓȦȞ ȜȩȖȦ ĲȘȢ απȠįȚȑȖİȡıȘȢ İȞȩȢ įȚİȖİȡȝȑȞȠυ (Ȓ ȚȠȞȚıȝȑȞȠυ) αĲȩȝȠυ 

(ȤαȡαțĲȘȡȚıĲȚțȒ αțĲȚȞȠȕȠȜȓα). 
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ΌĲαȞ ȑȞα ȘȜİțĲȡȩȞȚȠ ȕȡİșİȓ πȠȜȪ țȠȞĲȐ ıĲȠȞ πυȡȒȞα İȞȩȢ αĲȩȝȠυ, İȓȞαȚ įυȞαĲȩ Ȟα ȤȐıİȚ ȝȑȡȠȢ Ȓ țαȚ 

ȠȜȩțȜȘȡȘ ĲȘȞ țȚȞȘĲȚțȒ ĲȠυ İȞȑȡȖİȚα. ȉȠ ȘȜİțĲȡȩȞȚȠ İπȚȕȡαįȪȞİĲαȚ, țαșȫȢ įȑȤİĲαȚ ȚıȤυȡȑȢ ȘȜİțĲȡȚțȑȢ 

įυȞȐȝİȚȢ Coulomb απȩ ĲȠȞ șİĲȚțȐ φȠȡĲȚıȝȑȞȠ πυȡȒȞα, µİ απȠĲȑȜİıȝα ĲȘ ȝİȓȦıȘ ĲȘȢ țȚȞȘĲȚțȒȢ ĲȠυ 

İȞȑȡȖİȚαȢ țαȚ αȜȜαȖȒ ĲȘȢ İυșȪȖȡαȝȝȘȢ πȠȡİȓαȢ ĲȠυ. ȈȪȝφȦȞα µİ ĲȘȞ αȡȤȒ ĲȘȢ įȚαĲȒȡȘıȘȢ ĲȘȢ 

İȞȑȡȖİȚαȢ, Ș țȚȞȘĲȚțȒ İȞȑȡȖİȚα πȠυ ȤȐȞİȚ ĲȠ ȘȜİțĲȡȩȞȚȠ ȝİĲαĲȡȑπİĲαȚ ıİ φȦĲȩȞȚȠ ȓıȘȢ İȞȑȡȖİȚαȢ. ȉα 

παȡαȖȩȝİȞα φȦĲȩȞȚα ıυȞȚıĲȠȪȞ ĲȘ ȜİȖȩȝİȞȘ αțĲȚȞȠȕȠȜȓα πȑįȘıȘȢ (breaking radiation).
 [7]

 . 

ΌĲαȞ ȑȞα φȠȡĲȚıȝȑȞȠ ıȦȝαĲȓįȚȠ Ȓ ȑȞα φȦĲȩȞȚȠ αȜȜȘȜİπȚįȡȐıİȚ µİ ȑȞα ȘȜİțĲȡȩȞȚȠ ĲȠυ 

αĲȩȝȠυ, ȑȤȠȞĲαȢ İȞȑȡȖİȚα ȝİȖαȜȪĲİȡȘ Ȓ ȓıȘ απȩ ĲȘȞ İȞȑȡȖİȚα ıȪȞįİıȘȢ (binding energy) ĲȠυ 

ȘȜİțĲȡȠȞȓȠυ ĲȠυ αĲȩȝȠυ, ĲȠ ȘȜİțĲȡȩȞȚȠ ĲȠυ αĲȩȝȠυ șα φȪȖİȚ απȩ ĲȘȞ șȑıȘ ĲȠυ, πȘȖαȓȞȠȞĲαȢ ıİ ȐȜȜȘ 

ıĲȚȕȐįα (įȚȑȖİȡıȘ ĲȠυ αĲȩȝȠυ) Ȓ șα įȚαφȪȖİȚ İȞĲİȜȫȢ απȩ ĲȠ ȐĲȠȝȠ (ȚȠȞȚıµȩȢ). Ȉİ țȐșİ πİȡȓπĲȦıȘ, ĲȠ 

ȐĲȠµȠ ȕȡȓıțİĲαȚ ıİ țαĲȐıĲαıȘ αıĲȐșİȚαȢ țαȚ İπȚıĲȡȑφİȚ ıĲȘ αȡȤȚțȒ ĲȠυ țαĲȐıĲαıȘ, µİ įȪȠ 

įȚαφȠȡİĲȚțȑȢ įȚαįȚțαıȓİȢ, ȠȚ ȠπȠȓİȢ ȑȤȠυȞ ȦȢ țȠȚȞȩ ıȘµİȓȠ ĲȘ ȝİĲαφȠȡȐ ȘȜİțĲȡȠȞȓȠυ απȩ µȓα απȩ ĲȚȢ 

İȟȦĲİȡȚțȑȢ ıĲȚȕȐįİȢ ȫıĲİ Ȟα țαȜυφșİȓ ĲȠ țİȞȩ πȠυ πȡȠțȜȒșȘțİ απȩ ĲȘ įȚȑȖİȡıȘ Ȓ ĲȠȞ ȚȠȞȚıȝȩ ĲȠυ 

αĲȩȝȠυ. Ǿ πȡȫĲȘ απȩ ĲȚȢ įȚαįȚțαıȓİȢ αυĲȑȢ αțȠȜȠυșİȓĲαȚ απȩ İțπȠȝπȒ αțĲȓȞȦȞ-Χ. Ǿ İȞİȡȖİȚαțȒ 

įȚαφȠȡȐ ȝİĲαȟȪ ĲȘȢ αȡȤȚțȒȢ țαȚ ĲİȜȚțȒȢ İȞȑȡȖİȚαȢ ĲȠυ ȝİĲαφİȡȩȝİȞȠυ ȘȜİțĲȡȩȞȚȠυ ȚıȠȪĲαȚ µİ ĲȘȞ 

İȞȑȡȖİȚα ĲȠυ παȡαȖȩȝİȞȠυ φȦĲȠȞȓȠυ. Ǿ αțĲȚȞȠȕȠȜȓα πȠυ παȡȐȖİĲαȚ απȩ αυĲȒ ĲȘ įȚαįȚțαıȓα 

ȠȞȠȝȐȗİĲαȚ χαȡαțĲȘȡȚıĲȚțȒ αțĲȚȞȠȕȠȜȓα (characteristic radiation), țαșȫȢ Ș ĲȚȝȒ ĲȘȢ İȞȑȡȖİȚαȢ ĲȠυ 

φȦĲȠȞȓȠυ İȓȞαȚ Ȑȝİıα İȟαȡĲȫȝİȞȘ ĲȦȞ İȞİȡȖİȚȫȞ ĲȦȞ ıĲȚȕȐįȦȞ ĲȠυ İțȐıĲȠĲİ αĲȩµȠυ. ȉȠ φαȚȞȩµİȞȠ 

αυĲȩ ȠȞȠµȐȗİĲαȚ φșȠȡȚıµȩȢ (fluorescence). ΓȚα țȐșİ ıĲȠȚȤİȓȠ ĲȠυ ȆİȡȚȠįȚțȠȪ ȆȓȞαțα υπȐȡȤİȚ µȓα 

ȈȤȒȝα 2.1  ΜȘȤαȞȚıȝȠȓ παȡαȖȦȖȒȢ αțĲȓȞȦȞ Χ [ȆȘȖȒ: Robert Gordon University] 
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ıİȚȡȐ απȩ ȤαȡαțĲȘȡȚıĲȚțȑȢ αțĲȓȞİȢ-Χ. ǹυĲȩ ȖȓȞİĲαȚ İυțȩȜȦȢ αȞĲȚȜȘπĲȩ ȕȐıİȚ ĲȦȞ įυȞαĲȫȞ 

ȘȜİțĲȡȠȞȚαțȫȞ ȝİĲαȕȐıİȦȞ ȝȑıα ıĲȠ İțȐıĲȠĲİ ȐĲȠµȠ. ǼȐȞ ĲȠ ȘȜİțĲȡȩȞȚȠ ȝİĲαπȑıİȚ απȩ ĲȘ ıĲȚȕȐįα 

L ıĲȘȞ K ȠȚ ȤαȡαțĲȘȡȚıĲȚțȒ ȠȞȠµȐȗİĲαȚ Κα, αȞ Ș ȝİĲȐπĲȦıȘ ȖȓȞİȚ απȩ ĲȘȞ M ıĲȘȞ Κ, ȠȞȠµȐȗİĲαȚ Κȕ 

ț.Ƞ.ț. ΓȞȦȡȓȗȠȞĲαȢ πȦȢ ȠȚ πİȡȚııȩĲİȡİȢ ıĲȚȕȐįİȢ πİȡȚȑȤȠυȞ υπȠıĲȚȕȐįİȢ, Ș ȠȞȠµαıȓα ȝȚαȢ 

ȤαȡαțĲȘȡȚıĲȚțȒȢ αțĲȓȞαȢ-Χ πȠυ İțπȑµπİĲαȚ ȩĲαȞ ȑȞα ȘȜİțĲȡȩȞȚȠ ȝİĲαπȑıİȚ απȩ ĲȘȞ πȡȫĲȘ 

υπȠıĲȚȕȐįα ĲȘȢ ıĲȚȕȐįαȢ L ıĲȘȞ K İȓȞαȚ Kα1. Μİ αυĲȩȞ ĲȠȞ ĲȡȩπȠ țȐșİ ȤαȡαțĲȘȡȚıĲȚțȒ αțĲȓȞα-Χ ȑȤİȚ 

ȑȞα ıυȖțİțȡȚȝȑȞȠ ȩȞȠµα. Ȉİ țȐșİ πİȡȓπĲȦıȘ, ȠȚ αțĲȓȞİȢ Κ İȞȩȢ ıĲȠȚȤİȓȠυ ȑȤȠυȞ ȝİȖαȜȪĲİȡȘ İȞȑȡȖİȚα 

απȩ ĲȚȢ αțĲȓȞİȢ L, ȠȚ ȠπȠȓİȢ µİ ĲȘ ıİȚȡȐ ĲȠυȢ ȑȤȠυȞ ȝİȖαȜȪĲİȡȘ İȞȑȡȖİȚα απȩ ĲȚȢ Μ. 

 

2.3 Η ĲİχȞȚțȒ αȞȐȜυıȘȢ ȝİ φșȠȡȚıµȩ αțĲȓȞωȞ-Χ  

 ȅ φșȠȡȚıµȩȢ ĲȦȞ αțĲȓȞȦȞ-Χ İȓȞαȚ ĲȠ φαȚȞȩµİȞȠ țαĲȐ ĲȠ ȠπȠȓȠ ȐĲȠµα πȠυ ȕȡȓıțȠȞĲαȚ ıİ 

țαĲȐıĲαıȘ įȚȑȖİȡıȘȢ Ȓ ȚȠȞȚıµȠȪ, ȜȩȖȦ πȡȠȘȖȠȪȝİȞȘȢ αȜȜȘȜİπȓįȡαıȒȢ ĲȠυȢ µİ ıȦȝαĲȓįȚȠ Ȓ φȦĲȩȞȚȠ 

İπαȡțȠȪȢ İȞȑȡȖİȚαȢ, απȠįȚİȖİȓȡȠȞĲαȚ İțπȑȝπȠȞĲαȢ αțĲȓȞİȢ-Χ ȤαȡαțĲȘȡȚıĲȚțȒȢ İȞȑȡȖİȚαȢ. ǹυĲȒ Ș 

ȤαȡαțĲȘȡȚıĲȚțȒ αțĲȚȞȠȕȠȜȓα ıυȤȞȐ ȠȞȠµȐȗİĲαȚ țαȚ φșȠȡȓȗȠυıα. ȅȚ ȤαȡαțĲȘȡȚıĲȚțȑȢ αțĲȓȞİȢ-Χ ȑȤȠυȞ 

ıυȖțİțȡȚȝȑȞİȢ İȞȑȡȖİȚİȢ ȖȚα țȐșİ ıĲȠȚȤİȓȠ țαȚ ȖȚ αυĲȩ απȠĲİȜȠȪȞ ĲȘȞ «ĲαυĲȩĲȘĲα» ĲȦȞ ıĲȠȚȤİȓȦȞ. Ǿ 

ȤαȡαțĲȘȡȚıĲȚțȒ αυĲȒ αțĲȚȞȠȕȠȜȓα ȝπȠȡİȓ Ȟα ȠįȘȖȒıİȚ ıĲȠȞ πȡȠıįȚȠȡȚıȝȩ ĲȦȞ ıĲȠȚȤİȓȦȞ πȠυ 

υπȐȡȤȠυȞ ıĲȠ αȞαȜυȩȝİȞȠ įİȓȖȝα. ȈĲȚȢ παȡαȖȡȐφȠυȢ πȠυ αțȠȜȠυșȠȪȞ, παȡȠυıȚȐȗİĲαȚ µȓα İφαȡȝȠȖȒ 

ĲȠυ φαȚȞȠȝȑȞȠυ ĲȠυ φșȠȡȚıµȠȪ ĲȦȞ αțĲȓȞȦȞ-Χ, Ș «ĲİȤȞȚțȒ αȞȐȜυıȘȢ ȝİ φșȠȡȚıµȩ αțĲȓȞȦȞ-Χ» (X-

Ray Fluorescence analysis, XRF) Ș ȠπȠȓα αțȠȜȠυșİȓĲαȚ ıĲȘȞ παȡȠȪıα ǻǼ. 

 ǹȞȐȜȠȖα µİ ĲȠ İȓįȠȢ ĲȘȢ αțĲȚȞȠȕȠȜȓαȢ πȠυ πȡȠțαȜİȓ ĲȘ įȚȑȖİȡıȘ ĲȦȞ αĲȩµȦȞ ĲȠυ įİȓȖȝαĲȠȢ, ȠȚ 

ĲİȤȞȚțȑȢ αȞȐȜυıȘȢ ȝİ φșȠȡȚıµȩ įȚαțȡȓȞȠȞĲαȚ ıĲȚȢ İȟȒȢ υπȠțαĲȘȖȠȡȓİȢ: 

• XRF (X – Ray Fluorescence), ȩĲαȞ Ș įȚİȖİȓȡȠυıα αțĲȚȞȠȕȠȜȓα İȓȞαȚ αțĲȓȞİȢ-Χ. 

• PIXE (Particle Induced X-ray Emission), ȩĲαȞ Ș įȚİȖİȓȡȠυıα αțĲȚȞȠȕȠȜȓα İȓȞαȚ φȠȡĲȚıȝȑȞα 

ıȦȝαĲȓįȚα – ıυȞȒșȦȢ įȑıµȘ ıȦȝαĲȚįȓȦȞ απȩ İπȚĲαȤυȞĲȒ. 

 ǹȞȐȜȠȖα µİ ĲȠ αȞ αȞȚȤȞİȪȠȞĲαȚ țαȚ αȟȚȠπȠȚȠȪȞĲαȚ ȠȚ ȤαȡαțĲȘȡȚıĲȚțȑȢ İȞȑȡȖİȚİȢ Ȓ Ĳα 

ȤαȡαțĲȘȡȚıĲȚțȐ ȝȒțȘ țȪµαĲȠȢ ĲȘȢ αțĲȚȞȠȕȠȜȓαȢ, ȠȚ αȞαȜȪıİȚȢ ȝİ XRF ȤȦȡȓȗȠȞĲαȚ ıİ įȪȠ țαĲȘȖȠȡȓİȢ: 

• ĲȘȞ ĲİȤȞȚțȒ EDXRF (Energy Dispersive XRF), ıĲȘȞ ȠπȠȓα ȖȓȞİĲαȚ țαĲαȖȡαφȒ țαȚ αȞȐȜυıȘ ĲȘȢ 

İȞȑȡȖİȚαȢ ĲȦȞ ȤαȡαțĲȘȡȚıĲȚțȫȞ αțĲȓȞȦȞ-Χ. Ǿ ĲİȤȞȚțȒ αυĲȒ ıĲȘȡȓȗİĲαȚ ıĲȘȞ αȡȤȒ įȚαȤȦȡȚıµȠȪ 

țαȚ αȞȓȤȞİυıȘȢ ĲȦȞ ȤαȡαțĲȘȡȚıĲȚțȫȞ İȞİȡȖİȚȫȞ ĲȦȞ αțĲȓȞȦȞ-Χ (ȕȜ. ȈȤȒȝα 2.2). 
[8]

. 
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• ȉȘȞ ĲİȤȞȚțȒ WDXRF (Wavelength Dispersive XRF), ıĲȘȞ ȠπȠȓα ȖȓȞİĲαȚ țαĲαȖȡαφȒ țαȚ αȞȐȜυıȘ 

ĲȠυ ȝȒțȠυȢ țȪµαĲȠȢ ĲȦȞ φșȠȡȚȗȠυıȫȞ αțĲȚȞȠȕȠȜȚȫȞ. ǹυĲȒ Ș ĲİȤȞȚțȒ ıĲȘȡȓȗİĲαȚ ıĲȘȞ πİȡȓșȜαıȘ 

ĲȦȞ αțĲȓȞȦȞ-Χ πȐȞȦ ıİ İȚįȚțȩ țȡȪıĲαȜȜȠ, Ș ȠπȠȓα İπȚĲȡȑπİȚ ĲȘȞ İțĲȓµȘıȘ ĲȠυ ȝȒțȠυȢ țȪµαĲȠȢ 

ĲȘȢ αțĲȚȞȠȕȠȜȓαȢ. 
[8]

 

Ǿ παȡȠȪıα ǻǼ πİȡȚȠȡȓȗİĲαȚ ıĲȘȞ ĲİȤȞȚțȒ αȞȐȜυıȘȢ EDXRF, πȠυ ȖȚα ȜȩȖȠυȢ απȜȩĲȘĲαȢ ıĲȘ 

ıυȞȑȤİȚα șα αȞαφȑȡİĲαȚ απȜȐ ȦȢ XRF. 

 ȈȪµφȦȞα µİ Ĳα παȡαπȐȞȦ, Ș ĲİȤȞȚțȒ φșȠȡȚıµȠȪ ĲȦȞ αțĲȓȞȦȞ-Χ ȠįȘȖİȓ ıĲȠȞ πȠȚȠĲȚțȩ  Ȓ/țαȚ ĲȠȞ 

πȠıȠĲȚțȩ πȡȠıįȚȠȡȚıȝȩ ĲȦȞ ıĲȠȚȤİȓȦȞ Ȓ ȚȤȞȠıĲȠȚȤİȓȦȞ πȠυ ȕȡȓıțȠȞĲαȚ ıĲȠ πȡȠȢ αȞȐȜυıȘ įİȓȖȝα. ȅ 

πȠȚȠĲȚțȩȢ (qualitative) πȡȠıįȚȠȡȚıȝȩȢ İπȚĲυȖȤȐȞİĲαȚ µİ ĲȘȞ αȞȐȜυıȘ ĲȠυ φȐıȝαĲȠȢ ĲȦȞ 

İțπİµπȩȝİȞȦȞ απȩ ĲȠ įİȓȖµα αțĲȓȞȦȞ-Χ țαȚ ĲȘȞ απȩįȠıȘ ĲȦȞ ıȤȘȝαĲȚȗȩȝİȞȦȞ φȦĲȠțȠȡυφȫȞ ıĲȚȢ 

αȞĲȓıĲȠȚȤİȢ ȤαȡαțĲȘȡȚıĲȚțȑȢ İȞȑȡȖİȚİȢ, ȠȚ ȠπȠȓİȢ İȞ ıυȞİȤİȓα ȠįȘȖȠȪȞ ıİ ıυȖțİțȡȚȝȑȞα ıĲȠȚȤİȓα. ȅ 

πȠıȠĲȚțȩȢ (quantitative) πȡȠıįȚȠȡȚıµȩȢ İπȚĲυȖȤȐȞİĲαȚ µİ țαĲȐȜȜȘȜİȢ ȕαșȝȠȞȠȝȒıİȚȢ țαȚ µİ ȤȡȒıȘ 

πȡȩĲυπȦȞ υȜȚțȫȞ αȞαφȠȡȐȢ țαȚ țαĲαȜȒȖİȚ ıĲȠȞ πȡȠıįȚȠȡȚıȝȩ ĲȦȞ ıυȖțİȞĲȡȫıİȦȞ ĲȦȞ ıĲȠȚȤİȓȦȞ πȠυ 

αȞȚȤȞİȪșȘțαȞ πȠȚȠĲȚțȐ ıĲȠ įİȓȖµα. 

Ǿ ĲİȤȞȚțȒ XRF αȞȒțİȚ ıĲȚȢ µȘ țαĲαıĲȡȠφȚțȑȢ ȝİșȩįȠυȢ αȞȐȜυıȘȢ įİȚȖȝȐĲȦȞ, αφȠȪ ĲȠ įİȓȖµα 

įİȞ υφȓıĲαĲαȚ țαȝȓα αȜȜαȖȒ ıĲȘ ȤȘµȚțȒ țαȚ ȚıȠĲȠπȚțȒ ĲȠυ ıȪıĲαıȘ țαȚ įİȞ țαșȓıĲαĲαȚ ȡαįȚİȞİȡȖȩ 

ȈȤȒȝα 2.2  ȈȤȘȝαĲȚțȒ αȞαπαȡȐıĲαıȘ įȚȐĲαȟȘȢ φșȠȡȚıȝȠȪ αțĲȓȞȦȞ Χ (EDXRF) [ȆȘȖȒ: 
Thermo Fischer Scientific] 



9 

 

ȝİĲȐ ĲȠ πȑȡαȢ ĲȘȢ αȞȐȜυıȘȢ. ǼπȓıȘȢ, İȓȞαȚ µȚα πȡȠıȚĲȒ ȝȑșȠįȠȢ απȩ ȠȚțȠȞȠȝȚțȒȢ απȩȥİȦȢ, ȜȩȖȦ ĲȠυ 

ıȤİĲȚțȐ ȤαµȘȜȠȪ țȩıĲȠυȢ απȩțĲȘıȘȢ ĲȠυ απαȚĲȠȪȝİȞȠυ İȟȠπȜȚıȝȠȪ. ǹȞȐȜȠȖα µİ ĲȠȞ įȚαșȑıȚµȠ 

İȟȠπȜȚıµȩ ȝπȠȡİȓ Ȟα İπȚĲυȖȤȐȞȠȞĲαȚ İπȓπİįα αȞȓȤȞİυıȘȢ ĲȘȢ ĲȐȟȘȢ ȜȓȖȦȞ įİțȐįȦȞ ppm. ȉȑȜȠȢ, µİ ĲȘȞ 

ĲİȤȞȚțȒ XRF αȞαȜȪȠȞĲαȚ ĲȩıȠ ıĲİȡİȐ ȩıȠ țαȚ υȖȡȐ įİȓȖȝαĲα, İφȩıȠȞ ĲȠ İπȚĲȡȑπİȚ Ș ȖİȦȝİĲȡȓα ĲȘȢ 

αȞȚȤȞİυĲȚțȒȢ įȚȐĲαȟȘȢ.  

 

2.4 ȈυȞȚıĲȫıİȢ ȝȓαȢ įȚȐĲαȟȘȢ αȞȐȜυıȘȢ XRF 

ȅȚ ȕαıȚțȑȢ ıυȞȚıĲȫıİȢ απȩ ĲȚȢ ȠπȠȓİȢ απȠĲİȜİȓĲαȚ µȓα įȚȐĲαȟȘ XRF İȓȞαȚ: 

• Ǿ įȚȐĲαȟȘ παȡαȖȦȖȒȢ ĲȘȢ įȚİȖİȓȡȠυıαȢ αțĲȚȞȠȕȠȜȓαȢ-Χ (ȝȘȤαȞȒ αțĲȓȞȦȞ-Χ) 

• Ǿ αȞȚȤȞİυĲȚțȒ įȚȐĲαȟȘ ĲȦȞ ȤαȡαțĲȘȡȚıĲȚțȫȞ αțĲȓȞȦȞ-Χ țαȚ ıυȜȜȠȖȒȢ țαȚ İπİȟİȡȖαıȓαȢ ĲȠυ 

φȐıȝαĲȠȢ 

• Ǿ țαĲαıțİυȒ ıυȖțȡȐĲȘıȘȢ ĲȠυ įİȓȖȝαĲȠȢ 

 

2.4.1 ǻȚȐĲαȟȘ παȡαȖωȖȒȢ αțĲȓȞωȞ-Χ 

Ǿ ȜİȚĲȠυȡȖȓα ĲȦȞ ȝȘȤαȞȫȞ αțĲȓȞȦȞ-Χ ıĲȘȡȓȗİĲαȚ ıĲȚȢ įȚȐφȠȡİȢ αȜȜȘȜİπȚįȡȐıİȚȢ ĲȦȞ 

ȘȜİțĲȡȠȞȓȦȞ µİ ĲȘȞ ȪȜȘ. Μȑıα ıİ µȓα ȝȘȤαȞȒ αțĲȓȞȦȞ-Χ İțπȑȝπȠȞĲαȚ ȘȜİțĲȡȩȞȚα απȩ ĲȘȞ țȐșȠįȠ Ĳα 

ȠπȠȓα İπȚĲαȤȪȞȠȞĲαȚ πȡȠȢ ĲȘȞ ȐȞȠįȠ. Ǿ İπȚĲȐȤυȞıȘ ĲȘȢ įȑıµȘȢ ĲȦȞ ȘȜİțĲȡȠȞȓȦȞ İπȚĲυȖȤȐȞİĲαȚ ȜȩȖȦ 

ĲȠυ ȘȜİțĲȡȚțȠȪ πİįȓȠυ πȠυ įȘȝȚȠυȡȖİȓĲαȚ ȝİĲαȟȪ ĲȘȢ αȞȩįȠυ țαȚ ĲȘȢ țαșȩįȠυ. ȉα ȘȜİțĲȡȩȞȚα 

πȡȠıπȓπĲȠυȞ ıĲȘȞ ȐȞȠįȠ, αȜȜȘȜİπȚįȡȠȪȞ µİ Ĳα ȐĲȠµα ĲȠυ υȜȚțȠȪ ĲȘȢ țαȚ ȤȐȞȠυȞ İȞȑȡȖİȚα µȑıȦ ȝȓαȢ 

ıİȚȡȐȢ αȜȜȘȜİπȚįȡȐıİȦȞ. ΚαĲαȡȤȒȞ, Ĳα İțπİȝπȩȝİȞα ȘȜİțĲȡȩȞȚα ȝπȠȡȠȪȞ Ȟα υπȠıĲȠȪȞ µȘ İȜαıĲȚțȒ 

ıțȑįαıȘ. ΚαĲȐ ĲȚȢ µȘ İȜαıĲȚțȑȢ ıțİįȐıİȚȢ πȠυ ȖȓȞȠȞĲαȚ µİ Ĳα ȘȜİțĲȡȩȞȚα ĲȦȞ αĲȩµȦȞ ĲȘȢ αȞȩįȠυ, 

ȝİĲαφȑȡİĲαȚ ıİ αυĲȐ İȞȑȡȖİȚα. ȅȚ ıυȞȘșȑıĲİȡİȢ µȘ İȜαıĲȚțȑȢ ıțİįȐıİȚȢ İȓȞαȚ ȠȚ ıυȖțȡȠȪıİȚȢ µİ Ĳα 

πİȡȚφİȡİȚαțȐ ȘȜİțĲȡȩȞȚα, πȠυ ıυȞȠįİȪȠȞĲαȚ απȩ ȝȚțȡȒ İȞİȡȖİȚαțȒ απȫȜİȚα αȞȐ ıȪȖțȡȠυıȘ. ΩıĲȩıȠ, 

ȝİȡȚțȑȢ φȠȡȑȢ ȠȚ ıυȖțȡȠȪıİȚȢ ȑȤȠυȞ ȦȢ απȠĲȑȜİıµα ĲȠȞ ȚȠȞȚıµȩ ĲȘȢ İıȦĲİȡȚțȒȢ ıĲȚȕȐįαȢ. Ȉİ αυĲȒ 

ĲȘȞ πİȡȓπĲȦıȘ, ȑȞα ȘȜİțĲȡȩȞȚȠ ȝȚαȢ ȐȜȜȘȢ ıĲȚȕȐįαȢ ıυȝπȜȘȡȫȞİȚ ĲȠ țİȞȩ, µİ ıυȞȑπİȚα ĲȘȞ İțπȠȝπȒ 

ȝȓαȢ Ȓ πİȡȚııȠĲȑȡȦȞ ȤαȡαțĲȘȡȚıĲȚțȫȞ αțĲȓȞȦȞ-Χ ĲȠυ υȜȚțȠȪ ĲȘȢ αȞȩįȠυ. ǹυĲȒ Ș αȜȜȘȜİπȓįȡαıȘ 

įȘȝȚȠυȡȖİȓ ĲȚȢ ȤαȡαțĲȘȡȚıĲȚțȑȢ αȚȤȝȑȢ, Ȓ ȖȡαµµȚțȩ φȐıµα (linear spectrum). 

Μȓα ȐȜȜȘ ıȘµαȞĲȚțȒ αȜȜȘȜİπȓįȡαıȘ ĲȦȞ ȘȜİțĲȡȠȞȓȦȞ İȓȞαȚ Ș İπȚȕȡȐįυȞıȘ ĲȦȞ ȘȜİțĲȡȠȞȓȦȞ 

απȩ ĲȠ ȚıȤυȡȩ ȘȜİțĲȡȠıĲαĲȚțȩ πİįȓȠ ĲȠυ πυȡȒȞα, µİ ıυȞȑπİȚα ĲȘȞ İțπȠµπȒ αțĲȚȞȠȕȠȜȓαȢ πȑįȘıȘȢ, 

πȠυ ıυȞȚıĲȐ ĲȠ ıυȞİȤȑȢ φȐıµα (continuous spectrum) ĲȦȞ αțĲȓȞȦȞ-Χ. ȉİȜȚțȐ, ĲȠ φȐıµα ĲȦȞ αțĲȓȞȦȞ-
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Χ πȠυ παȡȐȖİĲαȚ İȓȞαȚ µȓα İπαȜȜȘȜȓα ĲȠυ ıυȞİȤȠȪȢ țαȚ ĲȠυ ȖȡαµµȚțȠȪ φȐıµαĲȠȢ. ΜȚα 

ȤαȡαțĲȘȡȚıĲȚțȒ ȝȠȡφȒ φȐıȝαĲȠȢ ȝȘȤαȞȒȢ αțĲȓȞȦȞ Χ φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 2.3. 

 

ȈȤȒȝα 2.3 ȆαȡαȖȩȝİȞȠ φȐıȝα ȝȘȤαȞȒȢ αțĲȓȞȦȞ Χ 

Ǿ ȝȠȡφȒ πȠυ ȑȤİȚ ĲȠ παȡαȖȩȝİȞȠ φȐıȝα İȟαȡĲȐĲαȚ ıȘȝαȞĲȚțȐ απȩ ĲȘȞ ĲȐıȘ πȠυ İφαȡȝȩȗİĲαȚ 

ȝİĲαȟȪ αȞȩįȠυ țαȚ țαșȩįȠυ ĲȘȢ ȝȘȤαȞȒȢ αțĲȓȞȦȞ Χ. ΓȚα ĲȘȞ İφαȡȝȠȖȒ αυĲȒȢ ĲȘȢ įȚαφȠȡȐȢ įυȞαȝȚțȠȪ 

ȤȡȘıȚȝȠπȠȚİȓĲαȚ ĲȡȠφȠįȠĲȚțȩ υȥȘȜȒȢ ĲȐıȘȢ. ǲȞα İȞįİȚțĲȚțȩ İȪȡȠȢ ĲȚȝȫȞ ĲȐıȘȢ ȝİĲαȟȪ αȞȩįȠυ țαȚ 

țαșȩįȠυ πȠυ İφαȡȝȩȗİĲαȚ ıİ ȝȚα ȝȘȤαȞȒ αțĲȓȞȦȞ Χ ȝȚαȢ įȚȐĲαȟȘȢ XRF İȓȞαȚ απȩ 5 ȑȦȢ 50 kV. 

2.4.2 ȅ ǹȞȚχȞİυĲȒȢ αțĲȓȞωȞ-Χ 

ȅ αȞȚȤȞİυĲȒȢ ĲȘȢ  įȚȐĲαȟȘȢ XRF απȠĲİȜİȓ ȑȞα απȩ Ĳα ıȘȝαȞĲȚțȩĲİȡα ĲȘȢ ȝȑȡȘ, țαșȫȢ įȓȞİȚ ĲȘ 

įυȞαĲȩĲȘĲα αȞȓȤȞİυıȘȢ ĲȦȞ φȦĲȠȞȓȦȞ πȠυ παȡȐȖȠȞĲαȚ țαĲȐ ĲȠȞ φșȠȡȚıȝȩ ĲȠυ αȞαȜυȩȝİȞȠυ įİȓȖȝαĲȠȢ  

αȜȜȐ țαȚ ĲȠȞ įȚαȤȦȡȚıȝȩ ĲȦȞ αȞȚȤȞİυȩȝİȞȦȞ φȦĲȠȞȓȦȞ ȕȐıİȚ ĲȘȢ İȞȑȡȖİȚαȢ ĲȠυȢ. ΓȚα ĲȘȞ 

İφαȡȝȠȖȒ ĲȘȢ αȞȐȜυıȘȢ ȝİ φșȠȡȚıȝȩ αțĲȓȞȦȞ-Χ ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ ȘȝȚαȖȦȖȠȓ αȞȚȤȞİυĲȑȢ πυȡȚĲȓȠυ 

ȜȚșȓȠυ (ıυȞȒșȦȢ αȞαφȑȡȠȞĲαȚ ıĲȘ įȚİșȞȒ ȕȚȕȜȚȠȖȡαφȓα ȦȢ SiLi detectors, ȕȜ. ȈȤȒȝα 2.4) υπİȡυȥȘȜȒȢ 

țαșαȡȩĲȘĲαȢ, ȠȚ ȠπȠȓȠȚ İȓȞαȚ απȠĲȑȜİıȝα ȝȚαȢ απȩ  ĲȚȢ πȚȠ πȡȠıİțĲȚțȐ İȜİȖȤȩȝİȞİȢ įȚαįȚțαıȓİȢ 

țαĲαıțİυȒȢ παȖțȠıȝȓȦȢ. ȅ αȞȚȤȞİυĲȒȢ αțĲȓȞȦȞ-Χ SiLi İȓȞαȚ αȞαπȩıπαıĲȠ ȝȑȡȠȢ İȞȩȢ ıυıĲȒȝαĲȠȢ 

αȞȓȤȞİυıȘȢ αțĲȓȞȦȞ-Χ. ȅȚ αȞȚȤȞİυĲȑȢ SiLi țαȜȪπĲȠυȞ ȚțαȞȠπȠȚȘĲȚțȐ ȑȞα φȐıȝα İȞȑȡȖİȚαȢ απȩ ȝİȡȚțȑȢ 

İțαĲȠȞĲȐįİȢ eV ȑȦȢ țαȚ πȠȜȜȑȢ įİțȐįİȢ keV țαȚ ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ ıİ ȝȚα İυȡİȓα πȠȚțȚȜȓα İφαȡȝȠȖȫȞ, 

ıυȝπİȡȚȜαȝȕαȞȠȝȑȞȦȞ φșȠȡȚıȝȠȪ αțĲȓȞȦȞ-Χ țαȚ ȇǿΧǼ. ǼπȚπȜȑȠȞ, įȚαșȑĲȠυȞ πȠȜȪ įȚαțȡȚĲȚțȒ 

ȚțαȞȩĲȘĲα, įȘȜαįȒ ȚțαȞȩĲȘĲα įȚȐțȡȚıȘȢ φȦĲȠȞȓȦȞ παȡαπȜȒıȚȦȞ İȞİȡȖİȚȫȞ, αțȩȝȘ țαȚ ȖȚα įȚαφȠȡȑȢ 

ĲȘȢ ĲȐȟȘȢ ĲȦȞ 150-200 eV. ȈȘȝαȞĲȚțȒ απαȓĲȘıȘ İȞȩȢ ȘȝȚαȖȦȖȠȪ αȞȚȤȞİυĲȒ İȓȞαȚ Ș įȚαĲȒȡȘıȘ ĲȠυ ıİ 
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πȠȜȪ ȤαȝȘȜȒ șİȡȝȠțȡαıȓα, țȐĲȚ πȠυ İπȚĲυȖȤȐȞİĲαȚ țαĲȐ țȪȡȚȠ ȜȩȖȠ ȝİ παșȘĲȚțȩ ıȪıĲȘȝα ȥȪȟȘȢ 

υȖȡȠȪ αȗȫĲȠυ (LN2). ΜȚα αȞȚȤȞİυĲȚțȒ įȚȐĲαȟȘ µİ ȘȝȚαȖȦȖȩ αȞȚȤȞİυĲȒ απȠĲİȜİȓĲαȚ İȞ ȖȑȞİȚ – πȑȡαȞ 

ĲȠυ αȞȚȤȞİυĲȒ – țαȚ απȩ Ĳα İπȚµȑȡȠυȢ ȘȜİțĲȡȠȞȚțȐ ıυıĲȒµαĲα (πυȡȘȞȚțȐ ȘȜİțĲȡȠȞȚțȐ), Ĳα ȠπȠȓα İȓȞαȚ 

υπİȪșυȞα ȖȚα ĲȘȞ țαĲαȖȡαφȒ țαȚ İπİȟİȡȖαıȓα ĲȠυ ȘȜİțĲȡȚțȠȪ ıȒµαĲȠȢ πȠυ įȘȝȚȠυȡȖİȓĲαȚ απȩ ĲȘȞ 

αȞȓȤȞİυıȘ ĲȘȢ αțĲȚȞȠȕȠȜȓαȢ: 

• ȉȡȠφȠįȠĲȚțȩ υȥȘȜȒȢ ĲȐıȘȢ (High Voltage Power Supply): πȠυ İȓȞαȚ απαȡαȓĲȘĲȠ ȖȚα ĲȘȞ 

ĲȡȠφȠįȠıȓα ĲȠυ αȞȚȤȞİυĲȒ. 

• ȆȡȠİȞȚıȤυĲȒȢ (preamplifier): Ƞ ȠπȠȓȠȢ İȞȚıȤȪİȚ ĲȠ ȤαµȘȜȩ ȘȜİțĲȡȚțȩ ıȒµα ĲȠυ αȞȚȤȞİυĲȒ πȡȚȞ 

ĲȠȞ țυȡȓȦȢ İȞȚıȤυĲȒ. ǼȓȞαȚ İȞıȦȝαĲȦȝȑȞȠȢ µİ ĲȠȞ αȞȚȤȞİυĲȒ ȖȚα Ȟα İπȚĲİυȤșİȓ ȝİȓȦıȘ ĲȠυ 

ȘȜİțĲȡȠȞȚțȠȪ șȠȡȪȕȠυ țαȚ απȠĲİȜİȓ ĲȘ ȝȠȞȐįα πȡȠıαȡȝȠȖȒȢ ȝİĲαȟȪ αȞȚȤȞİυĲȒ (υȥȘȜȒ 

αȞĲȓıĲαıȘ) țαȚ țαȜȦįȓȦȞ (ȤαµȘȜȒ αȞĲȓıĲαıȘ). 

• ǼȞȚıȤυĲȒȢ (amplifier): ȆȡȩțİȚĲαȚ ȖȚα İȞȚıȤυĲȒ ĲȪπȠυ παȜµȫȞ, Ƞ ȠπȠȓȠȢ İȞȚıȤȪİȚ țαȚ 

įȚαȝȠȡφȫȞİȚ ĲȠ ȘȜİțĲȡȚțȩ ıȒµα ıĲȘȞ ȑȟȠįȠ ĲȠυ πȡȠİȞȚıȤυĲȒ, ȫıĲİ Ȟα απȠțĲȒıİȚ țαĲȐȜȜȘȜȘ 

ȝȠȡφȒ ȖȚα ĲȘȞ İȞ ıυȞİȤİȓα İπİȟİȡȖαıȓα ĲȠυ ıȒµαĲȠȢ. 

• ǻȚαȤȦȡȚıĲȒȢ ȪȥȠυȢ παȜµȫȞ: įȑȤİĲαȚ ĲȠυȢ αȞαȜȠȖȚțȠȪȢ παȜµȠȪȢ απȩ ĲȠȞ İȞȚıȤυĲȒ, 

απȠȡȡȓπĲȠȞĲαȢ ȩıȠυȢ İȓȞαȚ İțĲȩȢ ĲȦȞ ȠȡȓȦȞ πȠυ ȑȤȠυȞ Ĳİșİȓ. 

• ΚαĲαȝİĲȡȘĲȒȢ: ȤȡȘıȚȝȠπȠȚİȓĲαȚ ȖȚα ĲȘȞ țαĲαȖȡαφȒ ĲȦȞ παȜµȫȞ πȠυ πȡȠȑȡȤȠȞĲαȚ απȩ ĲȠȞ 

įȚαȤȦȡȚıĲȒ. 

• ǹȞαȜȠȖȠȥȘφȚαțȩȢ µİĲαĲȡȠπȑαȢ: įȑȤİĲαȚ ĲȠ αȞαȜȠȖȚțȩ ıȒµα απȩ ĲȠȞ İȞȚıȤυĲȒ țαȚ ĲȠ 

ȝİĲαĲȡȑπİȚ ıİ ȥȘφȚαțȩ ıȒµα. 

• ȆȠȜυțαȞαȜȚțȩȢ αȞαȜυĲȒȢ: ΚαĲαȖȡȐφİȚ ĲȘȞ ȥȘφȚαțȒ πȜȘȡȠφȠȡȓα πȠυ πȡȠțȪπĲİȚ ȝİĲȐ ĲȘȞ 

αȞαȜȠȖȠȥȘφȚαțȒ ȝİĲαĲȡȠπȒ. ȈυȤȞȐ Ȓ ȝȠȞȐįα αυĲȒ įȚαșȑĲİȚ İȞıȦȝαĲȦȝȑȞȠ ADC. ǼπȚțȠȚȞȦȞİȓ 

µİ Ǿ/Ȋ ȖȚα µİĲαφȠȡȐ ĲȘ απȠșȒțİυıȘ țαȚ απİȚțȩȞȚıȘ ĲȠυ φȐıµαĲȠȢ, µȑıȦ țαĲȐȜȜȘȜȠυ 

ȜȠȖȚıµȚțȠȪ. 
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• ΜȠȞȐįα NIM-BIN: ıĲȘ ȝȠȞȐįα αυĲȒ ıυȞįȑȠȞĲαȚ ȩȜİȢ ȠȚ υπȩȜȠȚπİȢ ȝȠȞȐįİȢ. 

2.4.3 ȁȠȚπȑȢ ıυȞȚıĲȫıİȢ ȝȚαȢ įȚȐĲαȟȘȢ φșȠȡȚıµȠȪ αțĲȓȞωȞ-Χ (XRF) 

ΚαĲȐ ĲȘȞ İφαȡȝȠȖȒ ĲȘȢ ĲİȤȞȚțȒȢ XRF, πȑȡαȞ ĲȘȢ πȘȖȒȢ αțĲȓȞȦȞ Χ țαȚ ĲȠυ αȞȚȤȞİυĲȒ 

αțĲȚȞȠȕȠȜȓαȢ, İȓȞαȚ įυȞαĲȩ Ȟα ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ țαȚ µȓα ıİȚȡȐ αțȩµα απȩ ıυȞȚıĲȫıİȢ, µİ ıĲȩȤȠ ĲȘ 

ȡȪșȝȚıȘ ĲȘȢ įȑıµȘȢ ĲȘȢ αțĲȚȞȠȕȠȜȓαȢ-Χ, αȜȜȐ țαȚ ĲȠυ παȡαȖȩȝİȞȠυ φȐıµαĲȠȢ φșȠȡȚıµȠȪ. ȈĲȘ 

ıυȞȑȤİȚα παȡαĲȓșİĲαȚ ȑȞαȢ țαĲȐȜȠȖȠȢ απȩ ĲȚȢ ıυȞȘșȑıĲİȡα ȤȡȘıȚȝȠπȠȚȠȪȝİȞİȢ ıυȞȚıĲȫıİȢ: 

• ΦȓȜĲȡα πȘȖȒȢ: παȡİµȕȐȜȜȠȞĲαȚ ȝİĲαȟȪ ĲȘȢ πȘȖȒȢ αțĲȓȞȦȞ-Χ țαȚ ĲȠυ įİȓȖȝαĲȠȢ, ȠȪĲȦȢ ȫıĲİ, 

İȓĲİ απȜȫȢ ȖȚα Ȟα ȝİȚȦșİȓ ĲȠ υπȩıĲȡȦµα (φȓȜĲȡα απȠȡȡȩφȘıȘȢ), İȓĲİ ȖȚα Ȟα ȝİȚȦșİȓ ĲȠ 

υπȩıĲȡȦµα țαȚ Ȟα ȕİȜĲȚȦșİȓ Ƞ φșȠȡȚıµȩȢ (φȓȜĲȡα φșȠȡȚıµȠȪ). Ȉİ παȡαȖȡȐφȠυȢ ĲȘȢ ǻǼ πȠυ 

αțȠȜȠυșȠȪȞ πİȡȚȖȡȐφȠȞĲαȚ ȠȚ ĲȪπȠȚ φȓȜĲȡȦȞ πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ ıĲȠ παȡİȜșȩȞ țαȚ țαĲȐ 

ĲȘȞ İțπȩȞȘıȘ ĲȘȢ ǻǼ. 

• ΚαĲİυșυȞĲȒȡαȢ įȑıµȘȢ (collimator): ĲȠπȠșİĲİȓĲαȚ ıĲȘȞ ȑȟȠįȠ ĲȘȢ ȝȘȤαȞȒȢ αțĲȓȞȦȞ-Χ 

(ıυȞȘșȑıĲİȡα), ȫıĲİ Ȟα πİȡȚȠȡȓȗİĲαȚ ĲȘ ȖȦȞȓα ĲȘȢ įȑıµȘȢ țαȚ Ȟα πİȡȚȠȡȓȗȠȞĲαȚ φȦĲȩȞȚα πȠυ 

șα ıțİįαıĲȠȪȞ İțĲȩȢ ĲȠυ ıĲȩȤȠυ, țαȚ İȞįİȤȠȝȑȞȦȢ șα țαĲİυșυȞșȠȪȞ πȡȠȢ ĲȠȞ αȞȚȤȞİυĲȒ. 

 ǼπȚπȜȑȠȞ ĲȦȞ φȓȜĲȡȦȞ ıİ ȝȓα įȚȐĲαȟȘ XRF ȝπȠȡȠȪȞ Ȟα ȤȡȘıȚȝȠπȠȚȘșȠȪȞ ıυȞȚıĲȫıİȢ ȩπȦȢ 

įİυĲİȡȠȖİȞİȓȢ ıĲȩȤȠȚ, ȠȚ ȠπȠȓȠȚ įȚİȖİȓȡȠȞĲαȚ µİ įȑıµȘ αțĲȓȞȦȞ-Χ țαȚ ȜİȚĲȠυȡȖȠȪȞ ȦȢ πȘȖȒ αțĲȓȞȦȞ-Χ, 

ȈȤȒȝα 2.4 ΗȝȚαȖȦȖȩȢ αȞȚȤȞİυĲȒȢ SiLi, ȝȚα απȩ ĲȚȢ ıȘȝαȞĲȚțȩĲİȡİȢ ıυȞȚıĲȫıİȢ ȝȚα įȚȐĲαȟȘȢ φșȠȡȚıȝȠȪ 
αțĲȓȞȦȞ Χ [ȆȘȖȒ: Canberra Inc.] 
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İțπȑȝπȠȞĲαȢ φȦĲȩȞȚα ȤαȡαțĲȘȡȚıĲȚțȫȞ İȞİȡȖİȚȫȞ ĲȠυ υȜȚțȠȪ ĲȠυ ıĲȩȤȠυ. ȉα φȦĲȩȞȚα αυĲȐ İȞ 

ıυȞİȤİȓα ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ ȦȢ įȚİȖİȓȡȠυıα αțĲȚȞȠȕȠȜȓα.  

 ΜȚα αțȩȝȘ ıȘȝαȞĲȚțȒ παȡȐȝİĲȡȠȢ ĲȘȢ ĲİȤȞȚțȒȢ XRF İȓȞαȚ Ș αĲȝȩıφαȚȡα ıĲȘȞ ȠπȠȓα 

πȡαȖȝαĲȠπȠȚİȓĲαȚ Ș αțĲȚȞȠȕȩȜȘıȘ ĲȠυ įİȓȖȝαĲȠȢ. ȈυȞȒșȦȢ Ș αțĲȚȞȠȕȩȜȘıȘ ȖȓȞİĲαȚ ıİ ıυȞșȒțİȢ 

πİȡȚȕȐȜȜȠȞĲȠȢ. ȊπȐȡȤȠυȞ ȩȝȦȢ įȚαĲȐȟİȚȢ XRF ȩπȠυ ĲȠ įİȓȖµα ĲȠπȠșİĲİȓĲαȚ ıĲȠ țİȞȩ țαșȫȢ țαȚ 

įȚαĲȐȟİȚȢ ȩπȠυ ĲȠ įİȓȖµα ĲȠπȠșİĲİȓĲαȚ ıİ πİȡȚȕȐȜȜȠȞ He. ȅȚ įȚαĲȐȟİȚȢ υπȩ țİȞȩ Ȓ πȜȘȡȦȝȑȞİȢ µİ He 

ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ ȖȚα αȞȓȤȞİυıȘ φȦĲȠȞȓȦȞ πȠȜȪ ȤαµȘȜȫȞ İȞİȡȖİȚȫȞ, țαșȫȢ Ƞ αȑȡαȢ İȓȞαȚ ıȘµαȞĲȚțȩȢ 

παȡȐȖȠȞĲαȢ İȟαıșȑȞȘıȘȢ ȖȚα αυĲȐ Ĳα φȦĲȩȞȚα. ȈĲα πȜαȓıȚα ĲȘȢ ǻǼ įİȞ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ 

įİυĲİȡȠȖİȞİȓȢ ıĲȩȤȠȚ, İȞȫ Ș αĲȝȩıφαȚȡα ȜİȚĲȠυȡȖȓαȢ ȒĲαȞ αȑȡαȢ ıİ αĲȝȠıφαȚȡȚțȒ πȓİıȘ. 

 

2.5 Η įȚȐĲαȟȘ (XRF) ĲȠυ ǼȆȉ-ǼȂȆ 

ȈĲȘȞ παȡȐȖȡαφȠ αυĲȒ πİȡȚȖȡȐφȠȞĲαȚ, ȝİ ȩıȘ ȜİπĲȠȝȑȡİȚα țȡȓȞİĲαȚ απαȡαȓĲȘĲȠ ȖȚα ĲȚȢ αȞȐȖțİȢ 

ĲȘȢ ǻǼ ȠȚ ıυȞȚıĲȫıİȢ ĲȘȢ įȚȐĲαȟȘȢ XRF ĲȠυ ǼȆȉ-ǼΜȆ, πİȡȚııȩĲİȡα ȝπȠȡİȓ Ȟα αȞαȗȘĲȘșȠȪȞ ıİ 

πȡȠȘȖȠȪȝİȞİȢ ǻǼ. [1]
  

 

2.5.1 Η ȝȘχαȞȒ παȡαȖωȖȒȢ αțĲȓȞωȞ-Χ ĲȠυ ǼȂȆ-ǼȆȉ 

ΓȚα ĲȘȞ παȡαȖȦȖȒ αțĲȓȞȦȞ-X ȤȡȘıȚȝȠπȠȚİȓĲαȚ șȐȜαµȠȢ αțĲȓȞȦȞ-X, µİ παȡȐșυȡȠ ıĲȠ πȜȐȚ 

(side window), ȝȠȞĲȑȜȠ XTF5011 ĲȘȢ İĲαȚȡİȓαȢ Oxford, ȝȑȖȚıĲȘȢ ȚıȤȪȠȢ 50 W, µİ ȡυșȝȚȗȩȝİȞȘ ĲȐıȘ 

ȜİȚĲȠυȡȖȓαȢ ıĲȘȞ πİȡȚȠȤȒ 4.0-50.0 kV țαȚ ȡİȪµα ȜİȚĲȠυȡȖȓαȢ ıĲȘȞ πİȡȚȠȤȒ 0-1000 ȝA. Ǿ ȐȞȠįȠȢ ĲȘȢ 

ȝȘȤαȞȒȢ İȓȞαȚ țαĲαıțİυαıȝȑȞȘ απȩ ȝȠȜυȕįαȓȞȚȠ (ΜȠ) țαȚ Ș țȐșȠįȠȢ įȚαșȑĲİȚ șİȡȝαȚȞȩȝİȞȠ ȞȒȝα 

ȕȠȜφȡαȝȓȠυ (W). ȉȠ ıȘµİȓȠ İıĲȓαıȘȢ (focal spot) ĲȘȢ ȝȘȤαȞȒȢ αțĲȓȞȦȞ-Χ ȑȤİȚ įȚαıĲȐıİȚȢ 150x70µm. 

ȉȠ πȜαȧȞȩ παȡȐșυȡȠ İȓȞαȚ țαĲαıțİυαıȝȑȞȠ απȩ Be πȐȤȠυȢ 0.254 mm. ȅȚ αțĲȓȞİȢ-Χ İȟȑȡȤȠȞĲαȚ απȩ 

ĲȘ µȝȘȤαȞȒ υπȩ ĲȘȞ ȝȠȡφȒ țȦȞȚțȒȢ įȑıµȘȢ ȖȦȞȓαȢ 22º. 

ΓȚα ĲȘȞ απαȖȦȖȒ ĲȘȢ șİȡµȩĲȘĲαȢ πȠυ παȡȐȖİĲαȚ ıĲȘȞ ȐȞȠįȠ țαĲȐ ĲȘȞ παȡαȖȦȖȒ ĲȦȞ 

αțĲȓȞȦȞ-Χ, Ș șȐȜαµȠȢ ĲȘȢ ȝȘȤαȞȒȢ πİȡȚȑȤİȚ İȚįȚțȩ ȥυțĲȚțȩ ȑȜαȚȠ. ȈȪµφȦȞα µİ ĲȠȞ țαĲαıțİυαıĲȒ, Ș 

șİȡȝȠțȡαıȓα ıĲȘȞ İπȚφȐȞİȚα ĲȘȢ ȝȘȤαȞȒȢ įİȞ șα πȡȑπİȚ Ȟα υπİȡȕİȓ ĲȠυȢ 55ºC. ȆȡȠȢ αυĲȒ ĲȘȞ 

țαĲİȪșυȞıȘ ıυȝȕȐȜȜİȚ Ș ıυȞİȤȒȢ παȡαțȠȜȠȪșȘıȘ ĲȘȢ șİȡȝȠțȡαıȓαȢ µȑıȦ İȞȩȢ İȞıȦȝαĲȦȝȑȞȠυ İț 

țαĲαıțİυȒȢ șİȡȝȠıĲȠȚȤİȓȠυ, țαșȫȢ țαȚ İȞȩȢ πȡȩıșİĲȠυ șİȡȝȠıĲȠȚȤİȓȠυ ĲȪπȠυ Κ İπȚțȠȜȜȘȝȑȞȠυ 

İȟȦĲİȡȚțȐ, ȝİ ĲȠ ȠπȠȓȠ ȖȓȞİĲαȚ ıυȞİȤȒȢ ıυȞİȤȒȢ παȡαțȠȜȠȪșȘıȘ ĲȘȢ șİȡȝȠțȡαıȓαȢ ĲȘȢ ȝȘȤαȞȒȢ. 
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Ǿ ȝȘȤαȞȒ αțĲȓȞȦȞ-Χ șȦȡαțȓȗİĲαȚ απȩ αȞȠȟİȓįȦĲȠ αĲıȐȜȚȞȠ țȪȜȚȞįȡȠ µİ ıĲȡȫµα ȝȠȜȪȕįȠυ, 

ȠįȘȖȫȞĲαȢ ıİ ȡυșµȩ ȑțșİıȘȢ ȜȩȖȦ įȚαȡȡȑȠυıαȢ αțĲȚȞȠȕȠȜȓαȢ ȝȚțȡȩĲİȡȠ ĲȦȞ 0.25mR/hr ıİ απȩıĲαıȘ 

2". ȅ șȐȜαµȠȢ αțĲȓȞȦȞ-Χ, Ƞ șȐȜαµȠȢ ȥυțĲȚțȠȪ İȜαȓȠυ țαȚ Ș țυȜȚȞįȡȚțȒ șȦȡȐțȚıȘ απȠĲİȜȠȪȞ ȑȞα 

İȞȚαȓȠ İț țαĲαıțİυȒȢ ıȪıĲȘµα. 

ΓȚα ĲȘȞ παȡȠȤȒ ĲȘȢ υȥȘȜȒȢ ĲȐıȘȢ ĲȘȢ ȝȘȤαȞȒȢ ȤȡȘıȚȝȠπȠȚİȓĲαȚ ĲȡȠφȠįȠĲȚțȩ ĲȘȢ İĲαȚȡİȓαȢ 

Spellman ȝȠȞĲȑȜȠ XPM50P50x2372, µİ įυȞαĲȩĲȘĲα ȡȪșȝȚıȘȢ ĲȘȢ υȥȘȜȒȢ ĲȐıȘȢ ıĲȘȞ πİȡȚȠȤȒ 4-50 

kV țαȚ ĲȠυ ȡİȪµαĲȠȢ ıĲȘȞ πİȡȚȠȤȒ 0-1 mA (ȝȑȖȚıĲȘ ȚıȤȪȢ 50W). 

ȅ ȑȜİȖȤȠȢ ĲȘȢ ȝȘȤαȞȒȢ αțĲȓȞȦȞ-Χ ȖȓȞİĲαȚ İȟ απȠıĲȐıİȦȢ ȝȑıȦ İȚįȚțȒȢ ȝȠȞȐįαȢ İȜȑȖȤȠυ ĲȘȢ 

ȝȘȤαȞȒȢ αțĲȓȞȦȞ-Χ πȠυ ȕȡȓıțİĲαȚ ıİ ȐȜȜȠ ȤȫȡȠ ȖȚα ȜȩȖȠυȢ αıφȐȜİȚαȢ ĲȦȞ ȤȡȘıĲȫȞ. Ǿ ȝȠȞȐįα αυĲȒ 

țȜİȚįȫȞİȚ țαȚ ıυȞįȑİĲαȚ µİ įȪȠ ȜαȝπĲȒȡİȢ İȡυșȡȠȪ ȤȡȫµαĲȠȢ, ĲȠπȠșİĲȘȝȑȞȠυȢ ıİ țαĲȐȜȜȘȜİȢ șȑıİȚȢ, 

ȠȚ ȠπȠȓȠȚ πȠυ πȡȠİȚįȠπȠȚȠȪȞ ĲȠ ȤȡȒıĲȘ ȩĲαȞ Ș įȚȐĲαȟȘ İȓȞαȚ υπȩ ĲȐıȘ. ȅ ȑȞαȢ ȜαȝπĲȒȡαȢ ȕȡȓıțİĲαȚ 

ıĲȠȞ ȤȫȡȠ ĲȦȞ ȤȡȘıĲȫȞ ĲȘȢ ȝȘȤαȞȒȢ țαȚ Ƞ ȐȜȜȠȢ ıĲȘȞ İȓıȠįȠ ĲȠυ ȤȫȡȠυ αțĲȚȞȠȕȩȜȘıȘȢ. 

 

2.5.2 Η αȞȚχȞİυĲȚțȒ įȚȐĲαȟȘ SiLi ĲȠυ ǼȆȉ-ǼȂȆ  

ȅ αȞȚȤȞİυĲȒȢ SiLi (Lithium drifted Si detector) πȠυ įȚαșȑĲİȚ ĲȠ ǼȆȉ-ǼΜȆ ȖȚα ĲȚȢ αȞȐȖțİȢ ĲȘȢ 

įȚȐĲαȟȘȢ XRF İȓȞαȚ µȠȞĲȑȜȠ SSL80160 ĲȘȢ İĲαȚȡİȓαȢ Canberra Industries, µİ ıİȚȡȚαțȩ αȡȚșµȩ s/n 

1199903. ȆȡȩțİȚĲαȚ ȖȚα İπȓπİįȠ αȞȚȤȞİυĲȒ (İȞİȡȖȠȪ) İȝȕαįȠȪ 80 mm
2
 µİ πȐȤȠȢ 5 mm țαȚ (İȞİȡȖȩ) 

įȚȐµİĲȡȠ 10.1 mm. ǼȓȞαȚ țαĲαıțİυαıȝȑȞȠȢ απȩ țȡȪıĲαȜȜȠ πυȡȚĲȓȠυ (Si) p-ĲȪπȠυ υȥȘȜȒȢ İȚįȚțȒȢ 

αȞĲȓıĲαıȘȢ, ıĲȠȞ ȠπȠȓȠ ȑȤİȚ įȚαȝȠȡφȦșİȓ įȓȠįȠȢ p-i-n, ȦȢ απȠĲȑȜİıµα ȝȠȞȩπȜİυȡȘȢ įȚȐȤυıȘȢ ȚȩȞĲȦȞ 

ȜȚșȓȠυ (Li) n-ĲȪπȠυ ȝȑıα ıĲȠȞ țȡȪıĲαȜȜȠ. ȅ αȞȚȤȞİυĲȒȢ SiLi ĲȡȠφȠįȠĲİȓĲαȚ µİ αȞȐıĲȡȠφȘ ĲȐıȘ 

πȩȜȦıȘȢ -500 V, ȩπȦȢ πȡȠĲİȓȞİĲαȚ απȩ ĲȠȞ țαĲαıțİυαıĲȒ. ǼπȚπȜȑȠȞ, o αȞȚȤȞİυĲȒȢ İȓȞαȚ απαȡαȓĲȘĲȠ 

Ȟα ȥȪȤİĲαȚ ıİ șİȡȝȠțȡαıȓα υȖȡȠȪ αȗȫĲȠυ ȩĲαȞ ȕȡȓıțİĲαȚ υπȩ υȥȘȜȒ ĲȐıȘ. ȈȪµφȦȞα µİ ĲȚȢ 

πȡȠįȚαȖȡαφȑȢ ĲȠυ țαĲαıțİυαıĲȒ, ıĲȠ ȤȫȡȠ ȩπȠυ ȜİȚĲȠυȡȖİȓ Ș įȚȐĲαȟȘ απαȚĲȠȪȞĲαȚ ıυȞșȒțİȢ 

șİȡȝȠțȡαıȓαȢ 5-40ºC țαȚ ıȤİĲȚțȒȢ υȖȡαıȓαȢ <95% ȤȦȡȓȢ ıυȝπȪțȞȦıȘ. 

 ȅ αȞȚȤȞİυĲȒȢ SiLi ȑȤİȚ İȟαȚȡİĲȚțȒ įȚαțȡȚĲȚțȒ ȚțαȞȩĲȘĲα, µİ İȪȡȠȢ ȘµȓıİȦȢ ȪȥȠυȢ (FWHM) 

160eV ıĲȘȞ İȞȑȡȖİȚα 5.9 keV ĲȠυ 
55

Fe, Ș ȠπȠȓα, ıİ ıυȞįυαıµȩ µİ ĲȘȞ ȚțαȞȩĲȘĲα απȠįȠĲȚțȒȢ 

αȞȓȤȞİυıȘȢ φȦĲȠȞȓȦȞ πȠȜȪ ȤαµȘȜȫȞ İȞİȡȖİȚȫȞ (ıĲȘȞ πİȡȚȠȤȒ İȞİȡȖİȚȫȞ ȝİȡȚțȫȞ įİțȐįȦȞ keV), ĲȠȞ 

țαșȚıĲȠȪȞ țαĲȐȜȜȘȜȠ ȖȚα İφαȡȝȠȖȑȢ XRF. 

Ǿ αȞȚȤȞİυĲȚțȒ įȚȐĲαȟȘ, πİȡȐȞ ĲȠυ αȞȚȤȞİυĲȒ SiLi απȠĲİȜİȓĲαȚ απȩ: 

 ΚȡυȠıĲȐĲȘ: ȆȡȩțİȚĲαȚ ȖȚα ĲȠ µȠȞĲȑȜȠ 7500 ĲȘȢ İĲαȚȡȓαȢ Canberra Industries Ƞ ȠπȠȓȠȢ 

πİȡȚȕȐȜȜİȚ ĲȠȞ αȞȚȤȞİυĲȒ țαȚ İȟαıφαȜȓȗİȚ ĲȘȞ ȥȪȟȘ ĲȠυ. ǻȚαșȑĲİȚ παȡȐșυȡȠ Be µİ πȐȤȠȢ 



15 

 

0.025mm, πȠυ İπȚĲȡȑπİȚ ĲȘ įȚȑȜİυıȘ ĲȦȞ φȦĲȠȞȓȦȞ ȤαµȘȜȫȞ İȞİȡȖİȚȫȞ ıĲȠȞ αȞȚȤȞİυĲȒ. ȈĲȠȞ 

țȡυȠıĲȐĲȘ İȓȞαȚ İȞıȦȝαĲȦȝȑȞȠȢ Ƞ πȡȠİȞȚıȤυĲȒȢ ĲȘȢ įȚȐĲαȟȘȢ, µȠȞĲȑȜȠ 2008 ĲȘȢ İĲαȚȡİȓαȢ 

Canberra Industries. Ǿ ĲȠπȠșȑĲȘıȘ ĲȠυ πȡȠİȞȚıȤυĲȒ İȞĲȩȢ ĲȠυ țȡυȠıĲȐĲȘ İπȚĲȡȑπİȚ ĲȘȞ ȥȪȟȘ 

ĲȠυ, µİ ıυȞȑπİȚα ĲȘ ȝİȓȦıȘ ĲȠυ ȘȜİțĲȡȠȞȚțȠȪ șȠȡȪȕȠυ. 

 ǻȠȤİȓȠ υȖȡȠȪ αȗȫĲȠυ: ΧȡȘıȚȝȠπȠȚİȓĲαȚ ȖȚα ĲȘȞ ȥȪȟȘ ĲȠυ αȞȚȤȞİυĲȒ. ȉȠ υȖȡȩ ȐȗȦĲȠ ȑȤİȚ ȡυșµȩ 

țαĲαȞȐȜȦıȘȢ ȝȚțȡȩĲİȡȠ απȩ 1.8 ȜȓĲȡα αȞȐ Șµȑȡα, ıȪµφȦȞα µİ ĲȠȞ țαĲαıțİυαıĲȒ țαȚ 

πȜȘȡȠȪĲαȚ țȐșİ İȕįȠȝȐįα. 

Ǿ ȜİȚĲȠυȡȖȓα ĲȠυ αȞȚȤȞİυĲȒ SiLi υπȠıĲȘȡȓȗİĲαȚ απȩ ĲȚȢ παȡαțȐĲȦ ȝȠȞȐįİȢ πυȡȘȞȚțȫȞ ȘȜİțĲȡȠȞȚțȫȞ 

(ȕȜ. ȈȤȒȝα 2.5): 

• ȉȡȠφȠįȠĲȚțȩ υȥȘȜȒȢ ĲȐıȘȢ (HV Power Supply): ȆȡȩțİȚĲαȚ ȖȚα ĲȠ µȠȞĲȑȜȠ 3102 ĲȘȢ Canberra 

Industries, ĲȠ ȠπȠȓȠ ȤȡȘıȚȝȠπȠȚİȓĲαȚ ȖȚα ĲȘȞ ĲȡȠφȠįȠıȓα ĲȠυ αȞȚȤȞİυĲȒ µİ αȞȐıĲȡȠφȘ πȩȜȦıȘ 

ĲȦȞ -500V. 

• ǼȞȚıȤυĲȒȢ ȪȥȠυȢ παȜµȫȞ: ȆȡȩțİȚĲαȚ ȖȚα ĲȠ µȠȞĲȑȜȠ 2025 ĲȘȢ Canberra Industries πȠυ 

ȤȡȘıȚȝȠπȠȚİȓĲαȚ ȖȚα ĲȘȞ İȞȓıȤυıȘ țαȚ įȚαȝȩȡφȦıȘ ĲȠυ ıȒµαĲȠȢ ĲȠυ πȡȠİȞȚıȤυĲȒ. 

• ΦȠȡȘĲȩȢ πȠȜυțαȞαȜȚțȩȢ αȞαȜυĲȒȢ: ȆȡȩțİȚĲαȚ ȖȚα ĲȠ µȠȞĲȑȜȠ Pocket MCA8000A ĲȘȢ İĲαȚȡȓαȢ 

Amptek Industries. ȈυȞįȑİĲαȚ µİ Ǿ/Ȋ ȝȑıȦ απȜȒȢ ıİȚȡȚαțȒȢ șȪȡαȢ țαȚ ĲȡȠφȠįȠĲİȓĲαȚ µİ 

ȘȜİțĲȡȚțȩ ȡİȪµα απȩ ĲȠ įȓțĲυȠ Ȓ απȩ 2 ȝπαĲαȡȓİȢ ĲȦȞ 1.5V. ǻȚαșȑĲİȚ ȝȞȒµȘ 16000 țαȞαȜȚȫȞ. 

 

 Ǿ ıυȜȜȠȖȒ țαȚ İπİȟİȡȖαıȓα ĲȠυ φȐıµαĲȠȢ ĲȠυ πȠȜυțαȞαȜȚțȠȪ αȞαȜυĲȒ ȖȓȞİĲαȚ ıİ 

ıυȞįİįİȝȑȞȠ Ǿ/Ȋ İφȠįȚαıȝȑȞȠ ȝİ țαĲȐȜȜȘȜȠ ȜȠȖȚıȝȚțȩ ĲȘȢ İĲαȚȡİȓαȢ Amptek Industries. ǲȞα 

ȤαȡαțĲȘȡȚıĲȚțȩ παȡȐįİȚȖȝα φȐıȝαĲȠȢ αțĲȓȞȦȞ Χ πȠυ ȜαȝȕȐȞİĲαȚ απȩ ĲȘȞ αȞȚȤȞİυĲȚțȒ įȚȐĲαȟȘ țαĲȐ 

ĲȘȞ αȞȐȜυıȘ ȝİ ĲİȤȞȚțȒ φșȠȡȚıȝȠȪ αțĲȓȞȦȞ Χ φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 2.6. 
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ȈȤȒȝα 2.6 ǻİȓȖȝα φȐıȝαĲȠȢ φșȠȡȚıȝȠȪ įİȓȖȝαĲȠȢ ȝİ αțĲȓȞİȢ Χ 

 

(α)    (ȕ)      (Ȗ)   
Σχήµα 2.5 (α) ȅ αȞȚȤȞİυĲȒȢ SiLi, µİ ĲȠȞ πȡȠİȞȚıȤυĲȒ, ĲȠȞ țȡυȠıĲȐĲȘ țαȚ ĲȠ įȠȤİȓȠ υȖȡȠȪ αȗȫĲȠυ, (ȕ) 

ĲȠ παȡȐșυȡȠ Be ĲȠυ αȞȚȤȞİυĲȒ țαȚ (Ȗ) Ƞ İȞȚıȤυĲȒȢ ȪȥȠυȢ παȜµȫȞ (αȡȚıĲİȡȐ), Ƞ İȜİȖțĲȒȢ ıĲȐșµȘȢ 
αȗȫĲȠυ (µȑıȠ) țαȚ ĲȠ ĲȡȠφȠįȠĲȚțȩ υȥȘȜȒȢ ĲȐıȘȢ ĲȠυ αȞȚȤȞİυĲȒ (įİȟȚȐ) [ǻ.Ǽ. ΒȜαııȩπȠυȜȠυ, 2013]. 
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2.5.3 ΓİωȝİĲȡȓα ĲȘȢ įȚȐĲαȟȘȢ XRF ĲȠυ ǼȆȉ-ǼȂȆ 

ȈĲȘȞ παȡȐȖȡαφȠ αυĲȒ πİȡȚȖȡȐφİĲαȚ Ș ȖİȦȝİĲȡȓα αȞȐȜυıȘȢ ĲȘȢ įȚȐĲαȟȘȢ XRF ĲȠυ ǼȆȉ-ǼΜȆ. Ǿ 

ȝȘȤαȞȒ αțĲȓȞȦȞ-Χ ȕȡȓıțİĲαȚ İȖțαĲİıĲȘȝȑȞȘ πȐȞȦ ıİ ȑȞα ıĲαșİȡȩ İȡȖαıĲȘȡȚαțȩ ĲȡαπȑȗȚ, ȑĲıȚ ȫıĲİ Ș 

İȟİȡȤȩȝİȞȘ įȑıµȘ Ȟα ȑȤİȚ įȚİȪșυȞıȘ ȠȡȚȗȩȞĲȚα. ȅ αȞȚȤȞİυĲȒȢ İȓȞαȚ ĲȠπȠșİĲȘȝȑȞȠȢ πȐȞȦ απȩ ĲȠ įȠȤİȓȠ 

υȖȡȠȪ αȗȫĲȠυ ȝİ ĲȠ παȡȐșυȡȠ ĲȠυ αȞȚȤȞİυĲȒ ıĲȡαµȑȞȠ πȡȠȢ Ĳα πȐȞȦ. ȉȠ įȠȤİȓȠ ĲȠυ υȖȡȠȪ αȗȫĲȠυ 

İȓȞαȚ ĲȠπȠșİĲȘȝȑȞȠ ıĲȠ πȐĲȦȝα. ȉȠ πȡȠȢ αȞȐȜυıȘ įİȓȖµα ĲȠπȠșİĲİȓĲαȚ υπȩ țȜȓıȘ 45
Ƞ
 πȡȠȢ ĲȠ İπȓπİįȠ 

ĲȠυ ĲȡαπİȗȚȠȪ, ıİ ĲȑĲȠȚα șȑıȘ ȫıĲİ αυĲȩ Ȟα αțĲȚȞȠȕȠȜİȓĲαȚ απȩ ĲȘ įȑıµȘ ĲȘȢ ȝȘȤαȞȒȢ αțĲȓȞȦȞ-Χ țαȚ 

Ș φșȠȡȓȗȠυıα αțĲȚȞȠȕȠȜȓα απȩ ĲȠ įİȓȖµα Ȟα φĲȐȞİȚ ıĲȠȞ αȞȚȤȞİυĲȒ µȑıȦ ȝȚαȢ ȠπȒȢ įȚαȝȑĲȡȠυ 13cm 

ıĲȘȞ İπȚφȐȞİȚα ĲȠυ ĲȡαπİȗȚȠȪ, ȕȜ. ȈȤȒȝα 2.5. ȉȠ įİȓȖµα ĲȠπȠșİĲİȓĲαȚ 10cm απȩ ĲȠȞ αȞȚȤȞİυĲȒ țαȚ 

15.5cm απȩ ĲȘȞ ȑȟȠįȠ ĲȘȢ ȝȘȤαȞȒȢ αțĲȓȞȦȞ-Χ. Ǿ ıυȖțȡȩĲȘıȘ ĲȘȢ įȚȐĲαȟȘȢ παȡȠυıȚȐȗİĲαȚ ıĲȠ ȈȤȒµα 

2.7 
[5]

. ΓȚα ĲȘȞ αȞȐȜυıȘ πİȡȚȕαȜȜȠȞĲȚțȫȞ įİȚȖȝȐĲȦȞ, ĲȠ įİȓȖµα παȡαıțİυȐȗİĲαȚ ıİ ȝȠȡφȒ įȚıțȓȦȞ 

(pellets) įȚαıĲȐıİȦȞ Φ38x7mm µİ ȤȡȒıȘ υįȡαυȜȚțȒȢ πȡȑıαȢ ȝȑıα ıİ țυȜȚȞįȡȚțȐ țυȐșȚα αȜȠυȝȚȞȓȠυ, 

[5]
. 

 

 

 

 

ȅȚ ȜȠȚπȑȢ ıυȞȚıĲȫıİȢ ĲȘȢ įȚȐĲαȟȘȢ XRF 
[5], (ȕȜ. ȈȤȒȝα 2.9) İȓȞαȚ: 

ȈȤȒȝα 2.7 ȈțαȡȓφȘȝα ĲȘȢ αȞȚȤȞİυĲȚțȒȢ įȚȐĲαȟȘȢ XRF ĲȠυ ǼȆȉ – ǼΜȆ  
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• ǺȐıȘ ıĲȒȡȚȟȘȢ ĲȠυ įİȓȖȝαĲȠȢ (holder): ǼȓȞαȚ țαĲαıțİυαıȝȑȞȘ απȩ plexiglass țαȚ İπȚĲȡȑπİȚ ĲȘ 

ıĲαșİȡȒ ĲȠπȠșȑĲȘıȘ ĲȠυ įİȓȖȝαĲȠȢ υπȩ ȖȦȞȓα 45
Ƞ
. ȉȠ įİȓȖµα ĲȠπȠșİĲİȓĲαȚ ȑĲıȚ ȫıĲİ Ș 

İȜİȪșİȡȘ İπȚφȐȞİȚȐ ĲȠυ Ȟα įȑȤİĲαȚ ĲȘ įȑıµȘ αțĲȓȞȦȞ-Χ απȩ ĲȘ ȝȘȤαȞȒ țαȚ ıυȖȤȡȩȞȦȢ ȠȚ 

αțĲȓȞİȢ-Χ πȠυ İțπȑȝπȠȞĲαȚ απȩ ĲȠ įİȓȖµα Ȟα țαĲİυșȪȞȠȞĲαȚ πȡȠȢ ıĲȠȞ αȞȚȤȞİυĲȒ. 

• ΚαĲİυșυȞĲȒȢ įȑıµȘȢ (collimator): ΧȡȘıȚµȠπȠȚİȓĲαȚ πȡȠțİȚȝȑȞȠυ Ȟα πİȡȚȠȡȓȗİĲαȚ ĲȠ πȜȒșȠȢ 

ĲȦȞ αțĲȓȞȦȞ-Χ πȠυ φșȐȞȠυȞ ıĲȠȞ αȞȚȤȞİυĲȒ ȤȦȡȓȢ Ȟα πȡȠȑȡȤȠȞĲαȚ απȩ ĲȠ įİȓȖµα. ȅȚ αțĲȓȞİȢ-

Χ αυĲȑȢ, ȝİĲȐ απȩ ıțȑįαıȘ ıĲȠȞ πİȡȚȕȐȜȜȠȞĲα ȤȫȡȠ, İȓȞαȚ įυȞαĲȩȞ Ȟα φĲȐıȠυȞ ıĲȠȞ 

αȞȚȤȞİυĲȒ, ıυȞİȚıφȑȡȠȞĲαȢ ıĲȠ ıυȞİȤȑȢ υπȩıĲȡȦµα. ǹπȠĲİȜİȓĲαȚ απȩ įȪȠ țυȜȓȞįȡȠυȢ ȝȒțȠυȢ 

7.5cm, ȑȞαȞ İȟȦĲİȡȚțȩ απȩ αȜȠυµȓȞȚȠ țαȚ ȑȞαȞ İıȦĲİȡȚțȩ απȩ plexiglass. ȅ țȪȜȚȞįȡȠȢ 

αȜȠυȝȚȞȓȠυ ȑȤİȚ İȟȦĲİȡȚțȒ įȚȐµİĲȡȠ 60mm țαȚ İıȦĲİȡȚțȒ 16mm țαȚ ĲȠπȠșİĲİȓĲαȚ ȝπȡȠıĲȐ 

απȩ ĲȘȞ ȑȟȠįȠ ĲȘȢ ȝȘȤαȞȒȢ αțĲȓȞȦȞ-Χ. ȈĲȠ İıȦĲİȡȚțȩ ĲȠυ πİȡȚȑȤİĲαȚ Ƞ įαțĲȪȜȚȠȢ απȩ 

plexiglass, İȟȦĲİȡȚțȒȢ įȚαȝȑĲȡȠυ 16mm țαȚ İıȦĲİȡȚțȒȢ 14.3mm. ȅ İıȦĲİȡȚțȩȢ įαțĲȪȜȚȠȢ απȩ 

plexiglass ȤȡȘıȚµȠπȠȚİȓĲαȚ ȖȚα απȠțȠπȒ ĲȦȞ ȤαȡαțĲȘȡȚıĲȚțȫȞ αțĲȓȞȦȞ-Χ ĲȦȞ πȡȠıµȓȟİȦȞ ĲȠυ 

țυȜȓȞįȡȠυ απȩ αȜȠυµȓȞȚȠ. ȈĲα įȪȠ Ȑțȡα ĲȠυ țαĲİυșυȞĲȒ υπȐȡȤȠυȞ İȚįȚțȑȢ įȚαȝȠȡφȫıİȚȢ ȖȚα 

ĲȘȞ ĲȠπȠșȑĲȘıȘ φȓȜĲȡȦȞ, 
[1]

. 

• ΦȓȜĲȡα: ȆȡȩțİȚĲαȚ φȓȜĲȡα αȜȠυȝȚȞȓȠυ (Al) υȥȘȜȒȢ țαșαȡȩĲȘĲαȢ πȐȤȠυȢ 0.3mm țαȚ φȓȜĲȡα 

PVC πȐȤȠυȢ 0.02cm, Ĳα ȠπȠȓα ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ ȖȚα ĲȘȞ απȠțȠπȒ ĲȦȞ φȦĲȠȞȓȦȞ ȤαµȘȜȫȞ 

İȞİȡȖİȚȫȞ ĲȠυ ıυȞİȤȠȪȢ φȐıµαĲȠȢ ĲȘȢ ȝȘȤαȞȒȢ țαȚ ĲȘ ȝİȓȦıȘ ĲȠυ ıυȞİȤȠȪȢ υπȠıĲȡȫȝαĲȠȢ 

ĲȠυ φȐıµαĲȠȢ ıĲȘȞ πİȡȚȠȤȒ ȤαµȘȜȫȞ İȞİȡȖİȚȫȞ. ȉα φȓȜĲȡα PVC ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ ȖȚα ĲȘȞ 

İȟαıșȑȞȘıȘ ĲȦȞ ȤαȡαțĲȘȡȚıĲȚțȫȞ απȩ ĲȚȢ πȡȠıµȓȟİȚȢ πȠυ υπȐȡȤȠυȞ ıĲα φȓȜĲȡα αȜȠυȝȚȞȓȠυ. 

ǼπȚπȜȑȠȞ, İȓȞαȚ įυȞαĲȩ Ȟα ȤȡȘıȚȝȠπȠȚȘșȠȪȞ φȓȜĲȡα Zr țαȚ φȓȜĲȡα Mo Ĳα ȠπȠȓα įȚαĲȓșİȞĲαȚ ıĲȠ 

ǼȆȉ-ǼΜȆ ȖȚα ĲȘȞ απȠțȠπȒ φȦĲȠȞȓȦȞ ȤαȝȘȜȫȞ İȞİȡȖİȚȫȞ, ȝİȓȦıȘ ĲȠυ ıυȞİȤȠȪȢ φȐıȝαĲȠȢ 

țαȚ İȞȓıȤυıȘ ĲȦȞ ȤαȡαțĲȘȡȚıĲȚțȫȞ αțĲȓȞȦȞ-Χ ĲȠυ Zr Ȓ ĲȠυ ΜȠ αȞĲȓıĲȠȚȤα. ȈĲα πȜαȓıȚα ĲȘȢ 

ǻǼ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ φȓȜĲȡα Al țαȚ φȓȜĲȡα Mo, țαȚ Ș İπȓįȡαıȘ ĲȠυȢ ıĲȚȢ αȞαȜȪıİȚȢ ĲȦȞ 

φαıȝȐĲȦȞ πİȡȚȖȡȐφȠȞĲαȚ αȞαȜυĲȚțȐ ıĲȠ Κİφ. 6. 

• ΘȦȡȐțȚıȘ αȞȚȤȞİυĲȒ: πİȡȚȕȐȜȜİȚ ĲȠȞ αȞȚȤȞİυĲȒ șȦȡαțȓȗȠȞĲαȢ ĲȠȞ απȩ αȞİπȚșȪȝȘĲȘ 

αțĲȚȞȠȕȠȜȓα țυȡȓȦȢ ȜȩȖȦ ıțİįȐıİȦȞ ĲȦȞ αțĲȓȞȦȞ-Χ. Ǿ șȦȡȐțȚıȘ İȓȞαȚ țαĲαıțİυαıȝȑȞȘ απȩ 

ıυȞșİĲȚțȩ υȜȚțȩ etalon. 

• ǺȐıȘ ȝȘȤαȞȒȢ αțĲȓȞȦȞ-Χ: ıĲȘȡȓȗİȚ ĲȘ ȝȘȤαȞȒ țαȚ ĲȠȞ țαĲİυșυȞĲȒ įȑıµȘȢ ıĲαșİȡȐ πȐȞȦ ıĲȠ 

ĲȡαπȑȗȚ. ǼȓȞαȚ țαĲαıțİυαıȝȑȞȘ απȩ ıυȞșİĲȚțȩ υȜȚțȩ etalon țαȚ Al. 
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• ΘȦȡȐțȚıȘ ȩȜȘȢ ĲȘȢ įȚȐĲαȟȘȢ: Ǿ ȩȜȘ įȚȐĲαȟȘ ĲȘȢ πȘȖȒȢ αțĲȓȞȦȞ-Χ țαȚ ĲȠυ αȞȚȤȞİυĲȒ (µİ 

İȟαȓȡİıȘ Ĳα πυȡȘȞȚțȐ ȘȜİțĲȡȠȞȚțȐ țαȚ ĲȘ įȚȐĲαȟȘ İȜȑȖȤȠυ ĲȘȢ įȚȐĲαȟȘȢ) ȕȡȓıțİĲαȚ ıİ ȤȫȡȠ 

πȠυ ȑȤİȚ įȚαµȠȡφȦșİȓ ıİ ıȤȒµα ȜαȕυȡȓȞșȠυ µİ πȜȐțİȢ ȖȡαφȓĲȘ (πȐȤȠυȢ ~20cm). ΓȚα İπȚπȜȑȠȞ 

șȦȡȐțȚıȘ, ȝȑıα ıĲȠȞ ȜαȕȪȡȚȞșȠ țαȚ πȡȠȢ ĲȘȞ πȜİυȡȐ ĲȦȞ ȤİȚȡȚıĲȫȞ ȑȤİȚ ıȤȘµαĲȚıșİȓ ĲȠȓȤȠȢ 

απȩ ĲȠȪȕȜα ȝȩȜυȕįȠυ πȐȤȠυȢ 5cm, ȪȥȠυȢ 20cm țαȚ ȝȒțȠυȢ 30cm ȖȪȡȦ απȩ ĲȘ ȝȘȤαȞȒ 

αțĲȓȞȦȞ-Χ. 

 

 

 

2.6 ȆαȡαıțİυȒ įİȚȖȝȐĲωȞ ȖȚα αȞȐȜυıȘ XRF ıĲȠ ǼȆȉ-ǼȂȆ 

 ΜȑȤȡȚ ĲȘȞ ȑȞαȡȟȘ ĲȘȢ ǻǼ, Ĳα įİȓȖȝαĲα Ĳα ȠπȠȓα İπȡȩțİȚĲȠ Ȟα αȞαȜυșȠȪȞ ȝİ ĲȘȞ ĲİȤȞȚțȒ 

φșȠȡȚıȝȠȪ XRF ıĲȠ ǼȆȉ –ǼΜȆ παȡαıțİυȐȗȠȞĲȠ ıİ ȝȠȡφȒ pellet ȝİ ȤȡȒıȘ υįȡαυȜȚțȒȢ πȡȑıαȢ [1][2]
. 

Ǿ įȚαįȚțαıȓα αυĲȒ İȓȞαȚ αȡțİĲȐ απαȚĲȘĲȚțȒ țαȚ ȤȡȠȞȠȕȩȡα, țαșȫȢ πȡȠȨπȠșȑĲİȚ ĲȘȞ ıυȞİȤȒ 

İȞαıȤȩȜȘıȘ ĲȠυ İȡİυȞȘĲȒ, Ƞ ȠπȠȓȠȢ țαȜİȓĲαȚ Ȟα țȠȞȚȠπȠȚȒıİȚ ĲȩıȠ ĲȠ υȜȚțȩ ĲȠυ įİȓȖȝαĲȠȢ ȩıȠ țαȚ ĲȠ  

πȡȩıșİĲȠ ıυȞįİĲȚțȩ υȜȚțȩ, İȞȫ ıυȤȞȐ ȤȡİȚαȗȩĲαȞ πİȡȚııȩĲİȡİȢ απȩ ȝȓα įȠțȚȝȑȢ ȖȚα ĲȘȞ İπȚĲυȤȒ 

παȡαıțİυȒ ĲȠυ įİȓȖȝαĲȠȢ. ǼπȚπȜȑȠȞ, ĲȠ įİȓȖȝα įİȞ İȓȤİ țαȝȓα ıĲαșİȡȩĲȘĲα țαȚ ȝπȠȡȠȪıİ Ȟα 

țαĲαıĲȡαφİȓ ȝİ ĲȘȞ παȡαȝȚțȡȒ İπαφȒ. ȈĲα πȜαȓıȚα ĲȘȢ ǻǼ ȝİȜİĲȒșȘțİ įȚİȟȠįȚțȐ ȝȚα Ȟȑα İȞαȜȜαțĲȚțȒ 

ȝȑșȠįȠȢ παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ, Ș ȠπȠȓα παȡȠυıȚȐȗİĲαȚ αȞαȜυĲȚțȐ ıĲα țİφȐȜαȚα 3 țαȚ 4, Ș ȠπȠȓα 

ıțȠπȩ ȑȤİȚ ĲȘȞ ȕİȜĲȓȦıȘ ĲȘȢ πȠȚȩĲȘĲαȢ ĲȠυ παȡαȖȩȝİȞȠυ įİȓȖȝαĲȠȢ. ȆȡȚȞ ȩȝȦȢ πİȡȚȖȡαφİȓ Ș Ȟȑα 

ȈȤȒµα 2.8 ΓİȦȝİĲȡȓα ĲȘȢ įȚȐĲαȟȘȢ XRF ĲȠυ EȆT-ǼΜȆ [ǻ.ǻ. ȇȠȪȞȘ Ȇ., 2008] 
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ĲİȤȞȚțȒ, ıĲȚȢ παȡαȖȡȐφȠυȢ πȠυ αțȠȜȠυșȠȪȞ șα πİȡȚȖȡαφİȓ Ș ıυȝȕαĲȚțȒ ȝȑșȠįȠȢ παȡαȖȦȖȒȢ 

įİȚȖȝȐĲȦȞ ȝȑıȦ πȡȑıαȢ, ȩπȦȢ υȜȠπȠȚİȓĲαȚ ıĲȠ ǼȆȉ-ǼΜȆ. 

 

2.6.1 ȆαȡαıțİυȒ įİȚȖȝȐĲωȞ XRF ıİ ȝȠȡφȒ pellets 

 ΓȚα ĲȘȞ παȡαıțİυȒ ĲȦȞ įİȚȖȝȐĲȦȞ ıİ ȝȠȡφȒ pellets ıĲȠ ǼȆȉ-ǼΜȆ ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ Ĳα 

παȡαțȐĲȦ υȜȚțȐ țαȚ İȟȠπȜȚıȝȩȢ: 

 ȊįȡαυȜȚțȒ πȡȑıα  HERZOG, įυȞαȝȚțȩĲȘĲαȢ ȑȦȢ țαȚ 20 t, ȝİ ĲȘȞ ȠπȠȓα αıțİȓĲαȚ Ș απαȡαȓĲȘĲȘ 

πȓİıȘ ȖȚα ĲȘȞ ıυȝπȓİıȘ ĲȠυ υȜȚțȠȪ țαȚ ĲȘ įȘȝȚȠυȡȖȓα İȞȩȢ ıυȝπαȖȠȪȢ pellet. ȉȠ ȝȠȞĲȑȜȠ ĲȘȢ 

πȡȑıαȢ πȠυ ȤȡȘıȚȝȠπȠȚİȓĲαȚ φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 2.9. 

 ǹȜȠυȝȚȞȑȞȚα țυȜȚȞįȡȚțȐ țυȐșȚα įȚαıĲȐıİȦȞ Φ38x7mm Ĳα ȠπȠȓα ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ ȖȚα ĲȘ 

ıυȖțȡȐĲȘıȘ ĲȠυ υȜȚțȠȪ țαĲȐ ĲȠ πȡİıȐȡȚıȝα țαȚ ĲȘȞ απȠșȒțİυıȘ, αȜȜȐ țαȚ ȖȚα  ĲȘȞ παȡαȖȦȖȒ 

įİȚȖȝȐĲȦȞ ıĲαșİȡȒȢ ȖİȦȝİĲȡȓαȢ. 

 ȈυȞįİĲȚțȩ υȜȚțȩ (țυĲĲαȡȓȞȘ), ĲȠ ȠπȠȓȠ įȚαĲȚșİĲαȚ ıİ ȝȠȡφȒ įȚıțȓȦȞ πİȡȓπȠυ 0.2 gr, țαȚ 

ȤȡȘıȚȝȠπȠȚİȓĲαȚ ȖȚα ĲȘ ıĲαșİȡȠπȠȓȘıȘ ĲȠυ įİȓȖȝαĲȠȢ.  ȉα įȚıțȓα αȡȤȚțȐ αȜȑșȠȞĲαȚ ȑȦȢ ȩĲȠυ 

πȐȡȠυȞ ĲȘ ȝȠȡφȒ ıțȩȞȘȢ țαȚ ıĲȘ ıυȞȑȤİȚα αȞαȝȚȖȞȪȠȞĲαȚ ȝİ ĲȠ πȡȠȢ αȞȐȜυıȘ υȜȚțȩ. 

 ǼȡȖαıĲȘȡȚαțȩȢ ȗυȖȩȢ αțȡȚȕİȓαȢ OHAUS ȖȚα ĲȘ ȗȪȖȚıȘ ĲȦȞ υȜȚțȫȞ πȠυ ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ ȖȚα 

ĲȘ παȡαıțİυȒ ĲȦȞ įİȚȖȝȐĲȦȞ. 

Ǿ įȚαįȚțαıȓα ĲȘȢ παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ pellet απȠĲİȜİȓĲαȚ απȩ Ĳα παȡαțȐĲȦ ȕȒȝαĲα: 

 ǽȪȖȚıȘ ĲȠυ πȡȠȢ αȞȐȜυıȘ įİȓȖȝαĲȠȢ ıİ İȡȖαıĲȘȡȚαțȩ ȗυȖȩ. ȉȠ įİȓȖȝα πȡȑπİȚ Ȟα ȕȡȓıțİĲαȚ ıİ 

ȜİπĲȒ țȠțțȠȝİĲȡȓα. 

 ǽȪȖȚıȘ ĲȦȞ įȚıțȓȦȞ ĲȠυ ıυȞįİĲȚțȠȪ υȜȚțȠȪ (țυĲĲαȡȓȞȘ) țαȚ ȐȜİıȒ ĲȠυȢ ȝİ ıțȠπȩ Ȟα απȠțĲȒıİȚ 

ȜİπĲȒ țȠțțȠȝİĲȡȓα, ȩȝȠȚα ȝİ αυĲȒȞ ĲȠυ πȡȠȢ αȞȐȜυıȘ įİȓȖȝαĲȠȢ.  

 ΚαȜȒ αȞȐȝİȚȟȘ ĲȦȞ įȪȠ υȜȚțȫȞ. 

 ǼȚıαȖȦȖȒ ĲȠυ αȜȠυȝȚȞȑȞȚȠυ țυαșȓȠυ πȠυ șα įİȤșİȓ ĲȠ įİȓȖȝα ıĲȘȞ țυȜȚȞįȡȚțȒ ȝȒĲȡα ĲȘȢ 

πȡȑıαȢ ĲȠυ ǼȆȉ – ǼΜȆ. 

 ǼȚıαȖȦȖȒ ĲȠυ υȜȚțȠȪ ĲȠυ įİȓȖȝαĲȠȢ ıĲȘ ȝȒĲȡα.  

 ȆȡȠȠįİυĲȚțȒ αȪȟȘıȘ ĲȘȢ πȓİıȘȢ ĲȠυ İȝȕȩȜȠυ ȝȑȤȡȚ ĲȘȞ ĲȚȝȒ ĲȦȞ 10 tn țαȚ παȡαȝȠȞȒ ıĲȘȞ 

πȡȑıα ȖȚα πİȡȓπȠυ 60 s. 
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 ȆȡȠıİțĲȚțȒ αφαȓȡİıȘ ĲȠυ įİȓȖȝαĲȠȢ απȩ ĲȘ ȝȒĲȡα, ȤȡȘıȚȝȠπȠȚȫȞĲαȢ ĲȠ țαĲȐȜȜȘȜȠ ȑȝȕȠȜȠ 

ĲȘȢ πȡȑıαȢ 

 

 

2.6.2 ȆαȡαıțİυȒ įİȚȖȝȐĲωȞ pellets ȖȚα ĲȘȞ παȡȠȪıα ǻǼ 

 ΓȚα ĲȚȢ αȞȐȖțİȢ ĲȘȢ παȡȠȪıαȢ ǻǼ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ įİȓȖȝαĲα ıİ ȝȠȡφȒ pellets πȠυ İȓȤαȞ 

παȡαıțİυαıșİȓ ıĲȠ πȜαȓıȚȠ πȡȠȘȖȠȪȝİȞȦȞ ǻǼ [1][3]
 αȜȜȐ țαȚ įİȓȖȝαĲα πȠυ παȡαıțİυȐıșȘțαȞ ıĲα 

πȜαȓıȚα ĲȘȢ ǻǼ. ȈυȖțİțȡȚȝȑȞα, ȤȡİȚȐıĲȘțİ Ȟα παȡαıțİυαıșȠȪȞ įİȓȖȝαĲα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ, Ș ȠπȠȓα 

πȡȠȒȜșİ απȩ ȜȚȖȞȚĲȚțȩ ıĲαșȝȩ παȡαȖȦȖȒȢ ȘȜİțĲȡȚțȒȢ İȞİȡȖİȓαȢ ıĲȘȞ πİȡȚȠȤȒ ĲȘȢ ΜİȖαȜȩπȠȜȘȢ. ȉȠ 

υȜȚțȩ αυĲȩ ȒĲαȞ įȚαșȑıȚȝȠ ıĲȠ ǼȆȉ-ǼΜȆ απȩ πȡȠȘȖȠȪȝİȞİȢ ǻǼ 
[3]

 ıİ țȠıțȚȞȚıȝȑȞȘ ȝȠȡφȒ 

ıυȖțİțȡȚȝȑȞȘȢ țȠțțȠȝİĲȡȓαȢ, απȩ 63 ȑȦȢ 123 ȝm. ǹυĲȒ Ș țȠțțȠȝİĲȡȓα İπȚĲȡȑπİȚ ĲȘȞ țαȜȒ αȞȐȝİȚȟȘ 

ȝİ ĲȠ ıυȞįİĲȚțȩ υȜȚțȩ ȖȚα ĲȘȞ παȡαıțİυȒ ĲȠυ įİȓȖȝαĲȠȢ ȝİ ȤȡȒıȘ πȡȑıαȢ. 

Μİ ȕȐıȘ ĲȚȢ țαĲȐ ȝȐȗα αȞαȜȠȖȓİȢ πȠυ İȓȤαȞ ȤȡȘıȚȝȠπȠȚȘșİȓ ıĲȠ παȡİȜșȩȞ ıĲȠ ǼȆȉ – ǼΜȆ 

ȖȚα ĲȘȞ παȡαıțİυȒ įİȚȖȝȐĲȦȞ ȝİ ĲȘ ıυȖțİțȡȚȝȑȞȘ ȝȑșȠįȠ, İπȚȜȑȤșȘțİ Ȟα παȡαıțİυαıșȠȪȞ įİȓȖȝαĲα 

ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ȝİ αȞαȜȠȖȓα: 9.5 g Ĳȑφȡα țαȚ 1.0 g ıυȞįİĲȚțȩ υȜȚțȩ. ǹφȠȪ ȗυȖȓıșȘțαȞ Ĳα υȜȚțȐ ıİ 

ȗυȖȩ αțȡȚȕİȓαȢ, αȞαȝİȓȤșȘțαȞ ıİ πȠȡıİȜȐȞȚȞȠ ıțİȪȠȢ ȝİ ıțȠπȩ ĲȘȞ İπȓĲİυȟȘ ȠȝȠȚȠȖİȞȠȪȢ ȝİȓȖȝαĲȠȢ. 

ǼπȚıȘȝαȓȞİĲαȚ πȐȞĲȦȢ ȩĲȚ αțȩȝȘ țαȚ ȝİĲȐ απȩ πȡȠıİțĲȚțȒ αȞȐȝİȚȟȘ, Ĳα įİȓȖȝαĲα İȝφαȞȓȗȠυȞ ȠȡαĲȒ 

αȞȠȝȠȚȠȖȑȞİȚα. ȈĲȘ ıυȞİȤİȓα, αțȠȜȠυșȫȞĲαȢ Ĳα ȕȒȝαĲα πȠυ πİȡȚȖȡȐφȠȞĲαȚ ıĲȘȞ παȡαπȐȞȦ 

παȡȐȖȡαφȠ, παȡαıțİυȐȗİĲαȚ Ĳα įİȓȖȝαĲα ıĲȘȞ πȡȑıα.  

ȈȤȒȝα 2.9 ȊįȡαυȜȚțȒ πȡȑıα HERZOG  
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ȉα įİȓȖȝαĲα πȠυ πȡȠȑțυȥαȞ παȡȠυıȚȐȗȠυȞ įȪȠ ıȘȝαȞĲȚțȐ πȡȠȕȜȒȝαĲα. ȉȠ πȡȫĲȠ İȓȞαȚ Ș 

ȠȡαĲȒ αȞȠȝȠȚȠȖȑȞİȚα, Ș ȠπȠȓα ȝπȠȡİȓ Ȟα παȡαĲȘȡȘșİȓ ȝİ ȖυȝȞȩ ȝȐĲȚ απȩ ĲȘ ȤȡȦȝαĲȚțȒ įȚαφȠȡȐ 

ȝİĲαȟȪ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ țαȚ ıυȞįİĲȚțȠȪ υȜȚțȠȪ, țȐĲȚ πȠυ İȓȤİ παȡαĲȘȡȘșİȓ İȟ αȡȤȒȢ, απȩ ĲȠ ıĲȐįȚȠ 

ĲȘȢ αȞȐȝİȚȟȘȢ ĲȦȞ υȜȚțȫȞ, ȩπȠυ ȒĲαȞ αįȪȞαĲȠȞ παȡȐ ĲȘȞ ȑȞĲȠȞȘ αȞȐȝİȚȟȘ Ȟα įȘȝȚȠυȡȖȘșİȓ 

ȠȝȠȚȠȖİȞȒȢ ıțȩȞȘ. ȉȠ įİȪĲİȡȠ πȡȩȕȜȘȝα πȠυ παȡαĲȘȡȒșȘțİ ȒĲαȞ  αıĲȐșİȚα ĲȘȢ İπȚφαȞİȚαțȒȢ 

ıĲȡȫıȘȢ ĲȠυ παȡαȤșȑȞĲȠȢ įİȓȖȝαĲȠȢ, απȩ ĲȘȞ ȠπȠȓα απȠțȠȜȜȒșȘțαȞ ȠȡȚıȝȑȞα ĲȝȒȝαĲα, ȩπȦȢ 

φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 2.10, ȩπȠυ παȡȠυıȚȐȗİĲαȚ ȑȞα απȩ Ĳα įİȓȖȝαĲα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ πȠυ 

παȡαıțİυȐıĲȘțαȞ ȝİ ĲȘ ȝȑșȠįȠ ĲȘȢ πȡȑıαȢ. 

ȈȤȒȝα 2.10 ǼȜαĲĲȫȝαĲα παȡαıțİυȒȢ įİȓȖȝαĲȠȢ πȡȑıαȢ  

 

ǼȓȞαȚ πȡȠφαȞȑȢ ȩĲȚ ȑȞα ĲȑĲȠȚȠ įİȓȖȝα İȓȞαȚ παȞĲİȜȫȢ αțαĲȐȜȜȘȜȠ ȖȚα αȞȐȜυıȘ ȝİ ĲȘ ȝȑșȠįȠ 

XRF. ǼπȚπȜȑȠȞ, ȩĲȚ ĲȠ įİȓȖȝα αυĲȩ įİȞ İȓȞαȚ įυȞαĲȩ Ȟα ȤȡȘıȚȝȠπȠȚȘșİȓ ȖȚα ȜȩȖȠυȢ πȡȠıĲαıȓαȢ ĲȘȢ 

αȞȚȤȞİυĲȚțȒȢ įȚȐĲαȟȘȢ, țαșȫȢ υπȐȡȤİȚ ıȠȕαȡȒ πȚșαȞȩĲȘĲα Ȟα πȑıȠυȞ ĲȝȒȝαĲȐ ĲȠυ πȐȞȦ ıĲȠȞ 

αȞȚȤȞİυĲȒ.  
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Ǿ ȜȪıȘ πȠυ αțȠȜȠυșȒșȘțİ țαȚ Ș ȠπȠȓα İȓȤİ įȠțȚȝαıĲİȓ ıİ πȡȠȘȖȠȪȝİȞİȢ ǻǼ ȒĲαȞ Ș αφαȓȡİıȘ 

ĲȠυ υȜȚțȠȪ απȩ ĲȠ țυȐșȚȠ, țαȚ Ș İπαȞαȤȡȘıȚȝȠπȠȓȘıȘ ĲȠυ ıİ ȞȑȠ țυȐșȚȠ ȖȚα ĲȘȞ ȆαȡαıțİυȒ ȞȑȠυ 

įİȓȖȝαĲȠȢ. ȉȠ įİȓȖȝα πȠυ πȡȠȑțυȥİ αυĲȒ ĲȘ φȠȡȐ įȚȑφİȡİ ıȘȝαȞĲȚțȐ απȩ ĲȠ πȡȫĲȠ. ǳĲαȞ ȠπĲȚțȐ 

φαȞİȡȩ ȩĲȚ ȒĲαȞ πȚȠ ȠȝȠȚȠȖİȞȑȢ țαșȫȢ ȒĲαȞ αįȪȞαĲȠ Ȟα įȚαțȡȓȞİȚ țαȞİȓȢ ĲȘ įȚαφȠȡȠπȠȓȘıȘ ȝİĲαȟȪ 

ıυȞįİĲȚțȠȪ υȜȚțȠȪ țαȚ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ. ǼπȚπȜȑȠȞ, ĲȠ įİȓȖȝα ȒĲαȞ – Ȓ ĲȠυȜȐȤȚıĲȠȞ φαȚȞȩĲαȞ – πȠȜȪ  

πȚȠ ıĲαșİȡȩ țαȚ ıυȝπαȖȑȢ, ȤȦȡȓȢ Ȟα παȡαĲȘȡȠȪȞĲαȚ απȠțȠȜȜȒıİȚȢ țαȚ αφαȓȡİıȘ υȜȚțȠȪ. ȉȠ įİȪĲİȡȠ 

įİȓȖȝα πȠυ παȡαıțİυȐıĲȘțİ φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 2.11. ȆȡȑπİȚ πȐȞĲȦȢ Ȟα ĲȠȞȚıșİȓ ȩĲȚ țαȚ ıĲȘȞ 

πİȡȓπĲȦıȘ αυĲȒ įİȞ ȝπȠȡİȓ Ȟα απȠțȜİȚıĲİȓ Ș πȚșαȞȩĲȘĲα ȟαφȞȚțȒȢ țαĲȐȡȡİυıȘȢ ĲȠυ įİȓȖȝαĲȠȢ πȐȞȦ 

ıĲȠȞ αȞȚȤȞİυĲȒ, ȩĲαȞ ĲȠ įİȓȖȝα șα ĲȠπȠșİĲȘșİȓ αȞȐπȠįα. 

 

ȈȤȒȝα 2.11 ǼπȚĲυȤȒȢ παȡαıțİυȒ įİȓȖȝαĲȠȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ȑπİȚĲα απȩ İπαȞαπȡİıȐȡȚıȝα  

  

 Μİ ĲȘȞ παȡαπȐȞȦ įȚαįȚțαıȓα παȡαıțİυȐıĲȘțαȞ İπȚĲυȤȫȢ αțȩȝȘ įȪȠ įİȓȖȝαĲα ȚπĲȐȝİȞȘȢ 

ĲȑφȡαȢ (CMF7 & CMF9), ȖȚα ĲȘ įȚİȡİȪȞȘıȘ ĲȘȢ İπαȞαȜȘȥȚȝȩĲȘĲαȢ ĲȘȢ ȝİșȩįȠυ. ΚαȚ ıĲȚȢ įȪȠ 

πİȡȚπĲȫıİȚȢ įİȞ παȡαĲȘȡȒșȘțαȞ İȝφαȞİȓȢ įȚαφȠȡȑȢ ȦȢ πȡȠȢ ĲȘȞ İȝφȐȞȚıȘ țαșȫȢ Ĳα ĲİȜȚțȐ įİȓȖȝαĲα 

ȝȠȚȐȗȠυȞ παȞȠȝȠȚȩĲυπα. ȆαȡȐ ĲȘȞ İπȚĲυȤȒ παȡαıțİυȒ ĲȠυ įİȓȖȝαĲȠȢ, ıȘȝαȞĲȚțȩ İȓȞαȚ Ȟα 

ıȘȝİȚȫıȠυȝİ πȦȢ Ș įȚαįȚțαıȓα αυĲȒ, ȝαȗȓ ȝİ ĲȘȞ İπαȞαĲȠπȠșȑĲȘıȘ ĲȠυ υȜȚțȠȪ ıĲȘȞ πȡȑıα ȖȚα 

įİȪĲİȡȘ φȠȡȐ, αυȟȐȞİȚ ıȘȝαȞĲȚțȐ ĲȠȞ ȤȡȩȞȠ παȡαȖȦȖȒȢ ĲȠυ įİȓȖȝαĲȠȢ țαȚ țαșȚıĲȐ ĲȘ įȚαįȚțαıȓα 

αυĲȒ ȚįȚαȚĲȑȡȦȢ ȤȡȠȞȠȕȩȡα țαȚ απαȚĲȘĲȚțȒ, İȞȫ įİȞ ȝπȠȡİȓ Ȟα απȠțȜİȚıĲİȓ țαȚ Ș απȫȜİȚα υȜȚțȠȪ.  

Ǿ ıȪıĲαıȘ țαȚ Ș ȝȐȗα ĲȦȞ įİȚȖȝȐĲȦȞ πȠυ παȡαıțİυȐıĲȘțαȞ ıĲα πȜαȓıȚα ĲȘȢ ǻǼ ȝİ ĲȘ ȝȑșȠįȠ ĲȘȢ 

πȡȑıαȢ φαȓȞİĲαȚ ıĲȠȞ ȆȓȞαțα 2.2. 
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ȆȓȞαțαȢ 2.1 ǻİȓȖȝαĲα Pellet ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ πȠυ παȡαıțİυȐıĲȘțαȞ țαĲȐ ĲȘȞ παȡȠȪıα ǻ.Ǽ. 

Ηȝ/Ȟȓα 
ȅȞȠȝαıȓα 
įİȓȖȝαĲȠȢ 

ǼȓįȠȢ υȜȚțȠȪ 
ȈυȞȠȜȚțȒ 

ȂȐȗα [g] 

ȂȐȗα 
ǿπĲȐȝİȞȘȢ 
ĲȑφȡαȢ [g] 

ȂȐȗα 
țυĲĲαȡȓȞȘȢ  

[g] 

ȂȐȗα 
țυαșȓȠυ [g] 

20/5/16 CMF7 
ǿπĲȐȝİȞȘ 

ȉȑφȡα 
ΜİȖαȜȩπȠȜȘȢ 

11.2230 8.2920 1.2430 1.6880 

26/5/16 CMF9 
ǿπĲȐȝİȞȘ 

ȉȑφȡα 
ΜİȖαȜȩπȠȜȘȢ 

11.2303 8.3009 1.2414 1.6880 

 

 ΌπȦȢ șα φαȞİȓ ıĲȠ 6Ƞ
 ΚİφȐȜαȚȠ, ȖȚα ĲȘȞ πȠıȠĲȚțȒ αȞȐȜυıȘ ĲȦȞ παȡαπȐȞȦ įİȚȖȝȐĲȦȞ ĲȑφȡαȢ 

ȤȡȘıȚȝȠπȠȚȒșȘțαȞ: 

 įİȓȖȝα υπȩ ȝȠȡφȒ pellet πȠυ İȓȤİ παȡαıțİυαıșİȓ ȝİ ĲȘȞ παȡαπȐȞȦ įȚαįȚțαıȓα απȩ ĲȘȞ 

πȚıĲȠπȠȚȘȝȑȞȘ ȚπĲȐȝİȞȘ Ĳȑφȡα 1633 ĲȠυ NIST (National Institute of Standards, USA) ıĲȠ 

πȜαȓıȚȠ ĲȘȢ ǻǼ [3]
  

 įİȓȖȝαĲα υπȩ ȝȠȡφȒ pellet πȠυ İȓȤαȞ παȡαıțİυαıșİȓ ȝİ ĲȘȞ παȡαπȐȞȦ įȚαįȚțαıȓα απȩ πȡȩĲυπα 

υȜȚțȐ (ȠȟİȓįȚα, ȐȜαĲα țȜπ) ıĲȠ πȜαȓıȚȠ ĲȘȢ ǻǼ [1]
. 

 Ǿ ıȪıĲαıȘ ĲȦȞ įİȚȖȝȐĲȦȞ αυĲȫȞ παȡȠυıȚȐȗİĲαȚ ıĲȠȞ ȆȓȞαțα 2.2. 

ȆȓȞαțαȢ 2.3 ȈȪıĲαıȘ πȡȩĲυπȦȞ įİȚȖȝȐĲȦȞ pellet 
[1]

 

ȅȞȠȝαıȓα ǻİȓȖȝαĲȠȢ ǼȓįȠȢ υȜȚțȠȪ įİȓȖȝαĲȠȢ 
ȂȐȗα υȜȚțȠȪ 

ǻİȓȖȝαĲȠȢ [g] 

ȂȐȗα ıυȞįİĲȚțȠȪ 

υȜȚțȠȪ [g] 

CAO CaCO3  8.1665 2.3649 

FEO Fe2O3  9.8224 2.9575 

SRO SrCO3  10.0039 3.0040 

TIO TiO  9.8408 2.9580 

CUO CuO  9.8664 2.9550 

ZNO ZnO  9.8393 2.9613 

CNFA23 
ȆȚıĲȠπȠȚȘȝȑȞȘ ǿπĲȐȝİȞȘ 

Ĳȑφȡα 1633 NIST 
9.8958 2.9428 
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2.6.3 ȆȡȠȕȜȒȝαĲα πȠυ παȡȠυıȚȐȗȠυȞ Ĳα įİȓȖȝαĲα ıİ ȝȠȡφȒ pellets țαĲȐ ĲȘȞ αȞȐȜυıȘ XRF 

 Ǿ ȝȑșȠįȠȢ παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ ȝİ πȡȑıα, ȩπȦȢ πİȡȚȖȡȐφȘțİ ıĲȚȢ παȡαπȐȞȦ 

παȡαȖȡȐφȠυȢ, παȡȩĲȚ ȑȤİȚ ıȘȝαȞĲȚțȐ πȜİȠȞİțĲȒȝαĲα, ȩπȦȢ ĲȘȞ ȤȡȒıȘ απȜȫȞ υȜȚțȫȞ țαȚ Ĳα απȜȐ 

ȕȒȝαĲα παȡȠυıȚȐȗİȚ ȝİȡȚțȐ ıȘȝαȞĲȚțȐ ȝİȚȠȞİțĲȒȝαĲα ȖȚα ĲȘ ȤȡȒıȘ ıĲȘȞ αȞȐȜυıȘ XRF. ȉα 

țυȡȚȩĲİȡα ȝİȚȠȞİțĲȒȝαĲα ȖȚα ĲȘȞ αȞȐȜυıȘ ȝİ ĲȘȞ ĲİȤȞȚțȒ XRF ıĲȠ ǼȆȉ-ǼΜȆ İȓȞαȚ ıυȞȠπĲȚțȐ: 

 ǹπȠțȩȜȜȘıȘ υȜȚțȠȪ απȩ ĲȘȞ İπȚφȐȞİȚα ĲȠυ įİȓȖȝαĲȠȢ, ȩπȦȢ φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 2.10, țȐĲȚ πȠυ 

ȑȤİȚ αυȟȘȝȑȞȘ πȚșαȞȩĲȘĲα ȡȪπαȞıȘȢ Ȓ țαȚ țαĲαıĲȡȠφȒȢ ĲȘȢ αȞȚȤȞİυĲȚțȒȢ įȚȐĲαȟȘȢ Ȝ΄πȠȖȦ 

πĲȫıȘȢ υȜȚțȠȪ ıĲȠȞ αȞȚȤȞİυĲȒ SiLi.  

 ǹȞαȟȚȠπȚıĲȓα, țαșȫȢ įİȞ İȓȞαȚ πȐȞĲα ȕȑȕαȚȠ ȩĲȚ Ș παȡαıțİυȒ ĲȠυ įİȓȖȝαĲȠȢ șα İȓȞαȚ İπȚĲυȤȒȢ. 

 ǹπαȓĲȘıȘ ıȤİĲȚțȐ ȝİȖȐȜȘȢ πȠıȩĲȘĲαȢ υȜȚțȠȪ įİȓȖȝαĲȠȢ, Ș ȠπȠȓα įİȞ İȓȞαȚ πȐȞĲȠĲİ įȚαșȑıȚȝȘ. 

 ǹȞȠȝȠȚȠȖȑȞİȚα įİȓȖȝαĲȠȢ ȜȩȖȦ αĲİȜȠȪȢ αȞȐȝİȚȟȘȢ țαȚ įȚαφȠȡİĲȚțȒȢ ıȪıĲαıȘȢ ĲȠυ υȜȚțȠȪ ĲȠυ 

įİȓȖȝαĲȠȢ țαȚ ĲȠυ ıυȞįİĲȚțȠȪ υȜȚțȠȪ. Ǿ αȞȠȝȠȚȠȖȑȞİȚα αυĲȒ ȝπȠȡİȓ Ȟα İȓȞαȚ ȠȡαĲȒ țαȚ ȝİ 

ȖυȝȞȩ ȠφșαȜȝȩ. 

 ǹυĲαπȠȡȡȩφȘıȘ ĲȦȞ παȡαȖȩȝİȞȦȞ ȝȑıα ıĲȠ įİȓȖȝα ȤαȡαțĲȘȡȚıĲȚțȫȞ αțĲȓȞȦȞ-Χ ȜȩȖȦ 

αυȟȘȝȑȞȠυ πȐȤȠυȢ ĲȠυ įİȓȖȝαĲȠȢ. 

 ΧȡȠȞȠȕȩȡα țαȚ απαȚĲȘĲȚțȒ įȚαįȚțαıȓα παȡαȖȦȖȒȢ țαȚ İȞįİȤȩȝİȞȘ απȫȜİȚα υȜȚțȠȪ țαĲȐ ĲȘȞ 

παȡαıțİυȒ İȞȩȢ įİȓȖȝαĲȠȢ İȚįȚțȐ İȐȞ ȤȡİȚαıĲİȓ αυĲȒ Ȟα İπαȞαȜȘφșİȓ . 

ȉα παȡαπȐȞȦ ȝİȚȠȞİțĲȒȝαĲα ȠįȒȖȘıαȞ ıĲȘȞ αȞαȗȒĲȘıȘ απȩ ĲȠ ǼȆȉ-ǼΜȆ İȞαȜȜαțĲȚțȫȞ 

ȝİșȩįȦȞ παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ ȖȚα αȞȐȜυıȘ ȝİ φșȠȡȚıȝȩ αțĲȓȞȦȞ- Χ țαȚ ıĲȘȞ πȡȠȝȒșİȚα ĲȠυ 

İȟİȚįȚțİυȝȑȞȠυ İȟȠπȜȚıȝȠȪ πȠυ πİȡȚȖȡȐφİĲαȚ αȞαȜυĲȚțȐ ıĲȠ ΚİφȐȜαȚȠ 3. 

 

2.7 ǺαıȚțȐ ıİȞȐȡȚα αȞȐȜυıȘȢ ȝİ φșȠȡȚıȝȩ αțĲȓȞωȞ Χ ıĲȠ ǼȆȉ – ǼȂȆ 

ΌπȦȢ İȓȞαȚ ȖȞȦıĲȩ, Ș πȚșαȞȩĲȘĲα ȚȠȞȚıȝȠȪ ȝȓαȢ ıυȖțİțȡȚȝȑȞȘȢ ıĲȚȕȐįαȢ ĲȠυ αĲȩȝȠυ țαȚ țαĲ’ 

İπȑțĲαıȘ Ș πȚșαȞȩĲȘĲα İțπȠȝπȒȢ ıυȖțİțȡȚȝȑȞȦȞ ȤαȡαțĲȘȡȚıĲȚțȫȞ αțĲȓȞȦȞ-Χ απȩ ĲȠ ȐĲȠȝȠ, 

İȟαȡĲȐĲαȚ απȩ ĲȘȞ İȞȑȡȖİȚα ĲȘȢ ȚȠȞĲȓȗȠυıαȢ αțĲȚȞȠȕȠȜȓαȢ, Ș ȠπȠȓα ıĲȘȞ πİȡȓπĲȦıȘ ĲȘȢ ĲİȤȞȚțȒȢ XRF 

İȓȞαȚ ȠȚ αțĲȓȞİȢ-Χ ĲȘȢ πȘȖȒȢ. ΓȚα ĲȠ ȜȩȖȠ αυĲȩ, țαȚ πȡȠțİȚȝȑȞȠυ Ȟα ȖȓȞİȚ ȕİȜĲȚıĲȠπȠȓȘıȘ ĲȘȢ 

İțπİȝπȩȝİȞȘȢ ȤαȡαțĲȘȡȚıĲȚțȒȢ αțĲȚȞȠȕȠȜȓαȢ απȩ Ĳα įȚȐφȠȡα ıĲȠȚȤİȓα πȠυ υπȐȡȤȠυȞ ȝȑıα ıĲȠ įİȓȖȝα 

πȠυ αȞαȜȪİĲαȚ, πȡȑπİȚ Ȟα İπȚȜȑȖİĲαȚ țȐșİ φȠȡȐ Ș țαĲȐȜȜȘȜȘ İȞȑȡȖİȚα ĲȦȞ αțĲȓȞȦȞ-Χ, αȞȐȜȠȖα ȝİ ĲȠȞ 
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ǹĲȠȝȚțȩ ǹȡȚșȝȩ ĲȠυ ıĲȠȚȤİȓȠυ Ȓ ȚȤȞȠıĲȠȚȤİȓȠυ πȠυ πȡȩțİȚĲαȚ Ȟα αȞȚȤȞİυșİȓ.  ǲĲıȚ, ȖȚα ĲȠȞ 

πȡȠıįȚȠȡȚıµȩ ĲȦȞ ıĲȠȚȤİȓȦȞ țαȚ ȚȤȞȠıĲȠȚȤİȓȦȞ ıİ ȑȞα įİȓȖµα πȡαȖȝαĲȠπȠȚİȓĲαȚ țȐșİ φȠȡȐ 

αțĲȚȞȠȕȩȜȘıȘ µİ ıυȖțİțȡȚȝȑȞȠ țȐșİ φȠȡȐ «ıİȞȐȡȚȠ αțĲȚȞȠȕȩȜȘıȘȢ» (πȤ. ıυȞįυαıȝȩȢ ȊȥȘȜȒȢ ȉȐıȘȢ 

ıĲȘ ȝȘȤαȞȒ αțĲȓȞȦȞ-Χ, ȡİȪȝαĲȠȢ țαȚ φȓȜĲȡȦȞ ıĲȘȞ ȑȟȠįȠ ĲȘȢ ȝȘȤαȞȒȢ. ȈĲȠ παȡİȜșȩȞ αφȠȪ 

ȝİȜİĲȒșȘțαȞ įȚİȟȠįȚțȐ ȠȚ įυȞαĲȩĲȘĲİȢ αȞȐȜυıȘȢ ĲȘȢ įȚȐĲαȟȘȢ XRF ĲȠυ ǼȆȉ-ǼΜȆ, İȓȤαȞ İπȚȜİȖİȓ 

ĲİȜȚțȐ πȑȞĲİ «ıİȞȐȡȚα αțĲȚȞȠȕȩȜȘıȘȢ» Ĳα ȠπȠȓα țαȚ İȓȤαȞ πȡȠĲαșİȓ ȖȚα ĲȠȞ πȠıȠĲȚțȩ πȡȠıįȚȠȡȚıµȩ 

ĲȦȞ įȚαφȩȡȦȞ ȚȤȞȠıĲȠȚȤİȓȦȞ ıİ ȑȞα įİȓȖµα. ǲĲıȚ, ȖȚα țȐșİ ȚȤȞȠıĲȠȚȤİȓȠ ȤȡȘıȚȝȠπȠȚİȓĲȠ ĲȠ ıİȞȐȡȚȠ ĲȠ 

ȠπȠȓȠ İȓȤİ țȡȚșİȓ ȦȢ ȕȑȜĲȚıĲȠ ȖȚα ĲȠȞ πȡȠıįȚȠȡȚıµȩ ĲȠυ. ȉα ıİȞȐȡȚα αυĲȐ παȡȠυıȚȐȗȠȞĲαȚ 

ȠȝαįȠπȠȚȘȝȑȞα ıĲȠȞ παȡαțȐĲȦ πȓȞαțα : 

ȆȓȞαțαȢ 2.3 ǺαıȚțȐ ıİȞȐȡȚα αțĲȚȞȠȕȩȜȘıȘȢ ȝİ ĲȘ įȚȐĲαȟȘ XRF ĲȠυ ǼȆȉ-ǼΜȆ 
[1][2][3]

 

ȈİȞȐȡȚα  ȈĲȠȚχİȓα πȠυ αȞȚχȞİȪȠȞĲαȚ 

15kV, 1 φȓȜĲȡȠ Al  Ca , Ti , V , Mn , Fe , Cu , Zn 

25kV,  6 φȓȜĲȡα Al  As , Pb , Rb , Sr , Hg 

30kV,  φȓȜĲȡȠ Zr  Sb, Pb , Rb , Sr , Hg 

50kV,  18 φȓȜĲȡα Al  Cs , Ba 

50kV,  φȓȜĲȡȠ Zr  Ba, Ag 

 

ȈĲȘȞ παȡȠȪıα ǻǼ ȩπȦȢ șα  πİȡȚȖȡαφİȓ αȞαȜυĲȚțȐ ıĲȠ 6
Ƞ
 KİφȐȜαȚȠ, įȚİȡİυȞȒșȘțαȞ ȠȡȚıȝȑȞα απȩ 

αυĲȐ Ĳα ıİȞȐȡȚα, αȜȜȐ įȠțȚȝȐıĲȘțαȞ țαȚ țαȚȞȠȪȡȚα ȩπȦȢ ĲȠ ıİȞȐȡȚȠ ȝİ ȊȥȘȜȒ ȉȐıȘ 30kV ıİ 

ıυȞįυαıȝȩ ȝİ ĲȘ ȤȡȒıȘ φȓȜĲȡωȞ ȂȠ.  

 

2.8 ȁȠȖȚıȝȚțȩ αȞȐȜυıȘȢ φαıȝȐĲωȞ αțĲȓȞωȞ-Χ ıĲȠ ǼȆȉ – ǼȂȆ 

 ΓȚα ĲȘȞ αȞȐȜυıȘ ĲȦȞ φαıµȐĲȦȞ φșȠȡȚıȝȠȪ αțĲȓȞȦȞ-Χ πȠυ ıυȜȜȑȖȠȞĲαȚ ıĲȠȞ αȞȚȤȞİυĲȒ țαĲȐ 

ĲȘȞ αțĲȚȞȠȕȩȜȘıȘ ĲȦȞ įİȚȖȝȐĲȦȞ, ıĲȠ ǼȆȉ-ǼΜȆ ȤȡȘıȚȝȠπȠȚİȓĲȠ ȝȑȤȡȚ ĲȘȞ ȑȞαȡȟȘ ĲȘȢ ǻǼ ĲȠ 

ȜȠȖȚıȝȚțȩ WinQXAS (Quantitative X-ray Analysis System for Windows), ĲȠ ȠπȠȓȠ İȓȞαȚ Ș πȜȑȠȞ 

πȡȩıφαĲȘ İȜİȪșİȡȘ ȑțįȠıȘ ĲȠυ ȜȠȖȚıµȚțȠȪ αȞȐȜυıȘȢ φαıµȐĲȦȞ AXIL 
[2]

. ȅȚ ȜİȚĲȠυȡȖȓİȢ țαȚ Ƞ 

ȤİȚȡȚıµȩȢ ĲȠυ πȡȠȖȡȐȝȝαĲȠȢ WinQXAS πİȡȚȖȡȐφİĲαȚ αȞαȜυĲȚțȐ ıİ πȡȠȘȖȠȪȝİȞȘ ǻǼ [ǻ.Ǽ. ǺαȡįαȕȐ 

ǹȚț., 2008]. ȉȠ ȜȠȖȚıµȚțȩ αυĲȩ İȓȤİ αȡȤȚțȐ αȞαπĲυȤșİȓ υπȩ ĲȘȞ αȚȖȓįα ĲȠυ ǻȅǹǼ (1987-1994) țαȚ 

ȑțĲȠĲİ ıυȞİȤȫȢ ȕİȜĲȚȫȞİĲαȚ. Ǿ ȑțįȠıȘ WinQXAS ĲȠυ ȜȠȖȚıµȚțȠȪ αȞȐȜυıȘȢ ȜİȚĲȠυȡȖİȓ παȡαșυȡȚțȐ 

țαȚ ȝȠȜȠȞȩĲȚ İȓȞαȚ πȚȠ φȚȜȚțȒ πȡȠȢ ĲȠ ȤȡȒıȘ, απȩ ĲȘȞ παȜȚȩĲİȡȘ ȑțįȠıȘ QXAS ĲȠυ AXIL, įİȞ 
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πİȡȚȜαȝȕȐȞİȚ ȠȡȚıȝȑȞİȢ ȜİȚĲȠυȡȖȓİȢ ȩπȦȢ π.Ȥ. Ș įȚȩȡșȦıȘ ĲȘȢ İπȚφȐȞİȚαȢ φȦĲȠțȠȡυφȒȢ (peakshape 

correction). ΓȚα ĲȠ ȜȩȖȠ αυĲȩ ıĲȠ ǼȆȉ-ǼΜȆ ıυȤȞȐ İπȚȜİȖȩĲαȞ ıĲȠ παȡİȜșȩȞ Ș ȤȡȒıȘ ĲȘȢ ȑțįȠıȘȢ  

QXAS ĲȠυ ȜȠȖȚıȝȚțȠȪ 
[1]

, Ș ȠπȠȓα  ȜİȚĲȠυȡȖİȓ ıİ πİȡȚȕȐȜȜȠȞ MS-DOS țαȚ πİȡȚȜαȝȕȐȞİȚ ȠȡȚıȝȑȞİȢ 

İπȚπȡȩıșİĲİȢ įυȞαĲȩĲȘĲİȢ, ȠȚ ȠπȠȓİȢ ıİ ȠȡȚıȝȑȞİȢ πİȡȚπĲȫıİȚȢ ȝπȠȡİȓ Ȟα İπȚφȑȡİȚ ıȘµαȞĲȚțȒ 

ȕİȜĲȓȦıȘ ıĲα απȠĲİȜȑıµαĲα ĲȘȢ  αȞȐȜυıȘȢ.  

 ǺαıȚțȩ ȝİȚȠȞȑțĲȘȝα ĲȘȢ ȑțįȠıȘȢ QXAS Ș ȠπȠȓα ȤȡȘıȚȝȠπȠȚȒșȘțİ ıĲȠ ǼȆȉ-ǼΜȆ ȖȚα 

αȞαȜȪıİȚȢ įİȓȖȝαĲȠȢ  ΆıțȘıȘȢ ǻȚαıȪȖțȡȚıȘȢ (Intercomparison) ĲȠυ ǻȚİșȞȠȪȢ ȅȡȖαȞȚıȝȠȪ ǹĲȠȝȚțȒȢ 

ǼȞȑȡȖİȚαȢ (International Atomic Energy Agency [1] İȓȞαȚ ȩĲȚ  İȓȞαȚ įȪıțȠȜȠ ıĲȘ ȤȡȒıȘ ȝİ απȠĲȑȜİıȝα 

Ȟα țαșȚıĲȐ ȤȡȠȞȠȕȩȡİȢ ĲȚȢ ĲυȤȩȞ įȠțȚȝȑȢ țαȚ įȚȠȡșȫıİȚȢ π.Ȥ. ǼȞįİȚțĲȚțȐ αȞαφȑȡİĲαȚ ȩĲȚ ȠȚ 

ıυȞĲİȜİıĲȑȢ İυαȚıșȘıȓαȢ πȠυ πȡȠțȪπĲȠυȞ απȩ ĲȘȞ αȞȐȜυıȘ πȡȩĲυπȦȞ įİȚȖȝȐĲȦȞ πȡȑπİȚ Ȟα 

İȚıȐȖȠȞĲαȚ  țȐșİ φȠȡȐ ıĲȠ αȡȚșȝȘĲȚțȩ αȡȤİȓȠ ĲȠ ȠπȠȓȠ ȤȡȘıȚȝȠπȠȚİȓĲαȚ ȖȚα ĲȘȞ πȠıȠĲȚțȒ αȞȐȜυıȘ 

ȐȖȞȦıĲȠυ įİȓȖȝαĲȠȢ. ΓȚα ĲȠυȢ ȜȩȖȠυȢ αυĲȠȪȢ ĲȠ ǼȆȉ-ǼΜȆ πȡȠȤȫȡȘıİ ıĲȘ įȚȐȡțİȚα ĲȘȢ ǻǼ ıĲȘȞ 

πȡȠȝȒșİȚα ĲȘȢ πȜȑȠȞ πȡȩıφαĲȘȢ țαȚ İȝπȠȡȚțȒȢ ȑțįȠıȘȢ B-AXIL (πȡȠȝȘșİυĲȒȢ ȒĲαȞ Ș İĲαȚȡİȓα 

BRIGHTSPEC), Ș ȠπȠȓα ȜİȚĲȠυȡȖİȓ ıİ παȡαșυȡȚțȩ πİȡȚȕȐȜȜȠȞ, ȑȤİȚ İȞıȦȝαĲȫıİȚ ȩȜİȢ ĲȚȢ 

įυȞαĲȩĲȘĲİȢ αȞȐȜυıȘȢ φȦĲȠțȠȡυφȫȞ țαȚ İȓȞαȚ πȠȜȪ πȚȠ φȚȜȚțȒ ıĲȠ ȤȡȒıĲȘ. ΌȜİȢ ȠȚ πȠıȠĲȚțȑȢ 

αȞαȜȪıİȚȢ ĲȦȞ įİȚȖȝȐĲȦȞ ıĲȠ πȜαȓıȚȠ ĲȘȢ παȡȠȪıαȢ ǻǼ ȑȖȚȞαȞ ȝİ ȤȡȒıȘ ĲȠυ ȜȠȖȚıȝȚțȠȪ αυĲȠȪ B-

AXIL, ĲȠ ȠπȠȓȠ παȡȠυıȚȐȗİĲαȚ ıĲȠ 5Ƞ
 ΚİφȐȜαȚȠ ĲȘȢ ǻȚπȜȦȝαĲȚțȒȢ ǼȡȖαıȓαȢ.  
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ȀİφȐȜαȚȠ 3 

ȆαȡαıțİυȒ įİȚȖȝȐĲȦȞ XRF ȝİ ıȪȞĲȘȟȘ ȕȠȡȚțȫȞ αȜȐĲȦȞ 

 

3.1 ΕȚıαȖȦȖȒ  

Ǿ αȞȐȖțȘ ȖȚα țαȜȪĲİȡȘ πȠȚȩĲȘĲα įİȚȖȝȐĲȦȞ (ȠȝȠȚȠȖȑȞİȚα, πȠȚȩĲȘĲα İπȚφȐȞİȚαȢ, 

İπαȞαȜȘȥȚȝȩĲȘĲα, ıĲαșİȡȩĲȘĲα țȜπ) İȚįȚțȐ ıĲȘȞ πİȡȓπĲȦıȘ αȞαȜȪıİȦȞ ȝİ ĲȘȞ ĲİȤȞȚțȒ XRF 

απαȚĲİȓ ıυȞİȤȒ πȡȠıπȐșİȚα ȕİȜĲȓȦıȘȢ țαȚ ĲυπȠπȠȓȘıȘȢ ĲȘȢ ıȤİĲȚțȒȢ įȚαįȚțαıȓαȢ. ΌπȦȢ ȑȤİȚ 

ȒįȘ φαȞİȓ  ıĲȠ πȡȠȘȖȠȪȝİȞȠ ȀİφȐȜαȚȠ, ȑȞαȢ ıȘȝαȞĲȚțȩȢ παȡȐȖȠȞĲαȢ πȠυ İπȘȡİȐȗİȚ Ĳα 

απȠĲİȜȑıȝαĲα ĲȘȢ αȞȐȜυıȘȢ İȓȞαȚ Ș ȠȝȠȚȠȖȑȞİȚα ĲȦȞ įİȚȖȝȐĲȦȞ. ȉα ıĲİȡİȐ įİȓȖȝαĲα πȠυ 

παȡȐȖȠȞĲαȚ απȩ ĲȘȞ πȡȑıα (pellets) įİȞ İȟαıφαȜȓȗȠυȞ πȐȞĲȠĲİ ĲȘȞ İπȚșυȝȘĲȒ ȠȝȠȚȠȖȑȞİȚα țαȚ 

ıυȞȒșȦȢ İȝφαȞȓȗȠυȞ țαȚ ȐȜȜİȢ αįυȞαȝȓİȢ, ȩπȦȢ αȞαφȑȡİĲαȚ αȞαȜυĲȚțȐ ıĲȘȞ παȡȐȖȡαφȠ 2.6.3 

ĲȠυ 2Ƞυ
 ȀİφαȜαȓȠυ. ȈĲȘȞ πȡȠıπȐșİȚα αȞĲȚȝİĲȫπȚıȘȢ ĲȦȞ πȡȠȕȜȘȝȐĲȦȞ αυĲȫȞ, ĲȠ ǼȆȉ-ǼȂȆ 

ıĲȡȐφȘțİ ıĲȘȞ ĲİȤȞȚțȒ παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ ȝİ ıȪȞĲȘȟȘ ĲȠυ υȜȚțȠȪ ȝαȗȓ ȝİ ȕȠȡȚțȐ ȐȜαĲα 

țαȚ πȡȠȤȫȡȘıİ ıĲȘȞ πȡȠȝȒșİȚαȢ ĲȘȢ ıȤİĲȚțȒȢ İȚįȚțȒȢ ıυıțİυȒȢ. ȈĲȠ țİφȐȜαȚȠ αυĲȩ 

παȡȠυıȚȐȗİĲαȚ αȞαȜυĲȚțȐ αυĲȒ Ș ĲİȤȞȚțȒ, Ƞ İȟȠπȜȚıȝȩȢ πȠυ ȑȤİȚ ıĲȘ įȚȐșİıȒ ĲȠυ πȜȑȠȞ ĲȠ 

ǼȆȉ-ǼȂȆ țαȚ ȠȚ ȕαıȚțȑȢ ȜİȚĲȠυȡȖȓİȢ ĲȠυ.   

 

3.2 ȈȪȞĲȘȟȘ ȝİ ȕȠȡȚțȐ ȐȜαĲα 

ȅ ȩȡȠȢ «ıȪȞĲȘȟȘ» İȓȞαȚ ȑȞαȢ İυȡȪȢ ȩȡȠȢ πȠυ αȞαφȑȡİĲαȚ ıĲȘȞ ĲȒȟȘ įȚαφȩȡȦȞ ȠυıȚȫȞ 

πȠυ ȑȤȠυȞ πȡȠȘȖȠυȝȑȞȦȢ αȞαȝİȚȤșİȓ. ȈȘȝαȞĲȚțȩ İȓȞαȚ Ȟα αȞαφİȡșİȓ ȩĲȚ Ƞ ȩȡȠȢ αυĲȩȢ įİȞ αφȠȡȐ 

ĲȘȞ πυȡȘȞȚțȒ ıȪȞĲȘȟȘ, țαĲȐ ĲȘȞ ȠπȠȓα ȑȤȠυȝİ ıυȞȑȞȦıȘ İȜαφȡȫȞ πυȡȒȞȦȞ țαȚ įȘȝȚȠυȡȖȓα 

İȞȩȢ ȕαȡȪĲİȡȠυ πυȡȒȞα. ȈĲα πȜαȓıȚα ĲȘȢ ǻǼ Ƞ ȩȡȠȢ ıȪȞĲȘȟȘ ȤȡȘıȚȝȠπȠȚİȓĲαȚ απȠțȜİȚıĲȚțȐ ȖȚα 

ĲȘȞ πİȡȚȖȡαφȒ ĲȠυ φαȚȞȠȝȑȞȠυ ĲȘȢ ĲȒȟȘȢ ȠυıȚȫȞ πȠυ ȑȤȠυȞ αȞαȝİȚȤșİȓ. Ǿ ĲİȤȞȚțȒ ĲȘȢ ıȪȞĲȘȟȘȢ 

ȑȤİȚ ıυȞȒșȦȢ ıĲȩȤȠ ĲȘȞ ȝİĲαĲȡȠπȒ ıĲİȡİȫȞ įİȚȖȝȐĲȦȞ ıİ ıȪȞșİĲα υȜȚțȐ, Ĳα ȠπȠȓα 

įȚİυțȠȜȪȞȠυȞ ĲȘ įȚαįȚțαıȓα αȞȐȜυıȘȢ ĲȠυȢ. ȉȠ ĲİȜȚțȩ απȠĲȑȜİıȝα ĲȘȢ ıȪȞĲȘȟȘȢ ȝπȠȡİȓ Ȟα 

İȓȞαȚ İȓĲİ ȑȞα υȖȡȩ įȚȐȜυȝα, İȓĲİ ȑȞα ıĲİȡİȩ (ȘȝȚ)- įȚȐφαȞȠ υȜȚțȩ.  
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 ȂȚα απȩ ĲȚȢ πȚȠ įȚαįİįȠȝȑȞİȢ ĲİȤȞȚțȑȢ ıȪȞĲȘȟȘȢ İȓȞαȚ Ș ıȪȞĲȘȟȘ ȝİ ȤȡȒıȘ ȕȠȡȚțȫȞ 

αȜȐĲȦȞ. ȉα ȕȠȡȚțȐ ȐȜαĲα πȠυ țυȡȓȦȢ ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ ıȒȝİȡα İȓȞαȚ įȪȠ: ȉȠ ȂİĲαȕȠȡȚțȩ 

ȁȓșȚȠ (Lithium Metaborate, ȕȜ. ȈȤȒȝα 3.1), ȝİ ȝȠȡȚαțȩ ĲȪπȠ LiBOଶ  țαȚ ĲȠ ȉİĲȡαȕȠȡȚțȩ ȁȓșȚȠ 

(Lithium Tetraborate, ȕȜ. ȈȤȒȝα 3.2), ȝİ ȝȠȡȚαțȩ ĲȪπȠ LiଶBସO7..   

 

 ȉȠ ıȘȝαȞĲȚțȩ πȜİȠȞȑțĲȘȝα πȠυ πȡȠıφȑȡİȚ Ș ȤȡȒıȘ ĲȦȞ παȡαπȐȞȦ ȠυıȚȫȞ ȦȢ 

ıυıĲαĲȚțȐ ıȪȞĲȘȟȘȢ İȓȞαȚ ĲȠ ȖİȖȠȞȩȢ ȩĲȚ Ĳα ȕȠȡȚțȐ ȐȜαĲα – ȦȢ ĲȒȖȝαĲα – ȝπȠȡȠȪȞ Ȟα 

įȚαȜȪıȠυȞ παȡȐ πȠȜȜȐ įȚαφȠȡİĲȚțȐ ȒįȘ υȜȚțȫȞ. ȂİȡȚțȐ παȡαįİȓȖȝαĲα ĲȑĲȠȚȦȞ υȜȚțȫȞ İȓȞαȚ: 

ȠȡυțĲȐ, țİȡαȝȚțȐ υȜȚțȐ, ıțȦȡȓα țαȚ ĲıȚȝȑȞĲα.  

Ǿ įȚαįȚțαıȓα ĲȘȢ ıȪȞĲȘȟȘȢ ȟİțȚȞȐ αȡȤȚțȐ ȝİ ȑȞα ȝİȓȖȝα ĲȠυ πȡȠȢ įȚȐȜυıȘ υȜȚțȠȪ țαȚ 

ȕȠȡȚțȫȞ αȜȐĲȦȞ ıİ ıĲİȡİȒ ȝȠȡφȒ țαȚ ıİ șİȡȝȠțȡαıȓα įȦȝαĲȓȠυ. ȈĲȘ ıυȞȑȤİȚα, ĲȠ ȝİȓȖȝα 

șİȡȝαȓȞİĲαȚ ıİ υȥȘȜȒ șİȡȝȠțȡαıȓα, ȝİĲαȟȪ 800 ℃ țαȚ 1100 ℃, ȠπȩĲİ Ĳα ȕȠȡȚțȐ ȐȜαĲα 

ĲȒțȠȞĲαȚ, İπȚĲȡȑπȠȞĲαȢ ĲȘ įȚȐȜυıȘ ĲȠυ ıĲİȡİȠȪ υȜȚțȠȪ. ΈĲıȚ, παȡȐȖİĲαȚ ȑȞα įȚȐȜυȝα ĲȠυ πȡȠȢ 

αȞȐȜυıȘ υȜȚțȠȪ ıİ ĲȒȖȝα ȕȠȡȚțȫȞ αȜȐĲȦȞ. ȈĲȘ ıυȞȑȤİȚα, İȐȞ ĲȠ įȚȐȜυȝα ȥυȤșİȓ αȡȖȐ, 

ıĲİȡİȠπȠȚİȓĲαȚ παȡȐȖȠȞĲαȢ ȑȞα ȠȝȠȖİȞȑȢ, ıĲİȡİȩ, υαȜȫįİȢ įȠțȓȝȚȠ, ıυȞȒșȦȢ įȚαφαȞȑȢ (ȈȤȒȝα 

3.3).  

 

ȈȤȒȝα 3.1 ȉİĲȡαȕȠȡȚțȩ ȜȓșȚȠ ȈȤȒȝα 3.2 ΜİĲαȕȠȡȚțȩ ȜȓșȚȠ 

ȈȤȒȝα 3.3 ȈĲİȡİȩ įİȓȖȝα ıȪȞĲȘȟȘȢ ȕȠȡȚțȫȞ αȜȐĲȦȞ 
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 ȉȠ įȠțȓȝȚȠ αυĲȩ, țυȡȓȦȢ ȜȩȖȦ ĲȘȢ ȠȝȠȖȑȞİȚαȢ ĲȠυ, İȓȞαȚ ȚįȚαȓĲİȡα ȤȡȒıȚȝȠ ȖȚα ĲȘȞ 

αȞȐȜυıȘ ȝİ ĲȘȞ ĲİȤȞȚțȒ XRF. ǼȞαȜȜαțĲȚțȐ, ĲȠ ĲȒȖȝα ȝπȠȡİȓ Ȟα įȚȠȤİĲİυșİȓ ıİ υįαĲȚțȩ 

įȚȐȜυȝα ȠȟȑȠȢ,  ȩπȠυ Ș ĲαȤİȓα ȥȪȟȘ ȠįȘȖİȓ ıĲȘ įȚȐıπαıȘ ĲȠυ ıİ ȝȚțȡȐ ıȦȝαĲȓįȚα, ȚțαȞȐ Ȟα 

įȚαȜυșȠȪȞ. ǹυĲȒ Ș įȚαįȚțαıȓα ȖȓȞİĲαȚ ȝİ ıțȠπȩ țυȡȓȦȢ ĲȘȞ παȡαȖȦȖȒ İȞȩȢ įȚαȜȪȝαĲȠȢ πȠυ 

İȞįİȓțȞυĲαȚ ȖȚα αȞȐȜυıȘ ȝİ ȐȜȜİȢ ĲİȤȞȚțȑȢ, ȩπȦȢ αυĲȒ ĲȘȢ φαıȝαĲȠıțȠπȓαȢ αĲȠȝȚțȒȢ 

απȠȡȡȩφȘıȘȢ (AAS) Ȓ ĲȘȢ φαıȝαĲȠıțȠπȓαȢ İțπȠȝπȒȢ İπαȖȩȝİȞȠυ πȜȐıȝαĲȠȢ (ICP).  

 

3.2.1 ȈȪȞĲȠȝȘ ȚıĲȠȡȚțȒ αȞαįȡȠȝȒ ĲȘȢ ĲİȤȞȚțȒȢ 

 Ǿ πȡȠİĲȠȚȝαıȓα įİȚȖȝȐĲȦȞ ȝİ ĲİȤȞȚțȒ ıȪȞĲȘȟȘȢ ȕȠȡȚțȫȞ αȜȐĲȦȞ πȡȦĲȠİφαȡȝȩıĲȘțİ 

ĲȠȞ 1957 απȩ ĲȠȞ F. Claisse 
[9]

. ΓȡȒȖȠȡα įȚαπȚıĲȫșȘțİ Ș įυȞαĲȩĲȘĲα ĲȘȢ ĲİȤȞȚțȒȢ αυĲȒȢ ȦȢ 

πȡȠȢ ĲȘ ȕİȜĲȓȦıȘ ĲȘȢ ȠȝȠȚȠȖȑȞİȚαȢ ĲȦȞ πȡȠȢ αȞȐȜυıȘ įİȚȖȝȐĲȦȞ. ǹȡȤȚțȐ, ȤȡȘıȚȝȠπȠȚȒșȘțİ 

ĲİĲȡαȕȠȡȚțȩ ȞȐĲȡȚȠ, ȝİ ȝȠȡȚαțȩ ĲȪπȠ NaଶBସO7, İȞȫ ȠȚ πȠıȩĲȘĲα ĲȠυ ıĲİȡİȠȪ įİȓȖȝαĲȠȢ πȡȠȢ 

αȞȐȜυıȘ απȠĲİȜȠȪıİ ȝȩȞȠ ĲȠ 1 % ț.ȕ. ĲȠυ ĲİȜȚțȠȪ παȡαȖȩȝİȞȠυ υȐȜȚȞȠυ įİȓȖȝαĲȠȢ, ȝİ ĲȠ 

υπȩȜȠȚπȠ 99 % Ȟα απȠĲİȜİȓĲαȚ απȩ ĲȠ ȕȠȡȚțȩ ȐȜαȢ. ȈĲȘȞ πȠȡİȓα Ș įυȞαĲȩĲȘĲα αȞȓȤȞİυıȘȢ 

ȤαȝȘȜȫȞ İȞİȡȖİȚȫȞ ȝİ ĲȘȞ ĲİȤȞȚțȒ XRF ȑțαȞİ įυȞαĲȒ ĲȘȞ αȞȓȤȞİυıȘ ĲȦȞ ȤαȡαțĲȘȡȚıĲȚțȫȞ 

αțĲȓȞȦȞ ȋ ĲȠυ ȞαĲȡȓȠυ, ȠπȩĲİ Ș ȤȡȒıȘ ȕȠȡȚțȫȞ αȜȐĲȦȞ πȠυ πİȡȚȑȤȠυȞ ȞȐĲȡȚȠ ȝİȚȫșȘțİ ȖȚαĲȓ 

įȘȝȚȠυȡȖȠȪıİ πȡȩȕȜȘȝα, ĲȩıȠ ıĲȠȞ πȠıȠĲȚțȩ πȡȠıįȚȠȡȚıȝȩ ĲȠυ ȞαĲȡȓȠυ, ȩıȠ țαȚ ĲȠυ țαȜȓȠυ 

ĲȠ ȠπȠȓȠ İțπȑȝπİȚ φȦĲȩȞȚα ıİ țȠȞĲȚȞȑȢ ȤαȡαțĲȘȡȚıĲȚțȑȢ İȞȑȡȖİȚİȢ. Ǿ İȚıαȖȦȖȒ ĲȠυ 

ĲİĲȡαȕȠȡȚțȠȪ ȜȚșȓȠυ (LiଶBସO7) 
[10]

 ȑįȦıİ ȜȪıȘ ıĲȠ πȡȩȕȜȘȝα αυĲȩ, İȞȫ İπȚπȜȑȠȞ ȕİȜĲȓȦıİ 

įȡαıĲȚțȐ ĲȘ įȚαȜυĲȩĲȘĲα. ȆȜȑȠȞ, ĲȠ ĲİȜȚțȩ παȡαȤșȑȞ υαȜȫįİȢ įİȓȖȝα ȝπȠȡȠȪıİ Ȟα πİȡȚȑȤİȚ 

ȑȦȢ țαȚ 25% țαĲȐ ȕȐȡȠȢ ıĲİȡİȠȪ įİȓȖȝαĲȠȢ. ȆİȡαȚĲȑȡȦ ȕİȜĲȓȦıȘ Ȓȡșİ ȝİ ȤȡȒıȘ ȝİĲαȕȠȡȚțȠȪ 

ȜȚșȓȠυ (LiBOଶ) ıİ ıυȞįυαıȝȩ ȝİ ĲȠ ĲİĲȡαȕȠȡȚțȩ ȜȓșȚȠ [11]
 țαșȚıĲȫȞĲαȢ ĲȘ įȚαįȚțαıȓα ĲȘȢ 

ıȪȞĲȘȟȘȢ ȝİ ȕȠȡȚțȐ ȐȜαĲα πȚȠ αȟȚȩπȚıĲȘ țαȚ įȚİυȡȪȞȠȞĲαȢ ĲȘȞ πȠȚțȚȜȓα ĲȦȞ ıĲȑȡİȦȞ υȜȚțȫȞ 

πȠυ ȝπȠȡȠȪıαȞ Ȟα įȚαȜυșȠȪȞ. 

 

3.3 ȆαȡαıțİυȒ įİȚȖȝȐĲȦȞ ȖȚα αȞȐȜυıȘ XRF ȝİ ıȪȞĲȘȟȘ ȝİ ȕȠȡȚțȐ ȐȜαĲα 

 ȀȐșİ įȚȐĲαȟȘ ıȪȞĲȘȟȘȢ ȕȠȡȚțȫȞ αȜȐĲȦȞ απαȚĲİȓ ĲȘȞ ȪπαȡȟȘ ȝȚαȢ ıυıțİυȒȢ ıȪȞĲȘȟȘȢ 

țαȚ ĲȦȞ țαĲȐȜȜȘȜȦȞ ıțİυȫȞ πȠυ ĲȘ ıυȞȠįİȪȠυȞ, țαșȫȢ țαȚ ĲȘ ȤȡȒıȘ αȞαȜȫıȚȝȦȞ υȜȚțȫȞ ȖȚα 

ĲȘȞ İπȓĲİυȟȘ ĲȘȢ ıȪȞĲȘȟȘȢ, ȩπȦȢ Ĳα ȕȠȡȚțȐ ȐȜαĲα. ȈĲȚȢ παȡαțȐĲȦ παȡαȖȡȐφȠυȢ πİȡȚȖȡȐφİĲαȚ 

αȞαȜυĲȚțȐ Ƞ ȡȩȜȠȢ țαȚ Ș ȤȡȘıȚȝȩĲȘĲα ĲȦȞ ıυȞȚıĲȦıȫȞ αυĲȫȞ ıĲȘȞ įȚαįȚțαıȓα ĲȘȢ ıȪȞĲȘȟȘȢ. 

3.3.1 Η ıυıțİυȒ ıȪȞĲȘȟȘȢ 

 ȅ ıțȠπȩȢ πȠυ İȟυπȘȡİĲİȓ ȝȚα ıυıțİυȒ ıȪȞĲȘȟȘȢ ȝİ ȕȠȡȚțȐ ȐȜαĲα İȓȞαȚ πȡȦĲȓıĲȦȢ Ș 

șȑȡȝαȞıȘ ĲȠυ ȝİȓȖȝαĲȠȢ ȝȑȤȡȚ Ȟα įȘȝȚȠυȡȖȘșİȓ ĲȠ ĲȒȖȝα. Ǿ șİȡȝȠțȡαıȓα πȠυ İπȚĲυȖȤȐȞİĲαȚ 



31 

 

αυĲȩ İȟαȡĲȐĲαȚ απȩ ĲȠ İȓįȠȢ Ȓ Ĳα İȓįȘ ĲȦȞ ȕȠȡȚțȫȞ αȜȐĲȦȞ, αȜȜȐ ȖİȞȚțȐ țυȝαȓȞİĲαȚ απȩ 800 ℃ 

ȑȦȢ 1100 ℃. ȉȠ ȝİȓȖȝα ıİ ȝȚα ıυıțİυȒ ıȪȞĲȘȟȘȢ ȕȡȓıțİĲαȚ ıİ ȑȞα ıțİȪȠȢ πȠυ ȠȞȠȝȐȗİĲαȚ 

ȤȦȞİυĲȒȡȚȠ, ȝȑıα ıĲȠ ȠπȠȓȠ ȖȓȞİĲαȚ Ș πȜȒȡȘȢ αȞȐȝİȚȟȘ ĲȠυȢ ȝİ ĲȘ ıĲİȡİȐ Ƞυıȓα πȠυ πȡȩțİȚĲαȚ 

Ȟα αȞαȜυșİȓ țαȚ Ș ĲȒȟȘ. ǹφȠȪ ȠȜȠțȜȘȡȦșİȓ Ș ĲȒȟȘ țαȚ Ș įȚȐȜυıȘ ĲȠ ĲȒȖȝα ȠįȘȖİȓĲαȚ ıİ ȑȞα 

țαȜȠȪπȚ (țυȐșȚȠ), ȠπȠȪ ȥȪȤİĲαȚ, ıĲİȡİȠπȠȚİȓĲαȚ țαȚ παȓȡȞİȚ ĲȘȞ ĲİȜȚțȒ ĲȠυ ȝȠȡφȒ, ıυȞȒșȦȢ 

įȚıțȠİȚįȒ. Ǿ ıυıțİυȒ ıυȞȒșȦȢ ȑȤİȚ ĲȘ įυȞαĲȩĲȘĲα αυĲȠȝαĲȠπȠȚȘȝȑȞȘȢ ȤȪĲİυıȘȢ ĲȠυ ĲȒȖȝαĲȠȢ 

απȩ ĲȠ ȤȦȞİυĲȒȡȚȠ ıĲȠ țαȜȠȪπȚ. ǼπȚπȡȠıșȑĲȦȢ, ȠȚ ȝȘȤαȞȑȢ ıȪȞĲȘȟȘȢ πȠυ țυțȜȠφȠȡȠȪȞ ıĲȠ 

İȝπȩȡȚȠ įȚαșȑĲȠυȞ ıȪıĲȘȝα İȜȑȖȤȠυ ĲȘȢ șİȡȝȠțȡαıȓαȢ, ĲȠ ȠπȠȓȠ įȓȞİȚ ĲȘȞ įυȞαĲȩĲȘĲα ıĲȠȞ 

ȤȡȒıĲȘ Ȟα ȠȡȓıİȚ İț ĲȦȞ πȡȠĲȑȡȦȞ ĲȠ ȤȡȩȞȠ țαȚ ĲȘȞ ĲαȤȪĲȘĲα ȝİ ĲȘȞ ȠπȠȓα șİȡȝαȓȞİĲαȚ țαȚ 

ȥȪȤİĲαȚ ĲȠ ȝİȓȖȝα. ΈȞα αȞĲȚπȡȠıȦπİυĲȚțȩ įİȚȖȝα ıυıțİυȒȢ ıȪȞĲȘȟȘȢ φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 3.4 . 

 

ȈȤȒȝα 3.4 ȉυπȚțȒ ȝȠȡφȒ ıυıțİυȒȢ ıȪȞĲȘȟȘȢ ȕȠȡȚțȫȞ αȜȐĲȦȞ ĲȠυ İȝπȠȡȓȠυ. 

  ȅȚ țυȡȚȩĲİȡİȢ įȚαφȠȡȠπȠȚȒıİȚȢ ȝİĲαȟȪ ĲȦȞ įȚαφȩȡȦȞ ȝȘȤαȞȫȞ πȠυ İȓȞαȚ įȚαșȑıȚȝİȢ 

ıȒȝİȡα İȓȞαȚ įυȠ.  Ǿ πȡȫĲȘ αφȠȡȐ ĲȘȞ πȘȖȒ șİȡȝȩĲȘĲαȢ. Ǿ șİȡȝȩĲȘĲα πȠυ απαȚĲİȓĲαȚ ȖȚα ĲȘ 

șȑȡȝαȞıȘ ĲȠυ ȝİȓȖȝαĲȠȢ πȡȠȑȡȤİĲαȚ İȓĲİ απȩ țαȪıȘ αİȡȓȦȞ țαυıȓȝȦȞ İȓĲİ απȩ ȘȜİțĲȡȚțȒ 

αȞĲȓıĲαıȘ. ȈĲȠ ȈȤȒȝα 3.5 ȝπȠȡİȓ țȐȞİȚȢ Ȟα παȡαĲȘȡȒıİȚ ĲȘ ȜİȚĲȠυȡȖȓα ȝȚαȢ ıυıțİυȒȢ 

ıȪȞĲȘȟȘȢ ȝİ αȑȡȚȠ țαȪıȚȝȠ țαĲȐ ĲȠ ıĲȐįȚȠ ĲȘȢ șȑȡȝαȞıȘȢ. 
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ȈȤȒȝα 3.5 ȈυıțİυȒ ıȪȞĲȘȟȘȢ ȝİ αȑȡȚȠ țαȪıȚȝȠ 

ȅ įİȪĲİȡȠȢ παȡȐȖȠȞĲαȢ įȚαφȠȡȠπȠȓȘıȘȢ ĲȦȞ ȝȘȤαȞȫȞ ıȪȞĲȘȟȘȢ αφȠȡȐ ĲȘȞ 

παȡαȖȦȖȚțȩĲȘĲα. ǹȞȐȜȠȖα ȝİ ĲȘ ȤȡȒıȘ ȖȚα ĲȘȞ ȠπȠȓα πȡȠȠȡȓȗİĲαȚ, ȝȚα ıυıțİυȒ ȝπȠȡİȓ Ȟα ȑȤİȚȚ 

ĲȘ įυȞαĲȩĲȘĲα παȡȐȜȜȘȜȘȢ πȡȠİĲȠȚȝαıȓαȢ πȠȜȜȫȞ įİȚȖȝȐĲȦȞ. ȉȑĲȠȚİȢ ȝȘȤαȞȑȢ ıυȞȒșȦȢ 

įȚαșȑĲȠυȞ απȩ 3 ȑȦȢ 6 șȑıİȚȢ παȡȐȜȜȘȜȘȢ ıȪȞĲȘȟȘȢ. Ǿ İπȚȜȠȖȒ ıȤİĲȓȗİĲαȚ țαșαȡȐ ȝİ ĲȠ İȓįȠȢ 

țαȚ ĲȚȢ αȞȐȖțİȢ πȠυ Ș ıυıțİυȒ țαȜİȓĲαȚ Ȟα ȚțαȞȠπȠȚȒıİȚ. Ȉİ πİȡȚȕȐȜȜȠȞĲα ȕȚȠȝȘȤαȞȚțȐ, ȩπȦȢ 

İȡȖȠıĲȐıȚα (π.Ȥ. ĲıȚȝİȞĲȠȕȚȠȝȘȤαȞȓİȢ), ȩπȠυ ȠȚ αȞȐȖțİȢ πȠȚȠĲȚțȠȪ İȜȑȖȤȠυ İȓȞαȚ ȝİȖȐȜİȢ, 

πȡȠĲȚȝȐĲαȚ ȝȚα ıυıțİυȒ πȠȜȜαπȜȫȞ șȑıİȦȞ. ǹȞĲȓșİĲα, ȖȚα İȡİυȞȘĲȚțȒ țαȚ İȡȖαıĲȘȡȚαțȒ ȤȡȒıȘ 

ȩπȠυ įİȞ υπȐȡȤİȚ Ș αȞȐȖțȘ πȡȠİĲȠȚȝαıȓαȢ ȝİȖȐȜȠυ αȡȚșȝȠȪ įİȚȖȝȐĲȦȞ, ıυȞȒșȦȢ πȡȠĲȚȝȫȞĲαȚ 

ȝȘȤαȞȑȢ ȝȓαȢ ȝȩȞȠ șȑıȘȢ ıȪȞĲȘȟȘȢ. ȈĲȠ ȈȤȒȝα 3.6 παȡȠυıȚȐȗȠȞĲαȚ Ĳα įυȠ įȚαφȠȡİĲȚțȐ İȓįȘ 

ȝȘȤαȞȫȞ ıȪȞĲȘȟȘȢ.  

 

 

 

ȈȤȒȝα 3.6 (ΑȡȚıĲİȡȐ) ȈυıțİυȒ ıȪȞĲȘȟȘȢ ȝȓαȢ șȑıȘȢ (ǻİȟȚȐ) ȈυıțİυȒ ıȪȞĲȘȟȘȢ 6 șȑıİȦȞ 
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ȉα ıțİȪȘ πȠυ ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ țαĲȐ įȚαįȚțαıȓα ĲȘȢ ıȪȞĲȘȟȘȢ, ĲȠ țαȜȠȪπȚ țαȚ ĲȠ 

ȤȦȞİυĲȒȡȚȠ παȓȗȠυȞ ıȘȝαȞĲȚțȩ ȡȩȜȠ. ȉȠ υȜȚțȩ πȠυ ȤȡȘıȚȝȠπȠȚİȓĲαȚ ȖȚα ĲȘȞ țαĲαıțİυȒ ĲȠυȢ 

İȓȞαȚ țȡȐȝα ȜİυțȩȤȡυıȠυ țαȚ ȤȡυıȠȪ (Pt – 5% Au). ȉȠ țȡȐȝα αυĲȩ ȑȤİȚ İπȚȜİȖİȓ ȖȚα ĲȘȞ πȠȜȪ 

ȤαȝȘȜȒ αȞĲȚįȡαıĲȚțȩĲȘĲα ȝİ ȐȜȜα ıĲȠȚȤİȓα, ĲȘȞ αȞĲȠȤȒ țαȚ ȝαțȡȠȗȦȓα ĲȠυ țαȚ ĲȘȞ υȥȘȜȒ ĲȠυ 

șİȡȝȚțȒ αȖȦȖȚȝȩĲȘĲα. ȈĲȠ ȈȤȒȝα 3.7 φαȓȞİĲαȚ ȑȞα ȗİȪȖȠȢ ȤȦȞİυĲȘȡȓȠυ țαȚ țαȜȠυπȚȠȪ 

țαĲαıțİυαıȝȑȞα απȩ țȡȐȝα Pt – 5% Au.  

ȈȤȒȝα 3.7 (ΑȡȚıĲİȡȐ) ΧȦȞİυĲȒȡȚȠ (ǻİȟȚȐ) ΚαȜȠȪπȚ 

ȆαȡȩȜα αυĲȐ, απαȚĲİȓĲαȚ  πȡȠıȠȤȒ ıĲȠ ȤİȚȡȚıȝȩ, İȚįȚțȐ ıĲȘȞ πİȡȓπĲȦıȘ πȠυ ĲȠ υȜȚțȩ 

πȠυ πȡȩțİȚĲαȚ Ȟα αȞαȜυșİȓ πİȡȚȑȤİȚ ȝİĲαȜȜȚțȐ ıĲȠȚȤİȓα Ĳα ȠπȠȓα įİȞ ȑȤȠυȞ ȠȟİȚįȦșİȓ, țαșȫȢ ıİ 

υȥȘȜȑȢ șİȡȝȠțȡαıȓİȢ ȝπȠȡȠȪȞ Ȟα πȡȠțαȜȑıȠυȞ ȗȘȝȓα ıĲȠ ȤȦȞİυĲȒȡȚȠ. ȈĲȘȞ πİȡȓπĲȦıȘ πȠυ 

υπȐȡȤȠυȞ ȝȘ ȠȟİȚįȦȝȑȞα ȝİĲαȜȜȚțȐ ıĲȠȚȤİȓα ıĲȘ ıĲİȡİȐ Ƞυıȓα πȡȠȘȖİȓĲαȚ țαĲȐȜȜȘȜȘ 

įȚαįȚțαıȓα ȫıĲİ Ȟα ȠȟİȚįȦșȠȪȞ πȜȒȡȦȢ ȩȜα Ĳα ȝİĲαȜȜȚțȐ ıĲȠȚȤİȓα, ȩπȦȢ ȖȚα παȡȐįİȚȖȝα 

ıĲαįȚαțȒ αȪȟȘıȘ ĲȘȢ șİȡȝȠțȡαıȓαȢ țαĲȐ ĲȘ ıȪȞĲȘȟȘ.  

ȉȠ ȤȦȞİυĲȒȡȚȠ ȑȤİȚ ıυȞȒșȦȢ ĲȘ ȝȠȡφȒ țυαșȓȠυ, ıĲȠ ȠπȠȓȠ ȖȓȞİĲαȚ αȡȤȚțȐ Ș ȗȪȖȚıȘ țαȚ 

αȞȐȝİȚȟȘ ĲȦȞ υȜȚțȫȞ ĲȘȢ ıȪȞĲȘȟȘȢ απȩ ĲȠȞ ȤȡȒıĲȘ țαȚ ıĲȘ ıυȞȑȤİȚα Ș ĲȒȟȘ țαȚ Ș įȚȐȜυıȘ ĲȘȢ 

ıĲİȡİȐȢ ȠυıȓαȢ ıĲȠ ĲȒȖȝα απȩ ĲȘ ıυıțİυȒ. ȈĲȠ ȈȤȒȝα 3.8 απİȚțȠȞȓȗȠȞĲαȚ įȚȐφȠȡİȢ ȝȠȡφȑȢ 

ȤȦȞİυĲȘȡȓȦȞ. 

 

ȈȤȒȝα 3.8 ΓİȦȝİĲȡȓİȢ ȤȦȞİυĲȘȡȓȦȞ 
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 ȉȠ țαȜȠȪπȚ (țυȐșȚȠ) ıυȞȒșȦȢ ȑȤİȚ țυȜȚȞįȡȚțȒ ȝȠȡφȒ, ȝİ απȠĲȑȜİıȝα ĲȠ παȡαȖȩȝİȞȠ 

įİȓȖȝα Ȟα ȑȤİȚ ĲȘ ȝȠȡφȒ υȐȜȚȞȠυ įȚıțȓȠυ ȝİ πȐȤȠȢ ȝȩȜȚȢ ȝİȡȚțȐ ȤȚȜȚȠıĲȐ. ȉα țαȜȠȪπȚα 

įȚαĲȓșİȞĲαȚ ıİ įȚȐφȠȡİȢ įȚαȝȑĲȡȠυȢ, αȞȐȜȠȖα ȝİ ĲȠȞ țαĲαıțİυαıĲȒ țαȚ ĲȘ ıυıțİυȒ, αȜȜȐ 

ȖİȞȚțȐ țυȝαȓȞȠȞĲαȚ ȝİĲαȟȪ ĲȦȞ ĲȚȝȫȞ ∅28 mm ȑȦȢ ∅42 mm, ȝİ πȚȠ įȚαįİįȠȝȑȞȘ ĲȚȝȒ αυĲȒ ĲȦȞ 

32 mm. ȈĲȠ ȈȤȒȝα 3.9 įȓȞİĲαȚ ȝȚα ĲυπȚțȒ ȝȠȡφȒ țαȜȠυπȚȠȪ απȩ ȜİυțȩȤȡυıȠ țαșȫȢ țαȚ ĲȠ 

ĲİȜȚțȩ παȡαȖȩȝİȞȠ įİȓȖȝα. 

 

ȈȤȒȝα 3.9 ΚαȜȠȪπȚ ȜİυțȩȤȡυıȠυ țαȚ παȡαȖȩȝİȞȠ įİȓȖȝα 

 

3.3.2 ȉα ȕȠȡȚțȐ ȐȜαĲα 

 ΌπȦȢ αȞαφȑȡșȘțİ țαȚ παȡαπȐȞȦ, Ș ĲİȤȞȚțȒ πȡȠİĲȠȚȝαıȓαȢ įİȚȖȝȐĲȦȞ πȠυ İȟİĲȐȗİĲαȚ 

ȕαıȓȗİĲαȚ πȡȦĲȓıĲȦȢ ıĲα ȕȠȡȚțȐ ȐȜαĲα țαȚ ıĲȚȢ ȚįȚȩĲȘĲİȢ ĲȠυȢ. ȉα įυȠ πȚȠ įȚαįİįȠȝȑȞα İȓįȘ 

ȕȠȡȚțȫȞ αȜȐĲȦȞ İȓȞαȚ αυĲȐ ĲȠυ ȜȚșȓȠυ, ıυȖțİțȡȚȝȑȞα ĲȠ ĲİĲȡαȕȠȡȚțȩ ሺLiଶBସO7ሻ țαȚ 

ȝİĲαȕȠȡȚțȩ ሺLiBOଶሻ ȜȓșȚȠ. 

 ȉȠ ĲİĲȡαȕȠȡȚțȩ ȜȓșȚȠ ሺLiଶBସO7ሻ ȑȤİȚ ĲȠ υȥȘȜȩĲİȡȠ ıȘȝİȓȠ ĲȒȟȘȢ İț ĲȦȞ įȪȠ, ıĲȠυȢ 

920℃ țαȚ απȠĲİȜİȓ πȚșαȞȩĲαĲα ĲȠ πȚȠ įȚαįİįȠȝȑȞȠ ȕȠȡȚțȩ ȐȜαȢ ȖȚα ĲȘȞ πȡȠİĲȠȚȝαıȓα 

įİȚȖȝȐĲȦȞ XRF ȝİ ıȪȞĲȘȟȘ. ȆαȡȩȜα αυĲȐ, Ș İȝπİȚȡȓα ȑȤİȚ įİȓȟİȚ ȩĲȚ įİȞ İȞįİȓțȞυĲαȚ Ș 

απȠțȜİȚıĲȚțȒ ȤȡȒıȘ ĲİĲȡαȕȠȡȚțȠȪ ȜȚșȓȠυ, Ș ȠπȠȓα πȠȜȜȑȢ φȠȡȑȢ ȠįȘȖİȓ ıİ αȞİπȚĲυȤȒ 

απȠĲİȜȑıȝαĲα. ǼπȚπȜȑȠȞ, ĲȠ ĲİĲȡαȕȠȡȚțȩ ȜȓșȚȠ, ıİ ȝȠȡφȒ ĲȒȖȝαĲȠȢ παȡȠυıȚȐȗİȚ ȝȚțȡȒ 

įȚαȜυĲȩĲȘĲα, πİȡȚȠȡȓȗȠȞĲαȢ ȑĲıȚ ĲȘȞ πȠıȩĲȘĲα ĲȠυ įİȓȖȝαĲȠȢ πȠυ ȝπȠȡİȓ ĲİȜȚțȐ Ȟα αȞαȜυșİȓ, 

țȐĲȚ πȠυ ȑȤİȚ ȐȝİıȠ αȞĲȓțĲυπȠ ıĲα țαĲȫĲİȡα İπȓπİįα αȞȓȤȞİυıȘȢ ĲȦȞ ȚȤȞȠıĲȠȚȤİȓȦȞ πȠυ 

πİȡȚȑȤȠȞĲαȚ ıĲȠ υȜȚțȩ. 

 ȉȠ ȝİĲαȕȠȡȚțȩ ȜȓșȚȠ ሺLiBOଶሻ ȑȤİȚ ȤαȝȘȜȩĲİȡȠ ıȘȝİȓȠ ĲȒȟȘȢ, ıĲȠυȢ 850℃, ȐȜȜα Ș 

ıȘȝαȞĲȚțȩĲİȡȘ ĲȠυ ȚįȚȩĲȘĲα İȓȞαȚ Ș αȡțİĲȐ ȝİȖȐȜȘ ȚțαȞȩĲȘĲα įȚȐȜυıȘȢ țȐșİ İȓįȠυȢ αȞȩȡȖαȞȠυ 

υȜȚțȠȪ. Ǿ ȚįȚȩĲȘĲα ĲȠυ αυĲȒ ĲȠ țȐȞİȚ ȝȚα πȠȜȪ απȠĲİȜİıȝαĲȚțȒ πȡȠıșȒțȘ, ıİ ıυȞįυαıȝȩ ȝİ ĲȠ 

ĲİĲȡαȕȠȡȚțȩ ȜȓșȚȠ, ıĲȠ ȝİȓȖȝα ĲȘȢ ıȪȞĲȘȟȘȢ.  Ǿ πȡȠıșȒțȘ ĲȠυ ȝİĲαȕȠȡȚțȠȪ ȜȚșȓȠυ ıĲȠ ȝİȓȖȝα 

αυȟȐȞİȚ ĲȘ ȝȑȖȚıĲȘ πȠıȩĲȘĲα πȠυ ȝπȠȡİȓ Ȟα įȚαȜυșİȓ țαȚ įȓȞİȚ πȚȠ αȟȚȩπȚıĲα țαȚ İπȚĲυȤȒ 

απȠĲİȜȑıȝαĲα πȡȠİĲȠȚȝαıȓαȢ įİȚȖȝȐĲȦȞ.  
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 ȉȑȜȠȢ, ȐȜȜα İȓįȘ ȕȠȡȚțȫȞ αȜȐĲȦȞ πȠυ ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ ıυȝπİȡȚȜαȝȕȐȞȠυȞ ĲȠ 

ȝİĲαφȦıφȠȡȚțȩ ȞȐĲȡȚȠ  ሺNaPOଷሻ țαȚ ĲȠ ĲİĲȡαȕȠȡȚțȩ ȞȐĲȡȚȠ ሺNaଶBସO7ሻ. ȉα ȕȠȡȚțȐ ȐȜαĲα 

αυĲȐ πȡȠıφȑȡȠυȞ ȚțαȞȠπȠȚȘĲȚțȐ απȠĲİȜȑıȝαĲα ıȪȞĲȘȟȘȢ, ȩȝȦȢ Ĳα παȡαȖȩȝİȞα įİȓȖȝαĲα 

απαȚĲȠȪȞ πȡȠıİțĲȚțȒ įȚαȤİȓȡȚıȘ țαȚ φȪȜαȟȘ, țυȡȓȦȢ ȜȩȖȦ ĲȘȢ υȥȘȜȒȢ υȖȡȠıțȠπȚțȩĲȘĲαȢ ĲȦȞ 

υȜȚțȫȞ αυĲȫȞ. ȈĲα πȜαȓıȚα ĲȘȢ ǻǼ șα αıȤȠȜȘșȠȪȝİ απȠțȜİȚıĲȚțȐ ȝİ ĲȠυȢ įυȠ 

πȡȠαȞαφİȡșȑȞĲİȢ ĲȪπȠυȢ ȕȠȡȚțȫȞ αȜȐĲȦȞ ȜȚșȓȠυ.  

 

3.3.3 ȆȡȩıșİĲα ȊȜȚțȐ țαĲȐ ĲȘ įȚαįȚțαıȓα ıȪȞĲȘȟȘȢ ȝİ ȕȠȡȚțȐ ȐȜαĲα 

  ΓȚα ĲȘȞ πİȡαȚĲȑȡȦ ȕİȜĲȓȦıȘ ĲȘȢ įȚαįȚțαıȓαȢ ĲȘȢ ıȪȞĲȘȟȘȢ ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ πȠȜȜȑȢ 

φȠȡȑȢ πȡȩıșİĲα ıυıĲαĲȚțȐ, Ĳα ȠπȠȓα πȡȠıįȓįȠυȞ ıĲȠ ȝİȓȖȝα ıυȖțİțȡȚȝȑȞİȢ İπȚșυȝȘĲȑȢ 

ȚįȚȩĲȘĲİȢ. ΈȞα απȩ Ĳα ȕαıȚțȩĲİȡα πȡȩıșİĲα ıυıĲαĲȚțȐ İȓȞαȚ ȠυıȓİȢ πȠυ ȠȞȠȝȐȗȠȞĲαȚ non-

wetting agents. ȅȚ ȠυıȓİȢ αυĲȑȢ πȡȠıĲȓșİȞĲαȚ ıĲȠ ȝİȓȖȝα ȕȠȡȚțȫȞ αȜȐĲȦȞ țαȚ ıĲİȡİȐȢ ȠυıȓαȢ 

πȡȚȞ ĲȘ ȑȞαȡȟȘ ĲȘȢ ıȪȞĲȘȟȘȢ țαȚ ȕȠȘșȠȪȞ ıĲȘȞ İȪțȠȜȘ ȝİĲαφȠȡȐ ĲȠυ ĲȒȖȝαĲȠȢ απȩ ĲȠ 

ȤȦȞİυĲȒȡȚȠ ıĲȠ țαȜȠȪπȚ, țαĲȐ ĲȠ ıĲȐįȚȠ ĲȘȢ ȤȪĲİυıȘȢ. ΓİȞȚțȩĲİȡα, ȠȚ ȠυıȓİȢ πȠυ πȡȠıįȓįȠυȞ 

ĲȘȞ ȚįȚȩĲȘĲα αυĲȒ ıĲȠ ĲȒȖȝα İȓȞαȚ Ĳα ȐȜαĲα αȜȠȖȩȞȦȞ, țαȚ İȚįȚțȩĲİȡα Ĳα ȐȜαĲα ȕȡȦȝȓȠυ (Br) 

țαȚ ȚȦįȓȠυ (I). ȅȚ ȠυıȓİȢ αυĲȑȢ ȝπȠȡȠȪȞ Ȟα πȡȠıĲİșȠȪȞ ıĲȠ ȝİȓȖȝα İȓĲİ ıİ ıĲİȡİȒ țȡυıĲαȜȜȚțȒ 

ȝȠȡφȒ, İȓĲİ ıİ ȝȠȡφȒ υįαĲȚțȠȪ įȚαȜȪȝαĲȠȢ. ȆαȡαįİȓȖȝαĲα ȠυıȚȫȞ πȠυ ȜİȚĲȠυȡȖȠȪȞ ȦȢ non-

wetting agents İȓȞαȚ ȠȚ ȤȘȝȚțȑȢ İȞȫıİȚȢ LiI, LiBr, NaI, KI, CsI, NaBr. ǹπȩ αυĲȑȢ, πȚȠ 

įȚαįİįȠȝȑȞİȢ İȓȞαȚ αυĲȑȢ πȠυ πİȡȚȑȤȠυȞ ȜȓșȚȠ, țαȚ İȚįȚțȩĲİȡα ĲȠ LiBr, ĲȠ ȠπȠȓȠ ȑȤİȚ ĲȘ 

ıĲαșİȡȩĲİȡȘ ıυȝπİȡȚφȠȡȐ țαĲȐ ĲȘ įȚαįȚțαıȓα ĲȘȢ ıȪȞĲȘȟȘȢ ȜȩȖȦ ĲȠυ υȥȘȜȠȪ ĲȠυ ıȘȝİȓȠυ 

ȕȡαıȝȠȪ (1265 ℃). ȈĲα πȜαȓıȚα ĲȘȢ ǻǼ ȝİȜİĲȒșȘțİ πİȚȡαȝαĲȚțȐ Ș ıυȝπİȡȚφȠȡȐ ĲȩıȠ ĲȠυ LiI 

ȩıȠ țαȚ ĲȠυ LiBr ȦȢ non-wetting agents, ȩπȦȢ πİȡȚȖȡȐφİĲαȚ ıĲȠ 4Ƞ
 ȀİφȐȜαȚȠ.  

ΆȜȜα πȡȩıșİĲα πȠυ ȝπȠȡȠȪȞ Ȟα ȤȡȘıȚȝȠπȠȚȘșȠȪȞ țαĲȐ ĲȘ ıȪȞĲȘȟȘ İȓȞαȚ ȅȟİȚįȦĲȚțȑȢ ȠυıȓİȢ 

ȖȚα ĲȘȞ ȠȟİȓįȦıȘ įİȚȖȝȐĲȦȞ πȠυ įİȞ İȓȞαȚ  (πȜȒȡȦȢ) ȠȟİȚįȦȝȑȞα ȖȚα ĲȘȞ țαȜȪĲİȡȘ αȞȐȝİȚȟȒ 

ĲȠυȢ ȝİ Ĳα ȕȠȡȚțα ȐȜαĲα. ȅȟİȚįȦĲȚțȑȢ ȠυıȓİȢ įİȞ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ țαĲȐ ĲȘȞ παȡαıțİυȒ 

įİȚȖȝȐĲȦȞ ıĲȘȞ παȡȠȪıα ǻǼ.  

 

3.4 ȆαȡαıțİυȒ įİȚȖȝȐĲȦȞ ȝİ ıȪȞĲȘȟȘ ȕȠȡȚțȫȞ αȜȐĲȦȞ ıĲȠ  ΕȆȉ - ΕȂȆ 

 ȁȩȖȦ ĲȦȞ πȜİȠȞİțĲȘȝȐĲȦȞ πȠυ πȡȠıφȑȡİȚ Ș ĲİȤȞȚțȒ ĲȘȢ ıȪȞĲȘȟȘȢ ȕȠȡȚțȫȞ αȜȐĲȦȞ ıİ 

ıȤȑıȘ ȝİ ĲȘȞ ıυȝȕαĲȚțȒ ȝȑșȠįȠ παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ ȖȚα XRF πȠυ παȡȠυıȚȐıĲȘțİ ıĲȠ 2
Ƞ
 

ȀİφȐȜαȚȠ, ĲȠ ǼȆȉ – ǼȂȆ πȡȠȝȘșİȪĲȘțİ ĲȠ 2014 ȝȚα ıȪȖȤȡȠȞȘ ıυıțİυȒ ıȪȞĲȘȟȘȢ. ȆȡȩțİȚĲαȚ 

ȖȚα ĲȘ ıυıțİυȒ ıȪȞĲȘȟȘȢ Katanax K1 Prime, Ș ȠπȠȓα ȤȡȘıȚȝȠπȠȚȒșȘțİ ıĲα πȜαȓıȚα ĲȘȢ ǻǼ 

ȖȚα ĲȘȞ πȡȠİĲȠȚȝαıȓα ȝȚαȢ ıİȚȡȐȢ įİȚȖȝȐĲȦȞ ȝİ ĲȘ ȝȑșȠįȠ ĲȘȢ ıȪȞĲȘȟȘȢ ȕȠȡȚțȫȞ αȜȐĲȦȞ. Ǿ 

ıυıțİυȒ αυĲȒ țαĲαıțİυȐȗİĲαȚ ȝİ țυȡȚȩĲİȡȠ ıĲȩȤȠ ĲȘ ȤȡȒıȘ ıİ İȡȖαıĲȘȡȚαțȒ țȜȓȝαțα, țαșȫȢ 
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įȚαșȑĲİȚ ȝȩȞȠ ȝȓα șȑıȘ ıȪȞĲȘȟȘȢ țαȚ İπȚĲυȖȤȐȞİȚ ĲȘȞ șȑȡȝαȞıȘ ĲȠυ ȝİȓȖȝαĲȠȢ ȝİ ĲȘ ȤȡȒıȘ 

ȘȜİțĲȡȚțȫȞ αȞĲȚıĲȐıİȦȞ. ȅȚ İπȚȝȑȡȠυȢ ȜİȚĲȠυȡȖȓİȢ țαȚ ȤαȡαțĲȘȡȚıĲȚțȐ ĲȘȢ ıυıțİυȒȢ 

πİȡȚȖȡȐφȠȞĲαȚ παȡαțȐĲȦ ıĲȘȞ παȡȐȖȡαφȠ 3.5 αȞαȜυĲȚțȐ. ȈĲȠ ȈȤȒȝα 3.10 απİȚțȠȞȓȗİĲαȚ Ș 

ıυıțİυȒ ıȪȞĲȘȟȘȢ ĲȠυ ǼȆȉ – ǼȂȆ. 

 

ȈȤȒȝα 3.10 ȈυıțİυȒ ıȪȞĲȘȟȘȢ Katanax K1 Prime ĲȠυ ǼȆȉ - ǼΜȆ 

ǼțĲȩȢ απȩ ĲȘ ıυıțİυȒ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ Ĳα απαȡαȓĲȘĲα αȞαȜȫıȚȝα ȖȚα ĲȘȞ İπȓĲİυȟȘ ĲȘȢ 

ıȪȞĲȘȟȘȢ, πȠυ įȚȑșİĲİ ĲȠ ǼȆȉ-ǼȂȆ, ȩπȦȢ Ĳα ȕȠȡȚțȐ ȐȜαĲα ĲİĲȡαȕȠȡȚțȩ ȜȓșȚȠ LiଶBସO7 țαȚ 

ȝİĲαȕȠȡȚțȩ ȜȓșȚȠ LiBOଶ țαșȫȢ țαȚ υįαĲȚțȩ įȚȐȜυȝα ȚȦįȚȠȪȤȠυ ȜȚșȓȠυ LiI ȦȢ non wetting agent. 

Ǿ πȡȠȝȒșİȚα ȩȜȦȞ αυĲȫȞ ĲȦȞ αȞαȜȦıȓȝȦȞ ȑȖȚȞİ απȩ ĲȠȞ țαĲαıțİυαıĲȒ ĲȘȢ ıυıțİυȒȢ. 

ΓȚα ĲȘȞ πȡȠİĲȠȚȝαıȓα ĲȦȞ įİȚȖȝȐĲȦȞ πȑȡαȞ ĲȘȢ ıυıțİυȒȢ ıȪȞĲȘȟȘȢ Katanax K1 Prime Ș 

ȠπȠȓα παȡȠυıȚȐȗİĲαȚ ȝİ ȜİπĲȠȝȑȡİȚα ıĲȘȞ παȡȐȖȡαφȠ πȠυ αțȠȜȠυșİȓ, ȤȡȘıȚȝȠπȠȚȒșȘțαȞ: 

 ǼȡȖαıĲȘȡȚαțȩȢ ȗυȖȩȢ αțȡȚȕİȓαȢ: ΓȚα ĲȘ ȗȪȖȚıȘ ĲȦȞ υȜȚțȫȞ πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ ȖȚα 

ĲȘ πȡȠİĲȠȚȝαıȓα ĲȦȞ įİȚȖȝȐĲȦȞ ȝİ ĲȘȞ ĲİȤȞȚțȒ ĲȘȢ ıȪȞĲȘȟȘȢ ȕȠȡȚțȫȞ αȜȐĲȦȞ απαȚĲİȓĲαȚ υȥȘȜȒ 

αțȡȓȕİȚα, țαșȫȢ ȠȚ ȝȐȗİȢ ĲȦȞ υȜȚțȫȞ πȠυ ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ İȓȞαȚ πȠȜȜȑȢ φȠȡȑȢ ȝȚțȡȑȢ, ĲȘȢ 

ĲȐȟȘȢ ȝİȡȚțȫȞ įİțȐįȦȞ mg. ȉȠ ǼȆȉ – ǼȂȆ įȚαșȑĲİȚ ȗυȖȩ πȠυ πȡȠȠȡȓȗİĲαȚ ȖȚα İȡȖαıĲȘȡȚαțȒ 

ȤȡȒıȘ αțȡȓȕİȚαȢ 4 įİțαįȚțȫȞ ȥȘφȓȦȞ ĲȠυ ȖȡαȝȝαȡȓȠυ. ȅ ıυȖțİțȡȚȝȑȞȠȢ ȗυȖȩȢ αțȡȚȕİȓαȢ 

țαĲαıțİυȐȗİĲαȚ απȩ ĲȘȞ OHAUS țαȚ φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 3.11. 
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 ǼȡȖαıĲȘȡȚαțȐ İȡȖαȜİȓα: ǼπȚπȜȑȠȞ, ȖȚα ĲȘ πȡȠıșȒțȘ ĲȦȞ υȜȚțȫȞ ıĲȠ ȝİȓȖȝα 

ȤȡȘıȚȝȠπȠȚȒșȘțαȞ įȚȐφȠȡα İȡȖαȜİȓα İȡȖαıĲȘȡȚȠȪ, ȩπȦȢ υȐȜȚȞİȢ ȡȐȕįȠȚ ȖȚα ĲȘȞ țαȜȒ αȞȐȝİȚȟȘ 

ĲȦȞ υȜȚțȫȞ. ȈĲȠ ȈȤȒȝα 3.12 παȡȠυıȚȐȗȠȞĲαȚ İȡȖαȜİȓα ĲȠυ İȡȖαıĲȘȡȓȠυ πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ. 

 

3.5 Η ıυıțİυȒ ıȪȞĲȘȟȘȢ ȕȠȡȚțȫȞ αȜȐĲȦȞ Katanax K1 Prime ĲȠυ ΕȆȉ – ΕȂȆ 

 Ǿ ıυıțİυȒ Katanax K1 Prime İȓȞαȚ πȜȒȡȦȢ αυĲȠȝαĲȠπȠȚȘȝȑȞȘ țαȚ İπȚĲυȖȤȐȞİȚ ĲȘȞ ĲȒȟȘ 

ĲȦȞ αȜȐĲȦȞ ȝİ ȤȡȒıȘ ȘȜİțĲȡȚțȒȢ αȞĲȓıĲαıȘȢ. Ǿ ȤȡȒıȘ ĲȘȢ İȓȞαȚ απȜȒ țαȚ Ș ȜİȚĲȠυȡȖȓα ĲȘȢ 

φȚȜȚțȒ πȡȠȢ ĲȠȞ ȤȡȒıĲȘ, απαȚĲȫȞĲαȢ απȜȐ ĲȘȞ ȡȪșȝȚıȘ ȕαıȚțȫȞ παȡαȝȑĲȡȦȞ πȡȚȞ ĲȘȞ ȑȞαȡȟȘ 

ĲȘȢ įȚαįȚțαıȓαȢ ĲȘȢ παȡαȖȦȖȒȢ ĲȠυ įİȓȖȝαĲȠȢ. ȉα ȕαıȚțȐ ıĲȠȚȤİȓα ĲȘȢ ıυıțİυȒȢ İȓȞαȚ ȠȚ įυȠ 

ȘȜİțĲȡȚțȑȢ αȞĲȚıĲȐıİȚȢ, ȠȚ ȠπȠȓİȢ İȓȞαȚ υπİȪșυȞİȢ ȖȚα ĲȘȞ șȑȡȝαȞıȘ țαȚ ĲȒȟȘ ĲȦȞ ȕȠȡȚțȫȞ 

αȜȐĲȦȞ ĲȠυ ȜȚșȓȠυ, Ƞ ȘȜİțĲȡȚțȩȢ țȚȞȘĲȒȡαȢ πȠυ ȤȡȘıȚȝȠπȠȚİȓĲαȚ ȖȚα ĲȘȞ ȝİĲαȕȠȜȒ ĲȘȢ ȖȦȞȚαțȒȢ 

șȑıȘȢ ĲȠυ ȐȞȦ ȝȑȡȠυȢ ĲȘȢ ıυıțİυȒȢ țαȚ ĲȑȜȠȢ ĲȠ ȜȠȖȚıȝȚțȩ țαȚ Ș ȠșȩȞȘ υȖȡȫȞ țȡυıĲȐȜȜȦȞ 

(LCD), ȝȑıȦ ĲȘȢ ȠπȠȓαȢ ȝπȠȡİȓ Ƞ ȤȡȒıĲȘȢ Ȟα ȡυșȝȓıİȚ ĲȚȢ παȡαȝȑĲȡȠυȢ ĲȘȢ παȡαȖȦȖȒȢ ĲȠυ 

ȈȤȒȝα 3.11 ǼȡȖαıĲȘȡȚαțȩȢ ȗυȖȩȢ αțȡȚȕİȓαȢ OHAUS 

ȈȤȒȝα 3.12 ǼȡȖαıĲȘȡȚαțȐ İȡȖαȜİȓα 
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įİȓȖȝαĲȠȢ. Ǿ  ıυıțİυȒ įȚαșȑĲİȚ απȩ ĲȠȞ țαĲαıțİυαıĲȒ ȝȓα ıİȚȡȐ απȩ πȡȠİȖțαĲİıĲȘȝȑȞα ıİĲ 

παȡαȝȑĲȡȦȞ (ıĲȠ İȟȒȢ șα αȞαφİȡȩȝαıĲİ ıĲα παțȑĲα παȡαȝȑĲȡȦȞ αυĲȐ ȦȢ «πȡȠȖȡȐȝȝαĲα»). ȉα 

πȡȠȖȡȐȝȝαĲα αυĲȐ ȑȤȠυȞ ȠȞȠȝαıȓα αȞȐȜȠȖȘ ȝİ ĲȠ İȓįȠȢ ĲȠυ πȡȠȢ ĲȒȟȘ υȜȚțȠȪ. ȈĲȠ ȈȤȒȝα 3.13 

παȡȠυıȚȐȗİĲαȚ Ș ıυıțİυȒ țαȚ Ĳα ȝȑȡȘ ĲȘȢ. 

 

ȈȤȒȝα 3.13 Η ıυıțİυȒ Katanax K1 Prime 

Ǿ ıυıțİυȒȢ ȤȦȡȓȗİĲαȚ ıĲȠ ȐȞȦ țαȚ ĲȠ țȐĲȦ ȝȑȡȠȢ:  

ȉȠ ȐȞȦ ȝȑȡȠȢ, ĲȠ ȠπȠȓȠ φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 3.14, φȑȡİȚ ĲȠ ȤȦȞİυĲȒȡȚȠ, ıĲȠ ȠπȠȓȠ 

ĲȠπȠșİĲȠȪȞĲαȚ Ĳα ıυıĲαĲȚțȐ ĲȠυ įİȓȖȝαĲȠȢ, įȘȜαįȒ ĲȠ υȜȚțȩ πȡȠȢ αȞȐȜυıȘ țαȚ Ĳα ȐȜαĲα ĲȠυ 

ȜȚșȓȠυ țαȚ Ș ȘȜİțĲȡȚțȒ αȞĲȓıĲαıȘ, Ș ȠπȠȓα șİȡȝαȓȞİȚ Ĳα ȐȜαĲα ȜȚșȓȠυ ȦȢ ĲȘȞ ĲȒȟȘ. ǼπȚπȜȑȠȞ, ĲȠ 

ȐȞȦ ȝȑȡȠȢ ȝπȠȡİȓ Ȟα πİȡȚıĲȡαφİȓ ȝİ ĲȘ ȕȠȒșİȚα ȘȜİțĲȡȠțȚȞȘĲȒȡα. Ǿ įυȞαĲȩĲȘĲα ĲȘȢ 

πİȡȚıĲȡȠφȒȢ ȤȡȘıȚȝİȪİȚ ȖȚα ĲȘȞ İπȓĲİυȟȘ țαȜȪĲİȡȘȢ αȞȐȝİȚȟȘȢ ĲȠυ υȜȚțȠȪ ȝİ ĲȠ ĲȒȖȝα ĲȦȞ 

αȜȐĲȦȞ ȜȚșȓȠυ țαȚ ıĲȠ ĲİȜȚțȩ ıĲȐįȚȠ ȖȚα ĲȘ ȤȪĲİυıȘ ĲȠυ įİȓȖȝαĲȠȢ ıĲȠ țαȜȠȪπȚ, ĲȠ ȠπȠȓȠ 

ȕȡȓıțİĲαȚ ıĲȠ țȐĲȦ ȝȑȡȠȢ ĲȘȢ ıυıțİυȒȢ.  
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ȈȤȒȝα 3.14 ΆȞȦ ȝȑȡȠȢ Katanax K1 Prime. 

ȉȠ țȐĲȦ ȝȑȡȠȢ ĲȘȢ ıυıțİυȒȢ, ȩπȦȢ φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 3.15, απȠĲİȜİȓĲαȚ απȩ ĲȘȞ 

ȘȜİțĲȡȚțȒ αȞĲȓıĲαıȘ Ș ȠπȠȓα απȠıțȠπİȓ ıĲȘȞ șȑȡȝαȞıȘ ĲȠυ țαȜȠυπȚȠȪ πȡȚȞ ĲȘ ȤȪĲİυıȘ. ǹυĲȩ 

ȖȓȞİĲαȚ πȡȠțİȚȝȑȞȠυ Ȟα υπȐȡȤİȚ ȠȝαȜȒ ȝİȓȦıȘ ĲȘȢ șİȡȝȠțȡαıȓαȢ ĲȠυ ĲȒȖȝαĲȠȢ, 

πȡȠıĲαĲİȪȠȞĲαȢ ĲȩıȠ ĲȠ įİȓȖȝα ȩıȠ țαȚ ĲȘ ıυıțİυȒ. ǼțĲȩȢ απȩ ĲȘȞ ȘȜİțĲȡȚțȒ αȞĲȓıĲαıȘ, ĲȠ 

țȐĲȦ ȝȑȡȠȢ įȚαșȑĲİȚ ȑȞα φυȖȠțİȞĲȡȚțȩ αȞİȝȚıĲȒȡα, Ƞ ȠπȠȓȠȢ ȤȡȘıȚȝȠπȠȚİȓĲαȚ ȖȚα ĲȘȞ ȥȪȟȘ țαȚ 

ıĲİȡİȠπȠȓȘıȘ ĲȠυ įİȓȖȝαĲȠȢ.  

 

ȈȤȒȝα 3.15 ΚȐĲȦ ȝȑȡȠȢ Katanax K1 Prime 
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3.5.1 ȅȚ ȜİȚĲȠυȡȖȓİȢ ĲȠυ Katanax K1 Prime 

Ǿ ıυıțİυȒ Katanax K1 Prime πİĲυȤαȓȞİȚ ĲȘȞ παȡαıțİυȒ įİȓȖȝαĲȠȢ ȝİ ĲȚȢ παȡαțȐĲȦ 

ȜİȚĲȠυȡȖȓİȢ:  

 ΘȑȡȝαȞıȘ: ȉȩıȠ ĲȠ İπȐȞȦ ȝȑȡȠȢ ĲȘȢ ıυıțİυȒȢ KATANAX K1 Prime ȩıȠ țαȚ 

ĲȠ țȐĲȦ ȝȑȡȠȢ ĲȘȢ įȚαșȑĲȠυȞ ȘȜİțĲȡȚțȑȢ αȞĲȚıĲȐıİȚȢ ȖȚα Ȟα șİȡȝαȓȞȠυȞ ĲȠ ȤȦȞİυĲȒȡȚ țαȚ ĲȠ 

țαȜȠȪπȚ αȞĲȓıĲȠȚȤα țαȚ șİȡȝȠıĲȠȚȤİȓα ȖȚα ĲȘȞ παȡαțȠȜȠȪșȘıȘ ĲȘȢ șİȡȝȠțȡαıȓαȢ ıİ țȐșİ 

ıĲȐįȚȠ. ΈĲıȚ, İȓȞαȚ įυȞαĲȩȞ Ȟα ȡυșȝȚıĲȠȪȞ αυĲȩȞȠȝα ȠȚ șİȡȝȠțȡαıȓİȢ ıĲȠ ȤȦȞİυĲȒȡȚ țαȚ ĲȠ 

țυȐșȚȠ αȞȐȜȠȖα ȝİ ĲȠ πȡȠȢ ĲȒȟȘ υȜȚțȩ.  

 ΑȞȐȝİȚȟȘ : ΓȚα ĲȘȞ İπȓĲİυȟȘ ȠȝȠȚȠȖİȞȫȞ įİȚȖȝȐĲȦȞ απαȡαȓĲȘĲȘ İȓȞαȚ Ș πȠȜȪ 

țαȜȒ αȞȐȝİȚȟȘ ĲȠυ υȜȚțȠȪ ıĲȠ ĲȒȖȝα ĲȦȞ ĲȦȞ ȕȠȡȚțȫȞ αȜȐĲȦȞ ĲȠυ ȜȚșȓȠυ. ȈĲȠ Katanax K1 

Prime Ș αȞȐȝİȚȟȘ İπȚĲυȖȤȐȞİĲαȚ ȝİ ĲȘ ȤȡȒıȘ İȞȩȢ ȘȜİțĲȡȚțȠȪ țȚȞȘĲȒȡα, Ƞ ȠπȠȓȠȢ țȚȞİȓ İȝπȡȩȢ-

πȓıȦ ĲȠ ȐȞȦ ȝȑȡȠȢ, ıĲȠ ȩπȠȚȠ ȕȡȓıțİĲαȚ ĲȠ ȤȦȞİυĲȒȡȚ ȝİ ĲȠ ĲȒȖȝα țαȚ ĲȠ υȜȚțȩ πȡȠȢ αȞȐȜυıȘ. 

Ǿ țȓȞȘıȘ αυĲȒ ȕȠȘșȐ ıĲȘȞ İπȓĲİυȟȘ ȕȑȜĲȚıĲȘȢ ȠȝȠȚȠȖȑȞİȚαȢ. ȅȚ παȡȐȖȠȞĲİȢ πȠυ αφȠȡȠȪȞ ĲȘ 

įȚİȡȖαıȓα αυĲȒ, įȘȜαįȒ Ƞ ȤȡȩȞȠȢ αȞαțȓȞȘıȘȢ, Ș ȝȑȖȚıĲȘ ȖȦȞȓα πȠυ ȝπȠȡİȓ Ȟα πȐȡİȚ ĲȠ ȐȞȦ 

ȝȑȡȠȢ țαȚ Ș ȖȦȞȚαțȒ ĲαȤȪĲȘĲα İȓȞαȚ πȜȒȡȦȢ ȡυșȝȚȗȩȝİȞİȢ απȩ ĲȠȞ ȤȡȒıĲȘ.  

 ȋȪĲİυıȘ : ǹφȠȪ ȠȜȠțȜȘȡȦșİȓ ĲȠ ıĲȐįȚȠ ĲȘȢ αȞȐȝİȚȟȘȢ, ıİȚȡȐ ȑȤİȚ Ș ȤȪĲİυıȘ 

ĲȠυ ĲȒȖȝαĲȠȢ ıĲȠ țαȜȠȪπȚ. Ȃİ ĲȘ ȤȡȒıȘ ĲȠυ ȘȜİțĲȡȚțȠȪ țȚȞȘĲȒȡα πȠυ ȤȡȘıȚȝȠπȠȚİȓĲαȚ țαȚ ıĲȠ 

ıĲȐįȚȠ ĲȘȢ αȞȐȝİȚȟȘȢ, ĲȠ ȐȞȦ ȝȑȡȠȢ ȜαȝȕȐȞİȚ țαĲȐȜȜȘȜȘ ȖȦȞȚαțȒ șȑıȘ πȐȞȦ απȩ ĲȠ țαȜȠȪπȚ. 

ȉȠ ĲȒȖȝα ȜȩȖȦ ĲȘȢ ȕαȡȪĲȘĲαȢ αįİȚȐȗİȚ ıĲȠ țαȜȠȪπȚ, ȩπȠυ ȑπİȚĲα ȟİțȚȞȐ țαȚ Ș ıĲαįȚαțȒ ĲȠυ 

ȥȪȟȘ. ΌπȦȢ țαȚ ıĲȠ ıĲȐįȚȠ ĲȘȢ αȞȐȝİȚȟȘȢ, υπȐȡȤİȚ įυȞαĲȩĲȘĲα ȡȪșȝȚıȘȢ απȩ ĲȘȢ ȖȦȞȚαțȒȢ 

șȑıȘȢ ĲȠυ ȐȞȦ ȝȑȡȠυȢ țαȚ ĲȘȢ ĲαȤȪĲȘĲαȢ ȝİ ĲȘȞ ȠπȠȓα ȝİĲαȕαȓȞİȚ ıİ αυĲȒ. 

 

ȈȤȒȝα 3.16 Η įȚαįȚțαıȓα ĲȘȢ ȤȪĲİυıȘȢ ıĲȠ Katanax K1 Prime 

 ȌȪȟȘ : ǹφȠȪ ȠȜȠțȜȘȡȦșİȓ Ș ȤȪĲİυıȘ, ıİȚȡȐ ȑȤİȚ Ș ȥȪȟȘ țαȚ ıĲİȡİȠπȠȓȘıȘ ĲȠυ 

ĲȒȖȝαĲȠȢ. Ǿ įȚαįȚțαıȓα ĲȘȢ ȥȪȟȘȢ απαȚĲİȓ ȝȚα ȠȝαȜȒ țαȚ ȩıȠ ĲȠ įυȞαĲȩȞ ȖȡαȝȝȚțȒ πĲȫıȘ ĲȘȢ 

șİȡȝȠțȡαıȓαȢ, ȑĲıȚ ȫıĲİ Ȟα απȠφİυȤșİȓ Ș įȘȝȚȠυȡȖȓα ȡȦȖȝȫȞ ıĲȠ įİȓȖȝα. Ǿ ȥȪȟȘ ȤȦȡȓȗİĲαȚ ıİ 
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įυȠ ĲȝȒȝαĲα. ȈĲȠ πȡȫĲȠ ĲȝȒȝα, αȝȑıȦȢ ȝİĲȐ ĲȘ ȤȪĲİυıȘ, ȩπȠυ ĲȠ ĲȒȖȝα απȠȕȐȜȜİȚ ĲȘ 

șİȡȝȩĲȘĲα ıĲȠ πİȡȚȕȐȜȜȠȞ ȝİ φυıȚțȩ ĲȡȩπȠ, İȞȫ ıĲȠ įİȪĲİȡȠ ĲȝȒȝα İȞİȡȖȠπȠȚİȓĲαȚ Ƞ 

φυȖȠțİȞĲȡȚțȩȢ αȞİȝȚıĲȒȡαȢ πȠυ ȕȡȓıțİĲαȚ ıĲȠ țȐĲȦ ȝȑȡȠȢ ȝİ απȠĲȑȜİıȝα ĲȘȞ İȟαȞαȖțαıȝȑȞȘ 

ȥȪȟȘ. 

 

3.5.2  ȇυșȝȓıİȚȢ ĲȠυ Katanax K1 Prime   

 ǹȝȑıȦȢ ȝİĲȐ ĲȘ șȑıȘ ıİ ȜİȚĲȠυȡȖȓα ĲȠυ Katanax K1 Prime, απȩ ĲȠȞ įȚαțȩπĲȘ πȠυ 

ȕȡȓıțİĲαȚ ıĲȠ πȓıȦ ȝȑȡȠȢ ĲȠυ, İȝφαȞȓȗİĲαȚ ĲȠ αȡȤȚțȩ ȝİȞȠȪ ıĲȘȞ ȠșȩȞȘ αφȒȢ υȖȡȫȞ 

țȡυıĲȐȜȜȦȞ (LCD). ȉȠ ȝİȞȠȪ İπȚĲȡȑπİȚ ıĲȠ ȤȡȒıĲȘ Ȟα įȚαȕȐıİȚ ĲȘȞ ĲȡȑȤȠυıα șİȡȝȠțȡαıȓα 

ĲȩıȠ ĲȠυ ȐȞȦ ȩıȠ țαȚ ĲȠυ țȐĲȦ ȝȑȡȠυȢ ĲȘȢ ıυıțİυȒȢ, Ȟα İπȚȜȑȟİȚ Ȓ Ȟα ȝİĲαȕȐȜİȚ țȐπȠȚȠ 

πȡȩȖȡαȝȝα, țαȚ ĲȑȜȠȢ Ȟα ȟİțȚȞȒıİȚ ĲȘ įȚαįȚțαıȓαȢ ĲȘȢ ıȪȞĲȘȟȘȢ (ȕȜ. ȈȤȒȝα 3.17). 

 

ȈȤȒȝα 3.17 ΑȡȤȚțȩ ȝİȞȠȪ Katanax K1 Prime 

 ȈĲȠ ȐȞȦ ȝȑȡȠȢ ĲȘȢ ȠșȩȞȘȢ φαȓȞİĲαȚ ȝȚα ıȤȘȝαĲȚțȒ απİȚțȩȞȚıȘ ĲȦȞ ȕȘȝȐĲȦȞ ĲȘȢ 

ıȪȞĲȘȟȘȢ, απȠĲυπȦȝȑȞα ıİ ȑȞα įȚȐȖȡαȝȝα. ȈĲȠ įȚȐȖȡαȝȝα απİȚțȠȞȓȗİĲαȚ Ș șİȡȝȠțȡαıȓα ĲȠυ 

ȝİȓȖȝαĲȠȢ ıİ ℃ ıυȞαȡĲȒıİȚ ĲȠυ ȤȡȩȞȠυ. ȀȐĲȦ απȩ ĲȠ įȚȐȖȡαȝȝα ȝπȠȡİȓ Ƞ ȤȡȒıĲȘȢ Ȟα 

παȡαĲȘȡȒıİȚ ĲȚȢ ĲȡȑȤȠυıİȢ șİȡȝȠțȡαıȓİȢ ȤȦȞİυĲȘȡȓȠυ țαȚ țαȜȠυπȚȠȪ, țαșȫȢ țαȚ Ȟα ȟİțȚȞȒıİȚ 

ĲȘȞ įȚαįȚțαıȓα ĲȘȢ ıȪȞĲȘȟȘȢ, πȚȑȗȠȞĲαȢ ĲȠ πȡȐıȚȞȠ πȜȒțĲȡȠ “START”. ȈĲȠ țȐĲȦ ȝȑȡȠȢ ĲȘȢ 

ȠșȩȞȘȢ αφȒȢ ȕȡȓıțȠȞĲαȚ Ĳα πȜȒțĲȡα πȠυ αφȠȡȠȪȞ ĲȘȞ İπȚȜȠȖȒ țαȚ İπİȟİȡȖαıȓα ĲȦȞ 

πȡȠȖȡαȝȝȐĲȦȞ ĲȘȢ ıȪȞĲȘȟȘȢ ȅȚ İπȚȜȠȖȑȢ αυĲȑȢ, țαȚ Ĳα αȞĲȓıĲȠȚȤα İȚțȠȞȓįȚα ȝαȗȓ țαȚ ȝİ ȐȜȜα 

πȠυ αȞαφȑȡȠȞĲαȚ ıĲȘ ıυȞȑȤİȚα παȡȠυıȚȐȗȠȞĲαȚ ıυȞȠȜȚțȐ ıĲȠȞ ȆȓȞαțα 3.1. 
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ȆȓȞαțαȢ 3.1α ǼȚțȠȞȓįȚα ȖȚα ĲȘ ȡȪșȝȚıȘ ĲȠυ KATANAX K1 Prime 

ΕȚțȠȞȓįȚȠ  ȁİȚĲȠυȡȖȓα 

 

ȉȠ πȜȒțĲȡȠ ĲȘȢ ǼȆǼȄǼȇΓǹȈǿǹȈ İπȚĲȡȑπİȚ ıĲȠȞ ȤȡȒıĲȘ Ȟα įİȚ αȞαȜυĲȚțȐ ȩȜİȢ ĲȚȢ 
παȡαȝȑĲȡȠυȢ ĲȠυ İπȚȜİȖȝȑȞȠυ πȡȠȖȡȐȝȝαĲȠȢ, țαșȫȢ țαȚ Ȟα ĲȚȢ ȝİĲαȕȐȜȜİȚ ȝȑıα 
ıĲα İπȚĲȡİπĲȐ απȩ ĲȠ ȜȠȖȚıȝȚțȩ ȩȡȚα.  

 

Ǿ ıυȖțİțȡȚȝȑȞȘ ȑȞįİȚȟȘ İπȚĲȡȑπİȚ ıĲȠ ȤȡȒıĲȘ Ȟα įİȚ ĲȘȞ ȠȞȠȝαıȓα ĲȠυ 
İπȚȜİȖȝȑȞȠυ πȡȠȖȡȐȝȝαĲȠȢ, İȞȫ ȝİ Ĳα πȜȒțĲȡα πȠυ ȕȡȓıțȠȞĲαȚ įİȟȚȐ țαȚ αȡȚıĲİȡȐ 
ĲȘȢ ȑȞįİȚȟȘȢ ȝπȠȡİȓ Ȟα İπȚȜȑȟİȚ įȚαφȠȡİĲȚțȐ πȡȠȖȡȐȝȝαĲα. ȈĲȘȞ πİȡȓπĲȦıȘ ĲȦȞ 
πȡȠİȖțαĲİıĲȘȝȑȞȦȞ πȡȠȖȡαȝȝȐĲȦȞ, Ș ȠȞȠȝαıȓα ĲȠυȢ İȓȞαȚ İȞįİȚțĲȚțȒ ȖȚα ĲȠ İȓįȠȢ 
ĲȠυ įİȓȖȝαĲȠȢ ȖȚα ĲȠ ȠπȠȓȠ πȡȠĲİȓȞİĲαȚ Ș ȤȡȒıȘ ĲȠυȢ π.Ȥ. “OXIDE” ȖȚα įİȓȖȝαĲα 
ȩπȠυ πİȡȚȑȤȠυȞ ȠȟİȓįȚα. ȉȑȜȠȢ, πȚȑȗȠȞĲαȢ πȐȞȦ ıĲȘȞ ȑȞįİȚȟȘ ĲȘȢ ȠȞȠȝαıȓαȢ ĲȠυ 
πȡȠȖȡȐȝȝαĲȠȢ įȓȞİĲαȚ Ș įυȞαĲȩĲȘĲα ȝİĲȠȞȠȝαıȓαȢ ĲȠυ. 

 

ȉȠ πȜȒțĲȡȠ ĲȘȢ ǹȃȉǿΓȇǹΦǾȈ İπȚĲȡȑπİȚ ĲȘȞ αȞĲȚȖȡαφȒ ĲȠυ ȒįȘ İπȚȜİȖȝȑȞȠυ 

πȡȠȖȡȐȝȝαĲȠȢ, įȘȝȚȠυȡȖȫȞĲαȢ ȑȞα ȞȑȠ, ȝİ ĲȚȢ ȓįȚİȢ αțȡȚȕȫȢ παȡαȝȑĲȡȠυȢ. ȈĲȘ 
ıυȞȑȤİȚα ĲȠ πȡȩȖȡαȝȝα αυĲȩ ȝπȠȡİȓ Ȟα ȝİĲȠȞȠȝαıĲİȓ απȩ ĲȠȞ ȤȡȒıĲȘ țαȚ ȑπİȚĲα, 
ȝİ ĲȠ πȜȒțĲȡȠ ĲȘȢ İπİȟİȡȖαıȓαȢ Ȟα ȝİĲαȕȜȘșȠȪȞ ȠȚ παȡȐȝİĲȡȠȓ ĲȠυ. ȉȠ Katanax 

K1 Prime įİȞ įȚαșȑĲİȚ ĲȘȞ İπȚȜȠȖȒ įȘȝȚȠυȡȖȓαȢ ȞȑȠυ πȡȠȖȡȐȝȝαĲȠȢ απȩ ĲȘȞ αȡȤȒ, 
İπȠȝȑȞȦȢ ȖȚα Ȟα įȘȝȚȠυȡȖȒıİȚ țαȞİȓȢ ȑȞα ȞȑȠ πȡȩȖȡαȝȝα πȡȑπİȚ Ȟα αȞĲȚȖȡȐȥİȚ ȑȞα 
ȒįȘ υπȐȡȤȠȞ țαȚ ıĲȘ ıυȞȑȤİȚα Ȟα ĲȠ İπİȟİȡȖαıĲİȓ țαȚ Ȟα ĲȠ ȝİĲȠȞȠȝȐıİȚ. 

 

ȉȠ πȜȒțĲȡȠ ĲȘȢ ǻǿǹΓȇǹΦǾȈ įȓȞİȚ ĲȘ įυȞαĲȩĲȘĲα ıĲȠ ȤȡȒıĲȘ Ȟα įȚαȖȡȐȥİȚ απȩ 
ĲȘ ȝȞȒȝȘ ĲȠυ Katanax K1 Prime ĲȠ İπȚȜİȖȝȑȞȠ πȡȩȖȡαȝȝα. ȅ ȝȑȖȚıĲȠȢ αȡȚșȝȩȢ 
ĲȦȞ πȡȠȖȡαȝȝȐĲȦȞ πȠυ ȝπȠȡȠȪȞ Ȟα απȠșȘțİυĲȠȪȞ ıĲȘ ȝȞȒȝȘ ĲȠυ İȓȞαȚ 20. 

 ȉȠ πȜȒțĲȡȠ ĲȘȢ ǹȆȅΘǾȀǼȊȈǾȈ İπȚĲȡȑπİȚ ıĲȠȞ ȤȡȒıĲȘ Ȟα απȠșȘțİȪıİȚ ıĲȠ 
İπȚȜİȖȝȑȞȠ πȡȩȖȡαȝȝα ĲυȤȩȞ αȜȜαȖȑȢ πȠυ ȝπȠȡİȓ Ȟα ȑȤİȚ πȡαȖȝαĲȠπȠȚȒıİȚ. 

 ȉȠ πȜȒțĲȡȠ ĲȦȞ ΓǼȃǿȀȍȃ ȇȊΘȂǿȈǼȍȃ İπȚĲȡȑπİȚ ıĲȠȞ ȤȡȒıĲȘ Ȟα ȝİĲαȕȐȜİȚ 
ȡυșȝȓıİȚȢ πȠυ αφȠȡȠȪȞ ȖİȞȚțȩĲİȡα ĲȘ ȜİȚĲȠυȡȖȓα ĲȘȢ ıυıțİυȒȢ π.Ȥ.  
i) ȃα İπȚȜȑȟİȚ ĲȘ ȖȜȫııα ĲȦȞ İȞĲȠȜȫȞ. 

ii) ȃα ȠȡȓıİȚ ĲȠ ȤȡȠȞȚțȩ įȚȐıĲȘȝα αυĲȩȝαĲȘȢ απİȞİȡȖȠπȠȓȘıȘȢ ĲȘȢ ıυıțİυȒȢ. ΓȚα 
ȜȩȖȠυȢ İȟȠȚțȠȞȩȝȘıȘȢ İȞȑȡȖİȚαȢ, ȩĲαȞ Ș ıυıțİυȒ παȡαȝİȓȞİȚ αȤȡȘıȚȝȠπȠȓȘĲȘ ȖȚα 
ıυȖțİțȡȚȝȑȞȠ ȤȡȠȞȚțȩ įȚȐıĲȘȝα, απİȞİȡȖȠπȠȚİȓĲαȚ αυĲȩȝαĲα.  
iii) ȃα įİȚ ĲȠ πȜȒșȠȢ ıυȞĲȒȟİȦȞ πȠυ ȑȤİȚ πȡαȖȝαĲȠπȠȚȒıİȚ Ș ıυıțİυȒ. ȅ αȡȚșȝȩȢ 
αυĲȩȢ İȞįȚαφȑȡİȚ ȚįȚαȓĲİȡα ıĲȘ ıυȞĲȒȡȘıȘ ĲȘȢ ıυıțİυȒȢ, ȖȚα Ȟα İȟαıφαȜȚıĲİȓ Ș 
İȪȡυșȝȘ ȜİȚĲȠυȡȖȓα țαȚ Ș αȞĲȠȤȒ ĲȘȢ. 
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ǹφȠȪ Ƞ ȤȡȒıĲȘȢ ĲȠπȠșİĲȒıİȚ ĲȠ ȝİȓȖȝα, İπȚȜȑȟİȚ ĲȠ πȡȩȖȡαȝȝα ıȪȞĲȘȟȘȢ țαȚ παĲȒıİȚ ĲȠ 

πȜȒțĲȡȠ “START” ȖȚα ĲȘȞ ȑȞαȡȟȘ ĲȘȢ ıȪȞĲȘȟȘȢ, Ș ȠșȩȞȘ ĲȠυ Katanax K1 Prime παȡȠυıȚȐȗİȚ 

αȞαȜυĲȚțȩĲİȡα ıĲȠȚȤİȓα ȖȚα ĲȘȞ πȠȡİȓα ĲȘȢ ıȪȞĲȘȟȘȢ (ȕȜ. ȈȤȒȝα 3.18). 

ȈȤȒȝα 3.18 Η ȠșȩȞȘ ĲȠυ KATANAX țαĲȐ ĲȘ įȚȐȡțİȚα ĲȘȢ ıȪȞĲȘȟȘȢ 

ΌπȦȢ țαȚ ıĲȠ αȡȤȚțȩ ȝİȞȠȪ, ıĲȠ πȐȞȦ ȝȑȡȠȢ ĲȘȢ ȠșȩȞȘȢ απİȚțȠȞȓȗİĲαȚ, ıİ ȝȠȡφȒ įȚαȖȡȐȝȝαĲȠȢ 

șİȡȝȠțȡαıȓαȢ – ȤȡȩȞȠυ ĲȠ πȡȩȖȡαȝȝα πȠυ ȑȤİȚ İπȚȜİȖİȓ. ǼπȓıȘȢ, αȞαȖȡȐφȠȞĲαȚ ȠȚ ĲȡȑȤȠυıİȢ 

șİȡȝȠțȡαıȓİȢ ĲȠυ ȐȞȦ țαȚ ĲȠυ țȐĲȦ ȝȑȡȠυȢ ĲȘȢ ıυıțİυȒȢ. ǼπȚπȡȩıșİĲα ȩȝȦȢ, țȐĲȦ απȩ ĲȚȢ 

ĲȡȑȤȠυıİȢ șİȡȝȠțȡαıȓİȢ αȞαȖȡȐφİĲαȚ (ȝİ ȖțȡȚ Ȥȡȫȝα) Ș șİȡȝȠțȡαıȓα ıĲȩȤȠȢ ĲȠυ ıĲαįȓȠυ 

șȑȡȝαȞıȘȢ Ȓ ȥȪȟȘȢ πȠυ ȕȡȓıțİĲαȚ ıİ İțĲȑȜİıȘ. ȅȚ İπȚȜȠȖȑȢ πȠυ įȓȞȠȞĲαȚ ıĲȠȞ ȤȡȒıĲȘ țαĲȐ ĲȘ 

įȚȐȡțİȚα ĲȘȢ ıȪȞĲȘȟȘȢ İȓȞαȚ Ș ȆαȪıȘȢ țαȚ Ș ǻȚαțȠπȒ (ǺȜ. ȆȓȞαțα 3.1ȕ). 

ǼπȚπȜȑȠȞ, αȞαȖȡȐφİĲαȚ Ƞ ȡυșȝȩȢ αȪȟȘıȘȢ ĲȘȢ șİȡȝȠțȡαıȓαȢ, İȐȞ πȡȩțİȚĲαȚ ȖȚα ıĲȐįȚȠ 

șȑȡȝαȞıȘȢ, țαșȫȢ țαȚ Ƞ ȤȡȩȞȠȢ παȡαȝȠȞȒȢ ĲȠυ ȝİȓȖȝαĲȠȢ ıĲȘ șİȡȝȠțȡαıȓα πȠυ ȑȤİȚ ȠȡȚıșİȓ. 

ȈυȞȒșȦȢ ȠȡȓȗİĲαȚ ȑȞαȢ ȤȡȩȞȠȢ παȡαȝȠȞȒȢ ıİ ȝȚα ȝȑıȘ șİȡȝȠțȡαıȓα (πİȡȓπȠυ 600 ℃) ȖȚα Ȟα 

İπȚĲİυȤșİȓ πȜȒȡȘȢ ȠȟİȓįȦıȘ țαȚ įȚαφυȖȒ αİȡȓȦȞ παȡαȖȫȖȦȞ (ȩπȦȢ COଶ, SOଶ), Ĳα ȠπȠȓα ȩĲαȞ 

παȖȚįİȪȠȞĲαȚ ȝȑıα ıĲȠ ĲȒȖȝα įȘȝȚȠυȡȖȠȪȞ ȠȡαĲȑȢ φυıαȜȓįİȢ ıĲȠ ĲİȜȚțȩ παȡαȖȩȝİȞȠ įİȓȖȝα. Ȉİ 

ȠυıȓİȢ πȠυ πİȡȚȑȤȠυȞ ȝȠȞȐȤα ȠȟİȚįȦȝȑȞα ıĲȠȚȤİȓα țαȚ ıĲȠȚȤİȓα πȠυ įİȞ αİȡȚȠπȠȚȠȪȞĲαȚ ȝİ ĲȘ 

șȑȡȝαȞıȘ ĲȠ ıĲȐįȚȠ παȡαȝȠȞȒȢ ıĲȘ șİȡȝȠțȡαıȓα αυĲȒ ȝπȠȡİȓ Ȟα παȡαȜȘφĲİȓ.  ǼπȓıȘȢ, ıİ țȐșİ 

ıȪȞĲȘȟȘ, ȠȡȓȗİĲαȚ ȑȞαȢ ȤȡȩȞȠȢ παȡαȝȠȞȒȢ ıĲȘ ȝȑȖȚıĲȘ șİȡȝȠțȡαıȓα (πİȡȓπȠυ 1050 ℃), Ƞ 

ȠπȠȓȠȢ ıυȞįυȐȗİĲαȚ ȝİ αȞαțȓȞȘıȘ ĲȠυ ȐȞȦ ȝȑȡȠυȢ, ȝİ ıĲȩȤȠ ĲȘȞ ȕȑȜĲȚıĲȘ įȚȐȜυıȘ ĲȘȢ ıĲİȡİȐȢ 

ȠυıȓαȢ ıĲȠ ĲȒȖȝα ĲȦȞ ȕȠȡȚțȫȞ αȜȐĲȦȞ. 
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ȆȓȞαțαȢ 3.1ȕ ǼȚțȠȞȓįȚα ȖȚα ĲȘ ȡȪșȝȚıȘ ĲȠυ KATANAX K1 Prime 

 ȆȚȑȗȠȞĲαȢ ĲȠ πȜȒțĲȡȠ ĲȘȢ ȆǹȊȈǾȈ, Ƞ ȤȡȒıĲȘȢ ȝπȠȡİȓ Ȟα įȚαțȩȥİȚ ĲȘȞ 
αȞĲȓıĲȡȠφȘ ȝȑĲȡȘıȘ  ĲȠυ ȤȡȩȞȠυ απȩ ĲȘ ıυıțİυȒ, įȚαĲȘȡȫȞĲαȢ ȩȝȦȢ ĲȘȢ 
șİȡȝȠțȡαıȓα ıĲαșİȡȒ țαȚ ıυȞİȤȓȗȠȞĲαȢ ȠπȠȚαįȒπȠĲİ αȞαțȓȞȘıȘ ĲȠυ ȐȞȦ ȝȑȡȠυȢ. 
Ǿ įυȞαĲȩĲȘĲα αυĲȒ İȓȞαȚ ȤȡȒıȚȝȘ İȐȞ țȡȓȞİȚ Ƞ ȤȡȒıĲȘȢ ȩĲȚ απαȚĲİȓĲαȚ İπȚπȜȑȠȞ 
ȤȡȩȞȠȢ απȩ ĲȠȞ πȡȠțαșȠȡȚıȝȑȞȠ ȖȚα ĲȘȞ ȠȜȠțȜȒȡȦıȘ țȐπȠȚαȢ įȚİȡȖαıȓαȢ, ȩπȦȢ 
ȖȚα ĲȘȞ ȠȟİȓįȦıȘ ĲȘȢ ıĲİȡİȐȢ ȠυıȓαȢ, Ȓ ĲȘ įȚȐȜυıȘ ĲȘȢ ıĲȠ ĲȒȖȝα. 

 
ȉȠ πȜȒțĲȡȠ ĲȘȢ ǻǿǹȀȅȆǾȈ įȓȞİȚ ĲȘ įυȞαĲȩĲȘĲα ıĲȠȞ ȤȡȒıĲȘ πȚȑȗȠȞĲαȢ ĲȠ Ȟα 
įȚαțȩȥİȚ πȜȒȡȦȢ ĲȘ įȚαįȚțαıȓα ĲȘȢ ıȪȞĲȘȟȘȢ, İπαȞαφȑȡȠȞĲαȢ ȩȜİȢ ĲȚȢ ȜİȚĲȠυȡȖȓİȢ 
ĲȘȢ ıυıțİυȒȢ ıĲȘȞ πȡȦĲαȡȤȚțȒ ĲȠυȢ țαĲȐıĲαıȘ. Ǿ įȚαțȠπȒ ĲȘȢ ıȪȞĲȘȟȘȢ İȓȞαȚ 
ȚįȚαȓĲİȡα ȤȡȒıȚȝȘ ıİ πİȡȓπĲȦıȘ πȠυ Ƞ ȤȡȒıĲȘȢ αȞĲȚȜȘφșİȓ ȩĲȚ įİȞ ȑȤİȚ ȖȓȞİȚ 
țαĲȐȜȜȘȜα Ș πȡȠİĲȠȚȝαıȓα ĲȠυ ȝİȓȖȝαĲȠȢ Ȓ ĲȘȢ įȚȐĲαȟȘȢ, Ȓ ıİ πİȡȚπĲȫıİȚȢ 
İțĲȐțĲȠυ αȞȐȖțȘȢ. 

 

3.5.3 ȆȡȠȖȡαȝȝαĲȚıȝȩȢ ĲȦȞ ıĲαįȓȦȞ ȜİȚĲȠυȡȖȓαȢ ĲȠυ Katanax K1 Prime 

 ȀαĲȐ ĲȘ ȤȡȒıȘ ĲȠυ Katanax K1 Prime țαȚ ĲȘȢ πȡȠİĲȠȚȝαıȓαȢ ĲȦȞ įİȚȖȝȐĲȦȞ ȝİ ĲȘ 

ȝȑșȠįȠ ĲȘȢ ıȪȞĲȘȟȘȢ ȝπȠȡİȓ Ĳα πȡȠİȖțαĲİıĲȘȝȑȞα πȡȠȖȡȐȝȝαĲα Ȟα ȝȘȞ İπαȡțȠȪȞ ȖȚα Ȟα 

țαȜȪȥȠυȞ ĲȚȢ αȞȐȖțİȢ ıυȖțİțȡȚȝȑȞȦȞ įİȚȖȝȐĲȦȞ. ȈĲȘȞ πİȡȓπĲȦıȘ αυĲȒ ĲȠ Katanax K1 Prime 

İπȚĲȡȑπİȚ ıĲȠȞ ȤȡȒıĲȘ Ȟα ȠȡȓıİȚ ĲȚȢ παȡαȝȑĲȡȠυȢ țȐșİ ıĲαįȓȠυ ĲȘȢ ıȪȞĲȘȟȘȢ ȝİ ȩπȠȚȠȞ ĲȡȩπȠ 

İπȚșυȝİȓ, țαșȫȢ țαȚ Ȟα απȠșȘțİȪıİȚ ĲȠ ȞȑȠ πȡȩȖȡαȝȝα πȠυ įȘȝȚȠȪȡȖȘıİ. ȆȚȠ αȞαȜυĲȚțȐ, Ƞ 

ȤȡȒıĲȘȢ ȝπȠȡİȓ Ȟα İπȚȜȑȟİȚ İȜİȪșİȡα, ȝȑıα ıĲα ȩȡȚα αıφαȜȠȪȢ ȜİȚĲȠυȡȖȓαȢ ĲȘȢ ıυıțİυȒȢ πȠυ 

ȠȡȓȗİȚ Ƞ țαĲαıțİυαıĲȒȢ, ĲȚȢ παȡαȝȑĲȡȠυȢ πȠυ αφȠȡȠȪȞ Ĳα Ĳȡȓα įȚαφȠȡİĲȚțȐ İȓįȘ ıĲαįȓȦȞ: 

șȑȡȝαȞıȘ, ȤȪĲİυıȘ țαȚ ȥȪȟȘ. 

ȆαȡȐ ĲȘȞ İυİȜȚȟȓα ıĲȠȞ πȡȠȖȡαȝȝαĲȚıȝȩ πȠυ İπȚĲȡȑπİȚ ĲȠ Katanax K1 Prime, Ƞ ȤȡȒıĲȘȢ 

įİȞ ȝπȠȡİȓ Ȟα ȝİĲαȕȐȜİȚ ĲȠ πȜȒșȠȢ ĲȦȞ ıĲαįȓȦȞ ĲȘȢ ıȪȞĲȘȟȘȢ πȠυ πİȡȚȜαȝȕȐȞİȚ ĲȠ πȡȩȖȡαȝȝα, 

țαșȫȢ țαȚ ĲȘȞ πȡȠțαșȠȡȚıȝȑȞȘ αțȠȜȠυșȓα ĲȠυȢ. ȉȠ țȐșİ πȡȩȖȡαȝȝα ĲȠυ Katanax K1 Prime, 

İȓĲİ πȡȠİȖțαĲİıĲȘȝȑȞȠ İȓĲİ įȘȝȚȠυȡȖȠȪȝİȞȠ απȩ ĲȠȞ ȤȡȒıĲȘ, πİȡȚȜαȝȕȐȞİȚ (ȝİ ĲȘȞ 

ıυȖțİțȡȚȝȑȞȘ αțȠȜȠυșȓα) 4 ıĲȐįȚα șȑȡȝαȞıȘȢ, 1 ıĲȐįȚȠ ȤȪĲİυıȘȢ țαȚ 2 ıĲȐįȚα ȥȪȟȘȢ. ȅȚ 

ıĲȩȤȠȚ țȐșİ ıĲαįȓȠυ πİȡȚȖȡȐφȠȞĲαȚ αȞαȜυĲȚțȐ ıĲȠȞ πȓȞαțα 3.2 ȉȠ Katanax K1 Prime ĲȠυ ǼȆȉ-

ǼȂȆ İȓȤİ İȖțαĲİıĲȘȝȑȞα ȠȜȠțȜȘȡȦȝȑȞα πȡȠȖȡȐȝȝαĲα ȖȚα πİȡȚπĲȫıİȚȢ įİȚȖȝȐĲȦȞ  απȩ ȠȟİȓįȚα 

ȝİĲȐȜȜȦȞ, ȚπĲȐȝİȞȘ Ĳȑφȡα, įȚαȜȪȝαĲα ț.α. 
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ȆȓȞαțαȢ 3.2 ȈĲȐįȚα παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ ȝİ ĲȠ KATANAX K1 Prime  

 

ȈĲȐįȚα ΘȑȡȝαȞıȘȢ: ȉα 4 ıĲȐįȚα șȑȡȝαȞıȘȢ απȠıțȠπȠȪȞ ıĲȘ ıĲαįȚαțȒ șȑȡȝαȞıȘ 
ĲȠυ ȝİȓȖȝαĲȠȢ, ĲȘȞ ĲȒȟȘ ĲȦȞ ȕȠȡȚțȫȞ αȜȐĲȦȞ, ĲȘȞ πȜȒȡȘ ȠȟİȓįȦıȘ ĲȠυ ıĲİȡİȠȪ 
υȜȚțȠȪ țαȚ ĲȘȞ ȕȑȜĲȚıĲȘ įȚȐȜυıȘ ĲȠυ ıĲȠ ĲȒȖȝα. ȈĲα įȪȠ πȡȫĲα ıĲȐįȚα șȑȡȝαȞıȘȢ 
İπȚĲυȖȤȐȞİĲαȚ Ș πȡȠșȑȡȝαȞıȘ ĲȠυ ȝİȓȖȝαĲȠȢ țαȚ Ș ȠȟİȓįȦıȘ ĲȠυ – İȐȞ απαȚĲİȓĲαȚ – 

ȝİ παȡαȝȠȞȒ ĲȠυ ȝİȓȖȝαĲȠȢ ıİ ȝȚα șİȡȝȠțȡαıȓα ĲȘȢ ĲȐȟȘȢ ĲȦȞ 600 ℃.  ΈπİȚĲα, 
ıĲȠ ĲȡȓĲȠ ıĲȐįȚȠ șȑȡȝαȞıȘȢ Ș șİȡȝȠțȡαıȓα φĲȐȞİȚ ĲȘ ȝȑȖȚıĲȘ ĲȚȝȒ ĲȘȢ (πİȡȓπȠυ 
1050 ℃),  ȟİπİȡȞȫȞĲαȢ ȑĲıȚ ĲȠ ıȘȝİȓȠ ĲȒȟȘȢ ĲȦȞ ȕȠȡȚțȫȞ αȜȐĲȦȞ, ȝİ απȠĲȑȜİıȝα 
ĲȘȞ ĲȒȟȘ ĲȠυȢ. ȆαȡȐȜȜȘȜα, ȝİ αȞαțȓȞȘıȘ İπȚĲυȖȤȐȞİĲαȚ Ș αȡȤȚțȒ įȚȐȜυıȘ ĲȠυ 
ıĲİȡİȠȪ υȜȚțȠȪ ıĲȠ ĲȒȖȝα. ȉȑȜȠȢ, ıĲȠ ĲȑĲαȡĲȠ ıĲȐįȚȠ șȑȡȝαȞıȘȢ Ș șİȡȝȠțȡαıȓα 
παȡαȝȑȞİȚ ıĲαșİȡȒ, İȞȫ ıυȞİȤȓȗİĲαȚ Ș αȞαțȓȞȘıȘ, ȝİ ıĲȩȤȠ ĲȘ ȕȑȜĲȚıĲȘ įȚȐȜυıȘ. 

 
ȈĲȐįȚȠ ȋȪĲİυıȘȢ: ȉȠ ıĲȐįȚȠ ĲȘȢ ȤȪĲİυıȘȢ αțȠȜȠυșİȓ ȝİĲȐ ĲȠ ĲȑĲαȡĲȠ ıĲȐįȚȠ 
șȑȡȝαȞıȘȢ. ȀαĲȐ ĲȠ ıĲȐįȚȠ αυĲȩ ĲȠ ȐȞȦ ȝȑȡȠȢ παȓȡȞİȚ țαĲȐȜȜȘȜȘ șȑıȘ ȝİ ıțȠπȩ 
ĲȘ ȝİĲαφȠȡȐ ĲȠυ ĲȒȖȝαĲȠȢ απȩ ĲȠ ȤȦȞİυĲȒȡȚȠ ıĲȠ țαȜȠȪπȚ (ȕȜ. ȈȤȒȝα 3.16) 

 

ȈĲȐįȚα ȌȪȟȘȢ: ȉα įȪȠ ĲİȜİυĲαȓα ıĲȐįȚα ĲȘȢ ȥȪȟȘȢ αțȠȜȠυșȠȪȞ ȝİĲȐ ĲȘ ȤȪĲİυıȘ 
ĲȠυ ĲȒȖȝαĲȠȢ ıĲȠ țαȜȠȪπȚ. ȅ ıțȠπȩȢ αυĲȫȞ ĲȦȞ ıĲαįȓȦȞ İȓȞαȚ Ș İȜİȖȤȩȝİȞȘ ȥȪȟȘ 
țαȚ ıĲİȡİȠπȠȓȘıȘ ĲȠυ ĲȒȖȝαĲȠȢ, ȫıĲİ Ȟα παȡαȤșİȓ İπȚĲυȤȫȢ ĲȠ įİȓȖȝα. ȈĲȠ πȡȫĲȠ 
ıĲȐįȚȠ ȥȪȟȘȢ, Ș ȝİȓȦıȘ ĲȘȢ șİȡȝȠțȡαıȓαȢ ȖȓȞİĲαȚ ȝİ φυıȚțȩ ĲȡȩπȠ, įȘȜαįȒ ȝİ 
απαȖȦȖȒ șİȡȝȩĲȘĲαȢ πȡȠȢ ĲȠ πİȡȚȕȐȜȜȠȞ, țαȚ απȠıțȠπİȓ ıĲȘȞ ıĲİȡİȠπȠȓȘıȘ ĲȠυ 
ĲȒȖȝαĲȠȢ. ȈĲȘ ıυȞȑȤİȚα, ıĲȠ įİȪĲİȡȠ ıĲȐįȚȠ Ș ȥȪȟȘ ĲȠυ ıĲİȡİȠȪ, πȜȑȠȞ, įİȓȖȝαĲȠȢ 
ȖȓȞİĲαȚ ȝİ ĲȘ ȕȠȒșİȚα φυȖȠțİȞĲȡȚțȠȪ αȞİȝȚıĲȒȡα, Ƞ ȠπȠȓȠȢ ȕȡȓıțİĲαȚ ıĲȠ țȐĲȦ 
ȝȑȡȠȢ ĲȘȢ ıυıțİυȒȢ, ȝİ ıĲȩȤȠ ĲȘȞ ĲαȤİȓα ȝİĲȐȕαıȘ ĲȠυ įİȓȖȝαĲȠȢ ıĲȘ 
șİȡȝȠțȡαıȓα πİȡȚȕȐȜȜȠȞĲȠȢ. 

 

 ΌĲαȞ Ĳα πȡȠİȖțαĲİıĲȘȝȑȞα πȡȠȖȡȐȝȝαĲα įİȞ İπαȡțȠȪȞ ȖȚα Ȟα įȘȝȚȠυȡȖȒıȠυȞ  

İπȚĲυȤȫȢ ȑȞα įİȓȖȝα, İȓȞαȚ απαȡαȓĲȘĲȘ Ș İπİȟİȡȖαıȓα ĲȦȞ παȡαȝȑĲȡȦȞ ĲȘȢ ıȪȞĲȘȟȘȢ. ȉȠ 

Katanax K1 Prime, ȩπȦȢ πȡȠαȞαφȑȡșȘțİ, įȓȞİȚ ĲȘȞ įυȞαĲȩĲȘĲα ıĲȠȞ ȤȡȒıĲȘ Ȟα ȝİĲαȕȐȜİȚ 

αȡțİĲȑȢ παȡαȝȑĲȡȠυȢ ĲȦȞ πȡȠȖȡαȝȝȐĲȦȞ ĲȠυ ȝİ İȪțȠȜȠ țαȚ ȐȝİıȠ ĲȡȩπȠ. ȈĲȘ ıυȞȑȤİȚα 

πİȡȚȖȡȐφİĲαȚ αȞαȜυĲȚțȐ Ș įȚαįȚțαıȓα İπİȟİȡȖαıȓαȢ İȞȩȢ πȡȠȖȡȐȝȝαĲȠȢ, ȠȚ ȝİĲαȕȜȘĲȑȢ 

παȡȐȝİĲȡȠȚ țαȚ ĲȘ ıȘȝαıȓα ĲȠυȢ. ȈȘȝαȞĲȚțȩ İȓȞαȚ Ȟα ıȘȝİȚȦșİȓ ȩĲȚ ȖȚα ĲȚȢ αȞȐȖțİȢ ĲȘȢ ǻǼ 

ȤȡİȚȐıĲȘțİ Ȟα ȖȓȞİȚ İπİȟİȡȖαıȓα ĲȦȞ πȡȠİȖțαĲİıĲȘȝȑȞȦȞ πȡȠȖȡαȝȝȐĲȦȞ ȝİ ıĲȩȤȠ ĲȘ ȝİȜȑĲȘ 

ĲȘȢ İπȓįȡαıȘȢ ĲȦȞ įȚαφȩȡȦȞ παȡαȝȑĲȡȦȞ țαȚ ĲȘȞ İπȓĲİυȟȘ ĲȠυ ȕȑȜĲȚıĲȠυ απȠĲİȜȑıȝαĲȠȢ 

ıȪȞĲȘȟȘȢ.  
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ΓȚα ĲȘȞ İπİȟİȡȖαıȓα İȞȩȢ πȡȠȖȡȐȝȝαĲȠȢ, αȡȤȚțȐ Ƞ ȤȡȒıĲȘȢ πȡȑπİȚ Ȟα İπȚȜȑȟİȚ ĲȠ 

πȡȩȖȡαȝȝα πȠυ İπȚșυȝİȓ Ȟα İπİȟİȡȖαıĲİȓ țαȚ ıĲȘ ıυȞȑȤİȚα Ȟα πȚȑıİȚ ĲȠ πȜȒțĲȡȠ 

«ǼπİȟİȡȖαıȓα». ȈĲȘ ıυȞȑȤİȚα παȡȠυıȚȐȗȠȞĲαȚ ıĲȘȞ ȠșȩȞȘ αȞαȜυĲȚțȐ ȩȜİȢ ȠȚ παȡȐȝİĲȡȠȚ ĲȠυ 

țȐșİ ıĲαįȓȠυ ĲȠυ πȡȠȖȡȐȝȝαĲȠȢ. ȈĲȠ ıȘȝİȓȠ αυĲȩ, Ƞ ȤȡȒıĲȘȢ İȓȞαȚ İȜİȪșİȡȠȢ Ȟα ȠȡȓıİȚ 

ȠπȠȚαįȒπȠĲİ ıĲȐįȚȠ İπȚșυȝİȓ (șȑȡȝαȞıȘ, ȤȪĲİυıȘ, ȥȪȟȘ) İπȚȜȑȖȠȞĲȐȢ ĲȠ ıĲȘȞ ȠșȩȞȘ țαȚ ıĲȘ 

ıυȞȑȤİȚα Ȟα țαșȠȡȓıİȚ ĲȘȞ παȡȐȝİĲȡȠ (șİȡȝȠțȡαıȓα, ĲαȤȪĲȘĲα, țȜȓıȘ) πȠυ İπȚșυȝİȓ παĲȫȞĲαȢ 

Ĳα ıȪȝȕȠȜα ‘+’ țαȚ ‘-‘ ȕȜ. ȈȤȒȝα 3.19. 

 

ΕπİȟİȡȖαıȓα ȈĲαįȓȠυ ΘȑȡȝαȞıȘȢ:  ȅȚ παȡȐȝİĲȡȠȚ πȠυ ȝπȠȡİȓ Ȟα İπİȟİȡȖαıĲİȓ Ƞ ȤȡȒıĲȘȢ 

İȓȞαȚ ȓįȚȠȚ ȖȚα țȐșİ ıĲȐįȚȠ șȑȡȝαȞıȘȢ.  ȈĲȠ πȐȞȦ ȝȑȡȠȢ ĲȘȢ ȠșȩȞȘȢ İπİȟİȡȖαıȓαȢ, ȩπȦȢ 

φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 3.19, φαȓȞİĲαȚ Ș απİȚțȩȞȚıȘ ĲȠυ įȚαȖȡȐȝȝαĲȠȢ șİȡȝȠțȡαıȓαȢ – ȤȡȩȞȠυ ĲȠυ 

πȡȠȖȡȐȝȝαĲȠȢ, țαșȫȢ țαȚ ĲȠ πİįȓȠ șİȡȝȠțȡαıȚȫȞ ıĲȠ ȠπȠȓȠ αȞαφȑȡİĲαȚ ĲȠ İπȚȜİȖȝȑȞȠ ıĲȐįȚȠ. 

ȈĲȠ αȡȚıĲİȡȩ ȐțȡȠ ĲȘȢ ȠșȩȞȘȢ φαȓȞİĲαȚ ĲȠ ıĲȐįȚȠ ĲȠ ȠπȠȓȠ Ƞ ȤȡȒıĲȘȢ İπİȟİȡȖȐȗİĲαȚ țȐșİ 

φȠȡȐ. ȈĲȘȞ πİȡȓπĲȦıȘ ĲȠυ ȈȤȒȝαĲȠȢ 3.19, Ƞ ȤȡȒıĲȘȢ İπİȟİȡȖȐȗİĲαȚ ĲȠ ĲȑĲαȡĲȠ ıĲȐįȚȠ 

șȑȡȝαȞıȘȢ ĲȠυ πȡȠȖȡȐȝȝαĲȠȢ. ǹțȡȚȕȫȢ țȐĲȦ απȩ ĲȠ İπȚȜİȖȝȑȞȠ ıĲȐįȚȠ, Ĳα πȜȒțĲȡα ȝİ ĲȠ įİȟȓ 

țαȚ αȡȚıĲİȡȩ ȕȑȜȠȢ İπȚĲȡȑπȠυȞ ıĲȠȞ ȤȡȒıĲȘ Ȟα įȚαȜȑȟİȚ įȚαφȠȡİĲȚțȩ ıĲȐįȚȠ πȡȠȢ İπİȟİȡȖαıȓα. 

ȈĲȠȞ πȓȞαțα 3.3 παȡȠυıȚȐȗȠȞĲαȚ ȠȚ παȡȐȝİĲȡȠȚ πȠυ αφȠȡȠȪȞ Ĳα ıĲȐįȚα șȑȡȝαȞıȘȢ, Ș ıȘȝαıȓα 

ĲȠυȢ țαȚ Ĳα İȚțȠȞȓįȚα ȝİ Ĳα ȠπȠȓα ȝİĲαȕȐȜȜȠȞĲαȚ. 

 

 

 

 

 

ȈȤȒȝα 3.19 ȅșȩȞȘ İπİȟİȡȖαıȓαȢ 4Ƞυ
 ıĲαįȓȠυ șȑȡȝαȞıȘȢ ĲȠυ Katanax K1 Prime 
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ȆȓȞαțαȢ 3.3 ȆαȡȐȝİĲȡȠȚ ΘȑȡȝαȞıȘȢ 

 ȈȘȝαȞĲȚțȩĲİȡȠȢ παȡȐȖȠȞĲαȢ țȐșİ ıĲαįȓȠυ șȑȡȝαȞıȘȢ İȓȞαȚ Ƞ 
ȠȡȚıȝȩȢ ĲȘȢ ĲİȜȚțȒȢ șİȡȝȠțȡαıȓαȢ. Ǿ ȘȜİțĲȡȚțȒ αȞĲȓıĲαıȘ ıĲȠ 
ıĲȐįȚȠ αυĲȩ șİȡȝαȓȞİȚ ĲȠ ȝİȓȖȝα ȑȦȢ αυĲȒ ĲȘ șİȡȝȠțȡαıȓα țαȚ 
ıĲȘ ıυȞȑȤİȚα, ȝİ ĲȘ ȕȠȒșİȚα ĲȠυ ıυıĲȒȝαĲȠȢ αυĲȠȝȐĲȠυ 
İȜȑȖȤȠυ ĲȘȢ ıυıțİυȒȢ ĲȘ įȚαĲȘȡİȓ ıĲαșİȡȒ ȖȚα ĲȠ ıυȖțİțȡȚȝȑȞȠ 
ȤȡȠȞȚțȩ įȚȐıĲȘȝα πȠυ ȠȡȓȗİȚ Ƞ ȤȡȒıĲȘȢ. 

 ȅ ȤȡȩȞȠȢ παȡαȝȠȞȒȢ ĲȠυ ȝİȓȖȝαĲȠȢ ıĲȘȞ ĲİȜȚțȒ șİȡȝȠțȡαıȓα 
ĲȠυ ıĲαįȓȠυ ȠȡȓȗİĲαȚ ıĲȠ πİįȓȠ αυĲȩ țαȚ ȤȡȘıȚȝȠπȠȚİȓĲαȚ ȖȚα 
ĲȘȞ ȠȜȠțȜȒȡȦıȘ ıυȖțİțȡȚȝȑȞȦȞ įȚİȡȖαıȚȫȞ, ȩπȦȢ ȠȟİȓįȦıȘ 
ĲȘȢ ıĲİȡİȐȢ ȠυıȓαȢ Ȓ ĲȒȟȘ ĲȦȞ ȕȠȡȚțȫȞ αȜȐĲȦȞ. 

 Ǿ παȡȐȝİĲȡȠȢ αυĲȒ αφȠȡȐ ĲȠ ȡυșȝȩ αȪȟȘıȘȢ ĲȘȢ 
șİȡȝȠțȡαıȓαȢ. ΓȚα ȝȑȖȚıĲȘ παȡαȖȦȖȚțȩĲȘĲα, Ƞ ȤȡȒıĲȘȢ ȝπȠȡİȓ 
Ȟα İπȚȜȑȟİȚ ĲȘȞ παȡȐȝİĲȡȠ “Fast”, ȖȚα ĲȠ ȝȑȖȚıĲȠ ȡυșȝȩ 
αȪȟȘıȘȢ șİȡȝȠțȡαıȓαȢ. ǼȞαȜȜαțĲȚțȐ, ȖȚα įİȓȖȝαĲα πȠυ 
απαȚĲȠȪȞ İȚįȚțȒ ȝİĲαȤİȓȡȚıȘ, ȝπȠȡİȓ Ȟα İπȚȜȑȟİȚ ıυȖțİțȡȚȝȑȞȠ 
ȡυșȝȩ αȪȟȘıȘȢ șİȡȝȠțȡαıȓαȢ, ıĲȘ ȝȠȡφȒ ℃/𝜆𝜀𝜋𝜏ό. 

 ȉȑȜȠȢ, Ƞ ȤȡȒıĲȘȢ ȝπȠȡİȓ Ȟα ȠȡȓıİȚ ĲȚȢ παȡαȝȑĲȡȠυȢ ȖȚα ĲȘȞ 
αȞαțȓȞȘıȘ ĲȠυ ȐȞȦ ȝȑȡȠυȢ. Ǿ αȞαțȓȞȘıȘ ȕȠȒșα ıĲȘȞ İπȓĲİυȟȘ 
ĲȘȢ ȕȑȜĲȚıĲȘȢ įυȞαĲȒȢ įȚȐȜυıȘȢ ĲȘȢ ıĲİȡİȐȢ ȠυıȓαȢ ıĲȠ ĲȒȖȝα. 
Ǿ πȡȫĲȘ παȡȐȝİĲȡȠȢ αφȠȡȐ ĲȘ ȝȑȖȚıĲȘ ȖȦȞȚαțȒ șȑıȘ ĲȠυ ȐȞȦ 
ȝȑȡȠυȢ țαĲȐ ĲȘȞ αȞαțȓȞȘıȘ, İȞȫ Ș įİȪĲİȡȘ παȡȐȝİĲȡȠȢ αφȠȡȐ 
ĲȘȞ ĲαȤȪĲȘĲα αȞαțȓȞȘıȘȢ. 

 

ΕπİȟİȡȖαıȓα ȈĲαįȓȠυ ȋȪĲİυıȘȢ: ȈĲȘ ıυȞȑȤİȚα, αφȠȪ Ƞ ȤȡȒıĲȘȢ İπİȟİȡȖαıĲİȓ țαȚ ȕİȕαȚȦșİȓ 

ȖȚα ĲȚȢ παȡαȝȑĲȡȠυȢ ĲȦȞ ĲİııȐȡȦȞ ıĲαįȓȦȞ șȑȡȝαȞıȘȢ ĲȠυ Katanax K1 Prime, șα ıυȞαȞĲȒıİȚ 

ĲȘȞ ȠșȩȞȘ İπİȟİȡȖαıȓαȢ ĲȠυ ıĲαįȓȠυ ȤȪĲİυıȘȢ, ȩπȦȢ φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 3.20. ȈĲȘȞ ȠșȩȞȘ 

αυĲȒ ȝπȠȡİȓ Ȟα ȠȡȓıİȚ ĲȚȢ παȡαȝȑĲȡȠυȢ ĲȘȢ įȚαįȚțαıȓαȢ ȤȪĲİυıȘȢ ȩπȦȢ ĲȘ șİȡȝȠțȡαıȓα ĲȠυ 

țαȜȠυπȚȠȪ, ĲȘ ȖȦȞȓα πȠυ παȓȡȞİȚ ĲȠ ȐȞȦ ȝȑȡȠȢ țαĲȐ ĲȘ ȤȪĲİυıȘ țαșȫȢ țαȚ ĲȘȞ ĲαȤȪĲȘĲα ȝİ ĲȘȞ 

ȠπȠȓα ȝİĲαȕαȓȞİȚ ıĲȘ șȑıȘ αυĲȒ (ȕȜ. ȆȓȞαțα 3.4) ȝİ ıĲȩȤȠ ĲȘ ȕȑȜĲȚıĲȘ țαȚ αıφαȜȒ ȝİĲαφȠȡȐ 

ĲȠυ ĲȒȖȝαĲȠȢ απȩ ĲȠ ȤȦȞİυĲȒȡȚȠ ıĲȠ țαȜȠȪπȚ.  
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ȈȤȒȝα 3.20 ȅșȩȞȘ İπİȟİȡȖαıȓαȢ ıĲαįȓȠυ ȤȪĲİυıȘȢ 

ȆȓȞαțαȢ 3.4  ȆαȡȐȝİĲȡȠȚ ȋȪĲİυıȘȢ 

 

Ǽįȫ Ƞ ȤȡȒıĲȘȢ ȝπȠȡİȓ Ȟα ȠȡȓıİȚ πȡȫĲα ĲȘȞ İπȚșυȝȘĲȒ 
șİȡȝȠțȡαıȓα ĲȠυ țαȜȠυπȚȠȪ. ǼπȚșυȝȘĲȩ İȓȞαȚ țαĲȐ ĲȘ 
ȤȪĲİυıȘ ĲȠ ĲȒȖȝα țαȚ ĲȠ țαȜȠȪπȚ Ȟα ȕȡȓıțȠȞĲαȚ πİȡȓπȠυ ıİ 
șİȡȝȠțȡαıȚαțȒ ȚıȠȡȡȠπȓα. ΈπİȚĲα, Ƞ ȤȡȒıĲȘȢ ȝπȠȡİȓ Ȟα 
ȠȡȓıİȚ Ĳα ȤαȡαțĲȘȡȚıĲȚțȐ ĲȘȢ țȓȞȘıȘȢ ĲȠυ ȐȞȦ ȝȑȡȠυȢ țαĲȐ 
ĲȘ ȤȪĲİυıȘ. ȆȚȠ ıυȖțİțȡȚȝȑȞα, ȝπȠȡİȓ Ȟα ȠȡȓıİȚ ĲȘ ȖȦȞȓα 
πȠυ παȓȡȞİȚ ĲȠ ȐȞȦ ȝȑȡȠȢ ȖȚα Ȟα πİĲȪȤİȚ ĲȘ ȤȪĲİυıȘ țαșȫȢ 
țαȚ ĲȘȞ ĲαȤȪĲȘĲα ȝİ ĲȘȞ ȠπȠȓα ȝİĲαȕαȓȞİȚ ıĲȘ șȑıȘ αυĲȒ. Ǿ 
ȝȑȖȚıĲȘ İπȚĲȡİπĲȒ ȖȦȞȓα ĲȠυ ȐȞȦ ȝȑȡȠυȢ ĲȠυ Katanax K1 

Prime İȓȞαȚ 120°. 

ȈĲα įİȟȚȐ ĲȘȢ ȠșȩȞȘȢ țαĲȐ ĲȘ ȤȪĲİυıȘ (ǺȜ. ȈȤȒȝα 3.20) φαȓȞİĲαȚ ȝȚα įİȪĲİȡȘ ȠȝȐįα  

παȡαȝȑĲȡȦȞ πȠυ  αφȠȡȐ ıĲȘȞ αȞαșȑȡȝαȞıȘ ĲȠυ țαȜȠυπȚȠȪ ȝİĲȐ ĲȘ ȤȪĲİυıȘ țαȚ 

ȤȡȘıȚȝȠπȠȚİȓĲαȚ ıİ ıπȐȞȚİȢ πİȡȚπĲȫıİȚȢ. ȈĲα πȜαȓıȚα αυĲȒȢ ǻǼ įİȞ ȑȖȚȞİ ȤȡȒıȘ ĲȘȢ 

αȞαșȑȡȝαȞıȘȢ ȝİĲȐ ĲȘ ȤȪĲİυıȘ. 

ΕπİȟİȡȖαıȓα ȈĲαįȓȠυ ȌȪȟȘȢ: ȉȑȜȠȢ, ıİȚȡȐ ȑȤİȚ Ș İπİȟİȡȖαıȓα ĲȦȞ įȪȠ ĲİȜİυĲαȓȦȞ ıĲαįȓȦȞ 

ĲȘȢ ıȪȞĲȘȟȘȢ, Ĳα ıĲȐįȚα ĲȘȢ ȥȪȟȘȢ. ΌπȦȢ αȞαφȑȡșȘțİ ıĲȘȞ παȡ. 3.5.3, ĲȠ πȡȫĲȠ ıĲȐįȚȠ ĲȘȢ 

ȥȪȟȘȢ ȖȓȞİĲαȚ ȤȦȡȓȢ αȞİȝȚıĲȒȡα, İȞȫ ıĲȠ įİȪĲİȡȠ ıĲȐįȚȠ İȞİȡȖȠπȠȚİȓĲαȚ Ƞ φυȖȠțİȞĲȡȚțȩȢ 

αȞİȝȚıĲȒȡαȢ. Ǿ ȠșȩȞȘ πȠυ İȝφαȞȓȗİĲαȚ țαĲȐ ĲȘȞ İπİȟİȡȖαıȓα ĲȦȞ ıĲαįȓȦȞ ȥȪȟȘȢ, φαȓȞİĲαȚ ıĲȠ 

ȈȤȒȝα 3.21.  
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ȈȤȒȝα 3.21 ȅșȩȞȘ İπİȟİȡȖαıȓαȢ ıĲαįȓȠυ ȥȪȟȘȢ 

Ȉİ αȞĲȓșİıȘ ȝİ Ĳα ıĲȐįȚα șȑȡȝαȞıȘȢ, ȩπȠυ Ƞ ȤȡȒıĲȘȢ  ȠφİȓȜİȚ Ȟα ȠȡȓıİȚ ĲȘȞ ĲİȜȚțȒ 

șİȡȝȠțȡαıȓα, ıĲȘȞ πİȡȓπĲȦıȘ ĲȘȢ ȥȪȟȘȢ,  ȝπȠȡİȓ Ȟα ȠȡȚıĲİȓ İȓĲİ ĲİȜȚțȒ șİȡȝȠțȡαıȓα ȖȚα țȐșİ 

ıĲȐįȚȠ, İȓĲİ ĲȘ įȚȐȡțİȚα ȥȪȟȘȢ, αȞİȟȐȡĲȘĲα ĲȘȢ ĲİȜȚțȒȢ șİȡȝȠțȡαıȓαȢ. ȆȚȠ ıυȖțİțȡȚȝȑȞα ȠȚ 

παȡȐȝİĲȡȠȚ πȠυ ȝπȠȡİȓ Ȟα αȜȜȐȟȠυȞ φαȓȞȠȞĲαȚ ıĲȠȞ ȆȓȞαțα 3.5 

ȆȓȞαțαȢ 3.5 ȆαȡȐȝİĲȡȠȚ ȌȪȟȘȢ 

 

Ǿ İπȚȜȠȖȒ αυĲȒ İπȚĲȡȑπİȚ ıĲȠȞ ȤȡȒıĲȘ Ȟα İπȚȜȑȟİȚ İȐȞ șα șȑıİȚ ȤȡȩȞȠ ȥȪȟȘȢ Ȓ 
șİȡȝȠțȡαıȓα ıĲȩȤȠ ȖȚα ĲȠ ıυȖțİțȡȚȝȑȞȠ ıĲȐįȚȠ. ȆȚȑȗȠȞĲαȢ ĲȠ ȤȡȠȞȩȝİĲȡȠ, 
ȠȡȓȗİĲαȚ ȤȡȠȞȚțȒ įȚȐȡțİȚα ȖȚα ĲȠ ıĲȐįȚȠ. ǼȞαȜȜαțĲȚțȐ, ȠȡȓȗİĲαȚ șİȡȝȠțȡαıȓα 
ıĲȩȤȠȢ ĲȠυ ıĲαįȓȠυ. 

 

ȈĲȠ πİįȓȠ αυĲȩ, ȝπȠȡİȓ Ƞ ȤȡȒıĲȘȢ Ȟα ȠȡȓıİȚ ĲȘ ȤȡȠȞȚțȒ įȚȐȡțİȚα ĲȠυ ıĲαįȓȠυ 
ȥȪȟȘȢ. ǼȐȞ ıĲȘȞ παȡαπȐȞȦ İπȚȜȠȖȒ ȑȤİȚ İπȚȜİȖİȓ șİȡȝȠțȡαıȓα ıĲȩȤȠȢ ȖȚα ĲȠ 
ıĲȐįȚȠ ȥȪȟȘȢ, ĲȩĲİ ıĲȠ ıυȖțİțȡȚȝȑȞȠ πİįȓȠ Ƞ ȤȡȒıĲȘȢ țαȜİȓĲαȚ Ȟα ȠȡȓıİȚ ȝȚα 
șİȡȝȠțȡαıȓα. ȂİĲȐ ĲȘȞ πȐȡȠįȠ ĲȘȢ ȠȡȚıȝȑȞȘȢ ȤȡȠȞȚțȒȢ įȚȐȡțİȚαȢ, Ȓ ĲȘȞ 
İπȓĲİυȟȘ ĲȘȢ șİȡȝȠțȡαıȓαȢ ıĲȩȤȠυ, ĲȠ πȡȩȖȡαȝȝα ıȪȞĲȘȟȘȢ πȡȠȤȦȡȐ ıĲȠ 
İπȩȝİȞȠ ıĲȐįȚȠ ȥȪȟȘȢ (Ȓ ĲİȡȝαĲȓȗİȚ, İȐȞ πȡȩțİȚĲαȚ ȖȚα ĲȠ 2Ƞ ıĲȐįȚȠ ıȪȞĲȘȟȘȢ). 

 

ȈĲȠ πİįȓȠ αυĲȩ Ƞ ȤȡȒıĲȘȢ  ȝπȠȡİȓ Ȟα İπȚȜȑȟİȚ ĲȘ ȖȦȞȚαțȒ șȑıȘ ĲȠυ ȤȦȞİυĲȘȡȓȠυ. 
ȈυȞȒșȦȢ πȡȠĲȚȝȐĲαȚ ıĲȠ πȡȫĲȠ ıĲȐįȚȠ ȥȪȟȘȢ ĲȠ ȐȞȦ ȝȑȡȠȢ Ȟα παȡαȝȑȞİȚ ıĲȘȞ 
ȓįȚα șȑıȘ ȝİ ĲȠ ıĲȐįȚȠ ȤȪĲİυıȘȢ, ȫıĲİ Ȟα İπȚĲİυȤșİȓ Ș ȝȑȖȚıĲȘ ȝİĲαφȠȡȐ ȝȐȗαȢ 
ĲȒȖȝαĲȠȢ απȩ ĲȠ ȤȦȞİυĲȒȡȚȠ ıĲȠ țαȜȠȪπȚ. ȈĲȠ įİȪĲİȡȠ ıĲȐįȚȠ ȥȪȟȘȢ ıυȞȘșȓȗİĲαȚ 
ĲȠ ȐȞȦ ȝȑȡȠȢ Ȟα παȓȡȞİȚ ȠȡȚȗȩȞĲȚα șȑıȘ (90°), ȫıĲİ Ȟα πȡȠıĲαĲİυșİȓ ĲȠ 
ȥυȤȩȝİȞȠ įİȓȖȝα απȩ ĲυȤȩȞ țαĲαțȡȒȝȞȚıȘ υȜȚțȠȪ πȠυ παȡȑȝİȚȞİ ıĲȠ 
ȤȦȞİυĲȒȡȚȠ.  
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 Ȉİ ȠπȠȚȠįȒπȠĲİ ıȘȝİȓȠ Ƞ ȤȡȒıĲȘȢ ȠȜȠțȜȘȡȫıİȚ ĲȚȢ ȝİĲαȕȠȜȑȢ ıĲȚȢ παȡαȝȑĲȡȠυȢ ĲȠυ 

πȡȠȖȡȐȝȝαĲȠȢ πȠυ İπȚșυȝİȓ, ȝπȠȡİȓ Ȟα İȟȑȜșİȚ απȩ ĲȘȞ ȠșȩȞȘ İπİȟİȡȖαıȓαȢ. ȈȘȝαȞĲȚțȩ İȓȞαȚ 

Ȟα ȖȓȞİȚ απȠșȒțİυıȘ ĲȦȞ αȜȜαȖȫȞ ĲȠυ πȡȠȖȡȐȝȝαĲȠȢ ıĲȘ ȝȞȒȝȘ ĲȠυ Katanax K1 Prime, ȫıĲİ 

Ȟα ȝπȠȡİȓ Ȟα ȟαȞαȤȡȘıȚȝȠπȠȚȘșİȓ ĲȠ πȡȩȖȡαȝȝα ıİ ȝİȜȜȠȞĲȚțȩ ȤȡȩȞȠ. Ǿ įȚαįȚțαıȓα İȟȩįȠυ țαȚ 

απȠșȒțİυıȘȢ απαȚĲİȓ ȝȩȞȠ įυȠ ȕȒȝαĲα țαȚ πİȡȚȖȡȐφİĲαȚ ıĲȠȞ ȆȓȞαțα 3.6.  

ȆȓȞαțαȢ 3.6 ǼȚțȠȞȓįȚα απȠșȒțİυıȘȢ İπİȟİȡȖαıȝȑȞȠυ πȡȠȖȡȐȝȝαĲȠȢ KATANAX K1 Prime 

 

Ȉİ ȠπȠȚȠįȒπȠĲİ ıĲȐįȚȠ İπİȟİȡȖαıȓαȢ ĲȠυ İπȚȜİȖȝȑȞȠυ πȡȠȖȡȐȝȝαĲȠȢ Ƞ ȤȡȒıĲȘȢ, 
πȚȑȗȠȞĲαȢ ĲȠ πȜȒțĲȡȠ αυĲȩ πȠυ ȕȡȓıțİĲαȚ ıĲȠ țȐĲȦ αȡȚıĲİȡȩ ȐțȡȠ ĲȘȢ ȠșȩȞȘȢ 
İπİȟİȡȖαıȓαȢ İȟȑȡȤİĲαȚ απȩ αυĲȒ țαȚ ȝİĲαφȑȡİĲαȚ ıĲȠ αȡȤȚțȩ ȝİȞȠȪ. ȈĲȠ ıȘȝİȓȠ 
αυĲȩ, ȠȚ αȜȜαȖȑȢ İȓȞαȚ πȡȠıȦȡȚȞȐ απȠșȘțİυȝȑȞİȢ ıĲȘ ȝȞȒȝȘ ĲȠυ Katanax K1 

Prime țαȚ απαȚĲİȓĲαȚ απȠșȒțİυıȘ ĲȠυȢ ȖȚα Ȟα ȖȓȞȠυȞ ȝȩȞȚȝİȢ. ȅȚ αȜȜαȖȑȢ αυĲȑȢ 
ȤȐȞȠȞĲαȚ ȝİ ĲȘȞ απİȞİȡȖȠπȠȓȘıȘ ĲȘȢ ıυıțİυȒȢ. 

 ǹφȠȪ Ƞ ȤȡȒıĲȘȢ İπȚıĲȡȑȥİȚ ıĲȠ țİȞĲȡȚțȩ ȝİȞȠȪ, πȚȑȗȠȞĲαȢ ĲȠ πȜȒțĲȡȠ ĲȘȢ 
απȠșȒțİυıȘȢ țαĲαȤȦȡİȓ ĲȚȢ αȜȜαȖȑȢ ıĲȘ ȝȞȒȝȘ ĲȠυ Katanax K1 Prime. 

 

3.6 ȈυȞȠπĲȚțȒ πİȡȚȖȡαφȒ ĲȘȢ įȚαįȚțαıȓα παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ ȝİ ıȪȞĲȘȟȘ ȕȠȡȚțȫȞ 

αȜȐĲȦȞ 

 Ǿ įȚαįȚțαıȓα ȖȚα ĲȘȞ παȡαıțİυȒ ĲȠυ ȝİȓȖȝαĲȠȢ ĲȦȞ υȜȚțȫȞ ȝİ ıȪȞĲȘȟȘ ȝİ ȕȠȡȚțȐ ȐȜαĲα 

πİȡȚȖȡȐφȘțİ αȞαȜυĲȚțȐ πȡȠȘȖȠυȝȑȞȦȢ. ȈĲȘ ıυȞȑȤİȚα πİȡȚȖȡȐφȠȞĲαȚ ıυȞȠπĲȚțȐ Ĳα ȕȒȝαĲα πȠυ 

πȡȑπİȚ Ȟα αțȠȜȠυșȒıİȚ Ƞ ȤȡȒıĲȘȢ ȖȚα ĲȘȞ İπȓĲİυȟȘ ĲȠυ ȕȑȜĲȚıĲȠυ απȠĲİȜȑıȝαĲȠȢ, ȩπȦȢ 

πȡȠĲİȓȞȠȞĲαȚ απȩ ĲȠȞ țαĲαıțİυαıĲȒ ĲȘȢ ıυıțİυȒȢ KATANAX K1 Prime, ȝȚαȢ țαȚ αυĲȐ 

αțȠȜȠυșȒșȘțαȞ ıĲȘ ıυȞȑȤİȚα ȖȚα ĲȘȞ παȡαıțİυȒ įİȚȖȝȐĲȦȞ ıĲȠ πȜαȓıȚȠ ĲȘȢ παȡȠȪıαȢ ǻǼ. ȉα 

ȕȒȝαĲα αυĲȐ İȓȞαȚ: 

1. ǼπȚıțȩπȘıȘ ĲȠυ ȤȦȞİυĲȘȡȓȠυ, ĲȠυ țαȜȠυπȚȠȪ țαȚ ĲȘȢ ıυıțİυȒȢ ȖȚα ĲυȤȩȞ υπȠȜİȓȝȝαĲα 

απȩ πȡȠȘȖȠȪȝİȞȘ ıȪȞĲȘȟȘ ĲȩıȠ ıĲα ıțİȪȘ ȜİυțȩȤȡυıȠυ, ȩıȠ țαȚ ıĲα İπȚȝȑȡȠυȢ ĲȝȒȝαĲα ĲȘȢ 

ıυıțİυȒȢ. ȉυȤȩȞ țαĲȐȜȠȚπα πȠυ ȑȤȠυȞ ıĲİȡİȠπȠȚȘșİȓ πȐȞȦ ıİ ȝȑȡȘ ĲȘȢ ıυıțİυȒȢ, πȑȡαȞ ĲȘȢ 

ȡȪπαȞıȘȢ ĲȠυ įİȓȖȝαĲȠȢ πȠυ πȡȩțİȚĲαȚ Ȟα παȡαıțİυαıșİȓ ȝπȠȡİȓ Ȟα ȡİυıĲȠπȠȚȘșȠȪȞ țαĲȐ ĲȘ 

șȑȡȝαȞıȘ țαȚ Ȟα πȡȠțαȜȑıȠυȞ ȕȜȐȕȘ ıİ ıȘȝαȞĲȚțȐ İȟαȡĲȒȝαĲα ĲȘȢ ıυıțİυȒȢ.  

2. ǼπȚȜȠȖȒ İπȚșυȝȘĲȠȪ πȡȠȖȡȐȝȝαĲȠȢ ıȪȞĲȘȟȘȢ. ǹυĲȒ Ș İπȚȜȠȖȒ ȖȓȞİĲαȚ απȩ ĲȠȞ ȤȡȒıĲȘ 

ıĲȠ αȡȤȚțȩ ȝİȞȠȪ, ĲȠ ȠπȠȓȠ İȝφαȞȓȗİĲαȚ ȝȩȜȚȢ İȞİȡȖȠπȠȚȘșİȓ ĲȠ Katanax K1 Prime.  

3. ǽȪȖȚıȘ ĲȦȞ ȕȠȡȚțȫȞ αȜȐĲȦȞ πȠυ șα ȤȡȘıȚȝȠπȠȚȘșȠȪȞ, ȟİȤȦȡȚıĲȐ, ȖȚα țαȜȪĲİȡȠ ȑȜİȖȤȠ 

ĲȘȢ αȞαȜȠȖȓαȢ ĲİĲȡαȕȠȡȚțȠȪ/ȝİĲαȕȠȡȚțȠȪ ȜȚșȓȠυ. ǹφȠȪ ȗυȖȚıĲȠȪȞ ȠȚ πȠıȩĲȘĲİȢ ĲȦȞ αȜȐĲȦȞ, 

πȡȠıĲȓșİȞĲαȚ ıĲȠ ȤȦȞİυĲȒȡȚȠ. ȉα țȡȚĲȒȡȚα İπȚȜȠȖȒȢ ĲȘȢ țαĲȐȜȜȘȜȘȢ αȞαȜȠȖȓαȢ 

ĲİĲȡαȕȠȡȚțȠȪ/ȝİĲαȕȠȡȚțȠȪ ȜȚșȓȠυ αȞαφȑȡȠȞĲαȚ αȞαȜυĲȚțȐ ıĲȠ İπȩȝİȞȠ țİφȐȜαȚȠ. 
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4. ǽȪȖȚıȘ ĲȠυ υȜȚțȠȪ πȠυ πȡȩțİȚĲαȚ Ȟα αȞαȜυșİȓ, πȡȠıșȒțȘ ıĲȠ ȤȦȞİυĲȒȡȚȠ țαȚ țαȜȒ 

αȞȐȝİȚȟȘ ȝİ Ĳα ȕȠȡȚțȐ ȐȜαĲα. 

5. ȆȡȠıșȒțȘ ĲȠυ non wetting agent ıĲȠ ȝİȓȖȝα. Ǿ țαĲȐȜȜȘȜȘ πȠıȩĲȘĲα πȠυ πȡȑπİȚ Ȟα 

ȤȡȘıȚȝȠπȠȚȘșİȓ πȡȠțȪπĲİȚ țυȡȓȦȢ İȝπİȚȡȚțȐ țαȚ įȚαφȑȡİȚ απȩ įİȓȖȝα ıİ įİȓȖȝα, παȡȩȜα αυĲȐ 

ȝȚα αıφαȜȒȢ πȡȩĲαıȘ İȓȞαȚ Ș πȡȠıșȒțȘ 50 -100 mg. 

6. ȉȠπȠșȑĲȘıȘ ĲȠυ ȤȦȞİυĲȘȡȓȠυ ıĲȠ ȐȞȦ ȝȑȡȠȢ ĲȘȢ ıυıțİυȒȢ ȝİ πȡȠıȠȤȒ, ȜȩȖȦ ĲȘȢ 

υȥȘȜȒȢ șİȡȝȠțȡαıȓαȢ ıİ ȠȡȚıȝȑȞİȢ ıυȞȚıĲȫıİȢ ĲȘȢ ıυıțİυȒȢ, İȐȞ ȑȤİȚ πȡαȖȝαĲȠπȠȚȘșİȓ 

πȡȩıφαĲα ȐȜȜȘ ıȪȞĲȘȟȘ. ȅ ȤȡȒıĲȘȢ ȝπȠȡİȓ Ȟα ıυȝȕȠυȜİυșİȓ ĲȠ αȡȤȚțȩ ȝİȞȠȪ ıĲȘȞ ȠșȩȞȘ ĲȠυ 

Katanax K1 Prime ȩπȠυ αȞαȖȡȐφİĲαȚ Ș șİȡȝȠțȡαıȓα ĲȠυ ȐȞȦ ȝȑȡȠυȢ. Ȉİ πİȡȓπĲȦıȘ πȠυ Ș 

șİȡȝȠțȡαıȓα İȓȞαȚ υȥȘȜȒ, πȡȠĲİȓȞİĲαȚ Ș ĲȠπȠșȑĲȘıȘ ĲȠυ ȤȦȞİυĲȘȡȓȠυ Ȟα ȖȓȞİȚ ȝİ țȐπȠȚȠ 

İȡȖαȜİȓȠ (π.Ȥ. țαĲȐȜȜȘȜȘ Ȝαȕȓįα) țαȚ πȡȠıĲαĲİυĲȚțȐ ȖȐȞĲȚα.  

7. ȉȠπȠșȑĲȘıȘ ĲȠυ țαȜȠυπȚȠȪ ıĲȠ țȐĲȦ ȝȑȡȠȢ ĲȘȢ ıυıțİυȒȢ. ǹȝȑȜİȚα ıĲȘȞ ĲȠπȠșȑĲȘıȘ 

ĲȠυ țαȜȠυπȚȠȪ İȖțυȝȠȞİȓ ıȠȕαȡȠȪȢ țȚȞįȪȞȠυȢ țαĲαıĲȡȠφȒȢ ĲȘȢ ıυıțİυȒȢ, țαĲȐ ĲȘ φȐıȘ ĲȘȢ 

ȤȪĲİυıȘȢ.  

8. ǹφȠȪ Ƞ ȤȡȒıĲȘȢ ȕİȕαȚȦșİȓ ȩĲȚ αțȠȜȠȪșȘıİ ȩȜα Ĳα αȞȦĲȑȡȦ ȕȒȝαĲα, Ș ıȪȞĲȘȟȘ ȝπȠȡİȓ 

Ȟα ȟİțȚȞȒıİȚ πȚȑȗȠȞĲαȢ ĲȠ πȜȒțĲȡȠ “START” πȠυ ȕȡȓıțİĲαȚ ıĲȠ αȡȤȚțȩ ȝİȞȠȪ, ıĲȘȞ ȠșȩȞȘ ĲȘȢ 

ıυıțİυȒȢ. 

9. ȂİĲȐ ĲȘȞ ȠȜȠțȜȒȡȦıȘ ĲȘȢ ıȪȞĲȘȟȘȢ țαȚ ĲȘȞ İπαȞαφȠȡȐ ĲȠυ ȐȞȦ ȝȑȡȠυȢ ĲȘȢ ıυıțİυȒȢ 

ıĲȘȞ αȡȤȚțȒ ĲȠυ șȑıȘ, Ƞ ȤȡȒıĲȘȢ ȝπȠȡİȓ Ȟα αφαȚȡȑıİȚ ĲȠ țαȜȠȪπȚ. Ǿ αφαȓȡİıȘ ĲȠυ țαȜȠυπȚȠȪ 

απαȚĲİȓ πȡȠıȠȤȒ, țαșȫȢ πȠȜȜȑȢ φȩȡİȢ Ș șİȡȝȠțȡαıȓα ĲȠυ İȓȞαȚ ȚįȚαȓĲİȡα υȥȘȜȒ. ȀαȜȩ İȓȞαȚ Ƞ 

ȤȡȒıĲȘȢ Ȟα ıυȝȕȠυȜİȪİĲαȚ ĲȘȞ ȑȞįİȚȟȘ ĲȘȢ șİȡȝȠțȡαıȓαȢ ĲȠυ țȐĲȦ ȝȑȡȠυȢ ĲȘȢ ıυıțİυȒȢ πȠυ 

αȞαȖȡȐφİĲαȚ ıĲȘȞ ȠșȩȞȘ, πȡȚȞ αȖȖȓȟİȚ ĲȠ țαȜȠȪπȚ. 
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ΚİφȐȜαȚȠ 4 

ȆαȡαıțİυȒ įİȚȖȝȐĲωȞ XRF ıĲȠ ǼȆȉ–ǼΜȆ ȝİ ĲȠ Katanax K1 Prime  

 

4.1 ǼȚıαȖωȖȒ 

ȈĲȠ πȡȠȘȖȠȪȝİȞȠ țİφȐȜαȚȠ παȡȠυıȚȐıĲȘțİ αȞαȜυĲȚțȐ Ș ĲİȤȞȚțȒ παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ 

ȝİ ıȪȞĲȘȟȘ ȕȠȡȚțȫȞ αȜȐĲȦȞ, țαșȫȢ țαȚ Ș ıυıțİυȒ ıȪȞĲȘȟȘȢ Katanax K1 Prime, πȠυ įȚαșȑĲİȚ 

ĲȠ ǼȆȉ-ǼȂȆ, ȠȚ įυȞαĲȩĲȘĲİȢ țαȚ ȜİȚĲȠυȡȖȓİȢ ĲȘȢ, Ƞ ĲȡȩπȠȢ ȤȡȒıȘȢ țαȚ πȡȠȖȡαȝȝαĲȚıȝȠȪ ĲȘȢ. 

ȈĲȠ țİφȐȜαȚȠ αυĲȩ παȡȠυıȚȐȗȠȞĲαȚ ȠȚ įȚαįȚțαıȓİȢ πȠυ αțȠȜȠυșȒșȘțαȞ ıĲα πȜαȓıȚα ĲȘȢ ǻǼ ȖȚα 

ĲȘȞ παȡαıțİυȒ įİȚȖȝȐĲȦȞ ȝİ ıȪȞĲȘȟȘ ȕȠȡȚțȫȞ αȜȐĲȦȞ, πȡȠțİȚȝȑȞȠυ αυĲȐ Ȟα ȤȡȘıȚȝȠπȠȚȘșȠȪȞ 

ıĲȘ įȚȐĲαȟȘ XRF ĲȠυ ǼȆȉ-ǼȂȆ. ȀαĲαȡȤȒȞ, ȑπȡİπİ Ȟα țαșȠȡȚıĲİȓ Ș ȝȐȗα ĲȦȞ υȜȚțȫȞ (πȡȠȢ 

αȞȐȜυıȘ υȜȚțȩ țαȚ ȕȠȡȚțȐ ȐȜαĲα) ȖȚα Ȟα πȡȠțȪȥİȚ įİȓȖȝα πȠυ Ȟα ĲαȚȡȚȐȗİȚ ıĲȘȞ ȒįȘ 

įȚαȝȠȡφȦȝȑȞȘ ȕȐıȘ ıĲȒȡȚȟȘȢ ĲȠυ įİȓȖȝαĲȠȢ. ȈĲȘ ıυȞȑȤİȚα Ȟα ȖȓȞȠυȞ įȠțȚȝȑȢ ȝİ įȚαφȠȡİĲȚțȐ 

ȝİȓȖȝαĲα ȕȠȡȚțȫȞ αȜȐĲȦȞ πȡȠțİȚȝȑȞȠυ Ȟα İπȚȜİȖȠȪȞ ȠȚ țαĲȐȜȜȘȜİȢ αȞαȜȠȖȓİȢ ȖȚα Ĳα İȓįȘ 

įİȚȖȝȐĲȦȞ πȠυ İȞįȚȑφİȡαȞ ĲȘȞ παȡȠȪıα ǻǼ: ȚπĲȐȝİȞȘ Ĳȑφȡα, ȐȜαĲα țαȚ ȠȟİȓįȚα. ȉȑȜȠȢ, ȑȖȚȞαȞ 

įȠțȚȝȑȢ παȡαıțİυȒȢ ȝİ įȚαφȠȡİĲȚțȐ ıİȞȐȡȚα ıȪȞĲȘȟȘȢ (șİȡȝȠțȡαıȓα țαȚ ȤȡȩȞȠȢ șȑȡȝαȞıȘȢ țαȚ 

ȥȪȟȘȢ) ȫıĲİ Ȟα įȚαȝȠȡφȦșȠȪȞ Ĳα țαĲȐȜȜȘȜα πȡȠȖȡȐȝȝαĲα πȠυ įȓȞȠυȞ įİȓȖȝαĲα țαĲȐȜȜȘȜα ȖȚα 

αȞȐȜυıȘ ȝİ XRF.  ΈĲıȚ, ıİ αυĲȩ ĲȠ țİφȐȜαȚȠ παȡȠυıȚȐȗȠȞĲαȚ ȠȚ πȡȠțȜȒıİȚȢ țαȚ ȠȚ įυıțȠȜȓİȢ 

πȠυ πȡȠȑțυȥαȞ  țαȚ ȠȚ ȜȪıİȚȢ πȠυ įȩșȘțαȞ. ȈĲȠ πȜαȓıȚȠ ĲȘȢ παȡȠȪıαȢ ǻǼ παȡαıțİυȐıșȘțαȞ 

πİȡȚııȩĲİȡα απȩ 30 įȚαφȠȡİĲȚțȐ įİȓȖȝαĲα ȝİ ĲȘȞ ĲİȤȞȚțȒ ĲȘȢ ıȪȞĲȘȟȘȢ ȕȠȡȚțȫȞ αȜȐĲȦȞ, 

ȤȡȘıȚȝȠπȠȚȫȞĲαȢ įȚαφȠȡİĲȚțȐ υȜȚțȐ țαșȫȢ țαȚ įȚαφȠȡİĲȚțȐ πȡȠȖȡȐȝȝαĲα, ȝİȓȖȝαĲα ȕȠȡȚțȫȞ 

αȜȐĲȦȞ țαȚ πȡȩıșİĲα υȜȚțȐ. ǹπȠĲȑȜİıȝα αυĲȒȢ ĲȘȢ πȡȠıπȐșİȚαȢ İȓȞαȚ ȠȚ ȤȡȘıĲȚțȑȢ ȠįȘȖȓİȢ ȖȚα 

țαȜȒ πȠȚȩĲȘĲα įİȚȖȝȐĲȦȞ ıĲȚȢ ȠπȠȓİȢ țαĲαȜȒȖİȚ ĲȠ țİφȐȜαȚȠ αυĲȩ țαȚ αφȠȡȠȪȞ ıĲα İȓįȘ 

įİȚȖȝȐĲȦȞ πȠυ İȞįȚαφȑȡȠυȞ  ĲȚȢ αȞαȜȪıİȚȢ ȝİ XRF ıĲȠ ǼȆȉ-ǼȂȆ.   

 

4.2 ȈȪıĲαıȘ ȝİȚȖȝȐĲωȞ ȖȚα ıȪȞĲȘȟȘ ȝİ ȕȠȡȚțȐ ȐȜαĲα  

4.2.1 ǼπȚȜȠȖȒ ȝİȓȖȝαĲȠȢ υȜȚțȫȞ ıȪȞĲȘȟȘȢ  

 ΈȞα ıȘȝαȞĲȚțȩ ıĲȐįȚȠ ıĲȘȞ İπȚȜȠȖȒ ĲȘȢ ıȪıĲαıȘȢ ĲȠυ ȝİȓȖȝαĲȠȢ ĲȦȞ υȜȚțȫȞ ĲȘȢ 

ıȪȞĲȘȟȘȢ İȓȞαȚ Ƞ țαșȠȡȚıȝȩȢ ĲȘȢ αȞαȜȠȖȓαȢ ȕȠȡȚțȫȞ αȜȐĲȦȞ πȠυ șα ȤȡȘıȚȝȠπȠȚȘșİȓ țȐșİ 
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φȠȡȐ. Η İπȚȜȠȖȒ αυĲȒ İȓȞαȚ ȐȝİıȘ ıυȞȐȡĲȘıȘ ĲȘȢ ıȪıĲαıȘȢ ĲȘȢ ıĲİȡİȐȢ ȠυıȓαȢ πȠυ įȚαȜȪİĲαȚ 

țȐșİ φȠȡȐ țαȚ ȑȤȠυȞ ȠȡȚıȝȑȞȠȚ αȞαπĲυȤșİȓ İȝπİȚȡȚțȠȓ țαȞȩȞİȢ πȠυ ȝπȠȡȠȪȞ Ȟα ȕȠȘșȒıȠυȞ 

ıĲȘȞ İȪȡİıȘ ĲȘȢ ȕȑȜĲȚıĲȘȢ αȞαȜȠȖȓαȢ ȖȚα țȐșİ πİȡȓπĲȦıȘ. Η İπȚȜȠȖȒ αțαĲȐȜȜȘȜȘȢ αȞαȜȠȖȓαȢ 

ıυȤȞȐ ȠįȘȖİȓ ıİ απȠĲυȤȘȝȑȞȘ απȩπİȚȡα ıȪȞĲȘȟȘȢ. ȆαȡȩȜα αυĲȐ, πȡȑπİȚ Ȟα αȞαφİȡșİȓ ȩĲȚ įİȞ 

υπȐȡȤİȚ ȖȚα țȐșİ ıĲİȡİȐ Ƞυıȓα ȝȓα ȝȩȞȠ ıȦıĲȒ αȞαȜȠȖȓα ȕȠȡȚțȫȞ αȜȐĲȦȞ, αȜȜȐ ȝπȠȡİȓ 

įȚȐφȠȡİȢ αȞαȜȠȖȓİȢ Ȟα ȠįȘȖȠȪȞ ıİ İȟȓıȠυ İπȚĲυȤȒ απȠĲİȜȑıȝαĲα. ȆαȡαțȐĲȦ șα πİȡȚȖȡαφİȓ 

ȑȞαȢ İȝπİȚȡȚțȩȢ țαȞȩȞαȢ, Ƞ ȠπȠȓȠȢ πȡȠĲİȓȞİĲαȚ țαȚ απȩ ĲȠȞ țαĲαıțİυαıĲȒ [12]
 Ƞ ȠπȠȓȠȢ ȝπȠȡİȓ 

Ȟα ȠįȘȖȒıİȚ ıİ İπȚȜȠȖȒ ĲȘȢ țαĲȐȜȜȘȜȘȢ αȞαȜȠȖȓαȢ. 

ΌπȦȢ ȑȤİȚ αȞαφİȡșİȓ țαȚ πȡȠȘȖȠυȝȑȞȦȢ, Ș ıĲİȡİȐ πȡȠȢ αȞȐȜυıȘ Ƞυıȓα πȠυ πȡȠıĲȓșİĲαȚ 

ıĲȠ ȝİȓȖȝα ĲȘȢ ıȪȞĲȘȟȘȢ πȡȑπİȚ Ȟα İȓȞαȚ πȜȒȡȦȢ ȠȟİȚįȦȝȑȞȘ. ȅ ȝȠȡȚαțȩȢ ĲȪπȠȢ İȞȩȢ ȠȟİȚįȓȠυ 

ȝπȠȡİȓ ıİ ȖİȞȚțȒ ȝȠȡφȒ Ȟα İțφȡαıșİȓ ȦȢ İȟȒȢ:  ΧୟΟୠ 

ȩπȠυ: ȋ ȑȞα ĲυȤαȓȠ ȤȘȝȚțȩ ıĲȠȚȤİȓȠ (π.Ȥ. Ti, Fe, V), ȅ ĲȠ ȠȟυȖȩȞȠ țαȚ a, b αțȑȡαȚȠȚ αȡȚșȝȘĲȚțȠȓ 

ıυȞĲİȜİıĲȑȢ.  

Ȉİ țȐșİ πİȡȓπĲȦıȘ, Ș ĲȚȝȒ ĲȠυ ȜȩȖȠυ a/b απȠĲİȜİȓ ıȘȝαȞĲȚțȩ țȡȚĲȒȡȚȠ ȖȚα ĲȘȞ İπȚȜȠȖȒ ĲȘȢ 

αȞαȜȠȖȓαȢ ȕȠȡȚțȫȞ αȜȐĲȦȞ πȠυ șα ȤȡȘıȚȝȠπȠȚȘșİȓ ıĲȘ ıȪȞĲȘȟȘ ȩπȦȢ φαȓȞİĲαȚ παȡαțȐĲȦ: 

 ΌĲαȞ a/b = 1 πȡȠĲİȓȞİĲαȚ Ȟα ȤȡȘıȚȝȠπȠȚİȓĲαȚ Ș αȞαȜȠȖȓα 67 % ĲİĲȡαȕȠȡȚțȩ ȜȓșȚȠ  țαȚ 33 % 

ȝİĲαȕȠȡȚțȩ ȜȓșȚȠ. 

 ΌĲαȞ a/b > 1 πȡȠĲİȓȞİĲαȚ Ș αȪȟȘıȘ ĲȘȢ πȠıȩĲȘĲαȢ ĲȠυ ĲİĲȡαȕȠȡȚțȠȪ ȜȚșȓȠυ, țαȚ ȝȚα 

αȞαȜȠȖȓα 75 % ĲİĲȡαȕȠȡȚțȩ ȜȓșȚȠ țαȚ 25 % ȝİĲαȕȠȡȚțȩ ȜȓșȚȠ, Ȓ αțȩȝȘ țαȚ απȠțȜİȚıĲȚțȐ 

ĲİĲȡαȕȠȡȚțȩ ȜȓșȚȠ.  

 ǹȞĲȓșİĲα, ȩĲαȞ a/b < 1 πȡȠĲİȓȞİĲαȚ Ș αȪȟȘıȘ ĲȘȢ πȠıȩĲȘĲαȢ ĲȠυ ȝİĲαȕȠȡȚțȠȪ ȜȚșȓȠυ. ȈĲȘȞ 

πİȡȓπĲȦıȘ αυĲȒ πȡȠĲİȓȞİĲαȚ Ș İπȚȜȠȖȒ ȝȚαȢ αȞαȜȠȖȓαȢ ȩπȦȢ 50% ĲİĲȡαȕȠȡȚțȩ ȜȓșȚȠ țαȚ 

50% ȝİĲαȕȠȡȚțȩ ȜȓșȚȠ. Ȉİ ıπȐȞȚİȢ πİȡȚπĲȫıİȚȢ, ȝπȠȡİȓ αțȩȝȘ țαȚ Ș ȤȡȒıȘ απȠțȜİȚıĲȚțȐ 

ȝİĲαȕȠȡȚțȠȪ ȜȚșȓȠυ Ȟα φαȞİȓ απȠĲİȜİıȝαĲȚțȒ.  

 

ȈĲȠȞ ȆȓȞαțα 4.1 παȡȠυıȚȐȗȠȞĲαȚ ȠȚ πȡȠĲİȚȞȩȝİȞİȢ απȩ ĲȠȞ țαĲαıțİυαıĲȒ αȞαȜȠȖȓİȢ ȖȚα 

ȝȚα ıİȚȡȐ ȠȟİȚįȓȦȞ πȠυ ıυȞαȞĲȫȞĲαȚ ıυȤȞȐ ıİ πİȡȚȕαȜȜȠȞĲȚțȐ įİȓȖȝαĲα.  
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ȆȓȞαțαȢ 4.1 ȆȓȞαțαȢ ȖȚα ĲȘȞ İπȚȜȠȖȒ αȞαȜȠȖȓαȢ ȕȠȡȚțȫȞ αȜȐĲȦȞ [12]
 

ȅȟİȓįȚα ȆȡȠĲİȚȞȩȝİȞȘ αȞαȜȠȖȓα ȕȠȡȚțȫȞ αȜȐĲωȞ ΚଶΟ, NaଶΟ, BaΟ, SrO, LiଶΟ, CaO, AgଶΟ, MnO, PbO, CoO 

100% ȉİĲȡαȕȠȡȚțȩ ȜȓșȚȠ 

BଶΟଷ, FeO, ZnΟ, CuO, NiΟ, BeO 
67 % ĲİĲȡαȕȠȡȚțȩ ȜȓșȚȠ – 

33 % ȝİĲαȕȠȡȚțȩ ȜȓșȚȠ AlଶΟଷ, FeଶΟଷ, CuଶΟ, SbଶΟଷ, ZrOଶ, TiOଶ, 𝑆𝑖Oଶ, BଶΟଷ, SnOଶ, VଶΟ5 

50 % ĲİĲȡαȕȠȡȚțȩ ȜȓșȚȠ – 

50 % ȝİĲαȕȠȡȚțȩ ȜȓșȚȠ CrΟଷ, MnଶΟ7, SeΟଷ 100% ȂİĲαȕȠȡȚțȩ ȜȓșȚȠ 

ΦυıȚțȐ, ıĲȘȞ πȜİȚȠȞȩĲȘĲα ĲȦȞ πİȡȚπĲȫıİȦȞ Ĳα įİȓȖȝαĲα țαȚ İȚįȚțȐ Ĳα πİȡȚȕαȜȜȠȞĲȚțȐ 

įİȓȖȝαĲα, įİȞ πİȡȚȑȤȠυȞ ȝȠȞȐȤα ȑȞα İȓįȠȢ ȠȟİȚįȓȠυ, αȜȜȐ πȠȜȜȐ įȚαφȠȡİĲȚțȐ. ȈĲȠ ıȘȝİȓȠ αυĲȩ,  

ȝπȠȡİȓ țαȞİȓȢ Ȟα İπȚȜȑȟİȚ ĲȘȞ αȞαȜȠȖȓα ĲȦȞ ȕȠȡȚțȫȞ αȜȐĲȦȞ ȝİ ȕȐıȘ Ĳα ıĲȠȚȤİȓα πȠυ İțĲȓȝα 

απȩ ĲȠȞ ĲȪπȠ ĲȠυ įİȓȖȝαĲȠȢ Ȓ ȖȞȦȡȓȗİȚ απȩ ĲȘȞ İȝπİȚȡȓα ĲȠυ ȩĲȚ ȕȡȓıțȠȞĲαȚ ıİ ȝİȖȐȜȘ 

ıυȖțȑȞĲȡȦıȘ. ǼȞαȜȜαțĲȚțȐ, ȝπȠȡİȓ țαȞİȓȢ Ȟα ȤȡȘıȚȝȠπȠȚȒıİȚ ĲȘȞ αȞαȜȠȖȓα 67 % ĲİĲȡαȕȠȡȚțȩ 

ȜȓșȚȠ țαȚ 33 % ȝİĲαȕȠȡȚțȩ ȜȓșȚȠ, Ș ȠπȠȓα İȓȞαȚ Ș πȚȠ αıφαȜȒȢ țαȚ įȓȞİȚ ıυȤȞȐ İπȚĲυȤȒ 

απȠĲİȜȑıȝαĲα ıȪȞĲȘȟȘȢ. 

Ȉİ αυĲȩ ĲȠ ıȘȝİȓȠ ıȘȝαȞĲȚțȩ İȓȞαȚ Ȟα İπȚıȘȝαȞșİȓ ȩĲȚ ıİ πİȡȓπĲȦıȘ πȠυ Ș ıĲȑȡİα πȡȠȢ 

αȞȐȜυıȘ Ƞυıȓα įİȞ İȓȞαȚ πȜȒȡȦȢ ȠȟİȚįȦȝȑȞȘ, πȡȑπİȚ Ȟα πȡȠıĲȓșİĲαȚ ıĲȠ ȝİȓȖȝα țαȚ ȠȟİȚįȦĲȚțȒ 

Ƞυıȓα, ǼțĲȩȢ αυĲȠȪ, Ș ıĲİȡİȐ Ƞυıȓα πȡȑπİȚ Ȟα İȓȞαȚ ȟȘȡȒ, Ȟα πİȡȚȑȤİȚ įȘȜαįȒ ȩıȠ ĲȠ įυȞαĲȩȞ 

ȜȚȖȩĲİȡȘ υȖȡαıȓα.. ȉȑȜȠȢ, ȝȚα ıȘȝαȞĲȚțȒ παȡȐȝİĲȡȠȢ İȓȞαȚ Ș țȠțțȠȝİĲȡȓα  ĲȘȢ ıĲİȡİȐȢ ȠυıȓαȢ. 

ΓİȞȚțȐ, πȡȠĲİȓȞİĲαȚ Ș ıĲİȡİȐ Ƞυıȓα Ȟα πȡȠİĲȠȚȝαıĲİȓ ȝİ țαĲȐȜȜȘȜİȢ ĲİȤȞȚțȑȢ țαȚ Ȟα ȑȤİȚ 

ȝȑȖİșȠȢ țȩțțȦȞ ĲȘȢ ĲȐȟȘȢ ĲȦȞ 100 ȝm Ȓ ȜȚȖȩĲİȡȠ. ǹυĲȩ ıυȝȕȐȜİȚ șİĲȚțȐ ıĲȘȞ απȠĲİȜİıȝαĲȚțȒ 

țαȚ πȜȒȡȘ įȚȐȜυıȘ ĲȘȢ ıĲİȡİȐȢ ȠυıȓαȢ ıĲȠ ĲȒȖȝα țαĲȐ ĲȘ įȚαįȚțαıȓα ĲȘȢ ıȪȞĲȘȟȘȢ. 

 

4.2.2 ΚαșȠȡȚıȝȩȢ ĲȘȢ ȝȐȗαȢ ĲωȞ υȜȚțȫȞ ȖȚα ĲȘ ıȪȞĲȘȟȘ  

 ȅȚ αȞαȜȠȖȓİȢ țαȚ ȠȚ ĲİȜȚțȑȢ ȝȐȗİȢ ĲȦȞ υȜȚțȫȞ πȠυ șα ȤȡȘıȚȝȠπȠȚȘșȠȪȞ ȖȚα ĲȘ ıȪȞĲȘȟȘ 

İȓȞαȚ țαșȠȡȚıĲȚțȑȢ ȖȚα țαȜȒ πȠȚȩĲȘĲα įİȓȖȝαĲȠȢ ĲȠ ȠπȠȓȠ șα ȑȤİȚ țαȚ ĲȚȢ țαĲȐȜȜȘȜİȢ įȚαıĲȐıİȚȢ 

ȖȚα αȞȐȜυıȘ ıİ ȝȓα įȚȐĲαȟȘ XRF, ȩπȦȢ αȞαφȑȡİĲαȚ ıĲȘ ȕȚȕȜȚȠȖȡαφȓα țαȚ ȑįİȚȟαȞ ȠȚ įȠțȚȝȑȢ 

πȠυ πȡαȖȝαĲȠπȠȚȒșȘțαȞ ıĲȠ πȜαȓıȚȠ ĲȘȢ ǻǼ. ΓȚα ĲȠȞ țαșȠȡȚıȝȩ ĲȘȢ ȝȐȗαȢ țȐșİ ıυıĲαĲȚțȠȪ 

(υȜȚțȩ πȡȠȢ αȞȐȜυıȘ, ȕȠȡȚțȐ ȐȜαĲα ț.α.) ȤȡȘıȚȝȠπȠȚȒșȘțαȞ  įȚȐφȠȡα țȡȚĲȒȡȚα πȠυ 
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πȡȠȑțυȥαȞ, ĲȩıȠ απȩ ĲȘȞ ȝİȜȑĲȘ ĲȦȞ ȠįȘȖȚȫȞ ĲȠυ țαĲαıțİυαıĲȒ țαȚ ĲȘȢ ȕȚȕȜȚȠȖȡαφȓαȢ 

ȖİȞȚțȩĲİȡα ȩıȠ țαȚ απȩ ĲȘȞ İȝπİȚȡȓα πȠυ απȠțĲȒșȘțİ țαĲȐ ĲȘ įȚȐȡțİȚα ĲȘȢ İȡȖαıȓαȢ απȩ Ĳα 

απȠĲİȜȑıȝαĲα ĲȦȞ įȠțȚȝȫȞ ıȪȞĲȘȟȘȢ.  

 ΌπȦȢ ȑȤİȚ πȡȠαȞαφİȡșİȓ ȖȚα ĲȘ ıȪȞĲȘȟȘ απαȚĲİȓĲαȚ Ș ȤȡȒıȘ ȕȠȡȚțȫȞ αȜȐĲȦȞ țαȚ 

ıĲİȡİȐȢ ȠυıȓαȢ țαȚ İȞįİȤȠȝȑȞȦȢ țαȚ Ș πȡȠıșȒțȘ ıυȖțİțȡȚȝȑȞȦȞ ȠυıȚȫȞ ȩπȦȢ ȐȜαĲα 

αȜȠȖȩȞȦȞ, ȦȢ non-wetting agents Ȓ ȠȟİȚįȦĲȚțȑȢ ȠυıȓİȢ, πȠυ ȕİȜĲȚȫȞȠυȞ ĲȘȞ πȠȚȩĲȘĲα ĲȠυ 

ĲİȜȚțȠȪ απȠĲİȜȑıȝαĲȠȢ. ȈĲα πȜαȓıȚα ĲȘȢ ǻǼ įİȞ υπȒȡȟİ Ș αȞȐȖțȘ ȖȚα ȤȡȒıȘ πȡȩıșİĲȠυ 

ȠȟİȚįȦĲȚțȠȪ υȜȚțȠȪ, țαșȫȢ ȩȜİȢ ȠȚ ıĲİȡİȑȢ ȠυıȓİȢ πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ ȒĲαȞ İπαȡțȫȢ 

ȠȟİȚįȦȝȑȞİȢ.   

 Η αȡȤȚțȒ İțĲȓȝȘıȘ ĲȘȢ ĲİȜȚțȒȢ ȝȐȗαȢ ĲȠυ įİȓȖȝαĲȠȢ ȝπȠȡİȓ Ȟα ȕαıȚıĲİȓ ıĲȘȞ αȡȤȒ 

įȚαĲȒȡȘıȘȢ ĲȘȢ ȝȐȗαȢ, țαșȫȢ įİȞ υπȐȡȤȠυȞ ıȘȝαȞĲȚțȑȢ απȫȜİȚİȢ țαĲȐ ĲȘ įȚαįȚțαıȓα ĲȘȢ 

ıȪȞĲȘȟȘȢ. ȈȪȝφȦȞα țαȚ ȝİ Ĳα παȡαπȐȞȦ ȚıȤȪİȚ Ș İȟȓıȦıȘ: 

 𝑚ఛఌ𝜆 =  𝑚ఉఖ𝜌.  ఈ𝜆. +  𝑚𝜎ఛఌ𝜌.ఖజ𝜎. + 𝑚௡𝑤𝑎 +  𝑚ఖకఌ𝜄ఋ.     ⇒ 

                   𝑚ఛఌ𝜆 =  𝑚ఉఖ𝜌.  ఈ𝜆. +  𝑚𝜎ఛఌ𝜌.ఖజ𝜎. +  𝑚௡𝑤𝑎                   (4.1) 

ΌπȠυ 

 𝑚ఛఌ𝜆 Ș ĲİȜȚțȒ ȝȐȗα ĲȠυ įİȓȖȝαĲȠȢ, Ș ȠπȠȓα șİȦȡİȓĲαȚ ȩĲȚ İȓȞαȚ ȓıȘ ȝİ ĲȘȞ ȝȐȗα ĲȠυ 

ȝİȓȖȝαĲȠȢ πȡȚȞ ĲȘ ıȪȞĲȘȟȘ. 

 𝑚ఉఖ𝜌.  ఈ𝜆. Ș ıυȞȠȜȚțȒ ȝȐȗα ĲȦȞ ȕȠȡȚțȫȞ αȜȐĲȦȞ, įȘȜαįȒ ĲȠυ ĲİĲȡαȕȠȡȚțȠȪ țαȚ 

ȝİĲαȕȠȡȚțȠȪ ȜȚșȓȠυ πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ. 

 𝑚𝜎ఛఌ𝜌.ఖజ𝜎. Ș ȝȐȗα ĲȘȢ ıĲİȡİȐȢ ȠυıȓαȢ πȠυ șȑȜȠυȝİ Ȟα αȞαȜȪıȠυȝİ. 

 𝑚௡𝑤𝑎 Ș ȝȐȗα ĲȠυ πȡȩıșİĲȠυ non – wetting agent, ȖȚα țαȜȪĲİȡȘ ıυȝπİȡȚφȠȡȐ țαȚ ȡȠȒ 

ĲȠυ ĲȒȖȝαĲȠȢ țαĲȐ ĲȘ ȤȪĲİυıȘ. 

 𝑚ఖకఌ𝜄ఋ. Ș ȝȐȗα ĲȘȢ ȠȟİȚįȦĲȚțȒȢ ȠυıȓαȢ πȠυ πȡȠıĲȑșȘțİ, ıİ πİȡȓπĲȦıȘ ȝȘ ȠȟİȚįȦȝȑȞȘȢ 

ıĲİȡİȐȢ ȠυıȓαȢ. ǻİȞ ȤȡȘıȚȝȠπȠȚȒșȘțİ ıĲȘȞ παȡȠȪıα ǻǼ ȠπȩĲİ παȡαȜİȓπİĲαȚ. 

 

ȆȡȫĲȠ ȕȒȝα ıĲȠ υπȠȜȠȖȚıȝȩ ĲȦȞ αȞαȜȠȖȚȫȞ țαȚ ȝαȗȫȞ ĲȦȞ υȜȚțȫȞ ĲȘȢ ıȪȞĲȘȟȘȢ İȓȞαȚ 

Ƞ πȡȠıįȚȠȡȚıȝȩȢ ĲȘȢ ıυȞȠȜȚțȒȢ ȝȐȗαȢ ĲȦȞ υȜȚțȫȞ țαȚ ıυȞİπȫȢ țαȚ ĲȠυ ĲİȜȚțȠȪ įİȓȖȝαĲȠȢ. Η 

ıυȞȠȜȚțȒ ȝȐȗα πȡȠțȪπĲİȚ απȩ ĲȘȞ πυțȞȩĲȘĲα ĲȠυ įİȓȖȝαĲȠȢ țαȚ Ĳα ȖİȦȝİĲȡȚțȐ ĲȠυ 

ȤαȡαțĲȘȡȚıĲȚțȐ. ȉα ȖİȦȝİĲȡȚțȐ ȤαȡαțĲȘȡȚıĲȚțȐ, ıĲȘȞ πİȡȓπĲȦıȘ ĲȠυ ĲİȜȚțȠȪ įİȓȖȝαĲȠȢ, 

πȡȠțȪπĲȠυȞ απȩ ĲȚȢ įȚαıĲȐıİȚȢ ĲȠυ țαȜȠυπȚȠȪ πȠυ ȤȡȘıȚȝȠπȠȚİȓĲαȚ țȐșİ φȠȡȐ ȖȚα ĲȘ ıȪȞĲȘȟȘ. 

ȅ țαĲαıțİυαıĲȒȢ įȚαșȑĲİȚ πȠȚțȚȜȓα țαȜȠυπȚȫȞ (țυαșȓȦȞ) ĲυπȠπȠȚȘȝȑȞȘȢ įȚαȝȑĲȡȠυ, απȩ 30 

ȑȦȢ 40 mm. To ǼȆȉ-ǼȂȆ ȝİ ĲȘȞ απȩțĲȘıȘ ĲȘȢ ȝȘȤαȞȒȢ πȡȠȝȘșİȪĲȘțİ ĲȠ țαȜȠȪπȚ įȚαȝȑĲȡȠυ 

0 
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40 mm, ĲȠ ȠπȠȓȠ ĲαȚȡȚȐȗİȚ ıĲȘ ȕȐıȘ ıĲȒȡȚȟȘȢ ĲȘȢ įȚȐĲαȟȘȢ XRF. ȈĲȘȞ πİȡȓπĲȦıȘ ĲȠυ Katanax 

K1 Prime, ĲȠ ȕȐșȠȢ țȐșİ țαȜȠυπȚȠȪ, İȓȞαȚ ȓįȚȠ ȖȚα ȩȜα Ĳα įİȓȖȝαĲα 5 mm. ǼπȠȝȑȞȦȢ, Ș 

ȖİȦȝİĲȡȓα ĲȦȞ ĲİȜȚțȫȞ įİȚȖȝȐĲȦȞ İȓȞαȚ İț ĲȦȞ πȡȠĲȑȡȦȞ ȖȞȦıĲȒ țαȚ φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 4.1.  

 

ΣȤȒȝα 4.1 ΓİȦȝİĲȡȓα ĲİȜȚțȠȪ įİȓȖȝαĲȠȢ ıȪȞĲȘȟȘȢ 

 ǹȞĲȚșȑĲȦȢ, Ș πυțȞȩĲȘĲα ĲȠυ ȝİȓȖȝαĲȠȢ țαȚ Ȑȡα ĲȠυ ĲİȜȚțȠȪ įİȓȖȝαĲȠȢ įİȞ İȓȞαȚ İȟȓıȠυ 

İȪțȠȜȘ ıĲȠȞ πȡȠıįȚȠȡȚıȝȩ. ȉȠ ȝİȖαȜȪĲİȡȠ πȡȩȕȜȘȝα İȓȞαȚ ȩĲȚ Ș πυțȞȩĲȘĲα αȜȜȐȗİȚ țȐșİ 

φȠȡȐ, αȞȐȜȠȖα ȝİ Ĳα υȜȚțȐ πȠυ ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ. ȂȚα αȜȜαȖȒ ıĲȘȞ αȞαȜȠȖȓα ĲİĲȡαȕȠȡȚțȠȪ / 

ȝİĲαȕȠȡȚțȠȪ  ȜȚșȓȠυ, Ȓ αȪȟȘıȘ ĲȘȢ ȝȐȗαȢ ıĲİȡİȐȢ ȠυıȓαȢ, αȜȜȐȗİȚ ĲȘȞ πυțȞȩĲȘĲα țȐșİ φȠȡȐ.  

 ΓȚα ĲȠ ȜȩȖȠ αυĲȩ, Ƞ țαĲαıțİυαıĲȒȢ ĲȘȢ ıυıțİυȒȢ αȞȑπĲυȟİ țαȚ πȡȠĲİȓȞİȚ ĲȘ ȤȡȒıȘ ȝȚαȢ 

İȝπİȚȡȚțȒȢ ıȤȑıȘȢ, ȖȚα ĲȠȞ πȡȠıįȚȠȡȚıȝȩ ĲȘȢ ĲİȜȚțȒȢ ȝȐȗαȢ ĲȠυ įİȓȖȝαĲȠȢ țαȚ ıυȞİπȫȢ țαȚ ĲȦȞ 

υȜȚțȫȞ πȠυ șα ȤȡȘıȚȝȠπȠȚȘșȠȪȞ. Η İȝπİȚȡȚțȒ ıȤȑıȘ αυĲȒ ȤȡȘıȚȝȠπȠȚİȓ ȦȢ ȝȠȞαįȚțȒ 

ȝİĲαȕȜȘĲȒ ĲȘ įȚȐȝİĲȡȠ (d) ĲȠυ țαȜȠυπȚȠȪ ıİ mm, țαȚ įȓȞİȚ ȦȢ απȠĲȑȜİıȝα ĲȘ ıυȞȠȜȚțȒ ȝȐȗα 

ĲȦȞ υȜȚțȫȞ πȠυ πȡȑπİȚ Ȟα ȤȡȘıȚȝȠπȠȚȘșȠȪȞ ıİ gr. Η ıȤȑıȘ αυĲȒ ȑȤİȚ ȦȢ İȟȒȢ:  

                                                      𝑚ఛఌ𝜆 [𝑔𝑟]  =  ሺ𝑑 [௠௠]ሻ2ଵ5଴        (4.2) 

Η ıȤȑıȘ αυĲȒ ȤȡȘıȚȝȠπȠȚȒșȘțİ ȖȚα ĲȠ πȡȠıįȚȠȡȚıȝȩ ĲȘȢ ıυȞȠȜȚțȒȢ ȝȐȗαȢ ıİ ȩȜİȢ ĲȚ 

πİȡȚπĲȫıİȚȢ παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ ȖȚα ĲȘȞ παȡȠȪıα ǻǼ. ȉα ĲİȜȚțȐ απȠĲİȜȑıȝαĲα ȑįİȚȟαȞ ȩĲȚ 

Ș ıȤȑıȘ αυĲȒ įȓȞİȚ ȝȚα πȠȜȪ țαȜȒ İțĲȓȝȘıȘ ȖȚα ĲȘȞ ĲİȜȚțȒ ȝȐȗα ĲȠυ įİȓȖȝαĲȠȢ, ȖİȝȓȗȠȞĲαȢ 

İπαȡțȫȢ ĲȠ țαȜȠȪπȚ țαĲȐ ĲȘ ȤȪĲİυıȘ țαȚ αφȒȞȠȞĲαȢ ȑȞα ȝȚțȡȩ πİȡȚșȫȡȚȠ ȖȚα απȠφυȖȒ 

υπİȡȤİȓȜȚıȘȢ. ǼȓȞαȚ ȚįȚαȓĲİȡα ıȘȝαȞĲȚțȩ Ȟα απȠφİυȤșİȓ Ș υπİȡȤİȓȜȚıȘ țαșȫȢ ȝπȠȡİȓ Ȟα 

πȡȠțαȜȑıİȚ ıȘȝαȞĲȚțȒ ȕȜȐȕȘ ȑȦȢ țαȚ țαĲαıĲȡȠφȒ ıĲȘ ıυıțİυȒ ıȪȞĲȘȟȘȢ. ȆȚȠ ıυȖțİțȡȚȝȑȞα, 

Ĳα ĲİȜȚțȐ įİȓȖȝαĲα πȠυ παȡȒȤșȘıαȞ ȤȡȘıȚȝȠπȠȚȫȞĲαȢ ĲȘ ıȤȑıȘ (4.2) ȖȚα ĲȠȞ υπȠȜȠȖȚıȝȩ ĲȘȢ 

ıυȞȠȜȚțȒȢ ȝȐȗαȢ, İȓȤαȞ ȪȥȠȢ 3.5 - 4 mm πİȡȓπȠυ (ȖȚα ȕȐșȠȢ țαȜȠυπȚȠȪ 5 mm).  

ȈυȞįυȐȗȠȞĲαȢ ĲȚȢ ıȤȑıİȚȢ (4.1) țαȚ (4.2) πȡȠțȪπĲİȚ Ș ıȤȑıȘ : 

                           
ሺ𝑑 [௠௠]ሻ2ଵ5଴  =  𝑚ఉఖ𝜌.  ఈ𝜆. [𝑔𝑟] +  𝑚𝜎ఛఌ𝜌.ఖజ𝜎. [𝑔𝑟] +  𝑚௡𝑤𝑎 [𝑔𝑟]               (4.3) 
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 ȈȘȝαȞĲȚțȩ İȓȞαȚ Ȟα πİĲȪȤȠυȝİ ĲȘ ȝȑȖȚıĲȘ įυȞαĲȒ πİȡȚİțĲȚțȩĲȘĲα ĲȠυ ĲİȜȚțȠȪ įİȓȖȝαĲȠȢ 

ıİ ıĲİȡİȐ Ƞυıȓα, țαșȫȢ ȑĲıȚ șα İȟαıφαȜȓıȠυȝİ ĲȠ țαȜȪĲİȡȠ απȠĲȑȜİıȝα ıĲȘȞ αȞȐȜυıȘ XRF. 

ȈĲȘ įȚαįȚțαıȓα ĲȘȢ ıȪȞĲȘȟȘȢ, Ș ȝȐȗα ĲȘȢ ıĲİȡİȐȢ ȠυıȓαȢ ıυȞȘșȓȗİĲαȚ Ȟα İțφȡȐȗİĲαȚ 

ıυȞαȡĲȒıİȚ ĲȘȢ ȝȐȗαȢ ĲȦȞ ȕȠȡȚțȫȞ αȜȐĲȦȞ. ȆȚȠ ıυȖțİțȡȚȝȑȞα, ȤȡȘıȚȝȠπȠȚİȓĲαȚ Ș αȞαȜȠȖȓα :  𝑔𝑟 ߚ𝜊𝜌ߢߡώ𝜈 ߣߙά߬𝜔𝜈 /ͳ 𝑔𝑟 𝜎߬𝜀𝜌𝜀ά𝜍 𝜊߭𝜎ίߙ𝜍 

 ΓȚα παȡȐįİȚȖȝα, ıİ ȑȞα įİȓȖȝα ȠπȠȪ ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ 8 gr ȕȠȡȚțȫȞ αȜȐĲȦȞ țαȚ 0,5 gr 

ıĲİȡİȐȢ ȠυıȓαȢ, Ș αȞαȜȠȖȓα İȓȞαȚ 16:1 (16 gr ȕȠȡȚțȫȞ αȜȐĲȦȞ αȞȐ gr ıĲİȡİȐȢ ȠυıȓαȢ). ΈĲıȚ, 

αȞİȟȐȡĲȘĲα απȩ ĲȘ įȚȐȝİĲȡȠ ĲȠυ țαȜȠυπȚȠȪ țαȚ ĲȘ ıυȞȠȜȚțȒ ȝȐȗα ĲȠυ įİȓȖȝαĲȠȢ, ıȘȝαȞĲȚțȩ 

İȓȞαȚ Ȟα țαșȠȡȓıȠυȝİ ĲȘ ȕȑȜĲȚıĲȘ αȞαȜȠȖȓα ȕȠȡȚțȫȞ αȜȐĲȦȞ πȡȠȢ ıĲİȡİȐ Ƞυıȓα. Η ȕȑȜĲȚıĲȘ 

αȞαȜȠȖȓα ıυȞįȑİĲαȚ ȝİ ĲȘ ȝȑȖȚıĲȘ įȚαȜυĲȩĲȘĲα ĲȘȢ ıĲİȡİȐȢ ȠυıȓαȢ ıĲȠ ĲȒȖȝα.  

 Η ȕȑȜĲȚıĲȘ αȞαȜȠȖȓα İȓȞαȚ αυĲȒ πȠυ İȟαıφαȜȓȗİȚ ĲȘ ȝȑȖȚıĲȘ πȠıȩĲȘĲα ıĲİȡİȐȢ ȠυıȓαȢ 

ıĲȠ ĲİȜȚțȩ įİȓȖȝα, İȞȫ αυĲȩ παȡαȝȑȞİȚ įȚȐφαȞȠ țαȚ ȠȝȠȚȠȖİȞȑȢ. Η αȞαȜȠȖȓα αυĲȒ ȝπȠȡİȓ Ȟα 

πȡȠıįȚȠȡȚıĲİȓ ȝİ ȕȐıȘ ĲȚȢ țαĲİυșȪȞıİȚȢ ĲȠυ țαĲαıțİυαıĲȒ țαȚ įȠțȚȝȑȢ įȚαφȠȡİĲȚțȫȞ 

αȞαȜȠȖȚȫȞ ĲȦȞ υȜȚțȫȞ. ǼπȚπȜȑȠȞ, Ș αȞαȜȠȖȓα αυĲȒ įİȞ İȟαȡĲȐĲαȚ ȝȩȞȠ απȩ ĲȘ ıĲİȡİȐ Ƞυıȓα, 

αȜȜȐ țαȚ απȩ Ĳα İȓįȘ ĲȦȞ ȕȠȡȚțȫȞ αȜȐĲȦȞ πȠυ ȤȡȘıȚȝȠπȠȚȠȪȝİ, țαșȫȢ įȚαφȠȡİĲȚțȐ ȕȠȡȚțȐ 

ȐȜαĲα παȡȠυıȚȐȗȠυȞ țαȚ įȚαφȠȡİĲȚțȒ įȚαȜυĲȩĲȘĲα. ΓİȞȚțȐ, ȠȚ ıυȞȒșİȚȢ ĲȚȝȑȢ ĲȦȞ αȞαȜȠȖȓȦȞ 

țυȝαȓȞȠȞĲαȚ απȩ 12:1 ȑȦȢ țαȚ 4:1 ıİ ıυȖțİțȡȚȝȑȞİȢ πİȡȚπĲȫıİȚȢ. ȅ țαĲαıțİυαıĲȒȢ πȡȠĲİȓȞİȚ 

İȐȞ įİȞ υπȐȡȤİȚ πȡȠȘȖȠȪȝİȞȘ İȝπİȚȡȓα ıİ ȑȞα ıυȖțİțȡȚȝȑȞȠ υȜȚțȩ, Ș πȡȫĲȘ ıȪȞĲȘȟȘ Ȟα ȖȓȞİĲαȚ 

ȝİ ȝȚα ıυȞĲȘȡȘĲȚțȒ αȞαȜȠȖȓα 18:1, Ș ȠπȠȓα İȖȖυȐĲαȚ ıĲȚȢ πİȡȚııȩĲİȡİȢ πİȡȚπĲȫıİȚȢ ĲȘȞ İπȚĲυȤȒ 

παȡαıțİυȒ ĲȠυ įİȓȖȝαĲȠȢ, ȩȝȦȢ ȝİ πȠȜȪ ȝȚțȡȒ πȠıȩĲȘĲα ıĲİȡİȐȢ ȠυıȓαȢ. ȈĲȘ ıυȞȑȤİȚα Ƞ 

ȤȡȒıĲȘȢ ȝπȠȡİȓ ıĲαįȚαțȐ Ȟα αυȟȒıİȚ ĲȘȞ ȝȐȗα ĲȠυ ıĲİȡİȠȪ υȜȚțȠȪ įȠțȚȝȐȗȠȞĲαȢ ȝȑȤȡȚ πȠȚα 

αȞαȜȠȖȓα İπȚĲυȖȤȐȞİĲαȚ țαȜȩ απȠĲȑȜİıȝα įȚȐȜυıȘȢ ĲȘȢ ıĲİȡİȐȢ ȠυıȓαȢ ıĲȠ ĲȒȖȝα.  

ȅπȩĲİ ȖȚα αȞαȜȠȖȓα 𝒂 ∶ 𝟏  ȝȐȗαȢ ȕȠȡȚțȫȞ αȜȐĲȦȞ πȡȠȢ ıĲİȡİȐ Ƞυıȓα ĲȘȢ ȝȠȡφȒȢ ȚıȤȪİȚ 

  𝑚ఉఖ𝜌.  ఈ𝜆.  = ∙ ߙ    𝑚𝜎ఛఌ𝜌.ఖజ𝜎.    (4.4) 

țαȚ Ș ıȤȑıȘ (4.3) ȖȡȐφİĲαȚ :  ሺ𝑑 [𝑚𝑚]ሻଶͳͷͲ  = ሺ𝑎 + ͳሻ 𝑚𝜎ఛఌ𝜌.ఖజ𝜎. [𝑔𝑟] + 𝑚௡𝑤𝑎 [𝑔𝑟]        ⇒          
 mσதερ.ο஥σ. [gr] = ሺd [mm]ሻ2+ଵ5଴ mnwa [gr] ଵ5଴ ሺα+ଵሻ    (4.5) 

 ΌπȦȢ αȞαφȑȡșȘțİ țαȚ παȡαπȐȞȦ, πȡȠıĲȓșİȞĲαȚ ıĲȠ ȝİȓȖȝα țαȚ ȐȜαĲα αȜȠȖȩȞȦȞ ȦȢ non 

wetting agent, ȝİ ıțȠπȩ Ȟα ȝİȚȦșİȓ Ș țαĲαțȡȐĲȘıȘ ĲȒȖȝαĲȠȢ απȩ ĲȠ ȤȦȞİυĲȒȡȚȠ țαĲȐ ĲȘ 

ȤȪĲİυıȘ țαȚ Ȟα ȖȓȞİȚ ȠȝαȜȒ țαȚ αıφαȜȒȢ Ș ȝİĲαφȠȡȐ ıĲȠ țαȜȠȪπȚ. ΓȚα ĲȠȞ πȡȠıįȚȠȡȚıȝȩ ĲȘȢ 
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απαȚĲȠȪȝİȞȘȢ ȝȐȗαȢ non wetting agent απαȚĲȠȪȞĲαȚ αȡțİĲȑȢ įȠțȚȝȑȢ. ǼπȚπȜȑȠȞ, Ș ȝȐȗα αυĲȒ 

İȓȞαȚ įȚαφȠȡİĲȚțȒ, αȞȐȜȠȖα ȝİ ĲȠ İȓįȠȢ ĲȠυ non wetting agent. ΓȚα παȡȐįİȚȖȝα, ĲȠ LiBr, απαȚĲİȓ 

ȝȚțȡȩĲİȡȘ πȠıȩĲȘĲα ıİ ıȤȑıȘ ȝİ ĲȠ LiI țαșȫȢ İȓȞαȚ πȚȠ απȠĲİȜİıȝαĲȚțȩ. ǼπȚπȜȑȠȞ, İȐȞ 

πȡȩțİȚĲαȚ ȖȚα υįαĲȚțȩ įȚȐȜυȝα țαȚ ȩȤȚ ȖȚα ıĲİȡİȒ țȡυıĲαȜȜȚțȒ ȝȠȡφȒ ĲȘȢ ȠυıȓαȢ, πȡȑπİȚ Ȟα 

υπȠȜȠȖȚıĲİȓ Ș πȠıȩĲȘĲα ĲȠυ įȚαȜυȝȑȞȠυ non wetting agent πȠυ πȡȠıĲȓșİĲαȚ țαȚ Ȟα παȡαȕȜİφșİȓ 

Ș ȝȐȗα ĲȠυ įȚαȜȪĲȘ (Η2ȅ) πȠυ İȟαĲȝȓȗİĲαȚ țαĲȐ ĲȘ șȑȡȝαȞıȘ. ȂȚα αıφαȜȒȢ İțĲȓȝȘıȘ İȓȞαȚ Ș 

πȡȠıșȒțȘ 50-100 mg non wetting agent, İȚįȚțȐ İȐȞ πȡȩțİȚĲαȚ ȖȚα LiI. Η αțȡȚȕȒȢ πȠıȩĲȘĲα 

İπȚȜȑȖİĲαȚ ĲİȜȚțȫȢ απȩ ĲȠȞ ȤȡȒıĲȘ αȞȐȜȠȖα ȝİ ĲȘȞ İȝπİȚȡȓα ĲȠυ țαȚ ĲȚȢ įυıțȠȜȓİȢ πȠυ ȝπȠȡİȓ 

Ȟα παȡȠυıȚȐıİȚ Ș ıȪȞĲȘȟȘ.  

ȉİȜȚțȩ ȕȒȝα ıĲȠȞ πȡȠıįȚȠȡȚıȝȩ ĲȦȞ ȝαȗȫȞ ĲȦȞ υȜȚțȫȞ ĲȠυ ȝİȓȖȝαĲȠȢ İȓȞαȚ Ƞ 

πȡȠıįȚȠȡȚıȝȩȢ ĲȘȢ ȝȐȗαȢ ĲȦȞ ȕȠȡȚțȫȞ αȜȐĲȦȞ. ΌπȦȢ αȞαφȑȡșȘțİ παȡαπȐȞȦ, ıυȞȒșȦȢ 

ȤȡȘıȚȝȠπȠȚİȓĲαȚ ȑȞα ȝİȓȖȝα ĲİĲȡαȕȠȡȚțȠȪ țαȚ ȝİĲαȕȠȡȚțȠȪ ȜȚșȓȠυ, ıİ ıυȖțİțȡȚȝȑȞȘ αȞαȜȠȖȓα. 

Ȉİ πȠȜȪ ıπȐȞȚİȢ πİȡȚπĲȫıİȚȢ șα ȤȡȘıȚȝȠπȠȚȘșİȓ İȟ’ ȠȜȠțȜȒȡȠυ ȝȩȞȠ ĲİĲȡαȕȠȡȚțȩ ȜȓșȚȠ, İȞȫ 

αțȩȝȘ ıπαȞȚȩĲİȡα ȑȦȢ πȠĲȑ įİȞ ȤȡȘıȚȝȠπȠȚİȓĲαȚ ȝȩȞȠ ȝİĲαȕȠȡȚțȩ ȜȓșȚȠ. ȅȚ ıυȤȞȩĲİȡİȢ 

αȞαȜȠȖȓİȢ ț.ȕ. İȓȞαȚ 67 % ĲİĲȡαȕȠȡȚțȩ ȜȓșȚȠ, 33 % ȝİĲαȕȠȡȚțȩ ȜȓșȚȠ Ȓ 50 % ĲİĲȡαȕȠȡȚțȩ ȜȓșȚȠ 

țαȚ 50 % ȝİĲαȕȠȡȚțȩ ȜȓșȚȠ. ȉα πȠıȠıĲȐ αυĲȐ αȞαφȑȡȠȞĲαȚ ıĲȘȞ ȝȐȗα ĲȦȞ ȕȠȡȚțȫȞ αȜȐĲȦȞ πȠυ 

πȡȠıĲȓșİȞĲαȚ, țαȚ ȩȤȚ ıĲȠ ıυȞȠȜȚțȩ ȝİȓȖȝα. ΓȚα παȡȐįİȚȖȝα, İȐȞ ȤȡȘıȚȝȠπȠȚȘșȠȪȞ 9 gr ȕȠȡȚțȫȞ 

αȜȐĲȦȞ ıİ ȑȞα ȝİȓȖȝα ıυȞȠȜȚțȒȢ ȝȐȗαȢ 10 gr, ȝİ ț.ȕ. αȞαȜȠȖȓα 67 % ĲİĲȡαȕȠȡȚțȩ ȜȓșȚȠ țαȚ 33 

% ȝİĲαȕȠȡȚțȩ ȜȓșȚȠ ĲȩĲİ ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ  6 gr ĲİĲȡαȕȠȡȚțȩ ȜȓșȚȠ țαȚ 3 gr ȝİĲαȕȠȡȚțȩ ȜȓșȚȠ. 

 Η αȞαȜȠȖȓα πȠυ șα İπȚȜİȖİȓ țȐșİ φȠȡȐ İȟαȡĲȐĲαȚ ȝȩȞȠ απȩ ĲȠ İȓįȠȢ ĲȘȢ ıĲİȡİȐȢ ȠυıȓαȢ 

πȠυ șα įȚαȜυșİȓ. Η įȚαįȚțαıȓα țαȚ Ĳα țȡȚĲȒȡȚα İπȚȜȠȖȒȢ ĲȘȢ αȞαȜȠȖȓαȢ αυĲȒȢ πİȡȚȖȡȐφȠȞĲαȚ 

αȞαȜυĲȚțȐ ıĲȘȞ İπȩȝİȞȘ παȡ. 4.3. Ȉİ πİȡȓπĲȦıȘ αȕİȕαȚȩĲȘĲαȢ, Ș αıφαȜȑıĲİȡȘ İπȚȜȠȖȒ İȓȞαȚ ȠȚ 

įȠțȚȝȑȢ Ȟα ȟİțȚȞȒıȠυȞ ȝİ αȞαȜȠȖȓα 67 % ĲİĲȡαȕȠȡȚțȩ ȜȓșȚȠ, 33 % ȝİĲαȕȠȡȚțȩ ȜȓșȚȠ. ΓİȞȚțȐ, 

ȖȚα Ȟα υπȠȜȠȖȚıĲİȓ Ș ȝȐȗα ĲȦȞ ȕȠȡȚțȫȞ αȜȐĲȦȞ πȠυ șα πȡȑπİȚ Ȟα πȡȠıĲİșİȓ ıĲȠ ȝİȓȖȝα șα 

πȡȑπİȚ πȡȫĲα Ȟα İπȚȜİȖİȓ Ș αȞαȜȠȖȓα ĲİĲȡαȕȠȡȚțȠȪ/ȝİĲαȕȠȡȚțȠȪ ȜȚșȓȠυ.  

ΈıĲȦ αȞαȜȠȖȓα ĲȘȢ ȝȠȡφȒȢ  𝒕 % / 𝒎 %, (ĲİĲȡαȕȠȡȚțȩ ȜȓșȚȠ/ȝİĲαȕȠȡȚțȩ ȜȓșȚȠ) ȠπȩĲİ ȚıȤȪİȚ                                              𝑡 + 𝑚 = ͳͲͲ  (4.6)                 țαȚ                            𝑚ఉఖ𝜌.  ఈ𝜆. =  𝑚௅𝑖𝑇 + 𝑚௅𝑖ெ ,  (4.7)  

ȩπȠυ: 𝑚௅𝑖𝑇 , ȝȐȗα ĲİĲȡαȕȠȡȚțȠȪ ȜȚșȓȠυ țαȚ 𝑚௅𝑖ெ, ȝȐȗα ȝİĲαȕȠȡȚțȠȪ ȜȚșȓȠυ 

ȅπȩĲİ                             𝑚௅𝑖𝑇 =    𝑡 ∙ ఈ ∙ ௠𝜎ഓ𝜀𝜌.𝜊ഔ𝜎.ଵ଴଴                          ሺͶ.ͺሻ 

țαȚ        𝑚௅𝑖ெ =     ௠ ∙ ఈ ∙ ௠𝜎ഓ𝜀𝜌.𝜊ഔ𝜎.ଵ଴଴                 ⇒   𝑚௅𝑖ெ =     ሺଵ଴଴−𝑡ሻ ∙ ఈ ∙ ௠𝜎ഓ𝜀𝜌.𝜊ഔ𝜎.ଵ଴଴               ሺͶ.ͻሻ 

 ȈĲȠ İȝπȩȡȚȠ țυțȜȠφȠȡȠȪȞ ȑĲȠȚȝα ȝİȓȖȝαĲα ȕȠȡȚțȫȞ αȜȐĲȦȞ ıİ ıυȖțİțȡȚȝȑȞİȢ 

αȞαȜȠȖȓİȢ, Ĳα ȠπȠȓα απȜȠπȠȚȠȪȞ ȚįȚαȚĲȑȡȦȢ ĲȘ įȚαįȚțαıȓα țαȚ ȝİȚȫȞȠυȞ ıȘȝαȞĲȚțȐ ĲȠȞ ȤȡȩȞȠ 
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πȠυ απαȚĲİȓĲαȚ ȖȚα ĲȘȞ παȡαȖȦȖȒ țȐșİ įİȓȖȝαĲȠȢ, Ƞ ȠπȠȓȠȢ İȓȞαȚ ıȘȝαȞĲȚțȩȢ ȖȚα ĲȘȞ πİȡȓπĲȦıȘ 

ȝαȗȚțȒȢ παȡαȖȦȖȒȢ.  

 

4.2.3 ǺȒȝαĲα ȖȚα ĲȠȞ țαșȠȡȚıȝȩ ĲȘȢ ıȪıĲαıȘȢ ĲȠυ πȡȠȢ ıȪȞĲȘȟȘ ȝİȓȖȝαĲȠȢ 

 ǹȞαțİφαȜαȚȫȞȠȞĲαȢ ȩıα ȜȑȤșȘțαȞ πȡȠȘȖȠυȝȑȞȦȢ, ȖȚα ĲȠȞ υπȠȜȠȖȚıȝȩ ȩȜȦȞ ĲȦȞ 

ȝαȗȫȞ ĲȦȞ υȜȚțȫȞ ĲȘȢ ıȪȞĲȘȟȘȢ, αțȠȜȠυșȠȪȞĲαȚ Ĳα παȡαțȐĲȦ ȕȒȝαĲα: 

1. ȊπȠȜȠȖȓȗİĲαȚ Ș ıυȞȠȜȚțȒ ȝȐȗα ĲȠυ ȝİȓȖȝαĲȠȢ, ȤȡȘıȚȝȠπȠȚȫȞĲαȢ ĲȘ ıȤȑıȘ (4.2) 𝑚ఛఌ𝜆 [𝑔𝑟]  =  ሺ𝑑 [௠௠]ሻ2ଵ5଴   (4.2) 

  ȩπȠυ d Ș įȚȐȝİĲȡȠȢ ĲȠυ țαȜȠυπȚȠȪ πȠυ șα ȤȡȘıȚȝȠπȠȚȘșİȓ. 

2. ǼπȚȜȑȖİĲαȚ Ș αȞαȜȠȖȓα ȕȠȡȚțȫȞ αȜȐĲȦȞ πȡȠȢ ıĲİȡİȐ Ƞυıȓα, ĲȘȢ ȝȠȡφȒȢ α : 1. Η İπȚȜȠȖȒ 

ĲȘȢ αȞαȜȠȖȓαȢ αυĲȒ πȡȠțȪπĲİȚ απȩ İȝπİȚȡȚțȠȪȢ πȡȠıįȚȠȡȚıȝȠȪȢ.  

3. ǼπȚȜȑȖİĲαȚ Ș πȠıȩĲȘĲα ĲȠυ non wetting agent (𝑚௡𝑤𝑎) πȠυ șα ȤȡȘıȚȝȠπȠȚȘșİȓ. ȈυȞȒșȦȢ, 

ȝİ 50-100 mg, İπȚĲυȖȤȐȞİĲαȚ ȚțαȞȠπȠȚȘĲȚțȒ ȤȪĲİυıȘ ĲȠυ ĲȒȖȝαĲȠȢ. 

4. Ȃİ ȕȐıȘ Ĳα įȪȠ παȡαπȐȞȦ ȕȒȝαĲα, υπȠȜȠȖȓȗİĲαȚ Ș ȝȐȗα ĲȘȢ ıĲİȡİȐȢ ȠυıȓαȢ πȠυ πȡȑπİȚ 

Ȟα πȡȠıĲİșİȓ ȤȡȘıȚȝȠπȠȚȫȞĲαȢ ĲȘ ıȤȑıȘ (4.5): 𝑚𝜎ఛఌ𝜌.ఖజ𝜎. [𝑔𝑟] = ሺ𝑑 [௠௠]ሻ2+ଵ5଴ ௠𝑛𝑤𝑎 [𝑔𝑟] ଵ5଴ ሺఈ+ଵሻ                     (4.5) 

5. ΈπİȚĲα, αȞαȜȩȖȦȢ ȝİ ĲȠ İȓįȠȢ ĲȘȢ ıĲİȡİȐȢ ȠυıȓαȢ πȠυ πȡȩțİȚĲαȚ Ȟα įȚαȜυșİȓ ıĲȠ ĲȒȖȝα, 

İπȚȜȑȖİĲαȚ Ș țαĲȐȜȜȘȜȘ αȞαȜȠȖȓα ĲİĲȡαȕȠȡȚțȠȪ/ȝİĲαȕȠȡȚțȠȪ ȜȚșȓȠυ. ǼπȚȜȑȖȠȞĲαȢ 

ĲİȜȚțȐ ȝȚα αȞαȜȠȖȓα ĲȘȢ ȝȠȡφȒȢ t % / m % ĲİĲȡαȕȠȡȚțȠȪ/ȝİĲαȕȠȡȚțȠȪ ȜȚșȓȠυ (π.Ȥ. 50% / 

50%), υπȠȜȠȖȓȗȠȞĲαȚ ȠȚ ȝȐȗİȢ ĲȦȞ ȕȠȡȚțȫȞ αȜȐĲȦȞ ȤȡȘıȚȝȠπȠȚȫȞĲαȢ ĲȚȢ ıȤȑıİȚȢ (4.8) 

țαȚ (4.9):  𝑚௅𝑖𝑇 =    𝑡 ∙ ఈ ∙ ௠𝜎ഓ𝜀𝜌.𝜊ഔ𝜎.ଵ଴଴          (4.8)      țαȚ        𝑚௅𝑖ெ =     ሺଵ଴଴−𝑡ሻ ∙ ఈ ∙ ௠𝜎ഓ𝜀𝜌.𝜊ഔ𝜎.ଵ଴଴         (4.9) 

ȈĲȘ ıυȞȑȤİȚα Ĳα υȜȚțȐ ȗυȖȓȗȠȞĲαȚ țαȚ ȠȚ ȝȐȗİȢ ĲȠυȢ țαĲαȖȡȐφȠȞĲαȚ ıİ πȓȞαțα. ȀαĲȐ ĲȘȞ 

αȞȐȝȚȟȘ, πȡȫĲα πȡȠıĲȓșİȞĲαȚ Ĳα ȕȠȡȚțȐ ȐȜαĲα, ĲİĲȡαȕȠȡȚțȩ țαȚ ȝİĲαȕȠȡȚțȩ ȜȓșȚȠ, ıĲȘ ıυȞȑȤİȚα 

Ș ıĲİȡİȐ Ƞυıȓα țαȚ ĲȑȜȠȢ ĲȠ non wetting agent. ǹπȩ ĲȘȞ İȝπİȚȡȓα ĲȘȢ ǻǼ πȡȠĲİȓȞİĲαȚ Ș 

İȪȤȡȘıĲȘ ȝȠȡφȒ ĲȠυ πȓȞαțα 4.2 ȖȚα țαĲαȖȡαφȒ ĲȦȞ υȜȚțȫȞ πȠυ αȞαȝȚȖȞȪȠȞĲαȚ. 

ȆȓȞαțαȢ 4.2 ȆαȡȐįİȚȖȝα πȓȞαțα ıȪıĲαıȘȢ ĲȠυ ȝİȓȖȝαĲȠȢ 

ǻİȓȖȝα: ǻǼǿΓȂǹ001 

ȉİĲȡαȕȠȡȚțȩ ȜȓșȚȠ (LiT) 𝑚௅𝑖𝑇 [gr] 

ȂİĲαȕȠȡȚțȩ ȜȓșȚȠ (LiM) 𝑚௅𝑖ெ [gr] 
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ȈĲİȡİȐ Ƞυıȓα πȡȠȢ αȞȐȜυıȘ 𝑚𝜎ఛఌ𝜌.ఖజ𝜎. [gr] 

Non wetting agent 𝑚௡𝑤𝑎 [gr] 

   ȈȪȞȠȜȠ 𝑚ఛఌ𝜆 [gr] 

 

4.3 ȆαȡαıțİυȒ įİȚȖȝȐĲωȞ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ȝİ ıȪȞĲȘȟȘ ıĲȠ ǼȆȉ-ǼΜȆ 

4.3.1 ȆȡȫĲȘ įȠțȚȝȒ παȡαıțİυȒȢ įİȓȖȝαĲȠȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ȝİ ıȪȞĲȘȟȘ ıĲȠ ǼȆȉ 

 Η παȡαıțİυȒ ĲȦȞ πȡȫĲȦȞ įİȚȖȝȐĲȦȞ ȝİ ĲȘ ȝȑșȠįȠ ĲȘȢ ıȪȞĲȘȟȘȢ ȕȠȡȚțȫȞ αȜȐĲȦȞ 

απȠĲȑȜİıİ ıȘȝαȞĲȚțȒ πȡȩțȜȘıȘ, țαșȫȢ ȒĲαȞ Ș πȡȫĲȘ φȠȡȐ πȠυ įȠțȚȝαȗȩĲαȞ Ș ĲİȤȞȚțȒ αυĲȒ 

ıĲȠ ǼȆȉ-ǼȂȆ. ΓȚα ĲȘȞ İțĲȓȝȘıȘ ĲȘȢ ıυȞȠȜȚțȒȢ ȝȐȗαȢ ĲȠυ ȝȓȖȝαĲȠȢ țαșȫȢ țαȚ ĲȦȞ αȞαȜȠȖȚȫȞ 

ıĲİȡİȐȢ ȠυıȓαȢ țαȚ ȕȠȡȚțȫȞ αȜȐĲȦȞ αțȠȜȠυșȒșȘțαȞ Ĳα ȕȒȝαĲα πȠυ παȡȠυıȚȐıĲȘțαȞ 4.2.3.  

 ǹȡȤȚțȐ υπȠȜȠȖȓıĲȘțİ Ș ıυȞȠȜȚțȒ ȝȐȗα ĲȠυ ȝȓȖȝαĲȠȢ απȩ ĲȘȞ İȝπİȚȡȚțȒ ıȤȑıȘ (4.2) 

ĲȠυ țαĲαıțİυαıĲȒ ĲȘȢ ıυıțİυȒȢ  ȩπȠυ ȖȚα țαȜȠȪπȚ įȚαȝȑĲȡȠυ 40 mm πȠυ įȚαșȑĲİȚ ĲȠ ǼȆȉ-

ǼȂȆ πȡȠȑțυȥİ ȩȡȚȠ ıυȞȠȜȚțȒȢ ȝȐȗαȢ 𝑚ఛఌ𝜆 = ͳͲ.͸͸ 𝑔𝑟 . 

 ΓȚα ĲȘȞ πȡȫĲȘ įȠțȚȝȒ İπȚȜȑȤșȘțİ Ș ȤȡȒıȘ ȝİȓȖȝαĲȠȢ ĲİĲȡαȕȠȡȚțȠȪ țαȚ ȝİĲαȕȠȡȚțȠȪ 

ȜȚșȓȠυ ıİ αȞαȜȠȖȓα 50% - 50% ț.ȕ, αțȠȜȠυșȫȞĲαȢ ĲȘ ıȪıĲαıȘ ĲȠυ țαĲαıțİυαıĲȒ ȖȚα įİȓȖȝα 

ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ 
[14]

 Ƞ ȠπȠȓȠȢ πȡȠĲİȓȞİȚ αȞαȜȠȖȓα ȕȠȡȚțȫȞ αȜȐĲȦȞ/ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ 8:1. ΌıȠȞ 

αφȠȡȐ ĲȠ non wetting agent, ıĲȘȞ πȡȫĲȘ απȩπİȚȡα įİȞ πȡȠıĲȑșȘțİ țαșȩȜȠυ ıĲȠ ȝİȓȖȝα1
. Ȃİ 

ĲȘȞ αȞαȜȠȖȓα αυĲȒ υπȠȜȠȖȓıĲȘțαȞ ȠȚ ȝȐȗİȢ ĲȘȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ĲȠυ ĲİĲȡαȕȠȡȚțȠȪ țαȚ ĲȠυ 

ȝİĲαȕȠȡȚțȠȪ ȜȚșȓȠυ πȠυ șα ȑπȡİπİ Ȟα ȑȤİȚ ĲȠ ȝİȓȖȝα ıȪȝφȦȞα ȝİ ĲȚȢ ıȤȑıİȚȢ  (4.8) țαȚ (4.9). 

ȈĲȠȞ ȆȓȞαțα 4.3 φαȓȞȠȞĲαȚ ȠȚ αȞĲȓıĲȠȚȤİȢ ȝȐȗİȢ ĲȠυ ĲİȜȚțȠȪ ȝİȓȖȝαĲȠȢ ĲȘȢ πȡȫĲȘȢ ıȪȞĲȘȟȘȢ 

KCMF1 (ȕȜ. țȦįȚțȠπȠȓȘıȘ ȠȞȠȝαıȓαȢ įİȚȖȝȐĲȦȞ ıĲȠ ȆαȡȐȡĲȘȝα ǿ) ıȪȝφȦȞα ȝİ ĲȘ ȗȪȖȚıȘ 

țαĲȐ ĲȘȞ παȡαıțİυȒ ĲȠυ ȝİȓȖȝαĲȠȢ.  

ȆȓȞαțαȢ 4.3 ȈȪıĲαıȘ ȝİȓȖȝαĲȠȢ ȖȚα ĲȘȞ παȡαıțİυȒ ĲȠυ πȡȫĲȠυ įİȓȖȝαĲȠȢ ıĲȠ ǼȆȉ-ǼȂȆ 

ǻİȓȖȝα: KCMF1 

ȉİĲȡαȕȠȡȚțȩ ȜȓșȚȠ (LiT) Ͷ.͹Ͳ gr 

ΜİĲαȕȠȡȚțȩ ȜȓșȚȠ (LiM) Ͷ.͹Ͳ gr 

ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ ͳ.ʹͲ gr 

Non wetting agent Ͳ 

   ȈȪȞȠȜȠ ͳͲ.͸Ͳ gr 

                                                           

1
 ȈĲȚȢ ȠįȘȖȓİȢ Ƞ țαĲαıțİυαıĲȒȢ ıυȞȚıĲȐ ĲȘȞ πȡȠıșȒțȘ ıĲȠ ȝİȓȖȝα 0.5 % ț.ȕ. LiBr. 
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ȈȘȝİȚȫȞİĲαȚ, ȩĲȚ ıĲȠυȢ υπȠȜȠȖȚıȝȠȪȢ πȐȞĲα ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ ȠȚ ȝȐȗİȢ ĲȘȢ ȗȪȖȚıȘȢ ȩπȦȢ 

țαĲαȖȡȐφȠȞĲαȚ ıĲȠυȢ πȓȞαțİȢ.   

 ǹȞαφȠȡȚțȐ ȝİ ĲȘȞ ȚπĲȐȝİȞȘ Ĳȑφȡα πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțİ ȖȚα ĲȘȞ παȡαıțİυȒ 

įİȚȖȝȐĲȦȞ ıĲȘȞ įȚȐȡțİȚα ĲȘȢ ǻǼ, πȡȑπİȚ Ȟα αȞαφİȡșİȓ ȩĲȚ αυĲȒ πȡȠİȡȤȩĲαȞ απȩ ĲȘ απȩ ǹΗȈ 

ĲȘȢ ȂİȖαȜȩπȠȜȘȢ țαȚ ȒĲαȞ țȠțțȠȝİĲȡȓαȢ 65-125ȝm.  

 ǹφȠȪ Ĳα υȜȚțȐ αȞαȝİȓȤșȘțαȞ İπαȡțȫȢ, ĲȠ ȤȦȞİυĲȒȡȚȠ ĲȠπȠșİĲȒșȘțİ ıĲȘ ıυıțİυȒ 

ıȪȞĲȘȟȘȢ. ΓȚα ĲȘ ıȪȞĲȘȟȘ İπȚȜȑȤșȘțİ ĲȠ πȡȩȖȡαȝȝα OXIDE, ȝİ ĲȘȞ υπȩșİıȘ ȩĲȚ ȩȜα Ĳα 

ıĲȠȚȤİȓα ĲȘȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ȑȤȠυȞ ȒįȘ ȠȟİȚįȦșİȓ. ȈȪȝφȦȞα ȝİ ĲȠȞ țαĲαıțİυαıĲȒ [14]
 

πȡȠĲİȓȞİĲαȚ πȡȚȞ ĲȘ ıȪȞĲȘȟȘ Ș ȚπĲȐȝİȞȘ Ĳȑφȡα Ȟα ĲȠπȠșİĲİȓĲαȚ ıİ țαĲȐȜȜȘȜȠ φȠȪȡȞȠ țαȚ 

ȞαπαȡαȝȑȞİȚ ıĲȠυȢ ͹ͷͲ ℃ ȖȚα ȑȞα įȚȐıĲȘȝα 2 ȦȡȫȞ  ǹυĲȩ ĲȠ ȕȒȝα απȠıțȠπİȓ  ıĲȘȞ ȠȟİȓįȦıȘ 

ĲȠυ ȐȞșȡαțα πȠυ İȞįİȤȠȝȑȞȦȢ πİȡȚȑȤİĲαȚ ıĲȘȞ ȚπĲȐȝİȞȘ Ĳȑφȡα țαȚ ĲȘȞ απİȜİυșȑȡȦıȘ ĲȠυ ȦȢ 

αȑȡȚȠ COଶ. ȉȠ ȕȒȝα αυĲȩ ıĲȠȤİȪİȚ ıĲȠ Ȟα απȠφİυȤșİȓ ĲυȤȩȞ απİȜİυșȑȡȦıȘ ĲȠυ COଶ țαĲȐ ĲȘ 

įȚȐȡțİȚα ĲȘȢ ıȪȞĲȘȟȘȢ ȝİ απȠĲȑȜİıȝα ĲȘȞ İȝφȐȞȚıȘ φυıαȜȓįȦȞ ıĲȠ ĲİȜȚțȩ įİȓȖȝα. Ȉİ αυĲȒ ĲȘȞ 

πȡȫĲȘ įȠțȚȝȒ İπȚȜȑȤșȘțİ Ȟα įȚİȡİυȞȘșİȓ αȡȤȚțȐ ĲȠ πȡȩȖȡαȝȝα țαȚ ȩȤȚ Ș αȞαȜȠȖȓα ĲȦȞ 

ıυıĲαĲȚțȫȞ. ȈĲȠ ȈȤȒȝα 4.2 φαȓȞİĲαȚ Ș șİȡȝȠțȡαıȓα ĲȠυ ȝİȓȖȝαĲȠȢ țαș’ ȩȜȘ ĲȘȞ πȠȡİȓα ĲȠυ 

πȡȠȖȡȐȝȝαĲȠȢ OXIDE, ȩπȦȢ İȝφαȞȓȗİĲαȚ ıĲȘȞ ȠșȩȞȘ ĲȠυ Katanax K1 Prime. 

 

ΣȤȒȝα 4.2 ΠȡȩȖȡαȝȝα OXIDE 

 ΌπȦȢ φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 4.2, αȡȤȚțȐ  Ș șİȡȝȠțȡαıȓα αυȟȐȞİĲαȚ ıĲαįȚαțȐ ȑȦȢ ĲȠυȢ 

1035 ℃, ȩπȠυ țαȚ παȡαȝȑȞİȚ ıĲαșİȡȒ ȖȚα πİȡȓπȠυ 15 ȜİπĲȐ. ȀαĲȐ ĲȘ įȚȐȡțİȚα ĲȦȞ 15 ȜİπĲȫȞ 

İπȚĲυȖȤȐȞİĲαȚ πȜȒȡȘȢ  ĲȒȟȘ ĲȦȞ ȕȠȡȚțȫȞ αȜȐĲȦȞ țαȚ įȚȐȜυıȘ ĲȘȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ıĲȠ ĲȒȖȝα. 

ΈπİȚĲα, αțȠȜȠυșİȓ Ș ȤȪĲİυıȘ ıİ țαȜȠȪπȚ įȚαȝȑĲȡȠυ 40 mm țαȚ Ș ȥȪȟȘ ĲȠυ.  

 ȀαĲȐ ĲȘȞ παȡαıțİυȒ ĲȠυ πȡȫĲȠυ įİȓȖȝαĲȠȢ KCMF1 ȝİ ĲȘ ȝȑșȠįȠ ĲȘȢ ıȪȞĲȘȟȘȢ 

ȕȠȡȚțȫȞ αȜȐĲȦȞ, παȡαĲȘȡȒșȘțİ ȩȜȘ ĲȘȞ πȠȡİȓα ĲȘȢ ıȪȞĲȘȟȘȢ, ȠȚ ȜİȚĲȠυȡȖȓİȢ ĲȘȢ ıυıțİυȒȢ 

KATANAX K1 Prime țαȚ Ș ıυȝπİȡȚφȠȡȐ ĲȠυ ȝİȓȖȝαĲȠȢ țαș’ ȩȜα Ĳα ıĲȐįȚα ĲȘȢ įȚαįȚțαıȓαȢ. Η 

ĲȒȟȘ ĲȦȞ ȕȠȡȚțȫȞ αȜȐĲȦȞ ȒĲαȞ İπȚĲυȤȒȢ, Ș ıυıțİυȒ αțȠȜȠȪșȘıİ ĲȠ πȡȩȖȡαȝȝα ȤȦȡȓȢ țαȝȓα 

παȡȑțțȜȚıȘ, ȩπȦȢ İȝφαȞȓȗİĲαȚ ıĲȘȞ ȠșȩȞȘ. H ȤȪĲİυıȘ ȒĲαȞ İπȚĲυȤȒȢ țαșȫȢ ĲȠ ĲȒȖȝα 
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įȚȠȤİĲİȪșȘțİ ıĲȠ țαȜȠȪπȚ ȤȦȡȓȢ Ȟα Ȥυșİȓ Ȓ Ȟα įȚαȡȡİȪıİȚ ıİ ȐȜȜα ȝȑȡȘ ĲȘȢ įȚȐĲαȟȘȢ. ȈĲȠ 

ȈȤȒȝα 4.3 φαȓȞİĲαȚ ĲȠ πυȡȦȝȑȞȠ  țαȜȠȪπȚ ĲȠυ Katanax K1 Prime, πȡȚȞ ĲȘ φȐıȘ ȤȪĲİυıȘȢ. 

 

ΣȤȒȝα 4.3 ΚαȜȠȪπȚ Katanax K1 Prime ȜȓȖȠ πȡȚȞ ĲȘ ȤȪĲİυıȘ 

 ȀαĲȐ ĲȘ įȚȐȡțİȚα ĲȠυ πȡȫĲȠυ ıĲαįȓȠυ ȥȪȟȘȢ ĲȠ ĲȒȖȝα ıĲİȡİȠπȠȚȒșȘțİ. ȈĲȠ ıȘȝİȓȠ 

αυĲȩ įȚαπȚıĲȫșȘțİȩĲȚ ĲȠ įİȓȖȝα ȒĲαȞ įȚȐφαȞȠ, Ƞ ȤȡȦȝαĲȚıȝȩȢ ĲȠυ ȒĲαȞ İȜαφȡȫȢ 

țȚĲȡȚȞȠπȡȐıȚȞȠȢ țαȚ πİȡȚİȓȤİ αȡțİĲȑȢ φυıαȜȓįİȢ παȖȚįİυȝȑȞİȢ ȝȑıα ıĲȠ υȜȚțȩ. ȈĲȠ įİȪĲİȡȠ 

ıĲȐįȚȠ ȥȪȟȘȢ İȞİȡȖȠπȠȚȒșȘțİ Ƞ αȞİȝȚıĲȒȡαȢ țαȚ ȝİĲȐ απȩ ȝİȡȚțȐ įİυĲİȡȩȜİπĲα ĲȠ įİȓȖȝα 

İȝφȐȞȚıİ ȝȚα ȝİȖȐȜȘ ȡȘȖȝȐĲȦıȘ țαȚ ȑıπαıİ ȩπȦȢ φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 4.4. 

 

ΣȤȒȝα 4.4 ǻİȓȖȝα «KCMF1» ȝİĲȐ ĲȠ πȑȡαȢ ĲȘȢ ıȪȞĲȘȟȘȢ 

 ǼπȓıȘȢ παȡαĲȘȡȒșȘțİ țαĲαțȡȐĲȘıȘ ȝȑȡȠυȢ ĲȠυ ĲȒȖȝαĲȠȢ ıĲȠ ȤȦȞİυĲȒȡȚȠ, ĲȠ ȠπȠȓȠ 

įİȞ ȝπȠȡİȓ Ȟα șİȦȡȘșİȓ αȝİȜȘĲȑȠ ıİ πȠıȩĲȘĲα, țαșȫȢ ȩπȦȢ İțĲȚȝȒșȘțİ αȞĲȚıĲȠȚȤİȓ ıİ πİȡȓπȠυ 

1 gr, įȘȜαįȒ ~9.5 % ĲȘȢ ıυȞȠȜȚțȒȢ ȝȐȗαȢ. ȈĲȠ ȈȤȒȝα 4.5 φαȓȞİĲαȚ Ș țαĲαțȡȐĲȘıȘ ıĲαȖȠȞȚįȓȦȞ 

ıĲȠ ȤȦȞİυĲȒȡȚȠ. 
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ΣȤȒȝα 4.5 ΚαĲαțȡȐĲȘıȘ ıĲαȖȠȞȚįȓȦȞ ıĲȠ ȤȦȞİυĲȒȡȚȠ ĲȠυ Katanax K1 Prime 

4.3.2 ǻİȪĲİȡȘ įȠțȚȝȒ παȡαıțİυȒȢ įİȓȖȝαĲȠȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ȝİ ıȪȞĲȘȟȘ ıĲȠ ǼȆȉ 

 ΈπİȚĲα απȩ ĲȘȞ șȡαȪıȘ ĲȠυ ĲİȝαȤȓȠυ țαĲȐ ĲȘ įȚȐȡțİȚα ĲȘȢ πȡȫĲȘȢ ıȪȞĲȘȟȘȢ ıĲȠ ǼȆȉ-

ǼȂȆ, υπȒȡȟİ πȡȠȕȜȘȝαĲȚıȝȩȢ ȖȚα ĲȚȢ αȚĲȓİȢ πȠυ ȠįȒȖȘıαȞ ıİ αυĲȩ ĲȠ αȞİπȚĲυȤȑȢ απȠĲȑȜİıȝα. 

ȅȚ įȪȠ țȪȡȚȠȚ παȡȐȖȠȞĲİȢ πȠυ φαȚȞȩĲαȞ ȩĲȚ ȝπȠȡİȓ Ȟα İυșȪȞȠȞĲαȚ ȒĲαȞ Ș İȟαȞαȖțαıȝȑȞȘ ȥȪȟȘ 

ȝİ ĲȠȞ αȞİȝȚıĲȒȡα țαĲȐ ĲȠ ĲİȜİυĲαȓȠ ıĲȐįȚȠ ĲȠυ πȡȠȖȡȐȝȝαĲȠȢ țαȚ Ș ȝȘ πȡȠıșȒțȘ ĲȠυ non 

wetting agent ıĲȠ įİȓȖȝα. ȁαȝȕȐȞȠȞĲαȢ υπȩȥȘ țαȚ ĲȠ İȖȤİȚȡȓįȚȠ ĲȠυ țαĲαıțİυαıĲȒ 
[12]

 ȩπȠυ  

πİȡȚȖȡȐφİĲαȚ ȦȢ αȓĲȚȠ șȡαȪıȘȢ ĲȠυ įİȓȖȝαĲȠȢ – İțĲȩȢ ĲȦȞ ȐȜȜȦȞ – țαȚ Ș ȑȜȜİȚȥȘ İπαȡțȠȪȢ 

πȠıȩĲȘĲαȢ non wetting agent, șİȦȡȒșȘțİ ȦȢ αȚĲȓα ĲȘȢ απȠĲυȤȓαȢ Ș ȑȜȜİȚȥȘ non wetting agent. 

ǹυĲȩ șα ȝπȠȡȠȪıİ Ȟα απȠĲİȜİȓ İȡȝȘȞİȓα ĲȘȢ αıĲȠȤȓαȢ İπİȚįȒ țαĲȐ ĲȘȞ πȡȠıπȐșİȚα 

απȠțȩȜȜȘıȘȢ ĲȠυ ĲİȜȚțȠȪ įİȓȖȝαĲȠȢ απȩ ĲȠ țαȜȠȪπȚ ȠȚ įυȞȐȝİȚȢ ıυȞȐφİȚαȢ ȝİĲαȟȪ ĲȠυ 

įİȓȖȝαĲȠȢ țαȚ ĲȦȞ ĲȠȚȤȦȝȐĲȦȞ ĲȠυ țαȜȠυπȚȠȪ πȡȠȕȐȜȜȠυȞ αȞĲȓıĲαıȘ țαȚ ȠįȘȖȠȪȞ ĲİȜȚțȫȢ ıİ 

șȡαȪıȘ. Η țαĲαțȡȐĲȘıȘ ĲȒȖȝαĲȠȢ ıĲȠ ȤȦȞİυĲȒȡȚȠ απȠĲİȜİȓ ȑȞαȞ αțȩȝȘ παȡȐȖȠȞĲα πȠυ 

ıȘȝαĲȠįȠĲİȓ ȩĲȚ Ș ȑȜȜİȚȥȘ non wetting agent ȝπȠȡİȓ Ȟα İȓȞαȚ υπİȪșυȞȘ ȖȚα ĲȘȞ αȞİπȚĲυȤȒ 

ıȪȞĲȘȟȘ, țαșȫȢ ȠȚ įυȞȐȝİȚȢ ıυȞȐφİȚαȢ įİȞ İπȚĲȡȑπȠυȞ ıĲȠ ĲȒȖȝα țαĲȐ ĲȘ ȤȪĲİυıȘ Ȟα 

απȠțȠȜȜȘșİȓ απȩ Ĳα ĲȠȚȤȫȝαĲα ĲȠυ ȤȦȞİυĲȘȡȓȠυ țαȚ Ȟα ȝİĲαφİȡșİȓ ıĲȠ țαȜȠȪπȚ. ΈĲıȚ 

απȠφαıȓıĲȘțİ Ș İπαȞȐȜȘȥȘ ĲȘȢ įȚαįȚțαıȓαȢ, ȝİ ȝȠȞαįȚțȒ ȝİĲαȕȠȜȒ ĲȘȞ πȡȠıșȒțȘ πȠıȩĲȘĲαȢ 

υįαĲȚțȠȪ įȚαȜȪȝαĲȠȢ LiI,  ĲȠ ȠπȠȓȠ İȓȤİ πȡȠȝȘșİυĲİȓ ĲȠ ǼȆȉ-ǼȂȆ απȩ ĲȠȞ țαĲαıțİυαıĲȒ ĲȘȢ 

ıυıțİυȒȢ, ȦȢ non wetting agent. ΈĲıȚ, İπαȞαȜȒφșȘțİ Ș įȚαįȚțαıȓα ȗȪȖȚıȘȢ ĲȦȞ υȜȚțȫȞ, 

įȚαĲȘȡȫȞĲαȢ ĲȚȢ πȡȠȘȖȠȪȝİȞİȢ πȠıȩĲȘĲİȢ țαȚ αȞαȜȠȖȓİȢ ȓįȚİȢ, ȝİ ȝȠȞαįȚțȒ įȚαφȠȡȐ ĲȘȞ 

πȡȠıșȒțȘ 65 mg υįαĲȚțȠȪ įȚαȜȪȝαĲȠȢ LiI. ȈĲȠȞ ȆȚȞ. 4.4 φαȓȞİĲαȚ Ș ıȪıĲαıȘ ĲȠυ ȝİȓȖȝαĲȠȢ ȖȚα 

ĲȠ įİȓȖȝα «KCMF2». 
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ȆȓȞαțαȢ 4.4 ȈȪıĲαıȘ ȝİȓȖȝαĲȠȢ ȖȚα ĲȘȞ παȡαıțİυȒ ĲȠυ įİȪĲİȡȠυ įİȓȖȝαĲȠȢ KCMF2 

ǻİȓȖȝα: KCMF2 

ȉİĲȡαȕȠȡȚțȩ ȜȓșȚȠ (LiT) Ͷ.͹Ͳ gr 

ΜİĲαȕȠȡȚțȩ ȜȓșȚȠ (LiM) Ͷ.͹Ͳ gr 

ǿπĲȐȝİȞȘ ȉȑφȡα ΜİȖαȜȩπȠȜȘȢ ͳ.ʹͲ gr 

Non wetting agent (LiI) ͸ͷ mg 

   ȈȪȞȠȜȠ ͳͲ.͸͸ͷ gr 

ǹțȠȜȠȪșȘıİ țαȜȒ αȞȐȝİȚȟȘ ĲȦȞ υȜȚțȫȞ ıĲȠ ȤȦȞİυĲȒȡȚȠ țαȚ ȑȞαȡȟȘ ĲȘȢ ıȪȞĲȘȟȘȢ ȝİ ĲȠ 

πȡȩȖȡαȝȝα OXIDE ȩπȦȢ țαȚ πȡȚȞ. 

ΌπȦȢ țαȚ ıĲȘȞ πİȡȓπĲȦıȘ ĲȠυ πȡȫĲȠυ įİȓȖȝαĲȠȢ, ĲȠ ĲȒȖȝα ıĲİȡİȠπȠȚȒșȘțİ țαĲȐ ĲȠ πȡȫĲȠ 

ıĲȐįȚȠ ȥȪȟȘȢ. ȈĲȠ ıȘȝİȓȠ αυĲȩ ȑȖȚȞİ İȝφαȞȑȢ ȩĲȚ υπȒȡȟİ țαȚ πȐȜȚ παȖȓįİυıȘ φυıαȜȓįȦȞ ıĲȠ 

İıȦĲİȡȚțȩ ĲȠυ įİȓȖȝαĲȠȢ. Η ȪπαȡȟȘ φυıαȜȓįȦȞ İȓȞαȚ αȞİπȚșȪȝȘĲȘ, țαșȫȢ İπȘȡİȐȗȠυȞ ĲȘȞ 

ȠȝȠȚȠȖȑȞİȚα ĲȠυ įİȓȖȝαĲȠȢ. Ȉİ αȞĲȓșİıȘ ȝİ ĲȘȞ πȡȫĲȘ ıȪȞĲȘȟȘ, ĲȠ įİȓȖȝα įİȞ İȝφȐȞȚıİ țαȝȓα 

ȡȘȖȝȐĲȦıȘ, αȜȜȐ απȠțȠȜȜȒșȘțİ ȝİ İυțȠȜȓα απȩ ĲȠ țαȜȠȪπȚ. ΈĲıȚ, παȡȒȤșȘ ȝİ İπȚĲυȤȓα ĲȠ 

πȡȫĲȠ įİȓȖȝα ȝİ ĲȘȞ ĲİȤȞȚțȒ ĲȘȢ ıȪȞĲȘȟȘȢ ȕȠȡȚțȫȞ αȜȐĲȦȞ ıĲȠ ǼȆȉ- ǼȂȆ. ȆαȡȩȜα αυĲȐ, Ș 

țαĲαțȡȐĲȘıȘ υȜȚțȠȪ ıĲȠ ȤȦȞİυĲȒȡȚȠ παȡȑȝİȚȞİ Țįȓα (~1 gr υȜȚțȠȪ ıİ ȝȠȡφȒ ıĲİȡİȠπȠȚȘȝȑȞȦȞ 

ıĲαȖȠȞȚįȓȦȞ). ȈĲȠ ȈȤȒȝα 4.6 φαȓȞİĲαȚ ĲȠ ĲİȜȚțȩ įİȓȖȝα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ «KCMF2» țαȚ ıĲȠ 

ȈȤȒȝα 4.7 Ș țαĲαțȡȐĲȘıȘ ĲȒȖȝαĲȠȢ ıĲȠ ȤȦȞİυĲȒȡȚȠ. 

 

ΣȤȒȝα 4.6 ǻİȓȖȝα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ «KCMF2» 
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ΣȤȒȝα 4.7 ΚαĲαțȡȐĲȘıȘ ĲȒȖȝαĲȠȢ 

 

4.3.3 ǹȞĲȚȝİĲȫπȚıȘ ĲȠυ πȡȠȕȜȒȝαĲȠȢ φυıαȜȓįωȞ ıİ įİȓȖȝαĲα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ 

 ȈĲȘȞ ıυȞȑȤİȚα, ȝİ ıĲȩȤȠ ĲȘ ȕİȜĲȓȦıȘ ĲȘȢ πȠȚȩĲȘĲαȢ ĲȠυ ĲİȜȚțȠȪ įİȓȖȝαĲȠȢ 

πȡȠİĲȠȚȝȐıĲȘțαȞ țαȚ ȐȜȜα įİȓȖȝαĲα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ, ȝİĲαȕȐȜȜȠȞĲαȢ įȚαφȠȡİĲȚțȒ παȡȐȝİĲȡȠ 

țȐșİ φȠȡȐ, ȤȡȘıȚȝȠπȠȚȫȞĲα πȐȞĲα ĲȠ πȡȩȖȡαȝȝα ıȪȞĲȘȟȘȢ OXIDE. ǹȡȤȚțȐ, ȖȚα ȜȩȖȠυȢ 

İπȚȕİȕαȓȦıȘȢ ĲȘȢ İπαȞαȜȘȥȚȝȩĲȘĲαȢ ĲȘȢ ĲİȤȞȚțȒȢ πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțİ ȖȚα ĲȘȞ İπȚĲυȤȒ 

παȡαıțİυȒ ĲȠυ įİȓȖȝαĲȠȢ «KCMF2», İπαȞαȜȒφșȘțİ Ș ıȪȞĲȘȟȘ ȤȡȘıȚȝȠπȠȚȫȞĲαȢ ĲȚȢ ȓįȚİȢ 

πȠıȩĲȘĲİȢ υȜȚțȫȞ, įȚαįȚțαıȓα παȡαıțİυȒȢ țαȚ πȡȩȖȡαȝȝα ıȪȞĲȘȟȘȢ. ȉȠ įİȓȖȝα «KCMF3» πȠυ 

πȡȠȑțυȥİ, ȩπȦȢ țαȚ ĲȠ πȡȠȘȖȠȪȝİȞȠ ĲȠυ, įİȞ İȝφȐȞȚıİ ȡȘȖȝȐĲȦıȘ, απȠțȠȜȜȒșȘțİ İȪțȠȜα απȩ 

ĲȠ țαȜȠȪπȚ, αȜȜȐ πİȡȚİȓȤİ İȝφαȞİȓȢ αĲȑȜİȚİȢ ȜȩȖȦ ĲȘȢ παȖȓįİυıȘȢ φυıαȜȓįȦȞ ıĲȠ İıȦĲİȡȚțȩ 

ĲȠυ. ȈĲȘ ıυȞȑȤİȚα įȠțȚȝȐıșȘțİ Ș ȝİȓȦıȘ ĲȘȢ πȠıȩĲȘĲαȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ απȩ 1.20 gr ıİ 1.00 

gr (αȞαȜȠȖȓα 10:1) țαșȫȢ țαȚ Ș αȜȜαȖȒ ĲȘȢ αȞαȜȠȖȓαȢ ĲİĲȡαȕȠȡȚțȠȪ/ȝİĲαȕȠȡȚțȠȪ ȜȚșȓȠυ απȩ 

50% - 50% ıİ 67% - 33%. ȉα įİȓȖȝαĲα πȠυ πȡȠȑțυȥαȞ, įİȞ παȡȠυıȓαıαȞ țαȝȓα įȚαφȠȡȐ Ȓ 

ȕİȜĲȓȦıȘ. ȉȠ țυȡȚȩĲİȡȠ İȜȐĲĲȦȝα ȒĲαȞ Ș ȪπαȡȟȘ φυıαȜȓįȦȞ ıĲȠ ĲİȜȚțȩ įİȓȖȝα, Ș ȠπȠȓα ȝİ ĲȚȢ 

παȡαπȐȞȦ ȝİĲαȕȠȜȑȢ įİȞ ȑȖȚȞİ įυȞαĲȩ Ȟα αȞĲȚȝİĲȦπȚıșİȓ. 

 ȀαșȫȢ Ș παȡαıțİυȒ țαĲȐ ĲȠ įυȞαĲȩȞ ȠȝȠȚȠȖİȞȫȞ įİȚȖȝȐĲȦȞ İȓȞαȚ ıȘȝαȞĲȚțȩȢ 

παȡȐȖȠȞĲαȢ ȖȚα ĲȘȞ αȞȐȜυıȘ ȝİ φșȠȡȚıȝȩ αțĲȓȞȦȞ-X Ș ȪπαȡȟȘ φυıαȜȓįȦȞ ȑπȡİπİ Ȟα 

αȞĲȚȝİĲȦπȚıșİȓ.  ȈĲȠ ıȘȝİȓȠ αυĲȩ αȞαπĲȪȤșȘțİ Ƞ πȡȠȕȜȘȝαĲȚıȝȩȢ ȩĲȚ İȞįİȤȠȝȑȞȦȢ υπİȪșυȞȘ 

ȖȚα ĲȘȞ ȪπαȡȟȘ ĲȦȞ φυıαȜȓįȦȞ ȒĲαȞ Ș ȪπαȡȟȘ ȐȞșȡαțα (C) ıĲȠ įİȓȖȝα ĲȘȢ ĲȑφȡαȢ, Ƞ ȠπȠȓȠȢ įİȞ 

İȓȤİ ȠȟİȚįȦșİȓ πȜȒȡȦȢ țαĲȐ ĲȘ įȚαįȚțαıȓα ĲȘȢ țαȪıȘȢ ıĲȠȞ șİȡȝȚțȩ ıĲαșȝȩ. ȁȩȖȦ ĲȦȞ υȥȘȜȫȞ 

șİȡȝȠțȡαıȚȫȞ πȠυ İπȚțȡαĲȠȪȞ țαĲȐ ĲȘ įȚȐȡțİȚα ĲȘȢ ıȪȞĲȘȟȘȢ, Ƞ ȐȞșȡαțαȢ ȠȟİȚįȫȞİĲαȚ, 

παȡȐȖİĲαȚ αȑȡȚȠ COଶ, ĲȠ ȠπȠȓȠ παȖȚįİȪİĲαȚ ıĲȠ ĲȒȖȝα țαȚ İȖțȜȦȕȓȗİĲαȚ ıĲȠ įİȓȖȝα țαĲȐ ĲȘ 

ıĲİȡİȠπȠȓȘıȘ. ΓȚα ĲȘȞ αȞĲȚȝİĲȫπȚıȘ αυĲȠȪ ĲȠυ πȡȠȕȜȒȝαĲȠȢ țȡȓșȘțİ ıțȩπȚȝȘ Ș αȜȜαȖȒ ĲȠυ 
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πȡȠȖȡȐȝȝαĲȠȢ «OXIDE» πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțİ ȖȚα ĲȚȢ πȡȠȘȖȠȪȝİȞİȢ ıυȞĲȒȟİȚȢ țαșȫȢ αυĲȩ 

αțȠȜȠυșİȓ ȝȚα πȠȡİȓα ȐȝİıȘȢ ȝİĲȐȕαıȘȢ ıĲȘȞ ĲİȜȚțȒ șİȡȝȠțȡαıȓα, ȤȦȡȓȢ İȞįȚȐȝİıα ıĲȐįȚα. 

ȊπİȞșυȝȓȗİĲαȚ ȩĲȚ ıĲȘ ȕȚȕȜȚȠȖȡαφȓα [14]
 πȡȠĲİȓȞİĲαȚ πȡȚȞ ĲȘ ıȪȞĲȘȟȘ Ș ȚπĲȐȝİȞȘ Ĳȑφȡα Ȟα 

șİȡȝαȓȞİĲαȚ ıĲȠυȢ ͹ͷͲ ℃ ȖȚα ȑȞα įȚȐıĲȘȝα 2 ȦȡȫȞ. ΈĲıȚ απȠφαıȓıșȘțİ Ȟα įȠțȚȝαıșİȓ ȑȞα 

İȞįȚȐȝİıȠ ıĲȐįȚȠ șȑȡȝαȞıȘȢ, πȡȚȞ ĲȘȞ İπȓĲİυȟȘ ĲȘȢ ȝȑȖȚıĲȘȢ șİȡȝȠțȡαıȓαȢ (πİȡȓπȠυ 1035 ℃).  

 

4.3.3.1 ȉȠ πȡȩȖȡαȝȝα «FLY ASH» 

 Ȃİ ĲȠ παȡαπȐȞȦ ıțİπĲȚțȩ İπȚȜȑȤșȘțİ Ĳα İπȩȝİȞα įİȓȖȝαĲα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ Ȟα 

παȡαıțİυαıșȠȪȞ ȝİ ĲȠ πȡȩȖȡαȝȝα «FLY ASH» ĲȘȢ ıυıțİυȒȢ  KATANAX K1 Prime, ĲȠ ȠπȠȓȠ 

πİȡȚȜαȝȕȐȞİȚ ȑȞα ıĲȐįȚȠ παȡαȝȠȞȒȢ ĲȠυ ȝİȓȖȝαĲȠȢ ıİ ȝȚα İȞįȚȐȝİıȘ șİȡȝȠțȡαıȓα 600 ℃ ȖȚα 

10 ȜİπĲȐ, ȝİ ıțȠπȩ ĲȘȞ ȠȟİȓįȦıȘ ĲȠυ ȐȞșȡαțα țαȚ ĲȘȞ απİȜİυșȑȡȦıȘ ĲȠυ αİȡȓȠυ COଶ (ıĲȐįȚȠ 

ĲȘȢ ȠȟİȓįȦıȘȢ). ȈĲȠȞ ȆȓȞαțα 4.5 φαȓȞȠȞĲαȚ αȞαȜυĲȚțȐ Ĳα ıĲȐįȚα țαȚ ȠȚ παȡȐȝİĲȡȠȚ İțĲȑȜİıȘȢ 

ĲȠυ πȡȠȖȡȐȝȝαĲȠȢ «FLY ASH». 

ȆȓȞαțαȢ 4.5 ȆαȡȐȝİĲȡȠȚ πȡȠȖȡȐȝȝαĲȠȢ «FLY ASH» 

 

ȈĲȐįȚȠ ΘİȡȝȠțȡαıȓα 
(℃) 

ȋȡȩȞȠȢ 
ȆαȡαȝȠȞȒȢ 

ȇυșȝȩȢ ǹȪȟȘıȘȢ 
ΘİȡȝȠțȡαıȓαȢ 

ΓȦȞȓα 
ǹȞαțȓȞȘıȘȢ 

ȉαȤȪĲȘĲα 
ǹȞαțȓȞȘıȘȢ 

1 (ΘȑȡȝαȞıȘ) 600 10 ȜİπĲȐ ȂȑȖȚıĲȠȢ (Fast) 0° 0 % 

2 (ΘȑȡȝαȞıȘ) 1035 - ȂȑȖȚıĲȠȢ (Fast) 0° 0 % 

3 (ΘȑȡȝαȞıȘ) 1035 12ȜİπĲȐ ȂȑȖȚıĲȠȢ (Fast) 20° 90 % 

4 (ΘȑȡȝαȞıȘ) 1035 3 ȜİπĲȐ ȂȑȖȚıĲȠȢ (Fast) 25° 5 % 

ȋȪĲİυıȘ 1035 - - 120° 50 % 

1 (ȌȪȟȘ)  1 ȜİπĲȩ  120 ° 80 % 

2 (ȌȪȟȘ)  5 ȜİπĲȐ  90 ° 80 % 

 ǼπȓıȘȢ țαĲȐ ĲȘ șȑȡȝαȞıȘ ĲȠυ ȝİȓȖȝαĲȠȢ ȝȑȤȡȚ ĲȘ ȝȑȖȚıĲȘ șİȡȝȠțȡαıȓα ĲȦȞ 1035 ℃, 

ıĲȘȞ ȠπȠȓα παȡαȝȑȞİȚ ȖȚα 15 ȜİπĲȐ țαșȠȡȓıĲȘțİ αȡȤȚțȐ ĲαȤİȓα (90%) țαȚ ıĲȠ ĲȑȜȠȢ ȕȡαįȪĲİȡȘ 

(5%) αȞαțȓȞȘıȘ ĲȠυ ȐȞȦ ȝȑȡȠυȢ ĲȘȢ ıυıțİυȒȢ ȖȚα ĲȘȞ απȠĲİȜİıȝαĲȚțȩĲİȡȘ įȚȐȜυıȘ ĲȘȢ ĲȑφȡαȢ 

țαșȫȢ ıİ αυĲȩ ĲȠ ıĲȐįȚȠ ĲȒțȠȞĲαȚ Ĳα ȕȠȡȚțȐ ȐȜαĲα țαȚ Ș ȚπĲȐȝİȞȘ Ĳȑφȡα įȚαȜȪİĲαȚ ıĲȠ ĲȒȖȝα.. 

 

4.3.3.2 ȆαȡαıțİυȒ įİȚȖȝȐĲωȞ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ȝİ ĲȠ πȡȩȖȡαȝȝα «FLY ASH» 
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 ΓȚα ĲȘȞ παȡαıțİυȒ ĲȠυ įİȓȖȝαĲȠȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ «KCMF6» ȤȡȘıȚȝȠπȠȚȒșȘțαȞ Ĳα 

ıυıĲαĲȚțȐ țαȚ ȠȚ αȞαȜȠȖȓİȢ πȠυ ȑįȦıαȞ πȡȠȘȖȠυȝȑȞȦȢ ĲȠ țαȜȪĲİȡȠ ĲİȜȚțȩ απȠĲȑȜİıȝα, 

įȘȜαįȒ: αȞαȜȠȖȓα ȕȠȡȚțȫȞ αȜȐĲȦȞ/ıĲİȡİȐȢ ȠυıȓαȢ 10:1 (įȘȜ. 1.0 gr ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ).  Ȉİ 

αυĲȒ ĲȘ įȠțȚȝȒ  αțȠȜȠυșȒșȘțİ αȞαȜȠȖȓα ĲİĲȡαȕȠȡȚțȠȪ πȡȠȢ ȝİĲαȕȠȡȚțȩ ȜȓșȚȠ 67% - 33%. 

ȉȑȜȠȢ, ȖȚα απȠφυȖȒ șȡαȪıȘȢ ĲȠυ ĲİȜȚțȠȪ įİȓȖȝαĲȠȢ țαĲȐ Ĳα ıĲȐįȚα ĲȘȢ ȥȪȟȘȢ, 

ȤȡȘıȚȝȠπȠȚȒșȘțαȞ πİȡȓπȠυ 50 mg LiI ıİ ȝȠȡφȒ υįαĲȚțȠȪ įȚαȜȪȝαĲȠȢ, ȦȢ non wetting agent. 

ȈĲȠȞ ȆȓȞαțα 4.6 φαȓȞȠȞĲαȚ αȞαȜυĲȚțȐ ȠȚ ȝȐȗİȢ  ȖȚα ĲȠ įİȓȖȝα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ «KCMF6».  

ȆȓȞαțαȢ 4.6 ȈυıĲαĲȚțȐ įİȓȖȝαĲȠȢ «KCMF6» 

ǻİȓȖȝα: KCMF6 

ȉİĲȡαȕȠȡȚțȩ ȜȓșȚȠ (LiT) ͸.ͶͶ gr 

ΜİĲαȕȠȡȚțȩ ȜȓșȚȠ (LiM) ͵.ʹͳ gr 

ȈĲİȡİȐ Ƞυıȓα (ǿπĲȐȝİȞȘ ȉȑφȡα 

ΜİȖαȜȩπȠȜȘȢ) 
ͳ.ͲͲ gr 

Non wetting agent (LiI) ͷͲ mg 

   ȈȪȞȠȜȠ ͳͲ.͹Ͳ gr 

ȉȠ απȠĲȑȜİıȝα ĲȘȢ ıȪȞĲȘȟȘȢ ȝİ ȤȡȒıȘ ĲȠυ «FLY ASH» ȒĲαȞ ȑȞα įİȓȖȝα απȠȜȪĲȦȢ įȚαφαȞȑȢ, 

ȝİ ȠȝȠȚȩȝȠȡφȠ ȤȡȦȝαĲȚıȝȩ țαȚ ıĲȚȜπȞȒ İπȚφȐȞİȚα, ȤȦȡȓȢ ȡȦȖȝȑȢ Ȓ αĲȑȜİȚİȢ πȠυ șα ȝπȠȡȠȪıαȞ 

Ȟα ȠįȘȖȒıȠυȞ ıİ șȡαȪıȘ, ĲȠ ȠπȠȓȠ απȠțȠȜȜȒșȘțİ ȝİ İυțȠȜȓα απȩ ĲȠ țαȜȠȪπȚ ȝİĲȐ ĲȠ πȑȡαȢ 

ĲȘȢ ıȪȞĲȘȟȘȢ. ȈĲȠ ȤȦȞİυĲȒȡȚȠ παȡαĲȘȡȒșȘțİ țαȚ πȐȜȚ țαĲαțȡȐĲȘıȘ υȜȚțȠȪ. Ȃİ ĲȠȞ ĲȡȩπȠ 

αυĲȩ İπȚȕİȕαȚȫșȘțİ ĲȠ ıȘȝαȞĲȚțȩ ȩφİȜȠȢ ĲȠυ ıĲαįȓȠυ ȠȟİȓįȦıȘȢ ıĲȠ πȡȩȖȡαȝȝα ıȪȞĲȘȟȘȢ. 

ȈυȞİπȫȢ ĲȠ πȡȩȖȡαȝȝα «FLY ASH» țȡȓșȘțİ țαĲαȜȜȘȜȩĲİȡȠ ȖȚα ĲȘȞ παȡαıțİυȒ įİȚȖȝȐĲȦȞ 

ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ıİ ıȤȑıȘ ȝİ ĲȠ «OXIDE». ȈĲȠ ȈȤȒȝα 4.8 φαȓȞİĲαȚ ĲȠ ĲİȜȚțȩ įİȓȖȝα 

«KCMF6» İȞȫ ıĲȠ ȈȤȒȝα 4.9 ȟİȤȦȡȓȗİȚ ȝİ  ĲȘȞ αȚıșȘĲȐ αυȟȘȝȑȞȘ țαșαȡȩĲȘĲα (αȡȚıĲİȡȐ) ıİ 

ıȤȑıȘ ȝİ Ĳα πȡȠȘȖȠȪȝİȞα įİȓȖȝαĲα (įİȟȚȐ).  
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 ΣȤȒȝα 4.8 ǻİȓȖȝα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ παȡαıțİυαıȝȑȞȠ ȝİ ĲȠ πȡȩȖȡαȝȝα «FLY ASH» 

ΣȤȒȝα 4.9 ǻİȓȖȝαĲα παȡαıțİυαıȝȑȞα ȝİ ĲȠ πȡȩȖȡαȝȝα «FLY ASH» (αȡȚıĲİȡȐ) 

țαȚ ȝİ ĲȠ πȡȩȖȡαȝȝα «OXIDE» (įİȟȚȐ) 

 

 

4.3.4 ȉȠ πȡȩȕȜȘȝα ĲȘȢ țαĲαțȡȐĲȘıȘȢ υπȠȜİȚȝȝȐĲωȞ ĲȒȖȝαĲȠȢ ıĲȠ χωȞİυĲȒȡȚȠȠ 

 ȉȠ πȡȩȕȜȘȝα ĲȦȞ φυıαȜȓįȦȞ αȞĲȚȝİĲȦπȓıĲȘțİ İπȚĲυȤȫȢ ıĲȠ įİȓȖȝα KCMF6, ȩȝȦȢ ĲȠ 

πȡȩȕȜȘȝα ĲȘȢ țαĲαțȡȐĲȘıȘȢ ĲȦȞ ıĲαȖȠȞȚįȓȦȞ ıĲȠ İıȦĲİȡȚțȩ ĲȠυ ȤȦȞİυĲȘȡȓȠυ įİȞ ȜȪșȘțİ. ȉȠ 

İπȚșυȝȘĲȩ İȓȞαȚ Ș πȜȒȡȘȢ įȚȠȤȑĲİυıȘ ĲȠυ ĲȒȖȝαĲȠȢ ıĲȠ țαȜȠȪπȚ țαĲȐ ĲȘ įȚȐȡțİȚα ĲȘȢ ȤȪĲİυıȘȢ 

țαȚ Ș İȪțȠȜȘ απȠțȩȜȜȘıȘ ĲȠυ ĲİȜȚțȠȪ įİȓȖȝαĲȠȢ απȩ Ĳα ĲȠȚȤȫȝαĲα ĲȠυ țαȜȠυπȚȠȪ ȝİĲȐ ĲȠ 

πȑȡαȢ ĲȘȢ ıȪȞĲȘȟȘȢ. ȈĲα įİȓȖȝαĲα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ įİȞ ȑȤİȚ παȡαĲȘȡȘșİȓ πȡȩȕȜȘȝα 

απȠțȩȜȜȘıȘȢ ĲȠυ ĲİȜȚțȠȪ įİȓȖȝαĲȠȢ απȩ ĲȠ țαȜȠȪπȚ αȜȜȐ Ș țαĲαțȡȐĲȘıȘ υȜȚțȠȪ İȓȞαȚ 

ıȘȝαȞĲȚțȒ ȖȚαĲȓ İπȘȡİȐȗİȚ ĲȘ ȝȐȗα ĲȠυ ĲİȜȚțȠȪ įİȓȖȝαĲȠȢ țαȚ Ȑȡα țαȚ ĲȘ ȝȐȗα ĲȘȢ ȚπĲȐȝİȞȘȢ 

ĲȑφȡαȢ πȠυ πİȡȚȑȤİĲαȚ ıĲȠ įİȓȖȝα. Ȃİ įİįȠȝȑȞȠ ȩĲȚ Ș ȝȐȗα ĲȠυ ıĲİȡİȠȪ įİȓȖȝαĲȠȢ İȓȞαȚ ȒįȘ 

ȝȚțȡȒ ıİ ıȤȑıȘ ȝİ ĲȘ ȝȐȗα πȠυ πİȡȚȑȤİĲαȚ ıİ įİȓȖȝαĲα ĲȪπȠυ pellet πȠυ παȡαıțİυȐȗȠȞĲαȚ ȝİ 
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ĲȘȞ πȡȑıα, İȓȞαȚ ıȘȝαȞĲȚțȩ Ȟα ȝİȚȦșİȓ ȩıȠ ȖȓȞİĲαȚ πİȡȚııȩĲİȡȠ Ș απȫȜİȚα ȝȑıα ıĲȠ 

ȤȦȞİυĲȒȡȚȠ. ǼπȚπȜȑȠȞ, Ș πȡȠıțȩȜȜȘıȘ ĲȦȞ ıĲαȖȠȞȚįȓȦȞ ıĲα ĲȠȚȤȫȝαĲα ĲȠυ ȤȦȞİυĲȘȡȓȠυ 

įȘȝȚȠυȡȖİȓ ĲȘȞ αȞȐȖțȘ ȖȚα İțĲİĲαȝȑȞȠ țαșαȡȚıȝȩ ĲȠυ ıțİȪȠυȢ țȐșİ φȠȡȐ, țȐĲȚ πȠυ İπȚȕαȡȪȞİȚ 

ĲȠȞ ȤȡȒıĲȘ, ȝİȚȫȞİȚ ĲȘȞ παȡαȖȦȖȚțȩĲȘĲα ĲȘȢ įȚαįȚțαıȓαȢ ĲȘȢ ıȪȞĲȘȟȘȢ țαȚ İȚıȐȖİȚ țȓȞįυȞȠ 

φșȠȡȐȢ ĲȠυ ȤȦȞİυĲȘȡȓȠυ απȩ ĲȘ ȤȡȒıȘ țαșαȡȚıĲȚțȫȞ İȡȖαȜİȓȦȞ țαȚ ȠυıȚȫȞ. 

 ΓȚα ĲȘȞ İπȓȜυıȘ ĲȠυ πȡȠȕȜȒȝαĲȠȢ αυĲȠȪ απȠφαıȓıșȘțİ Ș İπαȞİȟȑĲαıȘ ĲȠυ non 

wetting agent πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțİ ȖȚα ĲȘȞ παȡαıțİυȒ ĲȦȞ įİȚȖȝȐĲȦȞ. ǼȓȞαȚ ȖȞȦıĲȩ ȩĲȚ Ș 

ȤȡȒıȘ ĲȠυ įȚαȜȪȝαĲȠȢ LiI ȦȢ non wetting agent ȑȤİȚ ȝȚα ıȘȝαȞĲȚțȒ αįυȞαȝȓα, ĲȘȞ απȫȜİȚα ĲȠυ 

LiI ıİ υȥȘȜȑȢ șİȡȝȠțȡαıȓİȢ ȜȩȖȦ İȟȐĲȝȚıȘȢ, țαșȫȢ Ș șİȡȝȠțȡαıȓα İȟαĲȝȓıİȦȢ ĲȠυ İȓȞαȚ 

παȡαπȜȒıȚα ȝİ ĲȘ ȝȑȖȚıĲȘ șİȡȝȠțȡαıȓα ĲȠυ ȝİȓȖȝαĲȠȢ țαĲȐ ĲȘ įȚαįȚțαıȓα ĲȘȢ ıȪȞĲȘȟȘȢ. ǹυĲȩ 

įȚαπȚıĲȫșȘțİ țαĲȐ ĲȘ įȚȐȡțİȚα ĲȘȢ αȞȐȜυıȘȢ İȞȩȢ įİȓȖȝαĲȠȢ ȝİ ĲȘȞ ĲİȤȞȚțȒ XRF, ȩπȠυ ȩπȦȢ 

įȚαπȚıĲȫșȘțİ țαȚ πİȡȚȖȡȐφİĲαȚ ıĲȠ  İπȩȝİȞȠ țİφȐȜαȚȠ, αȞȚȤȞİȪȠȞĲαȚ αįȚțαȚȠȜȩȖȘĲα ȤαȝȘȜȑȢ 

ıυȖțİȞĲȡȫıİȚȢ ȚȦįȓȠυ ıĲȠ įİȓȖȝα.  

 Ȃȓα İȞαȜȜαțĲȚțȒ İπȚȜȠȖȒ ıĲȘ ȤȡȒıȘ ĲȠυ LiI ȦȢ non wetting agent İȓȞαȚ Ș ȤȡȒıȘ LiBr. 

ȉȠ LiBr ȖİȞȚțȐ πȡȠĲİȓȞİĲαȚ απȩ ĲȠȞ țαĲαıțİυαıĲȒ ȖȚα ĲȘȞ απȠĲİȜİıȝαĲȚțȩĲȘĲα ĲȠυ țαȚ ĲȘȞ 

αȟȚȠπȚıĲȓα ĲȠυ απȠĲİȜȑıȝαĲȠȢ. ȀυȡȚȩĲİȡȠ πȡȠĲȑȡȘȝα İȓȞαȚ ĲȠ αȡțİĲȐ υȥȘȜȩĲİȡȠ ıȘȝİȓȠ 

İȟȐĲȝȚıȘȢ ıİ ıȤȑıȘ ȝİ ĲȠ LiI, ĲȠ ȠπȠȓȠ ıȘȝαȓȞİȚ ȩĲȚ įİȞ υπȐȡȤȠυȞ απȫȜİȚİȢ țαĲȐ ĲȘ ıȪȞĲȘȟȘ. 

ȂİȚȠȞȑțĲȘȝα ĲȘȢ ȤȡȒıȘȢ LiBr İȓȞαȚ Ș ȪπαȡȟȘ Br ıĲȠ įİȓȖȝα, Ș ȠπȠȓα ȝπȠȡİȓ Ȟα İπȘȡİȐıİȚ ĲȠ 

απȠĲȑȜİıȝα ĲȘȢ αȞȐȜυıȘȢ XRF ȖȚα Ĳα ıĲȠȚȤİȓα πȠυ ȠȚ ȤαȡαțĲȘȡȚıĲȚțȑȢ ĲȠυȢ αțĲȓȞİȢ-ȋ İȓȞαȚ 

παȡαπȜȒıȚİȢ ȝİ αυĲȑȢ ĲȠυ Br, įȘȜαįȒ țȠȞĲȐ ıĲα 11.9 keV. ǹυĲȒ Ș πİȡȚȠȤȒ İȞİȡȖİȚȫȞ 10-

13keV İȓȞαȚ ıȘȝαȞĲȚțȒ ȖȚα ĲȘȞ αȞȐȜυıȘ įİȚȖȝȐĲȦȞ ıĲȠ ǼȆȉ-ǼȂȆ, ȖȚαĲȓ  πİȡȚȜαȝȕȐȞİȚ 

ıĲȠȚȤİȓα ȩπȦȢ As, Pb Ĳα ȠπȠȓα İȞĲȠπȓȗȠȞĲαȚ ıĲȚȢ ȜȚȖȞȚĲȚțȑȢ ȚπĲȐȝİȞİȢ ĲȑφȡİȢ.  

 Ȃαȗȓ ȝİ ĲȘ ıυıțİυȒ ıȪȞĲȘȟȘȢ ıĲȠ ǼȆȉ-ǼȂȆ İȓȤİ įȚαĲİșİȓ ȝȚțȡȒ πȠıȩĲȘĲα (~39gr) 

πȡȠπαȡαıțİυαıȝȑȞȠυ ȝİȓȖȝαĲȠȢ ȕȠȡȚțȫȞ αȜȐĲȦȞ ȝİ ıȪıĲαıȘ  ț.ȕ. 67 % - 33%, țαȚ 0.5% ț.ȕ. 

LiBr ȦȢ non wetting agent. ȉȠ αυĲȩ ȤȡȘıȚȝȠπȠȚȒșȘțİ ȖȚα ĲȘȞ παȡαıțİυȒ İȞȩȢ įİȓȖȝαĲȠȢ 

ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ȂİȖαȜȩπȠȜȘȢ ȝİ țȦįȚțȒ ȠȞȠȝαıȓα KCMF7, πȡȠțİȚȝȑȞȠυ Ȟα ȝİȜİĲȘșİȓ Ș 

απȠĲİȜİıȝαĲȚțȩĲȘĲα ĲȠυ LiBr ȦȢ non wetting agent ıİ ıȪȖțȡȚıȘ ȝİ ĲȠ LiI. ȈĲȠȞ ȆȚȞαțα 4.7 

φαȓȞİĲαȚ Ș ıȪıĲαıȘ ĲȠυ ȝİȓȖȝαĲȠȢ ȖȚα ĲȘȞ παȡαıțİυȒ ĲȠυ įİȓȖȝαĲȠȢ KCMF7. 

ȆȓȞαțαȢ 4.7 ȆαȡαıțİυȒ ǻİȓȖȝαĲȠȢ «KCMF7» ȝİ πȡȠπαȡαıțİυαıȝȑȞȠ ȝİȓȖȝα LiT,LiM,LiBr 

ǻİȓȖȝα: KCMF7 

ȆȡȠπαȡαıțİυαıȝȑȞȠ LiT/LiM țαȚ LiBr 

(LiT/LiM 67%/33%, LiBr (0.5%) 

ͻ.͹Ͳ gr 

ǿπĲȐȝİȞȘ ȉȑφȡα ΜİȖαȜȩπȠȜȘȢ ͳ.ͲͲ gr 
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   ȈȪȞȠȜȠ ͳͲ.͹Ͳ gr 

ȉȠ πȡȩȖȡαȝȝα πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțİ ȖȚα ĲȘ ıȪȞĲȘȟȘ ȒĲαȞ ȩπȦȢ țαȚ πȡȠȘȖȠυȝȑȞȦȢ ĲȠ 

πȡȩȖȡαȝȝα «FLY ASH». Η ıȪȞĲȘȟȘ ȝİ ĲȠ πȡȠπαȡαıțİυαıȝȑȞȠ ȝİȓȖȝα ȕȠȡȚțȫȞ αȜȐĲȦȞ İȓȤİ 

İπȚĲυȤȑȢ απȠĲȑȜİıȝα, ȝİ ĲȠ ĲİȜȚțȩ įİȓȖȝα Ȟα İȓȞαȚ įȚȐφαȞİȢ, ȠȝȠȚȠȖİȞȑȢ țαȚ ȤȦȡȓȢ țαȝȓα ȠȡαĲȒ 

αĲȑȜİȚα Ȓ φυıαȜȓįα, İȞȫ Ĳα ĲȠȚȤȫȝαĲα ĲȠυ ȤȦȞİυĲȘȡȓȠυ παȡȑȝİȚȞαȞ țαșαȡȐ, ȝİ İȜȐȤȚıĲȠ 

υπȩȜİȚȝȝα απȩ ĲȘ ıȪȞĲȘȟȘ. ȈĲȠ ȈȤȒȝα 4.10 φαȓȞİĲαȚ ĲȠ įİȓȖȝα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ KCMF7 ȝİ ĲȘ 

ȤȡȒıȘ ĲȠυ πȡȠπαȡαıțİυαıȝȑȞȠυ ȝȓȖȝαĲȠȢ ĲİĲȡαȕȠȡȚțȠȪ/ȝİĲαȕȠȡȚțȠȪ ȜȚșȓȠυ ȝİ πȡȩıșİĲȠ LiBr 

ȦȢ non wetting agent ȩπȠυ ȝȩȞȠ İȜȐȤȚıĲȘ πȠıȩĲȘĲα țαĲαțȡαĲȒșȘțİ ıĲȠ ȤȦȞİυĲȒȡȚȠ 

 

ΣȤȒȝα 4.10 ǻİȓȖȝα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ȝİ ȤȡȒıȘ LiBr ȦȢ non wetting agent 

 

Ȃİ ĲȠȞ ĲȡȩπȠ αυĲȩ İπȚȕİȕαȚȫșȘțİ Ș ȠįȘȖȓα ĲȠυ țαĲαıțİυαıĲȒ ȩĲȚ ĲȠ LiBr İȓȞαȚ 

απȠĲİȜİıȝαĲȚțȩĲİȡȠ ȦȢ non wetting agent. ȆαȡȩȜα αυĲȐ, Ș ȤȡȒıȘ LiBr ȩπȦȢ αȞαφȑȡșȘțİ țαȚ 

παȡαπȐȞȦ İȚıȐȖİȚ πȡȠȕȜȒȝαĲα ıĲȘȞ įȚαįȚțαıȓα αȞȐȜυıȘȢ XRF. ΈĲıȚ απȠφαıȓıșȘțİ ıĲȘ 

ıυȞȑȤİȚα Ȟα ȤȡȘıȚȝȠπȠȚİȓĲαȚ ȝȩȞȠ įȚȐȜυȝα LiI ȦȢ non wetting agent, παȡȩȜȠ πȠυ șα υπȐȡȤİȚ 

țαĲαțȡȐĲȘıȘ įİȓȖȝαĲȠȢ ıĲȠ ȤȦȞİυĲȒȡȚȠ įİȞ ȠįȒȖȘıİ ıİ ȕİȜĲȓȦıȘ ĲȘȢ İȚțȩȞαȢ ǻȚİȡİȪȞȘıȘ πȠυ 

ȑȖȚȞİ ȝİ αȪȟȘıȘ ĲȘȢ πȠıȩĲȘĲαȢ ĲȠυ įȚαȜȪȝαĲȠȢ LiI ȦȢ non wetting agent (įȚπȜȐıȚα πȠıȩĲȘĲα), 

įİȞ ȠįȒȖȘıİ ıİ ȕİȜĲȓȦıȘ ĲȘȢ İȚțȩȞαȢ (KCMF8). ȀαșȫȢ Ș απȫȜİȚα ȝȐȗαȢ ȜȩȖȦ ĲȘȢ 

țαĲαțȡȐĲȘıȘȢ įİȞ ȝπȠȡİȓ Ȟα șİȦȡȘșİȓ αȝİȜȘĲȑα ȖȚα αυĲȩ ĲȠ įİȓȖȝα țαȚ ĲȠ υπȩȜİȚȝȝα  

ȗυȖȓȗȠȞĲαȚ ȝİĲȐ ĲȘ ıȪȞĲȘȟȘ țαȚ ȝİ ȕȐıȘ ĲȘȞ ĲİȜȚțȒ ıυȞȠȜȚțȒ ĲȠυȢ ȝȐȗαȢ țαȚ ĲȘȞ αȞαȜȠȖȓα ĲȦȞ 

ıυıĲαĲȚțȫȞ țαĲȐ ĲȘȞ παȡαıțİυȒ ĲȠυȢ υπȠȜȠȖȓȗȠȞĲαȚ ȠȚ ȝȐȗİȢ ĲȦȞ ıυıĲαĲȚțȫȞ πȠυ 

ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ ȖȚα ĲȘȞ πȠıȠĲȚțȒ αȞȐȜυıȘ ĲȦȞ įİȚȖȝȐĲȦȞ ȝİ XRF. 

 

 4.3.5 ȆȡȩȖȡαȝȝα ıȪȞĲȘȟȘȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ «FLY ASH 2»  

ǼφȩıȠȞ ĲȠ įȚȐȜυȝα LiI șİȦȡİȓĲαȚ țαĲαȜȜȘȜȩĲİȡȠ ȦȢ non wetting agent ȖȚα Ĳα įİȓȖȝαĲα 

ĲȠυ ǼȆȉ-ǼȂȆ ȠȚ πȡȠıπȐșİȚİȢ ȕİȜĲȓȦıȘȢ ĲȦȞ įİȚȖȝȐĲȦȞ ıĲȡȐφȘțαȞ ıĲȠ πȡȩȖȡαȝȝα «FLY 

ȂȐȗα πȠυ țαĲαțȡαĲȒșȘțİ 
ıĲȠ ȤȦȞİυĲȒȡȚȠ 
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ASH» πȠυ ȤȡȘıȚȝȠπȠȚİȓĲαȚ țαĲȐ ĲȘ ıȪȞĲȘȟȘ. ȆȚȠ ıυȖțİțȡȚȝȑȞα, įȩșȘțİ ȑȝφαıȘ ıĲȠ ıĲȐįȚȠ ĲȘȢ 

ȤȪĲİυıȘȢ, ȝİ ıțȠπȩ ĲȘ ȕİȜĲȓȦıȘ ĲȘȢ ȝİĲαφȠȡȐȢ ĲȠυ ĲȒȖȝαĲȠȢ απȩ ĲȠ ȤȦȞİυĲȒȡȚȠ ıĲȠ țαȜȠȪπȚ. 

ȅȚ ıȘȝαȞĲȚțȑȢ παȡȐȝİĲȡȠȚ πȠυ ȝπȠȡİȓ Ƞ ȤȡȒıĲȘȢ Ȟα țαșȠȡȓıİȚ ıȤİĲȚțȐ ȝİ ĲȠ ıĲȐįȚȠ ĲȘȢ 

ȤȪĲİυıȘȢ İȓȞαȚ Ș ȖȦȞȓα πȠυ ȜαȝȕȐȞİȚ ĲȠ įȠȤİȓȠ ĲȠυ ĲȒȖȝαĲȠȢ țαĲȐ ĲȘ įȚαįȚțαıȓα ĲȘȢ ȤȪĲİυıȘȢ 

țαȚ Ș ĲαȤȪĲȘĲα ȝİ ĲȘȞ ȠπȠȓα ĲȠ įȠȤİȓȠ  ıĲȡȑφİĲαȚ ȝȑȤȡȚ ĲȘ ȖȦȞȓα ȤȪĲİυıȘȢ πȠυ ȑȤİȚ ȠȡȚıĲİȓ.  

Η υπȩșİıȘ πȠυ ȑȖȚȞİ αȡȤȚțȐ ȒĲαȞ ȩĲȚ Ș αȪȟȘıȘ ĲȩıȠ ĲȘȢ ȖȦȞȓαȢ  ȤȪĲİυıȘȢ, ȩıȠ țαȚ ĲȘȢ 

ĲαȤȪĲȘĲαȢ ĲȠυ įȠȤİȓȠ ĲȠυ ĲȒȖȝαĲȠȢ șα ȕȠȘșȠȪıİ ıĲȘ ȝİĲαφȠȡȐ ȝİȖαȜȪĲİȡȘȢ πȠıȩĲȘĲαȢ 

ĲȒȖȝαĲȠȢ απȩ ĲȠ ȤȦȞİυĲȒȡȚȠ ıĲȠ țαȜȠȪπȚ, ıİ ıȤȑıȘ ȝİ ĲȚȢ πȡȠȘȖȠȪȝİȞİȢ φȠȡȑȢ, ȝİȚȫȞȠȞĲαȢ 

ȑĲıȚ ĲȠ φαȚȞȩȝİȞȠ ĲȘȢ țαĲαțȡȐĲȘıȘȢ. ΓȚα ĲȠ ȜȩȖȠ αυĲȩ įȘȝȚȠυȡȖȒșȘțİ ȑȞα ȞȑȠ πȡȩȖȡαȝȝα, ȝİ 

ȕȐıȘ ĲȠ πȡȩȖȡαȝȝα FLY ASH (ȕȜ. παȡ. 4.3.3.1) ıĲȠ ȠπȠȓȠ įȩșȘțİ Ș ȠȞȠȝαıȓα FLY ASH 2, țαȚ 

ĲȠ ȠπȠȓȠ πȡȠȕȜȑπİȚ țαĲȐ ĲȠ ıĲȐįȚȠ ȤȪĲİυıȘȢ ȝİȖαȜȪĲİȡȘ ĲαȤȪĲȘĲα ȝİĲȐȕαıȘȢ ıĲȘ ȖȦȞȓα 

ȤȪĲİυıȘȢ πȠυ ȑȤİȚ ȠȡȚıĲİȓ, ıİ ıȤȑıȘ ȝİ ĲȠ πȡȩȖȡαȝȝα, FLY ASH. Η ȖȦȞȓα ȤȪĲİυıȘȢ παȡȑȝİȚȞİ 

ȓıȘ ȝİ πȡȚȞ, įȘȜαįȒ 120°, țαșȫȢ ĲȠ ȜȠȖȚıȝȚțȩ ĲȠυ Katanax K1 Prime įİȞ İπȚĲȡȑπİȚ ĲȘȞ αȪȟȘıȘ 

ĲȘȢ ȖȚα țαĲαıțİυαıĲȚțȠȪȢ ȜȩȖȠυȢ αȜȜȐ țαȚ ȜȩȖȠυȢ αıφαȜİȓαȢ. ȉȑȜȠȢ, ıĲȠ FLY ASH 2 

αυȟȒșȘțİ țαȚ Ș įȚȐȡțİȚα ĲȦȞ ıĲαįȓȦȞ șȑȡȝαȞıȘȢ 3 țαȚ 4 ȝİ ıĲȩȤȠ ĲȘȞ țαȜȪĲİȡȘ įȚȐȜυıȘ ĲȘȢ 

ıĲİȡİȐȢ ȠυıȓαȢ ıĲȠ ĲȒȖȝα. ȈĲȠȞ ȆȓȞαțα 4.8 φαȓȞİĲαȚ ĲȠ πȡȩȖȡαȝȝα FLY ASH 2, ȩπȦȢ 

įȘȝȚȠυȡȖȒșȘțİ ıĲα πȜαȓıȚα ĲȘȢ ǻǼ. 

ȆȓȞαțαȢ 4.8 ȆαȡȐȝİĲȡȠȚ πȡȠȖȡȐȝȝαĲȠȢ «FLY ASH 2» 

ȈĲȐįȚȠ ΘİȡȝȠțȡαıȓα 

(℃) 

ȋȡȩȞȠȢ 

ȆαȡαȝȠȞȒȢ 

ȇυșȝȩȢ ǹȪȟȘıȘȢ 

ΘİȡȝȠțȡαıȓαȢ 

ΓȦȞȓα 

ǹȞαțȓȞȘıȘȢ 

ȉαȤȪĲȘĲα 

ǹȞαțȓȞȘıȘȢ 

1 (ΘȑȡȝαȞıȘ) 600 10 ȜİπĲȐ ȂȑȖȚıĲȠȢ (Fast) 0° 0 % 

2 (ΘȑȡȝαȞıȘ) 1035 - ȂȑȖȚıĲȠȢ (Fast) 0° 0 % 

3 (ΘȑȡȝαȞıȘ) 1035 15 ȜİπĲȐ ȂȑȖȚıĲȠȢ (Fast) 20° 100 % 

4 (ΘȑȡȝαȞıȘ) 1035 5 ȜİπĲȐ ȂȑȖȚıĲȠȢ (Fast) 25° 25 % 

ȋȪĲİυıȘ 1035 - - 120° 80 % 

1 (ȌȪȟȘ)  1 ȜİπĲȩ  120 ° 80 % 

2 (ȌȪȟȘ)  5 ȜİπĲȐ  90 ° 80 % 
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 ǹțȠȜȠυșȫȞĲαȢ ĲȠ πȡȩȖȡαȝȝα «FLY ASH 2» παȡαıțİυȐıĲȘțαȞ 3 įİȓȖȝαĲα ȝİ ıȪȞĲȘȟȘ, 

ȫıĲİ Ȟα įȚİȡİυȞȘșİȓ Ș απȠĲİȜİıȝαĲȚțȩĲȘĲα ĲȠυ πȡȠȖȡȐȝȝαĲȠȢ ıȤİĲȚțȐ ȝİ ĲȠ πȡȩȕȜȘȝα ĲȘȢ 

țαĲαțȡȐĲȘıȘȢ ĲȒȖȝαĲȠȢ. ȉα įİȓȖȝαĲα αυĲȐ παȡαıțİυȐıĲȘțαȞ ȝİ įȚαφȠȡİĲȚțȑȢ πȠıȩĲȘĲİȢ 

ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ țȐșİ φȠȡȐ, πȠυ țυȝαȓȞȠȞĲαȞ απȩ 1.0 ȑȦȢ 1.5 gr. ȀαȚ ıĲȚȢ 3 πİȡȚπĲȫıİȚȢ 

παȡαĲȘȡȒșȘțİ αȞĲȓıĲȠȚȤȠ απȠĲȑȜİıȝα: ȉα įİȓȖȝαĲα ıȪȞĲȘȟȘȢ ȒĲαȞ įȚαφαȞȒ țαȚ ȠȝȠȚȠȖİȞȒ, 

ȤȦȡȓȢ φυıαȜȓįİȢ Ȓ αįȚȐȜυĲȘ πȠıȩĲȘĲα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ, αțȩȝȘ țαȚ ıĲȘȞ πİȡȓπĲȦıȘ ĲȠυ 

įİȓȖȝαĲȠȢ ȝİ 1.5 gr. ΌȝȦȢ, παȡȐ ĲȘ ȤȡȒıȘ ĲȠυ πȡȠȖȡȐȝȝαĲȠȢ «FLY ASH 2» țαȚ ıĲȚȢ ĲȡİȚȢ 

πİȡȚπĲȫıİȚȢ παȡαĲȘȡȒșȘțİ țαĲαțȡȐĲȘıȘ ĲȒȖȝαĲȠȢ ıυȞȠȜȚțȒȢ ȝȐȗαȢ πİȡȓπȠυ 1.0 gr ȝİ ĲȘ 

ȝȠȡφȒ ıĲαȖȠȞȚįȓȦȞ ıĲα İıȦĲİȡȚțȐ ĲȠȚȤȫȝαĲα ĲȠυ ȤȦȞİυĲȘȡȓȠυ ȩπȦȢ φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 4.11.   

 ΣȤȒȝα 4.11 ΚαĲαțȡȐĲȘıȘ ıĲαȖȠȞȚįȓȦȞ ȝİ ĲȠ πȡȩȖȡαȝȝα «FLY ASH 2» 

 

ǼπȠȝȑȞȦȢ, ĲȠ πȡȩȖȡαȝȝα «FLY ASH 2» İȓȞαȚ țαĲȐȜȜȘȜȠ πȡȩȖȡαȝȝα ȖȚα ĲȘ ıȪȞĲȘȟȘ įİȚȖȝȐĲȦȞ 

ȝİ Ĳȑφȡα țαȚ ȝȐȜȚıĲα ȝİ αυȟȘȝȑȞȘ ıυȖțȑȞĲȡȦıȘ ıİ Ĳȑφȡα αȜȜȐ įİȞ ȜȪȞİȚ ĲȠ πȡȩȕȜȘȝα ĲȘȢ 

țαĲαțȡȐĲȘıȘȢ υȜȚțȠȪ ĲȠ ȠπȠȓȠυ φαȓȞİĲαȚ ȩĲȚ İȟαȡĲȐĲαȚ απȩ ĲȠ υȜȚțȩ ĲȠυ non wetting agent. 

4.3.6 ȆαȡαıțİυȒ įİȚȖȝȐĲωȞ įȚαφȩȡωȞ αȞαȜȠȖȚȫȞ ıİ ȚπĲȐȝİȞȘ Ĳȑφȡα  

  Η țαĲȐ ĲȠ įυȞαĲȩȞ ȝİȖαȜȪĲİȡȘ ıυȖțȑȞĲȡȦıȘ ıĲİȡİȐȢ ȠυıȓαȢ – İȞ πȡȠțİȚȝȑȞȦ 

ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ – ıĲȠ įİȓȖȝα ĲȘȢ ıȪȞĲȘȟȘȢ İȓȞαȚ ȑȞαȢ απȩ ĲȠυȢ țυȡȚȩĲİȡȠυȢ ıĲȩȤȠυȢ ĲȘȢ ǻǼ, 

țαșȫȢ șα ȕȠȘșȒıİȚ ıĲȘȞ țαȜȪĲİȡȘ αȞȓȤȞİυıȘ ĲȦȞ ıĲȠȚȤİȓȦȞ ĲȠυ įİȓȖȝαĲȠȢ țαĲȐ ĲȘȞ αȞȐȜυıȘ, 

ȝİ ĲȘȞ ĲİȤȞȚțȒ XRF, ȝİȚȫȞȠȞĲαȢ ĲȠȞ ȤȡȩȞȠ ȜȒȥȘȢ ĲȠυ φȐıȝαĲȠȢ αțĲȓȞȦȞ-ȋ πȠυ απαȚĲİȓĲαȚ ȖȚα 

İπȓĲİυȟȘ ȚțαȞȠπȠȚȘĲȚțȒȢ ıĲαĲȚıĲȚțȒȢ țαȚ ȕİȜĲȚȫȞȠȞĲαȢ ĲȚȢ ıυȞșȒțİȢ αȞȓȤȞİυıȘȢ ȖȚα 

ȚȤȞȠıĲȠȚȤİȓα ȝİ πȠȜȪ ȤαȝȘȜȑȢ ıυȖțİȞĲȡȫıİȚȢ.  

 ΓȚα ĲȠ ȜȩȖȠ αυĲȩ παȡαıțİυȐıĲȘțαȞ įİȓȖȝαĲα πȠυ πİȡȚİȓȤαȞ 1.5gr ȚπĲȐȝİȞȘ ĲȑφȡαȢ țαȚ 

ıĲȘ ıυȞȑȤİȚα 2.0gr ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ. ǹυĲȩ ıȘȝαȓȞİȚ ȩĲȚ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ αȞαȜȠȖȓİȢ ȝȐȗαȢ 

ȕȠȡȚțȫȞ αȜȐĲȦȞ πȡȠȢ ıĲİȡİȐ Ƞυıȓα 7:1 țαȚ 5:1 αȞĲȓıĲȠȚȤα. ΓȚα Ȟα ȝİȜİĲȘșİȓ Ș 
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İπαȞαȜȘȥȚȝȩĲȘĲα ȝİ αυĲȑȢ ĲȚȢ αȞαȜȠȖȓİȢ παȡαıțİυȐıĲȘțαȞ απȩ įȪȠ įİȓȖȝαĲα ȝİ αțȡȚȕȫȢ ĲȚȢ 

ȓįȚİȢ αȞαȜȠȖȓİȢ: 

 Ĳα įİȓȖȝαĲα KCMF12 țαȚ KCMF14 Ĳα ȠπȠȓα πİȡȚİȓȤαȞ 1.5 gr ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ 

 Ĳα įİȓȖȝαĲα KCMF13 țαȚ KCMF15 Ĳα ȠπȠȓα πİȡȚİȓȤαȞ 2.0 gr ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ  

Η İπȚĲυȤȒȢ παȡαıțİυȒ įİȓȖȝαĲȠȢ ȝİ ĲȑĲȠȚα αȞαȜȠȖȓα İȓȞαȚ ıȘȝαȞĲȚțȒ țαșȫȢ ȩıȠ αυȟȐȞİĲαȚ Ș 

πȠıȩĲȘĲα ĲȘȢ ıĲİȡİȐȢ ȠυıȓαȢ πȠυ πȡȑπİȚ Ȟα įȚαȜυșİȓ ıĲȠ ĲȒȖȝα ĲȦȞ ȕȠȡȚțȫȞ αȜȐĲȦȞ 

αυȟȐȞȠȞĲαȚ ȠȚ πȚșαȞȩĲȘĲİȢ απȠĲυȤȓαȢ ĲȘȢ ıȪȞĲȘȟȘȢ. 

ǼπȓıȘȢ, ĲȡȠπȠπȠȚȒșȘțİ İȜαφȡȐ ĲȠ πȡȩȖȡαȝȝα FLY ASH 2  ȝİ αȪȟȘıȘ ıĲȠ ȝȑȖȚıĲȠ ĲȘȢ 

ĲαȤȪĲȘĲαȢ ıĲȡȠφȒȢ ĲȠυ įȠȤİȓȠυ ĲȒȖȝαĲȠȢ țαĲȐ ĲȘ įȚȐȡțİȚα ĲȘȢ ȤȪĲİυıȘȢ, ȦȢ ĲİȜİυĲαȓα 

πȡȠıπȐșİȚα ȕİȜĲȓȦıȘȢ ĲȘȢ țαĲαțȡȐĲȘıȘȢ ıĲαȖȠȞȚįȓȦȞ ıĲȠ ȤȦȞİυĲȒȡȚȠ. ȅȚ παȡȐȝİĲȡȠȚ ĲȠυ 

πȡȠȖȡȐȝȝαĲȠȢ FLY ASH 3 παȡȠυıȚȐȗȠȞĲαȚ αȞαȜυĲȚțȐ ıĲȠȞ ȆȓȞαțα 4.9. 

 

ȆȓȞαțαȢ 4.9 ȆαȡȐȝİĲȡȠȚ πȡȠȖȡȐȝȝαĲȠȢ «FLY ASH 3» 

ȈĲȐįȚȠ 
ΘİȡȝȠțȡαıȓα 

(℃) 

ȋȡȩȞȠȢ 

ȆαȡαȝȠȞȒȢ 

ȇυșȝȩȢ ǹȪȟȘıȘȢ 

ΘİȡȝȠțȡαıȓαȢ 

ΓȦȞȓα 

ǹȞαțȓȞȘıȘȢ 

ȉαȤȪĲȘĲα 

ǹȞαțȓȞȘıȘȢ 

1 (ΘȑȡȝαȞıȘ) 600 10 ȜİπĲȐ ȂȑȖȚıĲȠȢ (Fast) 0° 0 % 

2 (ΘȑȡȝαȞıȘ) 1035 - ȂȑȖȚıĲȠȢ (Fast) 0° 0 % 

3 (ΘȑȡȝαȞıȘ) 1035 15 ȜİπĲȐ ȂȑȖȚıĲȠȢ (Fast) 20° 100 % 

4 (ΘȑȡȝαȞıȘ) 1035 5 ȜİπĲȐ ȂȑȖȚıĲȠȢ (Fast) 25° 25 % 

ȋȪĲİυıȘ 1035 - - 120° 100 % 

1 (ȌȪȟȘ)  1 ȜİπĲȩ  120 ° 80 % 

2 (ȌȪȟȘ)  5 ȜİπĲȐ  90 ° 80 % 

Η įȚαįȚțαıȓα παȡαıțİυȒȢ ĲȦȞ ĲİııȐȡȦȞ παȡαπȐȞȦ įİȚȖȝȐĲȦȞ ȝİ ĲȠ πȡȩȖȡαȝȝα FLY ASH 3  

ȠįȒȖȘıİ ıİ țȐșİ πİȡȓπĲȦıȘ ıİ İπȚĲυȤȒ απȠĲİȜȑıȝαĲα. ȀαȚ Ĳα Ĳȑııİȡα įİȓȖȝαĲα παȡȒȤșȘıαȞ 

ȝİ İπȚĲυȤȓα, ȤȦȡȓȢ ȡȦȖȝȑȢ, φυıαȜȓįİȢ țαȚ ȠȡαĲȑȢ αĲȑȜİȚİȢ, țȐĲȚ πȠυ įİȓȤȞİȚ ȩĲȚ ȝπȠȡȠȪȞ Ȟα 

παȡαıțİυαıșȠȪȞ İπȚĲυȤȫȢ țαȚ įİȓȖȝαĲα ȝİ 2.0 gr ȚπĲȐȝİȞȘ Ĳȑφȡα (αȞαȜȠȖȓα 1/5). ȈĲȠȞ ȆȓȞαțα 

4.10 țαĲαȖȡȐφȠȞĲαȚ ȠȚ ȝȐȗİȢ ȖȚα țȐșİ ȑȞα απȩ αυĲȐ Ĳα 4 įİȓȖȝαĲα:  
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ȆȓȞαțαȢ 4.10 ȈĲȠȚȤİȓα ĲȦȞ įİȚȖȝȐĲȦȞ ȝİ πİȡȚİțĲȚțȩĲȘĲα 1.5-2.0gr ıİ ȚπĲȐȝİȞȘ Ĳȑφȡα 

 

 

 

 

 

 

ȈĲȠ ıȘȝİȓȠ αυĲȩ țȡȓșȘțİ İπȚıφαȜȒȢ țȐπȠȚα πİȡαȚĲȑȡȦ αȪȟȘıȘ ĲȘȢ πȠıȩĲȘĲαȢ ĲȘȢ 

ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ, țαșȫȢ ȒįȘ Ș αȞαȜȠȖȓα ȕȠȡȚțȫȞ αȜȐĲȦȞ – ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ĲȘȢ ĲȐȟȘȢ ĲȠυ 

5:1 İȓȞαȚ πȠȜȪ υȥȘȜȒ ıİ ıȪȖțȡȚıȘ ȝİ αυĲȑȢ πȠυ αȞαφȑȡȠȞĲαȚ ȦȢ πȡȠĲİȚȞȩȝİȞİȢ απȩ ĲȠȞ 

țαĲαıțİυαıĲȒ.  

ȆαȡȩĲȚ ȩȜα Ĳα įİȓȖȝαĲα İȓȞαȚ ȠȝȠȚȠȖİȞȒ țαȚ įȚȐφαȞα, ȤȦȡȓȢ ȠȡαĲȐ ȓȤȞȘ ıĲİȡİȐȢ ȠυıȓαȢ 

ıĲȠ İıȦĲİȡȚțȩ ĲȠυȢ, ȝȚα ıȘȝαȞĲȚțȒ παȡαĲȒȡȘıȘ İȓȞαȚ Ș įȚαφȠȡȐ ıĲȠȞ ȤȡȦȝαĲȚıȝȩ țȐșİ 

įİȓȖȝαĲȠȢ αȞȐȜȠȖα ĲȘȞ πȠıȩĲȘĲα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ πȠυ πİȡȚȑȤȠυȞ. ǼȞȫ Ș απȩȤȡȦıȘ ȖȚα ȩȜα Ĳα 

įİȓȖȝαĲα ȦȢ Ĳȫȡα İȓȞαȚ παȡȩȝȠȚα, İȝφαȞȓȗȠȞĲαȢ ȑȞα țȚĲȡȚȞȠπȡȐıȚȞȠ Ȥȡȫȝα, ıĲȘȞ πİȡȓπĲȦıȘ 

ĲȦȞ įİȚȖȝȐĲȦȞ ȝİ υȥȘȜȩĲİȡȘ πȠıȩĲȘĲα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ Ș απȩȤȡȦıȘ ĲȠυȢ İȓȞαȚ πȚȠ ıțȠȪȡα 

απȩ Ĳα υπȩȜȠȚπα. ȂπȠȡİȓ țαȞİȓȢ Ȟα παȡαĲȘȡȒıİȚ ĲȘ įȚαφȠȡȐ ıĲȘȞ απȩȤȡȦıȘ ıĲȠ ȈȤȒȝα 4.12, 

ȩıȠ αυȟȐȞİĲαȚ Ș πȠıȩĲȘĲα ĲȘȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ıĲȠ įİȓȖȝα. ǼπȚπȜȑȠȞ,  υπȩ ȑȞĲȠȞȠ φȦĲȚıȝȩ 

ıĲȘȞ πİȡȓπĲȦıȘ ĲȦȞ įİȚȖȝȐĲȦȞ πȠυ πİȡȚȑȤȠυȞ 2.0 gr ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ, ȝπȠȡİȓ țαȞİȓȢ Ȟα 

παȡαĲȘȡȒıİȚ ȠȡαĲȠȪȢ πȠȜυȖȦȞȚțȠȪȢ ıȤȘȝαĲȚıȝȠȪȢ ıĲȠ İıȦĲİȡȚțȩ ĲȠυ įİȓȖȝαĲȠȢ. ǹυĲȩ 

απȠĲİȜİȓ ȝȚα ȑȞįİȚȟȘ ȩĲȚ ȝπȠȡİȓ ĲȠ įİȓȖȝα πȜȘıȚȐȗİȚ Ĳα ȩȡȚα ĲȘȢ įȚαȜυĲȩĲȘĲαȢ ĲȘȢ ıĲİȡİȐȢ 

ȠυıȓαȢ ıĲα ȕȠȡȚțȐ ȐȜαĲα țαȚ πİȡαȚĲȑȡȦ αȪȟȘıȘ ĲȘȢ ıυȖțȑȞĲȡȦıȘȢ Ȟα įȘȝȚȠυȡȖİȓ φαȚȞȩȝİȞα 

αȞȠȝȠȚȠȖȑȞİȚαȢ. 

 

ΣȤȒȝα 4.12: (α)  ǻİȓȖȝα KCMF13 ȝİ 2gr ǿπĲȐȝİȞȘȢ ĲȑφȡαȢ țαȚ (ȕ) ǻİȓȖȝα KCMNF10 ȝİ 1.2gr  

ǿπĲȐȝİȞȘȢ ĲȑφȡαȢ 

Ηȝ/Ȟȓα 

 

ȅȞȠȝαıȓα 
įİȓȖȝαĲȠȢ 

LiT [gr] LIM [gr] ǿπĲȐȝİȞȘ Ĳȑφȡα [gr] ȃon wetting agent [gr] 

05-07-16 KCMF12 6.0062 3.005 1.4989 0.2296 

08-07-16 KCMF13 5.7043 2.8000 2.0039 0.2463 

19-07-16 KCMF14 5.7011 2.7998 2.0049 0.2347 

19-07-16 KCMF15 6.0146 3.0023 1.5083 0.2382 
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 ǹυĲȐ Ĳα Ĳȑııİȡα ĲİȜİυĲαȓα įİȓȖȝαĲα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ĲȠυ ȆȓȞαțα 4.10 İȓȞαȚ αυĲȐ 

πȠυ șα ȤȡȘıȚȝȠπȠȚȘșȠȪȞ ȖȚα ĲȘȞ αȞȐȜυıȘ įİȚȖȝȐĲȦȞ ȝİ XRF πȠυ șα πİȡȚȖȡαφİȓ ıĲo 6
Ƞ
 

ȀİφȐȜαȚȠ, țαșȫȢ πİȡȚȑȤȠυȞ ĲȘȞ ȝİȖαȜȪĲİȡȘ πȠıȩĲȘĲα ıĲİȡİȐȢ ȠυıȓαȢ, İȞȫ παȡȐȜȜȘȜα 

παȡαȝȑȞȠυȞ ȠȝȠȚȠȖİȞȒ țαȚ ȚțαȞȠπȠȚȘĲȚțȐ ıİ πȠȚȩĲȘĲα. ȊπİȞșυȝȓȗİĲαȚ ȩĲȚ ȩȜα Ĳα παȡαπȐȞȦ 

įİȓȖȝαĲα παȡαıțİυȐıĲȘțαȞ ȝİ ȚπĲȐȝİȞȘ Ĳȑφȡα țȠțțȠȝİĲȡȓαȢ 65-125ȝm πȠυ įȚαĲȓșİĲαȚ ıĲȠ 

ǼȆȉ-ǼȂȆ. ȈĲȠ ȆαȡȐȡĲȘȝα Ǻ țαĲαȖȡȐφȠȞĲαȚ ȩȜα Ĳα įİȓȖȝαĲα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ πȠυ 

παȡαıțİυȐıșȘțαȞ ıĲȘȞ παȡȠȪıα ǻǼ. 

 

4.3.7 ȈυȝπİȡȐıȝαĲα ȖȚα ĲȘȞ παȡαıțİυȒ įİȚȖȝȐĲωȞ ıȪȞĲȘȟȘȢ ȝİ ȚπĲȐȝİȞȘ Ĳȑφȡα  

 Ȃİ ĲȘȞ παȡαıțİυȒ αȡțİĲȫȞ įİȚȖȝȐĲȦȞ ȝİ įȚαφȠȡİĲȚțȑȢ πȠıȩĲȘĲİȢ, αȞαȜȠȖȓİȢ țαȚ 

πȡȠȖȡȐȝȝαĲα, ȩπȦȢ ıυȞȠȥȓȗȠȞĲαȚ ıĲȠ ȆαȡȐȡĲȘȝα Ǻ, απȠțĲȒșȘțİ αȡțİĲȒ İȝπİȚȡȓα ıĲȘȞ  

ĲİȤȞȚțȒ ĲȘȢ ıȪȞĲȘȟȘȢ ȕȠȡȚțȫȞ αȜȐĲȦȞ țαȚ ĲȘ ȜİȚĲȠυȡȖȓα ĲȘȢ ıυıțİυȒȢ Katanax K1 Prime țαȚ 

įȚİȡİυȞȒșȘțİ Ș İπȓįȡαıȘ ĲȦȞ υȜȚțȫȞ ĲȠυ ȝİȓȖȝαĲȠȢ. ȉα țυȡȚȩĲİȡα ıυȝπİȡȐıȝαĲα ȦȢ πȡȠȢ ĲȚȢ 

παȡαȝȑĲȡȠυȢ πȠυ ȠįȘȖȠȪȞ ıİ İπȚĲυȤȑȢ țαȚ ȚțαȞȠπȠȚȘĲȚțȩ απȠĲȑȜİıȝα, ĲȠυȜȐȤȚıĲȠȞ ȩıȠȞ αφȠȡȐ 

Ĳα įİȓȖȝαĲα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ıυȞȠȥȓȗȠȞĲαȚ ȦȢ İȟȒȢ:  

1. ΌıȠȞ αφȠȡȐ ĲȠ ȝȓȖȝα ȕȠȡȚțȫȞ αȜȐĲȦȞ Ș αȞαȜȠȖȓα 67% ĲİĲȡαȕȠȡȚțȩ ȜȓșȚȠ țαȚ 33% 

ȝİĲαȕȠȡȚțȩ ȜȓșȚȠ, ȠįȘȖİȓ ıİ ıĲαșİȡȩ țαȚ αȟȚȩπȚıĲȠ απȠĲȑȜİıȝα.  

2. ȉα πȡȠȖȡȐȝȝαĲα ıȪȞĲȘȟȘȢ πȠυ įȚαșȑĲȠυȞ ıĲȐįȚȠ ȠȟİȓįȦıȘȢ, ȩπȦȢ Ĳα πȡȠȖȡȐȝȝαĲα FLY 

ASH țαȚ FLY ASH 2 &3  ȕȠȘșȠȪȞ țαșȠȡȚıĲȚțȐ ıĲȘȞ απȠφυȖȒ φυıαȜȓįȦȞ ıĲȠ įİȓȖȝα.  

3. Η ȤȡȒıȘ non wetting agent (LiI) İȓȞαȚ ȚįȚαȓĲİȡα ıȘȝαȞĲȚțȒ, țαșȫȢ ȕȠȘșȐ ıĲȘȞ απȠφυȖȒ 

șȡαȪıȘȢ ĲȠυ įİȓȖȝαĲȠȢ țαĲȐ Ĳα ıĲȐįȚα ĲȘȢ ȥȪȟȘȢ țαȚ ȕȠȘșȐ ıĲȘȞ İȪțȠȜȘ απȠțȩȜȜȘıȘ ĲȠυ 

απȩ ĲȠ țαȜȠȪπȚ, ȝİĲȐ ĲȠ πȑȡαȢ ĲȘȢ ıȪȞĲȘȟȘȢ.  

 

4.3.8 ȆαȡαıțİυȒ įİȓȖȝαĲȠȢ ıȪȞĲȘȟȘȢ ȝİ ĲȘȞ πȚıĲȠπȠȚȘȝȑȞȘ ǿπĲȐȝİȞȘ Ĳȑφȡα NIST 1633b 

 Η ȚπĲȐȝİȞȘ Ĳȑφȡα ȂİȖαȜȩπȠȜȘȢ πȠυ įȚαĲȓșİĲαȚ ıİ İπαȡțȒ πȠıȩĲȘĲα ıĲȠ ǼȆȉ-ǼȂȆ 

ȤȡȘıȚȝȠπȠȚȒșȘțİ ȖȚα ĲȚȢ įȠțȚȝȑȢ πȡȠțİȚȝȑȞȠυ Ȟα απȠțĲȘșİȓ İȝπİȚȡȓα ȝİ ĲȘ ȝȑșȠįȠ ĲȘȢ  

ıȪȞĲȘȟȘȢ țαȚ ĲȘ ȜİȚĲȠυȡȖȓα ĲȘȢ ıυıțİυȒȢ KATANAX K1 Prime. ȈĲȘȞ πȠıȠĲȚțȒ αȞȐȜυıȘ 

ȐȖȞȦıĲȦȞ įİȚȖȝȐĲȦȞ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ȝİ ĲȘȞ ĲİȤȞȚțȒ XRF İȓȞαȚ πȠȜȪ ıȘȝαȞĲȚțȩ Ȟα υπȐȡȤȠυȞ 

φȐıȝαĲα įİȚȖȝȐĲȦȞ πȠυ ȑȤȠυȞ παȡαıțİυαıșİȓ ȝİ πȚıĲȠπȠȚȘȝȑȞα υȜȚțȐ αȞαφȠȡȐȢ παȡȩȝȠȚαȢ 

ıȪıĲαıȘȢ. ΈȞα ĲȑĲȠȚȠ υȜȚțȩ ĲȠ ȠπȠȓȠ įȚαĲȓșİĲαȚ ıĲȠ ǼȆȉ-ǼȂȆ İȓȞαȚ Ș πȚıĲȠπȠȚȘȝȑȞȘ  

ȚπĲȐȝİȞȘ Ĳȑφȡα ȝİ țȦįȚțȒ ȠȞȠȝαıȓα 1633b ĲȠυ NIST (National Institute of Standards, USA). 

 ȈĲα πȜαȓıȚα ĲȘȢ ǻǼ παȡαıțİυȐıșȘțİ ĲȠ įİȓȖȝα KCNFA ȝİ ĲȠ πȡȩȖȡαȝȝα  

FLY ASH 2. ǼπȚıȘȝαȓȞİĲαȚ ȩĲȚ απȩ ĲȘȞ Ĳȑφȡα αυĲȒ ȑȤİȚ παȡαıțİυαıșİȓ țαȚ αȞĲȓıĲȠȚȤȠ įİȓȖȝα 
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ıİ ȝȠȡφȒ pellet (CNFA23, ȕȜ. ȆȓȞαțα 2.3). Η ıȪıĲαıȘ ĲȠυ įİȓȖȝαĲȠȢ KCNFA φαȓȞİĲαȚ ıĲȠȞ 

ȆȓȞαțα πȠυ 4.11.  

 

 

ȆȓȞαțαȢ 4.11 ȈȪıĲαıȘ įİȓȖȝαĲȠȢ KCNFA1 πȠυ παȡαıțİυȐıșȘțİ απȩ ĲȘȞ πȚıĲȠπȠȚȘȝȑȞȘ 
ȚπĲȐȝİȞȘ Ĳȑφȡα 1633b NIST 

 

4.4 ȆαȡαıțİυȒ πȡȩĲυπωȞ įİȚȖȝȐĲωȞ ȠȟİȚįȓωȞ țαȚ αȜȐĲωȞ ȝİ ıȪȞĲȘȟȘ ıĲȠ ǼȆȉ-ǼΜȆ  

ΓȚα ĲȚȢ αȞȐȖțİȢ ĲȘȢ παȡȠȪıαȢ ǻǼ țαȚ ıυȖțİțȡȚȝȑȞα ȖȚα ĲȘȞ πȠıȠĲȚțȒ αȞȐȜυıȘ 

įİȚȖȝȐĲȦȞ ȝİ ĲȘ ȝȑșȠįȠ XRF ȝİ ȤȡȒıȘ πȡȠĲȪπȦȞ υȜȚțȫȞ (ȕȜ. 6Ƞ
 ȀİφȐȜαȚȠ), ȒĲαȞ απαȡαȓĲȘĲȘ 

Ș παȡαıțİυȒ ‘πȡȩĲυπȦȞ’ įİȚȖȝȐĲȦȞ, ȩπȠυ Ș ıĲİȡİȐ Ƞυıȓα İȓȞαȚ πȚıĲȠπȠȚȘȝȑȞȠ ȦȢ πȡȠȢ ĲȘ 

ıȪıĲαıȘ ȠȟİȓįȚȠ Ȓ ȐȜαȢ. ȅȡȚıȝȑȞα απȩ Ĳα ıĲȠȚȤİȓα ĲȦȞ ȠπȠȓȦȞ İȞįȚαφȑȡİȚ Ƞ πȡȠıįȚȠȡȚıȝȩ ıİ 

ȐȖȞȦıĲα įİȓȖȝαĲα ıĲȠ ǼȆȉ-ǼȂȆ İȓȞαȚ Ĳα: Ti, Fe, Sr, Zn, Ca. ΓȚα Ĳα ȠȟİȓįȚα Ȓ ȐȜαĲα ĲȦȞ 

παȡαπȐȞȦ ıĲȠȚȤİȓȦȞ  İȓȤαȞ παȡαıțİυαıșİȓ ȖȚα ĲȚȢ αȞȐȖțİȢ πȡȠȘȖȠȪȝİȞȘȢ ǻǼ ‘πȡȩĲυπα’ pellets 

ȝİ ȤȡȒıȘ πȡȑıαȢ, ȩπȦȢ ȑȤİȚ αȞαφİȡșİȓ ıĲȠ 2Ƞ
 ȀİφȐȜαȚȠ (ȆȓȞαțαȢ 2.3). ΓȚα ĲȠȞ πȠıȠĲȚțȩ 

πȡȠıįȚȠȡȚıȝȩ ĲȦȞ παȡαπȐȞȦ ıĲȠȚȤİȓȦȞ ıİ ȐȖȞȦıĲα įİȓȖȝαĲα πȠυ ȑȤȠυȞ παȡαıțİυαıșİȓ ȝİ 

ıȪȞĲȘȟȘ, șα πȡȑπİȚ Ȟα ȤȡȘıȚȝȠπȠȚȘșȠȪȞ πȚıĲȠπȠȚȘȝȑȞα ȦȢ πȡȠȢ ĲȘ ıυȖțȑȞĲȡȦıȘ įİȓȖȝαĲα, (ıİ 

ȝȠȡφȒ ȠȟİȚįȓȦȞ Ȓ αȜȐĲȦȞ) Ĳα ȠπȠȓα Ȟα ȑȤȠυȞ παȡαıțİυαıșİȓ ȝİ ĲȘȞ ĲİȤȞȚțȒ ĲȘȢ ıȪȞĲȘȟȘȢ.  

 ȅȚ ȜȩȖȠȚ πȠυ İπȚȜȑȤșȘțİ Ȟα πȡȠİĲȠȚȝαıĲȠȪȞ įİȓȖȝαĲα πȠυ πİȡȚİȓȤαȞ ȠȟİȓįȚα Ȓ ȐȜαĲα 

ĲȦȞ ıĲȠȚȤİȓȦȞ Ti, Fe, Sr, Zn, Ca İȓȞαȚ ȩĲȚ αυĲȐ απαȞĲȫȞĲαȚ ıυȤȞȐ ıİ ȝİȖȐȜȘ ıυȖțȑȞĲȡȦıȘ ıĲα 

įİȓȖȝαĲα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ, İȞȫ țαȚ ȠȚ İȞȑȡȖİȚİȢ ĲȦȞ ȤαȡαțĲȘȡȚıĲȚțȫȞ αțĲȓȞȦȞ-ȋ πȠυ 

İțπȑȝπȠυȞ țαȜȪπĲȠυȞ ȝȚα İυȡİȓα πİȡȚȠȤȒ İȞİȡȖİȚȫȞ (3keV-15keV) ıĲȘȞ ȠπȠȓα Ȟα 

ıυȝπİȡȚȜαȝȕȐȞİĲαȚ αȡțİĲȐ απȩ Ĳα ıĲȠȚȤİȓα πȠυ Ș αȞȚȤȞİȪȠȞĲαȚ ıİ πİȡȚȕαȜȜȠȞĲȚțȐ įİȓȖȝαĲα. 

ǹυĲȩ șα ȕȠȘșȒıİȚ ȝİȜȜȠȞĲȚțȐ ıĲȠȞ țαȜȪĲİȡȠ πȡȠıįȚȠȡȚıȝȩ ĲȘȢ ıυȖțȑȞĲȡȦıȘȢ, ĲȩıȠ ĲȦȞ 

ıĲȠȚȤİȓȦȞ ȖȚα Ĳα ȠπȠȓα υπȐȡȤİȚ ‘πȡȩĲυπȠ’ įİȓȖȝα ȩıȠ țαȚ ȐȜȜȦȞ ıĲȠȚȤİȓȦȞ παȡαπȜȒıȚȠυ 

ȝαȗȚțȠȪ αȡȚșȝȠȪ. ΓȚα ĲȘȞ παȡαıțİυȒ ȝİ ıȪȞĲȘȟȘ ĲȦȞ ‘πȡȩĲυπȦȞ’ αυĲȫȞ  įİȚȖȝȐĲȦȞ  

ȤȡȘıȚȝȠπȠȚȒșȘțαȞ: ȐȜαĲα țαȚ ȠȟİȓįȚα υȥȘȜȒȢ țαșαȡȩĲȘĲαȢ ĲȦȞ παȡαπȐȞȦ ıĲȠȚȤİȓȦȞ, Ĳα ȠπȠȓα 

įȚαĲȓșİȞĲαȚ ıĲȠ ǼȆȉ-ǼȂȆ [1]
, ȕȠȡȚțȐ ȐȜαĲα țαȚ ĲȠ non wetting agent, ȩπȦȢ πİȡȚȖȡȐφİĲαȚ ıĲȚȢ 

πȡȠȘȖȠȪȝİȞİȢ παȡαȖȡȐφȠυȢ.  

Η παȡαıțİυȒ ĲȦȞ ‘πȡȩĲυπȦȞ’ įİȚȖȝȐĲȦȞ ȠȟİȚįȓȦȞ țαȚ αȜȐĲȦȞ παȡȠυıȓαıİ ȞȑİȢ 

πȡȠțȜȒıİȚȢ țαȚ πȡȠȕȜȒȝαĲα πȠυ įİȞ İȓȤαȞ παȡȠυıȚαıĲİȓ ȝİ Ĳα įİȓȖȝαĲα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ. 

ȈυȞȠȜȚțȐ πȡȠİĲȠȚȝȐıĲȘțαȞ İπȚĲυȤȫȢ 5 įȚαφȠȡİĲȚțȐ ‘πȡȩĲυπα’ įİȓȖȝαĲα ȠȟİȚįȓȦȞ ȖȞȦıĲȒȢ 

Ηȝ/Ȟȓα 

 

ȊȜȚțȩ  LiT 

[gr] 

 LiM 

[gr] 

ǿπĲȐȝİȞȘ Ĳȑφȡα 

[gr] 

ȃon wetting agent 

[gr] 

03-11-16 ǿπĲȐȝİȞȘ Ĳȑφȡα NIST  5.9994 3.0231 1.5233 0.2441 



 

77 

 

ıȪıĲαıȘȢ. ȈĲȚȢ İπȩȝİȞİȢ παȡαȖȡȐφȠυȢ șα πİȡȚȖȡαφȠȪȞ ȠȚ ĲȪπȠȚ ĲȦȞ ‘πȡȩĲυπȦȞ’ įİȚȖȝȐĲȦȞ πȠυ 

πȡȠİĲȠȚȝȐıĲȘțαȞ, ȠȝαįȠπȠȚȘȝȑȞȠȚ αȞȐȜȠȖα ȝİ ĲȘ ıυȝπİȡȚφȠȡȐ ĲȦȞ υȜȚțȫȞ țαȚ Ĳα πȡȠȕȜȒȝαĲα 

țαĲȐ ĲȘȞ παȡαıțİυȒ ĲȠυȢ.  

4.4.1 ȆαȡαıțİυȒ πȡȩĲυπȠυ įİȓȖȝαĲȠȢ ȠȟİȚįȓȠυ Ti ȝİ ıȪȞĲȘȟȘ 

 ȉȠ πȡȫĲȠ πȡȩĲυπȠ įİȓȖȝα πȠυ απȠφαıȓıĲȘțİ Ȟα πȡȠİĲȠȚȝαıĲİȓ ȖȚα ĲȘȞ πȠıȠĲȚțȒ 

ȕαșȝȠȞȩȝȘıȘ ȒĲαȞ įİȓȖȝα ȠȟİȚįȓȠυ ĲȚĲαȞȓȠυ. ΓȚα ĲȘȞ παȡαȖȦȖȒ ĲȠυ įİȓȖȝαĲȠȢ 

ȤȡȘıȚȝȠπȠȚȒșȘțİ πȠıȩĲȘĲα ȠȟİȚįȓȠυ ĲȚĲαȞȓȠυ (TiOଶ) υȥȘȜȒȢ țαșαȡȩĲȘĲαȢ 99.9 %. ȉȠ ȠȟİȓįȚȠ 

ĲȠυ ĲȚĲαȞȓȠυ ȒĲαȞ ıİ ȝȠȡφȒ ıțȩȞȘȢ, ȜİυțȒȢ απȩȤȡȦıȘȢ țαȚ ȚįȚαȓĲİȡα țȠȜȜȫįİȢ ıİ ıȤȑıȘ ȝİ 

ĲȘȞ ȚπĲȐȝİȞȘ Ĳȑφȡα. Η παȡαıțİυȒ ĲȠυ įİȓȖȝαĲȠȢ παȡȠυıȓαıİ įυıțȠȜȓİȢ țαșȫȢ Ș ıυȝπİȡȚφȠȡȐ 

ĲȦȞ υȜȚțȫȞ țαĲȐ ĲȘ ıȪȞĲȘȟȘ ȒĲαȞ įȚαφȠȡİĲȚțȒ ıİ ıȤȑıȘ ȝİ αυĲȒ ĲȦȞ įİȚȖȝȐĲȦȞ ȚπĲȐȝİȞȘȢ 

ĲȑφȡαȢ țαȚ ȖȚα αυĲȩ ȤȡİȚȐıĲȘțİ Ȟα παȡαıțİυαıșȠȪȞ 6 įȚαφȠȡİĲȚțȐ įİȓȖȝαĲα, įȠțȚȝȐȗȠȞĲαȢ 

įȚαφȠȡİĲȚțȑȢ αȞαȜȠȖȓİȢ υȜȚțȫȞ țαșȫȢ țαȚ įȪȠ įȚαφȠȡİĲȚțȐ πȡȠȖȡȐȝȝαĲα ıȪȞĲȘȟȘȢ.  

Η αȡȤȚțȒ πȡȠıȑȖȖȚıȘ ȒĲαȞ Ȟα ȤȡȘıȚȝȠπȠȚȘșȠȪȞ αțȡȚȕȫȢ ȠȚ ȓįȚİȢ αȞαȜȠȖȓİȢ ȝİ αυĲȑȢ πȠυ 

ȤȡȘıȚȝȠπȠȚȒșȘțαȞ ıĲα ĲİȜİυĲαȓα İπȚĲυȤȘȝȑȞα įİȓȖȝαĲα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ țαȚ Ȟα αțȠȜȠυșȘșİȓ 

ĲȠ πȡȩȖȡαȝȝα FLY ASH (παȡȩȜȠ πȠυ ıİ αυĲȒ ĲȘȞ πİȡȓπĲȦıȘ πȡȩțİȚĲαȚ ȖȚα ȠȟİȓįȚȠ) ȖȚα Ȟα 

İȟİĲαıĲİȓ αȞ İȓȞαȚ țαĲȐȜȜȘȜȠ țαȚ ȖȚα αυĲȩ ĲȠ İȓįȠȢ įİȚȖȝȐĲȦȞ. ΈĲıȚ, ȖȚα ĲȠ πȡȫĲȠ įİȓȖȝα 

ȠȟİȚįȓȠυ ĲȠυ ĲȚĲαȞȓȠυ Ș αȞαȜȠȖȓα ȕȠȡȚțȫȞ αȜȐĲȦȞ πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțİ ȒĲαȞ 67 % 

ĲİĲȡαȕȠȡȚțȩ ȜȓșȚȠ - 33 % ȝİĲαȕȠȡȚțȩ ȜȓșȚȠ  țαȚ πȡȠıĲȑșȘțİ 1.5 gr ȠȟİȚįȓȠυ ĲȠυ ĲȚĲαȞȓȠυ ıĲȠ 

ȝİȓȖȝα. ȉȠ απȠĲȑȜİıȝα ĲȘȢ ıȪȞĲȘȟȘȢ įİȞ ȒĲαȞ İπȚĲυȤȘȝȑȞȠ, țαșȫȢ ĲȠ įİȓȖȝα ȑıπαıİ țαĲȐ ĲȠ 

ıĲȐįȚȠ ĲȘȢ ȥȪȟȘȢ, İȞȫ αȞĲȓ ȖȚα ȜİȓȠ țαȚ įȚαφαȞȑȢ ȩπȦȢ Ĳα įİȓȖȝαĲα ĲȑφȡαȢ ȒĲαȞ πȜȒȡȦȢ 

αįȚαφαȞȑȢ, ȜİυțȒȢ απȩȤȡȦıȘȢ țαȚ İȓȤİ ĲȡαȤȚȐ İπȚφȐȞİȚα țαțȒȢ πȠȚȩĲȘĲαȢ.  

ǹυĲȒ Ș πȡȫĲȘ πȡȠıπȐșİȚα ȑįİȚȟİ ȩĲȚ Ș ȤȡȒıȘ ĲȠυ πȡȠȖȡȐȝȝαĲȠȢ FLY ASH įİȞ ȒĲαȞ 

ȠȡșȒ țαșȫȢ ĲȠ TiO2 İȓȞαȚ πȜȒȡȦȢ ȠȟİȚįȦȝȑȞȠ țαȚ įİȞ απαȚĲİȓĲαȚ ıĲȐįȚȠ ȠȟİȓįȦıȘȢ țαĲȐ ĲȘ 

ıȪȞĲȘȟȘ. ȈĲȘ įİȪĲİȡȘ įȠțȚȝȒ απȠφαıȓıĲȘțİ Ȟα ȤȡȘıȚȝȠπȠȚȘșİȓ ĲȠ πȡȩȖȡαȝȝα OXIDE ĲȠυ 

țαĲαıțİυαıĲȒ ĲȠ ȠπȠȓȠ παȡȠυıȚȐıĲȘțİ ıĲȘȞ παȡ. 4.3.1. ȉȠ ȩĲȚ ĲȠ πȡȫĲȠ įİȓȖȝα ȒĲαȞ 

αįȚαφαȞȑȢ απȠįȩșȘțİ ıĲȠ ȩĲȚ İȞįİȤȠȝȑȞȦȢ įİȞ ȒĲαȞ įυȞαĲȒ Ș įȚȐȜυıȘ ĲȘȢ ȝȐȗαȢ ĲȠυ TiO2 ıĲα 

ȕȠȡȚțȐ ȐȜαĲα, ȠπȩĲİ ȖȚα ĲȘ įİȪĲİȡȘ įȠțȚȝȒ Ș ȝȐȗα ĲȠυ TiO2 ȝİȚȫșȘțİ απȩ 1.5 gr ıİ 1.2 gr.  

ȈĲȘ įİȪĲİȡȘ απȩπİȚȡα παȡαıțİυȒȢ ĲȠυ įİȓȖȝαĲȠȢ ȠȟİȚįȓȠυ ĲȠυ ĲȚĲαȞȓȠυ, ĲȠ įİȓȖȝα țαĲȑȜȘȟİ Ȟα 

ȑȤİȚ φαȞİȡȒ αȞȠȝȠȚȠȖȑȞİȚα ȝİ ȑȞα ȝȚțȡȩ ĲȝȒȝα αįȚαφαȞȑȢ țαȚ ȑȞα ȝİȖȐȜȠ ĲȝȒȝα įȚαφαȞȑȢ ȝİ 

ȝȚα İȜαφȡȐ ȜİυțȒ απȩȤȡȦıȘ ȩπȦȢ φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 4.13, İȞȫ ȑıπαıİ πȐȜȚ țαĲȐ ĲȘȞ ȥȪȟȘ.  
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ΣȤȒȝα  4.13 ǻİȓȖȝα πȠıȩĲȘĲαȢ 1.2 gr TiO  

 

Η ȕİȜĲȓȦıȘ ĲȘȢ İȚțȩȞαȢ ĲȠυ įİȓȖȝαĲȠȢ ȝİ ĲȘ ȝİȓȦıȘ ĲȘȢ ȝȐȗαȢ ĲȠυ TiO2 απȩ ĲȘ ȝȓα țαȚ 

Ș ȪπαȡȟȘ αįȚαφαȞȠȪȢ ĲȝȒȝαĲȠȢ απȩ ĲȘȞ ȐȜȜȘ  ȠįȒȖȘıİ ıĲȘȞ πİȡαȚĲȑȡȦ ȝİȓȦıȘȢ ĲȘȢ ȝȐȗαȢ ĲȠυ 

ȠȟİȚįȓȠυ ıĲȠ ȝİȓȖȝα. ǹυĲȒ ĲȘ φȠȡȐ, πȡȠİĲȠȚȝȐıĲȘțαȞ įȪȠ Ȟȑα įİȓȖȝαĲα, ȝİ 0.7 gr TiO2. ȀαȚ 

ıĲȚȢ įȪȠ πİȡȚπĲȫıİȚȢ, Ĳα ĲİȜȚțȐ įİȓȖȝαĲα, παȡȩȜȠ πȠυ ȒĲαȞ ȠȝȠȚȠȖİȞȒ țαȚ įȚȐφαȞα, ȤȦȡȓȢ 

ȠȡαĲȑȢ αĲȑȜİȚİȢ αυĲȒ ĲȘ φȠȡȐ, ȠįȘȖȒșȘțαȞ ıİ șȡαȪıȘ (ȕȜ. ȈȤȒȝα 4.14) αȝȑıȦȢ ȝİĲȐ ĲȘȞ 

ȑȞαȡȟȘ ĲȠυ įİȪĲİȡȠυ ıĲαįȓȠυ ȥȪȟȘȢ ĲȠυ πȡȠȖȡȐȝȝαĲȠȢ, ȝİĲȐ įȘȜαįȒ ĲȘȞ İȞİȡȖȠπȠȓȘıȘ ĲȠυ 

φυȖȠțİȞĲȡȚțȠȪ αȞİȝȚıĲȒȡα πȠυ įȚαșȑĲİȚ ĲȠ Katanax K1 Prime. ǹυĲȩ ȑıĲȡİȥİ ĲȘȞ πȡȠıȠȤȒ ȝαȢ 

ıĲȠȞ παȡȐȖȠȞĲα İυαȚıșȘıȓαȢ ĲȠυ įİȓȖȝαĲȠȢ ıĲȚȢ απȩĲȠȝİȢ ȝİĲαȕȠȜȑȢ șİȡȝȠțȡαıȓαȢ. 

 

ΣȤȒȝα  4.14 ΘȡαȪıȘ įİȓȖȝαĲȠȢ ȝİ ȠȟİȓįȚȠ ĲȠυ ĲȚĲαȞȓȠυ ȜȩȖȦ ȥȪȟȘȢ  

ΈĲıȚ, İπȚȤİȚȡȒșȘțİ Ș παȡαıțİυȒ ĲȦȞ İπȩȝİȞȦȞ įİȚȖȝȐĲȦȞ TiO2 ȤȦȡȓȢ ĲȘȞ ȤȡȒıȘ ĲȠυ 

įİȪĲİȡȠυ ıĲαįȓȠυ ȥȪȟȘȢ, ȤȦȡȓȢ ĲȘȞ İȞİȡȖȠπȠȓȘıȘ įȘȜαįȒ ĲȠυ φυȖȠțİȞĲȡȚțȠȪ αȞİȝȚıĲȒȡα. 

ǼπȚıȘȝαȓȞİĲαȚ ȩĲȚ υπȒȡȤİ ıȤİĲȚțȒ αȞαφȠȡȐ ıĲȠ İȖȤİȚȡȓįȚȠ ĲȠυ țαĲαıțİυαıĲȒ [12]
. ǼπİȚįȒ ĲȠ 

ȜȠȖȚıȝȚțȩ ĲȠυ Katanax K1 Prime įİȞ İπȚĲȡȑπİȚ ĲȘȞ įȚαȖȡαφȒ Ȓ παȡȐțαȝȥȘ İȞȩȢ ıĲαįȓȠυ απȩ ĲȠ 

İțȐıĲȠĲİ πȡȩȖȡαȝȝα, απȠφαıȓıĲȘțİ Ș πȡȩȦȡȘ ȜȒȟȘ ĲȠυ πȡȠȖȡȐȝȝαĲȠȢ țαĲȐ ĲȠ πȡȫĲȠ ıĲȐįȚȠ 
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ȥȪȟȘȢ, ȩπȠυ παȪİȚ Ș șȑȡȝαȞıȘ ĲȠυ țαȜȠυπȚȠȪ, ȫıĲİ įİȓȖȝα țαȚ țαȜȠȪπȚ Ȟα ȥυȤșȠȪȞ πȜȑȠȞ 

παșȘĲȚțȐ, ȝİ ĲȠȞ αȑȡα ĲȠυ ȤȫȡȠυ (șİȡȝȠțȡαıȓα įȦȝαĲȓȠυ).  

ǹțȠȜȠυșȫȞĲαȢ αυĲȒ ĲȘȞ ĲȡȠπȠπȠȓȘıȘ (πȡȩȖȡαȝȝα «OXIDE», ȝİ πȡȩȦȡȠ ĲİȡȝαĲȚıȝȩ 

πȡȚȞ ĲȘȞ ȑȞαȡȟȘ ĲȠυ įİȪĲİȡȠυ ıĲαįȓȠυ ȥȪȟȘȢ) παȡαıțİυȐıșȘțαȞ įȪȠ įİȓȖȝαĲα ȝİ ȕȠȡȚțȐ 

ȐȜαĲα ıİ αȞαȜȠȖȓα 50 % ĲİĲȡαȕȠȡȚțȩ ȜȓșȚȠ – 50 % ȝİĲαȕȠȡȚțȩ ȜȓșȚȠ, įȚαφȠȡİĲȚțȒ απȩ αυĲȒ 

πȠυ İȓȤİ ȤȡȘıȚȝȠπȠȚȘșİȓ ıĲȚȢ πȡȠȘȖȠȪȝİȞİȢ πİȡȚπĲȫıİȚȢ, LiI ȦȢ non wetting agent țαȚ 0.7 gr 

TiO2. ȉȠ απȠĲȑȜİıȝα țαȚ ıĲȚȢ įȪȠ πİȡȚπĲȫıİȚȢ ȒĲαȞ İπȚĲυȤȑȢ țαȚ Ĳα įİȓȖȝαĲα ȒĲαȞ πȜȒȡȦȢ 

įȚȐφαȞα, ȝİ ȝȚα İȜαφȡȐ ȜİυțȒ απȩȤȡȦıȘ Ș ȠπȠȓα απȠįȓįİĲαȚ ıĲȠ ȠȟİȓįȚȠ ĲȠυ ĲȚĲαȞȓȠυ, ȤȦȡȓȢ 

ȠȡαĲȑȢ αĲȑȜİȚİȢ, φυıαȜȓįİȢ Ȓ αįȚȐȜυĲȘ Ƞυıȓα ıĲȠ İıȦĲİȡȚțȩ ĲȠυȢ (ȕȜ. ȈȤȒȝα 4.15). ǼπȚπȜȑȠȞ, Ș 

İπȚφȐȞİȚα ȒĲαȞ Ȝİȓα țαȚ Ș απȠțȩȜȜȘıȘ απȩ ĲȠ țαȜȠȪπȚ ȒĲαȞ İȪțȠȜȘ. Η ȝȠȞαįȚțȒ αĲȑȜİȚα țαȚ 

ıĲȚȢ įȪȠ πİȡȚπĲȫıİȚȢ ȒĲαȞ Ș İȝφȐȞȚıȘ ȝȚțȡȫȞ ȡȦȖȝȫȞ, αȞĲȓıĲȠȚȤİȢ ıİ ȝȒțȠȢ ȝİ ȝȚα αțĲȓȞα ĲȠυ 

țυțȜȚțȠȪ țαȜȠυπȚȠȪ. ȆαȡȩȜα αυĲȐ, ȠȚ ȡȦȖȝȑȢ αυĲȑȢ įİȞ İπȘȡȑαıαȞ Ĳα įİȓȖȝαĲα, Ĳα ȠπȠȓα 

įȚαĲȒȡȘıαȞ ĲȠ ıȤȒȝα ĲȠυȢ țαȚ įİȞ ȠįȘȖȒșȘțαȞ ıİ șȡαȪıȘ.  

 

ΣȤȒȝα  4.15 ǼπȚĲυȤȒȢ παȡαıțİυȒ įİȓȖȝαĲȠȢ TiO2 

ȂİĲȐ απȩ αυĲȩ ĲȠ απȠĲȑȜİıȝα ıĲȚȢ įȠțȚȝȑȢ πȠυ αțȠȜȠȪșȘıαȞ įȩșȘțİ ȝİȖαȜȪĲİȡȘ 

ıȘȝαıȓα ıĲȘ įȚαįȚțαıȓα ȥȪȟȘȢ, ĲȘȢ ȠπȠȓαȢ Ș ıȘȝαıȓα įİȞ İȓȤİ ȦȢ Ĳȫȡα απαıȤȠȜȒıİȚ. 

ǼπȚıȘȝαȓȞİĲαȚ ȩĲȚ įİȞ ȕȡȑșȘțαȞ ıȤİĲȚțȑȢ ȠįȘȖȓİȢ/αȞαφȠȡȑȢ ıĲȠ İȖȤİȚȡȓįȚȠ ĲȠυ țαĲαıțİυαıĲȒ 

țαȚ ıĲȘ ȕȚȕȜȚȠȖȡαφȓα.  

 

4.4.2 ȆαȡαıțİυȒ πȡȩĲυπȠυ įİȓȖȝαĲȠȢ ȠȟİȚįȓȠυ Fe ȝİ ıȪȞĲȘȟȘ 

 ǹπȩ ĲȘȞ ȚįȚαȓĲİȡα ȤȡȠȞȠȕȩȡα įȚαįȚțαıȓα ĲȘȢ παȡαıțİυȒȢ ĲȠυ įİȓȖȝαĲȠȢ ȠȟİȚįȓȠυ ĲȠυ 

ĲȚĲαȞȓȠυ țαȚ ĲȚȢ įυıțȠȜȓİȢ πȠυ αȞĲȚȝİĲȦπȓıșȘțαȞ πȡȠȑțυȥαȞ αȡțİĲȐ ıυȝπİȡȐıȝαĲα ȝİȖȐȜȘȢ 

ıȘȝαıȓαȢ ȖȚα ĲȘȞ παȡαıțİυȒ įİȚȖȝȐĲȦȞ ȠȟİȚįȓȦȞ ȝİ ĲȘȞ ĲİȤȞȚțȒ ĲȘȢ ıȪȞĲȘȟȘȢ ȕȠȡȚțȫȞ αȜȐĲȦȞ. 
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ǹȡȤȚțȐ, ȦφİȜİȓ ȚįȚαȓĲİȡα Ș ȝİȓȦıȘ ĲȘȢ πȠıȩĲȘĲαȢ ĲȠυ ȠȟİȚįȓȠυ ıĲȠ ȝȓȖȝα, ıİ ıȤȑıȘ ȝİ Ĳα 

įİȓȖȝαĲα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ. ȆαȡȩĲȚ ıĲα įİȓȖȝαĲα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ υπȐȡȤİȚ Ș įυȞαĲȩĲȘĲα 

παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ ȝİ αȞαȜȠȖȓİȢ ȝȐȗαȢ ȕȠȡȚțȫȞ αȜȐĲȦȞ πȡȠȢ ıĲİȡİȐ Ƞυıȓα ĲȘȢ ĲȐȟȘȢ ĲȠυ 

5:1, ıĲȘȞ πİȡȓπĲȦıȘ ĲȦȞ ȠȟİȚįȓȦȞ ıυȞȓıĲαĲαȚ Ș ȤȡȒıȘ αȞαȜȠȖȓȦȞ ĲȘȢ ĲȐȟȘȢ ĲȠυ 14:1, ȩπȦȢ 

αυĲȒ πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțİ ıĲα įİȓȖȝαĲα ȠȟİȚįȓȠυ ĲȠυ ĲȚĲαȞȓȠυ. ǼπȚπȜȑȠȞ, ȜȩȖȦ ȝİȖαȜȪĲİȡȘȢ 

İυαȚıșȘıȓαȢ ıĲȚȢ απȩĲȠȝİȢ αȜȜαȖȑȢ șİȡȝȠțȡαıȓαȢ, πȡȠĲİȓȞİĲαȚ Ș απȠφυȖȒ ĲȘȢ ȤȡȒıȘȢ ĲȠυ 

αȞİȝȚıĲȒȡα, įȘȜαįȒ Ș παȡȐțαȝȥȘ ĲȠυ įİυĲȑȡȠυ ıĲαįȓȠυ ȥȪȟȘȢ ĲȠυ İțȐıĲȠĲİ πȡȠȖȡȐȝȝαĲȠȢ 

πȚȑȗȠȞĲαȢ ĲȠ πȜȒțĲȡȠ «STOP» πȠυ İȝφαȞȓȗİĲαȚ ıĲȘȞ țİȞĲȡȚțȒ ȠșȩȞȘ ĲȠυ Katanax K1 Prime 

țαĲȐ ĲȘȞ ıȪȞĲȘȟȘ.  

 ȁαȝȕȐȞȠȞĲαȢ υπȩȥȘ Ĳα παȡαπȐȞȦ ıυȝπİȡȐıȝαĲα παȡαıțİυȐıșȘțİ įİȓȖȝα ȠȟİȚįȓȠυ  

ĲȠυ ıȚįȒȡȠυ Fe. ȉȠ įİȓȖȝα αυĲȩ İȓȞαȚ ȚįȚαȓĲİȡα ıȘȝαȞĲȚțȩ ȖȚα ĲȘ įȚαįȚțαıȓα ĲȘȢ πȠıȠĲȚțȒȢ 

αȞȐȜυıȘȢ ȐȖȞȦıĲȦȞ πİȡȚȕαȜȜȠȞĲȚțȫȞ įİȚȖȝȐĲȦȞ. ΓȚα ĲȠ įİȓȖȝα ȝİ ȠȟİȓįȚȠ ĲȠυ ıȚįȒȡȠυ, 

ȤȡȘıȚȝȠπȠȚȒșȘțİ Fe2O3, υȥȘȜȒȢ țαșαȡȩĲȘĲαȢ 99.99 % ıİ ȝȠȡφȒ ıțȩȞȘȢ. ΓȚα ĲȘȞ İπȚȜȠȖȒ ĲȘȢ 

αȞαȜȠȖȓαȢ ȕȠȡȚțȫȞ αȜȐĲȦȞ ȤȡȘıȚȝȠπȠȚȒșȘțİ Ș πȡȠĲİȚȞȩȝİȞȘ αȞαȜȠȖȓα ĲȠυ ȆȓȞαțα 4.1, ȩπȠυ 

ȖȚα ĲȠ  FeଶOଷ πȡȠĲİȓȞİĲαȚ Ș αȞαȜȠȖȓα 50 % ĲİĲȡαȕȠȡȚțȩ ȜȓșȚȠ - 50 % ȝİĲαȕȠȡȚțȩ ȜȓșȚȠ. Η ȝȐȗα 

ĲȠυ FeଶOଷ πİȡȚȠȡȓıĲȘțİ ıĲα 0.7 gr, ȩπȦȢ ıĲȘȞ πİȡȓπĲȦıȘ ĲȦȞ İπȚĲυȤȘȝȑȞȦȞ įİȚȖȝȐĲȦȞ 

ȠȟİȚįȓȠυ ĲȠυ ĲȚĲαȞȓȠυ. ȉȑȜȠȢ, Ș ıȪȞĲȘȟȘ ȑȖȚȞİ ȝİ ĲȠ πȡȠȖȡȐȝȝαĲȠȢ «OXIDE», ȝİ πȡȩȦȡȠ 

ĲİȡȝαĲȚıȝȩ πȡȚȞ ĲȘȞ ȑȞαȡȟȘ ĲȠυ įİȪĲİȡȠυ ıĲαįȓȠυ ȥȪȟȘȢ. 

 Η παȡαıțİυȒ ĲȠυ įİȓȖȝαĲȠȢ ȝİ FeଶOଷ ȒĲαȞ İπȚĲυȤȒȢ, ȝİ ȝȠȞαįȚțȒ αĲȑȜİȚα ĲȘȞ İȝφȐȞȚıȘ 

ȝȚα ȝȚțȡȒȢ ȡȦȖȝȒȢ ıĲȠ İıȦĲİȡȚțȩ ĲȠυ įİȓȖȝαĲȠȢ, ȤȦȡȓȢ ȩȝȦȢ Ȟα Ȥαșİȓ υȜȚțȩ Ȓ Ȟα ıπȐıİȚ ĲȠ 

įİȓȖȝα. Η ȡȦȖȝȒ αυĲȒ İȝφαȞȓȗİĲαȚ αțȩȝȘ țαȚ ıİ șİȡȝȠțȡαıȓα įȦȝαĲȓȠυ, αφȠȪ αφαȚȡİșİȓ ĲȠ 

įİȓȖȝα απȩ ĲȠ țαȜȠȪπȚ ȝİĲȐ ĲȠ πȑȡαȢ ĲȘȢ ıȪȞĲȘȟȘȢ. ȉȠ įİȓȖȝα ȒĲαȞ ȠȝȠȚȠȖİȞȑȢ țαȚ įȚȐφαȞȠ ȝİ 

țαφȑ απȩȤȡȦıȘ, ȤȦȡȓȢ ȐȜȜİȢ ȠȡαĲȑȢ αĲȑȜİȚİȢ Ȓ φυıαȜȓįİȢ, ȩπȦȢ φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 4.16,   

ȠπȩĲİ țȡȓșȘțİ ȩĲȚ įİȞ υπȒȡȤİ αȞȐȖțȘ İπαȞȐȜȘȥȘȢ ĲȘȢ įȚαįȚțαıȓαȢ.    

 

ΣȤȒȝα  4.16 ǻİȓȖȝα ıȪȞĲȘȟȘȢ ȝİ  Fe2O3 
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4.4.3 ȆαȡαıțİυȒ πȡȩĲυπȠυ įİȓȖȝαĲȠȢ ȐȜαĲȠȢ Sr ȝİ ıȪȞĲȘȟȘ 

 ΓȚα ĲȘȞ πİȡȓπĲȦıȘ ĲȠυ πȡȩĲυπȠυ įİȓȖȝαĲȠȢ ȝİ  Sr  ȤȡȘıȚȝȠπȠȚȒșȘțİ ĲȠ αȞșȡαțȚțȩ ȐȜαȢ  SrCOଷ υȥȘȜȒȢ țαșαȡȩĲȘĲαȢ 99 %, ıυȖțİțȡȚȝȑȞα ȤȡȘıȚȝȠπȠȚȒșȘțİ ȝȐȗα 0.7 gr SrCOଷ. ΓȚα ĲȘ 

ıȪȞĲȘȟȘ İπȚȜȑȤșȘțİ αȞαȜȠȖȓα ȕȠȡȚțȫȞ αȜȐĲȦȞ 67 % ĲİĲȡαȕȠȡȚțȩ ȜȓșȚȠ/ 33 % ȝİĲαȕȠȡȚțȩ ȜȓșȚȠ 

țαȚ αțȠȜȠυșȒșȘțİ ĲȠ πȡȩȖȡαȝȝα «OXIDE» ȝİ πȡȩȦȡȠ ĲİȡȝαĲȚıȝȩ πȡȚȞ ĲȘȞ ȑȞαȡȟȘ ĲȠυ 

įİȪĲİȡȠυ ıĲαįȓȠυ ȥȪȟȘȢ. Η παȡαıțİυȒ ĲȠυ įİȓȖȝαĲȠȢ ȝİ SrCO3 ȒĲαȞ İπȚĲυȤȒȢ, ȝİ ȝȠȞαįȚțȒ 

αĲȑȜİȚα ĲȘȞ İȝφȐȞȚıȘ ȝȚα ȝȚțȡȒȢ ȡȦȖȝȒȢ ıĲȠ İıȦĲİȡȚțȩ ĲȠυ įİȓȖȝαĲȠȢ, ȤȦȡȓȢ ȩȝȦȢ Ȟα Ȥαșİȓ 

υȜȚțȩ Ȓ Ȟα ıπȐıİȚ ĲȠ įİȓȖȝα. Η ȡȦȖȝȒ αυĲȒ İȝφαȞȓȗİĲαȚ αțȩȝȘ țαȚ ıİ șİȡȝȠțȡαıȓα įȦȝαĲȓȠυ, 

αφȠȪ αφαȚȡİșİȓ ĲȠ įİȓȖȝα απȩ ĲȠ țαȜȠȪπȚ ȝİĲȐ ĲȠ πȑȡαȢ ĲȘȢ ıȪȞĲȘȟȘȢ. To įİȓȖȝα ȒĲαȞ 

ȠȝȠȚȠȖİȞȑȢ țαȚ įȚȐφαȞȠ, ȤȦȡȓȢ ȠȡαĲȑȢ αĲȑȜİȚİȢ, φυıαȜȓįİȢ Ȓ αįȚȐȜυĲȘ Ƞυıȓα, ȩπȦȢ φαȓȞİĲαȚ ıĲȠ 

ȈȤȒȝα 4.17.  

 

ΣȤȒȝα 4.17 ǻİȓȖȝα ıȪȞĲȘȟȘȢ ȝİ SrCO3 

 

4.4.4 ȆαȡαıțİυȒ πȡȩĲυπȠυ įİȓȖȝαĲȠȢ ȠȟİȚįȓȠυ Zn ȝİ ıȪȞĲȘȟȘ  

 Η αȡȤȚțȒ πȡȠıπȐșİȚα πȡȠİĲȠȚȝαıȓαȢ įİȓȖȝαĲȠȢ ȠȟİȚįȓȠυ Zn πȠυ ȝİ 0.5 gr ȝȐȗαȢ ZnO 

(țαșαȡȩĲȘĲαȢ 99.9%)  ȠįȒȖȘıİ ıİ αȞİπȚĲυȤȑȢ απȠĲȑȜİıȝα, țαșȫȢ ĲȠ įİȓȖȝα απȠțȠȜȜȒșȘțİ ȝİ 

İȟαȚȡİĲȚțȒ įυıțȠȜȓα απȩ ĲȠ țαȜȠȪπȚ țαȚ ȒĲαȞ ĲİȜİȓȦȢ αįȚαφαȞȑȢ, ȕȜ. ȈȤȒȝα 4.18α. Η αȞαȜȠȖȓα 

ȕȠȡȚțȫȞ αȜȐĲȦȞ 67% ĲİĲȡαȕȠȡȚțȩ ȜȓșȚȠ - 33% ȝİĲαȕȠȡȚțȩ ȜȓșȚȠ  πȠυ αțȠȜȠυșȒșȘțİ ȒĲαȞ αυĲȒ 

πȠυ πȡȠĲİȓȞİȚ Ƞ țαĲαıțİυαıĲȒȢ  ıȪȝφȦȞα ȝİ ĲȠȞ ȆȓȞαțα 4.1. ȆȡȠıĲȑșȘțİ LiI ȦȢ non wetting 

agent țαȚ Ș ıȪȞĲȘȟȘ ȑȖȚȞİ ȝİ ĲȠ πȡȩȖȡαȝȝα «OXIDǼ» ȝİ πȡȩȦȡȠ ĲİȡȝαĲȚıȝȩ ĲȘȢ ȥȪȟȘȢ, ȩπȦȢ 

țαȚ ıĲȘȞ πİȡȓπĲȦıȘ πȡȠȘȖȠȪȝİȞȦȞ įİȚȖȝȐĲȦȞ ȝİ ȠȟİȓįȚα. ȆȑȡαȞ απȩ ĲȘȞ πȠȚȩĲȘĲα ĲȠυ 

įİȓȖȝαĲȠȢ, ĲȠ ıȘȝαȞĲȚțȩĲİȡȠ πȡȩȕȜȘȝα ȒĲαȞ ȩĲȚ ȝȚțȡȒ πȠıȩĲȘĲα ĲȒȖȝαĲȠȢ ıĲİȡİȠπȠȚȒșȘțİ ıĲȠ 

įȠȤİȓȠ ĲȒȟİȦȢ, İπİȚįȒ ȒĲαȞ πȠȜȪ παȤȪȡİυıĲȠ (ȕȜ. ȈȤȒȝα 4.19). ȉȠ ıυȝȕȐȞ İȓȞαȚ αȞȘıυȤȘĲȚțȩ 
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țαșȫȢ İȞȑȤİȚ țȓȞįυȞȠ ȖȚα πȡȩțȜȘıȘ ȕȜȐȕȘȢ ıĲȘ ıυıțİυȒ ıȪȞĲȘȟȘȢ, İȞȫ παȡȐȜȜȘȜα αυȟȐȞİȚ 

ıȘȝαȞĲȚțȐ ĲȠȞ ȤȡȩȞȠ παȡαıțİυȒȢ ĲȠυ įİȓȖȝαĲȠȢ, țαșȫȢ įȘȝȚȠυȡȖİȓĲαȚ Ș αȞȐȖțȘ įȚİȟȠįȚțȠȪ 

țαșαȡȚıȝȠȪ ĲȩıȠ ĲȠυ ȤȦȞİυĲȘȡȓȠυ, ȩıȠ țαȚ ĲȘȢ ıυıțİυȒȢ ȝİĲȐ ĲȠ πȑȡαȢ ĲȘȢ ıȪȞĲȘȟȘȢ.  

ȂİĲȐ απȩ πȡȠȕȜȘȝαĲȚıȝȩ απȠφαıȓıĲȘțİ Ș įȡαıĲȚțȒ ȝİȓȦıȘ ĲȘȢ πȠıȩĲȘĲαȢ ĲȘȢ ıĲİȡİȐȢ ȠυıȓαȢ 

ȝȑȤȡȚ ĲȘȞ πȠıȩĲȘĲα ĲȠυ 0.1gr ZnO. ȉα απȠĲİȜȑıȝαĲα ĲȘȢ ȝİȓȦıȘȢ αυĲȒȢ ȒĲαȞ șİĲȚțȐ, țαșȫȢ 

țαȚ ĲȠ πȡȩĲυπȠ įİȓȖȝα  παȡαıțİυȐıĲȘțİ ȝİ αυĲȒ ĲȘ ȝȐȗα ZnO įİȞ παȡȠυıȓαıİ țαȞȑȞα 

ȚįȚαȓĲİȡȠ πȡȩȕȜȘȝα țαĲȐ ĲȘ ıȪȞĲȘȟȘ, αφαȚȡȑșȘțİ ȝİ İυțȠȜȓα απȩ ĲȠ  țαȜȠȪπȚ țαȚ ȒĲαȞ 

įȚαφαȞȑȢ țαȚ ȠȝȠȚȠȖİȞȑȢ ȤȦȡȓȢ țαȝȓα ȠȡαĲȒ αĲȑȜİȚα țαȚ ȝİ ıĲȚȜπȞȒ İπȚφȐȞİȚα țαȚ ıĲȚȢ įȪȠ ĲȠυȢ 

πȜİυȡȑȢ ȕȜ. ȈȤȒȝα 4.18ȕ 

 

 

 

 

 

 

 

 

 

 

 

 

ΣȤȒȝα 4.18: (α)  ǻİȓȖȝα ıȪȞĲȘȟȘȢ ȝİ 0.25gr ZnO  țαȚ (ȕ)  ǻİȓȖȝα ıȪȞĲȘȟȘȢ ȝİ 0.1gr ZnO 
 

ΣȤȒȝα 4.19 ıυȝπȪțȞȦıȘ ĲȒȖȝαĲȠȢ țαĲȐ ĲȘ ıȪȞĲȘȟȘ įİȓȖȝαĲȠȢ ȝİ ZnO 

(α) (ȕ) 
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4.4.5 ȆαȡαıțİυȒ πȡȩĲυπȠυ įİȓȖȝαĲȠȢ ȐȜαĲȠȢ Ca ȝİ ıȪȞĲȘȟȘ 

 ΓȚα ĲȘȞ παȡαıțİυȒ πȡȩĲυπȠυ įİȓȖȝαĲȠȢ ȝİ Ca ȤȡȘıȚȝȠπȠȚȒșȘțİ αȞșȡαțȚțȩ αıȕȑıĲȚȠ 

CaCO3 țαșαȡȩĲȘĲαȢ 99.9%. Η ıȪȞĲȘȟȘ ȝȐȗαȢ 0.1gr  CaCO3  (αțȠȜȠυșȒșȘțİ  ĲȠ παȡȐįİȚȖȝα 

ȝİȚȦȝȑȞȘȢ ȝȐȗαȢ ĲȠυ ZnO)  ȑȖȚȞİ ȝİ αȞαȜȠȖȓα 67 % ĲİĲȡαȕȠȡȚțȩ ȜȚșȚȠ/33 % ȝİĲαȕȠȡȚțȩ ȜȓșȚȠ,  

ȝİ πȡȠıșȒțȘ  LiI ȦȢ non  wetting agent. Η ıȪȞĲȘȟȘ ȑȖȚȞİ ȝİ ĲȠ πȡȩȖȡαȝȝα «OXIDE» ȝİ 

πȡȩȦȡȠ ĲİȡȝαĲȚıȝȩ πȡȚȞ ĲȘȞ ȑȞαȡȟȘ ĲȠυ įİȪĲİȡȠυ ıĲαįȓȠυ ȥȪȟȘȢ. ȈĲȠ ȈȤȒȝα 4.20 φαȓȞİĲαȚ ĲȠ 

πȡȩĲυπȠ įİȓȖȝα ȝİ CaCO3 πȠυ πȡȠȑțυȥİ ĲȠ ȠπȠȓȠ  įİȞ παȡȠυıȓαıİ țαȞȑȞα ȚįȚαȓĲİȡȠ πȡȩȕȜȘȝα 

țαĲȐ ĲȘ ıȪȞĲȘȟȘ, αφαȚȡȑșȘțİ ȝİ İυțȠȜȓα απȩ ĲȠ  țαȜȠȪπȚ țαȚ ȒĲαȞ įȚαφαȞȑȢ țαȚ ȠȝȠȚȠȖİȞȑȢ.  

 

ΣȤȒȝα 4.20 ǻİȓȖȝα ıȪȞĲȘȟȘȢ ȝİ CaCO3 

 

4.4.6 ǻȠțȚȝȑȢ παȡαıțİυȒȢ πȡȩĲυπȠυ įİȓȖȝαĲȠȢ ȠȟİȚįȓȠυ Cu  ȝİ ıȪȞĲȘȟȘ 

 ǼțĲȩȢ απȩ Ĳα πȡȩĲυπα įİȓȖȝαĲα πȠυ παȡȠυıȚȐıĲȘțαȞ παȡαπȐȞȦ, ȖȚα ĲȚȢ αȞȐȖțİȢ ĲȘȢ 

παȡȠȪıαȢ ǻ.Ǽ.  İπȚȤİȚȡȒșȘțİ țαȚ Ș παȡαıțİυȒ ȝİ ıȪȞĲȘȟȘ πȡȩĲυπȠυ įİȓȖȝαĲȠȢ ȝİ ȠȟİȓįȚȠ ĲȠυ 

ȤαȜțȠȪ (CuO). O ȤαȜțȩȢ αȞȚȤȞİȪİĲαȚ ıĲα įİȓȖȝαĲα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ȂİȖαȜȩπȠȜȘȢ țαȚ Ș Η 

παȡαıțİυȒ πȡȩĲυπȠυ įİȓȖȝαĲȠȢ CuO ȤȡİȚȐȗİĲαȚ ȖȚα Ȟα ȕİȜĲȚȦșȠȪȞ Ĳα απȠĲİȜȑıȝαĲα πȠıȠĲȚțȒȢ 

ȕαșȝȠȞȩȝȘıȘȢ (ȕȜ. 5
Ƞ
 ȀİφȐȜαȚȠ). ȉα απȠĲİȜȑıȝαĲα ĲȘȢ ıȪȞĲȘȟȘȢ ĲȦȞ πȡȩĲυπȦȞ įİȚȖȝȐĲȦȞ 

ȠȟİȚįȓȠυ ĲȠυ ȤαȜțȠȪ (CuO) İȝφȐȞȚıαȞ πȠȜȜȑȢ įυıțȠȜȓİȢ ıĲȘȞ įȚαįȚțαıȓα παȡαıțİυȒȢ ĲȠυȢ, 

πȠυ įİȞ ȑȖȚȞİ İφȚțĲȩ Ȟα ȟİπİȡαıĲȠȪȞ ıĲȘ įȚȐȡțİȚα ĲȘȢ παȡȠȪıαȢ ǻǼ, ȝİ απȠĲȑȜİıȝα Ĳα 

παȡαȤșȑȞĲα įİȓȖȝαĲα Ȟα ȝȘȞ ȤȡȘıȚȝȠπȠȚȘșȠȪȞ ȖȚα αȞαȜȪıİȚȢ ȝİ ĲȘȞ ĲİȤȞȚțȒ XRF. ȆαȡȩȜα 

αυĲȐ, Ș παȡαțȐĲȦ παȡȠυıȓαıȘ ĲȦȞ πȡȠıπαșİȚȫȞ πȠυ ȑȖȚȞαȞ țαȚ ĲȦȞ παȡαȝȑĲȡȦȞ πȠυ 

ȤȡȘıȚȝȠπȠȚȒșȘțαȞ țȡȓșȘțİ ıȘȝαȞĲȚțȒ ȖȚα ĲȘȞ İȟαȖȦȖȒ ıυȝπİȡαıȝȐĲȦȞ țαȚ ȦȢ παȡαțαĲαșȒțȘ 

ȖȚα ȝİȜȜȠȞĲȚțȑȢ πȡȠıπȐșİȚİȢ.  
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 Η İπȚȜȠȖȒ ĲȘȢ αȞαȜȠȖȓαȢ ȕȠȡȚțȫȞ αȜȐĲȦȞ  ȖȚα ĲȘȞ παȡαıțİυȒ ĲȠυ πȡȩĲυπȠυ įİȓȖȝαĲȠȢ 

ȠȟİȚįȓȠυ ĲȠυ ȤαȜțȠȪ (CuO) ȕαıȓıĲȘțİ ıĲȠȞ πȓȞαțα 4.1. ȈĲȘȞ πİȡȓπĲȦıȘ ĲȠυ ȠȟİȚįȓȠυ ĲȠυ 

ȤαȜțȠȪ (CuO) πȡȠĲİȓȞİĲαȚ Ș αȞαȜȠȖȓα ĲİĲȡαȕȠȡȚțȠȪ țαȚ ȝİĲαȕȠȡȚțȠȪ ȜȚșȓȠυ 67 % - 33 %. 

ǼπȓıȘȢ, ȩπȦȢ țαȚ ȖȚα ȩȜα Ĳα įİȓȖȝαĲα πȠυ παȡαıțİυȐıĲȘțαȞ ıĲα πȜαȓıȚα ĲȘȢ ǻǼ, 

ȤȡȘıȚȝȠπȠȚȒșȘțİ υįαĲȚțȩ įȚȐȜυȝα LiI ȦȢ non wetting agent. ȉȑȜȠȢ, İπİȚįȒ Ș ıĲİȡİȐ Ƞυıȓα πȠυ 

ȤȡȘıȚȝȠπȠȚȒșȘțİ İȓȞαȚ πȜȒȡȦȢ ȠȟİȚįȦȝȑȞȘ, ȖȚα ĲȘ ıȪȞĲȘȟȘ αțȠȜȠυșȒșȘțİ ĲȠ πȡȩȖȡαȝȝα 

«OXIDE», ȝİ πȡȩȦȡȘ įȚαțȠπȒ ĲȠυ πȡȚȞ ĲȘȞ ȑȞαȡȟȘ ĲȠυ įİȪĲİȡȠυ ıĲαįȓȠυ ȥȪȟȘȢ.  

ǹȡȤȚțȐ ȖȚα ĲȠ πȡȩĲυπȠ įİȓȖȝα ȠȟİȚįȓȠυ ĲȠυ ȤαȜțȠȪ (CuO) πȠυ παȡαıțİυȐıĲȘțİ ȝİ ĲȘȞ 

παȡαπȐȞȦ įȚαįȚțαıȓα ȤȡȘıȚȝȠπȠȚȒșȘțαȞ 0.5 gr CuO, αțȠȜȠυșȫȞĲαȢ ĲȠ παȡȐįİȚȖȝα ĲȠυ Fe2O3. 

ȆαȡȐ ĲȘȞ πȡȠıșȒțȘ İȟαȚȡİĲȚțȐ ȤαȝȘȜȒȢ πȠıȩĲȘĲαȢ ȠȟİȚįȓȠυ, ĲȠ įİȓȖȝα πȠυ παȡȐȤșȘțİ ȒĲαȞ 

ĲİȜİȓȦȢ αįȚαφαȞȑȢ, ȝαȪȡȠυ ȤȡȫȝαĲȠȢ, ȝİ İπȚφȐȞİȚα πȠυ İȓȤİ țυȝαĲȚıȝȠȪȢ țαȚ αȞȠȝȠȚȠȖȑȞİȚİȢ 

țαȚ ıĲȚȢ įȪȠ πȜİυȡȑȢ ĲȠυ įİȓȖȝαĲȠȢ. ǼπȠȝȑȞȦȢ, įİȞ șİȦȡȒșȘțİ ȚțαȞȠπȠȚȘĲȚțȩ țαȚ Ș πȡȠıπȐșİȚα 

ıυȞİȤȓıĲȘțİ ȝİ ȝİȓȦıȘ ĲȘȢ ȝȐȗαȢ ĲȘȢ ıĲİȡİȐȢ ȠυıȓαȢ ıĲα 0.25gr CuO. ȀαȚ αυĲȒ ĲȘ φȠȡȐ ĲȠ 

įİȓȖȝα πȠυ πȡȠȑțυȥİ ȒĲαȞ αįȚαφαȞȑȢ țαȚ ȝİ țαțȒ πȠȚȩĲȘĲα İπȚφαȞİȓαȢ. Η πȡȠıπȐșİȚα 

İπαȞαȜȒφșȘțİ ȝİ ĲȘȞ ȓįȚα πȠıȩĲȘĲα ıĲİȡİȐȢ ȠυıȓαȢ 0.25gr  ȩȝȦȢ įİȞ υπȒȡȟİ ȕİȜĲȓȦıȘ ĲȠυ 

απȠĲİȜȑıȝαĲȠȢ.  

ǼțĲȩȢ απȩ ĲȘ φαȞİȡȒ αȞȠȝȠȚȠȖȑȞİȚα țαȚ ĲȘȞ αȞȫȝαȜȘ İπȚφȐȞİȚα  πȠυ ȑțαȞαȞ İȞĲİȜȫȢ 

αțαĲȐȜȜȘȜα Ĳα įİȓȖȝαĲα CuO πȠυ παȡαıțİυȐıșȘțαȞ Ȟα ȤȡȘıȚȝȠπȠȚȘșȠȪȞ ȦȢ πȡȩĲυπα, 

παȡȠυıȚȐıĲȘțαȞ țαȚ İπȚπȜȑȠȞ įυıțȠȜȓİȢ ȠȚ ȠπȠȓİȢ įİȞ İπȑĲȡİȥαȞ ĲȘ ıυȞȑȤȚıȘ ĲȦȞ 

πȡȠıπαșİȚȫȞ ȝİ ȝȚțȡȩĲİȡȘ ȝȐȗαȢ CuO. ȈυȖțİțȡȚȝȑȞα, παȡȠυıȚȐıĲȘțİ ȚįȚαȓĲİȡȘ įυıțȠȜȓα ıĲȘȞ 

απȠțȩȜȜȘıȘ ĲȠυ įİȓȖȝαĲȠȢ απȩ ĲȠ țαȜȠȪπȚ ȝİĲȐ ĲȠ πȑȡαȢ ĲȘȢ įȚαįȚțαıȓαȢ ĲȘȢ ıȪȞĲȘȟȘȢ παȡȐ 

ĲȘ ȤȡȒıȘ ĲȠυ LiI ȦȢ non wetting agent ıĲȠ ȝİȓȖȝα. ǼπȚπȜȑȠȞ, παȡȠυıȚȐıșȘțİ ȑȞĲȠȞȘ 

țαĲαțȡȐĲȘıȘ ĲȒȖȝαĲȠȢ ıĲȠ ȤȦȞİυĲȒȡȚȠ, αυĲȒ ĲȘ φȠȡȐ ȩȤȚ ȝİ ĲȘ ȝȠȡφȒ ıĲαȖȠȞȚįȓȦȞ, αȜȜȐ ȝİ 

ĲȘ ȝȠȡφȒ ȝȚαȢ ȜİπĲȒȢ ȝαȪȡȘȢ αįȚαφαȞȠȪȢ İπȓıĲȡȦıȘȢ ıĲȠ İıȦĲİȡȚțȩ ĲȠȓȤȦȝȐ ĲȠυ, πȠυ 

ȤȡİȚȐıĲȘțİ ĲȡȓȥȚȝȠ ȖȚα Ȟα απȠȝαțȡυȞșİȓ. ǼπȓıȘȢ – țαȚ αυĲȩ ȒĲαȞ ĲȠ πȚȠ αȞȘıυȤȘĲȚțȩ – țαĲȐ  

ĲȘ ȤȪĲİυıȘ ȝȚțȡȒ πȠıȩĲȘĲα ȜİπĲȩȡȡİυıĲȠυ ĲȒȖȝαĲȠȢ įȚȑȡȡİυıİ ıĲα İȟȦĲİȡȚțȐ ĲȠȚȤȫȝαĲα ĲȠυ 

ȤȦȞİυĲȘȡȓȠυ. ȈĲȠ ȈȤȒȝα 4.21, φαȓȞİĲαȚ ĲȠ αȞȠȝȠȚȠȖİȞȑȢ țαȚ ȝİ αȞȫȝαȜȘ İπȚφȐȞİȚα įİȓȖȝα ȝİ 

0.25gr CuO. ȈĲȠ ȈȤȒȝα 4.22 φαȓȞȠȞĲαȚ Ĳα υπȠȜİȓȝȝαĲα ĲȒȖȝαĲȠȢ ıĲα İıȦĲİȡȚțȐ țαȚ İȟȦĲİȡȚțȐ 

ĲȠȚȤȫȝαĲα ĲȠυ ȤȦȞİυĲȘȡȓȠυ. 
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 ǼȚįȚțȐ ĲȠ ĲİȜİυĲαȓȠ πȡȩȕȜȘȝα ȠįȒȖȘıİ ıĲȘ įȚαțȠπȒ ĲȦȞ πȡȠıπαșİȚȫȞ παȡαıțİυȒȢ 

πȡȩĲυπȠυ įİȓȖȝαĲȠȢ ȝİ CuO  ıĲȠ πȜαȓıȚȠ ĲȘȢ παȡȠȪıαȢ ǻǼ π.Ȥ. įȠțȚȝȐȗȠȞĲαȢ πİȡαȚĲȑȡȦ 

ȝİȓȦıȘ ĲȘȢ πȠıȩĲȘĲαȢ CuO ıĲȠ 0.1 gr. ǹȞαȗȒĲȘıȘ ıĲȘ įȚİșȞȒ ȕȚȕȜȚȠȖȡαφȓα ȑįİȚȟİ ȩĲȚ Ș 

įυıțȠȜȓα παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ ȤαȜțȠȪ ȝİ ĲȘ ĲİȤȞȚțȒ ĲȘȢ ıȪȞĲȘȟȘȢ ȕȠȡȚțȫȞ αȜȐĲȦȞ ȜȚșȓȠυ 

απȠĲİȜİȓ ȖȞȦıĲȩ φαȚȞȩȝİȞȠ, țαȚ ȝπȠȡİȓ Ȟα αȞĲȚȝİĲȦπȚıĲİȓ ȝİ ĲȘ ȤȡȒıȘ įȚαφȠȡİĲȚțȠȪ İȓįȠυȢ 

αȜȐĲȦȞ ȖȚα ĲȘ ıȪȞĲȘȟȘ ȩπȦȢ  NaPO3 
[15]

.  

 

4.4.7 ΚαșαȡȚıȝȩȢ χωȞİυĲȘȡȓȠυ ȝİĲȐ ĲȘȞ παȡαıțİυȒ įİȚȖȝȐĲωȞ ȝİ ıȪȞĲȘȟȘ  

 Η ıȪȞĲȘȟȘ πȠȚțȓȜȦȞ įİȚȖȝȐĲȦȞ įȘȝȚȠȪȡȖȘıİ ĲȘȞ αȞȐȖțȘ πȠȜȪ țαȜȠȪ țαșαȡȚıȝȠȪ ĲȠυ 

ȤȦȞİυĲȘȡȓȠυ ıĲȠ ȠπȠȓȠ ȖȓȞİĲαȚ ıυȤȞȐ ıȘȝαȞĲȚțȒ țαĲαțȡȐĲȘıȘ υȜȚțȠȪ. ΆȜȜȠĲİ Ĳα ĲȒȖȝαĲα αυĲȐ 

απȠțȠȜȜȠȪȞĲαȞ İȪțȠȜα ȐȜȜİȢ φȠȡȑȢ įİȞ ȒĲαȞ İȪțȠȜȘ Ș απȠțȩȜȜȘıȒ ĲȠυȢ. ȂȐȜȚıĲα, ıĲȘȞ 

πİȡȓπĲȦıȘ ĲȠυ CuO Ș ȜİπĲȒ ȝαȪȡȘ İπȓıĲȡȦıȘ πȠυ įȘȝȚȠυȡȖȒșȘțİ įİȞ ȝπȠȡȠȪıİ Ȟα αφαȚȡİșİȓ 

παȡȐ ȝȩȞȠ ȝİ ĲȡȓȥȚȝȠ ĲȠ ȠπȠȓȠ țαĲαıĲȡȑφİȚ ĲȠ ȤȦȞİυĲȒȡȚȠ.  

 ΓȚα ĲȘȞ αφαȓȡİıȘ αυĲȫȞ ĲȦȞ υπȠȜİȚȝȝȐĲȦȞ αțȠȜȠυșȒșȘțİ Ș πȡαțĲȚțȒ ĲȘȢ ıȪȞĲȘȟȘȢ 

İȞȩȢ įİȓȖȝαĲȠȢ ȝȩȞȠ απȩ ȕȠȡȚțȐ ȐȜαĲα, ȤȦȡȓȢ πȡȩıșİĲİȢ ȠυıȓİȢ. ȉȠ ĲȒȖȝα ȕȠȡȚțȫȞ αȜȐĲȦȞ 

παȡȑıυȡİ țαȚ ĲυȤȩȞ υπȠȜİȓȝȝαĲα țαȚ țαșȐȡȚȗİ ĲȠ ȤȦȞİυĲȒȡȚȠ țαȚ φυıȚțȐ țαȚ ĲυȤȩȞ 

υπȠȜİȓȝȝαĲα (ıπȐȞȚα) ıĲȠ țυȐșȚȠ. Ȉİ ȠȡȚıȝȑȞİȢ πİȡȚπĲȫıİȚȢ ȝπȠȡİȓ Ȟα ȤȡİȚαıĲİȓ țαȚ įİȪĲİȡȘ 

ΣȤȒȝα 4.21 ΑπȠĲυȤȘȝȑȞȠ įİȓȖȝα 
ıȪȞĲȘȟȘȢ 0.25gr CuO 

ΣȤȒȝα 4.22 ΥπȠȜİȓȝȝαĲα  ıĲȠ İıȦĲİȡȚțȩ 
țαȚ ĲȠ İȟȦĲİȡȚțȩ ĲȠυ ȤȦȞİυĲȘȡȓȠυ ȝİĲȐ ĲȘ 

ıȪȞĲȘȟȘ įİȓȖȝαĲȠȢ ȝİ  CuO 
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ıȪȞĲȘȟȘ ȝȩȞȠ ȝİ ȕȠȡȚțȐ ȐȜαĲα.  ȈĲȠ ȈȤȒȝα 4.23 φαȓȞİĲαȚ įİȓȖȝα ‘țαșαȡȚıȝȠȪ’ ĲȠ ȠπȠȓȠ 

İȞıȦȝȐĲȦıİ υπȠȜİȓȝȝαĲα  πȡȠȘȖȠȪȝİȞȘȢ ıȪȞĲȘȟȘȢ țαȚ παȡȠυıȓαıİ αȞȠȝȠȚȠȖȑȞİȚα.  

 

ΣȤȒȝα 4.23 ǻȚıțȓȠ ıȪȞĲȘȟȘȢ ȝȩȞȠ ȝİ ȕȠȡȚțȐ ȐȜαĲα ȖȚα țαșαȡȚıȝȩ ĲȠυ ȤȦȞİυĲȘȡȓȠυ 

 

4.4.8 ȆαȡαıțİυȒ įİȓȖȝαĲȠȢ «υπȠıĲȡȫȝαĲȠȢ» (blank) ȝİ ıȪȞĲȘȟȘ  

 Ȃİ ıĲȩȤȠ Ȟα ȤȡȘıȚȝȠπȠȚȘșİȓ ȖȚα țαĲαȖȡαφȒ ĲȠυ υπȠıĲȡȫȝαĲȠȢ ĲȘȢ įȚȐĲαȟȘȢ XRF, 

παȡαıțİυȐıșȘțİ įİȓȖȝα ȤȡȘıȚȝȠπȠȚȫȞĲαȢ ȝȠȞȐȤα ȕȠȡȚțȐ ȐȜαĲα, įȘȜαįȒ ȝİĲαȕȠȡȚțȩ țαȚ 

ĲİĲȡαȕȠȡȚțȩ ȜȓșȚȠ, ȝİ ĲȘȞ ȠȞȠȝαıȓα ‘KBLANK1’, αφȠȪ φυıȚțȐ țαșαȡȓıĲȘțİ ıȤȠȜαıĲȚțȐ ĲȠ 

ȤȦȞİυĲȒȡȚȠ. ȉȠ įİȓȖȝα İȓȤİ αȞαȜȠȖȓα ȕȠȡȚțȫȞ αȜȐĲȦȞ 50 % - 50 %, İȞȫ ȖȚα ĲȘȞ παȡαıțİυȒ ĲȠυ 

ȤȡȘıȚȝȠπȠȚȒșȘțİ ĲȠ πȡȩȖȡαȝȝα «OXIDE». ǼπȚπȜȑȠȞ, ȩπȦȢ țαȚ ıĲȚȢ πȡȠȘȖȠȪȝİȞİȢ 

πİȡȚπĲȫıİȚȢ, ıĲȠ ȝİȓȖȝα πȡȠıĲȑșȘțİ υįαĲȚțȩ įȚȐȜυȝα LiI ȖȚα ĲȘȞ İυțȠȜȩĲİȡȘ απȠțȩȜȜȘıȘ ĲȠυ 

įİȓȖȝαĲȠȢ απȩ ĲȠ țαȜȠȪπȚ.  

 ȉȠ απȠĲȑȜİıȝα ĲȘȢ ıȪȞĲȘȟȘȢ ĲȠυ įİȓȖȝαĲȠȢ αυĲȠȪ ȒĲαȞ ȚțαȞȠπȠȚȘĲȚțȩ, țαșȫȢ įİȞ 

παȡȠυıȚȐıĲȘțαȞ įυıțȠȜȓİȢ țαĲȐ ĲȘ įȚȐȡțİȚα  ĲȘȢ ıȪȞĲȘȟȘȢ, İȞȫ ĲȠ ĲİȜȚțȩ įİȓȖȝα ȒĲαȞ πȜȒȡȦȢ 

įȚαφαȞȑȢ, ȤȦȡȓȢ ȠȡαĲȑȢ αĲȑȜİȚİȢ țαȚ ȝİ țαȜȒ πȠȚȩĲȘĲα İπȚφαȞİȓαȢ (ȕȜ. ȈȤȒȝα 4.24). ǼπȚπȜȑȠȞ, 

παȡαĲȘȡȒșȘțİ ȝȚțȡȒ țαĲαțȡȐĲȘıȘ ĲȒȖȝαĲȠȢ ıĲȠ ȤȦȞİυĲȒȡȚȠ, İȞȫ ĲȠ įİȓȖȝα αφαȚȡȑșȘțİ απȩ ĲȠ 

țαȜȠȪπȚ ȝİ İυțȠȜȓα. ȉȠ įİȓȖȝα αυĲȩ ȤȡȘıȚȝȠπȠȚȒșȘțİ ȖȚα ĲȘ ȝİȜȑĲȘ ĲȘȢ ȝȠȡφȒ ĲȠυ 

υπȠıĲȡȫȝαĲȠȢ ĲȦȞ φαıȝȐĲȦȞ įİȚȖȝȐĲȦȞ ıȪȞĲȘȟȘȢ țαȚ ĲυȤȩȞ πȡȠıȝȓȟİȦȞ ıĲα υȜȚțȐ ĲȘȢ  

įȚȐĲαȟȘȢ πȠυ įȓȞȠυȞ φȦĲȠțȠȡυφȑȢ ıĲα φȐıȝαĲα XRF (ȕȜ. ȀİφȐȜαȚȠ 6).  
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ΣȤȒȝα 4.24 ǻİȓȖȝα «KBLANK1» παȡαıțİυαıȝȑȞȠ ȝȩȞȠ ȝİ ȕȠȡȚțȐ ȐȜαĲα 

 

4.4.9 ȈυȝπİȡȐıȝαĲα ȖȚα ĲȘȞ παȡαıțİυȒ πȡȩĲυπωȞ įİȚȖȝȐĲωȞ ȝİ ıȪȞĲȘȟȘ  

  ΌπȦȢ φȐȞȘțİ ıĲȚȢ πȡȠȘȖȠȪȝİȞİȢ παȡαȖȡȐφȠυȢ, Ș İπȚȜȠȖȒ ĲȦȞ παȡαȝȑĲȡȦȞ  ȖȚα ĲȘȞ 

παȡαıțİυȒ įİȚȖȝȐĲȦȞ ȝİ ıȪȞĲȘȟȘ įİȞ İȓȞαȚ  ȓįȚα ıİ ȩȜİȢ ĲȚȢ πİȡȚπĲȫıİȚȢ , İȚįȚțȐ ȩĲαȞ Ș ıĲİȡİȐ 

Ƞυıȓα πȠυ πȡȠıĲȓșİĲαȚ απȠĲİȜİȓĲαȚ ȝȩȞȠ απȩ ȝȓα ȑȞȦıȘ, ȩπȦȢ ȠȚ πİȡȚπĲȫıİȚȢ ĲȦȞ πȡȠĲȪπȦȞ 

įİȚȖȝȐĲȦȞ πȠυ παȡȠυıȚȐıĲȘțαȞ παȡαπȐȞȦ. Η πȡȠİĲȠȚȝαıȓα įİȚȖȝȐĲȦȞ απȩ įȚαφȠȡİĲȚțȐ υȜȚțȐ 

(ȚπĲȐȝİȞȘ Ĳȑφȡα, ȠȟİȓįȚα, ȐȜαĲα) ȝİ ĲȘȞ ĲİȤȞȚțȒ ĲȘȢ ıȪȞĲȘȟȘȢ ȕȠȡȚțȫȞ αȜȐĲȦȞ, ȕȠȒșȘıİ ıĲȘȞ 

İȟαȖȦȖȒ πȡαțĲȚțȫȞ ȠįȘȖȚȫȞ ȖȚα ĲȘȞ αȞĲȚȝİĲȫπȚıȘ ĲȦȞ πȠȚțȓȜȦȞ įυıțȠȜȚȫȞ πȠυ ȝπȠȡİȓ Ȟα 

İȝφαȞȚıĲȠȪȞ. ȆαȡαțȐĲȦ șα παȡȠυıȚαıĲȠȪȞ ȠȚ țυȡȚȩĲİȡİȢ απȩ αυĲȑȢ, ȝİ ıțȠπȩ Ȟα ȕȠȘșȒıȠυȞ 

ĲȠȞ ȝİȜȜȠȞĲȚțȩ ȤȡȒıĲȘ ıĲȘȞ İυțȠȜȩĲİȡȘ αȞĲȚȝİĲȫπȚıȘ ĲȦȞ πȡȠțȜȒıİȦȞ πȠυ παȡȠυıȚȐȗȠȞĲαȚ 

țαĲȐ ĲȘ ıȪȞĲȘȟȘ:  

I. MȚα απȩ ĲȚȢ ıȘȝαȞĲȚțȩĲİȡİȢ παȡαȝȑĲȡȠυȢ ȝȚαȢ İπȚĲυȤȠȪȢ ıȪȞĲȘȟȘȢ İȓȞαȚ Ș ıȦıĲȒ İπȚȜȠȖȒ 

ĲȘȢ ȝȐȗαȢ ĲȘȢ ıĲİȡİȐȢ ȠυıȓαȢ πȠυ πȡȠıĲȓșİĲαȚ ıĲȠ ȝİȓȖȝα. ȈĲα πİȚȡȐȝαĲα ȖȚα ĲȚȢ αȞȐȖțİȢ 

ĲȘȢ παȡȠȪıαȢ ǻǼ παȡαĲȘȡȒșȘțİ ȩĲȚ țȐșİ ıĲİȡİȐ Ƞυıȓα ıυȝπİȡȚφȑȡİĲαȚ įȚαφȠȡİĲȚțȐ, țαȚ 

ȠȚ αȞαȜȠȖȓİȢ πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ İπȚĲυȤȫȢ ȖȚα ĲȘȞ παȡαıțİυȒ įİȓȖȝαĲȠȢ ȝȚαȢ ȑȞȦıȘȢ 

įİȞ İȓȞαȚ απαȡαȓĲȘĲȠ ȩĲȚ ȝπȠȡȠȪȞ Ȟα İφαȡȝȠıĲȠȪȞ ȝİ ĲȘȞ ȓįȚα İπȚĲυȤȓα țαȚ ıİ įİȓȖȝα 

įȚαφȠȡİĲȚțȒȢ ȑȞȦıȘȢ, αțȩȝα țαȚ αȞ αȞȒțȠυȞ ıĲȘȞ ȓįȚα țαĲȘȖȠȡȓα πȤ. ȠȟİȓįȚα Ȓ ȐȜαĲα.  

ȆαȡȩĲȚ ȖȚα ĲȘȞ αȞȐȜυıȘ ȝİ φșȠȡȚıȝȩ αțĲȓȞȦȞ-ȋ İȓȞαȚ İπȚșυȝȘĲȒ Ș πȡȠıșȒțȘ ĲȘȢ ȝȑȖȚıĲȘȢ 

įυȞαĲȒȢ πȠıȩĲȘĲαȢ ıĲİȡİȐȢ ȠυıȓαȢ ıĲȠ įİȓȖȝα, İȐȞ παȡαĲȘȡİȓĲαȚ αįȚαφȐȞİȚα ĲȠυ 

παȡαȖȩȝİȞȠυ įİȓȖȝαĲȠȢ, ȠȡαĲȒ αȞȠȝȠȚȠȖȑȞİȚα ȝİ ĲȘ ȝȠȡφȒ αįȚȐȜυĲȘȢ ȠυıȓαȢ ıĲȠ 

İıȦĲİȡȚțȩ ĲȠυ Ȓ παȡȐȟİȞȦȞ ıȤȘȝαĲȚıȝȫȞ, πȠȜȪ πȚșαȞȩ İȓȞαȚ Ȟα απαȚĲİȓĲαȚ ȝİȓȦıȘ ĲȘȢ 
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ȝȐȗαȢ ĲȘȢ ıĲİȡİȐȢ ȠυıȓαȢ. ȈĲȘȞ παȡȠȪıα ǻǼ Ș ȝİȓȦıȘ ĲȘȢ ȝȐȗαȢ İπȑĲȡİȥİ ĲȘȞ İπȚĲυȤȒ 

παȡαıțİυȒ įİȚȖȝȐĲȦȞ Ĳα ȠπȠȓα αȡȤȚțȐ παȡȠυıȓαȗαȞ ȚįȚαȓĲİȡİȢ įυıțȠȜȓİȢ.  

II. ǼȟȓıȠυ ıȘȝαȞĲȚțȒ İȓȞαȚ Ș İπȓįȡαıȘ ĲȠυ πȡȠȖȡȐȝȝαĲȠȢ ıȪȞĲȘȟȘȢ πȠυ ȤȡȘıȚȝȠπȠȚİȓĲαȚ țȐșİ 

φȠȡȐ ȖȚα ĲȘȞ παȡαıțİυȒ İȞȩȢ įİȓȖȝαĲȠȢ ȝİ ĲȘȞ ĲİȤȞȚțȒ ĲȘȢ ıȪȞĲȘȟȘȢ ȕȠȡȚțȫȞ αȜȐĲȦȞ. ȉȠ 

πȡȩȖȡαȝȝα πȠυ ȤȡȘıȚȝȠπȠȚİȓĲαȚ φȐȞȘțİ ȩĲȚ ȝπȠȡİȓ Ȟα İπȘȡİȐıİȚ ıȘȝαȞĲȚțȐ ĲȠ ĲİȜȚțȩ 

απȠĲȑȜİıȝα, ȠįȘȖȫȞĲαȢ ıİ αĲȑȜİȚİȢ ıĲȠ παȡαȤșȑȞ įİȓȖȝα Ȓ αțȩȝȘ țαȚ ȠȜȚțȒ απȠĲυȤȓα ıĲȘȞ 

παȡαıțİυȒ ĲȠυ, ȜȩȖȦ șȡαȪıȘȢ. ΈȞα απȩ Ĳα ıȘȝαȞĲȚțȩĲİȡα ıυȝπİȡȐıȝαĲα πȠυ πȡȠȑțυȥαȞ 

İȓȞαȚ αȞȐȖțȘ ȤȡȒıȘȢ πȡȠȖȡȐȝȝαĲȠȢ ȝİ İȞįȚȐȝİıȠ ıĲȐįȚȠ ȠȟİȓįȦıȘȢ, ȩπȦȢ ĲȠ πȡȩȖȡαȝȝα 

«FLY ASH 2» πȠυ παȡȠυıȚȐȗİĲαȚ ıĲȘȞ παȡ. 4.2.9, ıİ πİȡȓπĲȦıȘ πȠυ Ƞ ȤȡȒıĲȘȢ įİȞ 

ȖȞȦȡȓȗİȚ ȝİĲȐ ȕİȕαȚȩĲȘĲαȢ İȐȞ ȩȜα Ĳα ıĲȠȚȤİȓα ĲȘȢ ıĲİȡİȐȢ ȠυıȓαȢ İȓȞαȚ πȜȒȡȦȢ 

ȠȟİȚįȦȝȑȞα. ȈĲȘȞ πİȡȓπĲȦıȘ πȠυ İπȚȜİȖİȓ πȡȩȖȡαȝȝα ȤȦȡȓȢ İȞįȚȐȝİıȠ ıĲȐįȚȠ ȠȟİȓįȦıȘȢ, 

ĲȠ ıυȞȘșȑıĲİȡȠ απȠĲȑȜİıȝα İȓȞαȚ Ș İȝφȐȞȚıȘ φυıαȜȓįȦȞ Ȓ ıțȠυȡȩȤȡȦȝȦȞ ıĲȚȖȝȐĲȦȞ ıĲȠ 

İıȦĲİȡȚțȩ ĲȠυ įİȓȖȝαĲȠȢ, ȖİȖȠȞȩȢ ȝȘ İπȚșυȝȘĲȩ ȜȩȖȦ ĲȘȢ αȞȠȝȠȚȠȖȑȞİȚαȢ ĲȠυ įİȓȖȝαĲȠȢ. 

ǹȞĲȚșȑĲȦȢ, İȐȞ İȓȞαȚ ȖȞȦıĲȩ İț ĲȦȞ πȡȠĲȑȡȦȞ ȩĲȚ Ĳα ıĲȠȚȤİȓα ĲȘȢ ıĲİȡİȐȢ ȠυıȓαȢ İȓȞαȚ 

πȜȒȡȦȢ ȠȟİȚįȦȝȑȞα, ȩπȦȢ ıĲȘȞ πİȡȓπĲȦıȘ ĲȘȢ παȡαıțİυȒȢ ĲȦȞ πȡȠĲȪπȦȞ įİȚȖȝȐĲȦȞ 

ȠȟİȚįȓȦȞ, ȝπȠȡİȓ Ȟα ȖȓȞİȚ ȤȡȒıȘ πȡȠȖȡȐȝȝαĲȠȢ ȤȦȡȓȢ İȞįȚȐȝİıȠ ıĲȐįȚȠ ȠȟİȓįȦıȘȢ, ȩπȦȢ ĲȠ 

πȡȩȖȡαȝȝα «OXIDE», ȝİȚȫȞȠȞĲαȢ ıȘȝαȞĲȚțȐ ĲȠȞ απαȚĲȠȪȝİȞȠ ȤȡȩȞȠ ĲȘȢ ıȪȞĲȘȟȘȢ țαȚ 

αυȟȐȞȠȞĲαȢ ĲȘȞ πȚșαȞȩĲȘĲα İπȚĲυȤȠȪȢ παȡαıțİυȒȢ ĲȠυ įİȓȖȝαĲȠȢ.  

III. ΈȞα αțȩȝȘ ıȘȝαȞĲȚțȩ ıυȝπȑȡαıȝα πȠυ πȡȠȑțυȥİ țαĲȐ ĲȘ παȡαıțİυȒ ĲȦȞ πȡȩĲυπȦȞ 

įİȚȖȝȐĲȦȞ αφȠȡȐ ıĲȘȞ İυαȚıșȘıȓα İȞȩȢ įİȓȖȝαĲȠȢ țαĲȐ Ĳα ıĲȐįȚα ĲȘȢ ȥȪȟȘȢ ĲȠυ 

πȡȠȖȡȐȝȝαĲȠȢ ıȪȞĲȘȟȘȢ. ȆȚȠ ıυȖțİțȡȚȝȑȞα, παȡαĲȘȡȒșȘțİ ȩĲȚ ȠȡȚıȝȑȞα İȓįȘ įİȚȖȝȐĲȦȞ 

ȝπȠȡİȓ Ȟα İȝφαȞȓȗȠυȞ αυȟȘȝȑȞȘ İυαȚıșȘıȓα ıĲȘȞ απȩĲȠȝȘ ȝİȓȦıȘ ĲȘȢ șİȡȝȠțȡαıȓα ĲȠυȢ, 

Ș ȠπȠȓα ȝπȠȡİȓ Ȟα ȠįȘȖİȓ πȠȜȜȑȢ φȠȡȑȢ ıĲȘ șȡαȪıȘ ĲȠυȢ. ȆαȡȩĲȚ Ș șȡαȪıȘ İȞȩȢ įİȓȖȝαĲȠȢ 

ȝπȠȡİȓ Ȟα ȠφİȓȜİĲαȚ țαȚ ıİ ȐȜȜȠυȢ παȡȐȖȠȞĲİȢ, ıİ πİȡȓπĲȦıȘ πȠυ παȡαĲȘȡİȓĲαȚ ĲȠ 

φαȚȞȩȝİȞȠ αυĲȩ, ȝȚα ȜȪıȘ πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțİ ȝİ İπȚĲυȤȓα ıĲȘȞ παȡȠȪıα ǻǼ, İȓȞαȚ Ș 

πȡȩȦȡȘ įȚαțȠπȒ ĲȠυ πȡȠȖȡȐȝȝαĲȠȢ ıȪȞĲȘȟȘȢ πȡȚȞ ĲȘȞ ȑȞαȡȟȘ ĲȠυ įİȪĲİȡȠυ ıĲαįȓȠυ 

ȥȪȟȘȢ, ȝİ ĲȠȞ φυȖȠțİȞĲȡȚțȠȪ αȞİȝȚıĲȒȡα πȠυ įȚαșȑĲİȚ Ș ıυıțİυȒ ıȪȞĲȘȟȘȢ Katanax K1 

Prime. ȀȐĲȚ ĲȑĲȠȚȠ ȠįȘȖİȓ ıİ ȤαȝȘȜȩ ȡυșȝȩ ȝİȓȦıȘȢ șİȡȝȠțȡαıȓαȢ ĲȠυ įİȓȖȝαĲȠȢ ȝİĲȐ ĲȘ 

ȤȪĲİυıȘ țαȚ ıυȤȞȐ ıİ απȠφυȖȒ φαȚȞȠȝȑȞȦȞ șȡαȪıȘȢ ĲȠυ įİȓȖȝαĲȠȢ Ȓ İȝφȐȞȚıȘȢ 

ȡȘȖȝαĲȫıİȦȞ ıĲȠ İıȦĲİȡȚțȩ ĲȠυ.  

IV. ǼπȚπȜȑȠȞ, ıȘȝαȞĲȚțȩ İȓȞαȚ Ȟα αȞαφİȡșİȓ țαȞİȓȢ ıĲȘȞ İπȓįȡαıȘ πȠυ ȑȤİȚ Ș İπȚȜȠȖȒ ĲȘȢ 

πȠıȩĲȘĲαȢ ĲȦȞ ȕȠȡȚțȫȞ αȜȐĲȦȞ πȠυ ȤȡȘıȚȝȠπȠȚİȓĲαȚ ıĲȠ ȝİȓȖȝα ĲȦȞ υȜȚțȫȞ ĲȘȢ ıȪȞĲȘȟȘȢ. 

ΓȚα ĲȘȞ πİȡȓπĲȦıȘ ĲȘȢ αȞαȜȠȖȓαȢ ĲȦȞ ȕȠȡȚțȫȞ αȜȐĲȦȞ ıȘȝαȞĲȚțȩ İȓȞαȚ Ȟα ıυȝȕȠυȜİȪİĲαȚ 

țαȞİȓȢ ĲȠ İȖȤİȚȡȓįȚȠ ĲȠυ țαĲαıțİυαıĲȒ [12]
 Ȓ ĲȠȞ πȓȞαțα 4.1 ȖȚα ĲȘȞ İπȚȜȠȖȒ ĲȘȢ αȞαȜȠȖȓαȢ. 

ȈĲȘȞ πİȡȓπĲȦıȘ ĲȦȞ πİȡȚȕαȜȜȠȞĲȚțȫȞ įİȚȖȝȐĲȦȞ ȩȝȦȢ, Ĳα ȠπȠȓα πİȡȚȑȤȠυȞ ȝİȖȐȜȘ 

πȠȚțȚȜȓα ȤȘȝȚțȫȞ ıĲȠȚȤİȓȦȞ, İȓȞαȚ πȠȜȜȑȢ φȠȡȑȢ įȪıțȠȜȠ Ȟα țαșȠȡȚıĲİȓ απȩ πȡȚȞ πȠȓα İȓȞαȚ 
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αυĲȒ Ș ȕȑȜĲȚıĲȘ αȞαȜȠȖȓα ĲİĲȡαȕȠȡȚțȠȪ/ȝİĲαȕȠȡȚțȠȪ ȜȚșȓȠυ. ȈĲȘȞ πİȡȓπĲȦıȘ αυĲȒ 

παȡαĲȘȡȒșȘțİ ȩĲȚ Ș İπȚȜȠȖȒ ȝȚαȢ αȞαȜȠȖȓαȢ 67 %/33 % ȖİȞȚțȐ απȠĲİȜİȓ ȝȚα αıφαȜȒ țαȚ 

αȟȚȩπȚıĲȘ İπȚȜȠȖȒ.  

V. ȉȑȜȠȢ, Ș πȡȠıșȒțȘ non wetting agent απȠĲİȜİȓ απαȡαȓĲȘĲȘ πȡȠȨπȩșİıȘ, țαșȫȢ ȕİȜĲȚȫȞİȚ 

ıȘȝαȞĲȚțȐ ĲȘȞ πȠȚȩĲȘĲα ĲȠυ απȠĲİȜȑıȝαĲȠȢ ĲȘȢ ıȪȞĲȘȟȘȢ. ȈĲȠ πȜαȓıȚȠ ĲȘȢ παȡȠȪıαȢ ǻǼ 

φȐȞȘțİ ȩĲȚ Ș ȤȡȒıȘ LiI ȦȢ non wetting agent İȓȤİ ıȘȝαȞĲȚțȐ șİĲȚțȒ İπȓįȡαıȘ ıĲȠ ĲİȜȚțȩ 

įİȓȖȝα, ȝİȚȫȞȠȞĲαȢ ıȘȝαȞĲȚțȐ ĲȘȞ πȚșαȞȩĲȘĲα șȡαȪıȘȢ ĲȠυ țαȚ İπȚĲȡȑπȠȞĲαȢ ĲȘȞ 

İυțȠȜȩĲİȡȘ απȠțȩȜȜȘıȘ ĲȠυ απȩ ĲȠ țαȜȠȪπȚ țαșȫȢ țαȚ ĲȠȞ İυțȠȜȩĲİȡȠ țαșαȡȚıȝȩ ĲȠυ 

ȤȦȞİυĲȘȡȓȠυ ȝİĲȐ ĲȠ πȑȡαȢ ĲȘȢ ıȪȞĲȘȟȘȢ. Ȉİ πİȡȓπĲȦıȘ șȡαȪıȘȢ ĲȠυ įİȓȖȝαĲȠȢ Ȓ įυıțȠȜȓα 

απȠțȩȜȜȘıȘȢ ĲȠυ απȩ ĲȠ țαȜȠȪπȚ, πȡȠĲİȓȞİĲαȚ Ș αȪȟȘıȘ ĲȘȢ πȠıȩĲȘĲαȢ ĲȠυ non wetting 

agent, İȐȞ ȩȝȦȢ φαȞİȓ πȦȢ Ș αȪȟȘıȘ αυĲȒ įİȞ ȑȤİȚ țαȝȓα İπȓįȡαıȘ ıĲȘȞ πȡȠıπȐșİȚα 

İπȓȜυıȘȢ ĲȠυ πȡȠȕȜȒȝαĲȠȢ Ș ȜȪıȘ πȡȑπİȚ Ȟα αȞαȗȘĲȘșİȓ αȜȜȠȪ. 

ȉȠ ıȪȞȠȜȠ ĲȦȞ įİȚȖȝȐĲȦȞ πȠυ παȡαıțİυȐıșȘțαȞ ȝİ ıȪȞĲȘȟȘ ıĲȠ πȜαȓıȚȠ ĲȘȢ παȡȠȪıαȢ ǻǼ 

țαĲαȖȡȐφȠȞĲαȚ ıĲȠ ȆαȡȐȡĲȘȝα Ǻ, İȞȫ ıĲȠȞ ȆȓȞαțα 4.12 țαĲαȖȡȐφȠȞĲαȚ ȩıα απȩ αυĲȐ 

țȡȓșȘțαȞ ȚțαȞȠπȠȚȘĲȚțȐ țαȚ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ ıĲȘ ıυȞȑȤİȚα ıĲȠ 6Ƞ
 ȀİφȐȜαȚȠ ıĲȚȢ αȞαȜȪıİȚȢ 

ȝİ ĲȘȞ ĲİȤȞȚțȒ XRF. ȈĲȠ ȈȤȒȝα 4.25 παȡȠυıȚȐȗȠȞĲαȚ Ĳα įİȓȖȝαĲα πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ ȖȚα 

ĲȚȢ αȞαȜȪıİȚȢ. 

 

ΣȤȒȝα 4.25 ǼπȚĲυȤȒ įİȓȖȝαĲα ıȪȞĲȘȟȘȢ πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ ȖȚα αȞȐȜυıȘ
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ȆȓȞαțαȢ 4.12 ȈυȖțİȞĲȡȦĲȚțȩȢ πȓȞαțαȢ ıȪıĲαıȘȢ įİȚȖȝȐĲȦȞ ıȪȞĲȘȟȘȢ πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ ȖȚα αȞȐȜυıȘ XRF ıĲȘȞ παȡȠȪıα ǻǼ  

 

ΗȝİȡȠȝȘȞȓα 

παȡαıțİυȒȢ 
ȅȞȠȝαıȓα  ȈĲİȡİȐ ȅυıȓα 

ΜȐȗα ĲİĲȡαȕȠȡȚțȠȪ 
ȜȚșȓȠυ [gr] 

ΜȐȗα ȝİĲαȕȠȡȚțȠȪ 
ȜȚșȓȠυ [gr] 

ΜȐȗα ıĲİȡİȐȢ 
ȠυıȓαȢ [gr] 

ΜȐȗα non wetting 

agent [gr] 

05-07-16 KCMF12 

ǿπĲȐȝİȞȘ Ĳȑφȡα 
ȂİȖαȜȩπȠȜȘȢ 

 

6.0062 3.005 1.4989 0.2296 

08-07-16 KCMF13 5.7043 2.8000 2.0039 0.2463 

19-07-16 KCMF14 5.7011 2.7998 2.0049 0.2347 

19-07-16 KCMF15 6.0146 3.0023 1.5083 0.2382 

22-07-16 KTIO6 ȅȟİȓįȚȠ ĲȚĲαȞȓȠυ TiO2 4.8473 4.8448 0.6914 0.3152 

23-07-16 KFEO1 ȅȟİȓįȚȠ ıȚįȒȡȠυ Fe2ȅ3 4.9362 4.9452 0.5191 0.2911 

23-07-16 KSRO1 
ǹȞșȡαțȓțȠ ıĲȡȩȞĲȚȠ 

SrCO3 
6.7059 3.3071 0.514 0.2828 

14-10-16 KCAO2 
ǹȞșȡαțȓțȠ αıȕȑıĲȚȠ 

CaCO3 
7.1069 3.3944 0.0993 0.3255 

25-10-16 KZN3 
ȅȟİȓįȚȠ ȌİυįαȡȖȪȡȠυ 

ZnO 
7.0989 3.4011 0.0996 0.2562 

03-11-16 KCNFA1 
ǿπĲȐȝİȞȘ Ĳȑφȡα 1633ȕ 

NIST  
5.9994 3.0231 1.5233 0.2441 

17-06-16 ΚBLANK1 - 5.2792 5.3114 - 0.0909 



91 

 

 

 

 

ȀİφȐȜαȚȠ 5 

ȉȠ ȜȠȖȚıȝȚțȩ bAXIL ȖȚα İπİȟİȡȖαıȓα φαıȝȐĲȦȞ XRF 

 

5.1 ǼȚıαȖȦȖȒ 

 ΌπȦȢ ȑȤİȚ αȞαφİȡșİȓ ȒįȘ απȩ ĲȠ 2Ƞ
 ȀİφȐȜαȚȠ, ȖȚα ĲȘȞ πȠȚȠĲȚțȒ țαȚ πȠıȠĲȚțȒ αȞȐȜυıȘ ĲȦȞ 

φαıȝȐĲȦȞ πȠυ ȜαȝȕȐȞȠȞĲαȞ απȩ ĲȘȞ įȚȐĲαȟȘ φșȠȡȚıȝȠȪ αțĲȓȞȦȞ-Χ ĲȠυ ǼȆȉ-ǼȂȆ İȓȤαȞ 

ȤȡȘıȚȝȠπȠȚȘșİȓ ıĲȠ παȡİȜșȩȞ įȪȠ įȚαφȠȡİĲȚțȐ παțȑĲα ȜȠȖȚıȝȚțȠȪ, Ĳα ȠπȠȓα ȕαıȓȗȠȞĲαȞ ıĲȠȞ țȫįȚțα 

AXIL: ĲȠ WinQXAS ĲȠ ȠπȠȓȠ ȜİȚĲȠυȡȖİȓ ıİ πİȡȚȕȐȜȜȠȞ Microsoft Windows [2][4] țαȚ ĲȠ QXAS 
[1]

 ĲȠ 

ȠπȠȓȠ ȜİȚĲȠυȡȖİȓ ıİ πİȡȚȕȐȜȜȠȞ MS-DOS. ȀαȚ Ĳα įȪȠ παȡαπȐȞȦ παțȑĲα ȜȠȖȚıȝȚțȠȪ İȓȤαȞ ȠȡȚıȝȑȞİȢ 

αįυȞαȝȓİȢ, ȖİȖȠȞȩȢ πȠυ İπȘȡȑαȗİ Ĳα απȠĲİȜȑıȝαĲα ĲȦȞ αȞαȜȪıİȦȞ ȖȚα αυĲȩ țαȚ ĲȠ ǼȆȉ-ǼȂȆ 

πȡȠȤȫȡȘıİ ıĲȘȞ πȡȠȝȒșİȚα ĲȠυ παțȑĲȠυ ȜȠȖȚıȝȚțȠȪ  bAXIL, ĲȠ ȠπȠȓȠ απȠĲİȜİȓ αȞαȕαșȝȚıȝȑȞȘ 

ȑțįȠıȘ ĲȠυ țȫįȚțα AXIL. ȉȠ ȜȠȖȚıȝȚțȩ bAXIL (ȑțįȠıȘ v1.6) παȡαȜȒφșȘțİ ıĲȠ ǼȆȉ-ǼȂȆ ĲȠ 

ȈİπĲȑȝȕȡȚȠ 2016 țαȚ ȤȡȘıȚȝȠπȠȚȒșȘțİ ȖȚα ĲȘȞ πȠȚȠĲȚțȒ țαȚ πȠıȠĲȚțȒ αȞȐȜυıȘ ĲȦȞ φαıȝȐĲȦȞ πȠυ 

πȡȠȑțυȥαȞ απȩ ĲȘȞ αȞȐȜυıȘ ȝİ φșȠȡȚıȝȩ αțĲȓȞȦȞ-Χ ĲȦȞ įİȚȖȝȐĲȦȞ πȠυ παȡαıțİυȐıșȘțαȞ ıĲȠ 

πȜαȓıȚȠ ĲȘȢ ǻǼ, Ș ȠπȠȓα  șα παȡȠυıȚαıĲİȓ ıĲȠ 6Ƞ
 ȀİφȐȜαȚȠ. 

 ΦυıȚțȐ, πȡȚȞ ĲȘ ȤȡȒıȘ ĲȠυ bAXIL ıĲȚȢ αȞαȜȪıİȚȢ ȒĲαȞ απαȡαȓĲȘĲȘ Ș İȟȠȚțİȓȦıȘ ȝİ ĲȠ 

ȜȠȖȚıȝȚțȩ Ș ȠπȠȓα ȑȖȚȞİ ıĲȠ πȜαȓıȚȠ ĲȘȢ παȡȠȪıαȢ ǻǼ. ȉȠ țİφȐȜαȚȠ αυĲȩ ȑȤİȚ ȦȢ ıĲȩȤȠ Ȟα 

țαșȠįȘȖȒıİȚ țȐșİ ȞȑȠ ȤȡȒıĲȘ ĲȠυ ȜȠȖȚıȝȚțȠȪ bAXIL πȡȠıφȑȡȠȞĲαȢ ȕαıȚțȑȢ ȖȞȫıİȚȢ ȖȚα ĲȚȢ 

ȜİȚĲȠυȡȖȓİȢ țαȚ ĲȚȢ įυȞαĲȩĲȘĲİȢ ĲȠυ ıĲȘȞ αȞȐȜυıȘ φαıȝȐĲȦȞ αțĲȓȞȦȞ-Χ. ȉα ıȘȝİȓα πȠυ șα 

İπȚțİȞĲȡȦșİȓ Ș παȡȠυıȓαıȘ πȠυ αțȠȜȠυșİȓ İȓȞαȚ αυĲȐ ĲȘȢ πȠȚȠĲȚțȒȢ țαȚ πȠıȠĲȚțȒȢ αȞȐȜυıȘȢ ĲȦȞ 

φαıȝȐĲȦȞ αțĲȓȞȦȞ Χ, İȞȫ șα παȡαȜȘφșȠȪȞ πĲυȤȑȢ ĲȠυ ȜȠȖȚıȝȚțȠȪ πȠυ įİȞ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ ıĲȘȞ 

παȡȠȪıα ǻǼ. ǹȡȤȚțȐ παȡȠυıȚȐȗİĲαȚ ĲȠ ȖȡαφȚțȩ πİȡȚȕȐȜȜȠȞ ȖȚα Ĳα φȐıȝαĲα ĲȠυ b-AXIL, Ƞ 

țαșȠȡȚıȝȩȢ ĲȦȞ παȡαȝȑĲȡȦȞ αȞȐȜȠȖα ȝİ ĲȘȞ πİȚȡαȝαĲȚțȒ įȚȐĲαȟȘ (ȝİ İȟİȚįȓțİυıȘ ıĲȘ įȚȐĲαȟȘ țαȚ Ĳα 

πİȚȡȐȝαĲα ıĲȠ ǼȆȉ-ǼȂȆ) țαȚ ıĲȘ ıυȞȑȤİȚα Ĳα ȕȒȝαĲα ȖȚα ĲȘȞ πȠȚȠĲȚțȒ țαȚ πȠıȠĲȚțȒ αȞȐȜυıȘ ĲȦȞ 

φαıȝȐĲȦȞ. ΌıȠȞ αφȠȡȐ ıĲȘȞ πȠıȠĲȚțȒ αȞȐȜυıȘ, ıĲȠ πȜαȓıȚȠ ĲȘȢ παȡȠȪıαȢ ǻǼ αțȠȜȠυșȒșȘțİ Ș 

«ΜȑșȠįȠȢ ĲωȞ ΘİȝİȜȚωįȫȞ ȆαȡαȝȑĲȡωȞ ȝİ χȡȒıȘ πȡȩĲυπωȞ įİȚȖȝȐĲωȞ». ȅπȩĲİ, Ș πİȡȚȖȡαφȒ 

İπȚțİȞĲȡȫȞİĲαȚ ıĲȘ ȜİȚĲȠυȡȖȓα ĲȠυ πȡȠȖȡȐȝȝαĲȠȢ bAXIL FP (Fundamental Parameter) țαȚ ĲȘȢ 
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ȝİșȩįȠυ Standard-based Fundamental Parameter. ΈĲıȚ, țαĲȐ ĲȘȞ πİȡȚȖȡαφȒ ĲȦȞ ıĲαįȓȦȞ ĲȘȢ 

įȚαįȚțαıȓαȢ αȞȐȜυıȘȢ ıĲȠ ĲȡȑȤȠȞ țİφȐȜαȚȠ İȞıȦȝαĲȫȞȠȞĲαȚ πȜȘȡȠφȠȡȓİȢ, ıȤȩȜȚα, παȡαĲȘȡȒıİȚȢ țαȚ 

πȡαțĲȚțȑȢ ȠįȘȖȓİȢ πȠυ πȡȠȑțυȥαȞ απȩ ĲȘȞ İțĲİĲαȝȑȞȘ ȤȡȒıȘ ĲȠυ ȜȠȖȚıȝȚțȠȪ ȖȚα ĲȚȢ αȞȐȖțİȢ ĲȘȢ 

παȡȠȪıαȢ ǻǼ. 

 

5.2  ǹπȩ ĲȠ AXIL ıĲȠ bAXIL 

 ȉȠ ȜȠȖȚıȝȚțȩ bAXIL πȡȠȑȡȤİĲαȚ απȩ ĲȘȞ πȠȜυİĲȒ πȡȠıπȐșİȚα αȞȐπĲυȟȘȢ, ȕİȜĲȓȦıȘȢ țαȚ 

İȝπȜȠυĲȚıȝȠȪ ĲȠυ țȫįȚțα AXIL țαȚ ȤȡȘıȚȝȠπȠȚİȓ ȑȞα ıȪȞȠȜȠ ıυȞαȡĲȒıİȦȞ, αȜȖȠȡȓșȝȦȞ țαȚ ȝİșȩįȦȞ 

πȠυ αȞαπĲȪȤșȘțαȞ ȝİ ȕȐıȘ ĲȠȞ țȫįȚțα AXIL ȖȚα ĲȘȞ αȞȐȜυıȘ φαıȝȐĲȦȞ αțĲȓȞȦȞ-X . ȉȠ αțȡȦȞȪȝȚȠ 

AXIL πȡȠțȪπĲİȚ απȩ Ĳα αȡȤȚțȐ ĲȦȞ ȜȑȟİȦȞ «Analysis of X-ray spectra by Iterative Least squares», 

πȠυ ıȘȝαȓȞİȚ «ǹȞȐȜυıȘ φαıȝȐĲȦȞ αțĲȓȞȦȞ-Χ ȝİ ĲȘȞ İπαȞαȜȘπĲȚțȒ ȝȑșȠįȠ ĲȦȞ İȜαȤȓıĲȦȞ 

ĲİĲȡαȖȫȞȦȞ. To AXIL ȕαıȓȗİĲαȚ ıĲȘ ȝȑșȠįȠ ĲȦȞ non-linear least squares țαȚ ȤȡȘıȚȝȠπȠȚİȓ ȑȞαȞ 

ĲȡȠπȠπȠȚȘȝȑȞȠ αȜȖȩȡȚșȝȠ Marquardt ȖȚα ĲȘȞ İȜαȤȚıĲȠπȠȓȘıȘ ĲȠυ ıĲαșȝȚıȝȑȞȠυ αșȡȠȓıȝαĲȠȢ ĲȦȞ 

įȚαφȠȡȫȞ Ȥ2
 ȝİĲαȟȪ ĲȦȞ πİȚȡαȝαĲȚțȫȞ ıȘȝİȓȦȞ țαȚ ĲȘȢ ıυȞȐȡĲȘıȘȢ yfit Ș ȠπȠȓα πȡȠıαȡȝȩȗİĲαȚ ıĲȠ 

φȐıȝα [4]
. ȅ ȀȫįȚțαȢ AXIL ȟİțȓȞȘıİ Ȟα αȞαπĲȪııİĲαȚ αȡȤȚțȐ ıİ πİȡȚȕȐȜȜȠȞ MS-DOS, υπȩ ĲȘȞ 

αȚȖȓįα ĲȠυ ǻȅǹǼ, απȩ ȝȓα İȡİυȞȘĲȚțȒ ȠµȐįα µİ İπȚțİφαȜȒȢ ĲȠȞ țαșȘȖȘĲȒ Dr. P. Van Espen, ĲȠυ 

ȆαȞİπȚıĲȘȝȓȠυ Antwerp ĲȠυ ǺİȜȖȓȠυ, țαĲȐ ĲȘȞ πİȡȓȠįȠ 1987 – 1994. ȈĲȘ ıυȞȑȤİȚα, αȞαπĲȪȤșȘțαȞ 

įȚȐφȠȡα παțȑĲα ȜȠȖȚıȝȚțȠȪ ȝİ ȕȐıȘ αȜȖȠȡȓșȝȠυȢ AXIL, ĲȩıȠ ȖȚα İȝπȠȡȚțȒ ȩıȠ țαȚ ȖȚα İȡİυȞȘĲȚțȒ 

ȤȡȒıȘ. ȈĲȠȞ παȡαțȐĲȦ πȓȞαțα φαȓȞȠȞĲαȚ  ȝİȡȚțȐ ıȘȝαȞĲȚțȐ παțȑĲα ȜȠȖȚıȝȚțȠȪ ĲȑĲȠȚȠυ ĲȪπȠυ, İț ĲȦȞ 

ȠπȠȓȦȞ Ĳα įȪȠ (QXAS țαȚ WinQXAS ȑȤȠυȞ ȤȡȘıȚȝȠπȠȚȘșİȓ țαȚ ıĲȠ ǼȆȉ-ǼȂȆ. 

ȆȓȞαțαȢ 5.1 ȁȓıĲα πȡȠȘȖȠȪȝİȞȦȞ παțȑĲȦȞ ȜȠȖȚıȝȚțȠȪ ȝİ ȕȐıȘ αȜȖȠȡȓșȝȠυȢ AXIL 

ȅȞȠȝαıȓα ȁȠȖȚıȝȚțȠȪ ȁİȚĲȠυȡȖȚțȩ ȈȪıĲȘȝα ȈυȝȕαĲȩ Hardware 

AXIL Unix DEC-PDP-11 

AXIL-PC MS-DOS PC (8 bit țαȚ 16 bit) 

AXIL-QXAS MS-DOS PC (16 bit) 

WinQXAS MS Windows PC (16 bit țαȚ 32 bit) 

WinAxil MS Windows PC (32 bit) 

 

ȉȠ παțȑĲȠ ȜȠȖȚıȝȚțȠȪ bAXIL – ȩπȦȢ șα φαȞİȓ țαȚ παȡαțȐĲȦ – ȟİȤȦȡȓȗİȚ ȖȚα ĲȘȞ İυțȠȜȓα ıĲȘ ȤȡȒıȘ 

ĲȠυ, αțȩȝȘ țαȚ ȖȚα ȞȑȠυȢ ȤȡȒıĲİȢ. 
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5.3 ǺαıȚțȑȢ ȜİȚĲȠυȡȖȓİȢ ĲȠυ bAXIL 

ȂİĲȐ ĲȘȞ İȖțαĲȐıĲαıȘ ĲȠυ παțȑĲȠυ ȜȠȖȚıȝȚțȠȪ ıĲȠȞ πȡȠıȦπȚțȩ υπȠȜȠȖȚıĲȒ, įȘȝȚȠυȡȖİȓĲαȚ 

ȑȞαȢ φȐțİȜȠȢ ȝİ ĲȘȞ ȠȞȠȝαıȓα «bAXIL» ȝİ ıυȞĲȠȝİȪıİȚȢ ıĲα įȚαφȠȡİĲȚțȐ πȡȠȖȡȐȝȝαĲα ĲȠυ 

παțȑĲȠυ. ȉα πȡȠȖȡȐȝȝαĲα αυĲȐ İȓȞαȚ Ĳα παȡαțȐĲȦ țαȚ ĲȠ țȐșİ ȑȞα İȟυπȘȡİĲİȓ ȝȚα įȚαφȠȡİĲȚțȒ 

ȜİȚĲȠυȡȖȓα:  

 bAXIL: ΧȡȘıȚȝȠπȠȚİȓĲαȚ ȖȚα πȠȚȠĲȚțȒ αȞȐȜυıȘ ȝİȝȠȞȦȝȑȞȦȞ φαıȝȐĲȦȞ αțĲȓȞȦȞ Χ. 

 bAXIL Batch: ΧȡȘıȚȝȠπȠȚİȓĲαȚ ȖȚα ĲȘȞ αυĲȠȝαĲȠπȠȚȘȝȑȞȘ αȞȐȜυıȘ ȝİȖȐȜȠυ ȩȖțȠυ φαıȝȐĲȦȞ 

αțĲȓȞȦȞ-Χ. 

 bAXIL ConvertSID: ΧȡȘıȚȝȠπȠȚİȓĲαȚ ȖȚα ĲȘ İπİȟİȡȖαıȓα ȝİȖȐȜȠυ ȩȖțȠυ φαıȝȐĲȦȞ αțĲȓȞȦȞ-Χ 

țαȚ ĲȘȞ ıȪȞșİıȘ İȚțȩȞαȢ țαĲαȞȠȝȒȢ ĲȦȞ ıĲȠȚȤİȓȦȞ ıĲȠ αȞαȜυȩȝİȞȠ įİȓȖȝα. 

 bAXIL FP: ΧȡȘıȚȝȠπȠȚİȓĲαȚ ȖȚα ĲȠȞ πȠıȠĲȚțȩ πȡȠıįȚȠȡȚıȝȩ ĲȦȞ ıĲȠȚȤİȓȦȞ İȞȩȢ įİȓȖȝαĲȠȢ. 

 bAXIL LR: ΧȡȘıȚȝȠπȠȚİȓĲαȚ ȖȚα ĲȠȞ πȡȠıįȚȠȡȚıȝȩ țαȝπυȜȫȞ πȠıȠĲȚțȒȢ ȕαșȝȠȞȩȝȘıȘȢ ȖȚα 

įȚȐφȠȡα ȤȘȝȚțȐ ıĲȠȚȤİȓα. 

ȈĲȠ πȜαȓıȚȠ αυĲȒȢ ĲȘȢ ǻǼ įȩșȘțİ ȑȝφαıȘ ıĲȠȞ πȠȚȠĲȚțȩ țαȚ πȠıȠĲȚțȩ πȡȠıįȚȠȡȚıȝȩ ĲȦȞ ıĲȠȚȤİȓȦȞ 

πȠυ αȞȚȤȞİȪȠȞĲαȚ ıĲα įİȓȖȝαĲα πȠυ αȞαȜȪșȘțαȞ ıĲȘȞ įȚȐĲαȟȘ XRF ĲȠυ ǼȆȉ-ǼȂȆ.  ΓȚα ĲȠ ȜȩȖȠ αυĲȩ 

ıĲα İπȩȝİȞα țİφȐȜαȚα șα πİȡȚȖȡαφȠȪȞ αȞαȜυĲȚțȐ ȠȚ ȜİȚĲȠυȡȖȓİȢ, ȠȚ ȡυșȝȓıİȚȢ țαȚ ȠȚ įυȞαĲȩĲȘĲİȢ ĲȦȞ 

πȡȠȖȡαȝȝȐĲȦȞ bAXIL țαȚ bAXIL FP.  

ȂİĲȐ ĲȘȞ İȖțαĲȐıĲαıȘ ĲȠυ παțȑĲȠυ ȝπȠȡİȓ Ȑȝİıα Ȟα İțțȚȞȒıİȚ ĲȠ πȡȩȖȡαȝȝα αȞȐȜυıȘȢ φαıȝȐĲȦȞ. 

ΓȚα ĲȘȞ İțțȓȞȘıȘ țαȚ ȜİȚĲȠυȡȖȓα ĲȠυ ȜȠȖȚıȝȚțȠȪ πȡȑπİȚ Ȟα ȕȡȓıțİĲαȚ ıυȞİȤȫȢ ıİ ȝȓα İț ĲȦȞ șυȡȫȞ 

USB ĲȠυ πȡȠıȦπȚțȠȪ υπȠȜȠȖȚıĲȒ İȚįȚțȩ țȜİȚįȓ (key) ĲȠ ȠπȠȓȠ ȑȤİȚ ȤȠȡȘȖȘșİȓ ȝαȗȓ ȝİ ĲȠ ȜȠȖȚıȝȚțȩ. 

ȅπȠȚαįȒπȠĲİ ıĲȚȖȝȒ, αțȩȝȘ țαȚ αφȠȪ ȑȤİȚ ȟİțȚȞȒıİȚ  Ș İπİȟİȡȖαıȓα ĲȦȞ φαıȝȐĲȦȞ, αφαȚȡİșİȓ ĲȠ 

ıυȖțİțȡȚȝȑȞȠ țȜİȚįȓ απȩ ĲȘ șȪȡα USB, ĲȠ πȡȩȖȡαȝȝα ȠįȘȖİȓĲαȚ ıİ ȐȝİıȠ ĲİȡȝαĲȚıȝȩ țαȚ απȫȜİȚα 

ĲȦȞ įİįȠȝȑȞȦȞ țαȚ απȠĲİȜİıȝȐĲȦȞ ĲȘȢ İπİȟİȡȖαıȓαȢ.  

 

ȈχȒȝα 5.1 ΑπαȡαȓĲȘĲȘ Ș χȡȒıȘ ĲȠυ țȜİȚįȚȠȪ (key)  țαș ȩȜȘ ĲȘ įȚȐȡțİȚα ĲȘȢ χȡȒıȘȢ ĲȠυ ȜȠȖȚıȝȚțȠȪ 
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 ȅ απȜȠȪıĲİȡȠȢ ĲȡȩπȠȢ İțțȓȞȘıȘȢ ĲȠυ πȡȠȖȡȐȝȝαĲȠȢ πȠȚȠĲȚțȒȢ αȞȐȜυıȘȢ İȓȞαȚ αȞȠȓȖȠȞĲαȢ ĲȠȞ 

φȐțİȜȠ «bAXIL»  πȠυ ȕȡȓıțİĲαȚ ıĲȘȞ İπȚφȐȞİȚα İȡȖαıȓαȢ țαȚ İπȚȜȑȖȠȞĲαȢ ĲȘ ıυȞĲȩȝİυıȘ ȝİ 

ȠȞȠȝαıȓα «bAXIL». Ȉİ πİȡȓπĲȦıȘ πȠυ Ƞ φȐțİȜȠȢ αυĲȩȢ įİȞ ȕȡȓıțİĲαȚ ıĲȘȞ İπȚφȐȞİȚα İȡȖαıȓαȢ, Ȓ 

υπȐȡȤİȚ țȐπȠȚȠ ȐȜȜȠ πȡȩȕȜȘȝα, Ƞ ȤȡȒıĲȘȢ ȝπȠȡİȓ πȐȞĲα Ȟα αȞαĲȡȑȟİȚ ıĲȠȞ ıțȜȘȡȩ įȓıțȠ C:  ĲȠυ 

υπȠȜȠȖȚıĲȒ țαȚ ıĲȘ įȚİȪșυȞıȘ 

C:\Program Files\BrightSpec NV\ bAXIL 

țαȚ Ȟα İȞĲȠπȓıİȚ ĲȠ İțĲİȜȑıȚȝȠ ȝİ ĲȘȞ ȠȞȠȝαıȓα bAXIL.exe. ȀȐȞȠȞĲαȢ įȚπȜȩ țȜȚț πȐȞȦ ıĲȠ 

İțĲİȜȑıȚȝȠ αυĲȩ șα İțțȚȞȒıİȚ ĲȠ πȡȩȖȡαȝȝα πȠȚȠĲȚțȒȢ ȕαșȝȠȞȩȝȘıȘȢ ĲȠυ παțȑĲȠυ ȜȠȖȚıȝȚțȠȪ. 

 

5.4 ǼȚıαȖȦȖȒ φȐıȝαĲȠȢ αțĲȓȞȦȞ-Χ ȖȚα αȞȐȜυıȘ ȝİ ĲȠ bAXIL 

 ΈȞα απȩ Ĳα ıȘȝαȞĲȚțȐ πȜİȠȞİțĲȒȝαĲα ĲȠυ ȜȠȖȚıȝȚțȠȪ bAXIL ıİ ıȤȑıȘ ȝİ ĲȠ ȜȠȖȚıȝȚțȩ 

QXAS Ȓ WinQXAS πȠυ ȤȡȘıȚȝȠπȠȚİȓĲȠ ıĲȠ παȡİȜșȩȞ ıĲȠ ǼȆȉ-ǼȂȆ İȓȞαȚ Ș įυȞαĲȩĲȘĲα ĲȘȢ 

İȚıαȖȦȖȒȢ φȐıȝαĲȠȢ ıİ αυĲȩ απȩ αȡȤİȓȠ ĲȪπȠυ *.mca Ȓ *.spe. Η ȝȠȡφȒ *.mca İȓȞαȚ Ș ȝȠȡφȒ ĲȦȞ 

αȡȤİȓȦȞ ȝİ Ĳα įİįȠȝȑȞα țȐșİ φȐıȝαĲȠȢ, ȩπȦȢ țαĲαȖȡȐφȠȞĲαȚ țαȚ απȠșȘțİȪȠȞĲαȚ απȩ ĲȘȞ αȞȚȤȞİυĲȚțȒ 

įȚȐĲαȟȘ ĲȠυ ǼȆȉ-ǼȂȆ. Η įυȞαĲȩĲȘĲα αυĲȒ țȐȞİȚ ĲȠ bAXIL ȚįȚαȚĲȑȡȦȢ İȪȤȡȘıĲȠ, țαșȫȢ ıĲȠ 

παȡİȜșȩȞ ıĲȘȞ πİȡȓπĲȦıȘ ĲȠυ ȜȠȖȚıȝȚțȠȪ QXAS 
[1]

 țαȚ WinQXAS απαȚĲİȓĲȠ Ș ȝİĲαĲȡȠπȒ ĲȦȞ 

αȡȤİȓȦȞ *.mca ıİ αȡȤİȓα ĲȘȢ ȝȠȡφȒȢ *.spe, ȝİ ȤȡȒıȘ İȚįȚțȠȪ πȡȠȖȡȐȝȝαĲȠȢ πȠυ İȓȤİ αȞαπĲυȤșİȓ ıĲȠ 

ǼȆȉ-ǼȂȆ.   

 Η İȚıαȖȦȖȒ İȞȩȢ φȐıȝαĲȠȢ αțĲȓȞȦȞ-Χ ıĲȠ bAXIL ȖȓȞİĲαȚ απȩ ĲȠ țİȞĲȡȚțȩ ȝİȞȠȪ 

αțȠȜȠυșȫȞĲαȢ ĲȠ ȝȠȞȠπȐĲȚ «File \Import Spectral Data». ǹȝȑıȦȢ ȝİĲȐ ĲȘ ıυȖțİțȡȚȝȑȞȘ İπȚȜȠȖȒ șα 

İȝφαȞȚıĲİȓ ıĲȘȞ ȠșȩȞȘ ȑȞα παȡȐșυȡȠ İȟİȡİȪȞȘıȘȢ ĲȦȞ αȡȤİȓȦȞ. ǹφȠȪ İπȚȜİȤșİȓ ĲȠ αȡȤİȓȠ įİįȠȝȑȞȦȞ 

ĲȠυ φȐıȝαĲȠȢ, αυĲȩ αȞȠȓȖİȚ ȝİ ĲȠ πȜȒțĲȡȠ «Open» πȠυ ȕȡȓıțİĲαȚ ıĲȠ țȐĲȦ įİȟȓ ȝȑȡȠȢ. ǼπȚπȜȑȠȞ, ıĲȠ 

πİįȓȠ «Files of Type» ȝπȠȡİȚ Ȟα ȝπİȚ φȓȜĲȡȠ ȖȚα Ĳα İȓįȘ ĲȦȞ αȡȤİȓȦȞ πȠυ αȞαȗȘĲȠȪȞĲαȚ (π.Ȥ. *.mca, 

*.wax, *.spe  țαȚ ȐȜȜα İȓįȘ ıυȝȕαĲȐ ȝİ ĲȠ ȜȠȖȚıȝȚțȩ bAXIL). ȈĲȠ ȈȤȒȝα 5.2 φαȓȞİĲαȚ Ș ȝȠȡφȒ ĲȠυ 

παȡαșȪȡȠυ İπȚȜȠȖȒȢ ĲȠυ φȐıȝαĲȠȢ. 
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ȈχȒȝα 5.2 ǼȚıαȖωȖȒ φȐıȝαĲȠȢ αțĲȓȞωȞ Χ ıĲȠ πȡȩȖȡαȝȝα bAXIL 

ȂİĲȐ ĲȘȞ İπȚȜȠȖȒ ĲȠυ αȡȤİȓȠυ ĲȠυ φȐıȝαĲȠȢ, ıĲȘȞ țİȞĲȡȚțȒ ȠșȩȞȘ İȝφαȞȓȗİĲαȚ Ș ȖȡαφȚțȒ 

απİȚțȩȞȚıȘ ĲȠυ φȐıȝαĲȠȢ țαȚ ȝπȠȡİȓ Ȟα ȟİțȚȞȒıİȚ Ș αȞȐȜυıȘ, țαșȠȡȓȗȠȞĲαȢ αȡȤȚțȐ ĲȚȢ πİȚȡαȝαĲȚțȑȢ 

ıυȞșȒțİȢ.  ȈĲȠ ȈȤȒȝα 5.3 παȡȠυıȚȐȗİĲαȚ Ș țİȞĲȡȚțȒ ȠșȩȞȘ ĲȠυ bAXIL ȝİĲȐ ĲȘȞ İπȚĲυȤȒ İȚıαȖȦȖȒ 

İȞȩȢ φȐıȝαĲȠȢ αțĲȓȞȦȞ Χ. 

 

ȈχȒȝα 5.3 ΚİȞĲȡȚțȒ ȠșȩȞȘ bAXIL ȝİĲȐ ĲȘȞ İȚıαȖωȖȒ ĲȠυ φȐıȝαĲȠȢ αțĲȓȞωȞ Χ 

 

5.5 ȆȡȠıįȚȠȡȚıȝȩȢ πİȚȡαȝαĲȚțȫȞ ıυȞșȘțȫȞ  
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ΈπİȚĲα απȩ ĲȘȞ İȚıαȖȦȖȒ İȞȩȢ φȐıȝαĲȠȢ ıĲȠ bAXIL ıİȚȡȐ ȑȤİȚ Ƞ πȡȠıįȚȠȡȚıȝȩȢ ĲȦȞ 

ıυȞșȘțȫȞ țȐĲȦ απȩ ĲȚȢ ȠπȠȓİȢ ȜȒφșȘțİ ĲȠ φȐıȝα. ȅȚ ıυȞșȒțİȢ αυĲȑȢ αφȠȡȠȪȞ įȚȐφȠȡİȢ παȡαȝȑĲȡȠυȢ 

ĲȘȢ ȝȘȤαȞȒȢ παȡαȖȦȖȒȢ αțĲȓȞȦȞ-Χ, ĲȠυ αȞȚȤȞİυĲȒ, ĲȘȢ șȑıȘȢ ĲȠυ įİȓȖȝαĲȠȢ, ĲȦȞ φȓȜĲȡȦȞ πȠυ 

ȤȡȘıȚȝȠπȠȚȒșȘțαȞ ț.α. ȅ πȡȠıįȚȠȡȚıȝȩȢ ĲȦȞ πİȚȡαȝαĲȚțȫȞ παȡαȝȑĲȡȦȞ ıĲȠȤİȪİȚ ıĲȠȞ țαĲȐ ĲȠ 

įυȞαĲȩȞ αțȡȚȕȑıĲİȡȠ υπȠȜȠȖȚıȝȩ ĲȠυ υπȠıĲȡȫȝαĲȠȢ țαȚ ĲȦȞ φȦĲȠțȠȡυφȫȞ ĲȠυ φȐıȝαĲȠȢ απȩ ĲȠȞ 

αȜȖȩȡȚșȝȠ ĲȠυ ȜȠȖȚıȝȚțȠȪ bAXIL. ȈĲȚȢ İπȩȝİȞİȢ παȡαȖȡȐφȠυȢ πİȡȚȖȡȐφİĲαȚ αȞαȜυĲȚțȐ Ƞ ĲȡȩπȠȢ 

İȚıαȖȦȖȒȢ ĲȦȞ πİȚȡαȝαĲȚțȫȞ ıυȞșȘțȫȞ ıĲȠ πȡȩȖȡαȝȝα, țαșȫȢ țαȚ ȠȚ παȡȐȝİĲȡȠȚ πȠυ 

ȤȡȘıȚȝȠπȠȚȒșȘțαȞ ıĲα πȜαȓıȚα αυĲȒȢ ĲȘȢ įȚπȜȦȝαĲȚțȒȢ İȡȖαıȓαȢ. 

 

5.5.1 ȆȡȠıįȚȠȡȚıȝȩȢ παȡαȝȑĲȡȦȞ ȝȘȤαȞȒȢ αțĲȓȞȦȞ-Χ 

 ȉȠ πȡȫĲȠ ıĲȐįȚȠ ĲȠυ πȡȠıįȚȠȡȚıȝȠȪ ĲȦȞ πİȚȡαȝαĲȚțȫȞ ıυȞșȘțȫȞ İȓȞαȚ Ƞ πȡȠıįȚȠȡȚıȝȩȢ ĲȦȞ 

ȤαȡαțĲȘȡȚıĲȚțȫȞ ĲȘȢ ȝȘȤαȞȒȢ παȡαȖȦȖȒȢ ĲȦȞ αțĲȓȞȦȞ-Χ. ΓȚα ĲȠ ıțȠπȩ αυĲȩ,  απȩ ĲȘȞ țİȞĲȡȚțȒ 

ȠșȩȞȘ ĲȠυ bAXIL, αțȠȜȠυșȫȞĲαȢ ĲȠ ȝȠȞȠπȐĲȚ «Edit \Experimental Conditions\Set Excitation Mode» 

İȝφαȞȓȗİĲαȚ ĲȠ παȡȐșυȡȠ πȠυ φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 5.4. 

 

 

 ȈĲȠ ıĲȐįȚȠ αυĲȩ Ƞ ȤȡȒıĲȘȢ țαȜİȓĲαȚ Ȟα țȐȞİȚ ȝȩȞȠ ȝȚα İπȚȜȠȖȒ, Ș ȠπȠȓα αφȠȡȐ ĲȠȞ ĲȪπȠ ĲȘȢ 

ȝȘȤαȞȒȢ αțĲȓȞȦȞ-X, Ȓ ȖİȞȚțȩĲİȡα ĲȠυ ĲȡȩπȠυ įȚȑȖİȡıȘȢ ĲȠυ įİȓȖȝαĲȠȢ, İȓĲİ αυĲȒ İπȚĲυȖȤȐȞİĲαȚ ȝİ 

ȈχȒȝα 5.4 ȆİȡȚȖȡαφȒ ĲȠυ ĲȪπȠυ ĲȘȢ ȝȘχαȞȒȢ αțĲȓȞωȞ-Χ 
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φȦĲȩȞȚα, ȘȜİțĲȡȩȞȚα, πȡȦĲȩȞȚα Ȓ ıȦȝαĲȓįȚα-α. ȈĲȘȞ πİȡȓπĲȦıȘ ĲȦȞ αȞαȜȪıİȦȞ πȠυ ȑȖȚȞαȞ ıĲȘȞ ǻǼ 

İπȚȜȑȖİĲαȚ «Tube Excitation» țαȚ ȝİ ĲȠ πȜȒțĲȡȠ «OK» İπȚȕİȕαȚȫȞİĲαȚ Ș İπȚȜȠȖȒ.  

 ȂİĲȐ ĲȠȞ πȡȠıįȚȠȡȚıȝȩ ĲȠυ ĲȪπȠυ ĲȘȢ ȝȘȤαȞȒȢ αțĲȓȞȦȞ- Χ ıİȚȡȐ ȑȤİȚ Ș țαĲαȤȫȡȘıȘ ĲȦȞ 

țαĲαıțİυαıĲȚțȫȞ ȤαȡαțĲȘȡȚıĲȚțȫȞ ĲȘȢ. ΓȚα πȡȩıȕαıȘ ıĲȠ παȡȐșυȡȠ ȩπȠυ țαĲαȤȦȡȠȪȞĲαȚ Ĳα 

απαȡαȓĲȘĲα αυĲȐ ıĲȠȚȤİȓα αțȠȜȠυșİȓĲαȚ ĲȠ ȝȠȞȠπȐĲȚ «Edit \Experimental Conditions\Excitation 

Conditions». ȉȠ παȡȐșυȡȠ πȠυ İȝφαȞȓȗİĲαȚ φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 5.6. 

 

  

ȉα πİįȓα πȠυ απαȚĲİȓĲαȚ Ȟα ıυȝπȜȘȡȦșȠȪȞ İȓȞαȚ ȝȩȞȠ 6 țαȚ İȓȞαȚ αȡțİĲȐ απȜȐ. ȅ ȤȡȒıĲȘȢ țαȜİȓĲαȚ Ȟα 

İȚıȐȖİȚ ĲȠ υȜȚțȩ ĲȘȢ αȞȩįȠυ ĲȘȢ ȝȘȤαȞȒȢ, ĲȘȞ ȖȦȞȓα ĲȘȢ įȑıȝȘȢ αțĲȓȞȦȞ-Χ, țαșȫȢ țαȚ ĲȠ υȜȚțȩ, 

πȐȤȠȢ, șȑıȘ țαȚ πυțȞȩĲȘĲα ĲȠυ παȡαșȪȡȠυ ĲȘȢ ȝȘȤαȞȒȢ. ȉȑȜȠȢ, İȚıȐȖİĲαȚ Ș ĲȐıȘ πȠυ İφαȡȝȩıĲȘțİ 

ıĲȘ ȝȘȤαȞȒ ȖȚα ĲȘ ȜȒȥȘ ĲȠυ ıυȖțİțȡȚȝȑȞȠυ φȐıȝαĲȠȢ. ȈĲȘȞ πİȡȓπĲȦıȘ ĲȦȞ πİȚȡαȝȐĲȦȞ πȠυ ȑȖȚȞαȞ 

ıĲα πȜαȓıȚα ĲȘȢ ǻǼ, Ș υȥȘȜȒ ĲȐıȘ İȓȤİ ĲȘȞ ĲȚȝȒ: 15, 25, 35 Ȓ 50 kV – țαĲȐ πİȡȓπĲȦıȘ. ǹυĲȩ șα 

İπȚĲȡȑȥİȚ ıĲȠ ȜȠȖȚıȝȚțȩ Ȟα πȡȠıȠȝȠȚȫıİȚ ıȦıĲȐ ĲȠ παȡαȖȩȝİȞȠ φȐıȝα ĲȘȢ ȝȘȤαȞȒȢ αțĲȓȞȦȞ-Χ. ȉα 

ıĲȠȚȤİȓα πȠυ įȓȞȠȞĲαȚ απȩ ĲȠȞ țαĲαıțİυαıĲȒ OXFORD ĲȘȢ ȝȘȤαȞȒȢ αțĲȓȞȦȞ-Χ Ĳα ȠπȠȓα 

ȤȡȘıȚȝȠπȠȚȒșȘțαȞ ȖȚα ĲȘȞ ıυȝπȜȒȡȦıȘ ĲȠυ παȡαșȪȡȠυ țαĲαȖȡȐφȠȞĲαȚ ıĲȠȞ ȆȓȞαțα 5.2. 

ȈχȒȝα 5.6 ȆαȡȐșυȡȠ İȚıαȖωȖȒȢ παȡαȝȑĲȡωȞ ȝȘχαȞȒȢ αțĲȓȞωȞ Χ 
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ȆȓȞαțαȢ 5.2 ΧαȡαțĲȘȡȚıĲȚțȐ ȝȘȤαȞȒȢ αțĲȓȞȦȞ-Χ OXFORD ĲȠυ ǼȆȉ-ǼȂȆ 

ȈĲȠȚȤİȓα ȝȘȤαȞȒȢ αțĲȓȞȦȞ-Χ OXFORD  

ȊȜȚțȩ αȞȩįȠυ Mo 

ΓȦȞȓα İȟȩįȠυ (Take-off angle) 7.4° 

ȊȜȚțȩ ȆαȡαșȪȡȠυ ȝȘȤαȞȒȢ Be 

ΘȑıȘ παȡαșȪȡȠυ ȆȜαȧȞȒ (Side Window) 

ȆȐȤȠȢ παȡαșȪȡȠυ 25 ȝm 

ȆυțȞȩĲȘĲα 1.85 g/cm
3
 

ȉα παȡαπȐȞȦ įİįȠȝȑȞα πȡȠȑțυȥαȞ απȩ ĲȠ İȖȤİȚȡȓįȚȠ ĲȠυ țαĲαıțİυαıĲȒ ĲȘȢ ȝȘȤαȞȒȢ αțĲȓȞȦȞ-Χ, 

țαșȫȢ țαȚ  πȡȠȘȖȠȪȝİȞİȢ ǻǼ πȠυ İȓȤαȞ İțπȠȞȘșİȓ ıĲȠ ǼȆȉ-ǼȂȆ [1]. ǼȚįȚțȩĲİȡα ıĲȘȞ πİȡȓπĲȦıȘ ĲȘȢ 

ȖȦȞȓαȢ İȟȠįȠυ ĲȘȢ įȑıȝȘȢ αțĲȓȞȦȞ-Χ, Ș ĲȚȝȒ ĲȦȞ 7.4° ȜȒφșȘțİ απȩ ĲȘ ȕȚȕȜȚȠȖȡαφȓα ȖȚα αȞĲȓıĲȠȚȤİȢ 

įȚαĲȐȟİȚȢ [16]
 ȜȩȖȦ ȑȜȜİȚȥȘȢ ȐȜȜȠυ ıĲȠȚȤİȓȠυ. ȉα υπȩȜȠȚπα ıĲȠȚȤİȓα įȓȞȠȞĲαȞ İȟ αȡȤȒȢ απȩ ĲȠȞ 

țαĲαıțİυαıĲȒ ĲȘȢ ȝȘȤαȞȒȢ. 

 

5.5.2 ȆȡȠıįȚȠȡȚıȝȩȢ παȡαȝȑĲȡȦȞ αȞȚȤȞİυĲȒ  

 ǹφȠȪ Ƞ ȤȡȒıĲȘȢ ȑȤİȚ țαșȠȡȓıİȚ ȝİ αțȡȓȕİȚα Ĳα țαĲαıțİυαıĲȚțȐ ȤαȡαțĲȘȡȓıĲȘțα ĲȘȢ ȝȘȤαȞȒȢ 

παȡαȖȦȖȒȢ αțĲȓȞȦȞ-Χ ĲȘȢ įȚȐĲαȟȘȢ XRF, ıİȚȡȐ ȑȤİȚ Ș πİȡȚȖȡαφȒ ĲȘȢ αȞȚȤȞİυĲȚțȒȢ įȚȐĲαȟȘȢ, 

ıυȖțİțȡȚȝȑȞα ĲȠυ αȞȚȤȞİυĲȒ SiLi αȜȜȐ țαȚ ĲȘȢ ȖİȦȝİĲȡȓαȢ ĲȘȢ πİȚȡαȝαĲȚțȒȢ įȚȐĲαȟȘȢ. ǹțȠȜȠυșȫȞĲαȢ 

αȡȤȚțȐ ĲȠ ȝȠȞȠπȐĲȚ «Edit \Experimental Conditions\Detectors», İȝφαȞȓȗİĲαȚ ĲȠ παȡȐșυȡȠ ĲȠυ 

ȈȤȒȝαĲȠȢ 5.7 ĲȦȞ παȡαȝȑĲȡȦȞ ĲȠυ αȞȚȤȞİυĲȒ, πȠυ ȤȦȡȓȗİĲαȚ ıİ įȪȠ ĲȝȒȝαĲα: ĲȠȞ ȘȝȚαȖȦȖȩ «Crystal» 

țαȚ ĲȚȢ İπȚφȐȞİȚİȢ απȠȡȡȩφȘıȘȢ «Absorbers». ȅπȠȚαįȒπȠĲİ İπȚφȐȞİȚα ĲȠυ αȞȚȤȞİυĲȒ Ș ȠπȠȓα įİȞ 

αȞȚȤȞİȪİȚ αțĲȓȞİȢ-Χ, αȜȜȐ ĲȚȢ απȠȡȡȠφȐ țαĲȐ ĲȘȞ πȡȠıπȐșİȚα İȚıȩįȠυ ıİ αυĲȩȞ,  țαĲαȤȦȡİȓĲαȚ ıĲȘȞ 

țαĲȘȖȠȡȓα ĲȦȞ İπȚφαȞİȚȫȞ απȠȡȡȩφȘıȘȢ «Absorbers». ǹυĲȑȢ, ıĲȘȞ πİȡȓπĲȦıȘ ĲȠυ αȞȚȤȞİυĲȒ ĲȠυ 

ǼȆȉ–ǼȂȆ İȓȞαȚ: ĲȠ παȡȐșυȡȠ ĲȠυ αȞȚȤȞİυĲȒ, Ș ȞİțȡȐ πİȡȚȠȤȒ (Dead Layer) ĲȠυ αȞȚȤȞİυĲȒ țαȚ Ș 

ȝİĲαȜȜȚțȒ İπαφȒ (Au Contact Layer) ĲȠυ αȞȚȤȞİυĲȒ. ȅ ȤȡȒıĲȘȢ ȝπȠȡİȓ Ȟα πȡȠıșȑıİȚ țαȚ Ȟα αφαȚȡȑıİȚ 

İπȚφȐȞİȚİȢ απȠȡȡȩφȘıȘȢ ıĲα ȤαȡαțĲȘȡȚıĲȚțȐ, πȚȑȗȠȞĲαȢ Ĳα πȜȒțĲȡα «Add absorber» țαȚ «Remove 

Absorber» αȞĲȓıĲȠȚȤα.  
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 ΓȚα ĲȘȞ ıυȝπȜȒȡȦıȘ ĲȠυ παȡαșȪȡȠυ ĲȦȞ ȤαȡαțĲȘȡȚıĲȚțȫȞ ĲȠυ αȞȚȤȞİυĲȒ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ 

ıĲȠȚȤİȓα πȠυ πȡȠțȪπĲȠυȞ ĲȩıȠ απȩ ĲȠ İȖȤİȚȡȓįȚȠ ĲȠυ țαĲαıțİυαıĲȒ CANBERRA ĲȠυ ȘȝȚαȖȦȖȠȪ 

αȞȚȤȞİυĲȒ SiLi, ȩıȠ țαȚ ıĲȠȚȤİȓα πȠυ ȑȤȠυȞ İπȚȜİȖİȓ ȝİ ȕȐıȘ ĲȘ ȕȚȕȜȚȠȖȡαφȓα [1][2]
 ȜȩȖȦ ȑȜȜİȚȥȘȢ 

ȐȜȜȦȞ įİįȠȝȑȞȦȞ. ȉα ıĲȠȚȤİȓα αυĲȐ țαĲαȖȡȐφȠȞĲαȚ ıĲȠȞ ȆȓȞαțα. 5.3. 

 

 

ȆȓȞαțαȢ 5.3 ȀαĲαıțİυαıĲȚțȐ ȤαȡαțĲȘȡȚıĲȚțȐ αȞȚȤȞİυĲȒ SiLi ǼȆȉ-ǼȂȆ 

 ȈȪıĲαıȘ ȆȐȤȠȢ ȆυțȞȩĲȘĲα 

ΗȝȚαȖȦȖȩȢ (Crystal) Si 8 mm 2.57 g/cm
3
 

Au Contact Layer Au 0.02 ȝm 19.3 g/cm
3
 

Dead Layer Si 0.03 ȝm 2.57  g/cm
3
 

Window Be 25 ȝm 1.848 g/cm
3
 

 

 

5.5.3 ȅȡȚıȝȩȢ ĲȘȢ ȖİȦȝİĲȡȓαȢ ĲȘȢ πİȚȡαȝαĲȚțȒȢ įȚȐĲαȟȘȢ 

ȈχȒȝα 5.7 ȆαȡȐșυȡȠ χαȡαțĲȘȡȚıĲȚțȫȞ αȞȚχȞİυĲȒ SiLi 
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 ȂȚα αțȩȝȘ ıȘȝαȞĲȚțȒ πĲυȤȒ ĲȠυ ȠȡȚıȝȠȪ ĲȦȞ πİȚȡαȝαĲȚțȫȞ ıυȞșȘțȫȞ İȓȞαȚ Ș πİȡȚȖȡαφȒ ĲȘȢ 

ȖİȦȝİĲȡȓαȢ ĲȘȢ αȞȚȤȞİυĲȚțȒȢ įȚȐĲαȟȘȢ. ΓȚα Ȟα ȝİĲαφİȡșİȓ Ƞ ȤȡȒıĲȘȢ ıĲȠ παȡȐșυȡȠ ȩπȠυ ȝπȠȡİȓ Ȟα 

πİȡȚȖȡȐȥİȚ ĲȘ ȖİȦȝİĲȡȓα ĲȘȢ įȚȐĲαȟȘȢ πȡȑπİȚ Ȟα αțȠȜȠυșȒıİȚ ĲȠ ȝȠȞȠπȐĲȚ «Edit \Experimental 

Conditions\Detectors».  ȅȚ παȡȐȝİĲȡȠȚ πȠυ įȓȞȠȞĲαȚ ıĲȠ παȡȐșυȡȠ αυĲȩ ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ ȖȚα ĲȘȞ 

πȠȚȠĲȚțȒ αȞȐȜυıȘ ĲȠυ φȐıȝαĲȠȢ țαȚ İπȠȝȑȞȦȢ İȓȞαȚ ıȘȝαȞĲȚțȩ Ȟα πȡȠıįȚȠȡȚıĲȠȪȞ ȝİ αțȡȓȕİȚα. ȉȠ 

παȡȐșυȡȠ πİȡȚȖȡαφȒȢ ĲȦȞ ȖİȦȝİĲȡȚțȫȞ ȤαȡαțĲȘȡȚıĲȚțȫȞ ĲȘȢ įȚȐĲαȟȘȢ φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 5.8. 

ȈχȒȝα 5.8 ȆαȡȐșυȡȠ ȖİωȝİĲȡȚțȫȞ χαȡαțĲȘȡȚıĲȚțȫȞ ȆȘȖȒȢ-ǻİȓȖȝαĲȠȢ-ΑȞȚχȞİυĲȒ 
 

ΌπȦȢ φαȓȞİĲαȚ țαȚ ıĲȠ παȡαπȐȞȦ ıȤȒȝα, ĲȠ παȡȐșυȡȠ İȓȞαȚ ȤȦȡȚıȝȑȞȠ ıİ įȪȠ ȝȑȡȘ: 

- ĲȘ ȖİȦȝİĲȡȓα ȆȘȖȒȢ αțĲȓȞȦȞ-Χ țαȚ ǻİȓȖȝαĲȠȢ 

- ĲȘ ȖİȦȝİĲȡȓα ǻİȓȖȝαĲȠȢ țαȚ ǹȞȚȤȞİυĲȒ 

ȀαȚ ȖȚα ĲȚȢ įȪȠ ȖİȦȝİĲȡȓİȢ, Ƞ ȤȡȒıĲȘȢ țαȜİȓĲαȚ Ȟα ȠȡȓıİȚ ĲȚȢ απȠıĲȐıİȚȢ ıİ cm, ĲȚȢ ȖȦȞȓİȢ ıİ ȝȠȓȡİȢ 

țαȚ ĲȚȢ ıĲİȡİȑȢ ȖȦȞȓİȢ ıİ steradian [sr]. Ȉİ πİȡȓπĲȦıȘ πȠυ Ș ıĲİȡİȑȢ ȖȦȞȓİȢ įİȞ İȓȞαȚ ȖȞȦıĲȑȢ, 

πȡȠĲİȓȞİĲαȚ απȩ ĲȠ İȖȤİȚȡȓįȚȠ ĲȠυ ȜȠȖȚıȝȚțȠȪ Ȟα ȠȡȓȗİĲαȚ Ș ĲȚȝȒ 0.1. 

ΓȚα ĲȠȞ ȠȡȚıȝȩ ĲȦȞ ȖȦȞȚȫȞ țαȚ ĲȦȞ απȠıĲȐıİȦȞ ȤȡȘıȚȝȠπȠȚȒșȘțİ ĲȠ ıțαȡȓφȘȝα ĲȘȢ πİȚȡαȝαĲȚțȒȢ 

įȚȐĲαȟȘȢ πȠυ παȡȠυıȚȐȗİĲαȚ ıĲȠ ȈȤȒȝα 5.9.  
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ǹπȩ ĲȠ ıțαȡȓφȘȝα αυĲȩ ȝπȠȡİȓ Ȟα υπȠȜȠȖȚıșİȓ Ș ȖȦȞȓα ș1 ȝİĲαȟȪ ȆȘȖȒȢ – ǻİȓȖȝαĲȠȢ, (incident angle), 

πȠυ İȓȞαȚ  θଵ = ʹͺ °, țαȚ Ș ȖȦȞȓα ș2 ȝİĲαȟȪ ǻİȓȖȝαĲȠȢ – ǹȞȚȤȞİυĲȒ, (ȉakeoff angle) πȠυ İȓȞαȚ θଶ =͸ʹ °. ǼπȚπȜȑȠȞ, Ș απȩıĲαıȘ πȘȖȒȢ – įİȓȖȝαĲȠȢ ȚıȠȪĲαȚ ȝİ 15.50 cm, İȞȫ Ș απȩıĲαıȘ įİȓȖȝαĲȠȢ – 

αȞȚȤȞİυĲȒ İȓȞαȚ 10 cm 
[1]

.  

 

5.5.4 ȅȡȚıȝȩȢ ĲȦȞ ıυȞșȘțȫȞ πȠυ İπȚțȡαĲȠȪȞ țαĲȐ ĲȘ ȜȒȥȘ ĲȠυ φȐıȝαĲȠȢ  

 ȈĲȠ ĲİȜİυĲαȓȠ ıĲȐįȚȠ ȠȡȚıȝȠȪ ĲȦȞ πİȚȡαȝαĲȚțȫȞ ıυȞșȘțȫȞ, Ƞ ȤȡȒıĲȘȢ țαȜİȓĲαȚ Ȟα 

ıυȝπȜȘȡȫıİȚ ȝİȡȚțȑȢ αțȩȝȘ πȜȘȡȠφȠȡȓİȢ țαȚ Ȟα ȠȡȓıİȚ ȠȡȚıȝȑȞİȢ παȡαȝȑĲȡȠυȢ πȠυ ıȤİĲȓȗȠȞĲαȚ ȝİ ĲȚȢ 

ıυȞșȒțİȢ πȠυ İπȚțȡαĲȠȪıαȞ țαĲȐ ĲȘȞ ȜȒȥȘ ĲȠυ φȐıȝαĲȠȢ αțĲȓȞȦȞ-Χ απȩ ĲȘȞ αȞȚȤȞİυĲȚțȒ įȚȐĲαȟȘ. 

ǹțȠȜȠυșȫȞĲαȢ ĲȠ ȝȠȞȠπȐĲȚ «Edit \Experimental Conditions\Measurement Conditions», Ƞ ȤȡȒıĲȘȢ 

αȞȠȓȖİȚ ĲȠ παȡȐșυȡȠ ıĲȠ ȠπȠȓȠ șα ȠȡȚıĲȠȪȞ αυĲȑȢ ȠȚ παȡȐȝİĲȡȠȚ, ȩπȦȢ φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 5.10. ȈĲȠ 

παȡȐșυȡȠ αυĲȩ, Ƞ ȤȡȒıĲȘȢ ȝπȠȡİȓ Ȟα İȚıȐȖİȚ πȜȘȡȠφȠȡȓİȢ ȖȚα ĲȘȞ αȞαȖȞȫȡȚıȘ ĲȠυ φȐıȝαĲȠȢ πȠυ 

İπİȟİȡȖȐȗİĲαȚ (ıĲȠ πİįȓȠ Sample ID), ıĲȠȚȤİȓα ĲȠυ ȤȡȒıĲȘ (ıĲȠ πİįȓȠ User ID), țαșȫȢ țαȚ ȖİȞȚțȩĲİȡα 

ıȤȩȜȚα. ȈȘȝİȚȫȞİĲαȚ ȩĲȚ ȠȚ ıȘȝαȞĲȚțȩĲİȡİȢ παȡȐȝİĲȡȠȚ ȕȡȓıțȠȞĲαȚ țȐĲȦ απȩ ĲȠ πİįȓȠ ĲȦȞ ıȤȠȜȓȦȞ. 

 

ȈχȒȝα 5.9 ȈțαȡȓφȘȝα ȖİωȝİĲȡȓαȢ αȞȚχȞİυĲȚțȒȢ įȚȐĲαȟȘȢ XRF ǼȆȉ-ǼΜȆ [1]
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ȈχȒȝα 5.10 ȆαȡȐșυȡȠ țαșȠȡȚıȝȠȪ ıυȞșȘțȫȞ țαĲȐ ĲȘȞ įȚİȟαȖωȖȒ ĲȠυ πİȚȡȐȝαĲȠȢ 

  

ȅȚ παȡȐȝİĲȡȠȚ ȤȡȩȞȠυ Live Time țαȚ Real Time ıυȝπȜȘȡȫȞȠȞĲαȚ αυĲȩȝαĲα țαĲȐ ĲȘȞ İȚıαȖȦȖȒ ĲȠυ 

țȐșİ φȐıȝαĲȠȢ αțĲȓȞȦȞ-Χ ıĲȠ bAXIL, țαȚ įİȞ απαȚĲȠȪȞ țαȝȓα παȡȑȝȕαıȘ απȩ ĲȠȞ ȤȡȒıĲȘ. ȅ 

ȤȡȒıĲȘȢ ȩȝȦȢ țαȜİȓĲαȚ Ȟα ȠȡȓıİȚ ĲȘȞ ȑȞĲαıȘ ĲȠυ ȡİȪȝαĲȠȢ (ıİ mA) ĲȘȢ ȝȘȤαȞȒȢ αțĲȓȞȦȞ Χ, πȠυ İȓȤİ 

İφαȡȝȩıĲȘțİ țαĲȐ ĲȘ įȚȐȡțİȚα ĲȘȢ ȜȒȥȘȢ ĲȠυ φȐıȝαĲȠȢ. ȈĲα πȜαȓıȚα ĲȘȢ ǻǼ αυĲȒȢ, 

ȤȡȘıȚȝȠπȠȚȒșȘțαȞ ıυȖțİțȡȚȝȑȞα ıİȞȐȡȚα-ıυȞįυαıȝȠȓ (ĲȐıȘȢ țαȚ ȑȞĲαıȘȢ ȡİȪȝαĲȠȢ ĲȘȢ ȝȘȤαȞȒȢ  

αțĲȓȞȦȞ-Χ) Ĳα ȠπȠȓα țαĲαȖȡȐφȠȞĲαȞ αȞİȜȜȚπȫȢ. ȈĲȘ ıυȞȑȤİȚα, ıĲȠ πİįȓȠ πȠυ ȕȡȓıțİĲαȚ țȐĲȦ απȩ 

αυĲȩ ĲȘȢ ȑȞĲαıȘȢ ĲȠυ ȡİȪȝαĲȠȢ įȓįİĲαȚ Ș ĲȚȝȒ ĲȘȢ ĲȐıȘȢ. ǼπȚıȘȝαȓȞİĲαȚ ȩĲȚ Ș αȜȜαȖȒ αυĲȒȢ ĲȘȢ ĲȚȝȒȢ 

ȖȓȞİĲαȚ ȝȩȞȠ απȩ ĲȠ παȡȐșυȡȠ ĲȦȞ παȡαȝȑĲȡȦȞ ĲȘȢ ȝȘȤαȞȒȢ αțĲȓȞȦȞ-Χ (ȕȜ. παȡ. 5.2).  

ΈȞα απȩ Ĳα ıȘȝαȞĲȚțȩĲİȡα ıȘȝİȓα ĲȠυ ȠȡȚıȝȠȪ ĲȦȞ πİȚȡαȝαĲȚțȫȞ ıυȞșȘțȫȞ İȓȞαȚ Ș įȒȜȦıȘ 

ĲȦȞ φȓȜĲȡȦȞ πȠυ ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ ıĲȠȞ țαĲİυșυȞĲȒ įȑıȝȘȢ ıĲȘȞ ȑȟȠįȠ ĲȘȢ ȝȘȤαȞȒȢ αțĲȓȞȦȞ-Χ. ȉα 

φȓȜĲȡα πȠυ ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ ȝİĲαȟȪ πȘȖȒȢ αțĲȓȞȦȞ-Χ țαȚ įİȓȖȝαĲȠȢ, αȞȐȜȠȖα ȝİ ĲȠ υȜȚțȩ țαȚ ĲȠ 

πȐȤȠȢ ĲȠυȢ, İπȘȡİȐȗȠυȞ ıȘȝαȞĲȚțȐ ĲȠ υπȩıĲȡȦȝα, İȚįȚțȐ ȖȚα ĲȘȞ πİȡȚȠȤȒ ȤαȝȘȜȫȞ İȞİȡȖİȚȫȞ țαȚ ȖȚα 

ȤαȝȘȜȑȢ ĲȐıİȚȢ ȜİȚĲȠυȡȖȓαȢ ĲȘȢ ȝȘȤαȞȒȢ αțĲȓȞȦȞ-Χ. ȈĲα πȜαȓıȚα ĲȘȢ ǻǼ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ φȓȜĲȡα 

αȜȠυȝȚȞȓȠυ (Al) ȖȚα įȪȠ ıİȞȐȡȚα αțĲȚȞȠȕȩȜȘıȘȢ (ĲȐıȘ ȝȘȤαȞȒȢ  αțĲȓȞȦȞ-Χ ıĲα 15KV Ȓ 25KV), țαȚ 

φȓȜĲȡα ȝȠȜυȕįαȚȞȓȠυ (Mo) ȖȚα ȐȜȜα įȪȠ ıİȞȐȡȚα (ĲȐıȘ ȝȘȤαȞȒȢ  αțĲȓȞȦȞ-Χ ıĲα 35KV Ȓ 50KV).  ΓȚα 
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ĲȘȞ İȚıαȖȦȖȒ ĲȘȢ πȜȘȡȠφȠȡȓαȢ ĲȦȞ φȓȜĲȡȦȞ ıĲȠ ȜȠȖȚıȝȚțȩ, ĲȠ bAXIL ȗȘĲȐ απȩ ĲȠȞ ȤȡȒıĲȘ Ȟα ȠȡȓıİȚ 

ĲȠ υȜȚțȩ ĲȠυ φȓȜĲȡȠυ πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțİ, ĲȠ πȐȤȠȢ țαȚ ĲȘȞ πυțȞȩĲȘĲα ĲȠυ. ȈĲȠȞ ȆȓȞαțα 5.4 

παȡȠυıȚȐȗȠȞĲαȚ Ĳα ȤαȡαțĲȘȡȚıĲȚțȐ ĲȦȞ įȪȠ ĲȪπȦȞ φȓȜĲȡȦȞ πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ ıĲȘȞ παȡȠȪıα ǻǼ 

țαșȫȢ țαȚ ȠȚ παȡȐȝİĲȡȠȚ πȠυ ȠȡȓıĲȘțαȞ ȖȚα țȐșİ ȑȞα απȩ Ĳα 4 įȚαφȠȡİĲȚțȐ ıİȞȐȡȚα ȜȒȥȘȢ φαıȝȐĲȦȞ.  

ȆȓȞαțαȢ 5.4 ȆαȡȐȝİĲȡȠȚ φȓȜĲȡȦȞ πȘȖȒȢ αțĲȓȞȦȞ Χ ıĲȠ ȜȠȖȚıȝȚțȩ bAXIL 

ȈİȞȐȡȚȠ 

ΦȓȜĲȡα ıĲȘȞ 
ȑȟȠįȠ ĲȘȢ 
ȝȘȤαȞȒȢ 

αțĲȓȞȦȞ-Χ ȊȜȚțȩ 

ȈυȞȠȜȚțȩ 
πȐȤȠȢ ĲȦȞ 
φȓȜĲȡȦȞ ȆυțȞȩĲȘĲα 

15 kV, 0.3 

mA 1 φȓȜĲȡȠ Al Al 300 ȝm ʹ.͹ gr cmଷ⁄  

25 kV, 

0.16 mA 6 φȓȜĲȡα Al Al 1800 ȝm ʹ.͹ gr cmଷ⁄  

35 kV, 

0.28 mA 4 φȓȜĲȡα Mo Mo 200 ȝm ͳͲ.ʹͺ gr cmଷ⁄  

50 kV, 

0.08 mA 4 φȓȜĲȡα Mo Mo 200 ȝm ͳͲ.ʹͺ gr cmଷ⁄  

 

5.6 ǼȞİȡȖİȚαțȒ ǺαșȝȠȞȩȝȘıȘ ĲȠυ bAXIL 

 ΓȚα ĲȘȞ αȞȐȜυıȘ ĲȠυ φȐıȝαĲȠȢ αțĲȓȞȦȞ-Χ İȓȞαȚ απαȡαȓĲȘĲȘ Ș αțȡȚȕȒȢ İȞİȡȖİȚαțȒ 

ȕαșȝȠȞȩȝȘıȘ, țαșȫȢ ĲȠ ȜȠȖȚıȝȚțȩ ȕαıȓȗİĲαȚ ıİ αυĲȒȞ ȖȚα ĲȠȞ İȞĲȠπȚıȝȩ ĲȦȞ ȤαȡαțĲȘȡȚıĲȚțȫȞ 

αțĲȓȞȦȞ-Χ țȐșİ ıĲȠȚȤİȓȠυ. ǼπȠȝȑȞȦȢ, Ș İȞİȡȖİȚαțȒ ȕαșȝȠȞȩȝȘıȘ απȠĲİȜİȓ ıȘȝαȞĲȚțȩ ȕȒȝα ȖȚα ĲȘȞ 

πȠȚȠĲȚțȒ αȞȐȜυıȘ ĲȠυ φȐıȝαĲȠȢ. Η İȞİȡȖİȚαțȒ ȕαșȝȠȞȩȝȘıȘ ıĲȘȞ Ƞυıȓα İȓȞαȚ Ș ıυıȤȑĲȚıȘ ȝİĲαȟȪ 

ĲȘȢ İȞȑȡȖİȚαȢ ĲȦȞ φȦĲȠȞȓȦȞ πȠυ αȞȚȤȞİȪȠȞĲαȚ ıĲȠȞ αȞȚȤȞİυĲȒ țαȚ ĲȠυ αȪȟȠȞĲα αȡȚșȝȠȪ ĲȠυ țαȞαȜȚȠȪ 

ĲȠυ πȠȜυțαȞαȜȚțȠȪ αȞαȜυĲȒ (MCA) ȩπȠυ țαĲαȤȦȡȠȪȞĲαȚ Ĳα αȞĲȓıĲȠȚȤα ıυȝȕȐȞĲα. Η İȞİȡȖİȚαțȒ 

ȕαșȝȠȞȩȝȘıȘ ȤȡİȚȐȗİĲαȚ Ȟα İȜȑȖȤİĲαȚ ıİ ĲαțĲȐ ȤȡȠȞȚțȐ įȚαıĲȒȝαĲα țαȚ ȠπȦıįȒπȠĲİ ȩĲαȞ αȜȜȐȗİȚ 

țȐπȠȚα απȩ ĲȚȢ ıυȞȚıĲȫıİȢ Ȓ ȡυșȝȓıİȚȢ ĲȘȢ įȚȐĲαȟȘȢ (πȤ. ȡυșȝȓıİȚȢ ȘȜİțĲȡȠȞȚțȫȞ αȞȚȤȞİυĲȒ, 

ȡυșȝȓıİȚȢ MCA țα). ǼȟυπαțȠȪİĲαȚ ȩĲȚ Ș ȕαșȝȠȞȩȝȘıȘ πȠυ İȚıȐȖİĲαȚ ıĲȠ ȜȠȖȚıȝȚțȩ πȡȑπİȚ Ȟα İȓȞαȚ 

αυĲȒ πȠυ ȒĲαȞ ıİ ȚıȤȪ țαĲȐ ĲȘ ȜȒȥȘ ĲȠυ αȞĲȓıĲȠȚȤȠυ φȐıȝαĲȠȢ.  

ΓȚα ĲȘȞ İȚıαȖȦȖȒ ĲȦȞ πİȚȡαȝαĲȚțȫȞ ĲȚȝȫȞ ĲȘȢ İȞİȡȖİȚαțȒȢ ȕαșȝȠȞȩȝȘıȘȢ ıĲȠ ȜȠȖȚıȝȚțȩ bAXIL 

İπȚȜȑȖİĲαȚ ĲȠ πȜȒțĲȡȠ ĲȘȢ İȞİȡȖİȚαțȒȢ ȕαșȝȠȞȩȝȘıȘȢ πȠυ φαȓȞİĲαȚ țυțȜȦȝȑȞȠ ıĲȠ ȈȤȒȝα 5.11 țαȚ 
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İȝφαȞȓȗİĲαȚ ĲȠ ıȤİĲȚțȩ παȡȐșυȡȠ ȩπȠυ Ƞ ȤȡȒıĲȘȢ İȚıȐȖİȚ ıİȚȡȚαțȐ Ĳα παȡαπȐȞȦ ȗİȪȖȘ ĲȚȝȫȞ (țαȞȐȜȚ, 

İȞȑȡȖİȚα). ȈĲȠ įİȟȓ ȝȑȡȠȢ ĲȠυ παȡαșȪȡȠυ αυĲȠȪ, παȡȐȜȜȘȜα ȝİ ĲȘȞ İȚıαȖȦȖȒ ĲȦȞ įİįȠȝȑȞȦȞ, 

ȤαȡȐııİĲαȚ Ș țαȝπȪȜȘ İȞİȡȖİȚαțȒȢ ȕαșȝȠȞȩȝȘıȘȢ. Η ıυȞȐȡĲȘıȘ ȕαșȝȠȞȩȝȘıȘȢ πȠυ İȝφαȞȓȗİĲαȚ ıĲȠ 

ıȤȒȝα 5.11 İȓȞαȚ αυĲȒ πȠυ ȒĲαȞ ıİ ȚıȤȪ țαĲȐ ĲȘȞ İțπȩȞȘıȘ ĲȘȢ ǻǼ. 

ȈĲȠ ȖȡȐφȘȝα αυĲȩ Ƞ ȤȡȒıĲȘȢ ȝπȠȡİȓ Ȟα παȡαĲȘȡȒıİȚ Ĳα πİȚȡαȝαĲȚțȐ ıȘȝİȓα țαȚ ĲȘȞ țαȝπȪȜȘ πȠυ ĲȠ 

ȜȠȖȚıȝȚțȩ υπȠȜȠȖȓȗİȚ ȦȢ ȕȑȜĲȚıĲȘ İυșİȓα αȞαįȡȠȝȒȢ. Η ȖȡαφȚțȒ παȡȐıĲαıȘ ıυȞȚıĲȐĲαȚ Ȟα 

ȤȡȘıȚȝȠπȠȚİȓĲαȚ ȦȢ  ȝȑıȠ İπαȜȒșİυıȘȢ  ĲȘȢ ȠȡșȩĲȘĲαȢ ĲȦȞ πİȚȡαȝαĲȚțȫȞ įİįȠȝȑȞȦȞ αȜȜȐ țαȚ ĲȘȢ 

ıȦıĲȒȢ İȚıαȖȦȖȒȢ ĲȠυȢ ıĲȠ ȜȠȖȚıȝȚțȩ. Ȉİ πİȡȓπĲȦıȘ πȠυ țȐπȠȚȠ ıȘȝİȓȠ (Ȓ πİȡȚııȩĲİȡα απȩ ȑȞα) 

φαȓȞİĲαȚ Ȟα απȑȤȠυȞ αȚıșȘĲȐ απȩ ĲȘȞ ȤαȡαııȩȝİȞȘ țαȝπȪȜȘ, țαȜȩ İȓȞαȚ Ȟα ȖȓȞİĲαȚ πȡȠıİțĲȚțȩȢ 

İπαȞȑȜİȖȤȠȢ ĲȦȞ įİįȠȝȑȞȦȞ. ǹφȠȪ İπȚȕİȕαȚȦșȠȪȞ Ĳα įİįȠȝȑȞα Ș İȞİȡȖİȚαțȒ ȕαșȝȠȞȩȝȘıȘ 

İφαȡȝȩȗİĲαȚ πȚȑȗȠȞĲαȢ ĲȠ πȜȒțĲȡȠ «Apply». 

ȈχȒȝα 5.11  ǻȚαįȚțαıȓα İȞİȡȖİȚαțȒȢ ȕαșȝȠȞȩȝȘıȘȢ  
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5.7 ǻȘȝȚȠυȡȖȓα ĲȠυ ȝȠȞĲȑȜȠυ αȞȐȜυıȘȢ ĲȠυ φȐıȝαĲȠȢ 

 ȀαĲȐ ĲȘ įȚȐȡțİȚα ĲȘȢ αȞȐȜυıȘȢ ĲȠυ φȐıȝαĲȠȢ, ĲȠ ȜȠȖȚıȝȚțȩ bAXIL πȡȠıπαșİȓ Ȟα 

πȡȠıαȡȝȩıİȚ ĲȠ İțȐıĲȠĲİ φȐıȝα αțĲȓȞȦȞ-Χ ıİ ȑȞα ȝαșȘȝαĲȚțȩ ȝȠȞĲȑȜȠ πȠυ ĲȠυ ȑȤİȚ ȠȡȓıİȚ Ƞ 

ȤȡȒıĲȘȢ. ǼπȠȝȑȞȦȢ, Ș İπȚȜȠȖȒ ĲȠυ țαĲȐȜȜȘȜȠυ ĲȪπȠυ ȝαșȘȝαĲȚțȠȪ ȝȠȞĲȑȜȠυ țαȚ Ƞ İȪıĲȠȤȠȢ ȠȡȚıȝȩȢ 

ĲȦȞ παȡαȝȑĲȡȦȞ ĲȠυ İȓȞαȚ țαșȠȡȚıĲȚțȒȢ ıȘȝαıȓαȢ. ȅȚ παȡȐȝİĲȡȠȚ ĲȠυ ȝαșȘȝαĲȚțȠȪ ȝȠȞĲȑȜȠυ 

αȞȐȜυıȘȢ ĲȠυ φȐıȝαĲȠȢ παȡȠυıȚȐȗȠȞĲαȚ αȞαȜυĲȚțȐ ıĲȠ παȡȐșυȡȠ πȠυ ȕȡȓıțİĲαȚ ıĲȠ įİȟȓ ȐțȡȠ ĲȠυ 

ȖȡαφȚțȠȪ πİȡȚȕȐȜȜȠȞĲȠȢ ĲȠυ bAXIL. ȉȠ παȡȐșυȡȠ αυĲȩ παȡαȝȑȞİȚ įȚαȡțȫȢ ıĲȘȞ İπȚφȐȞİȚα İȡȖαıȓαȢ 

ĲȠυ bAXIL, ȫıĲİ Ȟα ȝπȠȡİȓ Ƞ ȤȡȒıĲȘȢ Ȟα ȝİĲαȕȐȜİȚ ȐȞİĲα țαȚ ȖȡȒȖȠȡα ĲȚȢ παȡαȝȑĲȡȠυȢ, ȝİ ĲİȜȚțȩ 

ıțȠπȩ ĲȘȞ İȪȡİıȘ ĲȠυ ȕȑȜĲȚıĲȠυ ȝȠȞĲȑȜȠυ πȡȠıαȡȝȠȖȒȢ ĲȠυ φȐıȝαĲȠȢ. ȅȚ παȡȐȝİĲȡȠȚ ĲȠυ 

ȝαșȘȝαĲȚțȠȪ ȝȠȞĲȑȜȠυ İȓȞαȚ ȠȡȖαȞȦȝȑȞȠȚ ıİ 4 țαĲȘȖȠȡȓİȢ, ȠȚ ȠπȠȓİȢ φαȓȞȠȞĲαȚ ıĲȠ παȡȐșυȡȠ ĲȠυ 

ȝȠȞĲȑȜȠυ ıĲȠ įİȟȓ ȐțȡȠ ĲȘȢ ȠșȩȞȘȢ. ȅȚ țαĲȘȖȠȡȓİȢ αυĲȑȢ İȓȞαȚ ȠȚ παȡαțȐĲȦ: 

 ǼȞİȡȖİȚαțȒ ǺαșȝȠȞȩȝȘıȘ (Calibration) 

 ȆİȡȚȠȤȒ  İȞįȚαφȑȡȠȞĲȠȢ (Region of Interest –ROI) 

 ȊπȩıĲȡȦȝα (Continuum) 

 ΈȜİȖȤȠȢ πȡȠıαȡȝȠȖȒȢ (Fit Control)  

ȈĲȚȢ İπȩȝİȞİȢ παȡαȖȡȐφȠυ İπİȟȘȖİȓĲαȚ πȦȢ țαșȠȡȓȗȠȞĲαȚ ȠȚ παȡȐȝİĲȡȠȚ ĲȦȞ παȡαπȐȞȦ țαĲȘȖȠȡȚȫȞ 

ĲȠυ ȝαșȘȝαĲȚțȠȪ ȝȠȞĲȑȜȠυ. ȂİĲȐ απȩ țȐșİ ȝİĲαȕȠȜȒ ȝȚαȢ παȡαȝȑĲȡȠυ ĲȠυ ȝȠȞĲȑȜȠυ απȩ ĲȠȞ ȤȡȒıĲȘ, 

ȖȚα Ȟα țαĲαȤȦȡȘșİȓ Ș αȜȜαȖȒ πȡȑπİȚ Ȟα παĲȘșİȓ ĲȠ πȜȒțĲȡȠ «Apply».  

 

5.7.1 ȆαȡȐȝİĲȡȠȚ ǼȞİȡȖİȚαțȒȢ ǺαșȝȠȞȩȝȘıȘȢ 

  

ȈĲȠ παȡȐșυȡȠ ĲȠυ ȝȠȞĲȑȜȠυ παȡαĲȘȡİȓ țαȞİȓȢ ȩĲȚ Ș πȡȫĲȘ απȩ ĲȚȢ 4 țαĲȘȖȠȡȓİȢ İȓȞαȚ αυĲȒ ĲȘȢ 

İȞİȡȖİȚαțȒȢ ȕαșȝȠȞȩȝȘıȘȢ ĲȠυ ȝȠȞĲȑȜȠυ. ΓȚα ĲȘȞ İȞİȡȖİȚαțȒ ȕαșȝȠȞȩȝȘıȘ ĲȠυ ȝȠȞĲȑȜȠυ ĲȠ 

ȜȠȖȚıȝȚțȩ bAXIL ȤȡȘıȚȝȠπȠȚİȓ ıυȞĲİȜİıĲȑȢ ȠȚ ȠπȠȓȠȚ țαșȠȡȓȗȠȞĲαȚ αυĲȩȝαĲα țαĲȐ ĲȘȞ İȞİȡȖİȚαțȒ 

ȕαșȝȠȞȩȝȘıȘ ĲȠυ bAXIL, ȩπȦȢ πİȡȚȖȡȐφȘțİ ıĲȘȞ παȡ. 5.6.  ΌȜȠȚ ȠȚ ıυȞĲİȜİıĲȑȢ ȜαȝȕȐȞȠυȞ ȝȚα 

αȡȤȚțȒ ĲȚȝȒ țαȚ ȝȚα απȩțȜȚıȘ, Ș ȠπȠȓα ȠȡȓȗİĲαȚ αȡȤȚțȐ αυĲȩȝαĲα απȩ ĲȠ ȜȠȖȚıȝȚțȩ bAXIL. ȈĲα 

πȜαȓıȚα ĲȘȢ ǻǼ  įİȞ ȤȡİȚȐıĲȘțİ İπȑȝȕαıȘ ıĲȚȢ ĲȚȝȑȢ ĲȦȞ ıυȞĲİȜİıĲȫȞ αυĲȫȞ țαĲȐ ĲȘȞ įȘȝȚȠυȡȖȓα ĲȠυ 

ȝαșȘȝαĲȚțȠȪ ȝȠȞĲȑȜȠυ. ȉȠ παȡȐșυȡȠ ĲȦȞ παȡαȝȑĲȡȦȞ ĲȘȢ ȕαșȝȠȞȩȝȘıȘȢ (Calibration) φαȓȞİĲαȚ ıĲȠ 

ȈȤȒȝα 5.12. 

 

 



106 

 

 

ȈχȒȝα 5.12 ȆαȡȐșυȡȠ παȡαȝȑĲȡωȞ İȞİȡȖİȚαțȒȢ ȕαșȝȠȞȩȝȘıȘȢ ȝȠȞĲȑȜȠυ 

 

5.7.2 ǼπȚȜȠȖȒ  ȆİȡȚȠȤȒȢ İȞįȚαφȑȡȠȞĲȠȢ  

ΈȞα απȩ Ĳα ıȘȝαȞĲȚțȩĲİȡα ıĲȠȚȤİȓα ĲȠυ ȝαșȘȝαĲȚțȠȪ ȝȠȞĲȑȜȠυ İȓȞαȚ Ƞ ȠȡȚıȝȩȢ ȝȚαȢ 

ıυȖțİțȡȚȝȑȞȘȢ πİȡȚȠȤȒȢ țαȞαȜȚȫȞ ıĲȠ φȐıȝα, Ș ȠπȠȓα șα υπȠıĲİȓ πȡȠıαȡȝȠȖȒ (fitting). Η πİȡȚȠȤȒ 

İȞįȚαφȑȡȠȞĲȠȢ (Region of Interest Ȓ ROI) İȓȞαȚ Ș πİȡȚȠȤȒ  πȠυ πİȡȚȑȤİȚ ĲȘȞ αȞαȜυĲȚțȒ πȜȘȡȠφȠȡȓα 

πȠυ İȞįȚαφȑȡİȚ țȐșİ φȠȡȐ ĲȠȞ ȤȡȒıĲȘ, țαȚ İȓȞαȚ αυĲȒ ıĲȘȞ ȠπȠȓȠ șα İφαȡȝȠıĲİȓ ĲȠ ȝαșȘȝαĲȚțȩ 

ȝȠȞĲȑȜȠ πȠυ ȠȡȓȗİĲαȚ ȝİ Ĳα ȕȒȝαĲα αυĲȐ.  

ȅ ȤȡȒıĲȘȢ ȝπȠȡİȓ Ȟα țαșȠȡȓıİȚ ĲȘȞ πİȡȚȠȤȒ İȞįȚαφȑȡȠȞĲȠȢ (ROI) ĲȠυ φȐıȝαĲȠȢ πȠυ πȡȩțİȚĲαȚ Ȟα 

αȞαȜυșİȓ, ȠȡȓȗȠȞĲαȢ Ĳα ȩȡȚα ĲȘȢ ıĲȠ παȡȐșυȡȠ ĲȠυ ȝαșȘȝαĲȚțȠȪ ȝȠȞĲȑȜȠυ, ȕȜ. ȈȤȒȝα 5.13α. 

ȈυȖțİțȡȚȝȑȞα, ȖȚα ĲȠȞ țαșȠȡȚıȝȩ ĲȦȞ ȠȡȓȦȞ ĲȠυ ROI, Ƞ ȤȡȒıĲȘȢ İȚıȐȖİȚ ĲȘȞ ĲȚȝȒ ĲȠυ țαȞαȜȚȠȪ 

ȑȞαȡȟȘȢ țαȚ ȜȒȟȘȢ ĲȠυ, ıĲα πİįȓα «First ch» țαȚ «Last ch» αȞĲȓıĲȠȚȤα. ȆαȡȐȜȜȘȜα, ıĲȠ ȖȡαφȚțȩ 
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πİȡȚȕȐȜȜȠȞ ĲȠυ bAXIL ıĲȠ φȐıȝα İȝφαȞȓȗİĲαȚ Ș αȡȤȒ țαȚ ĲȠ ĲȑȜȠȢ ĲȠυ ROI, ȦȢ įȪȠ țȐșİĲα 

İυșȪȖȡαȝȝα ĲȝȒȝαĲα ȤȡȫȝαĲȠȢ ȝπȜİ (ȕȜ. ȈȤȒȝα 5.13ȕ).   

ǼȞαȜȜαțĲȚțȐ, Ƞ ȤȡȒıĲȘȢ ȝπȠȡİȓ ȝİ ĲȠ πȠȞĲȓțȚ Ȟα İπȚȜȑȟİȚ ȝȚα ȠπȠȚαįȒπȠĲİ șȑıȘ ıĲȠ φȐıȝα țαȚ 

Ȟα ĲȘȞ ȠȡȓıİȚ ȦȢ αȡȤȒ Ȓ ĲȑȜȠȢ ĲȠυ ROI, πȚȑȗȠȞĲαȢ ĲȠ įİȟȓ țȜȚț țαȚ ıĲȘ ıυȞȑȤİȚ «Set Start ROI» Ȓ «Set 

End ROI» αȞĲȓıĲȠȚȤα, ȑȤȠȞĲαȢ ȑĲıȚ πȠȜȪ țαȜȩ İπȠπĲȚțȩ ȑȜİȖȤȠ ĲȘȢ πİȡȚȠȤȒ İȞįȚαφȑȡȠȞĲȠȢ πȠυ ȠȡȓȗİȚ. 

ȈĲȠ ȈȤȒȝα 5.13ȕ φαȓȞİĲαȚ Ș įυȞαĲȩĲȘĲα αυĲȒ, țαșȫȢ țαȚ Ĳα įȪȠ țȐșİĲα İυșȪȖȡαȝȝα ĲȝȒȝαĲα įİȟȚȐ 

țαȚ αȡȚıĲİȡȐ ĲȠυ πȠȞĲȚțȚȠȪ πȠυ ıυȝȕȠȜȓȗȠυȞ ĲȠ ROI. 

ȈχȒȝα 5.13 ȉȠ παȡȐșυȡȠ țαșȠȡȚıȝȠȪ ĲȠυ ROI  țαȚ Ƞ ȠȡȚıȝȩȢ ĲȠυ ROI ȝİ ĲȠ πȠȞĲȓțȚ 

 

5.7.3 ǼπȚȜȠȖȒ ȝȠȞĲȑȜȠυ ȊπȠıĲȡȫȝαĲȠȢ (Continuum) 

  ȈĲȠ πİįȓȠ αυĲȩ ȊπȠıĲȡȫȝαĲȠȢ (Continum), Ƞ ȤȡȒıĲȘȢ ȝπȠȡİȓ Ȟα İπȚȜȑȟİȚ ĲȠ İȓįȠȢ ĲȠυ 

ȝαșȘȝαĲȚțȠȪ ȝȠȞĲȑȜȠυ țαȚ ĲȦȞ παȡαȝȑĲȡȦȞ ĲȠυ, ȖȚα ĲȘ ȝȠȞĲİȜȠπȠȓȘıȘ ĲȠυ υπȠıĲȡȫȝαĲȠȢ ĲȠυ 

φȐıȝαĲȠȢ. ȉȠ ȜȠȖȚıȝȚțȩ bAXIL įȚαșȑĲİȚ πȠȚțȚȜȓα ȝαșȘȝαĲȚțȫȞ ȝȠȞĲȑȜȦȞ πȠυ țαȜȪπĲȠυȞ ĲȘȞ 

πȜİȚȠȥȘφȓα ĲȦȞ ȝȠȡφȫȞ υπȠıĲȡȫȝαĲȠȢ πȠυ İȝφαȞȓȗȠȞĲαȚ ıĲα φȐıȝαĲα αțĲȓȞȦȞ-Χ. ȉα ȝαșȘȝαĲȚțȐ 

ȝȠȞĲȑȜα πȠυ įȚαșȑĲİȚ ĲȠ bAXIL παȡαĲȓșİȞĲαȚ ıĲȠȞ ȆȓȞαțα 5.5. 

 

ȆȓȞαțαȢ 5.5 ȉȪπȠȚ ȝαșȘȝαĲȚțȫȞ ȝȠȞĲȑȜȦȞ ȝȠȞĲİȜȠπȠȓȘıȘȢ υπȠıĲȡȫȝαĲȠȢ ıĲȠ bAXIL 

# ȂαșȘȝαĲȚțȩ ȝȠȞĲȑȜȠ υπȠıĲȡȫȝαĲȠȢ 
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 ǼπȚπȜȑȠȞ, Ƞ ȤȡȒıĲȘȢ ȝπȠȡİȓ Ȟα ȠȡȓıİȚ ıυȖțİțȡȚȝȑȞİȢ παȡαȝȑĲȡȠυȢ ĲȠυ ȝαșȘȝαĲȚțȠȪ ȝȠȞĲȑȜȠυ, 

ȩπȦȢ ĲȘȞ ĲȐȟȘ ĲȠυ, ĲȠȞ ȝȑȖȚıĲȠ αȡȚșȝȩ İπαȞαȜȒȥİȦȞ țαȚ Ĳα țȡȚĲȒȡȚα ȜȒȟȘȢ ĲȦȞ İπαȞαȜȒȥİȦȞ ȝİ 

ȕȐıȘ ĲȚȢ ȝİĲαȕȠȜȑȢ ıĲȘȞ ĲȚȝȒ ĲȠυ 𝜒ଶ. ȅȚ ȕȑȜĲȚıĲİȢ ĲȚȝȑȢ αυĲȫȞ ĲȦȞ παȡαȝȑĲȡȦȞ İȓȞαȚ įȚαφȠȡİĲȚțȑȢ 

ȖȚα țȐșİ φȐıȝα țαȚ ROI, Ș İπȚȜȠȖȒ ĲȠυȢ ȖȓȞİĲαȚ ȝİĲȐ απȩ įȠțȚȝȑȢ ΓȚα ĲȘȞ αȞȐȜυıȘ ĲȦȞ φαıȝȐĲȦȞ ĲȘȢ 

παȡȠȪıαȢ ǻǼ ȤȡȘıȚȝȠπȠȚȒșȘțİ Ș ȝȠȡφȒ ȖȡαȝȝȚțȠȪ ȝȠȞĲȑȜȠυ υπȠıĲȡȫȝαĲȠȢ (Linear), ĲȩıȠ ȖȚα Ĳα 

įİȓȖȝαĲα πȠυ İȓȤαȞ țαĲαıțİυαıșİȓ ıĲȘȞ πȡȑıα ȩıȠ țαȚ ȖȚα Ĳα įİȓȖȝαĲα ıȪȞĲȘȟȘȢ, țαșȫȢ φαȓȞİĲαȚ πȦȢ 

πȡȠıȠȝȠȚȫȞİȚ țαȜȪĲİȡα țαȚ πȚȠ αȟȚȩπȚıĲα ĲȠ υπȩıĲȡȦȝα, ıİ ıȤȑıȘ ȝİ Ĳα υπȩȜȠȚπα ȝȠȞĲȑȜα. Η 

İπȚȜȠȖȒ ĲȠυ ROI İπȘȡİȐȗİȚ ĲȘȞ İπȚȜȠȖȒ ĲȠυ țαĲȐȜȜȘȜȠυ ȝȠȞĲȑȜȠυ. ȈυȞȒșȦȢ, ȖȚα ȝȚțȡȐ ROI ĲȠ 

ȖȡαȝȝȚțȩ ȝȠȞĲȑȜȠ įȓȞİȚ ȚțαȞȠπȠȚȘĲȚțȐ απȠĲİȜȑıȝαĲα İȞȫ ȩĲαȞ ĲȠ ROI İțĲİȓȞİĲαȚ ıİ İυȡȪĲİȡȘ πİȡȚȠȤȒ 

ĲȠυ φȐıȝαĲȠȢ ıυȞȒșȦȢ ĲαȚȡȚȐȗİȚ țαȜȪĲİȡα ĲȠ İțșİĲȚțȩ ȝȠȞĲȑȜȠ. Η İȪıĲȠȤȘ İπȚȜȠȖȒ țαĲȐȜȜȘȜȠυ 

ȝȠȞĲȑȜȠυ ȑȤİȚ Ȟα țȐȞİȚ țαȚ ȝİ ĲȘȞ  İȟȠȚțİȓȦıȘ ĲȠυ ȤȡȒıĲȘ ȝİ ĲȘȞ πȡȠıαȡȝȠȖȒ ĲȦȞ φαıȝȐĲȦȞ 

αțĲȓȞȦȞ-Χ ȝİ ĲȠ İțȐıĲȠĲİ ȜȠȖȚıȝȚțȩ.  

 

5.8  ǻȚαįȚțαıȓα ȆȡȠıαȡȝȠȖȒȢ φȐıȝαĲȠȢ (Fitting) 

 ȂİĲȐ ĲȠȞ țαșȠȡȚıȝȩ ĲȦȞ παȡαπȐȞȦ παȡαȝȑĲȡȦȞ, Ƞ ȤȡȒıĲȘȢ πİȡȞȐ ıĲȘȞ πȡȠıαȡȝȠȖȒ ĲȠυ 

φȐıȝαĲȠȢ, Ș ȠπȠȓα İȓȞαȚ ȝȚα ȠȜȩțȜȘȡȘ įȚαįȚțαıȓα πȠυ πİȡȚȖȡȐφİĲαȚ ıĲȚȢ İπȩȝİȞİȢ παȡαȖȡȐφȠυȢ. ȆȡȚȞ  

ĲȘȞ πȡȠıαȡȝȠȖȒ ĲȠυ φȐıȝαĲȠȢ ȝİ ĲȠ ȝȠȞĲȑȜȠ πȠυ ȑȤİȚ İπȚȜİȖİȓ, πȡȑπİȚ Ȟα ȑȤİȚ ȠȜȠțȜȘȡȦșİȓ Ș 

įȚαįȚțαıȓα αȞαȖȞȫȡȚıȘȢ ĲȦȞ φȦĲȠțȠȡυφȫȞ ĲȠυ φȐıȝαĲȠȢ ȖȚα ĲȠ ıυȖțİțȡȚȝȑȞȠ ROI, ıȪȝφȦȞα ȝİ ĲȘȞ 

İȞİȡȖİȚαțȒ ȕαșȝȠȞȩȝȘıȘ πȠυ ȑȤİȚ țαșȠȡȚıĲİȓ. Η αȞαȖȞȫȡȚıȘ ĲȦȞ φȦĲȠțȠȡυφȫȞ İȓȞαȚ ıȘȝαȞĲȚțȒ 

țαșȫȢ țαĲȐ ĲȘȞ πȡȠıαȡȝȠȖȒ ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ įİįȠȝȑȞα ȖȚα ĲȘȞ İțπȠȝπȒ ĲȦȞ ȤαȡαțĲȘȡȚıĲȚțȫȞ 

İȞİȡȖİȚȫȞ, αȞȐȜȠȖα ȝİ ĲȠ ıĲȠȚȤİȓȠ απȩ ĲȠ ȠπȠȓȠ πȡȠȑȡȤȠȞĲαȚ (πȤ. αȞαȜȠȖȓα İπȚφȐȞİȚαȢ ĲȦȞ 

φȦĲȠțȠȡυφȫȞ Ȁα țαȚ Ȁȕ țα). ȉȠ ȜȠȖȚıȝȚțȩ bAXIL įȚαșȑĲİȚ İȪȤȡȘıĲα İȡȖαȜİȓα, Ĳα ȠπȠȓα 

1 Linear (ΓȡαȝȝȚțȩ) 

2 Exponential (ǼțșİĲȚțȩ) 

3 Bremsstrahlung (ǹțĲȚȞȠȕȠȜȓα πȑįȘıȘȢ) 

4 Numerical Filter 

5 Orthogonal polynomial (ȠȡșȠȖȫȞȚȠ πȠȜυȦȞυȝȚțȩ) 

6 Orthogonal (ȠȡșȠȖȫȞȚȠ) 
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πİȡȚȖȡȐφȠȞĲαȚ ıĲȘ ıυȞȑȤİȚα, ȖȚα ĲȘȞ υπȠıĲȒȡȚȟȘ ĲȠυ ȤȡȒıĲȘ, ıĲȘȞ πȡȠıπȐșİȚα αȞαȖȞȫȡȚıȘȢ ĲȦȞ 

φȦĲȠțȠȡυφȫȞ ıĲȠ φȐıȝα. 

 

5.8.1 ǹȞαȖȞȫȡȚıȘ ĲȦȞ φȦĲȠțȠȡυφȫȞ ĲȠυ φȐıȝαĲȠȢ ıĲȠ bAXIL 

 ǼȓȞαȚ πȠȜȪ ıȘȝαȞĲȚțȩ Ƞ ȤȡȒıĲȘȢ ĲȠυ bAXIL Ȟα ȝπȠȡİȓ Ȟα αȞαȖȞȦȡȓȗİȚ ȝİ αțȡȓȕİȚα ıİ πȠȓİȢ 

απȩ ĲȚȢ ȤαȡαțĲȘȡȚıĲȚțȑȢ αțĲȓȞİȢ-Χ țȐșİ ıĲȠȚȤİȓȠυ αȞĲȚıĲȠȚȤȠȪȞ ȠȚ φȦĲȠțȠȡυφȑȢ πȠυ İȝφαȞȓȗȠȞĲαȚ 

ıĲȠ φȐıȝα πȠυ İπİȟİȡȖȐȗİĲαȚ, ȫıĲİ Ȟα ȝπȠȡİȓ Ȟα πȡȠȕİȓ ıİ πȠȚȠĲȚțȒ αȞȐȜυıȘ ĲȠυ įİȓȖȝαĲȠȢ πȠυ 

αȞαȜȪșȘțİ. ǹυĲȩ ȝπȠȡİȓ φυıȚțȐ Ȟα İπȚĲİυȤșİȓ ȤȡȘıȚȝȠπȠȚȫȞĲαȢ Ĳα įİįȠȝȑȞα ȖȚα ĲȘȞ İȞȑȡȖİȚα ĲȦȞ 

İțπİȝπȩȝİȞȦȞ ȤαȡαțĲȘȡȚıĲȚțȫȞ αțĲȓȞȦȞ-Χ țȐșİ ıĲȠȚȤİȓȠυ, πȠυ İȓȞαȚ įȚαșȑıȚȝα ıĲȘ ȕȚȕȜȚȠȖȡαφȓα. 

ΓȚα įȚİυțȩȜυȞıȘ ĲȠυ ȤȡȒıĲȘ ĲȠ bAXIL įȚαșȑĲİȚ Ĳα παȡαțȐĲȦ įȪȠ ȤȡȒıȚȝα İȡȖαȜİȓα ȖȚα ĲȘȞ 

ĲαυĲȠπȠȓȘıȘ ĲȦȞ φȦĲȠțȠȡυφȫȞ: 

ǿ. ȁİȚĲȠυȡȖȓα İȝφȐȞȚıȘȢ ĲȠυ πİȡȚȠįȚțȠȪ πȓȞαțα ıĲȠ bAXIL 

ȉȚȢ πİȡȚııȩĲİȡİȢ φȠȡȑȢ Ƞ ȤȡȒıĲȘȢ ȝπȠȡİȓ Ȟα απȠįȫıİȚ İȪțȠȜα ĲȚȢ țȪȡȚİȢ (ȝİȖαȜȪĲİȡİȢ) φȦĲȠțȠȡυφȑȢ 

İȞȩȢ φȐıȝαĲȠȢ ıİ ȑȞα ıĲȠȚȤİȓȠ, Ȓ ȖȞȦȡȓȗİȚ ȠȡȚıȝȑȞα απȩ Ĳα ıυıĲαĲȚțȐ ĲȠυ įİȓȖȝαĲȠȢ (πȤ. ıυȞįİĲȚțȩ 

υȜȚțȩ) αȜȜȐ φυıȚțȐ ıυȤȞȐ įİȞ ȝπȠȡİȓ Ȟα αȞαȖȞȦȡȓȗİȚ țαȚ ĲȚȢ υπȩȜȠȚπİȢ φȦĲȠțȠȡυφȑȢ ıĲȠ φȐıȝα. ΈȞα 

İȡȖαȜİȓȠ  ȫıĲİ Ƞ ȤȡȒıĲȘȢ İȪțȠȜα Ȟα įȚİȡİυȞȒıİȚ ĲȘȞ ȪπαȡȟȘ ȕαıȚțȫȞ ıĲȠȚȤİȓȦȞ ıİ ȑȞα įİȓȖȝα İȓȞαȚ Ș 

ȤȡȒıȘ ĲȠυ παȡαșȪȡȠυ ĲȠυ ȆİȡȚȠįȚțȠȪ ȆȓȞαțα πȠυ įȚαșȑĲİȚ ĲȠ bAXIL. ΓȚα ĲȘ ȝİĲȐȕαıȒ ıĲȠ παȡȐșυȡȠ 

αυĲȩ, Ƞ ȤȡȒıĲȘȢ πȡȑπİȚ Ȟα πȚȑıİȚ ĲȠ πȜȒțĲȡȠ πȠυ φαȓȞİĲαȚ țυțȜȦȝȑȞȠ ıĲȠ ȈȤȒȝα 5.14, ȠπȩĲİ țαȚ 

αȞαįȪİĲαȚ παȡȐșυȡȠ ȝİ ȩȜα Ĳα ȤȘȝȚțȐ ıĲȠȚȤİȓα įȚαĲİĲαȖȝȑȞα ıĲȘ ȝȠȡφȒ ĲȠυ ȆİȡȚȠįȚțȠȪ ȆȓȞαțα. ȅ 

ȤȡȒıĲȘȢ ȝπȠȡİȓ Ȟα İπȚȜȑȟİȚ ȑȞα ıĲȠȚȤİȓȠ ȫıĲİ Ȟα ıυȝπİȡȚȜȘφșİȓ ıĲȠ ȝȠȞĲȑȜȠ țαĲȐ ĲȘȞ αȞȐȜυıȘ ĲȠυ 

φȐıȝαĲȠȢ. ȉα ıĲȠȚȤİȓα πȠυ ȑȤȠυȞ ȒįȘ İπȚȜİȖİȓ İȝφαȞȓȗȠȞĲαȚ ȝİ πȡȐıȚȞȠ Ȥȡȫȝα (ȩπȦȢ ĲȠ Cr ıĲȠ 

ıȤȒȝα 5.14) İȞȫ ĲȠ ıĲȠȚȤİȓȠ πȠυ Ƞ ȤȡȒıĲȘȢ ȑȤİȚ İπȚȜȑȟİȚ ĲȘȞ παȡȠȪıα ȤȡȠȞȚțȒ ıĲȚȖȝȒ İȝφαȞȓȗİĲαȚ ȝİ 

țȩțțȚȞȠ Ȥȡȫȝα. ȈĲȘȞ πİȡȓπĲȦıȘ ĲȠυ ȈȤȒȝαĲȠȢ 5.14, Ƞ ȤȡȒıĲȘȢ ȑȤİȚ İπȚȜȑȟİȚ ĲȠ ȤȘȝȚțȩ ıĲȠȚȤİȓȠ Ni. 

ǹφȠȪ İπȚȜİȖİȓ ĲȠ İπȚșυȝȘĲȩ ȤȘȝȚțȩ ıĲȠȚȤİȓȠ απȩ ĲȠȞ πİȡȚȠįȚțȩ πȓȞαțα, Ƞ ȤȡȒıĲȘȢ țαȜİȓĲαȚ Ȟα İπȚȜȑȟİȚ 

ĲȠ İȓįȠȢ ĲȦȞ ȤαȡαțĲȘȡȚıĲȚțȫȞ αțĲȓȞȦȞ-Χ ĲȠυ ıĲȠȚȤİȓȠυ πȠυ İȝφαȞȓȗȠȞĲαȚ ıĲȠ φȐıȝα. ȉȠ bAXIL įȓȞİȚ 

ȚįȚαȓĲİȡȘ İȜİυșİȡȓα ıĲȠȞ ȤȡȒıĲȘ, İπȚĲȡȑπȠȞĲαȢ ĲȠυ Ȟα İπȚȜȑȟİȚ ȝȚα πȜȘșȫȡα ȤαȡαțĲȘȡȚıĲȚțȫȞ 

αțĲȓȞȦȞ Χ ȖȚα țȐșİ ıĲȠȚȤİȓȠ İȓĲİ ȝİȝȠȞȦȝȑȞİȢ (π.Ȥ. ȤαȡαțĲȘȡȚıĲȚțȒ Kα, Kȕ, Lȕ, M) Ȓ ıυȞįυαıȝȩ 

αυĲȫȞ (π.Ȥ. ȤαȡαțĲȘȡȚıĲȚțȑȢ K, KL, KLM) țȜπ. Ȃİ ĲȘȞ İπȚȜȠȖȒ αυĲȒ İȝφαȞȓȗİĲαȚ ȕȐıȘ įİįȠȝȑȞȦȞ 

πȠυ πİȡȚȖȡȐφİȚ ĲȚȢ İȞİȡȖİȚαțȑȢ ıĲȐșȝİȢ țȐșİ ȤαȡαțĲȘȡȚıĲȚțȒȢ αțĲȓȞαȢ Χ ĲȠυ ıĲȠȚȤİȓȠυ țαȚ Ƞ ȤȡȒıĲȘȢ 

İπȚȜȑȖİȚ İȐȞ țȐπȠȚα απȩ αυĲȑȢ πİȡȚȑȤİĲαȚ ıĲȠ φȐıȝα πȠυ İπİȟİȡȖȐȗİĲαȚ, țαȚ αțȩȝȘ πȚȠ ıυȖțİțȡȚȝȑȞα 

ıĲȘȞ πİȡȚȠȤȒ İȞįȚαφȑȡȠȞĲȠȢ (ROI), πȠυ șα ȖȓȞİȚ Ș πȡȠıαȡȝȠȖȒ. 
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ȈȤȒȝα 5.14 Η ȜİȚĲȠυȡȖȓα ‘ȆİȡȚȠįȚțȩȢ ȆȓȞαțαȢ’ ĲȠυ bAXIL 

ǹφȠȪ Ƞ ȤȡȒıĲȘȢ İȞĲȠπȓıİȚ ĲȘȞ ȤαȡαțĲȘȡȚıĲȚțȒ ĲȠυ ıĲȠȚȤİȓȠυ, αȡțİȓ ȝȩȞȠ Ȟα πȚȑıİȚ ĲȠ αȞȐȜȠȖȠ 

πȜȒțĲȡȠ ıĲȠ țȐĲȦ ȝȑȡȠȢ ĲȠυ παȡαșȪȡȠυ ĲȠυ ȆİȡȚȠįȚțȠȪ ȆȓȞαțα ȖȚα Ȟα ĲȘȞ İπȚȜȑȟİȚ πȡȠțİȚȝȑȞȠυ 

Ȟα πİȡȚȜȘφșİȓ ıĲȠ ȝȠȞĲȑȜȠ. Ȉİ πİȡȓπĲȦıȘ πȠυ Ƞ ȤȡȒıĲȘȢ ıĲȘ ıυȞȑȤİȚα αȞαșİȦȡȒıİȚ, ȝπȠȡİȓ Ȟα 

αφαȚȡȑıİȚ ĲȘȞ įȒȜȦıȘ ĲȘȢ ıυȖțİțȡȚȝȑȞȘȢ ȤαȡαțĲȘȡȚıĲȚțȒȢ πȚȑȗȠȞĲαȢ ĲȠ ȓįȚȠ πȜȒțĲȡȠ ȝİ ĲȠ ȠπȠȓȠ 

ĲȘȞ İπȑȜİȟİ. ΈĲıȚ, İȓȞαȚ įυȞαĲȩ Ȟα πȡȠıșȑĲİȚ țαȚ Ȟα αφαȚȡİȓ ıĲȠȚȤİȓα țαȚ ĲȚȢ ȤαȡαțĲȘȡȚıĲȚțȑȢ ĲȠυȢ 

ıĲȠ ȝȠȞĲȑȜȠ, ȝİ ıĲȩȤȠ ĲȘ ȕȑȜĲȚıĲȘ πȡȠıȑȖȖȚıȘ ĲȠυ πİȚȡαȝαĲȚțȠȪ φȐıȝαĲȠȢ țαĲȐ ĲȘȞ πȠȚȠĲȚțȒ 

αȞȐȜυıȘ. 

ǿǿ ȁİȚĲȠυȡȖȓα ȉαυĲȠπȠȓȘıȘȢ  φȦĲȠțȠȡυφȒȢ ıĲȠ bAXIL 

Ȉİ πİȡȓπĲȦıȘ πȠυ υπȐȡȤİȚ αȝφȚȕȠȜȓα ȖȚα ĲȠ İȓįȠȢ ĲȘȢ ȤαȡαțĲȘȡȚıĲȚțȒȢ αțĲȓȞαȢ-Χ ıĲȠ ȠπȠȓȠ 

αȞĲȚıĲȠȚȤİȓ ȝȓα φȦĲȠțȠȡυφȒ πȠυ İȝφαȞȓȗİĲαȚ ıĲȠ φȐıȝα, πȚȑȗȠȞĲαȢ įİȟȓ țȜȚț ıĲȠ țȑȞĲȡȠ ĲȘȢ 

φȦĲȠțȠȡυφȒȢ, İȝφαȞȓȗİĲαȚ Ș İπȚȜȠȖȒ «Identify Peak». ȆȚȑȗȠȞĲαȢ πȐȞȦ ıĲȘȞ İπȚȜȠȖȒ αυĲȒ, ĲȠ bAXIL 

İȝφαȞȓȗİȚ (απȩ ĲȘ ȕȚȕȜȚȠșȒțȘ ĲȠυ) ȝȚα ıȪȞĲȠȝȘ ȜȓıĲα πȚșαȞȫȞ ıĲȠȚȤİȓȦȞ, țαȚ ĲȦȞ ȤαȡαțĲȘȡȚıĲȚțȫȞ 

ĲȠυȢ, ıĲȚȢ ȠπȠȓİȢ ȝπȠȡİȓ Ȟα αȞĲȚıĲȠȚȤİȓ Ș ıυȖțİțȡȚȝȑȞȘ φȦĲȠțȠȡυφȒ, ȕȜ. ıȤȒȝα 5.15. 
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ǹυĲȩ ĲȠ İȡȖαȜİȓȠ ȝπȠȡİȓ Ȟα ȕȠȘșȒıİȚ ĲȠȞ ȤȡȒıĲȘ ȚįȚαȓĲİȡα, țαșȫȢ İπȚĲαȤȪȞİȚ ĲȘȞ įȚαįȚțαıȓα ĲȘȢ 

πȠȚȠĲȚțȒȢ αȞȐȜυıȘȢ ĲȠυ φȐıȝαĲȠȢ țαȚ πȠȜȜȑȢ φȠȡȑȢ ĲȠȞ ȕȠȘșȐ ıĲȘ įȚαπȓıĲȦıȘ ĲȘȢ πȡȠȑȜİυıȘȢ 

φȦĲȠțȠȡυφȫȞ ȚȤȞȠıĲȠȚȤİȓȦȞ ıİ ȐȖȞȦıĲα įİȓȖȝαĲα. ȈȘȝαȞĲȚțȩ İȓȞαȚ Ȟα ıȘȝİȚȦșİȓ ȩĲȚ ȝİ ĲȘ ȜİȚĲȠυȡȖȓα 

αυĲȒ ĲȠ bAXIL įİȞ αȞαȖȞȦȡȓȗİȚ πȠȚα İȓȞαȚ πȡαȖȝαĲȚțȐ Ș φȦĲȠțȠȡυφȒ, παȡȐ ȝȩȞȠ πȡȠıφȑȡİȚ ȕȠȒșİȚα 

ıĲȠ ȤȡȒıĲȘ, įȓȞȠȞĲαȢ ȝİȡȚțȑȢ πȚșαȞȑȢ πİȡȚπĲȫıİȚȢ φȦĲȠțȠȡυφȫȞ. Η İȪıĲȠȤȘ αȞαȖȞȫȡȚıȘ ĲȠυ 

ıĲȠȚȤİȓȠυ πȡȠİȜİȪıİȦȢ ĲȘȢ φȦĲȠțȠȡυφȒȢ ĲİȜȚțȐ İȓȞαȚ İυșȪȞȘ ĲȠυ ȤȡȒıĲȘ. ΓȚα ĲȠ ȜȩȖȠ αυĲȩ İȓȞαȚ 

ȦφȑȜȚȝȠ Ȟα ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ İπȚπȜȑȠȞ țȡȚĲȒȡȚα, ȫıĲİ Ȟα țαĲαȜȒȟİȚ țαȞİȓȢ ıİ Ƞȡșȩ ıυȝπȑȡαıȝα, 

ȩπȦȢ ĲȠ İȓįȠȢ ĲȠυ įİȓȖȝαĲȠȢ πȠυ αȞαȜȪİĲαȚ Ȓ ĲȘȞ İȝφȐȞȚıȘ țαȚ ĲȦȞ υπȠȜȠȓπȦȞ ȤαȡαțĲȘȡȚıĲȚțȫȞ ĲȠυ 

ıυȖțİțȡȚȝȑȞȠυ ıĲȠȚȤİȓȠυ ıĲȠ φȐıȝα αțĲȓȞȦȞ-Χ. ΓȚα ĲȘȞ ĲİțȝȘȡȚȦȝȑȞȘ ĲαυĲȠπȠȓȘıȘ ĲȘȢ πȡȠȑȜİυıȘȢ 

ĲȦȞ φȦĲȠțȠȡυφȫȞ απαȚĲİȓĲαȚ Ƞ İȞĲȠπȚıȝȩȢ țαȚ ĲȦȞ įȪȠ φȦĲȠțȠȡυφȫȞ İȞȩȢ ıĲȠȚȤİȓȠυ (πȤ. Ȁα țαȚ Ȁȕ Ȓ 

Lα țαȚ Lȕ). ȆȡȑπİȚ ȩȝȦȢ Ƞ ȤȡȒıĲȘȢ Ȟα șυȝȐĲαȚ ȩĲȚ υπȐȡȤȠυȞ ıĲȠȚȤİȓα πȠυ İțπȑȝπȠυȞ ıİ πȠȜȪ țȠȞĲȚȞȑȢ 

ȤαȡαțĲȘȡȚıĲȚțȑȢ İȞȑȡȖİȚİȢ, ȠπȩĲİ Ș ȤȡȒıȘ αυĲȒȢ ĲȘ ȜİȚĲȠυȡȖȓαȢ ȕȠȘșȐ ĲȠ ȤȡȒıĲȘ Ȟα ȝȘȞ αφȒıİȚ ȑȟȦ 

απȩ ĲȠ ȝȠȞĲȑȜȠ ȑȞα πȚșαȞȩ ıĲȠȚȤİȓȠ. 

ȈȤȒȝα 5.15 Η ȜİȚĲȠυȡȖȓα ǹȞαȖȞȫȡȚıȘȢ φȦĲȠțȠȡυφȒȢ «Identify Peak» 

 

5.8.2 ȆȡȠıαȡȝȠȖȒ φȐıȝαĲȠȢ (Fit) 
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 ǹφȠȪ Ƞ ȤȡȒıĲȘȢ ȠȡȓıİȚ ȩȜİȢ ĲȚȢ παȡαȝȑĲȡȠυȢ πȠυ πİȡȚȖȡȐφȘțαȞ ıĲȚȢ παȡαπȐȞȦ παȡαȖȡȐφȠυȢ, 

įȘȜαįȒ ĲȚȢ πİȚȡαȝαĲȚțȑȢ ıυȞșȒțİȢ, ĲȘȞ İȞİȡȖİȚαțȒ ȕαșȝȠȞȩȝȘıȘ, ĲȠ ȝαșȘȝαĲȚțȩ ȝȠȞĲȑȜȠ 

υπȠıĲȡȫȝαĲȠȢ, Ĳα ıĲȠȚȤİȓα țαȚ ĲȚȢ ȤαȡαțĲȘȡȚıĲȚțȑȢ İȞȑȡȖİȚİȢ πȠυ πİȡȚȑȤȠȞĲαȚ ĲȘȞ πİȡȚȠȤȒ 

İȞįȚαφȑȡȠȞĲȠȢ ROI,  ȝπȠȡİȓ ıĲȘ ıυȞȑȤİȚα Ȟα πȡȠȤȦȡȒıİȚ ıĲȘȞ αȞȐȜυıȘ ĲȠυ φȐıȝαĲȠȢ. ȅ ȩȡȠȢ πȠυ 

ȤȡȘıȚȝȠπȠȚİȓĲαȚ απȩ ĲȠ bAXIL ȖȚα ĲȘȞ πȡȠıαȡȝȠȖȒ ĲȠυ φȐıȝαĲȠȢ İȓȞαȚ «Fit». ΈĲıȚ Ƞ   ȤȡȒıĲȘȢ 

πȚȑȗȠȞĲαȢ ĲȠ πȜȒțĲȡȠ «Fit» ( ȈȤȒȝα 5.17), Ȓ αțȠȜȠυșȫȞĲαȢ ĲȠ ȝȠȞȠπȐĲȚ «Analyze\Fit» įȓȞİȚ İȞĲȠȜȒ 

ȖȚα πȡȠıαȡȝȠȖȒ ĲȠυ İțȐıĲȠĲİ φȐıȝαĲȠȢ ıĲȠ ȝȠȞĲȑȜȠ πȠυ ȑȤİȚ πȡȠȘȖȠυȝȑȞȦȢ țαĲαıțİυȐıİȚ ȝİ ĲȚȢ 

παȡαȝȑĲȡȠυȢ πȠυ ȑȤİȚ țαșȠȡȓıİȚ. ȈĲȠ İȟȒȢ, ȩĲαȞ αȞαφȑȡİĲαȚ Ƞ ȩȡȠȢ «Fit», İȞȞȠİȓĲαȚ Ș İȞĲȠȜȒ ĲȠυ 

ȤȡȒıĲȘ ıĲȠ πȡȩȖȡαȝȝα Ȟα πȡȠıαȡȝȩıİȚ ĲȠ ȝαșȘȝαĲȚțȩ ȝȠȞĲȑȜȠ ıĲα πİȚȡαȝαĲȚțȐ ıĲȠȚȤİȓα. Ȃİ ĲȘȞ 

İȞĲȠȜȒ αυĲȒ πȡαțĲȚțȐ ĲȠ ȜȠȖȚıȝȚțȩ πȡȠȕαȓȞİȚ ıİ πȠȚȠĲȚțȒ αȞȐȜυıȘ ĲȠυ φȐıȝαĲȠȢ țαșȫȢ απȠįȓįİȚ 

İπȚφȐȞİȚİȢ φȦĲȠțȠȡυφȫȞ ıĲȚȢ ȤαȡαțĲȘȡȚıĲȚțȑȢ İȞȑȡȖİȚİȢ ıυȖțİțȡȚȝȑȞȦȞ ıĲȠȚȤİȓȦȞ.  

 ȈχȒȝα 5.16 ȉȠ πȜȒțĲȡȠ πȡȠıαȡȝȠȖȒȢ φȐıȝαĲȠȢ «Fit» ȖȚα πȠȚȠĲȚțȒ αȞȐȜυıȘ φȐıȝαĲȠȢ  

Η αȞȐȜυıȘ ĲȠυ φȐıȝαĲȠȢ İπȚĲυȖȤȐȞİĲαȚ ȝȑıα απȩ ȝȚα İπαȞαȜȘπĲȚțȒ įȚαįȚțαıȓα (πȠυ ȕαıȓȗİĲαȚ ıİ 

ȝİșȩįȠυȢ İȜαȤȓıĲȦȞ ĲİĲȡαȖȫȞȦȞ) țαĲȐ ĲȘȞ ȠπȠȓα ĲȠ ȜȠȖȚıȝȚțȩ bAXIL İπȚȤİȚȡİȓ Ȟα ĲαȚȡȚȐȟİȚ ĲȠ 

ȝαșȘȝαĲȚțȩ ȝȠȞĲȑȜȠ πȠυ ȑȤİȚ ȠȡȓıİȚ Ƞ ȤȡȒıĲȘȢ ȝİ ĲȠ İțȐıĲȠĲİ φȐıȝα αțĲȓȞȦȞ Χ, ȝİ ĲȠȞ ȕȑȜĲȚıĲȠ 

įυȞαĲȩ ĲȡȩπȠ.  

 Η παȡαĲȒȡȘıȘ țαȚ αȟȚȠȜȩȖȘıȘ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ ĲȘȢ αȞȐȜυıȘȢ ȝπȠȡİȓ Ȟα ȖȓȞİȚ İȪțȠȜα țαȚ 

Ȑȝİıα απȩ ĲȠȞ ȤȡȒıĲȘ, ĲȩıȠ ȠπĲȚțȐ, παȡαĲȘȡȫȞĲαȢ ĲȘ țȐȜυȥȘ ĲȦȞ φȦĲȠțȠȡυφȫȞ țαȚ ĲȠυ 

υπȠıĲȡȫȝαĲȠȢ ĲȠυ ȝȠȞĲȑȜȠυ ıİ ıȤȑıȘ ȝİ ĲȘ ȝȠȡφȒ ĲȠυ φȐıȝαĲȠȢ αȜȜȐ țαȚ ȝİ ȕȐıȘ Ĳα αȡȚșȝȘĲȚțȐ 

απȠĲİȜȑıȝαĲα ĲȘȢ αȞȐȜυıȘȢ, țυȡȚȩĲİȡα ĲȘȞ ĲȚȝȒ ĲȠυ 𝜒ଶ (Chi-square).   
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 ǼȐȞ Ĳα απȠĲİȜȑıȝαĲα ĲȘȢ αȞȐȜυıȘȢ įİȞ İȓȞαȚ ȚțαȞȠπȠȚȘĲȚțȐ, ĲȠ bAXIL παȡȑȤİȚ ĲȘ įυȞαĲȩĲȘĲα 

ıĲȠ ȤȡȒıĲȘ Ȟα ȝİĲαȕȐȜİȚ Ȑȝİıα țαȚ İȪțȠȜα ȠπȠȚαįȒπȠĲİ απȩ ĲȚȢ παȡαȝȑĲȡȠυȢ πȠυ ȑȤȠυȞ αȞαφİȡșİȓ 

ıĲȚȢ παȡαπȐȞȦ παȡαȖȡȐφȠυȢ,  Ȟα πȚȑıİȚ ĲȠ πȜȒțĲȡȠ «Fit» țαȚ Ȟα ȜȐȕİȚ Ȟȑα απȠĲİȜȑıȝαĲα πȠυ ȝπȠȡİȓ 

Ȟα ıυȖțȡȓȞİȚ ȝİ Ĳα πȡȠȘȖȠȪȝİȞα.  

ȉȚȢ πİȡȚııȩĲİȡİȢ φȠȡȑȢ Ș įȚαįȚțαıȓα ĲȘȢ πȡȠıαȡȝȠȖȒȢ-πȠȚȠĲȚțȒȢ αȞȐȜυıȘȢ ĲȠυ φȐıȝαĲȠȢ İȓȞαȚ ȝȚα 

İπαȞαȜȘπĲȚțȒ įȚαįȚțαıȓα ȖȚα ĲȠȞ ȤȡȒıĲȘ, țαĲȐ ĲȘȞ ȠπȠȓα ȝİĲαȕȐȜȜİȚ ĲȚȢ παȡαȝȑĲȡȠυȢ ĲȠυ 

ȝαșȘȝαĲȚțȠȪ ȝȠȞĲȑȜȠυ, ȩπȦȢ ĲȠ ROI (πİȡȚȠȤȒ İȞįȚαφȑȡȠȞĲȠȢ) Ȓ ĲȠ İȓįȠȢ ĲȠυ υπȠıĲȡȫȝαĲȠȢ, Ȓ αțȩȝα 

πȡȠıșȑĲİȚ Ȓ αφαȚȡİȓ țȐπȠȚα ıĲȠȚȤİȓα țαȚ İπαȞαȜαȝȕȐȞİȚ ĲȘ įȚαįȚțαıȓα, ȝİ ĲİȜȚțȩ ıĲȩȤȠ ĲȘȞ ȕȑȜĲȚıĲȘ 

πȡȠıȑȖȖȚıȘ ĲȦȞ πİȚȡαȝαĲȚțȫȞ įİįȠȝȑȞȦȞ ȝİ ĲȠ ȝαșȘȝαĲȚțȩ ȝȠȞĲȑȜȠ ĲȠυ bAXIL. ȀαșȫȢ Ƞ αȜȖȩȡȚșȝȠȢ 

ĲȠυ bAXIL İțĲİȜİȓĲαȚ ĲαȤȪĲȘĲα, įȓȞİȚ Ȑȝİıα απȠĲİȜȑıȝαĲα țαȚ ĲȘȞ İȜİυșİȡȓα ıĲȠȞ ȤȡȒıĲȘ Ȟα 

įȠțȚȝȐıİȚ ȝİȖȐȜȘ πȠȚțȚȜȓα ıυȞįυαıȝȫȞ ȫıπȠυ Ȟα πİĲȪȤİȚ ĲȠ ȚțαȞȠπȠȚȘĲȚțȩĲİȡȠ απȠĲȑȜİıȝα. Η 

İȚțȩȞα İȞȩȢ φȐıȝαĲȠȢ ȝİĲȐ ĲȘȞ πȠȚȠĲȚțȒ αȞȐȜυıȘ φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 5.17. 

ȈχȒȝα 5.17  ȅπĲȚțȒ απİȚțȩȞȚıȘ ĲȘȢ πȡȠıαȡȝȠȖȒȢ ıĲȠ ROI İȞȩȢ φȐıȝαĲȠȢ 

 

ȈĲȠ ȈȤȒȝα 5.17 παȡαĲȘȡİȓ țαȞİȓȢ ȩĲȚ ĲȠ ROI (πİȡȚȠȤȒ İȞįȚαφȑȡȠȞĲȠȢ) πȠυ αȞαȜȪİĲαȚ ȑȤİȚ 

ȤȦȡȚıĲİȓ ıİ įȪȠ ȝȑȡȘ įȚαφȠȡİĲȚțȫȞ ȤȡȦȝȐĲȦȞ. ȉȠ πȡȐıȚȞȠ ĲȝȒȝα ĲȠυ φȐıȝαĲȠȢ απȠĲİȜİȓ ĲȘȞ 

İțĲȓȝȘıȘ ĲȠυ υπȠıĲȡȫȝαĲȠȢ ıȪȝφȦȞα ȝİ ĲȠ İπȚȜİȖȝȑȞȠ ȝȠȞĲȑȜȠ, İȞȫ ĲȠ țȓĲȡȚȞȠ ȝȑȡȠȢ απȠĲİȜİȓ ĲȘȞ 

İțĲȓȝȘıȘ ĲȘȢ İπȚφȐȞİȚα ĲȘȢ φȦĲȠțȠȡυφȒȢ, Ĳα ȖİȖȠȞȩĲα įȘȜαįȒ πȠυ απȠįȓįȠȞĲαȚ ıİ ȑȞα ıυȖțİțȡȚȝȑȞȠ 

ıĲȠȚȤİȓȠ (Ȓ ıĲȠȚȤİȓα) πȠυ πİȡȚȑȤȠȞĲαȚ ıĲȠ įİȓȖȝα.  

ȀαĲȐ ĲȘȞ ȠπĲȚțȒ αȟȚȠȜȩȖȘıȘ, ıȘȝαȞĲȚțȩ İȓȞαȚ Ȟα παȡαĲȘȡȘșİȓ țαĲȐ πȩıȠ ĲȠ țȓĲȡȚȞȠ ĲȝȒȝα 

ĲαυĲȓȗİĲαȚ ȝİ ĲȚȢ φȦĲȠțȠȡυφȑȢ ĲȠυ φȐıȝαĲȠȢ, αȜȜȐ İπȚπȜȑȠȞ, İȐȞ Ș ȝȠȡφȒ ĲȠυ υπȠıĲȡȫȝαĲȠȢ πȠυ 



114 

 

υπȠȜȠȖȓıĲȘțİ απȩ ĲȠ ȜȠȖȚıȝȚțȩ αȞĲȚıĲȠȚȤİȓ πȠȚȠĲȚțȐ ȝİ αυĲȒ πȠυ șα αȞȑȝİȞİ țαȞİȓȢ ıĲȘȞ πİȡȚȠȤȒ 

αυĲȒ. Η αȟȚȠȜȩȖȘıȘ αυĲȒ, παȡȩĲȚ Ĳα țȡȚĲȒȡȚα ĲȘȢ İȓȞαȚ ıȤİĲȚțȐ αυșαȓȡİĲα, ȕȠȘșȐ ıȘȝαȞĲȚțȐ ĲȠȞ 

ȤȡȒıĲȘ πȡȠȢ ĲȘ ıȦıĲȒ țαĲİȪșυȞıȘ țαĲȐ ĲȘȞ ȝİĲαȕȠȜȒ ĲȦȞ παȡαȝȑĲȡȦȞ ĲȠυ ȝȠȞĲȑȜȠυ ıĲȘȞ 

πȡȠıπȐșİȚα İπȓĲİυȟȘȢ ĲȘȢ ȕȑȜĲȚıĲȘȢ πȡȠıαȡȝȠȖȒȢ».  

 

5.8.3 ȀȜȓȝαțα αȟȩȞȦȞ ĲȠυ φȐıȝαĲȠȢ ıĲȠ bAXIL 

 ȆȠȜȜȑȢ φȠȡȑȢ, Ș ȠπĲȚțȒ αȟȚȠȜȩȖȘıȘ ĲȠυ φȐıȝαĲȠȢ țαȚ ĲȠυ «Fit» İȓȞαȚ įȪıțȠȜȘ țαșȫȢ Ș 

țȜȓȝαțα ĲȠυ φȐıȝαĲȠȢ İȓȞαȚ ĲȑĲȠȚα πȠυ įİȞ İπȚĲȡȑπİȚ ĲȘȞ įȚȐțȡȚıȘ ĲȦȞ İπȚȝȑȡȠυȢ ȜİπĲȠȝİȡİȚȫȞ. ΓȚα 

ĲȠ ȜȩȖȠ αυĲȩ ĲȠ bAXIL İπȚĲȡȑπİȚ ıĲȠȞ ȤȡȒıĲȘ Ȟα ȝİĲαȕȐȜİȚ ĲȘȞ țȜȓȝαțα ĲȠυ φȐıȝαĲȠȢ ȖȡȒȖȠȡα țαȚ 

απȜȐ. ǹȡȤȚțȐ, ȝİ Ĳα πȜȒțĲȡα πȠυ φαȓȞȠȞĲαȚ ıĲȠ ȈȤȒȝα 5.18, Ƞ ȤȡȒıĲȘȢ ȝπȠȡİȓ Ȟα İπȚȜȑȟİȚ ȝİĲαȟȪ 

ȖȡαȝȝȚțȒȢ Ȓ ȜȠȖαȡȚșȝȚțȒȢ țȜȓȝαțαȢ αȟȩȞȦȞ. ΓİȞȚțȐ, ıĲα πȜαȓıȚα ĲȘȢ παȡȠȪıαȢ ǻǼ παȡαĲȘȡȒșȘțİ ȩĲȚ 

ıĲȠ ıĲȐįȚȠ ĲȘȢ πȠȚȠĲȚțȒȢ αȞȐȜυıȘȢ Ș İπȚȜȠȖȒ ȜȠȖαȡȚșȝȚțȒȢ țȜȓȝαțαȢ αȟȩȞȦȞ φαȓȞİĲαȚ Ȟα ȕȠȘșȐ 

πİȡȚııȩĲİȡȠ ĲȠȞ ȤȡȒıĲȘ, țαșȫȢ įȚİυțȠȜȪȞİȚ ıĲȘ įȚȐțȡȚıȘ ĲȘȢ İπȚφȐȞİȚαȢ ĲȠυ υπȠıĲȡȫȝαĲȠȢ țαȚ ĲȦȞ 

φȦĲȠțȠȡυφȫȞ.  

ȈχȒȝα 5.18  ΜİĲαȕȠȜȒ țȜȓȝαțαȢ αȟȩȞωȞ 

ǹφȠȪ Ƞ ȤȡȒıĲȘȢ İπȚȜȑȟİȚ ĲȘȞ țȜȓȝαțα ĲȦȞ αȟȩȞȦȞ, ıĲȘ ıυȞȑȤİȚα ȝπȠȡİȓ Ȟα İπȚțİȞĲȡȦșİȓ ıİ ȑȞα 

ıυȖțİțȡȚȝȑȞȠ țȠȝȝȐĲȚ ĲȠυ φȐıȝαĲȠȢ πȠυ πİȡȚȑȤİȚ ĲȘȞ πȜȘȡȠφȠȡȓα πȠυ șȑȜİȚ Ȟα įȚαțȡȓȞİȚ πȤ. ȝȓα  

Σχήμα . Αʄʄαγή ʃʄίʅαʃας φάσʅατος 
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αıșİȞȒ φȦĲȠțȠȡυφȒ İȞȩȢ ȚȤȞȠıĲȠȚȤİȓȠυ. ΓȚα Ȟα ‘ȝİȖİȞșȪȞİȚ’ αυĲȩ ĲȠ țȠȝȝȐĲȚ ĲȠυ φȐıȝαĲȠȢ, αȡțİȓ Ȟα 

αțȠȜȠυșȒıİȚ ĲȠ ȝȠȞȠπȐĲȚ «Spectrum\Set spectrum plot scale». ΈπİȚĲα απȩ αυĲȒ ĲȘȞ İπȚȜȠȖȒ, 

αȞαįȪİĲαȚ ĲȠ παȡȐșυȡȠ πȠυ φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 5.18. ȈĲȠ παȡȐșυȡȠ αυĲȩ, Ƞ ȤȡȒıĲȘȢ ȝπȠȡİȓ Ȟα 

ȠȡȓıİȚ, İȚıȐȖȠȞĲαȢ ĲȚȢ țαĲȐȜȜȘȜİȢ αȡȚșȝȘĲȚțȑȢ ĲȚȝȑȢ, ĲȠ ȐȞȦ țαȚ țȐĲȦ ȩȡȚȠ ĲȠυ ȤȦȡȓȠυ πȠυ șȑȜİȚ Ȟα 

İπȚțİȞĲȡȦșİȓ țαȚ πȠυ İȓȞαȚ ȠȡαĲȩ ıĲȠȞ ȤȡȒıĲȘ ĲȩıȠ ıĲȠȞ ȠȡȚȗȩȞĲȚȠ, ȩıȠ țαȚ ıĲȠȞ țαĲαțȩȡυφȠ ȐȟȠȞα. 

Η ĲȚȝȑȢ αυĲȑȢ ȝπȠȡȠȪȞ Ȟα αφȠȡȠȪȞ İȓĲİ țαȞȐȜȚα (channels), İȓĲİ ĲȚȝȑȢ İȞȑȡȖİȚαȢ ıİ keV. Η İπȚȜȠȖȒ 

αυĲȒ ȕȠȘșȐ ĲȠȞ ȤȡȒıĲȘ Ȟα ȑȤİȚ İπȠπĲȚțȩ ȑȜİȖȤȠ ĲȘȢ πȡȠıαȡȝȠȖȒȢ țαȚ ıĲȚȢ αıșİȞİȓȢ φȦĲȠțȠȡυφȑȢ. 

ȉȑȜȠȢ, İȐȞ Ƞ ȤȡȒıĲȘȢ İπȚșυȝİȓ Ȟα İπȚıĲȡȑȥİȚ ıĲȘȞ αȡȤȚțȒ țȜȓȝαțα ȩπȠυ İȓȞαȚ ȠȡαĲȩ ĲȠ πȜȒȡİȢ φȐıȝα 

ȝπȠȡİȓ Ȟα ĲȠ țȐȞİȚ İȪțȠȜα ȝİ ĲȠ țαĲȐȜȜȘȜȠ πȜȒțĲȡȠ ĲȘȢ İȡȖαȜİȚȠȖȡαȝȝȒȢ, ȕȜ. ȈȤȒȝα 5.18.  

 

5.8.4  ȆȠȚȠĲȚțȒ αȞȐȜυıȘ țαȚ παȡȠυıȓαıȘ απȠĲİȜİıȝȐĲȦȞ πȡȠıαȡȝȠȖȒȢ   

ΈȞα ıȘȝαȞĲȚțȩ İȡȖαȜİȓȠ ȖȚα ĲȘȞ αȟȚȠȜȩȖȘıȘ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ αȞȐȜυıȘȢ ĲȠυ φȐıȝαĲȠȢ 

İȓȞαȚ Ĳα απȠĲİȜȑıȝαĲα πȠυ İȝφαȞȓȗȠȞĲαȚ ıĲȘȞ ȠșȩȞȘ, ıĲȠ πİįȓȠ țȐĲȦ απȩ ĲȠ φȐıȝα αțĲȓȞȦȞ-Χ, țȐșİ 

φȠȡȐ πȠυ Ƞ ȤȡȒıĲȘȢ πȚȑȗİȚ ĲȠ πȜȒțĲȡȠ «Fit». ȈĲȠ ȈȤȒȝα 5.19 φαȓȞİĲαȚ Ș șȑıȘ ıĲȘȞ ȠπȠȓα 

țαĲαȖȡȐφȠȞĲαȚ Ĳα αȡȚșȝȘĲȚțȐ απȠĲİȜȑıȝαĲα ĲȘȢ πȠȚȠĲȚțȒȢ αȞȐȜυıȘȢ υπȩ ĲȘ ȝȠȡφȒ αȞαφȠȡȐȢ 

(Report). Η ȝȠȡφȒ παȡȠυıȓαıȘȢ İπȚȜȑȖİĲαȚ απȩ ĲȠȞ ȤȡȒıĲȘ αțȠȜȠυșȫȞĲαȢ ĲȠ ȝȠȞȠπȐĲȚ «Report\Show 

Report».  

ȉȠ bAXIL įȚαșȑĲİȚ įȪȠ İȓįȘ Report, ȑȞα ıȪȞĲȠȝȠ «Short Report» țαȚ ȑȞα İțĲİȞȑıĲİȡȠ «Long 

Report». ȈĲȘȞ πİȡȓπĲȦıȘ ĲȠυ «Short Report» παȡȠυıȚȐȗİĲαȚ ȝȚțȡȩĲİȡȠȢ ȩȖțȠȢ πȜȘȡȠφȠȡȚȫȞ ıİ 

ıυȝπυțȞȦȝȑȞȘ ȝȠȡφȒ, İȞȫ ıĲȘ įİȪĲİȡȘ πİȡȓπĲȦıȘ, παȡȠυıȚȐȗȠȞĲαȚ αȞαȜυĲȚțȩĲαĲα ȩȜα Ĳα İπȚȝȑȡȠυȢ 

απȠĲİȜȑıȝαĲα αȞȐȜυıȘȢ ĲȦȞ φȦĲȠțȠȡυφȫȞ. ΓİȞȚțȐ, Ƞ ıȪȞĲȠȝȠȢ ĲȪπȠȢ αȞαφȠȡȐȢ πȡȠĲȚȝȐĲαȚ țαĲȐ ĲȘȞ 

įȚαįȚțαıȓα İȪȡİıȘȢ ĲȦȞ παȡαȝȑĲȡȦȞ ȖȚα ĲȠ ȕȑȜĲȚıĲȠ «Fit», αφȠȪ įȓȞİȚ ĲαȤȪĲİȡα ıĲȠȞ ȤȡȒıĲȘ 

ıυȖțİȞĲȡȦĲȚțȐ απȠĲİȜȑıȝαĲα ȖȚα ĲȘȞ αȟȚȠȜȩȖȘıȘ ĲȘȢ πȡȠıαȡȝȠȖȒȢ ǹȞĲȓșİĲα, Ƞ İțĲİȞȒȢ ĲȪπȠȢ 

αȞαφȠȡȐȢ πȡȠĲȚȝȐĲαȚ αφȠȪ ȑȤİȚ İπȚĲİυȤșİȓ ȚțαȞȠπȠȚȘĲȚțȒ πȡȠıαȡȝȠȖȒ ȖȚα ĲȘȞ İπȚıțȩπȘıȘ țαȚ 

απȠșȒțİυıȘ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ ĲȘȢ πȠȚȠĲȚțȒȢ αȞȐȜυıȘȢ. ȀαȚ Ĳα įȪȠ İȓįȘ «Report» ȝπȠȡȠȪȞ Ȟα  

απȠșȘțİυșȠȪȞ ıİ αȡȤİȓα ĲȪπȠυ *.txt.  
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ȈχȒȝα 5.19 ΘȑıȘ πİįȓȠυ αȞαφȠȡȐȢ πİȚȡαȝαĲȚțȫȞ απȠĲİȜİıȝȐĲωȞ «Report» ıĲȠ bAXIL 

 

5.8.5  ǹπȠșȒțİυıȘ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ ĲȘȢ πȠȚȠĲȚțȒȢ αȞȐȜυıȘȢ φȐıȝαĲȠȢ  

 ǼφȩıȠȞ, Ƞ ȤȡȒıĲȘȢ ȑȤİȚ ȠȜȠțȜȘȡȫıİȚ ȚțαȞȠπȠȚȘĲȚțȐ ĲȘȞ πȠȚȠĲȚțȒ αȞȐȜυıȘ ĲȠυ φȐıȝαĲȠȢ, ȩȜα 

Ĳα απȠĲİȜȑıȝαĲα, ȠȚ πİȚȡαȝαĲȚțȑȢ ıυȞșȒțİȢ, ĲȠ ȝαșȘȝαĲȚțȩ ȝȠȞĲȑȜȠ πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțİ, ĲȠ Report 

țαȚ ȖİȞȚțȩĲİȡα ȩȜȠȚ ȠȚ παȡȐȝİĲȡȠȚ ȝπȠȡȠȪȞ Ȟα απȠșȘțİυĲȠȪȞ ıυȖțİȞĲȡȦĲȚțȐ ıİ ȑȞα ȝȩȞȠ αȡȤİȓȠ ȖȚα 

ȝİȜȜȠȞĲȚțȒ ȤȡȒıȘ. Η ȠȞȠȝαıȓα ĲȠυ αȡȤİȓȠυ αυĲȠȪ İȓȞαȚ *.axml ȖȚα Ȟα ȝπȠȡİȓ Ȟα αȞαȖȞȦȡȚıĲİȓ απȩ ĲȠ 

bAXIL. ǼπȚπȜȑȠȞ, Ƞ ȤȡȒıĲȘȢ ȝπȠȡİȓ ȠπȠĲİįȒπȠĲİ Ȟα αȞαĲȡȑȟİȚ ıİ ȑȞα αȡȤİȓȠ *.axml, Ȟα 

İπαȞİπİȟİȡȖαıĲİȓ ĲȠ φȐıȝα țαȚ Ȟα απȠșȘțİȪıİȚ Ĳα Ȟȑα απȠĲİȜȑıȝαĲα. ǼȓȞαȚ ıȘȝαȞĲȚțȩ țȐșİ ĲİȜȚțȒ 

αȞȐȜυıȘ Ȟα απȠșȘțİȪİĲαȚ ıİ ȝȠȡφȒ *.axml, țαșȫȢ αυĲȩ ĲȠȞ ĲȪπȠ αȡȤİȓȠυ αȞαȖȞȦȡȓȗİȚ ĲȠ bAXIL ȖȚα 

ĲȘȞ πȠıȠĲȚțȒ αȞȐȜυıȘ ĲȠυ αȞĲȓıĲȠȚȤȠυ įİȓȖȝαĲȠȢ πȠυ șα αțȠȜȠυșȒıİȚ. ΓȚα ĲȘȞ απȠșȒțİυıȘ ĲȠυ 

αȡȤİȓȠυ, Ƞ ȤȡȒıĲȘȢ αȡțİȓ Ȟα πȚȑıİȚ ĲȠ πȜȒțĲȡȠ «Save» πȠυ φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 5.20 ȠπȩĲİ țαȚ șα 
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İȝφαȞȚıĲİȓ ȑȞα παȡȐșυȡȠ ıĲȠ ȠπȠȓȠ Ƞ ȤȡȒıĲȘȢ țαȜİȓĲαȚ Ȟα İȚıȐȖİȚ ȝȚα ȠȞȠȝαıȓα ȖȚα ĲȠ ıυȖțİțȡȚȝȑȞȠ 

αȡȤİȓȠ țαȚ Ȟα İπȚȜȑȟİȚ πȠυ șα ĲȠ απȠșȘțİȪıİȚ. 

ȈχȒȝα 5.20  ΑπȠșȒțİυıȘ πȠȚȠĲȚțȒȢ αȞȐȜυıȘȢ φȐıȝαĲȠȢ 

ΓȚα ĲȘȞ αȞȐțȜȘıȘ İȞȩȢ απȠșȘțİυȝȑȞȠυ αȡȤİȓȠυ, Ƞ ȤȡȒıĲȘȢ αȡțİȓ Ȟα πȚȑıİȚ ĲȠ πȜȒțĲȡȠ «Open» 

(ȈȤȒȝα 5.20). ȉȑȜȠȢ, ĲȠ πȜȒțĲȡȠ «Close» İπȚĲȡȑπİȚ ıĲȠȞ ȤȡȒıĲȘ Ȟα ĲİȡȝαĲȓıİȚ ĲȘȞ İπİȟİȡȖαıȓα ĲȠυ 

ıυȖțİțȡȚȝȑȞȠυ φȐıȝαĲȠȢ, αφȠȪ πȡȫĲα İȡȦĲȘșİȓ İȐȞ İπȚșυȝİȓ Ȟα ĲȠ απȠșȘțİȪıİȚ, ȤȦȡȓȢ ȩȝȦȢ Ȟα 

İȟȑȜșİȚ απȩ ĲȠ πȡȩȖȡαȝȝα bAXIL. 

 

5.8.6 ǹπȠșȒțİυıȘ ĲȠυ ȝȠȞĲȑȜȠυ ıİ ȝȠȡφȒ αȡȤİȓȠυ «Template»  

 ȆȠȜȜȑȢ φȩȡİȢ, ȖȚα įȚİυțȩȜυȞıȘ ĲȠυ ȤȡȒıĲȘ, ȦφİȜİȓ Ȟα απȠșȘțİυĲȠȪȞ ȝȠȞȐȤα Ĳα įİįȠȝȑȞα ĲȠυ 

İțȐıĲȠĲİ ȝȠȞĲȑȜȠυ țαȚ ĲȦȞ αȞĲȓıĲȠȚȤȦȞ πİȚȡαȝαĲȚțȫȞ ıυȞșȘțȫȞ, țαșȫȢ Ĳα πİȡȚııȩĲİȡα απȩ αυĲȐ 

παȡαȝȑȞȠυȞ ȓįȚα απȩ φȐıȝα ıİ φȐıȝα țαȚ Ș İȚıαȖȦȖȒ ĲȠυȢ țȐșİ φȠȡȐ πȠυ ȖȓȞİĲαȚ İπİȟİȡȖαıȓα 

φȐıȝαĲȠȢ İȓȞαȚ ȤȡȠȞȠȕȩȡα. ȉȠ bAXIL πȡȠıφȑȡİȚ ĲȘ įυȞαĲȩĲȘĲα ıĲȠȞ ȤȡȒıĲȘ Ȟα απȠșȘțİȪıİȚ ĲȚȢ 

πİȚȡαȝαĲȚțȑȢ ıυȞșȒțİȢ πȠυ ȑȤİȚ İȚıȐȖİȚ, ĲȚȢ παȡαȝȑĲȡȠυȢ ĲȠυ ȝαșȘȝαĲȚțȠȪ ȝȠȞĲȑȜȠυ țαȚ ĲȘȞ 

İȞİȡȖİȚαțȒ ȕαșȝȠȞȩȝȘıȘ, ıİ ȑȞα ıυȖțİțȡȚȝȑȞȠ İȓįȠȢ αȡȤİȓȠυ ȝİ ȠȞȠȝαıȓα *.Template.axml. ǹυĲȒ Ș 

įȚαįȚțαıȓα İπȚĲȡȑπİȚ ıĲȠȞ ȤȡȒıĲȘ Ȟα αȞαțαȜİȓ ĲȚȢ ȡυșȝȓıİȚȢ ĲȦȞ πİȚȡαȝαĲȚțȫȞ ıυȞșȘțȫȞ ȖȡȒȖȠȡα țαȚ 

İȪțȠȜα, ȤȦȡȓȢ Ȟα ȤȡİȚȐȗİĲαȚ Ȟα İȚıȐȖİȚ țȐșİ φȠȡȐ ĲȚȢ παȡαȝȑĲȡȠυȢ ĲȠυ πİȚȡȐȝαĲȠȢ.  

 ΓȚα ĲȘ įȘȝȚȠυȡȖȓα İȞȩȢ αȡȤİȓȠυ πİȚȡαȝαĲȚțȫȞ ıυȞșȘțȫȞ ĲȪπȠυ *.Template.axml αȡțİȓ, Ƞ 

ȤȡȒıĲȘȢ (αφȠȪ ȕİȕαȚȦșİȓ ȩĲȚ ȑȤİȚ ȠȡȓıİȚ πȜȒȡȦȢ ȩȜİȢ ĲȚȢ παȡαȝȑĲȡȠυȢ ĲȠυ πİȚȡȐȝαĲȠȢ țαȚ ĲȠυ 

ȝαșȘȝαĲȚțȠȪ ȝȠȞĲȑȜȠυ πȠυ İπȚșυȝİȓ Ȟα απȠșȘțİυĲȠȪȞ)  Ȟα αțȠȜȠυșȒıİȚ ĲȠ ȝȠȞȠπȐĲȚ «File\Save as 

template» țαȚ Ȟα İπȚȜȑȟİȚ ȝȓα ȠȞȠȝαıȓα ȖȚα ĲȠ ȞȑȠ αȡȤİȓȠ. ǼπȓıȘȢ, Ƞ ȤȡȒıĲȘȢ ȝπȠȡİȓ, αȞȐ πȐıα ıĲȚȖȝȒ, 

Ȟα φȠȡĲȫıİȚ ȑȞα παțȑĲȠ ȡυșȝȓıİȦȞ πİȚȡαȝαĲȚțȫȞ παȡαȝȑĲȡȦȞ, İȞȫ İπİȟİȡȖȐȗİĲαȚ țȐπȠȚȠ φȐıȝα, 
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αțȠȜȠυșȫȞĲαȢ ĲȠ ȝȠȞȠπȐĲȚ «File\Load template» țαȚ İπȚȜȑȖȠȞĲαȢ ıĲȘ ıυȞȑȤİȚα ĲȠ țαĲȐȜȜȘȜȠ αȡȤİȓȠ 

ĲȪπȠυ *.Template.axml.  

 Η įυȞαĲȩĲȘĲα απȠșȒțİυıȘȢ ĲȦȞ πİȚȡαȝαĲȚțȫȞ ıυȞșȘțȫȞ ȝİ ĲȘ ȝȠȡφȒ αȡȤİȓȠυ «Template» 

απȠĲİȜİȓ ıȘȝαȞĲȚțȩ πȜİȠȞȑțĲȘȝα ĲȠυ ȜȠȖȚıȝȚțȠȪ bAXIL. ǹυĲȒ Ș ȜİȚĲȠυȡȖȓα įȚİυțȠȜȪȞİȚ țαȚ 

İπȚĲαȤȪȞİȚ ĲȘ įȚαįȚțαıȓα αȞȐȜυıȘȢ φαıȝȐĲȦȞ ȩĲαȞ ȤȡȘıȚȝȠπȠȚȠȪȝİ ȓįȚİȢ πİȚȡαȝαĲȚțȑȢ ıυȞșȒțİȢ ȖȚα 

ȝİȖȐȜȠ αȡȚșȝȩ πİȚȡαȝȐĲȦȞ, αφȠȪ įİȞ απαȚĲİȓ απȩ ĲȠȞ ȤȡȒıĲȘ ĲȘȞ İπαȞİȚıαȖȦȖȒ ĲȦȞ πİȚȡαȝαĲȚțȫȞ 

ıυȞșȘțȫȞ țαȚ ȜȠȚπȫȞ παȡαȝȑĲȡȦȞ ıĲȠ πȡȩȖȡαȝȝα.  

 ΓȚα ĲȚȢ αȞȐȖțİȢ ĲȘȢ παȡȠȪıαȢ ǻǼ įȘȝȚȠυȡȖȒșȘțαȞ 4 įȚȐφȠȡα αȡȤİȓα ĲȪπȠυ *.Template.axml, 

Ĳα ȠπȠȓα αȞĲȚıĲȠȚȤȠȪıαȞ ıĲα 4 įȚαφȠȡİĲȚțȐ ıİȞȐȡȚα ȜȒȥȘȢ φαıȝȐĲȦȞ πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ (ȕȜ. 

ȆȓȞαțα 5.4, παȡ. 5.5.4). ȉα «Templates» αυĲȐ, πȠυ πİȡȚİȓȤαȞ ĲȚȢ πİȚȡαȝαĲȚțȑȢ ıυȞșȒțİȢ țαȚ ȡυșȝȓıİȚȢ 

ȖȚα ĲȠ αȞĲȓıĲȠȚȤȠ ıİȞȐȡȚȠ, țαȜȠȪȞĲαȞ țȐșİ φȠȡȐ πȠυ αȞαȜȪȠȞĲαȞ ȑȞα φȐıȝα αțĲȓȞȦȞ-Χ πȠυ İȓȤİ 

ȜȘφșİȓ ȝİ αυĲȑȢ ĲȚȢ ıυȞșȒțİȢ țαȚ ȡυșȝȓıİȚȢ.  

  

5.9 ȆȠıȠĲȚțȒ αȞȐȜυıȘ ȝİ ĲȠ ȜȠȖȚıȝȚțȩ bAXIL FP 

 ΓȚα ĲȘȞ πȠıȠĲȚțȒ αȞȐȜυıȘ İȞȩȢ įİȓȖȝαĲȠȢ ĲȠ παțȑĲȠ ȜȠȖȚıȝȚțȠȪ bAXIL ȤȡȘıȚȝȠπȠȚİȓ ĲȠ 

πȡȩȖȡαȝȝα bAXIL FP (bAXIL, Fundamental Parameter). ȈĲȩȤȠȢ ĲȠυ πȡȠȖȡȐȝȝαĲȠȢ αυĲȠȪ İȓȞαȚ Ƞ 

πȠıȠĲȚțȩȢ πȡȠıįȚȠȡȚıȝȩȢ ĲȦȞ ıĲȠȚȤİȓȦȞ ȐȖȞȦıĲȠυ įİȓȖȝαĲȠȢ, ȤȡȘıȚȝȠπȠȚȫȞĲαȢ ĲȘȞ αȞȐȜυıȘ 

φαıȝȐĲȦȞ țαȚ ıĲȠȚȤİȓα ȖȚα ĲȚȢ πİȚȡαȝαĲȚțȑȢ ıυȞșȒțİȢ υπȩ ĲȚȢ ȠπȠȓİȢ αυĲȐ İȜȒφșȘıαȞ. ȉȠ bAXIL FP 

απαȚĲİȓ απȩ ĲȠȞ ȤȡȒıĲȘ ĲȘȞ İȚıαȖȦȖȒ φαıȝȐĲȦȞ αțĲȓȞȦȞ-Χ, Ĳα ȠπȠȓα ȑȤȠυȞ αȞαȜυșİȓ πȡȠȘȖȠυȝȑȞȦȢ 

πȠȚȠĲȚțȐ ȝİ ĲȠ πȡȩȖȡαȝȝα bAXIL, ȩπȦȢ πİȡȚȖȡȐφİĲαȚ παȡαπȐȞȦ (ȝȠȡφȒ αȡȤİȓȠυ *.axml). ȈȘȝαȞĲȚțȩ 

ȖȚα ĲȘȞ ȠȡșȩĲȘĲα ĲȘȢ πȠıȠĲȚțȒȢ αȞȐȜυıȘȢ İȓȞαȚ Ș φȩȡĲȦıȘ ĲȦȞ πȡαȖȝαĲȚțȫȞ πİȚȡαȝαĲȚțȫȞ 

ıυȞșȘțȫȞ/παȡαȝȑĲȡȦȞ ıĲȠ πȡȩȖȡαȝȝα țαȚ Ș ȕȑȜĲȚıĲȘ įυȞαĲȒ πȡȠıαȡȝȠȖȒ ĲȠυ φȐıȝαĲȠȢ ıĲȠ 

ȝαșȘȝαĲȚțȩ ȝȠȞĲȑȜȠ, țυȡȓȦȢ ȩıȠȞ αφȠȡȐ ıĲȘȞ İțĲȓȝȘıȘ ĲȘȢ İπȚφȐȞİȚαȢ ĲȦȞ φȦĲȠțȠȡυφȫȞ țαȚ ĲȠυ 

υπȠıĲȡȫȝαĲȠȢ. To bAXIL FP ȤȡȘıȚȝȠπȠȚİȓ įȪȠ ȝİșȩįȠυȢ ȖȚα ĲȠȞ πȠıȠĲȚțȩ πȡȠıįȚȠȡȚıȝȩ ĲȦȞ 

ıĲȠȚȤİȓȦȞ ĲȠυ įİȓȖȝαĲȠȢ: 

- ȉȘ ȝȑșȠįȠ Standard-less Fundamental Parameter (ȤȦȡȓȢ ĲȘ ȤȡȒıȘ πȡȠĲȪπȠυ įİȓȖȝαĲȠȢ) 

- ȉȘ ȝȑșȠįȠ Standard-based Fundamental Parameter (ȝİ ȤȡȒıȘ πȡȩĲυπȦȞ įİȚȖȝȐĲȦȞ) 

Η πȡȫĲȘ ȝȑșȠįȠȢ ȕαıȓȗİĲαȚ ȖȚα ĲȠυȢ υπȠȜȠȖȚıȝȠȪȢ ĲȘȢ ıİ ȖȞȦıĲȑȢ φυıȚțȑȢ ıĲαșİȡȑȢ (αȞαȜȠȖȓα 

İțπȠȝπȒȢ ȤαȡαțĲȘȡȚıĲȚțȫȞ İȞİȡȖİȚȫȞ ȖȚα țȐșİ ıĲȠȚȤİȓȠ πȤ. Ȁα țαȚ Ȁȕ) țαȚ ıİ πȜȘȡȠφȠȡȓİȢ πȠυ 

πȡȠțȪπĲȠυȞ απȩ ĲȠ ȝαșȘȝαĲȚțȩ ȝȠȞĲȑȜȠ ĲȠυ bAXIL, ȩπȦȢ ȖȚα παȡȐįİȚȖȝα ĲȚȢ πİȚȡαȝαĲȚțȑȢ ıυȞșȒțİȢ, 
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ȖȚα ĲȠȞ υπȠȜȠȖȚıȝȩ ĲȘȢ ıυıȤȑĲȚıȘȢ ȝİĲαȟȪ ĲȘȢ ȝİĲȡȠȪȝİȞȘȢ İπȚφȐȞİȚαȢ ȝȚαȢ φȦĲȠțȠȡυφȒȢ țαȚ ĲȘȢ 

αȞĲȓıĲȠȚȤȘȢ ıȪıĲαıȘȢ ĲȠυ ıĲȠȚȤİȓȠυ ıĲȠ įİȓȖȝα.  

ȈĲȘ įİȪĲİȡȘ ȝȑșȠįȠ ĲȠ πȡȩȖȡαȝȝα ȤȡȘıȚȝȠπȠȚİȓ ȦȢ įİįȠȝȑȞα αȞαȜυȝȑȞα φȐıȝαĲα πȡȩĲυπȦȞ 

įİȚȖȝȐĲȦȞ (standards), ĲȦȞ ȠπȠȓȦȞ Ș ıȪıĲαıȘ İȓȞαȚ ȒįȘ ȖȞȦıĲȒ țαȚ İȚıȐȖİĲαȚ ȦȢ İπȚπȜȑȠȞ įİįȠȝȑȞȠ 

ıĲȠ πȡȩȖȡαȝȝα. ǹπȩ αυĲȐ, ĲȠ πȡȩȖȡαȝȝα bAXIL FP πȡȠıįȚȠȡȓȗİȚ ĲȠυȢ ıυȞĲİȜİıĲȑȢ ĲȘȢ πȠıȠĲȚțȒȢ 

ȕαșȝȠȞȩȝȘıȘȢ πȠυ ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ ıĲȘ ıυȞȑȤİȚα ȖȚα ĲȘȞ πȠıȠĲȚțȒ ĲȦȞ ıĲȠȚȤİȓȦȞ İȞȩȢ αȖȞȫıĲȠυ 

įİȓȖȝαĲȠȢ (unknown). 

 ȈĲȘȞ παȡȠȪıα ǻǼ αțȠȜȠυșȒșȘțİ ȝȩȞȠ Ș įİȪĲİȡȘ ȝȑșȠįȠȢ πȠıȠĲȚțȒȢ αȞȐȜυıȘȢ, αυĲȒ πȠυ 

ȕαıȓȗİĲαȚ ıĲȘ ȤȡȒıȘ πȡȩĲυπȦȞ įİȚȖȝȐĲȦȞ (Standard-based Fundamental Parameter) țαȚ αυĲȒ șα 

παȡȠυıȚαıșİȓ αȞαȜυĲȚțȐ ıĲȚȢ İπȩȝİȞİȢ παȡαȖȡȐφȠυȢ. 

  

5.10 ȆȠıȠĲȚțȒ αȞȐȜυıȘ ȝİ ĲȘ ȤȡȒıȘ πȡȩĲυπȦȞ įİȚȖȝȐĲȦȞ (Standard-based) ıĲȠ bAXIL FP 

 ΌπȦȢ αȞαφȑȡșȘțİ țαȚ παȡαπȐȞȦ, Ș ȝȑșȠįȠȢ Standard-based Fundamental Parameter πȠυ 

ȤȡȘıȚȝȠπȠȚȒșȘțİ ıĲȘȞ παȡȠȪıα ǻǼ ȖȚα ĲȠȞ πȠıȠĲȚțȩ πȡȠıįȚȠȡȚıȝȩ ĲȦȞ ıĲȠȚȤİȓȦȞ ȐȖȞȦıĲȦȞ 

įİȚȖȝȐĲȦȞ απαȚĲİȓ ĲȘȞ İȚıαȖȦȖȒ πȜȒȡȦȢ αȞαȜυȝȑȞȦȞ φαıȝȐĲȦȞ πȠυ ȑȤȠυȞ πȡȠțȪȥİȚ απȩ įİȓȖȝαĲα 

πȠυ ȑȤȠυȞ ȖȞȦıĲȒ ıȪıĲαıȘ (πȡȩĲυπα įİȓȖȝαĲα -«Standards»). ȆȡȑπİȚ Ȟα ĲȠȞȚıĲİȓ ȩĲȚ Ĳα ĲȩıȠ Ĳα 

φȐıȝαĲα ĲȦȞ įİȚȖȝȐĲȦȞ ȝİ ȖȞȦıĲȒ, ȩıȠ țαȚ αυĲȐ ȝİ ȐȖȞȦıĲȘ ıȪıĲαıȘ πȡȑπİȚ Ȟα ȑȤȠυȞ ȜȘφșİȓ țȐĲȦ 

απȩ ĲȚȢ ȓįȚİȢ αțȡȚȕȫȢ πİȚȡαȝαĲȚțȑȢ ıυȞșȒțİȢ.  

ǹȡȤȚțȐ, Ƞ ȤȡȒıĲȘȢ πȡȑπİȚ Ȟα İȚıȐȖİȚ Ĳα «Standards» ıĲȠ πȡȩȖȡαȝȝα, ȫıĲİ Ȟα υπȠȜȠȖȚıĲȠȪȞ ȠȚ 

ıυȞĲİȜİıĲȑȢ țαȚ Ș țαȝπȪȜȘ ĲȘȢ πȠıȠĲȚțȒȢ ȕαșȝȠȞȩȝȘıȘȢ απȩ ĲȠ ȜȠȖȚıȝȚțȩ bAXIL FP. ǹπȩ ĲȘ ıĲȚȖȝȒ 

πȠυ Ƞ ȤȡȒıĲȘȢ İȚıȐȖİȚ ĲȠ πȡȫĲȠ «standard», ĲȠ πȡȫĲȠ αȞαȜυȝȑȞȠ φȐıȝα ĲȠυ ȠπȠȓȠυ Ș ıȪıĲαıȘ İȓȞαȚ 

ȖȞȫıĲȘ, ĲȠ bAXIL FP αυĲȩȝαĲα ȤȡȘıȚȝȠπȠȚİȓ ĲȘ ȝȑșȠįȠ Standard-based Fundamental Parameter ȖȚα 

ĲȘȞ πȠıȠĲȚțȒ αȞȐȜυıȘ. 

ȅ απȜȠȪıĲİȡȠȢ ĲȡȩπȠȢ İțțȓȞȘıȘȢ ĲȠυ πȡȠȖȡȐȝȝαĲȠȢ πȠıȠĲȚțȒȢ αȞȐȜυıȘȢ İȓȞαȚ αȞȠȓȖȠȞĲαȢ ĲȠȞ 

φȐțİȜȠ «bAXIL»  πȠυ ȕȡȓıțİĲαȚ ıĲȘȞ İπȚφȐȞİȚα İȡȖαıȓαȢ țαȚ İπȚȜȑȖȠȞĲαȢ ĲȘ ıυȞĲȩȝİυıȘ ȝİ 

ȠȞȠȝαıȓα «bAXIL FP». Ȉİ πİȡȓπĲȦıȘ πȠυ Ƞ φȐțİȜȠȢ įİȞ İȝφαȞȓȗİĲαȚ, Ȓ υπȐȡȤİȚ țȐπȠȚα İπȚπȜȠțȒ, Ƞ 

ȤȡȒıĲȘȢ ȝπȠȡİȓ Ȟα αȞαĲȡȑȟİȚ ıĲȠȞ ıțȜȘȡȩ įȓıțȠ  ĲȠυ υπȠȜȠȖȚıĲȒ țαȚ ıĲȘȞ παȡαțȐĲȦ įȚİȪșυȞıȘ:  

C:\Program Files\BrightSpec NV\ bAXIL 

țαȚ Ȟα İȞĲȠπȓıİȚ ĲȠ İțĲİȜȑıȚȝȠ ȝİ ĲȘȞ ȠȞȠȝαıȓα bAXILFP.exe. ȀȐȞȠȞĲαȢ įȚπȜȩ țȜȚț πȐȞȦ ıĲȠ 

İțĲİȜȑıȚȝȠ αυĲȩ șα İțțȚȞȒıİȚ ĲȠ πȡȩȖȡαȝȝα πȠȚȠĲȚțȒȢ ȕαșȝȠȞȩȝȘıȘȢ.  
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5.10.1 ȆȡȠıșȒțȘ «Standards» (įİȚȖȝȐĲȦȞ ȖȞȦıĲȒȢ ıȪıĲαıȘȢ) ıĲȠ bAXIL FP 

 ȉȠ πȡȫĲȠ ȕȒȝα ıĲȘ įȚαįȚțαıȓα πȠıȠĲȚțȒȢ αȞȐȜυıȘȢ İȓȞαȚ Ș İȚıαȖȦȖȒ  «standards» ıĲȠ 

πȡȩȖȡαȝȝα. ȉα «standards» πȠυ ȝπȠȡİȓ Ȟα İȚıȐȖİȚ Ƞ ȤȡȒıĲȘȢ șα πȡȑπİȚ Ȟα İȓȞαȚ υπȩ ĲȘ ȝȠȡφȒ 

φαıȝȐĲȦȞ (ĲȪπȠυ *.axml), αȞαȜυȝȑȞȦȞ πȠȚȠĲȚțȐ ıĲȠ bAXIL, ȝİ ĲȘ ȝȑșȠįȠ πȠυ πİȡȚȖȡȐφȘțİ 

αȞαȜυĲȚțȐ ıĲȚȢ πȡȠȘȖȠȪȝİȞİȢ παȡαȖȡȐφȠυȢ (ȕȜ. παȡ. 5.8).  ΓȚα ĲȘȞ İȚıαȖȦȖȒ αȡțİȓ Ȟα πȚȑıİȚ ĲȠ 

πȜȒțĲȡȠ «+» πȠυ φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 5.21, Ȓ αțȠȜȠυșȫȞĲαȢ ĲȠ ȝȠȞȠπȐĲȚ «Standard\Add Standard». 

ΈĲıȚ, șα ȠįȘȖȘșİȓ ıİ ȑȞα παȡȐșυȡȠ ıĲȠ ȠπȠȓȠ țαȜİȓĲαȚ Ȟα İπȚȜȑȟİȚ ĲȠ αȡȤİȓȠ ĲȪπȠυ *.axml ĲȠ ȠπȠȓȠ 

πİȡȚȑȤİȚ ĲȠ φȐıȝα ĲȠυ «Standard» πȠυ İπȚșυȝİȓ Ȟα İȚıȐȖİȚ țαȚ Ȟα İȚıȐȖİȚ ıĲȠ bAXIL FP ȝİ ĲȘȞ İȞĲȠȜȒ  

«Open».  

ȈχȒȝα 5.21  ǼȚıαȖωȖȒ φȐıȝαĲȠȢ standard ıĲȠ bAXIL FP 

Η İπȚĲυȤȒȢ İȚıαȖȦȖȒ ĲȠυ φȐıȝαĲȠȢ ĲȠυ standard İπȚȕİȕαȚȫȞİĲαȚ Ȑȝİıα, țαșȫȢ șα İȝφαȞȚıĲİȓ Ș 

ȠȞȠȝαıȓα ĲȠυ ıĲȘ ȜȓıĲα țȐĲȦ απȩ ĲȠȞ ĲȓĲȜȠ «Standards» ıĲȘȞ αȡȚıĲİȡȒ πȜİυȡȐ ĲȘȢ ȠșȩȞȘȢ, ȩπȦȢ 

ȑȖȚȞİ ȝİ ĲȠ φȐıȝα ȝİ ȠȞȠȝαıȓα «kfeo1p1_15kV» πȠυ φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 5.21. 

 

5.10.1 ȅȡȚıȝȩȢ ĲȘȢ ıȪıĲαıȘȢ ĲȠυ πȡȩĲυπȠυ įİȓȖȝαĲȠȢ «Standard» 
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ȈĲȘ ıυȞȑȤİȚα, ȝİĲȐ ĲȘȞ İπȚĲυȤȒ İȚıαȖȦȖȒ ĲȠυ standard ıĲȠ bAXIL FP, ıİȚȡȐ ȑȤİȚ Ș İȚıαȖȦȖȒ ĲȘȢ 

ıȪıĲαıȘȢ ĲȠυ ȖȞȦıĲȠȪ įİȓȖȝαĲȠȢ ıĲȠ πȡȩȖȡαȝȝα. ǹφȠȪ İȚıαȤșİȓ İπȚĲυȤȫȢ ȑȞα standard ıĲȠ bAXIL 

FP, İȝφαȞȓȗİĲαȚ ıĲȘȞ ȠșȩȞȘ ĲȠ παȡȐșυȡȠ ĲȠυ ȈȤȒȝαĲȠȢ 5.22. ȈĲȠ παȡȐșυȡȠ αυĲȩ, ıĲȘ ıİȜȓįα X-ray 

lines, Ƞ ȤȡȒıĲȘȢ ȝπȠȡİȓ Ȟα İπȚȜȑȟİȚ πȠȚȑȢ φȦĲȠțȠȡυφȑȢ ıĲȠȚȤİȓȦȞ ĲȠυ ȖȞȦıĲȠȪ įİȓȖȝαĲȠȢ șα 

ȤȡȘıȚȝȠπȠȚȘșȠȪȞ ȖȚα ĲȘȞ İțĲȓȝȘıȘ ĲȦȞ ıυȞĲİȜİıĲȫȞ πȠıȠĲȚțȒȢ ȕαșȝȠȞȩȝȘıȘȢ, ȫıĲİ Ȟα πȡȠțȪȥİȚ Ș 

țαȝπȪȜȘ πȠıȠĲȚțȒȢ ȕαșȝȠȞȩȝȘıȘȢ.  

ȈχȒȝα 5.22  ΦωĲȠțȠȡυφȑȢ ĲȠυ standard πȠυ șα χȡȘıȚȝȠπȠȚȘșȠȪȞ  ȖȚα ĲȘȞ πȠıȠĲȚțȒ ȕαșȝȠȞȩȝȘıȘ  

ǹφȠȪ ȠȡȚıĲȠȪȞ Ĳα ıĲȠȚȤİȓα țαȚ ȠȚ αȞĲȓıĲȠȚȤİȢ φȦĲȠțȠȡυφȑȢ πȠυ șα ȤȡȘıȚȝȠπȠȚȘșȠȪȞ ȖȚα ĲȘȞ 

πȠıȠĲȚțȒ ȕαșȝȠȞȩȝȘıȘ, Ƞ ȤȡȒıĲȘȢ țαȜİȓĲαȚ Ȟα ȠȡȓıİȚ ıĲȠ πȡȩȖȡαȝȝα ĲȘȞ πȠıȠĲȚțȒ ıȪıĲαıȘ ĲȠυ 

πȡȩĲυπȠυ įİȓȖȝαĲȠȢ. ȈĲȠ ȓįȚȠ παȡȐșυȡȠ, ȝİĲαȕαȓȞȠȞĲαȢ ıĲȘ ıİȜȓįα «Composition» Ƞ ȤȡȒıĲȘȢ ȝπȠȡİȓ 

Ȟα İȚıȐȖİȚ ĲȘ ȖȞȦıĲȒ ıȪıĲαıȘ ĲȠυ πȡȠĲȪπȠυ įİȓȖȝαĲȠȢ. Η İȚıαȖȦȖȒ αυĲȒ ȖȓȞİĲαȚ įȘȜȫȞȠȞĲαȢ Ĳα 

ȤȘȝȚțȐ ıĲȠȚȤİȓα ĲȠυ įİȓȖȝαĲȠȢ țαȚ ĲȘȞ İπȓ ĲȠȚȢ İțαĲȩ țαĲȐ ȝȐȗα αȞαȜȠȖȓα ĲȠυȢ ıĲȠ įİȓȖȝα. ΓȚα ĲȠ 

ȜȩȖȠ αυĲȩ, απαȚĲİȓ ȚįȚαȓĲİȡȘ πȡȠıȠȤȒ Ƞ αțȡȚȕȒȢ υπȠȜȠȖȚıȝȩȢ ĲȘȢ αȞαȜȠȖȓαȢ ĲȦȞ ȤȘȝȚțȫȞ ıĲȠȚȤİȓȦȞ 

πȠυ πİȡȚȑȤȠȞĲαȚ ıĲȠ įİȓȖȝα.  

ȈȘȝαȞĲȚțȩ İπȓıȘȢ İȓȞαȚ Ȟα İȚıαȤșȠȪȞ ȩȜα Ĳα ȖȞȦıĲȐ ıĲȠȚȤİȓα ĲȠυ įİȓȖȝαĲȠȢ ıĲȠ bAXIL FP, 

αțȩȝȘ țαȚ αυĲȐ πȠυ įİȞ İȝφαȞȓȗȠȞĲαȚ ıĲȠ φȐıȝα αțĲȓȞȦȞ Χ ĲȠυ įİȓȖȝαĲȠȢ. ǹφȠȪ Ƞ ȤȡȒıĲȘȢ 

țαĲαȖȡȐȥİȚ πȜȒȡȦȢ ȩȜα Ĳα ıĲȠȚȤİȓα țαȚ ĲȚȢ İπȚȝȑȡȠυȢ αȞαȜȠȖȓİȢ ĲȠυȢ, απȠșȘțİȪİȚ Ĳα įİįȠȝȑȞα 

πȚȑȗȠȞĲαȢ ĲȠ πȜȒțĲȡȠ «Update». ȅπȠȚαįȒπȠĲİ ıĲȚȖȝȒ ȝπȠȡİȓ Ȟα İπȚıĲȡȑȥİȚ țαȞİȓȢ ıĲȘ ıİȜȓįα 

«Composition», țαȚ Ȟα ȝİĲαȕȐȜİȚ, πȡȠıșȑıİȚ Ȓ αφαȚȡȑıİȚ ȠπȠȚȠįȒπȠĲİ įİįȠȝȑȞȠ. ȈĲȠ ȈȤȒȝα 5.23 
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παȡȠυıȚȐȗİĲαȚ Ș ıİȜȓįα «Composition» ıĲȠ ȠπȠȓȠ ȑȤİȚ πȡȠıįȚȠȡȚıșİȓ πȜȒȡȦȢ Ș ıȪıĲαıȘ įİȓȖȝαĲȠȢ 

ȠȟİȚįȓȠυ ĲȠυ ıȚįȒȡȠυ (Fe) ĲȠ ȠπȠȓȠ ȑȤİȚ πȡȠİĲȠȚȝαıĲİȓ ȝİ ĲİȤȞȚțȒ ıȪȞĲȘȟȘȢ ȕȠȡȚțȫȞ αȜȐĲȦȞ. 

ȈχȒȝα 5.23  ǼȚıαȖωȖȒ ıȪıĲαıȘȢ  standard ıĲȠ bAXIL FP 

 

ȉȑȜȠȢ, ıĲȠ ȓįȚȠ παȡȐșυȡȠ, ıĲȘ ıİȜȓįα «Exp. Cond.» įȘȜαįȒ Experimental Conditions 

(ȆİȚȡαȝαĲȚțȑȢ ȈυȞșȒțİȢ»), Ƞ ȤȡȒıĲȘȢ ȝπȠȡİȓ Ȟα İȜȑȖȟİȚ țαȚ Ȟα ȝİĲαȕȐȜİȚ – İȐȞ ȤȡİȚαıĲİȓ – ȠȡȚıȝȑȞİȢ 

απȩ ĲȚȢ παȡαȝȑĲȡȠυȢ ȜȒȥȘȢ ĲȠυ φȐıȝαĲȠȢ. ȈυȖțİțȡȚȝȑȞα, ȝπȠȡİȓ Ȟα İȜȑȖȟİȚ/įȚȠȡșȫıİȚ: ĲȘȞ ĲȚȝȒ ĲȘȢ 

ȑȞĲαıȘȢ ĲȠυ ȡİȪȝαĲȠȢ ĲȘȢ ȝȘȤαȞȒȢ țαĲȐ ĲȘ įȚȐȡțİȚα ȜȒȥȘȢ ĲȠυ φȐıȝαĲȠȢ, ĲȘ ȤȡȠȞȚțȒ įȚȐȡțİȚα ȜȒȥȘȢ 

ĲȠυ φȐıȝαĲȠȢ țαȚ ĲȘȞ ȘȝİȡȠȝȘȞȓα ȜȒȥȘȢ ĲȠυ φȐıȝαĲȠȢ. Η ıİȜȓįα «Exp. Cond.» φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 

5.24. 

Η ıİȜȓįα ĲȦȞ πİȚȡαȝαĲȚțȫȞ ıυȞșȘțȫȞ ȑȤİȚ ȝİȖαȜȪĲİȡȘ ıȘȝαıȓα țαȚ πİȡȚııȩĲİȡİȢ İπȚȜȠȖȑȢ 

ıĲȠ ıĲȐįȚȠ πȠυ İπİȟİȡȖȐȗİĲαȚ țαȞİȓȢ ĲȠ ȐȖȞȦıĲȠ įİȓȖȝα. Η ıȘȝαıȓα țαȚ Ƞ ĲȡȩπȠȢ πȡȠıįȚȠȡȚıȝȠȪ ĲȦȞ 

παȡαȝȑĲȡȦȞ αυĲȫȞ șα πİȡȚȖȡαφİȓ αȞαȜυĲȚțȐ παȡαțȐĲȦ. ȉȑȜȠȢ, ıĲȘ ıİȜȓįα «Report» ȖȓȞİĲαȚ İțĲİȞȒȢ 

αȞαφȠȡȐ ȩȜȦȞ ĲȦȞ ıĲȠȚȤİȓȦȞ πȠυ αφȠȡȠȪȞ ĲȠ İπİȟİȡȖαȗȩȝİȞȠ πȡȩĲυπȠ įİȓȖȝα, ȩπȦȢ αυĲȑȢ 

țαșȠȡȓıĲȘțαȞ παȡαπȐȞȦ. 
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ȈχȒȝα 5.24 ȈİȜȓįα πİȚȡαȝαĲȚțȫȞ ıυȞșȘțȫȞ ȖȚα ĲȠ πȡȩĲυπȠ įİȓȖȝα 

 

5.10.2 ȆȡȠıșȒțȘ  țİȞȠȪ φȐıȝαĲȠȢ (Blank) ıĲȠ bAXIL FP 

ǼțĲȩȢ απȩ πȡȩĲυπα įİȓȖȝαĲα (standards) Ĳα ȠπȠȓα İȓȞαȚ απαȡαȓĲȘĲα ȖȚα Ȟα ȠȜȠțȜȘȡȦșİȓ Ș  

πȠıȠĲȚțȒ αȞȐȜυıȘ ĲȦȞ ȐȖȞȦıĲȦȞ įİȚȖȝȐĲȦȞ (unknown) ȝİ ĲȘ ȝȑșȠįȠ «Standard-based Fundamental 

Parameters», υπȐȡȤİȚ Ș įυȞαĲȩĲȘĲα Ƞ ȤȡȒıĲȘȢ Ȟα İȚıȐȖİȚ ıĲȠ bAXIL FP țαȚ «țİȞȐ» («blank») 

φȐıȝαĲα, įȘȜαįȒ φȐıȝαĲα πȠυ ȑȤȠυȞ ȜȘφșİȓ ȤȡȘıȚȝȠπȠȚȫȞĲαȢ ȑȞα įİȓȖȝα ĲȠ ȠπȠȓȠ įİȞ πİȡȚȑȤİȚ 

αȞȚȤȞİȪıȚȝα ıĲȠȚȤİȓα πȤ. įİȓȖȝα ȝȩȞȠ ȝİ ȕȠȡȚțȐ ȐȜαĲα.  

Η ȤȡȒıȘ αυĲȫȞ ĲȦȞ φαıȝȐĲȦȞ παȡȑȤİȚ πȜȘȡȠφȠȡȓİȢ πȠυ ȝπȠȡȠȪȞ Ȟα αȟȚȠπȠȚȘșȠȪȞ απȩ ĲȠ 

ȜȠȖȚıȝȚțȩ ȖȚα ĲȘȞ ȕİȜĲȓȦıȘ ĲȠυ ȝαșȘȝαĲȚțȠȪ ȝȠȞĲȑȜȠυ υπȠıĲȡȫȝαĲȠȢ, ȩπȦȢ:  

 πȜȘȡȠφȠȡȓİȢ ȖȚα ĲȘ ȝȠȡφȒ υπȠıĲȡȫȝαĲȠȢ πȠυ ȠφİȓȜİĲαȚ ıĲȠ matrix ĲȠυ įİȓȖȝαĲȠȢ Ȓ ıĲα 

φȓȜĲȡα πȠυ ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ, țαȚ  

 πȜȘȡȠφȠȡȓİȢ ȖȚα ĲȘȞ  ȪπαȡȟȘ φȦĲȠțȠȡυφȫȞ πȠυ ȠφİȓȜȠȞĲαȚ ıĲȘȞ πİȚȡαȝαĲȚțȒ įȚȐĲαȟȘ (πȤ. 

φȦĲȠțȠȡυφȒ ȜȩȖȦ ĲȠυ Ar πȠυ υπȐȡȤİȚ ıĲȘȞ αĲȝȩıφαȚȡα, Ȓ ȐȜȜİȢ φȦĲȠțȠȡυφȑȢ ȜȩȖȦ 

πȡȠıȝȓȟİȦȞ πȤ. ıĲȠȞ țαĲİυșυȞĲȒ įȑıȝȘȢ Ȓ ıĲα φȓȜĲȡα.  
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ǹφȠȪ ȑȤİȚ ȒįȘ ȖȓȞİȚ πȡȠıαȡȝȠȖȒ țαȚ ȑȤİȚ αȞαȜυșİȓ πȠȚȠĲȚțȐ ĲȠ «blank» φȐıȝα İȚıȐȖİĲαȚ ıĲȠ 

ȜȠȖȚıȝȚțȩ πȚȑȗȠȞĲαȢ ĲȠ πȜȒțĲȡȠ «Add Blank», ȩπȦȢ φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 5.25, Ȓ αțȠȜȠυșȫȞĲαȢ ĲȠ 

ȝȠȞȠπȐĲȚ «Blanks\Add Blank». ȈĲȘ ıυȞȑȤİȚα, Ƞ ȤȡȒıĲȘȢ țαȜİȓĲαȚ Ȟα ȠȡȓıİȚ ĲȘ ȖȞȫıĲȘ ıȪıĲαıȘ ĲȠυ 

țİȞȠȪ įİȓȖȝαĲȠȢ ıĲȠ ȜȠȖȚıȝȚțȩ, ıĲȘ ıİȜȓįα «Composition», țαșȫȢ țαȚ Ȟα İȜȑȖȟİȚ ĲȘȞ ȠȡșȩĲȘĲα ĲȦȞ 

αȞαȖȡαφȩȝİȞȦȞ πİȚȡαȝαĲȚțȫȞ ıυȞșȘțȫȞ ıĲȘ ıİȜȓįα «Exp. Cond.», ȩπȦȢ αțȡȚȕȫȢ ȖȓȞİĲαȚ țαȚ ȖȚα ĲȘȞ 

πİȡȓπĲȦıȘ ĲȠυ πȡȠĲȪπȠυ įİȓȖȝαĲȠȢ. ǹφȠȪ Ƞ ȤȡȒıĲȘȢ ȠȡȓıİȚ πȜȒȡȦȢ ĲȚȢ παȡαπȐȞȦ παȡαȝȑĲȡȠυȢ, ĲȠ 

ȜȠȖȚıȝȚțȩ bAXIL FP șα ȜȐȕİȚ υπ’ ȩȥȚȞ ĲȠ țİȞȩ įİȓȖȝα, țαĲȐ ĲȘȞ πȠıȠĲȚțȒ αȞȐȜυıȘ ĲȠυ αȖȞȫıĲȠυ 

įİȓȖȝαĲȠȢ țαȚ. 

ȈχȒȝα 5.25 ȆȡȠıșȒțȘ «Blank» φȐıȝαĲȠȢ ıĲȠ bAXIL FP 

 

ȈĲȠ πȜαȓıȚȠ ĲȘȢ ǻǼ, πȡȠțİȚȝȑȞȠυ Ȟα ȝİȜİĲȘșİȓ Ș İπȓįȡαıȘ ĲȘȢ πȡȠıșȒțȘȢ «Blank» φαıȝȐĲȦȞ 

ıĲα απȠĲİȜȑıȝαĲα πȠıȠĲȚțȒȢ αȞȐȜυıȘȢ, ȤȡȘıȚȝȠπȠȚȒșȘțαȞ ȦȢ «Blank», φȐıȝαĲα απȩ įİȓȖȝαĲα ĲȠυ 

ıυȞįİĲȚțȠȪ υȜȚțȠȪ ıĲȘȞ πİȡȓπĲȦıȘ ĲȦȞ įİȚȖȝȐĲȦȞ πȡȑıαȢ țαȚ ȕȠȡȚțȫȞ αȜȐĲȦȞ, ıĲȘȞ πİȡȓπĲȦıȘ ĲȦȞ 

įİȚȖȝȐĲȦȞ ıȪȞĲȘȟȘȢ (ȕȜ. 6Ƞ
 ȀİφȐȜαȚȠ). ȉα įİȓȖȝαĲα αυĲȐ απȠĲİȜȠȪȞĲαȚ țυȡȓȦȢ απȩ ȤȘȝȚțȐ ıĲȠȚȤİȓα 

πȠȜȪ ȤαȝȘȜȠȪ ȝαȗȚțȠȪ αȡȚșȝȠȪ, ȩπȦȢ ȖȚα παȡȐįİȚȖȝα Li, B, H, C, O Ĳα ȠπȠȓα İțπȑȝπȠυȞ 

ȤαȡαțĲȘȡȚıĲȚțȑȢ αțĲȓȞİȢ-Χ ȤαȝȘȜȒȢ İȞȑȡȖİȚαȢ, ȝȘ αȞȚȤȞİȪıȚȝİȢ απȩ ĲȘ įȚȐĲαȟȘ XRF ĲȠυ ǼȆȉ-ǼȂȆ.  

 

5.10.3 ȆȡȠıșȒțȘ «Unknown» (įİȚȖȝȐĲȦȞ ȐȖȞȦıĲȘȢ ıȪıĲαıȘȢ) ıĲȠ bAXIL FP 

 ȉȠ İπȩȝİȞȠ ıȘȝαȞĲȚțȩ ȕȒȝα ȖȚα ĲȘȞ πȠıȠĲȚțȒ αȞȐȜυıȘ İȓȞαȚ Ș İȚıαȖȦȖȒ ĲȠυ ȐȖȞȦıĲȠυ 

įİȓȖȝαĲȠȢ («unknown») ıĲȠ πȡȩȖȡαȝȝα. ΌπȦȢ țαȚ ıĲȘȞ πİȡȓπĲȦıȘ ĲȦȞ standards, Ĳα αȡȤİȓα πȠυ 

ȝπȠȡİȓ Ȟα İȚıȐȖİȚ Ƞ ȤȡȒıĲȘȢ șα πȡȑπİȚ Ȟα İȓȞαȚ υπȩ ĲȘ ȝȠȡφȒ φαıȝȐĲȦȞ, πȠυ ȑȤȠυȞ αȞαȜυșİȓ πȠȚȠĲȚțȐ 

ıĲȠ bAXIL, ȩπȦȢ πİȡȚȖȡȐφİĲαȚ ıĲȚȢ παȡȐȖȡαφȠ 5.7, țαȚ Ȟα ȑȤȠυȞ απȠșȘțİυĲİȓ ıĲȘȞ ĲİȜȚțȒ ĲȠυȢ 

ȝȠȡφȒ ıİ αȡȤİȓȠ ĲȪπȠυ *.axml.  
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ΓȚα ĲȘȞ İȚıαȖȦȖȒ ĲȠυ φȐıȝαĲȠȢ ĲȠυ ȐȖȞȦıĲȠυ įİȓȖȝαĲȠȢ, Ƞ ȤȡȒıĲȘȢ, πȡȑπİȚ Ȟα πȚȑıİȚ ĲȠ 

πȜȒțĲȡȠ «+» πȠυ φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 5.26, Ȓ αțȠȜȠυșȫȞĲαȢ ĲȠ ȝȠȞȠπȐĲȚ «Unknown\Add Unknown» . 

ȈĲȘ ıυȞȑȤİȚα șα ȠįȘȖȘșİȓ ıİ ȑȞα παȡȐșυȡȠ ıĲȠ ȠπȠȓȠ țαȜİȓĲαȚ Ȟα İπȚȜȑȟİȚ ĲȠ αȡȤİȓȠ ĲȪπȠυ *.axml ĲȠ 

ȠπȠȓȠ πİȡȚȑȤİȚ ĲȠ φȐıȝα ĲȠυ įİȓȖȝαĲȠȢ ȐȖȞȦıĲȘȢ ıȪıĲαıȘȢ πȠυ İπȚșυȝİȓ Ȟα İȚıȐȖİȚ. ǹφȠȪ ȕȡİșİȓ ĲȠ 

İπȚșυȝȘĲȩ αȡȤİȓȠ, Ƞ ȤȡȒıĲȘȢ ȝπȠȡİȓ Ȟα ĲȠ İȚıȐȖİȚ ıĲȠ bAXIL FP İπȚȜȑȖȠȞĲαȢ ĲȠ țαȚ πȚȑȗȠȞĲαȢ ĲȠ 

πȜȒțĲȡȠ «Open». Η İπȚĲυȤȒȢ İȚıαȖȦȖȒ ȝπȠȡİȓ Ȟα İπȚȕİȕαȚȦșİȓ ıĲȘȞ πİȡȚȠȤȒ ıĲȠ αȡȚıĲİȡȩ ȐțȡȠ ĲȘȢ 

ȠșȩȞȘȢ, ȩπȠυ șα İȝφαȞȚıĲİȓ ıĲȘ ȜȓıĲα Ș ȠȞȠȝαıȓα ĲȠυ αȡȤİȓȠυ, țȐĲȦ απȩ Ĳα «Unknown». ȆαȡȐįİȚȖȝα 

İπȚĲυȤȠȪȢ İȚıαȖȦȖȒȢ ĲȠυ αȡȤİȓȠυ ȝİ ȠȞȠȝαıȓα «kcnfa1p1_15kV» φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 5.26. 

ȈχȒȝα 5.26  ȆȡȠıșȒțȘ ĲȠυ φȐıȝαĲȠȢ ĲȠυ ȐȖȞωıĲȘȢ ıȪıĲαıȘȢ  įİȓȖȝαĲȠȢ  ıĲȠ bAXIL FP 

ǺαıȚțȒ πȡȠȨπȩșİıȘ İπȚĲυȤȠȪȢ İȚıαȖȦȖȒȢ İȓȞαȚ ĲȠ φȐıȝα ĲȠυ ȐȖȞȦıĲȠυ įİȓȖȝαĲȠȢ Ȟα ȑȤİȚ ȜȘφșİȓ υπȩ 

ĲȚȢ ȓįȚİȢ πİȚȡαȝαĲȚțȑȢ ıυȞșȒțİȢ ȝİ αυĲȐ ĲȦȞ πȡȠĲȪπȦȞ įİȚȖȝȐĲȦȞ πȠυ ȑȤȠυȞ ȒįȘ İȚıαȤșİȓ. Ȉİ 

πİȡȓπĲȦıȘ πȠυ Ƞ ȤȡȒıĲȘȢ İπȚȤİȚȡȒıİȚ Ȟα İȚıȐȖİȚ ȑȞα φȐıȝα ĲȠ ȠπȠȓȠ ȑȤİȚ ȜȘφșİȓ υπȩ įȚαφȠȡİĲȚțȑȢ 

πİȚȡαȝαĲȚțȑȢ ıυȞșȒțİȢ, șα İȝφαȞȚıĲİȓ ıĲȘȞ ȠșȩȞȘ ĲȠ ȝȒȞυȝα ıφȐȜȝαĲȠȢ πȠυ φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 

5.27.  
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 ȈχȒȝα 5.27 ΜȒȞυȝα πȠυ İȝφαȞȓȗİĲαȚ ȩĲαȞ Ĳα φȐıȝαĲα πȠυ İȚıȐȖȠȞĲαȚ ıĲȘȞ πȠıȠĲȚțȒ αȞȐȜυıȘ įİȞ 
ȑχȠυȞ ȜȘφșİȓ υπȩ ĲȚȢ ȓįȚİȢ πİȚȡαȝαĲȚțȑȢ ıυȞșȒțİȢ 

 

5.10.3.1 ǼȚıαȖȦȖȒ ĲυȤȩȞ ȖȞȦıĲȫȞ ıυıĲαĲȚțȫȞ ȖȚα ĲȠ ȐȖȞȦıĲȠ įİȓȖȝα 

  ΈȞα ȕȠȘșȘĲȚțȩ ıĲȐįȚȠ ıĲȘȞ πȠıȠĲȚțȒ αȞȐȜυıȘ İȓȞαȚ Ș ȤȡȒıȘ ĲυȤȩȞ ȖȞȦıĲȫȞ ıĲȠȚȤİȓȦȞ ȖȚα ĲȘ 

ıȪıĲαıȘ ĲȠυ ȐȖȞȦıĲȠυ įİȓȖȝαĲȠȢ, Ĳα ȠπȠȓα ĲȠ πȡȩȖȡαȝȝα bAXIL FP șα ȜȐȕİȚ υπȩȥȘ ĲȠυ țαȚ șα 

ȤȡȘıȚȝȠπȠȚȒıİȚ ȖȚα Ȟα ȕİȜĲȚȫıİȚ ĲȘȞ αțȡȓȕİȚα ĲȦȞ απȠĲİȜİıȝȐĲȦȞ ĲȠυ. ȉȠ ıĲȐįȚȠ αυĲȩ İȓȞαȚ ȩȝȠȚȠ ȝİ 

αυĲȩ ĲȘȢ παȡαȖȡȐφȠυ 5.10.1, ȠπȠȪ Ƞ ȤȡȒıĲȘȢ įȘȜȫȞİȚ ĲȚȢ ıυȖțİȞĲȡȫıİȚȢ ĲȦȞ İπȚȝȑȡȠυȢ ȤȘȝȚțȫȞ 

ıĲȠȚȤİȓȦȞ ıĲȠ πȡȩĲυπȠ įİȓȖȝα. ȆαȡȩĲȚ Ș ıȪıĲαıȘ ĲȠυ ȐȖȞȦıĲȠυ įİȓȖȝαĲȠȢ İȓȞαȚ İȞĲİȜȫȢ ȐȖȞȦıĲıȘ ıİ 

πȠȜȜȑȢ πİȡȚπĲȫıİȚȢ, Ș ĲİȤȞȚțȒ ȖȚα ĲȘȞ παȡαıțİυȒ ĲȠυ įİȓȖȝαĲȠȢ πȡȠȨπȠșȑĲİȚ ĲȘ ȤȡȒıȘ πȡȩıșİĲȦȞ 

ȠυıȚȫȞ, ĲȦȞ ȠπȠȓȦȞ Ș ıȪıĲαıȘ İȓȞαȚ ȒįȘ ȖȞȫıĲȘ (πȤ. ȕȠȡȚțȐ ȐȜαĲα ȖȚα παȡαıțİυȒ įİȚȖȝȐĲȦȞ ȝİ 

ıȪȞĲȘȟȘ). ǹυĲȑȢ ȠȚ ȠυıȓİȢ πȠυ ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ țαĲȐ ĲȘȞ παȡαıțİυȒ ĲȠυ įİȓȖȝαĲȠȢ țαșȫȢ țαȚ ȐȜȜα 

ıĲȠȚȤİȓα πȠυ πȚșαȞȩȞ İȓȞαȚ ȖȞȦıĲȐ απȩ ȐȜȜİȢ ȝİșȩįȠυȢ αȞȐȜυıȘȢ İȓȞαȚ ıȘȝαȞĲȚțȩ Ȟα įȘȜȦșȠȪȞ.  

 ǹφȠȪ υπȠȜȠȖȚıĲȠȪȞ ȠȚ ıυȖțİȞĲȡȫıİȚȢ ĲȦȞ ĲυȤȩȞ ȖȞȦıĲȫȞ ıυıĲαĲȚțȫȞ ıĲȠ ȐȖȞȦıĲȠ įİȓȖȝα, Ƞ 

ȤȡȒıĲȘȢ πȡȑπİȚ Ȟα ȝİĲαȕİȓ ıĲȘ ıİȜȓįα «Composition» ĲȠυ παȡαșȪȡȠυ ĲȠυ ȐȖȞȦıĲȠυ įİȓȖȝαĲȠȢ, ȖȚα Ȟα 

İȚıȐȖİȚ Ĳα απαȡαȓĲȘĲα įİįȠȝȑȞα. ΌπȦȢ țαȚ ıĲȘȞ αȞĲȓıĲȠȚȤȘ ıİȜȓįα ĲȠυ πȡȩĲυπȠυ  įİȓȖȝαĲȠȢ, Ș 

İȚıαȖȦȖȒ ȖȓȞİĲαȚ įȘȜȫȞȠȞĲαȢ Ĳα ȤȘȝȚțȐ ıĲȠȚȤİȓα ĲȠυ įİȓȖȝαĲȠȢ țαȚ ĲȘȞ İπȓ ĲȠȚȢ İțαĲȩ țαĲȐ ȕȐȡȠȢ 

ıυȖțȑȞĲȡȦıȒ ĲȠυȢ ıĲȠ įİȓȖȝα. ǼȞαȜȜαțĲȚțȐ, Ƞ ȤȡȒıĲȘȢ ȝπȠȡİȓ Ȟα İȚıȐȖİȚ ȤȘȝȚțȑȢ İȞȫıİȚȢ αȞĲȓ ȖȚα 

ȤȘȝȚțȐ ıĲȠȚȤİȓα, Ȓ Ȟα αȞαφȑȡİȚ ĲȘȞ ıυȖțȑȞĲȡȦıȘ ĲȠυ ıĲȠȚȤİȓȠυ/ȑȞȦıȘȢ ıİ ppm (parts per million). 

ΌĲαȞ Ƞ ȤȡȒıĲȘȢ țαĲαȖȡȐȥİȚ πȜȒȡȦȢ ȩȜα Ĳα ıĲȠȚȤİȓα/İȞȫıİȚȢ țαȚ ĲȚȢ İπȚȝȑȡȠυȢ ıυȖțİȞĲȡȫıİȚȢ ĲȠυȢ, 

απȠșȘțİȪİȚ Ĳα įİįȠȝȑȞα ȝİ ĲȠ πȜȒțĲȡȠ «Update» (ȕȜ. ȈȤȒȝα 5.28). ȈĲȠ ȈȤȒȝα 5.28 παȡȠυıȚȐȗİĲαȚ Ș 

ıİȜȓįα «Composition» ıĲȠ ȠπȠȓȠ ȑȤȠυȞ πȡȠıįȚȠȡȚıșİȓ ȠȚ ȖȞȦıĲȑȢ ıυȖțİȞĲȡȫıİȚȢ ĲȦȞ ıĲȠȚȤİȓȦȞ ĲȠυ 

įİȓȖȝαĲȠȢ ĲȘȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ĲȠ ȠπȠȓȠ ȑȤİȚ πȡȠİĲȠȚȝαıĲİȓ ȝİ ĲİȤȞȚțȒ ıȪȞĲȘȟȘȢ ȕȠȡȚțȫȞ αȜȐĲȦȞ. 

ΓȚα ĲȠ ȜȩȖȠ αυĲȩ Ș ȖȞȦıĲȒ ıȪıĲαıȘ απȠĲİȜİȓĲαȚ απȩ ıĲȠȚȤİȓα ȩπȦȢ Li, B, O, απȩ Ĳα ȠπȠȓα 

απȠĲİȜȠȪȞĲαȚ Ĳα ȕȠȡȚțȐ ȐȜαĲα πȠυ ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ țαĲȐ ĲȘȞ ĲİȤȞȚțȒ ĲȘȢ ıȪȞĲȘȟȘȢ. 
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ȈχȒȝα 5.28  ȈİȜȓįα «Composition» ȐȖȞωıĲȠυ įİȓȖȝαĲȠȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ĲȠ ȠπȠȓȠ ȑχİȚ παȡαıțİυαıĲİȓ 

ȝİ ĲİχȞȚțȒ ıȪȞĲȘȟȘȢ ȕȠȡȚțȫȞ αȜȐĲωȞ 

 

ȅπȠȚαįȒπȠĲİ ıĲȚȖȝȒ, Ƞ ȤȡȒıĲȘȢ ȝπȠȡİȓ Ȟα İπȚıĲȡȑȥİȚ țαȞİȓȢ ıĲȘ ıİȜȓįα «Composition», țαȚ Ȟα 

ȝİĲαȕȐȜİȚ, πȡȠıșȑıİȚ Ȓ αφαȚȡȑıİȚ ȠπȠȚȠįȒπȠĲİ įİįȠȝȑȞȠ. 

ȈĲα πȜαȓıȚα ĲȘȢ ǻǼ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ įȪȠ įȚαφȠȡİĲȚțȑȢ ĲİȤȞȚțȑȢ πȡȠİĲȠȚȝαıȓαȢ įİȚȖȝȐĲȦȞ. 

ȈĲȘȞ πȡȫĲȘ ȤȡȘıȚȝȠπȠȚȒșȘțİ ȦȢ ıυȞįİĲȚțȩ υȜȚțȩ țυĲĲαȡȓȞȘ (C଺Hଵ଴Oହ), ȖȞȦıĲȒȢ ȝȐȗαȢ țαȚ ıȪıĲαıȘȢ 

ĲȘȞ ȠπȠȓα ȝπȠȡİȓ Ȟα İȚıαȤșİȓ ȦȢ πȠıȠıĲȩ ĲȘȢ ıυȞȠȜȚțȒȢ ȝȐȗαȢ ĲȠυ įİȓȖȝαĲȠȢ ıĲȠ πȡȩȖȡαȝȝα. ȈĲȘ 

įİȪĲİȡȘ ĲİȤȞȚțȒ πȡȠİĲȠȚȝαıȓαȢ įİȚȖȝȐĲȦȞ ȝİ ıȪȞĲȘȟȘ ȕȠȡȚțȫȞ αȜȐĲȦȞ, ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ įȚȐφȠȡİȢ 

ȠυıȓİȢ, ĲȦȞ ȠπȠȓȦȞ Ș ȝȐȗα țαȚ ıȪıĲαıȘ İȓȞαȚ ȖȞȦıĲȒ țαȚ ȠȚ ȠπȠȓİȢ απȠĲİȜȠȪȞ ĲȠ ȝİȖαȜȪĲİȡȠ ȝȑȡȠȢ 

ĲȘȢ ȝȐȗαȢ ĲȠυ įİȓȖȝαĲȠȢ. ǼȚįȚțȐ ıĲȘȞ πİȡȓπĲȦıȘ αυĲȒ, Ș αțȡȚȕȒȢ İȚıαȖȦȖȒ ĲȘȢ ȖȞȦıĲȒȢ ıȪıĲαıȘȢ ĲȠυ 

įİȓȖȝαĲȠȢ İȓȞαȚ απαȡαȓĲȘĲȘ țαȚ πȠȜȪ ıȘȝαȞĲȚțȒ ȖȚα ĲȘȞ αțȡȓȕİȚα ĲȦȞ απȠĲİȜİıȝȐĲȦȞ ĲȘȢ αȞȐȜυıȘȢ. 

5.10.4 ȅȡȚıȝȩȢ ĲȦȞ πİȚȡαȝαĲȚțȫȞ ıυȞșȘțȫȞ ȖȚα ĲȠ ȐȖȞȦıĲȠ įİȓȖȝα 
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 ΌπȦȢ țαȚ ıĲȘȞ πİȡȓπĲȦıȘ ĲȦȞ πȡȩĲυπȦȞ įİȚȖȝȐĲȦȞ, ȑĲıȚ țαȚ ȖȚα ĲȠ ȐȖȞȦıĲȠ įİȓȖȝα 

«unknown», Ƞ ȤȡȒıĲȘȢ ȝπȠȡİȓ Ȟα İȜȑȖȟİȚ țαȚ Ȟα ȝİĲαȕȐȜİȚ, İȐȞ ȤȡİȚαıĲİȓ, țȐπȠȚȠυȢ παȡȐȖȠȞĲİȢ πȠυ 

αφȠȡȠȪȞ ıĲȚȢ πİȚȡαȝαĲȚțȑȢ ıυȞșȒțİȢ ȜȒȥȘȢ ĲȠυ φȐıȝαĲȠȢ αțĲȓȞȦȞ-Χ, ȤȡȘıȚȝȠπȠȚȫȞĲαȢ ĲȘ ıİȜȓįα 

«Exp. Cond.» (Experimental Conditions). ȈυȖțİțȡȚȝȑȞα, ȝπȠȡİȓ Ȟα İȜȑȖȟİȚ/įȚȠȡșȫıİȚ ĲȘȞ ĲȚȝȒ ĲȘȢ 

ȑȞĲαıȘȢ ĲȠυ ȡİȪȝαĲȠȢ ĲȘȢ ȝȘȤαȞȒȢ țαĲȐ ĲȘ įȚȐȡțİȚα ȜȒȥȘȢ ĲȠυ φȐıȝαĲȠȢ, ĲȘȞ įȚȐȡțİȚα ȜȒȥȘȢ 

φȐıȝαĲα țαȚ ĲȑȜȠȢ ĲȘȞ ȘȝİȡȠȝȘȞȓα ȜȒȥȘȢ ĲȠυ φȐıȝαĲȠȢ, ȩπȦȢ φαȓȞİĲαȚ țαȚ ıĲȠ ȈȤȒȝα 5.31. 

ȈχȒȝα 5.29  ȈİȜȓįα πİȚȡαȝαĲȚțȫȞ ıυȞșȘțȫȞ ȖȚα ĲȠ ȐȖȞωıĲȠ įİȓȖȝα 

  

ȆȑȡαȞ απȩ αυĲȑȢ ĲȚȢ İπȚȜȠȖȑȢ, ıĲȘȞ πİȡȓπĲȦıȘ ĲȠυ αȖȞȫıĲȠυ įİȓȖȝαĲȠȢ, ıĲȘ ıİȜȓįα «Exp. 

Cond.» įȓȞȠȞĲαȚ țαȚ ȝİȡȚțȑȢ αțȩȝα İπȚȜȠȖȑȢ, ȠȚ ȠπȠȓİȢ İȓȞαȚ ȚįȚαȓĲİȡα ıȘȝαȞĲȚțȑȢ ȖȚα ĲȠȞ αțȡȚȕȒ 

πȡȠıįȚȠȡȚıȝȩ ĲȘȢ ıυȖțȑȞĲȡȦıȘȢ ĲȦȞ ıĲȠȚȤİȓȦȞ ĲȠυ įİȓȖȝαĲȠȢ.  Ȃȓα απȩ αυĲȑȢ İȓȞαȚ Ș «Normalize 

concentration to 100 %». ΌĲαȞ αυĲȒ İȓȞαȚ İπȚȜİȖȝȑȞȘ, ĲȠ ȜȠȖȚıȝȚțȩ șα țαȞȠȞȚțȠπȠȚȒıİȚ ĲȚȢ 

ıυȖțİȞĲȡȫıİȚȢ ĲȦȞ ıĲȠȚȤİȓȦȞ πȠυ υπȠȜȠȖȓȗİȚ, ȫıĲİ αșȡȠȚıĲȚțȐ Ȟα απȠĲİȜȠȪȞ ĲȠ 100 % ĲȘȢ ȝȐȗαȢ ĲȠυ 

įİȓȖȝαĲȠȢ. ǹυĲȩ İȓȞαȚ ȤȡȒıȚȝȠ ȝȩȞȠ ȩĲαȞ Ƞ ȤȡȒıĲȘȢ İȓȞαȚ ȕȑȕαȚȠȢ ȩĲȚ ĲȠ φȐıȝα ĲȠυ αȖȞȫıĲȠυ 

įİȓȖȝαĲȠȢ πȠυ ȑȤİȚ İȚıαȤșİȓ πİȡȚȑȤİȚ ĲȚȢ φȦĲȠțȠȡυφȑȢ ȩȜȦȞ ĲȦȞ ıĲȠȚȤİȓȦȞ απȩ Ĳα ȠπȠȓα απȠĲİȜİȓĲαȚ.  

ȉα πİȡȚȕαȜȜȠȞĲȚțȐ įİȓȖȝαĲα πİȡȚȑȤȠυȞ ıυȤȞȐ ıİ ȝİȖȐȜȘ αȞαȜȠȖȓα ıĲȠȚȤİȓα πȠȜȪ ȤαȝȘȜȠȪ 

ȝαȗȚțȠȪ αȡȚșȝȠȪ – ȩπȦȢ Al țαȚ Si – Ĳα ȠπȠȓα įİȞ İȓȞαȚ İȪțȠȜα αȞȚȤȞİȪıȚȝα απȩ ĲȚȢ įȚαĲȐȟİȚȢ XRF 
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ȜȩȖȦ ĲȦȞ πȠȜȪ ȤαȝȘȜȒȢ İȞȑȡȖİȚαȢ αțĲȓȞȦȞ-Χ πȠυ İțπȑȝπȠυȞ. ΓȚα ĲȠ ȜȩȖȠ αυĲȩ įİȞ πȡȠĲİȓȞİĲαȚ Ȟα 

ȤȡȘıȚȝȠπȠȚİȓĲαȚ Ș İπȚȜȠȖȒ ĲȘȢ țαȞȠȞȚțȠπȠȓȘıȘȢ ĲȦȞ ıυȖțİȞĲȡȫıİȦȞ ıİ ĲȑĲȠȚȠυ İȓįȠυȢ įİȓȖȝαĲα, 

țαșȫȢ ȠįȘȖİȓ ıİ ȜαȞșαıȝȑȞα ıυȞȒșȦȢ πȠıȠĲȚțȐ απȠĲİȜȑıȝαĲα. ȈĲȠ πȜαȓıȚȠ ĲȘȢ παȡȠȪıαȢ ǻǼ 

įȚİȡİυȞȒșȘțİ αυĲȒ Ș υπȩșİıȘ ıĲȠ 6
Ƞ
 ȀİφȐȜαȚȠ țαȚ İπȚȕİȕαȚȫșȘțİ ȩĲȚ ȖȚα Ĳα įİȓȖȝαĲα ȚπĲȐȝİȞȘȢ 

ĲȑφȡαȢ πȠυ αȞαȜȪșȘțαȞ įİȞ πȡȑπİȚ Ȟα ȖȓȞİĲαȚ Ș İπȚȜȠȖȒ «țαȞȠȞȚțȠπȠȓȘıȘ». 

 ȈĲȘ ıυȞȑȤİȚα, Ș İπȚȜȠȖȒ «Enable secondary fluorescence» αφȠȡȐ ĲȠȞ įİυĲİȡȠȖİȞȒ φșȠȡȚıȝȩ 

ĲȠυ įİȓȖȝαĲȠȢ, įȘȜαįȒ ĲȠȞ φșȠȡȚıȝȩ ıĲȠȚȤİȓȦȞ ĲȠυ įİȓȖȝαĲȠȢ απȩ ȤαȡαțĲȘȡȚıĲȚțȑȢ αțĲȓȞİȢ-Χ πȠυ 

ȑȤȠυȞ αȡȤȚțȐ πȡȠțȪȥİȚ απȩ ĲȠ φșȠȡȚıȝȩ ȐȜȜȦȞ ıĲȠȚȤİȓȦȞ ĲȠυ įİȓȖȝαĲȠȢ. Ȉİ πİȡȚȕαȜȜȠȞĲȚțȐ 

įİȓȖȝαĲα, Ĳα ȠπȠȓα ıυȤȞȐ απȠĲİȜȠȪȞĲαȚ απȩ ȝİȖȐȜȠ πȜȒșȠȢ ıĲȠȚȤİȓȦȞ, ĲȠ φαȚȞȩȝİȞȠ ĲȠυ 

įİυĲİȡȠȖİȞȠȪȢ φșȠȡȚıȝȠȪ İȓȞαȚ αȚıșȘĲȩ, İȚįȚțȐ ıİ İȞȑȡȖİȚİȢ ȜȓȖȠ ȤαȝȘȜȩĲİȡİȢ απȩ αυĲȑȢ ĲȦȞ 

ȤαȡαțĲȘȡȚıĲȚțȫȞ αțĲȓȞȦȞ-Χ ıĲȠȚȤİȓȦȞ πȠυ İȝφαȞȓȗȠυȞ υȥȘȜȒ ıυȖțȑȞĲȡȦıȘ ıĲȠ įİȓȖȝα. ǼπȠȝȑȞȦȢ, Ș 

İπȚȜȠȖȒ αυĲȒ πȡȠĲİȓȞİĲαȚ Ȟα ȤȡȘıȚȝȠπȠȚİȓĲαȚ ıĲα ȐȖȞȦıĲα įİȓȖȝαĲα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ πȠυ αȞαȜȪȠȞĲαȚ 

ıĲȘȞ παȡȠȪıα ǻǼ (ȕȜ. 6Ƞ
 ȀİφȐȜαȚȠ). 

 ȉȑȜȠȢ, įİȞ İȓȞαȚ İφȚțĲȩ Ȟα υπȐȡȤȠυȞ πȡȩĲυπα įİȓȖȝαĲα ȩȜȦȞ ĲȦȞ ȤȘȝȚțȫȞ ıĲȠȚȤİȓȦȞ πȠυ 

ȝπȠȡİȓ Ȟα πİȡȚȑȤİȚ ȑȞα ȐȖȞȦıĲȠ įİȓȖȝα, πȤ. ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ, ȫıĲİ ĲȠ ȜȠȖȚıȝȚțȩ Ȟα υπȠȜȠȖȓȗİȚ Ȟα 

ıυȞĲİȜİıĲȑȢ πȠıȠĲȚțȒȢ ȕαșȝȠȞȩȝȘıȘȢ ȖȚα ȩȜα αυĲȐ Ĳα ıĲȠȚȤİȓα. ΓȚα ĲȠ ȜȩȖȠ αυĲȩ, İπȚȜȑȖȠȞĲαȢ ĲȠ 

πİįȓȠ «Allow average slope for not calibrated elements», ĲȠ ȜȠȖȚıȝȚțȩ İțĲȚȝȐ ĲȠυȢ ıυȞĲİȜİıĲȑȢ ȖȚα Ĳα 

ıĲȠȚȤİȓα ȖȚα Ĳα ȠπȠȓα įİȞ įȚαĲȓșİȞĲαȚ πȡȩĲυπα įİȓȖȝαĲα, ȝİ ȕȐıȘ ĲȘ ȝȑıȘ ĲȚȝȒ ĲȦȞ ıυȞĲİȜİıĲȫȞ πȠυ 

ȑȤȠυȞ πȡȠțȪȥİȚ απȩ Ĳα πȡȩĲυπα įİȓȖȝαĲα. Ȉİ πİȡȓπĲȦıȘ πȠυ įİȞ ȖȓȞİȚ Ș παȡαπȐȞȦ İπȚȜȠȖȒ, ĲȠ 

ȜȠȖȚıȝȚțȩ įİȞ șα İȓȞαȚ ıİ șȑıȘ Ȟα υπȠȜȠȖȓıİȚ ĲȘȞ ıυȖțȑȞĲȡȦıȘ ĲȦȞ ıĲȠȚȤİȓȦȞ ȖȚα Ĳα ȠπȠȓα įİȞ ȑȤİȚ 

İȚıαȤșİȓ πȡȩĲυπȠ įİȓȖȝα.  

 

5.10.5 ȆȡȠıįȚȠȡȚıȝȩȢ ĲȘȢ țαȝπȪȜȘȢ ȕαșȝȠȞȩȝȘıȘȢ 

ȈĲȠ ıȘȝİȓȠ αυĲȩ ıȘȝαȞĲȚțȩ İȓȞαȚ Ȟα πİȡȚȖȡαφİȓ Ș ȝȑșȠįȠȢ πȠυ ȤȡȘıȚȝȠπȠȚİȓ ĲȠ bAXIL FP ȖȚα 

Ȟα İțĲȚȝȒıİȚ ĲȘȞ țαȝπȪȜȘ πȠıȠĲȚțȒȢ ȕαșȝȠȞȩȝȘıȘȢ. ȀαĲȐ ĲȘȞ İȚıαȖȦȖȒ İȞȩȢ ȞȑȠυ πȡȠĲȪπȠυ 

įİȓȖȝαĲȠȢ ıĲȠ bAXIL FP, ĲȠ πȡȩȖȡαȝȝα țαșȠȡȓȗİȚ ĲȠυȢ ıυȞĲİȜİıĲȑȢ πȠıȠĲȚțȒȢ ȕαșȝȠȞȩȝȘıȘȢ, ȠȚ 

ȠπȠȓȠȚ țαșȠȡȓȗȠυȞ ĲȘȞ țαȝπȪȜȘ ȕαșȝȠȞȩȝȘıȘȢ. ȅ ȤȡȒıĲȘȢ ȝπȠȡİȓ, țαĲȐ ĲȘ įȚȐȡțİȚα ĲȘȢ İπİȟİȡȖαıȓαȢ 

İȞȩȢ πȡȠĲȪπȠυ įİȓȖȝαĲȠȢ Ȟα ȕȜȑπİȚ ĲȘ ȖȡαφȚțȒ απİȚțȩȞȚıȘ ĲȘȢ țαȝπȪȜȘȢ ıĲȠ παȡȐșυȡȠ ĲȘȢ 

ȕαșȝȠȞȩȝȘıȘȢ «Calibration Window», ĲȠ ȠπȠȓȠ ȕȡȓıțİĲαȚ ıĲȘȞ țİȞĲȡȚțȒ ȠșȩȞȘ. ȉȠ παȡȐșυȡȠ αυĲȩ 

İȝφαȞȓȗİȚ αȞȐ πȐıα ıĲȚȖȝȒ ĲȘȞ ĲȡȑȤȠυıα țαȝπȪȜȘ πȠıȠĲȚțȒȢ ȕαșȝȠȞȩȝȘıȘȢ ȖȚα țȐșİ ȤȘȝȚțȩ ıĲȠȚȤİȓȠ 

ĲȠυ įİȓȖȝαĲȠȢ. ȈĲȠ ȈȤȒȝα 5.30 įȓȞİĲαȚ ȑȞα παȡȐįİȚȖȝα țαȝπȪȜȘȢ πȠıȠĲȚțȒȢ ȕαșȝȠȞȩȝȘıȘȢ ȖȚα ȑȞα 

įİȓȖȝα, ȩπȦȢ İȝφαȞȓȗİĲαȚ ıĲȠ παȡȐșυȡȠ «Calibration Window». 
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ȈχȒȝα 5.30 ȆαȡȐįİȚȖȝα țαȝπȪȜȘȢ πȠıȠĲȚțȒȢ ȕαșȝȠȞȩȝȘıȘȢ 

ȉȠ παȡαπȐȞȦ παȡȐșυȡȠ ȑȤİȚ  įȪȠ ıİȜȓįİȢ:  

 ȈĲȘȞ ıİȜȓįα «Curve» (țαȝπȪȜȘ) İȝφαȞȓȗİĲαȚ Ș țαȝπȪȜȘ πȠıȠĲȚțȒȢ ȕαșȝȠȞȩȝȘıȘȢ țαȚ Ĳα 

αȞĲȓıĲȠȚȤα πİȚȡαȝαĲȚțȐ ıȘȝİȓα ȖȚα țȐșİ ȑȞα απȩ Ĳα ȤȘȝȚțȐ  ıĲȠȚȤİȓα ĲȠυ πȡȠĲȪπȠυ įİȓȖȝαĲȠȢ, 

ȩπȦȢ ȤαȡȐııİĲαȚ απȩ ĲȠ ȜȠȖȚıȝȚțȩ.  

 ȈĲȘ ıİȜȓįα «Report» (αȞαφȠȡȐ) παȡȠυıȚȐȗȠȞĲαȚ ȠȚ ĲȚȝȑȢ ĲȦȞ ıυȞĲİȜİıĲȫȞ πȠıȠĲȚțȒȢ 

ȕαșȝȠȞȩȝȘıȘȢ ȖȚα ĲȠ țȐșİ ȤȘȝȚțȩ ıĲȠȚȤİȓȠ, ȕȜ. ȈȤȒȝα 5.31. ȈĲȘ ıİȜȓįα αυĲȒ παȡȠυıȚȐȗİĲαȚ ĲȠ 

ȤȘȝȚțȩ ıĲȠȚȤİȓȠ ȖȚα ĲȠ ȠπȠȓȠ ȑȤİȚ υπȠȜȠȖȚıĲİȓ Ș țαȝπȪȜȘ πȠıȠĲȚțȒȢ ȕαșȝȠȞȩȝȘıȘȢ, țαșȫȢ țαȚ ȠȚ 

ıυȞĲİȜİıĲȑȢ. 
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ȈȤȒȝα 5.31 ȈİȜȓįα «Report» ıĲȠ παȡȐșυȡȠ πȠıȠĲȚțȒȢ ȕαșȝȠȞȩȝȘıȘȢ 

 

5.10.6 ȆȠıȠĲȚțȒ αȞȐȜυıȘ ĲȘȢ ıȪıĲαıȘȢ ĲȠυ αȖȞȫıĲȠυ įİȓȖȝαĲȠȢ 

 ǹȝȑıȦȢ ȝİĲȐ ĲȘȞ İȚıαȖȦȖȒ ĲȠυ αȖȞȫıĲȠυ įİȓȖȝαĲȠȢ ıĲȠ bAXIL FP, ıĲȘ ȠșȩȞȘ șα İȝφαȞȚıĲİȓ 

ĲȠ παȡȐșυȡȠ ĲȠυ ȈȤȒȝαĲȠȢ 5.32, πȠυ ıĲȘ įİȟȚȐ ĲȠυ ıĲȒȜȘ İȝφαȞȓȗİȚ ĲȘȞ υπȠȜȠȖȚıȝȑȞȘ απȩ ĲȠ 

ȜȠȖȚıȝȚțȩ, ıȪıĲαıȘ ĲȠυ įİȓȖȝαĲȠȢ, ıİ πȠıȠıĲȩ % țαĲȐ ȕȐȡȠȢ Ȓ ıİ ppm (parts per million).  

 

ȈȤȒȝα 5.32 ǹπȠĲİȜȑıȝαĲα πȠıȠĲȚțȒȢ αȞȐȜυıȘȢ ȐȖȞȦıĲȠυ įİȓȖȝαĲȠȢ 
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ǼπȚπȜȑȠȞ, ıĲȘȞ αȡȚıĲİȡȒ ıĲȒȜȘ Ƞ ȤȡȒıĲȘȢ ȝπȠȡİȓ Ȟα İπȚȜȑȟİȚ πȠȚα απȩ Ĳα ıĲȠȚȤİȓα ĲȠυ φȐıȝαĲȠȢ șα 

πȡȠıįȚȠȡȚıĲȠȪȞ πȠıȠĲȚțȐ απȩ ĲȠ ȜȠȖȚıȝȚțȩ, ıİ πİȡȓπĲȦıȘ πȠυ İπȚșυȝİȓ Ȟα αȞαȜȪıİȚ ȑȞα įİȓȖȝα ȖȚα 

ıυȖțİțȡȚȝȑȞȠ Ȓ ıυȖțİțȡȚȝȑȞα ıĲȠȚȤİȓα. ȈĲȠ ıȘȝİȓȠ αυĲȩ İȓȞαȚ ıȘȝαȞĲȚțȩ Ȟα ĲȠȞȚıĲİȓ  ȩĲȚ αȞ įİȞ ȑȤȠυȞ 

İȚıαȤșİȓ ȖȞȦıĲȐ įİįȠȝȑȞα ȖȚα ĲȠ ȐȖȞȦıĲȠ įİȓȖȝα (ȩπȦȢ ȠȚ πȠıȩĲȘĲİȢ ȖȞȦıĲȫȞ ıĲȠȚȤİȓȦȞ πȠυ 

πİȡȚȑȤİȚ) Ș πȠıȠĲȚțȒ αȞȐȜυıȘ πȡȑπİȚ Ȟα İπαȞαȜȘφșİȓ αφȠȪ πȡȫĲα İȚıαȤșȠȪȞ Ĳα įİįȠȝȑȞα αυĲȐ, ȩπȦȢ 

πİȡȚȖȡȐφİĲαȚ ıĲȘȞ παȡ. 5.10.3.1.  

 

5.10.7 ǹȞαφȠȡȐ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ ĲȘȢ πȠıȠĲȚțȒȢ ıȪıĲαıȘȢ ĲȠυ αȖȞȫıĲȠυ įİȓȖȝαĲȠȢ 

 ǼφȩıȠȞ Ș πȠıȠĲȚțȒ αȞȐȜυıȘ ȑȤİȚ ȠȜȠțȜȘȡȦșİȓ İπȚĲυȤȫȢ, Ĳα πȜȒȡȘ απȠĲİȜȑıȝαĲα ȝπȠȡȠȪȞ Ȟα 

ȜȘφșȠȪȞ απȩ ĲȘ ıİȜȓįα «Report», ȩπȠυ πİȡȚȜαȝȕȐȞİĲαȚ Ș πȜȒȡȘȢ αȞαφȠȡȐ ĲȦȞ πİȚȡαȝαĲȚțȫȞ 

ıυȞșȘțȫȞ, ĲȦȞ παȡαȝȑĲȡȦȞ πȠυ İπȚȜȑȤșȘțαȞ țαȚ ĲȦȞ υπȠȜȠȖȚıȝȑȞȦȞ ıυȖțİȞĲȡȫıİȦȞ ĲȦȞ ıĲȠȚȤİȓȦȞ 

ĲȠυ įİȓȖȝαĲȠȢ. ȈĲȠ ȈȤȒȝα 5.33 παȡαĲȓșİĲαȚ ȑȞα παȡȐįİȚȖȝα αȞαφȠȡȐȢ ĲȘȢ πȠıȠĲȚțȒȢ αȞȐȜυıȘȢ. ȉα  

αȞαȜυĲȚțȐ απȠĲİȜȑıȝαĲα ĲȘȢ ıυȖțȑȞĲȡȦıȘȢ ĲȦȞ ıĲȠȚȤİȓȦȞ ĲȠυ αȖȞȫıĲȠυ įİȓȖȝαĲȠȢ ȕȡȓıțȠȞĲαȚ țȐĲȦ 

απȩ ĲȘȞ İπȚțİφαȜȓįα «Calculated composition». 

ȈȤȒȝα 5.33 ȆαȡȐįİȚȖȝα αȞαφȠȡȐȢ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ ĲȘȢ πȠıȠĲȚțȒȢ αȞȐȜυıȘȢ 
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ȈĲȠ ıȘȝİȓȠ αυĲȩ Ș πȠıȠĲȚțȒ αȞȐȜυıȘ ȑȤİȚ ȠȜȠțȜȘȡȦșİȓ țαȚ Ș αȞαφȠȡȐ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ, ĲȠ 

«Report», ȝπȠȡİȓ Ȟα απȠșȘțİυĲİȓ ıİ ȑȞα αȡȤİȓȠ țİȚȝȑȞȠυ ĲȪπȠυ *.txt ȖȚα ȝİȜȜȠȞĲȚțȒ ȤȡȒıȘ.  

ȈȘȝαȞĲȚțȩ ıĲȠ ıȘȝİȓȠ αυĲȩ İȓȞαȚ Ȟα αȞαφİȡșİȓ ȩĲȚ Ĳα απȠĲİȜȑıȝαĲα ĲȦȞ ıυȖțİȞĲȡȫıİȦȞ  πȠυ 

παȡαĲȓșİȞĲαȚ ıĲȘȞ αȞαφȠȡȐ, αφȠȡȠȪȞ ıĲȘ ıυȞȠȜȚțȒ ȝȐȗα ĲȠυ įİȓȖȝαĲȠȢ țαȚ ȩȤȚ țαĲ’ αȞȐȖțȘ ıĲȘȞ 

ȐȖȞȦıĲȘ Ƞυıȓα πȠυ αȞαȜȪİĲαȚ, țαșȫȢ ĲȠ įİȓȖȝα ȝπȠȡİȓ Ȟα πİȡȚȑȤİȚ ıυȞįİĲȚțȩ υȜȚțȩ Ȓ ȐȜαĲα ȖȚα 

ıȪȞĲȘȟȘ. ȈυȞİπȫȢ, ĲȚȢ πİȡȚııȩĲİȡİȢ φȠȡȑȢ șα πȡȑπİȚ Ȟα αțȠȜȠυșİȓ πȡȠıİțĲȚțȒ αȞαȖȦȖȒ ĲȦȞ 

ıυȖțİȞĲȡȫıİȦȞ αυĲȫȞ ıĲȘ ȝȐȗα ĲȘȢ αȞαȜυȩȝİȞȘȢ ȠυıȓαȢ πȠυ πİȡȚȑȤİĲαȚ ıĲȠ įİȓȖȝα. Η αȞαȖțαȚȩĲȘĲα 

ĲȘȢ įȚαįȚțαıȓα αυĲȒȢ șα φαȞİȓ ıĲȠ 6
Ƞ
 ȀİφȐȜαȚȠ, ȩπȠυ țαĲαȖȡȐφİĲαȚ Ș πȠıȠĲȚțȒ αȞȐȜυıȘ ĲȦȞ 

įİȚȖȝȐĲȦȞ πȠυ αȞαȜȪșȘțαȞ țαĲȐ ĲȘȞ İțπȩȞȘıȘ ĲȘȢ παȡȠȪıαȢ ǻǼ.  

 

5.10.8 ǹπȠșȒțİυıȘ ĲȦȞ πȡȠĲȪπȦȞ φαıȝȐĲȦȞ ȖȚα ȝİȜȜȠȞĲȚțȒ αȞȐȜυıȘ αȖȞȫıĲȦȞ įİȚȖȝȐĲȦȞ 

 ǼφȩıȠȞ, Ƞ ȤȡȒıĲȘȢ ȑȤİȚ ȠȜȠțȜȘȡȫıİȚ πȜȒȡȦȢ ĲȘȞ πȠıȠĲȚțȒ αȞȐȜυıȘ, ȝπȠȡİȓ Ȟα απȠșȘțİȪıİȚ 

ĲȠ ıȪȞȠȜȠ ĲȦȞ πȡȠĲȪπȦȞ țαȚ țİȞȫȞ įİȚȖȝȐĲȦȞ, Ĳα ȠπȠȓα ȤȡȘıȚȝȠπȠȚȒșȘțαȞ, ıİ ȑȞα αȡȤİȓȠ ĲȪπȠυ 

*.axml. Ȃİ ĲȘȞ İȞȑȡȖİȚα αυĲȒ απȠșȘțİȪȠȞĲαȚ ȩȤȚ ȝȩȞȠ Ĳα πȡȩĲυπα țαȚ țİȞȐ φȐıȝαĲα ȠȝαįȠπȠȚȘȝȑȞα, 

αȜȜȐ țαȚ ȩȜİȢ ȠȚ πȜȘȡȠφȠȡȓİȢ πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ țαĲȐ ĲȘȞ İȚıαȖȦȖȒ ĲȠυȢ, ȩπȦȢ Ș πȠıȠĲȚțȒ ĲȠυȢ 

ıȪıĲαıȘ, ȠȚ φȦĲȠțȠȡυφȑȢ πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ ıĲȘȞ πȠıȠĲȚțȒ αȞȐȜυıȘ țαȚ ȠȚ πİȚȡαȝαĲȚțȑȢ 

ıυȞșȒțİȢ ȜȒȥȘȢ ĲȠυ țȐșİ φȐıȝαĲȠȢ. ΓȚα Ȟα απȠșȘțİȪıİȚ țαȞİȓȢ Ĳα πȡȩĲυπα țαȚ țİȞȐ αȡȤİȓα αȡțİȓ Ȟα 

πȚȑıİȚ ĲȠ İȚțȠȞȓįȚȠ «Save»ĲȠυ ȈȤȒȝαĲȠȢ 5.34, Ȓ Ȟα αțȠȜȠυșȒıİȚ ĲȠ ȝȠȞȠπȐĲȚ «File\Save» Ȓ «File\Save 

As». ȈĲȘ ıυȞȑȤİȚα įȓȞİȚ ȠȞȠȝαıȓα ıĲȠ αȡȤİȓȠ αυĲȩ țαȚ απȠșȘțİȪİȚ ĲȠ αȡȤİȓȠ ȝİ «Save».   

 

ȈχȒȝα 5.34 ΑπȠșȒțİυıȘ įİįȠȝȑȞωȞ πȠυ χȡȘıȚȝȠπȠȚȒșȘțαȞ ȖȚα ĲȘȞ πȠıȠĲȚțȒ αȞȐȜυıȘ 
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ȉȠ αȡȤİȓȠ αυĲȩ ȝπȠȡİȓ Ȟα ȤȡȘıȚȝȠπȠȚȘșİȓ ȝİȜȜȠȞĲȚțȐ, πȚȑȗȠȞĲαȢ ĲȠ πȜȒțĲȡȠ «Open» ĲȠυ 

ȈȤȒȝαĲȠȢ 5.34 țαȚ İπȚȜȑȖȠȞĲαȢ ĲȠ, Ȓ αțȠȜȠυșȫȞĲαȢ ĲȠ ȝȠȞȠπȐĲȚ «File\Open». ΈĲıȚ, Ƞ ȤȡȒıĲȘȢ ȝπȠȡİȓ 

ȝİȜȜȠȞĲȚțȐ Ȟα αȞαțαȜİȓ ȑȞα αȡȤİȓȠ ĲȠ ȠπȠȓȠ πİȡȚȑȤİȚ ȝȚα ȠȝȐįα πȡȠĲȪπȦȞ φαıȝȐĲȦȞ țαȚ Ĳα įİįȠȝȑȞα 

πȠυ Ĳα πİȡȚȖȡȐφȠυȞ, ȤȦȡȓȢ Ȟα ȤȡİȚȐȗİĲαȚ țȐșİ φȠȡȐ Ȟα Ĳα İȚıȐȖİȚ απȩ ĲȘȞ αȡȤȒ. ǹυĲȩ įȚİυțȠȜȪȞİȚ 

țαĲȐ πȠȜȪ ĲȠȞ ȤȡȒıĲȘ, țαșȫȢ Ș αțȡȚȕȒȢ țαȚ αȞαȜυĲȚțȒ İȚıαȖȦȖȒ ȩȜȦȞ ĲȦȞ πȡȠĲȪπȦȞ țαȚ țİȞȫȞ 

įİȚȖȝȐĲȦȞ ıĲȠ bAXIL FP İȓȞαȚ ȝȚα ȤȡȠȞȠȕȩȡα țαȚ απαȚĲȘĲȚțȒ įȚαįȚțαıȓα, Ș ȠπȠȓα ȝȐȜȚıĲα įİȞ ȑȤİȚ 

ȞȩȘȝα Ȟα İπαȞαȜαȝȕȐȞİĲαȚ țȐșİ φȠȡȐ, ȩĲαȞ.  

ȈȘȝαȞĲȚțȩ İȓȞαȚ Ȟα αȞαφİȡșİȓ ĲȠ ȖİȖȠȞȩȢ ȩĲȚ Ĳα αȡȤİȓα ĲȠυ bAXIL FP πȠυ απȠșȘțİȪȠȞĲαȚ įİȞ 

πİȡȚȑȤȠυȞ țαȚ Ĳα ȐȖȞȦıĲα įİȓȖȝαĲα πȠυ αȞαȜȪșȘțαȞ, ȠȪĲİ țαȚ Ĳα απȠĲİȜȑıȝαĲα ĲȘȢ πȠıȠĲȚțȒȢ 

αȞȐȜυıȘȢ. ȉα αȡȤİȓα αυĲȐ πİȡȚȑȤȠυȞ ȝȩȞȠ Ĳα πȡȩĲυπα (standards) țαȚ țİȞȐ (blanks) įİȓȖȝαĲα țαȚ Ĳα 

įİįȠȝȑȞα πȠυ ȑȤȠυȞ țαĲαȤȦȡȘșİȓ țαĲȐ ĲȘ ıĲȚȖȝȒ ĲȘȢ απȠșȒțİυıȘȢ. ȉα ȐȖȞȦıĲα įİȓȖȝαĲα (unknown) 

πȡȑπİȚ Ȟα İȚıȐȖȠȞĲαȚ țȐșİ φȠȡȐ ȝİ ĲȘ ȝȑșȠįȠ πȠυ πİȡȚȖȡȐφİĲαȚ ıĲȘȞ παȡ. 5.10.3 țαșȫȢ țαȚ Ĳα 

įİįȠȝȑȞα ıȤİĲȚțȐ ȝİ ĲȘ ıȪıĲαıȘ ĲȠυȢ țαȚ ĲȚȢ πİȚȡαȝαĲȚțȑȢ ıυȞșȒțİȢ ȜȒȥȘȢ ĲȠυ φȐıȝαĲȠȢ. 
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ΚİφȐȜαȚȠ 6  

ȈȪȖțȡȚıȘ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ αȞȐȜυıȘȢ ȝİ XRF įİȚȖȝȐĲȦȞ  παȡαıțİυαıȝȑȞȦȞ 

ȝİ ıȪȞĲȘȟȘ țαȚ πȡȑıα 

 

6.1 ǼȚıαȖȦȖȒ 

 ΈȞαȢ απȩ ĲȠυȢ ȕαıȚțȩĲİȡȠυȢ ıĲȩȤȠυȢ ĲȘȢ įȚπȜȦȝαĲȚțȒȢ İȡȖαıȓαȢ İȓȞαȚ Ș ıȪȖțȡȚıȒ ĲȦȞ 

απȠĲİȜİıȝȐĲȦȞ αȞȐȜυıȘȢ ȝİ XRF  απȩ ĲȘ ȝȚα įİȚȖȝȐĲȦȞ πȠυ ȑȤȠυȞ παȡαıțİυαıșİȓ ȝİ πȡȑıα 

(pellets) țαȚ απȩ ĲȘȞ ȐȜȜȘ  įİȚȖȝȐĲȦȞ πȠυ ȑȤȠυȞ παȡαıțİυαıșİȓ ȝİ ıȪȞĲȘȟȒ ĲȠυ ȓįȚȠυ ȝİ 

πȡȠȘȖȠυȝȑȞȦȢ υȜȚțȠȪ ȝİ ȕȠȡȚțȐ ȐȜαĲα (fusion bids). ȈĲα πȜαȓıȚα αυĲȒȢ ĲȘȢ ıȪȖțȡȚıȒȢ 

įȚİȡİυȞȒșȘțαȞ ȩȜİȢ ȠȚ πĲυȤȑȢ πȠυ įȚαφȠȡȠπȠȚȠȪȞ ĲȚȢ įȪȠ ĲİȤȞȚțȑȢ πȡȠİĲȠȚȝαıȓαȢ įİȚȖȝȐĲȦȞ țαȚ 

țαĲαȜȒȟαȝİ ıİ ȤȡȒıȚȝα ıυȝπİȡȐıȝαĲα ȖȚα Ĳα πȜİȠȞİțĲȒȝαĲα țαȚ Ĳα ȝİȚȠȞİțĲȒȝαĲα ĲȘȢ țȐșİ ȝȓαȢ. 

ǼπȚπȜȑȠȞ, πȑȡα απȩ ĲȚȢ įȪȠ ĲİȤȞȚțȑȢ πȡȠİĲȠȚȝαıȓαȢ įİȚȖȝȐĲȦȞ, įȚİȡİυȞȒșȘțαȞ įȚȐφȠȡα ȐȜȜα 

φαȚȞȩȝİȞα πȠυ αφȠȡȠȪȞ ĲȘȞ įȚȐĲαȟȒ αțĲȓȞȦȞ Χ, țαșȫȢ țαȚ ĲȘȞ İπȓįȡαıȘ πȠυ ȑȤȠυȞ įȚȐφȠȡİȢ 

ıυȞȚıĲȫıİȢ ĲȚȢ (π.Ȥ. φȓȜĲȡα πȘȖȒȢ αțĲȓȞȦȞ Χ, șİȡȝȠțȡαıȓα ĲȘȢ ȝȘȤαȞȒ αțĲȓȞȦȞ-X țα.) ıĲȠ ĲİȜȚțȩ 

φȐıȝα.  

 ΓȚα ĲȚȢ ıυȖțȡȓıİȚȢ, αȞαȜȪșȘțαȞ ȝİ XRF įİȓȖȝαĲα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ (πȠυ ȑȤȠυȞ 

παȡȠυıȚαıĲİȓ ıĲα țİφ. 2 țαȚ țİφ. 4) ıİ İπȚȜİȖȝȑȞα ıİȞȐȡȚα (ıυȞįυαıȝȠȓ ĲȐıȘȢ țαȚ φȓȜĲȡα ıĲȘ 

ȝȘȤαȞȒ αțĲȓȞȦȞ-x). ΈĲıȚ ıυȜȜȑȤșȘțİ ȝİȖȐȜȠȢ αȡȚșȝȩȢ φαıȝȐĲȦȞ (πİȡȓπȠυ 200 φȐıȝαĲα αțĲȓȞȦȞ 

Χ ĲȦȞ 1000 įİυĲİȡȠȜȑπĲȦȞ) ȖȚα ĲȘȞ țȐșİ ȝȑșȠįȠ παȡαıțİυȒȢ (ȝİ πȡȑıα Ȓ ȝİ ıȪȞĲȘȟȘ) πȠυ 

İπȑĲȡİȥİ ĲȘ ıȪȖțȡȚıȘ țαȚ ĲȘȞ İȟαȖȦȖȒ ıυȝπİȡαıȝȐĲȦȞ ȖȚα Ĳα πȜİȠȞİțĲȒȝαĲα țαȚ Ĳα 

ȝİȚȠȞİțĲȒȝαĲα țȐșİ ȝȚαȢ απȩ ĲȚȢ ȝİșȩįȠυȢ  παȡαıțİυȒȢ țαȚ πİȡȚπĲȫıİȚȢ ıĲȚȢ ȠπȠȓİȢ İȞįİȓțȞυĲαȚ Ș 

ȝȓα Ȓ Ș ȐȜȜȘ πİȡȓπĲȦıȘ.  

 ǹȡȤȚțȐ Ș ıȪȖțȡȚıȘ ȑȖȚȞİ ȩıȠȞ αφȠȡȐ ıĲα πȠȚȠĲȚțȐ ȤαȡαțĲȘȡȚıĲȚțȐ ĲȦȞ φαıȝȐĲȦȞ 

(ıȪȖțȡȚıȘ İπȚφαȞİȚȫȞ φȦĲȠțȠȡυφȫȞ, υπȠıĲȡȫȝαĲȠȢ țα.). ȈĲȘ ıυȞȑȤİȚα ȑȖȚȞİ πȠȚȠĲȚțȒ αȞȐȜυıȘ/ 

İπİȟİȡȖαıȓα ĲȦȞ φαıȝȐĲȦȞ țαȚ ĲȑȜȠȢ πȠıȠĲȚțȒ αȞȐȜυıȘ ȝİ ĲȠ πȡȩȖȡαȝȝα bAXIL Fundamental 

Parameters, πȠυ παȡȠυıȚȐıĲȘțİ ıĲȠ țİφ. 5. ǼȞįȚȐȝİıα ȕȑȕαȚα  ȤȡİȚȐıĲȘțİ Ȟα πȡȠȘȖȘșİȓ πȠıȠĲȚțȒ 

αȞȐȜυıȘ ĲȦȞ πȡȩĲυπȦȞ įİȚȖȝȐĲȦȞ πȠυ Ș παȡαıțİυȒ ĲȠυȢ παȡȠυıȚȐıĲȘțİ ıĲȠ țİφ. 4.   

 Ǿ πȠȚȠĲȚțȒ ıȪȖțȡȚıȘ ĲȦȞ φαıȝȐĲȦȞ πȠυ παȡȠυıȚȐıĲȘțİ ıĲȘȞ αȡȤȒ ĲȠυ țİφαȜαȓȠυ αυĲȠȪ  

ȑįȦıİ ıȘȝαȞĲȚțȐ ıυȝπİȡȐıȝαĲα ȩȝȦȢ ĲİȜȚțȩȢ ıĲȩȤȠȢ ĲȘȢ παȡȠȪıαȢ ǻ.Ǽ. İȓȞαȚ Ș πȠıȠĲȚțȒ 

αȞȐȜυıȘ ĲȦȞ φαıȝȐĲȦȞ πȠυ ıυȜȜȑȤșȘțαȞ ȝİ ĲȘ ȤȡȒıȘ ĲȠυ ȞȑȠυ ȜȠȖȚıȝȚțȠȪ bAXIL ȖȚα ĲȠȞ 

πȠıȠĲȚțȩ πȡȠıįȚȠȡȚıȝȩ ĲȘȢ ıĲȠȚȤİȚαțȒȢ ıȪıĲαıȘȢ įİȚȖȝȐĲȦȞ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ παȡαıțİυαıȝȑȞȦȞ 

İȓĲİ ȝİ ıȪȞĲȘȟȘ İȓĲİ ȝİ πȡȑıα. Ȃİ ıȪȖțȡȚıȘ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ ĲȦȞ πȠıȠĲȚțȫȞ αȞαȜȪıİȦȞ șα 
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πȡȠțȪȥȠυȞ Ĳα ĲİȜȚțȐ ıυȝπİȡȐıȝαĲα ȖȚα țȐșİ ȝȓα απȩ ĲȚȢ ȝİșȩįȠυȢ παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ πȠυ 

ȤȡȘıȚȝȠπȠȚȒșȘțαȞ ıĲȘȞ παȡȠȪıα ǻ.Ǽ.   

 ǼțĲȩȢ απȩ ĲȘȞ παȡȠυıȓαıȘ ĲȦȞ παȡαπȐȞȦ αȞαȜȪıİȦȞ țαȚ ĲȘȢ ıȪȖțȡȚıȘȢ ĲȦȞ 

απȠĲİȜİıȝȐĲȦȞ ĲȠυȢ, ıĲȚȢ παȡαȖȡȐφȠυȢ αυĲȠȪ ĲȠυ țİφαȜαȓȠυ țαĲαȖȡȐφȠȞĲαȚ įȚİȟȠįȚțȐ ȠȚ  

įȚαπȚıĲȫıİȚȢ țαȚ ȠȚ παȡαĲȘȡȒıİȚȢ πȠυ ȑȖȚȞαȞ țαĲȐ ĲȘ įȚȐȡțİȚα ĲȘȢ İțπȩȞȘıȘȢ ĲȘȢ παȡȠȪıαȢ ǻ.Ǽ.,  

țαșȫȢ țαȚ πȡαțĲȚțȑȢ ȠįȘȖȓİȢ ȖȚα ĲȘ ȕİȜĲȓȦıȘ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ αȞȐȜυıȘȢ ȝİ ĲȠ πȡȩȖȡαȝȝα b-

AXIL.   

 

6.2 ȈİȞȐȡȚα αțĲȚȞȠȕȩȜȘıȘȢ įİȚȖȝȐĲȦȞ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ȂİȖαȜȩπȠȜȘȢ 

 Ǿ ȚπĲȐȝİȞȘ Ĳȑφȡα İȓȞαȚ ȑȞα υȜȚțȩ πȠυ παȡȠυıȚȐȗİȚ ȚįȚαȓĲİȡȠ İȞįȚαφȑȡȠȞ ȖȚα ĲȠȞ ȉȆȉ ĲȩıȠ 

ȖȚα ĲȘȞ αȞȓȤȞİυıȘ ȡαįȚİȞİȡȖȫȞ ıĲȠȚȤİȓȦȞ ȩıȠ țαȚ ȖȚα ĲȘȞ αȞȓȤȞİυıȘ ȝȘ ȡαįȚİȞİȡȖȫȞ. ΈĲıȚ ıİ αυĲȩ 

ĲȠ υȜȚțȩ, πȠυ ȒĲαȞ įȚαșȑıȚȝȠ ıİ țαĲȐȜȜȘȜȘ țȠțțȠȝİĲȡȓα İȓȞαȚ πȠυ  İıĲȓαıαȞ ȠȚ αȞαȜȪıİȚȢ ĲȘȢ 

παȡȠȪıαȢ ǻ.Ǽ. įİȚȖȝȐĲȦȞ πȠυ παȡαıțİυȐıșȘțαȞ İȓĲİ ȝİ ĲȘȞ πȡȑıα İȓĲİ ȝİ ıȪȞĲȘȟȘ. 

ȈυȖțİțȡȚȝȑȞα,  αțȠȜȠυșȒșȘțαȞ 4 įȚαφȠȡİĲȚțȐ ıİȞȐȡȚα αțĲȚȞȠȕȩȜȘıȘȢ ȝİ αțĲȓȞİȢ-x ȖȚα ĲȘȞ 

αȞȐȜυıȘ ĲȦȞ įİȚȖȝȐĲȦȞ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ. ȁȑȖȠȞĲαȢ ıİȞȐȡȚȠ İȞȞȠİȓĲαȚ Ƞ ıυȞįυαıȝȩȢ παȡαȝȑĲȡȦȞ 

ȜİȚĲȠυȡȖȓαȢ ĲȘȢ ȝȘȤαȞȒȢ αțĲȓȞȦȞ-x (υȥȘȜȒ ĲȐıȘ țαȚ ȑȞĲαıȘ ȡİȪȝαĲȠȢ) țαȚ φȓȜĲȡȦȞ ıĲȘȞ ȑȟȠįȠ 

ĲȦȞ αțĲȓȞȦȞ-x. ȈȘȝİȚȫȞİĲαȚ ȩĲȚ ıĲȘȞ παȡȠȪıα ǻ.Ǽ. ȤȡȘıȚȝȠπȠȚȒșȘțαȞ ȖȚα πȡȫĲȘ φȠȡȐ Ĳα φȓȜĲȡα 

Mo (πȐȤȠυȢ 200 ȝm) πȠυ İȓȤİ πȡȠȝȘșİυĲİȓ Ƞ ȉȠȝȑαȢ ȆυȡȘȞȚțȒȢ ȉİȤȞȠȜȠȖȓαȢ ǼȂȆ. Ǿ ȤȡȒıȘ 

φȓȜĲȡȠυ ȂȠ, ȓįȚαȢ ıȪıĲαıȘȢ įȘȜαįȒ ȝİ ĲȠ υȜȚțȩ ĲȘȢ αȞȩįȠυ ĲȘȢ ȝȘȤαȞȒȢ αțĲȓȞȦȞ-x, ‘ıțȜȘȡαȓȞİȚ’ 

ĲȘ įȑıȝȘ αțĲȓȞȦȞ-x, țαȚ ĲȘ ȝİĲαĲȡȑπİȚ ıİ ȝȚα ȑȞĲȠȞȘ ıȤİįȩȞ ‘ȝȠȞȠİȞİȡȖİȚαțȒ’ įȑıȝȘ.  Ȃİ αυĲȩ 

ĲȠȞ ĲȡȩπȠ ĲȠ φȐıȝα υπȠıĲȡȫȝαĲȠȢ πȠυ πȡȠțȪπĲİȚ İȝφαȞȓȗİĲαȚ πȠȜȪ ȤαȝȘȜȩ țαȚ ıĲȘȞ πİȡȚȠȤȒ ĲȦȞ 

ȤαȝȘȜȫȞ αțĲȓȞȦȞ-x (4-14kV) țαȚ ıĲȘȞ πİȡȚȠȤȒ ȝİĲȐ ĲȚȢ ȤαȡαțĲȘȡȚıĲȚțȑȢ ĲȠυ MȠ (21-35kV) ȩπȦȢ 

İȓȞαȚ İȝφαȞȑȢ απȩ Ĳα φȐıȝαĲα αυĲȫȞ ĲȦȞ ıİȞαȡȓȦȞ ıĲȚȢ İπȩȝİȞİȢ παȡαȖȡȐφȠυȢ. OπȩĲİ, ıİ ıȤȑıȘ 

ȝİ Ĳα ıİȞȐȡȚα πȠυ παȡȠυıȚȐıĲȘțαȞ ıĲȠȞ πȓȞαțα 2.3 ĲȘȢ παȡ. 2.7, İπȚȜȑȤșȘțİ Ȟα ȝȘȞ 

ȤȡȘıȚȝȠπȠȚȘșȠȪȞ Ĳα ıİȞȐȡȚα 30kV țαȚ 50kV ȝİ φȓȜĲȡα Al țαȚ Zr, αȜȜȐ Ȟα αȞĲȚțαĲαıĲαșȠȪȞ απȩ 

Ĳα ıİȞȐȡȚα  30kV țαȚ 50kV ȝİ 4 φȓȜĲȡα Mo țαȚ ıĲȚȢ įȪȠ πİȡȚπĲȫıİȚȢ. ȉα ıİȞȐȡȚα πȠυ 

ȤȡȘıȚȝȠπȠȚȒșȘțαȞ ȖȚα ĲȚȢ αȞαȜȪıİȚȢ ıĲȘȞ παȡȠȪıα ǻ.Ǽ. φαȓȞȠȞĲαȚ ıĲȠȞ ȆȓȞαțα 6.1. 

 

ȆȓȞαțαȢ 6.1 ȈİȞȐȡȚα αțĲȚȞȠȕȩȜȘıȘȢ  

ȈİȞȐȡȚȠ ΦȓȜĲȡα πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ 

15 kV, 0.3 mA 1 φȓȜĲȡȠ Al 

25 kV, 0.16 mA 6 φȓȜĲȡα Al 

35 kV, 0.28 mA 4 φȓȜĲȡα Mo 

50 kV, 0.08 mA 4 φȓȜĲȡα Mo 
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ΧȡȒıȚȝȠ İȡȖαȜİȓȠ ȖȚα ĲȘȞ πȠȚȠĲȚțȒ ıȪȖțȡȚıȘ ĲȦȞ φαıȝȐĲȦȞ πȠυ șα πİȡȚȖȡαφİȓ ıĲȚȢ İπȩȝİȞİȢ 

παȡαȖȡȐφȠυȢ İȓȞαȚ Ĳα ȖȡαφȒȝαĲα πȠυ ȖȚα ȜȩȖȠυȢ ȡȠȒȢ ĲȠυ țİȚȝȑȞȠυ ĲȠπȠșİĲȒșȘțαȞ ıĲȠ ĲȑȜȠȢ ĲȠυ 

țİφαȜαȓȠυ.  

 

6.2.1 ȆȠȚȠĲȚțȒ ıȪȖțȡȚıȘ ıİȞαȡȓȦȞ αțĲȚȞȠȕȩȜȘıȘȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ȂİȖαȜȩπȠȜȘȢ  

 Ȃİ ĲȘȞ αȞȐȜυıȘ ĲȦȞ įİȚȖȝȐĲȦȞ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ (pellets țαȚ fusion bids) ȝİ Ĳα παȡαπȐȞȦ 

ıİȞȐȡȚα įȩșȘțİ Ș İυțαȚȡȓα Ȟα İπȚȕİȕαȚȦșȠȪȞ țαĲαȡȤȒȞ ȤȡȒıȚȝα ıυȝπİȡȐıȝαĲα πȡȠȘȖȠȪȝİȞȦȞ 

ǻ.Ǽ., ıȤİĲȚțȐ ȝİ ĲȠ πȠȚα ıİȞȐȡȚα  İȞįİȓțȞυȞĲαȚ αȞȐȜȠȖα ȝİ Ĳα πȡȠȢ αȞȓȤȞİυıȘ ıĲȠȚȤİȓα:   

 ΓİȞȚțȐ, Ĳα πȡȫĲα įȪȠ ıİȞȐȡȚα 15 kV țαȚ 25 kV) İȓȞαȚ πȡȠĲȚȝȩĲİȡα ȖȚα ĲȘȞ αȞȓȤȞİυıȘ 

ıĲȠȚȤİȓȦȞ ȤαȝȘȜȠȪ ȝαȗȚțȠȪ αȡȚșȝȠȪ, ȩπȦȢ ĲȠ K, Ca, Ti, Fe İȞȫ ıĲα ıİȞȐȡȚα 35 kV țαȚ 50 

kV ȑȤȠυȝİ ĲȘ įυȞαĲȩĲȘĲα Ȟα αȞȚȤȞİȪıȠυȝİ țαȜȪĲİȡα ıĲȠȚȤİȓα ȝİȖαȜȪĲİȡȠυ ȝαȗȚțȠȪ αȡȚșȝȠȪ 

ȩπȦȢ As, Sr, Rb, Ba țȜπ. ȈĲȠ ΓȡȐφȘȝα 6.1 φαȓȞȠȞĲαȚ İȞįİȚțĲȚțȐ φȐıȝαĲα αțĲȓȞȦȞ-x ȖȚα Ĳα 3 

ıİȞȐȡȚα αțĲȚȞȠȕȩȜȘıȘȢ (25 kV, 35 kV, 50 kV). 

 ȆȚȠ ıυȖțİțȡȚȝȑȞα, ĲȠ ıİȞȐȡȚȠ αțĲȚȞȠȕȩȜȘıȘȢ 15 kV İȞįİȓțȞυĲαȚ ȖȚα ĲȘȞ αȞȓȤȞİυıȘ 

ıĲȠȚȤİȓȦȞ ĲȦȞ ȠπȠȓȦȞ ȠȚ ȤαȡαțĲȘȡȚıĲȚțȑȢ İȓȞαȚ ȤαȝȘȜȒȢ İȞȑȡȖİȚαȢ, ıĲȠ İȪȡȠȢ 3 – 7 keV. 

ΌπȦȢ φαȓȞİĲαȚ ıĲȠ ΓȡȐφȘȝα 6.2, αȞȚȤȞİȪȠȞĲαȚ αȡțİĲȐ ȤȘȝȚțȐ ıĲȠȚȤİȓα (K, Ca, Ti, Cr, Mn, 

Fe), İȞȫ ȝπȠȡİȓ țαȞİȓȢ Ȟα παȡαĲȘȡȒıİȚ ȩĲȚ Ƞ ıȓįȘȡȠȢ (Fe) İȝφαȞȓȗİȚ ĲȘȞ υȥȘȜȩĲİȡȘ 

φȦĲȠțȠȡυφȒ, țȐĲȚ πȠυ İπȚȕİȕαȚȫȞİĲαȚ țαȚ ıĲα υπȩȜȠȚπα ıİȞȐȡȚα αțĲȚȞȠȕȩȜȘıȘȢ. Ǿ ȪπαȡȟȘ 

ĲȦȞ ȤαȡαțĲȘȡȚıĲȚțȫȞ αțĲȓȞȦȞ-x ĲȠυ Ar (2.9keV țαȚ 3.19keV) ıĲȠ φȐıȝα ȠφİȓȜİĲαȚ ıĲȘȞ 

ȪπαȡȟȘ Ar ıĲȠȞ αȑȡα ĲȠυ πİȡȚȕȐȜȜȠȞĲȠȢ πȠυ παȡİȝȕȐȜȜİĲαȚ ȝİĲαȟȪ ĲȠυ ĲȘȢ πȘȖȒȢ αțĲȓȞȦȞ 

Χ țαȚ ĲȠυ αȞȚȤȞİυĲȒ.  

 ȈĲȠ ıİȞȐȡȚȠ αțĲȚȞȠȕȩȜȘıȘȢ ĲȦȞ 25 kV ȝπȠȡİȓ țαȞİȓȢ Ȟα įȚαțȡȓȞİȚ πİȡȚııȩĲİȡα ıĲȠȚȤİȓα, 

ȩπȦȢ φαȓȞȠȞĲαȚ ıĲȠ ΓȡȐφȘȝα 6.3. ǼπȚπȜȑȠȞ, ȝπȠȡȠȪȝİ Ȟα įȚαțȡȓȞȠυȝİ țαȚ ĲȚȢ 

ȤαȡαțĲȘȡȚıĲȚțȑȢ αțĲȓȞİȢ-x ĲȠυ Mo, ȠȚ ȠπȠȓİȢ πȡȠȑȡȤȠȞĲαȚ απȩ ĲȠȞ ıĲȩȤȠ (ȐȞȠįȠȢ) ıĲȠ 

İıȦĲİȡȚțȩ ĲȘȢ ȝȘȤαȞȒȢ αțĲȓȞȦȞ-x. ȆαȡȩȝȠȚα İȚțȩȞα παȓȡȞȠυȝİ ȩĲαȞ ȤȡȘıȚȝȠπȠȚȒıȠυȝİ țαȚ 

ĲȠ ıİȞȐȡȚȠ αțĲȚȞȠȕȩȜȘıȘȢ ĲȦȞ 35 kV ȝİ Ĳα 4 φȓȜĲȡα Mo, ȩπȦȢ φαȓȞİĲαȚ ıĲȠ ΓȡȐφȘȝα 6.3. 

 ΌπȦȢ ȝπȠȡİȓ țαȞİȓȢ Ȟα įȚαțȡȓȞİȚ ıĲȠ ΓȡȐφȘȝα 6.4, ıĲȠ ıİȞȐȡȚȠ αțĲȚȞȠȕȩȜȘıȘȢ ĲȦȞ 35 kV  

İȝφαȞȓȗİĲαȚ Ș φȦĲȠțȠȡυφȒ  ĲȠυ In (24keV), ȖȚα ĲȠ ȠπȠȓȠ șα αȞαφİȡșȠȪȝİ İțĲİȞȑıĲİȡα ıĲȘȞ 

παȡ. …. ǼπȚπȜȑȠȞ ȝπȠȡİȓ țαȞİȓȢ ıυȖțȡȓȞȠȞĲαȢ ĲȠ ıİȞȐȡȚȠ ĲȦȞ 35keV ȝİ ĲȠ ıİȞȐȡȚȠ ĲȦȞ 25 

kV Ȟα παȡαĲȘȡȒıİȚ İȜαφȡȫȢ țαȜȪĲİȡȘ įυȞαĲȩĲȘĲα įȚȐțȡȚıȘȢ ĲȦȞ φȦĲȠțȠȡυφȫȞ ĲȠυ Rb țαȚ 

Sr ıİ ıȤȑıȘ ȝİ ĲȠ υπȩıĲȡȦȝα, țαșȫȢ Ș ȤȡȒıȘ φȓȜĲȡȦȞ Mo ‘ıțȜȘȡαȓȞİȚ’ ȩπȦȢ αȞαφȑȡșȘțİ 

ĲȘ įȑıȝȘ țαȚ πİȡȚȠȡȓȗİȚ ĲȠ υπȩıĲȡȦȝα ıİ ȝİȖαȜȪĲİȡȘ πİȡȚȠȤȒ. 

 ȉȑȜȠȢ, ĲȠ ĲİȜȚțȩ ıİȞȐȡȚȠ αțĲȚȞȠȕȩȜȘıȘȢ, αυĲȩ ĲȦȞ 50 kV, φαȓȞİĲαȚ Ȟα πȡȠıφȑȡİȚ ȜȚȖȩĲİȡȘ 

Ȟȑα πȜȘȡȠφȠȡȓα ıİ ıȤȑıȘ ȝİ Ĳα πȡȠȘȖȠȪȝİȞα ıİȞȐȡȚα. ȆαȡȩȜα αυĲȐ İȓȞαȚ ȚįȚαȓĲİȡα ȤȡȒıȚȝȠ 
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ȖȚα ĲȘȞ αȞȓȤȞİυıȘ ıĲȠȚȤİȓȦȞ ȝİȖαȜȪĲİȡȠ ȝαȗȚțȠȪ αȡȚșȝȠȪ, Ĳα ȠπȠȓα İțπȑȝπȠυȞ 

ȤαȡαțĲȘȡȚıĲȚțȑȢ αțĲȓȞİȢ-x ıİ ȝİȖαȜȪĲİȡİȢ İȞİȡȖİȚαțȑȢ ĲȚȝȑȢ. ΈȞα παȡȐįİȚȖȝα ĲȑĲȠȚȠυ 

ıĲȠȚȤİȓȠυ πȠυ ȝπȠȡİȓ Ȟα αȞȚȤȞİυșİȓ ȝİ αυĲȩ ĲȠ ıİȞȐȡȚȠ αțĲȚȞȠȕȩȜȘıȘȢ ĲȦȞ 50 kV İȓȞαȚ ĲȠ 

Ba, ĲȠ ȠπȠȓȠ İțπȑȝπİȚ ĲȚȢ ȤαȡαțĲȘȡȚıĲȚțȑȢ ĲȠυ αțĲȓȞİȢ Ȁα ıĲα 32.19 keV (ȕȜ. ΓȡȐφȘȝα 6.5). 

  

6.3 ȈȪȖțȡȚıȘ φαıȝȐĲȦȞ αțĲȓȞȦȞ-x įİȚȖȝȐĲȦȞ πȡȑıαȢ ȝİ φȐıȝαĲα įİȚȖȝȐĲȦȞ ıȪȞĲȘȟȘȢ 

 ȈĲȘ ıυȞȑȤİȚα αυĲȩ πȠυ İȞįȚȑφİȡİ țαĲȐ ĲȘȞ İțπȩȞȘıȘ ĲȘȢ παȡȠȪıαȢ ǻ.Ǽ. ȒĲαȞ ȠȚ ıυȖțȡȓıİȚȢ 

φαıȝȐĲȦȞ αțĲȓȞȦȞ-x απȩ ĲȘȞ αȞȐȜυıȘ ȝİ XRF ĲȦȞ įİȚȖȝȐĲȦȞ πȠυ πȡȠİĲȠȚȝȐıĲȘțαȞ ȝİ ĲȚȢ įȪȠ 

įȚαφȠȡİĲȚțȑȢ ĲİȤȞȚțȑȢ παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ –ȝİ πȡȑıα țαȚ ȝİ ıȪȞĲȘȟȘ ȕȠȡȚțȫȞ αȜȐĲȦȞ. ȅ 

ıțȠπȩȢ ĲȘȢ ıȪȖțȡȚıȘȢ αυĲȒȢ İȓȞαȚ Ș παȡαĲȒȡȘıȘ ĲȦȞ įȚαφȠȡȠπȠȚȒıİȦȞ țαȚ țυȡȓȦȢ ĲȦȞ 

πȡȠĲİȡȘȝȐĲȦȞ πȠυ παȡȠυıȚȐȗİȚ Ș țȐșİ ĲİȤȞȚțȒ ıİ ıȤȑıȘ ȝİ ȠȡȚıȝȑȞα ıĲȠȚȤİȓα, ȫıĲİ țȐșİ φȩȡα Ȟα 

ȝπȠȡİȓ Ȟα İπȚȜİȖİȓ Ș ȕȑȜĲȚıĲȘ ȖȚα ĲȘȞ İπȓĲİυȟȘ ĲȦȞ ıĲȩȤȦȞ ĲȠυ ȤȡȒıĲȘ.  

 ȈĲα İπȩȝİȞα ıυȖțȡȚĲȚțȐ ȖȡαφȒȝαĲα παȡȠυıȚȐȗȠȞĲαȚ İȞįİȚțĲȚțȐ φȐıȝαĲα αȞȐȜυıȘȢ XRF 

ȖȚα įİȓȖȝαĲα ĲȘȢ ȓįȚαȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ παȡαıțİυαıȝȑȞα ȝİ πȡȑıα țαȚ ȝİ ıȪȞĲȘȟȘ ıİ țȠȚȞȠȪȢ 

ȐȟȠȞİȢ, ȖȚα Ĳα ȓįȚα țȐșİ φȠȡȐ ıİȞȐȡȚα αțĲȚȞȠȕȩȜȘıȘȢ. ȈυȖțİțȡȚȝȑȞα ıĲȠ ΓȡȐφȘȝα 6.6 φαȓȞİĲαȚ Ș 

ıȪȖțȡȚıȘ ȖȚα ĲȠ ıİȞȐȡȚȠ ĲȦȞ 15kV, ıĲȠ ΓȡȐφȘȝα 6.7 ȖȚα ĲȠ ıİȞȐȡȚȠ ĲȦȞ 25 kV ıĲȠ ΓȡȐφȘȝα 6.8  

ȖȚα ĲȠ ıİȞȐȡȚȠ ĲȦȞ 35 kV țαȚ ıĲȠ  ΓȡȐφȘȝα 6.9 ȖȚα ĲȠ ıİȞȐȡȚȠ ĲȦȞ 50 kV. ǹπȩ Ĳα ȖȡαφȒȝαĲα 

αυĲȐ πȡȠȑțυȥαȞ įȪȠ πȠȜȪ ȤȡȒıȚȝα ıυȝπİȡȐıȝαĲα ȖȚα ĲȘ ıȪȖțȡȚıȘ ĲȦȞ įȪȠ ȝİșȩįȦȞ παȡαıțİυȒȢ:   

 ȉȠ πȡȫĲȠ İȓȞαȚ Ș ȝȚțȡȩĲİȡȘ İπȚφȐȞİȚα  ĲȦȞ φȦĲȠțȠȡυφȫȞ ĲȦȞ αȞȚȤȞİυȩȝİȞȦȞ ıĲȠȚȤİȓȦȞ 

ıĲȘȞ πİȡȓπĲȦıȘ ĲȦȞ įİȚȖȝȐĲȦȞ πȠυ ȑȤȠυȞ παȡαıțİυαıșİȓ ȝİ ĲȘ ȝȑșȠįȠ ĲȘȢ ıȪȞĲȘȟȘȢ. ǹυĲȩ 

ȠφİȓȜİĲαȚ πȡȦĲȓıĲȦȢ ıĲȘȞ ıȘȝαȞĲȚțȒ įȚαφȠȡȐ ıυȖțȑȞĲȡȦıȘȢ ıİ ȝȐȗα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ πȠυ 

πİȡȚȑȤİĲαȚ ıĲα įȪȠ įȚαφȠȡİĲȚțȐ İȓįȘ įİȚȖȝȐĲȦȞ. ȊπİȞșυȝȓȗȠυȝİ ȩĲȚ ıĲα įİȓȖȝαĲα ıȪȞĲȘȟȘȢ Ș 

πȠıȩĲȘĲα ĲȘȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ πȠυ πİȡȚȑȤİĲαȚ İȓȞαȚ ĲȘȢ ĲȐȟȘȢ ĲȦȞ 1.0 – 2.0 gr, İȞȫ αȞĲȓșİĲα 

ıĲα įİȓȖȝαĲα ĲȘȢ πȡȑıαȢ πİȡȚȑȤȠȞĲαȚ 8-10 gr ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ. ǹυĲȩ ıȘȝαȓȞİȚ ȩĲȚ 

ıυȖțȑȞĲȡȦıȘ ĲȦȞ αȞȚȤȞİυȩȝİȞȦȞ ıĲȠȚȤİȓȦȞ ıĲα įİȓȖȝαĲα ıȪȞĲȘȟȘȢ İȓȞαȚ ıȘȝαȞĲȚțȐ 

ȝȚțȡȩĲİȡȘ țαȚ Ȑȡα Ƞ αȞȚȤȞİυĲȒȢ SiLi ĲȘȢ įȚȐĲαȟȘȢ XRF ĲȠυ ǼȆȉ – ǼȂȆ țαĲαȖȡȐφİȚ 

ȝȚțȡȩĲİȡȠ αȡȚșȝȩ ȖİȖȠȞȩĲȦȞ.  

 ǻİȪĲİȡȠȞ, ıĲȘȞ πİȡȓπĲȦıȘ ĲȦȞ įİȚȖȝȐĲȦȞ ıȪȞĲȘȟȘȢ, İȞȫ ȠȚ φȦĲȠțȠȡυφȑȢ ĲȦȞ 

αȞȚȤȞİυȩȝİȞȦȞ ıĲȠȚȤİȓȦȞ İȓȞαȚ φαȞİȡȐ ȝȚțȡȩĲİȡȘȢ İπȚφȐȞİȚαȢ ȩπȦȢ αȞαφȑȡșȘțİ, ȠȚ 

φȦĲȠțȠȡυφȑȢ ĲȠυ Mo ȠȚ ȠπȠȓİȢ πȡȠȑȡȤȠȞĲαȚ απȩ ĲȘ ȝȘȤαȞȒ αțĲȓȞȦȞ-x ĲȘȢ įȚȐĲαȟȘȢ İȓȞαȚ 

αȚıșȘĲȐ ȝİȖαȜȪĲİȡȘȢ İπȚφȐȞİȚαȢ. Ǿ İȟȒȖȘıȘ πȠυ įȓȞİĲαȚ ıĲȠ  φαȚȞȩȝİȞȠ αυĲȩ İȓȞαȚ ȩĲȚ ıĲα 

įİȓȖȝαĲα ıȪȞĲȘȟȘȢ υπİȡȚıȤȪİȚ ĲȠ φαȚȞȩȝİȞȠ ĲȘȢ İȜαıĲȚțȒȢ ıțȑįαıȘȢ ĲȘȢ įȚİȖİȓȡȠυıαȢ 

αțĲȚȞȠȕȠȜȓαȢ απȩ ĲȘȞ ȝȘȤαȞȒ αțĲȓȞȦȞ-x, İȞȫ ıĲα įİȓȖȝαĲα ĲȘȢ πȡȑıαȢ φαȓȞİĲαȚ ȩĲȚ 

ıȘȝαȞĲȚțȩ ȝȑȡȠȢ ĲȘȢ įȚİȖİȓȡȠυıαȢ αțĲȚȞȠȕȠȜȓαȢ απȠȡȡȠφȐĲαȚ απȩ Ĳα ıυıĲαĲȚțȐ ĲȘȢ 
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ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ (İȞȫ ıĲα įİȓȖȝαĲα ıȪȞĲȘȟȘȢ Ĳα ıυıĲαĲȚțȐ αυĲȐ ȑȤȠυȞ ȝİȚȦȝȑȞȘ 

ıυȖțȑȞĲȡȦıȘ).  

 

 ΓȚα Ȟα αȞĲȚȝİĲȦπȚıĲİȓ Ș ȝİȚȦȝȑȞȘ İπȚφȐȞİȚα φȦĲȠțȠȡυφȫȞ πȠυ İȝφαȞȓȗȠυȞ Ĳα įİȓȖȝαĲα 

ıȪȞĲȘȟȘȢ, Ș ȠπȠȓα ȖȚα ĲȘȞ αȞȓȤȞİυıȘ ȚȤȞȠıĲȠȚȤİȓȦȞ ȝπȠȡİȓ Ȟα İȓȞαȚ țȡȓıȚȝȘ, ȝπȠȡİȓ Ȟα 

αțȠȜȠυșȘșȠȪȞ įȪȠ įȚαφȠȡİĲȚțȑȢ πȡαțĲȚțȑȢ:  

 αȪȟȘıȘ ĲȠυ ȤȡȩȞȠυ įİȚȖȝαĲȠȜȘȥȓαȢ, ȝİ ıțȠπȩ ĲȘȞ țαĲαȖȡαφȒ ȝİȖαȜȪĲİȡȠυ αȡȚșȝȠȪ 

ȖİȖȠȞȩĲȦȞ απȩ ĲȠȞ αȞȚȤȞİυĲȒ Ȓ 

 αȪȟȘıȘ ĲȘȢ ıυȖțȑȞĲȡȦıȘȢ ıİ ȚπĲȐȝİȞȘ Ĳȑφȡα ıĲȠ υȜȚțȩ ĲȠυ πȡȠȢ ıȪȞĲȘȟȘ įİȓȖȝαĲȠȢ.  

ȀαȚ ȠȚ įȪȠ αυĲȑȢ πȡαțĲȚțȑȢ įȠțȚȝȐıĲȘțαȞ ȩπȦȢ πİȡȚȖȡȐφİĲαȚ ıĲȘ ıυȞȑȤİȚα ȖȚα ĲȘ įȚİȡİȪȞȘıȘ ĲȠυ 

ȤȡȠȞȚțȠȪ įȚαıĲȒȝαĲȠȢ Ȓ ĲȘȢ ıυȖțȑȞĲȡȦıȘȢ πȠυ απαȚĲİȓĲαȚ ȖȚα Ȟα πȡȠțȪȥȠυȞ İπȚφȐȞİȚİȢ 

φȦĲȠțȠȡυφȫȞ αȞȐȜȠȖİȢ ȝİ αυĲȑȢ ĲȦȞ įİȚȖȝȐĲȦȞ απȩ πȡȑıα. Ǿ İπȓĲİυȟȘ παȡȩȝȠȚȠυ απȠĲİȜȑıȝαĲȠȢ 

ȩıȠȞ αφȠȡȐ Ĳα φȐıȝαĲα ĲȦȞ įȪȠ įȚαφȠȡİĲȚțȫȞ İȚįȫȞ ȆαȡαıțİυȒ įİȚȖȝȐĲȦȞ İȓȞαȚ ȚįȚαȓĲİȡα 

ıȘȝαȞĲȚțȒ, țαșȫȢ αυĲȩ ıȘȝαȓȞİȚ ȩĲȚ ȝπȠȡȠȪȝİ Ȟα İπȚĲȪȤȠυȝİ ıυȖțȡȓıȚȝȠ απȠĲȑȜİıȝα αȞȐȜυıȘȢ 

ȝİ XRF ȤȡȘıȚȝȠπȠȚȫȞĲαȢ πȠȜȪ ȝȚțȡȩĲİȡȘ πȠıȩĲȘĲα απȩ ĲȘȞ  πȡȠȢ αȞȐȜυıȘ Ƞυıȓα. 

 Ǿ αȪȟȘıȘ ĲȠυ ȤȡȩȞȠυ įİȚȖȝαĲȠȜȘȥȓαȢ İπȚĲȡȑπİȚ ıĲȠȞ αȞȚȤȞİυĲȒ Ȟα țαĲαȖȡȐȥİȚ 

πİȡȚııȩĲİȡα ȖİȖȠȞȩĲα, αυȟȐȞȠȞĲαȢ ĲȘȞ İπȚφȐȞİȚα ĲȘȢ φȦĲȠțȠȡυφȒȢ țαȚ ȑĲıȚ Ȟα ȕİȜĲȚȫıİȚ ĲȘ 

ıĲαĲȚıĲȚțȒ ĲȦȞ φȦĲȠțȠȡυφȫȞ ĲȦȞ αȞȚȤȞİυȩȝİȞȦȞ ıĲȠȚȤİȓȦȞ ıİ ıȤȑıȘ ȝİ ĲȠ υπȩıĲȡȦȝα. ΓȚα ĲȘȞ 

įȠțȚȝȒ ĲȘȢ  αȪȟȘıȘȢ ĲȠυ ȤȡȩȞȠυ įİȚȖȝαĲȠȜȘȥȓαȢ İπȚȜȑȤșȘțİ Ƞ įȚπȜαıȚαıȝȩȢ ĲȠυ, απȩ 1000 s ıİ 

2000 s. ȈĲα ΓȡαφȒȝαĲα 6.10 α, ȕ, Ȗ, į παȡȠυıȚȐȗİĲαȚ Ș ıȪȖțȡȚıȘ φαıȝȐĲȦȞ, ȖȚα Ĳα Ĳȑııİȡα 

ıİȞȐȡȚα  αțĲȚȞȠȕȩȜȘıȘȢ, įİȚȖȝȐĲȦȞ πȠυ ȑȤȠυȞ πȡȠİĲȠȚȝαıĲİȓ ȝİ ĲȚȢ įȪȠ įȚαφȠȡİĲȚțȑȢ ȝİșȩįȠυȢ ȖȚα 

ĲȠȞ ȓįȚȠ αȜȜȐ țαȚ ȖȚα ĲȠȞ įȚπȜȐıȚȠ ȤȡȩȞȠ įİȚȖȝαĲȠȜȘȥȓαȢ.  

ǼȓȞαȚ φαȞİȡȩ πȦȢ Ƞ įȚπȜαıȚαıȝȩȢ ĲȠυ ȤȡȩȞȠυ įİȚȖȝαĲȠȜȘȥȓαȢ ȖȚα Ĳα įİȓȖȝαĲα ıȪȞĲȘȟȘȢ απȩ 1000s 

ıİ 2000s, ȠįȘȖİȓ ıİ İπȚφȐȞİȚİȢ φȦĲȠțȠȡυφȫȞ παȡαπȜȒıȚİȢ ȝİ αυĲȑȢ ĲȦȞ įİȚȖȝȐĲȦȞ ĲȘȢ πȡȑıαȢ 

παȡȩȜȠ πȠυ Ș ıυȖțȑȞĲȡȦıȘ ıİ ȚπĲȐȝİȞȘ ĲȑφȡαȢ υπȠȜİȓπİĲαȚ αȚıșȘĲȐ.  ǺȑȕαȚα, įİȞ πȡȑπİȚ Ȟα 

παȡαȕȜİφșİȓ ĲȠ ȖİȖȠȞȩȢ ȩĲȚ Ș αȪȟȘıȘ ĲȠυ ȤȡȩȞȠυ įİȚȖȝαĲȠȜȘȥȓαȢ ȑȤİȚ ȦȢ απȠĲȑȜİıȝα ĲȘȞ 

αȞȐȜȠȖȘ αȪȟȘıȘ ĲȘȢ İπȚφȐȞİȚαȢ ĲȠυ υπȠıĲȡȫȝαĲȠȢ țαȚ φυıȚțȐ Ș įȚαįȚțαıȓα ĲȘȢ αȞȐȜυıȘȢ Ȟα 

ȖȓȞİĲαȚ πȚȠ ȤȡȠȞȠȕȩȡα αȞ țαȚ ȩȤȚ απαȖȠȡİυĲȚțȒȢ įȚȐȡțİȚαȢ. 

 ΓȚα ĲȘ įȚİȡİȪȞȘıȘ ĲȘȢ İπȓįȡαıȘȢ ĲȘȢ ıυȖțȑȞĲȡȦıȘȢ ĲȠυ įİȓȖȝαĲȠȢ ıȪȞĲȘȟȘȢ ıİ ȚπĲȐȝİȞȘ 

ĲȑφȡαȢ ıĲȘȞ İπȚφȐȞİȚα ĲȦȞ φȦĲȠțȠȡυφȫȞ πȡȠİĲȠȚȝȐıĲȘțαȞ ıĲȠ πȜαȓıȚȠ ĲȘȢ παȡȠȪıαȢ ǻ.Ǽ. 

įİȓȖȝαĲα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ įȚαφȩȡȦȞ ıυȖțİȞĲȡȫıİȦȞ ȩπȦȢ πİȡȚȖȡȐφȘțİ ıĲȘȞ παȡ. 4.2.16 țαȚ 

ıĲȠȞ πȓȞαțα 4.10. ǹυĲȩ ȑįȦıİ ĲȘȞ įυȞαĲȩĲȘĲα Ȟα αȞαȜυșȠȪȞ  įİȓȖȝαĲα ıȪȞĲȘȟȘȢ įȚαφȠȡİĲȚțȫȞ 

αȞαȜȠȖȚȫȞ țαȚ ȑπİȚĲα Ȟα ıυȖțȡȚșȠȪȞ ȖȚα Ȟα İπȚȜİȖİȓ Ș țαĲαȜȜȘȜȩĲİȡȘ ıυȖțȑȞĲȡȦıȘ ȚπĲȐȝİȞȘȢ 

ĲȑφȡαȢ ȖȚα Ĳα įİȓȖȝαĲα ıȪȞĲȘȟȘȢ ȖȚα ĲȘȞ αȞȐȜυıȘ ȝİ ĲȘ įȚȐĲαȟȘ XRF ĲȠυ ǼȆȉ-ǼȂȆ. ǼȞįİȚțĲȚțȐ 
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ıĲα ΓȡαφȒȝαĲα 6.11 α, ȕ, Ȗ, į παȡȠυıȚȐȗȠȞĲαȚ ȖȚα Ĳα 4 ıİȞȐȡȚα αțĲȚȞȠȕȩȜȘıȘȢ ıυȖțȡȚĲȚțȐ 

ȖȡαφȒȝαĲα ȝİ φȐıȝαĲα αȞȐȜυıȘȢ 1000s įİȚȖȝȐĲȦȞ ıȪȞĲȘȟȘȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ  ȝİ ıυȖțİȞĲȡȫıİȚȢ 

1.0 g, 1.2 g, 1.5 g țαȚ 2.0 g.   

 ȈĲα ȖȡαφȒȝαĲα αυĲȐ παȡαĲȘȡİȓĲαȚ ȩĲȚ παȡȐ ĲȘȞ ıȘȝαȞĲȚțȒ πȠıȠıĲȚαȓα αȪȟȘıȘ 

ıυȖțȑȞĲȡȦıȘȢ ĲȘȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ αȞȐȝİıα ıĲα įİȓȖȝαĲα ıȪȞĲȘȟȘȢ, İȓȞαȚ įȪıțȠȜȠ Ȟα 

παȡαĲȘȡȘșȠȪȞ αȟȚȠıȘȝİȓȦĲİȢ įȚαφȠȡȑȢ. ȈȘȝαȞĲȚțȩ παȡȩȜα αυĲȐ İȓȞαȚ ĲȠ ıυȝπȑȡαıȝα ȩĲȚ ȝİ 

αȪȟȘıȘ ĲȘȢ πȠıȩĲȘĲαȢ ĲȘȢ ıĲİȡİȐȢ ȠυıȓαȢ ıĲȠ įİȓȖȝα ıȪȞĲȘȟȘȢ, φαȓȞİĲαȚ Ȟα παȡαĲȘȡİȓĲαȚ ȝİȓȦıȘ 

ĲȠυ υπȠıĲȡȫȝαĲȠȢ țαȚ ĲȘȢ ȑȞĲαıȘȢ ĲȘȢ įȚİȖİȓȡȠυıαȢ αțĲȚȞȠȕȠȜȓαȢ. ǼπȠȝȑȞȦȢ, ıυȝπİȡαȓȞİĲαȚ ȩĲȚ Ș 

αȪȟȘıȘ ĲȘȢ ıυȖțȑȞĲȡȦıȘȢ ȦφİȜİȓ ĲȘ ȕİȜĲȓȦıȘ ĲȘȢ ıĲαĲȚıĲȚțȒȢ ĲȦȞ φȦĲȠțȠȡυφȫȞ țαȚ ĲȘȞ 

αȞȓȤȞİυıȘ ȚȤȞȠıĲȠȚȤİȓȦȞ țαȚ πȡȑπİȚ Ȟα İπȚįȚȫțİĲαȚ İφȩıȠȞ ĲȠ įİȓȖȝα πȠυ παȡαıțİυȐȗİĲαȚ İȓȞαȚ 

ȠȝȠȚȠȖİȞȑȢ țαȚ ȚțαȞȠπȠȚȘĲȚțȒȢ ȝȠȡφȒȢ (ȝİ țαȜȒ İπȚφȐȞİȚα țα.). 

 Ȃİ ȕȐıȘ ĲȠ ıυȝπȑȡαıȝα αυĲȩ İπȚȤİȚȡȒșȘțİ Ș πİȡαȚĲȑȡȦ ıȪȖțȡȚıȘ αȞαȜȪıİȦȞ įȚȐȡțİȚαȢ 

1000s įİȚȖȝȐĲȦȞ απȩ πȡȑıα ȝİ φȐıȝαĲα įȚȐȡțİȚαȢ 2000s įİȚȖȝȐĲȦȞ απȩ ıȪȞĲȘȟȘ πİȡȚİțĲȚțȩĲȘĲαȢ 

2.0 g ıİ ȚπĲȐȝİȞȘ Ĳȑφȡα. ȉȠ απȠĲȑȜİıȝα ȒĲαȞ φȐıȝαĲα İȟαȚȡİĲȚțȐ παȡαπȜȒıȚαȢ ȝȠȡφȒȢ απȩ įȪȠ 

įȚαφȠȡİĲȚțȑȢ ȝİșȩįȠυȢ παȡαıțİυȒȢ, ȩπȦȢ φαȓȞİĲαȚ ıĲα ΓȡαφȒȝαĲα 6.12, 6.13 țαȚ 6.14 ȉȠ 

ıυȝπȑȡαıȝα αυĲȩ İȓȞαȚ İȟαȚȡİĲȚțȐ ıȘȝαȞĲȚțȩ, țαșȫȢ φαȓȞİĲαȚ ȩĲȚ ȜαȝȕȐȞȠȞĲαȚ παȡȩȝȠȚα φȐıȝαĲα 

ȤȡȘıȚȝȠπȠȚȫȞĲαȢ įİȓȖȝαĲα ıȪȞĲȘȟȘȢ πȠυ πİȡȚȑȤȠυȞ ȑȦȢ țαȚ 10 φȠȡȑȢ ȝȚțȡȩĲİȡȘ πȠıȩĲȘĲα 

αȞαȜυȩȝİȞȘȢ ȠυıȓαȢ. 

 

6.4  ǼπαȞαȜȘȥȚȝȩĲȘĲα φαıȝȐĲȦȞ αțĲȓȞȦȞ Χ įİȚȖȝȐĲȦȞ ıȪȞĲȘȟȘȢ țαȚ pellets 

 ΈȞαȢ πȠȜȪ ıȘȝαȞĲȚțȩȢ παȡȐȖȠȞĲαȢ ȖȚα ĲȘȞ αȞȐȜυıȘ ȝİ XRF İȓȞαȚ Ș İπαȞαȜȘȥȚȝȩĲȘĲα ĲȦȞ 

πİȚȡαȝȐĲȦȞ, įȘȜαįȒ Ș ȜȒȥȘ αȞĲȓıĲȠȚȤȦȞ įİįȠȝȑȞȦȞ țαĲȐ ĲȘȞ İπαȞȐȜȘȥȘ İȞȩȢ πİȚȡȐȝαĲȠȢ țȐĲȦ 

απȩ ĲȚȢ ȓįȚİȢ πİȚȡαȝαĲȚțȑȢ ıυȞșȒțİȢ. ȈĲȘȞ πİȡȓπĲȦıȘ ĲȦȞ πİȚȡαȝȐĲȦȞ ĲȘȢ παȡȠȪıαȢ ǻ.Ǽ. αυĲȐ 

ȝπȠȡȠȪȞ Ȟα ıυȖțȡȚșȠȪȞ ȝİ ȕȐıȘ Ĳα φȐıȝαĲα πȠυ πȡȠțȪπĲȠυȞ απȩ țȐșİ αțĲȚȞȠȕȩȜȘıȘ ȝİ αțĲȓȞİȢ-

x. ȅ ȕαșȝȩȢ įȚαφȠȡȠπȠȓȘıȘȢ ĲȦȞ φαıȝȐĲȦȞ υπȩ ĲȚȢ ȓįȚİȢ ıυȞșȒțİȢ İȓȞαȚ ıȘȝαȞĲȚțȩȢ παȡȐȖȠȞĲαȢ 

αȕİȕαȚȩĲȘĲαȢ țαȚ πȡȑπİȚ Ȟα İȟİĲȐȗİĲαȚ, πȩıȠ ȝȐȜȜȠȞ πȠυ απȩ ĲȚȢ πȡȫĲİȢ ıυȖțȡȓıİȚȢ φȐȞȘțİ Ȟα 

υπȐȡȤİȚ įȚαφȠȡȠπȠȓȘıȘ. ȆİȚȡȐȝαĲα İπαȞαȜȘȥȚȝȩĲȘĲαȢ įİȞ İȓȤαȞ πȡαȖȝαĲȠπȠȚȘșİȓ ıİ 

πȡȠȘȖȠȪȝİȞİȢ ǻ.Ǽ. ȖȚα ĲȚȢ αȞαȜȪıİȚȢ įİȚȖȝȐĲȦȞ πȡȑıαȢ, ĲȠυȜȐȤȚıĲȠȞ ıİ ȕαșȝȩ πȠυ Ȟα ȕȠȘșȐ ĲȘȞ 

İȟαȖȦȖȒ ıυȝπİȡαıȝȐĲȦȞ.  

 ΓȚα Ȟα țαȜυφșİȓ αυĲȩ ĲȠ țİȞȩ αȜȜȐ țαȚ ȖȚα Ȟα ȝİȜİĲȘșİȓ Ș İπαȞαȜȘȥȚȝȩĲȘĲα ĲȦȞ 

φαıȝȐĲȦȞ ĲȦȞ įİȚȖȝȐĲȦȞ πȠυ παȡαıțİυȐıșȘțαȞ ȝİ ĲȘ ȞȑȠ-İȚıαȖȩȝİȞȘ ıĲȠ ǼȆȉ ȝȑșȠįo ıȪȞĲȘȟȘȢ 

ȜȒφșȘıαȞ 4 φȐıȝαĲα αțĲȓȞȦȞ-x ȤȡȘıȚȝȠπȠȚȫȞĲαȢ ĲȠ ȓįȚȠ įİȓȖȝα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ (įȚıțȓȠ 

ıȪȞĲȘȟȘȢ Ȓ pellet) țȐĲȦ απȩ ĲȚȢ ȓįȚİȢ πİȚȡαȝαĲȚțȑȢ ıυȞșȒțİȢ (ıİȞȐȡȚα αțĲȚȞȠȕȩȜȘıȘȢ). ȉα 4 αυĲȐ 

φȐıȝαĲα αȞĲȚıĲȠȚȤȠȪȞ ıİ πİȡȚıĲȡȠφȒ ĲȠυ įȚıțȓȠυ ıȪȞĲȘȟȘȢ Ȓ pellet țαĲȐ 90Ƞ
 ȫıĲİ țȐșİ φȠȡȐ ıİ 
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ȠȡȚıȝȑȞȠ ıȘȝİȓȠ ĲȘȢ ȕȐıȘȢ ıĲȒȡȚȟȘȢ Ȟα ȕȡȓıțİĲαȚ ȑȞα απȩ ıȘȝİȓα ǹ,Ǻ,C,D ĲȠυ įȚıțȓȠυ Ȓ ĲȠυ 

pellet.. ȈĲȠ ȈȤȒȝα 6.1 φαȓȞȠȞĲαȚ ȠȚ 4 șȑıİȚȢ ǹ,Ǻ,C,D ıȘȝİȚȦȝȑȞİȢ πȐȞȦ ıĲȠ įİȓȖȝα. . 

ΓȚα ȠȡȚıȝȑȞİȢ πİȡȚπĲȫıİȚȢ ȜȒφșȘıαȞ țαȚ φȐıȝαĲα ȝİ ĲȠ įȚıțȓȠ Ȟα ĲȠπȠșİĲİȓĲαȚ ȝİ ĲȘȞ πȓıȦ 

πȜİυȡȐ ĲȘȢ İπȚφȐȞİȚαȢ πȡȠȢ ĲȠȞ αȞȚȤȞİυĲȒ. ȈυȞȠȜȚțȐ ȜȒφșȘıαȞ πİȡȓ Ĳα 200 φȐıȝαĲα. ȈĲα 

ΓȡαφȒȝαĲα 6.15 α,ȕ παȡȠυıȚȐȗȠȞĲαȚ ıυȖțȡȚĲȚțȐ Ĳα φȐıȝαĲα ĲȠυ ȓįȚȠυ įİȓȖȝαĲȠȢ ıȪȞĲȘȟȘȢ 

ıĲȡαȝȝȑȞȠυ υπȩ įȚαφȠȡİĲȚțȑȢ ȖȦȞȓİȢ. ǹȞĲȓıĲȠȚȤα ıĲα ΓȡαφȒȝαĲα 6.16 α,ȕ  παȡȠυıȚȐȗȠȞĲαȚ 

ıυȖțȡȚĲȚțȐ Ĳα φȐıȝαĲα ĲȠυ ȓįȚȠυ įİȓȖȝαĲȠȢ pellet ıĲȡαȝȝȑȞȠυ υπȩ įȚαφȠȡİĲȚțȑȢ ȖȦȞȓİȢ.  

 

ΣƷƞƬα 6.1 ΓƹƭƩαƪƝƲ ƨƝƳεƩƲ A,B,C,D ƫƞƸƧƲ ƶαƳƬƜƴƹƭ γƩα ưεƩƱƜƬαƴα εưαƭαƫƧƸƩƬόƴƧƴαƲ 

ΌπȦȢ πȡȠțȪπĲİȚ απȩ Ĳα παȡαπȐȞȦ ıυȖțȡȚĲȚțȐ ȖȡαφȒȝαĲα, ȖȚα țȐșİ įİȓȖȝα ȑȞα ıĲα 4 φȐıȝαĲα 

παȡȠυıȚȐȗİȚ įȚαφȠȡȠπȠȓȘıȘ ıĲȘȞ İπȚφȐȞİȚα ĲȦȞ φȦĲȠțȠȡυφȫȞ ıİ ıȤȑıȘ ȝİ Ĳα υπȩȜȠȚπα. ǹυĲȩ ĲȠ 

φαȚȞȩȝİȞȠ παȡαĲȘȡȒșȘțİ ıĲα πİȡȚııȩĲİȡα įİȓȖȝαĲα ıȪȞĲȘȟȘȢ ȖȚα Ĳα ȠπȠȓα İțĲİȜȑıĲȘțαȞ 

İπαȞαȜαȝȕαȞȩȝİȞα πİȚȡȐȝαĲα țȐĲȦ απȩ ĲȚȢ ȓįȚİȢ πİȚȡαȝαĲȚțȑȢ ıυȞșȒțİȢ. Ǿ įȚαφȠȡȠπȠȓȘıȘ αυĲȒ 

įİȞ ȒĲαȞ įυȞαĲȩ Ȟα απȠįȠșİȓ ıİ ıυȖțİțȡȚȝȑȞα αȚĲȓα -πȚșαȞȫȢ Ȟα ȠφİȓȜİĲαȚ ıİ ıȘȝİȓα 

αȞȠȝȠȚȠȖȑȞİȚαȢ ĲȦȞ įİȚȖȝȐĲȦȞ. ΌȝȦȢ ȠįȒȖȘıİ ıĲȠ ıυȝπȑȡαıȝα πȦȢ ȖȚα ĲȘȞ αȞȐȜυıȘ İȞȩȢ 

įİȓȖȝαĲȠȢ țαȜȩ İȓȞαȚ Ȟα ȜȘφșȠȪȞ φȐıȝαĲα ıİ įȚαφȠȡİĲȚțȑȢ ȖȦȞȓİȢ ȖȚα ĲȘ ȕİȜĲȓȦıȘ ĲȘȢ 

ıĲαĲȚıĲȚțȒȢ. ΌıȠȞ αφȠȡȐ ıĲȘȞ πİȡȓπĲȦıȘ ĲȦȞ įİȚȖȝȐĲȦȞ πȡȑıαȢ φȐȞȘțİ Ȟα υπȐȡȤİȚ ȝȚțȡȩĲİȡȘ 

įȚαφȠȡȠπȠȓȘıȘ ĲȦȞ φαıȝȐĲȦȞ țαĲȐ ĲȘȞ İπαȞȐȜȘȥȘ İȞȩȢ πİȚȡȐȝαĲȠȢ ȠπȩĲİ țαȚ ıİ αυĲȒ ĲȘȞ 

πİȡȓπĲȦıȘ πȡȠĲİȓȞİĲαȚ Ș ȜȒȥȘ πİȡȚııȩĲİȡȦȞ φαıȝȐĲȦȞ ıİ įȚαφȠȡİĲȚțȑȢ ȖȦȞȓİȢ ĲȠυ ȓįȚȠυ 

įİȓȖȝαĲȠȢ. ǺȑȕαȚα ȖȚα ĲȘȞ İȟαȖȦȖȒ ıυȝπİȡαıȝȐĲȦȞ șα πȡȑπİȚ Ȟα ıυȖțȡȚșȠȪȞ Ĳα απȠĲİȜȑıȝαĲα ĲȘȢ 

πȠıȠĲȚțȒȢ αȞȐȜυıȘȢ ĲȦȞ φαıȝȐĲȦȞ İπαȞαȜȘȥȚȝȩĲȘĲαȢ țαșȫȢ παȡαĲȘȡȒșȘțİ ȩĲȚ ıĲα φȐıȝαĲα πȠυ 

παȡȠυıȓαȗαȞ įȚαφȠȡȠπȠȓȘıȘ ıĲȘȞ İπȚφȐȞİȚα ĲȦȞ φȦĲȠțȠȡυφȫȞ παȡαĲȘȡȒșȘțİ įȚαφȠȡȠπȠȓȘıȘ țαȚ 

ıĲȠ υπȩıĲȡȦȝα. Ǿ ıȪȖțȡȚıȘ αυĲȒ șα ȖȓȞİȚ ıĲȚȢ αȞĲȓıĲȠȚȤİȢ παȡαȖȡȐφȠυȢ ĲȠυ țİφαȜαȓȠυ αυĲȠȪ.  
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6.5  ǼπȓįȡαıȘ ĲȘȢ șİȡȝȠțȡαıȓαȢ ȝȘȤαȞȒȢ αțĲȓȞȦȞ Χ ıĲα ȜȘφșȑȞĲα φȐıȝαĲα 

ΈπİȚĲα απȩ ĲȘȞ παȡαĲȒȡȘıȘ αυĲȒȢ ĲȘȢ įȚαφȠȡȠπȠȓȘıȘȢ ȝİĲαȟȪ φαıȝȐĲȦȞ πȠυ ȑȤȠυȞ ȜȘφșİȓ țȐĲȦ 

απȩ ĲȚȢ ȓįȚİȢ πİȚȡαȝαĲȚțȑȢ ıυȞșȒțİȢ, ȑȖȚȞİ πȡȠıπȐșİȚα ȖȚα ĲȠȞ İȞĲȠπȚıȝȩ πȚșαȞȫȞ παȡαȖȩȞĲȦȞ πȠυ 

ȝπȠȡİȓ Ȟα ȠįȘȖȠȪȞ ıĲȚȢ įȚαφȠȡȑȢ αυĲȑȢ. ΈȞαȢ παȡȐȖȠȞĲαȢ πȠυ İȓȤİ απαıȤȠȜȒıİȚ țαȚ παȜαȚȩĲİȡİȢ 

ǻ.Ǽ. ȤȦȡȓȢ ȩȝȦȢ Ȟα ȑȤİȚ įȚİȡİυȞȘșİȓ ıυıĲȘȝαĲȚțȐ, İȓȞαȚ Ș İπȓįȡαıȘ πȠυ ȑȤİȚ Ș șİȡȝȠțȡαıȓα ĲȘȢ 

ȝȘȤαȞȒȢ αțĲȓȞȦȞ-x ıĲȘ įȑıȝȘ αțĲȓȞȦȞ-x πȠυ αțĲȚȞȠȕȠȜİȓ ĲȠ įİȓȖȝα, țαȚ țαĲ’ İπȑțĲαıȘ, ıĲȠ 

ȜȘφșȑȞ φȐıȝα αțĲȓȞȦȞ Χ. Ǿ șİȡȝȠțȡαıȓα ĲȘȢ ȝȘȤαȞȒȢ αțĲȓȞȦȞ-x αυȟȐȞİĲαȚ țαĲȐ ĲȘ įȚȐȡțİȚα ĲȘȢ 

ȜİȚĲȠυȡȖȓαȢ ĲȘȢ. Ǿ șİȡȝȠțȡαıȓα ĲȘȢ ȝȘȤαȞȒȢ παȡαțȠȜȠυșİȓĲαȚ ıυȞİȤȫȢ  țαĲȐ ĲȘ įȚȐȡțİȚα ĲȘȢ 

αȞȐȜυıȘȢ XRF, ȝȑıȦ șİȡȝȠıĲȠȚȤİȓȠυ ĲȪπȠυ Ȁ ĲȠ ȠπȠȓȠ İȓȤİ ĲȠπȠșİĲȘșİȓ ıĲȘȞ İπȚφȐȞİȚα ĲȘȢ 

ȝȘȤαȞȒȢ țαȚ İȓȞαȚ ıυȞįİįİȝȑȞȠ ȝİ ȘȜİțĲȡȠȞȚțȩ șİȡȝȩȝİĲȡȠ. ȉȠ İȪȡȠȢ șİȡȝȠțȡαıȚȫȞ ıĲȠ ȠπȠȓȠ 

πȡαȖȝαĲȠπȠȚİȓĲȠ Ș αțĲȚȞȠȕȩȜȘıȘ, ȖȚα ȜȩȖȠυȢ įȚȐȡțİȚαȢ ȗȦȒȢ ĲȘȢ ȝȘȤαȞȒȢ, ȒĲαȞ απȩ 23Ƞ
C ȑȦȢ 

30
Ƞ
C. ΈĲıȚ αȡțİĲȑȢ φȠȡȑȢ, υπȒȡȤİ Ș αȞȐȖțȘ Ȟα ȖȓȞȠȞĲαȚ įȚαȜȜİȓȝαĲα ȖȚα Ȟα ȝȘȞ İπȚȕαȡȪȞİĲαȚ 

șİȡȝȠțȡαıȚαțȐ Ș ȝȘȤαȞȒ αțĲȓȞȦȞ-x. ΓȚα Ȟα įȚİυțȠȜȪȞİĲαȚ Ș απαȖȦȖȒ șİȡȝȩĲȘĲαȢ ıĲȠ ȤȫȡȠ πȠυ 

İȓȞαȚ Ș ȝȘȤαȞȒ αțĲȓȞȦȞ-x υπȐȡȤİȚ αȞİȝȚıĲȒȡαȢ πȠυ ĲȓșİĲαȚ ıİ ȜİȚĲȠυȡȖȓα ȩĲαȞ țȡȓȞİĲαȚ 

απαȡαȓĲȘĲȘ Ș αȞȐįİυıȘ ĲȠυ αȑȡα. ȈȘȝİȚȫȞİĲαȚ ȩĲȚ ȜȩȖȦ ĲȦȞ țαȚȡȚțȫȞ ıυȞșȘțȫȞ (υȥȘȜȑȢ 

șİȡȝȠțȡαıȓİȢ) ĲȠ ȝİȖαȜȪĲİȡȠ įȚȐıĲȘȝα Ƞ ȤȫȡȠȢ țȜȚȝαĲȓȗȠȞĲαȞ.   

ǹȝȑıȦȢ ȝİĲȐ ĲȘȞ παȡαĲȒȡȘıȘ ĲȘȢ πȡȠαȞαφİȡșİȓıαȢ įȚαφȠȡȠπȠȓȘıȘȢ ıĲα φȐıȝαĲα ȐȡȤȚıİ Ș 

țαĲαȖȡαφȒ ȝαȗȓ ȝİ ĲȠυȢ ȐȜȜȠυȢ πİȚȡαȝαĲȚțȠȪȢ παȡȐȖȠȞĲİȢ (ĲȐıȘ țαȚ ȑȞĲαıȘ ȝȘȤαȞȒȢ αțĲȓȞȦȞ-x) 

țαȚ Ș αȡȤȚțȒ șİȡȝȠțȡαıȓα ĲȘȢ ȝȘȤαȞȒȢ πȡȚȞ ĲȘȞ ȑȞαȡȟȘ ȜȒȥȘȢ țȐșİ φȐıȝαĲȠȢ. ǼπȓıȘȢ ıİ 

ȠȡȚıȝȑȞİȢ πİȡȚπĲȫıİȚȢ ȜȒφșȘțαȞ φȐıȝαĲα ĲȠυ ȓįȚȠυ įİȓȖȝαĲȠȢ ȖȚα ĲȠ ȓįȚȠ ıİȞȐȡȚȠ αțĲȚȞȠȕȩȜȘıȘȢ 

(ȓįȚα ĲȐıȘ țαȚ ȑȞĲαıȘ ȡİȪȝαĲȠȢ ĲȘȢ ȝȘȤαȞȒȢ αțĲȓȞȦȞ-x) ȝİ İțțȓȞȘıȘ ıİ įȚαφȠȡİĲȚțȑȢ (αȚıșȘĲȐ) 

șİȡȝȠțȡαıȓİȢ. ȆȑȡαȞ ĲȘȢ șİȡȝȠțȡαıȓαȢ ĲȘȢ ȝȘȤαȞȒȢ įİȞ ȝİĲαȕȜȒșȘțİ țαȝȓα απȩ ĲȚȢ υπȩȜȠȚπİȢ 

πİȚȡαȝαĲȚțȑȢ ıυȞșȒțİȢ, ȫıĲİ Ȟα απȠțȜİȚıĲİȓ Ș İπȓįȡαıȘ ȐȜȜȦȞ ȝİĲαȕȜȘĲȫȞ.  ȈĲα ΓȡαφȒȝαĲα 6.17 

țαȚ 6.18 φαȓȞİĲαȚ İȞįİȚțĲȚțȐ Ș ıȪȖțȡȚıȘ φαıȝȐĲȦȞ πȠυ ȜȒφșȘțαȞ υπȩ įȚαφȠȡİĲȚțȑȢ 

șİȡȝȠțȡαıȚαțȑȢ ıυȞșȒțİȢ.   

ΌπȦȢ φαȓȞİĲαȚ απȩ αυĲȐ Ĳα ȖȡαφȒȝαĲα įİȞ παȡαĲȘȡȒșȘțİ İȝφαȞȒȢ įȚαφȠȡȠπȠȓȘıȘ ȝİĲαȟȪ ĲȦȞ 

φαıȝȐĲȦȞ ȓįȚȠυ įİȓȖȝαĲȠȢ, παȡȐ ĲȘȞ įȚαφȠȡİĲȚțȒ ĲȚȝȒ șİȡȝȠțȡαıȓαȢ ĲȘȢ ȝȘȤαȞȒȢ αțĲȓȞȦȞ-x. 

ȈυȞİπȫȢ, įİȞ ȝπȠȡİȓ Ȟα απȠįȠșİȓ ıĲȘȞ șİȡȝȠțȡαıȓα ĲȘȢ ȝȘȤαȞȒȢ αțĲȓȞȦȞ-x Ș įȚαφȠȡȠπȠȓȘıȘ ĲȦȞ 

φȦĲȠțȠȡυφȫȞ țαĲȐ ĲȘȞ İπαȞȐȜȘȥȘ αȞαȜȪıİȦȞ įİȚȖȝȐĲȦȞ ıĲȡαȝȝȑȞȦȞ υπȩ įȚαφȠȡİĲȚțȒ ȖȦȞȓα 

πȠυ πİȡȚȖȡȐφȘțİ ıĲȘȞ παȡ. 6.4.  ȆȐȞĲȦȢ Ș țαĲαȖȡαφȒ ĲȘȢ șİȡȝȠțȡαıȓαȢ ĲȘȢ ȝȘȤαȞȒȢ αțĲȓȞȦȞ-x 

ıυȞİȤȓıĲȘțİ ıĲȠ İȟȒȢ ȖȚα ȜȩȖȠυȢ πȜȘȡȩĲȘĲαȢ țαȚ ȝİȜȜȠȞĲȚțȒȢ ȑȡİυȞαȢ. 
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6.6  ȊπȩıĲȡȦȝα φαıȝȐĲȦȞ ĲȘȢ πİȚȡαȝαĲȚțȒȢ įȚȐĲαȟȘȢ XRF ĲȠυ ǼȆȉ-ǼȂȆ 

 ȈĲȘ ıȪȖțȡȚıȘ ĲȦȞ φαıȝȐĲȦȞ αȞȐȜυıȘȢ ȝİ XRF ĲȦȞ įİȚȖȝȐĲȦȞ πȠυ παȡαıțİυȐȗȠȞĲαȚ ȝİ 

ıȪȞĲȘȟȘ ıİ ıȤȑıȘ ȝİ αυĲȐ πȠυ παȡαıțİυȐıĲȘțαȞ ȝİ πȡȑıα πȡȑπİȚ Ȟα ȜαȝȕȐȞİĲαȚ υπȩȥȘ țαȚ ĲȠ 

υπȩıĲȡȦȝα ıĲȚȢ įȪȠ πİȡȚπĲȫıİȚȢ. ΈĲıȚ παȡαıțİυȐıĲȘțİ įİȓȖȝα ıȪȞĲȘȟȘȢ ȝȩȞȠ ȝİ ȕȠȡȚțȐ ȐȜαĲα 

(KBLANK1) țαȚ įİȓȖȝα πȡȑıαȢ ȝȩȞȠ ȝİ țυĲĲαȡȓȞȘ (BINDER2016). ȉα φȐıȝαĲα πȠυ πȡȠȑțυȥαȞ 

απȩ ĲȘȞ αȞȐȜυıȘ ȝİ XRF țαȚ ĲȦȞ įȪȠ παȡαπȐȞȦ įİȚȖȝȐĲȦȞ ȠįȒȖȘıİ ıĲȘȞ παȡαĲȒȡȘıȘ ȩĲȚ țαȚ ıĲα 

įȪȠ φȐıȝαĲα İȝφαȞȓȗȠȞĲαȞ ȝȚα φȦĲȠțȠȡυφȒ ıĲȘȞ ȤαȡαțĲȘȡȚıĲȚțȒ İȞȑȡȖİȚα 24.2 keV Ș ȠπȠȓα 

απȠįȩșȘțİ ıĲȘȞ Ȁα ĲȠυ In, ȕȜ. ΓȡȐφȘȝα 6.19 α & ȕ. Ǿ φȦĲȠțȠȡυφȒ αυĲȒ İȓȤİ παȡαĲȘȡȘșİȓ țαȚ ıİ 

πȡȠȘȖȠȪȝİȞİȢ İȡȖαıȓİȢ țαȚ İȓȤİ πȚșαȞȠȜȠȖȘșİȓ ȩĲȚ πȡȠȑȡȤȠȞĲαȞ απȩ πȡȠıȝȓȟİȚȢ ıĲȠ țυȐșȚȠ ĲȦȞ 

įİȚȖȝȐĲȦȞ πȡȑıαȢ. ȀαșȫȢ ȩȝȦȢ İȝφαȞȓȗİĲαȚ țαȚ ıĲα φȐıȝαĲα ĲȦȞ įİȚȖȝȐĲȦȞ ıȪȞĲȘȟȘȢ (įİȞ ȑȤȠυȞ 

țυȐșȚȠ) Ș İȟȒȖȘıȘ αυĲȒ ĲȑșȘțİ ıİ αȝφȚȕȠȜȓα.  

 ΓȚα ĲȘȞ πİȡαȚĲȑȡȦ įȚİȡİȪȞȘıȘ παȡαıțİυȐıșȘțİ İȚįȚțȩ įİȓȖȝα πȡȑıαȢ απȩ ıυȞįİĲȚțȩ υȜȚțȩ 

ȝȠȞȐȤα, ȤȦȡȓȢ țυȐșȚȠ (BINDER2016N), ĲȠ ȠπȠȓȠ ıĲȘ ıυȞȑȤİȚα αȞαȜȪșȘțİ țαȚ παȡαĲȘȡȒșȘțİ țαȚ 

πȐȜȚ Ș İȝφȐȞȚıȘ ĲȘȢ φȦĲȠțȠȡυφȒȢ ĲȠυ In, ȕȜ. ΓȡȐφȘȝα 6.20. ΈĲıȚ, Ș πȡȠıȠȤȒ ıĲȡȐφȘțİ ıĲȘȞ 

πİȚȡαȝαĲȚțȒ įȚȐĲαȟȘ țαȚ ıĲȚȢ ıυȞȚıĲȫıİȢ πȠυ ȑȤȠυȞ πȡȠıĲİșİȓ απȩ İȝȐȢ. ǹȡȤȚțȐ įȚİȡİυȞȒșȘțİ αȞ 

Ș ȪπαȡȟȘ In ȝπȠȡİȓ Ȟα ȠφİȓȜİĲαȚ ıĲȠȞ țαĲİυșυȞĲȒȡα įȑıȝȘȢ ĲȘȢ įȚȐĲαȟȘȢ ȝİ İțĲȑȜİıȘ πİȚȡαȝȐĲȦȞ 

ȤȦȡȓȢ ĲȠȞ țαĲİυșυȞĲȒȡα įȑıȝȘȢ țαȚ αțĲȚȞȠȕȩȜȘıȘ ıĲα 50 kV. ȆαȡȐ ĲαȪĲα, παȡαĲȘȡȒșȘțİ țαȚ ıİ 

αυĲȒ ĲȘȞ πİȡȓπĲȦıȘ Ș İȝφȐȞȚıȘ ĲȘȢ φȦĲȠțȠȡυφȒȢ ĲȠυ In ıĲȠ φȐıȝα. ȂİĲȐ απȩ αυĲȐ Ĳα 

πİȚȡȐȝαĲα Ș ȪπαȡȟȘ ĲȘȢ φȦĲȠțȠȡυφȒȢ απȠįȩșȘțİ ıİ țȐπȠȚȠ απȩ Ĳα υȜȚțȐ ĲȘȢ ȝȘȤαȞȒȢ αțĲȓȞȦȞ-x. 

  ȉα παȡαπȐȞȦ πİȚȡȐȝαĲα ȑįİȚȟαȞ ȩĲȚ Ĳα ȕȠȡȚțȐ ȐȜαĲα įİȞ įȘȝȚȠυȡȖȠȪȞ φȦĲȠțȠȡυφȑȢ sĲȠ 

υπȩıĲȡȦȝα, ĲȚ ȖȓȞİĲαȚ ȩȝȦȢ ȝİ Ĳα non-wetting agents πȠυ ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ ıĲȘ ıȪȞĲȘȟȘ; ȈĲȚȢ 

παȡαıțİυȑȢ įİȚȖȝȐĲȦȞ ıȪȞĲȘȟȘȢ ıĲȘȞ παȡȠȪıα ǻ.Ǽ. ȤȡȘıȚȝȠπȠȚȒșȘțİ țυȡȓȦȢ ȦȢ non wetting 

agent ĲȠ  LiI. ȉȠ LiI, İȓȤİ πȡȠȝȘșİυĲİȓ ĲȠ ǼȆȉ – ǼȂȆ ȝαȗȓ ȝİ ĲȘ ıυıțİυȒ KATANAX Ȁ1 Prime 

țαșȫȢ απȩ Ĳα ıυıĲαĲȚțȐ ĲȠυ ĲȠ Li ȑȤİȚ ȤαȝȘȜȑȢ ȤαȡαțĲȘȡȚıĲȚțȑȢ İȞȑȡȖİȚİȢ (KαLi: 0.0543 keV) πȠυ 

įİȞ αȞȚȤȞİȪȠȞĲαȚ ıĲȠ πİȡȚȕȐȜȜȠȞ αĲȝȠıφαȚȡȚțȠȪ αȑȡα ĲȘȢ įȚȐĲαȟȘȢ XRF πȠυ ȤȡȘıȚȝȠπȠȚİȓ ĲȠ 

ǼȆȉ-ǼȂȆ. ǹπȩ ĲȘȞ ȐȜȜȘ, ĲȠ ǿ İțπȑȝπİȚ ĲȚȢ ȤαȡαțĲȘȡȚıĲȚțȑȢ ĲȠυ ıİ ȑȞα İȞİȡȖİȚαțȩ İπȓπİįȠ ıĲȠ 

φȐıȝα (KαI: 28.612 keV) ıĲȠ ȠπȠȓȠ ıυȞȒșȦȢ įİȞ ȑȤȠυȝİ ıȘȝαȞĲȚțȒ πȜȘȡȠφȠȡȓα ȖȚα įİȓȖȝαĲα 

πİȡȚȕαȜȜȠȞĲȚțȒȢ πȡȠȑȜİυıȘȢ, ȫıĲİ Ȟα įȚαıĲȡİȕȜȦșȠȪȞ Ĳα απȠĲİȜȑıȝαĲα ĲȠυ πİȚȡȐȝαĲȠȢ. 

ǼπȚπȜȑȠȞ, ȩπȦȢ πİȡȚȖȡȐφȘțİ țαȚ ıĲȘȞ παȡ. 4.3.4, ȑȤȠυȝİ απȫȜİȚα ȜȩȖȦ İȟȐĲȝȚıȘȢ ĲȠυ LiI ıĲȚȢ 

υȥȘȜȑȢ șİȡȝȠțȡαıȓİȢ πȠυ İπȚțȡαĲȠȪȞ țαĲȐ ĲȘ ıȪȞĲȘȟȘ, țȐĲȚ ĲȠ ȠπȠȓȠ İπȚȕİȕαȚȫȞİĲαȚ țαȚ απȩ Ĳα 

φȐıȝαĲα αțĲȓȞȦȞ Χ ĲȦȞ įİȚȖȝȐĲȦȞ ıȪȞĲȘȟȘȢ, țαșȫȢ Ș φȦĲȠțȠȡυφȒ ĲȠυ I ıĲȚȢ πİȡȚııȩĲİȡİȢ 

πİȡȚπĲȫıİȚȢ įİȞ αȞȚȤȞİȪİĲαȚ țαșȩȜȠυ, İȞȫ ıπȐȞȚα İȓȞαȚ ȠȡȚαțȐ αȞȚȤȞİȪıȚȝȘ, ȩπȦȢ φαȓȞİĲαȚ ıĲȠ 

ΓȡȐφȘȝα 6.21. 

 ȈĲȘȞ παȡ. 4.3.4 αȞαφȑȡșȘțİ Ș ȤȡȒıȘ LiBr ȦȢ non-wetting agent,  ȖȚα  įȚİυțȩȜυȞıȘ ĲȘȢ 

įȚȠȤȑĲİυıȘȢ ĲȠυ ĲȒȖȝαĲȠȢ ıĲȠ țαȜȠȪπȚ țαȚ Ȟα ȝȘȞ ȝȑȞȠυȞ υπȠȜİȓȝȝαĲα ıĲȠ ȤȦȞİυĲȒȡȚȠ. Ǿ ȤȡȒıȘ 
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ȩȝȦȢ LiBr įȘȝȚȠυȡȖİȓ țαĲȐ ĲȘȞ αțĲȚȞȠȕȩȜȘıȘ ȝİ αțĲȓȞİȢ-x ĲȘ φȦĲȠțȠȡυφȒ ĲȠυ Br ȝİ 

ȤαȡαțĲȘȡȚıĲȚțȒ İȞȑȡȖİȚα Kα 11.924 keV. ΓȚα αυĲȩ ĲȠ ȜȩȖȠ țαȚ İȓȤİ İπȚȜİȖİȓ ĲȠ LiI. ȆȡȐȖȝαĲȚ ıĲα 

φȐıȝαĲα įİȓȖȝαĲȠȢ πȠυ πİȡȚȑȤİȚ ȝȩȞȠ ȕȠȡȚțȐ ȐȜαĲα țαȚ LiBr πȠυ αȞαȜȪșȘțİ ȖȚα ȜȩȖȠυȢ 

ıȪȖțȡȚıȘȢ, φαȓȞȠȞĲαȚ ȠȚ ȑȞĲȠȞİȢ φȦĲȠțȠȡυφȑȢ ĲȠυ Br Ȟα İȓȞαȚ Ȑȝİıα αȞȚȤȞİȪıȚȝİȢ ıĲȠ φȐıȝα 

αțĲȓȞȦȞ-x, ȕȜ. ȈȤȒȝα 6.22. Ǿ ȪπαȡȟȘ ĲȘȢ φȦĲȠțȠȡυφȒȢ ĲȠυ Br ȕȡȓıțİĲαȚ ıİ πİȡȚȠȤȒ İȞİȡȖİȚȫȞ 

πȠυ İțπȑȝπȠυȞ ĲȚȢ ȤαȡαțĲȘȡȚıĲȚțȑȢ ĲȠυȢ İȞȑȡȖİȚİȢ ıĲȠȚȤİȓα ıȘȝαȞĲȚțȐ ȖȚα ĲȚȢ αȞαȜȪıİȚȢ įİȚȖȝȐĲȦȞ 

ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ȩπȦȢ Ga, Ge, As, Rb, Sr. ǼπȠȝȑȞȦȢ, Ș ȤȡȒıȘ LiBr ıυȞȓıĲαĲαȚ Ȟα απȠφİȪȖİĲαȚ 

ȩĲαȞ ȝαȢ İȞįȚαφȑȡİȚ Ș αȞȓȤȞİυıȘ ıĲȠȚȤİȓȦȞ ĲȦȞ ȠπȠȓȦȞ ȠȚ ȤαȡαțĲȘȡȚıĲȚțȑȢ İțπȑȝπȠυȞ ıİ ĲȚȝȑȢ 

İȞȑȡȖİȚαȢ απȩ 10 ȑȦȢ 15 keV. ǹȞĲȓșİĲα, Ș ȤȡȒıȘ ĲȠυ LiI ȦȢ non wetting agent, παȡȩĲȚ ȜȚȖȩĲİȡȠ 

απȠĲİȜİıȝαĲȚțȩ απȩ ĲȠ LiBr țαĲȐ ĲȘ įȚαįȚțαıȓα ĲȘȢ ıȪȞĲȘȟȘȢ, įȓȞİȚ țαȜȪĲİȡȠ απȠĲȑȜİıȝα 

φαıȝȐĲȦȞ, țαșȫȢ ĲȠ I įİȞ İȝφαȞȓȗİȚ φȦĲȠțȠȡυφȒ  ıĲȠ φȐıȝα πȠυ ȜαȝȕȐȞȠυȝİ.  

 

6.7 ȈυȝπİȡȐıȝαĲα απȩ ĲȘȞ πȠȚȠĲȚțȒ ıȪȖțȡȚıȘ ĲȦȞ φαıȝȐĲȦȞ įİȚȖȝȐĲȦȞ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ 

απȩ ıȪȞĲȘȟȘ ȝİ φȐıȝαĲα ĲȦȞ įİȚȖȝȐĲȦȞ pellets  

 ΌπȦȢ φȐȞȘțİ ıĲȚȢ πȡȠȘȖȠȪȝİȞİȢ παȡαȖȡȐφȠυȢ ȖȚα ĲȘ ıȪȖțȡȚıȘ ĲȦȞ φαıȝȐĲȦȞ ĲȦȞ 

įİȚȖȝȐĲȦȞ πȠυ παȡαıțİυȐıșȘțαȞ ȝİ ıȪȞĲȘȟȘ ȝİ Ĳα φȐıȝαĲα ĲȦȞ įİȚȖȝȐĲȦȞ pellets ȜȒφșȘțİ 

πȜȒșȠȢ φαıȝȐĲȦȞ (πȐȞȦ απȩ 200 φȐıȝαĲα ıυȞȠȜȚțȐ) țαȚ ıȤİįȚȐıĲȘțαȞ αȡțİĲȐ ıυȖțȡȚĲȚțȐ  

ȖȡαφȒȝαĲα (ȕȜ. ΓȡαφȒȝαĲα 1-22 ıĲȠ ĲȑȜȠȢ ĲȠυ țİφ.6).  ȉα țυȡȚȩĲİȡα ıυȝπİȡȐıȝαĲα απȩ ĲȘȞ 

πȠȚȠĲȚțȒ ıȪȖțȡȚıȘ ıυȞȠȥȓȗȠȞĲαȚ παȡαțȐĲȦ:  

 Ǿ ȝİȚȦȝȑȞȘ πȠıȩĲȘĲα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ πȠυ πİȡȚȑȤİĲαȚ ıĲα įİȓȖȝαĲα ıȪȞĲȘȟȘȢ ıİ ıȤȑıȘ ȝİ 

αυĲȐ ĲȘȢ πȡȑıαȢ απȠįȓįİȚ φȦĲȠțȠȡυφȑȢ ȝȚțȡȩĲİȡȘȢ İπȚφȐȞİȚαȢ ıĲα φȐıȝαĲα αțĲȓȞȦȞ-x ȓįȚαȢ 

įȚȐȡțİȚαȢ țαȚ Ȑȡα İȞįİȤȩȝİȞȘ αįυȞαȝȓα αȞȓȤȞİυıȘȢ țȐπȠȚȦȞ απȩ Ĳα ıĲȠȚȤİȓα πȠυ πİȡȚȑȤȠȞĲαȚ 

ıĲȠ įİȓȖȝα. ΓȚα ĲȘȞ ȕİȜĲȓȦıȘ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ πȡȠĲİȓȞİĲαȚ Ș αȪȟȘıȘ ĲȠυ ȤȡȩȞȠυ 

įİȚȖȝαĲȠȜȘȥȓαȢ, țαșȫȢ țαȚ Ș παȡαıțİυȒ įİȚȖȝȐĲȦȞ ıȪȞĲȘȟȘȢ ȝİ ĲȘ ȝȑȖȚıĲȘ įυȞαĲȒ 

πİȡȚİțĲȚțȩĲȘĲα ıİ ıĲİȡİȐ Ƞυıȓα. 

 Ǿ αȪȟȘıȘ ĲȘȢ πȠıȩĲȘĲαȢ ĲȘȢ ıĲİȡİȐȢ ȠυıȓαȢ ıĲα įİȓȖȝαĲα ıȪȞĲȘȟȘȢ ȠįȘȖİȓ ıİ αȪȟȘıȘ ĲȘȢ 

İπȚφȐȞİȚαȢ ĲȦȞ φȦĲȠțȠȡυφȫȞ ĲȦȞ αȞȚȤȞİυȩȝİȞȦȞ ıĲȠȚȤİȓȦȞ țαȚ ȝİȓȦıȘ ĲȘȢ İπȚφȐȞİȚαȢ ĲȦȞ  

φȦĲȠțȠȡυφȫȞ πȠυ πȡȠȑȡȤȠȞĲαȚ απȩ ĲȘ ȝȘȤαȞȒ αțĲȓȞȦȞ Χ ĲȘȢ įȚȐĲαȟȘȢ XRF. ȉȠ απȠĲȑȜİıȝα 

αυĲȩ İȓȞαȚ İπȚșυȝȘĲȩ țαȚ απȠįȩșȘțİ ıĲȘȞ υπİȡȓıȤυıȘ ĲȠυ φαȚȞȠȝȑȞȠυ ĲȠυ φșȠȡȚıȝȠȪ ĲȦȞ 

αĲȩȝȦȞ ĲȘȢ ıĲİȡİȐȢ ȠυıȓαȢ ȑȞαȞĲȚ αυĲȠȪ ĲȦȞ İȜαıĲȚțȫȞ ıțİįȐıİȦȞ ĲȘȢ įȚİȖİȓȡȠυıαȢ 

αțĲȚȞȠȕȠȜȓαȢ, țαșȫȢ Ș πȠıȩĲȘĲα ĲȘȢ ıĲİȡİȐȢ ȠυıȓαȢ țαȚ Ȑȡα ĲȠ πȜȒșȠȢ ĲȦȞ αĲȩȝȦȞ 

αυȟȐȞİĲαȚ. 

 ǻȚαπȚıĲȫșȘțİ ȩĲȚ İȓȞαȚ İφȚțĲȩ Ĳα įİȓȖȝαĲα ıȪȞĲȘȟȘȢ Ȟα įȓȞȠυȞ φȦĲȠțȠȡυφȑȢ παȡαπȜȒıȚαȢ 

İπȚφȐȞİȚαȢ ȝİ αυĲȐ ĲȘȢ πȡȑıαȢ, ȩĲαȞ ȑȤȠυȞ αυȟȘȝȑȞȘ ıυȖțȑȞĲȡȦıȘ ıĲİȡİȐȢ ȠυıȓαȢ țαȚ 
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αυȟȘȝȑȞȠ ȤȡȩȞȠ įİȚȖȝαĲȠȜȘȥȓαȢ. ǹυĲȩ İȓȞαȚ πȠȜȪ ıȘȝαȞĲȚțȩ țαșȫȢ ȝİ ĲȘȞ ĲİȤȞȚțȒ ĲȘȢ 

ıȪȞĲȘȟȘȢ ȝπȠȡİȓ Ȟα αȞαȜȪȠȞĲαȚ įİȓȖȝαĲα  αȚıșȘĲȐ ȝȚțȡȩĲİȡȘȢ ȝȐȗαȢ, αυȟȘȝȑȞȘȢ αȞĲȠȤȒȢ țαȚ 

ȝαțȡȠȗȦȓαȢ ıİ ıȤȑıȘ ȝİ αυĲȐ ĲȘȢ πȡȑıαȢ, Ĳα ȠπȠȓα įİȞ įȚαĲȡȑȤȠυȞ țαȚ ĲȠȞ țȓȞįυȞȠ ȡȪπαȞıȘȢ 

ĲȠυ αȞȚȤȞİυĲȒ SiLi ĲȘȢ įȚȐĲαȟȘȢ XRF.  

 Ǿ İπȚȜȠȖȒ ĲȠυ ıİȞαȡȓȠυ αțĲȚȞȠȕȩȜȘıȘȢ απȠĲİȜİȓ ıȘȝαȞĲȚțȩ παȡȐȖȠȞĲα ȖȚα ĲȘȞ ȚțαȞȠπȠȚȘĲȚțȒ 

αȞȓȤȞİυıȘ ȠȡȚıȝȑȞȦȞ ȤȘȝȚțȫȞ ıĲȠȚȤİȓȦȞ. ΓİȞȚțȐ, ıİȞȐȡȚα αțĲȚȞȠȕȩȜȘıȘȢ ȝİ ȤαȝȘȜȒ ĲȐıȘ ıĲȘ 

ȝȘȤαȞȒ αțĲȓȞȦȞ-x (15kV) πȡȠĲȚȝȒșȘțαȞ țαĲȐ ĲȘȞ İȟȑĲαıȘ İȞȩȢ įİȓȖȝαĲȠȢ ȖȚα ıĲȠȚȤİȓα 

ȤαȝȘȜȠȪ ȝαȗȚțȠȪ αȡȚșȝȠȪ, İȞȫ ȖȚα ıĲȠȚȤİȓα υȥȘȜȩĲİȡȠυ ȝαȗȚțȠȪ αȡȚșȝȠȪ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ 

țαȚ ıİȞȐȡȚα ȝİ υȥȘȜȩĲİȡȘ ĲȐıȘ ıĲȘ ȝȘȤαȞȒ αțĲȓȞȦȞ-x (25-50kV), ȕȜ. παȡ. 6.2.1. 

 ΈȞα ıȘȝαȞĲȚțȩ ıȘȝİȓȠ πȠυ ȝαȢ απαıȤȩȜȘıİ αȡțİĲȐ ıĲȠ πȜαȓıȚȠ ĲȘȢ ǻ.Ǽ. țαȚ ıυȖțİțȡȚȝȑȞα 

ıĲȠ ıĲȐįȚȠ ĲȘȢ πȠȚȠĲȚțȒȢ ıȪȖțȡȚıȘȢ ĲȦȞ φαıȝȐĲȦȞ αțĲȓȞȦȞ Χ ȒĲαȞ Ș παȡαĲȒȡȘıȘ ȝȚαȢ 

ĲυȤαȓαȢ țȪȝαȞıȘȢ ıĲȘȞ İπȚφȐȞİȚα ĲȦȞ φȦĲȠțȠȡυφȫȞ țαĲȐ ĲȘ įȚȐȡțİȚα πİȚȡαȝȐĲȦȞ 

İπαȞαȜȘȥȚȝȩĲȘĲαȢ, ȩĲαȞ įȘȜαįȒ, ȑȞα įİȓȖȝα αȞαȜυșİȓ ıİ ĲȑııİȡȚȢ įȚαφȠȡİĲȚțȑȢ ȖȦȞȚαțȑȢ 

șȑıİȚȢ ȝİ ĲȠ ȓįȚȠ ıİȞȐȡȚȠ αțĲȚȞȠȕȩȜȘıȘȢ. ΈȖȚȞαȞ αȡțİĲȑȢ πȡȠıπȐșİȚİȢ αȞαȖȞȫȡȚıȘȢ ĲȘȢ πȘȖȒȢ 

αυĲȒȢ ĲȘȢ ĲυȤαȓαȢ țȪȝαȞıȘȢ, Ș ȠπȠȓα İȝφαȞȓȗİĲαȚ, ĲȩıȠ ıĲȚȢ πİȡȚπĲȫıİȚȢ ĲȦȞ įİȚȖȝȐĲȦȞ 

πȡȑıαȢ ȩıȠ țαȚ ıĲα įİȓȖȝαĲα ıȪȞĲȘȟȘȢ. ȂȚα πȚșαȞȒ İȟȒȖȘıȘ ȝπȠȡİȓ Ȟα İȓȞαȚ ĲυȤȩȞ ĲȠπȚțȒ 

αȞȠȝȠȚȠȖȑȞİȚα ıĲα įİȓȖȝαĲα. ΓȚα ĲȘȞ αȞĲȚȝİĲȫπȚıȘ ĲȠυ φαȚȞȠȝȑȞȠυ αυĲȠȪ πȡȠĲİȓȞİĲαȚ Ș ȜȒȥȘ 

πİȡȚııȩĲİȡȦȞ απȩ ȑȞα φȐıȝα, țαĲȐ πȡȠĲȓȝȘıȘ ĲİııȐȡȦȞ (4) ȖȚα țȐșİ ȝȓα απȩ ĲȚȢ 4 ȖȦȞȚαțȑȢ 

șȑıİȚȢ, țαȚ Ș ıĲαĲȚıĲȚțȒ İπİȟİȡȖαıȓα ĲȦȞ απȠĲİȜİıȝȐĲȦȞ. 

 ȈĲȠ πȜαȓıȚȠ ĲȘȢ įȚİȡİȪȞȘıȘȢ ĲȠυ φαȚȞȠȝȑȞȠυ ĲȘȢ ĲυȤαȓαȢ țȪȝαȞıȘȢ ĲȠυ ȪȥȠυȢ ĲȦȞ 

φȦĲȠțȠȡυφȫȞ ĲȠυ ȓįȚȠυ įİȓȖȝαĲȠȢ, İȟİĲȐıĲȘțİ Ș πİȡȓπĲȦıȘ İπȓįȡαıȘȢ ĲȘȢ șİȡȝȠțȡαıȓαȢ ĲȘȢ 

ȝȘȤαȞȒȢ αțĲȓȞȦȞ Χ, Ș ȠπȠȓα παȡαțȠȜȠυșȠȪȞĲαȞ ȝİ ĲȘ ȤȡȒıȘ șİȡȝȠıĲȠȚȤİȓȠυ ĲȠπȠșİĲȘȝȑȞȠ 

ıĲȘ İȟȦĲİȡȚțȒ İπȚφȐȞİȚα ĲȘȢ. ȁȒφșȘțαȞ φȐıȝαĲα αțĲȓȞȦȞ Χ ıİ ȤαȝȘȜȒ (πİȡȓπȠυ 23 Ƞ
C) țαȚ 

υȥȘȜȒ șİȡȝȠțȡαıȓα (πİȡȓπȠυ 30 Ƞ
C) ȜİȚĲȠυȡȖȓαȢ țαȚ παȡαĲȘȡȒșȘțİ İπαȞİȚȜȘȝȝȑȞα ȩĲȚ įİȞ 

πȡȠțαȜİȓĲαȚ țαȝȓα įȚαφȠȡȠπȠȓȘıȘ ıĲȠ ȜȘφșȑȞ φȐıȝα. ȈυȞİπȫȢ, ıυȝπİȡαȓȞİĲαȚ ȩĲȚ Ș 

șİȡȝȠțȡαıȓα ĲȘȢ ȝȘȤαȞȒȢ αțĲȓȞȦȞ Χ įİȞ İπȘȡİȐȗİȚ Ĳα πİȚȡαȝαĲȚțȐ įİįȠȝȑȞα, İφȩıȠȞ 

παȡαȝȑȞİȚ αȞȐȝİıα ıĲα ȩȡȚα ȜİȚĲȠυȡȖȓαȢ. 

 ȆȡȑπİȚ ȕȑȕαȚα Ȟα ıȘȝİȚȦșİȓ ȩĲȚ ȩȜα Ĳα παȡαπȐȞȦ ıυȝπİȡȐıȝαĲα παȡȩĲȚ ȤȡȒıȚȝα țαȚ 

ıȘȝαȞĲȚțȐ ȖȚα ĲȘȞ țαĲαȞȩȘıȘ ĲȦȞ įȚαφȠȡȫȞ ȝİĲαȟȪ ĲȦȞ įȪȠ ĲİȤȞȚțȫȞ παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ, șα 

πȡȑπİȚ Ȟα İπȚȕİȕαȚȦșȠȪȞ țαȚ απȩ ĲȘ ıȪȖțȡȚıȘ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ ĲȘȢ πȠıȠĲȚțȒȢ αȞȐȜυıȘȢ ĲȦȞ 

įȪȠ İȚįȫȞ įİȚȖȝȐĲȦȞ (απȩ ıȪȞĲȘȟȘ țαȚ απȩ ĲȘȞ πȡȑıα) πȠυ șα ȖȓȞİȚ ıĲȚȢ İπȩȝİȞİȢ παȡαȖȡȐφȠυȢ.  

 ȉȑȜȠȢ, αȟȓȗİȚ Ȟα αȞαφİȡșİȓ ȩĲȚ ȖȚα Ĳα ȖȡαφȒȝαĲα ȤȡȘıȚȝȠπȠȚȒșȘțİ ĲȠ πȡȩȖȡαȝȝα Excel ĲȘȢ 

Microsoft, ȖȚα ĲȘ įȚİυțȩȜυȞıȘ ȩȝȦȢ  ĲȘȢ ıυȖțȡȚĲȚțȒȢ απİȚțȩȞȚıȘȢ ıυȞĲȐȤșȘțİ ȖȚα ĲȚȢ αȞȐȖțİȢ ĲȘȢ 

παȡȠȪıαȢ ǻ.Ǽ. υπȠȡȠυĲȓȞα (Macros) ıĲȠ πİȡȚȕȐȜȜȠȞ ĲȠυ Excel ȤȡȘıȚȝȠπȠȚȫȞĲαȢ ȖȜȫııα 

πȡȠȖȡαȝȝαĲȚıȝȠȪ Visual Basic. Ǿ υπȠ-ȡȠυĲȓȞα αυĲȒ πȠυ įȚİυțȩȜυȞİ țαĲȐ πȠȜȪ ĲȘ įυȞαĲȩĲȘĲα 
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ȖȡȒȖȠȡȘȢ απİȚțȩȞȚıȘȢ ĲȦȞ ıυȖțȡȚĲȚțȫȞ ȖȡαφȘȝȐĲȦȞ țαȚ ĲȘȞ İȟαȖȦȖȒ ıυȝπİȡαıȝȐĲȦȞ φαȓȞİĲαȚ 

ıĲȠ ȆαȡȐȡĲȘȝα ǻ.   

 

6.8 ȆȠȚȠĲȚțȒ αȞȐȜυıȘ įİȚȖȝȐĲȦȞ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ȝİ ĲȠ ȜȠȖȚıȝȚțȩ bAXIL 

6.8.1  ȅȡȚıȝȩȢ πİȡȚȠȤȫȞ İȞįȚαφȑȡȠȞĲȠȢ (R.O.I.) ȖȚα ĲȘȞ αȞȓȤȞİυıȘ ĲȦȞ ȤȘȝȚțȫȞ ıĲȠȚȤİȓȦȞ 

 ΌπȦȢ ȑȤİȚ πȡȠαȞαφİȡșİȓ, ıİ αȡțİĲȐ ıȘȝİȓα ĲȘȢ παȡȠȪıαȢ ǻ.Ǽ. (Ȁİφ2, Ȁİφ.5, Ȁİφ.6) , Ĳα 

įȚαφȠȡİĲȚțȐ ıİȞȐȡȚα αțĲȚȞȠȕȩȜȘıȘȢ πȠυ ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ ıĲȘȞ XRF İπȚĲȡȑπȠυȞ ĲȘȞ αȞȓȤȞİυıȘ 

įȚαφȠȡİĲȚțȫȞ ıĲȠȚȤİȓȦȞ ĲȠ țαșȑȞα, ȝȑıȦ ĲȦȞ φȦĲȠțȠȡυφȫȞ πȠυ İȝφαȞȓȗȠȞĲαȚ ıĲα φȐıȝαĲα ȜȩȖȦ 

ĲȦȞ αȞĲȓıĲȠȚȤȦȞ ȤαȡαțĲȘȡȚıĲȚțȫȞ İȞİȡȖİȚȫȞ ĲȦȞ ıĲȠȚȤİȓȦȞ. ǼțĲȩȢ ȩȝȦȢ απȩ Ĳα ıİȞȐȡȚα ĲȩıȠ 

țαĲȐ ĲȘȞ πȠȚȠĲȚțȒ ȩıȠ țαȚ ȖȚα ĲȘȞ πȠıȠĲȚțȒ αȞȐȜυıȘ ĲȠυ φȐıȝαĲȠȢ ȝİ ĲȠ ȜȠȖȚıȝȚțȩ bAXIL, 

ıȘȝαȞĲȚțȩ ȡȩȜȠ παȓȗİȚ, ȩπȦȢ αȞαφȑȡșȘțİ ıĲȘȞ παȡ. 5.7.2 Ƞ ȠȡȚıȝȩȢ ĲȘȢ πİȡȚȠȤȒȢ İȞįȚαφȑȡȠȞĲȠȢ 

(Region Of Interest-R.O.I) απȩ ĲȠȞ ȤȡȒıĲȘ , įȘȜαįȒ Ƞ ȠȡȚıȝȩȢ ĲȠυ İȪȡȠυȢ ĲȦȞ țαȞαȜȚȫȞ ıĲȠ ȠπȠȓȠ 

ȖȓȞİĲαȚ Ș πȡȠıαȡȝȠȖȒ ĲȠυ φȐıȝαĲȠȢ țȐșİ φȠȡȐ. Ǿ ȕαȡȪĲȘĲα ĲȘȢ İπȚȜȠȖȒȢ ĲȘȢ πİȡȚȠȤȒȢ 

İȞįȚαφȑȡȠȞĲȠȢ İȓȞαȚ ȝİȖȐȜȘ, țαșȫȢ ȝπȠȡİȓ Ȟα İπȘȡİȐıİȚ ıȘȝαȞĲȚțȐ Ĳα απȠĲİȜȑıȝαĲα ĲȘȢ 

πȠȚȠĲȚțȒȢ αȞȐȜυıȘȢ İȞȫ įİȞ υπȐȡȤȠυȞ ıυȖțİțȡȚȝȑȞȠȚ țαȞȩȞİȢ αȜȜȐ πȚȠ πȠȜȪ ȕαıȓȗİĲαȚ ıİ įȠțȚȝȑȢ, 

İπαȞαȜȒȥİȚȢ țαȚ ıĲȘȞ İȝπİȚȡȓα ĲȠυ ȤȡȒıĲȘ ıĲȚȢ αȞαȜȪıİȚȢ ĲȠυ ıυȖțİțȡȚȝȑȞȠυ İȓįȠυȢ įİȚȖȝȐĲȦȞ.  

 ȀαĲȐ ĲȚȢ αȞαȜȪıİȚȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ, ıĲȘȞ παȡȠȪıα ǻ.Ǽ. įȚαπȚıĲȫșȘțİ ȩĲȚ παȡαĲȘȡİȓĲαȚ 

țαȜȪĲİȡȘ πȡȠıαȡȝȠȖȒ ĲȠυ φȐıȝαĲȠȢ απȩ ĲȠ ȜȠȖȚıȝȚțȩ ȩĲαȞ ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ πİȡȚȠȤȑȢ 

İȞįȚαφȑȡȠȞĲȠȢ (R.O.I.) ȝȚțȡȠȪ İȪȡȠυȢ, ıĲα ȠπȠȓα İȝφαȞȓȗİĲαȚ ȝȚțȡȩȢ αȡȚșȝȩȢ ȤȘȝȚțȫȞ ıĲȠȚȤİȓȦȞ. 

ǼπȚπȜȑȠȞ, παȡαĲȘȡȒșȘțİ ȩĲȚ İȓȞαȚ πȡȠĲȚȝȩĲİȡȠ ȠȚ πİȡȚȠȤȑȢ İȞįȚαφȑȡȠȞĲȠȢ (R.O.I.) Ȟα ȠȡȓȗȠȞĲαȚ ıİ 

πİȡȚȠȤȑȢ  ĲȠυ φȐıȝαĲȠȢ, ȩπȠυ ĲȠ υπȩıĲȡȦȝα φαȓȞİĲαȚ Ȟα ȑȤİȚ İȞȚαȓα ȝȠȡφȒ ȖȚα ȩȜİȢ ĲȚȢ 

φȦĲȠțȠȡυφȑȢ πȠυ πİȡȚȜαȝȕȐȞİȚ ĲȠ R.O.I. ΈȞα ĲȑĲȠȚȠ παȡȐįİȚȖȝα İȓȞαȚ Ș πİȡȓπĲȦıȘ ĲȦȞ 

φȦĲȠțȠȡυφȫȞ ĲȦȞ Rb, Sr πȠυ αȞȚȤȞİȪȠȞĲαȚ ıĲα įİȓȖȝαĲα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ, ȠȚ ȠπȠȓİȢ, İȚįȚțȐ ıĲȘȞ 

πİȡȓπĲȦıȘ ĲȦȞ įİȚȖȝȐĲȦȞ ıȪȞĲȘȟȘȢ, ȕȡȓıțȠȞĲαȚ ıİ πİȡȚȠȤȒ ȩπȠυ ĲȠ υπȩıĲȡȦȝα ȑȤİȚ İȞȚαȓα ȝȠȡφȒ 

–αȪȟȠυıα ȜȩȖȦ ĲȦȞ φȦĲȠțȠȡυφȫȞ ĲȠυ ȂȠ απȩ ĲȘ įȑıȝȘ αțĲȓȞȦȞ-Ȥ ĲȘȢ  ȝȘȤαȞȒȢ, ȕȜ. ȈȤȒȝα 6.2α 

(Rb, Sr). ǹȞĲȓșİĲα, ıĲȘȞ πİȡȚȠȤȒ ĲȦȞ φȦĲȠțȠȡυφȫȞ ĲȦȞ Ti, Fe, Cu, Zn, As ĲȠ υπȩıĲȡȦȝα 

İȝφαȞȓȗİȚ ĲİșȜαıȝȑȞȘ ȝȠȡφȒ, ȠπȩĲİ İπȚȜȑȖİĲαȚ Ȟα ȤȦȡȚıĲİȓ ıİ įȪȠ R.O.I. πȠυ ĲȠ țαșȑȞα ȑȤİȚ 

ıĲαșİȡȒ ȝȠȡφȒ υπȠıĲȡȫȝαĲȠȢ ȩπȦȢ φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 6.2ȕ ȖȚα ĲȠ R.O.I. ĲȦȞ Cu, Zn, As.   
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ΣȤȒȝα 6.2α  ȅȡȚıȝȩȢ R.O.I ȖȚα Rb, Sr ȝİ țȡȚĲȒȡȚȠ  ĲȘ ȝȠȡφȒ ĲȠυ υπȠıĲȡȫȝαĲȠȢ 

 

ΣȤȒȝα 6.2ȕ  ȅȡȚıȝȩȢ R.O.I ȖȚα Cu, Zn, As ȝİ țȡȚĲȒȡȚȠ  ĲȘ ȝȠȡφȒ ĲȠυ υπȠıĲȡȫȝαĲȠȢ  

 

ΓİȞȚțȩĲİȡα, Ƞ įȚαȤȦȡȚıȝȩȢ İȞȩȢ φȐıȝαĲȠȢ ıİ πȐȞȦ απȩ ȑȞα R.O.I. απȠįİȓȤșȘțİ απȠĲİȜİıȝαĲȚțȩȢ, 

įȓȞȠȞĲαȢ ĲȘ įυȞαĲȩĲȘĲα țαȜȪĲİȡȘȢ πȡȠıαȡȝȠȖȒȢ ȖȚα ȩȜİȢ ĲȚȢ φȦĲȠțȠȡυφȑȢ. ȆαȡȩȜα αυĲȐ, αυȟȐȞİȚ 

ĲȠȞ απαȚĲȠȪȝİȞȠ ȤȡȩȞȠ ȖȚα ȝȚα πȜȒȡȘ αȞȐȜυıȘ İȞȩȢ φȐıȝαĲȠȢ αțĲȓȞȦȞ-x. ΈĲıȚ, ıĲȘȞ παȡȠȪıα 

ǻ.Ǽ. πȡȠĲȚȝȒșȘțİ ȝİȞ Ƞ ȠȡȚıȝȩȢ πİȡȚııȩĲİȡȦȞ απȩ ȑȞα R.O.I. ȖȚα țȐșİ ıİȞȐȡȚȠ αțĲȚȞȠȕȩȜȘıȘȢ ȝİ 

ıĲȩȤȠ ĲȘȞ İπȓĲİυȟȘ ĲȘȢ ȕȑȜĲȚıĲȘȢ πȡȠıαȡȝȠȖȒȢ, ȩȤȚ ȩȝȦȢ πȐȞȦ απȩ Ĳȡȓα, ȫıĲİ Ȟα ȝȘȞ ȖȓȞİȚ Ș 

įȚαįȚțαıȓα ĲȘȢ αȞȐȜυıȘȢ ȤȡȠȞȠȕȩȡα. ȂİĲȐ απȩ αȡțİĲȑȢ įȠțȚȝȑȢ πȡȠȑțυȥαȞ Ĳα R.O.I.s πȠυ ĲȠυ 

ȆȓȞαțα 6.2, ȝİ Ĳα țȪȡȚα ıĲȠȚȤİȓα πȠυ αȞȚȤȞİȪȠȞĲαȚ ıĲȠ țαșȑȞα ıİ įİȓȖȝαĲα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ. 
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ȆȓȞαțαȢ 6.2  R.O.I.s  πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ ıĲȚȢ αȞαȜȪıİȚȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ĲȘȢ παȡȠȪıαȢ ǻ.Ǽ.  

ȈİȞȐȡȚȠ R.O.I. 
ΈȞαȡȟȘ ROI 

(țαȞȐȜȚ) 
ȆȑȡαȢ ROI 

(țαȞȐȜȚ) 
ǹȞȚȤȞİυȩȝİȞα 

ıĲȠȚȤİȓα 

15 kV, 300 ȝǹ, 
1 φȓȜĲȡȠ Al 

1 105 175 Ar, K, Ca 

2 175 320 Ti, Cr, Mn, Fe, Ni 

25 kV, 160 ȝǹ,  
6 φȓȜĲȡα Al 

1 320 450 Cu, Zn, Ga, As 

2 540 600 Rb, Sr 

35 kV, 280 ȝǹ,  
4 φȓȜĲȡα Mo 

1 240 320 Fe, Ni 

2 320 450 Cu, Zn, Ga, As 

3 540 600 Rb, Sr 

ȅȚ πİȡȚȠȤȑȢ İȞįȚαφȑȡȠȞĲȠȢ (R.O.I.) įȚαĲȘȡȒșȘțαȞ ȠȚ ȓįȚİȢ ıİ ȩȜİȢ ĲȚȢ αȞαȜȪıİȚȢ ȖȚα Ȟα 

įȚİυțȠȜυȞșȠȪȞ ȠȚ ıυȖțȡȓıİȚȢ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ.   

 

6.8.2 ǼȚıαȖȦȖȒ πİȚȡαȝαĲȚțȫȞ ıυȞșȘțȫȞ ıĲȠ bAXIL ȝİ ĲȘ ȝȠȡφȒ Template 

 ȈĲȠ Ȁİφ. 5 ȑȖȚȞİ İțĲİȞȒȢ πİȡȚȖȡαφȒ ȖȪȡȦ απȩ ĲȘȞ αȞȐȖțȘ İȚıαȖȦȖȒȢ ıĲȠ ȜȠȖȚıȝȚțȩ bAXIL 

ĲȦȞ πİȚȡαȝαĲȚțȫȞ ıυȞșȘțȫȞ πȠυ ȜαȝȕȐȞȠȞĲαȚ Ĳα φȐıȝαĲα țȐșİ φȠȡȐ. ȅ ȠȡșȩȢ țαȚ αțȡȚȕȒȢ 

πȡȠıįȚȠȡȚıȝȩȢ ĲȦȞ πİȚȡαȝαĲȚțȫȞ ıυȞșȘțȫȞ ȠįȘȖİȓ țαȚ ıĲȠ țαȜȪĲİȡȠ įυȞαĲȩ απȠĲȑȜİıȝα țαĲȐ ĲȘ 

įȚαįȚțαıȓα ĲȘȢ πȠȚȠĲȚțȒȢ țαȚ πȠıȠĲȚțȒȢ αȞȐȜυıȘȢ. ȈĲȘȞ παȡ. 5.5 πİȡȚȖȡȐφȠȞĲαȚ ȝİ ȜİπĲȠȝȑȡİȚα 

ȩȜİȢ ȠȚ παȡȐȝİĲȡȠȚ πȠυ ȗȘĲȠȪȞĲαȚ απȩ ĲȠȞ ȤȡȒıĲȘ ȖȚα ĲȘȞ πİȡȚȖȡαφȒ ĲȦȞ πİȚȡαȝαĲȚțȫȞ ıυȞșȘțȫȞ 

țαĲȐ ĲȘ ȜȒȥȘ ĲȦȞ φαıȝȐĲȦȞ. Ȃİ αυĲȑȢ ĲȚȢ πȜȘȡȠφȠȡȓİȢ ĲȠ πȡȩȖȡαȝȝα bAXIL ıυȞșȑĲİȚ ȑȞα 

ȝȠȞĲȑȜȠ Ȓ  ‘Template’, ȖȚα ȩȜα Ĳα φȐıȝαĲα πȠυ ıυȜȜȑȤșȘțαȞ υπȩ ĲȚȢ ȓįȚİȢ ıυȞșȒțİȢ (πȤ. șȑıȘ 

įİȓȖȝαĲȠȢ ȦȢ πȡȠȢ αȞȚȤȞİυĲȒ țαȚ ȝȘȤαȞȒ αțĲȓȞȦȞ-x).  

 ǹυĲȩ ȑȖȚȞİ țαȚ ıĲȠ πȜαȓıȚȠ ĲȘȢ παȡȠȪıαȢ ǻ.Ǽ., ıυȝπȜȘȡȫșȘțαȞ įȘȜαįȒ ȠȚ παȡȐȝİĲȡȠȚ ĲȦȞ 

πİȚȡαȝαĲȚțȫȞ ıυȞșȘțȫȞ ıĲα αȞĲȓıĲȠȚȤα ‘παȡȐșυȡα’ πȠυ πİȡȚȖȡȐφȠȞĲαȚ ıĲȘȞ παȡ. 5.8.6, ıȪȝφȦȞα 

ȝİ Ĳα ıĲȠȚȤİȓα ĲȦȞ țαĲαıțİυαıĲȫȞ țαȚ ĲȘ ȖİȦȝİĲȡȓα ĲȘȢ įȚȐĲαȟȘȢ ĲȠυ ǼȆȉ-ǼȂȆ. ȅȚ ĲȚȝȑȢ ĲȦȞ 

παȡαȝȑĲȡȦȞ πȠυ İȚıȒȤșȘıαȞ φαȓȞȠȞĲαȚ ‘αȞȐ παȡȐșυȡȠ’ ıĲȠυȢ ȆȓȞαțİȢ 6.3α,ȕ,Ȗ,į.  

 

ȆȓȞαțαȢ 6.3α  ȆαȡȐȝİĲȡȠȚ ȂȘȤαȞȒȢ αțĲȓȞȦȞ-x įȚȐĲαȟȘȢ ǼȆȉ 

Ȇ
αȡ

Ȑȝ
İĲ

ȡȠ
Ț 

Ȃ
ȘȤ

αȞ
ȒȢ

 α
țĲ

ȓȞ
Ȧ

Ȟ-
x
 

įȚ
ȐĲ

αȟ
ȘȢ

 Ǽ
Ȇ

ȉ 

ȊȜȚțȩ αȞȩįȠυ: Mo ΓȦȞȓα İȟȩįȠυ (Take-off angle): 7.4° 

 

ȊȜȚțȩ ȆαȡαșȪȡȠυ ȝȘȤαȞȒȢ: Be 

ȆυțȞȩĲȘĲα: 1.848 g/cm
3
 

ΘȑıȘ παȡαșȪȡȠυ: ȆȜαȧȞȒ (Side Window) 
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ȆȓȞαțαȢ 6.3ȕ  ȆαȡȐȝİĲȡȠȚ αȞȚȤȞİυĲȒ SiLi įȚȐĲαȟȘȢ ǼȆȉ 
Ȇ

αȡ
Ȑȝ

İĲ
ȡȠ

Ț α
ȞȚ

ȤȞ
İυ

ĲȒ
 

S
iL

i 
įȚ

ȐĲ
αȟ

ȘȢ
 Ǽ

Ȇ
ȉ ǾȝȚαȖȦȖȩȢ : Si ȆȐȤȠȢ: 8mm ȆυțȞȩĲȘĲα: 2.57 g/cm

3
 

Contact Layer: Au ȆȐȤȠȢ: 0.02ȝm ȆυțȞȩĲȘĲα: 19.3 g/cm
3
 

Dead Layer: Si ȆȐȤȠȢ: 0.03ȝm ȆυțȞȩĲȘĲα: 2.57  g/cm
3
 

Window: Be ȆȐȤȠȢ: 25ȝm ȆυțȞȩĲȘĲα: 1.848 g/cm
3
 

 

ȆȓȞαțαȢ 6.3Ȗ  ȆαȡȐȝİĲȡȠȚ ȖİȦȝİĲȡȓαȢ įȚȐĲαȟȘȢ XRF  ĲȠυ ǼȆȉ 

Ȇ
αȡ

Ȑȝ
İĲ

ȡȠ
Ț 

Ȗİ
Ȧ

ȝİ
Ĳȡ

ȓα
Ȣ 

įȚ
ȐĲ

αȟ
ȘȢ

 X
R

F
  

ĲȠ
υ 

Ǽ
Ȇ

ȉ 

ȆȘȖȒ - ǻİȓȖȝα 
ǹπȩıĲαıȘ: 15.50 cm ΓȦȞȓα: 28

Ƞ
 

ǻİȓȖȝα - ǹȞȚȤȞİυĲȒȢ ǹπȩıĲαıȘ: 10 cm ΓȦȞȓα: 62
Ƞ
 

 

ȆȓȞαțαȢ 6.3į  ȆαȡȐȝİĲȡȠȚ φȓȜĲȡȦȞ ĲȘȢ πȘȖȒȢ αțĲȓȞȦȞ-x ĲȠυ ǼȆȉ  

Ȇ
αȡ

Ȑȝ
İĲ

ȡȠ
Ț φ

ȓȜ
Ĳȡ

Ȧ
Ȟ 

 

ĲȘ
Ȣ 

πȘ
ȖȒ

Ȣ 
αț

Ĳȓ
ȞȦ

Ȟ-
x
 Ĳ

Ƞυ
 Ǽ

Ȇ
ȉ 

ȈİȞȐȡȚȠ ΦȓȜĲȡα ȆȐȤȠȢ φȓȜĲȡȦȞ ȆυțȞȩĲȘĲα 

15 kV 1 φȓȜĲȡȠ Al 300 ȝm ʹ.͹ gr cmଷ⁄  

25 kV 6 φȓȜĲȡα Al 1800 ȝm ʹ.͹ gr cmଷ⁄  

35 kV 4 φȓȜĲȡα Mo 200 ȝm ͳͲ.ʹͺ gr cmଷ⁄  

50 kV 4 φȓȜĲȡα Mo 200 ȝm ͳͲ.ʹͺ gr cmଷ⁄  

 

 ΈĲıȚ, ȐȡȤȚıİ Ȟα țĲȓȗİĲαȚ ĲȠ ȝȠȞĲȑȜȠ αȞȐȜυıȘȢ Ȓ Template ȖȚα ĲȚȢ αȞαȜȪıİȚȢ φαıȝȐĲȦȞ ĲȘȢ 

ǻ.Ǽ. ΈȞα Template ȝπȠȡİȓ Ȟα ıυȝπȜȘȡȦșİȓ ȝİ Ĳα R.O.I.s, ȝİ Ĳα ȗȘĲȠȪȝİȞα ıĲȠȚȤİȓα, ȝİ ĲȘ ȝȠȡφȒ 

υπȠıĲȡȫȝαĲȠȢ ȩπȦȢ șα πİȡȚȖȡαφİȓ αȝȑıȦȢ παȡαțȐĲȦ. Ȃİ αυĲȩ ĲȠȞ ĲȡȩπȠ įȚİυțȠȜȪȞİĲαȚ 

İȟαȚȡİĲȚțȐ ĲȘ įȚαįȚțαıȓα ĲȘȢ αȞȐȜυıȘȢ, țαșȫȢ Ș įȒȜȦıȘ ȩȜȦȞ ĲȦȞ παȡαȝȑĲȡȦȞ ĲȠυ πİȚȡȐȝαĲȠȢ 

țαȚ ĲȠυ φȐıȝαĲȠȢ ȝπȠȡİȓ Ȟα İπȚĲİυȤșİȓ ȝİ ĲȠ ȐȞȠȚȖȝα İȞȩȢ ȝȩȞȠ αȡȤİȓȠυ Template. ΈĲıȚ, ȝπȠȡȠȪȞ 

Ȟα ıυȖțȡȠĲȘșȠȪȞ ȜȓȖα Templates ȝİ ȝȚțȡȑȢ įȚαφȠȡȠπȠȚȒıİȚȢ πȤ. ıĲα φȓȜĲȡα țαȚ Ȟα αȞαțαȜİȓĲαȚ ĲȠ 

țαĲȐȜȜȘȜȠ αȞȐȜȠȖα ȝİ ĲȠ πȡȠȢ αȞȐȜυıȘȢ φȐıȝα. ΓȚα ĲȚȢ αȞȐȖțİȢ ĲȘȢ παȡȠȪıαȢ ǻ.Ǽ. 

ıυȖțȡȠĲȒșȘțαȞ 3 Templates ȖȚα Ĳα ıİȞȐȡȚα 15kV, 25kV, 35kV ıĲα ȠπȠȓα  ȕαıȓıĲȘțαȞ ȠȚ 

αȞαȜȪıİȚȢ ȩȜȦȞ ĲȦȞ φαıȝȐĲȦȞ (πİȡȓπȠυ 50).  
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6.8.3 ȆȡȠıαȡȝȠȖȒ φȐıȝαĲȠȢ ȝİ ĲȠ ȜȠȖȚıȝȚțȩ bAXIL 

 ȉİȜȚțȩ ıĲȐįȚȠ ĲȘȢ πȠȚȠĲȚțȒȢ αȞȐȜυıȘȢ απȠĲİȜİȓ Ș πȡȠıαȡȝȠȖȒ (Fit) ĲȠυ φȐıȝαĲȠȢ, ȩπȦȢ 

παȡȠυıȚȐıĲȘțİ ıĲȘȞ παȡ. 5.8.2. ΈπİȚĲα απȩ ĲȘȞ ȤȡȒıȘ ĲȠυ țαĲȐȜȜȘȜȠυ αȡȤİȓȠυ Template ȖȚα ĲȠ 

φȐıȝα πȠυ αȞαȜȪȠυȝİ, ĲȠȞ ȑȜİȖȤȠ ĲȘȢ İȞİȡȖİȚαțȒȢ ȕαșȝȠȞȩȝȘıȘȢ ĲȠυ bAXIL (ȕȜ. παȡ. 5.6), ĲȠȞ 

ȠȡȚıȝȩ ĲȦȞ R.O.I ȝİ ȕȐıȘ ĲȠȞ πȓȞαțα 6.5 țαȚ ĲȘȞ ȠȡșȒ įȒȜȦıȘ ĲȦȞ αȞȚȤȞİυȩȝİȞȦȞ ȤȘȝȚțȫȞ 

ıĲȠȚȤİȓȦȞ ȝȑıȦ ĲȠυ παȡαșȪȡȠυ πİȡȚȠįȚțȠȪ πȓȞαțα ĲȠυ bAXIL (ȕȜ. 5.8.1), ȝȑȞİȚ Ȟα ȖȓȞİȚ Ș 

πȡȠıαȡȝȠȖȒ ĲȠυ φȐıȝαĲȠȢ. ǺαıȚț΄ȢȠ παȡȐȖȠȞĲαȢ ȖȚα ĲȘȞ πȡȠıαȡȝȠȖȒ ĲȠυ φȐıȝαĲȠȢ İȓȞαȚ Ș 

İπȚȜȠȖȒ ȝȠȡφȒȢ/ıυȞȐȡĲȘıȘȢ ȖȚα ĲȠ υπȩıĲȡȦȝα ĲȠυ φȐıȝαĲȠȢ. ȈĲȠ πȜαȓıȚȠ ĲȘȢ ǻ.Ǽ. țαȚ ȝİĲȐ απȩ 

įȠțȚȝȑȢ țαȚ İπαȞαȜȒȥİȚȢ țαĲαȜȒȟαȝİ ıİ ıυȖțİțȡȚȝȑȞα ȝȠȞĲȑȜα υπȠıĲȡȫȝαĲȠȢ ȖȚα Ĳα R.O.I.s πȠυ 

ȤȡȘıȚȝȠπȠȚȒșȘțαȞ ıİ ȩȜİȢ ĲȚȢ αȞαȜȪıİȚȢ ĲȢȘ παȡȠȪıαȢ ǻ.Ǽ. țαȚ Ĳα ȠπȠȓα țαĲαȖȡȐφȠȞĲαȚ ıĲȠȞ 

πȓȞαțα 6.4 țαȚ Ĳα ȠπȠȓα αȞĲȚıĲȠȚȤȠȪȞ ıİ ıυȖțİțȡȚȝȑȞα ȝαșȘȝαĲȚțȐ ȝȠȞĲȑȜα πİȡȚȖȡαφȒȢ ĲȠυ 

υπȠıĲȡȫȝαĲȠȢ (ȕȜ. παȡ.5.7.3 țαȚ  πȓȞαțα 5.5). ȉα ȝȠȞĲȑȜα αυĲȐ φȐȞȘțαȞ Ȟα ȠįȘȖȠȪȞ ıυıĲȘȝαĲȚțȐ 

ıİ ȚțαȞȠπȠȚȘĲȚțȐ απȠĲİȜȑıȝαĲα πȠȚȠĲȚțȒȢ αȞȐȜυıȘȢ.  

ȆȓȞαțαȢ 6.4 ȂȠȞĲȑȜα υπȠıĲȡȫȝαĲȠȢ ȖȚα Ĳα įȚȐφȠȡα R.O.I. 

ȈİȞȐȡȚȠ R.O.I. 
ΈȞαȡȟȘ ROI 

(țαȞȐȜȚ) 
ȆȑȡαȢ ROI 

(țαȞȐȜȚ) ȊπȩıĲȡȦȝα 

15 kV, 300 ȝǹ, 

1 φȓȜĲȡȠ Al 

1 105 175 ΓȡαȝȝȚțȩ (2ȘȢ
 ĲȐȟȘȢ) 

2 175 320 ΓȡαȝȝȚțȩ (2ȘȢ
 ĲȐȟȘȢ) 

25 kV, 160 ȝǹ, 6 

φȓȜĲȡα Al 

1 320 450 ΓȡαȝȝȚțȩ (3ȘȢ
 ĲȐȟȘȢ) 

2 540 600 ΓȡαȝȝȚțȩ (2ȘȢ
 ĲȐȟȘȢ) 

35 kV, 280 ȝǹ, 4 

φȓȜĲȡα Mo 

1 240 320 ΓȡαȝȝȚțȩ (2ȘȢ
 ĲȐȟȘȢ) 

2 320 450 ΓȡαȝȝȚțȩ (3ȘȢ
 ĲȐȟȘȢ) 

3 540 600 ΓȡαȝȝȚțȩ (2ȘȢ
 ĲȐȟȘȢ) 

 

 Ǿ αȟȚȠȜȩȖȘıȘ ĲȘȢ πȡȠıαȡȝȠȖȒȢ  ȖȓȞİĲαȚ αȡȤȚțȐ ȠπĲȚțȐ, παȡαĲȘȡȫȞĲαȢ ĲȘ ȝȠȡφȒ ĲȠυ 

υπȠıĲȡȫȝαĲȠȢ πȠυ πȡȠțȪπĲİȚ απȩ ĲȘȞ πȡȠıαȡȝȠȖȒ țαȚ İțĲȚȝȫȞĲαȢ İȐȞ αȞĲαπȠțȡȓȞİĲαȚ ıĲȘ ȝȠȡφȒ 

πȠυ șα πİȡȓȝİȞİ țαȞİȓȢ. ǼȐȞ παȡαĲȘȡȘșİȓ țȐπȠȚα αȞȦȝαȜȓα ıĲȘ ȝȠȡφȒ ĲȠυ υπȠıĲȡȫȝαĲȠȢ  ĲȩĲİ 

țαȜȩ İȓȞαȚ Ȟα ȖȓȞȠυȞ țȐπȠȚİȢ αȜȜαȖȑȢ ȝİ ıțȠπȩ ĲȘ ȕİȜĲȓȦıȘ ĲȘȢ πȡȠıαȡȝȠȖȒȢ. Ǿ αȡȚșȝȘĲȚțȒ 

įİȪĲİȡȘ παȡȐȝİĲȡȠȢ πȠυ ȤȡȘıȚȝȠπȠȚİȓĲαȚ ȦȢ țȡȚĲȒȡȚȠ ȖȚα ĲȘȞ αȟȚȠȜȩȖȘıȘ ĲȘȢ πȡȠıαȡȝȠȖȒȢ İȓȞαȚ Ș 

ĲȚȝȒ ĲȠυ ıυȞĲİȜİıĲȒ Ȥ2, Ș ȠπȠȓα υπȠȜȠȖȓȗİĲαȚ ȖȚα țȐșİ φȦĲȠțȠȡυφȒ ĲȠυ R.O.I. țαȚ φαȓȞİĲαȚ ıĲȘȞ 

αȞαφȠȡȐ πȠυ įȓȞİĲαȚ ȝİĲȐ απȩ ĲȘȞ țȐșİ πȡȠıαȡȝȠȖȒ φȐıȝαĲȠȢ ıĲȠ bAXIL (ȕȜ. ȆαȡȐȡĲȘȝα Ǽ.) ȅ 

ıυȞĲİȜİıĲȒȢ αυĲȩȢ πİȡȚȖȡȐφİȚ πȩıȠ İȪıĲȠȤα πȡȠıαȡȝȩȗİĲαȚ ĲȠ ȝαșȘȝαĲȚțȩ ȝȠȞĲȑȜȠ, ȝİ ĲȚȢ 
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παȡαȝȑĲȡȠυȢ πȠυ įȩșȘțαȞ απȩ ĲȠȞ ȤȡȒıĲȘ, ıĲα πİȚȡαȝαĲȚțȐ įİįȠȝȑȞα, įȘȜαįȒ ıĲȠ ȜȘφșȑȞ φȐıȝα 

αțĲȓȞȦȞ Χ. ΌıȠ ȝȚțȡȩĲİȡȘ ĲȚȝȒ ȑȤİȚ Ƞ ıυȞĲİȜİıĲȒȢ αυĲȩȢ, ĲȩıȠ țαȜȪĲİȡȘ İȓȞαȚ Ș πȡȠıαȡȝȠȖȒ. 

 ΓİȞȚțȐ, ıĲȠ πȜαȓıȚȠ ĲȘȢ įȚπȜȦȝαĲȚțȒȢ İȡȖαıȓαȢ αυĲȒȢ απȠįİțĲȠȓ șİȦȡȒșȘțαȞ ȠȚ 

ıυȞĲİȜİıĲȑȢ Ȥ2
 ȝİ ĲȚȝȒ ȝȚțȡȩĲİȡȘ ĲȠυ 2.0, İȞȫ Ĳα R.O.I. țαȚ Ĳα ȝαșȘȝαĲȚțȐ ȝȠȞĲȑȜα πȠυ 

ȤȡȘıȚȝȠπȠȚȒșȘțαȞ (ȕȜ. πȓȞαțα 6.7)  ȠįȒȖȘıαȞ ıİ ȩȜİȢ ĲȚȢ πİȡȚπĲȫıİȚȢ ıİ απȠĲİȜȑıȝαĲα πȠȚȠĲȚțȒȢ 

αȞȐȜυıȘȢ πȠυ țȡȓșȘțαȞ ȚțαȞȠπȠȚȘĲȚțȐ. ȂȚα ıȘȝαȞĲȚțȒ παȡαĲȒȡȘıȘ πȠυ πȡȠȑțυȥİ İȓȞαȚ ȩĲȚ țαĲȐ 

ĲȘȞ πȡȠıαȡȝȠȖȒ ĲȠυ φȐıȝαĲȠȢ ıĲȠ bAXIL ȑȤȠυȝİ ıυıĲȘȝαĲȚțȐ țαȜȪĲİȡα απȠĲİȜȑıȝαĲα İȐȞ ıĲȠ 

παȡȐșυȡȠ ĲȠυ πİȡȚȠįȚțȠȪ πȓȞαțα įȘȜȦșȠȪȞ ȟİȤȦȡȚıĲȐ ȠȚ φȦĲȠțȠȡυφȑȢ Ȁα țαȚ Ȁȕ ĲȠυ țȐșİ 

ıĲȠȚȤİȓȠυ, αȞĲȓ ĲȠυ Ȟα įȘȜȦșȠȪȞ ȝαȗȓ ȦȢ Ȁ. 

 

6.9 ȆȠıȠĲȚțȒ αȞȐȜυıȘ įİȚȖȝȐĲȦȞ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ȝİ ĲȠ ȜȠȖȚıȝȚțȩ bAXIL 

 ȂİĲȐ ĲȘȞ πȠȚȠĲȚțȒ αȞȐȜυıȘ/İπİȟİȡȖαıȓα ĲȦȞ φαıȝȐĲȦȞ, Ƞ ȤȡȒıĲȘȢ ȝπȠȡİȓ Ȟα πȡȠȤȦȡȒıİȚ 

ıĲȘȞ πȠıȠĲȚțȒ αȞȐȜυıȘ ĲȦȞ αȞĲȓıĲȠȚȤȦȞ įİȚȖȝȐĲȦȞ. ΓȚα ĲȚȢ  πȠıȠĲȚțȑȢ αȞαȜȪıİȚȢ ĲȘȢ παȡȠȪıαȢ 

ǻ.Ǽ ȤȡȘıȚȝȠπȠȚȒșȘțİ, ȩπȦȢ ȑȤİȚ πȡȠαȞαφİȡșİȓ, ĲȠ ȜȠȖȚıȝȚțȩ bAXIL FP (Fundamental Parameters)  

țαȚ Ĳα ȕȒȝαĲα πȠυ πİȡȚȖȡȐφȠȞĲαȚ αȞαȜυĲȚțȐ ıĲȠ ȀİφȐȜαȚȠ 5. Ǿ įȚαįȚțαıȓα ĲȘȢ πȠıȠĲȚțȒȢ 

αȞȐȜυıȘȢ ȤȡȘıȚȝȠπȠȚİȓ ĲȘȞ ȓįȚα αȜȜȘȜȠυȤȓα İȞİȡȖİȚȫȞ ȖȚα țȐșİ İȓįȠȢ įİȓȖȝαĲȠȢ țαȚ φȐıȝα 

αțĲȓȞȦȞ-x, ȝİ ȝȚțȡȑȢ αȜȜȐ ıȘȝαȞĲȚțȑȢ αȜȜαȖȑȢ, αȞȐȜȠȖα ȝİ ĲȠ İȓįȠȢ įİȓȖȝαĲȠȢ, ĲȠ ıİȞȐȡȚȠ țαȚ ĲȘȞ 

πȡȠıαȡȝȠȖȒ (fitting).  ȈĲȘ ıυȞȑȤİȚα πİȡȚȖȡȐφȠȞĲαȚ Ĳα ȕȒȝαĲα ĲȘȢ įȚαįȚțαıȓαȢ πȠıȠĲȚțȒȢ 

αȞȐȜυıȘȢ  įİȚȖȝȐĲȦȞ ȩπȦȢ αțȠȜȠυșȒșȘțİ ıĲȘȞ παȡȠȪıα ǻ.Ǽ., ȝİ πȡαțĲȚțȑȢ ȠįȘȖȓİȢ πȠυ αφȠȡȠȪȞ 

ıĲα įİȓȖȝαĲα πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ ıĲȘȞ παȡȠȪıα ǻ.Ǽ. țαȚ İȞįȚαφȑȡȠυȞ ĲȘȞ ȑȡİυȞα ıĲȠ ǼȆȉ-

ǼȂȆ. ȀαĲȐ ĲȘ įȚαįȚțαıȓα αυĲȒ φȐȞȘțİ țαȚ ıĲȘȞ πȡȐȟȘ ȩĲȚ ĲȠ ȜȠȖȚıȝȚțȩ bAXIL İπȚĲȡȑπİȚ ıĲȠȞ 

ȤȡȒıĲȘ  Ȟα ȝİĲαȕȐȜȜİȚ İȪțȠȜα ȠπȠȚαįȒπȠĲİ παȡȐȝİĲȡȠ țαȚ Ȟα İπαȞαȜαȝȕȐȞİȚ ĲȘ įȚαįȚțαıȓα ĲȘȢ 

πȡȠıαȡȝȠȖȒȢ Ȑȝİıα țαȚ ıȪȞĲȠȝα, αυȟȐȞȠȞĲαȢ ȑĲıȚ ĲȠυȢ πȚșαȞȠȪȢ ıυȞįυαıȝȠȪȢ παȡαȝȑĲȡȦȞ πȠυ 

ȝπȠȡİȓ Ȟα įȠțȚȝȐıİȚ πȡȚȞ țαĲαȜȒȟİȚ ıİ αυĲȩȞ πȠυ įȓȞİȚ Ĳα ȕȑȜĲȚıĲα απȠĲİȜȑıȝαĲα. 

 

6.9.1 ȆȠıȠĲȚțȒ αȞȐȜυıȘ πȡȩĲυπȦȞ įİȚȖȝȐĲȦȞ ȝİ ĲȠ bAXIL 

ΓȚα ĲȘȞ πȠıȠĲȚțȒ αȞȐȜυıȘ ȝİ ĲȠ bAXIL FP πȡȑπİȚ Ȟα πȡȠȘȖȘșİȓ αȞȐȜυıȘ ĲȦȞ φαıȝȐĲȦȞ ĲȦȞ 

πȡȩĲυπȦȞ įİȚȖȝȐĲȦȞ Ș ȠπȠȓα șα ıυıȤİĲȚıĲİȓ ȝİ ĲȘ ıȪıĲαıȒ ĲȠυȢ ȫıĲİ Ȟα πȡȠțȪȥȠυȞ ȠȚ 

ıυȞĲİȜİıĲȑȢ  ȕαșȝȠȞȩȝȘıȘ ĲȘȢ ȝİșȩįȠυ. ȈĲȘȞ παȡȠȪıα ǻ.Ǽ. ȤȡȘıȚȝȠπȠȚȒșȘțαȞ Ĳα įȚαșȑıȚȝα 

πȡȩĲυπα įİȓȖȝαĲα İȓĲİ παȡαıțİυαıȝȑȞα ȖȚα πȡȠȘȖȠȪȝİȞİȢ ǻ.Ǽ. (pellets) İȓĲİ ȖȚα ĲȘȞ παȡȠȪıα ǻ.Ǽ. 

(įȚıțȓα ıȪȞĲȘȟȘȢ)  πȠυ φαȓȞȠȞĲαȚ ıĲȠȞ ȆȓȞαțα 6.3.  
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ȆȓȞαțαȢ 6.3 ȆȡȩĲυπα įİȓȖȝαĲα πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ ȖȚα ĲȘȞ πȠıȠĲȚțȒ ȕαșȝȠȞȩȝȘıȘ  

 

ȂİĲȐ ĲȘ ȜȒȥȘ țαȚ ĲȘȞ πȠȚȠĲȚțȒ αȞȐȜυıȘ/İπİȟİȡȖαıȓα (İȞİȡȖİȚαțȒ ȕαșȝȠȞȩȝȘıȘ, İȚıαȖȦȖȒ 

Template, ĲαυĲȠπȠȓȘıȘ φȦĲȠțȠȡυφȫȞ, țαșȠȡȚıȝȩȢ R.O.I., πȡȠıαȡȝȠȖȒ) ĲȦȞ φαıȝȐĲȦȞ ĲȦȞ 

πȡȠĲȪπȦȞ įİȚȖȝȐĲȦȞ, İȚıȐȖȠυȝİ Ĳα αȞαȜυȝȑȞα φȐıȝαĲα αυĲȐ υπȩ ĲȘ ȝȠȡφȒ αȡȤİȓȠυ *.axml ıĲȠ 

πȡȩȖȡαȝȝα bAXIL FP. ȉα φȐıȝαĲα αυĲȐ İȚıȐȖȠȞĲαȚ πȚȑȗȠȞĲαȢ ĲȠ πȜȒțĲȡȠ «Add Standards» ȩπȦȢ 

φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 6.2 :  

 

6.3 ΕȚıαȖȦȖȒ φȐıȝαĲȠȢ πȡȩĲυπȠυ įİȓȖȝαĲȠȢ ıĲȠ bAXIL FP 

AφȠȪ İȚıαȤșİȓ ĲȠ πȡȩĲυπȠ įİȓȖȝα, ĲȠ İπȩȝİȞȠ ȕȒȝα İȓȞαȚ Ș İȚıαȖȦȖȒ ĲȘȢ ıȪıĲαıȒȢ ĲȠυ ıĲȠ 

ȜȠȖȚıȝȚțȩ, ȑĲıȚ ȫıĲİ Ȟα ȝπȠȡİȓ Ȟα ȖȓȞİȚ Ș ıυıȤȑĲȚıȘ ȝİĲαȟȪ ıυȖțȑȞĲȡȦıȘȢ ĲȠυ ıĲȠȚȤİȓȠυ țαȚ 

İπȚφȐȞİȚαȢ φȦĲȠțȠȡυφȒȢ ȖȚα Ȟα ȤȡȘıȚȝȠπȠȚȘșİȓ ıĲȘȞ πȠıȠĲȚțȒ αȞȐȜυıȘ. Ǿ ıȪıĲαıȘ, πȠυ İȓȞαȚ 

İȟ’ȠȜȠțȜȒȡȠυ ȖȞȦıĲȒ αφȠȪ πȡȩțİȚĲαȚ ȖȚα πȡȩĲυπȠ įİȓȖȝα πȠυ παȡαıțİυȐıĲȘțİ απȩ ĲȠȞ ȤȡȒıĲȘ 

απȩ ȖȞȦıĲȒȢ țαșαȡȩĲȘĲαȢ υȜȚțȐ, İȚıȐȖİĲαȚ ȖȡαπĲȐ ıĲȠ țαĲȐȜȜȘȜȠ πİįȓȠ, αȞαφȑȡȠȞĲαȢ ĲȠ ȤȘȝȚțȩ 

ıĲȠȚȤİȓȠ țαȚ ĲȘȞ  İπȓ ĲȠȚȢ İțαĲȩ ıυȖțȑȞĲȡȦıȒ  ĲȠυ ıĲȠ įİȓȖȝα . ȈĲȠ ȈȤȒȝα 6.4  φαȓȞİĲαȚ ȑȞα 

παȡȐįİȚȖȝα İȚıαȖȦȖȒȢ ıȪıĲαıȘȢ πȡȩĲυπȠυ įİȓȖȝαĲȠȢ ıĲȠ bAXIL FP. 

ǻİȓȖȝα ȈĲİȡİȐ ȅυıȓα 
ȉİĲȡαȕȠȡȚțȩ 

ȜȓșȚȠ [g] 

ȂİĲαȕȠȡȚțȩ 
ȜȓșȚȠ [g] 

ȈĲİȡİȐ Ƞυıȓα 

[g] 

non wetting 

agent [g] 

KTIO6 
ȅȟİȓįȚȠ ĲȚĲαȞȓȠυ 

TiO2 
4.8473 4.8448 0.6914 0.3152 

KFEO1 
ȅȟİȓįȚȠ ıȚįȒȡȠυ 

Fe2ȅ3 
4.9362 4.9452 0.5191 0.2911 

KSRO1 
ǹȞșȡαțȚțȩ ıĲȡȩȞĲȚȠ 

SrCO3 
6.7059 3.3071 0.514 0.2828 

KCAO2 
ǹȞșȡαțȚțȩ αıȕȑıĲȚȠ 

CaCO3 
7.1069 3.3944 0.0993 0.3255 

KZN3 
ȅȟİȓįȚȠ 

ȥİυįαȡȖȪȡȠυ ZnO 
7.0989 3.4011 0.0996 0.2562 
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6.4 ΕȚıαȖȦȖȒ φȐıȝαĲȠȢ πȡȩĲυπȠυ įİȓȖȝαĲȠȢ ıĲȠ bAXIL FP 

ΓȚα ĲȠȞ υπȠȜȠȖȚıȝȩ ĲȘȢ ıȪıĲαıȘȢ ĲȦȞ πȡȩĲυπȦȞ įİȚȖȝȐĲȦȞ αțȠȜȠυșȠȪȞĲαȚ Ĳα ȕȒȝαĲα πȠυ șα 

παȡȠυıȚαıĲȠȪȞ παȡαțȐĲȦ αȞȐȜȠȖα ȝİ ĲȘ ȝȑșȠįȠ πȠυ αțȠȜȠυșȒșȘțİ ȖȚα ĲȘȞ παȡαıțİυȒ ĲȠυȢ 

(ıȪȞĲȘȟȘ Ȓ πȡȑıα).  ȅ υπȠȜȠȖȚıȝȩȢ ȟİțȚȞȐ įȚαȤȦȡȓȗȠȞĲαȢ ĲȚȢ ȝȐȗİȢ ĲȠυ țȐșİ ȤȘȝȚțȠȪ ıĲȠȚȤİȓȠυ ȖȚα 

Ĳα Ĳȡȓα įȚαφȠȡİĲȚțȐ ıυıĲαĲȚțȐ (ĲİĲȡαȕȠȡȚțȩ ȜȓșȚȠ, ȝİĲαȕȠȡȚțȩ ȜȓșȚȠ țαȚ ıĲİȡİȐ Ƞυıȓα, ȩĲαȞ 

αȞαφİȡȩȝαıĲİ ıĲα įİȓȖȝαĲα ıȪȞĲȘȟȘȢ) Ȓ ȖȚα Ĳα įȪȠ įȚαφȠȡİĲȚțȐ ıυıĲαĲȚțȐ (ıĲİȡİȐ Ƞυıȓα țαȚ 

ıυȞįİĲȚțȩ υȜȚțȩ, ȩĲαȞ αȞαφİȡȩȝαıĲİ ıĲα įİȓȖȝαĲα πȡȑıαȢ):   

ǹ) ΓȚα πȡȩĲυπȠ įİȓȖȝα παȡαıțİυαıȝȑȞȠ ȝİ ıȪȞĲȘȟȘ ȝİ ȕȠȡȚțȐ ȐȜαĲα: ΘİȦȡȠȪȝİ  ȦȢ πȡȫĲȠ 

ıυıĲαĲȚțȩ ĲȠ ĲİĲȡαȕȠȡȚțȩ ȜȓșȚȠ, ĲȠυ ȠπȠȓȠυ Ƞ ȝȠȡȚαțȩȢ ĲȪπȠȢ İȓȞαȚ LiଶBସO7. ΓȚα ĲȠȞ υπȠȜȠȖȚıȝȩ 

ĲȘȢ ȝȐȗαȢ ĲȦȞ ĲȡȚȫȞ ıĲȠȚȤİȓȦȞ πȠυ ĲȠ απαȡĲȓȗȠυȞ, ȤȡȘıȚȝȠπȠȚȠȪȝİ ĲȘȞ αȞαȜȠȖȓα ĲȦȞ αĲȠȝȚțȫȞ 

ȕαȡȫȞ. ȆȚȠ αȞαȜυĲȚțȐ ȑȤȠυȝİ: ݉௅𝑖,௅𝑖𝑇   =     ଶ ∙஺஻𝐿𝑖ெ஻𝐿𝑖𝑇  ∙  ݉௅𝑖𝛵,ఋఌɜఊఓ𝛼ఛఖ𝜍  =    ଶ ∙஺஻𝐿𝑖ଶ ∙஺஻𝐿𝑖+ସ ∙஺஻𝐵+7 ∙஺஻𝑂  ∙  ݉௅𝑖𝛵,ఋఌɜఊఓ𝛼ఛఖ𝜍      (6.1) 

ΌπȠυ ǹǺΧ ĲȠ αĲȠȝȚțȩ ȕȐȡȠȢ ĲȠυ İțȐıĲȠĲİ ıĲȠȚȤİȓȠυ x πȠυ απαȡĲȓȗİȚ ĲȠ ıυıĲαĲȚțȩ. ǹȞĲȓıĲȠȚȤα 

İțĲİȜȠȪȝİ ĲȘȞ ȓįȚα įȚαįȚțαıȓα țαȚ ȖȚα Ĳα υπȩȜȠȚπα ıĲȠȚȤİȓα ĲȠυ ĲİĲȡαȕȠȡȚțȠȪ ȜȚșȓȠυ. ȅȚ ıȤȑıİȚȢ 

υπȠȜȠȖȚıȝȠȪ πȡȠțȪπĲȠυȞ ȝİ ĲȠȞ ȓįȚȠ ĲȡȩπȠ țαȚ φαȓȞȠȞĲαȚ παȡαțȐĲȦ: ݉𝛣,௅𝑖𝑇    =    ସ ∙஺஻𝐵ଶ ∙஺஻𝐿𝑖+ସ ∙஺஻𝐵+7 ∙஺஻𝑂   ∙  ݉௅𝑖𝛵,ఋఌɜఊఓ𝛼ఛఖ𝜍  (6.2) 

݉𝛰,௅𝑖𝑇    =    7 ∙஺஻𝑂ଶ ∙஺஻𝐿𝑖+ସ ∙஺஻𝐵+7 ∙஺஻𝑂   ∙  ݉௅𝑖𝛵,ఋఌɜఊఓ𝛼ఛఖ𝜍   (6.3) 

ǼπαȞαȜαȝȕȐȞȠυȝİ ĲȘȞ ȓįȚα įȚαįȚțαıȓα ȝİ ĲȠȞ ȓįȚȠ ĲȡȩπȠ țαȚ ȖȚα Ĳα υπȩȜȠȚπα įȪȠ ıυıĲαĲȚțȐ ĲȠυ 

ȝȓȖȝαĲȠȢ ĲȘȢ ıȪȞĲȘȟȘȢ ȕȠȡȚțȫȞ αȜȐĲȦȞ. ȆȡȠıȠȤȒ, ıĲȘ ıυȞȑȤİȚα πȡȠıșȑĲȠυȝİ ĲȚȢ ȝȐȗİȢ ĲȦȞ 

ȩȝȠȚȦȞ ıĲȠȚȤİȓȦȞ πȠυ πȡȠȑȡȤȠȞĲαȚ απȩ Ĳα įȚαφȠȡİĲȚțȐ υȜȚțȐ, įȘȜαįȒ ݉௅𝑖,ఋఌɜఊఓ𝛼ఛఖ𝜍  =   ݉௅𝑖,௅𝑖𝑇  +  ݉௅𝑖,௅𝑖𝛭 (6.4) 

ΌπȠυ ݉௅𝑖,௅𝑖𝑇 Ș ȝȐȗα ĲȠυ Li ıĲȠ ĲİĲȡαȕȠȡȚțȩ ȜȓșȚȠ țαȚ  ݉௅𝑖,௅𝑖𝛭 Ș ȝȐȗα ĲȠυ Li ıĲȠ ȝİĲαȕȠȡȚțȩ 

ȜȓșȚȠ. ǼπαȞαȜαȝȕȐȞȠυȝİ țαȚ ȖȚα Ĳα υπȩȜȠȚπα ıĲȠȚȤİȓα ĲȠυ įİȓȖȝαĲȠȢ ȩπȦȢ φαȓȞİĲαȚ παȡαțȐĲȦ. 
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݉𝛣,ఋఌɜఊఓ𝛼ఛఖ𝜍  =   ݉𝛣,௅𝑖𝑇  +  ݉𝛣,௅𝑖𝛭  (6.5) ݉𝛰,ఋఌɜఊఓ𝛼ఛఖ𝜍  =   ݉𝛰,௅𝑖𝑇  +  ݉𝛰,௅𝑖𝛭 +  ݉𝛰,𝜎ఛఌఘఌə𝜍 ఖజ𝜎ɜ𝛼𝜍  (6.6) 

ȈȘȝαȞĲȚțȩ ȖȚα ĲȘȞ İπαȜȒșİυıȘ ĲȦȞ υπȠȜȠȖȚıȝȫȞ ȝαȢ İȓȞαȚ ĲȠ ȐșȡȠȚıȝα ĲȦȞ ȝαȗȫȞ ȩȜȦȞ ĲȦȞ 

İπȚȝȑȡȠυȢ ıĲȠȚȤİȓȦȞ πȠυ υπȠȜȠȖȓıαȝİ, ĲȠ ȠπȠȓȠ πȡȑπİȚ Ȟα ȚıȠȪĲαȚ ȝİ ĲȘ ıυȞȠȜȚțȒ ȝȐȗα ĲȠυ 

įİȓȖȝαĲȠȢ. Ȉİ πİȡȓπĲȦıȘ πȠυ αυĲȩ įİȞ ȚıȤȪİȚ, ȠȚ υπȠȜȠȖȚıȝȠȓ șα πȡȑπİȚ Ȟα İȜİȖȤșȠȪȞ. ȈȘȝİȚȫȞİĲαȚ 

ȩĲȚ įİȞ ȝπȒțİ ıĲȠ ȐșȡȠȚıȝα ȖȚα ĲȠȞ υπȠȜȠȖȚıȝȩ ĲȘȢ ıυȞȠȜȚțȒȢ ȝȐȗαȢ ĲȠυ Li ıĲȠ įİȓȖȝα ĲȘȢ ıȤȑıȘȢ 

(6.4) ĲȠ Li πȠυ πȡȠȑȡȤİĲαȚ απȩ ĲȘȞ πȡȠıșȒțȘ ĲȠυ non-wetting agent (LiI), țαșȫȢ ȩπȦȢ 

αȞαφȑȡșȘțİ țαȚ ıİ πȡȠȘȖȠȪȝİȞİȢ παȡαȖȡȐφȠυȢ (ȕȜ. παȡ. 4.3.4 țαȚ παȡ. 6.6) șİȦȡȒșȘțİ πȦȢ ĲȠ LiI 

İȟαĲȝȓȗİĲαȚ ıĲȚȢ υȥȘȜȑȢ șİȡȝȠțȡαıȓİȢ πȠυ İπȚțȡαĲȠȪȞ țαĲȐ Ĳα ĲȘ ıȪȞĲȘȟȘ. 

Ǻ) ΓȚα πȡȩĲυπȠ įİȓȖȝα παȡαıțİυαıȝȑȞȠ ȝİ πȡȑıα: ȈȘȝİȚȫȞİĲαȚ țαĲαȡȤȒȞ ȩĲȚ Ĳα πȡȩĲυπα 

įİȓȖȝαĲα πȠυ İȓȤαȞ παȡαıțİυαıșİȓ ȝİ πȡȑıα ıİ πȡȠȘȖȠȪȝİȞİȢ ǻ.Ǽ. İπαȞαȗυȖȓıĲȘțαȞ ȖȚα ĲυȤȩȞ 

απȫȜİȚİȢ ȝȐȗαȢ țαȚ İπȓ ĲȘȢ ȞȑαȢ ȝȐȗαȢ υπȠȜȠȖȓıĲȘțİ Ș ȝȐȗα ĲȘȢ ȕαıȚțȒȢ ȠυıȓαȢ țαȚ ĲȠυ 

ıυȞįİĲȚțȠȪ υȜȚțȠȪ. ȉα απȠĲİȜȑıȝαĲα ĲȘȢ İπαȞαȗȪȖȚıȘȢ țαȚ ĲȠυ υπȠȜȠȖȚıȝȠȪ ĲȘȢ ıȪıĲαıȘȢ ĲȦȞ 

πȡȩĲυπȦȞ įİȚȖȝȐĲȦȞ πȡȑıαȢ φαȓȞȠȞĲαȚ ıĲȠȞ πȓȞαțα 6.4.  

ȆȓȞαțαȢ 6.4  ȆȡȩĲυπα įİȓȖȝαĲα πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ ȖȚα ĲȘȞ πȠıȠĲȚțȒ ȕαșȝȠȞȩȝȘıȘ  

ǻİȓȖȝα ȈĲİȡİȐ ȅυıȓα 
ȂȐȗα ıĲİȡİȐȢ 

ȠυıȓαȢ [g] 
ȂȐȗα ıυȞįİĲȚțȠȪ 

υȜȚțȠȪ [g] 
ȈυȞȠȜȚțȒ ȝȐȗα 
įİȓȖȝαĲȠȢ [g] 

ȉǿȅ ȅȟİȓįȚȠ ĲȚĲαȞȓȠυ TiO2 9.7038 2.9168 12.6206 

FEO ȅȟİȓįȚȠ ıȚįȒȡȠυ Fe2ȅ3 9.6308 2.8998 12.5306 

SRO ǹȞșȡαțȚțȩ ıĲȡȩȞĲȚȠ SrCO3 9.8898 2.9698 12.8596 

CAO ǹȞșȡαțȚțȩ αıȕȑıĲȚȠ CaCO3 8.0158 2.3212 10.3370 

ZNO ȅȟİȓįȚȠ ȥİυįαȡȖȪȡȠυ ZnO 9.7410 2.9317 12.6727 

 

Ǿ ȝȑșȠįȠȢ πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțİ ȖȚα ĲȠȞ υπȠȜȠȖȚıȝȩ ĲȠȞ ıυȖțİȞĲȡȫıİȦȞ ĲȦȞ įİȚȖȝȐĲȦȞ πȡȑıαȢ 

İȓȞαȚ ȩȝȠȚα ȝİ αυĲȒ ȖȚα Ĳα įİȓȖȝαĲα ıȪȞĲȘȟȘȢ. ȉȠ ıȘȝİȓȠ πȠυ įȚαφȑȡȠυȞ İȓȞαȚ ĲȠ ȖİȖȠȞȩȢ ȩĲȚ 

ȑȤȠυȝİ įȚαφȠȡİĲȚțȐ υȜȚțȐ ıĲȘȞ πİȡȓπĲȦıȘ ĲȦȞ įİȚȖȝȐĲȦȞ πȡȑıαȢ, ıυȖțİțȡȚȝȑȞα ȝȩȞȠ ıĲİȡİȐ 

Ƞυıȓα (υȜȚțȩ įİȓȖȝαĲȠȢ) țαȚ ıυȞįİĲȚțȩ υȜȚțȩ (țυĲĲαȡȓȞȘ, C6H10O5). ΈĲıȚ ȠȚ ıȤȑıİȚȢ ȖȚα ĲȠȞ 

υπȠȜȠȖȚıȝȩ ĲȦȞ İπȚȝȑȡȠυȢ ȝαȗȫȞ ĲȦȞ ȤȘȝȚțȫȞ ıĲȠȚȤİȓȦȞ ĲȠυ ıȪȞįİĲȚțȠȪ υȜȚțȠȪ İȓȞαȚ ȠȚ İȟȒȢ: 

݉஼,𝜎జఔఋ.    =    ͸ ∙ ∙ ஼͸ܤܣ ஼ܤܣ + ͳͲ ∙ 𝐻ܤܣ + ͷ ∙ 𝑂ܤܣ   ∙  ݉𝜎జఔఋ     ሺ͸.͹ሻ 

݉𝛨,𝜎జఔఋ.    =    ͳͲ ∙ ∙ 𝐻͸ܤܣ ஼ܤܣ + ͳͲ ∙ 𝐻ܤܣ + ͷ ∙ 𝑂ܤܣ   ∙  ݉𝜎జఔఋ     ሺ͸.ͺሻ 
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݉𝛰,𝜎జఔఋ.    =    ͷ ∙ ∙ 𝑂͸ܤܣ ஼ܤܣ + ͳͲ ∙ 𝐻ܤܣ + ͷ ∙ 𝑂ܤܣ   ∙  ݉𝜎జఔఋ     ሺ͸.ͻሻ 

ΌπȠυ 𝒎𝝈𝝊𝝂𝜹 Ș ȝȐȗα ĲȠυ ıυȞįİĲȚțȠȪ υȜȚțȠȪ ȩπȦȢ φαȓȞİĲαȚ ıĲȠȞ πȓȞαțα 6.2. ȈĲȘ ıυȞȑȤİȚα 

υπȠȜȠȖȓȗȠυȝİ țαȚ ĲȘȞ ȝȐȗα ĲȦȞ ȤȘȝȚțȫȞ ıĲȠȚȤİȓȦȞ ĲȘȢ ıĲİȡİȐȢ ȠυıȓαȢ ȩπȦȢ φαȓȞİĲαȚ țαȚ ıĲȚȢ 

παȡαțȐĲȦ ıȤȑıİȚȢ:  ݉𝛰,ఋఌɜఊఓ𝛼ఛఖ𝜍    =   ݉𝛰,𝜎జఔఋ.  +  ݉𝛰,𝜎ఛఌఘఌə𝜍 ఖజ𝜎ɜ𝛼𝜍    ሺ͸.ͳͲሻ ݉஼,ఋఌɜఊఓ𝛼ఛఖ𝜍    =   ݉஼,𝜎జఔఋ.  + ݉஼,𝜎ఛఌఘఌə𝜍 ఖజ𝜎ɜ𝛼𝜍    ሺ͸.ͳͳሻ 

ȉȑȜȠȢ, įİȞ πȡȑπİȚ Ȟα αȖȞȠȘșȠȪȞ ȠȚ ȝȐȗİȢ ĲȦȞ ȤȘȝȚțȫȞ ıĲȠȚȤİȓȦȞ πȠυ πİȡȚȑȤȠȞĲαȚ țαȚ ıĲα įȪȠ 

ıυıĲαĲȚțȐ ĲȠυ įİȓȖȝαĲȠȢ, ȩπȦȢ ĲȠ ȅ țαȚ ıİ țȐπȠȚİȢ πİȡȚπĲȫıİȚȢ Ƞ C πȤ. (ıĲα πȡȩĲυπα įİȓȖȝαĲα 

SrCO3 țαȚ CaCO3)  

Γ) ǹφȠȪ υπȠȜȠȖȚıĲȠȪȞ ȩȜİȢ ȠȚ ȝȐȗİȢ ĲȦȞ ȤȘȝȚțȫȞ ıĲȠȚȤİȓȦȞ ĲȠυ ȝȓȖȝαĲȠȢ, ȝπȠȡȠȪȝİ Ȟα 

υπȠȜȠȖȓıȠυȝİ πȜȑȠȞ ĲȚȢ ıυȖțİȞĲȡȫıİȚȢ ĲȠυȢ ȝȑıȦ ĲȠυ ȜȩȖȠυ ĲȘȢ ȝȐȗαȢ ĲȠυ țȐșİ ıĲȠȚȤİȓȠυ πȡȠȢ ĲȘ 

ıυȞȠȜȚțȒ ȝȐȗα ĲȠυ įİȓȖȝαĲȠȢ. ȅ ȖİȞȚțȩȢ țαȞȩȞαȢ υπȠȜȠȖȚıȝȠȪ ĲȘȢ İπȓ ĲȘȢ İțαĲȩ țαĲȐ ȝȐȗα 

ıυȖțȑȞĲȡȦıȘȢ İȞȩȢ ıĲȠȚȤİȓȠυ ıĲȠ įİȓȖȝα φαȓȞİĲαȚ παȡαțȐĲȦ: ܥ𝑥 =  𝑚𝑥,ഃഄɜം𝜇𝛼𝜏𝜊𝜍𝑚ഃഄɜം𝜇𝛼𝜏𝜊𝜍  ∙ ͳͲͲ %  (6.7) 

ΌπȠυ x:  ȑȞα απȩ ıĲȠȚȤİȓα ĲȠυ įİȓȖȝαĲȠȢ (ȩπȦȢ Li, O, Fe, Zn țȜπ), 

  ݉𝑥,ఋఌɜఊఓ𝛼ఛఖ𝜍 : Ș ıυȞȠȜȚțȒ ȝȐȗα ĲȠυ ıĲȠȚȤİȓȠυ αυĲȠȪ ıĲȠ πȡȩĲυπȠ įİȓȖȝα țαȚ 

 ݉ఋఌɜఊఓ𝛼ఛఖ𝜍 : Ș ıυȞȠȜȚțȒ ȝȐȗα ĲȠυ πȡȩĲυπȠυ įİȓȖȝαĲȠȢ (ȐșȡȠȚıȝα ȝαȗȫȞ ĲȦȞ ıυıĲαĲȚțȫȞ ĲȠυ)  

ǹφȠȪ υπȠȜȠȖȚıĲİȓ Ș ıυȖțȑȞĲȡȦıȘ ȩȜȦȞ ĲȦȞ ıĲȠȚȤİȓȦȞ ĲȠυ įİȓȖȝαĲȠȢ ȝπȠȡȠȪȞ Ĳα įİįȠȝȑȞα πȠυ 

πȡȠȑțυȥαȞ απȩ ĲȠυȢ παȡαπȐȞȦ υπȠȜȠȖȚıȝȠȪȢ Ȟα İȚıαȤșȠȪȞ ıĲȠ ȜȠȖȚıȝȚțȩ bAXIL FP, ıĲȠ 

țαĲȐȜȜȘȜȠ πİįȓȠ ȖȚα ĲȘȞ πȠıȠĲȚțȒ ȕαșȝȠȞȩȝȘıȘ. ȈĲȠȞ ȆȓȞαțα 6.5 țαĲαȖȡȐφȠȞĲαȚ ȠȚ ıυıĲȐıİȚȢ 

ȖȚα Ĳα πȡȩĲυπα įİȓȖȝαĲα πȠυ παȡαıțİυȐıșȘțαȞ (α) ȝİ ıȪȞĲȘȟȘ țαȚ (ȕ) ȝİ πȡȑıα ȩπȦȢ 

υπȠȜȠȖȓıĲȘțαȞ ȝİ ĲȘȞ παȡαπȐȞȦ ȝİșȠįȠȜȠȖȓα țαȚ İȚıȒȤșȘıαȞ ıĲȠ ȜȠȖȚıȝȚțȩ bAXIL FP ȖȚα ĲȘȞ 

πȠıȠĲȚțȒ ȕαșȝȠȞȩȝȘıȘ. 

ȆȓȞαțαȢ 6.5α ǹπȠĲİȜȑıȝαĲα υπȠȜȠȖȚıȝȠȪ ȖȞȦıĲȒȢ ıȪıĲαıȘȢ πȡȩĲυπȦȞ įİȚȖȝȐĲȦȞ ıȪȞĲȘȟȘȢ 

ȅȟİȓįȚȠ 
ĲȚĲαȞȓȠυ TiO2 

ȅȟİȓįȚȠ 
ıȚįȒȡȠυ Fe2ȅ3 

ǹȞșȡαțȚțȩ  
ıĲȡȩȞĲȚȠ SrCO3 

ǹȞșȡαțȚțȩ 

αıȕȑıĲȚȠ CaCO3 

ȅȟİȓįȚȠ 
ȥİυįαȡȖȪȡȠυ ZnO 

B 21.91 % 

Li 11.11 % 

O 63.01 % 

Ti 4.06 % 

B 22.31 % 

Fe 3.47 % 

Li 10.46 % 

O 63.07 % 

B 22.96 % 

Li 9.55 % 

O 63.94 % 

Sr 2.88 % 

B 23.92 % 

Ca 0.37 % 

Li 9.89 % 

O 65.05 % 

B 23.95 % 

Li 9.91 % 

O 64.78 % 

Zn 0.75 % 
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ȆȓȞαțαȢ 6.5ȕ ǹπȠĲİȜȑıȝαĲα υπȠȜȠȖȚıȝȠȪ ȖȞȦıĲȒȢ ıȪıĲαıȘȢ πȡȩĲυπȦȞ įİȚȖȝȐĲȦȞ πȡȑıαȢ 

 

Ǿ İπȚĲυȤȒȢ İȚıαȖȦȖȒ İπȚȕİȕαȚȫȞİĲαȚ απȩ ĲȘȞ αȞαȖȡαφȒ ĲȦȞ İȚıαȤșȑȞĲȦȞ πȡȠĲȪπȦȞ įİȓȖȝαĲȠȢ ıĲα 

αȡȚıĲİȡȐ ĲȘȢ ȠșȩȞȘȢ ĲȠυ πȡȠȖȡȐȝȝαĲȠȢ bAXIL FP. ȂİĲȐ ĲȘȞ İπȚĲυȤȒ İȚıαȖȦȖȒ ĲȦȞ πȡȩĲυπȦȞ 

įİȚȖȝȐĲȦȞ, Ƞ ȤȡȒıĲȘȢ ȝπȠȡİȓ πȜȑȠȞ Ȟα αȞαȜȪıİȚ πȠıȠĲȚțȐ ȝİ İυțȠȜȓα  ĲȠ φȐıȝα αțĲȓȞȦȞ-x İȞȩȢ 

ȐȖȞȦıĲȠυ įİȓȖȝαĲȠȢ ȝİ ĲȘ įȚαįȚțαıȓα πȠυ șα πİȡȚȖȡαφİȓ ıĲȚȢ İπȩȝİȞİȢ παȡαȖȡȐφȠυȢ.  

Ȃİ ĲȘȞ αȞȐȜυıȘ ĲȦȞ πȡȩĲυπȦȞ įİȚȖȝȐĲȦȞ (ȠȚ αȞαφȠȡȑȢ ȝİ Ĳα απȠĲİȜȑıȝαĲα ĲȘȢ αȞȐȜυıȘȢ 

ȕȡȓıțȠȞĲαȚ ıĲȠ ȆαȡȐȡĲȘȝα Ǽ) țαȚ ȜαȝȕȐȞȠȞĲαȢ υπȩȥȘ Ĳα įİįȠȝȑȞα ĲȦȞ ıυȖțİȞĲȡȫıİȫȞ ĲȠυȢ, ĲȠ 

bAXIL FP υπȠȜȠȖȓȗİȚ, ȖȚα ĲȠ ıυȖțİțȡȚȝȑȞȠ Template, ĲȠυȢ ıυȞĲİȜİıĲȑȢ πȠıȠĲȚțȒȢ ȕαșȝȠȞȩȝȘıȘȢ 

ȖȚα Ĳα ıĲȠȚȤİȓα ĲȦȞ πȡȠĲȪπȦȞ,  ȠȚ ȠπȠȓȠȚ ıυıȤİĲȓȗȠυȞ ĲȚȢ İπȚφȐȞİȚİȢ φȦĲȠțȠȡυφȫȞ ȝİ ĲȚȢ 

ıυȖțİȞĲȡȫıİȚȢ ĲȦȞ ıĲȠȚȤİȓȦȞ ıĲȠ πȡȩĲυπȠ įİȓȖȝα. ȉȠυȢ ıυȞĲİȜİıĲȑȢ αυĲȠȪȢ șα  İφαȡȝȩıİȚ ĲȠ 

bAXIL FP ȖȚα Ȟα υπȠȜȠȖȓıİȚ ĲȚȢ ıυȖțİȞĲȡȫıİȚȢ ĲȦȞ ıĲȠȚȤİȓȦȞ αυĲȫȞ ıĲȠ ȐȖȞȦıĲȠ įİȓȖȝα 

ȜαȝȕȐȞȠȞĲαȢ υπȩȥȘ ĲȠ φȐıȝα ĲȠυ ȐȖȞȦıĲȠυ  įİȓȖȝαĲȠȢ țαȚ ĲυȤȩȞ ȖȞȦıĲȑȢ ıυȖțİȞĲȡȫıİȚȢ 

ıĲȠȚȤİȓȦȞ πȠυ șα İȚıȐȖȠυȝİ.  

 

6.9.2 ȆȠıȠĲȚțȒ αȞȐȜυıȘ ȐȖȞȦıĲȠυ įİȓȖȝαĲȠȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ȝİ ĲȠ bAXIL FP 

ΌπȦȢ țαȚ ıĲȘȞ πİȡȓπĲȦıȘ ĲȦȞ πȡȩĲυπȦȞ įİȚȖȝȐĲȦȞ, Ƞ ȤȡȒıĲȘȢ πȡȑπİȚ Ȟα ȠȜȠțȜȘȡȫıİȚ ĲȘȞ 

πȠȚȠĲȚțȒ αȞȐȜυıȘ ĲȠυ ȐȖȞȦıĲȠυ įİȓȖȝαĲȠȢ ȖȚα Ȟα πȡȠȤȦȡȒıİȚ ıĲȘȞ πȠıȠĲȚțȒ αȞȐȜυıȘ. ΈĲıȚ 

πȡȑπİȚ Ȟα  αțȠȜȠυșȒıİȚ Ĳα ȕȒȝαĲα πȠυ ȑȤȠυȞ αȞαφİȡșİȓ ıĲȘȞ παȡ. 6.8 (İȞİȡȖİȚαțȒ ȕαșȝȠȞȩȝȘıȘ, 

İȚıαȖȦȖȒ Template, ĲαυĲȠπȠȓȘıȘ φȦĲȠțȠȡυφȫȞ, țαșȠȡȚıȝȩȢ R.O.I. țαȚ πȡȠıαȡȝȠȖȒ ĲȠυ 

φȐıȝαĲȠȢ ĲȠυ ȐȖȞȦıĲȠ įİȓȖȝαĲȠȢ). ǹφȠȪ Ș İȞȑȡȖİȚα αυĲȒ ȑȤİȚ ȠȜȠțȜȘȡȦșİȓ, țαȚ ĲȠ απȠĲȑȜİıȝα 

ĲȘȢ πȠȚȠĲȚțȒȢ αȞȐȜυıȘȢ ȑȤİȚ απȠșȘțİυĲİȓ ȝİ ĲȘ ȝȠȡφȒ αȡȤİȓȠυ ĲȪπȠυ *.axml, Ƞ ȤȡȒıĲȘȢ ȝπȠȡİȓ Ȟα 

πȡȠȤȦȡȒıİȚ ıĲȘȞ İȚıαȖȦȖȒ ĲȠυ ıĲȠ πȡȩȖȡαȝȝα ĲȘȢ πȠıȠĲȚțȒ αȞȐȜυıȘȢ. ΓȚα Ȟα ĲȠ İπȚĲȪȤİȚ αυĲȩ, 

αȡțİȓ Ȟα πȚȑıİȚ ĲȠ πȜȒțĲȡȠ «Add Unknown» țαȚ Ȟα İπȚȜȑȟİȚ ĲȠ αȡȤİȓȠ πȠυ İπȚșυȝİȓ Ȟα αȞαȜȪıİȚ 

απȩ ĲȠ αȞαįυȩȝİȞȠ παȡȐșυȡȠ, ȩπȦȢ φαȓȞİĲαȚ ıĲȠ ȈȤȒȝα 6.5 

ȅȟİȓįȚȠ 
ĲȚĲαȞȓȠυ TiO2 

ȅȟİȓįȚȠ 
ıȚįȒȡȠυ Fe2ȅ3 

ǹȞșȡαțȚțȩ 
ıĲȡȩȞĲȚȠ SrCO3 

ǹȞșȡαțȚțȩ 

αıȕȑıĲȚȠ CaCO3 

ȅȟİȓįȚȠ 
ȥİυįαȡȖȪȡȠυ ZnO 

C 9.075% 

H 1.269% 

O 27.091% 

Ti 50.912% 

C 9.085% 

H 1.271% 

O 30.492% 

Fe 47.485% 

C 14.623% 

H 1.271% 

O 32.217% 

Sr 40.402% 

C 16.622% 

H 1.203% 

O 41.599% 

Ca 26.762% 

C 9.084% 

H 1.271% 

O 23.435% 

Zn 54.560% 
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ΣȤȒȝα 6.5 ȆȜȒțĲȡȠ İȚıαȖȦȖȒȢ ȐȖȞȦıĲȠυ įİȓȖȝαĲȠȢ πȡȠȢ πȠıȠĲȚțȒ αȞȐȜυıȘ 

 

ȈȘȝİȚȫȞİĲαȚ ȩĲȚ ȖȚα Ȟα İȚıαȤșİȓ ĲȠ φȐıȝα ĲȠυ ȐȖȞȦıĲȠυ įİȓȖȝαĲȠȢ πȡȑπİȚ ĲȠ ‘Template’ ĲȠυ Ȟα 

İȓȞαȚ ȓįȚȠ ȝİ ĲȠ Template ĲȠυ πȡȩĲυπȠυ įİȓȖȝαĲȠȢ, ĲȠ ȓįȚȠ ȚıȤȪİȚ țαȚ ȖȚα ĲȘȞ πȡȠıșȒțȘ ȞȑȠυ 

φȐıȝαĲȠȢ πȡȩĲυπȠυ įİȓȖȝαĲȠȢ. ΈπİȚĲα απȩ ĲȘȞ İȚıαȖȦȖȒ ĲȠυ αȖȞȫıĲȠυ įİȓȖȝαĲȠȢ țαȚ ĲȘȞ 

İȝφȐȞȚıȘ ĲȠυ ıĲα αȡȚıĲİȡȐ ĲȘȢ ȠșȩȞȘȢ ĲȠυ bAXIL FP țȐĲȦ απȩ ĲȘȞ ȠȞȠȝαıȓα «Unknowns», Ƞ 

ȤȡȒıĲȘȢ țαȜİȓĲαȚ Ȟα țαșȠȡȓıİȚ ȝİȡȚțȠȪȢ αțȩȝȘ παȡȐȖȠȞĲİȢ πȡȚȞ ȜȐȕİȚ Ĳα απȠĲİȜȑıȝαĲα ĲȘȢ 

αȞȐȜυıȘȢ:  

 ȀαĲαȡȤȒȞ, Ƞ ȤȡȒıĲȘȢ πȡȑπİȚ Ȟα αȞαφȑȡİȚ ıĲȠ ȜȠȖȚıȝȚțȩ Ĳα ıĲȠȚȤİȓα πȠυ ȖȞȦȡȓȗİȚ ıȤİĲȚțȐ 

ȝİ ĲȘ ȖȞȦıĲȒ ıȪıĲαıȘ ĲȠυ αȖȞȫıĲȠυ įİȓȖȝαĲȠȢ. ȀȐșİ įİȓȖȝα, İȓĲİ πȡȠȑȡȤİĲαȚ απȩ ıȪȞĲȘȟȘ 

ȕȠȡȚțȫȞ αȜȐĲȦȞ, İȓĲİ ȑȤİȚ παȡαıțİυαıĲİȓ ȝİ ĲȘ ıυȝȕαĲȚțȒ ȝȑșȠįȠ ĲȘȢ πȡȑıαȢ πİȡȚȑȤİȚ υȜȚțȐ ĲȦȞ 

ȠπȠȓȦȞ Ș ıυȖțȑȞĲȡȦıȘ İȓȞαȚ ȖȞȦıĲȒ İț ĲȦȞ πȡȠĲȑȡȦȞ țαȚ ȝπȠȡİȓ Ȟα υπȠȜȠȖȚıĲİȓ ȝİ ĲȚȢ ıȤȑıİȚȢ  

πȠυ πİȡȚȖȡȐφȘțαȞ αȞαȜυĲȚțȐ ıĲȘȞ παȡ. 6.8.2.  ǹπȩ ĲȠυȢ υπȠȜȠȖȚıȝȠȪȢ πȠυ ȑȖȚȞαȞ ȝİ ĲȚȢ ıȤȑıİȚȢ 

ĲȘȢ παȡ. 6.8.2, πȡȠȑțυȥαȞ Ĳα įİįȠȝȑȞα ıυȖțȑȞĲȡȦıȘȢ ĲȦȞ αȖȞȫıĲȦȞ įİȚȖȝȐĲȦȞ πȠυ αȞαȜȪșȘțαȞ, 

πȠυ țαĲαȖȡȐφȠȞĲαȚ ıĲȠȞ ȆȓȞαțα 6.6. 

ȆȓȞαțαȢ 6.6  ǻİįȠȝȑȞα  ıȪıĲαıȘȢ ĲȦȞ ȐȖȞȦıĲȦȞ įİȚȖȝȐĲȦȞ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ĲȘȢ παȡȠȪıαȢ ǻ.Ǽ. 

ǻİȓȖȝαĲα ȆȡȑıαȢ 

ǿπĲȐȝİȞȘ Ĳȑφȡα 

ǻİȓȖȝαĲα ıȪȞĲȘȟȘȢ 

ǿπĲȐȝİȞȘ ĲȑφȡαȢ 

ȃIST ȂİȖαȜȩπȠȜȘȢ 

CMF7 
NIST 

ȂİȖαȜȩπȠȜȘȢ 

KCMF12 

ȂİȖαȜȩπȠȜȘȢ 

KCMF14 

ȂİȖαȜȩπȠȜȘȢ 

KCMF15 

C 11.158% 

H 1.561% 

O 50.534% 

C 5.945 % 

H 0.832 % 

O 50.322 % 

B 20.66 % 

Li 8.62 % 

O 62.82 % 

B 20.71 % 

Li 9.29 % 

O 58.66 % 

Li 8.71% 

B 19.56% 

O 55.20% 

B 20.69 % 

Li 9.27 % 

O 58.59 % 
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ȈĲȘ ıυȞȑȤİȚα, πȡȚȞ ĲȘȞ ĲİȜȚțȒ ȜȒȥȘ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ ĲȘȢ πȠıȠĲȚțȒȢ αȞȐȜυıȘȢ Ƞ ȤȡȒıĲȘȢ πȡȑπİȚ 

Ȟα ȝİĲαȕİȓ ıĲȠ παȡȐșυȡȠ «Exp. Cond.» țαȚ Ȟα ȕİȕαȚȦșİȓ ȩĲȚ ĲȠ πİįȓȠ «Normalize concentration to 

100%» įİȞ İȓȞαȚ İπȚȜİȖȝȑȞȠ.  Ǿ İπȚȜȠȖȒ αυĲȒ țαȞȠȞȚțȠπȠȚİȓ ĲȚȢ υπȠȜȠȖȚıȝȑȞİȢ ıυȖțİȞĲȡȫıİȚȢ ȝİ 

ıĲȩȤȠ ĲȠ ȐșȡȠȚıȝα ĲȠυȢ Ȟα ȚıȠȪĲαȚ ȝİ 100%, țαȚ İȓȞαȚ ȤȡȒıȚȝȘ ȝȠȞȐȤα ȩĲαȞ αȞαȜȪȠυȝİ ȑȞα φȐıȝα 

ıĲȠ ȠπȠȓȠ ȖȞȦȡȓȗȠυȝİ İț ĲȦȞ πȡȠĲȑȡȦȞ πȦȢ πİȡȚȑȤİȚ ĲȠ ıȪȞȠȜȠ ĲȦȞ ȤȘȝȚțȫȞ ıĲȠȚȤİȓȦȞ πȠυ 

πİȡȚȜαȝȕȐȞȠȞĲαȚ ıĲȠ įİȓȖȝα, țȐĲȚ πȠυ ıπαȞȓȦȢ ıυȝȕαȓȞİȚ (πȤ. ȜȩȖȦ ıİȞαȡȓȦȞ ıĲα ȠπȠȓα 

İȝφαȞȓȗȠȞĲαȚ ȝȩȞȠ ȠȚ φȦĲȠțȠȡυφȑȢ ȤαȝȘȜȒȢ İȞȑȡȖİȚαȢ. ȈĲȠ πȜαȓıȚȠ ĲȘȢ ǻ.Ǽ. Ĳα  φȐıȝαĲα 

αȞαȜȪșȘțαȞ ȤȦȡȚıȝȑȞα ıİ ȝȚțȡȐ R.O.I. πȠυ πİȡȚİȓȤαȞ ȝȚțȡȩ αȡȚșȝȩ ıĲȠȚȤİȓȦȞ țȐșİ φȠȡȐ, ȝİ 

απȠĲȑȜİıȝα Ș İπȚȜȠȖȒ ĲȘȢ țαȞȠȞȚȞțȠπȠȚȒıȘȢ ıĲȠ 100 % ĲȦȞ ıυȖțİȞĲȡȫıİȦȞ Ȟα ȝȘȞ ĲαȚȡȚȐȗİȚ ȝİ 

ĲȚȢ αȞαȜȪıİȚȢ ȝαȢ. ȈĲȠ ȈȤȒȝα 6.6 φαȓȞİĲαȚ Ș İπȚȜȠȖȒ «Normalize concentration to 100%» πȠυ 

αȞαφȑȡșȘİ πȡȠȘȖȠυȝȑȞȦȢ.    

ΣȤȒȝα 6.6  Η İπȚȜȠȖȒ «Normalize concentration to 100%» πȡȑπİȚ Ȟα παȡαȝȑȞİȚ ȝȘ İπȚȜİȖȝȑȞȘ 

 

Ȉİ αυĲȩ ĲȠ ıȘȝİȓȠ πȡȑπİȚ Ȟα αȞαφİȡșİȓ ȩĲȚ Ƞ πȡȠıįȚȠȡȚıȝȩȢ ĲȘȢ ıυȖțȑȞĲȡȦıȘȢ ĲȦȞ ȖȞȦıĲȫȞ 

ıυıĲαĲȚțȫȞ ĲȠυ įİȓȖȝαĲȠȢ țαȚ Ș İȚıαȖȦȖȒ ĲȠυȢ ıĲȠ ȜȠȖȚıȝȚțȩ İȓȞαȚ πȠȜȪ ıȘȝαȞĲȚțȒ įȚαįȚțαıȓα țαȚ 

İπȘȡİȐȗİȚ įȡαȝαĲȚțȐ Ĳα απȠĲİȜȑıȝαĲα ĲȘȢ αȞȐȜυıȘȢ. ǹυĲȩ ȝπȠȡİȓ țαȞİȓȢ Ȟα ĲȠ παȡαĲȘȡȒıİȚ 

ȟİțȐșαȡα ıĲȘȞ πİȡȓπĲȦıȘ ĲȦȞ įİȚȖȝȐĲȦȞ ıȪȞĲȘȟȘȢ, ĲȦȞ ȠπȠȓȦȞ ĲȠ ȝİȖαȜȪĲİȡȠ ȝȑȡȠȢ ĲȘȢ ȝȐȗαȢ 

απȠĲİȜİȓĲαȚ απȩ Ĳα ȕȠȡȚțȐ ȐȜαĲα ĲȦȞ ȠπȠȓȦȞ Ș ıȪıĲαıȘ İȓȞαȚ ȖȞȦıĲȒ. ǹπȩ ĲȠυȢ υπȠȜȠȖȚıȝȠȪȢ ȖȚα 

Ĳα πİȚȡȐȝαĲα πȠυ İțπȠȞȒșȘțαȞ ıĲȘȞ παȡȠȪıα ǻ.Ǽ., İπȚȕİȕαȚȫșȘțİ ȩĲȚ ĲυȤȩȞ ȜαȞșαıȝȑȞȘ 

İȚıαȖȦȖȒ ĲȘȢ ıȪıĲαıȘȢ ĲȠυ αȖȞȫıĲȠυ įİȓȖȝαĲȠȢ ȠįȘȖİȓ ȜαȞșαıȝȑȞα  απȠĲİȜȑıȝαĲα. ǼπȠȝȑȞȦȢ, 

ȖȚα țȐșİ įİȓȖȝα πȠυ αȞαȜȪİĲαȚ πȠıȠĲȚțȐ ȝİ ĲȠ bAXIL FP Ƞ ȤȡȒıĲȘȢ ȠφİȓȜİȚ Ȟα πȡȠıįȚȠȡȓȗİȚ 

αȡȤȚțȐ, ȝİ ĲȚȢ ȝİșȩįȠυȢ πȠυ πİȡȚȖȡȐφȠȞĲαȚ ıĲȘȞ παȡȐȖȡαφȠ 6.9.1 țαȚ 6.9.2 ĲȘȞ ıȪıĲαıȘ ĲȠυ 

įİȓȖȝαĲȠȢ țαȚ ĲȦȞ πȡȠĲȪπȦȞ įİȚȖȝȐĲȦȞ.  

ǹφȠȪ ȠȜȠțȜȘȡȦșȠȪȞ İπȚĲυȤȫȢ Ĳα παȡαπȐȞȦ ȕȒȝαĲα ĲȠ ȜȠȖȚıȝȚțȩ bAXIL FP πȡαȖȝαĲȠπȠȚİȓ, 

ȤȡȘıȚȝȠπȠȚȫȞĲαȢ ĲȠυȢ ıυȞĲİȜİıĲȑȢ ȕαșȝȠȞȩȝȘıȘȢ (Fundamental Parameters) -πȠυ İȓȤαȞ 
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υπȠȜȠȖȚıĲİȓ ȝİ ĲȘȞ İȚıαȖȦȖȒ ĲȦȞ πȡȩĲυπȦȞ įİȚȖȝȐĲȦȞ - ĲȘȞ πȠıȠĲȚțȒ αȞȐȜυıȘ ĲȠυ φȐıȝαĲȠȢ ĲȠυ 

ȐȖȞȦıĲȠυ įİȓȖȝαĲȠȢ, Ĳα απȠĲİȜȑıȝαĲα ĲȘȢ ȠπȠȓαȢ İȝφαȞȓȗȠȞĲαȚ ıĲȠ παȡȐșυȡȠ «Report». ȈĲȠ 

παȡȐșυȡȠ αυĲȩ παȡȠυıȚȐȗȠȞĲαȚ İπȓıȘȢ πȜȘȡȠφȠȡȓİȢ ıȤİĲȚțȐ ȝİ ĲȠ İȓįȠȢ ĲȠυ αȞαȜυȩȝİȞȠυ 

įİȓȖȝαĲȠȢ, ĲȚȢ παȡαȝȑĲȡȠυȢ πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ țαĲȐ ĲȘȞ πȠıȠĲȚțȒ ĲȠυ αȞȐȜυıȘ, Ĳα ȤȘȝȚțȐ 

ıĲȠȚȤİȓα ȖȚα Ĳα ȠπȠȓα ȑȖȚȞİ πȠıȠĲȚțȒ αȞȐȜυıȘ, ĲȠυȢ ıυȞĲİȜİıĲȑȢ ȕαșȝȠȞȩȝȘıȘȢ țαȚ ĲȑȜȠȢ, țȐĲȦ 

απȩ ĲȘȞ İπȚțİφαȜȓįα «Calculated Composition», Ĳα απȠĲİȜȑıȝαĲα ĲȘȢ αȞȐȜυıȘȢ. ȆȡȑπİȚ Ȟα 

ıȘȝİȚȦșİȓ ȩĲȚ ȖȚα Ĳα ıĲȠȚȤİȓα πȠυ įİȞ ȑȤȠυȞ αȞαȜυșİȓ φȐıȝαĲα πȡȩĲυπȦȞ įİȚȖȝȐĲȦȞ ȠȚ 

ıυȞĲİȜİıĲȑȢ ȕαșȝȠȞȩȝȘıȘȢ İțĲȚȝȫȞĲαȚ απȩ ĲȠ bAXIL ȝİ αȞαįȡȠȝȒ (ȕȜ. παȡ. 5.10.4). Ǿ πȡȠıșȒțȘ 

ȞȑȠυ πȡȩĲυπȠυ įİȓȖȝαĲȠȢ (πȐȞĲα ĲȠυ ȓįȚȠυ Template) ȝİ Ȟȑα ȤȘȝȚțȐ ıĲȠȚȤİȓα Ȓ ȝİ ȓįȚα ȝİ Ĳα ȒįȘ 

İȚıȘȖȝȑȞα șα ȝİĲαȕȐȜİȚ ĲȠυȢ ıυȞĲİȜİıĲȑȢ ȕαȡȪĲȘĲαȢ țαȚ ıυȞİπȫȢ Ĳα ĲİȜȚțȐ απȠĲİȜȑıȝαĲα. ȈĲȠ 

ȆαȡȐȡĲȘȝα Ǽ παȡȠυıȚȐȗȠȞĲαȚ ȠȚ αȞαφȠȡȑȢ ȝİ Ĳα απȠĲİȜȑıȝαĲα πȠıȠĲȚțȒȢ αȞȐȜυıȘȢ įİȓȖȝαĲȠȢ 

ȐȖȞȦıĲȘȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ıĲα ıİȞȐȡȚα αțĲȚȞȠȕȩȜȘıȘȢ ĲȦȞ 15 kV, 25kV, 35kV. 

 ȉȠ ĲİȜȚțȩ ȕȒȝα ȖȚα ĲȠȞ πȡȠıįȚȠȡȚıȝȩ ĲȦȞ ıυȖțİȞĲȡȫıİȦȞ ĲȦȞ ȤȘȝȚțȫȞ ıĲȠȚȤİȓȦȞ ıĲȠ 

αȡȤȚțȩ υȜȚțȩ, ıİ αυĲȒ ĲȘȞ πİȡȓπĲȦıȘ ıĲȘȞ ȐȖȞȦıĲȘ Ĳȑφȡα, İȓȞαȚ Ș αȞαȖȦȖȒ ĲȦȞ αȞαȜȠȖȚȫȞ πȠυ 

ȑįȦıİ ĲȠ bAXIL FP ıĲȘ ȝȐȗα ĲȘȢ ıĲİȡİȐȢ ȠυıȓαȢ ĲȠυ įİȓȖȝαĲȠȢ. Ǿ αȞȐȖțȘ ȖȚα ĲȠ ȕȒȝα αυĲȩ 

πȡȠțȪπĲİȚ țαșȫȢ Ĳα υπȠȜȠȖȚıȝȑȞα απȩ ĲȠ ȜȠȖȚıȝȚțȩ πȠıȠıĲȐ αφȠȡȠȪȞ ĲȘ ȝȐȗα ĲȠυ įİȓȖȝαĲȠȢ, πȠυ 

αȞαȜȪșȘțİ Ș ȠπȠȓα ıυȝπİȡȚȜαȝȕȐȞİȚ țαȚ Ĳα πȡȩıșİĲα πȠυ ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ ȩπȦȢ ĲȘ ȝȐȗα ĲȦȞ 

ȕȠȡȚțȫȞ αȜȐĲȦȞ ıĲȘȞ πİȡȓπĲȦıȘ ĲȦȞ įİȚȖȝȐĲȦȞ ıȪȞĲȘȟȘȢ Ȓ ĲȘ ȝȐȗα ĲȠυ ıυȞįİĲȚțȠȪ υȜȚțȠȪ ıĲȘȞ 

πİȡȓπĲȦıȘ ĲȦȞ įİȚȖȝȐĲȦȞ πȡȑıαȢ. ȈυȞİπȫȢ, αȞȐȖȠυȝİ ĲȚȢ ĲȚȝȑȢ ĲȦȞ ıυȖțİȞĲȡȫıİȦȞ πȠυ 

πȡȠțȪπĲȠυȞ απȩ ĲȘȞ αȞαφȠȡȐ ĲȠυ bAXIL FP ȤȡȘıȚȝȠπȠȚȫȞĲαȢ ĲȘȞ παȡαțȐĲȦ απȜȒ ıȤȑıȘ: ܥఛɚఝఘ𝛼𝜍 =  ݉ఋఌɜఊఓ𝛼ఛఖ𝜍,ఖఒఐ఑ఎ݉ఐగఛəఓఌఔఎ𝜍 ఛɚఝఘ𝛼𝜍   ∙  ఋఌɜఊఓ𝛼ఛఖ𝜍ܥ 

ΌπȠυ 

 ܥఋఌɜఊఓ𝛼ఛఖ𝜍 Ș ıυȖțȑȞĲȡȦıȘ İȞȩȢ ıĲȠȚȤİȓȠυ ıĲȠ įİȓȖȝα, ȩπȦȢ πȡȠțȪπĲİȚ απȩ ĲȘȞ αȞȐȜυıȘ ĲȠυ 

bAXIL FP 

 ݉ఋఌɜఊఓ𝛼ఛఖ𝜍,ఖఒఐ఑ఎ Ș ıυȞȠȜȚțȒ ȝȐȗα ĲȠυ įİȓȖȝαĲȠȢ, ȩπȦȢ πȡȠțȪπĲİȚ απȩ ĲȘȞ ȐșȡȠȚıȘ ȩȜȦȞ 

ĲȦȞ υȜȚțȫȞ πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ 

 ݉ఐగఛəఓఌఔఎ𝜍 ఛɚఝఘ𝛼𝜍 Ș ȝȐȗα ĲȘȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ πȠυ πȡȠıĲȑșȘțİ ıĲȠ įİȓȖȝα 

 ܥఛɚఝఘ𝛼𝜍 ĲȠ ĲİȜȚțȩ απȠĲȑȜİıȝα ıυȖțȑȞĲȡȦıȘȢ İȞȩȢ ıĲȠȚȤİȓȠυ ıĲȘȞ ȚπĲȐȝİȞȘ Ĳȑφȡα πȠυ 

αȞαȜȪİĲαȚ 
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6.10 ȆİȚȡȐȝαĲα İπαȞαȜȘȥȚȝȩĲȘĲαȢ  ȖȚα įİȓȖȝαĲα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ 

 ȀαĲȐ ĲȘȞ πȠȚȠĲȚțȒ αȞȐȜυıȘ ĲȦȞ ȜȘφșȑȞĲȦȞ φαıȝȐĲȦȞ παȡαĲȘȡȒșȘțİ țȪȝαȞıȘ ıĲȘȞ 

İπȚφȐȞİȚα ĲȦȞ φȦĲȠțȠȡυφȫȞ țαĲȐ ĲȘȞ αȞȐȜυıȘ ĲȠυ ȓįȚȠυ įİȓȖȝαĲȠȢ țȐĲȦ απȩ ȓįȚİȢ πİȚȡαȝαĲȚțȑȢ 

ıυȞșȒțİȢ (ȕȜ. παȡ. 6.4)  țαȚ ȑȖȚȞİ ıȘȝαȞĲȚțȒ πȡȠıπȐșİȚα İȪȡİıȘȢ ĲȘȢ αȚĲȓαȢ πȠυ ĲȘȞ πȡȠțαȜİȓ. 

ȂȚα αȡȤȚțȒ υπȩșİıȘ ȒĲαȞ Ș απȩįȠıȘ αυĲȒȢ ĲȘȢ įȚαφȠȡȐȢ ıĲȘ șİȡȝȠțȡαıȓα ĲȘȢ ȝȘȤαȞȒȢ αțĲȓȞȦȞ 

Χ, țαșȫȢ υπȒȡȤİ Ș ıțȑȥȘ πȦȢ ȝπȠȡİȓ Ș απȩįȠıȘ ĲȘȢ ȝȘȤαȞȒȢ αțĲȓȞȦȞ-x țαȚ țαĲȐ ıυȞȑπİȚα Ș 

įȑıȝȘ αțĲȓȞȦȞ-x Ȟα İπȘȡİȐȗİĲαȚ απȩ ĲȘ șİȡȝȠțȡαıȓα ȜİȚĲȠυȡȖȓαȢ. ΌπȦȢ πİȡȚȖȡȐφȘțİ αȞαȜυĲȚțȐ 

ıĲȘȞ παȡȐȖȡαφȠ 6.5 Ƞ παȡȐȖȦȞ αυĲȩȢ įİȞ İυșȪȞİĲαȚ ȖȚα ĲȘȞ țȪȝαȞıȘ ıĲȘȞ İπȚφȐȞİȚα ĲȦȞ 

φȦĲȠțȠȡυφȫȞ.  

 ΌπȦȢ αȞαφȑȡșȘțİ ıĲȘȞ παȡ. 6.4 İȟİĲȐıĲȘțİ țαȚ Ƞ παȡȐȖȠȞĲαȢ αȞȠȝȠȚȠȖȑȞİȚα ĲȠυ 

παȡαıțİυαıȝȑȞȠυ įİȓȖȝαĲȠȢ İȓĲİ αυĲȩ πȡȠȒȜșİ απȩ ıȪȞĲȘȟȘ İȓĲİ απȩ πȡȑıα ȝİ αȞȐȜυıȘ ĲȠυ ȓįȚȠυ 

įİȓȖȝαĲȠȢ ĲȠπȠșİĲȘȝȑȞȠ ıİ 4 įȚαφȠȡİĲȚțȑȢ șȑıİȚȢ (ıĲȡαȝȝȑȞȠ țαĲȐ 90Ƞ
 ȕȜ. ıȤȒȝα 6.1). ΦȐȞȘțİ ȩĲȚ 

υπȐȡȤİȚ İȝφαȞȒȢ įȚαφȠȡȐ ıĲȚȢ İπȚφȐȞİȚİȢ ĲȦȞ φȦĲȠțȠȡυφȫȞ ȖȚα αȞαȜȪıİȚȢ ıĲȚȢ įȚαφȠȡİĲȚțȑȢ 

șȑıİȚȢ (ȕȜ. ıȤȒȝα 6.7 ȩπȠυ φαȓȞİĲαȚ įȚαφȠȡȐ ıĲȘȞ φȦĲȠțȠȡυφȒ Fe).  

ȈȤȒȝα 6.7 ΛİπĲȠȝȑȡİȚα φȐıȝαĲȠȢ (ıİȞȐȡȚȠ 15kV) įİȓȖȝαĲȠȢ ǿπĲȐȝİȞȘȢ ĲȑφȡαȢ 1633ȕ NIST 

παȡαıțİυαıȝȑȞȠ ȝİ ıȪȞĲȘȟȘ ȖȚα 4 ȖȦȞȚαțȑȢ șȑıİȚȢ  

  

 Ȃİ ĲȘȞ ȠȜȠțȜȒȡȦıȘ ĲȦȞ πȠıȠĲȚțȫȞ αȞαȜȪıİȦȞ ĲȦȞ φαıȝȐĲȦȞ πȡȠıįȚȠȡȓȗİĲαȚ πȜȑȠȞ–

ıυȖțȡȓȞȠȞĲαȢ ĲȚȢ ıυȖțİȞĲȡȫıİȚȢ πȠυ υπȠȜȠȖȓȗȠȞĲαȚ țȐșİ φȠȡȐ- Ș įȚαφȠȡȐ țαȚ ıυȞİπȫȢ țαȚ Ș 

αȕİȕαȚȩĲȘĲα πȠυ İȚıȐȖİĲαȚ ȜȩȖȦ αȞȠȝȠȚȠȖȑȞİȚαȢ ĲȦȞ įİȚȖȝȐĲȦȞ πȠυ αțĲȚȞȠȕȠȜȠȪȞĲαȚ. ȈĲȠυȢ 

πȓȞαțİȢ 6.7α,ȕ țαȚ 6.8α,ȕ παȡȠυıȚȐȗȠȞĲαȚ Ĳα απȠĲİȜȑıȝαĲα απȩ ĲȘȞ αȞȐȜυıȘ įȪȠ įİȚȖȝȐĲȦȞ 

ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ 1633ȕ  NIST Ĳα ȠπȠȓα ȑȤȠυȞ παȡαıțİυαıĲİȓ ȝİ ĲȚȢ įȪȠ įȚαφȠȡİĲȚțȑȢ ĲİȤȞȚțȑȢ 

παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ. ȉȠ ıİȞȐȡȚȠ αțĲȚȞȠȕȩȜȘıȘȢ πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțİ ȖȚα ĲȘȞ ȜȒȥȘ ĲȦȞ 

φαıȝȐĲȦȞ ȒĲαȞ αυĲȩ ĲȦȞ 15 kV țαȚ 35kV.  
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ȆȓȞαțαȢ 6.7α ǹπȠĲİȜȑıȝαĲα αȞȐȜυıȘȢ įİȓȖȝαĲȠȢ ıȪȞĲȘȟȘȢ (KCNFA1) ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ 1633ȕ  

NIST ȖȚα 4 ȖȦȞȚαțȑȢ șȑıİȚȢ ȖȚα ıİȞȐȡȚȠ αțĲȚȞȠȕȩȜȘıȘȢ 15 kV 

 

ȆȓȞαțαȢ 6.7ȕ ǹπȠĲİȜȑıȝαĲα αȞȐȜυıȘȢ įİȓȖȝαĲȠȢ ıȪȞĲȘȟȘȢ (KCNFA1) ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ 1633ȕ  

NIST ȖȚα 4 ȖȦȞȚαțȑȢ șȑıİȚȢ ȖȚα ıİȞȐȡȚȠ αțĲȚȞȠȕȩȜȘıȘȢ ıĲα 35 kV 

NIST 1633b ȝε ıȪȞĲηȟη ȈυγțȑȞĲȡωıη  [ppm] 

Ȉε
ȞȐ

ȡȚ
Ƞ 

3
5
k

V
 

R.O.I. ȈĲȠȚχεȓȠ ǹ Ǻ C D Μ.ȉ. ± ȉυπȚțȒ 

απȩțȜȚıη 

1 Ni 81.5 54.0 96.8 50.1 71 ± 27.46% 

 

2 

Cu 124.6 82.2 82.9 81.5 93 ± 19.83% 

Zn 177.6 123.2 130.9 142.7 144 ± 14.48% 

Ga 33.3 27.4 19.9 32.2 28 ± 18.69% 

As 96.8 79.4 78.0 80.8 84 ± 9.08% 

3 

Rb 77.3 60.6 59.0 65.5 66 ± 10.89% 

Sr 1176.8 947.0 933.0 988.8 1011 ± 9.66% 

 

 

 

 

NIST 1633b- ȈȪȞĲȘȟȘ ȈυȖțȑȞĲȡȦıȘ  [ppm] 

Ȉİ
ȞȐ

ȡȚ
Ƞ 

15
k

V
 

R.O.I. ȈĲȠȚȤİȓȠ ǹ Ǻ C D Ȃ.ȉ. ± 
ȉυπȚțȒ 

απȩțȜȚıȘ 

2 
K 24440 24440 25067 23744 24423 ± 5.75% 

Ca 13369 12603 12812 12255 12760 ± 9.50% 

 

2 

Ti 8565 8147 8634 8425 8443 ± 6.63% 

Cr 180 193 198 221 198 ± 22.48% 

Mn 29 23 91 3 36 ± 271.39% 

Fe 71023 66636 66010 62946 66654 ± 12.98% 
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ȆȓȞαțαȢ 6.8α ǹπȠĲİȜȑıȝαĲα αȞȐȜυıȘȢ įİȓȖȝαĲȠȢ πȡȑıαȢ (CNFA23) ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ 1633ȕ  

NIST ȖȚα 4 ȖȦȞȚαțȑȢ șȑıİȚȢ ȖȚα ıİȞȐȡȚȠ αțĲȚȞȠȕȩȜȘıȘȢ 15 kV 

NIST 1633b ȝİ πȡȑıα ȈυȖțȑȞĲȡȦıȘ  [ppm] 

Ȉİ
ȞȐ

ȡȚ
Ƞ 

15
k

V
 

R.O.I. ȈĲȠȚȤİȓȠ ǹ Ǻ C D Ȃ.ȉ. ± 
ȉυπȚțȒ 

απȩțȜȚıȘ 

1 
K 28838 24355 25551 26597 26335 ± 8.78% 

Ca 14464 13059 13941 14016 13870 ± 11.01% 

 

2 

Ti 7381 6186 6634 7008 6802 ± 9.54% 

Cr 161 182 164 182 173 ± 16.98% 

Mn 32 57 49 89 57 ± 108.47% 

Fe 56033 47516 51998 54538 52521 ± 18.45% 

 

ȆȓȞαțαȢ 6.8ȕ ǹπȠĲİȜȑıȝαĲα αȞȐȜυıȘȢ įİȓȖȝαĲȠȢ πȡȑıαȢ (CNFA23) ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ 1633ȕ  

NIST ȖȚα 4 ȖȦȞȚαțȑȢ șȑıİȚȢ ȖȚα ıİȞȐȡȚȠ αțĲȚȞȠȕȩȜȘıȘȢ 35 kV 

NIST 1633b ȝε πȡȑıα ȈυγțȑȞĲȡωıη  [ppm] 

Ȉε
ȞȐ

ȡȚ
Ƞ 

3
5
k
V

 

R.O.I. ȈĲȠȚχεȓȠ ǹ Ǻ C D Μ.ȉ. ± ȉυπȚțȒ 

απȩțȜȚıη 

1 Ni 95.0 120.1 67.2 126.5 102 ± 22.87% 

 

2 

Cu 102.5 99.7 65.9 124.5 98 ± 21.34% 

Zn 152.4 144.9 101.0 179.0 144 ± 19.43% 

Ga 42.4 36.2 30.6 56.8 42 ± 23.56% 

As 36.9 114.6 94.4 118.5 91 ± 35.79% 

3 
Rb 95.2 111.9 87.4 110.7 101 ± 10.26% 

Sr 744.1 845.7 650.0 865.6 776 ± 11.12% 

 

ΌπȦȢ πȡȠțȪπĲİȚ απȩ ĲȘȞ ıȪȖțȡȚıȘ ĲȦȞ πȠıȠĲȚțȫȞ αȞαȜȪıİȦȞ ĲȘȢ ǿπĲȐȝİȞȘȢ ĲȑφȡαȢ NIST 1633b 

İțĲȚȝȐĲαȚ ĲυπȚțȒ απȩțȜȚıȘ πȠυ țυȝαȓȞİĲαȚ απȩ 6% ȑȦȢ 13% αȞȐȜȠȖα ȝİ ĲȠ ıĲȠȚȤİȓȠ ȖȚα ĲȠ įİȓȖȝα 

ıȪȞĲȘȟȘȢ (İțĲȩȢ απȩ ĲȘȞ πİȡȓπĲȦıȘ ĲȠυ Cr πȠυ αȞİȕαȓȞİȚ ıĲȠ 23%) țαȚ απȩ 9% ȑȦȢ 19% αȞȐȜȠȖα 

ȝİ ĲȠ ıĲȠȚȤİȓȠ ȖȚα ĲȠ įİȓȖȝα πȡȑıαȢ. ȅ υπȠȜȠȖȚıȝȩȢ ĲȠυ Mn įİȞ ȜαȝȕȐȞİĲαȚ υπȩȥȘ țαȚ ıĲȚȢ įȪȠ 

πİȡȚπĲȫıİȚȢ įİȚȖȝȐĲȦȞ țαșȫȢ ȜȩȖȦ ȤαȝȘȜȒȢ ıυȖțȑȞĲȡȦıȘȢ Mn țαȚ πȠȜȪ υȥȘȜȒȢ ıυȖțȑȞĲȡȦıȘȢ 
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Fe Ș İțĲȓȝȘıȘ ĲȘȢ İπȚφȐȞİȚαȢ φȦĲȠțȠȡυφȒȢ πȠυ αȞĲȚıĲȠȚȤİȓ ıĲo Mn țȡȓȞİĲαȚ πȠȜȪ İπȚıφαȜȒȢ 

(ȀαFe: 6.404 keV, KȕMn: 6.490 keV).  

ǹȞĲȓıĲȠȚȤα ȝİ ĲȚȢ πİȡȚπĲȫıİȚȢ ĲȦȞ įİȚȖȝȐĲȦȞ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ 1633ȕ NIST ȑȖȚȞİ Ș αȞȐȜυıȘ 

φαıȝȐĲȦȞ 4 ȖȦȞȚαțȫȞ șȑıİȦȞ țαȚ ȖȚα ĲȘȞ πİȡȓπĲȦıȘ ĲȦȞ įİȚȖȝȐĲȦȞ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ 

ȂİȖαȜȩπȠȜȘȢ, ĲȩıȠ ȖȚα Ĳα įİȓȖȝαĲα πȡȑıαȢ (ȕȜ. ȆȓȞαțİȢ 6.9α,ȕ) ȩıȠ țαȚ ȖȚα αυĲȐ ĲȘȢ ıȪȞĲȘȟȘȢ 

(ȕȜ. ȆȓȞαțαȢ 6.10), ȈĲȘȞ πİȡȓπĲȦıȘ ĲȦȞ įİȚȖȝȐĲȦȞ ıȪȞĲȘȟȘȢ ȜȒφșȘțαȞ φȐıȝαĲα ĲȠπȠșİĲȫȞĲαȢ ĲȠ 

įİȓȖȝα țαȚ απȩ ĲȚȢ įȪȠ ĲȠυ πȜİυȡȑȢ İȞαȜȜȐȟ πȡȠȢ ĲȘȞ ȑȟȠįȠ ĲȦȞ αțĲȓȞȦȞ-x, ȕȜ. ȆȓȞαțαȢ 6.10.  

ȉİȜȚțȐ απȠφαıȓıĲȘțİ πȦȢ Ș ȕȑȜĲȚıĲȘ πȜİυȡȐ ĲȠπȠșȑĲȘıȘȢ ıĲȘ įȚȐĲαȟȘ XRF İȓȞαȚ αυĲȒ ȝİ ĲȘ 

ȝȚțȡȩĲİȡȘ įȚȐȝİĲȡȠ απȩ ĲȚȢ įȪȠ, Ș ȩπȠȚα ȜαȝȕȐȞİȚ πȐȞĲȠĲİ ȓįȚα ȝȠȡφȒ țαșȫȢ ȑȡȤİĲαȚ ıİ İπαφȒ ȝİ 

ĲȠȞ πȐĲȠ ĲȠυ țαȜȠυπȚȠȪ țαĲȐ ĲȘ ıȪȞĲȘȟȘ. ǹȞĲȓșİĲα, Ș πȜİυȡȐ ȝİ ĲȘȞ ȝİȖαȜȪĲİȡȘ įȚȐȝİĲȡȠ ȝπȠȡİȓ 

Ȟα ıȤȘȝαĲȚıĲİȓ αȞȠȝȠȚȩȝȠȡφα țαĲȐ ĲȘ ıĲİȡİȠπȠȓȘıȘ ĲȠυ ĲȒȖȝαĲȠȢ, țαȚ țαĲȐ ĲȘȞ ĲȠπȠșȑĲȘıȘ ĲȠυ 

ıĲȘ įȚȐĲαȟȘ XRF Ȟα ȝİĲαȕȐȜȜİĲαȚ İȜαφȡȫȢ Ș ȖȦȞȓα πȡȩıπĲȦıȘȢ ĲȘȢ įȚİȖİȓȡȠυıαȢ αțĲȚȞȠȕȠȜȓαȢ 

αȞȐȝİıα ıĲȚȢ įȚȐφȠȡİȢ ȖȦȞȚαțȑȢ șȑıİȚȢ, țȐĲȚ ĲȠ ȠπȠȓȠ įİȞ İȓȞαȚ İπȚșυȝȘĲȩ.  

 

ȆȓȞαțαȢ 6.9α ǹπȠĲİȜȑıȝαĲα αȞȐȜυıȘȢ įİȓȖȝαĲȠȢ πȡȑıαȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ȂİȖαȜȩπȠȜȘȢ ıİ 4 

įȚαφȠȡİĲȚțȑȢ ȖȦȞȚαțȑȢ șȑıİȚȢ ȖȚα ıİȞȐȡȚȠ 15kV 

ǿπĲȐȝİȞȘ ȉȑφȡα 
ȂİȖαȜȩπȠȜȘȢ -ȝİ πȡȑıα 

ȈυȖțȑȞĲȡȦıȘ  [ppm] 

 R.O.I. ȈĲȠȚȤİȓȠ ǹ Ǻ C D Ȃ.ȉ. ± ȉυπȚțȒ 
απȩțȜȚıȘ 

Ȉİ
ȞȐ

ȡȚ
Ƞ 

αț
ĲȚ

ȞȠ
ȕȩ

ȜȘ
ıȘ

Ȣ 1
5 

k
V

 

1 
K 26799 23280 23821 21250 23787 ± 8.35% 

Ca 122625 104894 108413 94743 107669 ± 9.28% 

 

2 

Ti 3275 2937 2829 2531 2893 ± 9.20% 

Cr 176 122 175 164 159 ± 13.80% 

Mn 189 152 179 161 170 ± 8.68% 

Fe 31942 28152 29235 25851 28795 ± 7.60% 
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ȆȓȞαțαȢ 6.9ȕ ǹπȠĲİȜȑıȝαĲα αȞȐȜυıȘȢ įİȓȖȝαĲȠȢ πȡȑıαȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ȂİȖαȜȩπȠȜȘȢ ıİ 4 

įȚαφȠȡİĲȚțȑȢ ȖȦȞȚαțȑȢ șȑıİȚȢ ȖȚα ıİȞȐȡȚȠ 35kV 

ǿπĲȐȝİȞȘ ȉȑφȡα 
ȂİȖαȜȩπȠȜȘȢ -ȝİ πȡȑıα 

ȈυȖțȑȞĲȡȦıȘ  [ppm] 

 R.O.I. ȈĲȠȚȤİȓȠ ǹ Ǻ C D Ȃ.ȉ. ± ȉυπȚțȒ 
απȩțȜȚıȘ 

Ȉİ
ȞȐ

ȡȚ
Ƞ 

αț
ĲȚ

ȞȠ
ȕȩ

ȜȘ
ıȘ

Ȣ 
3
5
 k

V
 1 

Ni 158.4 159.7 136.7 123.3 145 ± 10.57% 

 

2 

Cu 72.7 77.6 66.3 50.9 67 ± 15.02% 

Zn 44.9 47.0 47.6 45.2 46 ± 2.48% 

Ga 13.5 13.1 14.5 10.9 13 ± 10.03% 

As 11.9 11.5 10.7 12.4 12 ± 5.49% 

3 
Rb 63.6 66.7 60.8 58.2 62 ± 5.10% 

Sr 454.8 488.6 445.3 448.0 459 ± 3.78% 

 

ΌπȦȢ πȡȠțȪπĲİȚ απȩ ĲȘȞ ıȪȖțȡȚıȘ ĲȦȞ πȠıȠĲȚțȫȞ αȞαȜȪıİȦȞ ȖȚα ĲȠ įİȓȖȝα πȡȑıαȢ ǿπĲȐȝİȞȘ 
ĲȑφȡαȢ ȂİȖαȜȩπȠȜȘȢ, İțĲȚȝȐĲαȚ ĲυπȚțȒ απȩțȜȚıȘ πȠυ țυȝαȓȞİĲαȚ απȩ 3% ȑȦȢ 15% αȞȐȜȠȖα ȝİ ĲȠ 
ıĲȠȚȤİȓȠ ȖȚα ĲȠ įİȓȖȝα πȡȑıαȢ.  
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 ȆȓȞαțαȢ 6.10 ǹπȠĲİȜȑıȝαĲα αȞȐȜυıȘȢ įİȓȖȝαĲȠȢ ıȪȞĲȘȟȘȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ȂİȖαȜȩπȠȜȘȢ ıİ įȚαφȠȡİĲȚțȑȢ șȑıİȚȢ 

 

ǿπĲȐȝİȞȘ ȉȑφȡα 
ȂİȖαȜȩπȠȜȘȢ - ȝİ ıȪȞĲȘȟȘ 

ȈυȖțȑȞĲȡȦıȘ  [ppm] 

 R.O.I. ȈĲȠȚȤİȓȠ A (ΚȐĲȦ) A (ΆȞȦ) C (ΚȐĲȦ) C (ΆȞȦ) B (ΆȞȦ) D (ΆȞȦ) Ȃ.ȉ. ± ȉυπȚțȒ απȩțȜȚıȘ 

Ȉİ
ȞȐ

ȡȚ
Ƞ 

αț
ĲȚ

ȞȠ
ȕȩ

ȜȘ
ıȘ

Ȣ 1
5 

k
V

 

 K  32712.8  30730.5 30884.8 31030.4 31340 ± 2.55% 

Ca  133953.2  102326.1 135855.1 121745.0 123470 ± 10.82% 

 Ti  6972.6  5917.3 7635.9 6481.2 6752 ± 9.37% 

Cr  369.4  255.0 337.3 293.5 314 ± 13.82% 

Mn  346.2  320.4 346.7 303.2 329 ± 5.58% 

Fe  60843.0  60153.4 64043.2 61723.4 61691 ± 2.38% 

Ȉİ
ȞȐ

ȡȚ
Ƞ 

αț
ĲȚ

ȞȠ
ȕȩ

ȜȘ
ıȘ

Ȣ  
3
5

 k
V

 

 Ni 259.3 108.0 69.6 239.8 127.0 92.2 149 ± 48.98% 

 Cu 28.9 54.3 26.1 24.6 47.6 48.6 38 ± 31.43% 

Zn 36.0 51.0 30.9 45.5 48.7 46.5 43 ± 16.64% 

Ga 11.8 10.7 4.7 9.9 8.3 13.2 10 ± 27.70% 

As 5.0 8.7 4.5 5.4 9.0 10.6 7 ± 32.42% 

 Rb 23.1 27.0 20.6 24.2 30.9 30.4 26 ± 14.51% 

Sr 361.5 447.4 346.2 391.0 465.8 461.6 412 ± 11.69% 
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ΌπȦȢ πȡȠțȪπĲİȚ απȩ ĲȘȞ ıȪȖțȡȚıȘ ĲȦȞ πȠıȠĲȚțȫȞ αȞαȜȪıİȦȞ ȖȚα ĲȠ įİȓȖȝα ıȪȞĲȘȟȘȢ  ǿπĲȐȝİȞȘȢ 

ĲȑφȡαȢ ȂİȖαȜȩπȠȜȘȢ İțĲȚȝȐĲαȚ ĲυπȚțȒ απȩțȜȚıȘ πȠυ țυȝαȓȞİĲαȚ απȩ 6% ȑȦȢ 17% αȞȐȜȠȖα ȝİ ĲȠ 

ıĲȠȚȤİȓȠ ȖȚα ĲȠ įİȓȖȝα ıȪȞĲȘȟȘȢ (İțĲȩȢ απȩ Ĳα  ıĲȠȚȤİȓα Ni, Cu, Ga, As πȠυ Ș ĲυπȚțȒ απȩțȜȚıȘ 

παȡȠυıȚȐȗİȚ υȥȘȜȑȢ ĲȚȝȑȢ, ȖİȖȠȞȩȢ πȠυ απȠįȓįİĲαȚ ıĲȘȞ πȠȜȪ ȤαȝȘȜȒ ıυȖțȑȞĲȡȦıȒ ĲȠυȢ ıĲȠ 

įİȓȖȝα ıȪȞĲȘȟȘȢ (ȜȩȖȦ ĲȘȢ ȝȚțȡȒȢ πȠıȩĲȘĲαȢ ıĲİȡİȐȢ ȠυıȓαȢ πȠυ πȡȠıĲȓșİĲαȚ ıĲȘ ıȪȞĲȘȟȘ).  

Ǿ ĲυπȚțȒ απȩțȜȚıȘ πȠυ țαĲαȖȡȐφİĲαȚ ıĲȠυȢ ȆȓȞαțİȢ 6.8,-6.9,6.10 αυĲȠȪȢ șα ıυȝπİȡȚȜȘφșİȓ ıĲȘȞ 

İțĲȓȝȘıȘ ĲȘȢ ıυȞȠȜȚțȒȢ αȕİȕαȚȩĲȘĲαȢ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ ĲȦȞ αȞαȜȪıİȦȞ ĲȦȞ įİȚȖȝȐĲȦȞ ĲȑφȡαȢ 

ȝİ XRF. 

Ȉİ αυĲȩ ĲȠ ıȘȝİȓȠ ȝπȠȡȠȪȞ Ȟα ȕȖȠυȞ ıυȝπİȡȐıȝαĲα ȖȚα Ĳα ıİȞȐȡȚα αțĲȚȞȠȕȩȜȘıȘȢ țαȚ Ĳα 

ıĲȠȚȤİȓα πȠυ πȡȠıįȚȠȡȓȗȠȞĲαȚ ıİ țȐșİ ȑȞα απȩ αυĲȐ. ȉα ıİȞȐȡȚα ȖȚα Ĳα ȠπȠȓα ȑȤȠυȞ ıυȜȜİȤșİȓ Ĳα 

φȐıȝαĲα ȖȚα Ĳα įİȓȖȝαĲα ıȪȞĲȘȟȘȢ țαȚ πȡȑıαȢ İȓȞαȚ ĲȦȞ 15kV, 25kV, 35kV țαȚ 50kV : 

 ȉȠ ıİȞȐȡȚȠ αțĲȚȞȠȕȩȜȘıȘȢ ĲȦȞ 50 keV įİȞ φȐȞȘțİ Ȟα ȤȡȘıȚȝİȪİȚ ȚįȚαȚĲȑȡȦȢ, țαșȫȢ Ș ȝȩȞȘ 

πȜȘȡȠφȠȡȓα πȠυ įȓȞİȚ İȓȞαȚ Ș αȞȓȤȞİυıȘ ĲȠυ Ba ıĲȠ įİȓȖȝα țαȚ ȖȚα αυĲȩ įİȞ ȑȖȚȞαȞ ıİ αυĲȩ 

αȡțİĲȑȢ αȞαȜȪıİȚȢ.  

 ȉȠ ıİȞȐȡȚȠ ĲȦȞ 15 kV ȖȚα Ĳα ȤȘȝȚțȐ ıĲȠȚȤİȓα Ĳα ȠπȠȓα İțπȑȝπȠυȞ ĲȚȢ ȤαȡαțĲȘȡȚıĲȚțȑȢ ıİ 

ȤαȝȘȜȑȢ İȞȑȡȖİȚİȢ, απȩ 3 ȑȦȢ 7 keV πİȡȓπȠυ.  

 ȉα ıĲȠȚȤİȓα πȠυ İțπȑȝπȠυȞ ıİ İȞȑȡȖİȚİȢ απȩ 7 ȑȦȢ 15 keV įȘȝȚȠȪȡȖȘıαȞ ȑȞαȞ 

πȡȠȕȜȘȝαĲȚıȝȩ, țαșȫȢ ĲȩıȠ ĲȠ ıİȞȐȡȚȠ ĲȦȞ 25 keV ȩıȠ țαȚ ĲȠ ıİȞȐȡȚȠ ĲȦȞ 35 keV 

παȡȑȤȠυȞ φȐıȝαĲα ıĲα ȠπȠȓα Ĳα ıĲȠȚȤİȓα αυĲȐ αȞȚȤȞİȪȠȞĲαȚ ȚțαȞȠπȠȚȘĲȚțȐ. ȈȘȝİȚȫȞİĲαȚ ȩĲȚ 

ĲȠ ıİȞȐȡȚȠ ĲȦȞ 35kV ȝİ φȓȜĲȡȠ Mo, įİȞ ȒĲαȞ įȚαșȑıȚȝȠ ıİ πȡȠȘȖȠȪȝİȞİȢ ǻ.Ǽ. 

ǼπİȚįȒ αυĲȒ Ș İȞİȡȖİȚαțȒ πİȡȚȠȤȒ, İȞįȚαφȑȡİȚ ȚįȚαȓĲİȡα ĲȚȢ αȞαȜȪıİȚȢ țαșȫȢ πİȡȚȑȤİȚ ĲȠȞ 

ȝİȖαȜȪĲİȡȠ αȡȚșȝȩ ȤȘȝȚțȫȞ ıĲȠȚȤİȓȦȞ πȠυ αȞȚȤȞİȪȠȞĲαȚ ıĲα įİȓȖȝαĲα ĲȠυ ǼȆȉ-ǼȂȆ, İπȚȜȑȤșȘțİ 

Ȟα ȖȓȞȠυȞ πİȚȡȐȝαĲα ȝİ Ĳα įİȓȖȝαĲα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ 1633b NIST ıȪȞĲȘȟȘȢ (KCNFA1) țαȚ 

πȡȑıαȢ (CNFA23) ȝİ Ĳα įȪȠ αυĲȐ ıİȞȐȡȚα αțĲȚȞȠȕȩȜȘıȘȢ, țαȚ Ȟα ıυȖțȡȚșȠȪȞ Ĳα απȠĲİȜȑıȝαĲα 

ȖȚα Ĳα ıĲȠȚȤİȓα πȠυ αȞȚȤȞİȪȠȞĲαȚ ȝİ ĲȚȢ ĲȚȝȑȢ ĲȠυ πȚıĲȠπȠȚȘĲȚțȠȪ, ȩπȦȢ φαȓȞİĲαȚ ıĲȠȞ ȆȓȞαțα 6.11.  
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ȆȓȞαțαȢ 6.11 ȈȪȖțȡȚıȘ πȠıȠĲȚțȫȞ απȠĲİȜİıȝȐĲȦȞ ıİȞαȡȓȦȞ αțĲȚȞȠȕȩȜȘıȘȢ 25 țαȚ 35 kV 

 ȈĲȠȚȤİȓȠ ǹȞȐȜυıȘ ǻ.Ǽ. (ppm) ȈυȖțȑȞĲȡȦıȘ NIST (ppm) ǹπȩțȜȚıȘ (%) 
Ȉİ

ȞȐ
ȡȚ

Ƞ 
αț

ĲȚ
ȞȠ

ȕȩ
ȜȘ

ıȘ
Ȣ 3

5 
k
V

 

Cu 124.6 112.8 10.5 

Zn 177.6 210.0 -15.4 

As 96.8 136.2 -28.9 

Rb 77.3 140.0 -45.3 

Sr 1176.8 1041.0 13.0 

Ȉİ
ȞȐ

ȡȚ
Ƞ 

αț
ĲȚ

ȞȠ
ȕȩ

ȜȘ
ıȘ

Ȣ 2
5
 k

V
 

Cu 93.30 112.8 -17.3 

Zn 173.38 210.0 7.8 

As 121.16 136.2 -10.5 

Rb 79.38 140.0 -43.3 

Sr 710.23 1041.0 -31.8 

 

 ȉα παȡαπȐȞȦ απȠĲİȜȑıȝαĲα ȑįİȚȟαȞ πȦȢ țαȚ Ĳα įȪȠ ıİȞȐȡȚα παȡȠυıȚȐȗȠυȞ απȠțȜȓıİȚȢ απȩ 

ĲȚȢ ĲȚȝȑȢ ĲȠυ πȚıĲȠπȠȚȘĲȚțȠȪ ȠȚ ȠπȠȓİȢ İȓȞαȚ ȚįȚαȓĲİȡα αυȟȘȝȑȞİȢ ȖȚα Ĳα ıĲȠȚȤİȓα ȝİ ȤαȝȘȜȑȢ 

ıυȖțİȞĲȡȫıİȚȢ. ǼπȚȜȑȤșȘțİ ıĲȘ ıυȞȑȤİȚα Ȟα αțȠȜȠυșȘșİȓ ĲȠ ıİȞȐȡȚȠ ĲȦȞ 35kV ȝİ 4 φȓȜĲȡα ȂȠ, 

ȖȚαĲȓ παȡȠυıȚȐȗİȚ ȝȚțȡȩĲİȡİȢ απȠțȜȓıİȚȢ ȖȚα Ĳα țȪȡȚα ıĲȠȚȤİȓα Cu, Zn, Sr.   

 

6.11 ǼπȓįȡαıȘ  ĲȘȢ ȤȡȒıȘȢ ‘įİȚȖȝȐĲȦȞ υπȠıĲȡȫȝαĲȠȢ’ (blanks) ıĲȚȢ αȞαȜȪıİȚȢ įİȚȖȝȐĲȦȞ 

ǿπĲȐȝİȞȘȢ ĲȑφȡαȢ ȝİ XRF 

 ΈȞα απȩ Ĳα ıȘȝαȞĲȚțȩĲİȡα İȡȖαȜİȓα ȖȚα ĲȘ įȚαπȓıĲȦıȘ ĲȘȢ İπȓįȡαıȘȢ ĲȦȞ įȚαφȩȡȦȞ 

παȡαȝȑĲȡȦȞ ĲȠυ ȜȠȖȚıȝȚțȠȪ ıĲȘȞ αțȡȓȕİȚα ĲȦȞ ĲİȜȚțȫȞ απȠĲİȜİıȝȐĲȦȞ ĲȘȢ πȠıȠĲȚțȒȢ αȞȐȜυıȘȢ 

ȒĲαȞ Ș ȤȡȒıȘ įİȚȖȝȐĲȦȞ ĲȘȢ πȚıĲȠπȠȚȘȝȑȞȘȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ 1633b NIST. Ǿ ȪπαȡȟȘ ĲȦȞ 

įİȚȖȝȐĲȦȞ ıȪȞĲȘȟȘȢ țαȚ πȡȑıαȢ ĲȘȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ NIST ȑπαȚȟİ ıȘȝαȞĲȚțȩ ȡȩȜȠ ıĲȘȞ ȕİȜĲȓȦıȘ 

ĲȦȞ απȠĲİȜİıȝȐĲȦȞ ĲȘȢ πȠıȠĲȚțȒȢ αȞȐȜυıȘȢ ȝİ ĲȠ bAXIL FP.  

 ΈĲıȚ, Ș ȤȡȒıȘ ĲȠυ įİȓȖȝαĲȠȢ 1633b ĲȠυ NIST ȕȠȒșȘıİ Ȟα įȚİȡİυȞȘșİȓ țαĲȐ πȩıȠ Ș 

İȚıαȖȦȖȒ  ‘įİȚȖȝȐĲȦȞ υπȠıĲȡȫȝαĲȠȢ’ (blanks)  ıĲȠ πȡȩȖȡαȝȝα bAXIL FP ȕİȜĲȚȫȞİȚ ĲȠȞ 

πȡȠıįȚȠȡȚıȝȩ ĲȦȞ ıυȖțİȞĲȡȫıİȦȞ ıĲα πȡȠȢ αȞȐȜυıȘ įİȓȖȝαĲα. ȈĲȘȞ παȡȐȖȡαφȠ 4.4.8 
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πİȡȚȖȡȐφȘțİ Ƞ ıțȠπȩ țαȚ Ș įȚαįȚțαıȓα ĲȘȢ παȡαıțİυȒȢ İȞȩȢ «țİȞȠȪ» įİȓȖȝαĲȠȢ, İȞȩȢ įİȓȖȝαĲȠȢ 

įȘȜαįȒ πȠυ πİȡȚȑȤİȚ ȝȩȞȠ ȕȠȡȚțȐ ȐȜαĲα, ȝİ ıțȠπȩ ĲȠȞ țαȜȪĲİȡȠ πȡȠıįȚȠȡȚıȝȩ ĲȠυ υπȠıĲȡȫȝαĲȠȢ 

πȠυ υπȐȡȤİȚ ıĲα φȐıȝαĲα πȠυ ȜαȝȕȐȞȠȞĲαȚ. ΓȚα ĲȠȞ πȡȠıįȚȠȡȚıȝȩ ĲȘȢ απȠĲİȜİıȝαĲȚțȩĲȘĲαȢ 

αυĲȒȢ ĲȘȢ İȞȑȡȖİȚαȢ ȑȖȚȞαȞ țȐπȠȚα πİȚȡȐȝαĲα, ıĲα ȠπȠȓα ıυȖțȡȓȞȠȞĲαȚ Ĳα απȠĲİȜİıȝȐĲȦȞ ĲȘȢ 

πȠıȠĲȚțȒȢ αȞȐȜυıȘȢ ȝİ ĲȠ bAXIL ĲȘȢ ĲȑφȡαȢ 1633b NIST ȝİ ĲȚȢ ĲȚȝȑȢ ĲȠυ πȚıĲȠπȠȚȘĲȚțȠȪ ĲȘȢ ıİ 

įȪȠ πİȡȚπĲȫıİȚȢ ȝİ ĲȘ ȤȡȒıȘ įİȓȖȝαĲȠȢ υπȠıĲȡȫȝαĲȠȢ țαȚ ȤȦȡȓȢ αυĲȩ. ȅȚ įȚαφȠȡȑȢ % ĲȦȞ 

υπȠȜȠȖȚȗȩȝİȞȦȞ ĲȚȝȫȞ ȝİ ĲȚȢ ĲȚȝȑȢ ĲȠυ πȚıĲȠπȠȚȘĲȚțȠȪ ȝİ ĲȠυȢ įȪȠ ĲȡȩπȠυȢ υπȠȜȠȖȚıȝȠȪ 

țαĲαȖȡȐφȠȞĲαȚ ıĲȠȞ πȓȞαțα 6.12. 

ȆȓȞαțαȢ 6.12ǹπȠĲİȜȑıȝαĲα αȞȐȜυıȘȢ ȝİ țαȚ ȤȦȡȓȢ ȤȡȒıȘ įİȓȖȝαĲȠȢ υπȠıĲȡȫȝαĲȠȢ 

 ǻȚαφȠȡȐ (%) ȝİ ĲȚȢ πȚıĲȠπȠȚȘȝȑȞİȢ ĲȚȝȑȢ NIST 1633b  

ȈĲȠȚȤİȓȠ ȤȦȡȓȢ ȤȡȒıȘ įİȓȖȝαĲȠȢ υπȠıĲȡȫȝαĲȠȢ Ȃİ ȤȡȒıȘ įİȓȖȝαĲȠȢ υπȠıĲȡȫȝαĲȠȢ 

K 25.3 25.3 

Ca -11.5 -11.5 

Ti 8.3 8.3 

Cr -9.0 -9.0 

Mn -78.3 -78.3 

Fe -8.7 -8.7 

Ni -32.4 -1.3 

Cu -49.7 10.5 

Zn -37.3 -15.4 

As -65.6 -28.9 

Rb -45.3 -45.3 

Sr 13.0 13.0 

  

ΌπȦȢ φαȓȞİĲαȚ țαȚ ıĲȠȞ πȚȞȐțα 6.12, Ș ȤȡȒıȘ įİȓȖȝαĲȠȢ υπȠıĲȡȫȝαĲȠȢ ȑȤİȚ șİĲȚțȒ İπȓįȡαıȘ ıĲα 

απȠĲİȜȑıȝαĲα, țαșȫȢ ıİ πȠȜȜȑȢ πİȡȚπĲȫıİȚȢ ȝİȓȦıİ ĲȘ įȚαφȠȡȐ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ ĲȘȢ 

αȞȐȜυıȘȢ ȝİ Ĳα ȖȞȦıĲȐ ıĲȠȚȤİȓα ĲȠυ πȚıĲȠπȠȚȘĲȚțȠȪ, İȞȫ ıİ țαȝȓα πİȡȓπĲȦıȘ įİȞ İπȘȡȑαıİ 

αȡȞȘĲȚțȐ Ĳα απȠĲİȜȑıȝαĲα ĲȘȢ αȞȐȜυıȘȢ. ΈĲıȚ, İπȚȜȑȤșȘțİ Ȟα ȖȓȞİĲαȚ πȐȞĲȠĲİ ȤȡȒıȘ ĲȠυ 

įİȓȖȝαĲȠȢ υπȠıĲȡȫȝαĲȠȢ ıĲȘ įȚαįȚțαıȓα ĲȘȢ πȠıȠĲȚțȒȢ αȞȐȜυıȘȢ ĲȦȞ įİȚȖȝȐĲȦȞ, ȝİ ĲȘȞ İȞĲȠȜȒ 

‘ǼȚıαȖȦȖȒ blank’ ȩπȠυ țαĲαȖȡȐφİĲαȚ Ș ıȪıĲαıȒ ĲȠυ. ȀαȚ ĲȠ φȐıȝα ĲȠυ ‘blank’ įİȓȖȝαĲȠȢ πȡȑπİȚ 

Ȟα ȑȤİȚ ȜȘφșİȓ ȝİ ĲȠ ȓįȚȠ ‘Template’ ȝİ Ĳα ȐȖȞȦıĲα įİȓȖȝαĲα ȖȚα ĲȘȞ αȞȐȜυıȘ ĲȦȞ ȠπȠȓȦȞ șα 

ȤȡȘıȚȝȠπȠȚȘșİȓ. 

 ȅȚ αȞαφȠȡȑȢ (reports) ĲȦȞ αȞαȜȪıİȦȞ πȠυ πİȡȚȑȤȠυȞ Ĳα απȠĲİȜȑıȝαĲα πȠυ 

ȤȡȘıȚȝȠπȠȚȒșȘțαȞ ıĲȠυȢ πȓȞαțİȢ ĲȦȞ παȡ. 6.10 țαȚ 6.11 ȕȡȓıțȠȞĲαȚ ıĲȠ ȆαȡȐȡĲȘȝα Ǽ. 
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6.12 ǼțĲȓȝȘıȘ ıυȞȠȜȚțȒȢ αȕİȕαȚȩĲȘĲαȢ ĲȦȞ απȠĲİȜİıµȐĲȦȞ 

ΓȚα ĲȠȞ υπȠȜȠȖȚıµȩ ĲȘȢ ıυȞȠȜȚțȒȢ αȕİȕαȚȩĲȘĲαȢ ĲȦȞ απȠĲİȜİıµȐĲȦȞ, șİȦȡȒșȘțαȞ ȠȚ 

παȡαțȐĲȦ πȘȖȑȢ αȕİȕαȚȩĲȘĲαȢ, țαĲȐ ĲȘ įȚαįȚțαıȓα πȡȠİĲȠȚȝαıȓαȢ țαȚ αȞȐȜυıȘȢ ĲȠυ įİȓȖȝαĲȠȢ.  

 ǹȕİȕαȚȩĲȘĲα İπαȞαȜȘȥȚȝȩĲȘĲαȢ (ȓįȚȠ įİȓȖȝα ıĲȡαȝȑȞȠ ıİ 4 șȑıİȚȢ). 

 ǹȕİȕαȚȩĲȘĲα αȕİȕαȚȩĲȘĲα İπȚφȐȞİȚαȢ ĲȘȢ φȦĲȠțȠȡυφȒȢ πȠυ υπȠȜȠȖȓȗİȚ ĲȠ bAXIL. 

 ǹȕİȕαȚȩĲȘĲα ȗȪȖȚıȘȢ ĲȦȞ įİȚȖȝȐĲȦȞ. 

 ǹȕİȕαȚȩĲȘĲα țαșαȡȩĲȘĲαȢ ĲȦȞ υȜȚțȫȞ ıȪȞĲȘȟȘȢ. 

Ǿ ıυȞȠȜȚțȒ αȕİȕαȚȩĲȘĲα πȡȠțȪπĲİȚ ȦȢ Ș ıυȞȚıĲαȝȑȞȘ ȩȜȦȞ ĲȦȞ παȡαπȐȞȦ ȝİȡȚțȫȞ 

αȕİȕαȚȠĲȒĲȦȞ.  

ΓȚα ĲȘȞ πȡȫĲȘ απȩ ĲȚȢ παȡαπȐȞȦ πȘȖȑȢ αȕİȕαȚȩĲȘĲαȢ ȜȒφșȘțİ Ș αȕİȕαȚȩĲȘĲα πȠυ 

İȚıȐȖİĲαȚ απȩ ĲȘȞ țȪȝαȞıȘ ĲȘȢ İπȚφȐȞİȚαȢ ĲȦȞ φȦĲȠțȠȡυφȫȞ πȠυ παȡαĲȘȡȒșȘțİ ȩĲαȞ ȑȞα 

πİȓȡαȝα İπαȞαȜαȝȕȐȞİĲαȚ țȐĲȦ απȩ ĲȚȢ ȓįȚİȢ ıυȞșȒțİȢ ĲȠπȠșİĲȫȞĲαȢ ĲȠ įİȓȖȝα ıİ įȚαφȠȡİĲȚțȑȢ 

ȖȦȞȚαțȑȢ șȑıİȚȢ (țαȚ ȝȐȜȜȠȞ ȠφİȓȜİĲαȚ ıİ αȞȠȝȠȚȠȖȑȞİȚα ĲȦȞ įİȚȖȝȐĲȦȞ). Ǿ țȪȝαȞıȘ αυĲȒ 

πİȡȚȖȡȐφȘțİ αȞαȜυĲȚțȐ ıĲȘȞ παȡȐȖȡαφȠ 6.2.3.2. ΓȚα ĲȘȞ παȡȠυıȓαıȘ ĲȦȞ απȠĲİȜİıµȐĲȦȞ 

υπȠȜȠȖȓıșȘțİ Ș ıȤİĲȚțȒ αȕİȕαȚȩĲȘĲα (%) ıİ İπȓπİįȠ 3ı. 

Ǿ įİȪĲİȡȘ απȩ ĲȚȢ παȡαπȐȞȦ πȘȖȑȢ αȕİȕαȚȩĲȘĲαȢ İȚıȒȤșȘ, πȡȠțİȚȝȑȞȠυ Ȟα ȜȘφșİȓ υπȩȥȘ 

Ș αȕİȕαȚȩĲȘĲα ĲȦȞ απȠĲİȜİıµȐĲȦȞ ĲȠυ πȠıȠĲȚțȠȪ πȡȠıįȚȠȡȚıµȠȪ ĲȠυ įİȓȖȝαĲȠȢ ȚπĲȐȝİȞȘȢ 

ĲȑφȡαȢ, πȠυ įȓȞİȚ ĲȠ πȡȩȖȡαµµα bAXIL ıĲȘȞ αȞαφȠȡȐ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ αȞȐȜυıȘȢ (Report) ȦȢ 

απȩȜυĲȘ αȕİȕαȚȩĲȘĲα ıİ İπȓπİįȠ ıȘȝαȞĲȚțȩĲȘĲαȢ 3ı. Ǿ αȕİȕαȚȩĲȘĲα αυĲȒ πȡȠȑȡȤİĲαȚ țυȡȓȦȢ απȩ 

ĲȘȞ αȕİȕαȚȩĲȘĲα İțĲȓµȘıȘȢ ĲȘȢ İπȚφȐȞİȚαȢ ĲȘȢ αȞĲȓıĲȠȚȤȘȢ φȦĲȠțȠȡυφȒȢ ȖȚαĲȓ ĲȠ ĲİȜȚțȩ 

απȠĲȑȜİıȝα πȠυ ȝαȢ įȓȞİȚ ĲȠ bAXIL FP įİȞ ıυȞȠįİȪİĲαȚ απȩ αȕİȕαȚȩĲȘĲα.  ΓȚα ĲȘȞ παȡȠυıȓαıȘ 

ĲȦȞ απȠĲİȜİıµȐĲȦȞ υπȠȜȠȖȓıșȘțİ Ș ıȤİĲȚțȒ αȕİȕαȚȩĲȘĲα (%) ıİ İπȓπİįȠ 3ı. ǼπİȚįȒ ȩȝȦȢ ȩπȦȢ 

αȞαφȑȡșȘțİ ȜȒφșȘțαȞ Ĳȑııİȡα ĲȠυȜȐȤȚıĲȠȞ φȐıȝαĲα ȖȚα ĲȠ ȓįȚȠ įİȓȖȝα țαȚ ıİȞȐȡȚȠ (ȑȞα ȖȚα țȐșİ 

ȖȦȞȚαțȒ șȑıȘ ĲȠπȠșȑĲȘıȘȢ ĲȠυ įİȓȖȝαĲȠȢ), υπȠȜȠȖȓȗİĲαȚ Ș İıȦĲİȡȚțȒ țαȚ İȟȦĲİȡȚțȒ αȕİȕαȚȩĲȘĲα 

ĲȘȢ ĲυȤαȓαȢ țȪȝαȞıȘȢ țαȚ ȦȢ αȕİȕαȚȩĲȘĲα ȜȩȖȦ ĲυȤαȓαȢ țȪȝαȞıȘȢ șİȦȡȠȪȝİ ĲȘ ȝİȖαȜȪĲİȡȘ ĲȦȞ 

įȪȠ ıȪȝφȦȞα ȝİ ĲȘ ȕȚȕȜȚȠȖȡαφȓα. [21]
 

ΓȚα ĲȘȞ İțĲȓµȘıȘ ĲȘȢ ĲȡȓĲȘȢ πȘȖȒȢ αȕİȕαȚȩĲȘĲαȢ πȠυ İȓȞαȚ Ș αȕİȕαȚȩĲȘĲα ȜȩȖȦ ĲȘȢ 

ȗȪȖȚıȘȢ, ȜȒφșȘțİ υπȩȥȘ Ș αȕİȕαȚȩĲȘĲα ıĲȘ ȗȪȖȚıȘ ĲȦȞ ıυıĲαĲȚțȫȞ ĲȠυ αȞαȜυȩȝİȞȠυ įİȓȖȝαĲȠȢ. 

Ǿ İțĲȓµȘıȘ ĲȦȞ αȕİȕαȚȠĲȒĲȦȞ ȜȩȖȦ ȗȪȖȚıȘȢ ȕαıȓȗİĲαȚ ıĲȠ ȩĲȚ Ƞ ȘȜİțĲȡȠȞȚțȩȢ ȗυȖȩȢ ĲȠυ ǼȆȉ-

ǼȂȆ ȗυȖȓȗİȚ µİ αțȡȓȕİȚα įİțȐțȠȚȢ ȤȚȜȚȠıĲȩ ĲȠυ gr. ΈĲıȚ, Ș απȩțȜȚıȘ ıĲȘ ȗȪȖȚıȘ İȓȞαȚ 0.0001gr. 

ȅπȩĲİ Ș αȕİȕαȚȩĲȘĲα πȤ. ıĲȘ ȗȪȖȚıȘ ĲȠυ įİȓȖȝαĲȠȢ πȡȑıαȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ 1633ȕ NIST İȓȞαȚ: 

𝜎఍ύఊఐ𝜎ఎ𝜍 [%] =  Ͳ.ͲͲͲͳ݉ఋఌɜఊఓ𝛼ఛఖ𝜍   ∙ ͳͲͲ % =  Ͳ.ͲͲͲͳͺ.ͻͶͳͲ   ∙ ͳͲͲ % = Ͳ.ͲͲͳͳ % 
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ΌπȦȢ φαȓȞİĲαȚ, Ș αȕİȕαȚȩĲȘĲα ȜȩȖȦ ĲȘȢ ȗȪȖȚıȘȢ απȠĲİȜİȓ πȠȜȪ ȝȚțȡȒ ıυȞȚıĲȫıα ĲȘȢ 

ıυȞȠȜȚțȒȢ αȕİȕαȚȩĲȘĲαȢ,  țȐĲȚ πȠυ İπȚĲȡȑπİȚ ĲȘȞ παȡαįȠȤȒ ȩĲȚ Ș αȕİȕαȚȩĲȘĲα ıĲȘ ȗȪȖȚıȘ ĲȦȞ 

ıυıĲαĲȚțȫȞ įİȚȖµȐĲȦȞ (πȡȩĲυπȦȞ, πȚıĲȠπȠȚȘȝȑȞȦȞ țαȚ ȐȖȞȦıĲȦȞ) πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ 

ıĲȘȞ παȡȠȪıα ǻ.Ǽ. (ȩπȦȢ țαȚ ıİ πȡȠȘȖȠȪȝİȞİȢ) ȝπȠȡİȓ Ȟα șİȦȡȘșİȓ αȝİȜȘĲȑα ıİ ıȤȑıȘ ȝİ ĲȚȢ 

ȐȜȜİȢ πȘȖȑȢ αȕİȕαȚȩĲȘĲαȢ. Ǿ ȝȩȞȘ αȕİȕαȚȩĲȘĲα ȗȪȖȚıȘȢ πȠυ șα ȜȘφșİȓ υπȩȥȘ İȓȞαȚ Ș 

αȕİȕαȚȩĲȘĲα ȜȩȖȦ ȗȪȖȚıȘȢ ĲȠυ ĲİȜȚțȠȪ țαșαȡȠȪ įİȓȖȝαĲȠȢ-ıυȞȠȜȚțȒ ȝȐȗα įİȓȖȝαĲȠȢ. 

ǼπȓıȘȢ, αȝİȜȘĲȑα șİȦȡȒșȘțİ Ș αȕİȕαȚȩĲȘĲα ȜȩȖȦ țαșαȡȩĲȘĲαȢ ĲȦȞ ıυıĲαĲȚțȫȞ ĲȦȞ 

įİȚȖȝȐĲȦȞ țαșȫȢ Ș αȕİȕαȚȩĲȘĲα πȠυ İȚıȐȖİȚ απȠĲİȜİȓ πȠȜȪ ȝȚțȡȒ ıυȞȚıĲȫıα ĲȘȢ ıυȞȠȜȚțȒȢ 

αȕİȕαȚȩĲȘĲαȢ πȤ. Ĳα υȜȚțȐ ĲȘȢ ıȪȞĲȘȟȘȢ İȓȞαȚ țαșαȡȩĲȘĲαȢ >99.99%. 

 Ǿ ıυȞȠȜȚțȒ αȕİȕαȚȩĲȘĲα ĲİȜȚțȐ υπȠȜȠȖȓȗİĲαȚ απȩ ĲȘȞ παȡαțȐĲȦ ıȤȑıȘ: 

𝜎𝜎జఔఖఒఐ఑ɛ =  √𝜎఑ύఓ𝛼ఔ𝜎ఎ𝜍ଶ + 𝜎ఝ𝜔ఛఖ఑ఖఘజఝɛ𝜍 ଶ +  𝜎఍ύఊఐ𝜎ఎ𝜍ଶ  

ȈĲȠυȢ πȓȞαțİȢ 6.13α,ȕ,Ȗ,į παȡȠυıȚȐȗȠȞĲαȚ ȠȚ ĲȡİȓȢ αυĲȑȢ ıυȞȚıĲȫıİȢ αȕİȕαȚȩĲȘĲαȢ 

țαșȫȢ țαȚ Ș ıυȞȠȜȚțȒ αȕİȕαȚȩĲȘĲα ĲȦȞ ĲȚȝȫȞ ıυȖțȑȞĲȡȦıȘȢ ȖȚα Ĳα ıĲȠȚȤİȓα πȠυ 

πȡȠıįȚȠȡȓıĲȘțαȞ ıİ įİȓȖȝαĲα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ πȡȠİȡȤȩȝİȞα απȩ ıȪȞĲȘȟȘ țαȚ απȩ πȡȑıα. ȅȚ  

υπȠȜȠȖȚıȝȠȓ αυĲȠȓ ȑȖȚȞαȞ ĲȩıȠ ȖȚα įİȓȖȝαĲα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ 1633ȕ NIST, ȖȞȦıĲȒȢ ıȪıĲαıȘȢ 

ȩıȠ țαȚ ȖȚα įİȓȖȝαĲα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ȂİȖαȜȩπȠȜȘȢ, ȐȖȞȦıĲȘȢ ıȪıĲαıȘȢ.  

ȆαȡαĲȘȡȫȞĲαȢ Ĳα απȠĲİȜȑıȝαĲα ıĲȠυȢ πȓȞαțİȢ αυĲȠȪȢ, φαȓȞİĲαȚ πȦȢ Ș αȞȐȜυıȘ įİȚȖȝȐĲȦȞ 

ıȪȞĲȘȟȘȢ İȚıȐȖİȚ ȝȚțȡȩĲİȡȘ αȕİȕαȚȩĲȘĲα ȖȚα ıĲȠȚȤİȓα ȤαȝȘȜȠȪ ȝαȗȚțȠȪ αȡȚșȝȠȪ (ȑȦȢ țαȚ ĲȠȞ Fe), 

İȞȫ ȖȚα Ĳα υπȩȜȠȚπα ıĲȠȚȤİȓα İȓȞαȚ įȪıțȠȜȠ Ȟα İȟαȤșİȓ ıυȝπȑȡαıȝα, țαșȫȢ İȝφαȞȓȗȠȞĲαȚ 

țυȝαȚȞȩȝİȞα țαȚ παȡαπȜȒıȚα ıİ ĲȐȟȘ ȝİȖȑșȠυȢ απȠĲİȜȑıȝαĲα ıυȞȠȜȚțȒȢ αȕİȕαȚȩĲȘĲαȢ ȝİ Ĳα 

įİȓȖȝαĲα απȩ πȡȑıα. ȈĲȘȞ πİȡȓπĲȦıȘ ĲȠυ Mn, ȩπȦȢ İȓȤİ αȞαφİȡșİȓ țαȚ πȡȠȘȖȠυȝȑȞȦȢ φαȓȞİĲαȚ 

ȟİțȐșαȡα ȩĲȚ Ș φȦĲȠțȠȡυφȒ ĲȠυ įİȞ ıȤȘȝαĲȓȗİĲαȚ ıȦıĲȐ (αȕİȕαȚȩĲȘĲα φȦĲȠțȠȡυφȒȢ 42%) ȜȩȖȦ 

ĲȘȢ πȠȜȪ ȑȞĲȠȞȘȢ φȦĲȠțȠȡυφȒȢ ĲȠυ Fe țαȚ ıυȞİπȫȢ Ș İțĲȓȝȘıȘ ĲȘȢ ıυȖțȑȞĲȡȦıȒȢ ĲȠυ įİȞ 

φαȓȞİĲαȚ αȟȚȩπȚıĲȘ. ȉȠ ȖİȖȠȞȩȢ αυĲȩ įȘȝȚȠυȡȖİȓ πȡȠȕȜȘȝαĲȚıȝȩ țαȚ ȖȚα ĲȘȞ İțĲȓȝȘıȘ ĲȘȢ 

İπȚφȐȞİȚαȢ φȦĲȠțȠȡυφȒȢ ĲȠυ Fe.  

Ȃİ ĲȠȞ υπȠȜȠȖȚıȝȩ ĲȘȢ  ıυȞȠȜȚțȒȢ αȕİȕαȚȩĲȘĲαȢ ȠȜȠțȜȘȡȫșȘțİ Ș πȠıȠĲȚțȒ αȞȐȜυıȘ ĲȦȞ 

ȚπĲȐȝİȞȦȞ ĲİφȡȫȞ ȂİȖαȜȩπȠȜȘȢ țαȚ 1633b NIST ȝİ XRF țαȚ ĲȠ πȡȩȖȡαȝȝα bAXIL FP. 
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ȆȓȞαțαȢ 6.18α ȊπȠȜȠȖȚıȝȩȢ ıυȞȠȜȚțȒȢ αȕİȕαȚȩĲȘĲαȢ ıυȖțȑȞĲȡȦıȘȢ  įİȓȖȝαĲȠȢ ıȪȞĲȘȟȘȢ 
ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ 1633ȕ NIST (KCNFA1)  

ǻİ
ȓȖ

ȝα
 ı

ȪȞ
ĲȘ

ȟȘ
Ȣ 

Țπ
ĲȐ

ȝİ
ȞȘ

Ȣ 
Ĳȑ

φȡ
αȢ

 1
63

3ȕ
 N

IS
T

 (
K

C
N

F
A

1
) ȈĲȠȚȤİȓȠ ǹȕİȕαȚȩĲȘĲα 

ĲυȤαȓαȢ țȪȝαȞıȘȢ 

ǹȕİȕαȚȩĲȘĲα 
ȗȪȖȚıȘȢ 

ǹȕİȕαȚȩĲȘĲα 
φȦĲȠțȠȡυφȒȢ 

ȈυȞȠȜȚțȒ 
αȕİȕαȚȩĲȘĲα 

K 1.92% 0.0033% 8.09% 8.32% 

Ca 3.17% 0.0033% 3.68% 4.86% 

Ti 2.21% 0.0033% 2.05% 6.94% 

Cr 7.49% 0.0033% 9.59% 24.44% 

Mn 90.46% 0.0033% 41.79% 274.59% 

Fe 4.33% 0.0033% 7.47% 8.63% 

Ni 27.46% 0.0033% 25.45% 27.46% 

Cu 19.83% 0.0033% 12.85% 19.83% 

Zn 14.48% 0.0033% 7.75% 14.48% 

Ga 18.69% 0.0033% 21.26% 18.69% 

As 9.08% 0.0033% 5.41% 9.08% 

Rb 10.89% 0.0033% 8.83% 14.02% 

Sr 28.97% 0.0033% 8.90% 30.30% 

 

ȆȓȞαțαȢ 6.18ȕ ȊπȠȜȠȖȚıȝȩȢ ıυȞȠȜȚțȒȢ αȕİȕαȚȩĲȘĲαȢ ĲȦȞ ıυȖțİȞĲȡȫıİȦȞ  įİȓȖȝαĲȠȢ πȡȑıαȢ 
ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ 1633ȕ NIST (CNFA23) 

ǻİ
ȓȖ

ȝα
 π

ȡȑ
ıα

Ȣ 
Țπ

ĲȐ
ȝİ

ȞȘ
Ȣ 

Ĳȑ
φȡ

αȢ
 1

63
3ȕ

 N
IS

T
 (

C
N

F
A

2
3
) ȈĲȠȚȤİȓȠ ǹȕİȕαȚȩĲȘĲα 

ĲυȤαȓαȢ țȪȝαȞıȘȢ 

ǹȕİȕαȚȩĲȘĲα 
ȗȪȖȚıȘȢ 

ǹȕİȕαȚȩĲȘĲα 
φȦĲȠțȠȡυφȒȢ 

ȈυȞȠȜȚțȒ 
αȕİȕαȚȩĲȘĲα 

K 6.26% 0.0024% 8.21% 10.32% 

Ca 3.67% 0.0024% 3.41% 5.01% 

Ti 6.51% 0.0024% 1.41% 19.60% 

Cr 5.66% 0.0024% 7.52% 18.57% 

Mn 36.16% 0.0024% 43.59% 116.90% 

Fe 6.15% 0.0024% 0.31% 18.45% 

Ni 21.34% 0.0024% 10.90% 25.34% 

Cu 19.43% 0.0024% 6.55% 22.32% 

Zn 23.56% 0.0024% 4.50% 19.95% 

Ga 35.79% 0.0024% 9.19% 25.29% 

As 21.34% 0.0024% 3.15% 35.93% 

Rb 10.26% 0.0024% 4.93% 11.38% 

Sr 11.12% 0.0024% 8.70% 14.11% 
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ȆȓȞαțαȢ 6.18Ȗ. ȊπȠȜȠȖȚıȝȩȢ ıυȞȠȜȚțȒȢ αȕİȕαȚȩĲȘĲαȢ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ ĲȦȞ ȝİĲȡȒıİȦȞ 
įİȓȖȝαĲȠȢ ıȪȞĲȘȟȘȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ȂİȖαȜȩπȠȜȘȢ (KCȂFA14)  

ǻİ
ȓȖ

ȝα
 ı

ȪȞ
ĲȘ

ȟȘ
Ȣ 

Țπ
ĲȐ

ȝİ
ȞȘ

Ȣ 
Ĳȑ

φȡ
αȢ

 Ȃ
İȖ

αȜ
ȩπ

ȠȜ
ȘȢ

 (K
C

M
F

1
4
) ȈĲȠȚȤİȓȠ ǹȕİȕαȚȩĲȘĲα 

ĲυȤαȓαȢ țȪȝαȞıȘȢ 

ǹȕİȕαȚȩĲȘĲα 
ȗȪȖȚıȘȢ 

ǹȕİȕαȚȩĲȘĲα 
φȦĲȠțȠȡυφȒȢ 

ȈυȞȠȜȚțȒ 
αȕİȕαȚȩĲȘĲα 

K 2.55% 0.0030% 4.84% 5.47% 

Ca 10.82% 0.0030% 1.15% 10.88% 

Ti 9.37% 0.0030% 2.28% 9.64% 

Cr 13.82% 0.0030% 5.78% 14.98% 

Mn 5.58% 0.0030% 9.61% 11.11% 

Fe 2.38% 0.0030% 0.41% 2.41% 

Ni 48.98% 0.0030% 7.48% 49.55% 

Cu 31.43%  9.51% 32.83% 

Zn 16.64% 0.0030% 7.61% 18.30% 

Ga 27.70% 0.0030% 29.92% 40.77% 

As 32.42% 0.0030% 14.71% 35.60% 

Rb 14.51% 0.0030% 3.73% 14.98% 

Sr 11.69% 0.0030% 0.97% 11.73% 

 

ȆȓȞαțαȢ 6.18į. ȊπȠȜȠȖȚıȝȩȢ ıυȞȠȜȚțȒȢ αȕİȕαȚȩĲȘĲαȢ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ ĲȦȞ ȝİĲȡȒıİȦȞ 
įİȓȖȝαĲȠȢ πȡȑıαȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ȂİȖαȜȩπȠȜȘȢ (CMF7)  

ǻİ
ȓȖ

ȝα
 π

ȡȑ
ıα

Ȣ 
Țπ

ĲȐ
ȝİ

ȞȘ
Ȣ 

Ĳȑ
φȡ

αȢ
 Ȃ

İȖ
αȜ

ȩπ
ȠȜ

ȘȢ
 (C

M
F

7
) ȈĲȠȚȤİȓȠ ǹȕİȕαȚȩĲȘĲα 

ĲυȤαȓαȢ țȪȝαȞıȘȢ 

ǹȕİȕαȚȩĲȘĲα 
ȗȪȖȚıȘȢ 

ǹȕİȕαȚȩĲȘĲα 
φȦĲȠțȠȡυφȒȢ 

ȈυȞȠȜȚțȒ 
αȕİȕαȚȩĲȘĲα 

K 8.35% 0.0032% 3.28% 8.97% 

Ca 9.28% 0.0032% 0.93% 9.32% 

Ti 9.20% 0.0032% 1.99% 9.41% 

Cr 13.80% 0.0032% 6.97% 15.46% 

Mn 8.68% 0.0032% 9.30% 12.72% 

Fe 7.60% 0.0032% 0.40% 7.61% 

Ni 10.57% 0.0032% 7.20% 12.79% 

Cu 15.02% 0.0032% 8.52% 17.27% 

Zn 2.48% 0.0032% 8.22% 8.59% 

Ga 10.03% 0.0032% 18.45% 21.00% 

As 5.49% 0.0032% 11.90% 13.11% 

Rb 5.10% 0.0032% 3.39% 6.13% 

Sr 3.78% 0.0032% 0.96% 3.90% 

 



173 

 

6.13 ǺȒȝαĲα ȖȚα ĲȘȞ πȠıȠĲȚțȒ αȞȐȜυıȘ įİȚȖȝȐĲȦȞ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ȝİ  ĲȠ bAXIL FP 

 ǹȞαțİφαȜαȚȫȞȠȞĲαȢ, παȡαțȐĲȦ παȡȠυıȚȐȗȠȞĲαȚ Ĳα ȕȒȝαĲα ĲȘȢ įȚαįȚțαıȓαȢ πȠıȠĲȚțȒȢ 

αȞȐȜυıȘȢ ȐȖȞȦıĲȠυ įİȓȖȝαĲȠȢ ȤȡȘıȚȝȠπȠȚȫȞĲαȢ ĲȠ ȜȠȖȚıȝȚțȠȪ bAXIL:  

1. ǼπȚȜȠȖȒ ĲȠυ φȐıȝαĲȠȢ αțĲȓȞȦȞ-x πȠυ İπȚșυȝȠȪȝİ Ȟα αȞαȜȪıȠυȝİ, ȕȐıȘ ĲȠυ įİȓȖȝαĲȠȢ țαȚ 

ĲȠυ ıİȞαȡȓȠυ αțĲȚȞȠȕȩȜȘıȘȢ πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțİ. 

2. ȆȡȠıįȚȠȡȚıȝȩȢ R.O.I. țαȚ πȠȚȠĲȚțȒ αȞȐȜυıȘ ȝİ ĲȠ bAXIL: πȡȠıįȚȠȡȚıȝȩȢ țαȚ πȡȠıαȡȝȠȖȒ 

ĲȦȞ φȦĲȠțȠȡυφȫȞ ȝİ ĲȠȞ ȕȑȜĲȚıĲȠ įυȞαĲȩ ĲȡȩπȠ. 

3. ǹπȠșȒțİυıȘ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ ĲȘȢ πȠȚȠĲȚțȒȢ αȞȐȜυıȘȢ ıİ αȡȤİȓȠ ȝȠȡφȒȢ *.axml. 

4. ΆȞȠȚȖȝα ĲȠυ πȡȠȖȡȐȝȝαĲȠȢ bAXIL FP țαȚ πȡȠıșȒțȘ ĲȦȞ įȚαșȑıȚȝȦȞ φαıȝȐĲȦȞ πȡȩĲυπȦȞ 

įİȚȖȝȐĲȦȞ πȠυ ȑȤȠυȞ αȞαȜυșİȓ ȝİ ĲȠ ȓįȚȠ ‘Template’ țαȚ ĲȠ ȓįȚȠ ıİȞȐȡȚȠ αțĲȚȞȠȕȩȜȘıȘȢ ȝİ 

αυĲȩ ĲȠυ αȖȞȫıĲȠυ φȐıȝαĲȠȢ. 

5. ȀαșȠȡȚıȝȩȢ ĲȘȢ ıȪıĲαıȘȢ ĲȦȞ πȡȩĲυπȦȞ įİȚȖȝȐĲȦȞ țαȚ απȠșȒțİυıȘ ıĲȠ ȜȠȖȚıȝȚțȩ 

bAXIL FP ıĲȘȞ ıİȜȓįα «Known Composition». 

6. ȆȡȠıșȒțȘ ĲȠυ αȡȤİȓȠυ ĲȪπȠυ *.axml ĲȠυ αȖȞȫıĲȠυ įİȓȖȝαĲȠȢ πȠυ αȞαȜȪșȘțİ ıĲȠ ȕȒȝα 2. 

7. ȀαșȠȡȚıȝȩȢ ĲȘȢ ıȪıĲαıȘȢ ȖȞȦıĲȫȞ ıυıĲαĲȚțȫȞ ĲȠυ αȖȞȫıĲȠυ įİȓȖȝαĲȠȢ (ȕȠȡȚțȐ ȐȜαĲα, 

ıυȞįİĲȚțȩ υȜȚțȩ țα.) țαȚ απȠșȒțİυıȘ ıĲȠ ȜȠȖȚıȝȚțȩ bAXIL FP ıĲȘȞ ıİȜȓįα «Known 

Composition». 

8. ΈȜİȖȤȠȢ ȩĲȚ ĲȠ πİįȓȠ «Normalize concentration to 100%» ıĲȘ ıİȜȓįα «Exp. Cond.» ĲȠυ 

παȡαșȪȡȠυ ĲȠυ αȖȞȫıĲȠυ įİȓȖȝαĲȠȢ  įİȞ ȑȤİȚ İπȚȜİȖİȓ. 

9. ȁȒȥȘ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ-ıυȖțİȞĲȡȫıİȦȞ ĲȘȢ πȠıȠĲȚțȒȢ αȞȐȜυıȘȢ ĲȠυ ȐȖȞȦıĲȠυ 

įİȓȖȝαĲȠȢ (Calculated Composition) απȩ ĲȘ ıİȜȓįα «Report». 

10. ǹȞαȖȦȖȒ ĲȦȞ υπȠȜȠȖȚıȝȑȞȦȞ ıυȖțİȞĲȡȫıİȦȞ ıĲȠ įİȓȖȝα  ܥఋఌɜఊఓ𝛼ఛఖ𝜍ıĲȘ ȝȐȗα ĲȘȢ 

ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ܥఛɚఝఘ𝛼𝜍ȝİ ĲȘ ıȤȑıȘ: ܥఛɚఝఘ𝛼𝜍 =  ݉ఋఌɜఊఓ𝛼ఛఖ𝜍,ఖఒఐ఑ఎ݉ఐగఛəఓఌఔఎ𝜍 ఛɚఝఘ𝛼𝜍   ∙  ఋఌɜఊఓ𝛼ఛఖ𝜍ܥ 

11. ȊπȠȜȠȖȚıȝȩȢ ĲȦȞ İπȚȝȑȡȠυȢ αȕİȕαȚȠĲȒĲȦȞ țαȚ ĲȘȢ ıυȞȠȜȚțȒȢ αȕİȕαȚȩĲȘĲαȢ ȖȚα țȐșİ ȝȓα 

απȩ ĲȚȢ ĲİȜȚțȑȢ ıυȖțİȞĲȡȫıİȚȢ ıĲȘȞ Ĳȑφȡα țαȚ παȡȠυıȓαıȘ ĲȦȞ ĲİȜȚțȫȞ απȠĲİȜİıȝȐĲȦȞ ȝİ 

ĲȚȢ αȕİȕαȚȩĲȘĲȑȢ πȠυ Ĳα ıυȞȠįİȪȠυȞ.  

ǹțȠȜȠυșȫȞĲαȢ Ĳα παȡαπȐȞȦ ȕȒȝαĲα ȝπȠȡİȓ țαȞİȓȢ, ȟİțȚȞȫȞĲαȢ απȩ ȑȞα αȡȤİȓȠ φȐıȝαĲȠȢ 

αțĲȓȞȦȞ-x, ȩπȦȢ αυĲȩ ȜαȝȕȐȞİĲαȚ απȩ ĲȘȞ αȞȚȤȞİυĲȚțȒ įȚȐĲαȟȘ φșȠȡȚıȝȠȪ αțĲȓȞȦȞ Χ ĲȠυ ǼȆȉ – 

ǼȂȆ Ȟα țαĲαȜȒȟİȚ ıİ ĲİȜȚțȐ απȠĲİȜȑıȝαĲα ıȤİĲȚțȐ ȝİ ĲȘȞ πȠıȠĲȚțȒ ıȪıĲαıȘ ĲȘȢ ȠυıȓαȢ πȠυ 

αȞαȜȪİĲαȚ țȐșİ φȠȡȐ. 
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6.14  ǹȟȚȠȜȩȖȘıȘ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ πȠıȠĲȚțȒȢ αȞȐȜυıȘȢ  

 ΓȚα ĲȘȞ αȟȚȠȜȩȖȘıȘ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ ĲȘȢ πȠıȠĲȚțȒȢ αȞȐȜυıȘȢ ĲȘȢ παȡȠȪıαȢ ǻ.Ǽ. ȝİ ĲȠ 

πȡȩȖȡαȝȝα bAXIL FP țαȚ ȖİȞȚțȐ ĲȘȢ ȩȜȘȢ įȚαįȚțαıȓαȢ (παȡαıțİυȒ πȡȠĲȪπȦȞ țαȚ ȐȖȞȦıĲȦȞ 

įİȚȖȝȐĲȦȞ ȝİ ıȪȞĲȘȟȘ Ȓ ȝİ πȡȑıα, αȞȚȤȞİυĲȚțȒ įȚȐĲαȟȘ XRF țα) ıυȖțȡȓșȘțαȞ Ĳα απȠĲİȜȑıȝαĲα 

ĲȘȢ πȠıȠĲȚțȒȢ αȞȐȜυıȘȢ ĲȦȞ įİȚȖȝȐĲȦȞ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ 1633ȕ NIST ȝİ ĲȚȢ ĲȚȝȑȢ ĲȠυ 

πȚıĲȠπȠȚȘĲȚțȠȪ NIST ȖȚα Ĳα ȓįȚα ıĲȠȚȤİȓα. ΓȚα ĲȘ ıȪȖțȡȚıȘ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ Ĳα țȡȚĲȒȡȚα U – 

Test țαȚ Z – Test πȠυ απȠĲİȜȠȪȞ ȑȞαȞ απȜȩ ȠįȘȖȩ ȖȚα ĲȘȞ αȟȚȠȜȩȖȘıȘ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ ĲȘȢ 

πȠıȠĲȚțȒȢ αȞȐȜυıȘȢ. 

 ȉȠ țȡȚĲȒȡȚȠ αȟȚȠȜȩȖȘıȘȢ U – Test ȤȡȘıȚȝȠπȠȚȒșȘțİ ıİ πȡȠȘȖȠȪȝİȞȘ ǻ.Ǽ. [1], ıĲα πȜαȓıȚα 

ȐıțȘıȘȢ įȚαȕαșȝȠȞȩȝȘıȘȢ ĲȠυ ǻȅǹǼ. ȈĲȘȞ παȡȠȪıα ǻ.Ǽ. ȝİ ĲȘ ȝȑșȠįȠ αυĲȒ ıυȖțȡȓȞȠȞĲαȚ Ĳα 

απȠĲİȜȑıµαĲα ĲȠυ πȠıȠĲȚțȠȪ πȡȠıįȚȠȡȚıµȠȪ ȝİ ĲȚȢ πȚıĲȠπȠȚȘȝȑȞİȢ ĲȚȝȑȢ ĲȦȞ ıυȖțİȞĲȡȫıİȦȞ ĲȦȞ 

ıĲȠȚȤİȓȦȞ πȠυ ȜαȝȕȐȞȠȞĲαȚ απȩ ĲȠ πȚıĲȠπȠȚȘĲȚțȩ ĲȘȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ 1633ȕ NIST. ΓȚα ĲȘȞ 

αȟȚȠȜȩȖȘıȘ υπȠȜȠȖȓȗİĲαȚ Ƞ ıυȞĲİȜİıĲȒȢ (U-score) ȝİ ĲȘȞ παȡαțȐĲȦ ıȤȑıȘ: 

𝑈 − = 𝑒ݎ݋𝑐ݏ .గఐ𝜎ఛఖగܥ|   − 𝛼ఔəఒ.|√𝑈݊𝑐గఐ𝜎ఛఖగ.ଶܥ   +  𝑈݊𝑐𝛼ఔəఒ.ଶ  
ȅπȠȪ C Ș ıυȖțȑȞĲȡȦıȘ ĲȠυ ıĲȠȚȤİȓȠυ țαȚ Unc Ș αȕİȕαȚȩĲȘĲα.  

ȈȪȝφȦȞα ȝİ Ĳα țȡȚĲȒȡȚα ĲȠυ ǻȅǹǼ ȖȚα ĲȘȞ αȟȚȠȜȩȖȘıȘ αıțȒıİȦȞ įȚαȕαșȝȠȞȩȝȘıȘȢ Ș ĲȚµȒ ĲȠυ 

U-score, İȡȝȘȞİȪİĲαȚ țαĲȐ ĲȠȞ αțȩȜȠυșȠ ĲȡȩπȠ: 

• U < 1.64 Ǿ υπȠȜȠȖȚıȝȑȞȘ ĲȚµȒ įİȞ įȚαφȑȡİȚ απȩ ĲȘȞ ĲȚµȒ αȞαφȠȡȐȢ 

• 1.95 > U > 1.64  Ǿ υπȠȜȠȖȚıȝȑȞȘ ĲȚµȒ πȚșαȞȫȢ įİȞ įȚαφȑȡİȚ απȩ ĲȘȞ ĲȚµȒ αȞαφȠȡȐȢ. 

• 2.58 > U > 1.95  ǻİȞ İȓȞαȚ ȕȑȕαȚȠ țαĲȐ πȩıȠ įȚαφȑȡȠυȞ Ĳα απȠĲİȜȑıµαĲα. 

• 3.29 > U > 2.58 Ǿ υπȠȜȠȖȚıȝȑȞȘ ĲȚµȒ πȚșαȞȫȢ Ȟα įȚαφȑȡİȚ απȩ ĲȘȞ ĲȚµȒ αȞαφȠȡȐȢ.  

• U > 3.29 Ǿ υπȠȜȠȖȚıȝȑȞȘ ĲȚµȒ įȚαφȑȡİȚ απȩ ĲȘȞ ĲȚȝȒ αȞαφȠȡȐȢ. 

 

ȉȠ țȡȚĲȒȡȚȠ αȟȚȠȜȩȖȘıȘȢ  Z – Test İȓȤİ țαȚ αυĲȩ ȤȡȘıȚȝȠπȠȚȘșİȓ ıİ πȡȠȘȖȠȪȝİȞȘ ǻ.Ǽ. [1]
, 

ıĲȠ πȜαȓıȚα ȐıțȘıȘȢ įȚαȕαșȝȠȞȩȝȘıȘȢ πȠυ įȚȠȡȖȐȞȦıİ Ƞ ǻȅǹǼ. ΌπȦȢ țαȚ ıĲȘȞ πİȡȓπĲȦıȘ 

ĲȠυ U – Test Ș ȝȑșȠįȠȢ αυĲȒ ȑȤİȚ ȦȢ ıĲȩȤȠ ĲȘ ıȪȖțȡȚıȘ ĲȦȞ απȠĲİȜİıµȐĲȦȞ ĲȠυ πȠıȠĲȚțȠȪ 

πȡȠıįȚȠȡȚıµȠȪ ȝİ ĲȚȢ πȚıĲȠπȠȚȘȝȑȞİȢ ĲȚȝȑȢ ĲȦȞ ıυȖțİȞĲȡȫıİȦȞ ĲȦȞ ıĲȠȚȤİȓȦȞ πȠυ 

ȜαȝȕȐȞȠȞĲαȚ απȩ ĲȠ πȚıĲȠπȠȚȘĲȚțȩ ĲȘȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ 1633ȕ NIST. Ǿ ıȪȖțȡȚıȘ αυĲȒ 

İπȚĲυȖȤȐȞİĲαȚ ȝȑıȦ ĲȠυ υπȠȜȠȖȚıȝȠȪ ĲȠυ ıυȞĲİȜİıĲȒ Z – score, Ƞ ȠπȠȓȠȢ įȓȞİĲαȚ απȩ ĲȘ ıȤȑıȘ: 

𝛧 − = 𝑒ݎ݋𝑐ݏ .గఐ𝜎ఛఖగܥ|   − 𝛼ఔəఒ.|𝑈݊𝑐ܥ   ∙  𝜅  
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ΌπȠυ C Ș ıυȖțȑȞĲȡȦıȘ ĲȠυ ıĲȠȚȤİȓȠυ țαȚ Unc Ș αȕİȕαȚȩĲȘĲα ĲȦȞ απȠĲİȜİıȝȐĲȦȞ.  

Ȉİ αȞĲȓșİıȘ ȝİ ĲȠ U–score ȩȝȦȢ, Ș ȝȑșȠįȠȢ Z-score αυĲȒ απαȚĲİȓ ĲȘȞ ȤȡȒıȘ İȞȩȢ 

αυșαȓȡİĲȠυ ıυȞĲİȜİıĲȒ ț, Ƞ ȠπȠȓȠȢ ȠȞȠȝȐȗİĲαȚ coverage factor țαȚ ıαȞ ıĲȩȤȠ ȑȤİȚ ĲȠȞ ȠȡȚıȝȩ İȞȩȢ 

ıυȖțİțȡȚȝȑȞȠυ İπȚπȑįȠυ αυıĲȘȡȩĲȘĲαȢ ȝİ ȕȐıȘ Ĳα ȤαȡαțĲȘȡȚıĲȚțȐ ĲȘȢ αȞȚȤȞİυĲȚțȒȢ įȚȐĲαȟȘȢ. ΓȚα 

ĲȘ įȚȐĲαȟȘ XRF πȠυ įȚαșȑĲİȚ ĲȠ ǼȆȉ – ǼȂȆ țαȚ ĲȠ İπȓπİįȠ ĲȦȞ αȞαȜȪıİȦȞ πȠυ ȑȖȚȞαȞ țαĲȐ ĲȘ 

įȚȐȡțİȚα ĲȘȢ ǻ.Ǽ. șα πȡȑπİȚ Ĳα απȠĲİȜȑıµαĲα Ȟα αȟȚȠȜȠȖȘșȠȪȞ ıİ İπȓπİįȠ αȕİȕαȚȩĲȘĲαȢ  ț = 1.5 

ıȪȝφȦȞα țαȚ ȝİ πȡȠȘȖȠȪȝİȞȘ ǻ.Ǽ. [1]
. Ǿ ĲȚµȒ ĲȠυ ǽ-score, πȠυ υπȠȜȠȖȓȗİĲαȚ ȖȚα țȐșİ ıĲȠȚȤİȓȠυ 

πȠυ αȞȚȤȞİȪİĲαȚ İȡȝȘȞİȪİĲαȚ țαĲȐ ĲȠȞ αțȩȜȠυșȠ ĲȡȩπȠ: 

• Z – score ≤ 2 ȉȠ απȠĲȑȜİıµα ĲȘȢ αȞȐȜυıȘȢ șİȦȡİȓĲαȚ ȚțαȞȠπȠȚȘĲȚțȩ. 

• 2 > Z – score > 3 ȉȠ απȠĲȑȜİıµα ĲȘȢ αȞȐȜυıȘȢ İȓȞαȚ αȝφȚıȕȘĲȠȪȝİȞȠ. 

• Z – score ≥ 3  ȉȠ απȠĲȑȜİıµα ĲȘȢ αȞȐȜυıȘȢ șİȦȡİȓĲαȚ µȘ ȚțαȞȠπȠȚȘĲȚțȩ. 

 

ȉα απȠĲİȜȑıȝαĲα ĲȦȞ υπȠȜȠȖȚıȝȫȞ ĲȦȞ ıυȞĲİȜİıĲȫȞ U – score țαȚ Z – score ȖȚα ĲȚȢ αȞαȜȪıİȚȢ 

ĲȘȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ 1633b NIST țαĲαȖȡȐφȠȞĲαȚ ıĲȠυȢ πȓȞαțİȢ 6.19α țαȚ 6.19ȕ.  

ǹȟȚȠȜȠȖȫȞĲαȢ ĲȚȢ ĲȚȝȑȢ ĲȦȞ įȪȠ ıυȞĲİȜİıĲȫȞ ȖȚα țȐșİ ȤȘȝȚțȩ ıĲȠȚȤİȓȠ απȩ Ĳα 13 πȠυ 

αȞȚȤȞİȪșȘțαȞ  ȝİ Ĳα țȡȚĲȒȡȚα πȠυ πȡȠαȞαφȑȡșȘțαȞ ȖȚα Ĳα U – score țαȚ Z – score πȡȠțȪπĲȠυȞ 

Ĳα İȟȒȢ ıυȝπİȡȐıȝαĲα:   

 ȆȐȞȦ απȩ Ĳα ȝȚıȐ ıĲȠȚȤİȓα πȡȠıįȚȠȡȓȗȠȞĲαȚ ȚțαȞȠπȠȚȘĲȚțȐ ıĲα įİȓȖȝαĲα țαȚ ĲȦȞ įȪȠ 

ȝİșȩįȦȞ παȡαıțİυȒȢ. ΓȚα Ĳα įİȓȖȝαĲα ıȪȞĲȘȟȘȢ αυĲȐ İȓȞαȚ: Ti, Cr, Ni, Cu, Zn, Sr.  ΓȚα Ĳα 

įİȓȖȝαĲα πȡȑıαȢ  İȓȞαȚ: Ca, Ti, Cr, Ni, Cu, Zn, As.  

 ǼȞĲȪπȦıȘ πȡȠțαȜİȓ ȩĲȚ țαȚ ȖȚα ĲȚȢ įȪȠ ȝİșȩįȠυȢ παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ įİȞ πȡȠȑțυȥαȞ 

ȚțαȞȠπȠȚȘĲȚțȐ απȠĲİȜȑıȝαĲα ıĲȠȞ πȡȠıįȚȠȡȚıȝȩ ĲȘȢ ıυȖțȑȞĲȡȦıȘȢ ĲȠυ Fe, παȡȩȜȠ πȠυ Ș 

υπȒȡȤİ ȝİȖȐȜȘ ıυȖțȑȞĲȡȦıȘ ıĲȘȞ Ĳȑφȡα 1633b NIST. Ǿ ȝİȖȐȜȘ αȕİȕαȚȩĲȘĲα ıĲȠȞ 

υπȠȜȠȖȚıȝȩ ĲȘȢ φȦĲȠțȠȡυφȒȢ πȠυ ȠφİȓȜİĲαȚ ıĲȘȞ Kȕ ĲȠυ Mn (ȖȚα ĲȠ ȠπȠȓȠ įİȞ İȚıȒȤșȘıαȞ 

ıĲȠ bAXIL FP αȞαȜȪıİȚȢ πȡȩĲυπȠυ įİȓȖȝαĲȠȢ)  ȓıȦȢ ȠįȒȖȘıİ ıİ ȜαȞșαıȝȑȞȘ İțĲȓȝȘıȘ țαȚ 

ĲȘȢ İπȚφȐȞİȚαȢ ĲȘȢ φȦĲȠțȠȡυφȒȢ πȠυ ȠφİȓȜİĲαȚ ıĲȘȞ Ȁα ĲȠυ Fe ȝİ ıυȞȑπİȚα Ĳα 

απȠĲİȜȑıȝαĲα ĲȩıȠ ȖȚα Fe ȩıȠ țαȚ ȖȚα ĲȠ Mn Ȟα ȝȘȞ ȝπȠȡȠȪȞ Ȟα șİȦȡȘșȠȪȞ αȟȚȩπȚıĲα. 

 ΓȚα Ĳα ıĲȠȚȤİȓα ĲȦȞ ȠπȠȓȦȞ ȠȚ ıυȖțİȞĲȡȫıİȚȢ İȓȞαȚ ȤαȝȘȜȑȢ ȩπȦȢ As, Rb įİȞ πȡȠȑțυȥαȞ  

ȚțαȞȠπȠȚȘĲȚțȐ απȠĲİȜȑıȝαĲα ıĲα įİȓȖȝαĲα ıȪȞĲȘȟȘȢ ȓıȦȢ ȜȩȖȦ ĲȘȢ πȠȜȪ ȝȚțȡȒȢ 

πȠıȩĲȘĲαȢ ĲȑφȡαȢ πȠυ ȤȡȘıȚȝȠπȠȚİȓĲαȚ ȖȚα ĲȘȞ παȡαıțİυȒ ĲȠυ įİȓȖȝαĲȠȢ.  

ȉα ıυȝπİȡȐıȝαĲα αυĲȐ παȡȠυıȚȐȗȠȞĲαȚ ıυȖțİȞĲȡȦĲȚțȐ ıĲȠȞ πȓȞαțα 6.20.  
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ȆȓȞαțαȢ 6.19α. ȊπȠȜȠȖȚıȝȩȢ ıυȞĲİȜİıĲȫȞ  U – score țαȚ Z – score ȖȚα ĲȠ įİȓȖȝα ıȪȞĲȘȟȘȢ KCNFA1  

 

 

 

 

ȈĲȠȚȤİȓȠ ȈυȖțȑȞĲȡȦıȘ 
πȚıĲȠπȠȚȘĲȚțȠȪ [ppm] 

ǹȕİȕαȚȩĲȘĲα 
πȚıĲȠπȠȚȘĲȚțȠȪ [ppm] 

ȊπȠȜȠȖȚıȝȑȞȘ 
ıυȖțȑȞĲȡȦıȘ [ppm] 

ȊπȠȜȠȖȚıȝȑȞȘ 
αȕİȕαȚȩĲȘĲα  [ppm] 

Z-score U -score 

K 19500 300 24423 2031.1 1.62 2.40 

Ca 15100 600 12760 619.9 2.52 2.71 

Ti 7910 140 8443 254.5 1.40 1.83 

Cr 198.2 4.7 198 24.1 0.01 0.01 

Mn 131.8 1.7 36 36.1 1.77 2.65 

Fe 77800 2300 66654 5754.6 1.29 1.80 

Ni 120.6 1.8 71 26.4 1.26 1.89 

Cu 112.8 2.6 93 21.9 0.61 0.91 

Zn 210 - 144 23.6 1.88 - 

Ga   28 8.0 2.36 3.53 

As 136.2 2.6 84 8.8 3.95 5.69 

Rb 140 - 66 9.2 5.39 - 

Sr 1041 14 1011 306.5 0.06 0.10 
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ȆȓȞαțαȢ 6.19ȕ. ȊπȠȜȠȖȚıȝȩȢ ıυȞĲİȜİıĲȫȞ  U – score țαȚ Z – score ȖȚα įİȓȖȝα πȡȑıαȢ CNFA23 

ȈĲȠȚȤİȓȠ ȈυȖțȑȞĲȡȦıȘ 
πȚıĲȠπȠȚȘĲȚțȠȪ [ppm] 

ǹȕİȕαȚȩĲȘĲα 
πȚıĲȠπȠȚȘĲȚțȠȪ [ppm] 

ȊπȠȜȠȖȚıȝȑȞȘ 
ıυȖțȑȞĲȡȦıȘ [ppm] 

ȊπȠȜȠȖȚıȝȑȞȘ 
αȕİȕαȚȩĲȘĲα  [ppm] 

Z-score U -score 

K 19500 300 26335 2718.8 1.68 2.50 

Ca 15100 600 13870 695.0 1.18 1.34 

Ti 7910 140 6802 453.4 1.63 2.33 

Cr 198.2 4.7 173 16.2 1.05 1.52 

Mn 131.8 1.7 57 32.2 1.56 2.33 

Fe 77800 2300 52521 3234.1 5.21 6.37 

Ni 120.6 1.8 102 25.9 0.47 0.71 

Cu 112.8 2.6 98 21.9 0.45 0.67 

Zn 210 - 144 28.8 1.52 - 

Ga   42 10.5 2.64 3.95 

As 136.2 2.6 91 32.7 0.92 1.37 

Rb 140 - 101 11.5 2.24 - 

Sr 1041 14 776 109.6 1.61 2.40 
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ȆȓȞαțαȢ 6.20 ǹπȠĲİȜȑıȝαĲα αȟȚȠȜȩȖȘıȘȢ ȝİ ȕȐıȘ ĲȠυȢ ıυȞĲİȜİıĲȑȢ U – score țαȚ Z - score 

ǿπĲ. ȉȑφȡα 
1633b NIST 

ȆȜȘȡȠȪȞ Ĳα țȡȚĲȒȡȚα 
απȠįȠȤȒȢ 

ȅȡȚαțȐ 
απȠįİțĲȐ  

ȂȘ 
ȚțαȞȠπȠȚȘĲȚțȐ 
απȠĲİȜȑıȝαĲα 

ǹπȠȡȡȓφșȘțαȞ 

ǻİȓȖȝα ıȪȞĲȘȟȘȢ 

KCNFA1 
Ti, Cr, Ni, Cu, Zn, Sr K, Mn, Fe Ca, Ga As, Rb 

ǻİȓȖȝα πȡȑıαȢ 

CNFA23 
Ca, Ti, Cr, Ni, Cu, Zn, As K, Mn, Rb Ga, Sr Fe 

 

6.15 ǼțĲȓµȘıȘ ĲȠυ țαĲȫĲİȡȠυ ȠȡȓȠυ αȞȓȤȞİυıȘȢ  (LLD) 

 H İțĲȓµȘıȘ ĲȠυ țαĲȫĲİȡȠυ ȠȡȓȠυ αȞȓȤȞİυıȘȢ Lower Limit of Detection (LLD) ȝȚαȢ 

φȦĲȠțȠȡυφȒȢ İȓȞαȚ ȑȞα απȩ Ĳα ıĲαĲȚıĲȚțȐ İȡȖαȜİȓα πȠυ ȤȡȘıȚȝȠπȠȚİȓ Ƞ țȜȐįȠȢ ĲȘȢ 

φαıȝαĲȠıțȠπȓαȢ ȖİȞȚțȩĲİȡα ȖȚα Ȟα ĲİțȝȘȡȚȫıİȚ ĲȘȞ αȞȓȤȞİυıȘ ȝȚαȢ φȦĲȠțȠȡυφȒȢ  Ȓ ȖȚα Ȟα 

İțĲȚµȒıİȚ ĲȘȞ (șİȦȡȘĲȚțȒ) įυȞαĲȩĲȘĲα αȞȓȤȞİυıȘȢ ȝȚαȢ φȦĲȠțȠȡυφȒȢ, αȞȐȜȠȖα µİ ĲȘȞ 

İφαȡȝȠȗȩȝİȞȘ ĲİȤȞȚțȒ αȞȐȜυıȘȢ. ȈĲȘȞ įȚİșȞȒ ȕȚȕȜȚȠȖȡαφȓα παȡȠυıȚȐȗȠȞĲαȚ αȡțİĲȠȓ ȠȡȚıµȠȓ țαȚ 

ȝȑșȠįȠȚ υπȠȜȠȖȚıµȠȪ ĲȦȞ ȠȡȓȦȞ αȞȓȤȞİυıȘȢ [18][19][20]
.  

 ȈĲȘȞ παȡȠȪıα ǻǼ, șα ȖȓȞİȚ ȤȡȒıȘ ĲȠυ İȜȐȤȚıĲȠυ ȠȡȓȠυ αȞȓȤȞİυıȘȢ (Lower Limit of 

Detection - LLD) πȠυ įȓįİȚ απȐȞĲȘıȘ ıĲȠ İȡȫĲȘµα «πȠȚα İȓȞαȚ Ș İȜȐȤȚıĲȘ țαșαȡȒ İπȚφȐȞİȚα 

φȦĲȠțȠȡυφȒȢ (țαȚ țαĲȐ ıυȞȑπİȚα Ș İȜȐȤȚıĲȘ πȠıȩĲȘĲα ıĲȠȚȤİȓȠυ ıĲȠ įİȓȖµα) Ș ȠπȠȓα İȓȞαȚ 

įυȞαĲȩȞ Ȟα αȞȚȤȞİυșİȓ;». Ǿ αȞȐȜυıȘ φαıµȐĲȦȞ αțĲȓȞȦȞ-Χ µİ ĲȠ πȡȩȖȡαµµα αȞȐȜυıȘȢ bAXIL, 

παȡȑȤİȚ ıĲȠȞ ȤȡȒıĲȘ πȜȘȡȠφȠȡȓα ȖȚα ĲȘ ıυȞȠȜȚțȒ İπȚφȐȞİȚα υπȠıĲȡȫȝαĲȠȢ πȠυ απȠįȓįİĲαȚ ıİ 

țȐșİ µȓα απȩ ĲȚȢ φȦĲȠțȠȡυφȑȢ. ΈĲıȚ, İπȚȜȑȤșȘțİ απȩ ĲȘ ȕȚȕȜȚȠȖȡαφȓα [20]
, Ƞ παȡαțȐĲȦ ĲȪπȠȢ 

υπȠȜȠȖȚıµȠȪ ĲȠυ İȜαȤȓıĲȠυ ȠȡȓȠυ αȞȓȤȞİυıȘȢ ıİ ppm (İțφȡαıȝȑȞȠ ıİ İπȓπİįȠ İȝπȚıĲȠıȪȞȘȢ 

95%), πȠυ ıυıȤİĲȓȗİȚ ĲȘȞ İπȚφȐȞİȚα υπȠıĲȡȫȝαĲȠȢ ĲȘȢ φȦĲȠțȠȡυφȒȢ πȠυ απȠįȓįİĲαȚ ıİ ȑȞα 

ıĲȠȚȤİȓȠ µİ ĲȠ ȡυșµȩ İțπȠȝπȒȢ (țαșαȡȒ İπȚφȐȞİȚα αȚȤµȒȢ ıİ cps) αȞȐ ppm ıυȖțȑȞĲȡȦıȘȢ 

ıĲȠȚȤİȓȠυ, πȠυ αȞĲȚıĲȠȚȤİȓ ıĲȘȞ φȦĲȠțȠȡυφȒ αυĲȒ. 

𝐿𝐿ܦ =  ͵݉   √𝑅ݐ  [݉݌݌]    
ΌπȠυ t:  įȚȐȡțİȚα ȜȒȥȘȢ φȐıµαĲȠȢ ıİ sec (live time), R: υπȩıĲȡȦµα ĲȘȢ φȦĲȠțȠȡυφȒȢ  ıİ cps 

(background/t) țαȚ m: ȡυșµȩȢ İțπȠȝπȒȢ (Net Peak Area / sec) αȞȐ ppm ıυȖțȑȞĲȡȦıȘȢ ĲȠυ 

ıĲȠȚȤİȓȠυ πȠυ αȞĲȚıĲȠȚȤİȓ ıĲȘȞ αȚȤµȒ αυĲȒ. 

Tα țαĲȫĲİȡα ȩȡȚα αȞȓȤȞİυıȘȢ ȖȚα țȐșİ ıĲȠȚȤİȓȠ ȩπȦȢ υπȠȜȠȖȓıĲȘțαȞ µİ ĲȘȞ παȡαπȐȞȦ ıȤȑıȘ țαȚ 

Ĳα įİįȠȝȑȞα ĲȦȞ αȞαȜȪıİȦȞ ĲȩıȠ ȖȚα įİȓȖȝα ıȪȞĲȘȟȘȢ ȩıȠ țαȚ ȖȚα įİȓȖȝα pellet, țαĲαȖȡȐφȠȞĲαȚ 

ıĲȠυȢ ȆȓȞαțİȢ 6.21 țαȚ 6.22. 



179 

 

ȆȓȞαțαȢ 6.21. ȀαĲȫĲαĲα ȩȡȚα αȞȓȤȞİυıȘȢ ȖȚα įİȓȖȝα ıȪȞĲȘȟȘȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ NIST (KCNFA1) 

ȈĲȠȚȤİȓȠ ppm ǼπȚφȐȞİȚα 
ΦȦĲȠțȠȡυφȒȢ 

ǼπȚφȐȞİȚα 
ȊπȠıĲȡȫȝαĲȠȢ 

ΚαĲȫĲαĲȠ ȩȡȚȠ 
αȞȓȤȞİυıȘȢ LLD [ppm] 

K 24423 685 220 1586 

Ca 12760 1493 219 379 

Ti 8443 3076 266 134 

Cr 198 271 307 38 

Mn 36 67 709 43 

Fe 66654 208215 1710 40 

Ni 71 110 318 34 

Cu 93 319 225 13 

Zn 144 710 261 10 

Ga 28 174 296 8 

As 84 943 326 5 

Rb 66 1990 1324 4 

Sr 1011 17668 2829 9 

 

ȆȓȞαțαȢ 6.22. ȀαĲȫĲαĲα ȩȡȚα αȞȓȤȞİυıȘȢ ȖȚα įİȓȖȝα πȡȑıαȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ NIST (CNFA23) 

ȈĲȠȚȤİȓȠ ppm ǼπȚφȐȞİȚα 
ΦȦĲȠțȠȡυφȒȢ 

ǼπȚφȐȞİȚα 
ȊπȠıĲȡȫȝαĲȠȢ 

ΚαĲȫĲαĲȠ ȩȡȚȠ 
αȞȓȤȞİυıȘȢ LLD 

K 
26335 

1864 161 538 

Ca 
13870 

3144 158 166 

Ti 
6802 

6232 282 55 

Cr 
173 

439 460 25 

Mn 
57 

199 1128 29 

Fe 
52521 

291260 2667 28 

Ni 102 211 142 17 

Cu 
98 

397 66 6 

Zn 
144 

866 79 4 

Ga 
42 

370 86 3 

As 
91 

1428 104 2 

Rb 
101 

2575 570 3 

Sr 
776 

24187 1099 3 
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ȈĲȠȞ πȓȞαțα 6.23 παȡȠυıȚȐȗȠȞĲαȚ ıυȖțȡȚĲȚțȐ Ĳα țαĲȫĲαĲα İπȓπİįα αȞȓȤȞİυıȘȢ ȖȚα ĲȚȢ įȪȠ 

ȝİșȩįȠυȢ παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ, ıȪȞĲȘȟȘ țαȚ πȡȑıα. 

ȆȓȞαțαȢ 6.23. ȈȪȖțȡȚıȘ țαĲȦĲȐĲȦȞ İπȚπȑįȦȞ αȞȓȤȞİυıȘȢ įİȚȖȝȐĲȦȞ πȡȑıαȢ țαȚ ıȪȞĲȘȟȘȢ 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

ǹπȩ ĲȠȞ παȡαπȐȞȦ πȓȞαțα ȝπȠȡİȓ țαȞİȓȢ Ȟα İȟȐȖİȚ ȟİțȐșαȡα ĲȠ ıυȝπȑȡαıȝα πȦȢ ĲȠ įİȓȖȝα πȠυ 

παȡαıțİυȐıĲȘțİ ȝİ ĲȘȞ ĲİȤȞȚțȒ ĲȘȢ πȡȑıαȢ παȡȠυıȚȐȗİȚ ȤαȝȘȜȩĲİȡα țαĲȫĲαĲα ȩȡȚα αȞȓȤȞİυıȘȢ 

ȖȚα ȩȜα  Ĳα ȤȘȝȚțȐ ıĲȠȚȤİȓα πȠυ αȞȚȤȞİȪȠυȝİ. ȅȚ įȚαφȠȡȑȢ ıİ țȐπȠȚİȢ πİȡȚπĲȫıİȚȢ İȓȞαȚ ȝȚțȡȑȢ, 

ȩπȦȢ ıĲȘȞ πİȡȓπĲȦıȘ ĲȠυ Rb, αȜȜȐ ıİ πȠȜȜȑȢ πİȡȚπĲȫıİȚȢ İȓȞαȚ αȡțİĲȐ ıȘȝαȞĲȚțȑȢ, ȝİ Ĳα 

țαĲȫĲαĲα ȩȡȚα αȞȓȤȞİυıȘȢ ıυȖțİțȡȚȝȑȞȦȞ ıĲȠȚȤİȓȦȞ ĲȠυ įİȓȖȝαĲȠȢ ıȪȞĲȘȟȘȢ Ȟα İȓȞαȚ αțȩȝȘ țαȚ 

įȚπȜȐıȚα αυĲȫȞ ĲȠυ įİȓȖȝαĲȠȢ πȡȑıαȢ. ǹυĲȩ ȝαȢ ȠįȘȖİȓ ıĲȠ ıυȝπȑȡαıȝα ȩĲȚ Ș παȡαıțİυȒ İȞȩȢ 

įİȓȖȝαĲȠȢ ȝİ ĲȘȞ ĲİȤȞȚțȒ ĲȘȢ πȡȑıαȢ πȚșαȞȩȞ Ȟα ȤȡİȚȐȗİĲαȚ Ȟα πȡȠĲȚȝȘșİȓ ȑȞαȞĲȚ αυĲȒȢ ĲȘȢ 

ıȪȞĲȘȟȘȢ ȩĲαȞ İπȚșυȝİȓĲαȚ Ș αȞȓȤȞİυıȘ ȚȤȞȠıĲȠȚȤİȓȦȞ πȠȜȪ ȤαȝȘȜȒȢ ıυȖțȑȞĲȡȦıȘȢ. 

 

ȈĲȠȚȤİȓȠ ΚαĲȫĲαĲȠ ȩȡȚȠ αȞȓȤȞİυıȘȢ 
LLD įİȓȖȝαĲȠȢ ıȪȞĲȘȟȘȢ 

ΚαĲȫĲαĲȠ ȩȡȚȠ αȞȓȤȞİυıȘȢ 
LLD įİȓȖȝαĲȠȢ πȡȑıαȢ 

K 1586 538 

Ca 379 166 

Ti 134 55 

Cr 38 25 

Mn 43 29 

Fe 40 28 

Ni 34 17 

Cu 13 6 

Zn 10 4 

Ga 8 3 

As 5 2 

Rb 4 3 

Sr 9 3 
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6.14 ȈυȝπİȡȐıȝαĲα ıȪȖțȡȚıȘȢ πȠıȠĲȚțȫȞ αȞαȜȪıİȦȞ įİȚȖȝȐĲȦȞ ıȪȞĲȘȟȘȢ țαȚ πȡȑıαȢ 

 Ȃİ ĲȘȞ ȠȜȠțȜȒȡȦıȘ ĲȘȢ αȟȚȠȜȩȖȘıȘȢ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ ĲȦȞ πȠıȠĲȚțȫȞ αȞαȜȪıİȦȞ 

țαȚ ȝİ ĲȠȞ υπȠȜȠȖȚıȝȩ ĲȦȞ țαĲȫĲİȡȦȞ ȠȡȓȦȞ αȞȓȤȞİυıȘȢ πȡȠțȪπĲȠυȞ Ĳα παȡαțȐĲȦ 

ıυȝπİȡȐıȝαĲα ȩıȠȞ αφȠȡȐ ĲȚȢ  įȪȠ ȝİșȩįȠυȢ παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ ȖȚα αȞȐȜυıȘ ȝİ XRF:  

 ȆȐȞȦ απȩ Ĳα ȝȚıȐ ıĲȠȚȤİȓα πȡȠıįȚȠȡȓȗȠȞĲαȚ ȚțαȞȠπȠȚȘĲȚțȐ ıĲα įİȓȖȝαĲα țαȚ ĲȦȞ įȪȠ 

ȝİșȩįȦȞ παȡαıțİυȒȢ. ΓȚα Ĳα įİȓȖȝαĲα ıȪȞĲȘȟȘȢ αυĲȐ İȓȞαȚ: Ti, Cr, Ni, Cu, Zn, Sr.  ΓȚα Ĳα 

įİȓȖȝαĲα πȡȑıαȢ  İȓȞαȚ: Ca, Ti, Cr, Ni, Cu, Zn, As.  

 ȀαȚ ȖȚα ĲȚȢ įȪȠ ȝİșȩįȠυȢ παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ įİȞ πȡȠȑțυȥαȞ ȚțαȞȠπȠȚȘĲȚțȐ 

απȠĲİȜȑıȝαĲα ıĲȠȞ πȡȠıįȚȠȡȚıȝȩ ĲȘȢ ıυȖțȑȞĲȡȦıȘȢ ĲȠυ Fe, παȡȩȜȠ πȠυ Ș υπȒȡȤİ ȝİȖȐȜȘ 

ıυȖțȑȞĲȡȦıȘ ıĲȘȞ Ĳȑφȡα 1633b NIST. ΧȡİȚȐȗİĲαȚ İπȚπȜȑȠȞ ȑȡİυȞα țαȚ İπαȞȐȜȘȥȘ ĲȦȞ 

αȞαȜȪıİȦȞ ĲȩıȠ ȖȚα Ĳα įİȓȖȝαĲα ĲȑφȡαȢ ȩıȠ țαȚ ȖȚα ĲȠ πȡȩĲυπȠ įİȓȖȝα Fe ȖȚα Ȟα ȕİȜĲȚȦșİȓ 

Ƞ υπȠȜȠȖȚıȝȩȢ ĲȘȢ ıυȖțȑȞĲȡȦıȘȢ İȞȩȢ ĲȩıȠ ȕαıȚțȠȪ ıυıĲαĲȚțȠȪ ȩπȦȢ Ƞ Fe. ΊıȦȢ Ȟα 

πȡȑπİȚ Ȟα παȡαıțİυαıșȠȪȞ İț ȞȑȠυ πȡȩĲυπα įİȓȖȝαĲα Fe ĲȩıȠ ȝİ ıȪȞĲȘȟȘ ȩıȠ țαȚ ȝİ 

πȡȑıα țαȚ Ȟα İπαȞαȜȘφșȠȪȞ ȠȚ αȞαȜȪıİȚȢ țαȚ Ș πȠıȠĲȚțȒ αȞȐȜυıȘ. ǼπȓıȘȢ, ȝȚαȢ țαȚ ȩπȦȢ 

αȞαφȑȡșȘțİ ıĲȘȞ παȡ. 6.14, Ƞ țαțȩȢ υπȠȜȠȖȚıȝȩȢ ĲȘȢ ıυȖțȑȞĲȡȦıȘȢ Mn, πȚșαȞȩȞ Ȟα 

İπȘȡİȐȗİȚ țαȚ ĲȠȞ υπȠȜȠȖȚıȝȩ ĲȘȢ țȠȡυφȒȢ ĲȠυ Fe, ıυȞȚıĲȐĲαȚ ıĲȠ ȝȑȜȜȠȞ Ș παȡαıțİυȒ 

țαȚ Ș αȞȐȜυıȘ πȡȩĲυπȠυ įİȓȖȝαĲȠȢ Mn ȝİ ıȪȞĲȘȟȘ (țαșȫȢ υπȐȡȤİȚ ȒįȘ πȡȩĲυπȠ Mn απȩ 

πȡȑıα) țαȚ Ș İȚıαȖȦȖȒ ĲȠυȢ ıĲȠ bAXIL ȫıĲİ Ȟα İȜİȖȤșİȓ αȞ υπȐȡȤİȚ ȕİȜĲȓȦıȘ ıĲȚȢ ĲȚȝȑȢ 

ĲȦȞ țȡȚĲȘȡȓȦȞ.  

 ΓȚα Ĳα ıĲȠȚȤİȓα ĲȦȞ ȠπȠȓȦȞ ȠȚ ıυȖțİȞĲȡȫıİȚȢ İȓȞαȚ ȤαȝȘȜȑȢ ȩπȦȢ As, Rb įİȞ πȡȠȑțυȥαȞ  

ȚțαȞȠπȠȚȘĲȚțȐ απȠĲİȜȑıȝαĲα ıĲα įİȓȖȝαĲα ıȪȞĲȘȟȘȢ ȓıȦȢ ȜȩȖȦ ĲȘȢ πȠȜȪ ȝȚțȡȒȢ 

πȠıȩĲȘĲαȢ ĲȑφȡαȢ πȠυ ȤȡȘıȚȝȠπȠȚİȓĲαȚ ȖȚα ĲȘȞ παȡαıțİυȒ ĲȠυ įİȓȖȝαĲȠȢ.  

 Ǿ παȡαıțİυȒ İȞȩȢ įİȓȖȝαĲȠȢ ȝİ ĲȘȞ ĲİȤȞȚțȒ ĲȘȢ πȡȑıαȢ πȚșαȞȩȞ Ȟα ȤȡİȚȐȗİĲαȚ Ȟα 

πȡȠĲȚȝȘșİȓ ȑȞαȞĲȚ αυĲȒȢ ĲȘȢ ıȪȞĲȘȟȘȢ ȩĲαȞ İπȚșυȝİȓĲαȚ Ș αȞȓȤȞİυıȘ ȚȤȞȠıĲȠȚȤİȓȦȞ πȠȜȪ 

ȤαȝȘȜȒȢ ıυȖțȑȞĲȡȦıȘȢ. 
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ΓȡȐφȘȝα 6.1 ΣυȖțȡȚĲȚțȩ ȖȡȐφȘȝα ĲȦȞ φαıȝȐĲȦȞ ĲȠυ ȓįȚȠυ įİȓȖȝαĲȠȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ȖȚα Ĳα ıİȞȐȡȚα XRF:  25kV, 35kV țαȚ 50kV 
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ΓȡȐφȘȝα  6.2 ΦȐıȝα αțĲȓȞȦȞ- Χ įİȓȖȝαĲȠȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ:  αȞȐȜυıȘ XRF  ıĲα 15 kV 
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ΓȡȐφȘȝα 6.3 ΦȐıȝα αțĲȓȞȦȞ- Χ įİȓȖȝαĲȠȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ:  αȞȐȜυıȘ XRF  ıĲα 25 kV 
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ΓȡȐφȘȝα  6.4 . ΦȐıȝα αțĲȓȞȦȞ- Χ įİȓȖȝαĲȠȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ:  αȞȐȜυıȘ XRF  ıĲα 35 kV 
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ΓȡȐφȘȝα 6.5 . ΦȐıȝα αțĲȓȞȦȞ- Χ įİȓȖȝαĲȠȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ:  αȞȐȜυıȘ XRF  ıĲα 50 kV 
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ΓȡȐφȘȝα 6.6 . ΣȪȖțȡȚıȘ φαıȝȐĲȦȞ αțĲȓȞȦȞ- Χ įİȚȖȝȐĲȦȞ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ πȡȑıαȢ (CMF7) țαȚ ıȪȞĲȘȟȘȢ (KCMF10): αȞȐȜυıȘ XRF ıĲα 15 kV 
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ΓȡȐφȘȝα 6.7 . ΣȪȖțȡȚıȘ φαıȝȐĲȦȞ αțĲȓȞȦȞ- Χ įİȚȖȝȐĲȦȞ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ πȡȑıαȢ (CMF7) țαȚ ıȪȞĲȘȟȘȢ (KCMF10):: αȞȐȜυıȘ XRF ıĲα 25 kV 
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ΓȡȐφȘȝα 6.8 . ΣȪȖțȡȚıȘ φαıȝȐĲȦȞ αțĲȓȞȦȞ- Χ įİȚȖȝȐĲȦȞ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ πȡȑıαȢ (CMF7) țαȚ ıȪȞĲȘȟȘȢ (KCMF10):  αȞȐȜυıȘ XRF ıĲα 35 kV 
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ΓȡȐφȘȝα 6.9 . ΣȪȖțȡȚıȘ φαıȝȐĲȦȞ αțĲȓȞȦȞ- Χ įİȚȖȝȐĲȦȞ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ πȡȑıαȢ (CMF7) țαȚ ıȪȞĲȘȟȘȢ (KCMF10):  αȞȐȜυıȘ XRF ıĲα 50 kV 
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ΓȡȐφȘȝα 6.10a . ΣȪȖțȡȚıȘ φαıȝȐĲȦȞ αțĲȓȞȦȞ- Χ įİȚȖȝȐĲȦȞ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ πȡȑıαȢ (CMF7) țαȚ ıȪȞĲȘȟȘȢ (KCMF10) ȖȚα įȚαφȠȡİĲȚțȠȪȢ ȤȡȩȞȠυȢ 
įİȚȖȝαĲȠȜȘȥȓαȢ: αȞȐȜυıȘ XRF ıĲα 15 kV 
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ΓȡȐφȘȝα 6.10ȕ . ΣȪȖțȡȚıȘ φαıȝȐĲȦȞ αțĲȓȞȦȞ- Χ įİȚȖȝȐĲȦȞ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ πȡȑıαȢ (CMF7) țαȚ ıȪȞĲȘȟȘȢ (KCMF10) ȖȚα įȚαφȠȡİĲȚțȠȪȢ ȤȡȩȞȠυȢ 
įİȚȖȝαĲȠȜȘȥȓαȢ: αȞȐȜυıȘ XRF ıĲα 25 kV 
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ΓȡȐφȘȝα 6.10Ȗ . ΣȪȖțȡȚıȘ φαıȝȐĲȦȞ αțĲȓȞȦȞ- Χ įİȚȖȝȐĲȦȞ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ πȡȑıαȢ (CMF7) țαȚ ıȪȞĲȘȟȘȢ (KCMF10) ȖȚα įȚαφȠȡİĲȚțȠȪȢ ȤȡȩȞȠυȢ 
įİȚȖȝαĲȠȜȘȥȓαȢ: αȞȐȜυıȘ XRF ıĲα 35 kV 

 



194 

 

 

ΓȡȐφȘȝα 6.10į . ΣȪȖțȡȚıȘ φαıȝȐĲȦȞ αțĲȓȞȦȞ- Χ įİȚȖȝȐĲȦȞ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ πȡȑıαȢ (CMF7) țαȚ ıȪȞĲȘȟȘȢ (KCMF10) ȖȚα įȚαφȠȡİĲȚțȠȪȢ ȤȡȩȞȠυȢ 
įİȚȖȝαĲȠȜȘȥȓαȢ: αȞȐȜυıȘ XRF ıĲα 50 kV 
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ΓȡȐφȘȝα 6.11a . ΣȪȖțȡȚıȘ φαıȝȐĲȦȞ αțĲȓȞȦȞ- Χ įİȚȖȝȐĲȦȞ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ πȡȑıαȢ (CMF9) țαȚ ıȪȞĲȘȟȘȢ (KCMF10, KCMF15, KCMF14) 

įȚαφȠȡİĲȚțȫȞ αȞαȜȠȖȚȫȞ: αȞȐȜυıȘ XRF ıĲα 15 kV 
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ΓȡȐφȘȝα 6.11ȕ . ΣȪȖțȡȚıȘ φαıȝȐĲȦȞ αțĲȓȞȦȞ- Χ įİȚȖȝȐĲȦȞ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ πȡȑıαȢ πȡȑıαȢ (CMF9) țαȚ ıȪȞĲȘȟȘȢ (KCMF10, KCMF15, KCMF14) 

įȚαφȠȡİĲȚțȫȞ αȞαȜȠȖȚȫȞ: αȞȐȜυıȘ XRF ıĲα 25 kV 
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ΓȡȐφȘȝα 6.11Ȗ . ΣȪȖțȡȚıȘ φαıȝȐĲȦȞ αțĲȓȞȦȞ- Χ įİȚȖȝȐĲȦȞ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ πȡȑıαȢ πȡȑıαȢ (CMF9) țαȚ ıȪȞĲȘȟȘȢ (KCMF10, KCMF15, KCMF14) 

įȚαφȠȡİĲȚțȫȞ αȞαȜȠȖȚȫȞ: αȞȐȜυıȘ XRF ıĲα 35 kV 
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ΓȡȐφȘȝα 6.11į . ΣȪȖțȡȚıȘ φαıȝȐĲȦȞ αțĲȓȞȦȞ- Χ įİȚȖȝȐĲȦȞ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ πȡȑıαȢ πȡȑıαȢ (CMF9) țαȚ ıȪȞĲȘȟȘȢ (KCMF10, KCMF15) įȚαφȠȡİĲȚțȫȞ 
αȞαȜȠȖȚȫȞ: αȞȐȜυıȘ XRF ıĲα 50 kV 
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ΓȡȐφȘȝα 6.12. ΣȪȖțȡȚıȘ φαıȝȐĲȦȞ αțĲȓȞȦȞ- Χ įİȚȖȝȐĲȦȞ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ πȡȑıαȢ (CMF7) țαȚ ıȪȞĲȘȟȘȢ (KCMF14) 2.0 gr țαȚ αυȟȘȝȑȞȠυ ȤȡȩȞȠυ 
įİȚȖȝαĲȠȜȘȥȓαȢ: αȞȐȜυıȘ XRF ıĲα 15 kV 
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ΓȡȐφȘȝα 6.13. ΣȪȖțȡȚıȘ φαıȝȐĲȦȞ αțĲȓȞȦȞ- Χ įİȚȖȝȐĲȦȞ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ πȡȑıαȢ πȡȑıαȢ (CMF9) țαȚ ıȪȞĲȘȟȘȢ (KCMF14) 2.0 gr țαȚ αυȟȘȝȑȞȠυ 
ȤȡȩȞȠυ įİȚȖȝαĲȠȜȘȥȓαȢ: αȞȐȜυıȘ XRF ıĲα 25 kV 
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ΓȡȐφȘȝα 6.14. ΣȪȖțȡȚıȘ φαıȝȐĲȦȞ αțĲȓȞȦȞ- Χ įİȚȖȝȐĲȦȞ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ πȡȑıαȢ (CMF9) țαȚ ıȪȞĲȘȟȘȢ (KCMF14)2.0 gr țαȚ αυȟȘȝȑȞȠυ ȤȡȩȞȠυ 
įİȚȖȝαĲȠȜȘȥȓαȢ: αȞȐȜυıȘ XRF ıĲα 35 kV 

 



202 

 

 

ΓȡȐφȘȝα 6.15α. ΣȪȖțȡȚıȘ φαıȝȐĲȦȞ αțĲȓȞȦȞ- Χ įİȓȖȝαĲȠȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ıȪȞĲȘȟȘȢ (KCMF14) ıİ ĲȑııİȡȚȢ įȚαφȠȡİĲȚțȑȢ ȖȦȞȚαțȑȢ șȑıİȚȢ: αȞȐȜυıȘ 

XRF ıĲα 15 kV 
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ΓȡȐφȘȝα 6.15ȕ. ΣȪȖțȡȚıȘ φαıȝȐĲȦȞ αțĲȓȞȦȞ- Χ įİȓȖȝαĲȠȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ıȪȞĲηȟηȢ (KCMF14) ıİ ĲȑııİȡȚȢ įȚαφȠȡİĲȚțȑȢ ȖȦȞȚαțȑȢ șȑıİȚȢ: αȞȐȜυıȘ 
XRF ıĲα 35 kV 
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ΓȡȐφȘȝα 6.16α. ΣȪȖțȡȚıȘ φαıȝȐĲȦȞ αțĲȓȞȦȞ- Χ įİȓȖȝαĲȠȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ πȡȑıαȢ (CMF7) ıİ ĲȑııİȡȚȢ įȚαφȠȡİĲȚțȑȢ ȖȦȞȚαțȑȢ șȑıİȚȢ: αȞȐȜυıȘ XRF 

ıĲα 15 kV 
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ΓȡȐφȘȝα 6.16ȕ. ΣȪȖțȡȚıȘ φαıȝȐĲȦȞ αțĲȓȞȦȞ- Χ įİȓȖȝαĲȠȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ πȡȑıαȢ (CMF7) ıİ ĲȑııİȡȚȢ įȚαφȠȡİĲȚțȑȢ ȖȦȞȚαțȑȢ șȑıİȚȢ: αȞȐȜυıȘ XRF 

ıĲα 35 kV 
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ΓȡȐφȘȝα 6.17. ΣȪȖțȡȚıȘ φαıȝȐĲȦȞ αțĲȓȞȦȞ- Χ įİȓȖȝαĲȠȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ıȪȞĲηȟηȢ (KCMF13) ȖȚα įȚαφȠȡİĲȚțȑȢ șİȡȝȠțȡαıȓİȢ ȝȘȤαȞȒȢ αțĲȓȞȦȞ Χ: 
αȞȐȜυıȘ XRF ıĲα 35 kV 
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ΓȡȐφȘȝα 6.18. ΣȪȖțȡȚıȘ φαıȝȐĲȦȞ αțĲȓȞȦȞ- Χ įİȓȖȝαĲȠȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ıȪȞĲηȟηȢ (KCMF14) ȖȚα įȚαφȠȡİĲȚțȑȢ șİȡȝȠțȡαıȓİȢ ȝȘȤαȞȒȢ αțĲȓȞȦȞ Χ: 
αȞȐȜυıȘ XRF ıĲα 15 kV 
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ΓȡȐφȘȝα 6.19α. ΦȐıȝα αțĲȓȞȦȞ- Χ įİȓȖȝαĲȠȢ ıυȞįİĲȚțȠȪ υȜȚțȠȪ πȡȑıαȢ, ȝİ țυȐșȚȠ (BINDER2016): αȞȐȜυıȘ XRF ıĲα 50 kV 
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ΓȡȐφȘȝα 6.19ȕ. ΦȐıȝα αțĲȓȞȦȞ- Χ įİȓȖȝαĲȠȢ ȕȠȡȚțȫȞ αȜȐĲȦȞ ıȪȞĲηȟηȢ (KBLANK1): αȞȐȜυıȘ XRF ıĲα 50 kV 
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ΓȡȐφȘȝα 6.20. ΦȐıȝα αțĲȓȞȦȞ- Χ įİȓȖȝαĲȠȢ ıυȞįİĲȚțȠȪ υȜȚțȠȪ πȡȑıαȢ, ȤȦȡȓȢ țυȐșȚȠ (BINDER2016Ν): αȞȐȜυıȘ XRF ıĲα 50 kV 
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ΓȡȐφȘȝα 6.21. ΦȐıȝα αțĲȓȞȦȞ- Χ įİȓȖȝαĲȠȢ ıȪȞĲηȟηȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ (KCMF2) ȩπȠυ αȞȚȤȞİȪİĲαȚ Ș ȪπαȡȟȘ I: αȞȐȜυıȘ XRF ıĲα 50 kV 
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ΓȡȐφȘȝα 6.22. ΦȐıȝα αțĲȓȞȦȞ- Χ įİȓȖȝαĲȠȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ıȪȞĲηȟηȢ (KCMF7) παȡαıțİυαıȝȑȞȠ ȝİ πȡȠıșȒțȘ LiBr: αȞȐȜυıȘ XRF ıĲα 35 kV 
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ΚİφȐȜαȚȠ 7 

ǼπȓȜȠγȠȢ - ΣυȝπİȡȐıȝαĲα 

 

7.1 ǼȚıαγȦγȒ 

 ȈĲȩȤȠȢ ĲȠυ KİφαȜαȓȠυ αυĲȠȪ İȓȞαȚ Ș İπȚȖȡαȝȝαĲȚțȒ πİȡȚȖȡαφȒ ĲȘȢ ǻǼ țαȚ Ș ıυȞȠπĲȚțȒ 

παȡȠυıȓαıȘ ĲȦȞ ıυȝπİȡαıȝȐĲȦȞ πȠυ πȡȠȑțυȥαȞ απȩ αυĲȒ. ǹȡȤȚțȐ, ȖȓȞİĲαȚ ıυȞȠπĲȚțȒ παȡȠυıȓαıȘ  

ĲȘȢ ȝİșȠįȠȜȠȖȓαȢ πȠυ αțȠȜȠυșȒșȘțİ ıĲȠ πȜαȓıȚȠ ĲȘȢ ǻǼ ȖȚα ĲȘȞ παȡαıțİυȒ ĲȦȞ įİȚȖȝȐĲȦȞ țαȚ ıĲȘ 

ıυȞȑȤİȚα πİȡȚȖȡȐφİĲαȚ Ș ȝİșȠįȠȜȠȖȓα αȞȐȜυıȘȢ ĲȦȞ φαıȝȐĲȦȞ Ĳα ȠπȠȓα ıυȜȜȑȤșȘțαȞ țαȚ 

παȡȠυıȚȐȗȠȞĲαȚ Ĳα ıυȝπİȡȐıȝαĲα πȠυ πȡȠȑțυȥαȞ απȩ ĲȚȢ αȞαȜȪıİȚȢ πȠυ ȑȖȚȞαȞ ıĲα πȜαȓıȚα ĲȘȢ ǻǼ. 

ȉȑȜȠȢ, ĲȠ țİφȐȜαȚȠ ȠȜȠțȜȘȡȫȞİĲαȚ ȝİ πȡȠĲȐıİȚȢ ȖȚα ȝİȜȜȠȞĲȚțȒ ȑȡİυȞα ıİ ıυȞȑȤİȚα ĲȦȞ 

απȠĲİȜİıȝȐĲȦȞ țαȚ ĲȦȞ ıυȝπİȡαıȝȐĲȦȞ ĲȘȢ παȡȠȪıαȢ ǻǼ.  

 

7.2 ΣȪȞȠȥȘ ĲȘȢ ǻǼ 

 ǹȞĲȚțİȓȝİȞȠ ĲȘȢ İȞ ȜȩȖȦ ǻǼ ȒĲαȞ Ș ıȪȖțȡȚıȘ įυȠ įȚαφȠȡİĲȚțȫȞ ĲİȤȞȚțȫȞ παȡαıțİυȒȢ 

įİȚȖȝȐĲȦȞ πİȡȚȕαȜȜȠȞĲȚțȒȢ πȡȠȑȜİυıȘȢ, ȖȚα αȞȐȜυıȘ ȝİ ĲȘȞ ĲİȤȞȚțȒ φșȠȡȚıȝȠȪ αțĲȓȞȦȞ-Χ (XRF). 

ǹφȠȡȝȒ ȖȚα ĲȘȞ İțπȩȞȘıȘ ĲȘȢ απȠĲȑȜİıİ Ș απȩțĲȘıȘ ȝȚαȢ ıȪȖȤȡȠȞȘȢ ıυıțİυȒȢ ıȪȞĲȘȟȘȢ ȕȠȡȚțȫȞ 

αȜȐĲȦȞ (Katanax K1 Prime) απȩ ĲȠ ǼΠȉ–ǼΜΠ, Ș ȠπȠȓα İπȑĲȡİπİ ĲȘȞ παȡαıțİυȒ įİȚȖȝȐĲȦȞ ȖȚα 

αȞȐȜυıȘ XRF ȝİ ĲȘȞ ĲİȤȞȚțȒ ĲȘȢ ıȪȞĲȘȟȘȢ ȝİ ȕȠȡȚțȐ ȐȜαĲα – ȝȓα ĲİȤȞȚțȒ πȠυ įİȞ İȓȤİ  

ȤȡȘıȚȝȠπȠȚȘșİȓ πȩĲİ ıĲȠ παȡİȜșȩȞ ıĲȠ ǼΠȉ–ǼΜΠ. Η πȡȠȝȒșİȚα ĲȘȢ ıυıțİυȒȢ αυĲȒȢ įȘȝȚȠȪȡȖȘıİ 

ĲȘȞ αȞȐȖțȘ ȖȚα  įȚİȡİȪȞȘıȘ ĲȦȞ ȚįȚαȚĲİȡȠĲȒĲȦȞ ĲȘȢ ĲİȤȞȚțȒȢ παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ ȝİ ıȪȞĲȘȟȘ 

ȕȠȡȚțȫȞ αȜȐĲȦȞ, țαȚ ĲȘ ıȪȖțȡȚıȘ ĲȘȢ ĲİȤȞȚțȒȢ αυĲȒȢ ȝİ ĲȘȞ ĲİȤȞȚțȒ παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ ȝȑıȦ 

ıυȝπȓİıȘȢ ıİ πȡȑıα πȠυ ȤȡȘıȚȝȠπȠȚİȓĲαȚ ȖȚα ȤȡȩȞȚα ıĲȠ ǼΠȉ-ǼΜΠ. Η ıȪȖțȡȚıȘ αυĲȒ αφȠȡȠȪıİ 

αȡȤȚțȐ απȠțȜİȚıĲȚțȐ ĲȘ ȝİșȠįȠȜȠȖȓα παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ, αȜȜȐ ıĲȘ ıυȞȑȤİȚα İπİțĲȐșȘțαȞ ıĲȠ 

αțȩȝȘ ıȘȝαȞĲȚțȩĲİȡȠ ĲȝȒȝα ĲȘȢ αȞȐȜυıȘȢ İȞȩȢ įİȓȖȝαĲȠȢ ȝİ ĲȘȞ ĲİȤȞȚțȒ XRF. ȉİȜȚțȐ, Ș ǻǼ 

απȠıțȠπİȓ Ȟα υπȠıĲȘȡȓȟİȚ ĲȠȞ αȞαȖȞȫıĲȘ ıĲȘȞ İπȚȜȠȖȒ ĲȘȢ țαĲȐȜȜȘȜȘȢ ĲİȤȞȚțȒȢ παȡαıțİυȒȢ 

įİȓȖȝαĲȠȢ, ȝİ ȕȐıȘ Ĳα πȜİȠȞİțĲȒȝαĲα ĲȘȢ țȐșİ ĲİȤȞȚțȒȢ, țαșȫȢ țαȚ Ȟα ĲȠȞ țαĲİυșȪȞİȚ ıĲȘȞ İπȚĲυȤȒ 

παȡαıțİυȒ țαȚ αȞȐȜυıȘ İȞȩȢ įİȓȖȝαĲȠȢ. Η υπȠıĲȒȡȚȟȘ αυĲȒ ȖȓȞİĲαȚ ȝİ ĲȡȩπȠ İȪțȠȜȠ, αțȠȜȠυșȫȞĲαȢ 

ĲȘ ȡȠȒ ĲȘȢ ǻǼ, Ș ȠπȠȓα ȟİțȚȞȐ απȩ ĲȘȞ țαĲȐȜȜȘȜȘ πȡȠİĲȠȚȝαıȓα πȠυ ȤȡİȚȐȗİĲαȚ ȖȚα ĲȘȞ παȡαıțİυȒ 
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İȞȩȢ įİȓȖȝαĲȠȢ țαȚ țαĲαȜȒȖİȚ ĲİȜȚțȐ ıĲȠȞ πȠıȠĲȚțȩ πȡȠıįȚȠȡȚıȝȩ ĲȘȢ ıĲȠȚȤİȚαțȒȢ ĲȠυ ıȪıĲαıȘȢ, 

țαȜȪπĲȠȞĲαȢ ȩȜȠ ĲȠ İȪȡȠȢ ȝȚαȢ πȜȒȡȠυȢ αȞȐȜυıȘȢ ȝİ ĲİȤȞȚțȒ XRF. 

 ȈĲȠ 2
Ƞ
 ΚİφȐȜαȚȠ ȖȓȞİĲαȚ ȝȚα ıȪȞĲȠȝȘ İȚıαȖȦȖȒ ıĲȚȢ αțĲȓȞİȢ-Χ, țαșȫȢ țαȚ ĲȚȢ αȡȤȑȢ 

ȜİȚĲȠυȡȖȓαȢ ĲȘȢ αȞȐȜυıȘȢ ȝİ ĲİȤȞȚțȒ φșȠȡȚıȝȠȪ αțĲȓȞȦȞ-Χ. ΠαȡȠυıȚȐȗİĲαȚ İπȓıȘȢ ȝİ ȜİπĲȠȝȑȡİȚα Ș 

αȞȚȤȞİυĲȚțȒ įȚȐĲαȟȘ XRF ĲȠυ ǼΠȉ–ǼΜΠ, țαșȫȢ țαȚ ȠȚ ȝȑșȠįȠȚ țαȚ Ĳα παțȑĲα ȜȠȖȚıȝȚțȠȪ πȠυ 

ȤȡȘıȚȝȠπȠȚȠȪȞĲȠ πȡȚȞ ĲȘȞ ȑȞαȡȟȘ ĲȘȢ παȡȠȪıαȢ ǻǼ ȖȚα ĲȘȞ αȞȐȜυıȘ ĲȠυ φȐıȝαĲȠȢ αțĲȓȞȦȞ-Χ. ȈĲȘ 

ıυȞȑȤİȚα, ȖȓȞİĲαȚ ȝȚα αȞαȜυĲȚțȒ αȞαφȠȡȐ ıĲȘȞ ĲİȤȞȚțȒ παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ ȝİ ıυȝπȓİıȘ ıİ πȡȑıα 

πȠυ ȤȡȘıȚȝȠπȠȚİȓĲȠ ıĲȠ ǼΠȉ–ǼΜΠ. Η αȞαφȠȡȐ αυĲȒ İȓȞαȚ ıȘȝαȞĲȚțȒ ȖȚα įȪȠ ȜȩȖȠυȢ: (α) ȕȠȘșȐ ıĲȘȞ 

İȟȠȚțİȓȦıȘ ĲȠυ αȞαȖȞȫıĲȘ ȝİ ĲȘ ȝİșȠįȠȜȠȖȓα πȠυ αțȠȜȠυșİȓĲαȚ ȖȚα ĲȘȞ παȡαıțİυȒ İȞȩȢ įİȓȖȝαĲȠȢ ȝİ 

ĲȠȞ ĲȡȩπȠ αυĲȩ, țαȚ (ȕ) țαĲαȖȡȐφİȚ ĲȚȢ αįυȞαȝȓİȢ țαȚ ĲȚȢ įυıțȠȜȓİȢ πȠυ παȡȠυıȚȐȗİȚ Ș ĲİȤȞȚțȒ αυĲȒ, 

ȠȚ ȠπȠȓİȢ ıĲȠ πȜαȓıȚȠ ĲȘȢ ǻǼ İπȚȤİȚȡȒșȘțİ Ȟα αȞĲȚȝİĲȦπȚıĲȠȪȞ. 

 ȈĲȠ 3
Ƞ
 ΚİφȐȜαȚȠ ȖȓȞİĲαȚ ȝȚα İȚıαȖȦȖȒ ıĲȘȞ ĲİȤȞȚțȒ ĲȘȢ ıȪȞĲȘȟȘȢ ȝİ ȕȠȡȚțȐ ȐȜαĲα țαȚ ĲȚȢ 

ıυıțİυȑȢ ıȪȞĲȘȟȘȢ. ȈĲȩȤȠȢ ĲȘȢ İȚıαȖȦȖȒȢ αυĲȒȢ İȓȞαȚ Ș İȟȠȚțİȓȦıȘ ĲȠυ αȞαȖȞȫıĲȘ ȝİ ĲȚȢ αȡȤȑȢ πȠυ 

įȚȑπȠυȞ ĲȘȞ ıȪȞĲȘȟȘ ȕȠȡȚțȫȞ αȜȐĲȦȞ, țαșȫȢ țαȚ ȝİ ĲȠȞ İȟȠπȜȚıȝȩ țαȚ Ĳα υȜȚțȐ πȠυ απαȚĲȠȪȞĲαȚ ȖȚα 

ĲȘȞ ȤȡȒıȘ ĲȘȢ. ΈĲıȚ, ȖȓȞİĲαȚ İυțȠȜȩĲİȡȘ Ș ȝİĲȐȕαıȘ ıĲȠ įİȪĲİȡȠ ĲȝȒȝα ĲȠυ țİφαȜαȓȠυ, ĲȠ ȠπȠȓȠ 

πİȡȚȜαȝȕȐȞİȚ ȝȚα İțĲİȞȒ πİȡȚȖȡαφȒ ĲȘȢ ȜİȚĲȠυȡȖȓαȢ ĲȘȢ ıυıțİυȒȢ ıȪȞĲȘȟȘȢ ĲȠυ ǼΠȉ – ǼΜΠ Katanax 

K1 Prime. ȉȠ țİφȐȜαȚȠ αυĲȩ απȠĲİȜİȓ ȠυıȚαıĲȚțȐ ȑȞα αȞαȜυĲȚțȩ İȖȤİȚȡȓįȚȠ ȤȡȒıȘȢ ĲȘȢ ıυıțİυȒȢ 

ıȪȞĲȘȟȘȢ, ĲȠ ȠπȠȓȠ ıĲȩȤȠ ȑȤİȚ Ȟα İȟȠȚțİȚȫıİȚ ĲȠȞ αȞαȖȞȫıĲȘ ȝİ ȩȜİȢ ĲȚȢ įυȞαĲȩĲȘĲİȢ ĲȘȢ ıυıțİυȒȢ 

ıȪȞĲȘȟȘȢ, ĲȠȞ ıȦıĲȩ țαȚ αıφαȜȒ ȤİȚȡȚıȝȩ ĲȘȢ țαȚ ĲȠȞ πȡȠȖȡαȝȝαĲȚıȝȩ ĲȘȢ. ΈĲıȚ, įȓȞİĲαȚ ȝȚα 

ȟİțȐșαȡȘ țαĲİȪșυȞıȘ ıĲȠȞ αȞαȖȞȫıĲȘ πȠυ ıțȠπİȪİȚ Ȟα İπȚȤİȚȡȒıİȚ ĲȘȞ παȡαıțİυȒ įİȓȖȝαĲȠȢ ȝİ 

ıȪȞĲȘȟȘ ȕȠȡȚțȫȞ αȜȐĲȦȞ ȤȡȘıȚȝȠπȠȚȫȞĲαȢ ĲȘ ıυıțİυȒ αυĲȒ. 

 ȈĲȠ 4
Ƞ
 ΚİφȐȜαȚȠ πİȡȚȖȡȐφİĲαȚ αȞαȜυĲȚțȐ ȩȜȘ Ș įȚαįȚțαıȓα παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ ȝİ ĲȘȞ 

ĲİȤȞȚțȒ ĲȘȢ ıȪȞĲȘȟȘȢ πȠυ ȑȖȚȞİ ıĲȠ ǼΠȉ–ǼΜΠ. ȈȘȝİȚȫȞİĲαȚ πȦȢ παȡαıțİυȐıĲȘțİ ȝİȖȐȜȠȢ αȡȚșȝȩȢ 

įİȚȖȝȐĲȦȞ (πȐȞȦ απȩ 40 įİȓȖȝαĲα) țαȚ ȤȡȘıȚȝȠπȠȚȒșȘțİ πȜȘșȫȡα ȠυıȚȫȞ țαȚ ıυıĲαĲȚțȫȞ, ȝİ 

απȫĲİȡȠ ıțȠπȩ ĲȠȞ İȞĲȠπȚıȝȩ ĲȦȞ ȚįȚαȚĲİȡȠĲȒĲȦȞ ĲȘȢ ĲİȤȞȚțȒȢ, țαșȫȢ țαȚ ĲȘȢ İπȓĲİυȟȘȢ ĲȠυ 

țαȜȪĲİȡȠυ įυȞαĲȠȪ απȠĲİȜȑıȝαĲȠȢ. ȈĲȠ țİφȐȜαȚȠ αυĲȩ Ƞ αȞαȖȞȫıĲȘȢ ȝπȠȡİȓ Ȟα αȞαȗȘĲȒıİȚ 

πİȡȚııȩĲİȡİȢ ȜİπĲȠȝȑȡİȚİȢ ȖȚα ĲȘȞ ĲİȤȞȚțȒ αυĲȒ, țαșȫȢ țαȚ πȠȜȪĲȚȝα İȝπİȚȡȚțȐ ıυȝπİȡȐıȝαĲα πȠυ 

πȡȠȑțυȥαȞ ıĲȠ πȜαȓıȚȠ ĲȘȢ ǻǼ. ȉα ıυȝπİȡȐıȝαĲα αυĲȐ İȓȞαȚ ȚįȚαȓĲİȡα ıȘȝαȞĲȚțȐ, țαșȫȢ ȕȠȘșȠȪȞ 

ĲȠȞ αȞαȖȞȫıĲȘ İȟαȚȡİĲȚțȐ ıĲȘȞ πȡȠıπȐșİȚα İπȚĲυȤȠȪȢ παȡαıțİυȒȢ İȞȩȢ įİȓȖȝαĲȠȢ ȝİ ıȪȞĲȘȟȘ 

ȕȠȡȚțȫȞ αȜȐĲȦȞ. ΠȜȘȡȠφȠȡȓİȢ πȠυ įȓȞȠȞĲαȚ ıȤİĲȚțȐ ȝİ ĲȘȞ țαĲȐȜȜȘȜȘ İπȚȜȠȖȒ ĲȘȢ ȝȐȗαȢ ĲȘȢ 

πȡȠıĲȚșȑȝİȞȘȢ ıĲİȡİȐȢ ȠυıȓαȢ, ĲȘȞ ȤȡȒıȘ ĲȠυ țαĲȐȜȜȘȜȠυ πȡȠȖȡȐȝȝαĲȠȢ ıȪȞĲȘȟȘȢ, ĲȘȢ țαĲȐȜȜȘȜȘȢ 
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αȞαȜȠȖȓαȢ ȕȠȡȚțȫȞ αȜȐĲȦȞ ıĲȠ ȝȓȖȝα Ȓ ĲȘȢ İπȓįȡαıȘȢ ĲȦȞ įȚαφȠȡİĲȚțȫȞ non wetting agents ıĲȠ 

ĲİȜȚțȩ įİȓȖȝα, ȝπȠȡȠȪȞ Ȟα απȠįİȚȤșȠȪȞ țαșȠȡȚıĲȚțȒȢ ıȘȝαıȓαȢ ıĲȘȞ πȡȠıπȐșİȚα παȡαıțİυȒ İȞȩȢ 

įİȓȖȝαĲȠȢ ȝİ ıȪȞĲȘȟȘ. 

 ȉȠ 5
Ƞ
 ΚİφȐȜαȚȠ απȠĲİȜİȓ ȑȞαȞ αȞαȜυĲȚțȩ ȠįȘȖȩ ȤȡȒıȘȢ ĲȠυ παțȑĲȠυ ȜȠȖȚıȝȚțȠȪ αȞȐȜυıȘȢ 

φαıȝȐĲȦȞ αțĲȓȞȦȞ Χ bAXIL v1.6, ĲȠ ȠπȠȓȠ ȤȡȘıȚȝȠπȠȚȒșȘțİ ıĲȠ πȜαȓıȚȠ ĲȘȢ ǻǼ. ȈȘȝİȚȫȞİĲαȚ ȩĲȚ ĲȠ 

ȜȠȖȚıȝȚțȩ αυĲȩ ȤȡȘıȚȝȠπȠȚȒșȘțİ ȖȚα πȡȫĲȘ φȠȡȐ ıĲȠ ǼΠȉ–ǼΜΠ ıĲα πȜαȓıȚα ĲȘȢ ǻǼ, țαșȫȢ Ș 

πȡȠȝȒșİȚȐ ĲȠυ ȑȖȚȞİ ĲȠȞ ȈİπĲȑȝȕȡȚȠ ĲȠυ 2016, țαĲȐ ĲȘ įȚȐȡțİȚα İțπȩȞȘıȘȢ ĲȘȢ παȡȠȪıαȢ ǻǼ. ΈĲıȚ, 

țȡȓșȘțİ ıȘȝαȞĲȚțȩ Ȟα įȘȝȚȠυȡȖȘșİȓ ȑȞαȢ İȪțȠȜȠȢ ȠįȘȖȩȢ ȖȚα ĲȘȞ ȠȡșȒ țαȚ İπȚĲυȤȒ ȤȡȒıȘ ĲȠυ ȞȑȠυ 

αυĲȠȪ παțȑĲȠυ ȜȠȖȚıȝȚțȠȪ. ȈĲȠ țİφȐȜαȚȠ αυĲȩ ȖȓȞİĲαȚ πİȡȚȖȡαφȒ ȕȒȝα-ȕȒȝα ȩȜȦȞ ĲȦȞ παȡαȝȑĲȡȦȞ 

πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ ȖȚα ĲȘȞ țαĲȐȜȜȘȜȘ ȡȪșȝȚıȘ ĲȠυ, țαșȫȢ țαȚ αȞαȜυĲȚțȒ πİȡȚȖȡαφȒ ĲȘȢ 

ıȘȝαıȓαȢ țȐșİ ȕȒȝαĲȠȢ. ΈĲıȚ, Ƞ αȞαȖȞȫıĲȘȢ įȚαșȑĲİȚ, ȩπȦȢ țαȚ ıĲȘȞ πİȡȓπĲȦıȘ ĲȘȢ ıȪȞĲȘȟȘȢ, ȝȚα 

ȟİțȐșαȡȘ țαĲİȪșυȞıȘ ȩıȠȞ αφȠȡȐ ĲȘȞ ȠȡșȒ ȤȡȒıȘ ĲȠυ ȜȠȖȚıȝȚțȠȪ bAXIL, ĲȩıȠ ȖȚα ĲȘȞ πȠȚȠĲȚțȒ ȩıȠ 

țαȚ ȖȚα ĲȘȞ πȠıȠĲȚțȒ αȞȐȜυıȘ İȞȩȢ φȐıȝαĲȠȢ αțĲȓȞȦȞ-Χ. ΌπȦȢ φαȓȞİĲαȚ țαȚ απȩ ĲȘȞ αȞȐȖȞȦıȘ ĲȠυ 

țİφαȜαȓȠυ αυĲȠȪ, ĲȠ ȜȠȖȚıȝȚțȩ İȓȞαȚ πȠȜȪ İυțȠȜȩĲİȡȠ țαȚ φȚȜȚțȩĲİȡȠ ıĲȘ ȤȡȒıȘ ıİ ıȤȑıȘ ȝİ παțȑĲα 

ȜȠȖȚıȝȚțȠȪ πȠυ İȓȤαȞ ȤȡȘıȚȝȠπȠȚȘșİȓ ıĲȠ παȡİȜșȩȞ ıĲȠ ǼΠȉ–ǼΜΠ ȖȚα αȞȐȜυıȘ φαıȝȐĲȦȞ αțĲȓȞȦȞ- 

Χ (WinQXAS, QXAS). Η İυțȠȜȓα αυĲȒ ıĲȘ ȤȡȒıȘ ĲȠυ ȜȠȖȚıȝȚțȠȪ İπȑĲȡİȥİ ĲȚȢ πȠȜȜαπȜȑȢ įȠțȚȝȑȢ ȝİ 

ȝİĲαȕȠȜȒ įȚαφȩȡȦȞ παȡαȝȑĲȡȦȞ, ȝİ ıțȠπȩ ĲȘȞ ȕİȜĲȚıĲȠπȠȓȘıȘ ĲȠυ απȠĲİȜȑıȝαĲȠȢ ĲȘȢ αȞȐȜυıȘȢ. 

ǼπȚπȜȑȠȞ, Ș İυțȠȜȓα ıĲȘ ȤȡȒıȘ ȝİȚȫȞİȚ ıȘȝαȞĲȚțȐ ĲȠȞ ȤȡȩȞȠ πȠυ απαȚĲİȓĲαȚ ȖȚα ĲȘȞ αȞȐȜυıȘ țȐșİ 

φȐıȝαĲȠȢ, İπȚĲȡȑπȠȞĲαȢ ȑĲıȚ ĲȘȞ αȞȐȜυıȘ ȝİȖαȜȪĲİȡȠυ αȡȚșȝȠȪ φαıȝȐĲȦȞ țαȚ įİȚȖȝȐĲȦȞ ıİ ıȤȑıȘ 

ȝİ ĲȠ παȡİȜșȩȞ. 

 ȉȑȜȠȢ, ıĲȠ 6Ƞ
 ΚİφȐȜαȚȠ παȡȠυıȚȐȗȠȞĲαȚ ȩȜα Ĳα απȠĲİȜȑıȝαĲα ĲȘȢ πȠȚȠĲȚțȒȢ αȞȐȜυıȘȢ țαșȫȢ 

țαȚ ĲȠυ πȠıȠĲȚțȠȪ πȡȠıįȚȠȡȚıȝȠȪ ĲȘȢ ıȪıĲαıȘȢ ĲȦȞ įİȚȖȝȐĲȦȞ πȠυ αȞαȜȪșȘțαȞ, țαȚ ıυȖțȡȓȞȠȞĲαȚ Ĳα 

απȠĲİȜȑıȝαĲα πȠυ πȡȠțȪπĲȠυȞ ȖȚα țȐșİ ȝȓα απȩ ĲȚȢ įȪȠ įȚαφȠȡİĲȚțȑȢ ĲİȤȞȚțȑȢ παȡαıțİυȒȢ 

įİȚȖȝȐĲȦȞ. ȈĲȠ πȡȫĲȠ ȝȑȡȠȢ ĲȠυ țİφαȜαȓȠυ ȖȓȞİĲαȚ ȝȚα įȚİȟȠįȚțȒ ıȪȖțȡȚıȘ ĲȦȞ φαıȝȐĲȦȞ πȠυ 

ȜȒφșȘțαȞ ıĲȠ πȜαȓıȚȠ ĲȘȢ ǻǼ. Η ıȪȖțȡȚıȘ αυĲȒ ȠįȘȖİȓ ıİ ȠȡȚıȝȑȞα ıȘȝαȞĲȚțȐ ıυȝπİȡȐıȝαĲα ȖȚα ĲȚȢ 

įȪȠ ĲİȤȞȚțȑȢ παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ. ǹȡȤȚțȐ, įȚαπȚıĲȫȞİĲαȚ țȪȝαȞıȘ – αȟȚȩȜȠȖȘ ıİ ȠȡȚıȝȑȞİȢ 

πİȡȚπĲȫıİȚȢ – ĲȦȞ πİȚȡαȝαĲȚțȫȞ απȠĲİȜİıȝȐĲȦȞ ıİ πİȚȡȐȝαĲα İπαȞαȜȘȥȚȝȩĲȘĲαȢ, țȐĲȚ ĲȠ ȠπȠȓȠ įİȞ 

İȓȤİ παȡαĲȘȡȘșİȓ ıĲȠ παȡİȜșȩȞ, țȐĲȚ πȠυ υπȠįİȚțȞȪİȚ ĲȘȞ αȞȐȖțȘ İπαȞȐȜȘȥȘȢ ĲȦȞ πİȚȡαȝȐĲȦȞ țαȚ 

ıĲαĲȚıĲȚțȒȢ İπİȟİȡȖαıȓαȢ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ. ǼπȚπȜȑȠȞ, įȓȞİȚ ĲȘ įυȞαĲȩĲȘĲα ıĲȠȞ αȞαȖȞȫıĲȘ Ȟα 

παȡαĲȘȡȒıİȚ ȠπĲȚțȐ, ȝȑıȦ ĲȘȢ ıȪȖțȡȚıȘȢ ĲȦȞ φαıȝȐĲȦȞ, ĲȘȞ İπȓįȡαıȘ πȠυ ȑȤİȚ Ș ȝİĲαȕȠȜȒ 

įȚαφȩȡȦȞ παȡαȝȑĲȡȦȞ ĲȠυ πİȚȡȐȝαĲȠȢ, ȩπȦȢ ĲȘȢ ȝȐȗα ıĲİȡİȐȢ ȠυıȓαȢ ĲȠυ įİȓȖȝαĲȠȢ ıȪȞĲȘȟȘȢ Ȓ Ƞ 

ȤȡȩȞȠȢ ȜȒȥȘȢ φȐıȝαĲȠȢ. ΈȞα ıȘȝαȞĲȚțȩ ıυȝπȑȡαıȝα İȓȞαȚ πȦȢ ȝİ țαĲȐȜȜȘȜȘ παȡαıțİυȒ İȞȩȢ 
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įİȓȖȝαĲȠȢ ıȪȞĲȘȟȘȢ țαȚ ȝİ αȪȟȘıȘ ĲȠυ ȤȡȩȞȠυ įİȚȖȝαĲȠȜȘȥȓαȢ ȝπȠȡİȓ Ȟα ȜȘφșİȓ φȐıȝα αȞȐȜȠȖȠ ȝİ 

αυĲȩ İȞȩȢ įİȓȖȝαĲȠȢ πȠυ παȡαıțİυȐıșȘțİ ȝİ ıυȝπȓİıȘ ıİ πȡȑıα, παȡȐ ĲȘȞ πȠȜȪ ȝȚțȡȩĲİȡȘ ȝȐȗα 

ıĲİȡİȐȢ ȠυıȓαȢ. ȈĲȠ įİȪĲİȡȠ ȝȑȡȠȢ ĲȠυ țİφαȜαȓȠυ İȟİĲȐȗȠȞĲαȚ ȝİ ȝİȖαȜȪĲİȡȘ ȜİπĲȠȝȑȡİȚα ȠȚ 

įȚαφȠȡȑȢ ȝİĲαȟȪ ĲȦȞ įȪȠ ĲİȤȞȚțȫȞ παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ. Η ıȪȖțȡȚıȘ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ ĲȘȢ 

πȠıȠĲȚțȒȢ αȞȐȜυıȘȢ İπȚĲȡȑπİȚ ĲȘȞ țαȜȪĲİȡȘ țαȚ αțȡȚȕȑıĲİȡȘ İȟȑĲαıȘ ĲȦȞ įȚαφȠȡȫȞ πȠυ υπȐȡȤȠυȞ 

αȞȐȝİıα ıĲȚȢ įȪȠ ĲİȤȞȚțȑȢ. Μȑıα απȩ ĲȘȞ İțĲȓȝȘıȘ ĲȘȢ ıυȞȠȜȚțȒȢ αȕİȕαȚȩĲȘĲαȢ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ 

ĲȘȢ αȞȐȜυıȘȢ ĲȦȞ įȪȠ İȚįȫȞ įİȚȖȝȐĲȦȞ, ĲȘ ıȪȖțȡȚıȘ ĲȦȞ Ȟ ĲȚȝȫȞ ĲȘȢ ıυȖțȑȞĲȡȦıȘȢ įİȓȖȝαĲȠȢ ȝİ 

ĲȚȝȑȢ αȞαφȠȡȐȢ, ĲȘȞ İțĲȓȝȘıȘ ĲȦȞ țαĲȦĲȐĲȦȞ ȠȡȓȦȞ αȞȓȤȞİυıȘȢ țαȚ ĲȘȞ ȤȡȒıȘ țȡȚĲȘȡȓȦȞ İțĲȓȝȘıȘȢ 

ĲȘȢ αȟȚȠπȚıĲȓαȢ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ ĲȘȢ αȞȐȜυıȘȢ (U–score, Z–score) πȡȠȑțυȥİ ȝȚα πȚȠ ȟİțȐșαȡȘ 

ıİȚȡȐ ıυȝπİȡαıȝȐĲȦȞ ȖȚα ĲȚȢ įȪȠ ĲİȤȞȚțȑȢ παȡαıțİυȒȢ. ȈυȞȠπĲȚțȐ, φȐȞȘțİ πȦȢ ȠȚ įȪȠ ĲİȤȞȚțȑȢ įİȞ 

παȡȠυıȚȐȗȠυȞ πȠȜȪ ȝİȖȐȜİȢ įȚαφȠȡȑȢ, ȩıȠȞ αφȠȡȐ Ĳα απȠĲİȜȑıȝαĲα ĲȘȢ πȠıȠĲȚțȒȢ αȞȐȜυıȘȢ. 

ǺȑȕαȚα, υπȒȡȟαȞ ıİ ȠȡȚıȝȑȞİȢ πİȡȚπĲȫıİȚȢ ıȘȝαȞĲȚțȑȢ įȚαφȠȡȑȢ, ȠȚ ȠπȠȓİȢ παȡȠυıȚȐȗȠȞĲαȚ αȞαȜυĲȚțȐ 

ıĲȚȢ § 6.12 ȑȦȢ 6.15. ΓȚα ĲȠ ȝİȖαȜȪĲİȡȠ ȝȑȡȠȢ ĲȦȞ ıĲȠȚȤİȓȦȞ πȠυ αȞȚȤȞİȪșȘțαȞ, Ș ĲİȤȞȚțȒ ĲȘȢ 

ıȪȞĲȘȟȘȢ φαȓȞİĲαȚ Ȟα ȠįȘȖİȓ ıİ πȚȠ αțȡȚȕȒ απȠĲİȜȑıȝαĲα țαĲȐ ĲȘȞ αȞȐȜυıȘ πȡȠĲȪπȦȞ υȜȚțȫȞ 

ȖȞȦıĲȒȢ ıȪıĲαıȘȢ (ȚπĲȐȝİȞȘ Ĳȑφȡα 1633ȕ NIST), ȝİ İȜαφȡȫȢ ȝȚțȡȩĲİȡȘ ıυȞȠȜȚțȒ αȕİȕαȚȩĲȘĲα. 

ΠαȡȩȜ’ αυĲȐ, Ș αȞȐȜυıȘ įİȚȖȝȐĲȦȞ ȝİ ıυȝπȓİıȘ ıİ πȡȑıα φαȓȞİĲαȚ Ȟα υπİȡĲİȡİȓ ıĲȘȞ αȞȓȤȞİυıȘ 

ȚȤȞȠıĲȠȚȤİȓȦȞ πȠȜȪ ȤαȝȘȜȒȢ ıυȖțȑȞĲȡȦıȘȢ, țȐĲȚ πȠυ φαȓȞİĲαȚ ıĲȠȞ υπȠȜȠȖȚıȝȩ ĲȦȞ țαĲȦĲȐĲȦȞ 

İπȚπȑįȦȞ αȞȓȤȞİυıȘȢ. ȉȑȜȠȢ, ıĲȘȞ αȟȚȠȜȩȖȘıȘ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ ĲȘȢ αȞȐȜυıȘȢ πȡȠȑțυȥαȞ 

παȡȩȝȠȚα απȠĲİȜȑıȝαĲα țαȚ ȖȚα ĲȚȢ įȪȠ ĲİȤȞȚțȑȢ, ȝİ ȑȞαȞ ıȘȝαȞĲȚțȩ αȡȚșȝȩ ıĲȠȚȤİȓȦȞ Ȟα αȞȚȤȞİȪȠȞĲαȚ 

ȝİ ȚțαȞȠπȠȚȘĲȚțȒ αțȡȓȕİȚα. ǹυĲȩ πȠυ ȑȤİȚ İȞįȚαφȑȡȠȞ ȩȝȦȢ İȓȞαȚ ȩĲȚ Ș αȞȓȤȞİυıȘ ĲȠυ ıȚįȒȡȠυ (Fe) įİȞ 

ȒĲαȞ ȚțαȞȠπȠȚȘĲȚțȒ, παȡȩȜȘ ĲȘȞ υȥȘȜȒ ıυȖțȑȞĲȡȦıȒ ĲȠυ, țȐĲȚ ĲȠ ȠπȠȓȠ șα ȝπȠȡȠȪıİ İȞįİȤȠȝȑȞȦȢ Ȟα 

αȞĲȚȝİĲȦπȚıĲİȓ ȝİ İț ȞȑȠυ παȡαıțİυȒ πȡȠĲȪπȠυ įİȓȖȝαĲȠȢ Ȓ ȜȒȥȘ ȝİȖαȜȪĲİȡȠυ αȡȚșȝȠȪ φαıȝȐĲȦȞ. 

 

7.3 ΣυȝπİȡȐıȝαĲα απȩ ĲȘ ıȪγțȡȚıȘ ĲȦȞ įȪȠ ĲİȤȞȚțȫȞ  παȡαıțİυȒȢ įİȚγȝȐĲȦȞ (ıȪȞĲȘȟȘȢ țαȚ 

πȡȑıαȢ) πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ ıĲȘ ǻǼ 

 Μİ ĲȘȞ ȠȜȠțȜȒȡȦıȘ ĲȘȢ παȡȠȪıαȢ ǻǼ ȝπȠȡȠȪȞ Ȟα αȞαφİȡșȠȪȞ ȝİȡȚțȐ ıȤȩȜȚα ȖȚα ĲȚȢ įȪȠ 

ĲİȤȞȚțȑȢ παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ ȖȚα αȞȐȜυıȘ ȝİ ĲİȤȞȚțȒ φșȠȡȚıȝȠȪ αțĲȓȞȦȞ-Χ. ǹȡȤȚțȐ, ȝİ ȕȐıİȚ țαȚ 

Ĳα απȠĲİȜȑıȝαĲα ĲȘȢ πȠıȠĲȚțȒȢ αȞȐȜυıȘȢ, φαȓȞİĲαȚ ȠȚ įȪȠ ĲİȤȞȚțȑȢ Ȟα ȝȘȞ παȡȠυıȚȐȗȠυȞ İȟαȚȡİĲȚțȑȢ 

įȚαφȠȡȑȢ. ǹυĲȩ ıȘȝαȓȞİȚ ȩĲȚ ȝπȠȡİȓ Ș Ȟȑα ĲİȤȞȚțȒ Ȟα ȤȡȘıȚȝȠπȠȚȘșİȓ ȐφȠȕα ȖȚα ĲȘȞ παȡαıțİυȒ 

įİȚȖȝȐĲȦȞ ȤȦȡȓȢ Ȟα παȡαĲȘȡİȓĲαȚ αȚıșȘĲȒ ȝİȓȦıȘ ĲȘȢ αțȡȓȕİȚαȢ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ. ȉȠ ıυȝπȑȡαıȝα 

αυĲȩ İȓȞαȚ ıȘȝαȞĲȚțȩ, țαșȫȢ Ĳα įİȓȖȝαĲα ĲȘȢ ıȪȞĲȘȟȘȢ απαȚĲȠȪȞ ȜȚȖȩĲİȡȘ ȝȐȗα ıĲİȡİȐȢ ȠυıȓαȢ țαȚ 
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παȡȠυıȚȐȗȠυȞ ȝİȖαȜȪĲİȡȘ αȞșİțĲȚțȩĲȘĲα απȩ αυĲȐ ĲȘȢ πȡȑıαȢ. ΈĲıȚ, Ș ĲİȤȞȚțȒ ĲȘȢ ıȪȞĲȘȟȘȢ țȡȓȞİĲαȚ 

πȡȠĲȚȝȩĲİȡȘ ȖȚα įİȓȖȝαĲα πȠυ πȡȩțİȚĲαȚ Ȟα ȤȡȘıȚȝȠπȠȚȘșȠȪȞ İπαȞİȚȜȘȝȝȑȞα Ȓ ıĲȘȞ πİȡȓπĲȦıȘ πȠυ 

įȚαĲȓșİĲαȚ πİȡȚȠȡȚıȝȑȞȘ πȠıȩĲȘĲα πȡȠȢ αȞȐȜυıȘ, ȩπȦȢ πȚıĲȠπȠȚȘȝȑȞα πȡȩĲυπα įİȓȖȝαĲα Ȓ įİȓȖȝαĲα 

ȝİȖȐȜȘȢ ıπαȞȚȩĲȘĲαȢ. ǹȞĲȓșİĲα, Ș ĲİȤȞȚțȒ ȝȑıȦ ıυȝπȓİıȘȢ ıİ πȡȑıα απȠĲİȜİȓ πȐȞĲα ȝȚα 

ȚțαȞȠπȠȚȘĲȚțȒ İπȚȜȠȖȒ, απȜȠȪıĲİȡȘ ıİ ıȤȑıȘ ȝİ αυĲȒ ĲȘȢ ıȪȞĲȘȟȘȢ (παȡȩĲȚ πȚȠ ȤȡȠȞȠȕȩȡα țαȚ 

απαȚĲȘĲȚțȒ ȖȚα ĲȠȞ İȡİυȞȘĲȒ), Ș ȠπȠȓα φαȓȞİĲαȚ Ȟα ȑȤİȚ țαȚ ȑȞα ıȘȝαȞĲȚțȩ πȡȠȕȐįȚıȝα ȩıȠȞ αφȠȡȐ 

ĲȘȞ αȞȓȤȞİυıȘ ȚȤȞȠıĲȠȚȤİȓȦȞ ȤαȝȘȜȒȢ ıυȖțȑȞĲȡȦıȘȢ.  

ΠȚȠ αȞαȜυĲȚțȐ Ș παȡȠȪıα ǻ.Ǽ. țαĲȑȜȘȟİ ıĲα παȡαțȐĲȦ ıυȝπİȡȐıȝαĲα:  

 Η ȝİȚȦȝȑȞȘ πȠıȩĲȘĲα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ πȠυ πİȡȚȑȤİĲαȚ ıĲα įİȓȖȝαĲα ıȪȞĲȘȟȘȢ ıİ ıȤȑıȘ ȝİ αυĲȐ 

ȝİ ıυȝπȓİıȘ ıİ πȡȑıα απȠįȓįİȚ φȦĲȠțȠȡυφȑȢ ȝȚțȡȩĲİȡȘȢ İπȚφȐȞİȚαȢ ıĲα φȐıȝαĲα ȓįȚαȢ įȚȐȡțİȚαȢ 

țαȚ țαĲȐ ıυȞȑπİȚα υπȐȡȤİȚ İȞįİȤȠȝȑȞȦȢ αįυȞαȝȓα αȞȓȤȞİυıȘȢ țȐπȠȚȦȞ απȩ Ĳα ıĲȠȚȤİȓα πȠυ 

πİȡȚȑȤȠȞĲαȚ ıĲȠ įİȓȖȝα. ǻȚαπȚıĲȫșȘțİ ȩĲȚ İȓȞαȚ İφȚțĲȩ Ĳα įİȓȖȝαĲα ıȪȞĲȘȟȘȢ Ȟα įȓȞȠυȞ 

φȦĲȠțȠȡυφȑȢ παȡαπȜȒıȚαȢ İπȚφȐȞİȚαȢ ȝİ αυĲȐ ȝȑıȦ ıυȝπȓİıȘȢ, ȩĲαȞ αυȟȘșİȓ Ș ıυȖțȑȞĲȡȦıȘ 

ıĲİȡİȐȢ ȠυıȓαȢ țαȚ Ƞ ȤȡȩȞȠȢ įİȚȖȝαĲȠȜȘȥȓαȢ. ǹυĲȩ İȓȞαȚ πȠȜȪ ıȘȝαȞĲȚțȩ, țαșȫȢ ȝİ ĲȘȞ ĲİȤȞȚțȒ 

ĲȘȢ ıȪȞĲȘȟȘȢ ȝπȠȡİȓ Ȟα αȞαȜȪȠȞĲαȚ įİȓȖȝαĲα αȚıșȘĲȐ ȝȚțȡȩĲİȡȘȢ ȝȐȗαȢ țαȚ İπȚπȜȑȠȞ įİȞ υπȐȡȤİȚ 

țȓȞįυȞȠȢ ȡȪπαȞıȘȢ ĲȠυ αȞȚȤȞİυĲȒ SiLi ĲȘȢ įȚȐĲαȟȘȢ XRF.  

 Η İπȚȜȠȖȒ ĲȠυ ıİȞαȡȓȠυ αțĲȚȞȠȕȩȜȘıȘȢ απȠĲİȜİȓ ıȘȝαȞĲȚțȩ παȡȐȖȠȞĲα ȖȚα ĲȘȞ ȚțαȞȠπȠȚȘĲȚțȒ 

αȞȓȤȞİυıȘ ȠȡȚıȝȑȞȦȞ ȤȘȝȚțȫȞ ıĲȠȚȤİȓȦȞ. ȉα ıİȞȐȡȚα πȠυ İȟİĲȐıĲȘțαȞ İȞįİȜİȤȫȢ țαȚ 

πȡȠĲİȓȞȠȞĲαȚ Ȟα ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ ıĲȠ İȟȒȢ ıυȞȠȥȓȗȠȞĲαȚ παȡαțȐĲȦ ȝαȗȓ ȝİ Ĳα ıĲȠȚȤİȓα Ĳα ȠπȠȓα 

πȡȠıįȚȠȡȓȗȠȞĲαȚ ıİ αυĲȐ:  

 

 

 

 

 ΚαĲαȖȡȐφȘțİ ĲυȤαȓα țȪȝαȞıȘ ıĲȘȞ İπȚφȐȞİȚα ĲȦȞ φȦĲȠțȠȡυφȫȞ țαĲȐ ĲȚȢ αȞαȜȪıİȚȢ ĲȦȞ  ȓįȚȦȞ 

įİȚȖȝȐĲȦȞ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ πȠυ πȚșαȞȩȞ Ȟα ȠφİȓȜİĲαȚ ıİ αȞȠȝȠȚȠȖȑȞİȚα ĲȦȞ παȡαıțİυαıșȑȞĲȦȞ 

įİȚȖȝȐĲȦȞ. ΓȚα ĲȘȞ αȞĲȚȝİĲȫπȚıȘ ĲȠυ φαȚȞȠȝȑȞȠυ αυĲȠȪ πȡȠĲİȓȞİĲαȚ Ș ȜȒȥȘ πİȡȚııȩĲİȡȦȞ απȩ 

ȑȞα φȐıȝα, țαĲȐ πȡȠĲȓȝȘıȘ ĲİııȐȡȦȞ (4) ȝİ πİȡȚıĲȡȠφȒ ĲȠυ įİȓȖȝαĲȠȢ πİȡȓ ĲȠȞ ȐȟȠȞȐ ĲȠυ țαȚ 

ıĲαĲȚıĲȚțȒ İπİȟİȡȖαıȓα ĲȦȞ απȠĲİȜİıȝȐĲȦȞ. 

ȈİȞȐȡȚȠ ȈĲȠȚȤİȓα πȠυ αȞȚȤȞİȪȠȞĲαȚ 

15 kV, 0.3 mA, 1 φȓȜĲȡȠ Al : K, Ca, Ti, Cr, Mn, Fe 

35 kV, 0.28 mA, 4 φȓȜĲȡα Mo : Ni, Zn, Ga, As, Rb, Sr 
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 Η șİȡȝȠțȡαıȓα ĲȘȢ ȝȘȤαȞȒȢ αțĲȓȞȦȞ Χ įİȞ İπȘȡİȐȗİȚ Ĳα πİȚȡαȝαĲȚțȐ įİįȠȝȑȞα (țȪȝαȞıȘ ıĲȘ 

İπȚφȐȞİȚα φȦĲȠțȠȡυφȫȞ)  İφȩıȠȞ παȡαȝȑȞİȚ αȞȐȝİıα ıĲα ȩȡȚα ȜİȚĲȠυȡȖȓαȢ. 

 ΓȚα αȡțİĲȐ ıĲȠȚȤİȓα πȡȠıįȚȠȡȓȗİĲαȚ ȚțαȞȠπȠȚȘĲȚțȐ Ș ıυȖțȑȞĲȡȦıȒ ĲȠυȢ ıİ įİȓȖȝαĲα ȚπĲȐȝİȞȘȢ 

ĲȑφȡαȢ. ΓȚα Ĳα įİȓȖȝαĲα ıȪȞĲȘȟȘȢ αυĲȐ İȓȞαȚ: Ti, Cr, Ni, Cu, Zn, Sr.  ΓȚα Ĳα įİȓȖȝαĲα ȝİ 

ıυȝπȓİıȘ ıİ πȡȑıα  İȓȞαȚ: Ca, Ti, Cr, Ni, Cu, Zn, As.  

 ΚαȚ ȖȚα ĲȚȢ įȪȠ ȝİșȩįȠυȢ παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ įİȞ πȡȠȑțυȥαȞ ȚțαȞȠπȠȚȘĲȚțȐ απȠĲİȜȑıȝαĲα 

ıĲȠȞ πȡȠıįȚȠȡȚıȝȩ ĲȘȢ ıυȖțȑȞĲȡȦıȘȢ ĲȠυ Fe, παȡȩȜȠ πȠυ Ș υπȒȡȤİ ȝİȖȐȜȘ ıυȖțȑȞĲȡȦıȘ ıĲȚȢ 

ȚπĲȐȝİȞİȢ ĲȑφȡİȢ πȠυ αȞαȜȪșȘțαȞ.  

 ΓȚα Ĳα ıĲȠȚȤİȓα ĲȦȞ ȠπȠȓȦȞ ȠȚ ıυȖțİȞĲȡȫıİȚȢ İȓȞαȚ ȤαȝȘȜȑȢ ȩπȦȢ As, Rb įİȞ πȡȠȑțυȥαȞ  

ȚțαȞȠπȠȚȘĲȚțȐ απȠĲİȜȑıȝαĲα ıĲα įİȓȖȝαĲα ıȪȞĲȘȟȘȢ, πȚșαȞȩȞ ȜȩȖȦ ĲȘȢ πȠȜȪ ȝȚțȡȒȢ 

πȠıȩĲȘĲαȢ ĲȑφȡαȢ πȠυ ȤȡȘıȚȝȠπȠȚİȓĲαȚ ȖȚα ĲȘȞ παȡαıțİυȒ ĲȠυ įİȓȖȝαĲȠȢ. Η παȡαıțİυȒ İȞȩȢ 

įİȓȖȝαĲȠȢ ȝİ ĲȘȞ ĲİȤȞȚțȒ ĲȘȢ ıυȝπȓİıȘȢ πȚșαȞȩȞ Ȟα πȡȑπİȚ Ȟα πȡȠĲȚȝȘșİȓ ȑȞαȞĲȚ αυĲȒȢ ĲȘȢ 

ıȪȞĲȘȟȘȢ, ȖȚα ĲȘȞ αȞȓȤȞİυıȘ ȚȤȞȠıĲȠȚȤİȓȦȞ πȠȜȪ ȤαȝȘȜȒȢ ıυȖțȑȞĲȡȦıȘȢ. 

 ȉα țαĲȫĲİȡα ȩȡȚα αȞȓȤȞİυıȘȢ ȖȚα ĲȠ ȓįȚȠ ıĲȠȚȤİȓȠ įȚαφȑȡȠυȞ αȞȐȜȠȖα ȝİ ĲȘ ȝȑșȠįȠ 

παȡαıțİυȒȢ ĲȦȞ įİȚȖȝȐĲȦȞ. ΓİȞȚțȐ Ĳα įİȓȖȝαĲα πȠυ παȡαıțİυȐȗȠȞĲαȚ ȝİ πȡȑıα παȡȠυıȚȐȗȠυȞ 

ȤαȝȘȜȩĲİȡα İπȓπİįα αȞȓȤȞİυıȘȢ ȩπȦȢ φαȓȞİĲαȚ țαȚ ıĲȠȞ παȡαțȐĲȦ ıυȖțȡȚĲȚțȩ πȓȞαțα: 

 

 

 

 

 

 

 

 

 

 

 

 

ΣĲȠȚȤİȓȠ 
ΚαĲȫĲαĲȠ ȩȡȚȠ αȞȓȤȞİυıȘȢ 
LLD įİȓγȝαĲȠȢ ıȪȞĲȘȟȘȢ 

ΚαĲȫĲαĲȠ ȩȡȚȠ αȞȓȤȞİυıȘȢ 
LLD įİȓγȝαĲȠȢ πȡȑıαȢ 

K 1586 538 

Ca 379 166 

Ti 134 55 

Cr 38 25 

Mn 43 29 

Fe 40 28 

Ni 34 17 

Cu 13 6 

Zn 10 4 

Ga 8 3 

As 5 2 

Rb 4 3 

Sr 9 3 
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7.4  ΠȡȠĲȐıİȚȢ γȚα ȝİȜȜȠȞĲȚțȒ ȑȡİυȞα țαȚ İπȑțĲαıȘ ĲȘȢ ǻȚπȜȦȝαĲȚțȒȢ ǼȡγαıȓαȢ 

 ȈĲȘȞ παȡȠȪıα ǻǼ İȟİĲȐıĲȘțαȞ ȝİ ȝİȖȐȜȘ ȜİπĲȠȝȑȡİȚα Ș įȚαφȠȡȑȢ ȝİĲαȟȪ ĲȦȞ įυȠ ĲİȤȞȚțȫȞ 

παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ, παȡȩȜα αυĲȐ, įİȞ ȒĲαȞ įυȞαĲȩȞ Ȟα İȟİĲαıșȠȪȞ ȩȜα Ĳα İȞįİȤȩȝİȞα ȕİȜĲȓȦıȘȢ 

ĲȦȞ απȠĲİȜİıȝȐĲȦȞ țαȚ  αȞαȜυĲȚțȩĲİȡȘȢ ıȪȖțȡȚıȘȢ ĲȦȞ ĲİȤȞȚțȫȞ.  

ΓȚα ĲȠ ȜȩȖȠ αυĲȩ, παȡαĲȓșİȞĲαȚ ȠȡȚıȝȑȞİȢ πȡȠĲȐıİȚȢ ȖȚα ȝİȜȜȠȞĲȚțȒ ȑȡİυȞα: 

 ǺİȜĲȓȦıȘ ĲȘȢ αțȡȓȕİȚαȢ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ αȞȐȜυıȘȢ ĲȦȞ įİȚȖȝȐĲȦȞ. ǹυĲȩ șα ȝπȠȡȠȪıİ Ȟα 

İπȚĲİυȤșİȓ İȚıȐȖȠȞĲαȢ ȝİȖαȜȪĲİȡȠ αȡȚșȝȩ πȡȠĲȪπȦȞ įİȚȖȝȐĲȦȞ ıĲȠ ȜȠȖȚıȝȚțȩ πȠıȠĲȚțȒȢ 

αȞȐȜυıȘȢ, İȓĲİ ȤȡȘıȚȝȠπȠȚȫȞĲαȢ Ĳα υȜȚțȐ πȠυ įȚαșȑĲİȚ ĲȠ ǼΠȉ–ǼΜΠ, İȓĲİ ȝȑıȦ ĲȘȢ 

πȡȠȝȒșİȚαȢ İπȚπȜȑȠȞ πȡȩĲυπȦȞ υȜȚțȫȞ. ΈȞα πȡȫĲȠ παȡȐįİȚȖȝα πȡȩĲυπȠυ įİȓȖȝαĲȠȢ șα ȒĲαȞ 

αυĲȩ ĲȠυ ȠȟİȚįȓȠυ ĲȠυ Mn, ĲȠ ȠπȠȓȠ ȝπȠȡİȓ Ȟα ȕİȜĲȚȫıİȚ ĲȘȞ αțȡȓȕİȚα ĲȦȞ απȠĲİȜİıȝȐĲȦȞ ĲȘȢ 

αȞȐȜυıȘȢ ĲȦȞ φȦĲȠțȠȡυφȫȞ Mn αȜȜȐ țαȚ Fe. 

 ΠαȡαıțİυȒ πȡȠĲȪπȦȞ įİȚȖȝȐĲȦȞ απȩ πİȡȚııȩĲİȡα ĲȠυ İȞȩȢ υȜȚțȐ, ȩπȦȢ ȠȟİȓįȚȠ ĲȠυ ıȚįȒȡȠυ 

țαȚ ȠȟİȓįȚȠ ĲȠυ ȝαȖȞȘıȓȠυ, πȡȠțİȚȝȑȞȠυ Ȟα ȜȘφșİȓ υπȩȥȘ Ș αȜȜȘȜİπȓįȡαıȘ ĲȦȞ αțĲȓȞȦȞ-Χ 

ĲȠυ ıȚįȒȡȠυ țαȚ ĲȠυ ȝαȖȞȘıȓȠυ ıĲȠ φȐıȝα. ǹυĲȩ șα ȝπȠȡȠȪıİ Ȟα ȖȓȞİȚ ȖȚα įȚȐφȠȡα υȜȚțȐ πȠυ 

İțπȑȝπȠυȞ αțĲȓȞİȢ-Χ ıĲȘȞ ȓįȚα İȞİȡȖİȚαțȒ πİȡȚȠȤȒ. 

 ΠİȡαȚĲȑȡȦ ıȪȖțȡȚıȘ ĲȦȞ įȪȠ ĲİȤȞȚțȫȞ παȡαıțİυȒȢ įİȚȖȝȐĲȦȞ – ıȪȞĲȘȟȘȢ țαȚ πȡȑıαȢ – ȖȚα  

αȞȐȜυıȘ ȝİ ĲȘȞ ĲİȤȞȚțȒ XRF. ȈĲȠ πȜαȓıȚȠ ĲȘȢ ıȪȖțȡȚıȘȢ αυĲȒȢ ȝπȠȡİȓ Ȟα παȡαıțİυαıĲȠȪȞ 

įİȓȖȝαĲα απȩ πȠȚțȚȜȓα υȜȚțȫȞ ȩπȦȢ  Ȥȫȝα, απȩȕȜȘĲα İȟȩȡυȟȘȢ Ȓ ȕȚȠȝȘȤαȞȚțȫȞ įȚİȡȖαıȚȫȞ țαȚ 

Ȟα ȖȓȞİȚ ıȪȖțȡȚıȘ ȝİ παȡȩȝȠȚȠ ĲȡȩπȠ ȝİ αυĲȩȞ ĲȘȢ παȡȠȪıαȢ ǻǼ ıυȖțȡȓȞȠȞĲαȢ ȝİȖαȜȪĲİȡȠ 

αȡȚșȝȩ αȞȚȤȞİυȩȝİȞȦȞ ıĲȠȚȤİȓȦȞ. ǼȟυπαțȠȪİĲαȚ ȩĲȚ ıĲȘȞ πİȡȓπĲȦıȘ αυĲȒ șα πȡȑπİȚ Ȟα 

įȚαĲȓșİȞĲαȚ țαȚ Ĳα αȞĲȓıĲȠȚȤα πȚıĲȠπȠȚȘȝȑȞα υȜȚțȐ (π.Ȥ. Ȥȫȝα țȜπ) πȡȠțİȚȝȑȞȠυ Ȟα ȖȓȞİȚ 

ȑȜİȖȤȠȢ ĲȘȢ αțȡȓȕİȚαȢ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ. 
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ȆǹȇǹȇȉΗΜǹ ǹ 

ΚωįȚțȠπȠȓȘıȘ ȅȞȠȝαıȓαȢ įİȚγȝȐĲωȞ ΦαıȝȐĲωȞ 

  

ǹ.1 ΚωįȚțȠπȠȓȘıȘ ȠȞȠȝαıȓαȢ įİȚγȝȐĲωȞ ıȪȞĲȘȟȘȢ ȝİ ǺȠȡȚțȐ ȐȜαĲα 

ȈĲȘȞ πİȡȓπĲȦıȘ ĲȦȞ įİȚȖȝȐĲȦȞ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ απȩ ĲȠȞ șİȡȝȠȘȜİțĲȡȚțȩ ıĲαșȝȩ ĲȘȢ ΜİȖαȜȩπȠȜȘȢ, 

ȤȡȘıȚȝȠπȠȚȒșȘțαȞ Ĳα αȡȤȚțȐ “CMF” (Coal Megalopolis Fly ash) πȠυ İȓȤαȞ ȤȡȘıȚȝȠπȠȚȘșİȓ țαȚ ıİ 

πȡȠȘȖȠȪȝİȞİȢ ǻ.Ǽ., ĲȩıȠ ıĲα įİȓȖȝαĲα πȠυ πȡȠİĲȠȚȝȐıĲȘțαȞ ıĲȘȞ πȡȑıα, ȩıȠ țαȚ ıĲα įİȓȖȝαĲα πȠυ 

πȡȠİĲȠȚȝȐıĲȘțαȞ ȝİ ıȪȞĲȘȟȘ.   

 ΓȚα Ȟα ȝπȠȡȠȪȝİ Ȟα įȚαȤȦȡȓȗȠυȝİ İȪțȠȜα ĲȘȞ ȝȑșȠįȠ πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțİ ȖȚα ĲȘȞ 

παȡαıțİυȒ țȐșİ įİȓȖȝαĲȠȢ, ıĲȘȞ πİȡȓπĲȦıȘ ĲȦȞ įİȚȖȝȐĲȦȞ πȠυ παȡȐȤșȘțαȞ ȝİ ıȪȞĲȘȟȘ, πȡȠıĲȓșİĲαȚ 

ĲȠ ȖȡȐȝȝα «Κ» (Katanax) ȦȢ πȡȫĲȠ ȥȘφȓȠ ĲȘȢ ȠȞȠȝαıȓαȢ ĲȠυ įİȓȖȝαĲȠȢ. ȉȑȜȠȢ, ȤȡȘıȚȝȠπȠȚȠȪȝİ ȑȞαȞ 

αȡȚșȝȩ ȦȢ ĲȠ ĲİȜİυĲαȓȠ ȥȘφȓȠ  ĲȘȢ ȠȞȠȝαıȓαȢ ȖȚα Ȟα țαĲαȤȦȡȒıȠυȝİ țȐșİ ȟİȤȦȡȚıĲȩ įİȓȖȝα. ȅ 

αȡȚșȝȩȢ αυĲȩȢ ıȤİĲȓȗİĲαȚ ȝİ ĲȘ ȤȡȠȞȚțȒ ıİȚȡȐ παȡαȖȦȖȒȢ ĲȠυ įİȓȖȝαĲȠȢ, ıİ ıȤȑıȘ ȝİ Ĳα πȡȠȘȖȠȪȝİȞα 

įİȓȖȝαĲα ȓįȚȠυ İȓįȠυȢ. ΓȚα παȡȐįİȚȖȝα, ĲȠ πȡȫĲȠ ıİ ıİȚȡȐ įİȓȖȝα ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ΜİȖαȜȩπȠȜȘȢ πȠυ 

πȡȠİĲȠȚȝȐıĲȘțİ ȝİ ĲȘ ȝȑșȠįȠ ĲȘȢ ıȪȞĲȘȟȘȢ ȕȠȡȚțȫȞ αȜȐĲȦȞ șα ȑȤİȚ ĲȘȞ ȠȞȠȝαıȓα «KCMF1». 

 

ǹ.2 ΚωįȚțȠπȠȓȘıȘ ȠȞȠȝαıȓαȢ ĲωȞ φαıȝȐĲωȞ ĲȘȢ παȡȠȪıαȢ ǻ.Ǽ. 

 ΚȦįȚțȠπȠȚȘȝȑȞȘ ȠȞȠȝαıȓα αțȠȜȠυșȒșȘțİ țαȚ ȖȚα Ĳα φȐıȝαĲα πȠυ πȡȠȑțυȥαȞ  απȩ ĲȘȞ 

αȞȐȜυıȘ ȝİ XRF ĲȦȞ įİȚȖȝȐĲȦȞ ĲȘȢ παȡȠȪıαȢ ǻ.Ǽ. țαȚ İπİȟİȡȖȐıșȘțαȞ ȝİ  ĲȠ ȜȠȖȚıȝȚțȩ bAXIL. Η 

ȠȞȠȝαıȓα αυĲȒ απȠĲİȜȠȪȞĲαȞ απȩ ĲȘȞ ȠȞȠȝαıȓα ĲȠυ įİȓȖȝαĲȠȢ πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțİ ȖȚα ĲȘ ȜȒȥȘ ĲȠυ 

φȐıȝαĲȠȢ, țαșȫȢ țαȚ ȑȞαȞ αȪȟȦȞ αȡȚșȝȩ. ΓȚα παȡȐįİȚȖȝα, ĲȠ 8Ƞ
 φȐıȝα πȠυ ȜȒφșȘțİ 

ȤȡȘıȚȝȠπȠȚȫȞĲαȢ ȑȞα įİȓȖȝα ıȪȞĲȘȟȘȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ (π.Ȥ. KCMF14) φȑȡİȚ ĲȘȞ ȠȞȠȝαıȓα 

«KCMF14P8». ȈĲȠȞ ȆȓȞαțα ǹ.1 ıĲȠ ĲȑȜȠȢ ĲȠυ ȆαȡαȡĲȒȝαĲȠȢ ǹ φαȓȞȠȞĲαȚ ȠȚ ȠȞȠȝαıȓİȢ țαȚ Ĳα 

ıİȞȐȡȚα ȜȒȥȘȢ ĲȦȞ φαıȝȐĲȦȞ ıĲȘȞ παȡȠȪıα ǻ.Ǽ. 
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 ǹȞȐȖțȘ țȦįȚțȠπȠȓȘıȘȢ παȡȠυıȚȐıĲȘțİ țαȚ ȖȚα ĲȚȢ αȞαȜȪıİȚȢ ȝİ ĲȠ ȜȠȖȚıȝȚțȩ bAXIL. ΌπȦȢ 

αȞαφȑȡİĲαȚ țαȚ ıĲȠ Κİφ. 6 (ȕȜ παȡ. 6.8.1), ȤȡȘıȚȝȠπȠȚȒșȘțαȞ ıυȖțİțȡȚȝȑȞα R.O.I țαĲȐ ĲȘȞ αȞȐȜυıȘ 

ĲȦȞ φαıȝȐĲȦȞ, Ĳα ȠπȠȓα φȐȞȘțİ Ȟα ȠįȘȖȠȪȞ ȝȚα αȟȚȩπȚıĲȠ ĲȡȩπȠ ıİ ȚțαȞȠπȠȚȘĲȚțȐ απȠĲİȜȑıȝαĲα 

țαĲȐ ĲȘȞ αȞȐȜυıȘ ĲȦȞ φαıȝȐĲȦȞ. ΓȚα ĲȠȞ įȚαȤȦȡȚıȝȩ ĲȦȞ απȠĲİȜİıȝȐĲȦȞ ĲȘȢ αȞȐȜυıȘȢ ĲȦȞ 

φαıȝȐĲȦȞ, αȞȐȜȠȖα ȝİ ĲȠ R.O.I πȡȠıĲȑșȘțİ ȝİĲȐ ĲȘȞ ȠȞȠȝαıȓα ĲȠυ φȐıȝαĲȠȢ ȑȞαȢ țȦįȚțȠπȠȚȘȝȑȞȠȢ 

ȩȡȠȢ ȖȚα țȐșİ R.O.I. ȅ ȩȡȠȢ αυĲȩȢ ıυȞȒșȦȢ αφȠȡȐ ĲȠ İȪȡȠȢ ĲȠυ țȐșİ R.O.I. țαȚ Ĳα ȤȘȝȚțȐ ıĲȠȚȤİȓα 

πȠυ αȞȚȤȞİȪȠȞĲαȚ ıİ αυĲȩ. ȆαȡαțȐĲȦ ıĲȠȞ ȆȓȞαțα ǹ.2 φαȓȞȠȞĲαȚ Ĳα ȤαȡαțĲȘȡȚıĲȚțȐ ĲȦȞ 

ĲυπȠπȠȚȘȝȑȞȦȞ R.O.I. πȠυ ȤȡȘıȚȝȠπȠȚȠȪȞĲαȚ ıĲȠȞ ĲȑȜȠȢ ĲȘȢ ȠȞȠȝαıȓαȢ ĲȦȞ αȡȤİȓȦȞ πȠυ πȡȠȑțυȥαȞ 

απȩ ĲȘȞ αȞȐȜυıȘ țαȚ İπİȟİȡȖαıȓα ȝİ ĲȠ bAXIL:   

ȆȓȞαțαȢ ǹ.2 ȉυπȠπȠȚȘȝȑȞα R.O.I. ȖȚα πȠıȠĲȚțȒ αȞȐȜυıȘ ıĲȘȞ παȡȠȪıα ǻ.Ǽ. 

ȈİȞȐȡȚȠ R.O.I. 
ΈȞαȡȟȘ ROI 

(țαȞȐȜȚ) 
ȆȑȡαȢ ROI 

(țαȞȐȜȚ) 
ǹȞȚχȞİυȩȝİȞα 

ıĲȠȚχİȓα 

ΚωįȚțȠπȠȚȘȝȑȞȘ 
ȠȞȠȝαıȓα 

15 kV, 300ȝǹ, 
1 φȓȜĲȡȠ Al 

1 105 175 Ar, K, Ca «_AruptoCa» 

2 175 320 Ti, Cr, Mn, Fe «_TitoFe» 

 

35 kV, 280ȝǹ,  
4 φȓȜĲȡα Mo 

1 240 320 Fe, Ni «_FeNi» 

2 320 450 Cu, Zn, Ga, As «_midROI» 

3 540 600 Rb, Sr «_RbSr» 

 ΓȚα παȡȐįİȚȖȝα, ĲȠ αȡȤİȓȠ πȠυ πİȡȚȜαȝȕȐȞİȚ Ĳα απȠĲİȜȑıȝαĲα ĲȘȢ πȠıȠĲȚțȒȢ αȞȐȜυıȘȢ ĲȠυ 8Ƞυ
 

φȐıȝαĲȠȢ įİȓȖȝαĲȠȢ ıȪȞĲȘȟȘȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ (KCMF14), ȖȚα ĲȠ R.O.I πȠυ πİȡȚȜαȝȕȐȞİȚ ĲȠ Rb țαȚ 

ĲȠ Sr φȑȡİȚ ĲȘȞ πȜȒȡȘ ȠȞȠȝαıȓα «KCMF14P8_RbSr». 
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ȆȓȞαțαȢ ǹ.1  ΦȐıȝαĲα πȠυ ȜȒφșȘțαȞ ıĲȘȞ παȡȠȪıα ǻ.Ǽ. (ȠȠȞȠȝαıȐȚ ıȪȝφȦȞα ȝİ țȦįȚțȠπȠȓȘıȘ ȕȜ. παȡ. ǹ.2 

A/A Ηȝİȡ/Ȟȓα ȅȞȠȝαıȓα 
ΚȪȡȚȠ ıυıĲαĲȚțȩ (ıĲİȡİȐ Ƞυıȓα γȚα 

Ĳα įİȓγȝαĲα ıȪȞĲȘȟȘȢ) 
ΜȑșȠįȠȢ 

παȡαıțİυȒȢ 

ȉȐıȘ 
(kV) 

ΈȞĲαıȘ 
[ȝǹ] 

ΦȓȜĲȡα 
Al 

ΦȓȜĲȡα 
Mo 

ΘȑıȘ 
ǻȚȐȡțİȚα 

(s) 

1 20/5/2016 BGDP1 ȊπȩıĲȡȦȝα –ȤȦȡȓȢ įİȓȖȝα - 15 240 - - - 216.53 

2 20/5/2016 BGDP2 ȊπȩıĲȡȦȝα –ȤȦȡȓȢ įİȓȖȝα - 25 100 - - - 200 

3 20/5/2016 BGDP3 ȊπȩıĲȡȦȝα –ȤȦȡȓȢ įİȓȖȝα - 35 75 - - - 200 

4 20/5/2016 BGDP4 ȊπȩıĲȡȦȝα –ȤȦȡȓȢ įİȓȖȝα - 50 40 - - - 200 

5 20/5/2016 BGDP6 ȊπȩıĲȡȦȝα –ȤȦȡȓȢ įİȓȖȝα - 25 100 4 - - 215.53 

6 20/5/2016 BGDP7 ȊπȩıĲȡȦȝα –ȤȦȡȓȢ įİȓȖȝα - 25 150 6 - - 200 

7 20/5/2016 BGDP8 ȊπȩıĲȡȦȝα –ȤȦȡȓȢ įİȓȖȝα - 35 300 - 4 - 260 

8 20/5/2016 BGDP9 ȊπȩıĲȡȦȝα –ȤȦȡȓȢ įİȓȖȝα - 50 150 - 4 - 213 

9 20/5/2016 CMF7P1 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 35 280 (?) - 4 - 1000 

10 20/5/2016 CNFA23P1 1633b NIST ǿπĲȐȝİȞȘ Ĳȑφȡα Ȇȡȑıα 35 280 - 4 - 1000 

11 26/5/2016 CMF7P2 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 25 100 4 - - 1000 

12 26/5/2016 CMF7P3 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 25 128 6 - - 1000 

13 26/5/2016 CMF7P4 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 15 200 1 - - 500 

14 26/5/2016 CMF7P5 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 15 100 1 - - 500 

15 26/5/2016 CMF7P6 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 25 300 - 4 A 1000 

16 26/5/2016 CMF7P7 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 50 80 - 4 A 1000 

17 31-05-2016 CMF9P1 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 35 280 - 4 A 1000 

18 31-05-2016 CMF9P2 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 50 80 - 4 A 1000 

19 31-05-2016 BINDER2016P1 ΚυĲĲαȡȓȞȘ, ȝİ țυȐșȚȠ Ȇȡȑıα 50 80 - 4 - 1000 

20 31-05-2016 BINDER2016P2 ΚυĲĲαȡȓȞȘ, ȝİ țυȐșȚȠ Ȇȡȑıα 35 280 - 4 - 1000 

21 31-05-2016 BINDER2016NP1 ΚυĲĲαȡȓȞȘ, ȤȦȡȓȢ țυȐșȚȠ Ȇȡȑıα 50 80 - 4 - 1000 

22 31-05-2016 CMF7P8 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 35 280 - 4 B 1000 

23 02-06-2016 CMF7P9 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 35 280 - 4 C 1000 
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24 02-06-2016 CMF7P10 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 35 280 - 4 D 1000 

25 02-06-2016 CMF7P11 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 35 280 - 4 A 1000 

26 02-06-2016 CMF9P3 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 35 280 - 4 B 1000 

27 02-06-2016 CMF9P4 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 35 280 - 4 C 1000 

28 06-06-2016 CMF9P5 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 35 280 - 4 D 1000 

29 06-06-2016 CMF9P6 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 50 80 - 4 D 1000 

30 06-06-2016 CMF9P7 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 50 80 - 4 C 1000 

31 06-06-2016 BINDER2016P3 ΚυĲĲαȡȓȞȘ, ȝİ țυȐșȚȠ Ȇȡȑıα 50 80 - 4 A 1000 

32 06-06-2016 BINDER2016NP2 ΚυĲĲαȡȓȞȘ, ȤȦȡȓȢ țυȐșȚȠ Ȇȡȑıα 50 80 - 4 - 1000 

33 06-06-2016 CMF9P8 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 25 100 4 - A 1000 

34 06-06-2016 BINDER2016P4 ΚυĲĲαȡȓȞȘ, ȝİ țυȐșȚȠ Ȇȡȑıα 50 80 - 4 B 1000 

35 08-06-2016 CMF9P9 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 50 80 - 4 B 1000 

36 08-06-2016 CMF9P10 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 25 300 - 4 A 1000 

37 08-06-2016 CMF9P11 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 25 100 4 - B 1000 

38 08-06-2016 CMF9P12 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 25 160 6 - A 1000 

39 08-06-2016 CMF9P13 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 25 160 6 - B 1000 

40 10-06-2016 CMF7P12 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 15 300 1 - A 1000 

41 10-06-2016 CMF7P13 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 50 80 - 4 B 1000 

42 10-06-2016 CMF7P14 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 15 300 1 - B 1000 

43 10-06-2016 CMF7P15 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 15 300 1 - B 1000 

44 10-06-2016 CMF7P16 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 25 160 6 - A 1000 

45 10-06-2016 BINDER2016NP3 ΚυĲĲαȡȓȞȘ, ȤȦȡȓȢ țυȐșȚȠ Ȇȡȑıα 50 80 - 4 - 1000 

46 13-06-2016 CMF7P17 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 25 160 6 - A 1000 

47 13-06-2016 CMF7P18 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 15 300 1 - C 1000 

48 13-06-2016 CMF7P19 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 15 300 1 - D 1000 

49 13-06-2016 CMF7P20 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 25 160 6 - B 1000 
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50 15-06-2016 CMF9P14 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 15 300 1 - A 1000 

51 15-06-2016 CMF9P15 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ Ȇȡȑıα 15 300 1 - B 1000 

52 15-06-2016 KCMF2P1 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (1.2gr) ȈȪȞĲȘȟȘ 35 280 - 4 A 1000 

53 15-06-2016 KCMF2P2 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (1.2gr) ȈȪȞĲȘȟȘ 35 280 - 4 A 2000 

54 15-06-2016 KCMF2P3 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (1.2gr) ȈȪȞĲȘȟȘ 25 160 - 6 B 2000 

55 15-06-2016 KCMF2P4 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (1.2gr) ȈȪȞĲȘȟȘ 15 300 - 1 A 1000 

56 15-06-2016 KCMF2P5 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (1.2gr) ȈȪȞĲȘȟȘ 15 300 - 1 A 2000 

57 24-06-2016 KCMF3P1 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (1.2gr) ȈȪȞĲȘȟȘ 35 280 - 4 A 1000 

58 24-06-2016 KCMF3P2 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (1. gr) ȈȪȞĲȘȟȘ 35 280 - 4 A 2000 

59 24-06-2016 KCMF3P3 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (1.2gr) ȈȪȞĲȘȟȘ 25 160 6 - A 1000 

60 24-06-2016 KCMF3P4 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (1.2gr) ȈȪȞĲȘȟȘ 25 160 6 - A 2000 

61 28-06-2016 KCMF2P6 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (1.2gr) ȈȪȞĲȘȟȘ 50 80 - 4 A 1000 

62 28-06-2016 KCMF2P7 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (1.2gr) ȈȪȞĲȘȟȘ 50 80 - 4 A 2000 

63 28-06-2016 KBLANK1P1 ǺȠȡȚțȐ ΆȜαĲα ȈȪȞĲȘȟȘ 50 80 - 4 A 1000 

64 28-06-2016 KBLANK1P2 ǺȠȡȚțȐ ΆȜαĲα ȈȪȞĲȘȟȘ 50 80 - 4 A 2000 

65 28-06-2016 KCMF6P1 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (1.0gr) ȈȪȞĲȘȟȘ 35 280 - 4 A 1000 

66 28-06-2016 KCMF6P2 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (1.0gr) ȈȪȞĲȘȟȘ 35 280 - 4 A 2000 

67 30-06-2016 KCMF7P1 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (LiBr) ȈȪȞĲȘȟȘ 35 280 - 4 A 1000 

68 30-06-2016 KCMF7P2 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (LiBr) ȈȪȞĲȘȟȘ 35 280 - 4 A 2000 

69 30-06-2016 KCMF4P1 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (1.0gr) ȈȪȞĲȘȟȘ 35 280 - 4 A 1000 

70 30-06-2016 KCMF4P2 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (1.0gr) ȈȪȞĲȘȟȘ 35 280 - 4 A 2000 

71 30-06-2016 CMF7P21 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ ȈȪȞĲȘȟȘ 50 80 - 4 C 1000 

72 04-07-2016 KCMF8P1 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (1.0gr) ȈȪȞĲȘȟȘ 50 80 - 4 A 1000 

73 04-07-2016 KCMF8P2 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (1.0gr) ȈȪȞĲȘȟȘ 50 80 - 4 A 2000 

74 04-07-2016 KCMF7P3 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (LiBr) ȈȪȞĲȘȟȘ 15 300 1 - A 1000 

75 04-07-2016 KCMF7P4 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (LiBr) ȈȪȞĲȘȟȘ 15 300 1 - A 2000 
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76 04-07-2016 KCMF7P5 ǿπĲȐȝİȞȘ Ĳȑφȡα (LiBr) ȈȪȞĲȘȟȘ 25 160 6 - A 1000 

77 04-07-2016 KCMF7P6 ǿπĲȐȝİȞȘ Ĳȑφȡα (LiBr) ȈȪȞĲȘȟȘ 25 160 6 - A 2000 

78 05-07-2016 KCMF10P1 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (1.2gr) ȈȪȞĲȘȟȘ 35 280 - 4 A 1000 

79 05-07-2016 KCMF10P2 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (1.2gr) ȈȪȞĲȘȟȘ 35 280 - 4 A 2000 

80 05-07-2016 KCMF10P3 ǿπĲȐȝİȞȘ Ĳȑφȡα (1.2 gr) ȈȪȞĲȘȟȘ 25 160 6 - A 1000 

81 05-07-2016 KCMF10P4 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (1.2gr) ȈȪȞĲȘȟȘ 25 160 6 - A 2000 

82 05-07-2016 KCMF11P1 ǿπĲȐȝİȞȘ Ĳȑφȡα (100%) ȈȪȞĲȘȟȘ 35 280 - 4 A 1000 

83 05-07-2016 KCMF11P2 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (100%) ȈȪȞĲȘȟȘ 35 280 - 4 A 2000 

84 08-07-2016 KCMF12P1 ǿπĲȐȝİȞȘ Ĳȑφȡα (1.5 gr) ȈȪȞĲȘȟȘ 35 280 - 4 A 1000 

85 08-07-2016 KCMF12P2 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (1.5gr) ȈȪȞĲȘȟȘ 35 280 - 4 A 1500 

86 08-07-2016 KCMF12P3 ǿπĲȐȝİȞȘ Ĳȑφȡα (1.5 gr) ȈȪȞĲȘȟȘ 35 280 - 4 A 2000 

87 08-07-2016 KCMF12P4 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (1. gr) ȈȪȞĲȘȟȘ 25 160 6 - A 1000 

88 08-07-2016 KCMF12P5 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (1.5gr) ȈȪȞĲȘȟȘ 25 160 6 - A 2000 

89 14-07-2016 KCMF13P1 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (2.0gr) ȈȪȞĲȘȟȘ 35 280 - 4 A 1000 

90 14-07-2016 KCMF13P2 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (2.0gr) ȈȪȞĲȘȟȘ 35 280 - 4 A 2000 

91 14-07-2016 KCMF13P3 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (2.0gr) ȈȪȞĲȘȟȘ 25 160 6 - A 1000 

92 14-07-2016 KCMF13P4 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (2.0gr) ȈȪȞĲȘȟȘ 25 160 6 - A 2000 

93 14-07-2016 KCMF13P5 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (2.0gr) ȈȪȞĲȘȟȘ 15 300 1 - A 1000 

94 14-07-2016 KCMF13P6 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (2.0gr) ȈȪȞĲȘȟȘ 15 300 1 - A 2000 

95 19-07-2016 KCMF13P7 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (2.0gr) ȈȪȞĲȘȟȘ 35 280 - 4 A (UD) 1000 

96 19-07-2016 KCMF13P8 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (2.0gr) ȈȪȞĲȘȟȘ 35 280 - 4 A (UD) 2000 

97 19-07-2016 KCMF14P1 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (2.0gr) ȈȪȞĲȘȟȘ 35 280 - 4 A (UD) 1000 

98 19-07-2016 KCMF14P2 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (2.0gr) ȈȪȞĲȘȟȘ 35 280 - 4 A (UD) 2000 

99 19-07-2016 KCMF14P3 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (2.0gr) ȈȪȞĲȘȟȘ 35 280 - 4 A 1000 

100 19-07-2016 KCMF14P4 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (2.0gr) ȈȪȞĲȘȟȘ 35 280 - 4 A 2000 

101 21-07-2016 KCMF14P5 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (2.0gr) ȈȪȞĲȘȟȘ 25 160 6 - A (UD) 1000 
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102 21-07-2016 KCMF14P6 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (2.0gr) ȈȪȞĲȘȟȘ 25 160 6 - A (UD) 2000 

103 21-07-2016 KCMF14P7 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (2.0gr) ȈȪȞĲȘȟȘ 25 160 6 - A 1000 

104 21-07-2016 KCMF14P8 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (2.0gr) ȈȪȞĲȘȟȘ 25 160 6 - A 2000 

105 21-07-2016 KCMF14P9 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (2.0gr) ȈȪȞĲȘȟȘ 15 300 1 - A 1000 

106 21-07-2016 KCMF14P10 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (2.0gr) ȈȪȞĲȘȟȘ 15 300 1 - A 2000 

107 22-07-2016 KCMF14P11 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (2.0gr) ȈȪȞĲȘȟȘ 35 280 - 4 C 1000 

108 22-07-2016 KCMF14P12 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (2.0gr) ȈȪȞĲȘȟȘ 35 280 - 4 C 2000 

109 22-07-2016 KCMF14P13 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (2.0gr) ȈȪȞĲȘȟȘ 35 280 - 4 C (UD) 1000 

110 22-07-2016 KCMF14P14 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (2.0gr) ȈȪȞĲȘȟȘ 35 280 - 4 C (UD) 2000 

111 06-09-2016 KCMF15P1 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (1.5gr) ȈȪȞĲȘȟȘ 35 280 - 4 A 1000 

112 06-09-2016 KCMF15P2 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (1.5gr) ȈȪȞĲȘȟȘ 35 280 - 4 A 2000 

113 08-09-2016 KCMF15P3 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (1.5gr) ȈȪȞĲȘȟȘ 25 160 6 - A 1000 

114 08-09-2016 KCMF15P4 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (1.5gr) ȈȪȞĲȘȟȘ 25 160 6 - A 2000 

115 08-09-2016 KCMF15P5 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (1. gr) ȈȪȞĲȘȟȘ 15 300 1 - A 1000 

116 08-09-2016 KCMF15P6 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (1.5gr) ȈȪȞĲȘȟȘ 15 300 1 - A 2000 

117 22-09-2016 KCMF12P6 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (1.5gr) ȈȪȞĲȘȟȘ 15 300 1 - A 1000 

118 22-09-2016 KCMF12P7 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (1.5gr) ȈȪȞĲȘȟȘ 15 300 1 - A 2000 

119 22-09-2016 KCMF12P8 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (1.5gr) ȈȪȞĲȘȟȘ 50 80 - 4 A 1000 

120 22-09-2016 KCMF12P9 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (1.5gr) ȈȪȞĲȘȟȘ 50 80 - 4 A 2000 

121 23-09-2016 KTIO6P1 Tiȅ2 (0.7 gr) ȈȪȞĲȘȟȘ 15 300 1 - A 1000 

122 23-09-2016 TIOP1 Tiȅ2 Ȇȡȑıα 15 300 1 - A 1000 

123 23-09-2016 TIOP2 Tiȅ2 Ȇȡȑıα 15 300 1 - A 150 

124 23-09-2016 FEOP1 Fe2ȅ3 Ȇȡȑıα 15 300 1 - A 200 

125 23-09-2016 KFEO1P1 Fe2ȅ3 (0.5 gr) ȈȪȞĲȘȟȘ 15 300 1 - A 1000 

126 23-09-2016 FEOP2 Fe2ȅ3 Ȇȡȑıα 15 300 1 - A 400 

127 30-09-2016 KSRO1P1 SrCO3 (0.5 gr) ȈȪȞĲȘȟȘ 25 160 6 - A 1000 
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128 30-09-2016 SROP1 SrCO3 Ȇȡȑıα 25 160 6 - A 1000 

129 30-09-2016 SROP2 SrCO3 Ȇȡȑıα 25 160 6 - A 500 

130 05-10-2016 KSRO1P2 SrCO3 (0.5 gr) ȈȪȞĲȘȟȘ 35 280 - 4 A 1000 

131 05-10-2016 KSRO1P3 SrCO3 (0.5 gr) ȈȪȞĲȘȟȘ 50 80 - 4 A 1000 

132 05-10-2016 KSRO1P4 SrCO3 (0.5 gr) ȈȪȞĲȘȟȘ 50 30 15 - A 1000 

133 07-10-2016 ZNOP1 Znȅ Ȇȡȑıα 15 80 1 - A 1000 

134 13-10-2016 KCMF14P15 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (2.0gr) ȈȪȞĲȘȟȘ 35 280 - 4 B 1000 

135 13-10-2016 KCMF14P16 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (2.0gr) ȈȪȞĲȘȟȘ 35 280 - 4 D 1000 

136 13-10-2016 KZN2P1 Znȅ(0.25 gr) ȈȪȞĲȘȟȘ 15 300 1 - A 1000 

137 13-10-2016 KCUO3P1 CuO(0.25 gr) ȈȪȞĲȘȟȘ 15 300 1 - A 1000 

138 14-10-2016 CAOP1 CaCO3 Ȇȡȑıα 15 300 1 - A 1000 

139 14-10-2016 CAOP2 CaCO3 Ȇȡȑıα 35 280 - 4 A 1000 

140 14-10-2016 KCAO1P1 CaCO3 (0.25 gr) ȈȪȞĲȘȟȘ 15 300 1 - A 1000 

141 14-10-2016 KCAO1P2 CaCO3 (0.25 gr) ȈȪȞĲȘȟȘ 35 280 - 4 A 1000 

142 25-10-2016 KCAO2P1 CaCO3 (0.1 gr) ȈȪȞĲȘȟȘ 15 300 1 - A 1000 

143 25-10-2016 KCMF14P17 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (2.0gr) ȈȪȞĲȘȟȘ 35 280 - 4 B (UD) 1000 

144 25-10-2016 KCMF14P18 ǿπĲȐȝİȞȘ Ĳȑφȡα ΜİȖαȜȩπȠȜȘȢ (2.0gr) ȈȪȞĲȘȟȘ 35 280 - 4 D (UD) 1000 

145 27-10-2016 KZN3P1 Znȅ(0.10 gr) ȈȪȞĲȘȟȘ 35 280 - 4 A 1000 

146 31-10-2016 KFEO1P2 Fe2ȅ3 (0.5 gr) ȈȪȞĲȘȟȘ 35 280 - 4 A 1000 

147 11-11-2016 KCNFA1P1 1633b NIST ǿπĲȐȝİȞȘ Ĳȑφȡα (1.5gr) ȈȪȞĲȘȟȘ 15 300 1 - A 1000 

148 11-11-2016 KBLANK1P3 ǺȠȡȚțȐ ΆȜαĲα ȈȪȞĲȘȟȘ 15 300 1 - A 1000 

149 11-11-2016 KCNFA1P2 1633b NIST ǿπĲȐȝİȞȘ Ĳȑφȡα (1.5gr) ȈȪȞĲȘȟȘ 35 280 - 4 A 1000 

150 21-11-2016 KZN3P2 Znȅ (0.10 gr) ȈȪȞĲȘȟȘ 25 160 6 - A 1000 

151 21-11-2016 KCNFA1P3 1633b NIST ǿπĲȐȝİȞȘ Ĳȑφȡα (1.5gr) ȈȪȞĲȘȟȘ 25 160 6 - A 1000 

152 29-11-2016 KBLANK1P5 ǺȠȡȚțȐ ΆȜαĲα ȈȪȞĲȘȟȘ 25 160 6 - A 1000 
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153 29-11-2016 KBLANK1P6 ǺȠȡȚțȐ ΆȜαĲα ȈȪȞĲȘȟȘ 35 280 - 4 A 1000 

154 30-11-2016 KFEO1P3 Fe2ȅ3 (0.5 gr) ȈȪȞĲȘȟȘ 25 160 6 - A 1000 

155 30-11-2016 KBLANK7 ǺȠȡȚțȐ ΆȜαĲα ȈȪȞĲȘȟȘ 15 300 1 - A 1000 

156 02-12-2016 CNFA23P2 1633b NIST ǿπĲȐȝİȞȘ Ĳȑφȡα Ȇȡȑıα 15 300 1 - A 1000 

157 02-12-2016 FEO1P3 Fe2ȅ3 Ȇȡȑıα 35 280 - 4 A 1000 

158 05-12-2016 SRO1P3 SrCO3 Ȇȡȑıα 35 280 - 4 A 1000 

159 05-12-2016 ZNOP2 ZnO Ȇȡȑıα 35 280 - 4 A 1000 

160 08-12-2016 FEO1P4 Fe2ȅ3 Ȇȡȑıα 25 160 - 6 A 1000 

161 08-12-2016 ZNO1P3 ZnO Ȇȡȑıα 25 160 - 6 A 1000 

162 08-12-2016 CNFA23P3 1633b NIST ǿπĲȐȝİȞȘ Ĳȑφȡα Ȇȡȑıα 25 160 - 6 A 1000 

163 26-01-2017 KCNFA1P5 1633b NIST ǿπĲȐȝİȞȘ Ĳȑφȡα (1.5gr) ȈȪȞĲȘȟȘ 15 300 1 - B 1000 

164 26-01-2017 KCNFA1P6 1633b NIST ǿπĲȐȝİȞȘ Ĳȑφȡα (1.5gr) ȈȪȞĲȘȟȘ 15 300 1 - C 1000 

165 26-01-2017 KCNFA1P7 1633b NIST ǿπĲȐȝİȞȘ Ĳȑφȡα (1.5gr) ȈȪȞĲȘȟȘ 15 300 1 - D 1000 

166 26-01-2017 CNFA23P4 1633b NIST ǿπĲȐȝİȞȘ Ĳȑφȡα Ȇȡȑıα 15 300 1 - B 1000 

167 03-02-2017 CNFA23P5 1633b NIST ǿπĲȐȝİȞȘ Ĳȑφȡα Ȇȡȑıα 15 300 1 - C 1000 

168 03-02-2017 CNFA23P6 1633b NIST ǿπĲȐȝİȞȘ Ĳȑφȡα Ȇȡȑıα 15 300 1 - D 1000 

169 22-02-2017 CNFA23P7 1633b NIST ǿπĲȐȝİȞȘ Ĳȑφȡα Ȇȡȑıα 35 280 - 4 D 1000 

170 22-02-2017 CNFA23P8 1633b NIST ǿπĲȐȝİȞȘ Ĳȑφȡα Ȇȡȑıα 35 280 - 4 C 1000 

171 22-02-2017 CNFA23P9 1633b NIST ǿπĲȐȝİȞȘ Ĳȑφȡα Ȇȡȑıα 35 280 - 4 C 1000 

172 22-02-2017 KCNFA1P8 1633b NIST ǿπĲȐȝİȞȘ Ĳȑφȡα (1.5gr) ȈȪȞĲȘȟȘ 35 280 - 4 B 1000 

173 22-02-2017 KCNFA1P9 1633b NIST ǿπĲȐȝİȞȘ Ĳȑφȡα (1.5gr) ȈȪȞĲȘȟȘ 35 280 - 4 C 1000 

174 22-02-2017 KCNFA1P10 1633b NIST ǿπĲȐȝİȞȘ Ĳȑφȡα (1.5gr) ȈȪȞĲȘȟȘ 35 280 - 4 D 1000 
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ȆǹȇǹȇȉΗΜǹ Ǻ ǻİȓȖȝαĲα πȠυ παȡαıțİυȐıșȘțαȞ ȝİ ıȪȞĲȘȟȘ ȝİ ȕȠȡȚțȐ ȐȜαĲα țαĲȐ ĲȘȞ İțπȩȞȘıȘ ĲȘȢ παȡȠȪıαȢ ǻ.Ǽ. 

ǿțαȞȠπȠȚȘĲȚțȐ ǻİȓȖȝαĲα 

ΗȝİȡȠȝȘȞȓα  ȅȞȠȝαıȓα  ȈĲİȡİȐ ȅυıȓα ΜȐȗα ĲİĲȡαȕȠȡȚțȠȪ 
ȜȚșȓȠυ [gr] 

ΜȐȗα 
ȝİĲαȕȠȡȚțȠȪ 
ȜȚșȓȠυ [gr] 

ΜȐȗα ıĲİȡİȐȢ 
ȠυıȓαȢ [gr] 

ΜȐȗα non wetting 
agent [gr] 

15-6-16 KCMF2  

 

 

 

 

ǿπĲȐȝİȞȘ Ĳȑφȡα 
ΜİȖαȜȩπȠȜȘȢ 

4.6836 4.6987 1.2026 0.0647 

17-6-16 KCMF3 4.6874 4.709 1.1962 0.045 

24-6-16 KCMF4 4.842 4.8482 1.0016 0.0778 

24-6-16 KCMF5 6.4505 3.2007 1.0211 0.0774 

28-6-16 KCMF6 6.4423 3.2105 1.0347 0.0388 

28-6-16 KCMF7 9.7069 1.0181 - 

30-6-16 KCMF8 6.4426 3.2159 1.0195 0.1616 

30-6-16 KCMF9 6.4449 3.2084 1.0169 0.3389 

4-7-16 KCMF10 6.2964 3.1028 1.201 0.256 

5-7-16 KCMF11 9.2833 - 1.2042 0.2388 

05-07-16 KCMF12 6.0062 3.005 1.4989 0.2296 

08-07-16 KCMF13 5.7043 2.8000 2.0039 0.2463 

19-07-16 KCMF14 5.7011 2.7998 2.0049 0.2347 

19-07-16 KCMF15 6.0146 3.0023 1.5083 0.2382 

22-07-16 KTIO6 ΟȟİȓįȚȠ ĲȚĲαȞȓȠυ TiO2 4.8473 4.8448 0.6914 0.3152 

23-07-16 KFEO1 ΟȟİȓįȚȠ ıȚįȒȡȠυ Fe2Ο3 4.9362 4.9452 0.5191 0.2911 

23-07-16 KSRO1 ΑȞșȡαțȓțȠ ıĲȡȩȞĲȚȠ SrCO3 6.7059 3.3071 0.514 0.2828 

14-10-16 KCAO2 ΑȞșȡαțȓțȠ αıȕȑıĲȚȠ CaCO3 7.1069 3.3944 0.0993 0.3255 

25-10-16 KZN3 ΟȟİȓįȚȠ ΨİυįαȡȖȪȡȠυ ZnO 7.0989 3.4011 0.0996 0.2562 

03-11-16 KCNFA1 ǿπĲȐȝİȞȘ Ĳȑφȡα NIST  5.9994 3.0231 1.5233 0.2441 

17-06-16 ΚBLANK1 - 5.2792 5.3114 - 0.0909 
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ǻİȓȖȝαĲα πȠυ įİȞ țȡȓșȘțαȞ ȚțαȞȠπȠȚȘĲȚțȐ - απȑĲυχαȞ țαĲȐ ĲȘȞ παȡαıțİυȒ ĲȠυȢ 

ΗȝİȡȠȝȘȞȓα  ȅȞȠȝαıȓα  ȈĲİȡİȐ ȅυıȓα ΜȐȗα ĲİĲȡαȕȠȡȚțȠȪ 
ȜȚșȓȠυ [gr] 

ΜȐȗα ȝİĲαȕȠȡȚțȠȪ 
ȜȚșȓȠυ [gr] 

ΜȐȗα ıĲİȡİȐȢ 
ȠυıȓαȢ [gr] 

ΜȐȗα non wetting 
agent [gr] 

13-06-16 KCMF1 
ǿπĲȐȝİȞȘ Ĳȑφȡα 
ΜİȖαȜȩπȠȜȘȢ 4.703 4.682 1.2037 - 

14-07-16 KTIO1 

ΟȟİȓįȚȠ ĲȚĲαȞȓȠυ TiO2 

5.9963 3.0037 1.5037 0.2906 

14-07-16 KTIO2 4.6529 4.6495 1.1978 0.2793 

06-09-16 KTIO3 4.8501 4.8495 0.6976 0.3315 

08-09-16 KTIO4 4.8416 4.85 0.6903 0.2639 

08-09-16 KTIO5 4.8478 4.8473 0.6855 0.2704 

30-09-16 KCUO1 

ΟȟİȓįȚȠ χαȜțȠȪ CuO 

6.7001 3.3031 0.4981 0.2808 

05-10-16 KCUO2 6.8449 3.4408 0.2413 0.3136 

13-10-16 KCUO3 10.449 0.2579 0.2483 - 

07-10-16 KZN1 ΟȟİȓįȚȠ ΨİυįαȡȖȪȡȠυ 

ZnO 

6.8484 3.4456 0.2575 0.2833 

13-10-16 KZN2 10.4414 - 0.2448 0.0000 

14-10-16 KCAO1 
ΑȞșȡαțȓțȠ αıȕȑıĲȚȠ 

CaCO3 
10.2939 - 0.293 0.2785 
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Πιστοποιητικό αναφοράς της ιπτάµενης τέφρας 1633b του NIST 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

National Institute of Standards & Technology 
 

Certificate of Analysis 
 

Standard Reference Material 1633b  
 

Constituent Elements in Coal Fly Ash 
 

This Standard Reference Material (SRM) is intended for use in the evaluation of analytical methods for the 

determination of constituent elements in coal fly ash or materials with a similar matrix.  SRM 1633b is a bituminous 

coal fly ash that was sieved through a nominal sieve opening of 90 µm (170 mesh) and then blended to assure 

homogeneity.  A unit of SRM 1633b consists of 75 g of powdered material. 

 

The certified values for the constituent elements are given in Table 1.  The values are based on measurements using 

one definitive method or two or more independent and reliable analytical techniques. Noncertified values for a 

number of elements are given in Table 2 as additional information on the composition of the material.  The 

noncertified values should not be used for calibration or quality control. Analytical methods used for the certification 

of this SRM are given in Table 3 along with analysts and cooperating laboratories.  All values are based on 

measurements using a dry sample weight of at least 250 mg. 

 

Certified Values and Uncertainties:  The certified values are weighted means of results of two or more independent 

analytical methods, or the means of results from a single definitive method.  The weights for the weighted means 

were computed according to the iterative procedure of Paule and Mandel [1].  The stated uncertainty includes 

allowances for measurement imprecision, material variability, and differences among analytical methods.  Each 

uncertainty is the sum of the half-width of a 95 % prediction interval, and includes an allowance for the systematic 

error among the methods used.  In the absence of systematic error, a 95 % prediction interval predicts where the true 

concentrations of 95 % of the samples of this SRM lie. 

 

Mercury certification is based on cold vapor isotope dilution inductively coupled plasma mass spectrometry 

(CV- ID-ICP-MS) at NIST [2].  The uncertainty in the certified value for mercury is expressed as an expanded 

uncertainty, U = kuc, calculated according to the methods in the ISO/NIST Guide [3].  The quantity uc represents, at 

the level of one standard deviation, the potential combined effects of the uncertainty due to material and measurement 

variability.  The quantity k is the coverage factor used to obtain an expanded uncertainty with an approximate 

confidence level of 95 %.  The value of the coverage factor, k = 2.034, is determined from the Student’s t-distribution 

with 33 degrees of freedom and a confidence level of 95 %. 

 

Expiration of Certification:  The certification of this SRM is valid until 01 May 2014, within the uncertainty 

specified, provided the SRM is handled and stored in accordance with the instructions given in this certificate (see 

“Instructions for Use”).  However, the certification will be nullified if the SRM is damaged or contaminated. 

Registration (see attached sheet) will facilitate notification. 

 

Stability:  This material is considered to be stable; however, its stability has not been rigorously assessed.  NIST will 

monitor this material and will report any substantive changes in certification to the purchaser. 

 

The overall direction and coordination of the analyses were under the chairmanship of R.R. Greenberg of the NIST 

Analytical Chemistry Division. 

 

Statistical consultation was provided by S.B. Schiller and D.D. Leber of the NIST Statistical Engineering Division. 

 

  Willie E. May, Chief 

  Analytical Chemistry Division 

 

Gaithersburg, MD 20899 Robert L. Watters, Jr., Chief 

Certificate Issue Date:  10 December 2004 Measurement Services Division 
See Certificate Revision History on Last Page 
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The support aspects involved in the issuance of this SRM were coordinated through the NIST Standard Reference 

Materials Program by B.S. MacDonald of the NIST Measurement Services Division. 

 

INSTRUCTIONS FOR USE 

 

A minimum dry sample weight of 250 mg should be used for analytical determinations to be related to the certified 

values on this Certificate of Analysis. 

 

To obtain the certified values, sample preparation procedures should be designed to affect complete dissolution.  If 

volatile elements (e.g., Hg, As, Se) are to be determined, precautions should be taken in the dissolution of 

SRM 1633b to avoid volatilization losses. 

 

Instructions for Drying:  When non-volatile elements are being determined, this material should be dried to 

constant weight before using.  Recommended procedures for drying are: 1) Vacuum drying for 24 h at ambient 

temperature using a cold trap at or below -50 °C and a pressure not greater than 0.2 mm Hg (30 Pa); 2) drying for 2 h 

in an oven of 105 °C.  Samples of the dried material weighing at least 250 mg should be used for analysis.  When not 

in use, the material should be kept in a tightly sealed bottle.  Volatile elements should be determined on an as-

received basis, and corrected to dry weight.  Correction should be based on a separate determination of moisture 

using one of the above drying procedures. 

 

Source and Preparation of the Material:  The fly ash was supplied by a coal fired power plant and is the product of 

Pennsylvania and West Virginia coals.  It was selected as a typical bituminous coal fly ash and is not intended as a fly 

ash from a specific coal or combustion process.  The material was air dried, sieved, and blended for 24 h before being 

placed in a series of bulk containers.  X-ray fluorescence and inductively coupled plasma atomic emission (ICP-AES) 

analyses were performed on ten grab samples taken from the bulk for a preliminary homogeneity assessment before 

proceeding with bottling the material in 75 g units. 

 

Analysis:  The homogeneity of the bottled material was assessed by X-ray fluorescence spectrometry (XRF) and 

instrumental neutron activation analysis, using selected elements as indicators.  In some cases, statistically significant 

differences between samples were seen, and the variance due to material inhomogeneity is included in the overall 

uncertainties of the certified values.  The estimated relative standard deviation for material inhomogeneity is less than 

1 % for those elements for which homogeneity was assessed, except thorium, for which material inhomogeneity was 

estimated to be 2 %. 
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Table 1.  Certified Values 

 

  Mass Fraction Mass Fraction 

Element  (%) Element (mg/kg) 

 

 Al 15.05 ± 0.27 As 136.2 ± 2.6 

Ca 1.51 ± 0.06 Ba 709 ± 27 

Fe 7.78 ± 0.23 Cd 0.784 ± 0.006 

Mg 0.482 ± 0.008 Cr 198.2 ± 4.7 

K 1.95 ± 0.03 Cu 112.8 ± 2.6 

Si 23.02 ± 0.08 Pb 68.2 ± 1.1 

Na 0.201 ± 0.003 Mn 131.8 ± 1.7 

S 0.2075 ± 0.0011 Hg 0.1431 ± 0.0018 

Ti 0.791 ± 0.014 Ni 120.6 ± 1.8 

    Se 10.26 ± 0.17 

    Sr 1041 ± 14 

    Th 25.7 ± 1.3 

    U 8.79 ± 0.36 

    V 295.7 ± 3.6 

 

 

Table 2.  Noncertified Values 

 

  Mass Fraction  Mass Fraction 

 Element (mg/kg) Element (mg/kg) 

  

 Sb 6 P 2300 

Br 2.9 Rb 140 

Ce 190 Sc 41 

Co 50 Sm 20 

Cs 11 Ta 1.8 

Dy 17 Tb 2.6 

Eu 4.1 Tl 5.9 

Gd 13 Tm 2.1 

Hf 6.8 W 5.6 

Ho 3.5 Yb 7.6 

La 94 Zn 210 

Lu 1.2 

Nd 85 
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Table 3.  Analytical Methods Used for Certification Analyses 

  

 Element Certification Methods 

  

 Al  . INAA, XRF 

 As   FIA-HAAS, INAA 

 Ba   ICP-MS, INAA 

 Ca   ICP, INAA, XRF 

 Cd   ETAAS, IDTIMS 

 Cr   FAAS, INAA 

 Cu   FAAS, ICP-MS 

 Fe   INAA, XRF 

 Hg   CV-ID-ICP-MS 

 K   FAES, INAA, XRF 

 Mg   ICP, IDTIMS 

 Mn   FAAS, INAA 

 Na   FAES, INAA 

 Ni   ETAAS, ICP 

 Pb   ETAAS, ICP-MS 

 Rb   FAES, INAA 

 S   IDTIMS 

 Sb   ETAAS, INAA 

 Se   FIA-HAAS, INAA 

 Si   GRAV, XRF 

 Sr   FAES, INAA, IDTIMS 

 Th   ICP-MS, INAA 

 Ti   INAA, XRF 

 U   ICP-MS, INAA 

 V ICP, INAA 

 

ID-TIMS   Isotope Dilution Thermal Ionization Mass Spectrometry; mixed acid digestion 

ICP-MS   Inductively Coupled Plasma Mass Spectrometry; mixed acid digestion 

INAA   Instrumental Neutron Activation Analysis 

XRF   Wavelength Dispersive X-ray Fluorescence on fused borate discs 

ICP-AES   Inductively Coupled Plasma Atomic Emission Spectrometry; mixed acid digestion 

ETAAS   Electrothermal Atomic Absorption Spectrometry; mixed acid digestion 

CV-ID-ICP-MS   Cold Vapor Isotope Dilution Inductively Coupled Plasma Mass Spectrometry 

FIA-HAAS   Flow Injection Analyses - Hydride Generation Atomic Absorption Spectrometry 

FAAS   Flame Atomic Absorption Spectrometry; mixed acid digestion except for Au, leached with HBr-Br2 

GRAV   Gravimetry; sodium carbonate fusion 

 

Most information values were determined by INAA only; P was determined by ICP-AES and XRF; Ti was 

determined by ICP-MS; Zn was determined by FAAS and ICP-AES. 
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Certificate Revision History:  10 December 2004 (This revision reflects an update of the certified value for Hg based on new

methodology, update expiration date, and editorial changes); 22 June 1993 (Original certificate date). 

 
 

 

Users of this SRM should ensure that the certificate in their possession is current.  This can be accomplished by 

contacting the SRM Program at:  telephone (301) 975-6776; fax (301) 926-4751, email srminfo@nist.gov; or via the 

Internet at http://www.nist.gov/srm. 
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ȆΑȇΑȇΤΗΜΑ Δ 

 

 ȈĲȠ ȆαȡȐȡĲȘȝα ǻ πİȡȚȖȡȐφİĲαȚ Ș πȜαĲφȩȡȝα πȠυ χȡȘıȚȝȠπȠȚȒșȘțİ ȖȚα ĲȘȞ 
απȠșȒțİυıȘ, įȚαχİȓȡȚıȘ ĲωȞ πİȚȡαȝαĲȚțȫȞ įİįȠȝȑȞωȞ țαȚ ıȪȖțȡȚıȘ ĲωȞ φαıȝȐĲωȞ 
αțĲȓȞωȞ Χ. ȈĲȠ πȜαȓıȚȠ ĲȘȢ ǻ.Ǽ. αȞαπĲȪχșȘțİ ıİ πİȡȚȕȐȜȜȠȞ MS Excel (ΈțįȠıȘ 2003), 
χȡȘıȚȝȠπȠȚȫȞĲαȢ ĲȘȞ ȖȜȫııα πȡȠȖȡαȝȝαĲȚıȝȠȪ Visual Basic ȑȞα απȜȩ αȜȜȐ 
ȜİȚĲȠυȡȖȚțȩ πȡȩȖȡαȝȝα țαĲαȖȡαφȒȢ ĲωȞ πİȚȡαȝȐĲωȞ πȠυ ȑȖȚȞαȞ țαȚ ıȪȖțȡȚıȘȢ ĲωȞ 
φαıȝȐĲωȞ πȠυ ȜȒφșȘțαȞ ıİ țȠȚȞȠȪȢ ȐȟȠȞİȢ. ȉȠ πȡȩȖȡαȝȝα αυĲȩ χȡȘıȚȝȠπȠȚȒșȘțİ ȖȚα 
ȩȜİȢ ĲȚȢ πȠȚȠĲȚțȑȢ ıυȖțȡȓıİȚȢ πȠυ ȑȖȚȞαȞ, ȩπωȢ πİȡȚȖȡȐφȠȞĲαȚ αȞαȜυĲȚțȐ ıĲȠ Κİφ. 6, ĲȘȢ 
παȡȠȪıαȢ ǻ.Ǽ. țαȚ απȠĲȑȜİıİ ȑȞα πȠȜȪ İȪχȡȘıĲȠ țαȚ İȡȖȠȞȠȝȚțȩ İȡȖαȜİȓȠ. ΈĲıȚ, 
țȡȓșȘțİ  ωφȑȜȚȝȠ Ȟα țαĲαȖȡαφİȓ ıĲȠ ȆαȡȐȡĲȘȝα ǻ Ƞ țȫįȚțαȢ ıİ Visual Basic πȠυ 
χȡȘıȚȝȠπȠȚȒșȘțİ ȖȚα țȐșİ ȝȓα απȩ ĲȚȢ υπȠȡȠυĲȓȞİȢ ĲȠυ πȡȠȖȡȐȝȝαĲȠȢ αυĲȠȪ. ȅȚ 
υπȠȡȠυĲȓȞİȢ αυĲȑȢ παȡȠυıȚȐȗȠȞĲαȚ παȡαțȐĲω. 

 

Sub GreenLight() 

 

ThisRow = ActiveCell.Row 

i = 2 

 

GoAgain: 

If i > 11 Then 

    Exit Sub 

End If 

 

Cells(ThisRow, i).Interior.Color = vbGreen 

i = i + 1 
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GoTo GoAgain 

 

End Sub 

 

Sub GrayLight() 

 

Range("B2:K200").Interior.Color = RGB(217, 217, 217) 

Range("B20:K20").Interior.Color = vbRed 

'Range("B16:K16").Interior.Color = RGB(200, 100, 250) 

 

End Sub 

 

 

Sub ChartMacro() 

Dim i As Integer 

Dim ChartUp As Chart 

i = 1 

k = 1 

 

 

Charts.Add 

ActiveChart.Location Where:=xlLocationAsObject, Name:="General Table" 

ActiveChart.ChartType = xlLine 
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GoAgain: 

 

            Range("A1").Select 

i = i + 1 

     

    If IsEmpty(Cells(i, 3)) = True Then 

        Exit Sub 

    End If 

     

        'Found Green Selection 

        If Cells(i, 3).Interior.Color = vbGreen Then 

            Filename = Cells(i, 3).Value 

            Sheets("Data").Select 

            Range("A2:GB2").Select 

Selection.Find(What:=Filename, After:=ActiveCell, LookIn:=xlFormulas, _ 

        LookAt:=xlPart, SearchOrder:=xlByRows, SearchDirection:=xlNext, _ 

        MatchCase:=False).Activate 

            j = ActiveCell.Column 

             

Worksheets(1).ChartObjects(1).Activate 

    ActiveChart.SeriesCollection.NewSeries 

    ActiveChart.SeriesCollection(k).Name = Filename 

    ActiveChart.SeriesCollection(k).XValues = "=Data!R3C2:R3049C2" 

    ActiveChart.SeriesCollection(k).Values = "=Data!R3C" & j & ":R3049C" & j & "" 

    ActiveChart.Axes(xlCategory).Border.LineStyle = xlNone 
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        If k = 2 Then 

            ActiveChart.SeriesCollection(k).Border.LineStyle = xlDot 

        End If 

        If k = 3 Then 

            ActiveChart.SeriesCollection(k).Border.LineStyle = xlDashDot 

        End If 

             k = k + 1 

                    Sheets("General Table").Select 

          GoTo GoAgain 

        Else 

            GoTo GoAgain 

        End If 

         

End Sub 

 

Sub ChartZoom() 

 

Worksheets(1).ChartObjects(1).Activate 

minychart = InputBox("Insert Y Axis Minimum Value") 

maxychart = InputBox("Insert Y Axis Maximum Value") 

ActiveChart.Axes(xlValue).MinimumScale = minychart 

ActiveChart.Axes(xlValue).MaximumScale = maxychart 

 

 

End Sub 
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ȆǹȇǹȇȉΗΜǹ Ǽ 

 

Ǽ.1 ǼȚıαȖωȖȒ 

 ȈĲȠ ȆαȡȐȡĲȘȝα Ǽ πİȡȚȜαȝȕȐȞȠȞĲαȚ ȩȜİȢ ȠȚ αȞαφȠȡȑȢ (reports) απȠĲİȜİıȝȐĲȦȞ ĲȘȢ πȠıȠĲȚțȒȢ 

αȞȐȜυıȘȢ πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ ȖȚα ĲȠȞ υπȠȜȠȖȚıȝȩ ĲȘȢ πȠıȠĲȚțȒȢ ıȪıĲαıȘȢ ĲȦȞ įİȚȖȝȐĲȦȞ 

ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ πȠυ αȞαȜȪșȘțαȞ (ȕȜ. Κİφ. 6), ȩπȦȢ πȡȠȑțυȥαȞ απȩ ĲȠ bAXIL FP. ȈĲȘ ıυȞȑȤİȚα 

παȡȠυıȚȐȗȠȞĲαȚ İȞįİȚțĲȚțȐ Ĳα ȕȒȝαĲα ȖȚα ĲȠȞ πȡȠıįȚȠȡȚıȝȩ ĲȦȞ ıυȖțİȞĲȡȫıİȦȞ ĲȦȞ ıυıĲαĲȚțȫȞ ĲȦȞ 

įİȚȖȝȐĲȦȞ ıȪȞĲȘȟȘȢ ȝİ ȕȐıȘ Ĳα απȠĲİȜȑıȝαĲα πȠıȠĲȚțȒȢ αȞȐȜυıȘȢ ĲȦȞ φαıȝȐĲȦȞ (παȡȐįİȚȖȝα 

πȡȠıįȚȠȡȚıȝȠȪ ȖȚα ĲȘȞ ȚπĲȐȝİȞȘ Ĳȑφȡα 1633ȕ NIST (KCNFA1).  ȉȑȜȠȢ, παȡαĲȓșİĲαȚ  țαȚ ȠȚ αȞαφȠȡȑȢ 

αȞȐȜυıȘȢ ĲȦȞ φαıȝȐĲȦȞ ĲȦȞ πȡȩĲυπȦȞ įİȚȖȝȐĲȦȞ (ȠȟİȚįȓȦȞ țαȚ αȜȐĲȦȞ) πȠυ ȤȡȘıȚȝȠπȠȚȒșȘțαȞ απȩ 

ĲȠ ȜȠȖȚıȝȚțȩ bAXIL FP ȖȚα ĲȘȞ πȠıȠĲȚțȒ ȕαșȝȠȞȩȝȘıȘ ĲȦȞ įİȚȖȝȐĲȦȞ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ.  

 

Ǽ.2 ǹȞαφȠȡȑȢ απȠĲİȜİıȝȐĲωȞ ȖȚα ȚπĲȐȝİȞη Ĳȑφȡα 1633ȕ NIST  

Ǽ.2.1  ǹȞαφȠȡȑȢ απȠĲİȜİıȝȐĲωȞ ȖȚα ĲȠ įİȓȖȝα ıȪȞĲηȟηȢ ȚπĲȐȝİȞηȢ ĲȑφȡαȢ 1633ȕ NIST 

(KCNFA1) 
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Ǽ.2.2  ǹȞαφȠȡȑȢ απȠĲİȜİıȝȐĲωȞ ȖȚα ĲȠ įİȓȖȝα  πȡȑıαȢ ȚπĲȐȝİȞηȢ ĲȑφȡαȢ 1633ȕ NIST (CNFA23) 
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Ǽ.3 ǹȞαφȠȡȑȢ απȠĲİȜİıȝȐĲωȞ ȖȚα ĲηȞ ȚπĲȐȝİȞη Ĳȑφȡα ΜİȖαȜȩπȠȜηȢ  

Ǽ.3.1  ǹȞαφȠȡȑȢ απȠĲİȜİıȝȐĲωȞ ȖȚα ĲȠ įİȓȖȝα ıȪȞĲηȟηȢ ȚπĲȐȝİȞηȢ ĲȑφȡαȢ ΜİȖαȜȩπȠȜηȢ 
(KCMF14) 
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. 

Ǽ.3.2 ǹȞαφȠȡȑȢ απȠĲİȜİıȝȐĲωȞ ȖȚα ĲȠ įİȓȖȝα  πȡȑıαȢ ȚπĲȐȝİȞηȢ ĲȑφȡαȢ ΜİȖαȜȩπȠȜηȢ (CMF7) 
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Ǽ.4 ǺȒȝαĲα πȡȠıįȚȠȡȚıȝȠȪ ıυȖțȑȞĲȡωıηȢ ıĲηȞ ȚπĲȐȝİȞη Ĳȑφȡα ȝİ ȕȐıη Ĳα απȠĲİȜȑıȝαĲα ĲȠυ  
bAXIL.  

ȆαȡȐįİȚȖȝα: ǻİȓȖȝα ıȪȞĲȘȟȘȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ 1633ȕ NIST (KCNFA1 

ΑȡȤȚțȐ İπȚȜȑȖİĲαȚ ȖȚα țȐșİ ıĲȠȚȤİȓȠ ĲȠ țαĲȐȜȜȘȜȠ ıİȞȐȡȚȠ țαȚ ROI ıȪȝφȦȞα ȝİ Ĳα ıυȝπİȡȐıȝαĲα 

πȠυ πȡȠȑțυȥαȞ ıĲȠ Κİφ. 6. ȉα απȠĲİȜȑıȝαĲα ĲȦȞ αȞĲȓıĲȠȚȤȦȞ αȞαȜȪıİȦȞ ȖȚα țȐșİ ıĲȠȚȤİȓȠ 

φαȓȞȠȞĲαȚ ıĲȠȞ πȓȞαțα Ǽ.1 (αȡȤȚțȫȞ απȠĲİȜİıȝȐĲȦȞ) . ȅȚ ıυȖțİȞĲȡȫıİȚȢ ıĲȠȞ ȆȓȞαțα  Ǽ.1 

αȞαφȑȡȠȞĲαȚ ıİ % αȞαȜȠȖȓα ıĲȠ įİȓȖȝα ıȪȞĲȘȟȘȢ įȘȜαįȒ ıĲȘ ıυȞȠȜȚțȒ ĲȠυ ȝȐȗα 10.6068gr , ȩȝȦȢ Ĳα 

ıĲȠȚȤİȓα αυĲȐ πȡȠȑȡȤȠȞĲαȚ ȝȩȞȠ απȩ ĲȘȞ ıĲİȡİȐ Ƞυıȓα įȘȜαįȒ ĲȘȞ ȚπĲȐȝİȞȘ Ĳȑφȡα 1633bNIST įȘȜ. 

αȞȐȖȠȞĲαȚ ĲİȜȚțȐ ıĲȘ ȝȐȗα   ĲȘȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ ıĲȠ įİȓȖȝα ıȪȞĲȘȟȘȢ (1.5233 gr).  ΓȚα ĲȠ 

απȠĲȑȜİıȝα ıİ ppm υπȠȜȠȖȓȗȠυȝİ ĲȘȞ αȞαȜȠȖȓα ĲȠυȢ ıİ mg/Kg țαȚ  țαĲαȜȒȖȠυȝİ ıĲȠȞ ĲİȜȚțȩ πȓȞαțα, 

ȩπȦȢ παȡȠυıȚȐȗİĲαȚ ıĲȠ Κİφ. 6 (ȕȜ. ȆȚȞ. 6.7 α,ȕ),  

ȆȤ.  ΓȚα ĲȘ ıυȖțȑȞĲȡȦıȘ Κ (ȝİ ȕȐıȘ Ĳα απȠĲİȜȑıȝαĲα αȞȐȜυıȘȢ ȖȚα șȑıȘ Α) ȑȤȠυȝİ: 

0.3510%  ȖȚα ĲȠ įİȓȖȝα ıȪȞĲȘȟȘȢ (ȝȐȗαȢ 0.60608gr) įȘȜ. 0.03723gr  Κ ıĲȠ įİȓȖȝα ıȪȞĲȘȟȘȢ πȠυ 

ȠφİȓȜȠȞĲαȚ Ȃȅȃȅ ıĲȘ ȝȐȗα ĲȠυ Κ ıĲȘȞ ȚπĲȐȝİȞȘ Ĳȑφȡα ĲȠυ įİȓȖȝαĲȠȢ ıȪȞĲȘȟȘȢ įȘȜ. ıĲα 1.5233gr 

ǿπĲȐȝİȞȘȢ ĲȑφȡαȢ 1633b NIST, vȠπȩĲİ πȡȠțȪπĲİȚ ıυȖțȑȞĲȡȦıȘ: Ͳ.Ͳ͵7ʹ͵𝑔𝑟ͳ.ͷʹ͵͵𝑔𝑟 = ͵7.ʹ͵ ∙ ͳͲ3𝑚𝑔ͳ.ͷʹ͵͵𝑘𝑔 = ʹͶͶͶͲ.͵𝑝𝑝𝑚 
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ȆȓȞαțαȢ Ǽ.1 ΑȡȤȚțȩȢ πȓȞαțαȢ απȠĲİȜİıȝȐĲȦȞ αȞȐȜυıȘȢ įİȓȖȝαĲȠȢ ıȪȞĲȘȟȘȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ 1633ȕ 
NIST (KCNFA1) 

ȈİȞȐȡȚȠ ROI (%) ȆȜİυȡȐ ǹ ȆȜİυȡȐ B ȆȜİυȡȐ Γ ȆȜİυȡȐ ǻ 

Ȉİ
ȞȐ

ȡȚ
Ƞ 

αț
ĲȚ

ȞȠ
ȕȩ

Ȝη
ıη

Ȣ 
15

 k
V

 

1
 K 0.3510 0.3510 0.3600 0.3410 

Ca 0.1920 0.1810 0.1840 0.1760 
2
 

Ti 0.12300 0.11700 0.12400 0.12100 

Cr 0.00258 0.00277 0.00285 0.00317 

Mn 0.00041 0.00033 0.00130 0.00004 

Fe 1.02000 0.95700 0.94800 0.90400 

Ȉİ
ȞȐ

ȡȚ
Ƞ 

αț
ĲȚ

ȞȠ
ȕȩ

Ȝη
ıη

Ȣ 
3
5
 k

V
 

1
 

Ni 0.00117 0.00078 0.00139 0.00072 

2
 

Cu 0.00179 0.00118 0.00119 0.00117 

Zn 0.00255 0.00177 0.00188 0.00205 

Ga 0.000478 0.000393 0.000286 0.000462 

As 0.00139 0.00114 0.00112 0.00116 

3
 Rb 0.00111 0.00087 0.00085 0.00094 

Sr 0.01690 0.01360 0.01340 0.01420 

 

ȆȓȞαțαȢ Ǽ.2 ȉİȜȚțȩȢ πȓȞαțαȢ απȠĲİȜİıȝȐĲȦȞ αȞȐȜυıȘȢ įİȓȖȝαĲȠȢ ıȪȞĲȘȟȘȢ ȚπĲȐȝİȞȘȢ ĲȑφȡαȢ 1633ȕ 
NIST (KCNFA1) 

ȈİȞȐȡȚȠ ROI  (ppm) ȆȜİυȡȐ ǹ ȆȜİυȡȐ B ȆȜİυȡȐ Γ ȆȜİυȡȐ ǻ 

Ȉİ
ȞȐ

ȡȚ
Ƞ 

αț
ĲȚ

ȞȠ
ȕȩ

Ȝη
ıη

Ȣ 
1
5
 k

V
 

1
 K 24440.3 24440.3 25067.0 23744.0 

Ca 13369.1 12603.1 12812.0 12255.0 

2
 

Ti 8564.6 8146.8 8634.2 8425.3 

Cr 179.6 192.9 198.4 220.7 

Mn 28.5 22.8 90.5 3.0 

Fe 71023.2 66636.5 66009.8 62946.0 

Ȉİ
ȞȐ

ȡȚ
Ƞ 

αț
ĲȚ

ȞȠ
ȕȩ

Ȝη
ıη

Ȣ 
3
5

 k
V

 

1
 

Ni 81.5 54.0 96.8 50.1 

2
 

Cu 124.6 82.2 82.9 81.5 

Zn 177.6 123.2 130.9 142.7 

Ga 33.3 27.4 19.9 32.2 

As 96.8 79.4 78.0 80.8 

3
 Rb 77.3 60.6 59.0 65.5 

Sr 1176.8 947.0 933.0 988.8 
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Ǽ. 5 ǹȞαφȠȡȑȢ απȠĲİȜİıȝȐĲωȞ αȞȐȜυıηȢ πȡȩĲυπωȞ įİȚȖȝȐĲωȞ ȠȟİȚįȓωȞ  

ǻİȓȖȝα ıȪȞĲηȟηȢ Ca ȖȚα ıİȞȐȡȚȠ αțĲȚȞȠȕȩȜηıηȢ 15 kV 

 

ǻİȓȖȝα ıȪȞĲηȟηȢ Fe ȖȚα ıİȞȐȡȚȠ αțĲȚȞȠȕȩȜηıηȢ 15 kV 
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ǻİȓȖȝα ıȪȞĲηȟηȢ Fe ȖȚα ıİȞȐȡȚȠ αțĲȚȞȠȕȩȜηıηȢ 35 kV 

 

ǻİȓȖȝα ıȪȞĲηȟηȢ Sr ȖȚα ıİȞȐȡȚȠ αțĲȚȞȠȕȩȜηıηȢ 35 kV 
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ǻİȓȖȝα ıȪȞĲηȟηȢ Ti ȖȚα ıİȞȐȡȚȠ αțĲȚȞȠȕȩȜηıηȢ 15 kV 

 

ǻİȓȖȝα ıȪȞĲηȟηȢ Zn ȖȚα ıİȞȐȡȚȠ αțĲȚȞȠȕȩȜηıηȢ 35 kV 
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ǻİȓȖȝα πȡȑıαȢ Fe ȖȚα ıİȞȐȡȚȠ αțĲȚȞȠȕȩȜηıηȢ 15 kV 

 

ǻİȓȖȝα πȡȑıαȢ Sr ȖȚα ıİȞȐȡȚȠ αțĲȚȞȠȕȩȜηıηȢ 35 kV 

 

 



 

275 

 

ǻİȓȖȝα πȡȑıαȢ Zn ȖȚα ıİȞȐȡȚȠ αțĲȚȞȠȕȩȜηıηȢ 35 kV 

 

ǻİȓȖȝα πȡȑıαȢ Ca ȖȚα ıİȞȐȡȚȠ αțĲȚȞȠȕȩȜηıηȢ 15 kV 
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ǻİȓȖȝα πȡȑıαȢ Ti ȖȚα ıİȞȐȡȚȠ αțĲȚȞȠȕȩȜηıηȢ 15 kV 
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