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ĭĪėńħĵƞŀĳŅļŅœĪĵ 

404.0...0Ȯ8ȮŀĬŋĶńĔļƢĻŇĸĮĔĶĶĴȮŐįĬȮĔȮŐĭĭȮĔȮ/ȮĶŃħńĭĮĶŇĠĠŅĴľŅĭńĦĤŇĨ 
ėŜŅĽŜŅėńĠȮ8ȮŏėĶŊŗŀĚĩĴ*ȮėĺŅĴŏĽŊŗŀĴĽĳŅıĕŀĚőĸľŃ*ȮĽĬŇĴőĸľŃ 

ĬŅĚĽŅĺȮěńĬĪĶƢěŇĨĶŅȮŐĺĚŐĽĬ8ȮĔŅĶĻŉĔļŅėĺŅĴŏĽŊŗŀĴĽĳŅıŐĸŃĔŅĶŀĬŋĶńĔļƢŏėĶŊŗŀĚĩĴ ĔĶĦňĻŉĔļŅĕŀĚĺńħ
ĶŅĝŅīŇĺŅĽĺŇľŅĶȮĔĶŋĚŏĪıĴľŅĬėĶȮŀŅěŅĶĵƢĪňŗĮĶŉĔļŅĺŇĪĵŅĬŇıĬīƢľĸńĔȮ8ȮĶŀĚĻŅĽĨĶŅěŅĶĵƢȮħĶ,ȮĶńĝġŅȮĭŋĠŏĨŖĴ 

 
          ŏėĶŊŗŀĚĩĴőĭĶŅĦŏĮƦĬĚŅĬĻŇĸĮĔĶĶĴĪňŗĴňėĺŅĴĽŜŅėńĠĕŀĚœĪĵ ŒĝƟŏĪėĬŇėŏĝŇĚĝƞŅĚĪňŗľĸŅĔľĸŅĵ ĔŅĶ

ŀĬŋĶńĔļƢĺńĨĩŋőĭĶŅĦŏľĸƞŅĬňŘěŃŏĮƦĬĔŅĶĽŊĭĽŅĬŏĪėĬŇėŏĝŇĚĝƞŅĚĝńŘĬĽŌĚĬňŘŒľƟėĚŀĵŌƞ ĕńŘĬĨŀĬĪňŗĽŜŅėńĠĕŀĚĔŅĶŀĬŋĶńĔļƢėŊŀ
ĔŅĶĻŉĔļŅėĺŅĴŏĽŊŗŀĴĽĳŅı ŒĬĚŅĬĺŇěńĵĬňŘœħƟĪŜŅĔŅĶĻŉĔļŅĮƤěěńĵĪňŗĴňįĸĨƞŀėĺŅĴŏĽŊŗŀĴĽĳŅı ĽĬŇĴĪňŗŏĔŇħĕŉŘĬĭĬŏėĶŊŗŀĚĩĴ
ŐĸŃľŅŐĬĺĪŅĚĔŅĶŀĬŋĶńĔļƢŏėĶŊŗŀĚĩĴĕŀĚĺńħĶŅĝŅīŇĺŅĽĺŇľŅĶ ĔĶŋĚŏĪıĴľŅĬėĶ őħĵĔŅĶĽŜŅĶĺěŏėĶŊŗŀĚĩĴ 1 ĝŋħĴň 4 
ĝŇŘĬ ıĭĺƞŅĴňĶŀĵĕňħĕƞĺĬ ėĶŅĭĽĔĮĶĔ ĔŅĶŏĮĸňŗĵĬŏĜħĽňĕŀĚőĸľŃ ĽĬŇĴőĸľŃ ĔŅĶŏĮĸňŗĵĬŐĮĸĚĪŅĚŏėĴňĪńŘĚŒĬŐĸŃĬŀĔ
ĺńĨĩŋ ĶŅĵĸŃŏŀňĵħĕŀĚŏėĶŊŗŀĚĩĴĩŌĔŏĔŖĭŒĬĭńĬĪŉĔĶŅĵĚŅĬėĺŅĴŏĽŊŗŀĴĽĳŅı őħĵĶŅĵĚŅĬěŃĮĶŃĔŀĭœĮħƟĺĵĕƟŀĴŌĸ
ŏĭŊŘŀĚĨƟĬ ĽĳŅıĕŀĚĺńĨĩŋ ĳŅıĩƞŅĵĩŌĔĭńĬĪŉĔħƟĺĵĔĸƟŀĚħŇěŇĨŀĸ ŐĸŃĔĸƟŀĚ Portable Digital Microscope ŏıŊŗŀĬŜŅĴŅ
ĺŇŏėĶŅŃľƢĶŅĵĸŃŏŀňĵħėĺŅĴŏĽŊŗŀĴĽĳŅı ıĭĺƞŅıŊŘĬįŇĺĭĶŇŏĺĦŒĬĽƞĺĬĕŀĚŏĬŊŘŀŏĚŇĬĴňėĶŅĭĽĔĮĶĔľĬŅ ıĭĶƞŀĚĶŀĵĝŜŅĶŋħ 
ĶŀĵĕŌħĕňħŏĮƦĬŐĬĺĵŅĺ ıĭėĶŅĭĽĬŇĴĽňŏĕňĵĺ ĬŘŜŅĨŅĸ ŐĸŃıŊŘĬįŇĺĭĶŇŏĺĦĵŅĩĴ ěŃıĭĶƞŀĚĶŀĵĔŅĶĔŃŏĪŅŃ ĶŀĵŏħŊŀħ
ĕŀĚĵŅĩĴ ĴňėĶŅĭĽĬŇĴĽňŏĕňĵĺ,ĕŅĺ,ĬŘŜŅĨŅĸ ŒĬĔŅĶĽŜŅĶĺěŏėĶŊŗŀĚĩĴœħƟĪŜŅĔŅĶŏĔŖĭĨńĺŀĵƞŅĚĭĶŇŏĺĦĪňŗĴňėĶŅĭĭĬŏėĶŊŗŀĚĩĴ
ŏıŊŗŀĬŜŅœĮĺŇŏėĶŅŃľƢħƟĺĵŏĪėĬŇė Scanning Electron Microscopy-Energy Dispersive X-ray (SEM-EDX) ŏıŊŗŀ
ĨĶĺěĽŀĭĸńĔļĦŃıŊŘĬįŇĺŐĸŃĝĬŇħĕŀĚĽĬŇĴĭĬıŊŘĬįŇĺĕŀĚŏėĶŊŗŀĚĩĴ ıĭĽĬŇĴĕŀĚ Cu ŐĸŃ Ag ĶĺĴĪńŘĚıĭīŅĨŋ S ĞŉŗĚ
ŏĮƦĬŀĚėƢĮĶŃĔŀĭĕŀĚĵŅĩĴ 

          ĬŀĔěŅĔĬňŘĵńĚœħƟįĸŇĨŏėĶŊŗŀĚĩĴĨńĺŀĵƞŅĚŏıŊŗŀĻŉĔļŅĺńĽħŋŐĸŃĔĶŃĭĺĬĔŅĶŒĬĔŅĶĪŜŅŏėĶŊŗŀĚĩĴŏĚŇĬ
ŐĸŃĩĴĪŀĚ ěŅĔĬńŘĬœħƟĬŜŅĨńĺŀĵƞŅĚŏėĶŊŗŀĚĩĴĴŅěŜŅĸŀĚĔŅĶŏĔŇħĽĬŇĴŒĬőĩėĺŅĴĝŊŘĬ (100% RH)  ŏĮƦĬŏĺĸŅ 105 ĺńĬ ıĭ
ĔŅĶŏĔŇħĽĬŇĪĔĶŃěŅĵĪńŗĺĭĶŇŏĺĦĝŇŘĬĚŅĬ ĔŅĶĪŜŅėĺŅĴĽŃŀŅħŏėĶŊŗŀĚĩĴĺńħĶŅĝŅīŇĺŅĽĺŇľŅĶ ĔĶŋĚŏĪıĴľŅĬėĶĴňĔŅĶĪŜŅ
ėĺŅĴĽŃŀŅħŏĭŊŘŀĚĨƟĬőħĵŒĝƟœŁőħĶŏěĸ ĨĶĺěĽŀĭıŊŘĬįŇĺĕŀĚŏėĶŊŗŀĚĩĴ (ĔƞŀĬŐĸŃľĸńĚĪŜŅėĺŅĴĽŃŀŅħħƟĺĵœŁőħĶŏěĸ) 
ħƟĺĵĔĸƟŀĚ Portable Digital Microscope ıĭĺƞŅŏėĶŊŗŀĚĩĴĪňŗěŜŅĸŀĚėĺŅĴĝŊŘĬĬńŘĬŏĔŇħĽĬŇĴĽňŏĕňĵĺ (ĽĬŇĴĪŀĚŐħĚ) ĕŅĺ 
(ĽĬŇĴĨŃĔńŗĺ) ŐĸŃĽňĬŘŜŅĨŅĸ (ĽĬŇĴŏĚŇĬ) ĔĶŃěŅĵĪńŗĺĪńŘĚĭĶŇŏĺĦ ĨĶĺěĽŀĭœŁőħĶŏěĸľĸńĚħŌħĽĬŇĴěŅĔŏėĶŊŗŀĚĩĴħƟĺĵ
ŏĪėĬŇė Energy Dispersive X-ray (EDX) ıĭĺƞŅėĶŅĭĽĬŇĴĪňŗŏĔŇħĕŉŘĬĭĬŏėĶŊŗŀĚĩĴĬńŘĬŏĮƦĬīŅĨŋŏħňĵĺĔńĬĔńĭĺńĽħŋĪňŗĬŜŅĴŅ
įĸŇĨ ŀňĔĪńŘĚĵńĚıĭĺƞŅŏėĶŊŗŀĚĩĴĺńħĶŅĝŅīŇĺŅĽĺŇľŅĶ ĔĶŋĚŏĪıĴľŅĬėĶĬńŘĬŏĮƦĬŏėĶŊŗŀĚĩĴĪŀĚ ŐĬĺĪŅĚĔŅĶŀĬŋĶńĔļƢŏĝŇĚ
ĮƚŀĚĔńĬŏėĶŊŗŀĚĩĴėŊŀĔŅĶŏĔŖĭŒĬĽĩŅĬĪňŗĪňŗĴňĔŅĶėĺĭėŋĴėĺŅĴĝŊŘĬ (ėĺŅĴĝŊŘĬĽńĴıńĪīƢĬƟŀĵĔĺƞŅ 60 %) ŐĸŃĮĸŀħİŋƙĬ 
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NpmdcqqmpȮP_baf_b_Ȯ@slrck*ȮNf,B, 

          The niello wares are the important Thai artworks using various techniques. 
The conservation of these objects helps keep and maintain these prestigious artistic 
techniques. In this research, study on the causes of deteriorations and rust formation on 
the neillo wares of Wat Rajathiwasvihara, Bangkok, including the plausible way of 
conservation is performed. After thorough investigation on one set of niello objects (4 
pieces), the deteriorations like scratch, stain, discoloring of the metal and metal rust were 
found all over the surface. These chemical changes occurred both inside and outside. The 
details were recorded in the condition report composed of general information and object 
conditions. The images were recorded by digital camera and portable digital microscope in 
order to analyze the detailed deterioration. On the silver metallic area, the black rust, 
defective traces, long scratches including green, brown rusts.  While in the niello area, the 
detachment and bubbles including green, white and brown rusts were found all over the 
surface. The sampling on the surface of the niello wares was performed for SEM-EDX to 
study on the morphology and elemental composition of rust. Cu, Ag and S were found on 
the surface of niello wares. The new silver and gold niello models were prepared in order 
to study on the materials and detailed techniques. The model samples were kept in 100% 
RH container for 105 days. Rusts in green (copper(II) oxide), white (lead(II) oxide) and brown 
(Silver(I) oxide) colors were observed all over the model samples as evidenced from a 
portable digital microscope. Hydrogel was applied to clean rust on the niello surface. The 
EDX analysis on the hydrogel after cleaning show the existence of elements used in 
making niello model.  The plausible preventive conservation for the niello wares is to keep 
them in a controllable relative humidity (< 60%) and dustless place. 
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ĔŇĨĨŇĔĶĶĴĮĶŃĔŅĻ 

 

ĔŇĨĨŇĔĶĶĴĮĶŃĔŅĻ 
  

ĔŅĶĪŜŅĺŇĪĵŅĬŇıĬīƢŏĶŊŗŀĚȮĔŅĶĻŉĔļŅėĺŅĴŏĽŊŗŀĴĽĳŅıŐĸŃĔŅĶŀĬŋĶńĔļƢŏėĶŊŗŀĚĩĴȮ8ȮĔĶĦňĻŉĔļŅ
ĕŀĚĺńħĶŅĝŅīŇĺŅĽĺŇľŅĶȮĔĶŋĚŏĪıĴľŅĬėĶȮĽŜŅŏĶŖěœħƟħƟĺĵėĺŅĴĔĶŋĦŅŀĵƞŅĚĴŅĔěŅĔĶŀĚĻŅĽĨĶŅěŅĶĵƢȮħĶ,Ȯ
ĶńĝġŅȮĭŋĠŏĨŖĴȮŀŅěŅĶĵƢĪňŗĮĶŉĔļŅĺŇĪĵŅĬŇıĬīƢȮĪňŗœħƟŒľƟėĺŅĴĝƞĺĵŏľĸŊŀŐĬŃĬŜŅĽŇŗĚĨƞŅĚŕħƟĺĵėĺŅĴĸŃŏŀňĵħ
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/,0 ėĺŅĴĴŋƞĚľĴŅĵŐĸŃĺńĨĩŋĮĶŃĽĚėƢĕŀĚĚŅĬĺŇěńĵ 

1.2.1 ŏıŊŗŀĻŉĔļŅĮƤěěńĵĪňŗĴňįĸĨƞŀĔŅĶŏĽŊŗŀĴĽĳŅıĕŀĚŏėĶŊŗŀĚĩĴ 
/,0,0ȮŏıŊŗŀĻŉĔļŅĽĬŇĴĪňŗŏĔŇħĕŉŘĬĭĬŏėĶŊŗŀĚĩĴ 
/,0,1ȮŏıŊŗŀľŅŐĬĺĪŅĚĔŅĶŀĬŋĶńĔļƢŏėĶŊŗŀĚĩĴ 

/,1 ĮĶŃőĵĝĬƢĕŀĚĚŅĬĺŇěńĵ 

 /,1,/ȮœħƟĪĶŅĭĩŉĚĮƤěěńĵĪňŗĴňįĸĨƞŀĚĔŅĶŏĽŊŗŀĴĽĳŅıĕŀĚŏėĶŊŗŀĚĩĴ 

 /,1,0ȮĪŜŅŒľƟœħƟėĺŅĴĶŌƟŏĶŊŗŀĚĽĬŇĴĪňŗŏĔŇħĕŉŘĬĭĬŏėĶŊŗŀĚĩĴ 

 /,1,1ȮœħƟŐĬĺĪŅĚŒĬĔŅĶŀĬŋĶńĔļƢŏėĶŊŗŀĚĩĴħƟĺĵĺŇīňĨƞŅĚŕ 

 

/,2 ĕŀĭŏĕĨĕŀĚĚŅĬĺŇěńĵ 

 /, ĔŅĶĻŉĔļŅĪŅĚħƟŅĬŏŀĔĽŅĶĪňŗŏĔňŗĵĺĕƟŀĚ 

 0,Ȯ ĔŅĶŏĔŖĭĕƟŀĴŌĸȮĔŅĶĮĶŃŏĴŇĬĽĳŅıȮĔŅĶŏĔŖĭĨńĺŀĵƞŅĚȮŐĸŃĔŅĶĺŇŏėĶŅŃľƢĨńĺŀĵƞŅĚħƟĺĵŏĪėĬŇėȮ

Qa_llgleȮCjcarpmlȮKgapmqamnw-ClcpewȮBgqncpqgtcȮV-p_wȮ&QCK-CBV' 

 1,Ȯ ĪŜŅĝŇŘĬĚŅĬŏėĶŊŗŀĚĩĴŏĸňĵĬŐĭĭĕŀĚőĭĶŅĦ 

 2,Ȯ ěŜŅĸŀĚĔŅĶŏĽŊŗŀĴĽĳŅıŏėĶŊŗŀĚĩĴĳŅĵŒĨƟėĺŅĴĝŊŘĬĽŌĚ 

 3,Ȯ ĪŜŅėĺŅĴĽŃŀŅħĽĬŇĴĭĬŏėĶŊŗŀĚĩĴőĭĶŅĦŐĸŃŏėĶŊŗŀĚĩĴĪňŗĪŜŅŏĸňĵĬŐĭĭħƟĺĵœŁőħĶŏěĸ 

 4,Ȯ ŐĬĺĪŅĚĔŅĶŏĔŖĭĶńĔļŅŏėĶŊŗŀĚĩĴŏıŊŗŀĝŃĸŀĔŅĶŏĔŇħĽĬŇĴ 

 5,Ȯ ĺŇŏėĶŅŃľƢĕƟŀĴŌĸȮĽĶŋĮįĸȮŐĸŃĬŜŅŏĽĬŀįĸĚŅĬĺŇěńĵ 

 

/,3 ĺŇīňĔŅĶĻŉĔļŅȮĺŇīňĔŅĶħŜŅŏĬŇĬĚŅĬĺŇěńĵ 

 /,ȮĔŅĶĻŉĔļŅħƟŅĬŏŀĔĽŅĶĪňŗŏĔňŗĵĺĕƟŀĚ 

 -ȮĮĶŃĺńĨŇĺńħĶŅĝŅīŇĺŅĽĺŇľŅĶȮĔĶŋĚŏĪıĴľŅĬėĶ 

 -ȮĮĶŃĺńĨŇŏėĶŊŗŀĚĩĴŒĬĮĶŃŏĪĻœĪĵ 

 -ȮĩĴěŋĤŅīŋĝ 

 - ıĶŃĮĶŃĺńĨŇĽĴŏħŖěıĶŃŏěƟŅĭĶĴĺĚĻƢŏīŀȮŏěƟŅĲƚŅěŋĤŅīŋĝīĶŅħŇĸĔȮĔĶĴĕŋĬŏıĝĶĭŌĶĦƢŀŇĬĪĶŅĝńĵ 

  -ȮŏĪėĬŇėĔŅĶĪŜŅŏėĶŊŗŀĚĩĴ 

  -ȮėĺŅĴŏĽŊŗŀĴĽĳŅı 

  -ȮŏĪėĬŇėĪŅĚĺŇĪĵŅĻŅĽĨĶƢĪňŗŒĝƟŒĬĔŅĶĻŉĔļŅĔŅĶŏĽŊŗŀĴĽĳŅıĕŀĚőĸľŃ 



  0 

  -ȮĔŅĶŀĬŋĶńĔļƢ 

  -ȮĞŇĸŇĔŅŏěĸ 

0,ȮĔŅĶŏĔŖĭĕƟŀĴŌĸȮĔŅĶĮĶŃŏĴŇĬĽĳŅıȮĔŅĶŏĔŖĭĨńĺŀĵƞŅĚȮŐĸŃĔŅĶĺŇŏėĶŅŃľƢĨńĺŀĵƞŅĚħƟĺĵ

ŏĪėĬŇėȮQa_llgleȮCjcarpmlȮKgapmqamnw-ClcpewȮBgqncpqgtcȮV-p_wȮ&QCK-CBV' 

  ĽŜŅĶĺěŏėĶŊŗŀĚĩĴĪňŗĺńħĶŅĝŅīŇĺŅĽĺŇľŅĶȮĔĶŋĚŏĪıĴľŅĬėĶȮıĭŏėĶŊŗŀĚĩĴȮ/ȮĝŋħȮěŜŅĬĺĬȮ2ȮĝŇŘĬȮ

įŌƟĺŇěńĵœħƟĭńĬĪŉĔĳŅıħƟĺĵĔĸƟŀĚħŇěŇĨŀĸȮĔĸƟŀĚȮNmpr_`jcȮBgegr_jȮKgapmqamncȮŐĸŃœħƟěħĭńĬĪŉĔ

ĕƟŀĴŌĸĽĳŅıĺńĨĩŋĸĚŒĬĨŅĶŅĚĭńĬĪŉĔĔŅĶŏĽŊŗŀĴĽĳŅıĪňŗœħƟŀŀĔŐĭĭȮěŅĔĬńŘĬŏĔŖĭĨńĺŀĵƞŅĚĽŅĶħƟĺĵ

ĔŅĶŒĝƟĽŜŅĸňĴŅĩŌĭĶŇŏĺĦĪňŗĴňĽĬŇĴȮŐĸŃĬŜŅĽĬŇĴœĮĺŇŏėĶŅŃľƢħƟĺĵŏĪėĬŇėȮQa_llgleȮCjcarpmlȮ

Kgapmqamnw-ClcpewȮBgqncpqgtcȮV-p_wȮ&QCK-CBV' 

 1,Ȯ ĪŜŅĝŇŘĬĚŅĬŏėĶŊŗŀĚĩĴŏĸňĵĬŐĭĭĕŀĚőĭĶŅĦ 

  1,/ ĵŅĩĴ 

    ĵŅĩĴőħĵĽƞĺĬĴŅĔĕŀĚœĪĵĬńŘĬĴňĽƞĺĬįĽĴĕŀĚȮŏĚŇĬȮĪŀĚŐħĚȮĨŃĔńŗĺȮŐĸŃĔŜŅĴŃĩńĬȮŒĬ

ĚŅĬĺŇěńĵĬňŘěŃŒĝƟĵŅĩĴŒĬŀńĨĶŅĽƞĺĬȮŏĚŇĬȮ/ȮĽƞĺĬȮ8ȮĪŀĚŐħĚȮ3ȮĽƞĺĬȮ8ȮĨŃĔńŗĺȮ5ȮĽƞĺĬȮŐĸŃŒĽƞ

ĔŜŅĴŃĩńĬȮ/1,3ȮĽƞĺĬ 

  1,0 ŏėĶŊŗŀĚĩĴ 

   ŏėĶŊŗŀĚĩĴĝŇŘĬĚŅĬěŃĕŉŘĬĶŌĮħƟĺĵŏĬŊŘŀŏĚŇĬȮ73Ȯ#ȮĕĬŅħŏĽƟĬįƞŅĻŌĬĵƢĔĸŅĚȮ04ȮĴŇĸĸŇŏĴĨĶȮ

ĽĸńĔĸŅĵĔĶŃěńĚŒľƟŏĮƦĬĶƞŀĚŐĸŃĸĚĵŅĩĴ 

 2,Ȯ ěŜŅĸŀĚĔŅĶŏĽŊŗŀĴĽĳŅıŏėĶŊŗŀĚĩĴĳŅĵŒĨƟėĺŅĴĝŊŘĬĽŌĚ 

  ĬŜŅĝŇŘĬĚŅĬŏėĶŊŗŀĚĩĴĪňŗĪŜŅŏĸňĵĬŐĭĭȮĴŅĺŅĚœĺƟŒĬőĩŐĔƟĺĪňŗĴňėĺŅĴĝŊŘĬĽńĴıńĪīƢȮ/..Ȯ#ȮŏĮƦĬ

ŏĺĸŅȮ2ȮŏħŊŀĬȮŐĸƟĺĬŜŅĝŇŘĬĚŅĬŀŀĔĴŅĨĶĺěĽŀĭĶƞŀĚĶŀĵĔŅĶŏĔŇħĽĬŇĴħƟĺĵĔĸƟŀĚNmpr_`jcȮ

Bgegr_jȮKgapmqamnc 

 3,Ȯ ĪŜŅėĺŅĴĽŃŀŅħĽĬŇĴĭĬŏėĶŊŗŀĚĩĴőĭĶŅĦŐĸŃŏėĶŊŗŀĚĩĴĪňŗĪŜŅŏĸňĵĬŐĭĭħƟĺĵœŁőħĶŏěĸ 

  ĬŜŅŐįƞĬœŁőħĶŏěĸĨńħŏĮƦĬĝŇŘĬŒľƟıŀħňĔńĭěŋħĽĬŇĴĪňŗěŃĪŜŅėĺŅĴĽŃŀŅħȮěŅĔĬńŘĬĺŅĚœŁőħĶŏěĸȮ

ĸĚĭĬĽĬŇĴȮĔħœŁőħĶŏěĸŒľƟĨŇħĔńĭőĸľŃŏĸŖĔĬƟŀĵŐĸƟĺĶŀŒľƟœŁőħĶŏěĸħŌħĽĬŇĴŏĴŊŗŀĩŉĚŏĺĸŅĪňŗ

ŏľĴŅŃĽĴěŉĚĬŜŅŀŀĔȮĬŜŅŐįƞĬœŁőħĶŏěĸĴŅĺŇŏėĶŅŃľƢŀĚėƢĮĶŃĔŀĭĕŀĚĽĬŇĴħƟĺĵŏĪėĬŇėȮ

Qa_llgleȮCjcarpmlȮKgapmqamnw-ClcpewȮBgqncpqgtcȮV-p_wȮ&QCK-CBV' 



  1 

 4,Ȯ ŐĬĺĪŅĚĔŅĶŏĔŖĭĶńĔļŅŏėĶŊŗŀĚĩĴŏıŊŗŀĝŃĸŀĔŅĶŏĔŇħĽĬŇĴ 

 ŐĬĺĪŅĚĔŅĶŏĔŖĭĶńĔļŅŏėĶŊŗŀĚĩĴĺńħĶŅĝŅīŇĺŅĽĺŇľŅĶȮĔĶŋĚŏĪıĴľŅĬėĶȮėĺĶŏĔŖĭŏėĶŊŗŀĚĩĴŒĬ

ėĺŅĴĝŊŘĬĽńĴıńĪīƢȮ1.#ȮŏĔŖĭŒĬĨŌƟĪňŗĮƕħĴŇħĝŇħȮŐĸŃĬŜŅĽŅĶħŌħėĺŅĴĝŊŘĬĭĶĶěŋŒĽƞŒĬĨŌƟĪňŗěńħŐĽħĚ 

 5,Ȯ ĺŇŏėĶŅŃľƢĕƟŀĴŌĸŐĸŃĽĶŋĮįĸ 

  ĬŜŅĕƟŀĴŌĸĪŅĚĺŇĪĵŅĻŅĽĨĶƢŏĔňŗĵĺĔńĭŀĚėƢĮĶŃĔŀĭĕŀĚĽĬŇĴĴŅĺŇŏėĶŅŃľƢľŅĝĬŇħĕŀĚőĸľŃĪňŗŒĝƟ

ĪŜŅŏėĶŊŗŀĚĩĴȮĕƟŀĴŌĸĸńĔļĦŃıŊŘĬįŇĺȮŐĸŃŐĬĺĪŅĚŒĬĔŅĶŀĬŋĶńĔļƢ 

 

/,4 ĶŃĵŃŏĺĸŅĔŅĶħŜŅŏĬŇĬĚŅĬ 

 ĔŅĶĻŉĔļŅĺŇěńĵėĶńŘĚĬňŘĴňĕŀĭŏĕĨĕŀĚĶŃĵŃŏĺĸŅĔŅĶĻŉĔļŅȮ/2ȮŏħŊŀĬȮĨńŘĚŐĨƞŏħŊŀĬȮĴŇĩŋĬŅĵĬȮ0342Ȯ

ŐĸŃŏĽĬŀĺŇĪĵŅĬŇıĬīƢĳŅĵŒĬŏħŊŀĬȮĔĶĔġŅėĴȮ0343 

ĨŅĶŅĚĪňŗȮ/ĶŃĵŃĔŅĶħŜŅŏĬŇĬĚŅĬ 

ĕńŘĬĨŀĬ 
ŏħŊŀĬ 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 
1.ĔŅĶĻŉĔļŅĪŅĚħƟŅĬŏŀĔĽŅĶĪňŗŏĔňŗĵĺĕƟŀĚ               
2.ȮĔŅĶŏĔŖĭĕƟŀĴŌĸȮĔŅĶĮĶŃŏĴŇĬĽĳŅıȮĔŅĶ
ŏĔŖĭĨńĺŀĵƞŅĚ ŐĸŃĔŅĶĺŇŏėĶŅŃľƢĨńĺŀĵƞŅĚħƟĺĵ
ŏĪėĬŇėȮScanning Electron Microscopy-
Energy Dispersive X-rayȮ(SEM-EDX) 

              

3. ĪŜŅĝŇŘĬĚŅĬŏėĶŊŗŀĚĩĴŏĸňĵĬŐĭĭĕŀĚőĭĶŅĦ               
4.ȮěŜŅĸŀĚĔŅĶŏĽŊŗŀĴĽĳŅıŏėĶŊŗŀĚĩĴĳŅĵŒĨƟ
ėĺŅĴĝŊŘĬĽŌĚ 

              

5.ȮĪŜŅėĺŅĴĽŃŀŅħĽĬŇĴĭĬŏėĶŊŗŀĚĩĴőĭĶŅĦ
ŐĸŃŏėĶŊŗŀĚĩĴĪňŗĪŜŅŏĸňĵĬŐĭĭħƟĺĵœŁőħĶŏěĸ 

              

6.ȮŐĬĺĪŅĚĔŅĶŏĔŖĭĶńĔļŅŏėĶŊŗŀĚĩĴŏıŊŗŀĝŃĸŀ
ĔŅĶŏĔŇħĽĬŇĴ 

              

7.ȮĺŇŏėĶŅŃľƢĕƟŀĴŌĸȮĽĶŋĮįĸȮŐĸŃĬŜŅŏĽĬŀįĸ-
ĚŅĬĺŇěńĵ 

              

 
 



  2 

ĭĪĪňŗȮ0 

ĪĭĪĺĬĺĶĶĦĔĶĶĴ 
 

0,/ȮĮĶŃĺńĨŇĺńħĶŅĝŅīŇĺŅĽĺŇľŅĶȮĔĶŋĚŏĪıĴľŅĬėĶ 

 ĺńħĶŅĝŅīŇĺŅĽĺŇľŅĶȮŏħŇĴĝŊŗŀȮŴĺńħĽĴŀĶŅĵŵȮŏĮƦĬĺńħŏĔƞŅŐĔƞőĭĶŅĦȮĽńĬĬŇļģŅĬĺƞŅĽĶƟŅĚĔƞŀĬĔĶŋĚĻĶň
ŀĵŋīĵŅŏĮƦĬĶŅĝīŅĬňȮĞŉŗĚœħƟĶńĭĔŅĶĭŌĶĦĮġŇĽńĚĕĶĦƢŏĶŊŗŀĵĴŅőħĵıĶŃĴľŅĔļńĨĶŇĵƢȮıĶŃĭŅĪĽĴŏħŖěıĶŃ
ěŋĸěŀĴŏĔĸƟŅŏěƟŅŀĵŌƞľńĺȮĶńĝĔŅĸĪňŗȮ3ȮœħƟĺŇĬŇěĜńĵĺƞŅȮėŜŅĺƞŅȮĽĴŀȮĴŅěŅĔėŜŅĺƞŅȮĩĴŀȮĪňŗŐĮĸĺƞŅľŇĬȮĺńħĽĴŀ
ĶŅĵȮěŉĚŐĮĸœħƟĺƞŅȮľŇĬĪňŗŏĶňĵĚĶŅĵȮŏĴŊŗŀĽĴŏħŖěıĶŃěŀĴŏĔĸƟŅŏěƟŅŀĵŌƞľńĺŏĩĸŇĚĩĺńĸĵĶŅĝĽĴĭńĨŇŐĸƟĺȮěŉĚœħƟ
ıĶŃĶŅĝĪŅĬĬŅĴĺńħĽĴŀĶŅĵŒľĴƞĺƞŅȮŴĺńħĶŅĝŅīŇĺŅĽŵȮŏĬŊŗŀĚħƟĺĵŏĮƦĬĺńħĪňŗıĶŃĭŅĪĽĴŏħŖěıĶŃıŋĪīŏĸŇĻ
ľĸƟŅĬĳŅĸńĵȮıĶŃĭĶĴĝĬĔȮıĶƟŀĴħƟĺĵĔĶĴıĶŃĶŅĝĺńĚĭĺĶĴľŅŏĽĬŅĬŋĶńĔļƢœħƟĮĶŃĪńĭĶŃľĺƞŅĚĪňŗĪĶĚ
įĬĺĝȮĨƞŀĴŅœħƟĕŀıĶŃĶŅĝĪŅĬŏıŇŗĴŏĨŇĴŏĮƦĬȮŴĺńħĶŅĝŅīŇĺŅĽĺŇľŅĶŵȮŏĮƦĬıĶŃŀŅĶŅĴľĸĺĚĝńŘĬőĪȮĝĬŇħ
ĺĶĺŇľŅĶȮİƙŅĵīĶĶĴĵŋĨȮ&ıĶŃĶŅĝĔĺň, 0321'ȮĨńĺŀĵƞŅĚĚŅĬĺŇěńĵŏėĶŊŗŀĚĩĴĮĶŃŏĳĪĩĴěŋĤŅīŋĝĪňŗěŃĬŜŅĴŅ
ĻŉĔļŅėĶńŘĚĬňŘȮĴňĽńĠĸńĔļĦƢĭĬİŅŏĮƦĬĨńĺŀńĔļĶĺƞŅȮĽĶńĪěńĬĪĶȮěŅĔĔŅĶėƟĬėĺƟŅľŅĕƟŀĴŌĸıĭĺƞŅȮŀńĔļĶĭĬİŅ
ŏĮƦĬĬŅĴıĶŃīŇħŅŀĚėƢĪňŗȮ/3Ȯ&ľĴƞŀĴĶŅĝĺĚĻƢȮěŇĶŅėĴȮĔŇĨŇĵŅĔĶ, 030.'ȮĕŀĚıĶŃŏěƟŅĭĶĴĺĚĻƢŏīŀȮĔĶĴ
ıĶŃěńĬĪĭŋĶňĬķĬŅĩȮĔńĭľĴƞŀĴŏěƟŅŀńĭĽĶĽĴŅĬȮĔŇĨŇĵŅĔĶ ıĶŃīŇħŅŀĚėƢĪňŗȮ//ȮĬŅĴĺƞŅȮŴȮľĴƞŀĴŏěƟŅĽĶńĪ
ěńĬĪĶƢȮĔŇĨŇĵŅĔĶ ŵȮĞŉŗĚıĭĝŊŗŀŒĬľĬńĚĽŊŀŏĶŊŗŀĚĨŜŅĬŅĬĳŅļňŀŅĔĶĭŅĚŀĵƞŅĚ ĔĶĴıĶŃěńĬĪĭŋĶňĬķĬŅĩ ĴňıĶŃ
ĮĶŃĽĚėƢěńħĪŜŅľĬńĚĽŊŀŏĸƞĴĬňŘȮŏıŊŗŀŏĮƦĬıĶŃĔŋĻĸĭŋĠŒĬĚŅĬıĶŃĶŅĝĪŅĬŏıĸŇĚĻıȮľĴƞŀĴŏěƟŅľĠŇĚĽĶńĪ
ěńĬĪĶƢ &ľŀıĶŃĽĴŋħĺĝŇĶĠŅĦ, 0244'ȮěŉĚĽĴĴĨŇģŅĬœħƟĺƞŅȮŏėĶŊŗŀĚĩĴěŋĤŅīŋĝĝŋħĬňŘȮěńħĪŜŅĕŉŘĬŏĮƦĬŏėĶŊŗŀĚ
ĽńĚŏėŖħĕŀĚĪňŗĶŃĸŉĔȮėŜŅőĭĶŅĦȮľĴŅĵĩŉĚȮĕŀĚĝŜŅĶƞĺĵŒĬĚŅĬŀĺĴĚėĸȮ&ĨĶňĬŋĝȮıĸŅĚĔŌĸ, 0332'ȮŏıŊŗŀŏĮƦĬ
ıĶŃĔŋĻĸŒľƟıĶŃĶŅĝīŇħŅȮľĴƞŀĴŏěƟŅľĠŇĚĽĶńĪěńĬĪĶƢ 
 

0,0ȮĩĴěŋĤŅīŋĝ 

 ĩĴěŋĤŅīŋĝŏĮƦĬĝŊŗŀŏĶňĵĔŏėĶŊŗŀĚĩĴȮĪňŗĴŅěŅĔıĶŃĬŅĴŏħŇĴĕŀĚĽĴŏħŖěıĶŃŏěƟŅĭĶĴĺĚĻƢŏīŀȮŏěƟŅĲƚŅ
ěŋĤŅīŋĝīĶŅħŇĸĔȮĔĶĴĕŋĬŏıĝĶĭŌĶĦƢŀŇĬĪĶŅĝńĵȮ&ŏěƟŅĲƚŅěŋĤŅīŋĝ'ȮįŌƟĪĶĚėŇħėƟĬĺŇīňĔŅĶĽĸńĔŏėĶŊŗŀĚĩĴőħĵŒĝƟ
ŏĪėĬŇėĔŅĶĔńħőĸľŃŐĸŃŒĝƟĽŅĶŏėĴňŒĬĔŅĶĔńħőĸľŃŒľƟŏĮƦĬĶƞŀĚĸĺħĸŅĵŐĪĬĔŅĶŒĝƟĽŇŗĺĽĸńĔȮĞŉŗĚĺŇīňĔŅĶĬňŘ
ĬŇĵĴŒĝƟĔńĬĴŅĔĨńŘĚŐĨƞıŋĪīĻńĔĶŅĝȮ024/ěĬĩŉĚĮƤěěŋĭńĬȮŏıĶŅŃŏĮƦĬĺŇīňĔŅĶĪŜŅŏėĶŊŗŀĚĩĴœħƟĚƞŅĵĕŉŘĬěŅĔĔŅĶ
ŒĝƟĺŇīňĽĸńĔĸŅĵȮěŉĚœħƟĝŇŘĬĚŅĬĪňŗĴŅĔĕŉŘĬŐĸŃĸħĨƟĬĪŋĬŒĬĔŅĶįĸŇĨŏėĶŊŗŀĚĩĴŐĭĭőĭĶŅĦȮ&ĽĴĝŅĵȮĦȮ
ĬėĶıĬĴ, 0333'ȮıĶŃŀĚėƢœħƟĪĶĚĬŜŅĺŇīňĔŅĶĪŜŅĭĸŖŀĔőĸľŃĴŅŒĝƟȮőħĵĬŜŅĴŅŒĝƟĪŜŅĨƟĬĜĭńĭĸŅĵĨƞŅĚŕȮ
ĝŇŘĬĚŅĬŏėĶŊŗŀĚĩĴĨńĺŀĵƞŅĚĺŇěńĵĬňŘȮŏĮƦĬŏėĶŊŗŀĚĩĴĮĶŃŏĳĪĩĴěŋĤŅīŋĝőħĵĽńĬĬŇļģŅĬĺƞŅįŌƟįĸŇĨŏĮƦĬĔĸŋƞĴĝƞŅĚ
œĪĵĬėĶȮĞŉŗĚœĪĵĬėĶĴňĝƞŅĚĪňŗĪŜŅŏėĶŊŗŀĚĩĴĶŅĺȮ/..ȮėĬȮŐĸŃįĸŇĨŏėĶŊŗŀĚĩĴĮĶŃŏĳĪĩĴěŋĤŅīŋĝ
ľĸŅĔľĸŅĵĸĺħĸŅĵȮĩĴěŋĤŅīŋĝĴňĺŇīňĔŅĶĽĶƟŅĚĝŇŘĬĚŅĬħńĚĬňŘȮ 

https://th.wikipedia.org/wiki/%E0%B8%AB%E0%B8%A1%E0%B9%88%E0%B8%AD%E0%B8%A1%E0%B9%80%E0%B8%88%E0%B9%89%E0%B8%B2%E0%B8%AD%E0%B8%B1%E0%B8%9B%E0%B8%A9%E0%B8%A3%E0%B8%AA%E0%B8%A1%E0%B8%B2%E0%B8%99_%E0%B8%81%E0%B8%B4%E0%B8%95%E0%B8%B4%E0%B8%A2%E0%B8%B2%E0%B8%81%E0%B8%A3
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 /,ȮĪŜŅœħƟőħĵĔŅĶŏĕňĵĬĸĺħĸŅĵŐĸƟĺĬŜŅœĮĔńħĔĶħȮĺŇīňĬňŘěŃŒĝƟŏĮƦĬĚŅĬĪňŗĴňĶŌĮŐĭĭőėƟĚȮ 
 0,ȮĪŜŅœħƟőħĵĔŅĶĩƞŅĵŐĭĭĸŅĵĩĴĸĚŒĬĔĶŃěĔȮŐĸŃĔŅĶĩƞŅĵŐĭĭĸĺħĸŅĵĸĚĭĬŐįƞĬĲƕĸƢĴĞŉŗĚěŃ
ŏľĴŅŃĔńĭĚŅĬĪňŗĴňėĺŅĴŏĶňĵĭȮĽŅĴŅĶĩĪŜŅœħƟľĸŅĵĝŇŘĬȮ&ĸŃĴƞŀĴȮőŀĝŃĔŃȮ& ĬŅĵĴĬĨĶňȮěńĬĪıńĬīƢ, 0317'Ȯ
ěŉĚĽŅĴŅĶĩįĸŇĨŏĮƦĬŀŋĽŅľĔĶĶĴĽƞĚŀŀĔœĮėƟŅĨƞŅĚĮĶŃŏĪĻœħƟŐĸŃĴňĔŜŅľĬħĨĶĺěĽŀĭĴŅĨĶŅģŅĬȮŏıŊŗŀŒľƟ
œħƟėŋĦĳŅıĪňŗħňĪĶĚėŋĦėƞŅĪŅĚĻŇĸĮŃ 

0,1ȮıĶŃĮĶŃĺńĨŇĽĴŏħŖěıĶŃŏěƟŅĭĶĴĺĚĻƢŏīŀȮŏěƟŅĲƚŅěŋĤŅīŋĝīĶŅħŇĸĔȮĔĶĴĕŋĬŏıĝĶĭŌĶĦƢŀŇĬĪĶŅĝńĵ 

 ĽĴŏħŖěıĶŃŏěƟŅĭĶĴĺĚĻƢŏīŀȮŏěƟŅĲƚŅěŋĤŅīŋĝīĶŅħŇĸĔȮĔĶĴĕŋĬŏıĝĶĭŌĶĦƢŀŇĬĪĶŅĝńĵŏĮƦĬıĶŃĶŅĝ
őŀĶĽĕŀĚĽĴŏħŖěıĶŃěŋĸěŀĴŏĔĸƟŅŏěƟŅŀĵŌƞľńĺŐĸŃĽĴŏħŖěıĶŃĻĶňıńĝĶŇĬĪĶŅĭĶĴĶŅĝŇĬňĬŅĩȮŏĴŊŗŀıĶŃĝńĬļŅ
ėĶĭıŇīňőĽĔńĦĨƢȮıĶŃĭŅĪĽĴŏħŖěıĶŃěŋĸěŀĴŏĔĸƟŅŏěƟŅŀĵŌƞľńĺȮĪĶĚıĶŃĔĶŋĦŅőĮĶħŏĔĸƟŅıĶŃĶŅĝĪŅĬĬŅĴ
ŒĬıĶŃĽŋıĶĶĦĭńĢȮĺƞŅȮŴĽĴŏħŖěıĶŃŏěƟŅĸŌĔĵŅŏīŀȮŏěƟŅĲƚŅěŋĤŅīŋĝīĶŅħŇĸĔȮĔĶĴĕŋĬŏıĝĶĭŌĶĦƢŀŇĬĪĶŅĝńĵŵȮ
ıĶŃŀĚėƢĪĶĚĴňıĶŃŏĝļģĳėŇĬňȮıĶŃŏĝļģŅŐĸŃıĶŃŀĬŋĝŅĶƞĺĴıĶŃĝĬĬňȮŦȮıĶŃŀĚėƢȮȮėŊŀ 

1. ĽĴŏħŖěıĶŃŏěƟŅĭĶĴĺĚĻƢŏīŀȮŏěƟŅĲƚŅıŅľŋĶńĨĴĦňĴńĵȮĔĶĴıĶŃŏĪıĬŅĶňĶńĨĬƢ 
2. ıĶŃĭŅĪĽĴŏħŖěıĶŃĴĚĔŋġŏĔĸƟŅŏěƟŅŀĵŌƞľńĺ 
3. ĽĴŏħŖěıĶŃŏěƟŅĭĶĴĺĚĻƢŏīŀȮŏěƟŅĲƚŅĨĶňŏıŖĝĶŋĨĴƢīŜŅĶĚ 
4. ěŀĴıĸȮĽĴŏħŖěıĶŃŏĝļģŅīŇĶŅĝȮŏěƟŅĲƚŅěńĔĶıĚļƢĳŌĺĬŅĩȮĔĶĴľĸĺĚıŇļĦŋőĸĔĮĶŃĝŅĬŅĩ 
5. ĽĴŏħŖěıĶŃŏěƟŅĭĶĴĺĚĻƢŏīŀȮŏěƟŅĲƚŅĻŇĶŇĶŅĝĔĔŋīĳńĦĤƢ 
6. ıĸŏĶŊŀŏŀĔȮĽĴŏħŖěıĶŃŏĝļģŅīŇĶŅĝȮŏěƟŅĲƚŅŀńļġŅĚėƢŏħĝŅĺŋīȮĔĶĴľĸĺĚĬėĶĶŅĝĽňĴŅ 
7. ĽĴŏħŖěıĶŃŏěƟŅĭĶĴĺĚĻƢŏīŀȮŏěƟŅĲƚŅěŋĤŅīŋĝīĶŅħŇĸĔȮĔĶĴĕŋĬŏıŖĝĶĭŌĶĦƢŀŇĬĪĶŅœĝĵ 
8. ıĶŃĭŅĪĽĴŏħŖěıĶŃĮĔŏĔĸƟŅŏěƟŅŀĵŌƞľńĺ 

 ŏĴŊŗŀȮı,Ļ,0226ȮıĶŃŀĚėƢœħƟĪĶĚœĮĻŉĔļŅĨƞŀŒĬėĦŃŀńĔļĶĻŅĽĨĶƢȮĴľŅĺŇĪĵŅĸńĵŏėĴĭĶŇħěƢȮ
ĮĶŃŏĪĻŀńĚĔķļȮĬŀĔěŅĔĬňŘıĶŃŀĚėƢĪĶĚĽĬıĶŃĪńĵħƟŅĬĔŅĶĸŃėĶȮħĬĨĶňȮĻŇĸĮŃĨńŘĚŐĨƞıĶŃŏĵŅĺƢȮŏĴŊŗŀ
ıĶŃŀĚėƢĽŜŅŏĶŖěĔŅĶĻŉĔļŅœħƟĪĶĚĔĸńĭĴŅŏĮƦĬŀŅěŅĶĵƢĽŀĬĺŇĝŅŀńĚĔķļȮěŅĔĬńŘĬĪĶĚħŜŅĶĚĨŜŅŐľĬƞĚįŌƟ
ĭńĠĝŅĔŅĶőĶĚŏĶňĵĬŏıŅŃĝƞŅĚȮĪĶĚěńħĔŅĶŏĶňĵĬĔŅĶĽŀĬŏĮƦĬŐįĬĔȮœħƟŐĔƞȮŐįĬĔĝƞŅĚĪŀĚȮŐįĬĔŏěňĵĶŃœĬ
ŏıĝĶıĸŀĵȮŐįĬĔĪŜŅĭĸŖŀĔĽĔĶňĬȮŐĸŃŐįĬĔŏėĶŊŗŀĚĩĴȮıĶŃŀĚėƢœħƟĪĶĚĬŜŅŏĪėĬŇėĺŇīňĔńħĔĶħĴŅŒĝƟŒĬ
ĔŅĶįĸŇĨŏėĶŊŗŀĚĩĴȮŏĶňĵĔĺƞŅȮŴĩĴěŋĤŅīŋĝŵȮ&ĽŜŅĬńĔĚŅĬŏĸĕŅīŇĔŅĶėŋĶŋĽĳŅ, 0314' 
 ĚŅĬĺŇěńĵĬňŘœħƟĬŜŅĨńĺŀĵƞŅĚŏėĶŊŗŀĚĩĴěŅĔĺńħĶŅĝŅīŇĺŅĽĺŇľŅĶȮĔĶŋĚŏĪıĴľŅĬėĶȮĴŅĻŉĔļŅőħĵŏėĶŊŗŀĚ
ĩĴĬňŘŒĝƟŏĪėĬŇėĩĴĮĶŃŏĳĪĩĴěŋĤŅīŋĝȮĬŀĔěŅĔĬňŘŏėĶŊŗŀĚĩĴĕŀĚœĪĵĵńĚĴňĩĴŏĚŇĬȮĩĴĪŀĚȮŐĸŃĩĴĨŃĪŀĚ
ħńĚĶŅĵĸŃŏŀňĵħŒĬľńĺĕƟŀĨƞŀœĮ 
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0,2ȮĮĶŃĺńĨŇŏėĶŊŗŀĚĩĴŒĬĮĶŃŏĪĻœĪĵ 

ŏŀĔĽŅĶĪŅĚĮĶŃĺńĨŇĻŅĽĨĶƢĔĸƞŅĺĺƞŅȮŏėĶŊŗŀĚĩĴœĪĵĴňĴŅĨńŘĚŐĨƞĽĴńĵŀĵŋīĵŅĨŀĬĨƟĬěĬĩŉĚĮƤěěŋĭńĬȮ
ŏŀĔĽŅĶĝŇŘĬŐĶĔĪňŗĔĸƞŅĺĩŉĚŏėĶŊŗŀĚĩĴŀĵŌƞŒĬĶńĝĽĴńĵĽĴŏħŖěıĶŃĭĶĴœĨĶőĸĔĬŅĩȮŏĮƦĬĔġľĴŅĵŏĔƞŅĺƞŅħƟĺĵ
ĔġĴĦŏĤňĵĶĭŅĸĴňĔŅĶĔĸƞŅĺėŊŀȮĕŋĬĬŅĚĽĴńĵĬńŘĬœħƟĶńĭıĶŃĶŅĝĪŅĬıŅĬŐĸŃőĨƠŃĩĴĪŀĚȮŀńĬŏĮƦĬŏėĶŊŗŀĚ
ŐĽħĚĭĶĶħŅĻńĔħŇśŐĸŃĨŜŅŐľĬƞĚĔŅĶĮėĶŀĚĝńŘĬĽŌĚȮ(Bromberg, 2019) 
ĽĴńĵĽĴŏħŖěıĶŃĬŅĶŅĵĦƢĴľŅĶŅĝĴňĔŅĶĽƞĚĶŅĝĪŌĨœĮĵńĚİĶńŗĚŏĻĽŐĸŃœħƟĩĺŅĵıĶŃĶŅĝĽŅĽĬƢĨƞŀ

ıĶŃĽńĬĨŃĮŅĮŅȮĦȮĔĶŋĚőĶĴȮŏĬŊŘŀėĺŅĴěŅĔıĚĻŅĺħŅĶȮĳŅėĪňŗ/6ȮĶŃĭŋĺƞŅȮŴĶŅĝĪŌĨŏĝŇĠıŅĬŐĺƞĬĲƚŅ
ĪŀĚėŜŅĶńĭĶŅĝĽŅĽƢĬȮŕȮěŅĶŉĔĸĚŒĬŐįƞĬĽŋıĶĶĦĭńĨĶĔĺƟŅĚȮťȮĬŇŘĺȮĵŅĺĻŀĔŏĻļȮĴƟĺĬĭĶĶěŋœĺƟŒĬįŃŀĭ
ĪŀĚėŜŅĸĚĵŅĶŅĝŅĺħňŀĵƞŅĚŒľĠƞȮıĶŃĽŋıĶĶĦĭńĨĶĔńĭįŃŀĭĶĺĴĬŘŜŅľĬńĔĮĶŃĴŅĦĪŀĚȮšȮĝńŗĚȮĴňĩŋĚĨŅħ
ŏĪĻħĺĚĪŀĚľŋƟĴįŃŀĭȮŐĸĴňĽŅĵĶńħįŌĔĮŅĔĩŋĚȮĴňĳŌƞĪŀĚĽŀĚĳŌƞĨŇħĪňŗĮĸŅĵĽŅĵĶńħħƟĺĵȮįŃŀĭĬńŘĬĨńŘĚŀĵŌƞŒĬ
ľňĭĩĴĨŃĪŀĚŕȮĨńŘĚŀĵŌƞĭĬıŅĬŐĺƞĬĲƚŅĪŀĚėŜŅȮŀŋĮĪŌĨŏĝŇĠŏėĶŊŗŀĚĴĚėĸĶŅĝĭĶĶĦŅĔŅĶȮĴňĩŋĚĨŅħ
ĨŅĨńřĔĔŃŐĨĬľŋƟĴĨńŘĚĭĬıŅĬĪŀĚėŜŅĝńŘĬŏħňĵĺȮĨĶňĪŌĨŏĝŇĠĕŀĚĩĺŅĵȮŏěƟŅıĶŃĵŅĺŇĝŅŏĵĬĪĶƢȮŀĶĶėĴľŅ
ŏĽĬŅĭħňĔĶŋĚĽĵŅĴȮĴňĩŋĚŏĕƟĴĕŅĭıŊŘĬŏĕňĵĺľŋƟĴŠȮĩŋĚĨńŘĚĭĬıŅĬĩĴĨŃĪŀĚĽŜŅľĶńĭĩĺŅĵıĶŃĽńĬĨĮĮŅȮŵȮ
&ľŀıĶŃĽĴŋħĺĝŇĶĠŅĦ, 0240'ȮěŃŏľŖĬœħƟĺƞŅŏėĶŊŗŀĚĩĴĴňľĸńĔģŅĬĪŅĚĮĶŃĺńĨŇĻŅĽĨĶƢĪňŗĽŜŅėńĠŐĽħĚŒľƟŏľŖĬ
ĺƞŅŏėĶŊŗŀĚĩĴĕŀĚœĪĵĬńŘĬĴňĴŅĨńŘĚŐĨƞĔĶŋĚĻĶňŀĵŋīĵŅȮŐĸŃŒĬĵŋėĬńŘĬĔĶŋĚĻĶňŀĵŋīĵŅœħƟĴňĔŅĶĨŇħĨƞŀĞŊŘŀĕŅĵĔńĭ
ĝŅĺĨƞŅĚĝŅĨŇěŉĚĪŜŅŒľƟĴňĔŅĶŐĸĔŏĮĸňŗĵĬĺńĥĬīĶĶĴȮŐĸŃœħƟĶńĭŀŇĪīŇıĸĪŅĚĻŇĸĮŃěŅĔĨƞŅĚĮĶŃŏĪĻŏĕƟŅ
ĴŅĵńĚĽĵŅĴĮĶŃŏĪĻȮŀŅěŏĮƦĬœħƟĪńŘĚĬŜŅŏĪėĬŇėĔĶĶĴĺŇīňĔŅĶĪŜŅŏėĶŊŗŀĚĩĴȮŏėĶŊŗŀĚĪŀĚĨƞŅĚŕȮĴŅěŅĔ
ĮĶŃŏĪĻŏľĸƞŅĬńŘĬȮľĶŊŀŏĮƦĬœĮœħƟĺƞŅĽĵŅĴŀŅěěŃĮĶńĭĮĶŃĵŋĔĨƢŏĪėĬŇėĺŇīňĔĶĶĴĔŅĶĪŜŅŏėĶŊŗŀĚĩĴĬňŘœħƟŏŀĚ 

 

 
ĳŅıĪňŗȮ/ȮŏėĶŊŗŀĚĩĴĨŃĪŀĚ 

&ĪňŗĴŅ8ȮģŅĬĕƟŀĴŌĸŐľĸƞĚőĭĶŅĦėħňĪňŗĽŜŅėńĠĕŀĚĮĶŃŏĪĻœĪĵȮĻŌĬĵƢĴĬŋļĵĺŇĪĵŅĽŇĶŇĬīĶ : ŏĕƟŅĩŉĚȮ7ȮĨ,ė,Ȯ
0342. ěŅĔ https://www.sac.or.th/databases/archaeology/terminology/ĩĴĨŃĪŀĚ' 
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ŏėĶŊŗŀĚĩĴĕŀĚœĪĵĔĸƞŅĺĔńĬĺƞŅĴŅěŅĔĬėĶĻĶňīĶĶĴĶŅĝȮŏıĶŅŃŏĮƦĬŏĴŊŀĚĪƞŅĕŀĚĽĵŅĴȮĴň
ĝŅĺĨƞŅĚĝŅĨŇľĸŅĔľĸŅĵĪňŗŏĕƟŅĴŅėƟŅĕŅĵȮěŉĚĪŜŅŒľƟĬėĶĻĶňīĶĶĴĶŅĝŏĮƦĬĻŌĬĵƢĔĸŅĚĔŅĶėƟŅȮŏĮƦĬŏĴŊŀĚĪƞŅĪňŗ
ŏěĶŇĠĶŋƞĚŏĶŊŀĚȮŏľĨŋĬňŘŏėĶŊŗŀĚĩĴěŉĚŀŅěěŃœħƟĶńĭŏĪėĬŇėĴŅěŅĔĝŅĺŏĮŀĶƢŏĞňĵȮŀŇĬŏħňĵȮőĮĶĨŋŏĔĽȮĴŅĸŅĵŌȮ
ŏıĶŅŃĸńĔļĦŃŏĪėĬŇėŏėĶŊŗŀĚĩĴĕŀĚœĪĵȮĴňėĺŅĴėĸƟŅĵėĸŉĚĔńĭŏėĶŊŗŀĚĩĴĕŀĚĮĶŃŏĪĻĪňŗĔĸƞŅĺĴŅĕƟŅĚĨƟĬȮ
ŏėĶŊŗŀĚĩĴœĪĵĬńŘĬœĴƞœħƟįĸŇĨěŅĔĬėĶĻĶňīĶĶĴĶŅĝĪňŗŏħňĵĺȮŐĨƞĵńĚĴňĔŅĶįĸŇĨĪňŗĔĶŋĚĻĶňŀĵŋīĵŅŀňĔħƟĺĵȮőħĵ
ėŅħĺƞŅœħƟĝƞŅĚİƖĴŊŀĴŅěŅĔĬėĶĻĶňīĶĶĴĶŅĝȮľĶŊŀĽĴńĵĬńŘĬĔŖĴňľĴŌƞĭƟŅĬĝŅĺőĮĶĨŋŏĔĽŀŅĻńĵŀĵŌƞĪňŗĔĶŋĚĻĶň
ŀĵŋīĵŅȮĞŉŗĚĝŅĺőĮĶĨŋŏĔĽŏľĸƞŅĬňŘŀŅěŏĮƦĬįŌƟĽŀĬŏĪėĬŇėŏľĸƞŅĬňŘŒľƟ 
ŒĬĽĴńĵĶńĝĔŅĸĪňŗȮ0ȮŐĸŃĶńĝĔŅĸĪňŗȮ1ȮŐľƞĚĔĶŋĚĶńĨĬőĔĽŇĬĪĶƢĵńĚėĚĴňĔŅĶĪŜŅŏėĶŊŗŀĚĩĴŐĸŃĴňĔŅĶĲƘƨĬĲŌ

ĻŇĸĮŃĺńĥĬīĶĶĴŀĵƞŅĚĴŅĔľĸńĚĽĚėĶŅĴĪňŗŏĔŇħĕŉŘĬŒĬĽĴńĵĶńĝĔŅĸĪňŗȮ/ȮěŃŏľŖĬœħƟĺƞŅĽĴńĵĶńĝĔŅĸĪňŗȮ1ȮĴň
ĔŅĶėƟŅĪňŗĶŋƞĚŏĶŊŀĚȮĭƟŅĬŏĴŊŀĚĮĶŅĻěŅĔĻŉĔĽĚėĶŅĴȮŐĸŃĴňĔŅĶįĸŇĨŏėĶŊŗŀĚĩĴŒĝƟŏĶŊŗŀĵĴŅŏıŊŗŀıĶŃĶŅĝĪŅĬ
ıĶŃĭĶĴĺĚĻŅĬŋĺĚĻƢŐĸŃĕŋĬĬŅĚȮĶĺĴĪńŘĚĴňĔŅĶįĸŇĨŏĮƦĬĕŀĚĪňŗĶŃĸŉĔŐĸŃĕŀĚĽŃĽĴȮĨĸŀħěĬĪńŘĚĕŀĚ
ŏėĶŊŗŀĚŒĝƟĨƞŅĚŕěĬĩŉĚĽĴńĵĮƤěěŋĭńĬȮĻŇĸĮŃŏėĶŊŗŀĚĩĴĬńŘĬĔŖœħƟĶńĭĔŅĶıńĥĬŅĪŅĚħƟŅĬŏĪėĬŇėŐĸŃĔĶĶĴĺŇīňĽŊĭ
ĴŅ 
 

0,3ȮŏĪėĬŇėĔŅĶĪŜŅŏėĶŊŗŀĚĩĴ 

 ŏėĶŊŗŀĚĩĴȮŒĬĳŅļŅŀńĚĔķļŒĝƟėŜŅĺƞŅȮNielloware ėŜŅĺƞŅȮNiello ĴŅěŅĔėŜŅŒĬĳŅļŅĸŃĨŇĬĺƞŅȮ
Nigellum ŏĮƦĬėŜŅĪňŗĴňėĺŅĴľĴŅĵĨĶĚĔńĭėŜŅĺƞŅȮNiger ĞŉŗĚľĴŅĵĩŉĚȮĽňħŜŅȮ&La Niece, /761'ȮĽƞĺĬėŜŅĺƞŅȮ
WareȮľĴŅĵĩŉĚȮĽŇĬėƟŅȮŏėĶŊŗŀĚŒĝƟȮŐĸŃįĸŇĨĳńĦĤƢȮ 

 ĩĴȮ&Niello'ȮėŊŀȮĽŅĶĮĶŃĔŀĭőĸľŃĞńĸœĲħƢȮĴňĽƞĺĬįĽĴĕŀĚőĸľŃŏĚŇĬȮĪŀĚŐħĚȮŐĸŃĨŃĔńŗĺȮ
ľĸŀĴĶĺĴĔńĬȮěŅĔĬńŘĬŒĽƞĔŜŅĴŃĩńĬĸĚœĮœħƟĽŅĶįĽĴĴňĸńĔļĦŃĽňħŜŅȮĞŉŗĚěŃĬŜŅĽŅĶĽňħŜŅĪňŗœħƟĴŅĩĴĸĚĶƞŀĚŒĬ
ĝŇŘĬĚŅĬŏıŊŗŀŒľƟŏĔŇħĸĺħĸŅĵŏħƞĬĝńħȮŏĶňĵĔĺƞŅȮŴĵŅĩĴŵȮőħĵĵŅĩĴĴňľĸŅĵĽŌĨĶĕŉŘĬŀĵŌƞĔńĭĨĶŃĔŌĸĝƞŅĚȮ
ĽƞĺĬĴŅĔŏĮƦĬĽŌĨĶŏĜıŅŃĕŀĚŐĨƞĸŃıŊŘĬĪňŗȮ 

2.5,/Ȯ ĵŅĩĴȮ 

 ĵŅĩĴĕŀĚœĪĵŒĝƟĨŃĔńŗĺȮ1.ȮĽƞĺĬȮĪŀĚŐħĚȮ03ȮĽƞĺĬȮŏĚŇĬȮ/3ȮĽƞĺĬȮľĸŀĴŒľƟŏĕƟŅĔńĬȮ2ȮĝńŗĺőĴĚŐĸƟĺ
ŒĽƞĔŜŅĴŃĩńĬĸĚœĮȮŏĪĸĚŏĭƟŅıńĔœĺƟŒľƟŏĵŖĬȮěŅĔĬńŘĬŏŀŅĴŅĭħŐĸƟĺěŉĚĬŜŅŏŀŅœĮŒĝƟĚŅĬȮĵŅĩĴĪňŗħňěŃĴňĸńĔļĦŃ
ĽňħŜŅĽĬŇĪȮĴňėĺŅĴŏĚŅȮĵŅĩĴĪňŗœĴƞħňěŃĴňĽňħŜŅħƟŅĬȮĴňİƚŅŐĸŃĴňĨŅĴħȮ&ĸŃĴƞŀĴȮőŀĝŃĔŃȮ& ĬŅĵĴĬĨĶňȮěńĬĪ
ıńĬīƢ, 0317'ȮĭŅĚıŊŘĬĪňŗĴňĔŅĶľĸŀĴĵŅĩĴȮ2-4ȮĝĴ,ĕŉŘĬœĮȮŒĬĔŅĶŒĝƟĚŅĬĬńŘĬŀŅěěŃľĸƞŀŒľƟŏĮƦĬŐĪƞĚȮ&ħńĚ
ĳŅıĪňŗȮ0'ȮľĶŊŀŏĮƦĬįĚ 
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ĳŅıĪňŗȮ0ȮŐĪƞĚĵŅĩĴ 

 ŒĬĨƞŅĚĮĶŃŏĪĻȮĴňĮĶŃĺńĨŇĔŅĶŒĝƟĵŅĩĴĴŅĨńŘĚŐĨƞĽĴńĵőĶĴńĬȮőħĵĴňĔŅĶŒĝƟőĸľŃĨńŘĚŐĨƞȮ/-1ȮĝĬŇħ
ľĸŀĴĔńĭĔŜŅĴŃĩńĬȮőħĵěŃĴňĽŌĨĶŒĬĔŅĶįĸŇĨĵŅĩĴĪňŗŐĨĔĨƞŅĚĔńĬħńĚĬňŘ 

 /,ȮėĬŀňĵŇĮĨƢőĭĶŅĦȮ&Bruère, /731'ȮĴňĔŅĶĪŜŅĵŅĩĴőħĵĔŅĶŒĝƟŏĚŇĬľĬŉŗĚĽƞĺĬȮįĽĴĔńĭĪŀĚŐħĚ
ŐĸŃĔŜŅĴŃĩńĬ (ŒĝƟŒĬĮĶŇĴŅĦŏĪƞŅĔńĭŏĚŇĬ) ŐĸƟĺěŉĚĬŜŅĽƞĺĬįĽĴĪňŗœħƟœĮľĸŀĴŒĬĳŅĝĬŃĪňŗŏĮƦĬŏėĶŊŗŀĚħŇĬŏįŅȮ
ĮƕħİŅŒľƟŐĬƞĬħƟĺĵħŇĬŏľĬňĵĺȮěŅĔĬńŘĬěŉĚĬŜŅœĮŒľƟėĺŅĴĶƟŀĬěĬĔĶŃĪńŗĚİŅĕŀĚĳŅĝĬŃŏĮƕħŀŀĔĴŅŏŀĚȮ 
 2. &La Niece, /761'ȮœħƟĔĸƞŅĺĩŉĚĽŌĨĶŒĬĔŅĶĪŜŅĵŅĩĴœĺƟĽŀĚŐĭĭėŊŀȮŐĭĭĪňŗĴňőĸľŃĴŅĔĔĺƞŅľĬŉŗĚ
ĝĬŇħȮŐĸŃŐĭĭĪňŗĴňőĸľŃŏıňĵĚĝĬŇħĝĬŇħŏħňĵĺȮőħĵŐĭĭĪňŗįĽĴőĸľŃĴŅĔĔĺƞŅľĬŉŗĚĝĬŇħĕŉŘĬœĮĬńŘĬȮĴňĔŅĶ
ŐĮĶėƞŅĽńħĽƞĺĬĕŀĚĮĶŇĴŅĦőĸľŃŐĸƟĺŏĨŇĴĔŜŅĴŃĩńĬȮěŃœħƟĵŅĩĴĪňŗĴňĽŌĨĶȮ0ȮŐĭĭėŊŀȮAg/Cu/S ŐĸŃȮ
Ag/Cu/Pb/S ŐĸƟĺľĸŀĴĵŅĩĴĪňŗœħƟĔńĭĬŘŜŅĮĶŃĽŅĬȮ(ĭŀŐĶĔĞƢ) ěĬĸŃĸŅĵȮŐĸƟĺŏĪĸĚĭĬĸĺħĸŅĵĪňŗ
ŀŀĔŐĭĭœĺƟěŅĔĬńŘĬěŉĚĕńħĝŇŘĬĚŅĬŒľƟŏĶňĵĭȮĽŜŅľĶńĭŐĭĭĪňŗĴňőĸľŃŏıňĵĚĝĬŇħĝĬŇħŏħňĵĺȮ(Ag/S ŐĸŃ Cu/S) 
ĬńŘĬȮŏıňĵĚŐėƞŒľƟėĺŅĴĶƟŀĬŒľƟŀƞŀĬĨńĺȮŐĸƟĺĔħĸĚŒĬĸĺħĸŅĵĭĬĝŇŘĬĚŅĬ 
 3. ĨŜŅĶŅȮMappae &Clavicula, Hawthorne, & Smith, /752'ȮŒĬĔŅĶĪŜŅĵŅĩĴȮŒĝƟŏĚŇĬȮ0ȮĽƞĺĬȮ
ĪŀĚŐħĚȮ/ȮĽƞĺĬȮĔŜŅĴŃĩńĬŀĵƞŅĚĬƟŀĵĽŅĴĽƞĺĬȮŐĸŃĴňĔŅĶŒĽƞĨŃĔńŗĺĸĚœĮŒĬĽƞĺĬįĽĴħƟĺĵȮȮ 

 2, ĨŜŅĶŅȮTheophilus (Cellini, 1967)ȮœħƟĔĸƞŅĺĩŉĚĺŇīňĔŅĶĩĴĸŅĵœĺƟĽŀĚŐĭĭȮėŊŀĔŅĶĭħĵŅĩĴ
ŏĮƦĬįĚŐĸƟĺőĶĵĸĚĭĬĸŅĵȮŐĸŃĺŇīňĪňŗĽŀĚėŊŀľĸŀĴĵŅĩĴŒľƟĸŃĸŅĵȮěŅĔĬńŘĬŒĽƞĴńĬĸĚœĮĩŅħŏľĸŖĔĶŌĮ
ĽňŗŏľĸňŗĵĴȮėňĭĵŅĩĴœĺƟŐĸƟĺĩŌĸĚĭĬĝŇŘĬĚŅĬěĬŏĨŖĴĸĺħĸŅĵĪňŗŏĨĶňĵĴœĺƟ 

 3. &Cellini & Ashbee, /676'ȮŏĕňĵĬœĺƟŒĬĝƞĺĚĨƟĬĕŀĚėĶŇĽĨƢĻĨĺĶĶļĪňŗȮ16 ŒľƟŒĝƟŏĚŇĬȮ/ȮĽƞĺĬȮ
ĪŀĚŐħĚȮ0ȮĽƞĺĬȮŐĸŃĨŃĔńŗĺȮ1ȮĽƞĺĬȮ 

 4. (Allan, 1979) ĪŜŅĔŅĶŏįŅŏĚŇĬĔńĭĔŜŅĴŃĩńĬěĬĔĸŅĵŏĮƦĬĽňȮIndian iron ŏĴŊŗŀėĺŅĴĶƟŀĬĸħĸĚȮ
ĽƞĺĬįĽĴěŃėƞŀĵȮŕȮŐįƞŀŀĔœĮŏľĴŊŀĬĔńĭŐĔƟĺľĶŊŀĔĶŃěĔȮľŅĔĨƟŀĚĔŅĶĩĴŏĚŇĬħƟĺĵĽƞĺĬįĽĴĬňŘȮŒľƟőĕĸĔ
ĽƞĺĬįĽĴĔńĭĭŀŐĶŖĔĞƢȮŏĨŇĴĬŘŜŅȮŐĸƟĺěŉĚŏĨŇĴĸĚœĮŒĬĸĺħĸŅĵĪňŗŐĔŃœĺƟȮĽƞĺĬįĽĴĔŖěŃėƞŀĵȮŕȮœľĸœĮ
ŏľĴŊŀĬĔńĭőĸľŃĭńħĔĶň 
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 5. &Maryon, /75/'ȮĔĸƞŅĺĩŉĚŐĶƞıĸĺĚĺƞŅĽŅĴŅĶĩŒĝƟĶƞĺĴĔńĭŏĚŇĬȮĪŀĚŐħĚȮŐĸŃĨŃĔńŗĺŏıŊŗŀŒľƟ
ŏĔŇħĽňħŜŅĪňŗĸŃŏŀňĵħľĶŊŀĴňėŋĦĳŅıĕŉŘĬœħƟ 

 8. &Untracht, /747'ȮŏĕňĵĬĩŉĚĽŌĨĶŐĭĭĶńĽŏĞňĵĞŉŗĚĴňĔŅĶŒĽƞĭŇĽĴńĪȮ(Bi- Bismuth īŅĨŋĸŜŅħńĭĪňŗȮ
83) ŏıŊŗŀŒľƟŏĔŇħĽňĲƚŅěŅĚȮ 

  ĽƞĺĬįĽĴőĸľŃĕŀĚĵŅĩĴȮĽƞĺĬŒľĠƞěŃĴňŀĚėƢĮĶŃĔŀĭėĸƟŅĵĔńĬŐĸŃĴňěŋħĮĶŃĽĚėƢŏıŊŗŀŒľƟ
ŏĔŇħĽňħŜŅȮĮĶŇĴŅĦőĸľŃĪňŗįĽĴĨƞŅĚĔńĬĨŅĴĵŋėĽĴńĵŐĸŃőĸľŃĨŅĴıŊŘĬĩŇŗĬĪňŗĴňŀĵŌƞȮĪŜŅŒľƟĔŅĶįĸŇĨĨƞŅĚĔńĬĨŅĴ
ĮƤěěńĵŐĺħĸƟŀĴȮŏĝƞĬĮƤĠľŅĪŅĚŏĻĶļģĔŇěȮ 

2.5,0Ȯ ĶŌĮıĶĶĦ 

 őĸľŃĶŌĮıĶĶĦĪŜŅěŅĔŏĚŇĬĪňŗĴňėĺŅĴĭĶŇĽŋĪīŇśœĴƞĬƟŀĵĔĺƞŅȮ73% ĴňőĸľŃŀŊŗĬįĽĴŀĵŌƞœĴƞŏĔŇĬȮ3% 
&ĽƞĺĬįĽĴŀŊŗĬȮĬŇĵĴĪŀĚŐħĚĭĶŇĽŋĪīŇś'ȮľŅĔĬŜŅŏĬŊŘŀŏĚŇĬȮ/..% ĴŅŒĝƟĕŉŘĬĶŌĮıĶĶĦĬńŘĬĽŅĴŅĶĩĪŜŅœħƟŐĨƞěŃĴň
ėĺŅĴŀƞŀĬĴŅĔŏĔŇĬœĮěŉĚĴňĽƞĺĬįĽĴŀŊŗĬŏıŊŗŀŒľƟĶŌĮıĶĶĦĴňėĺŅĴŐĕŖĚŐĶĚĴŅĔĵŇŗĚĕŉŘĬȮĽƞĺĬįĽĴŏĬŊŘŀŏĚŇĬȮ
73%ȮĬňŘŏĮƦĬĴŅĨĶģŅĬĽŅĔĸȮŏĶňĵĔĺƞŅȮŏĚŇĬĽŏĨŀĶƢĸŇĚȮ&Sterling Silver'ȮľŅĔŏĬŊŘŀŏĚŇĬĨŗŜŅĔĺƞŅȮ3.% ŏĴŊŗŀĸĚ
ĵŅĩĴěŃœĴƞĨŇħŏĔŅŃĨŅĴĶƞŀĚȮ&ĽĴŅėĴŏėĶŊŗŀĚĩĴŐĸŃŏėĶŊŗŀĚŏĚŇĬœĪĵ, 03/0'ȮěŅĔĬńŘĬĝƞŅĚěŃĕŉŘĬĶŌĮįĸŇĨŏĮƦĬ
ĶŌĮĪĶĚĨƞŅĚŕĨŅĴŐĭĭŏėĶŊŗŀĚĩĴĪňŗĨƟŀĚĔŅĶ 

2.5,1ȮĔŅĶĽĸńĔĸŅĵ 

 ŏĴŊŗŀĕŉŘĬĶŌĮıĶĶĦĝŇŘĬĚŅĬŐĸƟĺĕńŘĬĨŀĬĨƞŀœĮŏĮƦĬĔŅĶĽĸńĔĸŅĵȮĔƞŀĬĔŅĶĽĸńĔĸŅĵěŃĴňĔŅĶŀŀĔŐĭĭ
ĸĺħĸŅĵĨƞŅĚŕĪňŗěŃĽĸńĔĸĚœĮŒĬĝŇŘĬĚŅĬȮŒĬĚŅĬŏėĶŊŗŀĚĩĴĸŅĵœĪĵĨƞŅĚŕȮĔĶĶĴĺŇīňĔŅĶĽĸńĔȮĔŅĶĨŀĔȮĽŇŗĚ
ŏľĸƞŅĬňŘĽŅĴŅĶĩĭŀĔŐĸŃěŜŅŐĬĔĵŋėĽĴńĵĕŀĚŏėĶŊŗŀĚĩĴœħƟȮŏĝƞĬȮĸŅĵŀĵƞŅĚŏĪĻȮĸŅĵŒĭŏĪĻȮıŋħĨŅĬŒĭŏĪĻȮ
ĔƟŅĬĨƞŀħŀĔŒĭŏĪĻȮĸĺħĸŅĵŏľĸƞŅĬňŘĬŇĵĴĴŅĔŒĬĽĴńĵĶńĝĔŅĸĪňŗȮ3ȮŒĬĶńĝĔŅĸĪňŗȮ0ȮĽƞĺĬĴŅĔěŃŏĮƦĬĩĴĨŃ
ĪŀĚĴňĸŅĵĔĸňĭĭńĺœĽƟĔĶŃľĬĔȮĔƟŅĬĕħŏėĶŊŀĚĔĶŃľĬĔȮĔƟŅĬĨƞŀħŀĔŒĭŏĪĻĮĶŃĔŀĭĶŅĝĽňľƢȮŏĮƦĬĨƟĬȮ
ĽĴńĵŀĵŋīĵŅěĬĩŉĚĨƟĬĔĶŋĚĶńĨĬőĔĽŇĬĪĶƢȮŏĮƦĬĸŅĵĔƟŅĬĨƞŀħŀĔŒĭŏĪĻĮĶŃĔŀĭĳŅıȮŀŅĪŇȮĶŅĝĽňľƢȮĳŅıěńĭȮ
ŏĮƦĬĨƟĬȮ&ŏĽĬŀȮĬŇĸŏħĝ, ěŋĸĪĶĶĻĬƢȮıĵŅęĶŅĬĬĪƢ, & ŏĕĴĪńĨȮĺŇĻĺőĵīŇĬ, 0304'ȮĸńĔļĦŃĸĺħĸŅĵĪňŗ
ĮĶŅĔĢĽŅĴŅĶĩěŜŅŐĬĔėĶŅĺŕĩŉĚĵŋėĽĴńĵĪňŗĭƞĚĭŀĔėĺŅĴĬŇĵĴĕŀĚĸĺħĸŅĵȮĬŀĔěŅĔĬńŘĬĔĶĶĴĺŇīňĔŅĶ
ĨŀĔĽĸńĔĸŅĵĔŖĽŅĴŅĶĩĬŜŅĴŅěŜŅŐĬĔĮĶŃŏĳĪŏėĶŊŗŀĚĩĴœħƟŏĝƞĬȮĔŅĶĽĸńĔŒĬĽĴńĵŀĵŋīĵŅĮĸŅĵěŃœĴƞĸŉĔ
ĴŅĔȮĴňĔŅĶĽĸńĔŏľĵňĵĭıŊŘĬŒľƟĴňĭĶŇŏĺĦĪňŗĸĚĩĴėƞŀĬĕƟŅĚĴŅĔĴňıŊŘĬĪňŗĕŀĚŏĬŊŘŀŏĚŇĬĬƟŀĵȮĽƞĺĬŏėĶŊŗŀĚĩĴĽĴńĵ
ľĸńĚěŃĴňĔŅĶĽĸńĔŐĸŃĔŅĶŀŀĔŐĭĭĸĺħĸŅĵŒľƟĴňıŊŘĬĪňŗĸĚĩĴĬƟŀĵěŃŏľŖĬıŊŘĬĪňŗĕŀĚŏĬŊŘŀŏĚŇĬĴŅĔĔĺƞŅĵŋė
ŐĶĔŕȮĞŉŗĚĸńĔļĦŃĬňŘĴńĔŏĮƦĬĝƞŅĚĩĴŏĴŊŀĚĬėĶ 

 



  /. 

2.5,2ȮĔŅĶĸĚĩĴ 

 ĔŅĶĸĚĩĴȮėŊŀȮĔŅĶĬŜŅĵŅĩĴĪňŗœħƟěŅĔĔŅĶȮŴĔŋƞĴĬŘŜŅĵŅŵȮėŊŀĔŅĶŏŀŅőĸľŃĪńŘĚĽŅĴȮĪŀĚŐħĚȮŏĚŇĬȮ
ĨŃĔńŗĺȮĴŅľĸŀĴĶĺĴĔńĬȮěŅĔĬńŘĬĞńħĔŜŅĴŃĩńĬĸĚœĮȮěŉĚĬŜŅĴŅŏĪĸĚŏĭƟŅœħƟŏĬŊŘŀĵŅĩĴŏĮƦĬŐĪƞĚȮĬŜŅĵŅĩĴĪňŗ
œħƟĴŅĸĚŒĬőĸľŃĶŌĮıĶĶĦĪňŗĽĸńĔŏĽĶŖěȮľĶŊŀěŃĬŜŅœĮĭħŏĮƦĬįĚįĽĴĬŘŜŅĵŅĮĶŃĽŅĬĪŀĚŐĸƟĺĬŜŅĴŅĸĚœħƟ
ŏĝƞĬĔńĬȮĵŅĩĴĪňŗħňěŃĨƟŀĚĴňĽňħŜŅŏĮƦĬĬŇĸȮŐĕŖĚȮĕŉŘĬŏĚŅŏľĸŊŀĭĽňĬŘŜŅŏĚŇĬŀƞŀĬŕȮĽŅĴŅĶĩĪŋĭŒľƟŏĮƦĬįĚœħƟȮ
&ĽĴŅėĴŏėĶŊŗŀĚĩĴŐĸŃŏėĶŊŗŀĚŏĚŇĬœĪĵ, 03/0'ȮĬŜŅĵŅĩĴĪňŗœħƟĴŅŐĨŃĸĚĭĬĸĺħĸŅĵĪňŗĽĸńĔőħĵŒĝƟėĺŅĴĶƟŀĬȮ
ŏĴŊŗŀĵŅĩĴőħĬėĺŅĴĶƟŀĬěŃœľĸĸĚœĮŒĬĸŅĵĪňŗĽĸńĔœĺƟȮĸĚŒľƟĪńŗĺŐĸƟĺĬŜŅĴŅĕńħŀŀĔħƟĺĵĔĶŃħŅļĪĶŅĵȮĕńħ
ěĬŏľŖĬĸĺħĸŅĵŐĸƟĺĨĶĺěħŌĺƞŅĴňĨŅĴħľĶŊŀœĴƞȮ&ĨŅĴħȮėŊŀȮĶŌŀŅĔŅĻ'ȮĩƟŅĴňĨƟŀĚĸĚĞŘŜŅ 

0,3,3ȮĔŅĶĕńħȮŐĔŃŐĶȮŏıĸŅĸŅĵ 

 ĕńŘĬĨŀĬĔŅĶĕńħěŃŒĝƟĔĶŃħŅļĪĶŅĵľĵŅĭœĮěĬĩŉĚĔĶŃħŅļĪĶŅĵĸŃŏŀňĵħĨŅĴĸŜŅħńĭŏıŊŗŀĕńħĵŅĩĴ
ŀŀĔŒľƟŏľŖĬĸĺħĸŅĵȮĽĴńĵĔƞŀĬŒĝƟĩƞŅĬœĴƟŏĬŊŘŀŀƞŀĬĩŌěĬŏĔĸňŘĵĚŐĸƟĺěŉĚĬŜŅœĮĕńħŏĚŅħƟĺĵŏėĶŊŗŀĚĕńħŀňĔėĶńŘĚ
ħƟĺĵĵŅĕńħőĸľŃŐĸƟĺĸƟŅĚĬŘŜŅŒľƟĽŃŀŅħȮ&ĽĴŅėĴŏėĶŊŗŀĚĩĴŐĸŃŏėĶŊŗŀĚŏĚŇĬœĪĵ, 03/0'ȮĴňĕńŘĬĨŀĬŀňĔŀĵƞŅĚĪňŗ
ĽŜŅėńĠėŊŀĔŅĶŐĔŃŐĶŒĬĸŅĵĪňŗĸĚĩĴŐĸƟĺŒľƟĴňĶŅĵĸŃŏŀňĵħȮĔŅĶŏıĸŅȮėŊŀĔŅĶĨŀĔĽĸńĔŏĭŅŕĸĚœĮĭĬ
ĶŌĮıĶĶĦŏıŊŗŀŒľƟĸŅĵĴňėĺŅĴŐĺĺĺŅĺŏĸƞĬĔńĭŐĽĚĽŃĪƟŀĬȮĪŜŅŒľƟĝŇŘĬĚŅĬĪňŗĴňĔŅĶŏıĸŅĸŅĵĴňėĺŅĴĽĺĵĚŅĴ
ĴŅĔĕŉŘĬȮĽƞĺĬĴŅĔěŃıĭŒĬĽĴńĵľĸńĚĮĶŃĴŅĦĶńĝĔŅĸĪňŗȮ3ȮĽƞĺĬŏėĶŊŗŀĚĩĴĽĴńĵŐĶĔěŃŒĝƟĺŇīňĔŅĶŐĔŃŐĶ 

 

0,4ȮėĺŅĴŏĽŊŗŀĴĽĳŅı 

 ĔŅĶŏĽŊŗŀĴĽĳŅıĕŀĚőĸľŃĺńĨĩŋőĭĶŅĦĴňľĸŅĵĽŅŏľĨŋȮŏĮƦĬįĸĴŅěŅĔĔŅĶĪŜŅĮĢŇĔŇĶŇĵŅĶŃľĺƞŅĚ
őĸľŃĔńĭĽĳŅıŐĺħĸƟŀĴȮĴňĪńŘĚĔŅĶįŋȮĔŅĶĔńħĔĶƞŀĬȮĔŅĶŏĔŇħĕŉŘĬěŅĔŀŋĦľĳŌĴŇȮėĺŅĴĝŊŘĬȮŐĽĚȮŐĸŃĳńĵ
īĶĶĴĝŅĨŇȮĪŜŅŒľƟĺńĨĩŋĭŅĚĝĬŇħĴňėĺŅĴŏĽňĵľŅĵȮŐĸŃĵńĚĽŅĴŅĶĩŏĔŇħěŅĔĔŅĶĔĶŃĪŜŅĕŀĚĴĬŋļĵƢȮŏĝƞĬȮĔŅĶ
ĪŜŅŒľƟŐĨĔľńĔěŅĔĔŅĶĵĔȮĔŅĶľĵŇĭěńĭőĸľŃĪŜŅŒľƟŏĔŇħėĶŅĭŐĸŃĽĬŇĴĨŅĴĴŅȮ&ħńĚĳŅıĪňŗȮ1' 

 
ĳŅıĪňŗȮ1ȮĨńĺŀĵƞŅĚŏėĶŊŗŀĚĩĴĪňŗŏĽňĵľŅĵ 



  // 

ĺńĨĩŋĪňŗĪŜŅħƟĺĵőĸľŃŏĚŇĬŏĴŊŗŀĽńĴįńĽĔńĭŀŅĔŅĻěŃŏĔŇħĲƕĸƢĴĽňŏĕƟĴĕŉŘĬȮ&Costa, 0../'ȮĔŅĶŏĔŇħĲƕĸƢĴĽň
ŏĕƟĴőħĵĪńŗĺœĮŐĸƟĺěŃŏĔŇħĕŉŘĬĴŅĔĔĺƞŅőĸľŃŏĚŇĬĪňŗįĽĴőĸľŃŀŊŗĬȮŏĴŊŗŀŏĔŇħĲƕĸƢĴĔŅĶĽŃĪƟŀĬĕŀĚőĸľŃěŃ
ħƟŀĵĸĚŐĸŃĽňįŇĺĕŀĚőĸľŃěŃŏĕƟĴĕŉŘĬěŅĔĬŘŜŅĨŅĸěĬĔĸŅĵŏĮƦĬĽňħŜŅȮĲƕĸƢĴĪňŗŏĔŇħĕŉŘĬĬńŘĬĴňŀĚėƢĮĶŃĔŀĭľĸńĔ
ŏĮƦĬȮ_a_lrfgrcȮ&?e0Q'Ȯ&Qf_pk_Ȯ$ȮAf_le*Ȯ/764'ȮĞŉŗĚŏĔŇħěŅĔĔŅĶĪŜŅĮĢŇĔŇĶŇĵŅĶŃľĺƞŅĚőĸľŃŏĚŇĬĔńĭ
ŐĔƠĽľĶŊŀĽŅĶĪňŗĴňŀĚėƢĮĶŃĔŀĭĕŀĚĔŜŅĴŃĩńĬȮŏĝƞĬȮFwbpmeclȮqsjdgbcȮ&F0Q'*Ȯa_p`mlwjȮqsjdgbcȮ
&AMQ'ȮŐĸŃȮbgkcrfwjȮbgqsjdgbcȮ&Kc0Q0'ȮĬŀĔěŅĔĬňŘĵńĚıĭĺƞŅĲƕĸƢĴľĶŊŀĽĬŇĴĵńĚĴňŀĚėƢĮĶŃĔŀĭĕŀĚȮ
Acp_pewpgrcȮ&?eAj'Ȯ&Dsisb_ȮcrȮ_j,*Ȯ/77/'ȮĞŉŗĚŏĔŇħěŅĔĔŅĶĪŜŅĮĢŇĔŇĶŇĵŅĶŃľĺƞŅĚőĸľŃŏĚŇĬĔńĭŏĔĸŊŀ
ėĸŀœĶħƢ 
ĝŇŘĬĚŅĬŏėĶŊŗŀĚĩĴĽƞĺĬĴŅĔĴňĽƞĺĬĮĶŃĔŀĭĕŀĚőĸľŃėŊŀȮŏĚŇĬȮĪŀĚŐħĚȮĨŃĔńŗĺȮŐĸŃĪŀĚȮĞŉŗĚőĸľŃ

ĪńŘĚľĴħĬňŘŏĔŇħĮĢŇĔŇĶŇĵŅĔńĭŀŀĔĞŇŏěĬŐĸŃĔŜŅĴŃĩńĬĪŜŅŒľƟőĸľŃľĴŀĚŐĸŃĔńħĔĶƞŀĬȮŒĬĔŅĶĔńħĔĶƞŀĬĕŀĚ
őĸľŃĪňŗĴŅĔĕŉŘĬȮŀŅěĪŜŅŒľƟőĸľŃŏĽŊŗŀĴĽĳŅıěĬĔĸŅĵŏĮƦĬįĚŏėĴňœħƟȮĔŅĶĪŜŅėĺŅĴĽŃŀŅħěŃĨƟŀĚĔŜŅěńħĝńŘĬ
ĲƕĸƢĴŀŀĔȮŐĸŃĔŅĶĪŜŅėĺŅĴĽŃŀŅħĪňŗĴŅĔŏĔŇĬœĮěŃĪŜŅŒľƟŏĬŊŘŀĚŅĬĭŅĚĸĚȮŏĝƞĬȮĺńĨĩŋőĭĶŅĦĪňŗĴňĔŅĶŏėĸŊŀĭ
įŇĺőĸľŃħƟĺĵĪŀĚėŜŅĴňėĺŅĴŏĽŊŗŀĴĽĳŅıȮĽƞĺĬŒľĠƞĬńŘĬĴŅěŅĔŏĬŊŘŀőĸľŃĪňŗŏĮƦĬŀĚėƢĮĶŃĔŀĭľĸńĔĕŀĚĺńĨĩŋȮ
ĽƞĺĬĭĶŇŏĺĦĪŀĚėŜŅĬńŘĬŀŅěĩŌĔĕŌħĕňħŐĸŃľĸŋħĸƞŀĬěŉĚĪŜŅŒľƟŏĔŇħĽĬŇĴŒĬĽƞĺĬĬńŘĬœħƟ 
ĔŅĶľĴŀĚĕŀĚőĸľŃŏĚŇĬȮŏĔŇħěŅĔĮĢŇĔŇĶŇĵŅĶŃľĺƞŅĚőĸľŃŏĚŇĬĔńĭĔŜŅĴŃĩńĬȮœħƟĲƕĸƢĴĞŇĸŏĺŀĶƢĞńĸœĲħƢȮ

ĬŀĔěŅĔĬňŘőĞŏħňĵĴėĸŀœĶħƢěŅĔŏľĚŊŗŀěŃĪŜŅŒľƟŏĔŇħĞŇĸŏĺŀĶƢėĸŀœĶħƢĞŉŗĚŏĮƦĬĽŅĶĽňĕŅĺȮŏĴŊŗŀėĶŅĭŏĕĴƞŅŐĸŃ
İŋƙĬĶĺĴŀĵŌƞĔńĭĞŇĸŏĺŀĶƢĞńĸœĲħƢĬňŘěŃĪŜŅŒľƟĽňŏĕƟĴĕŉŘĬœħƟȮ&Inaba, /774'ȮĬŀĔěŅĔőĸľŃŏĚŇĬĪňŗĬŜŅĴŅŒĝƟĪŜŅ
ĶŌĮıĶĶĦŏėĶŊŗŀĚĩĴŐĸƟĺȮĵńĚĴňĽƞĺĬįĽĴĕŀĚőĸľŃŀĵƞŅĚŀŊŗĬŒĬĔŅĶįĸŇĨŏıŊŗŀŒľƟĝŇŘĬĚŅĬĩĴĴňėĺŅĴŐĕŖĚŐĶĚ
ĴŅĔĕŉŘĬȮŏıĶŅŃĔŅĶĕŉŘĬĶŌĮĝŇŘĬĚŅĬőħĵőĸľŃŏĚŇĬŀĵƞŅĚŏħňĵĺĬńŘĬĪŜŅŒľƟĝŇŘĬĚŅĬĴňėĺŅĴĬŇŗĴŏĔŇĬœĮ 

 

ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ 
ĳŅıĪňŗȮ2ȮĽĬŇĴĪňŗŏĔŇħŒĬĨĸńĭĵŅĩĴȮěŅĔĺńħĶŅĝŅīŇĺŅĽĺŇľŅĶ 
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ĳŅıĪňŗȮ3ȮĽĬŇĴŒĬĨĸńĭŏĚŇĬĪňŗĴňĽƞĺĬįĽĴĕŀĚĪŀĚŐħĚȮěŅĔĺńħĶŅĝŅīŇĺŅĽĺŇľŅĶ 

 

ĽƞĺĬĽĬŇĴĨŃĔńŗĺŀŀĔœĞħƢŐĸŃĨŃĔńŗĺėŅĶƢĭŀŏĬĨĬńŘĬĴňĽňŏĪŅľĶŊŀĽňĕŅĺȮŏĔŇħŏĮƦĬėĶŅĭĨŇħŀĵŌƞĔńĭįŇĺ
ĺńĨĩŋȮĝƞĺĵĶńĔļŅįŇĺőĸľŃŒľƟŏĔŇħĮĢŇĔŇĶŇĵŅŀŀĔĞŇŏħĝńĬĝƟŅĸĚȮĔŅĶŏĽŊŗŀĴĽĳŅıœħƟŏĶŖĺŒĬĭĶĶĵŅĔŅĻĪňŗĴňĔĶħ
ŀŇĬĪĶňĵƢȮŏĝƞĬȮĔĶħŐŀĞŇĨŇĔȮœħƟįĚĽňĕŅĺĕŀĚĨŃĔńŗĺŐŀĞŇŏĨĨȮ(Pb3O2(CH3COO)2·H2O) (Lyon et al., 
2010)Ȯ&ħńĚĳŅıĪňŗ4' 

 

 
ĳŅıĪňŗȮ4ȮįĚĽĬŇĴĽňĕŅĺĭĬŏĬŊŘŀĨŃĔńŗĺȮěŅĔĺńħĶŅĝŅīŇĺŅĽĺŇľŅĶ 

ĔŅĶŏĽŊŗŀĴĽĳŅıĕŀĚŏėĶŊŗŀĚĩĴŏĚŇĬĞŉŗĚĴňĽƞĺĬĮĶŃĔŀĭĕŀĚőĸľŃľĸŅĵĝĬŇħȮĪŜŅŒľƟŏĔŇħĮĢŇĔŇĶŇĵŅĔŅĶ
ĽŉĔĔĶƞŀĬŒĬĸńĔļĦŃĪňŗĔĸƞŅĺĴŅĕƟŅĚĨƟĬœħƟȮĬŀĔěŅĔĬňŘŏėĶŊŗŀĚĩĴĭŅĚĝŇŘĬĴňĔŅĶĪŅıŊŘĬįŇĺŒľƟŏĮƦĬĪŀĚħƟĺĵ
ĮĶŀĪȮ&ĩĴĪŀĚ'ȮŏĴŊŗŀŏĔŖĭĶńĔļŅŏĮƦĬĶŃĵŃŏĺĸŅĬŅĬȮŀŅěĴňĔŅĶŏĽŊŗŀĴĽĳŅıœħƟĕŉŘĬŀĵŌƞĔńĭĮƤěěńĵĽŇŗĚŐĺħĸƟŀĴ
ŐĸŃĔŅĶŏĔŖĭĶńĔļŅŏĝŇĚĮƚŀĚĔńĬĬńĭŏĮƦĬŏĶŊŗŀĚĽŜŅėńĠŒĬĔŅĶŀĬŋĶńĔļƢőĭĶŅĦĺńĨĩŋ 

 
0,5ȮŏĪėĬŇėĪŅĚĺŇĪĵŅĻŅĽĨĶƢĪňŗŒĝƟŒĬĔŅĶĨĶĺěĽŀĭėĺŅĴŏĽŊŗŀĴĽĳŅıĕŀĚőĸľŃ 

0,5,/ȮŏĪėĬŇėĔĸƟŀĚěŋĸĪĶĶĻĬƢŀŇŏĸŖĔĨĶŀĬŐĭĭĽƞŀĚĔĶŅħȮ&Scanning Electron Microscopy (SEM)-
Energy Dispersive X-ray (EDX))  
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 ŒĝƟľĸńĔĔŅĶĔĶŅħĵŇĚŀŇŏĸŖĔĨĶŀĬĪňŗĴňıĸńĚĚŅĬĽŌĚœĮĭĬıŊŘĬįŇĺĨńĺŀĵƞŅĚȮŀŇŏĸŖĔĨĶŀĬěŃĔĶŃĪĭĔńĭ
įŇĺĝŇŘĬĚŅĬĪňŗĮĶŃĔŀĭœĮħƟĺĵŀŃĨŀĴĨƞŅĚŕȮěŅĔĬńŘĬěŃĮĸƞŀĵĽńĠĠŅĦĪňŗĽŅĴŅĶĩĬŜŅœĮĮĶŃĴĺĸįĸŐĸŃŒľƟ
ĕƟŀĴŌĸŏĮƦĬĳŅı SEMȮěŃŒĝƟĶƞĺĴĔńĬĔńĭŏĪėĬŇėĔŅĶĺńħĔŅĶĔĶŃěŅĵıĸńĚĚŅĬĕŀĚĶńĚĽňŏŀŖĔĞƢȮ&Energy 
Dispersive X-ray (EDX))ȮőħĵĴňľĸńĔĔŅĶĪŜŅĚŅĬŀĵŌƞĪňŗĔŅĶĔĶŃĨŋƟĬĺńĨĩŋĨńĺŀĵƞŅĚħƟĺĵŀĬŋĳŅėŀŇŏĸŖĔĨĶŀĬȮ
ĞŉŗĚěŃĩŌĔĮĸƞŀĵŀŀĔĴŅěŅĔľĸŀħĔŜŅŏĬŇħĶńĚĽňŏŀŖĔĞƢȮ&X-ray tube) ŐĸŃĩŌĔŏĶƞĚŒľƟŏėĸŊŗŀĬĪňŗĴŅŀĵƞŅĚĶĺħŏĶŖĺ
ĪŜŅŒľƟĴňıĸńĚĚŅĬěĸĬƢĽŌĚȮŏĴŊŗŀŀĬŋĳŅėĬňŘįƞŅĬŏĕƟŅĴŅŒĬŀŃĨŀĴĕŀĚĺńĨĩŋĨńĺŀĵƞŅĚȮĭŅĚĽƞĺĬĔŖěŃĴňőŀĔŅĽĪňŗěŃ
ĝĬĔńĭŀŇŏĸŖĔĨĶŀĬĪňŗŀĵŌƞŒĬŀŃĨŀĴȮĪŜŅŒľƟŀŇŏĸŖĔĨĶŀĬĴňıĸńĚĚŅĬĽŌĚĕŉŘĬŐĸƟĺľĸŋħŀŀĔœĮěŅĔŀŃĨŀĴȮŏĮƦĬ
ŀŇŏĸŖĔĨĶŀĬŀŇĽĶŃĪŜŅŒľƟŏĔŇħĪňŗĺƞŅĚĕŉŘĬȮĞŉŗĚŀŇŏĸŖĔĨĶŀĬĪňŗŀĵŌƞĝńŘĬĽŌĚĔĺƞŅĔŖěŃĨĔĸĚĴŅŀĵŌƞŐĪĬĪňŗŒĬĝńŘĬĪňŗĨŗŜŅĔĺƞŅȮ
ŀŇŏĸŖĔĨĶŀĬěŃĮĸƞŀĵľĶŊŀėŅĵıĸńĚĚŅĬĪňŗĴňŀĵŌƞĴŅĔŏĔŇĬĶŃħńĭĪňŗĨƟŀĚĔŅĶŀŀĔœĮȮŒĬĶŌĮĕŀĚĶńĚĽňŏŀŖĔĞƢĞŉŗĚĴň
ıĸńĚĚŅĬŏĜıŅŃȮ&characteristic x-ray) ĕŉŘĬĔńĭĝĬŇħĕŀĚīŅĨŋȮĽŅĴŅĶĩĭŀĔœħƟĺƞŅĺńĨĩŋĨńĺŀĵƞŅĚĴň
ŀĚėƢĮĶŃĔŀĭĕŀĚīŅĨŋŒħĭƟŅĚȮ&ħĬńĵȮĔŇěĝńĵĬŋĔŌĸ, 2547'ȮĽŅĴŅĶĩŒĝƟŏĪėĬŇėȮSEM-EDX ŒĬĔŅĶĻŉĔļŅ
ĝĬŇħĕŀĚīŅĨŋŀĚėƢĮĶŃĔŀĭĕŀĚĽĬŇĴŒĬĝŇŘĬĚŅĬŏėĶŊŗŀĚĩĴȮĪŜŅŒľƟĽŅĴŅĶĩĶŃĭŋĝĬŇħĕŀĚőĸľŃĪňŗŒĝƟŒĬĔŅĶĪŜŅ
ŏėĶŊŗŀĚĩĴőĭĶŅĦ 
 

0,6ȮĔŅĶŀĬŋĶńĔļƢ 

 ĔŅĶĽĚĺĬĶńĔļŅȮľĴŅĵĩŉĚȮĔŅĶħŌŐĸĶńĔļŅŒľƟŀĵŌƞŒĬĽĳŅıėĚŏħŇĴȮœĴƞŒľƟĴňėĺŅĴŏĽňĵľŅĵŏıŇŗĴĕŉŘĬ 
 ĔŅĶĮĢŇĽńĚĕĶĦƢȮľĴŅĵĩŉĚȮĔŅĶĪŜŅŒľƟĔĸńĭėŊĬĽŌƞĽĳŅıŀĵƞŅĚĪňŗŏėĵŏĮƦĬĴŅ 
 ĔŅĶĭŌĶĦŃȮľĴŅĵĩŉĚȮĔŅĶĞƞŀĴŐĞĴŐĸŃĮĶńĭĮĶŋĚŒľƟĴňĸńĔļĦŃĔĸĴĔĸŊĬȮŏľĴŊŀĬĕŀĚŏħŇĴĴŅĔĪňŗĽŋħȮ
ŐĨƞĨƟŀĚŐĽħĚėĺŅĴŐĨĔĨƞŅĚĶŃľĺƞŅĚĽŇŗĚĪňŗĴňŀĵŌƞŏħŇĴȮŐĸŃĽŇŗĚĪňŗĪŜŅĕŉŘĬĴŅŒľĴƞȮ&ĮƕĵĺĶĶĶĦȮľŀĴěńĬĪĶƢ*Ȯ
0342' 
 ĔŅĶŀĬŋĶńĔļƢőĸľŃĪŜŅœħƟőħĵľĸŅĵĺŇīňȮĞŉŗĚěŃĨƟŀĚėŜŅĬŉĔĩŉĚĨńĺĺńĨĩŋŏĮƦĬľĸńĔȮŒľƟėĚĶŌĮŐĭĭŐĸŃėŋĦėƞŅ
ĵńĭĵńŘĚĔŅĶŏĽňĵľŅĵŏıŇŗĴŏĨŇĴŒĬŀĬŅėĨȮĔŅĶŀĬŋĶńĔļƢĴňėĺŅĴľĴŅĵȮ0ȮĮĶŃĔŅĶȮėŊŀȮĔŅĶŀĬŋĶńĔļƢŏĝŇĚĮƚŀĚĔńĬȮ
&NpctclrgtcȮAmlqcpt_rgml'ȮħŌŐĸĶńĔļŅĮƚŀĚĔńĬėĺŅĴŏĽňĵľŅĵĪňŗŏĔŇħĕŉŘĬěŅĔĽŇŗĚŐĺħĸƟŀĴŐĸŃĔŅĶ
ĔĶŃĪŜŅĕŀĚĴĬŋļĵƢȮĔŅĶŀĬŋĶńĔļƢŏĝŇĚĮĢŇĭńĨŇȮ&Asp_rgtcȮAmlqcpt_rgml'ȮĵńĭĵńŘĚėĺŅĴŏĽňĵľŅĵĨƞŀĺńĨĩŋĴŇŒľƟ
ŏĽŊŗŀĴĽĳŅıĨƞŀœĮ 

ĨńĺŀĵƞŅĚĔŅĶŀĬŋĶńĔļƢőĸľŃħƟĺĵĽŅĶŏėĴňĪňŗľĸŅĔľĸŅĵŒĬĮƤěěŋĭńĬȮĴňĔŅĶŏĸŊŀĔŒĝƟŒľƟŏľĴŅŃĔńĭĽĳŅı
ĕŀĚĺńĨĩŋȮŐĸŃĪŜŅĔŅĶŀĬŋĶńĔļƢőħĵĬńĔŀĬŋĶńĔļƢȮŏĝƞĬ 
ĨńĺŀĵƞŅĚĪňŗȮ/&Yu, Go, & Lee, 0./0'ȮœħƟĪŜŅĔŅĶŀĬŋĶńĔļƢőĸľŃĪňŗĩŌĔİƤĚħŇĬĞŉŗĚĴňĽŅĶĮĬŏĮƘƨŀĬŐĸŃ

ĔŅĶĔńħĔĶƞŀĬĪŜŅœħƟőħĵȮ 
/, ĪŜŅėĺŅĴĽŃŀŅħħƟĺĵŏŀĪŇĸŐŀĸĔŀŁŀĸƢŐĸŃȮtalc 
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2. ŏĝŖħŀŀĔĨńĺĽŜŅĸňěŋƞĴĽŅĶĸŃĸŅĵŐŀĴőĴŏĬňĵ 
1, ĽŅĶĮĬŏĮƘƨŀĬľĬŅŏŀŅŀŀĔħƟĺĵŏėĶŊŗŀĚĴŊŀ 
2, ĸƟŅĚĬŘŜŅĽŃŀŅħ 
3, ŏėĸŊŀĭŒĬĽŅĶĸŃĸŅĵȮIncralac solution 20% 
6. ĨƞŀĝŇŘĬĽƞĺĬħƟĺĵĔŅĺȮHi-super 

 
ĳŅıĪňŗȮ5ȮĶŌĮĔƞŀĬŐĸŃľĸńĚĔŅĶŀĬŋĶńĔļƢĩƟĺĵőĸľŃŐĭĭŐĪƞĬ 

ĪňŗĴŅ8ȮConservation of metal objects &p.160', Jaeeun Yu, Inhee Go and Hyeyoun Lee, 
2012, Seoul : National Research Institute of cultural Heritage, 

 

  ĨńĺŀĵƞŅĚĪňŗȮ0ȮőĸľŃĪňŗĩŌĔĭňĭŀńħȮĴňĔŅĶŀĬŋĶńĔļƢħƟĺĵĺŇīňĔŅĶľĸƞŀĮŌĬĽŜŅľĶńĭĽƞĺĬĪňŗĕŅħȮŐĸŃĪŜŅĔŅĶ
ĭŌĶĦŃħƟĺĵŏĶĞŇŗĬ 

 
ĳŅıĪňŗȮ6ȮĭŌĶĦŃĩƟĺĵőĸľŃħƟĺĵŏĶĞŇĬ 

ĪňŗĴŅ8ȮConservation of metal objects &p.160', Jaeeun Yu, Inhee Go and Hyeyoun Lee, 
2012, Seoul : National Research Institute of cultural Heritage, 

 
ĨńĺŀĵƞŅĚĪňŗȮ1ȮȮőĸľŃŏĚŇĬĮĬŏĮƘƨŀĬĪńŗĺœĮ 
/, ŏĝŖħħƟĺĵĔƟŅĬĽŜŅĸňěŋƞĴŏŀĪŇĸŐŀĸĔŀŁŀĸƢ 
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0, ĭŅĚĽƞĺĬĔŜŅěńħħƟĺĵĔĶħĲŀĴŇĔŏĕƟĴĕƟĬȮ/.-0.%ȮŏĝŖħħƟĺĵĔĸňŏĞŀĶňĬ 
3. ŐĝƞŒĬĽŅĶĸŃĸŅĵȮBTA 3% 1ȮĺńĬ 
2, ŏėĸŊŀĭħƟĺĵȮParaloid B72 15%  

 

 
ĳŅıĪňŗȮ7ȮĳŅıĳŅĝĬŃŏĚŇĬĔƞŀĬŐĸŃľĸńĚĔŅĶŀĬŋĶńĔļƢ 

ĪňŗĴŅ8ȮConservation of metal objects &p.160', Jaeeun Yu, Inhee Go and Hyeyoun Lee, 
2012, Seoul : National Research Institute of cultural Heritage, 

 

0,7 ĞŇĸŇĔŅŏěĸ 

ĞŇĸŇĔŅŏěĸȮėŊŀȮĞŇĸŇĔŅŒĬĶŌĮŐĭĭŏĴŖħŏĸŖĔȮĴňĶŌıĶŋĬȮœĴƞŏĮƦĬįĸŉĔȮĮĶŃĔŀĭœĮħƟĺĵĞŇĸŇĔŀĬ&Si'ŐĸŃ
ŀŀĔĞŇŏěĬȮ&O'ȮĴňėĺŅĴĽŅĴŅĶĩŒĬĔŅĶħŌħĞńĭœŀĬŘŜŅěŅĔėĺŅĴĝŊŘĬȮŀňĔĪńŘĚĵńĚħŌħĴĸıŇļŒĬŀŅĔŅĻȮĞŇĸŇĔŅŏěĸ
œĴƞĔńħĔĶƞŀĬŐĸŃĴňėĺŅĴŏĽĩňĵĶȮ&ıŇĴıƢĬŇĳŅȮĽĺĬĽĴĭŋĠȮ& ĴŃĸŇĺĶĶĦȮĭŋĠĶńĔļƢ, 034/'ȮĔŅĶŒĝƟĞŇĸŇĔŅŏěĸ
ŒĬĚŅĬŀĬŋĶńĔļƢĬńŘĬĝƞĺĵĸħėĺŅĴĝŊŘĬŏıŊŗŀĶńĔļŅĽĳŅıĕŀĚĝŇŘĬĚŅĬȮŐĸŃĝŃĸŀĔŅĶŏĽŊŗŀĴĽĳŅıěŅĔĴĸıŇļ
ĪŅĚŀŅĔŅĻȮĴňĔŅĶŒĝƟĞŇĸŇĔŅŏěĸŒĬĔŅĶĝŃĸŀĔŅĶŏĽŊŗŀĴĽĳŅıĕŀĚĺńĨĩŋőĸľŃŒĬıŇıŇīĳńĦĤƢľĸŅĵŐľƞĚĪńŗĺőĸĔ  

 
ĳŅıĪňŗȮ/.ȮĞŇĸŇĔŅŏěĸ 
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ĭĪĪňŗȮ1 

ĺŇīňħŜŅŏĬŇĬĔŅĶĺŇěńĵ 
 
 ĚŅĬĺŇěńĵĔŅĶĻŉĔļŅėĺŅĴŏĽŊŗŀĴĽĳŅıŐĸŃĔŅĶŀĬŋĶńĔļƢŏėĶŊŗŀĚĩĴȮĔĶĦňĻŉĔļŅĕŀĚĺńħĶŅĝŅīŇĺŅĽĺŇ
ľŅĶȮĔĶŋĚŏĪıĴľŅĬėĶĬňŘȮħŜŅŏĬŇĬĚŅĬĺŇěńĵȮőħĵĴňĶŅĵĸŃŏŀňĵħŏĔňŗĵĺĔńĭĕńŘĬĨŀĬĔŅĶħŜŅŏĬŇĬĚŅĬĺŇěńĵ
ħńĚĨƞŀœĮĬňŘ 

1,/ȮŀŋĮĔĶĦƢ 

 1. ĔĸƟŀĚĩƞŅĵĶŌĮĶŃĭĭħŇěŇĪńĸ 
 2. ĔĸƟŀĚȮportable Digital Microscope 
 3. ŐĭĭĭńĬĪŉĔľĸńĔģŅĬĔŅĶĽŜŅĶĺěŏėĶŊŗŀĚĩĴ 
 4. ĽĴŋħĭńĬĪŉĔĕƟŀĴŌĸŐĸŃŏėĶŊŗŀĚŏĕňĵĬ 
 5. ĩŋĚĴŊŀĵŅĚ 
 6. ĽŅĵĺńħ 
 7. ľĬƟŅĔŅĔĔńĬİŋƙĬ 
 8. ĽŜŅĸň 
 9. ĴňħįƞŅĨńħ   
 10. ĩŋĚıĸŅĽĨŇĔĞĽŜŅľĶńĭŏĔŖĭĨńĺŀĵƞŅĚ 
 11. ĮŅĔėňĭ   
 12. ĭňĔŏĔŀĶƢȮ(Beaker) 
 13. őĩħŌħėĺŅĴĝŊŘĬȮ(Desiccator) 
 14. ĝƟŀĬĨńĔĽŅĶŐĸŃœĴƟıŅĵ (Spatula)  
 15. ĮŅĔėňĭȮ(Forceps)  
 16. ŐĪƞĚŐĔƟĺėĬĽŅĶȮ(Glass rod) 
 17. ŏėĶŊŗŀĚĝńŗĚ (Balance)  
 18. ĞŇĸŇĔŅŏěĸȮ(Silica gel) 
 19. ĶŅĚŏĪ 
 20. ŏĭƟŅľĸŀĴőĸľŃ 
 21. ŏėĶŊŗŀĚĶňħőĸľŃ  
 22. ŏėĶŊŗŀĚŏěňĵĶĽŅĵŀƞŀĬȮ&Foredom' 
 23. ŏėĶŊŗŀĚŏĮƙŅŐĸƞĬ  
 24. ėƟŀĬ 
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 25. ĽŇŗĺ  
 26. ĔĶŃĭŃĝńĬ 
 27. ĔĶŃħŅļĪĶŅĵ  
 28. ħŇĬĬŘŜŅĴńĬ 
 

1,0ȮĽŅĶŏėĴň 

 1. ŏŀĪŇĸŐŀĸĔŀŁŀĸƢȮ(C2H5OH)  
 0, ĬŘŜŅĮĶŃĽŅĬĪŀĚȮľĶŊŀȮĭŀŐĶŖĔĞƢ 
 1, ĔĶħħŇĬĮĶŃĽŇĺ 
 

1,1ȮŏėĶŊŗŀĚĴŊŀĪŅĚĺŇĪĵŅĻŅĽĨĶƢ 

3.3.1 ŏėĶŊŗŀĚȮScanning Electron Microscope and Energy Dispersive X-ray (SEM-EDX) ĵňŗľƟŀ 
EDAX ėĦŃĺŇĪĵŅĻŅĽĨĶƢȮĴľŅĺŇĪĵŅĸńĵĻŇĸĮŅĔĶ, 

 

1,2ȮĔŅĶŏĔŖĭĕƟŀĴŌĸŐĸŃĮĶŃŏĴŇĬĽĳŅı 

 ŏėĶŊŗŀĚĩĴĺńħĶŅĝŅīŇĺŅĽĺŇľŅĶȮĔĶŋĚŏĪıĴľŅĬėĶȮ/ȮĝŋħȮĴňĪńŘĚľĴħȮ2ȮĝŇŘĬȮŏĮƦĬĩĴěŋĪŅīŋĝĩĴĸŅĵ
ĔĶŃľĬĔŏĮĸĺȮĴňŀńĔļĶĭĬĔĸƞŀĚȮėŜŅĺƞŅȮŴĽĶńĪěńĬĪĶŵȮĩĴĸŅĵĪńŘĚľĴħȮ3ȮħƟŅĬ 
 

 
ĳŅıĪňŗȮ//ȮĔĸƞŀĚĩĴŏĚŇĬ 
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ĔĸƞŀĚ A-1 

 
ĳŅıĪňŗȮ/0ȮĔĸƞŀĚĩĴŏĚŇĬȮ?-/ 

ĔĸƞŀĚȮA-2 

 
ĳŅıĪňŗȮ/1ȮĔĸƞŀĚĩĴŏĚŇĬȮ?-0 

 

 

 

 

 



  /7 

ĔĸƞŀĚ A-3 

 
ĳŅıĪňŗȮ/2ȮĔĸƞŀĚĩĴŏĚŇĬȮ?-1 

ĔĸƞŀĚ A-4 

 
ĳŅıĪňŗȮ/3ȮĔĸƞŀĚĩĴŏĚŇĬȮ?-2 

 
 
 
 
 
 
 

 



  0. 

ěŅĔŏėĶŊŗŀĚĩĴŏĚŇĬĪńŘĚȮ2ȮĔĸƞŀĚȮœħƟĻŉĔļŅėĺŅĴŏĽŊŗŀĴĽĳŅıőħĵŒĝƟŐĭĭĭńĬĪŉĔėĺŅĴŏĽŊŗŀĴĽĳŅıħńĚĨƞŀœĮĬňŘ 
ŐĭĭĔŅĶĭńĬĪŉĔėĺŅĴŏĽŊŗŀĴĽĳŅıĕŀĚŏėĶŊŗŀĚĩĴȮĺńħĶŅĝŅīŇĺŅĽĺŇľŅĶȮĔĶŋĚŏĪıĴľŅĬėĶ 

ĸŜŅħńĭĪňŗȮ 

ĕƟŀĴŌĸĪńŗĺœĮ   
 
 
ĺńĽħŋĕŀĚĺńĨĩŋőĭĶŅĦȮȮ 

ĺńĬȮ-ȮŏħŊŀĬȮ-ȮĮƖȮĪňŗĽŜŅĶĺěȮ 

ĪŃŏĭňĵĬĺńĨĩŋőĭĶŅĦȮ 
ěŜŅĬĺĬȮ 

ĶŅĵĸŃŏŀňĵħĕŀĚĔŅĶŏĽŊŗŀĴĽĳŅı 

  

ĽĳŅıőħĵĪńŗĺœĮ 
/,ȮĽĳŅıĺńĨĩŋ
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
0,ȮĔŅĶŏĔŖĭĶńĔļŅȮźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźźź 
1,ȮĔŅĶĪŜŅėĺŅĴĽŃŀŅħĺńĨĩŋŏĭŊŘŀĚĨƟĬȮ
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
2,ĔŅĶŏĔŖĭĨńĺŀĵƞŅĚĽŅĶ
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 
 

1,3ȮĺŇīňĔŅĶĪŜŅŏėĶŊŗŀĚĩĴŏĚŇĬŏĸňĵĬŐĭĭŏėĶŊŗŀĚĩĴĺńħĶŅĝŅīŇĺŅĽĺŇľŅĶȮĔĶŋĚŏĪıĴľŅĬėĶ 

 /.ȮŀŀĔŐĭĭĝŇŘĬĚŅĬŏėĶŊŗŀĚĩĴȮőħĵŀŀĔŐĭĭĶŌĮĪĶĚŐĸŃĸĺħĸŅĵ 
 0. ĬŜŅŏĴŖħŏĚŇĬĭĶŇĽŋĪīƢȮĴŅįĽĴĪŀĚŐħĚȮőħĵŒĝƟŀńĨĶŅĽƞĺĬőħĵĬŘŜŅľĬńĔŏĮƦĬȮ73: 5ȮŏıŊŗŀŏıŇŗĴėĺŅĴ
ŐĕŖĚŐĶĚŒĬĝŇŘĬĚŅĬŏėĶŊŗŀĚĩĴȮĔŅĶįĽĴŀńĨĶŅħńĚĔĸƞŅĺŀĵŌƞŒĬĴŅĨĶģŅĬĽŅĔĸĕŀĚŏĚŇĬĽŏĨŀĸŇĚȮ&Sterling 
Silver'ȮĪňŗĨƟŀĚĴňŏĬŊŘŀŏĚŇĬȮ73#ȮŏĬŊŘŀŏĚŇĬĪňŗĴňŏĮŀĶƢŏĞŖĬĨƢĨŗŜŅĔĺƞŅȮ3.#ȮŏĴŊŗŀĸĚĵŅĩĴěŃĨŇħĵŅĔȮľŅĔœĴƞįĽĴ
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ŏĬŊŘŀŏĚŇĬħƟĺĵőĸľŃŀŊŗĬŏĸĵȮŏĬŊŘŀŏĚŇĬĭĶŇĽŋĪīŇśĴňėĺŅĴŀƞŀĬŐĸŃŀŅěĭŋĭœħƟĚƞŅĵŏĴŊŗŀĬŜŅœĮĪŜŅĝŇŘĬĚŅĬȮ&ĽĴŅėĴ
ŏėĶŊŗŀĚĩĴŐĸŃŏėĶŊŗŀĚŏĚŇĬœĪĵ, 03/0'Ȯ&ħńĚĳŅıĪňŗ/4' 
 

 
ĳŅıĪňŗȮ/4ȮŏĴŖħőĸľŃŏĚŇĬŐĸŃĪŀĚŐħĚ 

1. ĬŜŅőĸľŃĪńŘĚľĴħĴŅľĸŀĴĶĺĴĔńĬŐĸƟĺŏĪĸĚĭĬĶŅĚŏĪŏľĸŖĔȮœħƟĔƟŀĬŏĚŇĬŐĸƟĺĬŜŅĴŅŐįƞĶňħħƟĺĵ
ŏėĶŊŗŀĚĶňħŀŋĨĽŅľĔĶĶĴĨŅĴĕĬŅħėĺŅĴľĬŅĪňŗĔŜŅľĬħȮ&ħńĚĳŅıĪňŗ/5' ȮľŅĔœĴƞĴňŏėĶŊŗŀĚĶňħěŃŒĝƟėƟŀĬĪŋĭ
ĔƟŀĬŏĚŇĬĭĬĪńŗĚŏľĸŖĔŒľƟŐįƞŀŀĔŏĮƦĬŐįƞĬȮŏĪėĬŇėėŊŀĬŜŅŏĬŊŘŀŏĚŇĬœĮŒľƟėĺŅĴĶƟŀĬőħĵĔŅĶŏįŅœĲěŅĔĬńŘĬěŉĚ
ĬŜŅœĮĨňŐįƞœħƟĚƞŅĵĕŉŘĬ 

 

ĳŅıĪňŗȮ/5ȮĔŅĶľĸŀĴĶňħőĸľŃ 

  4.ȮĬŜŅŐįƞĬőĸľŃĪňŗœħƟĨŅĴĕĬŅħĴŅĨŇħĸĚĭĬĔĶŃĭŃĝńĬȮőħĵŒľƟėĺŅĴĶƟŀĬĪňŗĝńĬěĬĝńĬĸŃĸŅĵŐĸƟĺ
ěŉĚĬŜŅŐįƞĬőĸľŃĴŅĨŇħĭĬĝńĬȮĔħőĸľŃĸĚŏĸŖĔĬƟŀĵȮĝńĬĽňĬŘŜŅĨŅĸ&ħńĚĳŅıĪňŗ/6' ŏĮƦĬĺńĽħŋĪňŗŒĝƟŒĬĔŅĶĪŜŅĶŀĚ
őĸľŃŏĴŊŗŀĴňĔŅĶĽĸńĔȮĨŀĔȮĕŉŘĬĶŌĮȮĴňĺńĽħŋľĸŅĔľĸŅĵĪňŗěŃĽŅĴŅĶĩĪŜŅĴŅĶŀĚőĸľŃœħƟȮŏĝƞĬȮĝńĬȮėĶńŗĚȮĕňŘįŉŘĚȮ
ħŇĬĬŘŜŅĴńĬȮŏĮƦĬĨƟĬ 



  00 

 
ĳŅıĪňŗȮ/6ȮŐįƞĬőĸľŃŏĚŇĬ 

 5. ĺŅħĸĺħĸŅĵĸĚĭĬŐįƞĬŏĚŇĬħƟĺĵĮŅĔĔŅŏėĴňĨŅĴĨƟŀĚĔŅĶȮ&ħńĚĳŅıĪňŗ/7' 

 
ĳŅıĪňŗȮ/7 ĸĺħĸŅĵĭĬŐįƞĬŏĚŇĬ 

 6,ȮĬŜŅĽŇŗĺĽĸńĔĕĬŅħĨƞŅĚŕȮĴŅĽĸńĔĭĬĝŇŘĬĚŅĬĨŅĴĸĺħĸŅĵĪňŗĺŅħœĺƟȮ&ħńĚĳŅıĪňŗ0.' 

 
ĳŅıĪňŗȮ0.ȮŐįƞĬŏĚŇĬĪňŗĩŌĔĽĸńĔȮ 
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 7. ĬŜŅĝŇŘĬĚŅĬĪňŗĽĸńĔŏĽĶŖěŐĸƟĺŏįŅŀŀĔěŅĔĝńĬȮĸƟŅĚĪŜŅėĺŅĴĽŃŀŅħħƟĺĵĬŘŜŅĔĶħȮŐĸƟĺĸƟŅĚĬŘŜŅ
ĽŃŀŅħŀňĔėĶńŘĚȮěŅĔĬńŘĬħŋĬħƟŅĬľĸńĚŏıŊŗŀŒľƟĴňėĺŅĴĬŌĬŏĸŖĔĬƟŀĵȮőħĵŒĝƟĽŇŗĺħŋĬĨŀĔĭĬŐįƞĬŏĚŇĬĶŀĚħƟŅĬĸƞŅĚ
ħƟĺĵħŇĬĬŘŜŅĴńĬȮŐĸŃőŀĭĬĪńŗĚœĴƟȮ&ħńĚĳŅıĪňŗ0/' 

 
ĳŅıĪňŗȮ0/ȮĔŅĶőŀĝŇŘĬĚŅĬŒľƟĴňėĺŅĴŏĺƟŅėĺŅĴĬŌĬĨŅĴĨƟŀĚĔŅĶ 

 8. ĬŜŅĝŇŘĬĚŅĬĴŅĨŇħĸĚĭĬĝńĬŀňĔėĶńŘĚȮŒĝƟĽŇŗĺĵŘŜŅıŊŘĬľĶŊŀĽŇŗĺŏľĵňĵĭıŊŘĬĨŀĔĵŘŜŅĸĺħĸŅĵŒľƟĴňıŊŘĬįŇĺ
ĕĶŋĕĶŃŏıŊŗŀŏıŇŗĴĔŅĶĵŉħĨŇħĔńĭĵŅĩĴȮ&ħńĚĳŅıĪňŗ00'ȮŏĴŊŗŀĽĸńĔŏĽĶŖěŐĸƟĺěŉĚĬŜŅĝŇŘĬĚŅĬœĮŏįŅĝńĬŀŀĔĪŜŅ
ėĺŅĴĽŃŀŅħħƟĺĵĬŘŜŅĔĶħŐĸŃĬŘŜŅĽŃŀŅħ 

 
ĳŅıĪňŗȮ00ȮĔŅĶĽĸńĔĵŘŜŅĨńĺĸŅĵ 

 9.ȮĬŜŅĝŇŘĬĚŅĬĴŅĪŜŅėĺŅĴĽŃŀŅħħƟĺĵŐĮĶĚĪŀĚŏľĸŊŀĚĕńħĔńĭĬŘŜŅĪňŗįĽĴħƟĺĵĸŌĔĮĶŃėŜŅħňėĺŅĵŒľƟ
ĪńŗĺĪńŘĚĝŇŘĬĚŅĬȮŐĸƟĺĸƟŅĚŀŀĔħƟĺĵĬŘŜŅĽŃŀŅħŏĝŖħŒľƟŐľƟĚȮěŃœħƟĝŇŘĬĚŅĬĪňŗıĶƟŀĴěŃĸĚĵŅĩĴȮ&ħńĚĳŅıĪňŗ01' 



  02 

 
ĳŅıĪňŗȮ01ȮŐįƞĬŏĚŇĬĪňŗĨŀĔĸĺħĸŅĵŏĽĶŖě 

 10.ȮĬŜŅĝŇŘĬĚŅĬĪňŗĪŜŅėĺŅĴĽŃŀŅħŏĽĶŖěŐĸƟĺĴŅŒľƟėĺŅĴĶƟŀĬȮŒĬĕĦŃĪňŗŒľƟėĺŅĴĶƟŀĬĨńĺĝŇŘĬĚŅĬĬŜŅ
ĵŅĩĴĴŅŐĨŃĸĚĭĬĝŇŘĬĚŅĬŒľƟĵŅĩĴœľĸœĮĨŅĴĸĺħĸŅĵĪňŗĽĸńĔœĺƟĪńŗĺĪńŘĚĝŇŘĬĚŅĬȮ&ħńĚĳŅıĪňŗ02'ȮŐĸƟĺĪŇŘĚœĺƟ
ŒľƟĝŇŘĬĚŅĬŏĵŖĬȮ 

 
ĳŅıĪňŗȮ02ȮĔŅĶŒĝƟœĲŏıŊŗŀĸŃĸŅĵĵŅĴĩĴĭĬĝŇŘĬĚŅĬŏĚŇĬ 

 11. ĬŜŅĝŇŘĬĚŅĬĪňŗĸĚĵŅĩĴŏĽĶŖěŐĸƟĺĴŅĨŃœĭĵŅĩĴŀŀĔȮőħĵėƞŀĵŕĨŃœĭĭĬĝŇŘĬĚŅĬěĬŏľŖĬ
ĸĺħĸŅĵĪňŗĽĸńĔħŋĬœĺƟŏıňĵĚŏĸŖĔĬƟŀĵȮ&ħńĚĳŅıĪňŗ03' 
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ȮȮ  
ĳŅıĪňŗȮ03ȮĔŅĶĕńħĵŅĩĴħƟĺĵĨŃœĭ 

 /2. ĬŜŅĝŇŘĬĚŅĬĪňŗĨŃœĭŏĽĶŖěĴŅĕńħĔĶŃħŅļĪĶŅĵȮ&ħńĚĳŅıĪňŗ04'ȮőħĵœĸƞĕńħěŅĔĔĶŃħŅļĪĶŅĵ
ŏĭŀĶƢľĵŅĭěĬĩŉĚĔĶŃħŅļĪĶŅĵŏĭŀĶƢĸŃŏŀňĵħȮĕńħĝŇŘĬĚŅĬħƟĺĵŏėĶŊŗŀĚĕńħŒľƟĴňėĺŅĴŏĚŅĪńŘĚĝŇŘĬĚŅĬőħĵŒĝƟ
ĸŌĔĵŅĚĕńħĚŅĬěŇĺŏĺĸĶňŗ 

 
ĳŅıĪňŗȮ04ȮĔŅĶĕńħĵŅĩĴħƟĺĵĔĶŃħŅļĪĶŅĵ 

 13. ŏĴŊŗŀĕńħĝŇŘĬĚŅĬĨŅĴĸŜŅħńĭ&ħńĚĳŅıĪňŗ05' ŒľƟĴňėĺŅĴŏĚŅȮĝŇŘĬĚŅĬěŃĵńĚĴňėĶŅĭĽŅĶŏėĴňĪňŗŒĝƟŒĬ
ĔŅĶĕńħŏĚŅŀĵŌƞȮěŅĔĬńŘĬěŉĚĬŜŅĝŇŘĬĚŅĬĸƟŅĚĪŜŅėĺŅĴĽŃŀŅħħƟĺĵĬŘŜŅĵŅĪŜŅėĺŅĴĽŃŀŅħŐĸŃĪŜŅŒľƟŐľƟĚȮ&ħńĚ
ĳŅıĪňŗ06' 
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ĳŅıĪňŗȮ05ȮĵŅĩĴĪňŗĩŌĔĕńħŀŀĔĨŅĴĸŜŅħńĭ 

 

 
ĳŅıĪňŗȮ06ȮŏėĶŊŗŀĚĩĴľĸńĚĪŜŅėĺŅĴĽŃŀŅħ 

 

1,4ȮĺŇīňĔŅĶĪŜŅŏėĶŊŗŀĚĩĴĪŀĚ 

 /,ȮĬŜŅĪŀĚȮ77,77% ĴŅľĸŀĴŐĸƟĺěŉĚĬŜŅĴŅĶňħŒľƟŏĮƦĬŐįƞĬĪŀĚĪňŗĴňėĺŅĴĭŅĚĴŅĔĪňŗĽŋħȮěŅĔĬńŘĬŒĝƟ
ĔĶĶœĔĶĨńħŒľƟŐįƞĬĪŀĚėŜŅĴňĸńĔļĦŃŏĮƦĬİŀĵĕĬŅħŏĸŖĔȮ&ħńĚĳŅıĪňŗ07'  



  05 

 
ĳŅıĪňŗȮ07ȮĪŀĚėŜŅȮ77,77ȮŏĮŀĶƢŏĞŖĬĨƢ 

 0,ȮĬŜŅİŀĵĪŀĚėŜŅĪňŗœħƟœĮėńŗĺħƟĺĵœĲŀƞŀĬŕȮěŃĪŜŅŒľƟĪŀĚėŜŅĴňėĺŅĴĽŋĔĨńĺȮěŅĔĬńŘĬĬŜŅĮĶŀĪŒĽƞĸĚ
ŒĬĪŀĚėŜŅŐĸƟĺŒĝƟœĴƟıŅĵėĬŒľƟĪŀĚėŜŅľĸŀĴĸŃĸŅĵĔńĭĮĶŀĪĪńŘĚľĴħȮŐĸƟĺĬŜŅĪŀĚėŜŅĔńĭĮĶŀĪŏĪĸĚŒĬ
ĬŘŜŅĽŃŀŅħȮŏıŊŗŀĸƟŅĚĪŜŅėĺŅĴĽŃŀŅħȮ&ħńĚĳŅıĪňŗ1.' 

 

ĳŅıĪňŗȮ1.ȮĪŀĚėŜŅĪňŗįĽĴĔńĭĮĶŀĪ 

 1,ĬŜŅĪŀĚėŜŅĔńĭĮĶŀĪĪňŗœħƟĴŅŏĪŒĽƞėĶĔľŇĬȮ&ħńĚĳŅıĪňŗ1/'ȮĬŜŅĪĶŅĵĸŃŏŀňĵħŒĽƞĸĚœĮŒĬėĶĔľŇĬȮŒĝƟ
ĽŅĔĭħěĬĪĶŅĵĸŃŏŀňĵħŏĮƦĬįĚŐĮƚĚȮĬŜŅėĶĔľŇĬœĮĸƟŅĚħƟĺĵĬŘŜŅĽŃŀŅħŏıŊŗŀŒľƟĪĶŅĵĪňŗĸŃŏŀňĵħĸŀĵŀŀĔœĮ
ěĬŏľĸŊŀŐĨƞĪŀĚėŜŅĪňŗŀĵŌƞĔƟĬėĶĔȮěŅĔĬńŘĬĬŜŅĪŀĚĪňŗœħƟĴŅĔĶŀĚħƟĺĵįƟŅĕŅĺĭŅĚŐĸƟĺĭŇħŒľƟĮĶŀĪŀŀĔœĮ
ĭŅĚĽƞĺĬ 
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ĳŅıĪňŗȮ1/ȮĪŀĚĪňŗŀĵŌƞŒĬĮĶŀĪ 

 2,ȮĬŜŅĪŀĚĪňŗœħƟĴŅĪŅĸĚĭĬĝŇŘĬĚŅĬŒľƟĪńŗĺȮőħĵŒĝƟœĴƟıŅĵĪňŗĪŜŅěŅĔŏĚŇĬŏĔĸňŗĵŒľƟĪŀĚėŜŅĭĬĝŇŘĬĚŅĬ
ŏĶňĵĭŏĽĴŀĔńĬȮ&ħńĚĳŅıĪňŗ10'ȮěŅĔĬńŘĬŒĝƟĽŜŅĸňĮƤħĪŀĚėŜŅĭĬĝŇŘĬĚŅĬŒľƟĪŀĚėŜŅĴňėĺŅĴŏĶňĵĭĨŉĚĴŅĔĵŇŗĚĕŉŘĬ 

    
ĳŅıĪňŗȮ10ȮĔŅĶĪŅĪŀĚŒľƟĪńŗĺĝŇŘĬĚŅĬőħĵŒĝƟŐĪƞĚŏľĸŖĔ 

3,ȮĬŜŅĝŇŘĬĚŅĬœĮŏįŅŒľƟėĺŅĴĶƟŀĬŏıŊŗŀŒľƟĮĶŀĪĶŃŏľĵŀŀĔœĮěŅĔĝŇŘĬĚŅĬȮŏĴŊŗŀĮĶŀĪĶŃŏľĵŀŀĔœĮ
ěŃŏľŖĬĪŀĚėŜŅĨŇħŀĵŌƞĭĬĝŇŘĬĚŅĬȮ&ħńĚĳŅıĪňŗ11'ȮĪŜŅĔĶĶĴĺŇīňĪŅĪŀĚħńĚĔĸƞŅĺȮ1-2ȮĶŀĭȮěĬĪŀĚėŜŅĬńŘĬĨŇħ
ŏĽĴŀŏĶňĵĭĪńŘĚĝŇŘĬĚŅĬ 

   

ĳŅıĪňŗȮ11ȮĔŅĶŏĮƙŅœĲœĸƞĮĶŀĪěŅĔĝŇŘĬĚŅĬ 
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4,ȮĬŜŅĝŇŘĬĚŅĬœĮĸƟŅĚĬŘŜŅĔĶħŐĸŃĬŘŜŅĽŃŀŅħŐĸŃĕńħĝŇŘĬĚŅĬőħĵŒĝƟĸŌĔĮƤħěŃĪŜŅŒľƟĝŇŘĬĚŅĬĴňėĺŅĴŏĚŅ
ĚŅĴȮĬŜŅĝŇŘĬĚŅĬŏĮƙŅŒľƟŐľƟĚŏĮƦĬŀńĬŏĽĶŖěȮ&ħńĚĳŅıĪňŗ12'  

 
ĳŅıĪňŗȮ12ȮĔŅĶĪŜŅėĺŅĴĽŃŀŅħĩĴĪŀĚ 

 

1,5ȮĔŅĶĪŜŅŒľƟĝŇŘĬĚŅĬŏėĶŊŗŀĚĩĴĪňŗįĸŇĨĕŉŘĬŒľĴƞŏĔŇħėĺŅĴŏĽŊŗŀĴĽĳŅı 

 ĬŜŅĝŇŘĬĚŅĬŏėĶŊŗŀĚĩĴĺŅĚœĺƟŒĬőĩĪňŗėĺĭėŋĴėĺŅĴĝŊŘĬȮ/..%ȮRH ŏĮƦĬŏĺĸŅȮ/.3ȮĺńĬȮĬŜŅĝŇŘĬĚŅĬ
ŀŀĔĴŅĻŉĔļŅėĺŅĴĽŉĔĔĶƞŀĬĕŀĚıŊŘĬįŇĺħƟĺĵȮportable digital microscope ŐĸŃȮscanning 
electron microscope-energy dispersive X-ray (SEM-EDX) 
 

1,6ȮĔŅĶĪŜŅėĺŅĴĽŃŀŅħĝŇŘĬĚŅĬŏėĶŊŗŀĚĩĴ 

1,6,/ ŏėĶŊŗŀĚĩĴěŅĔĺńħĶŅĝŅīŇĺŅĽĺŇľŅĶ ĔĶŋĚŏĪıĴľŅĬėĶ 
 /,ȮĺŅĚŏėĶŊŗŀĚĩĴŒĬĪňŗĮĸŀħĳńĵȮĬŜŅŐĮĶĚĕĬŀƞŀĬĴŅĮƤħİŋƙĬŒľƟĪńŗĺȮ&ħńĚĳŅıĪňŗ13' 

ĳŅıĪňŗȮ13ȮĔĸƞŀĚŏėĶŊŗŀĚĩĴěŅĔĨŌƟěńħŏĔŖĭ 
 



  1. 

0,ȮĺŅĚŐįƞĬıĸŅĽĨŇĔŒĽĭĬĔĸƞŀĚŏėĶŊŗŀĚĩĴŏıŊŗŀĔŜŅľĬħěŋħĪňŗěŃĺŅĚŐįƞĬŏěĸȮ&ħńĚĳŅıĪňŗ14' 

 
ĳŅıĪňŗȮ14ȮĔŅĶĔŜŅľĬħěŋħĭĬŐįƞĬıĸŅĽĨŇĔŒĽŏıŊŗŀĪħĽŀĭŏěĸĪŜŅėĺŅĴĽŃŀŅħ 

 1,ȮĺŅĚŐįƞĬŏěĸĭĬŏėĶŊŗŀĚĩĴȮĪŇŘĚœĺƟȮ1.ȮĬŅĪňȮ&ħńĚĳŅıĪňŗ15' 

 
(Ĕ)              &ĕ' 

ĳŅıĪňŗȮ15ȮĔŅĶĺŅĚœŁőħĶŏěĸ 
&Ĕ'ȮĨńħŏěĸŒľƟœħƟĕĬŅħĨŅĴĪňŗĔŜŅľĬħȮȮ&ĕ'ȮĺŅĚŐįƞĬŏěĸĭĬĝŇŘĬĚŅĬŏėĶŊŗŀĚĩĴ 

 2,ȮĩƞŅĵĶŌĮŏėĶŊŗŀĚĩĴĭĶŇŏĺĦĪňŗĺŅĚœŁőħĶŏěĸŐĸŃĔŅĶĪŜŅĚŅĬĕŀĚœŁőħĶŏěĸħƟĺĵĔĸƟŀĚȮportable 
digital microscope &ħńĚĳŅıĪňŗ16'ȮıĭĺƞŅŏėĶŊŗŀĚĩĴĭĶŇŏĺĦĪňŗĺŅĚœŁőħĶŏěĸěŃĴňėĺŅĴĽŃŀŅħĴŅĔĕŉŘĬȮ
ĶƞŀĚĶŀĵĕŀĚĽĬŇĴĸħĬƟŀĵĸĚȮŒĬĕĦŃĪňŗœŁőħĶŏěĸĪňŗħŌħĞńĭĽĬŇĴěŃĴňĽňĲƚŅŏĕƟĴĕŉŘĬȮŏĬŊŗŀĚěŅĔħŌħĞńĭȮCu2+ 
ěŅĔĽĬŇĴĪŀĚŐħĚ 

ȮȮȮȮȮȮȮȮȮȮȮ ȮȮȮȮȮ  
       (Ĕ)ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ(ĕ)ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ&ė' 

ĳŅıĪňŗȮ16ȮĔŅĶĪŜŅĚŅĬĕŀĚœŁőħĶŏěĸ 
&Ĕ'ȮĺŅĚŐįƞĬŏěĸĭĬŏėĶŊŗŀĚĩĴȮ&ĕ'ȮŐįƞĬŏěĸĪňŗŐĮŃĭĬŏėĶŊŗŀĚĩĴȮ(ė) ŐįƞĬŏěĸŏĶŇŗĴŏĮĸňŗĵĬĽňŏĴŊŗŀħŌħĽĬŇĴĕŀĚ
ŏėĶŊŗŀĚĩĴ 



  1/ 

 3,ȮľĸńĚěŅĔĪħĸŀĚĪŜŅėĺŅĴĽŃŀŅħĝŇŘĬĚŅĬŏėĶŊŗŀĚĩĴħƟĺĵŐįƞĬœŁőħĶŏěĸĕĬŅħŏĸŖĔȮŐĸƟĺıĭĺƞŅ
ĽŅĴŅĶĩħŌħĞńĭĽĬŇĴĪŀĚŐħĚœħƟŀĵƞŅĚĴňĮĶŃĽŇĪīŇĳŅıȮěŉĚĬŜŅœŁőħĶŏěĸĕĬŅħŒľĠƞĴŅħŌħĞńĭĽĬŇĴȮ&ħńĚĳŅı
Īňŗ17'ȮŒĬĭĶŇŏĺĦĪňŗĔĺƟŅĚĕŉŘĬĭĬĝŇŘĬĚŅĬŏėĶŊŗŀĚĩĴ 

    

       (Ĕ)ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮȮȮ ȮȮȮȮȮȮ(ĕ) 
ĳŅıĪňŗȮ17ȮĔŅĶĺŅĚœŁőħĶŏěĸĭĶŇŏĺĦĔĺƟŅĚ 

&Ĕ'ȮŐįƞĬŏěĸȮȮ&ĕ'ȮĔŅĶĺŅĚŐįƞĬŏěĸĭĬŏėĶŊŗŀĚĩĴĪńŗĺĭĶŇŏĺĦħƟŅĬľĬƟŅĔĸƞŀĚŏėĶŊŗŀĚĩĴ  

 4,ȮŒĝƟĽŜŅĸňĝŋĭŐŀĸĔŀŁŀĸƢȮ5.Ȯ% ŏĝŖħĪŜŅėĺŅĴĽŃŀŅħĝŇŘĬĚŅĬȮ&ħńĚĳŅıĪňŗ2.'  

 
ĳŅıĪňŗȮ2.ȮĔŅĶŏĝŖħĪŜŅėĺŅĴĽŃŀŅħħƟĺĵŐŀĸĔŀŁŀĶƢ 

3.8.2 ŏėĶŊŗŀĚĩĴĪňŗįĸŇĨĕŉŘĬŒľĴƞŏıŊŗŀĬŜŅœĮĪħĸŀĚŒľƟŏĔŇħĽĬŇĴȮ&ħńĚĳŅıĪňŗ2/'Ȯ 

 
 &Ĕ,'ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ&ĕ,' 
ĳŅıĪňŗȮ2/ȮŏėĶŊŗŀĚĩĴŏĚŇĬěŜŅĸŀĚĪňŗŏĔŇħĽĬŇĴ 

&Ĕ,'ȮŏėĶŊŗŀĚĩĴěŜŅĸŀĚĪňŗĬŜŅœĮĪŜŅŒľƟŏĔŇħĽĬŇĴȮ&ĕ,'ȮŐĮŃŐįƞĬŏěĸĪŜŅėĺŅĴĽŃŀŅħĭŅĚĽƞĺĬ 



  10 

ĭĪĪňŗȮ2 

įĸĔŅĶĺŇŏėĶŅŃľƢĕƟŀĴŌĸ 
 

2,/ȮįĸĔŅĶĮĶŃŏĴŇĬĽĳŅıĝŇŘĬĚŅĬ 

įĸĔŅĶĭńĬĪŉĔėĺŅĴŏĽŊŗŀĴĽĳŅıĕŀĚŏėĶŊŗŀĚĩĴȮĺńħĶŅĝŅīŇĺŅĽĺŇľŅĶȮĔĶŋĚŏĪıĴľŅĬėĶȮĴň
ĶŅĵĸŃŏŀňĵħħńĚĕƟŀĴŌĸŒĬĨŅĶŅĚĨƞŀœĮĬňŘ 
ĨŅĶŅĚĪňŗȮ0ȮĨŅĶŅĚĭńĬĪŉĔĔŅĶŏĽŊŗŀĴĽĳŅı 
ĸŜŅħńĭĪňŗ 1 

ĕƟŀĴŌĸĪńŗĺœĮ  ĔĸƞŀĚŏėĶŊŗŀĚĩĴȮĴňİŅĮĶŃĔĭȮĸŅĵĔĬĔŏĮĸĺĴňĸĺħĸŅĵȮ3ȮħƟŅĬȮħƟŅĬİŅĴňĽńĠĸńĔļĦƢėŜŅĺƞŅȮŵĽĶńĽěńĬĪĶŵ 
ĴňŏĪėĬŇėĔŅĶĪŜŅŏėĶŊŗŀĚĩĴŐĭĭĩĴěŋĤŅīŋĝ 
ŏĮƦĬĔĸƞŀĚŒĽƞĽĴŋĬœıĶȮĳŅĵŒĬĔĸƞŀĚıĭĽĴŋĬœıĶĨƞŅĚŕ 

ĺńĽħŋĕŀĚĺńĨĩŋőĭĶŅĦȮȮőĸľŃįĽĴ 

ĺńĬȮ-ȮŏħŊŀĬȮ-ȮĮƖȮĪňŗĽŜŅĶĺě 22/05/2564 

ĪŃŏĭňĵĬĺńĨĩŋőĭĶŅĦ Ķĺ,/.21-033. 

ěŜŅĬĺĬȮȮ2ȮĝŇŘĬ 

ĽńĠĠŅĸńĔļĦƢĪňŗŒĝƟěŜŅŐĬĔĔŅĶŏĽŊŗŀĴĽĳŅıĨŅĴěŋħĨƞŅĚŕȮœħƟŐĔƞ 

ĽňŏľĸŊŀĚ = ĽƞĺĬĪňŗĴňĽĬŇĴĮĔėĸŋĴ 
ĽňŐħĚ = ĭĶŇŏĺĦĪňŗĴňĔŅĶŏĮĸňŗĵĬŏĜħĽň 
Ľňŏĕňĵĺ = ėĶŅĭĽĔĮĶĔ 
ĽňĬŘŜŅŏĚŇĬ = ĭĶŇŏĺĦĪňŗĴňĔŅĶŏħŊŀħĕŀĚĵŅĩĴ 
ĽňĴƞĺĚ = ĶŀĵĔŃŏĪŅŃȮĝŜŅĶŋħ 

ĶŅĵĸŃŏŀňĵħĕŀĚĔŅĶŏĽŊŗŀĴĽĳŅı 
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ĔĸƞŀĚŒĭĪňŗȮ/ 

ħƟŅĬľĬƟŅ 

ĳŅıħƟŅĬľĬƟŅĔĸƞŀĚĴňĽĬŇĴĮĔėĸŋĴĔĶŃěŅĵĪńŗĺĭĶŇŏĺĦȮ
ĴňĔŅĶŏĮĸňŗĵĬŏĜħĽňĕŀĭŕŐĸŃĴňĔŅĶŏħŊŀħĕŀĚĵŅĩĴŏĸŖĔĬƟŀĵ 

ħƟŅĬľĸńĚ 

ŏĜħĽňŏĮĸňŗĵĬĪńŗĺĪńŘĚĭĶŇŏĺĦȮŐĸŃĴňĽĬŇĴľĬŅĭŅĚěŋħ 

ħƟŅĬŒĬ 

ħƟŅĬŒĬĭŋħƟĺĵĔĶŃħŅļĽňŏľĸŊŀĚĴňĶŀĵŏĮƘƧŀĬĽňħŜŅ 

ħƟŅĬĕƟŅĚ 

ħƟŅĬĕƟŅĚĪńŘĚĽňħƟŅĬĴňĽĬŇĴĔĶŃěŅĵĪńŗĺĭĶŇŏĺĦȮĴňĶŀĵ
ŏħŊŀħĕŀĚĵŅĩĴĭŅĚěŋħȮŐĸŃĴňŏĜħĽňŏĮĸňŗĵĬœĴƞĽĴŗŜŅŏĽĴŀ
ĔńĬ 
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ĔĸƞŀĚŒĭĪňŗȮ0 

ħƟŅĬľĬƟŅ 

ĴňĽĬŇĴŐĸŃėĶŅĭĽĔĮĶĔ 

ħƟŅĬľĸńĚ 

ŏĜħĽňıŊŘĬįŇĺœĴƞŏĪƞŅĔńĬȮĴňĽĬŇĴŐĸŃėĶŅĭĽĔĮĶĔĭŅĚěŋħ 

ħƟŅĬŒĬ 

ĴňėĶŅĭĽĔĮĶĔėĶŅĭĽĬŇĴŐĸŃŏĜħĽňĕŀĚőĸľŃ 

ħƟŅĬĕƟŅĚ 

ħƟŅĬĕƟŅĚĴňĽĬŇĴĔĶŃěŅĵőħĵĶŀĭŐĸŃėĶŅĭĽĔĮĶĔĭŅĚ
ěŋħ 
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ĔĸƞŀĚŒĭĪňŗȮ1 

ħƟŅĬľĬƟŅ 

ĴňĔŅĶŏħŊŀħĕŀĚĵŅĩĴŐĸŃĽĬŇĴĮĔėĸŋĴĔĶŃěŅĵőħĵĶŀĭ 

ħƟŅĬľĸńĚ 

ŏĜħĽňįŇĺőĸľŃœĴƞĽĴŗŜŅŏĽĴŀȮŐĸŃĴňĽĬŇĴĭŅĚěŋħ 

ħƟŅĬŒĬ 

ĴňĽĬŇĴĮĔėĸŋĴĪńŗĺĭĶŇŏĺĦ 

ħƟŅĬĕƟŅĚ 

ħƟŅĬĕƟŅĚĴňĽĬŇĴĔĶŃěŅĵőħĵĶŀĭŐĸŃĴňėĶŅĭĽĔĮĶĔĭŅĚ
ěŋħ 
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ĔĸƞŀĚŒĭĪňŗȮ2Ȯ 

ħƟŅĬľĬƟŅ 

ĴňĽĬŇĴĔĶŃěŅĵőħĵĶŀĭȮŐĸŃĴňĵŅĩĴŏħŊŀħĭŅĚěŋħ 

ħƟŅĬľĸńĚ 

ĴňĽĬŇĴĕŀĭŕ 

ħƟŅĬŒĬ 

ĴňėĶŅĭĽĔĮĶĔŐĸŃĽĬŇĴĪńŗĺĭĶŇŏĺĦ 

ħƟŅĬĕƟŅĚ 

ħƟŅĬĕƟŅĚĴňĽĬŇĴĔĶŃěŅĵőħĵĶŀĭŐĸŃĴňĵŅĩĴŏħŊŀħĭŅĚěŋħ 
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ĶŌĮŐĽħĚĔŅĶŏĽŊŗŀĴĽĳŅıĕŀĚŏėĶŊŗŀĚĩĴĺńħĶŅĝŅīŇĺŅĽĺŇľŅĶȮĔĶŋĪŏĪıĴľŅĬėĶȮěŃŏľŖĬĶƞŀĚĶŀĵĔŅĶŏĔŇħĽĬŇĴőħĵĪńŗĺœĮ 

ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮĽĬŇĴĮĔėĸŋĴȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮĶƞŀĚĶŀĵĔŅĶĔŃŏĪŅŃŀŀĔĕŀĚĵŅĩĴȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮėĶŅĭĽĬŇĴ 

               ĶŀĵŏħŊŀħĕŀĚĵŅĩĴȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮŏĜħĽňĪňŗŏĮĸňŗĵĬŐĸŃėĶŅĭĽĬŇĴȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮĽĬŇĴĮĔėĸŋĴ 

ĽĳŅıőħĵĪńŗĺœĮĕŀĚĺńĨĩŋ 

1. ĽĳŅıĺńĨĩŋ 

- ĴňŏĜħĽňŏĕƟĴĕŉŘĬȮŏĜħĽňıŊŘĬįŇĺœĴƞĽĴŗŜŅŏĽĴŀȮĴňĽĬŇĴĮĔėĸŋĴĸĺħĸŅĵȮĽƞĺĬĕŀĚĵŅĩĴĔĶŃŏĪŅŃŐĸŃĴňŀŅĔŅĶĵŅ
ĩĴŏħŊŀħȮ 

2. ĔŅĶŏĔŖĭĶńĔļŅ 

- ěńħĨńŘĚŒĬĨŌƟœĴƟĴňĔĶŃěĔĶŀĭħƟŅĬȮĳŅĵŒĬĨŌƟĴňĺńĨĩŋľĸŅĵĝŇŘĬĶĺĴŀĵŌƞȮĴňŏėĶŊŗŀĚĮĶńĭŀŋĦľĳŌĴŇŒĬľƟŀĚŏĮƕħŏĜıŅŃ
ŏıŊŗŀĔŅĶŏĵňŗĵĴĝĴȮĴňŐĽĚěŅĔľĸŀħœĲ 

3. ĔŅĶĪŜŅėĺŅĴĽŃŀŅħĺńĨĩŋŏĭŊŘŀĚĨƟĬ 

- ĮƤħİŋƙĬħƟĺĵŐĮĶĚĕĬŀƞŀĬ 
- ŏĝŖħėĶŅĭĽĔĮĶĔőħĵĬŜŅĽŜŅĸňěŋƞĴŐŀĸĔŀŁŀĶƢ 

ĔŅĶŏĔŖĭĨńĺŀĵƞŅĚĽŅĶ 

1. ěńħŏĔŖĭĨńĺŀĵƞŅĚőħĵĬŜŅĸŜŅĽňĩŌĭĶŇŏĺĦĪňŗŏĮƦĬĽĬŇĴ 

2. ĬŜŅĽŜŅĸňŒĽƞĩŋĚĞŇĮŏıŊŗŀĬŜŅœĮĨĶĺěĽŀĭħƟĺĵŏĪėĬŇėĪŅĚĺŇĪĵŅĻŅĽĨĶƢ 
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2,0ȮĔŅĶĪŜŅėĺŅĴĽŃŀŅħŏėĶŊŗŀĚĩĴħƟĺĵœŁőħĶŏěĸȮ&Fwbpmecj' 

2.2,/ ŏėĶŊŗŀĚĩĴĺńħĶŅĝŅīŇĺŅĽĺŇľŅĶ ĔĶŋĚŏĪıĴľŅĬėĶ 

 ĭńĬĪŉĔĳŅıįŇĺŏėĶŊŗŀĚĩĴĭĶŇŏĺĦĪňŗŏĔŇħĔŅĶŏĽŊŗŀĴĽĳŅıħƟĺĵĔĸƟŀĚ portable Digital Microscope
ĭńĬĪŉĔĳŅıħńĚŒĬĨŅĶŅĚĪňŗȮ1ȮľĸńĚěŅĔĬńŘĬĬŜŅŐįƞĬœŁőħĶŏěĸĴŅĺŅĚĭĬįŇĺŏėĶŊŗŀĚĩĴȮ&ħńĚĳŅıĪňŗ20'ȮŏĮƦĬ
ŏĺĸŅȮ1.ȮĬŅĪňȮŐĸƟĺĭńĬĪŉĔĳŅıĭĶŇŏĺĦĪňŗĪŜŅėĺŅĴĽŃŀŅħŀňĔėĶńŘĚŐĽħĚŒĬĨŅĶŅĚĪňŗȮ1Ȯ 

(Ĕ)              &ĕ' 
ĳŅıĪňŗȮ20ȮĔŅĶĪŜŅėĺŅĴĽŃŀŅħŏėĶŊŗŀĚĩĴħƟĺĵŐįƞĬŏěĸ 
&Ĕ'ȮŐįƞĬŏěĸĭĬįŇĺŏėĶŊŗŀĚĩĴȮ&ĕ'ȮŐįƞĬŏěĸľĸńĚĪŜŅėĺŅĴĽŃŀŅħ 

 
 ıŊŘĬįŇĺŒĬĽƞĺĬĕŀĚŏĚŇĬĬńŘĬȮ&ħńĚĳŅıĪňŗ21'ȮıĭėĶŅĭĽňŏĕňĵĺȮĽňĬŘŜŅĨŅĸȮĽňħŜŅȮėĶŅĭĨƞŅĚŕȮŏĮƦĬėĶŅĭ
ĽĬŇĴĕŀĚőĸľŃįĽĴĪňŗĪŜŅĮĢŇĔŇĶŇĵŅĔńĭŀŅĔŅĻĳŅĵĬŀĔȮŐĸŃĴňĶŀĵĝŜŅĶŋħȮĕŌħĕňħŏĮƦĬŐĬĺĵŅĺȮŐĸŃŏĮƦĬľĸŋĴȮ 

 
ĳŅıĪňŗȮ21ȮĔŅĶŏĽŊŗŀĴĽĳŅıĕŀĚıŊŘĬįŇĺĽƞĺĬŏĚŇĬ 

 ıŊŘĬįŇĺŒĬĽƞĺĬĵŅĩĴȮ&ħńĚĳŅıĪňŗ22'ȮıŊŘĬįŇĺŒĬĽƞĺĬĕŀĚĵŅĩĴıĭĶŀĵľĸŋħĔĶŃŏĪŅŃĕŀĚĵŅĩĴȮĴň
ėĶŅĭĽĬŇĴĽňĕŅĺȮĽňĬŘŜŅĨŅĸȮŐĸŃĽňŏĕňĵĺȮŏĔŇħěŅĔĔŅĶĪŜŅĮĢŇĔŇĶŇĵŅĔńĭŀŅĔŅĻȮ 
 

ėĶŅĭĽňŏĕňĵĺ 

ĶŀĵĝŜŅĶŋħ 

ėĶŅĭĽňħŜŅ 

ėĶŅĭĽňĬŘŜŅĨŅĸ 
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ȮȮȮ ȮȮȮ  
(Ĕ) &ĕ'   ȮȮȮ&ė' 

ĳŅıĪňŗȮ22ȮıŊŘĬįŇĺĽƞĺĬĵŅĩĴȮ 
&Ĕ'ȮėĶŅĭĽňŏĕňĵĺȮĵŅĩĴŏħŊŀħȮ&ĕ'ȮėĶŅĭĽňĬŘŜŅĨŅĸȮ&ė'ȮėĶŅĭĽňĕŅĺ 

ĨŅĶŅĚĪňŗȮ1ȮĸńĔļĦŃĕŀĚĭĶŇŏĺĦĨƞŅĚŕĭĬĝŇŘĬĚŅĬŏėĶŊŗŀĚĩĴĺńħĶŅĝŅīŇĺŅĽȮĔƞŀĬŐĸŃľĸńĚĔŅĶĔŜŅěńħĽĬŇĴ 
ĨńĺŀĵƞŅĚ ĳŅıĔƞŀĬĔŅĶĔŜŅěńħĽĬŇĴ ĳŅıľĸńĚĔŅĶĔŜŅěńħĽĬŇĴ 

A-1 
 

 

 

  

 

 

 

 

 

 



  2. 

ĨńĺŀĵƞŅĚ ĳŅıĔƞŀĬĔŅĶĔŜŅěńħĽĬŇĴ ĳŅıľĸńĚĔŅĶĔŜŅěńħĽĬŇĴ 

 

 

  

 

 

 

 

A-2 

 

 

A-3 

 

 



  2/ 

ĨńĺŀĵƞŅĚ ĳŅıĔƞŀĬĔŅĶĔŜŅěńħĽĬŇĴ ĳŅıľĸńĚĔŅĶĔŜŅěńħĽĬŇĴ 

 

 

A-4  

 

 

 

 

2,1ȮĸńĔļĦŃĝŇŘĬĚŅĬŏėĶŊŗŀĚĩĴŏĚŇĬŐĸŃĩĴĪŀĚĪňŗįĸŇĨĕŉŘĬŒľĴƞ 

 ŏėĶŊŗŀĚĩĴŏĚŇĬĪňŗįĸŇĨĕŉŘĬŒľĴƞȮĴňĸńĔļĦŃŏĮƦĬĺĚĔĸĴőėƟĚĴĬȮĕĬŅħŏĽƟĬįƞŅĻŌĬĵƢĔĸŅĚȮ04ȮĴŇĸĸŇŏĴĨĶȮ
ĽĸńĔĸĺħĸŅĵĔĶŃěńĚȮ&ħńĚĳŅıĪňŗ23'Ȯ(Ĕ) ŒĬĕĦŃĪňŗŏėĶŊŗŀĚĩĴĪŀĚĪňŗĪŜŅĕŉŘĬŒľĴƞĴňĸńĔļĦŃĔĸĴ
ŏĽƟĬįƞŅĻŌĬĵƢĔĸŅĚȮ04ȮĴŇĸĸŇŏĴĨĶȮőėƟĚĴĬŏĸŖĔĬƟŀĵĴňĽňĪŀĚȮĽĸńĔĸĺħĸŅĵĔĶŃěńĚȮ&ħńĚĳŅıĪňŗ23' (ĕ) 

ȮȮȮȮ  
(Ĕ)ȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮȮ(ĕ) 
ĳŅıĪňŗȮ23ȮĝŇŘĬĚŅĬŏėĶŊŗŀĚĩĴ 

&Ĕ'ȮĝŇŘĬĚŅĬĩĴŏĚŇĬȮ&ĕ'ȮĝŇŘĬĚŅĬĩĴĪŀĚ 
 


