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ċŰĬШ~ŸĤŔũŔƣǃЯШÑƖċŰƚƓŸƖƣШѼШ ƨƣŸůŸƣŔƻĲЮШÑőĲƚĲШĲĦŸƚǃƚƣĲůƚШċƖĲШƻŔƣċũШƣŸШƣőĲШEƨƖŸƓĲċŰШĲĦŸŰŸůǃШċŰĬШŉċĦĲШ
ƚőċƖĲĬШĦőċũũĲŰŊĲƚЯШƚƨĦőШċƚШƣőĲШƣƖċŰƚŔƣŔŸŰШƣŸШƚƨƚƣċŔŰċĤũĲШƓƖċĦƣŔĦĲƚЯШůċŔŰƣċŔŰŔŰŊШĦŸůƓĲƣŔƣŔƻĲŰĲƚƚШċůŔĬШ
ũŔůŔƣĲĬШƖċƽШůċƣĲƖŔċũШċƻċŔũċĤŔũŔƣǃШċŰĬШƖŔƚŔŰŊШĲŰĲƖŊǃШĦŸƚƣƚЯШċŰĬШċĬċƓƣŔŰŊШƣŸШƚőŔŉƣŔŰŊШĦŸŰƚƨůĲƖШĤĲőċƻŔŸƨƖЮШ
ÑŸШƚƣƖĲŰŊƣőĲŰШƣőĲШƖĲƚŔũŔĲŰĦĲШċŰĬШƣĲĦőŰŸũŸŊŔĦċũШċĬċƓƣċĤŔũŔƣǃШŸŉШÉ~EƚЯШf?E xfÉÑШĦċƖƖŔĲƚШŸƨƣШƣċƖŊĲƣĲĬШ
ċĦƣŔƻŔƣŔĲƚШŉŸĦƨƚĲĬШŸŰШƣőƖĲĲШĦŸƖĲШċƖĲċƚа 

¶ ÉƣƖċƣĲŊŔĦШ [ŸƖĲƚŔŊőƣаШ?ĲƻĲũŸƓŔŰŊШ ƣŸŸũƚШ ċŰĬШ ċƓƓƖŸċĦőĲƚШ ƣŸШ őĲũƓШ É~EƚШ ċŰƣŔĦŔƓċƣĲШ ċŰĬШ
ƚǃƚƣĲůċƣŔĦċũũǃШƓƖĲƓċƖĲШŉŸƖШĦőċŰŊĲЮ 

¶ ÑĲĦőŰŸũŸŊǃШÖƓƣċťĲаШ ĬĬƖĲƚƚŔŰŊШĤċƖƖŔĲƖƚШƣŸШċĬŸƓƣŔŰŊШċĬƻċŰĦĲĬШƣĲĦőŰŸũŸŊŔĲƚШċŰĬШŉŸƚƣĲƖŔŰŊШ
ĦŸũũċĤŸƖċƣŔŸŰƚШĤĲƣƽĲĲŰШƣĲĦőрŉŸƖƽċƖĬШċŰĬШƣƖċĬŔƣŔŸŰċũШÉ~EƚЮ 

¶ ÉƨƓƓũǃШ9őċŔŰШÅĲƚŔũŔĲŰĦĲаШfĬĲŰƣŔŉǃŔŰŊШċŰĬШůŔƣŔŊċƣŔŰŊШĦƖŔƣŔĦċũШĬĲƓĲŰĬĲŰĦŔĲƚШċŰĬШƽĲċťŰĲƚƚĲƚШƣŸШ
ƖĲĬƨĦĲШƣőĲШŔůƓċĦƣШŸŉШĬŔƚƖƨƓƣŔŸŰƚШŸŰШƻċũƨĲШĦőċŔŰƚЮ 
 

ÑőŔƚШ ÅċƽШ ~ċƣĲƖŔċũƚШ [ċĦƣƚőĲĲƣШ ƽċƚШ ĬĲƻĲũŸƓĲĬШ ƣŸШ ƚƨƓƓŸƖƣШƚƨƓƓũǃШ ĦőċŔŰШ ƖĲƚŔũŔĲŰĦĲШĤǃШ ƓƖŸƻŔĬŔŰŊШ
ĦŸůƓċŰŔĲƚШƽŔƣőШŔŰƚŔŊőƣƚШŔŰƣŸШƚĲũĲĦƣĲĬШĦƖŔƣŔĦċũШƖċƽШůċƣĲƖŔċũƚШы9Å~ƚьШŔĬĲŰƣŔǯĲĬШċƚШƓċƖƣŔĦƨũċƖũǃШŔůƓŸƖƣċŰƣШ
ŉŸƖШƣőĲШƣőƖĲĲШĲĦŸƚǃƚƣĲůƚЮШÑőĲШ9Å~ƚШƽĲƖĲШƚĲũĲĦƣĲĬШŉƖŸůШƣőĲШΟΠШĦƖŔƣŔĦċũШыŔŰĦũƨĬŔŰŊШƚƣƖċƣĲŊŔĦШƖċƽШ
ůċƣĲƖŔċũƚьШũŔƚƣĲĬШĤǃШƣőĲШEƨƖŸƓĲċŰШ9ŸůůŔƚƚŔŸŰШŔŰШΞΜΞΟЯШĤċƚĲĬШŸŰШŔŰƓƨƣШŉƖŸůШf?E xfÉÑќƚШΝΝШĦũƨƚƣĲƖШ
ƓċƖƣŰĲƖƚЯШċƚШƓċƖƣШŸŉШÑċƚťШΣЮΝЯШfĬĲŰƣŔǯĦċƣŔŸŰШŸŉШ9ƖŔƣŔĦċũШÑĲĦőŰŸũŸŊŔĲƚШŉŸƖШƣőĲШÅĲƚŔũŔĲŰĦĲШŸŉШéċũƨĲШ9őċŔŰƚЮ 

[ŸƖШĲċĦőШƚĲũĲĦƣĲĬШ9Å~ЯШċШĬĲĬŔĦċƣĲĬШŉċĦƣƚőĲĲƣШőċƚШĤĲĲŰШĦƖĲċƣĲĬЮШEċĦőШŉċĦƣƚőĲĲƣШŔƚШƚƣƖƨĦƣƨƖĲĬШŔŰƣŸШ
ƚĲƻĲƖċũШƚĲĦƣŔŸŰƚЯШĦŸƻĲƖŔŰŊаШůċŢŸƖШĲŰĬШƨƚĲƚШŔŰШƣőĲШEÖШċŰĬШŊũŸĤċũũǃбШċШƚŔůƓũŔǯĲĬШƻċũƨĲШĦőċŔŰбШƓŸƣĲŰƣŔċũШ
ƚƨĤƚƣŔƣƨƣŔŸŰƚбШƓƖŔůċƖǃШƓƖŸĬƨĦƣŔŸŰШŔŰШƣőĲШEÖШċŰĬШƽŸƖũĬƽŔĬĲбШƚĲĦŸŰĬċƖǃШƓƖŸĬƨĦƣŔŸŰбШƖĲƚĲƖƻĲƚ1ШŔŰШƣőĲШEÖШ
ċŰĬШŊũŸĤċũũǃбШƓƖŸĬƨĦƣŔŸŰШċƣШƣőĲШƓƖŸĦĲƚƚŔŰŊШƚƣċŊĲШыƽőĲƖĲШċƓƓũŔĦċĤũĲьбШŊũŸĤċũШċŰĬШEÖШĬĲůċŰĬбШŉƨƣƨƖĲШ
ƚƨƓƓũǃШċŰĬШĬĲůċŰĬШƣƖĲŰĬƚбШċŰĬШĲǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚЮ 

7ǃШƓƖŸƻŔĬŔŰŊШƣőŔƚШŔŰŉŸƖůċƣŔŸŰЯШf?E xfÉÑШĲǂƓĲĦƣƚШƣŸШƖċŔƚĲШĦŸůƓċŰŔĲƚќШċƽċƖĲŰĲƚƚШŸŉШĦƨƖƖĲŰƣШċŰĬШƓŸƣĲŰƣŔċũШ
ŉƨƣƨƖĲШĬŔƚƖƨƓƣŔŸŰƚШŔŰШ9Å~ШƚƨƓƓũǃЯШƓċƖƣŔĦƨũċƖũǃШƣőŸƚĲШůċǃШĤĲШċǭĲĦƣĲĬШĤǃШŊĲŸƓŸũŔƣŔĦċũШŉċĦƣŸƖƚЮШÑőŔƚШ
ťŰŸƽũĲĬŊĲШŔƚШŔŰƣĲŰĬĲĬШƣŸШőĲũƓШĦŸůƓċŰŔĲƚШĤĲƣƣĲƖШƓƖĲƓċƖĲШŉŸƖШŉƨƣƨƖĲШƚƨƓƓũǃШƚőŸĦťƚШċŰĬШĬŔƚƖƨƓƣŔŸŰƚЯШ
ƨũƣŔůċƣĲũǃШĲŰőċŰĦŔŰŊШƣőĲŔƖШƖĲƚŔũŔĲŰĦĲЮ 

ÑőŔƚШÅċƽШ~ċƣĲƖŔċũƚШ[ċĦƣƚőĲĲƣШċũƚŸШĦŸƖƖĲƚƓŸŰĬƚШƣŸШ?ĲũŔƻĲƖċĤũĲШΤЮΞЯШ9ƖŔƣŔĦċũШ~ċƣĲƖŔċũƚШċŰĬШ9ŸůƓŸŰĲŰƣƚШ
ы9~Ѽ9ьШÉƨƓƓũŔĲƖƚќШÑĲůƓũċƣĲЯШċŰĬШĦŸŰƣƖŔĤƨƣĲƚШƣŸШÑċƚťƚШΤЮΠЯШÉĦċŰŰŔŰŊШ9Å~ШÉƨƓƓũǃШÉĦőĲůĲƚЯШċŰĬШΤЮΡЯШ
[ċĦƣƚőĲĲƣƚШŸŰШ9Å~о[ĲĲĬƚƣŸĦťƚШŸŰШÉƨƓƓũǃШÉĦőĲůĲƚЮ 
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 Τ 

ÂƖŸĦƨƖĲůĲŰƣШŸŉШƖċƽШůċƣĲƖŔċũƚШ 
ÑőĲƖĲШċƖĲШƚĲƻĲƖċũШƽċǃƚШƣŸШƓƖŸĦƨƖĲШƖċƽШůċƣĲƖŔċũƚЯШŔŰĦũƨĬŔŰŊШĬŔƖĲĦƣШƓƨƖĦőċƚĲƚШŉƖŸůШůŔŰŔŰŊШĦŸůƓċŰŔĲƚШŸƖШ
ůŔŰĲƖċũШƓƖŸĬƨĦĲƖƚЯШĲŰƣĲƖŔŰŊШŔŰƣŸШũŸŰŊрƣĲƖůШƚƨƓƓũǃШŸƖШŸǭƣċťĲШċŊƖĲĲůĲŰƣƚЯШĤƨǃŔŰŊШŸŰШƚƓŸƣШůċƖťĲƣƚШƚƨĦőШ
ċƚШĦŸůůŸĬŔƣǃШĲǂĦőċŰŊĲƚЯШċŰĬШƚŸƨƖĦŔŰŊШƣőƖŸƨŊőШůĲƣċũШƣƖċĬĲƖƚЮШ ƚШƣőĲШǯƖƚƣШƣƽŸШŸƓƣŔŸŰƚШċƖĲШƣǃƓŔĦċũũǃШ
ŊŸƻĲƖŰĲĬШĤǃШĦŸŰǯĬĲŰƣŔċũШċŊƖĲĲůĲŰƣƚШĤĲƣƽĲĲŰШĤƨǃĲƖƚШċŰĬШƚƨƓƓũŔĲƖƚЯШƣőŔƚШƚĲĦƣŔŸŰШŉŸĦƨƚĲƚШŸŰШƣőĲШũċƣƣĲƖШ
ŸƓƣŔŸŰƚШƣŸШŸǭĲƖШĦŸůƓċŰŔĲƚШƓŸƣĲŰƣŔċũШƓċƣőƽċǃƚШŉŸƖШĬŔƻĲƖƚŔŉǃŔŰŊШƣőĲŔƖШƚƨƓƓũŔĲƖШĤċƚĲЮШÑőĲШƣċĤũĲШĤĲũŸƽШ
ƓƖĲƚĲŰƣƚШĦŸůůŸĬŔƣǃШĲǂĦőċŰŊĲƚШƽőĲƖĲШůĲƣċũƚШċƖĲШƣƖċĬĲĬЮШ 

 

9ŸƨŰƣƖǃШШ EǂĦőċŰŊĲ 9ŸůůŸĬŔƣŔĲƚ 

9őŔŰċ ]ƨċŰŊǍőŸƨШ[ƨƣƨƖĲƚШEǂĦőċŰŊĲШы][Eñь ÉŔũŔĦŸŰШůĲƣċũЯШƓŸũǃĦƖǃƚƣċũũŔŰĲШƚŔũŔĦŸŰЯШũŔƣőŔƨůШ
ĦċƖĤŸŰċƣĲ 

9őŔŰċ ÉőċŰŊőċŔШ[ƨƣƨƖĲƚШEǂĦőċŰŊĲШыÉc[Eь 9ƨЯШ ũЯШüŰЯШÂĤЯШ ŔЯШÉŰЯШ ƨЯШ ŊЯШƚƣĲĲũ 

9őŔŰċ üőĲŰŊǍőŸƨШ9ŸůůŸĬŔƣǃШEǂĦőċŰŊĲШ
ыü9Eь 

[ĲƖƖŸƚŔũŔĦŸŰЯШůċŰŊċŰĲƚĲШƚŔũŔĦŸŰ 

fŰĬŔċ ~ƨũƣŔШ9ŸůůŸĬŔƣǃШEǂĦőċŰŊĲШы~9ñь ƨЯШ ŊЯШ ũЯШ9ƨЯШÂĤЯШ ŔЯШüŰ 

sċƓċŰ ÑŸťǃŸШ9ŸůůŸĬŔƣǃШEǂĦőċŰŊĲШыÑ§9§~ь ƨЯШ ŊЯШÂƣЯШÂĬ 

ÖŰŔƣĲĬШ ƖċĤШ
EůŔƖċƣĲƚ 

?ƨĤċŔШ]ŸũĬШċŰĬШ9ŸůůŸĬŔƣŔĲƚШ
EǂĦőċŰŊĲШы?]9ñь 9ƨЯШ ƨЯШ Ŋ 

ÖŰŔƣĲĬШ
uŔŰŊĬŸůШыÖuь xŸŰĬŸŰШ~ĲƣċũШEǂĦőċŰŊĲШыx~Eь 

ũЯШ9ƨЯШüŰЯШ ŔЯШÂĤЯШÉŰЯШÉƣĲĲũЯШ9ŸЯШũŔƣőŔƨůШőǃĬƖŸǂŔĬĲЯШ
~ŸЯШÂĬЯШÂƣ 

ÑőĲШÖŰŔƣĲĬШ
ÉƣċƣĲƚШыÖЮÉЮь 

 ĲƽШòŸƖťШ~ĲƖĦċŰƣŔũĲШEǂĦőċŰŊĲШ
ы9§~Eñь 

ƨЯШ ũЯШ ŊЯШŉĲƖƖŸƨƚШÉĦƖċƓЯШ9ŸЯШĦŸĤċũƣШőǃĬƖŸǂŔĬĲЯШ9ƨЯШ
[ĲЯШÂĤЯШũŔƣőŔƨůШĦċƖĤŸŰċƣĲЯШũŔƣőŔƨůШőǃĬƖŸǂŔĬĲЯШ~ŸЯШ
ƚƣĲĲũЯШƚƓŸĬƨůĲŰĲЯШüŰЯШÖЯШƚőƖĲĬĬĲĬШƚĦƖċƓ 

 

[ŸƨƖƣĲĲŰШƖċƖĲШůĲƣċũƚШыfŰЯШ]ĲЯШìЯШ7ŔЯШ]ċЯШ9ŸЯШ ŊЯШéЯШÉĤЯШÑĲЯШÅőЯШÉĲЯШ?ǃЯШċŰĬШÑĤьШƽĲƖĲШƣƖċĬĲĬШŸŰШ9őŔŰċќƚШ
[ċŰǃċШ~ĲƣċũШEǂĦőċŰŊĲШƨŰƣŔũШŔƣƚШĦŸũũċƓƚĲШŔŰШΞΜΝΡЮШEƚƣċĤũŔƚőĲĬШŔŰШΞΜΝΝШƽŔƣőШòƨŰŰċŰШŊŸƻĲƖŰůĲŰƣШƚƨƓƓŸƖƣЯШ
ŔƣШƕƨŔĦťũǃШĤĲĦċůĲШƣőĲШƽŸƖũĬѣƚШũċƖŊĲƚƣШƖċƖĲШůĲƣċũƚШƣƖċĬŔŰŊШƓũċƣŉŸƖůЯШċŔůŔŰŊШƣŸШƚƣƖĲŰŊƣőĲŰШ9őŔŰċќƚШůċƖťĲƣШ
ĦŸŰƣƖŸũЮШcŸƽĲƻĲƖЯШċШũŔƕƨŔĬŔƣǃШĦƖŔƚŔƚШũĲĬШƣŸШŔƣƚШƚőƨƣĬŸƽŰШŔŰШΞΜΝΡЯШċŰĬШŔŰШΞΜΝΦЯШƣőĲШòƨŰŰċŰШŊŸƻĲƖŰůĲŰƣШ
ċƨĦƣŔŸŰĲĬШŸǭШŔƣƚШƚƣŸƖĲĬШůĲƣċũƚ2ЯШ3ЯШ4ЮШ 

 

 

 

 
2ШxŔЯШ~ЮШыΞΜΝΣЯШsƨŰĲШΝΜьЮШfШxŸƚƣШ~ǃШÉċƻŔŰŊƚШŔŰШċШ~ċƚƚŔƻĲШ9őŔŰĲƚĲШfŰƻĲƚƣůĲŰƣШÉĦċůЮШ[ŸƖĲŔŊŰШÂŸũŔĦǃЮШÅĲƣƖŔĲƻĲĬШΜΣЮΜΦЮΞΜΝΠШŉƖŸůШ
őƣƣƓƚаооŉŸƖĲŔŊŰƓŸũŔĦǃЮĦŸůоΞΜΝΣоΜΣоΝΜоŔрũŸƚƣрůǃрƚċƻŔŰŊƚрŔŰрċрůċƚƚŔƻĲрĦőŔŰĲƚĲрŔŰƻĲƚƣůĲŰƣрƚĦċůрĦőŔŰċрƓƖŸƣĲƚƣрŉċŰǃċрƓŸŰǍŔоШ 
3ШƖŊƨƚШůĲƣċũƚШŔŰƣĲƖŰċƣŔŸŰċũЮШыΞΜΝΦЯШ§ĦƣŸĤĲƖШΝΝьЮШxċƣĲƚƣШ~ċƖťĲƣШ ĲƽƚаШ9őŔŰċШƣŸШċƨĦƣŔŸŰШ[ċŰǃċШ]ċЯШ]ĲЯШÉĲЯШÑĲШƚƣŸĦťƚЮШƖŊƨƚШůĲƣċũƚШ
ŔŰƣĲƖŰċƣŔŸŰċũЮШÅĲƣƖŔĲƻĲĬШΜΣЮΜΦЮΞΜΞΠШŉƖŸůШőƣƣƓƚаооƽƽƽЮċƖŊƨƚůĲĬŔċЮĦŸůоĲƚоŰĲƽƚрċŰĬрŔŰƚŔŊőƣƚоũċƣĲƚƣрůċƖťĲƣрŰĲƽƚоΝΦΦΠΜΝΞрĦőŔŰċрƣŸр
ċƨĦƣŔŸŰрŉċŰǃċрŊċрŊĲрƚĲрƣĲрƚƣŸĦťƚШ 
4Ш[ċŰǃċШ~ĲƣċũШEǂĦőċŰŊĲЮШыΞΜΝΡЯШsċŰƨċƖǃШΠьЮШ7ũŸŸůĤĲƖŊШƓƨƖĦőċƚĲƚШĬċƣċШŉƖŸůШƣőĲШ[ċŰǃċШ~ĲƣċũШEǂĦőċŰŊĲШƣŸШǯũũШŔƣƚШĬċƣċШŊċƓШы

Ш ьЮШ9őŔŰċШ?ċŔũǃЮШÅĲƣƖŔĲƻĲĬШΜΣЮΜΦЮΞΜΞΠШŉƖŸůШőƣƣƓаооĦőŔŰċЮĦőŔŰċĬċŔũǃЮĦŸůЮĦŰоƚőŔǍőĲŰŊоΞΜΝΡр
ΜΝоΜΠоĦŸŰƣĲŰƣхΝΦΞΦΥΦΦΡЮőƣů  

http://www.gfex.com.cn/gfex/yshq1/yshq.shtml
https://tsite.shfe.com.cn/eng/
http://english.czce.com.cn/
http://english.czce.com.cn/
https://www.mcxindia.com/
https://www.jpx.co.jp/english/derivatives/products/list/index.html
https://www.dgcx.ae/
https://www.dgcx.ae/
https://www.lme.com/en/
https://www.cmegroup.com/company/designated-contract-market.html#comex
https://www.cmegroup.com/company/designated-contract-market.html#comex
https://foreignpolicy.com/2016/06/10/i-lost-my-savings-in-a-massive-chinese-investment-scam-china-protest-fanya-ponzi/
https://www.argusmedia.com/es/news-and-insights/latest-market-news/1994012-china-to-auction-fanya-ga-ge-se-te-stocks
https://www.argusmedia.com/es/news-and-insights/latest-market-news/1994012-china-to-auction-fanya-ga-ge-se-te-stocks
http://china.chinadaily.com.cn/shizheng/2015-01/04/content_19298995.htm
http://china.chinadaily.com.cn/shizheng/2015-01/04/content_19298995.htm


 

 Υ 

[ŸƖШůĲƣċũƚШƣƖċĬĲĬШŸŰШĦŸůůŸĬŔƣǃШĲǂĦőċŰŊĲƚЯШƓƖŔĦŔŰŊШŔƚШƣƖċŰƚƓċƖĲŰƣЯШċŰĬШůċƖťĲƣШƖĲċĦƣŔŸŰƚШƣŸШĬŔƚƖƨƓƣŔŸŰƚШ
ŸƖШƓŸƣĲŰƣŔċũШƚƨƓƓũǃШŔƚƚƨĲƚШċƖĲШƖĲǰĲĦƣĲĬШƕƨŔĦťũǃЮШcŸƽĲƻĲƖЯШƣőŔƚШŔƚШŰŸƣШƣőĲШĦċƚĲШŉŸƖШůŔŰŸƖШůĲƣċũƚШƚƨĦőШċƚШ
ŊĲƖůċŰŔƨůЯШŊċũũŔƨůЯШĦŸĤċũƣЯШċŰĬШůŸũǃĤĬĲŰƨůЯШƽőŔĦőШċƖĲШŸŉƣĲŰШĤǃрƓƖŸĬƨĦƣƚШŸŉШŸƣőĲƖШůĲƣċũШƓƖŸĬƨĦƣŔŸŰЮШ
ƚШċШƖĲƚƨũƣЯШƓƖŔĦŔŰŊШŉŸƖШůŔŰŸƖШůĲƣċũƚШŔƚШŸŉƣĲŰШĦŸŰƚŔĬĲƖĲĬШŸƓċƕƨĲШċŰĬШƖĲũŔĲƚШŸŰШċƚƚĲƚƚůĲŰƣƚШĤǃШƓƖŔĦĲШ

ƖĲƓŸƖƣŔŰŊШċŊĲŰĦŔĲƚЯШƚƨĦőШċƚШƣőŸƚĲШũŔƚƣĲĬШŔŰШƣőĲШƣċĤũĲШĤĲũŸƽЯШƽőŔĦőШĦŸũũĲĦƣШƓƖŔĦŔŰŊШĬċƣċШċŰŸŰǃůŸƨƚũǃШŉƖŸůШ
ĦŸŰƚƨůĲƖƚЯШƓƖŸĬƨĦĲƖƚЯШċŰĬШƣƖċĬĲƖƚ5Ю 

 

ÂƖŔĦĲШƖĲƓŸƖƣŔŰŊШċŊĲŰĦŔĲƚ 9ŸůůŸĬŔƣǃ 

[ċƚƣůċƖťĲƣƚШ~7ШыƓƖĲƻŔŸƨƚũǃШťŰŸƽŰШċƚШ~ĲƣċũШ7ƨũũĲƣŔŰь 
7ċƚĲШůĲƣċũƚЯШĤċƣƣĲƖǃШůċƣĲƖŔċũƚЯШůŔŰŸƖШůĲƣċũƚЯШÅEEƚЯШ
ƚĦƖċƓƚШċŰĬШƚĲĦŸŰĬċƖǃЯШŸƖĲƚШċŰĬШċũũŸǃƚЯШƚƣĲĲũЯШƚƣĲĲũШ
ƖċƽШůċƣĲƖŔċũƚЯШŔŰĬƨƚƣƖŔċũƚШůŔŰĲƖċũƚШ 

9ÅÖ ũЯШĤċƚĲШůĲƣċũƚЯШĤċƣƣĲƖǃШůċƣĲƖŔċũƚЯШŉĲƖƖŸċũũŸǃƚЯШ
ƓƖĲĦŔŸƨƚШůĲƣċũƚЯШƚŔũŔĦŸŰЯШƚƣċŔŰũĲƚƚШƚƣĲĲũЯШƚƣĲĲũШ 

ƖŊƨƚШůĲƣċũƚШŔŰƣĲƖŰċƣŔŸŰċũ 
ÉƣĲĲũЯШƚƣĲĲũШƖċƽШůċƣĲƖŔċũƚЯШĤċƣƣĲƖǃШůċƣĲƖŔċũƚЯШÅEEƚЯШ
ċũũŸǃƚЯШƚĦƖċƓЯШĤċƚĲШůĲƣċũƚЯШůŔŰŸƖШůĲƣċũƚШ 

 

[ŸƖШůĲƣċũƚШƣőċƣШċƖĲШŰŸƣШƓƨĤũŔĦũǃШƣƖċĬĲĬШŸŰШĦŸůůŸĬŔƣǃШĲǂĦőċŰŊĲƚЯШƓƖŸĦƨƖĲůĲŰƣШĦċŰШĤĲШĬŸŰĲШƣőƖŸƨŊőШ
ůĲƣċũШƣƖċĬĲƖƚЮШfŰШƚĲƻĲƖċũШEÖШĦŸƨŰƣƖŔĲƚЯШŰċƣŔŸŰċũрũĲƻĲũШŸƖŊċŰŔǍċƣŔŸŰƚШůċŰċŊĲШċƚƓĲĦƣƚШŸŉШůĲƣċũШƣƖċĬŔŰŊШ
ċŰĬШůċǃШŸǭĲƖШƚƨƓƓŸƖƣШŔŰШŔĬĲŰƣŔŉǃŔŰŊШƚƨŔƣċĤũĲШůĲƣċũШƣƖċĬĲƖƚЮШƣШƣőĲШŔŰƣĲƖŰċƣŔŸŰċũШũĲƻĲũЯШƣőĲƖĲШŔƚШƣőĲШ~ŔŰŸƖШ
~ĲƣċũƚШÑƖċĬĲШ ƚƚŸĦŔċƣŔŸŰШũŸĦċƣĲĬШŔŰШƣőĲШÖuЮШ 

 

9ŸƨŰƣƖǃ  ċƣŔŸŰċũШŸƖŊċŰŔƚċƣŔŸŰыƚьШĦŸŰĦĲƖŰŔŰŊШůĲƣċũШƣƖċĬĲƖƚШŔŰШƣőĲШEÖ 
ƨƚƣƖŔċ éĲƖĤċŰĬШ°ƚƣĲƖƖĲŔĦőŔƚĦőĲƖШ~ĲƣċũũőęŰĬũĲƖШыé°~ьоШƖĤĲŔƣƚŊĲůĲŔŰƚĦőċŉƣШ~ĲƣċũũĲШ°ƚƣĲƖƖĲŔĦő 

7ĲũŊŔƨů 7ĲũŊŔċŰШ~ĲƣċũШÖŰŔŸŰШыÖŰŔŸŰШĬĲƚШ~ĳƣċƨǂШ7ĲũŊĲьШƖĲƓƖĲƚĲŰƣĲĬШĤǃШ7ĲũůĲƣċũ 

[ƖċŰĦĲ [ĳĬĳƖċƣŔŸŰШ[ƖċŰĩċŔƚĲШĬĲШũċШ?ŔƚƣƖŔĤƨƣŔŸŰШĬĲƚШ~ĳƣċƨǂШы[[?~ь 

]ĲƖůċŰǃ éĲƖĤċŰĬШ?ĲƨƣƚĦőĲƖШ~ĲƣċũũőęŰĬũĲƖШƨŰĬШÅĲĦǃĦũĲƖШĲЮéЮШыé?~ь 

fƣċũǃ ƚƚŸĦŔċǍŔŸŰĲШfƣċũŔċŰċШ9ŸůůĲƖĦŔŸШ~ĲƣċũũŔШы ÉÉ§~EÑь 

 ĲƣőĲƖũċŰĬƚ éĲƖĲŰŔŊŔŰŊШ~ĲƣċċũőċŰĬĲũċƖĲŰШы?ƨƣĦőШ~ĲƣċũШÑƖċĬĲƖƚШ ƚƚŸĦŔċƣŔŸŰь 

ÂŸũċŰĬ fǍĤċШ]ŸƚƓŸĬċƖĦǍċШ~ĲƣċũŔШ ŔĲǐĲũċǍŰǃĦőШŔШÅĲĦǃťũŔŰŊƨШыf]~ ŔÅьШ 

ÂŸƖƣƨŊċũ ƚƚŸĦŔċĩġŸШÂŸƖƣƨŊƨĲƚċШĬŸƚШ]ƖŸƚƚŔƚƣċƚШĬĲШ ĩŸƚЯШ~ĲƣċŔƚШĲШ[ĲƖƖċůĲŰƣċƚШы <§~E[EÅь 

ÉƓċŔŰ 
¶ 9ŸŰŉĲĬĲƖċĦŔŹŰШEƚƓċŶŸũċШĬĲШ§ƖŊċŰŔǍċĦŔŸŰĲƚШEůƓƖĲƚċƖŔċũĲƚШĬĲũШ~ĲƣċũШы9§ [E~EÑ xь 
¶ ƚŸĦŔċĦŔŹŰШĬĲШEůƓƖĲƚċƚШĬĲũШ~ĲƣċũШĬĲШ~ċĬƖŔĬШы E9f~ь 

ÉƽĲĬĲŰ ÉƻĲŰƚťċШsęƖŰШŸĦőШ~ĲƣċũũƚťƖŸƣőċŰĬũċƖĲŉƁƖĲŰŔŰŊĲŰ 

 

 
5Ш?ĲƚċŔЯШÂЮШыΞΜΞΟЯШsƨũǃШΣьЮШEǂƓũċŔŰĲƖаШfŰƚŔĬĲШƣőĲШŸƓċƕƨĲШƽŸƖũĬШŸŉШůŔŰŸƖШůĲƣċũƚШƓƖŔĦŔŰŊЮШÅĲƨƣĲƖƚЮШÅĲƣƖŔĲƻĲĬШΞΡЮΜΠЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮƖĲƨƣĲƖƚЮĦŸůоůċƖťĲƣƚоĦŸůůŸĬŔƣŔĲƚоŔŰƚŔĬĲрŸƓċƕƨĲрƽŸƖũĬрůŔŰŸƖрůĲƣċũƚрƓƖŔĦŔŰŊрΞΜΞΟрΜΤрΜΣоШ 

https://www.fastmarkets.com/
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https://www.argusmedia.com/en/commodities/metals
https://mmta.co.uk/
https://mmta.co.uk/
https://www.vdm.berlin/gremien/ag-metalle-oesterreich/
https://www.belmetal.be/en
https://www.ffdm.fr/
https://www.vdm.berlin/
https://www.assomet.it/page/13?utm_source=chatgpt.com
https://www.metaalnederland.com/
https://www.igmnir.pl/
https://acomefer.pt/acomefer/index.asp
https://confemetal.es/?utm_source=chatgpt.com
https://aecim.org/?utm_source=chatgpt.com
https://svenskajarn.se/bli-medlem/?utm_source=chatgpt.com


 

 Φ 

ŰƣŔůŸŰǃШыÉĤь 
~ċŢŸƖШƨƚĲƚШŔŰШƣőĲШEÖШыĲƚƣŔůċƣŔŸŰШůċĬĲШŔŰШΞΜΞΞь6 

 

 

ÑőĲШƽŸƖũĬƽŔĬĲШĲŰĬрƨƚĲШĬŔƚƣƖŔĤƨƣŔŸŰШŸŉШċŰƣŔůŸŰǃШŔŰШΞΜΝΦШƽċƚШĲƚƣŔůċƣĲĬШƣŸШĤĲШǰċůĲШƖĲƣċƖĬċŰƣƚШыΠΦӖьЯШ
ĤċƣƣĲƖŔĲƚШыΟΞӖьЯШƓũċƚƣŔĦƚШыΦӖьЯШċŰĬШŸƣőĲƖШыΝΜӖь7Ю 

 
6ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ ŰƣŔůŸŰǃаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШŸŰШ
ΝΜЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх  Ñf~§ òрƨƓĬċƣĲЮƓĬŉШ 
7ШuũŸĦőťŸЯШuЮШыΞΜΞΠьЮ ŰƣŔůŸŰǃ я ĬƻċŰĦĲШƖĲũĲċƚĲѐЮШfŰ ΥΣΥΣЮ~ŔŰĲƖċũƚЮòĲċƖĤŸŸť ыéŸũЮШfьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΝΜЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΜоůǃĤΝрΞΜΞΜрċŰƣŔůŸŰǃЮƓĬŉШ 

43%

6%
5%

32%

14%

46%

Flame retardants (antimony trioxide or ATO)

Catalyst (ATO) in the production of polyethylene terephthalate (PET)

Fining and clarifying agents (Sodium hexahydroxyantimonate) in the manufacture of high-quality clear glass

Hard-lead alloys (antimonial lead) - lead-acid batteries

Hard-lead alloys (antimonial lead) - lead alloys

https://scrreen.eu/wp-content/uploads/2023/12/SCRREEN2_factsheets_ANTIMONY-update.pdf
https://pubs.usgs.gov/myb/vol1/2020/myb1-2020-antimony.pdf
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éċũƨĲШĦőċŔŰШыƚŔůƓũŔǯĲĬь8ЯШ9ЯШ10 

 

fffоéрƚĲůŔĦŸŰĬƨĦƣŸƖƚШũŔťĲШfŰĬŔƨůШ ŰƣŔůŸŰŔĬĲШыfŰÉĤьШƨƚĲĬШŉŸƖШőċũũШƚĲŰƚŸƖƚШċŰĬШŔŰŉƖċƖĲĬШĬĲƣĲĦƣŸƖƚШċŰĬШċƚШ
ċШĬŸƓċŰƣШŉŸƖШŰрĦŸŰĬƨĦƣŔŰŊШƚŔũŔĦŸŰШƚŔŰŊũĲШĦƖǃƚƣċũƚШыŔЮĲЮЯШőŔŊőШƓƨƖŔƣǃШċŰƣŔůŸŰǃь11Ю 

 

 
8ШuũŸĦőťŸЯШuЮШыΞΜΞΠьЮШ ŰƣŔůŸŰǃШя ĬƻċŰĦĲШƖĲũĲċƚĲѐЮШfŰШΞΜΞΜШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťШыéŸũЮШfьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΝΜЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΜоůǃĤΝрΞΜΞΜрċŰƣŔůŸŰǃЮƓĬŉШ 
9ШìƨЯШÄЮЯШxƻЯШüЮЯШѼШ9ċŸЯШsЮШыΞΜΞΞьЮШ?ŔƚƣƖŔĤƨƣŔŸŰШċŰĬШÉƨƓƓũǃШŸŉШ ŰƣŔůŸŰǃШÅĲƚŸƨƖĦĲƚШŔŰШ9őŔŰċШċŰĬШ ĤƖŸċĬШċŰĬШ?ĲƻĲũŸƓůĲŰƣШÉƣċƣƨƚШŸŉШ ŰƣŔůŸŰǃШ
fŰĬƨƚƣƖǃШ9őċŔŰЮШ~ƨũƣŔƓƨƖƓŸƚĲШÖƣŔũŔǍċƣŔŸŰШŸŉШ~ŔŰĲƖċũШÅĲƚŸƨƖĦĲƚЯШΞΜΞΞЯШΠΟыΡьаШΤΤрΥΞЮШ?§fаШΝΜЮΟΦΣΦоŢЮŔƚƚŰЮΝΜΜΜрΣΡΟΞЮΞΜΞΞЮΜΡЮΜΝΠШ 
10ШÂĲƖƓĲƣƨċШÅĲƚŸƨƖĦĲƚЮШыΞΜΞΝьЮШ ŰƣŔůŸŰǃаШ Ш9ƖŔƣŔĦċũШ~ĲƣċũũŸŔĬШŉŸƖШ~ċŰƨŉċĦƣƨƖŔŰŊЯШ ċƣŔŸŰċũШ?ĲŉĲŰƚĲШċŰĬШƣőĲ 
 ĲǂƣШ]ĲŰĲƖċƣŔŸŰШŸŉШEŰĲƖŊǃШ]ĲŰĲƖċƣŔŸŰШċŰĬШÉƣŸƖċŊĲШÑĲĦőŰŸũŸŊŔĲƚЮШÅĲƣƖŔĲƻĲĬШΝΣЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓĲƖƓĲƣƨċƖĲƚŸƨƖĦĲƚЮĦŸůоƽƓр
ĦŸŰƣĲŰƣоƨƓũŸċĬƚо ŰƣŔůŸŰǃрìőŔƣĲрÂċƓĲƖЮƓĬŉШ 
11ШìŔũũŔċůШÅŸƽũċŰĬШůĲƖŔĦċƚЮШыŰЮĬЮьЮШ ŰƣŔůŸŰǃЮШÅĲƣƖŔĲƻĲĬШΝΜЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽŔũũŔċůр
ƖŸƽũċŰĬЮĦċоċŰƣŔůŸŰǃмаӈаƣĲǂƣӀcŔŊőӖΞΜƓƨƖŔƣǃӖΞΜ ŰƣŔůŸŰǃӖΞΜŔƚӖΞΜƨƚĲĬЯƨƚĲĬӖΞΜċƚӖΞΜƓƖĲĦƨƖƚŸƖƚӖΞΜŔŰӖΞΜ~§9é?Ш 

https://perpetuaresources.com/wp-content/uploads/Antimony-White-Paper.pdf
https://perpetuaresources.com/wp-content/uploads/Antimony-White-Paper.pdf
https://william-rowland.ca/antimony#:~:text=High%20purity%20Antimony%20is%20used,used%20as%20precursors%20in%20MOCVD
https://william-rowland.ca/antimony#:~:text=High%20purity%20Antimony%20is%20used,used%20as%20precursors%20in%20MOCVD
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ÉƨĤƚƣŔƣƨƣŔŸŰ12ЯШ13ЯШ14 

ÉƨĤƚƣŔƣƨƣŔŸŰШĦċŰШŔůƓċĦƣШĤŸƣőШĦŸƚƣШċŰĬШƓĲƖŉŸƖůċŰĦĲЮ 

fŰƣĲƖůĲĬŔċƣĲШƓƖŸĬƨĦƣƚоÂƖŸĦĲƚƚŔŰŊШċŔĬƚ ÉƨĤƚƣŔƣƨƣŔŸŰ 

[ũċůĲШƖĲƣċƖĬċŰƣƚШыċŰƣŔůŸŰǃШƣƖŔŸǂŔĬĲШыÑ§ьь 
ÉĲũĲĦƣĲĬШŸƖŊċŰŔĦШĦŸůƓŸƨŰĬƚЯШőǃĬƖċƣĲĬШċũƨůŔŰŔƨůШ
ŸǂŔĬĲЯШǍŔŰĦШŸǂŔĬĲЯШċŰĬШĤŸƖŸŰШŸǂŔĬĲ 

ÂƖŸĦĲƚƚŔŰŊШċŊĲŰƣƚШы Ñ§ьШŔŰШƣőĲШƓƖŸĬƨĦƣŔŸŰШŸŉШ
ĲŰċůĲũƚЯШƓċŔŰƣЯШċŰĬШƓŔŊůĲŰƣƚ 

9őƖŸůŔƨůЯШƣŔŰЯШƣŔƣċŰŔƨůЯШǍŔŰĦЯШċŰĬШǍŔƖĦŸŰŔƨůШ
ĦŸůƓŸƨŰĬƚ 

cċƖĬрũĲċĬШċũũŸǃƚ 9ŸůĤŔŰċƣŔŸŰƚШŸŉШĦċũĦŔƨůЯШĦŸƓƓĲƖЯШƚĲũĲŰŔƨůЯШƚƨũƓőƨƖЯШ
ċŰĬШƣŔŰ 

 

ÉƨĤƚƣŔƣƨƣŔŰŊШ ċŰƣŔůŸŰǃШ ŔƚШ ĦőċũũĲŰŊŔŰŊШ ŔŰШ ƣőĲШ ƚőŸƖƣШ ƣĲƖůЯШ ĲƚƓĲĦŔċũũǃШ ŔŰШ ǰċůĲШ ƖĲƣċƖĬċŰƣƚШ ĬƨĲШ ƣŸШ
ƓĲƖŉŸƖůċŰĦĲШŔƚƚƨĲƚШũŔťĲШƽĲċťĲŰĲĬШƓŸũǃůĲƖƚЮШìőŔũĲШċũƣĲƖŰċƣŔƻĲƚШƚƨĦőШċƚШĦċũĦŔƨůЯШĦŸƓƓĲƖЯШƚĲũĲŰŔƨůЯШ
ƚƨũƓőƨƖЯШċŰĬШƣŔŰШĦċŰШƖĲƓũċĦĲШċŰƣŔůŸŰǃШŔŰШũĲċĬрċĦŔĬШĤċƣƣĲƖŔĲƚШƽŔƣőŸƨƣШĦŸůƓƖŸůŔƚŔŰŊШƓĲƖŉŸƖůċŰĦĲЯШŸƣőĲƖШ
ƨƚĲƚШũŔťĲШċŰƣŔůŸŰǃШĦőĲůŔĦċũƚШŔŰШĲŰċůĲũƚЯШƓċŔŰƣƚЯШċŰĬШƓŔŊůĲŰƣƚШĦċŰШĤĲШƚƨĤƚƣŔƣƨƣĲĬШƽŔƣőШĦőƖŸůŔƨůЯШƣŔŰЯШ
ƣŔƣċŰŔƨůЯШǍŔŰĦЯШŸƖШǍŔƖĦŸŰŔƨůЮШ 

 

 

 

 

 

 

 

 

 

 

 

 

 
12ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ ŰƣŔůŸŰǃаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШŸŰШ
ΝΜЮΜΦЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх  Ñf~§ òрƨƓĬċƣĲЮƓĬŉШ 
13ШuũŸĦőťŸЯШuЮШыΞΜΞΠьЮШ ŰƣŔůŸŰǃШя ĬƻċŰĦĲШƖĲũĲċƚĲѐЮШfŰШΞΜΞΜШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťШыéŸũЮШfьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΝΜЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΜоůǃĤΝрΞΜΞΜрċŰƣŔůŸŰǃЮƓĬŉШ 
14ШéċŰШ?ĲŰШ7ƖŔŰťЯШÉЮЯШuũĲŔŢŰЯШÅЮЯШÉƓƖĲĦőĲƖЯШ7ЮЯШ~ċŰĦőĲƖŔЯШ ЮЯШѼШÑƨťťĲƖЯШ ЮШыΞΜΞΞьЮШÅĲƚŔũŔĲŰĦĲШŔŰШƣőĲШċŰƣŔůŸŰǃШƚƨƓƓũǃШĦőċŔŰЮШÅĲƚŸƨƖĦĲƚШ
9ŸŰƚĲƖƻċƣŔŸŰШċŰĬШÅĲĦǃĦũŔŰŊЯШΝΥΣЯШΝΜΣΡΥΣЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΝΣоŢЮƖĲƚĦŸŰƖĲĦЮΞΜΞΞЮΝΜΣΡΥΣ 
 

https://scrreen.eu/wp-content/uploads/2023/12/SCRREEN2_factsheets_ANTIMONY-update.pdf
https://doi.org/10.1016/j.resconrec.2022.106586


 

 ΝΞ 

]ũŸĤċũШċŰĬШEÖШƓƖŸĬƨĦƣŔŸŰШтШċŰƣŔůŸŰǃШŸƖĲШċŰĬШĦŸŰĦĲŰƣƖċƣĲƚШ 
]ũŸĤċũШůŔŰĲШƓƖŸĬƨĦƣŔŸŰ15ЯШ16 

Ш 

 

 

fŰШΞΜΝΥЯШΡΣӖШŸŉШċŰƣŔůŸŰǃШŊũŸĤċũШůŔŰĲШƓƖŸĬƨĦƣŔŸŰШĦċůĲШċƚШċШĤǃрƓƖŸĬƨĦƣШŸŉШŊŸũĬЯШΟΞӖШċƚШċШƓƖŔůċƖǃШыőŸƚƣьШ
ůĲƣċũЯШċŰĬШΝΞӖШċƚШċШĦŸрƓƖŸĬƨĦƣШŸƖШĤǃрƓƖŸĬƨĦƣШŸŉШũĲċĬЯШƣŔŰЯШƚŔũƻĲƖЯШċŰĬШůĲƖĦƨƖǃЮ 

ŰƣŔůŸŰǃШőċƚШĤĲĲŰШƚƨĤŢĲĦƣШƣŸШƣŸƣċũШůŔŰŔŰŊШŸƨƣƓƨƣШĦŸŰƣƖŸũƚШŔŰШ9őŔŰċШƚŔŰĦĲШΞΜΝΟ17ШЯШ18ШЮШfŰШƖĲĦĲŰƣШǃĲċƖƚЯШ
9őŔŰċѣƚШċŰƣŔůŸŰǃШƓƖŸĬƨĦƣŔŸŰШőċƚШĬĲĦũŔŰĲĬШĬƨĲШƣŸШƣőĲШĬĲƓũĲƣŔŸŰШŸŉШƚŸůĲШŸŉШŔƣƚШůċŔŰШċŰƣŔůŸŰǃШůŔŰĲƚЯШ

 
15Ш[ŔŊƨƖĲƚШċƖĲШĤċƚĲĬШŸŰШĬċƣċШƓƖŸƻŔĬĲĬШĤǃШƣőĲШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮ 
16ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ ŰƣŔůŸŰǃаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΜЮΜΦЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх  Ñf~§ òрƨƓĬċƣĲЮƓĬŉШ 
17ШÂĲƖƓĲƣƨċШÅĲƚŸƨƖĦĲƚЮШыΞΜΞΝьЮШ ŰƣŔůŸŰǃаШ ШĦƖŔƣŔĦċũШůŔŰĲƖċũШƚƨƓƓŸƖƣŔŰŊШƣőĲШĲŰĲƖŊǃШƣƖċŰƚŔƣŔŸŰЮШÅĲƣƖŔĲƻĲĬШΝΠЮΜΝЮΞΜΞΡЯШŉƖŸůШ
őƣƣƓƚаооƓĲƖƓĲƣƨċƖĲƚŸƨƖĦĲƚЮĦŸůоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚо ŰƣŔůŸŰǃрìőŔƣĲрÂċƓĲƖЮƓĬŉ 
18ШìƨЯШÄЮЯШxƻЯШüЮЯШѼШ9ċŸЯШsЮШыΞΜΞΞьЮШ?ŔƚƣƖŔĤƨƣŔŸŰШċŰĬШÉƨƓƓũǃШŸŉШ ŰƣŔůŸŰǃШÅĲƚŸƨƖĦĲƚШŔŰШ9őŔŰċШċŰĬШ ĤƖŸċĬШċŰĬШ?ĲƻĲũŸƓůĲŰƣШÉƣċƣƨƚШŸŉШŰƣŔůŸŰǃШ
fŰĬƨƚƣƖǃШ9őċŔŰЮШ~ƨũƣŔƓƨƖƓŸƚĲШÖƣŔũŔǍċƣŔŸŰШŸŉШ~ŔŰĲƖċũШÅĲƚŸƨƖĦĲƚЯШΞΜΞΞЯШΠΟыΡьаШΤΤрΥΞЮШ?§fаШΝΜЮΟΦΣΦоŢЮŔƚƚŰЮΝΜΜΜрΣΡΟΞЮΞΜΞΞЮΜΡШ 
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9ŸƨŰƣƖǃ ÉőċƖĲШŸŉШŊũŸĤċũШ
ůŔŰĲШƓƖŸĬƨĦƣŔŸŰШ
ыċƻŊЮШΞΜΝΥрΞΜΞΞь 

9őŔŰċШ ΡΡӖ 

ÅƨƚƚŔċ ΝΦӖ 

ÑċŢŔťŔƚƣċŰ ΝΠӖ 

~ǃċŰůċƖ ΟӖ 

ÑƨƖťĲǃ ΞӖ 

ƨƚƣƖċũŔċ ΞӖ 

7ŸũŔƻŔċ ΞӖ 

ÅĲƚƣШŸŉШƣőĲШ
ìŸƖũĬШыÅ§ìь 

ΟӖ 

https://scrreen.eu/wp-content/uploads/2023/12/SCRREEN2_factsheets_ANTIMONY-update.pdf
https://perpetuaresources.com/wp-content/uploads/Antimony-White-Paper.pdf


 

 ΝΟ 

ċŰĬШƚƣƖŔŰŊĲŰƣШĲŰƻŔƖŸŰůĲŰƣċũШƖĲƕƨŔƖĲůĲŰƣƚЮШfŰШΞΜΞΞЯШƚƨƓƓũǃШċŰĬШĬŸƽŰƚƣƖĲċůШƓƖŸĬƨĦƣŔŸŰШƽĲƖĲШŉƨƖƣőĲƖШ
ĦŸŰƚƣƖċŔŰĲĬШĤǃШƣĲůƓŸƖċƖǃШůŔŰĲШƚőƨƣĬŸƽŰƚШċŔůĲĬШċƣШĦƨƖĤŔŰŊШ9ŸƖŸŰċƻŔƖƨƚШĬŔƚĲċƚĲШΞΜΝΦШы9§éf?рΝΦьШ
ƚƓƖĲċĬЮШfƣШƚőŸƨũĬШċũƚŸШĤĲШŰŸƣĲĬШƣőċƣШÑċŢŔťŔƚƣċŰЯШƣőĲШƽŸƖũĬѣƚШƣőŔƖĬрũċƖŊĲƚƣШƓƖŸĬƨĦĲƖЯШőċƚШŔƣƚШůŔŰĲƚШƨŰĬĲƖШ
9őŔŰĲƚĲШ ĦŸŰƣƖŸũЮШ [ƨƖƣőĲƖůŸƖĲЯШ 9őŔŰĲƚĲШ ŔŰƻĲƚƣůĲŰƣШ ĦŸůƓċŰŔĲƚШ ƚĲĦƨƖĲĬШ ĦŸŰƣƖŸũũŔŰŊШ ŔŰƣĲƖĲƚƣƚШ ŔŰШ
ċŰƣŔůŸŰǃШƓƖŸŢĲĦƣƚШŔŰШÉŸƨƣőШ ŉƖŔĦċШы~ƨƖĦőŔƚŸŰШ7ĲũƣьЯШ7ŸũŔƻŔċЯШ ƨƚƣƖċũŔċЯШċŰĬШ9ċŰċĬċ19Ю 

ÅƨƚƚŔċѣƚШũĲċĬŔŰŊШŊŸũĬрċŰƣŔůŸŰǃШůŔŰĲЯШ§ũŔůƓŔċĬċЯШŸƓĲƖċƣĲĬШĤǃШÂŸũǃƨƚЯШƖĲĬƨĦĲĬШċŰƣŔůŸŰǃШƓƖŸĬƨĦƣŔŸŰШ
ŉƖŸůШΞΜΞΝШƣŸШΞΜΞΞШƣŸШƓƖŔŸƖŔƣŔǍĲШŊŸũĬШĲǂƣƖċĦƣŔŸŰ20ЮШfƣƚШċŰƣŔůŸŰǃШƓƖŸĬƨĦƣŔŸŰШƖĲƣƨƖŰĲĬШŔŰШΞΜΞΟЯШШċĦĦŸƨŰƣŔŰŊШ
ŉŸƖШŸƻĲƖШΞΜӖШŸŉШŊũŸĤċũШċŰƣŔůŸŰǃШůŔŰĲШƚƨƓƓũǃШŔŰШΞΜΞΟШċĦĦŸƖĬŔŰŊШƣŸШÂŸũǃƨƚ21ЮШ 

 

EÖШůŔŰĲШƓƖŸĬƨĦƣŔŸŰ 
ÑőĲƖĲШŔƚШŰŸШċŰƣŔůŸŰǃШůŔŰĲШƓƖŸĬƨĦƣŔŸŰШŔŰШƣőĲШEÖЮ 

 

ÉĲĦŸŰĬċƖǃШƓƖŸĬƨĦƣŔŸŰ22ЯШ23ЯШ24ЯШ25 

ĦĦŸƖĬŔŰŊШƣŸШċШĦŸŰǯĬĲŰƣŔċũШƖĲƓŸƖƣШŔŰШΞΜΝΠЯШŸŉШƣőĲШΞΜΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШŸŉШċŰƣŔůŸŰǃШƓƖŸĬƨĦĲĬШŊũŸĤċũũǃЯШ
ċĤŸƨƣШΞΡӖШĦŸůĲƚШŉƖŸůШƖĲĦǃĦũŔŰŊШůĲƣċũШċũũŸǃƚЮШEŰĬрŸŉрxŔŉĲШƖĲĦǃĦũŔŰŊШƖċƣĲШыEŸxШÅÅьШŔŰШƣőĲШEÖШŉŸƖШċŰƣŔůŸŰǃШ
ŔƚШƚƨŊŊĲƚƣĲĬШƣŸШĤĲШċƚШőŔŊőШċƚШΞΥӖЮШ 

~ŸƚƣШċŰƣŔůŸŰǃШƖĲĦǃĦũŔŰŊШŉŸĦƨƚĲƚШŸŰШƖĲĦŸƻĲƖŔŰŊШũĲċĬрċŰƣŔůŸŰǃШċũũŸǃƚШŉƖŸůШũĲċĬрċĦŔĬШĤċƣƣĲƖŔĲƚЮШÅĲƚĲċƖĦőШ
ŔƚШŸŰŊŸŔŰŊШƣŸШƖĲĦŸƻĲƖШ Ñ§ШŉƖŸůШìċƚƣĲШEũĲĦƣƖŔĦċũШċŰĬШEũĲĦƣƖŸŰŔĦШEƕƨŔƓůĲŰƣШыìEEEьШƓũċƚƣŔĦƚЯШĬĲƚƓŔƣĲШ
ĦŸŰƣċůŔŰċƣŔŸŰШĦőċũũĲŰŊĲƚЮШ ŰƣŔůŸŰǃШŔŰШƓũċƚƣŔĦƚШċŰĬШǰċůĲШƖĲƣċƖĬċŰƣƚШŔƚШŊĲŰĲƖċũũǃШŰŸƣШƖĲĦŸƻĲƖĲĬШĬƨĲШƣŸШ
ĬŔƚƓĲƖƚŔŸŰЯШƣőŸƨŊőШŔƣШĦŸƨũĬШƓŸƣĲŰƣŔċũũǃШĤĲШĲǂƣƖċĦƣĲĬШŉƖŸůШŔŰĦŔŰĲƖċƣŔŸŰШċƚőЯШĤƨƣШƣőŔƚШŔƚШĦƨƖƖĲŰƣũǃШŰŸƣШ
ĲĦŸŰŸůŔĦċũũǃШƻŔċĤũĲЮ 

 

 

 

 

 

 
19ШÂĲƖƓĲƣƨċШÅĲƚŸƨƖĦĲƚЮШыΞΜΞΝьЮШ ŰƣŔůŸŰǃаШ ШĦƖŔƣŔĦċũШůŔŰĲƖċũШƚƨƓƓŸƖƣŔŰŊШƣőĲШĲŰĲƖŊǃШƣƖċŰƚŔƣŔŸŰЮШÅĲƣƖŔĲƻĲĬШΝΠЮΜΝЮΞΜΞΡЯШŉƖŸůШ
őƣƣƓƚаооƓĲƖƓĲƣƨċƖĲƚŸƨƖĦĲƚЮĦŸůоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚо ŰƣŔůŸŰǃрìőŔƣĲрÂċƓĲƖЮƓĬŉШ 
20ШuũŸĦőťŸЯШuЮШыΞΜΞΠьЮШ ŰƣŔůŸŰǃЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΠЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΝΜЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΠоůĦƚΞΜΞΠрċŰƣŔůŸŰǃЮƓĬŉШ 
21ШÂƖŸŢĲĦƣШ7ũƨĲЮШыΞΜΞΠЯШ~ċƖĦőШΜΡьЮШÂŸũǃƨƚШĤċĦťШċƚШƽŸƖũĬѣƚШĤŔŊŊĲƚƣШċŰƣŔůŸŰǃШƓƖŸĬƨĦĲƖЮШÅĲƣƖŔĲƻĲĬШΞΟЮΜΝЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƓƖŸŢĲĦƣĤũƨĲЮĦŸůоĤũƨĲоŰĲƽƚрċŰċũǃƚŔƚоΤΥΥоƓŸũǃƨƚрĤċĦťрċƚрƽŸƖũĬѣƚрĤŔŊŊĲƚƣрċŰƣŔůŸŰǃрƓƖŸĬƨĦĲƖШ 
22ШìƨЯШÄЮЯШxƻЯШüЮЯШѼШ9ċŸЯШsЮШыΞΜΞΞьЮШ?ŔƚƣƖŔĤƨƣŔŸŰШċŰĬШÉƨƓƓũǃШŸŉШ ŰƣŔůŸŰǃШÅĲƚŸƨƖĦĲƚШŔŰШ9őŔŰċШċŰĬШ ĤƖŸċĬШċŰĬШ?ĲƻĲũŸƓůĲŰƣШÉƣċƣƨƚШŸŉШŰƣŔůŸŰǃШ
fŰĬƨƚƣƖǃШ9őċŔŰЮШ~ƨũƣŔƓƨƖƓŸƚĲШÖƣŔũŔǍċƣŔŸŰШŸŉШ~ŔŰĲƖċũШÅĲƚŸƨƖĦĲƚЯШΞΜΞΞЯШΠΟыΡьаШΤΤрΥΞЮШ?§fаШΝΜЮΟΦΣΦоŢЮŔƚƚŰЮΝΜΜΜрΣΡΟΞЮΞΜΞΞЮΜΡШ 
23ШÂĲƖƓĲƣƨċШÅĲƚŸƨƖĦĲƚЮШыΞΜΞΝьЮШ ŰƣŔůŸŰǃаШ ШĦƖŔƣŔĦċũШůŔŰĲƖċũШƚƨƓƓŸƖƣŔŰŊШƣőĲШĲŰĲƖŊǃШƣƖċŰƚŔƣŔŸŰЮШÅĲƣƖŔĲƻĲĬШΝΠЮΜΝЮΞΜΞΡЯШŉƖŸůШ
őƣƣƓƚаооƓĲƖƓĲƣƨċƖĲƚŸƨƖĦĲƚЮĦŸůоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚо ŰƣŔůŸŰǃрìőŔƣĲрÂċƓĲƖЮƓĬŉШ 
24ШÖůŔĦŸƖĲЮШыŰЮĬЮьЮШ ŰƣŔůŸŰǃЮШÅĲƣƖŔĲƻĲĬШΝΠЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮƨůŔĦŸƖĲЮĦŸůоĲŰоċĤŸƨƣоŸƨƖрůĲƣċũƚоċŰƣŔůŸŰǃоШ 
25ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ ŰƣŔůŸŰǃаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΜЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх  Ñf~§ òрƨƓĬċƣĲЮƓĬŉ 

https://perpetuaresources.com/wp-content/uploads/Antimony-White-Paper.pdf
https://pubs.usgs.gov/periodicals/mcs2024/mcs2024-antimony.pdf
https://projectblue.com/blue/news-analysis/788/polyus-back-as-world's-biggest-antimony-producer
https://perpetuaresources.com/wp-content/uploads/Antimony-White-Paper.pdf
https://www.umicore.com/en/about/our-metals/antimony/
https://scrreen.eu/wp-content/uploads/2023/12/SCRREEN2_factsheets_ANTIMONY-update.pdf


 

 ΝΠ 

ÅĲƚĲƖƻĲƚ 
]ũŸĤċũШƖĲƚĲƖƻĲƚШ 
9ŸƨŰƣƖǃШ ÅĲƚĲƖƻĲƚШыůĲƣƖŔĦШƣŸŰƚь 

9őŔŰċ ΣΠΜЯΜΜΜ 

ÅƨƚƚŔċ ΟΡΜЯΜΜΜ 
7ŸũŔƻŔċ ΟΝΜЯΜΜΜ 

uǃƖŊǃǍƚƣċŰ ΞΣΜЯΜΜΜ 

ƨƚƣƖċũŔċ ΝΠΜЯΜΜΜ 

~ǃċŰůċƖ ΝΠΜЯΜΜΜ 

 

EÖШƖĲƚĲƖƻĲƚ26 
 ŸШEÖШĦŸƨŰƣƖŔĲƚШƖĲƓŸƖƣĲĬШƣŸШőċƻĲШċŰƣŔůŸŰǃШƖĲƚĲƖƻĲƚЮШcŸƽĲƻĲƖЯШŔƣШƚőŸƨũĬШĤĲШůĲŰƣŔŸŰĲĬШƣőċƣШƣőĲƖĲШŔƚШŰŸШ
ĦŸůƓũĲƣĲШċŰĬШőċƖůŸŰŔƚĲĬШĬċƣċƚĲƣШƣőċƣШƓƖĲƚĲŰƣƚШƣŸƣċũШEÖШƖĲƚŸƨƖĦĲШċŰĬШƖĲƚĲƖƻĲШĲƚƣŔůċƣĲƚШŉŸƖШċŰƣŔůŸŰǃЮШ
~ċŰǃШĬŸĦƨůĲŰƣĲĬШƖĲƚŸƨƖĦĲƚШŔŰШEƨƖŸƓĲШċƖĲШĤċƚĲĬШŸŰШőŔƚƣŸƖŔĦШĲƚƣŔůċƣĲƚШċŰĬШċƖĲШĦŸŰƚŔĬĲƖĲĬШƣŸШĤĲШŸŉШũŔƣƣũĲШ
ĲĦŸŰŸůŔĦШŔŰƣĲƖĲƚƣЮШ 

ШƓŸƣĲŰƣŔċũШƚŸƨƖĦĲШŸŉШƓƖŸĬƨĦƣŔŸŰШŸŉШċŰƣŔůŸŰǃШŔŰШƣőĲШEÖШŔƚШũĲċĬШĦŸŰĦĲŰƣƖċƣĲƚШƽŔƣőШőŔŊőШċŰƣŔůŸŰǃШũĲƻĲũƚЯШ
ƚƨĦőШ ċƚШ ƣőŸƚĲШ ŉƖŸůШ ]ƖĲĲĦĲѣƚШ 9őċũťŔĬŔťŔШ ůŔŰĲƚЮШ ÑőŸƨŊőШ ĦƨƖƖĲŰƣũǃЯШ ĦŸŰĦĲŰƣƖċƣĲƚШ ŔƣШ ƓƖŸĬƨĦĲĬШ ċƖĲШ
ƓƖŸĦĲƚƚĲĬШĲũƚĲƽőĲƖĲЮ 

 

 
26ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ ŰƣŔůŸŰǃаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШŸŰШ
ΝΜЮΜΦЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх  Ñf~§ òрƨƓĬċƣĲЮƓĬŉШ 

https://scrreen.eu/wp-content/uploads/2023/12/SCRREEN2_factsheets_ANTIMONY-update.pdf


 

 ΝΡ 

ÂƖŸĦĲƚƚŔŰŊШƚƣċŊĲШтШċŰƣŔůŸŰǃШŸǂŔĬĲƚЯШƨŰƽƖŸƨŊőƣШċŰƣŔůŸŰǃШċŰĬШċŰƣŔůŸŰǃШƓŸƽĬĲƖƚ 
]ũŸĤċũШƓƖŸĬƨĦĲƖƚШċƣШƣőĲШƓƖŸĦĲƚƚŔŰŊШƚƣċŊĲШыċƻŊЮШΞΜΝΣрΞΜΞΜь27ЯШ28ЯШ29Ш 
ÑőĲШċŰŰƨċũШŊũŸĤċũШƓƖŸĬƨĦƣŔŸŰШċƣШƣőĲШƓƖŸĦĲƚƚŔŰŊШ
ƚƣċŊĲЯШ ċƻĲƖċŊĲШ ĤĲƣƽĲĲŰШ ΞΜΝΣШ ċŰĬШ ΞΜΞΜЯШ ƽċƚШ
ΝΜΝЯΡΥΣШ ůĲƣƖŔĦШ ƣŸŰƚЮШ9őŔŰċШ ƽċƚШ ƣőĲШ ũċƖŊĲƚƣШ
ƓƖŸĬƨĦĲƖШŸŉШċŰƣŔůŸŰǃШŔŰŊŸƣƚЯШƚƨƓƓũǃŔŰŊШůċŢŸƖШ
ƖĲǯŰĲƖƚШ ыŔЮĲЮЯШ ũĲċĬŔŰŊШ Ñ§Ш ċŰĬШ ĦőĲůŔĦċũШ
ƓƖŸĬƨĦĲƖƚьШŔŰШƣőĲШÖÉ ЯШsċƓċŰЯШuŸƖĲċЯШċŰĬШEƨƖŸƓĲЮ 

ШŰĲƽШ§ůċŰШ ŰƣŔůŸŰǃШÅŸċƚƣĲƖШƓƖŸŢĲĦƣШŔŰШÉŸőċƖШ
ƽċƚШĲǂƓĲĦƣĲĬШƣŸШƓƖŸĬƨĦĲШΞΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШƓĲƖШ
ǃĲċƖШŸŉШċŰƣŔůŸŰǃШůĲƣċũШċŰĬШ Ñ§ШыŊƖŸƚƚШƽĲŔŊőƣьЯШ
ůċťŔŰŊШŔƣШƣőĲШũċƖŊĲƚƣШċŰƣŔůŸŰǃШƖŸċƚƣĲƖШŸƨƣƚŔĬĲШŸŉШ
9őŔŰċШŔŰШ ΞΜΝΥЮШ cŸƽĲƻĲƖЯШ ĦŸƚƣШ ŸƻĲƖƖƨŰƚШ ċŰĬШ
ƣĲĦőŰŔĦċũШ ƓƖŸĤũĲůƚШ ĦċƨƚĲĬШ ƣőĲШ ƚůĲũƣĲƖШ ƣŸШ
ŸƓĲƖċƣĲШƽĲũũШĤĲũŸƽШĦċƓċĦŔƣǃШċŰĬШŸŰũǃШƖĲċĦőĲĬШŉƨũũШ
ƓƖŸĬƨĦƣŔŸŰШŔŰШΞΜΞΜЮШ 

 

?ĲůċŰĬШ 
]ũŸĤċũШĬĲůċŰĬ30 
]ũŸĤċũũǃЯШĦŸŰƚƨůƓƣŔŸŰШŸŉШċŰƣŔůŸŰǃШŸƖĲƚШċŰĬШĦŸŰĦĲŰƣƖċƣĲƚШƽċƚШĲƚƣŔůċƣĲĬШƣŸШĤĲШċĤŸƨƣШΝΣΣЯΜΜΜШůĲƣƖŔĦШ
ƣŸŰƚШŔŰШΞΜΞΜЮШ 

 

EÖШĬĲůċŰĬ31 
7ĲƣƽĲĲŰШΞΜΝΣШċŰĬШΞΜΞΜЯШƣőĲШEÖѣƚШċƻĲƖċŊĲШċŰŰƨċũШċŰƣŔůŸŰǃШĦŸŰƚƨůƓƣŔŸŰШċƣШƣőĲШĲǂƣƖċĦƣŔŸŰШƚƣċŊĲШƽċƚШ
ΝЯΜΦΡШůĲƣƖŔĦШƣŸŰƚЮШÑőĲШEÖШƽċƚШΝΜΜӖШƖĲũŔċŰĦĲШŸŰШŔůƓŸƖƣШċŰĬШƣőĲШůċŔŰШƚƨƓƓũŔĲƖƚШƽĲƖĲШÑƨƖťĲǃШыΣΣӖьЯШ
7ŸũŔƻŔċШыΞΤӖьЯШ]ƨċƣĲůċũċШыΠӖьШċŰĬШ9őŔŰċШыΟӖьЮШ 

7ĲƣƽĲĲŰШΞΜΝΣШċŰĬШΞΜΞΜЯШƣőĲШEÖѣƚШċƻĲƖċŊĲШċŰŰƨċũШċŰƣŔůŸŰǃШĦŸŰƚƨůƓƣŔŸŰШċƣШƣőĲШƓƖŸĦĲƚƚŔŰŊШƚƣċŊĲШƽċƚШ
ΠΜЯΡΞΤШůĲƣƖŔĦШƣŸŰƚЮШÑőĲШEÖѣƚШŔůƓŸƖƣШƖĲũŔċŰĦĲШƚƣŸŸĬШċƣШΠΤӖЯШƽŔƣőШƣőĲШůċŔŰШƚƨƓƓũŔĲƖƚШĤĲŔŰŊШ9őŔŰċШыΟΜӖьЯШ
7ĲũŊŔƨůШыΞΝӖьЯШ[ƖċŰĦĲШыΝΡӖьЯШÑċŢŔťŔƚƣċŰШыΦӖьЯШéŔĲƣŰċůШыΤӖьЯШÉƓċŔŰШыΠӖьЯШÉŸƨƣőШuŸƖĲċШыΠӖьЯШ]ĲƖůċŰǃШ
ыΞӖьЯШċŰĬШÑőċŔũċŰĬШыΞӖьЮШ ƚШŸŰĲШŸŉШƣőĲШƽŸƖũĬќƚШũċƖŊĲƚƣШƓƖŸĬƨĦĲƖƚШŸŉШ Ñ§ЯШƣőĲШEÖШŔůƓŸƖƣĲĬШċƓƓƖŸǂŔůċƣĲũǃШ
ΤΜӖШƣŸШΥΜӖШŸŉШŔƣƚШċŰƣŔůŸŰǃШċƚШƨŰƽƖŸƨŊőƣШċŰƣŔůŸŰǃШċŰĬШċŰƣŔůŸŰǃШƓŸƽĬĲƖƚЮШ 

 
27ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ ŰƣŔůŸŰǃаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШŸŰШ
ΝΜЮΜΦЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх  Ñf~§ òрƨƓĬċƣĲЮƓĬŉШ 
28ШuũŸĦőťŸЯШuЮШыΞΜΞΠьЮШ ŰƣŔůŸŰǃШя ĬƻċŰĦĲШƖĲũĲċƚĲѐЮШfŰШΞΜΞΜШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťШыéŸũЮШfьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΝΜЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΜоůǃĤΝрΞΜΞΜрċŰƣŔůŸŰǃЮƓĬŉШ 
29ШñŔŰőƨċЮШыΞΜΞΜЯШ[ĲĤƖƨċƖǃШΝΣьЮШ§ůċŰѣƚШΝƚƣШċŰƣŔůŸŰǃЯШŊŸũĬШƓƖŸĦĲƚƚŔŰŊШŉċĦŔũŔƣǃШƣŸШƖĲċĦőШŉƨũũШƓƖŸĬƨĦƣŔŸŰЮШÅĲƣƖŔĲƻĲĬШΝΤЮΜΝЮΞΜΞΡШŉƖŸůШ
őƣƣƓаооƽƽƽЮǂŔŰőƨċŰĲƣЮĦŸůоĲŰŊũŔƚőоΞΜΞΜрΜΞоΝΣоĦхΝΟΥΤΥΦΞΥΜЮőƣůШ 
30ШuũŸĦőťŸЯШuЮШыΞΜΞΠьЮШ ŰƣŔůŸŰǃШя ĬƻċŰĦĲШƖĲũĲċƚĲѐЮШfŰШΞΜΞΜШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťШыéŸũЮШfьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΝΜЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΜоůǃĤΝрΞΜΞΜрċŰƣŔůŸŰǃЮƓĬŉШ 
31ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ ŰƣŔůŸŰǃаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΜЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх  Ñf~§ òрƨƓĬċƣĲЮƓĬŉ 

52%

9%

6%
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4%

4%

18%
China

Belgium

France

Vietnam

Myanmar

Thailand

ROW

https://scrreen.eu/wp-content/uploads/2023/12/SCRREEN2_factsheets_ANTIMONY-update.pdf
http://www.xinhuanet.com/english/2020-02/16/c_138789280.htm
https://scrreen.eu/wp-content/uploads/2023/12/SCRREEN2_factsheets_ANTIMONY-update.pdf


 

 ΝΣ 

[ƨƣƨƖĲШƚƨƓƓũǃШċŰĬШĬĲůċŰĬШƣƖĲŰĬƚ32ЯШ33ЯШ34ЯШ35ЯШ36ЯШ37Ш 
9őŔŰċЯШƣőĲШƽŸƖũĬѣƚШũĲċĬŔŰŊШƓƖŸĬƨĦĲƖШŸŉШċŰƣŔůŸŰǃЯШŔƚШĲǂƓĲĦƣĲĬШƣŸШůċŔŰƣċŔŰШŔƣƚШƓŸƚŔƣŔŸŰШŔŰШƣőĲШĦŸůŔŰŊШ
ĬĲĦċĬĲШĬƨĲШƣŸШŔƣƚШƽĲũũрĲƚƣċĤũŔƚőĲĬШƖĲǯŰŔŰŊШċŰĬШƓƖŸĦĲƚƚŔŰŊШŔŰŉƖċƚƣƖƨĦƣƨƖĲЮШcŸƽĲƻĲƖЯШƚƨƚƣċŔŰŔŰŊШĦƨƖƖĲŰƣШ
ũĲƻĲũƚШŸŉШůŔŰĲШƓƖŸĬƨĦƣŔŸŰШŔƚШƨŰũŔťĲũǃШĬƨĲШƣŸШƖĲƚŸƨƖĦĲШĬĲƓũĲƣŔŸŰЯШƖŔƚŔŰŊШĦŸƚƣƚЯШĲŰƻŔƖŸŰůĲŰƣċũШƖĲŊƨũċƣŔŸŰƚЯШ
ċŰĬШƖĲƚŸƨƖĦĲШĦŸŰƚĲƖƻċƣŔŸŰШĲǭŸƖƣƚЮШ9ŸŰƚĲƕƨĲŰƣũǃЯШ9őŔŰċѣƚШċŰƣŔůŸŰǃШƓƖŸĬƨĦƣŔŸŰШŔƚШŰŸƣШĲǂƓĲĦƣĲĬШƣŸШ
ŔŰĦƖĲċƚĲШŔŰШƣőĲШŰĲċƖШŉƨƣƨƖĲШċŰĬШůċǃШĲƻĲŰШĬĲĦũŔŰĲЮ 

ÅĲĦĲŰƣШĬĲĦũŔŰĲƚШŔŰШ9őŔŰċѣƚШċŰƣŔůŸŰǃШůŔŰĲШƓƖŸĬƨĦƣŔŸŰЯШċũŸŰŊШƽŔƣőШĦũŸƚƨƖĲƚШŔŰШÉŸƨƣőШ ŉƖŔĦċЯШ ƨƚƣƖċũŔċЯШ
ċŰĬШ ĲƽШ7ƖƨŰƚƽŔĦťЯШőċƻĲШĤĲĲŰШƓċƖƣũǃШŸǭƚĲƣШĤǃШŔŰĦƖĲċƚĲĬШŸƨƣƓƨƣШŉƖŸůШÑċŢŔťŔƚƣċŰЯШÅƨƚƚŔċЯШ~ĲǂŔĦŸЯШ7ŸũŔƻŔċЯШ
ċŰĬШÑƨƖťĲǃЮШ~ƨĦőШŸŉШƣőŔƚШƓƖŸĬƨĦƣŔŸŰШŔƚШŰŸƽШƖĲǯŰĲĬШŔŰШ9őŔŰċЯШƽőĲƖĲШƖĲǯŰĲƖŔĲƚШƖĲũǃШůŸƖĲШŸŰШŔůƓŸƖƣĲĬШ
ĦŸŰĦĲŰƣƖċƣĲƚШĬƨĲШƣŸШĬƽŔŰĬũŔŰŊШĬŸůĲƚƣŔĦШƚƨƓƓũǃЮШcŸƽĲƻĲƖЯШċШũŸŰŊрƣĲƖůШĬĲǯĦŔƣШŔƚШĲǂƓĲĦƣĲĬШċƚШĬĲůċŰĬШ
ƖŔƚĲƚШċŰĬШ9őŔŰċѣƚШůŔŰĲШƓƖŸĬƨĦƣŔŸŰШĦŸŰƣŔŰƨĲƚШƣŸШŉċũũЮ 

?ĲůċŰĬШŔƚШƓƖŸŢĲĦƣĲĬШƣŸШŔŰĦƖĲċƚĲЯШƖĲƕƨŔƖŔŰŊШċŰШċĬĬŔƣŔŸŰċũШΝΥЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШŸŉШċŰŰƨċũШƓƖŔůċƖǃШůŔŰĲШ
ƓƖŸĬƨĦƣŔŸŰШĤǃШΞΜΟΜЮШÑőĲШƖŔƚŔŰŊШĬĲůċŰĬШŔƚШĬƖŔƻĲŰШĤǃШƚĲƻĲƖċũШŉċĦƣŸƖƚЯШŔŰĦũƨĬŔŰŊШĤƨƣШŰŸƣШũŔůŔƣĲĬШƣŸаШ
ŔŰĦƖĲċƚŔŰŊũǃШƚƣƖŔŰŊĲŰƣШǯƖĲШƖĲŊƨũċƣŔŸŰƚШċƖĲШũŔťĲũǃШƣŸШĤŸŸƚƣШƣőĲШƨƚĲШŸŉШǰċůĲШƖĲƣċƖĬċŰƣƚбШĲĦŸŰŸůŔĦШ
ĬĲƻĲũŸƓůĲŰƣШŔŰШƣőĲШ ƚŔċрÂċĦŔǯĦШƖĲŊŔŸŰШŔƚШĲǂƓĲĦƣĲĬШƣŸШŔŰĦƖĲċƚĲШĬĲůċŰĬШŉŸƖШċŰƣŔůŸŰǃрĤċƚĲĬШċŰĬШ
ċŰƣŔůŸŰǃрċŔĬĲĬШƓƖŸĬƨĦƣƚбШƣőĲШĲǂƓċŰĬŔŰŊШƚŸũċƖШŔŰĬƨƚƣƖǃШƖĲƕƨŔƖĲƚШůŸƖĲШċŰƣŔůŸŰǃШŉŸƖШƓőŸƣŸƻŸũƣċŔĦШŊũċƚƚШ
ƓƖŸĬƨĦƣŔŸŰбШċŰĬШƖĲĦĲŰƣШůŔũŔƣċƖǃШĦŸŰǰŔĦƣƚШƽŸƨũĬШũŔťĲũǃШċũƚŸШŔŰĦƖĲċƚĲШƣőĲШĬĲůċŰĬШŉŸƖШċŰƣŔůŸŰǃЮ 

?ĲůċŰĬШĦŸƨũĬШŉƨƖƣőĲƖШŔŰĦƖĲċƚĲШƽŔƣőШƣőĲШĬĲƻĲũŸƓůĲŰƣШŸŉШŰĲǂƣрŊĲŰĲƖċƣŔŸŰШĤċƣƣĲƖǃШƣĲĦőŰŸũŸŊŔĲƚЯШƚƨĦőШċƚШ
ũŔƕƨŔĬШůĲƣċũШĤċƣƣĲƖŔĲƚШċŰĬШċĬƻċŰĦĲĬШũŔƣőŔƨůрŔŸŰШĤċƣƣĲƖŔĲƚШƨƣŔũŔǍŔŰŊШċŰƣŔůŸŰǃШċƚШċŰШċŰŸĬĲШůċƣĲƖŔċũЮ 

§ŰШƣőĲШŸƣőĲƖШőċŰĬЯШƣőĲШƨƚĲШŸŉШċŰƣŔůŸŰǃШŔŰШũĲċĬрċĦŔĬШĤċƣƣĲƖŔĲƚШŔƚШĲǂƓĲĦƣĲĬШƣŸШĬĲĦũŔŰĲШċƚШĲŰƻŔƖŸŰůĲŰƣċũШ
ĦŸŰĦĲƖŰƚШĬƖŔƻĲШƚƨĤƚƣŔƣƨƣŔŸŰƚЯШƓċƖƣŔĦƨũċƖũǃШŔŰШĬĲƻĲũŸƓŔŰŊШŰċƣŔŸŰƚЮШ ĬƻċŰĦĲƚШŔŰШũĲċĬрċĦŔĬШĤċƣƣĲƖǃШĬĲƚŔŊŰШ
ůċťŔŰŊШƣőĲƚĲШĤċƣƣĲƖŔĲƚШƚƨŔƣċĤũĲШŉŸƖШŰĲǂƣрŊĲŰĲƖċƣŔŸŰШőǃĤƖŔĬШƻĲőŔĦũĲƚШůċǃШċũƚŸШůŔŰŔůŔǍĲШŸƖШĲũŔůŔŰċƣĲШ
ċŰƣŔůŸŰǃШƨƚĲШŔŰШĤċƣƣĲƖǃШċũũŸǃƚЮ 

 

 

 

 
32ШÂĲƖƓĲƣƨċШÅĲƚŸƨƖĦĲƚЮШыΞΜΞΝьЮШ ŰƣŔůŸŰǃаШ ШĦƖŔƣŔĦċũШůŔŰĲƖċũШƚƨƓƓŸƖƣŔŰŊШƣőĲШĲŰĲƖŊǃШƣƖċŰƚŔƣŔŸŰЮШÅĲƣƖŔĲƻĲĬШΝΠЮΜΝЮΞΜΞΡЯШŉƖŸůШ
őƣƣƓƚаооƓĲƖƓĲƣƨċƖĲƚŸƨƖĦĲƚЮĦŸůоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚо ŰƣŔůŸŰǃрìőŔƣĲрÂċƓĲƖЮƓĬŉШ 
33ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ ŰƣŔůŸŰǃаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΜЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх  Ñf~§ òрƨƓĬċƣĲЮƓĬŉ 
34Ш7ũċĦťůŸŰЯШ?ЮШыΞΜΞΝЯШ~ċǃШΣьЮШ ŰƣŔůŸŰǃаШÑőĲШůŸƚƣШŔůƓŸƖƣċŰƣШůŔŰĲƖċũШǃŸƨШŰĲƻĲƖШőĲċƖĬШŸŉЮШ[ŸƖĤĲƚЮШÅĲƣƖŔĲƻĲĬШΝΤЮΜΝЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮŉŸƖĤĲƚЮĦŸůоƚŔƣĲƚоĬċƻŔĬĤũċĦťůŸŰоΞΜΞΝоΜΡоΜΣоċŰƣŔůŸŰǃрƣőĲрůŸƚƣрŔůƓŸƖƣċŰƣрůŔŰĲƖċũрǃŸƨрŰĲƻĲƖрőĲċƖĬрŸŉоШ 
35ШÅĲƨƣĲƖƚЮШыΞΜΞΠЯШ ƨŊƨƚƣШΝΣьЮШìőċƣШŔƚШċŰƣŔůŸŰǃШċŰĬШƽőǃШŔƚШ9őŔŰċШĦƨƖĤŔŰŊШŔƣƚШĲǂƓŸƖƣƚеШÅĲƣƖŔĲƻĲĬШΝΤЮΜΝЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮƖĲƨƣĲƖƚЮĦŸůоůċƖťĲƣƚоĦŸůůŸĬŔƣŔĲƚоƽőċƣрŔƚрċŰƣŔůŸŰǃрƽőǃрŔƚрĦőŔŰċрĦƨƖĤŔŰŊрŔƣƚрĲǂƓŸƖƣƚрΞΜΞΠрΜΥрΝΣоШ 
36ШuũŸĦőťŸЯШuЮШыΞΜΞΠьЮШ ŰƣŔůŸŰǃШя ĬƻċŰĦĲШƖĲũĲċƚĲѐЮШfŰШΞΜΞΜШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťШыéŸũЮШfьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΝΜЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΜоůǃĤΝрΞΜΞΜрċŰƣŔůŸŰǃЮƓĬŉШ 
37Ш7ĲĬĬĲƖЯШsЮШыΞΜΞΠЯШ ƨŊЮШΝΡьЮШìőċƣШƽŔũũШ9őŔŰċќƚШċŰƣŔůŸŰǃШĲǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШůĲċŰШŉŸƖШƣőĲШůċƖťĲƣеШÂƖŸŢĲĦƣШ7ũƨĲЮШÅĲƣƖŔĲƻĲĬШΞΞЮΜΝЮΞΜΞΡЯШŉƖŸůШ
őƣƣƓƚаооƓƖŸŢĲĦƣĤũƨĲЮĦŸůоĤũƨĲоŸƓŔŰŔŸŰрƓŔĲĦĲƚоΦΥΦоƽőċƣрƽŔũũрĦőŔŰċќƚрċŰƣŔůŸŰǃрĲǂƓŸƖƣрƖĲƚƣƖŔĦƣŔŸŰƚрůĲċŰрŉŸƖрƣőĲрůċƖťĲƣ  

https://perpetuaresources.com/wp-content/uploads/Antimony-White-Paper.pdf
https://scrreen.eu/wp-content/uploads/2023/12/SCRREEN2_factsheets_ANTIMONY-update.pdf
https://www.forbes.com/sites/davidblackmon/2021/05/06/antimony-the-most-important-mineral-you-never-heard-of/
https://www.reuters.com/markets/commodities/what-is-antimony-why-is-china-curbing-its-exports-2024-08-16/
https://projectblue.com/blue/opinion-pieces/989/what-will-china’s-antimony-export-restrictions-mean-for-the-market


 

 ΝΤ 

EǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШ 
fƣШƚőŸƨũĬШĤĲШŰŸƣĲĬШƣőċƣШƖĲŊƨũċƣŔŸŰƚШċƖĲШĬǃŰċůŔĦШċŰĬШƚƨĤŢĲĦƣШƣŸШĦőċŰŊĲШŸƻĲƖШƣŔůĲЮ 

9őŔŰċќƚШ~ŔŰŔƚƣƖǃШŸŉШ9ŸůůĲƖĦĲШы~§[9§~ьШŔůƓũĲůĲŰƣĲĬШĲǂƓŸƖƣШĦŸŰƣƖŸũƚШŸŰШƻċƖŔŸƨƚШŉŸƖůƚШŸŉШċŰƣŔůŸŰǃЯШ
ŔŰĦũƨĬŔŰŊШ ċŰƣŔůŸŰǃШ ŸƖĲЯШ ůĲƣċũЯШ ŸǂŔĬĲƚЯШċŰƣŔůŸŰǃШ ƣƖŔůĲƣőǃũЯШ ƣƖŔĲƣőǃũШ ċŰĬШ ŸƣőĲƖШ ŸƖŊċŰŸċŰƣŔůŸŰǃШ
ĦŸůƓŸƨŰĬƚЯШċŰƣŔůŸŰǃШőǃĬƖŔĬĲƚЯШŔŰĬŔƨůШċŰƣŔůŸŰŔĬĲШыfŰÉĤьЯШċŰĬШŊŸũĬрċŰƣŔůŸŰǃШƚůĲũƣŔŰŊШċŰĬШƚĲƓċƖċƣŔŸŰШ
ƣĲĦőŰŸũŸŊǃЯШĲǭĲĦƣŔƻĲШÉĲƓƣĲůĤĲƖШΞΡЯШΞΜΞΠЮШ ĦĦŸƖĬŔŰŊШƣŸШƣőĲШŸǭŔĦŔċũШċŰŰŸƨŰĦĲůĲŰƣЯШƣőĲШůĲċƚƨƖĲƚШƽĲƖĲШ
ŔŰƣƖŸĬƨĦĲĬШƣŸШƚċŉĲŊƨċƖĬШŰċƣŔŸŰċũШƚĲĦƨƖŔƣǃШċŰĬШŔŰƣĲƖĲƚƣƚЯШċƚШƽĲũũШċƚШƣŸШŉƨũǯũШŔŰƣĲƖŰċƣŔŸŰċũШŸĤũŔŊċƣŔŸŰƚЯШ
ƚƨĦőШċƚШŰŸŰрƓƖŸũŔŉĲƖċƣŔŸŰШĦŸůůŔƣůĲŰƣƚ38ЮШEǂƓŸƖƣĲƖƚШůƨƚƣШċƓƓũǃШŉŸƖШũŔĦĲŰĦĲƚЯШċШƓƖŸĦĲƚƚШƣőċƣШƣǃƓŔĦċũũǃШ
ƣċťĲƚШƣƽŸШƣŸШƣőƖĲĲШůŸŰƣőƚ39ЮШ9ĲƖƣċŔŰШċŰƣŔůŸŰǃШƓƖŸĬƨĦƣƚШċƖĲШċũƚŸШƚƨĤŢĲĦƣĲĬШƣŸШĲǂƓŸƖƣШƣċǂ40ЮШ 

§ŰШ?ĲĦĲůĤĲƖШΟЯШΞΜΞΠЯШ9őŔŰċШĲƚĦċũċƣĲĬШŔƣƚШĲǂƓŸƖƣШĦŸŰƣƖŸũШƣŸШċШĤċŰШƣŸШƣőĲШÖЮÉЮЮШÑőĲƚĲШůċƣĲƖŔċũƚЯШĦũċƚƚŔǯĲĬШ
ċƚШĬƨċũрƨƚĲШŔƣĲůƚШĬƨĲШƣŸШƣőĲŔƖШƓŸƣĲŰƣŔċũШċƓƓũŔĦċƣŔŸŰƚШŔŰШĤŸƣőШůŔũŔƣċƖǃШċŰĬШĦŔƻŔũŔċŰШĬŸůċŔŰƚЯШƽĲƖĲШ
ƖĲƚƣƖŔĦƣĲĬШŔŰШƖĲƣċũŔċƣŔŸŰШċŊċŔŰƚƣШƣőĲШÖЮÉЮќƚШůŸƻĲШċШĬċǃШĲċƖũŔĲƖШƣŸШŔůƓŸƚĲШŰĲƽШƖĲƚƣƖŔĦƣŔŸŰƚШƣċƖŊĲƣŔŰŊШ9őŔŰċќƚШ
ĦőŔƓШŔŰĬƨƚƣƖǃ41ЯШ42Ю 

ÂŸƣĲŰƣŔċũЮŔůƓċĦƣƚ43е44 

ìŔƣőШĬĲĦũŔŰŔŰŊШĬŸůĲƚƣŔĦШċŰƣŔůŸŰǃШůŔŰĲШƓƖŸĬƨĦƣŔŸŰЯШ9őŔŰċШőċƚШĤĲĦŸůĲШċШŰĲƣШŔůƓŸƖƣĲƖШŸŉШċŰƣŔůŸŰǃШŸƖĲЮШ
ƚШċШƖĲƚƨũƣЯШƣƖċĬĲШƖĲƚƣƖŔĦƣŔŸŰƚШŸŰШċŰƣŔůŸŰǃШŸƖĲШċƖĲШƨŰũŔťĲũǃШƣŸШőċƻĲШċШĬŔƖĲĦƣШůċƖťĲƣШŔůƓċĦƣШĤƨƣШĦŸƨũĬШƚƣŔũũШ

ĬƖŔƻĲШƓƖŔĦĲƚШőŔŊőĲƖЮ 

ÑőĲШƣƖċĬĲШƖĲƚƣƖŔĦƣŔŸŰƚШŸŰШċŰƣŔůŸŰǃШůĲƣċũШĦŸƨũĬШőċƻĲШċШƚŔŊŰŔǯĦċŰƣШŔůƓċĦƣЯШċƚШ9őŔŰċШƽċƚШƖĲĦĲŰƣũǃШƣőĲШ
ũċƖŊĲƚƣШĲǂƓŸƖƣĲƖШŸŉШċŰƣŔůŸŰǃШŔŰŊŸƣƚЯШƚƨƓƓũǃŔŰŊШŊũŸĤċũШƖĲǯŰĲƖƚЯШŔŰĦũƨĬŔŰŊШƣőŸƚĲШŔŰШƣőĲШEÖШŉŸƖШ Ñ§Ш
ƓƖŸĬƨĦƣŔŸŰЮШcŸƽĲƻĲƖЯШƽŔƣőШ9őŔŰċѣƚШƖĲĬƨĦƣŔŸŰШŔŰШŔŰŊŸƣШĲǂƓŸƖƣƚШŔŰШƣőĲШũċƚƣШǃĲċƖƚЯШEƨƖŸƓĲċŰШ Ñ§ШƖĲǯŰĲƖƚШ
őċƻĲШċũƖĲċĬǃШƚƣċƖƣĲĬШƚŸƨƖĦŔŰŊШŉƖŸůШċũƣĲƖŰċƣŔƻĲШƚƨƓƓũŔĲƖƚЯШƚƨĦőШċƚШÑċŢŔťŔƚƣċŰЯШéŔĲƣŰċůЯШċŰĬШ~ǃċŰůċƖЮШ ƚШ
ċШƖĲƚƨũƣЯШƣőĲШŔůƓċĦƣШůċǃШĤĲШũĲƚƚШƚĲƻĲƖĲШƣőċŰШŔƣШƽŸƨũĬШőċƻĲШĤĲĲŰШĤĲŉŸƖĲШƣőĲƚĲШċĬŢƨƚƣůĲŰƣƚЮШ ĲƻĲƖƣőĲũĲƚƚЯШ
ƓƖŔĦĲƚШċƖĲШƚƣŔũũШĲǂƓĲĦƣĲĬШƣŸШƖŔƚĲЮ 

9őŔŰċШƖĲůċŔŰƚШƣőĲШƽŸƖũĬѣƚШũĲċĬŔŰŊШƚƨƓƓũŔĲƖШŸŉШ Ñ§ЯШůċťŔŰŊШƣƖċĬĲШƖĲƚƣƖŔĦƣŔŸŰƚШŸŰШ Ñ§ШƓŸƣĲŰƣŔċũũǃШůŸƖĲШ
ŔůƓċĦƣŉƨũШŸŰШƣőĲШŊũŸĤċũШůċƖťĲƣШĦŸůƓċƖĲĬШƣŸШċŰƣŔůŸŰǃШŸƖĲШċŰĬШůĲƣċũЮШcŸƽĲƻĲƖЯШƣőĲШEÖШŔƚШũŔťĲũǃШƣŸШĤĲШũĲƚƚШ
ċǭĲĦƣĲĬШĬƨĲШƣŸШŔƣƚШƖĲũċƣŔƻĲũǃШũŸƽШĬĲƓĲŰĬĲŰĦĲШŸŰШ Ñ§ШŉƖŸůШ9őŔŰċЮШ 

 
38Ш~ŔŰŔƚƣƖǃШŸŉШ9ŸůůĲƖĦĲШŸŉШƣőĲШÂĲŸƓũĲѣƚШÅĲƓƨĤũŔĦШŸŉШ9őŔŰċЮШыΞΜΞΠЯШ ƨŊƨƚƣьЮШEǂƓŸƖƣШĦŸŰƣƖŸũШċŰŰŸƨŰĦĲůĲŰƣШŸŰШċŰƣŔůŸŰǃШċŰĬШƖĲũċƣĲĬШƓƖŸĬƨĦƣƚЮШ
ÅĲƣƖŔĲƻĲĬШΞΞЮΜΝЮΞΜΞΡЯШŉƖŸůШőƣƣƓаооĲǂƓŸƖƣĦŸŰƣƖŸũЮůŸŉĦŸůЮŊŸƻЮĦŰоċƖƣŔĦũĲоŊŰĬƣоΞΜΞΠΜΥоΝΜΝΥЮőƣůũШ 
39ШÅĲƨƣĲƖƚЮШыΞΜΞΠЯШ ƨŊƨƚƣШΝΣьЮШìőċƣШŔƚШċŰƣŔůŸŰǃШċŰĬШƽőǃШŔƚШ9őŔŰċШĦƨƖĤŔŰŊШŔƣƚШĲǂƓŸƖƣƚеШÅĲƣƖŔĲƻĲĬШΞΞЮΜΝЮΞΜΞΡЯШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮƖĲƨƣĲƖƚЮĦŸůоůċƖťĲƣƚоĦŸůůŸĬŔƣŔĲƚоƽőċƣрŔƚрċŰƣŔůŸŰǃрƽőǃрŔƚрĦőŔŰċрĦƨƖĤŔŰŊрŔƣƚрĲǂƓŸƖƣƚрΞΜΞΠрΜΥрΝΣоШ 
40Ш§E9?ШыΞΜΞΠьЯШ§E9?ШfŰƻĲŰƣŸƖǃШŸŉШEǂƓŸƖƣШÅĲƚƣƖŔĦƣŔŸŰƚШŸŰШfŰĬƨƚƣƖŔċũШÅċƽШ~ċƣĲƖŔċũƚШΞΜΞΠаШ~ŸŰŔƣŸƖŔŰŊШƣőĲШƨƚĲШŸŉШĲǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШċůŔĬШ
ůċƖťĲƣШċŰĬШƓŸũŔĦǃШƣĲŰƚŔŸŰƚЯШ§E9?ШÂƨĤũŔƚőŔŰŊЯШÂċƖŔƚЯШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΤΥΤоΡĲΠΣĤĤΞΜрĲŰЮШÅĲƣƖŔĲƻĲĬШΝΠЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮŸĲĦĬЮŸƖŊоĲŰоƣŸƓŔĦƚоĲǂƓŸƖƣрƖĲƚƣƖŔĦƣŔŸŰƚрŸŰрĦƖŔƣŔĦċũрƖċƽрůċƣĲƖŔċũƚЮőƣůũШ 
41ШÅĲƨƣĲƖƚЮШыΞΜΞΠЯШ?ĲĦĲůĤĲƖШΟьЮШ9őŔŰċШĤċŰƚШĲǂƓŸƖƣƚШŸŉШŊċũũŔƨůЯШŊĲƖůċŰŔƨůЯШċŰĬШċŰƣŔůŸŰǃШƣŸШÖЮÉЮШÅĲƣƖŔĲƻĲĬШΞΞЮΜΝЮΞΜΞΡЯШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮƖĲƨƣĲƖƚЮĦŸůоůċƖťĲƣƚоĦŸůůŸĬŔƣŔĲƚоĦőŔŰċрĤċŰƚрĲǂƓŸƖƣƚрŊċũũŔƨůрŊĲƖůċŰŔƨůрċŰƣŔůŸŰǃрƨƚрΞΜΞΠрΝΞрΜΟоШ 
42ШÅĲƨƣĲƖƚЮШыΞΜΞΠЯШ?ĲĦĲůĤĲƖШΞьЮШÖЮÉЮШƣċƖŊĲƣƚШ9őŔŰċѣƚШĦőŔƓШŔŰĬƨƚƣƖǃШƽŔƣőШŰĲƽШƖĲƚƣƖŔĦƣŔŸŰƚЮШÅĲƣƖŔĲƻĲĬШΞΞЮΜΝЮΞΜΞΡЯШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮƖĲƨƣĲƖƚЮĦŸůоƣĲĦőŰŸũŸŊǃоƨƚрƣċƖŊĲƣƚрĦőŔŰċƚрĦőŔƓрŔŰĬƨƚƣƖǃрƽŔƣőрŰĲƽрƖĲƚƣƖŔĦƣŔŸŰƚрΞΜΞΠрΝΞрΜΞоШ 
43Ш7ĲĬĬĲƖЯШsЮШыΞΜΞΠЯШ ƨŊЮШΝΡьЮШìőċƣШƽŔũũШ9őŔŰċќƚШċŰƣŔůŸŰǃШĲǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШůĲċŰШŉŸƖШƣőĲШůċƖťĲƣеШÂƖŸŢĲĦƣШ7ũƨĲЮШÅĲƣƖŔĲƻĲĬШΞΞЮΜΝЮΞΜΞΡЯШŉƖŸůШ
őƣƣƓƚаооƓƖŸŢĲĦƣĤũƨĲЮĦŸůоĤũƨĲоŸƓŔŰŔŸŰрƓŔĲĦĲƚоΦΥΦоƽőċƣрƽŔũũрĦőŔŰċќƚрċŰƣŔůŸŰǃрĲǂƓŸƖƣрƖĲƚƣƖŔĦƣŔŸŰƚрůĲċŰрŉŸƖрƣőĲрůċƖťĲƣ 
44Ш7ĲũĬċЯШ9ЮШыΞΜΞΠЯШÉĲƓЮШΞΦьЮШ9őŔŰċќƚШĲǂƓŸƖƣШĦŸŰƣƖŸũƚШƖŸĦťШŊũŸĤċũШċŰƣŔůŸŰǃШůċƖťĲƣЮШ~~Ñ ЮШÅĲƣƖŔĲƻĲĬШΞΟЮΜΝЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооůůƣċЮĦŸЮƨťоĦőŔŰċƚрĲǂƓŸƖƣрĦŸŰƣƖŸũƚрƖŸĦťрŊũŸĤċũрċŰƣŔůŸŰǃрůċƖťĲƣо  

http://exportcontrol.mofcom.gov.cn/article/gndt/202408/1018.html
https://www.reuters.com/markets/commodities/what-is-antimony-why-is-china-curbing-its-exports-2024-08-16/
https://www.oecd.org/en/topics/export-restrictions-on-critical-raw-materials.html
https://www.reuters.com/markets/commodities/china-bans-exports-gallium-germanium-antimony-us-2024-12-03/
https://www.reuters.com/technology/us-targets-chinas-chip-industry-with-new-restrictions-2024-12-02/
https://projectblue.com/blue/opinion-pieces/989/what-will-china’s-antimony-export-restrictions-mean-for-the-market
https://mmta.co.uk/chinas-export-controls-rock-global-antimony-market/


 

 ΝΥ 

ÑőĲШŸƣőĲƖШůċŢŸƖШċŰƣŔůŸŰǃШƓƖŸĬƨĦĲƖЯШÅƨƚƚŔċЯШőċƚШŔůƓũĲůĲŰƣĲĬШũŔĦĲŰƚŔŰŊШƖĲƕƨŔƖĲůĲŰƣƚШŸŰШċŰƣŔůŸŰǃШŸƖĲƚШ
ċŰĬШĦŸŰĦĲŰƣƖċƣĲƚШыŰŸƣШċƓƓũǃŔŰŊШƣŸШƣƖċĬĲШƽŔƣőŔŰШƣőĲШEƨƖċƚŔċŰШEĦŸŰŸůŔĦШÖŰŔŸŰьШċƚШƽĲũũШċƚШƨŰƽƖŸƨŊőƣШxĲċĬШ
ŸƣőĲƖШƣőċŰШƖĲǯŰĲĬЯШĦŸŰƣċŔŰŔŰŊШĤǃШƽĲŔŊőƣШċŰƣŔůŸŰǃШċƚШƣőĲШƓƖŔŰĦŔƓċũШŸƣőĲƖШĲũĲůĲŰƣШŔŰШΞΜΞΞ45Ю 

 

 
45Ш§E9?ШыΞΜΞΠьЯШ§E9?ШfŰƻĲŰƣŸƖǃШŸŉШEǂƓŸƖƣШÅĲƚƣƖŔĦƣŔŸŰƚШŸŰШfŰĬƨƚƣƖŔċũШÅċƽШ~ċƣĲƖŔċũƚШΞΜΞΠаШ~ŸŰŔƣŸƖŔŰŊШƣőĲШƨƚĲШŸŉШĲǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШċůŔĬШ
ůċƖťĲƣШċŰĬШƓŸũŔĦǃШƣĲŰƚŔŸŰƚЯШ§E9?ШÂƨĤũŔƚőŔŰŊЯШÂċƖŔƚЯШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΤΥΤоΡĲΠΣĤĤΞΜрĲŰЮШÅĲƣƖŔĲƻĲĬШΝΠЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮŸĲĦĬЮŸƖŊоĲŰоƣŸƓŔĦƚоĲǂƓŸƖƣрƖĲƚƣƖŔĦƣŔŸŰƚрŸŰрĦƖŔƣŔĦċũрƖċƽрůċƣĲƖŔċũƚЮőƣůũШ 

https://www.oecd.org/en/topics/export-restrictions-on-critical-raw-materials.html


 

 ΝΦ 

ƖƚĲŰŔĦШы ƚь 
~ċŢŸƖШƨƚĲƚШŔŰШƣőĲШEÖШыĲƚƣŔůċƣŔŸŰШůċĬĲШŔŰШΞΜΝΥь46 

 

 

ÑőĲШůċŔŰШƽŸƖũĬƽŔĬĲШĲŰĬрƨƚĲШŸŉШċƖƚĲŰŔĦШƽċƚШĲƚƣŔůċƣĲĬШƣŸШĤĲШċƖƚĲŰŔĦрĤċƚĲĬШŔŰƚĲĦƣŔĦŔĬĲƚШċŰĬШőĲƖĤŔĦŔĬĲƚШ
ыΠΡӖьЯШĦőƖŸůċƣĲĬШĦŸƓƓĲƖШċƖƚĲŰċƣĲШы99ьШƽŸŸĬШƓƖĲƚĲƖƻċƣŔƻĲƚШыΞΦӖьШŉŸƖШƣőĲШƓƖĲƚƚƨƖĲШƣƖĲċƣŔŰŊШŸŉШũƨůĤĲƖШ
ŉŸƖШƓƖŔůċƖŔũǃШŰŸŰрƖĲƚŔĬĲŰƣŔċũШċƓƓũŔĦċƣŔŸŰƚШыĲЮŊЮЯШũŔŊőƣШƓŸũĲƚЯШůċƖŔŰĲШċƓƓũŔĦċƣŔŸŰƚЯШċŰĬШƖĲƣċŔŰŔŰŊШƽċũũƚьЯШ
ċŰĬШĲũĲĦƣƖŸŰŔĦƚШċŰĬШƣĲĦőŰŸũŸŊǃШыΥӖь47Ю 

 

 

 

 
46ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШƖƚĲŰŔĦаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΞΟЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх ÅÉE f9хƨƓĬċƣĲΞЮƓĬŉШ 
47ШÉŸĦŔĲƣǃШŉŸƖШ~ŔŰŔŰŊЯШ~ĲƣċũũƨƖŊǃШѼШEǂƓũŸƖċƣŔŸŰЮШыŰЮĬЮьЮШÑĲĦőŰŔĦċũШÂŸƚŔƣŔŸŰШÉƣċƣĲůĲŰƣаШÑőĲШƖŸũĲШŸŉШċƖƚĲŰŔĦШŔŰШƣőĲШůŔŰŔŰŊШŔŰĬƨƚƣƖǃЮШÅĲƣƖŔĲƻĲĬШ
ΞΠЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚůĲŰĲƣЮĤũŸĤЮĦŸƖĲЮƽŔŰĬŸƽƚЮŰĲƣоƚůĲĦůƚоƚůĲоůĲĬŔċоƚůĲċǍƨƖĲƚƣŸƖċŊĲоċĤŸƨƣӖΞΜƚůĲоƣĲĦőŰŔĦċũӖΞΜĤƖŔĲǯŰŊƚоƣőĲр
ƖŸũĲрŸŉрċƖƚĲŰŔĦрŔŰрƣőĲрůŔŰŔŰŊрŔŰĬƨƚƣƖǃƻƣůΝхΞΟΠхΞΠǯŰċũЮƓĬŉШ 

Zink production (diarsenic trioxide)

Glassmaking (diarsenic trioxide)

Chemicals industry

Alloys (arsenic metal)

https://scrreen.eu/wp-content/uploads/2024/01/SCRREEN2_factsheets_ARSENIC_update2.pdf
https://smenet.blob.core.windows.net/smecms/sme/media/smeazurestorage/about%20sme/technical%20briefings/the-role-of-arsenic-in-the-mining-industryvtm1_234_24final.pdf
https://smenet.blob.core.windows.net/smecms/sme/media/smeazurestorage/about%20sme/technical%20briefings/the-role-of-arsenic-in-the-mining-industryvtm1_234_24final.pdf


 

 ΞΜ 

éċũƨĲШĦőċŔŰШыƚŔůƓũŔǯĲĬь48ЯШ49ЯШ50ЯШ51 

 

 

 

ƖƚĲŰŔĦШċƓƓũŔĦċƣŔŸŰƚШŔŰШũĲċĬШċũũŸǃƚШŔƚШĤĲŔŰŊШƓőċƚĲĬШŸƨƣЮШfŰШċĬĬŔƣŔŸŰЯШƣőĲШċƓƓũŔĦċƣŔŸŰШŸŉШ99 ЯШċƚШƽĲũũШċƚШ
ůċŰǃШŸƣőĲƖШċƓƓũŔĦċƣŔŸŰƚШŸŉШċƖƚĲŰŔĦШƚƨĦőШċƚШŉĲƖƣŔũŔǍĲƖƚЯШǯƖĲƽŸƖťƚШċŰĬШƓĲƚƣŔĦŔĬĲƚЯШċƖĲШőŔŊőũǃШƖĲƚƣƖŔĦƣĲĬШŔŰШ
ƣőĲШEÖШŉŸƖШĦŸŰƚƨůĲƖШƓƖŸƣĲĦƣŔŸŰЮ 

 

 
48ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШ ƖƚĲŰŔĦаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΞΟЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх ÅÉE f9хƨƓĬċƣĲΞЮƓĬŉШ 
49Ш]ĲŸƖŊĲЯШ~ЮШìЮШыΞΜΞΠьЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΠаШ ƖƚĲŰŔĦЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΞΠЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΠоůĦƚΞΜΞΠрċƖƚĲŰŔĦЮƓĬŉШШ 
50Ш]ĲŸƖŊĲЯШ~ЮШìЮШыΞΜΞΟьЮШΞΜΝΦШ~ŔŰĲƖċũƚШǃĲċƖĤŸŸťЯШƻŸũƨůĲШfаШ~ĲƣċũƚШċŰĬШůŔŰĲƖċũƚу ƖƚĲŰŔĦЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШ
ÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΞΠЮΜΝЮΞΜΞΡЯШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΝΦоůǃĤΝрΞΜΝΦрċƖƚĲŰŔĦЮƓĬŉШ 
51Ш~ŔŰŸƖШ~ĲƣċũƚШÑƖċĬĲШ ƚƚŸĦŔċƣŔŸŰЮШыŰЮĬЮьЮШ ƖƚĲŰŔĦШы ƚьЮШÅĲƣƖŔĲƻĲĬШΞΠЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооůůƣċЮĦŸЮƨťоůĲƣċũƚо ƚо  

https://scrreen.eu/wp-content/uploads/2024/01/SCRREEN2_factsheets_ARSENIC_update2.pdf
https://pubs.usgs.gov/periodicals/mcs2024/mcs2024-arsenic.pdf
https://pubs.usgs.gov/myb/vol1/2019/myb1-2019-arsenic.pdf
https://mmta.co.uk/metals/As/


 

 ΞΝ 

ÉƨĤƚƣŔƣƨƣŔŸŰ52ЯШ53 

ÉƨĤƚƣŔƣƨƣŔŸŰШĦċŰШŔůƓċĦƣШĤŸƣőШĦŸƚƣШċŰĬШƓĲƖŉŸƖůċŰĦĲЮ 

fŰƣĲƖůĲĬŔċƣĲШƓƖŸĬƨĦƣƚоÂƖŸĦĲƚƚŔŰŊШċŔĬƚ ÉƨĤƚƣŔƣƨƣŔŸŰ 

üŔŰĦШƓƖŸĬƨĦƣŔŸŰ 
?ŔċŰƣŔůŸŰǃШƣƖŔŸǂŔĬĲШыÉĤΞ§ΟьШċŰĬШċŰƣŔůŸŰǃШƓŸƣċƚƚŔƨůШ
ƣċƖƣƖċƣĲШыuΞÉĤΞы9ΠcΞ§ΣьΞь 

[ŔŰŔŰŊШċŊĲŰƣƚШŔŰШŊũċƚƚůċťŔŰŊ 

¶ ÉŸĬŔƨůШƚƨũƓőċƣĲШċŰĬШÑ§ШŉŸƖШũĲċĬШĦƖǃƚƣċũ 
¶ ÉŸĬŔƨůоƓŸƣċƚƚŔƨůШŰŔƣƖċƣĲƚШƽŔƣőШÑ§ШŔŰШƚƓĲĦŔċũШ
ŊũċƚƚĲƚ 

¶ 9ĲƖŔƨůШŸǂŔĬĲ 

?ĲĦŸũŸƨƖŔƚŔŰŊШċŊĲŰƣƚШ 
¶ Ñ§ШŉŸƖШŊũċƚƚ 
¶ ÉĲũĲŰŔƨůШŉŸƖШũĲċĬШĦƖǃƚƣċũ 
¶ 9ĲƖŔƨůШŸǂŔĬĲШŔŰШƚƓĲĦŔċũШŊũċƚƚШ 

§ƓċĦŔǯĲƖШŉŸƖШĦĲƖċůŔĦƚШċŰĬШĲŰċůĲũƚ Ñ§ШċŰĬШĦĲƖŔƨůШŸǂŔĬĲШ 

]ċ ƚШƚĲůŔĦŸŰĬƨĦƣŸƖƚ 

fŰĬŔƨůрƓőŸƚƓőŔĬĲЯШŊċũũŔƨůрШŰŔƣƖċƣĲШċŰĬШƚŔũŔĦŸŰрШ
ŊĲƖůċŰŔƨů 
¶ ÂŸƽĲƖШċůƓũŔǯĲƖƚШыÂ ƚьШ]ċ ƚаШÉŔũŔĦŸŰШĤċƚĲĬШ
ĦŸůƓũĲůĲŰƣċƖǃШůĲƣċũШŸǂŔĬĲƚШŉŸƖШůŔĬрƣŔĲƖШƣőŔƖĬр
ŊĲŰĲƖċƣŔŸŰШĦĲũũƨũċƖШőċŰĬƚĲƣƚ 

¶ cĲƣĲƖŸŢƨŰĦƣŔŸŰШĤŔƓŸũċƖШƣƖċŰƚŔƚƣŸƖƚаШÉŔũŔĦŸŰр
ŊĲƖůċŰŔƨůШ 

¶ ]ċ ƚШũċƚĲƖШĬŔŸĬĲƚаШfŰĬŔƨůШƓőŸƚƓőŔĬĲШŉŸƖШƚŸůĲШ
ƚƓĲĦŔǯĦШƽċƻĲũĲŰŊƣőƚбШőĲũŔƨůрŰĲŸŰШũċƚĲƖШŔŰШ
ƻŔƚŔĤũĲШũċƚĲƖШĬŔŸĬĲШċƓƓũŔĦċƣŔŸŰƚ 

¶ ]ċ ƚШƚŸũċƖрĦĲũũШċƓƓũŔĦċƣŔŸŰƚаШÉŔũŔĦŸŰрĤċƚĲĬШ
ƚĲůŔĦŸŰĬƨĦƣŸƖƚ 

 

~ċŰǃШƚĲůŔĦŸŰĬƨĦƣŸƖШůċŰƨŉċĦƣƨƖĲƖƚШċƖĲШƚőŔŉƣŔŰŊШŉƖŸůШ]ċ ƚрШċŰĬШƚŔũŔĦŸŰрĤċƚĲĬШũċƣĲƖċũШĬŔǭƨƚĲĬШůĲƣċũт
ŸǂŔĬĲтƚĲůŔĦŸŰĬƨĦƣŸƖШǯĲũĬрĲǭĲĦƣШƣƖċŰƚŔƚƣŸƖƚШы~§É[EÑƚьШƣŸШŊċũũŔƨůШŰŔƣƖŔĬĲЮШcŸƽĲƻĲƖЯШ]ċ ƚрĤċƚĲĬШ
ŔŰƣĲŊƖċƣĲĬШĦŔƖĦƨŔƣƚШыf9ƚьШƖĲůċŔŰШĲƚƚĲŰƣŔċũШŔŰШůċŰǃШĬĲŉĲŰĦĲШċƓƓũŔĦċƣŔŸŰƚШĬƨĲШƣŸШƣőĲŔƖШƨŰŔƕƨĲШƓƖŸƓĲƖƣŔĲƚШ
ċŰĬШũċĦťШŸŉШĲǭĲĦƣŔƻĲШƚƨĤƚƣŔƣƨƣĲƚЮ 

 

 

 

 

 

 

 
52ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШ ƖƚĲŰŔĦаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΞΟЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх ÅÉE f9хƨƓĬċƣĲΞЮƓĬŉШШ 
53Ш]ĲŸƖŊĲЯШ~ЮШìЮШыΞΜΞΠьЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΠаШ ƖƚĲŰŔĦЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΞΠЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΠоůĦƚΞΜΞΠрċƖƚĲŰŔĦЮƓĬŉШ 

https://scrreen.eu/wp-content/uploads/2024/01/SCRREEN2_factsheets_ARSENIC_update2.pdf
https://pubs.usgs.gov/periodicals/mcs2024/mcs2024-arsenic.pdf


 

 ΞΞ 

]ũŸĤċũШċŰĬШEÖШƓƖŸĬƨĦƣŔŸŰШтШċƖƚĲŰŔĦШƣƖŔŸǂŔĬĲШы ƚΞ§ΟьШ 
]ũŸĤċũШƓƖŸĬƨĦƣŔŸŰ54 

Ш 

 

ƖƚĲŰŔĦШƣƖŔŸǂŔĬĲШƽċƚШůċŔŰũǃШƖĲĦŸƻĲƖĲĬШŉƖŸůШƣőĲШƓƖŸĦĲƚƚŔŰŊШŸŉШŰŸŰŉĲƖƖŸƨƚШŸƖĲƚШŸƖШĦŸŰĦĲŰƣƖċƣĲƚЯШƚƨĦőШċƚШ
ĦŸƓƓĲƖЯШŊŸũĬЯШċŰĬШũĲċĬЮШ 

ƖƚĲŰŔĦрĦŸŰƣċŔŰŔŰŊШƖĲƚŔĬƨĲƚШċŰĬШƚůĲũƣĲƖШĬƨƚƣƚШŉƖŸůШŰŸŰŉĲƖƖŸƨƚШůĲƣċũƚШƓũċŰƣƚШŔŰШƚŸůĲШĦŸƨŰƣƖŔĲƚШůċǃШ
ĤĲШƚƣŸĦťƓŔũĲĬШŔŰƚƣĲċĬШŸŉШƓƖŸĦĲƚƚĲĬШŉŸƖШċƖƚĲŰŔĦШƣƖŔŸǂŔĬĲШƖĲĦŸƻĲƖǃШыĲЮŊЮЯШŸƖƓŔůĲŰƣШы ƚΞÉΟьШċŰĬШƖĲċũŊċƖШы ƚÉьШ
ŉƖŸůШŊŸũĬШůŔŰĲƚШŔŰШÉŔĦőƨċŰШÂƖŸƻŔŰĦĲЯШ9őŔŰċьШ55Ю 

 
54Ш[ŔŊƨƖĲƚШċƖĲШĤċƚĲĬШŸŰШĬċƣċШƓƖŸƻŔĬĲĬШĤǃШƣőĲШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШfƣШƚőŸƨũĬШĤĲШŰŸƣĲĬШƣőċƣШƓƖŸĬƨĦƣŔŸŰШĬċƣċШŉŸƖШůŸƚƣШĦŸƨŰƣƖŔĲƚШƽĲƖĲШ
ĲƚƣŔůċƣĲĬЮШ9őŔũĲШċŰĬШ~ĲǂŔĦŸШƽĲƖĲШƣőŸƨŊőƣШƣŸШĤĲШƚŔŊŰŔǯĦċŰƣШƓƖŸĬƨĦĲƖƚШŸŉШĦŸůůĲƖĦŔċũрŊƖċĬĲШċƖƚĲŰŔĦШƣƖŔŸǂŔĬĲШĤƨƣШőċƻĲШƖĲƓŸƖƣĲĬШŰŸШƓƖŸĬƨĦƣŔŸŰШ
ŔŰШƖĲĦĲŰƣШǃĲċƖƚЮ 
55Ш]ĲŸƖŊĲЯШ~ЮШìЮШыΞΜΞΟьЮШΞΜΝΦШ~ŔŰĲƖċũƚШǃĲċƖĤŸŸťЯШƻŸũƨůĲШfаШ~ĲƣċũƚШċŰĬШůŔŰĲƖċũƚу ƖƚĲŰŔĦЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШ
ÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΞΠЮΜΝЮΞΜΞΡЯШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΝΦоůǃĤΝрΞΜΝΦрċƖƚĲŰŔĦЮƓĬŉ  
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 ΞΟ 

EÖШƓƖŸĬƨĦƣŔŸŰ56 
ÑőĲШEÖШƓƖŸĬƨĦƣŔŸŰШŸŉШċƖƚĲŰŔĦШƣƖŔŸǂŔĬĲШƽċƚШΝЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШƓƖŸĬƨĦĲĬШƣőƖŸƨŊőШƣőĲШƚůĲũƣŔŰŊШŸƖШƖŸċƚƣŔŰŊШ
ŸŉШŰŸŰŉĲƖƖŸƨƚШůĲƣċũШŸƖĲƚЯШĦŸŰĦĲŰƣƖċƣĲƚШŸƖШĦŸƓƓĲƖШƚůĲũƣĲƖШĬƨƚƣƚШŔŰШ7ĲũŊŔƨůЮ 

 

ÉĲĦŸŰĬċƖǃШƓƖŸĬƨĦƣŔŸŰ57 

 ŸШƚĲĦŸŰĬċƖǃШƓƖŸĬƨĦƣŔŸŰШŸƖШƖĲĦǃĦũŔŰŊШŸŉШċƖƚĲŰŔĦШőċƚШĤĲĲŰШƖĲĦŸƖĬĲĬЮШ 

 

ÅĲƚĲƖƻĲƚ 
]ũŸĤċũШƖĲƚĲƖƻĲƚ58Ш 
ìŸƖũĬШƖĲƚĲƖƻĲƚШĬċƣċШċƖĲШƨŰċƻċŔũċĤũĲШĤƨƣШċƖĲШĲƚƣŔůċƣĲĬШƣŸШĲǂĦĲĲĬШŊũŸĤċũШƓƖŸĬƨĦƣŔŸŰШĤǃШůŸƖĲШƣőċŰШΞΜШ
ƣŔůĲƚЮ 

 

EÖШƖĲƚĲƖƻĲƚ59 
 ŸШĬċƣċШċƻċŔũċĤũĲШŉŸƖШċƖƚĲŰŔĦШƖĲƚĲƖƻĲƚШŔŰШƣőĲШEÖЮШ 

 

 

 

 

 

 

 

 

 

 

 

 

 
56ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШ ƖƚĲŰŔĦаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΞΟЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх ÅÉE f9хƨƓĬċƣĲΞЮƓĬŉШ 
57ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШ ƖƚĲŰŔĦаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΞΟЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх ÅÉE f9хƨƓĬċƣĲΞЮƓĬŉШ 
58Ш]ĲŸƖŊĲЯШ~ЮШìЮШыΞΜΞΠьЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΠаШ ƖƚĲŰŔĦЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΞΠЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΠоůĦƚΞΜΞΠрċƖƚĲŰŔĦЮƓĬŉШ 
59ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШ ƖƚĲŰŔĦаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΞΟЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх ÅÉE f9хƨƓĬċƣĲΞЮƓĬŉШ 



 

 ΞΠ 

ÂƖŸĦĲƚƚŔŰŊШƚƣċŊĲШтШċƖƚĲŰŔĦШůĲƣċũ 
]ũŸĤċũШƓƖŸĬƨĦĲƖƚШċƣШƣőĲШƓƖŸĦĲƚƚŔŰŊШƚƣċŊĲШыċƻŊЮШΞΜΝΣрΞΜΞΜь60 

 

ÑőĲШŊũŸĤċũШċŰŰƨċũШċƖƚĲŰŔĦШůĲƣċũШƓƖŸĬƨĦƣŔŸŰШċƻĲƖċŊĲĬШĤĲƣƽĲĲŰШΞΜΝΣШċŰĬШΞΜΞΜШƽċƚШΠΝЯΤΦΟШůĲƣƖŔĦШƣŸŰƚЮШ
ÅĲĬƨĦƣŔŸŰШŸŉШċƖƚĲŰŔĦШƣƖŔŸǂŔĬĲШƣŸШċƖƚĲŰŔĦШůĲƣċũШőċƚШċĦĦŸƨŰƣĲĬШŉŸƖШċũũШƽŸƖũĬШŸƨƣƓƨƣШŸŉШĦŸůůĲƖĦŔċũрŊƖċĬĲШ
ыΦΦӖрƓƨƖĲьШċƖƚĲŰŔĦШůĲƣċũ61Ю 

 

?ĲůċŰĬШ 
]ũŸĤċũШĬĲůċŰĬ 
 ŸШƖĲĦŸƖĬƚШċƖĲШċƻċŔũċĤũĲШŉŸƖШƣőĲШĲƚƣŔůċƣĲĬШŊũŸĤċũШĦŸŰƚƨůƓƣŔŸŰШŔŰШůĲƣƖŔĦШƣŸŰƚЮ 

 

EÖШĬĲůċŰĬ62 
 ŸШƖĲĦŸƖĬƚШƽĲƖĲШċƻċŔũċĤũĲШŉŸƖШƣőĲШĲƚƣŔůċƣĲĬШEÖШċƖƚĲŰŔĦШƣƖŔŸǂŔĬĲШĦŸŰƚƨůƓƣŔŸŰШŔŰШůĲƣƖŔĦШƣŸŰƚЮШÑőŔƚШƽċƚШ
ĤĲĦċƨƚĲШƣőĲШƣƖċĬĲШĦŸĬĲШŉŸƖШċƖƚĲŰŔĦШƣƖŔŸǂŔĬĲШċũƚŸШƚƣċŰĬƚШŉŸƖШƚƨũƓőƨƖШƣƖŔŸǂŔĬĲЮШcĲŰĦĲЯШĬƨĲШƣŸШċůĤŔŊƨŔƣǃШ
ƖĲŊċƖĬŔŰŊШŔƣƚШĦŸƻĲƖċŊĲЯШƣőĲШĬċƣċШĦŸƨũĬШŰŸƣШĤĲШƨƚĲĬЮШ 

7ĲƣƽĲĲŰШΞΜΝΣШċŰĬШΞΜΞΜЯШƣőĲШEÖШĦŸŰƚƨůĲĬШċŰШċƻĲƖċŊĲШŸŉШΝЯΞΥΣШůĲƣƖŔĦШƣŸŰƚШŸŉШċƖƚĲŰŔĦШůĲƣċũШċŰŰƨċũũǃЮШ
ÑőĲШEÖѣƚШŔůƓŸƖƣШƖĲũŔċŰĦĲШƚƣŸŸĬШċƣШΟΦӖЯШƽŔƣőШƣőĲШůċŔŰШƚƨƓƓũŔĲƖƚШĤĲŔŰŊШ7ĲũŊŔƨůШыΡΦӖьЯШ9őŔŰċШыΟΦӖьЯШsċƓċŰШ
ыΝӖьШċŰĬШcŸŰŊШuŸŰŊШыΝӖьЮШ 

 

 
60ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШ ƖƚĲŰŔĦаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΞΟЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх ÅÉE f9хƨƓĬċƣĲΞЮƓĬŉШ 
61Ш]ĲŸƖŊĲЯШ~ЮШìЮШыΞΜΞΟьЮШΞΜΝΦШ~ŔŰĲƖċũƚШǃĲċƖĤŸŸťЯШƻŸũƨůĲШfаШ~ĲƣċũƚШċŰĬШůŔŰĲƖċũƚу ƖƚĲŰŔĦЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШ
ÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΞΠЮΜΝЮΞΜΞΡЯШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΝΦоůǃĤΝрΞΜΝΦрċƖƚĲŰŔĦЮƓĬŉШ 
62ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШ ƖƚĲŰŔĦаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΞΟЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх ÅÉE f9хƨƓĬċƣĲΞЮƓĬŉШ 
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 ΞΡ 

[ƨƣƨƖĲШƚƨƓƓũǃШċŰĬШĬĲůċŰĬШƣƖĲŰĬƚ63ЯШ64 

ƖƚĲŰŔĦШƣƖŔŸǂŔĬĲШƓƖŸĬƨĦƣŔŸŰШőċƚШǰƨĦƣƨċƣĲĬШĤƨƣШŔƚШĬĲĦũŔŰŔŰŊШŸƻĲƖċũũЯШƽŔƣőШƣőĲШůċƖťĲƣШĲǂƓĲĦƣĲĬШƣŸШƚőƖŔŰťШ
ĬƨĲШƣŸШƚƣƖŔĦƣĲƖШĲŰƻŔƖŸŰůĲŰƣċũШƖĲŊƨũċƣŔŸŰƚЮ 

ÅĲŊċƖĬŔŰŊШĦŸŰƚƨůƓƣŔŸŰЯШ99 ШƓƖĲƚĲƖƻċƣŔƻĲШƨƚĲШŔƚШƓƖŸŢĲĦƣĲĬШƣŸШƖĲůċŔŰШƚƣċĤũĲЯШƽőŔũĲШĬĲůċŰĬШŉŸƖШőŔŊőр
ƓƨƖŔƣǃШċƖƚĲŰŔĦШůĲƣċũШŔƚШĲǂƓĲĦƣĲĬШƣŸШŊƖŸƽШŔŰШůŔũŔƣċƖǃЯШƚƓċĦĲЯШƣĲũĲĦŸůůƨŰŔĦċƣŔŸŰƚЯШċŰĬШƚŸũċƖШċƓƓũŔĦċƣŔŸŰƚЮШ
[ŸƖШŔŰƚƣċŰĦĲЯШƣőĲШŔŰĦƖĲċƚŔŰŊШƖĲũŔċŰĦĲШŸŰШ]ċ ƚШĦŸůƓŸŰĲŰƣƚШŔŰШĦĲũũШƓőŸŰĲƚЯШũŔŊőƣрĲůŔƣƣŔŰŊШĬŔŸĬĲƚШыxE?ƚьЯШ
ċŰĬШŸƣőĲƖШƣĲĦőŰŸũŸŊŔĲƚШŔƚШĬƖŔƻĲŰШĤǃШƣőĲШĲǂƓċŰƚŔŸŰШŸŉШƣĲũĲƽŸƖťŔŰŊШċŰĬШƻŔƖƣƨċũШĤƨƚŔŰĲƚƚĲƚЮ 

 

EǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШ 
 ŸШůċŢŸƖШƓƖŸĬƨĦŔŰŊШĦŸƨŰƣƖŔĲƚШőċƻĲШŔůƓŸƚĲĬШĲǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШŸŰШċƖƚĲŰŔĦШċŰĬШƖĲũċƣĲĬШƓƖŸĬƨĦƣƚЮШ
cŸƽĲƻĲƖЯШŔƣШƚőŸƨũĬШĤĲШŰŸƣĲĬШƣőċƣШƖĲŊƨũċƣŔŸŰƚШċƖĲШĬǃŰċůŔĦШċŰĬШƚƨĤŢĲĦƣШƣŸШĦőċŰŊĲШŸƻĲƖШƣŔůĲЮ 

 
63ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШ ƖƚĲŰŔĦаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΞΟЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх ÅÉE f9хƨƓĬċƣĲΞЮƓĬŉ 
64Ш]ĲŸƖŊĲЯШ~ЮШìЮШыΞΜΞΟьЮШΞΜΝΦШ~ŔŰĲƖċũƚШǃĲċƖĤŸŸťЯШƻŸũƨůĲШfаШ~ĲƣċũƚШċŰĬШůŔŰĲƖċũƚу ƖƚĲŰŔĦЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШ
ÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΞΠЮΜΝЮΞΜΞΡЯШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΝΦоůǃĤΝрΞΜΝΦрċƖƚĲŰŔĦЮƓĬŉ 



 

 ΞΣ 

7ċƨǂŔƣĲо ũƨůŔŰŔƨůШы ũь65Ш 
~ċŢŸƖШƨƚĲƚШŸŉШĤċƨǂŔƣĲШŔŰШƣőĲШƽŸƖũĬШĤĲƣƽĲĲŰШΞΜΝΣШċŰĬШΞΜΞΜ 

 

~ċŢŸƖШƨƚĲƚШŸŉШċũƨůŔŰŔƨůШŔŰШƣőĲШEÖШŔŰШΞΜΝΤ 

 

ÑőĲШƽŸƖũĬƽŔĬĲШĲŰĬрƨƚĲШĬŔƚƣƖŔĤƨƣŔŸŰШŸŉШċũƨůŔŰŔƨůШŔŰШΞΜΝΦШƽċƚШĲƚƣŔůċƣĲĬШƣŸШĤĲШƣƖċŰƚƓŸƖƣШыΞΣӖьЯШ
ĦŸŰƚƣƖƨĦƣŔŸŰШыΞΠӖьЯШĲũĲĦƣƖŔĦċũШыΝΝӖьЯШůċĦőŔŰĲƖǃШĲƕƨŔƓůĲŰƣШыΝΝӖьЯШŉŸŔũШƚƣŸĦťШыΥӖьЯШƓċĦťċŊŔŰŊШыΥӖьЯШШ
ĦŸŰƚƨůĲƖШĬƨƖċĤũĲƚШыΣӖьШċŰĬШŸƣőĲƖƚШыΣӖь66Ю 

 

 
65ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШ ũƨůŔŰŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΞΦЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх xÖ~f fÖ~рƨƓĬċƣĲΞЮƓĬŉШ 
66Ш]ĲŸƖŊŔƣǍŔťŔƚШuЮЯШ~ċŰĦŔŰŔШxЮЯШĬќEũŔċШEЮЯШéŔĬċũрxĲŊċǍШ7ЮШыΞΜΞΝьЮШÉƨƚƣċŔŰċĤŔũŔƣǃШċƚƓĲĦƣƚШŸŉШ7ċƨǂŔƣĲШċŰĬШ ũƨůŔŰŔƨůШӶШ9ũŔůċƣĲ 
ĦőċŰŊĲЯШEŰƻŔƖŸŰůĲŰƣċũЯШÉŸĦŔŸрEĦŸŰŸůŔĦШċŰĬШ9ŔƖĦƨũċƖШEĦŸŰŸůǃШĦŸŰƚŔĬĲƖċƣŔŸŰƚЯШEÖÅШΟΜΤΣΜШE ЯШÂƨĤũŔĦċƣŔŸŰƚШ§ǭŔĦĲШŸŉШƣőĲШEƨƖŸƓĲċŰШÖŰŔŸŰЯ 
xƨǂĲůĤŸƨƖŊЯШΞΜΞΝЯШfÉ7 ШΦΤΥрΦΞрΤΣрΠΜΜΟΦрΠЯШĬŸŔаΝΜЮΞΤΣΜоΤΜΞΟΡΣЯШsÅ9ΝΞΡΟΦΜЮШÅĲƣƖŔĲƻĲĬШΝΝЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƖůŔƚЮŢƖĦЮĲĦЮĲƨƖŸƓċЮĲƨоƨƓũŸċĬƚоũŔĤƖċƖǃоŢƖĦΝΞΡΟΦΜхƚƨƚƣċŔŰċĤŔũŔƣǃхƓƖŸǯũĲхĤċƨǂŔƣĲххċũƨůŔŰŔƨůхŸŰũŔŰĲЮƓĬŉ  

90%

3%
3%2%2% Refining to alumina

Refractories made from refractory-
grade bauxite for the iron and steel
industry

Aluminous cement

Abrasives (calcined alumina)

Chemicals (aluminium sulphate,
aluminium chloride, and aluminium
fluoride or sodium aluminate)

21%
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23%
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Automotive industry

Transport equipment

Construction

Packaging
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Consumer durables

https://scrreen.eu/wp-content/uploads/2024/01/SCRREEN2_factsheets_ALUMINIUM-update2.pdf
https://rmis.jrc.ec.europa.eu/uploads/library/jrc125390_sustainability_profile_bauxite__aluminium_online.pdf


 

 ΞΤ 

éċũƨĲШĦőċŔŰШыƚŔůƓũŔǯĲĬь67ЯШ68 

 

ÉƨĤƚƣŔƣƨƣŔŸŰ69ЯШ70ЯШ71 

ÉƨĤƚƣŔƣƨƣŔŸŰШĦċŰШŔůƓċĦƣШĤŸƣőШĦŸƚƣШċŰĬШƓĲƖŉŸƖůċŰĦĲЮ 

fŰƣĲƖůĲĬŔċƣĲоĲŰĬШƓƖŸĬƨĦƣƚ ÉƨĤƚƣŔƣƨƣŔŸŰ 

7ċƨǂŔƣĲрĤċƚĲĬШƖĲŉƖċĦƣŸƖŔĲƚ ÉǃŰƣőĲƣŔĦШůƨũũŔƣĲЯШƓƖŸĬƨĦĲĬШŉƖŸůШťċŸũŔŰЯШĤċƨǂŔƣŔĦШ
ťċŸũŔŰЯШťǃċŰŔƣĲЯШċŰĬШƚŔũũŔůċŰŔƣĲ 

ũƨůŔŰċШċŰĬШĤċƨǂŔƣĲШŔŰШċĤƖċƚŔƻĲƚ ÉŔũŔĦŸŰШĦċƖĤŔĬĲШċŰĬШċũƨůŔŰċШǍŔƖĦŸŰŔċ 
ŔƖĦƖċŉƣШŉƨƚĲũċŊĲƚШċŰĬШƽŔŰŊƚ 9ŸůƓŸƚŔƣĲƚШыĲЮŊЮЯШĦċƖĤŸŰрǯĤƖĲрƖĲŔŰŉŸƖĦĲĬШƓũċƚƣŔĦь 

]ƖŸƨŰĬШƣƖċŰƚƓŸƖƣċƣŔŸŰШƨƚĲƚ 9ŸůƓŸƚŔƣĲƚЯШůċŊŰĲƚŔƨůЯШƚƣĲĲũЯШċŰĬШƣŔƣċŰŔƨů 
ÂċĦťċŊŔŰŊ ]ũċƚƚЯШƓċƓĲƖЯШƓũċƚƣŔĦƚЯШċŰĬШƚƣĲĲũ 
9ŸŰƚƣƖƨĦƣŔŸŰ 9ŸůƓŸƚŔƣĲƚЯШƚƣĲĲũЯШƓũċƚƣŔĦШыĲЮŊЮЯШƻŔŰǃũьЯШċŰĬШƽŸŸĬ 
cŔŊőрƣĲĦőШĲŰŊŔŰĲĲƖŔŰŊ 9ŸƓƓĲƖЯШĦċƚƣШŔƖŸŰЯШċŰĬШĦċƚƣШƚƣĲĲũ 
EũĲĦƣƖŔĦċũШċŰĬШőĲċƣрĲǂĦőċŰŊĲШċƓƓũŔĦċƣŔŸŰƚЯШĲũĲĦƣƖŔĦċũШ
ũŔŰĲƚШŉŸƖШƓŸƽĲƖШƣƖċŰƚůŔƚƚŔŸŰШċŰĬШĬŔƚƣƖŔĤƨƣŔŸŰ 

9ŸƓƓĲƖ 

9ŸŰƚƨůĲƖШĬƨƖċĤũĲƚ 9ŸƓƓĲƖ 

 
67ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШ ũƨůŔŰŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΞΦЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх xÖ~f fÖ~рƨƓĬċƣĲΞЮƓĬŉШ 
68ШEƨƖŸƓĲċŰШ ũƨůŔŰŔƨůЮШыŰЮĬЮьЮШ ũƨůŔŰŔƨůШŔŰШƨƚĲаШ~ŸĤŔũŔƣǃЮШÅĲƣƖŔĲƻĲĬШΝΜЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооĲƨƖŸƓĲċŰрċũƨůŔŰŔƨůЮĲƨоċĤŸƨƣр
ċũƨůŔŰŔƨůоċũƨůŔŰŔƨůрŔŰрƨƚĲомůŸĤŔũŔƣǃШ 
69ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШ ũƨůŔŰŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΞΦЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх xÖ~f fÖ~рƨƓĬċƣĲΞЮƓĬŉШ 
70Ш~ĲƖƖŔũũЯШ ЮШ~ЮШыΞΜΞΡьЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡаШ ũƨůŔŰƨůЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΝΜЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрċũƨůŔŰƨůЮƓĬŉШ 
71Ш~ĲƖƖŔũũЯШ ЮШ~ЮШыΞΜΞΡьЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡаШ7ċƨǂŔƣĲШċŰĬШċũƨůŔŰċЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΝΜЮΜΞЮΞΜΞΡЯШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрĤċƨǂŔƣĲрċũƨůŔŰċЮƓĬŉ  

https://european-aluminium.eu/about-aluminium/aluminium-in-use/#mobility
https://european-aluminium.eu/about-aluminium/aluminium-in-use/#mobility
https://pubs.usgs.gov/periodicals/mcs2025/mcs2025-aluminum.pdf
https://pubs.usgs.gov/periodicals/mcs2025/mcs2025-bauxite-alumina.pdf


 

 ΞΥ 

]ũŸĤċũШċŰĬШEÖШƓƖŸĬƨĦƣŔŸŰШтШ7ċƨǂŔƣĲЯШċũƨůŔŰċШċŰĬШƓƖŔůċƖǃШċũƨůŔŰŔƨůШ 
]ũŸĤċũШĤċƨǂŔƣĲШƓƖŸĬƨĦƣŔŸŰ72 

Ш 

 

 

 

 

 
72Ш[ŔŊƨƖĲƚШċƖĲШĤċƚĲĬШŸŰШĬċƣċШƓƖŸƻŔĬĲĬШĤǃШƣőĲШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮ 
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9ŸƨŰƣƖǃ ÉőċƖĲШŸŉШŊũŸĤċũШ
ĤċƨǂŔƣĲШ
ƓƖŸĬƨĦƣŔŸŰШыċƻŊЮШ
ΞΜΝΥрΞΜΞΞь 

ƨƚƣƖċũŔċШ ΞΥӖ 

]ƨŔŰĲċ ΞΝӖ 

9őŔŰċ ΞΝӖ 

7ƖċǍŔũ ΦӖ 

fŰĬŔċ ΣӖ 

fŰĬŸŰĲƚŔċ ΡӖ 

Å§ì ΝΜӖ 



 

 ΞΦ 

]ũŸĤċũШċũƨůŔŰċШƓƖŸĬƨĦƣŔŸŰ73 

Ш 

 

 

 

9őŔŰċШŔƚШƣőĲШŊũŸĤċũШũĲċĬŔŰŊШċũƨůŔŰċШƓƖŸĬƨĦĲƖЮШ ũƣőŸƨŊőШ9őŔŰċШũċĦťƚШƚƨǭŔĦŔĲŰƣШĬŸůĲƚƣŔĦШĤċƨǂŔƣĲШ
ƖĲƚŸƨƖĦĲƚЯШŔƣШőċƚШƖċƓŔĬũǃШĬĲƻĲũŸƓĲĬШŔƣƚШũŸĦċũШċũƨůŔŰċШŔŰĬƨƚƣƖǃШĤǃШŔůƓŸƖƣŔŰŊШĤċƨǂŔƣĲШŉƖŸůШĦŸƨŰƣƖŔĲƚШũŔťĲШ
]ƨŔŰĲċЯШ ƨƚƣƖċũŔċЯШċŰĬШfŰĬŸŰĲƚŔċЯШċĦőŔĲƻŔŰŊШċШũċƖŊĲũǃШƚĲũŉрƚƨǭŔĦŔĲŰƣШƚƨƓƓũǃШĦőċŔŰЮ 

ƨƚƣƖċũŔċШŔƚШŸŰĲШŸŉШƣőĲШŉĲƽШĦŸƨŰƣƖŔĲƚШƽŔƣőШĤŸƣőШőŔŊőрƕƨċũŔƣǃШĤċƨǂŔƣĲШƖĲƚŸƨƖĦĲƚШċŰĬШƚƨĤƚƣċŰƣŔċũШċũƨůŔŰċШ
ƓƖŸĬƨĦƣŔŸŰШĦċƓċĦŔƣǃЮШ ũƣőŸƨŊőШ ƨƚƣƖċũŔċШƖċŰťƚШċƚШƣőĲШƽŸƖũĬќƚШƚĲĦŸŰĬрũċƖŊĲƚƣШƓƖŸĬƨĦĲƖШŸŉШċũƨůŔŰċЯШůŸƖĲШ
ƣőċŰШΥΜӖШŸŉШŔƣƚШŸƨƣƓƨƣШŔƚШĲǂƓŸƖƣĲĬЯШƓƖŔůċƖŔũǃШƣŸШ9őŔŰċЯШÅƨƚƚŔċЯШċŰĬШfĦĲũċŰĬЮ 

 

 
73Ш[ŔŊƨƖĲƚШċƖĲШĤċƚĲĬШŸŰШĬċƣċШƓƖŸƻŔĬĲĬШĤǃШƣőĲШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮ 
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9ŸƨŰƣƖǃ ÉőċƖĲШŸŉШŊũŸĤċũШ
ċũƨůŔŰċШ
ƓƖŸĬƨĦƣŔŸŰШыċƻŊЮШ
ΞΜΝΥрΞΜΞΞь 

9őŔŰċ ΡΣӖ 

ƨƚƣƖċũŔċШ ΝΡӖ 

7ƖċǍŔũ ΤӖ 

fŰĬŔċ ΡӖ 

ÅƨƚƚŔċ ΞӖ 

ÖŰŔƣĲĬШ ƖċĤШ
EůŔƖċƣĲƚ 

ΝӖ 

Å§ì ΝӖ 



 

 ΟΜ 

7ƖċǍŔũШŔƚШÉŸƨƣőШ ůĲƖŔĦċќƚШũĲċĬŔŰŊШċũƨůŔŰċШƓƖŸĬƨĦĲƖЯШũĲƻĲƖċŊŔŰŊШŔƣƚШĤċƨǂŔƣĲШƖĲƚĲƖƻĲƚШŉŸƖШĬĲƻĲũŸƓůĲŰƣЮШ
cŸƽĲƻĲƖЯШƣőĲШůċŢŸƖШċũƨůŔŰċШƓũċŰƣƚШŔŰШ7ƖċǍŔũШċƖĲШŸƽŰĲĬШĤǃШĦŸůƓċŰŔĲƚШƚƨĦőШċƚШ ŸƖƚťШcǃĬƖŸЯШ ũĦŸċЯШċŰĬШ
ÅŔŸШÑŔŰƣŸЯШƽŔƣőШůŸƚƣШŸŉШƣőĲШċũƨůŔŰċШĤĲŔŰŊШĲǂƓŸƖƣĲĬШƣŸШƣőĲШÖŰŔƣĲĬШÉƣċƣĲƚЯШ9ċŰċĬċЯШċŰĬШEƨƖŸƓĲċŰШ
ĦŸƨŰƣƖŔĲƚШũŔťĲШ ŸƖƽċǃЮ 

fŰШEƨƖŸƓĲЯШċũƨůŔŰċШƓƖŸĬƨĦƣŔŸŰШŔƚШůċŔŰũǃШŔŰШÅƨƚƚŔċЯШĤƨƣШƣőĲШÅƨƚƚŔċрÖťƖċŔŰĲШĦŸŰǰŔĦƣШċŰĬШƚċŰĦƣŔŸŰƚШőċƻĲШ
ĬŔƚƖƨƓƣĲĬШƣƖċĬĲЯШċǭĲĦƣŔŰŊШƖċƽШůċƣĲƖŔċũШŔůƓŸƖƣƚШċŰĬШƓƖŸĬƨĦƣШĲǂƓŸƖƣƚШŉƖŸůШÅƨƚƚŔċ74Ю 

]ũŸĤċũШƓƖŔůċƖǃШċũƨůŔŰŔƨůШƓƖŸĬƨĦƣŔŸŰ75 

Ш 

 

 

 
74Ш9őĲŰЯШÉЮШsЮШЯШÉőŔЯШ9ЮШѼШ[ƨШüЮШìЮШыΞΜΞΟьЮШ]ũŸĤċũШċũƨůŔŰċШŔŰĬƨƚƣƖǃШĬĲƻĲũŸƓůĲŰƣШƖĲƓŸƖƣЮШcƨċƣċŔШ[ƨƣƨƖĲƚЮШÅĲƣƖŔĲƻĲĬШΝΝЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮőƣŉĦЮĦŸůоƽǍхƨƓũŸċĬоƓŰŊхƨƓũŸċĬоΞΜΞΟΜΡΝΣоΝΣΥΠΝΣΥΤΣΤΦΝΜΡΝŉΝΥΦЮƓĬŉШ 
75Ш[ŔŊƨƖĲƚШċƖĲШĤċƚĲĬШŸŰШĬċƣċШƓƖŸƻŔĬĲĬШĤǃШƣőĲШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮ 
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9ŸƨŰƣƖǃ ÉőċƖĲШŸŉШŊũŸĤċũШ
ƓƖŔůċƖǃШċũƨůŔŰŔƨůШ
ƓƖŸĬƨĦƣŔŸŰШыċƻŊЮШ
ΞΜΝΤрΞΜΞΝь 

9őŔŰċ ΡΣӖ 

fŰĬŔċ ΣӖ 

ÅƨƚƚŔċ ΣӖ 

9ċŰċĬċ ΡӖ 

ÖŰŔƣĲĬШ ƖċĤШ
EůŔƖċƣĲƚ 

ΠӖ 

ƨƚƣƖċũŔċШ ΞӖ 

7ċőƖċŔŰ ΞӖ 

 ŸƖƽċǃ ΞӖ 

Å§ì ΝΤӖ 

https://www.htfc.com/wz_upload/png_upload/20230516/168416876791051f189.pdf


 

 ΟΝ 

]ŸƻĲƖŰůĲŰƣШŔŰƣĲƖƻĲŰƣŔŸŰƚШőċƻĲШƚŔŊŰŔǯĦċŰƣũǃШŔŰǰƨĲŰĦĲĬШƣőĲШċũƨůŔŰŔƨůШƻċũƨĲШĦőċŔŰШŸƻĲƖШƣőĲШƓċƚƣШΞΜШ
ǃĲċƖƚЮШ ĦĦŸƖĬŔŰŊШƣŸШċŰШ§ƖŊċŰŔƚċƣŔŸŰШŉŸƖШEĦŸŰŸůŔĦШ9ŸрŸƓĲƖċƣŔŸŰШċŰĬШ?ĲƻĲũŸƓůĲŰƣШы§E9?ьШƚƣƨĬǃЯШ
ŊŸƻĲƖŰůĲŰƣШƚƨƓƓŸƖƣШŔƚШƓƖĲƻċũĲŰƣШƣőƖŸƨŊőŸƨƣШƣőĲШƻċũƨĲШĦőċŔŰЯШƓċƖƣŔĦƨũċƖũǃШŔŰШ9őŔŰċШċŰĬШƣőĲШ]ƨũŉШ
9ŸŸƓĲƖċƣŔŸŰШ9ŸƨŰĦŔũШĦŸƨŰƣƖŔĲƚЯШƖċŔƚŔŰŊШĦŸŰĦĲƖŰƚШċĤŸƨƣШĲǂĦĲƚƚШĦċƓċĦŔƣǃШŔŰШƣőĲШċũƨůŔŰŔƨůШƚĲĦƣŸƖ76ЮШ 

ÑőĲШ§E9?ШƚƣƨĬǃШŉŸƨŰĬШƣőċƣШċůŸŰŊШƣőĲШΝΤШũċƖŊĲƚƣШċũƨůŔŰŔƨůШƻċũƨĲШĦőċŔŰШĦŸůƓċŰŔĲƚЯШċĦĦŸƨŰƣŔŰŊШŉŸƖШ
ŸƻĲƖШőċũŉШŸŉШŊũŸĤċũШƚůĲũƣŔŰŊШĦċƓċĦŔƣǃЯШΥΡӖШŸŉШШÖЮÉЮШ?ŸũũċƖШыÖÉ?ьШΤΜШĤŔũũŔŸŰШыċƓƓƖŸǂŔůċƣĲũǃШқΣΞЮΣΥШĤŔũũŔŸŰьШ
ŔŰШŊŸƻĲƖŰůĲŰƣШƚƨƓƓŸƖƣШĤĲƣƽĲĲŰШΞΜΝΟШċŰĬШΞΜΝΤШƽĲŰƣШƣŸШǯƻĲШ9őŔŰĲƚĲШĦŸůƓċŰŔĲƚЯШůċŔŰũǃШċƣШƣőĲШƚůĲũƣŔŰŊШ
ƚƣċŊĲЮШÑőĲƚĲШĦŸůƓċŰŔĲƚШƖĲĦĲŔƻĲĬШǯŰċŰĦŔċũШƚƨĤƚŔĬŔĲƚШĲǂĦũƨƚŔƻĲũǃШŉƖŸůШ9őŔŰĲƚĲШċƨƣőŸƖŔƣŔĲƚЯШƓƖŸƻŔĬŔŰŊШċШ
ƚŔŊŰŔǯĦċŰƣШċĬƻċŰƣċŊĲШƣŸШĬŸůĲƚƣŔĦШƓƖŸĬƨĦĲƖƚЮШfŰШĦŸŰƣƖċƚƣЯШƣőĲШƖĲůċŔŰŔŰŊШΝΞШĦŸůƓċŰŔĲƚЯШƓƖŔůċƖŔũǃШ
ůƨũƣŔŰċƣŔŸŰċũƚЯШƖĲĦĲŔƻĲĬШƚůċũũĲƖШċůŸƨŰƣƚШŸŉШƚƨƓƓŸƖƣЯШůŸƚƣũǃШŔŰШƣőĲШŉŸƖůШŸŉШŰŸŰрǯŰċŰĦŔċũШċŔĬШыĲЮŊЮЯШ
ĲŰĲƖŊǃШƚƨĤƚŔĬŔĲƚьЯШċĦƖŸƚƚШƻċƖŔŸƨƚШĦŸƨŰƣƖŔĲƚШƽőĲƖĲШƣőĲǃШŸƓĲƖċƣĲЮ 

 

EÖШĤċƨǂŔƣĲЯШċũƨůŔŰċШċŰĬШƓƖŔůċƖǃШċũƨůŔŰŔƨůШƓƖŸĬƨĦƣŔŸŰ 
 

7ċƨǂŔƣĲ 
9ŸƨŰƣƖǃШ ÂƖŸĬƨĦƣŔŸŰШŔŰШΞΜΞΝШыƣőŸƨƚċŰĬШůĲƣƖŔĦШыĬƖǃьШƣŸŰƚь 

]ƖĲĲĦĲ ΝЯΞΞΤ 
9ƖŸċƣŔċ ΝΠ 

ũƨůŔŰċ 
fƖĲũċŰĬ ΝЯΥΤΥ 
ÉƓċŔŰ ΝЯΡΟΣ 
]ĲƖůċŰǃ ΦΣΠ 
]ƖĲĲĦĲ ΥΤΝ 
ÅŸůċŰŔċ ΠΦΦ 
cƨŰŊƖǃ ΟΜΤ 
[ƖċŰĦĲ ΟΜΜ 

ÂƖŔůċƖǃШċũƨůŔŰŔƨů 
]ĲƖůċŰǃ ΡΜΜ 
[ƖċŰĦĲ ΠΜΜ 
ÅŸůċŰŔċ ΞΦΟ 
 ĲƣőĲƖũċŰĬƚ ΞΟΜ 
ÉƓċŔŰ ΞΜΜ 
]ƖĲĲĦĲ ΝΥΠ 
ÉũŸƻċťŔċ ΝΣΠ 
ÉƽĲĬĲŰ ΝΞΠ 
ÉũŸƻĲŰŔċ ΡΜ 

 

 
76Ш§E9?ЮШыΞΜΝΦьЮШ~ĲċƚƨƖŔŰŊШĬŔƚƣŸƖƣŔŸŰƚШŔŰШŔŰƣĲƖŰċƣŔŸŰċũШůċƖťĲƣƚаШÑőĲШċũƨůŔŰŔƨůШƻċũƨĲШĦőċŔŰЯШ§E9?ШÑƖċĬĲШÂŸũŔĦǃШÂċƓĲƖƚЯШ ŸЮШΞΝΥЯШ§E9?Ш
ÂƨĤũŔƚőŔŰŊЯШÂċƖŔƚЮШőƣƣƓаооĬǂЮĬŸŔЮŸƖŊоΝΜЮΝΤΥΤоĦΥΞΦΝΝċĤрĲŰШÅĲƣƖŔĲƻĲĬШΝΝЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮŸĲĦĬрŔũŔĤƖċƖǃЮŸƖŊоƣƖċĬĲоůĲċƚƨƖŔŰŊр
ĬŔƚƣŸƖƣŔŸŰƚрŔŰрŔŰƣĲƖŰċƣŔŸŰċũрůċƖťĲƣƚрƣőĲрċũƨůŔŰŔƨůрƻċũƨĲрĦőċŔŰхĦΥΞΦΝΝċĤрĲŰШ 

http://dx.doi.org/10.1787/c82911ab-en
https://www.oecd-ilibrary.org/trade/measuring-distortions-in-international-markets-the-aluminium-value-chain_c82911ab-en
https://www.oecd-ilibrary.org/trade/measuring-distortions-in-international-markets-the-aluminium-value-chain_c82911ab-en


 

 ΟΞ 

7ċƨǂŔƣĲЯШċũƨůŔŰċШċŰĬШċũƨůŔŰŔƨůШƓƖŸĬƨĦƣŔŸŰШŔŰШŸƣőĲƖШĦŸƨŰƣƖŔĲƚШŔŰШEƨƖŸƓĲ 

7ċƨǂŔƣĲ 
9ŸƨŰƣƖǃШ ÂƖŸĬƨĦƣŔŸŰШŔŰШΞΜΞΝШыƣőŸƨƚċŰĬШůĲƣƖŔĦШыĬƖǃьШƣŸŰƚь 

ÑƨƖťĲǃ ΞЯΤΣΡ 
ũƨůŔŰċ 

ÖťƖċŔŰĲШ ΝЯΤΣΦ 
ÑƨƖťĲǃ ΟΜΜ 
7ŸƚŰŔċШċŰĬШ
cĲƖǍĲŊŸƻŔŰċ ΝΤΟ 

ÂƖŔůċƖǃШċũƨůŔŰŔƨů 
 ŸƖƽċǃ ΝЯΠΜΜ 
fĦĲũċŰĬ ΤΡΜ 
ÑƨƖťĲǃ ΥΜ 
Öu ΠΜ 

 

fŰШΞΜΝΤЯШΠЮΦШůŔũũŔŸŰШůĲƣƖŔĦШƣŸŰƚШŸŉШċũƨůŔŰŔƨůШƽĲƖĲШƖĲĦǃĦũĲĬШŔŰШƣőĲШEÖ77Ю 

fŰШEƨƖŸƓĲЯШőŔŊőШĲŰĲƖŊǃШĦŸƚƣƚШŔŰШΞΜΞΞШũĲĬШƣŸШƣőĲШĦũŸƚƨƖĲШċŰĬШĦƨƖƣċŔũůĲŰƣШŸŉШċũƨůŔŰċШƖĲǯŰĲƖŔĲƚЯШċũƨůŔŰŔƨůШ
ƚůĲũƣĲƖƚЯШċŰĬШċũƨůŔŰŔƨůШƓƖŸĬƨĦƣШůċŰƨŉċĦƣƨƖĲƖƚЯШƽőŔĦőШĦŸŰƣŔŰƨĲĬШŔŰƣŸШΞΜΞΟЮШÖťƖċŔŰĲќƚШΝЮΤрůŔũũŔŸŰрƣŸŰр
ƓĲƖрǃĲċƖШċũƨůŔŰċШƖĲǯŰĲƖǃШƖĲůċŔŰĲĬШĦũŸƚĲĬШŸƽŔŰŊШƣŸШƣőĲШĦŸŰǰŔĦƣШĤĲƣƽĲĲŰШÅƨƚƚŔċШċŰĬШÖťƖċŔŰĲ78Ю 

 

ÉĲĦŸŰĬċƖǃШƓƖŸĬƨĦƣŔŸŰ79 

ũƨůŔŰŔƨůШŔƚШŸŰĲШŸŉШƣőĲШůŸƚƣШƖĲĦǃĦũĲĬШůċƣĲƖŔċũƚЯШƽŔƣőШΤΡӖШŸŉШċũũШċũƨůŔŰŔƨůШĲƻĲƖШƓƖŸĬƨĦĲĬШыΝЮΡШĤŔũũŔŸŰШ
ůĲƣƖŔĦШƣŸŰƚьШƚƣŔũũШŔŰШƨƚĲШƣŸĬċǃЮШfŰШΞΜΝΦЯШƖĲĦǃĦũĲĬШċũƨůŔŰŔƨůШƓƖŸĬƨĦƣŔŸŰШƣŸƣċũũĲĬШΟΟШůŔũũŔŸŰШůĲƣƖŔĦШƣŸŰƚЯШ
ĲǂĦũƨĬŔŰŊШċũũŸǃŔŰŊШĲũĲůĲŰƣƚЮШÑőĲШŊũŸĤċũШEŰĬрŸŉрxŔŉĲШÅĲĦǃĦũŔŰŊШfŰƓƨƣШÅċƣĲШыE§xрÅfÅьШƽċƚШΟΞӖШŔŰШΞΜΝΥЯШ
ƽőŔũĲШƣőĲШÅĲĦǃĦũŔŰŊШEǭŔĦŔĲŰĦǃШÅċƣĲШыÅEÅьШƖĲċĦőĲĬШΤΣӖЮШÑőĲШƣƖċŰƚƓŸƖƣċƣŔŸŰШŔŰĬƨƚƣƖǃШũĲċĬƚШŔŰШƖĲĦǃĦũŔŰŊЯШ
ƽŔƣőШΦШůŔũũŔŸŰШůĲƣƖŔĦШƣŸŰƚШƖĲĦǃĦũĲĬШċƣШċŰШΥΣӖШĲǭŔĦŔĲŰĦǃШƖċƣĲЮ 

9őŔŰċШŔƚШƣőĲШũċƖŊĲƚƣШƓƖŸĬƨĦĲƖШċŰĬШĦŸŰƚƨůĲƖШŸŉШƖĲĦǃĦũĲĬШċũƨůŔŰŔƨůЯШŊĲŰĲƖċƣŔŰŊШŸƻĲƖШΝΜШůŔũũŔŸŰШůĲƣƖŔĦШ
ƣŸŰƚШċŰŰƨċũũǃШƽőŔĦőШŔƚШċĤŸƨƣШŸŰĲрƣőŔƖĬШŸŉШŊũŸĤċũШƻŸũƨůĲƚЮШ ŸƖƣőШ ůĲƖŔĦċШőċƚШƣőĲШőŔŊőĲƚƣШE§xрÅfÅШċƣШ
ΡΤӖЯШƽőŔũĲШEƨƖŸƓĲШũĲċĬƚШŔŰШÅEÅШċƣШΥΝӖЮ 

 

 

 
77ШÑőĲШEƨƖŸƓĲċŰШÅĲĦǃĦũŔŰŊШfŰĬƨƚƣƖŔĲƚќШ9ŸŰŉĲĬĲƖċƣŔŸŰШċŔƚĤũЮШыΞΜΞΞьЮШ~ĲƣċũШÅĲĦǃĦũŔŰŊШ[ċĦƣƚőĲĲƣЮШÅĲƣƖŔĲƻĲĬШŸŰШΞΟЮΜΥЮΞΜΞΠШŉƖŸůШőƣƣƓƚаооĲƨƖŔĦр
ċŔƚĤũЮĲƨоƖĲƚŸƨƖĦĲрőƨĤоƖĲƓŸƖƣƚрƚƣƨĬŔĲƚоůĲƣċũрƖĲĦǃĦũŔŰŊрŉċĦƣƚőĲĲƣШ 
78Ш~ĲƖƖŔũũЯШ ЮШ~ЮШыΞΜΞΡьЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡаШ7ċƨǂŔƣĲШċŰĬШċũƨůŔŰċЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΝΜЮΜΞЮΞΜΞΡЯШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрĤċƨǂŔƣĲрċũƨůŔŰċЮƓĬŉШ 
79ШfŰƣĲƖŰċƣŔŸŰċũШ ũƨůŔŰŔƨůШfŰƚƣŔƣƨƣĲЮШыΞΜΞΜьЮШ ũƨůŔŰŔƨůШÅĲĦǃĦũŔŰŊШ[ċĦƣƚőĲĲƣЮШÅĲƣƖŔĲƻĲĬШŸŰШΞΟЮΜΥЮΞΜΞΠШŉƖŸůШőƣƣƓƚаооŔŰƣĲƖŰċƣŔŸŰċũр
ċũƨůŔŰŔƨůЮŸƖŊоƖĲƚŸƨƖĦĲоċũƨůŔŰŔƨůрƖĲĦǃĦũŔŰŊрŉċĦƣрƚőĲĲƣо  

https://euric-aisbl.eu/resource-hub/reports-studies/metal-recycling-factsheet
https://euric-aisbl.eu/resource-hub/reports-studies/metal-recycling-factsheet
https://international-aluminium.org/resource/aluminium-recycling-fact-sheet/
https://international-aluminium.org/resource/aluminium-recycling-fact-sheet/


 

 ΟΟ 

ÅĲƚĲƖƻĲƚ 
]ũŸĤċũШƖĲƚĲƖƻĲƚ80Ш 
9ŸƨŰƣƖǃШ ÅĲƚĲƖƻĲƚШыƣőŸƨƚċŰĬШůĲƣƖŔĦШĬƖǃШƣŸŰƚь 

]ƨŔŰĲċ ΤЯΠΜΜЯΜΜΜ 

éŔĲƣŰċů ΡЯΥΜΜЯΜΜΜ 
ƨƚƣƖċũŔċ ΟЯΡΜΜЯΜΜΜ 

7ƖċǍŔũ ΞЯΤΜΜЯΜΜΜ 

sċůċŔĦċ ΞЯΜΜΜЯΜΜΜ 

fŰĬŸŰĲƚŔċ ΝЯΜΜΜЯΜΜΜ 

 

EÖШƖĲƚĲƖƻĲƚ81 
fŰШƣőĲШEÖЯШ]ƖĲĲĦĲШőŸũĬƚШƣőĲШůŸƚƣШƚŔŊŰŔǯĦċŰƣШĲǂƓũŸŔƣċĤũĲШĤċƨǂŔƣĲШĬĲƓŸƚŔƣƚЯШƽŔƣőШċŰШĲƚƣŔůċƣĲĬШΞΡΜШůŔũũŔŸŰШ
ůĲƣƖŔĦШƣŸŰƚШŸŉШŸƖĲШƖĲƚĲƖƻĲƚЮ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
80Ш~ĲƖƖŔũũЯШ ЮШ~ЮШыΞΜΞΡьЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡаШ7ċƨǂŔƣĲШċŰĬШċũƨůŔŰċЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΝΜЮΜΞЮΞΜΞΡЯШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрĤċƨǂŔƣĲрċũƨůŔŰċЮƓĬŉШ 
81ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШ ũƨůŔŰŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΞΦЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх xÖ~f fÖ~рƨƓĬċƣĲΞЮƓĬŉШ 



 

 ΟΠ 

?ĲůċŰĬШ 
]ũŸĤċũШĬĲůċŰĬ 
ÑőĲШŊũŸĤċũШĦŸŰƚƨůƓƣŔŸŰШŸŉШċũƨůŔŰŔƨůШŔŰШΞΜΝΦШƽċƚШĲƚƣŔůċƣĲĬШƣŸШĤĲШċĤŸƨƣШΦΜШůŔũũŔŸŰШůĲƣƖŔĦШƣŸŰƚ82ЮШ 

9ŸŰƚŔĬĲƖŔŰŊШċũƨůŔŰŔƨůШƚĲůŔрǯŰŔƚőĲĬШƓƖŸĬƨĦƣƚЯШ9őŔŰċШőċƚШőŔƚƣŸƖŔĦċũũǃШĤĲĲŰШƣőĲШĤŔŊŊĲƚƣШĦŸŰƚƨůĲƖШŔŰШ
ƣőĲШƽŸƖũĬШĤǃШċШũċƖŊĲШůċƖŊŔŰЮШfŰШΞΜΞΜЯШ9őŔŰċШċĦĦŸƨŰƣĲĬШŉŸƖШůŸƖĲШƣőċŰШΡΜӖШŸŉШƣőĲШŊũŸĤċũШĦŸŰƚƨůƓƣŔŸŰШŉŸƖШ
ƣőĲШǯƖƚƣШƣŔůĲЯШƖĲċĦőŔŰŊШċШƣŸƣċũШĦŸŰƚƨůƓƣŔŸŰШŸŉШΠΟЮΥШůŔũũŔŸŰШůĲƣƖŔĦШƣŸŰƚЮШÑőĲШŸƣőĲƖШťĲǃШĦŸŰƚƨůĲƖƚШċƖĲШƣőĲШ
ƖĲƚƣШŸŉШ ƚŔċЯШEƨƖŸƓĲШċŰĬШ ŸƖƣőШ ůĲƖŔĦċЮШEƨƖŸƓĲШċŰĬШ ŸƖƣőШ ůĲƖŔĦċШċĦĦŸƨŰƣĲĬШŉŸƖШΝΡШċŰĬШΝΟӖШŸŉШŊũŸĤċũШ
ĦŸŰƚƨůƓƣŔŸŰШŔŰШΞΜΞΜШċƣШΝΞЮΤШůŔũũŔŸŰШůĲƣƖŔĦШƣŸŰƚШċŰĬШΝΝЮΡШůĲƣƖŔĦШƣŸŰƚШƖĲƚƓĲĦƣŔƻĲũǃЮШ?ĲĦƖĲċƚĲĬШƚũŔŊőƣũǃШ
ĬƨĲШƣŸШƣőĲШƓċŰĬĲůŔĦШĦŸůƓċƖĲĬШƣŸШƣőĲШƓƖĲƻŔŸƨƚШǃĲċƖ83Ю 

 

EÖШĬĲůċŰĬ84 
7ĲƣƽĲĲŰШΞΜΝΣШċŰĬШΞΜΞΜЯШƣőĲШEÖѣƚШċƻĲƖċŊĲШċŰŰƨċũШĤċƨǂŔƣĲШĦŸŰƚƨůƓƣŔŸŰШƽċƚШΝΣЮΝШůŔũũŔŸŰШůĲƣƖŔĦШƣŸŰƚШŸŉШ
ĤċƨǂŔƣĲЮШÑőĲШŔůƓŸƖƣШƖĲũŔċŰĦĲШƽċƚШΥΦӖШċŰĬШƣőĲШůċŔŰШƚƨƓƓũŔĲƖƚШƽĲƖĲШ]ƨŔŰĲċШыΣΟӖьЯШ7ƖċǍŔũШыΝΟӖьЯШ]ƖĲĲĦĲШ
ыΝΜӖьЯШÉŔĲƖƖċШxĲŸŰĲШыΦӖьШċŰĬШÑƨƖťĲǃШыΞӖьЮШ 

7ĲƣƽĲĲŰШΞΜΝΣШċŰĬШΞΜΞΜЯШƣőĲШEÖШĦŸŰƚƨůĲĬШċŰШċƻĲƖċŊĲШŸŉШΠЮΦШůŔũũŔŸŰШůĲƣƖŔĦШƣŸŰƚШŸŉШċũƨůŔŰŔƨůШċŰŰƨċũũǃЮШ
ÑőĲШEÖѣƚШŔůƓŸƖƣШƖĲũŔċŰĦĲШƚƣŸŸĬШċƣШΡΥӖЯШƽŔƣőШƣőĲШůċŔŰШƚƨƓƓũŔĲƖƚШĤĲŔŰŊШÅƨƚƚŔċШыΝΦӖьЯШfĦĲũċŰĬШыΝΠӖьЯШ
]ĲƖůċŰǃШыΝΝӖьЯШ~ŸǍċůĤŔƕƨĲШыΝΜӖьЯШ[ƖċŰĦĲШыΥӖьЯШÉƓċŔŰШыΣӖьЯШÅŸůċŰŔċШыΣӖьЯШ]ƖĲĲĦĲШыΠӖьЯШÉũŸƻċťŔċШ
ыΟӖьЯШċŰĬШÉƽĲĬĲŰШыΞӖьЮШ 

 

 

 

 

 

 

 

 
82Ш]ĲŸƖŊŔƣǍŔťŔƚШuЮЯШ~ċŰĦŔŰŔШxЮЯШĬќEũŔċШEЮЯШéŔĬċũрxĲŊċǍШ7ЮШыΞΜΞΝьЮШÉƨƚƣċŔŰċĤŔũŔƣǃШċƚƓĲĦƣƚШŸŉШ7ċƨǂŔƣĲШċŰĬШ ũƨůŔŰŔƨůШӶШ9ũŔůċƣĲ 
ĦőċŰŊĲЯШEŰƻŔƖŸŰůĲŰƣċũЯШÉŸĦŔŸрEĦŸŰŸůŔĦШċŰĬШ9ŔƖĦƨũċƖШEĦŸŰŸůǃШĦŸŰƚŔĬĲƖċƣŔŸŰƚЯШEÖÅШΟΜΤΣΜШE ЯШÂƨĤũŔĦċƣŔŸŰƚШ§ǭŔĦĲШŸŉШƣőĲШEƨƖŸƓĲċŰШÖŰŔŸŰЯ 
xƨǂĲůĤŸƨƖŊЯШΞΜΞΝЯШfÉ7 ШΦΤΥрΦΞрΤΣрΠΜΜΟΦрΠЯШĬŸŔаΝΜЮΞΤΣΜоΤΜΞΟΡΣЯШsÅ9ΝΞΡΟΦΜЮШÅĲƣƖŔĲƻĲĬШΝΝЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƖůŔƚЮŢƖĦЮĲĦЮĲƨƖŸƓċЮĲƨоƨƓũŸċĬƚоũŔĤƖċƖǃоŢƖĦΝΞΡΟΦΜхƚƨƚƣċŔŰċĤŔũŔƣǃхƓƖŸǯũĲхĤċƨǂŔƣĲххċũƨůŔŰŔƨůхŸŰũŔŰĲЮƓĬŉШ 
83Ш9ÅÖШ9ŸŰƚƨũƣŔŰŊЮШыΞΜΞΞьЮШ§ƓƓŸƖƣƨŰŔƣŔĲƚШŉŸƖШċũƨůŔŰŔƨůШŔŰШċШƓŸƚƣр9ŸƻŔĬШĲĦŸŰŸůǃаШÂƖĲƓċƖĲĬШŉŸƖШƣőĲШfŰƣĲƖŰċƣŔŸŰċũШ ũƨůŔŰŔƨůШfŰƚƣŔƣƨƣĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΟЮΜΥЮΞΜΞΠШŉƖŸůШőƣƣƓƚаооŔŰƣĲƖŰċƣŔŸŰċũрċũƨůŔŰŔƨůЮŸƖŊоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΞоΜΟо9ÅÖр§ƓƓŸƖƣƨŰŔƣŔĲƚрŉŸƖрċũƨůŔŰŔƨůрŔŰрċрƓŸƚƣр
9ŸƻŔĬрĲĦŸŰŸůǃрÅĲƓŸƖƣЮƓĬŉШ 
84ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШ ũƨůŔŰŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΞΦЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх xÖ~f fÖ~рƨƓĬċƣĲΞЮƓĬŉШ 

https://rmis.jrc.ec.europa.eu/uploads/library/jrc125390_sustainability_profile_bauxite__aluminium_online.pdf
https://international-aluminium.org/wp-content/uploads/2022/03/CRU-Opportunities-for-aluminium-in-a-post-Covid-economy-Report.pdf
https://international-aluminium.org/wp-content/uploads/2022/03/CRU-Opportunities-for-aluminium-in-a-post-Covid-economy-Report.pdf


 

 ΟΡ 

[ƨƣƨƖĲШƚƨƓƓũǃШċŰĬШĬĲůċŰĬШƣƖĲŰĬƚ85ЯШ86ЯШ87 

fŰШΞΜΞΠЯШŔƣШŔƚШĲƚƣŔůċƣĲĬШƣőċƣШŊũŸĤċũШƖĲƚŸƨƖĦĲƚШŸŉШĤċƨǂŔƣĲШŔƚШĤĲƣƽĲĲŰШΡΡШċŰĬШΤΡШĤŔũũŔŸŰШůĲƣƖŔĦШƣŸŰƚШċŰĬШċƖĲШ
ƚƨǭŔĦŔĲŰƣШƣŸШůĲĲƣШƽŸƖũĬШĬĲůċŰĬШŉŸƖШůĲƣċũШƽĲũũШŔŰƣŸШƣőĲШŉƨƣƨƖĲЮШÅĲŊċƖĬŔŰŊШƚůĲũƣŔŰŊШĦċƓċĦŔƣǃЯШċĬĬŔƣŔŸŰċũШ
ƚƨƓƓũǃШŔƚШŔŰШƣőĲШƓŔƓĲũŔŰĲЯШċŰĬШŰŸШƚŔŊŰŔǯĦċŰƣШƚőŸƖƣċŊĲƚШċƖĲШĲǂƓĲĦƣĲĬШŔŰШƣőĲШƓƖŸŢĲĦƣĲĬШƚƨƓƓũǃрĬĲůċŰĬШ
ƚĦĲŰċƖŔŸШŉŸƖШΞΜΟΡ88ЯШ89Ю 

ŉƣĲƖШƣőĲШΞΜΞΞШÅƨƚƚŔċŰШŔŰƻċƚŔŸŰШŸŉШÖťƖċŔŰĲЯШEÖШĲŰĲƖŊǃШĦŸƚƣƚШƚŸċƖĲĬЯШƚƕƨĲĲǍŔŰŊШƓƖŸĬƨĦĲƖƚЯШĲƚƓĲĦŔċũũǃШŔŰШ
ĲŰĲƖŊǃрŔŰƣĲŰƚŔƻĲШůĲƣċũƚШũŔťĲШċũƨůŔŰŔƨů90ЮШ§ƻĲƖШőċũŉШŸŉШEƨƖŸƓĲќƚШċũƨůŔŰŔƨůШĦċƓċĦŔƣǃШƽċƚШƣċťĲŰШŸǭũŔŰĲЯШ
ƽŔƣőШĦċƓċĦŔƣǃШƨƣŔũŔǍċƣŔŸŰШĬƖŸƓƓŔŰŊШĤǃШΝЮΝΥШůŔũũŔŸŰШůĲƣƖŔĦШƣŸŰƚШĤǃШΞΜΞΠШƚŔŰĦĲШΞΜΞΝ91ЮШÑőŸƨŊőШƓŸƽĲƖШƓƖŔĦĲƚШ
őċƻĲШŉċũũĲŰЯШƣőĲШőƨŊĲШċůŸƨŰƣƚШŸŉШƓŸƽĲƖШŰĲĲĬĲĬШĤǃШƣőĲШċũƨůŔŰŔƨůШƚĲĦƣŸƖШċŰĬШőĲċƻǃШĦŸƚƣƚШċƚƚŸĦŔċƣĲĬШ
ƽŔƣőШĦƨƖƣċŔũůĲŰƣШċŰĬШĦũŸƚƨƖĲШőċƻĲШƖċŔƚĲĬШƽŸƖƖŔĲƚШƣőċƣШƖĲŊŔŸŰċũШƓƖŸĬƨĦƣŔŸŰШůŔŊőƣШŰĲƻĲƖШŉƨũũǃШƖĲĦŸƻĲƖ92Ю 

]ũŸĤċũШċũƨůŔŰŔƨůШĬĲůċŰĬШŔƚШƓƖŸŢĲĦƣĲĬШƣŸШŊƖŸƽШĤǃШΟΟЮΟШůŔũũŔŸŰШůĲƣƖŔĦШƣŸŰƚШŸƻĲƖШƣőĲШŰĲǂƣШĬĲĦċĬĲЯШƖŔƚŔŰŊШ
ŉƖŸůШΥΣЮΞШůŔũũŔŸŰШůĲƣƖŔĦШƣŸŰƚШŔŰШΞΜΞΜШƣŸШΝΝΦЮΡШůŔũũŔŸŰШůĲƣƖŔĦШƣŸŰƚШŔŰШΞΜΟΜЮШ9őŔŰċШŔƚШĲǂƓĲĦƣĲĬШƣŸШċĦĦŸƨŰƣШ
ŉŸƖШΟΤӖШŸŉШƣőŔƚШŊƖŸƽƣőЯШŉŸũũŸƽĲĬШĤǃШƣőĲШƖĲƚƣШŸŉШƚŔċШыΞΣӖьЯШ ŸƖƣőШ ůĲƖŔĦċШыΝΡӖьЯШċŰĬШEƨƖŸƓĲШыΝΠӖьЮ 

ÑőĲШƣƖċŰƚƓŸƖƣċƣŔŸŰШƚĲĦƣŸƖШƽŔũũШƚĲĲШƣőĲШũċƖŊĲƚƣШŔŰĦƖĲċƚĲЯШƽŔƣőШĦŸŰƚƨůƓƣŔŸŰШƖŔƚŔŰŊШŉƖŸůШΝΦЮΦШůŔũũŔŸŰШůĲƣƖŔĦШ
ƣŸŰƚШŔŰШΞΜΞΜШƣŸШΟΝЮΤШůŔũũŔŸŰШůĲƣƖŔĦШƣŸŰƚШŔŰШΞΜΟΜЯШĬƖŔƻĲŰШĤǃШĬĲĦċƖĤŸŰŔǍċƣŔŸŰШƓŸũŔĦŔĲƚШċŰĬШƣőĲШƚőŔŉƣШƣŸШEéƚЮШ
9őŔŰċЯШ ŸƖƣőШ ůĲƖŔĦċЯШċŰĬШEƨƖŸƓĲШƽŔũũШĦŸŰƣƖŔĤƨƣĲШΟΟӖЯШΞΞӖЯШċŰĬШΝΦӖШŸŉШƣőŔƚШŊƖŸƽƣőЯШƖĲƚƓĲĦƣŔƻĲũǃЮ 

ÑőĲШĲũĲĦƣƖŔĦċũШƚĲĦƣŸƖШƽŔũũШċũƚŸШĲǂƓĲƖŔĲŰĦĲШƚŔŊŰŔǯĦċŰƣШŊƖŸƽƣőЯШƽŔƣőШĬĲůċŰĬШŔŰĦƖĲċƚŔŰŊШŉƖŸůШΝΜЮΠШůŔũũŔŸŰШ
ůĲƣƖŔĦШƣŸŰƚШŔŰШΞΜΞΜШƣŸШΝΡЮΣШůŔũũŔŸŰШůĲƣƖŔĦШƣŸŰƚШŔŰШΞΜΟΜЯШŉƨĲũũĲĬШĤǃШƣőĲШĲŰĲƖŊǃШƣƖċŰƚŔƣŔŸŰЯШŔŰĦũƨĬŔŰŊШ
ċũƨůŔŰŔƨůрŔŰƣĲŰƚŔƻĲШƖĲŰĲƽċĤũĲШĲŰĲƖŊǃШƚǃƚƣĲůƚШċŰĬШĦŸŰĬƨĦƣŸƖШĦċĤũĲƚЮШ9őŔŰċШŔƚШĲǂƓĲĦƣĲĬШƣŸШċĦĦŸƨŰƣШ
ŉŸƖШΠΤӖШŸŉШƣőŔƚШŔŰĦƖĲċƚĲЮ 

ÑőĲШƓċĦťċŊŔŰŊШƚĲĦƣŸƖШŔƚШŉŸƖĲĦċƚƣШƣŸШŊƖŸƽШŉƖŸůШΤЮΞШůŔũũŔŸŰШůĲƣƖŔĦШƣŸŰƚШŔŰШΞΜΞΜШƣŸШΝΜЮΡШůŔũũŔŸŰШůĲƣƖŔĦШƣŸŰƚШ
ŔŰШΞΜΟΜЯШĬƖŔƻĲŰШĤǃШĬĲůċŰĬШŉŸƖШĦċŰŰĲĬШĬƖŔŰťƚШċŰĬШĲĦŸрŉƖŔĲŰĬũǃШƓċĦťċŊŔŰŊЮШ~ĲċŰƽőŔũĲЯШƣőĲШĦŸŰƚƣƖƨĦƣŔŸŰШ
ƚĲĦƣŸƖШƽŔũũШƚĲĲШůŸĬĲƚƣШŊƖŸƽƣőЯШƖŔƚŔŰŊШŉƖŸůШΞΝЮΞШůŔũũŔŸŰШůĲƣƖŔĦШƣŸŰƚШƣŸШΞΡЮΥШůŔũũŔŸŰШůĲƣƖŔĦШƣŸŰƚЯШƓƖŔůċƖŔũǃШ
ĬƖŔƻĲŰШĤǃШŔŰŉƖċƚƣƖƨĦƣƨƖĲШƚƓĲŰĬŔŰŊШċŰĬШƨƖĤċŰŔǍċƣŔŸŰШŔŰШ ƚŔċШыĲǂĦũƨĬŔŰŊШ9őŔŰċьЮ 

 
85Ш~ĲƖƖŔũũЯШ ЮШ~ЮШыΞΜΞΡьЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡаШ ũƨůŔŰƨůЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΝΜЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрċũƨůŔŰƨůЮƓĬŉШ 
86ШEƨƖŸƓĲċŰШ ũƨůŔŰŔƨůЮШыΞΜΞΜьЮШEƨƖŸƓĲċŰШ ũƨůŔŰŔƨůШƽĲũĦŸůĲƚШEƨƖŸƓĲċŰШ9ŸůůŔƚƚŔŸŰќƚШƽőŔƣĲШƓċƓĲƖШŸŰШŉŸƖĲŔŊŰШƚƨĤƚŔĬŔĲƚЮШÅĲƣƖŔĲƻĲĬШ
ΝΜЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооĲƨƖŸƓĲċŰрċũƨůŔŰŔƨůЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΞоΜΥоΞΜΞΜрΜΣрΝΤрĲƨƖŸƓĲċŰрċũƨůŔŰŔƨůхƓƖрŸŰрŉŸƖĲŔŊŰр
ƚƨĤƚŔĬŔĲƚЮƓĬŉШ 
87Ш9ÅÖШ9ŸŰƚƨũƣŔŰŊЮШыΞΜΞΞьЮШ§ƓƓŸƖƣƨŰŔƣŔĲƚШŉŸƖШċũƨůŔŰŔƨůШŔŰШċШƓŸƚƣр9ŸƻŔĬШĲĦŸŰŸůǃаШÂƖĲƓċƖĲĬШŉŸƖШƣőĲШfŰƣĲƖŰċƣŔŸŰċũШ ũƨůŔŰŔƨůШfŰƚƣŔƣƨƣĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΟЮΜΥЮΞΜΞΠШŉƖŸůШőƣƣƓƚаооŔŰƣĲƖŰċƣŔŸŰċũрċũƨůŔŰŔƨůЮŸƖŊоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΞоΜΟо9ÅÖр§ƓƓŸƖƣƨŰŔƣŔĲƚрŉŸƖрċũƨůŔŰŔƨůрŔŰрċрƓŸƚƣр
9ŸƻŔĬрĲĦŸŰŸůǃрÅĲƓŸƖƣЮƓĬŉШ 
88ШxƻЯШ ЮЯШѼШ?ĲƚċŔЯШÂЮШыΞΜΞΠЯШ ŸƻĲůĤĲƖШΝΡьЮШ ĲƽШċũƨůŔŰċШƚƨƓƓũŔĲƚШŔŰШΞΜΞΡШƓŸŔƚĲĬШƣŸШƖƨƓƣƨƖĲШƖĲĦŸƖĬШƓƖŔĦĲШƖċũũǃЮШÅĲƨƣĲƖƚЮШÅĲƣƖŔĲƻĲĬШŸŰШ
ΝΜЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮƖĲƨƣĲƖƚЮĦŸůоůċƖťĲƣƚоĦŸůůŸĬŔƣŔĲƚоŰĲƽрċũƨůŔŰċрƚƨƓƓũŔĲƚрΞΜΞΡрƓŸŔƚĲĬрƖƨƓƣƨƖĲрƖĲĦŸƖĬрƓƖŔĦĲрƖċũũǃрΞΜΞΠрΝΝр
ΝΡоШ 
89Ш~ĦuŔŰƚĲǃШѼШ9ŸůƓċŰǃЮШыΞΜΞΠЯШÉĲƓƣĲůĤĲƖШΝΤьЮШ]ũŸĤċũШ~ċƣĲƖŔċũƚШÂĲƖƚƓĲĦƣŔƻĲШΞΜΞΠЮШ~ĦuŔŰƚĲǃШѼШ9ŸůƓċŰǃЮШÅĲƣƖŔĲƻĲĬШΝΜЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮůĦťŔŰƚĲǃЮĦŸůоŔŰĬƨƚƣƖŔĲƚоĲŰĲƖŊǃрċŰĬрůċƣĲƖŔċũƚоŸƨƖрŔŰƚŔŊőƣƚоŊũŸĤċũрůċƣĲƖŔċũƚрƓĲƖƚƓĲĦƣŔƻĲШ 
90Ш~ċŰƣőĲǃЯШEЮШыΞΜΞΟЯШ~ċƖĦőШΝΠьЮШ ũƨůŔŰŔƨůШƚůĲũƣĲƖШƚőƨƣĬŸƽŰƚШƣőƖĲċƣĲŰШEƨƖŸƓĲќƚШŊƖĲĲŰШƣƖċŰƚŔƣŔŸŰЮШf ]ШÑőŔŰťЮШÅĲƣƖŔĲƻĲĬШΝΜЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƣőŔŰťЮŔŰŊЮĦŸůоċƖƣŔĦũĲƚоċũƨůŔŰŔƨůрƚůĲũƣĲƖрƚőƨƣĬŸƽŰƚрƣőƖĲċƣĲŰрĲƨƖŸƓĲƚрŊƖĲĲŰрƣƖċŰƚŔƣŔŸŰоШ 
91ШÉѼÂШ]ũŸĤċũШ9ŸůůŸĬŔƣǃШfŰƚŔŊőƣƚЮШыΞΜΞΠЯШÉĲƓƣĲůĤĲƖШΞΣьЮШfŰŉŸŊƖċƓőŔĦаШEƨƖŸƓĲѣƚШƚőƖŔŰťŔŰŊШċũƨůŔŰƨůШƚĲĦƣŸƖШƓƖĲƓċƖĲƚШŉŸƖШ97 ~ШƣƖċŰƚŔƣŔŸŰШ
ĦőċũũĲŰŊĲЮШÉѼÂШ]ũŸĤċũЮШÅĲƣƖŔĲƻĲĬШΝΜЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮƚƓŊũŸĤċũЮĦŸůоĦŸůůŸĬŔƣǃŔŰƚŔŊőƣƚоĲŰоůċƖťĲƣрŔŰƚŔŊőƣƚоũċƣĲƚƣр
ŰĲƽƚоůĲƣċũƚоΜΦΞΣΞΠрŔŰŉŸŊƖċƓőŔĦрĲƨƖŸƓĲрċũƨůŔŰƨůрůĲƣċũƚрĦĤċůрĬĲĦċƖĤŸŰŔƚċƣŔŸŰрĦċƖĤŸŰрĲůŔƚƚŔŸŰƚШ 
92Ш7ƨƖƣŸŰЯШ~ЮШыΞΜΞΠЯШ~ċǃШΝΣьЮШEƨƖŸƓĲѣƚШċũƨůŔŰƨůШŸƨƣƓƨƣШƚƣċƖƣƚШƣŸШƖĲĦŸƻĲƖШċƚШĲŰĲƖŊǃШƓƖŔĦĲƚШŉċũũЮШ7ũŸŸůĤĲƖŊЮШÅĲƣƖŔĲƻĲĬШΝΜЮΜΞЮΞΜΞΡШŉƖŸůШ
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 ΟΣ 

EǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШ 
fƣШƚőŸƨũĬШĤĲШŰŸƣĲĬШƣőċƣШƖĲŊƨũċƣŔŸŰƚШċƖĲШĬǃŰċůŔĦШċŰĬШƚƨĤŢĲĦƣШƣŸШĦőċŰŊĲШŸƻĲƖШƣŔůĲЮ 

ůŸŰŊШƣőĲШƽŸƖũĬѣƚШůċŢŸƖШƓƖŸĬƨĦĲƖƚЯШŔŰШΞΜΞΞЯШ9őŔŰċЯШ]ƨŔŰĲċЯШfŰĬŸŰĲƚŔċЯШfŰĬŔċЯШċŰĬШÅƨƚƚŔċШŔůƓũĲůĲŰƣĲĬШ
ĲǂƓŸƖƣШƣċǂĲƚШċŰĬоŸƖШũŔĦĲŰƚŔŰŊШƖĲƕƨŔƖĲůĲŰƣƚШŸŰШĬŔǭĲƖĲŰƣШƓƖŸĬƨĦƣƚШĦŸŰƣċŔŰŔŰŊШċũƨůŔŰŔƨůЯШŉŸƖШŔŰƚƣċŰĦĲЯШ
ċũƨůŔŰŔƨůШŸƖĲƚШċŰĬШĦŸŰĦĲŰƣƖċƣĲƚЯШƚĲůŔрǯŰŔƚőĲĬШċũƨůŔŰŔƨůШƓƖŸĬƨĦƣƚЯШċũƨůŔŰŔƨůрĦŸŰƣċŔŰŔŰŊШĲŰĬШ
ƓƖŸĬƨĦƣƚЯШċŰĬШċũƨůŔŰŔƨůШƽċƚƣĲШċŰĬШƚĦƖċƓ93Ю 

ÅĲŊċƖĬŔŰŊШŸƣőĲƖШƣƖċĬĲШƖĲƚƣƖŔĦƣŔŸŰƚЯШĬƨĲШƣŸШÅƨƚƚŔċќƚШŸŰŊŸŔŰŊШŔŰƻċƚŔŸŰШŸŉШÖťƖċŔŰĲЯШƣőĲƖĲШċƖĲШċШƚĲƖŔĲƚШŸŉШ
ƚċŰĦƣŔŸŰƚШċŊċŔŰƚƣШÅƨƚƚŔċЯШċШŊũŸĤċũШůċŢŸƖШċũƨůŔŰŔƨůШƓƖŸĬƨĦĲƖШċŰĬШĲǂƓŸƖƣĲƖШыĲЮŊЮЯШÅƨƚċũШŔƚШƣőĲШƽŸƖũĬќƚШ
ũċƖŊĲƚƣШċũƨůŔŰŔƨůШƚƨƓƓũŔĲƖШŸƨƣƚŔĬĲШŸŉШ9őŔŰċ94ьЮШ 

EÖ 

ìőŔũĲШƣőĲШEÖШƚƣŔũũШŔůƓŸƖƣƚШƚŸůĲЯШƻŸũƨůĲƚШőċƻĲШőċũƻĲĬШƚŔŰĦĲШΞΜΞΞШċƚШĤƨǃĲƖƚШƚĲũŉрƚċŰĦƣŔŸŰЮШÅƨƚƚŔċШŰŸƽШ
ƚƨƓƓũŔĲƚШċĤŸƨƣШΣӖШŸŉШEƨƖŸƓĲѣƚШƓƖŔůċƖǃШċũƨůŔŰŔƨůЯШƽŔƣőШƣőĲШƚőŸƖƣŉċũũШǯũũĲĬШĤǃШŔůƓŸƖƣƚШŉƖŸůШƣőĲШ~ŔĬĬũĲШ
EċƚƣЯШfŰĬŔċЯШċŰĬШÉŸƨƣőĲċƚƣШ ƚŔċ95Ю 

§ŰШ?ĲĦĲůĤĲƖШΝΥЯШΞΜΞΟЯШƣőĲШEƨƖŸƓĲċŰШ9ŸƨŰĦŔũШċĬŸƓƣĲĬШŔƣƚШΝΞƣőШƚċŰĦƣŔŸŰƚШƓċĦťċŊĲЯШƖĲƚƣƖŔĦƣŔŰŊШŔůƓŸƖƣƚШ
ŸŉШÅƨƚƚŔċŰШŊŸŸĬƚЯШŔŰĦũƨĬŔŰŊШċũƨůŔŰŔƨůШƽŔƖĲƚ96ЮШ§ŰШ[ĲĤƖƨċƖǃШΞΠЯШΞΜΞΡЯШƣőĲШEÖШċĬŸƓƣĲĬШŔƣƚШΝΣƣőШƚċŰĦƣŔŸŰШ
ƓċĦťċŊĲШŔŰĦũƨĬŔŰŊШċШĬŔƖĲĦƣШŔůƓŸƖƣШĤċŰШŸŰШÅƨƚƚŔċŰШƓƖŔůċƖǃШċũƨůŔŰŔƨůЮШÑŸШĲŰƚƨƖĲШċШƚůŸŸƣőШƣƖċŰƚŔƣŔŸŰШŉŸƖШ
ĤƨƚŔŰĲƚƚĲƚЯШċШƕƨŸƣċШůĲĦőċŰŔƚůШŔƚШŔŰƣƖŸĬƨĦĲĬЯШċũũŸƽŔŰŊШΞΤΡЯΜΜΜШƣŸŰƚЯШƽőŔĦőШĲƕƨċƣĲƚШƣŸШΥΜӖШŸŉШEÖШ
ŔůƓŸƖƣƚШŔŰШΞΜΞΠЯШƣŸШĤĲШƨƚĲĬШŸƻĲƖШċШΝΞрůŸŰƣőШƓĲƖŔŸĬ97Ю 

ÑőĲШÖЮÉЮШċŰĬШÖu98ЯШ99 

§ŰШ[ĲĤƖƨċƖǃШΞΞЯШΞΜΞΞЯШƣőĲШÖЮÉЮШŔƚƚƨĲĬШċŰШEǂĲĦƨƣŔƻĲШ§ƖĬĲƖШĤċŰŰŔŰŊШŔŰƻĲƚƣůĲŰƣШċŰĬШŔůƓŸƖƣƚШŉƖŸůШ?ŸŰĲƣƚťШ
ċŰĬШxƨőċŰƚťШШыŰŸŰрÖťƖċŔŰŔċŰШŊŸƻĲƖŰůĲŰƣрĦŸŰƣƖŸũũĲĬьЯШƽŔƣőШƣőĲШEÖШċŰĬШÖuШŉŸũũŸƽŔŰŊШƚƨŔƣЮШ§ŰШ[ĲĤƖƨċƖǃШ
ΞΠЯШΞΜΞΟЯШƣőĲШÖЮÉЮШŔůƓŸƚĲĬШƣċƖŔǭƚШŸŰШÅƨƚƚŔċŰШůĲƣċũƚЯШŔŰĦũƨĬŔŰŊШċũƨůŔŰŔƨůЮШfŰШ~ċƖĦőШΞΜΞΞЯШƣőĲШÖuШ
ŔŰƣƖŸĬƨĦĲĬШċШΟΡӖШĬƨƣǃШŸŰШÅƨƚƚŔċŰШċũƨůŔŰŔƨůЯШũċƣĲƖШƣŔŊőƣĲŰŔŰŊШƖĲƚƣƖŔĦƣŔŸŰƚШŔŰШ?ĲĦĲůĤĲƖШΞΜΞΟШƽőŔĦőШ
ƖĲƚƣƖŔĦƣĲĬШÖuШƓĲƖƚŸŰƚШċĦƕƨŔƖŔŰŊЯШŔůƓŸƖƣŔŰŊЯШƚƨƓƓũǃŔŰŊШċŰĬШĬĲũŔƻĲƖŔŰŊШÅƨƚƚŔċŰрŸƖŔŊŔŰШůĲƣċũЮШ~ŸƚƣШƖĲĦĲŰƣũǃЯШ
ŸŰШ ƓƖŔũШΝΞЯШΞΜΞΠЯШƣőĲШÖЮÉЮШċŰĬШÖuШĤċƖƖĲĬШx~EШċŰĬШ9§~EñШŉƖŸůШċĦĦĲƓƣŔŰŊШŰĲƽШÅƨƚƚŔċŰШċũƨůŔŰŔƨůЯШ
ĦŸƓƓĲƖЯШċŰĬШŰŔĦťĲũШċŰĬШĤċŰŰĲĬШƣőĲŔƖШŔůƓŸƖƣЮ 

 
93Ш§E9?ШыΞΜΞΠьЯШ§E9?ШfŰƻĲŰƣŸƖǃШŸŉШEǂƓŸƖƣШÅĲƚƣƖŔĦƣŔŸŰƚШŸŰШfŰĬƨƚƣƖŔċũШÅċƽШ~ċƣĲƖŔċũƚШΞΜΞΠаШ~ŸŰŔƣŸƖŔŰŊШƣőĲШƨƚĲШŸŉШĲǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШċůŔĬШ
ůċƖťĲƣШċŰĬШƓŸũŔĦǃШƣĲŰƚŔŸŰƚЯШ§E9?ШÂƨĤũŔƚőŔŰŊЯШÂċƖŔƚЯШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΤΥΤоΡĲΠΣĤĤΞΜрĲŰЮШÅĲƣƖŔĲƻĲĬШΝΠЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮŸĲĦĬЮŸƖŊоĲŰоƣŸƓŔĦƚоĲǂƓŸƖƣрƖĲƚƣƖŔĦƣŔŸŰƚрŸŰрĦƖŔƣŔĦċũрƖċƽрůċƣĲƖŔċũƚЮőƣůũШ 
94ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШ ũƨůŔŰŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΞΦЮΜΝЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх xÖ~f fÖ~рƨƓĬċƣĲΞЮƓĬŉШ 
95Ш~ċŰƣőĲǃЯШEЮШыΞΜΞΡЯШsċŰƨċƖǃШΝΡьЮШEÖШĦŸŰƚŔĬĲƖƚШÅƨƚƚŔċŰШċũƨůŔŰŔƨůШĤċŰШŔŰШŰĲƽШƚċŰĦƣŔŸŰƚШƓƨƚőЮШf ]ШÑőŔŰťЮШÅĲƣƖŔĲƻĲĬШΞΦЮΜΝЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƣőŔŰťЮŔŰŊЮĦŸůоċƖƣŔĦũĲƚоĲƨрĦŸŰƚŔĬĲƖƚрĤċŰрŸŰрƖƨƚƚŔċŰрċũƨůŔŰŔƨůоШ 
96ШxŸŰĬŸŰШ~ĲƣċũШEǂĦőċŰŊĲЮШыΞΜΞΠЯШ ƓƖŔũШΞΟьЮШÅƨƚƚŔċŰШƚċŰĦƣŔŸŰƚЮШxŸŰĬŸŰШ~ĲƣċũШEǂĦőċŰŊĲЮШÅĲƣƖŔĲƻĲĬШΝΞЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮũůĲЮĦŸůоĲŰоŰĲƽƚоƖƨƚƚŔċŰрƚċŰĦƣŔŸŰƚШ 
97ШEƨƖŸƓĲċŰШ9ŸůůŔƚƚŔŸŰЮШыΞΜΞΡЯШ[ĲĤƖƨċƖǃШΞΠьЮШÂƖĲƚƚШƖĲũĲċƚĲаШÑőĲШ9ŸůůŔƚƚŔŸŰШƽĲũĦŸůĲƚШƣőĲШ9ŸƨŰĦŔũѣƚШċĬŸƓƣŔŸŰШŸŉШƣőĲШΝΣƣőШÅƨƚƚŔċШ
ƚċŰĦƣŔŸŰƚШƓċĦťċŊĲЮШÅĲƣƖŔĲƻĲĬШΝΝЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооĲĦЮĲƨƖŸƓċЮĲƨоĦŸůůŔƚƚŔŸŰоƓƖĲƚƚĦŸƖŰĲƖоĬĲƣċŔũоĲŰоŔƓхΞΡхΡΥΡШШ 
98ШcŸůĲЯШ ЮШыΞΜΞΠЯШƓƖŔũШΞΠьЮШx~EШǯŰĬƚШÅƨƚƚŔċŰШƚċŰĦƣŔŸŰƚШĦŸůĲШƽŔƣőШċŰШċũƨůŔŰŔƨůШƣƽŔƚƣЮШÅĲƨƣĲƖƚЮШÅĲƣƖĲŔƻĲĬШΞΣЮΜΥЮΞΜΞΠШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮƖĲƨƣĲƖƚЮĦŸůоůċƖťĲƣƚоĦŸůůŸĬŔƣŔĲƚоũůĲрǯŰĬƚрƖƨƚƚŔċŰрƚċŰĦƣŔŸŰƚрĦŸůĲрƽŔƣőрċŰрċũƨůŔŰŔƨůрƣƽŔƚƣрΞΜΞΠрΜΠрΞΟоШШ 
99ШÂƚċũĲĬċťŔƚЯШ?ЮЯШ?ĲƻŔƣƣЯШÂЮШѼШÉċŰĬũĲЯШÂЮШыΞΜΞΠЯШƓƖŔũШΝΟьЮШÖÉЯШÖuШƣċťĲШċĦƣŔŸŰШƣċƖŊĲƣŔŰŊШÅƨƚƚŔċŰШċũƨůŔŰƨůЯШĦŸƓƓĲƖШċŰĬШŰŔĦťĲũЮШÅĲƨƣĲƖƚЮШ
ÅĲƣƖŔĲƻĲĬШΞΣЮΜΥЮΞΜΞΠШŉƖŸůШőƣƣƓƚаооƽƽƽЮƖĲƨƣĲƖƚЮĦŸůоƽŸƖũĬоƨƚоƨƚрƣċťĲƚрċĦƣŔŸŰрƣċƖŊĲƣŔŰŊрƖƨƚƚŔċŰрċũƨůŔŰƨůрĦŸƓƓĲƖрŰŔĦťĲũрΞΜΞΠрΜΠрΝΞо  

https://www.oecd.org/en/topics/export-restrictions-on-critical-raw-materials.html
https://think.ing.com/articles/eu-considers-ban-on-russian-aluminium/
https://www.lme.com/en/news/russian-sanctions
https://ec.europa.eu/commission/presscorner/detail/en/ip_25_585
https://www.reuters.com/markets/commodities/lme-finds-russian-sanctions-come-with-an-aluminium-twist-2024-04-23/
https://www.reuters.com/world/us/us-takes-action-targeting-russian-aluminum-copper-nickel-2024-04-12/


 

 ΟΤ 

ƨƚƣƖċũŔċ100 

fŰШ~ċƖĦőШΞΜΞΞЯШ ƨƚƣƖċũŔċШőċƚШŔůƓŸƚĲĬШċŰШŔůůĲĬŔċƣĲШĤċŰШŸŰШĲǂƓŸƖƣƚШŸŉШċũƨůŔŰċШċŰĬШċũƨůŔŰŔƨůШŸƖĲƚЯШ
ŔŰĦũƨĬŔŰŊШĤċƨǂŔƣĲЯШƣŸШÅƨƚƚŔċШƽőŔĦőШƖĲũŔĲƚШŸŰШ ƨƚƣƖċũŔċШŉŸƖШŰĲċƖũǃШΞΜШƓĲƖĦĲŰƣШŸŉШŔƣƚШċũƨůŔŰċШŰĲĲĬƚЮШ 

 
100ШÅĲƨƣĲƖƚЮШыΞΜΞΞЯШ~ċƖĦőШΞΜьЮШ ƨƚƣƖċũŔċШĤċŰƚШċũƨůŔŰċШĲǂƓŸƖƣƚШƣŸШÅƨƚƚŔċЯШƚŸƨƖĦĲƚШĦŸċũШŉŸƖШÖťƖċŔŰĲЮШÅĲƨƣĲƖƚЮШÅĲƣƖŔĲƻĲĬШΞΣЮΜΥЮΞΜΞΠШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮƖĲƨƣĲƖƚЮĦŸůоƽŸƖũĬоċƨƚƣƖċũŔċрĤċŰƚрċũƨůŔŰċрĲǂƓŸƖƣƚрƖƨƚƚŔċрƚŸƨƖĦĲƚрĦŸċũрƨťƖċŔŰĲрΞΜΞΞрΜΟрΝΦоШ 

https://www.reuters.com/world/australia-bans-alumina-exports-russia-sources-coal-ukraine-2022-03-19/


 

 ΟΥ 

7ĲƖǃũũŔƨůШы7Ĳь 
~ċŢŸƖШƨƚĲƚШŔŰШƣőĲШEÖШŔŰШΞΜΞΟ101 

 

 

ÑőĲШƽŸƖũĬƽŔĬĲШĲŰĬрƨƚĲШĬŔƚƣƖŔĤƨƣŔŸŰШŸŉШĤĲƖǃũũŔƨůШыĲƚƣŔůċƣŔŸŰШůċĬĲШŔŰШΞΜΝΠьШƽċƚШĲƚƣŔůċƣĲĬШƣŸШĤĲШĦŸƓƓĲƖр
ĤċƚĲĬШċũũŸǃШыΤΡӖьЯШĤĲƖǃũũŔƨůШůĲƣċũШċŰĬШĤĲƖǃũũŔƨůрĤċƚĲШċũũŸǃƚШыΞΜӖьЯШċŰĬШĤĲƖǃũũŔƨůШŸǂŔĬĲШĦĲƖċůŔĦƚШ
ыΡӖь102Ю 

 

 
101ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШ7ĲƖǃũũŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΞЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх7EÅòxxfÖ~рƨƓĬċƣĲЮƓĬŉШ 
102ШsċƚťƨũċЯШ7ЮШìЮШыΞΜΞΠьЮШ~ŔŰĲƖċũƚШǃĲċƖĤŸŸťаШ7ĲƖǃũũŔƨůШя ĬƻċŰĦĲШƖĲũĲċƚĲѐуΞΜΝΦЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΝΞЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΝΦоůǃĤΝрΞΜΝΦрĤĲƖǃũũŔƨůЮƓĬŉШ 

23%

17%

17%

12%

11%

5%

1%

14%

Industrial components

Aerospace and defanse

Automotive

Consumer electronics

Telecommunication infrastructure

Energy

Semiconductor

Others

https://scrreen.eu/wp-content/uploads/2024/02/SCRREEN2_factsheets_BERYLLIUM-update.pdf
https://pubs.usgs.gov/myb/vol1/2019/myb1-2019-beryllium.pdf


 

 ΟΦ 

éċũƨĲШĦőċŔŰШыƚŔůƓũŔǯĲĬьШ103ЯШ104ЯШ105ЯШ106 

 

ШũċƖŊĲШƚőċƖĲШŸŉШŊũŸĤċũШƓƨƖĲШĤĲƖǃũũŔƨůШƓƖŸĬƨĦƣŔŸŰШŔƚШƨƚĲĬШŉŸƖШůŔũŔƣċƖǃШƓƨƖƓŸƚĲƚЮШ?ƨĲШƣŸШƣőĲШőŔŊőШƓƖŔĦĲШċŰĬШ
ƨŰŔƕƨĲШƓƖŸƓĲƖƣŔĲƚЯШŸŰũǃШƚůċũũШċůŸƨŰƣƚШŸŉШƓƨƖĲШĤĲƖǃũũŔƨůШċƖĲШƨƚĲĬШŔŰШƣőĲШĦŔƻŔũŔċŰШƚĲĦƣŸƖ107Ю 

 

ÉƨĤƚƣŔƣƨƣŔŸŰ108 
ÉƨĤƚƣŔƣƨƣŔŸŰШĦċŰШŔůƓċĦƣШĤŸƣőШĦŸƚƣШċŰĬШƓĲƖŉŸƖůċŰĦĲЮ 

fŰƣĲƖůĲĬŔċƣĲШƓƖŸĬƨĦƣƚ ÉƨĤƚƣŔƣƨƣŔŸŰ 

7ĲƖǃũũŔƨůШůĲƣċũШŸƖШĤĲƖǃũũŔƨůШĦŸůƓŸƚŔƣĲƚ 

9ĲƖƣċŔŰШůĲƣċũШůċƣƖŔǂШŸƖШŸƖŊċŰŔĦШĦŸůƓŸƚŔƣĲƚЯШőŔŊőр
ƚƣƖĲŰŊƣőШŊƖċĬĲƚШŸŉШċũƨůŔŰŔƨůЯШƓǃƖŸũǃƣŔĦШŊƖċƓőŔƣĲЯШƚŔũŔĦŸŰШ
ĦċƖĤŔĬĲЯШƚƣĲĲũЯШŸƖШƣŔƣċŰŔƨůШĦċŰШƚƨĤƚƣŔƣƨƣĲШŔŰШƚŸůĲШ
ċƓƓũŔĦċƣŔŸŰƚ 

7ĲƖǃũũŔƨůрĦŸƓƓĲƖШċũũŸǃƚ 
9ŸƓƓĲƖШċũũŸǃƚШĦŸŰƣċŔŰŔŰŊШŰŔĦťĲũШċŰĬШƚŔũŔĦŸŰЯШƣŔŰЯШƣŔƣċŰŔƨůЯШ
ŸƖШŸƣőĲƖШċũũŸǃŔŰŊШĲũĲůĲŰƣƚШŸƖШƓőŸƚƓőŸƖШĤƖŸŰǍĲШċũũŸǃƚШ
ыĦŸƓƓĲƖрƣŔŰрƓőŸƚƓőŸƖƨƚь 

7ĲƖǃũũŔƨůШŸǂŔĬĲ ũƨůŔŰŔƨůШŰŔƣƖŔĬĲШŸƖШĤŸƖŸŰШŰŔƣƖŔĬĲ 
 

 

 

 

 

 

 
103ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШ7ĲƖǃũũŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΞЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх7EÅòxxfÖ~рƨƓĬċƣĲЮƓĬŉШ 
104ШsċƚťƨũċЯШ7ЮШìЮШыΞΜΞΠьЮШ~ŔŰĲƖċũƚШǃĲċƖĤŸŸťаШ7ĲƖǃũũŔƨůШя ĬƻċŰĦĲШƖĲũĲċƚĲѐуΞΜΝΦЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΝΞЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΝΦоůǃĤΝрΞΜΝΦрĤĲƖǃũũŔƨůЮƓĬŉШ 
105Ш7ĲƖǃũũŔƨůШÉĦŔĲŰĦĲШċŰĬШÑĲĦőŰŸũŸŊǃШ ƚƚŸĦŔċƣŔŸŰЮШыŰЮĬЮьЮШ ĤŸƨƣШĤĲƖǃũũŔƨůЮШÅĲƣƖŔĲƻĲĬШΝΟЮΜΞЮΞΜΞΡЯШŉƖŸůШőƣƣƓƚаооƽƽƽЮĤĲƖǃũũŔƨůЮĲƨоċĤŸƨƣр
ĤĲƖǃũũŔƨůШ 
106Ш]ƨŰŰЯШ]ЮШыEĬЮьЮШыΞΜΝΟьЮШ9ƖŔƣŔĦċũШůĲƣċũƚШőċŰĬĤŸŸťЮШìŔũĲǃр7ũċĦťƽĲũũЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΜΞоΦΤΥΝΝΝΥΤΡΡΟΠΝШ 
107ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШ7ĲƖǃũũŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΞЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх7EÅòxxfÖ~рƨƓĬċƣĲЮƓĬŉШ 
108ШsċƚťƨũċЯШ7ЮШìЮШыΞΜΞΠьЮШ~ŔŰĲƖċũƚШǃĲċƖĤŸŸťаШ7ĲƖǃũũŔƨůШя ĬƻċŰĦĲШƖĲũĲċƚĲѐуΞΜΝΦЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΝΞЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΝΦоůǃĤΝрΞΜΝΦрĤĲƖǃũũŔƨůЮƓĬŉШ 
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https://doi.org/10.1002/9781118755341


 

 ΠΜ 

]ũŸĤċũШċŰĬШEÖШƓƖŸĬƨĦƣŔŸŰШтШĤĲƖǃũШŸƖĲ109Ш 
]ũŸĤċũШůŔŰĲШƓƖŸĬƨĦƣŔŸŰ110 

Ш 

 

fƣШƚőŸƨũĬШĤĲШŰŸƣĲĬШƣőċƣШĤĲƖǃũЯШċШťĲǃШĤĲƖǃũũŔƨůШůŔŰĲƖċũШůŔŰĲĬШŸƨƣƚŔĬĲШƣőĲШÖЮÉЮЯШŔƚШŸŉƣĲŰШƚƣŸĦťƓŔũĲĬШŉŸƖШ
ŉƨƣƨƖĲШƓƖŸĦĲƚƚŔŰŊЯШůċťŔŰŊШƚċũĲƚШŸƖШĲǂƓŸƖƣƚШƨŰƖĲũŔċĤũĲШŔŰĬŔĦċƣŸƖƚШŸŉШĦƨƖƖĲŰƣШƓƖŸĬƨĦƣŔŸŰЮШ9ŸŰƚĲƕƨĲŰƣũǃЯШ
ŊũŸĤċũШƓƖŸĬƨĦƣŔŸŰШǯŊƨƖĲƚШċŰĬШƣőĲШÖЮÉЮШƚőċƖĲШċƖĲШőŔŊőũǃШƨŰĦĲƖƣċŔŰЮ 

 

 

 
109ШfŰĦũƨĬĲƚШƖċƽШĤĲƖƣƖċŰĬŔƣĲШŸƖĲЯШĦċũĦƨũċƣĲĬШċƚШĲƕƨŔƻċũĲŰƣШƣŸШĤĲƖǃũШĦŸŰƣċŔŰŔŰŊШΝΝӖШĤĲƖǃũũŔƨůШŸǂŔĬĲЮ 
110Ш[ŔŊƨƖĲƚШċƖĲШĤċƚĲĬШŸŰШĬċƣċШƓƖŸƻŔĬĲĬШĤǃШƣőĲШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮ 
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 ΠΝ 

EÖШůŔŰĲШƓƖŸĬƨĦƣŔŸŰ111 
ÑőĲƖĲШŔƚШŰĲŔƣőĲƖШĤĲƖƣƖċŰĬŔƣĲШŰŸƖШĤĲƖǃũШŸƖĲƚШƓƖŸĬƨĦƣŔŸŰШŔŰШƣőĲШEÖЮ 

ÉĲĦŸŰĬċƖǃШƓƖŸĬƨĦƣŔŸŰ112ЯШ113ЯШ114 

7ĲƖǃũũŔƨůШŔƚШŊĲŰĲƖċũũǃШƖĲĦŸƻĲƖĲĬШŉƖŸůШŰĲƽШƚĦƖċƓШŊĲŰĲƖċƣĲĬШĬƨƖŔŰŊШƣőĲШůċŰƨŉċĦƣƨƖŔŰŊШŸŉШĤĲƖǃũũŔƨůШ
ƓƖŸĬƨĦƣƚЯШƽőŔũĲШŸũĬШƚĦƖċƓШыƓŸƚƣрĦŸŰƚƨůĲƖШƚĦƖċƓьШŔƚШũċƖŊĲũǃШũŸƚƣЮШÅĲĦŸƻĲƖŔŰŊШĤĲƖǃũũŔƨůШůĲƣċũШŉƖŸůШ
ĦŸƓƓĲƖрĤĲƖǃũũŔƨůШċũũŸǃƚШŔŰШǯŰŔƚőĲĬШƓƖŸĬƨĦƣƚЯШƚƨĦőШċƚШĲũĲĦƣƖŸŰŔĦШĦŸůƓŸŰĲŰƣƚЯШŔƚШŸŉƣĲŰШƨŰĲĦŸŰŸůŔĦċũШ
ĬƨĲШƣŸШƣőĲШƚůċũũШƚŔǍĲШŸŉШĦŸůƓŸŰĲŰƣƚЯШĬŔǭŔĦƨũƣǃШŔŰШƚĲƓċƖċƣŔŸŰЯШċŰĬШƣőĲШũŸƽШĤĲƖǃũũŔƨůШĦŸŰƣĲŰƣШŔŰШƣőĲШċũũŸǃƚЮШ
ÑǃƓŔĦċũũǃЯШƣőĲƚĲШĦŸůƓŸŰĲŰƣƚШċƖĲШƖĲĦǃĦũĲĬШŉŸƖШƣőĲŔƖШĦŸƓƓĲƖШƻċũƨĲШċũŸŰĲШċŰĬШƚĲŰƣШƣŸШĦŸƓƓĲƖШƚůĲũƣĲƖƚЯШ
ƽőĲƖĲШƣőĲШĤĲƖǃũũŔƨůШĲŰĬƚШƨƓШŔŰШƣőĲШƚũċŊЮ 

fŰШEƨƖŸƓĲЯШċƓƓƖŸǂŔůċƣĲũǃШΠΡӖШŸŉШŰĲƽШƚĦƖċƓШĦŸƓƓĲƖрĤĲƖǃũũŔƨůШċũũŸǃƚШŉƖŸůШĦŸůƓŸŰĲŰƣШůċŰƨŉċĦƣƨƖĲƖƚШŔƚШ
ƖĲƓŸƖƣĲĬШƣŸШĤĲШƖĲĦǃĦũĲĬШĤċĦťШƣŸШċũũŸǃШƓƖŸĬƨĦĲƖƚЮШìőĲŰШŉĲċƚŔĤũĲЯШŸũĬШƚĦƖċƓШŉƖŸůШĦŸƓƓĲƖрĤĲƖǃũũŔƨůШŸƖШ
ŰŔĦťĲũрĤĲƖǃũũŔƨůШċũũŸǃƚШŔƚШĬŔƖĲĦƣũǃШƖĲĦǃĦũĲĬШƣŸШƓƖŸĬƨĦĲШŰĲƽШċũũŸǃƚЮШÑőĲШÖЮÉЮШƖĲƓŸƖƣĲĬШƣŸШƖĲĦǃĦũĲШĤŸƣőШŰĲƽШ
ċŰĬШŸũĬШƚĦƖċƓШƽőŔĦőШċĦĦŸƨŰƣĲĬШŉŸƖШċŰШĲƚƣŔůċƣĲĬШΞΜӖШƣŸШΞΡӖШŸŉШÖЮÉЮШĤĲƖǃũũŔƨůШĦŸŰƚƨůƓƣŔŸŰЮШ[ŸƖШ
ƖĲŉĲƖĲŰĦĲЯШŔŰШΞΜΝΦЯШÖЮÉЮШĦŸŰƚƨůƓƣŔŸŰШŸŉШĤĲƖƣƖċŰĬŔƣĲШŸƖĲШċŰĬШĤĲƖǃũШŉŸƖШĤĲƖǃũũŔƨůШőǃĬƖŸǂŔĬĲШƓƖŸĬƨĦƣŔŸŰШ
ƽċƚШƖĲƓŸƖƣĲĬШċƣШΝΣΜШůĲƣƖŔĦШƣŸŰƚШŸŉШĤĲƖǃũũŔƨůШĦŸŰƣĲŰƣЮ 

 

ÅĲƚĲƖƻĲƚ 
]ũŸĤċũШƖĲƚĲƖƻĲƚ115Ш 
ÂƖŸƻĲŰШċŰĬШƓƖŸĤċĤũĲШĤĲƖƣƖċŰĬŔƣĲШƖĲƚĲƖƻĲƚШŔŰШƣőĲШÖЮÉЮШƣŸƣċũШċĤŸƨƣШΝΦЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШŸŉШĤĲƖǃũũŔƨůШĦŸŰƣĲŰƣЮШ
ìŸƖũĬШĤĲƖǃũũŔƨůШƖĲƚĲƖƻĲƚШƽĲƖĲШŰŸƣШċƻċŔũċĤũĲЮ 

 

EÖШƖĲƚĲƖƻĲƚ116 
 ŸШEÖШĦŸƨŰƣƖŔĲƚШƖĲƓŸƖƣĲĬШƣŸШőċƻĲШĤĲƖǃũũŔƨůШƖĲƚĲƖƻĲƚЮШ 

 

 
111ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШ7ĲƖǃũũŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΞЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх7EÅòxxfÖ~рƨƓĬċƣĲЮƓĬŉШ 
112ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ ŰƣŔůŸŰǃаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШŸŰШ
ΝΜЮΜΦЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх  Ñf~§ òрƨƓĬċƣĲЮƓĬŉШ 
113ШsċƚťƨũċЯШ7ЮШìЮШыΞΜΞΠьЮШ~ŔŰĲƖċũƚШǃĲċƖĤŸŸťаШ7ĲƖǃũũŔƨůШя ĬƻċŰĦĲШƖĲũĲċƚĲѐуΞΜΝΦЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΝΞЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΝΦоůǃĤΝрΞΜΝΦрĤĲƖǃũũŔƨůЮƓĬŉШ 
114Ш]ƨŰŰЯШ]ЮШыEĬЮьЮШыΞΜΝΟьЮШ9ƖŔƣŔĦċũШůĲƣċũƚШőċŰĬĤŸŸťЮШìŔũĲǃр7ũċĦťƽĲũũЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΜΞоΦΤΥΝΝΝΥΤΡΡΟΠΝШ 
115ШsċƚťƨũċЯШ7ЮШìЮШыΞΜΞΡьЮШ7ĲƖǃũũŔƨůЮШfŰШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡШыƓƓЮШΟΠтΟΡьЮШÖЮÉЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШ
ÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΝΞЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрĤĲƖǃũũŔƨůЮƓĬŉШ 
116ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ ŰƣŔůŸŰǃаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШŸŰШ
ΝΜЮΜΦЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх  Ñf~§ òрƨƓĬċƣĲЮƓĬŉШ 
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 ΠΞ 

ÂƖŸĦĲƚƚŔŰŊШƚƣċŊĲШтШĤĲƖǃũũŔƨůШƓƖŸĬƨĦƣƚ 
]ũŸĤċũШƓƖŸĬƨĦĲƖƚШċƣШƣőĲШƓƖŸĦĲƚƚŔŰŊШƚƣċŊĲШыċƻŊЮШΞΜΝΣрΞΜΞΜьШ117 

 

ÑőĲШċŰŰƨċũШŊũŸĤċũШƓƖŸĬƨĦƣŔŸŰШċƣШƣőĲШƓƖŸĦĲƚƚŔŰŊШƚƣċŊĲЯШċƻĲƖċŊĲШĤĲƣƽĲĲŰШΞΜΝΣШċŰĬШΞΜΞΜЯШƽċƚШΞΟΠШůĲƣƖŔĦШ
ƣŸŰƚШŸŉШĤĲƖǃũũŔƨůШĦŸŰƣĲŰƣЮШ 

uċǍċťőƚƣċŰШĬŔĬШŰŸƣШċĦƣŔƻĲũǃШƓƖŸĬƨĦĲШĤĲƖǃũũŔƨůШŸƖĲШŸƖШĦŸŰĦĲŰƣƖċƣĲЯШŔŰƚƣĲċĬШƖĲũǃŔŰŊШŸŰШƚƣŸĦťƓŔũĲĬШ
ĤĲƖǃũũŔƨůШĦŸŰĦĲŰƣƖċƣĲШċĦĦƨůƨũċƣĲĬШĤĲŉŸƖĲШƣőĲШĤƖĲċťƨƓШŸŉШƣőĲШÉŸƻŔĲƣШÖŰŔŸŰЮШìŔƣőШƣőĲШĬŸůĲƚƣŔĦШ
ƚƣŸĦťƓŔũĲШŰŸƽШĤĲũŔĲƻĲĬШƣŸШĤĲШŰĲċƖũǃШĬĲƓũĲƣĲĬЯШuċǍċťőƚƣċŰѣƚШƓƖŔůċƖǃШƚŸƨƖĦĲШŸŉШĤĲƖǃũũŔƨůШĦŸŰĦĲŰƣƖċƣĲШ
ĦƨƖƖĲŰƣũǃШĦŸůĲƚШŉƖŸůШċШÉŸƻŔĲƣрĲƖċШƚƣŸĦťƓŔũĲШŔŰШÅƨƚƚŔċЯШƽőŔĦőШŔƚШĲƚƣŔůċƣĲĬШƣŸШƚƨƓƓŸƖƣШċƓƓƖŸǂŔůċƣĲũǃШΞΜШ
ůŸƖĲШǃĲċƖƚШŸŉШƓƖŸĬƨĦƣŔŸŰ118Ю 

sċƓċŰШĬŸĲƚШŰŸƣШĲǂƣƖċĦƣШĤĲƖǃũũŔƨůШŸƖĲƚШĤƨƣШƓƖŸĬƨĦĲШƓƖŸĦĲƚƚĲĬШĤĲƖǃũũŔƨůШƓƖŸĬƨĦƣƚШŉƖŸůШŔůƓŸƖƣƚЮШ 

 

?ĲůċŰĬ119Ш 
]ũŸĤċũШĬĲůċŰĬ 
 ŸШƖĲĦŸƖĬƚШċƖĲШċƻċŔũċĤũĲШŉŸƖШƣőĲШĲƚƣŔůċƣĲĬШŊũŸĤċũШĦŸŰƚƨůƓƣŔŸŰШŔŰШůĲƣƖŔĦШƣŸŰƚШŸŉШĤĲƖǃũũŔƨůШĦŸŰƣĲŰƣЮШfŰШ
ΞΜΞΝЯШƣőĲШũċƖŊĲƚƣШĦŸŰƚƨůĲƖƚШŸŉШĤĲƖǃũũŔƨůШĦŸůƓŸƨŰĬƚШƽĲƖĲШƣőĲШÖЮÉЮШċŰĬШƣőĲШEÖЮШfŰШƣőĲШ ƚŔċрÂċĦŔǯĦШ
ƖĲŊŔŸŰЯШƓċƖƣŔĦƨũċƖũǃШŔŰШ9őŔŰċЯШĬĲůċŰĬШŉŸƖШĤĲƖǃũũŔƨůШőċƚШŊƖŸƽŰШƣŸШũĲƻĲũƚШĦŸůƓċƖċĤũĲШƣŸШƣőŸƚĲШŔŰШEƨƖŸƓĲЮ 

 

 
117ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ ŰƣŔůŸŰǃаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШŸŰШ
ΝΜЮΜΦЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх  Ñf~§ òрƨƓĬċƣĲЮƓĬŉШ 
118ШsċƚťƨũċЯШ7ЮШìЮШыΞΜΞΠьЮШ~ŔŰĲƖċũƚШǃĲċƖĤŸŸťаШ7ĲƖǃũũŔƨůШя ĬƻċŰĦĲШƖĲũĲċƚĲѐуΞΜΝΦЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΝΞЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΝΦоůǃĤΝрΞΜΝΦрĤĲƖǃũũŔƨůЮƓĬŉШ 
119ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ ŰƣŔůŸŰǃаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШŸŰШ
ΝΜЮΜΦЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх  Ñf~§ òрƨƓĬċƣĲЮƓĬŉШ 

50%

25%

17%

8%

the U.S.

Kazakhstan

Japan

China
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EÖШĬĲůċŰĬ 
ÑőĲƖĲШƽċƚШŰŸШƖĲƓŸƖƣĲĬШEÖШĦŸŰƚƨůƓƣŔŸŰШŸŉШĤĲƖǃũũŔƨůШŸƖĲƚШċŰĬШĦŸŰĦĲŰƣƖċƣĲƚЮ 

7ĲƣƽĲĲŰШΞΜΝΣШċŰĬШΞΜΞΜЯШƣőĲШEÖѣƚШċƻĲƖċŊĲШċŰŰƨċũШƓƖŸĦĲƚƚĲĬШĤĲƖǃũũŔƨůШůċƣĲƖŔċũƚШĦŸŰƚƨůƓƣŔŸŰШƽċƚШΟΠЮΡШ
ůĲƣƖŔĦШƣŸŰƚШŸŉШĤĲƖǃũũŔƨůШĦŸŰƣĲŰƣЮШÑőĲШEÖШƽċƚШΝΜΜӖШƖĲũŔċŰĦĲШŸŰШŔůƓŸƖƣШċŰĬШƣőĲШůċŔŰШƚƨƓƓũŔĲƖƚШƽĲƖĲШƣőĲШ
ÖЮÉЮШыΣΜӖьЯШuċǍċťőƚƣċŰШыΞΡӖьЯШsċƓċŰШыΝΜӖьШċŰĬШ9őŔŰċШыΡӖьЮШ[ŸƖШΞΜΝΦрΞΜΞΜЯШƣőĲШċƓƓċƖĲŰƣШċŰŰƨċũШEÖШ
ĦŸŰƚƨůƓƣŔŸŰШŸŉШĤĲƖǃũũŔƨůШċƣШƓƖŸĦĲƚƚŔŰŊШƚƣċŊĲШыŔЮĲЮЯШEÖШƓƖŸĬƨĦƣŔŸŰШƓũƨƚШŔůƓŸƖƣШůŔŰƨƚШĲǂƓŸƖƣьШƽċƚШŔŰШƣőĲШ
ƖċŰŊĲШĤĲƣƽĲĲŰШΟΤЮΡШċŰĬШΞΠЮΥШůĲƣƖŔĦШƣŸŰƚШŸŉШĤĲƖǃũũŔƨůШĦŸŰƣĲŰƣЮ 

 

[ƨƣƨƖĲШƚƨƓƓũǃШċŰĬШĬĲůċŰĬШƣƖĲŰĬƚ 
ÑőĲШƖĲƓŸƖƣĲĬШƓƖŸƻĲŰШƖĲƚĲƖƻĲƚШŔŰШƣőĲШÖЮÉЮШƖĲƓƖĲƚĲŰƣĲĬШċШůŔŰŔůƨůШŸŉШΤΡШǃĲċƖƚШŸŉШŉƨƣƨƖĲШƓƖŸĬƨĦƣŔŸŰ120Ю 

7ĲƖǃũũŔƨůШċŰŰƨċũШĦŸŰƚƨůƓƣŔŸŰШŔƚШĲǂƓĲĦƣĲĬШƣŸШŊƖŸƽШůŸƖĲШƣőċŰШΠΡΜШůĲƣƖŔĦШƣŸŰƚШŸŉШĤĲƖǃũũŔƨůШĦŸŰƣĲŰƣШƓĲƖШ
ǃĲċƖШĤǃШΞΜΟΜЯШĬƖŔƻĲŰШĤǃШċƓƓũŔĦċƣŔŸŰƚШŔŰШƣőĲШfŰƣĲƖŰċƣŔŸŰċũШÑőĲƖůŸŰƨĦũĲċƖШEǂƓĲƖŔůĲŰƣċũШÅĲċĦƣŸƖШыfÑEÅьШ
ŉƨƚŔŸŰШƖĲċĦƣŸƖЯШƣĲũĲĦŸůůƨŰŔĦċƣŔŸŰƚЯШċƨƣŸůŸƣŔƻĲЯШĦŸŰƚƨůĲƖШĲũĲĦƣƖŸŰŔĦƚЯШċŰĬШŊƖĲĲŰШƣĲĦőŰŸũŸŊŔĲƚЮШ
[ƨƖƣőĲƖůŸƖĲЯШĬĲůċŰĬШŉƖŸůШĲůĲƖŊŔŰŊШůċƖťĲƣƚШŔŰШ ƚŔċШċŰĬШxċƣŔŰШ ůĲƖŔĦċШŔƚШĲǂƓĲĦƣĲĬШƣŸШŔŰĦƖĲċƚĲШŔŰШ
ƨƓĦŸůŔŰŊШǃĲċƖƚ121ЯШ122Ю 

 

EǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШ 
fƣШƚőŸƨũĬШĤĲШŰŸƣĲĬШƣőċƣШƖĲŊƨũċƣŔŸŰƚШċƖĲШĬǃŰċůŔĦШċŰĬШƚƨĤŢĲĦƣШƣŸШĦőċŰŊĲШŸƻĲƖШƣŔůĲЮ 

ůŸŰŊШƣőĲШůċŢŸƖШĤĲƖǃũũŔƨůШƓƖŸĬƨĦĲƖƚЯШŔŰШΞΜΞΞЯШ9őŔŰċШőċƚШŔůƓũĲůĲŰƣĲĬШũŔĦĲŰƚŔŰŊШƖĲƕƨŔƖĲůĲŰƣƚШŉŸƖШƣőĲШ
ĲǂƓŸƖƣШŸŉШĤĲƖǃũũŔƨůШůĲƣċũЯШĤĲƖǃũũŔƨůШċũũŸǃƚШĦŸŰƣċŔŰŔŰŊШůŸƖĲШƣőċŰШΡΜӖШĤĲƖǃũũŔƨůЯШĤĲƖǃũũŔƨůШĦŸůƓŸƚŔƣĲƚЯШ
ċƚШƽĲũũШċƚШƽċƚƣĲШċŰĬШƚĦƖċƓШĬĲƖŔƻĲĬШŉƖŸůШƣőĲƚĲШƓƖŸĬƨĦƣƚ123ЮШ7ƖċǍŔũШċŰĬШsċƓċŰШƖĲƕƨŔƖĲШũŔĦĲŰƚŔŰŊШŉŸƖШƣőĲШ
ĲǂƓŸƖƣШŸŉШĤĲƖǃũũŔƨůШƽċƚƣĲШċŰĬШƚĦƖċƓ124Ю 

 
120ШsċƚťƨũċЯШ7ЮШìЮШыΞΜΞΠьЮШ~ŔŰĲƖċũƚШǃĲċƖĤŸŸťаШ7ĲƖǃũũŔƨůШя ĬƻċŰĦĲШƖĲũĲċƚĲѐуΞΜΝΦЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΝΞЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΝΦоůǃĤΝрΞΜΝΦрĤĲƖǃũũŔƨůЮƓĬŉШ 
121ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ ŰƣŔůŸŰǃаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШŸŰШ
ΝΜЮΜΦЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх  Ñf~§ òрƨƓĬċƣĲЮƓĬŉШ 
122Ш]ƨŰŰЯШ]ЮШыEĬЮьЮШыΞΜΝΟьЮШ9ƖŔƣŔĦċũШůĲƣċũƚШőċŰĬĤŸŸťЮШìŔũĲǃр7ũċĦťƽĲũũЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΜΞоΦΤΥΝΝΝΥΤΡΡΟΠΝШ 
123Ш~ŔŰŔƚƣƖǃШŸŉШ9ŸůůĲƖĦĲШŸŉШƣőĲШÂĲŸƓũĲѣƚШÅĲƓƨĤũŔĦШŸŉШ9őŔŰċЮШыΞΜΞΠьЮШΞΜΞΡ̨ ̩ШяΞΜΞΡШ ŰŰƨċũШ
9ċƣċũŸŊƨĲШŉŸƖШƣőĲШ ĬůŔŰŔƚƣƖċƣŔŸŰШŸŉШEǂƓŸƖƣШċŰĬШfůƓŸƖƣШxŔĦĲŰƚĲƚШŉŸƖШ?ƨċũрÖƚĲШfƣĲůƚШċŰĬШÑĲĦőŰŸũŸŊǃѐЮШÅĲƣƖŔĲƻĲĬШΝΠЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооċƕǃŊǍŢЮůŸŉĦŸůЮŊŸƻЮĦŰоĦůƚхǯũĲƚоǯũĲůċŰċŊĲƖоΣΜΜΦΞΣΜΝΟоċƣƣċĦőоΞΜΞΠΝΞоΥĬĤΟċċĦĤΞĤΤĦΠΤŉΜċΠΠΜΞΞΜΟĦǭΤŉΣΟΡЮƓĬŉеǯũĲ ċůĲӀΞΜΞΡ
̨ ̩ЮƓĬŉШШШ 

124Ш§E9?ШыΞΜΞΠьЯШ§E9?ШfŰƻĲŰƣŸƖǃШŸŉШEǂƓŸƖƣШÅĲƚƣƖŔĦƣŔŸŰƚШŸŰШfŰĬƨƚƣƖŔċũШÅċƽШ~ċƣĲƖŔċũƚШΞΜΞΠаШ~ŸŰŔƣŸƖŔŰŊШƣőĲШƨƚĲШŸŉШĲǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШċůŔĬШ
ůċƖťĲƣШċŰĬШƓŸũŔĦǃШƣĲŰƚŔŸŰƚЯШ§E9?ШÂƨĤũŔƚőŔŰŊЯШÂċƖŔƚЯШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΤΥΤоΡĲΠΣĤĤΞΜрĲŰЮШÅĲƣƖŔĲƻĲĬШΝΠЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮŸĲĦĬЮŸƖŊоĲŰоƣŸƓŔĦƚоĲǂƓŸƖƣрƖĲƚƣƖŔĦƣŔŸŰƚрŸŰрĦƖŔƣŔĦċũрƖċƽрůċƣĲƖŔċũƚЮőƣůũ  

https://scrreen.eu/wp-content/uploads/2023/12/SCRREEN2_factsheets_ANTIMONY-update.pdf
https://doi.org/10.1002/9781118755341
https://www.oecd.org/en/topics/export-restrictions-on-critical-raw-materials.html
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9ŸĤċũƣШы9Ÿь 
~ċŢŸƖШƨƚĲƚШŉŸƖШƣőĲШůċŰƨŉċĦƣƨƖŔŰŊШŸŉШŊŸŸĬƚШŔŰШƣőĲШEÖШŔŰШΞΜΝΣ125 

 

~ċŢŸƖШǯŰŔƚőĲĬШŊŸŸĬƚШƨƚĲĬШŔŰШƣőĲШEÖШŔŰШΞΜΝΣШыŰŸƣШŰĲĦĲƚƚċƖŔũǃШƓƖŸĬƨĦĲĬШŔŰШƣőĲШEÖь 

 

ÑőĲШŊũŸĤċũШǯƖƚƣШƨƚĲƚШŸŉШĦŸĤċũƣШŔŰШΞΜΞΜШƽċƚШĤċƣƣĲƖŔĲƚШыΡΤӖьЯШŰŔĦťĲũрĤċƚĲĬШċũũŸǃƚШыΝΟӖьЯШƣŸŸũШůċƣĲƖŔċũШыΥӖьЯШ
ƓŔŊůĲŰƣƚШыΣӖьЯШĦċƣċũǃƚƣƚШыΡӖьЯШůċŊŰĲƣƚШыΠӖьЯШƚŸċƓШċŰĬШĬƖǃĲƖƚШыΞӖьШċŰĬШŸƣőĲƖШыΡӖьЮШ 

 
125ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ9ŸĤċũƣаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх9§7 xÑрΝЮƓĬŉШ 
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https://scrreen.eu/wp-content/uploads/2023/08/SCRREEN2_factsheets_COBALT-1.pdf
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éċũƨĲШĦőċŔŰШыƚŔůƓũŔǯĲĬь126ЯШ127ЯШ128 

 

 

~ŸƚƣШǯŰŔƚőĲĬШŊŸŸĬƚШƖĲƕƨŔƖĲШůƨũƣŔƓũĲШƣǃƓĲƚШŸŉШƖĲǯŰĲĬШĦŸĤċũƣШƓƖŸĬƨĦƣƚШċƚШŔŰƓƨƣƚЮШÑőĲШĬŔċŊƖċůШŸŰũǃШ
ŔũũƨƚƣƖċƣĲƚШƣőĲШƓƖŔůċƖǃШƖĲǯŰĲĬШĦŸĤċũƣШƓƖŸĬƨĦƣШƨƚĲĬШŉŸƖШĲċĦőШǯŰŔƚőĲĬШŊŸŸĬЮ 

ÑőĲШŊũŸĤċũШĬĲůċŰĬШŸŉШĦŸĤċũƣШĤǃШĲŰĬШƨƚĲШƚĲĦƣŸƖШŔŰШΞΜΞΜШƽċƚШƓŸƖƣċĤũĲШĲũĲĦƣƖŸŰŔĦƚШыΠΥӖьЯШċƨƣŸůŸƣŔƻĲШ
ыΞΣӖьЯШƓŸƽĲƖШċŰĬШůŸƣŔƻĲШыΠӖьЯШƓċŔŰƣШċŰĬШĦŸċƣŔŰŊƚШыΠӖьЯШĲŰĲƖŊǃШыΠӖьЯШċĲƖŸƚƓċĦĲШыΠӖьЯШŉċĤƖŔĦċƣŔŸŰШыΟӖьЯШ
ůċĦőŔŰĲƖǃШыΝӖьЯШƓũċƚƣŔĦƚШыΝӖьЯШċŊƖŔĦƨũƣƨƖĲШыΝӖьЯШĦŸŰƚƣƖƨĦƣŔŸŰШыΝӖьЯШĦőĲůŔĦċũƚШыΝӖьШċŰĬШŸƣőĲƖƚШыΞӖь129ЮШШ 

 
126ШxŸƖĲŰĦрÉǍŸƣЯШÉЮЯШÂŸĬŸĤŔűƚťċрÉƣċŰŔĲĦЯШ~ЮЯШìŔťƣŸƖрÉƨŮťŸƽƚťċЯШ ЮЯШѼШuƨƚƣƖċЯШ ЮШыΞΜΞΠьЮШéċũƨĲШ9őċŔŰƚШŔŰШƣőĲШÅċƽШ~ċƣĲƖŔċũƚШfŰĬƨƚƣƖǃШтШƣőĲШ
EǂċůƓũĲШŸŉШƣőĲШ9ŸĤċũƣШéċũƨĲШ9őċŔŰЮШ]ŸƚƓŸĬċƖťċШÉƨƖŸƽĦċůŔШ~ŔŰĲƖċũŰǃůŔШрШ~ŔŰĲƖċũШÅĲƚŸƨƖĦĲƚШ~ċŰċŊĲůĲŰƣЯШΠΜыΝьЯШΡрΞΠЮШ?§fаШ
őƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΞΠΠΞΡоŊƚůЮΞΜΞΠЮΝΠΦΟΜΞШ 
127ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ9ŸĤċũƣаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх9§7 xÑрΝЮƓĬŉШ 
128Ш9ŸĤċũƣШfŰƚƣŔƣƨƣĲЮШыΞΜΞΠьЮШ9ŸĤċũƣШůċƖťĲƣШƖĲƓŸƖƣШΞΜΞΟЮШ9ŸĤċũƣШfŰƚƣŔƣƨƣĲЮШÅĲƣƖŔĲƻĲĬШΝΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮĦŸĤċũƣŔŰƚƣŔƣƨƣĲЮŸƖŊоƽƓр
ĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΡо9ŸĤċũƣр~ċƖťĲƣрÅĲƓŸƖƣрΞΜΞΟх[f  xЮƓĬŉШ 
129ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ9ŸĤċũƣаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх9§7 xÑрΝЮƓĬŉШ 

https://doi.org/10.24425/gsm.2024.149302
https://www.cobaltinstitute.org/wp-content/uploads/2024/05/Cobalt-Market-Report-2023_FINAL.pdf
https://www.cobaltinstitute.org/wp-content/uploads/2024/05/Cobalt-Market-Report-2023_FINAL.pdf
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ÉƨĤƚƣŔƣƨƣŔŸŰ130ЯШ131 

ÉƨĤƚƣŔƣƨƣŔŸŰШĦċŰШŔůƓċĦƣШĤŸƣőШĦŸƚƣШċŰĬШƓĲƖŉŸƖůċŰĦĲЮ 

fŰƣĲƖůĲĬŔċƣĲШƓƖŸĬƨĦƣƚ ÉƨĤƚƣŔƣƨƣŔŸŰ 

9ŸĤċũƣШĦŸŰƣĲŰƣƚШŸŉШũŔƣőŔƨůрŔŸŰШĤċƣƣĲƖŔĲƚ fƖŸŰЯШƓőŸƚƓőŸƖƨƚ 

7ċƣƣĲƖŔĲƚ 

xŔƣőŔƨůрŰŔĦťĲũрůċŰŊċŰĲƚĲрĦŸĤċũƣрŸǂŔĬĲШы ~9ь 
ũŔƣőŔƨůрůċŰŊċŰĲƚĲрŸǂŔĬĲШыx~§ьЯШũŔƣőŔƨůрŔƖŸŰрƓőŸƚƓőċƣĲШ
ыx[ÂьЯШũŔƣőŔƨůрŰŔĦťĲũрĦŸĤċũƣрċũƨůŔŰŔƨůрŸǂŔĬĲШы 9 ьШŸƖ 
 Ŕ9ĬоŰŔĦťĲũрůĲƣċũШőǃĬƖŔĬĲШы Ŕ~cь 

~ċŊŰĲƣƚ 
7ċƖŔƨůШŸƖШƚƣƖŸŰƣŔƨůШŉĲƖƖŔƣĲƚЯШŰĲŸĬǃůŔƨůрŔƖŸŰрĤŸƖŸŰШ
ċũũŸǃƚЯШŸƖШŰŔĦťĲũрŔƖŸŰШċũũŸǃƚ 

ÂċŔŰƣƚ 9ĲƖŔƨůЯШŔƖŸŰЯШũĲċĬЯШůċŰŊċŰĲƚĲЯШŸƖШƻċŰċĬŔƨů 
ÂŔŊůĲŰƣƚШċŰĬШŔŰťƚ üŔŰĦЯШůċŊŰĲƚŔƨů 

cċƖĬůċƣĲƖŔċũƚШыĦċƖĤŔĬĲƚШċŰĬШĬŔċůŸŰĬШƣŸŸũƚьШ 9ŸĤċũƣрŔƖŸŰрĦŸƓƓĲƖЯШŔƖŸŰрĦŸƓƓĲƖЯШŰŔĦťĲũШŸƖШŰŔĦťĲũШ
ċũƨůŔŰŔƨů 

9ƨƖŔŰŊШƨŰƚċƣƨƖċƣĲĬШƓŸũǃĲƚƣĲƖШƖĲƚŔŰƚ 9ŸƓƓĲƖрШŔƖŸŰрůċŰŊċŰĲƚĲ 

9ƨƣƣŔŰŊШċŰĬШƽĲċƖрƖĲƚŔƚƣċŰƣШůċƣĲƖŔċũƚ fƖŸŰЯШŔƖŸŰрĦŸĤċũƣрŰŔĦťĲũЯШŰŔĦťĲũЯШĦĲƖċůŔĦрůĲƣċũũŔĦШ
ĦŸůƓŸƚŔƣĲƚШыĦĲƖůĲƣƚьЯШŸƖШĦĲƖċůŔĦƚ 

sĲƣШĲŰŊŔŰĲƚ  ŔĦťĲũрĤċƚĲШċũũŸǃƚШŸƖШĦĲƖċůŔĦƚ 
ÂĲƣƖŸũĲƨůШĦċƣċũǃƚƣƚ  ŔĦťĲũ 
cǃĬƖŸŉŸƖůǃũċƣŔŸŰШĦċƣċũǃƚƣƚ ÅőŸĬŔƨů 
ÂƖŸƚƣőĲƣŔĦƚ ÑŔƣċŰŔƨůрĤċƚĲШċũũŸǃƚ 

ÉƨƓĲƖċũũŸǃƚЯШőċƖĬŉċĦŔŰŊШċŰĬШŸƣőĲƖШċũũŸǃƚ 9ŸůƓŸƚŔƣĲƚЯШƣŔƣċŰŔƨůрċũƨůŔŰŔĬĲƚЯШŰŔĦťĲũрĤċƚĲĬШċũũŸǃƚЯШ
ŔƖŸŰрĤċƚĲĬШċũũŸǃƚЯШĦĲƖċůŔĦƚШŸƖШőċŉŰŔƨů 

 

 

 

 

 

 

 

 

 

 

 
130ШEƽŔŰŊЯШÉЮШ~ЮШыΞΜΞΡЯШsċŰƨċƖǃьЮШ9ŸĤċũƣЮШ~ŔŰĲƖċũШ9ŸůůŸĬŔƣǃШÉƨůůċƖŔĲƚШΞΜΞΡШыƓƓЮШΣΝтΣΞьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШ
ÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΝΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрĦŸĤċũƣЮƓĬŉШ 
131ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ9ŸĤċũƣаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх9§7 xÑрΝЮƓĬŉШ 

https://pubs.usgs.gov/periodicals/mcs2025/mcs2025-cobalt.pdf
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]ũŸĤċũШċŰĬШEÖШƓƖŸĬƨĦƣŔŸŰШтШĦŸĤċũƣШŸƖĲШċŰĬШĦŸŰĦĲŰƣƖċƣĲƚ 
]ũŸĤċũШůŔŰĲШƓƖŸĬƨĦƣŔŸŰ132 
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9ŸĤċũƣШĲǂƣƖċĦƣŔŸŰШŔƚШƓƖŔůċƖŔũǃШċШĤǃрƓƖŸĬƨĦƣШŸŉШŰŔĦťĲũШċŰĬШĦŸƓƓĲƖШůŔŰŔŰŊШŸƓĲƖċƣŔŸŰƚШƽŸƖũĬƽŔĬĲ133ШЮШ[ŸƖШ
ŔŰƚƣċŰĦĲЯШŔŰШůŸƚƣШ?ĲůŸĦƖċƣŔĦШÅĲƓƨĤũŔĦШŸŉШ9ŸŰŊŸШы?Å9ьШŸƓĲƖċƣŔŸŰƚЯШĦŸƓƓĲƖШŔƚШƣőĲШƓƖŔůċƖǃШƖĲƻĲŰƨĲШĬƖŔƻĲƖЯШ
ƽőŔũĲШĦŸĤċũƣЯШċƚШċШĤǃрƓƖŸĬƨĦƣЯШŔƚШŸŉƣĲŰШċШƚĲĦŸŰĬċƖǃШĦŸŰƚŔĬĲƖċƣŔŸŰШŔŰШƚƣƖċƣĲŊŔĦШċŰĬШŸƓĲƖċƣŔŸŰċũШĬĲĦŔƚŔŸŰƚЯШ
ĲƚƓĲĦŔċũũǃШƽőĲŰШƓƖŔĦĲƚШċƖĲШũŸƽЮШ?ƨƖŔŰŊШƚƨĦőШƓĲƖŔŸĬƚЯШ?Å9ШůŔŰĲƖƚШƓƖŔŸƖŔƣŔǍĲШĦŸƓƓĲƖШƓƖŸĬƨĦƣŔŸŰШċŰĬЯШ
ƽőĲƖĲШƓŸƚƚŔĤũĲЯШƚƣŸĦťƓŔũĲШĦŸĤċũƣШƨŰƣŔũШůċƖťĲƣШĦŸŰĬŔƣŔŸŰƚШŔůƓƖŸƻĲ134ЮШ 

 
132Ш[ŔŊƨƖĲƚШċƖĲШĤċƚĲĬШŸŰШĬċƣċШƓƖŸƻŔĬĲĬШĤǃШƣőĲШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮ 
133ШũШ7ċƖċǍŔЯШÉЮШыΞΜΝΥьаШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШuŸĤċũƣЮШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΟΣаШΝΞΜШÉЮбШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШŸŰШΝΤЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰр
ΟΣЮƓĬŉШ 
134Ш9ŸĤċũƣШfŰƚƣŔƣƨƣĲЮШыΞΜΞΠьЮШ9ŸĤċũƣШůċƖťĲƣШƖĲƓŸƖƣШΞΜΞΟЮШ9ŸĤċũƣШfŰƚƣŔƣƨƣĲЮШÅĲƣƖŔĲƻĲĬШΝΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮĦŸĤċũƣŔŰƚƣŔƣƨƣĲЮŸƖŊоƽƓр
ĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΡо9ŸĤċũƣр~ċƖťĲƣрÅĲƓŸƖƣрΞΜΞΟх[f  xЮƓĬŉ    
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https://www.deutsche-rohstoffagentur.de/DE/Gemeinsames/Produkte/Downloads/DERA_Rohstoffinformationen/rohstoffinformationen-36.pdf
https://www.deutsche-rohstoffagentur.de/DE/Gemeinsames/Produkte/Downloads/DERA_Rohstoffinformationen/rohstoffinformationen-36.pdf
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9őŔŰċШőċƚШƓũċǃĲĬШċШůċŢŸƖШƖŸũĲШŔŰШ?Å9ШĦŸĤċũƣШůŔŰŔŰŊШƚŔŰĦĲШƣőĲШÉŔĦŸůŔŰĲƚШċŊƖĲĲůĲŰƣШƽċƚШƚŔŊŰĲĬШŔŰШΞΜΜΤШ
ƽŔƣőШůŸƚƣШŸƓĲƖċƣŔŸŰƚШŔŰШƣőĲШ?Å9ШŰŸƽШĤĲŔŰŊШŉƨũũǃШŸƖШƓċƖƣŔċũũǃШ9őŔŰĲƚĲрŸƽŰĲĬЮШÅĲĦĲŰƣũǃЯШőŸƽĲƻĲƖЯШƣőĲШ
ƖĲũċƣŔŸŰƚőŔƓШőċƚШĤĲĦŸůĲШůŸƖĲШĦŸůƓũŔĦċƣĲĬЮШfŰШΞΜΞΝЯШÂƖĲƚŔĬĲŰƣШÑƚőŔƚĲťĲĬŔШċĦĦƨƚĲĬШƣőĲШƓƖĲƻŔŸƨƚШ
ŊŸƻĲƖŰůĲŰƣШŸŉШƚŔŊŰŔŰŊШũŸƓƚŔĬĲĬШĦŸŰƣƖċĦƣƚШƽŔƣőШůŔŰŔŰŊШĦŸůƓċŰŔĲƚЯШƓċƖƣŔĦƨũċƖũǃШƣőŸƚĲШŔŰШ9őŔŰċЯШċŰĬШ
ŔŰĬŔĦċƣŔŰŊШƣőċƣШőĲШƽċŰƣĲĬШƣőĲƚĲШƣŸШĤĲШƖĲŰĲŊŸƣŔċƣĲĬЮШfŰШΞΜΞΞЯШ?Å9ШĦŸƨƖƣƚШċƓƓŸŔŰƣĲĬШċŰШċĬůŔŰŔƚƣƖċƣŸƖШŉŸƖШ
9őŔŰċШ~ŸũǃĤĬĲŰƨůШ9ŸůƓċŰǃШxŔůŔƣĲĬќƚШÑĲŰťĲШ[ƨŰŊƨƖƨůĲШ~ŔŰŔŰŊЯШőċũƣŔŰŊШŔƣƚШĦŸĤċũƣШċŰĬШĦŸƓƓĲƖШĲǂƓŸƖƣƚШ
ŸƻĲƖШċШƖĲƚĲƖƻĲШĬĲĦũċƖċƣŔŸŰШĬŔƚƓƨƣĲЮШÑőŔƚШƨŰĬĲƖƚĦŸƖĲƚШƣőĲШ?Å9Ш]ŸƻĲƖŰůĲŰƣќƚШƓƨƚőШƣŸШƖĲċƚƚĲƚƚШƓċƚƣШ
ċŊƖĲĲůĲŰƣƚШƽŔƣőШůŔŰŔŰŊШĦŸůƓċŰŔĲƚЯШƚĲƣƣŔŰŊШċШƓƖĲĦĲĬĲŰƣШŉŸƖШŸƣőĲƖШůŔŰĲƖƚШŸƓĲƖċƣŔŰŊШŔŰШƣőĲШ?Å9ЯШ
ŔŰĦũƨĬŔŰŊШÉŔĦŸůŔŰĲƚЯШŰŸƽШŔŰШŰĲŊŸƣŔċƣŔŸŰƚ135Ю 

fŰШΞΜΞΟЯШfŰĬŸŰĲƚŔċѣƚШƓƖŸĬƨĦƣŔŸŰШĦŸŰƣŔŰƨĲĬШƣŸШŊƖŸƽШċƚШċШĤǃрƓƖŸĬƨĦƣШŸŉШŰŔĦťĲũШůŔŰŔŰŊШċŰĬШƖĲċĦőĲĬШΝΤЯΜΜΜШ
ůĲƣƖŔĦШƣŸŰƚЯШŔŰĦƖĲċƚŔŰŊШŔƣƚШŊũŸĤċũШůċƖťĲƣШƚőċƖĲШƣŸШΤӖШċŰĬШƚŸũŔĬŔŉǃŔŰŊШfŰĬŸŰĲƚŔċШċƚШƣőĲШƽŸƖũĬѣƚШƚĲĦŸŰĬр
ũċƖŊĲƚƣШĦŸĤċũƣШƓƖŸĬƨĦĲƖ136ШЮШfƣШƚőŸƨũĬШĤĲШůĲŰƣŔŸŰĲĬШƣőċƣШ9őŔŰċШċũƚŸШőċƚШċШĬŸůŔŰċŰĦĲШƓƖĲƚĲŰĦĲШŔŰШ
fŰĬŸŰĲƚŔċШƽŔƣőШċũũШŉŸƨƖШƓƖŸĦĲƚƚŔŰŊШŉċĦŔũŔƣŔĲƚШŉŸƖШŰŔĦťĲũШũċƣĲƖŔƣĲШŸƖĲƚШŸƓĲƖċƣŔŰŊШĤǃШ9őŔŰĲƚĲрfŰĬŸŰĲƚŔċŰШ
ĦŸůƓċŰŔĲƚЮШƚШƚƨĦőЯШƣőĲШůċŢŸƖŔƣǃШŸŉШƣőĲШƓƖŸĬƨĦĲĬШŔŰƣĲƖůĲĬŔċƣĲШƓƖŸĬƨĦƣƚШыŔЮĲЮЯШůŔǂĲĬШőǃĬƖŸǂŔĬĲШ
ƓƖĲĦŔƓŔƣċƣĲШы~cÂьШĦŸŰƣċŔŰŔŰŊШĦŸĤċũƣШċŰĬШŰŔĦťĲũьШċƖĲШĬĲƚƣŔŰĲĬШŉŸƖШ9őŔŰċ137ЮШ 

 

EÖШůŔŰĲШƓƖŸĬƨĦƣŔŸŰ138 
9ŸƨŰƣƖǃШ ~ŔŰĲШƓƖŸĬƨĦƣŔŸŰШŔŰШΞΜΞΞШыůĲƣƖŔĦШƣŸŰƚЯШĦŸĤċũƣШĦŸŰƣĲŰƣь 

[ŔŰũċŰĬ ΝЯΞΟΡ 

 

~ŔŰĲШƓƖŸĬƨĦƣŔŸŰШŔŰШEÖѣƚШ§ƻĲƖƚĲċƚШ9ŸƨŰƣƖŔĲƚШċŰĬШÑĲƖƖŔƣŸƖŔĲƚШы§9ÑƚьШċŰĬШŸƣőĲƖШĦŸƨŰƣƖŔĲƚШŔŰШEƨƖŸƓĲ 

9ŸƨŰƣƖǃШ ~ŔŰĲШƓƖŸĬƨĦƣŔŸŰШŔŰШΞΜΞΞШыůĲƣƖŔĦШƣŸŰƚЯШĦŸĤċũƣШĦŸŰƣĲŰƣь 

[ƖċŰĦĲШы ĲƽШ9ċũĲĬŸŰŔċь ΞЯΜΜΜ 

ÑƨƖťĲǃ ΞЯΝΜΜ 

 

 

 

 

 

 
135Ш9ŸĤċũƣШfŰƚƣŔƣƨƣĲЮШыΞΜΞΟЯШ~ċǃьЮШ9ŸĤċũƣШ~ċƖťĲƣШÅĲƓŸƖƣШΞΜΞΞЮШ9ŸĤċũƣШfŰƚƣŔƣƨƣĲЮШÅĲƣƖŔĲƻĲĬШΝΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮĦŸĤċũƣŔŰƚƣŔƣƨƣĲЮŸƖŊоƽƓр
ĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΡо9ŸĤċũƣр~ċƖťĲƣрÅĲƓŸƖƣрΞΜΞΞхǯŰċũрΝЮƓĬŉШ 
136Ш9ŸĤċũƣШfŰƚƣŔƣƨƣĲЮШыΞΜΞΠьЮШ9ŸĤċũƣШůċƖťĲƣШƖĲƓŸƖƣШΞΜΞΟЮШ9ŸĤċũƣШfŰƚƣŔƣƨƣĲЮШÅĲƣƖŔĲƻĲĬШΝΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮĦŸĤċũƣŔŰƚƣŔƣƨƣĲЮŸƖŊоƽƓр
ĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΡо9ŸĤċũƣр~ċƖťĲƣрÅĲƓŸƖƣрΞΜΞΟх[f  xЮƓĬŉШШ 
137Ш9ŸĤċũƣШfŰƚƣŔƣƨƣĲЮШыΞΜΞΟЯШ~ċǃьЮШ9ŸĤċũƣШ~ċƖťĲƣШÅĲƓŸƖƣШΞΜΞΞЮШ9ŸĤċũƣШfŰƚƣŔƣƨƣĲЮШÅĲƣƖŔĲƻĲĬШΝΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮĦŸĤċũƣŔŰƚƣŔƣƨƣĲЮŸƖŊоƽƓр
ĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΡо9ŸĤċũƣр~ċƖťĲƣрÅĲƓŸƖƣрΞΜΞΞхǯŰċũрΝЮƓĬŉ 
138ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ9ŸĤċũƣаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх9§7 xÑрΝЮƓĬŉШ 

https://www.cobaltinstitute.org/wp-content/uploads/2023/05/Cobalt-Market-Report-2022_final-1.pdf
https://www.cobaltinstitute.org/wp-content/uploads/2023/05/Cobalt-Market-Report-2022_final-1.pdf
https://www.cobaltinstitute.org/wp-content/uploads/2023/05/Cobalt-Market-Report-2022_final-1.pdf
https://www.cobaltinstitute.org/wp-content/uploads/2023/05/Cobalt-Market-Report-2022_final-1.pdf


 

 ΠΦ 

ÉĲĦŸŰĬċƖǃШƓƖŸĬƨĦƣŔŸŰ 

ÉĲĦŸŰĬċƖǃШыƖĲĦǃĦũĲĬьШĦŸĤċũƣШƚƨƓƓũǃШƣŸƣċũũĲĬШΝΝЯΡΜΜШůĲƣƖŔĦШƣŸŰƚШŔŰШΞΜΞΟЯШċĦĦŸƨŰƣŔŰŊШŉŸƖШΡЮΞӖШŸŉШƣőĲШ
ŊũŸĤċũШĦŸĤċũƣШƚƨƓƓũǃЮШfƣШŔƚШŉŸƖĲĦċƚƣĲĬШƣőċƣШŰĲƽШƚĦƖċƓШŊĲŰĲƖċƣĲĬШŉƖŸůШůċŰƨŉċĦƣƨƖŔŰŊШƓƖŸĦĲƚƚĲƚШƽŔũũШ
ƖĲůċŔŰШƣőĲШĬŸůŔŰċŰƣШƚŸƨƖĦĲШŸŉШƖĲĦǃĦũĲĬШĦŸĤċũƣШƨŰƣŔũШƣőĲШůŔĬрΞΜΟΜƚЯШƽőĲŰШƚƨƓƓũǃШŉƖŸůШŸũĬШƚĦƖċƓШыŔЮĲЮЯШ
ĲŰĬрŸŉрũŔŉĲШƚĦƖċƓьШŔƚШĲǂƓĲĦƣĲĬШƣŸШŊƖŸƽШƚƨĤƚƣċŰƣŔċũũǃЮШ ũƣőŸƨŊőШEƨƖŸƓĲШċŰĬШ ŸƖƣőШ ůĲƖŔĦċШċƖĲШĲǂƓċŰĬŔŰŊШ
ƖĲĦǃĦũŔŰŊШĦċƓċĦŔƣǃШĬƖŔƻĲŰШĤǃШƓŸũŔĦǃШŔŰĦĲŰƣŔƻĲƚЯШ9őŔŰċШĦŸŰƣŔŰƨĲƚШƣŸШũĲċĬШŔŰШƣőŔƚШċƖĲċ139Ю 

§ũĬЮƚĦƖċƓЮ 

ìőŔũĲШƚŸůĲШĦŸĤċũƣШĲŰĬШƨƚĲƚЯШƚƨĦőШċƚШƓŔŊůĲŰƣƚШŔŰШĦĲƖċůŔĦƚЯШƓċŔŰƣƚЯШċŰĬШƣŔƖĲШċĬőĲƚŔƻĲƚЯШċƖĲШĬŔƚƚŔƓċƣŔƻĲЯШ
ĦŸĤċũƣШƨƚĲĬШŔŰШċƓƓũŔĦċƣŔŸŰƚШũŔťĲШƚƨƓĲƖċũũŸǃƚЯШőċƖĬШůĲƣċũƚЯШĤċƣƣĲƖŔĲƚЯШċŰĬШĦċƣċũǃƚƣƚШĦċŰШĤĲШĦŸũũĲĦƣĲĬШċŰĬШ
ƖĲĦǃĦũĲĬ140ЮШfŰШΞΜΞΟЯШƣőĲШƚŸƨƖĦĲƚШŸŉШƖĲĦǃĦũĲĬШĦŸĤċũƣШƽĲƖĲШƓƖŔůċƖŔũǃШĤċƣƣĲƖǃШƖĲĦǃĦũŔŰŊШыΣΡӖьЯШŉŸũũŸƽĲĬШĤǃШ
ƣƨŰŊƚƣĲŰШĦċƖĤŔĬĲШƚĦƖċƓШыΞΠӖьЯШċŰĬШċũũŸǃШƚĦƖċƓƚШċŰĬШĦċƣċũǃƚƣƚШыΝΝӖь141Ю 

ÉĲĦŸŰĬċƖǃЮƚŸƨƖĦĲƚЮёŔŰĬƨƚƣƖŔċũЮĤǃцƓƖŸĬƨĦƣƚЮċŰĬЮůŔŰĲЮƣċŔũŔŰŊƚђ 

9ŸĤċũƣШĦċŰШĤĲШƖĲĦŸƻĲƖĲĬШŉƖŸůШƚũƨĬŊĲШŊĲŰĲƖċƣĲĬШŔŰШŰŔĦťĲũШƖĲǯŰĲƖŔĲƚЯШǍŔŰĦШƚůĲũƣŔŰŊШƽċƚƣĲЯШċŰĬШƚũċŊƚШŉƖŸůШ
ĦŸƓƓĲƖШƚůĲũƣŔŰŊШŸƓĲƖċƣŔŸŰƚЮШÅĲĦĲŰƣШċĬƻċŰĦĲƚШŔŰШƓƖŸĦĲƚƚŔŰŊШƣĲĦőŰŸũŸŊǃШőċƻĲШċũƚŸШůċĬĲШŔƣШƓŸƚƚŔĤũĲШƣŸШ
ĲǂƣƖċĦƣШĦŸĤċũƣШŉƖŸůШőŔƚƣŸƖŔĦШǰŸƣċƣŔŸŰШƣċŔũŔŰŊƚШŸŉШĦŸƓƓĲƖШƚƨũƓőŔĬĲШŸƖĲƚШċƣШĦŸůůĲƖĦŔċũũǃШƻŔċĤũĲШŊƖċĬĲƚЮШfŰШ
ƣőĲШ?Å9ЯШċШůċŢŸƖШƓƖŸŢĲĦƣШŔƚШĦƨƖƖĲŰƣũǃШƨŰĬĲƖШĦŸŰƚƣƖƨĦƣŔŸŰШƽőŔĦőШŔŰĦũƨĬĲƚШƖĲƓƖŸĦĲƚƚŔŰŊШŸŉШŸũĬШĦŸĤċũƣШċŰĬШ
ĦŸƓƓĲƖШƣċŔũŔŰŊƚШŉƖŸůШƓƖĲƻŔŸƨƚШůŔŰŔŰŊШŸƓĲƖċƣŔŸŰƚЯШƽŔƣőШċŰШĲǂƓĲĦƣĲĬШċŰŰƨċũШĦċƓċĦŔƣǃШŸŉШΞΠЯΜΜΜШůĲƣƖŔĦШ
ƣŸŰƚШŸŉШĦŸĤċũƣ142ЮШ 

 

ÅĲƚĲƖƻĲƚ 
]ũŸĤċũШƖĲƚĲƖƻĲƚ143Ш 
9ŸƨŰƣƖǃШ ÅĲƚĲƖƻĲƚШыůĲƣƖŔĦШƣŸŰƚЯШĦŸĤċũƣШĦŸŰƣĲŰƣь 

?Å9 ΣЯΜΜΜЯΜΜΜ 

ƨƚƣƖċũŔċ ΝЯΤΜΜЯΜΜΜ 
fŰĬŸŰĲƚŔċ ΣΠΜЯΜΜΜ 

9ƨĤċ ΡΜΜЯΜΜΜ 

ÂőŔũŔƓƓŔŰĲƚ ΞΣΜЯΜΜΜ 

ÅƨƚƚŔċ ΞΡΜЯΜΜΜ 
9ċŰċĬċ ΞΞΜЯΜΜΜ 
~ċĬċŊċƚĦċƖ ΝΜΜЯΜΜΜ 

 

 
139Ш9ŸĤċũƣШfŰƚƣŔƣƨƣĲЮШыΞΜΞΠьЮШ9ŸĤċũƣШůċƖťĲƣШƖĲƓŸƖƣШΞΜΞΟЮШ9ŸĤċũƣШfŰƚƣŔƣƨƣĲЮШÅĲƣƖŔĲƻĲĬШΝΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮĦŸĤċũƣŔŰƚƣŔƣƨƣĲЮŸƖŊоƽƓр
ĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΡо9ŸĤċũƣр~ċƖťĲƣрÅĲƓŸƖƣрΞΜΞΟх[f  xЮƓĬŉ   
140ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ9ŸĤċũƣаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх9§7 xÑрΝЮƓĬŉШ 
141Ш9ŸĤċũƣШfŰƚƣŔƣƨƣĲЮШыŰЮĬЮьЮШ9ŸĤċũƣШƻċũƨĲШĦőċŔŰШůċƓƓŔŰŊЮШ9ŸĤċũƣШfŰƚƣŔƣƨƣĲЮШÅĲƣƖŔĲƻĲĬШΝΥЮΜΞЮΞΜΞΡЯШŉƖŸůШőƣƣƓƚаооƽƽƽЮĦŸĤċũƣŔŰƚƣŔƣƨƣĲЮŸƖŊоĦŸĤċũƣр
ƚŸƨƖĦŔŰŊрƖĲƚƓŸŰƚċĤŔũŔƣǃоĦŸĤċũƣрƻċũƨĲрĦőċŔŰоШ 
142ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ9ŸĤċũƣаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх9§7 xÑрΝЮƓĬŉШ 
143ШEƽŔŰŊЯШÉЮШ~ЮШыΞΜΞΡЯШsċŰƨċƖǃьЮШ9ŸĤċũƣЮШ~ŔŰĲƖċũШ9ŸůůŸĬŔƣǃШÉƨůůċƖŔĲƚШΞΜΞΡШыƓƓЮШΣΝтΣΞьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШ
ÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΝΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрĦŸĤċũƣЮƓĬŉШ 

https://www.cobaltinstitute.org/cobalt-sourcing-responsability/cobalt-value-chain/
https://www.cobaltinstitute.org/cobalt-sourcing-responsability/cobalt-value-chain/
https://pubs.usgs.gov/periodicals/mcs2025/mcs2025-cobalt.pdf


 

 ΡΜ 

EÖШƖĲƚĲƖƻĲƚ144 
9ŸƨŰƣƖǃШ ÅĲƚĲƖƻĲƚШыůĲƣƖŔĦШƣŸŰƚЯШĦŸĤċũƣШĦŸŰƣĲŰƣь 

[ŔŰũċŰĬ ΝΝΞЯΜΜΜ 

]ƖĲĲĦĲ ΦΡЯΜΜΜ 
ÂŸũċŰĬ ΤΡЯΜΜΜ 

ÉƓċŔŰ ΟΠΠ 

 

ÂƖŸĦĲƚƚŔŰŊШƚƣċŊĲШтШƖĲǯŰĲĬШĦŸĤċũƣ 
]ũŸĤċũШƓƖŸĬƨĦĲƖƚШċƣШƣőĲШƓƖŸĦĲƚƚŔŰŊШƚƣċŊĲ 

 

ÑőĲШċŰŰƨċũШŊũŸĤċũШƓƖŸĬƨĦƣŔŸŰШċƣШƣőĲШƓƖŸĦĲƚƚŔŰŊШƚƣċŊĲШƽċƚШΝΥΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚЯШĦŸĤċũƣШĦŸŰƣĲŰƣШŔŰШ
ΞΜΞΟ145ШЮШÑőĲШŰƨůĤĲƖШċŰĬШƓŔĲШĦőċƖƣШƚőŸƽĲĬШĦŸĤċũƣШƖĲǯŰĲĬШŉƖŸůШŸƖĲƚЯШĦŸŰĦĲŰƣƖċƣĲƚЯШŸƖШŔŰƣĲƖůĲĬŔċƣĲШ
ƓƖŸĬƨĦƣƚШċŰĬШĬŔĬШŰŸƣШŔŰĦũƨĬĲШƓƖŸĬƨĦƣŔŸŰШŸŉШĬŸƽŰƚƣƖĲċůШƓƖŸĬƨĦƣƚШŉƖŸůШƖĲǯŰĲĬШĦŸĤċũƣЮ 

9őŔŰċШƖĲůċŔŰĲĬШƣőĲШũĲċĬŔŰŊШƓƖŸĬƨĦĲƖШŸŉШƖĲǯŰĲĬШĦŸĤċũƣЮШfƣƚШůċŔŰШĦŸĤċũƣШƖċƽШůċƣĲƖŔċũƚШƚƨƓƓũǃШŉŸƖШƖĲǯŰĲƖǃШ
ƓƖŸĬƨĦƣŔŸŰШĦċůĲШŉƖŸůШƣőĲШ?Å9ШċŰĬШfŰĬŸŰĲƚŔċ146ЮШÑőĲШƖĲǯŰĲĬШĦŸĤċũƣШƽĲƖĲШůŸƚƣũǃШŔŰШƣőĲШŉŸƖůШŸŉШĦŸĤċũƣШ
ƚċũƣƚШċŰĬШŸǂŔĬĲƚШыΥΦӖьЯШƽŔƣőШƣőĲШƖĲůċŔŰĬĲƖШċƚШůĲƣċũШċŰĬШůĲƣċũШƓŸƽĬĲƖШыΝΝӖьЮШfŰШΞΜΞΝЯШΥΡӖШŸŉШ9őŔŰċќƚШ
ĦŸŰƚƨůƓƣŔŸŰШŸŉШƖĲǯŰĲĬШĦŸĤċũƣШƽċƚШƨƚĲĬШƣŸШůċťĲШĦċƣőŸĬĲШůċƣĲƖŔċũƚШŉŸƖШƖĲĦőċƖŊĲċĤũĲШĤċƣƣĲƖŔĲƚЮШ 

 
144ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ9ŸĤċũƣаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх9§7 xÑрΝЮƓĬŉШ 
145ШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШыΞΜΞΟьЮШ9ŸĤċũƣШƚƣċƣŔƚƣŔĦƚЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΟЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШ
ÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΝΥЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооĬΦрƽƖĲƣЮƚΟЮƨƚрƽĲƚƣрΞЮċůċǍŸŰċƽƚЮĦŸůоċƚƚĲƣƚоƓċũũċĬŔƨůоƓƖŸĬƨĦƣŔŸŰоƚΟŉƚр
ƓƨĤũŔĦоůĲĬŔċоǯũĲƚоůǃĤΝрΞΜΞΟрĦŸĤċũрEÅÑЮǂũƚǂШ 
146ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ9ŸĤċũƣаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх9§7 xÑрΝЮƓĬŉШ 

82%

6%

3%
2%

2%2% 4%
China (metal, metal powder,
oxide, salts)

Finland (metal powder and
salts)

Canada (metal, metal powder,
oxide)

Japan (metal)

Madagascar (metal powder)

Norway (metal)

ROW

https://d9-wret.s3.us-west-2.amazonaws.com/assets/palladium/production/s3fs-public/media/files/myb1-2023-cobal-ERT.xlsx
https://d9-wret.s3.us-west-2.amazonaws.com/assets/palladium/production/s3fs-public/media/files/myb1-2023-cobal-ERT.xlsx


 

 ΡΝ 

[ŔŰũċŰĬШĦŸŰƣŔŰƨĲĬШƣŸШĤĲШƣőĲШƚĲĦŸŰĬрƖċŰťĲĬШŊũŸĤċũШƓƖŸĬƨĦĲƖШŸŉШƖĲǯŰĲĬШĦŸĤċũƣЮШfƣƚШĦŸĤċũƣШƖċƽШůċƣĲƖŔċũƚШ
ƚƨƓƓũǃШŉŸƖШƖĲǯŰĲƖǃШƓƖŸĬƨĦƣŔŸŰШĦċůĲШŉƖŸůШĬŸůĲƚƣŔĦШůŔŰŔŰŊШŸƓĲƖċƣŔŸŰƚЯШƣőĲШ?Å9ШċŰĬШÅƨƚƚŔċШċůŸŰŊШ
ŸƣőĲƖƚ147ЮШ 

 

?ĲůċŰĬШ 
]ũŸĤċũШĬĲůċŰĬ148 
ÑőĲШƽŸƖũĬШƖĲǯŰĲĬШĦŸĤċũƣШĦŸŰƚƨůƓƣŔŸŰШƽċƚШċĤŸƨƣШΝΤΡЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШŔŰШΞΜΞΝ149ЮШ 

ƚŔċШŔƚШĤǃШŉċƖШƣőĲШũċƖŊĲƚƣШĦŸŰƚƨůŔŰŊШƖĲŊŔŸŰЮШ9őŔŰċШƽċƚШƣőĲШƽŸƖũĬќƚШũĲċĬŔŰŊШĦŸŰƚƨůĲƖШŸŉШƖĲǯŰĲĬШĦŸĤċũƣЯШ
ƽŔƣőШċШŊũŸĤċũШƚőċƖĲШŸŉШΟΞӖШŔŰШΞΜΞΜШыŔЮĲЮЯШĲƚƣŔůċƣĲĬШΠΠЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШŸŉШĦŸĤċũƣШĦŸŰƣĲŰƣьЮШĦĦŸƖĬŔŰŊШƣŸШ
ƣőĲШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃШыÖÉ]ÉьЯШŔŰШΞΜΞΝЯШΥΡӖШŸŉШƣőĲШƖĲǯŰĲĬШĦŸĤċũƣШŔƣШĦŸŰƚƨůĲĬШƽċƚШƨƚĲĬШƣŸШůċťĲШ
ĦċƣőŸĬĲШůċƣĲƖŔċũƚШŉŸƖШƖĲĦőċƖŊĲċĤũĲШĤċƣƣĲƖŔĲƚ150ЮШƓċƖƣШŉƖŸůШĤċƣƣĲƖǃШůċŰƨŉċĦƣƨƖŔŰŊЯШ9őŔŰċШŔƚШċũƚŸШċШůċŢŸƖШ
ƓƖŸĬƨĦĲƖШŸŉШƣŸŸũШůċƣĲƖŔċũƚЯШůċŊŰĲƣƚЯШċŰĬШƓŔŊůĲŰƣƚЮ 

fŰШΞΜΞΜЯШEƨƖŸƓĲШƽċƚШƣőĲШƚĲĦŸŰĬШũċƖŊĲƚƣШĦŸĤċũƣШĦŸŰƚƨůĲƖЯШċĦĦŸƨŰƣŔŰŊШŉŸƖШċƓƓƖŸǂŔůċƣĲũǃШΞΠӖШŸŉШŊũŸĤċũШ
ĦŸŰƚƨůƓƣŔŸŰЮШÑőĲШĦŸĤċũƣШĦŸŰƚƨůĲĬШƽċƚШůŸƚƣũǃШƨƚĲĬШŔŰШůċŰƨŉċĦƣƨƖŔŰŊШĤċƣƣĲƖŔĲƚЯШŰŔĦťĲũрĤċƚĲĬШċũũŸǃƚЯШ
ċŰĬШƣŸŸũШůċƣĲƖŔċũƚЮ 

 

EÖШĬĲůċŰĬ151 
7ĲƣƽĲĲŰШΞΜΝΣШċŰĬШΞΜΞΜЯШƣőĲШEÖШĦŸŰƚƨůĲĬШċŰШċƻĲƖċŊĲШŸŉШΝΜЯΦΠΣШůĲƣƖŔĦШƣŸŰƚШŸŉШĦŸĤċũƣШĦŸŰƣĲŰƣШċŰŰƨċũũǃЮШ
ƣШƣőĲШĲǂƣƖċĦƣŔŸŰШƚƣċŊĲЯШƣőĲШEÖѣƚШŔůƓŸƖƣШƖĲũŔċŰĦĲШƚƣŸŸĬШċƣШΥΝӖбШċƣШƣőĲШƓƖŸĦĲƚƚŔŰŊШƚƣċŊĲЯШƣőĲШEÖќƚШŔůƓŸƖƣШ
ƖĲũŔċŰĦĲШƽċƚШΝӖЮШÑőĲШůċŔŰШƚƨƓƓũŔĲƖƚШƽĲƖĲШÅƨƚƚŔċШыΞΡӖьЯШƣőĲШÖЮÉЮШыΝΣӖьЯШ[ŔŰũċŰĬШыΝΣӖьЯШƣőĲШ?Å9ШыΦӖьЯШ
~ċĬċŊċƚĦċƖШыΡӖьЯШ9ċŰċĬċШыΡӖьЯШċŰĬШ ŸƖƽċǃШыΠӖьЮШ 

fƣШċƓƓĲċƖĲĬШƣőċƣШůŸƚƣШƣőĲШƖĲǯŰĲĬШĦŸĤċũƣШƓƖŸĬƨĦĲĬШŔŰШƣőĲШEÖШƽċƚШƣőĲŰШĲǂƓŸƖƣĲĬШċƚШƣőĲШċƓƓċƖĲŰƣШ
ĦŸŰƚƨůƓƣŔŸŰШŸŉШƖĲǯŰĲĬШĦŸĤċũƣШŔŰШƣőĲШEÖШыŔЮĲЮЯШEÖШƓƖŸĬƨĦƣŔŸŰШƓũƨƚШŔůƓŸƖƣШůŔŰƨƚШĲǂƓŸƖƣьШċůŸƨŰƣĲĬШƣŸШũĲƚƚШ
ƣőċŰШΟΜΜШůĲƣƖŔĦШƣŸŰƚЯШĦŸĤċũƣШĦŸŰƣĲŰƣШƓĲƖШǃĲċƖШŸŰШċƻĲƖċŊĲШĤĲƣƽĲĲŰШΞΜΝΣШċŰĬШΞΜΞΜЮ 

 

 

 

 
147ШÉőĲĬĬЯШuЮШ7ЮЯШѼШEƽŔŰŊЯШÉЮШ~ЮШыΞΜΞΡЯШ[ĲĤƖƨċƖǃьЮШ9ŸĤċũƣЮШΞΜΞΝШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťШы ĬƻċŰĦĲШÅĲũĲċƚĲьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ
]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΝΥЮΜΞЮΞΜΞΡШŉƖŸůШШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΝоůǃĤΝрΞΜΞΝрĦŸĤċũƣЮƓĬŉ  
148Ш9ŸĤċũƣШfŰƚƣŔƣƨƣĲЮШыΞΜΞΝЯШ~ċǃьЮШÉƣċƣĲШŸŉШƣőĲШ9ŸĤċũƣШ~ċƖťĲƣШÅĲƓŸƖƣЮШ9ŸĤċũƣШfŰƚƣŔƣƨƣĲЮШÅĲƣƖŔĲƻĲĬШΝΥЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĦŸĤċũƣŔŰƚƣŔƣƨƣĲЮŸƖŊоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΝоΜΦо9ŸĤċũƣрfŰƚƣŔƣƨƣĲрÉƣċƣĲрŸŉрƣőĲр9ŸĤċũƣр~ċƖťĲƣрÅĲƓŸƖƣхΞΜΞΜЮƓĬŉШ 
149ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ9ŸĤċũƣаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх9§7 xÑрΝЮƓĬŉШ 
150ШÉőĲĬĬЯШuЮШ7ЮЯШѼШEƽŔŰŊЯШÉЮШ~ЮШыΞΜΞΡЯШ[ĲĤƖƨċƖǃьЮШ9ŸĤċũƣЮШΞΜΞΝШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťШы ĬƻċŰĦĲШÅĲũĲċƚĲьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ
]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΝΥЮΜΞЮΞΜΞΡШŉƖŸůШШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΝоůǃĤΝрΞΜΞΝрĦŸĤċũƣЮƓĬŉШ 
151ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ9ŸĤċũƣаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх9§7 xÑрΝЮƓĬŉШ 

https://pubs.usgs.gov/myb/vol1/2021/myb1-2021-cobalt.pdf
https://www.cobaltinstitute.org/wp-content/uploads/2021/09/Cobalt-Institute-State-of-the-Cobalt-Market-Report_2020.pdf


 

 ΡΞ 

[ƨƣƨƖĲШƚƨƓƓũǃШċŰĬШĬĲůċŰĬШƣƖĲŰĬƚ 
]ũŸĤċũШĦŸĤċũƣШůŔŰĲШċŰĬШŔŰƣĲƖůĲĬŔċƣĲШƓƖŸĬƨĦƣŔŸŰЯШĲƚƓĲĦŔċũũǃШŔŰШƣőĲШ?Å9ШċŰĬШfŰĬŸŰĲƚŔċЯШŔƚШƚĲƣШƣŸШƖŔƚĲШŔŰШ
ƣőĲШŰĲċƖШƣŸШůĲĬŔƨůШƣĲƖůЮШÅĲǯŰĲĬШĦŸĤċũƣШƚƨƓƓũǃШŔƚШĲǂƓĲĦƣĲĬШƣŸШůċƣĦőШƣőŔƚШŊƖŸƽƣőЮШìőŔũĲШƚĲĦŸŰĬċƖǃШ
ĦŸĤċũƣШƚƨƓƓũǃШƽŔũũШŔŰĦƖĲċƚĲШŸƻĲƖШƣŔůĲЯШƓƖŔůċƖǃШĦŸĤċũƣШƚƨƓƓũǃШƽŔũũШƚƣŔũũШƚƨƓƓŸƖƣШƣőƖĲĲШƕƨċƖƣĲƖƚШŸŉШƚƨƓƓũǃШ
ŊƖŸƽƣőШƣŸШΞΜΟΜ152Ю 

ĦĦŸƖĬŔŰŊШƣŸШƣőĲШƖĲƓŸƖƣШŸŉШƣőĲШÖÉ]ÉШŔŰШΞΜΞΝЯШƖŔƚŔŰŊШĬĲůċŰĬШŉƖŸůШƣőĲШĲũĲĦƣƖŔĦШƻĲőŔĦũĲШŔŰĬƨƚƣƖǃШĦŸƨũĬШũĲċĬШ
ƣŸШċШĦŸĤċũƣШƚƨƓƓũǃШĬĲǯĦŔƣШŔŰШƣőĲШŰĲċƖШŉƨƣƨƖĲШыΞΜΞΠрΞΜΞΡьШŔŉШĦŸĤċũƣрĤċƚĲĬШĤċƣƣĲƖŔĲƚШƖĲůċŔŰШĬŸůŔŰċŰƣШċŰĬШ
ŰŸШŰĲƽШůŔŰŔŰŊШƓƖŸŢĲĦƣƚШċƖĲШĬĲƻĲũŸƓĲĬ153ШЮШÉŔůŔũċƖШĦŸŰĦũƨƚŔŸŰШƽċƚШĬƖċƽŰШĤǃШ9ŸĤċũƣШfŰƚƣŔƣƨƣĲШƽőŔĦőШ
ŔŰĬŔĦċƣĲĬШŔŰШŔƣƚШΞΜΞΟШƖĲƓŸƖƣШƣőċƣШċƚШƣőĲШċŰŰƨċũШŊƖŸƽƣőШƖċƣĲШŸŉШĬĲůċŰĬШƣŸШΞΜΟΜШŔƚШőŔŊőĲƖШĦŸůƓċƖĲĬШƣŸШƣőċƣШ
ŸŉШƣŸƣċũШƚƨƓƓũǃЯШŉƖŸůШƣőĲШůŔĬШƣŸШũċƣĲШΞΜΞΜƚШŸŰƽċƖĬƚЯШƣőĲШĤċũċŰĦĲШƽŔũũШƚőŔŉƣШƣŸШċШĬĲǯĦŔƣЮШ9ƨƖƖĲŰƣШĲǂƓċŰƚŔŸŰШ
ƓũċŰƚШĤǃШůŔŰĲƖƚЯШƖĲǯŰĲƖƚЯШċŰĬШƖĲĦǃĦũĲƖƚШċƖĲШŰŸƣШĲǂƓĲĦƣĲĬШƣŸШŉƨũũǃШůĲĲƣШƣőĲШƖŔƚŔŰŊШĬĲůċŰĬШŉŸƖШĦŸĤċũƣ154ЮШ
fŰШĦŸŰƣƖċƚƣЯШ~ĦuŔŰƚĲǃШѼШ9ŸůƓċŰǃќƚШΞΜΞΠШƖĲƓŸƖƣШŔŰĬŔĦċƣĲĬШƣőċƣШƖĲĦĲŰƣШƚőŔŉƣƚШŔŰШƚƨƓƓũǃШċŰĬШĬĲůċŰĬШőċƻĲШ
ƖĲƚőċƓĲĬШƣőĲШƓƖŸŢĲĦƣĲĬШƚƨƓƓũǃрĬĲůċŰĬШŊċƓЯШƓċƖƣŔĦƨũċƖũǃШĤĲǃŸŰĬШΞΜΟΜЮШ9ŸĤċũƣШőċƚШƣƖċŰƚŔƣŔŸŰĲĬШŉƖŸůШċŰШ
ċŰƣŔĦŔƓċƣĲĬШƨŰĬĲƖƚƨƓƓũǃШƣŸШċŰШŸƻĲƖƚƨƓƓũǃЯШĲǭĲĦƣŔƻĲũǃШĦũŸƚŔŰŊШƣőĲШŊċƓ155Ю 

ÅƨƚƚŔċќƚШŸŰŊŸŔŰŊШŔŰƻċƚŔŸŰШŸŉШÖťƖċŔŰĲШĦŸŰƣŔŰƨĲƚШƣŸШĦƖĲċƣĲШƚƨƓƓũǃШƨŰĦĲƖƣċŔŰƣǃШŉŸƖШƣőĲШEÖЯШċƚШÅƨƚƚŔċШ
ƖĲůċŔŰƚШċШťĲǃШƚƨƓƓũŔĲƖШŸŉШƖċƽШůċƣĲƖŔċũƚ156Ю 

fŰШƣĲƖůƚШŸŉШĬĲůċŰĬЯШĦŸĤċũƣШŔƚШĲǂƓĲĦƣĲĬШƣŸШƖĲůċŔŰШċŰШŔůƓŸƖƣċŰƣШƓċƖƣШŸŉШƣőĲШůċŢŸƖШĤċƣƣĲƖǃШĦőĲůŔƚƣƖǃШ
ƣĲĦőŰŸũŸŊŔĲƚЯШċĦĦŸƨŰƣŔŰŊШŉŸƖШċĤŸƨƣШΡΠӖШŸŉШƣŸƣċũШĦċƣőŸĬĲШĬĲůċŰĬЮШÑőĲШĦŸĤċũƣШĬĲůċŰĬШĦŸƨũĬШĲǂĦĲĲĬШ
ΠΜΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШŸŉШĦŸĤċũƣШĦŸŰƣĲŰƣШĤǃШΞΜΟΜЮШÑőĲШĬĲůċŰĬШŊƖŸƽƣőШƽŔũũШĤĲШůċŔŰũǃШĬƖŔƻĲŰШĤǃШĤċƣƣĲƖǃШ
ċƓƓũŔĦċƣŔŸŰƚШыΦΡӖьШŉŸƖШĲũĲĦƣƖŔĦШƻĲőŔĦũĲƚШыEéƚьЯШĲŰĲƖŊǃШƚƣŸƖċŊĲШƚǃƚƣĲůƚШċŰĬШƓŸƖƣċĤũĲШĲũĲĦƣƖŸŰŔĦƚЮШÑőĲШ
ũċƖŊĲƚƣШŰŸŰрĤċƣƣĲƖǃШĬƖŔƻĲƖШŔƚШƚƨƓĲƖШċũũŸǃƚ157ЮШ 

 

 

 

 

 
152Ш9ŸĤċũƣШfŰƚƣŔƣƨƣĲЮШыΞΜΞΠьЮШ9ŸĤċũƣШůċƖťĲƣШƖĲƓŸƖƣШΞΜΞΟЮШ9ŸĤċũƣШfŰƚƣŔƣƨƣĲЮШÅĲƣƖŔĲƻĲĬШΝΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮĦŸĤċũƣŔŰƚƣŔƣƨƣĲЮŸƖŊоƽƓр
ĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΡо9ŸĤċũƣр~ċƖťĲƣрÅĲƓŸƖƣрΞΜΞΟх[f  xЮƓĬŉШШ 
153ШÉőĲĬĬЯШuЮШ7ЮЯШѼШEƽŔŰŊЯШÉЮШ~ЮШыΞΜΞΡЯШ[ĲĤƖƨċƖǃьЮШ9ŸĤċũƣЮШΞΜΞΝШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťШы ĬƻċŰĦĲШÅĲũĲċƚĲьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ
]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΝΥЮΜΞЮΞΜΞΡШŉƖŸůШШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΝоůǃĤΝрΞΜΞΝрĦŸĤċũƣЮƓĬŉ  
154Ш9ŸĤċũƣШfŰƚƣŔƣƨƣĲЮШыΞΜΞΠьЮШ9ŸĤċũƣШůċƖťĲƣШƖĲƓŸƖƣШΞΜΞΟЮШ9ŸĤċũƣШfŰƚƣŔƣƨƣĲЮШÅĲƣƖŔĲƻĲĬШΝΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮĦŸĤċũƣŔŰƚƣŔƣƨƣĲЮŸƖŊоƽƓр
ĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΡо9ŸĤċũƣр~ċƖťĲƣрÅĲƓŸƖƣрΞΜΞΟх[f  xЮƓĬŉШШ 
155Ш~ĦuŔŰƚĲǃШѼШ9ŸůƓċŰǃЮШыΞΜΞΠЯШÉĲƓƣĲůĤĲƖШΝΤьЮШ]ũŸĤċũШ~ċƣĲƖŔċũƚШÂĲƖƚƓĲĦƣŔƻĲШΞΜΞΠЮШ~ĦuŔŰƚĲǃШѼШ9ŸůƓċŰǃЮШÅĲƣƖŔĲƻĲĬШΝΜЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮůĦťŔŰƚĲǃЮĦŸůоŔŰĬƨƚƣƖŔĲƚоĲŰĲƖŊǃрċŰĬрůċƣĲƖŔċũƚоŸƨƖрŔŰƚŔŊőƣƚоŊũŸĤċũрůċƣĲƖŔċũƚрƓĲƖƚƓĲĦƣŔƻĲ 
156ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ9ŸĤċũƣаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх9§7 xÑрΝЮƓĬŉШ 
157Ш9ŸĤċũƣШfŰƚƣŔƣƨƣĲЮШыΞΜΞΠьЮШ9ŸĤċũƣШůċƖťĲƣШƖĲƓŸƖƣШΞΜΞΟЮШ9ŸĤċũƣШfŰƚƣŔƣƨƣĲЮШÅĲƣƖŔĲƻĲĬШΝΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮĦŸĤċũƣŔŰƚƣŔƣƨƣĲЮŸƖŊоƽƓр
ĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΡо9ŸĤċũƣр~ċƖťĲƣрÅĲƓŸƖƣрΞΜΞΟх[f  xЮƓĬŉШШ 

https://www.mckinsey.com/industries/energy-and-materials/our-insights/global-materials-perspective
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EǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚ158Ш 
fƣШƚőŸƨũĬШĤĲШŰŸƣĲĬШƣőċƣШƖĲŊƨũċƣŔŸŰƚШċƖĲШĬǃŰċůŔĦШċŰĬШƚƨĤŢĲĦƣШƣŸШĦőċŰŊĲШŸƻĲƖШƣŔůĲЮ 

~ċŢŸƖШƓƖŸĬƨĦŔŰŊШĦŸƨŰƣƖǃШċƣШ
ƣőĲШĲǂƣƖċĦƣŔŸŰШƚƣċŊĲ 

EǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШ
ыΞΜΞΞь 

ÑċƖŊĲƣĲĬШĦŸůůŸĬŔƣǃ 

?Å9 EǂƓŸƖƣШƣċǂЯШũŔĦĲŰƚŔŰŊШ
ƖĲƕƨŔƖĲůĲŰƣШċŰĬШŸƣőĲƖШ
ĲǂƓŸƖƣШůĲċƚƨƖĲƚ 

9ŸĤċũƣШŸƖĲШċŰĬШĦŸŰĦĲŰƣƖċƣĲƚЯШĦŸĤċũƣШŸǂŔĬĲƚШċŰĬШ
őǃĬƖŸǂŔĬĲƚЯШĦŸĤċũƣШůċƣƣĲƚШċŰĬШŸƣőĲƖШŔŰƣĲƖůĲĬŔċƣĲШ
ƓƖŸĬƨĦƣƚШŸŉШĦŸĤċũƣШůĲƣċũũƨƖŊǃЯШƨŰƽƖŸƨŊőƣШĦŸĤċũƣЯШ
ĦŸĤċũƣШƓŸƽĬĲƖƚЯШĦŸĤċũƣШƽċƚƣĲШċŰĬШƚĦƖċƓЯШċŰĬШ
ĦĲƖƣċŔŰШĦŸĤċũƣШċƖƣŔĦũĲƚ 

fŰĬŸŰĲƚŔċ xŔĦĲŰƚŔŰŊШƖĲƕƨŔƖĲůĲŰƣШ 9ŸĤċũƣШŸƖĲШċŰĬШĦŸŰĦĲŰƣƖċƣĲƚЯШĦŸĤċũƣШůċƣƣĲƚШċŰĬШ
ŸƣőĲƖШŔŰƣĲƖůĲĬŔċƣĲШƓƖŸĬƨĦƣƚШŸŉШĦŸĤċũƣШůĲƣċũũƨƖŊǃЯШ
ƨŰƽƖŸƨŊőƣШĦŸĤċũƣЯШċŰĬШĦŸĤċũƣШƓŸƽĬĲƖƚ 

~ċĬċŊċƚĦċƖ xŔĦĲŰƚŔŰŊШƖĲƕƨŔƖĲůĲŰƣШ
ċŰĬШŸƣőĲƖШĲǂƓŸƖƣШ
ůĲċƚƨƖĲƚ 

9ŸĤċũƣШŸƖĲШċŰĬШĦŸŰĦĲŰƣƖċƣĲƚЯШĦŸĤċũƣШŸǂŔĬĲƚШċŰĬШ
őǃĬƖŸǂŔĬĲƚЯШĦŸĤċũƣШůċƣƣĲƚШċŰĬШŸƣőĲƖШŔŰƣĲƖůĲĬŔċƣĲШ
ƓƖŸĬƨĦƣƚШŸŉШĦŸĤċũƣШůĲƣċũũƨƖŊǃЯШƨŰƽƖŸƨŊőƣШĦŸĤċũƣЯШ
ĦŸĤċũƣШƓŸƽĬĲƖƚЯШĦŸĤċũƣШƽċƚƣĲШċŰĬШƚĦƖċƓЯШċŰĬШ
ĦĲƖƣċŔŰШĦŸĤċũƣШċƖƣŔĦũĲƚ 

ÂőŔũŔƓƓŔŰĲƚ EǂƓŸƖƣШƣċǂШċŰĬШũŔĦĲŰƚŔŰŊШ
ƖĲƕƨŔƖĲůĲŰƣ 

9ŸĤċũƣШŸƖĲШċŰĬШĦŸŰĦĲŰƣƖċƣĲƚ 

ÅƨƚƚŔċ EǂƓŸƖƣШƣċǂ 9ŸĤċũƣШƽċƚƣĲШċŰĬШƚĦƖċƓ 

 

[ƨƖƣőĲƖůŸƖĲЯШŔƣШƽċƚШƖĲƓŸƖƣĲĬШŸŰШΡƣőШŸŉШ ŸƻĲůĤĲƖЯШΞΜΞΠШƣőċƣШfŰĬŸŰĲƚŔċШƓũċŰƚШƣŸШĲůƨũċƣĲШƣőĲШƓƖĲƻŔŸƨƚШ
ŰŔĦťĲũШŸƖĲШĲǂƓŸƖƣШĤċŰШƣŸШŔůƓũĲůĲŰƣШċШŰĲƽШĲǂƓŸƖƣШĤċŰШŸŰШΝΞШƣǃƓĲƚШŸŉШůŔŰĲƖċũШƖĲƚŸƨƖĦĲƚЯШŔŰĦũƨĬŔŰŊШ
ĦŸĤċũƣ159ЮШШ 

 

~ċŢŸƖШƓƖŸĬƨĦŔŰŊШĦŸƨŰƣƖǃШċƣШ
ƣőĲШƓƖŸĦĲƚƚŔŰŊШƚƣċŊĲ 

EǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШ
ыΞΜΞΞь 

ÑċƖŊĲƣĲĬШĦŸůůŸĬŔƣǃ 

9őŔŰċ xŔĦĲŰƚŔŰŊШƖĲƕƨŔƖĲůĲŰƣШ 9ŸĤċũƣШŸǂŔĬĲƚШċŰĬШőǃĬƖŸǂŔĬĲƚЯШĦŸĤċũƣШůċƣƣĲƚШċŰĬШ
ŸƣőĲƖШŔŰƣĲƖůĲĬŔċƣĲШƓƖŸĬƨĦƣƚШŸŉШĦŸĤċũƣШůĲƣċũũƨƖŊǃЯШ
ƨŰƽƖŸƨŊőƣШĦŸĤċũƣЯШĦŸĤċũƣШƓŸƽĬĲƖƚЯШĦŸĤċũƣШƽċƚƣĲШ
ċŰĬШƚĦƖċƓЯШċŰĬШĦĲƖƣċŔŰШĦŸĤċũƣШċƖƣŔĦũĲƚ 

 
158Ш§E9?ШыΞΜΞΠьЯШ§E9?ШfŰƻĲŰƣŸƖǃШŸŉШEǂƓŸƖƣШÅĲƚƣƖŔĦƣŔŸŰƚШŸŰШfŰĬƨƚƣƖŔċũШÅċƽШ~ċƣĲƖŔċũƚШΞΜΞΠаШ~ŸŰŔƣŸƖŔŰŊШƣőĲШƨƚĲШŸŉШĲǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШċůŔĬШ
ůċƖťĲƣШċŰĬШƓŸũŔĦǃШƣĲŰƚŔŸŰƚЯШ§E9?ШÂƨĤũŔƚőŔŰŊЯШÂċƖŔƚЯШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΤΥΤоΡĲΠΣĤĤΞΜрĲŰЮШÅĲƣƖŔĲƻĲĬШΝΦЮΜΞЮΞΜΞΡЯШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮŸĲĦĬЮŸƖŊоĲŰоƣŸƓŔĦƚоĲǂƓŸƖƣрƖĲƚƣƖŔĦƣŔŸŰƚрŸŰрĦƖŔƣŔĦċũрƖċƽрůċƣĲƖŔċũƚЮőƣůũ  
159ШÉőċŰŊőċŔШ~ĲƣċũШ~ċƖťĲƣЮШыΞΜΞΠЯШ ŸƻĲůĤĲƖШΣьЮШШŰĲƽШĲǂƓŸƖƣШĤċŰШŸŰШΝΞШƣǃƓĲƚШŸŉШůŔŰĲƖċũШƖĲƚŸƨƖĦĲƚШċŰĬШΝΣШƣǃƓĲƚШŸŉШŰŸŰрůŔŰĲƖċũШĦŸůůŸĬŔƣŔĲƚШ
ůċǃШĤĲШŔůƓũĲůĲŰƣĲĬШŔŰШfŰĬŸŰĲƚŔċЮШÅĲƣƖŔĲƻĲĬШΝΦЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮůĲƣċũЮĦŸůоĲŰоŰĲƽƚĦŸŰƣĲŰƣоΝΜΟΜΞΣΞΞΦШ 

https://www.oecd.org/en/topics/export-restrictions-on-critical-raw-materials.html
https://www.metal.com/en/newscontent/103026229
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9ŸƓƓĲƖШы9ƨь 
~ċŢŸƖШĲŰĬШƨƚĲƚШŔŰШƣőĲШEÖШыċƻĲƖċŊĲШĤĲƣƽĲĲŰШΞΜΝΣШċŰĬШΞΜΞΜь160 

 

 

 

 

 

 

 

 

 

 

 

 
160ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШ9ŸƓƓĲƖаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΦЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх9§ÂÂEÅрƨƓĬċƣĲЮƓĬŉШ 
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https://scrreen.eu/wp-content/uploads/2024/01/SCRREEN2_factsheets_COPPER-update.pdf
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ìŸƖũĬƽŔĬĲШĲŰĬрƨƚĲШĬŔƚƣƖŔĤƨƣŔŸŰШŸŉШĦŸƓƓĲƖШŔŰШΞΜΞΝ 
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éċũƨĲШĦőċŔŰШыƚŔůƓũŔǯĲĬьШ161ЯШ162ЯШ163ЯШ164 

 

ÉƨĤƚƣŔƣƨƣŔŸŰ165ЯШ166ЯШ167 

ÉƨĤƚƣŔƣƨƣŔŸŰШĦċŰШŔůƓċĦƣШĤŸƣőШĦŸƚƣШċŰĬШƓĲƖŉŸƖůċŰĦĲЮ 

fŰƣĲƖůĲĬŔċƣĲШŸƖШĲŰĬШƓƖŸĬƨĦƣƚ ÉƨĤƚƣŔƣƨƣŔŸŰ 

EũĲĦƣƖŔĦċũШċƓƓũŔĦċƣŔŸŰƚШыƽŔƖŔŰŊЯШƓŸƽĲƖШĦċĤũĲƚь ũƨůŔŰŔƨůЯШƚŔũƻĲƖ 
ÑĲũĲĦŸůůƨŰŔĦċƣŔŸŰШыĦŸƓƓĲƖШƽŔƖĲƚь §ƓƣŔĦċũШǯĤƖĲƚШыƚŔũŔĦŸŰь 
ÂŔƓĲƚШċŰĬШƓũƨůƓŔŰŊШыƽċƣĲƖШƓŔƓĲƚЯШƓũƨůĤŔŰŊШ
ǯǂƣƨƖĲƚЯШċŰĬШĬƖċŔŰШƓŔƓĲƚь ÂũċƚƣŔĦЯШċũƨůŔŰŔƨůЯШǍŔŰĦ 

cĲċƣШĲǂĦőċŰŊĲƖ ÑŔƣċŰŔƨůЯШƚƣċŔŰũĲƚƚШƚƣĲĲũ 
ÑƖċŰƚƓŸƖƣШĲƕƨŔƓůĲŰƣШыĦŸƓƓĲƖрĦŸŰƣċŔŰŔŰŊШĤƖċƚƚШŔŰШ
ċƨƣŸůŸƣŔƻĲШƖċĬŔċƣŸƖƚь ũƨůŔŰŔƨů 

9ŸŰƚƨůĲƖШŊĲŰĲƖċũШƓƖŸĬƨĦƣƚШыĦŸŸũŔŰŊШċŰĬШ
ƖĲŉƖŔŊĲƖċƣŔŸŰШƣƨĤĲƚь 

ũƨůŔŰŔƨů 

ƖƣŔũũĲƖǃШƚőĲũũШĦċƚƣŔŰŊƚ ÉƣĲĲũ 

 
161ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШ9ŸƓƓĲƖаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΦЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх9§ÂÂEÅрƨƓĬċƣĲЮƓĬŉШ 
162ШÂŔĲƣƖŸĤĲũũŔЯШ9ЮЯШ~ċƖŔŰЯШ ЮЯШ§ũŔƻċƖŔЯШsЮЯШѼШ~ƨũĬĲƖЯШ ЮШыΞΜΞΟьЮШÉƨƓƓũŔĲƖƚќШĲŰƣƖǃЯШƨƓŊƖċĬŔŰŊЯШċŰĬШŔŰŰŸƻċƣŔŸŰШŔŰШůŔŰŔŰŊШ]é9ƚаШũĲƚƚŸŰƚШŉƖŸůШ
ƖŊĲŰƣŔŰċЯШ7ƖċǍŔũЯШċŰĬШÂĲƖƨЯШfŰĬƨƚƣƖŔċũШċŰĬШ9ŸƖƓŸƖċƣĲШ9őċŰŊĲЯШéŸũƨůĲШΟΟЯШfƚƚƨĲШΠЯШ ƨŊƨƚƣШΞΜΞΠЯШÂċŊĲƚШΦΞΞтΦΟΦЯШ

őƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΦΟоŔĦĦоĬƣċĬΜΤΦШ 
163Ш[ũċŰċŊċŰЯШ?ЮШ~ЮШыΞΜΞΡЯШsċŰƨċƖǃьЮШ9ŸƓƓĲƖЮШ~ŔŰĲƖċũШ9ŸůůŸĬŔƣǃШÉƨůůċƖŔĲƚШΞΜΞΡШыƓƓЮШΣΠтΣΡьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ
]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΝΦЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрĦŸƓƓĲƖЮƓĬŉШ 
164Ш?ƖŔƻĲШÉƨƚƣċŔŰċĤŔũŔƣǃЮШыΞΜΞΟьЮШ9ŸƓƓĲƖаШ?ċƣċШƚƨůůċƖǃШΞΜΞΟЮШÅċƽШ~ċƣĲƖŔċũШ§ƨƣũŸŸťЮШÅċƽШ~ċƣĲƖŔċũШ§ƨƣũŸŸťШÂũċƣŉŸƖůЮШÅĲƣƖŔĲƻĲĬШΝΞЮΜΟЮΞΜΞΡШ
ŉƖŸůШőƣƣƓƚаооƽƽƽЮƖċƽůċƣĲƖŔċũŸƨƣũŸŸťЮŸƖŊоĬċƣċоƚŔƣĲƚоĬĲŉċƨũƣоǯũĲƚоΞΜΞΟрΜΦо?ÉӖΞΜ9ŸƓƓĲƖӖΞΜé9ӖΞΜǯŰċũЮƓĬŉШ 
165ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШ9ŸƓƓĲƖаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΦЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх9§ÂÂEÅрƨƓĬċƣĲЮƓĬŉШ 
166Ш[ũċŰċŊċŰЯШ?ЮШ~ЮШыΞΜΞΡЯШsċŰƨċƖǃьЮШ9ŸƓƓĲƖЮШ~ŔŰĲƖċũШ9ŸůůŸĬŔƣǃШÉƨůůċƖŔĲƚШΞΜΞΡШыƓƓЮШΣΠтΣΡьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ
]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΝΦЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрĦŸƓƓĲƖЮƓĬŉШШ 
167Ш?ŸƖŰĲƖЯШÖЮШыΞΜΞΜьЮШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШuƨƓŉĲƖЮШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΠΡаШΡΥШÉЮбШ7ĲƖũŔŰЮ 

https://pubs.usgs.gov/periodicals/mcs2025/mcs2025-copper.pdf
https://www.rawmaterialoutlook.org/data/sites/default/files/2023-09/DS%20Copper%20VC%20final.pdf


 

 ΡΤ 

]ũŸĤċũШċŰĬШEÖШƓƖŸĬƨĦƣŔŸŰШтШĦŸƓƓĲƖШŸƖĲШċŰĬШĦŸŰĦĲŰƣƖċƣĲƚШ 
]ũŸĤċũШůŔŰĲШƓƖŸĬƨĦƣŔŸŰ168ЯШ169 
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168Ш[ŔŊƨƖĲƚШċƖĲШĤċƚĲĬШŸŰШĬċƣċШƓƖŸƻŔĬĲĬШĤǃШƣőĲШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮ 
169Ш[ũċŰċŊċŰЯШ?ЮШ~ЮШыΞΜΞΠьЮШ9ŸƓƓĲƖШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΞΜШ~ŔŰĲƖċũƚШǃĲċƖĤŸŸťЯШƻŸũƨůĲШfаШ~ĲƣċũƚШċŰĬШůŔŰĲƖċũƚЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШ
fŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΞΜЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΜоůǃĤΝрΞΜΞΜрĦŸƓƓĲƖЮƓĬŉ  
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https://pubs.usgs.gov/myb/vol1/2020/myb1-2020-copper.pdf
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EÖШůŔŰĲШƓƖŸĬƨĦƣŔŸŰ170 
9ŸƨŰƣƖǃШ ~ŔŰĲШƓƖŸĬƨĦƣŔŸŰШŔŰШΞΜΞΜШыůĲƣƖŔĦШƣŸŰƚЯШĦŸƓƓĲƖШĦŸŰƣĲŰƣь 

ÂŸũċŰĬ ΟΦΞЯΤΜΜ 

ÉƓċŔŰ ΝΦΜЯΟΡΞ 

ÉƽĲĬĲŰ ΝΜΜЯΜΣΡ 

7ƨũŊċƖŔċ ΤΡЯΜΜΜ 

[ŔŰũċŰĬ ΟΣЯΞΤΥ 
ÂŸƖƣƨŊċũ ΟΞЯΞΟΜ 

ÅŸůċŰŔċ ΥЯΟΜΜ 

 

~ŔŰĲШƓƖŸĬƨĦƣŔŸŰШŸŉШŸƣőĲƖШEƨƖŸƓĲċŰШĦŸƨŰƣƖŔĲƚШŔŰШΞΜΞΜ 

9ŸƨŰƣƖǃШ ~ŔŰĲШƓƖŸĬƨĦƣŔŸŰШŔŰШΞΜΞΜШыůĲƣƖŔĦШƣŸŰƚЯШĦŸƓƓĲƖШĦŸŰƣĲŰƣь 

ÑƨƖťĲǃ ΝΜΤЯΜΜΜ 

ÉĲƖĤŔċ ΡΞЯΞΜΤ 
]ĲŸƖŊŔċ ΝΜЯΜΟΣ 

 

ÉĲĦŸŰĬċƖǃШƓƖŸĬƨĦƣŔŸŰ 
fŰШΞΜΞΝЯШċƖŸƨŰĬШΥЯΤΜΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШŸŉШĦŸƓƓĲƖШĦċůĲШŉƖŸůШƣőĲШƖĲĦǃĦũŔŰŊШŸŉШŸũĬШƚĦƖċƓШŉƖŸůШĲŰĬрШŸŉрũŔŉĲШ
ƓƖŸĬƨĦƣƚШċŰĬШŰĲƽШƚĦƖċƓШŉƖŸůШůċŰƨŉċĦƣƨƖŔŰŊШƓƖŸĦĲƚƚĲƚЮШÑőĲШċƻĲƖċŊĲШÅfÅШĤĲƣƽĲĲŰШΞΜΜΦШċŰĬШΞΜΝΥШƽċƚШ
ΟΞӖШƽőŔũĲШƣőĲШEŰĬрŸŉрxŔŉĲШÅĲĦǃĦũŔŰŊШÅċƣĲШыE§xрÅÅьШƽċƚШΠΜӖ171ЮШ 

fŰШƣőĲШEÖЯШċĦĦŸƖĬŔŰŊШƣŸШƣőĲШũċƣĲƚƣШƨƓĬċƣĲШŸŉШƣőĲШEÖШÅċƽШ~ċƣĲƖŔċũƚШfŰŉŸƖůċƣŔŸŰШÉǃƚƣĲůШыÅ~fÉьШŔŰШΞΜΞΠЯШ
ƣőĲШÅfÅШƽċƚШΡΜӖШċŰĬШƣőĲШE§xрÅÅШƽċƚШΡΟӖ172ЮШÑőĲШťĲǃШĦőċũũĲŰŊĲƚШŔŰШĲŰőċŰĦŔŰŊШƓĲƖŉŸƖůċŰĦĲШŔŰĦũƨĬĲШƣőĲШ
ŊƖŸƽŔŰŊШĬĲůċŰĬШŉŸƖШĦŸƓƓĲƖЯШƣőĲШũŸŰŊШũŔŉĲƚƓċŰШŸŉШŔƣƚШċƓƓũŔĦċƣŔŸŰƚЯШƻċƖŔŸƨƚШƚŸĦŔĲƣċũЯШƣĲĦőŰŸũŸŊŔĦċũЯШċŰĬШ
ĲĦŸŰŸůŔĦШĦŸŰƚƣƖċŔŰƣƚЯШċŰĬШƣőĲШĲǂƓŸƖƣШŸŉШĦŸƓƓĲƖШŸũĬШƚĦƖċƓШƣŸШŸƣőĲƖШĦŸƨŰƣƖŔĲƚЯШƓƖŔůċƖŔũǃШƣŸШ9őŔŰċ173ЮШ 

 

 

 

 

 

 
170Ш[ũċŰċŊċŰЯШ?ЮШ~ЮШыΞΜΞΠьЮШ9ŸƓƓĲƖШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΞΜШ~ŔŰĲƖċũƚШǃĲċƖĤŸŸťЯШƻŸũƨůĲШfаШ~ĲƣċũƚШċŰĬШůŔŰĲƖċũƚЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШ
fŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΞΜЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΜоůǃĤΝрΞΜΞΜрĦŸƓƓĲƖЮƓĬŉШШ 
171ШfŰƣĲƖŰċƣŔŸŰċũШ9ŸƓƓĲƖШ ƚƚŸĦŔċƣŔŸŰЮШыΞΜΞΞьЮШ9ŸƓƓĲƖШƖĲĦǃĦũŔŰŊаШÑőĲШŉƨƣƨƖĲШŸŉШƚƨƚƣċŔŰċĤŔũŔƣǃЮШÅĲƣƖŔĲƻĲĬШΞΜЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооŔŰƣĲƖŰċƣŔŸŰċũĦŸƓƓĲƖЮŸƖŊоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΞоΜΞоf9рÅĲĦǃĦũŔŰŊ7ƖŔĲŉрΞΜΞΞΜΝр ΠрÅΞЮƓĬŉШ 
172ШEƨƖŸƓĲċŰШ9ŸůůŔƚƚŔŸŰЮШыΞΜΞΠЯШ[ĲĤƖƨċƖǃШΞΥьЮШÅ~fÉШÅĲĦǃĦũŔŰŊШŔŰĬŔĦċƣŸƖƚћШůŸĬƨũĲЮШ?ċƣċШÉŸƨƖĦĲƚЮШsÅ9ШÅċƽШ~ċƣĲƖŔċũƚШfŰŉŸƖůċƣŔŸŰШÉǃƚƣĲůЮШ
ÅĲƣƖŔĲƻĲĬШΞΜЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƖůŔƚЮŢƖĦЮĲĦЮĲƨƖŸƓċЮĲƨоƨƓũŸċĬƚоƖůƓоŔŰŉŸрƖĲĦǃĦũŔŰŊЮƓĬŉШ 
173Ш9ŔċĦĦŔЯШxЮЯШ[ŔƚőůċŰЯШÑЮЯШEũƚőťċťŔЯШ ЮЯШ]ƖċĲĬĲũЯШÑЮШEЮЯШéċƚƚƨƖċЯШfЮЯШѼШÂċƚƚċƖŔŰŔЯШ[ЮШыΞΜΞΜьЮШEǂƓũŸƖŔŰŊШŉƨƣƨƖĲШĦŸƓƓĲƖШĬĲůċŰĬЯШƖĲĦǃĦũŔŰŊЯШċŰĬШ
ċƚƚŸĦŔċƣĲĬШŊƖĲĲŰőŸƨƚĲШŊċƚШĲůŔƚƚŔŸŰƚШŔŰШƣőĲШEÖрΞΥЮШ]ũŸĤċũШEŰƻŔƖŸŰůĲŰƣċũШ9őċŰŊĲЯШΣΟЯШΝΜΞΜΦΟЮШ?§fаШ
őƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΝΣоŢЮŊũŸĲŰƻĦőċЮΞΜΞΜЮΝΜΞΜΦΟ  

https://internationalcopper.org/wp-content/uploads/2022/02/ICA-RecyclingBrief-202201-A4-R2.pdf
https://rmis.jrc.ec.europa.eu/uploads/rmp/info-recycling.pdf
https://doi.org/10.1016/j.gloenvcha.2020.102093


 

 ΡΦ 

ÅĲƚĲƖƻĲƚ 
]ũŸĤċũШƖĲƚĲƖƻĲƚ174Ш 
9ŸƨŰƣƖǃШ ÅĲƚĲƖƻĲƚШыůĲƣƖŔĦШƣŸŰƚЯШĦŸƓƓĲƖШĦŸŰƣĲŰƣь 

9őŔũĲШ ΝΦΜЯΜΜΜЯΜΜΜ 

ƨƚƣƖċũŔċ ΝΜΜЯΜΜΜЯΜΜΜ 
ÂĲƖƨ ΝΜΜЯΜΜΜЯΜΜΜ 

?Å9 ΥΜЯΜΜΜЯΜΜΜ 

ÅƨƚƚŔċ ΥΜЯΜΜΜЯΜΜΜ 

ÑőĲШÖЮÉЮ ΠΤЯΜΜΜЯΜΜΜ 

9őŔŰċ ΠΝЯΜΜΜЯΜΜΜ 

 

EÖШƖĲƚĲƖƻĲƚ 
9ŸƨŰƣƖǃШ ÅĲƚĲƖƻĲƚ175ШыůĲƣƖŔĦШƣŸŰƚЯШĦŸƓƓĲƖШĦŸŰƣĲŰƣь 
ÂŸũċŰĬ ΟΠЯΜΜΜЯΜΜΜ 

 ÅĲƚĲƖƻĲƚ176ШыƓƖŸƻĲŰШƓũƨƚШƓƖŸĤċĤũĲьШыůĲƣƖŔĦШƣŸŰƚЯШĦŸƓƓĲƖШ
ĦŸŰƣĲŰƣь 

ÂŸũċŰĬ ΞΠЯΜΥΦЯΜΜΜ 

ÉƽĲĬĲŰ ΞЯΦΞΝЯΜΤΜ 

[ŔŰũċŰĬ ΝЯΝΟΜЯΜΥΜ 

ÉƓċŔŰ ΦΦΠЯΣΥΥ 

]ƖĲĲĦĲ ΥΣΥЯΣΝΤ 

ÅŸůċŰŔċ ΞΜΤЯΞΜΟ 

7ƨũŊċƖŔċ ΝΡΡЯΟΥΜ 

ÂŸƖƣƨŊċũ ΥΝЯΟΦΡ 

 

 

 
174Ш[ũċŰċŊċŰЯШ?ЮШ~ЮШыΞΜΞΡЯШsċŰƨċƖǃьЮШ9ŸƓƓĲƖЮШ~ŔŰĲƖċũШ9ŸůůŸĬŔƣǃШÉƨůůċƖŔĲƚШΞΜΞΡШыƓƓЮШΣΠтΣΡьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ
]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΝΦЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрĦŸƓƓĲƖЮƓĬŉШШ 
175Ш[ũċŰċŊċŰЯШ?ЮШ~ЮШыΞΜΞΡЯШsċŰƨċƖǃьЮШ9ŸƓƓĲƖЮШ~ŔŰĲƖċũШ9ŸůůŸĬŔƣǃШÉƨůůċƖŔĲƚШΞΜΞΡШыƓƓЮШΣΠтΣΡьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ
]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΝΦЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрĦŸƓƓĲƖЮƓĬŉШШ 
176ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШ9ŸƓƓĲƖаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΦЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх9§ÂÂEÅрƨƓĬċƣĲЮƓĬŉШ 



 

 ΣΜ 

ÂƖŸĦĲƚƚŔŰŊШƚƣċŊĲШтШƖĲǯŰĲĬШĦŸƓƓĲƖ 
]ũŸĤċũШƓƖŸĬƨĦĲƖƚШċƣШƣőĲШƓƖŸĦĲƚƚŔŰŊШƚƣċŊĲШŔŰШ
ΞΜΞΜ177 
ÑőĲШ ċŰŰƨċũШ ŊũŸĤċũШƖĲǯŰĲĬШ ĦŸƓƓĲƖШƓƖŸĬƨĦƣŔŸŰШ
ыŔŰĦũƨĬŔŰŊШ ĦŸƓƓĲƖШ ĦċƣőŸĬĲƚШ ċŰĬШ ƚĲĦƣŔŸŰƚШ ŸŉШ
ĦċƣőŸĬĲƚЯШ ƽŔƖĲШ ĤċƖƚЯШ ĤŔũũĲƣƚШċŰĬШ ŸƣőĲƖƚьЯШ ċƻĲƖċŊĲШ
ĤĲƣƽĲĲŰШ ΞΜΝΣШ ċŰĬШ ΞΜΞΜЯШ ƽċƚШΞΠЯΞΥΜЯΜΜΜШůĲƣƖŔĦШ
ƣŸŰƚ178ШЮШfŰШΞΜΞΜЯШΠΠШĦŸƨŰƣƖŔĲƚШċŰĬШũŸĦċũŔƣŔĲƚШƽĲƖĲШ
ťŰŸƽŰШƣŸШőċƻĲШƓƖŸĬƨĦĲĬШƖĲǯŰĲĬШĦŸƓƓĲƖШƽŔƣőШ9őŔŰċШ
ĤĲŔŰŊШƣőĲШũĲċĬŔŰŊШƓƖŸĬƨĦĲƖЮ 

fŰШEƨƖŸƓĲЯШ]ĲƖůċŰǃќƚШƖĲǯŰĲƖǃШƓƖŸĬƨĦƣŔŸŰШŸŉШĦŸƓƓĲƖШ
ċĦĦŸƨŰƣƚШŉŸƖШċƓƓƖŸǂŔůċƣĲũǃШΞΡӖШŸŉШƣőĲШEÖќƚШƣŸƣċũШ
ƓƖŸĬƨĦƣŔŸŰЮШ ÂŸũċŰĬЯШ ƣőĲШ ƚĲĦŸŰĬрũċƖŊĲƚƣШ ƓƖŸĬƨĦĲƖЯШ
őŸũĬƚШċШƚőċƖĲШŸŉШċƖŸƨŰĬШΞΜӖЯШŉŸũũŸƽĲĬШĤǃШÉƓċŔŰШċŰĬШ
7ĲũŊŔƨůЯШƽŔƣőШΝΡӖШċŰĬШΝΞӖЯШƖĲƚƓĲĦƣŔƻĲũǃ179Ю 

 

?ĲůċŰĬШ 
]ũŸĤċũШĬĲůċŰĬ180 
fŰШΞΜΞΜЯШŊũŸĤċũШċƓƓċƖĲŰƣШĦŸŰƚƨůƓƣŔŸŰШŸŉШƖĲǯŰĲĬШĦŸƓƓĲƖШŔŰĦƖĲċƚĲĬШƚũŔŊőƣũǃШƣŸШΞΡЯΜΜΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚЮШ
9őŔŰċШыŔŰĦũƨĬŔŰŊШcŸŰŊШuŸŰŊьШƽċƚШƣőĲШũċƖŊĲƚƣШĦŸŰƚƨůĲƖШŸŉШƖĲǯŰĲĬШĦŸƓƓĲƖШċŰĬШċĦĦŸƨŰƣĲĬШŉŸƖШΡΥӖШŸŉШ
ƽŸƖũĬƽŔĬĲШĦŸŰƚƨůƓƣŔŸŰЯШŉŸũũŸƽĲĬШĤǃШƣőĲШÖЮÉЮШыΤӖьЯШ]ĲƖůċŰǃШыΠӖьЯШsċƓċŰШыΟӖьЯШċŰĬШƣőĲШƖĲƓƨĤũŔĦШŸŉШuŸƖĲċШ
ыΟӖьЮ 

7ǃШƖĲŊŔŸŰЯШ ƚŔċШċĦĦŸƨŰƣĲĬШŉŸƖШΤΤӖШŸŉШŊũŸĤċũШƖĲǯŰĲĬШĦŸƓƓĲƖШĦŸŰƚƨůƓƣŔŸŰШыΞΜӖШĲǂĦũƨĬŔŰŊШ9őŔŰċьЯШ
ŉŸũũŸƽĲĬШĤǃШEƨƖŸƓĲШыΝΝӖьЯШ ŸƖƣőШ ůĲƖŔĦċШыΦӖьЯШċŰĬШÉŸƨƣőШ ůĲƖŔĦċЯШ ŉƖŔĦċЯШċŰĬШ§ĦĲċŰŔċШĦŸůĤŔŰĲĬШыΟӖьЮ 

ĦĦŸƖĬŔŰŊШƣŸШƣőĲШ]ĲƖůċŰШ~ŔŰĲƖċũШÅĲƚŸƨƖĦĲƚШ ŊĲŰĦǃШы?EÅьќƚШƖĲƓŸƖƣШŔŰШΞΜΞΜЯШƣőĲШƖĲǯŰĲĬШĦŸƓƓĲƖШůċƖťĲƣШ
ƚċƽШŔƣƚШũŸŰŊĲƚƣШĬĲǯĦŔƣШƓőċƚĲШŔŰШƣőĲШƓċƚƣШĬĲĦċĬĲЮШÑőŸƨŊőШĬĲǯĦŔƣƚШƖĲůċŔŰШĤĲũŸƽШΞӖШŸŉШƣŸƣċũШůċƖťĲƣШ
ƻŸũƨůĲЯШŸƻĲƖШΞЯΜΜΜЯΜΜΜШƣŸŰƚШőċƻĲШĤĲĲŰШĬƖċƽŰШŉƖŸůШƚƣŸĦťƚШƚŔŰĦĲШΞΜΝΜШƣŸШůĲĲƣШĬĲůċŰĬ181Ю 

 

 
177Ш[ũċŰċŊċŰЯШ?ЮШ~ЮШыΞΜΞΠьЮШ9ŸƓƓĲƖШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΞΜШ~ŔŰĲƖċũƚШǃĲċƖĤŸŸťЯШƻŸũƨůĲШfаШ~ĲƣċũƚШċŰĬШůŔŰĲƖċũƚЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШ
fŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΞΜЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΜоůǃĤΝрΞΜΞΜрĦŸƓƓĲƖЮƓĬŉШШ 
178Ш[ũċŰċŊċŰЯШ?ЮШ~ЮШыΞΜΞΠьЮШ9ŸƓƓĲƖШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΞΜШ~ŔŰĲƖċũƚШǃĲċƖĤŸŸťЯШƻŸũƨůĲШfаШ~ĲƣċũƚШċŰĬШůŔŰĲƖċũƚЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШ
fŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΞΜЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΜоůǃĤΝрΞΜΞΜрĦŸƓƓĲƖЮƓĬŉШШ 
179ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШ9ŸƓƓĲƖаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΦЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх9§ÂÂEÅрƨƓĬċƣĲЮƓĬŉШ 
180Ш[ũċŰċŊċŰЯШ?ЮШ~ЮШыΞΜΞΠьЮШ9ŸƓƓĲƖШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΞΜШ~ŔŰĲƖċũƚШǃĲċƖĤŸŸťЯШƻŸũƨůĲШfаШ~ĲƣċũƚШċŰĬШůŔŰĲƖċũƚЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШ
fŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΞΜЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΜоůǃĤΝрΞΜΞΜрĦŸƓƓĲƖЮƓĬŉШШ 
181Ш?ŸƖŰĲƖЯШÖЮШыΞΜΞΜьЮШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШuƨƓŉĲƖЮШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰЯШΠΡЯШΡΥШÉЮбШ7ĲƖũŔŰЮШfÉ7 аШΦΤΥрΟрΦΠΥΡΟΞрΝΣрΝШ
ы?ƖƨĦťƻĲƖƚŔŸŰьЯШΦΤΥрΟрΦΠΥΡΟΞрΝΦрΞШыÂ?[ьЮШfÉÉ аШΞΝΦΟрΡΟΝΦЮ 
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7ĲƣƽĲĲŰШΞΜΝΣШċŰĬШΞΜΞΜЯШƣőĲШEÖѣƚШċƻĲƖċŊĲШċŰŰƨċũШĦŸƓƓĲƖШĦŸŰƚƨůƓƣŔŸŰШċƣШƣőĲШĲǂƣƖċĦƣŔŸŰШƚƣċŊĲШƽċƚШ
ΞЯΜΣΡЯΡΡΠШůĲƣƖŔĦШƣŸŰƚЮШÑőĲШEÖШƽċƚШΠΥӖШƖĲũŔċŰĦĲШŸŰШŔůƓŸƖƣШċŰĬШƣőĲШůċŔŰШƚƨƓƓũŔĲƖƚШƽĲƖĲШÂŸũċŰĬШыΞΜӖьЯШ
9őŔũĲШыΝΡӖьЯШ7ƖċǍŔũШыΝΜӖьЯШÂĲƖƨШыΝΜӖьЯШÉƓċŔŰШыΦӖьЯШ7ƨũŊċƖŔċШыΡӖьЯШÉƽĲĬĲŰШыΡӖьШċŰĬШ9ċŰċĬċШыΠӖьЮШÑőĲШ
ũċƖŊĲШƻŸũƨůĲШŸŉШŸƖĲШŔůƓŸƖƣƚШŔŰĬŔĦċƣĲƚШƣőċƣШƣőĲШEÖШőċƚШƚŔŊŰŔǯĦċŰƣШĦċƓċĦŔƣǃШŉŸƖШƓƖŸĦĲƚƚŔŰŊШƣőĲƚĲШůċƣĲƖŔċũƚШ
ŔŰƣŸШǯŰŔƚőĲĬШĦŸƓƓĲƖШƓƖŸĬƨĦƣƚШċŰĬШŸƣőĲƖШƻċũƨĲрċĬĬĲĬШċĦƣŔƻŔƣŔĲƚЮ 

7ĲƣƽĲĲŰШΞΜΝΣШċŰĬШΞΜΞΜЯШƣőĲШEÖШĦŸŰƚƨůĲĬШċŰШċƻĲƖċŊĲШŸŉШΟЯΣΥΥЯΠΝΦШůĲƣƖŔĦШƣŸŰƚШŸŉШƓƖŸĦĲƚƚĲĬШĦŸƓƓĲƖШ
ыŔŰĦũƨĬŔŰŊШƖĲǯŰĲĬШĦŸƓƓĲƖШŸŉШĦŸƓƓĲƖШĦŸŰƣĲŰƣШΝΜΜӖЯШĦŸƓƓĲƖШůċƣƣĲƚЯШĦĲůĲŰƣШĦŸƓƓĲƖШѢƓƖĲĦŔƓŔƣċƣĲĬШ
ĦŸƓƓĲƖѢШŸŉШĦŸƓƓĲƖШĦŸŰƣĲŰƣШΤΡӖЯШƨŰƖĲǯŰĲĬШĦŸƓƓĲƖЯШĦŸƓƓĲƖШċŰŸĬĲƚШŉŸƖШĲũĲĦƣƖŸũǃƣŔĦШƖĲǯŰŔŰŊШƽŔƣőШĦŸƓƓĲƖШ
ĦŸŰƣĲŰƣШΝΜΜӖьШċŰŰƨċũũǃЮШÑőĲШEÖѣƚШŔůƓŸƖƣШƖĲũŔċŰĦĲШƚƣŸŸĬШċƣШΝΤӖЯШƽŔƣőШƣőĲШůċŔŰШƚƨƓƓũŔĲƖƚШĤĲŔŰŊШ]ĲƖůċŰǃШ
ыΝΥӖьЯШÂŸũċŰĬШыΝΡӖьЯШ9őŔũĲШыΝΡӖьЯШÉƓċŔŰШыΝΝӖьЯШ7ĲũŊŔƨůШыΝΜӖьЯШċŰĬШÅƨƚƚŔċШыΥӖьЮШ 

 

[ƨƣƨƖĲШƚƨƓƓũǃШċŰĬШĬĲůċŰĬШƣƖĲŰĬƚ 

?ĲƚƓŔƣĲШƚĲƻĲƖċũШŰĲƽШƓƖŸŢĲĦƣƚШċŰĬШƖċůƓрƨƓƚШŔŰШƣőĲШƚƨƓƓũǃШƓŔƓĲũŔŰĲЯШĬƖŔƻĲŰШĤǃШƚƣƖŸŰŊШĬĲůċŰĬЯШƓċƖƣŔĦƨũċƖũǃШ
ŉƖŸůШŊƖĲĲŰШĲũĲĦƣƖŔǯĦċƣŔŸŰЯШƣőĲШƖĲǯŰĲĬШĦŸƓƓĲƖШůċƖťĲƣШŔƚШĲǂƓĲĦƣĲĬШƣŸШƖĲůċŔŰШŔŰШĬĲǯĦŔƣЯШƽŔƣőШċШƓƖŸŢĲĦƣĲĬШ
ũŸŰŊШƣĲƖůШƚƨƓƓũǃШŊċƓШŸŉШΥЯΞΜΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШĤǃШΞΜΟΜ183ЮШ9ũŸƚŔŰŊШƣőĲШƚƨƓƓũǃрĬĲůċŰĬШŊċƓШƣőƖŸƨŊőШƖċƓŔĬШ
ƚƨƓƓũǃШĲǂƓċŰƚŔŸŰШŔƚШƨŰũŔťĲũǃШĬƨĲШƣŸШƚƣċŊŰċŰƣШĲǂƓũŸƖċƣŔŸŰШŔŰƻĲƚƣůĲŰƣЯШũŸŰŊШƓƖŸŢĲĦƣШƣŔůĲũŔŰĲƚШċŰĬШũŔůŔƣĲĬШ
őŔŊőрƕƨċũŔƣǃШƖĲƚĲƖƻĲƚЮШfŰШƚƨĦőШĦċƚĲƚЯШŊŔƻĲŰШƣőċƣШƚƨƓƓũǃШċŰĬШĬĲůċŰĬШůƨƚƣШůċƣĦőЯШĬĲůċŰĬШċĬċƓƣċƣŔŸŰШŸƖШ
ƖĲĬƨĦƣŔŸŰШŔƚШĲǂƓĲĦƣĲĬШƣŸШƣċťĲШƓũċĦĲШƣŸШĤċũċŰĦĲШƣőĲШůċƖťĲƣ184ЯШ185.  

EÖШĦŸƓƓĲƖШƓƖŸĬƨĦƣŔŸŰШŔƚШĲǂƓĲĦƣĲĬШƣŸШƖĲůċŔŰШƚƣċĤũĲШŔŰШƣőĲШƚőŸƖƣШƣŸШůĲĬŔƨůШƣĲƖůЯШƽŔƣőШŰŸШůċŢŸƖШƓƖŸŢĲĦƣƚШ
ŸƖШĦũŸƚƨƖĲƚШċŰƣŔĦŔƓċƣĲĬШĤĲŉŸƖĲШƣőĲШΞΜΟΜƚ186Ю 

ÅĲƚĲċƖĦőШĤǃШƣőĲШ9ÅÖШ]ƖŸƨƓШŔŰШΞΜΞΠЯШĦŸůůŔƚƚŔŸŰĲĬШĤǃШƣőĲШfŰƣĲƖŰċƣŔŸŰċũШ9ŸƓƓĲƖШ ƚƚŸĦŔċƣŔŸŰЯШƖĲƻĲċũƚШ
ƣőċƣШƖĲŊŔŸŰċũШƣƖĲŰĬƚШċŰĬШƣőĲШŊƖĲĲŰШĲŰĲƖŊǃШƣƖċŰƚŔƣŔŸŰШƽŔũũШƚőċƓĲШĦŸƓƓĲƖѣƚШŉƨƣƨƖĲШůċƖťĲƣШƚőċƖĲЮШÑőĲƚĲШ
ŉċĦƣŸƖƚШċƖĲШĲǂƓĲĦƣĲĬШƣŸШĬƖŔƻĲШĦŸƓƓĲƖШĬĲůċŰĬШŉƖŸůШΞΥЯΟΜΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШŔŰШΞΜΞΜШƣŸШΠΜЯΦΜΜЯΜΜΜШůĲƣƖŔĦШ
ƣŸŰƚШĤǃШΞΜΠΜЮШ ШƚƨůůċƖǃШŸŉШƖĲŊŔŸŰċũШƣƖĲŰĬƚШŔƚШċƚШŉŸũũŸƽƚ187ЮШ 

¶ 9ŸƓƓĲƖШƨƚĲШŔŰШEƨƖŸƓĲШŔƚШƚĲƣШƣŸШƖŔƚĲЯШĬƖŔƻĲŰШĤǃШƣőĲШĲǂƓċŰĬŔŰŊШEéШůċƖťĲƣШċŰĬШċШƓƨƚőШŉŸƖШΠΡӖШ
ƖĲŰĲƽċĤũĲШĲŰĲƖŊǃШƣŸШĲŰőċŰĦĲШĲŰĲƖŊǃШƚĲĦƨƖŔƣǃЮШ§ŰШƣőĲШŸƣőĲƖШőċŰĬЯШŔƣШƚőŸƨũĬШĤĲШůĲŰƣŔŸŰĲĬШƣőċƣШ
ƣĲĦőŰŸũŸŊŔĦċũШĬĲƻĲũŸƓůĲŰƣƚШŔŰШƣőĲШċƨƣŸůŸƣŔƻĲШŔŰĬƨƚƣƖǃШŔƚШŉŸƖĲĦċƚƣШƣŸШƣƖċŰƚũċƣĲШŔŰƣŸШĬĲĦƖĲċƚŔŰŊШ
ĦŸƓƓĲƖШŔŰƣĲŰƚŔƣǃШŉŸƖШEéƚЮ 

 
182ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШ9ŸƓƓĲƖаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΦЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх9§ÂÂEÅрƨƓĬċƣĲЮƓĬŉШ 
183ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШ9ŸƓƓĲƖаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΦЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх9§ÂÂEÅрƨƓĬċƣĲЮƓĬŉШ 
184Ш~ĦuŔŰƚĲǃШѼШ9ŸůƓċŰǃЮШыΞΜΞΠЯШÉĲƓƣĲůĤĲƖШΝΤьЮШ]ũŸĤċũШ~ċƣĲƖŔċũƚШÂĲƖƚƓĲĦƣŔƻĲШΞΜΞΠЮШ~ĦuŔŰƚĲǃШѼШ9ŸůƓċŰǃЮШÅĲƣƖŔĲƻĲĬШΝΜЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮůĦťŔŰƚĲǃЮĦŸůоŔŰĬƨƚƣƖŔĲƚоĲŰĲƖŊǃрċŰĬрůċƣĲƖŔċũƚоŸƨƖрŔŰƚŔŊőƣƚоŊũŸĤċũрůċƣĲƖŔċũƚрƓĲƖƚƓĲĦƣŔƻĲ 
185ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШ9ŸƓƓĲƖаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΦЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх9§ÂÂEÅрƨƓĬċƣĲЮƓĬŉШ 
186ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШ9ŸƓƓĲƖаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΦЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх9§ÂÂEÅрƨƓĬċƣĲЮƓĬŉШ 
187ШfŰƣĲƖŰċƣŔŸŰċũШ9ŸƓƓĲƖШ ƚƚŸĦŔċƣŔŸŰЮШыΞΜΞΠЯШ~ċǃШΞΝьЮШfŰƣĲƖŰċƣŔŸŰċũШ9ŸƓƓĲƖШ ƚƚŸĦŔċƣŔŸŰШÂċŰĲũШ?ŔƚĦƨƚƚŔŸŰШуШ[ƨƣƨƖĲШ~ċƖťĲƣШÉőċƖĲуÉċŰƣŔċŊŸШ
ΞΜΞΠЮШfŰƣĲƖŰċƣŔŸŰċũШ9ŸƓƓĲƖШ ƚƚŸĦŔċƣŔŸŰЮШÅĲƣƖŔĲƻĲĬШΞΡЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооŔŰƣĲƖŰċƣŔŸŰċũĦŸƓƓĲƖЮŸƖŊоƖĲƚŸƨƖĦĲоŉƨƣƨƖĲрůċƖťĲƣрƚőċƖĲрƚċŰƣŔċŊŸр
ΞΜΞΠо  

https://internationalcopper.org/resource/future-market-share-santiago-2024/
https://internationalcopper.org/resource/future-market-share-santiago-2024/


 

 ΣΞ 

¶  ŸƖƣőШ ůĲƖŔĦċѣƚШũŸŰŊрƣĲƖůШĦŸƓƓĲƖШĬĲůċŰĬШŔƚШĲǂƓĲĦƣĲĬШƣŸШŊƖŸƽЯШĬƖŔƻĲŰШĤǃШƖĲƚőŸƖŔŰŊШċŰĬШ
ĬŸůĲƚƣŔĦШůċŰƨŉċĦƣƨƖŔŰŊШĲǂƓċŰƚŔŸŰЮ 

¶ ÅĲǯŰĲĬШĦŸƓƓĲƖШƨƚĲШŔŰШÉŸƨƣőШċŰĬШ9ĲŰƣƖċũШ ůĲƖŔĦċШŔƚШĲǂƓĲĦƣĲĬШƣŸШŔŰĦƖĲċƚĲЯШĬƖŔƻĲŰШĤǃШŰĲƽШ
ƖĲŰĲƽċĤũĲШĲŰĲƖŊǃШĦċƓċĦŔƣǃШċŰĬШƣőĲШĲǂƓċŰƚŔŸŰШŸŉШ7ƖċǍŔũќƚШċƨƣŸůŸƣŔƻĲШŔŰĬƨƚƣƖǃЮ 

¶ 9őŔŰċѣƚШĦŸƓƓĲƖШĬĲůċŰĬШŔƚШĲǂƓĲĦƣĲĬШƣŸШĬĲĦũŔŰĲШĬƨĲШƣŸШƚũŸƽĲƖШĲĦŸŰŸůŔĦШŊƖŸƽƣőШċŰĬШċШƚőŔŉƣШŉƖŸůШ
ŔŰƻĲƚƣůĲŰƣрũĲĬШƣŸШĦŸŰƚƨůĲƖрũĲĬШŊƖŸƽƣőЮ 

¶ ƚƚŸĦŔċƣŔŸŰШŸŉШÉŸƨƣőĲċƚƣШ ƚŔċŰШ ċƣŔŸŰƚШы ÉE  ьѣƚШĦŸƓƓĲƖШĬĲůċŰĬШŔƚШƚĲƣШƣŸШƣƖŔƓũĲШĤǃШΞΜΠΜЯШ
ĬƖŔƻĲŰШĤǃШƨƖĤċŰŔǍċƣŔŸŰЯШƓŸƓƨũċƣŔŸŰШŊƖŸƽƣőЯШċŰĬШŔƣƚШƖŔƚĲШċƚШċШůċŰƨŉċĦƣƨƖŔŰŊШőƨĤЮ 

¶ fŰĬŔċѣƚШĦŸƓƓĲƖШĬĲůċŰĬШĦŸŰƣŔŰƨĲĬШƣŸШƖŔƚĲШƚŔŰĦĲШΞΜΞΞШĬƨĲШƣŸШƖċƓŔĬũǃШĲǂƓċŰĬŔŰŊШċŰĬШƨƖĤċŰŔǍŔŰŊШ
ƓŸƓƨũċƣŔŸŰЯШŊƖŸƽŔŰŊШŔŰĬƨƚƣƖŔċũШƚĲĦƣŸƖШċŰĬШƖĲŰĲƽċĤũĲШĲŰĲƖŊǃШŔŰŉƖċƚƣƖƨĦƣƨƖĲЮШfƣƚШĲĦŸŰŸůŔĦШŊƖŸƽƣőШ
ŔƚШĲǂƓĲĦƣĲĬШƣŸШĤĲШƣĲŰŉŸũĬШĤǃШΞΜΡΜЮШ 

¶ fŰШ ŸƖƣőĲċƚƣШ ƚŔċЯШƚőŔŉƣŔŰŊШĬĲůŸŊƖċƓőŔĦƚШůċǃШƖĲĬƨĦĲШĬĲůċŰĬЯШĤƨƣШǰŸċƣŔŰŊШŸŰƚőŸƖĲШƽŔŰĬШ
ĲŰĲƖŊǃШċƖĲШĲǂƓċŰĬŔŰŊШċƚШťĲǃШƖĲŰĲƽċĤũĲШċƚƚĲƣЮ 

fƣШŔƚШŉŸƖĲĦċƚƣĲĬШƣőċƣШƣőĲШƚƣƖŸŰŊĲƚƣШĦŸƓƓĲƖШĬĲůċŰĬШŊƖŸƽƣőШŔŰШfŰĬŔċШċŰĬШ ÉE  ШƽŔƣőШΤӖШШċŰĬШШΣӖШ
9ŸůƓŸƨŰĬШ ŰŰƨċũШ]ƖŸƽƣőШÅċƣĲШы9 ]ÅьШƖĲƚƓĲĦƣŔƻĲũǃЯШĬƖŔƻĲŰШĤǃШůċŰƨŉċĦƣƨƖŔŰŊШċŰĬШĦŸŰƚƣƖƨĦƣŔŸŰЮШ ŸƖƣőШ
ůĲƖŔĦċШŔƚШƓƖŸŢĲĦƣĲĬШċƣШΟӖЯШÉŸƨƣőШ ůĲƖŔĦċШċƣШΞӖЯШċŰĬШ9őŔŰċШċŰĬШEƨƖŸƓĲШĤĲũŸƽШΝӖ188Ю 

 

EǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚ189ШШ 
fƣШƚőŸƨũĬШĤĲШŰŸƣĲĬШƣőċƣШƖĲŊƨũċƣŔŸŰƚШċƖĲШĬǃŰċůŔĦШċŰĬШƚƨĤŢĲĦƣШƣŸШĦőċŰŊĲШŸƻĲƖШƣŔůĲЮ 

~ċŢŸƖШƓƖŸĬƨĦŔŰŊШĦŸƨŰƣƖǃШċƣШƣőĲШĲǂƣƖċĦƣŔŸŰШƚƣċŊĲ EǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШŸŰШĦŸƓƓĲƖШŸƖĲШѼШ
ĦŸŰĦĲŰƣƖċƣĲƚШыΞΜΞΞь 

?Å9 EǂƓŸƖƣШƣċǂЯШũŔĦĲŰƚŔŰŊШƖĲƕƨŔƖĲůĲŰƣШċŰĬШŸƣőĲƖШĲǂƓŸƖƣШ
ůĲċƚƨƖĲƚШ 

ÅƨƚƚŔċ xŔĦĲŰƚŔŰŊШƖĲƕƨŔƖĲůĲŰƣШыĬŸĲƚШŰŸƣШċƓƓũǃШƣŸШƣƖċĬĲШ
ƽŔƣőŔŰШƣőĲШEƨƖċƚŔċŰШEĦŸŰŸůŔĦШÖŰŔŸŰь 

üċůĤŔċ EǂƓŸƖƣШƣċǂЯШũŔĦĲŰƚŔŰŊШƖĲƕƨŔƖĲůĲŰƣШċŰĬШŸƣőĲƖШĲǂƓŸƖƣШ
ůĲċƚƨƖĲƚ 

 

~ċŢŸƖШƓƖŸĬƨĦĲƖƚШċƣШƣőĲШƓƖŸĦĲƚƚŔŰŊШƚƣċŊĲЯШŔŰĦũƨĬŔŰŊШ9őŔŰċЯШƣőĲШ?Å9ЯШuċǍċťőƚƣċŰЯШ~ĲǂŔĦŸЯШÅƨƚƚŔċЯШċŰĬШ
üċůĤŔċЯШċũƚŸШŔůƓŸƚĲĬШŸŰĲШŸƖШůŸƖĲШĲǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШŸŰШĬŔǭĲƖĲŰƣШƓƖŸĬƨĦƣƚШƽŔƣőШĦŸƓƓĲƖШĦŸŰƣĲŰƣШŔŰШ
ΞΜΞΞЮШ 

 

 
188Ш7ĲŰŰĲƣƣЯШ9ЮШыΞΜΞΠЯШ ƓƖŔũШΞΟьЮШf9рĦŸůůŔƚƚŔŸŰĲĬШƖĲƚĲċƖĦőШƚőŸƽƚШĲŰĲƖŊǃШƣƖċŰƚŔƣŔŸŰШƽŔũũШƚƨƓƓŸƖƣШŊũŸĤċũШĦŸƓƓĲƖШĬĲůċŰĬЮШfŰƣĲƖŰċƣŔŸŰċũШ
9ŸƓƓĲƖШ ƚƚŸĦŔċƣŔŸŰЮШÅĲƣƖŔĲƻĲĬШΞΡЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооŔŰƣĲƖŰċƣŔŸŰċũĦŸƓƓĲƖЮŸƖŊоƖĲƚŸƨƖĦĲоŔĦċрĦŸůůŔƚƚŔŸŰĲĬрƖĲƚĲċƖĦőрƚőŸƽƚрĲŰĲƖŊǃр
ƣƖċŰƚŔƣŔŸŰрƽŔũũрƚƨƓƓŸƖƣрŊũŸĤċũрĦŸƓƓĲƖрĬĲůċŰĬоШ 
189Ш§E9?ШыΞΜΞΠьЯШ§E9?ШfŰƻĲŰƣŸƖǃШŸŉШEǂƓŸƖƣШÅĲƚƣƖŔĦƣŔŸŰƚШŸŰШfŰĬƨƚƣƖŔċũШÅċƽШ~ċƣĲƖŔċũƚШΞΜΞΠаШ~ŸŰŔƣŸƖŔŰŊШƣőĲШƨƚĲШŸŉШĲǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШċůŔĬШ
ůċƖťĲƣШċŰĬШƓŸũŔĦǃШƣĲŰƚŔŸŰƚЯШ§E9?ШÂƨĤũŔƚőŔŰŊЯШÂċƖŔƚЯШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΤΥΤоΡĲΠΣĤĤΞΜрĲŰЮШÅĲƣƖŔĲƻĲĬШΝΦЮΜΞЮΞΜΞΡЯШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮŸĲĦĬЮŸƖŊоĲŰоƣŸƓŔĦƚоĲǂƓŸƖƣрƖĲƚƣƖŔĦƣŔŸŰƚрŸŰрĦƖŔƣŔĦċũрƖċƽрůċƣĲƖŔċũƚЮőƣůũ  

https://internationalcopper.org/resource/ica-commissioned-research-shows-energy-transition-will-support-global-copper-demand/
https://internationalcopper.org/resource/ica-commissioned-research-shows-energy-transition-will-support-global-copper-demand/
https://www.oecd.org/en/topics/export-restrictions-on-critical-raw-materials.html


 

 ΣΟ 

[ũƨŸƖƚƓċƖШ 
~ċŢŸƖШĲŰĬШƨƚĲƚШŔŰШƣőĲШEÖШыƻċũŔĬċƣĲĬШĤǃШÉ9ÅÅEE ШĲǂƓĲƖƣƚШŔŰШΞΜΞΞь190 

 

[ũƨŸƖƚƓċƖШŔƚШƣőĲШĦŸůůĲƖĦŔċũШŰċůĲШƣőċƣШƖĲŉĲƖƚШƣŸШĦƖƨĬĲШŸƖШĤĲŰĲǯĦŔċƣĲĬШůċƣĲƖŔċũШƣőċƣШŔƚШůŔŰĲĬШċŰĬоŸƖШ
ůŔũũĲĬШŉƖŸůШƣőĲШůŔŰĲƖċũШǰƨŸƖŔƣĲШы9ċ[ΞьЮШìőŔũĲШǰƨŸƖƚƓċƖШŔƚШƨƚĲĬШŉŸƖШŔƣƚШǰƨŸƖŔŰĲШĦŸŰƣĲŰƣЯШǰƨŸƖŔŰĲШŔƚШƚĲũĬŸůШ
ĦŸŰƚƨůĲĬШŔŰШĲũĲůĲŰƣċũШŉŸƖůШĬƨĲШƣŸШƣĲĦőŰŔĦċũШċŰĬШƓƖċĦƣŔĦċũШĦŸŰƚŔĬĲƖċƣŔŸŰƚЮШfŰШŊĲŰĲƖċũЯШǰƨŸƖƚƓċƖШ
ƨŰĬĲƖŊŸĲƚШƓƖŸĦĲƚƚŔŰŊШƣŸШċĦőŔĲƻĲШĦĲƖƣċŔŰШůŔŰŔůƨůШ9ċ[ΞШĦŸŰƣĲŰƣШċŰĬШůŔŰŔůŔǍĲШƨŰĬĲƚŔƖċĤũĲШŔůƓƨƖŔƣŔĲƚЯШ
ƽŔƣőШƚƓĲĦŔǯĦШƖĲƕƨŔƖĲůĲŰƣƚШƻċƖǃŔŰŊШĤċƚĲĬШŸŰШċƓƓũŔĦċƣŔŸŰШċŰĬШĦŸŰƚƨůĲƖШŰĲĲĬƚЮ 

]ũŸĤċũũǃЯШǰƨŸƖƚƓċƖШŔƚШƓƖŔůċƖŔũǃШƨƚĲĬШŔŰШőǃĬƖŸŊĲŰШǰƨŸƖŔĬĲШыc[ьШƓƖŸĬƨĦƣŔŸŰШыΠΤӖШŸŉШŊũŸĤċũШċŰŰƨċũШǰƨŸƖƚƓċƖШ
ĦŸŰƚƨůƓƣŔŸŰьЯШŔŰШċũƨůŔŰŔƨůШǰƨŸƖŔĬĲШы ũ[ΟьШċŰĬШĦƖǃŸũŔƣĲШы ċΟ ũ[ΣьШƓƖŸĬƨĦƣŔŸŰШŉŸƖШċũƨůŔŰŔƨůШƚůĲũƣŔŰŊШ
ыΞΜӖьШċŰĬШċƚШċШƚƣĲĲũůċťŔŰŊШǰƨǂШыΞΣӖьЮШ§ƣőĲƖШċƓƓũŔĦċƣŔŸŰƚШыĲЮŊЮЯШůċŰƨŉċĦƣƨƖĲШŸŉШĦĲůĲŰƣЯШĦĲƖċůŔĦƚЯШ
ĲŰċůĲũЯШŊũċƚƚЯШċŰĬШƽĲũĬŔŰŊШƖŸĬШĦŸċƣŔŰŊƚьШċĦĦŸƨŰƣĲĬШŉŸƖШƣőĲШƖĲůċŔŰŔŰŊШΦӖ191ЮШ 

 

 

 
190ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ[ũƨŸƖƚƓċƖаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΞΡЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх[xÖ§ÅÉÂ ÅрƨƓĬċƣĲЮƓĬŉШ 
191Ш~ĦÅċĲЯШ~ЮШEЮШыΞΜΞΠьЮШ[ũƨŸƖƚƓċƖШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΞΜШ~ŔŰĲƖċũƚШǃĲċƖĤŸŸťЯШƻŸũƨůĲШfаШ~ĲƣċũƚШċŰĬШůŔŰĲƖċũƚЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШ
ÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΞΡЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΜоůǃĤΝрΞΜΞΜрǰƨŸƖƚƓċƖЮƓĬŉ  
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Steel & iron making
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Solid fluoropolymers
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Refrigeration & air conditioning

Hydrogen fluoride (HF) in
alkylation process for oil
refining

Uranium hexafluoride (UF6) in
nuclear fuel

https://scrreen.eu/wp-content/uploads/2023/12/SCRREEN2_factsheets_FLUORSPAR-update.pdf
https://pubs.usgs.gov/myb/vol1/2020/myb1-2020-fluorspar.pdf


 

 ΣΠ 

éċũƨĲШĦőċŔŰШыƚŔůƓũŔǯĲĬьШ192ЯШ193 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
192ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ[ũƨŸƖƚƓċƖаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΞΡЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх[xÖ§ÅÉÂ ÅрƨƓĬċƣĲЮƓĬŉШ 
193Ш~ĦÅċĲЯШ~ЮШEЮШыΞΜΞΠьЮШ[ũƨŸƖƚƓċƖШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΞΜШ~ŔŰĲƖċũƚШǃĲċƖĤŸŸťЯШƻŸũƨůĲШfаШ~ĲƣċũƚШċŰĬШůŔŰĲƖċũƚЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШ
ÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΞΡЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΜоůǃĤΝрΞΜΞΜрǰƨŸƖƚƓċƖЮƓĬŉШ 



 

 ΣΡ 

ÉƨĤƚƣŔƣƨƣŔŸŰ194ЯШ195 

ÉƨĤƚƣŔƣƨƣŔŸŰШĦċŰШŔůƓċĦƣШĤŸƣőШĦŸƚƣШċŰĬШƓĲƖŉŸƖůċŰĦĲЮ 

fŰƣĲƖůĲĬŔċƣĲШŸƖШĲŰĬШƓƖŸĬƨĦƣƚ ÉƨĤƚƣŔƣƨƣŔŸŰ 

[ũƨŸƖƚƓċƖШŉŸƖШƓƖŸĬƨĦŔŰŊШ ũ[ΟШċŰĬШc[ 
[ũƨŸƖŸƚŔũŔĦŔĦШċĦŔĬШы[É ьаШ ũƣőŸƨŊőШĬƨĲШƣŸШĬŔǭĲƖŔŰŊШƓőǃƚŔĦċũШ
ƓƖŸƓĲƖƣŔĲƚЯШ ũ[ΟШƓƖŸĬƨĦĲĬШŉƖŸůШ[É ШŔƚШŰŸƣШƖĲċĬŔũǃШƚƨĤƚƣŔƣƨƣĲĬШŉŸƖШ
ƣőŸƚĲШƓƖŸĬƨĦĲĬШŉƖŸůШǰƨŸƖƚƓċƖЮ 

[ũƨŸƖƚƓċƖШǰƨǂĲƚШŉŸƖШċũƨůŔŰŔƨůШƚůĲũƣŔŰŊ ũƨůŔŰŔƨůШƚůĲũƣŔŰŊШĬƖŸƚƚЯШĤŸƖċǂЯШĦċũĦŔƨůШĦőũŸƖŔĬĲЯШŔƖŸŰШŸǂŔĬĲƚЯШ
ůċŰŊċŰĲƚĲШŸƖĲЯШƚŔũŔĦċШƚċŰĬЯШċŰĬШƣŔƣċŰŔƨůШĬŔŸǂŔĬĲ 

[ũƨŸƖƚƓċƖШǰƨǂĲƚШŉŸƖШƚƣĲĲũШċŰĬШŔƖŸŰШůċťŔŰŊ 9ċũĦŔƨůШċũƨůŔŰċƣĲЯШċũƨůŔŰŔƨůШƚůĲũƣŔŰŊШĬƖŸƚƚ 
ÉŸũŔĬШǰƨŸƖŸƓŸũǃůĲƖƚШыĦŸŸťƽċƖĲШĦŸċƣŔŰŊШ
ċŰĬШĦċĤũĲШŔŰƚƨũċƣŔŸŰь 

ÂũċƚƣŔĦƚЯШƚƣċŔŰũĲƚƚШƚƣĲĲũƚЯШĦĲƖċůŔĦƚЯШċũƨůŔŰŔƨů 

 

[ũƨŸƖŸĦċƖĤŸŰƚШőċƻĲШőŔƚƣŸƖŔĦċũũǃШĤĲĲŰШůċŔŰũǃШƨƚĲĬШŔŰШċĲƖŸƚŸũƚЯШŉŸċůрĤũŸƽŔŰŊШċŊĲŰƣƚЯШƓƖŸƓĲũũċŰƣƚЯШċŰĬШ
ƖĲŉƖŔŊĲƖċŰƣƚЮШ ?ƨĲШ ƣŸШ ƣőĲШ ŸǍŸŰĲрĬĲƓũĲƣŔŰŊШ ĲǭĲĦƣƚШ ŸŉШ ĲċƖũǃШ ŊĲŰĲƖċƣŔŸŰШ ǰƨŸƖŸĦċƖĤŸŰШ ŊċƚĲƚШ
ыĦőũŸƖŸǰƨŸƖŸĦċƖĤŸŰƚШы9[9ƚьШċŰĬШũċƣĲƖШőǃĬƖŸĦőũŸƖŸǰƨŸƖŸĦċƖĤŸŰƚШыc9[9ƚььЯШƣőĲǃШƽĲƖĲШƣŸШĤĲШƓőċƚĲĬШŸƨƣШ
ƨŰĬĲƖШƣőĲШΝΦΥΤШ~ŸŰƣƖĲċũШÂƖŸƣŸĦŸũШċŰĬШƖĲƓũċĦĲĬШĤǃШőǃĬƖŸǰƨŸƖŸĦċƖĤŸŰƚШыc[9ƚьЮШÑőĲШΞΜΝΣШuŔŊċũŔШ
ůĲŰĬůĲŰƣШĲǂƓċŰĬĲĬШƣőĲШ~ŸŰƣƖĲċũШÂƖŸƣŸĦŸũШƣŸШƓőċƚĲШĬŸƽŰШƣőĲШƨƚĲШŸŉШůċŰǃШőŔŊőĲƖрŊũŸĤċũШƽċƖůŔŰŊШ
ƓŸƣĲŰƣŔċũШы]ìÂьШc[9ƚЮШfŰШċĬĬŔƣŔŸŰЯШĬƨƖŔŰŊШƣőĲШƓċƚƣШΞΜШƣŸШΟΜШǃĲċƖƚЯШǰƨŸƖƚƓċƖШƨƚĲШċƚШǰƨǂŔŰŊШċŊĲŰƣШŔŰШƣőĲШ
ƚƣĲĲũШċŰĬШŊũċƚƚШŔŰĬƨƚƣƖŔĲƚШőċƚШĬĲĦũŔŰĲĬШĤĲĦċƨƚĲШŸŉШƓƖŸĬƨĦƣШƚƨĤƚƣŔƣƨƣŔŸŰƚШŸƖШĦőċŰŊĲƚШŔŰШŔŰĬƨƚƣƖǃШ
ƓƖċĦƣŔĦĲƚ196Ю 

 

 
194ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ[ũƨŸƖƚƓċƖаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΞΡЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх[xÖ§ÅÉÂ ÅрƨƓĬċƣĲЮƓĬŉШ 
195ШxŸŰĬŸŰŸЯШéЮШыΞΜΞΡьЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡаШ[ũƨŸƖƚƓċƖЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΞΣЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрǰƨŸƖƚƓċƖЮƓĬŉШ 
196Ш~ĦÅċĲЯШ~ЮШEЮШыΞΜΞΠьЮШ[ũƨŸƖƚƓċƖШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΞΜШ~ŔŰĲƖċũƚШǃĲċƖĤŸŸťЯШƻŸũƨůĲШfаШ~ĲƣċũƚШċŰĬШůŔŰĲƖċũƚЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШ
ÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΞΡЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΜоůǃĤΝрΞΜΞΜрǰƨŸƖƚƓċƖЮƓĬŉ  

https://pubs.usgs.gov/periodicals/mcs2025/mcs2025-fluorspar.pdf


 

 ΣΣ 

Ш]ũŸĤċũШċŰĬШEÖШƓƖŸĬƨĦƣŔŸŰШтШǰƨŸƖƚƓċƖ 
]ũŸĤċũШůŔŰĲШƓƖŸĬƨĦƣŔŸŰ197 

 

Ш 

 

ìőŔũĲШ9őŔŰċШƨƚĲĬШƣŸШĤĲШƣőĲШũĲċĬŔŰŊШŊũŸĤċũШǰƨŸƖƚƓċƖШĲǂƓŸƖƣĲƖЯШŔƣШĤĲĦċůĲШċШŰĲƣШŔůƓŸƖƣĲƖШŸŉШůĲƣċũũƨƖŊŔĦċũр
ŊƖċĬĲШǰƨŸƖƚƓċƖШŔŰШΞΜΝΥШċŰĬШċĦŔĬрŊƖċĬĲШŔŰШΞΜΞΜЮШÑőŔƚШƚőŔŉƣШƽċƚШĬƖŔƻĲŰШĤǃШƓŸũŔĦŔĲƚШŉċƻŸƨƖŔŰŊШƣőĲШ
ĬĲƻĲũŸƓůĲŰƣШŸŉШĬŸůĲƚƣŔĦШĬŸƽŰƚƣƖĲċůШĦŸŰƚƨůŔŰŊШŔŰĬƨƚƣƖǃШŊƖŸƽƣőШċŰĬШŔŰĦƖĲċƚŔŰŊШƻĲƖƣŔĦċũШŔŰƣĲŊƖċƣŔŸŰЮШ
ÑőŔƚШƣƖċŰƚŔƣŔŸŰШĦŸƨƓũĲĬШƽŔƣőШůŔŰĲШĬŔƚƖƨƓƣŔŸŰƚШċŰĬШĦũŸƚƨƖĲƚШĬƨĲШƣŸШĲŰƻŔƖŸŰůĲŰƣċũШŔŰƚƓĲĦƣŔŸŰƚЯШŔŰĬƨƚƣƖǃШ
ĦŸŰƚŸũŔĬċƣŔŸŰШċŰĬШĬĲƓũĲƣŔŸŰШŸŉШőŔŊőĲƖШŊƖċĬĲƚШĬĲƓŸƚŔƣƚШŉƨƖƣőĲƖШƖċŔƚĲĬШĦŸŰĦĲƖŰƚШċĤŸƨƣШŊũŸĤċũШƚƨƓƓũǃЮШ
ìőŔũĲШƣőĲШǰƨŸƖƚƓċƖШůċƖťĲƣШŔŰШΞΜΝΥШċŰĬШĲċƖũǃШΞΜΝΦШƽċƚШĦőċƖċĦƣĲƖŔƚĲĬШĤǃШƣŔŊőƣШƚƨƓƓũǃШċŰĬШőŔŊőШƓƖŔĦĲƚЯШ
ƽőŔĦőШƽĲƖĲШĲǂċĦĲƖĤċƣĲĬШĤǃШ9őŔŰċѣƚШƣƖċŰƚŔƣŔŸŰЯШĤǃШũċƣĲШΞΜΝΦШŰĲƽШůŔŰĲƚШŔŰШ9ċŰċĬċЯШ~ŸŰŊŸũŔċЯШċŰĬШÉŸƨƣőШ
ŉƖŔĦċШőĲũƓĲĬШĲċƚĲШƣőĲШƚŔƣƨċƣŔŸŰЮШfŰШΞΜΞΜЯШ~ĲǂŔĦŸШƽċƚШƣőĲШũĲċĬŔŰŊШĲǂƓŸƖƣĲƖШŉŸũũŸƽĲĬШĤǃШ~ŸŰŊŸũŔċЮШ 

 
197Ш[ŔŊƨƖĲƚШċƖĲШĤċƚĲĬШŸŰШĬċƣċШƓƖŸƻŔĬĲĬШĤǃШƣőĲШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮ 
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9ŸƨŰƣƖǃ ÉőċƖĲШŸŉШŊũŸĤċũШ
ůŔŰĲШƓƖŸĬƨĦƣŔŸŰШ
ыċƻŊЮШΞΜΝΣрΞΜΞΜь 

9őŔŰċ ΣΡӖ 

~ĲǂŔĦŸ ΝΞӖ 

~ŸŰŊŸũŔċ ΤӖ 

éŔĲƣŰċů ΟӖ 

ÉŸƨƣőШ
ŉƖŔĦċ 

ΠӖ 

ÉƓċŔŰ ΞӖ 

ÅŸì ΤӖ 



 

 ΣΤ 

EÖШůŔŰĲШƓƖŸĬƨĦƣŔŸŰ 
9ŸƨŰƣƖǃШ ~ŔŰĲШƓƖŸĬƨĦƣŔŸŰШŔŰШΞΜΞΞ198ШыůĲƣƖŔĦШƣŸŰƚь 
ÉƓċŔŰ ΝΡΟЯΜΜΜ 

]ĲƖůċŰǃ ΣΜЯΜΜΜ 

 ~ŔŰĲШƓƖŸĬƨĦƣŔŸŰШŔŰШΞΜΝΦ199ШыůĲƣƖŔĦШƣŸŰƚь 
7ƨũŊċƖŔċ ΠЯΠΜΜ 

[ƖċŰĦĲ ΠΜЯΜΜΜ 

]ĲƖůċŰǃ ΤΦЯΦΡΦ 

fƣċũǃ ΝΜЯΠΦΦ 

ÅŸůċŰŔċ ΝΡЯΜΜΜ 

ÉƓċŔŰ ΝΤΜЯΜΜΜ 

 

~ŔŰĲШƓƖŸĬƨĦƣŔŸŰШŸŉШŸƣőĲƖШEƨƖŸƓĲċŰШĦŸƨŰƣƖŔĲƚ 

9ŸƨŰƣƖǃШ ~ŔŰĲШƓƖŸĬƨĦƣŔŸŰШŔŰШΞΜΞΞ200ШыůĲƣƖŔĦШƣŸŰƚь 
ÑƨƖťĲǃ ΝΤЯΞΡΞ 

Öu ΝΡЯΜΜΜ 

 ~ŔŰĲШƓƖŸĬƨĦƣŔŸŰШŔŰШΞΜΝΦ201ШыůĲƣƖŔĦШƣŸŰƚь 
ÑƨƖťĲǃ ΝΠЯΠΜΜ 

Öu ΝΝЯΜΜΜ 

 

 

 

 

 

 

 

 

 
198Ш[ũċŰċŊċŰЯШ?ЮШ~ЮШыΞΜΞΠьЮШ9ŸƓƓĲƖШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΞΜШ~ŔŰĲƖċũƚШǃĲċƖĤŸŸťЯШƻŸũƨůĲШfаШ~ĲƣċũƚШċŰĬШůŔŰĲƖċũƚЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШ
fŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΞΜЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΜоůǃĤΝрΞΜΞΜрĦŸƓƓĲƖЮƓĬŉШШ 
199ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ[ũƨŸƖƚƓċƖаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΞΡЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх[xÖ§ÅÉÂ ÅрƨƓĬċƣĲЮƓĬŉШ 
200Ш[ũċŰċŊċŰЯШ?ЮШ~ЮШыΞΜΞΠьЮШ9ŸƓƓĲƖШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΞΜШ~ŔŰĲƖċũƚШǃĲċƖĤŸŸťЯШƻŸũƨůĲШfаШ~ĲƣċũƚШċŰĬШůŔŰĲƖċũƚЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШ
fŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΞΜЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΜоůǃĤΝрΞΜΞΜрĦŸƓƓĲƖЮƓĬŉШШ 
201ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ[ũƨŸƖƚƓċƖаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΞΡЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх[xÖ§ÅÉÂ ÅрƨƓĬċƣĲЮƓĬŉШ 



 

 ΣΥ 

ÉĲĦŸŰĬċƖǃШƓƖŸĬƨĦƣŔŸŰ 
fŰШŊĲŰĲƖċũЯШǰƨŸƖƚƓċƖШŔƚШƖċƖĲũǃШƖĲĦǃĦũĲĬШĬƨĲШƣŸШŔƣƚШĬŔƚƚŔƓċƣŔƻĲШƨƚĲƚШŸƖШƣőĲШŔůƓƖċĦƣŔĦċũŔƣǃШŸŉШƖĲĦŸƻĲƖǃ202Ю 

 ĲƽЮƚĦƖċƓЮŊĲŰĲƖċƣĲĬЮŉƖŸůЮůċŰƨŉċĦƣƨƖŔŰŊЮƓƖŸĦĲƚƚĲƚ 

ÉǃŰƣőĲƣŔĦШǰƨŸƖƚƓċƖШĦċŰШĤĲШƓƖŸĬƨĦĲĬШŉƖŸůШŰĲƨƣƖċũŔǍċƣŔŸŰШŸŉШƽċƚƣĲШŔŰШƣőĲШĲŰƖŔĦőůĲŰƣШŸŉШƨƖċŰŔƨůЯШ
ƓĲƣƖŸũĲƨůШ ċũťǃũċƣŔŸŰЯШ ċŰĬШ ƚƣċŔŰũĲƚƚрƚƣĲĲũШ ƓŔĦťũŔŰŊЯШ ƣőŸƨŊőШ ŔůƓƨƖŔƣŔĲƚШ ůċǃШ ũŔůŔƣШ ŔƣƚШ ƨƚĲЮШÂƖŔůċƖǃШ
ċũƨůŔŰŔƨůШƓƖŸĬƨĦĲƖƚШƖĲĦǃĦũĲШc[ШċŰĬШǰƨŸƖŔĬĲƚШŉƖŸůШƚůĲũƣŔŰŊШŸƓĲƖċƣŔŸŰƚ203ЮШfŰШƣőĲШċŔƖрĦŸŰĬŔƣŔŸŰŔŰŊШċŰĬШ
ƖĲŉƖŔŊĲƖċƣŔŸŰШƚĲĦƣŸƖЯШĦũŸƚĲШƣŸШΣΜрΤΜӖШŸŉШƣőĲШǰƨŸƖŸĦőĲůŔĦċũƚШċƖĲШƖĲĦǃĦũĲĬ204Ю 

§ũĬЮƚĦƖċƓЮёƓŸƚƣцĦŸŰƚƨůĲƖЮƚĦƖċƓђ 

ìőŔũĲШƣőĲШƖĲĦǃĦũŔŰŊШŸŉШǰƨŸƖƚƓċƖШŉƖŸůШŸũĬШƚĦƖċƓШŔƚШƣőĲŸƖĲƣŔĦċũũǃШƓŸƚƚŔĤũĲШƣŸШċШũŔůŔƣĲĬШĲǂƣĲŰƣШыĬƨĲШƣŸЯШŉŸƖШ
ŔŰƚƣċŰĦĲЯШőŔŊőũǃШĬŔƚƓĲƖƚĲĬШǰƨŸƖƚƓċƖШĦŸŰƣĲŰƣШŔŰШůċŰƨŉċĦƣƨƖĲĬШƓƖŸĬƨĦƣƚьЯШŰŸШƚƨĦőШŸƓĲƖċƣŔŸŰƚШĲǂŔƚƣШŔŰШƣőĲШ
EÖШŸƖШŊũŸĤċũũǃЮ 

 

ÅĲƚĲƖƻĲƚ205 
]ũŸĤċũШƖĲƚĲƖƻĲƚ 
9ŸƨŰƣƖǃШ ÅĲƚĲƖƻĲƚШыůĲƣƖŔĦШƣŸŰƚь 

9őŔŰċ ΥΣЯΜΜΜ 

~ĲǂŔĦŸ ΣΥЯΜΜΜ 

ÉŸƨƣőШ ŉƖŔĦċ ΠΝЯΜΜΜ 

~ŸŰŊŸũŔċ ΟΠЯΜΜΜ 

 

EÖШƖĲƚĲƖƻĲƚ 
9ŸƨŰƣƖǃШ ÅĲƚĲƖƻĲƚШыůĲƣƖŔĦШƣŸŰƚь 

ÉƓċŔŰ ΝΡЯΜΜΜ 

 

ÂƖŸĦĲƚƚŔŰŊШƚƣċŊĲШтШǰƨŸƖƚƓċƖШƓƖŸĬƨĦƣƚ 

9őŔŰċШƽċƚШƣőĲШƽŸƖũĬќƚШũĲċĬŔŰŊШƓƖŸĬƨĦĲƖШċŰĬШĦŸŰƚƨůĲƖШŸŉШ ũ[ΟЯШǰƨŸƖƚƓċƖЯШǰƨŸƖŸĦċƖĤŸŰƚШыŉĲĲĬƚƣŸĦťШċŰĬШ
ŰŸŰŉĲĲĬƚƣŸĦťьЯШċŰĬШc[206ЮШc[ШŔƚШƓƖŸĬƨĦĲĬШŔŰШċĤŸƨƣШΝΡШĦŸƨŰƣƖŔĲƚЯШƽŔƣőШ9őŔŰċШċĦĦŸƨŰƣŔŰŊШŉŸƖШŰĲċƖũǃШΤΡӖШ
ŸŉШŊũŸĤċũШƓƖŸĬƨĦƣŔŸŰШŔŰШΞΜΞΟЯШƽőŔũĲШEƨƖŸƓĲШċŰĬШƣőĲШÖЮÉЮШƓƖŸĬƨĦĲĬШċĤŸƨƣШΤШƣŸШΥӖШĲċĦő207Ю 

 
202ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ[ũƨŸƖƚƓċƖаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΞΡЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх[xÖ§ÅÉÂ ÅрƨƓĬċƣĲЮƓĬŉШ 
203ШxŸŰĬŸŰŸЯШéЮШыΞΜΞΡьЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡаШ[ũƨŸƖƚƓċƖЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΞΣЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрǰƨŸƖƚƓċƖЮƓĬŉШ 
204ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ[ũƨŸƖƚƓċƖаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΞΡЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх[xÖ§ÅÉÂ ÅрƨƓĬċƣĲЮƓĬŉ  
205ШxŸŰĬŸŰŸЯШéЮШыΞΜΞΡьЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡаШ[ũƨŸƖƚƓċƖЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΞΣЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрǰƨŸƖƚƓċƖЮƓĬŉШ 
206Ш~ĦÅċĲЯШ~ЮШEЮШыΞΜΞΠьЮШ[ũƨŸƖƚƓċƖШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΞΜШ~ŔŰĲƖċũƚШǃĲċƖĤŸŸťЯШƻŸũƨůĲШfаШ~ĲƣċũƚШċŰĬШůŔŰĲƖċũƚЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШ
ÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΞΡЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΜоůǃĤΝрΞΜΞΜрǰƨŸƖƚƓċƖЮƓĬŉШ 
207ШÂƖŸŢĲĦƣШ7ũƨĲЮШыΞΜΞΠЯШ ƓƖŔũШΝΞьЮШxŔƣőŔƨůШ9ŸƖƓŸƖċƣŔŸŰШũŸŸťŔŰŊШċƣШǰƨŸƖƚƓċƖШĲǂƓũŸƖċƣŔŸŰЮШÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƓƖŸŢĲĦƣĤũƨĲЮĦŸůоĤũƨĲоŰĲƽƚрċŰċũǃƚŔƚоΥΟΜоũŔƣőŔƨůрĦŸƖƓŸƖċƣŔŸŰрũŸŸťŔŰŊрċƣрǰƨŸƖƚƓċƖрĲǂƓũŸƖċƣŔŸŰ  

https://projectblue.com/blue/news-analysis/830/lithium-corporation-looking-at-fluorspar-exploration


 

 ΣΦ 

?ĲůċŰĬШ 
]ũŸĤċũШĬĲůċŰĬ208 
fŰШΞΜΝΦЯШŊũŸĤċũШǰƨŸƖƚƓċƖШĦŸŰƚƨůƓƣŔŸŰШƽċƚШΣЯΥΜΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚЮШ9őŔŰċШƽċƚШƣőĲШũċƖŊĲƚƣШĦŸŰƚƨůĲƖШ
ċĦĦŸƨŰƣŔŰŊШŉŸƖШΣΜӖШŸŉШƽŸƖũĬƽŔĬĲШĦŸŰƚƨůƓƣŔŸŰЯШŉŸũũŸƽĲĬШĤǃШ ŸƖƣőШ ůĲƖŔĦċШыΝΠӖьЯШċŰĬШƣőĲШEÖШыΦӖьЮШ 

 

EÖШĬĲůċŰĬ209 
7ĲƣƽĲĲŰШΞΜΝΣШċŰĬШΞΜΞΜЯШƣőĲШEÖѣƚШċƻĲƖċŊĲШċŰŰƨċũШǰƨŸƖƚƓċƖШĦŸŰƚƨůƓƣŔŸŰШƽċƚШΣΡΠЯΦΞΞШůĲƣƖŔĦШƣŸŰƚЮШÑőĲШ
EÖШƽċƚШΣΜӖШƖĲũŔċŰĦĲШŸŰШŔůƓŸƖƣШċŰĬШƣőĲШůċŔŰШƚƨƓƓũŔĲƖƚШƽĲƖĲШ~ĲǂŔĦŸШыΟΟӖьЯШÉƓċŔŰШыΞΟӖьЯШÉŸƨƣőШ ŉƖŔĦċШ
ыΝΝӖьЯШ]ĲƖůċŰǃШыΥӖьЯШċŰĬШ9őŔŰċШыΣӖьЮШ 

 

[ƨƣƨƖĲШƚƨƓƓũǃШċŰĬШĬĲůċŰĬШƣƖĲŰĬƚ 

ìőŔũĲШůĲƣċũũƨƖŊŔĦċũШŊƖċĬĲШǰƨŸƖƚƓċƖШыůĲƣƚƓċƖЯШƽŔƣőШũĲƚƚШƣőċŰШΦΤӖШŸŉШ9ċ[ΞьШƚƨƓƓũǃШƖĲůċŔŰƚШƚƣċĤũĲЯШċĦŔĬШ
ŊƖċĬĲШǰƨŸƖƚƓċƖШыċĦŔĬƚƓċƖЯШƽŔƣőШůŸƖĲШƣőċŰШΦΤӖШŸŉШ9ċ[ΞьШůċǃШŉċĦĲШƣŔŊőƣШůċƖťĲƣШĦŸŰĬŔƣŔŸŰƚШŸƻĲƖШƣőĲШŰĲǂƣШ
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ŔůƓƖŸƻĲůĲŰƣƚ213ЯШ214ЮШ[ƨƣƨƖĲШċĦŔĬƚƓċƖШĬĲůċŰĬШĤǃШċƓƓũŔĦċƣŔŸŰШċƖĲċƚШċƖĲШƚőŸƽŰШċƚШŉŸũũŸƽƚ215ЮШ 

¶ ũƨůŔŰŔƨůаШ[ũƨŸƖƚƓċƖШ ĬĲůċŰĬШ ċũŔŊŰƚШ ƽŔƣőШ ƓƖŔůċƖǃШ ċũƨůŔŰŔƨůШ ƓƖŸĬƨĦƣŔŸŰЯШ ċƚШ ƖĲĦǃĦũĲĬШ
ċũƨůŔŰŔƨůШĬŸĲƚШŰŸƣШƖĲƕƨŔƖĲШ ũ[ΟШŸƖШĦƖǃŸũŔƣĲЮШìőŔũĲШ[ÉрĬĲƖŔƻĲĬШ ũ[ΟШůċǃШƖĲƓũċĦĲШƚŸůĲШǰƨŸƖƚƓċƖр
ĤċƚĲĬШ ũ[ΟЯШƣőĲŔƖШĬŔǭĲƖŔŰŊШƓƖŸƓĲƖƣŔĲƚШũŔůŔƣШĬŔƖĲĦƣШƚƨĤƚƣŔƣƨƣŔŸŰЮШfŰШƣőĲШůĲĬŔƨůрƣĲƖůЯШċũƨůŔŰŔƨůШ
ƓƖŸĬƨĦĲƖƚШĲǂƓĲĦƣШċŰШŔŰĦƖĲċƚĲШŔŰШĬĲůċŰĬШŉŸƖШEéƚШċŰĬШƚŸũċƖШƓċŰĲũƚШċƚШƽĲũũШċƚШůŸƖĲШůŸĬĲƚƣШ
ŊƖŸƽƣőШŔŰШƣƖċĬŔƣŔŸŰċũШůċƖťĲƣƚШƚƨĦőШċƚШĦŸŰƚƣƖƨĦƣŔŸŰЯШċĲƖŸƚƓċĦĲЯШċŰĬШƓċĦťċŊŔŰŊ216Ю 

¶ 9őĲůŔĦċũƚаШc[Ш ĦŸŰƚƨůƓƣŔŸŰШ ŔƚШ ƓƖŸŢĲĦƣĲĬШ ƣŸШ ŊƖŸƽШ ΟШ ƣŸШ ΠӖШ ċŰŰƨċũũǃЯШ ƽŔƣőШ ǰƨŸƖŸĦċƖĤŸŰШ
ƓƖŸĬƨĦƣŔŸŰШċĦĦŸƨŰƣŔŰŊШŉŸƖШΣΜӖШŸŉШĬĲůċŰĬЮШÅŔƚŔŰŊШƖĲŉƖŔŊĲƖċƣŔŸŰШċŰĬШċŔƖШĦŸŰĬŔƣŔŸŰŔŰŊШŰĲĲĬƚЯШ
ĲƚƓĲĦŔċũũǃШŔŰШĬĲƻĲũŸƓŔŰŊШĦŸƨŰƣƖŔĲƚЯШŔƚШƣőĲШůċŔŰШĬƖŔƻŔŰŊШŉŸƖĦĲЮШcŸƽĲƻĲƖЯШƚƣƖŔĦƣĲƖШƖĲŊƨũċƣŔŸŰƚШŸŰШ
őŔŊőр]ìÂШǰƨŸƖŔŰċƣĲĬШŊċƚĲƚШůċǃШƚőŔŉƣШƚŸůĲШƖĲŉƖŔŊĲƖċŰƣШƨƚĲШƣŸШŰŸŰǰƨŸƖŔŰċƣĲĬШċũƣĲƖŰċƣŔƻĲƚЯШ
ůŸĬĲƖċƣŔŰŊШǰƨŸƖƚƓċƖШĦŸŰƚƨůƓƣŔŸŰЮШÑőĲШƓƖŸƓŸƖƣŔŸŰШĤĲŔŰŊШƨƚĲĬШŉŸƖШǰƨŸƖŸƓŸũǃůĲƖШŉĲĲĬƚƣŸĦťШŔŰШ
ƣőĲШũċŰĬШƣƖċŰƚƓŸƖƣċƣŔŸŰШċŰĬШċĲƖŸƚƓċĦĲШƚĲĦƣŸƖƚШŔƚШċũƚŸШĲǂƓĲĦƣĲĬШƣŸШŔŰĦƖĲċƚĲЮ 

§ŰĲШŸŉШƣőĲШŉċƚƣĲƚƣШŊƖŸƽŔŰŊШƨƚĲƚШŸŉШǰƨŸƖƚƓċƖШŔƚШŔŰШũŔƣőŔƨůрŔŸŰШĤċƣƣĲƖŔĲƚЯШĲƻĲŰШƣőŸƨŊőШŔƣШŰŸƽШ
ƖĲƓƖĲƚĲŰƣƚШŸŰũǃШċШƚůċũũШŉƖċĦƣŔŸŰШŸŉШĬŸƽŰƚƣƖĲċůШĦŸŰƚƨůƓƣŔŸŰЮШ[ũƨŸƖŔŰĲШŔƚШċŰШŔŰƣĲŊƖċũШƓċƖƣШŸŉШ
ĲũĲĦƣƖŸũǃƣĲƚШыΝΜӖШĤǃШůċƚƚьШċŰĬШc[ШċŔĬƚШŔŰШƓƖŸĦĲƚƚŔŰŊШŸŉШŰċƣƨƖċũШǰċťĲШŊƖċƓőŔƣĲШƣŸШƓƖŸĬƨĦĲШ
ƚƓőĲƖŔĦċũШŊƖċƓőŔƣĲШŉŸƖШċŰŸĬĲƚ217ЮШĦĦŸƖĬŔŰŊШƣŸШÂƖŸŢĲĦƣШ7ũƨĲЯШũŔƣőŔƨůрŔŸŰШĤċƣƣĲƖŔĲƚШċĦĦŸƨŰƣĲĬШŉŸƖШ
ũĲƚƚШƣőċŰШΡӖШŸŉШĦőĲůŔĦċũШƨƚĲƚШŸŉШc[ШŔŰШΞΜΝΡЯШĤƨƣШŔƣƚШƚőċƖĲШŔƚШƓƖŸŢĲĦƣĲĬШƣŸШŔŰĦƖĲċƚĲШƣŸШŸƻĲƖШΡΜӖШ
ŔŰШƣőĲШŰĲǂƣШĬĲĦċĬĲЯШĬƖŔƻŔŰŊШƣőĲШůċŢŸƖŔƣǃШŸŉШƣőĲШŊƖŸƽƣőШƖĲƕƨŔƖĲůĲŰƣƚШŉŸƖШċĦŔĬƚƓċƖШƓƖŸŢĲĦƣƚШƣŸШĤĲШ
ĦŸůůŔƚƚŔŸŰĲĬШċŰĬШƖċůƓШƨƓ218ШЮШ9őŔŰċШuŔŰŊƚШÅĲƚŸƨƖĦĲƚШ]ƖŸƨƓЯШ9őŔŰċќƚШũċƖŊĲƚƣШǰƨŸƖƚƓċƖШ
ƓƖŸĬƨĦĲƖЯШĲǂƓĲĦƣƚШƽŸƖũĬƽŔĬĲШĬĲůċŰĬШŉŸƖШǰƨŸƖƚƓċƖШŉƖŸůШƣőĲШŰĲƽШĲŰĲƖŊǃШƚĲĦƣŸƖШƣŸШĲǂĦĲĲĬШ
ΡЯΜΜΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШŔŰШΞΜΟΜ219Ю 

 

 

 

 

 
213ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ[ũƨŸƖƚƓċƖаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΞΡЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх[xÖ§ÅÉÂ ÅрƨƓĬċƣĲЮƓĬŉШ 
214Ш[ũċŰċŊċŰЯШ?ЮШ~ЮШыΞΜΞΠьЮШ9ŸƓƓĲƖШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΞΜШ~ŔŰĲƖċũƚШǃĲċƖĤŸŸťЯШƻŸũƨůĲШfаШ~ĲƣċũƚШċŰĬШůŔŰĲƖċũƚЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШ
fŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΞΜЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΜоůǃĤΝрΞΜΞΜрĦŸƓƓĲƖЮƓĬŉШШ 
215Ш[ũċŰċŊċŰЯШ?ЮШ~ЮШыΞΜΞΠьЮШ9ŸƓƓĲƖШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΞΜШ~ŔŰĲƖċũƚШǃĲċƖĤŸŸťЯШƻŸũƨůĲШfаШ~ĲƣċũƚШċŰĬШůŔŰĲƖċũƚЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШ
fŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΞΜЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΜоůǃĤΝрΞΜΞΜрĦŸƓƓĲƖЮƓĬŉШШ 
216Ш7ĲŰĦőůċƖťШ~ŔŰĲƖċũШfŰƣĲũũŔŊĲŰĦĲЮШыΞΜΞΠЯШ[ĲĤƖƨċƖǃШΝΟьЮШ[ũƨŸƖƚƓċƖаШÑőĲШƕƨŔĲƣШċĦőŔĲƻĲƖШŸŉШƣőĲШũŔƣőŔƨůШŔŸŰШĤċƣƣĲƖǃШĤŸŸůЮШ7ĲŰĦőůċƖťШÉŸƨƖĦĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡЯШŉƖŸůШőƣƣƓƚаооƚŸƨƖĦĲЮĤĲŰĦőůċƖťůŔŰĲƖċũƚЮĦŸůоċƖƣŔĦũĲоǰƨŸƖƚƓċƖрƣőĲрƕƨŔĲƣрċĦőŔĲƻĲƖрŸŉрƣőĲрũŔƣőŔƨůрŔŸŰрĤШ 
217Ш7ĲŰĦőůċƖťШ~ŔŰĲƖċũШfŰƣĲũũŔŊĲŰĦĲЮШыΞΜΞΠЯШ[ĲĤƖƨċƖǃШΝΟьЮШ[ũƨŸƖƚƓċƖаШÑőĲШƕƨŔĲƣШċĦőŔĲƻĲƖШŸŉШƣőĲШũŔƣőŔƨůШŔŸŰШĤċƣƣĲƖǃШĤŸŸůЮШ7ĲŰĦőůċƖťШÉŸƨƖĦĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡЯШŉƖŸůШőƣƣƓƚаооƚŸƨƖĦĲЮĤĲŰĦőůċƖťůŔŰĲƖċũƚЮĦŸůоċƖƣŔĦũĲоǰƨŸƖƚƓċƖрƣőĲрƕƨŔĲƣрċĦőŔĲƻĲƖрŸŉрƣőĲрũŔƣőŔƨůрŔŸŰрĤШ 
218ШÂƖŸŢĲĦƣШ7ũƨĲЮШыΞΜΞΠЯШ ƓƖŔũШΝΞьЮШxŔƣőŔƨůШ9ŸƖƓŸƖċƣŔŸŰШũŸŸťŔŰŊШċƣШǰƨŸƖƚƓċƖШĲǂƓũŸƖċƣŔŸŰЮШÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƓƖŸŢĲĦƣĤũƨĲЮĦŸůоĤũƨĲоŰĲƽƚрċŰċũǃƚŔƚоΥΟΜоũŔƣőŔƨůрĦŸƖƓŸƖċƣŔŸŰрũŸŸťŔŰŊрċƣрǰƨŸƖƚƓċƖрĲǂƓũŸƖċƣŔŸŰШ 
219ШcƨЯШ ЮШыΞΜΞΠЯШsċŰƨċƖǃШΥьЮШ9őŔŰċѣƚШǰƨŸƖƚƓċƖШůċƖťĲƣШƣőŔƚШǃĲċƖаШÑőƖĲĲШƣőŔŰŊƚШƣŸШĲǂƓĲĦƣШ҇ШΞΜΞΠШƓƖĲƻŔĲƽЮШ[ċƚƣůċƖťĲƣƚЮШÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮŉċƚƣůċƖťĲƣƚЮĦŸůоŔŰƚŔŊőƣƚоƣőƖĲĲрƣőŔŰŊƚрƣŸрĲǂƓĲĦƣрŉƖŸůрĦőŔŰċƚрǰƨŸƖƚƓċƖрůċƖťĲƣрŔŰрΞΜΞΠрΞΜΞΠрƓƖĲƻŔĲƽо  

https://projectblue.com/blue/news-analysis/830/lithium-corporation-looking-at-fluorspar-exploration
https://www.fastmarkets.com/insights/three-things-to-expect-from-chinas-fluorspar-market-in-2024-2024-preview/
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EǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚ220ШШ 
fƣШƚőŸƨũĬШĤĲШŰŸƣĲĬШƣőċƣШƖĲŊƨũċƣŔŸŰƚШċƖĲШĬǃŰċůŔĦШċŰĬШƚƨĤŢĲĦƣШƣŸШĦőċŰŊĲШŸƻĲƖШƣŔůĲЮ 

~ċŢŸƖШƓƖŸĬƨĦŔŰŊШĦŸƨŰƣƖǃШċƣШƣőĲШĲǂƣƖċĦƣŔŸŰШƚƣċŊĲ EǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШŸŰШůĲƣƚƓċƖШċŰĬШċĦŔĬƚƓċƖШ
ыΞΜΞΞь 

9őŔŰċ xŔĦĲŰƚŔŰŊШƖĲƕƨŔƖĲůĲŰƣШ 

~ŸŰŊŸũŔċ EǂƓŸƖƣШƣċǂ 

éŔĲƣŰċů EǂƓŸƖƣШƣċǂ 

 

ÂƖŸĦĲƚƚŔŰŊЮƚƣċŊĲ 

fŰШΞΜΝΦЯШsċƓċŰШƖĲƚƣƖŔĦƣĲĬШĲǂƓŸƖƣƚШŸŉШťĲǃШƚĲůŔĦŸŰĬƨĦƣŸƖШůċƣĲƖŔċũƚШƣŸШÉŸƨƣőШuŸƖĲċЯШŔŰĦũƨĬŔŰŊШc[ЯШ
ǰƨŸƖŔŰċƣĲĬШƓŸũǃŔůŔĬĲƚЯШċŰĬШƓőŸƣŸƖĲƚŔƚƣƚЯШċůŔĬШċШőŔƚƣŸƖŔĦċũШĬŔƚƓƨƣĲЮШÑőĲШĲǂƓŸƖƣШĦŸŰƣƖŸũƚШůĲċŰШsċƓċŰĲƚĲШ
ǯƖůƚШůƨƚƣШŰŸƽШŸĤƣċŔŰШũŔĦĲŰƚĲƚШŉŸƖШĲċĦőШƚőŔƓůĲŰƣЮШìŔƣőШÉŸƨƣőШuŸƖĲċШŔůƓŸƖƣĲĬШΠΜӖШċŰĬШΦΜӖШŸŉШŔƣƚШc[Ш
ċŰĬШǰƨŸƖŔŰċƣĲĬШƓŸũǃŔůŔĬĲƚШƖĲƚƓĲĦƣŔƻĲũǃШŉƖŸůШsċƓċŰШŔŰШΞΜΝΦШЯШƣőĲШůŸƻĲШƖŔƚťĲĬШƓƖŸĬƨĦƣŔŸŰШĬŔƚƖƨƓƣŔŸŰƚ221ЮШ
ÉŔŰĦĲШƣőĲŰЯШÉŸƨƣőШuŸƖĲċШőċƚШĤĲĲŰШƽŸƖťŔŰŊШƣŸШƖĲĬƨĦĲШŔƣƚШĬĲƓĲŰĬĲŰĦĲШŸŰШŔůƓŸƖƣĲĬШůċƣĲƖŔċũƚШŰĲĲĬĲĬШŉŸƖШ
ƣőĲШůċŰƨŉċĦƣƨƖĲШŸŉШƚĲůŔĦŸŰĬƨĦƣŸƖƚШċŰĬШĬŔƚƓũċǃƚ222Ю 

fŰШƣőĲШEÖЯШƣőĲШEƨƖŸƓĲċŰШ9ŸůůŔƚƚŔŸŰШŔŰƣĲŰĬƚШƣŸШƓƖŸƓŸƚĲШċШĤċŰШŸŰШƣőĲШƨƚĲШŸŉШÂĲƖǰƨŸƖŸċũťǃũШċŰĬШ
ÂŸũǃǰƨŸƖŸċũťǃũШÉƨĤƚƣċŰĦĲƚШыÂ[ ÉьШŔŰШĦŸŰƚƨůĲƖШƓƖŸĬƨĦƣƚЯШƽŔƣőШĲǂĲůƓƣŔŸŰƚШŉŸƖШĲƚƚĲŰƣŔċũШŔŰĬƨƚƣƖŔċũШƨƚĲƚЮШ
ÑőĲШƓƨĤũŔĦċƣŔŸŰШŸŉШƣőĲШƖĲƚƣƖŔĦƣŔŸŰШĬŸƚƚŔĲƖШƽċƚШƓƨĤũŔƚőĲĬШŔŰШΞΜΞΟШċŰĬШƣőĲШĤċŰШůċǃШĲŰƣĲƖШŔŰƣŸШŉŸƖĦĲШċƚШ
ĲċƖũǃШċƚШΞΜΞΣ223ЯШ224ЮШ9ŸŰƚŔĬĲƖŔŰŊШƣőĲШĤƖŸċĬШċƓƓũŔĦċƣŔŸŰƚШŸŉШÂ[ ÉЯШƣőŔƚШůċǃШőċƻĲШƚŔŊŰŔǯĦċŰƣШŔůƓċĦƣƚШŸŰШ
ƣőĲШEƨƖŸƓĲċŰШǰƨŸƖŸĦőĲůŔĦċũШŔŰĬƨƚƣƖǃ225ЮШ[ŸƖШŔŰƚƣċŰĦĲЯШůċŢŸƖШÂ[ ÉШůċŰƨŉċĦƣƨƖĲƖƚЯШŔŰĦũƨĬŔŰŊШ9őĲůŸƨƖƚШ
 ĲĬĲƖũċŰĬШ7ЮéЮЯШ ƚċőŔШ]ũċƚƚЯШċŰĬШÉŸũƻċǃЯШċƖĲШƖĲũŸĦċƣŔŰŊШƣőĲŔƖШƓƖŸĬƨĦƣŔŸŰШŉċĦŔũŔƣŔĲƚШŉƖŸůШEƨƖŸƓĲШƣŸШƣőĲШ
ÖЮÉЮЯШsċƓċŰЯШċŰĬШ9őŔŰċШƖĲƚƓĲĦƣŔƻĲũǃЯШŔŰШƖĲƚƓŸŰƚĲШƣŸШċŰƣŔĦŔƓċƣĲĬШƚƣƖŔŰŊĲŰƣШEÖШƖĲŊƨũċƣŔŸŰƚ226Ю 

 
220Ш§E9?ШыΞΜΞΠьЯШ§E9?ШfŰƻĲŰƣŸƖǃШŸŉШEǂƓŸƖƣШÅĲƚƣƖŔĦƣŔŸŰƚШŸŰШfŰĬƨƚƣƖŔċũШÅċƽШ~ċƣĲƖŔċũƚШΞΜΞΠаШ~ŸŰŔƣŸƖŔŰŊШƣőĲШƨƚĲШŸŉШĲǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШċůŔĬШ
ůċƖťĲƣШċŰĬШƓŸũŔĦǃШƣĲŰƚŔŸŰƚЯШ§E9?ШÂƨĤũŔƚőŔŰŊЯШÂċƖŔƚЯШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΤΥΤоΡĲΠΣĤĤΞΜрĲŰЮШÅĲƣƖŔĲƻĲĬШΝΦЮΜΞЮΞΜΞΡЯШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮŸĲĦĬЮŸƖŊоĲŰоƣŸƓŔĦƚоĲǂƓŸƖƣрƖĲƚƣƖŔĦƣŔŸŰƚрŸŰрĦƖŔƣŔĦċũрƖċƽрůċƣĲƖŔċũƚЮőƣůũШ 
221Ш]ŸŸĬůċŰЯШÉЮШ~ЮЯШuŔůЯШ?ЮШѼШéĲƖìĲǃЯШsЮШыΞΜΝΦЯШ§ĦƣŸĤĲƖьЮШ§ǭŔĦĲШŸŉШfŰĬƨƚƣƖŔĲƚШìŸƖťŔŰŊШÂċƓĲƖШf?рΜΣΞаШÑőĲШÉŸƨƣőШuŸƖĲċрsċƓċŰШƣƖċĬĲШĬŔƚƓƨƣĲШŔŰШ
ĦŸŰƣĲǂƣаШÉĲůŔĦŸŰĬƨĦƣŸƖШůċŰƨŉċĦƣƨƖŔŰŊШĦőĲůŔĦċũƚШċŰĬШĦŸŰĦĲŰƣƖċƣĲĬШƚƨƓƓũǃШĦőċŔŰƚЮШ§ǭŔĦĲШŸŉШfŰĬƨƚƣƖŔĲƚШŸŉШƣőĲШÖЮÉЮШfŰƣĲƖŰċƣŔŸŰċũШÑƖċĬĲШ
9ŸůůŔƚƚŔŸŰЮШÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮƨƚŔƣĦЮŊŸƻоƓƨĤũŔĦċƣŔŸŰƚоΟΟΞоƽŸƖťŔŰŊхƓċƓĲƖƚоƣőĲхƚŸƨƣőхťŸƖĲċр
ŢċƓċŰхƣƖċĬĲхĬŔƚƓƨƣĲхŔŰхĦŸŰƣĲǂƣхƚĲůŔĦŸŰĬƨĦƣŸƖхůċŰƨŉċĦƣƨƖŔŰŊхĦőĲůŔĦċũƚхċŰĬхĦŸŰĦĲŰƣƖċƣĲĬхƚƨƓƓũǃхĦőċŔŰƚЮƓĬŉШ 
222Ш[ũċŰċŊċŰЯШ?ЮШ~ЮШыΞΜΞΠьЮШ9ŸƓƓĲƖШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΞΜШ~ŔŰĲƖċũƚШǃĲċƖĤŸŸťЯШƻŸũƨůĲШfаШ~ĲƣċũƚШċŰĬШůŔŰĲƖċũƚЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШ
fŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΞΜЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΜоůǃĤΝрΞΜΞΜрĦŸƓƓĲƖЮƓĬŉШШ 
223ШĤŰĲƣƣЯШuЮШыΞΜΞΡЯШsċŰƨċƖǃШΞΜьЮШEÖШƓũċŰƚШĤċŰШŸŰШѣŉŸƖĲƻĲƖШĦőĲůŔĦċũƚѣШŔŰШĦŸŰƚƨůĲƖШƓƖŸĬƨĦƣƚЮШÅĲƨƣĲƖƚЮШÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮƖĲƨƣĲƖƚЮĦŸůоĤƨƚŔŰĲƚƚоĲŰƻŔƖŸŰůĲŰƣоĲƨрƓũċŰƚрĤċŰрŉŸƖĲƻĲƖрĦőĲůŔĦċũƚрĦŸŰƚƨůĲƖрƓƖŸĬƨĦƣƚрΞΜΞΡрΜΝрΞΜоШ 
224ШEƨƖŸƓĲċŰШ9őĲůŔĦċũƚШ ŊĲŰĦǃЮШыΞΜΞΟЯШ ƓƖŔũьЮШE9c ШƓƨĤũŔƚőĲƚШÂ[ ÉШƖĲƚƣƖŔĦƣŔŸŰШƓƖŸƓŸƚċũЮШÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооĲĦőċЮĲƨƖŸƓċЮĲƨороĲĦőċрƓƨĤũŔƚőĲƚрƓŉċƚрƖĲƚƣƖŔĦƣŔŸŰрƓƖŸƓŸƚċũШ 
225Ш§ѣ?ƖŔƚĦŸũũЯШ~ЮШыΞΜΞΟЯШ§ĦƣŸĤĲƖШΞΟьЮШ[ũƨŸƖƚƓċƖШůċƖťĲƣШŸƻĲƖƻŔĲƽЮШf~[§Å~E?Ш[ũƨŸƖŔŰĲШ[ŸƖƨůШΞΜΞΟШÅĲƻŔĲƽЮШÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооŔůŉŸƖůĲĬЮĦŸůоǰƨŸƖƚƓċƖрƚƨƓƓũǃрĬĲůċŰĬрŉƖĲŰĦőрƖŔƻŔĲƖċрƖĲƻŔĲƽоШ 
226Шf?E xfÉÑШƓƖŸŢĲĦƣШƓċƖƣŰĲƖШ9őĲůŔĲШ9ũƨƚƣĲƖШ7ċǃĲƖŰШыΞΤЮΜΞЮΞΜΞΡь 

https://www.oecd.org/en/topics/export-restrictions-on-critical-raw-materials.html
https://www.usitc.gov/publications/332/working_papers/the_south_korea-japan_trade_dispute_in_context_semiconductor_manufacturing_chemicals_and_concentrated_supply_chains.pdf
https://www.usitc.gov/publications/332/working_papers/the_south_korea-japan_trade_dispute_in_context_semiconductor_manufacturing_chemicals_and_concentrated_supply_chains.pdf
https://www.reuters.com/business/environment/eu-plans-ban-forever-chemicals-consumer-products-2025-01-20/
https://echa.europa.eu/-/echa-publishes-pfas-restriction-proposal
https://imformed.com/fluorspar-supply-demand-french-riviera-review/


 

 ΤΞ 

]ċũũŔƨůШы]ċь 
~ċŢŸƖШƨƚĲƚШŔŰШƣőĲШEÖШċƻĲƖċŊĲШĤĲƣƽĲĲŰШΞΜΝΞШċŰĬШΞΜΝΣШыƻċũŔĬċƣŔŸŰШůċĬĲШŔŰШΞΜΞΝь227 

 

ÑőĲШƽŸƖũĬƽŔĬĲШĲŰĬрƨƚĲШĬŔƚƣƖŔĤƨƣŔŸŰШŸŉШŊċũũŔƨůШŔŰШΞΜΝΥШƽċƚШĲƚƣŔůċƣĲĬШƣŸШĤĲШf9ƚШыΟΣӖьЯШũŔŊőƣŔŰŊШыΠΠӖьЯШ
ƓőŸƣŸƻŸũƣċŔĦƚШыÂéƚьШыΤӖьЯШůċŊŰĲƣƚШыΤӖьЯШfŰĬŔƨůШŊċũũŔƨůШǍŔŰĦШŸǂŔĬĲШыf]ü§ьШыΠӖьШċŰĬШŸƣőĲƖƚШыΞӖьЮ 

éċũƨĲШĦőċŔŰШыƚŔůƓũŔǯĲĬь228 

 

 
227ШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШÉĲƓƣĲůĤĲƖьЮШ]ċũũŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΝΠЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΦоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх] xxffÖ~ЮƓĬŉШ 
228Ш]ƨŰŰЯШ]ЮШыEĬЮьЮШыΞΜΝΟьЮШ9ƖŔƣŔĦċũШůĲƣċũƚШőċŰĬĤŸŸťЮШìŔũĲǃр7ũċĦťƽĲũũЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΜΞоΦΤΥΝΝΝΥΤΡΡΟΠΝ 

70%

25%

5%

Integrated circruits

Lighting

CIGS solar cells

https://scrreen.eu/wp-content/uploads/2023/09/SCRREEN2_factsheets_GALLIIUM.pdf
https://doi.org/10.1002/9781118755341


 

 ΤΟ 

]ċũũŔƨůШŔƚШƨƣŔũŔǍĲĬШŔŰШƻċƖŔŸƨƚШŉŸƖůƚЯШƽŔƣőШƣőĲШƣċĤũĲШĤĲũŸƽШőŔŊőũŔŊőƣŔŰŊШƣőĲШůŸƚƣШĦŸůůŸŰШƣǃƓĲƚШċŰĬШƣőĲŔƖШ
ĦŸƖƖĲƚƓŸŰĬŔŰŊШċƓƓũŔĦċƣŔŸŰƚЮ 

~ŸƚƣШĦŸůůŸŰШ
ŉŸƖůƚ ƓƓũŔĦċƣŔŸŰƚ 

]ċũũŔƨůШůĲƣċũШыƓƨƖĲШ
ŸƖШċũũŸǃĲĬь 

EƨƣĲĦƣŔĦШċũũŸǃƚШŔŰШĬĲƻŔĦĲƚШƖċŰŊŔŰŊШŉƖŸůШǰƨŔĬШƨŰŔŸŰƚЯШőĲċƻǃШĦƨƖƖĲŰƣШƚƽŔƣĦőĲƚШƣŸШƖŸĦťĲƖШ
ƚƽŔƣĦőĲƚШ ċŰĬШ ƚƓőǃŊůŸůċŰŸůĲƣĲƖƚШ ыĤũŸŸĬШƓƖĲƚƚƨƖĲШ ůĲƣĲƖƚьбШ Ĳ[Ĳ7Ш ůċŊŰĲƣƚбШ
ůŸũĲĦƨũċƖрĤĲċůШĲƓŔƣċǂǃШы~7EьШƓƖŸĦĲƚƚĲƚбШŰƨĦũĲċƖШƽĲċƓŸŰШƓŔƣƚШыƣőĲШĦŸƖĲƚШŸŉШŔůƓũŸƚŔŸŰШ
ƽĲċƓŸŰƚьбШƣőĲƖůŸůĲƣĲƖƚбШƣőŔŰрǯũůШĬĲƓŸƚŔƣŔŸŰШŸŉШƚŸũċƖШĦĲũũƚ 

]ċũũŔƨůШĦőĲůŔĦċũƚШ 

]ċũũŔƨůШŰŔƣƖċƣĲаШƣƖĲċƣůĲŰƣШŸŉШċƖƣőƖŔƣŔƚШċŰĬШőǃƓĲƖĦċũĦĲůŔċбШŔŰШƣőĲШůċŰƨŉċĦƣƨƖĲШŸŉШ
ĦċƣċũǃƚƣƚШŉŸƖШƣőĲШƓĲƣƖŸĦőĲůŔĦċũШŔŰĬƨƚƣƖǃШċŰĬШŔŰШƣőĲШƓƖŸĬƨĦƣŔŸŰШŸŉШƚƣǃƖĲŰĲ 
]ċũũŔƨůШƣƖŔĦőũŸƖŔĬĲаШƓƖĲĦƨƖƚŸƖШŔŰШƣőĲШƓƖŸĬƨĦƣŔŸŰШŸŉШŸƖŊċŰŸůĲƣċũũŔĦШŊċũũŔƨůШĦŸůƓŸƨŰĬƚбШ
ĦċƣőŸĬĲШĬĲƓŸũċƖŔƚĲƖШŔŰШũŔƣőŔƨůШƣőŔŸŰǃũШĦőũŸƖŔĬĲШĤċƣƣĲƖŔĲƚ 
]ċũũŔƨůШƣƖŔŸǂŔĬĲаШůċŰƨŉċĦƣƨƖĲШŸŉШũċŰŊċƚŔƣĲШыũċŰƣőċŰƨůШŊċũũŔƨůШƚŔũŔĦċƣĲьШĦƖǃƚƣċũƚШŉŸƖШ
ĦŸůůƨŰŔĦċƣŔŸŰƚШċŰĬШƓŔĲǍŸĲũĲĦƣƖŔĦƚЯШċŰĬШĤŸƣőШxE?ШċŰĬШƓũċƚůċШĬŔƚƓũċǃШƓċŰĲũƚШ
ƓőŸƚƓőŸƖƚШ 
ÑƖŔĲƣőǃũрŊċũũŔƨůШċŰĬШƣƖŔůĲƣőǃũрŊċũũŔƨůаШƓƖĲĦƨƖƚŸƖƚШŉŸƖШƣőĲШůĲƣċũШŸƖŊċŰŔĦШƻċƓŸƖШƓőċƚĲШ
ĲƓŔƣċǂǃШы~§éÂEьШŊƖŸƽƣőШŸŉШĲƓŔƣċǂŔċũШũċǃĲƖƚбШĬĲƓŸƚŔƣŔŸŰШŸŉШƣőĲШůĲƣċũШŔŰШƣőŔŰрǯũůШ
ĦŸŰƣĲǂƣƚЯШĲƚƓĲĦŔċũũǃШŔŰШƓƖŸĬƨĦŔŰŊШxE?ƚ 

]ċũũŔƨůШċŰƣŔůŸŰŔĬĲШ
ы]ċÉĤь 

ÉĲůŔĦŸŰĬƨĦƣŔŰŊШĦŸůƓŸƨŰĬШŔŰШĤŸƣőШĲũĲĦƣƖŸŰŔĦШċŰĬШŸƓƣŸĲũĲĦƣƖŸŰŔĦШĬĲƻŔĦĲƚШċŰĬЯШŔŰШ
ƓċƖƣŔĦƨũċƖЯШƣőŸƚĲШŉƨŰĦƣŔŸŰŔŰŊШŔŰШƣőĲШŔŰŉƖċƖĲĬЯШŔŰĦũƨĬŔŰŊШŉŸƖƽċƖĬрũŸŸťŔŰŊШŔŰŉƖċƖĲĬШы[xfÅьШ
ƚǃƚƣĲůƚШŉŸƖШŰŔŊőƣрƣŔůĲШŰċƻŔŊċƣŔŸŰбШxE?ƚбШůŔƚƚŔũĲШőŸůŔŰŊШŊƨŔĬċŰĦĲШƚǃƚƣĲůƚбШƣőĲƖůċũШ
ŔůċŊŔŰŊбШőŔŊőрƚƓĲĲĬШĲũĲĦƣƖŸŰŔĦШĦŔƖĦƨŔƣƚ 

]ċũũŔƨůШċƖƚĲŰŔĬĲШ
ы]ċ ƚьШ 

]ċ ƚШĦŸůƓŸƨŰĬШƚĲůŔĦŸŰĬƨĦƣŸƖƚШŔŰШĦĲũũШƓőŸŰĲƚШыĲЮŊЮЯШÂƚЯШƚƽŔƣĦőШċŰĬШǯũƣĲƖШůŸĬƨũĲƚьбШ
ůŔũŔƣċƖǃШċƓƓũŔĦċƣŔŸŰƚШыĲЮŊЮЯШĦŸůůƨŰŔĦċƣŔŸŰƚЯШŰŔŊőƣШƻŔƚŔŸŰЯШƖċĬċƖШċŰĬШƚċƣĲũũŔƣĲьбШŔŰŉƖċƖĲĬШ
ĲůŔƣƣŔŰŊШĬŔŸĬĲƚШыfÅE?ƚьЯШũċƚĲƖШĬŔŸĬĲƚШыx?ƚьШċŰĬШxE?ƚбШƽŔƖĲũĲƚƚШĦŸůůƨŰŔĦċƣŔŸŰƚ 

]ċũũŔƨůШŰŔƣƖŔĬĲШ
ы]ċ ь 

]ċ ШƚĲůŔĦŸŰĬƨĦƣŸƖƚШƨƚĲĬШŔŰШxE?ƚЯШx?ƚЯШőŔŊőрŉƖĲƕƨĲŰĦǃШċŰĬШőŔŊőрƓŸƽĲƖШĲũĲĦƣƖŸŰŔĦШ
ĬĲƻŔĦĲƚЯШůŔũŔƣċƖǃШƖċĬċƖЯШĦċĤũĲШÑéЯШċĲƖŸƚƓċĦĲШċƓƓũŔĦċƣŔŸŰƚЯШƨƣŔũŔƣǃШŊƖŔĬƚШċŰĬШƽŔƖĲũĲƚƚШ
ċƓƓũŔĦċƣŔŸŰƚШыĲЮŊЮЯШĤċƚĲШƚƣċƣŔŸŰƚьШ 

]ċũũŔƨůШƓőŸƚƓőŔĬĲШ
ы]ċÂь 

éŔƚŔĤũĲШƚƓĲĦƣƖƨůШxE?ƚбШŔŰĬŔƨůШŊċũũŔƨůШƓőŸƚƓőŔĬĲШыfŰ]ċÂьШŔƚШƨƚĲĬШŔŰШƣőĲШůċŰƨŉċĦƣƨƖĲШ
ŸŉШĲũĲĦƣƖŸŰŔĦШĬĲƻŔĦĲƚШыĲЮŊЮЯШÂƚШŉŸƖШƽŔƖĲũĲƚƚШǯĬĲũŔƣǃШыìŔр[ŔьШċŰĬШìŸƖũĬƽŔĬĲШ
fŰƣĲƖŸƓĲƖċĤŔũŔƣǃШŉŸƖШ~ŔĦƖŸƽċƻĲШ ĦĦĲƚƚШыìŔ~ ñьШċƓƓũŔĦċƣŔŸŰƚь 

9ŸƓƓĲƖШŔŰĬŔƨůШ
ŊċũũŔƨůШĬŔƚĲũĲŰŔĬĲШ
ы9f]Éь 

ÑőŔŰрǯũůШƚŸũċƖШĦĲũũƚ 

 

 

 

 

 

 



 

 ΤΠ 

ÉƨĤƚƣŔƣƨƣŔŸŰ229ЯШ230ЯШ231 

ÉƨĤƚƣŔƣƨƣŔŸŰШĦċŰШŔůƓċĦƣШĤŸƣőШĦŸƚƣШċŰĬШƓĲƖŉŸƖůċŰĦĲЮ 

fŰƣĲƖůĲĬŔċƣĲШċŰĬШĲŰĬШƓƖŸĬƨĦƣƚ ÉƨĤƚƣŔƣƨƣŔŸŰ 

xE?ƚ 
xŔƕƨŔĬШĦƖǃƚƣċũƚШůċĬĲШŉƖŸůШŸƖŊċŰŔĦШĦŸůƓŸƨŰĬƚШŔŰШƻŔƚƨċũШ
ĬŔƚƓũċǃƚ 

ÉŸũŔĬШƚƣċƣĲШxE?ƚ §ƖŊċŰŔĦШxE?Шы§xE?ьШ 
]ċ ƚШÂƚШŔŰШůŔĬрƣŔĲƖШƣőŔƖĬрŊĲŰĲƖċƣŔŸŰШыΟ]ьШĦĲũũƨũċƖШ
őċŰĬƚĲƣƚ 

ÉŔũŔĦŸŰрĤċƚĲĬШĦŸůƓũĲůĲŰƣċƖǃШůĲƣċũрŸǂŔĬĲШ
ƚĲůŔĦŸŰĬƨĦƣŸƖШÂƚ 

]ċ ƚрĤċƚĲĬШŔŰŉƖċƖĲĬШx?ƚШ 
fŰĬŔƨůШƓőŸƚƓőŔĬĲШĦŸůƓŸŰĲŰƣƚШĦċŰШƚƨĤƚƣŔƣƨƣĲШƚƓĲĦŔǯĦр
ƽċƻĲũĲŰŊƣőШċƓƓũŔĦċƣŔŸŰƚ 

]ċ ƚШŔŰШƻŔƚŔĤũĲШũċƚĲƖШĬŔŸĬĲШċƓƓũŔĦċƣŔŸŰƚ cĲũŔƨůрŰĲŸŰШũċƚĲƖƚ 

]ċ ƚШŔŰШƚŸũċƖрĦĲũũШċƓƓũŔĦċƣŔŸŰƚ 
ÉŔũŔĦŸŰЯШŸƣőĲƖШƣőŔŰШǯũůШƣĲĦőŰŸũŸŊŔĲƚШыĦċĬůŔƨůШƣĲũũƨƖŔĬĲШ
ы9ĬÑĲьЯШĦŸƓƓĲƖШŔŰĬŔƨůШƚĲũĲŰŔĬĲь 

]ċ ƚШŔŰШőĲƣĲƖŸŢƨŰĦƣŔŸŰШĤŔƓŸũċƖШƣƖċŰƚŔƚƣŸƖƚ ÉŔũŔĦŸŰрŊĲƖůċŰŔƨů 

]ċ ƚШŸƖШ]ċ ШƚƨĤƚƣƖċƣĲƚ 
ÉŔũŔĦŸŰШŸƖШƚŔũŔĦŸŰрĤċƚĲĬШƚƨĤƚƣƖċƣĲƚШтШĤƨƣШŸŰũǃШŉŸƖШċШ
ũŔůŔƣĲĬШŰƨůĤĲƖШŸŉШċƓƓũŔĦċƣŔŸŰƚ 

]ċШŔŰШĲũĲĦƣƖŸŰŔĦƚШ ]ĲƖůċŰŔƨůШтШĤƨƣШŸŰũǃШŉŸƖШĦĲƖƣċŔŰШċƓƓũŔĦċƣŔŸŰƚ 
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]ũŸĤċũШċŰĬШEÖШƓƖŸĬƨĦƣŔŸŰШтШƓƖŔůċƖǃШũŸƽрƓƨƖŔƣǃШŊċũũŔƨůШыΠ ь 
]ũŸĤċũШƓƖŔůċƖǃШƓƖŸĬƨĦƣŔŸŰ232 
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~ŸƚƣШŊċũũŔƨůШŔƚШƓƖŸĬƨĦĲĬШċƚШċШĤǃрƓƖŸĬƨĦƣШŸŉШĤċƨǂŔƣĲШƓƖŸĦĲƚƚŔŰŊЯШƽŔƣőШƣőĲШƖĲůċŔŰĬĲƖШĬĲƖŔƻĲĬШŉƖŸůШǍŔŰĦр
ƓƖŸĦĲƚƚŔŰŊШƖĲƚŔĬƨĲƚЮШcĲŰĦĲЯШŔƣƚШƓƖŸĬƨĦƣŔŸŰШŔƚШƣőĲƖĲŉŸƖĲШĦũŸƚĲũǃШƣŔĲĬШƣŸШƣőĲШĬĲƻĲũŸƓůĲŰƣШŸŉШŊũŸĤċũШ
ċũƨůŔŰŔƨůШůċƖťĲƣƚЮ 

ĦĦŸƖĬŔŰŊШƣŸШƣőĲШÖÉ]ÉќШƖĲƓŸƖƣШŔŰШΞΜΞΡЯШ9őŔŰċШċĦĦŸƨŰƣĲĬШŉŸƖШΦΦӖШŸŉШŊũŸĤċũШƓƖŔůċƖǃШũŸƽрƓƨƖŔƣǃШŊċũũŔƨůШ
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 ΤΣ 

9őŔŰċѣƚШĬŸůŔŰċŰĦĲШŔŰШŊċũũŔƨůШƚƨƓƓũǃШĦőċŔŰƚШĲůĲƖŊĲĬШŔŰĬŔƖĲĦƣũǃЮШÑőƖŸƨŊőШŊŸƻĲƖŰůĲŰƣШŔŰƣĲƖƻĲŰƣŔŸŰƚЯШ
9őŔŰċѣƚШċũƨůŔŰŔƨůШƓƖŸĬƨĦƣŔŸŰШŊƖĲƽШƣĲŰŉŸũĬШŉƖŸůШΞΜΜΜШƣŸШΞΜΞΞЮШÑőĲШ9őŔŰĲƚĲШŊŸƻĲƖŰůĲŰƣШċũƚŸШƖĲƕƨĲƚƣĲĬШ
ċũƨůŔŰŔƨůШƓƖŸĬƨĦĲƖƚШƣŸШċĬĬШŊċũũŔƨůШĲǂƣƖċĦƣŔŸŰШĦċƓċĦŔƣǃЯШĤŸŸƚƣŔŰŊШŔƣƚШũŸƽрƓƨƖŔƣǃШŊċũũŔƨůШƓƖŸĬƨĦƣŔŸŰШ
ŉƖŸůШΞΞЯΜΜΜШƣŸШΠΠΠЯΜΜΜШuŊШĤĲƣƽĲĲŰШΞΜΜΡШċŰĬШΞΜΝΡЮШÑőŔƚШƖċƓŔĬШŊƖŸƽƣőШũĲĬШƣŸШŊũŸĤċũШŸƻĲƖƚƨƓƓũǃШċŰĬШƓƖŔĦĲШ
ƻŸũċƣŔũŔƣǃШŔŰШƣőĲШΞΜΝΜƚЯШŉŸƖĦŔŰŊШƓƖŸĬƨĦĲƖƚШŔŰШƣőĲШÖuЯШ]ĲƖůċŰǃЯШcƨŰŊċƖǃЯШċŰĬШuċǍċťőƚƣċŰШƣŸШƚőƨƣШĬŸƽŰЯШ
ũĲċƻŔŰŊШ9őŔŰċШċƚШƣőĲШŰĲċƖрĲǂĦũƨƚŔƻĲШƚƨƓƓũŔĲƖ234Ю 

 

ÂƖŸĬƨĦƣŔŸŰЮĦċƓċĦŔƣǃ 

9ŸƨŰƣƖǃШ 9ċƓċĦŔƣǃШŔŰШΞΜΞΠШыuŊЯШŊċũũŔƨůШĦŸŰƣĲŰƣь 

9őŔŰċ ΝЯΜΜΜЯΜΜΜ 

ÉŸƨƣőШuŸƖĲċ ΝΣЯΜΜΜ 
sċƓċŰ ΝΜЯΜΜΜ 
ÅƨƚƚŔċ ΝΜЯΜΜΜ 

ÅŸì ΥΥЯΜΜΜ 

 

EÖШƓƖŔůċƖǃШƓƖŸĬƨĦƣŔŸŰ 
EÖШƓƖŸĬƨĦƣŔŸŰШƣŸŸťШƓũċĦĲШŔŰШ]ĲƖůċŰǃШċŰĬШcƨŰŊċƖǃЯШċƻĲƖċŊŔŰŊШΝΦЯΜΜΜШuŊШƓĲƖШǃĲċƖШĤĲƣƽĲĲŰШΞΜΝΞШċŰĬШ
ΞΜΝΣЯШĤĲŉŸƖĲШĦĲċƚŔŰŊШŸƓĲƖċƣŔŸŰƚШŔŰШΞΜΝΣШċŰĬШΞΜΝΟЯШƖĲƚƓĲĦƣŔƻĲũǃ235ЮШ 

 

ÉĲĦŸŰĬċƖǃШƓƖŸĬƨĦƣŔŸŰ 

§ũĬЮƚĦƖċƓЮёƓŸƚƣцĦŸŰƚƨůĲƖЮƚĦƖċƓђ 

9ƨƖƖĲŰƣũǃЯШŊċũũŔƨůШŔƚШŰŸƣШƖĲĦŸƻĲƖĲĬШŉƖŸůШŸũĬШƚĦƖċƓШĬƨĲШƣŸШŔƣƚШőŔŊőШĬŔƚƓĲƖƚŔŸŰШċŰĬШƚůċũũШƕƨċŰƣŔƣŔĲƚШƨƚĲĬШ
ŔŰШůċŢŸƖШċƓƓũŔĦċƣŔŸŰƚШƚƨĦőШċƚШf9ƚШċŰĬШxE?ƚЮШÅĲĦǃĦũŔŰŊШƓƖŸĦĲƚƚĲƚШŉŸƖШìEEEШƣǃƓŔĦċũũǃШƓƖŔŸƖŔƣŔǍĲШƣőĲШ
ƖĲĦŸƻĲƖǃШŸŉШƓƖĲĦŔŸƨƚШůĲƣċũƚШŸƖШĦŸƓƓĲƖЯШƽŔƣőШŊċũũŔƨůШŸŉƣĲŰШĲŰĬŔŰŊШƨƓШċƚШċŰШŔůƓƨƖŔƣǃШŸƖШŔŰШƽċƚƣĲШƚũċŊ236ЮШ
 ŸŰĲƣőĲũĲƚƚЯШċĦĦŸƖĬŔŰŊШƣŸШƣőĲШÖÉ]ÉШŔŰШΞΜΞΡЯШƣőĲƖĲШŔƚШċŰШ ƨƚƣƖċũŔċŰШĦŸůƓċŰǃШƓũċŰŰŔŰŊШƣŸШŸƓĲŰШċŰШ
ŔŰĬƨƚƣƖŔċũШĲũĲĦƣƖŸŰŔĦШƚĦƖċƓШƖĲĦǃĦũŔŰŊШƓũċŰƣШŔŰШƣőĲШÖЮÉЮШƽŔƣőШċŰШŔŰŔƣŔċũШŉŸĦƨƚШŸŰШŊċũũŔƨůШƖĲĦŸƻĲƖǃ237Ю 
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9ĲŰƣĲƖШŉŸƖШÉƣƖċƣĲŊŔĦШċŰĬШfŰƣĲƖŰċƣŔŸŰċũШÉƣƨĬŔĲƚЮШÅĲƣƖŔĲƻĲĬШΝΣЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооŉĲċƣƨƖĲƚЮĦƚŔƚЮŸƖŊоőŔĬĬĲŰƖĲċĦőоĦőŔŰċрĦƖŔƣŔĦċũрůŔŰĲƖċũр
ŊċũũŔƨůоШ 
235ШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШÉĲƓƣĲůĤĲƖьЮШ]ċũũŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΝΠЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΦоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх] xxffÖ~ЮƓĬŉШШ 
236ШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШÉĲƓƣĲůĤĲƖьЮШ]ċũũŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΝΠЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΦоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх] xxffÖ~ЮƓĬŉШШ 
237Ш?ċŔƖЯШxЮШыΞΜΞΡЯШsċŰƨċƖǃьЮШ]ċũũŔƨůЮШfŰШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡШыƓƓЮШΤΠтΤΡьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШ
ÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΝΡЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрŊċũũŔƨůЮƓĬŉШ  

https://features.csis.org/hiddenreach/china-critical-mineral-gallium/
https://features.csis.org/hiddenreach/china-critical-mineral-gallium/


 

 ΤΤ 

 ĲƽЮƚĦƖċƓЮŊĲŰĲƖċƣĲĬЮŉƖŸůЮůċŰƨŉċĦƣƨƖŔŰŊЮƓƖŸĦĲƚƚĲƚ 

ƚШƽŔƣőШůċŰǃШŸƣőĲƖШůĲƣċũƚЯШŰĲƽШƚĦƖċƓШŔƚШċШůŸƖĲШĦŸůůŸŰШƚŸƨƖĦĲШŸŉШƚĲĦŸŰĬċƖǃШŊċũũŔƨůШƚƨƓƓũǃЮШ]ċũũŔƨůШ
ŔƚШƖĲĦŸƻĲƖĲĬШŉƖŸůШŰĲƽШƚĦƖċƓШŔŰШĦŸƨŰƣƖŔĲƚШƚƨĦőШċƚШ9ċŰċĬċЯШ9őŔŰċЯШsċƓċŰЯШÉũŸƻċťŔċЯШċŰĬШƣőĲШÖЮÉЮШÑőĲШ
ŊũŸĤċũШƚĲĦŸŰĬċƖǃШőŔŊőрƓƨƖŔƣǃШŊċũũŔƨůШƓƖŸĬƨĦƣŔŸŰШĦċƓċĦŔƣǃШŔƚШĲƚƣŔůċƣĲĬШċƣШΞΥΜЯΜΜΜШuŊШƓĲƖШǃĲċƖ238Ю 

ÑőĲШůċŰƨŉċĦƣƨƖŔŰŊШƓƖŸĦĲƚƚĲƚШŉŸƖШ]ċ ƚШċŰĬШ]ċ ШƽċŉĲƖƚШċƖĲШĦŸŰƚŔĬĲƖĲĬШƣőĲШůŸƚƣШƚŔŊŰŔǯĦċŰƣШƚŸƨƖĦĲƚШŸŉШ
ƚĲĦŸŰĬċƖǃШŊċũũŔƨůЯШƽŔƣőШċƓƓƖŸǂŔůċƣĲũǃШΣΜӖШŸŉШƣőĲШƚĦƖċƓШŊĲŰĲƖċƣĲĬШĤĲŔŰŊШƖĲĦǃĦũĲĬШŔŰШċШĦũŸƚĲĬрũŸŸƓШ
ƚǃƚƣĲůЮШfŰШƣőŔŰрǯũůШƓőŸƣŸƻŸũƣċŔĦШƓƖŸĬƨĦƣŔŸŰЯШƓċƖƣŔĦƨũċƖũǃШƽŔƣőШ9f]ÉШƣĲĦőŰŸũŸŊǃЯШůċƣĲƖŔċũШǃŔĲũĬƚШƨƚŔŰŊШ
ƚƓƨƣƣĲƖŔŰŊШĬĲƓŸƚŔƣŔŸŰШċƖĲШƣǃƓŔĦċũũǃШΟΜтΣΜӖЯШċũũŸƽŔŰŊШŉŸƖШƖĲĦŸƻĲƖǃШċŰĬШƖĲĦǃĦũŔŰŊ239ЮШfŰШƣőĲШĲƓŔƣċǂǃШƚĲĦƣŸƖЯШ
ƖĲĦŸƻĲƖǃШƖċƣĲƚШċƖĲШċũƚŸШċƖŸƨŰĬШΦΜӖ240Ю 

fŰШƣőĲШEÖЯШŊċũũŔƨůШƖĲĦǃĦũŔŰŊШĦŸůƓċŰŔĲƚШŔŰĦũƨĬĲШ 

¶ 9~uШŔŰШÉũŸƻċťŔċаШƖĲĦǃĦũŔŰŊШŸŉШƣőĲШƽċƚƣĲШůċƣĲƖŔċũШĦŸůŔŰŊШŉƖŸůШƣőĲШ]ċ ƚШƓƖŸĬƨĦƣŔŸŰШċŰĬШ
ƓƖŸĦĲƚƚŔŰŊ241б 

¶ ÂÂ~ШcŔŊőШÂƨƖŔƣǃШ~ĲƣċũƚШ]ůĤcШŔŰШ]ĲƖůċŰǃаШƖĲĦǃĦũŔŰŊШŊċũũŔƨůШŉƖŸůШƓƖŸĬƨĦƣŔŸŰШƖĲƚŔĬƨĲƚ242ШыċŉƣĲƖШ
ĬĲĦũċƖŔŰŊШŔŰƚŸũƻĲŰĦǃШŔŰШΞΜΞΜШĬƨĲШƣŸШƣőĲШƓċŰĬĲůŔĦЯШƣőĲШĦŸůƓċŰǃШƽċƚШċĦƕƨŔƖĲĬШĤǃШċШĬŔƖĲĦƣШ
ƚƨĤƚŔĬŔċƖǃШŸŉШ[ƖĲŔĤĲƖŊĲƖШ9ŸůƓŸƨŰĬШ~ċƣĲƖŔċũƚШ]ůĤcШŸŰШ ƨŊƨƚƣШΟЯШΞΜΞΠЮШfƣШőċƚШŰŸƣШŔŰĬŔĦċƣĲĬШ
ƽőĲƣőĲƖШŔƣШĦƨƖƖĲŰƣũǃШĲŰŊċŊĲƚШŔŰШŊċũũŔƨůШƖĲĦǃĦũŔŰŊ243ЯШ244ьбШċŰĬ 

¶ ǍĲũŔƚШEũĲĦƣƖŸŰŔĦƚШŔŰШ[ƖċŰĦĲаШÅĲĦǃĦũŔŰŊШ]ċ ƚШƚĦƖċƓƚШыĤŸƣőШŔŰŊŸƣШċŰĬШƽċŉĲƖƚьЯШċŰĬШŊċũũŔƨůШ
ƚĦƖċƓƚ245ЮШ 

 

ÅĲƚĲƖƻĲƚ 
]ũŸĤċũШƖĲƚĲƖƻĲƚШ 
]ċũũŔƨůШŔƚШĲǂƣƖċĦƣĲĬШċƚШċШĤǃрƓƖŸĬƨĦƣШŸŉШĤċƨǂŔƣĲШŸƖĲШƓƖŸĦĲƚƚŔŰŊЮШfŰШΞΜΝΤЯШŊũŸĤċũШĤċƨǂŔƣĲШƖĲƚĲƖƻĲƚШƽĲƖĲШ
ĲƚƣŔůċƣĲĬШċƣШΞΣЮΝШĤŔũũŔŸŰШůĲƣƖŔĦШƣŸŰƚЮШ ƚƚƨůŔŰŊШċŰШċƻĲƖċŊĲШŊċũũŔƨůШĦŸŰƣĲŰƣШŸŉШΡΜШƓƓůШċŰĬШċШƖĲĦŸƻĲƖǃШ
ƖċƣĲШŸŉШΟΜӖЯШƣőĲƚĲШƖĲƚĲƖƻĲƚШƽŸƨũĬШĦŸŰƣċŔŰШċƓƓƖŸǂŔůċƣĲũǃШΟΦΞЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШŸŉШŊċũũŔƨůЮШ ƣШĦƨƖƖĲŰƣШ
ƓƖŔůċƖǃШƓƖŸĬƨĦƣŔŸŰШũĲƻĲũƚЯШƣőŔƚШƻŸũƨůĲШƽŸƨũĬШĲŰƚƨƖĲШċШũŸŰŊрƣĲƖůШƚƨƓƓũǃЮШÑőĲШũċƖŊĲƚƣШĤċƨǂŔƣĲШƖĲƚĲƖƻĲƚШ
ċƖĲШŉŸƨŰĬШŔŰШ]ƨŔŰĲċЯШ ƨƚƣƖċũŔċЯШ7ƖċǍŔũЯШsċůċŔĦċЯШ9őŔŰċЯШċŰĬШfŰĬŸŰĲƚŔċ246Ю 

 

 
238Ш?ċŔƖЯШxЮШыΞΜΞΡЯШsċŰƨċƖǃьЮШ]ċũũŔƨůЮШfŰШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡШыƓƓЮШΤΠтΤΡьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШ
ÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΝΡЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрŊċũũŔƨůЮƓĬŉШШ 
239ШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШÉĲƓƣĲůĤĲƖьЮШ]ċũũŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΝΠЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΦоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх] xxffÖ~ЮƓĬŉШШ 
240Ш]ƨŰŰЯШ]ЮШыEĬЮьЮШыΞΜΝΟьЮШ9ƖŔƣŔĦċũШůĲƣċũƚШőċŰĬĤŸŸťЮШìŔũĲǃр7ũċĦťƽĲũũЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΜΞоΦΤΥΝΝΝΥΤΡΡΟΠΝ 
241Ш9~uЮШыŰЮĬЮьЮШÅĲĦǃĦũŔŰŊЮШÅĲƣƖŔĲƻĲĬШΝΣЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓаооĦůťЮƚťоƚĲƖƻŔĦĲƚоƖĲĦǃĦũŔŰŊоШШ 
242ШxŔĲĬƣťĲЯШ~ЮШѼШcƨǃЯШ?ЮШыΞΜΝΥьаШ9ŸůůŸĬŔƣǃШƖŔƚťШċƚƚĲƚƚůĲŰƣШрШ]ċũũŔƨůЮШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΟΡаШΥΣШƓЮбШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΝΣЮΜΠЮΞΜΞΡШ
ŉƖŸůШőƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?EÅ о?Eо?ŸƽŰũŸċĬƚоÉƣƨĬŔĲхŊċũũŔƨůрΞΜΝΥЮƓĬŉШ 
243ШÑċǃũŸƖЯШ7ЮШыΞΜΞΜЯШ~ċǃШΝΥьЮШÅĲĦǃũĲǂќƚШ]ĲƖůċŰШŸƓĲƖċƣŔŸŰƚШƚĲĲťШŔŰƚŸũƻĲŰĦǃШƓƖŸƣĲĦƣŔŸŰЮШÅĲĦǃĦũŔŰŊШÑŸĬċǃЮШÅĲƣƖŔĲƻĲĬШΝΣЮΜΠЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮƖĲĦǃĦũŔŰŊƣŸĬċǃЮĦŸůоŰĲƽƚоƖĲĦǃũĲǂрŊĲƖůċŰǃрĤċƣƣĲƖǃрƖĲĦǃĦũŔŰŊрŔŰƚŸũƻĲŰĦǃоШ 
244ШÂÂ~ШÅĲŔŰƚƣůĲƣċũũĲШ§ƚƣĲƖƽŔĲĦťШ]ůĤcЮШыŰЮĬЮьЮШ9őċŰŊĲƚШŔŰШċĦƣŔƻŔƣŔĲƚЮШÅĲƣƖŔĲƻĲĬШΝΣЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮƓƓůƖůŸЮĬĲоĲŰоŔŰĬĲǂхĲŰЮőƣůũ 
245ШǍĲũŔƚЮШыŰЮĬЮьЮШEũĲĦƣƖŸŰŔĦШůċƣĲƖŔċũƚШѼШċĦĦĲƚƚŸƖŔĲƚШ҇ШÉĲƖƻŔĦĲƚЮШÅĲƣƖŔĲƻĲĬШΝΣЮΜΠЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮċǍĲũŔƚЮĦŸůоĲŰоůċƖťĲƣƚоĲũĲĦƣƖŸŰŔĦƚоƚĲƖƻŔĦĲƚШ 
246ШxŔĲĬƣťĲЯШ~ЮШѼШcƨǃЯШ?ЮШыΞΜΝΥьаШ9ŸůůŸĬŔƣǃШƖŔƚťШċƚƚĲƚƚůĲŰƣШрШ]ċũũŔƨůЮШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΟΡаШΥΣШƓЮбШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΝΣЮΜΠЮΞΜΞΡШ
ŉƖŸůШőƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?EÅ о?Eо?ŸƽŰũŸċĬƚоÉƣƨĬŔĲхŊċũũŔƨůрΞΜΝΥЮƓĬŉ 

https://doi.org/10.1002/9781118755341
http://cmk.sk/services/recycling/
https://www.deutsche-rohstoffagentur.de/DERA/DE/Downloads/Studie_gallium-2018.pdf
https://www.recyclingtoday.com/news/recylex-germany-battery-recycling-insolvency/
https://www.ppmrmo.de/en/index_en.html
https://www.azelis.com/en/markets/electronics/services


 

 ΤΥ 

EÖШƖĲƚĲƖƻĲƚ 
 ŸШƕƨċŰƣŔƣċƣŔƻĲШĬċƣċШŸŰШŊċũũŔƨůШőċƚШĤĲĲŰШƖĲƓŸƖƣĲĬШŉŸƖШƣőĲШEÖ247Ю 

 

ÂƖŸĦĲƚƚŔŰŊШƚƣċŊĲШтШőŔŊőШŊƖċĬĲШƓƖŔůċƖǃШƖĲǯŰĲĬШŊċũũŔƨů 
]ũŸĤċũШƓƖŸĬƨĦĲƖƚШċƣШƣőĲШƓƖŸĦĲƚƚŔŰŊШƚƣċŊĲ 
fŰШΞΜΝΦЯШŊũŸĤċũШƓƖŸĬƨĦƣŔŸŰШŸŉШőŔŊőрƓƨƖŔƣǃШƖĲǯŰĲĬШŊċũũŔƨůШƽċƚШĲƚƣŔůċƣĲĬШċƣШΞΜΡЯΜΜΜШuŊЯШƽŔƣőШ9őŔŰċШ
ċĦĦŸƨŰƣŔŰŊШŉŸƖШΝΞΣЯΞΜΜШuŊ248ЮШ7ǃШΞΜΞΠЯШŊũŸĤċũШƓƖŸĬƨĦƣŔŸŰШŸŉШőŔŊőрƓƨƖŔƣǃШƖĲǯŰĲĬШŊċũũŔƨůШƽċƚШĲƚƣŔůċƣĲĬШċƣШ
ċƓƓƖŸǂŔůċƣĲũǃШΟΞΜЯΜΜΜШuŊЮШÑőĲШƓƖŔŰĦŔƓċũШƓƖŸĬƨĦĲƖƚШŔŰĦũƨĬĲĬШ9ċŰċĬċЯШ9őŔŰċЯШsċƓċŰЯШÉũŸƻċťŔċЯШċŰĬШƣőĲШ
ÖЮÉЮШÑőĲШÖuШĦĲċƚĲĬШƓƖŸĬƨĦƣŔŸŰШŔŰШΞΜΝΥ249ЮШÖŰƣŔũШΞΜΜΣЯШ[ƖċŰĦĲШƽċƚШċũƚŸШċШůċŢŸƖШƓƖŸĬƨĦĲƖЯШƖĲǯŰŔŰŊШũŸƽр
ƓƨƖŔƣǃШŊċũũŔƨůШƓƖŔůċƖŔũǃШƚŸƨƖĦĲĬШŉƖŸůШ]ĲƖůċŰǃ250Ю 

 
?ĲůċŰĬШ 
]ũŸĤċũШĬĲůċŰĬ 
ÑőĲШÖÉ]ÉШĲƚƣŔůċƣĲĬШŊũŸĤċũШŊċũũŔƨůШĦŸŰƚƨůƓƣŔŸŰШƣŸШĤĲШΣΡΜЯΜΜΜШuŊШŔŰШΞΜΞΝЮШ7ċƚĲĬШŸŰШőŔƚƣŸƖŔĦċũШ
ĦŸŰƚƨůƓƣŔŸŰШƓċƣƣĲƖŰƚШŉŸƖШũŸƽрŊƖċĬĲШċŰĬШőŔŊőрŊƖċĬĲШŊċũũŔƨůЯШċƓƓƖŸǂŔůċƣĲũǃШΠΡӖШƣŸШΡΜӖШŸŉШƣőŔƚШƣŸƣċũШƽċƚШ
ƚŸƨƖĦĲĬШŉƖŸůШƖĲĦǃĦũĲĬШůċƣĲƖŔċũЮШ ƚШƚƨĦőЯШŔƣШŔƚШĲƚƣŔůċƣĲĬШƣőċƣШċƖŸƨŰĬШΠΜΜЯΜΜΜШuŊШŸŉШũŸƽрŊƖċĬĲШƓƖŔůċƖǃШ
ŊċũũŔƨůШƽĲƖĲШĦŸŰƚƨůĲĬЯШƽŔƣőШΞΡΝЯΜΜΜШuŊШƖĲǯŰĲĬШŔŰƣŸШőŔŊőрŊƖċĬĲШƓƖŔůċƖǃШŊċũũŔƨůШċŰĬШΞΡΜЯШΜΜΜШuŊШ
ƚƨƓƓũŔĲĬШĤǃШőŔŊőрŊƖċĬĲШƖĲĦǃĦũĲĬШŊċũũŔƨůЮШÑőĲШƖĲůċŔŰŔŰŊШΝΠΦЯΜΜΜШuŊШŸŉШũŸƽрŊƖċĬĲШƓƖŔůċƖǃШŊċũũŔƨůШƽĲƖĲШ
ũŔťĲũǃШƨƚĲĬШŔŰШƣőĲШƓƖŸĬƨĦƣŔŸŰШŸŉШůċŊŰĲƣŔĦШůċƣĲƖŔċũƚЯШũŔƕƨŔĬШůĲƣċũƚШċŰĬШċũũŸǃƚЯШċŰĬШŸƣőĲƖШŔŰĬƨƚƣƖŔċũШ
ċƓƓũŔĦċƣŔŸŰƚЮШÉŸůĲШŸŉШƣőŔƚШůċǃШċũƚŸШőċƻĲШĤĲĲŰШƚƣŸĦťƓŔũĲĬ251Ю 

 

EÖШĬĲůċŰĬ 
7ĲƣƽĲĲŰШΞΜΝΣШċŰĬШΞΜΞΜЯШƣőĲШEÖѣƚШċƻĲƖċŊĲШċŰŰƨċũШċƓƓċƖĲŰƣШŊċũũŔƨůШĦŸŰƚƨůƓƣŔŸŰШыcċƖůŸŰŔǍĲĬШÉǃƚƣĲůШ
ыcÉьШĦŸĬĲШ9ŸůĤŔŰĲĬШ ŸůĲŰĦũċƣƨƖĲШы9 ьШΥΝΝΞΦΞΥΦШÖŰƽƖŸƨŊőƣШŊċũũŔƨůбШŊċũũŔƨůШƓŸƽĬĲƖƚЯШƽőŔĦőШĬŸĲƚШ
ŰŸƣШĬŔƚƣŔŰŊƨŔƚőШƣőĲШĬŔǭĲƖĲŰƣШũĲƻĲũШŸŉШƓƨƖŔƣǃьШƽċƚШċĤŸƨƣШΟΟЯΜΜΜШuŊЮШÑőĲШEÖШƽċƚШΦΥӖШƖĲũŔċŰĦĲШŸŰШŔůƓŸƖƣШ
ċŰĬШƣőĲШůċŔŰШƚƨƓƓũŔĲƖƚШƽĲƖĲШ9őŔŰċШыΤΝӖьЯШƣőĲШÖЮÉЮШыΝΜӖьЯШÖuШыΦӖьЯШÖťƖċŔŰĲШыΟӖьЯШÑċŔƽċŰШыΟӖьЯШċŰĬШŸƣőĲƖƚШ
ыΞӖьЮШ~ŸƖĲШƣőċŰШΤΡӖШŸŉШƣőĲШŊċũũŔƨůШŔůƓŸƖƣĲĬШŔŰƣŸШƣőĲШEÖШƽċƚШĬĲƚƣŔŰĲĬШŉŸƖШ]ĲƖůċŰǃЯШőŸůĲШƣŸШ[ƖĲŔĤĲƖŊĲƖШ
9ŸůƓŸƨŰĬШ~ċƣĲƖŔċũƚШ]ůĤcЯШŸŰĲШŸŉШƣőĲШƽŸƖũĬќƚШũĲċĬŔŰŊШƓƖŸĬƨĦĲƖƚШŸŉШ]ċ ƚШƽċŉĲƖƚ252Ю 

 

 
247ШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШÉĲƓƣĲůĤĲƖьЮШ]ċũũŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΝΠЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΦоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх] xxffÖ~ЮƓĬŉШШ 
248ШìƨЯШÄЮЯШxƻЯШüЮЯШ9ċŸЯШsЮШѼШxŔƨЯШcЮШыΞΜΞΝьЮШÉƣƨĬǃШŸŰШ?ŔƚƣƖŔĤƨƣŔŸŰШċŰĬШÉƨƓƓũǃШŸŉШ]ċũũŔƨůШÅĲƚŸƨƖĦĲƚШ?ŸůĲƚƣŔĦċũũǃШċŰĬШĤƖŸċĬШċŰĬШƣőĲШÂƖĲƚĲŰƣШ
ÉŔƣƨċƣŔŸŰШŸŉШƣőĲШfŰĬƨƚƣƖǃШ9őċŔŰШŸŉШ]ċũũŔƨůЮШ~ƨũƣŔƓƨƖƓŸƚĲШÖƣŔũŔǍċƣŔŸŰШŸŉШ~ŔŰĲƖċũШÅĲƚŸƨƖĦĲƚЮШĬŸŔаΝΜЮΟΦΣΦоŢЮŔƚƚŰЮΝΜΜΜрΣΡΟΞЮΞΜΞΝЮΜΡЮΜΜΣШ 
249Ш?ċŔƖЯШxЮШыΞΜΞΡЯШsċŰƨċƖǃьЮШ]ċũũŔƨůЮШfŰШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡШыƓƓЮШΤΠтΤΡьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШ
ÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΝΡЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрŊċũũŔƨůЮƓĬŉШШ 
250ШxŔĲĬƣťĲЯШ~ЮШѼШcƨǃЯШ?ЮШыΞΜΝΥьаШ9ŸůůŸĬŔƣǃШƖŔƚťШċƚƚĲƚƚůĲŰƣШрШ]ċũũŔƨůЮШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΟΡаШΥΣШƓЮбШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΝΣЮΜΠЮΞΜΞΡШ
ŉƖŸůШőƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?EÅ о?Eо?ŸƽŰũŸċĬƚоÉƣƨĬŔĲхŊċũũŔƨůрΞΜΝΥЮƓĬŉ 
251ШsċƚťƨũċЯШ7ЮШìЮШыΞΜΞΡьЮШ]ċũũŔƨůШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΞΝШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťШыƓƓЮШΞΤЮΝтΞΤЮΦьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШ
ÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΝΣЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΝоůǃĤΝрΞΜΞΝрŊċũũŔƨůЮƓĬŉШШ 
252ШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШÉĲƓƣĲůĤĲƖьЮШ]ċũũŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΝΠЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΦоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх] xxffÖ~ЮƓĬŉШШ 



 

 ΤΦ 

[ƨƣƨƖĲШƚƨƓƓũǃШċŰĬШĬĲůċŰĬШƣƖĲŰĬƚ 
[ƨƣƨƖĲЮƚƨƓƓũǃ 

ƚШċШĤǃрƓƖŸĬƨĦƣЯШŊċũũŔƨůШƚƨƓƓũǃШŔƚШĦũŸƚĲũǃШƣŔĲĬШƣŸШƣőĲШĬĲƻĲũŸƓůĲŰƣШŸŉШƣőĲШ ċũƨůŔŰŔƨůШċŰĬШǍŔŰĦШ
ŔŰĬƨƚƣƖŔĲƚ253ШЮШcŸƽĲƻĲƖЯШ9őŔŰċШċũƖĲċĬǃШőċƚШċШĦũĲċƖШĲǂĦĲƚƚШŔŰШŊċũũŔƨůШƓƖŸĬƨĦƣŔŸŰШĦċƓċĦŔƣǃЯШƽőŔĦőШ
ĦŸŰƣŔŰƨĲƚШƣŸШŊƖŸƽШċĦĦŸƖĬŔŰŊШƣŸШƣőĲШ[ċƚƣůċƖťĲƣƚШŔŰШΞΜΞΠ254ЮШ?ĲƚƓŔƣĲШċШƓƖŸŢĲĦƣĲĬШƚũŔŊőƣШĬĲĦũŔŰĲШŔŰШŔƣƚШŊũŸĤċũШ
ůċƖťĲƣШƚőċƖĲЯШ9őŔŰċШŔƚШĲǂƓĲĦƣĲĬШƣŸШƖĲůċŔŰШƣőĲШũĲċĬŔŰŊШƓƖŸĬƨĦĲƖШƣőƖŸƨŊőШΞΜΟΜЯШůċŔŰƣċŔŰŔŰŊШċƖŸƨŰĬШΦΡӖШ
ŸŉШŊũŸĤċũШŸƨƣƓƨƣЮШ 

ŉƣĲƖШ9őŔŰċШŔůƓŸƚĲĬШĲǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШŸŰШŊċũũŔƨůШŔŰШ ƨŊƨƚƣШΞΜΞΟЯШŔƣƚШƓƖŔĦĲШĤĲŊċŰШƣŸШƣƖĲŰĬШƨƓƽċƖĬЮШÑőŔƚШ
őċƚШƚƓċƖťĲĬШŊƖŸƽŔŰŊШŔŰƣĲƖĲƚƣбШőŸƽĲƻĲƖЯШŔŰƻĲƚƣŸƖƚШƖĲůċŔŰШĦċƨƣŔŸƨƚЯШċƚШƣőĲШƓƖŔĦĲШŔŰĦƖĲċƚĲƚШċƖĲШũċƖŊĲũǃШ
ĬƖŔƻĲŰШĤǃШƖŔƚŔŰŊШŊĲŸƓŸũŔƣŔĦċũШƣĲŰƚŔŸŰƚ255ЮШ?ĲƚƓŔƣĲШƣőŔƚЯШĦŸƨŰƣƖŔĲƚШŸƨƣƚŔĬĲШ9őŔŰċШċƓƓĲċƖШƣŸШĤĲШŔŰŔƣŔċƣŔŰŊШŸƖШ
ƖĲƚƣċƖƣШĬŸůĲƚƣŔĦШƓƖŔůċƖǃШŊċũũŔƨůШƓƖŸĬƨĦƣŔŸŰ256ШЮШ[ŸƖШĲǂċůƓũĲЯШċĦĦŸƖĬŔŰŊШƣŸШÂƖŸŢĲĦƣШ7ũƨĲЯШŔŰШ]ƖĲĲĦĲЯШ
~EÑxE ЯШċŰШŔŰƣĲŊƖċƣĲĬШċũƨůŔŰŔƨůШƚƨƓƓũǃШĦőċŔŰШŸƓĲƖċƣŸƖЯШƓũċŰƚШƣŸШĲǂƓċŰĬШŔƣƚШŸƓĲƖċƣŔŸŰƚШƣŸШŔŰĦũƨĬĲШ
ŊċũũŔƨůШƓƖŸĬƨĦƣŔŸŰШŉŸƖШƣőĲШǯƖƚƣШƣŔůĲЯШƽŔƣőШċШƣċƖŊĲƣĲĬШċŰŰƨċũШŸƨƣƓƨƣШŸŉШΡΜЯΜΜΜШťŔũŸŊƖċůƚ257Ю 

 

[ƨƣƨƖĲЮĬĲůċŰĬ 

]ċũũŔƨůШĬĲůċŰĬШŔƚШĲǂƓĲĦƣĲĬШƣŸШŔŰĦƖĲċƚĲШŸƻĲƖШƣőĲШŰĲǂƣШƣƽŸШĬĲĦċĬĲƚЯШƓƖŔůċƖŔũǃШĬƖŔƻĲŰШĤǃШf9ШċƓƓũŔĦċƣŔŸŰƚЮШ
ÑőĲШ9§éf?рΝΦШƓċŰĬĲůŔĦШůċǃШőċƻĲШċШƓŸƚŔƣŔƻĲШũŸŰŊрƣĲƖůШŔůƓċĦƣШŸŰШĬĲůċŰĬШĤǃШċĦĦĲũĲƖċƣŔŰŊШƣőĲШċĬŸƓƣŔŸŰШ
ŸŉШƖĲůŸƣĲШĦŸůůƨŰŔĦċƣŔŸŰШƚǃƚƣĲůƚШċĦƖŸƚƚШƻċƖŔŸƨƚШċƚƓĲĦƣƚШŸŉШƚŸĦŔċũШũŔŉĲ258Ю 

]ċ ƚЮƽċŉĲƖ259еЮ260Ю 

]ċ ƚШŔƚШŸŰĲШŸŉШƣőĲШůŸƚƣШůċƣƨƖĲШĦŸůƓŸƨŰĬШƚĲůŔĦŸŰĬƨĦƣŸƖƚЮШfŰШƖĲĦĲŰƣШǃĲċƖƚЯШƣőĲШ]ċ ƚШƽċŉĲƖШůċƖťĲƣШőċƚШ
ĤĲĲŰШƓƖŔůċƖŔũǃШĬƖŔƻĲŰШĤǃШƖċĬŔŸШŉƖĲƕƨĲŰĦǃШыÅ[ьШċƓƓũŔĦċƣŔŸŰƚЯШƽőŔĦőШċĦĦŸƨŰƣĲĬШŉŸƖШΟΟӖШŸŉШůċƖťĲƣШƻŸũƨůĲШ
ċŰĬШΟΤӖШŸŉШůċƖťĲƣШƻċũƨĲШŔŰШΞΜΝΦЮШ?ĲůċŰĬШŉŸƖШ]ċ ƚШÅ[ШőċƚШũċƖŊĲũǃШĤĲĲŰШŉƨĲũĲĬШĤǃШƣőĲШĲƻŸũƨƣŔŸŰШŸŉШůŸĤŔũĲШ
őċŰĬƚĲƣƚбШőŸƽĲƻĲƖЯШŊƖŸƽƣőШőċƚШƚũŸƽĲĬШĬƨĲШƣŸШůċƖťĲƣШƚċƣƨƖċƣŔŸŰШċŰĬШƖĲĬƨĦĲĬШĬŔĲШƚŔǍĲƚЮШ ŸŰĲƣőĲũĲƚƚЯШ

 
253ШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШÉĲƓƣĲůĤĲƖьЮШ]ċũũŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΝΠЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΦоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх] xxffÖ~ЮƓĬŉШШ 
254ШüőċŰŊЯШ ЮШыΞΜΞΠЯШsċŰƨċƖǃШΦьЮШEƚĦċũċƣŔŰŊШŸƻĲƖƚƨƓƓũǃШŔŰШ9őŔŰċѣƚШŊċũũŔƨůШůċƖťĲƣШ҇ШΞΜΞΠШƓƖĲƻŔĲƽЮШ[ċƚƣůċƖťĲƣƚЮШÅĲƣƖŔĲƻĲĬШΝΣЮΜΠЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮŉċƚƣůċƖťĲƣƚЮĦŸůоŔŰƚŔŊőƣƚоĲƚĦċũċƣŔŰŊрŸƻĲƖƚƨƓƓũǃрŔŰрĦőŔŰċƚрŊċũũŔƨůрůċƖťĲƣрΞΜΞΠрƓƖĲƻŔĲƽоШШ 
255Ш]ŸĲũЯШÂЮЯШÑőŸůċƚЯШìЮЯШѼШÉŸŰŔЯШ9ЮШыΞΜΞΠЯШ?ĲĦĲůĤĲƖШΞΟьЮШxŸŰŊрƣĲƖůШŸƨƣũŸŸťШŸŉШŊċũũŔƨůЯШŊĲƖůċŰŔƨůШċŰĬШċŰƣŔůŸŰǃШƖĲůċŔŰƚШƨŰĦĲƖƣċŔŰЮШ9ÅÖШ
]ƖŸƨƓЮШÅĲƣƖŔĲƻĲĬШΝΣЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮĦƖƨŊƖŸƨƓЮĦŸůоĲŰоĦŸůůƨŰŔƣŔĲƚоƣőŸƨŊőƣрũĲċĬĲƖƚőŔƓоΞΜΞΠоũŸŰŊрƣĲƖůрŸƨƣũŸŸťрŸŉрŊċũũŔƨůр
ƖĲůċŔŰƚрƨŰĦĲƖƣċŔŰоШШ 
256Ш?ċŔƖЯШxЮШыΞΜΞΡЯШsċŰƨċƖǃьЮШ]ċũũŔƨůЮШfŰШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡШыƓƓЮШΤΠтΤΡьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШ
ÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΝΡЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрŊċũũŔƨůЮƓĬŉШШ 
257ШÂƖŸŰťЯШuЮШѼШÅċĦőŔĬŔЯШ ЮШыΞΜΞΡЯШsċŰƨċƖǃШΞΟьЮШ~ĲƣũĲŰШEŰĲƖŊǃШѼШ~ĲƣċũƚШŔŰƻĲƚƣƚШқΞΦΡЮΡ~ШƣŸШĤŸŸƚƣШĤċƨǂŔƣĲЯШċũƨůŔŰċЯШċŰĬШŊċũũŔƨůШŸƨƣƓƨƣЮШÂƖŸŢĲĦƣШ
7ũƨĲЮШÅĲƣƖŔĲƻĲĬШΝΣЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƖŸŢĲĦƣĤũƨĲЮĦŸůоĤũƨĲоŰĲƽƚрċŰċũǃƚŔƚоΝΝΝΥоůĲƣũĲŰрĲŰĲƖŊǃрӖΞΣрůĲƣċũƚрŔŰƻĲƚƣƚр
ӖEΞӖΥΞӖ 9ΞΦΡЮΡůрƣŸрĤŸŸƚƣрĤċƨǂŔƣĲӖΞ9рċũƨůŔŰċӖΞ9рċŰĬрŊċũũŔƨůрŸƨƣƓƨƣрШ 
258ШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШÉĲƓƣĲůĤĲƖьЮШ]ċũũŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΝΠЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΦоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх] xxffÖ~ЮƓĬŉШШ 
259Ш?ŸŊůƨƚЯШEЮШѼШÉũŔůċŰĲЯШ ЮШ7ЮШыΞΜΞΜьЮШ]ċċƚШƽċŉĲƖШċŰĬШĲƓŔƽċŉĲƖШůċƖťĲƣаШÅ[ЯШƓőŸƣŸŰŔĦƚЯШxE?ЯШĬŔƚƓũċǃШċŰĬШÂéШċƓƓũŔĦċƣŔŸŰƚШΞΜΞΜЮШ~ċƖťĲƣШѼШ
ƣĲĦőŰŸũŸŊǃШƖĲƓŸƖƣШрШsƨŰĲШΞΜΞΜЮШòŸũĲШ?ĳƻĲũŸƓƓĲůĲŰƣЮШÅĲƣƖŔĲƻĲĬШΝΤЮΜΠЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооůĲĬŔċƚЮǃŸũĲŊƖŸƨƓЮĦŸůоƨƓũŸċĬƚоΞΜΞΜоΜΡоò?ÅΞΜΜΥΟх]ċ ƚхìċŉĲƖхċŰĬхEƓŔƽċŉĲƖх~ċƖťĲƣхÅ[хÂőŸƣŸŰŔĦƚхxE?х?ŔƚƓũċǃхċŰĬхÂéх ƓƓũŔĦ
ċƣŔŸŰƚхsƨŰĲΞΜΞΜхǃŸũĲх[ũǃĲƖЮƓĬŉШ 
260ШòŸũĲШ?ĳƻĲũŸƓƓĲůĲŰƣЮШыΞΜΞΟЯШsƨŰĲШΞΝьЮШEůĲƖŊŔŰŊШƚƨĤƚƣƖċƣĲƚШůċƖťĲƣШŊƖŸƽŔŰŊШċƣШΞΤӖШ9 ]ÅШŉƖŸůШҘΣΟЮΣůШŔŰШΞΜΞΞШƣŸШҘΞΣΠůШĤǃШΞΜΞΥЮШ
ÉĲůŔĦŸŰĬƨĦƣŸƖШÑŸĬċǃЮШÅĲƣƖŔĲƻĲĬШΝΤЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮƚĲůŔĦŸŰĬƨĦƣŸƖрƣŸĬċǃЮĦŸůоŰĲƽƚхŔƣĲůƚоΞΜΞΟоŢƨŰоǃŸũĲрΞΝΜΣΞΟЮƚőƣůũШШ 

https://www.fastmarkets.com/insights/escalating-oversupply-in-chinas-gallium-market-2024-preview/
https://www.crugroup.com/en/communities/thought-leadership/2024/long-term-outlook-of-gallium-remains-uncertain/
https://www.crugroup.com/en/communities/thought-leadership/2024/long-term-outlook-of-gallium-remains-uncertain/
https://projectblue.com/blue/news-analysis/1118/metlen-energy-%26-metals-invests-%E2%82%AC295.5m-to-boost-bauxite%2C-alumina%2C-and-gallium-output-
https://projectblue.com/blue/news-analysis/1118/metlen-energy-%26-metals-invests-%E2%82%AC295.5m-to-boost-bauxite%2C-alumina%2C-and-gallium-output-
https://medias.yolegroup.com/uploads/2020/05/YDR20083_GaAs_Wafer_and_Epiwafer_Market_RF_Photonics_LED_Display_and_PV_Applications_June2020_yole_Flyer.pdf
https://medias.yolegroup.com/uploads/2020/05/YDR20083_GaAs_Wafer_and_Epiwafer_Market_RF_Photonics_LED_Display_and_PV_Applications_June2020_yole_Flyer.pdf


 

 ΥΜ 

ƣőĲШƣƖċŰƚŔƣŔŸŰШƣŸШΡ]ШŔƚШĲǂƓĲĦƣĲĬШƣŸШĤŸŸƚƣШƣőĲШċĬŸƓƣŔŸŰШŸŉШ]ċ ƚШÂƚЯШƓċƖƣŔĦƨũċƖũǃШŔŰШőŔŊőрĲŰĬШƚƨĤрΣ]cǍШ
ƚůċƖƣƓőŸŰĲƚЮ 

ÉŔŰĦĲШΞΜΝΦЯШƓőŸƣŸŰŔĦƚШċŰĬШxE?ƚШőċƻĲШĤĲĦŸůĲШƣőĲШƓƖŔůċƖǃШĬƖŔƻĲƖƚШŸŉШƣőĲШ]ċ ƚШƽċŉĲƖШůċƖťĲƣЮШcŔƚƣŸƖŔĦċũũǃЯШ
]ċ ƚШƓőŸƣŸŰŔĦƚШƽċƚШċШƖĲũċƣŔƻĲũǃШƚůċũũШƚĲŊůĲŰƣЯШůċŔŰũǃШŉŸĦƨƚĲĬШŸŰШĬċƣċĦŸůШċƓƓũŔĦċƣŔŸŰƚЮШcŸƽĲƻĲƖЯШƣőĲШ
ŔŰƣƖŸĬƨĦƣŔŸŰШŸŉШ ƓƓũĲѣƚШŔÂőŸŰĲШƽŔƣőШƣőƖĲĲШĬŔůĲŰƚŔŸŰċũШыΟ?ьШƚĲŰƚŔŰŊШŉƨŰĦƣŔŸŰƚШƨƚŔŰŊШ]ċ ƚрĤċƚĲĬШ
ƻĲƖƣŔĦċũрĦċƻŔƣǃШƚƨƖŉċĦĲрĲůŔƣƣŔŰŊШũċƚĲƖƚШыé9ÉExƚьШŔŰШΞΜΝΤШċŰĬШƣőĲШƚƨĤƚĲƕƨĲŰƣШċĬŸƓƣŔŸŰШŸŉШé9ÉExƚШĤǃШ
ŰĬƖŸŔĬШƓũċƣŉŸƖůƚШƚŔŊŰŔǯĦċŰƣũǃШĲǂƓċŰĬĲĬШƣőĲШƓőŸƣŸŰŔĦƚШůċƖťĲƣШŉŸƖШ]ċ ƚШƽċŉĲƖƚЮШ ŸƽШы?ĲĦЮШΞΜΞΠьШƣőĲШ
ĬĲůċŰĬШŔƚШŉƨƖƣőĲƖШŉƨĲũĲĬШĤǃШċĬƻċŰĦĲůĲŰƣƚШŔŰШċƖƣŔǯĦŔċũШŔŰƣĲũũŔŊĲŰĦĲШыfьЯШůċĦőŔŰĲШũĲċƖŰŔŰŊШы~xьЯШċŰĬШőŔŊőр
ƓĲƖŉŸƖůċŰĦĲШĦŸůƓƨƣŔŰŊЮШfůƓŸƖƣċŰƣũǃЯШ]ċ ƚШƓőŸƣŸŰŔĦƚШŔƚШŰŸƣШũŔůŔƣĲĬШƣŸШé9ÉExƚЮШEůĲƖŊŔŰŊШƣĲĦőŰŸũŸŊŔĲƚШ
ƚƨĦőШċƚШũŔŊőƣШĬĲƣĲĦƣŔŸŰШċŰĬШƖċŰŊŔŰŊШыxŔ? ÅьЯШƽőŔĦőШĲŰċĤũĲƚШƣőĲШĦƖĲċƣŔŸŰШŸŉШċШΟ?ШůċƓШŸŉШƚƨƖƖŸƨŰĬŔŰŊƚШŉŸƖШ
ċƨƣŸŰŸůŸƨƚШƻĲőŔĦũĲƚШċŰĬШƖŸĤŸƣŔĦƚЯШƖĲũǃШŸŰШőŔŊőрƓŸƽĲƖЯШũċƖŊĲрƚŔǍĲШ]ċ ƚрĤċƚĲĬШĲĬŊĲрĲůŔƣƣŔŰŊШũċƚĲƖШыEExьШ
ĬĲƻŔĦĲƚЯШŉƨƖƣőĲƖШĤŸŸƚƣŔŰŊШůċƖťĲƣШŊƖŸƽƣőЮ 

fŰШΞΜΝΦЯШxE?ƚШƖĲƓƖĲƚĲŰƣШƣőĲШőŔŊőĲƚƣШ]ċ ƚШƽċŉĲƖШůċƖťĲƣШƻŸũƨůĲШƽŔƣőШΠΝӖШƚőċƖĲЮШÑőĲШƣƖċŰƚŔƣŔŸŰШŉƖŸůШũŸƽр
ĲŰĬШƣŸШőŔŊőрĲŰĬШċƓƓũŔĦċƣŔŸŰƚЯШƚƨĦőШċƚШőŸƖƣŔĦƨũƣƨƖċũШũŔŊőƣŔŰŊШċŰĬШċƨƣŸůŸƣŔƻĲШƨƚĲЯШőċƚШƖĲŔŰŉŸƖĦĲĬШŔƣƚШ
ƖĲũĲƻċŰĦĲЮШ ƨƣŸůŸƣŔƻĲШċƓƓũŔĦċƣŔŸŰƚШċƖĲШĲǂƓĲĦƣĲĬШƣŸШĤĲШƣőĲШůċŔŰШĬƖŔƻĲƖƚШŉŸƖШĤŸƣőШƻŔƚŔĤũĲШċŰĬШŔŰŉƖċƖĲĬШ
xE?ƚЮШ ĬĬŔƣŔŸŰċũũǃЯШ ƣőĲШ ĬŔƚƓũċǃШ ůċƖťĲƣШ ƓƖĲƚĲŰƣƚШ ŰĲƽШ ŸƓƓŸƖƣƨŰŔƣŔĲƚШ ŉŸƖШ ]ċ ƚЯШ ĲƚƓĲĦŔċũũǃШ ƣőƖŸƨŊőШ
ĲůĲƖŊŔŰŊШƣĲĦőŰŸũŸŊŔĲƚШũŔťĲШůŔĦƖŸрxE?ƚЮ 

?ƖŔƻĲŰШƓƖŔůċƖŔũǃШĤǃШĬċƣċĦŸůШċƓƓũŔĦċƣŔŸŰƚЯШ]ċ ƚШƓőŸƣŸŰŔĦƚШƨŰĬĲƖƽĲŰƣШċШůċŢŸƖШƚőŔŉƣШƽőĲŰШ ƓƓũĲШċĬŸƓƣĲĬШ
é9ÉExƚШŉŸƖШΟ?ШƚĲŰƚŔŰŊШŔŰШƣőĲШŔÂőŸŰĲШñШŔŰШΞΜΝΤШċŰĬШéŔƚŔŸŰШÂƖŸШċƨŊůĲŰƣĲĬШƖĲċũŔƣǃШыÅьШőĲċĬƚĲƣШŔŰШΞΜΞΠЮШ
ÑőŔƚШůŸƻĲШƓƖŸƓĲũũĲĬШΟ?ШƚĲŰƚŔŰŊШƣŸШĤĲĦŸůĲШƣőĲШũĲċĬŔŰŊШċƓƓũŔĦċƣŔŸŰШŉŸƖШ]ċ ƚЯШƽŔƣőШƣőĲШůċƖťĲƣШƓƖŸŢĲĦƣĲĬШ
ƣŸШƖĲċĦőШҘΞЮΜΝШĤŔũũŔŸŰШыĲƕƨŔƻċũĲŰƣШƣŸШқΝЮΤΤШĤŔũũŔŸŰШŸŰШ ƓƖŔũШΝΤЯШΞΜΞΡьШĤǃШΞΜΞΦЯШċĦĦŸƖĬŔŰŊШƣŸШòŸũĲШ
?ĳƻĲũŸƓƓĲůĲŰƣШĲƚƣŔůċƣĲƚ261ЮШ 

ĦĦŸƖĬŔŰŊШƣŸШòŸũĲШ?ĳƻĲũŸƓƓĲůĲŰƣќƚШƖĲƓŸƖƣШƓƨĤũŔƚőĲĬШŔŰШΞΜΞΟЯШĦŸůƓŸƨŰĬШƚĲůŔĦŸŰĬƨĦƣŸƖШƚƨĤƚƣƖċƣĲШ
ƚċũĲƚШŉŸƖШ]ċ ƚШƓőŸƣŸŰŔĦƚШċƓƓũŔĦċƣŔŸŰƚШċƖĲШĲǂƓĲĦƣĲĬШƣŸШŔŰĦƖĲċƚĲШĤǃШċШ9 ]ÅШŸŉШΥӖШĤǃШΞΜΞΤЯШċŰĬШƚċũĲƚШŉŸƖШ
]ċ ƚШÅ[ШċƓƓũŔĦċƣŔŸŰƚШċŰĬШ]ċ ƚШxE?ШċƓƓũŔĦċƣŔŸŰƚШċƖĲШĲċĦőШĲǂƓĲĦƣĲĬШƣŸШŔŰĦƖĲċƚĲШĤǃШċШ9 ]ÅШŸŉШΞӖШĤǃШ
ΞΜΞΤ262ШЮШ§ƻĲƖċũũЯШƣőĲШ]ċ ƚШƽċŉĲƖШůċƖťĲƣШŔƚШƓƖŸŢĲĦƣĲĬШƣŸШŊƖŸƽШċƣШċШ9 ]ÅШŸŉШΝΜӖШĤĲƣƽĲĲŰШΞΜΞΜШċŰĬШ
ΞΜΟΜ263Ю 

]ċũũŔƨůЮŔŰЮƚŸũċƖЮÂéƚ264Ю 

fŰШƣőĲШƚŸũċƖШƚĲĦƣŸƖЯШŊċũũŔƨůШŔƚШŰŸƣШŸŰũǃШƨƚĲĬШŔŰШ]ċ ƚШċŰĬШƣőŔŰрǯũůШ9f]ÉШƚŸũċƖШĦĲũũƚШĤƨƣШċũƚŸШƨƚĲĬШċƚШċШ
ĬŸƓċŰƣШŸŰШƚŔũŔĦŸŰрĤċƚĲĬШƚŸũċƖШĦĲũũƚЮШcŸƽĲƻĲƖЯШƣőĲШĬŸůŔŰċŰƣШƚŔũŔĦŸŰрĤċƚĲĬШƚŸũċƖШƣĲĦőŰŸũŸŊŔĲƚШċƖĲШ
ƣƖċŰƚŔƣŔŸŰŔŰŊШŉƖŸůШƓрƣǃƓĲШƚŸũċƖШĦĲũũШƣĲĦőŰŸũŸŊŔĲƚШыŔЮĲЮЯШƓрƣǃƓĲШÂċƚƚŔƻċƣĲĬШEůŔƣƣĲƖШċŰĬШÅĲċƖШ9ĲũũШыÂEÅ9ьШ
ůŸĬƨũĲƚЯШƽőŔĦőШĦċŰШĤĲШĬŸƓĲĬШƽŔƣőШŊċũũŔƨůЯШĤŸƖŸŰЯШŸƖШċũƨůŔŰŔƨůьƣŸШƣőĲШůŸƖĲШĲǭŔĦŔĲŰƣШŰрƣǃƓĲШÑƨŰŰĲũШ
§ǂŔĬĲШÂċƚƚŔƻċƣĲĬШ9ŸŰƣċĦƣШыÑ§Â9ŸŰьШƚŸũċƖШĦĲũũƚЯШƽőŔĦőШċƖĲШĬŸƓĲĬШƽŔƣőШƓőŸƚƓőŸƖƨƚШŸƖШċƖƚĲŰŔĦЮШ ƚШŰрƣǃƓĲШ
Ñ§Â9ŸŰШƣĲĦőŰŸũŸŊǃШƖŔƚĲƚЯШƣőĲШůċƖťĲƣШƚőċƖĲШŸŉШƓрƣǃƓĲШÂEÅ9ШůŸĬƨũĲƚШőċƚШĤĲĲŰШƚőƖŔŰťŔŰŊЯШƽŔƣőШƣőĲƚĲШ

 
261ШòŸũĲШ?ĳƻĲũŸƓƓĲůĲŰƣЮШыΞΜΞΠЯШ?ĲĦĲůĤĲƖьЮШÂőŸƣŸŰŔĦƚШ]ċ ƚШċŰĬШfŰÂШ9ŸůƓŸƨŰĬШÉĲůŔĦŸŰĬƨĦƣŸƖШ~ċƖťĲƣШ~ŸŰŔƣŸƖЮШÅĲƣƖŔĲƻĲĬШΝΤЮΜΠЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮǃŸũĲŊƖŸƨƓЮĦŸůоƓƖŸĬƨĦƣоƕƨċƖƣĲƖũǃрůŸŰŔƣŸƖоƓőŸƣŸŰŔĦƚрŊċċƚрċŰĬрŔŰƓрĦŸůƓŸƨŰĬрƚĲůŔĦŸŰĬƨĦƣŸƖрůċƖťĲƣрůŸŰŔƣŸƖоШ 
262ШsċƚťƨũċЯШ7ЮШìЮШыΞΜΞΡьЮШ]ċũũŔƨůШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΞΝШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťШыƓƓЮШΞΤЮΝтΞΤЮΦьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШ
ÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΝΣЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΝоůǃĤΝрΞΜΞΝрŊċũũŔƨůЮƓĬŉШШ 
263ШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШÉĲƓƣĲůĤĲƖьЮШ]ċũũŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΝΠЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΦоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх] xxffÖ~ЮƓĬŉШШ 
264ШüőċŰŊЯШ ЮШыΞΜΞΡЯШ[ĲĤƖƨċƖǃШΤьЮШÉŸũċƖШƓŸƽĲƖШƣĲĦőŰŸũŸŊǃШĲƻŸũƨƣŔŸŰШƣƖŔŊŊĲƖƚШĬĲĦũŔŰĲШŔŰШŊċũũŔƨůШĬĲůċŰĬЮШ[ċƚƣůċƖťĲƣƚЮШÅĲƣƖŔĲƻĲĬШΝΤЮΜΠЮΞΜΞΡШ
ŉƖŸůШőƣƣƓƚаооƽƽƽЮŉċƚƣůċƖťĲƣƚЮĦŸůоŔŰƚŔŊőƣƚоƚŸũċƖрƓŸƽĲƖрƣĲĦőŰŸũŸŊǃрĲƻŸũƨƣŔŸŰрƣƖŔŊŊĲƖƚрĬĲĦũŔŰĲрŔŰрŊċũũŔƨůрĬĲůċŰĬоШ 



 

 ΥΝ 

ůŸĬƨũĲƚШĤĲŔŰŊШŔŰĦƖĲċƚŔŰŊũǃШƖĲƓũċĦĲĬШĤǃШŰрƣǃƓĲШÑ§Â9ŸŰШůŸĬƨũĲƚЮШÑőŔƚШƣĲĦőŰŸũŸŊŔĦċũШƚőŔŉƣШŔƚШƖĲƚőċƓŔŰŊШ
ƣőĲШƚŸũċƖШůŸĬƨũĲШůċƖťĲƣШċŰĬШƚŔŊŰŔǯĦċŰƣũǃШƖĲĬƨĦŔŰŊШƣőĲШĬĲůċŰĬШŉŸƖШŊċũũŔƨůЯШƽőŔĦőШőċƚШũŸŰŊШĤĲĲŰШċШťĲǃШ
ĲũĲůĲŰƣШŔŰШƣőĲШƓƖŸĬƨĦƣŔŸŰШŸŉШÂéШĦĲũũƚЮШÑ§Â9ŸŰШĦĲũũƚШŰŸƽШċĦĦŸƨŰƣШŉŸƖШċƚШůƨĦőШċƚШΥΜӖШŸŉШ9őŔŰċќƚШ
ĬŸůĲƚƣŔĦШƓƖŸĬƨĦƣŔŸŰШċŰĬШċƖĲШŊċŔŰŔŰŊШƣƖċĦƣŔŸŰШŔŰШŸƣőĲƖШĦŸƨŰƣƖŔĲƚШċƚШƽĲũũЮ 

]ċ ЮƽċŉĲƖ 

]ċũũŔƨůШĦŸŰƚƨůƓƣŔŸŰШŔƚШƓƖŸŢĲĦƣĲĬШƣŸШƖŔƚĲШƽŔƣőШƣőĲШŊƖŸƽŔŰŊШċĬŸƓƣŔŸŰШŸŉШ]ċ ШƣĲĦőŰŸũŸŊŔĲƚШŔŰШĬĲŉĲŰƚĲШ
ċƓƓũŔĦċƣŔŸŰƚЯШ ƽŔƖĲũĲƚƚШ ŔŰŉƖċƚƣƖƨĦƣƨƖĲЯШ ċŰĬШ ƣőĲШ ƖŸũũŸƨƣШ ŸŉШ ŰĲƽШ Ρ]Ш ŰĲƣƽŸƖťƚЮШ cŔŊőрŉƖĲƕƨĲŰĦǃШ Å[Ш
ċƓƓũŔĦċƣŔŸŰƚШċĤŸƻĲШΟЮΡШŊŔŊċőĲƖƣǍЯШƚƨĦőШċƚШĦċĤũĲШƣĲũĲƻŔƚŔŸŰЯШĦŸůůĲƖĦŔċũШƽŔƖĲũĲƚƚШƣĲũĲĦŸůůƨŰŔĦċƣŔŸŰƚЯШ
ċŰĬШůŔũŔƣċƖǃШĲũĲĦƣƖŸŰŔĦШƽċƖŉċƖĲШƚǃƚƣĲůƚШċŰĬШƖċĬċƖЯШƖĲƕƨŔƖĲШƣőĲШőŔŊőрƻŸũƣċŊĲШċŰĬШőŔŊőрƓŸƽĲƖШĦċƓċĤŔũŔƣŔĲƚШ
ŸŉШ]ċ ШĬĲƻŔĦĲƚШċƚШ]ċ ƚШċŰĬШƚŔũŔĦŸŰрĤċƚĲĬШĬĲƻŔĦĲƚШċƖĲШƨŰċĤũĲШƣŸШŸƓĲƖċƣĲШĲǭĲĦƣŔƻĲũǃШċƣШƚƨĦőШőŔŊőШ
ŉƖĲƕƨĲŰĦŔĲƚ265Ю 

ÂŸƽĲƖШ]ċ ШĬĲƻŔĦĲƚЯШŔŰШƓċƖƣŔĦƨũċƖЯШċƖĲШƖĲƚőċƓŔŰŊШƣőĲШƓŸƽĲƖШĲũĲĦƣƖŸŰŔĦƚШŔŰĬƨƚƣƖǃЯШƽőŔĦőШőċƚШĤĲĲŰШ
ĬŸůŔŰċƣĲĬШĤǃШƚŔũŔĦŸŰрĤċƚĲĬШƣĲĦőŰŸũŸŊŔĲƚ266ЯШĬƖŔƻŔŰŊШċШƣĲŰŉŸũĬШůċƖťĲƣШŊƖŸƽƣőШĤĲƣƽĲĲŰШΞΜΝΦШċŰĬШΞΜΞΟЮШ
ÑőĲШƓŸƽĲƖШ]ċ ШĬĲƻŔĦĲШůċƖťĲƣШŔƚШĲǂƓĲĦƣĲĬШƣŸШƚƨƖƓċƚƚШҘΞШĤŔũũŔŸŰШыċƓƓƖŸǂŔůċƣĲũǃШқΝЮΤΣШĤŔũũŔŸŰШċƚШŸŉШ ƓƖŔũШ
ΝΤЯШΞΜΞΡьЯШƽŔƣőШċШ9 ]ÅШŸŉШΠΝӖШŉƖŸůШΞΜΞΟШƣŸШΞΜΞΦЮШ 

¶ 9ŸŰƚƨůĲƖШĲũĲĦƣƖŸŰŔĦƚаШÂŸƽĲƖШ]ċ ШŔƚШƖċƓŔĬũǃШĤĲĦŸůŔŰŊШƣőĲШƓƖĲŉĲƖƖĲĬШƣĲĦőŰŸũŸŊǃШŉŸƖШŉċƚƣШ
ĦőċƖŊĲƖƚЯШĲƚƓĲĦŔċũũǃШċƚШƓŸƽĲƖШũĲƻĲũƚШƖĲċĦőШΟΜΜìЮ 

¶ ƨƣŸůŸƣŔƻĲШċŰĬШůŸĤŔũŔƣǃаШÂŸƽĲƖШ]ċ ШŔƚШŊċŔŰŔŰŊШƣƖċĦƣŔŸŰШŔŰШƻċƖŔŸƨƚШċƓƓũŔĦċƣŔŸŰƚЯШŉŸƖШŔŰƚƣċŰĦĲЯШ
ΝΜΜéШ]ċ ШĬĲƻŔĦĲƚШċƖĲШŰŸƽШƨƚĲĬШŔŰШċƨƣŸůŸƣŔƻĲШxŔ? ÅШƚǃƚƣĲůƚШŉŸƖШċĬƻċŰĦĲĬШĬƖŔƻĲƖрċƚƚŔƚƣċŰĦĲШ
ƚǃƚƣĲůƚЮШìŔĬĲƚƓƖĲċĬШċĬŸƓƣŔŸŰШŔŰШċƨƣŸůŸƣŔƻĲШƓŸƽĲƖƣƖċŔŰƚЯШĲƚƓĲĦŔċũũǃШŔŰШƚƨĤрΝΝťìШŸŰĤŸċƖĬШ
ĦőċƖŊĲƖƚШŔƚШċŰƣŔĦŔƓċƣĲĬШƽŔƣőŔŰШƣőĲШŰĲǂƣШΞШƣŸШΟШǃĲċƖƚЮШfŰШċĬĬŔƣŔŸŰЯШƓŸƽĲƖШ]ċ ШŔƚШƓĲŰĲƣƖċƣŔŰŊШőŔŊőр
ĲŰĬШĲрĤŔťĲƚШċŰĬШĲрƚĦŸŸƣĲƖƚЯШĬĲƚƓŔƣĲШĦŸůƓĲƣŔƣŔŸŰШŉƖŸůШƚŔũŔĦŸŰШƣĲĦőŰŸũŸŊŔĲƚЮ 

¶ ?ċƣċШĦĲŰƣƖĲƚаШ]ċ рĤċƚĲĬШƓŸƽĲƖШƚƨƓƓũŔĲƚШŸƻĲƖШΟťìШƽŔƣőШΥΜÂũƨƚШƣŔƣċŰŔƨůШĲǭŔĦŔĲŰĦǃШŸǭĲƖШĤĲƣƣĲƖШ
ŉŸƖůШŉċĦƣŸƖƚШċŰĬШĦŸůƓĲƣŔƣŔƻĲШƓƖŔĦŔŰŊШĦŸůƓċƖĲĬШƣŸШƚŔũŔĦŸŰЮШfŰƣĲƖůĲĬŔċƣĲШĤƨƚШĦŸŰƻĲƖƣĲƖƚШŰĲĲĬŔŰŊШ
ӃΝΜΜéШĬĲƻŔĦĲƚШċƖĲШƨŰĬĲƖШĬĲƻĲũŸƓůĲŰƣЯШƽŔƣőШƚŔŊŰŔǯĦċŰƣШ]ċ ШĬĲƓũŸǃůĲŰƣШĲǂƓĲĦƣĲĬШŔŰШΟрΠШǃĲċƖƚЮШ
ÑőĲШƣĲũĲĦŸůШƚĲĦƣŸƖШƽŔũũШĤĲŰĲǯƣШŉƖŸůШƣőĲШƖŔƚŔŰŊШƓŸƽĲƖШĬĲůċŰĬƚШŸŉШΡ]ШĤċƚĲШƚƣċƣŔŸŰƚЯШƣőŸƨŊőШƣőŔƚШ
ůċƖťĲƣШƖĲůċŔŰƚШƚůċũũĲƖШƣőċŰШĬċƣċШĦĲŰƣƖĲƚЮШ 

¶ §ƣőĲƖƚаШÂŸƽĲƖШ]ċ ШŔƚШĲǂƓċŰĬŔŰŊШŔŰƣŸШŔŰĬƨƚƣƖŔċũЯШÂéЯШċŰĬШċĲƖŸƚƓċĦĲШƚĲĦƣŸƖƚЯШŉƨƖƣőĲƖШċĦĦĲũĲƖċƣŔŰŊШ
ŔƣƚШůċƖťĲƣШŊƖŸƽƣő267Ю 

òŸũĲШ?ĳƻĲũŸƓƓĲůĲŰƣШċũƚŸШŉŸƖĲĦċƚƣƚШĦŸůƓŸƨŰĬШƚĲůŔĦŸŰĬƨĦƣŸƖШƚƨĤƚƣƖċƣĲШƚċũĲƚШŉŸƖШ]ċ ШÅ[ШċƓƓũŔĦċƣŔŸŰƚШ
ƣŸШŔŰĦƖĲċƚĲШĤǃШċШ9 ]ÅШŸŉШΝΝӖШĤǃШΞΜΞΤ268ЮШ 

 

 
265ШsċƚťƨũċЯШ7ЮШìЮШыΞΜΞΡьЮШ]ċũũŔƨůШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΞΝШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťШыƓƓЮШΞΤЮΝтΞΤЮΦьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШ
ÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΝΣЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΝоůǃĤΝрΞΜΞΝрŊċũũŔƨůЮƓĬŉШШ 
266ШòŸũĲШ?ĳƻĲũŸƓƓĲůĲŰƣЮШыΞΜΞΟЯШsƨŰĲьЮШEůĲƖŊŔŰŊШÉĲůŔĦŸŰĬƨĦƣŸƖШÉƨĤƚƣƖċƣĲƚШΞΜΞΟЮШÅĲƣƖŔĲƻĲĬШΝΤЮΜΠЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮǃŸũĲŊƖŸƨƓЮĦŸůоƓƖŸĬƨĦƣоƖĲƓŸƖƣоĲůĲƖŊŔŰŊрƚĲůŔĦŸŰĬƨĦƣŸƖрƚƨĤƚƣƖċƣĲƚрΞΜΞΟоШ 
267ШòŸũĲШ?ĳƻĲũŸƓƓĲůĲŰƣЮШыΞΜΞΠЯШÉĲƓƣĲůĤĲƖьЮШÂŸƽĲƖШ]ċ ШΞΜΞΠЮШÅĲƣƖŔĲƻĲĬШΝΤЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮǃŸũĲŊƖŸƨƓЮĦŸůоƓƖŸĬƨĦƣоƖĲƓŸƖƣоƓŸƽĲƖр
ŊċŰрΞΜΞΠоШШ 
268ШsċƚťƨũċЯШ7ЮШìЮШыΞΜΞΡьЮШ]ċũũŔƨůШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΞΝШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťШыƓƓЮШΞΤЮΝтΞΤЮΦьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШ
ÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΝΣЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΝоůǃĤΝрΞΜΞΝрŊċũũŔƨůЮƓĬŉ   

https://www.yolegroup.com/product/report/power-gan-2024/
https://www.yolegroup.com/product/report/power-gan-2024/


 

 ΥΞ 

]ċÉĤЮƽċŉĲƖ269 

ÑőĲШ 9 ]ÅШ ŸŉШ ƣőĲШ ]ċÉĤШ ůċƖťĲƣШ ƻċũƨĲШ ŔƚШ ĲƚƣŔůċƣĲĬШ ƣŸШ ĤĲШ ΠӖШ ĤĲƣƽĲĲŰШ ΞΜΞΞШ ċŰĬШ ΞΜΞΥШ ĤǃШòŸũĲШ
?ĳƻĲũŸƓƓĲůĲŰƣЮШ]ċÉĤрĤċƚĲĬШĬĲƻŔĦĲƚШŔŰШƣőĲШƓőŸƣŸŰŔĦƚШƚĲĦƣŸƖШƚƨĦőШċƚШfÅШũċƚĲƖƚШċŰĬШŔůċŊĲƖƚШŔƚШĲǂƓĲĦƣĲĬШ
ƣŸШőċƻĲШƚƣċĤũĲШŊƖŸƽƣőШĬƖŔƻĲŰШůċŔŰũǃШĤǃШőŔŊőрĲŰĬШċŰĬШŰŔĦőĲШůŔũŔƣċƖǃШċƓƓũŔĦċƣŔŸŰƚЮШ 

 

EǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШ 
fƣШƚőŸƨũĬШĤĲШŰŸƣĲĬШƣőċƣШƖĲŊƨũċƣŔŸŰƚШċƖĲШĬǃŰċůŔĦШċŰĬШƚƨĤŢĲĦƣШƣŸШĦőċŰŊĲШŸƻĲƖШƣŔůĲЮ 

fŰШ ƨŊƨƚƣШΞΜΞΟЯШƣőĲШ9őŔŰĲƚĲШŊŸƻĲƖŰůĲŰƣШŔůƓŸƚĲĬШĲǂƓŸƖƣШĦŸŰƣƖŸũƚШŸŰШŊċũũŔƨůЯШƖĲƕƨŔƖŔŰŊШ9őŔŰċќƚШ
ĲǂƓŸƖƣĲƖƚШƣŸШŸĤƣċŔŰШũŔĦĲŰƚĲƚШƣőċƣШƚƓĲĦŔŉǃШƣőĲШǯŰċũШĲŰĬШƨƚĲƖШŸŉШƣőĲШůċƣĲƖŔċũЮШÑőŔƚШůĲċƚƨƖĲШĲǭĲĦƣŔƻĲũǃШ
ƓƖĲƻĲŰƣƚШŰŸŰр9őŔŰĲƚĲШƣƖċĬĲƖƚШŉƖŸůШƚƣŸĦťƓŔũŔŰŊШƨŰċũũŸĦċƣĲĬШŊċũũŔƨůШŸŉШ9őŔŰĲƚĲШŸƖŔŊŔŰШċƚШċШƚċŉĲŊƨċƖĬШ
ċŊċŔŰƚƣШƓŸƣĲŰƣŔċũШƚƨƓƓũǃШĬŔƚƖƨƓƣŔŸŰƚЮШ ĬĬŔƣŔŸŰċũũǃЯШƣőĲƚĲШĲǂƓŸƖƣШĦŸŰƣƖŸũƚШőċƻĲШƖĲƚƨũƣĲĬШŔŰШĲǂƣĲŰĬĲĬШũĲċĬШ
ƣŔůĲƚЯШƽŔƣőШċƓƓƖŸƻċũƚШƣǃƓŔĦċũũǃШƣċťŔŰŊШŸƻĲƖШċШůŸŰƣőШċŉƣĲƖШĦŸŰƣƖċĦƣƚШċƖĲШǯŰċũŔǍĲĬЮШ~ŸƖĲŸƻĲƖЯШĲǂƓŸƖƣƚШőċƻĲШ
ƚŸШŉċƖШũċƖŊĲũǃШĤĲĲŰШĦŸŰĦĲŰƣƖċƣĲĬШƣŸШĦĲƖƣċŔŰШĬĲƚƣŔŰċƣŔŸŰƚШыĲЮŊЮЯШ9őŔŰċШőċƚШŰŸƣШĲǂƓŸƖƣĲĬШċŰǃШŊċũũŔƨůШƣŸШƣőĲШ
ÖЮÉЮШƚŔŰĦĲШƣőĲШĲǂƓŸƖƣШĦŸŰƣƖŸũƚШĦċůĲШŔŰƣŸШĲǭĲĦƣьЯШƖĲƚƨũƣŔŰŊШŔŰШƖĲŊŔŸŰċũШƓƖŔĦĲШĬŔƚƓċƖŔƣǃ270Ю 

[ŸũũŸƽŔŰŊШċШĬĲĦũŔŰĲШŔŰШĲǂƓŸƖƣƚШĬƨƖŔŰŊШƣőĲШƖĲůċŔŰĬĲƖШŸŉШΞΜΞΟЯШ9őŔŰċќƚШŊċũũŔƨůШĲǂƓŸƖƣƚШƖĲĤŸƨŰĬĲĬШŔŰШΞΜΞΠШ
ċƚШĲǂƓŸƖƣШũŔĦĲŰƚĲƚШĤĲŊċŰШƣŸШĤĲШŔƚƚƨĲĬ271ЮШÑőĲШŔŰŔƣŔċũШƓƖŔĦĲШŔůƓċĦƣШőċƚШƚŔŰĦĲШĦŸŸũĲĬШċŰĬШĦŸŰƚƨůĲƖƚШőċƻĲШ
ċĬċƓƣĲĬШƣőĲŔƖШƓƖŸĦƨƖĲůĲŰƣШƚƣƖċƣĲŊŔĲƚШƣŸШċĦĦŸƨŰƣШŉŸƖШũŸŰŊĲƖШũĲċĬШƣŔůĲƚ272Ю 

fŰШ?ĲĦĲůĤĲƖШΞΜΞΠЯШ9őŔŰċШŉƨƖƣőĲƖШƣŔŊőƣĲŰĲĬШŔƣƚШĲǂƓŸƖƣШĦŸŰƣƖŸũƚШŸŰШŊċũũŔƨůШĤǃШŸǭŔĦŔċũũǃШĤċŰŰŔŰŊШċũũШĲǂƓŸƖƣƚШ
ƣŸШƣőĲШÖЮÉЮ273ЮШcŸƽĲƻĲƖЯШ9őŔŰĲƚĲШĦƨƚƣŸůƚШĬċƣċШŔŰĬŔĦċƣĲƚШƣőċƣШŰŸШŊċũũŔƨůШőċĬШĤĲĲŰШĲǂƓŸƖƣĲĬШƣŸШƣőĲШÖЮÉЮШ
ƚŔŰĦĲШƣőĲШŔŰŔƣŔċũШĦŸŰƣƖŸũƚШƽĲƖĲШŔůƓũĲůĲŰƣĲĬШŔŰШΞΜΞΟЮШ ƚШċШƖĲƚƨũƣЯШƚŸůĲШůċƖťĲƣШƓċƖƣŔĦŔƓċŰƣƚШĤĲũŔĲƻĲШƣőĲШ
ŰĲƽШƖĲƚƣƖŔĦƣŔŸŰƚШƽŔũũШőċƻĲШũŔƣƣũĲШƓƖċĦƣŔĦċũШŔůƓċĦƣЮШ§ƣőĲƖƚШƚƓĲĦƨũċƣĲШƣőċƣШƣőĲШċŰŰŸƨŰĦĲůĲŰƣШůċǃШĤĲШ
ċŔůĲĬШċƣШĦƨƖĤŔŰŊШŔŰĬŔƖĲĦƣШĲǂƓŸƖƣƚШŸŉШ9őŔŰĲƚĲрŸƖŔŊŔŰШŊċũũŔƨůШŔŰƣŸШƣőĲШÖЮÉЮШƣőƖŸƨŊőШƣőŔƖĬШĦŸƨŰƣƖŔĲƚЮШ
[ƨƖƣőĲƖůŸƖĲЯШƣőĲШŉċĦƣШƣőċƣШĤŸƣőШĲǂƓŸƖƣШĦŸŰƣƖŸũƚШƽĲƖĲШċŰŰŸƨŰĦĲĬШĤǃШƣőĲШ9őŔŰĲƚĲШŊŸƻĲƖŰůĲŰƣШƚőŸƖƣũǃШ
ċŉƣĲƖШƣőĲШÖЮÉЮШŔŰƣƖŸĬƨĦĲĬШċШŰĲƽШƽċƻĲШŸŉШƖĲƚƣƖŔĦƣŔŸŰƚШƣċƖŊĲƣŔŰŊШ9őŔŰċќƚШĦőŔƓůċťŔŰŊШƚĲĦƣŸƖШőċƚШƖċŔƚĲĬШ
ĦŸŰĦĲƖŰƚШċůŸŰŊШůċƖťĲƣШƓċƖƣŔĦŔƓċŰƣƚШċĤŸƨƣШƓŸƣĲŰƣŔċũШŊĲŸƓŸũŔƣŔĦċũШƓŸƚƣƨƖŔŰŊ274ЮШ 

 

 
269ШòŸũĲШ?ĳƻĲũŸƓƓĲůĲŰƣЮШыΞΜΞΟЯШsƨŰĲьЮШEůĲƖŊŔŰŊШÉĲůŔĦŸŰĬƨĦƣŸƖШÉƨĤƚƣƖċƣĲƚШΞΜΞΟЮШÅĲƣƖŔĲƻĲĬШΝΤЮΜΠЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮǃŸũĲŊƖŸƨƓЮĦŸůоƓƖŸĬƨĦƣоƖĲƓŸƖƣоĲůĲƖŊŔŰŊрƚĲůŔĦŸŰĬƨĦƣŸƖрƚƨĤƚƣƖċƣĲƚрΞΜΞΟоШШ 
270Ш9ĲŉċŔЯШÉЮЯШѼШüőċŰŊЯШ ЮШыΞΜΞΠЯШ[ĲĤƖƨċƖǃШΣьЮШ9őŔŰċќƚШŊċũũŔƨůШĲǂƓŸƖƣШĦŸŰƣƖŸũШĦŸŰƣŔŰƨĲƚШƣŸШƚƕƨĲĲǍĲШůċƖťĲƣЯШĬĲƚƓŔƣĲШőŔŊőĲƖШ?ĲĦĲůĤĲƖШĲǂƓŸƖƣƚЮШ
[ċƚƣůċƖťĲƣƚЮШÅĲƣƖŔĲƻĲĬШΝΤЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮŉċƚƣůċƖťĲƣƚЮĦŸůоŔŰƚŔŊőƣƚоĦőŔŰċƚрŊċũũŔƨůрĲǂƓŸƖƣрĦŸŰƣƖŸũрĦŸŰƣŔŰƨĲƚрƣŸрƚƕƨĲĲǍĲр
ůċƖťĲƣрĬĲƚƓŔƣĲрőŔŊőĲƖрĬĲĦĲůĤĲƖрĲǂƓŸƖƣƚоШШ 
271Ш?ċŔƖЯШxЮШыΞΜΞΡЯШsċŰƨċƖǃьЮШ]ċũũŔƨůЮШfŰШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡШыƓƓЮШΤΠтΤΡьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШ
ÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΝΡЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрŊċũũŔƨůЮƓĬŉШШ 
272ШÂċŰЯШÉЮЯШ9ĲŉċŔЯШÉЮШѼШüőċŰŊЯШ ЮШыΞΜΞΠЯШsƨũǃШΞΞьЮШ~ċƖťĲƣƚШũċƖŊĲũǃШċĬŢƨƚƣĲĬШƣŸШ9őŔŰċќƚШŊĲƖůċŰŔƨůЯШŊċũũŔƨůЯШŊƖċƓőŔƣĲШĲǂƓŸƖƣШĦŸŰƣƖŸũƚШŸŰĲШǃĲċƖШŸŰЮШ
[ċƚƣůċƖťĲƣƚЮШÅĲƣƖŔĲƻĲĬШΝΤЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮŉċƚƣůċƖťĲƣƚЮĦŸůоŔŰƚŔŊőƣƚоůċƖťĲƣƚрũċƖŊĲũǃрċĬŢƨƚƣĲĬрƣŸрĦőŔŰċƚрŊĲƖůċŰŔƨůрŊċũũŔƨůр
ŊƖċƓőŔƣĲрĲǂƓŸƖƣрĦŸŰƣƖŸũƚрŸŰĲрǃĲċƖрŸŰоШ 
273Ш?ċŔƖЯШxЮШыΞΜΞΡЯШsċŰƨċƖǃьЮШ]ċũũŔƨůЮШfŰШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡШыƓƓЮШΤΠтΤΡьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШ
ÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΝΡЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрŊċũũŔƨůЮƓĬŉШШ 
274Ш9ĲŉċŔЯШÉЮШыΞΜΞΠЯШ?ĲĦĲůĤĲƖШΝΤьЮШ9őŔŰċќƚШƣŔŊőƣĲƖШŊċũũŔƨůЯШŊĲƖůċŰŔƨůШĲǂƓŸƖƣШĦŸŰƣƖŸũƚаШ~ŸƖĲШŸŉШƣőĲШƚċůĲШŸƖШċШƚőŔŉƣШŔŰШċƓƓƖŸċĦőеШ[ċƚƣůċƖťĲƣƚЮШ
ÅĲƣƖŔĲƻĲĬШΞΞЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮŉċƚƣůċƖťĲƣƚЮĦŸůоŔŰƚŔŊőƣƚоĦőŔŰċƚрƣŔŊőƣĲƖрŊċũũŔƨůрŊĲƖůċŰŔƨůрĲǂƓŸƖƣрĦŸŰƣƖŸũƚрůŸƖĲрŸŉрƣőĲрƚċůĲрŸƖр
ċрƚőŔŉƣрŔŰрċƓƓƖŸċĦőоШ 

https://www.yolegroup.com/product/report/emerging-semiconductor-substrates-2023/
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cĲũŔƨůШыcĲь 
~ċŢŸƖШĲŰĬШƨƚĲƚШŔŰШƣőĲШEÖШыċƻĲƖċŊĲШĤĲƣƽĲĲŰШΞΜΝΞШċŰĬШΞΜΝΣь275 

 

 
ĦĦŸƖĬŔŰŊШƣŸШċШƚƣƨĬǃШŔŰШΞΜΝΥЯШƣőĲШƽŸƖũĬƽŔĬĲШĲŰĬрƨƚĲШĬŔƚƣƖŔĤƨƣŔŸŰШŸŉШőĲũŔƨůШƽċƚШĲƚƣŔůċƣĲĬШƣŸШĤĲШ
ůċŊŰĲƣŔĦШ ƖĲƚŸŰċŰĦĲШ ŔůċŊŔŰŊШ ы~ÅfьШыΞΜӖьЯШċŰċũǃƚŔƚШ ċŰĬШ ƚƓĲĦƣƖŸůĲƣƖǃШ ƚƨĦőШ ċƚШ ũĲċťШ ĬĲƣĲĦƣŔŸŰЯШ
ƓƖĲƚƚƨƖŔǍċƣŔŸŰЯШƓƨƖŊŔŰŊЯШċŰĬШŸƣőĲƖШƨƚĲƚШыΝΡӖьЯШũŔŉƣŔŰŊШŊċƚШыΝΠӖьЯШĲũĲĦƣƖŸŰŔĦƚШċŰĬШƚĲůŔĦŸŰĬƨĦƣŸƖƚШƚĲĦƣŸƖШ
ыΝΝӖьЯШĤƖĲċƣőŔŰŊШůŔǂƣƨƖĲШŉŸƖШĬŔƻŔŰŊШыΣӖьЯШǯĤƖĲШŸƓƣŔĦƚШыΣӖьЯШƚĦŔĲŰĦĲШċŰĬШĲŰŊŔŰĲĲƖŔŰŊШƖĲƚĲċƖĦőШыΣӖьЯШ
ƽĲũĬŔŰŊШыΡӖьЯШċŰĬШĦŸŰƣƖŸũũĲĬШċƣůŸƚƓőĲƖĲШыΞӖьЮШ 

 

 
275ШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШ ƨŊƨƚƣьЮШcĲũŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΜΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхcExfÖ~ЮƓĬŉ 

22%

23%

8%
9%

7%

8%

14%

9%
Cryogenics

Controlled atmospheres

Welding

Pressurisation and purging

Leak detection

Semiconductors and optic
fibres

Balloons

https://scrreen.eu/wp-content/uploads/2023/08/SCRREEN2_factsheets_HELIUM.pdf
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éċũƨĲШĦőċŔŰШыƚŔůƓũŔǯĲĬь276ЯШ277ЯШ278ЯШ279 

 

 

 

 

 

 

 

 
276ШE[9Ш]ċƚĲƚШѼШ ĬƻċŰĦĲĬШ~ċƣĲƖŔċũƚЮШыΞΜΞΞЯШsƨũǃШΝΥьЮШÑőĲШcĲũŔƨůШÂƖŸĬƨĦƣŔŸŰШfŰĬƨƚƣƖǃЮШÅĲƣƖŔĲƻĲĬШΜΠЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĲŉĦŊċƚĲƚЮĦŸůоĤũŸŊоƣőĲрőĲũŔƨůрƓƖŸĬƨĦƣŔŸŰрŔŰĬƨƚƣƖǃоШ 
277Ш9ŸƖĲŊċƚЮШыŰЮĬЮьЮШcĲũŔƨůШŊċƚЮШÅĲƣƖŔĲƻĲĬШΜΡЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮĦŸƖĲŊċƚЮĦŸůЮċƨоŊċƚĲƚоőĲũŔƨůрŊċƚШ 
278ШxĲŔĬĲŰЯШuЮыΞΜΝΣЯШ[ĲĤƖƨċƖǃШΞΣьЮШ]ƖċĬĲƚШŸŉШőĲũŔƨůаШƣőĲШĬŔǭĲƖĲŰĦĲƚШċŰĬШƨƚĲƚЮШüĲƓőǃƖШÉŸũƨƣŔŸŰƚЮШÅĲƣƖŔĲƻĲĬШΜΡЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооǍĲƓőǃƖƚŸũƨƣŔŸŰƚЮĦŸůоƽőċƣрċƖĲрƣőĲрĬŔǭĲƖĲŰƣрŊƖċĬĲƚрŸŉрőĲũŔƨůрċŰĬрƽőċƣрċƖĲрƣőĲǃрƨƚĲĬрŉŸƖоШ 
279ШШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШ ƨŊƨƚƣьЮШcĲũŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΜΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхcExfÖ~ЮƓĬŉ 

https://www.efcgases.com/blog/the-helium-production-industry/
https://www.coregas.com.au/gases/helium-gas
https://zephyrsolutions.com/what-are-the-different-grades-of-helium-and-what-are-they-used-for/


 

 ΥΡ 

ÉƨĤƚƣŔƣƨƣŔŸŰ280ЯШ281ЯШ282 

ÉƨĤƚƣŔƣƨƣŔŸŰШĦċŰШŔůƓċĦƣШĤŸƣőШĦŸƚƣШċŰĬШƓĲƖŉŸƖůċŰĦĲЮ 

fŰƣĲƖůĲĬŔċƣĲШƓƖŸĬƨĦƣƚ ÉƨĤƚƣŔƣƨƣŔŸŰ 

9ŸŰƣƖŸũũĲĬШċƣůŸƚƓőĲƖĲƚ ƖŊŸŰЯШőǃĬƖŸŊĲŰ 
?ĲĲƓрƚĲċШĬŔƻŔŰŊШċƓƓũŔĦċƣŔŸŰƚШ cǃĬƖŸŊĲŰШ 
xŔŉƣŔŰŊШŊċƚ cǃĬƖŸŊĲŰ 
ŰċũǃƚŔƚ cǃĬƖŸŊĲŰ 

ÉőŔĲũĬŔŰŊШŊċƚШŉŸƖШƽĲũĬŔŰŊШ ƖŊŸŰ 
ÂƖŸƣĲĦƣŔƻĲШċƣůŸƚƓőĲƖĲШŔŰШƚĲůŔĦŸŰĬƨĦƣŸƖШċŰĬШ
ŸƓƣŔĦШǯĤƖĲШƓƖŸĬƨĦƣŔŸŰШƓƖŸĦĲƚƚĲƚ ƖŊŸŰЯШőǃĬƖŸŊĲŰШŸƖШŰŔƣƖŸŊĲŰШĬĲƓĲŰĬŔŰŊШŸŰШċƓƓũŔĦċƣŔŸŰƚ 

xĲċťШĬĲƣĲĦƣŔŸŰ ШůŔǂШŸŉШΡӖШőǃĬƖŸŊĲŰШċŰĬШΦΡӖШŰŔƣƖŸŊĲŰЯШĦċƖĤŸŰШĬŔŸǂŔĬĲр
ċƖŊŸŰШŊċƚШůŔǂƣƨƖĲƚ 

9ċƖƖŔĲƖШŊċƚШŉŸƖШĦőƖŸůċƣŸŊƖċƓőǃ cǃĬƖŸŊĲŰЯШŰŔƣƖŸŊĲŰЯШċƖŊŸŰШ 
9ŸŸũŔŰŊШċŊĲŰƣШŉŸƖШőŔŊőũǃШƚĲŰƚŔƣŔƻĲШŔŰŉƖċƖĲĬШƚĲŰƚŸƖƚШ
ŔŰШƣőĲШċĲƖŸƚƓċĦĲШŔŰĬƨƚƣƖǃ 

xŔƕƨŔĬШŰĲŸŰ 

ÅĲŉƖŔŊĲƖċŰƣƚ  ĲŸŰ 
 

 

 

 

 

 

 

 

 

 

 

 
280ШШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШ ƨŊƨƚƣьЮШcĲũŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΜΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхcExfÖ~ЮƓĬŉ 
281Ш]ŸŸĬŔŰЯШÅЮШ9ЮШыΞΜΞΡьЮШcĲũŔƨůЮШ~ŔŰĲƖċũШ9ŸůůŸĬŔƣǃШÉƨůůċƖŔĲƚШΞΜΞΡЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΜΡЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрőĲũŔƨůЮƓĬŉШ 
282ШEũƚŰĲƖЯШcЮШыΞΜΝΥьаШEĬĲũŊċƚĲШтШéĲƖƚŸƖŊƨŰŊШƽŔƖťũŔĦőШťƖŔƣŔƚĦőеШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΟΦаШΝΦΤШÉЮЯШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΜΡЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĤŊƖЮĤƨŰĬЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰр
ΟΦхĲŰЮƓĬŉеххĤũŸĤӀƓƨĤũŔĦċƣŔŸŰ[ŔũĲѼƻӀΞ 

https://pubs.usgs.gov/periodicals/mcs2025/mcs2025-helium.pdf
https://www.bgr.bund.de/DE/Gemeinsames/Produkte/Downloads/DERA_Rohstoffinformationen/rohstoffinformationen-39_en.pdf?__blob=publicationFile&v=2
https://www.bgr.bund.de/DE/Gemeinsames/Produkte/Downloads/DERA_Rohstoffinformationen/rohstoffinformationen-39_en.pdf?__blob=publicationFile&v=2
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]ũŸĤċũШċŰĬШEÖШƓƖŸĬƨĦƣŔŸŰШтШőĲũŔƨů 
]ũŸĤċũШƓƖŸĬƨĦƣŔŸŰ283 

Ш 

 

cĲũŔƨůШŔƚШƓƖŔůċƖŔũǃШĲǂƣƖċĦƣĲĬШŉƖŸůШőĲũŔƨůрƖŔĦőШŰċƣƨƖċũШŊċƚЮШыfŰШƣőĲШEÖЯШőĲũŔƨůШŔƚШċũƚŸШŸĤƣċŔŰĲĬШŉƖŸůШċŔƖШ
ŔŰШƣőƖĲĲШċŔƖШƚĲƓċƖċƣŔŸŰШƓũċŰƣƚШƽŔƣőШőĲũŔƨůШƓƖŸĬƨĦƣŔŸŰШĦċƓċĦŔƣŔĲƚ284ЮьШ 

ÑőĲШÖЮÉЮШƚŸƨƖĦĲĬШőĲũŔƨůШŉƖŸůШĤŸƣőШċĦƣŔƻĲШŰċƣƨƖċũШŊċƚШƽĲũũƚШċŰĬШƣőĲШ[ĲĬĲƖċũШcĲũŔƨůШÅĲƚĲƖƻĲШĲƚƣċĤũŔƚőĲĬШ
ĤǃШƣőĲШ[ĲĬĲƖċũШcĲũŔƨůШÂƖŸŊƖċůůĲШŔŰШΝΦΞΡЮШÑőĲШ[ĲĬĲƖċũШcĲũŔƨůШÅĲƚĲƖƻĲШŔƚШċŰШƨŰĬĲƖŊƖŸƨŰĬШƚƣŸĦťƓŔũĲШŔŰШ
ƣőĲШ9ũŔǭƚŔĬĲШ[ŔĲũĬЮШxċƖŊĲШċůŸƨŰƣƚШŸŉШőĲũŔƨůШőċĬШĤĲĲŰШƚƣŸƖĲĬШŔŰШƣőĲƖĲШĤĲƣƽĲĲŰШΝΦΣΜƚШċŰĬШΝΦΦΜƚ285ЮШÑőĲШ
cĲũŔƨůШÂƖŔƻċƣŔǍċƣŔŸŰШ ĦƣШыΝΦΦΣьШůċŰĬċƣĲĬШƚĲũũŔŰŊШƣőĲШőĲũŔƨůШƖĲƚĲƖƻĲШĤǃШΞΜΝΡШċŰĬШƣőĲШŉŸũũŸƽŔŰŊШcĲũŔƨůШ

 
283Ш[ŔŊƨƖĲƚШċƖĲШĤċƚĲĬШŸŰШĬċƣċШƓƖŸƻŔĬĲĬШĤǃШƣőĲШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮ 
284Ш~ċƣŸƚЯШ9ЮЮÑбШ?ĲƻċƨǍĲЯШ9бШÂũċŰĦőŸŰЯШ~бШEƽĲƖƚЯШ7бШ ƨĤĲƖŊĲƖЯШ бШ?ŔƣƣƖŔĦőЯШ~бШìŔƣƣůĲƖЯШ?бШxċƣƨŰƨƚƚċЯШ9бШEǃŰċƖĬЯШÖбШ~ċƣőŔĲƨǂЯ 
[ЯШ~ċƣĲƖŔċũШÉǃƚƣĲůШ ŰċũǃƚŔƚШŸŉШ ŔŰĲШÅċƽШ~ċƣĲƖŔċũƚаШ7ċƖǃƣĲƚЯШ7ŔƚůƨƣőЯШcċŉŰŔƨůЯШcĲũŔƨůЯШ ċƣƨƖċũШÅƨĤĤĲƖЯШÂőŸƚƓőŸƖƨƚЯШÉĦċŰĬŔƨůЯШÑċŰƣċũƨů 
ċŰĬШéċŰċĬŔƨůЯШEÖÅШΟΜΤΜΠШE ЯШÂƨĤũŔĦċƣŔŸŰƚШ§ǭŔĦĲШŸŉШƣőĲШEƨƖŸƓĲċŰШÖŰŔŸŰЯШxƨǂĲůĤŸƨƖŊЯШΞΜΞΝЯШfÉ7 ШΦΤΥрΦΞрΤΣрΟΤΤΣΥрΦЯ 
ĬŸŔаΝΜЮΞΤΣΜоΣΤΤΦΥΝЯШsÅ9ΝΞΡΝΜΝЮ 
285ШШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШ ƨŊƨƚƣьЮШcĲũŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΜΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхcExfÖ~ЮƓĬŉ 
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 ΥΤ 

ÉƣĲƽċƖĬƚőŔƓШ ĦƣШыΞΜΝΟьШƓƖĲƻĲŰƣĲĬШƣőĲШƚőƨƣĬŸƽŰШŸŉШƣőĲШ[ĲĬĲƖċũШcĲũŔƨůШÂƖŸŊƖċůůĲЯШċũũŸƽĲĬШŔƣШƣŸШ
ĦŸŰƣŔŰƨĲШƨŰƣŔũШƣőĲШĲŰĬШŸŉШΞΜΞΜШċŰĬШƚĲƣШƨƓШШċШƣŔůĲũŔŰĲШŉŸƖШƣőĲШƓƖŔƻċƣŔǍċƣŔŸŰШŸŉШőĲũŔƨůЮШ7ǃШΟΜƣőШŸŉШÉĲƓƣĲůĤĲƖЯШШ
ΞΜΞΝЯШƣőĲШcĲũŔƨůШÉƣĲƽċƖĬƚőŔƓШ ĦƣШůċŰĬċƣĲĬШƣőċƣШċũũШ[ĲĬĲƖċũШcĲũŔƨůШÅĲƚĲƖƻĲШċƚƚĲƣƚШƣŸШĤĲШĬŔƚƓŸƚĲĬ286ЮШ
fŰШsċŰƨċƖǃШΞΜΞΠЯШƣőĲШÖЮÉЮШŊŸƻĲƖŰůĲŰƣШƚŸũĬШƣőĲШ[ĲĬĲƖċũШcĲũŔƨůШÅĲƚĲƖƻĲШƣŸШƣőĲШŔŰĬƨƚƣƖŔċũШŊċƚШĦŸůƓċŰǃШ
~ĲƚƚĲƖ287ЮШ 

 

EÖШůŔŰĲШƓƖŸĬƨĦƣŔŸŰ 
9ŸƨŰƣƖǃШ ÂƖŸĬƨĦƣŔŸŰШŔŰШΞΜΞΟШыůŔũũŔŸŰШĦƨĤŔĦШůĲƣĲƖƚЯШőĲũŔƨůШŊċƚШĦŸŰƣĲŰƣь 

ÂŸũċŰĬ Ο 

 

ÉĲĦŸŰĬċƖǃШƓƖŸĬƨĦƣŔŸŰ 

ÑƖƨĲШőĲũŔƨůШƖĲĦǃĦũŔŰŊШыŔЮĲЮЯШƣőĲШƨƚĲШŸŉШƽċƚƣĲШőĲũŔƨůьШŸŰũǃШŸĦĦƨƖƚШƽőĲŰШǯũũŔŰŊШŸƖШƚĲƖƻŔĦŔŰŊШ~ÅfƚЯШƽőĲƖĲШ
ĲƻċƓŸƖċƣŔŰŊШũŔƕƨŔĬШőĲũŔƨůШŔƚШĦŸũũĲĦƣĲĬШċƚШŊċƚЯШĦŸůƓƖĲƚƚĲĬЯШċŰĬШƖĲƚŸũĬШċƚШĤċũũŸŸŰШŊċƚ288ЮШcŸƽĲƻĲƖЯШƣőŔƚШ
ŔƚШĦŸŰƚŔĬĲƖĲĬШƣŸШĤĲШŰŸŰрŉƨŰĦƣŔŸŰċũШƖĲĦǃĦũŔŰŊЮШ[ƨƖƣőĲƖůŸƖĲЯШŸŰũǃШΝΜӖШŸŉШƣőĲШőĲũŔƨůШƓƖĲƚĲŰƣШŔŰШ~ÅfШĦŸƨũĬШ
ĤĲШĦċƓƣƨƖĲĬЮШĦĦŸƖĬŔŰŊШƣŸШ~ÅfШƓƖŸĬƨĦĲƖƚЯШůċŰǃШĦŸůƓċŰŔĲƚШőċƻĲШċĤċŰĬŸŰĲĬШƣőĲШŔĬĲċШŉŸƖШƚċŉĲƣǃШċŰĬШ
ĲĦŸŰŸůŔĦШƖĲċƚŸŰƚ289Ю 

fŰШůŸƚƣШĦċƚĲƚЯШĦċƓƣƨƖĲĬШőĲũŔƨůШŔƚШƖĲƨƚĲĬШŔŰƣĲƖŰċũũǃШċŰĬШŔƚШŰŸƣШĦŸŰƚŔĬĲƖĲĬШEŰĬрŸŉрxŔŉĲШƖĲĦǃĦũŔŰŊЮШÉŸůĲШ
ĲǂċůƓũĲƚШċƖĲШƚőŸƽŰШċƚШŉŸũũŸƽƚ290ЯШ291ЮШ 

]ċƚШĦŸůƓċŰŔĲƚШŸǭĲƖШƚƓĲĦŔċũŔǍĲĬШƖĲĦǃĦũŔŰŊШƓƖŸŊƖċůƚШŉŸƖШĦƨƚƣŸůĲƖƚШƨƚŔŰŊШũċƖŊĲШƻŸũƨůĲƚШŸŉШũŔƕƨŔĬШőĲũŔƨůШ
ċŰŰƨċũũǃЮШ 

ÑőĲШÖЮÉЮШ ċƣŔŸŰċũШ ĲƖŸŰċƨƣŔĦƚШċŰĬШÉƓċĦĲШ ĬůŔŰŔƚƣƖċƣŔŸŰШы  ÉьШċũƚŸШƖĲĦŸƻĲƖƚШƚŔŊŰŔǯĦċŰƣШċůŸƨŰƣƚШŸŉШ
őĲũŔƨůШƨƚĲĬШŉŸƖШƓƖĲƚƚƨƖŔǍċƣŔŸŰШċŰĬШƓƨƖŊŔŰŊЮШ 

fŰШũĲċťШĬĲƣĲĦƣŔŸŰЯШƨƓШƣŸШΦΥӖШŸŉШőĲũŔƨůрĦŸŰƣċŔŰŔŰŊШŊċƚШůŔǂƣƨƖĲƚШĦċŰШĤĲШƖĲƨƚĲĬЮШ 

xŔƕƨŔĬШőĲũŔƨůШƨƚĲĬШŉŸƖШĦŸŸũŔŰŊШŰƨĦũĲċƖШůċŊŰĲƣŔĦШƖĲƚŸŰċŰĦĲШы ~ÅьШƚƓĲĦƣƖŸůĲƣĲƖƚШŔƚШƖĲĦǃĦũĲĬШƣőƖŸƨŊőШ
ĦŸũũĲĦƣŔŸŰШċŰĬШƓƨƖŔǯĦċƣŔŸŰШƓƖŸĦĲƚƚĲƚШŔŰШƚĲƻĲƖċũШũċĤŸƖċƣŸƖŔĲƚЯШċũũŸƽŔŰŊШŔƣШƣŸШĤĲШƖĲƨƚĲĬШŔŰШ ~ÅШƚǃƚƣĲůƚШ
ċŊċŔŰЮ 

 
286Ш?Ĳ9ċƖũŸЯШÉЮШѼШÖǃЯШ ЮШыΞΜΝΤьЮШÉƣŔũũШǰŸċƣеШ ШxŸŸťШċƣШƣőĲШcĲũŔƨůШfŰĬƨƚƣƖǃЮШÖЮÉЮШfŰƣĲƖŰċƣŔŸŰċũШÑƖċĬĲШ9ŸůůŔƚƚŔŸŰЮШÅĲƣƖŔĲƻĲĬШΜΡЮΜΟЮΞΜΞΡШ
őƣƣƓƚаооƽƽƽЮƨƚŔƣĦЮŊŸƻоƓƨĤũŔĦċƣŔŸŰƚоΟΟΞоĲǂĲĦƨƣŔƻĲхĤƖŔĲǯŰŊƚоĬĲĦċƖũŸƨǃхőĲũŔƨůхĲĤŸƣхΝΞΝΝΞΜΝΤЮƓĬŉШ 
287ШcŸƓťŔŰƚЯШ9ЮШыΞΜΞΠЯШsċŰƨċƖǃШΞΡьЮШÑőĲШÖЮÉЮШŢƨƚƣШƚŸũĬШŔƣƚШőĲũŔƨůШƚƣŸĦťƓŔũĲЯШċŰĬШƣőĲШůĲĬŔĦċũШƽŸƖũĬШŔƚШƽŸƖƖŔĲĬЮШ 79Ш ĲƽƚЮШÅĲƣƖŔĲƻĲĬШΜΡЮΜΟЮΞΜΞΡШ
ŉƖŸůШőƣƣƓƚаооƽƽƽЮŰĤĦŰĲƽƚЮĦŸůоőĲċũƣőоőĲċũƣőрŰĲƽƚоƨƚрŢƨƚƣрƚŸũĬрőĲũŔƨůрƚƣŸĦťƓŔũĲрƚрůĲĬŔĦċũрƽŸƖũĬрƽŸƖƖŔĲĬрƖĦŰċΝΟΠΤΥΡШ 
288ШEũƚŰĲƖЯШcЮШыΞΜΝΥьаШEĬĲũŊċƚĲШтШéĲƖƚŸƖŊƨŰŊШƽŔƖťũŔĦőШťƖŔƣŔƚĦőеШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΟΦаШΝΦΤШÉЮЯШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΜΡЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĤŊƖЮĤƨŰĬЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰрΟΦхĲŰЮƓĬŉеххĤШ 
289Ш~ċƣŸƚЯШ9ЮЮÑбШ?ĲƻċƨǍĲЯШ9бШÂũċŰĦőŸŰЯШ~бШEƽĲƖƚЯШ7бШ ƨĤĲƖŊĲƖЯШ бШ?ŔƣƣƖŔĦőЯШ~бШìŔƣƣůĲƖЯШ?бШxċƣƨŰƨƚƚċЯШ9бШEǃŰċƖĬЯШÖбШ~ċƣőŔĲƨǂЯ 
[ЯШ~ċƣĲƖŔċũШÉǃƚƣĲůШ ŰċũǃƚŔƚШŸŉШ ŔŰĲШÅċƽШ~ċƣĲƖŔċũƚаШ7ċƖǃƣĲƚЯШ7ŔƚůƨƣőЯШcċŉŰŔƨůЯШcĲũŔƨůЯШ ċƣƨƖċũШÅƨĤĤĲƖЯШÂőŸƚƓőŸƖƨƚЯШÉĦċŰĬŔƨůЯШÑċŰƣċũƨů 
ċŰĬШéċŰċĬŔƨůЯШEÖÅШΟΜΤΜΠШE ЯШÂƨĤũŔĦċƣŔŸŰƚШ§ǭŔĦĲШŸŉШƣőĲШEƨƖŸƓĲċŰШÖŰŔŸŰЯШxƨǂĲůĤŸƨƖŊЯШΞΜΞΝЯШfÉ7 ШΦΤΥрΦΞрΤΣрΟΤΤΣΥрΦЯ 
ĬŸŔаΝΜЮΞΤΣΜоΣΤΤΦΥΝЯШsÅ9ΝΞΡΝΜΝЮ 
290ШEũƚŰĲƖЯШcЮШыΞΜΝΥьаШEĬĲũŊċƚĲШтШéĲƖƚŸƖŊƨŰŊШƽŔƖťũŔĦőШťƖŔƣŔƚĦőеШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΟΦаШΝΦΤШÉЮЯШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΜΡЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĤŊƖЮĤƨŰĬЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰр
ΟΦхĲŰЮƓĬŉеххĤũŸĤӀƓƨĤũŔĦċƣŔŸŰ[ŔũĲѼƻӀΞ 
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https://www.usitc.gov/publications/332/executive_briefings/decarlouy_helium_ebot_12112017.pdf
https://www.nbcnews.com/health/health-news/us-just-sold-helium-stockpile-s-medical-world-worried-rcna134785
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 ΥΥ 

xŔƕƨŔĬШőĲũŔƨůШŉŸƖШƣőĲШĦŸŸũŔŰŊШƚǃƚƣĲůШŸŉШƣőĲШůċŊŰĲƣƚШŸŉШ ~ÅШƚƓĲĦƣƖŸůĲƣĲƖƚШċƖĲШƖĲĦǃĦũĲĬШƣőƖŸƨŊőШ
ĦŸũũĲĦƣŔŸŰШċŰĬШƓƨƖŔǯĦċƣŔŸŰШƓƖŸĦĲƚƚĲƚШŔŰШċШŰƨůĤĲƖШŸŉШũċĤŸƖċƣŸƖŔĲƚЮШÑőĲШƖĲĦǃĦũĲĬШőĲũŔƨůШƽŔũũШĤĲШƖĲрƨƚĲĬШ
ŔŰШƣőĲШƚƨƓĲƖĦŸŸũŔŰŊШƚǃƚƣĲůШŸŉШ ~ÅШůċŊŰĲƣƚЮШ 

~ŸƚƣШċƓƓũŔĦċƣŔŸŰƚЯШőŸƽĲƻĲƖШыĲЮŊЮШƣőĲШƨƚĲШċƚШũŔŉƣŔŰŊШŊċƚьЯШċƖĲШŰŸƣШƚƨŔƣċĤũĲШŉŸƖШĦŸũũĲĦƣŔŰŊШŊċƚШċƚШőĲũŔƨůШŔƚШ
ĦŸŰƚƨůĲĬШĬƨƖŔŰŊШƣőĲШċƓƓũŔĦċƣŔŸŰЮШfŉШŔƣШŔƚШƖĲĦŸƻĲƖĲĬЯШŔƣШŔƚШƨƚƨċũũǃШƖĲƨƚĲĬШŔŰƣĲƖŰċũũǃЮШÑőĲШƓƖŸŢĲĦƣШƣĲċůШ
ƣőĲƖĲŉŸƖĲШċƚƚƨůĲĬШċŰШŔŰрƨƚĲШĬŔƚƚŔƓċƣŔŸŰШƖċƣĲШŸŉШΦΡШƣŸШΝΜΜШӖШŉŸƖШċũũШŸƣőĲƖШċƓƓũŔĦċƣŔŸŰƚЮ 

 

ÅĲƚĲƖƻĲƚ292 
]ũŸĤċũШƖĲƚĲƖƻĲƚ 
9ŸƨŰƣƖǃШ ÅĲƚĲƖƻĲƚШыůŔũũŔŸŰШĦƨĤŔĦШůĲƣĲƖƚЯШőĲũŔƨůШŊċƚШĦŸŰƣĲŰƣь 

ÑőĲШÖЮÉЮШыĲǂƣƖċĦƣĲĬШŉƖŸůШŰċƣƨƖċũШŊċƚь ΥЯΡΜΜ 

ÑőĲШÖЮÉЮШыŉƖŸůШƣőĲШ9ũŔǭƚŔĬĲШ[ŔĲũĬь ΡΜ 

ũŊĲƖŔċ ΝЯΥΜΜ 

ÅƨƚƚŔċ ΝЯΤΜΜ 

ÂŸũċŰĬ ΞΠ 

ÄċƣċƖ ыxċƖŊĲь 

 

EÖШƖĲƚĲƖƻĲƚ 
9ŸƨŰƣƖǃШ ÅĲƚĲƖƻĲƚШыůŔũũŔŸŰШĦƨĤŔĦШůĲƣĲƖƚЯШőĲũŔƨůШŊċƚШĦŸŰƣĲŰƣь 

ÂŸũċŰĬ ΞΠ 

 

?ĲůċŰĬШ 
]ũŸĤċũШĬĲůċŰĬ293 
fŰШΞΜΝΤЯШŊũŸĤċũШőĲũŔƨůШĬĲůċŰĬШƽċƚШĲƚƣŔůċƣĲĬШċƣШΝΣΣШůŔũũŔŸŰШĦƨĤŔĦШůĲƣĲƖƚЯШůċƣĦőŔŰŊШƚƨƓƓũǃЮШÑőĲШÖЮÉЮШ
ċŰĬШƣőĲШƚŔċрÂċĦŔǯĦШƖĲŊŔŸŰШĲċĦőШċĦĦŸƨŰƣĲĬШŉŸƖШΟΞӖШŸŉШŊũŸĤċũШĬĲůċŰĬЯШŉŸũũŸƽĲĬШĤǃШEƨƖŸƓĲШċƣШΝΦӖШċŰĬШ
ÉŸƨƣőШ ůĲƖŔĦċШċƣШΝΟӖЮШ 

 

EÖШĬĲůċŰĬ294 
ƻĲƖċŊĲĬШĤĲƣƽĲĲŰШΞΜΝΣШċŰĬШΞΜΞΜЯШƣőĲШEÖќƚШŰĲƣШĦŸŰƚƨůƓƣŔŸŰШƽċƚШΞΥЮΣШůŔũũŔŸŰШůĲƣƖŔĦШůĲƣĲƖƚШċŰŰƨċũũǃЮШ
ÑőĲШŔůƓŸƖƣШƖĲũŔċŰĦĲШƚƣŸŸĬШċƣШΝΜΜӖЮШÑőĲШůċŔŰШƚƨƓƓũŔĲƖƚШƽĲƖĲШÄċƣċƖШыΟΡӖьЯШũŊĲƖŔċШыΞΤӖьЯШƣőĲШÖЮÉЮШыΞΠӖьЯШ
9őŔŰċШыΠӖьЯШċŰĬШƣőĲШÖuШыΟӖьЮШ 

 

 
292Ш]ŸŸĬŔŰЯШÅЮШ9ЮШыΞΜΞΡьЮШcĲũŔƨůЮШ~ŔŰĲƖċũШ9ŸůůŸĬŔƣǃШÉƨůůċƖŔĲƚШΞΜΞΡЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΜΡЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрőĲũŔƨůЮƓĬŉШ 
293ШEũƚŰĲƖЯШcЮШыΞΜΝΥьаШEĬĲũŊċƚĲШтШéĲƖƚŸƖŊƨŰŊШƽŔƖťũŔĦőШťƖŔƣŔƚĦőеШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΟΦаШΝΦΤШÉЮЯШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΜΡЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĤŊƖЮĤƨŰĬЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰрΟΦхĲŰЮƓĬŉеххĤ 
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 ΥΦ 

[ƨƣƨƖĲШƚƨƓƓũǃШċŰĬШĬĲůċŰĬШƣƖĲŰĬƚ 
9ƨƖƖĲŰƣũǃЯШƣőĲШÖЮÉЮШċŰĬШÄċƣċƖШċƖĲШƣőĲШũĲċĬŔŰŊШŊũŸĤċũШőĲũŔƨůШƚƨƓƓũŔĲƖƚЯШċĦĦŸƨŰƣŔŰŊШŉŸƖШŸƻĲƖШΤΡӖШŸŉШŊũŸĤċũШ
ƓƖŸĬƨĦƣŔŸŰЮШ ƚШÖЮÉЮШƓƖŸĬƨĦƣŔŸŰШċŰĬШĲǂƓŸƖƣƚШőċƻĲШĬĲĦũŔŰĲĬШŸƻĲƖШƣőĲШƓċƚƣШĬĲĦċĬĲЯШŰĲƽШƓƖŸŢĲĦƣƚШőċƻĲШ
ĲůĲƖŊĲĬШŔŰШ9ċŰċĬċЯШÉŸƨƣőШ ŉƖŔĦċЯШÅƨƚƚŔċЯШċŰĬШÄċƣċƖШƣŸШǯũũШƣőĲШŊċƓЮШìŔƣőШċШŰĲƽШƓũċŰƣШƚĲƣШƣŸШƚƨƓƓũǃШőĲũŔƨůШ
ƣŸШ9őŔŰċЯШÅƨƚƚŔċШĦŸƨũĬШĤĲĦŸůĲШƣőĲШƽŸƖũĬќƚШƣőŔƖĬрũċƖŊĲƚƣШƓƖŸĬƨĦĲƖШĤǃШΞΜΞΡЯШĦŸŰƣƖŔĤƨƣŔŰŊШΞΡӖШŸŉШŊũŸĤċũШ
ƚƨƓƓũǃШŔŰШƣőĲШŰĲǂƣШǯƻĲШǃĲċƖƚЮШÑŸŊĲƣőĲƖЯШÅƨƚƚŔċШċŰĬШÄċƣċƖШċƖĲШĲǂƓĲĦƣĲĬШƣŸШĲǂƓċŰĬШŊũŸĤċũШőĲũŔƨůШƚƨƓƓũǃШĤǃШ
ΡΜӖШŔŰШƣőĲШĦŸůŔŰŊШǃĲċƖƚ295ЮШ7ǃШƣőĲШũċƣĲШΞΜΞΜƚЯШċũŸŰŊШƽŔƣőШ ũŊĲƖŔċЯШƣőĲƚĲШƣőƖĲĲШĦŸƨŰƣƖŔĲƚШĦŸƨũĬШċĦĦŸƨŰƣШ
ŉŸƖШΤΡӖШŸŉШŊũŸĤċũШőĲũŔƨůШƚƨƓƓũǃЯШƨƓШŉƖŸůШΡΜӖШŔŰШΞΜΞΜЯШƖċŔƚŔŰŊШƓŸƣĲŰƣŔċũШĦŸŰĦĲƖŰƚШċĤŸƨƣШƚƨƓƓũǃШƚĲĦƨƖŔƣǃЮШ
ĬĬŔƣŔŸŰċũũǃЯШƚŸůĲШĦŸůƓċŰŔĲƚШċƖĲШĲǂƓũŸƖŔŰŊШƚŔƣĲƚШƽőĲƖĲШőĲũŔƨůШĦċŰШĤĲШĲǂƣƖċĦƣĲĬШŔŰĬĲƓĲŰĬĲŰƣũǃШƖċƣőĲƖШ
ƣőċŰШċƚШċШĤǃрƓƖŸĬƨĦƣШŸŉШŰċƣƨƖċũШŊċƚЯШƚƨĦőШċƚШŔŰШÑċŰǍċŰŔċШċŰĬШ ŸƖƣőШ ůĲƖŔĦċ296ЮШШ 

ÑőĲШőĲũŔƨůШůċƖťĲƣѣƚШƨŰŔƕƨĲШƚƨƓƓũǃЯШĬĲůċŰĬЯШċŰĬШƚƣŸƖċŊĲШĬǃŰċůŔĦƚШőċƻĲШĬƖŔƻĲŰШĦŸŰƣŔŰƨŸƨƚШƓƖŔĦĲШ
ŔŰĦƖĲċƚĲƚЮШ§ƻĲƖШƣőĲШƓċƚƣШĬĲĦċĬĲЯШĬĲůċŰĬШőċƚШƚƣċŊŰċƣĲĬШĬƨĲШƣŸШũŔůŔƣĲĬШƚƨƓƓũǃЯШĬĲƚƓŔƣĲШċШΟΜӖШƖŔƚĲШŔŰШ
ŊũŸĤċũШ]ƖŸƚƚШ?ŸůĲƚƣŔĦШÂƖŸĬƨĦƣШы]?ÂьЮШÖŰũŔťĲШůŸƚƣШĦŸůůŸĬŔƣŔĲƚЯШőĲũŔƨůШƓƖŔĦĲƚШőċƻĲШŊƖŸƽŰШċŰŰƨċũũǃЯШ
ƽŔƣőШċШ9 ]ÅШŸŉШΥӖШŸƻĲƖШƣőĲШũċƚƣШƣƽŸШĬĲĦċĬĲƚ297ЮШ]ŔƻĲŰШƣőŔƚШƣƖĲŰĬШċŰĬШőĲũŔƨůѣƚШƻƨũŰĲƖċĤŔũŔƣǃШƣŸШƚƨƓƓũǃШ
ĬŔƚƖƨƓƣŔŸŰƚЯШŔŰĬƨƚƣƖŔĲƚШċƖĲШũŔťĲũǃШƣŸШƓőċƚĲШŸƨƣШŰŸŰĲƚƚĲŰƣŔċũШƨƚĲƚЯШƖĲƚĲƖƻŔŰŊШŔƣШŉŸƖШĦƖǃŸŊĲŰŔĦШĦŸŸũŔŰŊШċŰĬШ
ĦƖŔƣŔĦċũШċƓƓũŔĦċƣŔŸŰƚШũŔťĲШƕƨċŰƣƨůШĦŸůƓƨƣŔŰŊЯШƖŸĦťĲƣƚЯШǯĤĲƖрŸƓƣŔĦШĦċĤũĲƚЯШƚĲůŔĦŸŰĬƨĦƣŸƖШŉċĤƚЯШƓċƖƣŔĦũĲШ
ċĦĦĲũĲƖċƣŸƖƚЯШċŰĬШŉƨƚŔŸŰШƖĲċĦƣŸƖƚЮШĬĬŔƣŔŸŰċũũǃЯШ~ÅfШőĲũŔƨůШĬĲůċŰĬШŔƚШĲǂƓĲĦƣĲĬШƣŸШŊƖċĬƨċũũǃШĬĲĦũŔŰĲШċƚШ
ůċŰƨŉċĦƣƨƖĲƖƚШĦŸŰƣŔŰƨĲШƖĲĬƨĦŔŰŊШƣőĲШċůŸƨŰƣШƖĲƕƨŔƖĲĬШŉŸƖШƚĦċŰŰĲƖƚЯШƽőŔũĲШƣőĲШƚĲůŔĦŸŰĬƨĦƣŸƖШŔŰĬƨƚƣƖǃШ
ŔƚШƓŸŔƚĲĬШƣŸШĤĲĦŸůĲШƣőĲШũĲċĬŔŰŊШċƓƓũŔĦċƣŔŸŰШċŰĬШĬƖŔƻĲƖШŸŉШĬĲůċŰĬШŉŸƖШőĲũŔƨů298ЮШ 

§ƻĲƖċũũЯШƣőĲШőĲũŔƨůШŔŰĬƨƚƣƖǃШĲǂƓĲĦƣƚШƣŸШƚĲĲШŊƖŸƽƣőШŔŰШƣőĲШũŸƽШƚŔŰŊũĲШĬŔŊŔƣƚШŸƻĲƖШƣőĲШŰĲǂƣШŉĲƽШǃĲċƖƚ299ЮШ
ìŔƣőШőĲũŔƨůШƚƨƓƓũǃШĲǂƓċŰĬŔŰŊШŔŰШƣőĲШĦŸůŔŰŊШǃĲċƖƚЯШƣőĲШůċƖťĲƣШŔƚШĲǂƓĲĦƣĲĬШƣŸШĲǂƓĲƖŔĲŰĦĲШċШƓƖŸũŸŰŊĲĬШ
ƓĲƖŔŸĬШŸŉШċůƓũĲШƚƨƓƓũǃ300Ю 

 

 

 

 

 

 
295Ш ŸƖĬƖƨůЯШ ЮШыΞΜΞΠЯШ[ĲĤƖƨċƖǃШΞΡьЮШÑőĲШĲƖċШŸŉШĦőĲċƓШőĲũŔƨůШŔƚШŸƻĲƖуċŰĬШƣőċƣѣƚШċũƖĲċĬǃШĦċƨƚŔŰŊШƓƖŸĤũĲůƚЮШ~fÑШÑĲĦőŰŸũŸŊǃШÅĲƻŔĲƽЮШÅĲƣƖŔĲƻĲĬШ
ΜΣЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮƣĲĦőŰŸũŸŊǃƖĲƻŔĲƽЮĦŸůоΞΜΞΠоΜΞоΞΡоΝΜΥΥΦΟΜоŊũŸĤċũрőĲũŔƨůрůċƖťĲƣрƚĲůŔĦŸŰĬƨĦƣŸƖƚоШ 
296Ш]ŸŸĬŔŰЯШÅЮШ9ЮШѼШcċůċťЯШsЮШEЮШыΞΜΞΠьЮШcĲũŔƨůШяċĬƻċŰĦĲШƖĲũĲċƚĲѐШΞΜΞΜШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťЯШƻŸũƨůĲШfЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ
]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΜΣЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΜоůǃĤΝрΞΜΞΜрőĲũŔƨůЮƓĬŉШ 
297ШcĲũŔƨůШ§ŰĲЮШыŰЮĬЮьЮШcĲũŔƨůШůċƖťĲƣЮШÅĲƣƖŔĲƻĲĬШŸŰШΜΤЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮőĲũŔƨůрŸŰĲЮĦŸůоőĲũŔƨůоőĲũŔƨůрůċƖťĲƣоШ 
298ШuŸƖŰĤũƨƣőЯШÂЮШыΞΜΞΠьЮШcċƚШcĲũŔƨůШÉőŸƖƣċŊĲШΠЮΜШĦŸůĲШƣŸШċŰШĲŰĬеШuŸƖŰĤũƨƣőШcĲũŔƨůШ9ŸŰƚƨũƣŔŰŊЮШÅĲƣƖŔĲƻĲĬШΜΤЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓаооƽƽƽЮťŸƖŰĤũƨƣőőĲũŔƨůĦŸŰƚƨũƣŔŰŊЮĦŸůоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΠо]ċƚƽŸƖũĬр ƖƣŔĦũĲрcċƚрcĲũŔƨůрÉőŸƖƣċŊĲрΠЮΜр9ŸůĲрÑŸр Űр
EŰĬЮƓĬŉШ 
299Ш ŸƖĬƖƨůЯШ ЮШыΞΜΞΠЯШ[ĲĤƖƨċƖǃШΞΡьЮШÑőĲШĲƖċШŸŉШĦőĲċƓШőĲũŔƨůШŔƚШŸƻĲƖуċŰĬШƣőċƣѣƚШċũƖĲċĬǃШĦċƨƚŔŰŊШƓƖŸĤũĲůƚЮШ~fÑШÑĲĦőŰŸũŸŊǃШÅĲƻŔĲƽЮШÅĲƣƖŔĲƻĲĬШ
ΜΣЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮƣĲĦőŰŸũŸŊǃƖĲƻŔĲƽЮĦŸůоΞΜΞΠоΜΞоΞΡоΝΜΥΥΦΟΜоŊũŸĤċũрőĲũŔƨůрůċƖťĲƣрƚĲůŔĦŸŰĬƨĦƣŸƖƚоШ 
300ШuŸƖŰĤũƨƣőЯШÂЮШыΞΜΞΠьЮШcċƚШcĲũŔƨůШÉőŸƖƣċŊĲШΠЮΜШĦŸůĲШƣŸШċŰШĲŰĬеШuŸƖŰĤũƨƣőШcĲũŔƨůШ9ŸŰƚƨũƣŔŰŊЮШÅĲƣƖŔĲƻĲĬШΜΤЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓаооƽƽƽЮťŸƖŰĤũƨƣőőĲũŔƨůĦŸŰƚƨũƣŔŰŊЮĦŸůоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΠо]ċƚƽŸƖũĬр ƖƣŔĦũĲрcċƚрcĲũŔƨůрÉőŸƖƣċŊĲрΠЮΜр9ŸůĲрÑŸр Űр
EŰĬЮƓĬŉШ 

https://www.technologyreview.com/2024/02/25/1088930/global-helium-market-semiconductors/
https://pubs.usgs.gov/myb/vol1/2020/myb1-2020-helium.pdf
https://www.helium-one.com/helium/helium-market/
http://www.kornbluthheliumconsulting.com/wp-content/uploads/2024/04/Gasworld-Article-Has-Helium-Shortage-4.0-Come-To-An-End.pdf
http://www.kornbluthheliumconsulting.com/wp-content/uploads/2024/04/Gasworld-Article-Has-Helium-Shortage-4.0-Come-To-An-End.pdf
https://www.technologyreview.com/2024/02/25/1088930/global-helium-market-semiconductors/
http://www.kornbluthheliumconsulting.com/wp-content/uploads/2024/04/Gasworld-Article-Has-Helium-Shortage-4.0-Come-To-An-End.pdf
http://www.kornbluthheliumconsulting.com/wp-content/uploads/2024/04/Gasworld-Article-Has-Helium-Shortage-4.0-Come-To-An-End.pdf
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EǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚ 
fƣШƚőŸƨũĬШĤĲШŰŸƣĲĬШƣőċƣШƖĲŊƨũċƣŔŸŰƚШċƖĲШĬǃŰċůŔĦШċŰĬШƚƨĤŢĲĦƣШƣŸШĦőċŰŊĲШŸƻĲƖШƣŔůĲЮ 

§ŰШsƨŰĲШΞΠЯШΞΜΞΠЯШƣőĲШEÖШċĬŸƓƣĲĬШŔƣƚШΝΠƣőШƓċĦťċŊĲШŸŉШƚċŰĦƣŔŸŰƚШċŊċŔŰƚƣШÅƨƚƚŔċЯШŔŰĦũƨĬŔŰŊШċŰШŔůƓŸƖƣШĤċŰШ
ŸŰШÅƨƚƚŔċŰШőĲũŔƨůЯШĲǭĲĦƣŔƻĲШÉĲƓƣĲůĤĲƖШΞΣЯШΞΜΞΠ301ЯШ302ЮШÉŔŰĦĲШÅƨƚƚŔċШċĦĦŸƨŰƣƚШŉŸƖШŢƨƚƣШΝӖШŸŉШƣőĲШEÖќƚШ
őĲũŔƨůШŔůƓŸƖƣƚЯШƣőĲШĤċŰШůċǃШƚĲĲůШƚǃůĤŸũŔĦЮШcŸƽĲƻĲƖЯШƽŔƣőШ]ċǍƓƖŸůШĲǂƓċŰĬŔŰŊШőĲũŔƨůШƓƖŸĬƨĦƣŔŸŰШŔŰШ
ÉŔĤĲƖŔċШċŰĬШÅƨƚƚŔċШƚĲƣШƣŸШĤĲĦŸůĲШƣőĲШƣőŔƖĬрũċƖŊĲƚƣШƓƖŸĬƨĦĲƖШĤǃШΞΜΞΡЯШƣőĲШEÖѣƚШƚċŰĦƣŔŸŰƚШĦŸƨũĬШĤĲШċШ
ƓƖĲĲůƓƣŔƻĲШůŸƻĲШƣŸШċƻŸŔĬШŉƨƣƨƖĲШĬĲƓĲŰĬĲŰĦĲ303Ю 

 
301ШEƨƖŸƓĲċŰШ9ŸůůŔƚƚŔŸŰЮШыΞΜΞΠЯШsƨŰĲШΞΠьЮШEÖШċĬŸƓƣƚШΝΠƣőШƓċĦťċŊĲШŸŉШƚċŰĦƣŔŸŰƚШċŊċŔŰƚƣШÅƨƚƚŔċШŉŸƖШŔƣƚШĦŸŰƣŔŰƨĲĬШŔũũĲŊċũШƽċƖШċŊċŔŰƚƣШÖťƖċŔŰĲЯШ
ƚƣƖĲŰŊƣőĲŰŔŰŊШĲŰŉŸƖĦĲůĲŰƣШċŰĬШċŰƣŔрĦŔƖĦƨůƻĲŰƣŔŸŰШůĲċƚƨƖĲƚЮШEƨƖŸƓĲċŰШ9ŸůůŔƚƚŔŸŰШÂƖĲƚƚШÅĲũĲċƚĲЮШÅĲƣƖŔĲƻĲĬШΜΤЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооĲĦЮĲƨƖŸƓċЮĲƨоĦŸůůŔƚƚŔŸŰоƓƖĲƚƚĦŸƖŰĲƖоċƓŔоǯũĲƚоĬŸĦƨůĲŰƣоƓƖŔŰƣоĲŰоŔƓхΞΠхΟΠΞΟоfÂхΞΠхΟΠΞΟхE ЮƓĬŉШ 
302Ш]ŸŸĬŔŰЯШÅЮШ9ЮШыΞΜΞΡьЮШcĲũŔƨůЮШ~ŔŰĲƖċũШ9ŸůůŸĬŔƣǃШÉƨůůċƖŔĲƚШΞΜΞΡЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΜΡЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрőĲũŔƨůЮƓĬŉШ 
303Ш?ĲůċƖċŔƚЯШ ЮШыΞΜΞΠЯШ~ċǃШΦьЮШÑőĲШEÖќƚШƚċŰĦƣŔŸŰƚШŸĬǃƚƚĲǃаШÖŰĬĲƖƚƣċŰĬŔŰŊШƣőĲШƓƖŸƓŸƚĲĬШƖĲƚƣƖŔĦƣŔŸŰƚШŸŰШÅƨƚƚŔċŰШx ]ШċŰĬШőĲũŔƨůЮШEƨƖŸƓĲċŰШ
9ŸƨŰĦŔũШŸŰШ[ŸƖĲŔŊŰШÅĲũċƣŔŸŰƚЮШÅĲƣƖŔĲƻĲĬШΜΤЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооĲĦŉƖЮĲƨоċƖƣŔĦũĲоƣőĲрĲƨƚрƚċŰĦƣŔŸŰƚрŸĬǃƚƚĲǃрƨŰĬĲƖƚƣċŰĬŔŰŊрƣőĲрƓƖŸƓŸƚĲĬр
ƖĲƚƣƖŔĦƣŔŸŰƚрŸŰрƖƨƚƚŔċŰрũŰŊрċŰĬрőĲũŔƨůоШ 

https://ec.europa.eu/commission/presscorner/api/files/document/print/en/ip_24_3423/IP_24_3423_EN.pdf
https://ecfr.eu/article/the-eus-sanctions-odyssey-understanding-the-proposed-restrictions-on-russian-lng-and-helium/
https://ecfr.eu/article/the-eus-sanctions-odyssey-understanding-the-proposed-restrictions-on-russian-lng-and-helium/
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xŔƣőŔƨůШыxŔь 
~ċŢŸƖШƨƚĲƚШŔŰШƣőĲШEÖШŔŰШΞΜΝΣ304 

 

 

ĦĦŸƖĬŔŰŊШƣŸШƣőĲШÖÉ]ÉќƚШƖĲƓŸƖƣШŔŰШΞΜΞΡЯШũŔƣőŔƨůШƨƚĲƚШƻċƖǃШĤǃШ ũŸĦċƣŔŸŰЯШƣőĲШƽŸƖũĬƽŔĬĲШĲŰĬрƨƚĲШ
ĬŔƚƣƖŔĤƨƣŔŸŰШŸŉШũŔƣőŔƨůШƽċƚШĲƚƣŔůċƣĲĬШƣŸШĤĲШĤċƣƣĲƖŔĲƚШыΥΤӖьЯШĦĲƖċůŔĦƚШċŰĬШŊũċƚƚШыΡӖьЯШũƨĤƖŔĦċƣŔŰŊШŊƖĲċƚĲƚШ
ыΞӖьЯШċŔƖШƣƖĲċƣůĲŰƣШыΝӖьЯШĦŸŰƣŔŰƨŸƨƚШĦċƚƣŔŰŊШůŸũĬШǰƨǂШƓŸƽĬĲƖƚШыΝӖьЯШůĲĬŔĦċũШыΝӖьЯШċŰĬШŸƣőĲƖШƨƚĲƚШ
ыΟӖь305ЮШ 

 

 

 

 
304ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШxŔƣőŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΜΤЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхxfÑcfÖ~рƨƓĬċƣĲЮƓĬŉ 
305ШsċƚťƨũċЯШ7ЮШìЮШыΞΜΞΡьЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡаШxŔƣőŔƨůЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΜΤЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрũŔƣőŔƨůЮƓĬŉШ 

49%

27%

14%
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Glass and ceramics

Lubricating greases

Batteries

Cement production

Aluminium-lithium alloys

Rubber and plastics production

Phamaceutical products

https://scrreen.eu/wp-content/uploads/2023/12/SCRREEN2_factsheets_LITHIUM-update.pdf
https://pubs.usgs.gov/periodicals/mcs2025/mcs2025-lithium.pdf
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éċũƨĲШĦőċŔŰШыƚŔůƓũŔǯĲĬь306ЯШ307ЯШ308ЯШ309ЯШ310ЯШ311ЯШ312 

 

 

 

 

 

 
306ШÉĦőůŔĬƣЯШ~ЮШыΞΜΞΟьаШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШxŔƣőŔƨůЮШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΡΠаШΥΝШÉЮЯШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΜΤЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰр
ΡΠЮƓĬŉеххĤũŸĤӀƓƨĤũŔĦċƣŔŸŰ[ŔũĲѼƻӀΞШ 
307Ш?ĲƚƚĲůŸŰĬЯШ9ЮЯШxċŢŸŔĲрxĲƖŸƨǂЯШ[ЮЯШÉŸƨĦǃЯШ]ЮЯШxċƖŸĦőĲЯШ ЮЯШѼШ~ċŊŰċЯШsЮр[ЮШыΞΜΝΦьЮШÉƓŸĬƨůĲŰĲаШÑőĲШũŔƣőŔƨůШůċƖťĲƣЯШƖĲƚŸƨƖĦĲƚШċŰĬШ
ƓƖŸĦĲƚƚĲƚЮШ~ŔŰĲƖċũƚЯШΦыΣьЯШΟΟΠЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΟΟΦΜоůŔŰΦΜΣΜΟΟΠШ 
308ШxĲƻĲƖƣŸŰШxŔƣőŔƨůЮШыŰЮĬЮьЮШÂƖŸĬƨĦƣƚаШxŔƣőŔƨůШƚƨũƓőċƣĲЮШÅĲƣƖŔĲƻĲĬШΜΤЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮũĲƻĲƖƣŸŰũŔƣőŔƨůЮĦŸůоƓƖŸĬƨĦƣƚоũŔƣőŔƨůр
ƚƨũƓőċƣĲоШ 
309Ш ċƣŔŸŰċũШ9ĲŰƣĲƖШŉŸƖШ7ŔŸƣĲĦőŰŸũŸŊǃШfŰŉŸƖůċƣŔŸŰЮШыŰЮĬЮьЮШÂƨĤ9őĲůШ9ŸůƓŸƨŰĬШÉƨůůċƖǃаШxŔƣőŔƨůШƚƨũŉċƣĲЮШ ċƣŔŸŰċũШxŔĤƖċƖǃШŸŉШ~ĲĬŔĦŔŰĲЮШ
ÅĲƣƖŔĲƻĲĬШΜΤЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤĦőĲůЮŰĦĤŔЮŰũůЮŰŔőЮŊŸƻоĦŸůƓŸƨŰĬоxŔƣőŔƨůрƚƨũŉċƣĲШ 
310ШÉE§ШÑĲċůЮШыΞΜΞΟЯШsċŰƨċƖǃШΟΝьЮШìőċƣШŔƚШũŔƣőŔƨůШĤƖŸůŔĬĲШƨƚĲĬШŉŸƖеШ7ŔƚũĲǃШfŰƣĲƖŰċƣŔŸŰċũЮШÅĲƣƖŔĲƻĲĬШΜΤЮΜΟЮΞΜΞΠШŉƖŸůШ
őƣƣƓƚаооĤŔƚũĲǃŔŰƣĲƖŰċƣŔŸŰċũЮĦŸůоƽőċƣрŔƚрũŔƣőŔƨůрĤƖŸůŔĬĲрƨƚĲĬрŉŸƖоШ 
311ШÉE§ШÑĲċůЮШыΞΜΞΠЯШ ƓƖŔũШΝΝьЮШìőċƣШŔƚШƣőĲШĬŔǭĲƖĲŰĦĲШĤĲƣƽĲĲŰШũŔƣőŔƨůШĦċƖĤŸŰċƣĲШċŰĬШũŔƣőŔƨůШőǃĬƖŸǂŔĬĲеШ7ŔƚũĲǃШfŰƣĲƖŰċƣŔŸŰċũЮШÅĲƣƖŔĲƻĲĬШ
ΜΤЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооĤŔƚũĲǃŔŰƣĲƖŰċƣŔŸŰċũЮĦŸůоƽőċƣрŔƚрƣőĲрĬŔǭĲƖĲŰĦĲрĤĲƣƽĲĲŰрũŔƣőŔƨůрĦċƖĤŸŰċƣĲрċŰĬрũŔƣőŔƨůрőǃĬƖŸǂŔĬĲоШ 
312ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШxŔƣőŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΜΤЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхxfÑcfÖ~рƨƓĬċƣĲЮƓĬŉ 

https://www.deutsche-rohstoffagentur.de/DE/Gemeinsames/Produkte/Downloads/DERA_Rohstoffinformationen/rohstoffinformationen-54.pdf?__blob=publicationFile&v=2
https://www.deutsche-rohstoffagentur.de/DE/Gemeinsames/Produkte/Downloads/DERA_Rohstoffinformationen/rohstoffinformationen-54.pdf?__blob=publicationFile&v=2
https://doi.org/10.3390/min9060334
https://www.levertonlithium.com/products/lithium-sulphate/
https://www.levertonlithium.com/products/lithium-sulphate/
https://pubchem.ncbi.nlm.nih.gov/compound/Lithium-sulfate
https://bisleyinternational.com/what-is-lithium-bromide-used-for/
https://bisleyinternational.com/what-is-the-difference-between-lithium-carbonate-and-lithium-hydroxide/


 

 ΦΟ 

ÉƨĤƚƣŔƣƨƣŔŸŰ313ЯШ314 

ÉƨĤƚƣŔƣƨƣŔŸŰШĦċŰШŔůƓċĦƣШĤŸƣőШĦŸƚƣШċŰĬШƓĲƖŉŸƖůċŰĦĲЮ 

fŰƣĲƖůĲĬŔċƣĲШƓƖŸĬƨĦƣƚоÂƖŸĦĲƚƚŔŰŊШċŔĬƚ ÉƨĤƚƣŔƣƨƣŔŸŰ 

ŰŸĬĲШůċƣĲƖŔċũШŔŰШƓƖŔůċƖǃШĤċƣƣĲƖŔĲƚ 9ċũĦŔƨůЯШůċŊŰĲƚŔƨůЯШůĲƖĦƨƖǃЯШċŰĬШǍŔŰĦ 

ÉƣĲċƖċƣĲƚШŔŰШŊƖĲċƚĲƚ ÂŸũǃƨƖĲċЯШĦċũĦŔƨůШċŰĬШċũƨůŔŰŔƨůШƚŸċƓƚ 
9ĲƖċůŔĦƚШċŰĬШŊũċƚƚШůċŰƨŉċĦƣƨƖŔŰŊ ũƨůŔŰŔƨůЯШƚŔũŔĦŸŰШċŰĬШƚŸĬŔĦШċŰĬШƓŸƣċƚƚŔĦШǰƨǂĲƚ 

ÅĲĦőċƖŊĲċĤũĲШĤċƣƣĲƖŔĲƚШ 
 ŔĦťĲũрШĦċĬůŔƨůШы Ŕ9ĬьЯШ Ŕ~cЯШũĲċĬрċĦŔĬШĤċƣƣĲƖŔĲƚЯШĬƨċũШ
ĦċƖĤŸŰШĤċƣƣĲƖŔĲƚЯШƚŸĬŔƨůШŔŸŰШĤċƣƣĲƖŔĲƚШċŰĬШǍŔŰĦШŔŸŰШ
ĤċƣƣĲƖŔĲƚ 

ÂƖŔůċƖǃШċũƨůŔŰŔƨůШƓƖŸĬƨĦƣŔŸŰШċŰĬШĦŸŰƣŔŰƨŸƨƚШ
ĦċƚƣŔŰŊШ ÉŸĬŔƨů 

ũƨůŔŰŔƨůрũŔƣőŔƨůШċũũŸǃƚ 
9ŸůƓŸƚŔƣĲШůċƣĲƖŔċũƚШĦŸŰƚŔƚƣŔŰŊШŸŉШĤŸƖŸŰЯШŊũċƚƚЯШŸƖШ
ƓŸũǃůĲƖШǯĤƖĲƚШŔŰШĲŰŊŔŰĲĲƖŔŰŊШƖĲƚŔŰƚЯШċũƨůŔŰŔƨůт
ƚĦċŰĬŔƨůШċũũŸǃƚ 

ŔƖШĦŸŰĬŔƣŔŸŰŔŰŊШċŰĬШĬĲőƨůŔĬŔǯĦċƣŔŸŰШƚǃƚƣĲůƚ ůůŸŰŔċоƽċƣĲƖШƚǃƚƣĲůƚ 
xŔƣőŔƨůШƣċŰƣċũŔƣĲШŔŰШĲũĲĦƣƖŸŰŔĦƚШƨƚĲĬШŔŰШƚƨƖŉċĦĲШ
ċĦŸƨƚƣŔĦШƽċƻĲШǯũƣĲƖƚШŉŸƖШƚĲŰƚŸƖƚ xċŰƣőċŰƨůШċŰĬШŊċũũŔƨů 

 

 

 

 

 

 

 

 

 

 

 

 

 
313ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШxŔƣőŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΜΤЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхxfÑcfÖ~рƨƓĬċƣĲЮƓĬŉ 
314ШsċƚťƨũċЯШ7ЮШìЮШыΞΜΞΡьЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡаШxŔƣőŔƨůЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΜΤЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрũŔƣőŔƨůЮƓĬŉШ 



 

 ΦΠ 

]ũŸĤċũШċŰĬШEÖШƓƖŸĬƨĦƣŔŸŰШтШũŔƣőŔƨůШůŔŰĲƖċũƚШċŰĬШĤƖŔŰĲШ 
]ũŸĤċũШƓƖŸĬƨĦƣŔŸŰ315 

Ш 

 

xŔƣőŔƨůШŔƚШƓƖŸĬƨĦĲĬШĲŔƣőĲƖШŉƖŸůШőċƖĬрƖŸĦťШůŔŰĲƖċũƚШŸƖШĦŸŰƣŔŰĲŰƣċũШĤƖŔŰĲƚЯШƽŔƣőШ ƖŊĲŰƣŔŰċЯШ9őŔũĲЯШ9őŔŰċЯШ
ċŰĬШƣőĲШÖЮÉЮШũĲċĬŔŰŊШŔŰШĤƖŔŰĲрĤċƚĲĬШũŔƣőŔƨůШĦċƖĤŸŰċƣĲШƓƖŸĬƨĦƣŔŸŰЯШċŰĬШ ƨƚƣƖċũŔċЯШ7ƖċǍŔũЯШ9őŔŰċЯШÂŸƖƣƨŊċũЯШ
ċŰĬШüŔůĤċĤƽĲШũĲċĬŔŰŊШŔŰШũŔƣőŔƨůШůŔŰĲƖċũШƓƖŸĬƨĦƣŔŸŰ316Ю 

]ũŸĤċũШũŔƣőŔƨůШƓƖŸĬƨĦƣŔŸŰШŉƖŸůШƓĲŊůċƣŔƣŔĦШĬĲƓŸƚŔƣƚШőċƚШƚƨƖŊĲĬШƖĲĦĲŰƣũǃЯШůċŔŰũǃШĬƨĲШƣŸШĲǂƣĲƖŰċũũǃШ
ǯŰċŰĦĲĬШƓƖŸŢĲĦƣƚШŔŰШ ƨƚƣƖċũŔċЮШ~ŸƚƣШƚƓŸĬƨůĲŰĲШĦŸŰĦĲŰƣƖċƣĲƚШċƖĲШƚƣŔũũШĲǂƓŸƖƣĲĬШƣŸШ ƚŔċШы9őŔŰċьШŉŸƖШ
ƓƖŸĦĲƚƚŔŰŊШŔŰƣŸШĤċƣƣĲƖǃШƓƖĲĦƨƖƚŸƖƚШƚƨĦőШċƚШũŔƣőŔƨůШĦċƖĤŸŰċƣĲШċŰĬШőǃĬƖŸǂŔĬĲЯШĤƨƣШċШƚőŔŉƣШƣŸƽċƖĬƚШũŸĦċũШ
ƻċũƨĲШĦőċŔŰƚШŔƚШĲůĲƖŊŔŰŊ317Ю 

 
315Ш[ŔŊƨƖĲƚШċƖĲШĤċƚĲĬШŸŰШĬċƣċШƓƖŸƻŔĬĲĬШĤǃШƣőĲШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮ 
316ШsċƚťƨũċЯШ7ЮШìЮШыΞΜΞΡьЮШxŔƣőŔƨůШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΞΝШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΝΜЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΝоůǃĤΝрΞΜΞΝрũŔƣőŔƨůЮƓĬŉШ 
317ШÉĦőůŔĬƣЯШ~ЮШыΞΜΞΟьаШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШxŔƣőŔƨůЮШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΡΠаШΥΝШÉЮЯШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΜΤЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰрΡΠЮШ 
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9ŸƨŰƣƖǃ ÉőċƖĲШŸŉШŊũŸĤċũШ
ƓƖŸĬƨĦƣŔŸŰШыċƻŊЮШ
ΞΜΝΥрΞΜΞΞь 

ƨƚƣƖċũŔċ ΡΟӖ 

9őŔũĲ ΞΣӖ 

9őŔŰċ ΝΟӖ 

ƖŊĲŰƣŔŰċ ΣӖ 

ÅŸì ΞӖ 

https://pubs.usgs.gov/myb/vol1/2021/myb1-2021-lithium.pdf
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EÖШůŔŰĲШƓƖŸĬƨĦƣŔŸŰ318 
9ŸƨŰƣƖǃШ ÂƖŸĬƨĦƣŔŸŰШŔŰШΞΜΞΟШыůĲƣƖŔĦШƣŸŰƚЯШũŔƣőŔƨůШĦŸŰƣĲŰƣь 

ÂŸƖƣƨŊċũ ΟΥΜ 

 
[Ex~f9 ЯШƣőĲШƓƖŸĬƨĦĲƖШŔŰШÂŸƖƣƨŊċũЯШĦƨƖƖĲŰƣũǃШŉŸĦƨƚĲƚШŸŰШƚƨƓƓũǃŔŰŊШũŔƣőŔƨůрĤĲċƖŔŰŊШŉĲũĬƚƓċƖƚШŉŸƖШ
ĦĲƖċůŔĦƚЯШŊũċƚƚЯШċŰĬШŸƣőĲƖШċƓƓũŔĦċƣŔŸŰƚЮШcŸƽĲƻĲƖЯШŔƣШĬŸĲƚШŰŸƣШƓƖŸĬƨĦĲШũŔƣőŔƨůШŸƖШĬŔƖĲĦƣũǃШĦŸŰƣƖŔĤƨƣĲШƣŸШ
EƨƖŸƓĲќƚШĲŰĲƖŊǃШƣƖċŰƚŔƣŔŸŰ319Ю 

 

ÉĲĦŸŰĬċƖǃШƓƖŸĬƨĦƣŔŸŰ 

ÅĲĦǃĦũŔŰŊШũŔƣőŔƨůрŔŸŰШĤċƣƣĲƖŔĲƚШĦŸƨũĬШĤĲĦŸůĲШċШůċŢŸƖШƚŸƨƖĦĲШŸŉШũŔƣőŔƨůЯШĤƨƣШƖĲĦŸƻĲƖǃШƖĲůċŔŰƚШċШ
ĦőċũũĲŰŊĲЯШƽŔƣőШũĲƚƚШƣőċŰШΝӖШŸŉШũŔƣőŔƨůШĦƨƖƖĲŰƣũǃШĤĲŔŰŊШƖĲĦŸƻĲƖĲĬ320ЮШxŸƽШƖĲĦǃĦũŔŰŊШƖċƣĲƚШċƖĲШċƣƣƖŔĤƨƣĲĬШ
ƣŸШũŔůŔƣĲĬШƖĲƣƨƖŰƚЯШċĤƨŰĬċŰƣШƓƖŔůċƖǃШƖĲƚŸƨƖĦĲƚЯШċŰĬШƣőĲШƖĲũċƣŔƻĲũǃШũŸƽШĦŸƚƣШŸŉШƓƖŔůċƖǃШĲǂƣƖċĦƣŔŸŰЮШ
ĬĬŔƣŔŸŰċũũǃЯШƣőĲШĬŔƚƚŔƓċƣŔƻĲШĬŔƚƣƖŔĤƨƣŔŸŰШŸŉШũŔƣőŔƨůШċŰĬШőŔŊőШƓƨƖŔƣǃШƖĲƕƨŔƖĲůĲŰƣƚШŉŸƖШĦĲƖƣċŔŰШċƓƓũŔĦċƣŔŸŰƚШ
ċũƚŸШƓũċǃШċШƖŸũĲШŔŰШƣőŔƚШĦŸŰƣĲǂƣЮШ[ƨƖƣőĲƖůŸƖĲЯШũŔƣőŔƨůрŔŸŰШĤċƣƣĲƖŔĲƚЯШċƚШċŰШŔŰƓƨƣШůċƣĲƖŔċũЯШƓŸƚĲШƚŔŊŰŔǯĦċŰƣШ
ĦőċũũĲŰŊĲƚШŉŸƖШƖĲĦǃĦũŔŰŊШƓũċŰƣƚШĬƨĲШƣŸШƣőĲŔƖШĦŸůƓũĲǂШƓƖŸĦĲƚƚŔŰŊШƖĲƕƨŔƖĲůĲŰƣƚЯШƓċƖƣŔĦƨũċƖũǃШĦŸŰĦĲƖŰŔŰŊШ
ĦŸƖƖŸƚŔŸŰШƖŔƚťƚЯШǯƖĲШőċǍċƖĬƚЯШƚũċŊШĦőċƖċĦƣĲƖŔƚƣŔĦƚЯШċŰĬШƣőĲШůċŰċŊĲůĲŰƣШŸŉШĲŰĲƖŊǃШċŰĬШůċƚƚШĤċũċŰĦĲШ321ЮШ
cŸƽĲƻĲƖЯШũŔƣőŔƨůШƖĲĦŸƻĲƖǃШŔƚШĲǂƓĲĦƣĲĬШƣŸШĤĲĦŸůĲШĲĦŸŰŸůŔĦċũũǃШŉĲċƚŔĤũĲШŔŰШƣőĲШŰĲǂƣШĬĲĦċĬĲШċƚШƖĲĦǃĦũŔŰŊШ
ĦċƓċĦŔƣŔĲƚШĲǂƓċŰĬ322ЮШ 

xŔƣőŔƨůШŔƚШƖċƖĲũǃШƖĲĦŸƻĲƖĲĬШŉƖŸůШŸƣőĲƖШċƓƓũŔĦċƣŔŸŰƚШċƚШƽĲũũЮШ 

¶ ]ũċƚƚЮċŰĬЮĦĲƖċůŔĦƚжШÅĲĦŸƻĲƖǃШĤǃШĦĲƖċůŔĦƚШċŰĬШŊũċƚƚШŔƚШŰŸƣШƣĲĦőŰŸрĲĦŸŰŸůŔĦċũũǃШƻŔċĤũĲШĬƨĲШƣŸШ
ƣőĲШőŔŊőШĲŰĲƖŊǃШƖĲƕƨŔƖĲůĲŰƣƚШŸŉШƣőĲШƖĲĦǃĦũŔŰŊШƓƖŸĦĲƚƚ323ЮШ§ŰШƣőĲШŸƣőĲƖШőċŰĬЯШĤƖŸťĲŰШŊũċƚƚШĦċŰШ
ĤĲШƖĲĦǃĦũĲĬШŔŉШŔƣШŔƚШƨŰůŔǂĲĬЮШ 

¶ xƨĤƖŔĦċƣŔŰŊЮŊƖĲċƚĲƚжЮxŔƣőŔƨůШƨƚĲĬШċƚШċŰШċĬĬŔƣŔƻĲШŔŰШũƨĤƖŔĦċŰƣƚШŔƚШŰŸƣШƖĲĦŸƻĲƖĲĬЮШcŸƽĲƻĲƖЯШŔŰШ
ƓƖŔŰĦŔƓũĲЯШũƨĤƖŔĦċŰƣƚШƚƨĦőШċƚШŸŔũƚШċŰĬШŊƖĲċƚĲƚШĦċŰШĤĲШƖĲƓƖŸĦĲƚƚĲĬШċŰĬШƖĲƨƚĲĬШŔŉШƣőĲǃШċƖĲШĦũĲċŰĲĬЯШ
ŔůƓƨƖŔƣŔĲƚШċƖĲШƖĲůŸƻĲĬШċŰĬШŸƣőĲƖШċĬĬŔƣŔƻĲƚШőċƻĲШĤĲĲŰШċĬĬĲĬ324Ю 

 

 
318ШsċƚťƨũċЯШ7ЮШìЮШыΞΜΞΡьЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡаШxŔƣőŔƨůЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΜΤЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрũŔƣőŔƨůЮƓĬŉШ 
319Ш9ũŔǭŸƖĬЯШ7ЮШыΞΜΞΠьЮШ]ÅEE 7§§uЮШ ШƓƨĤũŔĦċƣŔŸŰШŸŉШ]ÅEE ÂE]ШрШÂƖŸŢĲĦƣШc§Åfü§ ШΞΜΞΜШ]ƖċŰƣШ ƨůĤĲƖШΥΣΦΞΤΟЮШÅĲƣƖŔĲƻĲĬШΝΜЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮŊťǍрĲƻЮĬĲоǯũĲƚоŊťǍоĬċƣĲŰоƚƣċƖƣо]ÅEE ÂE]ӖΞΜ]ÅEE ӖΞΜ7§§uӖΞΜĲůċŔũӖΞΜƻĲƖƚŔŸŰЮƓĬŉШ 
320ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШxŔƣőŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΜΤЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхxfÑcfÖ~рƨƓĬċƣĲЮƓĬŉ 
321ШÉĦőůŔĬƣЯШ~ЮШыΞΜΞΟьаШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШxŔƣőŔƨůЮШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΡΠаШΥΝШÉЮЯШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΜΤЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰрΡΠЮШ 
322ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШxŔƣőŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΜΤЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхxfÑcfÖ~рƨƓĬċƣĲЮƓĬŉ 
323ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШxŔƣőŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΜΤЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхxfÑcfÖ~рƨƓĬċƣĲЮƓĬŉ 
324ШÉĦőůŔĬƣЯШ~ЮШыΞΜΞΟьаШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШxŔƣőŔƨůЮШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΡΠаШΥΝШÉЮЯШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΜΤЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰрΡΠЮШ 
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 ΦΣ 

ÅĲƚĲƖƻĲƚ 
]ũŸĤċũШƖĲƚĲƖƻĲƚ325Ш 
9ŸƨŰƣƖǃШ ÅĲƚĲƖƻĲƚШыůĲƣƖŔĦШƣŸŰƚЯШũŔƣőŔƨůШĦŸŰƣĲŰƣь 

9őŔũĲ ΦЯΟΜΜЯΜΜΜ 

ƨƚƣƖċũŔċ ΤЯΜΜΜЯΜΜΜ 
ƖŊĲŰƣŔŰċ ΠЯΜΜΜЯΜΜΜ 

9őŔŰċ ΟЯΜΜΜЯΜΜΜ 

ÑőĲШÖЮÉЮ ΝЯΥΜΜЯΜΜΜ 

üŔůĤċĤƽĲ ΠΥΜЯΜΜΜ 
7ƖċǍŔũ ΟΦΜЯΜΜΜ 

 

EÖШƖĲƚĲƖƻĲƚ 
9ŸƨŰƣƖǃШ326 ÅĲƚĲƖƻĲƚШыůĲƣƖŔĦШƣŸŰƚЯШũŔƣőŔƨůШĦŸŰƣĲŰƣь 

ÂŸƖƣƨŊċũ ΣΜЯΜΜΜ 

 

§ƣőĲƖШEÖШƖĲƚĲƖƻĲƚШŰŸƣШŔŰĦũƨĬĲĬШŔŰШƣőĲШÖÉ]ÉШƖĲƓŸƖƣШċƖĲШƚőŸƽŰШċƚШŉŸũũŸƽƚ327ЮШ 

9ŸƨŰƣƖǃШ ÅĲƚĲƖƻĲƚШыůĲƣƖŔĦШƣŸŰƚь 

ƨƚƣƖŔċ ΤЯΡΜΜЯΜΜΜШыΜЮΤΝӖШxŔΞ§ШċƻĲƖċŊĲШŊƖċĬĲь 

9ǍĲĦőШÅĲƓƨĤũŔĦ ΟΠЯΡΜΜЯΜΜΜШыΜЮΣΡӖШxŔΞ§ШċƻĲƖċŊĲШŊƖċĬĲь 

[ŔŰũċŰĬ ΤЯΠΜΜЯΜΜΜШыΝЮΜΠӖШxŔΞ§ШċƻĲƖċŊĲШŊƖċĬĲь 

]ĲƖůċŰǃ ΟΝЯΞΜΜЯΜΜΜШыΜЮΣΡӖШxŔΞ§ШċƻĲƖċŊĲШŊƖċĬĲь 

ÉĲƖĤŔċ ΝΣЯΣΜΜЯΜΜΜШыΝЮΥΝӖШxŔΞ§ШċƻĲƖċŊĲШŊƖċĬĲь 

 

 

 

 

 

 

 

 
325ШsċƚťƨũċЯШ7ЮШìЮШыΞΜΞΡьЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡаШxŔƣőŔƨůЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΜΤЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрũŔƣőŔƨůЮƓĬŉШ 
326ШsċƚťƨũċЯШ7ЮШìЮШыΞΜΞΡьЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡаШxŔƣőŔƨůЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΜΤЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрũŔƣőŔƨůЮƓĬŉШ 
327ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШxŔƣőŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΜΤЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхxfÑcfÖ~рƨƓĬċƣĲЮƓĬŉ 



 

 ΦΤ 

ÂƖŸĦĲƚƚŔŰŊШƚƣċŊĲШтШƓƖŸĦĲƚƚĲĬШũŔƣőŔƨůШĦŸůƓŸƨŰĬƚШ 
]ũŸĤċũШƓƖŸĬƨĦĲƖƚШċƣШƣőĲШƓƖŸĦĲƚƚŔŰŊШƚƣċŊĲШыċƻŊЮШΞΜΝΣр
ΞΜΞΜь 
7ĲƣƽĲĲŰШ ΞΜΝΣШ ċŰĬШ ΞΜΞΜЯШ ƣőĲШ ċƻĲƖċŊĲШ ċŰŰƨċũШ ŊũŸĤċũШ
ƓƖŸĬƨĦƣŔŸŰШċƣШƣőĲШƓƖŸĦĲƚƚŔŰŊШƚƣċŊĲШƽċƚШΡΤЯΝΡΦШůĲƣƖŔĦШƣŸŰƚЮШ
9őŔŰċШőŸũĬƚШƣőĲШůċŢŸƖŔƣǃШŸŉШƣőĲШƽŸƖũĬќƚШƖĲǯŰŔŰŊШĦċƓċĦŔƣǃШċŰĬШ
ƓƖŔůċƖŔũǃШƓƖŸĬƨĦĲƚШũŔƣőŔƨůШĦċƖĤŸŰċƣĲШċŰĬШũŔƣőŔƨůШőǃĬƖŸǂŔĬĲШ
ŉƖŸůШůŔŰĲƖċũШĦŸŰĦĲŰƣƖċƣĲƚШŔůƓŸƖƣĲĬШŉƖŸůШ ƨƚƣƖċũŔċ328ЮШ 

ÅĲĦĲŰƣũǃЯШċШƣƖĲŰĬШƣŸƽċƖĬШũŸĦċũŔǍċƣŔŸŰШŸŉШũŔƣőŔƨůШƚƨƓƓũǃШĦőċŔŰƚШŔƚШĲůĲƖŊŔŰŊЮШfŰШEƨƖŸƓĲЯШŰĲƽШƓƖŸĦĲƚƚŔŰŊШ
ĦċƓċĦŔƣŔĲƚШŉŸƖШŔůƓŸƖƣĲĬШĦŸŰĦĲŰƣƖċƣĲƚШċƖĲШĤĲŔŰŊШĬĲƻĲũŸƓĲĬШċŰĬШĲǂƓũŸƖċƣŔŸŰШƓƖŸŢĲĦƣƚШċƖĲШċŔůŔŰŊШƣŸШ
ƓƖŸĬƨĦĲШőŔŊőĲƖШƻċũƨĲрċĬĬĲĬШũŔƣőŔƨůШƓƖŸĬƨĦƣƚШũŔťĲШũŔƣőŔƨůШĦċƖĤŸŰċƣĲШċŰĬШőǃĬƖŸǂŔĬĲШŔŰШċĬĬŔƣŔŸŰШƣŸШƖċƽШ
ůċƣĲƖŔċũƚШĲǂƣƖċĦƣŔŸŰЮШ9ƨƖƖĲŰƣũǃЯШƣőĲƖĲШċƖĲШƖŸƨŰĬШΞΜШťŰŸƽŰШƓƖŸŢĲĦƣƚШŔŰШEƨƖŸƓĲШыĲЮŊЮЯШŔŰШ[ŔŰũċŰĬЯШÂŸƖƣƨŊċũЯШ
[ƖċŰĦĲЯШƣőĲШÖuЯШ ƨƚƣƖŔċЯШÉĲƖĤŔċЯШċŰĬШ]ĲƖůċŰǃьШƓũċŰШƣŸШƓƖŸĬƨĦĲШőŔŊőĲƖШƻċũƨĲрċĬĬĲĬШũŔƣőŔƨůШƓƖŸĬƨĦƣƚ329Ю 

 

?ĲůċŰĬШ 
]ũŸĤċũШĬĲůċŰĬ330 
ĦĦŸƖĬŔŰŊШƣŸШƣőĲШÖÉ]ÉЯШƽŸƖũĬШũŔƣőŔƨůШĦŸŰƚƨůƓƣŔŸŰШŔŰШΞΜΞΝШƽċƚШĲƚƣŔůċƣĲĬШƣŸШĤĲШΦΤЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШŸŉШ
ũŔƣőŔƨůШĦŸŰƣĲŰƣЯШŊƖŸƽŔŰŊШċƣШċШĦŸůƓŸƨŰĬШċŰŰƨċũШŊƖŸƽƣőШƖċƣĲШы9 ]ÅьШŸŉШΝΠӖШŉƖŸůШΞΜΝΝШƣŸШΞΜΞΝЮ 

ШxŔƣőŔƨůрŔŸŰШĤċƣƣĲƖŔĲƚШőċƻĲШĬƖŔƻĲŰШũŔƣőŔƨůШĬĲůċŰĬШŔŰШƖĲĦĲŰƣШǃĲċƖƚЮШfŰШΞΜΞΝЯШ9őŔŰċШũĲĬШĤċƣƣĲƖǃрƖĲũċƣĲĬШ
ũŔƣőŔƨůШĦŸŰƚƨůƓƣŔŸŰШƽŔƣőШΠΤӖЯШŉŸũũŸƽĲĬШĤǃШEƨƖŸƓĲШыΞΣӖьЯШ ŸƖƣőШ ůĲƖŔĦċШыΝΤӖьЯШċŰĬШƣőĲШƖĲƚƣШŸŉШ ƚŔċШ
ыΤӖьЮШÉŸƨƣőШ ůĲƖŔĦċШċŰĬШŸƣőĲƖШƖĲŊŔŸŰƚШůċĬĲШƨƓШƣőĲШƖĲůċŔŰŔŰŊШΝӖШċŰĬШΞӖШƖĲƚƓĲĦƣŔƻĲũǃЮШÑőċƣШǃĲċƖЯШEéƚШ
ċĦĦŸƨŰƣĲĬШŉŸƖШΤΦӖШŸŉШŊũŸĤċũШũŔƣőŔƨůрŔŸŰШĤċƣƣĲƖǃШĦŸŰƚƨůƓƣŔŸŰШыŔŰШ]ŔŊċƽċƣƣШőŸƨƖЯШ]ìőьЯШƽŔƣőШƓŸƖƣċĤũĲШ
ċƓƓũŔĦċƣŔŸŰƚШċƣШΝΣӖШċŰĬШŊƖŔĬШƚƣŸƖċŊĲШċƣШΡӖЮ 

 

EÖШĬĲůċŰĬ331 
7ĲƣƽĲĲŰШΞΜΝΣШċŰĬШΞΜΞΜЯШƣőĲШċƻĲƖċŊĲШċŰŰƨċũШEÖШũŔƣőŔƨůШĦŸŰƚƨůƓƣŔŸŰШċƣШƣőĲШĲǂƣƖċĦƣŔŸŰШƚƣċŊĲШƽċƚШΝЯΟΤΤШ
ůĲƣƖŔĦШƣŸŰƚЮШÑőĲШEÖШƽċƚШΥΝӖШƖĲũŔċŰĦĲШŸŰШŔůƓŸƖƣЮШÑőĲШůċŔŰШƚƨƓƓũŔĲƖƚШƽċƚШÂŸƖƣƨŊċũШыΝΦӖьШċŰĬШŸƣőĲƖƚШ
ыΥΝӖьЮШ 

7ĲƣƽĲĲŰШΞΜΝΣШċŰĬШΞΜΞΜЯШƣőĲШEÖШĦŸŰƚƨůĲĬШċŰШċƻĲƖċŊĲШŸŉШΝЯΥΟΞШůĲƣƖŔĦШƣŸŰƚШŸŉШƓƖŸĦĲƚƚĲĬШũŔƣőŔƨůШ
ĦŸůƓŸƨŰĬƚШċŰŰƨċũũǃЮШÑőĲШEÖќƚШŔůƓŸƖƣШƖĲũŔċŰĦĲШƚƣŸŸĬШċƣШΝΜΜӖЯШƽŔƣőШƣőĲШůċŔŰШƚƨƓƓũŔĲƖƚШĤĲŔŰŊШ9őŔũĲШ
ыΤΦӖьЯШÉƽŔƣǍĲƖũċŰĬШыΤӖьЯШƖŊĲŰƣŔŰċШыΤӖьЯШċŰĬШƣőĲШÖЮÉЮШыΣӖьЮШ7ĲƣƽĲĲŰШΞΜΜΜШċŰĬШΞΜΞΝЯШƣőĲШEÖШƽċƚШċũƽċǃƚШ
ċШŰĲƣШŔůƓŸƖƣĲƖШŸŉШƓƖŸĦĲƚƚĲĬШũŔƣőŔƨůШĦŸůƓŸƨŰĬƚЮШ 

 
328ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШxŔƣőŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΜΤЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхxfÑcfÖ~рƨƓĬċƣĲЮƓĬŉ 
329ШÉĦőůŔĬƣЯШ~ЮШыΞΜΞΟьаШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШxŔƣőŔƨůЮШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΡΠаШΥΝШÉЮЯШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΜΤЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰрΡΠЮШ 
330ШsċƚťƨũċЯШ7ЮШìЮШыΞΜΞΡьЮШxŔƣőŔƨůШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΞΝШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΝΜЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΝоůǃĤΝрΞΜΞΝрũŔƣőŔƨůЮƓĬŉШ 
331ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШxŔƣőŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΜΤЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхxfÑcfÖ~рƨƓĬċƣĲЮƓĬŉ 

56%32%

11%

1%
China

Chile

Argentina

RoW

https://pubs.usgs.gov/myb/vol1/2021/myb1-2021-lithium.pdf


 

 ΦΥ 

[ƨƣƨƖĲШƚƨƓƓũǃШċŰĬШĬĲůċŰĬШƣƖĲŰĬƚШ 

[ƨƣƨƖĲЮƓƖŔůċƖǃЮƚƨƓƓũǃ 

xŔƣőŔƨůШƚƨƓƓũǃШƚĲĦƨƖŔƣǃШőċƚШĤĲĦŸůĲШċШƓƖŔŸƖŔƣǃШŉŸƖШƻĲőŔĦũĲШċŰĬШƣĲĦőŰŸũŸŊǃШĦŸůƓċŰŔĲƚШŔŰШ ƚŔċЯШEƨƖŸƓĲЯШ
ċŰĬШ  ŸƖƣőШ ůĲƖŔĦċЯШ ĬƖŔƻŔŰŊШ ƚƣƖċƣĲŊŔĦШ ċũũŔċŰĦĲƚШ ċŰĬШ ŢŸŔŰƣШ ƻĲŰƣƨƖĲƚШ ƽŔƣőШĦŸůůĲƖĦŔċũШ ũŔƣőŔƨůШ ċŰĬШ
ĲǂƓũŸƖċƣŔŸŰШũŔƣőŔƨůШĦŸůƓċŰŔĲƚШƣŸШĲŰƚƨƖĲШċШƚƣċĤũĲЯШĬŔƻĲƖƚŔǯĲĬШũŔƣőŔƨůШƚƨƓƓũǃШŉŸƖШĤċƣƣĲƖǃШċŰĬШƻĲőŔĦũĲШ
ůċŰƨŉċĦƣƨƖĲƖƚЮШ9ƨƖƖĲŰƣũǃЯШƣőĲƖĲШċƖĲШƓƖŸŢĲĦƣƚШŔŰШƻċƖŔŸƨƚШƚƣċŊĲƚШŸŉШĬĲƻĲũŸƓůĲŰƣШŸƖШĲǂƓũŸƖċƣŔŸŰШŔŰШĬŔǭĲƖĲŰƣШ
ĦŸƨŰƣƖŔĲƚШċŰĬШƣőĲǃШċƖĲШƚƨůůċƖŔƚĲĬШċƚШŉŸũũŸƽƚ332ЮШ 

¶ 7ƖŔŰĲрĤċƚĲĬШũŔƣőŔƨůШƚŸƨƖĦĲƚаШƖŊĲŰƣŔŰċЯШ7ŸũŔƻŔċЯШ9ċŰċĬċЯШ9őŔũĲЯШ9őŔŰċЯШċŰĬШƣőĲШÖЮÉЮб 
¶ ~ŔŰĲƖċũрĤċƚĲĬШũŔƣőŔƨůШƚŸƨƖĦĲƚаШƨƚƣƖċũŔċЯШ ƨƚƣƖŔċЯШ7ƖċǍŔũЯШ9ċŰċĬċЯШ9őŔŰċЯШ9ŸŰŊŸШыuŔŰƚőċƚċьЯШ
9ǍĲĦőŔċЯШEƣőŔŸƓŔċЯШ[ŔŰũċŰĬЯШ[ƖċŰĦĲЯШ]ĲƖůċŰǃЯШ]őċŰċЯШfŰĬŔċЯШfƖċŰЯШuċǍċťőƚƣċŰЯШ~ċũŔЯШ ċůŔĤŔċЯШ
 ŔŊĲƖŔċЯШÂĲƖƨЯШÂŸƖƣƨŊċũЯШÅƨƚƚŔċЯШÅƽċŰĬċЯШÉĲƖĤŔċЯШÉƓċŔŰЯШÑőċŔũċŰĬЯШÑƨƖťĲǃЯШƣőĲШÖŰŔƣĲĬШÉƣċƣĲƚЯШċŰĬШ
üŔůĤċĤƽĲб 

¶ xŔƣőŔƨůрĦũċǃШƚŸƨƖĦĲƚаШ~ĲǂŔĦŸШċŰĬШƣőĲШÖЮÉЮ 

ĦĦŸƖĬŔŰŊШƣŸШ~ĦuŔŰƚĲǃШѼШ9ŸůƓċŰǃѣƚШΞΜΞΠШŉŸƖĲĦċƚƣШŉŸƖШΞΜΟΡЯШũŔƣőŔƨůШƚőŸƖƣċŊĲƚШċƖĲШƚƣŔũũШĲǂƓĲĦƣĲĬЮШ
cŸƽĲƻĲƖЯШŊŔƻĲŰШƣőĲШċĤƨŰĬċŰĦĲШŸŉШũŔƣőŔƨůШƖĲƚĲƖƻĲƚШċŰĬШƣőĲШƖĲũċƣŔƻĲũǃШƚőŸƖƣШĬĲƻĲũŸƓůĲŰƣШƣŔůĲũŔŰĲƚШŉŸƖШ
ůŔŰĲƚЯШƣőĲШƚƨƓƓũǃрĬĲůċŰĬШŊċƓШŔƚШũŔťĲũǃШƣŸШĦũŸƚĲШŸŰĦĲШĬĲůċŰĬШƚŔŊŰċũƚШċƖĲШƚƣƖŸŰŊШĲŰŸƨŊőШƣŸШƚĦċũĲШƨƓШ
ƚƨƓƓũǃ333Ю 

xŸĦċũŔƚċƣŔŸŰЮŸŉЮũŔƣőŔƨůЮƚƨƓƓũǃЮĦőċŔŰЮŔŰЮEƨƖŸƓĲ334 

ÑőĲШƣƖĲŰĬШƣŸƽċƖĬШũŸĦċũŔǍŔŰŊШũŔƣőŔƨůШƚƨƓƓũǃШĦőċŔŰƚШŔŰШEƨƖŸƓĲШŔƚШĬƖŔƻĲŰШĤǃЯШċůŸŰŊШŸƣőĲƖƚЯШƣőĲШŰĲĲĬШƣŸШ
ƚĲĦƨƖĲШůċƣĲƖŔċũƚШŉŸƖШĬŸůĲƚƣŔĦШĦŸŰƚƨůƓƣŔŸŰЯШƖĲĬƨĦĲШƖĲũŔċŰĦĲШŸŰШ9őŔŰċЯШƚőŸƖƣĲŰШƚƨƓƓũǃШĦőċŔŰƚЯШĲŰƚƨƖĲШ
ƣƖċĦĲċĤŔũŔƣǃЯШċŰĬШĲŰőċŰĦĲШEŰƻŔƖŸŰůĲŰƣċũЯШÉŸĦŔċũШċŰĬШ]ŸƻĲƖŰċŰĦĲШыEÉ]ьШƓĲƖŉŸƖůċŰĦĲЮ 

ìőŔũĲШEƨƖŸƓĲШŔƚШŰŸƣШƚőŸƖƣШŸŰШũŔƣőŔƨůШŸĦĦƨƖƖĲŰĦĲƚЯШůċŰǃШċƖĲШƨŰĦŸŰƻĲŰƣŔŸŰċũШƽŔƣőШũŸƽрŊƖċĬĲШŰċƣƨƖĲШ
ůċťŔŰŊШƣőĲůШƨŰĲĦŸŰŸůŔĦЮШ9ƨƖƖĲŰƣШĲĦŸŰŸůŔĦШũċŰĬƚĦċƓĲЯШƚƣƖŔŰŊĲŰƣШƓĲƖůŔƣƣŔŰŊШċŰĬШƚŸĦŔċũШċĦĦĲƓƣċŰĦĲШ
ĦőċũũĲŰŊĲƚШƽŔũũШŉƨƖƣőĲƖШőŔŰĬĲƖШůŔŰĲШĬĲƻĲũŸƓůĲŰƣЮШÑċťĲŰШċũũШŸŉШƣőĲƚĲШŔŰƣŸШċĦĦŸƨŰƣЯШ[ċƚƣůċƖťĲƣƚШĲǂƓĲĦƣƚШ
ƣőċƣШEƨƖŸƓĲċŰШůŔŰĲШƚƨƓƓũǃШŔƚШŰŸƣШũŔťĲũǃШƣŸШůĲĲƣШƖĲŊŔŸŰċũШĬĲůċŰĬШũĲƻĲũƚШŔŰШΞΜΟΜЮШfƣШƓƖŸŢĲĦƣƚШEƨƖŸƓĲċŰШ
ůŔŰĲШƚƨƓƓũǃШƽŔũũШƖĲċĦőШΝΟΡЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШŸŉШũŔƣőŔƨůШĦċƖĤŸŰċƣĲШĲƕƨŔƻċũĲŰƣШыx9EьШĤǃШΞΜΟΜЯШĤĲũŸƽШƣőĲШ
ΟΥΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШŰĲĲĬĲĬШŉŸƖШEéШĬĲůċŰĬЯШũĲċƻŔŰŊШċШƚőŸƖƣŉċũũШŸŉШΞΠΡЯΜΜΜШůĲƣƖŔĦШƣŸŰƚЮШ 

EƻĲŰШƣőŸƨŊőШůŔŰĲШƚƨƓƓũǃШůċǃШĤĲШŔŰƚƨǭŔĦŔĲŰƣЯШċŰŰŸƨŰĦĲĬШƖĲǯŰŔŰŊШĦċƓċĦŔƣǃШŔŰШEƨƖŸƓĲШŔƚШũŔťĲũǃШƣŸШůĲĲƣШEéШ
ĬĲůċŰĬЯШŔŉШŰĲĦĲƚƚċƖǃШƖċƽШůċƣĲƖŔċũШƚƨƓƓũǃШŔƚШƚĲĦƨƖĲĬШƣŸШŉĲĲĬШƣőĲШƖĲǯŰĲƖŔĲƚЮШìŔƣőШċШƣŔŊőƣШƚƓŸĬƨůĲŰĲШ
ůċƖťĲƣЯШĲƚƓĲĦŔċũũǃШŉƖŸůШƣőĲШÖЮÉЮШfŰǰċƣŔŸŰШÅĲĬƨĦƣŔŸŰШ ĦƣШыfÅ ьрĦŸůƓũŔċŰƣШƚŸƨƖĦĲƚЯШƖĲǯŰĲƖŔĲƚШŔŰШEƨƖŸƓĲШ
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https://www.mckinsey.com/industries/energy-and-materials/our-insights/global-materials-perspective
https://www.fastmarkets.com/insights/will-europe-have-enough-lithium-to-meet-demand/
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ƽŔũũШŰĲĲĬШƣŸШĤĲШċĤũĲШƣŸШċĦĦĲƓƣШůƨũƣŔƓũĲШŉĲĲĬƚƣŸĦťƚЯШŔŰĦũƨĬŔŰŊШƣĲĦőŰŔĦċũШŊƖċĬĲШĦċƖĤŸŰċƣĲЯШŔŰƣĲƖůĲĬŔċƖŔĲƚШ
ƚƨĦőШċƚШƚƨũƓőċƣĲШċŰĬШƓőŸƚƓőċƣĲЯШċƚШƽĲũũШċƚШƖĲĦǃĦũĲĬШůċƣĲƖŔċũ335ЮШ 

xŔƣőŔƨůрŔŸŰШĤċƣƣĲƖǃШƖĲĦǃĦũŔŰŊШƽŔũũШƓũċǃШċŰШŔůƓŸƖƣċŰƣШƖŸũĲШŉŸƖШEƨƖŸƓĲШŔŰШƣőĲШŉƨƣƨƖĲЮШìċƚƣĲШůċŰċŊĲůĲŰƣШŔƚШ
ŰŸƣШƣőĲШŸŰũǃШĦŸŰƚŔĬĲƖċƣŔŸŰШĤƨƣШċũƚŸШƣőĲШƖĲĬƨĦƣŔŸŰШŸŉШŔůƓŸƖƣШĬĲƓĲŰĬĲŰĦĲШŉŸƖШƖċƽШůċƣĲƖŔċũƚШċŰĬШ
ĲŰƻŔƖŸŰůĲŰƣċũШŔůƓċĦƣШŸŉШĤċƣƣĲƖǃШƓƖŸĬƨĦƣŔŸŰЮШÉƣċƣƨƣŸƖǃШĦŸũũĲĦƣŔŸŰШċŰĬШƖĲĦǃĦũŔŰŊШƕƨŸƣċƚЯШƣőĲШEƨƖŸƓĲċŰШ
ĤċƣƣĲƖǃШ ŔŰĬƨƚƣƖǃШ ĲǂƓċŰƚŔŸŰЯШ ċŰĬШ ƓƖŸĬƨĦƣŔŸŰШ ƚĦƖċƓШ ŔŰШ ĦĲũũШ ůċŰƨŉċĦƣƨƖŔŰŊШ ŉƨƖƣőĲƖШ ƚƣŔůƨũċƣĲƚШ ƣőĲШ
ĬĲƻĲũŸƓůĲŰƣШŸŉШƣőĲШũŔƣőŔƨůрŔŸŰШĤċƣƣĲƖǃШƖĲĦǃĦũŔŰŊШŔŰĬƨƚƣƖǃЮШ7ǃШΞΜΟΜЯШċŰŰŸƨŰĦĲĬШƓƖĲрƣƖĲċƣůĲŰƣШĦċƓċĦŔƣǃШ
ыĤċƣƣĲƖǃШĦŸũũĲĦƣŔŸŰЯШĬŔƚĦőċƖŊĲЯШĬŔƚůċŰƣũŔŰŊЯШċŰĬШƓƖŸĦĲƚƚŔŰŊШŔŰƣŸШĤũċĦťШůċƚƚЯШċШůŔǂƣƨƖĲШŸŉШĦċƣőŸĬĲШċŰĬШ
ċŰŸĬĲШċĦƣŔƻĲШůċƣĲƖŔċũƚШƽŔƣőШƣőĲШƻċũƨċĤũĲШůĲƣċũƚШƚƨĦőШċƚШxŔЯШ ŔШċŰĬШ9ŸьШŔƚШĲǂƓĲĦƣĲĬШƣŸШƖĲċĦőШΟΤΜЯΜΜΜШ
ůĲƣƖŔĦШƣŸŰƚШŸŉШĤċƣƣĲƖŔĲƚШƓĲƖШǃĲċƖЯШƽőŔũĲШůċƣĲƖŔċũШƖĲĦŸƻĲƖǃШĦċƓċĦŔƣǃШыĲǂƣƖċĦƣŔŰŊШƻċũƨċĤũĲШůĲƣċũƚШũŔťĲШxŔЯШ ŔЯШ
ċŰĬШ9ŸШŉƖŸůШĤũċĦťШůċƚƚьШŔƚШĲǂƓĲĦƣĲĬШƣŸШƖĲċĦőШΦΜΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШŸŉШĤċƣƣĲƖŔĲƚШċŰŰƨċũũǃЮШ ƚШƣőĲШůċƣĲƖŔċũШ
ƖĲĦŸƻĲƖǃШĦċƓċĦŔƣǃШƽŔũũШċũůŸƚƣШĬŸƨĤũĲШƣőĲШƓƖĲрƣƖĲċƣůĲŰƣШĦċƓċĦŔƣǃЯШƣőĲШƖŸũĲШŸŉШŔůƓŸƖƣĲĬШĤũċĦťШůċƚƚШċƚШ
ŉĲĲĬƚƣŸĦťШƖĲůċŔŰƚШƨŰĦĲƖƣċŔŰ336Ю 

[ƨƣƨƖĲЮĬĲůċŰĬ 

éċƖŔŸƨƚШũŔƣőŔƨůШĬĲůċŰĬШŉŸƖĲĦċƚƣƚШőċƻĲШĤĲĲŰШƓƨĤũŔƚőĲĬШĤǃШŸƖŊċŰŔƚċƣŔŸŰƚШĤċƚĲĬШŸŰШĬŔǭĲƖĲŰƣШƚĦĲŰċƖŔŸƚШ
ŸŉШŊũŸĤċũШEéШĬĲƓũŸǃůĲŰƣЯШƻĲőŔĦũĲШƣǃƓĲƚЯШůċƖťĲƣШŊƖŸƽƣőЯШċŰĬШĤċƣƣĲƖǃШĦőĲůŔƚƣƖǃШůŔǂ337ЮШ 

§ƖŊċŰŔƚċƣŔŸŰ ÑŸƣċũШĬĲůċŰĬШŉŸƖĲĦċƚƣШŉŸƖШΞΜΟΜШыůĲƣƖŔĦШƣŸŰƚЯШũŔƣőŔƨůШĦŸŰƣĲŰƣьШ338 
9ÅÖ ΞΣΡЯΜΜΜ 

fŰƣĲƖŰċƣŔŸŰċũШÅĲŰĲƽċĤũĲШEŰĲƖŊǃШ ŊĲŰĦǃ ΟΤΡЯΤΟΜ 

7ĲŰĦőůċƖťШ~ŔŰĲƖċũƚ ΠΡΝЯΜΜΜ 

fŰƣĲƖŰċƣŔŸŰċũШEŰĲƖŊǃШ ŊĲŰĦǃШыfE ь ΡΜΜЯΜΜΜ 

Âì9 ΡΜΥЯΜΜΜ 

?EÅШ ΡΡΥЯΥΜΜШрШΟΝΣЯΟΜΜШыĬĲƓĲŰĬŔŰŊШŸŰШƚĦĲŰċƖŔŸƚь 

~ĦuŔŰƚĲǃШѼШ9ŸůƓċŰǃ339 ΤΝΟЯΥΥΟШрШΣΝΦЯΦΡΝыĬĲƓĲŰĬŔŰŊШŸŰШƚĦĲŰċƖŔŸƚь340 

 

7ċƣƣĲƖŔĲƚШŔƚШĲǂƓĲĦƣĲĬШƣŸШĬŸůŔŰċƣĲШŉƨƣƨƖĲШũŔƣőŔƨůШĬĲůċŰĬЮШ7ǃШΞΜΟΜЯШ?EÅ ШƓƖĲĬŔĦƣƚШĤċƣƣĲƖŔĲƚШƽŔũũШċĦĦŸƨŰƣШ
ŉŸƖШΥΥЮΥӖШŸŉШƣőĲШƣŸƣċũШũŔƣőŔƨůШĬĲůċŰĬЯШƽŔƣőШĦĲƖċůŔĦƚШċŰĬШŊũċƚƚЯШċŰĬШŸƣőĲƖШċƓƓũŔĦċƣŔŸŰƚШċĦĦŸƨŰƣШŉŸƖШΡЮΣӖШ

 
335ШÅŸĤĲƖƣƚЯШsЮШыΞΜΞΟЯШsƨũǃШΞΡьЮШìŔũũШEƨƖŸƓĲШőċƻĲШĲŰŸƨŊőШũŔƣőŔƨůШƣŸШůĲĲƣШĬĲůċŰĬеШ[ċƚƣůċƖťĲƣƚЮШÅĲƣƖŔĲƻĲĬШΝΝЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮŉċƚƣůċƖťĲƣƚЮĦŸůоŔŰƚŔŊőƣƚоƽŔũũрĲƨƖŸƓĲрőċƻĲрĲŰŸƨŊőрũŔƣőŔƨůрƣŸрůĲĲƣрĬĲůċŰĬоШ 
336ШÉƣĲƓőċŰЯШ~ЮШыΞΜΞΠЯШ ƨŊƨƚƣШΤьЮШ7ċƣƣĲƖǃШƖĲĦǃĦũŔŰŊШŔŰШEƨƖŸƓĲШĦŸŰƣŔŰƨĲƚШƣŸШƓŔĦťШƨƓШƚƓĲĲĬаШÅĲĦǃĦũŔŰŊШĦċƓċĦŔƣŔĲƚШŸŉШũŔƣőŔƨůрŔŸŰШĤċƣƣĲƖŔĲƚШŔŰШ
EƨƖŸƓĲЮШ[ƖċƨŰőŸŉĲƖШfŰƚƣŔƣƨƣĲШŉŸƖШÉǃƚƣĲůƚШċŰĬШfŰŰŸƻċƣŔŸŰШÅĲƚĲċƖĦőШfÉfЮШÅĲƣƖŔĲƻĲĬШΝΝЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮŔƚŔЮŉƖċƨŰőŸŉĲƖЮĬĲоĲŰоĤũŸŊоƣőĲůĲŰоĤċƣƣĲƖŔĲрƨƓĬċƣĲоũŔƣőŔƨůрŔŸŰĲŰрĤċƣƣĲƖŔĲрƖĲĦǃĦũŔŰŊрĲƨƖŸƓċрťċƓċǍŔƣċĲƣĲŰрƨƓĬċƣĲрΞΜΞΠЮőƣůũШ 
337ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШxŔƣőŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΜΤЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхxfÑcfÖ~рƨƓĬċƣĲЮƓĬŉ 
338ШÉĦőůŔĬƣЯШ~ЮШыΞΜΞΟьаШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШxŔƣőŔƨůЮШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΡΠаШΥΝШÉЮЯШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΜΤЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰрΡΠЮШ 
339ШǍĲƻĲĬŸЯШ~ЮЯШ7ċĦǍǃűƚťċЯШ~ЮЯШcŸǭůċŰЯШuЮШѼШuƖċƨǍĲЯШ ЮШыΞΜΞΞЯШ ƓƖŔũШΝΞьЮШxŔƣőŔƨůШůŔŰŔŰŊаШcŸƽШŰĲƽШƓƖŸĬƨĦƣŔŸŰШƣĲĦőŰŸũŸŊŔĲƚШĦŸƨũĬШŉƨĲũШƣőĲШ
ŊũŸĤċũШEéШƖĲƻŸũƨƣŔŸŰЮШ~ĦuŔŰƚĲǃШѼШ9ŸůƓċŰǃЮШÅĲƣƖŔĲƻĲĬШΝΝЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮůĦťŔŰƚĲǃЮĦŸůоŔŰĬƨƚƣƖŔĲƚоůĲƣċũƚрċŰĬрůŔŰŔŰŊоŸƨƖр
ŔŰƚŔŊőƣƚоũŔƣőŔƨůрůŔŰŔŰŊрőŸƽрŰĲƽрƓƖŸĬƨĦƣŔŸŰрƣĲĦőŰŸũŸŊŔĲƚрĦŸƨũĬрŉƨĲũрƣőĲрŊũŸĤċũрĲƻрƖĲƻŸũƨƣŔŸŰмоШ 
340Ш9ŸŰƻĲƖƣŔŰŊШŉŸƖůƨũċаШůĲƣƖŔĦШƣŸŰƚШŸŉШũŔƣőŔƨůШĦŸŰƣĲŰƣШǂШΡЮΟΞΟШӀШůĲƣƖŔĦШƣŸŰƚШŸŉШx9EЯШƚŸƨƖĦĲаШőƣƣƓƚаооƚċƻċŰŰċőƖĲƚŸƨƖĦĲƚр
ƽƽƽƚċƻċŰŰċőƖĲƚŸƨƖĦĲƚĦŸůЮċǍƨƖĲƽĲĤƚŔƣĲƚЮŰĲƣоũŔƣőŔƨůоũŔƣőŔƨůрŸƻĲƖƻŔĲƽоШ 

https://www.fastmarkets.com/insights/will-europe-have-enough-lithium-to-meet-demand/
https://www.isi.fraunhofer.de/en/blog/themen/batterie-update/lithium-ionen-batterie-recycling-europa-kapazitaeten-update-2024.html
https://www.mckinsey.com/industries/metals-and-mining/our-insights/lithium-mining-how-new-production-technologies-could-fuel-the-global-ev-revolution#/
https://www.mckinsey.com/industries/metals-and-mining/our-insights/lithium-mining-how-new-production-technologies-could-fuel-the-global-ev-revolution#/
https://savannahresources-wwwsavannahresourcescom.azurewebsites.net/lithium/lithium-overview/
https://savannahresources-wwwsavannahresourcescom.azurewebsites.net/lithium/lithium-overview/


 

 ΝΜΜ 

ĲċĦőЯШĦŸƖƖĲƚƓŸŰĬŔŰŊШƣŸШƣőĲШũŸƽĲƖШŉƨƣƨƖĲШũŔƣőŔƨůШĬĲůċŰĬШƚĦĲŰċƖŔŸШŔŰШƣőĲШċŉŸƖĲůĲŰƣŔŸŰĲĬШƣċĤũĲ341ЮШ ƚШ
ċŰŸƣőĲƖШĲǂċůƓũĲЯШ~ĦuŔŰƚĲǃШѼШ9ŸůƓċŰǃШĲƚƣŔůċƣĲƚШĤċƣƣĲƖǃШĬĲůċŰĬШĦŸƨũĬШƖĲċĦőШΦΡӖШŸŉШƣőĲШƣŸƣċũШũŔƣőŔƨůШ
ĬĲůċŰĬ342ЮШ 

ìŔƣőŔŰШƣőĲШĤċƣƣĲƖǃШƚĲŊůĲŰƣЯШŔŰШΞΜΟΜЯШEéƚШĲǂƓĲĦƣШƣŸШċĦĦŸƨŰƣШŉŸƖШƣőĲШũċƖŊĲƚƣШƚőċƖĲШŸŉШũŔƣőŔƨůШĬĲůċŰĬШċƣШ
ΣΝЮΡӖЯШŉŸũũŸƽĲĬШĤǃШĲŰĲƖŊǃШƚƣŸƖċŊĲШƚǃƚƣĲůƚШыΝΦЮΝӖьЯШƣŸŸũƚШċŰĬШĲрƚĦŸŸƣĲƖƚШыΡЮΞӖьЯШċŰĬШ9ŸůƓƨƣĲƖƚЯШ
9ŸŰƚƨůĲƖШEũĲĦƣƖŸŰŔĦƚШċŰĬШ9ŸůůƨŰŔĦċƣŔŸŰШыΟ9ьШċƓƓũŔĦċƣŔŸŰƚШыΟӖь343Ю 

 

EǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШ 
fƣШƚőŸƨũĬШĤĲШŰŸƣĲĬШƣőċƣШƖĲŊƨũċƣŔŸŰƚШċƖĲШĬǃŰċůŔĦШċŰĬШƚƨĤŢĲĦƣШƣŸШĦőċŰŊĲШŸƻĲƖШƣŔůĲЮ 

~ċŢŸƖШƓƖŸĬƨĦŔŰŊШĦŸƨŰƣƖǃШċƣШƣőĲШĲǂƣƖċĦƣŔŸŰШƚƣċŊĲ EǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШŸŰШũŔƣőŔƨůШŸǂŔĬĲШċŰĬШ
őǃĬƖŸǂŔĬĲШċŰĬШũŔƣőŔƨůШĦċƖĤŸŰċƣĲШыΞΜΞΞьШ344 

ƖŊĲŰƣŔŰċ EǂƓŸƖƣШƣċǂШ 

 

 
341ШÉĦőůŔĬƣЯШ~ЮШыΞΜΞΟьаШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШxŔƣőŔƨůЮШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΡΠаШΥΝШÉЮЯШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΜΤЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰрΡΠЮШ 
342ШǍĲƻĲĬŸЯШ~ЮЯШ7ċĦǍǃűƚťċЯШ~ЮЯШcŸǭůċŰЯШuЮШѼШuƖċƨǍĲЯШ ЮШыΞΜΞΞЯШ ƓƖŔũШΝΞьЮШxŔƣőŔƨůШůŔŰŔŰŊаШcŸƽШŰĲƽШƓƖŸĬƨĦƣŔŸŰШƣĲĦőŰŸũŸŊŔĲƚШĦŸƨũĬШŉƨĲũШƣőĲШ
ŊũŸĤċũШEéШƖĲƻŸũƨƣŔŸŰЮШ~ĦuŔŰƚĲǃШѼШ9ŸůƓċŰǃЮШÅĲƣƖŔĲƻĲĬШΝΝЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮůĦťŔŰƚĲǃЮĦŸůоŔŰĬƨƚƣƖŔĲƚоůĲƣċũƚрċŰĬрůŔŰŔŰŊоŸƨƖр
ŔŰƚŔŊőƣƚоũŔƣőŔƨůрůŔŰŔŰŊрőŸƽрŰĲƽрƓƖŸĬƨĦƣŔŸŰрƣĲĦőŰŸũŸŊŔĲƚрĦŸƨũĬрŉƨĲũрƣőĲрŊũŸĤċũрĲƻрƖĲƻŸũƨƣŔŸŰмо 
343ШÉĦőůŔĬƣЯШ~ЮШыΞΜΞΟьаШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШxŔƣőŔƨůЮШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΡΠаШΥΝШÉЮЯШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΜΤЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰрΡΠЮШ 
344Ш§E9?ШыΞΜΞΠьЯШ§E9?ШfŰƻĲŰƣŸƖǃШŸŉШEǂƓŸƖƣШÅĲƚƣƖŔĦƣŔŸŰƚШŸŰШfŰĬƨƚƣƖŔċũШÅċƽШ~ċƣĲƖŔċũƚШΞΜΞΠаШ~ŸŰŔƣŸƖŔŰŊШƣőĲШƨƚĲШŸŉШĲǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШċůŔĬШ
ůċƖťĲƣШċŰĬШƓŸũŔĦǃШƣĲŰƚŔŸŰƚЯШ§E9?ШÂƨĤũŔƚőŔŰŊЯШÂċƖŔƚЯШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΤΥΤоΡĲΠΣĤĤΞΜрĲŰЮШÅĲƣƖŔĲƻĲĬШΝΦЮΜΞЮΞΜΞΡЯШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮŸĲĦĬЮŸƖŊоĲŰоƣŸƓŔĦƚоĲǂƓŸƖƣрƖĲƚƣƖŔĦƣŔŸŰƚрŸŰрĦƖŔƣŔĦċũрƖċƽрůċƣĲƖŔċũƚЮőƣůũ  

https://www.mckinsey.com/industries/metals-and-mining/our-insights/lithium-mining-how-new-production-technologies-could-fuel-the-global-ev-revolution#/
https://www.mckinsey.com/industries/metals-and-mining/our-insights/lithium-mining-how-new-production-technologies-could-fuel-the-global-ev-revolution#/
https://www.oecd.org/en/topics/export-restrictions-on-critical-raw-materials.html


 

 ΝΜΝ 

~ċŊŰĲƚŔƨůШůĲƣċũШы~Ŋь 
EŰĬШƨƚĲƚШŔŰШƣőĲШEÖШыĲƚƣŔůċƣŔŸŰШůċĬĲШŔŰШΞΜΞΞь345 

 

ÑőĲШƽŸƖũĬƽŔĬĲШĲŰĬрƨƚĲШĬŔƚƣƖŔĤƨƣŔŸŰШŸŉШůċŊŰĲƚŔƨůШůĲƣċũШыĲƚƣŔůċƣŔŸŰШůċĬĲШŔŰШΞΜΝΥь346 

 

~ċŊŰĲƚŔƨůШыĬŔĲьШĦċƚƣŔŰŊШċũũŸǃƚаШƨƣŸůŸƣŔƻĲШŔŰĬƨƚƣƖǃШыΞΠЮΡӖьЯШĦŸůůƨŰŔĦċƣŔŸŰШƣĲĦőŰŸũŸŊǃШыΠӖьЯШƚƓŸƖƣШ
ĲƕƨŔƓůĲŰƣШыΜЮΡӖьЯШƖċŔũШċŰĬШċƻŔċƣŔŸŰШыΝЮΡӖьЯШƣŸŸũƚШċŰĬШċĦĦĲƚƚŸƖŔĲƚШыΞӖьШċŰĬШŸƣőĲƖƚШыΜЮΡӖьЮШ 

ũƨůŔŰŔƨůШċũũŸǃƚаШÂċĦťċŊŔŰŊШыΝΟӖьЯШċƨƣŸůŸƣŔƻĲШŔŰĬƨƚƣƖǃШыΦЮΡӖьЯШĦŸŰƚƣƖƨĦƣŔŸŰШŔŰĬƨƚƣƖǃШыΠЮΡӖьЯШĬƨƖċĤũĲШ
ĦŸŰƚƨůĲƖШŊŸŸĬƚШыΟӖьЯШůĲĦőċŰŔĦċũШĲŰŊŔŰĲĲƖŔŰŊШċŰĬШċĦĦĲƚƚŸƖŔĲƚШыΞЮΡӖьЯШƖċŔũЯШċƻŔċƣŔŸŰШċŰĬШƚőŔƓƓŔŰŊШ
ыΝЮΡӖьШċŰĬШŸƣőĲƖƚШыΝӖьЮШ 

 
345ШÉ9ÅÅEE ΞЮШыΞΜΞΠЯШ[ĲĤƖƨċƖǃьЮШ~ċŊŰĲƚŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΝΝЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх~ ] EÉfÖ~хƨƓĬċƣĲЮƓĬŉШ 
346ШÉĦőůŔƣǍЯШ~ЮШыΞΜΝΦьаШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШ~ċŊŰĲƚŔƨůШы~ĲƣċũũьЮШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΟΥаШΣΥШÉЮбШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΝΝЮΜΟЮΞΜΞΡШ
ŉƖŸůШőƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲр
ƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰрΟΥЮƓĬŉШ 

48%

23%

12%

13%

4%

Transportation (automotive)

Packaging

Desulfurisation agent

Construction

Transportation (air, marin, etc.)

33%

35%

10%

5%

13%

2%2%

Magnesium (die) casting alloys

Aluminium alloys

Desulpherisation of metals

Cast iron industry

Thermal reduction of metals

Cathodic corrosion protection

Other (medicine, pharmacy, etc.)

https://scrreen.eu/wp-content/uploads/2024/02/SCRREEN2_factsheets_MAGNESIUM_update.pdf
https://www.deutsche-rohstoffagentur.de/DE/Gemeinsames/Produkte/Downloads/DERA_Rohstoffinformationen/rohstoffinformationen-38.pdf
https://www.deutsche-rohstoffagentur.de/DE/Gemeinsames/Produkte/Downloads/DERA_Rohstoffinformationen/rohstoffinformationen-38.pdf
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éċũƨĲШĦőċŔŰШыƚŔůƓũŔǯĲĬь347 

 

ÉƨĤƚƣŔƣƨƣŔŸŰ348ЯШ349 

ÉƨĤƚƣŔƣƨƣŔŸŰШĦċŰШŔůƓċĦƣШĤŸƣőШĦŸƚƣШċŰĬШƓĲƖŉŸƖůċŰĦĲЮ 

fŰƣĲƖůĲĬŔċƣĲШŸƖШĲŰĬШƓƖŸĬƨĦƣƚ ÉƨĤƚƣŔƣƨƣŔŸŰ 

9ċƚƣŔŰŊƚШċŰĬШƽƖŸƨŊőƣШƓƖŸĬƨĦƣƚ ũƨůŔŰŔƨůЯШǍŔŰĦ 
fƖŸŰШċŰĬШƚƣĲĲũШĬĲƚƨũŉƨƖŔǍċƣŔŸŰ 9ċũĦŔƨůШĦċƖĤŔĬĲЯШũŔůĲ 
ÑƖċŰƚƓŸƖƣċƣŔŸŰШыċƨƣŸůŸƣŔƻĲЯШċŔƖЯШůċƖŔŰĲь ÅĲŔŰŉŸƖĦĲĬШƓũċƚƣŔĦƚЯШƚƣĲĲũЯШƣŔƣċŰŔƨůШ 
ÂċĦťŔŰŊ ÉƣĲĲũЯШŊũċƚƚШċŰĬШƓũċƚƣŔĦƚ 

9ŸŰƚƣƖƨĦƣŔŸŰ ÉƣĲĲũЯШƓũċƚƣŔĦƚШыĲЮŊЮЯШƓŸũǃƻŔŰǃũШĦőũŸƖŔĬĲШыÂé9ьШŸƖШƻŔŰǃũьШċŰĬШ
ƽŸŸĬ 

 

 

 

 

 

 

 
347Ш?ƖŔƻĲШÉƨƚƣċŔŰċĤŔũŔƣǃЮШыΞΜΞΞьЮШ~ċŊŰĲƚŔƨůаШ?ċƣċШƚƨůůċƖǃШΞΜΞΞЮШÅċƽШ~ċƣĲƖŔċũШ§ƨƣũŸŸťЮШÅċƽШ~ċƣĲƖŔċũШ§ƨƣũŸŸťШÂũċƣŉŸƖůЮШÅĲƣƖŔĲƻĲĬШ
ΝΞЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮƖċƽůċƣĲƖŔċũŸƨƣũŸŸťЮŸƖŊоĬċƣċоƚŔƣĲƚоĬĲŉċƨũƣоǯũĲƚоΞΜΞΟрΜΡо?Éх~ċŊŰĲƚŔƨůхé9хΞΜΞΞхǯŰċũЮƓĬŉШ 
348ШÉ9ÅÅEE ΞЮШыΞΜΞΠЯШ[ĲĤƖƨċƖǃьЮШ~ċŊŰĲƚŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΝΝЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх~ ] EÉfÖ~хƨƓĬċƣĲЮƓĬŉШ 
349ШxĲĲШ7ƖċǃЯШEЮШыΞΜΞΡьЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡаШ~ċŊŰĲƚŔƨůШůĲƣċũЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΝΞЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрůċŊŰĲƚŔƨůрůĲƣċũЮƓĬŉШ 

https://www.rawmaterialoutlook.org/data/sites/default/files/2023-05/DS_Magnesium_VC_2022_final.pdf
https://pubs.usgs.gov/periodicals/mcs2025/mcs2025-magnesium-metal.pdf
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]ũŸĤċũШċŰĬШEÖШƓƖŸĬƨĦƣŔŸŰШтШƓƖŔůċƖǃШůċŊŰĲƚŔƨůШШ 
]ũŸĤċũШƓƖŔůċƖǃШыƚůĲũƣĲƖьШƓƖŸĬƨĦƣŔŸŰ350 

Ш 

 

 

~ŔŰŔŰŊШċŰĬШƚůĲũƣŔŰŊШċƖĲШƣǃƓŔĦċũũǃШĦċƖƖŔĲĬШŸƨƣШĤǃШƣőĲШƚċůĲШĦŸůƓċŰǃЯШƚŸШƣőĲШũĲċĬŔŰŊШƚůĲũƣŔŰŊШĦŸůƓċŰŔĲƚШ
ŸŉƣĲŰШċũŔŊŰШƽŔƣőШƣőĲШƣŸƓШůċŊŰĲƚŔƨůШůŔŰŔŰŊШĦŸůƓċŰŔĲƚШċŰĬШƓƖŸĬƨĦŔŰŊШĦŸƨŰƣƖŔĲƚ351Ю 

~ċŊŰĲƚŔƨůШƓƖŸĬƨĦƣŔŸŰШőċƚШŔŰĦƖĲċƚŔŰŊũǃШƚőŔŉƣĲĬШƣŸШ9őŔŰċШŔŰШƖĲĦĲŰƣШĬĲĦċĬĲƚЮШfŰШƣőĲШĲċƖũǃШΝΦΦΜƚЯШŊũŸĤċũШ
ůċŊŰĲƚŔƨůШ ƓƖŸĬƨĦƣŔŸŰЯШ ĦŸƨŰƣƖǃрƽŔƚĲЯШƽċƚШ ƖĲũċƣŔƻĲũǃШ ĬŔƻĲƖƚŔǯĲĬШ ƽŔƣőШƣőĲШ ÖЮÉЮШĤĲŔŰŊШƣőĲШ ũĲċĬŔŰŊШ
ƓƖŸĬƨĦĲƖЮШ§ƣőĲƖШƚŔŊŰŔǯĦċŰƣШƓƖŸĬƨĦĲƖƚШŔŰĦũƨĬĲШÅƨƚƚŔċЯШ9ċŰċĬċЯШċŰĬШ ŸƖƽċǃЮШÉŔŰĦĲШƣőĲŰЯШ9őŔŰċШőċƚШ
ƚƣĲċĬŔũǃШĲǂƓċŰĬĲĬШŔƣƚШůċŊŰĲƚŔƨůШƓƖŸĬƨĦƣŔŸŰЯШĤĲĦŸůŔŰŊШƣőĲШƓƖŔůċƖǃШĬƖŔƻĲƖШŸŉШŊũŸĤċũШƓƖŸĬƨĦƣŔŸŰШ

 
350Ш[ŔŊƨƖĲƚШċƖĲШĤċƚĲĬШŸŰШĬċƣċШƓƖŸƻŔĬĲĬШĤǃШƣőĲШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃбШĬŸĲƚШŰŸƣШŔŰĦũƨĬĲШƣőĲШÖЮÉЮШƓƖŸĬƨĦƣŔŸŰ 
351Ш?ƖŔƻĲШÉƨƚƣċŔŰċĤŔũŔƣǃЮШыΞΜΞΞьЮШ~ċŊŰĲƚŔƨůаШ?ċƣċШƚƨůůċƖǃШΞΜΞΞЮШÅċƽШ~ċƣĲƖŔċũШ§ƨƣũŸŸťЮШÅċƽШ~ċƣĲƖŔċũШ§ƨƣũŸŸťШÂũċƣŉŸƖůЮШÅĲƣƖŔĲƻĲĬШ
ΝΞЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮƖċƽůċƣĲƖŔċũŸƨƣũŸŸťЮŸƖŊоĬċƣċоƚŔƣĲƚоĬĲŉċƨũƣоǯũĲƚоΞΜΞΟрΜΡо?Éх~ċŊŰĲƚŔƨůхé9хΞΜΞΞхǯŰċũЮƓĬŉШ 
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9ŸƨŰƣƖǃ ÉőċƖĲШŸŉШŊũŸĤċũШ
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ÑƨƖťĲǃ ΝӖ 

ÅŸì ΝӖ 

https://www.rawmaterialoutlook.org/data/sites/default/files/2023-05/DS_Magnesium_VC_2022_final.pdf
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ŊƖŸƽƣő352ЮШ?ƨƖŔŰŊШƣőċƣШƣŔůĲШƓĲƖŔŸĬЯШƣőĲШÖЮÉЮШƚőċƖĲШŸŉШŊũŸĤċũШƓƖŸĬƨĦƣŔŸŰШƽċƚШƖĲĬƨĦĲĬШŉƖŸůШΟΜӖШŔŰШΝΦΦΥШƣŸШ
ŢƨƚƣШΟӖЯШ9ċŰċĬċШċŰĬШ ŸƖƽċǃШŊƖċĬƨċũũǃШĦĲċƚĲĬШƓƖŸĬƨĦƣŔŸŰШĬƨĲШƣŸШǯŰċŰĦŔċũШƓƖĲƚƚƨƖĲƚЯШƽőŔũĲШ9őŔŰċѣƚШ
ĦċƓċĦŔƣǃШŊƖĲƽШŸƻĲƖШƣőŔƖƣĲĲŰŉŸũĬ353ЯШ354ЮШ 

 

EÖШƓƖŔůċƖǃШƓƖŸĬƨĦƣŔŸŰ 
ÑőĲƖĲШŔƚШŰŸШƓƖŔůċƖǃШƓƖŸĬƨĦƣŔŸŰШŔŰШƣőĲШEÖЮШÑőĲШũċƚƣШůċŊŰĲƚŔƨůШůŔŰĲШƚőƨƣШĬŸƽŰШŔŰШΞΜΝΠ355ЮШ 

ÂƖŔůċƖǃШƓƖŸĬƨĦƣŔŸŰШŸŉШŸƣőĲƖШEƨƖŸƓĲċŰШĦŸƨŰƣƖŔĲƚШŔŰШΞΜΞΜ 

9ŸƨŰƣƖǃШ ÂƖŔůċƖǃШƓƖŸĬƨĦƣŔŸŰШŔŰШΞΜΞΞШыůĲƣƖŔĦШƣŸŰƚь 

ÑƨƖťĲǃ ΝΠЯΜΜΜ 

ÖťƖċŔŰĲ ΞЯΜΜΜ 

 

ÉĲĦŸŰĬċƖǃШƓƖŸĬƨĦƣŔŸŰ 

ÉĲĦŸŰĬċƖǃШůċŊŰĲƚŔƨůШƓũċǃƚШċŰШŔůƓŸƖƣċŰƣШƖŸũĲШŸŉШƣőĲШŊũŸĤċũШƚƨƓƓũǃЮШfŰШΞΜΝΡтΞΜΝΣЯШŊũŸĤċũШƚĲĦŸŰĬċƖǃШ
ĦċƓċĦŔƣǃШĲǂĦĲĲĬĲĬШΞΤΞЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШƓĲƖШǃĲċƖЯШĲǂĦũƨĬŔŰŊШůċŊŰĲƚŔƨůШƖĲĦǃĦũĲĬШŔŰШƣőĲƖůċũШƖĲĬƨĦƣŔŸŰЮШ
ìőŔũĲШ ƚŔŊŰŔǯĦċŰƣШ ċůŸƨŰƣƚШ ŸŉШ ůċŊŰĲƚŔƨůШ ŉŸƖШ ƣőĲƖůċũШ ƖĲĬƨĦƣŔŸŰЯШ ƓċƖƣŔĦƨũċƖũǃШ ŔŰШ ƣŔƣċŰŔƨůШ ƚƓŸŰŊĲШ
ƓƖŸĬƨĦƣŔŸŰЯШċƖĲШƖĲĦǃĦũĲĬЯШĲǂċĦƣШǯŊƨƖĲƚШċƖĲШƖċƖĲũǃШƖĲĦŸƖĬĲĬЮШìŔƣőШċŰШĲƚƣŔůċƣĲĬШŸũĬрƣŸрŰĲƽШƚĦƖċƓШƖċƣŔŸШŸŉШ
ŸŰĲШǯŉƣőЯШċĤŸƨƣШΡΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШŸŉШŸũĬШƚĦƖċƓШƽĲƖĲШŉƨŰĦƣŔŸŰċũũǃШƖĲĦǃĦũĲĬШċŰŰƨċũũǃШƽŸƖũĬƽŔĬĲ356ЮШÑőĲШ
ÖЮÉЮШũĲċĬƚШŔŰШŊũŸĤċũШůċŊŰĲƚŔƨůШƖĲĦǃĦũŔŰŊШыŸũĬШċŰĬШŰĲƽШƚĦƖċƓьЯШŉŸũũŸƽĲĬШĤǃШ9őŔŰċЯШƣőŸƨŊőШ9őŔŰĲƚĲШ
ƻŸũƨůĲƚШůċǃШĤĲШƨŰĬĲƖĲƚƣŔůċƣĲĬЮШ 

fŰШEƨƖŸƓĲЯШůċŢŸƖШƖĲĦǃĦũĲƖƚШŔŰĦũƨĬĲШ]ĲƖůċŰǃЯШƣőĲШÖuЯШ9ǍĲĦőШÅĲƓƨĤũŔĦЯШÉĲƖĤŔċЯШÅŸůċŰŔċЯШ ƨƚƣƖŔċЯШċŰĬШ
cƨŰŊċƖǃ357ЮШÑőĲШEÖШůċŊŰĲƚŔƨůШƖĲĦǃĦũŔŰŊШĦċƓċĦŔƣǃШŔƚШċĤŸƨƣШΤΡЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШƓĲƖШǃĲċƖШċŰĬШůŸƚƣũǃШŉŸƖШ
ŰĲƽШƚĦƖċƓЮШ[ƨƖƣőĲƖůŸƖĲЯШƣőĲШEÖШŔƚШċШŰĲƣШĲǂƓŸƖƣĲƖШŸŉШůċŊŰĲƚŔƨůШƚĦƖċƓЮШfŰШΞΜΝΥЯШƣőĲШŰĲƣШŊƖŸƚƚШƻŸũƨůĲƚШŸŉШ
ĲǂƓŸƖƣĲĬШůċŊŰĲƚŔƨůШƚĦƖċƓШƽċƚШΝΜЯΟΤΜШůĲƣƖŔĦШƣŸŰƚШƽŔƣőШΠΜӖШĬŔƖĲĦƣĲĬШƣŸШƣőĲШÖЮÉЮШċŰĬШΞΝӖШƣŸШ7ƖċǍŔũ358Ю 

 

 

 

 

 
352ШÉ9ÅÅEE ΞЮШыΞΜΞΠЯШ[ĲĤƖƨċƖǃьЮШ~ċŊŰĲƚŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΝΝЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх~ ] EÉfÖ~хƨƓĬċƣĲЮƓĬŉШ 
353ШÉĦőůŔƣǍЯШ~ЮШыΞΜΝΦьаШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШ~ċŊŰĲƚŔƨůШы~ĲƣċũũьЮШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΟΥаШΣΥШÉЮбШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΝΝЮΜΟЮΞΜΞΡШ
ŉƖŸůШőƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůШ 
354ШxĲĲШ7ƖċǃЯШEЮШыΞΜΞΠьЮШ~ċŊŰĲƚŔƨůШůĲƣċũШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШ~ŔŰĲƖċũƚШǃĲċƖĤŸŸťЯШƻŸũƨůĲШfЯШΞΜΞΜЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ
]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΝΞЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΜоůǃĤΝрΞΜΞΜрůċŊŰĲƚŔƨůрůĲƣċũЮƓĬŉШ 
355Ш7ŸƨŰĬƚЯШЮШыΞΜΞΠЯШ ƓƖŔũШΝΣьЮШEƨƖŸƓĲШƖĲƚƣċƖƣƚШůċŊŰĲƚŔƨůШůŔŰŔŰŊШƣŸШĦŸƨŰƣĲƖШƖĲũŔċŰĦĲШŸŰШ9őŔŰċЮШ[ŔŰċŰĦŔċũШÑŔůĲƚЮШÅĲƣƖŔĲƻĲĬШΝΠЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮŉƣЮĦŸůоĦŸŰƣĲŰƣоŉΤΤĤŉΡΝŉрΜĦċĲрΠΞĤŉрΥĬΦĦрĦΝΝĬΞΠĬċĦΦΜΣШ 
356Ш ĲƽШƚĦƖċƓШŊĲŰĲƖċƣĲĬШŉƖŸůШůċŰƨŉċĦƣƨƖŔŰŊШƓƖŸĦĲƚƚĲƚбШŸũĬШƚĦƖċƓШƖĲŉĲƖƚШƣŸШƓŸƚƣШĦŸŰƚƨůĲƖШƚĦƖċƓШ 
357ШÉĦőůŔƣǍЯШ~ЮШыΞΜΝΦьаШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШ~ċŊŰĲƚŔƨůШы~ĲƣċũũьЮШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΟΥаШΣΥШÉЮбШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΝΝЮΜΟЮΞΜΞΡШ
ŉƖŸůШőƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůШ 
358ШÉ9ÅÅEE ΞЮШыΞΜΞΠЯШ[ĲĤƖƨċƖǃьЮШ~ċŊŰĲƚŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΝΝЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх~ ] EÉfÖ~хƨƓĬċƣĲЮƓĬŉШ 

https://pubs.usgs.gov/myb/vol1/2020/myb1-2020-magnesium-metal.pdf
https://www.ft.com/content/f77bf51f-0cae-42bf-8d9c-c11d24dac906


 

 ΝΜΡ 

 ĲƽЮƚĦƖċƓ 

ÅĲĦǃĦũŔŰŊШŰĲƽШƚĦƖċƓШŔƚШĦŸůůŸŰШŔŰШƣőĲШůċŊŰĲƚŔƨůШŔŰĬƨƚƣƖǃЯШĲƚƓĲĦŔċũũǃШŔŰШыĬŔĲьШĦċƚƣŔŰŊЯШƣőĲƖůċũШ
ƖĲĬƨĦƣŔŸŰЯШċŰĬШċũƨůŔŰŔƨůШċũũŸǃШƓƖŸĬƨĦƣŔŸŰ359ЮШfƣШŔƚШĲƚƣŔůċƣĲĬШƣőċƣШƣőĲШƚĦƖċƓШťĲƓƣШƽŔƣőŔŰШƣőĲШũŸŸƓШƖĲĬƨĦĲƚШ
ƓƖŔůċƖǃШůċŊŰĲƚŔƨůШĬĲůċŰĬШĤǃШƨƓШƣŸШΡΜӖЮШ ĲƽШƚĦƖċƓШŉƖŸůШůċŊŰĲƚŔƨůШыĬŔĲьШĦċƚƣŔŰŊШƓƖŸĬƨĦƣŔŸŰШŔƚШ
ƖĲĦǃĦũĲĬШШŔŰƣĲƖŰċũũǃШŸƖШĲǂƣĲƖŰċũũǃШĬĲƓĲŰĬШŸŰШƣőĲШƕƨċũŔƣǃЮШxŸƽĲƖрƕƨċũŔƣǃШŰĲƽШƚĦƖċƓШŔƚШƨƚĲĬШċƚШƖĲċŊĲŰƣƚШŔŰШ
ƚƣĲĲũШĬĲƚƨũŉƨƖŔǍċƣŔŸŰШŸƖШŸƣőĲƖШůċƖťĲƣƚЯШƖĲƓũċĦŔŰŊШƓƖŔůċƖǃШůċŊŰĲƚŔƨůЮШcŸƽĲƻĲƖЯШůċŊŰĲƚŔƨůШŉƖŸůШƚƣĲĲũШ
ĬĲƚƨũŉƨƖŔǍċƣŔŸŰШŔƚШŰŸƣШƖĲĦǃĦũĲĬ360Ю 

§ũĬЮƚĦƖċƓ 

§ũĬШůċŊŰĲƚŔƨůШƚĦƖċƓШŔƚШƓƖŔůċƖŔũǃШƖĲĦǃĦũĲĬШƽŔƣőŔŰШƣőĲШċũƨůŔŰŔƨůШċũũŸǃШƖĲĦǃĦũŔŰŊШƓƖŸĦĲƚƚЯШĲƚƓĲĦŔċũũǃШŉŸƖШ
ƓċĦťċŊŔŰŊШƓƖŸĬƨĦƣŔŸŰЯШťĲĲƓŔŰŊШůċŊŰĲƚŔƨůШƣőĲŰШŔŰШƣőĲШċũƨůŔŰŔƨůШĦǃĦũĲ361ШЮШÅĲĦǃĦũŔŰŊШĲŰĬрŸŉрũŔŉĲШ
ůċŊŰĲƚŔƨůШыĬŔĲьШĦċƚƣШƓƖŸĬƨĦƣƚШŉŸƖШƚƣƖƨĦƣƨƖċũШĦŸůƓŸŰĲŰƣƚШыŔЮĲЮЯШůċŊŰĲƚŔƨůШċũũŸǃĲĬШƽŔƣőШŸƣőĲƖШůĲƣċũƚШ
ƣŸШŊŔƻĲШƚƨŔƣċĤũĲШƓƖŸƓĲƖƣǃШŉŸƖШĦċƚƣŔŰŊШċŰĬШŉŸƖШƽƖŸƨŊőƣШŸƖШŉŸƖůĲĬШůċƣĲƖŔċũьШŔƚШũŔůŔƣĲĬШĤǃШƚĦƖċƓШƕƨċũŔƣǃШċŰĬШ
ĲĦŸŰŸůŔĦШŉċĦƣŸƖƚЮШ 

fŰШƣőĲШEÖЯШƣőĲШĲƚƣŔůċƣĲĬШE§xрÅfÅШŉŸƖШůċŊŰĲƚŔƨůШŔƚШΝΞрΝΟӖ362Ю 

 

ÅĲƚĲƖƻĲƚ 
]ũŸĤċũШƖĲƚĲƖƻĲƚ363ЯШ364Ш 
?ċƣċШŸŰШŊũŸĤċũШƖĲƚĲƖƻĲƚШŔƚШŰŸƣШċƻċŔũċĤũĲШċƚШŔƣШŔƚШĦŸŰƚŔĬĲƖĲĬШƻŔƖƣƨċũũǃШƨŰũŔůŔƣĲĬШċŰĬШŊũŸĤċũũǃШĬŔƚƣƖŔĤƨƣĲĬЮ 

 
EÖШƖĲƚĲƖƻĲƚ365 
?ċƣċШŸŰШEÖШƖĲƚĲƖƻĲƚШŔƚШŰŸƣШċƻċŔũċĤũĲЮШ 

 

?ĲůċŰĬШ 
]ũŸĤċũШĬĲůċŰĬ 
ÑőĲШŊũŸĤċũШůċŊŰĲƚŔƨůШĦŸŰƚƨůƓƣŔŸŰШƽċƚШċĤŸƨƣШΝЯΜΜΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШŔŰШΞΜΞΜ366ЮШ 

 
359ШÉĦőůŔƣǍЯШ~ЮШыΞΜΝΦьаШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШ~ċŊŰĲƚŔƨůШы~ĲƣċũũьЮШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΟΥаШΣΥШÉЮбШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΝΝЮΜΟЮΞΜΞΡШ
ŉƖŸůШőƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůШ 
360ШÉ9ÅÅEE ΞЮШыΞΜΞΠЯШ[ĲĤƖƨċƖǃьЮШ~ċŊŰĲƚŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΝΝЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх~ ] EÉfÖ~хƨƓĬċƣĲЮƓĬŉШ 
361ШÉĦőůŔƣǍЯШ~ЮШыΞΜΝΦьаШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШ~ċŊŰĲƚŔƨůШы~ĲƣċũũьЮШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΟΥаШΣΥШÉЮбШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΝΝЮΜΟЮΞΜΞΡШ
ŉƖŸůШőƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůШ 
362ШÉ9ÅÅEE ΞЮШыΞΜΞΠЯШ[ĲĤƖƨċƖǃьЮШ~ċŊŰĲƚŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΝΝЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх~ ] EÉfÖ~хƨƓĬċƣĲЮƓĬŉШ 
363ШxĲĲШ7ƖċǃЯШEЮШыΞΜΞΡьЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡаШ~ċŊŰĲƚŔƨůШůĲƣċũЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΝΞЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрůċŊŰĲƚŔƨůрůĲƣċũЮƓĬŉШ 
364ШÉĦőůŔƣǍЯШ~ЮШыΞΜΝΦьаШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШ~ċŊŰĲƚŔƨůШы~ĲƣċũũьЮШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΟΥаШΣΥШÉЮбШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΝΝЮΜΟЮΞΜΞΡШ
ŉƖŸůШőƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůШ 
365ШÉ9ÅÅEE ΞЮШыΞΜΞΠЯШ[ĲĤƖƨċƖǃьЮШ~ċŊŰĲƚŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΝΝЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх~ ] EÉfÖ~хƨƓĬċƣĲЮƓĬŉШ 
366ШÉ9ÅÅEE ΞЮШыΞΜΞΠЯШ[ĲĤƖƨċƖǃьЮШ~ċŊŰĲƚŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΝΝЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх~ ] EÉfÖ~хƨƓĬċƣĲЮƓĬŉШ 



 

 ΝΜΣ 

]ũŸĤċũШůċŊŰĲƚŔƨůШĦŸŰƚƨůƓƣŔŸŰШőċƚШŔŰĦƖĲċƚĲĬШŔŰШƖĲĦĲŰƣШǃĲċƖƚЯШĬƖŔƻĲŰШƓƖŔůċƖŔũǃШĤǃШĬĲůċŰĬШŔŰШ9őŔŰċШĤƨƣШ
ċũƚŸШƣőĲШƖĲƚƣШŸŉШƣőĲШƽŸƖũĬЮШfŰШΞΜΝΣЯШ9őŔŰċШċĦĦŸƨŰƣĲĬШŉŸƖШƣőĲШőŔŊőĲƚƣШƚőċƖĲЯШċĦĦŸƨŰƣŔŰŊШŉŸƖШċƖŸƨŰĬШΠΜӖШŸŉШ
ŊũŸĤċũШĬĲůċŰĬЯШŉŸũũŸƽĲĬШĤǃШƣőĲШÖÉ ШыΝΜӖьЯШÅƨƚƚŔċШыΤӖьЯШ]ĲƖůċŰǃШыΣӖьЯШ9ċŰċĬċШыΡЮΡӖьШċŰĬШsċƓċŰыΠӖьШ
ĤċƚĲĬШŸŰШĲƚƣŔůċƣĲĬШċƓƓċƖĲŰƣШĦŸŰƚƨůƓƣŔŸŰ367Ю 

 

EÖШĬĲůċŰĬ 
7ĲƣƽĲĲŰШΞΜΝΣШċŰĬШΞΜΞΜЯШƣőĲШEÖѣƚШċƻĲƖċŊĲШċŰŰƨċũШůċŊŰĲƚŔƨůШĦŸŰƚƨůƓƣŔŸŰШƽċƚШΝΞΜЯΡΞΜШůĲƣƖŔĦШƣŸŰƚШ
ыŔЮĲЮЯШċƓƓċƖĲŰƣШĦŸŰƚƨůƓƣŔŸŰьЮШÑőĲШEÖШƽċƚШΝΜΜӖШƖĲũŔċŰĦĲШŸŰШŔůƓŸƖƣШċŰĬШƣőĲШůċŔŰШƚƨƓƓũŔĲƖƚШƽĲƖĲШ9őŔŰċШ
ыΦΤӖьЯШfƚƖċĲũШыΝӖьЯШċŰĬШƣőĲШÖuШыΝӖьЮШ[ŸƖШΞΜΝΦШċŰĬШΞΜΞΜЯШƣőĲШEÖШċƓƓċƖĲŰƣШċƻĲƖċŊĲШĦŸŰƚƨůƓƣŔŸŰШŸŉШ
ůċŊŰĲƚŔƨůШƽċƚШĦċũĦƨũċƣĲĬШċƣШΝΠΡЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШƓĲƖШǃĲċƖ368Ю 

 

[ƨƣƨƖĲШƚƨƓƓũǃШċŰĬШĬĲůċŰĬШƣƖĲŰĬƚ 
?ƨĲШƣŸШƣőĲШċĤƨŰĬċŰĦĲШŸŉШůċŊŰĲƚŔƨůШƖĲƚŸƨƖĦĲƚЯШƖċƽШůċƣĲƖŔċũШċƻċŔũċĤŔũŔƣǃШƽŔũũШŰŸƣШĤĲШċШũŔůŔƣŔŰŊШŉċĦƣŸƖШŔŰШ
ŉƨƣƨƖĲШƚƨƓƓũǃШĬĲƻĲũŸƓůĲŰƣЮШcŸƽĲƻĲƖЯШƚőŸƖƣрƣĲƖůШƚőŸƖƣċŊĲƚШĦŸƨũĬШŸĦĦƨƖЯШċƚШƓƖŸĬƨĦƣŔŸŰШŔŰШ9őŔŰċЯШƣőĲШ
ĬŸůŔŰċŰƣШŊũŸĤċũШƚƨƓƓũŔĲƖЯШůċǃШĤĲШŔŰǰƨĲŰĦĲĬШĤǃШƻċƖŔŸƨƚШŉċĦƣŸƖƚЯШƚƨĦőШċƚШƚƣƖŔŰŊĲŰƣШĲŰƻŔƖŸŰůĲŰƣċũШ
ƖĲŊƨũċƣŔŸŰƚЯШƓŸƣĲŰƣŔċũШƓŸƽĲƖШƚőŸƖƣċŊĲƚШыċƚШƚĲĲŰШŔŰШΞΜΞΝьЯШċŰĬШƖŔƚŔŰŊШƓƖŔĦĲƚШŸŉШƖċƽШůċƣĲƖŔċũƚШĲƚƚĲŰƣŔċũШŉŸƖШ
ůċŊŰĲƚŔƨůШƓƖŸĬƨĦƣŔŸŰ369Ю 

7ŸƣőШůċŊŰĲƚŔƨůШĬĲůċŰĬШċŰĬШƚƨƓƓũǃШƽŔũũШŊƖŸƽШŔŰШƣőĲШũŸŰŊрƣĲƖůЮШÅĲŊċƖĬŔŰŊШƣőĲШũŸŰŊрƣĲƖůШĬĲůċŰĬр
ƚƨƓƓũǃШĤċũċŰĦĲЯШŔƣШŔƚШĲǂƓĲĦƣĲĬШƣőċƣШċũũШƓƖŸŢĲĦƣƚШĦƨƖƖĲŰƣũǃШƨŰĬĲƖШĬĲƻĲũŸƓůĲŰƣШƽŔũũШĤĲШƚƨǭŔĦŔĲŰƣШƣŸШůĲĲƣШ
ĬĲůċŰĬШƨŰƣŔũШƣőĲШůŔĬрΞΜΠΜƚЮШcŸƽĲƻĲƖЯШŔŰШċШőŔŊőрĬĲůċŰĬШƚĦĲŰċƖŔŸЯШċĬĬŔƣŔŸŰċũШƓƖŸŢĲĦƣƚШĤĲǃŸŰĬШƣőŸƚĲШ
ĦƨƖƖĲŰƣũǃШƓũċŰŰĲĬШƽŔũũШĤĲШŰĲĦĲƚƚċƖǃШƣőƖŸƨŊőŸƨƣШƣőĲШũċƣƣĲƖШőċũŉШŸŉШƣőĲШΞΜΟΜƚЮ 

ÂƖŸŢĲĦƣƚШŸƨƣƚŔĬĲШŸŉШ9őŔŰċШŉċĦĲШƚĲƻĲƖċũШĦőċũũĲŰŊĲƚШƣőċƣШůċǃШőŔŰĬĲƖШũċƖŊĲрƚĦċũĲШŊƖŸƽƣőЯШŔŰĦũƨĬŔŰŊШƣőĲШőŔŊőШ
ĲŰĲƖŊǃШĬĲůċŰĬШŸŉШůċŊŰĲƚŔƨůШƓƖŸĬƨĦƣŔŸŰШċŰĬШƣőĲШċƚƚŸĦŔċƣĲĬШĦċƖĤŸŰШĲůŔƚƚŔŸŰƚЮШÑŸШċĬĬƖĲƚƚШƣőĲƚĲШ
ĦőċũũĲŰŊĲƚШċŰĬШůŔƣŔŊċƣĲШƚƨƓƓũǃШĦőċŔŰШƖŔƚťƚЯШƚŸůĲШƓƖŸĬƨĦĲƖƚШċƖĲШĤĲŊŔŰŰŔŰŊШƣŸШŔŰƣĲŊƖċƣĲШƖĲŰĲƽċĤũĲШĲŰĲƖŊǃШ
ŔŰƣŸШƣőĲŔƖШƓƖŸĬƨĦƣŔŸŰШƓƖŸĦĲƚƚĲƚ370ЮШ 

éĲƖĬĲШ~ċŊŰĲƚŔƨůЯШƽőŔĦőШƚĲĲťƚШƣŸШƖĲƚƣċƖƣШůċŊŰĲƚŔƨůШůŔŰŔŰŊШŔŰШEƨƖŸƓĲЯШĦŔƣĲƚШƖĲŊƨũċƣŸƖǃШĤŸƣƣũĲŰĲĦťƚШ
ċŰĬШƣőĲШĦŸƚƣШŊċƓШĤĲƣƽĲĲŰШEÖрůċĬĲШƓƖŸĬƨĦƣƚШċŰĬШŔůƓŸƖƣƚШċƚШťĲǃШĦőċũũĲŰŊĲƚШŔŰШĬĲƻĲũŸƓŔŰŊШEƨƖŸƓĲċŰШ
ƓƖŔůċƖǃШůċŊŰĲƚŔƨůШċŰĬШŸƣőĲƖШĦƖŔƣŔĦċũШƖċƽШůċƣĲƖŔċũƚШƓƖŸŢĲĦƣƚЮШÑőŔƚШċũŔŊŰƚШƽŔƣőШĦŸŰĦĲƖŰƚШŉƖŸůШċŰШċĦƣŔƻĲШ
EƨƖŸƓĲċŰШ ůċŊŰĲƚŔƨůШ ůċƖťĲƣШ ƓċƖƣŔĦŔƓċŰƣШ ŔŰƣĲƖƻŔĲƽĲĬШ ĤǃШ [ċƚƣůċƖťĲƣƚЯШ ƽőŸШ ƕƨĲƚƣŔŸŰĲĬШ ƽőĲƣőĲƖШ
ĦƨƚƣŸůĲƖƚШƽŸƨũĬШƓċǃШƣőĲШƓƖĲůŔƨůШŉŸƖШũŸĦċũũǃШƓƖŸĬƨĦĲĬШůċŊŰĲƚŔƨů371Ю 

 
367ШÉĦőůŔƣǍЯШ~ЮШыΞΜΝΦьаШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШ~ċŊŰĲƚŔƨůШы~ĲƣċũũьЮШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΟΥаШΣΥШÉЮбШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΝΝЮΜΟЮΞΜΞΡШ
ŉƖŸůШőƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůШ 
368ШÉ9ÅÅEE ΞЮШыΞΜΞΠЯШ[ĲĤƖƨċƖǃьЮШ~ċŊŰĲƚŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΝΝЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх~ ] EÉfÖ~хƨƓĬċƣĲЮƓĬŉШ 
369ШÉ9ÅÅEE ΞЮШыΞΜΞΠЯШ[ĲĤƖƨċƖǃьЮШ~ċŊŰĲƚŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΝΝЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх~ ] EÉfÖ~хƨƓĬċƣĲЮƓĬŉШ 
370cĲċĬЯШcЮШыΞΜΞΠЯШ ƓƖŔũШΞΠьЮШìőċƣШŔƚШƣőĲШŸƨƣũŸŸťШŉŸƖШůċŊŰĲƚŔƨůШůĲƣċũШĬĲůċŰĬШċŰĬШƚƨƓƓũǃШƣŸШΞΜΡΜеШÂƖŸŢĲĦƣШ7ũƨĲЮШÅĲƣƖŔĲƻĲĬШΝΠЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƓƖŸŢĲĦƣĤũƨĲЮĦŸůоĤũƨĲоƻŔĬĲŸƚоΥΡΜШ 
371Ш9ĲŉċŔЯШÉЮШыΞΜΞΟЯШ~ċƖĦőШΟΜьЮШEƨƖŸƓĲШůċŊŰĲƚŔƨůШƚƨƓƓũǃШƨŰĦĲƖƣċŔŰШĬĲƚƓŔƣĲШŔŰĦũƨƚŔŸŰШŔŰШѣċůĤŔƣŔŸƨƚШĤƨƣШĬŸċĤũĲѣШ9Å~ аШÉŸƨƖĦĲƚЮШ[ċƚƣůċƖťĲƣƚЮШ
ÅĲƣƖŔĲƻĲĬШΝΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮŉċƚƣůċƖťĲƣƚЮĦŸůоŔŰƚŔŊőƣƚоĲƨƖŸƓĲрůċŊŰĲƚŔƨůрƚƨƓƓũǃрƨŰĦĲƖƣċŔŰрĬĲƚƓŔƣĲрŔŰĦũƨƚŔŸŰрŔŰрċůĤŔƣŔŸƨƚр
ĤƨƣрĬŸċĤũĲрĦƖůċрƚŸƨƖĦĲƚоШ 

https://projectblue.com/blue/videos/850
https://www.fastmarkets.com/insights/europe-magnesium-supply-uncertain-despite-inclusion-in-ambitious-but-doable-crma-sources/
https://www.fastmarkets.com/insights/europe-magnesium-supply-uncertain-despite-inclusion-in-ambitious-but-doable-crma-sources/


 

 ΝΜΤ 

]ũŸĤċũШůċŊŰĲƚŔƨůШĬĲůċŰĬШŔƚШĲǂƓĲĦƣĲĬШƣŸШŊƖŸƽШĤǃШΞΠӖШŉƖŸůШŔƣƚШΞΜΞΟШũĲƻĲũШĤǃШΞΜΟΠШċŰĬШĬŸƨĤũĲШĤǃШΞΜΡΜЮШ
ÑőĲШċũƨůŔŰŔƨůШŔŰĬƨƚƣƖǃШƽŔũũШƖĲůċŔŰШƣőĲШũċƖŊĲƚƣШĦŸŰƚƨůĲƖЯШĬƖŔƻĲŰШĤǃШŸŰŊŸŔŰŊШĬĲƻĲũŸƓůĲŰƣƚШŔŰШƣőĲШ
ƣƖċŰƚƓŸƖƣШƚĲĦƣŸƖЮШcŸƽĲƻĲƖЯШŔƣƚШůċƖťĲƣШŊƖŸƽƣőШŔƚШƓƖŸŢĲĦƣĲĬШƣŸШƚũŸƽШĤǃШƣőĲШůŔĬрΞΜΟΜƚЮШ~ċŊŰĲƚŔƨůШыĬŔĲьШ
ĦċƚƣŔŰŊШċƓƓũŔĦċƣŔŸŰƚШƽŔũũШƚĲĲШƣőĲШůŸƚƣШƚŔŊŰŔǯĦċŰƣШŊƖŸƽƣőЯШŉƨĲũũĲĬШĤǃШċĬƻċŰĦĲůĲŰƣƚШŔŰШƣőĲШċƨƣŸůŸƣŔƻĲШ
ŔŰĬƨƚƣƖǃЮШìőŔũĲШŸƣőĲƖШċƓƓũŔĦċƣŔŸŰƚШċƖĲШċũƚŸШĲǂƓĲĦƣĲĬШƣŸШŊƖŸƽЯШƣőĲŔƖШŔůƓċĦƣШƽŔũũШĤĲШũĲƚƚШƚƨĤƚƣċŰƣŔċũ372ЮШ 

 

EǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШ 
fƣШƚőŸƨũĬШĤĲШŰŸƣĲĬШƣőċƣШƖĲŊƨũċƣŔŸŰƚШċƖĲШĬǃŰċůŔĦШċŰĬШƚƨĤŢĲĦƣШƣŸШĦőċŰŊĲШŸƻĲƖШƣŔůĲЮ 

~ċŢŸƖШƓƖŸĬƨĦŔŰŊШĦŸƨŰƣƖǃШ EǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШыΞΜΞΞьШ373 
fƚƖċĲũ xŔĦĲŰƚŔŰŊШƖĲƕƨŔƖĲůĲŰƣШŸŰШƨŰƽƖŸƨŊőƣШůċŊŰĲƚŔƨůШыĦŸŰƣċŔŰŔŰŊШċƣШũĲċƚƣШΦΦЮΥӖШĤǃШ

ƽĲŔŊőƣШŸŉШůċŊŰĲƚŔƨůьЯШůċŊŰĲƚŔƨůШƽċƚƣĲШѼШƚĦƖċƓЯШůċŊŰĲƚŔƨůШƖċƚƓŔŰŊƚЯШ
ƣƨƖŰŔŰŊƚШѼШŊƖċŰƨũĲƚЯШŊƖċĬĲĬШċĦĦŸƖĬŔŰŊШƣŸШƚŔǍĲЯШůċŊŰĲƚŔƨůШƓŸƽĬĲƖƚЯШċŰĬШŸƣőĲƖШ
ůċŊŰĲƚŔƨůШċƖƣŔĦũĲƚ 

uċǍċťőƚƣċŰ xŔĦĲŰƚŔŰŊШƖĲƕƨŔƖĲůĲŰƣШŸŰШůċŊŰĲƚŔƨůШƽċƚƣĲШѼШƚĦƖċƓЯШůċŊŰĲƚŔƨůШƖċƚƓŔŰŊƚЯШ
ƣƨƖŰŔŰŊƚШѼШŊƖċŰƨũĲƚЯШŊƖċĬĲĬШċĦĦŸƖĬŔŰŊШƣŸШƚŔǍĲЯШůċŊŰĲƚŔƨůШƓŸƽĬĲƖƚЯШċŰĬШŸƣőĲƖШ
ůċŊŰĲƚŔƨůШċƖƣŔĦũĲƚ 

ÅƨƚƚŔċ EǂƓŸƖƣШƣċǂШŸŰШůċŊŰĲƚŔƨůШƽċƚƣĲШѼШƚĦƖċƓ 

 
372cĲċĬЯШcЮШыΞΜΞΠЯШ ƓƖŔũШΞΠьЮШìőċƣШŔƚШƣőĲШŸƨƣũŸŸťШŉŸƖШůċŊŰĲƚŔƨůШůĲƣċũШĬĲůċŰĬШċŰĬШƚƨƓƓũǃШƣŸШΞΜΡΜеШÂƖŸŢĲĦƣШ7ũƨĲЮШÅĲƣƖŔĲƻĲĬШΝΠЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƓƖŸŢĲĦƣĤũƨĲЮĦŸůоĤũƨĲоƻŔĬĲŸƚоΥΡΜШ 
373Ш§E9?ШыΞΜΞΠьЯШ§E9?ШfŰƻĲŰƣŸƖǃШŸŉШEǂƓŸƖƣШÅĲƚƣƖŔĦƣŔŸŰƚШŸŰШfŰĬƨƚƣƖŔċũШÅċƽШ~ċƣĲƖŔċũƚШΞΜΞΠаШ~ŸŰŔƣŸƖŔŰŊШƣőĲШƨƚĲШŸŉШĲǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШċůŔĬШ
ůċƖťĲƣШċŰĬШƓŸũŔĦǃШƣĲŰƚŔŸŰƚЯШ§E9?ШÂƨĤũŔƚőŔŰŊЯШÂċƖŔƚЯШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΤΥΤоΡĲΠΣĤĤΞΜрĲŰЮШÅĲƣƖŔĲƻĲĬШΝΦЮΜΞЮΞΜΞΡЯШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮŸĲĦĬЮŸƖŊоĲŰоƣŸƓŔĦƚоĲǂƓŸƖƣрƖĲƚƣƖŔĦƣŔŸŰƚрŸŰрĦƖŔƣŔĦċũрƖċƽрůċƣĲƖŔċũƚЮőƣůũШ 

https://projectblue.com/blue/videos/850
https://www.oecd.org/en/topics/export-restrictions-on-critical-raw-materials.html


 

 ΝΜΥ 

~ċŰŊċŰĲƚĲШы~Űь 
~ċŢŸƖШĲŰĬШƨƚĲƚШŔŰШƣőĲШEÖШŔŰШΞΜΝΣ374 

 

 

ĦĦŸƖĬŔŰŊШƣŸШÅŸƚťŔũũќƚШƖĲƓŸƖƣШŔŰШΞΜΞΜЯШŊũŸĤċũũǃЯШƚƣĲĲũШƓƖŸĬƨĦƣŔŸŰШĦŸŰƚƨůĲĬШŸƻĲƖШΦΜӖШŸŉШůċŰŊċŰĲƚĲЯШ
ƽőŔũĲШŰŸŰŉĲƖƖŸƨƚШċũũŸǃƚШċŰĬШĤċƣƣĲƖŔĲƚШĲċĦőШċĦĦŸƨŰƣĲĬШŉŸƖШċƓƓƖŸǂŔůċƣĲũǃШΞӖЯШƽŔƣőШƣőĲШƖĲůċŔŰĬĲƖШƨƚĲĬШ
ŔŰШƻċƖŔŸƨƚШƚůċũũĲƖШċƓƓũŔĦċƣŔŸŰƚ375Ю 

 

 

 

 

 

 
374ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ~ċŰŊċŰĲƚĲаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх~  ]  EÉEЮƓĬŉШ 
375ШÉĦőŰĲĤĲũĲЯШEЮШuЮШыΞΜΞΠьЮШ~ċŰŊċŰĲƚĲШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΞΜШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΝΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΜоůǃĤΝрΞΜΞΜрůċŰŊċŰĲƚĲЮƓĬŉШ 

43%

10%

10%

9%

8%

14%

2%2%2%
Building and construction (Mn used primarily for
steel production)

Transportation (motor vehicles)

Transportation (other equipment)

Engineering (industrial)

Engineering (machinery, equipment, etc.)

Metalware

Domestic appliances

Miscellaneous

Batteries (portable batteries, mobility batteries,
e-bikes, industry/other batteries)

https://scrreen.eu/wp-content/uploads/2023/08/SCRREEN2_factsheets_MANGANESE.pdf
https://pubs.usgs.gov/myb/vol1/2020/myb1-2020-manganese.pdf


 

 ΝΜΦ 

éċũƨĲШĦőċŔŰШыƚŔůƓũŔǯĲĬь376ЯШ377ЯШ378 

 

 

ÉƨĤƚƣŔƣƨƣŔŸŰ379 
~ċŰŊċŰĲƚĲШőċƚШŰŸШƚċƣŔƚŉċĦƣŸƖǃШƚƨĤƚƣŔƣƨƣĲШŔŰШŔƣƚШůċŢŸƖШċƓƓũŔĦċƣŔŸŰƚЮ 

 

 

 

 
376?ƖŔƻĲШƚƨƚƣċŔŰċĤŔũŔƣǃЮШыΞΜΞΟьЮШ~ċŰŊċŰĲƚĲШƻċũƨĲШĦőċŔŰаШ?ċƣċШƚƨůůċƖǃЮШÅċƽШ~ċƣĲƖŔċũШ§ƨƣũŸŸťЮШÅĲƣƖŔĲƻĲĬШΝΠЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮƖċƽůċƣĲƖŔċũŸƨƣũŸŸťЮŸƖŊоĬċƣċоƚŔƣĲƚоĬĲŉċƨũƣоǯũĲƚоΞΜΞΟрΜΡо?Éх~ċŰŊċŰĲƚĲхé9хΞΜΞΞхǯŰċũЮƓĬŉШ 
377ШéċŰШüǃũЯШcЮЯШìŸƨƣĲƖШ7ЮШѼШÉƣĲĲŰťċůƓЯШsЮ?ЮЮШыΞΜΝΣьЮШfĬĲŰƣŔŉǃŔŰŊШĤċƖƖŔĲƖƚШŉċĦĲĬШĤǃШťĲǃШƖŸũĲШƓũċǃĲƖƚШŔŰШƣőĲШÉŸƨƣőШ ŉƖŔĦċŰШůċŰŊċŰĲƚĲШŔŰĬƨƚƣƖǃЮШ
É ffEШÂƖŸĦĲĲĬŔŰŊƚШΞΡрΞΣЮΝΜЮΞΜΝΣЮШÉƣŸŰĲőĲŰŊĲЯШÉŸƨƣőШ ŉƖŔĦċЮШÅĲƣƖŔĲƻĲĬШΝΠЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮƖĲƚĲċƖĦőŊċƣĲЮŰĲƣоƓƨĤũŔĦċƣŔŸŰоΟΜΦΡΡΣΠΣΤхfĬĲŰƣŔŉǃŔŰŊхĤċƖƖŔĲƖƚхŉċĦĲĬхĤǃхťĲǃхƖŸũĲхƓũċǃĲƖƚхŔŰхƣőĲхÉŸƨƣőх ŉƖŔĦċŰхůċŰŊċŰĲƚĲхŔ
ŰĬƨƚƣƖǃШ 
378Ш7ƨĦőőŸũǍЯШÂЮШѼШ[ŸǃċЯШÉЮШыΞΜΝΤьШыĲĬƚьЮШfŰƻĲƚƣŸƖѣƚШċŰĬШÂƖŸĦƨƖĲůĲŰƣШ]ƨŔĬĲШÉŸƨƣőШ ŉƖŔĦċЮШÂċƖƣШΟаШ~ċŰŊċŰĲƚĲЯШéċŰċĬŔƨůЯШüŔŰĦЮШ?EÅ Ш
ÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΟΟаШΤΞШƓƓЮбШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΝΠЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĤŊƖЮĤƨŰĬЮĬĲо?EÅ о?Eо?ŸƽŰũŸċĬƚоfŰƻĲƚƣŸƖѣƚхÂƖŸĦƨƖĲůĲŰƣх]ƨŔĬĲхfffЮőƣůũШ 
379ШuŔůЯШsЮШEЮШыΞΜΞΡьЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡаШ~ċŰŊċŰĲƚĲЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΝΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрůċŰŊċŰĲƚĲЮƓĬŉШ 

https://www.rawmaterialoutlook.org/data/sites/default/files/2023-05/DS_Manganese_VC_2022_final.pdf
https://www.researchgate.net/publication/309556467_Identifying_barriers_faced_by_key_role_players_in_the_South_African_manganese_industry
https://www.researchgate.net/publication/309556467_Identifying_barriers_faced_by_key_role_players_in_the_South_African_manganese_industry
https://www.bgr.bund.de/DERA/DE/Downloads/Investor's_Procurement_Guide_III.html
https://pubs.usgs.gov/periodicals/mcs2025/mcs2025-manganese.pdf


 

 ΝΝΜ 

]ũŸĤċũШċŰĬШEÖШƓƖŸĬƨĦƣŔŸŰШтШůċŰŊċŰĲƚĲШŸƖĲШ 
]ũŸĤċũШůŔŰĲШƓƖŸĬƨĦƣŔŸŰ380 

Ш 

 

~ċŰŊċŰĲƚĲШĲǂƣƖċĦƣŔŸŰШŔƚШŊĲŸŊƖċƓőŔĦċũũǃШƽŔĬĲƚƓƖĲċĬЯШĤƨƣШŸƻĲƖШΣΜӖШŸŉШŊũŸĤċũШƚƨƓƓũǃШĦŸůĲƚШŉƖŸůШÉŸƨƣőШ
ŉƖŔĦċЯШ ƨƚƣƖċũŔċЯШċŰĬШ]ċĤŸŰЮШ9őŔŰċѣƚШůŔŰĲШƓƖŸĬƨĦƣŔŸŰШĬĲĦũŔŰĲĬШĤǃШċƓƓƖŸǂŔůċƣĲũǃШΡΜӖШŉƖŸůШΞΜΝΤШƣŸШ
ΞΜΞΜЯШƽŔƣőШΞΜΞΞШŸƨƣƓƨƣШƖĲƣƨƖŰŔŰŊШƣŸШΞΜΝΡШũĲƻĲũƚШĬƨĲШƣŸШƚƣƖŔŰŊĲŰƣШĲŰƻŔƖŸŰůĲŰƣċũШƖĲŊƨũċƣŔŸŰƚШŔŰШƓũċĦĲШ
ƚŔŰĦĲШΞΜΝΡ381ЯШ382ЮШ 

 
380Ш[ŔŊƨƖĲƚШċƖĲШĤċƚĲĬШŸŰШĬċƣċШƓƖŸƻŔĬĲĬШĤǃШƣőĲШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮ 
381ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ~ċŰŊċŰĲƚĲаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх~  ]  EÉEЮƓĬŉШ 
382ШñƨЯШòЮШ?ЮШыΞΜΞΠЯШsċŰƨċƖǃШΞΠьЮШŰċũǃƚŔƚШŸŉШƣőĲШĦƨƖƖĲŰƣШĬĲƻĲũŸƓůĲŰƣШċŰĬШĦŸůƓĲƣŔƣŔƻĲШũċŰĬƚĦċƓĲШŸŉШƣőĲШŊũŸĤċũШůċŰŊċŰĲƚĲШŔŰĬƨƚƣƖǃЮШ[ƨƣƨƖĲƚШ
?ċŔũǃЮШÅĲƣƖŔĲƻĲĬШΝΥЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓаооƽƽƽЮƕőƖĤЮĦŸůЮĦŰоċƖƣŔĦũĲƚоΟΞΞΟΡΟШ 

18700000

19600000

20700000

19500000

20100000
20000000

19500000

17500000

18000000

18500000

19000000

19500000

20000000

20500000

21000000

2017 2018 2019 2020 2021 2022 2023

World mine production (metric tons, Mn content)

0

1000000

2000000

3000000

4000000

5000000

6000000

7000000

8000000

2019 2020 2021 2022 2023

Global mine production by country

South Africa

Gabon

Australia

China

Ukraine

Ghana

India

Brazil

Côte d'Ivoire

9ŸƨŰƣƖǃ ÉőċƖĲШŸŉШŊũŸĤċũШ
ůŔŰĲШƓƖŸĬƨĦƣŔŸŰШ
ыċƻŊЮШΞΜΝΦрΞΜΞΟь 

ÉŸƨƣőШ ŉƖŔĦċ ΟΡӖ 

]ċĤŸŰ ΞΜӖ 

ƨƚƣƖċũŔċ ΝΣӖ 

9őŔŰċ ΡӖ 

]őċŰċ ΡӖ 

7ƖċǍŔũ ΠӖ 

fŰĬŔċ ΟӖ 

ÖťƖċŔŰĲ ΞӖ 

9ŻƣĲШĬќfƻŸŔƖĲ ΞӖ 

ÅŸì ΥӖ 

http://www.qhrb.com.cn/articles/322353


 

 ΝΝΝ 

EÖШůŔŰĲШƓƖŸĬƨĦƣŔŸŰ 
~ċŰŊċŰĲƚĲШŸƖĲƚШƽĲƖĲШůŔŰĲĬШŔŰШŸŰũǃШƣőƖĲĲШEÖШĦŸƨŰƣƖŔĲƚЯШ7ƨũŊċƖŔċЯШcƨŰŊċƖǃЯШċŰĬШÅŸůċŰŔċЯШƓƖŸĬƨĦŔŰŊШ
ċƖŸƨŰĬШΤЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШċŰŰƨċũũǃШĤĲƣƽĲĲŰШΞΜΝΤШċŰĬШΞΜΞΜЯШċĦĦŸƨŰƣŔŰŊШŉŸƖШũĲƚƚШƣőċŰШΝӖШŸŉШŊũŸĤċũШ
ŸƨƣƓƨƣ383Ю 

9ŸƨŰƣƖǃШ ÂƖŔůċƖǃШƓƖŸĬƨĦƣŔŸŰШŔŰШΞΜΞΝШыůĲƣƖŔĦШƣŸŰƚЯШ~ŰШĦŸŰƣĲŰƣьШ384 

7ƨũŊċƖŔċШ ΤЯΜΜΜ 

ÅŸůċŰŔċ ΠЯΜΜΜ 

cƨŰŊƖǃ ŰЮĬЮ 

 

ÂƖŔůċƖǃШƓƖŸĬƨĦƣŔŸŰШŸŉШŸƣőĲƖШEƨƖŸƓĲċŰШĦŸƨŰƣƖŔĲƚ 

?ƨĲШƣŸШÅƨƚƚŔċѣƚШŔŰƻċƚŔŸŰЯШÖťƖċŔŰĲѣƚШůŔŰĲШƓƖŸĬƨĦƣŔŸŰШĬƖŸƓƓĲĬШƚŔŊŰŔǯĦċŰƣũǃШƣŸШΟΞΟЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШŸŉШ
ůċŰŊċŰĲƚĲШĦŸŰƣĲŰƣШŔŰШΞΜΞΞШċŰĬШƣőĲŰШΝΞΣЯΜΜΜШŔŰШΞΜΞΟЮШ ƚШŸŉШ ŸƻĲůĤĲƖШΞΜΞΟЯШċƣШũĲċƚƣШƣƽŸШůċŰŊċŰĲƚĲШ
ůŔŰŔŰŊШċŰĬШƓƖŸĦĲƚƚŔŰŊШƓũċŰƣƚШƖĲůċŔŰĲĬШŔĬũĲЯШƽőŔũĲШċŰŸƣőĲƖШƣƽŸШƖĲƚƨůĲĬШůŔŰŔůċũШƓƖŸĬƨĦƣŔŸŰШŔŰШƣőĲШ
ƚĲĦŸŰĬШƕƨċƖƣĲƖШŸŉШΞΜΞΠ385Ю 

9ŸƨŰƣƖǃШ ÂƖŔůċƖǃШƓƖŸĬƨĦƣŔŸŰШŔŰШΞΜΞΝШыůĲƣƖŔĦШƣŸŰƚЯШ~ŰШĦŸŰƣĲŰƣьШ386 

ÖťƖċŔŰĲ ΣΜΜЯΜΜΜ 

]ĲŸƖŊŔċ ΞΞΤЯΜΜΜ 

ÑƨƖťĲǃ ΟΜЯΜΜΜ 

 

 

 

 

 

 

 

 

 

 

 
383ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ~ċŰŊċŰĲƚĲаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх~  ]  EÉEЮƓĬŉШ 
384Ш[ŔŊƨƖĲƚШċƖĲШĤċƚĲĬШŸŰШĬċƣċШƓƖŸƻŔĬĲĬШĤǃШƣőĲШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮ 
385ШuŔůЯШsЮШEЮШыΞΜΞΡьЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡаШ~ċŰŊċŰĲƚĲЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΝΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрůċŰŊċŰĲƚĲЮƓĬŉШ 
386Ш[ŔŊƨƖĲƚШċƖĲШĤċƚĲĬШŸŰШĬċƣċШƓƖŸƻŔĬĲĬШĤǃШƣőĲШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮ 
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ÉĲĦŸŰĬċƖǃШƓƖŸĬƨĦƣŔŸŰ 
 ĲƽЮƚĦƖċƓЮƓƖŸĬƨĦĲĬЮŉƖŸůЮůċŰƨŉċĦƣƨƖŔŰŊЮƓƖŸĦĲƚƚĲƚЮ 

~ċŰŊċŰĲƚĲШĦċŰШĤĲШƖĲĦŸƻĲƖĲĬШċũŸŰŊШƽŔƣőШŔƖŸŰШŉƖŸůШƚƣĲĲũШƚũċŊШŊĲŰĲƖċƣĲĬШĬƨƖŔŰŊШƣőĲШŔƖŸŰШċŰĬШƚƣĲĲũШ
ƓƖŸĬƨĦƣŔŸŰЮШcŸƽĲƻĲƖЯШůċŰŊċŰĲƚĲШƽċƚШƖĲĦǃĦũĲĬШŔŰĦŔĬĲŰƣċũũǃШċƚШċШĦŸŰƚƣŔƣƨĲŰƣШŸŉШŉĲƖƖŸƨƚШċŰĬШŰŸŰŉĲƖƖŸƨƚШ
ƚĦƖċƓШċŰĬШ ŰŸƣШ ƣőĲШ ƚƓĲĦŔǯĦШ ƣċƖŊĲƣШ ŸŉШ ƖĲĦǃĦũŔŰŊЮШ ÉĦƖċƓШ ƖĲĦŸƻĲƖǃШ ƚƓĲĦŔǯĦċũũǃШ ŉŸƖШ ůċŰŊċŰĲƚĲШ ƽċƚШ
ŰĲŊũŔŊŔĤũĲ387ЯШ388ЮШ 

 

§ũĬЮƚĦƖċƓЮċƚЮŔŰЮƓŸƚƣцĦŸŰƚƨůĲƖЮƚĦƖċƓЮ389 

fŰШΞΜΞΜЯШƣőĲШE§xрÅfÅШŉŸƖШůċŰŊċŰĲƚĲШƽċƚШĲƚƣŔůċƣĲĬШƣŸШĤĲШΦӖШĤċƚĲĬШŸŰШƣőĲШ~ċƣĲƖŔċũШÉǃƚƣĲůШ ŰċũǃƚŔƚШŸŉШ
ǯƻĲШĤċƣƣĲƖǃрƖĲũċƣĲĬШƖċƽШůċƣĲƖŔċũƚШƓƨĤũŔƚőĲĬШĤǃШƣőĲШÂƨĤũŔĦċƣŔŸŰƚШ§ǭŔĦĲШŸŉШƣőĲШEÖЮШ 

 

ÅĲƚĲƖƻĲƚ 
]ũŸĤċũШƖĲƚĲƖƻĲƚ390Ш 
9ŸƨŰƣƖǃШ ÅĲƚĲƖƻĲƚШыůĲƣƖŔĦШƣŸŰƚЯШŊƖŸƚƚШƽĲŔŊőƣь 

ÉŸƨƣőШ ŉƖŔĦċ ΡΣΜЯΜΜΜЯΜΜΜ 

ƨƚƣƖċũŔċ ΡΜΜЯΜΜΜЯΜΜΜ 
9őŔŰċ ΞΥΜЯΜΜΜЯΜΜΜ 

7ƖċǍŔũ ΞΤΜЯΜΜΜЯΜΜΜ 

]ċĤŸŰ ΣΝЯΜΜΜЯΜΜΜ 

fŰĬŔċ ΟΠЯΜΜΜЯΜΜΜ 

 

EÖШƖĲƚĲƖƻĲƚ391 
9ŸƨŰƣƖǃШ ÅĲƓŸƖƣŔŰŊШĦŸĬĲ éċũƨĲ ÖŰŔƣ ]ƖċĬĲ 9ŸĬĲШƖĲƚĲƖƻĲШƣǃƓĲ 

ÅŸůċŰŔċ Ö [9 ΝоΝΤ ~ƣ ~ċŰŊċŰĲƚĲШ ΝΝΝоΝΞΝ 

 

 

 
387ШuŔůЯШsЮШEЮШыΞΜΞΡьЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡаШ~ċŰŊċŰĲƚĲЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΝΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрůċŰŊċŰĲƚĲЮƓĬŉШ 
388ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ~ċŰŊċŰĲƚĲаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх~  ]  EÉEЮƓĬŉШ 
389ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ~ċŰŊċŰĲƚĲаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх~  ]  EÉEЮƓĬŉШ 
390ШuŔůЯШsЮШEЮШыΞΜΞΡьЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡаШ~ċŰŊċŰĲƚĲЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΝΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрůċŰŊċŰĲƚĲЮƓĬŉШ 
391ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ~ċŰŊċŰĲƚĲаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх~  ]  EÉEЮƓĬŉ  



 

 ΝΝΟ 

ÂƖŸĦĲƚƚŔŰŊШƚƣċŊĲШтШŉĲƖƖŸůċŰŊċŰĲƚĲШċŰĬШƚŔũŔĦŸůċŰŊċŰĲƚĲ 
]ũŸĤċũШƓƖŸĬƨĦĲƖƚШċƣШƣőĲШƓƖŸĦĲƚƚŔŰŊШƚƣċŊĲ392 
fŰШΞΜΞΟЯШƣőĲШŊũŸĤċũШƓƖŸĬƨĦƣŔŸŰШċƣШƣőĲШƓƖŸĦĲƚƚŔŰŊШƚƣċŊĲШƽċƚШ
ΝΦЯΣΜΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШыŊƖŸƚƚШƽĲŔŊőƣьЮШ[ĲƖƖŸůċŰŊċŰĲƚĲШƽċƚШ
ΡЯΞΠΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШыŊƖŸƚƚШƽĲŔŊőƣьШċŰĬШƚŔũŔĦŸůċŰŊċŰĲƚĲШ
ƽċƚШ ΝΠЯΟΜΜЯΜΜΜШ ůĲƣƖŔĦШ ƣŸŰƚШ ыŊƖŸƚƚШ ƽĲŔŊőƣьШ ƖĲƚƓĲĦƣŔƻĲũǃЮШ
9őŔŰċЯШ ƣőĲШ ƽŸƖũĬќƚШ ũĲċĬŔŰŊШ ƓƖŸĬƨĦĲƖШ ŸŉШ ƖċƽШ ƚƣĲĲũШ ċŰĬШ
ĦŸŰƚƨůĲƖШ ŸŉШ ƚƣĲĲũШ ƓƖŸĬƨĦƣƚЯШƚőċƖĲĬШ ƣőĲШ ũċƖŊĲƚƣШ ŊũŸĤċũШ
ƓƖŸĬƨĦƣŔŸŰШŸŉШƓƖŸĦĲƚƚĲĬШůċŰŊċŰĲƚĲЯШċĦĦŸƨŰƣŔŰŊШŉŸƖШΠΝӖШŸŉШ
ŊũŸĤċũШ ŉĲƖƖŸůċŰŊċŰĲƚĲШ ƓƖŸĬƨĦƣŔŸŰШ ċŰĬШ ΤΦӖШ ŸŉШ ŊũŸĤċũШ
ƚŔũŔĦŸůċŰŊċŰĲƚĲШƓƖŸĬƨĦƣŔŸŰ393ЮШ 

ƚШ 9őŔŰċѣƚШ ĬŸůĲƚƣŔĦШ ůċŰŊċŰĲƚĲШ ůŔŰĲШ ƓƖŸĬƨĦƣŔŸŰШ őċƚШ
ĬĲĦũŔŰĲĬШ ŔŰШ ƖĲĦĲŰƣШ ǃĲċƖƚЯШ ŔƣƚШ ƖĲũŔċŰĦĲШ ŸŰШ ŔůƓŸƖƣƚШ őċƚШ
ŔŰĦƖĲċƚĲĬЮШ ÉŸƨƣőШ ŉƖŔĦċШ ƖĲůċŔŰƚШ ŔƣƚШ ƓƖŔůċƖǃШ ƚƨƓƓũŔĲƖШ ŸŉШ
ůċŰŊċŰĲƚĲШ ŸƖĲШ ċŰĬШ ĦŸŰĦĲŰƣƖċƣĲƚЯШ ċĦĦŸƨŰƣŔŰŊШ ŉŸƖШ
ċƓƓƖŸǂŔůċƣĲũǃШőċũŉШŸŉШƣőĲШŔůƓŸƖƣШƻŸũƨůĲ394Ю 

 

?ĲůċŰĬШ 
]ũŸĤċũШĬĲůċŰĬ 
ìŸƖũĬШĦŸŰƚƨůƓƣŔŸŰШŸŉШůċŰŊċŰĲƚĲШŸƖĲШŔŰШΞΜΝΠШĤǃШƖĲŊŔŸŰƚШƽċƚШ9őŔŰċШыΣΠӖьЯШ9ŸůůŸŰƽĲċũƣőШŸŉШ
fŰĬĲƓĲŰĬĲŰƣШÉƣċƣĲƚШыΝΝӖьЯШfŰĬŔċыΦӖьЯШEƨƖŸƓĲШыΣӖьЯШŸƣőĲƖШ ƚŔċШċŰĬШ§ĦĲċŰŔċШыΣӖьЯШ ŸƖƣőШ ůĲƖŔĦċШыΞӖьЯШ
ŉƖŔĦċШċŰĬШ~ŔĬĬũĲШEċƚƣШыΝӖьШċŰĬШÉŸƨƣőШ ůĲƖŔĦċШыΝӖь395ЮШ 

ĦĦŸƖĬŔŰŊШ ƣŸШ ƣőĲШ fŰƣĲƖŰċƣŔŸŰċũШ ůċŰŊċŰĲƚĲШ fŰƚƣŔƣƨƣĲЯШŔŰШ ΞΜΞΜЯШƣőĲШĲƚƣŔůċƣĲĬШ ƽŸƖũĬШ ċƓƓċƖĲŰƣШ
ĦŸŰƚƨůƓƣŔŸŰШŸŉШůċŰŊċŰĲƚĲШŉĲƖƖŸċũũŸǃƚШƽċƚШΞΞЯΜΜΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШыŊƖŸƚƚШƽĲŔŊőƣьЮШ§ŉШƣőŔƚШƣŸƣċũЯШ
ƚŔũŔĦŸůċŰŊċŰĲƚĲШċĦĦŸƨŰƣĲĬШŉŸƖШΝΤЯΞΜΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚЯШőŔŊőрĦċƖĤŸŰШŉĲƖƖŸůċŰŊċŰĲƚĲШŉŸƖШΟЯΣΜΜЯΜΜΜШ
ůĲƣƖŔĦШƣŸŰƚЯШċŰĬШƖĲǯŰĲĬШыůĲĬŔƨůрШċŰĬШũŸƽрĦċƖĤŸŰьШŉĲƖƖŸůċŰŊċŰĲƚĲШŉŸƖШΝЯΞΜΜЯΜΜΜШůŔũũŔŸŰШůĲƣƖŔĦШƣŸŰƚЮШ
ĬĬŔƣŔŸŰċũũǃЯШ ŊũŸĤċũШ ƓƖŸĬƨĦƣŔŸŰШ ŸŉШ ůċŰŊċŰĲƚĲШ ŉĲƖƖŸċũũŸǃƚШ ŔŰШ ƣőĲШ ƚċůĲШ ǃĲċƖШ ůċƣĦőĲĬШ ċƓƓċƖĲŰƣШ
ĦŸŰƚƨůƓƣŔŸŰ396Ю 

 

 
392Ш[ŔŊƨƖĲƚШċƖĲШĤċƚĲĬШŸŰШĬċƣċШƓƖŸƻŔĬĲĬШĤǃШƣőĲШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮ 
393ШÉĦőŰĲĤĲũĲЯШEЮШuЮШыΞΜΞΠьЮШ~ċŰŊċŰĲƚĲШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΞΜШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΝΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΜоůǃĤΝрΞΜΞΜрůċŰŊċŰĲƚĲЮƓĬŉШ 
394Ш9őċŸƚШÑĲƖŰċƖǃШ[ƨƣƨƖĲƚШ9ŸЮЯxƣĬЮШыΞΜΞΠЯШ~ċǃШΝΟьЮШÅĲŊċƖĬŔŰŊШƣőĲШůċŰŊċŰĲƚĲШŸƖĲШŊċƓЮШÉc~EÑШƚĲũĲĦƣŔŸŰЮШÅĲƣƖŔĲƻĲĬШΝΥЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮƚőůĲƣЮĦŸůоŰĲƽƚоŰĲƽƚ?ĲƣċŔũрΞрΥΥΣΡΟΞЮőƣůũШ 
395Ш7ƨĦőőŸũǍЯШÂЮШѼШ[ŸǃċЯШÉЮШыΞΜΝΤьШыĲĬƚьЮШfŰƻĲƚƣŸƖќƚШċŰĬШÂƖŸĦƨƖĲůĲŰƣШ]ƨŔĬĲШÉŸƨƣőШ ŉƖŔĦċЮШÂċƖƣШΟаШ~ċŰŊċŰĲƚĲЯШéċŰċĬŔƨůЯШüŔŰĦЮШ?EÅ Ш
ÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΟΟаШΤΞШƓƓЮбШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΝΠЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĤŊƖЮĤƨŰĬЮĬĲо?EÅ о?Eо?ŸƽŰũŸċĬƚоfŰƻĲƚƣŸƖѣƚхÂƖŸĦƨƖĲůĲŰƣх]ƨŔĬĲхfffЮőƣůũШ 
396ШÉĦőŰĲĤĲũĲЯШEЮШuЮШыΞΜΞΠьЮШ~ċŰŊċŰĲƚĲШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΞΜШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΝΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΜоůǃĤΝрΞΜΞΜрůċŰŊċŰĲƚĲЮƓĬŉШ 
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EÖШĬĲůċŰĬ397 
7ĲƣƽĲĲŰШΞΜΝΣШċŰĬШΞΜΞΜЯШƣőĲШEÖѣƚШċƻĲƖċŊĲШċŰŰƨċũШůċŰŊċŰĲƚĲШĦŸŰƚƨůƓƣŔŸŰШċƣШƣőĲШĲǂƣƖċĦƣŔŸŰШƚƣċŊĲШƽċƚШ
ΞΤΜЯΟΦΟЮΣШůĲƣƖŔĦШƣŸŰƚШŸŉШůċŰŊċŰĲƚĲШĦŸŰƣĲŰƣЮШÑőĲШEÖШƽċƚШΦΤӖШƖĲũŔċŰĦĲШŸŰШŔůƓŸƖƣШċŰĬШƣőĲШůċŔŰШ
ƚƨƓƓũŔĲƖƚШƽĲƖĲШÉŸƨƣőШ ŉƖŔĦċШыΠΞӖьЯШ]ċĤŸŰШыΠΜӖьЯШ7ƖċǍŔũШыΥӖьЯШÖťƖċŔŰĲШыΠӖьШċŰĬШƨƚƣƖċũŔċШыΝӖьЮШ 

7ĲƣƽĲĲŰШΞΜΝΣШċŰĬШΞΜΞΜЯШƣőĲШEÖѣƚШċƻĲƖċŊĲШċŰŰƨċũШůċŰŊċŰĲƚĲШĦŸŰƚƨůƓƣŔŸŰШċƣШƣőĲШƓƖŸĦĲƚƚŔŰŊШƚƣċŊĲШƽċƚШ
ΝЯΜΟΠЯΝΦΥШůĲƣƖŔĦШƣŸŰƚШŸŉШůċŰŊċŰĲƚĲШĦŸŰƣĲŰƣЮШÑőĲШEÖѣƚШŔůƓŸƖƣШƖĲũŔċŰĦĲШƚƣŸŸĬШċƣШΣΣӖЯШƽŔƣőШƣőĲШůċŔŰШ
ƚƨƓƓũŔĲƖƚШĤĲŔŰŊШ ŸƖƽċǃШыΟΞӖьЯШÖťƖċŔŰĲШыΞΦӖьЯШÉŸƨƣőШ ŉƖŔĦċШыΝΡӖьЯШfŰĬŔċШыΥӖьЯШċŰĬШ~ċũċǃƚŔċШыΡӖьЮШ 

 

[ƨƣƨƖĲШƚƨƓƓũǃШċŰĬШĬĲůċŰĬШƣƖĲŰĬƚШ 
ÑőĲШůċŰŊċŰĲƚĲШůċƖťĲƣШŔƚШŉŸƖĲƚĲĲŰШƣŸШŊƖŸƽШŔŰШƣőĲШĦŸůŔŰŊШǃĲċƖƚЯШĦũŸƚĲũǃШŉŸũũŸƽШƣőĲШƣƖĲŰĬƚШŔŰШƚƣĲĲũШ
ƓƖŸĬƨĦƣŔŸŰШċƚШċШťĲǃШċũũŸǃŔŰŊШůċƣĲƖŔċũ398ЯШ399ЮШfƣƚШƚƣƖċƣĲŊŔĦШŔůƓŸƖƣċŰĦĲШŔŰШƓƖŸĬƨĦŔŰŊШőŔŊőрƚƣƖĲŰŊƣőШƚƣĲĲũШŉŸƖШ
ƨƚĲШŔŰШċƨƣŸůŸĤŔũĲƚЯШőĲċƻǃрĬƨƣǃШĲƕƨŔƓůĲŰƣЯШůŔũŔƣċƖǃШċŰĬШƚőŔƓĤƨŔũĬŔŰŊШŔƚШĲǂƓĲĦƣĲĬШƣŸШƖĲůċŔŰ400ЮШìőŔũĲШ
ŰŸŰрůĲƣċũũƨƖŊŔĦċũШƨƚĲƚЯШƚƨĦőШċƚШĤċƣƣĲƖŔĲƚЯШůċǃШƚĲĲШŉċƚƣĲƖШŊƖŸƽƣőЯШƣőĲŔƖШŔůƓċĦƣШŸŰШŸƻĲƖċũũШĬĲůċŰĬШ
ƖĲůċŔŰƚШůŔŰŸƖ401ЮШÑőĲШƚƨƓƓũǃШŸŉШůċŰŊċŰĲƚĲШŔƚШƓƖŸŢĲĦƣĲĬШƣŸШŊƖŸƽШůŸĬĲƖċƣĲũǃШƣőƖŸƨŊőШΞΜΟΜ402ЮШÉőŸƖƣрƣĲƖůШ
ŉŸƖĲĦċƚƣƚШŔŰĬŔĦċƣĲШƖŔƚŔŰŊШƓƖŸĬƨĦƣŔŸŰШŔŰШ ƨƚƣƖċũŔċЯШ]ċĤŸŰЯШ]őċŰċЯШfŰĬŔċЯШċŰĬШÉŸƨƣőШ ŉƖŔĦċЮШìŔƣőŔŰШċШ
ĬĲĦċĬĲЯШÉŸƨƣőШ ŉƖŔĦċШĦŸƨũĬШƓŸƣĲŰƣŔċũũǃШĦċƓƣƨƖĲШΡΜӖШŸŉШƣőĲШŊũŸĤċũШůċŰŊċŰĲƚĲШůċƖťĲƣ403ЮШ 

~ċŰŊċŰĲƚĲЮċƚЮċЮĤċƣƣĲƖǃЮůċƣĲƖŔċũЮ 

ÑőĲШ ƖŔƚŔŰŊШ ƓŸƓƨũċƖŔƣǃШ ŸŉШ  ~9Ш ċŰĬШ ƚŔůŔũċƖШ ĤċƣƣĲƖǃШ ĦőĲůŔƚƣƖŔĲƚШ ŔƚШ ĬƖŔƻŔŰŊШ ůċŰŊċŰĲƚĲШ ĬĲůċŰĬЮШ
7ũŸŸůĤĲƖŊ E[ШƓƖŸŢĲĦƣƚШƣőĲШĬĲůċŰĬШŉŸƖШůċŰŊċŰĲƚĲШŉƖŸůШƣőĲШĤċƣƣĲƖǃШƚĲĦƣŸƖШƣŸШŔŰĦƖĲċƚĲШŰŔŰĲŉŸũĬШŉƖŸůШ
ΞΜΞΝШƣŸШΞΜΟΜЯШƽőŔũĲШEШÉŸƨƖĦĲЯШƨƣŔũŔƣǃШƖĲƚĲċƖĦőШǯƖůЯШŉŸƖĲĦċƚƣƚШċШΝΡрŉŸũĬШƖŔƚĲШŉƖŸůШΞΜΞΜШƣŸШΞΜΟΝЯШƖĲċĦőŔŰŊШ
ΝЯΞΜΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШċŰŰƨċũũǃ404ШЯШ405ШЮШfŰШΞΜΞΞЯШ9Â~Ш]ƖŸƨƓШĲƚƣŔůċƣĲƚШċШΠΟӖШ9 ]ÅШŉŸƖШőŔŊőрƓƨƖŔƣǃШ
ůċŰŊċŰĲƚĲШƓƖŸĬƨĦƣƚШŸƻĲƖШƣőĲШŰĲǂƣШǯƻĲШǃĲċƖƚ406ЮШ 

 
397ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ~ċŰŊċŰĲƚĲаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх~  ]  EÉEЮƓĬŉШ 
398ШÉĦőŰĲĤĲũĲЯШEЮШuЮШыΞΜΞΠьЮШ~ċŰŊċŰĲƚĲШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΝΦШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΝΦЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΝΦоůǃĤΝрΞΜΝΦрůċŰŊċŰĲƚĲЮƓĬŉШ 
399ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ~ċŰŊċŰĲƚĲаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх~  ]  EÉEЮƓĬŉШ 
400ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ~ċŰŊċŰĲƚĲаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх~  ]  EÉEЮƓĬŉШ 
401ШÉĦőŰĲĤĲũĲЯШEЮШuЮШыΞΜΞΠьЮШ~ċŰŊċŰĲƚĲШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΝΦШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΝΦЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΝΦоůǃĤΝрΞΜΝΦрůċŰŊċŰĲƚĲЮƓĬŉ 
402[ũĲŔƚĦőůċŰŰЯШsЮЯШéċŰШcŸĲǃЯШ~ЮЯШѼШÅĲƣƣŔŊЯШÅЮШыΞΜΞΠЯШ?ĲĦĲůĤĲƖШΝΦьЮШÑŸƽċƖĬШƚĲĦƨƖŔƣǃШŔŰШƚƨƚƣċŔŰċĤũĲШĤċƣƣĲƖǃШƖċƽШůċƣĲƖŔċũШƚƨƓƓũǃЮШ~ĦuŔŰƚĲǃШѼШ
9ŸůƓċŰǃЮШÅĲƣƖŔĲƻĲĬШΝΦЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮůĦťŔŰƚĲǃЮĦŸůоŔŰĬƨƚƣƖŔĲƚоůĲƣċũƚрċŰĬрůŔŰŔŰŊоŸƨƖрŔŰƚŔŊőƣƚоƣŸƽċƖĬрƚĲĦƨƖŔƣǃрŔŰр
ƚƨƚƣċŔŰċĤũĲрĤċƣƣĲƖǃрƖċƽрůċƣĲƖŔċũрƚƨƓƓũǃШШ 
403ШÉŸťŸũŸƻċЯШfЮЯШ ƽċŔũċЯШ]ЮÑЮЯШ ƣƨŰťċЯШ~Ю]ЮЯШuũŸĦőťŸƻЯШÉЮЯШ~ŔĦőċƨǂЯШÉЮЯШ~ŸƚĦċƖĬŔŰŔЯШEЮЯШÑŸƖŸЯШxЮШѼШ]őŸƖĤċŰŔЯШòЮШыΞΜΞΡьЮШ[ƖŸůШċĤƨŰĬċŰƣШƖĲƚŸƨƖĦĲШ
ƣŸШĦƖŔƣŔĦċũШĦŸůůŸĬŔƣǃаШ[ŸƖĲĦċƚƣŔŰŊШůċŰŊċŰĲƚĲШƚƨƓƓũǃШċŰĬШċƚƚĲƚƚŔŰŊШŔƣƚШƚƨƚƣċŔŰċĤŔũŔƣǃЯШÉƨƚƣċŔŰċĤũĲШ~ċƣĲƖŔċũƚШċŰĬШÑĲĦőŰŸũŸŊŔĲƚЯШéŸũƨůĲШΠΠЯШ
ΞΜΞΡЯШĲΜΝΟΠΦЯШfÉÉ ШΞΞΝΠрΦΦΟΤЯШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΝΣоŢЮƚƨƚůċƣЮΞΜΞΡЮĲΜΝΟΠΦЮ 
404ШÉŔũƻċЯШEЮШыΞΜΞΟЯШsċŰƨċƖǃШΞΠьЮШ~ċŰŊċŰĲƚĲШƚƨũŉċƣĲШĤŸƣƣũĲŰĲĦťШũŸŸůƚШŸƻĲƖШÖÉЯШEƨƖŸƓĲċŰШEéШůċŰƨŉċĦƣƨƖĲƖƚЮШÉѼÂШ]ũŸĤċũШ~ċƖťĲƣШfŰƣĲũũŔŊĲŰĦĲЮШ
ÅĲƣƖŔĲƻĲĬШΝΦЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮƚƓŊũŸĤċũЮĦŸůоůċƖťĲƣрŔŰƣĲũũŔŊĲŰĦĲоĲŰоŰĲƽƚрŔŰƚŔŊőƣƚоċƖƣŔĦũĲƚоΞΜΞΟоΝоůċŰŊċŰĲƚĲрƚƨũŉċƣĲрĤŸƣƣũĲŰĲĦťр
ũŸŸůƚрŸƻĲƖрƨƚрĲƨƖŸƓĲċŰрĲƻрůċŰƨŉċĦƣƨƖĲƖƚрΤΟΦΞΣΟΤΥШ 
405ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ~ċŰŊċŰĲƚĲаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх~  ]  EÉEЮƓĬŉШ 
406ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ~ċŰŊċŰĲƚĲаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΝΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх~  ]  EÉEЮƓĬŉ  

https://pubs.usgs.gov/myb/vol1/2019/myb1-2019-manganese.pdf
https://www.spglobal.com/market-intelligence/en/news-insights/articles/2023/1/manganese-sulfate-bottleneck-looms-over-us-european-ev-manufacturers-73926378
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 ΝΝΡ 

9ŸŰƚŔĬĲƖŔŰŊШƣőĲШŔŰĦƖĲċƚŔŰŊШĬĲůċŰĬШŸŉШőŔŊőрƓƨƖŔƣǃШůċŰŊċŰĲƚĲШŉƖŸůШƣőĲШĤċƣƣĲƖǃШƚĲĦƣŸƖЯШƚƨƓƓũǃШŔƚШƨŰũŔťĲũǃШ
ƣŸШťĲĲƓШƓċĦĲШċŰĬШŰĲƽШƖĲǯŰĲƖŔĲƚШƽŔũũШŰĲĲĬШƣŸШĤĲШĬĲƻĲũŸƓĲĬЮШ ũƣőŸƨŊőШůċŰŊċŰĲƚĲШŸƖĲШŔƚШċĤƨŰĬċŰƣЯШ9őŔŰċШ
ĦŸŰƣƖŸũƚШΦΜӖШŸŉШŊũŸĤċũШƖĲǯŰŔŰŊШĦċƓċĦŔƣǃШŸŉШőŔŊőрƓƨƖŔƣǃШůċŰŊċŰĲƚĲШƚƨũƓőċƣĲШůŸŰŸőǃĬƖċƣĲШыcÂ~É~ьШ
ƖĲƕƨŔƖĲĬШĤǃШĤċƣƣĲƖǃШċƓƓũŔĦċƣŔŸŰƚШ407ЯШ408ЮШ§ŰũǃШƣƽŸШƖĲǯŰĲƖŔĲƚШŸƓĲƖċƣĲШŸƨƣƚŔĬĲШ9őŔŰċЯШŸŰĲШŸƽŰĲĬШĤǃШ ŔƓƓŸŰШ
?ĲŰťŸШ9ŸЮШxƣĬЮШŔŰШsċƓċŰШċŰĬШċŰŸƣőĲƖШŸƽŰĲĬШĤǃШéŔĤƖċŰƣǍШÑĲĦőŰŸũŸŊŔĲƚШfŰĦЮШŔŰШ7ĲũŊŔƨůЮШ ĲƽШƓƖŸŢĲĦƣƚШŉƖŸůШ
EƨƖŸШ~ċŰŊċŰĲƚĲЯШÉŸƨƣőΟΞЯШ]ŔǃċŰŔШ~ĲƣċũƚЯШEũĲůĲŰƣШΞΡЯШċŰĬШ9ċŰċĬŔċŰШ~ċŰŊċŰĲƚĲШƖĲůċŔŰШǃĲċƖƚШŉƖŸůШ
ƓƖŸĬƨĦƣŔŸŰ409ЮШ 

 

EǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШ 
fƣШƚőŸƨũĬШĤĲШŰŸƣĲĬШƣőċƣШƖĲŊƨũċƣŔŸŰƚШċƖĲШĬǃŰċůŔĦШċŰĬШƚƨĤŢĲĦƣШƣŸШĦőċŰŊĲШŸƻĲƖШƣŔůĲЮ 

~ċŢŸƖШƓƖŸĬƨĦŔŰŊШĦŸƨŰƣƖǃШ EǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШыΞΜΞΞьШ410 
9őŔŰċ EǂƓŸƖƣШƣċǂШċŰĬШũŔĦĲŰƚŔŰŊШƖĲƕƨŔƖĲůĲŰƣШŸŰШŉĲƖƖŸрůċŰŊċŰĲƚĲШыĦŸŰƣċŔŰŔŰŊШĤǃШ

ƽĲŔŊőƣШӂΞӖШŸŉШĦċƖĤŸŰЯШŔŰШŊƖċŰƨũċƖоƓŸƽĬĲƖШŉŸƖůьЯШŉĲƖƖŸрůċŰŊċŰĲƚĲШыŸƣőĲƖШƣőċŰШ
ƣőċƣШĦŸŰƣċŔŰŔŰŊШĤǃШƽĲŔŊőƣШӂΞӖШŸŉШĦċƖĤŸŰЯШŔŰШŊƖċŰƨũċƖоƓŸƽĬĲƖШŉŸƖůьЯШŉĲƖƖŸр
ƚŔũŔĦŸрůċŰŊċŰĲƚĲШыŔŰШŊƖċŰƨũċƖоƓŸƽĬĲƖШŉŸƖůьШċŰĬШũŔĦĲŰƚŔŰŊШƖĲƕƨŔƖĲůĲŰƣШŸŰШ
ůċŰŊċŰĲƚĲШċƖƣŔĦũĲƚЯШŔŰĦũЮШƽċƚƣĲШѼШƚĦƖċƓ 

]ċĤŸŰ EǂƓŸƖƣШƣċǂШċŰĬШũŔĦĲŰƚŔŰŊШƖĲƕƨŔƖĲůĲŰƣШŸŰШůċŰŊċŰĲƚĲШċƖƣŔĦũĲƚЯШŔŰĦũЮШƽċƚƣĲШѼШ
ƚĦƖċƓ 

fŰĬŔċ 9ċƓƣŔƻĲШůŔŰŔŰŊШƖŔŊőƣƚ411ШŉŸƖШŉĲƖƖŸрůċŰŊċŰĲƚĲШыĦŸŰƣċŔŰŔŰŊШĤǃШƽĲŔŊőƣШӂΞӖШŸŉШ
ĦċƖĤŸŰЯШŔŰШŊƖċŰƨũċƖоƓŸƽĬĲƖШŉŸƖůьЯШŉĲƖƖŸрůċŰŊċŰĲƚĲШыŸƣőĲƖШƣőċŰШƣőċƣШ
ĦŸŰƣċŔŰŔŰŊШĤǃШƽĲŔŊőƣШӂΞӖШŸŉШĦċƖĤŸŰЯШŔŰШŊƖċŰƨũċƖоƓŸƽĬĲƖШŉŸƖůьШċŰĬШůċŰŊċŰĲƚĲШ
ċƖƣŔĦũĲƚЯШŔŰĦũЮШƽċƚƣĲШѼШƚĦƖċƓ 
§ƣőĲƖШĲǂƓŸƖƣШůĲċƚƨƖĲƚШŸŰШŉĲƖƖŸрůċŰŊċŰĲƚĲШыĦŸŰƣċŔŰŔŰŊШĤǃШƽĲŔŊőƣШӂΞӖШŸŉШ
ĦċƖĤŸŰЯШŔŰШŊƖċŰƨũċƖоƓŸƽĬĲƖШŉŸƖůьЯШŉĲƖƖŸрůċŰŊċŰĲƚĲШыŸƣőĲƖШƣőċŰШƣőċƣШ
ĦŸŰƣċŔŰŔŰŊШĤǃШƽĲŔŊőƣШӂΞӖШŸŉШĦċƖĤŸŰЯШŔŰШŊƖċŰƨũċƖоƓŸƽĬĲƖШŉŸƖůьШċŰĬШůċŰŊċŰĲƚĲШ
ċƖƣŔĦũĲƚЯШŔŰĦũЮШƽċƚƣĲШѼШƚĦƖċƓ 

 
407[ũĲŔƚĦőůċŰŰЯШsЮЯШéċŰШcŸĲǃЯШ~ЮЯШѼШÅĲƣƣŔŊЯШÅЮШыΞΜΞΠЯШ?ĲĦĲůĤĲƖШΝΦьЮШÑŸƽċƖĬШƚĲĦƨƖŔƣǃШŔŰШƚƨƚƣċŔŰċĤũĲШĤċƣƣĲƖǃШƖċƽШůċƣĲƖŔċũШƚƨƓƓũǃЮШ~ĦuŔŰƚĲǃШѼШ
9ŸůƓċŰǃЮШÅĲƣƖŔĲƻĲĬШΝΦЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮůĦťŔŰƚĲǃЮĦŸůоŔŰĬƨƚƣƖŔĲƚоůĲƣċũƚрċŰĬрůŔŰŔŰŊоŸƨƖрŔŰƚŔŊőƣƚоƣŸƽċƖĬрƚĲĦƨƖŔƣǃрŔŰр
ƚƨƚƣċŔŰċĤũĲрĤċƣƣĲƖǃрƖċƽрůċƣĲƖŔċũрƚƨƓƓũǃШШ 
408ШÉŔũƻċЯШEЮШыΞΜΞΟЯШsċŰƨċƖǃШΞΠьЮШ~ċŰŊċŰĲƚĲШƚƨũŉċƣĲШĤŸƣƣũĲŰĲĦťШũŸŸůƚШŸƻĲƖШÖÉЯШEƨƖŸƓĲċŰШEéШůċŰƨŉċĦƣƨƖĲƖƚЮШÉѼÂШ]ũŸĤċũШ~ċƖťĲƣШfŰƣĲũũŔŊĲŰĦĲЮШ
ÅĲƣƖŔĲƻĲĬШΝΦЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮƚƓŊũŸĤċũЮĦŸůоůċƖťĲƣрŔŰƣĲũũŔŊĲŰĦĲоĲŰоŰĲƽƚрŔŰƚŔŊőƣƚоċƖƣŔĦũĲƚоΞΜΞΟоΝоůċŰŊċŰĲƚĲрƚƨũŉċƣĲрШ 
409ШÉŔũƻċЯШEЮШыΞΜΞΟЯШsċŰƨċƖǃШΞΠьЮШ~ċŰŊċŰĲƚĲШƚƨũŉċƣĲШĤŸƣƣũĲŰĲĦťШũŸŸůƚШŸƻĲƖШÖÉЯШEƨƖŸƓĲċŰШEéШůċŰƨŉċĦƣƨƖĲƖƚЮШÉѼÂШ]ũŸĤċũШ~ċƖťĲƣШfŰƣĲũũŔŊĲŰĦĲЮШ
ÅĲƣƖŔĲƻĲĬШΝΦЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮƚƓŊũŸĤċũЮĦŸůоůċƖťĲƣрŔŰƣĲũũŔŊĲŰĦĲоĲŰоŰĲƽƚрŔŰƚŔŊőƣƚоċƖƣŔĦũĲƚоΞΜΞΟоΝоůċŰŊċŰĲƚĲрƚƨũŉċƣĲрШ 
410Ш§E9?ШыΞΜΞΠьЯШ§E9?ШfŰƻĲŰƣŸƖǃШŸŉШEǂƓŸƖƣШÅĲƚƣƖŔĦƣŔŸŰƚШŸŰШfŰĬƨƚƣƖŔċũШÅċƽШ~ċƣĲƖŔċũƚШΞΜΞΠаШ~ŸŰŔƣŸƖŔŰŊШƣőĲШƨƚĲШŸŉШĲǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШċůŔĬШ
ůċƖťĲƣШċŰĬШƓŸũŔĦǃШƣĲŰƚŔŸŰƚЯШ§E9?ШÂƨĤũŔƚőŔŰŊЯШÂċƖŔƚЯШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΤΥΤоΡĲΠΣĤĤΞΜрĲŰЮШÅĲƣƖŔĲƻĲĬШΝΦЮΜΞЮΞΜΞΡЯШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮŸĲĦĬЮŸƖŊоĲŰоƣŸƓŔĦƚоĲǂƓŸƖƣрƖĲƚƣƖŔĦƣŔŸŰƚрŸŰрĦƖŔƣŔĦċũрƖċƽрůċƣĲƖŔċũƚЮőƣůũШ 
411ШìőĲŰШċШƓƖŸĦĲƚƚŔŰŊШĦŸůƓċŰǃШŔƚШƖĲƕƨŔƖĲĬШƣŸШŸƽŰШƣőĲШůŔŰĲЯШƽőŔĦőШƓƖŸĬƨĦĲƚШŔƣƚШŔŰƓƨƣƚШŸƖШőċƚШĤĲĲŰШċƽċƖĬĲĬШĦċƓƣŔƻĲШůŔŰŔŰŊШƖŔŊőƣƚШƽŔƣőШƣőĲШ
ŔŰƣĲŰƣШƣőċƣШƣőĲШĦŸůƓċŰǃШƽŔũũШůŔŰĲШƣőĲШĦŸůůŸĬŔƣǃШŉŸƖШƨƚĲШŔŰШŔƣƚШŸƽŰШĬŸůĲƚƣŔĦШƓƖŸĦĲƚƚĲƚШċŰĬШŰŸƣШƣƖċĬĲШŔƣЮШ9ċƓƣŔƻĲШůŔŰŔŰŊШŔƚШċШŉŸƖůШŸŉШ
ŊŸƻĲƖŰůĲŰƣШƚƨƓƓŸƖƣШŉŸƖШǯƖůƚШƽŔƣőШċĦĦĲƚƚШƣŸШĦċƓƣŔƻĲШƚƨƓƓũŔĲƚЯШċƚШƽĲũũШċƚШċШůĲċŰƚШƣŸШĦŸŰƣƖŸũШƣőĲШƓƖŔĦĲШċŰĬШċƻċŔũċĤŔũŔƣǃШŸŉШċШĦŸůůŸĬŔƣǃЮШìőĲŰШ
ĦċƓƣŔƻĲШůŔŰŔŰŊШĦŸŰĦĲƚƚŔŸŰƚШŔŰĦƖĲċƚĲШыċƚШċШƚőċƖĲШŸŉШƓƖŸĬƨĦƣŔŸŰьЯШĲǂƓŸƖƣƚШċƖĲШũŔťĲũǃШƣŸШŉċũũЮШÉŸƨƖĦĲаШ§E9?Ш~ĲƣőŸĬŸũŸŊŔĦċũШŰŸƣĲШƣŸШƣőĲШfŰƻĲŰƣŸƖǃШ
ŸŉШEǂƓŸƖƣШÅĲƚƣƖŔĦƣŔŸŰƚШŸŰШfŰĬƨƚƣƖŔċũШÅċƽШ~ċƣĲƖŔċũƚШŔŰШΞΜΞΞаШőƣƣƓƚаооƽƽƽЮŸĲĦĬЮŸƖŊоĦŸŰƣĲŰƣоĬċůоŸĲĦĬоĲŰоƣŸƓŔĦƚоƓŸũŔĦǃрƚƨĤрŔƚƚƨĲƚоĲǂƓŸƖƣр
ƖĲƚƣƖŔĦƣŔŸŰƚрŸŰрĦƖŔƣŔĦċũрƖċƽрůċƣĲƖŔċũƚоůĲƣőŸĬŸũŸŊŔĦċũрŰŸƣĲрŔŰƻĲŰƣŸƖǃрĲǂƓŸƖƣрƖĲƚƣƖŔĦƣŔŸŰƚрŔŰĬƨƚƣƖŔċũрƖċƽрůċƣĲƖŔċũƚЮƓĬŉ 

https://www.oecd.org/en/topics/export-restrictions-on-critical-raw-materials.html
https://www.oecd.org/content/dam/oecd/en/topics/policy-sub-issues/export-restrictions-on-critical-raw-materials/methodological-note-inventory-export-restrictions-industrial-raw-materials.pdf
https://www.oecd.org/content/dam/oecd/en/topics/policy-sub-issues/export-restrictions-on-critical-raw-materials/methodological-note-inventory-export-restrictions-industrial-raw-materials.pdf


 

 ΝΝΣ 

 ċƣƨƖċũШŊƖċƓőŔƣĲШѼШŊƖċƓőĲŰĲ 
]ƖċƓőŔƣĲШŔƚШŸŰĲШŸŉШŉŸƨƖШŉŸƖůƚШŸŉШĦƖǃƚƣċũũŔŰĲШĦċƖĤŸŰЮШìőĲŰШƣőĲШŊƖċƓőŔƣĲШƚƣƖƨĦƣƨƖĲШŔƚШŸŰũǃШċШŸŰĲрċƣŸůрƣőŔĦťШ
ƓũċŰċƖШƚőĲĲƣЯШŔƣШŔƚШĦċũũĲĬШŊƖċƓőĲŰĲ412Ю 

 

~ċŢŸƖШĲŰĬШƨƚĲƚШŔŰШƣőĲШEÖШыċƻĲƖċŊĲШĤĲƣƽĲĲŰШΞΜΝΞШċŰĬШΞΜΝΣь413 

 

ÑőĲШƽŸƖũĬƽŔĬĲШĲŰĬрƨƚĲШĬŔƚƣƖŔĤƨƣŔŸŰШŸŉШŰċƣƨƖċũШŊƖċƓőŔƣĲШŔŰШΞΜΝΥШƽċƚШĲƚƣŔůċƣĲĬШƣŸШĤĲШƖĲŉƖċĦƣŸƖŔĲƚШыΠΣӖьЯШ
ĤċƣƣĲƖŔĲƚШыΝΠӖьЯШŉŸƨŰĬƖŔĲƚШыΝΠӖьЯШŉƖŔĦƣŔŸŰШƓƖŸĬƨĦƣƚШыΣӖьЯШũƨĤƖŔĦċŰƣƚШыΡӖьЯШƖĲĦċƖĤƨƖŔƚĲƖƚШыΠӖьЯШŊƖċƓőŔƣĲШ
ůŸũĬĲĬШƓċƖƣƚШыΞӖьЯШċŰĬШŸƣőĲƖƚШыΦӖь414Ю 

 

 

 

 
412ШÉƣĲƽċƖƣЯШ ЮШ ЮШыΞΜΞΠЯШ?ĲĦĲůĤĲƖьЮШ]ƖċƓőŔƣĲШя ĬƻċŰĦĲШÅĲũĲċƚĲѐЮШΞΜΞΝШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШ
ÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΝоůǃĤΝрΞΜΞΝрŊƖċƓőŔƣĲЮƓĬŉШ 
413ШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШ?ĲĦĲůĤĲƖьЮШ ċƣƨƖċũШ]ƖċƓőŔƣĲаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх]Å ÂcfÑEхéΝЮƓĬŉШШ 
414Ш?ċůůЯШÉЮШыΞΜΞΝьЮШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШ]ƖċƓőŔƣЮШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰЯШΡΝЯШΝΝΣШÉЮбШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰр
ΡΝЮƓĬŉеххĤũŸĤӀƓƨĤũŔĦċƣŔŸŰ[ŔũĲѼƻӀΞШ 

32.0%

9.0%

25.0%

9.0%

13.0%

3.0%

10.0%

Refractories for steelmaking

Foundries

Lithium-ion batteries

Friction products

Lubricants

Steel recarburising

Other

https://pubs.usgs.gov/myb/vol1/2021/myb1-2021-graphite.pdf
https://scrreen.eu/wp-content/uploads/2023/12/SCRREEN2_factsheets_GRAPHITE_V1.pdf
https://www.deutsche-rohstoffagentur.de/DE/Gemeinsames/Produkte/Downloads/DERA_Rohstoffinformationen/rohstoffinformationen-51.pdf?__blob=publicationFile&v=2
https://www.deutsche-rohstoffagentur.de/DE/Gemeinsames/Produkte/Downloads/DERA_Rohstoffinformationen/rohstoffinformationen-51.pdf?__blob=publicationFile&v=2


 

 ΝΝΤ 

éċũƨĲШĦőċŔŰШыƚŔůƓũŔǯĲĬьШ415ЯШ416ЯШ417 

 

ÉǃŰƣőĲƣŔĦШŊƖċƓőŔƣĲЯШĬĲƖŔƻĲĬШŉƖŸůШƓĲƣƖŸũĲƨůШŰĲĲĬũĲШĦŸťĲЯШĦŸċũШƣċƖШƓŔƣĦőЯШŸƖШŸƣőĲƖШĦċƖĤŸŰШƚŸƨƖĦĲƚЯШŸǭĲƖƚШ
őŔŊőĲƖШƓƨƖŔƣǃШĤƨƣШũŸƽĲƖШĦƖǃƚƣċũũŔŰŔƣǃШƣőċŰШƻĲŔŰШŸƖШǰċťĲШŊƖċƓőŔƣĲШċŰĬШŔƚШĦŸƚƣũŔĲƖШƣŸШƓƖŸĬƨĦĲЮШfƣШŔƚШŉċƻŸƨƖĲĬШ
ŉŸƖШőŔŊőрƓƨƖŔƣǃШċƓƓũŔĦċƣŔŸŰƚШƣőċƣШƖĲƕƨŔƖĲШƣőĲШőŔŊőĲƚƣШĦċƖĤŸŰШŊƖċĬĲƚШċŰĬШƣőĲШũŸƽĲƚƣШũĲƻĲũШŸŉШŔůƓƨƖŔƣŔĲƚШũŔťĲШ
ĤċƣƣĲƖŔĲƚШċŰĬШŊƖċƓőŔƣĲШƚőċƓĲƚЯШƽőŔũĲШŰċƣƨƖċũШċůŸƖƓőŸƨƚШŊƖċƓőŔƣĲШŔƚШƓƖĲŉĲƖƖĲĬШŉŸƖШũŸƽĲƖрŊƖċĬĲШŸƖШ
ƓŸƽĬĲƖĲĬШċƓƓũŔĦċƣŔŸŰƚ418Ю 

~ċƚƚШ ƓƖŸĬƨĦƣŔŸŰШ ŸŉШ ŊƖċƓőĲŰĲШ ƖĲƕƨŔƖĲƚШ ĦŸƚƣрĲǭĲĦƣŔƻĲШ ůĲƣőŸĬƚЯШ ůċťŔŰŊШ ŰċƣƨƖċũШ ŊƖċƓőŔƣĲШ ċШ ůŸƖĲШ
ĲĦŸŰŸůŔĦċũШĦőŸŔĦĲЮШcŸƽĲƻĲƖЯШŸŰũǃШőŔŊőрƓƨƖŔƣǃШŊƖċƓőŔƣĲШыůŸƖĲШƣőċŰШΦΦЮΦӖШǯǂĲĬШĦċƖĤŸŰьШŔƚШƨƚĲĬШŉŸƖШ
ŊƖċƓőĲŰĲШƓƖŸĬƨĦƣŔŸŰ419ЮШ 

 

 

 

 

 
415ШÉƣĲƽċƖƣЯШ ЮШ ЮШыΞΜΞΠЯШ?ĲĦĲůĤĲƖьЮШ]ƖċƓőŔƣĲШя ĬƻċŰĦĲШÅĲũĲċƚĲѐЮШΞΜΞΝШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШ
ÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΝоůǃĤΝрΞΜΞΝрŊƖċƓőŔƣĲЮƓĬŉ 
416ШsċƖċЯШЮ?ЮЯШ7ĲƣĲůċƖŔċůЯШЮЯШìŸũĬĲƣŔŰƚċĲЯШ]ЮШѼШuŔůЯШsЮШòЮШыΞΜΝΦьШÂƨƖŔǯĦċƣŔŸŰЯШċƓƓũŔĦċƣŔŸŰШċŰĬШĦƨƖƖĲŰƣШůċƖťĲƣШƣƖĲŰĬШŸŉШŰċƣƨƖċũШŊƖċƓőŔƣĲаШ Ш
ƖĲƻŔĲƽЯШfŰƣĲƖŰċƣŔŸŰċũШsŸƨƖŰċũШŸŉШ~ŔŰŔŰŊШÉĦŔĲŰĦĲШċŰĬШÑĲĦőŰŸũŸŊǃЯШéŸũЮШΞΦЯШfƚƚƨĲШΡЯШΞΜΝΦЯШÂƓЮШΣΤΝрΣΥΦЯШfÉÉ ШΞΜΦΡрΞΣΥΣЯШ
őƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΝΣоŢЮŔŢůƚƣЮΞΜΝΦЮΜΠЮΜΜΟЮ 
417Ш?ƖŔƻĲШƚƨƚƣċŔŰċĤŔũŔƣǃЮШыΞΜΞΞьЮШ]ƖċƓőŔƣĲаШ?ċƣċШƚƨůůċƖǃШΞΜΞΞЮШÅċƽШ~ċƣĲƖŔċũШ§ƨƣũŸŸťЮШÅċƽШ~ċƣĲƖŔċũШ§ƨƣũŸŸťШÂũċƣŉŸƖůЮШÅĲƣƖŔĲƻĲĬШΝΞЮΜΟЮΞΜΞΡШ
ŉƖŸůШőƣƣƓƚаооƽƽƽЮƖċƽůċƣĲƖŔċũŸƨƣũŸŸťЮŸƖŊоĬċƣċоƚŔƣĲƚоĬĲŉċƨũƣоǯũĲƚоΞΜΞΟрΜΡо?Éх]ƖċƓőŔƣĲхé9хΞΜΞΞхǯŰċũЮƓĬŉШ 
418ШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШ?ĲĦĲůĤĲƖьЮШ ċƣƨƖċũШ]ƖċƓőŔƣĲаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх]Å ÂcfÑEхéΝЮƓĬŉШШШ 
419ШuŔůЯШ7ЮЯШÂċƖťЯШòЮЯШѼШuċŰŊЯШuЮШыΞΜΝΥьЮШÖŰƣƖĲċƣĲĬШŰċƣƨƖċũШŊƖċƓőŔƣĲШċƚШċШŊƖċƓőĲŰĲШƚŸƨƖĦĲШŉŸƖШőŔŊőрƓĲƖŉŸƖůċŰĦĲШxŔрŔŸŰШĤċƣƣĲƖŔĲƚЮШ7ċƣƣĲƖŔĲƚЯШΠыΝьЯШ
ΝΟЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΟΟΦΜоĤċƣƣĲƖŔĲƚΠΜΝΜΜΝΟ 

https://www.rawmaterialoutlook.org/data/sites/default/files/2023-05/DS_Graphite_VC_2022_final.pdf


 

 ΝΝΥ 

ƓƓũŔĦċƣŔŸŰƚШ 9ŸůůŸŰũǃШƨƚĲĬШŰċƣƨƖċũШŊƖċƓőŔƣĲШƣǃƓĲШŸƖШƖĲƕƨŔƖĲůĲŰƣƚ420Ш 

ÅĲŉƖċĦƣŸƖǃШƓƖŸĬƨĦƣƚ 
9ƖǃƚƣċũũŔŰĲШǰċťĲШŊƖċƓőŔƣĲШŸŉШũċƖŊĲШǰċťĲШƚŔǍĲƚШŉŸƖШƣőĲШ
ƓƖŸĬƨĦƣŔŸŰШŸŉШƚőċƓĲĬШƖĲŉƖċĦƣŸƖǃШƓƖŸĬƨĦƣƚбШċůŸƖƓőŸƨƚШ
ŊƖċƓőŔƣĲШŔŰШůŸŰŸũŔƣőŔĦШŊƖċƓőŔƣĲрĦŸŰƣċŔŰŔŰŊШƓƖŸĬƨĦƣƚ 

[ŸƨŰĬƖǃШŔŰĬƨƚƣƖǃ 9ƖǃƚƣċũũŔŰĲШǰċťĲШŊƖċƓőŔƣĲШ 
[ƖŔĦƣŔŸŰШƓƖŸĬƨĦƣƚШыĲЮŊЮЯШĦũƨƣĦőШċŰĬШĤƖċťĲШ
ũŔŰŔŰŊƚь 

ÅĲƕƨŔƖŔŰŊШĦċƖĤŸŰШĦŸŰƣĲŰƣШőŔŊőĲƖШƣőċŰШΦΥӖШыƚǃŰƣőĲƣŔĦШ
ŊƖċƓőŔƣĲШƓũċǃƚШċŰШŔůƓŸƖƣċŰƣШƖŸũĲШŔŰШƣőŔƚШċƓƓũŔĦċƣŔŸŰь 

xƨĤƖŔĦċŰƣƚ 
9ƖǃƚƣċũũŔŰĲШǰċťĲШċŰĬШċůŸƖƓőŸƨƚШŊƖċƓőŔƣĲШĤƨƣШƣőĲШŉŸƖůĲƖШŔƚШ
ƓƖĲŉĲƖƖĲĬШĬƨĲШƣŸШŔƣƚШőŔŊőĲƖШĦċƖĤŸŰШĦŸŰƣĲŰƣШыƚǃŰƣőĲƣŔĦШ
ŊƖċƓőŔƣĲШŔƚШƓƖĲŉĲƖƖĲĬШŔŰШƣőŔƚШċƓƓũŔĦċƣŔŸŰь 

ÅĲĦċƖĤƨƖŔƚŔŰŊШċŊĲŰƣШŔŰШƣőĲШƓƖŸĬƨĦƣŔŸŰШŸŉШĦċƚƣШ
ŔƖŸŰШċŰĬШŔƖŸŰШċũũŸǃƚ 

[ŔŰĲрŊƖċŔŰĲĬШƚĲĦŸŰĬċƖǃШŰċƣƨƖċũШŊƖċƓőŔƣĲЯШċШƽċƚƣĲШƓƖŸĬƨĦƣШ
ŉƖŸůШƣőĲШƓƖŸĬƨĦƣŔŸŰШŸŉШĤċƣƣĲƖǃрŊƖċĬĲШƚƓőĲƖŔĦċũШŊƖċƓőŔƣĲШ
ыƚǃŰƣőĲƣŔĦШŊƖċƓőŔƣĲШŔƚШƓƖĲŉĲƖƖĲĬШŔŰШƣőŔƚШċƓƓũŔĦċƣŔŸŰь 

]ƖċƓőŔƣĲШůŸũĬĲĬШƓċƖƣƚШыĲЮŊЮЯШĦċƖĤŸŰШĤƖƨƚőĲƚЯШ
ĲũĲĦƣƖŸĬĲƚШŉŸƖШƚƓċƖťШĲƖŸƚŔŸŰЯШőŔŊőр
ƓĲƖŉŸƖůċŰĦĲШőĲċƣШƚŔŰťƚЯШŉƨƖŰċĦĲШĦŸůƓŸŰĲŰƣƚьШ 

ыÉǃŰƣőĲƣŔĦШŊƖċƓőŔƣĲШŔƚШƓƖĲŉĲƖƖĲĬШŔŰШƣőŔƚШċƓƓũŔĦċƣŔŸŰь 

]ƖċƓőŔƣĲШŉŸŔũƚШċŰĬШƚőĲĲƣƚШŉŸƖШƣőĲШƓƖŸĬƨĦƣŔŸŰШŸŉШ
ƚĲċũŔŰŊШƖŔŰŊƚЯШĬŔƚĦƚШċŰĬШǰċƓƚШċŰĬШċƚШċШǰċůĲШ
ƖĲƣċƖĬċŰƣ 

EǂƓċŰĬċĤũĲШŊƖċƓőŔƣĲШŉƖŸůШŰċƣƨƖċũШŊƖċƓőŔƣĲ 

7ċƣƣĲƖǃШċƓƓũŔĦċƣŔŸŰƚ 
9ƖǃƚƣċũũŔŰĲШǰċťĲШŊƖċƓőŔƣĲШыƚǃŰƣőĲƣŔĦШŊƖċƓőŔƣĲШŸŉƣĲŰШƓƖĲŉĲƖƖĲĬШ
ŔŰШőŔŊőĲƖрƻċũƨĲШċƓƓũŔĦċƣŔŸŰƚШĲЮŊЮЯШƣőĲШċƨƣŸůŸƣŔƻĲШŔŰĬƨƚƣƖǃЯШ
ĲŰĲƖŊǃШƚƣŸƖċŊĲШċŰĬШőŔŊőрĲŰĬШĦŸŰƚƨůĲƖШĲũĲĦƣƖŸŰŔĦƚШƚĲĦƣŸƖь 

ÉƨĤƚƣŔƣƨƣŔŸŰ421ЯШ422 

ÉǃŰƣőĲƣŔĦШċŰĬШŰċƣƨƖċũШŊƖċƓőŔƣĲШĦŸůƓĲƣĲШŔŰШƻċƖŔŸƨƚШċƓƓũŔĦċƣŔŸŰƚШċŰĬШċƖĲШŸŉƣĲŰШƚƨĤƚƣŔƣƨƣĲĬШŉŸƖШĲċĦőШŸƣőĲƖШ
ŸƖШĤũĲŰĬĲĬЮШÑőĲШĬĲĦŔƚŔŸŰШŸŉШƚƨĤƚƣŔƣƨƣŔŸŰШĬĲƓĲŰĬƚШŸŰШƓƖŔĦĲЯШĦċƖĤŸŰШŊƖċĬĲЯШċŰĬШƓċƖƣŔĦũĲШĦőċƖċĦƣĲƖŔƚƣŔĦƚЮШ 

fŰƣĲƖůĲĬŔċƣĲШŸƖШĲŰĬШƓƖŸĬƨĦƣƚ ÉƨĤƚƣŔƣƨƣŔŸŰ 

fƖŸŰШċŰĬШƚƣĲĲũШƓƖŸĬƨĦƣŔŸŰШыĦċƚƣŔŰŊь ÉǃŰƣőĲƣŔĦШŊƖċƓőŔƣĲШƓŸƽĬĲƖЯШƚĦƖċƓШŉƖŸůШĬŔƚĦċƖĬĲĬШ
ůċĦőŔŰĲĬШƚőċƓĲƚЯШċŰĬШĦċũĦŔŰĲĬШƓĲƣƖŸũĲƨůШĦŸťĲ 

ÅĲŉƖċĦƣŸƖǃШƓƖŸĬƨĦƣƚ ]ƖċƓőŔƣĲШŉƖĲĲШƖĲŉƖċĦƣŸƖǃШůċƣĲƖŔċũƚ 

ÉƓőĲƖŸŔĬċũШŊƖċƓőŔƣĲШŔŰШċŰŸĬĲƚШŸŉШxŔрŔŸŰШĤċƣƣĲƖŔĲƚ 
ÉǃŰƣőĲƣŔĦШŊƖċƓőŔƣĲШƓŸƽĬĲƖШċŰĬШƚĲĦŸŰĬċƖǃШƚǃŰƣőĲƣŔĦШ
ŊƖċƓőŔƣĲШŉƖŸůШůċĦőŔŰŔŰŊШŊƖċƓőŔƣĲШƚőċƓĲƚ 

[ŸƨŰĬƖǃрŉċĦŔŰŊШċƓƓũŔĦċƣŔŸŰƚ ÉǃŰƣőĲƣŔĦШŊƖċƓőŔƣĲШƓŸƽĬĲƖЯШǯŰĲũǃШŊƖŸƨŰĬШĦŸťĲШƽŔƣőШŸũŔƻŔŰĲЯШ
ƣċũĦЯШůŔĦċШŸƖШǍŔƖĦŸŰ 

?ƖǃШũƨĤƖŔĦċŰƣ ~ŸũǃĤĬĲŰƨůШĬŔƚƨũǯĬĲ 

xƨĤƖŔĦċŰƣƚ ÉǃŰƣőĲƣŔĦШŊƖċƓőŔƣĲШċŰĬШƽċƣĲƖрĤċƚĲĬШƚǃŰƣőĲƣŔĦШũƨĤƖŔĦċŰƣƚШ
ŉŸƖШŉŸƖŊŔŰŊШƚƣĲĲũШċŰĬШċũƨůŔŰŔƨů 

[ƖŔĦƣŔŸŰШƓƖŸĬƨĦƣƚШċŰĬШĦċƖĤŸŰШĤƖƨƚőĲƚШ ÉǃŰƣőĲƣŔĦШŊƖċƓőŔƣĲ 

ÅĲĦċƖĤƨƖŔƚŔŰŊШ 
cŔŊőрĦċƖĤŸŰШƚĦƖċƓШŉƖŸůШĬŔƚĦċƖĬĲĬШŊƖċƓőŔƣĲШƚőċƓĲƚШċŰĬШ
ĦċũĦŔŰĲĬШƓĲƣƖŸũĲƨůШĦŸťĲЯШƚǃŰƣőĲƣŔĦШŊƖċƓőŔƣĲШƓŸƽĬĲƖЯШ
ċŰƣőƖċĦŔƣĲШċŰĬШƚǃŰƣőĲƣŔĦШŊƖċƓőŔƣĲ 

 
420Ш?ċůůЯШÉЮШыΞΜΞΝьЮШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШ]ƖċƓőŔƣЮШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰЯШΡΝЯШΝΝΣШÉЮбШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰр
ΡΝЮƓĬŉШ 
421ШÉƣĲƽċƖƣЯШ ЮШ ЮыΞΜΞΡьЮШ]ƖċƓőŔƣĲШыŰċƣƨƖċũьЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΞΥЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрŊƖċƓőŔƣĲЮƓĬŉШ 
422ШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШ?ĲĦĲůĤĲƖьЮШ ċƣƨƖċũШ]ƖċƓőŔƣĲаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх]Å ÂcfÑEхéΝЮƓĬŉШШШ 

https://pubs.usgs.gov/periodicals/mcs2025/mcs2025-graphite.pdf


 

 ΝΝΦ 

]ũŸĤċũШċŰĬШEÖШƓƖŸĬƨĦƣŔŸŰШтШŰċƣƨƖċũШŊƖċƓőŔƣĲ 
]ũŸĤċũШůŔŰĲШƓƖŸĬƨĦƣŔŸŰ423 

 

 

 

 

 

 
423Ш[ŔŊƨƖĲƚШċƖĲШĤċƚĲĬШŸŰШĬċƣċШƓƖŸƻŔĬĲĬШĤǃШƣőĲШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮ 
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9ŸƨŰƣƖǃ ÉőċƖĲШŸŉШŊũŸĤċũШ
ůŔŰĲШƓƖŸĬƨĦƣŔŸŰШ
ыċƻŊЮШΞΜΝΥрΞΜΞΞь 

9őŔŰċ ΤΥӖ 

~ŸǍċůĤŔƕƨĲ ΣӖ 

7ƖċǍŔũ ΡӖ 

~ċĬċŊċƚĦċƖ ΡӖ 

fŰĬŔċ ΝӖ 

 ŸƖƣőШuŸƖĲċ ΝӖ 

9ċŰċĬċ ΝӖ 

ÉŸƨƣőШuŸƖĲċ ΝӖ 

 ŸƖƽċǃ ΝӖ 

ÅƨƚƚŔċ ΝӖ 

ÖťƖċŔŰĲ ΝӖ 

ÅŸì ΝӖ 



 

 ΝΞΜ 

fŰШΞΜΞΜЯШŰċƣƨƖċũШŊƖċƓőŔƣĲШƓƖŸĬƨĦƣŔŸŰШƽċƚШċƓƓƖŸǂŔůċƣĲũǃШΝΦӖШċůŸƖƓőŸƨƚЯШΥΜЮΤӖШĦƖǃƚƣċũũŔŰĲШǰċťĲЯШċŰĬШ
ΜЮΟӖШƻĲŔŰШŸƖШũƨůƓШŊƖċƓőŔƣĲШыƻĲŔŰШŸƖШũƨůƓШŊƖċƓőŔƣĲШŔƚШĦŸůůĲƖĦŔċũũǃШƓƖŸĬƨĦĲĬШŸŰũǃШŔŰШÉƖŔШxċŰťċьШ424ШЮШfŰШ
ΞΜΞΠЯШ9őŔŰċШũĲĬШŊũŸĤċũШƓƖŸĬƨĦƣŔŸŰШƽŔƣőШΤΥӖШŸŉШƣŸƣċũШƽŸƖũĬШƓƖŸĬƨĦƣŔŸŰЯШĦŸŰƚŔƚƣŔŰŊШŸŉШċĤŸƨƣШΝΡӖШ
ċůŸƖƓőŸƨƚШċŰĬШΥΡӖШǰċťĲШŊƖċƓőŔƣĲ425Ю 

 

EÖШůŔŰĲШƓƖŸĬƨĦƣŔŸŰ426 
9ŸƨŰƣƖǃШ ~ŔŰĲШƓƖŸĬƨĦƣŔŸŰШŔŰШΞΜΞΞШыůĲƣƖŔĦШƣŸŰƚь 

ƨƚƣƖŔċШыċůŸƖƓőŸƨƚь ΡΜΜ 

]ĲƖůċŰǃШыĦƖǃƚƣċũũŔŰĲШǰċťĲь ΝΤΜ 

ÑőĲШŊƖċƓőŔƣĲШůŔŰĲШыĦƖǃƚƣċũũŔŰĲШǰċťĲьШŔŰШÉƽĲĬĲŰШĤĲŊċŰШċŰĬШƣőĲŰШƚƨƚƓĲŰĬĲĬШŔƣƚШƓƖŸĬƨĦƣŔŸŰШŔŰШΞΜΝΡШĬƨĲШƣŸШ
ũŸƽШƓƖŔĦĲƚШĤƨƣШŔƚШůċŔŰƣċŔŰĲĬШŸŰШċШƓƖŸĬƨĦƣŔŸŰрƖĲċĬǃШĤċƚŔƚ427Ю 

 

~ŔŰĲШƓƖŸĬƨĦƣŔŸŰШŸŉШŸƣőĲƖШEƨƖŸƓĲċŰШĦŸƨŰƣƖŔĲƚШŔŰШΞΜΞΜ 

9ŸƨŰƣƖǃШ ~ŔŰĲШƓƖŸĬƨĦƣŔŸŰШŔŰШΞΜΞΞШыůĲƣƖŔĦШƣŸŰƚь 

 ŸƖƽċǃШыĦƖǃƚƣċũũŔŰĲШǰċťĲь ΝΜЯΟΥΜ 

ÑƨƖťĲǃШыċůŸƖƓőŸƨƚь ΞЯΥΜΜ 

ÖťƖċŔŰĲШыĦƖǃƚƣċũũŔŰĲШǰċťĲь ΝЯΜΜΜ 

 

 

 

 

 

 

 

 

 
424ШÉƣĲƽċƖƣЯШ ЮШ ЮШыΞΜΞΠЯШ?ĲĦĲůĤĲƖьЮШ]ƖċƓőŔƣĲШя ĬƻċŰĦĲШÅĲũĲċƚĲѐЮШΞΜΞΝШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШ
ÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΝоůǃĤΝрΞΜΞΝрŊƖċƓőŔƣĲЮƓĬŉ 
425ШÉƣĲƽċƖƣЯШ ЮШ ЮыΞΜΞΡьЮШ]ƖċƓőŔƣĲШыŰċƣƨƖċũьЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΞΥЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрŊƖċƓőŔƣĲЮƓĬŉ 
426ШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШыΞΜΞΞьЮШ~ŔŰĲƖċũƚШǃĲċƖĤŸŸťаШ]ƖċƓőŔƣĲШя?ċƣċШǯũĲѐЮШÅĲƣƖŔĲƻĲĬШΞΥЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооĬΦрƽƖĲƣЮƚΟЮƨƚрƽĲƚƣр
ΞЮċůċǍŸŰċƽƚЮĦŸůоċƚƚĲƣƚоƓċũũċĬŔƨůоƓƖŸĬƨĦƣŔŸŰоƚΟŉƚрƓƨĤũŔĦоůĲĬŔċоǯũĲƚоůǃĤΝрΞΜΞΞрŊƖċƓőрĲƖƣЮǂũƚǂШ 
427ШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШ?ĲĦĲůĤĲƖьЮШ ċƣƨƖċũШ]ƖċƓőŔƣĲаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх]Å ÂcfÑEхéΝЮƓĬŉШШШ 

https://d9-wret.s3.us-west-2.amazonaws.com/assets/palladium/production/s3fs-public/media/files/myb1-2022-graph-ert.xlsx
https://d9-wret.s3.us-west-2.amazonaws.com/assets/palladium/production/s3fs-public/media/files/myb1-2022-graph-ert.xlsx


 

 ΝΞΝ 

ÉĲĦŸŰĬċƖǃШƓƖŸĬƨĦƣŔŸŰ 
ÑőĲƖĲШŔƚШŰŸШŔŰŉŸƖůċƣŔŸŰШŸŰШƣőĲШƕƨċŰƣŔƣǃШċŰĬШƻċũƨĲШŸŉШƖĲĦǃĦũĲĬШŰċƣƨƖċũШŊƖċƓőŔƣĲЮШÑőĲШċƻċŔũċĤŔũŔƣǃШŸŉШŰċƣƨƖċũШ
ŊƖċƓőŔƣĲШċƣШƖĲũċƣŔƻĲũǃШũŸƽШƓƖŔĦĲƚШŔŰőŔĤŔƣƚШŔŰĦƖĲċƚĲĬШƖĲĦǃĦũŔŰŊШĲǭŸƖƣƚ428ЮШШÉĲĦŸŰĬċƖǃШƓƖŸĬƨĦƣŔŸŰƚШŸŉШŰċƣƨƖċũШ
ŊƖċƓőŔƣĲШĤǃШċƓƓũŔĦċƣŔŸŰƚШċƖĲШƚőŸƽŰШċƚШŉŸũũŸƽƚЮШ 

 

ÅĲŉƖċĦƣŸƖǃЮƓƖŸĬƨĦƣƚ 

ÅĲŉƖċĦƣŸƖǃШƓƖŸĬƨĦƣƚШċƖĲШƣőĲШƓƖŔůċƖǃШċƓƓũŔĦċƣŔŸŰШŸŉШŰċƣƨƖċũШŊƖċƓőŔƣĲШċŰĬШőċƻĲШŔŰĦƖĲċƚŔŰŊШƖĲĦǃĦũŔŰŊШ
ƓŸƣĲŰƣŔċũЮШcŸƽĲƻĲƖЯШŔƣШĦċŰШĤĲШċƚƚƨůĲĬШƣőċƣШůŸƚƣШƨƚĲĬШƖĲŉƖċĦƣŸƖǃШƓƖŸĬƨĦƣƚШċƖĲШƨƚĲĬШŔŰШƖŸċĬШĦŸŰƚƣƖƨĦƣŔŸŰШ
ŸƖШĬŔƚƓŸƚĲĬШŔŰШũċŰĬǯũũƚЮШ ШƚůċũũШŉƖċĦƣŔŸŰШŔƚШƖĲĦǃĦũĲĬШŉƖŸůШƣőĲШƚƣĲĲũЯШĦĲůĲŰƣЯШċŰĬШŊũċƚƚШŔŰĬƨƚƣƖŔĲƚЯШƽŔƣőШ
ƖĲĦŸƻĲƖĲĬШŊƖċƓőŔƣĲШƨƚĲĬШŔŰШŸƣőĲƖШċƓƓũŔĦċƣŔŸŰƚШƚƨĦőШċƚШŔŰƚƨũċƣŔŸŰЯШƚũċŊШĦŸŰĬŔƣŔŸŰĲƖƚЯШċŰĬШĤƖċťĲШũŔŰŔŰŊƚЮШ
ÑőĲǃШĦċŰШċũƚŸШĤĲШƖĲĦǃĦũĲĬШŉŸƖШƣőĲŔƖШŸƣőĲƖШĦŸůƓŸŰĲŰƣƚШĬƨĲШƣŸШƣőĲŔƖШƖĲũċƣŔƻĲũǃШũŸƽШŊƖċƓőŔƣĲШĦŸŰƣĲŰƣ429Ю 

fŰШƣőĲШEÖЯШƖĲĦǃĦũĲĬШƚƓĲŰƣШŊƖċƓőŔƣĲрĤċƚĲĬШƖĲŉƖċĦƣŸƖǃШƓƖŸĬƨĦƣƚШċƖĲШƨƚĲĬШŔŰШĦĲƖƣċŔŰШċƓƓũŔĦċƣŔŸŰƚШċƚШċШŉƨũũШŸƖШ
ƓċƖƣŔċũШƖĲƓũċĦĲůĲŰƣШŉŸƖШƓƖŔůċƖǃШůċƣĲƖŔċũƚЯШŔŰĦũƨĬŔŰŊШůŸŰŸũŔƣőŔĦШċŰĬШƚőċƓĲĬШƖĲŉƖċĦƣŸƖǃШƓƖŸĬƨĦƣƚЮШÑőĲШ
E§xрÅfÅШƽċƚШĲƚƣŔůċƣĲĬШċƣШΟӖШŔŰШΞΜΝΣ430ЮШ 

 

xŔƣőŔƨůцŔŸŰЮĤċƣƣĲƖŔĲƚЮ 

9ƨƖƖĲŰƣũǃЯШŊƖċƓőŔƣĲШƖĲĦǃĦũŔŰŊШŉƖŸůШƚƓĲŰƣШũŔƣőŔƨůрŔŸŰШĤċƣƣĲƖŔĲƚШŔƚШŰŸƣШƽŔĬĲũǃШŔŰĬƨƚƣƖŔċũŔǍĲĬШĬƨĲШƣŸШƣőĲШ
ĦőċũũĲŰŊĲƚШŸŉШũċƖŊĲрƚĦċũĲШĬŔƚůċŰƣũŔŰŊШċŰĬШƣőĲШƖĲũċƣŔƻĲũǃШũŸƽШŊƖċƓőŔƣĲШĦŸŰƣĲŰƣШŔŰШĤċƣƣĲƖŔĲƚ431ЮШÅĲĦǃĦũŔŰŊШ
ĲǭŸƖƣƚШƓƖŔůċƖŔũǃШŉŸĦƨƚШŸŰШĦŸƓƓĲƖЯШŰŔĦťĲũЯШċŰĬШĦŸĤċũƣШĦŸůƓŸƨŰĬƚЮШcŸƽĲƻĲƖЯШŔŰШƣőĲШũŸŰŊШƣĲƖůЯШŊƖċƓőŔƣĲШŔŰШ
ũŔƣőŔƨůрŔŸŰШĤċƣƣĲƖŔĲƚШƓƖĲƚĲŰƣƚШċШƚŔŊŰŔǯĦċŰƣШƖĲĦǃĦũŔŰŊШƓŸƣĲŰƣŔċũЯШƓċƖƣŔĦƨũċƖũǃШŔŰШĲũĲĦƣƖŸůŸĤŔũŔƣǃЯШĬƨĲШƣŸШƣőĲШ
ƖĲũċƣŔƻĲũǃШőŔŊőШůċƣĲƖŔċũШŔŰƓƨƣ432Ю 

 

[ƖŔĦƣŔŸŰЮƓƖŸĬƨĦƣƚЮċŰĬЮũƨĤƖŔĦċŰƣƚ 

fƣШŔƚШŔůƓŸƚƚŔĤũĲШƣŸШƖĲĦǃĦũĲШŊƖċƓőŔƣĲрĤċƚĲĬШŉƖŔĦƣŔŸŰШƓƖŸĬƨĦƣƚШċŰĬШũƨĤƖŔĦċŰƣƚШċƚШƣőĲŔƖШƨƚĲƚШċƖĲШƽĲċƖр
ŔŰƣĲŰƚŔƻĲШƖĲƚƨũƣŔŰŊШŔŰШůċƣĲƖŔċũШũŸƚƚĲƚ433Ю 

 
428ШÉƣĲƽċƖƣЯШ ЮШ ЮыΞΜΞΡьЮШ]ƖċƓőŔƣĲШыŰċƣƨƖċũьЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΞΥЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрŊƖċƓőŔƣĲЮƓĬŉ 
429Ш?ċůůЯШÉЮШыΞΜΞΝьЮШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШ]ƖċƓőŔƣЮШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰЯШΡΝЯШΝΝΣШÉЮбШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰр
ΡΝЮƓĬŉШ 
430ШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШ?ĲĦĲůĤĲƖьЮШ ċƣƨƖċũШ]ƖċƓőŔƣĲаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх]Å ÂcfÑEхéΝЮƓĬŉШШШ 
431ШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШ?ĲĦĲůĤĲƖьЮШ ċƣƨƖċũШ]ƖċƓőŔƣĲаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх]Å ÂcfÑEхéΝЮƓĬŉШШШ 
432Ш?ċůůЯШÉЮШыΞΜΞΝьЮШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШ]ƖċƓőŔƣЮШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰЯШΡΝЯШΝΝΣШÉЮбШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰр
ΡΝЮƓĬŉШ 
433Ш?ċůůЯШÉЮШыΞΜΞΝьЮШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШ]ƖċƓőŔƣЮШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰЯШΡΝЯШΝΝΣШÉЮбШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰр
ΡΝЮƓĬŉШ 



 

 ΝΞΞ 

ÅĲƚĲƖƻĲƚ 
]ũŸĤċũШƖĲƚĲƖƻĲƚ434 
9ŸƨŰƣƖǃШ ÅĲƚĲƖƻĲƚШыůĲƣƖŔĦШƣŸŰƚь 

9őŔŰċ ΥΝЯΜΜΜЯΜΜΜ 

7ƖċǍŔũ ΤΠЯΜΜΜЯΜΜΜ 

~ċĬċŊċƚĦċƖШ ΞΤЯΜΜΜЯΜΜΜ 

~ŸǍċůĤŔƕƨĲ ΞΡЯΜΜΜЯΜΜΜ 
ÑċŰƚċŰŔċ ΝΥЯΜΜΜЯΜΜΜ 

ÅƨƚƚŔċ ΝΠЯΜΜΜЯΜΜΜ 

éŔĲƣŰċů ΦЯΤΜΜЯΜΜΜ 

fŰĬŔċ ΥЯΣΜΜЯΜΜΜ 

 

EÖШƖĲƚĲƖƻĲƚ435 
9ŸƨŰƣƖǃШ ÅĲƚĲƖƻĲƚШыůĲƣƖŔĦШƣŸŰƚь 

ÉƽĲĬĲŰ ΣΥЯΡΥΜЯΜΜΜ 

[ŔŰũċŰĬ ΞΣЯΤΜΜЯΜΜΜ 

ƨƚƣƖŔċ ΝΣΜЯΜΜΜ 

 

ÅĲƚĲƖƻĲƚШŸŉШŸƣőĲƖШEƨƖŸƓĲċŰШĦŸƨŰƣƖŔĲƚ436 

9ŸƨŰƣƖǃШ ÅĲƚĲƖƻĲƚШыůĲƣƖŔĦШƣŸŰƚь 

ÑƨƖťĲǃШ ΣЯΦΜΜЯΜΜΜ 

 ŸƖƽċǃШ ΣΜΜЯΜΜΜ 

 
ÂƖŸĦĲƚƚŔŰŊШƚƣċŊĲШтШĤċƣƣĲƖǃрŊƖċĬĲШŊƖċƓőŔƣĲ 

9őŔŰċШŔƚШƣőĲШĬŸůŔŰċŰƣШƓƖŸĬƨĦĲƖШŸŉШĤċƣƣĲƖǃрŊƖċĬĲШŊƖċƓőŔƣĲЯШċĦĦŸƨŰƣŔŰŊШŉŸƖШŰĲċƖũǃШΝΜΜӖШŸŉШŊũŸĤċũШ
ƚƓőĲƖŔĦċũШŊƖċƓőŔƣĲШƓƖŸĬƨĦƣŔŸŰШċŰĬШƣőƖĲĲрƕƨċƖƣĲƖƚШŸŉШŊũŸĤċũШċŰŸĬĲШůċƣĲƖŔċũШƓƖŸĬƨĦƣŔŸŰШċĦĦŸƖĬŔŰŊШƣŸШ
ÅŸƚťŔũũШŔŰШΞΜΞΝЮШÑőŔƚШŔƚШƓċƖƣũǃШĬƨĲШƣŸШƣőĲШċƻċŔũċĤŔũŔƣǃШŸŉШŰċƣƨƖċũШŊƖċƓőŔƣĲЯШƽőŔĦőШŔƚШċũƚŸШĦŸŰĦĲŰƣƖċƣĲĬШŔŰШ
9őŔŰċ437Ю 

 

 

 
434ШÉƣĲƽċƖƣЯШ ЮШ ЮыΞΜΞΡьЮШ]ƖċƓőŔƣĲШыŰċƣƨƖċũьЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΞΥЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрŊƖċƓőŔƣĲЮƓĬŉ 
435ШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШ?ĲĦĲůĤĲƖьЮШ ċƣƨƖċũШ]ƖċƓőŔƣĲаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх]Å ÂcfÑEхéΝЮƓĬŉШШШ 
436ШÉƣĲƽċƖƣЯШ ЮШ ЮыΞΜΞΡьЮШ]ƖċƓőŔƣĲШыŰċƣƨƖċũьЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΞΥЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрŊƖċƓőŔƣĲЮƓĬŉ 
437Ш?ċůůЯШÉЮШыΞΜΞΝьЮШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШ]ƖċƓőŔƣЮШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰЯШΡΝЯШΝΝΣШÉЮбШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰр
ΡΝЮƓĬŉШ 



 

 ΝΞΟ 

?ĲůċŰĬШ 
]ũŸĤċũШĬĲůċŰĬ 
fŰШΞΜΝΥЯШƣőĲШƣŸƣċũШĬĲůċŰĬШŉŸƖШŰċƣƨƖċũШċŰĬШƚǃŰƣőĲƣŔĦШŊƖċƓőŔƣĲШƽċƚШΞЯΡΜΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШƽŔƣőШŰċƣƨƖċũШ
ŊƖċƓőŔƣĲШċĦĦŸƨŰƣĲĬШŉŸƖШΟΥӖШыċĤŸƨƣШΦΠΤЯΜΜΜШůĲƣƖŔĦШƣŸŰƚьЮШ ƚŔċШċĦĦŸƨŰƣĲĬШŉŸƖШΣΡӖШŸŉШŊũŸĤċũШŰċƣƨƖċũШ
ŊƖċƓőŔƣĲШĬĲůċŰĬЯШƽŔƣőШ9őŔŰċШċƚШƣőĲШũċƖŊĲƚƣШĦŸŰƚƨůĲƖЮШEƨƖŸƓĲШƖċŰťĲĬШƚĲĦŸŰĬШċƣШΝΞӖЯШŉŸũũŸƽĲĬШĤǃШ ŸƖƣőШ
ċŰĬШÉŸƨƣőШ ůĲƖŔĦċЯШĲċĦőШƽŔƣőШċŰШΥӖШƚőċƖĲЮ 

ůŸŰŊШĬŔǭĲƖĲŰƣШƣǃƓĲƚШŸŉШŰċƣƨƖċũШŊƖċƓőŔƣĲЯШŔŰШΞΜΝΥЯШĦƖǃƚƣċũũŔŰĲШǰċťĲШŊƖċƓőŔƣĲШċĦĦŸƨŰƣĲĬШŉŸƖШċŰШĲƚƣŔůċƣĲĬШ
ΤΡӖШŸŉШŊũŸĤċũШĬĲůċŰĬШŉŸƖШŰċƣƨƖċũШŊƖċƓőŔƣĲШыċĤŸƨƣШΤΜΦЯΜΜΜШůĲƣƖŔĦШƣŸŰƚьШ438ЮШÑőĲШĬĲůċŰĬШůċŔŰũǃШĦċůĲШ
ŉƖŸůШƖĲŉƖċĦƣŸƖǃШċŰĬШŉŸƨŰĬƖǃШŔŰĬƨƚƣƖŔĲƚЮШ 

ÑőĲШĬĲůċŰĬШŉŸƖШĦƖǃƚƣċũũŔŰĲШǰċťĲШŊƖċƓőŔƣĲШŔŰШũŔƣőŔƨůрŔŸŰШĤċƣƣĲƖŔĲƚШőċƚШƚƨƖŊĲĬШŔŰШƖĲĦĲŰƣШǃĲċƖƚЮШÉŔŰĦĲШΞΜΝΤЯШ
ŊũŸĤċũШŊƖċƓőŔƣĲШĦŸŰƚƨůƓƣŔŸŰШŔŰШƣőĲШƖĲŉƖċĦƣŸƖǃШċŰĬШŉŸƨŰĬƖǃШŔŰĬƨƚƣƖǃШőċƚШŊƖŸƽŰШĤǃШċƓƓƖŸǂŔůċƣĲũǃШΠӖЯШ
ƽőŔũĲШĦŸŰƚƨůƓƣŔŸŰШŔŰШũŔƣőŔƨůрŔŸŰШĤċƣƣĲƖŔĲƚШőċƚШŔŰĦƖĲċƚĲĬШĤǃШċŰШĲƚƣŔůċƣĲĬШΟΜΜӖШŸƻĲƖШƣőĲШƚċůĲШƓĲƖŔŸĬ439ЮШ
ы ũƣőŸƨŊőШƚǃŰƣőĲƣŔĦШŊƖċƓőŔƣĲШŔƚШŸŉƣĲŰШƓƖĲŉĲƖƖĲĬШŸƻĲƖШŰċƣƨƖċũШŊƖċƓőŔƣĲШŔŰШũŔƣőŔƨůрŔŸŰШĤċƣƣĲƖŔĲƚЯШƣőĲШŸƻĲƖċũũШ
ůċƖťĲƣШƚőċƖĲШċĦƖŸƚƚШċũũШũŔƣőŔƨůрŔŸŰШĤċƣƣĲƖǃШƚĲŊůĲŰƣƚШŔƚШĲƚƣŔůċƣĲĬШƣŸШĤĲШΠΜӖШŰċƣƨƖċũШŊƖċƓőŔƣĲШƣŸШΣΜӖШ
ƚǃŰƣőĲƣŔĦШŊƖċƓőŔƣĲ440Юь 

 

EÖШĬĲůċŰĬ441 
7ĲƣƽĲĲŰШΞΜΝΣШċŰĬШΞΜΞΜЯШŸŰШċƻĲƖċŊĲЯШƣőĲШEÖШĦŸŰƚƨůĲĬШΤΦЯΠΝΞШůĲƣƖŔĦШƣŸŰƚШŸŉШŰċƣƨƖċũШŊƖċƓőŔƣĲШċŰŰƨċũũǃЮШ
ÑőĲШEÖШƽċƚШΦΦӖШƖĲũŔċŰĦĲШŸŰШŔůƓŸƖƣШċŰĬШƣőĲШůċŔŰШƚƨƓƓũŔĲƖƚШƽĲƖĲШ9őŔŰċШыΠΝӖьЯШ7ƖċǍŔũШыΝΠӖьЯШ~ŸǍċůĤŔƕƨĲШ
ыΝΟӖьЯШ ŸƖƽċǃШыΦӖьЯШÖťƖċŔŰĲШыΦӖьЯШċŰĬШ~ċĬċŊċƚĦċƖШыΣӖьЮШ 

 

 

 

 

 

 

 
438Ш?ċůůЯШÉЮШыΞΜΞΝьЮШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШ]ƖċƓőŔƣЮШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰЯШΡΝЯШΝΝΣШÉЮбШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰр
ΡΝЮƓĬŉШ 
439ШÉƣĲƽċƖƣЯШ ЮШ ЮШыΞΜΞΠЯШ?ĲĦĲůĤĲƖьЮШ]ƖċƓőŔƣĲШя ĬƻċŰĦĲШÅĲũĲċƚĲѐЮШΞΜΞΝШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШ
ÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΝоůǃĤΝрΞΜΞΝрŊƖċƓőŔƣĲЮƓĬŉ 
440Ш?ċůůЯШÉЮШыΞΜΞΝьЮШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШ]ƖċƓőŔƣЮШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰЯШΡΝЯШΝΝΣШÉЮбШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰр
ΡΝЮƓĬŉШ 
441ШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШ?ĲĦĲůĤĲƖьЮШ ċƣƨƖċũШ]ƖċƓőŔƣĲаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх]Å ÂcfÑEхéΝЮƓĬŉШШШ 



 

 ΝΞΠ 

[ƨƣƨƖĲШƚƨƓƓũǃШċŰĬШĬĲůċŰĬШƣƖĲŰĬƚ 

fŰШƣőĲШũċƚƣШǃĲċƖƚЯШĬĲƚƓŔƣĲШċШƚũŔŊőƣШрΜЮΦӖШĬĲĦũŔŰĲШŔŰШŰċƣƨƖċũШŊƖċƓőŔƣĲШƓƖŸĬƨĦƣŔŸŰШыΞΜΜΥтΞΜΝΥьЯШƚƨƓƓũǃШƚƣŔũũШ
ĲǂĦĲĲĬĲĬШĬĲůċŰĬЮШ9őŔŰċќƚШĲǭŸƖƣƚШƣŸШĦƨƖĤШŸƻĲƖĦċƓċĦŔƣǃШƽĲƖĲШĲǭĲĦƣŔƻĲШŔŰШƣőĲШċůŸƖƓőŸƨƚШŊƖċƓőŔƣĲШ
ůċƖťĲƣШĬƨĲШƣŸШůŔŰĲШĦŸŰĦĲŰƣƖċƣŔŸŰШŔŰШŸŰĲШƓƖŸƻŔŰĦĲШċŰĬШĬĲĦũŔŰŔŰŊШĬĲůċŰĬШŉƖŸůШƚƨĤƚƣŔƣƨƣĲƚШũŔťĲШƚǃŰƣőĲƣŔĦШ
ƚĲĦŸŰĬċƖǃШŊƖċƓőŔƣĲШŉƖŸůШƣőĲШƓƖŸĬƨĦƣŔŸŰШŸŉШŊƖċƓőŔƣĲШĲũĲĦƣƖŸĬĲƚЮШfŰШĦŸŰƣƖċƚƣЯШƣőĲШĦƖǃƚƣċũũŔŰĲШǰċťĲШŊƖċƓőŔƣĲШ
ŔŰĬƨƚƣƖǃШƽċƚШũĲƚƚШċǭĲĦƣĲĬЯШċƚШƽŔĬĲũǃШĬŔƚƣƖŔĤƨƣĲĬШůŔŰĲƚШċŰĬШƖŔƚŔŰŊШĤċƣƣĲƖǃрŊƖċĬĲШŊƖċƓőŔƣĲШĦŸŰĦĲŰƣƖċƣĲƚШ
ĬĲůċŰĬШĬƖŸƻĲШƚƨƓƓũǃШŊƖŸƽƣőЯШĲƚƓĲĦŔċũũǃШŸƨƣƚŔĬĲШ9őŔŰċЮШÑőĲШĦƖǃƚƣċũũŔŰĲШǰċťĲШŊƖċƓőŔƣĲШůċƖťĲƣШƖĲůċŔŰĲĬШ
ŔŰШƚƨƖƓũƨƚ442Ю 

[ƨƣƨƖĲЮƚƨƓƓũǃ 

]ĲŸƓŸũŔƣŔĦċũШƣĲŰƚŔŸŰƚШċŰĬШƚƨĤƚĲƕƨĲŰƣШĲǂƓŸƖƣШĦŸŰƣƖŸũƚШċŰĬШƣċƖŔǭƚШőċƻĲШƓƖŸůƓƣĲĬШìĲƚƣĲƖŰШĦŸƨŰƣƖŔĲƚШƣŸШ
ƚĲĲťШĦƖŔƣŔĦċũШƖċƽШůċƣĲƖŔċũЯШƓċƖƣŔĦƨũċƖũǃШĤċƣƣĲƖǃШƖċƽШůċƣĲƖŔċũƚШũŔťĲШŊƖċƓőŔƣĲШƽőŔĦőШŔƚШũċƖŊĲũǃШƚƨƓƓũŔĲĬШĤǃШ
9őŔŰċЯШŉƖŸůШċũƣĲƖŰċƣŔƻĲШƚŸƨƖĦĲƚЮШfŰШƣőŔƚШĦċƚĲЯШÉŸƨƣőĲċƚƣШ ŉƖŔĦċŰШĦŸƨŰƣƖŔĲƚШтШĦŸŰƚŔĬĲƖĲĬШŰŸŰрċũŔŊŰĲĬШŔŰШ
ƣőĲШÉŔŰŸрÖÉШƣƖċĬĲШċŰĬШƣĲĦőŰŸũŸŊǃШƽċƖЯШċŰĬШƽŔƣőШƚƨĤƚƣċŰƣŔċũШŰċƣƨƖċũШŊƖċƓőŔƣĲШƖĲƚĲƖƻĲƚШтШċƖĲШƓċƖƣŔĦƨũċƖũǃШ
ċƓƓĲċũŔŰŊ443Ю 

ÑőĲШŸƨƣũŸŸťШŉŸƖШŰċƣƨƖċũШŊƖċƓőŔƣĲШƚƨƓƓũǃШƖĲůċŔŰƚШƓŸƚŔƣŔƻĲЯШƽŔƣőШEċƚƣШ ŉƖŔĦċШы~ŸǍċůĤŔƕƨĲЯШÑċŰǍċŰŔċЯШċŰĬШ
~ċĬċŊċƚĦċƖьШĲǂƓĲĦƣĲĬШƣŸШĦŸůůŔƚƚŔŸŰШċШƚŔŊŰŔǯĦċŰƣШƚőċƖĲШŸŉШŰĲƽШƓƖŸĬƨĦƣŔŸŰШĦċƓċĦŔƣǃЯШƚŸũŔĬŔŉǃŔŰŊШŔƣƚШ
ƓŸƚŔƣŔŸŰШċƚШƣőĲШƚĲĦŸŰĬрũċƖŊĲƚƣШůŔŰŔŰŊШƖĲŊŔŸŰШċŉƣĲƖШ9őŔŰċ444ШЯШ445ШЮШШ ŸŰĲƣőĲũĲƚƚЯШƣőĲШĬĲƻĲũŸƓůĲŰƣШŸŉШ
ŉƖŔťċќƚШŊƖċƓőŔƣĲШŔŰĬƨƚƣƖǃШƚƣŔũũШŉċĦĲƚШƚŸůĲШĦőċũũĲŰŊĲƚШƚƨĦőШċƚШƓŸŸƖШŔŰŉƖċƚƣƖƨĦƣƨƖĲЯШċШƖĲũċƣŔƻĲũǃШƨŰƚƣċĤũĲШ
ƓŸũŔƣŔĦċũШĲŰƻŔƖŸŰůĲŰƣШċŰĬШĦŔƻŔũШƨŰƖĲƚƣШŔŰШůċŰǃШĦŸƨŰƣƖŔĲƚШŔŰШƣőĲШƖĲŊŔŸŰ446ЮШfŰШċĬĬŔƣŔŸŰШƣŸШEċƚƣШ ŉƖŔĦċЯШŰĲƽШ
ůŔŰŔŰŊШƓƖŸŢĲĦƣƚШċƖĲШċũƚŸШĤĲŔŰŊШĬĲƻĲũŸƓĲĬШŔŰШ ƨƚƣƖċũŔċЯШ9ċŰċĬċЯШƣőĲШÖЮÉЮЯШÉƽĲĬĲŰЯШċŰĬШŸƣőĲƖШƖĲŊŔŸŰƚ447ЮШ 

ÅŔƚŔŰŊШĬĲůċŰĬЯШƓċƖƣŔĦƨũċƖũǃШŉŸƖШĤċƣƣĲƖǃШċƓƓũŔĦċƣŔŸŰƚЯШőċƚШĬƖŔƻĲŰШŔŰĦƖĲċƚĲĬШĲǂƓũŸƖċƣŔŸŰШŉŸƖШĤċƣƣĲƖǃрŊƖċĬĲШ
ĦƖǃƚƣċũũŔŰĲШǰċťĲШŊƖċƓőŔƣĲЮШ9ƨƖƖĲŰƣũǃЯШċƖŸƨŰĬШΝΜΜШŊƖċƓőŔƣĲШƓƖŸŢĲĦƣƚШċƖĲШŔŰШƻċƖŔŸƨƚШĲǂƓũŸƖċƣŔŸŰШƚƣċŊĲƚШ
ƽŸƖũĬƽŔĬĲЯШƽŔƣőШŰĲċƖũǃШΠΜШőċƻŔŰŊШƓƖŸƻĲŰШƖĲƚĲƖƻĲƚШŸƖШƖĲƚŸƨƖĦĲƚЮШfŰШƣőĲШEÖЯШĲǂƓũŸƖċƣŔŸŰШĲǭŸƖƣƚШċƖĲШ
ƓƖŔůċƖŔũǃШĦŸŰĦĲŰƣƖċƣĲĬШŔŰШÉƽĲĬĲŰШċŰĬШ[ŔŰũċŰĬ448Ю 

 

 
442Ш?ċůůЯШÉЮШыΞΜΞΝьЮШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШ]ƖċƓőŔƣЮШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰЯШΡΝЯШΝΝΣШÉЮбШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰр
ΡΝЮƓĬŉШ 
443Ш9ĲŉċŔЯШÉЮШìċŰŊЯШéЮШѼШƣőĲШ[ċƚƣůċƖťĲƣƚШƣĲċůЮШыΞΜΞΡЯШ[ĲĤƖƨċƖǃШΞΤьЮШ ŉƖŔĦċŰШŊƖċƓőŔƣĲШƚƨƓƓũǃШŔŰШΞΜΞΡаШ~ċƖťĲƣШƚőŔŉƣƚЯШĦőċũũĲŰŊĲƚЯШċŰĬШƚƣƖċƣĲŊŔĦШ
ŔůƓŸƖƣċŰĦĲЮШ[ċƚƣůċƖťĲƣƚЮШÅĲƣƖŔĲƻĲĬШΜΟЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮŉċƚƣůċƖťĲƣƚЮĦŸůоŔŰƚŔŊőƣƚоċŉƖŔĦċŰрŊƖċƓőŔƣĲрƚƨƓƓũǃрŔŰрΞΜΞΡрůċƖťĲƣрƚőŔŉƣƚр
ĦőċũũĲŰŊĲƚрċŰĬрƚƣƖċƣĲŊŔĦрŔůƓŸƖƣċŰĦĲоШ 
444ШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШ?ĲĦĲůĤĲƖьЮШ ċƣƨƖċũШ]ƖċƓőŔƣĲаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх]Å ÂcfÑEхéΝЮƓĬŉШШШ 
445Ш?ċůůЯШÉЮШыΞΜΞΝьЮШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШ]ƖċƓőŔƣЮШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰЯШΡΝЯШΝΝΣШÉЮбШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰр
ΡΝЮƓĬŉШ 
446Ш9ĲŉċŔЯШÉЮШìċŰŊЯШéЮШѼШƣőĲШ[ċƚƣůċƖťĲƣƚШƣĲċůЮШыΞΜΞΡЯШ[ĲĤƖƨċƖǃШΞΤьЮШ ŉƖŔĦċŰШŊƖċƓőŔƣĲШƚƨƓƓũǃШŔŰШΞΜΞΡаШ~ċƖťĲƣШƚőŔŉƣƚЯШĦőċũũĲŰŊĲƚЯШċŰĬШƚƣƖċƣĲŊŔĦШ
ŔůƓŸƖƣċŰĦĲЮШ[ċƚƣůċƖťĲƣƚЮШÅĲƣƖŔĲƻĲĬШΜΟЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮŉċƚƣůċƖťĲƣƚЮĦŸůоŔŰƚŔŊőƣƚоċŉƖŔĦċŰрŊƖċƓőŔƣĲрƚƨƓƓũǃрŔŰрΞΜΞΡрůċƖťĲƣрƚőŔŉƣƚр
ĦőċũũĲŰŊĲƚрċŰĬрƚƣƖċƣĲŊŔĦрŔůƓŸƖƣċŰĦĲо 
447ШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШ?ĲĦĲůĤĲƖьЮШ ċƣƨƖċũШ]ƖċƓőŔƣĲаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх]Å ÂcfÑEхéΝЮƓĬŉШШШ 
448ШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШ?ĲĦĲůĤĲƖьЮШ ċƣƨƖċũШ]ƖċƓőŔƣĲаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх]Å ÂcfÑEхéΝЮƓĬŉШШШ 

https://www.fastmarkets.com/insights/african-graphite-supply-in-2025-market-shifts-challenges-and-strategic-importance/
https://www.fastmarkets.com/insights/african-graphite-supply-in-2025-market-shifts-challenges-and-strategic-importance/


 

 ΝΞΡ 

[ƨƣƨƖĲЮĬĲůċŰĬ 

]ũŸĤċũШŊƖċƓőŔƣĲШ ĦŸŰƚƨůƓƣŔŸŰЯШĤŸƣőШŰċƣƨƖċũШċŰĬШƚǃŰƣőĲƣŔĦЯШŔƚШĲǂƓĲĦƣĲĬШƣŸШƖŔƚĲШĬƨĲШƣŸШ ċĬƻċŰĦĲĬШ
ċƓƓũŔĦċƣŔŸŰƚШ ũŔťĲШ ċĲƖŸƚƓċĦĲЯШ ŉƨĲũШ ĦĲũũƚЯШ ŊƖċƓőĲŰĲЯШ ũŔƣőŔƨůрŔŸŰШ ĤċƣƣĲƖŔĲƚЯШ ĲŰĲƖŊǃШ ƚƣŸƖċŊĲЯШŰƨĦũĲċƖШ
ƖĲċĦƣŸƖƚЯШċŰĬШƚŸũċƖШƓŸƽĲƖ449ЮШ?ĲůċŰĬШŔƚШƓƖŔůċƖŔũǃШĬƖŔƻĲŰШĤǃШƣőĲШ ƚŔċрÂċĦŔǯĦШƖĲŊŔŸŰШċŰĬШƽŔũũШƖĲůċŔŰШőŔŊőũǃШ
ċƓƓũŔĦċƣŔŸŰрĬĲƓĲŰĬĲŰƣЯШƽŔƣőШƻċƖǃŔŰŊШŉƨƣƨƖĲШƣƖĲŰĬƚШŉŸƖШĬŔǭĲƖĲŰƣШŊƖċƓőŔƣĲШƣǃƓĲƚ450ЯШ451ЮШÑőĲШƓƖŸŢĲĦƣĲĬШŉƨƣƨƖĲШ
ĬĲůċŰĬШĤǃШċƓƓũŔĦċƣŔŸŰШŔƚШŸƨƣũŔŰĲĬШĤĲũŸƽЮ 

¶ 7ċƣƣĲƖǃШċƓƓũŔĦċƣŔŸŰƚаШÑőĲШũŔƣőŔƨůрŔŸŰШĤċƣƣĲƖǃШƚĲĦƣŸƖШŔƚШĲǂƓĲĦƣĲĬШƣŸШĬƖŔƻĲШŰċƣƨƖċũШŊƖċƓőŔƣĲШ
ĬĲůċŰĬШƨŰƣŔũШΞΜΟΜЯШŉƨĲũũĲĬШĤǃШĲрůŸĤŔũŔƣǃШċŰĬШĲŰĲƖŊǃШƚƣŸƖċŊĲШŊƖŸƽƣő452ЮШfŉШũŔƣőŔƨůрŔŸŰШĤċƣƣĲƖŔĲƚШ
ƖĲůċŔŰШĬŸůŔŰċŰƣЯШĤċƣƣĲƖǃШċƓƓũŔĦċƣŔŸŰƚШƽŔũũШĤĲĦŸůĲШƣőĲШũċƖŊĲƚƣШĲŰĬрƨƚĲШƚĲĦƣŸƖ453ШЮШ~ĲĲƣŔŰŊШ
ĬĲůċŰĬШůċǃШƖĲƕƨŔƖĲШΦΤШŰĲƽШĦƖǃƚƣċũũŔŰĲШǰċťĲШŊƖċƓőŔƣĲШůŔŰĲƚШċŰĬШΡΠШƚǃŰƣőĲƣŔĦШŊƖċƓőŔƣĲШƓũċŰƣƚШĤǃШ
ΞΜΟΡ454Ю 

¶ ÅĲŉƖċĦƣŸƖǃШƓƖŸĬƨĦƣƚШаШÅĲŉƖċĦƣŸƖǃШƓƖŸĬƨĦƣƚШĦƨƖƖĲŰƣũǃШĬŸůŔŰċƣĲШŰċƣƨƖċũШŊƖċƓőŔƣĲШĬĲůċŰĬЯШĤƨƣШ
ŊƖŸƽƣőШƽŔũũШĤĲШũŔůŔƣĲĬ455ШЮШÑőĲШŉƨƣƨƖĲШĬĲůċŰĬШůċǃШċũƚŸШĤĲШƖĲĬƨĦĲĬШĬƨĲШƣŸШŔŰĦƖĲċƚŔŰŊШƓũċŰƣШ
ĲǭŔĦŔĲŰĦǃЯШŔŰĬƨƚƣƖǃШƚƣċŊŰċƣŔŸŰЯШċŰĬШũŸƽĲƖШŉƨƣƨƖĲШ9őŔŰĲƚĲШƚƣĲĲũШƓƖŸĬƨĦƣŔŸŰЮ 

¶ [ŸƨŰĬƖǃШŔŰĬƨƚƣƖǃаШÑőĲШĬĲƻĲũŸƓůĲŰƣШŸŉШƣőŔƚШůċƖťĲƣШƚĲŊůĲŰƣШŔƚШũŔŰťĲĬШƣŸШŊũŸĤċũШůĲƣċũШĦċƚƣŔŰŊШ
ƓƖŸĬƨĦƣŔŸŰШƽŔƣőШċŰШĲƚƣŔůċƣĲĬШŉƨƣƨƖĲШŊƖŸƽƣőШƖċƣĲƚШŸŉШĤĲƣƽĲĲŰШΝЮΡӖШċŰĬШΞЮΝӖ456Ю 

¶ §ƣőĲƖШċƓƓũŔĦċƣŔŸŰƚаШ 
o ÑőĲШĬĲůċŰĬШŸŉШĲǂƓċŰĬċĤũĲШŊƖċƓőŔƣĲШŉŸƖШŉŸŔũЯШŔŰƚƨũċƣŔŸŰШċŰĬШǯƖĲШƖĲƣċƖĬċŰƣШƓƖŸĬƨĦƣƚШƽċƚШ
ĲǂƓĲĦƣĲĬШƣŸШŊƖŸƽШŉċƚƣЮШ 

o cŔŊőрƣĲĦőШċƓƓũŔĦċƣŔŸŰƚШũŔťĲШŉƨĲũШĦĲũũƚШċŰĬШƓĲĤĤũĲрĤĲĬШŰƨĦũĲċƖШƖĲċĦƣŸƖƚШƚőŸƨũĬШƚĲĲШċŰШ
ŔŰĦƖĲċƚĲĬШĬĲůċŰĬЯШĤƨƣШŉƨĲũШĦĲũũƚШċƖĲШƨŰũŔťĲũǃШƣŸШŔůƓċĦƣШƣőĲШůċƖťĲƣШƚŔŊŰŔǯĦċŰƣũǃШĤǃШ
ΞΜΟΜ457ЮШ 

o ]ƖŸƽƣőШƖċƣĲШŉŸƖШŰċƣƨƖċũШŊƖċƓőŔƣĲШŔŰШůŸũĬĲĬШƓċƖƣƚЯШũƨĤƖŔĦċŰƣƚЯШċŰĬШŉƖŔĦƣŔŸŰШũŔŰŔŰŊƚШŔƚШ
ƓƖŸŢĲĦƣĲĬШċƣШΝЮΜтΞЮΥӖЯШĤĲũŸƽШŊũŸĤċũШĲĦŸŰŸůŔĦШŊƖŸƽƣőЮШ 

 
449ШÉƣĲƽċƖƣЯШ ЮШ ЮШыΞΜΞΠЯШ?ĲĦĲůĤĲƖьЮШ]ƖċƓőŔƣĲШя ĬƻċŰĦĲШÅĲũĲċƚĲѐЮШΞΜΞΝШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШ
ÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΝоůǃĤΝрΞΜΞΝрŊƖċƓőŔƣĲЮƓĬŉШ 
450ШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШ?ĲĦĲůĤĲƖьЮШ ċƣƨƖċũШ]ƖċƓőŔƣĲаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх]Å ÂcfÑEхéΝЮƓĬŉШШШ 
451Ш?ċůůЯШÉЮШыΞΜΞΝьЮШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШ]ƖċƓőŔƣЮШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰЯШΡΝЯШΝΝΣШÉЮбШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰр
ΡΝЮƓĬŉШ 
452ШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШ?ĲĦĲůĤĲƖьЮШ ċƣƨƖċũШ]ƖċƓőŔƣĲаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх]Å ÂcfÑEхéΝЮƓĬŉШШШ 
453Ш?ċůůЯШÉЮШыΞΜΞΝьЮШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШ]ƖċƓőŔƣЮШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰЯШΡΝЯШΝΝΣШÉЮбШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰр
ΡΝЮƓĬŉШ 
454ШÉƣĲƽċƖƣЯШ ЮШ ЮШыΞΜΞΠЯШ?ĲĦĲůĤĲƖьЮШ]ƖċƓőŔƣĲШя ĬƻċŰĦĲШÅĲũĲċƚĲѐЮШΞΜΞΝШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШ
ÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΝоůǃĤΝрΞΜΞΝрŊƖċƓőŔƣĲЮƓĬŉШ 
455ШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШ?ĲĦĲůĤĲƖьЮШ ċƣƨƖċũШ]ƖċƓőŔƣĲаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх]Å ÂcfÑEхéΝЮƓĬŉШШШ 
456Ш?ċůůЯШÉЮШыΞΜΞΝьЮШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШ]ƖċƓőŔƣЮШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰЯШΡΝЯШΝΝΣШÉЮбШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰр
ΡΝЮƓĬŉШ 
457ШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШ?ĲĦĲůĤĲƖьЮШ ċƣƨƖċũШ]ƖċƓőŔƣĲаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх]Å ÂcfÑEхéΝЮƓĬŉШШШ 

https://pubs.usgs.gov/myb/vol1/2021/myb1-2021-graphite.pdf
https://pubs.usgs.gov/myb/vol1/2021/myb1-2021-graphite.pdf


 

 ΝΞΣ 

o 9ƨƖƖĲŰƣũǃЯШƣőĲƖĲШŔƚШċШƖĲũċƣŔƻĲũǃШũŸƽШƓƖŸƓŸƖƣŔŸŰШŸŉШŰċƣƨƖċũШŊƖċƓőŔƣĲШƨƚĲĬШċƚШĦċƖĤƨƖŔǍŔŰŊШ
ůċƣĲƖŔċũƚШċŰĬШŔƚШĲǂƓĲĦƣĲĬШƣŸШĦŸŰƣŔŰƨĲШƣŸШĬĲĦũŔŰĲШŔŰШƣőĲШŉƨƣƨƖĲ458Ю 

 

EǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШ 
fƣШƚőŸƨũĬШĤĲШŰŸƣĲĬШƣőċƣШƖĲŊƨũċƣŔŸŰƚШċƖĲШĬǃŰċůŔĦШċŰĬШƚƨĤŢĲĦƣШƣŸШĦőċŰŊĲШŸƻĲƖШƣŔůĲЮ 

~ċŢŸƖШƓƖŸĬƨĦŔŰŊШĦŸƨŰƣƖǃШċƣШƣőĲШ
ĲǂƣƖċĦƣŔŸŰШƚƣċŊĲ 

EǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШ 

fŰĬŔċШыŔŰŉŸƖůċƣŔŸŰШƨƓĬċƣĲĬШŔŰШΞΜΞΞь §ƣőĲƖШĲǂƓŸƖƣШůĲċƚƨƖĲƚШŸŰШŰċƣƨƖċũШŊƖċƓőŔƣĲШыĤŸƣőШŔŰШ
ƓŸƽĬĲƖоǰċťĲƚШċŰĬШŸƣőĲƖШƣőċŰШŔŰШƓŸƽĬĲƖƚоǰċťĲƚь459 

9őŔŰċШыŔŰŉŸƖůċƣŔŸŰШƨƓĬċƣĲĬШŔŰШΞΜΞΡь xŔĦĲŰƚŔŰŊШƖĲƕƨŔƖĲůĲŰƣШŸŰШƚŔǂШŰċƣƨƖċũШǰċťĲШŊƖċƓőŔƣĲШƖĲũċƣĲĬШŔƣĲůƚЯШ
ƽőŔĦőШŔŰĦũƨĬĲƚШƚƓőĲƖŔĦċũШċŰĬШĲǂƓċŰĬĲĬШŊƖċƓőŔƣĲ460 

 

§ŰШ§ĦƣŸĤĲƖШΞΜЯШΞΜΞΟЯШ9őŔŰċШċŰŰŸƨŰĦĲĬШŔƣƚШĲǂƓŸƖƣШĦŸŰƣƖŸũƚШŸŰШŊƖċƓőŔƣĲШŔŰĦũƨĬŔŰŊШƚŔǂШŰċƣƨƖċũШŊƖċƓőŔƣĲр
ƖĲũċƣĲĬШŔƣĲůƚЮШ7ǃШsƨũǃШΞΜΞΠЯШŔƣШƽċƚШŸĤƚĲƖƻĲĬШƣőċƣШĤƨǃŔŰŊШƓƖċĦƣŔĦĲƚШőċƻĲШũċƖŊĲũǃШĤĲĲŰШċĬŢƨƚƣĲĬШƣŸШ
ĦŸůƓĲŰƚċƣĲШŉŸƖШċШƓƖŸũŸŰŊĲĬШƖĲƻŔĲƽШƓƖŸĦĲƚƚЮШxŔƣƣũĲШĦőċŰŊĲƚШƽĲƖĲШŸĤƚĲƖƻĲĬШŉƖŸůШ9őŔŰċќƚШŊƖċƓőŔƣĲШ
ĲǂƓŸƖƣШƓƖŔĦĲƚШĬƨĲШƣŸШƚũŸƽШŊũŸĤċũШĬĲůċŰĬЯШőŔŊőШŔŰƻĲŰƣŸƖǃШũĲƻĲũƚШċŰĬШőŔŊőШŉƖĲŔŊőƣШĦŸƚƣƚЮШfƣШŔƚШĲǂƓĲĦƣĲĬШ
ƣőċƣШƣőĲШĲǂƓŸƖƣШĦŸŰƣƖŸũШƽŸƨũĬШĤĲŰĲǯƣШŰŸŰр9őŔŰĲƚĲШŊƖċƓőŔƣĲШƓƖŸĬƨĦĲƖƚШŔŰШĤŸƣőШƣőĲШƚőŸƖƣШċŰĬШũŸŰŊрƣĲƖůЮШ
fŰШƣőĲШEÖЯШĤĲĦċƨƚĲШŸŉШƽĲċťШĬĲůċŰĬШŉŸƖШŊƖċƓőŔƣĲЯШƣőĲШċŰŰŸƨŰĦĲůĲŰƣШŸŉШƣőĲШũŔĦĲŰƚĲШƖĲƕƨŔƖĲůĲŰƣƚШŉƖŸůШ
9őŔŰċШůċťĲƚШĲƚƚĲŰƣŔċũũǃШŰŸШŔůƓċĦƣ461Ю

 
458Ш?ċůůЯШÉЮШыΞΜΞΝьЮШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШ]ƖċƓőŔƣЮШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰЯШΡΝЯШΝΝΣШÉЮбШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΞΤЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰр
ΡΝЮƓĬŉШ 
459Ш§E9?ШыΞΜΞΠьЯШ§E9?ШfŰƻĲŰƣŸƖǃШŸŉШEǂƓŸƖƣШÅĲƚƣƖŔĦƣŔŸŰƚШŸŰШfŰĬƨƚƣƖŔċũШÅċƽШ~ċƣĲƖŔċũƚШΞΜΞΠаШ~ŸŰŔƣŸƖŔŰŊШƣőĲШƨƚĲШŸŉШĲǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШċůŔĬШ
ůċƖťĲƣШċŰĬШƓŸũŔĦǃШƣĲŰƚŔŸŰƚЯШ§E9?ШÂƨĤũŔƚőŔŰŊЯШÂċƖŔƚЯШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΤΥΤоΡĲΠΣĤĤΞΜрĲŰЮШÅĲƣƖŔĲƻĲĬШΝΦЮΜΞЮΞΜΞΡЯШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮŸĲĦĬЮŸƖŊоĲŰоƣŸƓŔĦƚоĲǂƓŸƖƣрƖĲƚƣƖŔĦƣŔŸŰƚрŸŰрĦƖŔƣŔĦċũрƖċƽрůċƣĲƖŔċũƚЮőƣůũШ 
460Ш~ŔŰŔƚƣƖǃШŸŉШ9ŸůůĲƖĦĲШŸŉШƣőĲШÂĲŸƓũĲѣƚШÅĲƓƨĤũŔĦШŸŉШ9őŔŰċЮШыΞΜΞΠьЮШШΞΜΞΡШѢ?ƨċũрÖƚĲШfƣĲůƚШċŰĬШ
ÑĲĦőŰŸũŸŊǃШfůƓŸƖƣШċŰĬШEǂƓŸƖƣШxŔĦĲŰƚĲШ~ċŰċŊĲůĲŰƣШ9ċƣċũŸŊШΞΜΞΡѢЮШÅĲƣƖŔĲƻĲĬШΜΟЮΜΟЮΞΜΞΡЯШŉƖŸůШ
őƣƣƓƚаооċƕǃŊǍŢЮůŸŉĦŸůЮŊŸƻЮĦŰоƕĬůũоċƖƣоΞΜΞΠоċƖƣхΠΜċĬΣΜċΝĤΦΡĲΠΜΠċΦΣΞĲċĦΞĦĦŉĬċĤΡΣΠЮőƣůũШ 
461ШÂċŰЯШÉЮЯШ9ĲŉċŔЯШÉЮШѼШüőċŰŊЯШ ЮШыΞΜΞΠЯШsƨũǃШΞΞьЮШ~ċƖťĲƣƚШũċƖŊĲũǃШċĬŢƨƚƣĲĬШƣŸШ9őŔŰċќƚШŊĲƖůċŰŔƨůЯШŊċũũŔƨůЯШŊƖċƓőŔƣĲШĲǂƓŸƖƣШĦŸŰƣƖŸũƚШŸŰĲШǃĲċƖШŸŰЮШ
[ċƚƣůċƖťĲƣƚЮШÅĲƣƖŔĲƻĲĬШΜΟЮΜΟЮΞΜΞΡЯШŉƖŸůШőƣƣƓƚаооƽƽƽЮŉċƚƣůċƖťĲƣƚЮĦŸůоŔŰƚŔŊőƣƚоůċƖťĲƣƚрũċƖŊĲũǃрċĬŢƨƚƣĲĬрƣŸрĦőŔŰċƚрŊĲƖůċŰŔƨůрŊċũũŔƨůр
ŊƖċƓőŔƣĲрĲǂƓŸƖƣрĦŸŰƣƖŸũƚрŸŰĲрǃĲċƖрŸŰоШ 

https://www.oecd.org/en/topics/export-restrictions-on-critical-raw-materials.html
https://aqygzj.mofcom.gov.cn/qdml/art/2024/art_40ad60a1b95e404a962eac2ccfdab564.html
https://www.fastmarkets.com/insights/markets-largely-adjusted-to-chinas-germanium-gallium-graphite-export-controls-one-year-on/
https://www.fastmarkets.com/insights/markets-largely-adjusted-to-chinas-germanium-gallium-graphite-export-controls-one-year-on/


 

 ΝΞΤ 

 ŔĦťĲũШы Ŕь 
[ŔƖƚƣШƨƚĲƚШŔŰШEƨƖŸƓĲШŔŰШΞΜΞΜ462ЯШ463 

 

EŰĬШƨƚĲƚШŔŰШEƨƖŸƓĲШŔŰШΞΜΞΜ 

 

 

ƚШƣŸШƣőĲШŊũŸĤċũШǯƖƚƣШƨƚĲƚШŸŉШŰŔĦťĲũЯШŔŰШΞΜΞΟЯШƚƣċŔŰũĲƚƚШƚƣĲĲũШċĦĦŸƨŰƣĲĬШŉŸƖШċĤŸƨƣШΣΡӖШŸŉШŊũŸĤċũШƓƖŔůċƖǃШ
ŰŔĦťĲũШĦŸŰƚƨůƓƣŔŸŰЮШÑőĲШƚőċƖĲШŸŉШƣőĲШŸƣőĲƖШċƓƓũŔĦċƣŔŸŰƚШƽĲƖĲШċƚШŉŸũũŸƽƚаШĤċƣƣĲƖŔĲƚШыΝΣӖьЯШŰŔĦťĲũрĤċƚĲĬШ
ċũũŸǃƚШыΤӖьЯШƓũċƣŔŰŊШыΡӖьЯШċũũŸǃШƚƣĲĲũƚШыΟӖьЯШƚƣċŔŰũĲƚƚШƚƣĲĲũШŉŸƨŰĬƖŔĲƚШыΞӖьЯШċŰĬШŸƣőĲƖƚШыΞӖьЮШ]ũŸĤċũШĲŰĬШ
ƨƚĲƚШŸŉШŰŔĦťĲũШŔŰШΞΜΞΟШƽĲƖĲШĦŸŰƚƨůĲƖШŊŸŸĬƚЯШĦċƣĲƖŔŰŊШċŰĬШŉŸŸĬШƓƖŸĦĲƚƚŔŰŊШыΟΜӖьЯШůŸĤŔũŔƣǃШċŰĬШƣƖċŰƚƓŸƖƣШ
ыΞΜӖьЯШƓƖŸĦĲƚƚШŔŰĬƨƚƣƖŔĲƚШыΝΡӖьЯШċƖĦőŔƣĲĦƣƨƖĲЯШĤƨŔũĬŔŰŊШċŰĬШĦŸŰƚƣƖƨĦƣŔŸŰШыΝΠӖьЯШĲŰĲƖŊǃШыΝΞӖьЯШŸƣőĲƖШ
ŔŰĬƨƚƣƖŔċũШĦŸůƓŸŰĲŰƣƚШыΡӖьЯШċŰĬШŸƣőĲƖƚШыΠӖь464ЮШ 

 
462Шѣ[ŔƖƚƣШƨƚĲѣШŸŉШŰŔĦťĲũШŔƚШĬĲǯŰĲĬШċƚШƣőĲШĦŸŰƻĲƖƚŔŸŰШŸŉШŰŔĦťĲũШƓƖŸĬƨĦƣƚШŔŰƣŸШŔŰƣĲƖůĲĬŔċƣĲШƓƖŸĬƨĦƣƚЯШƽőŔĦőШŉŸƖůШƣőĲШĤċƚŔƚШŉŸƖШŰŔĦťĲũрĦŸŰƣċŔŰŔŰŊШ
ĲŰĬрƨƚĲШƓƖŸĬƨĦƣƚЮШfŰШċũůŸƚƣШċũũШĦċƚĲƚЯШƣőĲƚĲШǯƖƚƣрƨƚĲШƓƖŸĬƨĦƣƚШƨŰĬĲƖŊŸШŉƨƖƣőĲƖШƓƖŸĦĲƚƚŔŰŊШĤĲŉŸƖĲШƣőĲǃШċƖĲШƖĲċĬǃШŉŸƖШƨƚĲЮШÉŸƨƖĦĲаШ ŔĦťĲũШ
fŰƚƣŔƣƨƣĲШőƣƣƓƚаооŰŔĦťĲũŔŰƚƣŔƣƨƣĲЮŸƖŊоĲŰоŰŔĦťĲũрċƓƓũŔĦċƣŔŸŰƚо 
463ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ ŔĦťĲũаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШÉ9ÅÅEE ΞЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΝΦЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх f9uExрƨƓĬċƣĲЮƓĬŉШ 
464Ш ŔĦťĲũШfŰƚƣŔƣƨƣĲЮШыΞΜΞΟьЮ ĤŸƨƣШŰŔĦťĲũаШ ŔĦťĲũШċƓƓũŔĦċƣŔŸŰƚЮШÅĲƣƖŔĲƻĲĬШΝΦЮΜΟЮΞΜΞΡШŉƖŸů őƣƣƓƚаооŰŔĦťĲũŔŰƚƣŔƣƨƣĲЮŸƖŊоĲŰоŰŔĦťĲũрċƓƓũŔĦċƣŔŸŰƚо 

49%

18%

4%
2%

23%

4% Stainless steel

Alloy steel & casting

Plating

Batteries

Nickel- & copper-based alloys

Other

43%

11%

18%

8%

14%

6%

Engineering

Metal goods

Transport

Electrical & electronics

Building & construction

Other

https://nickelinstitute.org/en/nickel-applications/
https://scrreen.eu/wp-content/uploads/2023/12/SCRREEN2_factsheets_NICKEL-update.pdf
https://nickelinstitute.org/en/nickel-applications/


 

 ΝΞΥ 

éċũƨĲШĦőċŔŰШыƚŔůƓũŔǯĲĬь465ЯШ466 

 

ÉƨĤƚƣŔƣƨƣŔŸŰ467ЯШ468 

ÉƨĤƚƣŔƣƨƣŔŸŰШĦċŰШŔůƓċĦƣШĤŸƣőШĦŸƚƣШċŰĬШƓĲƖŉŸƖůċŰĦĲЮ 

fŰƣĲƖůĲĬŔċƣĲШċŰĬШĲŰĬШƓƖŸĬƨĦƣƚ ÉƨĤƚƣŔƣƨƣŔŸŰ 

ƨƚƣĲŰŔƣŔĦШŊƖċĬĲƚШŔŰШĦŸŰƚƣƖƨĦƣŔŸŰ xŸƽрŰŔĦťĲũЯШĬƨƓũĲǂЯШŸƖШƨũƣƖċőŔŊőрĦőƖŸůŔƨůШƚƣċŔŰũĲƚƚШƚƣĲĲũƚ 
7ƨŔũĬŔŰŊШċŰĬШĦŸŰƚƣƖƨĦƣŔŸŰ ũƨůŔŰŔƨůЯШŉĲƖƖŔƣŔĦШƚƣċŔŰũĲƚƚШƚƣĲĲũШы9ƖЯШ~ŰЯШ~Ÿь 
ÉƣċŔŰũĲƚƚШƚƣĲĲũШŔŰШƓŸƽĲƖрŊĲŰĲƖċƣŔŰŊШċŰĬШ
ƓĲƣƖŸĦőĲůŔĦċũШŔŰĬƨƚƣƖŔĲƚ  ŔĦťĲũрŉƖĲĲШƚƓĲĦŔċũƣǃШƚƣĲĲũƚ 

 ŔĦťĲũШůĲƣċũШŸƖШŰŔĦťĲũрĤċƚĲШċũũŸǃƚШŔŰШĦŸƖƖŸƚŔƻĲШ
ĦőĲůŔĦċũШĲŰƻŔƖŸŰůĲŰƣƚ ÑŔƣċŰŔƨůШċũũŸǃƚ 

 ŔĦťĲũШċƚШċũũŸǃŔŰŊШĲũĲůĲŰƣШŔŰШůĲƣċũШŊŸŸĬƚШƚƨĦőШ
ċƚШƓũċƣĲƚЯШƣƨĤĲƚЯШĤĲċůƚШĲƣĦЮ 

ÑŔƣċŰŔƨůЯШŉĲƖƖŔƣŔĦШƚƣċŔŰũĲƚƚШƚƣĲĲũШы9ƖЯШ~ŰЯШ~ŸьЯШċŰĬШĦŸĤċũƣШ 

 ŔĦťĲũШŔŰШũŔƣőŔƨůрŔŸŰШĤċƣƣĲƖǃШĦĲũũШĦőĲůŔƚƣƖŔĲƚШ 9ŸĤċũƣ 
xŔƣőŔƨůрŔŸŰШĤċƣƣĲƖŔĲƚШĦŸŰƣċŔŰŔŰŊШŰŔĦťĲũШ  ŸŰрŰŔĦťĲũШĦŸŰƣċŔŰŔŰŊШĦĲũũШĦőĲůŔƚƣƖŔĲƚаШx~§ШċŰĬШx[Â 
EéƚШƨƚŔŰŊШũŔƣőŔƨůрŔŸŰШĤċƣƣĲƖŔĲƚШĦŸŰƣċŔŰŔŰŊШŰŔĦťĲũ [ƨĲũШĦĲũũШEéƚ 

EũĲĦƣƖŸШċŰĬШĲũĲĦƣƖŸŰŔĦƚ ũƨůŔŰŔƨůЯШŉĲƖƖŔƣŔĦШƚƣċŔŰũĲƚƚШƚƣĲĲũШы9ƖЯШ~ŰЯШ~ŸьЯШċŰĬШ ŔШŉƖĲĲШ
ƓũċƣŔŰŊШƚŸũƨƣŔŸŰƚШы9ŸЯШüŰЯШ9ĬЯШ9Ɩь 

ÑƖċŰƚƓŸƖƣċƣŔŸŰ 
[ĲƖƖŔƣŔĦШƚƣċŔŰũĲƚƚШƚƣĲĲũШы9ƖЯШ~ŰЯШ~ŸьЯШ ŔШŉƖĲĲШƓũċƣŔŰŊШ
ƚŸũƨƣŔŸŰƚШы9ŸЯШüŰЯШ9ĬЯШ9ƖьЯШċŰĬШŸƣőĲƖШċũũŸǃƚШыÑŔЯШìЯШéь 

EŰŊŔŰĲĲƖŔŰŊ [ĲƖƖŔƣŔĦШƚƣċŔŰũĲƚƚШƚƣĲĲũШы9ƖЯШ~ŰЯШ~Ÿь 
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őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰр
ΠΥЮőƣůũШ 
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467ШШÉƣĲƽċƖƣЯШ ЮШ ЮШыΞΜΞΡьЮШ ŔĦťĲũЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡШыƓƓЮШΝΞΠтΝΞΡьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΞΜЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрŰŔĦťĲũЮƓĬŉШШ 
468ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ ŔĦťĲũаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШÉ9ÅÅEE ΞЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
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https://www.deutsche-rohstoffagentur.de/DE/Gemeinsames/Produkte/Downloads/DERA_Rohstoffinformationen/rohstoffinformationen-48.html
https://www.deutsche-rohstoffagentur.de/DE/Gemeinsames/Produkte/Downloads/DERA_Rohstoffinformationen/rohstoffinformationen-48.html
https://pubs.usgs.gov/periodicals/mcs2025/mcs2025-nickel.pdf
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]ũŸĤċũШċŰĬШEÖШƓƖŸĬƨĦƣŔŸŰШтШŰŔĦťĲũШŸƖĲƚ 
]ũŸĤċũШůŔŰĲШƓƖŸĬƨĦƣŔŸŰ469 
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fŰШƣőĲШũċƚƣШǃĲċƖƚЯШũċƣĲƖŔƣĲШŸƖĲШċĦĦŸƨŰƣĲĬШŉŸƖШċĤŸƨƣШΣΡӖШŸŉШƣőĲШŊũŸĤċũШůŔŰĲШƓƖŸĬƨĦƣŔŸŰШċŰĬШƚƨũƓőŔĬĲШŸƖĲШ
ċĦĦŸƨŰƣĲĬШŉŸƖШƣőĲШƖĲůċŔŰŔŰŊШΟΡӖЮШÉŔŰĦĲШΞΜΜΦЯШŊũŸĤċũШůŔŰĲШƓƖŸĬƨĦƣŔŸŰШőċƚШŰĲċƖũǃШĬŸƨĤũĲĬШƽŔƣőŔŰШċШ
ĬĲĦċĬĲЯШƽőŔũĲШfŰĬŸŰĲƚŔċѣƚШŸƨƣƓƨƣШőċƚШƕƨċĬƖƨƓũĲĬ470ЮШÑőĲШƚƣƖŸŰŊШŰŔĦťĲũрƚƨƓƓũǃШŊƖŸƽƣőШőċƚШĤĲĲŰШĬƖŔƻĲŰШ
ĤǃШƚƣƖŸŰŊШŰŔĦťĲũрĬĲůċŰĬШŊƖŸƽƣőШŔŰШ9őŔŰċ471Ю 

 
469Ш[ŔŊƨƖĲƚШċƖĲШĤċƚĲĬШŸŰШĬċƣċШƓƖŸƻŔĬĲĬШĤǃШƣőĲШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮ 
470ШÉǍƨƖũŔĲƚЯШ~ЮШыΞΜΞΝьЮШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШ ŔĦťĲũЮШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰЯШΠΥаШΝΝΜШÉЮбШ7ĲƖũŔŰЮШÅĲƣƖĲŔƻĲĬШΝΦЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰрΠШ 
471ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ ŔĦťĲũаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШÉ9ÅÅEE ΞЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΝΦЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх f9uExрƨƓĬċƣĲЮƓĬŉШ 
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9ŸƨŰƣƖǃ ÉőċƖĲШŸŉШŊũŸĤċũШ
ůŔŰĲШƓƖŸĬƨĦƣŔŸŰШ
ыċƻŊЮШΞΜΝΤрΞΜΞΝь 
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ÂőŔũŔƓƓŔŰĲƚ ΝΠӖ 

ÅƨƚƚŔċ ΦӖ 

 ĲƽШ
9ċũĲĬŸŰŔċ 

ΥӖ 

ƨƚƣƖċũŔċШ ΤӖ 
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9őŔŰċ ΠӖ 

7ƖċǍŔũ ΟӖ 

ÅŸì ΝΤӖ 



 

 ΝΟΜ 

EÖШůŔŰĲШƓƖŸĬƨĦƣŔŸŰШ472 
9ŸƨŰƣƖǃШ ÂƖŔůċƖǃШƓƖŸĬƨĦƣŔŸŰШŔŰШΞΜΞΝШыůĲƣƖŔĦШƣŸŰƚЯШ ŔШĦŸŰƣĲŰƣь 

[ŔŰũċŰĬ ΠΞЯΝΣΟ 

]ƖĲĲĦĲ ΠЯΤΜΜ 

 

~ŔŰĲШƓƖŸĬƨĦƣŔŸŰШŸŉШŸƣőĲƖШEƨƖŸƓĲċŰШĦŸƨŰƣƖŔĲƚШċŰĬШEÖѣƚШ§9Ñƚ 

9ŸƨŰƣƖǃШ ÂƖŔůċƖǃШƓƖŸĬƨĦƣŔŸŰШŔŰШΞΜΞΝШыůĲƣƖŔĦШƣŸŰƚЯШ ŔШĦŸŰƣĲŰƣьШ 

 ĲƽШ9ċũĲĬŸŰŔċ ΝΥΣЯΞΥΠ 

ÑƨƖťĲǃ ΝΟЯΡΜΜ 

uŸƚŸƻŸ ΠЯΤΠΜ 

ũĤċŰŔċ ΠЯΜΦΠ 

 ŸƖƽċǃ ΞΜΜ 

 

ÉĲĦŸŰĬċƖǃШƓƖŸĬƨĦƣŔŸŰ 

 ŔĦťĲũШĦċŰШĤĲШƖĲĦǃĦũĲĬШŔŰĬĲǯŰŔƣĲũǃШƽŔƣőŸƨƣШũŸƚŔŰŊШƕƨċũŔƣǃЮШfŰШΞΜΝΝЯШƣőĲШÖŰŔƣĲĬШ ċƣŔŸŰƚШEŰƻŔƖŸŰůĲŰƣШ
ÂƖŸŊƖċůůĲШыÖ EÂьШƖĲƓŸƖƣĲĬШċŰШE§xрÅÅШŉŸƖШŰŔĦťĲũШĲǂĦĲĲĬŔŰŊШΡΜӖЮШ ĦĦŸƖĬŔŰŊШƣŸШċШÅŸƚťŔũũШƖĲƓŸƖƣЯШ
ċƓƓƖŸǂŔůċƣĲũǃШΝЯΝΜΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШŸŉШŰŔĦťĲũШƽĲƖĲШƖĲĦŸƻĲƖĲĬШŉƖŸůШƚĲĦŸŰĬċƖǃШƚŸƨƖĦĲƚШŔŰШΞΜΝΥЯШ
ƖĲƓƖĲƚĲŰƣŔŰŊШŰĲċƖũǃШΡΜӖШŸŉШƣőĲШƖĲǯŰĲĬШŰŔĦťĲũШƚƨƓƓũǃШŉƖŸůШƓƖŔůċƖǃШƚŸƨƖĦĲƚШċŰĬШċĤŸƨƣШŸŰĲрƣőŔƖĬШŸŉШƣőĲШ
ƣŸƣċũШŰŔĦťĲũШƚƨƓƓũǃШƣőċƣШǃĲċƖ473Ю 

ÑőĲШŊũŸĤċũШŰŔĦťĲũШƚƨƓƓũǃШŉƖŸůШƚĲĦŸŰĬċƖǃШƖċƽШůċƣĲƖŔċũƚШƓƖŔůċƖŔũǃШĦŸůĲƚШŉƖŸůШƚƣċŔŰũĲƚƚШƚƣĲĲũШƽċƚƣĲШċŰĬШ
ƚĦƖċƓЮШ ŔĦťĲũрĦŸŰƣċŔŰŔŰŊШŰĲƽШƚĦƖċƓШŉƖŸůШƚƣċŔŰũĲƚƚШƚƣĲĲũШċŰĬШŰŔĦťĲũШċũũŸǃƚЯШċũŸŰŊШƽŔƣőШŸũĬШċŰĬШůŔǂĲĬШ
ƚĦƖċƓЯШŔƚШƽŔĬĲũǃШƖĲĦǃĦũĲĬШċŰĬШƣƖċĬĲĬШŊũŸĤċũũǃЯШĬŔƖĲĦƣũǃШĦŸŰƣƖŔĤƨƣŔŰŊШƣŸШƣőĲШƓƖŸĬƨĦƣŔŸŰШŸŉШŰĲƽШċũũŸǃƚШċŰĬШ
ƚƣċŔŰũĲƚƚШƚƣĲĲũ474ЯШ475ЮШШƚůċũũĲƖШƓŸƖƣŔŸŰШŸŉШƚĲĦŸŰĬċƖǃШŰŔĦťĲũШƚƨƓƓũǃШŔƚШƨƚĲĬШŔŰШƣőĲШƓƖŸĬƨĦƣŔŸŰШŸŉШƖĲǯŰĲĬШ
ƓƖŸĬƨĦƣШůċŰƨŉċĦƣƨƖŔŰŊЮШ ĬĬŔƣŔŸŰċũũǃЯШĤċƣƣĲƖǃШƖĲĦǃĦũŔŰŊШŔƚШċũƖĲċĬǃШĲƚƣċĤũŔƚőĲĬШŸŰШċŰШŔŰĬƨƚƣƖŔċũШƚĦċũĲЯШ
ƓċƖƣŔĦƨũċƖũǃШŔŰШ ƚŔċШы9őŔŰċЯШsċƓċŰЯШċŰĬШÉŸƨƣőШuŸƖĲċьШċŰĬШEƨƖŸƓĲШы7ĲũŊŔƨůШċŰĬШ]ĲƖůċŰǃьЯШƣŸШƖĲĦŸƻĲƖШ
ŰŔĦťĲũШċŰĬШŸƣőĲƖШƻċũƨċĤũĲШůĲƣċũƚ476Ю 

[ŸƖШƣőĲШEÖЯШċШƚőċƖĲШŸŉШΠΡӖШŔŰШƣőĲШƣŸƣċũШŰŔĦťĲũШĦŸŰƚƨůƓƣŔŸŰШŔƚШƖĲƓŸƖƣĲĬШŉŸƖШƖĲĦŸƻĲƖĲĬШŰŔĦťĲũШŔŰШΞΜΝΣ477ЮШfŰШ
ƣőĲШƚċůĲШǃĲċƖЯШƣőĲШĦŸũũĲĦƣŔŸŰШƖċƣĲШŉŸƖШŰŔĦťĲũШƽċƚШΤΟӖЯШE§xШÅÅШƽċƚШΠΞӖЯШċŰĬШE§xрÅfÅШƽċƚШΝΣӖЮШfƣШƚőŸƨũĬШ

 
472Ш[ŔŊƨƖĲƚШċƖĲШĤċƚĲĬШŸŰШĬċƣċШƓƖŸƻŔĬĲĬШĤǃШƣőĲШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮ 
473ШÉǍƨƖũŔĲƚЯШ~ЮШыΞΜΞΝьЮШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШ ŔĦťĲũЮШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰЯШΠΥаШΝΝΜШÉЮбШ7ĲƖũŔŰЮШÅĲƣƖĲŔƻĲĬШΝΦЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰрΠШ 
474ШÉǍƨƖũŔĲƚЯШ~ЮШыΞΜΞΝьЮШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШ ŔĦťĲũЮШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰЯШΠΥаШΝΝΜШÉЮбШ7ĲƖũŔŰЮШÅĲƣƖĲŔƻĲĬШΝΦЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰрΠШ 
475ШÉƣĲƽċƖƣЯШ ЮШ ЮШыΞΜΞΡьЮШ ŔĦťĲũЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡШыƓƓЮШΝΞΠтΝΞΡьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΞΜЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрŰŔĦťĲũЮƓĬŉШШШ 
476ШÉƣĲƽċƖƣЯШ ЮШ ЮШыΞΜΞΡьЮШ ŔĦťĲũЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡШыƓƓЮШΝΞΠтΝΞΡьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΞΜЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрŰŔĦťĲũЮƓĬŉШШШ 
477ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ ŔĦťĲũаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШÉ9ÅÅEE ΞЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΝΦЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх f9uExрƨƓĬċƣĲЮƓĬŉШ 



 

 ΝΟΝ 

ĤĲШŰŸƣĲĬШƣőċƣШċШĦŸŰƚŔĬĲƖċĤũĲШŉƖċĦƣŔŸŰШŸŉШƚĲĦŸŰĬċƖǃШŰŔĦťĲũШĦŸũũĲĦƣĲĬШŉŸƖШƖĲĦǃĦũŔŰŊШŔƚШĲǂƓŸƖƣĲĬШŉƖŸůШƣőĲШ
EÖ478Ю 

 

ÅĲƚĲƖƻĲƚ 
]ũŸĤċũШƖĲƚĲƖƻĲƚ479 
9ŸƨŰƣƖǃШ ÅĲƚĲƖƻĲƚШыůĲƣƖŔĦШƣŸŰƚЯШ ŔШĦŸŰƣĲŰƣь 

fŰĬŸŰĲƚŔċ ΡΡЯΜΜΜЯΜΜΜ 

ƨƚƣƖċũŔċ ΞΠЯΜΜΜЯΜΜΜ 
7ƖċǍŔũ ΝΣЯΜΜΜЯΜΜΜ 

ÅƨƚƚŔċ ΥЯΟΜΜЯΜΜΜ 

 ĲƽШ9ċũĲĬŸŰŔċ ΤЯΝΜΜЯΜΜΜ 

ÂőŔũŔƓƓŔŰĲƚШ ΠЯΥΜΜЯΜΜΜ 
9őŔŰċ ΠЯΠΜΜЯΜΜΜ 

 

EÖШƖĲƚĲƖƻĲƚ480 
ÑőĲШƖĲƓŸƖƣŔŰŊШĦŸĬĲƚШĬŔǭĲƖШŉƖŸůШĦŸƨŰƣƖǃШƣŸШĦŸƨŰƣƖǃЮШ 

9ŸƨŰƣƖǃШ ÅĲƚĲƖƻĲƚШыůĲƣƖŔĦШƣŸŰƚь ]ƖċĬĲ 

ÉƓċŔŰ ΝЯΝΟΞ ΜЮΣӖ 

[ŔŰũċŰĬ ΝЯΣΜΜЯΜΜΜ ΜЮΟΞрΜЮΡΦӖ 

 

~ŔŰĲШƓƖŸĬƨĦƣŔŸŰШŸŉШŸƣőĲƖШEƨƖŸƓĲċŰШĦŸƨŰƣƖŔĲƚШċŰĬШEÖѣƚШ§9Ñƚ 

9ŸƨŰƣƖǃШ ÅĲƚĲƖƻĲƚШыůĲƣƖŔĦШƣŸŰƚь ]ƖċĬĲ 

ÖťƖċŔŰĲ ΝΡЯΜΜΤ р 

~ċĦĲĬŸŰŔċ ΡЯΣΜΜЯΜΜΜ ΜЮΦΣӖ 

uŸƚŸƻŸ ΥЯΥΝΞЯΡΜΜ ΝЮΞΞӖ 

ÑƨƖťĲǃ ΞΦЯΤΜΜЯΜΜΜ ΝЮΝΟӖ 

 

 

 
478ШÑŸƖƖĲƚШ?ĲШ~ċƣŸƚЯШ9ЮЯШ9ŔċĦĦŔЯШxЮЯШ]ŸĬŸǃШxĲŸŰЯШ~Ю[ЮЯШxƨŰĬőċƨŊЯШ~ЮЯШ?ĲƽƨũŉЯШsЮЯШ~ƬũũĲƖЯШ?Ю7ЮЯШ]ĲŸƖŊŔƣǍŔťŔƚЯШuЮЯШìŔƣƣůĲƖЯШ?ЮШċŰĬШ~ċƣőŔĲƨǂЯШ[ЮШ
ыΞΜΞΜьШ~ċƣĲƖŔċũШÉǃƚƣĲůШ ŰċũǃƚŔƚШŸŉШǯƻĲШĤċƣƣĲƖǃрƖĲũċƣĲĬШƖċƽШůċƣĲƖŔċũƚаШ9ŸĤċũƣЯШxŔƣőŔƨůЯШ~ċŰŊċŰĲƚĲЯШ ċƣƨƖċũШ]ƖċƓőŔƣĲЯШ ŔĦťĲũЯШEÖÅШΟΜΝΜΟШE ЯШ
ÂƨĤũŔĦċƣŔŸŰƚШ§ǭŔĦĲШŸŉШƣőĲШEƨƖŸƓĲċŰШÖŰŔŸŰЯШxƨǂĲůĤŸƨƖŊЯШΞΜΞΜЯШfÉ7 ШΦΤΥрΦΞрΤΣрΝΣΠΝΜрΠЯШĬŸŔаΝΜЮΞΤΣΜоΤΡΡΠΠΜЯШsÅ9ΝΝΦΦΡΜЮ 
479ШÉƣĲƽċƖƣЯШ ЮШ ЮШыΞΜΞΡьЮШ ŔĦťĲũЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡШыƓƓЮШΝΞΠтΝΞΡьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΞΜЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрŰŔĦťĲũЮƓĬŉШШШ 
480ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ ŔĦťĲũаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШÉ9ÅÅEE ΞЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΝΦЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх f9uExрƨƓĬċƣĲЮƓĬŉШ 



 

 ΝΟΞ 

ÂƖŸĦĲƚƚŔŰŊШƚƣċŊĲШтШƓƖŔůċƖǃШŰŔĦťĲũ481 
]ũŸĤċũШƓƖŸĬƨĦĲƖƚШċƣШƣőĲШƓƖŸĦĲƚƚŔŰŊШƚƣċŊĲШŔŰШ
ΞΜΞΝ 
ÑőĲШŊũŸĤċũШƓƖŔůċƖǃШŰŔĦťĲũШƓƖŸĬƨĦƣŔŸŰШŔŰШΞΜΞΝШƽċƚШ
ΞЯΡΣΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШŸŉШŰŔĦťĲũШĦŸŰƣĲŰƣШŸŉШƽőŔĦőШ
ĦőĲůŔĦċũƚШ ċĦĦŸƨŰƣĲĬШ ŉŸƖШ ΡӖЯШ ŉĲƖƖŸŰŔĦťĲũШ ΣΝӖЯШ
ůĲƣċũШΞΤӖЯШŸǂŔĬĲШƚŔŰƣĲƖШΟӖЯШċŰĬШƨŰƚƓĲĦŔǯĲĬШΠӖЮ 

fŰĬŸŰĲƚŔċѣƚШƓƖŔůċƖǃШŰŔĦťĲũШƓƖŸĬƨĦƣŔŸŰШƚƨƖŊĲĬШŉƖŸůШ
ΝΣЯΥΡΝШƣŸШΤΦΡЯΥΝΥШůĲƣƖŔĦШƣŸŰƚШŸŉШŰŔĦťĲũШĦŸŰƣĲŰƣШ
ĤĲƣƽĲĲŰШΞΜΝΠШċŰĬШΞΜΞΝЮШÑőŔƚШŊƖŸƽƣőШƽċƚШũċƖŊĲũǃШ
ĬƖŔƻĲŰШĤǃШƣőĲШĦŸƨŰƣƖǃѣƚШĲǂƓŸƖƣШĤċŰШŸŰШƨŰƓƖŸĦĲƚƚĲĬШ
ŸƖĲЯШ ŔŰƣƖŸĬƨĦĲĬШ ŔŰШ ΞΜΝΠЯШ ƽőŔĦőШ ƚƓƨƖƖĲĬШ ƣőĲШ
ĬĲƻĲũŸƓůĲŰƣШċŰĬШĦŸůůŔƚƚŔŸŰŔŰŊШŸŉШŰŔĦťĲũШƓŔŊШŔƖŸŰШ
ƚůĲũƣĲƖƚ482Ю 

fŰШΞΜΞΝЯШ[ŔŰũċŰĬШũĲĬШƓƖŔůċƖǃШŰŔĦťĲũШƓƖŸĬƨĦƣŔŸŰШŔŰШƣőĲШEÖШƽŔƣőШΠΥЯΥΜΜШůĲƣƖŔĦШƣŸŰƚШŸŉШŰŔĦťĲũШĦŸŰƣĲŰƣЯШ
ŉŸũũŸƽĲĬШĤǃШ[ƖċŰĦĲШыΥЯΥΡΡШůĲƣƖŔĦШƣŸŰƚьЯШ]ƖĲĲĦĲШыΠЯΜΜΜШůĲƣƖŔĦШƣŸŰƚьЯШ ƨƚƣƖŔċШыΥΜΜШůĲƣƖŔĦШƣŸŰƚьЯШċŰĬШ
9ǃƓƖƨƚШыΞΞΤШůĲƣƖŔĦШƣŸŰƚьЮШ9ŸũũĲĦƣŔƻĲũǃЯШEÖШĦŸƨŰƣƖŔĲƚШċĦĦŸƨŰƣĲĬШŉŸƖШΞӖШŸŉШŊũŸĤċũШƓƖŔůċƖǃШŰŔĦťĲũШ
ƓƖŸĬƨĦƣŔŸŰЮШ§ƣőĲƖШEƨƖŸƓĲċŰШŰċƣŔŸŰƚШċŰĬШEÖќƚШ§9ÑƚШƓƖŸĬƨĦŔŰŊШƓƖŔůċƖǃШŰŔĦťĲũШŔŰĦũƨĬĲШuŸƚŸƻŸЯШ ŸƖƣőШ
~ċĦĲĬŸŰŔċЯШ ĲƽШ9ċũĲĬŸŰŔċЯШ ŸƖƽċǃЯШÖťƖċŔŰĲЯШċŰĬШƣőĲШÖu483ЮШ 

 

?ĲůċŰĬШ 
]ũŸĤċũШĬĲůċŰĬ 
ĦĦŸƖĬŔŰŊШƣŸШƣőĲШfŰƣĲƖŰċƣŔŸŰċũШ ŔĦťĲũШÉƣƨĬǃШ]ƖŸƨƓЯШƽŸƖũĬШĦŸŰƚƨůƓƣŔŸŰШŸŉШƓƖŔůċƖǃШŰŔĦťĲũШƽċƚШΞЯΠΜΜЯΜΜΜШ
ůĲƣƖŔĦШƣŸŰƚШŸŉШŰŔĦťĲũШĦŸŰƣĲŰƣШŔŰШΞΜΝΦ484ШЮШƚШƣőĲШƽŸƖũĬѣƚШũċƖŊĲƚƣШŰŔĦťĲũШĦŸŰƚƨůĲƖЯШ9őŔŰċќƚШĬĲůċŰĬШ
ċĦĦŸƨŰƣĲĬШŉŸƖШŸƻĲƖШΡΜӖШŸŉШƣőĲШƚƨƓƓũǃШċƣШƣőĲШĲǂƣƖċĦƣŔŸŰШƚƣċŊĲЯШŉŸũũŸƽĲĬШĤǃШfŰĬŸŰĲƚŔċЯШsċƓċŰЯШƣőĲШÖЮÉЮЯШ
ÉŸƨƣőШuŸƖĲċЯШfŰĬŔċЯШ]ĲƖůċŰǃЯШċŰĬШfƣċũǃ485ЮШ 

 

 
481Ш?ĲǯŰĲĬШċƚШċШŰŔĦťĲũШƓƖŸĬƨĦƣШƖĲċĬǃШŉŸƖШƨƚĲШĤǃШĬŸƽŰƚƣƖĲċůШĦŸŰƚƨůŔŰŊШŔŰĬƨƚƣƖŔĲƚШƚƨĦőШċƚШŰŔĦťĲũШĦőĲůŔĦċũƚШċŰĬШƚċũƣƚЯШŉĲƖƖŸŰŔĦťĲũЯШŰŔĦťĲũШ
ůĲƣċũШŔŰШƻċƖŔŸƨƚШŉŸƖůƚЯШŰŔĦťĲũШŸǂŔĬĲШƚŔŰƣĲƖЯШċŰĬШŰŔĦťĲũШƓŔŊШŔƖŸŰЮШÉŸƨƖĦĲаШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮ 
482Ш~ĦÅċĲЯШ~ЮШEЮШыΞΜΞΠьЮШ ŔĦťĲũШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťЯШéŸũƨůĲШfЯШΞΜΝΦЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΞΜЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΝΦоůǃĤΝрΞΜΝΦрŰŔĦťĲũЮƓĬŉШ 
483Ш[ŔŊƨƖĲƚШċƖĲШĤċƚĲĬШŸŰШĬċƣċШƓƖŸƻŔĬĲĬШĤǃШƣőĲШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮ 
484Ш~ĦÅċĲЯШ~ЮШEЮШыΞΜΞΠьЮШ ŔĦťĲũШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťЯШéŸũƨůĲШfЯШΞΜΝΦЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΞΜЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΝΦоůǃĤΝрΞΜΝΦрŰŔĦťĲũЮƓĬŉШШ 
485ШÉǍƨƖũŔĲƚЯШ~ЮШыΞΜΞΝьЮШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШ ŔĦťĲũЮШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰЯШΠΥаШΝΝΜШÉЮбШ7ĲƖũŔŰЮШÅĲƣƖĲŔƻĲĬШΝΦЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰрΠШ 
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 ΝΟΟ 

EÖШĬĲůċŰĬ486 
7ĲƣƽĲĲŰШΞΜΝΣШċŰĬШΞΜΞΜЯШƣőĲШEÖѣƚШċƻĲƖċŊĲШċŰŰƨċũШŰŔĦťĲũШĦŸŰƚƨůƓƣŔŸŰШċƣШƣőĲШĲǂƣƖċĦƣŔŸŰШƚƣċŊĲШƽċƚШΤΥЯΜΥΠШ
ůĲƣƖŔĦШƣŸŰƚШŸŉШŰŔĦťĲũШĦŸŰƣĲŰƣЮШÑőĲШEÖШƽċƚШΟΝӖШƖĲũŔċŰĦĲШŸŰШŔůƓŸƖƣШċŰĬШƣőĲШůċŔŰШƚƨƓƓũŔĲƖƚШƽĲƖĲШ9ċŰċĬċШ
ыΡΦӖьЯШÉŸƨƣőШ ŉƖŔĦċШыΝΦӖьЯШƣőĲШÖЮÉЮШыΦӖьЯШ]ƨċƣĲůċũċШыΣӖьШċŰĬШ ŸƖƽċǃШыΟӖьЮШ 

7ĲƣƽĲĲŰШΞΜΝΣШċŰĬШΞΜΞΜЯШƣőĲШEÖќƚШċŰŰƨċũШċƻĲƖċŊĲШƓƖŸĦĲƚƚĲĬШŰŔĦťĲũШĦŸŰƚƨůƓƣŔŸŰШƽċƚШΞΡΤЯΝΠΤШůĲƣƖŔĦШ
ƣŸŰƚШŸŉШŰŔĦťĲũШĦŸŰƣĲŰƣЮШÑőĲШEÖѣƚШŔůƓŸƖƣШƖĲũŔċŰĦĲШƚƣŸŸĬШċƣШΤΡӖЯШƽŔƣőШƣőĲШůċŔŰШƚƨƓƓũŔĲƖƚШĤĲŔŰŊШÅƨƚƚŔċШ
ыΟΥӖьЯШ ŸƖƽċǃШыΝΠӖьЯШ9ċŰċĬċШыΦӖьЯШƨƚƣƖċũŔċШыΦӖьЯШ7ƖċǍŔũШыΣӖьЯШċŰĬШƣőĲШÖuШыΣӖьЮШ 

 

[ƨƣƨƖĲШƚƨƓƓũǃШċŰĬШĬĲůċŰĬШƣƖĲŰĬƚ 
[ƨƣƨƖĲЮƚƨƓƓũǃ 

ĦĦŸƖĬŔŰŊШƣŸШƣőĲШfEќƚШŸƨƣũŸŸťШƓƨĤũŔƚőĲĬШŔŰШΞΜΞΠЯШůŔŰĲĬШŰŔĦťĲũШƚƨƓƓũǃШŔƚШƓƖŸŢĲĦƣĲĬШƣŸШƖĲċĦőШΠЯΠΜΜЯΜΜΜШ
ůĲƣƖŔĦШƣŸŰƚШĤǃШΞΜΠΜШŔŰШƣőĲШĤċƚĲШĦċƚĲЯШċШŸŰĲрƣőŔƖĬШŔŰĦƖĲċƚĲШŉƖŸůШΞΜΞΟЮШÑőĲШŔŰĦƖĲċƚĲШŸŉШƚƨƓƓũǃШƽŔũũШĤĲШ
ĬƖŔƻĲŰШƓƖŔůċƖŔũǃШĤǃШfŰĬŸŰĲƚŔċШƽőŔĦőШŔƚШĲǂƓĲĦƣĲĬШƣŸШŰĲċƖũǃШĬŸƨĤũĲШŔƣƚШŸƨƣƓƨƣШŸƻĲƖШƣőĲШƚċůĲШƓĲƖŔŸĬЮШ
]ĲŸŊƖċƓőŔĦċũШĦŸŰĦĲŰƣƖċƣŔŸŰШŔƚШũŔťĲũǃШƣŸШŔŰĦƖĲċƚĲЮШÑőĲШƣŸƓШƣőƖĲĲШƓƖŸĬƨĦŔŰŊШĦŸƨŰƣƖŔĲƚШŸŉШůŔŰĲĬШŰŔĦťĲũЯШ
fŰĬŸŰĲƚŔċЯШƣőĲШÂőŔũŔƓƓŔŰĲƚЯШċŰĬШ ĲƽШ9ċũĲĬŸŰŔċЯШċƖĲШĲǂƓĲĦƣĲĬШƣŸШċĦĦŸƨŰƣШŉŸƖШΥΟӖШŸŉШŊũŸĤċũШƚƨƓƓũǃШŔŰШ
ΞΜΠΜЮШfŰШƣőĲШŰĲċƖШƣĲƖůЯШŸƻĲƖƚƨƓƓũǃШůċǃШŸĦĦƨƖШĬƨĲШƣŸШƚŔŊŰŔǯĦċŰƣШŔŰƻĲƚƣůĲŰƣƚШŔŰШŰŔĦťĲũШĬĲƻĲũŸƓůĲŰƣШŸƻĲƖШ
ƣőĲШƓċƚƣШǯƻĲШǃĲċƖƚЯШċũŔŊŰŔŰŊШƽŔƣőШƣőĲШċŰċũǃƚŔƚШůċĬĲШĤǃШ~ĦuŔŰƚĲǃШѼШ9ŸůƓċŰǃ487ЮШ7ċƚĲĬШŸŰШ~ĦuŔŰƚĲǃШѼШ
9ŸůƓċŰǃќƚШƚƨƓƓũǃрĬĲůċŰĬШĤċũċŰĦĲШŉŸƖĲĦċƚƣШŉŸƖШΞΜΟΡЯШŸƻĲƖƚƨƓƓũǃШŸŉШŰŔĦťĲũШƽċƚШĲǂƓĲĦƣĲĬ488Ю 

fŰШfE ќƚШĤċƚĲШĦċƚĲШƚĦĲŰċƖŔŸЯШƖĲǯŰĲĬШŰŔĦťĲũ489ШƓƖŸĬƨĦƣŔŸŰШŔƚШƓƖŸŢĲĦƣĲĬШƣŸШƖĲċĦőШΟЯΦΜΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШĤǃШ
ΞΜΠΜЮШÑőĲШŊƖŸƽƣőШŔƚШƓƖŔůċƖŔũǃШĬƖŔƻĲŰШĤǃШŰŔĦťĲũШƓŔŊШŔƖŸŰШċŰĬШŰŔĦťĲũШůĲƣċũƚЯШĲċĦőШŊƖŸƽŔŰŊШĤǃШċƖŸƨŰĬШċШ
ƕƨċƖƣĲƖШƣŸШΞΜΠΜЮШ7ĲŔŰŊШƣőĲШĬƖŔƻŔŰŊШŉŸƖĦĲШŸŉШƣőĲШŔŰĦƖĲċƚŔŰŊШƖĲǯŰĲĬШŰŔĦťĲũШƓƖŸĬƨĦƣŔŸŰЯШfŰĬŸŰĲƚŔċШƽŔũũШƚĲĲШċŰШ
ŸƻĲƖШΝЮΡрŉŸũĬШŔŰĦƖĲċƚĲШŔŰШƖĲǯŰĲĬШŰŔĦťĲũШƓƖŸĬƨĦƣШƓƖŸĬƨĦƣŔŸŰШƣŸШΞΜΠΜЯШƓƖŔůċƖŔũǃШŔŰШƣőĲШŉŸƖůШŸŉШŰŔĦťĲũШƓŔŊШ
ŔƖŸŰЯШŉĲƖƖŸŰŔĦťĲũШċŰĬШŰŔĦťĲũШůĲƣċũƚЮШfŰĬŸŰĲƚŔċќƚШůċƖťĲƣШƚőċƖĲШŔƚШĲǂƓĲĦƣĲĬШƣŸШƖŔƚĲШŉƖŸůШΠΡӖШŔŰШΞΜΞΟШƣŸШ
ΡΦӖШŔŰШΞΜΠΜЮ 

[ŸƖШŰŔĦťĲũШƚƨũŉċƣĲШƨƚĲĬШŔŰШĤċƣƣĲƖǃШĦċƣőŸĬĲƚЯШƣőĲШfE ѣƚШĤċƚĲШĦċƚĲШƓƖŸŢĲĦƣƚШfŰĬŸŰĲƚŔċѣƚШ~cÂШƓƖŸĬƨĦƣŔŸŰШƣŸШ
ůŸƖĲШ ƣőċŰШ ĬŸƨĤũĲШ ċŰĬШ ůċƣƣĲШ ƓƖŸĬƨĦƣŔŸŰШ ƣŸШ ŔŰĦƖĲċƚĲШ ΝЮΠШ ƣŔůĲƚШ ĤǃШ ΞΜΟΜЮШы ŔĦťĲũШ ƚƨũƓőċƣĲШ ƽċƚШ
ƣƖċĬŔƣŔŸŰċũũǃШƓƖŸĬƨĦĲĬШŉƖŸůШƖĲǯŰĲĬШƚƨũƓőŔĬĲШŸƖĲƚЯШĤƨƣШőŔŊőШƓƖŔĦĲƚШċŰĬШfŰĬŸŰĲƚŔċќƚШŊƖŸƽŔŰŊШƖŸũĲШőċƻĲШ
ƚőŔŉƣĲĬШŔŰƓƨƣƚШŉŸƖШŰŔĦťĲũШƚƨũƓőċƣĲШƣŸШ~cÂШċŰĬШůŔǂĲĬШƚƨũƓőŔĬĲШƓƖĲĦŔƓŔƣċƣĲШы~ÉÂьШƓƖŸĦĲƚƚĲĬШŉƖŸůШũċƣĲƖŔƣĲШ
ŸƖĲƚЯШŸƖШĲƻĲŰШĦŸŰƻĲƖƣĲĬШŰŔĦťĲũШƓŔŊШŔƖŸŰШċŰĬШŉĲƖƖŸŰŔĦťĲũЯШĲǂƓċŰĬŔŰŊШƚƨƓƓũǃШƚŸƨƖĦĲƚЮьШfŰШƣőĲШŰĲċƖШƣĲƖůЯШ
ŰŔĦťĲũШƚƨũŉċƣĲШŔƚШĲǂƓĲĦƣĲĬШƣŸШĤĲШƚƨǭŔĦŔĲŰƣũǃШƚƨƓƓũŔĲĬШƨŰƣŔũШΞΜΞΡЮШfŉШċШƚƨƓƓũǃШŊċƓШċƖŔƚĲƚЯШŰĲƽШƚƨũŉċƣĲШ
ĦċƓċĦŔƣǃШĦċŰШĤĲШċĬĬĲĬШƖĲũċƣŔƻĲũǃШƕƨŔĦťũǃШыƽŔƣőŔŰШΝΥШƣŸШΞΠШůŸŰƣőƚьШċũũŸƽŔŰŊШƚƨƓƓũǃШƣŸШƖĲůċŔŰШƖĲƚƓŸŰƚŔƻĲШ
ƣŸШĬĲƻĲũŸƓůĲŰƣƚШŔŰШƣőĲШEéШĤċƣƣĲƖǃШŔŰĬƨƚƣƖǃЯШċĦĦŸƖĬŔŰŊШƣŸШƣőĲШfE Ю 

 
486ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШ ŔĦťĲũаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШÉ9ÅÅEE ΞЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΝΦЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚх f9uExрƨƓĬċƣĲЮƓĬŉШ 
487ШfŰƣĲƖŰċƣŔŸŰċũШEŰĲƖŊǃШ ŊĲŰĦǃЮШыΞΜΞΠьЮШ]ũŸĤċũШ9ƖŔƣŔĦċũШ~ŔŰĲƖċũƚШ§ƨƣũŸŸťШΞΜΞΠЯШfE ЯШÂċƖŔƚШőƣƣƓƚаооƽƽƽЮŔĲċЮŸƖŊоƖĲƓŸƖƣƚоŊũŸĤċũрĦƖŔƣŔĦċũр
ůŔŰĲƖċũƚрŸƨƣũŸŸťрΞΜΞΠЯШxŔĦĲŰĦĲаШ99Ш7òШΠЮΜ 
488Ш~ĦuŔŰƚĲǃШѼШ9ŸůƓċŰǃЮШыΞΜΞΠЯШÉĲƓƣĲůĤĲƖШΝΤьЮШ]ũŸĤċũШ~ċƣĲƖŔċũƚШÂĲƖƚƓĲĦƣŔƻĲШΞΜΞΠЮШ~ĦuŔŰƚĲǃШѼШ9ŸůƓċŰǃЮШÅĲƣƖŔĲƻĲĬШΞΜЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮůĦťŔŰƚĲǃЮĦŸůоŔŰĬƨƚƣƖŔĲƚоĲŰĲƖŊǃрċŰĬрůċƣĲƖŔċũƚоŸƨƖрŔŰƚŔŊőƣƚоŊũŸĤċũрůċƣĲƖŔċũƚрƓĲƖƚƓĲĦƣŔƻĲ 
489Ш9ũċƚƚШΝШŰŔĦťĲũШыӂΦΦӖШ ŔьЯШĦũċƚƚШΞШŰŔĦťĲũШыӃΦΦӖШ ŔЯШŉĲƖƖŸŰŔĦťĲũШċŰĬШŰŔĦťĲũШƓŔŊШŔƖŸŰьШċŰĬШŰŔĦťĲũШƚƨũƓőċƣĲШ 

https://www.mckinsey.com/industries/energy-and-materials/our-insights/global-materials-perspective
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ÑőĲШƖĲĦĲŰƣШũŸƽШŰŔĦťĲũШƓƖŔĦĲƚШőċƻĲШũĲĬШċШŰƨůĤĲƖШŸŉШƓƖŸĬƨĦĲƖƚШƣŸШŔůƓũĲůĲŰƣШĦŸƚƣрĦƨƣƣŔŰŊШůĲċƚƨƖĲƚШċƣШ
ĲǂŔƚƣŔŰŊШŸƓĲƖċƣŔŸŰƚЮШÑőĲШĤŔŊŊĲƖШĦŸŰĦĲƖŰШĤĲŔŰŊШƓŸƣĲŰƣŔċũШĦũŸƚƨƖĲƚШŸŉШőŔŊőрĦŸƚƣШůŔŰĲƚЯШŉƨƖƣőĲƖШƖĲĬƨĦŔŰŊШ
ƚƨƓƓũǃШĬŔƻĲƖƚŔƣǃШŔŰШċŰШċũƖĲċĬǃШĦŸŰĦĲŰƣƖċƣĲĬШůċƖťĲƣ490Ю 

[ƨƣƨƖĲЮĬĲůċŰĬ 

ÉƣċŔŰũĲƚƚШƚƣĲĲũШŔƚШĲǂƓĲĦƣĲĬШƣŸШĦŸŰƣŔŰƨĲШƣŸШĤĲШƣőĲШũĲċĬŔŰŊШĲŰĬШƨƚĲШŸŉШƓƖŔůċƖǃШŰŔĦťĲũЯШċũƣőŸƨŊőШŔƣƚШƚőċƖĲШŸŉШ
ƓƖŔůċƖǃШŰŔĦťĲũШĦŸŰƚƨůƓƣŔŸŰШŔƚШũŔťĲũǃШƣŸШĬĲĦƖĲċƚĲШĬƨĲШƣŸШƣőĲШŔŰĦƖĲċƚŔŰŊШĦŸŰƚƨůƓƣŔŸŰШŸŉШŰŔĦťĲũШŔŰШũŔƣőŔƨůр
ŔŸŰШĤċƣƣĲƖŔĲƚШŉŸƖШEéƚЮШÅŸƚťŔũũШĲƚƣŔůċƣĲĬШƣőċƣШŰŔĦťĲũШĦŸŰƚƨůƓƣŔŸŰШŔŰШĤċƣƣĲƖŔĲƚШƽŸƨũĬШŊƖŸƽШŉƖŸůШΝΞΥЯΜΜΜШ
ůĲƣƖŔĦШƣŸŰƚШŔŰШΞΜΝΦШƣŸШŸƻĲƖШΝЯΞΜΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШĤǃШΞΜΟΜЮШÑőŔƚШƚƨƖŊĲШŔƚШƓƖŔůċƖŔũǃШĬƖŔƻĲŰШĤǃШƣőĲШ
ċƨƣŸůŸƣŔƻĲШŔŰĬƨƚƣƖǃЯШċƚШƚƣƖŔĦƣĲƖШƻĲőŔĦũĲШĲůŔƚƚŔŸŰШƖĲŊƨũċƣŔŸŰƚШċĦĦĲũĲƖċƣĲШEéШċĬŸƓƣŔŸŰШċŰĬШĤċƣƣĲƖǃШ
ĦċƣőŸĬĲШĦőĲůŔƚƣƖǃШƚőŔŉƣƚШƣŸƽċƖĬШőŔŊőĲƖШŰŔĦťĲũШĦŸŰƣĲŰƣ491Ю 

 

EǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШ 
fƣШƚőŸƨũĬШĤĲШŰŸƣĲĬШƣőċƣШƖĲŊƨũċƣŔŸŰƚШċƖĲШĬǃŰċůŔĦШċŰĬШƚƨĤŢĲĦƣШƣŸШĦőċŰŊĲШŸƻĲƖШƣŔůĲЮ 

~ċŢŸƖШƓƖŸĬƨĦŔŰŊШĦŸƨŰƣƖǃШ EǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШыΞΜΞΞьШ492 
9őŔŰċ EǂƓŸƖƣШƣċǂШŸŰШŰŔĦťĲũШċũũŸǃƚЯШƨŰƽƖŸƨŊőƣШċŰĬШŰŔĦťĲũЯШŰŸƣШċũũŸǃĲĬЯШƨŰƽƖŸƨŊőƣбШ

ũŔĦĲŰƚŔŰŊШƖĲƕƨŔƖĲůĲŰƣШŸŰШŉĲƖƖŸрŰŔĦťĲũЯШŔŰШŊƖċŰƨũċƖоƓŸƽĬĲƖШŉŸƖůЯШŰŔĦťĲũШůċƣƣĲƚЯШ
ŰŔĦťĲũШŸǂŔĬĲШƚŔŰƣĲƖƚШѼШŸƣőĲƖШŔŰƣĲƖůĲĬŔċƣĲШƓƖŸĬƨĦƣƚШŸŉШŰŔĦťĲũШůĲƣċũũƨƖŊǃЯШŰŔĦťĲũЯШ
ŰŸƣШċũũŸǃĲĬЯШƨŰƽƖŸƨŊőƣЯШŰŔĦťĲũШċũũŸǃƚЯШƨŰƽƖŸƨŊőƣЯШċŰĬШŰŔĦťĲũШƽċƚƣĲШѼШƚĦƖċƓ 

fŰĬŸŰĲƚŔċ xŔĦĲŰƚŔŰŊШƖĲƕƨŔƖĲůĲŰƣШŸŰШŰŔĦťĲũШůċƣƣĲƚЯШŰŔĦťĲũЯШŰŸƣШċũũŸǃĲĬЯШƨŰƽƖŸƨŊőƣЯШŰŔĦťĲũШ
ċũũŸǃƚЯШƨŰƽƖŸƨŊőƣЯШċŰĬШŰŔĦťĲũШƽċƚƣĲШѼШƚĦƖċƓ 

ÂőŔũŔƓƓŔŰĲƚШ EǂƓŸƖƣШƣċǂШċŰĬШũŔĦĲŰƚŔŰŊШƖĲƕƨŔƖĲůĲŰƣШŸŰШŰŔĦťĲũШŸƖĲƚШѼШĦŸŰĦĲŰƣƖċƣĲƚ 

ÅƨƚƚŔċ EǂƓŸƖƣШƣċǂШŸŰШŰŔĦťĲũШƽċƚƣĲШѼШƚĦƖċƓбШũŔĦĲŰƚŔŰŊШƖĲƕƨŔƖĲůĲŰƣШŸŰШŰŔĦťĲũШůċƣƣĲƚЯШ
ċŰĬШŰŔĦťĲũШŸǂŔĬĲШƚŔŰƣĲƖƚШѼШŸƣőĲƖШŔŰƣĲƖůĲĬŔċƣĲШƓƖŸĬƨĦƣƚШŸŉШŰŔĦťĲũШůĲƣċũũƨƖŊǃ 

 

fŰĬŸŰĲƚŔċ 

fŰĬŸŰĲƚŔċЯШƣőĲШũĲċĬŔŰŊШŰŔĦťĲũШŸƖĲШĲǂƓŸƖƣĲƖЯШǯƖƚƣШŔůƓũĲůĲŰƣĲĬШċШŰŔĦťĲũШŸƖĲШĲǂƓŸƖƣШĤċŰШŔŰШsċŰƨċƖǃШΞΜΝΠЯШ
ũĲċĬŔŰŊШƣŸШċШƚőċƖƓШĬĲĦũŔŰĲШŔŰШĤŸƣőШŔƣƚШůŔŰĲĬШŰŔĦťĲũШƓƖŸĬƨĦƣŔŸŰШċŰĬШƣőƨƚШŊũŸĤċũШƚƨƓƓũǃ493ЮШfŰШΞΜΝΤЯШƣőĲШĤċŰШ
ƽċƚШƓċƖƣŔċũũǃШũŔŉƣĲĬЯШċũũŸƽŔŰŊШĲǂƓŸƖƣƚШŸŉШŸƖĲШƽŔƣőШċШŰŔĦťĲũШĦŸŰƣĲŰƣШŸŉШΝЮΤӖШŸƖШũĲƚƚЯШƓƖŸƻŔĬĲĬШƣőċƣШċƣШũĲċƚƣШ
ΟΜӖШŸŉШċШĦŸůƓċŰǃѣƚШůŔŰĲĬШŰŔĦťĲũШƽċƚШƓƖŸĦĲƚƚĲĬШĬŸůĲƚƣŔĦċũũǃ494ЮШƚШċШƖĲƚƨũƣЯШŊũŸĤċũШŰŔĦťĲũШƓƖŸĬƨĦƣŔŸŰШ
ŔŰШΞΜΝΦШŰĲċƖũǃШƖĲƣƨƖŰĲĬШƣŸШƓƖĲрĤċŰШũĲƻĲũƚШŉƖŸůШΞΜΝΟ495ЮШcŸƽĲƻĲƖЯШfŰĬŸŰĲƚŔċШƖĲŔŰƚƣċƣĲĬШƣőĲШĲǂƓŸƖƣШĤċŰШŸŰШ

 
490Ш~ĦuŔŰƚĲǃШѼШ9ŸůƓċŰǃЮШыΞΜΞΠЯШÉĲƓƣĲůĤĲƖШΝΤьЮШ]ũŸĤċũШ~ċƣĲƖŔċũƚШÂĲƖƚƓĲĦƣŔƻĲШΞΜΞΠЮШ~ĦuŔŰƚĲǃШѼШ9ŸůƓċŰǃЮШÅĲƣƖŔĲƻĲĬШΞΜЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮůĦťŔŰƚĲǃЮĦŸůоŔŰĬƨƚƣƖŔĲƚоĲŰĲƖŊǃрċŰĬрůċƣĲƖŔċũƚоŸƨƖрŔŰƚŔŊőƣƚоŊũŸĤċũрůċƣĲƖŔċũƚрƓĲƖƚƓĲĦƣŔƻĲ 
491Ш~ĦÅċĲЯШ~ЮШEЮШыΞΜΞΠьЮШ ŔĦťĲũШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťЯШéŸũƨůĲШfЯШΞΜΝΦЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΞΜЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΝΦоůǃĤΝрΞΜΝΦрŰŔĦťĲũЮƓĬŉШШ 
492Ш§E9?ШыΞΜΞΠьЯШ§E9?ШfŰƻĲŰƣŸƖǃШŸŉШEǂƓŸƖƣШÅĲƚƣƖŔĦƣŔŸŰƚШŸŰШfŰĬƨƚƣƖŔċũШÅċƽШ~ċƣĲƖŔċũƚШΞΜΞΠаШ~ŸŰŔƣŸƖŔŰŊШƣőĲШƨƚĲШŸŉШĲǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШċůŔĬШ
ůċƖťĲƣШċŰĬШƓŸũŔĦǃШƣĲŰƚŔŸŰƚЯШ§E9?ШÂƨĤũŔƚőŔŰŊЯШÂċƖŔƚЯШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΤΥΤоΡĲΠΣĤĤΞΜрĲŰЮШÅĲƣƖŔĲƻĲĬШΝΦЮΜΞЮΞΜΞΡЯШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮŸĲĦĬЮŸƖŊоĲŰоƣŸƓŔĦƚоĲǂƓŸƖƣрƖĲƚƣƖŔĦƣŔŸŰƚрŸŰрĦƖŔƣŔĦċũрƖċƽрůċƣĲƖŔċũƚЮőƣůũШ 
493ШÉǍƨƖũŔĲƚЯШ~ЮШыΞΜΞΝьЮШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШ ŔĦťĲũЮШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰЯШΠΥаШΝΝΜШÉЮбШ7ĲƖũŔŰЮШÅĲƣƖĲŔƻĲĬШΝΦЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰрΠШ 
494Ш~ĦÅċĲЯШ~ЮШEЮШыΞΜΞΠьЮШ ŔĦťĲũШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťЯШéŸũƨůĲШfЯШΞΜΝΦЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΞΜЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΝΦоůǃĤΝрΞΜΝΦрŰŔĦťĲũЮƓĬŉШШ 
495ШÉǍƨƖũŔĲƚЯШ~ЮШыΞΜΞΝьЮШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШ ŔĦťĲũЮШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰЯШΠΥаШΝΝΜШÉЮбШ7ĲƖũŔŰЮШÅĲƣƖĲŔƻĲĬШΝΦЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?Eо]ĲůĲŔŰƚċůĲƚоÂƖŸĬƨťƣĲо?ŸƽŰũŸċĬƚо?EÅ хÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰоƖŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰрΠШ 

https://www.mckinsey.com/industries/energy-and-materials/our-insights/global-materials-perspective
https://www.oecd.org/en/topics/export-restrictions-on-critical-raw-materials.html
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ĬŔƖĲĦƣрƚőŔƓƓŔŰŊШŸƖĲШƚƣċƖƣŔŰŊШsċŰƨċƖǃШΝЯШΞΜΞΜЯШċŔůŔŰŊШƣŸШƚĲĦƨƖĲШũŸŰŊрƣĲƖůШĬŸůĲƚƣŔĦШƚƨƓƓũǃШŉŸƖШƓƖŸĦĲƚƚŔŰŊШ
ŉċĦŔũŔƣŔĲƚШċŰĬШĲǂƓũŸƖĲШŸƓƓŸƖƣƨŰŔƣŔĲƚШƣŸШƓƖŸĦĲƚƚШũŸƽĲƖрŊƖċĬĲШũŔůŸŰŔƣĲШŸƖĲШŉŸƖШEéШĤċƣƣĲƖǃШƓƖŸĬƨĦƣŔŸŰ496Ю 

fŰШΞΜΝΦЯШƣőĲШEÖШĲŰŊċŊĲĬШfŰĬŸŰĲƚŔċШƣŸШƖĲƚŸũƻĲШƣőĲШĲǂƓŸƖƣШĤċŰШĬŔƚƓƨƣĲШĤĲŉŸƖĲШƖĲƕƨĲƚƣŔŰŊШìŸƖũĬШÑƖċĬĲШ
§ƖŊċŰŔƚċƣŔŸŰШыìÑ§ьШĦŸŰƚƨũƣċƣŔŸŰƚШŔŰШ ŸƻĲůĤĲƖЮШ ŉƣĲƖШƨŰƚƨĦĦĲƚƚŉƨũШƣċũťƚЯШƣőĲШEÖШŔŰŔƣŔċƣĲĬШċШìÑ§ШƓċŰĲũШ
ŔŰШsċŰƨċƖǃШΞΜΞΝЮШÑőĲШÖЮÉЮШċũƚŸШƖċŔƚĲĬШĦŸŰĦĲƖŰƚШċĤŸƨƣШƣőĲШĤċŰќƚШŔůƓċĦƣШŸŰШƚƨƓƓũǃШċŰĬШƓƖŔĦĲƚЯШŢŸŔŰŔŰŊШƣőĲШ
EÖрũĲĬШĦŸŰƚƨũƣċƣŔŸŰƚШƚŔŰĦĲШ?ĲĦĲůĤĲƖШΞΜΝΦШċŰĬШũċƣĲƖШƓċƖƣŔĦŔƓċƣŔŰŊШŔŰШƓċŰĲũШƓƖŸĦĲĲĬŔŰŊƚШċƚШċШƣőŔƖĬШƓċƖƣǃЮШ
fŰШ ŸƻĲůĤĲƖШΞΜΞΞЯШƣőĲШìÑ§ШƖƨũĲĬШfŰĬŸŰĲƚŔċќƚШĲǂƓŸƖƣШĤċŰШƻŔŸũċƣĲĬШŔƣƚШŸĤũŔŊċƣŔŸŰƚЮШfŰĬŸŰĲƚŔċШċƓƓĲċũĲĬШ
ŔŰШ?ĲĦĲůĤĲƖШΞΜΞΞЯШĤƨƣШċƚШŸŉШ[ĲĤƖƨċƖǃШΞΜΞΠЯШƣőĲШĦċƚĲШƖĲůċŔŰƚШƚƣċũũĲĬШƽċŔƣŔŰŊШŉŸƖШƣőĲШŉŸƖůċƣŔŸŰШŸŉШċШ
ŉƨŰĦƣŔŸŰŔŰŊШċƓƓĲũũċƣĲШĤŸĬǃЮШfŰШsƨũǃШΞΜΞΟЯШƣőĲШEÖШĦŸŰƚŔĬĲƖĲĬШƨƚŔŰŊШŔƣƚШEŰŉŸƖĦĲůĲŰƣШÅĲŊƨũċƣŔŸŰШƣŸШŔůƓŸƚĲШ
ĦŸƨŰƣĲƖůĲċƚƨƖĲƚЯШƚƨĦőШċƚШŔůƓŸƖƣШĬƨƣŔĲƚЯШŔŉШƣőĲШĬŔƚƓƨƣĲШƖĲůċŔŰĲĬШƨŰƖĲƚŸũƻĲĬЮШ ŸШŉƨƖƣőĲƖШĬĲƻĲũŸƓůĲŰƣƚШ
ƽĲƖĲШƖĲƓŸƖƣĲĬШċƚШŸŉШ[ĲĤƖƨċƖǃШΞΜΞΠЮ 

7ĲŉŸƖĲШΞΜΝΠЯШ9őŔŰċЯШƣőĲШũċƖŊĲƚƣШŰŔĦťĲũШůċƖťĲƣЯШůċŔŰũǃШŔůƓŸƖƣĲĬШƨŰƓƖŸĦĲƚƚĲĬШŰŔĦťĲũШŸƖĲШŉƖŸůШfŰĬŸŰĲƚŔċШ
ŉŸƖШ ƚƣċŔŰũĲƚƚШ ƚƣĲĲũШ ƓƖŸĬƨĦƣŔŸŰЮШ ŉƣĲƖШ fŰĬŸŰĲƚŔċѣƚШ ĲǂƓŸƖƣШ ĤċŰЯШ 9őŔŰċШ ƚőŔŉƣĲĬШ ƣŸШ ŔůƓŸƖƣŔŰŊШ ůŸƖĲШ
ŔŰƣĲƖůĲĬŔċƣĲШŰŔĦťĲũШƓƖŸĬƨĦƣƚШŉŸƖШĤċƣƣĲƖǃрŊƖċĬĲШŰŔĦťĲũШƚƨũŉċƣĲЮШ[ƨƖƣőĲƖůŸƖĲЯШ9őŔŰĲƚĲШŉŸƖĲŔŊŰШĬŔƖĲĦƣШ
ŔŰƻĲƚƣůĲŰƣШŔŰШĤŸƣőШĲǂƣƖċĦƣŔŸŰШċŰĬШƓƖŸĦĲƚƚŔŰŊШŸŉШfŰĬŸŰĲƚŔċŰШŰŔĦťĲũШőċƚШŊƖŸƽŰШƚŔŰĦĲШƣőĲŰШċŰĬШ9őŔŰĲƚĲШ
ǯƖůƚШĤĲĦċůĲШƣőĲШůŸƚƣШƓƖŸůŔŰĲŰƣШƚŸƨƖĦĲШŸŉШŉŸƖĲŔŊŰШĬŔƖĲĦƣШŔŰƻĲƚƣůĲŰƣШŔŰШƣőŔƚШƚĲĦƣŸƖЮШÑőĲШƣƖċĬŔŰŊШ
ƖĲũċƣŔŸŰƚőŔƓШĤĲƣƽĲĲŰШfŰĬŸŰĲƚŔċШċŰĬШ9őŔŰċШőċƚШĲƻŸũƻĲĬШƣŸШĤĲШůƨƣƨċũũǃШĤĲŰĲǯĦŔċũШƽőĲƖĲШ9őŔŰċШŊĲƣƚШ
ċĦĦĲƚƚШƣŸШċШƚƣĲċĬǃШƚƣƖĲċůШŸŉШŔŰƣĲƖůĲĬŔċƣĲƚШƽőŔũĲШfŰĬŸŰĲƚŔċШőċƚШƣőĲШŸƓƓŸƖƣƨŰŔƣǃШƣŸШĬŔƻĲƖƚŔŉǃШŔƣƚШůŔŰŔŰŊрШ
ĤċƚĲĬШĲĦŸŰŸůǃШċŰĬШĲǂƓŸƖƣШůŸƖĲШĬŸƽŰƚƣƖĲċůШƓƖŸĬƨĦƣƚ497Ю 

ÂőŔũŔƓƓŔŰĲƚ498 

9ƨƖƖĲŰƣũǃЯШÂőŔũŔƓƓŔŰĲƚЯШƣőĲШƽŸƖũĬќƚШƚĲĦŸŰĬрũċƖŊĲƚƣШƓƖŸĬƨĦĲƖШŸŉШŰŔĦťĲũШŸƖĲЯШĲǂƓŸƖƣШċШƚŔŊŰŔǯĦċŰƣШƓŸƖƣŔŸŰШŸŉШ
ŔƣƚШůŔŰĲĬШŰŔĦťĲũШŔŰШƨŰƓƖŸĦĲƚƚĲĬШŉŸƖůШƓƖŔůċƖŔũǃШƣŸШ9őŔŰċќƚШŰŔĦťĲũШƓŔŊШŔƖŸŰШŔŰĬƨƚƣƖǃЯШƖĲƓƖĲƚĲŰƣŔŰŊШŸƻĲƖШΦΜӖШ
ŸŉШ9őŔŰċќƚШƣŸƣċũШŰŔĦťĲũШŸƖĲШŔůƓŸƖƣƚШŔŰШΞΜΞΠЮШ§ŰШΟШ[ĲĤƖƨċƖǃШΞΜΞΡЯШƣőĲШÂőŔũŔƓƓŔŰĲƚќШÉĲŰċƣĲШċƓƓƖŸƻĲĬШċŰШŸƖĲШ
ĲǂƓŸƖƣШĤċŰШƨŰĬĲƖШÉĲŰċƣĲШ7ŔũũШ ŸЮШΞΥΞΣЮШfŉШĲŰċĦƣĲĬЯШŔƣШƽŔũũШƣċťĲШĲǭĲĦƣШŉŸũũŸƽŔŰŊШċШǯƻĲрǃĲċƖШƣƖċŰƚŔƣŔŸŰШ
ƓĲƖŔŸĬЯШċũũŸƽŔŰŊШƣŔůĲШƣŸШƚĲƣШƨƓШĬŸůĲƚƣŔĦШƓƖŸĦĲƚƚŔŰŊШŉċĦŔũŔƣŔĲƚШċŰĬШĬŸƽŰƚƣƖĲċůШŔŰĬƨƚƣƖŔĲƚЮШ 

ůŔĬШŊũŸĤċũШŊĲŸƓŸũŔƣŔĦċũШċŰĬШƣƖċĬĲШƣĲŰƚŔŸŰƚЯШÂőŔũŔƓƓŔŰĲƚШőŸƓĲƚШƣőĲШĲǂƓŸƖƣШĤċŰШĦŸƨũĬШőĲũƓШċƣƣƖċĦƣШ
ìĲƚƣĲƖŰШ ŔŰƻĲƚƣůĲŰƣШ ŔŰШ ĬĲƻĲũŸƓŔŰŊШ ŔƣƚШ ƓƖŸĦĲƚƚŔŰŊШ ĦċƓċĦŔƣǃШ ũŔťĲШ őŸƽШ 9őŔŰĲƚĲШ ŔŰƻĲƚƣůĲŰƣШ ĬŔĬШ ŉŸƖШ
fŰĬŸŰĲƚŔċЮШcŸƽĲƻĲƖЯШƖĲƓũŔĦċƣŔŰŊШfŰĬŸŰĲƚŔċќƚШƚƨĦĦĲƚƚШŔƚШĦőċũũĲŰŊŔŰŊШĬƨĲШƣŸШŔƣƚШƽĲċťШŔŰŉƖċƚƣƖƨĦƣƨƖĲЯШ
ũŔůŔƣĲĬШũŸƽрĦŸƚƣШĲŰĲƖŊǃЯШċŰĬШũŸƽĲƖрŊƖċĬĲШŰŔĦťĲũШŸƖĲЮШ ĬĬŔƣŔŸŰċũũǃЯШƣőĲШŊũŸĤċũШŰŔĦťĲũШĬĲůċŰĬШůċƖťĲƣЯШ
ƓċƖƣŔĦƨũċƖũǃШƣőĲШ9őŔŰĲƚĲШƚƣċŔŰũĲƚƚШƚƣĲĲũШƚĲĦƣŸƖЯШŔƚШĦƨƖƖĲŰƣũǃШŸƻĲƖƚƨƓƓũŔĲĬЯШċŰĬШũŸƽШŰŔĦťĲũШƓƖŔĦĲƚШŉƨƖƣőĲƖШ
ĬĲƣĲƖШŔŰƻĲƚƣůĲŰƣЮШ ƚШċШƖĲƚƨũƣЯШƣőĲƖĲШůċǃШĤĲШŔŰƚƨǭŔĦŔĲŰƣШůċƖťĲƣШŔŰĦĲŰƣŔƻĲƚШƣŸШƚƨƓƓŸƖƣШƣőĲШĬĲƻĲũŸƓůĲŰƣШ
ŸŉШŰĲƽШƖĲǯŰŔŰŊШĦċƓċĦŔƣǃШŔŰШƣőĲШÂőŔũŔƓƓŔŰĲƚЮ 

 
496Ш~ĦÅċĲЯШ~ЮШEЮШыΞΜΞΠьЮШ ŔĦťĲũШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťЯШéŸũƨůĲШfЯШΞΜΝΦЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΞΜЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΝΦоůǃĤΝрΞΜΝΦрŰŔĦťĲũЮƓĬŉШШ 
497Ш]ƨĤĲƖůċŰЯШ?ЮЯШÉĦőƖĲŔĤĲƖЯШÉЮШѼШÂĲƖƖǃЯШ ЮШы[ĲĤƖƨċƖǃШΞΜΞΠьЮШ§ǭŔĦĲШŸŉШfŰĬƨƚƣƖǃШċŰĬШ9ŸůƓĲƣŔƣŔƻĲŰĲƚƚШ ŰċũǃƚŔƚШìŸƖťŔŰŊШÂċƓĲƖШf9рΝΜΠаШEǂƓŸƖƣШ
ÅĲƚƣƖŔĦƣŔŸŰƚШŸŰШ~ŔŰĲƖċũƚШċŰĬШ~ĲƣċũƚаШfŰĬŸŰĲƚŔċќƚШEǂƓŸƖƣШ7ċŰШŸŉШ ŔĦťĲũЮШÖЮÉЮШfŰƣĲƖŰċƣŔŸŰċũШÑƖċĬĲШ9ŸůůŔƚƚŔŸŰЮШÅĲƣƖŔĲƻĲĬШΞΝЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮƨƚŔƣĦЮŊŸƻоƓƨĤũŔĦċƣŔŸŰƚоΟΟΞоƽŸƖťŔŰŊхƓċƓĲƖƚоĲƖůůхŔŰĬŸŰĲƚŔċхĲǂƓŸƖƣхĤċŰхŸŉхŰŔĦťĲũЮƓĬŉШ 
498Ш ŔЯШxЮШcЮШыΞΜΞΡЯШ[ĲĤƖƨċƖǃШΝΝьЮШ9ċŰШƣőĲШÂőŔũŔƓƓŔŰĲƚШƖĲƓũŔĦċƣĲШfŰĬŸŰĲƚŔċќƚШŰŔĦťĲũШŸƖĲШĲǂƓŸƖƣШĤċŰШƚƨĦĦĲƚƚеШÂƖŸŢĲĦƣШ7ũƨĲЮШÅĲƣƖŔĲƻĲШΞΝЮΜΟЮΞΜΞΡШ
ŉƖŸůШőƣƣƓƚаооƓƖŸŢĲĦƣĤũƨĲЮĦŸůоĤũƨĲоŸƓŔŰŔŸŰрƓŔĲĦĲƚоΝΝΟΠоĦċŰрƣőĲрƓőŔũŔƓƓŔŰĲƚрƖĲƓũŔĦċƣĲрŔŰĬŸŰĲƚŔċќƚрŰŔĦťĲũрŸƖĲрĲǂƓŸƖƣрĤċŰрƚƨĦĦĲƚƚерШ 

https://www.usitc.gov/publications/332/working_papers/ermm_indonesia_export_ban_of_nickel.pdf
https://projectblue.com/blue/opinion-pieces/1134/can-the-philippines-replicate-indonesia’s-nickel-ore-export-ban-success?-
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ÂũċƣŔŰƨůШŊƖŸƨƓШůĲƣċũƚШыÂ]~ƚь 
ÑőĲШÂ]~ƚЯШŔƖŔĬŔƨůЯШŸƚůŔƨůЯШƓċũũċĬŔƨůЯШƓũċƣŔŰƨůЯШƖőŸĬŔƨůЯШċŰĬШƖƨƣőĲŰŔƨůЯШƚőċƖĲШƚŔůŔũċƖШƓƖŸƓĲƖƣŔĲƚШ
ĬƨĲШƣŸШƣőĲŔƖШĦŸůƓċƖċĤũĲШċƣŸůŔĦШƚƣƖƨĦƣƨƖĲƚШċŰĬШĦőĲůŔƚƣƖŔĲƚЮШ ƚШċШƖĲƚƨũƣЯШƣőĲǃШċƖĲШŸŉƣĲŰШƨƚĲĬШƣŸŊĲƣőĲƖШŔŰШ
ƻċƖŔŸƨƚШ ċƓƓũŔĦċƣŔŸŰƚ499ШЮШůŸŰŊШ ƣőĲШ ƚŔǂШ Â]~ƚЯШ ƓũċƣŔŰƨůЯШ ƓċũũċĬŔƨůЯШ ċŰĬШ ƖőŸĬŔƨůШ ċƖĲШ ƣőĲШ ůŸƚƣШ
ĲĦŸŰŸůŔĦċũũǃШƚŔŊŰŔǯĦċŰƣЯШƚŸШƣőŔƚШŉċĦƣШƚőĲĲƣШƽŔũũШŉŸĦƨƚШƓƖŔůċƖŔũǃШŸŰШƣőĲƚĲШƣőƖĲĲШůĲƣċũƚ500Ю 

~ċŢŸƖШƨƚĲƚШŸŉШƓċũũċĬŔƨůШŔŰШƣőĲШEÖШŔŰШΞΜΞΜ501 

 

ÑőĲШůċŢŸƖШƨƚĲƚШŸŉШƓũċƣŔŰƨůШŔŰШƣőĲШEÖШŔŰШΞΜΞΜШċƖĲШĲǂċĦƣũǃШƣőĲШƚċůĲШċƚШƓċũũċĬŔƨůЮШ 

ÑőĲШƽŸƖũĬƽŔĬĲШƨƚĲƚШŸŉШÂ]~ƚШŔŰШΞΜΞΜШƽĲƖĲШĲƚƣŔůċƣĲĬШƣŸШĤĲШċƨƣŸĦċƣċũǃƚƣƚШыΣΟӖьЯШŢĲƽĲũũĲƖǃШыΝΜӖьЯШ
ĦőĲůŔĦċũШыΦӖьЯШĲũĲĦƣƖŸŰŔĦƚШыΤӖьЯШŊũċƚƚШыΞӖьЯШƓĲƣƖŸũĲƨůШыΞӖьЯШůĲĬŔĦċũШыΞӖьЯШĲũĲĦƣƖŸĦőĲůŔĦċũШыΝӖьШċŰĬШ
ŸƣőĲƖƚШыΠӖьЮШÑőĲШŊũŸĤċũШĬĲůċŰĬШŸŉШÂ]~ƚШĤǃШƚĲĦƣŸƖШċŰĬШůċƣĲƖŔċũƚШŔŰШΞΜΞΜШŔƚШƚőŸƽŰШċƚШŉŸũũŸƽƚЮШ 

¶ ƨƣŸĦċƣċũǃƚƣƚаШÂċũũċĬŔƨůШыΤΟӖьЯШƓũċƣŔŰƨůШыΝΦӖьЯШċŰĬШƖőŸĬŔƨůШыΥӖьШШ 
¶ sĲƽĲũũĲƖǃаШÂũċƣŔŰƨůШыΦΡӖьЯШċŰĬШƓċũũċĬŔƨůШыΡӖь 
¶ ыEũĲĦƣƖŸрьĦőĲůŔĦċũШ ċŰĬШ ƓĲƣƖŸũĲƨůаШÂũċƣŔŰƨůШ ыΠΟӖьЯШ ƓċũũċĬŔƨůШ ыΞΣӖьЯШ ƖƨƣőĲŰŔƨůШ ыΞΟӖьЯШ
ŔƖŔĬŔƨůШыΡӖьЯШċŰĬШƖőŸĬŔƨůШыΟӖь 

¶ EũĲĦƣƖŸŰŔĦƚаШÂċũũċĬŔƨůШыΠΥӖьЯШƖƨƣőĲŰŔƨůШыΞΦӖьЯШƓũċƣŔŰƨůШыΝΥӖьЯШċŰĬШŔƖŔĬŔƨůШыΠӖь 
¶ ]ũċƚƚаШÂũċƣŔŰƨůШыΦΦӖьЯШċŰĬШƖőŸĬŔƨůШыΝӖь 
¶ ~ĲĬŔĦċũЯШĤŔŸůĲĬŔĦċũШċŰĬШĬĲŰƣċũаШÂũċƣŔŰƨůШыΠΦӖьЯШċŰĬШƓċũũċĬŔƨůШыΡΝӖьШ 

 

 
499ШÉĦőƨũƣĲЯШÅЮШ[ЮШыΞΜΞΠьЮШÂũċƣŔŰƨůрŊƖŸƨƓШůĲƣċũƚШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΞΜШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťЯШƻŸũƨůĲШfаШ~ĲƣċũƚШċŰĬШůŔŰĲƖċũƚЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШ
ŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΞΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΜоůǃĤΝрΞΜΞΜрƓũċƣŔŰƨůрŊƖŸƨƓЮƓĬŉШ 
500ШÉĦőůŔĬƣЯШ~ЮШыΞΜΝΡьЮШÅŸőƚƣŸǭƖŔƚŔťŸĤĲƽĲƖƣƨŰŊШтШÂũċƣŔŰŊƖƨƓƓĲŰůĲƣċũũĲШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΞΣаШΝΡΣШÉЮЯШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΞΠЮΜΟЮΞΜΞΡШ
ŉƖŸůШőƣƣƓƚаооƽƽƽЮĤŊƖЮĤƨŰĬЮĬĲо?EÅ о?Eо?ŸƽŰũŸċĬƚоƚƣƨĬŔĲхÂũċƣŔŰхΞΜΝΡЮƓĬŉШ 
501ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШÂ]~аШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШÉ9ÅÅEE ΞЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΞΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÂ]~ЮƓĬŉШШШ 
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https://pubs.usgs.gov/myb/vol1/2020/myb1-2020-platinum-group.pdf
https://www.bgr.bund.de/DERA/DE/Downloads/studie_Platin_2015.pdf
https://scrreen.eu/wp-content/uploads/2023/08/SCRREEN2_factsheets_PGM.pdf


 

 ΝΟΤ 

éċũƨĲШĦőċŔŰШыƚŔůƓũŔǯĲĬь502 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
502Ш]ƨŰŰЯШ]ЮШыEĬЮьЮШыΞΜΝΟьЮШ9ƖŔƣŔĦċũШůĲƣċũƚШőċŰĬĤŸŸťЮШìŔũĲǃр7ũċĦťƽĲũũЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΜΞоΦΤΥΝΝΝΥΤΡΡΟΠΝШ 

https://doi.org/10.1002/9781118755341


 

 ΝΟΥ 

ÉƨĤƚƣŔƣƨƣŔŸŰ503 
ÉƨĤƚƣŔƣƨƣĲƚШŉŸƖШÂ]~ƚШċƖĲШƨƚƨċũũǃШŸƣőĲƖШÂ]~ƚЯШŰŔĦťĲũЯШĦŸĤċũƣЯШŸƖШŊŸũĬЮШcŸƽĲƻĲƖЯШƚŔŰĦĲШÂ]~ƚШċƖĲШĦŸр
ƓƖŸĬƨĦĲĬШŉƖŸůШƣőĲШƚċůĲШŸƖĲƚЯШƣőĲŔƖШƚƨƓƓũǃШŔƚШũŔŰťĲĬЯШũŔůŔƣŔŰŊШƣőĲŔƖШċĤŔũŔƣǃШƣŸШƚƨĤƚƣŔƣƨƣĲШŸŰĲШċŰŸƣőĲƖШĬƨƖŔŰŊШ
ĬŔƚƖƨƓƣŔŸŰƚЮШ 

fŰƣĲƖůĲĬŔċƣĲШċŰĬШĲŰĬШƓƖŸĬƨĦƣƚ ÉƨĤƚƣŔƣƨƣŔŸŰ 

ÂũċƣŔŰƨů 

ÂũċƣŔŰƨůШŔŰШůŸƚƣШŊċƚŸũŔŰĲрĲŰŊŔŰĲШĦċƣċũǃƣŔĦШ
ĦŸŰƻĲƖƣĲƖƚ ÂċũũċĬŔƨů 

ÂũċƣŔŰƨůШŔŰШĬŔĲƚĲũШĦċƣċũǃƣŔĦШĦŸŰƻĲƖƣĲƖƚЯШċĤŸƨƣШ
ΞΡӖШĦċŰШƖŸƨƣŔŰĲũǃШĤĲШƚƨĤƚƣŔƣƨƣĲĬбШƣőĲШƓƖŸƓŸƖƣŔŸŰШ
ĦċŰШĤĲШċƚШůƨĦőШċƚШΡΜӖШŔŰШƚŸůĲШċƓƓũŔĦċƣŔŸŰƚ 

ÂċũũċĬŔƨů 

ÂũċƣŔŰƨůШƓƖŸĦĲƚƚШĦċƣċũǃƚƣƚШŉŸƖШƣőĲШƓƖŸĬƨĦƣŔŸŰШŸŉШ
ĦőĲůŔĦċũƚ 9ŸĤċũƣШŸǂŔĬĲШŔŰШƣőĲШƓƖŸĬƨĦƣŔŸŰШŸŉШŰŔƣƖŔĦШċĦŔĬ 

ÂũċƣŔŰƨůШŔŰШƓĲƣƖŸũĲƨůШƖĲǯŰŔŰŊШƓƖŸĦĲƚƚĲƚ ~ŸũǃĤĬĲŰƨůШŸǂŔĬĲрĤċƚĲĬШĦċƣċũǃƚƣƚ 

ÂũċƣŔŰƨůШŔŰШŊũċƚƚШůċŰƨŉċĦƣƨƖŔŰŊШĲƕƨŔƓůĲŰƣ ÅőŸĬŔƨůШ 
ÂũċƣŔŰƨůШŔŰШƚƣċƣŔŸŰċƖǃШƓŸũũƨƣŔŸŰШĦŸŰƣƖŸũЯШƚƓċƖťШ
ƓũƨŊƚШċŰĬШŸǂǃŊĲŰШƚĲŰƚŸƖƚЯШċŰĬШĦŸƖƖŸƚŔŸŰрШ
ƖĲƚŔƚƣċŰƣШĦŸċƣŔŰŊƚ 

§ƣőĲƖШÂ]~ƚ 

ÂũċƣŔŰƨůрĤċƚĲĬШċũũŸǃƚШŔŰШĬĲŰƣċũШċŰĬШĤŔŸůĲĬŔĦċũШ
ċƓƓũŔĦċƣŔŸŰƚ ÂċũũċĬŔƨůрĤċƚĲĬШċũũŸǃƚ 

ÂċũũċĬŔƨůШ 

ÂċũũċĬŔƨůШŔŰШůŸƚƣШŊċƚŸũŔŰĲрĲŰŊŔŰĲШĦċƣċũǃƣŔĦШ
ĦŸŰƻĲƖƣĲƖƚ ÂũċƣŔŰƨů 

ÂċũũċĬŔƨůШŔŰШĬŔĲƚĲũШĦċƣċũǃƣŔĦШĦŸŰƻĲƖƣĲƖƚЯШċĤŸƨƣШ
ΞΡӖШĦċŰШƖŸƨƣŔŰĲũǃШĤĲШƚƨĤƚƣŔƣƨƣĲĬбШƣőĲШƓƖŸƓŸƖƣŔŸŰШ
ĦċŰШĤĲШċƚШůƨĦőШċƚШΡΜӖШŔŰШƚŸůĲШċƓƓũŔĦċƣŔŸŰƚ 

ÂũċƣŔŰƨů 

ÂċũũċĬŔƨůШŔŰШĲũĲĦƣƖŸŰŔĦƚШ  ŔĦťĲũрĤċƚĲĬШůƨũƣŔũċǃĲƖШĦĲƖċůŔĦШĦċƓċĦŔƣŸƖƚ 
ũũŸǃƚШƽŔƣőШƓċũũċĬŔƨůШŔŰШĬĲŰƣċũШƖĲƚƣŸƖċƣŔŸŰƚ  ŔĦťĲũрĤċƚĲĬШůĲƣċũШċũũŸǃƚ 

ÂċũũċĬŔƨůШƓƖŸĦĲƚƚШĦċƣċũǃƚƣƚШŉŸƖШĦőĲůŔĦċũШċŰĬШ
ƓĲƣƖŸũĲƨůШċƓƓũŔĦċƣŔŸŰƚ 

ŰŔĦťĲũШĦċƣċũǃƚƣƚШůŔŊőƣШĤĲШƨƚĲĬШŔŰШƣőĲШ
őǃĬƖŸŊĲŰċƣŔŸŰШŸŉШċũťǃŰĲƚШƣŸШċũťĲŰĲƚЯШ
ŔŰĬŔƖĲĦƣШƚǃŰƣőĲƚŔƚШŸŉШőǃĬƖŸŊĲŰШƓĲƖŸǂŔĬĲЯШ
ċŰĬШŔŰШőǃĬƖŸрĦƖċĦťŔŰŊШċŰĬШőǃĬƖŸрƣƖĲċƣŔŰŊ 

ÂċũũċĬŔƨůШŔŰШĦŸŰƣƖŸũШŸŉШŔŰĬƨƚƣƖŔċũШĲůŔƚƚŔŸŰƚШċŰĬШ
ŸǂǃŊĲŰШƚĲŰƚŸƖƚ §ƣőĲƖШÂ]~ƚШ 

ÅőŸĬŔƨůШ 

ÅőŸĬŔƨůШŔŰШŊũċƚƚШůċŰƨŉċĦƣƨƖŔŰŊШĲƕƨŔƓůĲŰƣ 
ÂũċƣŔŰƨůШыĲŔƣőĲƖШċũŸŰĲШŸƖШƽŔƣőШċŰШċũũŸǃŔŰŊШ
ċŊĲŰƣШŸƣőĲƖШƣőċŰШƖőŸĬŔƨůЯШƚƨĦőШċƚШŊŸũĬШŸƖШ
ŔƖŔĬŔƨůьШ 

ÅőŸĬŔƨůШŔŰШĦőĲůŔĦċũШċƓƓũŔĦċƣŔŸŰƚШ 

9ŸĤċũƣШŉŸƖШƓƖŸĦĲƚƚШĦċƣċũǃƚƣƚШƨƚĲĬШŔŰШƣőĲШ
ĦŸŰƻĲƖƚŔŸŰШŸŉШċũťĲŰĲƚШƣŸШċũĬĲőǃĬĲƚбШ
ƖƨƣőĲŰŔƨůШĦċƣċũǃƚƣƚШŉŸƖШċĦĲƣŔĦШċĦŔĬШ
ƓƖŸĬƨĦƣŔŸŰШы9ċƣŔƻċШƓƖŸĦĲƚƚь 

ÅőŸĬŔƨůШċƚШċŰШċũũŸǃŔŰŊШċŊĲŰƣШƽŔƣőШƓũċƣŔŰƨůШŔŰШ
ƣőĲƖůŸĦŸƨƓũĲƚШыĲũĲĦƣƖŔĦċũШċƓƓũŔĦċƣŔŸŰƚь 

 ŔĦťĲũШŔŰШƣǃƓĲШuШċŰĬШƣǃƓĲШ ШƣőĲƖůŸĦŸƨƓũĲƚШ 

 

 

 
503ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШÂ]~аШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШÉ9ÅÅEE ΞЮШEƨƖŸƓĲċŰШÖŰŔŸŰɻƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÂ]~ЮƓĬŉШШШ 



 

 ΝΟΦ 

]ũŸĤċũШċŰĬШEÖШƓƖŸĬƨĦƣŔŸŰШ 
]ũŸĤċũШůŔŰĲШƓƖŸĬƨĦƣŔŸŰШтШÂċũũċĬŔƨů504 

Ш 

 

 
504Ш[ŔŊƨƖĲƚШċƖĲШĤċƚĲĬШŸŰШĬċƣċШƓƖŸƻŔĬĲĬШĤǃШƣőĲШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮ 
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9ŸƨŰƣƖǃ ÉőċƖĲШŸŉШŊũŸĤċũШ
ůŔŰĲШƓƖŸĬƨĦƣŔŸŰШ
ыċƻŊЮШΞΜΝΦрΞΜΞΟь 

ÅƨƚƚŔċШ ΠΟӖ 

ÉŸƨƣőШ ŉƖŔĦċ ΟΣӖ 

9ċŰċĬċ ΤӖ 

ÑőĲШÖЮÉЮ ΣӖ 

üŔůĤċĤƽĲ ΣӖ 

9őŔŰċ ΝӖ 

[ŔŰũċŰĬ ΜЮΠӖ 

ÅŸì ΜЮΝӖ 



 

 ΝΠΜ 

]ũŸĤċũШůŔŰĲШƓƖŸĬƨĦƣŔŸŰШтШÂũċƣŔŰƨů505 

Ш 

 

 

 
505Ш[ŔŊƨƖĲƚШċƖĲШĤċƚĲĬШŸŰШĬċƣċШƓƖŸƻŔĬĲĬШĤǃШƣőĲШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮ 
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9ŸƨŰƣƖǃ ÉőċƖĲШŸŉШŊũŸĤċũШ
ůŔŰĲШƓƖŸĬƨĦƣŔŸŰШ
ыċƻŊЮШΞΜΝΦрΞΜΞΟь 

ÉŸƨƣőШ ŉƖŔĦċШ ΤΝӖ 

ÅƨƚƚŔċ ΝΞӖ 

üŔůĤċĤƽĲ ΦӖ 

9ċŰċĬċ ΟӖ 

9őŔŰċ ΞӖ 

ÑőĲШÖЮÉЮШ ΞӖ 

[ŔŰũċŰĬ ΝӖ 

ÅŸì ΜЮΟӖ 



 

 ΝΠΝ 

]ũŸĤċũШůŔŰĲШƓƖŸĬƨĦƣŔŸŰШтШÅőŸĬŔƨů506 

Ш 

 

Â]~ƚШĦċŰШĤĲШůŔŰĲĬШċƚШƣőĲШůċŔŰШĦŸůůŸĬŔƣǃШŸƖШċƚШĤǃрƓƖŸĬƨĦƣƚШŸŉШĦőƖŸůŔƣĲШŸƖШŰŔĦťĲũрĦŸƓƓĲƖШůŔŰŔŰŊ507ЮШ
]ũŸĤċũШÂ]~ƚШůŔŰĲШƓƖŸĬƨĦƣŔŸŰШŔƚШĬŸůŔŰċƣĲĬШĤǃШċШŉĲƽШĦŸůƓċŰŔĲƚЯШŔŰĦũƨĬŔŰŊШŰŊũŸШ ůĲƖŔĦċŰШÂũċƣŔŰƨůЯШ
 ŸƖŔũƚťШ ŔĦťĲũШыŸƖШ ŸƖŰŔĦťĲũьЯШfůƓċũċШÂũċƣŔŰƨůШыŸƖШfůƓũċƣƚьЯШ ŸƖƣőċůШÂũċƣŔŰƨůШċŰĬШÉŔĤċŰǃĲШÉƣŔũũƽċƣĲƖШ
ċŰĬШũċƖŊĲũǃШƻĲƖƣŔĦċũũǃШŔŰƣĲŊƖċƣĲĬЯШĦŸƻĲƖŔŰŊШůŔŰŔŰŊЯШĦŸŰĦĲŰƣƖċƣŔŸŰЯШƚůĲũƣŔŰŊЯШƖĲǯŰŔŰŊЯШċŰĬШůċƖťĲƣŔŰŊ508Ю 

 

 

 
506Ш[ŔŊƨƖĲƚШċƖĲШĤċƚĲĬШŸŰШĬċƣċШƓƖŸƻŔĬĲĬШĤǃШƣőĲШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮ 
507ШÉĦőƨũƣĲЯШÅЮШ[ЮШыΞΜΞΠьЮШÂũċƣŔŰƨůрŊƖŸƨƓШůĲƣċũƚШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΞΜШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťЯШƻŸũƨůĲШfаШ~ĲƣċũƚШċŰĬШůŔŰĲƖċũƚЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШ
ŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΞΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΜоůǃĤΝрΞΜΞΜрƓũċƣŔŰƨШ 
508ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШÂ]~аШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШÉ9ÅÅEE ΞЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΞΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÂ]~ЮƓĬŉШШШ 
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9ŸƨŰƣƖǃ ÉőċƖĲШŸŉШŊũŸĤċũШ
ůŔŰĲШƓƖŸĬƨĦƣŔŸŰШ
ыċƻŊЮШΞΜΝΦрΞΜΞΟь 

ÉŸƨƣőШ ŉƖŔĦċ ΥΠӖ 

ÅƨƚƚŔċ ΥӖ 

üŔůĤċĤƽĲ ΣӖ 

9ċŰċĬċ ΞӖ 

ÅŸì ΜЮΝӖ 



 

 ΝΠΞ 

EÖШůŔŰĲШƓƖŸĬƨĦƣŔŸŰ 

9ŸƨŰƣƖǃШ 
~ŔŰĲШƓƖŸĬƨĦƣŔŸŰШŔŰШΞΜΞΟШ 

ÂċũũċĬŔƨůШыťŊЯШÂĬШĦŸŰƣĲŰƣь ÂũċƣŔŰƨůШыťŊЯШÂƣШĦŸŰƣĲŰƣь ÅĲůċƖť 

[ŔŰũċŰĬ509 ΤΣΞ ΦΟΟ 7ǃрƓƖŸĬƨĦƣШŸŉШ Ŕр9ƨШůŔŰŔŰŊШ 

ÂŸũċŰĬ510 ӃΝΜΜuŊ 7ǃрƓƖŸĬƨĦƣШŸŉШ9ƨШůŔŰŔŰŊ 

 

~ŔŰĲШƓƖŸĬƨĦƣŔŸŰШŸŉШŸƣőĲƖШEƨƖŸƓĲċŰШĦŸƨŰƣƖŔĲƚШ 

9ŸƨŰƣƖǃШ ~ŔŰĲШƓƖŸĬƨĦƣŔŸŰШŔŰШΞΜΞΟШыťŊЯШÂ]~ШĦŸŰƣĲŰƣьШ 

ÉĲƖĤŔċ 
ΝΜΜШыÂĬь 

ΞΜШыÂƣь 

 

ÉĲĦŸŰĬċƖǃШƓƖŸĬƨĦƣŔŸŰ 

ÅĲĦǃĦũŔŰŊШÂ]~ƚШŔƚШŰŸƣШŸŰũǃШƣĲĦőŰŔĦċũũǃШƻŔċĤũĲЯШƽŔƣőШƻĲƖǃШőŔŊőШƖĲĦŸƻĲƖǃШƖċƣĲƚЯШĤƨƣШċũƚŸШĲĦŸŰŸůŔĦċũũǃШ
ċƣƣƖċĦƣŔƻĲШĬƨĲШƣŸШƣőĲŔƖШőŔŊőШŔŰƣƖŔŰƚŔĦШƻċũƨĲЯШũŔťĲШċũũШƓƖĲĦŔŸƨƚШůĲƣċũƚ511ЮШfŰШΞΜΞΜЯШċĤŸƨƣШΝΣΝЯΜΜΜШťŊШŸŉШÂ]~ƚШ
ƽĲƖĲШƖĲĦǃĦũĲĬШŉƖŸůШƣőƖĲĲШůċŔŰШƚŸƨƖĦĲƚЯШĦċƣċũǃƣŔĦШĦŸŰƻĲƖƣĲƖƚЯШĲũĲĦƣƖŸŰŔĦƚЯШċŰĬШŢĲƽĲũũĲƖǃЯШůċťŔŰŊШƨƓШΟΝӖШ
ŸŉШƣőĲШŊũŸĤċũШƚƨƓƓũǃЮШ ůŸŰŊШƣőĲШċŉŸƖĲůĲŰƣŔŸŰĲĬШƚŸƨƖĦĲƚЯШĦċƣċũǃƣŔĦШĦŸŰƻĲƖƣĲƖƚШƽĲƖĲШƣőĲШƓƖĲĬŸůŔŰċŰƣШ
ƚŸƨƖĦĲШŸŉШƚĲĦŸŰĬċƖǃШÂ]~ƚ512ЮШ7ǃШΞΜΞΠЯШċƖŸƨŰĬШΝΞΜЯΜΜΜШťŊШŸŉШƓċũũċĬŔƨůШċŰĬШƓũċƣŔŰƨůШƽĲƖĲШƖĲĦŸƻĲƖĲĬШ
ŉƖŸůШƚĦƖċƓ513Ю 

ÑőĲШĬŔƚƣŔŰĦƣŔŸŰШĤĲƣƽĲĲŰШĦũŸƚĲĬрũŸŸƓШċŰĬШŸƓĲŰрũŸŸƓШċƓƓũŔĦċƣŔŸŰƚШƚŔŊŰŔǯĦċŰƣũǃШċǭĲĦƣƚШÂ]~ШƖĲĦǃĦũŔŰŊШ
ƖċƣĲƚЮШfŰШĦũŸƚĲĬрũŸŸƓШƚǃƚƣĲůƚШƚƨĦőШċƚШĦőĲůŔĦċũƚЯШŸŔũШƖĲǯŰŔŰŊЯШċŰĬШŊũċƚƚШůċŰƨŉċĦƣƨƖŔŰŊЯШÂ]~ƚШƖĲůċŔŰШ
ƽŔƣőШƣőĲШƚċůĲШŸƽŰĲƖШƣőƖŸƨŊőŸƨƣШƣőĲŔƖШũŔŉĲĦǃĦũĲЯШĲŰƚƨƖŔŰŊШőŔŊőШƖĲĦŸƻĲƖǃШƖċƣĲƚЮШìőŔũĲШŊƖŸƚƚШĬĲůċŰĬШċŰĬШ
ƖĲĦǃĦũŔŰŊШƖċƣĲƚШŔŰШƣőĲƚĲШƚĲĦƣŸƖƚШċƖĲШƣǃƓŔĦċũũǃШĲǂĦũƨĬĲĬШŉƖŸůШƓƨĤũŔƚőĲĬШƚƣċƣŔƚƣŔĦƚЯШŔŰĦũƨĬŔŰŊШƣőĲůШƽŸƨũĬШ
ƚőŸƽШƣőċƣШƚĲĦŸŰĬċƖǃШÂ]~ƚШĦŸŰƣƖŔĤƨƣĲШůŸƖĲШƣőċŰШΡΜӖШŸŉШƣőĲШƣŸƣċũШƚƨƓƓũǃЮ 

fŰШĦŸŰƣƖċƚƣЯШŸƓĲŰрũŸŸƓШċƓƓũŔĦċƣŔŸŰƚЯШƚƨĦőШċƚШċƨƣŸĦċƣċũǃƚƣƚШċŰĬШĲũĲĦƣƖŸŰŔĦƚЯШőċƻĲШũŸƽĲƖШƖĲĦǃĦũŔŰŊШƖċƣĲƚШ
ĬƨĲШƣŸШŔŰĲǭŔĦŔĲŰƣШĦŸũũĲĦƣŔŸŰШċŰĬШůċƣĲƖŔċũШũŸƚƚĲƚШĬƨƖŔŰŊШĬŔƚůċŰƣũŔŰŊЮШìőŔũĲШƣőĲШŰĲĦĲƚƚċƖǃШƖĲĦǃĦũŔŰŊШ
ƣĲĦőŰŸũŸŊǃШ ŔƚШ őŔŊőũǃШ ĲǭŔĦŔĲŰƣЯШ ŔƣШ ŔƚШ ƚƓĲĦŔċũŔǍĲĬШ ċŰĬШŰŸƣШ ƽŔĬĲũǃШ ċƻċŔũċĤũĲЮШ ĬĬŔƣŔŸŰċũũǃЯШ ŔŰШ ƚŸůĲШ
ċƓƓũŔĦċƣŔŸŰƚЯШƚƨĦőШċƚШůĲĬŔĦċũШċŰĬШĤŔŸůĲĬŔĦċũШƨƚĲƚЯШƚƓċƖťШƓũƨŊƚЯШƚĲŰƚŸƖƚЯШċŰĬШőċƖĬШĬŔƚťƚЯШÂ]~ƚШċƖĲШ
ĬŔƚƚŔƓċƣĲĬШĬƨƖŔŰŊШƨƚĲШċŰĬШĦċŰŰŸƣШĤĲШƖĲĦŸƻĲƖĲĬЮШcŸƽĲƻĲƖЯШƖĲĦǃĦũŔŰŊШƖċƣĲƚШŉŸƖШÂ]~ƚШŔŰШŢĲƽĲũũĲƖǃШċŰĬШ
ŔŰƻĲƚƣůĲŰƣШŔƣĲůƚШƖĲůċŔŰШƻĲƖǃШőŔŊő514Ю 

 

 
509Ш[ŔŊƨƖĲƚШċƖĲШĤċƚĲĬШŸŰШĬċƣċШƓƖŸƻŔĬĲĬШĤǃШƣőĲШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮ 
510ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШÂ]~аШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШÉ9ÅÅEE ΞЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΞΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÂ]~ЮƓĬŉШШШ 
511ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШÂ]~аШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШÉ9ÅÅEE ΞЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΞΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÂ]~ЮƓĬŉШШШ 
512ШÉĦőƨũƣĲЯШÅЮШ[ЮШыΞΜΞΠьЮШÂũċƣŔŰƨůрŊƖŸƨƓШůĲƣċũƚШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΞΜШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťЯШƻŸũƨůĲШfаШ~ĲƣċũƚШċŰĬШůŔŰĲƖċũƚЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШ
ŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΞΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΜоůǃĤΝрΞΜΞΜрƓũċƣŔŰƨШ 
513ШÉĦőƨũƣĲЯШÅЮШ[ЮШыΞΜΞΡьЮШÂũċƣŔŰƨůрŊƖŸƨƓШůĲƣċũƚЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡШыƓƓЮШΝΟΣтΝΟΤьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ
]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΞΡЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрƓũċƣŔŰƨůрŊƖŸƨƓЮƓĬŉШ 
514Ш]ƨŰŰЯШ]ЮШыEĬЮьЮШыΞΜΝΟьЮШ9ƖŔƣŔĦċũШůĲƣċũƚШőċŰĬĤŸŸťЮШìŔũĲǃр7ũċĦťƽĲũũЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΜΞоΦΤΥΝΝΝΥΤΡΡΟΠΝ  

https://pubs.usgs.gov/periodicals/mcs2025/mcs2025-platinum-group.pdf
https://doi.org/10.1002/9781118755341


 

 ΝΠΟ 

ÅĲƚĲƖƻĲƚ 
]ũŸĤċũШÂ]~ШƖĲƚĲƖƻĲƚ515Ш 
9ŸƨŰƣƖǃШ ÅĲƚĲƖƻĲƚШыuŊЯШÂ]~ШĦŸŰƣĲŰƣь 

ÉŸƨƣőШ ŉƖŔĦċ ΣΟЯΜΜΜЯΜΜΜ 

ÅƨƚƚŔċ ΝΣЯΜΜΜЯΜΜΜ 
üŔůĤċĤƽĲ ΝЯΞΜΜЯΜΜΜ 

ÑőĲШÖЮÉЮ ΥΞΜЯΜΜΜ 

9ċŰċĬċ ΟΝΜЯΜΜΜ 

 

EÖШƖĲƚĲƖƻĲƚ516 
9ŸƨŰƣƖǃШ ÂƖŸƻĲŰШƖĲƚĲƖƻĲƚШыƣЯШÂ]~ШĦŸŰƣĲŰƣь 

[ŔŰũċŰĬ 
ΤЮΞΦШыÂĬьШ 

ΝΞЮΦΣШыÂƣь 

 

 

 

 

 

 

 
515ШÉĦőƨũƣĲЯШÅЮШ[ЮШыΞΜΞΡьЮШÂũċƣŔŰƨůрŊƖŸƨƓШůĲƣċũƚЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡШыƓƓЮШΝΟΣтΝΟΤьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ
]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΞΡЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрƓũċƣŔŰƨůрŊƖŸƨƓЮƓĬŉШШ 
516ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШÂ]~аШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШÉ9ÅÅEE ΞЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΞΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÂ]~ЮƓĬŉШШШ 



 

 ΝΠΠ 

ÂƖŸĦĲƚƚŔŰŊШƚƣċŊĲШтШƖĲǯŰĲĬШÂ]~ƚ 
]ũŸĤċũШƓƖŸĬƨĦĲƖƚШċƣШƣőĲШƓƖŸĦĲƚƚŔŰŊШƚƣċŊĲШŔŰШΞΜΞΟ 
Ш 

fŰШΞΜΞΟЯШƣőĲШŊũŸĤċũШƖĲǯŰĲĬШƓċũũċĬŔƨůШƓƖŸĬƨĦƣŔŸŰШƽċƚШΟΞΞЯΜΜΜШťŊШŸŉШƓċũũċĬŔƨůШĦŸŰƣĲŰƣШċŰĬШƣőĲШŊũŸĤċũШ
ƖĲǯŰĲĬШƓũċƣŔŰƨůШƓƖŸĬƨĦƣŔŸŰШƽċƚШΞΤΠЯΜΜΜШťŊШŸŉШƓũċƣŔŰƨůШĦŸŰƣĲŰƣЮШ7ŸƣőШŔŰĦũƨĬĲĬШƚĲĦŸŰĬċƖǃШƓƖŸĬƨĦƣŔŸŰШ
ŉƖŸůШsċƓċŰШċŰĬШƣőĲШÖЮÉ517ЮШШ 

ƚШŔŰƣƖŸĬƨĦĲĬШŔŰШƣőĲШƓƖĲƻŔŸƨƚШƚĲĦƣŔŸŰШы]ũŸĤċũШċŰĬШEÖШƓƖŸĬƨĦƣŔŸŰьЯШŊũŸĤċũШÂ]~ШƻċũƨĲШĦőċŔŰШŔƚШőŔŊőũǃШ
ĦŸŰĦĲŰƣƖċƣĲЮШÑőĲШůċŢŸƖƚШůŔŰŔŰŊШĦŸůƓċŰŔĲƚШċƖĲШŊĲŰĲƖċũũǃШƻĲƖƣŔĦċũũǃШŔŰƣĲŊƖċƣĲĬШƽŔƣőШŸƽŰШĬŸƽŰƚƣƖĲċůШ
ƓƖŸĦĲƚƚŔŰŊЯШŔŰĦũƨĬŔŰŊШƖĲǯŰŔŰŊЮ 

ÑőĲШŊũŸĤċũШÂ]~ШŉċĤƖŔĦċƣŔŸŰШƚĲĦƣŸƖШŔƚШĬŸůŔŰċƣĲĬШĤǃШǯƻĲШťĲǃШĦŸůƓċŰŔĲƚаШsŸőŰƚŸŰШ~ċƣƣőĲǃЯШ7 É[ЯШ
ÖůŔĦŸƖĲЯШcĲƖċĲƨƚЯШċŰĬШÑċŰċťċЯШƽŔƣőШŉŸƨƖШőċƻŔŰŊШċШƚƣƖŸŰŊШƓƖĲƚĲŰĦĲШŔŰШEƨƖŸƓĲЮШÑŸŊĲƣőĲƖЯШƣőĲǃШċĦĦŸƨŰƣШŉŸƖШ
ċƓƓƖŸǂŔůċƣĲũǃШΥΡӖШŸŉШƣőĲШŉċĤƖŔĦċƣĲĬШÂ]~ШůċƖťĲƣЮШÑőĲƚĲШĦŸůƓċŰŔĲƚШŸƓĲƖċƣĲШũċƖŊĲЯШŔŰƣĲŊƖċƣĲĬШŉċĦŔũŔƣŔĲƚШ
ƣőċƣШƚŸƨƖĦĲШůċƣĲƖŔċũƚШŉƖŸůШĤŸƣőШƓƖŔůċƖǃШċŰĬШƚĲĦŸŰĬċƖǃШƚƨƓƓũŔĲƚ518Ю 

 

 

 

 

 
517Ш[ŔŊƨƖĲƚШċƖĲШĤċƚĲĬШŸŰШĬċƣċШƓƖŸƻŔĬĲĬШĤǃШƣőĲШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮ 
518ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШÂ]~аШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШÉ9ÅÅEE ΞЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΞΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÂ]~ЮƓĬŉШШШ 
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 ΝΠΡ 

?ĲůċŰĬШ 
]ũŸĤċũШĬĲůċŰĬ519 
ÑőĲШŊũŸĤċũШĬĲůċŰĬШŸŉШƓċũũċĬŔƨůЯШƓũċƣŔŰƨůШċŰĬШƖőŸĬŔƨůШƽĲƖĲШĲƚƣŔůċƣĲĬШƣŸШĤĲШΟΞΞЮΣЯШШΞΟΣЮΣШċŰĬШΟΠЮΤШ
ůĲƣƖŔĦШƣŸŰƚШƖĲƚƓĲĦƣŔƻĲũǃШŔŰШΞΜΞΟЮШ?ĲůċŰĬШĤǃШƚĲĦƣŸƖШŔƚШƚőŸƽŰШċƚШŉŸũũŸƽƚ520ЮШ9őŔŰċШċĦĦŸƨŰƣƚШŉŸƖШŰĲċƖũǃШ
ΠΜӖШ ŸŉШŊũŸĤċũШÂ]~Ш ĬĲůċŰĬШ ŔŰШ ŔŰĬƨƚƣƖŔċũШ ƓƖŸĬƨĦƣƚШ ċŰĬШ ƓƖŸĦĲƚƚĲƚШ ыŔЮĲЮЯШ ĲǂĦũƨĬŔŰŊШ ċƨƣŸůŸƣŔƻĲШ
ċƓƓũŔĦċƣŔŸŰƚьШ521ЮШШ 

 

 

 

 

 

 

 

 

 

 

 
519Ш7ƖŸƽŰЯШÉЮЯШ9ŸũĲЯШxЮЯШ9ŸƽũĲǃЯШ ЮЯШ?ŔĦťƚŸŰЯШsЮЯШ[ƨŢŔƣċЯШ~ЮЯШ]ŔƖċƖĬŸƣЯШ ЮЯШ]ƖċŰƣЯШÉЮЯШsŔċŰŊЯШsЮЯШÅċŔƣőċƣőċЯШÅЮЯШÅǃċŰЯШ~ЮЯШÖŰĬĲƖƽŸŸĬЯШ~ЮШѼШìċŰŊЯШ ЮШ
ы~ċǃШΞΜΞΠьЮШÂ]~Ш~ċƖťĲƣШÅĲƓŸƖƣЮШsŸőŰƚŸŰШ~ċƣƣőĲǃЮШÅĲƣƖŔĲƻĲĬШΞΣЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооůċƣƣőĲǃЮĦŸůоĬŸĦƨůĲŰƣƚоΝΣΝΡΦΦоΡΜΦΠΞΥоÂ]~р
~ċƖťĲƣрÅĲƓŸƖƣрΞΠЮƓĬŉоΠĬΡΡΤĬΟĤрΠΤĬΝрĬΦΤΡрĦΠċŉрΡĬŉΝĦΥΝΜΜΜŉΜеƣӀΝΤΝΡΞΞΥΦΟΣΜΦΜШ 
520Ш?ĲůċŰĬШǯŊƨƖĲƚШŉŸƖШċŰǃШŊŔƻĲŰШċƓƓũŔĦċƣŔŸŰШƖĲƓƖĲƚĲŰƣШƣőĲШƚƨůШŸŉШŔŰĬƨƚƣƖǃШĬĲůċŰĬШŉŸƖШŰĲƽШůĲƣċũШŔŰШƣőċƣШċƓƓũŔĦċƣŔŸŰЯШŰĲƣШŸŉШċŰǃШĦũŸƚĲĬрũŸŸƓШ
ƖĲĦǃĦũŔŰŊШыŔЮĲЮШƽőĲƖĲШŔŰĬƨƚƣƖǃШƓċƖƣŔĦŔƓċŰƣƚШƖĲƣċŔŰШŸƽŰĲƖƚőŔƓШŸŉШƣőĲШůĲƣċũьЮ 
521Ш7ƖŸƽŰЯШÉЮЯШ9ŸũĲЯШxЮЯШ9ŸƽũĲǃЯШ ЮЯШ?ŔĦťƚŸŰЯШsЮЯШ[ƨŢŔƣċЯШ~ЮЯШ]ŔƖċƖĬŸƣЯШ ЮЯШ]ƖċŰƣЯШÉЮЯШsŔċŰŊЯШsЮЯШÅċŔƣőċƣőċЯШÅЮЯШÅǃċŰЯШ~ЮЯШÖŰĬĲƖƽŸŸĬЯШ~ЮШѼШìċŰŊЯШ ЮШ
ы~ċǃШΞΜΞΠьЮШÂ]~Ш~ċƖťĲƣШÅĲƓŸƖƣЮШsŸőŰƚŸŰШ~ċƣƣőĲǃЮШÅĲƣƖŔĲƻĲĬШΞΣЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооůċƣƣőĲǃЮĦŸůоĬŸĦƨůĲŰƣƚоΝΣΝΡΦΦоШ 
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https://matthey.com/documents/161599/509428/PGM-Market-Report-24.pdf/4d557d3b-47d1-d975-c4af-5df1c81000f0?t=1715228936090
https://matthey.com/documents/161599/509428/PGM-Market-Report-24.pdf/4d557d3b-47d1-d975-c4af-5df1c81000f0?t=1715228936090


 

 ΝΠΣ 

EÖШĬĲůċŰĬ 
ÂċũũċĬŔƨůЮ 

fŰШΞΜΞΟЯШƣőĲШEƨƖŸƓĲċŰШƣŸƣċũШĬĲůċŰĬШŸŉШƓċũũċĬŔƨůШƽċƚШ
ΤΜЮΟШůĲƣƖŔĦШƣŸŰƚШċĦĦŸƨŰƣŔŰŊШŉŸƖШċĤŸƨƣШΞΞӖШŸŉШƣőĲШ
ŊũŸĤċũШĬĲůċŰĬЮШ?ĲůċŰĬШĤǃШƚĲĦƣŸƖШŔƚШƚőŸƽŰШċƣШƣőĲШ
ƖŔŊőƣШőċŰĬШƚŔĬĲ522ЮШÑőĲШEÖѣƚШċƓƓċƖĲŰƣШĦŸŰƚƨůƓƣŔŸŰШŸŉШ
ƓċũũċĬŔƨůШ ůĲƣċũШ ŔŰШ ƨŰƽƖŸƨŊőƣШ ŸƖШ ŔŰШ ƓŸƽĬĲƖШ ŉŸƖůШ
ċƻĲƖċŊĲĬШΠΣЮΡШůĲƣƖŔĦШƣŸŰƚШƓĲƖШǃĲċƖШĤĲƣƽĲĲŰШΞΜΝΞШċŰĬШ
ΞΜΝΣЯШƽŔƣőШċШŰĲƣШŔůƓŸƖƣШƖĲũŔċŰĦĲШŸŉШΦΥӖЮШ7ĲƣƽĲĲŰШΞΜΝΣШ
ċŰĬШΞΜΞΜЯШƣőĲШƓƖŔůċƖǃШƚƨƓƓũŔĲƖƚШƽĲƖĲШƣőĲШÖЮÉЮШыΞΦЮΤӖьЯШ
ÅƨƚƚŔċШыΞΥЮΦӖьЯШƣőĲШÖuШыΞΝЮΥӖьЯШÉŸƨƣőШ ŉƖŔĦċШыΝΜЮΣӖьЯШ
ċŰĬШÉƽŔƣǍĲƖũċŰĬШыΡӖь523ЮШ 

ÂũċƣŔŰƨů 

fŰШΞΜΞΟЯШƣőĲШEƨƖŸƓĲċŰШƣŸƣċũШĬĲůċŰĬШŸŉШƓũċƣŔŰƨůШƽċƚШ
ΠΦЮΠШůĲƣƖŔĦШƣŸŰƚШċĦĦŸƨŰƣŔŰŊШŉŸƖШċĤŸƨƣШΞΝӖШŸŉШƣőĲШ
ŊũŸĤċũШĬĲůċŰĬЮШ?ĲůċŰĬШĤǃШƚĲĦƣŸƖШŔƚШƚőŸƽŰШċƣШƣőĲШ
ƖŔŊőƣШőċŰĬШƚŔĬĲ524ЮШÑőĲШEÖѣƚШċƓƓċƖĲŰƣШĦŸŰƚƨůƓƣŔŸŰШŸŉШ
ƓũċƣŔŰƨůШ ůĲƣċũШ ŔŰШ ƨŰƽƖŸƨŊőƣШ ŸƖШ ŔŰШ ƓŸƽĬĲƖШ ŉŸƖůШ
ċƻĲƖċŊĲĬШΝΡЮΝШůĲƣƖŔĦШƣŸŰƚШƓĲƖШǃĲċƖШĤĲƣƽĲĲŰШΞΜΝΞШċŰĬШ
ΞΜΝΣЯШƽŔƣőШċШŰĲƣШŔůƓŸƖƣШƖĲũŔċŰĦĲШŸŉШΦΠӖЮШ7ĲƣƽĲĲŰШΞΜΝΣШ
ċŰĬШΞΜΞΜЯШƣőĲШƓƖŔůċƖǃШƚƨƓƓũŔĲƖƚШƽĲƖĲШƣőĲШÖuШыΡΝЮΡӖьЯШ
ÉŸƨƣőШ ŉƖŔĦċШыΝΤЮΥӖьЯШÉƽŔƣǍĲƖũċŰĬШыΥЮΠӖьЯШċŰĬШÅƨƚƚŔċШ
ыΤӖь525ЮШ 

ÅőŸĬŔƨů 

ĦĦŸƖĬŔŰŊШƣŸШEƨƖŸƚƣċƣШĬċƣċЯШƣőĲШEÖШċƓƓĲċƖƚШƣŸШĤĲШċШŰĲƣШĲǂƓŸƖƣĲƖШŸŉШƖőŸĬŔƨůШŔŰШĤŸƣőШƨŰƽƖŸƨŊőƣШŸƖШ
ƓŸƽĬĲƖĲĬШŉŸƖůШċŰĬШƚĲůŔрůċŰƨŉċĦƣƨƖĲĬШŉŸƖůƚЯШƖĲƚƨũƣŔŰŊШŔŰШċШŰĲŊċƣŔƻĲШċƓƓċƖĲŰƣШĦŸŰƚƨůƓƣŔŸŰШƻċũƨĲЮШШÑőĲШ
ůċŔŰШƚƨƓƓũŔĲƖƚШĤĲƣƽĲĲŰШΞΜΝΣШċŰĬШΞΜΞΜШƽĲƖĲШƣőĲШÉŸƨƣőШ ŉƖŔĦċШыΟΣЮΣӖьЯШƣőĲШÖuШыΞΤЮΠӖьЯШÅƨƚƚŔċШыΝΟЮΠӖьЯШ
ƣőĲШÖЮÉЮШыΝΝӖьШċŰĬШ~ĲǂŔĦŸыΝΜӖь526ЮШ 
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 ΝΠΤ 

[ƨƣƨƖĲШƚƨƓƓũǃШċŰĬШĬĲůċŰĬШƣƖĲŰĬƚ 
[ƨƣƨƖĲЮƚƨƓƓũǃЮ 

ĦĦŸƖĬŔŰŊШƣŸШůċƖťĲƣШƖĲƓŸƖƣƚШƖĲũĲċƚĲĬШŔŰШΞΜΞΠЯШƓƖŔůċƖǃШÂ]~ШƚƨƓƓũǃШƚƣƖƨŊŊũĲĬШĬƨĲШƣŸШŸƓĲƖċƣŔŸŰċũШ
ĦőċũũĲŰŊĲƚШũŔťĲШƓŸƽĲƖШƚőŸƖƣċŊĲƚШċŰĬШũŸƽШƓƖŔĦĲƚЯШƓƖŸůƓƣŔŰŊШĦŸƚƣрĦƨƣƣŔŰŊШůĲċƚƨƖĲƚЯШƚƨĦőШċƚШũċǃŸǭƚЯШ
ĬĲŉĲƖƖċũШŸŉШƖĲƓũċĦĲůĲŰƣШċŰĬШĲǂƓċŰƚŔŸŰШĦċƓŔƣċũШĲǂƓĲŰĬŔƣƨƖĲШċŰĬШůŔŰĲШĦũŸƚƨƖĲƚ527ЯШ528ЮШÉĲĦŸŰĬċƖǃШƚƨƓƓũǃШ
ċũƚŸШĬĲĦũŔŰĲĬЯШůċŔŰũǃШĬƨĲШƣŸШƖĲĬƨĦĲĬШċƨƣŸĦċƣċũǃƚƣШƖĲĦǃĦũŔŰŊШĦċƨƚĲĬШĤǃШƚĦƖċƓǃċƖĬШőŸċƖĬŔŰŊЯШƖĲŊƨũċƣŸƖǃШ
őƨƖĬũĲƚЯШċŰĬШũŸŰŊĲƖШƻĲőŔĦũĲШũŔŉĲƚƓċŰƚЮШ ĬĬŔƣŔŸŰċũũǃЯШőŔŊőШĤŸƖƖŸƽŔŰŊШĦŸƚƣƚШċŰĬШĦŸƚƣрŸŉрũŔƻŔŰŊШƓƖĲƚƚƨƖĲƚШũĲĬШ
ĤƨǃĲƖƚШƣŸШŸƓƣШŉŸƖШŸũĬĲƖШƻĲőŔĦũĲƚЯШĬĲũċǃŔŰŊШƚĦƖċƓƓċŊĲШċŰĬШƖċŔƚŔŰŊШƣőĲШċƻĲƖċŊĲШċŊĲШŸŉШĦċƖƚШĲŰƣĲƖŔŰŊШ
ƚĦƖċƓǃċƖĬƚ529Ю 

fŰШƣőĲШůŔĬШƣŸШũŸŰŊШƣĲƖůЯШÉŸƨƣőШ ŉƖŔĦċШċŰĬШÅƨƚƚŔċШƽŔũũШƖĲůċŔŰШƣőĲШƓƖŔůċƖǃШƚŸƨƖĦĲƚШŸŉШƚƨƓƓũǃШċƚШƣőĲǃШőŸũĬШ
ƣőĲШũċƖŊĲƚƣШťŰŸƽŰШƖĲƚŸƨƖĦĲƚ530ЮШÂũċƣŔŰƨůШůċƖťĲƣƚШċƖĲШƓƖŸŢĲĦƣĲĬШƣŸШƚĲĲШċШƚƨƓƓũǃШŊƖŸƽƣőШŸŉШΜЮΡӖШ9 ]ÅШ
ŉƖŸůШΞΜΞΠШƣŸШΞΜΞΦЮШìőŔũĲШƓċũũċĬŔƨůШƚƨƓƓũǃШŔƚШċũƚŸШĲǂƓĲĦƣĲĬШƣŸШŔŰĦƖĲċƚĲЯШŔƣƚШ9 ]ÅШőċƚШŰŸƣШĤĲĲŰШ
ƚƓĲĦŔǯĲĬЮШ[ŸƖШĤŸƣőШůĲƣċũƚЯШůŔŰĲШƚƨƓƓũǃШŔƚШċŰƣŔĦŔƓċƣĲĬШƣŸШĬĲĦũŔŰĲЯШƽőĲƖĲċƚШƖĲĦǃĦũŔŰŊШƚƨƓƓũǃШŔƚШĲǂƓĲĦƣĲĬШ
ƣŸШƖŔƚĲЮШ§ƻĲƖШƣőĲШƓċƚƣШĬĲĦċĬĲЯШƓũċƣŔŰƨůШċŰĬШƓċũũċĬŔƨůШůŔŰĲШƚƨƓƓũǃШőċƚШĲǂƓĲƖŔĲŰĦĲĬШƚƣĲċĬǃШĬĲĦũŔŰĲЯШċШ
ƣƖĲŰĬШƣőċƣШŔƚШƚĲƣШƣŸШĦŸŰƣŔŰƨĲ531Ю 

[ƨƣƨƖĲЮĬĲůċŰĬЮ 

ÂċũũċĬŔƨůЯШƓũċƣŔŰƨůЯШċŰĬШƖőŸĬŔƨůШċƖĲШƓƖŔůċƖŔũǃШƨƚĲĬШŔŰШĦċƣċũǃƣŔĦШĦŸŰƻĲƖƣĲƖƚШƣŸШƖĲĬƨĦĲШőċƖůŉƨũШƻĲőŔĦũĲШ
ĲůŔƚƚŔŸŰƚЮШcĲŰĦĲЯШƣőĲШƓĲƖŉŸƖůċŰĦĲШŸŉШŔŰƣĲƖŰċũШĦŸůĤƨƚƣŔŸŰШĲŰŊŔŰĲШċŰĬШőǃĤƖŔĬШƻĲőŔĦũĲƚЯШƽőŔĦőШƖĲƕƨŔƖĲШШ
ĦċƣċũǃƣŔĦШĦŸŰƻĲƖƣĲƖƚЯШƚŔŊŰŔǯĦċŰƣũǃШŔůƓċĦƣƚШÂ]~ШĬĲůċŰĬ532ЮШÑőĲШƣƖċŰƚŔƣŔŸŰШƣŸШEéƚШƽŔũũШĲũŔůŔŰċƣĲШƣőĲШŰĲĲĬШ
ŉŸƖШċƨƣŸĦċƣċũǃƚƣƚ533ЮШÑőĲƖĲŉŸƖĲЯШƣőĲШŊƖŸƽŔŰŊШƚőċƖĲШŸŉШEéƚШŔƚШĲǂƓĲĦƣĲĬШƣŸШĦƖĲċƣĲШċШƚƨƚƣċŔŰĲĬШƚƨƖƓũƨƚШŔŰШ
Â]~ШůċƖťĲƣƚШыƓċũũċĬŔƨůШċŰĬШƖőŸĬŔƨůШůŸƖĲШƣőċŰШƓũċƣŔŰƨůьШŔŰШƣőĲШůĲĬŔƨůШƣĲƖůЯШċƚШŰŸШĦũĲċƖШċũƣĲƖŰċƣŔƻĲШ
ĲǂŔƚƣƚШƣŸШƖĲƓũċĦĲШċƨƣŸĦċƣċũǃƚƣШĬĲůċŰĬШŉŸƖШƣőĲƚĲШůĲƣċũƚ534ЯШ535ЮШfŰШƣőĲШũŸŰŊрƣĲƖůЯШƚƣƖŔĦƣĲƖШĬŔĲƚĲũШƖĲŊƨũċƣŔŸŰƚШ
ŔŰШEƨƖŸƓĲШċŰĬШŊũŸĤċũШEéШŊƖŸƽƣőЯШĲƚƓĲĦŔċũũǃШŔŰШ9őŔŰċЯШƽŔũũШũŔťĲũǃШƖĲĬƨĦĲШÂ]~ШĬĲůċŰĬЮШcŸƽĲƻĲƖЯШƣőŔƚШůċǃШ

 
527ШÂċƖťĲƖЯШ?ЮШыΞΜΞΠЯШ~ċǃШΝΠьЮШÂ]~ШƣŸШŉċĦĲШĦŸŰƣŔŰƨĲĬШƚƨƓƓũǃШĦŸŰƚƣƖċŔŰƣƚЯШũŸƽШƓƖŔĦĲƚШтШƖĲƓŸƖƣЮШ~ŔŰŔŰŊШìĲĲťũǃЮШÅĲƣƖŔĲƻĲĬШΞΤЮΜΟЮΞΜΞΡШŉƖŸůШ
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ы~ċǃШΞΜΞΠьЮШÂ]~Ш~ċƖťĲƣШÅĲƓŸƖƣЮШsŸőŰƚŸŰШ~ċƣƣőĲǃЮШÅĲƣƖŔĲƻĲĬШΞΣЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооůċƣƣőĲǃЮĦŸůоĬŸĦƨůĲŰƣƚоΝΣΝΡΦΦоШ 
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őƣƣƓƚаооƓũċƣŔŰƨůŔŰƻĲƚƣůĲŰƣЮĦŸůоǯũĲƚоĲƚƚĲŰƣŔċũƚоìÂf9хÂũċƣŔŰƨůхEƚƚĲŰƣŔċũƚх[ĲĤƖƨċƖǃхΞΜΞΡыÖƓĬċƣĲĬìÂf9ƣƽŸрƣŸǯƻĲр
ǃĲċƖƚƨƓƓũǃċŰĬĬĲůċŰĬŸƨƣũŸŸťьЮƓĬŉШШ 
532ШÉĦőƨũƣĲЯШÅЮШ[ЮШыΞΜΞΠьЮШÂũċƣŔŰƨůрŊƖŸƨƓШůĲƣċũƚШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΞΜШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťЯШƻŸũƨůĲШfаШ~ĲƣċũƚШċŰĬШůŔŰĲƖċũƚЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШ
ŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΞΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΜоůǃĤΝрΞΜΞΜрƓũċƣŔŰƨШ 
533ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШÂ]~аШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШÉ9ÅÅEE ΞЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΞΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÂ]~ЮƓĬŉШШШ 
534Ш7ƖŸƽŰЯШÉЮЯШ9ŸũĲЯШxЮЯШ9ŸƽũĲǃЯШ ЮЯШ?ŔĦťƚŸŰЯШsЮЯШ[ƨŢŔƣċЯШ~ЮЯШ]ŔƖċƖĬŸƣЯШ ЮЯШ]ƖċŰƣЯШÉЮЯШsŔċŰŊЯШsЮЯШÅċŔƣőċƣőċЯШÅЮЯШÅǃċŰЯШ~ЮЯШÖŰĬĲƖƽŸŸĬЯШ~ЮШѼШìċŰŊЯШ ЮШ
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 ΝΠΥ 

ĤĲШŸǭƚĲƣШĤǃШŊċƚŸũŔŰĲрƓŸƽĲƖĲĬШƻĲőŔĦũĲШƓƖŸĬƨĦƣŔŸŰШŔŰШƖĲŊŔŸŰƚШƽŔƣőШũĲŰŔĲŰƣШċŔƖШƕƨċũŔƣǃШƖƨũĲƚШŸƖШŔŰĦƖĲċƚĲĬШ
ŉƨĲũШĦĲũũШƻĲőŔĦũĲШŸƨƣƓƨƣЯШƽőŔĦőШƖĲƕƨŔƖĲƚШůŸƖĲШƓũċƣŔŰƨůШƣőċŰШŔŰƣĲƖŰċũШĦŸůĤƨƚƣŔŸŰШĲŰŊŔŰĲƚ536Ю 

ÂũċƣŔŰƨůШĬĲůċŰĬШŔƚШƓƖŸŢĲĦƣĲĬШƣŸШŔŰĦƖĲċƚĲШċƣШċШΜЮΞӖШ9 ]ÅШŉƖŸůШΞΜΞΠШƣŸШΞΜΞΦЮШ]ƖŸƽƣőШŔŰШŢĲƽĲũũĲƖǃЯШ
ŔŰĬƨƚƣƖŔċũЯШċŰĬШŔŰƻĲƚƣůĲŰƣШƚĲĦƣŸƖƚШŔƚШĲǂƓĲĦƣĲĬШƣŸШŸǭƚĲƣШƣőĲШĬĲĦũŔŰĲШŔŰШċƨƣŸůŸƣŔƻĲШƓũċƣŔŰƨůШĬĲůċŰĬЮШ
ÂċũũċĬŔƨůШĬĲůċŰĬШŊĲŰĲƖċũũǃШŉŸũũŸƽƚШƓũċƣŔŰƨůШĬĲůċŰĬШƣƖĲŰĬƚЮШcŸƽĲƻĲƖЯШŊƖŸƽƣőШŔŰШƓċũũċĬŔƨůѣƚШŢĲƽĲũũĲƖǃШ
ċŰĬШŔŰĬƨƚƣƖŔċũШƚĲĦƣŸƖƚШŔƚШĲǂƓĲĦƣĲĬШƣŸШƚƨƖƓċƚƚШƓũċƣŔŰƨůѣƚШĬƨĲШƣŸШċШƚőċƖƓШƓƖŔĦĲШĬĲĦũŔŰĲЯШĲŰĦŸƨƖċŊŔŰŊШ
ŊƖĲċƣĲƖШ ƨƚċŊĲЮШ ~ĲċŰƽőŔũĲЯШ ŰŸƖůċũŔǍŔŰŊШ ŔŰƻĲƚƣůĲŰƣШ ĬĲůċŰĬШ ċŰĬШ ċШ ůŸĬĲƚƣШ ċŰŰƨċũШ ĬĲĦũŔŰĲШ ŸŉШ
ċƓƓƖŸǂŔůċƣĲũǃШΝӖШŔŰШċƨƣŸůŸƣŔƻĲШĬĲůċŰĬШċƖĲШĲǂƓĲĦƣĲĬШƣŸШĦŸŰƣƖŔĤƨƣĲШƣŸШċŰШŸƻĲƖċũũШΣЮΝӖШĬĲĦƖĲċƚĲШŔŰШ
ƓċũũċĬŔƨůШĬĲůċŰĬШŉƖŸůШΞΜΞΠШƣŸШΞΜΞΦЮШ§ƻĲƖċũũЯШƓũċƣŔŰƨůШůċƖťĲƣШĬĲǯĦŔƣƚШċƖĲШŉŸƖĲĦċƚƣШƣŸШĦŸŰƣŔŰƨĲШƨŰƣŔũШ
ΞΜΞΦШƚŔŰĦĲШŔƣШĤĲŊċŰШŔŰШΞΜΞΟЯШƽőŔũĲШƓċũũċĬŔƨůШƚőŔŉƣƚШŉƖŸůШĬĲǯĦŔƣШƣŸШƚƨƖƓũƨƚШŔŰШΞΜΞΥ537ЮШ 

Â]~ЮċƻċŔũċĤŔũŔƣǃ538 

ÑőĲШĦƨƖƖĲŰƣШÂ]~ШůċƖťĲƣШĬĲǯĦŔƣƚШőċƻĲШŰŸƣШƣƖċŰƚũċƣĲĬШŔŰƣŸШőŔŊőĲƖШƓƖŔĦĲƚЮШ[ƖŸůШΞΜΞΜШƣŸШΞΜΞΞЯШőŔŊőШ
ƓċũũċĬŔƨůШċŰĬШƖőŸĬŔƨůШƓƖŔĦĲƚШũĲĬШũŸŰŊрƣĲƖůШƚƣŸĦťőŸũĬĲƖƚШƣŸШƖĲũĲċƚĲШůĲƣċũШċŰĬШĲŰĦŸƨƖċŊĲĬШĦŸŰƚƨůĲƖƚШ
ƣŸШƚƣŸĦťƓŔũĲШĲǂĦĲƚƚШƚƨƓƓũǃШƣŸШůŔƣŔŊċƣĲШŉƨƣƨƖĲШƓƖŔĦĲШċŰĬШƚƨƓƓũǃШƖŔƚťƚЮШÉŸůĲШŔŰĬƨƚƣƖŔċũШƨƚĲƖƚШċũƚŸШ
ĦŸŰƣŔŰƨĲĬШƓƨƖĦőċƚŔŰŊШĤĲǃŸŰĬШƣőĲŔƖШŰĲĲĬƚШĬƨĲШƣŸШĦŸŰƣƖċĦƣƨċũШŸĤũŔŊċƣŔŸŰƚЮШ ƚШƓƖŔĦĲƚШĬƖŸƓƓĲĬШċŰĬШƚƨƓƓũǃШ
ĦŸŰĦĲƖŰƚШĲċƚĲĬЯШĦŸŰƚƨůĲƖƚШƖĲĬƨĦĲĬШŔŰƻĲŰƣŸƖǃШőŸũĬŔŰŊƚЯШƣĲůƓŸƖċƖŔũǃШĦƨƣƣŔŰŊШƓƨƖĦőċƚĲƚШċŰĬШĲƻĲŰШ
ƚĲũũŔŰŊШůĲƣċũШĤċĦťШƣŸШƣőĲШůċƖťĲƣЮШÂƖŔĦĲрĬƖŔƻĲŰШĬĲůċŰĬШƚőŔŉƣƚЯШƚƨĦőШċƚШƓċũũċĬŔƨůШƚƨĤƚƣŔƣƨƣŔŸŰШŔŰШ
ċƨƣŸĦċƣċũǃƚƣƚШċŰĬШƖĲĬƨĦĲĬШƖőŸĬŔƨůШƨƚĲШŔŰШŊũċƚƚůċťŔŰŊЯШŉƨƖƣőĲƖШĬĲĦƖĲċƚĲĬШŔŰĬƨƚƣƖŔċũШƚƣŸĦťƓŔũĲƚЮШÑőƨƚЯШ
ƽőŔũĲШƓċũũċĬŔƨůШċŰĬШƖőŸĬŔƨůШƽĲƖĲШƚőŸƽŰШŔŰШĬĲǯĦŔƣШŔŰШΞΜΞΟЯШĤĲĦċƨƚĲШŔŰĬƨƚƣƖŔċũШƨƚĲШŔŰĦƖĲċƚĲĬШċőĲċĬШŸŉШ
ŰĲƽШƚƨƓƓũǃЯШĤŸƣőШůċƖťĲƣƚШƚċƽШƚŔŊŰŔǯĦċŰƣШŔůƓƖŸƻĲůĲŰƣƚШŔŰШċƻċŔũċĤŔũŔƣǃЮ 

ÂũċƣŔŰƨůќƚШůċƖťĲƣШƚŔƣƨċƣŔŸŰШĬŔǭĲƖƚШŉƖŸůШƓċũũċĬŔƨůШċŰĬШƖőŸĬŔƨůЮШ[ŸƖШůċŰǃШǃĲċƖƚЯШƣőĲШƓũċƣŔŰƨůШůċƖťĲƣШ
őċƚШĤĲĲŰШŔŰШƚƨƖƓũƨƚШŸŰШċШĦŸŰƚƨůƓƣŔŸŰШĤċƚŔƚШыŔЮĲЮЯШĲǂĦũƨĬŔŰŊШŔŰƻĲƚƣůĲŰƣШůĲƣċũЯШƽőŔĦőШŔƚШћőĲũĬќШƖċƣőĲƖШƣőċŰШ
ĦŸŰƚƨůĲĬьЮШÑőĲШũċƣĲƚƣШƖĲĦŸƖĬШƽĲƖĲШċƚШƖĲĦĲŰƣũǃШċƚШΞΜΞΝтΞΜΞΞЮШƚШċШƖĲƚƨũƣЯШċĤŸƻĲрŊƖŸƨŰĬШƚƣŸĦťƚШőċƻĲШ
ĤĲĲŰШƚƨǭŔĦŔĲŰƣШƣŸШĦŸƻĲƖШŔŰĬƨƚƣƖŔċũШĬĲůċŰĬШƽőĲŰШŰĲƽШƚƨƓƓũǃШƽċƚШŔŰƚƨǭŔĦŔĲŰƣЮШÑőŔƚШċůƓũĲШċƻċŔũċĤŔũŔƣǃШ
ťĲƓƣШƓũċƣŔŰƨůШƓƖŔĦĲƚШƚƣċĤũĲШĤĲƣƽĲĲŰШΞΜΞΜШċŰĬШΞΜΞΞЯШĲƻĲŰШċƚШŸƣőĲƖШÂ]~ƚШƖĲċĦőĲĬШƖĲĦŸƖĬШőŔŊőƚЮ 

 

 

 

 

 
536ШÉĦőƨũƣĲЯШÅЮШ[ЮШыΞΜΞΠьЮШÂũċƣŔŰƨůрŊƖŸƨƓШůĲƣċũƚШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΞΜШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťЯШƻŸũƨůĲШfаШ~ĲƣċũƚШċŰĬШůŔŰĲƖċũƚЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШ
ŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΞΠЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΜоůǃĤΝрΞΜΞΜрƓũċƣŔŰƨШ 
537ШÉƣĲƖĦťЯШEЮЯШ ċƓŔĲƖЯШìЮШѼШШ9ũŔǭŸƖĬЯШ7ЮШыΞΜΞΡЯШ[ĲĤƖƨċƖǃШΣьЮШÂũċƣŔŰƨůШEƚƚĲŰƣŔċũƚаШsċŰƨċƖǃШΞΜΞΡЯШ[ŔƻĲрǃĲċƖШƚƨƓƓũǃоĬĲůċŰĬШŸƨƣũŸŸťбШƓũċƣŔŰƨůШ
ĬĲǯĦŔƣƚШƓĲƖƚŔƚƣЯШƓċũũċĬŔƨůќƚШċƖĲШĬĲĲƓĲƖШċŰĬШũċƚƣШũŸŰŊĲƖЮШìŸƖũĬШÂũċƣŔŰƨůШfŰƻĲƚƣůĲŰƣШ9ŸƨŰĦŔũЮШÅĲƣƖŔĲƻĲĬШΞΤЮΜΟЮΞΜΞΡШŉƖŸůШ
ìÂf9хÂũċƣŔŰƨůхEƚƚĲŰƣŔċũƚх[ĲĤƖƨċƖǃхΞΜΞΡыÖƓĬċƣĲĬìÂf9ƣƽŸрƣŸǯƻĲрǃĲċƖƚƨƓƓũǃċŰĬĬĲůċŰĬŸƨƣũŸŸťьЮƓĬŉШШ 
538Ш7ƖŸƽŰЯШÉЮЯШ9ŸũĲЯШxЮЯШ9ŸƽũĲǃЯШ ЮЯШ?ŔĦťƚŸŰЯШsЮЯШ[ƨŢŔƣċЯШ~ЮЯШ]ŔƖċƖĬŸƣЯШ ЮЯШ]ƖċŰƣЯШÉЮЯШsŔċŰŊЯШsЮЯШÅċŔƣőċƣőċЯШÅЮЯШÅǃċŰЯШ~ЮЯШÖŰĬĲƖƽŸŸĬЯШ~ЮШѼШìċŰŊЯШ ЮШ
ы~ċǃШΞΜΞΠьЮШÂ]~Ш~ċƖťĲƣШÅĲƓŸƖƣЮШsŸőŰƚŸŰШ~ċƣƣőĲǃЮШÅĲƣƖŔĲƻĲĬШΞΣЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооůċƣƣőĲǃЮĦŸůоĬŸĦƨůĲŰƣƚоΝΣΝΡΦΦоШ 



 

 ΝΠΦ 

EǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШ 
fƣШƚőŸƨũĬШĤĲШŰŸƣĲĬШƣőċƣШƖĲŊƨũċƣŔŸŰƚШċƖĲШĬǃŰċůŔĦШċŰĬШƚƨĤŢĲĦƣШƣŸШĦőċŰŊĲШŸƻĲƖШƣŔůĲЮШ 

ĦĦŸƖĬŔŰŊШƣŸШƣőĲШ§E9?ќƚШfŰƻĲŰƣŸƖǃШŸŉШEǂƓŸƖƣШÅĲƚƣƖŔĦƣŔŸŰƚШŸŰШfŰĬƨƚƣƖŔċũШÅċƽШ~ċƣĲƖŔċũƚЯШŔŰШΞΜΞΞЯШůċŢŸƖШ
Â]~рƓƖŸĬƨĦŔŰŊШĦŸƨŰƣƖŔĲƚЯШ9őŔŰċЯШÅƨƚƚŔċЯШÉŸƨƣőШ ŉƖŔĦċЯШċŰĬШüŔůĤċĤƽĲЯШŔůƓũĲůĲŰƣĲĬШƻċƖŔŸƨƚШĲǂƓŸƖƣШ
ƖĲƚƣƖŔĦƣŔŸŰƚШŸŰШÂ]~рĦŸŰƣċŔŰŔŰŊШƓƖŸĬƨĦƣƚЮШÑőĲƚĲШůĲċƚƨƖĲƚШŔŰĦũƨĬĲĬШũŔĦĲŰƚŔŰŊШƖĲƕƨŔƖĲůĲŰƣƚЯШĲǂƓŸƖƣШ
ƣċǂĲƚЯШċŰĬШŸƣőĲƖШƖĲŊƨũċƣŸƖǃШĦŸŰƣƖŸũƚЮ539ЮШШ 

ÅƨƚƚŔċ 

[ŸũũŸƽŔŰŊШƣőĲШÖťƖċŔŰĲШŔŰƻċƚŔŸŰШŔŰШΞΜΞΞЯШÅƨƚƚŔċŰШÂ]~ƚШƖĲǯŰĲĬШċŉƣĲƖШ ƓƖŔũШΥШũŸƚƣШƣőĲŔƖШћ]ŸŸĬШ?ĲũŔƻĲƖǃќШ
ƚƣċƣƨƚШċƣШƣőĲШxŸŰĬŸŰШÂũċƣŔŰƨůШċŰĬШÂċũũċĬŔƨůШ~ċƖťĲƣШыxÂÂ~ьЯШƖĲƚƣƖŔĦƣŔŰŊШċĦĦĲƚƚШƣŸШxŸŰĬŸŰШċŰĬШüƨƖŔĦőШ
ůċƖťĲƣƚ540ЮШìőŔũĲШŰŸƣШƚƨĤŢĲĦƣШƣŸШŉŸƖůċũШŊŸƻĲƖŰůĲŰƣШƚċŰĦƣŔŸŰƚЯШÅƨƚƚŔċŰШÂ]~ШĲǂƓŸƖƣƚШƣŸШìĲƚƣĲƖŰШċŰĬШ
ƚŔċŰШƓċƖƣŰĲƖƚШĬĲĦũŔŰĲĬШƚŔŊŰŔǯĦċŰƣũǃ541ЯШ542ЮШÑőĲШÖuЯШőŔƚƣŸƖŔĦċũũǃШċШůċŢŸƖШŔůƓŸƖƣĲƖШŸŉШÅƨƚƚŔċŰШÂ]~ƚЯШƚċƽШ

ŔůƓŸƖƣƚШŸŉШÅƨƚƚŔċŰШƓũċƣŔŰƨůШċŰĬШƓċũũċĬŔƨůШőċũƣШŔŰШůŔĬрΞΜΞΞШĬƨĲШƣŸШxÂÂ~ШĬĲũŔƚƣŔŰŊШċŰĬШŔŰĦƖĲċƚĲĬШ
ĬƨƣŔĲƚ543ШЮШfŰШƖĲƚƓŸŰƚĲЯШÅƨƚƚŔċќƚШĬŔƖĲĦƣШƚőŔƓůĲŰƣƚШƣŸШcŸŰŊШuŸŰŊШƚƨƖŊĲĬЯШƽŔƣőШĲǂƓŸƖƣƚШƣŸШ9őŔŰċШƖŔƚŔŰŊШ
ƚőċƖƓũǃЮШÅƨƚƚŔċŰШÂ]~ƚШƽĲƖĲШŸǭĲƖĲĬШċƣШĬŔƚĦŸƨŰƣƚЯШĦċƨƚŔŰŊШƣƖċŰƚċĦƣŔŸŰƚШŔŰШ9őŔŰċШƣŸШƣƖċĬĲШĤĲũŸƽШ
ŔŰƣĲƖŰċƣŔŸŰċũШƓƖŔĦĲШũĲƻĲũƚШŔŰШũċƣĲШΞΜΞΞШċŰĬШůƨĦőШŸŉШΞΜΞΟЮШ7ǃШΞΜΞΟЯШÅƨƚƚŔċŰШÂ]~ШƚċũĲƚШƣŸШůŸƚƣШůċƖťĲƣƚШ
ĬĲĦũŔŰĲĬШŉƨƖƣőĲƖЮШÑőĲШÖЮÉЮШŔůƓŸƚĲĬШőŔŊőШŔůƓŸƖƣШƣċǂĲƚШŸŰШċũũШÅƨƚƚŔċŰШÂ]~ƚШĲǂĦĲƓƣШƓċũũċĬŔƨůШƚƓŸŰŊĲШŔŰШ
ƓƖŔũШΞΜΞΟЯШũĲċĬŔŰŊШƣŸШċШĦŸůƓũĲƣĲШőċũƣШŔŰШÅƨƚƚŔċŰШƓũċƣŔŰƨůШŔůƓŸƖƣƚЯШƽőŔũĲШƓċũũċĬŔƨůШƚőŔƓůĲŰƣƚШƣŸШÖЮÉЮШ
ĤƨǃĲƖƚШĦŸŰƣŔŰƨĲĬ544Ю

 
539Ш§E9?ШыΞΜΞΠьЯШ§E9?ШfŰƻĲŰƣŸƖǃШŸŉШEǂƓŸƖƣШÅĲƚƣƖŔĦƣŔŸŰƚШŸŰШfŰĬƨƚƣƖŔċũШÅċƽШ~ċƣĲƖŔċũƚШΞΜΞΠаШ~ŸŰŔƣŸƖŔŰŊШƣőĲШƨƚĲШŸŉШĲǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШċůŔĬШ
ůċƖťĲƣШċŰĬШƓŸũŔĦǃШƣĲŰƚŔŸŰƚЯШ§E9?ШÂƨĤũŔƚőŔŰŊЯШÂċƖŔƚЯШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΤΥΤоΡĲΠΣĤĤΞΜрĲŰЮШÅĲƣƖŔĲƻĲĬШΝΦЮΜΞЮΞΜΞΡЯШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮŸĲĦĬЮŸƖŊоĲŰоƣŸƓŔĦƚоĲǂƓŸƖƣрƖĲƚƣƖŔĦƣŔŸŰƚрŸŰрĦƖŔƣŔĦċũрƖċƽрůċƣĲƖŔċũƚЮőƣůũШ 
540ШxŸŰĬŸŰШÂũċƣŔŰƨůШċŰĬШÂċũũċĬŔƨůШ~ċƖťĲƣЮШыΞΜΞΞЯШ ƓƖŔũШΥьЮШxÂÂ~Ш]ŸŸĬШ?ĲũŔƻĲƖǃШÂũċƣŔŰƨůШċŰĬШÂċũũċĬŔƨůШÖƓĬċƣĲЮШÅĲƣƖŔĲƻĲĬШΞΥЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮũƓƓůЮĦŸůоŰĲƽƚоũƓƓůрŊŸŸĬрĬĲũŔƻĲƖǃрƓũċƣŔŰƨůрċŰĬрƓċũũċĬŔƨůрƨƓĬċƣĲхΥΟΜЮőƣůũШ 
541ШÉƣĲƽċƖƣШ7ƖŸƽŰЯШÉЮЯШ9ŸũĲЯШxЮЯШ9ŸƽũĲǃЯШ ЮЯШ[ƨŢŔƣċЯШ~ЮЯШ]ŔƖċƖĬŸƣЯШ ЮЯШ]ƖċŰƣЯШÉЮЯШsŔċŰŊЯШsЮЯШÅċŔƣőċƣőċЯШÅЮЯШÅǃċŰЯШ~ЮШѼШÑċŰŊЯШ7ЮШыΞΜΞΟЯШ~ċǃьЮШÂ]~Ш
ůċƖťĲƣШƖĲƓŸƖƣШтШ~ċǃШΞΜΞΟЮШsŸőŰƚŸŰШ~ċƣƣőĲǃЮШÅĲƣƖŔĲƻĲĬШΞΥЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооůċƣƣőĲǃЮĦŸůоĬŸĦƨůĲŰƣƚоΝΣΝΡΦΦоΠΜΠΜΥΣоÂ]~Ҽ~ċƖťĲƣҼÅĲƓŸƖƣҼ~ċǃΞΟЮƓĬŉоΞŉΜΠΥċΤΞрΤΠċΥрΥĤΞΟрŉΝΥĲр
ĦΥΤΡΜΜΜĲĬΤΣĤеƣӀΝΣΥΠΝΠΠΡΜΤΟΞΝШ 
542Ш7ƖŸƽŰЯШÉЮЯШ9ŸũĲЯШxЮЯШ9ŸƽũĲǃЯШ ЮЯШ?ŔĦťƚŸŰЯШsЮЯШ[ƨŢŔƣċЯШ~ЮЯШ]ŔƖċƖĬŸƣЯШ ЮЯШ]ƖċŰƣЯШÉЮЯШsŔċŰŊЯШsЮЯШÅċŔƣőċƣőċЯШÅЮЯШÅǃċŰЯШ~ЮЯШÖŰĬĲƖƽŸŸĬЯШ~ЮШѼШìċŰŊЯШ ЮШ
ы~ċǃШΞΜΞΠьЮШÂ]~Ш~ċƖťĲƣШÅĲƓŸƖƣЮШsŸőŰƚŸŰШ~ċƣƣőĲǃЮШÅĲƣƖŔĲƻĲĬШΞΣЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооůċƣƣőĲǃЮĦŸůоĬŸĦƨůĲŰƣƚоΝΣΝΡΦΦоШ 
543ШÉƣĲƽċƖƣШ7ƖŸƽŰЯШÉЮЯШ9ŸũĲЯШxЮЯШ9ŸƽũĲǃЯШ ЮЯШ[ƨŢŔƣċЯШ~ЮЯШ]ŔƖċƖĬŸƣЯШ ЮЯШ]ƖċŰƣЯШÉЮЯШsŔċŰŊЯШsЮЯШÅċŔƣőċƣőċЯШÅЮЯШÅǃċŰЯШ~ЮШѼШÑċŰŊЯШ7ЮШыΞΜΞΟЯШ~ċǃьЮШÂ]~Ш
ůċƖťĲƣШƖĲƓŸƖƣШтШ~ċǃШΞΜΞΟЮШsŸőŰƚŸŰШ~ċƣƣőĲǃЮШÅĲƣƖŔĲƻĲĬШΞΥЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооůċƣƣőĲǃЮĦŸůоĬŸĦƨůĲŰƣƚоΝΣΝΡΦΦоΠΜΠΜΥΣоÂ]~Ҽ~ċƖťĲƣҼÅĲƓŸƖƣҼ~ċǃΞΟЮƓĬŉоΞŉΜΠΥċΤΞрΤΠċΥрΥĤΞΟрŉΝΥĲр
ĦΥΤΡΜΜΜĲĬΤΣĤеƣӀΝΣΥΠΝΠΠΡΜΤΟΞΝ 
544Ш7ƖŸƽŰЯШÉЮЯШ9ŸũĲЯШxЮЯШ9ŸƽũĲǃЯШ ЮЯШ?ŔĦťƚŸŰЯШsЮЯШ[ƨŢŔƣċЯШ~ЮЯШ]ŔƖċƖĬŸƣЯШ ЮЯШ]ƖċŰƣЯШÉЮЯШsŔċŰŊЯШsЮЯШÅċŔƣőċƣőċЯШÅЮЯШÅǃċŰЯШ~ЮЯШÖŰĬĲƖƽŸŸĬЯШ~ЮШѼШìċŰŊЯШ ЮШ
ы~ċǃШΞΜΞΠьЮШÂ]~Ш~ċƖťĲƣШÅĲƓŸƖƣЮШsŸőŰƚŸŰШ~ċƣƣőĲǃЮШÅĲƣƖŔĲƻĲĬШΞΣЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооůċƣƣőĲǃЮĦŸůоĬŸĦƨůĲŰƣƚоΝΣΝΡΦΦоШ 

https://www.oecd.org/en/topics/export-restrictions-on-critical-raw-materials.html
https://www.lppm.com/news/lppm-good-delivery-platinum-and-palladium-update_830.html
https://matthey.com/documents/161599/404086/PGM+Market+Report+May23.pdf/2f048a72-74a8-8b23-f18e-c875000ed76b?t=1684144507321
https://matthey.com/documents/161599/404086/PGM+Market+Report+May23.pdf/2f048a72-74a8-8b23-f18e-c875000ed76b?t=1684144507321
https://matthey.com/documents/161599/404086/PGM+Market+Report+May23.pdf/2f048a72-74a8-8b23-f18e-c875000ed76b?t=1684144507321
https://matthey.com/documents/161599/404086/PGM+Market+Report+May23.pdf/2f048a72-74a8-8b23-f18e-c875000ed76b?t=1684144507321


 

 ΝΡΜ 

ÅċƖĲШĲċƖƣőШĲũĲůĲŰƣƚШыÅEEь 
ĦĦŸƖĬŔŰŊШƣŸШƣőĲШfŰƣĲƖŰċƣŔŸŰċũШÖŰŔŸŰШŸŉШÂƨƖĲШċŰĬШ ƓƓũŔĲĬШ9őĲůŔƚƣƖǃШыfÖÂ 9ьЯШƣőĲШÅEEШċƖĲШĬĲǯŰĲĬШċƚШΝΡШ
ũċŰƣőċŰŔĬĲƚШыċũƚŸШĦċũũĲĬШũċŰƣőċŰŸŔĬƚьЯШƣŸŊĲƣőĲƖШƽŔƣőШƚĦċŰĬŔƨůШыÉĦьЯШċŰĬШǃƣƣƖŔƨůШыòьЮШÑőĲШũċŰƣőċŰŔĬĲƚШċƖĲШ
ƣőĲШĲũĲůĲŰƣƚШƽŔƣőШċƣŸůŔĦШŰƨůĤĲƖƚШΡΤШƣőƖŸƨŊőШΤΝЯШŔŰШŸƖĬĲƖШŸŉШċƣŸůŔĦШŰƨůĤĲƖаШũċŰƣőċŰƨůШыxċьЯШĦĲƖŔƨůШ
ы9ĲьЯШ ƓƖċƚĲŸĬǃůŔƨůШ ыÂƖьЯШ ŰĲŸĬǃůŔƨůШ ы ĬьЯШ ƓƖŸůĲƣőŔƨůШ ыÂůьЯШ ƚċůċƖŔƨůШ ыÉůьЯШ ĲƨƖŸƓŔƨůШ ыEƨьЯШ
ŊċĬŸũŔŰŔƨůШы]ĬьЯШƣĲƖĤŔƨůШыÑĤьЯШĬǃƚƓƖŸƚŔƨůШы?ǃьЯШőŸũůŔƨůШыcŸьЯШĲƖĤŔƨůШыEƖьЯШƣőƨũŔƨůШыÑůьЯШǃƣƣĲƖĤŔƨůШыòĤьЯШ
ċŰĬШũƨƣĲƣŔƨůШыxƨьЮШÑőĲШfÖÂ 9ШĬĲǯŰŔƣŔŸŰШĬŔƻŔĬĲƚШƣőĲШÅEEШŔŰƣŸШƣőĲШũŔŊőƣШƖċƖĲрĲċƖƣőШĲũĲůĲŰƣƚШыxÅEEьШċŰĬШƣőĲШ
őĲċƻǃШƖċƖĲрĲċƖƣőШĲũĲůĲŰƣƚШыcÅEEьШĤċƚĲĬШŸŰШƣőĲŔƖШĲũĲĦƣƖŸŰШĦŸŰǯŊƨƖċƣŔŸŰƚ545ЮШòƣƣƖŔƨůШĤĲőċƻĲƚШċƚШċШcÅEEШ
ƽőŔũĲШƚĦċŰĬŔƨůШŔƚШŰŸƣШĦũċƚƚŔǯĲĬШċƚШĲŔƣőĲƖШċŰШxÅEEШŸƖШċŰШcÅEE546ЯШ547Ю 

xÅEE xċЯШ9ĲЯШÂƖЯШ ĬЯШÂůЯШÉů 

cÅEE EƨЯШ]ĬЯШÑĤЯШ?ǃЯШcŸЯШEƖЯШÑůЯШòĤЯШxƨЯШò 

 

fŰШƓƖċĦƣŔĦĲЯШƚĦċŰĬŔƨůШŔƚШƣƖĲċƣĲĬШƚĲƓċƖċƣĲĬШŉƖŸůШƣőĲШƖĲƚƣШŸŉШÅEEШċƚШŔƣШĤĲőċƻĲƚШƖċƣőĲƖШĬŔǭĲƖĲŰƣũǃШŔŰШŰċƣƨƖĲЯШ
ŔƚШƚŸƨƖĦĲĬШůŸƖĲШĲĦŸŰŸůŔĦċũũǃШŉƖŸůШĤċƨǂŔƣĲЯШċŰĬШőċƚШƚƓĲĦŔǯĦШŔŰĬƨƚƣƖŔċũШƓƖŸƓĲƖƣŔĲƚ548ШЯШ549ШЮШfŰШċĬĬŔƣŔŸŰЯШ
ƓƖŸůĲƣőŔƨůШ őċƚШ ċШ ƚőŸƖƣШ őċũŉрũŔŉĲШ ċŰĬШ ƣőĲƖĲŉŸƖĲШƨƚƨċũũǃШ ĲǂĦũƨĬĲĬШ ŉƖŸůШ ċƚƚĲƚƚůĲŰƣƚЮШEǂĦũƨĬŔŰŊШ
ƚĦċŰĬŔƨůШċŰĬШƓƖŸůĲƣőŔƨůЯШƣőĲШƖĲůċŔŰŔŰŊШΝΠШũċŰƣőċŰŔĬĲƚШċŰĬШǃƣƣƖŔƨůШŉŸƖůШċШĦŸőĲƖĲŰƣШŊƖŸƨƓШŔŰШŰċƣƨƖĲШ
ċƚШƽĲũũШċƚШŔŰШƣĲĦőŰŔĦċũШƨƚĲƚ550ЮШ9ŸŰƚĲƕƨĲŰƣũǃЯШŔŰШƣőŔƚШĦőċƓƣĲƖЯШÅEEШƖĲŉĲƖШƣŸШΝΠШũċŰƣőċŰŔĬĲƚШċŰĬШǃƣƣƖŔƨůШ
ĲǂĦũƨĬŔŰŊШƚĦċŰĬŔƨůШċŰĬШƓƖŸůĲƣőŔƨůШƨŰũĲƚƚШŸƣőĲƖƽŔƚĲШƚƓĲĦŔǯĲĬЮ 

éċũƨĲШĦőċŔŰШыƚŔůƓũŔǯĲĬь551ЯШ552ЯШ553ЯШ554ЯШ555 

 

 
545Ш]ũŸĤċũШÅċƖĲШEċƖƣőШfŰĬƨƚƣƖǃШ ƚƚŸĦŔċƣŔŸŰЮШыŰЮĬЮьЮШÅċƖĲШĲċƖƣőƚЮШÅĲƣƖŔĲƻĲĬШΞΥЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооŊũŸĤċũрƖĲŔċЮŸƖŊоƖċƖĲрĲċƖƣőоШ 
546Ш]ƨŰŰЯШ]ЮШыEĬЮьЮШыΞΜΝΟьЮШ9ƖŔƣŔĦċũШůĲƣċũƚШőċŰĬĤŸŸťЮШìŔũĲǃр7ũċĦťƽĲũũЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΜΞоΦΤΥΝΝΝΥΤΡΡΟΠΝШ 
547Ш]ċůĤŸŊŔЯШsЮШыΞΜΞΠьЮШ~ŔŰĲƖċũƚШǃĲċƖĤŸŸťЯШΞΜΝΦаШÅċƖĲШĲċƖƣőƚШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΞΥЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΝΦоůǃĤΝрΞΜΝΦрƖċƖĲрĲċƖƣőƚЮƓĬŉШ 
548Ш]ƨŰŰЯШ]ЮШыEĬЮьЮШыΞΜΝΟьЮШ9ƖŔƣŔĦċũШůĲƣċũƚШőċŰĬĤŸŸťЮШìŔũĲǃр7ũċĦťƽĲũũЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΜΞоΦΤΥΝΝΝΥΤΡΡΟΠΝШ 
549ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШÅċƖĲШĲċƖƣőШĲũĲůĲŰƣƚШыÅEEьаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΥЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÅEEрEÖÅ§ÉÑ ÑЮƓĬŉШ 
550Ш]ƨŰŰЯШ]ЮШыEĬЮьЮШыΞΜΝΟьЮШ9ƖŔƣŔĦċũШůĲƣċũƚШőċŰĬĤŸŸťЮШìŔũĲǃр7ũċĦťƽĲũũЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΜΞоΦΤΥΝΝΝΥΤΡΡΟΠΝШ 
551ШsŸőŰƚƣŸŰЯШfЮЯШcċŰĦŸĦťЯШЮЯШ?ĲůƓƚĲǃЯШcЮШѼШéŔƚƨċũШÉƣŸƖǃƣĲũũŔŰŊШÑĲċůЮШыΞΜΞΟЯШÉĲƓƣĲůĤĲƖШΞΜьЮШ9ċŰШEƨƖŸƓĲШŊŸШŊƖĲĲŰШƽŔƣőŸƨƣШ9őŔŰċќƚШƖċƖĲШ
ĲċƖƣőƚеШ[ŔŰċŰĦŔċũШÑŔůĲƚЮШÅĲƣƖŔĲƻĲĬШΞΥЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооŔŊЮŉƣЮĦŸůоƖċƖĲрĲċƖƣőƚоШ 
552Ш?ƖŔƻĲШÉƨƚƣċŔŰċĤŔũŔƣǃЮШыΞΜΞΟьЮШÅċƖĲШĲċƖƣőШĲũĲůĲŰƣƚаШ?ċƣċШƚƨůůċƖǃШΞΜΞΟЮШÅċƽШ~ċƣĲƖŔċũШ§ƨƣũŸŸťЮШÅċƽШ~ċƣĲƖŔċũШ§ƨƣũŸŸťШÂũċƣŉŸƖůЮШÅĲƣƖŔĲƻĲĬШ
ΞΥЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮƖċƽůċƣĲƖŔċũŸƨƣũŸŸťЮŸƖŊоĬċƣċоƚŔƣĲƚоĬĲŉċƨũƣоǯũĲƚоΞΜΞΟрΜΡо?ÉхÅEEхé9хΞΜΞΞхǯŰċũЮƓĬŉШ 
553ШÉőĲŰЯШòЮЯШ~ŸŸůǃЯШÅЮШѼШEŊŊĲƖƣЯШÅЮ]ЮШыΞΜΞΜьЮШ9őŔŰċќƚШƓƨĤũŔĦШƓŸũŔĦŔĲƚШƣŸƽċƖĬШƖċƖĲШĲċƖƣőƚЯШΝΦΤΡтΞΜΝΥЮШ~ŔŰĲƖШEĦŸŰШΟΟЯШΝΞΤтΝΡΝШыΞΜΞΜьЮШ
őƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΜΤоƚΝΟΡΣΟрΜΝΦрΜΜΞΝΠрΞ 
554ШxŸĲƽĲŰЯШEЮШыŰЮĬЮьЮШ ƓƓũŔĦċƣŔŸŰƚШŸŉШƖċƖĲШĲċƖƣőШċũũŸǃƚШċƚШċĬĬŔƣŔƻĲƚЮШÉƣċŰŉŸƖĬШ ĬƻċŰĦĲĬШ~ċƣĲƖŔċũƚЮШÅĲƣƖŔĲƻĲĬШΞΥЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮƚƣċŰŉŸƖĬůċƣĲƖŔċũƚЮĦŸůоĤũŸŊоċƓƓũŔĦċƣŔŸŰƚрŸŉрƖċƖĲрĲċƖƣőрċũũŸǃƚрċƚрċĬĬŔƣŔƻĲƚЮőƣůũШ 
555ШũŸŰƚŸЯШEЮЯШÂŔŰĲċƨũƣЯШ?ЮШ]ЮЯШ]ċůĤŸŊŔЯШsЮЯШѼШ ċƚƚċƖЯШ ЮШÑЮШыΞΜΞΟьЮШ~ċƓƓŔŰŊШǯƖƚƣШƣŸШǯŰċũШƨƚĲƚШŉŸƖШƖċƖĲШĲċƖƣőШĲũĲůĲŰƣƚЯШŊũŸĤċũũǃШċŰĬШŔŰШƣőĲШÖŰŔƣĲĬШ
ÉƣċƣĲƚЮШsŸƨƖŰċũШŸŉШfŰĬƨƚƣƖŔċũШEĦŸũŸŊǃЯШΞΤЯШΟΝΞтΟΞΞЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΝΝΝоŢŔĲĦЮΝΟΟΡΠШ 

https://global-reia.org/rare-earth/
https://doi.org/10.1002/9781118755341
https://pubs.usgs.gov/myb/vol1/2019/myb1-2019-rare-earths.pdf
https://doi.org/10.1002/9781118755341
https://scrreen.eu/wp-content/uploads/2023/08/SCRREEN2_factsheets_REE-EUROSTAT.pdf
https://doi.org/10.1002/9781118755341
https://www.rawmaterialoutlook.org/data/sites/default/files/2023-05/DS_REE_VC_2022_final.pdf
https://doi.org/10.1111/jiec.13354


 

 ΝΡΝ 

~ċŢŸƖШĲŰĬШƨƚĲƚШŔŰШƣőĲШEÖЯШċƻĲƖċŊĲШĤĲƣƽĲĲŰШΞΜΝΣШċŰĬШΞΜΞΜ556 

 

 
556ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШÅċƖĲШĲċƖƣőШĲũĲůĲŰƣƚШыÅEEьаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΥЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÅEEрEÖÅ§ÉÑ ÑЮƓĬŉ 
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 ΝΡΣ 

ÉƨĤƚƣŔƣƨƣŔŸŰ558 
ÉƨĤƚƣŔƣƨƣŔŸŰШĦċŰШŔůƓċĦƣШĤŸƣőШĦŸƚƣШċŰĬШƓĲƖŉŸƖůċŰĦĲЮ 

fŰƣĲƖůĲĬŔċƣĲШŸƖШĲŰĬШƓƖŸĬƨĦƣƚ ÉƨĤƚƣŔƣƨƣŔŸŰ 

9ĲƖŔƨůШŔŰШċƨƣŸĦċƣċũǃƚƣƚ §ƣőĲƖШÅEEƚШыxċЯШ ĬЯШÂƖь 
xċŰƣőċŰƨůШŔŰШċƨƣŸĦċƣċũǃƚƣƚ §ƣőĲƖШÅEEШы9Ĳь 
?ǃƚƓƖŸƚŔƨůШŔŰШƓĲƖůċŰĲŰƣШůċŊŰĲƣƚШы Ĭ[Ĳ7ь §ƣőĲƖШÅEEШыÑĤь 
]ċĬŸũŔŰŔƨůШŔŰШƓĲƖůċŰĲŰƣШůċŊŰĲƣƚ §ƣőĲƖШÅEEƚШыÑĤЯШ?ǃь 
 ĲŸĬǃůŔƨůШŔŰШƓĲƖůċŰĲŰƣШůċŊŰĲƣƚШы Ĭ[Ĳ7ь [ĲƖƖŔƣĲЯШÉůр9ŸЯШ ũ Ŕ9ŸЯШŸƣőĲƖШÅEEШыÂƖь 
ÉċůċƖŔƨůШŔŰШƓĲƖůċŰĲŰƣШůċŊŰĲƣƚ  Ĭ[Ĳ7ЯШ[ĲƖƖŔƣĲЯШ ũ Ŕ9Ÿ 
ÑĲƖĤŔƨůШŔŰШƓĲƖůċŰĲŰƣШůċŊŰĲƣƚ §ƣőĲƖШÅEEШы?ǃь 

 Ĭ[Ĳ7ШƓĲƖůċŰĲŰƣШůċŊŰĲƣƚШŔŰШĲũĲĦƣƖŔĦШ
ůŸƣŸƖƚШċŰĬШƓŸƽĲƖШŊĲŰĲƖċƣŸƖƚ 

§ƣőĲƖШÅEEрŉƖĲĲШůŸƣŸƖШƣĲĦőŰŸũŸŊŔĲƚЯШƓĲƖůċŰĲŰƣрůċŊŰĲƣШ
ƚǃŰĦőƖŸŰŸƨƚШŊĲŰĲƖċƣŸƖƚШыÂ~É]ьШŔŰШƽŔŰĬШƣƨƖĤŔŰĲƚШƣőċƣШƖĲƕƨŔƖĲШ
ũĲƚƚШŸƖШŰŸШÅEEШыĲЮŊЮЯШĬŸƨĤũǃрŉĲĬШŔŰĬƨĦƣŔŸŰШŊĲŰĲƖċƣŸƖЯШ
ĲũĲĦƣƖŔĦċũũǃШĲǂĦŔƣĲĬШƚǃŰĦőƖŸŰŸƨƚШŊĲŰĲƖċƣŸƖЯШƚƕƨŔƖƖĲũрĦċŊĲШ
ŔŰĬƨĦƣŔŸŰШŊĲŰĲƖċƣŸƖƚШũŔŰťĲĬШƣŸШċШŉƨũũШĦŸŰƻĲƖƣĲƖЯШċŰĬШÂ~É]Ш
ƚƨĤƚƣŔƣƨƣŔŸŰШƽŔƣőШőŔŊőрƣĲůƓĲƖċƣƨƖĲШƚƨƓĲƖĦŸŰĬƨĦƣŸƖƚь 

9ĲƖŔƨůШŔŰШĤċƣƣĲƖŔĲƚШ §ƣőĲƖШÅEEШыxċь 
xċŰƣőċŰƨůШŔŰШĤċƣƣĲƖŔĲƚ §ƣőĲƖШÅEEШы9Ĳь 
 ĲŸĬǃůŔƨůШŔŰШĤċƣƣĲƖŔĲƚ §ƣőĲƖШÅEEƚШы9ĲЯШxċЯШÂƖь 
 Ŕ~cШĤċƣƣĲƖŔĲƚ xŔƣőŔƨůрŔŸŰШĤċƣƣĲƖŔĲƚШ 
9ĲƖŔƨůШŔŰШǰƨŔĬШĦƖċĦťŔŰŊШĦċƣċũǃƚƣƚ §ƣőĲƖШÅEEШыxċьШ 

xċŰƣőċŰƨůШŔŰШǰƨŔĬШĦƖċĦťŔŰŊШĦċƣċũǃƚƣƚ 
üĲŸũŔƣĲƚрĤċƚĲĬШǰƨŔĬШĦƖċĦťŔŰŊШĦċƣċũǃƚƣƚШыÅEEрŉƖĲĲьЯШŸƣőĲƖШÅEEƚШ
ы9ĲЯШ ĬЯШÂƖь 

9ĲƖŔƨůШŔŰШŊũċƚƚШċŰĬШĦĲƖċůŔĦƚ 9ċũĦŔƨůШŸǂŔĬĲЯШ~Ŋ§ЯШüŔƖĦŸŰŔƨůЯШŸƣőĲƖШÅEEƚШыxċЯШÂƖЯШƖċƖĲШĲċƖƣőШ
ŸǂŔĬĲƚШыÅE§ƚьь 

xċŰƣőċŰƨůШŔŰШŊũċƚƚШċŰĬШĦĲƖċůŔĦƚ 9ċũĦŔƨůШŸǂŔĬĲЯШ~Ŋ§ЯШüŔƖĦŸŰŔƨůЯШŸƣőĲƖШÅEEƚШы9ĲЯШÂƖЯШÅE§ƚь 
 ĲŸĬǃůŔƨůШŔŰШĦĲƖċůŔĦƚШ 9ċũĦŔƨůШŸǂŔĬĲЯШ~Ŋ§ЯШŸƣőĲƖШÅEEƚШы9ĲЯШòь 
òƣƣƖŔƨůШŔŰШĦĲƖċůŔĦƚ 9ċũĦŔƨůШŸǂŔĬĲЯШ~Ŋ§ 
9ĲƖŔƨůШŔŰШƓŸũŔƚőŔŰŊШƓŸƽĬĲƖƚ fƖŸŰШŸǂŔĬĲЯШċũƨůŔŰċЯШƚŔũŔĦċШƓŸƽĬĲƖЯШůċŊŰĲƚŔċ 
]ċĬŸũŔŰŔƨůШŔŰШůĲƣċũШыĲǂĦũЮШĤċƣƣĲƖŔĲƚь §ƣőĲƖШÅEEƚШыÂƖЯШ ĬьШ 
 ĲŸĬǃůŔƨůШŔŰШůĲƣċũШыĲǂĦũЮШĤċƣƣĲƖŔĲƚь ~ċŊŰĲƚŔƨůЯШĦċũĦŔƨůЯШŸƣőĲƖШÅEEƚШы9ĲЯШxċь 
EƨƖŸƓŔƨůШŔŰШũŔŊőƣŔŰŊ ~ċŰŊċŰĲƚĲЯШƚŔũŔĦċƣĲШĤċƖŔƨůШƓőŸƚƓőŸƖƚ 
ÑĲƖĤŔƨůШŔŰШũŔŊőƣŔŰŊ xE?ƚЯШŸƣőĲƖШÅEEƚШыxċЯШ9Ĳь 
]ċĬŸũŔŰŔƨůШŔŰШ~ċŊŰĲƣŔĦШÅĲƚŸŰċŰĦĲШfůċŊŔŰŊШрШ
~Åf ~ċŰŊċŰĲƚĲ 
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 ΝΡΥ 

ÅEEШĦŸŰĦĲŰƣƖċƣĲƚЯШůŔŰĲШ
ƓƖŸĬƨĦƣŔŸŰШƓĲƖШÅEEЯШƚőċƖĲШŸŉШ
ŊũŸĤċũШƓƖŸĬƨĦƣŔŸŰШŔŰШΞΜΞΝШыӖШŸŉШ
ƣŸƣċũШÅE§ШŸƨƣƓƨƣь560 

xÅEE 

9Ĳ ΟΥӖ 

ΥΥЮΠӖ 
xċ ΞΣӖШ 
ÂƖ ΡЮΠӖ 
 Ĭ ΝΤӖ 
Éů ΞӖ 

cÅEE 

Eƨ ΜЮΟӖ 

ΝΝЮΣӖ 

ÑĤ ΜЮΟӖ 
]Ĭ ΝЮΥӖ 
EƖ ΜЮΣӖ 
ò ΣЮΥӖ 
cŸ ΜЮΞӖ 
xƨ ΜЮΝӖ 
Ñů ΜЮΝӖ 
òĤ ΜЮΠӖ 
?ǃ ΝЮΝӖ 

 

fŰШƣőĲШΝΦΣΜƚШċŰĬШΝΦΤΜƚЯШƣőĲШÖЮÉЮШĬŸůŔŰċƣĲĬШÅEШƚƨƓƓũǃЮШcŸƽĲƻĲƖЯШŔŰШΝΦΥΣЯШ9őŔŰċќƚШÅEШƓƖŸĬƨĦƣŔŸŰШ
ƚƨƖƓċƚƚĲĬШƣőċƣШŸŉШƣőĲШÖЮÉЮЯШĤĲĦŸůŔŰŊШƣőĲШƽŸƖũĬќƚШƓƖŔůċƖǃШÅEШƚƨƓƓũŔĲƖШƨŰƣŔũШƣŸĬċǃ561ЮШ 

fŰШƣőĲШĲċƖũǃШΞΜΜΜƚЯШ9őŔŰċШŔŰƣƖŸĬƨĦĲĬШĲǂƓŸƖƣШƕƨŸƣċƚШċŰĬШƚƓĲĦŔǯĦШƖĲƚƣƖŔĦƣŔŸŰШŸŰШƣőĲШƚƣƖƨĦƣƨƖĲШŸŉШĲǂƓŸƖƣШ
ƕƨŸƣċƚШƣŸШĦŸŰƣƖŸũШƣŸƣċũШƓƖŸĬƨĦƣŔŸŰШċŰĬШŔũũĲŊċũШċĦƣŔƻŔƣŔĲƚШċƚШƽĲũũШċƚШƚƨƓƓŸƖƣШƣőĲШĬĲƻĲũŸƓůĲŰƣШŸŉШƣőĲШ
ĬŸƽŰƚƣƖĲċůШƚĲĦƣŸƖЮШÑőŔƚШƽċƚШŉŸũũŸƽĲĬШĤǃШƣőĲШŔůƓũĲůĲŰƣċƣŔŸŰШŸŉШƓƖŸĬƨĦƣŔŸŰШƕƨŸƣċƚЯШǯƖƚƣШŸŰШÅEШ
ĦŸŰĦĲŰƣƖċƣĲƚШŔŰШΞΜΜΣЯШċŰĬШũċƣĲƖЯШŔŰШΞΜΜΤЯШƽŔƣőШƚĲƓċƖċƣĲШƕƨŸƣċƚШŉŸƖШÅEШĦŸŰĦĲŰƣƖċƣĲƚШċŰĬШƚĲƓċƖċƣŔŸŰƚЮШ
?ĲƚƓŔƣĲШƣőĲƚĲШůĲċƚƨƖĲƚЯШŔũũĲŊċũШƓƖŸĬƨĦƣŔŸŰШƖĲůċŔŰĲĬШƚƣċĤũĲШċƣШċƖŸƨŰĬШΟΜӖШŸŉШƣŸƣċũШŸƨƣƓƨƣЮ 

fŰШƣőĲШĤĲŊŔŰŰŔŰŊШċŰĬШůŔĬĬũĲШŸŉШΞΜΝΜЯШ9őŔŰċШŉƨƖƣőĲƖШƣŔŊőƣĲŰĲĬШŔƣƚШÅEШƓŸũŔĦŔĲƚЯШƚŔŊŰŔǯĦċŰƣũǃШƖĲĬƨĦŔŰŊШĤŸƣőШ
ĲǂƓŸƖƣШċŰĬШƓƖŸĬƨĦƣŔŸŰШƕƨŸƣċƚШĤǃШΟΤӖШċŰĬШΞΡӖЯШƖĲƚƓĲĦƣŔƻĲũǃЮШ ƣШƣőĲШƣŔůĲЯШ9őŔŰċШċĦĦŸƨŰƣĲĬШŉŸƖШΦΤӖШŸŉШ
ƣőĲШƽŸƖũĬѣƚШÅEШƚƨƓƓũǃЯШċŰĬШƽŔƣőШƣőĲШũŸŰŊШũĲċĬШƣŔůĲƚШƖĲƕƨŔƖĲĬШƣŸШĬĲƻĲũŸƓШŰĲƽШůŔŰĲƚЯШŸƣőĲƖШĦŸƨŰƣƖŔĲƚШ
ĦŸƨũĬШŰŸƣШƕƨŔĦťũǃШƖĲƚƓŸŰĬШƣŸШƣőĲШƚƨĬĬĲŰШƚƨƓƓũǃШƚőŸƖƣċŊĲЮШ[ƨƖƣőĲƖůŸƖĲЯШŔŰШÉĲƓƣĲůĤĲƖШΞΜΝΜЯШċůŔĬШċШ
ƣĲƖƖŔƣŸƖŔċũШĬŔƚƓƨƣĲЯШ9őŔŰċШũĲƻĲƖċŊĲĬШŔƣƚШĬŸůŔŰċŰĦĲШŔŰШÅEШƚƨƓƓũǃШĤǃШƚƨƚƓĲŰĬŔŰŊШĲǂƓŸƖƣƚШƣŸШsċƓċŰШƣőċƣШƽċƚШ
ƣŸƣċũũǃШĬĲƓĲŰĬĲŰƣШŸŰШ9őŔŰċШŉŸƖШŰĲċƖũǃШΦΜӖШŸŉШŔƣƚШŔůƓŸƖƣƚШŸŉШƚƨĦőШůċƣĲƖŔċũƚ562ЮШÑőŔƚШƚƨƓƓũǃШŔŰĲũċƚƣŔĦŔƣǃЯШ

 
560ШÅċƽШ~ċƣĲƖŔċũƚШfŰŉŸƖůċƣŔŸŰШÉǃƚƣĲůЮШыΞΜΞΠЯШ[ĲĤƖƨċƖǃьЮШÅċƖĲШEċƖƣőШEũĲůĲŰƣƚЮШÅ~fÉШÂƖŸĬƨĦƣŔŸŰШůŸĬĲũаШ?ċƣċШƚŸƨƖĦĲƚЮШsŸŔŰƣШÅĲƚĲċƖĦőШ9ĲŰƣƖĲЮШ
ÅĲƣƖŔĲƻĲĬШΜΞЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƖůŔƚЮŢƖĦЮĲĦЮĲƨƖŸƓċЮĲƨоƖůƓоÅċƖĲӖΞΜEċƖƣőӖΞΜEũĲůĲŰƣƚШ 
561ШìƨШòШ?ЯШÂĲŰŊШüШxЯШxċŔШ?ЯШĲƣШċũЮШыΞΜΞΟьЮШEǂƓũŸƖŔŰŊШŔŰƣĲƖŰċƣŔŸŰċũШƖċƖĲШĲċƖƣőШŔŰĬƨƚƣƖǃШũċŰĬƚĦċƓĲШĦőċŰŊĲƚШċŰĬШ9őŔŰċќƚШƚƣƖċƣĲŊŔĦШƖĲƚƓŸŰƚĲƚШы

̡ ьЮШ7ƨũũĲƣŔŰШŸŉШ9őŔŰĲƚĲШ ĦċĬĲůǃШŸŉШÉĦŔĲŰĦĲƚЯШΞΜΞΟЯШΟΥыΞьаШΞΡΡрΞΣΠЯШĬŸŔаШ
ΝΜЮΝΣΠΝΥоŢЮŔƚƚŰЮΝΜΜΜрΟΜΠΡЮΞΜΞΞΝΜΞΣΜΜΝЮ 
562ШÑĲƖċǍċƽċЯШÑЮШыΞΜΞΟЯШ§ĦƣŸĤĲƖШΝΟьЮШcŸƽШsċƓċŰШƚŸũƻĲĬШŔƣƚШƖċƖĲШĲċƖƣőШůŔŰĲƖċũƚШĬĲƓĲŰĬĲŰĦǃШŔƚƚƨĲЮШìŸƖũĬШEĦŸŰŸůŔĦШ[ŸƖƨůЮШÅĲƣƖŔĲƻĲĬШ
ΟΝЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮƽĲŉŸƖƨůЮŸƖŊоƚƣŸƖŔĲƚоΞΜΞΟоΝΜоŢċƓċŰрƖċƖĲрĲċƖƣőрůŔŰĲƖċũƚоШШ 

https://rmis.jrc.ec.europa.eu/rmp/Rare%20Earth%20Elements
https://www.weforum.org/stories/2023/10/japan-rare-earth-minerals/


 

 ΝΡΦ 

ĦŸůĤŔŰĲĬШƽŔƣőШůċƖťĲƣШƓċŰŔĦЯШĦċƨƚĲĬШÅEШƓƖŔĦĲƚШƣŸШƚƨƖŊĲШŔŰШůŔĬрΞΜΝΜЯШƖĲċĦőŔŰŊШƨŰƓƖĲĦĲĬĲŰƣĲĬШũĲƻĲũƚШĤǃШ
ůŔĬрΞΜΝΝШƽŔƣőШůŸƚƣШÅEШůĲƣċũƚШċŰĬШŸǂŔĬĲƚШƚťǃƖŸĦťĲƣĲĬШĤǃШŸƻĲƖШΝЯΜΜΜӖ563Ю 

[ŸũũŸƽŔŰŊШƣőŔƚШƓƖŔĦĲШƚƓŔťĲЯШĦŸƨŰƣƖŔĲƚШũŔťĲШƣőĲШÖЮÉЮШċŰĬШ ƨƚƣƖċũŔċШĤĲŊċŰШĬĲƻĲũŸƓŔŰŊШŸƖШƖĲƻŔƻŔŰŊШĬŸůĲƚƣŔĦШ
ÅEШůŔŰŔŰŊШƓƖŸŢĲĦƣƚЯШƨƚőĲƖŔŰŊШŔŰШċŰШĲƖċШŸŉШůŸƖĲШĬŔƻĲƖƚŔǯĲĬШŊũŸĤċũШƚƨƓƓũǃЮШ7ǃШΞΜΞΝЯШŊũŸĤċũШÅEШůŔŰĲШ
ƓƖŸĬƨĦƣŔŸŰШőċĬШƖĲċĦőĲĬШċƓƓƖŸǂŔůċƣĲũǃШΞΥΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚЯШƽŔƣőШ9őŔŰċШċĦĦŸƨŰƣŔŰŊШŉŸƖШċƖŸƨŰĬШΣΜӖШċŰĬШ
ƣőĲШÖЮÉЮШƖċŰťŔŰŊШƚĲĦŸŰĬШƽŔƣőШċШΝΡӖШƚőċƖĲ564ЮШ 

 

EÖШůŔŰĲШƓƖŸĬƨĦƣŔŸŰ 
ÑőĲƖĲШŔƚШĦƨƖƖĲŰƣũǃШŰŸШÅEШůŔŰĲШƓƖŸĬƨĦƣŔŸŰШŔŰШƣőĲШEÖШĤƨƣШƣőĲШŉŸũũŸƽŔŰŊШċƖĲШċĬƻċŰĦĲĬрƚƣċŊĲШƓƖŸŢĲĦƣƚШŔŰШƣőĲШ
EÖ565ЯШ566ЮШ 

¶ xĲċĬŔŰŊШEĬŊĲШ~ċƣĲƖŔċũƚ ы9ċŰċĬċьШƚƨĤůŔƣƣĲĬШċŰШċƓƓũŔĦċƣŔŸŰШŉŸƖШċŰШEǂƓũŸŔƣċƣŔŸŰШ9ŸŰĦĲƚƚŔŸŰЯШċШ
ΞΡрǃĲċƖШůŔŰŔŰŊШũĲċƚĲЯШŔŰШ?ĲĦĲůĤĲƖШΞΜΞΠШċŉƣĲƖШƖĲĬĲƚŔŊŰŔŰŊШƣőĲШ ŸƖƖċШuęƖƖШcÅEEШƓƖŸŢĲĦƣШŔŰШ
ÉƽĲĬĲŰЮ 

¶ xu 7 ыÉƽĲĬĲŰѣƚШƚƣċƣĲрŸƽŰĲĬШŔƖŸŰШŸƖĲШƓƖŸĬƨĦĲƖьШƓũċŰƚШƣŸШĲǂƣƖċĦƣШÅEШŉƖŸůШƽċƚƣĲШůċƣĲƖŔċũШċƣШċŰШ
ĲǂŔƚƣŔŰŊШůŔŰĲЯШƣċƖŊĲƣŔŰŊШċŰŰƨċũШƓƖŸĬƨĦƣŔŸŰШŸŉШΞЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШŸŉШÅE§ШĤĲƣƽĲĲŰШΞΜΞΥШċŰĬШΞΜΟΜЮ 

¶ [ŔŰŰŔƚőШ~ŔŰĲƖċũƚШ]ƖŸƨƓ ы[ŔŰũċŰĬќƚШƚƣċƣĲрŸƽŰĲĬШǯƖůьШŸƽŰƚШƣőĲШÉŸťũŔШƓƖŸŢĲĦƣЯШƽőŔĦőШŔƚШƖŔĦőШŔŰШ
xÅEEЮШÑőĲШƓƖŸŢĲĦƣШƚƣŔũũШŰĲĲĬƚШƣŸШƨŰĬĲƖŊŸШĲŰƻŔƖŸŰůĲŰƣċũШċƚƚĲƚƚůĲŰƣШċŰĬШƓĲƖůŔƣƣŔŰŊЯШƽŔƣőШ
ƓƖŸĬƨĦƣŔŸŰШƣċƖŊĲƣĲĬШŉŸƖШΞΜΟΡЮ 

¶ ÄƨċŰƣƨůШ~ŔŰĲƖŖċ ыÉƓċŔŰьШŔĬĲŰƣŔǯĲĬШƣőĲШ~ċƣċůƨũċƚШĬĲƓŸƚŔƣШŔŰШÉƓċŔŰЯШƽőŔĦőШĦŸƨũĬШƓƖŸĬƨĦĲШƨƓШ
ƣŸШ ΝЯΡΜΜШ ůĲƣƖŔĦШ ƣŸŰƚШ ŸŉШ  ĬÂƖШ ŸǂŔĬĲƚЮШ Ш ƖĲŊŔŸŰċũШ ŊŸƻĲƖŰůĲŰƣШ ƖĲŢĲĦƣĲĬШ ŔƣƚШ ůŔŰŔŰŊШ ƓĲƖůŔƣШ
ċƓƓũŔĦċƣŔŸŰШŔŰШΞΜΝΦЯШĤƨƣШƣőĲШĦŸůƓċŰǃШŔƚШƚĲĲťŔŰŊШƣŸШőċƻĲШƣőĲШĬĲĦŔƚŔŸŰШƖĲƻĲƖƚĲĬЮ 

 

 

 

 

 

 

 
563ШÉőĲŰЯШòЮЯШ~ŸŸůǃЯШÅЮШѼШEŊŊĲƖƣЯШÅЮ]ЮШыΞΜΞΜьЮШ9őŔŰċќƚШƓƨĤũŔĦШƓŸũŔĦŔĲƚШƣŸƽċƖĬШƖċƖĲШĲċƖƣőƚЯШΝΦΤΡтΞΜΝΥЮШ~ŔŰĲƖШEĦŸŰШΟΟЯШΝΞΤтΝΡΝШыΞΜΞΜьЮШ
őƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΜΤоƚΝΟΡΣΟрΜΝΦрΜΜΞΝΠрΞШыΞΜΞΜьЮШ9őŔŰċќƚШƓƨĤũŔĦШƓŸũŔĦŔĲƚШƣŸƽċƖĬШƖċƖĲШĲċƖƣőƚЯШΝΦΤΡтΞΜΝΥЮШ~ŔŰĲƖċũШEĦŸŰŸůŔĦƚЯШΟΟыΝьЯШΝΞΤт
ΝΡΝЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΜΤоƚΝΟΡΣΟрΜΝΦрΜΜΞΝΠрΞШ 
564ШìƨШòШ?ЯШÂĲŰŊШüШxЯШxċŔШ?ЯШĲƣШċũЮШыΞΜΞΟьЮШEǂƓũŸƖŔŰŊШŔŰƣĲƖŰċƣŔŸŰċũШƖċƖĲШĲċƖƣőШŔŰĬƨƚƣƖǃШũċŰĬƚĦċƓĲШĦőċŰŊĲƚШċŰĬШ9őŔŰċќƚШƚƣƖċƣĲŊŔĦШƖĲƚƓŸŰƚĲƚШы

̡ ьЮШ7ƨũũĲƣŔŰШŸŉШ9őŔŰĲƚĲШ ĦċĬĲůǃШŸŉШÉĦŔĲŰĦĲƚЯШΞΜΞΟЯШΟΥыΞьаШΞΡΡрΞΣΠЯШĬŸŔаШ
ΝΜЮΝΣΠΝΥоŢЮŔƚƚŰЮΝΜΜΜрΟΜΠΡЮΞΜΞΞΝΜΞΣΜΜΝЮШ 
565ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШÅċƖĲШĲċƖƣőШĲũĲůĲŰƣƚШыÅEEьаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΥЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÅEEрEÖÅ§ÉÑ ÑЮƓĬŉ 
566ШÅĲƨƣĲƖƚШыΞΜΞΠЯШsƨŰĲШΞΤьЮШ9ŸůƓċŰŔĲƚШŉŸƖŊŔŰŊШƖċƖĲШĲċƖƣőƚШŔŰĬƨƚƣƖǃШŔŰШEÖЮШÅĲƨƣĲƖƚЮШÅĲƣƖŔĲƻĲĬШΟΝЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮƖĲƨƣĲƖƚЮĦŸůоůċƖťĲƣƚоĦŸůůŸĬŔƣŔĲƚоĦŸůƓċŰŔĲƚрŉŸƖŊŔŰŊрƖċƖĲрĲċƖƣőƚрŔŰĬƨƚƣƖǃрĲƨрΞΜΞΠрΜΣрΞΤоШ 

https://doi.org/10.1007/s13563-019-00214-2
https://www.reuters.com/markets/commodities/companies-forging-rare-earths-industry-eu-2024-06-27/


 

 ΝΣΜ 

ÉĲĦŸŰĬċƖǃШƓƖŸĬƨĦƣŔŸŰ 

 ĲƽЮƚĦƖċƓЮŊĲŰĲƖċƣĲĬЮŉƖŸůЮůċŰƨŉċĦƣƨƖŔŰŊЮƓƖŸĦĲƚƚĲƚ 

[ŸƖШůċŰǃШÅEШůĲƣċũƚЯШŰĲƽШƚĦƖċƓШŊĲŰĲƖċƣĲĬШĬƨƖŔŰŊШċũũŸǃШůċŰƨŉċĦƣƨƖŔŰŊШƚĲƖƻĲƚШċƚШċШƚŔŊŰŔǯĦċŰƣШƚĲĦŸŰĬċƖǃШ
ƚŸƨƖĦĲЯШƓƖŔůċƖŔũǃШƽŔƣőŔŰШċШĦũŸƚĲĬрũŸŸƓШƚǃƚƣĲůЮШ ŸƣċĤũǃЯШċĤŸƨƣШΟΜӖШŸŉШůċŊŰĲƣШċũũŸǃƚШĤĲĦŸůĲШƚĦƖċƓШ
ĬƨƖŔŰŊШƓƖŸĬƨĦƣŔŸŰ567ЮШ 

§ũĬЮƚĦƖċƓЮёƓŸƚƣцĦŸŰƚƨůĲƖЮƚĦƖċƓђ 

9ƨƖƖĲŰƣũǃЯШ ŸŰũǃШ ũŔůŔƣĲĬШ ċůŸƨŰƣƚШ ŸŉШ ÅEШ ċƖĲШ ƖĲĦŸƻĲƖĲĬШ ŉƖŸůШ ĤċƣƣĲƖŔĲƚЯШ ƓĲƖůċŰĲŰƣШ ůċŊŰĲƣƚЯШ ċŰĬШ
ǰƨŸƖĲƚĦĲŰƣШũċůƓƚ568ШЮШÅĲĦǃĦũŔŰŊШƖĲůċŔŰƚШĦőċũũĲŰŊŔŰŊШĬƨĲШƣŸШƣőĲШƽċǃШÅEEƚШċƖĲШĲůĤĲĬĬĲĬШċƚШƚůċũũШ
ĦŸůƓŸŰĲŰƣƚШƽŔƣőŔŰШĦŸůƓũĲǂШƓƖŸĬƨĦƣƚШŸƖШċƚШƓċƖƣШŸŉШŔŰƣƖŔĦċƣĲШůċƣĲƖŔċũƚ569ЮШ[ŸƖШŔŰƚƣċŰĦĲЯШƣőĲШƖĲĦǃĦũŔŰŊШƖċƣĲШ
ŸŉШċũũŸǃĲĬШÅEEƚШŔƚШŰĲŊũŔŊŔĤũĲШŔŰШƚĲƻĲƖċũШċƓƓũŔĦċƣŔŸŰƚЮШÑőĲШƓƖŔůċƖǃШĤċƖƖŔĲƖƚШŔŰĦũƨĬĲШƣőĲШũċĦťШŸŉШċƻċŔũċĤũĲШ
ƖĲĦǃĦũċĤũĲШůċƣĲƖŔċũШċŰĬШƣőĲШũŸƽШĦŸŰĦĲŰƣƖċƣŔŸŰШŸŉШÅEEƚШŔŰШůċŰǃШƓƖŸĬƨĦƣƚЯШƚƨĦőШċƚШĲũĲĦƣƖŸŰŔĦƚЮШ Ш
ƓŸƣĲŰƣŔċũШĤŸŸƚƣШƣŸШůċŊŰĲƣШƖĲĦǃĦũŔŰŊШĦŸƨũĬШĦŸůĲШŉƖŸůШƣőĲШŊƖŸƽŔŰŊШůċƖťĲƣШŉŸƖШũċƖŊĲШ Ĭ[Ĳ7ШůċŊŰĲƣƚШƨƚĲĬШ
ŔŰШƽŔŰĬШƣƨƖĤŔŰĲƚШċŰĬШEéƚЮШìőŔũĲШƣőĲŔƖШũċƖŊĲƖШƚŔǍĲШŉċĦŔũŔƣċƣĲƚШĦŸũũĲĦƣŔŸŰЯШƣőĲŔƖШũŸŰŊШũŔŉĲƚƓċŰШыΝΜтΞΜШǃĲċƖƚШŸƖШ
ůŸƖĲьШĬĲũċǃƚШƣőĲŔƖШċƻċŔũċĤŔũŔƣǃШċƚШĲŰĬрŸŉрũŔŉĲШŉĲĲĬƚƣŸĦťЮ 

fŰШEƨƖŸƓĲЯШƖĲĦǃĦũŔŰŊШŔŰƓƨƣШƖċƣĲƚШƖĲůċŔŰШƻĲƖǃШũŸƽЯШƣǃƓŔĦċũũǃШĤĲũŸƽШΝӖШĬƨĲШƣŸШŔŰĲǭŔĦŔĲŰƣШĦŸũũĲĦƣŔŸŰШƚǃƚƣĲůƚШ
ċŰĬШƣőĲШőŔŊőШĦŸƚƣƚШŸŉШĬĲƻĲũŸƓŔŰŊШÅEEШƖĲĦǃĦũŔŰŊШŔŰŉƖċƚƣƖƨĦƣƨƖĲЮШcŔŊőĲƖШƖĲĦǃĦũŔŰŊШƖċƣĲƚШŉŸƖШĲƨƖŸƓŔƨůЯШ
ǃƣƣƖŔƨůЯШċŰĬШƣĲƖĤŔƨůШċƖĲШůċŔŰũǃШċƣƣƖŔĤƨƣĲĬШƣŸШƣőĲШƖĲĦǃĦũŔŰŊШŸŉШǰƨŸƖĲƚĦĲŰƣШũċůƓƚ570ЮШ 

 

 

 

 

 

 

 

 

 
567ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШÅċƖĲШĲċƖƣőШĲũĲůĲŰƣƚШыÅEEьаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΥЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÅEEрEÖÅ§ÉÑ ÑЮƓĬŉ 
568ШШ9ŸƖĬŔĲƖЯШ?ЮШsЮыΞΜΞΡьЮШ~ŔŰĲƖċũШ9ŸůůŸĬŔƣǃШÉƨůůċƖŔĲƚШΞΜΞΡаШÅċƖĲШEċƖƣőƚЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΟΝЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрƖċƖĲрĲċƖƣőƚЮƓĬŉШШШШ 
569Ш]ƨŰŰЯШ]ЮШыEĬЮьЮШыΞΜΝΟьЮШ9ƖŔƣŔĦċũШůĲƣċũƚШőċŰĬĤŸŸťЮШìŔũĲǃр7ũċĦťƽĲũũЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΜΞоΦΤΥΝΝΝΥΤΡΡΟΠΝШ 
570ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШÅċƖĲШĲċƖƣőШĲũĲůĲŰƣƚШыÅEEьаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΥЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÅEEрEÖÅ§ÉÑ ÑЮƓĬŉ 
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 ΝΣΝ 

ÅĲƚĲƖƻĲƚ 
]ũŸĤċũШƖĲƚĲƖƻĲƚ571Ш 
ÅEШċƖĲШƖĲũċƣŔƻĲũǃШċĤƨŰĬċŰƣШŔŰШƣőĲШEċƖƣőќƚШĦƖƨƚƣЯШĤƨƣШůŔŰċĤũĲШĦŸŰĦĲŰƣƖċƣŔŸŰƚШċƖĲШũĲƚƚШĦŸůůŸŰШƣőċŰШŉŸƖШ
ůŸƚƣШŸƣőĲƖШůŔŰĲƖċũШĦŸůůŸĬŔƣŔĲƚЮ 

9ŸƨŰƣƖǃШ ÅĲƚĲƖƻĲƚШыůĲƣƖŔĦШƣŸŰƚЯШÅE§ШĲƕƨŔƻċũĲŰƣь 

9őŔŰċ ΠΠЯΜΜΜЯΜΜΜ 

7ƖċǍŔũ ΞΝЯΜΜΜЯΜΜΜ 
fŰĬŔċ ΣЯΦΜΜЯΜΜΜ 
ƨƚƣƖċũŔċ ΡЯΤΜΜЯΜΜΜ 

ÅƨƚƚŔċ ΟЯΥΜΜЯΜΜΜ 

éŔĲƣŰċů ΟЯΡΜΜЯΜΜΜ 

ÑőĲШÖЮÉЮ ΝЯΦΜΜЯΜΜΜ 

]ƖĲĲŰũċŰĬ ΝЯΡΜΜЯΜΜΜ 

 

EÖШƖĲƚĲƖƻĲƚ572 
ÅEШƖĲƚĲƖƻĲƚШŸŉШEÖШůĲůĤĲƖƚќШŸƻĲƖƚĲċƚШĦŸƨŰƣƖŔĲƚШċŰĬШƣĲƖƖŔƣŸƖŔĲƚШы§9ÑьШċŰĬШŸƣőĲƖШEƨƖŸƓĲċŰШĦŸƨŰƣƖŔĲƚШ 

9ŸƨŰƣƖǃШ ÅĲƚĲƖƻĲƚШыůĲƣƖŔĦШƣŸŰƚЯШƖĲĦŸƖĬĲĬШŔŰШĬŔǭĲƖĲŰƣШƖĲƓŸƖƣŔŰŊШ
ĦŸĬĲƚьШ 

]ƖĲĲŰũċŰĬ ΝЯΡΞΥЯΜΜΜШыÅE§ШĲƕƨŔƻċũĲŰƣь 

ÉƽĲĬĲŰ ΝΠΜЯΜΜΜШыÅE§ШĲƕƨŔƻċũĲŰƣь 

ÖťƖċŔŰĲ ΠΝΤЯΜΜΜШыòƣƣƖŔƨůШũċŰƣőċŰŔĬĲШċŰĬШǃƣƣƖŔƨůШŸƖĲь 

 

 

 
571Ш9ŸƖĬŔĲƖЯШ?ЮШsЮыΞΜΞΡьЮШ~ŔŰĲƖċũШ9ŸůůŸĬŔƣǃШÉƨůůċƖŔĲƚШΞΜΞΡаШÅċƖĲШEċƖƣőƚЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΟΝЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрƖċƖĲрĲċƖƣőƚЮƓĬŉШШ 
572ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШÅċƖĲШĲċƖƣőШĲũĲůĲŰƣƚШыÅEEьаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΥЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÅEEрEÖÅ§ÉÑ ÑЮƓĬŉ 



 

 ΝΣΞ 

ÂƖŸĦĲƚƚŔŰŊШƚƣċŊĲШтШÅEШŸǂŔĬĲƚЯШůĲƣċũƚЯШċŰĬШċũũŸǃƚ 
]ũŸĤċũШƓƖŸĬƨĦĲƖƚШċƣШƣőĲШƓƖŸĦĲƚƚŔŰŊШƚƣċŊĲ 

 

9őŔŰċШŔƚШŰŸƣШŸŰũǃШƣőĲШƽŸƖũĬѣƚШũĲċĬŔŰŊШƓƖŸĬƨĦĲƖШŸŉШÅEШċƣШƣőĲШůŔŰŔŰŊШƚƣċŊĲШĤƨƣШċũƚŸШůċŔŰƣċŔŰƚШċШĬŸůŔŰċŰƣШ
ƓƖĲƚĲŰĦĲШŔŰШĬŸƽŰƚƣƖĲċůШƚĲĦƣŸƖƚЮ 

ÑőĲШEÖШőċƚШũŔůŔƣĲĬШƓƖŸĦĲƚƚŔŰŊШĦċƓċĦŔƣǃШċŰĬШƖĲũŔĲƚШũċƖŊĲũǃШŸŰШŔůƓŸƖƣĲĬШǯŰŔƚőĲĬШƓƖŸĬƨĦƣƚШũŔťĲШůċŊŰĲƣƚЯШ
ċũũŸǃƚЯШċŰĬШĲũĲĦƣƖŸŰŔĦƚ573ЮШÑőĲШEÖШĦŸůƓċŰŔĲƚШŸƓĲƖċƣŔŰŊШċƣШƣőĲШƓƖŸĦĲƚƚŔŰŊШƚƣċŊĲШċƖĲШƚőŸƽŰШċƚШŉŸũũŸƽƚ574ЮШ 

¶ ÉŸũƻċǃШы7ĲũŊŔċŰШĦőĲůŔĦċũШŊƖŸƨƓьШŸƽŰƚШċШƓũċŰƣШŔŰШ[ƖċŰĦĲШƣőċƣШƓƖŸĬƨĦĲƚШΠЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШŸŉШÅE§ƚШ
ŉŸƖШċƨƣŸШĦċƣċũǃƚƣƚШċŰĬШĲũĲĦƣƖŸŰŔĦƚШĤƨƣШĬŸĲƚШŰŸƣШĦƨƖƖĲŰƣũǃШƓƖŸĬƨĦĲШ ĬÂƖШŉŸƖШƓĲƖůċŰĲŰƣШůċŊŰĲƣƚЮШ
ÑőĲШĦŸůƓċŰǃШĲǂƓĲĦƣƚШƣŸШĤĲŊŔŰШ ĬÂƖШƓƖŸĬƨĦƣŔŸŰШŔŰШΞΜΞΡЯШċŔůŔŰŊШƣŸШƚƨƓƓũǃШΞΜӖрΟΜӖШŸŉШEƨƖŸƓĲċŰШ
ĬĲůċŰĬЯШƣőŸƨŊőШƣőŔƚШůċǃШŰŸƣШĤĲШŉƨũũǃШċĦőŔĲƻĲĬШƨŰƣŔũШċŉƣĲƖШΞΜΟΜЮ 

¶ 9ċƖĲƚƣĲƖШыƓƖŔƻċƣĲШ[ƖĲŰĦőШĦŸůƓċŰǃьЯШŔŰШƓċƖƣŰĲƖƚőŔƓШƽŔƣőШÉŸũƻċǃЯШƓũċŰƚШƣŸШƓƖŸĬƨĦĲШŸƻĲƖШΝЯΜΜΜШ
ůĲƣƖŔĦШ ƣŸŰƚШ ŸŉШ ÅE§ƚЯШůċŔŰũǃШŉƖŸůШ ƖĲĦǃĦũĲĬШ ůċŊŰĲƣƚЯШ ƣőŸƨŊőШ ŔŰŔƣŔċũũǃШ ċũƚŸШ ŉƖŸůШ ůŔŰŔŰŊШ
ĦŸŰĦĲŰƣƖċƣĲƚЯШƚƣċƖƣŔŰŊШŔŰШΞΜΞΣЮ 

¶  ĲŸШÂĲƖŉŸƖůċŰĦĲШ~ċƣĲƖŔċũƚШы9ċŰċĬŔċŰрũŔƚƣĲĬШǯƖůьШŸƽŰƚШċШƓƖŸĦĲƚƚŔŰŊШƓũċŰƣШŔŰШEƚƣŸŰŔċШƽŔƣőШċШ
ĦċƓċĦŔƣǃШŸŉШΟЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШŸŉШÅE§ƚЯШċĤŸƨƣШċШƕƨċƖƣĲƖШŸŉШƽőŔĦőШċƖĲШ ĬÂƖЮ 

¶ ~ťċŰŊŸШÅĲƚŸƨƖĦĲƚШŔƚШƓũċŰŰŔŰŊШƣŸШĤƨŔũĬШċШƚĲƓċƖċƣŔŸŰШƓũċŰƣШŔŰШÂƨũċƽǃЯШÂŸũċŰĬЯШƽŔƣőШċШƣċƖŊĲƣШŸŉШ
ƓƖŸĬƨĦŔŰŊШΞЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШŸŉШ ĬÂƖШŸǂŔĬĲƚШċŰĬШΡΜШůĲƣƖŔĦШƣŸŰƚШŸŉШcÅEEШĤĲŉŸƖĲШΞΜΟΜЮ 

 

ÑőĲƖĲШŔƚШĦƨƖƖĲŰƣũǃШŰŸШůĲƣċũũŔĦШÅEШƓƖŸĬƨĦƣŔŸŰШŔŰШƣőĲШEÖШĤƨƣШƣőĲШÖuШыxĲƚƚШ9ŸůůŸŰШ~ĲƣċũƚЯШx9~ьШőċƚШůĲƣċũШ
ċŰĬШċũũŸǃрůċťŔŰŊШĦċƓċĤŔũŔƣŔĲƚЮШfŰШ]ĲƖůċŰǃШċŰĬШÉũŸƻĲŰŔċЯШƣőĲƖĲШċƖĲШċũƚŸШĦŸůƓċŰŔĲƚШůċŰƨŉċĦƣƨƖĲШ
ůċŊŰĲƣƚШċŰĬШċũũŸǃƚШƨƚŔŰŊШŔůƓŸƖƣĲĬШůċƣĲƖŔċũƚЮШ 

 

 
573ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШÅċƖĲШĲċƖƣőШĲũĲůĲŰƣƚШыÅEEьаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΥЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÅEEрEÖÅ§ÉÑ ÑЮƓĬŉ 
574ШÅĲƨƣĲƖƚШыΞΜΞΠЯШsƨŰĲШΞΤьЮШ9ŸůƓċŰŔĲƚШŉŸƖŊŔŰŊШƖċƖĲШĲċƖƣőƚШŔŰĬƨƚƣƖǃШŔŰШEÖЮШÅĲƨƣĲƖƚЮШÅĲƣƖŔĲƻĲĬШΟΝЮΜΟЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮƖĲƨƣĲƖƚЮĦŸůоůċƖťĲƣƚоĦŸůůŸĬŔƣŔĲƚоĦŸůƓċŰŔĲƚрŉŸƖŊŔŰŊрƖċƖĲрĲċƖƣőƚрŔŰĬƨƚƣƖǃрĲƨрΞΜΞΠрΜΣрΞΤоШ 
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?ĲůċŰĬШ 
]ũŸĤċũШĬĲůċŰĬ575 
?ƨĲШƣŸШũŔůŔƣĲĬШĬċƣċШƣƖċŰƚƓċƖĲŰĦǃЯШĲƚƣŔůċƣĲƚШŸŉШŊũŸĤċũШÅEШĦŸŰƚƨůƓƣŔŸŰШƻċƖǃШƚŔŊŰŔǯĦċŰƣũǃЮШ7ċƚĲĬШŸŰШ
ŊũŸĤċũШůŔŰĲШƓƖŸĬƨĦƣŔŸŰЯШƣőĲШÖÉ]ÉШĲƚƣŔůċƣĲĬШĦŸŰƚƨůƓƣŔŸŰШċƣШċƓƓƖŸǂŔůċƣĲũǃШΝΡΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШŔŰШ
ΞΜΝΦЮШÑőĲШƨƚċŊĲШŸŉШƚƓĲĦŔǯĦШÅEEƚШƻċƖŔĲƚШƚŔŊŰŔǯĦċŰƣũǃШĤǃШůċƖťĲƣШƚĲĦƣŸƖШċŰĬШċƓƓũŔĦċƣŔŸŰа 

¶ 9ċƣċũǃƚƣƚаШÂƖŔůċƖŔũǃШũċŰƣőċŰƨůШċŰĬШĦĲƖŔƨůЯШƽŔƣőШƚůċũũĲƖШċůŸƨŰƣƚШŸŉШŰĲŸĬǃůŔƨůЮ 
¶ ~ċŊŰĲƣШыƻċƖŔĲƚШĤǃШƣǃƓĲьа 

o  Ĭ[Ĳ7Ш ůċŊŰĲƣƚаШ ~ċŔŰũǃШ ŰĲŸĬǃůŔƨůШ ċŰĬШ ƓƖċƚĲŸĬǃůŔƨůЯШ ƽŔƣőШ ũĲƚƚĲƖШ ċůŸƨŰƣƚШ ŸŉШ
ĬǃƚƓƖŸƚŔƨůЯШŊċĬŸũŔŰŔƨůЯШċŰĬШƣĲƖĤŔƨůЮ 

o Éů9ŸШůċŊŰĲƣƚаШÂƖŔůċƖŔũǃШƚċůċƖŔƨůЯШƽŔƣőШƚůċũũĲƖШċůŸƨŰƣƚШŸŉШŊċĬŸũŔŰŔƨůЮ 
o [ĲƖƖŔƣĲШůċŊŰĲƣƚаШxŔůŔƣĲĬШƨƚĲШŸŉШũċŰƣőċŰƨůШŔŰШĦĲƖƣċŔŰШċƓƓũŔĦċƣŔŸŰƚЮ 

¶ ÂŸũŔƚőŔŰŊШĦŸůƓŸƨŰĬƚаШ~ŸƚƣũǃШĦĲƖŔƨůЯШƽŔƣőШƚŸůĲШũċŰƣőċŰƨůЮШ 
¶ 7ċƣƣĲƖŔĲƚаШÂƖŔůċƖŔũǃШũċŰƣőċŰƨůЯШƽŔƣőШũĲƚƚĲƖШċůŸƨŰƣƚШŸŉШĦĲƖŔƨůШċŰĬШŸƣőĲƖШÅEEƚЮ 
¶ 9ĲƖċůŔĦƚаШ~ċŔŰũǃШǃƣƣƖŔƨůЯШƽŔƣőШƚůċũũĲƖШċůŸƨŰƣƚШŸŉШĦĲƖŔƨůШċŰĬШŸƣőĲƖШÅEEƚЮ 
¶ ~ĲƣċũũƨƖŊŔĦċũШċƓƓũŔĦċƣŔŸŰƚаШéċƖŔĲƚШĤǃШĲũĲůĲŰƣЮШ 
¶ ÂőŸƚƓőŸƖƚШƚĲĦƣŸƖаШEƨƖŸƓŔƨůЯШǃƣƣƖŔƨůЯШċŰĬШƣĲƖĤŔƨůЯШƽŔƣőШƚůċũũĲƖШċůŸƨŰƣƚШŸŉШŸƣőĲƖШÅEEƚЮ 
¶ ]ũċƚƚШƚĲĦƣŸƖаШÂƖŔůċƖŔũǃШũċŰƣőċŰƨůЯШĦĲƖŔƨůЯШċŰĬШĲƖĤŔƨůЯШŔŰШĬĲƚĦĲŰĬŔŰŊШŸƖĬĲƖШŸŉШĦŸŰƚƨůƓƣŔŸŰЯШ
ċũŸŰŊШƽŔƣőШŸƣőĲƖШÅEEƚЮШ 

¶ EǂċůƓũĲƚШŸŉШőŔŊőрƨŰŔƣрƻċũƨĲШċƓƓũŔĦċƣŔŸŰƚШƨƚŔŰŊШőĲċƻǃШÅEEƚа 
o xċƚĲƖШĦƖǃƚƣċũƚаШÑǃƓŔĦċũũǃШŰĲŸĬǃůŔƨůШċŰĬШǃƣƣƖŔƨůЯШĬŸƓĲĬШƽŔƣőШĬǃƚƓƖŸƚŔƨůЯШĲƖĤŔƨůЯШ
ƣőƨũŔƨůЯШċŰĬШǃƣƣĲƖĤŔƨůЮ 

o ÂŸƚŔƣƖŸŰШĲůŔƚƚŔŸŰШƣŸůŸŊƖċƓőǃаШÖƚĲƚШũƨƣĲƣŔƨůЮ 
 

EÖШĬĲůċŰĬ576 
fŰШΞΜΞΟЯШƣőĲШEÖШŔůƓŸƖƣĲĬШċШƣŸƣċũШŸŉШΝΥЯΟΜΜШůĲƣƖŔĦШƣŸŰƚШŸŉШÅEEƚЯШŔŰĦũƨĬŔŰŊШƚĦċŰĬŔƨůЯШċƣШƣőĲШƓƖŸĦĲƚƚŔŰŊШ
ƚƣċŊĲШыůĲƣċũЯШĦŸůƓŸƨŰĬƚЯШŔŰƣĲƖůŔǂƣƨƖĲƚЯШċŰĬШŔŰƣĲƖċũũŸǃƚьШƽőŔũĲШĲǂƓŸƖƣŔŰŊШΡЯΣΜΜШůĲƣƖŔĦШƣŸŰƚЮШÑőĲШŔůƓŸƖƣШ
ƖĲũŔċŰĦĲШŸŉШƣőĲШEÖШŔƚШΝΜΜӖЮШ9őŔŰċШƽċƚШƣőĲШũċƖŊĲƚƣШƚƨƓƓũŔĲƖЯШċĦĦŸƨŰƣŔŰŊШŉŸƖШΟΦӖШŸŉШƣőĲШƣŸƣċũШƽĲŔŊőƣШŸŉШ
ŔůƓŸƖƣƚЯШŉŸũũŸƽĲĬШĤǃШ~ċũċǃƚŔċШċƣШΟΟЮΝӖШċŰĬШÅƨƚƚŔċШċƣШΞΞӖЮ 

 

 

 

 

 

 
575Ш]ċůĤŸŊŔЯШsЮШыΞΜΞΠьЮШ~ŔŰĲƖċũƚШǃĲċƖĤŸŸťЯШΞΜΝΦаШÅċƖĲШĲċƖƣőƚШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΞΥЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΝΦоůǃĤΝрΞΜΝΦрƖċƖĲрĲċƖƣőƚЮƓĬŉШ 
576ШEƨƖŸƚƣċƣЮШыΞΜΞΠЯШ ŸƻĲůĤĲƖШΝΞьЮШÑƖċĬĲШŔŰШƖċƖĲШĲċƖƣőШĲũĲůĲŰƣƚШĬĲĦƖĲċƚĲĬШŔŰШΞΜΞΟЮШEƨƖŸƚƣċƣШ ĲƽƚШƖƣŔĦũĲƚЮШÅĲƣƖŔĲƻĲĬШΜΞЮΜΠЮΞΜΞΡШ
őƣƣƓƚаооĲĦЮĲƨƖŸƓċЮĲƨоĲƨƖŸƚƣċƣоƽĲĤоƓƖŸĬƨĦƣƚрĲƨƖŸƚƣċƣрŰĲƽƚоƽоĬĬŰрΞΜΞΠΝΝΝΞрΝ  



 

 ΝΣΠ 

[ƨƣƨƖĲШƚƨƓƓũǃШċŰĬШĬĲůċŰĬШƣƖĲŰĬƚ 
ƚШƣőĲШƽŸƖũĬѣƚШũĲċĬŔŰŊШƓƖŸĬƨĦĲƖШċŰĬШĦŸŰƚƨůĲƖШŸŉШÅEEƚШċŰĬШƣőĲŔƖШĬŸƽŰƚƣƖĲċůШƓƖŸĬƨĦƣƚЯШ9őŔŰċШŔƚШ

ĲǂƓĲĦƣĲĬШƣŸШĦŸŰƣŔŰƨĲШƚőċƓŔŰŊШŊũŸĤċũШůċƖťĲƣƚШŉŸƖШÅEШĦŸůƓŸƨŰĬƚШċŰĬШůĲƣċũШċũũŸǃƚ577ЮШ 

[ƨƣƨƖĲЮƚƨƓƓũǃ 

ĦĦŸƖĬŔŰŊШƣŸШƣőĲШ7ĲŰĦőůċƖťШÅċƖĲШEċƖƣőƚШ[ŸƖĲĦċƚƣЯШŊũŸĤċũШůŔŰĲĬШÅEEШƓƖŸĬƨĦƣŔŸŰШŔƚШƓƖŸŢĲĦƣĲĬШƣŸШƖŔƚĲШ
ŉƖŸůШΟΥΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШŸŉШÅE§ШĲƕƨŔƻċũĲŰƣШŔŰШΞΜΞΠШƣŸШΡΥΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШĤǃШΞΜΟΜЮШÑőĲШĤƖĲċťĬŸƽŰШŔƚШ
ċƚШŉŸũũŸƽƚ578а 

ÅĲŊŔŸŰ ΞΜΞΠШ ΞΜΟΜ 

9őŔŰċ ΞΤΝЯΜΜΜ ΟΟΥЯΜΜΜ 

ƚŔċШыĲǂĦũƨĬŔŰŊШ9őŔŰċь ΡΞЯΜΜΜ ΡΞЯΜΜΜ 

ƨƚƣƖċũŔċ ΝΞЯΜΜΜ ΥΟЯΜΜΜ 

ŉƖŔĦċ р ΟΡЯΜΜΜ 

7ƖċǍŔũ ΞЯΜΜΜ ΣЯΜΜΜ 

EƨƖŸƓĲ р ӃΝЯΜΜΜ 

 ŸƖƣőШ ůĲƖŔĦċ ΠΟЯΜΜΜ ΣΣЯΜΜΜ 

 

?ĲƚƓŔƣĲШƣőĲШŔŰĦƖĲċƚĲШŔŰШůŔŰĲШƓƖŸĬƨĦƣŔŸŰЯШ~ĦuŔŰƚĲǃШѼШ9ŸůƓċŰǃќƚШΞΜΞΠШƚƨƓƓũǃрĬĲůċŰĬШŉŸƖĲĦċƚƣШŉŸƖШ
ΞΜΟΡШƓƖĲĬŔĦƣƚШċШƚőŸƖƣċŊĲШŸŉШÅEEШƚƨƓƓũǃ579Ю 

ƣШƣőĲШƓƖŸĦĲƚƚŔŰŊШƚƣċŊĲЯШƣőĲШƚƨƓƓũǃШŸŉШůŔŰĲĬШÅE§ШŔƚШĲǂƓĲĦƣĲĬШƣŸШŔŰĦƖĲċƚĲШŉƖŸůШΟΣΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШŔŰШ
ΞΜΞΠШƣŸШΡΠΦЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШĤǃШΞΜΟΜЯШƽŔƣőШƣőĲШÖЮÉЮШċŰĬШ ƨƚƣƖċũŔċШĦŸŰƣƖŔĤƨƣŔŰŊШƣőĲШũċƖŊĲƚƣШƚőċƖĲШŸŉШƣőŔƚШ
ŊƖŸƽƣő580Ю 

[ƨƣƨƖĲЮůċŊŰĲƣЮÅEEЮƚƨƓƓũǃЮё ĬеЮÂƖеЮ?ǃеЮÑĤђШ581 

ĦĦŸƖĬŔŰŊШƣŸШƣőĲШfE ШΞΜΞΠШŸƨƣũŸŸťЯШ9őŔŰċШŔƚШĲǂƓĲĦƣĲĬШƣŸШƖĲůċŔŰШƣőĲШũĲċĬŔŰŊШƓƖŸĬƨĦĲƖШŸŉШůŔŰĲĬШůċŊŰĲƣШ
ÅEEƚШƣőƖŸƨŊőШΞΜΟΜЮШcŸƽĲƻĲƖЯШ ƨƚƣƖċũŔċќƚШƚőċƖĲШŸŉШŊũŸĤċũШƓƖŸĬƨĦƣŔŸŰШŔƚШƓƖŸŢĲĦƣĲĬШƣŸШƖŔƚĲШƣŸШΝΥӖЯШƽőŔũĲШ
ƣőĲШÖЮÉЮШŔƚШĲǂƓĲĦƣĲĬШƣŸШůċŔŰƣċŔŰШŔƣƚШĦƨƖƖĲŰƣШΤӖШƚőċƖĲЮШ9ƨƖƖĲŰƣũǃЯШŉĲƽШůċŊŰĲƣШÅEEШůŔŰŔŰŊШŸƓĲƖċƣŔŸŰƚШ
ŸƓĲƖċƣĲШċƣШƣőĲШƚĦċũĲШŸŉШƣőŸƚĲШŔŰШ9őŔŰċШċŰĬШ~ǃċŰůċƖЯШƽŔƣőШŸŰĲШĲċĦőШŔŰШƣőĲШÖЮÉЮЯШ ƨƚƣƖċũŔċЯШéŔĲƣŰċůЯШċŰĬШ
7ƖċǍŔũЮШ ĬĬŔƣŔŸŰċũũǃЯШŰĲƽũǃШċŰŰŸƨŰĦĲĬШƓƖŸŢĲĦƣƚШƣǃƓŔĦċũũǃШƖĲƕƨŔƖĲШċŰШċƻĲƖċŊĲШũĲċĬШƣŔůĲШŸŉШĲŔŊőƣШǃĲċƖƚЯШ
ůċťŔŰŊШƣőĲШƚĦċũŔŰŊШƨƓШŸŉШůŔŰĲĬШƓƖŸĬƨĦƣŔŸŰШĤĲǃŸŰĬШ9őŔŰċШċШĦőċũũĲŰŊŔŰŊШƓƖŸƓŸƚŔƣŔŸŰЮШ 

ÅĲǯŰŔŰŊШŸƨƣƚŔĬĲШ9őŔŰċШƖĲůċŔŰƚШũŔůŔƣĲĬЯШƽŔƣőШŸŰũǃШċШĦŸƨƓũĲШŸŉШŸƓĲƖċƣŔŰŊШŔŰĬƨƚƣƖŔċũрƚĦċũĲШŉċĦŔũŔƣŔĲƚШĲǂŔƚƣŔŰŊШ
ŔŰШ~ċũċǃƚŔċШċŰĬШEƚƣŸŰŔċЯШƚŸůĲШŉċĦŔũŔƣŔĲƚШŔŰШ ƨƚƣƖċũŔċШŰĲċƖŔŰŊШŸƓĲƖċƣŔŸŰЯШċŰĬШƚŸůĲШƚůċũũĲƖрƚĦċũĲШƨŰŔƣƚШ

 
577Ш9ŸƖĬŔĲƖЯШ?ЮШsЮыΞΜΞΡьЮШ~ŔŰĲƖċũШ9ŸůůŸĬŔƣǃШÉƨůůċƖŔĲƚШΞΜΞΡаШÅċƖĲШEċƖƣőƚЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΟΝЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрƖċƖĲрĲċƖƣőƚЮƓĬŉШШ 
578Ш7ĲŰĦőůċƖťШ~ŔŰĲƖċũƚЮШыΞΜΞΠЯШ?ĲĦĲůĤĲƖШΞьЮШ]ĲŸƓŸũŔƣŔĦƚШƣŸШĬƖŔƻĲШƖċƖĲШĲċƖƣőШƚƨƓƓũǃШĬŔƻĲƖƚŔǯĦċƣŔŸŰЮШÅĲƣƖŔĲƻĲĬШΜΞЮΜΠЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƚŸƨƖĦĲЮĤĲŰĦőůċƖťůŔŰĲƖċũƚЮĦŸůоċƖƣŔĦũĲоŊĲŸƓŸũŔƣŔĦƚрƣŸрĬƖŔƻĲрƖċƖĲрĲċƖƣőрƚƨƓƓũǃрĬŔƻĲƖƚŔǯĦċƣŔŸŰШ 
579Ш~ĦuŔŰƚĲǃШѼШ9ŸůƓċŰǃЮШыΞΜΞΠЯШÉĲƓƣĲůĤĲƖШΝΤьЮШ]ũŸĤċũШ~ċƣĲƖŔċũƚШÂĲƖƚƓĲĦƣŔƻĲШΞΜΞΠЮШ~ĦuŔŰƚĲǃШѼШ9ŸůƓċŰǃЮШÅĲƣƖŔĲƻĲĬШΝΜЮΜΞЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮůĦťŔŰƚĲǃЮĦŸůоŔŰĬƨƚƣƖŔĲƚоĲŰĲƖŊǃрċŰĬрůċƣĲƖŔċũƚоŸƨƖрŔŰƚŔŊőƣƚоŊũŸĤċũрůċƣĲƖŔċũƚрƓĲƖƚƓĲĦƣŔƻĲ 
580Ш7ĲŰĦőůċƖťШ~ŔŰĲƖċũƚЮШыΞΜΞΠЯШ?ĲĦĲůĤĲƖШΞьЮШ]ĲŸƓŸũŔƣŔĦƚШƣŸШĬƖŔƻĲШƖċƖĲШĲċƖƣőШƚƨƓƓũǃШĬŔƻĲƖƚŔǯĦċƣŔŸŰЮШÅĲƣƖŔĲƻĲĬШΜΞЮΜΠЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƚŸƨƖĦĲЮĤĲŰĦőůċƖťůŔŰĲƖċũƚЮĦŸůоċƖƣŔĦũĲоŊĲŸƓŸũŔƣŔĦƚрƣŸрĬƖŔƻĲрƖċƖĲрĲċƖƣőрƚƨƓƓũǃрĬŔƻĲƖƚŔǯĦċƣŔŸŰ 
581ШfŰƣĲƖŰċƣŔŸŰċũШEŰĲƖŊǃШ ŊĲŰĦǃЮШыΞΜΞΠьЮШ]ũŸĤċũШ9ƖŔƣŔĦċũШ~ŔŰĲƖċũƚШ§ƨƣũŸŸťШΞΜΞΠЯШfE ЯШÂċƖŔƚШőƣƣƓƚаооƽƽƽЮŔĲċЮŸƖŊоƖĲƓŸƖƣƚоŊũŸĤċũрĦƖŔƣŔĦċũр
ůŔŰĲƖċũƚрŸƨƣũŸŸťрΞΜΞΠЯШxŔĦĲŰĦĲаШ99Ш7òШΠЮΜ 

https://source.benchmarkminerals.com/article/geopolitics-to-drive-rare-earth-supply-diversification
https://source.benchmarkminerals.com/article/geopolitics-to-drive-rare-earth-supply-diversification


 

 ΝΣΡ 

ŰĲċƖŔŰŊШŸƓĲƖċƣŔŸŰШŔŰШ[ƖċŰĦĲШċŰĬШƣőĲШÖЮÉЮШ7ǃШΞΜΟΜЯШƽőŔũĲШƣőĲШŸƻĲƖċũũШƓŔĦƣƨƖĲШŉŸƖШƖĲŊŔŸŰċũШĬŔƚƣƖŔĤƨƣŔŸŰШŸŉШ
ĲǂƓĲĦƣĲĬШƖĲǯŰĲĬШƚƨƓƓũǃШĬŸĲƚШŰŸƣШĦőċŰŊĲШůƨĦőЯШċĬĬŔƣŔŸŰċũШƖĲǯŰĲĬШŸƨƣƓƨƣШŸŉШΞΦЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШŔƚШ
ŉŸƖĲĦċƚƣĲĬЯШůċŔŰũǃШŉƖŸůШ9őŔŰċЯШ~ċũċǃƚŔċЯШƣőĲШÖЮÉЮЯШċŰĬШƨƚƣƖċũŔċЮШ 

ÑőĲШfE ѣƚШŸƨƣũŸŸťШƓƖĲƚĲŰƣƚШƣőƖĲĲШĬĲůċŰĬШƚĦĲŰċƖŔŸƚЯШƣƽŸШŸŉШƽőŔĦőШůċǃШŰŸƣШĤĲШůĲƣШĤǃШƓƖŸŢĲĦƣĲĬШƚƨƓƓũǃШ
ŔŰШΞΜΟΡШċũƖĲċĬǃЮШcŸƽĲƻĲƖЯШƣőĲШƓƖŔůċƖǃШĦŸŰĦĲƖŰШŉŸƖШůċŊŰĲƣШÅEEƚШŔƚШŰŸƣШŢƨƚƣШƣőĲШƓŸƣĲŰƣŔċũШƚƨƓƓũǃрĬĲůċŰĬШ
ŊċƓШĤƨƣШƣőĲШĲǂƣƖĲůĲШŊĲŸŊƖċƓőŔĦШĦŸŰĦĲŰƣƖċƣŔŸŰШŸŉШĤŸƣőШĦƨƖƖĲŰƣШċŰĬШŉƨƣƨƖĲШůŔŰŔŰŊШċŰĬШƖĲǯŰŔŰŊШƓƖŸŢĲĦƣƚЯШ
ůċťŔŰŊШƣőĲШůċƖťĲƣШőŔŊőũǃШƻƨũŰĲƖċĤũĲШƣŸШƚƨƓƓũǃШĬŔƚƖƨƓƣŔŸŰƚЮ 

[ƨƣƨƖĲЮĬĲůċŰĬ 

ÑőĲШƓƖŔůċƖǃШĲŰĬШƨƚĲƚШŸŉШÅEEƚШċƖĲШĲǂƓĲĦƣĲĬШƣŸШƖĲůċŔŰШƨŰĦőċŰŊĲĬЯШƽŔƣőШůċŊŰĲƣƚЯШĦċƣċũǃƚƣƚЯШċŰĬШ
ƓŸũŔƚőŔŰŊШĦŸůƓŸƨŰĬƚШŔŰШĬĲƚĦĲŰĬŔŰŊШŸƖĬĲƖШŸŉШƕƨċŰƣŔƣǃЮШÑőĲШůċŊŰĲƣƚШŔƚШƓƖŸŢĲĦƣĲĬШƣŸШĲǂƓĲƖŔĲŰĦĲШƣőĲШ
ƚƣƖŸŰŊĲƚƣШŊƖŸƽƣőЯШƽőŔũĲШĦċƣċũǃƚƣƚЯШĦĲƖċůŔĦƚЯШċŰĬШƓőŸƚƓőŸƖƚШċƖĲШĲǂƓĲĦƣĲĬШƣŸШŊƖŸƽШċƣШċШƚũŸƽĲƖШƓċĦĲ582ЮШ
[ƖŸůШΞΜΞΠШƣŸШΞΜΠΜЯШ ĬċůċƚШfŰƣĲũũŔŊĲŰĦĲШŉŸƖĲĦċƚƣƚШŊũŸĤċũШĬĲůċŰĬШŉŸƖШ Ĭ[Ĳ7ШůċŊŰĲƣƚШƣŸШŊƖŸƽШċƣШċШ9 ]ÅШ
ŸŉШΥЮΤӖЯШĬƖŔƻĲŰШĤǃШĬŸƨĤũĲрĬŔŊŔƣШŊƖŸƽƣőШŔŰШƖŸĤŸƣŔĦƚЯШċĬƻċŰĦĲĬШċŔƖШůŸĤŔũŔƣǃЯШċŰĬШEéƚЮШÑőĲШ9 ]ÅШŸŉШƣőĲШƚƨĤр
ĦċƣĲŊŸƖŔĲƚШыŔЮĲЮЯШƖŸĤŸƣŔĦƚЯШċĬƻċŰĦĲĬШċŔƖШůŸĤŔũŔƣǃЯШċŰĬШEéƚьШċƖĲШĲǂƓĲĦƣĲĬШƣŸШĤĲШΞΠӖЯШΝΤӖЯШċŰĬШΝΜӖШ
ƖĲƚƓĲĦƣŔƻĲũǃ583ЯШ584Ю 

 

EǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШ 
fƣШƚőŸƨũĬШĤĲШŰŸƣĲĬШƣőċƣШƖĲŊƨũċƣŔŸŰƚШċƖĲШĬǃŰċůŔĦШċŰĬШƚƨĤŢĲĦƣШƣŸШĦőċŰŊĲШŸƻĲƖШƣŔůĲЮ 

~ċŢŸƖШƓƖŸĬƨĦŔŰŊШĦŸƨŰƣƖǃШ EǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШыΞΜΞΞьШ585 
9őŔŰċ xŔĦĲŰƚŔŰŊШƖĲƕƨŔƖĲůĲŰƣШŸŰШÅEШůĲƣċũƚЯШƚĦċŰĬŔƨůШѼШǃƣƣƖŔƨůЯШƽőĲƣőĲƖоŰŸƣШ

ŔŰƣĲƖůŔǂĲĬоŔŰƣĲƖċũũŸǃĲĬЯШĦŸůƓŸƨŰĬƚЯШŔŰŸƖŊċŰŔĦоŸƖŊċŰŔĦЯШŸŉШÅEШ
ůĲƣċũƚоǃƣƣƖŔƨůоƚĦċŰĬŔƨůоůŔǂƣƨƖĲƚШŸŉШƣőĲƚĲШůĲƣċũƚЯШŸƣőĲƖШƣőċŰШĦĲƖŔƨůШĦŸůƓƚЮ 

~ǃċŰůċƖ xŔĦĲŰƚŔŰŊШƖĲƕƨŔƖĲůĲŰƣШċŰĬШŸƣőĲƖШĲǂƓŸƖƣШůĲċƚƨƖĲƚШŸŰШÅEШůĲƣċũƚЯШƚĦċŰĬŔƨůШѼШ
ǃƣƣƖŔƨůЯШƽőĲƣőĲƖоŰŸƣШŔŰƣĲƖůŔǂĲĬоŔŰƣĲƖċũũŸǃĲĬЯШĦŸůƓŸƨŰĬƚЯШŔŰŸƖŊċŰŔĦоŸƖŊċŰŔĦЯШ
ŸŉШÅEШůĲƣċũƚоǃƣƣƖŔƨůоƚĦċŰĬŔƨůоůŔǂƣƨƖĲƚШŸŉШƣőĲƚĲШůĲƣċũƚЯШŸƣőĲƖШƣőċŰШĦĲƖŔƨůШ
ĦŸůƓƚЮ 

9őŔŰċ 

§ŰШ[ĲĤƖƨċƖǃШΝΦЯШΞΜΞΡЯШ9őŔŰċќƚШ~ŔŰŔƚƣƖǃШŸŉШfŰĬƨƚƣƖǃШċŰĬШfŰŉŸƖůċƣŔŸŰШÑĲĦőŰŸũŸŊǃШƖĲũĲċƚĲĬШƣƽŸШĬƖċŉƣШ
ĬůŔŰŔƚƣƖċƣŔƻĲШ~ĲċƚƨƖĲƚШċŔůĲĬШċƣШŉƨƖƣőĲƖШƖĲŊƨũċƣŔŰŊШƣőĲШĬŸůĲƚƣŔĦШÅEШŔŰĬƨƚƣƖǃаШƣőĲЮĬůŔŰŔƚƣƖċƣŔƻĲЮ
~ĲċƚƨƖĲƚЮŉŸƖЮƣőĲЮÑŸƣċũЮéŸũƨůĲЮ9ŸŰƣƖŸũЮċŰĬЮ~ċŰċŊĲůĲŰƣЮŸŉЮÅċƖĲЮEċƖƣőЮ~ŔŰŔŰŊЮċŰĬЮÅċƖĲЮEċƖƣőЮÉůĲũƣŔŰŊЮ

 
582Ш9ŸƖĬŔĲƖЯШ?ЮШsЮыΞΜΞΡьЮШ~ŔŰĲƖċũШ9ŸůůŸĬŔƣǃШÉƨůůċƖŔĲƚШΞΜΞΡаШÅċƖĲШEċƖƣőƚЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΟΝЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрƖċƖĲрĲċƖƣőƚЮƓĬŉШШ 
583ШĬċůċƚШfŰƣĲũũŔŊĲŰĦĲЮШыΞΜΞΠЯШ ƨŊƨƚƣШΞΦьЮ ÅċƖĲШĲċƖƣőШůċŊŰĲƣШůċƖťĲƣШŸƨƣũŸŸťШƣŸШΞΜΠΜдШĬċůċƚШfŰƣĲũũŔŊĲŰĦĲЮШÅĲƣƖŔĲƻĲĬШΜΞЮΜΠЮΞΜΞΡШ
ŉƖŸůШ őƣƣƓƚаооƽƽƽЮċĬċůċƚŔŰƣĲũЮĦŸůоŰĲƽрƖĲƓŸƖƣрƖċƖĲрĲċƖƣőрůċŊŰĲƣрůċƖťĲƣрŸƨƣũŸŸťрƣŸрΞΜΠΜо 
584ШĬċůċƚШfŰƣĲũũŔŊĲŰĦĲЮШыΞΜΞΡЯШ[ĲĤƖƨċƖǃьЮШcƨůċŰŸŔĬШƖŸĤŸƣШƖĲƻŸũƨƣŔŸŰаШ Ĭ[Ĳ7ШƚƨƓƓũǃШĦőċŔŰШŔůƓũŔĦċƣŔŸŰƚШċŰĬШƚƣƖċƣĲŊŔĲƚЮШ ĬċůċƚШfŰƣĲũũŔŊĲŰĦĲЮШ
ÅĲƣƖŔĲƻĲĬШΜΟЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮċĬċůċƚŔŰƣĲũЮĦŸůоƖċƖĲрĲċƖƣőоőƨůċŰŸŔĬрƖŸĤŸƣрƖĲƻŸũƨƣŔŸŰрŰĬŉĲĤрƚƨƓƓũǃрĦőċŔŰрŔůƓũŔĦċƣŔŸŰƚрċŰĬр
ƚƣƖċƣĲŊŔĲƚоШ 
585Ш§E9?ШыΞΜΞΠьЯШ§E9?ШfŰƻĲŰƣŸƖǃШŸŉШEǂƓŸƖƣШÅĲƚƣƖŔĦƣŔŸŰƚШŸŰШfŰĬƨƚƣƖŔċũШÅċƽШ~ċƣĲƖŔċũƚШΞΜΞΠаШ~ŸŰŔƣŸƖŔŰŊШƣőĲШƨƚĲШŸŉШĲǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШċůŔĬШ
ůċƖťĲƣШċŰĬШƓŸũŔĦǃШƣĲŰƚŔŸŰƚЯШ§E9?ШÂƨĤũŔƚőŔŰŊЯШÂċƖŔƚЯШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΤΥΤоΡĲΠΣĤĤΞΜрĲŰЮШÅĲƣƖŔĲƻĲĬШΝΦЮΜΞЮΞΜΞΡЯШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮŸĲĦĬЮŸƖŊоĲŰоƣŸƓŔĦƚоĲǂƓŸƖƣрƖĲƚƣƖŔĦƣŔŸŰƚрŸŰрĦƖŔƣŔĦċũрƖċƽрůċƣĲƖŔċũƚЮőƣůũ  

https://www.adamasintel.com/new-report-rare-earth-magnet-market-outlook-to-2040/
https://www.adamasintel.com/rare-earth/humanoid-robot-revolution-ndfeb-supply-chain-implications-and-strategies/
https://www.adamasintel.com/rare-earth/humanoid-robot-revolution-ndfeb-supply-chain-implications-and-strategies/
https://www.oecd.org/en/topics/export-restrictions-on-critical-raw-materials.html


 

 ΝΣΣ 

҂ЮÉĲƓċƖċƣŔŸŰШċŰĬШƣőĲЮĬůŔŰŔƚƣƖċƣŔƻĲЮ~ĲċƚƨƖĲƚЮŉŸƖЮƣőĲЮfŰŉŸƖůċƣŔŸŰЮÑƖċĦĲċĤŔũŔƣǃЮ~ċŰċŊĲůĲŰƣЮŸŉЮÅċƖĲЮ
EċƖƣőЮÂƖŸĬƨĦƣƚЮШ7ŸƣőШĬƖċŉƣƚШƽĲƖĲШƓƨĤũŔƚőĲĬШŉŸƖШƓƨĤũŔĦШĦŸŰƚƨũƣċƣŔŸŰ586ЮШ 

ÑőĲШ ĬůŔŰŔƚƣƖċƣŔƻĲШ~ĲċƚƨƖĲƚШĤƨŔũĬШŸŰШƣőĲШÅĲŊƨũċƣŔŸŰЮŸŰЮÅċƖĲЮEċƖƣőЮ ĬůŔŰŔƚƣƖċƣŔŸŰЯШƽőŔĦőШƣŸŸťШĲǭĲĦƣШŸŰШ
§ĦƣŸĤĲƖШΝЯШΞΜΞΠЮШÑőĲШƖĲŊƨũċƣŔŸŰШƚĲƣƚШƣŸШĦũċƖŔŉǃШƓƖĲрĲǂŔƚƣŔŰŊШƖĲƚƣƖŔĦƣŔŸŰƚШŔŰШ9őŔŰċѣƚШĬŸůĲƚƣŔĦШÅEШŔŰĬƨƚƣƖǃЯШ
ƽőŔĦőШőċƚШũŸŰŊШĤĲĲŰШƨŰĬĲƖШƣŸƣċũШƚƣċƣĲШĦŸŰƣƖŸũШƽŔƣőШƚƣƖŔĦƣШƖĲŊƨũċƣŔŸŰƚШŸŰШƓƖŸĬƨĦƣŔŸŰШƻŸũƨůĲƚШċŰĬШ
ĲŰƻŔƖŸŰůĲŰƣċũШƓĲƖŉŸƖůċŰĦĲЮШ ƚШċШƖĲƚƨũƣЯШƣőĲШƖĲŊƨũċƣŔŸŰШŔƚШŰŸƣШĲǂƓĲĦƣĲĬШƣŸШƚŔŊŰŔǯĦċŰƣũǃШŔůƓċĦƣШĬŸůĲƚƣŔĦШ
ƚƨƓƓũǃШċƻċŔũċĤŔũŔƣǃЯШċƚШŔƣШĤƖŔŰŊƚШũŔƣƣũĲШůċƣĲƖŔċũШĦőċŰŊĲШŉƖŸůШƣőĲШĲǂŔƚƣŔŰŊШƚƣċƣƨƚШƕƨŸЮШcŸƽĲƻĲƖЯШŔƣШĬŸĲƚШ
ƓƖŸƻŔĬĲШĦũĲċƖĲƖШŊƨŔĬċŰĦĲШŸŰШƣőĲШĦŸŰƚĲƕƨĲŰĦĲƚШŸŉШŰŸŰрĦŸůƓũŔċŰĦĲ587Ю 

ÑőĲЮ ĬůŔŰŔƚƣƖċƣŔƻĲЮ~ĲċƚƨƖĲƚЮŉŸƖЮƣőĲЮÑŸƣċũЮéŸũƨůĲЮ9ŸŰƣƖŸũЮċŰĬЮ~ċŰċŊĲůĲŰƣЮŸŉЮÅċƖĲЮEċƖƣőЮ~ŔŰŔŰŊЮċŰĬЮ
ÅċƖĲЮEċƖƣőЮÉůĲũƣŔŰŊЮ҂ЮÉĲƓċƖċƣŔŸŰШŔƚШĲǂƓĲĦƣĲĬШƣŸШŉƨƖƣőĲƖШƣŔŊőƣĲŰШĦŸŰƣƖŸũШŸƻĲƖШ9őŔŰċќƚШĬŸůĲƚƣŔĦШÅEШ
ŔŰĬƨƚƣƖǃЮШfƣШƚƣŔƓƨũċƣĲƚШƣőċƣШŸŰũǃШũċƖŊĲШƚƣċƣĲрŸƽŰĲĬШĲŰƣĲƖƓƖŔƚĲƚШċƖĲШƓĲƖůŔƣƣĲĬШƣŸШůŔŰĲЯШƚůĲũƣЯШŸƖШƚĲƓċƖċƣĲШ
ÅEEƚЯШĲǭĲĦƣŔƻĲũǃШĤċŰŰŔŰŊШƓƖŔƻċƣĲШǯƖůƚШŉƖŸůШƣőĲƚĲШċĦƣŔƻŔƣŔĲƚ588Ю 

ÑőĲЮ ĬůŔŰŔƚƣƖċƣŔƻĲЮ~ĲċƚƨƖĲƚЮŉŸƖЮƣőĲЮfŰŉŸƖůċƣŔŸŰЮÑƖċĦĲċĤŔũŔƣǃЮ~ċŰċŊĲůĲŰƣЮŸŉЮÅċƖĲЮEċƖƣőЮÂƖŸĬƨĦƣƚШƽŔũũШ
ŔŰƣƖŸĬƨĦĲШċШƣƖċĦĲċĤŔũŔƣǃШĬċƣċĤċƚĲШƣŸШƣƖċĦťШƣőĲШĲǂƣƖċĦƣŔŸŰЯШƓƖŸĦĲƚƚŔŰŊЯШċŰĬШĲǂƓŸƖƣШŸŉШÅEEƚЮШ9ŸůĤŔŰĲĬШƽŔƣőШ
ƣőĲШĲǂŔƚƣŔŰŊШĲǂƓŸƖƣШũŔĦĲŰƚŔŰŊШƚǃƚƣĲůЯШƣőŔƚШĬċƣċĤċƚĲШƽŔũũШƓƖŸƻŔĬĲШċƨƣőŸƖŔƣŔĲƚШƽŔƣőШƖĲċũрƣŔůĲШŔŰƚŔŊőƣШŔŰƣŸШ
ƚƨƓƓũǃШĦőċŔŰƚЯШĲŰċĤũŔŰŊШƣőĲůШƣŸШƚƽŔŉƣũǃШċŰĬШĲǭŔĦŔĲŰƣũǃШƖĲƚƣƖŔĦƣШĲǂƓŸƖƣƚШƣŸШƚƓĲĦŔǯĦШĦŸůƓċŰŔĲƚШŸƖШ
ŔŰĬƨƚƣƖŔĲƚШŔŉШĬĲĲůĲĬШŰĲĦĲƚƚċƖǃ589Ю 

ÑőĲШƣƽŸШůĲċƚƨƖĲƚШĦċŰШĤĲШƚĲĲŰШċƚШ9őŔŰċќƚШũċƣĲƚƣШĲǭŸƖƣƚШƣŸШƣŔŊőƣĲŰШŔƣƚШĦŸŰƣƖŸũШŸƻĲƖШƣőĲШŊũŸĤċũШÅEШƚĲĦƣŸƖЯШ
ċШůċƖťĲƣШƽőĲƖĲШŔƣШőċƚШƓƖĲƻŔŸƨƚũǃШũĲƻĲƖċŊĲĬШŔƣƚШĬŸůŔŰċŰĦĲШƣőƖŸƨŊőШĲǂƓŸƖƣШĦŸŰƣƖŸũƚШċŰĬШŸƣőĲƖШƖĲƚƣƖŔĦƣŔŸŰƚЮШ
[ŸƖШĲǂċůƓũĲЯШŔŰШΞΜΞΟЯШ9őŔŰċШĲǂƓċŰĬĲĬШŔƣƚШĲǂŔƚƣŔŰŊШĤċŰШŸŰШƣĲĦőŰŸũŸŊǃШŉŸƖШÅEШĲǂƣƖċĦƣŔŸŰШċŰĬШƚĲƓċƖċƣŔŸŰШ
ĤǃШċũƚŸШƓƖŸőŔĤŔƣŔŰŊШƣőĲШĲǂƓŸƖƣШŸŉШƣĲĦőŰŸũŸŊǃШƨƚĲĬШƣŸШůċŰƨŉċĦƣƨƖĲШÅEШůċŊŰĲƣƚ590ЮШ 

  

 
586ШШxŔċŰŊЯШ7ЮШñЮШыΞΜΞΡЯШ[ĲĤƖƨċƖǃШΞΟьЮШ ĲƽШƖĲŊƨũċƣŔŸŰƚШƓƖŸƓŸƚĲĬгШÅċƖĲШĲċƖƣőШƖĲƚŸƨƖĦĲƚШůċǃШŉƨƖƣőĲƖШĦŸŰĦĲŰƣƖċƣĲШƣŸƽċƖĬƚШũċƖŊĲШƖċƖĲШĲċƖƣőШŊƖŸƨƓƚЮШ
ы ьЮШEċƚƣůŸŰĲǃЮШÅĲƣƖŔĲƻĲĬШΜΟЮΜΠЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооǯŰċŰĦĲЮĲċƚƣůŸŰĲǃЮĦŸůоċоΞΜΞΡΜΞΞΞΟΟΞΣΤΥΣΥΤΦЮőƣůũШШШ 
587ШШ~ĲƖƖŔůċŰЯШ?ЮШыΞΜΞΠЯШsƨũǃШΞьЮШ9őŔŰċШċŰŰŸƨŰĦĲƚШŰĲƽШĦŸŰƣƖŸũƚШŸŰШƖċƖĲШĲċƖƣőШƖĲƚŸƨƖĦĲƚШċŰĬШƣƖċĦĲċĤŔũŔƣǃЮШÂƖŸŢĲĦƣШ7ũƨĲЮШÅĲƣƖŔĲƻĲĬШΜΟЮΜΠЮΞΜΞΡШ
ŉƖŸůШőƣƣƓƚаооƓƖŸŢĲĦƣĤũƨĲЮĦŸůоĤũƨĲоŰĲƽƚрċŰċũǃƚŔƚоΦΟΤоĦőŔŰċрċŰŰŸƨŰĦĲƚрŰĲƽрĦŸŰƣƖŸũƚрŸŰрƖċƖĲрĲċƖƣőрƖĲƚŸƨƖĦĲƚрċŰĬрƣƖċĦĲċĤŔũŔƣǃрШ 
588ШìŸŰŊЯШ[ЮШыΞΜΞΡЯШ[ĲĤƖƨċƖǃШΝΦьЮШ9őŔŰċШƣŸШƣŔŊőƣĲŰШŊƖŔƓШŸŰШƖċƖĲШĲċƖƣőШůŔŰŔŰŊШŉŸƖШŰŸŰрƚƣċƣĲШǯƖůƚШĤǃШ7ũŸŸůĤĲƖŊШ ĲƽƚЮШ~ŔŰŔŰŊЮĦŸůЮШÅĲƣƖŔĲƻĲĬШ
ΜΟЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮůŔŰŔŰŊЮĦŸůоƽĲĤоĦőŔŰċрƣŸрƣŔŊőƣĲŰрŊƖŔƓрŸŰрƖċƖĲрĲċƖƣőрůŔŰŔŰŊрŉŸƖрŰŸŰрƚƣċƣĲрǯƖůƚоШ 
589ШĬċůċƚШfŰƣĲũũŔŊĲŰĦĲЮШыΞΜΞΡЯШ[ĲĤƖƨċƖǃьЮШcƨůċŰŸŔĬШƖŸĤŸƣШƖĲƻŸũƨƣŔŸŰаШ Ĭ[Ĳ7ШƚƨƓƓũǃШĦőċŔŰШŔůƓũŔĦċƣŔŸŰƚШċŰĬШƚƣƖċƣĲŊŔĲƚЮШ ĬċůċƚШfŰƣĲũũŔŊĲŰĦĲЮШ
ÅĲƣƖŔĲƻĲĬШΜΟЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮċĬċůċƚŔŰƣĲũЮĦŸůоƖċƖĲрĲċƖƣőоőƨůċŰŸŔĬрƖŸĤŸƣрƖĲƻŸũƨƣŔŸŰрŰĬŉĲĤрƚƨƓƓũǃрĦőċŔŰрŔůƓũŔĦċƣŔŸŰƚрċŰĬр
ƚƣƖċƣĲŊŔĲƚоШ 
590ÅĲƨƣĲƖƚШыΞΜΞΡЯШ[ĲĤƖƨċƖǃШΝΦьЮШ9őŔŰċШƓƖŸƓŸƚĲƚШŰĲƽШƖƨũĲƚШƣŸШƣŔŊőƣĲŰШĦŸŰƣƖŸũШŸƻĲƖШƖċƖĲШĲċƖƣőШƚĲĦƣŸƖШĤǃШÅĲƨƣĲƖƚЮШéŸŔĦĲШŸŉШ ůĲƖŔĦċШ ĲƽƚЮШ
ÅĲƣƖŔĲƻĲĬШΜΟЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮƻŸċŰĲƽƚЮĦŸůоċоĦőŔŰċрƓƖŸƓŸƚĲƚрŰĲƽрƖƨũĲƚрƣŸрƣŔŊőƣĲŰрĦŸŰƣƖŸũрŸƻĲƖрƖċƖĲрĲċƖƣőрƚĲĦƣŸƖроΤΦΥΜΟΝΟЮőƣůũШ 

https://projectblue.com/blue/news-analysis/937/china-announces-new-controls-on-rare-earth-resources-and-traceability-
https://www.mining.com/web/china-to-tighten-grip-on-rare-earth-mining-for-non-state-firms/
https://www.adamasintel.com/rare-earth/humanoid-robot-revolution-ndfeb-supply-chain-implications-and-strategies/
https://www.adamasintel.com/rare-earth/humanoid-robot-revolution-ndfeb-supply-chain-implications-and-strategies/
https://www.voanews.com/a/china-proposes-new-rules-to-tighten-control-over-rare-earth-sector-/7980313.html


 

 ΝΣΤ 

ÉĦċŰĬŔƨůШыÉĦь 
ĦĦŸƖĬŔŰŊШƣŸШƣőĲШfÖÂ 9ЯШƣőĲШÅEEШċƖĲШĬĲǯŰĲĬШċƚШΝΡШũċŰƣőċŰŔĬĲƚШыċũƚŸШĦċũũĲĬШũċŰƣőċŰŸŔĬƚьЯШƣŸŊĲƣőĲƖШƽŔƣőШ
ƚĦċŰĬŔƨůШыÉĦьЯШċŰĬШǃƣƣƖŔƨůШыòьЮШÑőĲШũċŰƣőċŰŔĬĲƚШċƖĲШƣőĲШĲũĲůĲŰƣƚШƽŔƣőШċƣŸůŔĦШŰƨůĤĲƖƚШΡΤШƣőƖŸƨŊőШΤΝЯШ
ŔŰШŸƖĬĲƖШŸŉШċƣŸůŔĦШŰƨůĤĲƖаШũċŰƣőċŰƨůШыxċьЯШĦĲƖŔƨůШы9ĲьЯШƓƖċƚĲŸĬǃůŔƨůШыÂƖьЯШŰĲŸĬǃůŔƨůШы ĬьЯШ
ƓƖŸůĲƣőŔƨůШыÂůьЯШƚċůċƖŔƨůШыÉůьЯШĲƨƖŸƓŔƨůШыEƨьЯШŊċĬŸũŔŰŔƨůШы]ĬьЯШƣĲƖĤŔƨůШыÑĤьЯШĬǃƚƓƖŸƚŔƨůШы?ǃьЯШ
őŸũůŔƨůШыcŸьЯШĲƖĤŔƨůШыEƖьЯШƣőƨũŔƨůШыÑůьЯШǃƣƣĲƖĤŔƨůШыòĤьЯШċŰĬШũƨƣĲƣŔƨůШыxƨьЮШÑőĲШfÖÂ 9ШĬĲǯŰŔƣŔŸŰШĬŔƻŔĬĲƚШ
ƣőĲШÅEEШŔŰƣŸШƣőĲШxÅEEШċŰĬШƣőĲШcÅEEШĤċƚĲĬШŸŰШƣőĲŔƖШĲũĲĦƣƖŸŰШĦŸŰǯŊƨƖċƣŔŸŰƚ591ЮШòƣƣƖŔƨůШĤĲőċƻĲƚШċƚШċШ
cÅEEШƽőŔũĲШƚĦċŰĬŔƨůШŔƚШŰŸƣШĦũċƚƚŔǯĲĬШċƚШĲŔƣőĲƖШċŰШxÅEEШŸƖШċŰШcÅEE592ШЯШ593ШЮШfŰШƓƖċĦƣŔĦĲЯШƚĦċŰĬŔƨůШŔƚШ
ƣƖĲċƣĲĬШƚĲƓċƖċƣĲĬШŉƖŸůШƣőĲШƖĲƚƣШŸŉШÅEEШċƚШŔƣШĤĲőċƻĲƚШƖċƣőĲƖШĬŔǭĲƖĲŰƣũǃШŔŰШŰċƣƨƖĲШċŰĬШƚŸƨƖĦĲĬШůŸƖĲШ
ĲĦŸŰŸůŔĦċũũǃШŉƖŸůШĤċƨǂŔƣĲЮШfŰШċĬĬŔƣŔŸŰЯШŔƣШőċƚШƚƓĲĦŔǯĦШŔŰĬƨƚƣƖŔċũШƓƖŸƓĲƖƣŔĲƚ594ЯШ595ЮШ 

 

~ċŢŸƖШĲŰĬШƨƚĲƚШŔŰШƣőĲШEÖ596 

 

 

ÑőĲШĲƚƣŔůċƣĲĬШŊũŸĤċũШĲŰĬШƨƚĲƚШŸŉШƚĦċŰĬŔƨůШŔŰШΞΜΞΜШƽĲƖĲШƚŸũŔĬШŸǂŔĬĲШŉƨĲũШĦĲũũƚШыÉ§[9ьШыΦΜӖьЯШ ũрÉĦШċũũŸǃƚШ
ŉŸƖШċĲƖŸŰċƨƣŔĦƚШыΤӖьШċŰĬШƚƓŸƖƣƚШĲƕƨŔƓůĲŰƣШыΞӖьЯШċŰĬШŸƣőĲƖШƨƚĲƚЯШŔŰĦũƨĬŔŰŊШůĲƣċũƚШыΝӖьЮ 

 
591Ш]ũŸĤċũШÅċƖĲШEċƖƣőШfŰĬƨƚƣƖǃШ ƚƚŸĦŔċƣŔŸŰЮШыŰЮĬЮьЮШÅċƖĲШĲċƖƣőƚЮШÅĲƣƖŔĲƻĲĬШΞΥЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооŊũŸĤċũрƖĲŔċЮŸƖŊоƖċƖĲрĲċƖƣőоШ 
592Ш]ƨŰŰЯШ]ЮШыEĬЮьЮШыΞΜΝΟьЮШ9ƖŔƣŔĦċũШůĲƣċũƚШőċŰĬĤŸŸťЮШìŔũĲǃр7ũċĦťƽĲũũЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΜΞоΦΤΥΝΝΝΥΤΡΡΟΠΝШ 
593Ш]ċůĤŸŊŔЯШsЮШыΞΜΞΠьЮШ~ŔŰĲƖċũƚШǃĲċƖĤŸŸťЯШΞΜΝΦаШÅċƖĲШĲċƖƣőƚШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШ
ÅĲƣƖŔĲƻĲĬШΞΥЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΝΦоůǃĤΝрΞΜΝΦрƖċƖĲрĲċƖƣőƚЮƓĬŉШШ 
594Ш]ƨŰŰЯШ]ЮШыEĬЮьЮШыΞΜΝΟьЮШ9ƖŔƣŔĦċũШůĲƣċũƚШőċŰĬĤŸŸťЮШìŔũĲǃр7ũċĦťƽĲũũЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΜΞоΦΤΥΝΝΝΥΤΡΡΟΠΝШ 
595ШÉ9ÅÅEE ΞЮШыΞΜΞΟьЮШÅċƖĲШĲċƖƣőШĲũĲůĲŰƣƚШыÅEEьаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΥЮΜΟЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΜΥоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÅEEрEÖÅ§ÉÑ ÑЮƓĬŉШ 
596ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШÉĦċŰĬŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΜΟЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÉ9  ?fÖ~хƨƓĬċƣĲЮƓĬŉШ 

100%

Solid oxide fuel cells

https://doi.org/10.1002/9781118755341
https://doi.org/10.1002/9781118755341
https://scrreen.eu/wp-content/uploads/2024/02/SCRREEN2_factsheets_SCANDIUM_update.pdf


 

 ΝΣΥ 

éċũƨĲШĦőċŔŰШыƚŔůƓũŔǯĲĬь597 

 

 

 
ÉƨĤƚƣŔƣƨƣŔŸŰ 
ÉƨĤƚƣŔƣƨƣŔŸŰШĦċŰШŔůƓċĦƣШĤŸƣőШĦŸƚƣШċŰĬШƓĲƖŉŸƖůċŰĦĲЮ 

ÉĦċŰĬŔƨůШŔƚШċШŰŔĦőĲШůċƣĲƖŔċũШƨƚĲĬШƣŸШĲŰőċŰĦĲШĲǂŔƚƣŔŰŊШƓƖŸĬƨĦƣƚЮШfƣШŔƚШŸŉƣĲŰШĦŸŰƚŔĬĲƖĲĬШċШƚƨĤƚƣŔƣƨƣĲШŔƣƚĲũŉЯШ
ƽŔƣőШċũƣĲƖŰċƣŔƻĲƚШċƻċŔũċĤũĲШŉŸƖШůŸƚƣШċƓƓũŔĦċƣŔŸŰƚЮШÑőĲШĬĲĦŔƚŔŸŰШŉŸƖШƨƚŔŰŊШƚĦċŰĬŔƨůШŔƚШůċŔŰũǃШĬƖŔƻĲŰШĤǃШ
ƓĲƖŉŸƖůċŰĦĲЯШƓƖŔĦĲЯШċŰĬШċƻċŔũċĤŔũŔƣǃ598Ю 

fŰƣĲƖůĲĬŔċƣĲШŸƖШĲŰĬШƓƖŸĬƨĦƣƚ ÉƨĤƚƣŔƣƨƣŔŸŰ599ЯШ600 

ÉĦċŰĬŔƨůрċũũŸǃШċƓƓũŔĦċƣŔŸŰƚ 
ÑŔƣċŰŔƨůШċŰĬШċũƨůŔŰŔƨůШőŔŊőрƚƣƖĲŰŊƣőШċũũŸǃƚЯШĦċƖĤŸŰр
ǯĤƖĲШůċƣĲƖŔċũƚ 

~ĲƖĦƨƖǃрƻċƓŸƖШőŔŊőрŔŰƣĲŰƚŔƣǃШũċůƓƚШƣőċƣШĦŸŰƣċŔŰШ
ƚĦċŰĬŔƨůШŔŸĬŔĬĲ 

xE?ƚ 

É§[9 òƣƣƖŔƨůрƚƣċĤŔũŔǍĲĬШǍŔƖĦŸŰŔċЯШŊċĬŸũŔŰŔƨůрĬŸƓĲĬШĦĲƖŔċ 
 

 

 

 

 
597ШÉƻĲƖĬƖƨƓЯШcЮÖЮШѼШÉƻĲƖĬƖƨƓЯШ ЮEЮШыΞΜΞΠьЮШ§ŰШƣőĲШÉƨƓƓũǃШ?ǃŰċůŔĦƚШŸŉШÉĦċŰĬŔƨůЯШ]ũŸĤċũШÅĲƚŸƨƖĦĲƚЯШÂƖŸĬƨĦƣŔŸŰЯШ§ǂŔĬĲШċŰĬШ~ĲƣċũШÂƖŔĦĲЯШċШ
ÂƖŸƚƓĲĦƣŔƻĲШ~ŸĬĲũũŔŰŊШÉƣƨĬǃШÖƚŔŰŊШì§Åx?ΤЮШ7ŔŸƓőǃƚШEĦŸŰШÉƨƚƣШΦЯШΞШыΞΜΞΠьЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΜΤоƚΠΝΞΠΤрΜΞΠрΜΜΝΝΥрǃШ 
598ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШÉĦċŰĬŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΜΟЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÉ9  ?fÖ~хƨƓĬċƣĲЮƓĬŉШ 
599Ш9ŸƖĬŔĲƖЯШ?ЮШsЮШыΞΜΞΡьЮШ~ŔŰĲƖċũШ9ŸůůŸĬŔƣǃШÉƨůůċƖŔĲƚШΞΜΞΡаШÉĦċŰĬŔƨůЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΜΟЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрƚĦċŰĬŔƨůЮƓĬŉШШ 
600ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШÉĦċŰĬŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΜΟЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÉ9  ?fÖ~хƨƓĬċƣĲЮƓĬŉШ 

https://doi.org/10.1007/s41247-024-00118-y
https://pubs.usgs.gov/periodicals/mcs2025/mcs2025-scandium.pdf


 

 ΝΣΦ 

]ũŸĤċũШċŰĬШEÖШƓƖŸĬƨĦƣŔŸŰШтШÉĦċŰĬŔƨů 
]ũŸĤċũШƓƖŸĬƨĦƣŔŸŰ601 

òĲċƖ ÉĦċŰĬŔƨůШыůĲƣƖŔĦШƣŸŰƚЯШƚĦċŰĬŔƨůШŸǂŔĬĲШĲƕƨŔƻċũĲŰƣь 

ΞΜΝΦ ΝΜрΝΡ 
ΞΜΞΜ ΝΡрΞΜ 
ΞΜΞΝ ΝΡрΞΡ 
ΞΜΞΞ ΝΡрΞΡ 
ΞΜΞΟ ΞΜрΟΜ 
ΞΜΞΠ ΟΜрΠΜ 
ΞΜΞΡ ΟΜрΠΜ 

 

ÉĦċŰĬŔƨůШŸĦĦƨƖƚШċƚШċŰШċĦĦŸůƓċŰǃŔŰŊШĲũĲůĲŰƣШŔŰШƻċƖŔŸƨƚШĬĲƓŸƚŔƣШƣǃƓĲƚЮШ ŸƣċĤũǃЯШƣŔƣċŰŔƨůЯШƣƨŰŊƚƣĲŰЯШ
ƣŔŰЯШÅEЯШċŰĬШǍŔƖĦŸŰŔƨůШĬĲƓŸƚŔƣƚШŸŉƣĲŰШĦŸŰƣċŔŰШőŔŊőĲƖШƚĦċŰĬŔƨůШĦŸŰĦĲŰƣƖċƣŔŸŰƚЮШ7ċƨǂŔƣĲЯШŰŔĦťĲũЯШċŰĬШ
ƨƖċŰŔƨůШĬĲƓŸƚŔƣƚШċƖĲШċũƚŸШŸŉШĲĦŸŰŸůŔĦШŔŰƣĲƖĲƚƣШŊũŸĤċũũǃШĬƨĲШƣŸШƣőĲŔƖШũċƖŊĲШƣŸŰŰċŊĲƚ602ЮШ 

ÉĦċŰĬŔƨůШ ŔƚШƨƚƨċũũǃШŸĤƣċŔŰĲĬШ ċƚШ ċШ ĦŸрƓƖŸĬƨĦƣШ ŸƖШ ĤǃрƓƖŸĬƨĦƣШ ĬƨƖŔŰŊШ ƣőĲШ ƓƖŸĦĲƚƚŔŰŊШ ŸŉШ ƣőĲШ
ċŉŸƖĲůĲŰƣŔŸŰĲĬШŸƖĲƚШŸƖШƖĲĦŸƻĲƖĲĬШŉƖŸůШƚĲĦŸŰĬċƖǃШƚŸƨƖĦĲƚШƚƨĦőШċƚШƓƖĲƻŔŸƨƚũǃШƓƖŸĦĲƚƚĲĬШƣċŔũŔŰŊƚШċŰĬШ
ƖĲƚŔĬƨĲƚЮШÑǃƓŔĦċũũǃЯШƣőĲШƣǃƓĲƚШŸŉШƚĦċŰĬŔƨůШƚŸƨƖĦĲƚШĦċŰШĤĲШŊƖŸƨƓĲĬШŔŰƣŸ 

¶ ĤǃрƓƖŸĬƨĦƣƚШŉƖŸůШċũƨůŔŰŔƨůШыƖĲĬШůƨĬьШŸƖШƣŔƣċŰŔƨůШƚũċŊƚЯ 
¶ ũĲċĦőŔŰŊЯШƚŸũƻĲŰƣШĲǂƣƖċĦƣŔŸŰЯШƓƖĲĦŔƓŔƣċƣŔŸŰШċŰĬШĦċũĦŔŰċƣŔŸŰШŉƖŸůШƻċƖŔŸƨƚШƓƖŸĬƨĦƣƚШŉƖŸůШůŔŰŔŰŊШ
ƖŸƨƣĲƚЯШŔŰĦũƨĬŔŰŊШƖĲƚŔĬƨĲƚЯШƚũċŊƚЯШċŰĬШƣċŔũŔŰŊƚЯШŉƖŸůШŰŔĦťĲũШũċƣĲƖŔƣĲƚЯШƣŔƣċŰŔƨůШƓŔŊůĲŰƣШƽċƚƣĲШ
ċĦŔĬƚЯШǍŔƖĦŸŰŔƨůШĦőũŸƖŔĬĲШƓƖŸĬƨĦƣŔŸŰЯШƨƖċŰŔƨůШůŔŰŔŰŊЯШċŰĬ 

¶ ĤǃрƓƖŸĬƨĦƣŔŸŰШŉƖŸůШÅEEƚШċŰĬШŔƖŸŰ603Ю 
 

ÑőĲШŔŰŉŸƖůċƣŔŸŰШċĤŸƨƣШƚĦċŰĬŔƨůШŊũŸĤċũШƓƖŸĬƨĦƣŔŸŰШŔƚШƖċƣőĲƖШŔŰĦŸůƓũĲƣĲЮШÂƖŸĬƨĦŔŰŊШĦŸƨŰƣƖŔĲƚШũŔťĲũǃШ
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ŔŰШΞΜΞΝЯШƣőĲШŊũŸĤċũШũĲċĬŔŰŊШƓƖŸĬƨĦĲƖƚШċƖĲШ9őŔŰċЯШÅƨƚƚŔċЯШċŰĬШƣőĲШÂőŔũŔƓƓŔŰĲƚЯШƽŔƣőШ9őŔŰċШċĦĦŸƨŰƣŔŰŊШŉŸƖШ
ŸƻĲƖШΤΡӖШŸŉШŊũŸĤċũШƓƖŸĬƨĦƣŔŸŰШċƣШċƓƓƖŸǂŔůċƣĲũǃШΝΜШůĲƣƖŔĦШƣŸŰƚШƓĲƖШǃĲċƖЯШƽőŔũĲШÅƨƚƚŔċШċŰĬШƣőĲШÂőŔũŔƓƓŔŰĲƚШ
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ÂƖŸĬƨĦŔŰŊШĦŸƨŰƣƖǃ ÉŸƨƖĦĲШŸŉШƚĦċŰĬŔƨů606ЯШ607ЯШ608 

9őŔŰċ ÅEEƚЯШŔƖŸŰЯШƣŔƣċŰŔƨůШċŰĬШǍŔƖĦŸŰŔƨůШŸƖĲШƓƖŸĦĲƚƚŔŰŊбШƚƨũƓőċƣĲШƽċƚƣĲƚШŉƖŸůШƣőĲШ
ůċŰƨŉċĦƣƨƖĲШŸŉШƣŔƣċŰŔƨůШƓŔŊůĲŰƣƚбШƖĲƚŔĬƨĲƚШŸŉШƣƨŰŊƚƣĲŰШċŰĬоŸƖШĤċƨǂŔƣĲШƓƖŸĬƨĦƣŔŸŰ 

ÅƨƚƚŔċ ÖƖċŰŔƨůШůŔũũШƣċŔũŔŰŊƚШċŰĬШċƓċƣŔƣĲ 

ÂőŔũŔƓƓŔŰĲ  ŔĦťĲũрĦŸĤċũƣШŸƖĲƚоŰŔĦťĲũрũċƣĲƖŔƣĲШƣċŔũŔŰŊƚ 

9ċŰċĬċ ìċƚƣĲШƚƣƖĲċůƚШŸŉШƣŔƣċŰŔƨůШĬŔŸǂŔĬĲШƓƖŸĬƨĦƣŔŸŰ 

uċǍċťőƚƣċŰ ÖƖċŰŔƨůШůŔũũШƣċŔũŔŰŊƚоƨƖċŰŔƨůШƓƖŸĬƨĦƣŔŸŰШƽċƚƣĲ 

ÖťƖċŔŰĲ ÖƖċŰŔƨůШůŔŰŔŰŊоƨƖċŰŔƨůШƓƖŸĬƨĦƣŔŸŰШƽċƚƣĲ 

 

EÖШƓƖŸĬƨĦƣŔŸŰ 
ÑőĲƖĲШŔƚШĦƨƖƖĲŰƣũǃШŰŸШƚĦċŰĬŔƨůШƓƖŸĬƨĦƣŔŸŰШŔŰШƣőĲШEÖЮШ§ŰШƣőĲШŸƣőĲƖШőċŰĬЯШƣőĲƖĲШŔƚШċШƓŔũŸƣШƓũċŰƣШŉƨŰĬĲĬШĤǃШ
ƣőĲШEÖШcŸƖŔǍŸŰШΞΜΞΜШƓƖŸŊƖċůůĲШŔŰШ]ƖĲĲĦĲШĬĲůŸŰƚƣƖċƣŔŰŊШƖĲĦŸƻĲƖǃШŸŉШƚĦċŰĬŔƨůШŉƖŸůШĤċƨǂŔƣĲШƖĲƚŔĬƨĲ609ЮШ
ÑőĲШEƨƖŸƓĲċŰШfŰƚƣŔƣƨƣĲШŸŉШfŰŰŸƻċƣŔŸŰШѼШÑĲĦőŰŸũŸŊǃШċũƚŸШƚƣċƖƣĲĬШƣőĲШÉĦċéċŰŊĲƖШƓƖŸŢĲĦƣШŔŰШ[ƖċŰĦĲШƣŸШ
ƓƖŸĬƨĦĲШƚĦċŰĬŔƨůШċƚШċШĤǃƓƖŸĬƨĦƣШŸŉШƣŔƣċŰŔƨůШĬŔŸǂŔĬĲШƓŔŊůĲŰƣШƓƖŸĬƨĦƣŔŸŰШŔŰШΞΜΞΣШ610Ю 

 

ÉĲĦŸŰĬċƖǃШƓƖŸĬƨĦƣŔŸŰ611 

ìőŔũĲШƚĦċŰĬŔƨůШŔƚШƣǃƓŔĦċũũǃШƓƖŸĬƨĦĲĬШƻŔċШƚĲĦŸŰĬċƖǃШƚŸƨƖĦĲƚЯШƨŰƣŔũШƖĲĦĲŰƣũǃЯШƣőĲƖĲШƽċƚШŰŸШƖĲĦǃĦũŔŰŊШŸŉШ
ƚĦċŰĬŔƨůШŉƖŸůШĲŰĬрŸŉрũŔŉĲШƓƖŸĬƨĦƣƚШыĲЮŊЮЯШìEEEЯШůƨŰŔĦŔƓċũШƽċƚƣĲьЯШĤƨƣШŔŰƣĲƖĲƚƣШŔŰШƣőŔƚШċƖĲċШŔƚШŊƖŸƽŔŰŊЮШ
ÅĲĦŸƻĲƖŔŰŊШƚĦċŰĬŔƨůШŉƖŸůШŰĲƽШƚĦƖċƓШŊĲŰĲƖċƣĲĬШĬƨƖŔŰŊШůċŰƨŉċĦƣƨƖŔŰŊШыŔЮĲЮЯШŔŰƣĲƖůĲĬŔċƣĲƚЯШůŔǂĲĬШƚĦƖċƓЯШ
ĲƣĦЮьШƖĲůċŔŰƚШőŔŊőũǃШĦőċũũĲŰŊŔŰŊЮШ 
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]ũŸĤċũШƖĲƚĲƖƻĲƚ 
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ƣőċŰШŉŸƖШůŸƚƣШŸƣőĲƖШůŔŰĲƖċũШĦŸůůŸĬŔƣŔĲƚЮШcĲŰĦĲЯШŊũŸĤċũШƚĦċŰĬŔƨůШƖĲƚĲƖƻĲƚШċƚШċШƓƖŔůċƖǃШƓƖŸĬƨĦƣШċƖĲШ
ƨŰċƻċŔũċĤũĲбШŔŰƚƣĲċĬЯШĲƚƣŔůċƣĲƚШĲǂŔƚƣШŉŸƖШŔƣƚШƓƖĲƚĲŰĦĲШŔŰШůŔŰĲƚШƽőĲƖĲШŸƣőĲƖШůċƣĲƖŔċũƚШċƖĲШƣőĲШůċŔŰШ
ƓƖŸĬƨĦƣƚЮШÑőĲШŊũŸĤċũШƚĦċŰĬŔƨůШƖĲƚĲƖƻĲƚШċƖĲШĲƚƣŔůċƣĲĬШċƣШċƓƓƖŸǂŔůċƣĲũǃШΞЯΜΜΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚЯШƽŔƣőШ
9őŔŰċШőŸũĬŔŰŊШΞΤЮΡӖШŸŉШƣőĲШƣŸƣċũЮШ9ŸƨŰƣƖŔĲƚШƽŔƣőШůċŢŸƖШƖĲƚĲƖƻĲƚШŔŰĦũƨĬĲШ9őŔŰċЯШ ƨƚƣƖċũŔċЯШÅƨƚƚŔċЯШ
ÂőŔũŔƓƓŔŰĲƚЯШfŰĬŔċЯШ9ċŰċĬċЯШÑƨƖťĲǃЯШÖťƖċŔŰĲЯШsċůċŔĦċШċŰĬШ]ƖĲĲĦĲЯШƣőŸƨŊőШƚŔŊŰŔǯĦċŰƣШƓŸƖƣŔŸŰƚШŸŉШƣőĲƚĲШ
ƖĲƚĲƖƻĲƚШőċƻĲШǃĲƣШƣŸШĤĲШƕƨċŰƣŔǯĲĬ612Ю 

9ŸƨŰƣƖǃШ ÅĲƚĲƖƻĲƚШыůĲƣƖŔĦШƣŸŰƚЯШÉĦШŸǂŔĬĲШĲƕƨŔƻċũĲŰƣь 

ƨƚƣƖċũŔċ613 ΟΤЯΜΜΜ 

 

EÖШƖĲƚĲƖƻĲƚ614 
 ŸШŸǭŔĦŔċũШƚĦċŰĬŔƨůШƖĲƚĲƖƻĲШǯŊƨƖĲƚШċƖĲШƓƨĤũŔƚőĲĬШŉŸƖШƣőĲШEÖЯШĤƨƣШĲǭŸƖƣƚШċƖĲШƨŰĬĲƖƽċǃШƣŸШƚĦċũĲШƨƓШ
ƚĲĦŸŰĬċƖǃШƚĦċŰĬŔƨůШƓƖŸĬƨĦƣŔŸŰШŉƖŸůШƖĲĬШůƨĬЯШċШƖĲƚŔĬƨĲШŸŉШċũƨůŔŰŔƨůШƓƖŸĬƨĦƣŔŸŰЯШŉƖŸůШũċĤШƚĦċũĲШƣŸШ
ŔŰĬƨƚƣƖŔċũШƚĦċũĲШŔŰШƣőĲШŰĲċƖШŉƨƣƨƖĲЮ 

 

?ĲůċŰĬШ 
]ũŸĤċũШĬĲůċŰĬ615 
ÑőĲШÖÉ]ÉШĲƚƣŔůċƣĲĬШŔŰШΞΜΞΠШƣőċƣШŊũŸĤċũШƚĦċŰĬŔƨůШŸǂŔĬĲШĦŸŰƚƨůƓƣŔŸŰШƽċƚШċƓƓƖŸǂŔůċƣĲũǃШΟΜШƣŸШΠΜШ
ůĲƣƖŔĦШƣŸŰƚШƓĲƖШǃĲċƖЯШĦŸůƓċƖĲĬШƣŸШċШŊũŸĤċũШƓƖŸĬƨĦƣŔŸŰШĦċƓċĦŔƣǃШŸŉШΥΜШůĲƣƖŔĦШƣŸŰƚШƓĲƖШǃĲċƖЮ 

 

EÖШĬĲůċŰĬ 
ĦĦŸƖĬŔŰŊШƣŸШƣőĲШÉ9ÅÅEE ΞШƖĲƓŸƖƣШƨƓĬċƣĲĬШŔŰШΞΜΞΠЯШƣőĲШŔůƓŸƖƣШƖĲũŔċŰĦĲШŸŉШƣőĲШEÖШŔƚШΝΜΜӖЮШcŸƽĲƻĲƖЯШ
ĲƚƣŔůċƣĲƚШŸŉШċŰŰƨċũШƚĦċŰĬŔƨůШĦŸŰƚƨůƓƣŔŸŰШŔŰШƣőĲШEÖШƻċƖǃШƽŔĬĲũǃЯШƖċŰŊŔŰŊШŉƖŸůШΤΥΜШťŔũŸŊƖċůƚШƣŸШΡЮΤШ
ůĲƣƖŔĦШƣŸŰƚ616ЮШÑőĲШůċŔŰШƚƨƓƓũŔĲƖƚШċƖĲШũŔťĲũǃШƣŸШĤĲШ9őŔŰċЯШÂőŔũŔƓƓŔŰĲЯШuċǍċťőƚƣċŰЯШċŰĬШÖťƖċŔŰĲ617Ю 

 

 

 
612ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШÉĦċŰĬŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΜΟЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÉ9  ?fÖ~хƨƓĬċƣĲЮƓĬŉШ 
613Ш9ŸƖĬŔĲƖЯШ?ЮШsЮШыΞΜΞΡьЮШ~ŔŰĲƖċũШ9ŸůůŸĬŔƣǃШÉƨůůċƖŔĲƚШΞΜΞΡаШÉĦċŰĬŔƨůЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΜΟЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрƚĦċŰĬŔƨůЮƓĬŉШШ 
614ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШÉĦċŰĬŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΜΟЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÉ9  ?fÖ~хƨƓĬċƣĲЮƓĬŉШ 
615Ш9ŸƖĬŔĲƖЯШ?ЮШsЮШыΞΜΞΡьЮШ~ŔŰĲƖċũШ9ŸůůŸĬŔƣǃШÉƨůůċƖŔĲƚШΞΜΞΡаШÉĦċŰĬŔƨůЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΜΟЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрƚĦċŰĬŔƨůЮƓĬŉШШ 
616ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШÉĦċŰĬŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΜΟЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÉ9  ?fÖ~хƨƓĬċƣĲЮƓĬŉШ 
617Ш9ŸƖĬŔĲƖЯШ?ЮШsЮШыΞΜΞΡьЮШ~ŔŰĲƖċũШ9ŸůůŸĬŔƣǃШÉƨůůċƖŔĲƚШΞΜΞΡаШÉĦċŰĬŔƨůЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΜΟЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрƚĦċŰĬŔƨůЮƓĬŉШШ 



 

 ΝΤΞ 

[ƨƣƨƖĲШƚƨƓƓũǃШċŰĬШĬĲůċŰĬШƣƖĲŰĬƚ 
[ƨƣƨƖĲЮƚƨƓƓũǃ 

§ƻĲƖċũũЯШċШƚŔŊŰŔǯĦċŰƣШŔŰĦƖĲċƚĲШŔŰШŊũŸĤċũШƚĦċŰĬŔƨůШƓƖŸĬƨĦƣŔŸŰШċƓƓĲċƖƚШŉĲċƚŔĤũĲШŔŰШƣőĲШůĲĬŔƨůШƣĲƖůЯШċƚШ
ƚĲƻĲƖċũШĦŸůƓċŰŔĲƚШċũƖĲċĬǃШőċƻĲШƣőĲШĦċƓċĤŔũŔƣǃШƣŸШĲǂƣƖċĦƣШũċƖŊĲƖШƕƨċŰƣŔƣŔĲƚШŉƖŸůШƽċƚƣĲШůċƣĲƖŔċũƚ618ШЮШ
ĬĬŔƣŔŸŰċũũǃЯШŰĲƽШƓƖŸŢĲĦƣƚШċƖĲШƨŰĬĲƖƽċǃШƽŸƖũĬƽŔĬĲШċƚШƚőŸƽŰШŔŰШƣőĲШƣċĤũĲШĤĲũŸƽ619ШЯШ620ШЮШcŸƽĲƻĲƖЯШŔƣШ
ƖĲůċŔŰƚШƨŰĦĲƖƣċŔŰШƽőĲƣőĲƖШƓƖŸĬƨĦƣŔŸŰШƽŔũũШĤĲШċĤũĲШƣŸШťĲĲƓШƓċĦĲШƽŔƣőШƖŔƚŔŰŊШĬĲůċŰĬ621Ю 

9ŸƨŰƣƖǃ ÂƖŸŢĲĦƣ ÉŸƨƖĦĲШŸŉШƚĦċŰĬŔƨů 

ƨƚƣƖċũŔċ 

 ǃŰŊċŰШƚĦċŰĬŔƨůШƓƖŸŢĲĦƣ ÑǃƓŔĦċũШƣĲƖƣŔċƖǃШũċƣĲƖŔƣĲШĦŸůƓŸƚĲĬШŸŉШũŔůŸŰŔƣĲƚШ
ċŰĬШƚċƓƖŸũŔƣĲƚ 

§ƽĲŰĬċũĲШƚĦċŰĬŔƨůШƓƖŸŢĲĦƣ ÂũċƣŔŰċШƖĲƚŸƨƖĦĲƚ 

ÉĦŸŰŔШƓƖŸŢĲĦƣ  ŔĦťĲũрĦŸĤċũƣрƚĦċŰĬŔƨůШĬĲƓŸƚŔƣƚ622 

ÉƨŰƖŔƚĲШƓƖŸŢĲĦƣ  ŔĦťĲũрĦŸĤċũƣрƚĦċŰĬŔƨůШĬĲƓŸƚŔƣƚ623 

9őŔŰċ ÑċŰŊƚőċŰШыƓƖŸĦĲƚƚŔŰŊШƓũċŰƣь [ĲĲĬƚƣŸĦťШŉƖŸůШŰŔĦťĲũрĦŸĤċũƣШĬĲƓŸƚŔƣƚШŔŰШ
ÂċƓƨċШ ĲƽШ]ƨŔŰĲċ624ЯШ625 

ÑőĲШÖЮÉЮ EfuШ9ƖĲĲťШ ŔŸĤŔƨůШƓƖŸŢĲĦƣ ÑŔƣċŰŔƨůШĬŔŸǂŔĬĲ 

[ƖċŰĦĲ ÉĦċéċŰŊĲƖШƓƖŸŢĲĦƣ ÑŔƣċŰŔƨůШĬŔŸǂŔĬĲШƓŔŊůĲŰƣШƓƖŸĬƨĦƣŔŸŰ 

 

[ƨƣƨƖĲЮĬĲůċŰĬ 

ÑőĲШĦŸůƓċƖċƣŔƻĲũǃШőŔŊőШƓƖŔĦĲШċŰĬШũŸƽШŊũŸĤċũШƓƖŸĬƨĦƣŔŸŰШőċƻĲШƚŸШŉċƖШőċůƓĲƖĲĬШŔŰĦƖĲċƚĲĬШƨƚĲШŸŉШƣőĲШƖċƽШ
ůċƣĲƖŔċũЮШÉĦċŰĬŔƨůШŸǂŔĬĲШŔƚШŰŸƽШƨƚĲĬШƣŸШċƓƓƖŸǂŔůċƣĲũǃШΦΜӖШŉŸƖШÉ§[9ƚШċŰĬШŸŰũǃШƣŸШċШũĲƚƚĲƖШĲǂƣĲŰƣШŉŸƖШ
ũрÉĦШċũũŸǃƚШŔŰШċƻŔċƣŔŸŰШċŰĬШƚƓŸƖƣƚШĲƕƨŔƓůĲŰƣ626ЮШ 

ÑőĲШŊƖŸƽŔŰŊШĬĲůċŰĬШŉŸƖШEéƚШŔƚШĲǂƓĲĦƣĲĬШƣŸШĬƖŔƻĲШŔŰĦƖĲċƚĲĬШŰĲĲĬШŉŸƖШũŔŊőƣƽĲŔŊőƣШůċƣĲƖŔċũƚЯШƚƨĦőШċƚШ ũр
ÉĦШċũũŸǃƚЮШ7ũŸŸůĤĲƖŊШƓƖŸŢĲĦƣƚШƣőċƣЯШĤċƚĲĬШŸŰШEéШĬĲůċŰĬШċũŸŰĲШċŰĬШċƚƚƨůŔŰŊШΜЮΞӖШƚĦċŰĬŔƨůШŸǂŔĬĲШƓĲƖШ
ƻĲőŔĦũĲЯШƣőĲШƚĦċŰĬŔƨůШůċƖťĲƣШĦŸƨũĬШƖĲċĦőШΝЯΥΜΜШůĲƣƖŔĦШƣŸŰƚШċŰŰƨċũũǃШĤǃШΞΜΟΡ627Ю 

 
618Ш?EÅ ШыΞΜΞΞьаШ~ŔŰĲƖċũŔƚĦőĲШÅŸőƚƣŸǭĲШŉƬƖШĬŔĲШìċƚƚĲƖĲũĲťƣƖŸũǃƚĲЮШрШ?EÅ ШÑőĲůĲŰőĲŉƣаШΞΣШÉЮбШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΜΟЮΜΠЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?EÅ о?Eо?ŸƽŰũŸċĬƚо?EÅ ӖΞΜÑőĲůĲŰőĲŉƣрΜΝрΞΞЮƓĬŉШ 
619ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШÉĦċŰĬŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΜΟЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÉ9  ?fÖ~хƨƓĬċƣĲЮƓĬŉШ 
620Ш9ŸƖĬŔĲƖЯШ?ЮШsЮШыΞΜΞΡьЮШ~ŔŰĲƖċũШ9ŸůůŸĬŔƣǃШÉƨůůċƖŔĲƚШΞΜΞΡаШÉĦċŰĬŔƨůЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΜΟЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрƚĦċŰĬŔƨůЮƓĬŉШШ 
621Ш?EÅ ШыΞΜΞΞьаШ~ŔŰĲƖċũŔƚĦőĲШÅŸőƚƣŸǭĲШŉƬƖШĬŔĲШìċƚƚĲƖĲũĲťƣƖŸũǃƚĲЮШрШ?EÅ ШÑőĲůĲŰőĲŉƣаШΞΣШÉЮбШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΜΟЮΜΠЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?EÅ о?Eо?ŸƽŰũŸċĬƚо?EÅ ӖΞΜÑőĲůĲŰőĲŉƣрΜΝрΞΞЮƓĬŉШ 
622Ш~ŔŰŔŰŊШÑĲĦőŰŸũŸŊǃЮШыΞΜΞΟЯШsƨũǃШΝΦьЮШÉĦŸŰŔШĦŸĤċũƣрŰŔĦťĲũрƚĦċŰĬŔƨůШƓƖŸŢĲĦƣЯШ ƨƚƣƖċũŔċЮШÅĲƣƖŔĲƻĲĬШΜΠЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮůŔŰŔŰŊр
ƣĲĦőŰŸũŸŊǃЮĦŸůоƓƖŸŢĲĦƣƚоƚĦŸŰŔрĦŸĤċũƣрŰŔĦťĲũрƚĦċŰĬŔƨůрƓƖŸŢĲĦƣрċƨƚƣƖċũŔċоеĦŉрƻŔĲƽШ 
623ШÉƨŰƖŔƚĲШEŰĲƖŊǃШ~ĲƣċũƚЮШыŰЮĬЮьЮШÉƨŰƖŔƚĲШƓƖŸŢĲĦƣЮШÅĲƣƖŔĲƻĲĬШΜΠЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮƚƨŰƖŔƚĲĲůЮĦŸůоƚƨŰƖŔƚĲрƓƖŸŢĲĦƣоШ 
624Ш9ŸƖĬŔĲƖЯШ?ЮШsЮШыΞΜΞΠьЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΠаШÉĦċŰĬŔƨůЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΜΠЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΠоůĦƚΞΜΞΠрƚĦċŰĬŔƨůЮƓĬŉШ 
625ШxŔЯШcЮШÅЮШыΞΜΝΥЯШ?ĲĦĲůĤĲƖШΞΠьЮШ~99ѣƚШũċƣĲƖŔƣĲШŰŔĦťĲũШŸƖĲШƓƖŸŢĲĦƣШŔŰШÂċƓƨċШ ĲƽШ]ƨŔŰĲċШĲŰƣĲƖƚШƓƖŸĬƨĦƣŔŸŰЮШ~ĲƣċũũƨƖŊŔĦċũШ9ŸƖƓŸƖċƣŔŸŰШŸŉШ
9őŔŰċЮШШÅĲƣƖŔĲƻĲĬШΜΠЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓаооƽƽƽЮůĦĦЮĦŸůЮĦŰоǂƽǍǂхΤΟΥΥоǃƽŢŢоΞΜΝΥΝΞоƣΞΜΝΥΝΞΞΠхΠΦΠΣΥΜЮőƣůũШ 
626Ш?EÅ ШыΞΜΞΞьаШ~ŔŰĲƖċũŔƚĦőĲШÅŸőƚƣŸǭĲШŉƬƖШĬŔĲШìċƚƚĲƖĲũĲťƣƖŸũǃƚĲЮШрШ?EÅ ШÑőĲůĲŰőĲŉƣаШΞΣШÉЮбШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΜΟЮΜΠЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?EÅ о?Eо?ŸƽŰũŸċĬƚо?EÅ ӖΞΜÑőĲůĲŰőĲŉƣрΜΝрΞΞЮƓĬŉШ 
627ШfŰƻĲƚƣŸƖ ĲƽƚЮШыΞΜΞΜЯШ ƨŊƨƚƣШΟьЮШ?ĲůċŰĬШŉŸƖШƚĦċŰĬŔƨůШƚĲƣШƣŸШƖŔƚĲШтШfůƓĲƖŔċũШ~ŔŰŔŰŊШŸǭĲƖƚШĲċƖũǃрƚƣċŊĲЯШőŔŊőрŊƖċĬĲШƓƖŸŢĲĦƣЮШfŰƻĲƚƣŸƖ ĲƽƚЮШ
ÅĲƣƖŔĲƻĲĬШΜΠЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооŔŰƻĲƚƣŸƖŰĲƽƚЮĦŸůоĦƖŔƣŔĦċũрůŔŰĲƖċũƚрƖċƖĲрĲċƖƣőƚоĬĲůċŰĬрƚĦċŰĬŔƨůрƚĲƣрƖŔƚĲрŔůƓĲƖŔċũрůŔŰŔŰŊрŸǭĲƖƚрĲċƖũǃр
ƚƣċŊĲрőŔŊőрŊƖċĬĲрƓƖŸŢĲĦƣоеċůƓӀΝШ 

https://www.mining-technology.com/projects/sconi-cobalt-nickel-scandium-project-australia/?cf-view
https://www.mining-technology.com/projects/sconi-cobalt-nickel-scandium-project-australia/?cf-view
https://www.sunriseem.com/sunrise-project/
https://pubs.usgs.gov/periodicals/mcs2024/mcs2024-scandium.pdf
http://www.mcc.com.cn/xwzx_7388/ywjj/201812/t20181224_494680.html
https://investornews.com/critical-minerals-rare-earths/demand-scandium-set-rise-imperial-mining-offers-early-stage-high-grade-project/?amp=1
https://investornews.com/critical-minerals-rare-earths/demand-scandium-set-rise-imperial-mining-offers-early-stage-high-grade-project/?amp=1


 

 ΝΤΟ 

ÑőĲШĦƨƖƖĲŰƣШƖŔƚĲШŔŰШĬĲůċŰĬШŉŸƖШÉ§[9ƚШŔƚШƓƖŔůċƖŔũǃШĬƖŔƻĲŰШĤǃШċШƚŔŰŊũĲШĦŸůƓċŰǃШƨƚŔŰŊШƚĦċŰĬŔƨůрĬŸƓĲĬШ
ǍŔƖĦŸŰŔƨůШĬŔŸǂŔĬĲШċƚШċŰШĲũĲĦƣƖŸũǃƣĲЮШ ĦĦŸƖĬŔŰŊШƣŸШ?EÅ ѣƚШŉŸƖĲĦċƚƣЯШƚĦċŰĬŔƨůШĬĲůċŰĬШŉƖŸůШÉ§[9ШċŰĬШ
É§ExШƣĲĦőŰŸũŸŊŔĲƚШĦŸƨũĬШƖĲċĦőШΟΠШƣŸШΤΞШůĲƣƖŔĦШƣŸŰƚШĤǃШΞΜΠΜЯШĬĲƓĲŰĬŔŰŊШŸŰШƣőĲШƚĦĲŰċƖŔŸЮШcŸƽĲƻĲƖЯШ
ĬĲůċŰĬШĦŸƨũĬШĤĲШƚŔŊŰŔǯĦċŰƣũǃШőŔŊőĲƖШŔŉШƚĦċŰĬŔƨůШŸǂŔĬĲШĤĲĦŸůĲƚШƣőĲШƓƖĲĬŸůŔŰċŰƣШĬŸƓŔŰŊШċŊĲŰƣЯШ
ƖĲƓũċĦŔŰŊШǃƣƣƖŔƨůШŸǂŔĬĲ628Ю 

9ŸŰƚĲƕƨĲŰƣũǃЯШċШƚŔŊŰŔǯĦċŰƣũǃШƣŔŊőƣĲƖШůċƖťĲƣШŔƚШĲǂƓĲĦƣĲĬШŔŰШƣőĲШŉƨƣƨƖĲЯШƽŔƣőШċƻċŔũċĤũĲШĦċƓċĦŔƣŔĲƚШŔŰШ9őŔŰċШ
ċŰĬШĲũƚĲƽőĲƖĲШƓŸƣĲŰƣŔċũũǃШĤĲŔŰŊШƕƨŔĦťũǃШĲǂőċƨƚƣĲĬЮШÑőĲШŔŰĦŸŰƚŔƚƣĲŰƣШƚƨƓƓũǃШŸŉШƚĦċŰĬŔƨůШĦŸƨũĬШċũƚŸШ
ƓŸƚĲШċƚШċШƚƨƓƓũǃШƖŔƚťШőŔŰĬĲƖŔŰŊШůċƖťĲƣШŊƖŸƽƣő629ЯШ630ЮШ 

 

EǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШ 
fƣШƚőŸƨũĬШĤĲШŰŸƣĲĬШƣőċƣШƖĲŊƨũċƣŔŸŰƚШċƖĲШĬǃŰċůŔĦШċŰĬШƚƨĤŢĲĦƣШƣŸШĦőċŰŊĲШŸƻĲƖШƣŔůĲЮ 

~ċŢŸƖШƓƖŸĬƨĦŔŰŊШĦŸƨŰƣƖǃШ EǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШыΞΜΞΞьШ631 
9őŔŰċ xŔĦĲŰƚŔŰŊШƖĲƕƨŔƖĲůĲŰƣШŸŰШÅEШůĲƣċũƚЯШƚĦċŰĬŔƨůШѼШǃƣƣƖŔƨůЯШƽőĲƣőĲƖоŰŸƣШ

ŔŰƣĲƖůŔǂĲĬоŔŰƣĲƖċũũŸǃĲĬЯШĦŸůƓŸƨŰĬƚЯШŔŰŸƖŊċŰŔĦоŸƖŊċŰŔĦЯШŸŉШÅEШ
ůĲƣċũƚоǃƣƣƖŔƨůоƚĦċŰĬŔƨůоůŔǂƣƨƖĲƚШŸŉШƣőĲƚĲШůĲƣċũƚЯШŸƣőĲƖШƣőċŰШĦĲƖŔƨůШĦŸůƓƚЮ 

 

9őŔŰċЮшЮÉĦċŰĬŔƨůЮŔƚЮĦŸƻĲƖĲĬЮĤǃЮ9őŔŰċѢƚЮÅEЮƓŸũŔĦŔĲƚ 

§ŰШ[ĲĤƖƨċƖǃШΝΦЯШΞΜΞΡЯШ9őŔŰċќƚШ~ŔŰŔƚƣƖǃШŸŉШfŰĬƨƚƣƖǃШċŰĬШfŰŉŸƖůċƣŔŸŰШÑĲĦőŰŸũŸŊǃШƖĲũĲċƚĲĬШƣƽŸШĬƖċŉƣШ
ĬůŔŰŔƚƣƖċƣŔƻĲШ~ĲċƚƨƖĲƚШċŔůĲĬШċƣШŉƨƖƣőĲƖШƖĲŊƨũċƣŔŰŊШƣőĲШĬŸůĲƚƣŔĦШÅEШŔŰĬƨƚƣƖǃаШƣőĲЮ ĬůŔŰŔƚƣƖċƣŔƻĲЮ
~ĲċƚƨƖĲƚЮŉŸƖЮƣőĲЮÑŸƣċũЮéŸũƨůĲЮ9ŸŰƣƖŸũЮċŰĬЮ~ċŰċŊĲůĲŰƣЮŸŉЮÅċƖĲЮEċƖƣőЮ~ŔŰŔŰŊЮċŰĬЮÅċƖĲЮEċƖƣőЮÉůĲũƣŔŰŊЮ
҂ЮÉĲƓċƖċƣŔŸŰШċŰĬШƣőĲЮ ĬůŔŰŔƚƣƖċƣŔƻĲЮ~ĲċƚƨƖĲƚЮŉŸƖЮƣőĲЮfŰŉŸƖůċƣŔŸŰЮÑƖċĦĲċĤŔũŔƣǃЮ~ċŰċŊĲůĲŰƣЮŸŉЮÅċƖĲЮ
EċƖƣőЮÂƖŸĬƨĦƣƚЮШ7ŸƣőШĬƖċŉƣƚШƽĲƖĲШƓƨĤũŔƚőĲĬШŉŸƖШƓƨĤũŔĦШĦŸŰƚƨũƣċƣŔŸŰ632ЮШ 

ÑőĲШ ĬůŔŰŔƚƣƖċƣŔƻĲШ~ĲċƚƨƖĲƚШĤƨŔũĬШŸŰШƣőĲШÅĲŊƨũċƣŔŸŰЮŸŰЮÅċƖĲЮEċƖƣőЮ ĬůŔŰŔƚƣƖċƣŔŸŰЯШƽőŔĦőШƣŸŸťШĲǭĲĦƣШŸŰШ
§ĦƣŸĤĲƖШΝЯШΞΜΞΠЮШÑőĲШƖĲŊƨũċƣŔŸŰШƚĲƣƚШƣŸШĦũċƖŔŉǃШƓƖĲрĲǂŔƚƣŔŰŊШƖĲƚƣƖŔĦƣŔŸŰƚШŔŰШ9őŔŰċѣƚШĬŸůĲƚƣŔĦШÅEШŔŰĬƨƚƣƖǃЯШ
ƽőŔĦőШőċƚШũŸŰŊШĤĲĲŰШƨŰĬĲƖШƣŸƣċũШƚƣċƣĲШĦŸŰƣƖŸũШƽŔƣőШƚƣƖŔĦƣШƖĲŊƨũċƣŔŸŰƚШŸŰШƓƖŸĬƨĦƣŔŸŰШƻŸũƨůĲƚШċŰĬШ
ĲŰƻŔƖŸŰůĲŰƣċũШƓĲƖŉŸƖůċŰĦĲЮШ ƚШċШƖĲƚƨũƣЯШƣőĲШƖĲŊƨũċƣŔŸŰШŔƚШŰŸƣШĲǂƓĲĦƣĲĬШƣŸШƚŔŊŰŔǯĦċŰƣũǃШŔůƓċĦƣШĬŸůĲƚƣŔĦШ
ƚƨƓƓũǃШċƻċŔũċĤŔũŔƣǃЯШċƚШŔƣШĤƖŔŰŊƚШũŔƣƣũĲШůċƣĲƖŔċũШĦőċŰŊĲШŉƖŸůШƣőĲШĲǂŔƚƣŔŰŊШƚƣċƣƨƚШƕƨŸЮШcŸƽĲƻĲƖЯШŔƣШĬŸĲƚШ
ƓƖŸƻŔĬĲШĦũĲċƖĲƖШŊƨŔĬċŰĦĲШŸŰШƣőĲШĦŸŰƚĲƕƨĲŰĦĲƚШŸŉШŰŸŰрĦŸůƓũŔċŰĦĲ633Ю 

 
628Ш?EÅ ШыΞΜΞΞьаШ~ŔŰĲƖċũŔƚĦőĲШÅŸőƚƣŸǭĲШŉƬƖШĬŔĲШìċƚƚĲƖĲũĲťƣƖŸũǃƚĲЮШрШ?EÅ ШÑőĲůĲŰőĲŉƣаШΞΣШÉЮбШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΜΟЮΜΠЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?EÅ о?Eо?ŸƽŰũŸċĬƚо?EÅ ӖΞΜÑőĲůĲŰőĲŉƣрΜΝрΞΞЮƓĬŉШ 
629Ш?EÅ ШыΞΜΞΞьаШ~ŔŰĲƖċũŔƚĦőĲШÅŸőƚƣŸǭĲШŉƬƖШĬŔĲШìċƚƚĲƖĲũĲťƣƖŸũǃƚĲЮШрШ?EÅ ШÑőĲůĲŰőĲŉƣаШΞΣШÉЮбШ7ĲƖũŔŰЮШÅĲƣƖŔĲƻĲĬШΜΟЮΜΠЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮĬĲƨƣƚĦőĲрƖŸőƚƣŸǭċŊĲŰƣƨƖЮĬĲо?EÅ о?Eо?ŸƽŰũŸċĬƚо?EÅ ӖΞΜÑőĲůĲŰőĲŉƣрΜΝрΞΞЮƓĬŉШ 
630ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШÉĦċŰĬŔƨůаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШ
ΜΟЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÉ9  ?fÖ~хƨƓĬċƣĲЮƓĬŉШ 
631Ш§E9?ШыΞΜΞΠьЯШ§E9?ШfŰƻĲŰƣŸƖǃШŸŉШEǂƓŸƖƣШÅĲƚƣƖŔĦƣŔŸŰƚШŸŰШfŰĬƨƚƣƖŔċũШÅċƽШ~ċƣĲƖŔċũƚШΞΜΞΠаШ~ŸŰŔƣŸƖŔŰŊШƣőĲШƨƚĲШŸŉШĲǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШċůŔĬШ
ůċƖťĲƣШċŰĬШƓŸũŔĦǃШƣĲŰƚŔŸŰƚЯШ§E9?ШÂƨĤũŔƚőŔŰŊЯШÂċƖŔƚЯШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΤΥΤоΡĲΠΣĤĤΞΜрĲŰЮШÅĲƣƖŔĲƻĲĬШΝΦЮΜΞЮΞΜΞΡЯШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮŸĲĦĬЮŸƖŊоĲŰоƣŸƓŔĦƚоĲǂƓŸƖƣрƖĲƚƣƖŔĦƣŔŸŰƚрŸŰрĦƖŔƣŔĦċũрƖċƽрůċƣĲƖŔċũƚЮőƣůũШ 
632ШШxŔċŰŊЯШ7ЮШыΞΜΞΡЯШ[ĲĤƖƨċƖǃШΞΟьЮШ ĲƽШƖĲŊƨũċƣŔŸŰƚШƓƖŸƓŸƚĲĬгШÅċƖĲШĲċƖƣőШƖĲƚŸƨƖĦĲƚШůċǃШŉƨƖƣőĲƖШĦŸŰĦĲŰƣƖċƣĲШƣŸƽċƖĬƚШũċƖŊĲШƖċƖĲШĲċƖƣőШŊƖŸƨƓƚЮШ
ы ьШEċƚƣůŸŰĲǃЮШÅĲƣƖŔĲƻĲĬШΜΟЮΜΠЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооǯŰċŰĦĲЮĲċƚƣůŸŰĲǃЮĦŸůоċоΞΜΞΡΜΞΞΞΟΟΞΣΤΥΣΥΤΦЮőƣůũ ШШ 
633ШШ~ĲƖƖŔůċŰЯШ?ЮШыΞΜΞΠЯШsƨũǃШΞьЮШ9őŔŰċШċŰŰŸƨŰĦĲƚШŰĲƽШĦŸŰƣƖŸũƚШŸŰШƖċƖĲШĲċƖƣőШƖĲƚŸƨƖĦĲƚШċŰĬШƣƖċĦĲċĤŔũŔƣǃЮШÂƖŸŢĲĦƣШ7ũƨĲЮШÅĲƣƖŔĲƻĲĬШΜΟЮΜΠЮΞΜΞΡШ
ŉƖŸůШőƣƣƓƚаооƓƖŸŢĲĦƣĤũƨĲЮĦŸůоĤũƨĲоŰĲƽƚрċŰċũǃƚŔƚоΦΟΤоĦőŔŰċрċŰŰŸƨŰĦĲƚрŰĲƽрĦŸŰƣƖŸũƚрŸŰрƖċƖĲрĲċƖƣőрƖĲƚŸƨƖĦĲƚрċŰĬрƣƖċĦĲċĤŔũŔƣǃрШ 

https://www.oecd.org/en/topics/export-restrictions-on-critical-raw-materials.html
https://projectblue.com/blue/news-analysis/937/china-announces-new-controls-on-rare-earth-resources-and-traceability-
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ÑőĲЮ ĬůŔŰŔƚƣƖċƣŔƻĲЮ~ĲċƚƨƖĲƚЮŉŸƖЮƣőĲЮÑŸƣċũЮéŸũƨůĲЮ9ŸŰƣƖŸũЮċŰĬЮ~ċŰċŊĲůĲŰƣЮŸŉЮÅċƖĲЮEċƖƣőЮ~ŔŰŔŰŊЮċŰĬЮ
ÅċƖĲЮEċƖƣőЮÉůĲũƣŔŰŊЮ҂ЮÉĲƓċƖċƣŔŸŰШŔƚШĲǂƓĲĦƣĲĬШƣŸШŉƨƖƣőĲƖШƣŔŊőƣĲŰШĦŸŰƣƖŸũШŸƻĲƖШ9őŔŰċќƚШĬŸůĲƚƣŔĦШÅEШ
ŔŰĬƨƚƣƖǃЮШfƣШƚƣŔƓƨũċƣĲƚШƣőċƣШŸŰũǃШũċƖŊĲШƚƣċƣĲрŸƽŰĲĬШĲŰƣĲƖƓƖŔƚĲƚШċƖĲШƓĲƖůŔƣƣĲĬШƣŸШůŔŰĲЯШƚůĲũƣЯШŸƖШƚĲƓċƖċƣĲШ
ÅEEƚЯШĲǭĲĦƣŔƻĲũǃШĤċŰŰŔŰŊШƓƖŔƻċƣĲШǯƖůƚШŉƖŸůШƣőĲƚĲШċĦƣŔƻŔƣŔĲƚ634Ю 

ÑőĲЮ ĬůŔŰŔƚƣƖċƣŔƻĲЮ~ĲċƚƨƖĲƚЮŉŸƖЮƣőĲЮfŰŉŸƖůċƣŔŸŰЮÑƖċĦĲċĤŔũŔƣǃЮ~ċŰċŊĲůĲŰƣЮŸŉЮÅċƖĲЮEċƖƣőЮÂƖŸĬƨĦƣƚШƽŔũũШ
ŔŰƣƖŸĬƨĦĲШċШƣƖċĦĲċĤŔũŔƣǃШĬċƣċĤċƚĲШƣŸШƣƖċĦťШƣőĲШĲǂƣƖċĦƣŔŸŰЯШƓƖŸĦĲƚƚŔŰŊЯШċŰĬШĲǂƓŸƖƣШŸŉШÅEEƚЮШ9ŸůĤŔŰĲĬШƽŔƣőШ
ƣőĲШĲǂŔƚƣŔŰŊШĲǂƓŸƖƣШũŔĦĲŰƚŔŰŊШƚǃƚƣĲůЯШƣőŔƚШĬċƣċĤċƚĲШƽŔũũШƓƖŸƻŔĬĲШċƨƣőŸƖŔƣŔĲƚШƽŔƣőШƖĲċũрƣŔůĲШŔŰƚŔŊőƣШŔŰƣŸШ
ƚƨƓƓũǃШĦőċŔŰƚЯШĲŰċĤũŔŰŊШƣőĲůШƣŸШƚƽŔŉƣũǃШċŰĬШĲǭŔĦŔĲŰƣũǃШƖĲƚƣƖŔĦƣШĲǂƓŸƖƣƚШƣŸШƚƓĲĦŔǯĦШĦŸůƓċŰŔĲƚШŸƖШ
ŔŰĬƨƚƣƖŔĲƚШŔŉШĬĲĲůĲĬШŰĲĦĲƚƚċƖǃ635Ю 

ÑőĲШƣƽŸШůĲċƚƨƖĲƚШĦċŰШĤĲШƚĲĲŰШċƚШ9őŔŰċќƚШũċƣĲƚƣШĲǭŸƖƣƚШƣŸШƣŔŊőƣĲŰШŔƣƚШĦŸŰƣƖŸũШŸƻĲƖШƣőĲШŊũŸĤċũШÅEШƚĲĦƣŸƖЯШ
ċШůċƖťĲƣШƽőĲƖĲШŔƣШőċƚШƓƖĲƻŔŸƨƚũǃШũĲƻĲƖċŊĲĬШŔƣƚШĬŸůŔŰċŰĦĲШƣőƖŸƨŊőШĲǂƓŸƖƣШĦŸŰƣƖŸũƚШċŰĬШŸƣőĲƖШƖĲƚƣƖŔĦƣŔŸŰƚЮШ
[ŸƖШĲǂċůƓũĲЯШŔŰШΞΜΞΟЯШ9őŔŰċШĲǂƓċŰĬĲĬШŔƣƚШĲǂŔƚƣŔŰŊШĤċŰШŸŰШƣĲĦőŰŸũŸŊǃШŉŸƖШÅEШĲǂƣƖċĦƣŔŸŰШċŰĬШƚĲƓċƖċƣŔŸŰШ
ĤǃШċũƚŸШƓƖŸőŔĤŔƣŔŰŊШƣőĲШĲǂƓŸƖƣШŸŉШƣĲĦőŰŸũŸŊǃШƨƚĲĬШƣŸШůċŰƨŉċĦƣƨƖĲШÅEШůċŊŰĲƣƚ636ЮШ 

 
634ШìŸŰŊЯШ[ЮШыΞΜΞΡЯШ[ĲĤƖƨċƖǃШΝΦьЮШ9őŔŰċШƣŸШƣŔŊőƣĲŰШŊƖŔƓШŸŰШƖċƖĲШĲċƖƣőШůŔŰŔŰŊШŉŸƖШŰŸŰрƚƣċƣĲШǯƖůƚШĤǃШ7ũŸŸůĤĲƖŊШ ĲƽƚЮШ~ŔŰŔŰŊЮĦŸůЮШÅĲƣƖŔĲƻĲĬШ
ΜΟЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮůŔŰŔŰŊЮĦŸůоƽĲĤоĦőŔŰċрƣŸрƣŔŊőƣĲŰрŊƖŔƓрŸŰрƖċƖĲрĲċƖƣőрůŔŰŔŰŊрŉŸƖрŰŸŰрƚƣċƣĲрǯƖůƚоШ 
635ШĬċůċƚШfŰƣĲũũŔŊĲŰĦĲЮШыΞΜΞΡЯШ[ĲĤƖƨċƖǃьЮШcƨůċŰŸŔĬШƖŸĤŸƣШƖĲƻŸũƨƣŔŸŰаШ Ĭ[Ĳ7ШƚƨƓƓũǃШĦőċŔŰШŔůƓũŔĦċƣŔŸŰƚШċŰĬШƚƣƖċƣĲŊŔĲƚЮШ ĬċůċƚШfŰƣĲũũŔŊĲŰĦĲЮШ
ÅĲƣƖŔĲƻĲĬШΜΟЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮċĬċůċƚŔŰƣĲũЮĦŸůоƖċƖĲрĲċƖƣőоőƨůċŰŸŔĬрƖŸĤŸƣрƖĲƻŸũƨƣŔŸŰрŰĬŉĲĤрƚƨƓƓũǃрĦőċŔŰрŔůƓũŔĦċƣŔŸŰƚрċŰĬр
ƚƣƖċƣĲŊŔĲƚоШ 
636ÅĲƨƣĲƖƚШыΞΜΞΡЯШ[ĲĤƖƨċƖǃШΝΦьЮШ9őŔŰċШƓƖŸƓŸƚĲƚШŰĲƽШƖƨũĲƚШƣŸШƣŔŊőƣĲŰШĦŸŰƣƖŸũШŸƻĲƖШƖċƖĲШĲċƖƣőШƚĲĦƣŸƖШĤǃШÅĲƨƣĲƖƚЮШéŸŔĦĲШŸŉШ ůĲƖŔĦċШ ĲƽƚЮШ
ÅĲƣƖŔĲƻĲĬШΜΟЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮƻŸċŰĲƽƚЮĦŸůоċоĦőŔŰċрƓƖŸƓŸƚĲƚрŰĲƽрƖƨũĲƚрƣŸрƣŔŊőƣĲŰрĦŸŰƣƖŸũрŸƻĲƖрƖċƖĲрĲċƖƣőрƚĲĦƣŸƖроΤΦΥΜΟΝΟЮőƣůũШ 

https://www.mining.com/web/china-to-tighten-grip-on-rare-earth-mining-for-non-state-firms/
https://www.adamasintel.com/rare-earth/humanoid-robot-revolution-ndfeb-supply-chain-implications-and-strategies/
https://www.adamasintel.com/rare-earth/humanoid-robot-revolution-ndfeb-supply-chain-implications-and-strategies/
https://www.voanews.com/a/china-proposes-new-rules-to-tighten-control-over-rare-earth-sector-/7980313.html
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ÉŔũŔĦŸŰШůĲƣċũ 
ũƣőŸƨŊőШƚŔũŔĦŸŰШũċĦťƚШůĲƣċũũŔĦШƓƖŸƓĲƖƣŔĲƚЯШŔƣШŔƚШĦŸůůŸŰũǃШƖĲŉĲƖƖĲĬШƣŸШċƚШѢƚŔũŔĦŸŰШůĲƣċũѢШŔŰШƣőĲШŔŰĬƨƚƣƖǃШ
ĬƨĲШƣŸШŔƣƚШũƨƚƣƖŸƨƚШċƓƓĲċƖċŰĦĲЮШÑőĲƖĲШċƖĲШƣƽŸШůċŔŰШŊƖċĬĲƚШŸŉШƚŔũŔĦŸŰШůĲƣċũаШůĲƣċũũƨƖŊŔĦċũрŊƖċĬĲШƚŔũŔĦŸŰЯШ
ƽőŔĦőШƣǃƓŔĦċũũǃШĦŸŰƣċŔŰƚШċƖŸƨŰĬШΦΦӖШƚŔũŔĦŸŰШċŰĬШċĦĦŸƨŰƣƚШŉŸƖШƣőĲШůċŢŸƖŔƣǃШŸŉШƓƖŸĬƨĦƣŔŸŰШƻŸũƨůĲƚЯШċŰĬШ
ƓŸũǃƚŔũŔĦŸŰЯШƽőŔĦőШőċƚШċШůƨĦőШőŔŊőĲƖШƓƨƖŔƣǃШũĲƻĲũШƖċŰŊŔŰŊШŉƖŸůШΣ ШƣŸШΝΝ ЮШ 

~ĲƣċũũƨƖŊŔĦċũрŊƖċĬĲШƚŔũŔĦŸŰШůĲƣċũШŔƚШƓƖŸĬƨĦĲĬШƣőƖŸƨŊőШƣőĲШƖĲĬƨĦƣŔŸŰШŸŉШƕƨċƖƣǍЯШċШůŔŰĲƖċũШĦŸůƓŸƚĲĬШŸŉШ
ƚŔũŔĦċШыÉŔ§ЋьШċŰĬШŸŰĲШŸŉШƣőĲШůŸƚƣШċĤƨŰĬċŰƣШůŔŰĲƖċũƚШŔŰШƣőĲШEċƖƣőѣƚШĦƖƨƚƣЮШÑőŔƚШƓƖŸĦĲƚƚЯШťŰŸƽŰШċƚШ
ĦċƖĤŸƣőĲƖůŔĦШƖĲĬƨĦƣŔŸŰЯШƣċťĲƚШƓũċĦĲШŔŰШċШƚƨĤůĲƖŊĲĬШĲũĲĦƣƖŔĦШċƖĦШŉƨƖŰċĦĲШĦŸŰƣċŔŰŔŰŊШƕƨċƖƣǍШċŰĬШĦċƖĤŸŰр
ĤċƚĲĬШůċƣĲƖŔċũƚШƚƨĦőШċƚШĦŸťĲШċŰĬШĦőċƖĦŸċũЮШÑőĲШƕƨċũŔƣǃШŸŉШƣőĲШƖċƽШůċƣĲƖŔċũƚШƨƚĲĬШŔŰШƓƖŸĬƨĦƣŔŸŰШĬŔƖĲĦƣũǃШ
ŔŰǰƨĲŰĦĲƚШƣőĲШƕƨċũŔƣǃШŸŉШƣőĲШƖĲƚƨũƣŔŰŊШƚŔũŔĦŸŰШůĲƣċũЯШĬĲƣĲƖůŔŰŔŰŊШƽőĲƣőĲƖШŔƣШůĲĲƣƚШƣőĲШƚƓĲĦŔǯĦШ
ƖĲƕƨŔƖĲůĲŰƣƚШŸŉШƻċƖŔŸƨƚШĲŰĬШƨƚĲƖƚ637ЮШ 

 

~ċŢŸƖШĲŰĬШƨƚĲƚШŔŰШƣőĲШEÖШыĲƚƣŔůċƣŔŸŰШůċĬĲШŔŰШΞΜΞΝь638 

 

fŰШƣőĲШÉ9ÅÅEE ШƖĲƓŸƖƣЯШƣőĲШŊũŸĤċũШĲŰĬрƨƚĲШĬŔƚƣƖŔĤƨƣŔŸŰШŸŉШƚŔũŔĦŸŰШůĲƣċũШƽċƚШċƚƚƨůĲĬШƣŸШůŔƖƖŸƖШƣőċƣШŸŉШ
ƣőĲШEÖЮШ§ŰШƣőĲШŸƣőĲƖШőċŰĬЯШċĦĦŸƖĬŔŰŊШƣŸШĲƚƣŔůċƣĲƚШĤǃШƣőĲШ]ĲƖůċŰШ~ŔŰĲƖċũШÅĲƚŸƨƖĦĲƚШ ŊĲŰĦǃЯШŔŰШΞΜΞΞЯШ
ΟΥӖШŸŉШƚŔũŔĦŸŰШůĲƣċũШƽċƚШƨƚĲĬШŔŰШƣőĲШƓƖŸĬƨĦƣŔŸŰШŸŉШƚŔũċŰĲƚШċŰĬШƚŔũŸǂċŰĲƚЯШƽőŔĦőШƚĲƖƻĲШċƚШƖċƽШůċƣĲƖŔċũƚШ
ŉŸƖШƚŔũŔĦŸŰĲШůċŰƨŉċĦƣƨƖŔŰŊбШΟΡӖШƽċƚШƨƚĲĬШŔŰШƣőĲШƓƖŸĬƨĦƣŔŸŰШŸŉШċũƨůŔŰƨůШċũũŸǃƚбШΞΡӖШƽċƚШƨƚĲĬШƣŸШ
ƓƖŸĬƨĦĲШƓŸũǃƚŔũŔĦŸŰЯШċШƖċƽШůċƣĲƖŔċũШŉŸƖШƚŸũċƖШƚŔũŔĦŸŰШÂéƚШċŰĬШƚĲůŔĦŸŰĬƨĦƣŸƖШƚŔũŔĦŸŰШыĲũĲĦƣƖŸŰŔĦƚШ
ŔŰĬƨƚƣƖŔĲƚьбШċŰĬШƣőĲШƖĲůċŔŰŔŰŊШΞӖШŔƚШƨƚĲĬШŔŰШŸƣőĲƖШċƓƓũŔĦċƣŔŸŰƚ639Ю 

 

 

 
637ШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШ?ĲĦĲůĤĲƖьЮШÉŔũŔĦŸŰШ~ĲƣċũаШ[ċĦƣƚőĲĲƣШÖƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰѣƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΞЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÉfxf9§ х~EÑ xрƨƓĬċƣĲЮƓĬŉШШ 
638ШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШ?ĲĦĲůĤĲƖьЮШÉŔũŔĦŸŰШ~ĲƣċũаШ[ċĦƣƚőĲĲƣШÖƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΞЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÉfxf9§ х~EÑ xрƨƓĬċƣĲЮƓĬŉШШ 
639Ш?EÅ ШтШ?ĲƨƣƚĦőĲШÅŸőƚƣŸǭċŊĲŰƣƨƖШŔŰШĬĲƖШ7ƨŰĬĲƚċŰƚƣċũƣШŉƬƖШ]ĲŸƽŔƚƚĲŰƚĦőċŉƣĲŰШƨŰĬШÅŸőƚƣŸǭĲШыΞΜΞΟьаШÉŔũŔǍŔƨůШƨŰĬШ[ĲƖƖŸƚŔũŔťŸũĲŊŔĲƖƨŰŊĲŰШ
тШüƽŔƚĦőĲŰƓƖŸĬƨťƣĲШċƨŉШ7ċƚŔƚШƻŸŰШÄƨċƖǍЮШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΡΦаШΞΟΥШÉЮЯШ7ĲƖũŔŰЮ 
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 ΝΤΣ 

éċũƨĲШĦőċŔŰШŸŉШƖĲũĲƻċŰƣШċĬƻċŰĦĲĬШƣĲĦőŰŸũŸŊŔĲƚШыƚŔůƓũŔǯĲĬь 

ÉƨƓƓũǃШĦőċŔŰШƚƣċŊĲ 
~ċŢŸƖШƓƖŸĬƨĦĲƖШыŊũŸĤċũШƚőċƖĲь 
]ũŸĤċũ EƨƖŸƓĲ 

ÅċƽШůċƣĲƖŔċũƚ640 cŔŊőрƓƨƖŔƣǃШƕƨċƖƣǍ ÑƨƖťĲǃЯШEŊǃƓƣ ÉƓċŔŰ 

ÂƖŸĦĲƚƚĲĬШ
ůċƣĲƖŔċũƚШ 

~ĲƣċũũƨƖŊŔĦċũШŊƖċĬĲШƚŔũŔĦŸŰШŔŰШΞΜΞΞ641ШШ 
9őŔŰċШыΤΡӖьЯШ7ƖċǍŔũШ
ыΡЮΝӖьЯШƣőĲШÖЮÉЮШыΟӖь 

 ŸƖƽċǃШыΣЮΟӖьЯШ
[ƖċŰĦĲШыΞЮΞӖьЯШ
fĦĲũċŰĬШыΝЮΝӖьЯШ
]ĲƖůċŰǃЯШÉƓċŔŰ 

ÉŸũċƖШŊƖċĬĲШƓŸũǃĦƖǃƚƣċũũŔŰĲШƚŔũŔĦŸŰШŔŰШΞΜΞΝШ
ыΤ рΦ ь642 

9őŔŰċШыΥΜӖьЯШ
~ċũċǃƚŔċЯШƣőĲШÖЮÉЮ 

]ĲƖůċŰǃ 

EũĲĦƣƖŸŰŔĦШŊƖċĬĲШƓŸũǃĦƖǃƚƣċũũŔŰĲШƚŔũŔĦŸŰШ
ыΝΝ рΝΞ ь643ЯШ644ШШ 

ÑőĲШÖЮÉЮЯШÉŸƨƣőШuŸƖĲċЯШ
sċƓċŰШыЯШ9őŔŰċь ]ĲƖůċŰǃШыЯШ ŸƖƽċǃь 

9ŸůƓŸŰĲŰƣаШÂéШ
ƽċŉĲƖ 

ÉŸũċƖШŊƖċĬĲШůŸŰŸĦƖǃƚƣċũũŔŰĲШƚŔũŔĦŸŰШƽċŉĲƖШ
ыΦ рΝΜ ьШ645 

9őŔŰċШыΦΤӖЯШ
ůċŰƨŉċĦƣƨƖŔŰŊШ
ĦċƓċĦŔƣǃь 

 

9ŸůƓŸŰĲŰƣƚаШf9Ш
ƽċŉĲƖ646 

~ŸŰŸĦƖǃƚƣċũũŔŰĲШƚŔũŔĦŸŰШƽċŉĲƖ647 sċƓċŰШыΡΜӖьЯШÉŸƨƣőШ
uŸƖĲċЯШÑċŔƽċŰ ]ĲƖůċŰǃ 

f9ШĬĲƚŔŊŰШ 

xŸŊŔĦШf9 ÑőĲШÖЮÉЮШыΣΤӖь  
? §аШ?ŔƚĦƖĲƣĲЯШ
ċŰċũŸŊШf9ШѼШŸƣőĲƖШ
ыĲЮŊЮЯШŸƓƣŸĲũĲĦƣƖŸŰŔĦƚШ
ѼШƚĲŰƚŸƖƚь 

ÑőĲШÖЮÉЮШыΟΤӖь 
]ĲƖůċŰǃЯШ
ÉƽŔƣǍĲƖũċŰĬЯШ
 ĲƣőĲƖũċŰĬƚ 

~ĲůŸƖǃШf9 ÉŸƨƣőШuŸƖĲċ  

f9ШƽċŉĲƖШ
ŉċĤƖŔĦċƣŔŸŰ 

xŸŊŔĦШf9ШыӃШΝΜШŰůь 
ÑċŔƽċŰШыΦΞӖьЯШÉŸƨƣőШ
uŸƖĲċШыΥӖь  

xŸŊŔĦШf9ШыΝΜрΞΞШŰůь ÑőĲШÖЮÉЮШыΠΟӖьЯШ
ÑċŔƽċŰШыΞΥӖь 

EƨƖŸƓĲШыΝΞӖь 

xŸŊŔĦШf9ШыΞΥрΠΡШŰůь 
ÑċŔƽċŰШыΠΤӖьЯШ9őŔŰċШ
ыΝΦӖь  

xŸŊŔĦШf9ШыӂШΠΡШŰůь 
ÑċŔƽċŰШыΟΝӖьЯШ9őŔŰċШ
ыΞΟӖь  

? § sċƓċŰШыΞΤӖь EƨƖŸƓĲШыΞΞӖь 

~ĲůŸƖǃШf9 ÉŸƨƣőШuŸƖĲċШыΠΠӖьЯШ
sċƓċŰШыΞΜӖь  

ƚƚĲůĤũǃЯШƓċĦťċŊŔŰŊШѼШƣĲƚƣŔŰŊ 9őŔŰċЯШÑċŔƽċŰШ  

 
640ШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШ?ĲĦĲůĤĲƖьЮШÉŔũŔĦŸŰШ~ĲƣċũаШ[ċĦƣƚőĲĲƣШÖƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰѣƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΞЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÉfxf9§ х~EÑ xрƨƓĬċƣĲЮƓĬŉШШШШШ 
641Ш?EÅ ШтШ?ĲƨƣƚĦőĲШÅŸőƚƣŸǭċŊĲŰƣƨƖШŔŰШĬĲƖШ7ƨŰĬĲƚċŰƚƣċũƣШŉƬƖШ]ĲŸƽŔƚƚĲŰƚĦőċŉƣĲŰШƨŰĬШÅŸőƚƣŸǭĲШыΞΜΞΟьаШÉŔũŔǍŔƨůШƨŰĬШ[ĲƖƖŸƚŔũŔťŸũĲŊŔĲƖƨŰŊĲŰШ
тШüƽŔƚĦőĲŰƓƖŸĬƨťƣĲШċƨŉШ7ċƚŔƚШƻŸŰШÄƨċƖǍЮШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΡΦаШΞΟΥШÉЮЯШ7ĲƖũŔŰЮ 
642ШfE ШыΞΜΞΞьШÉŸũċƖШÂéШ]ũŸĤċũШÉƨƓƓũǃШ9őċŔŰƚЯШfE ЯШÂċƖŔƚШőƣƣƓƚаооƽƽƽЮŔĲċЮŸƖŊоƖĲƓŸƖƣƚоƚŸũċƖрƓƻрŊũŸĤċũрƚƨƓƓũǃрĦőċŔŰƚЯШxŔĦĲŰĦĲаШ99Ш7òШΠЮΜ 
643Ш9őĲŰЯШsЮШcЮШыΞΜΞΞЯШ ƨŊƨƚƣШΤьЮШ§ƻĲƖƻŔĲƽШŸŉШƣőĲШĬĲƻĲũŸƓůĲŰƣШŸŉШƚŔũŔĦŸŰШƽċŉĲƖШůċƣĲƖŔċũƚШŉŸƖШƚĲůŔĦŸŰĬƨĦƣŸƖƚШыьЮШ
~ŔŰŔƚƣƖǃШŸŉШEĦŸŰŸůŔĦШ ǭċŔƖƚЯШ?ĲƓċƖƣůĲŰƣШŸŉШfŰĬƨƚƣƖŔċũШÑĲĦőŰŸũŸŊǃЮШÅĲƣƖŔĲƻĲĬШΞΞЮΜΠЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮůŸĲċЮŊŸƻЮƣƽо~ ÉоĬŸŔƣоŔŰĬƨƚƣƖǃƣĲĦőоfŰĬƨƚƣƖǃÑĲĦőЮċƚƓǂеůĲŰƨхŔĬӀΝΟΡΠΡѼŔƣхŔĬӀΠΟΣШ 
644Ш?EÅ ШтШ?ĲƨƣƚĦőĲШÅŸőƚƣŸǭċŊĲŰƣƨƖШŔŰШĬĲƖШ7ƨŰĬĲƚċŰƚƣċũƣШŉƬƖШ]ĲŸƽŔƚƚĲŰƚĦőċŉƣĲŰШƨŰĬШÅŸőƚƣŸǭĲШыΞΜΞΟьаШÉŔũŔǍŔƨůШƨŰĬШ[ĲƖƖŸƚŔũŔťŸũĲŊŔĲƖƨŰŊĲŰШ
тШüƽŔƚĦőĲŰƓƖŸĬƨťƣĲШċƨŉШ7ċƚŔƚШƻŸŰШÄƨċƖǍЮШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΡΦаШΞΟΥШÉЮЯШ7ĲƖũŔŰЮ 
645ШfE ШыΞΜΞΞьШÉŸũċƖШÂéШ]ũŸĤċũШÉƨƓƓũǃШ9őċŔŰƚЯШfE ЯШÂċƖŔƚШőƣƣƓƚаооƽƽƽЮŔĲċЮŸƖŊоƖĲƓŸƖƣƚоƚŸũċƖрƓƻрŊũŸĤċũрƚƨƓƓũǃрĦőċŔŰƚЯШxŔĦĲŰĦĲаШ99Ш7òШΠЮΜ 
646ШéċƖċƚЯШ ЮЯШéċƖċĬċƖċŢċŰЯШÅЮЯШ]ŸŸĬƖŔĦőЯШsЮШѼШòŔŰƨŊЯШ[ЮШыΞΜΞΝЯШ ƓƖŔũьШÉƣƖĲŰŊƣőĲŰŔŰŊШƣőĲШƚĲůŔĦŸŰĬƨĦƣŸƖШƚƨƓƓũǃШĦőċŔŰШŔŰШċŰШƨŰĦĲƖƣċŔŰШĲƖċЮШ79]ШѼШ
ÉĲůŔĦŸŰĬƨĦƣŸƖШfŰĬƨƚƣƖǃШ ƚƚŸĦŔċƣŔŸŰЮШÅĲƣƖŔĲƻĲĬШΝΞЮΜΠЮΞΜΞΠШŉƖŸůШőƣƣƓƚаооƽƽƽЮƚĲůŔĦŸŰĬƨĦƣŸƖƚЮŸƖŊоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΝоΜΡо79]рǂрÉfр
ÉƣƖĲŰŊƣőĲŰŔŰŊрƣőĲр]ũŸĤċũрÉĲůŔĦŸŰĬƨĦƣŸƖрéċũƨĲр9őċŔŰр ƓƖŔũрΞΜΞΝхΝЮƓĬŉШ 
647Ш9őĲŰЯШsЮШcЮШыΞΜΞΞЯШ ƨŊƨƚƣШΤьЮШ§ƻĲƖƻŔĲƽШŸŉШƣőĲШĬĲƻĲũŸƓůĲŰƣШŸŉШƚŔũŔĦŸŰШƽċŉĲƖШůċƣĲƖŔċũƚШŉŸƖШƚĲůŔĦŸŰĬƨĦƣŸƖƚШыьЮШ
~ŔŰŔƚƣƖǃШŸŉШEĦŸŰŸůŔĦШ ǭċŔƖƚЯШ?ĲƓċƖƣůĲŰƣШŸŉШfŰĬƨƚƣƖŔċũШÑĲĦőŰŸũŸŊǃЮШÅĲƣƖŔĲƻĲĬШΞΞЮΜΠЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮůŸĲċЮŊŸƻЮƣƽо~ ÉоĬŸŔƣоŔŰĬƨƚƣƖǃƣĲĦőоfŰĬƨƚƣƖǃÑĲĦőЮċƚƓǂеůĲŰƨхŔĬӀΝΟΡΠΡѼŔƣхŔĬӀΠΟΣШ  

https://scrreen.eu/wp-content/uploads/2023/12/SCRREEN2_factsheets_SILICON_METAL-update.pdf
https://www.iea.org/reports/solar-pv-global-supply-chains
https://www.moea.gov.tw/MNS/doit/industrytech/IndustryTech.aspx?menu_id=13545&it_id=436
https://www.iea.org/reports/solar-pv-global-supply-chains
https://www.semiconductors.org/wp-content/uploads/2021/05/BCG-x-SIA-Strengthening-the-Global-Semiconductor-Value-Chain-April-2021_1.pdf
https://www.semiconductors.org/wp-content/uploads/2021/05/BCG-x-SIA-Strengthening-the-Global-Semiconductor-Value-Chain-April-2021_1.pdf
https://www.moea.gov.tw/MNS/doit/industrytech/IndustryTech.aspx?menu_id=13545&it_id=436
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ƚƚĲůĤũǃаШÂéƚ648 
ÉŸũċƖШĦĲũũ 9őŔŰċШыΥΜӖь  
ÉŸũċƖШÂéШƓċŰĲũоůŸĬĲũ 9őŔŰċШыΤΜӖь ]ĲƖůċŰǃШыΝӖь 

ƚƚĲůĤũǃаШf9649 

xŸŊŔĦШf9 
~ŔĦƖŸƓƖŸĦĲƚƚŸƖƚШы9ÂÖƚЯШ]ÂÖƚЯШ ÂƚьЯШŊĲŰĲƖċũШƓƨƖƓŸƚĲШũŸŊŔĦШƓƖŸĬƨĦƣƚШ
ы[ŔĲũĬШÂƖŸŊƖċůůċĤũĲШ]ċƣĲШ ƖƖċǃƚьЯШůŔĦƖŸĦŸŰƣƖŸũũĲƖƚЯШĦŸŰŰĲĦƣŔƻŔƣǃШ
ƓƖŸĬƨĦƣƚШыìŔр[ŔШŸƖШ7ũƨĲƣŸŸƣőШĦőŔƓƚь 

~ĲůŸƖǃШf9 ?ǃŰċůŔĦШÅċŰĬŸůрШĦĦĲƚƚШ~ĲůŸƖǃШы?Å ~ьЯШǰċƚőШůĲůŸƖǃШы   ?ь 

? § ?ŔƚĦƖĲƣĲШƓƖŸĬƨĦƣƚШыĬŔŸĬĲƚЯШƣƖċŰƚŔƚƣŸƖƚьЯШċŰċũŸŊШƓƖŸĬƨĦƣƚШыƻŸũƣċŊĲШ
ƖĲŊƨũċƣŸƖƚЯШĬċƣċШĦŸŰƻĲƖƣĲƖƚьЯШŸƓƣŸĲũĲĦƣƖŸŰŔĦƚШыŸƓƣŔĦċũШƚĲŰƚŸƖƚь 

ÅĲũĲƻċŰƣШ Ñƚ ÅĲŰĲƽċĤũĲШĲŰĲƖŊǃШƣĲĦőŰŸũŸŊŔĲƚШыÂéƚьЯШf9ШƖĲũĲƻċŰƣШ Ñƚ 
 

ÉƨĤƚƣŔƣƨƣŔŸŰ 

ÉƨĤƚƣŔƣƨƣŔŸŰШĦċŰШŔůƓċĦƣШĤŸƣőШĦŸƚƣШċŰĬШƓĲƖŉŸƖůċŰĦĲЮ 

fŰƣĲƖůĲĬŔċƣĲШċŰĬШĲŰĬШƓƖŸĬƨĦƣƚ ÉƨĤƚƣŔƣƨƣŔŸŰ 

ÉŔũŔĦŸŰШŔŰШƚŔũŔĦŸŰĲƚШċŰĬШƚŔũċŰĲƚ ÑőĲƖůŸƓũċƚƣŔĦƚЯШƖƨĤĤĲƖ 

ÉŔũŔĦŸŰрĤċƚĲĬШƚŸũċƖШċƓƓũŔĦċƣŔŸŰƚ 
9f]ÉЯШĦċĬůŔƨůШƣĲũũƨƖŔĬĲШы9ĬÑĲьЯШ]ċũũŔƨůШċƖƚĲŰŔĬĲШ
ы]ċ ƚьЯШÂĲƖŸƻƚťŔƣĲШƚŸũċƖШĦĲũũШыŔŰШĬĲƻĲũŸƓůĲŰƣь650 

 

ÉŔũŔĦŸŰрĤċƚĲĬШĲũĲĦƣƖŸŰŔĦШċƓƓũŔĦċƣŔŸŰƚ651ЯШ652 9ŸůƓŸŰĲŰƣƚ653 ÉƨĤƚƣŔƣƨƣŔŸŰ 

EũĲĦƣƖŸŰŔĦШĬĲƻŔĦĲƚШыůŸĤŔũĲШƓőŸŰĲƚЯШƽŔƖĲũĲƚƚШĤċƚĲШ
ƚƣċƣŔŸŰƚЯШƚċƣĲũũŔƣĲШĦŸůůƨŰŔĦċƣŔŸŰƚьЯШƓőŸƣŸŰŔĦШ
ĬĲƻŔĦĲƚШы?é?ЯШÂ9ЯШċƨƣŸůŸƣŔƻĲƚЯШŸƨƣĬŸŸƖШĬŔƚƓũċǃƚЯШ
ŸƓƣŔĦċũШĦŸůůƨŰŔĦċƣŔŸŰƚь 

cŔŊőШŉƖĲƕƨĲŰĦǃШf9ƚЯШÂŸƽĲƖШ
ċůƓũŔǯĲƖЯШxE?оx? 

]ċũũŔƨůШċƖƚĲŰŔĬĲШ
ы]ċ ƚь 

cŔŊőШŉƖĲƕƨĲŰĦǃШf9ƚЯШx? fŰĬŔƨůШƓőŸƚƓőŔĬĲШ
ыfŰÂьШ 

EũĲĦƣƖŸŰŔĦШĬĲƻŔĦĲƚШыƽŔƖĲũĲƚƚШĤċƚĲШƚƣċƣŔŸŰƚЯШƓŸƽĲƖШ
ĦŸŰƣƖŸũũĲƖЯШEéƚьЯШƓőŸƣŸŰŔĦШĬĲƻŔĦĲШы7ũƨрƖċǃЯШx9?Ш
ĤċĦťũŔŊőƣЯШŸƨƣĬŸŸƖШĬŔƚƓũċǃЯШũŔŊőƣŔŰŊь 

cŔŊőШŉƖĲƕƨĲŰĦǃШf9ƚЯШÂŸƽĲƖШ
ċůƓũŔǯĲƖЯШxE?оx? 

]ċũũŔƨůШŰŔƣƖŔĬĲШы]ċ ьШ 

EéƚЯШƓŸƽĲƖШĦŸŰĬŔƣŔŸŰŔŰŊШƚǃƚƣĲůШŉŸƖШƚŸũċƖШƓŸƽĲƖШ
ƚǃƚƣĲůЯШƓŸƽĲƖШƚƨƓƓũǃШƨŰŔƣШŉŸƖШƚĲƖƻĲƖƚШŔŰШĬċƣċШĦĲŰƣƖĲЯШ
ĦŔƖĦƨŔƣШŉŸƖШŔŰĬƨƚƣƖŔċũШĦŸŰƣƖŸũШƚǃƚƣĲůШ 

ÂŸƽĲƖШċůƓũŔǯĲƖЯШxE?оx? ÉŔũŔĦŸŰШĦċƖĤŔĬĲШыÉŔ9ьШ 

 

 

 
648ШfE ШыΞΜΞΞьШÉŸũċƖШÂéШ]ũŸĤċũШÉƨƓƓũǃШ9őċŔŰƚЯШfE ЯШÂċƖŔƚШőƣƣƓƚаооƽƽƽЮŔĲċЮŸƖŊоƖĲƓŸƖƣƚоƚŸũċƖрƓƻрŊũŸĤċũрƚƨƓƓũǃрĦőċŔŰƚЯШxŔĦĲŰĦĲаШ99Ш7òШΠЮΜ 
649ШéċƖċƚЯШ ЮЯШéċƖċĬċƖċŢċŰЯШÅЮЯШ]ŸŸĬƖŔĦőЯШsЮШѼШòŔŰƨŊЯШ[ЮШыΞΜΞΝЯШ ƓƖŔũьШÉƣƖĲŰŊƣőĲŰŔŰŊШƣőĲШƚĲůŔĦŸŰĬƨĦƣŸƖШƚƨƓƓũǃШĦőċŔŰШŔŰШċŰШƨŰĦĲƖƣċŔŰШĲƖċЮШ79]ШѼШ
ÉĲůŔĦŸŰĬƨĦƣŸƖШfŰĬƨƚƣƖǃШ ƚƚŸĦŔċƣŔŸŰЮШÅĲƣƖŔĲƻĲĬШΝΞЮΜΠЮΞΜΞΠШŉƖŸůШőƣƣƓƚаооƽƽƽЮƚĲůŔĦŸŰĬƨĦƣŸƖƚЮŸƖŊоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΝоΜΡо79]рǂрÉfр
ÉƣƖĲŰŊƣőĲŰŔŰŊрƣőĲр]ũŸĤċũрÉĲůŔĦŸŰĬƨĦƣŸƖрéċũƨĲр9őċŔŰр ƓƖŔũрΞΜΞΝхΝЮƓĬŉШ 
650Ш9őċŰĬũĲƖЯШ?ЮШxЮШыΞΜΞΞЯШsƨũǃШΝΡьЮШEǂƓũċŔŰĲĬаШìőǃШƓĲƖŸƻƚťŔƣĲƚШĦŸƨũĬШƣċťĲШƚŸũċƖШĦĲũũƚШƣŸШŰĲƽШőĲŔŊőƣƚаШÑőŔƚШŉċůŔũǃШŸŉШĦƖǃƚƣċũũŔŰĲШĦŸůƓŸƨŰĬƚШŔƚШċƣШ
ƣőĲШŉŸƖĲŉƖŸŰƣШŸŉШƖĲƚĲċƖĦőШƚĲĲťŔŰŊШċũƣĲƖŰċƣŔƻĲƚШƣŸШƚŔũŔĦŸŰЮШ~fÑШ ĲƽƚШ§ǭŔĦĲЮШÅĲƣƖŔĲƻĲĬШΝΞЮΜΠЮΞΜΞΠШŉƖŸůШőƣƣƓƚаооŰĲƽƚЮůŔƣЮĲĬƨоΞΜΞΞоƓĲƖŸƻƚťŔƣĲƚр
ƚŸũċƖрĦĲũũƚрĲǂƓũċŔŰĲĬрΜΤΝΡШ 
651ШÉÖ~fÑ§~§ШExE9ÑÅf9ШыŰЮĬЮьШ§ƻĲƖƻŔĲƽаШÑƖċŰƚůŔƚƚŔŸŰШ?ĲƻŔĦĲƚШxċĤŸƖċƣŸƖǃЮШÅĲƣƖŔĲƻĲĬШΝΞЮΜΠЮΞΜΞΠШŉƖŸůШ
őƣƣƓƚаооƚƨůŔƣŸůŸĲũĲĦƣƖŔĦЮĦŸůоƖĬоƣƖċŰƚůŔƚƚŔŸŰрĬĲƻŔĦĲƚрũċĤŸƖċƣŸƖǃШ 
652Ш9őċŰŊЯШòЮрòЮШыΞΜΞΝЯШ~ċƖĦőьЮШ9ŸůƓŸƨŰĬШƚĲůŔĦŸŰĬƨĦƣŸƖƚШĤĲĦŸůĲШƣőĲШŰĲƽШĤċƣƣũĲŊƖŸƨŰĬШŔŰШƣĲĦőŰŸũŸŊǃШы ьЮШfÑÅfШ
9ŸũũĲŊĲЮШÅĲƣƖŔĲƻĲĬШΝΞЮΜΠЮΞΜΞΠШŉƖŸůШőƣƣƓƚаооĦŸũũĲŊĲЮŔƣƖŔЮŸƖŊЮƣƽоcŸůĲоfŰŉŸ?ċƣċоŉΣĲΝΦŉΞĬрŉΥΝĦрΠΞΝĦрĤĦΟΣрĲċΣΠΜΦĤċΜċΡĬоΜΡĤΣΣĤΥĲрΥΜĬĦр
ΠΤĬŉрċΥĤΥрΠΥΝΠΣĬΝċΠĦΣΣШШШШ 
653Ш9őċŰŊЯШ9Юр9ЮШыΞΜΞΝЯШ ƓƖŔũШΝΠьЮШÂƖĲũŔůŔŰċƖǃШĲǂƓũŸƖċƣŔŸŰШŸŉШƣőĲШĦŸůƓŸƨŰĬШƚĲůŔĦŸŰĬƨĦƣŸƖШůċƣĲƖŔċũƚШŔŰĬƨƚƣƖǃШŉŸƖШőŔŊőрŉƖĲƕƨĲŰĦǃШ
ĦŸůůƨŰŔĦċƣŔŸŰШĦŸůƓŸŰĲŰƣƚШы ьЮШ~ŔŰŔƚƣƖǃШŸŉШEĦŸŰŸůŔĦШ ǭċŔƖƚЯШ?ĲƓċƖƣůĲŰƣШŸŉШfŰĬƨƚƣƖŔċũШ
ÑĲĦőŰŸũŸŊǃЮШÅĲƣƖŔĲƻĲĬШΝΞЮΜΠЮΞΜΞΠШŉƖŸůШőƣƣƓƚаооƽƽƽЮůŸĲċЮŊŸƻЮƣƽо~ ÉоĬŸŔƣоŔŰĬƨƚƣƖǃƣĲĦőоfŰĬƨƚƣƖǃÑĲĦőЮċƚƓǂеůĲŰƨхŔĬӀΝΟΡΠΡѼŔƣхŔĬӀΟΡΥШ 

https://www.iea.org/reports/solar-pv-global-supply-chains
https://www.semiconductors.org/wp-content/uploads/2021/05/BCG-x-SIA-Strengthening-the-Global-Semiconductor-Value-Chain-April-2021_1.pdf
https://www.semiconductors.org/wp-content/uploads/2021/05/BCG-x-SIA-Strengthening-the-Global-Semiconductor-Value-Chain-April-2021_1.pdf
https://news.mit.edu/2022/perovskites-solar-cells-explained-0715
https://news.mit.edu/2022/perovskites-solar-cells-explained-0715
https://sumitomoelectric.com/rd/transmission-devices-laboratory
https://college.itri.org.tw/Home/InfoData/f6e19f2d-f81c-421c-bc36-ea6409ba0a5d/05b66b8e-80dc-47df-a8b8-48146d1a4c66
https://college.itri.org.tw/Home/InfoData/f6e19f2d-f81c-421c-bc36-ea6409ba0a5d/05b66b8e-80dc-47df-a8b8-48146d1a4c66
https://www.moea.gov.tw/MNS/doit/industrytech/IndustryTech.aspx?menu_id=13545&it_id=358
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]ũŸĤċũШċŰĬШEÖШƓƖŸĬƨĦƣŔŸŰШтШőŔŊőрƓƨƖŔƣǃШƕƨċƖƣǍ654 
ÑőĲƖĲШŔƚШŰŸШƓƖĲĦŔƚĲШĬċƣċШċƻċŔũċĤũĲШŸŰШőŔŊőрƓƨƖŔƣǃШƕƨċƖƣǍШĲǂƣƖċĦƣŔŸŰШċƣШĲŔƣőĲƖШƣőĲШEÖШŸƖШŊũŸĤċũШũĲƻĲũЮШcŔŊőр
ƓƨƖŔƣǃШƕƨċƖƣǍШŉŸƖШƣőĲШƚŔũŔĦŸŰШůĲƣċũШŔƚШĲǂƣƖċĦƣĲĬШċƚШċШƓƖŔůċƖǃШƓƖŸĬƨĦƣЯШċŰĬШŔŰШůŸƚƣШĦċƚĲƚЯШŔƣШŔƚШĬŔƖĲĦƣũǃШ
ƓƖŸĦĲƚƚĲĬШŔŰƣŸШƚŔũŔĦŸŰШůĲƣċũШŸŰƚŔƣĲЮ 

 

]ũŸĤċũШƓƖŸĬƨĦƣŔŸŰ 
ÑőĲШůċŔŰШĬĲƓŸƚŔƣƚШĦƨƖƖĲŰƣũǃШůŔŰĲĬШŉŸƖШƚŔũŔĦŸŰШůĲƣċũШƓƖŸĬƨĦƣŔŸŰШċƖĲШũŸĦċƣĲĬШŔŰШÑƨƖťĲǃЯШEŊǃƓƣЯШċŰĬШÉƓċŔŰЯШ
ċƚШƽĲũũШċƚШŔŰШŸƣőĲƖШĦŸƨŰƣƖŔĲƚШƚƨĦőШċƚШƣőĲШÖЮÉЮЯШ ŸƖƽċǃЯШċŰĬШÅƨƚƚŔċЮШ 

 

EÖШƓƖŸĬƨĦƣŔŸŰ 
cŔŊőрƓƨƖŔƣǃШƕƨċƖƣǍШŔƚШĲǂƣƖċĦƣĲĬШŔŰШ[ƖċŰĦĲЯШÉƓċŔŰЯШċŰĬШ]ĲƖůċŰǃЯШƽőĲƖĲШŔƣШŔƚШƚƨĤƚĲƕƨĲŰƣũǃШƓƖŸĦĲƚƚĲĬШŔŰƣŸШ
ƚŔũŔĦŸŰШůĲƣċũЮШÑőĲШǯƻĲрǃĲċƖШċƻĲƖċŊĲШċŰŰƨċũШƓƖŸĬƨĦƣŔŸŰШŸŉШƚŔũŔĦŸŰШůĲƣċũШŔŰШƣőĲШEÖШĤĲƣƽĲĲŰШΞΜΝΣШċŰĬШΞΜΞΜШ
ƽċƚШΝΣΤЯΜΜΜШůĲƣƖŔĦШƣŸŰƚЯШƖĲƓƖĲƚĲŰƣŔŰŊШċƓƓƖŸǂŔůċƣĲũǃШΡӖШŸŉШŊũŸĤċũШƓƖŸĬƨĦƣŔŸŰШĬƨƖŔŰŊШƣőĲШƚċůĲШƓĲƖŔŸĬЮ 

 

ÅĲƚĲƖƻĲƚ 
]ũŸĤċũШƖĲƚĲƖƻĲƚ 
fƣШŔƚШƽŔĬĲũǃШċĦťŰŸƽũĲĬŊĲĬШƣőċƣШĲǂŔƚƣŔŰŊШƖĲƚĲƖƻĲƚШŸŉШőŔŊőрƓƨƖŔƣǃШƕƨċƖƣǍШċƖĲШƚƨǭŔĦŔĲŰƣШƣŸШůĲĲƣШŊũŸĤċũШ
ĦŸŰƚƨůƓƣŔŸŰШŰĲĲĬƚШŉŸƖШƣőĲШĦŸůŔŰŊШĬĲĦċĬĲƚЮ 

 

EÖШƖĲƚĲƖƻĲƚ 
cċƖůŸŰŔǍĲĬШĬċƣċШŸŰШőŔŊőрƓƨƖŔƣǃШƕƨċƖƣǍШƖĲƚĲƖƻĲƚШƽŔƣőŔŰШƣőĲШEÖШŔƚШĦƨƖƖĲŰƣũǃШƨŰċƻċŔũċĤũĲЮ 

 

 

 

 

 

 

 
654ШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШ?ĲĦĲůĤĲƖьЮШÉŔũŔĦŸŰШ~ĲƣċũаШ[ċĦƣƚőĲĲƣШÖƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΞЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÉfxf9§ х~EÑ xрƨƓĬċƣĲЮƓĬŉШШ 



 

 ΝΤΦ 

ÂƖŸĦĲƚƚŔŰŊШƚƣċŊĲШтШƚŔũŔĦŸŰШůĲƣċũШċŰĬШƓŸũǃƚŔũŔĦŸŰ 
]ũŸĤċũШƓƖŸĬƨĦĲƖƚШċƣШƣőĲШƓƖŸĦĲƚƚŔŰŊШƚƣċŊĲ655 
ÉŔũŔĦŸŰЮůĲƣċũ 

]ũŸĤċũШƚŔũŔĦŸŰШůĲƣċũШƓƖŸĬƨĦƣŔŸŰШŔŰШΞΜΞΞШƽċƚШĲƚƣŔůċƣĲĬШċƣШ
ΠЯΟΝΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚЮШfŰШƣőĲШƣŸƓШΝΣШĦŸƨŰƣƖŔĲƚШŸƨƣƚŔĬĲШŸŉШ
9őŔŰċЯШƓƖŸĬƨĦƣŔŸŰШƽċƚШĦċƖƖŔĲĬШŸƨƣШĤǃШΞΠШĦŸůƓċŰŔĲƚШыŸƖШ
ŢŸŔŰƣШƻĲŰƣƨƖĲƚьШŸƓĲƖċƣŔŰŊШċĦƖŸƚƚШΟΤШƚůĲũƣĲƖƚЮ 

EƨƖŸƓĲċŰШĦŸƨŰƣƖŔĲƚШƣőċƣШƓƖŸĬƨĦĲШƚŔũŔĦŸŰШůĲƣċũШŔŰĦũƨĬĲШ
 ŸƖƽċǃЯШ [ƖċŰĦĲЯШ fĦĲũċŰĬЯШ 7ŸƚŰŔċШ ċŰĬШ cĲƖǍĲŊŸƻŔŰċЯШ
]ĲƖůċŰǃЯШÉƓċŔŰЯШċŰĬШÉũŸƻċťŔċЮШ~ċŰǃШEƨƖŸƓĲċŰШƚŔũŔĦŸŰШ
ůĲƣċũШ ƓƖŸĬƨĦĲƖƚЯШƚƨĦőШ ċƚШ [ŔŰŰŉŢŸƖĬШ ÉЯШ EũťĲůШ É ЯШ
EƖċůĲƣШ ŸƖƽċǃШ ÉЯШ[ĲƖƖŸŊũŸĤĲШ~ċŰŊċŰШ ŸƖŊĲШ ÉЯШÅìШ
ÉŔũŔĦŔƨůШ ]ůĤcЯШ ÉuШ 9őĲůŔĦċũƚШ ~ĲƣċũũƨƖŊǃШ ]ůĤcЯШ
ìċĦťĲƖШ9őĲůŔĲШ ]ЯШ[ĲƖƖŸŊũŸĤĲШƓũĦЯШċŰĬШcƨƣċШ}ċǍŔƚťċШÉЯШ
ƚŸƨƖĦĲШƣőĲŔƖШƖċƽШůċƣĲƖŔċũƚШыőŔŊőрƓƨƖŔƣǃШƕƨċƖƣǍьШŉƖŸůШƽŔƣőŔŰШ
EƨƖŸƓĲЮ 

ШƚŔŊŰŔǯĦċŰƣЯШƣőŸƨŊőШƨŰƚƓĲĦŔǯĲĬЯШƓƖŸƓŸƖƣŔŸŰШŸŉШŊũŸĤċũШ
ƚŔũŔĦŸŰШůĲƣċũШƓƖŸĬƨĦƣŔŸŰШŔƚШƨƚĲĬШŔŰƣĲƖŰċũũǃШĤǃШĦŸůƓċŰŔĲƚШ
ƣŸШƚĲĦƨƖĲШƣőĲŔƖШƖċƽШůċƣĲƖŔċũШƚƨƓƓũǃЮШ[ŸƖШĲǂċůƓũĲЯШcŸƚőŔŰĲШ
ÉŔũŔĦŸŰШ fŰĬƨƚƣƖǃШ 9ŸЮЯШ xƣĬЮШ ы9őŔŰċьЯШ ƣőĲШ ƽŸƖũĬќƚШ ũċƖŊĲƚƣШ
ƚŔũŔĦŸŰШůĲƣċũШƓƖŸĬƨĦĲƖЯШŔƚШċũƚŸШƣőĲШũĲċĬŔŰŊШƓƖŸĬƨĦĲƖШŸŉШ
ƚŔũŸǂċŰĲƚЮШÉŔůŔũċƖũǃЯШìċĦťĲƖШ9őĲůŔĲШ ]Шы]ĲƖůċŰǃьШůĲĲƣƚШ
ċĤŸƨƣШċШƕƨċƖƣĲƖШŸŉШŔƣƚШƚŔũŔĦŸŰШůĲƣċũШŰĲĲĬƚШŉŸƖШƓƖŸĬƨĦŔŰŊШ
ƚŔũŔĦŸŰĲƚШċŰĬШƨũƣƖċрƓƨƖĲШƓŸũǃĦƖǃƚƣċũũŔŰĲШƚŔũŔĦŸŰШƣőƖŸƨŊőШŔƣƚШ
ŸƽŰШƓũċŰƣШŔŰШcŸũũċЯШ ŸƖƽċǃ656ЮШ 

ÂŸũǃƚŔũŔĦŸŰЮ 

fŰШΞΜΞΞЯШŊũŸĤċũШƓŸũǃƚŔũŔĦŸŰШƓƖŸĬƨĦƣŔŸŰШƽċƚШĲƚƣŔůċƣĲĬШċƣШ
ΦΤΥЯΜΜΜШ ƣŸŰƚЮШ ÑőĲШ ũĲċĬŔŰŊШ ƓƖŸĬƨĦŔŰŊШ ĦŸƨŰƣƖŔĲƚЯШ ŔŰШ
ĬĲƚĦĲŰĬŔŰŊШ ŸƖĬĲƖШ ĤǃШ ƓƖŸĬƨĦƣŔŸŰШ ƻŸũƨůĲЯШ ƽĲƖĲШ 9őŔŰċШ
ыΥΟӖьЯШ]ĲƖůċŰǃШыΤӖьЯШƣőĲШÖЮÉЮШыΣӖьЯШ~ċũċǃƚŔċШыΞЮΡӖьЯШ
sċƓċŰШыΝӖьЯШċŰĬШÉŸƨƣőШuŸƖĲċШċŰĬШƓŸƚƚŔĤũǃШÄċƣċƖШыĲċĦőШ
ĦŸŰƣƖŔĤƨƣŔŰŊШũĲƚƚШƣőċŰШΝӖьЮШ§ƨƣƚŔĬĲШŸŉШ9őŔŰċЯШƓŸũǃƚŔũŔĦŸŰШ
ƽċƚШƓƖŸĬƨĦĲĬШĤǃШŰŔŰĲШĦŸůƓċŰŔĲƚШŸƓĲƖċƣŔŰŊШċĦƖŸƚƚШƣƽĲũƻĲШ
ŉċĦŔũŔƣŔĲƚЮШfƣШŔƚШŊĲŰĲƖċũũǃШĲƚƣŔůċƣĲĬШƣőċƣШċƓƓƖŸǂŔůċƣĲũǃШΦΜӖШ
ŸŉШƓƖŸĬƨĦĲĬШƓŸũǃƚŔũŔĦŸŰШŔƚШƨƚĲĬШŉŸƖШƚŸũċƖрŊƖċĬĲШƚŔũŔĦŸŰЯШ
ƽőŔũĲШƣőĲШƖĲůċŔŰŔŰŊШΝΜӖШŔƚШƨƚĲĬШŉŸƖШƚĲůŔĦŸŰĬƨĦƣŸƖрŊƖċĬĲШƚŔũŔĦŸŰЮ 

 
655Ш?EÅ ШтШ?ĲƨƣƚĦőĲШÅŸőƚƣŸǭċŊĲŰƣƨƖШŔŰШĬĲƖШ7ƨŰĬĲƚċŰƚƣċũƣШŉƬƖШ]ĲŸƽŔƚƚĲŰƚĦőċŉƣĲŰШƨŰĬШÅŸőƚƣŸǭĲШыΞΜΞΟьаШÉŔũŔǍŔƨůШƨŰĬШ[ĲƖƖŸƚŔũŔťŸũĲŊŔĲƖƨŰŊĲŰШ
тШüƽŔƚĦőĲŰƓƖŸĬƨťƣĲШċƨŉШ7ċƚŔƚШƻŸŰШÄƨċƖǍЮШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΡΦаШΞΟΥШÉЮЯШ7ĲƖũŔŰЮ 
656ШìċĦťĲƖШыŰЮĬЮьШìċĦťĲƖШ9őĲůŔĦċũƚШ ŸƖƽċǃШ ÉЮШÅĲƣƖŔĲƻĲĬШΝΞЮΜΟЮΞΜΞΠШŉƖŸůШőƣƣƓƚаооƽƽƽЮƽċĦťĲƖЮĦŸůоĦůƚоĲŰрƨƚоċĤŸƨƣрƽċĦťĲƖоƽċĦťĲƖрċƣрċр
ŊũċŰĦĲоƓƖŸĬƨĦƣŔŸŰрƚŔƣĲƚоőŸũũċЮőƣůũШ 

9ŸƨŰƣƖǃ ÉőċƖĲШŸŉШŊũŸĤċũШƓƖŸĬƨĦƣŔŸŰШ 

9őŔŰċ ΤΡЮΜӖ 

 ŸƖƽċǃ ΣЮΟӖ 

7ƖċǍŔũ ΡЮΝӖ 

ÑőĲШÖЮÉЮ ΟЮΜӖ 

[ƖċŰĦĲ ΞЮΞӖ 

~ċũċǃƚŔċ ΝЮΟӖ 

9ċŰċĬċ ΝЮΞӖ 

fĦĲũċŰĬ ΝЮΝӖ 

ÅƨƚƚŔċ ΝЮΜӖ 

ƨƚƣƖċũŔċ ΝЮΜӖ 

7ŸƚŰŔċр
cĲƖǍĲŊŸƻŔŰċ 

ΜЮΤӖ 

]ĲƖůċŰǃ ΜЮΣӖ 

ÉƓċŔŰ ΜЮΠӖ 

xċŸƚ ΜЮΟӖ 

ÑőċŔũċŰĬ ΜЮΞӖ 

ÉũŸƻċťŔċ ΜЮΝӖ 

ÅŸì ΜЯΡӖ 

75%

6%

5%
3%

2%
8%

China

Norway

Brazil

The U.S.

France

RoW

https://www.wacker.com/cms/en-us/about-wacker/wacker-at-a-glance/production-sites/holla.html
https://www.wacker.com/cms/en-us/about-wacker/wacker-at-a-glance/production-sites/holla.html


 

 ΝΥΜ 

ÉĲĦŸŰĬċƖǃШƓƖŸĬƨĦƣŔŸŰ 

 ĲƽЮƚĦƖċƓЮƓƖŸĬƨĦĲĬЮĬƨƖŔŰŊЮƣőĲЮůċŰƨŉċĦƣƨƖŔŰŊЮƓƖŸĦĲƚƚĲƚ 

ÉŔũŔĦŸŰШůĲƣċũШĦċŰШĤĲШƖĲĦǃĦũĲĬШŔŰƣĲƖŰċũũǃШыŔЮĲЮЯШƖĲůĲũƣĲĬьШƽŔƣőŔŰШƚůĲũƣĲƖƚШƽőĲŰШƓƖŸĬƨĦƣƚШŉċŔũШƣŸШůĲĲƣШ
ƕƨċũŔƣǃШ ƚƣċŰĬċƖĬƚЮШ ÑőĲƚĲШ ƚƨĤƚƣċŰĬċƖĬШ ƓƖŸĬƨĦƣƚШ ĦŸƨũĬШċũƚŸШƚŸũĬШ ƣŸШ ŉĲƖƖŸƚŔũŔĦŸŰШ ŸƖШ ŉĲƖƖŸƚŔũŔĦŸŰр
ůċŰŊċŰĲƚĲШƚůĲũƣĲƖƚ657ЮШ 

fŰШƣőĲШĲũĲĦƣƖŸŰŔĦƚШŔŰĬƨƚƣƖǃЯШůŸƚƣШŸŉШƣőĲШƚŔũŔĦŸŰШůĲƣċũШƚĦƖċƓШŊĲŰĲƖċƣĲĬШĬƨƖŔŰŊШĦƖǃƚƣċũШŔŰŊŸƣШċŰĬШƽċŉĲƖШ
ƓƖŸĬƨĦƣŔŸŰШŔƚШŸŉШƚƨĦőШőŔŊőШƓƨƖŔƣǃШƣőċƣШŔƣШĦċŰШĤĲШƖĲċĬŔũǃШƖĲƨƚĲĬШċƚШċШƚĲĦŸŰĬċƖǃШƖċƽШůċƣĲƖŔċũШŔŰШƣőĲШ
ƓőŸƣŸƻŸũƣċŔĦШŔŰĬƨƚƣƖǃ658Ю 

fŰШƣőĲШĦőĲůŔĦċũШŔŰĬƨƚƣƖǃЯШĦőũŸƖŸƚŔũċŰĲШƣőċƣШŔƚШŰŸƣШƨƚĲĬШŔŰШƚŔũŔĦŸŰĲШƓƖŸĬƨĦƣŔŸŰШŔƚШŔŰĦŔŰĲƖċƣĲĬШċŰĬШ
ƖĲƓƨƖƓŸƚĲĬШƣŸШƓƖŸĬƨĦĲШůŔĦƖŸƚŔũŔĦċЮШÑőĲШőǃĬƖŸŊĲŰШĦőũŸƖŔĬĲШŊĲŰĲƖċƣĲĬШĬƨƖŔŰŊШƣőŔƚШƓƖŸĦĲƚƚШŔƚШƖĲĦǃĦũĲĬШƣŸШ
ƓƖŸĬƨĦĲШůĲƣőǃũШĦőũŸƖŔĬĲЯШƽőŔĦőШƚĲƖƻĲƚШċƚШċШĤċƚĲШůċƣĲƖŔċũШŉŸƖШŉƨƖƣőĲƖШĦőũŸƖŸƚŔũċŰĲШƓƖŸĬƨĦƣŔŸŰШċŉƣĲƖШŔƣƚШ
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665ШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШ?ĲĦĲůĤĲƖьЮШÉŔũŔĦŸŰШ~ĲƣċũаШ[ċĦƣƚőĲĲƣШÖƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΞЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÉfxf9§ х~EÑ xрƨƓĬċƣĲЮƓĬŉШШ 
666Ш?EÅ ШтШ?ĲƨƣƚĦőĲШÅŸőƚƣŸǭċŊĲŰƣƨƖШŔŰШĬĲƖШ7ƨŰĬĲƚċŰƚƣċũƣШŉƬƖШ]ĲŸƽŔƚƚĲŰƚĦőċŉƣĲŰШƨŰĬШÅŸőƚƣŸǭĲШыΞΜΞΟьаШÉŔũŔǍŔƨůШƨŰĬШ[ĲƖƖŸƚŔũŔťŸũĲŊŔĲƖƨŰŊĲŰШ
тШüƽŔƚĦőĲŰƓƖŸĬƨťƣĲШċƨŉШ7ċƚŔƚШƻŸŰШÄƨċƖǍЮШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΡΦаШΞΟΥШÉЮЯШ7ĲƖũŔŰЮ 



 

 ΝΥΞ 

[ƨƣƨƖĲЮƚƨƓƓũǃ667Ю 

7ǃШƣőĲШĲŰĬШŸŉШΞΜΞΤЯШċŰШċĬĬŔƣŔŸŰċũШΠЯΤΦΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШƓĲƖШǃĲċƖШŸŉШƚŔũŔĦŸŰШůĲƣċũШƓƖŸĬƨĦƣŔŸŰШĦċƓċĦŔƣǃШŔƚШ
ĲǂƓĲĦƣĲĬШƣŸШĦŸůĲШŸŰũŔŰĲЯШƽŔƣőШƣőĲШƻċƚƣШůċŢŸƖŔƣǃШũŸĦċƣĲĬШŔŰШ9őŔŰċЮШ ƚШƓƖŸĬƨĦƣŔŸŰШĦċƓċĦŔƣǃШĦŸŰƣŔŰƨĲƚШƣŸШ
ŊƖŸƽШƖċƓŔĬũǃЯШŔƣШŔƚШƓƖŸŢĲĦƣĲĬШƣőċƣШĤǃШΞΜΞΤЯШŊũŸĤċũШĦċƓċĦŔƣǃШƽŔũũШĤĲШůŸƖĲШƣőċŰШĬŸƨĤũĲШƣőĲШĲǂƓĲĦƣĲĬШĬĲůċŰĬЮШ
9ŸŰƚĲƕƨĲŰƣũǃЯШƣőĲШŊũŸĤċũШċƻĲƖċŊĲШĦċƓċĦŔƣǃШƨƣŔũŔǍċƣŔŸŰШƖċƣĲШŔƚШċŰƣŔĦŔƓċƣĲĬШƣŸШĬĲĦũŔŰĲШŉƨƖƣőĲƖЯШċŰĬШƚŔũŔĦŸŰШ
ůĲƣċũШƓƖŔĦĲƚШċƖĲШƨŰũŔťĲũǃШƣŸШĲǂƓĲƖŔĲŰĦĲШƚŔŊŰŔǯĦċŰƣШŔŰĦƖĲċƚĲƚШŔŰШƣőĲШŰĲċƖШŉƨƣƨƖĲЮШ ĬĬŔƣŔŸŰċũũǃЯШŔŉШŰĲĦĲƚƚċƖǃЯШ
ĲǂŔƚƣŔŰŊШ ŉƨƖŰċĦĲƚШ ƨƚĲĬШ ŉŸƖШ ƓƖŸĬƨĦŔŰŊШ ŉĲƖƖŸƚŔũŔĦŸŰШ ŸƖШ ŉĲƖƖŸƚŔũŔĦŸŰрůċŰŊċŰĲƚĲШ ĦċŰШ ĤĲШ ƣĲĦőŰŔĦċũũǃШ
ĦŸŰƻĲƖƣĲĬШƣŸШƓƖŸĬƨĦĲШƚŔũŔĦŸŰШůĲƣċũШƽŔƣőŔŰШċШƚőŸƖƣШƣŔůĲШыċŰĬШƻŔĦĲШƻĲƖƚċьЮ 

[ŸƖШ ƓŸũǃƚŔũŔĦŸŰЯШ ċŰШ ċĬĬŔƣŔŸŰċũШ ΠЯΡΠΜЯΜΜΜШ ůĲƣƖŔĦШ ƣŸŰƚШ ƓĲƖШ ǃĲċƖШ ŸŉШ ƓƖŸĬƨĦƣŔŸŰШ ĦċƓċĦŔƣǃШ őċƚШ ĤĲĲŰШ
ċŰŰŸƨŰĦĲĬШĤǃШƣőĲШĲŰĬШŸŉШΞΜΞΤЯШƽŔƣőШƣőĲШůċŢŸƖŔƣǃШĦŸŰĦĲŰƣƖċƣĲĬШŔŰШ9őŔŰċЮШ7ǃШƣőċƣШƣŔůĲЯШŊũŸĤċũШƓŸũǃƚŔũŔĦŸŰШ
ƓƖŸĬƨĦƣŔŸŰШĦċƓċĦŔƣǃШŔƚШĲǂƓĲĦƣĲĬШƣŸШĲǂĦĲĲĬШĬĲůċŰĬШĤǃШůŸƖĲШƣőċŰШŉŸƨƖŉŸũĬЯШũĲċĬŔŰŊШƣŸШƓƖŸŢĲĦƣŔŸŰƚШƣőċƣШ
ƓƖŔĦĲƚШƽŔũũШƖĲůċŔŰШũċƖŊĲũǃШƨŰĦőċŰŊĲĬЮ 

[ƨƣƨƖĲЮĬĲůċŰĬ 

fŰШΞΜΞΤЯШƣőĲШĲƚƣŔůċƣĲĬШŊũŸĤċũШĬĲůċŰĬШŸŉШƚŔũŔĦŸŰШůĲƣċũШŔƚШċƖŸƨŰĬШΡЯΞΞΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШċŰĬШƓŸũǃƚŔũŔĦŸŰШ
ŔƚШΝЯΟΜΜЯΜΜΜШƣŸШΝЯΠΜΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚ668Ю 

ƚШÂéШƓũċǃШċШťĲǃШƖŸũĲШŔŰШƣőĲШĲŰĲƖŊǃШƣƖċŰƚŔƣŔŸŰЯШƚƣƖŸŰŊШƓŸũŔĦǃШƚƨƓƓŸƖƣШŔŰЯШŉŸƖШŔŰƚƣċŰĦĲЯШ9őŔŰċЯШƣőĲШÖЮÉЮЯШƣőĲШ
EÖЯШċŰĬШfŰĬŔċЯШŔƚШĲǂƓĲĦƣĲĬШƣŸШċĦĦĲũĲƖċƣĲШĦċƓċĦŔƣǃШŊƖŸƽƣőЮШÑőĲШŊũŸĤċũШůċƖťĲƣШŉŸƖШĲũĲĦƣƖŸŰŔĦрŊƖċĬĲШƚŔũŔĦŸŰШ
ŔƚШċũƚŸШƓƖŸŢĲĦƣĲĬШƣŸШĲǂƓċŰĬЯШĬƖŔƻĲŰШĤǃШƖŔƚŔŰŊШĬĲůċŰĬШŉƖŸůШƣőĲШƚĲůŔĦŸŰĬƨĦƣŸƖШŔŰĬƨƚƣƖǃЮШ ƓƓƖŸǂŔůċƣĲũǃШ
ΤΜӖШŸŉШƣőŔƚШŊƖŸƽƣőШŔƚШĲǂƓĲĦƣĲĬШƣŸШĦŸůĲШŉƖŸůШƣőĲШċƨƣŸůŸƣŔƻĲШƚĲĦƣŸƖШыƓċƖƣŔĦƨũċƖũǃШEéƚьШċƚШƽĲũũШċƚШĬċƣċШ
ƚƣŸƖċŊĲШċŰĬШƽŔƖĲũĲƚƚШĦŸůůƨŰŔĦċƣŔŸŰШŔŰĬƨƚƣƖŔĲƚ669Ю 

 

EǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШ 
fƣШƚőŸƨũĬШĤĲШŰŸƣĲĬШƣőċƣШƖĲŊƨũċƣŔŸŰƚШċƖĲШĬǃŰċůŔĦШċŰĬШƚƨĤŢĲĦƣШƣŸШĦőċŰŊĲШŸƻĲƖШƣŔůĲЮШ ŸШĲǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШ
őċĬШĤĲĲŰШŔůƓŸƚĲĬШĤǃШůċŢŸƖШƚŔũŔĦŸŰШůĲƣċũШƓƖŸĬƨĦŔŰŊШĦŸƨŰƣƖŔĲƚШċƣШƣőĲШƣŔůĲШƣőŔƚШŉċĦƣƚőĲĲƣШƽċƚШƓƖĲƓċƖĲĬЮ 

 

 

 
667Ш?EÅ ШтШ?ĲƨƣƚĦőĲШÅŸőƚƣŸǭċŊĲŰƣƨƖШŔŰШĬĲƖШ7ƨŰĬĲƚċŰƚƣċũƣШŉƬƖШ]ĲŸƽŔƚƚĲŰƚĦőċŉƣĲŰШƨŰĬШÅŸőƚƣŸǭĲШыΞΜΞΟьаШÉŔũŔǍŔƨůШƨŰĬШ[ĲƖƖŸƚŔũŔťŸũĲŊŔĲƖƨŰŊĲŰШ
тШüƽŔƚĦőĲŰƓƖŸĬƨťƣĲШċƨŉШ7ċƚŔƚШƻŸŰШÄƨċƖǍЮШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΡΦаШΞΟΥШÉЮЯШ7ĲƖũŔŰЮ 
668Ш?EÅ ШтШ?ĲƨƣƚĦőĲШÅŸőƚƣŸǭċŊĲŰƣƨƖШŔŰШĬĲƖШ7ƨŰĬĲƚċŰƚƣċũƣШŉƬƖШ]ĲŸƽŔƚƚĲŰƚĦőċŉƣĲŰШƨŰĬШÅŸőƚƣŸǭĲШыΞΜΞΟьаШÉŔũŔǍŔƨůШƨŰĬШ[ĲƖƖŸƚŔũŔťŸũĲŊŔĲƖƨŰŊĲŰШ
тШüƽŔƚĦőĲŰƓƖŸĬƨťƣĲШċƨŉШ7ċƚŔƚШƻŸŰШÄƨċƖǍЮШтШ?EÅ ШÅŸőƚƣŸǭŔŰŉŸƖůċƣŔŸŰĲŰШΡΦаШΞΟΥШÉЮЯШ7ĲƖũŔŰЮ 
669ШÉ9ÅÅEE ΞЮШыΞΜΞΟЯШ?ĲĦĲůĤĲƖьЮШÉŔũŔĦŸŰШ~ĲƣċũаШ[ċĦƣƚőĲĲƣШÖƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΞΞЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΟоΝΞоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÉfxf9§ х~EÑ xрƨƓĬċƣĲЮƓĬŉ   



 

 ΝΥΟ 

ÑŔƣċŰŔƨůШыÑŔь 
~ċŢŸƖШĲŰĬШƨƚĲƚШŔŰШƣőĲШEÖШыĲƚƣŔůċƣŔŸŰШŉŸƖШΞΜΝΞрΞΜΞΣь670 

 

ÑőĲШůċŢŸƖШŊũŸĤċũШĲŰĬШƨƚĲƚШŸŉШƣŔƣċŰŔƨůШŔŰĦũƨĬĲШċĲƖŸƚƓċĦĲШċŰĬШůċƖŔŰĲШƚĲĦƣŸƖЯШŔŰĬƨƚƣƖŔċũЯШůĲĬŔĦċũЯШĲŰĲƖŊǃЯШ
ƓŔŊůĲŰƣƚЯШċĬĬŔƣŔƻĲƚШċŰĬШĦŸċƣŔŰŊƚЯШƓċƓĲƖƚШċŰĬШƓũċƚƣŔĦƚЯШċŰĬШŸƣőĲƖƚЮШ 

ÑŔƣċŰŔƨůЮůĲƣċũ 

EƚƣŔůċƣĲĬШƣŔƣċŰŔƨůШůĲƣċũШĲŰĬШƨƚĲƚШŔŰШƣőĲШEÖШĤĲƣƽĲĲŰШΞΜΝΞШċŰĬШΞΜΝΣШċƖĲШċĲƖŸƚƓċĦĲШыΠΡӖьЯШůĲĬŔĦċũШ
ĲƕƨŔƓůĲŰƣШыΞΡӖьЯШċƨƣŸůŸƣŔƻĲШыΝΜӖьЯШőċŰĬШőĲũĬШŸĤŢĲĦƣƚШыΝΜӖьЯШƓũċŰƣШĲŰŊŔŰĲĲƖŔŰŊШыĲЮŊЮЯШƚĲċƽċƣĲƖШ
ĬĲƚċũŔŰċƣŔŸŰьШыΡӖьЯШċŰĬШŰƨĦũĲċƖШőĲċƣШĲǂĦőċŰŊĲƖШыΡӖьЮ 

fŰШΞΜΝΦЯШƣőĲШƽŸƖũĬƽŔĬĲШĲŰĬрƨƚĲШĬŔƚƣƖŔĤƨƣŔŸŰШŸŉШƣŔƣċŰŔƨůШůĲƣċũШƽċƚШĲƚƣŔůċƣĲĬШƣŸШĤĲШĦŔƻŔũШċĲƖŸƚƓċĦĲШыΠΡӖьЯШ
ŔŰĬƨƚƣƖŔċũШĲƕƨŔƓůĲŰƣШыΠΜӖьЯШůŔũŔƣċƖǃШċƓƓũŔĦċƣŔŸŰƚШыΦӖьЯШċŰĬШĦŸŰƚƨůĲƖШŊŸŸĬƚШċŰĬШŸƣőĲƖШыΣӖьЮ 

 

 

 

 

 
670ШÉ9ÅÅEE ΞЮШыΞΜΞΠЯШsċŰƨċƖǃьЮШÑŔƣċŰŔƨůаШ[ċĦƣƚőĲĲƣШыéĲƖƚŔŸŰШΝьЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΜΠЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÑfÑ  fÖ~хéΝЮƓĬŉ 
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 ΝΥΠ 

éċũƨĲШĦőċŔŰШыƚŔůƓũŔǯĲĬьШ671 

 

 

ÑőĲШƣŔƣċŰŔƨůШůċƖťĲƣШŔƚШĬŔƻŔĬĲĬШŔŰƣŸШƣƽŸШůċŔŰШƚĲŊůĲŰƣƚаШƣŔƣċŰŔƨůШŸǂŔĬĲШċŰĬШƣŔƣċŰŔƨůШůĲƣċũЮШÑőĲШƓƖŔůċƖǃШ
ƓƖŸĬƨĦƣƚШċƖĲШƣŔƣċŰŔƨůШĬŔŸǂŔĬĲШыÑŔ§ЋьШċŰĬШƣŔƣċŰŔƨůШƚƓŸŰŊĲЯШƽŔƣőШŸƻĲƖШΦΡӖШŸŉШŊũŸĤċũШƣŔƣċŰŔƨůШŸƖĲƚШƨƚĲĬШŔŰШ
ƣőĲШƓƖŸĬƨĦƣŔŸŰШŸŉШƣŔƣċŰŔƨůШĬŔŸǂŔĬĲЮ 

 

ÉƨĤƚƣŔƣƨƣŔŸŰ 

ÉƨĤƚƣŔƣƨƣŔŸŰШĦċŰШŔůƓċĦƣШĤŸƣőШĦŸƚƣШċŰĬШƓĲƖŉŸƖůċŰĦĲЮ 

fŰƣĲƖůĲĬŔċƣĲШċŰĬШĲŰĬШƓƖŸĬƨĦƣƚ672 ÉƨĤƚƣŔƣƨƣŔŸŰ 

cŔŊőрƚƣƖĲŰŊƣőШċƓƓũŔĦċƣŔŸŰƚШŸŉШƣŔƣċŰŔƨůШůĲƣċũƚ 
ũƨůŔŰŔƨůЯШĦŸůƓŸƚŔƣĲƚЯШŔŰƣĲƖůĲƣċũũŔĦƚЯШƚƣĲĲũЯШċŰĬШ

ƚƨƓĲƖċũũŸǃƚ 
ƓƓũŔĦċƣŔŸŰƚШƣőċƣШƖĲƕƨŔƖĲШƣŔƣċŰŔƨůШůĲƣċũќƚШ

ĦŸƖƖŸƚŔŸŰШƖĲƚŔƚƣċŰĦĲ 
ũƨůŔŰŔƨůЯШŰŔĦťĲũЯШƚƓĲĦŔċũƣǃШƚƣĲĲũƚЯШċŰĬШǍŔƖĦŸŰŔƨůШċũũŸǃƚ 

ìőŔƣĲШƓŔŊůĲŰƣШůċĬĲШĤǃШƣŔƣċŰŔƨůШĬŔŸǂŔĬĲ 
]ƖŸƨŰĬШĦċũĦŔƨůШĦċƖĤŸŰċƣĲЯШƓƖĲĦŔƓŔƣċƣĲĬШĦċũĦŔƨůШ
ĦċƖĤŸŰċƣĲЯШťċŸũŔŰЯШċŰĬШƣċũĦ 

~ĲĬŔĦċũШċƓƓũŔĦċƣŔŸŰƚ673 üŔƖĦŸŰŔƨůШċŰĬШůċŊŰĲƚŔƨů 
 

 

 

 
671ШÉ9ÅÅEE ΞЮШыΞΜΞΠЯШsċŰƨċƖǃьЮШÑŔƣċŰŔƨůаШ[ċĦƣƚőĲĲƣШыéĲƖƚŔŸŰШΝьЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΜΠЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÑfÑ  fÖ~хéΝЮƓĬŉ 
672ШÑŸũĦŔŰЯШ ЮШ9ЮШыΞΜΞΡьЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡаШÑŔƣċŰŔƨůЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΜΠЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрƣŔƣċŰŔƨůЮƓĬŉШ 
673ШÉ9ÅÅEE ΞЮШыΞΜΞΠЯШsċŰƨċƖǃьЮШÑŔƣċŰŔƨůаШ[ċĦƣƚőĲĲƣШыéĲƖƚŔŸŰШΝьЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΜΠЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÑfÑ  fÖ~хéΝЮƓĬŉ 

https://pubs.usgs.gov/periodicals/mcs2025/mcs2025-titanium.pdf


 

 ΝΥΡ 

]ũŸĤċũШċŰĬШEÖШƓƖŸĬƨĦƣŔŸŰШтШƣŔƣċŰŔƨůШůŔŰĲƖċũШĦŸŰĦĲŰƣƖċƣĲƚШ 
]ũŸĤċũШůŔŰĲШƓƖŸĬƨĦƣŔŸŰ674 

Ш 

 

 

EÖШůŔŰĲШƓƖŸĬƨĦƣŔŸŰ675 
ÑőĲƖĲШŔƚШŰŸШƣŔƣċŰŔƨůШůŔŰĲШƓƖŸĬƨĦƣŔŸŰШŔŰШƣőĲШEÖЮ 

 
674Ш[ŔŊƨƖĲƚШċƖĲШĤċƚĲĬШŸŰШĬċƣċШƓƖŸƻŔĬĲĬШĤǃШƣőĲШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮ 
675ШÉ9ÅÅEE ΞЮШыΞΜΞΠЯШsċŰƨċƖǃьЮШÑŔƣċŰŔƨůаШ[ċĦƣƚőĲĲƣШыéĲƖƚŔŸŰШΝьЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΜΠЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÑfÑ  fÖ~хéΝЮƓĬŉ 
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 ΝΥΣ 

ÉĲĦŸŰĬċƖǃШƓƖŸĬƨĦƣŔŸŰ676 

 ĲƽЮƚĦƖċƓЮƓƖŸĬƨĦĲĬЮĬƨƖŔŰŊЮƣőĲЮůċŰƨŉċĦƣƨƖŔŰŊЮƓƖŸĦĲƚƚĲƚ 

ÑőĲШůċŔŰШƚŸƨƖĦĲШŸŉШƖĲĦǃĦũĲĬШƣŔƣċŰŔƨůШŔƚШŔŰрőŸƨƚĲШƚĦƖċƓШŉƖŸůШƚůĲũƣŔŰŊШċŰĬШŉċĤƖŔĦċƣŔŸŰЮШcŔŊőрŊƖċĬĲШƚĦƖċƓШ
ыũŸƽШŸǂǃŊĲŰШċŰĬШŔƖŸŰШĦŸŰĦĲŰƣƖċƣŔŸŰƚьШŔƚШƖĲůĲũƣĲĬШŔŰƣŸШƣŔƣċŰŔƨůШċŰĬШċũũŸǃШŔŰŊŸƣƚЯШƽőŔũĲШũŸƽрŊƖċĬĲШƚĦƖċƓШ
ыőŔŊőШŸǂǃŊĲŰШċŰĬШŔƖŸŰШĦŸŰĦĲŰƣƖċƣŔŸŰƚьШŔƚШƨƚĲĬШƣŸШƓƖŸĬƨĦĲШŉĲƖƖŸƣŔƣċŰŔƨůШŉŸƖШƣőĲШƚƣĲĲũШŔŰĬƨƚƣƖǃЮ 

§ũĬЮƚĦƖċƓЮƖĲŉĲƖƚЮƣŸЮƓŸƚƣцĦŸŰƚƨůĲƖЮƚĦƖċƓЮ 

ÑőĲШE§xрÅfÅШŉŸƖШƣŔƣċŰŔƨůШŔƚШĲƚƣŔůċƣĲĬШċƣШΝΦӖЯШĤċƚĲĬШŸŰШƣőĲШÖ EÂШůĲƣőŸĬŸũŸŊǃЮШ9ƨƖƖĲŰƣũǃЯШƖĲĦǃĦũĲĬШ
ĦŸŰƣĲŰƣШŉƖŸůШŸũĬШƚĦƖċƓШůċťĲƚШƨƓШŢƨƚƣШΣӖШŸŉШƣŸƣċũШƨƚĲЮШxŸŸťŔŰŊШċőĲċĬЯШƖĲĦǃĦũĲĬШƣŔƣċŰŔƨůШŔƚШĲǂƓĲĦƣĲĬШƣŸШ
ůĲĲƣШŸŰũǃШċШƚůċũũШƓŸƖƣŔŸŰШŸŉШĬĲůċŰĬЯШċƚШĦŸŰƚƨůƓƣŔŸŰШĦŸŰƣŔŰƨĲƚШƣŸШƖŔƚĲШƖċƓŔĬũǃЮ 

ÉĲĦŸŰĬċƖǃЮƚŸƨƖĦĲƚ 

ũƣőŸƨŊőШƣŔƣċŰŔƨůШƖĲĦŸƻĲƖǃШŉƖŸůШƖĲĬШůƨĬШƣŸŊĲƣőĲƖШƽŔƣőШŸƣőĲƖШůŔŰĲƖċũƚШƚƨĦőШċƚШċũƨůŔŰċШċŰĬШƚĦċŰĬŔƨůШ
őċƚШĤĲĲŰШĲǂƓũŸƖĲĬШŔŰШũċĤШċŰĬШƓŔũŸƣШƚƣƨĬŔĲƚЯШŔƣШőċƚШŰŸƣШǃĲƣШĤĲĲŰШŔůƓũĲůĲŰƣĲĬШċƣШƣőĲШŔŰĬƨƚƣƖŔċũШũĲƻĲũЮ 

 

ÅĲƚĲƖƻĲƚ 
]ũŸĤċũШƖĲƚĲƖƻĲƚ677Ш 
9ŸƨŰƣƖǃШ ÅĲƚĲƖƻĲƚШыůĲƣƖŔĦШƣŸŰƚЯШƣŔƣċŰŔƨůШĬŔŸǂŔĬĲШĦŸŰƣĲŰƣь 

ƨƚƣƖċũŔċ ΞΝΡЯΜΜΜЯΜΜΜ 

9őŔŰċ ΝΝΜЯΜΜΜЯΜΜΜ 
9ċŰċĬċ ΡΝЯΜΜΜЯΜΜΜ 

 ŸƖƽċǃ ΟΤЯΜΜΜЯΜΜΜ 

ÉŸƨƣőШ ŉƖŔĦċ ΟΠЯΝΜΜЯΜΜΜ 

~ċĬċŊċƚĦċƖ ΟΜЯΜΜΜЯΜΜΜ 

 

EÖШƖĲƚĲƖƻĲƚ 
ÑőĲƖĲШŔƚШĦƨƖƖĲŰƣũǃШŰŸШƣŔƣċŰŔƨůШƖĲƚĲƖƻĲƚШŔŰШƣőĲШEÖ678ЮШÑŔƣċŰŔƨůШƖĲƚĲƖƻĲƚШŸŉШŸƣőĲƖШEƨƖŸƓĲċŰШĦŸƨŰƣƖŔĲƚШŔƚШ
ƚőŸƽŰШċƚШŉŸũũŸƽƚ679ЮШШ 

9ŸƨŰƣƖǃШ ÅĲƚĲƖƻĲƚШыůĲƣƖŔĦШƣŸŰƚЯШƣŔƣċŰŔƨůШĬŔŸǂŔĬĲШĦŸŰƣĲŰƣь 

 ŸƖƽċǃ ΟΤЯΜΜΜЯΜΜΜ 

ÖťƖċŔŰĲ ΡЯΦΜΜЯΜΜΜ 

 
676ШÉ9ÅÅEE ΞЮШыΞΜΞΠЯШsċŰƨċƖǃьЮШÑŔƣċŰŔƨůаШ[ċĦƣƚőĲĲƣШыéĲƖƚŔŸŰШΝьЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΜΠЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÑfÑ  fÖ~хéΝЮƓĬŉ 
677ШÑŸũĦŔŰЯШ ЮШ9ЮШыΞΜΞΡьЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡаШÑŔƣċŰŔƨůЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΜΠЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрƣŔƣċŰŔƨůЮƓĬŉШ 
678ШÉ9ÅÅEE ΞЮШыΞΜΞΠЯШsċŰƨċƖǃьЮШÑŔƣċŰŔƨůаШ[ċĦƣƚőĲĲƣШыéĲƖƚŔŸŰШΝьЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΜΠЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÑfÑ  fÖ~хéΝЮƓĬŉ 
679ШÑŸũĦŔŰЯШ ЮШ9ЮШыΞΜΞΡьЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡаШÑŔƣċŰŔƨůЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΜΠЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрƣŔƣċŰŔƨůЮƓĬŉШ 

https://pubs.usgs.gov/periodicals/mcs2025/mcs2025-titanium.pdf
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 ΝΥΤ 

ÂƖŸĦĲƚƚŔŰŊШƚƣċŊĲШтШƣŔƣċŰŔƨůШĬŔŸǂŔĬĲШċŰĬШƣŔƣċŰŔƨůШƚƓŸŰŊĲШůĲƣċũ 
]ũŸĤċũШƓƖŸĬƨĦĲƖƚШċƣШƣőĲШƓƖŸĦĲƚƚŔŰŊШƚƣċŊĲШыċƻŊЮШΞΜΝΣрΞΜΞΜь680 
ÑőĲШ ċŰŰƨċũШ ŊũŸĤċũШ ƓƖŸĬƨĦƣŔŸŰШ ċƣШ ƣőĲШ ƓƖŸĦĲƚƚŔŰŊШ
ƚƣċŊĲ681ШЯШ ċƻĲƖċŊĲШ ĤĲƣƽĲĲŰШ ΞΜΝΣШ ċŰĬШ ΞΜΞΜЯШ ƽċƚШ
ΠЯΠΦΤЯΜΜΡШůĲƣƖŔĦШƣŸŰƚЮШ9őŔŰċШƽċƚШƣőĲШũĲċĬŔŰŊШƓƖŸĬƨĦĲƖШ
ŉŸũũŸƽĲĬШĤǃШƣőĲШÖЮÉЮШċŰĬШÉŸƨƣőШ ŉƖŔĦċЮШ 

ÑőĲƖĲШŔƚШŰŸШƣŔƣċŰŔƨůШƚƓŸŰŊĲШůĲƣċũШƓƖŸĬƨĦƣŔŸŰШŔŰШƣőĲШEÖШ
ĤƨƣШƣőĲШƓƖŸĬƨĦƣŔŸŰШŸŉШƣŔƣċŰŔƨůШĦŸůƓŸƨŰĬƚШŔƚШƣċťŔŰŊШ
ƓũċĦĲШŔŰШ]ĲƖůċŰǃШċŰĬШ[ŔŰũċŰĬЮ 

ÑŔƣċŰŔƨůЮƓŔŊůĲŰƣЮĦċƓċĦŔƣǃ682 

9ŸƨŰƣƖǃШ 9ċƓċĦŔƣǃШŔŰШΞΜΞΠШыůĲƣƖŔĦШƣŸŰƚь 

9őŔŰċ ΡЯΡΜΜЯΜΜΜ 

ÑőĲШÖЮÉЮ ΝЯΟΣΜЯΜΜΜ 

]ĲƖůċŰǃ ΟΟΦЯΜΜΜ 

~ĲǂŔĦŸ ΟΡΜЯΜΜΜ 

sċƓċŰ ΟΞΞЯΜΜΜ 

ÑőĲШÖЮuЮ ΟΝΡЯΜΜΜ 

ƨƚƣƖċũŔċ ΞΣΜЯΜΜΜ 

ÉċƨĬŔШ ƖċĤŔċ ΞΜΜЯΜΜΜ 

 

ÑŔƣċŰŔƨůЮƚƓŸŰŊĲЮůĲƣċũ683 

fŰШΞΜΞΠЯШ9őŔŰċШƽċƚШƣőĲШũċƖŊĲƚƣШƓƖŸĬƨĦĲƖШŸŉШƣŔƣċŰŔƨůШƚƓŸŰŊĲШůĲƣċũЯШċĦĦŸƨŰƣŔŰŊШŉŸƖШċƓƓƖŸǂŔůċƣĲũǃШΣΦӖШŸŉШ
ŊũŸĤċũШŸƨƣƓƨƣЮШsċƓċŰШƖċŰťĲĬШƚĲĦŸŰĬШƽŔƣőШΝΤӖбШĬƨĲШƣŸШƣőĲШċĤƚĲŰĦĲШŸŉШĬŸůĲƚƣŔĦШƣŔƣċŰŔƨůШůŔŰŔŰŊЯШŔƣƚШ
ƓƖŸĬƨĦƣŔŸŰШƖĲũŔĲĬШĲŰƣŔƖĲũǃШŸŰШŔůƓŸƖƣĲĬШƣŔƣċŰŔƨůШůŔŰĲƖċũƚЮШ§ƣőĲƖШƓƖŸĬƨĦĲƖƚШŸŉШƣŔƣċŰŔƨůШƚƓŸŰŊĲШůĲƣċũШ
ŔŰĦũƨĬĲĬШfŰĬŔċЯШuċǍċťőƚƣċŰЯШÅƨƚƚŔċЯШÉċƨĬŔШ ƖċĤŔċЯШċŰĬШƣőĲШÖЮÉЮШыũŔƚƣĲĬШċũƓőċĤĲƣŔĦċũũǃьЮ 

9ŸƨŰƣƖǃШ 9ċƓċĦŔƣǃШŔŰШΞΜΞΠШыůĲƣƖŔĦШƣŸŰƚь 

9őŔŰċ ΞΣΜЯΜΜΜ 

sċƓċŰ ΣΡЯΞΜΜ 

ÅƨƚƚŔċ ΠΣЯΡΜΜ 

uċǍċťőƚƣċŰ ΞΣЯΜΜΜ 

ÉċƨĬŔШ ƖċĤŔċ ΝΡЯΣΜΜ 

 

 
680ШÉ9ÅÅEE ΞЮШыΞΜΞΠЯШsċŰƨċƖǃьЮШÑŔƣċŰŔƨůаШ[ċĦƣƚőĲĲƣШыéĲƖƚŔŸŰШΝьЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΜΠЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÑfÑ  fÖ~хéΝЮƓĬŉ 
681ШÑőĲШƓƖŸĦĲƚƚŔŰŊШƚƣċŊĲШŔŰĦũƨĬĲƚШƣŔƣċŰŔƨůШŸǂŔĬĲƚЯШƚũċŊЯШċƚőШċŰĬШƖĲƚŔĬƨĲƚШĦŸŰƣċŔŰŔŰŊШůċŔŰũǃШƣŔƣċŰŔƨůЯШƨŰƽƖŸƨŊőƣШƣŔƣċŰŔƨůЯШƣŔƣċŰŔƨůШƓŸƽĬĲƖƚЯШ
ƣŔƣċŰŔƨůШƽċƚƣĲШċŰĬШƚĦƖċƓШыĲǂĦũЮШċƚőШċŰĬШƖĲƚŔĬƨĲƚьЯШŉĲƖƖŸрƣŔƣċŰŔƨůШċŰĬШŉĲƖƖŸрƚŔũŔĦŸШƣŔƣċŰŔƨůЮШ 
682ШÑŸũĦŔŰЯШ ЮШ9ЮШыΞΜΞΡьЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡаШÑŔƣċŰŔƨůЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΜΠЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрƣŔƣċŰŔƨůЮƓĬŉШ 
683ШÑŸũĦŔŰЯШ ЮШ9ЮШыΞΜΞΡьЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡаШÑŔƣċŰŔƨůЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΜΠЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрƣŔƣċŰŔƨůЮƓĬŉШ 
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 ΝΥΥ 

?ĲůċŰĬШ 
]ũŸĤċũШĬĲůċŰĬ 
ÑŔƣċŰŔƨůЮĬŔŸǂŔĬĲ 

fŰШΞΜΞΜЯШŊũŸĤċũШĦŸŰƚƨůƓƣŔŸŰШŸŉШƣŔƣċŰŔƨůШĬŔŸǂŔĬĲШƖĲċĦőĲĬШċƓƓƖŸǂŔůċƣĲũǃШΣЯΠΡΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚЮШ9őŔŰċШ
ƽċƚШƣőĲШũċƖŊĲƚƣШĦŸŰƚƨůĲƖЯШċĦĦŸƨŰƣŔŰŊШŉŸƖШŰĲċƖũǃШΠΜӖШŸŉШƣőĲШƣŸƣċũШƻŸũƨůĲЮШEƨƖŸƓĲШċŰĬШ ŸƖƣőШ ůĲƖŔĦċШ
ŉŸũũŸƽĲĬЯШ ĲċĦőШ ĦŸŰƚƨůŔŰŊШ ċƖŸƨŰĬШ ΝЯΜΜΜЯΜΜΜШ ůĲƣƖŔĦШ ƣŸŰƚШ ċŰĬШ őŸũĬŔŰŊШ ċШ ΝΣӖШ ƚőċƖĲШ ŸŉШ ŊũŸĤċũШ
ĦŸŰƚƨůƓƣŔŸŰЮШ§ƣőĲƖШƖĲŊŔŸŰƚШőċĬШƚŔŰŊũĲрĬŔŊŔƣШƚőċƖĲƚаШxċƣŔŰШ ůĲƖŔĦċШыΤӖьЯШ ƨƚƣƖċũŔċШċŰĬШÉŸƨƣőĲċƚƣШ ƚŔċШ
ыΣӖьЯШ9ĲŰƣƖċũШċŰĬШÉŸƨƣőШ ƚŔċШыΡӖьЯШƣőĲШƖĲƚƣШŸŉШEċƚƣШ ƚŔċШыΡӖьЯШƣőĲШ~ŔĬĬũĲШEċƚƣШċŰĬШ ŉƖŔĦċШыΠӖьЯШċŰĬШƣőĲШ
9ŸůůŸŰƽĲċũƣőШŸŉШfŰĬĲƓĲŰĬĲŰƣШÉƣċƣĲƚШċƣШŢƨƚƣШΝӖ684Ю 

ÑŔƣċŰŔƨůЮůĲƣċũ 

fŰШΞΜΝΦЯШŊũŸĤċũШĦŸŰƚƨůƓƣŔŸŰШŸŉШШƣŔƣċŰŔƨůШůĲƣċũШƽċƚШĲƚƣŔůċƣĲĬШƣŸШĤĲШΝΣΞЯΜΜΜШůĲƣƖŔĦШƣŸŰƚЮШÑőĲШĬĲůċŰĬШ
ŉĲũũШƚőċƖƓũǃШĬƨĲШƣŸШ9§éf?рΝΦЯШůċŔŰũǃШŉƖŸůШƖĲĬƨĦĲĬШċƻŔċƣŔŸŰШċĦƣŔƻŔƣǃЯШĬƖŸƓƓŔŰŊШĤǃШΟΜӖШƣŸШΝΝΟЯΜΜΜШůĲƣƖŔĦШ
ƣŸŰƚШŔŰШΞΜΞΜШċŰĬШŉƨƖƣőĲƖШƣŸШΦΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШŔŰШΞΜΞΝ685Ю 

 

EÖШĬĲůċŰĬ686 
7ĲƣƽĲĲŰШΞΜΝΣШċŰĬШΞΜΞΜЯШƣőĲШEÖѣƚШċƻĲƖċŊĲШċŰŰƨċũШƣŔƣċŰŔƨůШĦŸŰƚƨůƓƣŔŸŰШċƣШƣőĲШĲǂƣƖċĦƣŔŸŰШƚƣċŊĲШыŔЮĲЮЯШ
ƣŔƣċŰŔƨůШŸƖĲƚШċŰĬШĦŸŰĦĲŰƣƖċƣĲƚьШƽċƚШΠΡΣЯΡΟΦШůĲƣƖŔĦШƣŸŰƚЮШÑőĲШEÖШƽċƚШΝΜΜӖШƖĲũŔċŰĦĲШŸŰШŔůƓŸƖƣШċŰĬШƣőĲШ
ůċŔŰШƚƨƓƓũŔĲƖƚШƽĲƖĲШ ŸƖƽċǃШыΞΟӖьЯШÉŸƨƣőШ ŉƖŔĦċШыΝΣӖьЯШ9ċŰċĬċШыΝΠӖьЯШ~ŸǍċůĤŔƕƨĲШыΝΜӖьЯШÖťƖċŔŰĲШ
ыΦӖьЯШƣőĲШÖЮuЮШыΦӖьЯШ ƨƚƣƖċũŔċШыΣӖьЯШċŰĬШÉŔĲƖƖċШxĲŸŰċШыΣӖьЮШ 

7ĲƣƽĲĲŰШΞΜΝΣШċŰĬШΞΜΞΜЯШƣőĲШEÖѣƚШċƻĲƖċŊĲШċŰŰƨċũШƣŔƣċŰŔƨůШĦŸŰƚƨůƓƣŔŸŰШċƣШƣőĲШƓƖŸĦĲƚƚŔŰŊШƚƣċŊĲШƽċƚШ
ΠΞΡЯΣΦΠШůĲƣƖŔĦШƣŸŰƚЮШÑőĲШEÖѣƚШŔůƓŸƖƣШƖĲũŔċŰĦĲШƚƣŸŸĬШċƣШΝΥӖЯШƽŔƣőШƣőĲШůċŔŰШƚƨƓƓũŔĲƖƚШĤĲŔŰŊШ]ĲƖůċŰǃШ
ыΠΡӖьЯШ9ċŰċĬċШыΝΠӖьЯШ[ŔŰũċŰĬШыΝΞӖьЯШ7ĲũŊŔƨůШыΥӖьЯШfƣċũǃШыΥӖьЯШċŰĬШ9őŔŰċШыΠӖьЮШ 

7ĲƣƽĲĲŰШΞΜΝΣШċŰĬШΞΜΞΜЯШƣőĲШEÖѣƚШċƻĲƖċŊĲШċŰŰƨċũШƣŔƣċŰŔƨůШůĲƣċũШĦŸŰƚƨůƓƣŔŸŰШƽċƚШΦЯΥΝΞШůĲƣƖŔĦШƣŸŰƚЮШ
ÑőĲШEÖѣƚШŔůƓŸƖƣШƖĲũŔċŰĦĲШƚƣŸŸĬШċƣШΝΜΜӖЯШƽŔƣőШƣőĲШůċŔŰШƚƨƓƓũŔĲƖƚШĤĲŔŰŊШuċǍċťőƚƣċŰШыΟΤӖьЯШÅƨƚƚŔċШыΟΡӖьЯШ
9őŔŰċШыΝΜӖьЯШÉƽŔƣǍĲƖũċŰĬШыΣӖьЯШsċƓċŰШыΣӖьЯШċŰĬШÑƨƖťĲǃШыΞӖьЮШ 

 

 

 

 

 
684ШEƨƖŸƓĲċŰШ9ŸċƣŔŰŊƚЮШыΞΜΞΞЯШ~ċƖĦőШΞΡьЮШÅĲĦĲŰƣШċŰĬШĦƨƖƖĲŰƣШĬĲƻĲũŸƓůĲŰƣƚШŔŰШƣőĲШƣŔƣċŰŔƨůШĬŔŸǂŔĬĲШůċƖťĲƣЮШEƨƖŸƓĲċŰШ9ŸċƣŔŰŊƚЮШÅĲƣƖŔĲƻĲĬШ
ΜΤЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮĲƨƖŸƓĲċŰрĦŸċƣŔŰŊƚЮĦŸůоŰĲƽƚоůċƖťĲƣƚрĦŸůƓċŰŔĲƚоƖĲĦĲŰƣрċŰĬрĦƨƖƖĲŰƣрĬĲƻĲũŸƓůĲŰƣƚрŔŰрƣőĲрƣŔƣċŰŔƨůр
ĬŔŸǂŔĬĲрůċƖťĲƣоШ 
685Ш]ĲŸƖŊŔƣǍŔťŔƚЯШuЮЯШ?ѣEũŔċЯШEЮЯШѼШEǃŰċƖĬЯШÖЮШыΞΜΞΞьЮШÑŔƣċŰŔƨůШůĲƣċũаШfůƓċĦƣШċƚƚĲƚƚůĲŰƣШŉŸƖШƚƨƓƓũǃШƚĲĦƨƖŔƣǃЮШEƨƖŸƓĲċŰШ9ŸůůŔƚƚŔŸŰЯШsŸŔŰƣШ
ÅĲƚĲċƖĦőШ9ĲŰƣƖĲЮШÅĲƣƖŔĲƻĲĬШΜΤЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤũŔĦċƣŔŸŰƚЮŢƖĦЮĲĦЮĲƨƖŸƓċЮĲƨоƖĲƓŸƚŔƣŸƖǃоőċŰĬũĲоsÅ9ΝΞΦΡΦΠШШ 
686ШÉ9ÅÅEE ΞЮШыΞΜΞΠЯШsċŰƨċƖǃьЮШÑŔƣċŰŔƨůаШ[ċĦƣƚőĲĲƣШыéĲƖƚŔŸŰШΝьЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΜΠЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÑfÑ  fÖ~хéΝЮƓĬŉ 

https://www.european-coatings.com/news/markets-companies/recent-and-current-developments-in-the-titanium-dioxide-market/
https://www.european-coatings.com/news/markets-companies/recent-and-current-developments-in-the-titanium-dioxide-market/


 

 ΝΥΦ 

[ƨƣƨƖĲШƚƨƓƓũǃШċŰĬШĬĲůċŰĬШƣƖĲŰĬƚ 

[ƨƣƨƖĲЮƚƨƓƓũǃ 

9ƨƖƖĲŰƣũǃЯШċƖŸƨŰĬШΞΡШĦŸůƓċŰŔĲƚШċƖĲШƓƖŔůċƖŔũǃШŔŰƻŸũƻĲĬШŔŰШƣőĲШŊũŸĤċũШƣŔƣċŰŔƨůШŔŰĬƨƚƣƖǃ687ЮШ?ĲƚƓŔƣĲШůċƖťĲƣШ
ĬŔƚƖƨƓƣŔŸŰƚШĦċƨƚĲĬШĤǃШƣőĲШ9§éf?рΝΦШƓċŰĬĲůŔĦЯШŔŰĦƖĲċƚĲĬШƓƖŸĬƨĦƣŔŸŰШŔŰШ9őŔŰċШũĲĬШƣŸШċШƖŔƚĲШŔŰШŊũŸĤċũШ
ŸƨƣƓƨƣШŸŉШƣŔƣċŰŔƨůШŸƖĲƚШċŰĬШĦŸŰĦĲŰƣƖċƣĲƚШŔŰШΞΜΞΜШĦŸůƓċƖĲĬШƣŸШΞΜΝΦЮШìőŔũĲШŰƨůĲƖŸƨƚШƓƖŸŢĲĦƣƚШċƖĲШŔŰШ
ƻċƖŔŸƨƚШƚƣċŊĲƚШŸŉШĬĲƻĲũŸƓůĲŰƣЯШůċŰǃШƣŔůĲũŔŰĲƚШőċƻĲШĤĲĲŰШĲǂƣĲŰĬĲĬШĬƨĲШƣŸШůċƖťĲƣШƨŰĦĲƖƣċŔŰƣŔĲƚШ
ƚƣĲůůŔŰŊШŉƖŸůШƓċŰĬĲůŔĦрƖĲũċƣĲĬШƚőƨƣĬŸƽŰƚЮШ 

]ũŸĤċũШƓƖŸĬƨĦƣŔŸŰШĦċƓċĦŔƣǃШŉŸƖШƣŔƣċŰŔƨůШĬŔŸǂŔĬĲШƓŔŊůĲŰƣƚШŔƚШĲǂƓĲĦƣĲĬШƣŸШŊƖŸƽШŔŰШƖĲƚƓŸŰƚĲШƣŸШƖŔƚŔŰŊШ
ĬĲůċŰĬЮШÉŔůŔũċƖũǃЯШƣőĲШƓƖŸĬƨĦƣŔŸŰШŸŉШƣŔƣċŰŔƨůШŔŰŊŸƣƚШċŰĬШůŔũũШƓƖŸĬƨĦƣƚШŔƚШċŰƣŔĦŔƓċƣĲĬШƣŸШĬĲƓĲŰĬШŸŰШ
ŔŰĦƖĲċƚĲĬШĬĲůċŰĬШŉƖŸůШƣőĲШċĲƖŸƚƓċĦĲШŔŰĬƨƚƣƖǃ688Ю 

[ƨƣƨƖĲЮƚƨƓƓũǃЮŸŉЮċĲƖŸƚƓċĦĲцŊƖċĬĲЮƨŰƽƖŸƨŊőƣЮЮƣŔƣċŰŔƨůЮёŔдĲдеЮƚƓŸŰŊĲЮċŰĬЮŔŰŊŸƣƚђ 

ÅƨƚƚŔċŰШĦŸůƓċŰǃШéÉ~Â§р ƻŔƚůċШƽċƚШċШůċŢŸƖШŊũŸĤċũШƚƨƓƓũŔĲƖШŸŉШċĲƖŸƚƓċĦĲШƣŔƣċŰŔƨůЯШƓƖŸƻŔĬŔŰŊШċƖŸƨŰĬШ
ŸŰĲрƣőŔƖĬШŸŉШƣőĲШƚĲĦƣŸƖќƚШƣŔƣċŰŔƨůЮШ7ĲŉŸƖĲШƣőĲШƓċŰĬĲůŔĦЯШ ŔƖĤƨƚШƚŸƨƖĦĲĬШċĤŸƨƣШőċũŉШŸŉШŔƣƚШƣŔƣċŰŔƨůШŉƖŸůШ
éÉ~Â§р ƻŔƚůċЯШƽőŔũĲШ7ŸĲŔŰŊШƖĲũŔĲĬШŸŰШÅƨƚƚŔċШŉŸƖШƖŸƨŊőũǃШċШƣőŔƖĬШŸŉШŔƣƚШƣŔƣċŰŔƨůШŰĲĲĬƚ689Ю 

fŰШƖĲƚƓŸŰƚĲШƣŸШÅƨƚƚŔċќƚШŔŰƻċƚŔŸŰШŸŉШÖťƖċŔŰĲЯШìĲƚƣĲƖŰШċĲƖŸƚƓċĦĲШĦŸůƓċŰŔĲƚШőċƻĲШƖĲƓŸƖƣĲĬũǃШĤĲĲŰШ
ƚƣŸĦťƓŔũŔŰŊШƣŔƣċŰŔƨůШċŰĬШĬŔƻĲƖƚŔŉǃŔŰŊШƣőĲŔƖШƚƨƓƓũǃШĦőċŔŰƚЮШ ũƣőŸƨŊőШ9őŔŰċШŔƚШƣőĲШƽŸƖũĬќƚШũĲċĬŔŰŊШƓƖŸĬƨĦĲƖШ
ŸŉШƣŔƣċŰŔƨůШƚƓŸŰŊĲШċŰĬШůĲƣċũЯШŔƣƚШŸƨƣƓƨƣШŔƚШƓƖŔůċƖŔũǃШŔŰĬƨƚƣƖŔċũрŊƖċĬĲШċŰĬШŰŸƣШǃĲƣШƕƨċũŔǯĲĬШŉŸƖШċĲƖŸƚƓċĦĲШ
ċƓƓũŔĦċƣŔŸŰƚ690ЮШ ƚШċШƖĲƚƨũƣЯШŊũŸĤċũШƚŸƨƖĦĲƚШŸŉШċĲƖŸƚƓċĦĲрŊƖċĬĲШƣŔƣċŰŔƨůШƚƓŸŰŊĲШƖĲůċŔŰШũŔůŔƣĲĬЮШìŔƣőШƣőĲШ
ƖĲĦĲŰƣШĦũŸƚƨƖĲШŸŉШċШÖЮÉЮШƓƖŸĬƨĦƣŔŸŰШŉċĦŔũŔƣǃЯШĲǂĦũƨĬŔŰŊШÅƨƚƚŔċЯШƣőĲШŸŰũǃШĦĲƖƣŔǯĲĬШƓƖŸĬƨĦĲƖƚШċƖĲШŰŸƽШ
ũŸĦċƣĲĬШŔŰШsċƓċŰЯШuċǍċťőƚƣċŰЯШċŰĬШÉċƨĬŔШ ƖċĤŔċЯШƣőĲШũċƣƣĲƖШőċƻŔŰŊШĦŸůůĲŰĦĲĬШƓƖŸĬƨĦƣŔŸŰШŔŰШũċƣĲШΞΜΝΦ691ЯШ

692ЮШ?ĲƚƓŔƣĲШƣőĲƚĲШĦŸŰƚƣƖċŔŰƣƚЯШċШŰĲċƖрƣĲƖůШŊũŸĤċũШƚőŸƖƣċŊĲШŔƚШƨŰũŔťĲũǃЮШcŔŊőШŔŰƻĲŰƣŸƖǃШũĲƻĲũƚШċŰĬШƚƨĤĬƨĲĬШ
ƓŸƚƣрƓċŰĬĲůŔĦШĬĲůċŰĬШċƖĲШĲǂƓĲĦƣĲĬШƣŸШĤƨǭĲƖШŔůůĲĬŔċƣĲШŔůƓċĦƣƚЯШƽőŔũĲШƚƓċƖĲШĦċƓċĦŔƣǃШŔŰШsċƓċŰШċŰĬШ
uċǍċťőƚƣċŰЯШċũŸŰŊШƽŔƣőШĲůĲƖŊŔŰŊШƚƨƓƓũǃШŉƖŸůШÉċƨĬŔШ ƖċĤŔċЯШĦċŰШőĲũƓШĤƖŔĬŊĲШƓŸƣĲŰƣŔċũШƚƨƓƓũǃШŊċƓƚШŉŸƖШ
ƨŰƽƖŸƨŊőƣШƣŔƣċŰŔƨů693Ю 

 

 

 
687ШÉ9ÅÅEE ΞЮШыΞΜΞΠЯШsċŰƨċƖǃьЮШÑŔƣċŰŔƨůаШ[ċĦƣƚőĲĲƣШыéĲƖƚŔŸŰШΝьЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШÂƖŸŊƖċůůĲЮШ
ÅĲƣƖŔĲƻĲĬШΜΠЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÑfÑ  fÖ~хéΝЮƓĬŉ 
688Ш]ċůĤŸŊŔЯШsЮШыΞΜΞΠьЮШÑŔƣċŰŔƨůШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΞΜШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
ΜΤЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΞΜоůǃĤΝрΞΜΞΜрƣŔƣċŰŔƨůЮƓĬŉШ 
689Ш]ĲŸƖŊŔƣǍŔťŔƚЯШuЮЯШ?ќEũŔċЯШEЮЯШѼШEǃŰċƖĬЯШÖЮШыΞΜΞΞьЮШÑŔƣċŰŔƨůШůĲƣċũаШfůƓċĦƣШċƚƚĲƚƚůĲŰƣШŉŸƖШƚƨƓƓũǃШƚĲĦƨƖŔƣǃЮШEƨƖŸƓĲċŰШ9ŸůůŔƚƚŔŸŰЯШsŸŔŰƣШ
ÅĲƚĲċƖĦőШ9ĲŰƣƖĲЮШÅĲƣƖŔĲƻĲĬШΜΤЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤũŔĦċƣŔŸŰƚЮŢƖĦЮĲĦЮĲƨƖŸƓċЮĲƨоƖĲƓŸƚŔƣŸƖǃоőċŰĬũĲоsÅ9ΝΞΦΡΦΠШ 
690ШcĲċĬЯШcЮШыΞΜΞΠЯШsƨũǃШΠьЮШìőĲƖĲШƽŔũũШŉƨƣƨƖĲШċĲƖŸƚƓċĦĲрŊƖċĬĲШƣŔƣċŰŔƨůШƚƨƓƓũǃШĦŸůĲШŉƖŸůеШÂƖŸŢĲĦƣШ7ũƨĲЮШÅĲƣƖŔĲƻĲĬШΜΤЮΜΠЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƓƖŸŢĲĦƣĤũƨĲЮĦŸůоĤũƨĲоŸƓŔŰŔŸŰрƓŔĲĦĲƚоΦΟΣоƽőĲƖĲрƽŔũũрŉƨƣƨƖĲрċĲƖŸƚƓċĦĲрŊƖċĬĲрƣŔƣċŰŔƨůрƚƨƓƓũǃрĦŸůĲрŉƖŸůШ 
691Ш]ĲŸƖŊŔƣǍŔťŔƚЯШuЮЯШ?ќEũŔċЯШEЮЯШѼШEǃŰċƖĬЯШÖЮШыΞΜΞΞьЮШÑŔƣċŰŔƨůШůĲƣċũаШfůƓċĦƣШċƚƚĲƚƚůĲŰƣШŉŸƖШƚƨƓƓũǃШƚĲĦƨƖŔƣǃЮШEƨƖŸƓĲċŰШ9ŸůůŔƚƚŔŸŰЯШsŸŔŰƣШ
ÅĲƚĲċƖĦőШ9ĲŰƣƖĲЮШÅĲƣƖŔĲƻĲĬШΜΤЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤũŔĦċƣŔŸŰƚЮŢƖĦЮĲĦЮĲƨƖŸƓċЮĲƨоƖĲƓŸƚŔƣŸƖǃоőċŰĬũĲоsÅ9ΝΞΦΡΦΠШ 
692ШcĲċĬЯШcЮШыΞΜΞΠЯШsƨũǃШΠьЮШìőĲƖĲШƽŔũũШŉƨƣƨƖĲШċĲƖŸƚƓċĦĲрŊƖċĬĲШƣŔƣċŰŔƨůШƚƨƓƓũǃШĦŸůĲШŉƖŸůеШÂƖŸŢĲĦƣШ7ũƨĲЮШÅĲƣƖŔĲƻĲĬШΜΤЮΜΠЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƓƖŸŢĲĦƣĤũƨĲЮĦŸůоĤũƨĲоŸƓŔŰŔŸŰрƓŔĲĦĲƚоΦΟΣоƽőĲƖĲрƽŔũũрŉƨƣƨƖĲрċĲƖŸƚƓċĦĲрŊƖċĬĲрƣŔƣċŰŔƨůрƚƨƓƓũǃрĦŸůĲрŉƖŸůШ 
693Ш]ĲŸƖŊŔƣǍŔťŔƚЯШuЮЯШ?ќEũŔċЯШEЮЯШѼШEǃŰċƖĬЯШÖЮШыΞΜΞΞьЮШÑŔƣċŰŔƨůШůĲƣċũаШfůƓċĦƣШċƚƚĲƚƚůĲŰƣШŉŸƖШƚƨƓƓũǃШƚĲĦƨƖŔƣǃЮШEƨƖŸƓĲċŰШ9ŸůůŔƚƚŔŸŰЯШsŸŔŰƣШ
ÅĲƚĲċƖĦőШ9ĲŰƣƖĲЮШÅĲƣƖŔĲƻĲĬШΜΤЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤũŔĦċƣŔŸŰƚЮŢƖĦЮĲĦЮĲƨƖŸƓċЮĲƨоƖĲƓŸƚŔƣŸƖǃоőċŰĬũĲоsÅ9ΝΞΦΡΦΠШ 

https://pubs.usgs.gov/myb/vol1/2020/myb1-2020-titanium.pdf
https://projectblue.com/blue/opinion-pieces/936/where-will-future-aerospace-grade-titanium-supply-come-from
https://projectblue.com/blue/opinion-pieces/936/where-will-future-aerospace-grade-titanium-supply-come-from


 

 ΝΦΜ 

[ƨƣƨƖĲЮĬĲůċŰĬ 

ÑŔƣċŰŔƨůШĬĲůċŰĬШŔƚШĦũŸƚĲũǃШƣŔĲĬШƣŸШŸƻĲƖċũũШŔŰĬƨƚƣƖŔċũШċĦƣŔƻŔƣǃЮШ[ƨƣƨƖĲШĬĲůċŰĬШŉŸƖШƣŔƣċŰŔƨůШůĲƣċũШƽŔũũШĤĲШ
ƓƖŔůċƖŔũǃШĬƖŔƻĲŰШĤǃШƣőĲШċĲƖŸƚƓċĦĲШƚĲĦƣŸƖЯШƓċƖƣŔĦƨũċƖũǃШƣőĲШƓƖŸĬƨĦƣŔŸŰШŸŉШċŔƖĦƖċŉƣШċŰĬШĲŰŊŔŰĲƚЯШċũŸŰŊШƽŔƣőШ
ƚĲĦŸŰĬċƖǃШċƓƓũŔĦċƣŔŸŰƚШŔŰШĦőĲůŔĦċũШƓƖŸĦĲƚƚŔŰŊЯШĬĲƚċũŔŰċƣŔŸŰЯШƓŸƽĲƖШŊĲŰĲƖċƣŔŸŰЯШċŰĬШƚƓĲĦŔċũƣǃШƚƣĲĲũƚЮШ
]ƖŸƽƣőШŔŰШƣŔƣċŰŔƨůШĬŔŸǂŔĬĲШƨƚċŊĲШŔƚШƚƣƖŸŰŊũǃШĦŸƖƖĲũċƣĲĬШƽŔƣőШƣƖĲŰĬƚШŔŰШŊũŸĤċũШƖĲƚŔĬĲŰƣŔċũШőŸƨƚŔŰŊЯШ
ĦŸůůĲƖĦŔċũШĦŸŰƚƣƖƨĦƣŔŸŰЯШċŰĬШƓċĦťċŊŔŰŊШůċƖťĲƣƚЯШċŰĬШƣőƨƚШƣĲŰĬƚШƣŸШŉŸũũŸƽШ]?ÂШŊƖŸƽƣő694ЮШ§ƻĲƖċũũЯШƣőĲШ
ƣŔƣċŰŔƨůШůċƖťĲƣШŔƚШƚƨƓƓŸƖƣĲĬШĤǃШŊƖŸƽŔŰŊШċĲƖŸƚƓċĦĲШċŰĬШċŔƖĦƖċŉƣШƓƖŸĬƨĦƣŔŸŰЯШƖċƓŔĬШĲǂƓċŰƚŔŸŰШŔŰШƣőĲШ
ĦŸŰƚƣƖƨĦƣŔŸŰШƚĲĦƣŸƖЯШƣőĲШƓƨƚőШŉŸƖШũŔŊőƣƽĲŔŊőƣШċŰĬШĲŰĲƖŊǃрĲǭŔĦŔĲŰƣШƻĲőŔĦũĲƚЯШċŰĬШƣőĲШĲůĲƖŊĲŰĦĲШŸŉШŰĲƽШ
ċƓƓũŔĦċƣŔŸŰƚШŉŸƖШƣŔƣċŰŔƨůШĬŔŸǂŔĬĲ695ЮШ ĲƻĲƖƣőĲũĲƚƚЯШƖŔƚŔŰŊШĬĲŉĲŰĦĲШĤƨĬŊĲƣƚШĬƨĲШƣŸШÅƨƚƚŔċѣƚШĦŸŰǰŔĦƣШƽŔƣőШ
ÖťƖċŔŰĲШůċǃШĬƖŔƻĲШŉƨƖƣőĲƖШŔŰĦƖĲċƚĲĬШĬĲůċŰĬШŔŰШƣőĲШĦŸůŔŰŊШǃĲċƖƚ696Ю 

fŰШΞΜΝΦЯШƣŔƣċŰŔƨůШĬĲůċŰĬШƖĲċĦőĲĬШċШƖĲĦŸƖĬШőŔŊőЯШƓƖŔůċƖŔũǃШĬƖŔƻĲŰШĤǃШƣőĲШċĲƖŸƚƓċĦĲШƚĲĦƣŸƖЮШcŸƽĲƻĲƖЯШ
ƽŔƣőШƣőĲШĦŸũũċƓƚĲШŸŉШċƻŔċƣŔŸŰШċĦƣŔƻŔƣǃШŉŸũũŸƽŔŰŊШƣőĲШ9§éf?рΝΦШƓċŰĬĲůŔĦЯШĬĲůċŰĬШŉĲũũШĤǃШΟΜӖШŔŰШΞΜΞΜШƣŸШ
ΝΝΟЯΜΜΜШůĲƣƖŔĦШƣŸŰƚЯШċŰĬШŉƨƖƣőĲƖШĬĲĦũŔŰĲĬШƣŸШΦΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШŔŰШΞΜΞΝЮШÑŔƣċŰŔƨůШĬĲůċŰĬШŔƚШĲǂƓĲĦƣĲĬШ
ƣŸШƖĲĦŸƻĲƖШŊƖċĬƨċũũǃЯШƽŔƣőШΞΜΝΦШĦŸŰƚƨůƓƣŔŸŰШũĲƻĲũƚШƓƖŸŢĲĦƣĲĬШƣŸШƖĲƣƨƖŰШċŉƣĲƖШΞΜΞΣ697ЮШ[ƖŸůШΞΜΞΠШƣŸШΞΜΟΠЯШ
ƣŔƣċŰŔƨůШĦŸŰƚƨůƓƣŔŸŰШŔŰШƣőĲШċĲƖŸƚƓċĦĲШŔŰĬƨƚƣƖǃШŔƚШŉŸƖĲĦċƚƣШƣŸШŊƖŸƽШċƣШċШ9 ]ÅШŸŉШΤӖЯШůŸƖĲШƣőċŰШ
ĬŸƨĤũŔŰŊШƣŸШΝΟΞЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШĤǃШΞΜΟΠЯШĬƖŔƻĲŰШũċƖŊĲũǃШĤǃШƣőĲШƖċƓŔĬШƖĲĦŸƻĲƖǃШŸŉШƣőĲШƣƖċƻĲũШŔŰĬƨƚƣƖǃ698Ю 

 

 

 

 

 

 

 

 

 

 

 
694ШШEƨƖŸƓĲċŰШ9ŸċƣŔŰŊƚЮШыΞΜΞΞЯШ~ċƖĦőШΞΡьЮШÅĲĦĲŰƣШċŰĬШĦƨƖƖĲŰƣШĬĲƻĲũŸƓůĲŰƣƚШŔŰШƣőĲШƣŔƣċŰŔƨůШĬŔŸǂŔĬĲШůċƖťĲƣЮШEƨƖŸƓĲċŰШ9ŸċƣŔŰŊƚЮШÅĲƣƖŔĲƻĲĬШ
ΜΤЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮĲƨƖŸƓĲċŰрĦŸċƣŔŰŊƚЮĦŸůоŰĲƽƚоůċƖťĲƣƚрĦŸůƓċŰŔĲƚоƖĲĦĲŰƣрċŰĬрĦƨƖƖĲŰƣрĬĲƻĲũŸƓůĲŰƣƚрŔŰрƣőĲрƣŔƣċŰŔƨůр
ĬŔŸǂŔĬĲрůċƖťĲƣоШШ 
695Ш]ċůĤŸŊŔЯШsЮШыΞΜΞΠьЮШÑŔƣċŰŔƨůШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΞΜШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШ
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698ШcĲċĬЯШcЮШыΞΜΞΠЯШsƨũǃШΠьЮШìőĲƖĲШƽŔũũШŉƨƣƨƖĲШċĲƖŸƚƓċĦĲрŊƖċĬĲШƣŔƣċŰŔƨůШƚƨƓƓũǃШĦŸůĲШŉƖŸůеШÂƖŸŢĲĦƣШ7ũƨĲЮШÅĲƣƖŔĲƻĲĬШΜΤЮΜΠЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƓƖŸŢĲĦƣĤũƨĲЮĦŸůоĤũƨĲоŸƓŔŰŔŸŰрƓŔĲĦĲƚоΦΟΣоƽőĲƖĲрƽŔũũрŉƨƣƨƖĲрċĲƖŸƚƓċĦĲрŊƖċĬĲрƣŔƣċŰŔƨůрƚƨƓƓũǃрĦŸůĲрŉƖŸů 
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 ΝΦΝ 

EǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШ 
fƣШƚőŸƨũĬШĤĲШŰŸƣĲĬШƣőċƣШƖĲŊƨũċƣŔŸŰƚШċƖĲШĬǃŰċůŔĦШċŰĬШƚƨĤŢĲĦƣШƣŸШĦőċŰŊĲШŸƻĲƖШƣŔůĲЮ 

~ċŢŸƖШƓƖŸĬƨĦŔŰŊШĦŸƨŰƣƖǃШ EǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШыΞΜΞΞьШ699 
9őŔŰċ xŔĦĲŰƚŔŰŊШƖĲƕƨŔƖĲůĲŰƣШŸŰШŉĲƖƖŸрƣŔƣċŰŔƨůШѼШŉĲƖƖŸрƚŔũŔĦŸрƣŔƣċŰŔƨůЯШŔŰШ

ŊƖċŰƨũċƖоƓŸƽĬĲƖШŉŸƖůбШƨŰƽƖŸƨŊőƣШƣŔƣċŰŔƨůбШƓŸƽĬĲƖƚбШƣŔƣċŰŔƨůШƽċƚƣĲШѼШƚĦƖċƓ 

uĲŰǃċ 
EǂƓŸƖƣШƓƖŸőŔĤŔƣŔŸŰШċŰĬШĲǂƓŸƖƣШƣċǂШŸŰШƣŔƣċŰŔƨůШƽċƚƣĲШѼШƚĦƖċƓ 

xŔĦĲŰƚŔŰŊШƖĲƕƨŔƖĲůĲŰƣШŸŰШƨŰƽƖŸƨŊőƣШƣŔƣċŰŔƨůбШƓŸƽĬĲƖƚ 

~ċĬċŊċƚĦċƖ 
xŔĦĲŰƚŔŰŊШƖĲƕƨŔƖĲůĲŰƣШċŰĬШŸƣőĲƖШĲǂƓŸƖƣШůĲċƚƨƖĲƚШŸŰШƨŰƽƖŸƨŊőƣШƣŔƣċŰŔƨůбШ
ƓŸƽĬĲƖƚ 
§ƣőĲƖШĲǂƓŸƖƣШůĲċƚƨƖĲƚШŸŰШƣŔƣċŰŔƨůШƽċƚƣĲШѼШƚĦƖċƓ 

ÅƨƚƚŔċ EǂƓŸƖƣШƣċǂШŸŰШƣŔƣċŰŔƨůШƽċƚƣĲШѼШƚĦƖċƓ 

ÉċƨĬŔШ ƖċĤŔċ xŔĦĲŰƚŔŰŊШƖĲƕƨŔƖĲůĲŰƣШŸŰШŉĲƖƖŸрƣŔƣċŰŔƨůШѼШŉĲƖƖŸрƚŔũŔĦŸрƣŔƣċŰŔƨůЯШŔŰШ
ŊƖċŰƨũċƖоƓŸƽĬĲƖШŉŸƖů 

ÉĲŰĲŊċũ 
[ŔƚĦċũШƣċǂШŸŰШĲǂƓŸƖƣƚШŸŰШƨŰƽƖŸƨŊőƣШƣŔƣċŰŔƨůбШƓŸƽĬĲƖƚбШƣŔƣċŰŔƨůШƽċƚƣĲШѼШƚĦƖċƓ 

xŔĦĲŰƚŔŰŊШƖĲƕƨŔƖĲůĲŰƣШŸŰШƣŔƣċŰŔƨůШƽċƚƣĲШѼШƚĦƖċƓ 

ÖťƖċŔŰĲ EǂƓŸƖƣШƣċǂШŸŰШƣŔƣċŰŔƨůШƽċƚƣĲШѼШƚĦƖċƓ 

 

ÅƨƚƚŔċ 

[ŸũũŸƽŔŰŊШÅƨƚƚŔċќƚШƽċƖШƽŔƣőШÖťƖċŔŰĲЯШ9ċŰċĬċШŔůƓŸƚĲĬШƚċŰĦƣŔŸŰƚШŔŰШ[ĲĤƖƨċƖǃШΞΜΞΠШŸŰШŔůƓŸƖƣƚШŸŉШ
ƣŔƣċŰŔƨůШŉƖŸůШÅƨƚƚŔċŰШƓƖŸĬƨĦĲƖШéÉ~Â§р ƻŔƚůċ700ЮШ?ĲƚƓŔƣĲШƣőĲƚĲШƖĲƚƣƖŔĦƣŔŸŰƚЯШĲǂĲůƓƣŔŸŰƚШƽĲƖĲШŊƖċŰƣĲĬШ
ƣŸШĤŸƣőШ ŔƖĤƨƚШċŰĬШ7ŸůĤċƖĬŔĲƖЮШfŰШƣőĲШÖЮÉЮЯШƖĲŊƨũċƣŔŸŰƚШċũƚŸШũŔůŔƣШƣőĲШƨƚĲШŸŉШÅƨƚƚŔċŰрƓƖŸĬƨĦĲĬШƣŔƣċŰŔƨůШ
ŉŸƖШůŔũŔƣċƖǃШċƓƓũŔĦċƣŔŸŰƚ701ШЮШ7ǃШĦŸŰƣƖċƚƣЯШƣőĲШEÖШĦŸŰƣŔŰƨĲƚШƣŸШƖĲũǃШŸŰШÅƨƚƚŔċŰШƣŔƣċŰŔƨůШċŰĬШƣŔƣċŰŔƨůШ
ƓƖŸĬƨĦƣƚШċŰĬЯШċƚШŸŉШÉĲƓƣĲůĤĲƖШΞΜΞΠЯШőċƚШŰŸƣШŔůƓŸƚĲĬШĬŔƖĲĦƣШƚċŰĦƣŔŸŰƚЮШfŰШƖĲƣċũŔċƣŔŸŰШŉŸƖШŊũŸĤċũШ
ƚċŰĦƣŔŸŰƚЯШÅƨƚƚŔċШċŰŰŸƨŰĦĲĬШŔŰШÉĲƓƣĲůĤĲƖШΞΜΞΠШƣőċƣШŔƣШŔƚШĦŸŰƚŔĬĲƖŔŰŊШĲǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШŸŰШťĲǃШƖċƽШ
ůċƣĲƖŔċũƚЯШƓŸƣĲŰƣŔċũũǃШŔŰĦũƨĬŔŰŊШƣŔƣċŰŔƨůЯШƨƖċŰŔƨůЯШċŰĬШŰŔĦťĲũ702ЮШШ 

 
699Ш§E9?ШыΞΜΞΠьЯШ§E9?ШfŰƻĲŰƣŸƖǃШŸŉШEǂƓŸƖƣШÅĲƚƣƖŔĦƣŔŸŰƚШŸŰШfŰĬƨƚƣƖŔċũШÅċƽШ~ċƣĲƖŔċũƚШΞΜΞΠаШ~ŸŰŔƣŸƖŔŰŊШƣőĲШƨƚĲШŸŉШĲǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШċůŔĬШ
ůċƖťĲƣШċŰĬШƓŸũŔĦǃШƣĲŰƚŔŸŰƚЯШ§E9?ШÂƨĤũŔƚőŔŰŊЯШÂċƖŔƚЯШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΤΥΤоΡĲΠΣĤĤΞΜрĲŰЮШÅĲƣƖŔĲƻĲĬШΝΦЮΜΞЮΞΜΞΡЯШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮŸĲĦĬЮŸƖŊоĲŰоƣŸƓŔĦƚоĲǂƓŸƖƣрƖĲƚƣƖŔĦƣŔŸŰƚрŸŰрĦƖŔƣŔĦċũрƖċƽрůċƣĲƖŔċũƚЮőƣůũШ 
700Ш7ƖĲƽƚƣĲƖЯШ~ЮШыΞΜΞΠЯШ ƓƖŔũШΞΠьЮШÖťƖċŔŰĲѣƚШċůĤċƚƚċĬŸƖШƚũċůƚШ9ċŰċĬċШŉŸƖШ ŔƖĤƨƚШƚċŰĦƣŔŸŰƚШƽċŔƻĲƖШŸŰШĦƖŔƣŔĦċũШÅƨƚƚŔċŰШůŔŰĲƖċũЮШ979Ш ĲƽƚЮШ
ÅĲƣƖŔĲƻĲĬШΜΥЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮĦĤĦЮĦċоŰĲƽƚоƓŸũŔƣŔĦƚоƖƨƚƚŔċрƨťƖċŔŰĲрĦċŰċĬċрƚċŰĦƣŔŸŰƚрċŔƖĤƨƚрƣŔƣċŰŔƨůрΝЮΤΝΥΠΟΤΟШ 
701ШcĲċĬЯШcЮШыΞΜΞΠЯШsƨũǃШΠьЮШìőĲƖĲШƽŔũũШŉƨƣƨƖĲШċĲƖŸƚƓċĦĲрŊƖċĬĲШƣŔƣċŰŔƨůШƚƨƓƓũǃШĦŸůĲШŉƖŸůеШÂƖŸŢĲĦƣШ7ũƨĲЮШÅĲƣƖŔĲƻĲĬШΜΤЮΜΠЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƓƖŸŢĲĦƣĤũƨĲЮĦŸůоĤũƨĲоŸƓŔŰŔŸŰрƓŔĲĦĲƚоΦΟΣоƽőĲƖĲрƽŔũũрŉƨƣƨƖĲрċĲƖŸƚƓċĦĲрŊƖċĬĲрƣŔƣċŰŔƨůрƚƨƓƓũǃрĦŸůĲрŉƖŸůШ 
702Ш~ċƣũŸƨЯШuЮШыΞΜΞΠЯШÉĲƓƣĲůĤĲƖШΝΦьЮШÅƨƚƚŔċШĦŸŰƚŔĬĲƖŔŰŊШĲǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШŸŰШƖċƽШůċƣĲƖŔċũƚШŔŰĦũƨĬŔŰŊШÑŔШċŰĬШ ŔЮШÂƖŸŢĲĦƣШ7ũƨĲЮШÅĲƣƖŔĲƻĲĬШ
ΜΥЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƖŸŢĲĦƣĤũƨĲЮĦŸůоĤũƨĲоŰĲƽƚрċŰċũǃƚŔƚоΝΜΝΥоƖƨƚƚŔċрĦŸŰƚŔĬĲƖŔŰŊрĲǂƓŸƖƣрƖĲƚƣƖŔĦƣŔŸŰƚрŸŰрƖċƽрůċƣĲƖŔċũƚрŔŰĦũƨĬŔŰŊрƣŔр
ċŰĬрŰŔШ 

https://www.oecd.org/en/topics/export-restrictions-on-critical-raw-materials.html
https://www.cbc.ca/news/politics/russia-ukraine-canada-sanctions-airbus-titanium-1.7184373
https://projectblue.com/blue/news-analysis/1018/russia-considering-export-restrictions-on-raw-materials-including-ti-and-ni
https://projectblue.com/blue/news-analysis/1018/russia-considering-export-restrictions-on-raw-materials-including-ti-and-ni


 

 ΝΦΞ 

ìőŔƣĲШƓőŸƚƓőŸƖŸƨƚШыĲũĲůĲŰƣċũШƓőŸƚƓőŸƖƨƚь 
~ċŢŸƖШƨƚĲƚШŔŰШƣőĲШEÖШŔŰШΞΜΝΤ703 

 

]ũŸĤċũũǃЯШċƓƓƖŸǂŔůċƣĲũǃШΥΡӖШŸŉШƓőŸƚƓőċƣĲƚШƓƖŸĬƨĦĲĬШŉŸƖШƣőĲШůċƖťĲƣШċƖĲШƓƖŸĦĲƚƚĲĬШŔŰƣŸШůŔŰĲƖċũШ
ƓőŸƚƓőŸƖƨƚШŉĲƖƣŔũŔǍĲƖƚЯШƽőŔũĲШΝΜӖШċƖĲШƨƚĲĬШƣŸШƓƖŸĬƨĦĲШċŰŔůċũШŉĲĲĬШƚƨƓƓũĲůĲŰƣƚЮШÑőĲШƖĲůċŔŰŔŰŊШΡӖШŔƚШ
ƨƣŔũŔǍĲĬШċĦƖŸƚƚШƻċƖŔŸƨƚШĦőĲůŔĦċũШŔŰĬƨƚƣƖŔĲƚЯШƚƨĦőШċƚШŔŰШƣőĲШŉŸƖůШŸŉШƽőŔƣĲШƓőŸƚƓőŸƖƨƚШыċũƚŸШťŰŸƽŰШċƚШ
ĲũĲůĲŰƣċũШƓőŸƚƓőŸƖƨƚЯШÂΠьЮШ 

ШΞΜΝΠШƚƣƨĬǃШƖĲƻĲċũĲĬШƣőċƣШƽŔƣőŔŰШƣőŔƚШΡӖЯШċĤŸƨƣШΟΥӖШŔƚШƨƚĲĬШŔŰШĬĲƣĲƖŊĲŰƣƚШċŰĬШĦũĲċŰŔŰŊШƓƖŸĬƨĦƣƚЯШΞΡӖШ
ŔŰШŉŸŸĬШċŰĬШĬƖŔŰťШċĬĬŔƣŔƻĲƚЯШΝΜӖШŔŰШůĲƣċũШƓƖŸĬƨĦƣŔŸŰЯШΝΜӖШŉŸƖШƽċƣĲƖШƣƖĲċƣůĲŰƣШƣŸШůŔƣŔŊċƣĲШũĲċĬШƓŔƓĲШ
ĬŔƚƚŸũƨƣŔŸŰЯШΟӖШŔŰШƚƓĲĦŔċũŔǍĲĬШŉĲƖƣŔũŔǍĲƖƚШыĲЮŊЮЯШŉŸƖШċƕƨċĦƨũƣƨƖĲШċŰĬШċƕƨċƓŸŰŔĦƚьЯШċŰĬШΟӖШŔŰШƣŸŸƣőƓċƚƣĲЮШ
ÑőĲШƖĲůċŔŰŔŰŊШΝΠӖШŔƚШċũũŸĦċƣĲĬШƣŸШƻċƖŔŸƨƚШċƓƓũŔĦċƣŔŸŰƚЯШŔŰĦũƨĬŔŰŊШŉƨĲũШĦĲũũШĲũĲĦƣƖŸũǃƣĲƚШċŰĬШůĲĬŔĦŔŰĲƚ704Ю 

 

 
703ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШÂőŸƚƓőċƣĲШƖŸĦťШċŰĬШƓőŸƚƓőŸƖƨƚаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШ
ÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШΝΝЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÂc§ÉÂc ÑEрƨƓĬċƣĲΞЮƓĬŉШ 
704Ш7ƖŸƽŰũŔĲЯШìЮЯШÉƨƣƣŸŰЯШ~ЮШ ЮЯШ7ŸĲƖЯШ~ЮЯШ9ċůƓƖƨĤŖЯШxЮЯШcċůŔũƣŸŰЯШcЮЯШcĲċũЯШuЮЯШ~ŸƖŊċŰĬŔЯШÑЮЯШ ĲƚĲƣЯШÑЮрÉЮЯШѼШÉƓĲċƖƚЯШ7ЮШыΞΜΞΞьЮШ9őċƓƣĲƖШΞЮШ
ÂőŸƚƓőŸƖƨƚШƖĲƚĲƖƻĲƚЯШƖĲƚŸƨƖĦĲƚШċŰĬШƨƚĲƚЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΟΝΠΜоÅ]ЮΞЮΞЮΞΡΜΝΣЮΥΟΞΜΦ 

22%

18%

5%
16%

8%

21%

7%
3%

Food sector

Water treatment

Agrochemicals

Metal treatment

Pharmaceuticals

Plastics additives

Lubricants

Miscellaneus

https://scrreen.eu/wp-content/uploads/2024/01/SCRREEN2_factsheets_PHOSPHATE-update2.pdf


 

 ΝΦΟ 

éċũƨĲШĦőċŔŰШыƚŔůƓũŔǯĲĬь705 

 

ÉƨĤƚƣŔƣƨƣŔŸŰ706ЯШ707 

ÑőĲƖĲШċƖĲШŰŸШƚƨĤƚƣŔƣƨƣĲƚШŉŸƖШƓőŸƚƓőŸƖƨƚШŔŰШċŊƖŔĦƨũƣƨƖĲЮШÉŔůŔũċƖũǃЯШƣőĲƖĲШċƖĲШŰŸШċũƣĲƖŰċƣŔƻĲƚШƣŸШĲũĲůĲŰƣċũШ
ƓőŸƚƓőŸƖƨƚШŸƖШƓőŸƚƓőċƣĲШƖŸĦťШŔŰШĦőĲůŔĦċũШċƓƓũŔĦċƣŔŸŰƚЮ 

 
705Ш7ƖŸƽŰũŔĲЯШìЮЯШÉƨƣƣŸŰЯШ~ЮШ ЮЯШ7ŸĲƖЯШ~ЮЯШ9ċůƓƖƨĤŖЯШxЮЯШcċůŔũƣŸŰЯШcЮЯШcĲċũЯШuЮЯШ~ŸƖŊċŰĬŔЯШÑЮЯШ ĲƚĲƣЯШÑЮрÉЮЯШѼШÉƓĲċƖƚЯШ7ЮШыΞΜΞΞьЮШ9őċƓƣĲƖШΞЮШ
ÂőŸƚƓőŸƖƨƚШƖĲƚĲƖƻĲƚЯШƖĲƚŸƨƖĦĲƚШċŰĬШƨƚĲƚЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΟΝΠΜоÅ]ЮΞЮΞЮΞΡΜΝΣЮΥΟΞΜΦ 
706ШsċƚŔŰƚťŔЯШÉЮШ~ЮШыΞΜΞΡьЮШÂőŸƚƓőċƣĲШƖŸĦťЮШ~ŔŰĲƖċũШĦŸůůŸĬŔƣǃШƚƨůůċƖŔĲƚШΞΜΞΡШыƓƓЮШΝΟΠтΝΟΡьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ]ĲŸũŸŊŔĦċũШ
ÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΜΦЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрƓőŸƚƓőċƣĲЮƓĬŉШ 
707ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШÂőŸƚƓőċƣĲШƖŸĦťШċŰĬШƓőŸƚƓőŸƖƨƚаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШ
ÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШΝΝЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÂc§ÉÂc ÑEрƨƓĬċƣĲΞЮƓĬŉШ 

https://pubs.usgs.gov/periodicals/mcs2025/mcs2025-phosphate.pdf


 

 ΝΦΠ 

]ũŸĤċũШċŰĬШEÖШƓƖŸĬƨĦƣŔŸŰШтШƓőŸƚƓőċƣĲШƖŸĦťШ 
]ũŸĤċũШůŔŰĲШƓƖŸĬƨĦƣŔŸŰ708 
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708Ш[ŔŊƨƖĲƚШċƖĲШĤċƚĲĬШŸŰШĬċƣċШƓƖŸƻŔĬĲĬШĤǃШƣőĲШÖЮÉЮШ]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮ 
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9ŸƨŰƣƖǃ ÉőċƖĲШŸŉШŊũŸĤċũШ
ůŔŰĲШƓƖŸĬƨĦƣŔŸŰШ
ыċƻŊЮШΞΜΝΦрΞΜΞΟь 

9őŔŰċШ ΠΞӖ 

~ŸƖŸĦĦŸ ΝΡӖ 

ÑőĲШÖЮÉЮ ΦӖ 

ÅƨƚƚŔċ ΥӖ 

sŸƖĬċŰ ΡӖ 

ÉċƨĬŔШƖċĤŔċ ΠӖ 

7ƖċǍŔũ ΟӖ 

EŊǃƓƣ ΞӖ 

ÂĲƖƨ ΞӖ 

ÅŸì ΝΝӖ 



 

 ΝΦΡ 

EÖШůŔŰĲШƓƖŸĬƨĦƣŔŸŰ709 
9ŸƨŰƣƖǃШ ÂƖŸĬƨĦƣŔŸŰШŔŰШΞΜΞΠШыůĲƣƖŔĦШƣŸŰƚЯШůċƖťĲƣċĤũĲШƓőŸƚƓőċƣĲШ

ƖŸĦťШŔЮĲЮЯШĤĲŰĲǯĦŔċƣĲĬШƓőŸƚƓőċƣĲШƖŸĦťШƽŔƣőШÂΞ§Ρь 
[ŔŰũċŰĬ ΦΜΜЯΜΜΜ 

 

~ŔŰĲШƓƖŸĬƨĦƣŔŸŰШŸŉШŸƣőĲƖШEƨƖŸƓĲċŰШĦŸƨŰƣƖŔĲƚШŔŰШΞΜΞΠ 

9ŸƨŰƣƖǃШ ÂƖŸĬƨĦƣŔŸŰШŔŰШΞΜΞΠШыůĲƣƖŔĦШƣŸŰƚЯШůċƖťĲƣċĤũĲШƓőŸƚƓőċƣĲШ
ƖŸĦťШŔЮĲЮЯШĤĲŰĲǯĦŔċƣĲĬШƓőŸƚƓőċƣĲШƖŸĦťШƽŔƣőШÂΞ§Ρь 

ÑƨƖťĲǃ ΥΜΜЯΜΜΜ 

 

ÉĲĦŸŰĬċƖǃШƓƖŸĬƨĦƣŔŸŰ710 

fŰШċŊƖŔĦƨũƣƨƖċũШċƓƓũŔĦċƣŔŸŰƚЯШƓőŸƚƓőċƣĲШƖŸĦťШĦċŰШĤĲШƖĲƓũċĦĲĬШĤǃШƚĲĦŸŰĬċƖǃШƚŸƨƖĦĲƚШŸŉШƓőŸƚƓőŸƖƨƚЯШƚƨĦőШ
ċƚШůċŰƨƖĲЯШƚĲƽċŊĲЯШċŰĬШŉŸŸĬШƽċƚƣĲШыĤŔŸŊĲŰŔĦШƽċƚƣĲШǰŸƽƚьЮШ7ċƚĲĬШŸŰШƣőĲШĲǂƣĲŰƣШƣŸШƽőŔĦőШƖĲĦǃĦũĲĬШ
ĤŔŸŊĲŰŔĦШƽċƚƣĲШƚƨĤƚƣŔƣƨƣĲƚШůŔŰĲƖċũШƓőŸƚƓőċƣĲШŉĲƖƣŔũŔǍĲƖƚШыŔЮĲЮЯШƓƖŔůċƖǃШŔŰƓƨƣШůċƣĲƖŔċũƚьЯШċŰШE§xрÅfÅШŸŉШ
ΝΤӖШƽċƚШĲƚƣŔůċƣĲĬШŉŸƖШΞΜΝΞЮ 

ÂƖŸĦĲƚƚĲƚШőċƻĲШĤĲĲŰШĬĲƻĲũŸƓĲĬШƣŸШƓŸƣĲŰƣŔċũũǃШƓƖŸĬƨĦĲШĲũĲůĲŰƣċũШƓőŸƚƓőŸƖƨƚШŉƖŸůШƓőŸƚƓőŸƖƨƚрƖŔĦőШ
ƽċƚƣĲШƚƣƖĲċůƚЮШcŸƽĲƻĲƖЯШƣőĲƚĲШƣĲĦőŰŸũŸŊŔĲƚШƖĲůċŔŰШċƣШƣőĲШƓŔũŸƣШƚƣċŊĲЯШƽŔƣőШŰŸШŉƨũũрƚĦċũĲШŔŰĬƨƚƣƖŔċũШ
ŔŰƚƣċũũċƣŔŸŰƚШĦƨƖƖĲŰƣũǃШŔŰШŸƓĲƖċƣŔŸŰЮ 
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ÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΜΦЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоƓĲƖŔŸĬŔĦċũƚоůĦƚΞΜΞΡоůĦƚΞΜΞΡрƓőŸƚƓőċƣĲЮƓĬŉШ 
710ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШÂőŸƚƓőċƣĲШƖŸĦťШċŰĬШƓőŸƚƓőŸƖƨƚаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШ
ÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШΝΝЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÂc§ÉÂc ÑEрƨƓĬċƣĲΞЮƓĬŉШ 



 

 ΝΦΣ 

ÅĲƚĲƖƻĲƚ711 
]ũŸĤċũШƖĲƚĲƖƻĲƚШ 
9ŸƨŰƣƖǃШ ÅĲƚĲƖƻĲƚШыůĲƣƖŔĦШƣŸŰƚЯШЯШůċƖťĲƣċĤũĲШƓőŸƚƓőċƣĲШ

ƖŸĦťШŔЮĲЮЯШĤĲŰĲǯĦŔċƣĲĬШƓőŸƚƓőċƣĲШƖŸĦťШƽŔƣőШÂΞ§Ρь 
~ŸƖŸĦĦŸ ΡΜЯΜΜΜЯΜΜΜЯΜΜΜ 

9őŔŰċ ΟЯΤΜΜЯΜΜΜЯΜΜΜ 
EŊǃƓƣ ΞЯΥΜΜЯΜΜΜЯΜΜΜ 

ÑƨŰŔƚŔċ ΞЯΡΜΜЯΜΜΜЯΜΜΜ 

ÅƨƚƚŔċ ΞЯΠΜΜЯΜΜΜЯΜΜΜ 

ũŊĲƖŔċ ΞЯΞΜΜЯΜΜΜЯΜΜΜ 
7ƖċǍŔũ ΝЯΣΜΜЯΜΜΜЯΜΜΜ 
ÉŸƨƣőШ ŉƖŔĦċ ΝЯΡΜΜЯΜΜΜЯΜΜΜ 

 

EÖШƖĲƚĲƖƻĲƚ 
9ŸƨŰƣƖǃШ ÅĲƚĲƖƻĲƚШыůĲƣƖŔĦШƣŸŰƚЯШЯШůċƖťĲƣċĤũĲШƓőŸƚƓőċƣĲШ

ƖŸĦťШŔЮĲЮЯШĤĲŰĲǯĦŔċƣĲĬШƓőŸƚƓőċƣĲШƖŸĦťШƽŔƣőШÂΞ§Ρь 
[ŔŰũċŰĬ ΝЯΜΜΜЯΜΜΜЯΜΜΜ 
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 ΝΦΤ 

ÂƖŸĦĲƚƚŔŰŊШƚƣċŊĲШтШƽőŔƣĲШƓőŸƚƓőŸƖƨƚ 
]ũŸĤċũШƓƖŸĬƨĦĲƖƚШċƣШƣőĲШƓƖŸĦĲƚƚŔŰŊШƚƣċŊĲ 
9ƨƖƖĲŰƣũǃЯШ ŸŰũǃШ ŉŸƨƖШ ĦŸƨŰƣƖŔĲƚЯШ9őŔŰċЯШ ƣőĲШ ÖЮÉЮЯШ uċǍċťőƚƣċŰЯШ ċŰĬШ éŔĲƣŰċůЯШƓƖŸĬƨĦĲШ ĲũĲůĲŰƣċũШ
ƓőŸƚƓőŸƖƨƚШċƣШċŰШŔŰĬƨƚƣƖŔċũШƚĦċũĲЯШƽŔƣőШ9őŔŰċШĤĲŔŰŊШƣőĲШũċƖŊĲƚƣШƓƖŸĬƨĦĲƖ712ЯШ713ЮШfŰШƣőĲШÖЮÉЮЯШĲũĲůĲŰƣċũШ
ƓőŸƚƓőŸƖƨƚШŔƚШƓƖŔůċƖŔũǃШƨƚĲĬШƣŸШůċŰƨŉċĦƣƨƖĲШƓőŸƚƓőŸƖƨƚШƣƖŔĦőũŸƖŔĬĲШŉŸƖШőĲƖĤŔĦŔĬĲШƓƖŸĬƨĦƣŔŸŰЮШfŰШŸƣőĲƖШ
ĦŸƨŰƣƖŔĲƚЯШŔƣШŔƚШůċŔŰũǃШƨƚĲĬШƣŸШƓƖŸĬƨĦĲШőŔŊőрƓƨƖŔƣǃШƓőŸƚƓőŸƖŔĦШċĦŔĬШыċũƚŸШĦċũũĲĬШƣőĲƖůċũШċĦŔĬьЮШfŰШΞΜΝΦЯШ
ƣőĲƖůċũШƓőŸƚƓőŸƖŔĦШċĦŔĬШċĦĦŸƨŰƣĲĬШŉŸƖШċĤŸƨƣШΡΜӖШŸŉШċŰŰƨċũШƽŸƖũĬШƓƖŸĬƨĦƣŔŸŰШĦċƓċĦŔƣǃШŸŉШőŔŊőрƓƨƖŔƣǃШ
ƓőŸƚƓőŸƖŔĦШċĦŔĬ714Ю 

fŰШΞΜΝΤЯШŊũŸĤċũШƓƖŸĬƨĦƣŔŸŰШŸŉШĲũĲůĲŰƣċũШƓőŸƚƓőŸƖƨƚШƽċƚШċƓƓƖŸǂŔůċƣĲũǃШΝЯΜΥΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚЯШŸŉШƽőŔĦőШ
ŸŰũǃШċĤŸƨƣШΝΤӖШƽċƚШċƻċŔũċĤũĲШŉŸƖШĲǂƓŸƖƣЮШÅŸƨŊőũǃШőċũŉШŸŉШƣőĲƚĲШĲǂƓŸƖƣƚШĦċůĲШƓƖŔůċƖŔũǃШŉƖŸůШuċǍċťőƚƣċŰШ
ƣŸШEƨƖŸƓĲЮШ~ŸƚƣШŸŉШƣőĲШÖЮÉЮШĲǂƓŸƖƣƚШƽĲƖĲШĬŔƖĲĦƣĲĬШƣŸШċШ7ƖċǍŔũŔċŰШƚƨĤƚŔĬŔċƖǃШŸŉШƣőĲШ ůĲƖŔĦċŰШĦŸůƓċŰǃШ
~ŸŰƚċŰƣŸШыŰŸƽШċĦƕƨŔƖĲĬШĤǃШ7ċǃĲƖьЯШƖċƣőĲƖШƣőċŰШƚĲƖƻŔŰŊШƣőĲШĬŸůĲƚƣŔĦШ7ƖċǍŔũŔċŰШůċƖťĲƣЮШÑőĲШƖĲůċŔŰŔŰŊШ
ΡΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШŸŉШĲǂƓŸƖƣĲĬШĲũĲůĲŰƣċũШƓőŸƚƓőŸƖƨƚШƽĲƖĲШĬĲƚƣŔŰĲĬШŉŸƖШ ƚŔċЯШƓċƖƣŔĦƨũċƖũǃШsċƓċŰЯШÉŸƨƣőШ
uŸƖĲċЯШċŰĬШÑċŔƽċŰ715Ю 

[ŸũũŸƽŔŰŊШ ĲǂƓŸƖƣШ ƖĲƚƣƖŔĦƣŔŸŰƚШ ĤǃШ 9őŔŰċШ ċŰĬШ ƣőĲШ ÖЮÉЮЯШ uċǍċťőƚƣċŰШ ċŰĬШ éŔĲƣŰċůШ ŰŸƽШ ċĦĦŸƨŰƣШ ŉŸƖШ
ċƓƓƖŸǂŔůċƣĲũǃШΦΜӖШŸŉШŊũŸĤċũШƽőŔƣĲШƓőŸƚƓőŸƖƨƚШĲǂƓŸƖƣƚЮШ ƚШċШƖĲƚƨũƣЯШƣőĲШŔŰƣĲƖŰċƣŔŸŰċũШƽőŔƣĲШƓőŸƚƓőŸƖƨƚШ
ůċƖťĲƣШƖĲůċŔŰƚШĦŸŰƚŔƚƣĲŰƣũǃШƣŔŊőƣЯШƓƖŸůƓƣŔŰŊШƽŔĬĲƚƓƖĲċĬШĦŸŰĦĲƖŰШŸƻĲƖШƣőĲШƚĲĦƨƖŔƣǃШŸŉШƚƨƓƓũǃШĦőċŔŰƚЮШ
?ŔƚƖƨƓƣŔŸŰƚШŔŰШƣőĲШƽőŔƣĲШƓőŸƚƓőŸƖƨƚШƚƨƓƓũǃШƽŸƨũĬШőċƻĲШƚĲƻĲƖĲШĦŸŰƚĲƕƨĲŰĦĲƚШŉŸƖШƣőĲШƓƖŸĬƨĦƣŔŸŰШŸŉШ
ŰƨůĲƖŸƨƚШőŔŊőрƣĲĦőШŔŰĬƨƚƣƖŔċũШƓƖŸĬƨĦƣƚЯШŔŰĦũƨĬŔŰŊШũŔƣőŔƨůрŔŸŰШĤċƣƣĲƖǃШĲũĲĦƣƖŸũǃƣĲƚШыxŔÂ[ΣьЯШůŔĦƖŸĦőŔƓƚШ
ċŰĬШƚĲůŔĦŸŰĬƨĦƣŸƖШĬŸƓŔŰŊ716ЯШ717Ю 

ƚШċШƚŔĬĲШŰŸƣĲЯШƣőĲƖĲШőċƚШĤĲĲŰШċШŊũŸĤċũШƚőŔŉƣШƣŸƽċƖĬШƓƖŸĬƨĦŔŰŊШƓƨƖŔǯĲĬШƽĲƣрƓƖŸĦĲƚƚШƓőŸƚƓőŸƖŔĦШċĦŔĬШ
ыÂÂ ьШŔŰƚƣĲċĬШŸŉШƣőĲƖůċũШƓőŸƚƓőŸƖŔĦШċĦŔĬЯШĬƨĲШƣŸШŔƣƚШũŸƽĲƖШƓƖŸĬƨĦƣŔŸŰШĦŸƚƣƚШċŰĬШƣőĲШċĤƚĲŰĦĲШŸŉШ
őċǍċƖĬŸƨƚШƽċƚƣĲШĬŔƚƓŸƚċũШŔƚƚƨĲƚШċƚƚŸĦŔċƣĲĬШƽŔƣőШĲũĲůĲŰƣċũШƓőŸƚƓőŸƖƨƚ718ЮШfŰĦƖĲċƚŔŰŊũǃЯШÂÂ ШŔƚШĤĲŔŰŊШ
ƨƚĲĬШƣŸШůċŰƨŉċĦƣƨƖĲШŔŰŸƖŊċŰŔĦШƓőŸƚƓőċƣĲƚШŉŸƖШŉŸŸĬШċŰĬШĤĲƻĲƖċŊĲƚЯШƣŸŸƣőƓċƚƣĲЯШċŰĬШƓőċƖůċĦĲƨƣŔĦċũƚЯШ
ƖĲƓũċĦŔŰŊШƣőĲƖůċũШċĦŔĬШŔŰШƣőĲƚĲШċƓƓũŔĦċƣŔŸŰƚЮШ9ŸŰƚĲƕƨĲŰƣũǃЯШĲũĲůĲŰƣċũШƓőŸƚƓőŸƖƨƚШŔƚШƓƖŔůċƖŔũǃШƖĲƚĲƖƻĲĬШ
ŉŸƖШċƓƓũŔĦċƣŔŸŰƚШƽőĲƖĲШŔƣШŔƚШĲƚƚĲŰƣŔċũШċŰĬШƽőĲƖĲШĬĲůċŰĬШŔƚШŊƖŸƽŔŰŊЯШƚƨĦőШċƚШŔŰШĲũĲĦƣƖŸŰŔĦƚЯШĤċƣƣĲƖǃШ
ĲũĲĦƣƖŸũǃƣĲƚЯШǯƖĲШƚċŉĲƣǃШƚǃƚƣĲůƚЯШőǃĬƖċƨũŔĦШǰƨŔĬƚШċŰĬШũƨĤƖŔĦċŰƣƚЯШċŰĬШƽċƣĲƖШƣƖĲċƣůĲŰƣЮШ~ŸƖĲŸƻĲƖЯШÂÂ ШŔƚШ
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ĦƖƨĬĲШƓőŸƚƓőŸƖŔĦШċĦŔĬЮШÅĲƚŸƨƖĦĲƚЯШ9ŸŰƚĲƖƻċƣŔŸŰШċŰĬШÅĲĦǃĦũŔŰŊЯШΞΝΝЯШΝΜΤΥΣΥЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΝΣоŢЮƖĲƚĦŸŰƖĲĦЮΞΜΞΠЮΝΜΤΥΣΥШ 
713ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШÂőŸƚƓőċƣĲШƖŸĦťШċŰĬШƓőŸƚƓőŸƖƨƚаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШ
ÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШΝΝЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÂc§ÉÂc ÑEрƨƓĬċƣĲΞЮƓĬŉШ 
714ШsċƚŔŰƚťŔЯШÉЮШ~ЮШыΞΜΞΠьЮШÂőŸƚƓőċƣĲШƖŸĦťШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΝΦШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťШыƓƓЮШΡΣЮΝтΡΣЮΝΝьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ
]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΝΜЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΝΦоůǃĤΝрΞΜΝΦрƓőŸƚƓőċƣĲЮƓĬŉШШ 
715ШòƨЯШcЮЯШòŸƚőŔĬċЯШÅЮЯШ§őƣċťĲЯШcЮЯШÉċƚċťŔЯШòЮЯШѼШ ċŊċƚċťċЯШÑЮШыΞΜΞΠьЮШìőŔƣĲШƓőŸƚƓőŸƖƨƚШƓƖŸĬƨĦƣŔŸŰШĤǃШċШĦċƖĤŸƣőĲƖůŔĦШƖĲĬƨĦƣŔŸŰШŸŉШƨƓĦǃĦũĲĬШ
ĦƖƨĬĲШƓőŸƚƓőŸƖŔĦШċĦŔĬЮШÅĲƚŸƨƖĦĲƚЯШ9ŸŰƚĲƖƻċƣŔŸŰШċŰĬШÅĲĦǃĦũŔŰŊЯШΞΝΝЯШΝΜΤΥΣΥЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΝΣоŢЮƖĲƚĦŸŰƖĲĦЮΞΜΞΠЮΝΜΤΥΣΥШ 
716ШEƨƖŸƓĲċŰШÉƨƚƣċŔŰċĤũĲШÂőŸƚƓőŸƖƨƚШÂũċƣŉŸƖůЮШыΞΜΞΟЯШsƨŰĲШΝΜьЮШEÉÂÂШŔŰƓƨƣШŸŰШƓőŸƚƓőŸƖƨƚШƣŸШƣőĲШEÖШ9ƖŔƣŔĦċũШÅċƽШ~ċƣĲƖŔċũƚШċŰĬШÉƣƖċƣĲŊŔĦШ
ÅċƽШ~ċƣĲƖŔċũƚЮШÅĲƣƖŔĲƻĲĬШΝΝЮΜΠЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮƓőŸƚƓőŸƖƨƚƓũċƣŉŸƖůЮĲƨоŔůċŊĲƚоÅĲŊƨũċƣŸƖǃӖΞΜċĦƣŔƻŔƣŔĲƚоEÉÂÂӖΞΜŔŰƓƨƣӖΞΜƓőŸƚƓőŸƖƨƚӖΞΜ9Å~ƚӖΞΜÉÅ~ƚӖΞΜΝΜхΣхΞΟЮƓĬŉШШ 
717ШòƨЯШcЮЯШòŸƚőŔĬċЯШÅЮЯШ§őƣċťĲЯШcЮЯШÉċƚċťŔЯШòЮЯШѼШ ċŊċƚċťċЯШÑЮШыΞΜΞΠьЮШìőŔƣĲШƓőŸƚƓőŸƖƨƚШƓƖŸĬƨĦƣŔŸŰШĤǃШċШĦċƖĤŸƣőĲƖůŔĦШƖĲĬƨĦƣŔŸŰШŸŉШƨƓĦǃĦũĲĬШ
ĦƖƨĬĲШƓőŸƚƓőŸƖŔĦШċĦŔĬЮШÅĲƚŸƨƖĦĲƚЯШ9ŸŰƚĲƖƻċƣŔŸŰШċŰĬШÅĲĦǃĦũŔŰŊЯШΞΝΝЯШΝΜΤΥΣΥЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΜΝΣоŢЮƖĲƚĦŸŰƖĲĦЮΞΜΞΠЮΝΜΤΥΣΥШ 
718ШsċƚŔŰƚťŔЯШÉЮШ~ЮШыΞΜΞΠьЮШÂőŸƚƓőċƣĲШƖŸĦťШяċĬƻċŰĦĲШƖĲũĲċƚĲѐЮШΞΜΝΦШ~ŔŰĲƖċũƚШòĲċƖĤŸŸťШыƓƓЮШΡΣЮΝтΡΣЮΝΝьЮШÖЮÉЮШ?ĲƓċƖƣůĲŰƣШŸŉШƣőĲШfŰƣĲƖŔŸƖЯШÖЮÉЮШ
]ĲŸũŸŊŔĦċũШÉƨƖƻĲǃЮШÅĲƣƖŔĲƻĲĬШΝΜЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓƨĤƚЮƨƚŊƚЮŊŸƻоůǃĤоƻŸũΝоΞΜΝΦоůǃĤΝрΞΜΝΦрƓőŸƚƓőċƣĲЮƓĬŉШШ 

https://doi.org/10.1016/j.resconrec.2024.107868
https://doi.org/10.1016/j.resconrec.2024.107868
https://doi.org/10.1016/j.resconrec.2024.107868
https://pubs.usgs.gov/myb/vol1/2019/myb1-2019-phosphate.pdf


 

 ΝΦΥ 

ċũƚŸШƖĲƕƨŔƖĲĬШŉŸƖШĦĲƖƣċŔŰШċĬƻċŰĦĲĬШƣĲĦőŰŸũŸŊŔĲƚЯШŔŰĦũƨĬŔŰŊШƓƖŸĬƨĦŔŰŊШxŔ[ĲÂ§ΠШŉŸƖШx[ÂШĤċƣƣĲƖǃШĦċƣőŸĬĲƚЯШ
ċŰĬШƓőŸƚƓőŸƖŔĦШċĦŔĬШŉƨĲũШĦĲũũƚШыÂ [9ƚьШ719Ю 

 

?ĲůċŰĬШ 
]ũŸĤċũШĬĲůċŰĬ720 
]ũŸĤċũũǃЯШĦŸŰƚƨůƓƣŔŸŰШŸŉШƓőŸƚƓőŸƖƨƚШƓĲŰƣŸǂŔĬĲШыÂΞ§ΡьШƽċƚШĲƚƣŔůċƣĲĬШƣŸШĤĲШċĤŸƨƣШΡΜЯΜΜΜЯΜΜΜШůĲƣƖŔĦШ
ƣŸŰƚШŔŰШΞΜΝΦЮШ 

 

EÖШĬĲůċŰĬ 
7ĲƣƽĲĲŰШΞΜΝΣШċŰĬШΞΜΞΜЯШƣőĲШEÖѣƚШċƻĲƖċŊĲШċŰŰƨċũШċƓƓċƖĲŰƣШĦŸŰƚƨůƓƣŔŸŰШŸŉШƓőŸƚƓőċƣĲШƖŸĦťШƽċƚШ
ΡЯΤΝΜЯΜΜΜШШůĲƣƖŔĦШƣŸŰƚШŸŉШÂΞ§ΡЮШÑőĲШEÖШƽċƚШΥΞӖШƖĲũŔċŰĦĲШŸŰШŔůƓŸƖƣШċŰĬШƣőĲШůċŔŰШƚƨƓƓũŔĲƖƚШƽĲƖĲШ
~ŸƖŸĦĦŸШыΞΤӖьЯШÅƨƚƚŔċШыΞΠӖьЯШ[ŔŰũċŰĬШыΝΥӖьЯШ ũŊĲƖŔċШыΝΜӖьЯШċŰĬШfƚƖċĲũШыΤӖьЮШ 

ÑőĲШEÖШĦŸŰƚƨůƓƣŔŸŰШŸŉШĲũĲůĲŰƣċũШƓőŸƚƓőŸƖƨƚШŔƚШΤΦЯΡΜΜШůĲƣƖŔĦШƣŸŰƚШŸŉШÂΠШŸŰШċƻĲƖċŊĲШŸƻĲƖШƣőĲШΞΜΝΦр
ΞΜΞΜШƓĲƖŔŸĬШƽŔƣőШċŰШŔůƓŸƖƣШƖĲũŔċŰĦĲШŸŉШΦΥЮΦӖ721ЮШÑőĲШůċŔŰШċŰĬШŸŰũǃШƚƨƓƓũŔĲƖƚШŸŉШƣőĲШEÖШƽĲƖĲШ9őŔŰċШыΠӖьЯШ
éŔĲƣŰċůШыΞΡӖЯШƓƖŸĬƨĦƣŔŸŰШũċƖŊĲũǃШĬĲƓĲŰĬĲŰƣШŸŰШĲũĲĦƣƖŔĦŔƣǃШŉƖŸůШ9őŔŰċьШċŰĬШuċǍċťőƚƣċŰШыΤΜӖь722ЯШ723Ю 

 

 

 

 

 

 

 

 

 
719ШEƨƖŸƓĲċŰШÉƨƚƣċŔŰċĤũĲШÂőŸƚƓőŸƖƨƚШÂũċƣŉŸƖůЮШыΞΜΞΟЯШsƨŰĲШΝΜьЮШEÉÂÂШŔŰƓƨƣШŸŰШƓőŸƚƓőŸƖƨƚШƣŸШƣőĲШEÖШ9ƖŔƣŔĦċũШÅċƽШ~ċƣĲƖŔċũƚШċŰĬШÉƣƖċƣĲŊŔĦШ
ÅċƽШ~ċƣĲƖŔċũƚЮШÅĲƣƖŔĲƻĲĬШΝΝЮΜΠЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮƓőŸƚƓőŸƖƨƚƓũċƣŉŸƖůЮĲƨоŔůċŊĲƚоÅĲŊƨũċƣŸƖǃӖΞΜċĦƣŔƻŔƣŔĲƚоEÉÂÂӖΞΜŔŰƓƨƣӖΞΜƓőŸƓƨƣӖΞΜƓőŸƚƓőŸƖƨƚӖΞΜ9Å~ƚӖΞΜÉÅ~ƚӖΞΜΝ
ΜхΣхΞΟЮƓĬŉШ 
720Ш7ƖŸƽŰũŔĲЯШìЮЯШÉƨƣƣŸŰЯШ~ЮШ ЮЯШ7ŸĲƖЯШ~ЮЯШ9ċůƓƖƨĤŖЯШxЮЯШcċůŔũƣŸŰЯШcЮЯШcĲċũЯШuЮЯШ~ŸƖŊċŰĬŔЯШÑЮЯШ ĲƚĲƣЯШÑЮрÉЮЯШѼШÉƓĲċƖƚЯШ7ЮШыΞΜΞΞьЮШ9őċƓƣĲƖШΞЮШ
ÂőŸƚƓőŸƖƨƚШƖĲƚĲƖƻĲƚЯШƖĲƚŸƨƖĦĲƚШċŰĬШƨƚĲƚЮШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΟΝΠΜоÅ]ЮΞЮΞЮΞΡΜΝΣЮΥΟΞΜΦ 
721ШÉ9ÅÅEE ΞЮШыΞΜΞΠьЮШÂőŸƚƓőċƣĲШƖŸĦťШċŰĬШƓőŸƚƓőŸƖƨƚаШ[ċĦƣƚőĲĲƣШƨƓĬċƣĲЮШEƨƖŸƓĲċŰШÖŰŔŸŰќƚШcŸƖŔǍŸŰШΞΜΞΜШÅĲƚĲċƖĦőШċŰĬШfŰŰŸƻċƣŔŸŰШ
ÂƖŸŊƖċůůĲЮШÅĲƣƖŔĲƻĲĬШΝΝЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƚĦƖƖĲĲŰЮĲƨоƽƓрĦŸŰƣĲŰƣоƨƓũŸċĬƚоΞΜΞΠоΜΝоÉ9ÅÅEE ΞхŉċĦƣƚőĲĲƣƚхÂc§ÉÂc ÑEрƨƓĬċƣĲΞЮƓĬŉШ 
722ШEƨƖŸƓĲċŰШÉƨƚƣċŔŰċĤũĲШÂőŸƚƓőŸƖƨƚШÂũċƣŉŸƖůЮШыΞΜΞΟЯШsƨŰĲШΝΜьЮШEÉÂÂШŔŰƓƨƣШŸŰШƓőŸƚƓőŸƖƨƚШƣŸШƣőĲШEÖШ9ƖŔƣŔĦċũШÅċƽШ~ċƣĲƖŔċũƚШċŰĬШÉƣƖċƣĲŊŔĦШ
ÅċƽШ~ċƣĲƖŔċũƚЮШÅĲƣƖŔĲƻĲĬШΝΝЮΜΠЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮƓőŸƚƓőŸƖƨƚƓũċƣŉŸƖůЮĲƨоŔůċŊĲƚоÅĲŊƨũċƣŸƖǃӖΞΜċĦƣŔƻŔƣŔĲƚоEÉÂÂӖΞΜŔŰƓƨƣӖΞΜƓőŸƓƨƣӖΞΜƓőŸƚƓőŸƖƨƚӖΞΜ9Å~ƚӖΞΜÉÅ~ƚӖΞΜΝ
ΜхΣхΞΟЮƓĬŉШ 
723ШÂũċŰċŰƚťċЯШsЮШыΞΜΞΟЯШsƨũǃШΝΜьЮШÖƖŊĲŰƣШŰĲĲĬШŉŸƖШĬĲƻĲũŸƓŔŰŊШƓőŸƚƓőŸƖƨƚШƓƖŸĦĲƚƚŔŰŊШĦċƓċĦŔƣǃШŔŰШEƨƖŸƓĲЮШ ŸƖŊĲШ~ŔŰĲƖċũĲƖЮШÅĲƣƖŔĲƻĲĬШ
ΝΠЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮŰŸƖŊĲůŔŰĲƖċũĲƖЮĦŸůоĲŰоůĲĬŔċоƨƖŊĲŰƣрŰĲĲĬрŉŸƖрĬĲƻĲũŸƓŔŰŊрƓőŸƚƓőŸƖƨƚрƓƖŸĦĲƚƚŔŰŊрĦċƓċĦŔƣǃрŔŰрĲƨƖŸƓĲоШ 



 

 ΝΦΦ 

[ƨƣƨƖĲШƚƨƓƓũǃШċŰĬШĬĲůċŰĬШƣƖĲŰĬƚ 
[ƨƣƨƖĲЮƚƨƓƓũǃЮ 

]ũŸĤċũШƓőŸƚƓőċƣĲШƓƖŸĬƨĦƣŔŸŰШĦċƓċĦŔƣǃЯШůĲċƚƨƖĲĬШŔŰШƣĲƖůƚШŸŉШÂЋ§ЎШĦŸŰƣĲŰƣЯШŔƚШƓƖŸŢĲĦƣĲĬШƣŸШƖŔƚĲШƣŸШ
ΤΜЯΣΜΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШĤǃШΞΜΞΥШŉƖŸůШΣΡЯΜΜΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШŔŰШΞΜΞΠЮШ§ŰŊŸŔŰŊШĦċƓċĦŔƣǃШĲǂƓċŰƚŔŸŰƚШŔŰШ
ƓőŸƚƓőċƣĲШƖŸĦťШƓƖŸĬƨĦƣŔŸŰШċƖĲШĲǂƓĲĦƣĲĬШƣŸШĤĲШĦŸůƓũĲƣĲĬШĤǃШΞΜΞΤШŔŰШ7ƖċǍŔũЯШuċǍċťőƚƣċŰЯШ~ĲǂŔĦŸЯШ
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ĲǂƣƖċĦƣŔŸŰШƚƣċŊĲ 
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ċũƨůŔŰŔƨůШĦċũĦŔƨůШƓőŸƚƓőċƣĲƚШѼШƓőŸƚƓőċƣŔĦШĦőċũťЯШƨŰŊƖŸƨŰĬбШ
ŰċƣƨƖċũШĦċũĦŔƨůШƓőŸƚƓőċƣĲƚЯШŰċƣƨƖċũШċũƨůŔŰŔƨůШĦċũĦŔƨůШ
ƓőŸƚƓőċƣĲƚШѼШƓőŸƚƓőċƣŔĦШĦőċũťЯШŊƖŸƨŰĬШ 

éŔĲƣŰċů EǂƓŸƖƣШƣċǂШŸŰШŰċƣƨƖċũШĦċũĦŔƨůШƓőŸƚƓőċƣĲƚЯШŰċƣƨƖċũШċũƨůŔŰŔƨůШ
ĦċũĦŔƨůШƓőŸƚƓőċƣĲƚШѼШƓőŸƚƓőċƣŔĦШĦőċũťЯШƨŰŊƖŸƨŰĬбШŰċƣƨƖċũШ
ĦċũĦŔƨůШƓőŸƚƓőċƣĲƚЯШŰċƣƨƖċũШċũƨůŔŰŔƨůШĦċũĦŔƨůШƓőŸƚƓőċƣĲƚШѼШ
ƓőŸƚƓőċƣŔĦШĦőċũťЯШŊƖŸƨŰĬ 

 

ÉŔŰĦĲШΞΜΜΦЯШ9őŔŰċШőċƚШŔůƓũĲůĲŰƣĲĬШċШƕƨŸƣċШƚǃƚƣĲůШŉŸƖШƓőŸƚƓőċƣĲШƖŸĦťШĲǂƓŸƖƣƚЯШƽŔƣőШƣőĲШĲǂƓŸƖƣШƕƨŸƣċШ
ŊƖċĬƨċũũǃШƖĲĬƨĦĲĬШŉƖŸůШΝЯΡΜΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШŔŰШΞΜΜΦШƣŸШΥΜΜЯΜΜΜШůĲƣƖŔĦШƣŸŰƚШŔŰШΞΜΝΥЮШ ƚШŸŉШsċŰƨċƖǃШΝЯШ
ΞΜΝΦЯШƣőĲШ~ŔŰŔƚƣƖǃШŸŉШ9ŸůůĲƖĦĲШŸŉШ9őŔŰċШƚƨƚƓĲŰĬĲĬШƣőĲШĲǂƓŸƖƣШƕƨŸƣċШůċŰċŊĲůĲŰƣШŉŸƖШƓőŸƚƓőċƣĲШƖŸĦťЯШ
ƖĲƓũċĦŔŰŊШŔƣШƽŔƣőШċШũŔĦĲŰƚŔŰŊШƚǃƚƣĲů734Ю 

 

~ċŢŸƖШƓƖŸĬƨĦŔŰŊШĦŸƨŰƣƖŔĲƚШċƣШƣőĲШ
ƓƖŸĦĲƚƚŔŰŊШƚƣċŊĲ 

EǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚ735Ш 

9őŔŰċ EǂƓŸƖƣШƣċǂШŸŰШƓőŸƚƓőŸƖƨƚ 

éŔĲƣŰċů EǂƓŸƖƣШƣċǂШŸŰШƓőŸƚƓőŸƖƨƚ 

 

ÉŔŰĦĲШΞΜΜΡЯШ9őŔŰċШőċƚШŔůƓŸƚĲĬШΞΜӖШĲǂƓŸƖƣШƣċǂШŸŰШĲũĲůĲŰƣċũШƓőŸƚƓőŸƖƨƚ736ЮШ ĬĬŔƣŔŸŰċũũǃЯШƚŔŰĦĲШΞΜΞΝЯШ
9őŔŰċШőċƚШŔůƓŸƚĲĬШŸƣőĲƖШĲǂƓŸƖƣШůĲċƚƨƖĲƚШŸŰШŉĲƖƣŔũŔƚĲƖШŔŰŊƖĲĬŔĲŰƣƚШыŔЮĲЮЯШĦċƖƖǃŔŰŊШŸƨƣШŔŰƚƓĲĦƣŔŸŰƚШŸŰШ
ŔůƓŸƖƣШċŰĬШĲǂƓŸƖƣШĦőĲůŔĦċũШŉĲƖƣŔũŔǍĲƖƚШƚƣƖŔĦƣũǃШƨŰĬĲƖШƣőĲШũċƣĲƚƣШƖĲŊƨũċƣŔŸŰƚь737ШЮШÑőċƣШŔŰƚƣƖƨĦƣŔŸŰШƽċƚШ
ŔŰƣĲƖƓƖĲƣĲĬШĤǃШůċƖťĲƣƚШƣőċƣШ9őŔŰċШƽŸƨũĬШĦŸŰƣŔŰƨĲШƣŸШĦƨƖĤШċŰĬШũŔůŔƣШŔƣƚШŉĲƖƣŔũŔǍĲƖШĲǂƓŸƖƣƚ738ЮШ 

 
733Ш§E9?ШыΞΜΞΠьЯШ§E9?ШfŰƻĲŰƣŸƖǃШŸŉШEǂƓŸƖƣШÅĲƚƣƖŔĦƣŔŸŰƚШŸŰШfŰĬƨƚƣƖŔċũШÅċƽШ~ċƣĲƖŔċũƚШΞΜΞΠаШ~ŸŰŔƣŸƖŔŰŊШƣőĲШƨƚĲШŸŉШĲǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШċůŔĬШ
ůċƖťĲƣШċŰĬШƓŸũŔĦǃШƣĲŰƚŔŸŰƚЯШ§E9?ШÂƨĤũŔƚőŔŰŊЯШÂċƖŔƚЯШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΤΥΤоΡĲΠΣĤĤΞΜрĲŰЮШÅĲƣƖŔĲƻĲĬШΝΦЮΜΞЮΞΜΞΡЯШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮŸĲĦĬЮŸƖŊоĲŰоƣŸƓŔĦƚоĲǂƓŸƖƣрƖĲƚƣƖŔĦƣŔŸŰƚрŸŰрĦƖŔƣŔĦċũрƖċƽрůċƣĲƖŔċũƚЮőƣůũШ 
734ШòċŰŊЯШxЮЯШñƨĲЯШ9ЮЯШxŔƨЯШüЮЯШѼШüőċŰŊЯШìЮШыΞΜΞΝЯШ~ċǃШΞΥьЮШÂőŸƚƓőŸƖƨƚШ9őĲůŔĦċũШfŰĬƨƚƣƖǃШ ŰċũǃƚŔƚШ[ƖċůĲƽŸƖťШы ьЮШ]ƨŸƚĲŰШ
ÉĲĦƨƖŔƣŔĲƚЮШÅĲƣƖŔĲƻĲĬШΝΠЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓĬŉЮĬŉĦŉƽЮĦŸůоƓĬŉоcΟх ÂΞΜΞΝΜΡΞΥΝΠΦΠΠΠΣΥΥΥхΝЮƓĬŉШШ 
735Ш§E9?ШыΞΜΞΠьЯШ§E9?ШfŰƻĲŰƣŸƖǃШŸŉШEǂƓŸƖƣШÅĲƚƣƖŔĦƣŔŸŰƚШŸŰШfŰĬƨƚƣƖŔċũШÅċƽШ~ċƣĲƖŔċũƚШΞΜΞΠаШ~ŸŰŔƣŸƖŔŰŊШƣőĲШƨƚĲШŸŉШĲǂƓŸƖƣШƖĲƚƣƖŔĦƣŔŸŰƚШċůŔĬШ
ůċƖťĲƣШċŰĬШƓŸũŔĦǃШƣĲŰƚŔŸŰƚЯШ§E9?ШÂƨĤũŔƚőŔŰŊЯШÂċƖŔƚЯШőƣƣƓƚаооĬŸŔЮŸƖŊоΝΜЮΝΤΥΤоΡĲΠΣĤĤΞΜрĲŰЮШÅĲƣƖŔĲƻĲĬШΝΦЮΜΞЮΞΜΞΡЯШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮŸĲĦĬЮŸƖŊоĲŰоƣŸƓŔĦƚоĲǂƓŸƖƣрƖĲƚƣƖŔĦƣŔŸŰƚрŸŰрĦƖŔƣŔĦċũрƖċƽрůċƣĲƖŔċũƚЮőƣůũШ 
736ШòċŰŊЯШxЮЯШñƨĲЯШ9ЮЯШxŔƨЯШüЮЯШѼШüőċŰŊЯШìЮШыΞΜΞΝЯШ~ċǃШΞΥьЮШÂőŸƚƓőŸƖƨƚШ9őĲůŔĦċũШfŰĬƨƚƣƖǃШ ŰċũǃƚŔƚШ[ƖċůĲƽŸƖťШы ьЮШ]ƨŸƚĲŰШ
ÉĲĦƨƖŔƣŔĲƚЮШÅĲƣƖŔĲƻĲĬШΝΠЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƓĬŉЮĬŉĦŉƽЮĦŸůоƓĬŉоcΟх ÂΞΜΞΝΜΡΞΥΝΠΦΠΠΠΣΥΥΥхΝЮƓĬŉШ 
737Ш ċƣŔŸŰċũШ?ĲƻĲũŸƓůĲŰƣШċŰĬШÅĲŉŸƖůШ9ŸůůŔƚƚŔŸŰЮШыΞΜΞΝЯШÉĲƓƣĲůĤĲƖШΞΞьЮШ ŸƣŔĦĲШŸŰШĲŰƚƨƖŔŰŊШƣőĲШƚƨƓƓũǃШċŰĬШƓƖŔĦĲШƚƣċĤŔũŔƣǃШŸŉШĬŸůĲƚƣŔĦШ
ŉĲƖƣŔũŔǍĲƖƚШŔŰШƣőĲШŰĲċƖШŉƨƣƨƖĲШы ьЮШÑőĲШ9ĲŰƣƖċũШÂĲŸƓũĲѣƚШ]ŸƻĲƖŰůĲŰƣШ
ŸŉШƣőĲШÂĲŸƓũĲѣƚШÅĲƓƨĤũŔĦШŸŉШ9őŔŰċЮШÅĲƣƖŔĲƻĲĬШΝΠЮΜΠЮΞΜΞΡШŉƖŸůШőƣƣƓƚаооƽƽƽЮŊŸƻЮĦŰоǍőĲŰŊĦĲоǍőĲŰŊĦĲťƨоΞΜΞΝрΜΦоΞΠоĦŸŰƣĲŰƣхΡΣΟΦΜΥΥЮőƣůШ 
738ШÑŔŰƣŔЯШEЮЯШѼШ9őĲŰЯШ9ЮШыΞΜΞΝЯШ§ĦƣŸĤĲƖШΡьЮШ9őŔŰċќƚШŉĲƖƣŔũŔǍĲƖШĲǂƓŸƖƣƚШĤċŰШƖċŔƚĲƚШƽŸƖƖŔĲƚШŉƖŸůШŊũŸĤċũШůċƖťĲƣƚЮШ[ċƚƣůċƖťĲƣƚЮШÅĲƣƖŔĲƻĲĬШΝΠЮΜΠЮΞΜΞΡШ
ŉƖŸůШőƣƣƓƚаооƽƽƽЮŉċƚƣůċƖťĲƣƚЮĦŸůоŔŰƚŔŊőƣƚоĦőŔŰċƚрŉĲƖƣŔũŔǍĲƖрĲǂƓŸƖƣƚрĤċŰрƖċŔƚĲƚрƽŸƖƖŔĲƚрŉƖŸůрŊũŸĤċũрůċƖťĲƣƚоШ 

https://www.oecd.org/en/topics/export-restrictions-on-critical-raw-materials.html
https://pdf.dfcfw.com/pdf/H3_AP202105281494446888_1.pdf
https://www.oecd.org/en/topics/export-restrictions-on-critical-raw-materials.html
https://pdf.dfcfw.com/pdf/H3_AP202105281494446888_1.pdf


 

 ΞΜΝ 

fŰШƣőĲШÖЮÉЮЯШƚŔŰĦĲШΞΜΜΜЯШƖĲĬШƓőŸƚƓőŸƖƨƚЯШƽőŔƣĲШƓőŸƚƓőŸƖƨƚШыċũƚŸШťŰŸƽŰШċƚШǃĲũũŸƽШƓőŸƚƓőŸƖƨƚьШċŰĬШ
őǃƓŸƓőŸƚƓőŸƖŸƨƚШċĦŔĬШыċŰĬШŔƣƚШƚċũƣƚьШőċƻĲШĤĲĲŰШŔĬĲŰƣŔǯĲĬШċƚШťĲǃШƓƖĲĦƨƖƚŸƖƚШŔŰШƣőĲШŔũũŔĦŔƣШƓƖŸĬƨĦƣŔŸŰШŸŉШ
ůĲƣőċůƓőĲƣċůŔŰĲЮШ ƚШĬĲƚŔŊŰċƣĲĬШxŔƚƣШfШĦőĲůŔĦċũƚЯШƣőĲŔƖШőċŰĬũŔŰŊШŔƚШƚƨĤŢĲĦƣШƣŸШƖĲŊƨũċƣŸƖǃШĦŸŰƣƖŸũƚШ
ƨŰĬĲƖШƣőĲШ9ŸŰƣƖŸũũĲĬШÉƨĤƚƣċŰĦĲƚШ ĦƣЯШŔŰĦũƨĬŔŰŊШƖĲƕƨŔƖĲůĲŰƣƚШŉŸƖШƖĲŊŔƚƣƖċƣŔŸŰЯШƖĲĦŸƖĬťĲĲƓŔŰŊЯШƖĲƓŸƖƣŔŰŊЯШ
ċŰĬШŔůƓŸƖƣоĲǂƓŸƖƣШĦŸůƓũŔċŰĦĲ739Ю 

 

 

 

 
739Ш?ƖƨŊШEŰŉŸƖĦĲůĲŰƣШ ĬůŔŰŔƚƣƖċƣŔŸŰЮШыΞΜΜΜЯШÉĲƓƣĲůĤĲƖШΞΡьЮШ9ŸŰƣƖŸũШŸŉШƖĲĬШƓőŸƚƓőŸƖƨƚЯШƽőŔƣĲШƓőŸƚƓőŸƖƨƚШċŰĬШőǃƓŸƓőŸƚƓőŸƖŸƨƚШċĦŔĬШыċŰĬШ
ŔƣƚШƚċũƣƚьШċƚШxŔƚƣШfШĦőĲůŔĦċũƚЮШ[ĲĬĲƖċũШÅĲŊŔƚƣĲƖЯШΣΡыΝΥΣьЯШΡΤΡΤΤтΡΤΡΥΝЮШÅĲƣƖŔĲƻĲĬШΝΠЮΜΠЮΞΜΞΡШŉƖŸůШ
őƣƣƓƚаооƽƽƽЮŉĲĬĲƖċũƖĲŊŔƚƣĲƖЮŊŸƻоĬŸĦƨůĲŰƣƚоΞΜΜΜоΜΦоΞΡоΜΜрΞΠΡΡΟоĦŸŰƣƖŸũрŸŉрƖĲĬрƓőŸƚƓőŸƖƨƚрƽőŔƣĲрƓőŸƚƓőŸƖƨƚрċŰĬрőǃƓŸƓőŸƚƓőŸƖŸƨƚр
ċĦŔĬрċŰĬрŔƣƚрƚċũƣƚрċƚрũŔƚƣрŔШ 
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