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ɋ
 
;Ɗɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋʃ 
ŽǬǕɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋʃʃ 
ǜɋ Ʈɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋʃʃʃ 
ʾʮˇʼɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋʃʏɋ

ɋ
ơ ɗ Ɵ ¨ǵz̕��ʽųůɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɗ 

ɗɓɗ ¨ǵz̕��ʽȪƀǮȿɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɗ 
ɗɓɘ ¨ǵz̕��ʽ¨ǵ@ȠʼʣʩˍȪƀǢźʛȬȓǢźʛÿƤ^ˀŐD½ɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɜ 
ɗɓə ÆǪȪƀǮȿʼȬȓʯˍßʥzzBȪƀYJćȣɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɗɘ 
ɗɓɚ ¨ǵz̕��ʽ¨ǵ@Ƞʼʣʩˍɰɥɢ�ıʽ2Ǒ�"^ˀ�˳˴̖�ıʽ@ģɋɔɔɔɔɋɗɘɋ

ɋ
ơ ɘ Ɵ ÷Ĭ�ıʛǚq̕çǒɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɗɛ 

ɘɓɗ ÷Ĭ�ıʽĳǜɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɗɛ 
ɘɓɘ ÷Ĭǚq̕çǒʽĳǜɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɗɛ 
ɘɓə ÷Ĭǚq̕çǒʽų�șjÖİǧɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɘɘ 
ɘɓɚ ȪƀǮȿǠŋǸűdǅÖɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɛɖɋ

ʞɋ
ơ ə Ɵ ɰɥɢ Ĭ�Uɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɛɗ 

əɓɗ ɰɥɢĬ�Uĳǜɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɛɗ 
əɓɘ ɰɥɢĬ�9¦ɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɛɗ 
əɓə ɤɕɱ*ǙĺȬƳƿ̕YǳůŎɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɛə 
əɓɚ �ɰɥɢĬ�ʹʽȓûdǅÖɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɛɜ 
əɓɛ ɰɥɢĬ�ÇÞʼʣʩˍǮȿ̏̕˥˜ʹ¨ÓƤɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɛɝ 
əɓɜ Ŷ�Ƒ�ȞÝƢɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɛɝ 
əɓɝ ęËʬˎˍȪƀQĥɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɛɝɋ

ɋ
ơ ɚ Ɵ ˽ˤ˷˥®ȪǢźɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɛɟ 

ɚɓɗ ˽ˤ˷˥®ȪǢźĳǜɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɛɟ 
ɚɓɘ ´�@ģɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɛɟ 
ɚɓə ˺̖̏̌˭˖̖̔ɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɜə 
ɚɓɚ Ȕ?ÇÛʹ˻̖˲˴̖*Ǚɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɜɚ 
ɚɓɛ `üǢźɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɜɜ 
ɚɓɜ Ú ʬˎˍǮȿ̏̕˥˜ʹ¨ÓƤɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɜɜ 
ɚɓɝ ęËʬˎˍȪƀQĥɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɜɜ 
ɚɓɞ ĉĝz9�1ƴŗ̕��ŒÖUˁʽǸűɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɜɝɋ

ɋ

ɳɵɮɮɢɲɹɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɪɋ

ɋ

BŖȀąɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɻ 
ɋ  



Äũŀ 
 

xɋɗɋ ̀̒ˤ˖˜˲ˡ˔˲ɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɪɶ 
xɋɘɋ ɵɣ ´ʽĕ�ņřĉʽņřďȫ�Uɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɗ 
xɋəɋ ɘɖɗɛ ¹�ɘɖɗɞ ¹ɋ <�ʽ ɱɮɗɖ ʽĖBĉ¸�+̘Z�̝ʖɨɕɮə̙ɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋə 
xɋɚɋ ɘɖɗɛ ¹�ɘɖɗɞ ¹ɋ <�ʽ ɱɮɘɔɛ ʽĖBĉ¸�+̘Z�̝ʖɨɕɮə̙ɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋə 
xɋɛɋ ɘɖɗɛ ¹�ɘɖɗɞ ¹ɋ <�ʽ ɳɰɘʽĖBĉ¸�+̘Z�̝ʖɨɕɮ

ə̙ɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɚ 
xɋɜɋ ɘɖɗɛ ¹�ɘɖɗɞ ¹ɋ <�ʽ ɯɰɘʽĖBĉ¸�+̘Z�̝ʖɨɕɮ

ə̙ɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɚ 
xɋɝɋ̊̔ˠ̐zʽř¢Qĥ˚˥ò?ȡɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɜ 
xɋɞɋɵɣ ´̆˥˫̖̀̎̔ʽđãǢźɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɗɘ 
xɋɟɋ˼̖˲̅̔̀ʹ�ȯŪƊƜ˟̑˜˫̖ʹʽôƸƭƷxɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɗə 
xɋɗɖɋ��Ū�øtʽ̖̄̏̔˝ʹĈ²ɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɗə 
xɋɗɗɋĪǈʸʽ̎ˤ˗̖˫̖ʽǤǀůŎɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɗɚ 
xɋɗɘɋ�Żʽ��Ū˼̖˲̅̔̀ʼˊˍđãʽǤ.¦ȡɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɗɜ 
xɋɗəɋ��Ū˼̖˲̅̔̀ćÃɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɗɜ 
xɋɗɚɋ ĉĝʽȝȗ¼ƉBʽƱǢǤ.¦ȡ(2013 ¹Ĝďť)ɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɗɝ 
xɋɗɛɋ ��Ū˼̖˲̅̔̀ʼˊˍŪ#ƶˣ˥˰̈ɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɗɝ 
xɋɗɜɋ ˼̖˲̅̔̀ʼˊˍđãɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɗɞ 
xɋɗɝɋ��Ū˼̖˲̅̔̀đãˣ˥˰̈ɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɗɟ 
xɋɗɞɋ ˬ˿̐ ɵ˭̖̌˿ɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɗɟ 
xɋɗɟɋZQ-ALP-Vʽ˨˷̎̐DÎƄǞˣ˥˰̈ɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɘɖ 
xɋɘɖɋ˱̖˫u`ǘǀʸu`ʭʳ˱̖˫ʽǠģ"ɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɘɗ 
xɋɘɗɋɵɣ´ʽ´ǓVʽ��ȳ�đã��ɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɘə 
xɋɘɘɋɬɤɲəɖɖ ʽĴȒ̘˙˫̒˝̙ɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɘɛ 
xɋɘəɋ ɤɢɲɣɰɲɰɣɰɴɋəɖɖ ʽĴȒ̘ɩɱ ˊˌ̙ɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɘɜ 
xɋɘɚɋ Đ^¡ǧŒR*Ǚʽ«��Īɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔəɖ 
xɋɘɛɋɝɟɓɗ ž«��Ī�ǀxɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔəə 
xɋɘɜɋɝɟɓɗ ž«��ĪʽĶɉɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔəə 
xɋɘɝɋɝɟɓɗ ž«��Īʽǔč;Ɗɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔəɚ 
xɋɘɞɋɝɟɓɗ ž«��ĪʽĪǈʽȞǀxɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔəɚ 
xɋɘɟɋɩɰɣʼˊˍđãˣ˥˰̈ɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔəɛ 
xɋəɖɋ ɝɟɓɗ ž«��Īʽ�ȁĨůxɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔəɟ 
xɋəɗɋ ŪÓƣǩɈĳǜxɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɚɖ 
xɋəɘɋ ŪÓƣǩɈƵĥɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɚə 
xɋəəɋŪÓƣǩɈ�ʽ�°ř½ʽ�Uɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɚə 
xɋəɚɋÐŶďŐʼˊˍǠģƵĥɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɚə 
xɋəɛ ̖̃˴̖̀̒ˮ˲ʼˊˍǠģƵĥɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɚɚ 
xɋəɜɋ đãʽŪ˺̎̔˥ʽ̊˵˫̏̔˝ɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɚɜ 
xɋəɝɋ ɩɰɣ řŇř½�Uɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɚɝ 
xɋəɞɋ Ū�øtʽřŇř½³�Uɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɚɝ 
xɋəɟɋɩɰɣ řŇœȡ�Uɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɚɝ 
xɋɚɖɋĪǈ9ŔǾŪȡɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɚɞ 
xɋɚɗɋ ��Ū˼̖˲̅̔̀ˣ˥˰̈ʽ˔̖̉ˤxɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɛɗ 
xɋɚɘ �ņŶ�Ƨŵˡ˔˜̐ɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɛɜ 
xɋɚəɋ Ŷ�ƈ ɫɤɮǤ.ǙM�ıɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɜɖ 
xɋɚɚɋ ɨɤɧʽ�ĝǜ�ɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɜɗ 
xɋɚɛɋ Ņȫ�ıʼˊˍɨɤɧȀȢʽŒŹ˔̖̉ˤɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɜɗ 
xɋɚɜɋ˭ ɠ̏˫̎˻˙��ʼʣʩˍ�ȯ3ƀȷ�ıɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɜɘ 
xɋɚɝɋ ˻˫̖̔ əʽ˥̂ˮ˜˔̔�ːŒŹʭʳ˽ˤ˷˥̀̎̔ɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɜə 
xɋɚɞɋ ˺̖̏̌˭˖̖̔ɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɜɚ 
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ɋ
Ǖɋ ɗɋ�ı²ƕɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɶ 
Ǖɋɘɋ ɵɣ ´ʽĖBņř̘ɘɖɗɜ ¹ ɗɗ Ė�ɘɖɗɝ ¹ ɗɖ Ėɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɗ 
Ǖɋəɋ �ļ˗˷̐˛̖ȸƶ˺̎̔˥ɏɘɖɗə ¹ɐɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɘ 
Ǖɋɚɋ ɵɣ ´ʽđãˣ˥˰̈ɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɘ 
Ǖɋɛɋ �ņŊħŭȁʽò?ŝɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋə 
Ǖɋɜɋ �ļ˗˷̐˛̖ŔǾȡɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɋɜ 
Ǖɋɝɋ:ŷdǅ˗˷̐˛̖ȷJʽǽa%īɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɗɗ 
Ǖɋɞɋ đãćÃɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɘɘ 
ǕɋɟɋřŇ˧̔˲̎̐ʹřɂ˧̔˲̎̐ʹʽńȊɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɘɚ 
Ǖɋɗɖɋ ɬɤɲəɖɖ ʽ�ĵɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɘɛ 
Ǖɋɗɗɋ ɤɢɲɣɰɲɰɣɰɴɋəɖɖ ʽ�ĵɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɘɜ 
ǕɋɗɘɋĎ>I&Ď Ìœ�ǉħǈ�Ǌɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɘɜ 
Ǖɋɗəɋɩɰɣ ƶśř½ɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɘɝ 
Ǖɋɗɚɋɢɱɦɳʥ(ėʯˍɩɰɣʽƘ/ůŎ̘ɘɖɗɛ̙ɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɘɞ 
Ǖɋɗɛɋ ǚq̕çǒʽİǧŒRɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɘɟ 
ǕɋɗɜɋŪÓƣǩɈ�ıɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɚɗ 
ǕɋɗɝɋićŐʼˊˌõ ʬˎʳėQŪ�ªŲɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɚɛ 
ǕɋɗɞɋɅp�°ʽėQŪ�ªŲɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɚɛ 
Ǖɋɗɟɋ ɝɟɓɗ ž«��Īʽ˺˚˶̖̐Ť@ģƵĥɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɚɞ 
Ǖ ɘɖɋɩɰɣʽƍŤŔǾȡɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɚɟ 
Ǖɋɘɗɋɩɰɣ ʽŪQŲɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɚɟ 
Ǖɋɘɘɋ ��Ū˼̖˲̅̔̀ʽŷŸŪȡʹŔǾȷJȡɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɚɟ 
Ǖɋɘəɋɵɣ´ʽƍŤţJƀȷäʽɳɰɸò?]Z�̘ǩƦ̙ɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɛɖ 
Ǖɋɘɚɋɳɰɸʹ ɤɰɘFŘQĥ̘ǩƦ+̙ɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɛɖ 
Ǖɋɘɛɋĉĝ-ʹ̊̔ˠ̐-ʽǤ.²�ʽǶê@êǢźɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɛɘ 
Ǖɋɘɜɋ̊̔ˠ̐-ʹĉĝ-ʽ�ı@êɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɛɛ 
Ǖɋɘɝɋ Đ^̕¡ǧ�ıʽƆĶ̕Þĥ̕ŒRɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɛɞ 
Ǖɋɘɞɋ ɨɤɧ ʼʣʩˍÉH̝ɢɤɤɲɦɥɪɴɦɥɋɦɯɴɪɴɪɦɳ̘ǫǧĺȬ̙ɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɜɘ 
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Ǖɋəɖɋǹ�Ǣźɋɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɔɜɜ 
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ťƠƑ 
ɋ

ŽǬ ľÃkƓ ĉĝǬkƓ 

AE Accredited Entities PO.XY

APES Authority of Partial Engineering Supply 5�F�Y

CFWH Coal Fired Water Heater ��30�F@4m\oY

GCF Green Climate Fund J[/��UY

GHG greenhouse gas 3��*agY

GWP Global Warming Potential ��83(�%Y

HOB Heat Only Boiler 30�Fm\oY

JCM Joint Crediting Mechanism ')$�[��Wcqfij


 Y

MNT Mongolian tugrik (tögrög) nrepj]dpdY

NAMEM National Agency for Meteorology and 
Environmental Monitoring of Mongolia /Q9�>M�Y

NAPCC National Action Plan on Climate Change /�����N;Y

NDA National Designated Authorities ��#�.XY

NEDO New Energy and Industrial Technology 
Development Organization. 

�DACV=1�&_kpb

ts:+!LI�V=.,Y

NSO National Statistical Office of Mongolia 
 nrep��GN�Y

ODP Ozone Depletion Potential `hr�B��%Y

PM Particulate Matter 2TE�76RY

SDGs Sustainable Development Goals 
 "H�KZV=?-Y

UB Ulaanbaatar ^orltjpY

UNEP United Nations Environment Programme �S9�N;Y

WHO World Health Organization  �<�	.,Y
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��Ū˼̖˲̅̔̀ʼˊˍŶ�ȞÝ�đãˣ˥˰̈ʽĬ�Uǯĩ 
Feasibility Survey for Environment-Friendly Ground Source Heat Pump System 

ɋ
ƢĲ&ƈĤ 

� i�Ŗ>�XlX7>ȦƝ:�ƒùś=Ŗ7�P�øƃ=ȻǸɅψ� 9 ɂ 15 Ȱ�
O 5ɂ 15ȰG78υ��G0�� i�Ŗ>�ͅ Ƒ:ˡʦΆʚUɃ*Q0J�̂ ��c£

Uˡʦ;ÔƂ(�ϳκ\� �£z�ƫϽÀ§ UBƫϾ7>�ˡʦ7ȻǸU͍36�Q�
.=0JŰɸɼɔ�ʐĉě(�ŰɸɼɔʶΉ;NQŖɷC=ßƽ͑ƍ�Ű�:ňϫ8:3

6�Q�ʷ;�Ƅɘ7>�Ȩśô=ˡʦ�Z�;NPȻǸ�͍TR�Ƅ˾=łľŎˏǧ́

=ßƽ͑ƍ�ǲǝ'RQ�G0�ˡʦʱʫ;NQ CO2=Ȏÿ�śʿʖȻě;ǋϤU©�6

�Q� 
%=N�:ʹʃ=§�� i�Ȣƺ>�ŖƎö˂Ĵ̲^��c£͟ˉ 2005-2020�ŨƉ

(0�%RUı#�ςʶΆʚ¢^��c£˛7>�ȻǸUśʰ�£z� �7͍��Z

�vz³ɠUz[�˜=r£ �{ƶ˵ŗ¢Ƅɘ¢ːώ7͍30��G1ĞĀ;śʰ�

£z� �Ǿ͎UɃ(6�:�0J�ȹĭ�ΪR6�Q� 
p����£z� �ƧɠəǃÅ˨ϽÀ§p����£z� �ƧɠϾ�Ƀ*Qśʰ

�£z� �=Ǿ͎Uƛî*Q%87�� i�Ŗ;�#QŰɸɼɔ8śʿʖȻě=ͯϫ

͝ɾ;Ɛ©7�QĴ̲ǡ��Q� 
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I.=½=^��c£;NQȻǸʹʃĭAǾ͎U˦ͭ(�śʰ�£z� �=γĹĴ̲
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ƢĲĪƺ�ƢĲèű 
� (1) ƢĲĪƺ 

� � � Ͱɗχź� 2017Ƴ 5ɂ 
      Ͱɗ̓±� 2018Ƴ 4ɂ 
 

  (2) �ĻèűļƖ 
ʾśͰɗ>�2017Ƴ 5ɂ�7ɂ¦Ȳ�7ɂ§Ȳ�9ɂ�11ɂ�2018Ƴ 1ɂ= 6ŏ͍30�

ÏɠƧ˳ɛU͐ 1;˧*� 
 

ơ 1uǯĩ ¡ƽ 2017¹ 5Ė 15ĉ�19ĉ̘4ŏ 5ĉ̙ 

ơ 2uǯĩ ¡ƽ 
2017¹ 7Ė 3ĉ�7ĉ̘4ŏ 5ĉ̙ 
7Ė 3ĉ�10ĉ̘7ŏ 8ĉ̙ 

ơ 3uǯĩ ¡ƽ 2017¹ 7Ė 24ĉ�8Ė 5ĉ̘12ŏ 13ĉ̙ 

ơ 4uǯĩ ¡ƽ 2017¹ 9Ė 25ĉ�29ĉ̘4ŏ 5ĉ̙ 

ơ 5uǯĩ ¡ƽ 2017¹ 11Ė 27ĉ�12Ė̚ĉ̘4ŏ 5ĉ̙ 

ơ 6uǯĩ ¡ƽ 2018¹ 1Ė 15ĉ�19ĉ̘4ŏ 5ĉ̙ 
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  (3) ƢĲÃÀĽĄ 
ɋ

nēķ�Ļ 
 

Ì�ǂk êÆ ä¯2 

ı�ƌưɋ Ļv�ɋ LWhj[oRcm_èĻǉĴ ɋ

ı�ìŰɋ ƢĲnƚƘǉGIPe¦ùǊɋ LWhj[oRcm_èĻǉĴ ɋ

£¸ɋ ǋĹɋ ƢĲnƚƘǉGIPeǊɋ LWhj[oRcm_èĻǉĴ ɋ

Ģ�ɋ Ǽhɋ ƚƘǉ[oRcm_Ǌɋ LWhj[oRcm_èĻǉĴ ɋ

ľĚɋ �țɋ ƚƘǉ;Wj?oƘŹǊɋ LWhj[oRcm_èĻǉĴǊɋ

ɋ

ɋ
nÕƱ{ĭ 
 

Ì�ǂk êÆ ä¯2 

�
ī� pƿɋ No]6SY8Foɋ �Ĵ ���� =obm<]KORn8UG6P7^ɋ

ĩƱ� ġɋ Çuŗ¥Ţƃ¹Ɯ�ɋ �Ĵ ���� =obm<]KORn8UG6P7^ɋ

�Ŕ� Ģƿɋ xĻƜ�ɋ �Ĵ ���� =obm<]KORn8UG6P7^ɋ

Bayambaa Oyuntuyaɋ ŝÇƢěĻɋ �Ĵ ���� =obm<]KORn8UG6P7^ɋ

Ĺç� �ƍɋ ğèĉƐƜ�ɋ ǉĴǊĹçƸňèĻĈɋ

ɋ

ɋ ɋ



ɋ ɗɋ

ŵ1Ŵ �âƤÅnÇË&ŝŚ 

1-1 âƤÅnÇË&ƹŧơǅ 

(1)  UB é&ĥć&ŝŚ 

� i�ŖƎ̙͟Ʒ=y£s;NQ8�� i�Ŗ= 2015Ƴ=¹Ĳ> 306¥ 1,000¹�
UBƫ=¹Ĳ> 134¥ 5,500¹7�¹Ĳ= 44%� UBƫ;Ϙ(6�Q�UBƫ=̣ƻ> 47
ƻ 23Ā7�˵ôϽĜ̣ 45.40ϾNPĜ;Ę̂(�ʍȃ 1,351m=Ϲś;Ę̂*Q� 
� i�>̣ƻϹřƭ;ƣ(�ŰϐǡɸÜ7�Q�ɥϹ�Ϲ!�Ϲ̣ƻ7�Q%8�

O�Īƒ�ɡ°ʲ�ɸʖ=ƳΗƩ=Ű�'�ɸÜ=ʷǙ8:36�Q�øɅ;�k��X

ƒɸő�Ű�!˓ΰ*Q�ɸͻˁŦ˗͚ƷϽNational Agency for Meteorology and 
Environmental Monitoring of MongoliaϽÀ§ NAMEMϾϾ= UBƫ=ɸʖy£sU͐ 2;˧
*�¤ˍƒ�Ȱ> 2016Ƴ 11ɂ 20Ȱ 8ȷ7�ɁËɸʖ>-31.3°C7�Q�11ɂ 19Ȱ�O
21ȰG7=ɸʖūěUŔ 3;˧*�11ɂ 20Ȱ=ɸʖ>�̓Ȱ-20	À§7�Q� 
øƃ=ȻǸɅψ>�9ɂ 15Ȱ�O 5ɂ 15ȰG78υ��� i�Ŗ>�ͺƑ:ˡʦΆ

ʚUɃ*Q0J�ȻǸ>ˡʦ;ÔƂ(6�Q� 
 

Ǖ 2ɋ UB´ʽĖBņř̘2016¹ 11Ė�2017¹ 10Ė 

ɋ  ĕ�ņř ¸�ņř ĕɉņř 
ɘɖɗɜ ¹ ɗɗ Ėɋ ɓəɗɔəɋ ɋ ɓɗəɔɝɋ ɋ ɜɔɘɋ ɋ

ɘɖɗɜ ¹ ɗɘ Ėɋ ɓɘɜɔɜɋ ɋ ɓɗɜɔɛɋ ɋ ɓɛɔɜɋ ɋ

ɘɖɗɝ ¹ ɗĖɋ ɓəɖɔɟɋ ɋ ɓɘɖɔɖɋ ɋ ɓɛɔɜɋ ɋ

ɘɖɗɝ ¹ ɘĖɋ ɓɘɛɔɗɋ ɋ ɓɗəɔɝɋ ɋ ɓɗɔɗɋ ɋ

ɘɖɗɝ ¹ əĖɋ ɓɗɛɔɟɋ ɋ ɓɚɔɘɋ ɋ ɗɘɔɝɋ ɋ

ɘɖɗɝ ¹ ɚĖɋ ɓɝɔɛɋ ɋ ɛɔɖɋ ɋ ɘɘɔɚɋ ɋ

ɘɖɗɝ ¹ ɛĖɋ ɓɛɔəɋ ɋ ɗɘɔɝɋ ɋ əɖɔɝɋ ɋ

ɘɖɗɝ ¹ ɜĖɋ ɚɔɖɋ ɋ ɗɟɔəɋ ɋ əəɔɟɋ ɋ

ɘɖɗɝ ¹ ɝĖɋ ɟɔəɋ ɋ ɘɗɔɖɋ ɋ əɛɔɘɋ ɋ

ɘɖɗɝ ¹ ɞĖɋ ɚɔɖɋ ɋ ɗɛɔɞɋ ɋ ɘɞɔɖɋ ɋ

ɘɖɗɝ ¹ ɟĖɋ ɓɛɔɞɋ ɋ ɟɔɝɋ ɋ ɘɛɔɟɋ ɋ

ɘɖɗɝ ¹ ɗɖ Ėɋ ɓɗɖɔɜɋ ɋ ɖɔɝɋ ɋ ɗɜɔɘɋ ɋ
 åǋNAMEM ē�QoM 

 
 

 
 

x 2ɋ UB´ʽĕ�ņřĉʽņřďȫ�U 
 åǋNAMEM ē�QoM 
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ěˡʱȪ;4�6>�͐ 3;˧*N�;®0Q^��c£˂˃>ˡʦ7�P�ĩʀ>
ŖCΙÿ(6�Q�� i�Ŗ>ôϐŖ7K�P�ʍŭ�Oˡʀ¢űʪamUΙî(6Ȼ

Ǹ˄ʱȪ;Ñ�%8>ʾƊ˕7>:�� 
  

Ǖ 3ɋ �ļ˗˷̐˛̖ȸƶ˺̎̔˥(2013¹)  

 (ƍōøƦX˲̔)ɋ
ɋ ƍɋŤɋ ƍɋōɋ ˚ɋ˥ɋ ]�Jɋ ŇɋJɋ ȷɋJɋ ʲʽ�ɋ jɋǢɋ

z9ŷŸɋ ɗɛɒɚɝɞɋ ɝɖɞɋ ɖɋ ɖɋ ɖɋ ɓɋ ɗɛɖɋ ɗɜɒəəɜɋ

ȋɋ5ɋ ɗɋ ɗɒɘɛəɋ ɖɋ ɖɋ ɖɋ ɗɖəɋ ɖɋ ɗɒəɛɝɋ

ȋɋ?ɋ ɓɗɘɒɚɗɛɋ ɓɝɘəɋ ɖɋ ɖɋ ɖɋ ɓɘɋ ɖɋ ɓɗəɒɗɚɖɋ

˺̔˙̖ɋ ɖɋ ɓɚɘɋ ɖɋ ɖɋ ɖɋ ɓɋ ɖɋ ɓɚɘɋ

~¾�Rɋ ɜɟɜɋ ɗɛɋ ɖɋ ɖɋ ɖɋ ɓɋ ɖɋ ɝɗɗɋ

�ļ#ƶɋ əɒɝɜɖɋ ɗɒɘɗɗɋ ɖɋ ɖɋ ɖɋ ɗɖɗɋ ɗɛɖɋ ɛɒɘɘɘɋ
 åǋIEA, “Energy Balances of Non-OECD Countries 2015”  

   
� i�Ŗ>�Ĝι;>ρ“ɧɒƭ�Ƹ�P�.R�ųι7͂ĩě(�Ģι7ˢʟě

*Q�ŖŘ=̍ 8ĎUĤJQ͂ĩ>ʵ͂ś8(6Ñ˄'R6�Q�ɸÜūĘ=ǋϤ;NP�
%= 60Ƴ7ƳψƲŜɸʖ>ȝɶ 2.14ƻ¦ȳ(�όɹοK 7%ʕƝ(�ɺ¯ûŘ=ʜ͝;N
Pρ“ɧɒƭ�ʕƝ�ˢʟě;NQ͂ĩ=ʕƝ�8��ͯϫUɃ(6�Q�%�(0%8

�O�ρ“ɧɒ=Ø>Ō̝=ͯϫ7�P�%RUÄȐ(6ȻǸ˄ʱȪ;Ñ�%8>ʾƊ

˕7>:�� 
Ǔ36�øƃ=ȻǸ>�ˡʦʱȪ;Ű�!ÔƂ(6�Q�UB ƫ=ȻǸ>�͐ 4 ;˧*

N�;�3`ǹ=ʡĐ˓ϝǹ�O=ʰɹ;NQϘȻǸ�̍ 200ĵÀ¦=ÿĐ 100kwÀ¦
=ʖɹÓ̘�Z�ͣáϽÀ§ HOB : Heat Only BoilerϾ8 1,000ĵÀ¦=ÿĐ 100kWɇʙ=
ƜŞʖɹÓ̘ˡʦ�Z�ϽÀ§ CFWHЂCoal Fired Water HeaterϾ;NQȻǸ�g�śĝ;
ƠÌ*Q 13¥ªƭÀ¦=ƎƼ= 20¥�O 30¥Ú;ĭBˡʦmz£�7�Q� 

 
Ǖ 4ɋ UB´ʽđãˣ˥˰̈ 

đã¨ǵɋ đãćÃɋ

ȝ´6�ɋ
uØ 
ĥć

Ğð 

ȳ�đãćÃɋ
ə ˙äʽţJƀȷäʤˋʽřŇʼˊˍȳ

�đãɋ

˽̐ʛ�Īʛw�ʛ«ǝķ�Vɋ
@ā�đãćÃɋ

Ʈ ɘɖɖ ˙äʽ ɩɰɣʼˊˍřŇđãɋ

�ıäƢ«ǝķ˽̐ɋ ɤɧɷɩ ʼˊˍřŇđãɋ

˞̐�Vʽ�áÂʷ�ɋ )BđãćÃɋ ƍŤ˥˲̖˿ɋ

   
(2)  ÖŃŅİ%/1Åł&�ïƒà 

UBƫ7ȻǸ;Ñ˄'R6�Qˡʦ>�ɹĀ8ʣĀ=ĽɃο�Ů�%8;Ē�6�HOB�
CFWH�ˡʦmz£�;Ϙ)V ̨�:�0J�ʱʫȷ;ʭʬ=Ȏÿο�Ů��ƫŠ>˖
ś=���øƃ>¦˺7ǉǳ'RQŰɸΔƤ;N36KȈȥ�ʝˋ*Q0J�ˡʦʱʫ

;NQʌά̊ſʹʶΉϽÀ§ PM:Particulate MatterϾ�SOx�NOx�CO;NQŰɸɼɔ�”
(��͐ 5;˧*N�;ˡʦʱʫ;NP%RO=ŰɸɼɔʶΉ�Ȏɸ'R�G0�ȻǸȮ
ͣ=ˡʦ=ʫĨʣKϱȥ(�̫ ; 11ɂЅ2ɂϥ;�#6>�ĸ˶ɼɔʶΉ=ʠƻ�Ϲ�ʹ
ǯ8:Q�ªˊØßɨωϽWHOϾŰɸy£s�£m= 2016Ƴʴ7>�UBƫ=Űɸɼɔ=
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4.1.5 UBƫ=Űɸɼɔċʕ 
 4.1.5.1 ƫô=tmz�ʬ�ʭ�ƾɝʶ=ċʕ�ɧɆ�̿˂:9=ðŗ¢̟śU 1¹ǈ

0P 20m2G7ŧĒ',Q� 
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ϽHOBϾ�G0>g�śĝ;�#Q˂=ˡʦĆ˄Uɲϓ˕;Ĉύ(�ʩʬ=ʱ

2.7 モンゴル 
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（2）石炭政策 
♦ モンゴル政府の基本的な石炭政策は、① 国内エネルギーの供給源として位置付け、既

存炭鉱の整備と拡大を行うこと、② 外貨獲得のために輸出に適した新規炭鉱の探鉱・

開発を行うことである。 
♦ 石炭利用の面では、経済発展に伴い拡大する石油製品の代替エネルギーとして、また

石炭を中心とした化学コンビナートの形成に対する期待も大きく、液化、ガス化、コ

ークス製造など石炭利用技術の開発、普及に積極的に取り組んでいる。さらに、山元

石炭火力による電力の輸出も視野に入れている。 
♦ なお、後述の 2014 年 2 月の情報のように、今後 20 年間で 10 億トンの石炭を中国に

輸出することを合意した。 
 
（3）環境政策 
♦ 環境保全、自然資源の保護や生態系バランス維持の措置を有し、地質構造を破壊せず、

地形を回復することなどを強調した環境政策を掲げて、環境と調和の取れたエネルギ

ー開発・生産を図っている。 
♦ モンゴルでは、市場経済化に伴う経済活動の変化、都市への人口集中、地球温暖化に

伴う雨量の減少などにより、森林消失、砂漠化、水資源、生物多様性の減少、都市部

の大気汚染、廃棄物処理が大きな課題となっている。 
 
（4）一次エネルギー消費量

（石油換算千トン）

2000 2005 2010 2011 2012 2013
年平均
伸び率
'00-'13

年平均
伸び率
'10-'13

2005年の
シェア

2013年の
シェア

石　炭 1,817 1,918 2,459 2,401 3,383 3,759 5.73% 15.20% 73.9% 72.0%

石　油 434 560 829 1,029 1,162 1,211 8.21% 13.47% 21.6% 23.2%

ガ　ス 0 0 0 0 0 0 0.00% 0.00% 0.0% 0.0%

原子力 0 0 0 0 0 0 0.00% 0.00% 0.0% 0.0%

水　力 0 0 0 0 0 0 0.00% 0.00% 0.0% 0.0%

その他 113 116 167 167 173 251 6.33% 14.55% 4.5% 4.8%

合　計 2,364 2,595 3,454 3,597 4,717 5,222 6.29% 14.77% 100.0% 100.0%  

出所：IEA, “Energy Balances of Non-OECD Countries 2015” 
 
（5）一人当たりエネルギー消費量 

2000 2005 2010 2011 2012 2013*

一次エネルギー消費量

（石油換算百万トン）
2.36 2.60 3.45 3.60 4.72 5.22

人口（百万人） 2.4 2.5 2.8 2.8 2.8 2.8

一人当たりエネルギー消費

（石油換算トン／人） 0.983 1.040 1.232 1.286 1.686 1.864
 

出所：IEA, “Energy Balances of Non-OECD Countries 2015” 
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� i�=e�£ χ˓ɣǫ>�̸ʪΆʚ8˂ǯ̌ÕÝUū��̇̍(�¹ψ=ƴˬƻ

UϹJ�ͿŒUċʕ*Q%8;N36�ʾŚ=χ˓ĘļUū��˨Å˕;Ěȉ˕7ʖƌė

ɓamËʕ8�ƾɝʶUċʕ*Qχ˓�y�;˲͍(�e�£��:h�vz� zUȟ

Ȋ*QK=7�Q�e�£ χ˓Ȣ̃=˙˕>�Ȋ̛Ĵ̲:χ˓=0J=ɎÁUɣ̈(0

êΩŖ8:QN�� i��Ωě(�e�£ χ˓h o�z;š5�6�υɅ˕;>Ĭ

Ē˕ĭAĚȉ˕:̕ʓǳυ;N36ǤǦUı#Qƚɏ=ª¿;ı#̚�RQN�;*Q

%8�8(6�Q� 

ɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋ
2 https://www.pressreader.com/mongolia/the-ub-post/20170322/281513635974404 
3 http://montsame.mn/en/read/12070 



ɋ ɞɋ

e�£ χ˓ǳυ�y�C=˲͍>�˂ǯ̌�� m=ØïU×Ω*Q0J=Ïɠ8j

£�m=ȈŰ;NP�űʪΆʚ=ǤǦ8Ĺˀ˕:Ć˄�˂˃ǡļ¦�e�£ ȁΆ�e�

£ Ͱΰ=ͧÕ:9=�`}n�UÑ˄*Q%8;N36Øͦ'RQˁŦ;λǱ(0˂

˃¢j£�m=̰ǳ�e�£ ˂ʈɤǃ=ȒΩ;İP̔V7�Q� 
e�£ χ˓C=˲͍UɾƉ*Q0J=ν͗:ȋɥ;>�űʪΆʚĆ˄ėʼ��jZd

�ɹʛ�e�£ ϙ˄8e�£ Ͱΰ=ĎĹ�^��c£�ɹ�ʖƌėɓamȎÿο��

NAͽ¢j£�m=˂ǯ̌�vz�� z8˂˃ģÊ=Ëʕ�Ǜ͗7�Q� 
ɋ
(1)  AiomƹŧĽā%��1ũľ 

e�£ χ˓ɣǫ7>�À§ 64=òÍ˕:˙ɥUȔ$6�Q� 
 
ǵˌ˙ɥ 1ЂűʪΆʚ=ėʼ˕:Ñ˄�ʖƌėɓamȎÿο=Ëʕ�ƾɝʶ˓˂ο=ċ

ʕ:9�Ȋ̛Ĵ̲:ʎ΄8˂˃=�s£ U×Ω*Q� 
ǵˌ˙ɥ 2ЂˁŦØƂ8ǖ̺ʈĘUǇě(�ˁŦɼɔ8ēěUΖʕ*Q%8;NP�˂

ǯ̌=έț̲ĐU̜Ȋ*Q� 
ǵˌ˙ɥ 3Ђe�£ ̕ʓUȟș*Q0J=Άπ�˴π�͌Ά:9=Z o xY�U

ƛî*Q%8;NP�̸ʪΆɉ�¹˕χ˓�d�£ xd��l£C=ȁΆUȈ

Ű*Q� 
ǵˌ˙ɥ 4ЂͿŒUċʕ(�e�£ :̮ɠU×Ω*Q%8;N36�e�£ :˂ʈ

U͍�N�;*Q� 
ǵˌ˙ɥ 5ЂȤ̰�˰ƄǾ͎�e�£ χ˓=͞ž8:P�̸ʪ8ͰŃ(0ȩě˕ÕÝ

͜8˂͟Ṵ6QN�;ŷĖ*Q� 
ǵˌ˙ɥ 6ЂűʪΆʚ=Ć˄Ĵ̲ǡ8śŠ=ǖèĐU̫Ǳ(44�ɸÜūĘ;ǜ)0¹

ĲϘ͟ͅˉŨƉ(�ƊȮ*Q� 
 
.R/R=˙ɥ;Ɩ*QòÍ˕:ȓ̨¢Ȯ̃UÀ§;G8JQ� 

ɋ
àŽƆĶ ɗɋ • ɘɖəɖ ¹˄ʸʼ˗˷̐˛̖QŲː ɘɖ̗l�ʬʱʛ:ŷdǅ˗˷̐˛̖ʽˣ˖˒ː

ɘɖɘɖ ¹˄ʸʼʾ ɘɖ̗ʛɘɖəɖ ¹˄ʸʼʾ əɖ̗ʼʻˍˊʡʼʭʛ˗˷̐˛̖Ȝȩʽ

ř¢Qĥ˚˥ò?ːFŘʯˍʜʫˎʾʛ˗˷̐˛̖ŷŸʣˊˀʲʽ�ʽŸıç

ǒʽĒĆʛȖ½ʽŔǾʣˊˀ�Ȏú�ʽFŘʛʣˊˀ%īÿƤʽĕșUʼˊʴ

ʷȘÞʬˎˍʜɋ

• ˗˷̐˛̖QŲʽǊʠ2Ȕçǒʛ˝̖̏̔˽̐Ǩ%ˣ˥˰̈ʛ˗˷̐˛̖Ƅĩʛ
˔̔˧̔˰˓˿̉˙˵˦̈ʽª5ʻʺʽ˝̖̏̔˩̖̏̌ˣ̍̔ːª5ʯˍʫʹʸŪ

#ƶȡː ɘɖɘɖ ¹˄ʸʼ ɘɖ̗ʛɘɖəɖ ¹˄ʸʼ ɚɖ̗FŘʯˍʜɋ

• zȱ�ŞʼŞìʭʳŶ��Şʹǝƨːª5ʭʛŶ�˒˧˥̉̔˲ʽƵĥʹqȁː
ɉˇʛƠJʹŷŸÖːl�ʬʱˍʜɋ

• ȌıðǇʽ'Ȕʛ˝̖̏̔çǒʼ�ʶʧȋ?ÒlʽŸıK²˜̎˥˫̖ʽȪƀː
Ȑʮʷʛ̑ˢ̖ʛ˕̖̐ʛ˙ˣ̇˒ʻʺʽ]ĞąʽK²ː ɘɖɘɖ ¹˄ʸʼ ɜɖ̗ʛ

ɘɖəɖ ¹˄ʸʼ ɞɖ̗ʼɉˇˍʜɋ

• |�(6ʽʳˇʽȌŐçǒʽª5ˉŢşçǒʽQŲƂʻª5ʛĮĤ�µʽƐ
ƞʻʺʼˊˌʛ�ŭŷŸʼˊˍ|�LUʽŘ¬ʹ|�ǃŌ½ʽýsʼˊˍ«Ɋʛ

ˤ̋˚˔̊ʛȠǍʽz9ȸǜʽ#ƶːýsʯˍʜɋ

• ȌŸŭʽ#ƶ˭˖̖̔ʹ˷ˮ˲̖̓˜ːýsʭʛȌŸŭʽʳˇʽŶ�ʼ0ʭʠǻ
ǏʹTǘçǒʽª5ːüùʯˍʜɋ

• Ŷ�ʹǔŷʽǜ�ːŜʳʯ˗˟˯̖̏˦̈ǚqʹˡ̖˽˥ːª5ʯˍʜɋ
• ȀŝʽėQCŹʹ�Áĭŭçǒː�ŧȀŝ@Ƞʼ'Ȕʯˍʜɋ
• ȤıŒRʼȃvʯˍ�ȫʽ,ÀʹŶ�ˁʽØÈȽːʛȏċÖʹǺ�ʟˍȤıÜ
Ǒʛ˘˾˧ˮ˲̉˙˵˦̈ʽª5ʽėQÖːýsʭʛŶ�(ǴʹÏǇŒRːýs

ʯˍʫʹʼˊʴʷȭĽʯˍʜɋ



ɋ ɟɋ

• ÜǁƂʛȹÌġƂʻƍōóĩʹȤıʼʣʩˍzȱ�Şʽª5ʛʣˊˀȾƾʻ̊
˵˫̏̔˝ʹǨ%ːȐʮʷŊħːȭĽʯˍʜɋ

• ȤıȜȩʽ`5ːŹʠʷ˩˿̏̔̕˕˖̐˥̕˾ˑ̔˳ːI?ʭʛȨęƂʻîƸdǅ
ʻȪƀːƐ(ʯˍʳˇʼŒŹʯˍʜɋ

• ǆŧʛ�ȫʽ,Àʛŷŭ�ĵÖʼØÈȽː^˃ʯʫʹʻʧʛŶ�ʼȞÝʭʳ˔̔˾
̎˥˲̎˜˭̖̋ʹȋȎ˷ˮ˲̖̓˜ːĴƩʯˍʜɋ

àŽƆĶ ɘɋ • ŕŇ�Ǐȡʽ¬ʻʧʹˈ ɜɖ̗ː(Ǵʭʛ(Ǵ��ː ɘɖɘɖ ¹˄ʸʼ ɘɛ̗ʛɘɖəɖ ¹
˄ʸʼ əɖ̗˄ʸí�ʭʛ(ǴʽʳˇʽîƸdǅʻȀȢǯȘʽ�Ƴ˅ː�ˌ?ʯ

ʫʹʼˊʴʷʛŷÛƭʽîƸdǅÖːƹîʯˍʜɋ

• ˗˟˯̖̏˦̈ʹ�ƷƂʻżŸıːƀ®ʬʱʛzƞ7{ˉǆŧȚŸʛĄUȚŸː
Ȥ±ˉŸıŒRʼȮ ʯˍʫʹʼˊʴʷʛ˝̖̏̔Ȫƀ��ʽ]�ːõȔʯˍʜɋ

• ņ*�RʼșÓʯˍʳˇʽz¥ǅJːÅUʭʛņ*�RʽØÈȽːȉŘʯˍʜɋ
• ŷŭ�ĵÖːƹîʭʛŷ×�ːƹîʯˍŦʼW@ʻȀŝː#ƶʯˍȚ���Ȣ
ː�ˌʛŷŭ�ĵÖʽú�ːŘˋʯʜɋ

• Ț�ȀŝʼȬʯˍÙ�ʽCŹʛǨ%ʛƁȧʽʳˇʽșAʻŐƂŶ�ʽI?ʛ�
ƷƂƋǲʽŒŹːȐʮʷʛCƃː@êʯˍʳˇʽĠ�ː�ˌ?ʯʜɋ

• Ț��Ƴ˅øʢŷŭʼȬȓʯˍ̏˥˜ːǨ%ʯˍÈȽJːÅUʯˍʫʹʼˊˌʛ
Ț��Ƴ˅øʢŷŭʽȋ5ʹǿČːDȮʭʛ�ȫʽ,ÀʹŶ�ʼ¨ʯˍȚ��

Ƴ˅øʢŷŭʽÈȽːȭĽʯˍʜɋ

• ɘɖəɖ ¹˄ʸʼʛįĤŒRːÅUʭʛĮĤȺƙːz|ʽ ɟ̗ʼí�ʯˍʫʹʼˊ
ˌʛř¢Qĥ˚˥ʽĮĤn`ːÅUʯˍʜɋ

• ĮĤʛȹĚĞȀŝʛRįŭʽ(ǴʹîƸdǅʻCŹʼʣʩˍ˟̇̌˵˰˓̖́˥
ʽ�ŧȀŝƧŵʽª5ʼˊˌʛîƸdǅʻȀȢǯȘˣ˥˰̈ːĴƩʯˍʜɋ

• �cʽ¬ʻʧʹˈ ɟɖ̗ʼ�6ʻɄąŇː÷#ʭʛƶŇʣˊˀ�Ňˣ˥˰̈ʹŷŸ
Öːl�ʬʱˍʫʹʸʛ�Ņʽ ɜɖ̗ʼýsʬˎʳǔŷĈǤː÷#ʯˍʜɋ

• ²ıŹʼ��Ňʽ!ŹːDȮʯˍʫʹʼˊˌʛÁŇʽ̏ˡ˔˜̐ʛ:CŹʛ:>
ŵʽçǒːǥ¦̑́̐˄ʸª5ʯˍʫʹː'Ȕʯˍʜɋ

• ��ŇȀŝʽí�ʹuÏʽʳˇʽ¡ɈʹƏƛŒRː'Ȕʭʛ�ǕŇʽǎƙʹC
Źʽʳˇʽ̀̒ˤ˖˜˲ːõȔʭʛȶŇ`ƚʽCŹː'Ȕʯˍʜɋ

• ÕȑʻƴŗÞȨʹņ*�Rʽď�ʼʣʩˍ�ȫʽŶ�ˁʽÈȽːĕ«Ȯʼè
ʢˍʳˇʼʛƎŠUʛ|�LUʛ·ʿʵʽÈȽːŘˋʯʜɋ

• LUʛŊħʛþĭʬˎʳ|�ʽ¬ʻʧʹˈ ɝɖ̗ːŸıŒRʤˋu`ʭʛſʻˍƴ
ŗƆƂʸ:CŹʯˍʳˇʽNJː'Ȕʯˍʜɋ

• �ŧȀŝʽĕșCŹʽʳˇʽéȀ̏˫̖̔ʽl�ʹǝD̉˙˵˦̈ʽýsːǑ
ʡʜɋ

àŽƆĶ əɋ • ˝̖̏̔ȪƀʽʳˇʼŃ¹ɨɥɱʽ ɘ̗ːȞ@ʯˍʫʹʼˊˌʛȀŝʽCŹQŲʹ
ŷŸÖʽQŲː�ʪˍʳˇʽéȀː�ˉʭʛŷŸZ�ʟʳˌʽř¢Qĥ˚˥ò

?ːFŘʯˍʜɋ

• �ŧȀŝʽCŹʹüùʽŷŸÖːl�ʬʱʛŶ�ʼ0ʭʠŔǾʹŷŸǁÜː�
ˌ?ʯƴŗƂ˔̔˧̔˰˓˿ːI?ʯˍʜɋ

• ĮĤŇʽ©ʮȍˇʛŤưn`ʛŉš]ʽŇu`ʹ>ŵʛŶ�(ǴʹÏĊʻʺʽ
ŷÛƭˡ̖˽˥ʽCƃːǨ%ʭüùʯˍʫʹʸʛǆŧ(Ǵʹ�ŧȀŝ̏˹˽̏˰

̖ˣ̍̔ˁʽéȀː ɘɖ̗�Kʯˍʜɋ

• Ŷ�ʼė¤ʻǷˉˡ̖˽˥ʽŷŸʹȋ5ːŘˋʯʳˇʽ˝̖̏̔ƖDːƐƞʯ
ˍʜɋ

• zȱǿČY ˉ�Ʈʼ˝̖̏̔Ȫƀ]Eː_Ďʬʱˍʫʹʼˊˌʛ�Ťưʹ˗˷
̐˛̖QŲʽɉʠçǒʽaÄː'Ȕʯˍʜɋ

• Ŷ�ǯpʽʹˎʳQĥƂʤʵȀŝQŲʽɉʠrqʛ�ıʣˊˀˡ̖˽˥ʽȂ5
ːʛ78ǯȘ6�ʽ ɘɖ̗˄ʸ�Kʬʯˍʜɋ

• ƴŗ	�ʹƳƿʽ�ıʽƑ�ƂǺ�ːÅUʭʛȥǑˣ˥˰̈ʼʣʠʷŶ�ʼ0
ʭʧîƸdǅʻȀȢǯȘˣ˥˰̈ːI?ʯˍʜɋ



ɋ ɗɖɋ

• ˝̖̏̔ȪƀïĶːz¥�Ǣˣ˥˰̈ʼƳ˅ȍˆʫʹʼˊʴʷʛƑ�ƴŗȪƀʼ
ʣʩˍŶ�Ǹűʽˣ˖˒ːƙƦʯˍʜɋ

àŽƆĶ ɚɋ • �Ņ˻̖˲˴̖ˣˮ̀ːȐʮʷňƸƂʻȴŹː�ˉʯʫʹʼˊʴʷʛCŹdǅʻP
/Jʽ¬ʻʧʹˈ ɞɖ̗ʽȴŹĺ�ːI?ʯˍʜɋ

• ƠJʽʟˍ̀̒˾˖ˮˣ̍˴̐ʻP/JːI?ʭʛłzʸCŹdǅʻzȱƂʼ
ȀīʽʟˍĀǄːbʩʛP/ŷŸÖːl�ʬʱˍʜɋ

• Ƒ�Ƃ(Ǵ°ˁʽéȀː'ȔʯˍʫʹʛʣˊˀǛĂʽ`5ŝː'Ȕʯˍʫʹʼˊ
ˌʛĆǇ�ŸȰƯːÅUʯˍʜɋ

• ŷŸʽʳˇʽɃƬʽ#ƶʹCŹdǅÖʽl�ʼˊˌʛ,ÀƂʻŷŒʼÑǜʻƑ
�ˡ̖˽˥ˁʽ¸Ƣʻ˒˜˧˥ʹʛɃq�6ːƐ(ʯˍʜɋ

• Ŷ�ʹ�ŧȀŝʼ$�ʯˍ)�ʽŷǢːl�ʬʱˍʳˇʽ̀̒˝̎̈ˉ̀̒ˤ˖
˜˲ː¡Ĉʯˍʫʹʼˊˌʛņ*�RʽØÈȽː4ĘʯˍJːÅUʯˍʜɋ

• Ŭǌ�ʽLUˉŬǌʽǗ¤ːȭʨʳˇʼ¥żʽƾŁʽȭĽʼǸűʯˍüùǂ
ʽʳˇʽŷÛƭˡ̖˽˥ʽüæʠˉʛŇŝˉŚŇʽƹîʻʺʽ˔̔˧̔˰˓˿ʽ

I?ʹ'ȔːǑʡʜɋ

àŽƆĶ ɛɋ • ȀŝQŲƂʤʵQĥƂʻŔǾĄUʛŶ�ʼ0ʭʠŷŒĵÃʛŶ�ːîƸdǅʻ
ƀ®ĀǄʽ�ƷƂʻɂǁːª5ʯˍʜɋ

• ƴŗ	�ʽŶ�Ƨŵ�Şʝɮɯɳɋɪɳɰɗɚɖɖɖʞʽª5ː'ȔʭʛǚqʽQŲƂʻŷ
ŸʹŔǾʽ́˥˲̀̎˜˰˓˥ːƐƞʯˍʜɋ

• Ȥıˉ	ǜʻȪƀ̀̒ˤ˖˜˲ː¡ĈʯˍGʼʛŶ�ˉŀfƂ˄ʳʾĄUƂȟǜ
Öʽʟˍ�äˁʽ̏˥˜ːǨ%ʭʛȟǜʻ�äː(Ǵʯˍʳˇʽ�ȭöǀːƐ¡

ʼǱʰˍʜɋ

• ƒ�çǒƏƛʹ¡Ɉʽ ɨɥɱü?ʽHjː ɘɖɘɖ¹˄ʸʼ ɘ̗ʛɘɖəɖ ¹˄ʸʼ
ə̗�ˉʭʛ˝̖̏̔Ȫƀʽǡ�ʹʭʷ!Źʯˍʫʹʸʛ˝̖̏̔Ȫƀːüùʭʛ˜

̖̏̔˰˜˸̒ˤ̖ʹ˔˸̖́ˣ̍̔ʽƀ®ː�Oʯˍʜɋ

• ŸıȻĆʛ˺˔˘˰˜˸̒ˤ̖ʛ˴˸çǒʽșŹʛȈøʛƔȈʽʳˇʼʛƒ�w�
ʹŸıŻʹʽYJːí�ʯˍʫʹʼˊˌʛŮ ʽqȁʹŰ[ĸːˈʴʳ˝̖̏̔ǚ

qʽǚȒː�ˉʯʜɋ

àŽƆĶ ɜɋ • �cʥȳ�ʯˍʽːȭʨʳˇʼʛŶ�ʹņ*ʽRlʼ¨ÓʭʳǆƶǆȄʽʝ˝̏
̖̔ʞʹʝ˥̖̆˲ʻʞȝ´ʹğːȪƀʯˍʫʹʼˊˌʛ�1�ŅʽÔșʻŷŒʹP

/Ġ�ː÷#ʯˍʜɋ ɋ

• ȝ´ʽ|�CŹʛÂǤ˪̖˵̔˝ʛ˔̔˾̎˥˲̎˜˭̖̋ʽ̀̒˽ˤ̍˵̔˝ʽʳ
ˇʽýsʬˎʳǢźː¡Ĉʭʛʲʽ¡ĈʽǭċǺ�ʽʳˇʽŐƂŶ�ːI?ʯ

ˍʫʹʼˊˌʛ�ņʛŇʣˊˀ|�ʽŊħːFŘʯˍʜɋ

• ɋ ɵɣ ´ʻʺʽȝ´Ȝă.�Vʽ:Ȫƀʼˊˌʛȝ´Ȝʽƻ�[ėŲː ɘɖɘɖ ¹
˄ʸʼ ɗɛ̗ʛɘɖəɖ ¹˄ʸʼ əɖ̗�Kʯˍʜɋ

• QŲƂʻçǒʽĐ^ʛƋǲʽ÷#ʛ,ÀƂʻǁÜˉŷŒʽƐ(ʛÁĭŭʽ̏ˡ
˔˜̐ʹ>ŵʽ�Kʛ�K%+ǚqʽŷŸʽ'ȔːȐʮʳșAʻÁĭŭƧŵʽ

ýsʼˊˌʛɘɖɘɖ¹˄ʸʼ�ˇƞʷʽyÇÁĭŭː ɘɖ̗ʛɘɖəɖ ¹˄ʸʼ ɚɖ̗ɋ

FŘʯˍʜɋ

• Ŷ�ʼȞÝʭʳșAʸ�6ʻ78�ȐĺȬːȪƀʭʛÔșʻ
ȇŶ�ː�ˍʜɋ
• ĿǑǂʽȇȗʛƻ�ʛǆȈȇ̖̑̔ʛɇȇ�ʽǢźʹĴÞʽýsʼˊˌʛĿǑǂ
ˉˡ˔˜̏˥˲ʥCŹʸʦˍ˥̖̂˥ːºʪˍʜɋ
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� i�Ȣƺ>�̂ ��c£ʚ= 95ϼΞ!Uˡʦ;ÔƂ*QǓɏ=^��c£ʚUȠŊ
*Q%8U˙ɥ;�ŖƎö˂Ĵ̲^��c£͟ˉ 2005-2020ŨƉ(�2020ƳG7;ö˂
^��c£=Ć˄U 20�25%8*Q8˓͐(0�^��c£˛>�ȻǸUśʰ�£z�
 �7͍��Z�vz³ɠUz[�˜=r£ �{ƶ˵ŗ¢Ƅɘ¢ːώ7͍30��ś

ʰ�£z� �Ǿ͎êΩŖ�O=Ǿ͎˲Δ�͍TR:�GG³ɠU͍30�1-4 Ϧ;͢Θ
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*QN�:ňϫ�˓˂(�ȹĭ�ΪR6�Q� 
 
ö˂Ĵ̲^��c£>�Ȣƺ͍Ę͟ˉ�śŠχ˓ɣǫ�Ȋ̛Ĵ̲:χ˓ǵˌ:9=Ȣ̃

ȩȿ;˧'R6�Q^��c£ιφ=Ɂçê³Ϧ= 148:36�Q�%RO=ȩȿ7>�
Å> 2007Ƴ 1ɂ 11Ȱ;�ö˂Ĵ̲^��c£ʅ�Uǽͭ(�ɁȬ=Ƞɮ> 2015Ƴ 6ɂ
19Ȱ;͍TR6�Q� 
ΡϝÅ˨>�ö˂Ĵ̲^��c£ϝʚUȑ̛(�.=ϝĐUö˂Ĵ̲^��c£ʅ̀ 11

Ɏ;ƉJQȪπ7Ίî*Q%8;:36�Q�ö˂Ĵ̲^��c£ϝʚ=ΊîÕɚ>�ö

˂Ĵ̲^��c£ʅ7ɪ=N�;ͣƉ'R6�Q� 
ɋ

Ǖ 7 :ŷdǅ˗˷̐˛̖ȷJʽǽa%ī 

ȷŝƗBɋ ˝̏ˮ˳ôƸɋ ˝̏ˮ˳ȹôƸ̘˘˾˝̏ˮ˳̙ɋ

�ȯ3ɋ ɖɔɗɛɓɖɔɗɞɵɳɥɋ ɖɔɘɓɖɔəɵɳɥɋ

ɂJɋ ɖɔɖɞɓɖɔɖɟɛɵɳɥɋ ɖɔɗɖɓɖɔɗɛɵɳɥɋ

ŇJɋ ɖɓɛɖɖɖʅɷɋ

ɖɔɖɚɛɓɖɔɖɜɵɳɥɋ

ɖɓɛɖɖʅɷɋ

ɖɔɖɞɓɖɔɗɖɵɳɥɋ

ɛɖɗɓɘɖɖɖʅɷɋ

ɖɔɖɛɓɖɔɖɜɵɳɥɋ

ɘɖɖɗɓɛɖɖɖʅɷɋ

ɖɔɖɚɛɓɖɔɖɛɖɵɳɥɋ
 �ǋRenewable Energy in Mongolia, Ministry of Energy, 2017 
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G0Å>�2015 Ƴ;ɾ̀ 63 ķ;N36Ȣƺ=^��c£Ȣ̃ȩȿUǽͭ(0�.

= 3.2.6.2Ϧ;NR?�ö˂Ĵ̲^��c£;NQ˓ϝ=k]X> 2023Ƴ; 20ϼ�2030Ƴ
;> 30ϼ8:Q%8�˧'R6�Q�2017 Ƴ=¦ĠɅ;�ö˂Ĵ̲^��c£=̨ͣƏ
ο> 140MW;ΰ(�*:T2�ïͣáƏο= 8ϼ;ΰ(0� 2016Ƴ;>�*D6=˓ϝ
ο= 3.35ϼ�ö˂Ĵ̲^��c£ʚ;NQK=8:36�Q� 
� i�Ȣƺ>˴çΫ;4�6KȢ̃Uǻ2ÿ(6�P�2015Ƴ 12ɂ 18Ȱ�� i�

Å�ω˴Έͯ�ω˴˴ʅ�¾ĒÕÝ˴ʅ;4�6�ö˂Ĵ̲^��c£ͣá=˴πUì

Ϗ*QɾƉU͍30�G0�2016Ƴ;� i�Ȣƺ>�˴ĈìϏ=0J= 100˶Ϯ=Ųϒ
ë�ϰĐ�ɹĐ��Z_�m�śʰ^��c£ɨŎ=�mzUǽͭ(6�QϽȢƺɾ

No.198Ͼ� 
ɋ
1-2-4 � UB é&ĚŸ 

G0�UBƫ= Ulaanbaatar 2020 Master Plan and Development Approach for 2030ϽUBƫ�
ms£�� Ͼ= 64=χ˓X��£u=¤ˍ˙;��ɸÜūĘ;Ǉ��Ƈï7�ßï7�
̟=κƫ�U�$6�Q�UBƫ�ms£�� 7>�Ŕ 8 ;˧*N�; UBƫU 4 r£
 ;ĝĀ(�śŠ&8;ϘȻǸ8 HOB;NPȻǸU͍�͟ˉ7�Q� 

GREEN DEVELOPMENT STRATEGIC ACTION PLAN FOR ULAANBAATAR 2020ϽUBƫ
̟=κƫχ˓ 2020Ͼ7�̟=κƫ= 74=i£�=�2�Ё4>ŰɸɼɔƖ̃7�P�Ё
4>ɸÜūĘƖ̃7�Q� 

2017Ƴ 12ɂ 4Ȱ;�UBƫ= 2018Ƴƻ=²̅�Ǽú'R0�Ȭ0;� 58.1.14. ˁŦØ
ï¢ŏǖ�²̅�ͣ#OR�.==�ʩʬ\� �£z���e���;ŰɸɼɔUċ

ʕ*Q��l]dzLƖ̃=ƊȮU͍� 38åze�e=²̅��Q�UBƫ>�.=�
O 3.8 åze�eϽ̍ 1,700 ¥õϾUȹĭƊͦ³ɠ=¾ƭÏɠ΄8(6ȟÿ*Q%8Uɾ
Ɖ(0�'O;�¨ΏU UB ƫυ=²áπ�Oȟÿ*Q%8UɾƉ(0�UB ƫ=ͼȆπ
;4�6>�ʾŚ UBƫ7ͼȆπ=˸̅ÏɠU͍36�Q� 

HOB;NQȻǸ�Ośʰ�£z� �;NQȻǸC=āPɀ�>�UBƫ=Ȣ̃;Ĺ
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̹(6�Q�UBƫȢƺ8ΨȜ(�Ŕ 8= Zone2�Zone3�Zone4=śŠ;śʰ�£z�
 �=ȹĭUŔ36��0�8̫�6�Q� 
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1-3 òƞƹŧơǅ%ƻƬ�1ą�ÅÅ¤ƹŧ±©Ğƶ 

Ǵ�Ŗ=� i�Ŗ;Ɩ*QșĔ=šɉȭρϽŰ˙ɥϾ>��Ȋ̛Ĵ̲:̕ʓǳυU℃

)0ͿŒċʕC≠ĔĕĐUȟș�7�νʧĀξϽ˙ɥϾ=¤48(6\� �£z�

κƫɨ̲ǇěU�$�ʾŚ� i�ȢƺĭA UBƫ>�%RG7=Ǵ�Ŗ;NQȟșUš
; 2030 ƳU˙ɥƳɪ8*Q\� �£z�ƫκƫ͟ˉ�ms£�� =ʅĈě;İP̔
V7�Q��ms£�� =Ɗʾ;NQκƫɨ̲=̜Ȋ¢Ǉě=0J�� i�ωÖɨω

=κƫ͟ˉ̆ˀ;ω*Q̲Đļ¦88K;�Ǵ�Ŗ=˟͘ĭAǾ͎Uʈ˄(0Z ��ȧ

áUȟș*Q��8(6�Q� 
ɉ³ɠ>�Űɸɼɔňϫ8ɸÜūĘňϫ;;ʻ(6�¦Π(0 UBƫ=�ms£�� 

;ʂ36�Q%8�O�Ǵ�Ŗ=șĔȭρ8Ĺ̹*Q� 
ŖΨ�ƉJ0Ȭ0:˙ɥ�Ȋ̛Ĵ̲:χ˓˙ɥ�ϽSDGsϾ7>�174=˙ɥ�ƉJOR

6�P�.=7>�*D6=¹�=�ƇÕ�4ÙϪ7�QȊ̛Ĵ̲:Ξ¿˕^��c£

C=XdomU˦Ø*Q����OMQƳϻ=*D6=¹�=ßƽ˕:˂ʈU˦Ø(�ˬ

˩U×Ω*Q��.(6�ɸÜūĘĭA.=ǋϤUΖʕ*Q0J=̝ǠƖ̃U͵)Q��

�$OR6�Q�śʰ�£z� �Ǿ͎>�.=˙ɥ;Ĺ̹*Q�JICA>�Ǵ�Ŗ̸Β
8χ˓ġĐ=̕ϸUʈ�(�SDGs=˙ɥ=�2 10=˙ɥ;4�6ǚ˕ǌĎUɓ0*8
(6�P�¦͢= 3˙ɥKĽGRQ%8�O�.=ȭρ8Ĺ̹*Q� 
ɋ
1-4 âƤÅnÇË&âƤ¡Ƴ%��1 ODA xĻ&�Əx�´E}SToxĻ&¡Į 

ςʶΆʚ¢^��c£˛>�ȻǸUśʰ�£z� �7͍��Z�vz³ɠUz[�

˜=r£ �{ƶ˵ŗ¢Ƅɘ¢ːώ7͍30�Ƅɘ=ǁʶ=ǀD 2,120m2�Ƅɘ7=�Z�

vz³ɠ>�ȁîΆπ� 1,850˔¥MNTϽ117˔¥õ� 2013Ƴǈȷ=�£z 1MNTЃ0.06325
õϾ7�30�NATURE ˨=�£z� �8Ųϒʰ˝˺h�ds£8=ȑ̛̙̌Ŕ>�Ŕ
9=℃P7�Q�� i�=Ǿ͎7ʐ' 100m�˚ǎ 150mm=�£� eU 49ɉȏċ(�
ʰ·ȗ=u�£�Uȍî(0ϽŔ 10 ĬʮϾ�mZm=�£`£=�£z� �U 2 ĵͣ

Zone%1%–%3���
	���������	��%
Zone%2%–%HOB���	�%

Zone%3%–%HOB���	�,%����	�%
Zone%4%–����	��,%HOB���	��

Heat supply zone 1 

Heat supply zone 2 

Heat supply zone 3 
Heat supply zone 4 

Existing power plant
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śʰ�£z� �Ǿ͎UȊ0:�GG�.(6śʰ�£z� �Ǿ͎êΩŖ�O=

Ǿ͎˲Δ�͍TR:�GG³ɠU͍300J�r£ �{ƶ˵ŗ¢Ƅɘ¢ːώ=śʰ�

£z� �ͣá;À§;˧*N�:ňϫ�˓˂(�ƜƄɘ=ȻǸ�ĞĀ;͍TR6�:�� 
ɋ

1) śʰUÑ�0J;�£� e=UǗˁ*Q¨ûʏ��ś7ʞR6�QN�7
�Q�ś§=λ̆=ȮƧ¨̾�̫�ORQ� 

2) śʰkmx�;^�£�ÿ6�έΔ�ɭGQ%8��Q�.=0J��vdXv
�;ˡʦ�Z�UÑ36�Q� 

3) ƘφƎ��:�=7�^�£;4�6>mZm=�£`£�O̭�6ͰȧU͍36
�Q� 
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%�(0ňϫK�P�^��c£˛>�p����£z� �Ƨɠ;�� i�ŖC=

śʰ�£z� �ȻǸkmx�ƛîC=Ǿ͎ġĐUǻͥ(6�0� 
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ŵ2Ŵ �ēķ�Ļ�ƕ¿nĉƐ 

2-1 ēķ�Ļ&ļƖ 

p����£z� �Ƨɠ>�1984 Ƴ 11ɂ;Ļĳơƫ;ͣ˽(��£z� �̘ʘù
ȻǸɨ=͔Χ¢ŪUχź(0�2015Ƴƻ=ŪƊ̥>�Ŗô7 62Á�ʍŭ 1ÁϽZ 
{�kXϾ7�Ū¦Ϲ> 12åõ7�Q� 
ƧţȎʰLś§ʰ:9=ɇĆ˄ʰUʈ˄*Q�£z� �=χ˓¢ȹĭ;ȱɅ�O˸ɡ

˕;İP̔H�̂ ��c£Ñ˄οL CO�Ȏÿο=ċʕ;Ű�!;ʻ(6�0�2003Ƴ 4ɂ
;�ιϝĐəǃÅ˨8=ñĺˣ˹χ˓;NP�˺ùǃ ZQHϽpvzb�£�Z�£Ͼ�
=͔ńě;ǳđ(ŪUχź(0�'O;�2005Ƴ 4ɂ;>ɐ¸ŰƄO8= NEDOϽŖ˽
ˣ˹χ˓ʅ¹Ȭ^��c£¢˃ ɠǾ͎̞Ĺχ˓ɨɣϾ=ñĺˣ˹χ˓;NP�ɹùǃ ZQH�
=͔ńě;ǳđ(ŪUχź(0�%=İP̔H�ͧÕ'R�2011Ƴ 2ɂ;ǭ˟˜=˛Ά
ʚL˛^��c£��jZd�:9;ω*QçR0Ǿ͎LʈĘ:9U͐Ǌ*Qǭ˟ˁŦ·

=ç˭·Uı·(0� 
G0�ιϝĐəǃÅ˨�XZk ¢^Y¢t���əǃÅ˨8 3˨7ùȻĺȷ�£z

� �kmx�Uχ˓(�̸ĘΓƧţ=ɨɜĒƧ�Z ïɨɜĒƧ�Z =͈ɸ�mUƊ

ʾ(0�.=̖ɓ�Ɂ̓˕; 84%Ͻĩʀȗ̅ 437k
Ͼ=˛^��c£Uΰǳ(0�˛^�
;;ʻ(0%8�ͧÕ'R�2012Ƴ;��˛^�Ű·Ͻ˛^�³ÒιφϾ�Άʚ^��c
£Ʒυƈ·Ͻ˃ɠĀξϾUı·(0�ȯ;%=ͣá>�̸ĘΓιńĒƧƧţ; 100ĵÀ¦
̎ń'R6�Q�%=N�;ǭ˟˜UźJ8*Q˃ɠĀξ7�˛^��c£�ö˂Ĵ̲^

��c£=Ć˄ȹĭ;ĐUʆ �śè̕ʓ¢śŠʈǡěC;ʻ(6�Q� 
2015Ƴ;>�ö˂Ĵ̲^��c£�śʰ�Uǚ8(0ʰ^��c£Ͻ§ɹʰ�ʖʄ

ʰ:9KĽIϾUĆ˄×Ω(6śŠ˨Å�'O;>Ȱɉ�NAªˊ=Ȋ̛˕˓Ƣ;Ɛ©*

Q%8U˙˕;ιśʰĆ˄×ΩġÅUͣ˽(�˨υ ɖ ̀θ�čˀ³υ;ƞÂ(6
�Q�2016Ƴ 10ɂ 12Ȱ;>ιśʰĆ˄×ΩġÅ8 NPOʅ¹śʰĆ˄×ΩġÅ
8=ΨĻ®â;NQśŠ·ʊZ� z�ïŖśʰĆ˄×ΩśŠ·ʊ 2016 ǭ˟�Uχâ
(0� 
p����£z� �Ƨɠ>�2017Ƴ;ɉ˨=ōɠ¢ͣ͟¢̞ęιφUɉ˨̙ȉōɠɉ

ι8(6ĻĳơƫɌĝC˲Δ(0�ʾŚ=8%SȰɉŖô=Ϟ͗Kο˃ě7�QE9=

Ϟ͗��QT#7>:�ʹʃ7�P�.=0JϹÕ7�Q�ɉͰɗ7ɟ͠*Q ODA ɛÁ
ě;NPʍŭƢχC=�\�\UǔQ%8�7�Q8̫�6�Q�� i�ŖUĽJ0ʍ

ŭ7=Ū�ÈAR?ο˃ÍĈ�Ĵ̲8:P�ŪÕɚU§$Q%8�7�Q�.%7�

ºǑ>�ʍŭ³ɠιKχͣ(6�ʍŭ³ɠUȈŰ',6͍!͟ˉ7�Q� 
ɋ
2-2 ēķƕ¿nĉƐ&ļƖ 

(1)  MoBORéÎ 

ȕɛ͔ń¢Ǿ͎>�ƇƉ(0ś=ʖƻUĆ˄(6ȻǸU͍�śʰ�£z� �7�

P�s£gvz8:Qƫţ>�Ƅɘ�ːώLðñȮͣ���́=ȻǸU͍�ĀȥŞȻǸȮ

ͣ7�Q� 
śʰ�£z� �;NQȻǸ>�ɫ̉7> 1980 Ƴ¿�Oȹĭ(źJ�Ŕ 8 ;˧*N

�;̉Ŗ7>*7; 100 ¥ĵÀ¦�Ć˄'R6�Q�Ȱɉ7> 2010 Ƴ;^��c£šɉ
͟ˉ;śʰ�ȿ�ΜGR�2011Ƴƻ�O>̕˃˛=͓Ĕπ�Ñ�QN�;:P�%R�
O=ȹĭ�ɅǏ'R6�Q� 
śʰ�£z� �;NQȻǸ>�Τ¦Ŗ7>�G1�GPʈ˄'R6�:��XlX

=ƒùŖ>� i�7�Q%8�O�ê+>� i�ƫţ;��6ĺ͔ńUȹĭ',0�

8̫�6�Q� 
ɋ
ɋ
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ÿóЂʍŭͣáƏο> lund,2010�Ȱɉ= 2009ƳG7=˸̅>�śʰĆ˄;�036=aZ{�Z � 
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(2)  ƕ¿nĉƐ&řü 

�£z� �>�ʰ� �8Kł?R�ɹL¨ûʏ́=ʰžÍUǗˁ',6Ë�ʖƻ=

žÍϽ˺ɸ�ɹ�ś́Ͼ�OʰUŸ��Ϲ�ʖƻ=žÍϽ˺ɸ�ɹ�ś́Ͼ;ʰUÆ

�Q ̨7�Q�ʰʚ=˶Ϯ;NP˺ɸʰʚ�£z� �Ͻ℃Ư=^Xh Ͼ8ɹʰʚ�

£z� �;Űą'RQ�śʰ�£z� �>ɹʰʚ�£z� �=¤˶7�Q�.=

7Kśʰ;Ɩǜ(0K=7�Q� 
śʰ8>�ˮ02=Ώ§;�Qʰ^��c£7�ƳψU℃(6ʖƻ�EF¤Ɖ7�Q

ǡΉ��Q�śʰ�£z� �>�śCʰUȡÿϽȡʰϾ(0Pś�OʰUȐP1

*ϽȐʰ*QϾ%8;NPùȻǸU͍�kmx�7�Q�ϝɸUÑ36�£z� �ô=

ř̤ɨ7�ùž=͈˓8ṳ̈ή˳U̧PΟ*%87�ś�OʰUȐP1(ʖɹUÏQ�

ěˡʱȪ=ʱʫUÇT:�0J�ŰɸɼɔʶΉUȎÿ(:�Ǿ͎7�Q�G0�ėʼ�Ϲ

�0J CO2ȎÿοKċʕ*Q�Ĝ̉L×£�v��Ȱɉ=Ĝʍί�Ŗ=ɐȭśȭ=ƒù

ś7ȹĭ�ΩV7�Q� 
śʰ�£z� �>ś8=ʰ=LP8P=ȭʅ;N36�d�£n{�£�ȭǃ�

_£� �£�ȭǃ;Ā#ORQϽŔ 13ĬʮϾ�  
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�£z� �7ʰ·ȗ',QK=7�̨ͣţǹUňT:��_£� �£�ȭǃ7>�µ
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都道府県別の地中熱利用ヒートポンプシステムの累計設備容量および設置件数は図 1-8、図 

1-9に示すとおりであり、北海道における累計設備容量・設置件数が非常に大きい分布となって

います。その他の地域については、近畿地方以東に多く分布しており、中国・四国・九州地方で

導入されている累計設備容量・設置件数は小さい結果となっています。 

 

 

 

 

 

 

 

 

 

 

 

 

 

図 1-8 都道府県別の累計設備容量(2013 年末時点)1 
※kWt(キロワットサーマル)は熱出力の単位 

 

 

 

 

 

 

 

 

 

 

 

 

 

図 1-9 都道府県別の累計設置件数(2013 年末時点)1 

 

  

各方式の累計設備容量 
クローズドループ方式 ：約 45,100kWt 
オープンループ方式  ：約 35,700kWt 

併用  ：約 4,000kWt 
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垂直型地中熱交換器䛾種類

名称
シングル

Ｕチューブ

ダブル

Ｕチューブ
二重管 杭二重管

杭＋

Ｕチューブ

現場施工杭

（場所打ち杭）

方式 ボアホール方式 杭方式

断面図

立面図

材質

ポリエチレン、銅、ステンレス 外管：スチール、
コンクリート

内管：ポリエチ
レン、塩ビ、ス
チール

杭：スチール、
コンクリート

内管：ポリエ
チレン、ス
チール

杭：スチール、
コンクリート

内管：ポリエチ
レン、銅、ス
チール、ステン
レス

杭：鉄筋コン
クリート

Ｕチューブ：ポ
リエチレン

流体 水、不凍液、冷媒 水、不凍液 水、不凍液、冷媒

封入 管外：土、グラウト材※ なし ｸﾞﾗｳﾄ材※、水 コンクリート

※グラウト材：コンクリート、ベントナイト、珪砂、豆砂利等

12

特長

● Ｕ－ポリパイ䛾サイズ䛿ＪＩＳ䛾水道用２種管
に準拠しており、国内汎用䛾継手が使用できます。

● Ｕ－ポリパイ䛿、軽量で耐久性、耐衝撃性、
耐薬品性などに優れた特性をもった高性能ポリエ

Uチューブ䛾例(イノアック社製)

シングルUチューブ耐薬品性などに優れた特性をもった高性能ポリエ
チレン管（PE100: 20℃で50年間管が破壊しない
一定応力値が10.0MPa（102kgf/cm2）以上）を使用
しています。

● ２組䛾Ｕ－ポリパイを掘削穴に同時挿入しや
すい形状になっています。

● パイプに䛿、１ｍピッチで長さが印字されてい
る䛾で、埋設された長さがわかります。

● 密閉回路で使用する䛾でスケールがつかない

シングルUチューブ

ダブルUチューブ 13
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• 3基の火力発電所
• 能力が220/110 KÂ の中継基地
• 能力が35/6, 35/10 KBの中継基地
• 能力が10, 6KÂの分配基地

市のセントラル・ヒーティング・システム
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ʖɹo z��ȭǃ>�ěˡʱȪ��Z_�mʱȪ;NQ�Z��G0>�£z� �

7ʖɹUÏP�Ǘˁ� �;NPĸιơCʖɹG0>ùžUǗˁ',Q�ĸιơ;>�l

^£s£�̨ͣ'R�Κƙʰ7ȻǸ*Q�ùž=ţĹ>�ƌôɨ7ʰUʖϰ;(6ȻǸ*

Q� 
ʖϰo z��ȭǃ>�ˡʀ�aḿU˄�6˺ɸUȻJ�ĸιơ;˺ɸUĀλ(6Ȼ

Ǹ*Qkmx�7�Q� 
«ȭǃ>�¤̽˕:mz£�E9Ϲʖ;>:O:�0Jʡʤ=ǚλ�:!�CO amU

˓˂(:�́=Ƈïǡ;çRQ��l£^£s£��Q�>˺ɸ=Ŀ�ÿ(Ĳ�OȎam

=˓ȥ�ï!:�=7�ƌô=ŰɸˁŦ�̾��½ȭ�̨ͣȷ;λ̆��Z�̨ͣƧ³�

Ǜ͗8:P�Z}k��hmz�ŧŰ*Q� 
ɋ

ȕɛ͔ń¢Ǿ͎=Ɩͻ8*Q=>����Ƅɘ�ϘĹÌƅ�Ɯ͙ɦśĝ�³ɠǹ́Ɯ͙

ɦ��́=ȻǸ7�Q�ʖϰo z��>�Ɯ͙ɦ=��(�ȻǸ7�:�%8�UB ƫ
7>͍TR6�:�%8�O�CFWH8 HOB ;NQĀȥŞȻǸȭǃ=ʖɹo z��ȭ
ǃ=ȻǸ��UBƫ=g�śŠ=ƜƄɘ́=ȻǸȭǃ8:Q� 

 
CFWH>�UBƫ7> 1005 Ͻ˨2009ƳǈȷϾ=Ɯ':Å˨LŇƹUƖͻ8(0ÿĐ 100kW

ɇʙ=ˡʦ�Z�7�QϽ÷˝ 8ĬʮϾ�ȻǸ*Qǁʶ=ϡ˸> 40~200m2ϽÍ˸7> 100~500 
m3Ͼ7�Q�Ϙť˄=�Y�s£>ʩ!�ʭť>Űɸ;Ȏɸ'R6�Q�  
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HOB>�ÿĐ 100kwÀ¦=ˡʦ�Z�7�Q�ŰĠ��Ŗ�ϢŖ�� a�£́�O
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=Ιîń7�Q� 
¿͐˕: HOB8(6�ϢŖ͔= KCR300Ͻ͐ 10Ͼ8� a�£͔= CARBOROBOT 300

Ͻ͐ 11Ͼ=¼ɤ�ɣΧUÀ§;˧*�ϢŖ͔= KCR300=÷˝>�÷˝ 178÷˝ 21;˧
*�� a�£͔= CARBOROBOT 300 =÷˝>�÷˝ 13�÷˝ 15�÷˝ 19 ;˧*�
CARBOROBOT 300>�ï̸Ę7�͖ʦ��Z_ʱȪ�͖ʦ8ƾɝɆɋ=�vdmUʱL
*%8�ÿɏQ�Z_�m�Z�7�P�ˁŦ˛= JCM³ɠ7Ñ˄'R6�Q� 

  
À¦=ɟͦ=̖ɓ�UB ƫ=g�śŠ=ƜƄɘ́UȻǸ*Qȭǃ>�ųȻǸȭǃ=

ĀȥŞȻǸȭǃ7�ʖɹo z��ȭǃ7�Q�ʾʹ>�ˡʦUʱȪ;(6 HOB ;NQ
ȻǸ�͍TR6�P�%RUśʰ�£z� �kmx�;āPɀ�Q%87�d�£ 

;ȻǸU͍�� 
 

Ǖ 10ɋ KCR300ʽ�ĵ 

đãȺƙ əɒəɖɖɋʇɘ 

?J əɛɖɋɬɷ 
řŇř½ ɟɖɋʕʗ 
̄˔̎Ň¦ȡ ɗɘɖɖɋ ʙ 
ɮɻʃʈɋɼʉɾʒɋɾʃʇɿʈʌʃʉʈɋɏɷɑɭɑɩɐ ɗɒɞɖɖɑɗɒɜɖɖɑɘɒɘɖɖ 
QŲ&Ă ɞɞɔɗɍ 
̄˔̎ƶś˻˔̀ƇÊ ɝɜʇʇ 
ūąŔǾ ɚɖɓɜɖɋʅʁɕʂ 
ũƝƇÊ ɘɖɖʇʇ 
ƍŤˡ˔˦ ɘɖɓɚɖʇʇ 
ȟȡ ɗɔəɛɋʍ 
ȷJ ɘɖɖʏɕɛɖʂʓ 

 
 

 
 

x 22 KCR300ʽĴȒ̘˙˫̒˝̙ 
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Ǖ 11ɋ CARBOROBOT 300ʽ�ĵ 

?Jɋ əɖɖɋ ɬɷɋ

ŪȺƙɋ ɘɞɋ ʇɘɋ

QŲɋ ɞɜɓɟɖɋ ̗ɋ

ūą˫̔˜¦ȡɋ ɗɔɘɋ ʇəɋ

}J̘ʇɻʑ̙ɋ ɘɋ ɼɻʋɋ

ř½̘Ȏʛâ̙ɋ ɟɖɕɝɖɋ ʔɤɋ

ƶśř½̘ʇɻʑ̙ɋ ɟɛɋ ʔɤɋ

ĝ�ȟȡɋ ɘɚɖɖɋ ʅʁɋ

5ɕ?ŇŹ˻˔̀ɋ ɞɟɋ ʇʇɋ

ũƝʽƇÊɋ ɗɛɖɋ ʇʇɋ

ɗ ďȫʟʳˌʽ ɤɰò?ȡɋ ɚɖɖɋ ʇʁɕʇəɋ

ɗ ďȫʟʳˌʽ ɯɰʑò?ȡɋ ɚɖɖɋ ʇʁɕʇəɋ

ò˚˥ř½ɋ ɗɟɖɓɘɘɖɋ ʔɤɋ

!Źȷŝɋ ɗɗəɖɕəɞɖɋ ɷɕɶɋ

ƍŤŔǾȡɋ ɝɛɋ ʅʁɕʂɋ

Ňȡɋ ɛɖɖɋ ʆɋ

ĝ�ʽɉʬɕɢɕɋ ɘɗɖɖɋ ʇʇɋ

ĝ�ʽ¶ɋ ɕɣɕɋ ɗɜəɖɋ ʇʇɋ

ĝ�ʽȨʬɋ ɕɤɕɋ ɘɘɝɛɋ ʇʇɋ

 

 

ɋ

A0. External hopper 
A1. Feeder auger 
A2. Connetction tube 
A3. Feeder door 
A4. Dispenser auger 
A5. Vibrator 
A6. Cyclone auger 
A7. Flying ash tube 
A8. Ash cleaner auger 
A9. Ash collecting head 
A10. Ash auger 
A11. Ash tube 
A12. Ash containerɋ 

x 23ɋ CARBOROBOT 300ʽĴȒ̘HPˊˌ̙ 

 
� i�Ŗ= 2014Ƴ 9ɂ 8Ȱ;ĈƉ'R0�Z�UͭƉ*Q͙Ɖ7>�͐ 12=šʛ�

˧'R0��Z�8>�0.7mpaɇʙ=řĐ=ɹU 115	G7;ɿ�*K=8Ɖ̪'R6�
Q� 
ɋ

Ǖ 12 Ď>I&Ď Ìœ�ǉħǈ�Ǌ�

 
 
 
 
 
 

 
 
 
 

?J 800 KWěŜʽ̄˔̖̎ ̘̣/MJ̙ 
1. ɯɰʑɋ ɖɔɘəɋ

2. ɳɰɘɋ ɖɔɚɋ

3. ɤɰɋ ɗɔɘɞɋ

4. ˾̎˔˒ˮˣ̌ɋ ɖɔɗɛɋ

?J ɞɖɖɋɬɷʤˋɋ əɔɗɛɋɮɷɋěŜɋ ɋ

1. ɯɰʑɋ ɖɔɘɋ

2. ɳɰɘɋ ɖɔəɋ

3. ɤɰɋ ɗɔɖɘɋ

4. ˾̎˔˒ˮˣ̌ɋ ɖɔɘɋ
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HOB=̘ʘʖƻ;4�6>�ŭɸʖ;N36͐ 13=N�;ƉJOR6�Q� 
 

Ǖ 13 HOBƶśř½ 
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℃Ư�ˡʦ�Z�£=Ȏʬ�OʭťUϏī*Q0J;��e�Y�s£ϽϘť ̨ϾU

̨ͣ*Q�(�(�� i�7>�HOB;>̨ͣ'R6�:��ȰɉÃɠ�Ωÿ(�y�
 mz�£k� ˄;Ёš̨ͣϽ÷˝ 9ĬʮϾ(0��ʾŚ>Ȟį(6�Q��
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;Ɗ 9ɋ ĉĝ�ıʥǤǀʭʳ˺˝˾˓̐˫̖ 

 
Ƅɘ́=ðñȮͣ=ȻǸ>�UB ƫȢƺ= Authority of Partial Engineering SupplyϽÀ§

APESϾ�͍�f£m8�UBƫȢƺ�OŻ͡Uı#6ʰÓ̘Å˨�͍�f£m��Q�APES
�ǹ̆*Q HOB=˷äʹʃU͐ 14;˧*� 

 
Ǖ 14 APESʥ(ėʯˍ HOBʽƘ/ůŎ̘2015̙ 

 

ĈǤ 
kƓ 

̄˔̎ 
�Ã 

ǚȒz ?J 
MW 

(ė 
eĂ 
e 

2015¹ 
ƍŤ 
ȦĦ 

đãƜȫ

�ƙ 
m3 

Ƙ/ 
eĂ 
e 

ƍŤ 
ŔǾȡ 

t/¹ 

24 ãuÜĳ DZL uÅ 1.4 4 1.5(2 4,639.1  Th8X 43,150.8  

14 ãuÜĳ 
 

MUHT-1.4 MW fmDj 1.4 1 1(1.5 
�  

2,884.7  
�  

Th8X 
�  

24,791.3  
�  Hasu Megawatt 

- 1 MW fmDj 1 1 

58 ãuÜĳ MYXT-1.2 MBT fmDj 1.2 2 1 985.0  Th8X 29,023.0  

68 ãuÜĳ TK Termoklori fmDj 0.7 2 1 647.3  Th8X 13,637.9  

114 ãuÜĳ KCR-240 ǃÅ 0.35 2 1 344.1  Y>Voj 8,746.0  

46 ãuÜĳ KCR-240 ǃÅ 0.7 2 1 610.6  Y>Voj 14,956.0  

61 ãuÜĳ KCR-240 ǃÅ 0.35 2 1 323.0  Y>Voj 8,415.0  

104 ãuÜĳ KCR-240 ǃÅ 0.4 2 1 344.1  Y>Voj 8,415.0  

117 ãuÜĳ KCR-240 ǃÅ 0.35 2 1 344.1  Y>Voj 12,869.0  

6 ãuÜĳ KCR-350 ǃÅ 0.35 2 1 344.1  Y>Voj 7,102.0  

79-1 ãuÜĳ KCR-240 ǃÅ 0.35 2 1 351.8  Y>Voj 9,084.0  

79-2 ãuÜĳ NRJ - 300 fmDj 0.35 1 1 236.2  YAVoj 7,302.0  

102 ãuÜĳ KCR-240 ǃÅ 0.35 2 1 344.1  YAVoj 14,918.0  

Glob DZL uÅ 0.7 2 1 426.3  Y>Voj o 
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ń¢Ǿ͎=ɟͦʈĘU͍30� 
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(1)  �ƔÜĳ&ƯÞ 

ȹĭƊͦ³ɠÜ͓=ƜƄɘ>�UB ƫȢƺĭA^��c£˛�Ȓŷ(0g�śŠ=Ɯ
Ƅɘ 6ɘϽŔ 24ĬʮϾUͰɗ(6δƉ(0�.(6�δƉ(0ƜƄɘ7�ɟͦʈĘU
͍30�UBƫȢƺĭA^��c£˛�Ȓŷ(0g�śŠ=ƜƄɘ 6ɘϽŔ 24ĬʮϾU
Ͱɗ(�À§=ɎÁUʙ0*ƜƄɘUÜ͓8(0� 
¢HOB�ˁŦƖǜ(6�:��Z�ϽϢŖ͔¢Ŗ͔¢� i�͔́Ͼ7�Q%8� 
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ɎÁUʙ0(0 61ˍƜƄɘ8 79-1ˍƜƄɘUδƉ(0�76ˍƜƄɘ>�HOB�

Ŗ͔7ňϫ��QK==�έō̆ˀUʰÓ̘Å˨�͍36�P�Ē�6ʰÓ̘Uƶ˵ŗ
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ɠ=ȮƧ8Ƞ̈Ƨ³mfl�£�UĹT,Q%8�ϛ(�%8�O�79-1ˍƜƄɘUȹ
ĭƊͦ³ɠ7śʰ�£z� �;NQȻǸkmx�Ųͣ*QÜ͓8(0�.(6�ĺ
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x 24ɋ Đ^¡ǧŒR*Ǚʽ«��Ī 

 åǋÇÄ� Capacity Development Project for�Air Pollution Control�in Ulaanbaatar City Phase 2 in Mongolia, JICA 
ɋ ɋ

   
(2)  76 ŦãuÜĳ 

76ˍƜƄɘ=ȻǸ>�ʰÓ̘Å˨7�Q Talst Erchim LLC� UBƫ=Ż͡7͍36�
Q�HOB>Ŗ͔=�Z�7�76ˍƜƄɘ�3ˍŭɏͥ˒ǹ�78ˍƶ˵ŗ�163ˍƶ˵
ŗ�9-r khorooǌǹ�ØßǹUȻǸ(6�Q� 
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;Ɗ 10 76ž«��Ī  ;Ɗ 11 �zǚʽ HOB 
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図２ 熱応答試験概要図 

※熱応答試験装置の循環流体（水）循環系は、密閉型、開放型どちらでもよい（図２は開放型の一例である）。ただし、開放型に

おいてはタンクに十分な断熱をし、タンクからの熱損失を抑えると共に、外部からの熱影響をできるだけ少なくすることが条件

である。 

 
３．試験装置の設計・設置、および実施における注意点 

① TRT を実施した地中熱交換井の有効熱伝導率は、TRT を実施した地中熱交換井と同じ工法、同じ仕上

法で設置した地中熱交換井で適用できる。掘削径や掘削法、仕上法等が異なる場合は同じ条件となら

ないので注意が必要である。 

② また、数多くの地中熱交換井を設置する場合、TRT を実施した地中熱交換井の地下状況とほぼ同じで

ある必要がある。掘削状況で地下状況に大きな差が認められる場合は、TRT の追加の要否も検討する

必要がある。 

③ 地上配管における熱損失が大きいと地中熱交換器に与える負荷が不安定になるので、地上配管の長さ
は最小限にし、外気温条件に対して十分な性能を有する断熱材を施すとともに遮熱を施す。特に地中

熱交換器が短い（熱交換量が小さい）場合には地上部での熱損失・日射取得の影響が温度変化に大き

く影響する。なお、ここで言う遮熱とは、日中の日射影響を避けるためにアルミテープを巻く、アルミ蒸着

シートなどで被覆することである。 

④ 配管に、エア抜きを設置する。漏水やこれによる水タンクの空焚きには細心の注意を払う。 

⑤ 循環流体としては、通常は水が用いられるが、実際に使用するシステムが不凍液を使用する場合で、か
つ濃度が明らかである場合には、その濃度に調整した不凍液を使用してもよい。ただし、解析の際は、

不凍液の濃度に対する密度、比熱を用いて熱量を補正する必要がある。 

⑥ 地中熱交換井の施工完了後、井内の温度が地層温度と平衡になるには長時間を要するため、最低 3日
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Ú�Œ���÷�;6Ċ�4�1	ŗÚ�#�!'�fmDj&Çuŗ

zĔÁ"Ţ02!1�uÅƕr�Ō4�Ţ��	 
nŐîKmEo�ŋƴƘ4QoMl>oǉƙƷƓƇǊ%đƂ��	ŗÚ�

&ŗzĔy �·Őî&őÞ'ŗzĔy& �·%"�1��ƪ�Ƈ

"Ə��	ŗÚ�4�Ï�! 23 ĠƺęƇ��ŗÚ�Őî�ÇæŐî#

Ŷ��A��÷�[oMo)ƫǁ�� ŗÚ�&ûŠ4ƹÙ��	ƹÙ

ģƺ'�2017 ë 7 Ĩ 27 Ġ 11 ģǉĠĬģƺǊ")1	 

7 Ĩ 27 Ġ 

ªŗûŠƝǇ 
nƫǁ÷�ªŗ�A�0ŐîKmEo"�ŗÚ�êÈŐî4őÞ��ªŗ

ûŠƝǇ4Ə��	ŗÚ�&ûŠģƺǉªŗģƺǊ'� 2017 ë 7 Ĩ

30 Ġ 11 ģǉĠĬģƺǊ+" 72 ģƺ")1	 

7 Ĩ 28 Ġ ªŗûŠƝǇ 

7 Ĩ 29 Ġ ªŗûŠƝǇ 

7 Ĩ 30 Ġ 

ûŠ�ŁnŐîÂúƝǇ 
n2017 ë 7 Ĩ 30 Ġ 11 ģǉĠĬģƺǊ%[oMo#ŗÚ�&ûŠcm_

4�Ł�!�2017 ë 8 Ĩ 2 Ġ 11 ģǉĠĬģƺǊ+"�ŐîKmEo

"�ŗÉy�Őî4őÞ��ÂúƝǇ4Ə��	 

7 Ĩ 31 Ġ ŐîÂúƝǇ 

8 Ĩ 1 Ġ ŐîÂúƝǇ 

8 Ĩ 2 Ġ 
Ʋź¢ĝnƓƇė³ 

nûŠŽw÷�ŗþŷƝǇƓƇ#ÇqƲź&ŗÚ�Ċ�4��ŗþŷƝǇ

ƓƇ4ėµ��	 

8 Ĩ 3 Ġ Ř~�nƝǇƓƇĸ® 

 
Ǘˁͨϸ> 7ɂ 27Ȱ�O 7ɂ 30Ȱ= 3Ȱψ�ʖƻŏǖͨϸ> 7ɂ 30Ȱ�O 8ɂ 2Ȱ

G7= 3Ȱψ7͍30�G0�h ǜ̂ͨϸU͍�Č;�ͣ ̨(0ś§ʖƻo j£;NP�

ʐƻψϔ� 10 mɳ=ăɅśƤʖƻ͟ʗU͍30� 
Ǘˁͨϸ>�£s£;ϝɸU℃ϝ(�4 kW=ʰͼ̓UʰžÍ;©�0�%=ʰžÍ>�

 �7ʊο 20 L/min 7Ǘˁ(�72 ȷψΨ̛(6ͨϸU͍30�y£s=͟ʗψϔ> 1 Ā
7͍36�Q�Ǘˁͨϸ=îĲʖƻ¢ÿĲʖƻ�Ǘˁʊο�%RONP̅͟(ɻJOR0

ʰͼ̓UŔ 32;˧*� 
ʖƻŏǖͨϸ>Ǘˁͨϸ̓±Ǒ˚2;͍30��£s£ĭA� �=ÞɭU˦ͭ(��

O�)Jś§;̨ͣ(0ʖƻo j£U˄��ÞɭǑ 72 ȷψ=ś§ʖƻU͟ʗ(0�ʖ
ƻŏǖͨϸȷ=y£s͟ʗ> 1Āψϔ7͍36�Q� 

 
ʰǜ̂ͨϸȷ=h s£UŔ 33 ;˧*�h s£Ŕ>Ǘˁͨϸ̓±G7�Ǘˁͨϸ�

Ǘˁͨϸ̓±Àό�ʖƻŏǖͨϸ=ʖƻĀƬU͐(6�Q� 
Ǘˁȷʅ;NQ͝ɑ̖ɓUŔ 34;˧*�e��= XΕ>ͨϸ=̕ήȷψ=ƖȦ�YΕ

>ʰ·ȗŎ=îĲʖƻ8îĲʖƻ=ƲŜÝ7�Q�f�� =ʰʚˀͳUγ˄(�ʖƻū

ě=ã�NPśƤ=ʰÆƛʼl (W/(m¢K)) =ȒƉU͍30�e��=ã�UɻJQϖ>�
ͨϸχź 17ȷψÀό=ƲŜʖƻU˄�0� 

 



ɋ ɚəɋ
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ɋ
x 32ɋ ŪÓƣǩɈƵĥ 

ɋ
ǂ�ƹ�
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Ä 33 ŗþŷƝǇu&ÇæŐî&Ó¯ 
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x 34 ÐŶďŐʼˊˍǠģƵĥ 
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x 35 ̖̃˴̖̀̒ˮ˲ʼˊˍǠģƵĥ 

 
ŏǖȷʅ>�ăJ;ŏǖͨϸȷ=ʖƻ8ȷψ=ʳƖȦe��=ΞÉȽ̠=ã�UɻJ0�

XΕ;ƖȦ��vz7 (t+tp)/t=�£|£ȷψ�01(ʰžÍ=̞ǗˁȷψU tp (min)�Ǘ
ˁ̓±Ǒ=ȷψU t (min) 8(0�YΕ;ʐƻɳ=.R/R=ʖƻ (°C) U��vz(0�
%ROU��vz(0K=UŔ 35;˧*� 
.R/R=ʐƻ=ɃėʰÆƛʼU͐ 17;G8J0�½=ʐƻ8ɵΗ(6ʐƻ 90 mĭA

100 mśʧ;��6ɵΗ˕Ϲ�ʰÆƛʼ=̖ɓ�ǔOR0� 
 
 
ǂ�ƹ�
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



ɋ ɚɛɋ

 
 

Ǖ 17 ićŐʼˊˌõ ʬˎʳėQŪ�ªŲ 
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Ǖ 18 Ʌp�°ʽėQŪ�ªŲ 

 
 åǋÇuŗ[oRcm_GIPeğèźşdUg6j 

 

(4)  ĥć&ŗYhmI 

79-1ˍƜƄɘ;̨ͣ*Qśʰ�£z� �=¼ɤ�śʰ·ȗŎ=ɉȦ¢υ'Uɾ
Ɖ*Q0J�ʾʹ= HOB ;NQȻǸ=ʰ�� mU�}s� e(0��}s� eϦ
˙>�ʖɹ=ʖƻ�ʊο8ˡʦ=ʎ΄ο7�Q�o����£u� �>�2017Ƴ 9ɂ 25
Ȱ�OƊȮ*Q̀ 4ŏͰɗ7�÷˝ 47�Ŕ 36;˧*ʰ·ȗŎ=îPà8ÿà= 4`ǹ;
ʖƻ͟U�ɘ̻;ʖɹUΡQ�Z�;ʊο͟Ųͣ(6��}s� eUχź(0��}

s� e>�ȻǸ�̓TQ 2018Ƴ 5ɂ 15ȰG7͍��y£s>�y£sϘ˸˘Ͻ÷˝ 48
ĬʮϾ= USB;ØƂ*Q�ˡʦ=ʎ΄ο>�ˡʦ=ΊîÆ˪UϘ͟*Q� 
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;Ɗ 47ɋ đãʽŪ˺̎̔˥ʽ˧̔ˡ̖Ǥǀƥä 

 
 

 
x 36ɋ đãʽŪ˺̎̔˥ʽ̊˵˫̏̔˝ 

ɋ

ɋ

 
;Ɗ 48 ˱̖˫ȳƙƅ 

 

HOB�O=ʖɹ>�h ·ȗŎU»(6Ȥƌ;ΡORQ�2018Ƴ 2ɂ= HOB�Oʰ·ȗ
ŎC=Ρɹʖƻ�ʰ·ȗŎ�O HOB C=ǷPɹʖƻ�ʰ·ȗŎ�OȤƌ=�l^£s£
C=Ρɹʖƻ�Ȥƌ=�l^£s£�O=ʰ·ȗŎC=ǷPɹʖƻUŔ 37 ;˧*�ʰ·
ȗŎ8 HOBψ=ʖɹ=ʖƻƩ�ʰ·ȗŎ8Ȥƌ=�l^£s£ψ=ʖɹ=ʖƻƩUŔ 38
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ɋ ɚɝɋ

;˧*�ʰ·ȗŎ�OȤƌ=�l^£s£C=ʖɹ=ʊοUŔ 39 ;˧*�ɘ̻ô=Ρɹ
̆¢�l^s£7ʎ΄(0ʰοUŔ 40 ;˧*�·ȗŎ�˙ͩGP(6ėʼ�ǩ�0J�
2017Ƴ 12ɂ 17Ȱ;·ȗU͍30�%R;NP�ʖɹʊο�ŧĒ(0� 
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x 37ɋ HOBřŇř½�U 
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x 38ɋ Ū�øtʽřŇř½³�U 
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x 39 HOBřŇœȡ�U 



ɋ ɚɞɋ

ǂ�ƹ�

�

�

�

�

�

�

�

�

�

�

�
 

 

x 40 Īǈ9ŔǾŪȡ 
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Ǖ 19ɋ 79-1ž«��Īʽ˺˚˶̖̐Ť@ģƵĥ 
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ɋ ɚɟɋ

Ǖ 20 HOBʽƍŤŔǾȡ 
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Ǖ 21 HOBʽŪQŲ 
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śʰ�£z� �7˂˃(0ʰ>�100ϼɘô7ʎ΄'RQČȕ7�śʰ�£z� 

�=˂˃ʰο8ʎ΄ϝĐUͨ̅(0��}s� e(6�:� 2017Ƴ 9ɂ8 2018Ƴ 3ɂ
Àό>ˡʦʎ΄͘ΜH8 HOB=ʰėʼ�Oɘô=ʎ΄ʰοUɻJ0�̖ͨ̅ɓU�͐ 22
;˧*� 

  
Ǖ 22ɋ ��Ū˼̖˲̅̔̀ʽŷŸŪȡʹŔǾȷJȡ 

ǂ�ƹ�

�

�

�

�

�

�

�

�
ɋ

ɋ
(5)  Çuŗ[oRcm_ƚƘ 

ǂ�ƹ�

�

�



ɋ ɛɖɋ

�

�

ɋ

ɋ
2-4 ƹŧơǅƗņƥŜ¸Ɖÿ

UBƫ7>�ˡʦ7ȻǸU͍36�Q0JŰɸɼɔ�ʐĉě(�SOx�NOx�ǘƜ̊ſʹ
ʶΉϽPM10 ĭA PM2.5Ͼ:9ŰɸɼɔʶΉ;NP�ǰǡɸ̆ȟʥLɸ̆ȟŋǥ�̱�V
:9�ŖɷC=ßƽ͑ƍ�Ű�:ňϫ8:36�Q�G0�ˡʦʱʫ;NQ CO2=Ȏÿ�

śʿʖȻě;ǋϤU©�6�Q�

ºŏȕɛ*Qśʰ�£z� �kmx�;NQʖɹÓ̘kmx�>�ʭťU˓˂',

Q%8�:�d�£ :kmx�7�Q�śʰ�£z� �kmx�U�� i�Ŗ7

ȹĭ',Q%8;N36�� i�Ŗ=ȻǸ=ʰʚUˡʦ�Ośʰ;āPɀ�Q%8;

NP SOx́=ŰɸɼɔʶΉL CO2�ϱȥ*QʱʫʣUċʕ(6�ƫɷ=ßƽňϫ=ȠŊ;

;ʻ*Q%8�7�Q�

�a~£�ʦς=͖ʦ=˥ϺĀĽɃο>�͐ 19 ;˧(6�Q�79-1 ˍƜƄɘ=ˡʦ
ʎ΄ο>�͐ 20;˧(6�Q�ËÊ˓ʰο 5,120kcal/kg�ʱʫǡ˥ϺĀ> 0.18%7�Q� 

UBƫ= 2015Ƴ=ʡĐ˓ϝǹ= SO2Ȏÿο>�12,922.12t/Ƴ47�Q�� i�Ŗ8 UB
ƫ=ˡʦʡĐ˓ϝǹ=˷äϝĐÓ̘ο5�� i�Ŗ=Ƴψ=˓ϝο6�O�UBƫ=ˡʦʡ
Đ˓ϝǹ= SOx ȎÿĩģÊUͨ̅(0�̖ͨ̅ɓU�͐ 23 ;˧*� 

SOx8 CO2ċʕėɓUͨ̅(0�͐ 24;˧*℃P�1.15t-SOx/Ƴ8 794.5t-CO2/Ƴ=ċʕ
ėɓ�͘ΜGRQ�

Ǖ 23 UB´ʽƍŤţJƀȷäʽ SOxò?]Z�̘ǩƦ̙ 

Ƙ/#ƶȡ ƀȷȡ SO2ƀŷȡ 

̊̔ˠ̐z 614.3 MW 5,113.0 GWh 

9 UB´ 554.7 MW 4,616.9 GWh (ƝŹ�Ǌ 12,922.12 t-SO2/¹ 

SOx ƀ?]Z� 0.002799 SO2/MWh (ƝŹ�Ǌ 

Ǖ 24 SOx ʹ CO2FŘQĥ̘ǩƦ+̙ 

ɋ ȷJŔǾȡ ƍŤūŨȡ
ƍŤ�ʽūŨÖ

SOxmėȡ 
SOxò?ȡ CO2ò?ȡ 

ɩɰɣɋ 23.3 MWh 466t/¹ 0.18 % 1.74 t- SOx 1,036.0 t- CO2 

��Ū˼̖˲̅̔̀ɋ 210.2 MWh 0t/¹ 0.59 t-SOx 241.5 t-CO2 

FŘQĥɋ ɋ ɋ ɋ ɗɔɗɛʍɓɳɰʑɋ ɝɟɚɔɛɋ ʍɓɤɰɘɋ

G0�UBƫ=�ms£�� = 64=χ˓X��£u=¤ˍ˙;��ɸÜūĘ;Ǉ��
Ƈï7�ßï7�̟=κƫ�U�$6�Q�.(6�UBƫ̟=κƫχ˓ 20207�̟=κ
ƫ= 74=i£�=�2�Ё4>ŰɸɼɔƖ̃7�P�Ё4>ɸÜūĘƖ̃7�Q�ɉ³
ɠ>�Űɸɼɔňϫ8ɸÜūĘňϫ;;ʻ(6�UB ƫ=�ms£�� ;ʂ36�P�
.=Ɗʾ;;ʻ*Q%8�7�Q�

ɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋ
4 ̊̔ˠ̐z˕̎̔˺̖˲̐´�ņŊħ¨ƤǅJÅÙ̒ˤ˖˜˲˾˖̖˦ 2 ̀̒ˤ˖˜˲ıS���oēɋ Ǖ 2.3-13 SO2 ʽƀŷŝ
Bò?ȡʽõƔɋ Ǖ 2.3-12 SO2ʽƀŷŝBò?ȡõƔ 

5 ˕̎̔˺̖˲̐´ȝ´Ǣź̆˥˫̖̀̎̔̕ȝ´Ȫƀ̀̒˝̎̈ǯĩ ĕƲ�oē pĄǜƮ 
6 IEA ̖̑̅˲ɋ

https://www.iea.org/statistics/statisticssearch/report/?year=2015&country=MONGOLIA&product=ElectricityandHeat 



ɋ ɛɗɋ

ŵ3Ŵ �ODA ķ�¯ 

3-1 ODA ķ�¯ļƖ 

ODAɛÁ>�JICAƜÃɠʍŭƢχȟș³ɠ=ȹĭ¢Ɗͦ³ɠ8*Q� 
UB ƫ=ƜϹ́Ƅɘ=øƃ=ȻǸ˄;�ĀȥŞȻǸkmx�=ʰʚ;�ˡʦUʱȪ8

*Q HOB =¿ɀ8(6p����£z� �Ƨɠ=śʰ�£z� �kmx�Uƛî
*Q�%R;NP�Īƒ=øƃ;ƇƉ(6ȻǸ�͍TR�ŰɸɼɔʶΉ7�Q SO2�PM10�
NOx� 100ϼċʕ'RQ%8�G0�CO2=Ȏÿο� 60ϼċʕ'RQ%8U˙ɥ8(�Ű
ɸɼɔ�NAśʿʖȻě=ͯϫ;;ʻ7�Q%8UƊͦ*Q� 

 
3-2 ODA ķ��á 

3-2-1 � ��ŨA±©Ƙţ 

`\ s£�£z>�UBƫȢƺ7�Q�ƊȮţǹ>�UBƫȢƺ�ǹ̆*Qg�śŠ=
ƜƄɘ7�Q 79-1ˍƜƄɘ7͍��ˡʦ HOB;NQȻǸU�śʰ�£z� �;
NQȻǸkmx�;āPɀ�Q� 
ǫƉ(6�Qśʰ�£z� �kmx�>�À§=℃P7�Q� 

̕� �£z� �u�£ϽZQHs-135W22.5-R-C-INVϾ� � Ёĵ 
�}vzǃ ʖɹƘ˄ 135ϴĐ 
Ēʰ̲Đ:286.2KW  
ŭƕ:3900×1300×1800H 3600(kg)  
Ɖɚ:16.5KW×6ĵ ùžam:R407C  

̕� ĈǕ˘ϽZ s£�vzαϔ˗͚ɨ̲¾�Ͼ 
̕� śʰ·ȗŎ� t��Єu�£�Ñ˄�ȏċʐƻ 120m � 54ɉ 

79-1 ˍƜƄɘ;ƛî*Qśʰ�£z� �kmx�=Z�£lŔUŔ 41 ;�Ȱɉ
à�ȕÓ*Qśʰ�£z� �UŔ 42 ;˧*�ɘ̻ô=�l^£s£>�ȾȬ*Q²
Ɖ7�Q� 

 

 
x 41ɋ ��Ū˼̖˲̅̔̀ˣ˥˰̈ʽ˔̖̉ˤx 

ɋ
Ȱɉà8� i�à=ͣáƧ³ĀȆU͐ 25 ;˧*�śʰ�£z� �8ĈǕ˘=͔

Χ¢ΙΡ¢̨ͣ>Ȱɉà��£� eU>)J8*Q¾ƭƧ³>� i�à�ͼȆ*Q͟

ˉ7�Q� 
Ȱɉà�ͼȆ*Qͣá΄8(6 54,504ğõ�ΙΡ΄¢̨ͣƧ³΄8(6 4,000ğõU͘

ΜV7�Q�� i�à�ͼȆ*Q¾ƭƧ³΄8(6�ĺϬU͘ΜV7�P�ʾŚ UBƫ



ɋ ɛɘɋ

�˸̅7�Q� 
Ȱɉà�ȕÓ*Qśʰ�£z� �Ŕ 4�śʰ·ȗµ8�£z� �ψ=λ̆Ŕ�

śʰ·ȗµŔ́= 79-1 ˍƜƄɘ;ƛî*Qͣ͟Ŕ́>ąʑΆȪ;ȔΘ*Q��£z
� �Ųͣ*QȤƌU÷˝ 49;˧*� 
ɋ

Ǖ 25 ĉĝ-ʹ̊̔ˠ̐-ʽǤ.²�ʽǶê@êǢź 

 

ɋ

 
;Ɗ 49ɋ ˼̖˲̅̔̀ːǤǀʯˍĀ¢ 

ɋ
ȹĭ¢Ɗͦ³ɠʈĘ7>�UB ƫ=ƜϹ́Ƅɘ=øƃ=ȻǸ˄;�p����£z�

 �Ƨɠ=śʰ�£z� �;NQȻǸkmx�Uƛî*Q%87�Īƒ=øƃ;ƇƉ

(6ȻǸ�͍TR�ŰɸɼɔʶΉ=Ȏÿʕ7�Q SO2�PM10�NOx� 100ϼċʕ'RQ%
8�G0�CO2=Ȏÿο� 60ϼċʕ'RQ%8U˙ɥ8(�Űɸɼɔ�NAśʿʖȻě=
ͯϫ;;ʻ7�Q%8UƊͦ*Q� 

UB ƫ>�^��c£˛́=Ȣƺɨω8ȕȜ(�|k�|���l]dz8(6śʰ

Y[3 �%�#3
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ɋ ɛəɋ

�£z� �Uȹĭ(6��0�Ǭļ7�Q�G0�śʰ�£z� �>�͐ 26;˧*
ɤ; CO2 ċʕėɓ��Q%8�O�ȰɉȢƺ=´Ŗψd�lvzĈƻϽJoint Crediting 
Mechanism:JCMϾL̟=ɸÜšπϽGreen Climate Fund:GCFϾ=ʈ˄�̫�ORQ�.%7�
ȹĭʈĘ;��6>�ȢƺωÖ̬�ʰÓ̘³ɠ̬́;�Ȱɉ=śʰ�£z� �kmx

�=ŰɸɼɔƖ̃¢śʿʖȻěƖ̃7=Ǿ͎˕çÊǡ�ˡʦ¿ċʕėɓ́=̕ʓ˕çÊǡ

U̒»(�śʰ�£z� �;NQȻǸkmx�=ȹĭU˙ȋ*� 
 
79-1ˍƜƄɘ7�2017Ƴ 9ɂ�2018Ƴ 5ɂG7=ȻǸɅψ;�HOB=ˡʦUśʰ

�£z� �7¿ɀ*Q%8;NQhmzċʕėɓUͨ̅(0�ȻǸɅψ>�9ɂ 15Ȱ�
O 5ɂ 15ȰG77�Q�HOB=ˡʦʎ΄ο>͐ 20�HOB=ϝĐʎ΄ο> 2016Ƴ 9ɂ�
2017Ƴ 5ɂ=Ɗ̥ÝUȐ˄(0�ˡʦÕɚ>Ɗ̥Ý= 75,000 MNT/tϽ3,278õ/tϾ�ϝĐο
Ȫπ>Ɗ̥Ý= 128.5MNT/kWhϽ5.6õ/kWhϾ7ͨ̅(0�ˡʦ HOB8śʰ�£z� 
�=ɵΗ̖ɓUąʑΆȪ;ȔΘ*Q� 
śʰ�£z� �ƛî;NP CO2ċʕėɓ�ʭť�SOx�NOx́=Űɸɼɔ=ȠŊė

ɓ��Q�.(6�hmzċʕėɓ8(6�Ƴψ 10,937MNTϽ478ğõϾ�͘ΜJQ%8
�O�ȹĭ¢Ɗͦ³ɠ7�UB ƫ>� } ehmz8� x| mhmzUͼȆ*Q%
8>Ĵ̲7�Q� 

 
3-3 C/P �ƔĿƻžƆn±ƣŚŇ 

̀ 1ŏͰɗ;��6�UBƫȢƺĭAςƥΆʚ¢^��c£˛8�UBƫC=�śʰ�
£z� �;NQˁŦλǱŞȻǸkmx��ƛî;4�6ͮȴ(0ϖ�«̬>%RUɬΝ

(�ġĐ*Q%8U̍ɍ(0�UBƫȢƺ=ɉ³ɠ=`\ s£�£z>�ƫυƌ= General 
Manager7�QMr. T.GANTUMUR8:30� 
ȹĭ¢Ɗͦ³ɠU͍�Ü͓Ƅɘ8(6�UB ƫȢƺ8ςƥΆʚ¢^��c£˛>�g�

śŠ=ƜƄɘ�O 6 ɘUȒ͊(�jZzͰɗ7 2 ɘ;̗PΜH�UB ƫ8ġ=̖ɓ�
79-1ˍƜƄɘUδƉ(0� 
ĺɘ>�Ƶ̠ίΐ�OŶG308%S;Ę̂(�̍ 200m ǅ=ίΐ�ɇ̼ 7�Q�ś

ʰ�£z� �Uέț*Qϖ;>�̼ �Ǜ͗7�Q%8U UBƫȢƺ;ͮȴ(08%
S�UBƫȢƺ>̼ U͍�%8U̍ɍ(0� 

 
 

 ɋ
;Ɗ 50 UB´ÿ¼ʹʽYǳ̘2017¹ 5Ė 15ĉ̙ 

 
ʾśͰɗ̖ɓUΑG�6�ȹĭƊͦ³ɠʈĘ͟ˉUÏǳ(�2017Ƴ 11ɂ 29Ȱ; UBƫ

υ8ϡͱ(0�BATBOLDƫυNP�À§h� z�NA͗Ͳ��30� 
̕� ɉ��l]dz>Űɸɼɔϊɭ;4:�P�UBƫ�˙ȋ*e�£ κƫ˙ɥ8



ɋ ɛɚɋ

KĹ̹(6�P�ϠƯ;ɃǬ̪:K=7�Q0J�-@8KȒΩ(0�� 
̕� ɏƳƻ=²̅8(6�ɉ��l]dz=0J;�*7;²̅U˦Ø(6�Q� 
̕� g�śŠ= 200 ªƭU¤4=ϘĹÌƅ;Ϙ̍*Q%8Uɟ͠(6�P�G0�
ȯƂ HOB=îRɀ�KºǑ˓˂*Q0J�.ROC=γ˄�Ĵ̲7�P�ɉ�
�l]dz=Ƣχ�x k��>ϠƯ;Ű��8̫�6�Q� 

 
ɋ

ɋ ɋ
ɋ

;Ɗ 51 BATBOLD´ȨʹʽȺǰ 

 
UB ƫ�Oƫυƌ= General Manager 7�Q Mr. T.GANTUMUR ½ЁĻ�^��c£˛�

1Ļ�� i�˰ƄǾ͎ŰƄ 1Ļ��2018Ƴ 1ɂ 10Ȱ�15Ȱ=Ȱ˳7ɉηıîʈĘUƊ
Ȯ(0�Ȱɉ=ƒùś7=śʰ�£z� �=˷ä³ÒͰɗϽśʰ�£z� �km

x�Ȯ͚ͣƓϾ�Ȱɉ=śʰ�£z� �=έΔ̆ˀ¢� x| m³ÒͰɗϽśʰ

�£z� �kmx�Ȯ͚ͣƓϾ�ŰϹƧţ͚Ɠ́U͍30�.(6�ɉ˨7�ͬ̑:ś

ʰ�£z� �kmx�=͟ˉŔ8¼ɤȿUȕ˧(6ͮȴ(�Ŕ 44 =ϟ>Ȱɉà�
>� i�à�΄˄ͼȆU͍�%8Uöƻȕɛ(0�ɢ<�̀ 5ŏG7=ǻ2ĹT,ôƏ
�Įȶ'R6�0%8�O�UBƫà>�%RUȊ2ƮP�ƫυ;Ţŀ(0� 

UB ƫ>�Ȱɉ7=ɉηıîʈĘ̖ɓUΑG��²̅ȓ̨UɾƉ(0�²̅ȓ̨=ɢ͗
>�ąʑΆȪ;ȔΘ*Q� 
.(6�̀ 6ŏͰɗ7�2018Ƴ 1ɂ 17Ȱ UBƫƫυƌ General Manager Mr. T.GANTUMUR

8p����£z� �Ƨɠ ¿͐İ̡ǌ ɖ ̀θ8=ψ7�͛ ȿ;jZ (0Ͻ÷˝ 52�
÷˝ 53ĬʮϾ� 

 

  
;Ɗ 52ɋ UB´ʹʽǯ\ 

 



ɋ ɛɛɋ

  
;Ɗ 53ɋ UB´ʹʽǟē 

ʾŚ�ġ=� i�à8Ȱɉà=³ɠĀȆ>�͐ 26=℃P7�Q� 
 
 

Ǖ 26 ̊̔ˠ̐-ʹĉĝ-ʽ�ı@ê 

 
 
Ȱɉà>�p����£z� �Ƨɠ=śʰ�£z� �;NQȻǸkmx�Ǿ͎=

˲Δ8��£z� �¢ĈǕ˘=ȕÓU͍��ȮƧ;ω(6K�Ȱɉà�Ǿ͎ȋƛU͍��

Ǿ͎=˲ΔU͍��ͣá>Z s£�vzαϔ˗͚ɨ̲¾�8(�Ȱɉ7�}s� eU

͍��� i�à�͍�śʰ�£z� �kmx�=έΔ̆ˀ�γā;͍�QN�;Ǿ

͎ȋƛ(�ȹĭ¢Ɗͦ³ɠǑ>�ʾś=ȕȜÃɠ8ȕȜ(6� x| mÍĈUȧ�6̚

̛(6ͣá̆ˀUj�£z*Q� 
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� i�Ŗà>�Ȱɉà=Ǿ͎ȋƛ=§��£� e�NAśʰ·ȗŎ=ȮƧ�Ƅɘ

=�l^£s£̨ͣ�λ̆Ƨ³�ϝɸƧ³�śʰ�£z� �˄=ιơ=Ƞ̈U͍�%

8U²Ɖ(6�Q�G0�� i�à>��l]dzUέō̆ˀ*Q88K;�ϝɸ¿�

¨ûʏ�¹Á΄�� x| ḿ=� } ehmz=ͼȆU͍�²Ɖ7�Q� 
ɋ
3-4 } ODA ķ�#&ƬĖ¸Ɖÿ  

JICA7>�UBƫŰɸΉƷϽAQDCCϾU�£z|£;�UBƫ=ŰɸɼɔƖ̲̃ĐUǇ
ě*Q0J��\� �£z�ƫŰɸɼɔƖ̲̃ĐǇě��l]dz�]£n 27�UƊȮ

(0�Ͻ2013Ƴ 12ɂ�O 2017Ƴ 6ɂ 30ȰϾ 
�]£n 27>�Ŕ 42=jZd�;š5�ǳɓ 1Ѕ9UͣƉ(6�Q�ŰɸˁŦ̆ˀj

Zd�Uɣǳ*Qmxv�8(6>�1ϾŰɸˁŦ¢ɼɔʚ=Āɑ�Ɩ̃ėɓ=ͧÕϽǳɓ
1Ѕ3Ͼ�2ϾŰɸɼɔƖ̃¢ǵˌ¢Ȣ̃=ɟ͠ЀǬǞɾƉϽǳɓ 4Ѕ5Ͼ�3ϾŰɸɼɔƖ̃
=ͧÕ¢ƔɗϽǳɓ 6Ͼ�4ϾŰɸɼɔƖ̃=ƊȮϽǳɓ 7Ѕ8ϾUǫƉ*Q�.RO=mx
v�UɃɨ˕;̖A¾#Q0J;�5ϾŰɸˁŦ̆ˀjZd�ɣ̈Ͻǳɓ 9Ͼ8(6̦̔ψ
ΨȜ¢ġͰ=0J=ĈƻÏPUȟș*Q�̫ ;�ǳɓ 1Ѕ37>Ǿ͎ϡ7=̲ĐǇě�ǳɓ
4Ѕ97>ŰɸɼɔƖ̃=ɟ͠¢ƊȮ��om=ȠŊUŔQ%8;νʧŲ�6�Q� 
�]£n 2=��£zUîǺ(0=7�y£sUĀɑ(�ȕɛ*Qȹĭ¢Ɗͦ³ɠ=ͧ

ÕU͍�0�8̫�6�Q� 
 
 

 
x 42�ņŶ�Ƨŵˡ˔˜̐ 

  åǋJICA 9hmYoRjéÖŃŅİâŸƉ©ñ¯_lH:@R]:oJ 2 _lH:@RļƖ 
 
 

JICA7>�UBƫǵˌȢ̃Ɵ�šɉ͟ˉƟU�£z|£;��\� �£z�ƫ�ms
£�� ϽMPϾ͟ˉ¢ƊȮ̲ĐȠŊ��l]dz�UƊȮ(6�Q�Ͻ2014Ƴ 9ɂ 1Ȱ
�O 2018Ƴ 12ɂ 31ȰϾ 
ĺ��l]dz7>�À§=ɤ:ʈĘU͍�� 

̕� UBƫMP2020UĽIκƫχ˓;ÖQ͟ˉU���£*Q 
̕� UBƫMP2020ƊȮ͟ˉ=ƊʾCļ#0ͽę͟ˉŨƉ*Q 

UBƫMP2020ƊȮ͟ˉϽɛϾŨƉ(�Ɂ̓ě*Q 
̕� %RG7=g�=ĝˉȧˀ³ɠ=ćΰʧUȧˀ(�³ɠƊȮ¦=ͯϫUĀɑ*

Q 
̕� öχ˓³ɠ=0J;Ǜ͗:QZ ��ȧá΄́= 5¡Ƴ=³ɠ΄Uȴ˦ě*Q 
̕� śĝZ ��kmx�Ͻʷ;¦§ɹ��£xY eϾŨƉ*QϽ¦§ɹ��£

ɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋɋ
7 https://www.jica.go.jp/project/mongolia/008/outline/index.html 



ɋ ɛɝɋ

xY eϾ 
̕� �y���l]dz=³ɠʛáUȟș*Q 
̕� �y���l]dz=³ɠƊȮUȟș*Q 

 
ČΠ(0ɤ;�UBƫ> 2018Ƴƻ=²̅7Ȭͣ'R0� 58.1.14. ˁŦØï¢ŏǖ�=�ʩ

ʬ\� �£z���e���=§7�śʰ�£z� �³ɠUȒΩ(6�!͟ˉ7�

Q�.(6�UB ƫυ>�ȹĭƊͦ³ɠ=ǳɓUΑG�6�|k�|���l]dz8(
6ȒΩ(6��0�Ǭļ7�Q�Ǔ36�UB ƫ8ΨȜUŔP�śʰ�£z� �³ɠ
U UBƫMP2020ƊȮ͟ˉ;̔HΜV7�!İP̔HU͍�� 

 
 

3-5 ODA ķ�óĄ%��1ơǅniI@#âþŸ 

śƤ>�h Æƛʼ�ˎ:P�śŠ�ʐ'�ś§ɹ=Ƀʩ:9;NP�ȏċ(0ƀ=Ȑʰ�

Ȏʰǡ̲�ˎ:Q�%=0J�ɉͰɗ7ʰǜ̂ͨϸU͍��³Č;ʰÆƛʼUǿȘ(6�

γā:�£� e̞ǀυ�ȏċʐƻUɾJQ�%R;NP�śʰ�£z� �kmx�

��ʾś=śΉɎÁ́;γĹ(:��mdUŏℓ*Q� 
śʰ�£z� �kmx�>�� i�Ŗ7ƛî�źG30?�P7�P�έΔ̆ˀ

Ǿ͎�� x| mǾ͎�ɇʯ7�Q�ȹĭ¢Ɗͦ³ɠ7έΔ̆ˀǾ͎�� x| mǾ

͎U� i�Ŗà;˲Δ(�ȣϗ�˓˂*Q́=Ǿ͎�mdUŏℓ*Q�G0�śʰ�

£z� �kmx�>Z s£�vzαϔ˗͚ɨ̲¾�8(�Ȱɉ7�}s� eU͍��

� i�à�͍�śʰ�£z� �kmx�=έΔ̆ˀ�γā;͍�QN�;(6�ȣ

ϗ�˓˂(0ȷ;γā;ý̨7�QN�;*Q� 
 

3-6 ŠÐů�ƲăŶ 

śʰ�£z� �;NQȻǸkmx�>�Ȏɸ�Ȏɹ�Ϸϣ�:�%8�OˁŦͼ̓

>̫Ǳ(:!6N�8ͭͶ(6�Q� 
APES= Zandanpurevèǹυ;NR?�HOB̨ͣ;��6�ʷą:ͭĴĭAˁŦͧÕȿ

>ʷ;Ǜ͗�:�8=%87�Q�śʰ�£z� �;4�6>ɇ˦ͭ=0J�ɉͰɗ

7˦ͭ*Q��
ŰɸɼɔňϫC=͝ɾ̃8(6�śʰ�£z� �kmx�Uƛî*Q%87�ʭť

́=ŰɸɼɔʶΉ=˓˂ο�ʕP�ˡʦ=ʎ΄ο8ˡʦʣ=˓˂ο�ʕQ�%R;N36

ŰɸɼɔʶΉ=˓˂8ˡʦʣ=ϱȥUϊɭ(6ƫɷ=ßƽ˕:˂ʈ=˦Ø;;ʻ7�Q�

'O;�´μěʦ̏=ȎÿοKċʕ'R�ʖȻěϊɭ;;ʻ*Q� 
ɋ
3-7 Īö�21ƹŧ«į 

ȹĭ¢Ɗͦ³ɠ=˙ɥ¢ǳɓ¢ʈĘU͐ 27;˧*� 
 

 

 

 

 

 

 

 

 



ɋ ɛɞɋ

Ǖ 27ɋ Đ^̕¡ǧ�ıʽƆĶ̕Þĥ̕ŒR 

ƆĶɋ ɋ ɋ

ɋ ɋ ɵɣ ´ʽ«�ɉƢ�Īʼʛɩɰɣʼˊˍđãˣ˥˰̈ʽ�Ĕʹʭʷʛ��Ū˼̖˲̅̔̀ˣ˥˰̈ʥª5ʬ

ˎʷđãʥǑˏˎʛ�ņŊħŭȁʽòņȡʹ̛̞̠ʥFŘʬˎʛɵɣ´Ņʽ,ÀǗ¤ʥȉŘʬˎˍʜɋ

Þĥ̚ɋ ɋ
ŒRɋ ̚ʚ̚ɋ Ĭ�UǯĩƵĥʼ�ʶʠʷ��Ū˼̖˲̅̔̀

ˣ˥˰̈ʥǤǢʛǚȒʬˎʛǤǀʬˎˍɋ

ɋ ɋ ɵɣ ´ʽ«�ɉƢ�Īʼʛɩɰɣʼˊˍ

đãˣ˥˰̈ʽ�Ĕʹʭʷʛ��Ū˼̖

˲̅̔̀ˣ˥˰̈ʥª5ʬˎʷđãʥǑ

ˏˎˍʜɋ

ŒRɋ ̚ʚɘɋ ��Ū˼̖˲̅̔̀ˣ˥˰̈ːƘ/ʬʱʷʛɵɣ´

ʽ«�ɉƢ�Īːđãʯˍʜɋ

ŒRɋ ̚ʚ̜ɋ ��Ū˼̖˲̅̔̀ˣ˥˰̈ːƘ/ďʽ̊˵˫̏

̔˝ʼˊˌÍˋˎʳ˱̖˫Ǩ%ːǑʠʛɵɣ´ʽ�ņŊħý

sQĥʛ�ŴřđUƼpQĥːǨ%ʯˍʜɋ

Þĥ̛ɋ
ŒRɋ ̛ʚ̚ɋ ��Ū˼̖˲̅̔̀ˣ˥˰̈ʥșAʼȕȈʭʷđ

ãʥǑˏˎʷʠˍʤƐǫʭʛÑǜʼÓʮýsʯˍʜɋ

ɋ ɋ��Ū˼̖˲̅̔̀ˣ˥˰̈ʼˊˌđã

ʯˍĐ^̊˱̐ʥƤ ʬˎˍʜɋ
ŒRɋ ̛ʚ̛ɋ ��Ū˼̖˲̅̔̀ˣ˥˰̈ʽȕȈ̉̔̕˰˴̔˥

ːǑʠʛȕȈƧŵ̆˵̌˒̐ːă.ʯˍʜɋ

ŒRɋ ̛ʚ̜ɋ ĉƭ�ıːmˆų�Ő�ʹʽıS÷ûʼˊˌʛ

ĉĝʤˋǤ.ːȋ5ʭʛų��ıʥǹ�̕Ĉ²̉̔̕˰˴̔

˥ːǑʡ˽ˤ˷˥̊˱̐ʥƐƞʯˍʜɋ

 

ȹĭ¢Ɗͦ³ɠ;��6�UB ƫ=ƜϹ́Ƅɘ7śʰ�£z� �;NQȻǸkm
x�UέΔ(�ĺkmx�=Ƀ˄ǡUƊͦ*Q%87�χ˓ͯϫ;Ɩ*QÀ§=ėɓ�Ʌ

Ǐ7�Q� 
ɋ
ėɓ 1.ŰɸɼɔʶΉUċʕ(�ˡʦʣ� 08:36 UBƫ=ƜϹ́Ƅɘ=ŰɸΉ�Ƞ

Ŋ'RQ� 
ėɓ 2. CO2ȎÿοUċʕ(�śʿʖȻě=̢Ń;;ʻ*Q�  



ɋ ɛɟɋ

ŵ4Ŵ �\HWIåƹƘţ 

4-1 \HWIåƹƘţļƖ 

śʰ�£z� �kmx�=�£z� �=͔Χ>�ĩĊ8(6Ȱɉ7͍��Ū�

� x| m>ʾś=ȕȜÃɠ�͍�� 
� i�Ŗô7śʰ�£z� �;NQȻǸkmx�=Ū�ȮƧ��� z=� 

x| mU͍�ɠęȕȜê8(6�� i�Ŗ;��6śʰ�£z� �Ǿ͎;̋℃(

6�QʾśÃɠU̫�6�Q�ȹĭ¢Ɗͦ³ɠ7ȕȜÃɠ;Ǿ͎˲ΔU͍���l�mƢ

χ��%:�QN�;*Q� 
UBƫ=Űɸɼɔňϫ=͝ɾ>�Ō̝=ͯϫ8:36�Q� 
�}o�>��UBƫ=Űɸɼɔ���>�ºǑȦƳ=�2;ǠΦ;ċʕ'R:#R?�

2025 Ƴ;>Űɸɼɔ�ĩŐ=ːɸ;̩30ſ9K02Uʁ˒*Q0J=ͽȢ¦=̕΄>
33ϼŧĒ(�2025 ƳÀό>ðñØßĈƻ=̕΄�ɳƳ 48 å MNTϽ̍ 21,500 ¥õϾŧĒ
*Q��8ͷŀ(6�Q� 
Űɸɼɔ=ʐĉěUı#6��NATIONAL PROGRAM ON REDUCTION OF AIR AND 

ENVIRONMENT POLLUTION���2017 Ƴ 3 ɂ 20 Ȱ=Ȣƺɾ̀ 98ķ;N36ǽͭ'
R0�%=��e��>�2017-2018 Ƴ=ˠɅψ8 2018-2021 Ƴ=υɅɅ= 2 ɲϓ7ƊȮ
'RQ�%=��e��;>�śʿˁŦ�ƎƼ�Ãɠ�̦̔�Ñ˄*Qˡʦ=ǣ¯˕˫ɭ

:9�ŰɸɼɔU̢Ń*Q0J= 59=͍Ę�ĽGR6�Q�.(6�Űɸɼɔϊɭšπ=
ͣ˽K͍TRQ� 
%�(0ʹʃ§�BATBOLD UB ƫυ>�ȹĭƊͦ³ɠU�Z�vz³ɠ8(6ǳđ'

,�ˁŦ˛Lǁͣ˛�^��c£˛Kƪ�ΜV7�� i�Ŗ=ŖƎ��l]dz;¼˽

60�Ǭļ7�Q�2017Ƴ 12ɂ 4Ȱ;�UBƫ= 2018Ƴƻ=²̅�Ǽú'R0�UBƫ
>�� 58.1.14. ˁŦØï¢ŏǖ�ϽȬϾ=§;��ʩʬ\� �£z���e���=§7
ŰɸɼɔUċʕ*Q��l]dzLƖ̃=ƊȮ; 38åMNTϽ̍ 17,000¥õϾze�e=
²̅��P�.=¤ι8 UBƫυ=²áπ�Oȹĭ¢Ɗͦ³ɠ=� i�à=ͼȆUȟÿ
*Q͟ˉ7�Q� 
Ǔ36�UBƫ8sZXv�(6�UBƫ8śȭκƫ;�śʰ�£z� �kmx�U
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SUMMARY 
ɋ
1. Purpose of the Survey 

A survey was conducted to examine the potential use of Japanese companies’ products and 
technologies for Japanese ODA projects in Mongolia. The scope of the survey included network 
building and information gathering to develop ODA projects. 

The survey confirmed the situation and technologies of various heating installation such as 
coal boiler and Ground source Heat Pump (GHP) system for schools in Ulaanbaatar (UB) city 
and then determined the applicability of the proposed system to Mongolia. Furthermore, 
feasibility and sustainability of the proposed project to provide heat by GHP system 
appropriately was estimated by the survey work. Tangible ODA project and business plan was 
also proposed through the survey. 

 
2. Survey Outline and Schedule 

Survey was conducted in alliance with UB city government and Ministry of Mineral 
Resources and Energy (MMRE) in Mongolia. Field survey counted 6 times as in May, early 
July, late July, September, November in 2017, January in 2018.   

 
The survey comprised 2 areas as below: 
1) Feasibility proposal of ODA, and 
2) Schedule for the business development 

 
Toward the implementation of the ODA enterprise, No. 79-1 elementary and junior high 

school was chosen out of similar schools in 6 different locations administered by UB city 
government in Ger area which was recommended by UB city government and Ministry of 
Energy. In the site of No. 79-1 elementary and junior high school, geological survey, thermal 
response test (TRT), and measurement/analysis of energy balance as to the heating by HOB was 
carried out. Based upon the data acquired thereby, specifications of the ground source heat pump 
and boring depth and number of holes for the ground source heat exchangers were duly 
determined.   

 
Through the talk with UB city, data, policy, UB city’s budget, and other important 

information collected were discreetly analyzed and verified.  And then, UB city and General 
Heat Pump Industry Corp.(hereafter, ZQ) agreed upon the introduction of the GHP system as an 
alternative to the heating system by the conventional coal boiler into #79-1 elementary and 
junior high school in UB as a model project for JICA’s verification survey with the private 
sector for disseminating Japanese technologies, thus, concluded a memorandum on January 17, 
2018.   

 

 
Photo 1  Drilling on the site 
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Photo 2  TRT system and well head 

 

 
Photo 3 Signing event with UB city government 

�
3. Concerned Development Issues 

Mongolia is a country in a cold district and winter season is 9 months from September to 
May. Energy consumption for heating depends mostly on coal because of abundantɋ coal 
resources in Mongolia. Air pollution becomes serious problem due to large consumption of coal 
for heating in UB city and damage for public health by smog is much concerned. Especially 
affects to respiratory disease of students and global warming by increasing CO2 emissions are 
serious problems. 

Against a background of above, UB city establishes “Ulaanbaatar 2020 Master Plan and 
Development Approach for 2030” and identifies “become a safe, healthy and green city that is 
resilient to climate change” as one of 6 development approaches. In the Master Plan 7 
interconnected green goals are identified including cleaner air and climate change resilient. 

Although Mongolian government initiates an effort to replace heating by coal boilers with 
GHP system as one of solutions for such problems, domestic companies don’t have a technology 
of the system and don’t disseminate the technology. 

Therefore, Japanese contribution for introduction of GHP system is expected. 
ɋ
4. Products and Technologies 

Heat pump is literally an equipment to draw up heat from low temperature to higher 
temperature. GHP provide heat by extracting heat from ground source and transferring it into a 
building. 

Although many countries experience seasonal temperature extremes -- from heat in the 
summer to sub-zero cold in the winter—a few meters below the earth's surface the ground 
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remains at a relatively constant temperature. The GHP takes advantage of this by exchanging 
heat with the earth through the ground heat exchanger and bring heat to a building.   

In Mongolia, coal fired boilers are generally used for heating hot water and distribute to the 
school buildings, hospitals, residences and public facilities. In this project, as shown in Figure 1, 
this coal fired heating system will be replaced with the GHP system, aiming at reduction of air 
pollution and CO2 emission. 

 

 
Figure 1ɋ Ground Source Heat Pump System 

ɋ
Figure 2 indicates general concept of GHP system.  Most geothermal heat pumps circulate 

an antifreeze solution through a closed loop -- usually made of plastic tubing called as U-tube-- 
that is buried in the ground. A heat exchanger transfers heat between the refrigerant in the heat 
pump and the antifreeze solution in the closed loop.  

  

 
Figure 2.  Conceptual Diagram of Ground Source Heat Pump 



ɋ ɪɶɋ

The heat pump to be used in the ground source heating system is a high efficiency water 
cooled type heat pump chiller ZQH as shown in Photo 4.  The compressor inverter is operating 
in high efficiency, and the dimension is compact; 650Wx1300Lx1800H mm. 

It includes data transfer function EMS as standard equipment, which can be monitored cause 
of trouble, temperature, heat quantity and electric power consumption at a remote place even in 
Japan. This heat pump can be a semi-order made so that capacity of the heat pump and its 
optimal control can be designed in accordance with the local heat load.ɋ In this ODA project, 5 
modules are connected each other with a total dimension of 3250Wx1300Lx1800H. In case of 
shipment, it can be separated as one module. 

Specifications of the heat pump are as follows; 
Name: Water cooled type heat pump chiller  
       Eco-standard series 
Type: ZQHs-112.5W22.5-H-C-INV 
Maximum heating capacity: 243.6kW  
Heat source water: 169.9kW 
Electric consumption: 78.3kWɋ  
Standard price̝Japanese Yen 32,250,000. (Domestic price) 

 

 
Photo 4 High Efficiency Water Cooled Typeɋ Heat Pump Chiller ZQ H 

ɋ
5. Proposed ODA Projects and Expected Impact 

Mongolian counterparts for this survey and ODA project are MMRE and UB city 
government. The survey was conducted at a school of UB city which was decided through 
discussion with UB city. 

The proposed GHP system consists of the following equipment: 
  -  GHP  240kW 
  -  control panel with remote monitoring system through the internet 
  -  ground heat exchanger  double U tube  100m x 64 tubes 
Japanese side provided the following know-how during the survey: 
  -  provision of a heat pump and control panel 
  -  technology transfer of GHP system by ZQ 
  -  advise and technology transfer for drilling, installation and commencement of operation. 
As the heat pump is equipped with a remote monitoring system, Japanese side is able to 

monitor operational conditions and give advice to Mongolian side to operate the system 
appropriately including after ODA project finished. 
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Mongolian side will conduct drilling, construction of ground heat exchanger, radiator, piping 
and electricity under Japanese instruction. Mongolian side also take a responsibility to control 
and operate the system and to bear running cost such as electricity, antifreeze solution, personnel 
and maintenance. 
Expected impacts by implementation of ODA project are: 
Impact 1 Ground source heat pump system is installed and coal boilers for schools heating in 

UB city is to be replaced by GHP system. 
Impact 2 Air pollutants and coal ash are reduced and air quality is improved in UB city. 
Impact 3 CO2 emissions is reduced, and contributing to mitigation of global warming. 
Impact 4 Technology advantage of GHP system is confirmed based on its stable operation in 

schools of UB city. Furthermore, advantage and availability of the technology in 
Mongolia is recognized by economical evaluation according to data such as heat 
production and electricity consumption. 

Impact 5 It is confirmed that GHP system has features such as available anywhere (versatility), 
unaffected by the weather or climate (stability), high efficiency and cost-effective 
energy source in Mongolia. Ground source heat pump system is disseminated as 
distributed heat supply system in Mongolia. 

ɋ
6. Intended Business Development 

There are more than 200 heat supply facilities by using HOB combined inside UB city with 
local area. We will target these facilities to sell a GHP system and to replace HOB. These 
facilities belong to local governments or heat supply companies. Furthermore, as a new urban 
development and a get redevelopment are conducted according to the Master Plan of UB city, 
we will disseminate the system to residential complexes and public facilities in such area. 

Basically, Japanese side will manufacture heat pumps and a local alliance company will sell 
and maintain the system. 

Japanese companies, who already have expanded their business into Mongolian market, will 
be considered as alliance companies to cooperate in sales, construction and maintenance of the 
system. If amount of cost saving of coal consumption by replacing coal boilers with GHP 
system is attractive for local government or heat supply companies, they will be able to pay for 
introduction of GHP system. Also JCM scheme is utilized to expand heat supply business using 
GHP due to the limitation of Mongolian government fund. 

ɋ
7. Survey Outline and Schedule 

The survey was conducted with MMRE and UB city government. Duration of the survey was 
12 months as from May, 2017 to the end of April, 2018. The objective of the survey was to 
contribute for the realization of “become a safe, healthy and green city that is resilient to climate 
change” under the Ulaanbaatar 2020 Master Plan and Development Approach for 2030. As GHP 
system has been just introduced to Mongolian market today, it was necessary that the following 
issues became well-known in public through the survey to disseminate such technology in 
Mongolia: 
• technology advantage which produces heat stably in severe winter 
• advantages of environmental friendly because of no emissions of air pollutants and CO2 
• advantage of mitigation of impact for public health 
• advantage of economical benefit by reduction of coal consumption 

During the survey we researched the following issues: 
• research environmental problem caused by consumption of coal for heat supply and 

planning of introduction of GHP system 
• select a targeted school for ODA project 
• obtain data of selected school such as heat supply volume of current HOB, result of thermal 

response test and data required for design of GHP system. 
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Based on research results mentioned above, a system design and business plan for ODA 
project was developed. Furthermore, operational status of both coal boilers and GHP was 
obtained for market evaluation and our business model was mostly established. 

ɋ
8. Proposed ODA Projects and Expected Impact 

The counterparty will be UB city government. The implementation site will be No. 79-1 
elementary and junior high school which belongs to UB city government in Ger area. The HOB 
by using coal currently will be replaced with GHP system in the ODA project. 

Currently, as shown in Photo5, No.79-1elementary and junior high school operates HOB for 
heating by using coal within the grounds. It is desirable to replace HOB with GHP system from 
the point of view of students’ healthy. 

ɋ

  
Photo 5ɋ HOB of No.79-1 elementary and junior high school (Korean product)  

 
No. 79-1 elementary and junior high school is located in 17th Khoroo, Bayanzurku District, 

North-East part of the City as shown in Figure 3. The altitude is 1,301m in the city center and 
1,365m in the school. Photo 6 shows a full view of the school. The number of faculty staff, 
employee and students are 46, 24 and 728, respectively. 

 

 
Figure 3 Location of No.79-1 elementary and junior high school 

ɋ

No. 79-1 elementary and junior 
high school 
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Photo 6 Full view of No.79-1 elementary and junior high school 

Proposed GHP system is as follows: 
̕� Heat pump chiller ϽZQHs-135W22.5-R-C-INVϾ� � 1 piece 

Unit type, hot water only  135HP 
Heating capacity: 286.2KW  
Outer dimension: 3900×1300×1800H, 3600(kg)  
Rated power:16.5KW×6pieac, Refrigerant: R407C  
̕� Control panel (with remote monitoring device through Internet) 
̕� Underground heat exchanger, double U-tube, drilling depth: 120m X 54 hole 

Figure 4 show an image of proposed GHP system and GHP components prepared by Japanese 
side, respectively. Radiators inside the school will be renovated. 

 
ɋ

 
Figure 4 Image of GHP system 

ɋ
Table 1 and Figure 6 show the sharing of construction work for facilities between the 

Japanese side and the Mongolian side. Production, transportation and installation of GHP and 
control panel are borne by the Japanese side and other works including a boring work are borne 
by the Mongolian side. 

It is expected that the Japanese side will bear JPY54,504,000 as equipment cost and 
JPY4,000,000 as transportation and installation cost. UB city government is now estimating cost 
of additional works which should be borne by the Mongolian side.  
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Table 1  Work sharing plan between Japanese and Mongolian 

 
 

In the diffusion and demonstration project to install GHP system manufactured by ZQ for 
providing heat to schools in UB city, the following goals and issues will be demonstrated: 

ü Stable heating in the cold winter season, 
ü 100% emission reduction of air pollutants such as SO2, PM10 and NOx, 
ü 100% reduction of coal ash, 
ü 60% emission reduction of CO2 and 
ü Contribution for mitigation of air pollution and climate change. 

 
Table 3 indicates goal, outcomes and activities of a diffusion and demonstration project. 

 

ɋ  
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Table 3 Goal, outcomes and activities of diffusion and demonstration project 

Goal ɋ ɋ

ɋ ɋ ɨɩɱɋʌʒʌʍɿʇɋʃʌɋʃʈʍʋʉɾʎɽɿɾɋɻʌɋɻʈɋɻʆʍɿʋʈɻʍʃʏɿɋʍʉɋʂɿɻʍʃʈʁɋʌʒʌʍɿʇʌɋɼʒɋɩɰɣɋɻʍɋɿʆɿʇɿʈʍɻʋʒɋɻʈɾɋʄʎʈʃʉʋɋʂʃʁʂɋ

ʌɽʂʉʉʆʌɋʉʀɋɵɣɋɽʃʍʒɔɋɨɩɱɋʌʒʌʍɿʇɋʊʋʉɾʎɽɿʌɋʂɿɻʍɋʍʉɋʌɽʂʉʉʆʌɋɻʊʊʋʉʊʋʃɻʍɿʆʒɋɻʈɾɋɻʃʋɋʊʉʆʆʎʍɻʈʍʌɋɻʈɾɋɤɰɘɋɻʋɿɋ

ʋɿɾʎɽɿɾɋɻʈɾɋʂɿɻʆʍʂɋɾɻʇɻʁɿɋʍʉɋɵɣɋɽʃʍʃʓɿʈʌɋʃʌɋʇʃʍʃʁɻʍɿɾɔɋ

ɰʎʍɽʉʇɿɋɗɋ ɋ
ɢɽʍʃʏʃʍʒɋɗɓɗɋɨɩɱɋʌʒʌʍɿʇɋʃʌɋɾɿʌʃʁʈɿɾɒɋʇɻʈʎʀɻɽʍʎʋɿɾɋɻʈɾɋ

ʃʈʌʍɻʆʆɿɾɋɻɽɽʉʋɾʃʈʁɋʍʉɋʋɿʌʎʆʍʌɋʉʀɋʍʂɿɋʌʎʋʏɿʒɔɋ

ɋ ɋ ɨɩɱɋʌʒʌʍɿʇɋʃʌɋʃʈʍʋʉɾʎɽɿɾɋɻʌɋɻʈɋ

ɻʆʍɿʋʈɻʍʃʏɿɋʍʉɋʂɿɻʍʃʈʁɋʌʒʌʍɿʇɋʉʀɋɩɰɣɋ

ɻʈɾɋʊʋʉɾʎɽɿʌɋʂɿɻʍɋʍʉɋɿʆɿʇɿʈʍɻʋʒɋɻʈɾɋ

ʄʎʈʃʉʋɋʂʃʁʂɋʌɽʂʉʉʆʌɋʃʈɋɵɣɋɽʃʍʒɔɋ

ɢɽʍʃʏʃʍʒɋɗɓɘɋɨɩɱɋʌʒʌʍɿʇɋʃʌɋʉʊɿʋɻʍɿɾɋʍʉɋʊʋʉɾʎɽɿɋʌʎʀʀʃɽʃɿʈʍɋ

ʂɿɻʍɋʍʉɋʌɽʂʉʉʆʌɋʃʈɋɵɣɋɽʃʍʒɔɋ

ɢɽʍʃʏʃʍʒɋɗɓəɋɦʀʀɿɽʍɋʉʀɋʋɿɾʎɽʍʃʉʈɋʉʀɋɻʃʋɋʊʉʆʆʎʍɻʈʍʌɋɻʈɾɋɤɰɘɋʃʌɋ

ɿʌʍʃʇɻʍɿɾɋɼɻʌɿɾɋʉʈɋɾɻʍɻɋʐʂʃɽʂɋʃʌɋʉɼʍɻʃʈɿɾɋɾʎʋʃʈʁɋʉʊɿʋɻʍʃʉʈɋ

ʉʀɋɨɩɱɋʌʒʌʍɿʇɔɋ ɋ

ɰʎʍɽʉʇɿɋɘɋ ɋ
ɢɽʍʃʏʃʍʒɋɘɓɗɋɪʍɋʃʌɋɽʉʈʀʃʋʇɿɾɋʐʂɿʍʂɿʋɋɨɩɱɋʌʒʌʍɿʇɋʃʌɋʉʊɿʋɻʍɿɾɋ

ɻʊʊʋʉʊʋʃɻʍɿʆʒɋɻʈɾɋʉʊɿʋɻʍʃʉʈɋʃʌɋʃʇʊʋʉʏɿɾɋʃʀɋʈɿɽɿʌʌɻʋʒɔɋ

ɋ ɋ ɥʃʀʀʎʌʃʉʈɋʇʉɾɿʆɋʃʌɋɿʌʍɻɼʆʃʌʂɿɾɋɻʌɋʂɿɻʍʃʈʁɋ

ɼʒɋɨɩɱɋʌʒʌʍɿʇɔɋ

ɢɽʍʃʏʃʍʒɋɘɓɘɋɨɩɱɋʌʒʌʍɿʇɋʃʌɋʉʊɿʋɻʍɿɾɋɻʈɾɋʇɻʃʈʍɻʃʈɿɾɔɋɢɋ

ʇɻʈʎɻʆɋʀʉʋɋʉʊɿʋɻʍʃʉʈɋɻʈɾɋɽʉʈʍʋʉʆɋʉʀɋɨɩɱɋʌʒʌʍɿʇɋʃʌɋ

ʊʋɿʊɻʋɿɾɔɋ ɋ

ɢɽʍʃʏʃʍʒɋɘɓəɋɢɋɼʎʌʃʈɿʌʌɋʇʉɾɿʆɒɋʐʂɿʋɿɋʆʉɽɻʆɋɿʈʍʃʍʒɋɏʃʈɽʆʎɾʃʈʁɋ

ɫɻʊɻʈɿʌɿɋɽʉʇʊɻʈʒɐɋʊʋʉʏʃɾɿʌɋʃʇʊʉʋʍɒɋʌɻʆɿɒɋʃʈʌʍɻʆʆɻʍʃʉʈɋɻʈɾɋ

ʇɻʃʈʍɿʈɻʈɽɿɋʉʀɋɨɩɱɋʌʒʌʍɿʇɒɋʃʌɋɿʌʍɻɼʆʃʌʂɿɾɔɋ

ɋ
9. Intended Business Development 

Basically GHP system is manufactured in Japan and sale and maintenance are conducted by a 
local alliance company in Mongolia. 

A local company, who is familiar with GHP technology, will be appropriate for a alliance 
partner to sale, construct and maintain the GHP system. During diffusion and demonstration 
project, the technology/know-how will be transferred to such company for preparation for 
business extension. 

 
ɋ
ɋ  



ɋ ɸɋ

 
ɋ ɋ

!  Heating system of schools by means of coal boilers will be replaced by ground source heat pump 
system, which contributes to emission-reduction of air pollutant. Consequently, health hazard such as 
chronic bronchitis and bronchial asthma will be alleviated in Mongolia.�

!  By replacing coal fired boiler with heat pump, CO2 emissions from coal boiler in Mongolia is reduced 
and the project contributes to mitigate global warming.�

Proposed ODA Projects and Expected Impact�

Feasibility Survey with the Private Sector for Utilizing Japanese Technologies in ODA Projects 
Mongolia, Feasibility Survey for Environment-Friendly Ground Source Heat Pump System�

	�

"  Name%of%SME�ZENERAL%HEATPUMP%INDUSTRY%CO.,%Ltd%
"  Loca=on%of%SME�Nagoya,%Aichi%Pref.,%Japan%
"  Survey Site���Counterpart Organization� 

•  Ulaanbaatar(UB) city and Tuv province 
•  Ministry of Energy and Ulaanbaatar city      �

SMEs and Counterpart Organization�

!  Circulating antifreeze liquid in a ground source 
heat exchanger (a drill hole) down to around 
100m deep, ground temperature is raised up to 
a heating temperature in a heat pump.�

!  Ground temperature is constant throughout an 
year, even in a severe winter around  -30 deg. C. �

!  Air pollutant caused by coal-fired boiler is 
growing into a serious health hazard problem 
in UB city. �

!  CO2 emission by coal fired boiler is increasing, 
so that the effect on global warming is a 
country concern.�

Concerned Development  Issues� Products and Technologies of SMEs�

Heat Pump�

Ground Heat 
Exchanger�

Heating�
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