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� ]�� 
 ϊ˖tćɳ�ƲȾb�]oneͣt_�˄~Ĵbʺͱ¡­©�ouqrtept�TrƲō

ˑrƱ΢ŏ`e͐čb�tt�ɲ͉`e¡­©�Ə˥þu×˥þɶ˻rpt�TrͨʽnY�ttɂ�

trb�f�

�

�

�



 3 

���ϧǟγtˡ˰͈ˈşwƲȾȽʔ�

� əˡ˰nuƅ�� rˤ_���TeùÙt 
 ϊ˖rľjm͈ˈ�ƲȾb�f�

�

ƅ��� əˡ˰tɶȌ�

�

���	�ʺͱ¡­©�tőĶoīąèĊtȸ˂�

� ƇĮƜtͯʧ¡­©�ĶɥtèĊ�šο`eɀərΓˆb�ƕŬtɲ͉�̵Tfͣt_�˄~Ĵbʺ

ͱ¡­©�oupt�Tq�ttɵǿˑqȸ˂�̵jgØneīąˑèĊtȸ˂�̵Tf}ge˃ƘÑ

̇ʡφt�Ķɥ�̵jmp�ˡ˰̙rµ�ÊÏ��̵peɷgqĶΡt�ʺͱ¡­©�rδb�ɲ͉Ñ

ȸ˂�̵Tfʺͱ¡­©�tőĶuǷtćɳrƟYqǲψ�Ûr�Π̀qćɳno�g�eƜΙɒ̙͠

ɲ͉þ�̆̒`e̊̋ˑq͚͡ÑɍȼÑ́˗`�΋��fȓ͜�ωpmp�ƜΙɒ̙͠ɲ͉þtÂÏ³

Òuɾt·�no�fɱŤ˦ÔȵȤϝɢðƟƬϞeǍəáñþΰϝɾÝ÷�¡«Áˡ˰þϞeɻəǵé

ȵȤϝ˲ŶϔƟƬϞe˛Ǭʚ×ȵȤϝǺǐƟƬϞeɣəïȵȤϝŐäǓǗ˲ƟƬϞeϕƣɖđóȵȤ

ϝäǓƟƬϞf�

� }geʺͱ¸ÍÒ�¡­©��ƬżĶΡo`mŢ�ȒT 6�62ϝ6KC4OPNH#I�2B/I/FS ƇμƬþϞnt

ŋŰ�ŮƬþt½Ò®ÂÏ³Òn˥þtʺͱ÷͟r͓`p 5��BG#KCI ȵȤϝ�Ò¡­ÉÊ�ΊΗ˪Ƭ˅

ɳˡ˰ɼɶϞe3�7N#4O-#KK ȵȤϝ�Ò¡­Ê� 633 ˥þ˃Ƙˡ˰ȐϞr�ˡ˰ŕŅ�ʍ�eƇμˑt

kƬ̶ˑ́ƌt�˞́tȪċ�ʍ����

� _�re¡­©�Ə˥þr΁po“��mp�ɿǓtèĊ͙ɩşwĶɥ�̵peʛƜntƇƻ͙ɩt

ʃŨ�ΰƿŶƏ¡­©�u˄ʗrÛr�ǲψrkpm�͙ɩ�̵Tf�

�

��	�ʺͱ¡­©�t˃ƘÑ̇ʡφntƱ΢ˑ͐č�

īąˑqèĊȸ˂rƓlYeƱȂˑ͐čt�Ʊ΢ˑ͐čÿwk[�g�tCĶɥÑ͐čȑʔtɲ͉e
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�
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66��ǞȌ �� ǟǥtˡ˰͈ˈşw΋ȣʼʓoȌɧ�

���ǞȌ �� ǟǥtˡ˰͈ˈ�

� əˡ˰tɶȌ�ƅ�� rˤ`ms�eǞȌ �� ǟǥt͈ˈuùÙt·�no�f�

� }ceŀǟǥ��̊̋`meh��	ʺͱ¡­©�tőĶoīąèĊtȸ˂i�ƲȾb�fʺͱ¡­©

�uŎűb�ĮƸ��eūĶΡnƱ̖uɌɆqh¡­©�iopT�ÒÎÒ®rkpmȸ˂�̵Tf

��	rs[�̈ɧoǞ̵`meh��	ʺͱ¡­©�t˃ƘÑ̇ʡφntƱ΢ˑ͐čirkpmɇǟǥtȌ

ɧ��ȝƟÑȳŽ�̵Tfʺͱ¡­©�tƱ΢͐čȑʔrkpmhCĶɥÑ͐čȑʔtɲ͉i�βƦb

�]oneòǷtĶɥ̈ɧt�t¸�Ò®³©��̵TƓ˕�ɶ˻b�f}ge��	tƲȾtg�r˃

ƘÑ̇ʡφt�Ķɥ�̵jmp�ˡ˰̙rµ�ÊÏ��̵peɷgqĶΡt�ʺͱ¡­©�rδb�ɲ

͉Ñȸ˂�̵Tf_�reˡ˰ÂÏ³Òr��haĕĻèĊrƓlw�Ò¡¡¦¬�i�ƲȾ`eĕĻ

ĶΡntɲ͉èĊ�˯~Πs�oo�reɐ̅ǟǥrȧ͈̈ɧ�Ǹ��gɉtɲ͏ͯȺo`mļˆb

�f_�reh�		ȍuƇr̯˯_�gʺͱ¡­©�ʼʓtȕȬirkpme˃Ƙ˙r��ʺͱ¸ÍÒ

͈̉rƾǾ`gʺͱ¡­©�Ñ¸ÍÒƅ�ćȌb�f͈̉˴tšοȂtϗp¬Ò¦��e̊̋ˑrɍȼ

Ŧ̝q¡­©�Ñ¸ÍÒ¬Ò¦�ɶ˻b�f�

�

�

ƅ��� əˡ˰tɶȌ�

�

��	ʺͱ¡­©�tőĶoīąèĊtȸ˂�

� ƇĮƜtͯʧ¡­©�ĶɥtèĊ�šο`eɀərΓˆb�ƕŬtɲ͉oeʺͱ¸ÍÒ�¡­©��

ƬżĶΡo`mŢ�ȒTʛƜˡ˰ɼδtˡ˰͙ɩ�̵Tf�

�#	�ͣt_�˄~Ĵbʺͱ¡­©�oupt�Tq�ttɵǿˑqȸ˂�̵jgØneīąˑèĊt

ȸ˂�̵Tf�

�A	�˃ƘÑ̇ʡφt�Ķɥ�̵jmp�ˡ˰̙rµ�ÊÏ��̵peɷgqĶΡt�ʺͱ¡­©�r

δb�ɲ͉Ñȸ˂�̵Tfʺͱ¡­©�tőĶuǷtćɳrƟYqǲψ�Ûr�Π̀qćɳno�

���1=�����B?�,.4��%A&I3

���K	��OE���1=����9H�PM

Q#N�I3$(�0@

R>7!D�2


�������
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�������F" 
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g�eƜΙɒ̙͠ɲ͉þ�̆̒`e̊̋ˑq͚͡ÑɍȼÑ́˗`�΋��fȓ͜�ωpmp�ƜΙ

ɒ̙͠ɲ͉þtÂÏ³Òuɾt·�no�fɱŤ˦ÔȵȤϝɢðƟƬϞeǍəáñþΰϝɾÝ÷�

¡«Áˡ˰þϞeɻəǵéȵȤϝ˲ŶϔƟƬϞf�

�B	�ʺͱ¸ÍÒ�¡­©��ƬżĶΡo`mŢ�ȒT 6�62ϝ6KC4OPNH#I�2B/I/FS ƇμƬþϞntŋŰ

�ŮƬþt½Ò®ÂÏ³Òn˥þtʺͱ÷͟r͓`p 5��BG#KCI ȵȤϝ�Ò¡­ÉÊ�ΊΗ˪Ƭ˅

ɳˡ˰ɼɶϞe3�7N#4O-#KK ȵȤϝ�Ò¡­Ê� 633 ˥þ˃Ƙˡ˰ȐϞr�ˡ˰ŕŅ�ʍ�eƇμ

ˑtkƬ̶ˑ́ƌt�˞́tȪċ�ʍ����

�C	�¡­©�Ə˥þr΁po“��mp�ɿǓtèĊ͙ɩşwĶɥ�̵peʛƜntƇƻ͙ɩtʃŨ

�ΰƿŶƏ¡­©�u˄ʗrÛr�ǲψrkpm�͙ɩ�̵Tfˀƌ͙ɩo`m�¦Ê�ŐΙ�•

ż`e´®Ð�ƟƬrmǪ˻ʺt̚ˆǟȷo˥þ̇ʡtδďqptˡ˰͙ɩ�ƲȾb�f�

�

��	ʺͱ¡­©�t˃ƘÑ̇ʡφntƱ΢ˑ͐č�

� īąˑqèĊȸ˂rƓlYeƱȂˑ͐čt�Ʊ΢ˑ͐čÿwk[�g�tCĶɥÑ͐čȑʔtɲ͉

oaĕĻèĊrƓlw�Ò¡¡¦¬��̵Tf�

� CĶɥÑ͐čȑʔtɲ͉�

� ¡­©��ȧ͈b�ȑʔ�}o�eȧ͈ė�͐čb�g�t͐č͹tʖpĴ`�̵Tf}geʺͱ¡

­©�tƌ˂ˑĶǘ�¡­©�̎ąo`mtĎ˒rkpm�ɲ͉�̵pe̾Ŭˑq͂ʲn¡­©�t͐

čr̈wk[�fetØne��Ê«�tϗpʺͱ¡­©�ϝ��Ê«�¡­©�Ϟoupt�Tq�

tÑʼȈno�ttɲ͉�̵Tf�

� aĕĻèĊrƓlw�Ò¡¡¦¬��

� ǁαob�ĶΡrspmδΊb�ʺͱ¡­©�tȧ͈�̵pe¡­©�ȧ͈r��ÂÊ©­��Ò¡

¡¦¬�nȕȬb�f]]nǸ���ȧ͈ėuõtȧ͈̈ɧtɲ͏ˆo`mÚŦɽno�fǪ˻ʺÑΏ

ʹÑõ˥þƓ˕rδ��ʺͱ¡­©�Ñ¸ÍÒrkpmẻ͈ȄƔ��ȧ͈�̵Tf}geʺͱ¡­©

�uɒb�ɼ̝Ȃrkpméɜ^or̚ŅoetĒȞrδ��ʻȂ�ʈͻÑɲ͉b�]on͐čb

�fõȽe̚áʝͭͧrkpme¡­©�΢Ñ΄ǳ΢ÑȥĴ΢�ȧ͈b�Ƚʔ�ȸ˂Ñɍȼb�f}

geʺͱ¡­©�tļˆɕγrδ��e̽ŸƿŶ¬Ò¦tćȌrkpmeĕĻt͙ɩ�ģr̚ˆǟȷ�

ȧ͈b�f�

�

�		ȍuƇr̯˯_�gʺͱ¡­©�ʼʓtȕȬ�

� ��	o��	nȸ˂_�gĮƸ�ţ[meʺͱ¡­©�tˀʓ�Ʊ΢ŏb�]oneòǷtȴ˶Ȫ“rŰ

[gʺͱ¡­©�¬Ò¦»Ò¡�ɶ˻b�f�

� b�͈̉ĳ˂Ƚʔtˢ˲�

� ˃Ƙ˙r��ʺͱ¸ÍÒ͈̉rƾǾ`gʺͱ¡­©�Ñ¸ÍÒƅ�ćȌb�f͈̉˴tšοȂtϗp

¬Ò¦��e̊̋ˑrɍȼŦ̝q¡­©�Ñ¸ÍÒ¬Ò¦�ɶ˻b�f͈̉ȄƔu˄˅Ɠ˕͈̉oǨɯ

δΊ͈̉rƟĻ_�eǪ͍ĶΡrδ��ͯɜȗĦ΢oȥĴ΢��ʺͱ¡­©��ȧ͈b�f�

� c�Ʋō»Ò¡tʺͱ¡­©�ȕȬȑʔtɲ͉�
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� ʺͱ¡­©�tȕȬȑʔrkpmeūĶΡrs[�͓̃qȗĦȄƔ�ȸ˂`e̽Ÿ^orǞƎ̚ˆǟ

ȷ�͍Ʊb�]oneȥĴ΢�ȧ͈b�f̚ˆǟȷrkpmueǪ˻ʺÑΏʹÑõ˥þƓ˕Ⱦ͍uȿǴ

ˡ˰��ǭˆb�]ooĈdme˗Ȧ̈́ʤr��à̀̚áʝͭͧt¡­©�΢Ñ΄ǳ΢tȧ͈r��͍

Ʊ�̵jgf�

� �
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���ǞȌ �
 ǟǥt΋ȣʼʓs�wȌɧϝɵ̀Ϟ�

ϝϥϞ�ʺͱ¡­©�tőĶoīąèĊtȸ˂�

� əˡ˰nueʺͱ¡­©�tőĶrkpmȸ˂�̵Tf}ch¡­©�iopT“̭uƾͤob�˺

ƄuƝɷno�eñǔͯəh[nqw̡ʵͯə�˥þδďͯə˴}nű�gǜǡpɵǿoqjmp�

�ƅ��	f}ge¡­©�tƾͤ˺Ƅr�jm¡­©�u˄~Ĵbčė�Ɲɷno�fəˡ˰nue]t

TiɶΉʺ�̽Ÿ˴thñǔͯəi�ƾͤo`mɲ͉�̵Tue̽Ÿßrű}��ɒƶʺͱ�ƾͤob

�f�

�

�

ƅ��� ¡­©�tőĶȸ˂�

�

� ɾre]�}nrȸ˂�̵jghʺͱ¡­©�ir˜˖`g¡­©�tőĶȽʔrkpm̄ób�f

qse¡­©�tőĶuˡ˰ƾͤob�¡­©��ˡ˰t˖ˑrǾamˌq�o̘r���f̺�� rĉ

ˆčėoͯʧŏčėrǾagʺͱ¡­©�tèĊȸ˂�ˤbf̺�� nuečėt˭ϐrǾamͣt_�

˄~Ĵbʺͱ¡­©�oΓķr˹˂b�ǽ̀uo�ʺͱ¡­©��ȸ˂`gf�

� gh`e̺rˤ`gèĊuo�ƾͤʺ�ū͐č͹ńgƕŬt�tno�eƲμru̾ȷt͐č͹n

́�ǽ̀uo�fĊrveßǌγƌro�ļˆύǥtĂpΏʹ�̘rgƕŬre˄˅Ȃ�ļˆύǥń

�oĂp͐čoq�ueÉ�¸É�Ïϝɼ̝Ϟt͂ʲńgƕŬruϗp͐črq�Ŧ̝Ȃuo�f�

�
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̺��� ʺͱ¡­©�t͐č͹s�wèĊ�

¡­©�t͐č͹�
ͣt_�˄~Ĵb�

ʺͱ¡­©�tèĊ�

Γķr˹˂b�ǽ̀uo��

ʺͱ¡­©�tèĊ�

ĉ
ˆ

č
ė

�

�±Ë�ÒŊʾ�

<�ÊÒÏ�±Ë�Ò̡ŋͶ�

<ϗʸ̡ͭŋͶ�<ϗʋƺÑϗȻʷăƭ�

<ϗŊʾˍρȐ�

ͯʧŊʾ�
<ǙǅΣǋtƀšuƸɃqĉˆʡ~

ǄƏƷρϝΚǗΩǌϞ�
<ÑÑÑÑÑ�

˃Ƙ̫ͦ� <ÑÑÑÑÑ� <¸ÍÏϐ�

˄˅Ȃ� <ȗͯŊʾtϗp˥þ�Ï¸É� <ɗļˆÑĂļˆΏʹ�

čėÑ�¡­� <ăƭϝĂ�¡­Ϟ� <˱YƷϝăƭϞ�

ɼ̝� <É�¸É�Ï� <ÑÑÑÑÑ�

ļˆύǥ� <ϗļˆύǥqǪ˻ʺ� <ɗļˆÑĂļˆΏʹϝ�Ï¸ÉϞ�

ƮħÑƮǼ� <ÑÑÑÑÑ� <ɐ̅ĳĶƕ�

ͯʧŏčė� <ǨǄƏƷρϝǙǅΣǋƀšŦ̝Ϟ� <�¡»¡­e:0� űɒ̽Ÿ�

�

�

ϝϦϞʺͱ¡­©�t˃ƘÑ̇ʡφntƱ΢͐č�

��	��� ʺͱ¡­©�tƱ΢ŏ�

� ʺͱ¡­©�tƱ΢͐č�̵TrueƓ˕oq�¬Ò¦»Ò¡ȸěuǽ̀no�fØ΂t�TrőĶ

ȸ˂`gñǔͯəϝʺͱ¡­©�Ϟ�ƾͤre /0�C/RK�o �/PP/-�40 rm¬Ò¦»Ò¡ȸě�̵Tf

 /0�C/RK �ºÍÒ¨nue˃Ƙ˙r��ɀətʺͱ¸ÍÒt˸ƱoŮɷtȑʔ�ˆpgfͮɃ͈̉�à

reū˭͈̉�Ɠre˄˅şwǨɯrď�ȗĦ΢şwȥĴ΢�ȧ͈`éɜ˭^orο͈�̵jgfʺ

ͱ¸ÍÒ��eȗĦ΢oȥĴ΢tǖ�Ţ�]on˥þyt̯˯˿ƙ�˸Ĵ`e¡­©�rδ��ȥĴ΢

��¡­©�t�tǨɯ΢�ȧ͈`gf}geǪ͍˽tʺͱ¡­©�Ñ¸ÍÒrkpme˄˅Ɠ˕͈̉

oǨɯδΊ͈̉��Ǫ͍ͯɜȗĦ΢oǪ͍ͯɜȥĴ΢�ȧ͈`gfào`mȥĴ΢t¬Ò¦Ľ˾��e

���� ǟt� ���( ǟ}n�ƾͤo`mȧ͈�̵jgfƅ�� rȗĦ΢oȥĴ΢tǖĶo`mȧ͈`g̯˯

˿ƙr��ȧ͈`g̈ɧ�ˤbfqseʺͱ¡­©������ ǟ	tĹɕėrkpmueǌÙ�����(	ẗ

ɧ�ˆpgfƅ�� ��e���� ǟt �
� Ġ­Ïoʈͻb�o ���( ǟnu ��
 Ġ­Ïo ��
 Ėrƙņ`g

]ouˤ_�gf]��uΚΏǤ˚^or�˸Ĵ`ms�eƌƒ^otʈͻɲ͉�Ŧ̝no�f�

� �/PP/-�40 �ºÍÒ¨nueƌ˂ȄƔ�¡«Á�46�	�ˆpmeʺͱ¡­©�tTiΠ΢ˑrƝw�Ř

��Ǫ˻ʺ�˥þƓ˕Ⱦ͍t˱γȄƔ�ȸě`eū˭ɶΉʺrŗāog�tǪ͍ͯɜȗĦŚŗā�ãa

�]onʺͱ¡­©��ȧ͈`gϝƅ�	eƅ�
Ϟfƅ�	 uɶΉʺ˭ĻtɀəħƇtʺͱ¡­©�tȧ͈

̈ɧ�ɉ˽ĸrȸ˂`g�tno�f��)( ǟt 
	 Ġ­Ïoʈͻb�o ���� ǟnu ��� Ġ­Ïo 	�� Ė

{pƙņ`ms�eɀətˍǊ�ȲrmYgñǔͯəϝʺͱ¡­©�Ϟt̯˯tʼʓuˤ_�gf}

geƅ�
 uǪ˻ʺt ���� ǟrs[�ʺͱ¡­©�� (��- Â©�Ænο͈`g̈ɧno�fǪ˻ʺuñ
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ŤĶǘoƟYwδď`ms�eδΊb�ʺͱ¡­©��ΚǗΙrƟYwο˯`mp�f]t�Treʺ

ͱ¡­©��ƌ˂ˑrŦ͂ŏ`eɉ˱γrs[�̯˯tŋȈ�ɂ�trb�]oneĉˆčėoͯʧŏ

čėt͐črǽ̀q¬Ò¦»Ò¡�ɶ˻`mp�f�

�  /0�C/RK �ºÍÒ¨r��ȧ͈o �/PP/-�40 �ºÍÒ¨r��ȧ͈�ʈͻb�oe���� ǟn ��� Ġ

­Ïo ��� Ġ­Ïoe /0�C/RK �ºÍÒ¨r��ȧ͈u ��	 ĖopT̈ɧoqjgf�

�

�

ƅ���  /0�C/RK r��ʺͱ¡­©�΢�

�
�� � ��		���
� �
���-����� � ���� 4���3�-�������

�

�

�

�

�

�

�

�
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���	��� Ǫ˻ʺ¡­©�tɼ̝΢͐č�

� ȿƫt̟ϒ�¡­[1]uėʡʼʓ˴rǲψ_�ƛŋb�ͩǝčėr��͐čtg�eɜȺȔ̶tʺ˂

ˑqȂ̝ŰØrƾb�͐črΓ_qpf}geεϒɼɶtȂ̝�̺bȟɸo`me̟ϒΈǥuo�f]

�ueˤǯȂƛȷno�g�ņ˸Ȃuqweʺͱ¡­©��̺ˀb�ȟɸob�]ounYqpfe]

neəˡ˰nueʺͱ¡­©�tͱo`meʺͱ¡­©��ęħrĒkg�tΣǋɜȺtεϒɼ̝u˄

~Ĵ`mp�čė�Ʊ΢ˑr͐čb�ȼgq͐čȑʔ�ɶ˻`gf 

� ΣǋɜȺt̟ϒrueħφ̟ϒoeƩϒ�bYγ̟ϒqptǈΙ̟ϒtƟYwˌq� 2 ktǱȈuo

�]ou˞��mp�fǈΙ̟ϒueɜȺtǱʼ�ĚˍˑqȮĝqpr��ƟYwˌq�g�͐čuƃ

πno�]ot�eəˡ˰nue̟ϒǱȈtTiħφ̟ϒrƾb�εϒɼ̝�͐čtƾͤo`gf}

geƾͤob�ɜȺo`meʺͱ¡­©�tƝw�Ř��ɶΉɜȺo`mĉˆ_��Χάɜ�Εș`

gf 

� ΧάɜȺtħφ̟ϒrƾb�εϒɼɶrueíΨ�jY˴tεϒ̻̠e¡«ÏÌ¡άt�TqÚğȈ

Σǋo`mt̚ϒɜȺeρʋεϒt 3 kuàrȠy���f͐črspmue]��tˌq�ɼɶ�ɹ

Ȼˑr͐čb�g�tɼ̝�Ʊ̖b�ǽ̀uo�fεϒɼ̝uȖĽb�ŠǾno�̟ϒŠǾueŏƬǞ

̸͚}guŠǾΈǥ͚rȲΛ_��ρʋŏƬŠǾno�[2]fεϒueetɼɶrČ�ce�f�tƁƨ

rƓlpmp�g�e2 ktƁƨ�̘Ȋb�]oo`gfεϒɼ̝�eʆɜno�ΣǋɜȺt̟ϒ�ε

ʀb�g�r΃ņˑrÛr���o̘reəˡ˰nueεϒɼ̝�hʆɜt̟ϒŠǾ�ƀΖb�ɼ̝i

oƱ̖`gf 

� ɾreƱ̖`gεϒɼ̝rƓlYe͐čǆǥ�͍Ʊ`gfǞ̸͚ˑ́ƌt�e̟ϒŠǾu˴ʣ˴Ɖɟ

ûÙn΋̵b�ɉeetŠǾt Gibbs �±Ë�Òƛŏ|ΔG|tρʋˑqôèuȶΌ`mp�fqseGibbs

�±Ë�ÒƛŏueƜΙrŢ�Ĵb]otnY�ɐƟôèno�g�e��£Ë�ÒrƾǾb�fe]

neεϒɼ̝r��ƀΖ_�gʆɜt̟ϒŠǾr����£Ë�ÒȮƢ Sene�εϒɼ̝r��ͨʽ΢o

`eGibbs �±Ë�Òr��͐č`gf_�reεϒɼɶ̡ątŠǾr��ȶΌ`g��£Ë�ÒȮƢ

� Ceneo`eŮɷr Gibbs �±Ë�Òr��͐čb�]oneεϒɼ̝tʁŵ��£Ë�ÒȮƢƀΖ΢

A �ǫ 1 r�jm̺`gf 

� ͐črμ`mueū˭ȹʽtȔ̶ȄƔ�ŝʶ`eˌq�ĉˆ˃Ƙrs[�̟ϒΈǥtΑp�̘Ȋ`m

ūεϒɼɶtεϒφ˯ 1 m2ǰg�tǟγʁŵ��£Ë�ÒȮƢƀΖ΢�͐č`g̈ɧ�ƅ-5 rˤbfʩ

̴ Zn �jYrʈzϗ̚ϒȂ��k ZAM t Ceneueʩ̴ Zn �jYt Cene��ƟYpė�ˤb]ot

�eCeneueεϒɼɶtϗɼ̝ŏ�ŠɅb�ȟɸno�]ouˢ͕_�gf_�reŮÔεϒɼɶrs

pmeΎΜ˃Ƙno�{pʁŵ��£Ë�ÒȮƢƀΖ΢ AuƟYp]ot�eεϒɼɶtŴƄ˃Ƙr�

�ʁŵ��£Ë�ÒȮƢƀΖ΢tΑp�͐čnY�]ouˢ͕_�gfəˡ˰nɶ˻`g͐čȑʔq�

wr̈ɧno�ȟɸueˌq�εϒɼɶ�ɹȻˑr͐čnYeεϒȔ̶tŰØ�͐čb�trɒŊno

�]ouˤ_�gf 

� əȑʔ�ˆpeíΨ�jYάɜ¡­©�e¡«ÏÌ¡άɜ¡­©�eρʋεϒ�ĉˆb�ʥʦɶΉʺ

t¡­©��ɉ˽ĸnȧ͈`ėǟr��εϒȔ̶tϗɼ̝ŏ�Ȕ̶ȄƔ[3]�ŠɅ`eɀərs[�Χ

άɜȺ�ɶΉʺtʺͱ¡­©�tεϒɼ̝r�jmˍˀ_�mp�ʁŵ��£Ë�ÒȮƢƀΖ΢tȧ˫

�˸Ĵ`g̈ɧ�ƅ-6 rˤbfεϒɼ̝r�jmˍˀ_�gʁŵ��£Ë�ÒȮƢƀΖ΢ueΎŜt�
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ŗ͙rƙņ`mYg]ouĶtjgf}geǪ͍Ια�̡ŋͶΙαrspmƝwtɼ̝�ˍˀ`mp�

]ou�tjgf]�ue��ͱtϗpʺͱ¡­©��ǱȌ`mYg]ot͏Ǖo“r�Tf��£Ë

�Òr��͐čnYg]or��e˘ƾˑrɼ̝΢�͐čnYe]t˾ 50 PJ/year ueʊ˄ƷǧΙαr

s[�ρŅʝͭ΢t˾ 5%rog�fʺͱ¡­©��ęħrĒk]oneƝwt��£Ë�Òʝͭ�ƀ

Ζ`ms�eεϒɼ̝tΠ̀Ȃuˢ͕_�gf 

 

 
ƅ-5  ūεϒɼɶtεϒφ˯ 1 m2ǰg�tʁŵ��£Ë�ÒȮƢƀΖ΢ 

 

 
ƅ-6� ɀərs[�ʺͱ¡­©�tεϒɼɶr��ʁŵ��£Ë�ÒȮƢƀΖ΢tȧ˫ 
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��	�	� ̚áʝͭͧt¡­©�΢Ñ΄ǳ΢ÑȥĴ΢tȧ͈�ºÍÒ¨�

� ʺͱ¡­©�tȧ͈�ºÍÒ¨rkpmueɻə�r��˃Ƙ˙Ǩɯʺĳ˂˴˪Ƭˡ˰̼ͭňΣˡ˰

ϝʺͱ¡­©�ŌƱą˽tɶ˻oetΓˆr��ǨɯʺÑͯʧ˹˂Ȏˋˡ˰e7����e7��	�e7��	�e

ǞȌ ��ϲ�� ǟǥϞrspmùÙt 
 kuȸ˂_�mp�f�

� �	�˗Ȧ̈́ʤ�

� �	�̯˯ƙĶʔ�

� 		�ĉˆǟȷϝƿŶϞÃ¬Ëʔ�

� 
	�ʜĴ`Ã¬Ëʔ�

ρʋρƨɼž�ãˆͶqpt̚áʝͭͧrkpmue¡­©�΢rņrm΄ǳ΢ÑȥĴ΢tȕȬÑȧ͈

rkpm�]��t�ºÍÒ¨uΓˆŦ̝no�fùÙeū�ºÍÒ¨�Γˆ`m̚áʝͭͧt¡­©

�΢e΄ǳ΢eȥĴ΢�ȕȬb�μtɵ̀rkpmȸ˂b�f�

� ̽ŸtĉˆǟȷĶǘϝʻrǞƎĉˆǟȷϞt¬Ò¦�ćȌ`ms[vee��´ÉÂÒ¦o`mØ͋

		tĉˆǟȷϝƿŶϞÃ¬Ëʔr�jm̚áʝͭͧt¡­©�΢e΄ǳ΢eȥĴ΢�̊̋ˑrȧ͈b�

]ouŦ̝no�fʻrǄƏƷρ˴rkpmu˗Ȧ̈́ʤr��¡­©�΢˴rδb�ȄƔuȪċ_�m

pqp]ot�e]t�ºÍÒ¨uɒˆno�f]]nueØ͋ 		ĉˆǟȷϝƿŶϞÃ¬Ë�Γˆb�

μtΠ̀q´ÉÂÒ¦no�̽ŸƿŶ¬Ò¦eʻr̽ŸĉˆǟȷĶǘtćȌȽʔrkpm΂z�f�

� ̚áʝͭͧtĉˆǟȷĶǘtćȌȽʔrkpmue9F4BGH�DP�#I������	rspmȹʽÌ¶ÆÒrƓ

lwą˽ˑqȸ˂uq_�mp�fetȸ˂r��veĉˆǟȷĶǘtàqćȌȽʔuùÙt 
 krƟ

Ļ_��f�

�	�΄ǳ}guȥĴ̽Ÿtĉˆǟȷ¬Ò¦t�o�ɕγrs[�ȥĴŃŬĶǘ�ȧƱb�Ƚʔ�

�	�Ēɒ̽Ÿtĉˆǟȷ¬Ò¦t�o�ɉʲrs[�ʄƫŃŬĶǘ�ȧƱb�Ƚʔ�

		�Ēɒ̽Ÿtĉˆǟȷ¬Ò¦t�o�ɕγrs[�ʄƫŃŬĶǘ�ȧƱb�Ƚʔ�


	�ͪƚeĒɒe΄ǳÑȥĴtŧȷšȲt�o�ɉʲrs[�ʄƫŃŬĶǘ�ȧƱb�Ƚʔ�

� ̡ŋͶrkpmuŀ΂t·�eˎέɲɩĽǥr�jm{|Ưħ¬Ò¦uȪċ_��g�pc�tȽʔ

�ΓˆŦ̝no�epc�rȽʔn�ŮɷtĉˆǟȷĶǘućȌ_��fρʋρƨɼžqpt̚áʝͭ

ͧrkpmue�	e�	tȽʔu�wˆp��mp�f�	tȽʔnueÊ���ËºÉÏ­˴nt͙ɩ}

guʝ̙ͭyt�Ï�Ò­͙ɩr��΄ǳ}guȥĴ̽ŸtĉˆǟȷϝǟǫϞ͙ɩrƓlpmȧƱu̵

��gèĊuƝpf�	tȽʔnueʝ̙ͭrƾb��Ï�Ò­͙ɩr��Ēɒ̽ŸtĉˆǟȷϝǟǫϞ

͙ɩrƓlpmȧƱu̵���]ouƝpfgh`eŀ̙rkpmueÊ���ËºÉÏ­˴rs[�

ƀš̽ŸuƇħąt΄ǳ}guȥĴ̽Ÿrƾ`mĘ��ȞkŦ̝Ȃuo�]o�eʝ̙ͭ�Ï�Ò­n

uʝ̙ͭt͋ȋrƓlpmΎŜtȥĴ̽ŸtȄƔ�Ǹ�g�rȄƔtˢǥuŇ�o̘r���]ot

�e�	tȽʔtȽuȧƥ_��f�

�

�

�

�

�
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ϝϧϞ̯˯_�gʺͱ¡­©�tʼʓtȕȬ�

ʺͱ¡­©�u˥þr̯˯_�gñǔͯənĉ��gʺͱt͈̎no�eʇǟt̯˯˿ƙt͈̂no

�f̯˯˿ƙueʺͱ¸ÍÒ˸Ʊẗɧo`m˸Ĵ_�ms�e¡­©�t�tǨɯʺu`��Ǩɯʺ

tˍ˄tŃŬuϗp]ot�eʺͱ¡­©�oʺͱ¸ÍÒu˘êrʞpδďro�fʺͱ¸ÍÒrkp

mue˃Ƙ˙Ñ˃ƘˏɎr��ʺͱ¸ÍÒƅo`mĩ̺_�mp�ue¡­©�otδΊ�ˤ`gƅu

Ɣų_�mpqpfəˡ˰͘ώnueʺͱ¡­©�tʼʓtȕȬ�˖ˑo`meȿƫtʺͱ¸ÍÒƅ�

ȝǮ`ehʺͱ¡­©�Ñ¸ÍÒƅi�ćȌ`gfƅ�
 t�Trʺͱ¡­©�u¸ÍÒ�Ȳr��Tq

�ÂÒ nƅˤ`ms�e̯˯˿ƙ�Ǩɯʺtˍ˄oδ�jmp�ɷƨ�̺`mp�f_�rʺͱ¡­

©�tĮ͎o`me̽ŸĻóɜĻtʺͱ΢�͋΂b�]onƇħątɷƨ�Ķt��bwˤ`mp

�fϝϦϞr��Ʊ΢ŏ_�gė�ȸ˂`eɀətʺͱ¡­©�Ñ¸ÍÒƅ�ćȌ`gϝƅ��Ϟf����

ǟo ���� ǟ�ʈͻb�oe̎ʺͱȗĦ΢u˾ �
 Ġ­Ït�˾ �) Ġ­Ïo ) Ńˬǥrʢǅ`ms�e

ǹ˃ļˆ΢u � Ġ 
(�� Ö­Ït� � Ġ 
)�� Ö­Ïoƙņ`mp�fetÔȽneʺͱ¡­©�u˾

�
� Ġ­Ït� ��� Ġ­Ïoƙņ`mp�ueǟg¡­©�ƙņt¡·Ò®uĂʢ`ms�e¡­©�

΢uϓŷtĞŰro�o�͗~Ţ��f̯˯_�gʺͱ¡­©�uʺͱ¸ÍÒ�Ȳrms�eͯʧŊʾ

uȝƟ`mp�]ouˤź_��f�

�

�

ƅ�
� hʺͱ¡­©�Ñ¸ÍÒƅitɵǿ�

�

物質ストック
（○○）

排
出
量

（環境白書・H24物質フロー図）

退蔵量 現役量

建築物（○○）

道路 （○○）

他社会基盤（○○）

耐久消費財（○○）

蓄
積
量

土石系（○○）

金属 （○○）

化石（○○）

木材（○○）
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�

�#	� ���� ǟ�

�

�A	����� ǟ�

ƅ��� ɀətʺͱ¡­©�Ñ¸ÍÒƅ�

（百万トン）

物質ストック
17,223

建築物：7539
道路：3999

他社会基盤：5685
耐久消費財：NA

その他：NA

木材：371
砂利・砕石：7611
コンクリート：8741
鉄：473 その他：NA

（百万トン）

物質ストック
28,227

建築物：7539

道路：3999

他社会基盤：5685
耐久消費財：NA

その他：NA

木材：597

砂利・砕石：12843

コンクリート：13912

鉄：854 その他：NA
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ϝⅠϞƲō»Ò¡tʺͱ¡­©�ȕȬȑʔtɲ͉�

�
	��� ˗Ȧ̈́ʤr��à̀̚áʝͭͧt¡­©�΢Ñ΄ǳ΢tȕȬ�

� òǟǥueØ͋nȸ˂`g�ºÍÒ¨tTi˗Ȧ̈́ʤ�ˆpmeà̀q̚áʝͭͧt¡­©�΢s�

w΄ǳ΢�ȕȬećȌ`gfòǟǥȧ͈ƾͤo`gŸ˖ueƷρ 
 Ÿ˖ϝı̰ǦeʖʯɼeËÒÁ��

�Ïe«Ì¶Ϟeȯǚρ͒eãˆͶeͩʺͶt 
 Ÿ˖no�fqseı̰Ǧu¸ÊÒ�Ò�θwe«Ì

¶u¹É�Ï˹ǫs�w̱ƏtŬ͈eȯǚρ͒u :5� �θweãˆͶs�wͩʺͶuͺ̡ŋͶ�ű�Ʊ

̖o`gf�

� ūŸ˖rkpmeȧ͈ƾͤǟǥtͪƚŧȷt�ǟǥǰĹoǟǥɘt¡­©�ŧȷtǖĶebq�i˥

þħątʁŵtͬpƙ`ŧȷ�ǖ`ǭpmeūǟǥt΄ǳŧȷ�ȧ͈`gfͪƚŧȷrueı̰Ǧs�

wʖʯɼrkpmuÔ̥˥ƂʔñρɼǔɳþeËÒÁ���ÏrkpmuÔ̥˥ƂʔñɀəıĲ˱͙ǔ

ɳþe«Ì¶s�wȯǚρ͒rkpmuÔ̥˥ƂʔñρƨȄƔȔ̶˅ɳŕþt̡à͈̉r��ƇĮĴ̫

ŧȷ¬Ò¦�eãˆͶs�wͩʺͶrkpmuÔ̥ͧƂʔñ̡ŋͶɲɩˎέȄƔŕþr��ȼͶˎέŧ

ȷ¬Ò¦s�wÔ̥˥ƂʔñħƇͺ̡ŋͶŕþΊŬþr��ͪƚŧȷ¬Ò¦�ˆpgfȧ͈`g¡­©

�ŧȷs�w΄ǳŧȷ�e�f�ƅ��eƅ��� rˤbf�

�

�

ƅ��� à̀̚áʝͭͧt¡­©�ŧȷȧ˫�

�
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�

ƅ���� à̀̚áʝͭͧt΄ǳŧȷȧ˫�

�

�

�
	��� ʺͱ¡­©�Ñ¸ÍÒȟɸtɲ͉�

� ��	o�		nɲ͉`gʺͱ¡­©�Ñ¸ÍÒƅ��eʺͱ¸ÍÒȟɸr΃ņ`meʺͱ¡­©�ȟɸ�

ȸ˂Ñɲ͉`gfʺͱ¸ÍÒȟɸu˃Ƙ˙tǹ˃Ə˥þǱȌƓə͈ˈrmΐȌ˖ɸo`mȨy��mp

�ueəˡ˰t˖ˑn�o�ʺͱ¡­©�uʺͱ¸ÍÒoƺȦrδ�jmp�fe]neƅ��� rˤ

be	 ktʺͱ¡­©�Ñ¸ÍÒȟɸtɲ͉�̵jgfh�i	¸ÍÒo¡­©�tδďiu¡­©�tƙ

ƟrÿT�Ï¸ÍÒtƛŏ�̺`ms�e	 ʅκtƛŏuˤ_��f�Ï¸ÍÒtȁʮqƙƟuˤ_�

�̇ʡȌΰtʅκeetǷtƮƱˑq�Ï¸ÍÒuĒg��ʅκe�Ï¸ÍÒuʢǅ`e̯˯΢uϓŷ

rŰtTʅκet 	 ʅκuˤ_�gfòǷtçȅo`mue�Ï¸ÍÒtʢǅuÔƱėršɞ`e̯˯

΢�ϓŷb�]ouɔ}��fh�ii	¡­©�o 41: tδďiue¡­©�tȌΰo 41: tƙņt˘δ

�̺`g�tno�e�Ï¸ÍÒo 41: rt~˜˖`mͯʧtɒŊļˆt̺bhͯʧ˄˅Ȃirʺͱ¡

­©�t͂ʲ�ņr�ȟɸno�fȟɸtĞYrƟYqƛŏuˀ�qpueəȟɸr��eʺͱ¡­©

�tĤƲr�� 41: �˄~ĴbδďȂuˤ_�gfǂɠˑru¡­©�uϓŷ`ġʡ˥þrspm�

41: uȌΰb�´¡�ˤbȟɸoq�Ǹ�fh�iii	ʺͱtĦ�ɏ��inue�Ï¸ÍÒo¡­©�t

ʈ�̺`ms�eʺͱ¡­©�uϓŷ`ġʡ˥þrspmuɶΉʺt̚ˆǟȷoϐĀ`gȟɸoq�

Ǹ�f`t`eʺͱ¡­©�ru˱YƷ˴tŊˆ�ˍȭ`mpqpɶΉʺ�ű}�mp�g�eˀʼr

spmeÔ̥ˑq̚ˆǟȷ���ƟYqė�ˤbĞŰuo�fɍȼŴɕuΰwq�{pe˃Ƙ̫ͦuǄ

_wq�o̘r���g�eòǷtƛŏ�ʕ͂b�ǽ̀uo�f�

�
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  �

Cͯʧ˄˅Ȃ� � � � � � � � � aǹ˃ļˆʾ� � � � � � � � � bɐ̅ĳĶ΢�

ƅ���� 	 ktʺͱ¸ÍÒȟɸ�

�

�i	¸ÍÒo¡­©�tδď� � � �ii	¡­©�o 41: tδď� � � � � � �iii	ʺͱtĦ�ɏ���

ƅ���� ʺͱ¡­©�Ñ¸ÍÒȟɸ�

�

�

�

�
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� �
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	��ƾƜˍ̺˴tƲȾʼʓ�

� əˡ˰nueˡ˰ƲȾrǰg�ɒ̙͠þŬtβĜ�Ɠ˕o`mp�fòǟǥβĜ`geşwβĜçƱ

no�þŬrkpmeùÙr͋ͼb�fqsþŬƀrkpmuŀǟǥ��·˸no�f�

�

ɒ̙͠þŬ�

ϯ˳ϭƀ� ʺͱ¡­©�ɒ̙͠þŬϰ�

ɀ� ɉⅦ���)�
��(��	-����(-���

ƕ� ȐⅦ§ËÁ�Æ¦©­ǔ˪ƟƬ�

ŝņ̙ⅦProf. Liselotte Schebek �§ËÁ�Æ¦©­ǔ˪ƟƬ	e͢ǒ�ůƟ	eŭˇ�ůƟ	�

͡� ώⅦSchebek ȵȤoəˡ˰ÂÏ³Òuʺͱ¡­©�ˡ˰rkpm͚͡`eĪŮtˡ˰þrmˍ̺�

ō�gf�

�

ϯ˳ �� ƀ� ʺͱ¡­©�ɒ̙͠þŬϰ�

ɀ� ɉⅦ���)�(�
���-�����-���

ƕ� ȐⅦäǓƇμƟƬ�

ŝņ̙ⅦǍəáñ�äǓƇμƟƬ	e͢ǒ�ůƟ	�

͡� ώⅦǍəȵȤo¡­©�Ə˥þtɵǿrkpme͚͡�̵jgf�

�

ϯ˳ �� ƀ� ʺͱ¡­©�ɒ̙͠þŬϰ�

ɀ� ɉⅦ���)�(��	��	-����(-���

ƕ� ȐⅦäǓƇμƟƬ�

ŝņ̙ⅦǍəáñ�äǓƇμƟƬ	e͢ǒ�ůƟ	�

͡� ώⅦǍəȵȤo¡­©�Ə˥þtɵǿrkpme͚͡�̵jgf�

�

ϯ˳ �� ƀ� ʺͱ¡­©�ɒ̙͠þ͡ϰ�

ɀ� ɉⅦ���)�)�����-	���-	��

ƕ� ȐⅦStoweflake Conference Center, Stowe, VT, United States�

ŝņ̙ⅦProf. Heinz Schandl(Commonwealth Scientific Industrial Research Center, Australia)eProf. Fridolin 

Krausmann(IFF / Social Ecology Institute, Alpen-adolia Universtat, Austria)e͢ǒϝůƟϞeTomer Fishman

ϝůƟϞ 

͡� ώⅦhʺͱ¡­©�ˡ˰irδ`meɒ̙͠oəˡ˰ÂÏ³Òu˃Ƙȴ˶otδΊȂrkpm͚͡

�̵jgf�

�

ϯ˳ �	 ƀ� ʺͱ¡­©�ɒ̙͠þŬϰ�

ɀ� ɉⅦ���)�
�
��	-����
-���

ƕ� ȐⅦäǓƇμƟƬ�

ŝņ̙ⅦǍəáñ�äǓƇμƟƬ	e͢ǒ�ůƟ	�
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͡� ώⅦǍəȵȤÑ¡­©�Ə˥þˡ˰þÂÏ³Òõoe¡­©�Ə˥þtɵǿrkpm͚͡�̵pe

}gˡ˰Ɣų�̵jgf�

�

ϯ˳ �
 ƀ� ʺͱ¡­©�ɒ̙͠þŬϰ�

ɀ� ɉⅦ���)�������-����	-���

ƕ� ȐⅦŐäǓǗǳȐÑ˃Ƙǈ�

ŝņ̙Ⅶ˃Ƙǈ�˃Ƙ˔͂ΙΰϝĭϞýˈ͙ȸǈ�ƌȽń˄ȧ΋țǰ͘ΰ�ͥ͢ʉe͢ǒ�ůƟ	�

͡� ώⅦəˡ˰t΍̵rδ`meŐäǓǗoˡ˰ÂÏ³ÒnȄƔĪɒo͘ώtȸ˂u_�gf�

�

ϯ˳ �( ƀ� ʺͱ¡­©�ɒ̙͠þŬϰ�

ɀ� ɉⅦ���)����
���-�����-���
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��̪ȹ�¿ÊÒ�

 In order to better understand the effects of resource consumption on the natural environment, the research field of 

material flows and stock accounting offers systematic methods of analysis. The material flow in Japan calculated by 

the Ministry of Environment covers inflow and outflow, and net addition of stock(NAS), however it doesn’t indicate 

the material stock which has been accumulated in society. Material stock is closely related to services provided to 

society and the resource value recycled from output o demolish of stocks. This research focuses on the importance of 

material stock to achieve welfare, and aims to evaluate the time-series quantity of material stock in four steps, for the 

sake of the necessity of knowledge and information to clarify the material stock accumulated in Japan. In the first 

step, cases and patterns are collected domestically and internationally in order to examine adaptability to Japan. They 

are segmented and classified on the basis of structural objects and instruments. In the second step, several 

methodologies to evaluate material stocks quantitatively are presented evolved from the qualitative assessment in the 

first step. The specific case studies are examined based on each case. In the third step, in order to measure actual mass 

of material stock by year, a method of statistical processing is established on a high level which fits national census 

requirements. Additionally, the question of how to figure out material stock is examined at a practical level. In the 

last step, the establishment of a stock-type society and its effects on environmental and economical aspects is 

evaluated. Analysis of the driving forces of material stock reveals the linkage between welfare and material stock. 

The knowledge accumulated with these steps can contribute to integrate three kinds of societies: low carbon society, 

sound material-cycle society, and natural symbiosis society. This study builds a material stock and flow model, and 

presents Sankey diagrams for the visualization of the results.  
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ueͣ t_��g�bʺͱ¡­©�tΠ̀Ȃr˜˖`eɀər̯˯_�gʺͱ¡­©��ɂ�trb�˞

́tǽ̀Ȃtg�reſʅκrspm¿«Ê�Ë¡­©�tɉ˽ĸntƱ΢͐č�˖ˑob�f˳ Ôʅκ

nueƇĮƜtͯʧ¡­©�ĶɥtèĊ�šο`eɀərΓˆb�ƕŬtɲ͉�̵Tfͣ t_�˄~Ĵb

ʺͱ¡­©�oupt�Tq�ttɵǿˑqȸ˂�̵jgØneīąˑèĊtȸ˂�̵Tf˳éʅκn

ueʺͱ¡­©�t˃ƘÑ̇ʡφntƱ΢ˑ͐čo`meīąˑqèĊȸ˂rƓlYeƱȂˑ͐čt�Ʊ

΢ˑ͐čÿwk[�g�tĶɥÑ͐čȑʔtɲ͉oĕĻèĊrƓlw�Ò¡¡¦¬��̵Tf˳ ×ʅκ

nueȍuƇr̯˯_�gʺͱ¡­©�ʼʓtȕȬo`me̋ ͱ¡­©��Ʊ΢ˑtk̇ǟˑr͈ʤb�

g�rǽ̀q͈̉ĳ˂ȑʔ�ˢ˲`eȴ˶rǽ̀q¬Ò¦o`mƲō»Ò¡tʺͱ¡­©�ȕȬȑʔ�

ɲ͉b�fɐǷtʅκnue¡­©�Ə˥þtɶ˻r��˃ƘÑ̇ʡφytǲψ͐čo`meȧ͈`gʺ

ͱ¡­©�upt�Tq̀ƁrƓlw�tno�ttĶɥ`eͣt_oʺͱ¡­©�otδďȂrkp

m˃Ƙφė ʡφt�ɲ͉�̵Tf]�� 
 ϊ˖tćɳ�ƲȾb�]one¡­©�Ə˥þu×˥þɶ˻

rpt�TrͨʽnY�ttɂ�trb�fϞ�

� �
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(��ǞȌ �� ǟǥt΋ȣʼʓoȌɧϝ͓̃Ϟ�

ϝϥϞʺͱ¡­©�tőĶoīąèĊtȸ˂�

� əˡ˰nueʺͱ¡­©�tőĶrkpmȸ˂�̵Tf}ch¡­©�iopT“̭uƾͤob�˺

ƄuƝɷno�eñǔͯəh[nqw̡ʵͯə�˥þδďͯə˴}nű�gǜǡpɵǿoqjmp�

�ƅ��	f}ge¡­©�tƾͤ˺Ƅr�jm¡­©�u˄~Ĵbčė�Ɲɷno�fəˡ˰nue]t

TiɶΉʺ�̽Ÿ˴thñǔͯəi�ƾͤo`mɲ͉�̵Tue̽Ÿßrű}��ɒƶʺͱ�ƾͤob

�f�

�

�

ƅ��� ¡­©�tőĶȸ˂�

�

� ɾre]�}nrȸ˂�̵jghʺͱ¡­©�ir˜˖`g¡­©�tőĶȽʔrkpm̄ób�f

qse¡­©�tőĶuˡ˰ƾͤob�¡­©��ˡ˰t˖ˑrǾamˌq�o̘r���f̺�� rĉ

ˆčėoͯʧŏčėrǾagʺͱ¡­©�tèĊȸ˂�ˤbf̺�� nuečėt˭ϐrǾamͣt_�

˄~Ĵbʺͱ¡­©�oΓķr˹˂b�ǽ̀uo�ʺͱ¡­©��ȸ˂`gf�

� }geə͙ɩnue¡­©�Ə˥þǱȌrͯb�ͣt_�˄~Ĵbʺͱ¡­©��Ʊ΢ˑÑ̇ǟˑr

ȧ͈Ñ͐čo`meȄƔšο�βĜ`gɒ̙͠þŬnt͚͡ẗɧ�͵}reȧ͈Ñ͐č�̵Tʺͱ¡

­©�t̘rȽ�ȸ˂`gfʺͱ¡­©�Ñ¸ÍÒrδb�ɵǿƅ˴�ƅ��ϡƅ�	ϡ̺�� rˤ`gf�

�
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̺��� ʺͱ¡­©�t͐č͹s�wèĊ�

¡­©�t͐č͹�
ͣt_�˄~Ĵb�

ʺͱ¡­©�tèĊ�

Γķr˹˂b�ǽ̀uo��

ʺͱ¡­©�tèĊ�

ĉ
ˆ

č
ė

�

�±Ë�ÒŊʾ�

<�ÊÒÏ�±Ë�Ò̡ŋͶ�

<ϗʸ̡ͭŋͶ�<ϗʋƺÑϗȻʷăƭ�

<ϗŊʾˍρȐ�

ͯʧŊʾ�
<ǙǅΣǋtƀšuƸɃqĉˆʡ~

ǄƏƷρϝΚǗΩǌϞ�
<ÑÑÑÑÑ�

˃Ƙ̫ͦ� <ÑÑÑÑÑ� <¸ÍÏϐ�

˄˅Ȃ� <ȗͯŊʾtϗp˥þ�Ï¸É� <ɗļˆÑĂļˆΏʹ�

čėÑ�¡­� <ăƭϝĂ�¡­Ϟ� <˱YƷϝăƭϞ�

ɼ̝� <É�¸É�Ï� <ÑÑÑÑÑ�

ļˆύǥ� <ϗļˆύǥqǪ˻ʺ� <ɗļˆÑĂļˆΏʹϝ�Ï¸ÉϞ�

ƮħÑƮǼ� <ÑÑÑÑÑ� <ɐ̅ĳĶƕ�

ͯʧŏčė� <ǨǄƏƷρϝǙǅΣǋƀšŦ̝Ϟ� <�¡»¡­e:0� űɒ̽Ÿ�

�

�

ƅ��� ʺͱ¸ÍÒÑ¡­©�ƅrδb�̘rȽÑ“̭tȸ˂̈ɧϥ�

�

#$%�
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���

& ��'

t���
�

t�����
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& 	�����
�'

t�������
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�

ƅ�	� ʺͱ¸ÍÒÑ¡­©�ƅrδb�̘rȽÑ“̭tȸ˂̈ɧϦ�

�

̺��� ʺͱ¸ÍÒÑ¡­©�ƅrδb�̘rȽÑ“̭tȸ˂̈ɧoȧ͈Ƚʔ�

� Ʊ̖`g“̭� ȧ͈Ƚʔ�

.� ̯˯΢ϝȗĦ΢Ϟ� ū˭͈̉şw̆ȌȄƔÑͯɜŚŗā˴�

�� ΄ǳ΢� .ϝ̯˯΢ϞşwƿŶδȷt�ȧ͈�

0� ΄̰˿ƙ΢� �ϝ΄ǳ΢ϞϢ1ϝȥĴ΢Ϟ�

1� ȥĴ΢� Ǩɯʺ˴t͈̉ė�

2� ΄̰΢�  ǟĶt 0ϝ΄̰˿ƙ΢ϞtŬ͈ė�

3� ¡­©�΢� ¡­©�δΊ͈̉şw 46� ȄƔ˴�

�

�

�

� �


��



�
�

����E�

�
�
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����B�
�
�
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	�������F)

�C)
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ϝϦϞʺͱ¡­©�t˃ƘÑ̇ʡφntƱ΢͐č�

��	��� ʺͱ¡­©�tƱ΢ŏ�

� ʺͱ¡­©�tƱ΢͐č�̵TrueƓ˕oq�¬Ò¦»Ò¡ȸěuǽ̀no�fə´Ò­nue

ϝϥϞʺͱ¡­©�tőĶoīąèĊtȸ˂nẗɧ�͵}reȧ͈ƾͤu̺�	 t·�o`gfùÙt

ȧ͈ƾͤrkpmeȗĦ΢e΄ǳ΢şw¡­©�΢�ʍ��]oo`gf�

̺�	� ȧ͈ƾͤ�

ƟĶϐ ϊ˖  ƟĶϐ ϊ˖ 

Ǫ˻ʺ ăƭ Ʒρ 4 Ÿ˖ ËÒÁ���Ï 

υăƭ ´©�Ò ���Ï 

î·�Ï¸É Ώʹ «Ì¶ 

ΧΏ ı̰ǦÑıĲǦ 

ʥʦ ʖʯɼÑ̹ϐæʹɼ 

ʫʥ etõƷρ ȯǚρ͒ 

˱ʥ ¬ ¦Ë�ÂÉ 

É�¸É�Ï ØʌΏ ´¥�Ï 

ÙʌΏ etõρƨɼž 

ρŅ ʶɂžī ʶɂžī 

�¡ ρʎ Ôɾρʎ 

±©­ÎÒ� éɾρʎ 

etõ˥þƓ

˕ 
§Á ơιρʎÃ ÆÒË 

ʛǏĒħȾ͍ etõ̽Ÿ Ʒī˴ 

;΅ɼž ̡ŋͶ etõɼɮϝ˅ɳˆõϞ 

ΧΏͶÞ 

̧̦ 

ϝ̤˱ɼϞ 

 
}geūƾͤueŦ̝qη� 4 ͯʧϝƈˠeΣǋe³��¿¡eŏˠϞĻnʍ��]oo`eΣǋrk

pmueŦ̝qη�ΧoυΧΣǋrĶ[�]oo`gf 
_�reūĶϐÑϊ˖tȧ͈ėtõeɀəħąntė�ʍ��]oo`gfɀəħąntėrkpmue

ȗĦ΢e΄ǳ΢şw¡­©�΢h[nqweùÙtos�΄̰˿ƙ΢eȥĴ΢�ʍ��]oo`gf 
̺�
� ɀəħątȧ͈ėtʍ�Ƚ�

ȗĦ΢ ΄ǳ΢ ΄̰˿ƙ΢ ȥĴ΢ ¡­©�΢ 

̺-3 tϊ˖^o

tėtŬ͈ 

̺-3 tϊ˖^o

tėtŬ͈ 

΄ǳ΢―ȥĴ΢ Ǩɯʺ͈̉ ̺-3 tϊ˖^o

tėtŬ͈ 
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&� �*'+ 

Σǋͯʧrkpmueƾͤϊ˖rƹ�ceħmtƾͤϊ˖rkpmǷ΂CϲbtȽʔnȧ͈�̵j

gfqseƾͤϊ˖Ļrū˭͈̉�ˆpmeȧ͈ƾͤtȗĦŚŗār̆Ȍ�ãa�]onʍ��Ƚʔ�

ɲ͉�̵jgueəȽʔtȽuΰɕγt¬Ò¦uǸ���]o�³�Ï§ÊÒtˌq�͈̉t̆Ŭd�

̵�crb~�t��bp]ot�eəȽʔn̵jgf�

 

��
%�

ΧάɜtˆΆĻς̀΢�ˆpmȧ͈`gf 

ˆΆĻς̀΢uehÔ̥˥Ƃʔñ�ɀəΧάΊ˓�Χά͈̉ƧŹþ�ˆΆĻ͈̉ƧŹþitΧάˆΆĻÑ

ƌƒĻţʕ͈̉thɊ·άάɜˆΆĻţʕ͈̉ɂ̺̃itūǟ͈tė�ˆpgfə͈̺̉uhΧά˄˅

þ˥γtĮΙʘ·şw;ĴùƜtħmtς̀neʻrĮς�ɐ̅ˆΆĻrˢƲrȕȬb�]oi�ͳɁ

o`g�tno�eĶϐƓʨu̺�( t·�oqjmp�fe`me]tĶϐƓʨ�ɍrĶϐ`ƟĶϐ

�eɍretĮ͎tßĶϐ�͍Ʊ`e̺�) tos�e�� Ķϐ`ο͈_�mp�f�

�

̺�(� ĶϐƓʨ�

ƓəĶϐ ĶϐƓʨ 

Įς ɐ̅ĉΆtĺɂ`mp��t Ǫ͍ˆşwŮ̼Ĕˆo`mĉˆ_���t 

ū˭̽Ÿt̽Ήşw̼ĔˆtŚɜȺo`m

ĉˆ_���t 

ɐ̅ĉΆ�΃ʍ`qp�t ɾǔˬˆϝßγˆΆϞ 

ɐ̅ĉΆtĺɂ`qp�t ɐ̅ĉΆÚɂtįņǔˆ 

ͪƚɳ̙Ű 

;Ĵ ;Ĵ 

Χά˄˅þ˥

γtĮΙʘ· 
άƖeœ̽Ÿşwetõάɜ̽

Ήˆ 
υƔų̙Ű 

Ɣų̙γŢǭ 

 
99 Ķϐtūϊ˖rĆuű}��ttuehΧάˆΆĻÑƌƒĻţʕ͈̉tȑǭYiϝÔ̥˥Ƃʔñ ɀ

əΧάΊ˓ Χά͈̉ƧŹþ ˆΆĻ͈̉ƧŹþϞr͋΂uo�g�eetĮƸ�Ɠrəȧ͈ntƾͤo

b�tpTteƾͤob�ƕŬuptϊ˖rŃ�ȡ�tt�ʏƱ`gfə͈̉ntĶϐoȧ͈ƾͤtĶ

ϐuˌq�]ot�eĺȻuπ`p�t�o�ueŦ̝qη�ϐĀ`mp�ƕȐyȡ�Ķ[gϝ̺-6Ϟf
qseȧ͈ƾͤŸ˖rĶϐb�]ouπ`p�trkpmuehetõiϊ˖o`m͈Ø`gf99 Ķϐ

tTi 1ϲ95 }ntĮςˆuh33ϣ;ĴŰ[Χɶʺi�θYħmòƀȧ͈rņre;Ĵϝ96ϞşwΧά

ɳtĮΙʘ·ϝ97~99Ϟuņrmpqpfh33ϣ;ĴŰ[Χɶʺiủ͈ØuĮςno�ue;ĴŰo`

mΧϖeɻɭe¦Ï�˴tΧɶʺrņǔ_���tno�eʺͱ¡­©�opTͳɁØņr�]ouΓ

ķnuqpoĺȻ`eņrmpqpf 

qseə͈̉u 1958 ǟt�ƫƊb�ueˆΆőĶu 1959 ǟe1963 ǟe1968 ǟr 3 ƀƛɍ_�ms

�eəȧ͈nu 1968 ǟùζtˆΆtőĶ�ˆpmp�f�jme1958 ǟt� 1967 ǟtėrkpmu
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ˀƊt 99 ĶϐytŃ�ȡjgė�ļˆ`mp�f]tėuehΧάɜ¡­©�Ñ¸ÍÒr˜˖`gɀə

tϗǥ̇ʡȌΰɕrs[�ς̀΢ƛΔtĶɥiϝ̣ˇïŨÑΞΟǗɓÑǷ̲̩Ô̮eDevelopment 

Engineering Volume21,2015Ϟnẗɧ�Ȫċpghpg�tno�f 

 
̺�)� ˆΆĻĶϐÔ̓şwəȧ͈ntļˆ˷Ȑ�

ĶϐƓʨ ƟĶϐ ßĶϐ əȧ͈tƾ

ͤ˷Ȑϟ 

ɐ̅ĉΆ

tĺɂ`

mp��

t 

Ǫ͍ˆ ϥϣăƭϝƓˣɡϞ A 

ϦϣăƭϝetõˆϞ A 

ϧϣΩǔɳÑͿɦʌ˅ɳǪ˻ʺϝƓˣɡϞ A 

ⅠϣΩǔɳÑͿɦʌ˅ɳˆǪ˻ʺϝetõˆϞ A 

ⅡϣŻɳÑ�Ò¶¡ɳˆǪ˻ʺϝƓˣɡϞ A 

ⅢϣŻɳÑ�Ò¶¡ˆǪ˻ʺϝetõˆϞ A 

ⅣϣĩōÑȹȵÑĩ˒ÑetõǪ˻ʺϝƓˣɡϞ A 

ϬϣĩōÑȹȵÑĩ˒ÑetõǪ˻ʺϝetõˆϞ A 

ϭϣɻɭϝΏʹˆϞ B 

ϥϤϣɻɭϝetõˆϞ C(6) 

ϥϥϣ¦Ï�ϝˠʑ˼̽ɳˆϞ E(1) 

ϥϦϣ¦Ï�ϝŏƬǔɳˆϞ E(1) 

ϥϧϣ¦Ï�ϝ�¡ɳˆϞ E(1) 

ϥⅠϣ¦Ï�ϝetõˆϞ E(1) 

ϥⅡϣΧƗ C(6) 

ϥⅢϣǔɳϝűŚʑÑƠʵ�¡˄˅ɳϞ E(1) 

ϥⅣϣΧάɳ E(1) 

ϥϬϣΉ̧ɳ E(1) 

ϥϭϣˠʑ˼̽ɳÑŏƬǔɳ E(1) 

ϦϤϣetõʊγƈɖ E(1) 

ϦϥϣΏʹ B 

ϦϦϣʥʦ C(3) 

ϦϧϣʒǌÑʒʌ C(1) 

ϦⅠϣΧΏ C(2) 

ϦⅡϣρŅɳÑ·ēɳ C(6) 

ϦⅢϣ�¡ɳ C(5) 

ϦⅣϣʌΏɳ C(4) 

ϦϬϣetõĩ˒şwĩĪèɳ C(6) 

ϦϭϣǪ˻Σʺ A 
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ĶϐƓʨ ƟĶϐ ßĶϐ əȧ͈tƾ

ͤ˷Ȑϟ 

ϧϤϣǪ˻ˆöǋͯɜ A 

ϧϥϣú͍ɜÑ�Ï�ÊÒ­̽Ÿ̽Ήˆşwetõ

Ǫɜˆ 
A 

ϧϦϣǪ͍ɳ̙Ű A 

ϧϧϣ;ĴŰ[Χɶʺ ƾͤƜ 

˅ɳˆɼɮÑžī

ˆ 

ϧⅠϣÔ̥˅ɳɼɮÑžī E(2) 

ϧⅡϣ½�ÉÒs�wŚŋɼ E(2) 

ϧⅢϣΩǌÑǪ͍ɼɮÑžī E(2) 

ϧⅣϣΣǋņǔɼɮşwΣǋǔćɼɮ E(2) 

ϧϬϣͿɳˆɼɮÑžī E(2) 

ϧϭϣŏƬɼɮϝƇĮŰϞ E(2) 

ⅠϤϣŏƬɼɮϝ;ĴŰϞ E(2) 

Ⅰϥϣ̑̌ɼɮÑžī E(2) 

ⅠϦϣ´Ëº̽̀ɼɮÑžī E(2) 

ⅠϧϣϒȺŸņǔɼɮÑžī E(2) 

ⅠⅠϣetõ˅ɳˆɼɮÑs�wĉΆÚɂ E(2) 

ρɼɼɮžīˆ ⅠⅡϣƀ͸ρɼ D(4) 

ⅠⅢϣτʀρɼ D(4) 

ⅠⅣϣƷǧˆρʋɼɮÑžī D(5) 

ⅠϬϣ·ēɼɮ D(7) 

ⅠϭϣetõρʋɼɮÑžīşwĉΆÚɂ D(6) 

Ʒǧˆşwɳōˆ

ɼɮÑžīˆ 

ⅡϤϣ˼ƺɼɮ D(7) 

ⅡϥϣƷī D(7) 

ⅡϦϣśȏɼɮϝɳōˆϞ D(7) 

ⅡϧϣśȏɼžϝƷǧˆϞ D(7) 

ⅡⅠϣŧȐs�wϒŔˆŸ E(3) 

ⅡⅡϣ�¡žīÑˠʑžī D(7) 

ⅡⅢϣĵʺ E(3) 

ⅡⅣϣèōˆɼɮÑžīs�wetõƷǧˆɳōˆ

ɼž 
D(7) 

̧̦ˆ ⅡϬϣͩʺ̧ D(3) 

Ⅱϭϣ¦Ï�Ò D(3) 

ⅢϤϣ³Ë��ÄÊ�Ò D(3) 

Ⅲϥϣetõ̧ D(3) 



 37 

ĶϐƓʨ ƟĶϐ ßĶϐ əȧ͈tƾ

ͤ˷Ȑϟ 

ⅢϦϣΙŸÑɼδȩ̦tȳΉÑĔ˂ˆs�wĉΆ

Úɂ 
D(3) 

̡ŋͶˆ Ⅲϧϣ­É©� D(1) 

ⅢⅠϣ³¡ D(1) 

ⅢⅡϣãˆͶ D(1) 

ⅢⅢϣǄƏ­É©� D(1) 

ⅢⅣϣͺſͽͶ D(1) 

ⅢϬϣ̡ŋéͽͶ D(1) 

Ⅲϭϣetõ̡ŋͶ D(1) 

ⅣϤϣΙŸÑɼδeĔ˂ˆs�wĉΆÚɂ D(1) 

ΧΏͶÞˆ ⅣϥϣͩͶ D(2) 

ⅣϦϣetõtΧΏͶÞ D(2) 

ⅣϧϣΙŸÑɼδeͶÞtȳΉĔ˂ˆs�wĉΆÚ

ɂ 
D(2) 

etõ;΅ˆɼɮ ⅣⅠϣetõ;΅ˆɼɮ D(4) 

Ƹžˆ ⅣⅡϣϒ̓ E(4) 

ⅣⅢϣ18 Ê©­Ë̓ E(4) 

ⅣⅣϣÔ̥̓ E(4) 

ⅣϬϣʿİ E(4) 

Ⅳϭϣ®ÉÁ̓ E(4) 

ϬϤϣϗƉƸž E(4) 

ϬϥϣetõƸžşwĉΆÚɂ E(4) 

etõt͛̽Ÿ ϬϦϣetõt͛̽Ÿ E(4) 

ɐ̅ĉΆ

�΃ʍ`

qp�t 

ɾǔˬˆϝßγˆ

ΆϞ 

Ϭϧϣ̏ɜéɾ̽Ÿˆ E(5) 

ϬⅠϣ~uYǱɰάˆϝıǩǱɰάˆ�θwϞ E(5) 

ϬⅡϣ½Ë­Ñ¯©­ÑÊ»©­ÑsaΤˆ E(5) 

ϬⅢϣvsˆ E(5) 

ϬⅣϣʂͶˆ E(5) 

ϬϬϣήǔŸˆ E(5) 

Ϭϭϣ͹ţ[ˆ E(5) 

ϭϤϣķĿǔīˆ E(5) 

ϭϥϣΣƏˆ E(5) 

ϭϦϣetõtɾǔˬˆ E(5) 
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ĶϐƓʨ ƟĶϐ ßĶϐ əȧ͈tƾ

ͤ˷Ȑϟ 

ɐ̅ĉΆ

tĺɂ`

qp 

�t 

ɐ̅ĉΆÚɂtį

ņǔˆ 
ϭϧϣɐ̅ĉΆÚɂtįņǔˆ E(6) 

ͪƚɳ̙Űϝǣƚ

ˆϞ 

ϭⅠϣͪƚɳ̙Ű[ E(6) 

ϭⅡϣ�ÄÒ¡Ê©­ɳ̙Ű[ E(6) 

;Ĵ ;Ĵ ϭⅢϣ;Ĵ ƾͤƜ 

Χά˄˅

þ˥γt

ĮΙʘ· 

υƔų̙Ű ϭⅣϣά˹̽Ήˆ ƾͤƜ 

ϭϬϣάƖÑœȌŸs�wetõάɜ̽Ήˆ ƾͤƜ 

Ɣų̙γŢǭ ϭϭϣάƖÑœȌŸşwάɜ̽Ήˆ(Ɣų̙γŢǭϞ ƾͤƜ 

ϟəȧ͈tƾͤ˷Ȑt͋ũuùÙ�ˤbf 

AⅦǪ˻eBⅦΏʹeCⅦõ˥þƓ˕eC(1)ⅦʛǏĒħȾ͍eC(2)ⅦΧΏeC(3)Ⅶʥʦe 

C(4)ⅦØÙʌΏeC(5)Ⅶ�¡eC(6)Ⅶetõ˥þƓ˕eDⅦ̚áʝͭͧeD(1)Ⅶ̡ŋͶeD(2)ⅦΧΏ

ͶÞeD(3)Ⅶ̧̦eD(4)Ⅶetõ;΅ɼɮeD(5)ⅦƷρeD(6)ⅦρʎÑʶɂ˴eD(7)etõ̚áʝͭ

ͧ eEⅦetõeE(1)ⅦƈɖeE(2)Ⅶ˅ɳˆɼɮÑžīe 

E(3)ⅦƷǧˆşwɳōˆɼɮÑžīeE(4)ⅦƸžşwetõeE(5)Ⅶɾ̵ˬˆϝßγˆΆϞeE(6)Ⅶe

tõɐ̅ĉΆtĺɂ`qp�t 

  



 39 

ȗĦ΢tȧ͈ueùÙt 2 őĶĻn̵jgf 

CĶϐĻϝùÙ 5 ĶϐϞ 

AⅦǪ˻eBⅦΏʹeCⅦõ˥þƓ˕eDⅦ̚áʝͭͧeEⅦetõ 

ãĶϐĻϝùÙ 13 ĶϐĻϞ 

AⅦǪ˻eBⅦΏʹeC-1ⅦʛǏĒħȾ͍ϝC(1ϞϞeC-2Ⅶî·�Ï¸ÉϝC(2)ϠC(3)Ϟe 

C-3ⅦÉ�¸É�ÏϝC(4)ϠC(5)ϞeC-4Ⅶõ˥þƓ˕ϝC(6)Ϟe 

D-1Ⅶ;΅ɼžϝD(1)ϠD(2)ϠD(3) ϠD(4)ϞeD-2ⅦƷρϝD(5)Ϟe 

D-3ⅦρʎÑʶɂ˴ϝD(6)ϞeD-4Ⅶõ̚áʝͭͧϝD(7)Ϟe 

E-1Ⅶetõϝ̽ŸˆŚɜȺ˴ϞϝE(1)ϠE(2)ϠE(3) ϠE(4)ϞϞe 

E-2Ⅶetõϝɾ̵ˬˆϞϝE(5)ϞeE-3Ⅶetõϝɐ̅ĉΆÚɂϞϝE(6)Ϟ 

 

 

 #�%�

΄ǳ΢ueŀ΂tȽʔnʍ�gȗĦ΢rkpmėΎǟȷrǾagʄƫʾ�t[mʍ�gfʄƫʾ

ueÔ̥rˆp���]otƝpÎ�¹ËĶǘ�ˆpeSn=EXP[-(n/λ)α]o`mʍ�gfÎ�¹ËĶǘr

ˆpg´ÉÂÒ¦ÒϝλeαϞuehMeasurement of Depreciation Rates based on Disposal Asset Data in 

JapaniϝKoji Nojima and Fumio Momose,  September29,2008ϞthTable8.Estimated Weibull 

Distribution and Average Service Livesi��e̚ˆǟȷ˴�ŌɬtØe΁poȀ���ϊ˖�Εwˆp

gfɍreΕșuπ`pƕŬueϐĀϊ˖̕tǞƎˑq´ÉÂÒ¦Ò�Εxeo�puetõ˴t̾ȷ

ϊ˖uʟajmp��trkpmuŮɷrhOheri˴t�Ε�np�fqsept´ÉÂÒ¦Ò�ļˆ

b�tr��ǲψuυǛrƟYp]ot�eəȧ͈Ƚʔuow}n�͑˸tg�no�eòǷuƿŶ͍

Ʊu͘ώoq�f 

͍Ʊ`g´ÉÂÒ¦Òu̺-7 tos�no�f 
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̺�
� ʄƫʾrˆpg´ÉÂÒ¦Ò�

əȧ͈tĶϐÑ̃Ķϐ Εșϊ˖ϝ͚ȹßϊ˖ůϞ λ α 

AⅦǪ˻e Office Building 35.4 1.61 

BⅦΏʹ Paved roadways 23.9 1.52 

CⅦõ˥þƓ˕ Recreation/training facilities 46.5 1.87 

 

C-1ⅦʛǏĒħȾ͍ Recreation/training facilities 46.5 1.87 

C-2Ⅶî·�Ï¸É Paved roadways 23.9 1.52 

C-3ⅦÉ�¸É�Ï Oil/gas tank facilities and pipelines 33.8 1.81 

C-4Ⅶõ˥þƓ˕ Electoric power plants 26.3 1.73 

DⅦ̚áʝͭͧ Other vehicles for own use 19.4 2.31 

 

D-1Ⅶ;΅ɼž  Other vehicles for own use 19.4 2.31 

D-2ⅦƷρ Other household electric appliances 14.0 1.84 

D-3ⅦρʎÑʶɂ˴ Electric lighting fixture 15.9 1.49 

D-4Ⅶõ̚áʝͭͧ Metal furniture and furnishing, fixtures 14.6 1.68 

EⅦetõ Other metal products 15.2 1.81 

 

E-1Ⅶetõϝ̽ŸˆŚɜȺ

˴Ϟ 
Other metal products 15.2 1.81 

E-2Ⅶetõϝɾ̵ˬˆϞ Other metal products 15.2 1.81 

E-3Ⅶetõϝɐ̅ĉΆÚɂϞ Other metal products 15.2 1.81 

ĴĬⅦMeasurement of Depreciation Rates based on Disposal Asset Data in JapaniϝKoji Nojima and 

Fumio Momose,  September29,2008Ϟ��ćȌ 
 

 

��	��%�

¡­©�΢ueūǟtȗĦ΢t�ūǟt΄ǳ΢�ʢagė�Ŭ͈`gėno�eŀ΂tCanʍ�g

ė�ˆpgf 

qse¡­©�΢ueĹɕėuΠ̀oq�fəȽʔnu¬Ò¦u 1958 ǟt�oq�]oe˥þƓ˕

˴tƿŶuΰpƾͤʺ�Ɲp]ot�e͑˸nuo�ueʻr 2000 ǟùŀt¡­©�΢uΎǄ͐čo

qjmp�Ŧ̝ȂuϗpʲruˊȆuǽ̀no�f 
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"$�� 

ãˆͶşwŻˆͶrkpmȧ͈�̵jgfȗĦ΢ϝͪƚŧȷϞeϝĒɒŧȷϞe΄ǳ΢ϝǨɯŧȷϞtȧ

͈ėrkpmueƇ˲˃Ƙˡ˰Ȑt�^Ȫċpghpg¬Ò¦�ļˆ`gf 
4 ͯʧrőĶb�g�t̆Ȍrkpmuėʡ˅ɳ˙ßƇ̇ʡ˅ɳǈthǞȌ 22 ǟǥϧϱ�¡«Áŏ

Ŧ̝Ȃ͙ɩèɳMǨ̡ŋͶt�ˍ˄b�Î�ÅÒ²Ò±¡ßtΫͯʧs�wͫΣǋtϗŊʾƀš�¡«

ÁèɳŏtŦ̝Ȃ͙ɩNƔųɎith̺-3.1 ãˆͶrĉ��gŚɜȺΠ΢ṫǟƛŏϝŗāⅦkg/ŧϞit

2001 ǟtė�ˆpgfqseŻˆͶ�ãˆͶoŮăȌo`múƱ`gfļˆ`ğȌu̺-8 tos�f 

 
̺-8� ãˆͶtŸ˖Ļ̆ȌŃŬϝəȧ͈ˆtúėϞ  

ΣǋϝΧϞϟ 

υΧΣǋϝΫϠ 

�ËÀ°�ÁϠ

õϞ 

ŏˠϝŬȌɺ

̞Ϟ 
ƈˠϝ�É¡Ϟ õ 

73.0% 7.8% 8.2% 2.5% 8.5% 

ϟΧrkpmue(1)n͋΂tos�eĻΆΧάς̀΢t�ȧ͈�̵jms�e§¹Ë��Ï­oq�]

ot�eəȧ͈nuƾʶo`mpqpf 

 
}geãˆͶşwŻˆͶt 1 ŧǰg�Π΢ueȿǴˡ˰n͍Ʊ`mp�Π΢rʨae1000kg/ŧo`gf 
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�) 

ı̰Ǧeʖʯɼe���Ïşwȯǚρ͒rkpmȧ͈�̵jgf 
4 ͯʧrőĶb�g�t̆Ȍrkpmueı̰Ǧeʖʯɼşw���ÏrkpmueÔ̥ͧƂʔñƷρ

̽ŸŕþthƷρÊ���ËǟɾƔųɎ� ǞȌ 22 ǟǥithƅ̺>Ϣ9 ́ɜĻįŻŸŏtɶȌʈʾ(Ÿ˖

Ļ)itė�ˆpgfqseəƅ̺ßthetõtɒčʺiuºÉ¡¨©�oúƱ`mļˆ`gf}ge

ȯǚρ͒rkpmuehßǐ͝ÔÑǌəƋóÑßΡņΚƨÑϚˇĥơΘÑŚˇǠɂÑΰƍǻåϝ2006ϞⅦδ

Ûʺͱ̎΢ϝTMRϞrƓlwĉˆʡ~ȯǚρ͒Ê���Ë¸ÍÒͅɥϣJournal of Life Cycle Assessment, 
Japane2ϝ4Ϟe341-346ithȯǚρ͒tɶȌȌĶoŏƬ̆Ȍi�ļˆ`gf]��t�əȧ͈núƱ`

ğȌue̺-9 tos�f 

 
̺-9� ƷρtŸ˖Ļ̆ȌŃŬϝəȧ͈ˆtúėϞ  

Ÿ˖ 
ΣǋϝΧϞ

ϟ 

υΧΣǋ

ϝΫϠ 

�ËÀ°�

ÁϞ 

ŏˠϝºÉ

¡¨©�Ϟ 

ƈ  ɣ

ϝ�É¡Ϟ 

õϝυΧÑ

ΧqpʟŬ

ʺϞ 

ı̰Ǧ 55 % 3% 26% 9 16% 

ʖʯɼ 51% 3% 32% 9 14% 

���Ï 31% 20% 13% 9 36% 

Ÿ˖ 
ΣǋϝΧϞ

ϟ 
υΧΣǋ 

ŏˠϝºÉ

¡¨©�Ϟ 

ƈ  ɣ

ϝ�É¡Ϟ 
etõ 

ȯǚρ͒ 6.4 % 16.9% 69.0% 7.5% 0.3% 

ϟΧrkpmue(1)n͋΂tos�eĻΆΧάς̀΢t�ȧ͈�̵jms�e§¹Ë��Ï­oq�]

ot�eəȧ͈nuƾʶo`mpqpf 

 
}geƷρūŸ˖t 1 ŧǰg�Π΢ueȿǴˡ˰n͍Ʊ`mp�Π΢rʨagϝ̺-10Ϟf 

 
̺-10� Ʒρt 1 ŧog�Π΢ϝəȧ͈ˆtúėϞ 

Ÿ˖ 1 ŧog�Π΢ϝkg/ŧϞ 

ı̰Ǧ 70 

ʖʯɼ 70 

���Ï 40 

ȯǚρ͒ 0.1 
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)�
��� 

ρʎÑʶɂ˴tϊ˖nueρˁşwơιρʎÃ ÆÒËrkpmȧ͈�̵jgf 

 
��
%�

lρˁm 
̎ō˙thɀətΰɕ͈̉˽ĸir��ρˁ˄˅΢ϝŚĬⅦ̇ʡ˅ɳ˙hɼɮ͈̉ǟƔiϞşẇʡ

˅ɳ˙hɼɮ͈̉ǟƔitρˁ˄˅΢�ˆpgfρˁϐt͈̉¬Ò¦tTieˏʷρˁe̳ĥÉÏºe

LED ÉÏºt˄˅΢�Ŭ͈`g�t�ȗĦ΢o`gfgh`eLED rkpmủ͈Ø 2012 ǟėt�

`tqpg�ee�ùŀt¬Ò¦ruű}�mpqpf 
qseəɠno�vhĴ̫ϝͪƚϞ΢it¬Ò¦�ˆp�]ouɔ}`puẻ͈¬Ò¦u��ťw

t�ȩp�bph˄˅΢i�əȧ͈nuˆpmp�f˄˅΢oĴ̫ϝͪƚϞ΢tǖue΁ǟƟYwqj

ms�e2015 ǟruĴ̫ϝͪƚϞ΢u˄˅΢t˾ 160Ϝoqjmp�]ot�eòǷuĴ̫ϝͪƚϞ΢

ytķ�ɏru͘ώoq�f 
4 ͯʧrőĶb�g�t̆Ȍrkpmue˥Ƃʔñɀəρˁǔɳþth̳ĥÉÏºşwĉˆʡ~̳ĥ

ÉÏºrδb� Q&Aϝ2011 ǟ 7 ɑ 8 ɀȳʁϞir͋ͼt˭ϐ^otɶȌ�ˆpgfϝ̺-11Ϟqseəͯ

ȺnueΙāĻt́ɜΠ΢u͋ͼ_�mp�uéɜĻrħmΠ΢�Ķ[�]otnYqpͯʧ�Ɲp

g�e3 ˭ϐtΣǋntŬ͈Π΢uɎpmo�ƕŬuǰĶo~qb˴eͯȺ��orÔƱtúƱ�sp

mp�f}geĶ[�]ouπ`pΙĶuθƜ`mp�ΙĶ�o�fɍreρˁt˭ϐ���¢˴rǾ

am̆Ȍuˌq�ueȗĦ΢¬Ò¦u˭ϐÑ��¢˴Ļnqpf`t`e͑˸o`meəȧ͈nueħ

mhρˁƏ̳ĥÉÏºeA Ə 60W ˘ǰϝ15 ǱϞit̆Ȍϝ̺-12Ϟnȧ͈�`gf 

 
̺���� ρˁt̆ȌϝρˁƏ̳ĥÉÏºe. Ə )�" ˘ǰϝ�( ǱϞϞ�

Ιā ́ɜ ΢

ϝgϞ 
ě̘ 

Ɯ˹�ÍÒ¹ ¥Ò§ˠʰ�É¡ 30  

ȝȶ̠ ʱΝ�Ë��Á 1  

ˍĥ˹ Ψ¸ÊÒ�É¡ 19 
ÔΙΨ�É¡̽�o�ϝΨ 22-

29ϜϞ 

̳ĥą Ǚƈϐ̳ĥą 1  

ρɴ 

ϝ��ËϞ 
¦Ï�¡«Ï 0.67 Π΢uρɴĮnϧkrǰĶ 

ρɴ 

ϝĮΙǃĦ̏Ϟ 
°©�Ë-Χ 0.67 

ΧϠ°©�ËÂ©�̏�o� 

Π΢uρɴĮnϧkrǰĶ 

ρɴ 

ϝƜΙǃĦ̏Ϟ 
Ϋ 0.67 

ΫŬΣ�o� 

Π΢uρɴĮnϧkrǰĶ 

ʌΪ 
ʌΪ 

0.005  
¶¡¿¡ 
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Ιā ́ɜ ΢

ϝgϞ 
ě̘ 

�Ï �Á 

ǀĦ�¡ �Ë�Ï 

300-

400(P

a) 

õtǙ�¡�o� 

ɺ̞¼Ë§ πʸȂɺ̞ϝPBT,PETϞ 5  

ρƨƮƱž 

­ÉÏ ¡¦ 

17 
 

§��Ò® 

ρͅ�Ï¬Ï� 

¸�ËÁ�Ï¬Ï� 

Țα 

¨ÈÒ���Ë 

ºÊÏ­Ɠɤ 

Ψu�h Ψ¸ÊÒu�hŏu΋Ǌ 

Ȧ˜Ł �Ê�ÒÏ˽ɺ̞ 5  

ɺ̞�Ò¡ πʸȂɺ̞ϝPBT,PETϞ 12  

ŤΣ ϙΫ 8 ϙΫϠ°©�ËÂ©��o� 

��®u�h Ψ¸ÊÒu�hŞuºÉ¢¿ʩȦ 0.4 Π΢u��®u�ho­©ºu

�hnǰĶ ­©ºu�h Ψ¸ÊÒu�hŞuºÉ¢¿ʩȦ 0.4 

ĴĬⅦ˥Ƃʔñɀəρˁǔɳþth̳ĥÉÏºşwĉˆʡ~̳ĥÉÏºrδb� Q&Aϝ2011 ǟ 7 ɑ 8
ɀȳʁϞi�ˆpmņǔÑćȌ 

�

̺���� ρˁt̆Ȍϝəȧ͈ˆtúėϞ�

ƈˠϝ�É¡Ϟ ŏˠϝPBT,PET,˴Ϟ 

54g 17g 

 
 

ρˁue˭ϐr��Π΢�̆ȌtǖuƟYpueˀɉʲnŭȌ¬Ò¦otδď˴�o�eρˁt˭

ϐ�̘Ȋ`mpqpfòǷuĕȌ¬Ò¦�ű�menY�η�˭ϐĻrb�]ou͘ώoq�f 
qseρˁt̆Ȍuǟ÷nˌq�ueǀĦ`mp��¡t˭ϐʌΪtɒʴ˴uƟYwe4 ͯʧĻtɵ

˸ȗĦ΢ytǲψuǄ_po̘r���f 
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lơιρʎÃ ÆÒËm 
Ô̥˥Ƃʔñơιĥˍρŕþtĩǫ HP Øro�hơιρʎtĴ̫͈̉itĴ̫΢�ˆpgf1981 ǟ

ϲ2011 ǟuhɀərs[�ơιρʎĴ̫΢tȧ˫i�ˆpgf]t 2011 ǟ}ntėuơιρʎ£Ëş

wơιρʎÃ ÆÒËtŬ͈ėoq�f 
2012 ǟùζuẻ͈tŢ�Ƚr��eùÙ 2 ´¦ÒÏ�ˆȆ`gf 
dÃ ÆÒËt~tė 

2012 ǟşw 2013 ǟuhɀərs[�ſœɕ^otơιρʎÃ ÆÒËtĴ̫΢ȧ˫ie2014 ǟ

şw 2015 ǟuhɀərs[�ơιρʎtĴ̫΢� ǟǥο͈i�ˆpgf 
£Ëtėuű}qpf 
d£ËşwÃ ÆÒËtŬ͈ėϝgh`Π̾o�Ϟ 

2012 ǟϲ2015 ǟrkpmhơιρʎĴ̫͈̉tūſœɕt͓̃i�ˆpgfgh`e2013 ǟϲ

2015 ǟtėrkpmuΠ̾ȥθu_�mpqp]ot�eΠ̾�ű~eΎłėoqjmp�f 

 
}geͯʧĻrb�g�t̆ȌrkpmuehǞȌ 24 ǟǥ˃Ƙ˙Ƨ͊ɳō ǞȌ 24 ǟǥĉˆʡį˄Ŧ

̝�±Ë�Ò͍ětÊÇÒ¡ÑÊ���ËƓˣ͙ɩƧ͊ɳō ƔųɎϝ2013 ǟ 3 ɑ 25 ɀ� ɪǫþ˥×

̬̎Ŭˡ˰ȐϞi�ˆpgf}gehơιĥˍρ͍ět́ɜɶȌişwơιĥˍρŕþthĉˆʡ~ơι

ρʎÃ ÆÒËtΓʁĳ˂ÑÊ���Ë Q & A(ǞȌ 26 ǟ 6 ɑćȌ, ǞȌ 27 ǟ 10 ɑ΃͋Ñȳ”, ǞȌ

28 ǟ 4 ɑ΃͋Ñȳ”)itơιĥˍρ�¡«Á�ŝ̘o`gf 

 
̺��	� ơιρʎÃ ÆÒËt̆Ȍϝəȧ͈ˆtúėϞ�

ϝŗāⅦkg/kWϞ 

ƈˠϝ�É¡Ϟ 
ŏˠϝEVA,PET,˴Ϟ υΧΣǋϝ�ËÀ°�Á,Ϋ,

˴Ϟ 

100 

ϝ81%Ϟ 

15 

ϝ12%Ϟ 

8 

ϝ7%Ϟ 

ϟϝϞĮuɶȌŃŬ 
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 #�%�

lρˁm 
ρˁtƿŶu˭ϐ˴r��ˌq�ueəȧ͈nu 2 ǟϝ2 ǟgkoħm΄ǳϞoúƱ`mȧ͈�̵j

gfŀ΂tos�eòǷ˭ϐĻ˴ntɲ͉�̵TßneƿŶ͍Ʊ�ɲ͉`mpwǽ̀uo�f 

 
lơιρʎÃ ÆÒËm 

ơιρʎÃ ÆÒËuͧō˙thʢčġřͯ˅t̚ˆǟȷ˴rδb�˙øϝɈŷſŒǟ×ɑ×ŒÔɀ

Ɵ̰˙ø˳ŒëũϞϝɐ̅ȳʁⅦǞȌéĨǟ×ɑ×Ôɀͧō˙ø˳éÕũϞi��eƿŶ� 17 ǟϝ17 ǟ

gkoħm΄ǳϞoúƱ`mȧ͈�̵jgf 

 
 
��	��%�

¡­©�΢ueūǟtȗĦ΢t�ūǟt΄ǳ΢�ʢagė�Ŭ͈`gėno�eŀ΂tCanʍ�g

ė�ˆpgf 

ρˁrkpmueŀ΂tos�eȗĦ΢�˄˅΢o`e2 ǟnħm΄ǳopT͍Ʊo`mp�ueȗ

Ħ΢ϝ˄˅΢Ϟuǟgʢǅ`mp�]orͲƁ`meəȑʔnu¡­©�΢u¿�¯¡ėoqjm`}

Tf`gujməȑʔnt͐čuΓ_qp]ou�tjgf}geρˁuƿŶu˟pg�eòǷuʶɂ

žīəąt΢rkpmȧ͈�̵jmpwǽ̀uo�o̘r���f 

ơιρʎÃ ÆÒËrkpmueǞƎƿŶ� 17 ǟo͍Ʊ`mp�ueəȽʔnuȗĦ΢t¬Ò¦u

1981 ǟt�oq�]ot�e1998 ǟ}nu΄ǳ΢uȧ͈Øˍ˄`mpqpf}geɒ̙͠��ǞƎƿ

Ŷt 2 ĖùÙt¬Ò¦nu¡­©�΢uΎǄ͐čoq�ot^ȟȰ�pghpmp�]ot�eˀɉʲ

nuΎǄ͐čoqjmp�o̘r���f 
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)� 

�ËÀρ̏şwΫρ̏rkpmȧ͈�̵jgf 

 
��
%�

Ô̥˥Ƃʔñɀəρ̏ǔɳþth͈̉¬Ò¦ Ĵ̫Ʋ̐ȧ˫ ɑĻeà̀ΙαĻit�ËÀρ̏şwΫ

ρ̏�ˆpgf 
�ËÀρ̏şwΫρ̏tȗĦ΢uee�f�ΙαĻrĶt�mp�Ĵ̫΢tTieh·ēişwhρ

ŅitŬ͈ė�ļˆ`gf]��u;Ĵuű}�ms�cĮςˆno�f 

 
 #�%�

΄ǳ΢ueȗĦ΢ṙΎǟȷrǾagʄƫʾ�t[mʍ�gfʄƫʾueÔ̥rˆp���]otƝ

pÎ�¹ËĶǘ�ˆpeSn=EXP[-(n/λ)α]o`mʍ�gfÎ�¹ËĶǘrˆpg´ÉÂÒ¦ÒϝλeαϞ

uehMeasurement of Depreciation Rates based on Disposal Asset Data in JapaniϝKoji Nojima and 

Fumio Momose,  September29,2008ϞthTable8.Estimated Weibull Distribution and Average Service 

Livesi��e̚ˆǟȷ˴�ŌɬtØe΁poȀ���ϊ˖�Εwˆpgfgh`ept´ÉÂÒ¦Ò�

ļˆb�tr��ǲψuυǛrƟYp]ot�eəȧ͈Ƚʔuow}n�͑˸tg�no�eòǷuƿ

Ŷ͍Ʊu͘ώoq�f 

ļˆ`g´ÉÂÒ¦ÒueØ͚͋ȹthPower wiring systemsino�eU=20.6eT=1.59 oq

�f 

 
��	��% 

¡­©�΢ueūǟtȗĦ΢t�ūǟt΄ǳ΢�ʢagė�Ŭ͈`gėno�eŀ΂tCanʍ�g

ė�ˆpgf 

qse¡­©�΢ueĹɕėuΠ̀oq�f_�reəȧ͈nuȗĦ΢t¬Ò¦uÔ̥˥Ƃʔñɀə

ρ̏ǔɳþtĩǫ HP ØnŢǸŦ̝q͈̉¬Ò¦u 2002 ǟt�nojg]ot�e2002 ǟùζtėn

̵jmp�g�e¡­©�΢uΎǄ͐čoqjmp�o̘r���f 

òǷue³�Ï§ÊÒtΑp˴�̘Ȋ`qu�Ô̥˥Ƃʔñɀəρ̏ǔɳþthρ͈̏̉ǟƔinŦ

̝qη�¬Ò¦�Β�]o˴r��¬Ò¦tĤƲu͘ώoq�f 
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���*��(�+ 

ăƭ�θwǪ˻ʺrkpmȧ͈�̵jgfqseăƭrδ`m�eŮɷtȑʔnăƭrkpm�ȧ͈u

Ŧ̝no�ueǷ΂tos�t͘ώuʄ_�mp�g�eəȧ͈nu}cuǪ˻ʺrkpm͑˸�̵jm

p�f 

 
��
%�

Ƈƈî·˙thǪ˻˜ǔ͈͙̉ɩƔų ɉ˽ĸÔ̓lǪ˻ʺmǪ˻àĻÑˆΆĻÑɶΉĻ Ǣφ˯i�

ˆpgfɖΉeΧϖΧ˵�Ï�ÊÒ­ΉeΧ˵�Ï�ÊÒ­ΉeΧϖΉtĶϐt{teυɖΉǪ˻ʺŬ

͈t�υɖΉĮ͎ϝΧϖΧ˵�Ï�ÊÒ­ΉeΧ˵�Ï�ÊÒ­ΉeΧϖΉϞ�ʢagė�hetõi

o`me5 őĶnȧ͈�̵jgf 
4 ͯʧĻrueƇƈî·˙hǪ͍ͯɜÑŉğŅς̀ƲȈ͙ɩithφ˯ŚŗāϝǪ˻eħƇϞi�ˆp

mĶ[gfgh`eə͙ɩuess�e 3 ǟr 1 ǥt͙ɩoq�g�e͙ɩtqpǟǥtė

ϝH13,H14,H16,H17,H19,H20,H22,H24ϞrkpmueetŀǷt͙ɩẗɧt�Įλ`m¬Ò¦�

ćȌ`gf_�reH26,H27 ǟǥtėrkpmueH25 ǟǥė�úėo`mˆpgfőĶr��Śŗ

ātΑpueɖΉeΧϖΧ˵�Ï�ÊÒ­ΉeΧ˵�Ï�ÊÒ­ΉeΧϖΉrkpmue�f�ƾǾb

�φ˯Śŗā�ļˆ`ehetõiuhǪ͍̎Ŭitφ˯Śŗā�ļˆ`gf}geə͙ɩtφ˯Śŗ

āue˄�Ï�ÊÒ­eϖɜÑˠɜeɖɜue�f�Óog�t�toqjmp�g�e˄�Ï�ÊÒ

­u 2.35t/ÓeϖɜÑˠɜu 2.35t/Óeɖɜu 0.6t/Ótȫ˸ďȷ�ˆpmȫ˸`gė�əȧ͈nuúƱ

o`mˆpgf 
qseƇƈî·˙hǪ͍ͯɜÑŉğŅς̀ƲȈ͙ɩiu�Ï�Ò­̈ɧrƓlw�tno�eφ˯Ś

ŗāt¹ÌuƟYpǟuo�ʲruˊȆuǽ̀oq�f}ge˄�Ï�ÊÒ­eϖɜÑˠɜşw£ÂÏ

­tħmtŚŗā�ˆp�oe§¹Ë��Ï­rq�o̘r���]ot�eəȧ͈nu˄�Ï�ÊÒ

­uθƜ`mȧ͈�̵jgf 

 
 #�%�

hΚǗǪ͍rÿT̎ʺͱǽ̀΢tƱ΢ŏo͐črδb�ˡ˰9ăƭƌȸět�Ò¡¡¦¬�9ϝ͢ǒ

Ƽɺeìɝ˨ȹeƈɖƬþ͚ȹο NO.671/A-18,35-48,2001.2Ϟirs[�ʄƫʾ�ˆpmȧ͈�̵j

gf 

 
��	��%�

¡­©�΢ueūǟtȗĦ΢t�ūǟt΄ǳ΢�ʢagė�Ŭ͈`gėno�eŀ΂tCanʍ�g

ė�ˆpgf 

qse¡­©�΢ueĹɕėuΠ̀oq�fĹɕėt͍ƱşwβƦǟnƟYwėuˌq�̈ɧoq�ue

Ǫ˻ʺt˜ǔǢφ˯uťwt�¬Ò¦uo�ue4 ͯʧĻt¬Ò¦uo�Ükǹ˃Ə˥þǱȌȧ΋Ɠəʔ

tȾ̵ǟno� 2000 ǟ�Ɠʨo`m͑˸�̵jgf  
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]�}nrȸ˂`gȑʔrƓlpmϡȧ͈`g̈ɧ�Ù͋rˤ`gf 

 
&� �*'+ 

�� �
%�

 

ƅ�
� ĶϐĻȗĦ΢�

�

̺��
� àqǟtĶϐĻȗĦ΢�

ϝŗāⅦːÖ­ÏϞ 

ǟ Ǫ˻  Ώʹ  õ˥þƓ˕  ̚áʝͭͧ  etõ  Ŭ͈  

1990  13.6  1.5 3.0  19.3  34.6  71.8  

1995  10.0  1.2  2.7  15.6  29.4  58.9  

2000  10.3  1.4  1.9  15.4  27.8  56.8  

2005  10.0  1.0  1.6  18.8  24.2  55.7  

2010  7.8  0.8  1.2  17.3  17.4  44.4  

2014  9.4  0.8  1.3  15.2  19.0  45.7  

2015  8.9  0.7  1.1  14.6  17.6  43.0  
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ϟϊ˖^orʄƫʾt´ÉÂÒ¦Ò�ƛrmp�tneƟĶϐntŬ͈ėouÔ̢`qpf 

ƅ�(� ̃ĶϐĻȗĦ΢�
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̺��(� àqǟt̃ĶϐĻȗĦ΢�

ϝŗāⅦːÖ­ÏϞ 

ǟ Ǫ˻  Ώʹ  
ʛǏĒħȾ

 ͍  

î·�Ï¸

É  

É�¸É�

Ï  
õ˥þƓ˕  

1990  13.6  1.5 0.9  0.5  0.2  1.4  

1995  10.0  1.2  0.6  0.6  0.2  1.3  

2000  10.3  1.4  0.5  0.4  0.1  0.9  

2005  10.0  1.0  0.4  0.4  0.1  0.7  

2010  7.8  0.8  0.3  0.3  0.1  0.5  

2014  9.4  0.8  0.4  0.3  0.1  0.5  

2015  8.9  0.7  0.3  0.3  0.1  0.4  

ǟ ;΅ɼž  Ʒρ  
ρʎÑʶɂ

˴  

õ̚áʝͭ

 ͧ  

etõϝ̽

ŸˆŚɜȺ

˴Ϟ  

etõϝɾ

ǔˬˆϞ  

1990  15.9  1.8  0.7  0.9  6.1  3.8  

1995  13.1  1.4  0.5  0.7  4.7  3.2  

2000  13.1  1.2  0.6  0.6  3.9  3.2  

2005  16.7  0.9  0.6  0.6  4.4  2.7  

2010  15.7  0.7  0.5  0.5  3.6  1.7  

2014  13.6  0.6  0.4  0.5  3.4  1.6  

2015  13.1  0.7  0.4  0.4  3.1  1.5  

ǟ 

etõϝͪ

ƚɳ̙Ű[

˴Ñɐ̅ĉ

ΆÚɂϞ  

 

1990  24.6  

1995  21.5  

2000  20.7  

2005  17.1  

2010  12.1  

2014  14.0  

2015  13.0  

ϟϊ˖^orʄƫʾt´ÉÂÒ¦Ò�ƛrmp�tneƟĶϐntŬ͈ėouÔ̢`qpf 
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 #�%�

 
ƅ�)� ĶϐĻ΄ǳ΢�

 
̺��)� àqǟtĶϐĻ΄ǳ΢�

ϝŗāⅦːÖ­ÏϞ 

ǟ Ǫ˻  Ώʹ  õ˥þƓ˕  ̚áʝͭͧ  etõ  Ŭ͈  

1990  3.0  0.7 0.8  11.0  22.3  37.9  

1995  4.0  0.9  1.0  13.3  25.0  44.3  

2000  5.0  1.0  1.3  14.9  26.9  49.1  

2005  5.9  1.1  1.5  15.6  27.5  51.6  

2010  6.7  1.1  1.7  16.1  26.9  52.5  

2014  7.2  1.1  1.8  16.4  25.3  51.8  

2015  7.3  1.1  1.8  16.5  24.9  51.5  
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ϟϊ˖^orʄƫʾt´ÉÂÒ¦Ò�ƛrmp�tneƟĶϐntŬ͈ėouÔ̢`qpf 

ƅ�
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̺��
� àqǟt̃ĶϐĻ΄ǳ΢�

ϝŗāⅦːÖ­ÏϞ 

ǟ Ǫ˻  Ώʹ  
ʛǏĒħȾ

 ͍  

î·�Ï¸

É  

É�¸É�

Ï  
õ˥þƓ˕  

1990  3.0  0.7 0.1  0.6  0.2  0.6  

1995  4.0  0.9  0.2  0.6  0.2  0.8  

2000  5.0  1.0  0.3  0.6  0.2  0.9  

2005  5.9  1.1  0.3  0.6  0.2  1.0  

2010  6.7  1.1  0.4  0.5  0.2  1.0  

2014  7.2  1.1  0.4  0.5  0.2  1.0  

2015  7.3  1.1  0.4  0.5  0.2  1.0  

ǟ ;΅ɼž  Ʒρ  
ρʎÑʶɂ

˴  

õ̚áʝͭ

 ͧ  

etõϝ̽

ŸˆŚɜȺ

˴Ϟ  

etõϝɾ

ǔˬˆϞ  

1990  9.4  1.0  0.4  0.6  4.9  3.4  

1995  11.3  1.2  0.5  0.7  5.2  3.4  

2000  12.5  1.4  0.5  0.7  5.1  3.4  

2005  13.2  1.3  0.5  0.7  4.8  3.3  

2010  13.6  1.2  0.5  0.6  4.6  3.1  

2014  14.0  1.0  0.5  0.6  4.4  2.9  

2015  14.1  1.0  0.5  0.6  4.3  2.8  

ǟ 

etõϝͪ

ƚɳ̙Ű[

˴Ñɐ̅ĉ

ΆÚɂϞ  

 

1990  14.0  

1995  16.4  

2000  18.4  

2005  19.4  

2010  19.2  

2014  18.1  

2015  17.8  

ϟϊ˖^orʄƫʾt´ÉÂÒ¦Ò�ƛrmp�tneƟĶϐntŬ͈ėouÔ̢`qpf 
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��	��%�

 
ƅ��� ĶϐĻ¡­©�΢�

�

̺���� àqǟtĶϐĻ¡­©�΢�

ϝŗāⅦːÖ­ÏϞ 

ǟ Ǫ˻  Ώʹ  õ˥þƓ˕  ̚áʝͭͧ  etõ  Ŭ͈  

1990  164.2  21.2 68.0  253.0  353.2  859.6  

1995  198.7  23.3  76.8  273.5  572.3  953.7  

2000  225.4  24.8  81.6  277.1  608.9  999.8  

2005  248.0  25.1  83.1  285.5  641.7  1019.6  

2010  261.5  24.1  82.4  297.5  345.7  1011.2  

2014  269.2  22.7  80.6  293.6  666.1  983.3  

2015  270.8  22.3  80.0  291.7  664.8  974.8  
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ϟϊ˖^orʄƫʾt´ÉÂÒ¦Ò�ƛrmp�tneƟĶϐntŬ͈ėouÔ̢`qpf 

ƅ��� ̃ĶϐĻ¡­©�΢�

 �

0

200

400

600

800

1,000

1,200

19
58

19
59

19
60

19
61

19
62

19
63

19
64

19
65

19
66

19
67

19
68

19
69

19
70

19
71

19
72

19
73

19
74

19
75

19
76

19
77

19
78

19
79

19
80

19
81

19
82

19
83

19
84

19
85

19
86

19
87

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

I"�DGJ

�( 60

��	��- �4CGEF

FCEFCG �$��#

12�� �8

8�H �' �*��/.

;>�I�&,�>,5
?+
!>���=:<�!9BA@>J ;>�I��%!I�7!3JJ

;>��)�3��



 57 

̺���� àqǟt̃ĶϐĻ¡­©�΢�

ϝŗāⅦːÖ­ÏϞ 

ǟ Ǫ˻  Ώʹ  
ʛǏĒħȾ

 ͍  

î·�Ï¸

É  

É�¸É�

Ï  
õ˥þƓ˕  

1990  164.2  21.2 15.0  13.9  6.9  21.1  

1995  198.7  23.3  17.7  13.4  7.0  24.1  

2000  225.4  24.8  19.5  12.6  6.8  24.7  

2005  248.0  25.1  20.0  11.5  6.3  23.9  

2010  261.5  24.1  19.8  10.6  5.9  22.3  

2014  269.2  22.7  19.7  9.8  5.5  20.4  

2015  270.8  22.3  19.7  9.6  5.3  19.9  

ǟ ;΅ɼž  Ʒρ  
ρʎÑʶɂ

˴  

õ̚áʝͭ

 ͧ  

etõϝ̽

ŸˆŚɜȺ

˴Ϟ  

etõϝɾ

ǔˬˆϞ  

1990  213.1  16.5  6.9  9.0  72.5  47.7  

1995  229.2  17.9  7.6  9.4  72.1  47.4  

2000  232.4  17.2  7.8  9.0  67.2  46.6  

2005  242.7  15.3  8.1  8.6  63.0  44.3  

2010  257.9  13.0  8.2  7.9  60.6  39.0  

2014  257.7  11.0  7.8  7.3  56.6  34.0  

2015  256.7  10.7  7.7  7.2  55.4  32.7  

ǟ 

etõϝͪ

ƚɳ̙Ű[

˴Ñɐ̅ĉ

ΆÚɂϞ  

 

1990  233.0  

1995  261.9  

2000  277.0  

2005  270.6  

2010  246.0  

2014  226.6  

2015  221.9  

ϟϊ˖^orʄƫʾt´ÉÂÒ¦Ò�ƛrmp�tneƟĶϐntŬ͈ėouÔ̢`qpf 

  



 58 

"$��*��!,��!+ 

�� �
% 

 

ƅ���� ̡ŋͶϝãˆͶϠŻˆͶϞtͯʧĻȗĦ΢�

�

̺���� àqǟt̡ŋͶtͯʧĻȗĦ΢�

ϝŗāⅦːÖ­ÏϞ 

ǟǥ ΣǋϝΧϞϟ 
υΧΣǋϝΫϠ�

ËÀ°�ÁϠõϞ 
ŏˠϝŬȌɺ̞Ϟ ƈˠϝ�É¡Ϟ 

1990  5.6 0.6 0.6 0.2 

1995  4.9 0.5 0.6 0.2 

2000  4.3 0.5 0.5 0.1 

2005  4.2 0.5 0.5 0.1 

2010  3.3 0.4 0.4 0.1 

2014  3.8 0.4 0.4 0.1 

2015  3.5 0.4 0.4 0.1 

ϟΣǋϝΧϞrkpmuΠ̾ȥθtg�Ŭ͈ėo`muˆpqpueŝ̘o`mȧ͈`mp��tf 
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ƅ���� ̡ŋͶϝãˆͶϠŻˆͶϞtͯʧĻ΄ǳ΢�

�

̺���� àqǟt̡ŋͶtͯʧĻ΄ǳ΢�

ϝŗāⅦːÖ­ÏϞ 

ǟǥ ΣǋϝΧϞϟ 
υΧΣǋϝΫϠ�

ËÀ°�ÁϠõϞ 
ŏˠϝŬȌɺ̞Ϟ ƈˠϝ�É¡Ϟ 

1990  3.9 0.4 0.4 0.1 

1995  3.6 0.4 0.4 0.1 

2000  3.7 0.4 0.4 0.1 

2005  3.7 0.4 0.4 0.1 

2010  3.4 0.4 0.4 0.1 

2014  3.5 0.4 0.4 0.1 

2015  3.4 0.4 0.4 0.1 

ϟΣǋϝΧϞrkpmuΠ̾ȥθtg�Ŭ͈ėo`muˆpqpueŝ̘o`mȧ͈`mp��tf 
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ƅ���� ̡ŋͶϝãˆͶϠŻˆͶϞtͯʧĻ¡­©�΢�

�

̺���� àqǟt̡ŋͶtͯʧĻ¡­©�΢�

ϝŗāⅦːÖ­ÏϞ 

ǟǥ ΣǋϝΧϞϟ 
υΧΣǋϝΫϠ�

ËÀ°�ÁϠõϞ 
ŏˠϝŬȌɺ̞Ϟ ƈˠϝ�É¡Ϟ 

1990  41.1 4.4 4.6 1.4 

1995  47.7 5.1 5.4 1.6 

2000  51.5 5.5 5.8 1.8 

2005  53.9 5.8 6.1 1.8 

2010  53.5 5.7 6.0 1.8 

2014  54.9 5.9 6.2 1.9 

2015  55.0 5.9 6.2 1.9 

ϟΣǋϝΧϞrkpmuΠ̾ȥθtg�Ŭ͈ėo`muˆpqpueŝ̘o`mȧ͈`mp��tf 
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CȗĦ΢ 
l���Ïm 

 
ƅ��	� ���ÏtͯʧĻȗĦ΢�

lı̰Ǧm 

 
ƅ��
� ı̰ǦtͯʧĻȗĦ΢�
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ƅ��(� ʖʯɼtͯʧĻȗĦ΢�

lȯǚρ͒m 

 
ƅ��)� ȯǚρ͒tͯʧĻȗĦ΢�
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lƷρϝ���Ïeı̰Ǧeʖʯɼeȯǚρ͒ϞŬ͈m 

 
ƅ��
� Ʒρϝ���Ïeı̰Ǧeʖʯɼeȯǚρ͒ϞtͯʧĻȗĦ΢�

�

̺��	� àqǟtƷρtͯʧĻȗĦ΢�

ϝŗāⅦːÖ­ÏϞ 

ǟǥ 
ΣǋϝΧϞ 

ϟ 
υΧΣǋ 

ŏˠ 

(ºÉ¡¨©�) 

ƈˠ 

ϝ�É¡Ϟ 
õ 

1990  0.44 0.07 0.23 9 0.20 

1995  0.45 0.08 0.24 0.0001 0.21 

2000  0.46 0.08 0.24 0.0004 0.21 

2005  0.43 0.08 0.23 0.0004 0.20 

2010  0.44 0.09 0.23 0.0003 0.22 

2014  0.40 0.08 0.21 0.0003 0.20 
ϟΣǋϝΧϞrkpmuΠ̾ȥθtg�Ŭ͈ėo`muˆpqpueŝ̘o`mȧ͈`mp��tf 
ϟetõueet{o�puυΧΣǋoΧtʟŬʺoq�f 
ϟƈˠuȯǚρ͒t�t�tt~fȯǚρ͒u 1992 ǟǥùζt~t¬Ò¦oq�f 
ϟ2015 ǟǥuȯǚρ͒tȗĦ΢uqpg� 2014 ǟǥuˀɉʲntɐȼėf  
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a΄ǳ΢ 
l���Ïm 

 
ƅ���� ���ÏtͯʧĻ΄ǳ΢�

lı̰Ǧm 

 
ƅ���� ı̰ǦtͯʧĻ΄ǳ΢�
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lʖʯɼm 

 
ƅ���� ʖʯɼtͯʧĻ΄ǳ΢�

lȯǚρ͒m 

 
ƅ���� ȯǚρ͒tͯʧĻ΄ǳ΢�
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lƷρϝ���Ïeı̰Ǧeʖʯɼeȯǚρ͒ϞŬ͈m 

 
ƅ���� Ʒρϝ���Ïeı̰Ǧeʖʯɼeȯǚρ͒ϞtͯʧĻ΄ǳ΢�

�

̺��
� àqǟtƷρtͯʧĻ΄ǳ΢�

ϝŗāⅦːÖ­ÏϞ 

ǟǥ 
ΣǋϝΧϞ 

ϟ 
υΧΣǋ 

ŏˠ 

(ºÉ¡¨©�) 

ƈˠ 

ϝ�É¡Ϟ 
õ 

1990  0.34 0.04 0.18 9 0.13 

1995  0.36 0.05 0.19 0.0000 0.14 

2000  0.38 0.05 0.20 0.0003 0.15 

2005  0.36 0.05 0.19 0.0003 0.15 

2010  0.38 0.07 0.20 0.0002 0.17 

2014  0.35 0.07 0.18 0.0002 0.17 
ϟΣǋϝΧϞrkpmuΠ̾ȥθtg�Ŭ͈ėo`muˆpqpueŝ̘o`mȧ͈`mp��tf 
ϟetõueet{o�puυΧΣǋoΧtʟŬʺoq�f 
ϟƈˠuȯǚρ͒t�t�tt~fȯǚρ͒u 1992 ǟǥùζt~t¬Ò¦oq�f 
ϟ2015 ǟǥuȯǚρ͒tȗĦ΢uqpg� 2014 ǟǥuˀɉʲntɐȼėf 
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b¡­©�΢ 
l���Ïm 

 
ƅ��	� ���ÏtͯʧĻ¡­©�΢�

lı̰Ǧm 

 
ƅ��
� ı̰ǦtͯʧĻ¡­©�΢�
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lʖʯɼm 

 
ƅ��(� ʖʯɼtͯʧĻ¡­©�΢�

lȯǚρ͒m 

 
ƅ��)� ȯǚρ͒tͯʧĻ¡­©�΢�
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lƷρϝ���Ïeı̰Ǧeʖʯɼeȯǚρ͒ϞŬ͈m 

 
ƅ��
� Ʒρϝ���Ïeı̰Ǧeʖʯɼeȯǚρ͒ϞtͯʧĻ¡­©�΢�

�

̺��(� àqǟtƷρtͯʧĻ¡­©�΢�

ϝŗāⅦːÖ­ÏϞ 

ǟǥ 
ΣǋϝΧϞ 

ϟ 
υΧΣǋ 

ŏˠ 

(ºÉ¡¨©�) 

ƈˠ 

ϝ�É¡Ϟ 
õ 

1990  5.38 0.64 2.98 9 1.60 

1995  5.97 0.82 3.27 0.0001 1.95 

2000  6.50 0.99 3.54 0.0005 2.29 

2005  6.97 1.14 3.78 0.0007 2.58 

2010  7.36 1.26 3.98 0.0009 2.81 

2014  7.63 1.33 4.12 0.0010 2.96 
ϟΣǋϝΧϞrkpmuΠ̾ȥθtg�Ŭ͈ėo`muˆpqpueŝ̘o`mȧ͈`mp��tf 
ϟetõueet{o�puυΧΣǋoΧtʟŬʺoq�f 
ϟƈˠuȯǚρ͒t�t�tt~fȯǚρ͒u 1992 ǟǥùζt~t¬Ò¦oq�f 
ϟ2015 ǟǥuȯǚρ͒tȗĦ΢uqpg� 2014 ǟǥuˀɉʲntɐȼėf 
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ρˁrkpmuŀ΂t�Tr͘ώuo�]ot�¡­©�΢ȧ͈ruˆpmpqpueȗĦ΢şw΄

ǳ΢rkpmuŝ̘o`mùÙr̈ɧ�͋ͼb�f 
CȗĦ΢ 
lρˁϝŝ̘Ϟm 

 

ƅ���� ρˁtͯʧĻȗĦ΢�

lơιρʎÃ ÆÒËm 

 

ϟ2012 ǟǥϲ2015 ǟǥuơιρʎÃ ÆÒËt~tėf2011 ǟǥùŀu£Ë�ű�ėf 
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a΄ǳ΢ 
lρˁϝŝ̘Ϟm 

 

ƅ�	�� ρˁtͯʧĻ΄ǳ΢�

lơιρʎÃ ÆÒËm 
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b¡­©�΢ 
lơιρʎÃ ÆÒËm 

 
ϟ2012 ǟǥϲ2015 ǟǥuơιρʎÃ ÆÒËt~tėe2011 ǟǥùŀu£Ë�ű�ėnȧ͈`g�tf 

ƅ�	�� ơιρʎÃ ÆÒËtͯʧĻ¡­©�΢Ϣϥ�

 

 
ϟħmơιρʎÃ ÆÒËşw£Ëtėf2013 ǟǥϲ2015 ǟǥuΠ̾uo�Ʋμ���ΎƟoqjmp�f 
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̺��)� àqǟtơιρʎÃ ÆÒËtͯʧĻ¡­©�΢�

ϝŗāⅦːÖ­ÏϞ 

ǟǥ υΧΣǋ ƈˠ ŏˠ 

1990  0.0003 0.003 0.0005 

1995  0.001 0.007 0.001 

2000  0.003 0.04 0.01 

2005  0.01 0.15 0.02 

2010  0.03 0.38 0.06 

2014  0.21 

�0.26� 

2.67 

�3.26� 

0.40 

�0.49� 

2015  0.27 

�0.33� 

3.38 

�4.17� 

0.51 

�0.63� 
ϟ2012 ǟǥϲ2015 ǟǥuơιρʎÃ ÆÒËt~tėe2011 ǟǥùŀu£Ë�ű�ėnȧ͈`g�tf 
ϟ2014 ǟe2015 ǟǥtÙʅϝϞĮtȷƪueħmơιρʎÃ ÆÒËşw£Ëhue2013 ǟǥϲ2015 ǟǥuΠ̾uo�Ʋμ�

��ΎƟoqjmp�g�ŝ̘ėf 
  



 74 

)� 

C� ȗĦ΢ 

 
ƅ�	
� ρ̏ϝΫρ̏Ϡ�ËÀρ̏ϞtȗĦ΢�

 
a΄ǳ΢ 

 
ƅ�	(� ρ̏ϝΫρ̏Ϡ�ËÀρ̏Ϟt΄ǳ΢�

 
  

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015


���	�


��

��� �

0.00

0.01

0.01

0.02

0.02

0.03

0.03

0.04

0.04

0.05

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015


���	�


��

��� �



 75 

b¡­©�΢ 
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b¡­©�΢lŝ̘ėm 

 
ƅ�	�� Ǫ˻ʺtͯʧĻ¡­©�΢ϝ���� ǟǥβƦϞ�

�  
¡­©�΢uĹɕėuƟYwǲψ`eʻrǪ˻ʺt�TrƿŶuΰp�tnuetǲψuƟYpf 
2000 ǟǥβƦẗɧuȧ͈ƾͤɕγu˟pg�ΎǄ͐čoqjmp�o̘r���f}geɀəħą

t˄�Ï�ÊÒ­tĴ̫΢˴ot³ÉÏ¡�̘r�oeȑʔˑruφ˯Śŗātżώt�ΎƟȧ͈oq

�Ŧ̝Ȃ�̘r�r�f]tʲueĹɕėt͘ώoŮɷròǷ͈̉�ļˆ`g˯~Øy�ɲ͉b�ƕŬ

t͘ώoq�f 
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���h20106�#i 

.l�`P02�2010A�*4�
��
�&"�

2
��	 
d��	� �	�	 A�Vi����r]��
��

x0(zW!��y 

 

G+rxc\ry mDr H-r ����r 
4[ae2-_FE: hO10(] G+r2->6uJ�1Ie BQV]�ae* ����upae2-GISE:] 

8Y /Y MO 
s@ 

8Y /Y MO 
s@ 

8Y /Y MO 
s@ 

8Y /Y MO 
s@ 

t wt t wt t wt t wt 

C^V x53?

;<y � x53?

;<y 7.8 � x53?

;<y � x53?

;<y 6.7 � 

 

x53?

;<y � x53?

;<y 261.5 � 

qj x53?

;<y � � 0.8 � x53?

;<y � � 1.1 � x53?

;<y � � 24.1 � 

%

Z

'

9

X 

$o��

�� 
x53?

;<y 
� � 0.3 � x53?

;<y � � 0.5 � x53?

;<y � � 10.6 � 

����

�� � � � 0.1 0.11 � � � 0.2 0.02 � � � 5.9 0.94 

��% x53?

;<y � � 0.8 � x53?

;<y � � 1.4 � x53?

;<y � � 42.1 � 

b

#

T

g

f 

knR7 0.1 0.4 � 15.7 0.4 0.1 0.4 � 13.6 0.4 1.8 6.0 � 257.9 5.7 

=v 0.0003 0.23 � 0.7 0.09 0.0002 0.20 � 1.2 0.07 0.0009 3.98 � 13.0 1.26 

vS UL

] 0.11 0.02 � 0.5 0.01 0.001 0.0001 � 0.5 0.0001 0.38 0.06 � 8.2 0.03 

��% � � � 0.5 � � � � 0.6 � � � � 7.9 � 

��% � � � 17.4 � � � � 26.9 � � � � 345.7 � 

KN,) 
x53?

;y

+0.21
03 

0.65 x53?

;<y 44.4 0.61 
x53?

;y

+0.10
12 

0.6001 x53?

;<y 52.8 0.4901 193.5 14.6 308.6 50.4 
x53?

;y

+2.180
9 

10.04 x53?

;<y 1011.2 7.93 

jbYc� T6&� C�)\#������20106�����
��LI�*C�b9T0c�b9c�;%c�5&h?A$-��i���A[��LI� 
jA[� 20106#�
�����V\����201067�#������� 
j'W�
�8SG�.MQ�����]R Z����+(312��<\UB�@�
����		��a������ 
jX!E_^������-PH/NO:��<\UB��=)���������A<\�Z��UB a����� 
jd4hei�1&g�\R
����#� 
jd4hei�
�"`F��*�&gfK��\R>D�J����,��������J��� 

  



� gp9¾ŗɱƸʻǯɲ���~ʼtŋɨ^9�GH�"G/F�[ .GJJG(�KH ^Y�«��«�ƠÝtɋ

@:�GH�"G/F v�§«�w`9ǷĴȊ^mpƩƸ_ǯɲ�§«_ȡŅ[Ĕǅ_ƅǘtǻ?p:ɰƫ

Ȱətµ^9ĒȗȰətį^9ǹǺĊbŦƿ^ÔpƉåʔĊbƒïʔtƔəi9Ȫƹȗg[^ʭət

ɋVp:ǯɲ�§«mo9Ɖåʔ[ƒïʔ_řtčpI[wȓÈc_ɇșȩĵtȡïi9���~^

ʣspƒïʔmo���~Cn_ŦƿʔtƔəip:gp9Ũɜȧ_ǯɲ���~ª�§«^t?

Y9ǹǺįȆȰə[ŦƿʣʃȰəmoŨɜɱƹƉåʔ[ŨɜɱƹƒïʔtƔəip:µ[iYƒïʔ

_�«�õȨmo9���� ŠCn ���( Šgwtŋɨ[iYƔətɋVp:ħ�� ^Ɖåʔ[ƒïʔ_ř

ð[iYƔəipɇșȩĵ^moƔəipȯƽtȒN:]_9ǯɲ���~����� Š	_òƶÙ^t

?Y`9Ŗ¯n����(	_ȯƽtǻ?p:ħ�� mo9���� Š_ �
� á�©[ǓɹNp[ ���( Šw`

��
 á�©[ ��
 Ø^ĵùipI[aȒhqp:Iqn`ʐʈŢȋg[^kȡïiY_o9īĮg[

_ǓɹǀɚkďȻw>p:�

� .GJJG(�KH v�§«�w`9īǶżı�����139	tǻ?Y9ǯɲ���~_@rʓʔȅ^Ĺc

tąjpŨȤǯlȓÈįȆƧɜ_țʢżıtƠÝi9ĒȗǄʂǯ^ĄË>po_ŨɜɱƹƉåĆĄË

t·MpI[wǯɲ���~tƔəipʻħ�	9ħ�
ʼ:ħ�	 `Ǆʂǯȗó_ƩƸæĨ_ǯɲ��

�~_Ɣəȯƽtƭȧñ^ƠǶipk_w>p:��)( Š_ 
	 á�©[ǓɹNp[ ���� Šw` ���

á�©[ 	�� Øe\ĵùiY_o9ƩƸ_ȂœtƜAYbp¾ŗɱƸʻǯɲ���~ʼ_ɇș_ǱǗ

aȒhqp:gp9ħ�
 `ŨȤǯ_ ���� Š^_dpǯɲ���~t (��(  ��¢wʭəipȯƽ

w>p:ŨȤǯ`¾Ďðś[ĺbcʣÔiY_o9ʣʃNpǯɲ���~kʐŚʏ^ĺbcʭșiY

?p:I_m@^9ǯɲ���~tīǶȅ^ďɕĀi9ƭțʢ^_dpɇș_ýſtƪnC^NpI

[w9ÏǻÓÙ[ɱǨĀÓÙ_ɟÓ^ŷɒ]�«��«�tǄȤiY?p:�

� �GH�"G/F v�§«�^mpƔə[ .GJJG(�KH v�§«�^mpƔətǓɹNp[9���� Šw ���

á�©[ ��� á�©[9�GH�"G/F v�§«�^mpƔəa ��	 Ø[?@ȯƽ[]Vp:�

�

�

�

ħ�
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��	��� ŨȤǯ���~_ǊȻʔɟÓ�

� ǯɲ���~_ɲ_ĕ®^`9ǯɲ���~tǄƂNpƹƣ_ʹǊȻĀa 1 t_ʝw>o9ƹƣŗ

ł^_dpƆɌʡȂ_ʄǎ[9ʹǊȻƹ_ƮĊaƵgqp:iCi9¿gw×ó_ƆɌɒȪ^_dp

ɱǨ���~_ɲ_ĕ®`Ɏǵwb]?:nIw9ƹƣtɟÓŋɨ[i9ƹƣǊȻ_ĕ®aċƬhq

pƐǆ[iY9ƹƣ_ĒǊȻtŅʔȅ^ɟÓwbpƅǘaŷɒ[ȸAnqp:[osdʕŔƹƣ_ȼ

ʷ`9ƩƸ^_dpŠʢȼʷ���a GNP Ǔ^iYȨ 2ʺ^>pp[ƔəhqY_o[1]9ǹǺǛý

^ĺb]ůʲt±AY?pI[aȍnqY?p:gp9ȼʷipƹƣ^moŪbɳIhqp¹Ɲ_´

^`Ǹĺ]¾ȅɏŇtkpnNI[k>o9ɜəǐʩCnȼʷƚĻĊbʥʷŋȠ^t?YĂðȸƀN

pŷɒa>p[hqY?p:ƸȘw`9I_m@]ǯɲ���~tÛæ^Õtpj_ɒȪƆɌw>p

Ⱥȼʷƹƣt�«����w[iYɟÓNpI[[ip: 

� ƨŁ_ȼʷ���[1]`9ȮǡǱǗȞ^ůʲhqķýNpɬŝÓÙ^mpɟÓ_pj9ƹƣƆɌ_

ǯǶȅ]ŻȻĕ®^ŋNpɟÓ^ʌh]?:gp9ʥʷǊǄ_ŻȻtɎNƐǆ[iY9ȼʷʁţa>

p:Iq`9ȒŬŻķƟw>ppjùȡŻa]c9ǯɲ���~tɎǵNpƐǆ[NpI[awb]

?:nIw9ƸȏȚw`9ǯɲ���~_ɲ[iY9ǯɲ���~tÛæ^Õtpj_ʕŔƹƣ_ʥ

ʷǊȻaǹhïiY?pÓÙtŅʔȅ^ɟÓNpƥp]ɟÓƅǘtǄȤip: 

� ʕŔƹƣ_ȼʷ^`9æʱȼʷ[9ĿʷlNbʢȼʷ]\_Œʏȼʷ_ĺbcȁ]p 2 t_Ůſa

>pI[aȍnqY?p:Œʏȼʷ`9ƹƣ_ŮǱlÜȂȅ]ƚÞ]\^moĺbcȁ]ppjɟÓ

aĥʯw>pI[Cn9ƸȏȚw`9ȼʷŮſ_@ræʱȼʷ^ŋNpʥʷǊȻtɟÓ_ŋɨ[i

p:gp9ŋɨ[Npƹƣ[iY9ǯɲ���~_ĹctąjpǄʂƹƣ[iYÏǻhqpʗʚƹt

ʍƊip: 

� ʗʚƹƣ_æʱȼʷ^ŋNpʥʷǊǄ^`9¼ʘjVbȞ_ʥʷɏȽ9��©¦�ʚ_m@]°à

ſʕŔ[iY_Ⱥʷƹƣ9ʰǕʥʷ_ 3 taµ^Ƒenqp:ɟÓ^_?Y`9Iqn_ȁ]pǊǄ

tǈƤȅ^ɟÓNppj_ǊȻtŅȷNpŷɒa>p:ʥʷǊȻaƈõNpċŸw>pȼʷċŸ`9

Āłşɍɧgp`ċŸʁţɧ^ƜʑhqpʰǕĀłċŸw>p[2]:ʥʷ`9n_ǊǄ^Ònlnq

oq_ģľ^įu?Y?ppj92 t_ģľtȸƀNpI[[ip:ʥʷǊȻt9Ǒƹw>pʕŔƹ

ƣ_ȼʷtʥǌNppj^ɽùȅ^±Anqp[ȸA9ƸȏȚw`9ʥʷǊȻt<Ǒƹ_ȼʷċŸt

ĢʎNpǊȻ=[Ņȷip: 

� ǋ^9ŅȷipʥʷǊȻ^įub9ɟÓőţtɜŅip:şɍɧȅɓīCn9ȼʷċŸaȞǣȞĪ

ƻÆ¯wʄɋNpƭ9n_ċŸ_ Gibbs z�¥}«ķĀ|ΔG|_ʰǕȅ]À¹aƞʅiY?p:]_9

Gibbs z�¥}«ķĀ`9ĸʏ^čoïNI[_wbpƲĺÀ¹w>ppj9z~�¥}«^ŋŸN

p:nIw9ʥʷǊȻ^moĢʎhqpǑƹ_ȼʷċŸ^mpz~�¥}«ƚĻ Sene tʥʷǊȻ^m

pɫǳʔ[i9Gibbs z�¥}«^moɟÓip:hn^9ʥʷǊǄȾÍ_ċŸ^moƞʅipz~

�¥}«ƚĻt Cene [i9Ĕǅ^ Gibbs z�¥}«^moɟÓNpI[w9ʥʷǊȻ_ǍĚz~�¥

}«ƚĻĢʎʔ A tũ 1 ^mVYɎip: 

 

A� =� Sene� -� Cene                N(1) 

 

� ǄȤipɟÓƅǘ^įub9öɼ_ 3 t_ʥʷǊǄtėi9ǪɊ Zn jVb9Zn-5%Al ǪɊjV

b955%Al-Zn ǪɊjVb9Zn-Al-Mg ēʕjVb(ZAM)9SUS3049ǜʰʨǂƦũ^mpʰǕʥʷt
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ŋɨ[iYɟÓip:Sene(J)9 Cene (J)`nqoq9şɍɧ^įuc Gibbs z�¥}«ķĀ[ʁţɧ^

įucȼʷʁţCn9ũ 29ũ 3˂4 ^mo9ȒʔŻ_À¹[iYŎïhqpk_[i9şɍɧkʁ

ţɧtċƬipɟÓƅǘtǄȤip: 

Sene� =� |∆Gb |·vb·1/Mb ·Sb ·t    N(2) 

Cene� =� |∆Gp |·vp·1/Mp ·Sp ·t    N(3) 

Cene� =� Ee�                      N(4) 

� IIw9ΔG `ȼʷċŸ_ Gibbs z�¥}«ķĀ(J/mol)9v `ȼʷċŸ_ċŸʁţ(g/m2/time)9M `

ċŸNpʕŔâȪ_¡¥ɲʔ(g/mol)9S `Ɏʱș(m2) 9Ee `ʰǕʥʷ^mVYǞɯhqpʰǕz�

¥}«(J)w>p:]_9b9p `Ǒƹ9ʥʷŕtɎNǠAŀ[ip:ũ 3 `¼ʘjVb_mb��©

¦�ʚ9ũ 4 `ʰǕʥʷ^ʌǻhqp:]_9ʰǕz�¥}«`9z�¥}«[z~�¥}«aȞÓ

w>ppj9ũ 4 [ip: 

� ɟÓ^ʫiY`9Ēȗơǳ_ƆɌżıtĉǮi9ȁ]pÏǻǷĴ^_dpȼʷʁţ_ʊ?tȸƀi

YĒʥʷǊǄ_ʥʷʱș 1 m2 ŭpo_ŠʢǍĚz~�¥}«ƚĻĢʎʔtɟÓipȯƽtħ-44 ^Ȓ

N:ǪɊ Zn jVb^ǓdʹȺʷŻtkt ZAM _ Cene a9ǪɊ Zn jVb_ Cene moĺb?ÙtȒN

I[Cn9Cene `9ʥʷǊǄ_ʹǊȻĀtċƬNpƐǆw>pI[aȑɢhqp:hn^9Ĕ¬ʥʷ

ǊǄ^_?Y9ʇʒǷĴw>pe\ǍĚz~�¥}«ƚĻĢʎʔ A aĺb?I[Cn9ʥʷǊǄ_

ęĦǷĴ^mpǍĚz~�¥}«ƚĻĢʎʔ_ʊ?tɟÓwbpI[aȑɢhqp:ƸȏȚwǄȤi

pɟÓƅǘ]nb^ȯƽw>pƐǆa9ȁ]pʥʷǊǄtǈƤȅ^ɟÓwb9ʥʷƆɌ_ĕ®tɟÓ

Np_^ƴüw>pI[aȒhqp: 

�  

 

 

ħ-44  ĒʥʷǊǄ_ʥʷʱș 1 m2 ŭpo_ǍĚz~�¥}«ƚĻĢʎʔ 

 

Ƹƅǘtǻ?9¼ʘjVbʚƹ���~9��©¦�ʚƹ���~9ʰǕʥʷtÏǻNpǥǦǄʂǯ

_���~tƭȧñwƔəi9ȮŠ^mpʥʷƆɌ_ʹǊȻĀkƆɌżı[3]tċƬi9ƩƸ^_d

pʗʚƹƣlǄʂǯ_ǯɲ���~_ʥʷǊȻ^mVYȂǵhqY?pǍĚz~�¥}«ƚĻĢʎʔ
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_Ɣȕtȡïipȯƽtħ-45 ^ȒN:ʥʷǊȻ^mVYȂǵhqpǍĚz~�¥}«ƚĻĢʎʔ

`9ʇĈCnĄɦ^ĵùiYbpI[aðCVp:gp9ŨɜʏʠlȾýɶʏʠ^_?YĹc_ǊȻ

tȂǵiY?pI[asCVp:Iq`9moɲ_ʹ?ǯɲ���~tŮƂiYbpI[_ɞŘ[ɘ

Am@:z~�¥}«^moɟÓwbpI[^mo9ȉŋȅ^ǊȻʔtɟÓwb9I_Ȩ 50 PJ/year

`9ǔǹňťʏʠ^_dpʰøǞɯʔ_Ȩ 5%^>pp:ǯɲ���~tÛæ^ÕtI[w9Ĺc_

z~�¥}«ǞɯtĢʎiY_o9ʥʷǊȻ_ʓɒŻaȑɢhqp: 

� hn^9n_ʥʷǊǄ^mpëɝCn9n_ĵù`9¼ʘjVb_mb��©¦�ʚ^mpʥʷʱ

ș_ĵù^mpk_[ȸAnqp:ŠʢǍĚz~�¥}«ƚĻĢʎʔ_Ȩ 90%tąjp¼ʘjVb^

t?Y9¼ʘjVb_ʥʷʱșaĵùNp¬Ʀ9ʥʷƆɌ_ʹǊȻĀ^mp¼ʘjVb_ȇÂʔ_Ǣ

Ő^mo9ɲʔįǩw_¼ʘ_ǯɲ���~ʔ`ǢŐiY?pI[aðCVpʻħ-6 đɷʼ:ǯɲ

���~_ɲaĄɦ^ĵùiYbp¬Ʀw9nqtȂǵNpǯɲʻIIw`¼ʘʼ_ɲʔ`ǢŐiY

_o9ƹƣƆɌ_ʡȂ^mpɱǨǹǺŻ_ĕ®aƪȑ^ɗǤwbp:¿ų`9�«�åƅŻCnƸȏ

Țw`ċƬwb]CVp¼ʘjVb_ȗʶlÏǻǷĴ^mpǍĚz~�¥}«ƚĻĢʎʔ_ʊ?tȸ

ƀipƩƸæÍw_ɟÓaƵgqp: 

 

 

ħ-45� ƩƸ^_dpǯɲ���~_ʥʷǊǄ^mpǍĚz~�¥}«ƚĻĢʎʔ_Ɣȕ 

�

�

� �
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��	�	� Ⱥ¶Ǟɯɪ_���~ʔªɾŰʔªƒïʔ_Ɣəv�§«��

� ǯɲ���~_Ɣəv�§«�^t?Y`9ǉƸn^mpǷĴȊŦƿǯîǶȞȔłȏȚɯɐûʕȏ

Țʻǯɲ���~þŅÍȧ_ǄȤ[n_ʌǻ^mpŦƿǯªɱǨȢǶƄȀȏȚ95����95��	�9

5��	�9şƂ ��˂�� Šţʼ^_?YÄ¯_ 
 taƠǶhqY?p:�

� �	�ȈƓɗǤ�

� �	�ɇșĵðǘ�

� 		�ÏǻŠƟʻŌěʼ¡�¥ǘ�

� 
	�ǝïi¡�¥ǘ�

ʰǕʰľǊĠl·ǻɶ]\_Ⱥ¶Ǟɯɪ^t?Y`9���~ʔ^ùAYɾŰʔªƒïʔ_ƇƘªƔ

ə^t?YkIqn_v�§«�aʌǻďȻw>p:Ä¯9Ēv�§«�tʌǻiYȺ¶Ǟɯɪ_�

��~ʔ9ɾŰʔ9ƒïʔtƇƘNpʫ_ǃɒ^t?YƠǶNp:�

�	�ȈƓɗǤ�

� ɑĝ_���~ʔʻÕƴʔʼ9ɾŰʔ9ƒïʔtȈƓɗǤNpI[^mVYƇƘNp:Ʋkêĭȅ

]Ð[iY`9saĨ^_dpȾýɶ_ȃʛǀƾõţ^mpÕƴĐƟ_mbƋǞĐƟ_ƇƘa>p:

I_Ð`9įƸȅ^`ĨëwÕƴªƋǞhqpȾýɶ`æY{�«hqppj9efńæ�«�[ȸ

ApI[awbpʻpTi9ćŊ^`9¬ƭƋǞhqY?p¬ʏ_ȾýɶaƋǞĐƟ[iY{y©�

hqppj9ņſ[ɄŞȁ]VY?pʼ:�

� Iq^ŋi9v©�«�ɦƾȞ^mpǆƸɦƾ^įuc���~ʔ9ɾŰʔ9ƒïʔ_ƇƘkďȻ

w>p:ÐAa9µɒ]Ⱥ¶Ǟɯɪ^t?Y`9ǞɯýĕɦƾʻëʤŢ9ǒŠʼlæĨǞɯņſɦƾ

ʻȴÿȊ9( Š^ʽĢʼ_´w²Ŝ>poÕƴĐƟ_ǆƸɦƾaɋsqY?p:gp9ǲȾ^v©�

«�ɦƾȞtņƧiY9²Ŝl � ¾>po_���~ʔʻǆƸÕƴĐƟʼtƇƘNpI[kďȻw>

p:Iqn_�«�^²ŜƟl¾Ďt·MpI[w9saĨ^_dpȺ¶Ǟɯɪ_���~ʔtƎĺ

ƔəNpI[aďȻw>p:]_9ɲğ^_dp<Õƴ=_ŅȷǋȝwɾɈðtðʮip�«�tŴ

pI[awbp:�

� ɾŰʔ_mbƒïʔ^t?Ykv©�«�ɦƾȞ^mpǆƸɦƾCnƎĺƔəNpI[awbp

a9���~ʔ_ɦƾ[ȁ]oĢȟaĢȟȹ_ɛƁ^ÒŁNpI[9ǆƸ_ŔŻȞ^mpÚoaƎĺ

Ɣəȯƽ^ȈƓůʲNpI[Cn9ÖʳŻ_>pÙtŴpI[`ŉƫw`]?:¬Ʀ9ƶòʻˁöƶ

Ʒʼ[ƶƷ_���~ʔ_řð[ɭĶʔCnɾŰʔgp`ƒïʔtəȡNpI[awbpʻ���~

ʔ_Ņȷ^ɾɈtėiCĖCwɾŰʔ[ƒïʔtāóiYəȡwbpʼ:�

�	�ɇșĵðǘ�

� ���~ʔʻȺ¶Ǟɯɪ_Ĳēw`ÕƴĐƟʼ_òƶÙ^ŋi9ĒŠ_ƉåʔʻĔMcɭĶĐƟʼ

[ɾŰʔgp`ƒïʔtřiŪbiY?cI[w9Çž_ƭǭ^_dp���~ʔtəȡNp:I_

v�§«�`9Ɖåʔ[ƒïʔ_ɗǤaďȻ]ɪ^t?YʌǻďȻw>pa9Ⱥ¶Ǟɯɪ_Ĳē^`

ɾŰʔlƒïʔ_ȈƓɗǤaŉƫw`]?pj9>goƴü]v�§«�w`]?[ȸAnqp:m

oǍȑ^ɘAa9ȈƓɗǤlŌě¡�¥wɾŰʔgp`ƒïʔ_ƇƘªƔəaďȻw>VYkʻďȻ

w`>pʼ9nqn_v�§«�w`Ĕƭ^���~ʔtȈƓƇƘªƔəiY?ppj9ɇșĵðǘ

tʌǻNpǶǼ`]?:�

		�ÏǻŠƟʻŌěʼ¡�¥ǘ�



 85 

� ɜŅipɑĝ_ÏǻŠƟðś[ʇĈ_ƉåʔʻɭĶʔʼCn9ɑĝ_ɭĶCnɾŰgp`ƒïgw

_ƭʢʆqtȸƀiY���~ʔ9ɾŰʔ9ƒïʔtƔəNp:moéÍȅ^`9ɭĶCnƔəŋɨ

ƭǭgw_ȮʇŠƟʻÏǻŠƟʼ^ŋNpɑĝ_ÏǻŠƟðśʻǏŁ÷ē9ɾŰgp`ƒï÷ēʻ³

ȹ`ȉ»^ķƗďȻʼʼ_ðśtɜŅi9ĒŠǋ^_dpɭĶĐƟ^ŋŸNpÏǻŠƟ_ǏŁ÷ē9

ɾŰgp`ƒï÷ēt·MYȴĜNpI[w9Ɣəŋɨƭǭ^_dp���~ʔ9ɾŰʔ9ƒïʔt

ƔəNp:ÏǻŠƟðś`9ņ�«�a>qa�©�£ �¤�~]ðśtɜŅďȻw>pa9Ⱥ¶

Ǟɯɪ^t?Y`¨x�¥ðśʣƟl|©�ðśʣƟ]\_ȰəðśʣƟtǻ?Y�£ �¤�~^

ɜŅhqp¹ÐaĹ?:�

� I_v�§«�`9���~ʔ9ɾŰʔ9ƒïʔ_ȈƓɗǤaĥʯ]Ĳē^ƴüw>p:¬Ʀ9ʇ

Ĉ_ɭĶĐƟ_ƭȧñ�«�aǻžwb]?ĲēʻŐ]c[kşĬÏǻŠƟ_ � ØȖţ_ŠƟtʋV

pƶʢ_�«�aŷɒʼ^`ʌǻ°ďw>pa9saĨ_Ĳē9ʰǕʰľǊĠl·ǻɶ[?VpȺ¶

Ǟɯɪ^t?Y`9ǁǾĤÍ^mpȾµɭĶȰəȞwʟƶ_ƭȧñ�«�aƠÝhqY?pI[aĹ

?pj9Ⱥ¶Ǟɯɪtŋɨ[ipĲē^`ƴü]Ʀǘw>p[ȸAnqp:�

� ]_9Ōě¡�¥tǻ?pƔə^_?Y`ɑĝŌěaðś[iY±AnqpI[aĹ?a9>pŠ

ǋ^ɭĶhqpɑĝ^ŋiY¬Ų_ÏǻŠƟtɜŅi9n_ÏǻŠƟtȮpų^¬Ƣ^ƒïhqp[

ÅŅiYəȡtɋ@Ʀǘkǻ?nqpI[a>p:ÐAa9>pĝȇ_ÏǻŠƟt �� Š[mVYi

pĲē^`9���� Š_ƒïĐƟ` ���� Š_ɭĶĐƟ^Ȟi?I[^]p:I_Ĳē9ĒŠǋ^ɭĶ

hqpɑĝ`nqoq �� ŠʢÕƴhqpI[Cn9>pƭǭ^_dp���~ʔ`ƔəŋɨƭǭC

nʇĈ �� Šʢ_ɭĶĐƟ_ȴĜ[iYəȡhqp:I_Ʀǘ`moĄȩw>o9ŷɒ]ɭĶĐƟ�

«�kɜŅNpÏǻŠƟðTdʇĈ^ʋVpƭȧñ�«�a>qaʌǻďȻw>p:pTi9¬Ų_

ÏǻŠƟt±ApI[Cn9ÏǻŠƟ_ķĀtȸƀipƔəaĥʯw>pI[9Ŵnqp���~

ʔ9ɾŰʔ9ƒïʔ_ŠũðśaŴnq]?pj9ǯɲʔc_ķƗ_ʫ^ėƴǯɲ_ȗʶlėƴǴķ

ĀtȸƀNpI[awb]?:�


	�ǝïi¡�¥ǘ�

� ƶò_���~ʔ^ŋiYŅǴ_ɾŰǴgp`ƒïǴtɜŅNpI[wɾŰʔgp`ƒïʔtƔə

i9Ǐo^ɭĶʔtùȡNpI[wƶƷ_���~ʔtƔəNp:���~ʔ_@r¬Ņ_÷ēaɾ

Űgp`ƒïhqp[iY?pTdw9įƸȅ]ȸAƦ`ɇșĵðǘ^ʶÊiY?p:ɾŰʔgp`

ƒïʔtóɿɗǤ9ƔəNpŷɒa]?ð9ʌǻ`ŉƫw>pa9ƶò_���~ʔʻŐ]c[k�

��~ʔ_òƶÙʼtóɿƇƘNpŷɒa>p:�

�

��	�
� Ⱥ¶Ǟɯɪ_ɑĝÏǻŠƟðś_ÎƂƦǘ�

� ɑĝ_ÏǻŠƟðśʻǰ^şĬÏǻŠƟʼ_�«�tÎƂiY_da9nqt�£ «�[iY®

ɛ 		_ÏǻŠƟʻŌěʼ¡�¥ǘ^mVYȺ¶Ǟɯɪ_���~ʔ9ɾŰʔ9ƒïʔtȱȲȅ^Ɣ

əNpI[aďȻw>p:ǰ^ŏĭňʰȞ^t?Y`ȈƓɗǤ^mp���~ʔȞ^ʣNpżıaƖ

ÑhqY?]?I[Cn9I_v�§«�`ƴǻw>p:IIw`9®ɛ 		ÏǻŠƟʻŌěʼ¡�

¥tʌǻNpʫ_ʓɒ]�£ «�w>pɑĝŌě�«�9ǰ^ɑĝÏǻŠƟðś_ÎƂƦǘ^t?

Yɼdp:�
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� Ⱥ¶Ǟɯɪ_ÏǻŠƟðś_ÎƂƦǘ^t?Y`97AK!B&�#J��D������	^_?Yơǳ¦�¢«^

įucÍȧȅ]ƠǶa]hqY?p:n_ƠǶ^mqa9ÏǻŠƟðś_µ]ÎƂƦǘ`Ä¯_ 
 t

^ĺóhqp:�

�	�ɾŰgp`ƒïɑĝ_ÏǻŠƟ�«�Cn>pƶʢ^_dpƒï÷ēðśtƔŅNpƦǘ�

�	�Õƴɑĝ_ÏǻŠƟ�«�Cn>pƭǭ^_dpǏŁ÷ēðśtƔŅNpƦǘ�

		�Õƴɑĝ_ÏǻŠƟ�«�Cn>pƶʢ^_dpǏŁ÷ēðśtƔŅNpƦǘ�


	�ɭĶ9Õƴ9ɾŰªƒï_ĐƟČƜCn>pƭǭ^_dpǏŁ÷ēðśtƔŅNpƦǘ�

� Ⱦýɶ^t?Y`öɼ_ʀo9ȃʛǀƾõţ^mVYefńæ�«�aƖÑhqppj?lq_Ʀ

ǘkʌǻďȻw>o9?lq^ƦǘwkĔǅ_ÏǻŠƟðśaÎƂhqp:ʰǕʰľǊĠ]\_Ⱥ¶

Ǟɯɪ^t?Y`9�	9�	_Ʀǘamcǻ?nqY?p:�	_Ʀǘw`9¤�x~¥�£©�Ȟw_

ɦƾgp`Ǟɯȹc_v©�«�ɦƾ^mpɾŰgp`ƒïɑĝ_ÏǻŠƟʻŠũʼɦƾ^įu?Y

ƔŅaɋsqp¹ÐaĹ?:�	_Ʀǘw`9Ǟɯȹ^ŋNpv©�«�ɦƾ^mpÕƴɑĝ_ÏǻŠ

ƟʻŠũʼɦƾ^įu?YƔŅaɋsqpI[aĹ?:pTi9öȹ^t?Y`9¤�x~¥�£©

�Ȟ^_dpĢČɑĝaĨæÍ_ɾŰgp`ƒïɑĝ^ŋiYÚotƏtďȻŻa>pI[l9Ǟɯ

ȹv©�«�w`Ǟɯȹ_ɛƁ^įu?YʇĈ_ƒïɑĝ_żıtŴppj^żı_ȑţaúp[ȸ

AnqpI[Cn9�	_Ʀǘ_ƦaƔĽhqp:�

� gp9
	_Ʀǘ`9ɑĝ_ÏǻŠƟðś[ɭĶĐƟ_ƭȧñ�«�CnəȡhqpȴÕƴĐƟa9

ȰəlɦƾCnóɿ±AnqpȴÕƴĐƟ[¬ȿNpm@^9ÏǻŠƟðś_�£ «�ʻņÿȅ^

`şĬÙʼtƲʌĀNp:ɭĶ9Õƴ9ɾŰgp`ƒï_ĐƟČƜtƍÕiY?pI[Cn9Ƕɧȅ

^`ƲkȦţ_m?ÏǻŠƟðśtÎƂNpI[awbp[ȸAnqp:�	_Ʀǘw`ȴÕƴĐƟ�

«�kĔƭ^ÎƂďȻw>pI[Cn9ÐAa �	_ƦǘwŴnqpÏǻŠƟðśtòƶÙ[iY9


	_ƦǘwĐƟČƜtǧpNm@^ÏǻŠƟðś_ƲʌĀtɋ@I[kȸAnqp:�

� ǋŠţ^_?Y9®ɛ_Ʀǘtǻ?YŏĭňʰȞ^t?YÏǻŠƟðś_ÎƂtɋ?9n_���

~ʔ9ɾŰʔ9ƒïʔtƔəNpI[[Np:�

�

�

� �
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ʻʿʼɇșhqpǯɲ���~_ǱǗ_ƇƘ�

ǯɲ���~`ȓÈ^ɇșhqp¾ŗɱƸwÏsqpǯɲ_ȴəw>o9ǒŠ_ɇșȩĵ_ȫəw

>p:ɇșȩĵ`9ǯɲ�§«ȡŅ_ȯƽ[iYȡïhqY_o9���~Cn_ŦƿǯaijpŦ

ƿǯ_Ȃǹ_÷ē`ʹ?I[Cn9ǯɲ���~[ǯɲ�§«`ȉ»^ǟ?ʣÔ^>p:ǯɲ�§«

^t?Y`9ǷĴȊªǷĴȄư^moǯɲ�§«ħ[iYçɎhqY?pa9���~[_ʣʃtȒ

ipħ`ıĘhqY?]?:ƸȏȚɥʴw`9ǯɲ���~_ǱǗ_ƇƘtȇȅ[iY9ƨŁ_ǯɲ

�§«ħtƎūi9<ǯɲ���~ª�§«ħ=tÎƂip:ħ�
) _m@^ǯɲ���~`�§«

tƜApm@]x «�wħȒiY_o9ɇșȩĵlŦƿǯ_Ȃǹ[ʣsVY?pǅľtɎiY?

p:hn^ǯɲ���~_ëɝ[iY9ɑĝó[Ȫƹó_ǯɲʔtɛɼNpI[wĨæÍ_ǅľtð

ColNcȒiY?p:ʻʾʼ^moŅʔĀhqpÙtƠǶi9ƩƸ_ǯɲ���~ª�§«ħtÎ

Ƃipʻħ�

ʼ:���� Š[ ���� ŠtǓɹNp[9ȴǯɲƉåʔaȨ �
 á�©CnȨ �) á�©[ )

÷Ȗţ^ǢŐiY_o9ŵǷôǻʔ` � á 
(�� ­�©Cn � á 
)�� ­�©[ĵùiY?p:n_¬

Ʀw9ǯɲ���~`Ȩ �
� á�©Cn ��� á�©[ĵùiY?pa9Š;���~ĵù_��«�

`ÌǢiY_o9���~ʔ`ʸĜ_ßĕ^>p[kɤhčqp:ɇșhqpǯɲ���~aǯɲ�

§«tƜAY_o9ɱǨüǴaƎĺiY?pI[aȒĞhqp:�

�

�

ħ�
)� <ǯɲ���~ª�§«ħ=_ǃŹ�

�

物質ストック
（○○）

排
出
量

（環境白書・H24物質フロー図）

退蔵量 現役量

建築物（○○）

道路 （○○）

他社会基盤（○○）

耐久消費財（○○）

蓄
積
量

土石系（○○）

金属 （○○）

化石（○○）

木材（○○）
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�

�#	����� Š�

ħ�

� ƩƸ_ǯɲ���~ª�§«ħ�
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ʻˀʼņÿ�«�_ǯɲ���~ƇƘƅǘ_ǀɚ�

�
	��� ȈƓɗǤ^mpµɒȺ¶Ǟɯɪ_���~ʔªɾŰʔ_ƇƘ�

� ¿Šţ`9®ɛwƠǶipv�§«�_@rȈƓɗǤtǻ?Y9µɒ]Ⱥ¶Ǟɯɪ_���~ʔ_

mbɾŰʔtƇƘ9ÎƂip:¿ŠţƔəŋɨ[ipĝȇ`9ňʰ 
 ĝȇʻìɈŤ9ǚǬǊ9¥«�

zv�©9�¦�ʼ9ƛŜʰɠ9·ǻɶ9ɬǯɶ_ 
 ĝȇw>p:]_9ìɈŤ`�¤«�«tʧ

c9�¦�`�£y©Ȣũ_mbɉĭ_ēə9ƛŜʰɠ` 829 tʧc9·ǻɶ_mbɬǯɶ`ɸȾý

ɶkėiŅȷ[ip:�

� gl9Ȱə�«�tį^Ēĝȇ_���~ĐƟtÎƂip:ňʰ 
 ĝȇ^t?Y`9Ǟɯýĕɦƾ

ʻëʤŢʼ_mbæĨǞɯņſɦƾʻȴÿȊʼ^mp²Ŝ>poÕƴĐƟʻº¾Ä®²Ŝ[Ąɵ²Ŝ

_óʼtį^ƎĺƔəip:Ǟɯýĕɦƾ`ǒŠţ9æĨǞɯņſɦƾ` ( Š^ � ĢņƧ9�«�ç

Ɏa]hqY?p:ǆƸɦƾ_ɦƾɣřlǆƸ_åqƱA^ɳģNp[ȸAnqpantb_şǩĀ

_mb ( Šʢʪ�«�_ɐʢ_pj9ɣřƲŏº·ǘ^mp§���w�~ʣƟɻÊtɋ?9ĒŠţ

Ʒ_ɻÊÙ^²ŜƟt·MYĨë_���~ĐƟtƔəip:ƛŜʰɠ^t?Y`ļȨĢȵƟ^Ȟi

?[ÅŅi9¬ɁȓĤǘ¾ʰǕʀÖ¹ǁȹăÈ^mpļȨƟtĨë_���~ĐƟ[ip:·ǻɶ9

ɬǯɶ^t?Y`9¬ɁɪĤǘ¾ȾýɶǀƾȃʛżıăÈ^mpÕƴĐƟt���~ĐƟ[ip:�

� ǋ^9Ēĝȇ^t?Y9ƔəŋɨŠţ_ɭĶĐƟCnŠţŭò[ŠţƷ_���~ĐƟ_řð9N

]srȓÈæÍ_ǍĚ_ɮ?ĵiĐƟtřiŪ?Y9ĒŠţ_ɾŰĐƟtƔəip:ɭĶĐƟ^`9

ìɈŤ_mbǚǬǊ^t?Y`¬ɁȓĤǘ¾ʰǊŗǁÈ9¥«�zv�©^t?Y`¬ɁȓĤǘ¾Ʃ

ƸìíțɦŗǁÈ9�¦�_mbƛŜʰɠ^t?Y`¬ɁȓĤǘ¾ʰľżıƆɌǺǁăÈ_ȾµȰə

^mpĨëïɅĐƟ�«�t9·ǻɶ_mbɬǯɶ^t?Y`¬ɁɪĤǘ¾ȾýɶǀƾȃʛżıăÈ

^mpƥɶȃʛĐƟ�«�_mb¬ɁȓĤǘ¾æĨɸȾýɶăÈʃēÈ^mpɭĶĐƟ�«�tǻ?

p:Ɣəip���~ĐƟ_mbɾŰĐƟtnqoqħ�
�9ħ�
� ^ȒN:�

�

�

ħ�
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