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v{zs�2	

	

W.S.Ćĝó»ü{ttv�1S|²²�»|~ýw~Ëďúü~ö½Éø|�~[ûÞ

çwrs��x�ÅóÄy{z�»ÐùWý}ïþ²Ā_{nâ��~|�wrs�~w



]5ö�ýt�~²��»2ú�1Sm|~²Y�{�v1<ýùy²÷{îx�vwwô

Ûx�}~·Ï=²ÿ~�»<ýùy~wwW�=xxk}Û��2	

	

�÷�vëvzf�²ß�ú�1<ÅóÄ~W�özt÷��wz�1�{özt÷{t

tv÷»�x�ït�x�=x}t1< yÅóÄ~\âxVÞ=~ÿü¿Çėóćÿ 2013

� 2 o1ÿ�à_�³ÿ�{�ûÿ¹þ­÷Ā�ûĀ{Óà��2 4 å�~ÉÁÈĕüě

w1�{¹]ý~wÅóÄÿ_~º|²ß_Ýÿów��vt�2ÅóÄ~�{�öz\

âxVÞ�z{z{÷�t�~|rº��{�_ßw}z{s�|1<ÅóÄº|~�{�

ú_{¸svÿ}ö{Ø�ý|¼»{gxôÛ{ß��vÿYö{YW�»{g|r»=

�x²�³�2	

 yÅóÄ~\âxVÞ�1ÅóÄ|ú_{¸svÿ}ö{ý��»�k{ìþ�v^

ÿgenusĀ�~ÿspeciesĀ|~�¹¼v}�xtv2�{�Āß�1À´ăóÀ~nÛ{

¸sv�~ÿ|w�}�ÅóÄ~\â|n�¹¼�º1ú_[ë÷�]ÿ�özký{Ā

u�\â|Ì¿¼vt»2�¼¹~}ÿ|ß���u\��ÿ�|��vt»xtv2	

	

ÅóÄº|~�k²Ýÿów»ß�z|¹1{tv��ö�fï{1wý�~ÿeĀ�

~oûY�ÿ\O_wwW�Ā~û²}tû�vt�2<´ºó[ßÿß[�ÝöĀxtv

~�1�~ß[~ë �ñÛ�öz¸�à[W�öz{g~yv²ß��vt»=	xtv

~wr»2W�V[{z�»ß[�Ýö|�~ß[|�svt»qîözgî²ß��»

z¹�1ÅóÄÿ_{z�»ÅóÄ[_~�}��[_�~Ýö�1ÅóÄ~�}{x�

v~qg²_ÿ�vt»~w�zt{ÿx�x�¹1Ýÿów�x»ÅóÄ~�|÷��

zs�2	

	

ÿ_ÅóÄ~º|�è÷|úù{zsvt»2ÅóÄ[ïÿčĚćĀ|à}�¼»úø

²£ÿ}·vĀ1ùø²£Ùÿ}·vx}Ā1o�²r¿�vÅóÄ[_ÿ coralliteĀxt

v2ÅóÄ[_²ĀqXOx�vÿ_|�r�¼1Zö1Āö1Tö1�özy[ùz�

ö²{�2	

ú|�w²�s�~�ÅóÄ[_~Å´ÊxÅóÄ[_�~Ýö~×ºýwr»2Åó

Ä[_|Ø\�vÿ_²�r�»ù_|1þ|Q�Q]~�ºý{�vt»2ÅóÄ[_

²xºö�£Ù²þ~Q]~Ù{Ïx»x1£Ù~qt÷_¿´ć{¹1£Ù²qp�»

³ÿ_û²āüø¿´ć1ë_~£Ù²ctcÿ¿´ć|r»2cÿ¿´ć{�1ÅóÄ

[_|ßØ�vlz�ö~�ý_ß1ù_zÝö²c�Þt{v}²Ø�ztÚ^ß1Å

óÄ[_|g��»u�ß|r»2	

	

<ÅóÄº|~�{�ú_{¸svÿ}ö{Ø�ý|¼»{gxôÛ{ß��vÿYö

{YW�»{g|r»=�x��{�~~Ûwr»x}v|1V÷W��wwW²�vú

{�xv�õ¿z�ùwrs�2ýù»ěÇ¶Đ}v�ÅóÄº|xÿàS}ÿSr1Mg1

U zyĀ~×º¿�²vÿ�»ö[~ß�²Ìsv}�ú���{}ßw}�2ÅóÄº

|o~ Sr � Mg ~�pà��{~~Þ{¸sv�}�uz»|1|oY×{ÿ�»ß��

ÿowrº1Þû~�|o~Y×²ÿSw}»{y{lú{ôÛß��»~wr»2	

ÅóÄº|~��W�}rûó{}r|<�{~~Þ{¸svÿ}ö{ý��¼z|¹

ôÛYW{ÿo{ß��»=�x²�»x1�}{x�v~²´÷óö³ö³ü²ßc�

z|¹wwôÛ~YW{ùß�1ww~|ó~ow����}ìsv}�ÅóÄ~�}ù

²{�vt»¸v{�x»2	

ÅóÄº|~÷���1W�ö{�X}z}r~W�{îÿCaCO3Āwr»|1uz»

Ăt~}vë ²xºß»�x1�{�o�»�{| »�x{¸sv[ùzôÛåy²

W�ÇÀúěx�v�svt»�x{r»2Ïx�1ërrVÿCO2Ā{ìþ�¼�1þ

��×{¸»oýûÿ¼É~�û~�ÿ²öçö{Ø�1�oùgW~ßö{îwr»2

ý}~\O_ÿ 13C/12CĀ��{�×²ß��1W÷óýÿþ~ý}~g{{z»2 14C �



xß�~�ÿ|�t|1zÿ�×w�û�¼»zÿ¸�ßáÿĀüÉøzy~�ÿ²Ø�

vt»2�\ýÚY~[��²{}���ïnâ|w}»2	

÷t�Þ}\sv}�|1ÅóÄy�ßá{¹¯ßz��~w~�~�~zÏí|Ì}

îvîÿù~¸vz|bwr»2ÅóÄ�z³x�ß~ýt`�wr»x��»2	

	

}~ăÿð´ºû¸ºû±ÿ¹øúü~fï�g»~{ÿ	

�}{~_|<ú_{¸svÿ}ö{ý��¼»{gx1ôÛ{ß��»�x{¸sv

YW�»{g²�t=xtv�ù{ûv�1|tÅóÄº|��wz�1<÷¹{tÅóÄ

[_ÿčĚćĀ=�{¼�wwW�~îý{z»��wr»2�}{~_²<�{=x�v

w�z�1<wwW�~îý=x�v�»x1�~�}{|¿sv}�ÿ}öz²Wx~�

~|ó²1W�özćĝËÉx�vÝÿ�»�x|w}»��wr»2	

�}�_÷{¹g�{ÿs5�z�m÷{t»~{ÿ²´÷óö³ö³x�_{ÿxt

vqîözõ_{ÿ�»�x~Ăóø�öí¾â|1����{r»¸v{}x»2<ýù

y~wwW�=xtv}²þg�v�sv��|1�~U�v{<�{wwW�xtvý

ü=|��xûsvt»¸v}¿¼»2	

~5�t<{û~ýü=²w¿tz|¹1<�vNt~ýüĉĀ´ºûÈºûÁďÉøĚ

ü={}t²ý¹�vt»nÎwr»2	

	

	

	

 

 

  

ÆóÈĀěÞû���ü~<� 1 ÞwwôÛY×{ÿ�»~]�R{

r»_þýÿ~ÿßx�ß{·�»ÿ�ÇóčÈ¶Đ={Óà�v

ÿ 2011 � 12 o 12ÿ 14 å1ÆóÈĀě_|{vĀÿ}��{wÃüÉ

ïÎ~Ç·´¿�³ÿþÿĀxô²´�³ÿo�Ā1�î1{{Ā  



ĎüÇēěúþwwwoöW²�x�  

 

õ÷	 ÖZÿ37 �Ā  

 

2017 � 2 o1ĎüÇēěúþqÜÿ{r»ĎüÇēěúþÿ���²ª_�»�_²ß

�2ª_~þö�|~~��w�z�1}w��|� 3 �o�þ{ûo���ÿH28-H33Ā

{ó�vt»��~ÀĝüĀěW{U��×º}�~Nôx�vwrs�2þý�{r»

}w��~�ý�W²Ð²�»�x²þg�v1z�oþýwß{¹{wýu�{¸»}

��²Ø�u¼»��wr»2w_ö{�1ĎüÇēěúþqÜÿ�ď¿ĝýÇ²³¶1

āęºqÜÿ~�¼�¼~ÿ���²Sm����²q�~ 3 �kxýu���ÿ�ûø

²×ß��»xtv�~wr»2qÏm²��v1}�~åqþ��~}ïùþ~Nø|

ó�{¸»�ÿx�vðß�¼»��1åqþ��U�~ÀĝüĀěþw²r~��~õ

�z}²_vëû{��|»�x|�à�¼vt»2q×}�ÿ� 3 �o�þ{ûo��

�~ow�Ā�Þ�z×}�x�v1<fuĀ=x|�¼vt»2	

ĎüÇēěúþqÜÿ�ÿíÓ{ßtz�o~�³o{O��vzº129 ~ôyx 5 t

~þ{¹z»2ÿwx�ÿþ~Ā�¾ĀċþěěĀĎÈĕĝÿĎüÇēěúþqÜÿ~�

ýĀx_ºýtwÌs�2<z�o{o{v�ó~�þº=x|�¼»¸v{1}�³zs

�ôy~þwÿtx�½w�_uSđüøě�{z�1Óï~þô|���xtv|b�

[t2ôy~Õ����{w1^��ÿ�öî|Ú{s�2zo~r»�ýĎÈĕĝ{�

{Ú~Út}�^�z�1~�_|{x³y�¹¼�1÷pý~÷�z{�¿¼vt»2

Ā�{Ú|Útx�½�1��~Ø�|wÚ�uSđü

øěrs�2þó} 6 Oþ|î¹�vt»2	

ĎüÇēěúþÿ���{�1��|} 1,000 ]t»2

ª_ttw{åq�~ëm²���»�x{zs�2}

ý~¸²Ãó�t�s�z�~¸vw1^�o�¶v{

30 þñRr»|}ýÕ� 20 þ_àw��¹�t»xÛ

����2Ó»��¿ęÉ{�1Ø��| 5 ]zº1Ü

�{zöö�wëm�²�¹¼1��{¹Åćę´Êw

�~ÃÃúóô~ćĜÌóø|rs�2þ²½ę½ę�

{����Ôwrs�2  

x�½w1ß�ÿwwoöW{¸º�|÷|Rg�»

�x|ùÿ�¼vt»2�÷Rg�z�o~íÓß�~

þ5ÿôĀě|p]Ā|Ā��ÿ²Ø�»x�¼1�~

~~wwoöW|²��ĎüÇēěúþ�150 �à{�

�{ì�ÿx�¼vt»2ú{xsv1ÎÞ~ĎüÇē

ěúþqÜÿª_�X{}��sß~����wz�1

ww�k~ôÛ_Ü²�x��¹¼»û�xzs�2<�

Þ�N�{�{�=xtv|1ÿw²ª¼»�xw1�

�w���vt»þ5~`�²�w��»�x|w}�2~�ÿ�|÷x��ôÛ|�¼

{yßt�~{xß���¹¼�2wwoöW²¸º¯ßz_Üx�vkx»�x|w}

»¸v{zs�~��Õtzt2ª¼�ĎüÇēěúþÿ���~}÷õ~ý5�þ|½

ę½ę�}1{Ü|�v}z��Ô~^g�yvz»~�½v1x}¿�{�t¹¼z�

zs�2wwoöW{¸»�÷Rg~ogÎn|�Õsvt»�x²Øv2	

}�w²�vt»fuĀ~×}{¸º12017 � 10 o{�ĎüÇēěúþqÜÿ{¹�

1 øxz»}��|åq�²Û��»��{gþ�»2}�~åqþ��{�1�~}�

�x�}ö{îm�1ÿ�öz�ß²ß�v{�t2�¹{1wwôÛ{ttv�¯ßz

_Üx�v�x»½ó»Á{zsv{�txØsvt»2   

ĎüÇēěúþqÜÿ~ĎÈĕĝÿ�z

o{¹^ÕxU{v�~ĀÉ{¹~¸o  



  



 
 
 
 
 
 
 
 

r¼{¹ÿSm�~ßí 
 
  



 
 
  



_�}Ïxßíy^	

	

w_	 �Oÿ50 �Ā	

ºĚºóăüěj__�	 ]ÿý|	

	

}�W�ÿ²Sm�v�� 12 �1_�w�o]x|�¼»û|{zsv}�2úÏ

wp~�|1Āß}Z��Ï²y^�»��1O5{áÝY�{³}²ÿ�R��x

�½1ÎÞ÷�~�_²t��t�2Î�wwû 60 |�²Ïx»_�²1oß PR �

�v{�tx}t1ÐtßÏwz_}Ø���2	

_��1ăüěÞý ­ú²�zÏmx��1àmõu 158 ]~_�wrº1oĀ

^{÷m²oßx��q�1]ÿ^{ý||r»2ý|{���ý¯<ºĚºóÿó

Ąüāü¿=|�¯�¼vzº1ÿÕ^{¹�� 12 Oþ~zûù|ª¼»2	

ăüě�ß~{÷ĚÁüøzú�{wrº1ìÿz|¹ý ��ÿ�{¹óW|Û

~sv�~v2ûgûv~õ¿zăüě�|w{ÿw�t~w1Xø{zû{�~�

{�oßÿóĄüāü¿{zû�ßºt��}1ÿw��²ß��vt��}�t2	

��fï�1}�OmwW�²�{�~�÷�tx}t1_xz�}õ{z»~�

x}tz|¹Þ��vt�2}õã}î�O\|xzs�Sm�þ~_1W�ÿÏÛ

ý~ó{�wºĚºóăüě�Û÷ßØ~hÕ²�Þ��f1ăüě}}zú{��

¼�{ztÿxúï��~²nå~Ï~¸v{�xvt»2	

	

_�v~�Ûÿ{g�õx�vã}�¼v 12 �|}Þ��»�|1{g�õ~r\

�~�~�]z�1ÿ�öÛ�»ý|w�Ār{�î�zt2ß��ÃóÉ¿óø{

{g~ã}|r»~w1_ý~}Ì{_Ü|q{s�~�xø²ïwS½�xq{1

à¯Ô~ĝüěĒ÷ě{z»y�üÛ�z�¼�x}vå5wr»2	

�¼~w1Õîûvº1¹ º1ÿÛº{wöÛ�v}�2Î� 4 o{�|~�~

º{u×xzº1ăüěÞ1þó²ěăüězy~�~{~¿svt»2Ý^ 1 �þ

wÛ�o~¯�|1n�ý~wî�ý {û�_s�º11 åoV÷²��ºx1��

fï~ùz��²�svt»2	

	

Āà{z»|1��fï{áÝ|~ýwß��~�1

ßÏ²�»RwÎw��t{�ûsvzº1ú~oxx

zsvt»2�~Ï{���»�c�²à¼�{1nå

�ÿw�tăüě² º�t2   



W�x|W 	

	

2014 �ïÎ	 Û]	uzÞ	

	

Î�þ~��� 870 Oþ²�x»zûù|z��{z»åqpu~»Zwxzsv

zº~�2	

ÿ�ú��~»Zwm{~¿»Nþx�v<N®­÷ýþþ~ÿ¹þ­÷=wÝ{

�vt��tvzº~�2þ~ÿ¹þ­÷�1�o[|W1þ~ÿ¹�|ï¹1�Ý

ß|W²ûv�vzº1[�~�Õ^�¹{��^{¹~zûù{ª¼vt��tv

zº~�2	

	 ú|16 ���}�W�ÿw��~���x�öçö{�Î~ßÏ{��{�¼v

zº~�³2»Zwm~ow�1{î~ò|Y¿»�x�oþwYW�»�x1~�

v�1Ñ^~ÿÿ[~uzy�w²ctþ�{x³yzº~�³2|~ý~Y¯1\

�1à¯1Y�ýxú�z|¹ÿÿ[~u²�xvt��x|xv�ñ{��1^t

�~{}x~�2ÿ��~�z�~�1��Î²}�³w���t2	

	 x�½||~ýwÿs��~²�{�»|�o^zx�½wrº~��2�¼�1

´ĉóøzy~ÿß~�w�2ú|ïû 2 �~f{1<¿_W��Þ_þ~�_=ÿñ

S1¿�x�»2Ā|rº~��2�~¿�w�1áÝóÿ}ë|ßÌÜõ÷xzº1

ú²������ÏÛ\x�vzk_t²��vt��}~��2�~}�{¹ÿs

��x�<´ĉóø{�On~Ïk|t}�~=xtv�x1¿�q�w�āÍÃó

~Ow\�1z¿~Ow\zy[�~On~Ïk|ÿ}~��|1�~ýþÿß�v

t}~��2�~�x�Îw��{�¼vzº1On~Ïk{Ùxvąóøÿü¿²

ÿ�w}»¸v{zs�xÎw����vzº~�2	

ú~ö�»|W²]�ü_��vt��}~�2þ~ÿ¹�|ï¹�ñ�ùĚüĐ

Ëó¿üzyþ~~ëw~Î{�²�{���o[|W{�1W�~ąÇ¾{ru¼

vt~�2~Z�»ý�{Q��{�û²ct�{1O}ûzò�{zt²��m{

zyzy[�]{�¼vzº~�2ú�1q�W�|~ý{b^�vzº~��~w1

yw{{ttv��^ow�|1�}{|ctO}û��~~~W�~ąÇ¾{tz

|svt»�xx��~�2��~W�~ßÛru¼»<�o[|W={1_þw�

gvt���¼�x}t~�2	

Āà{1¿ÿ|~²z�svt»ý

{��x�1zØt|r»~w�|1

�~þ~~ù5zëw²Üw{��|

~²Ìsv�t���~�³w�·v

{2þ~ÿ¹þ­÷w�1þ~~ëwû

|óûçW{·�»|~xûr²Ìs

vzº~�~w1���ßßt���

~��¹~tw�2ý���1þ~ÿ

¹þ­÷ûrÏmwz¿yt���¼

�x}t~�2	

Āà~wú~ûç²¯³wt��}

rº|xv��t~�2	

  



ÎÚiw~ċóøzûÜ 	

	

_Ý	à[ÿ31 �Ā	

	

	 \û_~öù131 ��~_Ýà[w�2�r 29 �þ\û_5÷¸ºß¼|rºß���v

�tvt~�2ă�k�{vW�|~ý{b^�1Ñßo{Y�1oO}úY�1ßwßo{

Y�~�g^²�}~��2ÿßu1RÜulÐ1nÝ~m1�lu}ó1ÿßÝ[|\�w

�YUß������²�»Ï|w}~��2|~ý�oÜzöö�{ru¼1Y�ý²ö³

�[à~ö³ü¿´Đ�1�ßwx~o{Y�~wÛw~_�{51Smà 33 �1Îw��

YßÎ{{z»}tûx�vìsvt~�2	

	 �~ăo{O�þÚi{¹�ÝwÚi{u×�vg~��2��wO�þ{ttv]�}Ï

�~�2O�þ�1||Îßwv{¹�_º|ÿ³�s��x{¹ý�~<�ÿ¿ďĀ={]

_|vg�vt»¸vw�2ß��ß�]|þ}1�~ÿ�x�v~þ^}��~Ø�u¼�

ö�³��`�w�ztw�·v{2ú~öÛf�y�ß~Ār{_�» 21 ]àÞ�{¹~

�ß|�}�vt~��2ý||{}(~ÿ1PoÏþ{}{){1ÿ��~wýw�ý�²�

}ö{^u��z��{Y¿²t�»�Y�~zwßw�2�~´ĉóø�\f�»²Ï��

ÿ�_û{x�û{¼1�÷1û_û÷1Wý_÷{�~�z�÷~öùx~îm�ý��Y

¼Þz_�|w}~��2_õ~}÷õ~ö�³1oßO�þ²u×YYÜ{ÿî�~ÿ|ÿ

�öï�1�ï 4 f�,zï 30 V,Þû{W�ù OB ~ö�³|[�öÛ�vt~�Ā2	

	 �v1ÎÚiwċóøzûÜ<Ú�çþ}ÿ=²}Ï�~�2�~}ÿ�<Úi}²}ÿ=

<��}²}ÿ=<��u��øþ}ÿ=~ 3 ùËóøwÚiû��}²~î~ß¾xtv�

xw²�¹¼vt~�2<Úi}²}ÿ=x�v1Ú{�ig^��|}��¼~�2<�_öû

ÿûöwýt��(AL)=²½üÿüù{<än�×=|[�×ºu¼¹±fu| 30 f�²�

xv�¸tÏ|{�¼»¸vw�2_þåëm�ÿ�{zx�{zsvt~�2<Úi�~�

�~��~Ā�Ûºí=x]u�¹¼�yÿ}NĀ��ÛöÉø�ßý�¼~�2ö{ìþ�

y}�<��u��øþ}ÿ=w�2~�~�xzsvt~��|1û» 7 o 11 åyÓ�·

wl_~è|rº~��2ÿÌ~<Ëó¿üî�=�ßk1<��u�q�öÉø=|^u�

¼~�2<q�NköÉø=ñg~�}ÿxz»¸vw�2<�x|Nt{â~¹zt_Ü{ë

¹ë²�t��vt�<}�ÛûvíÛûèÿÛ=²_vÇÉöĐ²Uß�»=x®n|rº1

ó��<û�Û=��þ{u»¸vw�2��~[wøþ�<T��{ztv<u��Ø�u

¼~ýÞ(AP)=²nú{�1<ù5zßïýý²×ºu¼»=}ÿ²�»2=x{�¼vt~�2

Y¯ý�N�iûÐ�i~[wuî²1ú���q�Nk²1çt_õ�Ëó¿üî�x}ÿ

²}��v}~��2�~q�öÉø~^u{1��uî|ùY¿º�»¸vw�2<�{U

{vÛ=~²r�n�¹¼1�ß~Õ~ö×�Þ�²yvý�»{èo�vt»bw�2	

	 û|{¿º~�|1Yå OECD ~ PISA(�ß~�ÿrÔþ¿ÿĉÿí� 15 {)y^þ|^

}1<�ßxù�öĚöęÇü~ßù=�i_{�ß²ßy��ßxßyz{s��ß~ù�

öĚöęÇü~ßùÿ~ Ï|ó��¼vt~��2OECD y_w�ß²ßy�w[| 4 ù1

{[� 9 ùÚ�zsvt~�2åq{ttv�w[| 31 ù1{[� 24 ù�Út�x|{�

¼1<�¼¹~ßùÿ��yv}�ö{powr»=x� �¼vt~��2�ß²f»xù

�öĚöęÇü|Ú�z»1�¼~w_o�iw<éßûéÿ}û��ÿ=²½ēóÁąĜü

Ê{��ÿc}Õ{×º}³w}~��|�¼{¸ă÷óÉ|ß¹¼�x�v�xw�·v

{2[y�û{²v~Āo~_õ~öù1��ÿ²î}ßy��~�·v2�v1�����

�ÿ...yv�vt~�{2	

g» 4 o~u���õvþw��uî²Ø�»�x{zº~�2}÷õ{Ï»ý}l{¸»

õ�tvþ~^uzy1ù5z}ÿ|Î1�iw²�¹¼vt~�2}�óW|²�¯ßw�

|1½�wtvÿß²�»¸vß|�vt»bw�2	
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�ûï���t2	

	 ��Smà1ý­_�{}÷�þ~ûûqû�¾xîö�v~tº~��2õö~

Y�ý{÷_�ë�~­~{Ā²¼n�v1ë�~­{\s�ã�{�sv�¹v~

|ßÏw��2~��1��¹~û²Þtv�¹v��{þ�·Ï²û�Ï|��w
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	 �{�1fï~m¼wçà��v�¼1õö~ë��vwù¿¿üx~÷_|vÖ

�¼1t¿¶»þ�öztz|º|z�zsvt}~��2ûg»Ï|�³�³]z

�zº1o|ú~»¸vzôÛ{zsv}~��2	

	 2004 �{_�~\�|rº11,000 þ~é��÷�²ß»Ï{zº~��2�·v

yûv÷{zs��{ºw1�¼{¹y³y³îö²��¹¼vt�~�þ{�xv

t~��2[ß|o�{z¼�úß{X¯ýÿw�2	

	 ò5x�xé��÷�»�x{�~��2	

	 û~ßÿ|1þ~w 40 �{y_{¹Þ~~}}²�vzº1þ~~Þ~~}}~S

�w�2Î~v�{1�~�²Ø�ý~�¾w�m��¹÷�t{�ÿ	

	 �³zÿt��w�¾{vÞ~~}}^�ß<ï^ÿ�³}Ā=² 2005 �{�m�

~��2	

	 Ý~v_²ÿ_~_�{ß¼�1àñ¼�Ýw}�Ï{�~��2}X{�x�Ĉ

ěÇº~mÛzw�2àñ¼�w}�xÞ{[��~¼vt»ă¿ďó²Ú��1¼

�|Þ~í�²×sv�¼~�2~�1þ�āĚāĚ{1z��ÈĕüÇü{}}r

|º~�2~}}�1~��~��þ~´óā¿øw�~||ÿºR|º~�2º{

¹ÀÇ|û»~wn�~}�xÕtw|íwÿw��zº~�2	

	 x�½|1ßÿ~ÝxÕv~w}�ý�Y¿º~�2��³x}�»~w{ 3 �{

{º~��2÷~R{� 3 �x�¸��s��~w�2Ý~¿[�]��tY¿sv

}~�2~�1}�Þ�Ā½Ā½Õt~�~wÿ��å5èö~³þw�2	
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s{�xzs�2<ÿÿsvÿ~y÷{z=1<S5�º�t�i}ï|ëV{xsv~y÷
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r¼{¹Ā�à1ú��¾{¹þ~{îö��2�~à�Ûîk�³~��²ø{ÇÉ

öĐ�~²�z��Ûÿß{ü���~~1ÿÿ~ßÏ{ëV~^g²ï��ö5x�v

t�2�½�½�÷�v}÷{²�v{x}t²ý¹�vt��1w~�x|�t�2u

�_f{¹�sv��{s��^U�åy÷v}²~���2�~ø�{ûsv�^~þ

{ÃóĄĕü¿�Û²}x¸v2�¼�z{z{w}zt}��½v�1^g1�i}ï

x�v�¼Þz}�{z»�½v2ø�u×|wS�¼�¹1Îþ��_�{ôtz�}

÷{²�t�º�2[�{Āþ�ü�¼»Rùx~÷ÏwþÏ�»�x{��2	

÷Ï~å1ø_{u»x1ú~Rùwr»º÷~·{�÷|ÿsvt�2çt�õ~û
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<ûûû=	
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¸�{}�²~o2z¸�Ā��ó�²þ��1ÿÿ´~�i{\|2Î~w~¯Ñ²}
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{ßÏ²��»�x�Yx»~�÷�töí�2	
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}�y}ßÏ{ÿt1k���p1

^��s��i}ïx�v�ß{�

_²}x»�x�w}z{s�|1
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¿�Û²}x»�x{åñ²ì��

�x²�º{}svt»2��v1
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vt~��2çÿ~Y�|W�²^�{�vt��x�rº1�W}w~û�{�W�ß

�ĎÈó¿Çėü²Ìt~��2ÿ_ú}~ß��1ßß�þ~Õt²{}��Ę¶}÷

óćóßß~ß��1~»wßý~ùw��2�³zßý~ùzÿí�{î~gî²{}

��W�wr»�x²÷º1W�{�t·ß²c�Û��~²�xvt~�2	

þ~~ëw|}}w1W�{·ß²�svt�ú�1}w��x~²�{·�vNW~

ÿt�rº~�³w��2}w��u�__�1ºûĂø÷~û<Åčûó={ttv�

w|rs���1�oyw{{¹~­~\r|��tx�xvt~��2	

��{\|�1t¸t¸W�~^�öz�ÿ|Û~»x1u_~[t{vW��î}~

ßß�ë²�x»p�W�{èf�~��2}��{�vt���~ß��1t{{ßï

~ÚtĜčüø|þ�»{yv{�{º�{�v�~t1}ö{}��vt~�³w��2	

Û��»{t¼v1u�_{��vt�W�x~ÿ¿ÿ¿�²��»�_|]z�zº1

²ïøþ²�Õsv�~s�~{é³�f��rº~��|1þ~~àñ��Y²{}�

�|~x~ßÛ�Y¿º~�³w��2T|~ýwÌ¿¼vt»|~~öüĎ��¼�¼

{ò{î¼1y¼�÷��vw|~ýø��xv�èö�~��2__�xvt�<�o

yw{{¹~­~\r=~à{�1ÿ���ÅóÄy²ą³üěù{��|~{ßÛ²�

�1Ā�ö{<ÅóÄy~ßy={·ß²ct¸v{zº~��2ÿ��åxY�~g^

~�x1ÅóÄ~Ú|o�W�gUR{·�»|~²Ìsvt~�2	

ÅóÄ{ttv|~��tx�x»¸v{zs�~�1�� 2 �~_{��1÷÷þ~

ÅóÄy|}s{�w�2»Zw÷÷þ{ª¼��1�ßăüÁw��ÅóÄy|r~º

{�ÿ��1�¼{¹�uyzÅóÄy²�þ�vt�tx��}v¸v{zº~��2	

ÅóÄ~ßy�y�¹{xtvx�{~Vßwrº1W�~|~öüĎ{z»�x�q

tx�xvt�~w�|1ôÛW��ÅóÄy~W�~ëm²��v1ÅóÄ~ßy|W

�~kýwßÿw}»�x²÷º~��2

�~f1W��\r²}���x��w�

z�1ôÛV÷~kÿx�v{}w}»�

x²��~��2	

ÿ�ú�1<ÅóÄ~Ú|o�W�gU

R=~|~wÅóÄx~��ß�²Ìsv

t~�2�}vt»ÅóÄ²svß�z~

w÷��1Oá�}�î}rº~�|Åó

Äy~ßy{öç·¿»�x|ûg»~w1

����º|t²��vt~�2þ~~Å
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�2	

�ø 3 �k~ 12 o�{W�ÿ~Y�ý{¸»|~ý}Ï|Û~º1\��Ôxq{y

~|~ý{u»{û�\svzº~��2�øw~�ÿ²��vwýW�1ým{vW�

{�w²cs�ú�1þ_ÿëî²{}��ËóÅ{·�»|~²Ìsvt¹s��»Û

]ö[Y�~|~ý{Ý^^�²û�1�¼|÷svÎå~w} 1 �[~�1Û]Y�~

Sw|~�×²��vt��tvzº~�2ú~|~öüĎ�<²ā¿´ø~ßßgx�

¼²{}�� LaF3þ_ÿëîßþ` CO2ËóÅ{·�»|~=w�2²ā¿´øx�ñ

p÷~�xw1ó{~N~w�2ó{xÞ�xt¿¶»<÷~¸vz�~=²óß�¼»

x}t~�|1ß�úÔ~_~o{�²ā¿´ø|�~¼vt»~w�2�¼�o�º~

q�rVwr»ÿ´ùĝ½Ç²ā¿´øw�24 �k~��²ā¿´ø~~Õ~ÿ´ùĝ

½Ç²ā¿´ø²�}�� LaF3ßþ` CO2ËóÅ}[²k_ºw_ý�v1�~þ` CO2

ß�{g²¿yvt~��2��ö{²��v{¹��~ß��ë~ën{U��|~²

Ìsvzº~�2	

úë¯ß�|}}zýw�~w1ðå~|~�×�}����vt»~w�|1z{z

{}ÿ|ûz{s�º1Îó²ÏW»¸vz}ÿ|w�º�v1é�þ��x}�_þ{

rº~��2Ā�è�����~�1ËóÅ}[~_ý|Rk�t{z{s��xw�2

Rÿ��¸v{1ú~|~w�ËóÅ}[²k_ºw_ý�~�2�~��1ö¿û»ě

z÷|n�¹¼»~w�|1ú�kY|~}zýw�zt~w}[|Rk�_¼�1xv

�èö�~��2}[|Rk�_¼vtztxß�{g|l��¿y¹¼�1|~|²~

ztx���~w1_x{�v�¼²[o�¸vx}t1ëV{\s�}[~_ýýý²

ò5�xvt~��2��v|~�×²Û�v 3 {o|}s�f{�sxëV{\s�}

[_ýýý²�û��x|w}1�~à�Ýÿg~ß¹¼»ß�{g|ß¹¼�~w_x

{|~²²�»�x|w}~��2	

}[~_ýñ^{�Ù{vt{»�x|rº~��|1�~ýþî��{üÛ�¼�ß

�rÿ|r�¹¼»xï�v|~²Ìtþ�»x1k�{Y�xûÞw}»¸vz}ÿ|

ß¹¼�º1õ�t~ó{tz|»ÿí|è¼�º�v1|~�xv�z��½tx}x

»¸v{zsv}~��2��v1�¼~w~|~�×²��v1|~�»�x~ßÛx1

ö÷{û�U{t�¼²_º�x�f~Ôr�²_���ú���ö²ïÎ��à�|~

�»�x²÷{��tx�x1ÿ��|~÷{}��x²þ{{�vzº~�2x�{w

ýW�ÿ~|~{~¿º�tx�xvzº~�2	

Îw�����v{z»f|[5rº~�|1î��{ÃôÃô��svt»t�ºw

�2tt{|~²þ�vï{s�xß{¹}x»å|g»2�vï�v�¼{¹~|~�

×��²�v~tº~�2��v1��ö²ïÎ��à�}�W�ÿS�x�v~�º²

c�1|~�×��øûöw�³��x²}v`V{~ï�v1û�z|~�{z¼»¸
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