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1. LNMPORQTSVUXWNQZY\[^]`_baZcedgf\hjilknmNoqplrtsbuwvyx{zq|}aw~l�wi�o\p�r�s���� Fig.1 S Fig.2 m����gf
p - V �Tk{i{�q�emZ�bx\zn���{�T�{� 1 �n���`�}�b���������\��� �¡a�~�ft�¢�£�{r�s¤iw�t�X� 1 �t�}���l��¥�¦�}z�§V�n�n�j¨©S£�n��ªyiZr�s����}«w�¤¬¡]�_q|�§ZieS ¡aw~�®tft�l�Tkqi A, B, C, D iX¯{��[¢]°�\��V�¤u�Mj±Z²³O´¡aw[l«Vµj¶�m�·�¸Xa�§wiXS¦^aZ~�®�f\�e��i�¹�º�«\�qr�sTuw»�mN¼l½e��¡a`¾t¿ ( rlsyiwsÀ u{Á}Â}ÃN_Ta ) �qrlsbu{XaÄ¼l½ δW uqÅ (δW > 0) ºbÆjal§�i^SÇ¡a 1 ~qÈjÉli�¹lmVÊ^ËlÌw~
(a) 1 �������bÍ�fqª�º��\rjs}u\¡a�¼¤½�i{Î¤Ï

ΣδW uZÅ¤mt_bawflÐnmt«{� Fig1 S Fig2 iq����`�X�ZÑZ}Ò�Ân«{�nÓ\ÔbÑ©Õ°mqÑZ�¸}Â{[\�Ö ÓnÔ¤Ñ©Õ�mnÑ{j¸�Âq[��nÈbÉji{·�×lØ ( � )Ù ( Ú ) [^]¦·lÛl�{Ü J º�Ê^ËlÌw~
(b) 1 �q�¤�Ä�tÍjfwªbºq�VhjmnÝ�vÞÕßXa£àlÏli�ÎÏ ΣδQ u\ÅáSN_TawfjÐ�mt«q� Fig1 S Fig2 i�����N�^�qÑqeÒ�Â�«n��ÓnÔ¤Ñ©Õ�mtÑql¸�Â[�� Ö ÓtÔTÑ¥Õ`mtÑ{b¸�Ân[��\ÈTÉbiZ·�×lØ

( � ) Ù ( Ú ) [¢]R·bÛ��\Ü J º�ÊXËjÌ�~
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(c) Fig.1 S Fig.2 �ZÓ{ÔjÑ©Õ°m 1 �\�}�`�yÑ��S¦Xaw~j�wi\Ó\��¼l½Ti�ÎjÏ ΣδW uqÁ¤ÂyÃN_baZi�« Fig.1 S
Fig.2 ie¯�â�]Nmn_¤a�[t�ZÊ^ËlÌ�~

(d) Fig.1 S Fig.2 ��ÓqÔbÑáÕ°m 1 �q�}���¤Ñw¥SÇ^a�~T��inÓn�wr�s}mVvXa°àbÏbi�ÎlÏ ΣδQ uZÁyÂ}ÃV_Tawi« Fig.1 S Fig.2 iX¯�â�]Vmt_Taw[n�{ÊXËjÌ�~
[ ·�×tØ ]

( � ) Fig.1 «\Ó\ÔjÑ�Õã� Fig.2 « Ö Ó\ÔbÑ©Õ ( ä ) Fig.1 « Ö ÓnÔjÑ�Õå� Fig.2 «\Ó\ÔbÑ©Õ
( æ ) Fig.1 S Fig.2 Sq§Zm\ÓqÔTÑáÕ ( Ú ) Fig.1 S Fig.2 Sq§Zm Ö ÓnÔjÑ�Õ
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1 çRè°é êRëíì îgïãð�ñíò ó�ôöõN÷ùøÇúgëíò ó δW < 0( û ) üùý ÷¦þVÿ ñ � û ô������	�Çëßò¦óVô δW = −p∆V ü�
 è��	��`÷�������� ëì î°ïåð�ñíò ó δW õ�÷ ø ú ( ��� õ�÷ ø¦ú (∆V > 0)) ë����������! #"Äô ∆U $�%�&�' �(� (∆U $�%*),+ �	� ) ��÷íë#-/.10(�������� �"32�45�6`ê ë ∆U < 0( 798�:3; ) é3<£÷��9.�=Çë?>�@�A9B�C�DE (∆U = δW + δQ) þ�0 ( F ñ δQ = 0 2�G�H`é�<°÷ ü õ�÷ ü ) ë ∆U ü
δW 2?I�J£ï�KML ü �tÿ*N ü ñ ý ÷���O�NßéÇëåðVñùògóVôöõ�÷ øÇúÄë ∆U 2?I3JÄê û é3<M07ëP�Q!2ÄþNÿ ñíò£ó�ô δW = −p∆V üR
 è õ�S� ë ò ó δW 2�I3JUT ûnüíý ÷



2. VXW p u 1 r,V (1.05 × 105 [Pa]), Y[Z T u 300 K i]\_^a`cb[`notp�r�s ( ÈbÉn�wo\plr�s�SZÌed ) u\�Zs À Vu 1[m3] i1f[g^mNv�x\zt|�aZ~y�ZiZonpjr�syi{���X���n�¥� �}f¡S{�,hw�qonpjrls¤i_Y[Zyu 350 K m�_�xnf�~�wi�rts¤i[iUjck,lq�nmw²ji��\�cb ∆U �Vr�sju^�gf�¼l½ δW ��àyi�ÝNvÞÕ δQ ���Z�j�{�[o¤ÐjÌ�~wfn�¡� �j�i1f�g�iZs À «w�n���apt�{rlsaq�r}« R = 8.31 J/mol·K Sl�£�_s�Ê�«Mt[u[rwv 3 x�º�\1y¡�Mz}�qz�Ê^ËlÌw~

(∆U) (δW ) (δQ)

3. LNMPORQ¤SVU^WNQZY{²�[^]�_ba/f�gem{� 1 kg iM{�S9|nr¤u�cXd9}¤Ð�]Ç�bzn|}aw~U~,�j�M��s¤i����Tº\�1{¤iwsÀ « 1.00×10−3 m3 ºTÆ¢Õã�_f,g�i�i�|�ryiMVXW p « 1 r[V (1.05 × 105 [Pa]) S¦¡aZ~y�{iMf[g^mVà¤Ï Q �� Ëqf^Sq�,hw�]�¤zli1{yu_{,�jr¥SN_áÕã�]{[�jr}iZs À u 1.671 m3 S�_�x\fl~y�ZiMf[g�i�L�M O¦Q¤S�U¡W�QY{²¡S`ic��mn«U���aW¤u��}[�pn��f�g�ini�VaW�SR»yi�VaW ( Á\r]V ) u]�bmUz�Õã¿yx{fZ�n�Tº����\mU�áÃ{§wi�S¡a�~l®�fn�c\My��lÏ ( �Ziw¾�¿ 1 kg) ÆnfáÕ°i1{}iZrt��à�« 2256 kJ/kg SÇ¡aw~\ÈlÉji�¹lm�ÊXËjÌ�~j_]���
|�r¤i��lÏT«1���}ºbÂja�§wiXS¦^aw~
(a) �Ziws À u1���¢�ÄfZr�s¤iw�����n��«U�l�n� S/��db[�Ê^ËlÌw~ ( �j�t� )

(b) �Zi������n��m���|lzn�_f,g�itiwr�sTu¡�Äf�¼j½y«U� [J] ºlÆTa�[ZÊeËjÌ�~

( Ê )

(c) �Zi����l�\�}ºn��{¤iM�c��à�iZÎlÏbu�� [J] [�Ê^ËjÌw~�_]���e�Zit¹ (c) i�àTÏjun�\r�s�m � Ë�] �¤f�àÏ Q ºbÆjaZ~

( Ê )

(d) �Zi������n�yºn�qr�s¤iai1jak[ln��mZ²biZ�n�wbTu1� [J] ºlÆTa�[ZÊeËjÌ�~

( Ê )


