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1. JLKNMPO 1 QSRUTWVYX[Z]\_^_`a^cbS^dOfeLgihkjmlYQUnUocpmqrVtscuPRUvcwfXaZ]\_^_`m^dbS^dOfePgihkj]xfwfytJUzf{}|~w�P� zL{����i�f�m�t�m�a�cO�|U�koPn[VdsUuWOLwL��� B→C |�w D→A vLycJU�����_�S�rsf���WOU�Wl���qS�csP�W����w�S�URWvfwf�W U¡�v n = 1 mol wL��� A O�¢U£ P0 |¥¤r¦ T0, §S¨_lcwf©LJS© γ �YªSnWot«U�U��V��dO�|¬��Vds

(a) ��� A Oc­ � �_�NqW�tsm®tO��rRWvcwf¯W­ �L° � R �YªSnWoU±LnWs
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(b) ��� B Od¤r¦ TB �_��qW�ts
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(c) ��� C, D O�¢W£²|¥¤r¦[�_��qW�ts

³�´
C µ ¶ ·@¸ ³�´

D µ ¶ ·�¸
(d) ®tOLergmhkjaO�JU¹Wº η �_��qW�ts
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2. �W U¡ n=1 mol OL»c¼W½�¾�½r¿rÀU¯S­�xSTSVkÁÂ®tOt¯W­m�dwSuWlY�U���NÃ~Äfergmh�jiRc���SzL{Å§¥�i��sf�S�WO��WlY�qW�ts������~wc«��[lrvfwSu�ÆPl�ÇSªÅ��oPnmV�È H
p0, V0 OL�dÇSª}��od�NqUVW®�|ks

(a) A→B w B→C w C→D w D→A OtÉP����zf{aOY�P�NldÊrnUoLwYJS¡SOtzL{U¾ δQ ���qW�ts������~wcJ�¡a�_ËmÌt��VkÍr�mvfwc«U�[lrvdÎrgUÏWÐUOtÑ H �_Ò[Ófod��qW�ts
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(b) A→B w B→C w C→D w D→A OdÉr�P�Uzf{mOY���[lcÊrn�oPwt¯W­�x����YÔWÕ δW �_�NqW�YsP�����¥wt¯W­SxtÔWÕm�§~Ö]�cÍr�avfwc«U�[lrvfÎrgUÏUÐUOtÑ H �_ÒNÓfo���qW�ts

A→B B→C C→D D→A

(c) ®tOLergmhkjaO�JU¹Wº η �_��qW�ts

¹Wº η



3. �W U¡ n=1 mol OL»c¼W½�¾�½r¿rÀU¯S­�xSTSVkÁÂ®tOt¯W­m�dwP×�ØP�W ²|U���tJPK�MW��p[qtw]u�lY�S���NÃ~ÄLÙcj�Ú�Û�egmh�jÅ|�vdÜ�OLePgih�j]Rc�r��zL{²§¥�NVtsfÙcj�Ú_Û�ePgah�javcwLÝLÜcKNM�ÄPOLRPwcÜiÞUßrl�àaád��VW®S|�x�RWßWVtstâ­Sã�lPvfw A→D→C→B→A OtämlcwLydJ�å]æPwcçU¤få]æPwPydJ�¢Pè]wdçU¤f¢�è[�i§¬��Vtsi®YOPéPwc��� A, B Ot¯U­]O¤r¦av T1 wc��� C, D O�¯W­�Oc¤L¦av T2 RSTWVdsLêr�Pwd��� A, B, C, D Ot¯W­�Oc­ � vcwPëfÖ�ìdÖ VA, VB, VC, VD RSTVdsíêr�Lwm®tOfÙdj�ÚYÛSOdÜUergih�javfwfîPÈ�O 4 Q]Ot�P�Uzf{���ï�VW®S|kRfwtðiá�¨ñÔUÕm�]§~ÖWwd¤r¦ T2 OtòW¤fJróá�¨ôJS¡ Q2 �YõaÓ�öø÷ùwrúP¤fJró�ûfJ�¡ Q1 �Yü]o]VU�tOrRSTUVdsd�S�WOr�WlY�NqW�tsL�����~wd¯W­ �c°
R vtªWnWo�±n[�dO�|¬��Vds

(a) ýaþrltwcÙdj�ÚYÛLePgahkjmlYQUnUotÿ��r�NVtstÙdjNÚYÛrePgah�j�RUvcwt¤f¦ T1 Ofú¤LJPóø|~wc¤r¦ T2 OtòU¤LJPó (T2 < T1) |�wc×�ØP��  ( �YÐ��ô^i|���\_^��cÛÂ|�ëO]ÆPl
	���
mþL�c¿�ÀU¯S­]O[®�| ) á ¨�Ä]VkJPK�MW�tp�qtw�úr¤LJ�ómáÂ¨��a�cJ�¡
(Q1) O����m�kð�ûP�NV�ÔWÕ (W ) l��aß��Nqdofw�� ÷¥OYJU¡ (Q2) vYò�¤cJPóSûPü�oV]|~nÅÃ��tOPRWT��c�rsS®�OLÙtj�Ú�ÛrerÛih�jiO�¹Uº η �tw T1, T2 �_ªWn�ot�NqU��s
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(b) ��� A→D lcÊ�nWod¯W­�xc��V~ÔSÕm� WAD ����qW�ts������~w �d��� jW©LJ CV,T1, T2 �YªWnWot«U�U��VW®�|�s

�
(c) ��� D→C lcÊ�nWod¯W­Sxc��V�ÔSÕm� WDC �_�NqW�ts������~wf¯U­ �L°

R w T2, VC, VD ��ªSnWot«U�U��VW®�|�s

�
(d) ®tOLÙcj�Ú�ÛUOcÜUergah�j]RPw�¯W­�x[§~Ö��tÔWÕ W �_�NqW��sL�����~wt¯W­ �c°

R w T1, T2, VA, VB, VC, VD �YªSnot«U�U��VU®�|ks

�
(e) �
�mZL^cO�M�����á�¨~w VA, VB, VC, VD l� ÷"!PQiM����m��#mÓYs

�



(f) ®tOPÙcj�ÚYÛSOcÜWergmh�jaO�JLK�MrOt¹Wº η �%$aþ��tsr�����~w T1, T2 �YªSnWot«U�U��VU®�|ks

�
4. TSV'&)( 1 kg �*&)+²§¥�i��|�ßdw q[kJ/kg] O�J�¡Sx�,�-²����|¬��Vdsm®tO�&)(N�*&)+Å§¥��VW®�|kRPw�úP¤LJró�Oc¤r¦]x

T1 [K] l/.[�cÖ�Vdsm®tOLúr¤LJróø|�wr¤r¦]x T2 [K] OtòW¤LJrómáÂ¨�Ä�VtÙcj�Ú�Û�ergmh_jixSTSVi|¥��Vdsf�S�WO���lY�qW�ts
(a) ®tO�&)(ix M [kg] T
�L��|¬��V�sm®tOPérw�&)(aO�&)+rJ Q1 �_��qW�ts ( � )

(b) ®tO�&)(aO�&)+iá�¨�� ¨ Ö�V�ÔWÕ W �_��qW�ts

( � )

(c) òW¤LJró�l_ËmÌt��V�J�¡ Q2 ����qW�ts

( � )

(d) &0(]x2103U�0�f�[| �NVdsdúL¤fJPó[Od¤L¦ T1 = 300 [◦C] RLw�òU¤fJPó[Od¤L¦ T2 = 20 [◦C] RWT4�d��| �NV�si®�OLÙj�Ú�ÛSO�J�ergmh�jiá�¨�Ä�V�JLK�MrOt¹Wº η �_��qW�ts

( � )

(e) 103WO q = 4.5× 104 [kJ/kg] RSTSV�sfnSêfw5103 10 kg �*&0+²§¬�i�N|�ßtw2� ¨ Ö[V�ÔWÕ W |�wtòW¤fJróNlYËaÌt�V�J�¡ Q2 �_��qW�ts
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