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�¥ªæ¨ï 1�¥à¬®¤¨ ¬¨ç¥áª®¥ à ¢®¢¥á¨¥.I-¥ � ç «® â¥à¬®¤¨ ¬¨ª¨�¥à¬®¤¨ ¬¨ª , { íâ® ä¥®¬¥®«®£¨ç¥áª ï â¥®à¨ï, ®¯¨áë¢ îé ï ¯®¢¥-¤¥¨¥ ¬�ªà®áª®¯¨ç¥áª®© á¨áâ¥¬ë ¨«¨ â¥« , à áá¬ âà¨¢ ¥¬ëå ª ª á®¢®-ªã¯®áâì ®£à®¬®£® ç¨á« , � 106, ¡®«¥¥ ¨«¨ ¬¥¥¥ ®¤¨ ª®¢ëå ¬�ªà®®¡ê¥ªâ®¢: ç áâ¨æ,  â®¬®¢, ¬®«¥ªã«, á¯¨®¢, ¨ â.¤. �à¨¬¥à ¬¨ â ª¨åá¨áâ¥¬ ¡ã¤ãâ á«ã¦¨âì £ §ë, ¦¨¤ª®áâ¨, â¢¥à¤ë¥ â¥« , ¬ £¥â¨ª¨, ¨ â.¤.�à¥¤¬¥â®¬ ¨§ãç¥¨ï à ¢®¢¥á®© â¥à¬®¤¨ ¬¨ª¨ ï¢«ïîâáï â ª¨¥ á®-áâ®ï¨ï íâ®© ¬�ªà®á¨áâ¥¬ë, ª®â®àë¥ ¢¯®«¥ ®¯à¥¤¥«ïîâáï «¨èì ¥¡®«ì-è¨¬ ç¨á«®¬ \¢¥è¨å" ¨ \¢ãâà¥¨å" (¯® ®â®è¥¨î ª íâ®© ¬�ªà®-á¨áâ¥¬¥) ¬�ªà®¯ à ¬¥âà®¢,  ¯à¨¬¥à: ®¡ê¥¬®¬ V ¨ ¤ ¢«¥¨¥¬ P , ¨«¨¢¥è¨¬ ¬ £¨âë¬ ¯®«¥¬ H ¨ ¥¥  ¬ £¨ç¥®áâìîM ¨ â.¤.� ¯à®áâ¥©è¥¬ á«ãç ¥, ª®£¤  á¨áâ¥¬  ¥ ®¡¬¥¨¢ ¥âáï á ¢¥è¨¬¨â¥« ¬¨ ¨ í¥à£¨¥©, ¨ ¢¥é¥áâ¢®¬, ¨ ¨§«ãç¥¨¥¬, ®   §ë¢ ¥âáï § -¬ªãâ®© ¨«¨ ¨§®«¨à®¢ ®©. �  ®á®¢¥ ®¯ëâ  ¢ â¥à¬®¤¨ ¬¨ª¥ ¯®áâã-«¨àã¥âáï, çâ® ¢áïª ï ¨§®«¨à®¢  ï á¨áâ¥¬  ¯® ¨áâ¥ç¥¨î ¥ª®â®à®£®¢à¥¬¥¨ t, ¯à¥¢ëè îé¥£® å à ªâ¥à®¥ ¤«ï ¥¥ ¢à¥¬ï à¥« ªá æ¨¨ � , ¯à¨-å®¤¨â ¢ â ª®¥ á®áâ®ï¨¥ â¥à¬®¤¨ ¬¨ç¥áª®£® à ¢®¢¥á¨ï, ¨§ ª®â®à®£® ¢¤ «ì¥©è¥¬, ¯à¨ t > � , ®  ã¦¥ ¥ ¬®¦¥â ¢ë©â¨ á ¬®¯à®¨§¢®«ì®.�¬¥® â ª¨¥ à ¢®¢¥áë¥ á®áâ®ï¨ï ¢¯®«¥ å à ªâ¥à¨§ãîâáï â¥¬á ¬ë¬ ¥¡®«ìè¨¬ ç¨á«®¬ á¢®¨å ¬�ªà®¯ à ¬¥âà®¢ ª ª äãªæ¨© «¨èìá®áâ®ï¨ï á¨áâ¥¬ë, â ª¨å ª ª ®¡ê¥¬ V ¨ ¤ ¢«¥¨¥ P . �®íâ®¬ã ¯à¥¤áâ -¢«ï¥â ¨â¥à¥á â®, ª ª¨¬ ®¡à §®¬ à¥ «¨§ãîâáï íâ¨ á®áâ®ï¨ï,   â ª¦¥ª ª ª¨¬ ä¨§¨ç¥áª¨¬ á«¥¤áâ¢¨ï¬ ¯à¨¢®¤¨â ª ª á ¬ ä ªâ ¨å áãé¥áâ¢®-¢ ¨ï, â ª ¨ à §«¨çë¥ ¢®§¬®¦®áâ¨ ¨å  àãè¥¨ï. � §¤¥«¥¨¥ ¯ à -¬¥âà®¢ á¨áâ¥¬ë   ¢¥è¨¥ ¨ ¢ãâà¥¨¥ ¢¥áì¬  ãá«®¢® ¨ § ¢¨á¨â ®âá¯®á®¡  ¢ë¤¥«¥¨ï á¨áâ¥¬ë ¨§ ¥¥ ®ªàã¦¥¨ï.5



|6|1 �¥à¬¨ç¥áª®¥ à ¢®¢¥á¨¥ ¨ â¥¬¯¥à âãà �®íâ®¬ã ¯à¨ ¢ë¤¥«¥¨¨ â¥à¬®¤¨ ¬¨ç¥áª¨å á¨áâ¥¬ ¨§ ®ªàã¦ îé¥£®¯à®áâà áâ¢  ¨«¨ ®â¤¥«¥¨¨ ¨å ¤àã£ ®â ¤àã£  ¢ ¦ãî à®«ì ¨£à îâ á¢®©-áâ¢  à §«¨ç®£® à®¤  áâ¥®ª. �«¥¤ãï �. �®àã [9], ¨¤¥ «¨§ æ¨î áãé¥-áâ¢ãîé¨å ¢ ¯à¨à®¤¥ áâ¥®ª ¬®¦® á¢¥áâ¨ ª âà¥¬ ®á®¢ë¬ ¢ à¨ â ¬.� �¤¨ ¡ â¨ç¥áª ï áâ¥ª  â ª®¢ , çâ® á®áâ®ï¨¥ â¥à¬®¤¨ ¬¨ç¥áª®£®à ¢®¢¥á¨ï  å®¤ïé¥©áï ¢ íâ®©  ¤¨ ¡ â¨ç¥áª®© ®¡®«®çª¥ á¨áâ¥¬ë (â¥« )¬®¦®  àãè¨âì â®«ìª® ¯ãâ¥¬ ¯¥à¥¬¥é¥¨ï áâ¥®ª ®¡®«®çª¨, â.¥. â®«ìª®¯ãâ¥¬ á®¢¥àè¥¨ï á¨áâ¥¬®© ¬¥å ¨ç¥áª®© à ¡®âë �A  ¤ á¢®¨¬ ®ªàã¦¥-¨¥¬ ¨«¨ à ¡®âë ®ªàã¦¥¨ï �A0 = ��A  ¤ á¨áâ¥¬®©. � â ª®© ®¡®«®çª¥§ ª«îç¥  ¢áïª ï ¨§®«¨à®¢  ï á¨áâ¥¬  (�¨á. 1.1).� �¨ â¥à¬¨ç¥áª ï áâ¥ª  â ª®¢ , çâ® ¤¢¥ ¯®¤á¨áâ¥¬ë (¨«¨ â¥« ) 1¨ 2, à §¤¥«¥ë¥ â ª®© ¥¯à®¨æ ¥¬®© ¥¯®¤¢¨¦®© ¯¥à¥£®à®¤ª®©,  å®-¤ïáì ¢ ®¡é¥©  ¤¨ ¡ â¨ç¥áª®© ®¡®«®çª¥, ¤®áâ¨£ îâ á®áâ®ï¨ï ®¡é¥£® ¤«ï1+2 â¥à¬®¤¨ ¬¨ç¥áª®£® à ¢®¢¥á¨ï â®«ìª® ¢ á«ãç ¥ ¢ë¯®«¥¨ï ®¯à¥-¤¥«¥ëå á®®â®è¥¨© ¬¥¦¤ã ¨å ¬�ªà®¯ à ¬¥âà ¬¨:F1+2(P1; V1jP2; V2) = 0: (1.1)� íâ®¬ á«ãç ¥ £®¢®àïâ, çâ® ¯®¤á¨áâ¥¬ë 1 ¨ 2 â¥à¬®¤¨ ¬¨ç¥áª¨ à ¢®-¢¥á®© á¨áâ¥¬ë 1+2  å®¤ïâáï ¢ á®áâ®ï¨¨ â¥à¬¨ç¥áª®£® à ¢®¢¥á¨ï¬¥¦¤ã á®¡®© (�¨á. 1.2).� �à®¨æ ¥¬ë¥ (¢®®¡à ¦ ¥¬ë¥) áâ¥ª¨, ¤®¯ãáª îé¨¥ ®¡¬¥ ¨ ç -áâ¨æ ¬¨ (¤¨ääã§¨î),   «®£¨ç® ¯®§¢®«ïâ £®¢®à¨âì ® á®áâ®ï¨¨ å¨¬¨-ç¥áª®£® à ¢®¢¥á¨ï ¬¥¦¤ã ¯®¤á¨áâ¥¬ ¬¨ 1 ¨ 2 (�¨á. 1.3).� ®á®¢¥ ¢¢¥¤¥¨ï ¯®ïâ¨ï í¬¯¨à¨ç¥áª®© â¥¬¯¥à âãàë «¥¦¨â á«¥¤ãî-é¨© í¬¯¨à¨ç¥áª¨© ä ªâ âà §¨â¨¢®áâ¨ á®áâ®ï¨ï â¥à¬¨ç¥áª®£® à ¢-®¢¥á¨ï: ¤¢  â¥«  1 ¨ 2,  å®¤ïé¨¥áï ª ¦¤®¥ ¢ á®áâ®ï¨¨¨ â¥à¬¨ç¥áª®£®à ¢®¢¥á¨ï á âà¥âì¨¬ â¥«®¬ 3,  ¢â®¬ â¨ç¥áª¨ ®ª §ë¢ îâáï ¢ â¥à¬¨ç¥-áª®¬ à ¢®¢¥á¨¨ ¨ ¬¥¦¤ã á®¡®©. �.¥. á®áâ®ï¨¥ á¨áâ¥¬ë 1+2+3 ¡ã¤¥â¯®«®áâìî â¥à¬®¤¨ ¬¨ç¥áª¨ à ¢®¢¥áë¬ ¨ ¥ ¨§¬¥¨âáï, ¥á«¨ ®ç¥ì¯« ¢® § ¬¥¨âì  ¤¨ ¡ â¨ç¥áªãî áâ¥ªã ¬¥¦¤ã 1 ¨ 2 ¤¨ â¥à¬¨ç¥áª®©:F1+3(P1; V1jP3; V3) = 0;F2+3(P2; V2jP3; V3) = 0; 9=; =) F1+2(P1; V1jP2; V2) = 0: (1.2)�® ¦¥ à ¢®¢¥á®¥ á®áâ®ï¨¥ ãáâ ®¢¨âáï, ¥á«¨ â¥«® 3 à §¤¥«¨âì ¤¨ â¥à-¬¨ç¥áª¨¬¨ áâ¥ª ¬¨ ¥é¥   ¯à®¨§¢®«ì®¥ ç¨á«® ç áâ¥©. �â  á¨âã æ¨ï¢®§¬®¦ , â®«ìª® ¥á«¨ äãªæ¨¨ F ¢ (1.1), (1.2) ¯à¥¤áâ ¢�̈¬ë ¢ ¢¨¤¥:



|7|F1+3(P1; V1jP3; V3) � f1(P1; V1)� f3(P3; V3);F2+3(P2; V2jP3; V3) � f2(P2; V2)� f3(P3; V3);F1+2(P1; V1jP2; V2) � f1(P1; V1)� f2(P2; V2); (1.3)â.¥. Fl+i(Pl; VljPi; Vi) = fl(Pl; Vl)�fiPi; Vi), l 6= i, ¨ ®§ ç ¥â, çâ® ãá«®¢¨ïâ¥à¬¨ç¥áª®£® à ¢®¢¥á¨ï (1.2) à ¢®á¨«ìë á®®â®è¥¨ï¬ (�¨á. 1.4):f1(P1; V1) = f3(P3; V3) = f2(P2; V2); £¤¥ f1(P1; V1) = f2(P2; V2) (1.4)¨ ¥áâì ãá«®¢¨¥ â¥à¬¨ç¥áª®£® à ¢®¢¥á¨ï ¤¢ãå â¥«. �ë¡à ¢,  ¯à¨¬¥à,â¥«® 3 ¢ ª ç¥áâ¢¥ â¥à¬®¬¥âà , ¯®« £ ¥¬ fi(Pi; Vi) = �i. �®£¤  ãá«®¢¨ï(1.4) â¥à¬¨ç¥áª®£® à ¢®¢¥á¨ï á ¨¬ â¥«  1, �1 = �3, ¨ â¥«  2, �2 = �3,®§ ç îâ ®¯à¥¤¥«¥ãî § ¢¨á¨¬®áâì ¬¥¦¤ã ¨å ¯ à ¬¥âà ¬¨ Pi ¨ Vi ¨íâ®© í¬¯¨à¨ç¥áª®© ãá«®¢®© â¥¬¯¥à âãà®© �i = �3. � ª¨¬ ®¡à §®¬, ¢áï-ª®¥ à ¢®¢¥á®¥ á®áâ®ï¨¥ ¯à®¨§¢®«ì®© â¥à¬®¤¨ ¬¨ç¥áª®© ¯®¤á¨áâ¥¬ë,¯®¬¨¬® P ¨ V , å à ªâ¥à¨§ã¥âáï ¥é¥ ®¤¨¬ \¢ãâà¥¨¬" ¯ à ¬¥âà®¬ {äãªæ¨¥© á®áâ®ï¨ï �, § ¤ ¢ ¥¬®© â¥à¬¨ç¥áª¨¬ ãà ¢¥¨¥¬ á®áâ®ï¨ï:� = f(P; V ); ¨«¨: T = 	(�) = 	(f(P; V )) � T (P; V ); (1.5){ ¤«ï ¥ª®â®à®©  ¡á®«îâ®© â¥¬¯¥à âãàë T = 	(�), ¥á«¨ § ä¨ªá¨à®¢ âì¥®¤®§ ç®áâì ¯¥à¢®£® í¬¯¨à¨ç¥áª®£® ®¯à¥¤¥«¥¨ï ¢ (1.5) ¤®¯®«¨â¥«ì-ë¬ ãá«®¢¨¥¬ ®à¬¨à®¢ª¨, ª®â®à®¥ ¡ã¤¥â ãª § ® ¨¦¥, ¢ (2.31).�¦¥ ¨§ á ¬®£® ä ªâ  áãé¥áâ¢®¢ ¨ï â¥à¬¨ç¥áª®£® ãà ¢¥¨ï á®áâ®ï-¨ï (1.5), á¢ï§ë¢ îé¥£® íâ¨ âà¨ à §«¨çë¥ äãªæ¨¨ á®áâ®ï¨ï á¨áâ¥¬ë,¯ãâ¥¬ ¤¨ää¥à¥æ¨à®¢ ¨ï á ¬®£® ®¡é¥£® ¢¨¤  íâ®£® ãà ¢¥¨ï:�(P; V; T ) = 0; d� � �0PdP + �0V dV + �0TdT ) 0; �0V =  @�@V !T;P ; (1.6)¯à®çâ¥®£® ª ª: dT (P; V ) =  @T@P !V dP +  @T@V !P dV; (1.7)«¨¡® ª ª: dP (V; T ) =  @P@V !T dV +  @P@T !V dT; (1.8)¨«¨ ª ª: dV (P; T ) =  @V@P !T dP +  @V@T !P dT; ¢ëâ¥ª ¥â, çâ®: (1.9) @T@P !V = � �0P�0T ;  @P@V !T = � �0V�0P ;  @V@T !P = � �0T�0V ; ®âªã¤  (1.10)¨¬¥¥¬  @P@V !T  @T@P !V  @V@T !P = �1; çâ® ¢ á¨«ã:  @T@P !V =  @P@T !�1V ; (1.11)¢¨¤® ¨ ¨§ «î¡®£® ¨§ ãà ¢¥¨© (1.7){(1.9) [áà ¢¨ á (1.7)=dV ¯à¨ dT = 0].



|8|�®®â¢¥âáâ¢ãîé¨¥ íªá¯¥à¨¬¥â «ì®  ¡«î¤ ¥¬ë¥ ¢¥«¨ç¨ë ¥áâì:�V = 1P  @P@T !V = â¥à¬¨ç¥áª¨© ª®íää¨æ¨¥â ¤ ¢«¥¨ï; (1.12)�P = 3�LP = 1V  @V@T !P = ª®íää¨æ¨¥â ®¡ê¥¬®£® à áè¨à¥¨ï; (1.13)KT = � 1V  @V@P !T = ¨§®â¥à¬¨ç¥áª ï á¦¨¬ ¥¬®áâì; (1.14)¨ ®ª §ë¢ îâáï á¢ï§ ë â®£¤  á®®â®è¥¨¥¬ �P = P�VKT : (1.15)�¬¥® ¯®â®¬ã, çâ® § ç¥¨ï â¥à¬®¤¨ ¬¨ç¥áª¨å ¯ à ¬¥âà®¢ P; V; T , å -à ªâ¥à¨§ãîé¨å à ¢®¢¥á®¥ á®áâ®ï¨¥, ¯® ®¯à¥¤¥«¥¨î ï¢«ïîâáï § ç¥-¨ï¬¨ äãªæ¨© á®áâ®ï¨ï á¨áâ¥¬ë, â® ¥áâì § ¢¨áïâ â®«ìª® ®â á ¬®£® à ¢-®¢¥á®£® á®áâ®ï¨ï, ® ¥ § ¢¨áïâ ®â â®£®, ª ª¨¬ ¯ãâ¥¬ á¨áâ¥¬  ¢ ¥£®¯®¯ « , ¨å ¯à¨à é¥¨ï § ¤ îâáï ¯®«ë¬¨ ¤¨ää¥à¥æ¨ « ¬¨ íâ¨å äãª-æ¨©, ¨ ¨¬¥îâ ¬¥áâ® ¨ á¬ëá« ¢á¥ à ¢¥áâ¢  (1.5){(1.15). �¢¥¤¥ë¥ ¯ à -¬¥âàë, ®¤ ª®, ¥ ¨áç¥à¯ë¢ îâ ¢á¥å ¢®§¬®¦ëå äãªæ¨© á®áâ®ï¨ï.2 I-¥ � ç «® â¥à¬®¤¨ ¬¨ª¨�®§¬®¦®áâì á¨áâ¥¬¥ (¨«¨  ¤ á¨áâ¥¬®©) á®¢¥àè âì à ¡®âã, ®áâ -¢ ïáì ¢  ¤¨¡ â¨ç¥áª®© ®¡®«®çª¥, ®§ ç ¥â, çâ® á¨áâ¥¬  ¬®¦¥â § ¯ á âìí¥à£¨î,   ¨¬¥®: ¢ãâà¥îî í¥à£¨î U . � ª ª ª   ®¯ëâ¥ ®ª §ë-¢ ¥âáï, çâ® ¤«ï  ¤¨ ¡ â¨ç¥áª®£® ¯¥à¥å®¤  á¨áâ¥¬ë ¬¥¦¤ã § ¤ -ë¬¨  ç «ìë¬ ¨ ª®¥çë¬ à ¢®¢¥áë¬¨ á®áâ®ï¨ï¬¨ âà¥-¡ã¥âáï ¢á¥£¤  ®¤  ¨ â  ¦¥ à ¡®â  (�A)Q ¥§ ¢¨á¨¬® ®â á¯®á®¡ ¨ áª®à®áâ¨ ¯à®æ¥áá  ¯¥à¥å®¤  (�¨á. 1.1), â®, ¯®   «®£¨¨ á ¬¥å ¨-ª®©, ¬®¦®  §¢ âì íâã ¢¥«¨ç¨ã \ ¤¨ ¡ â¨ç¥áª¨¬ ¯®â¥æ¨ «®¬". �.¥.I-¥  ç «® ¯®áâã«¨àã¥â, çâ® ã á¨áâ¥¬ë ¨¬¥¥âáï ¥é¥ ®¤¨ \¢ãâà¥¨©"â¥à¬®¤¨ ¬¨ç¥áª¨© ¯ à ¬¥âà { ¥¥  ¤¨ ¡ â¨ç¥áª¨© ¯®â¥æ¨ « U { ª ªäãªæ¨ï ¥¥ á®áâ®ï¨ï, § ¢¨áïé¨© ¢ á¨«ã (1.5) ®â «î¡ëå (¤¢ãå) ¥§ ¢¨-á¨¬ëå ¯ à ¬¥âà®¢. � ª çâ® à ¡®â  ¯à¨ «î¡®¬  ¤¨ ¡ â¨ç¥áª®¬ ¯à®æ¥áá¥á®¢¥àè ¥âáï á¨áâ¥¬®© â®«ìª® §  áç¥â ã¡ë«¨ ¥¥ ¢ãâà¥¥© í¥à£¨¨ U  :(dU)Q = �(�A)Q; £¤¥: U = U(T; V ) �) U(P; V )) U(T; P )�; (1.16){ ¥áâì ª «®à¨ç¥áª®¥ ãà ¢¥¨¥ á®áâ®ï¨ï á¨áâ¥¬ë,   ¨¤¥ªá Q á¨¬¢®«¨-§¨àã¥â  ¤¨ ¡ â¨ç¥áª¨© ¯à®æ¥áá. �á«¨ â¥¯¥àì, ®¡à é ïáì ª ¤¨ â¥à¬¨ç¥-áª¨¬ áâ¥ª ¬, ®¯à¥¤¥«¨âì ¯®ïâ¨¥ ª®«¨ç¥áâ¢  â¥¯«  �Q ª ª â®â ¥é¥



|9|®¤¨ á¯®á®¡ ¯¥à¥¤ ç¨ í¥à£¨¨ ¬¥¦¤ã ¯®¤á¨áâ¥¬ ¬¨ 1 ¨ 2, ª®â®àë© ¡ë«§ ¯à¥é¥  ¤¨¡ â¨ç¥áª¨¬¨ áâ¥ª ¬¨, ® áâ « ¢®§¬®¦¥ ¤«ï ¤¨ â¥à¬¨-ç¥áª¨å áâ¥®ª ¢ ¯à®æ¥áá¥ ãáâ ®¢«¥¨ï â¥à¬¨ç¥áª®£® à ¢®¢¥á¨ï (1.1),â® ¡ « á § ª®  á®åà ¥¨ï í¥à£¨¨ ã¦¥ ¤«ï «î¡®£® â ª®£® ¯à®æ¥áá ¢ëà ¢¨¢ ¨ï, ¢¬¥áâ® (1.16), ¯à¨¨¬ ¥â ¢¨¤:(I-¥ � ç «®) dU = �Q� �A; ¨«¨: �Q = dU + �A � �W: (1.17)�.¥. ¯à¨à é¥¨¥ ª®«¨ç¥áâ¢  â¥¯«  �Q ¥áâì ¯à®áâ® ¯®« ï ¯®¤¢¥¤¥- ï ª á¨áâ¥¬¥ í¥à£¨ï �W , ª®â®à ï ¨¤¥â   ¯à¨à é¥¨¥ ¥¥ ¢ãâà¥¥©í¥à£¨¨ �U ¨   á®¢¥àè¥¨¥ íâ®© á¨áâ¥¬®© í«¥¬¥â à®© à ¡®âë �A ¯à¨¯à®¨§¢®«ì®¬, ¢ â®¬ ç¨á«¥ ¥ ¤¨ ¡ â¨ç¥áª®¬ ¯à®æ¥áá¥. �à¨à é¥¨ï �Q¨ �A § ¢¨áïâ ®â ¯ãâ¨, á¯®á®¡  ¨ áª®à®áâ¨ ¯à®æ¥áá , â.¥. ï¢«ïîâáï ¥£®äãªæ¨® « ¬¨,   ¯®â®¬ã ¥ ¬®£ãâ ¡ëâì ¯à¥¤áâ ¢«¥ë ¯®«ë¬¨ ¤¨ää¥-à¥æ¨ « ¬¨. �®£¤  ª ª ¤«ï ¯à¨à é¥¨ï ¢ãâà¥¥© í¥à£¨¨ á¨áâ¥¬ë,ª ª äãªæ¨¨ â®«ìª® ¥¥ á®áâ®ï¨ï, ¨¬¥¥¬: �U =) dU .� §ë¥ â¥à¬®¤¨ ¬¨ç¥áª¨¥ ¯ à ¬¥âàë P; V; T ¨ â.¤. ¨¬¥îâ à §ë¥¢à¥¬¥  à¥« ªá æ¨¨ �P ; �V ; �T ¤ ¦¥ ¤«ï ¯à®æ¥áá®¢ ¢ ®¤®© á¨áâ¥¬¥. �¢¥-¤¥®¥ ¢ëè¥ ¢à¥¬ï à¥« ªá æ¨¨ ¢á¥© á¨áâ¥¬ë � = max(�P ; �V ; �T ). �à®æ¥áá¨§¬¥¥¨ï â¥à¬®¤¨ ¬¨ç¥áª®£® ¯ à ¬¥âà  Y   ¢¥«¨ç¨ã �Y , ¯à®â¥-ª îé¨© §  ¢à¥¬ï �t � � á® áª®à®áâìî _Y = �Y=�t � �Y=� , ¬®£®¬¥ìè¥© áª®à®áâ¨ à¥« ªá æ¨¨ ¢á¥å ¯ à ¬¥âà®¢ á¨áâ¥¬ë, ¬®¦® ¯à¥¤-áâ ¢¨âì ª ª ¯®á«¥¤®¢ â¥«ìãî æ¥¯®çªã ¡¥áª®¥ç® ¡«¨§ª¨å à ¢®¢¥áëåá®áâ®ï¨© á ®¯à¥¤¥«¥ë¬¨ § ç¥¨ï¬¨ Y . � ª¨¥ ¬¥¤«¥ë¥ ¯à®æ¥ááë §ë¢ îâ à ¢®¢¥áë¬¨, ª¢ §¨áâ â¨ç¥áª¨¬¨ ¨«¨ ®¡à â¨¬ë¬¨, â.ª. ¯®-á«¥¤®¢ â¥«ì®áâì à ¢®¢¥áëå á®áâ®ï¨© ¢á¥£¤  ¬®¦® ¯à®©â¨ ¢ ®¡à â-®¬ ¯®àï¤ª¥. � â.ª. ¢ ª ¦¤®¬ ¨§ â ª¨å ¯à®¬¥¦ãâ®çëå á®áâ®ï¨© ¢á¥¨å ¯ à ¬¥âàë ¨¬¥îâ ®¯à¥¤¥«¥ë¥ § ç¥¨ï, â® ¨å ¬®¦® ¨§®¡à §¨âì ¢¢¨¤¥ £« ¤ª®© ªà¨¢®©   ¯«®áª®áâ¨ (P; V ), ¨«¨ (T; V ), ¨«¨ (T; P ) ¨ â.¤.,ª ª: '(P; V ) = const; '(T; V ) = const; '(T; P ) = const; (1.18)£¤¥ ¤«ï ¯à®áâëå á¨áâ¥¬ ãà ¢¥¨¥ ¯à®æ¥áá  '(�; �) = const á¢ï§ë¢ ¥â ¥¡®«¥¥ ¤¢ãå ¯ à ¬¥âà®¢. �¥à ¢®¢¥áë¥ á®áâ®ï¨ï ¨ ¥à ¢®¢¥áë¥ ¯à®-æ¥ááë ¥ ¤®¯ãáª îâ ®¤®§ ç®£® £à ä¨ç¥áª®£® ¨§®¡à ¦¥¨ï. �® ¥á«¨ ç «ì®¥ ¨ ª®¥ç®¥ á®áâ®ï¨ï ¯à®¨§¢®«ì®£® ¯à®æ¥áá  ï¢«ïîâáï à ¢®-¢¥áë¬¨, â® ¯® ®â¤¥«ì®áâ¨ ¢ ª ¦¤®¬ ¨§ ¨å ¢ë¯®«ïîâáï ã¦¥ ¨ â¥à¬¨-ç¥áª®¥ (1.5), ¨ ª «®à¨ç¥áª®¥ (1.16) ãà ¢¥¨ï á®áâ®ï¨ï. �â® ¯®§¢®«ï¥â¤«ï «î¡®£® â ª®£® ¯à®æ¥áá   ©â¨ ¨§¬¥¥¨¥ «î¡®© äãªæ¨¨ á®áâ®ï¨ï,



|10| ¯à¨¬¥à, ¨§¬¥¥¨¥ äãªæ¨¨ ¢ãâà¥¥© í¥à£¨¨ á¨áâ¥¬ë:�U = U(T2; V2)� U(T1; V1) � U2 � U1 =) �Q��A: (1.19)�®¥çë¥ ¯à¨à é¥¨ï �A; �Q, ª ª ¨ �A; �Q, ¥¯à¥¤áâ ¢�̈¬ë ¢ ¢¨¤¥à §®áâ¨ á®®â¢¥âáâ¢ãîé¨å § ç¥¨©, â.ª. ¤«ï ¨å, ¢ ®â«¨ç¨¥ ®â U , ¥®¯à¥¤¥«¥® á ¬® ¯®ïâ¨¥ § ç¥¨ï ¢ ¤ ®¬ á®áâ®ï¨¨. �®íâ®¬ã ¨â¥-£à¨à®¢ ¨¥ ãà ¢¥¨ï I-£®  ç «  (1.17) ª ¢¨¤ã (1.19) âà¥¡ã¥â ã¬¥¨ï¨â¥£à¨à®¢ âì íâ¨ ¯à¨à é¥¨ï �A ¨ �Q. �«ï à ¢®¢¥áëå ¯à®æ¥áá®¢í«¥¬¥â à ï à ¡®â  â¥à¬®¤¨ ¬¨ç¥áª®© á¨áâ¥¬ë  ¤ ¢¥è¨¬¨ â¥« ¬¨¯®«®áâìî ¨â¥£à¨àã¥âáï § ª®¬ë¬ ¨§ ¬¥å ¨ª¨ ¢ëà ¦¥¨¥¬ ¤«ï «î¡®©¯ àë â¥à¬®¤¨ ¬¨ç¥áª¨ á®¯àï¦¥ëå á¨« Y ¨ ª®®à¤¨ â y,  ¯à¨¬¥à,P ¨ V , ¨«¨  ¯àï¦¥®áâ¨ ¬ £¨â®£® ¯®«ï H ¨  ¬ £¨ç¥®áâ¨M (6.10), ª ª:�A = Fd` = P�d` = PdV; ¨«¨ �A = Z Fd` = Z PdV () Z Y dy: (1.20)�®¯à®¡ã¥¬ ¯à®¨â¥£à¨à®¢ âì ¯à¨à é¥¨¥ ª®«¨ç¥áâ¢  â¥¯«  �Q á ¯®-¬®éìî ¯®«®£® ¤¨ää¥à¥æ¨ «  dT ãáâ ®¢«¥®© ¢ëè¥ äãªæ¨¨ á®áâ®ï-¨ï { â¥¬¯¥à âãàë á¨áâ¥¬ë T ,  ¯à¨¬¥à, ¤«ï § ¤ ëå ®¡à â¨¬ëå ¯à®-æ¥áá®¢ â¨¯  (1.18). �«ï íâ®£® ¯à¨¤¥âáï ¢¢¥áâ¨ â ªãî å à ªâ¥à¨áâ¨ªãª®ªà¥â®£® à ¢®¢¥á®£® ¯à®æ¥áá  ' = const, ª ª ¥£® â¥¯«®¥¬ª®áâì C':�Q = dU + �A =)eq dU + PdV; ¨ ¯à¨ U = U(T; V ) ; (1.21)�Q =  @U@T !V dT + " @U@V !T+ P # dV =)' (�Q)' = C'dT; ®âªã¤ , (1.22)¯à¨ ' =) V; â.ª. dV =)'=V 0; ¨¬¥¥¬: CV =  @U@T !V ; â® ¥áâì (1.23)8' : (C' � CV ) dT =' " @U@V !T + P # dV; çâ® ¯à¨ ' =) P (1.24)¤ ¥â, ¯à¨ç¥¬ ¢®¢ì 8' : (C' � CV ) dT =' (CP � CV )  @T@V !P dV: (1.25)�áª«îç ï ®âáî¤  dT ¯®¤áâ ®¢ª®© (1.7), ¯®«ãç¨¬:(C' � CV )  @T@P !V dP =' (CP � C')  @T@V !P dV;   ¯à¨¢«¥ª ï (1.11)¨ ¯®« £ ï 8' : n' � C' � CPC' � CV ;  å®¤¨¬:  @P@V !' = n'  @P@V !T ; (1.26)¨ ¤«ï «î¡ëå ¤¨ää-¬ëå äãªæ¨© g(P ); f(V ) : 0@@g(P )@f(V )1A'= n' 0@@g(P )@f(V )1AT:(1.27)



|11|�®®â®è¥¨ï (1.26), (1.27) ¯®§¢®«ïîâ ¢ëç¨á«ïâì ¯à®¨§¢®¤ë¥ ¤«ï «î-¡®£® ¯à®æ¥áá  ' = const ¯® áâ ¤ àâë¬ â¥¯«®¥¬ª®áâï¬ ¨ ¯à®¨§¢®¤ë¬(1.10) ®â â¥à¬¨ç¥áª®£® ãà ¢¥¨ï á®áâ®ï¨ï (1.5){(1.9), ¥á«¨ â®«ìª® íâ¨¯à®¨§¢®¤ë¥ ¨¬¥îâ á¬ëá« ¤«ï ¤ ëå á¨áâ¥¬ ¨ ¯à®æ¥áá®¢ (¨§«ãç¥¨¥!).�à¨¬¥à ¬®£®ç¨á«¥ëå á«¥¤áâ¢¨© (1.26) ¤ ¥â ¯®«¨âà®¯¨ç¥áª¨© ¯à®-æ¥áá, â.¥. ¯à¨ ¯®áâ®ï®© â¥¯«®¥¬ª®áâ¨ C' ) C = ' = const. �®£¤ n')nC { ¯®ª § â¥«ì ¯®«¨âà®¯ë. �à¨ CV;P 7! const, â.¥. nC)n = const,¤«ï ¬ ááë m ¨¤¥ «ì®£® £ §  á ¬®«¥ªã«ïàë¬ ¢¥á®¬ � ¢ ®¡ê¥¬¥ V :PV =) �RT; £¤¥ � = m� { ç¨á«® ¬®«¥© íâ®£® £ § , ¨¬¥¥¬ (1.28) @P@V !T =) � PV ; dPP =)C �ndVV ; ®âªã¤ : PV n = const: (1.29)�«ï à ¢®¢¥á®£®  ¤¨ ¡ â¨ç¥áª®£® ¯à®æ¥áá  C')CQ = 0, ¨ ¯®ª § â¥«ì¯®«¨âà®¯ë nQ á¢®¤¨âáï ª ¯®ª § â¥«î  ¤¨ ¡ âë , ®âªã¤ , á ãç¥â®¬ ®¯à¥-¤¥«¥¨ï (1.14) ¨§®â¥à¬¨ç¥áª®© á¦¨¬ ¥¬®áâ¨, ¨§ (1.26)  å®¤¨¬:KT = n'K')KQ; £¤¥ nQ) � CPCV ; ¨ KQ = � 1V  @V@P !Q (1.30)-  ¤¨ ¡ â¨ç¥áª ï á¦¨¬ ¥¬®áâì ¤«ï PV  = const ¢ â®¬ ¦¥ ¨¤¥ «ì®¬ £ §¥(1.28). �®à¬ã«  (1.27) ¯®§¢®«ï¥â «¥£ª®  ©â¨ ¢ ¥¬ ¨ áª®à®áâì §¢ãª  cs:P = �RT� ; � = mV ¢ ¢¨¤¥ c2s �  @P@� !Q =   @P@� !T =) RT� : (1.31)� ¬¥ç ¨¥ A. �¤¥áì ¬®«¥ªã«ïàë© ( â®¬ë©) ¢¥á � ¥áâì ¬ áá  ®¤®© ¬®«¥ªã«ë M1 ¢¥¤¨æ å ¬ ááë ¯à®â®  mp,   â®ç¥¥ { ¢  â®¬ëå ¥¤¨¨æ å ¬ ááë ( ¥¬) m0:mp � mn ' m0 � M1(C12)12 � 1; 66 � 10�24 £ � 931; 45 �í¢c2 ; �(X) = M1(X)m0 ; (1.32) ¯à¨¬¥à: �(H1) = 1; �(H2) = 2; �(H2O) = 2 + 16 = 18; �(O2) = 32; (1.33)£¤¥ ¯à¥¥¡à¥£ ¥âáï: jmp �mnj � mp725 ; ¨: me � mp1800 : (1.34)�®£¤  ¢ ®¤®¬ £à ¬¬-¬®«¥ (ªà âª® { ¬®«¥) { ª®«¨ç¥áâ¢¥ «î¡®£® ¢¥é¥áâ¢  X ¢ £à ¬¬ åç¨á«¥® à ¢®¬ ¥£® ¬®«¥ªã«ïà®¬ã ¢¥áã fM(X) = � � 1 £ { á®¤¥à¦¨âáï ®¤® ¨ â® ¦¥ç¨á«® ¬®«¥ªã« íâ®£® ¢¥é¥áâ¢ , à ¢®¥ ç¨á«ã ãª«®®¢ c ®¡é¥© ¬ áá®© ¢ ®¤¨ £à ¬¬:fM (X)M1(X) = � � 1 £� m0 = 1 £m0 � NA = 10241; 66 = 6; 02 � 1023 1¬®«ì ; â® ¥áâì ç¨á«ã �¢®£ ¤à®.(1.35)�® â ª ª ª M1 = �m0 = � � 1 £NA ) mN ; â® ç¨á«® ¬®«¥© �(¬®«ì)� NNA = m� � 1 £ : (1.36)� ª çâ® � = PVRT ¯à¨ ®¤¨ ª®¢ëå P; V; T ¥áâì ®¤  ¨ â  ¦¥ ¢¥«¨ç¨  (1.37)¤«ï à §ëå ¨¤¥ «ìëå £ §®¢, çâ® ¨ ®¡ àã¦¨« �¢®£ ¤à®. �§ (1.36) ¢¨¤®, çâ® ã¤®¡®¯à¨¯¨á âì ¢¥«¨ç¨¥ � à §¬¥à®áâì £/¬®«ì, çâ® ¨ ¯à¥¤¯®« £ «®áì ¢ (1.28), (1.31), â®£¤ :



|12|R = 8; 31441 �¦¬®«ìK = 8; 314 � 107 íà£¬®«ìK = 1; 9872 ª «¬®«ìK = 82; 057 á¬3 �  â¬¬®«ìK : (1.38)�à¨¬¥à I: �¨¦¥ ¯®ª § ®, çâ® ¢ãâà¥ïï í¥à£¨ï ¨¤¥ «ì®£® £ § (1.28) ¥ § ¢¨á¨â ®â ®¡ê¥¬  V : U(T; V )) U(T ). �à¨ ' = P ¢ (1.21) ª ª¢ (1.24): (C' � CV ) dT = PdV = d(PV ) � V dP )P d(PV ) = d(RT ), çâ®¤«ï ®¤®£® ¥£® ¬®«ï ¤ ¥â á®®â®è¥¨¥ � ©¥à : CP = CV + R. �î¡®©£ § á CV = const  §ë¢ îâ á®¢¥àè¥ë¬. �ãáâì â ª®© ¨¤¥ «ìë© á®-¢¥àè¥ë© £ § ç¥à¥§ ¬ «®¥ ®â¢¥àáâ¨¥ ¢àë¢ ¥âáï ¢ á®áã¤ á ¢ ªãã¬®¬ ¨§ â¬®áä¥àë á ä¨ªá¨à®¢ ë¬ ¤ ¢«¥¨¥¬ P0 ¨ â¥¬¯¥à âãà®© T0. � ©¤¥¬¤«ï íâ®£® ¥®¡à â¨¬®£® ¯à®æ¥áá  â¥¬¯¥à âãàã T £ §  ¢ á®áã¤¥ ª ¬®¬¥âã¢ëà ¢¨¢ ¨ï ¤ ¢«¥¨©, áç¨â ï �T0 � �P0, â.¥. á®áã¤  ¤¨¡ â¨ç¥áª¨ ¨§®-«¨à®¢ ë¬,   íâ® ¥à ¢®¢¥á®¥ ¯® â¥¬¯¥à âãà¥ á®áâ®ï¨¥ T 6= T0 {¬¥â áâ ¡¨«ìë¬. �ãáâì ¢ á®áã¤ ¯à¨ íâ®¬ ¢®è«® � ¬®«¥© £ § , § ¨¬ ¢-è¨å à ¥¥ ¢  â¬®áä¥à¥ ®¡ê¥¬ V0. �.ª. �Q = 0, ¯à¨à é¥¨¥ ¢ãâà¥¥©í¥à£¨¨ ¢®è¥¤è¥£® £ §  �U à ¢® à ¡®â¥  ¤ ¨¬ á¨«  â¬®áä¥à®£®¤ ¢«¥¨ï à ¢®¢¥á®©  â¬®áä¥àë �A0:�U � TZT0 �CV dT1 = �CV (T � T0); �A0 � V0Z0 P0dV = P0V0 = �RT0;�U = �A0; 7! �CV (T � T0) = �RT0; CV T = CPT0; T = T0 > T0:�®áª®«ìªã à ¡®âã á®¢¥àè ¥â à ¢®¢¥á ï  â¬®áä¥à , ®âáî¤  ¢¨¤®, çâ® ã¦¥ ¯¥à¢ ï¬ « ï ¯®àæ¨ï £ §  ¨¬¥¥â â¥¬¯¥à âãàã T . �«¥¤ãîé¨¥ ¯®àæ¨¨, ¢àë¢ ïáì ¯®¤ ¬¥ìè¨¬¤ ¢«¥¨¥¬ �P = P0 � Pin, ¨¬¥îâ â¥¬¯¥à âãàã ¬¥ìè¥ T , ®, á¦¨¬ ï £ § ¢ á®áã¤¥,  -£à¥¢ îâ ¥£® ¢ëè¥ T . �à¨ � inT ' �P0 íâ¨ íää¥ªâë ¯®«®áâìî ¢§ ¨¬® ª®¬¯¥á¨àãîâáï[2] ¢ à¥§ã«ìâ â¥ ¡ëáâà®£® ¢ëà ¢¨¢ ¨ï â¥¬¯¥à âãàë £ §  ¢ á®áã¤¥. �¥£ª®  ©â¨ ¤ -¢«¥¨¥ £ §  ¢ á®áã¤¥ ®¡ê¥¬®¬ V , § ªàëâ®¬ ¢ ¬®¬¥â Pin = P0, ¯®á«¥ ¢ëà ¢¨¢ ¨ï ¥£®â¥¬¯¥à âãàë á  â¬®áä¥à®©: P0V = �RT; 7! P2V = �RT0, ®âªã¤ : P2 = P0= < P0.� ª ï¢áâ¢ã¥â ¨§ ®¡áã¦¤¥¨ï (1.22){(1.30), ¢ëà ¦¥¨¥ (�Q)' = C'dT ¢(1.22) ¥ ¯®§¢®«ï¥â ¯®«®áâìî, â.¥. ¥§ ¢¨á¨¬® ®â ¢¨¤  (1.18) ª¢ §¨áâ -â¨ç¥áª®£® (®¡à â¨¬®£®) ¯à®æ¥áá , ¯à®¨â¥£à¨à®¢ âì í«¥¬¥â à®¥ ¯à¨-à é¥¨¥ ª®«¨ç¥áâ¢  â¥¯« , â.ª. á ¬  â¥¯«®¥¬ª®áâì C' ®áâ ¥âáï äãª-æ¨® «ì® § ¢¨á¨¬®© ®â ¯à®æ¥áá  '. �¥®¡å®¤¨¬®  ©â¨ ¨®¥ ¯à¥¤áâ -¢«¥¨¥ ¤«ï �Q. � ®â«¨ç¨¥ ®â dU; dP; dV; dT ! 0 ¯à¥¤¥« (�Q)' ! 0 9 ª ª á®áâ®ï¨¥«¨èì ¤«ï § ¤ ®£® ¯à®æ¥áá  ', ® ¥§ ¢¨á¨¬ë© ®â ¯à®æ¥áá  ' ¯à¥¤¥« �Q! 0 ¥ 9.� ¤ ç¨1.1. �ç¨âë¢ ï (1.11){(1.14),  ©â¨ ï¢ë© äãªæ¨® «ìë© ¢¨¤ â¥à¬¨-ç¥áª®£® ãà ¢¥¨ï á®áâ®ï¨ï ¦¨¤ª®áâ¨, ¢ ª®â®à®© á¦¨¬ ¥¬®áâì ¨ ª®íä-



|13|ä¨æ¨¥â ®¡ê¥¬®£® à áè¨à¥¨ï à ¢ë: (a)�KT = b(P ), �P = a(T ); (b)�KT = �(T ), �P = A(P ); (c) �V KT = 1=!(T ), ª®£¤  â¥à¬¨ç¥áª¨© ª®íä-ä¨æ¨¥â ¤ ¢«¥¨ï P�V = B(V ). �á¥£¤  «¨ ¯à®¨§¢®«ìë íâ¨ äãªæ¨¨?1.2. �à¨¨¬ ï, çâ®  @U@V !T = 0, ¤«ï ¨¤¥ «ì®£® £ § , ¢ë¢¥áâ¨ ä®à¬ã«ã� ©¥à  ¤«ï ¬®«ïàëå â¥¯«®¥¬ª®áâ¥©: CP = CV +R, £¤¥ CV = CV (T ).1.3. � ©â¨ â¥¯«®¥¬ª®áâì ¬®«ï ¨¤¥ «ì®£® £ §  ¯®¤ ¯®àè¥¬ á ¯àã¦¨®©¦¥áâª®áâ¨ �, ¥á«¨ x0 = 0, CV 6= const, ¨ ¯®¤ ¯®àè¥¬ ¢ ¯®«¥ âï¦¥áâ¨ g.1.4. �¤¨ ¬®«ì ¨¤¥ «ì®£® £ §   å®¤¨âáï ¢ ®¡ê¥¬¥ V1 = V , ¯®¤ § ªà¥¯-«¥ë¬ ¯®àè¥¬   ¨§ ç «ì® á¢®¡®¤®© ¯àã¦¨¥ ¦¥áâª®áâ¨ �. �à¨®á¢®¡®¦¤¥¨¨ ¯®àèï: V1 ! V2 = 2V . � ©â¨ T2 ¨ P2.1.5. �§ § ¤. 1.3.  ©â¨ â¥¯«®¥¬ª®áâì ¨ æ¥âà âï¦¥áâ¨ áâ®«¡  ¢®§¤ãå  ¢ â¬®áä¥à¥ ¯à¨ T = const, ¨ áà. á ¡ à®¬¥âà¨ç¥áª®© ä®à¬ã«®© ([11] N 42).1.6. �«ï á¨áâ¥¬ á PV=U = � = const  ©â¨ ãà ¢¥¨¥  ¤¨ ¡ âë ¨KQ(P ).1.7. � ©â¨ ¥£® ¤«ï ¨¤¥ «ì®£® £ §  ¢ ¯¥à¥¬¥ëå (P; V ), (T; V ), (T; P ).1.8. � ©â¨ £à ¤¨¥â â¥¬¯¥à âãàë á ¢ëá®â®© ¯à¨  ¤¨ ¡ â¨ç¥áª®¬ à á-è¨à¥¨¨ í«¥¬¥â  ®¡ê¥¬  ¢®§¤ãå  ¨ ãá«®¢¨¥ ¥£® ãáâ®©ç¨¢®áâ¨ ¯® ®â®-è¥¨î ª ª®¢¥ªæ¨¨ ¢  â¬®áä¥à¥ ¨¤. £ §  ([11] N 95,96, [5] § ¤. I.5,I.8).1.9. �¤¨ ¬®«ì ¨¤¥ «ì®£® á®¢¥àè¥®£® £ § , CV = const, á¦¨¬ îâ¯®àè¥¬ ¢ k à § â ª, çâ® ¢ë¤¥«ï¥¬®¥ ¨¬ â¥¯«® ¢á¥ ¢à¥¬ï à ¢® ¨§¬¥¥-¨î ¥£® ¢ãâà¥¥© í¥à£¨¨. � ç «ì ï â¥¬¯¥à âãà  T0. � ©â¨ â¥¯«®-¥¬ª®áâì ¯à®æ¥áá , ãà ¢¥¨¥ ¯à®æ¥áá , ¨ à ¡®âã   á¦ â¨¥.1.10. �§ (1.26), (1.30)  ©â¨, çâ® ¤«ï «î¡®£® ¯à®æ¥áá  ' = const, ¯à¨: = CPCV = KTKQ ; á«¥¤ã¥â C'CV = 1�K'=KQ1 �K'=KT =  KQ �K'KT �K' : (KP;V = ?+)(1.39)�¨á. 1.1. �¨á. 1.2. �¨á. 1.3.�¨á. 1.4.



�¥ªæ¨ï 2II-¥ � ç «® â¥à¬®¤¨ ¬¨ª¨.1-ï ç áâì. �¡à â¨¬ë¥ ¯à®æ¥ááë�®¢¥¤¥¨¥ â¥à¬®¤¨ ¬¨ç¥áª®© á¨áâ¥¬ë ¯à¨ ¯à®¨§¢®«ìëå ¯à®æ¥áá å 'ã¯à ¢«ï¥âáï § ª®®¬ á®åà ¥¨ï í¥à£¨¨ ¢ ¢¨¤¥ I-£®  ç «  â¥à¬®¤¨ -¬¨ª¨, ¯à¨ ãá«®¢¨¨, çâ® ¥¥ ¢ãâà¥ïï í¥à£¨ï ï¢«ï¥âáï ¥ § ¢¨áïé¥© ®â¯à®æ¥áá  äãªæ¨¥© á®áâ®ï¨ï. �®£¤  ¤«ï æ¨ª«¨ç¥áª¨å ¯à®æ¥áá®¢ ' = !:I! dU = 0; ¨ â.ª. dU = �Q��A â® I! �Q = I! �A � I! PdV = W!: (2.1)�.¥. áãé¥áâ¢ãîâ ¤¥©áâ¢ãîé¨¥ ¯® íâ®¬ã æ¨ª«ã ! â¥¯«®¢ë¥ ¬ è¨ë (�¨á. 2.1), ¯à¥¢à -é îé¨¥ ç áâì ¯¥à¥¤ ®£® ¨å à ¡®ç¥¬ã â¥«ã â¥¯«  ¢ à ¡®âã W! = ¯«®é ¤¨ íâ®£®§ ¬ªãâ®£® æ¨ª« , ¨«¨ ¦¥. ®¡à â®, à ¡®âã { ¢ ¯¥à¥¤ çã â¥¯«  (�âªã¤ ? �ã¤ ?).1 �ãé¥áâ¢®¢ ¨¥ ¨ á¢®©áâ¢  íâà®¯¨¨� áá¬®âà¨¬ â ªãî â¥¯«®¢ãî ¬ è¨ã, ã ª®â®à®©  £à¥¢ â¥«ì (¨áâ®ç-¨ª) ¨¬¥¥â ¯®áâ®ïãî â¥¬¯¥à âãàã T1, å®«®¤¨«ì¨ª { ¯®áâ®ïãî â¥¬-¯¥à âãàã T2 < T1, ¨ çì¥ à ¡®ç¥¥ â¥«® á®¢¥àè ¥â ®¡à â¨¬ë© (ª¢ §¨áâ â¨-ç¥áª¨©) æ¨ª« � à® C á ¯¥à¥¬¥ë¬¨ ¯ à ¬¥âà ¬¨ T; P; V , á®áâ®ïé¨©¨§ ¤¢ãå ®ç¥¢¨¤ëå â®£¤  ¨§®â¥à¬, § ¬ªãâëå ¤¢ã¬ï ¦¥  ¤¨ ¡ â ¬¨ (a) ¨(b) (�¨á. 2.2). �à®ª¨ ¯à¥¤ë¤ãé¥© «¥ªæ¨¨ ¨ «¨¥©®áâì ¤¨ää¥à¥æ¨ « dU (2.1) ¯® «î¡ë¬ ¯à¨à é¥¨ï¬ ¯®¤áª §ë¢ îâ á«¥¤ãîé¨© ¢¨¤ ¯à¨à -é¥¨ï ª®«¨ç¥áâ¢  â¥¯«  ã à ¡®ç¥£® â¥«  ¢ â ª®¬ ®¡à â¨¬®¬ ¯à®æ¥áá¥:C'dT ( �Q = T�S; â.¥. ¤«ï T 6= 0: (�Q = 0)() (�S = 0) ; (2.2)£¤¥ ¢¥«¨ç¨  S á à §¬¥à®áâìî â¥¯«®¥¬ª®áâ¨, ® á®¢¥àè¥® ¨ë¬ ä¨-§¨ç¥áª¨¬ á¬ëá«®¬ ¥¨§¬¥  «¨èì ¯à¨ ®¡à â¨¬ëå  ¤¨ ¡ â¨ç¥áª¨å ¯à®-æ¥áá å. �®£¤  ®à¨¥â¨à®¢ ®¥ â¥¯«®, \¯®«ãç ¥¬®¥"   ¨§®â¥à¬ å íâ®£®14



|15|§ ¬ªãâ®£® æ¨ª«  Q1 > 0 ®â  £à¥¢ â¥«ï ¨ Q2 < 0 ®â å®«®¤¨«ì¨ª ,à ¢®:QT � (b)Z(a) �QT = (b)Z(a)T�S = T (b)Z(a) �S = T�Sba � ???=)T SbZSa �S = T (Sb � Sa)�; (2.3)¨«¨ Q1 = T1�Sba > 0; Q2 = T2�Sab = �T2�Sba < 0; (�¨á. 2.2); (2.4)®âªã¤  ¤«ï íâ®£® æ¨ª« : IC �S � IC �QT = Q1T1 + Q2T2 = �Sba +�Sab) 0: (2.5)�®áª®«ìªã «î¡®© ®¡à â¨¬ë© § ¬ªãâë© æ¨ª« ! ¬®¦® ¯à¨¡«¨¦¥®\ à¥§ âì"  ¤¨ ¡ â ¬¨ ¨ ¨§®â¥à¬ ¬¨   áª®«ì ã£®¤® ã§ª¨¥ æ¨ª«ë � à-®, ¯à¥¤áâ ¢¨¢ ¥£® ª ª ¯à¥¤¥«1 â ª®© ¨å \á¥âª¨", â® ¤«ï ¨â¥£à «  ¯® !:I! �S � I! �QT = limN!1 NXn=1 ICn �QT = limN!1 NXn=1 264Q(n)1T (n)1 + Q(n)2T (n)2 375 =) 0: (2.6)�â «® ¡ëâì, �S ) dS ¤¥©áâ¢¨â¥«ì® ¥áâì ¯®«ë© ¤¨ää¥à¥æ¨ « ®¤®-§ ç®© äãªæ¨¨ á®áâ®ï¨ï { íâà®¯�̈¨ S, ¨ ¯à¨ T 6= 0 ¨§®â¥à¬ë ¨  ¤¨ -¡ âë ¤¥©áâ¢¨â¥«ì® ®¡à §ãîâ ®¤®§ çãî ª®®à¤¨ âãî á¥âªã ª ª  ¯«®áª®áâ¨ (P; V ), â ª ¨   ¯«®áª®áâ¨ (T; S). �.¥.   «î¡®© ¨§ ¨å ª -¦¤ ï ¨§®â¥à¬  ®¡ï§   ¯¥à¥á¥ª âìáï á ª ¦¤®©  ¤¨ ¡ â®©, ® â®«ìª® ¢®¤®© ¥¤¨áâ¢¥®© â®çª¥, çâ® ®âà ¦ ¥â ä®à¬ã«¨à®¢ª � II-£® � ç «  â¥à¬®¤¨ ¬¨ª¨ ¢ ¢¨¤¥ ¯à¨æ¨¯   ¤¨ ¡ â¨ç¥áª®©¥¤®áâ¨¦¨¬®áâ¨ � à â¥®¤®à¨: ¢ ®ªà¥áâ®áâ¨ «î¡®£® à ¢®¢¥á®£®á®áâ®ï¨ï ¨¬¥îâáï áª®«ì ã£®¤® ¡«¨§ª¨¥ ª ¥¬ã á®á¥¤¨¥ à ¢®¢¥áë¥á®áâ®ï¨ï, ¥¤®áâ¨¦¨¬ë¥ ¨§ ¥£® (¯®ª  çâ®) ®¡à â¨¬ë¬  ¤¨ ¡ â¨-ç¥áª¨¬ ¯ãâ¥¬. (�¥¬ ãáâ  ¢«¨¢ ¥âáï  «¨ç¨¥ ®¡à â¨¬ëå ¨§®â¥à¬.)� II-¥ � ç «® ¢ ¢¨¤¥ ¯à¨æ¨¯  �« ã§¨ãá  ãâ¢¥à¦¤ ¥â: ��¢®§¬®¦ (á ¬®¯à®¨§¢®«ì ï) ¯¥à¥¤ ç  â¥¯«  ®â å®«®¤®£® â¥«  ª £®àïç¥¬ã ¡¥§ ª -ª¨å «¨¡® ¨ëå ¨§¬¥¥¨© ¢ ãç áâ¢ãîé¨å ¢ íâ®¬ ¯à®æ¥áá¥ âà¥âì¨å (à -¡®ç¨å) â¥« å (¡¥§ ª®¬¯¥á æ¨¨ ¢ ¢¨¤¥ § âà âë à ¡®âë).� II-¥ � ç «® ¢ ¢¨¤¥ ¯à¨æ¨¯  �®¬á®  £« á¨â: ��¢®§¬®¦¥ æ¨-ª«¨ç¥áª¨ ¤¥©áâ¢ãîé¨© ¢¥çë© ¤¢¨£ â¥«ì ¢â®à®£® à®¤ , æ¥«¨ª®¬ ¯à¥¢à -é îé¨© ¢ à ¡®âã ¢á¥ ¨§¢«¥ç¥®¥ ¨§ ¨áâ®ç¨ª  ¯®«®¦¨â¥«ì®¥ â¥¯«®Q1 > 0 ¡¥§ ª ª¨å «¨¡® ¨§¬¥¥¨© ¢ ãç áâ¢ãîé¨å ¢ íâ®¬ ¯à®æ¥áá¥ âà¥-âì¨å (à ¡®ç¨å) â¥« å. �.¥. å®«®¤¨«ì¨ª á Q2 < 0 ¥¨§¡¥¦¥ ¨ ®¡ï§ â¥«¥!1(�¨á. 2.3). � ¯à¨¬¥à, ¤«ï ¬®«ï ¨¤¥ «ì®£® £ §  ãà ¢¥¨ï íâ®£® § ¬ªãâ®£® ¯à®æ¥áá â ª®¢ë: 1) PV = RT1; 2) PV  = const(Sb); 3) PV = RT2; 4) PV  = const(Sa), (�¨á. 2.2).



|16|�.ª. (¬�ªà®)à ¡®âã,  ¯à®â¨¢, ¢á¥£¤  ¬®¦® æ¥«¨ª®¬ ¯à¥¢à â¨âì ¢ (¬�-ªà®)â¥¯«®, â®  àãè¥¨¥ ¯à¨æ¨¯  �®¬á®  áà §ã ¯à¨¢¥¤¥â ª  àãè¥¨î¯à¨æ¨¯  �« ã§¨ãá . �¡¥¤¨¬áï ¢ íª¢¨¢ «¥â®áâ¨ ¯à¨æ¨¯®¢ � à â¥®-¤®à¨ ¨ �®¬á® . � ª ª ª ¯¥à¢ë© ®§ ç ¥â ®¤®§ çãî ¢ ª ¦¤®© â®çª¥á¥âªã  ¤¨ ¡ â ¨ ¨§®â¥à¬ (�¨á. 2.3),   ª®â®à®© ¥«ì§ï  ©â¨ ¤¢ãå à §«¨ç-ëå á®áâ®ï¨© 1 ¨ 2, á¢ï§ ëå ¬¥¦¤ã á®¡®© ª ª ®¡à â¨¬®© ¨§®â¥à¬®©,â ª ¨ ®¡à â¨¬®©  ¤¨ ¡ â®©, â® ¤®¯ãáâ¨¬ ¯à®â¨¢®¥ (�¨á. 2.4). �ãáâì¯à¨ ¨§®â¥à¬¨ç¥áª®¬ ¯¥à¥å®¤¥ 1 T! 2 á¨áâ¥¬  ¯®£«®é ¥â â¥¯«® Q12 > 0,¯® I-¬ã � ç «ã, à ¢®¥: Q12 = U2�U1+A12,   ¯à¨ ®¡à â®¬  ¤¨ ¡ â¨ç¥-áª®¬ ¯¥à¥å®¤¥ 2 S! 1,   «®£¨ç®: 0 = U1�U2+ fA21. �ª« ¤ë¢ ï,  å®¤¨¬,çâ® ¢ íâ®¬ æ¨ª«¨ç¥áª®¬ ¯à®æ¥áá¥ 1 T! 2 S! 1 ¢á¥ ¯®£«®é¥®¥ á¨áâ¥¬®©®â  £à¥¢ â¥«ï ¯®«®¦¨â¥«ì®¥ â¥¯«® ¯à¥¢à é¥® ¢ ¯®«®¦¨â¥«ìãî ¦¥à ¡®âã: W! = Q12 = A12+ fA21 > 0 ¡¥§ ª ª¨å «¨¡® ¨ëå ¨§¬¥¥¨© ãç áâ-¢ãîé¨å ¢ íâ®¬ ¯à®æ¥áá¥ â¥«. �® íâ® ¯à®â¨¢®à¥ç¨â ¯à¨æ¨¯ã �®¬á® .� ª çâ® ã¦¥ á ¬ ä ªâ áãé¥áâ¢®¢ ¨ï § ¬ªãâ®£® æ¨ª«  � à® ®âà -¦ ¥â áãé¥áâ¢®¢ ¨¥ íâà®¯�̈¨, ª ª ®¤®§ ç®© äãªæ¨¨ á®áâ®ï¨ï.�â ª   «®£¨ç® �A = PdV ¢ëà ¦¥¨¥ ¤«ï í«¥¬¥â à®£® ª®«¨ç¥-áâ¢  ¯®¤¢¥¤¥®£® ª á¨áâ¥¬¥ â¥¯«  �Q ¯à¨ ¯¥à¥å®¤¥ ¨§ á®áâ®ï¨ï 1 ¢á®áâ®ï¨¥ 2 ¯®«®áâìî ¨â¥£à¨àã¥âáï ¯® II-¬ã � ç «ã â¥à¬®¤¨ -¬¨ª¨ ¤«ï ª¢ §¨áâ â¨ç¥áª¨å, â.¥. ®¡à â¨¬ëå ¯à®æ¥áá®¢ ¯ãâ¥¬ ¢¢¥¤¥¨ï¤¢ãå äãªæ¨© (¯ à ¬¥âà®¢) á®áâ®ï¨ï: â¥¬¯¥à âãàë T ¨ íâà®¯¨¨ S:�Q = TdS; â.¥. dS = �QT ; I! dS = 0; 2Z1 �QT � 2Z1 dS = S2 � S1; (2.7)£¤¥, ¢ ®â«¨ç¨¥ ®â (2.3), ¯ãâì ¨â¥£à¨à®¢ ¨ï 1! 2 â¥¯¥àì ¯à®¨§¢®«¥!� ãç¥â®¬ I-£® � ç «  â¥à¬®¤¨ ¬¨ª¨ (2.1), ¨¬¥¥¬ ¤«ï II-£® � ç « :dU = TdS � PdV =) dU(S; V ) =  @U@S !V dS +  @U@V !S dV: (2.8)� ®â«¨ç¨¥ ®â § ª®  á®åà ¥¨ï í¥à£¨¨ (2.1), á¯à ¢¥¤«¨¢®£® â®«ìª® ¤«ïà¥ «ìëå ¯à®æ¥áá®¢, ¯à¨áãâáâ¢¨¥ «¨èì ¯®«ëå ¤¨ää¥à¥æ¨ «®¢ ¨ äãª-æ¨© á®áâ®ï¨ï ®áâ ¢«ï¥â à ¢¥áâ¢® (2.8) á¯à ¢¥¤«¨¢ë¬ ã¦¥ ª ª ¤«ï «î-¡ëå ¡¥áª®¥ç® ¬ «ëå à ¢®¢¥áëå (®¡à â¨¬ëå, ª¢ §¨áâ â¨ç¥áª¨å), à¥- «ìëå ¨«¨ ¢¨àâã «ìëå ¯à¨à é¥¨©, â ª ¨ ¢ á ¬®© ¯à¥¤¥«ì®© â®çª¥¯à®¨§¢®«ì®£® à ¢®¢¥á®£® á®áâ®ï¨ï. �®áª®«ìªã áãé¥áâ¢®¢ ¨¥ ¢ ¤ -®© â®çª¥ ¯®«®£® ¤¨ää¥à¥æ¨ «  dU (2.8) äãªæ¨¨U(S; V ) íª¢¨¢ «¥â®à ¢¥áâ¢ã ¥¥ ¥¯à¥àë¢ëå ¢ íâ®© â®çª¥ ¢â®àëå á¬¥è ëå ç áâëå ¯à®-



|17|¨§¢®¤ëå [15], â®, ¯®¬¨¬® ¨ ¢ á¨«ã à ¢¥áâ¢ ¤«ï ¯¥à¢ëå ¯à®¨§¢®¤ëå:T =  @U@S !V ; P = �  @U@V !S ; ¨¬¥¥¬:  @T@V !S = �  @P@S !V ; (2.9)çâ® ¤ ¥â ¤«ï ïª®¡¨  : @(T; S)@(P; V ) = 1() dTdSdPdV ; ¨, ¢ á®£« á¨¨ (2.10)á (2.1), ¯«®é ¤ìW! «î¡®£® ®¡à â¨¬®£® § ¬ªãâ®£® æ¨ª«  !   ¯«®áª®áâ¨(P; V ) á®¢¯ ¤¥â á ¥£® ¯«®é ¤ìî   ¯«®áª®áâ¨ (T; S) £¤¥ ¯à®¨§¢®«ìë©æ¨ª« � à® C ¨¬¥¥â ä®à¬ã ¯àï¬®ã£®«ì¨ª . �®£¤ , ¢¯¨á ¢ íâ®â æ¨ª« !¢ ¯®¤å®¤ïé¨© æ¨ª« � à®, ¢¨¤¨¬, çâ® ¥£® ��� �! ¥ ¯à¥¢®áå®¤¨â ����C ¯®á«¥¤¥£® á â¥¬¨ ¦¥ T1 > T2 ¨§ (2.4), â.ª. Q1! � Q1, jQ2!j � jQ2j, ¨:�! � W!Q1! = Q1! � jQ2!jQ1! = 1� jQ2!jQ1! � 1� jQ2jQ1 = �C = 1 � T2T1 ; (2.11)(�¨á. 2.5). �á¯®«ì§ãï ¯à¥¤áâ ¢«¥¨¥ ç áâëå ¯à®¨§¢®¤ëå ç¥à¥§ ïª®¡¨ ë ¨ ¨§¢¥áâë¥á¢®©áâ¢  ¯®á«¥¤¨å ¬®¦® «¥£ª® ¢®¢ì ¯®«ãç¨âì á®®â®è¥¨¥ (1.11) ¯¥à¢®© «¥ªæ¨¨:â.ª.: [�]dAdBdY dZ ) @(A;B)@(Y;Z) �  @A@Y !Z  @B@Z !Y �  @B@Y !Z  @A@Z!Y = � @(A;B)@(Z; Y ) ; (2.12)â®:  @P@V !T = @(P; T )@(V; T );  @T@P !V = @(T; V )@(P; V ) ;  @V@T !P = @(V; P )@(T; P ); �
 7! (�1)3� :(2.13)�à ¢¨¢ ¤¢  ¢ëà ¦¥¨ï ¤«ï ¤¨ää¥à¥æ¨ «  ®¢®© äãªæ¨¨ á®áâ®ï¨ïíâà®¯�̈¨ S ®â ¥§ ¢¨á¨¬ëå ¯¥à¥¬¥ëå T ¨ V : á dU(T; V ) (1.22) ¢ (2.8)dS(T; V ) = dUT + PT dV � 1T  @U@T !V dT + 1T " @U@V !T + P # dV; ¨ (2.14)dS(T; V ) �  @S@T !V dT +  @S@V !T dV = fCVT dT +  @P@T !V dV = dS; (2.15)£¤¥ á ãç¥â®¬ (2.10), (2.13) ª ª  @S@V !T = @(S; T )@(V; T ) = @(V; P )@(V; T ) =  @P@T !V ; (2.16)¨¬¥¥¬ fCV =  @U@T !V = T  @S@T !V ¨ á¢ï§ì  @U@V !T = T  @P@T !V � P; (2.17)¬¥¦¤ã ª «®à¨ç¥áª¨¬ ¨ â¥à¬¨ç¥áª¨¬ ãà ¢¥¨ï¬¨ á®áâ®ï¨ï. �á«¨ U¥ § ¢¨á¨â ®â ®¡ê¥¬ , íâ® ¢ëà ¦¥¨¥ à ¢® ã«î,   (2.14) ¥áâì áã¬¬ ¯®«ëå ¤¨ää¥à¥æ¨ «®¢, çâ® ä¨ªá¨àã¥â íâ¨ ãà ¢¥¨ï á®áâ®ï¨ï ¢ ¢¨¤¥:U(T; V )� U0(V ) = TZ0 d� fCV (�; V ); 7�! U(T ) � U0 = TZ0!T0d� fCV (�); (2.18)fCV � �CV ; dU(T )T � d�(T ); 7�!  @P@T !V)PT !!!=)  (V )( �RV ; (2.19)



|18|ª®â®àë© ¨¬¥¥â ¬¥áâ®, ¢ ç áâ®áâ¨, ¤«ï ¨¤¥ «ì®£® £ §  (1.28), (1.37).CV - ¬®«ïà ï â¥¯«®¥¬ª®áâì. �ë ¡ã¤¥¬ ¤ «¥¥ \§ ¡ë¢ âì" ¯à® â¨«ì¤ã,¢®ááâ  ¢«¨¢ ï ¥¥ ¢ ª®æ¥ ¢ëç¨á«¥¨©, ¥á«¨ � 6= 1. �®£« á® (2.15), ¤«ï«î¡®£® ¯à®æ¥áá  ' = const ¢¨¤  (1.18) ¢¬¥áâ® (1.24) â¥¯¥àì ¨¬¥¥¬:�Q =' C'dT =TdS � CV dT + T  @P@T !VdV; ¨, ¤¥«ï   dT ¨«¨ TdS, (2.20) ©¤¥¬: C' = CV + T  @P@T !V  @V@T !' ¨«¨ 1 = CVC' +  @P@T !V  @V@S !': (2.21)�.¥. ¤«ï ' = P : CP � CV =T  @P@T !V  @V@T !P;   ¤«ï ' = '(T; V ) : (2.22)T  @S@T !'� C' = CV � T  @P@T !V '0T'0V ; â.ª. 0 =' d' � '0TdT + '0V dV: (2.23)�  ï§ëª¥ ¤¨ää¥à¥æ¨ «ìëå ä®à¬ [15] áãé¥áâ¢®¢ ¨¥ íâà®¯¨¨ ®§ -ç ¥â, çâ® â¥¬¯¥à âãà  T ï¢«ï¥âáï ¨â¥£à¨àãîé¨¬ ¤¥«¨â¥«¥¬ (  1=T ,á®®â¢¥âáâ¢¥® { ¨â¥£à¨àãîé¨¬ ¬®¦¨â¥«¥¬) ¤«ï ä®à¬ë �ä ää  ¯à¨-à é¥¨ï ª®«¨ç¥áâ¢  â¥¯«  �Q(r) ®â ¤¢ãå ¯¥à¥¬¥ëå r) (V; U):�Q(r) = PdV +dU � (R(r) � dr) ; 7�! dS(r) = �QT = PT dV + dUT : (2.24)�«ï £« ¤ª®© äãªæ¨¨ P (V; U) ¯®«¥ ¢¥ªâ®à®¢ R = (P; 1), ª ª ®àâ®£® «ì-®¥ ¨â¥£à «ìë¬ ªà¨¢ë¬ ä®à¬ë (2.24) �Q(r) = 0,   ¤¢ã¬¥à®© ¯«®á-ª®áâ¨ (V; U) ®¤®§ ç® § ¤ ¥â ¯®«¥ ª á â¥«ìëå ª ªà¨¢ë¬ ¢¥ªâ®à®¢ L á(R � L) = 0, ª ª à¥è¥¨ï¬ ®¡ëª®¢¥®£® ¤¨ää¥à¥æ¨ «ì®£® ãà ¢¥¨ïdUdV = �P (V; U) ¤«ï íâ®£® ¯®«ï: L � drdV )  1; dUdV ! = (1;�P ); (2.25)¢á¥£¤  áãé¥áâ¢ãîé¨¬ ¢ íâ®¬ ¤¢ã¬¥à®¬ á«ãç ¥ ¢ ¢¨¤¥ U = U(V; c) ¨«¨S(r) = S(V; U) = c = const, £¤¥ const c ä¨ªá¨à®¢    ç «ìë¬ ãá«®¢¨¥¬§ ¤ ç¨ �®è¨. �â «® ¡ëâì, áãé¥áâ¢ã¥â ¨ ¨â¥£à¨àãîé¨© ¤¥«¨â¥«ì T .�¤ ª® ¤«ï ¡�®«ìè¥£® ç¨á«  ¥§ ¢¨á¨¬ëå ¯¥à¥¬¥ëå â ª®© ¨â¥£à¨-àãîé¨© ¤¥«¨â¥«ì áãé¥áâ¢ã¥â ¥ ¢á¥£¤ . �£®  «¨ç¨¥ ®âà ¦ ¥â ¥âà¨-¢¨ «ìë© â®¯®«®£¨ç¥áª¨© ä ªâ áãé¥áâ¢®¢ ¨ï ? R ¨â¥£à «ì®© £¨-¯¥à¯®¢¥àå®áâ¨ S = const ¢ ` � 3- ¬¥à®¬ ¯à®áâà áâ¢¥ ¢á¥å ¥§ ¢¨á¨-¬ëå ¯ à ¬¥âà®¢ á¨áâ¥¬ë, á®¤¥à¦ é¥© ¢á¥ ¨â¥£à «ìë¥ ªà¨¢ë¥ ä®à¬ë�Q(r), ¯à®å®¤ïé¨¥ ç¥à¥§ § ¤ ãî â®çªã r0 (á¬. ¯ãªâ 4). �â®â ä ªâ¨ ¢ëà ¦ ¥âáï ¯à¨æ¨¯®¬  ¤¨ ¡ â¨ç¥áª®© ¥¤®áâ¨¦¨¬®áâ¨ � à â¥®¤®à¨,¯®§¢®«ïï ª â®¬ã ¦¥ ®¯à¥¤¥«¨âì ¨  ¡á®«îâãî â¥¬¯¥à âãàã (1.5)!



|19|2 �¡á®«îâ ï â¥¬¯¥à âãà � íâ®© æ¥«ìî á®¢  à áá¬®âà¨¬ á®áâ®ï¨¥ â¥à¬¨ç¥áª®£® (â¥¯«®¢®£®) à ¢-®¢¥á¨ï (1.1) ¤¢ãå ¯®¤á¨áâ¥¬ 1 ¨ 2 á®áâ ¢®© á¨áâ¥¬ë 1+2 ¯à¨ ãá«®¢®©â¥¬¯¥à âãà¥ � (�¨á. 1.2). �®£¤ , á®£« á® (1.22), (2.14), ¨¬¥¥¬ ¤«ï ª -¦¤®© ¨§ ¨å ä®à¬ë �ä ää  ¢ ¯¥à¥¬¥ëå (�; V1), (�; V2) á®®â¢¥âáâ¢¥®:�Q1 =  @U1@� !V1 d� + " @U1@V1!� + P1# dV1 =) �1(�; V1)d'1(�; V1);�Q2 =  @U2@� !V2 d� + " @U2@V2!� + P2# dV2 =) �2(�; V2)d'2(�; V2);9>>>>>=>>>>>; (2.26)¨â¥£à¨àã¥¬ë¥ ¢ ¢¨¤¥: '1(�; V1) = c1; '2(�; V2) = c2; (1; 2 7! j): (2.27)�®¢®ªã¯ ï á¨áâ¥¬  § ¢¨á¨â ã¦¥ ®â âà¥å ¯¥à¥¬¥ëå �; V1; V2 ¨ ¤«ï ¥¥ ¯®II { ¬ã � ç «ã â ª¦¥ ¤®«¦ë ¢ë¯®«ïâìáï à ¢¥áâ¢ : �Q = �Q1+�Q2,�Q = �1(�; V1)d'1 + �2(�; V2)d'2 =) �(�; V1; V2)d'(�; V1; V2);�Q = �1(�; '1)d'1 + �2(�; '2)d'2 =) �(�; '1; '2)d'(�; '1; '2; ); (2.28)¯®áª®«ìªã â¥¯¥àì ¢¬¥áâ® �; V1; V2, ¢ ª ç¥áâ¢¥ ¥§ ¢¨á¨¬ëå ¯¥à¥¬¥ëå¬®¦® ¢ë¡à âì � ¨ á ¬¨ ¢¥«¨ç¨ë '1; '2 (2.27), ¢ ª®â®àëå ¨§ (2.28), ¯à¨�j(�; Vj)) �j(�; 'j),  å®¤¨¬, çâ® ' =) '('1; '2), â ª ª ª @'@'1!'2;�= �1� ;  @'@'2!'1;�= �2� ;    @'@� !'1;'2= 0; (2.29)  § ç¨â ¨ �1� ; �2� â ª¦¥ ¥ § ¢¨áïâ ®â �, ®âªã¤  íâ¨ �j ¯à¨ j = 1; 2:�j(�; 'j) = g(�)�j('j); ¨ �(�; '1; '2) = g(�)�('1; '2); (2.30)¤®«¦ë ¡ëâì ¯à®¯®àæ¨® «ìë ®¤®© ¨ â®© ¦¥ ã¨¢¥àá «ì®© äãªæ¨¨g(�) ãá«®¢®© â¥¬¯¥à âãàë �, ®¤¨ ª®¢®© ª ª ¤«ï ¯®¤á¨áâ¥¬, â ª ¨ ¤«ïá®áâ ¢«¥®© ¨§ ¨å á¨áâ¥¬ë. �â  äãªæ¨ï ®â«¨ç  ®â ª®áâ âë, ¨¡®¨ ç¥ á ¬¨ ¢ëà ¦¥¨ï �Qj (2.26), (2.28) ã¦¥ ¡ë«¨ ¡ë ¯®«ë¬¨ ¤¨ä-ä¥à¥æ¨ « ¬¨. �® ¥áâì, ¤«ï ª ¦¤®© ¨§ íâ¨å âà¥å â¥à¬®¤¨ ¬¨ç¥áª¨åá¨áâ¥¬ ¨â¥£à¨àãîé¨¥ ¤¥«¨â¥«¨ �j ; � à á¯ ¤ îâáï   ¤¢  á®¬®¦¨â¥«ï(2.30), ®¤¨ ¨§ ª®â®àëå, g(�) § ¢¨á¨â â®«ìª® ®â â¥¬¯¥à âãàë �,   ¤àã-£®©, �j { â®«ìª® ®â ®áâ «ìëå ¯ à ¬¥âà®¢ á®áâ®ï¨ï 'j. �â «® ¡ëâì, ¯®íâ®© ã¨¢¥àá «ì®© äãªæ¨¨ g(�) ¬®¦® ãáâ ®¢¨âì  ¡á®«îâãî èª «ãâ¥¬¯¥à âãà, § ¤ ¢ ¨å ®¡éãî  ¡á®«îâãî â¥¬¯¥à âãàã (1.5) ä®à¬ã«®©T = 	(�) =) Cg(�); (2.31)



|20|£¤¥ ª®áâ â  C £à ¤ã¨àã¥â íâã ®¡éãî â¥¬¯¥à âãàãî èª «ã. �®£¤ ¤«ï j = 1; 2 : �Qj = �jd'j = TC �j('j)d'j =) TdSj ; (2.32)â ª çâ® íâà®¯�̈¨: Sj('j) = 1C Z �j('j)d'j + S0(j) (2.33)¤«ï ¯®¤á¨áâ¥¬ ®ª §ë¢ îâáï ã¦¥ ®¯à¥¤¥«¥ë á â®ç®áâìî ¤®  ¤¨â¨¢ëå¯®áâ®ïëå, ¨, á®ªà é ï ¢ (2.28)   ¨å ®¡éãî â¥¬¯¥à âãàã T ,  å®¤¨¬:�1('1)d'1 +�2('2)d'2 = �('1; '2)d': (2.34)�®áª®«ìªã '1 ¨ '2 ¥§ ¢¨á¨¬ë ¯® ®¯à¥¤¥«¥¨î, áã¬¬  ¯®«ëå ¤¨ää¥à¥-æ¨ «®¢ á«¥¢  ¥áâì â ª¦¥ ¯®«ë© ¤¨ää¥à¥æ¨ «. �â® ¢®§¬®¦® â®«ìª®¥á«¨ á¯à ¢  �('1; '2) ¥áâì äãªæ¨ï «¨èì ®â ¨å ª®¬¡¨ æ¨¨ ' = '('1; '2)¨§ (2.29): �('1; '2) =) c� ('('1; '2)), ¨, áâ «® ¡ëâì, ¯à ¢ ï ç áâì (2.34)  «®£¨ç® (2.32), (2.33) â ª¦¥ ®ª §ë¢ ¥âáï ¯®«ë¬ ¤¨ää¥à¥æ¨ «®¬ ¥-ª®â®à®© ®¢®© äãªæ¨¨ á®áâ®ï¨ï ã¦¥ ¤«ï á®¢®ªã¯®© á¨áâ¥¬ë 1+2:�1('1)d'1 +�2('2)d'2 = �('1; '2)d' =) c�(')d' = CdS; (2.35)â ª çâ® dS1 + dS2 = d(S1 + S2) =) dS ¨«¨ S1 + S2 =) S: (2.36)�.¥. íâà®¯¨ï â¥à¬¨ç¥áª¨ à ¢®¢¥á®© á¨áâ¥¬ë ¯à¨ ¯®¤å®¤ïé¥¬ ¢ë¡®à¥ ç «  ®âáç¥â  ®ª §ë¢ ¥âáï áã¬¬®© íâà®¯¨© á®áâ ¢«ïîé¨å ¥¥ ¯®¤á¨-áâ¥¬ ¨«¨  ¤¨â¨¢®© äãªæ¨¥© á®áâ®ï¨ï á¨áâ¥¬ë.�®à¬ «ì® ¨§ (2.34): �1('1) = � @'@'1 ; �2('2) = � @'@'2 . �¨ää¥à¥æ¨àãï ¯¥à¢®¥ ¨§íâ¨å à ¢¥áâ¢ ¯® '2,   ¢â®à®¥ { ¯® '1,   § â¥¬ ¢ëç¨â ï ¨å ¤àã£ ¨§ ¤àã£ , ¨¬¥¥¬, â.ª. ¢á¨«ã (2.29) '('1; '2) ã¦¥ ¥áâì äãªæ¨ï á®áâ®ï¨ï á®¢®ªã¯®© á¨áâ¥¬ë 1+2:@�@'2 @'@'1 + � @2'@'2@'1 = 0; @�@'1 @'@'2 + � @2'@'1@'2 = 0; ®âªã¤ , â.ª.@�@'1 @'@'2 � @�@'2 @'@'1 � @(�; ')@('1; '2) ) 0; â® � = b�('); @�@'j ) b�0'(') @'@'j :�à¨¬¥à II: � áá¬®âà¨¬ à ¢®¢¥á®¥ ¥ ®¡ï§ â¥«ì® ç¥à®â¥«ì®¥ [4] ¨§«ãç¥-¨¥, ¤«ï ª®â®à®£® ¡ã¤¥¬ ¯®« £ âì ¨§¢¥áâ®© \¨¤¥ «ìãî" á¢ï§ì â¥à¬¨ç¥-áª®£® ¨ ª «®à¨ç¥áª®£® ãà ¢¥¨© á®áâ®ï¨ï PV = qU ¢ ¢¨¤¥:U =)!!! u(�)V = 3PV; ¯à¨ q = 13 ; £¤¥ P =)!!! P (�) = u(�)3 ; (2.37){ ¤ ¢«¥¨¥ P ¨ ¯«®â®áâì í¥à£¨¨ u § ¢¨áïâ â®«ìª® ®â â¥¬¯¥à âãàë �!



|21|�®£¤  ä®à¬  �ä ää  ¤«ï à ¢®¢¥á®£® ¨§«ãç¥¨ï ¯à¨¨¬ ¥â ¢¨¤:�Q = dU + PdV =) 3V dP + 4PdV ) �d' � PV d �ln �P 3V 4�� ; (2.38)â.¥. ' = ln �P 3V 4� ; � = PV � P 1=4 �P 3V 4�1=4 ; ®âªã¤ �(�; ') =)!!! P 1=4(�) exp '4! ; g(�) =) P 1=4(�); �(') =) exp  '4 !;â.¥. T =) CP 1=4(�); ¨«¨ u(T ) = 3P (T ) = �T 4; £¤¥ � = 3C4 ; (2.39)¨ S = 1C Z �(')d' = 4C exp '4 ! = 4CV P 3=4 = 4C4V T 3 = 43�V T 3; (2.40)¥á«¨ ¯®áâ®ïãî ¨â¥£à¨à®¢ ¨ï ¢ë¡à âì à ¢®© ã«î. � ¨â®£¥ ¤ -¢«¥¨¥, ¯«®â®áâ¨ ¢ãâà¥¥© í¥à£¨¨ ¨ íâà®¯¨¨ à ¢®¢¥á®£® ¨§«ã-ç¥¨ï ¢ëà ¦¥ë «¨èì ç¥à¥§  ¡á®«îâãî â¥¬¯¥à âãàã T ¨ ¯®áâ®ïãî�â¥ä  -�®«ìæ¬   �, á¢ï§ ãî á ª®áâ â®© £à ¤ã¨à®¢ª¨ C,   ¥£® â¥-¯«®¥¬ª®áâì CV = 4�V T 3.3 III{¥ � ç «®. �à¨æ¨¯ �¥àáâ �á«®¢¨¥ ¥§ ¢¨á¨¬®áâ¨ ¯à¨ T = 0 ª®¥ç®© íâà®¯¨©®© ª®áâ âëS(0; x) = S0 ®â ¤àã£¨å â¥à¬®¤¨ ¬¨ç¥áª¨å ¯ à ¬¥âà®¢ x, ¨«¨ ¡®«¥¥ à ¤¨-ª «ì®¥ âà¥¡®¢ ¨¥ ¢ (2.40) à ¢¥áâ¢  ¥¥ ã«î ï¢«ï¥âáï III{¬ � ç «®¬â¥à¬®¤¨ ¬¨ª¨ ¨«¨ ¯à¨æ¨¯®¬ �¥àáâ . �£® áâà®£®¥ ®¡®á®¢ ¨¥, ª ª¨ ãà ¢¥¨© á®áâ®ï¨ï â¥à¬®¤¨ ¬¨ç¥áª¨å á¨áâ¥¬, ¤ ¥âáï ¢ áâ â¨áâ¨ç¥-áª®© ¬¥å ¨ª¥ á ãç¥â®¬ ¨å áãé¥áâ¢¥® ª¢ â®¢®¬¥å ¨ç¥áª®£® ¯®¢¥¤¥-¨ï ¯à¨ T ! 0. � áâ®¥ à¥è¥¨¥ íâ®£® ãá«®¢¨ï á «î¡ë¬ x ¢ ¢¨¤¥:limT!0 [S(T; x2)� S(T; x1)] = 0; S(T; x) =)T!0 S0 +B(x)T�; B; � > 0; (2.41)®¯à¥¤¥«ï¥â ¯®¢¥¤¥¨¥ ¯à¨ T ! 0 â¥à¬®¤¨ ¬¨ç¥áª¨å ¢¥«¨ç¨: â¥¯«®¥¬-ª®áâ¨, ¢ãâà¥¥© í¥à£¨¨ [® «¨èì ¤«ï ¥ª®â®àëå x { â¨¯  (2.18)]:Cx(T )�T @S@T !xT!0=)�B(x)T�! 0; U(T; x) � U0(x) =)T!0 �B(x)� + 1 T�+1; (2.42)ª®íää¨æ¨¥â  (1.12) P�V =  @P@T !V ==(2:16)  @S@V !T � T� �!T!0 0; (2.43)ª®íää¨æ¨¥â  (1.13) V �P =  @V@T !P ==(2:10) �  @S@P !T � T� �!T!0 0; (2.44)á¦¨¬ ¥¬®áâ¨ (1.14) V KT = �  @V@P !T ====(1:11);(1:15) V �PP�V � const 6= 0: (2.45)



|22|�§ (2.42) § ª«îç ¥¬, çâ® ¢ íâ®¬ ¯à¥¤¥«¥ ®ª §ë¢ ¥âáï ¢ ¯à¨æ¨¯¥ ¥¢®§¬®-¦¥ ¨ª ª®© ¯®«¨âà®¯¨ç¥áª¨© ¯à®æ¥áá, ªà®¬¥  ¤¨ ¡ â¨ç¥áª®£® (CS � 0).�®áª®«ìªã ¢ëâ¥ª îé¥¥ ¨§ (2.15), (2.19) ¢ëà ¦¥¨¥ ¤«ï íâà®¯¨¨ ¨¤¥ «ì-®£® (¤ ¦¥ ¨ ¥á®¢¥àè¥®£®) £ §  ¥ ã¤®¢«¥â¢®àï¥â ãá«®¢¨î (2.41):dS(T; V )= fCV (T )dTT + �RdVV ) fCV d �ln �TV �1��= fCV d (ln (PV ));(2.46)S(T; V )� S0) fCV ln TT0!+ �R ln VV0! ; ¯à¨ fCV = �R � 1)const; (2.47)®âªã¤  8T �¨ ¯à¨ T = 0� (�S)T = �R ln V +�VV ! 6= 0; (2.48)â® ¯à¨å®¤¨¬ ª ¢ë¢®¤ã, çâ® ãà ¢¥¨¥ á®áâ®ï¨ï �¥¤¥«¥¥¢ -�« ¯¥©à® (1.28), (2.19) ¥ ¬®¦¥â ¢ë¯®«ïâìáï ¯à¨ T ! 0, â.¥. ¨¬¥¥â ¬¥áâ® ¢ëà®-¦¤¥¨¥ ¨¤¥ «ì®£® (¨ ¢ â®¬ ç¨á«¥ ¥á®¢¥àè¥®£®) £ § .�¤ ª® ä®à¬ «ì®¥ § ç¥¨¥ â¥¬¯¥à âãàë  ¡á®«îâ®£® ã«ï à¥ «ì®ä¨§¨ç¥áª¨ ¥¤®áâ¨¦¨¬®, â.ª. ¢ á¨«ã á®®â®è¥¨© (2.2), (2.4), (2.7), (2.41)¯à¨ T2 = 0 å®«®¤¨«ì¨ª ¢ â ª®¬ æ¨ª«¥ � à® C0 (2.5) ã¦¥ ¥ à ¡®â ¥â,¨ ¯® ¯à¨æ¨¯ã �®¬á®  â ª®© § ¬ªãâë© æ¨ª« ¥¢®§¬®¦¥.�¥©áâ¢¨â¥«ì®, ¯à¨ T2 = 0 ¢ (2.41) S = S0, ¨ íâ  \ã«¥¢ ï" ¨§®â¥à¬  ®ª §ë¢ ¥âáï¢ â®¦¥ ¢à¥¬ï ¨  ¤¨ ¡ â®© �S2 = 0. �®£¤  à ¢®¥ ã«î ¯®«®¥ ¨§¬¥¥¨¥ íâà®¯¨¨¢ íâ®¬ § ¬ªãâ®¬ ®¡à â¨¬®¬ æ¨ª«¥ � à® (2.5) ®¯à¥¤¥«ï¥âáï â®«ìª® ¯®«®¦¨â¥«ìë¬ª®«¨ç¥áâ¢®¬ â¥¯«  Q1, ¯®«ãç¥ë¬   ¨§®â¥à¬¥ T1 > 0, â®£¤  ª ª:Q2 = T2�S2 = 0 � 0 = 0; ®âªã¤ : 0 = IC0 dS = IC0 �QT = Q1T1 > 0: (2.49)�â® ¯à®â¨¢®à¥ç¨¥ ¨ ®§ ç ¥â ª ª ¥¢®§¬®¦®áâì ¤®áâ¨çì â¥¬¯¥à âãàë T2 = 0, â ª ¨á ¬®£® â ª®£® æ¨ª«  � à® C0. �  ¯«®áª®áâ¨ (T; S) ® áâï£¨¢ ¥âáï ¢ ®âà¥§®ª ã«¥¢®©¯«®é ¤¨ [T1; T2! 0], ¯à®å®¤¨¬ë© ¤¢ ¦¤ë ¯à¨ S ! S0 (�¨á. 2.7).4 \�®¯®«®£¨ï { �¨« "�®ª ¦¥¬, á«¥¤ãï �. �®àã [9], çâ® ¯à¨æ¨¯ ( ¤¨ ¡ â¨ç¥áª®©) ¥¤®áâ¨¦¨-¬®áâ¨ íª¢¨¢ «¥â¥ áãé¥áâ¢®¢ ¨î ¨â¥£à¨àãîé¥£®¬®¦¨â¥«ï ã ä®à¬ë�ä ää  ¤«ï âà¥å (  ¯® ¨¤ãªæ¨¨, ¨ ¡®«¥¥) ¯¥à¥¬¥ëå r = (x; y; z):�Q(r) = Xdx+ Y dy +Zdz � (R(r) � dr) ; R(r) = (X; Y; Z): (2.50)�.¥., ¥á«¨ ¢ «î¡®© ®ªà¥áâ®áâ¨, áª®«ì ã£®¤® ¡«¨§ª® ª ¯à®¨§¢®«ì®©â®çª¥ r0, ¨¬¥îâáï â®çª¨, ¥¤®áâ¨¦¨¬ë¥ ¯® ¨â¥£à «ìë¬ ªà¨¢ë¬ ä®à¬ë



|23|�Q(r) = 0, (2.50), â® ¤«ï íâ®© ä®à¬ë áãé¥áâ¢ã¥â ¨â¥£à¨àãîé¨© ¤¥-«¨â¥«ì �(r) (¬®¦¨â¥«ì �(r) = 1=�(r)), â ª®© çâ® (�¨á. 2.8):�Q(r) = �(r)d'(r); �(r)�Q(r) = (�R(r) � dr) = d'(r); £¤¥: '(r) = '(r0);(2.51)¥áâì ¨â¥£à «ì ï ¯®¢¥àå®áâì íâ®© ä®à¬ë, á®¤¥à¦ é ï ¢á¥ ¨â¥£à «ì-ë¥ ªà¨¢ë¥ r = r(t) ä®à¬ë �Q(r) = 0, (2.50), ¯à®å®¤ïé¨¥ ç¥à¥§ â®çªã r0,'(r0) = const,   R(r), { ¥áâì ®à¬ «ì ª íâ®© ¯®¢¥àå®áâ¨ ¢ ¥¥ â®çª¥ r.�¥©áâ¢¨â¥«ì®, ¯ãáâì ¢¥ªâ®à g § ¤ ¥â  ¯à ¢«¥¨¥ ¯à®¨§¢®«ì®© ¯àï-¬®© brg(t) = r0 + gt, dbrg(t) = gdt, ¯à®å®¤ïé¥© ç¥à¥§ â®çªã r0 ¨ ¥ ã¤®-¢«¥â¢®àïîé¥© ãà ¢¥¨î �ä ää  (2.50): (R(r0) � g) 6= 0. �  «î¡®© ¯ -à ««¥«ì®© ¥© ¯àï¬®© g0 k g  ©¤¥âáï â®çª  M, ¤®áâ¨¦¨¬ ï ¨§ â®çª¨r0 ¯® ¥¤¨áâ¢¥®© ¨â¥£à «ì®© ªà¨¢®© k   ¥ª®â®à®© æ¨«¨¤à¨ç¥áª®©¯®¢¥àå®áâ¨ C, á®¤¥à¦ é¥© ®¡¥ ¯àï¬ë¥ g; g0 2 C. �¤¨áâ¢¥®áâì ªà¨-¢®© k 2 C £ à â¨à®¢   ¨â¥£à¨àã¥¬®áâìî ä®à¬ë ¢¨¤  (2.24) ®â ¤¢ãå¯¥à¥¬¥ëå, ¯®«ãç¥®© ®£à ¨ç¥¨¥¬ ä®à¬ë (2.50)   ¯®¢¥àå®áâ¨ C:r C=) r(u; v)) (x(u; v); y(u; v); z(u; v)) ; dr C=) r0udu + r0vdv; (2.52)0() �Q(r) C=) �Q (r(u; v)) = �QC(u; v) � Udu + Vdv ) 0; (2.53)U = (R � r0u(u; v)) � Xx0u + Y y0u + Zz0u; r0u = @r=@u = (x0u; y0u; z0u);V = (R � r0v(u; v)) � Xx0v + Y y0v + Zz0v; r0v = @r=@v = (x0v; y0v; z0v):�.ª. ä®à¬  ®â ¤¢ãå ¯¥à¥¬¥ëå ¢á¥£¤  ¨¬¥¥â ¨â¥£à¨àãîé¨© ¤¥«¨â¥«ì,â® ç¥à¥§ ª ¦¤ãî â®çªã ¯à®¨§¢®«ì®© ¯®¢¥àå®áâ¨ C ¯à®å®¤¨â ¢ â®ç®áâ¨¯® ®¤®© ¨â¥£à «ì®© ªà¨¢®© k ä®à¬ë �QC(u; v) = 0 á  ç «®¬ ¢ à §ëå r0.\� ¬ª¥¬" â¥¯¥àì æ¨«¨¤à ¤àã£®©, à áâïãâ®© ¬¥¦¤ã g ¨ g0, æ¨«¨-¤à¨ç¥áª®© ¯®¢¥àå®áâìî fC 6= C, ª ª ¯à®¤®«¦¥¨¥¬ ¯®¢¥àå®áâ¨ C ¨¯à®¤®«¦¨¬   ¥© ¨â¥£à «ìãî ªà¨¢ãî k ¨â¥£à «ì®© ªà¨¢®© ek ¤®¯¥à¥á¥ç¥¨ï á ¯àï¬®© g ã¦¥ ¢ ¥ª®â®à®© â®çª¥ N . �ãé¥áâ¢®¢ ¨¥ ¨â¥-£à¨àãîé¥£® ¤¥«¨â¥«ï ¤«ï ä®à¬ë �Q(r) ®§ ç ¥â, çâ® â®çª  N á®¢¯ ¤ ¥âá â®çª®© r0. � ç¥, ¥¯à¥àë¢® ¤¥ä®à¬¨àãï ¯®¢¥àå®áâì fC ¢ C ¬®¦®¡ë«® ¡ë ¥¯à¥àë¢® ¤¥ä®à¬¨à®¢ âì ¨â¥£à «ìãî ªà¨¢ãî ek ¢ k, ¨ ¢á¥â®çª¨ fN ¬¥¦¤ã N ¨ r0 ®ª § «¨áì ¡ë ¤®áâ¨¦¨¬ë. �à¨ ¤ «ì¥©è¥© ¤¥-ä®à¬ æ¨¨ ¤®áâ¨¦¨¬ë¥ â®çª¨ ¯®ªà®îâ   ¯àï¬®© g ¥¯à¥àë¢ë© ¨â¥à-¢ «, á®¤¥à¦ é¨© ¢ãâà¨ á¥¡ï â®çªã r0,   ¬¥ïï  ¯à ¢«¥¨¥ íâ®© ¯àï¬®©g ¬®¦® ¤®áâ¨¦¨¬ë¬¨ â®çª ¬¨ § ¯®«¨âì ¢®ªàã£ r0 ¥ª®â®àë© ®¡ê¥¬(�¨á. 2.8). �á«¨ ¦¥ â®çª  N á®¢¯ ¤ ¥â á â®çª®© r0, â® "¢¥àåïï" ¨ \¨¦-ïï" ¢¤®«ì g ®¡« áâ¨ ¯à®áâà áâ¢  ¢®ªàã£ r0 § ¯®«¥ë ¥¤®áâ¨¦¨¬ë¬¨



|24|â®çª ¬¨,   à §¤¥«ïîé¥© ¨å £à ¨æ¥© ï¢«ï¥âáï ¤¢ã¬¥à ï ¨â¥£à «ì ï¯®¢¥àå®áâì (2.51), '(r) = '(r0), § ¬¥â ¥¬ ï ¯à¨ ¤¥ä®à¬ æ¨¨ ek ¢ k, â.¥.á®áâ®ïé ï «¨èì ¨§ ¤®áâ¨¦¨¬ëå â®ç¥ª ¨ á®¤¥à¦ é ï, â ª¨¬ ®¡à §®¬, ¢á¥¨â¥£à «ìë¥ ªà¨¢ë¥ ä®à¬ë (2.50). �.¥. 9 ¥¥ ¨â¥£à¨àãîé¨© ¤¥«¨â¥«ì.�à¨¬¥à®¬ ¥¨â¥£à¨àã¥¬®© ä®à¬ë �ä ää  ®â 3-å ¯¥à¥¬¥ëå ï¢«ï¥âáï ä®à¬ :�Q(r) = ydx� xdy + hdz; R = (y;�x; h); ¤«ï ª®â®à®© �Q(r(�)) = 0 (2.54)8 a   ªà¨¢®© r(�): x(�) = a cos �; y(�) = a sin �; z(�) = a2h �; (2.55)\§ ¬¥â îé¥©" ¯à¨ à §«¨çëå § ç¥¨ïå a ¨ 0 < � < 2� ¢¥áì ®¡ê¥¬ ¢®ªàã£ â®çª¨ r0. �.¥.â ª¨¥ \¢¨â®¢ë¥" ¨â¥£à «ìë¥ ªà¨¢ë¥ ¯à¨ à §ëå a ¯à¨ ¤«¥¦ â à §ë¬ ¤¢ã¬¥àë¬æ¨«¨¤à¨ç¥áª¨¬ ¯®¢¥àå®áâï¬, ¨ ¨â¥£à¨àãîé¨© ¤¥«¨â¥«ì ¤«ï ä®à¬ë (2.54) ¥ áãé¥-áâ¢ã¥â. � ©¤¥¬ ¤®áâ â®çë¥ ¨ ¥®¡å®¤¨¬ë¥ ãá«®¢¨ï áãé¥áâ¢®¢ ¨ï ¨â¥£à¨àãîé¥£®¬®¦¨â¥«ï � = 1=� 6= 0 ¤«ï ä®à¬ë (2.50) ¢ ®ªà¥áâ®áâ¨ â®çª¨ r. �ãáâì:��Q(r) � � (R � dr) � �Xdx + �Y dy + �Zdz =) d'(r); â®£¤ : �R =r'; â.¥.(r� �R) = 0; @@y (�X) = @@x(�Y ); @@z (�Y ) = @@y (�Z); @@x(�Z) = @@z (�X); (2.56)®âªã¤ : 8>>>>>>>>><>>>>>>>>>: � @Y@x � @X@y ! = X@�@y � Y @�@x� @Z@y � @Y@z ! = Y @�@z � Z @�@y� @X@z � @Z@x! = Z @�@x �X@�@z 9>>>>>>>>>=>>>>>>>>>; ; â.¥. (r�R) = (R�r) ln�(r):(2.57)�¬®¦ ï   R, ¨¬¥¥¬ «¨èì ¥®¡å®¤¨¬®¥ ãá«®¢¨¥: (R � (r�R)) = 0. �á«¨ � = const,â® (2.57) á¢®¤ïâáï á®¢  ª: (r�R) = 0. � (2.54): (r�R) = �2e3.� ¤ ç¨2.1. � ©â¨ ãà ¢¥¨¥ ¯®«¨âà®¯¨ç¥áª®£® ¯à®æ¥áá  ¢ ¯¥à¥¬¥ëå (T; S).2.2. � ©â¨ ¤¨ää¥à¥æ¨ «ì®¥ ¨ äãªæ¨® «ì®¥ ãà ¢¥¨ï ¯®«¨âà®¯¨-ç¥áª®£® ¯à®æ¥áá  ¤«ï ¨§«ãç¥¨ï. �®§¬®¦¥ «¨ â ª®© ¯à®æ¥áá ¯à¨ T ! 0?2.3. �á¯®«ì§ãï   «®£¨ (2.20){(2.23), (1.39)  ©â¨ â¥¯«®¥¬ª®áâ¨ ¯à®æ¥á-á®¢: const = '(T; V ), '(S; V ), '(T; P ), '(S; P ), '(P; V ), '(T; S) ([2]).2.4. � ¯à®æ¥áá å á à ¢®¢¥áë¬ ¨§«ãç¥¨¥¬  ©â¨: CP ; CV ; KT ; KS = KQ;®â®è¥¨¥ C'=CV : 8', ¤«ï '(P; V ), ¤«ï ' = PV n ¯à¨ n = const.2.5. � ©â¨ íâà®¯¨î ¨ ¢ãâà¥îî í¥à£¨î £ §  � -¤¥à-�  «ìá :P (T; V ) = �RTV � b � aV 2 ; áç¨â ï CV = const: (2.58)2.6. � ª ¨§¬¥ï¥âáï â¥¬¯¥à âãà  ¯à¨ ¨§¬¥¥¨¨ ¯«®â®áâ¨ ¦¨¤ª®áâ¨ ¢§¢ãª®¢®© ¢®«¥, ¥á«¨ áª®à®áâì ¥¥ à á¯à®áâà ¥¨ï cs = q(@P )=@�)S?



|25|2.7. � ©â¨ áª®à®áâì §¢ãª  cs = q(@P )=@�)S ¢ ¨¤¥ «ì®¬ £ §¥ ¬ áá¨¢ëåç áâ¨æ,  £à¥â®¬ ¤® â ª®© â¥¬¯¥à âãàë, çâ® ¤ ¢«¥¨¥ ¥£® à ¢®¢¥á®£®¨§«ãç¥¨ï áâ «® áà ¢¨¬® á ¤ ¢«¥¨¥¬ á ¬®£® £ §  á �g = mn ([17] x64).2.8. � ©â¨ ®¡é¨© ¢¨¤ ãà ¢¥¨© ¯®«¨âà®¯¨ç¥áª¨å ¨  ¤¨ ¡ â¨ç¥áª¨å¯à®æ¥áá®¢ ¢ ¯¥à¥¬¥ëå (T; S), (T; V ), (T; P ), (P; V ).2.9. � ©â¨ ª.¯.¤. â¥¯«®¢®© ¬ è¨ë, à ¡®â îé¥© ¯® ®¡à â¨¬®¬ã æ¨ª«ã¨§ ¨§®â¥à¬ë,  ¤¨ ¡ âë ¨ ¯®«¨âà®¯ë, á ¬ ªá¨¬ «ì®© ¨ ¬¨¨¬ «ì®©â¥¬¯¥à âãà ¬¨ T1 > T2 (¤¢  ¢ à¨ â ). �à ¢¨âì á ª.¯.¤. æ¨ª«  � à®.2.10. � ©â¨ CP �CV ¯à¨ T ! 0, ¥á«¨:, (a) CV ! bT�, (b) S � S0! BT�.2.11. � §¬¥à®áâ¨ ®¡ê¥¬®© ¯«®â®áâ¨ ¢ãâà¥¥© í¥à£¨¨ u = U=V¨ ¤ ¢«¥¨ï P á®¢¯ ¤ îâ: PV = �U , £¤¥ � = �(T; V ) { ¡¥§à §¬¥à ïäãªæ¨ï. �á¯®«ì§ãï á¢ï§ì (2.17) ¤«ï \¨¤¥ «ì®©" á¨áâ¥¬ë { á � = const. ©â¨: ®¡é¨© ¢¨¤ ª «®à¨ç¥áª®£® ¨ â¥à¬¨ç¥áª®£® ãà ¢¥¨© á®áâ®ï¨ï,â¥¯«®¥¬ª®áâ¥© CV , CP ,  = CP=CV , íâà®¯¨¨, å¨¬¯®â¥æ¨ « , KS(P )(áà. § ¤. 1.6.), ¢®§¬®¦ë¥ ä®à¬ë ãà ¢¥¨©  ¤¨ ¡ â¨ç¥áª®£® ¯à®æ¥áá .2.12. � ª ¨§ (2.10) á«¥¤ã¥â (2.1): W! = I! TdS = I! PdV = � I! SdT = � I! V dP , [4]?2.13. �«ï ®¤®à®¤®© äãªæ¨¨ m-£® ¯®àï¤ª  U(x; y; z) = ��mU(�x; �y; �z) ¤®ª § âìãà ¢¥¨¥ �©«¥à : x@U@x + y@U@y + z@U@z = mU(x; y; z): (2.59)2.14. � ©â¨ ¨â¥£à «ë (2.24) ä®à¬ë (2.54) ¯à¨ h = 0. �á¥ «¨ ®¨ ®¤®§ çë¥ äãªæ¨¨?2.15. � ª®¢  áª®à®áâì §¢ãª  ¢ ä®â®®¬ £ §¥ (2.39) á �r = u(T )=c2, ¨¯®ç¥¬ã? �à ¢¨âì á § ¤. 2.7. ¯à¨ � = �g + �r, á ãç¥â®¬ (3.47).
�¨á. 2.1. �¥¯«®¢ ï ¬ è¨  �¨á. 2.2. �¨ª« � à® C ¤«ï ¨¤¥ «ì®£® £ § ,  > 1.
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�¨á. 2.3. �¨ª«ë � à®, ¢¯¨á ë¥ ¢ ¯à¨§¢®«ìë© æ¨ª«   ¯«®áª®áâ¨ (P; V ) ¨ (T; S)

�¨á. 2.4. � íª¢¨¢ «¥â®áâ¨ ¯à¨æ¨¯®¢ �®¬á®  ¨ � à â¥®¤®à¨
�¨á. 2.5. ��� �! ¨ ��� �C
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�¨á. 2.6. � áãé¥áâ¢®¢ ¨î ¨â¥£à¨àãîé¥£® ¤¥«¨â¥«ï ¢ ¤¢ãå ¨§¬¥à¥¨ïå

�¨á. 2.7. � ¥¤®áâ¨¦¨¬®áâ¨  ¡á®«îâ®£® ã«ï T2 = 0
�¨á. 2.8. � ¨â¥£à¨àã¥¬®áâ¨ ä®à¬ë �Q(r) = 0 ¢ âà¥å ¨§¬¥à¥¨ïå. P0 � r0:



�¥ªæ¨ï 3II-¥ � ç «® â¥à¬®¤¨ ¬¨ª¨.2-ï ç áâì. �¥®¡à â¨¬ë¥ ¯à®æ¥ááë1 � ª® ¢®§à áâ ¨ï íâà®¯¨¨� áá¬®âà¨¬ ¢®¢ì ¤¢¥ â¥à¬¨ç¥áª¨ ª®â ªâ¨àãîé¨¥ á¨áâ¥¬ë (�¨á. 1.2).� ¢®¢¥áë¥ á®áâ®ï¨ï á®¢®ªã¯®© ¨§®«¨à®¢ ®© á¨áâ¥¬ë 1+2 (2.26)§ ¢¨áïâ ®â âà¥å ¥§ ¢¨á¨¬ëå ¯ à ¬¥âà®¢ (2.28) (V1; V2; T ), ¢¬¥áâ® ª®â®-àëå ¬®¦® ¢ë¡à âì âà¨ ¤àã£¨å â ª¦¥ ¥§ ¢¨á¨¬ëå ¯ à ¬¥âà  (V1; V2; S).�ãáâì á¨áâ¥¬  ¯¥à¥å®¤¨â ¨§ á®áâ®ï¨ï (V 01 ; V 02 ; S0) ¢ á®áâ®ï¨¥ (V1; V2; S).II-¥ � ç «® â¥à¬®¤¨ ¬¨ª¨ ¤«ï ¨§®«¨à®¢ ®© á¨áâ¥¬ë 1+2 ãâ¢¥à-¦¤ ¥â, çâ® ¯à¨ «î¡ëå â ª¨å ¯¥à¥å®¤ å ¥¥ ¯®« ï íâà®¯¨ï S «¨¡® ¨ª®-£¤  ¥ à áâ¥â, «¨¡® ¨ª®£¤  ¥ ã¡ë¢ ¥â. �¥©áâ¢¨â¥«ì®: ¢á¥£¤  ¬®¦®¥ª¢ §¨áâ â¨ç¥áª¨¬, ¥à ¢®¢¥áë¬, ¥®¡à â¨¬ë¬  ¤¨ ¡ â¨ç¥áª¨¬ ¯ã-â¥¬, �fQne = 0 (�fAne 6= 0) ¯à¨¢¥áâ¨ á¨áâ¥¬ã á¯¥à¢  ¢ á®áâ®ï¨¥ (V 01 ; V 02 ; S)á ã¦ë¬ § ç¥¨¥¬ íâà®¯¨¨ S,   § â¥¬ ®¡à â¨¬ë¬  ¤¨ ¡ â¨ç¥áª¨¬ ¨§-¬¥¥¨¥¬ ®¡ê¥¬®¢, ¥ ¬¥ïï S, ¯à¨¢¥áâ¨ ¥¥ ¢ ª®¥ç®¥ á®áâ®ï¨¥ (V1; V2; S).�á«¨ ¯à¨ â ª¨å ¥®¡à â¨¬ëå ¥à ¢®¢¥áëå (ne) ¯à®æ¥áá å ¢®§¬®¦ë®¡  ¥à ¢¥áâ¢ : S < S0 ¨ S > S0, â® ª ¦¤®¥ á®á¥¤¥¥ á®áâ®ï¨¥ (V1; V2; S)á®áâ ¢®© á¨áâ¥¬ë ®ª §ë¢ ¥âáï ¥à ¢®¢¥á®  ¤¨ ¡ â¨ç¥áª¨ ¤®áâ¨¦¨¬®¨§ ¨áå®¤®£® á®áâ®ï¨ï (V 01 ; V 02 ; S0), â.ª. ®¡ê¥¬ë ¬®¦® ®¡à â¨¬® ¬¥ïâì¯à®¨§¢®«ì®. �â® ¯à®â¨¢®à¥ç¨â ®¡é¥¬ã ¯à¨æ¨¯ã  ¤¨ ¡ â¨ç¥áª®© ¥-¤®áâ¨¦¨¬®áâ¨ � à â¥®¤®à¨. �.¥. ¢®§¬®¦® â®«ìª® ®¤® ¨§ íâ¨å ¥à -¢¥áâ¢, ç¥© § ª á¢ï§  á® § ª®¬ ª®áâ âë C ¢ ®¯à¥¤¥«¥¨¨  ¡á®«îâ®©â¥¬¯¥à âãàë T (2.31): ¥á«¨  ¤¨ ¡ â¨ç¥áª¨ ®¡à â¨¬® ¢¥àãâì ®¡ê¥¬ë ª¯à¥¦¨¬ § ç¥¨ï¬, Vi 7! V 0i , â® í¥à£¨ï â ª®£® ª®¥ç®£® á®áâ®ï¨ïU(V 01 ; V 02 ; S) ¥ ¬®¦¥â ¡ëâì ¬¥ìè¥ í¥à£¨¨ U0(V 01 ; V 02 ; S0)  ç «ì®£®á®áâ®ï¨ï: U > U0, ¨ ç¥ á¨áâ¥¬  ®ª ¦¥âáï ¢¥çë¬ ¤¢¨£ â¥«¥¬ ¢â®-28



|29|à®£® à®¤ . �®, á®£« á® (2.14),  @S@U !V1;V2 = 1T , ¨ ¯à¨ T > 0 íâà®¯¨ïS(U; V1; V2) { ¢®§à áâ îé ï äãªæ¨ï U , â.¥. S > S0 ¯à¨ V1;2 = const,  § ç¨â, ¯à¨ «î¡ëå ¥à ¢®¢¥áëå  ¤¨ ¡ â¨ç¥áª¨å ¯à®æ¥áá å�Sne = S � S0 > 0.� ª ª ª [9] § ç¥¨ï à ¡®âë ¯® ¯à®¨§¢®«ìë¬  ¤¨ ¡ â¨ç¥áª¨¬ ¯¥à¥¢®¤ ¬ á¨áâ¥¬ë¨§ à ¢®¢¥á®£® á®áâ®ï¨ï 1 ¢® ¢á¥¢®§¬®¦ë¥ á®á¥¤¨¥ à ¢®¢¥áë¥ á®áâ®ï¨ï 2 ®¡à -§ãîâ á¢ï§®¥ ç¨á«®¢®¥ ¬®¦¥áâ¢®: �A12 2 [A;A], ¨ ¤«ï «î¡®£® â ª®£® ¯¥à¥å®¤  ¯® I -¬ã� ç «ã ¨ 1-®© ç áâ¨ II -£® � ç « : U2(S2; fV2g) � U1(S1; fV1g) + �A12 = 0, â® á®®â-¢¥âáâ¢ãîé¨¥ ª®¥çë¥ § ç¥¨ï íâà®¯¨¨ S2, ¯® á®®¡à ¦¥¨ï¬ ¥¯à¥àë¢®áâ¨, â ª¦¥§ ¯®«ïîâ ¥¯à¥à¢ë¢® ¥ª®â®àë© ®âà¥§®ª S2 2 [S; S], à §ã¬¥¥âáï, á®¤¥à¦ é¨© ¨ ¥¥  -ç «ì®¥ § ç¥¨¥ S1, ¯®áª®«ìªã ª ç¨á«ã ¢®§¬®¦ëå ®¡ï§ â¥«ì® ®â®áïâáï ¨ ®¡à â¨¬ë¥ª¢ §¨áâ â¨ç¥áª¨¥  ¤¨ ¡ â¨ç¥áª¨¥ ¯¥à¥å®¤ë, £¤¥ S2 =) S1 2 [S; S]. �®¯ãé¥¨¥, çâ® S1{ ¢ãâà¥ïï â®çª  íâ®£® ®âà¥§ª , ®§ ç «® ¡ë, çâ® ®  ®ªàã¦¥  «¨èì  ¤¨ ¡ â¨ç¥-áª¨ ¤®áâ¨¦¨¬ë¬¨ á®áâ®ï¨ï¬¨, â.ª. ®¡ê¥¬ë fV1g ¢á¥£¤  ¬®¦® ¯à¨¢¥áâ¨ ª ã¦ë¬§ ç¥¨ï¬ fV2g ª¢ §¨áâ â¨ç¥áª¨, ¥ ¬¥ïï S2. �â® ¯à®â¨¢®à¥ç¨â ¯à¨æ¨¯ã  ¤¨ ¡ â¨-ç¥áª®© ¥¤®áâ¨¦¨¬®áâ¨. � ç¨â, S1 ¤®«¦® á®¢¯ ¤ âì «¨¡® á S, «¨¡® á S. � ¤®áâ â®ç®®¤®£® íªá¯¥à¨¬¥â , çâ®¡ë ã§ âì, á ç¥¬ ¨¬¥®. �ªá¯¥à¨¬¥â «ì®: S1 = S.�.¥. à ¢®¢¥áë© ¨ ¥à ¢®¢¥áë©  ¤¨ ¡ â¨ç¥áª¨¥ ¯à®æ¥ááë ¨§ ®¤®£® ¨â®£® ¦¥  ç «ì®£® á®áâ®ï¨ï ¯à¨¢®¤ïâ ª ¯à¨æ¨¯¨ «ì® à §ë¬ ª®¥çë¬á®áâ®ï¨ï¬: ¥á«¨ ¯à¨ ª ª®¬ «¨¡® ¨§¬¥¥¨¨ á®áâ®ï¨ï  ¤¨ ¡ â¨ç¥áª¨ ¨§®«¨à®¢ ®©á¨áâ¥¬ë ¥¥ íâà®¯¨ï ¥ ®áâ « áì ¯®áâ®ï®©, â® ¥ áãé¥áâ¢ã¥â ¨ª ª®£®  ¤¨ ¡ â¨ç¥-áª®£® ª¢ §¨áâ â¨ç¥áª®£® ¯à®æ¥áá , ¯¥à¥¢®¤ïé¥£® á¨áâ¥¬ã ®¡à â® ¨§ ª®¥ç®£® á®áâ®-ï¨ï ¢  ç «ì®¥: «î¡®¥ ¨§¬¥¥¨¥ á®áâ®ï¨ï  ¤¨ ¡ â¨ç¥áª¨ ¨§®«¨à®¢ ®© á¨áâ¥¬ë,¯à¨ ª®â®à®¬ ¬¥ï¥âáï § ç¥¨¥ ¥¥ íâà®¯¨¨,  ¤¨ ¡ â¨ç¥áª¨ ã¦¥ ¥®¡à â¨¬®.�®£¤  ¯à¨ § ¢¥¤®¬® ¥®¡à â¨¬®© à¥« ªá æ¨¨ â ª®© á¨áâ¥¬ëª á®áâ®ï¨î à ¢®¢¥á¨ï ¥¥ íâà®¯¨ï ¤®«¦  ¢®§à áâ âì, ¤®áâ¨-£ ï ¢ à ¢®¢¥á®¬ á®áâ®ï¨¨ á¢®¥£® ¬ ªá¨¬ã¬ .�«ï ¤¢ãå ¢ à¨ â®¢ ¯¥à¥å®¤  1 a! 2 ¨ 1 b! 2 (�¨á. 3.1) ¬¥¦¤ã ¡«¨§ª¨¬¨à ¢®¢¥áë¬¨ á®áâ®ï¨ï¬¨ 1 ¨ 2 ¥ª®â®à®© â¥à¬®¤¨ ¬¨ç¥áª®© á¨áâ¥¬ë,£¤¥ (a) - ¥à ¢®¢¥áë©, ¥®¡à â¨¬ë© ¯¥à¥å®¤,   (b) - à ¢®¢¥áë©, ®¡à -â¨¬ë© ¯¥à¥å®¤, ¥áâ¥áâ¢¥®, á â¥¬ ¦¥  £à¥¢ â¥«¥¬, ¯® I-¬ã � ç «ã¨¬¥¥¬: (a) : �fQne = dU + �fAne; (b) : �Q = dU + �A: (3.1)�¡à é ï ®¡à â¨¬ë© ¯à®æ¥áá (b) ª ª (b0), § ¯¨è¥¬ ¥£® ãà ¢¥¨¥ ¢ ¢¨¤¥:(b0) : ��Q = �dU � �A; f â.¥.: �Q0 = �dU + �A0 g : (3.2)�ª« ¤ë¢ ï (a) ¨ (b0), ¤«ï ¥à ¢®¢¥á®£® \ªàã£®¢®£®" ¯à®æ¥áá :1 a! 2 b0! 1; ¯®«ãç ¥¬: �fQne � �Q = �fAne � �A = �W: (3.3)



|30|�â  ¢¥«¨ç¨  �W \¯«®é ¤¨ æ¨ª« "   (�¨á. 3.1) ¥ ¬®¦¥â ¡ëâì à ¢ ã«î, â.ª. ¨ ç¥ ¥®¡à â¨¬ë© ¯à®æ¥áá (a) ®ª § «áï ¡ë ®¡à â¨¬ë¬. � ¥ ¬®¦¥â ¡ëâì ¯®«®¦¨â¥«ì®©, â.ª. ¨ ç¥ ¢ â ª®¬ "ªàã£®¢®¬" ¯à®æ¥áá¥(3.3) ¢á¥ ®âïâ®¥  è¥© á¨áâ¥¬®© ã ¥¤¨áâ¢¥®£®  £à¥¢ â¥«ï ¯®«®¦¨-â¥«ì®¥ â¥¯«® �W æ¥«¨ª®¬ ¯à¥¢à é «®áì ¡ë ¢ ¯®«®¦¨â¥«ìãî ¦¥ à ¡®âã¡¥§ ª ª®© «¨¡® ª®¬¯¥á æ¨¨, çâ® ¯à®â¨¢®à¥ç¨â II-¬ã � ç «ã, § ¯à¥é -îé¥¬ã ¨ â ª®© ¢¥çë© ¤¢¨£ â¥«ì ¢â®à®£® à®¤  {   ¥®¡à â¨¬®¬ \æ¨-ª«¥". �®¯ãáâ¨¬®¥ «¨èì ¥à ¢¥áâ¢® �W < 0 ®§ ç ¥â, çâ® ¨¬¥îâ ¬¥áâ®:(A) �à¨æ¨¯ ¬ ªá¨¬ «ì®© à ¡®âë. �à¨ ¥ ¤¨ ¡ â¨ç¥áª®¬ ¯¥à¥å®¤¥¬¥¦¤ã ¤¢ã¬ï à ¢®¢¥áë¬¨ á®áâ®ï¨ï¬¨ á®¢¥àè ¥¬ ï á¨áâ¥¬®© à ¡®â ¬ ªá¨¬ «ì  ¤«ï ®¡à â¨¬®£® (à ¢®¢¥á®£®) ¯¥à¥å®¤ , �A > �fAne.(B) �à¨æ¨¯ ¬ ªá¨¬ «ì®£® ¯®£«®é¥¨ï â¥¯« . �®£«®é ¥¬®¥ á¨áâ¥¬®©¯à¨ ¥ ¤¨ ¡ â¨ç¥áª®¬ ¯¥à¥å®¤¥ ª®«¨ç¥áâ¢® â¥¯«  â ª¦¥ ¬ ªá¨¬ «ì®¤«ï ®¡à â¨¬®£® (à ¢®¢¥á®£®) ¯¥à¥å®¤ , �Q > �fQne.�á¯®¬¨ ï, çâ® ¤«ï ®¡à â¨¬®£® ¯¥à¥å®¤  �Q = TdS, ¨¬¥¥¬ II-¥ � ç «®â¥à¬®¤¨ ¬¨ª¨ ¤«ï ¥à ¢®¢¥áëå, ¥®¡à â¨¬ëå ¯à®æ¥áá®¢:TdS > �fQne; dS > �fQneT ;  . ¨â¥£à¨àãï ¯® ¯ãâ¨ (ne); S2 � S1 > 2Z1 �fQneT :(3.4)� ª çâ® ¯¥à¥å®¤ 1! 2, á®¢¥àè ¥¬ë© á¨áâ¥¬®©  ¤¨ ¡ â¨ç¥áª¨ à ¢®¢¥á®(ª¢ §¨áâ â¨ç¥áª¨) ¯® â¨¯ã (b): (�Q = TdS = 0), ¥«ì§ï ®áãé¥áâ¢¨âì ¤¨ ¡ â¨ç¥áª¨ ¥à ¢®¢¥á® ¯® â¨¯ã (a): (�fQne = 0; dSne > 0). �.¥.¯à®æ¥ááë (a) ¨ (b) ¬¥¦¤ã ®¤¨¬¨ ¨ â¥¬¨ ¦¥ á®áâ®ï¨ï¬¨ 1 ¨ 2 ¥ ¬®£ãâ¡ëâì ®¡   ¤¨ ¡ â¨ç¥áª¨¬¨ (¨¤¥ªá (ne) ã ¤¨ää¥à¥æ¨ «  dS, ª®¥ç®, ãá«®¢¥!).�àã£¨¬¨ á«®¢ ¬¨, ¥à ¢¥áâ¢  (A) ¨ (B) ®§ ç îâ, çâ® ¥¢®§¬®¦®¯¥à¥¢¥áâ¨ á¨áâ¥¬ã ¨§ 1 ¢ 2 ¯à¨, ª § «®áì ¡ë, ®¤¨å ¨ â¥å ¦¥ ãá«®¢¨ïå, ¯à¨¬¥à �Q = �fQne = 0, (¨«¨ �A = �fAne = 0), ª ª à ¢®¢¥á® (b), â ª¨ ¥à ¢®¢¥á® (a), â.ª. ¯à¨ â ª¨å \®¤¨ ª®¢ëå" ãá«®¢¨ïå á®®â¢¥âáâ¢ã-îé¨¥ ª®¥çë¥ á®áâ®ï¨ï ®ª ¦ãâáï à §ë¬¨: 2 6= e2, ¨ á®®â¢¥âáâ¢ãîé¨¥§ ç¥¨ï �A ¨ �fAne (¨«¨ �Q ¨ �fQne) ã¦¥ ¥ ¡ã¤ãâ áà ¢¨¬ë ¯® (�¨á. 3.1).�.¥. ¢ â® ¢à¥¬ï ª ª II-¥ � ç «® â¥à¬®¤¨ ¬¨ª¨ ¤«ï ®¡à â¨¬ëå¯à®æ¥áá®¢ { ¥£® 1- ï ç áâì { ®âà ¦ ï  «¨ç¨¥ á¥âª¨ ®¡à â¨¬ëå  ¤¨ ¡ â ¨¨§®â¥à¬, ãâ¢¥à¦¤ ¥â «¨èì ®â®á¨â¥«ìãî ª¢ §¨áâ â¨ç¥áªãî  ¤¨ ¡ â¨-ç¥áªãî ¥¤®áâ¨¦¨¬®áâì á®áâ®ï¨© ª ª á S > S0, â ª á S < S0, â.ª.  ¤¨¡ -â¨ç¥áª¨ à ¢®¢¥á® (®¡à â¨¬®) ¤®áâ¨¦¨¬ë â®«ìª® á®áâ®ï¨ï á S = S0,



|31|� II-¥ � ç «® â¥à¬®¤¨ ¬¨ª¨ ¤«ï ¥®¡à â¨¬ëå ¯à®æ¥áá®¢, ¥£®2- ï ç áâì, ¢ ä®à¬ã«¨à®¢ª¥ � à â¥®¤®à¨, ¤«ï «î¡®© § ¬ªãâ®© á¨áâ¥¬ëãâ¢¥à¦¤ ¥â  ¡á®«îâãî  ¤¨ ¡ â¨ç¥áªãî ¥¤®áâ¨¦¨¬®áâì ¨§ á®-áâ®ï¨ï á ¤ ë¬ S0 «î¡ëå á®áâ®ï¨© á S < S0. �.¥.  ¤¨ ¡ â¨ç¥áª¨¥à ¢®¢¥á® ¤®áâ¨¦¨¬ë â®«ìª® á®áâ®ï¨ï á S > S0, { § ª® ¢®§à -áâ ¨ï íâà®¯¨¨, { íâà®¯¨ï § ¬ªãâ®© á¨áâ¥¬ë ¬®¦¥â â®«ìª® ¢®§à -áâ âì, ¨ á«¥¤®¢ â¥«ì® ¢ à ¢®¢¥á¨¨ ®  ¡ã¤¥â ã¦¥ ¬ ªá¨¬ «ì .� II-¥ � ç «®, 2- ï ç áâì ¢ ä®à¬ã«¨à®¢ª¥ �« ã§¨ãá : [�  ¤¨ ¡ â¨ç¥áª¨ ¨§®-«¨à®¢ ®© á¨áâ¥¬¥] �à®æ¥áá ¯¥à¥¤ ç¨ â¥¯«  ®â £®àïç¥£® â¥«  ª å®«®¤®¬ã¡¥§ á®¢¥àè¥¨ï à ¡®âë ¥®¡à â¨¬. (�.ª. ®¡à âë© ¯à®æ¥áá ¯®âà¥¡ã¥â,ª ª ¬ë § ¥¬, § âà âë à ¡®âë.) [�â® ¨ ¤ ¥â ¯à¨¬¥à ¥®¡à â¨¬®áâ¨].� II-¥ � ç «®, 2- ï ç áâì ¢ ä®à¬ã«¨à®¢ª¥ �®¬á® : �à®æ¥áá, ¯à¨ ª®â®-à®¬ ¢áï (¬�ªà®)à ¡®â  �A0 ¯¥à¥è«  ¢ (¬�ªà®)â¥¯«® 7!�Q = �Unagr,¡¥§ ª ª¨å «¨¡® ¨ëå ¨§¬¥¥¨© (¢¥è¨å fVig) ¯ à ¬¥âà®¢ á®áâ®ï¨ïá¨áâ¥¬ë, ¥®¡à â¨¬. (�.ª. ¨ª ª¨¬ ®¡à âë¬ ¯à®æ¥áá®¬ ¥«ì§ï ¯à¥-¢à â¨âì íâ® ¦¥ ®âïâ®¥ ã  £à¥¢ â¥«ï â¥¯«® á®¢  ¢ âã ¦¥ à ¡®âã.)�¡ê¥¤¨¥¨¥ ®¡¥¨å ç áâ¥© II-£® � ç «  ¯à¨¤ ¥â ¥¬ã å à ªâ¥à ®æ¥ª¨:T (e)dS > �fQne = dU + P (e)dV +Xm Y (e)m dym ¨«¨() �Q = TdS; (3.5)çâ® ¥áâì ®á®¢®¥ ¥à ¢¥áâ¢® (>) ¤«ï ¥à ¢®¢¥áëå ¯à®æ¥áá®¢, ¨«¨®á®¢®¥ ãà ¢¥¨¥ â¥à¬®¤¨ ¬¨ª¨ (=) ¤«ï à ¢®¢¥áëå. �®®â¢¥âáâ¢¥®,(3.4) ¨ (2.7) ¨§¢¥áâë ª ª ¥à ¢¥áâ¢® ¨ à ¢¥áâ¢® �« ã§¨ãá :dS > �fQT (e) ; 0 = Ie! dS > Ie! �fQT (e) ¤«ï \¥à ¢®¢¥á®£® æ¨ª« " e!; (3.6)dS = �QT ; 0 = I! dS = I! �QT ¤«ï à ¢®¢¥á®£® æ¨ª«  !; (3.7)£¤¥ T (e); P (e); Y (e)m ï¢«ïîâáï ¢¥è¥© â¥¬¯¥à âãà®©,  ¡á®«îâ®© ¢¥«¨ç¨-®© ¤ ¢«¥¨ï ¨«¨ ®¡®¡é¥®© á¨«ë á® áâ®à®ë ¢¥è¥© áà¥¤ë ¨, ¢®®¡é¥£®¢®àï, ¢ ¥à ¢®¢¥á®¬ á®áâ®ï¨¨ ¥ ®¯à¥¤¥«¥ë ¤«ï á ¬®© á¨áâ¥¬ë.� ¯à¨¬¥à, ¯à¨ ¡ëáâà®¬ à áè¨à¥¨¨ á¦ â®£® ¢ æ¨«¨¤à¥ £ §  ¥¯®áà¥¤áâ¢¥® ¯®¤¯®àè¥¬ ®¡à §ã¥âáï à §à¥¦¥¨¥, çâ® ¯à¨¢®¤¨â ª ¬¥ìè¥¬ã ¤ ¢«¥¨î   ¯®àè¥ì ¨,á®®â¢¥âáâ¢¥®, ¬¥ìè¥© ¯à®¨§¢®¤¨¬®© £ §®¬ à ¡®â¥, ç¥¬ ¯à¨ ¬¥¤«¥®¬ ®¡à â¨¬®¬¯à®æ¥áá¥ à áè¨à¥¨ï [4], ¢ á®®â¢¥âáâ¢¨¨ á ¯à¨æ¨¯®¬ (A) ¬ ªá¨¬ «ì®© à ¡®âë:P (e) < P; 7�! � eA = Z P (e)dV < Z PdV = �A:�¤ ª® íâà®¯¨ï { äãªæ¨ï á®áâ®ï¨ï á¨áâ¥¬ë, ¨ ¥¥ ¨§¬¥¥¨¥¢¯®«¥ ®¯à¥¤¥«¥® ¨ ¯à¨ ¥à ¢®¢¥á®¬ ¯¥à¥å®¤¥ ¬¥¦¤ã à ¢®¢¥áë¬¨



|32|á®áâ®ï¨ï¬¨ á¨áâ¥¬ë ¯ãâ¥¬ ¥£® § ¬¥ë «î¡ë¬ ¨ë¬ íª¢¨¢ «¥âë¬,® ã¦¥ à ¢®¢¥áë¬ ¯à®æ¥áá®¬ ¯¥à¥å®¤  (eqv) [2] x23 á T (e) = T (¨¤¥ªá¯à®æ¥áá  ã dS ¨ dU , ª®¥ç®, ãá«®¢¥). �«ï ç¥£®, «¨¡® ¤«ï á¨áâ¥¬ë ¢ æ¥«®¬,¯à¨: T (e)dS > �fQ a= dU + �fA; dU � dUeqv; �fA < �Aeqv; �fQ < �Qeqv;¯®« £ îâ (�¨á. 3.1): T (e)dS = TdSeqv = �Qeqv b= dUeqv + �Aeqv; (3.8)«¨¡® ¤¥«ïâ ¥¥   â ª¨¥ ¯®¤á¨áâ¥¬ë, ª®â®àë¥ ¢ íâ®¬ ¯à®æ¥áá¥ ¬®¦® ã¦¥áç¨â âì à ¢®¢¥áë¬¨ ¨ ¨á¯®«ì§ãîâ  ¤¤¨â¨¢®áâì íâà®¯¨¨ (2.36).2 �¥â®¤ â¥à¬®¤¨ ¬¨ç¥áª¨å ¯®â¥æ¨ «®¢. �¨áâ¥¬ëá ¯¥à¥¬¥ë¬ ç¨á«®¬ ç áâ¨æ�®¯®«¨â¥«ìë¥ ¯¥à¥¬¥ë¥ ¬®£ãâ ¢®§¨ª âì ¨ ã ¯à®áâ®© ¯®¤á¨áâ¥¬ë á¥¤¨áâ¢¥ë¬ ¯ à ¬¥âà®¬ ®¡ê¥¬  V ¨ ¤ ¢«¥¨ï P , ® ®¡¬¥¨¢ îé¥©áïá ¢¥è¨¬ ¬¨à®¬ ç áâ¨æ ¬¨ (�¨á. 1.3). �á«¨ �i ¥áâì ¨§¬¥¥¨¥ ¢ã-âà¥¥© í¥à£¨¨ á¨áâ¥¬ë, á¢ï§ ®¥ á â ª¨¬ á¯®á®¡®¬ ¤®¡ ¢«¥¨ï ¢ ¥¥®¤®© ç áâ¨æë i-£® â¨¯ , ¯à¨ ª®â®à®¬ á¨áâ¥¬  ¥ ¯®«ãç ¥â â¥¯«  ¨ ¥á®¢¥àè ¥â à ¡®âë [3], [4], â® ¯à¨à é¥¨¥ ¢ãâà¥¥© í¥à£¨¨ ¤«ï «î¡®£®¯à®æ¥áá  ¢ â ª®© á¨áâ¥¬¥ á ¯¥à¥¬¥ë¬ ç¨á«®¬ ç áâ¨æ ¯à¨®¡à¥â ¥â ¢¨¤:dU = �Q � �A+Xi �i dNi; ¨«¨, ¤«ï à ¢®¢¥áëå ¯à®æ¥áá®¢ ¨ á®áâ®ï¨©: (3.9)dU(S; V;N) = TdS � PdV +Xi �i dNi; £¤¥: 1 � dNi � Ni : (3.10)� ª çâ®, ¥á«¨ U ¨§¢¥áâ , ª ª äãªæ¨ï U(S; V;N), â® ¢ íâ¨å ¯¥à¥¬¥ëå®  ï¢«ï¥âáï â¥à¬®¤¨ ¬¨ç¥áª¨¬ ¯®â¥æ¨ «®¬, ¢ â®¬ á¬ëá«¥ (2.9), çâ®:T =  @U@S !V;N ; P = �  @U@V !S;N ; �i =  @U@Ni!S;V ; ¨ ¤ «¥¥: (3.11)0@@2U@S2 1AV;N =  @T@S !V;N = TCV ; 0@@2U@V 21AS;N= �  @P@V !S;N= 1V KS : (3.12)� ®¡é¥¬ á«ãç ¥   7-¬ì ¯¥à¥¬¥ëå U; S; V;N; T; P; �, (i = 1) ¨¬¥îâáï:ãà ¢¥¨¥ (3.10), â¥à¬¨ç¥áª®¥ (1.5), ª «®à¨ç¥áª®¥ (1.16) ãà ¢¥¨ï á®-áâ®ï¨ï ¨ ãà ¢¥¨¥ ¯à®æ¥áá  (1.18). �â¨ 4-à¥ ãà ¢¥¨ï, ª § «®áì ¡ë,®áâ ¢«ïîâ ¥®¯à¥¤¥«¥ë¬¨ ¥é¥ âà¨ ¯¥à¥¬¥ëå ¨§ 7-¬¨.�¤ ª® ¯à¨ § ¤ ¨¨ ¢ãâà¥¥© í¥à£¨¨ ¢ \á¢®¨å ¥áâ¥áâ¢¥-ëå" ¯¥à¥¬¥ëå (3.10) ®áâ «ìë¥ äãªæ¨¨ (¯ à ¬¥âàë) à ¢®¢¥á-®£® á®áâ®ï¨ï á¨áâ¥¬ë ¯®«®áâìî ®¯à¥¤¥«ïîâáï ¥¥ ¥¯®áà¥¤áâ¢¥ë¬



|33|¤¨ää¥à¥æ¨à®¢ ¨¥¬ (3.11), (3.12) ¢ á®®â¢¥âáâ¢¨¨ á ãª § ë¬ ¢ëè¥ ¥¥á¬ëá«®¬ â¥à¬®¤¨ ¬¨ç¥áª®£® ¯®â¥æ¨ «  ¢ íâ¨å ¯¥à¥¬¥ëå S; V;N .�¥à¬®¤¨ ¬¨ç¥áª¨¥ ¯®â¥æ¨ «ë ¤«ï ¤àã£¨å  ¡®à®¢ \¥áâ¥áâ¢¥ëå¥§ ¢¨á¨¬ëå ¯¥à¥¬¥ëå" ¬®¦®  ©â¨,  ¯à¨¬¥à, ¯ãâ¥¬ ¯¥à¥§ ¯¨á¨¢¨¤  (2.14) ¨§ â®£® ¦¥ ®á®¢®£® ãà ¢¥¨ï (3.10). � ¯à¨¬¥à, ¢ ¢¨¤¥:dS(U; V;N) = dUT +PT dV � �T dN; 1T = @S@U !V;N; PT = @S@V !U;N; �T = � @S@N !U;V;(3.13)dV (S;U;N) = TP dS� dUP + �P dN; TP = @V@S !U;N; 1P = � @V@U !S;N; �P = @V@N!U;S:(3.14)�àã£¨¬ ¯ãâ¥¬ ï¢«ï¥âáï ¯à¥®¡à §®¢ ¨¥ �¥¦ ¤à  ãà ¢¥¨ï (3.10):F = U � TS; d(U � TS)= dF (T; V;N)= �SdT � PdV +Xi �idNi ; (3.15)®âªã¤ : S = �  @F@T !V;N ; P = �  @F@V !T;N ; �i =  @F@Ni!T;V ; (3.16)�0@@2F@T 21AV;N =  @S@T !V;N = CVT ; 0@@2F@V 21AT;N = �  @P@V !T;N = 1V KT ; (3.17)¨, ¢ ç áâ®áâ¨, ®âáî¤  � (dF )T;N = (PdV )T;N = (�A)T;N ; â.¥. (3.18)F (T; V;N) ¥áâì ¨§®â¥à¬¨ç¥áª¨© ¯®â¥æ¨ «. � íâ®© á¢®¡®¤®© í¥à£¨¥©�¥«ì¬£®«ìæ  á¢ï§   4- ï ä®à¬ã«¨à®¢ª  II-£® � ç « : �¤¨ ¡ â¨ç¥-áª¨ § ¬ªãâ ï á¨áâ¥¬  ¥ ¬®¦¥â ®â¤ âì ¢áî á®¤¥à¦ éãîáï ¢¥© ¢ãâà¥îî í¥à£¨î ¢ ¢¨¤¥ à ¡®âë. �.¥., å®âï, á®£« á® (1.16)¨ ¯à¨æ¨¯ã (�) ¬ ªá¨¬ «ì®© à ¡®âë, ¯à¨ U(S; V;N) � U(T; V;N) ¨�(dU)S;N = (�A)S;N > 0 : � [U(S; V0; N)� U(S; V;N)] = (�A)S;N ; (3.19)® íâ®â V0ZV (�A)S;N = (�A)S;N 6= � [UT=0(V0; N)� U(T; V;N)]S;N ; (3.20)â.ª. ¯® ¯à¨æ¨¯ã �¥àáâ  (2.41) á®áâ®ï¨¥ á T = 0 ¯à¨ S > S0 ¥®áã-é¥áâ¢¨¬®, ¨ [U0(V0; N)]S;N ¥ áãé¥áâ¢ã¥â ¨ 6= U0(V ) ¨§ (2.18), (2.42). �á¨«ã (3.15) ¢ãâà¥ïï í¥à£¨ï á¨áâ¥¬ë U = F+TS á®áâ®¨â ¨§ ¤®áâã¯®©¤«ï ¯à¥¢à é¥¨ï ¢ à ¡®âã á¢®¡®¤®© í¥à£¨¨ F ¨ \á¢ï§ ®©" í¥à£¨¨TS, ª®â®àãî ã¦¥ ¨ª ª¨¬, ¤ ¦¥  ¤¨ ¡ â¨ç¥áª¨¬ ª¢ §¨áâ â¨ç¥áª¨¬ ¯ã-â¥¬ S = const, ¥«ì§ï ¯à¥¢à â¨âì æ¥«¨ª®¬ ¢ à ¡®âã ¢¢¨¤ã ä¨§¨ç¥áª®©¥¤®áâ¨¦¨¬®áâ¨ (2.49)  ¡á®«îâ®£® ã«ï: TS > 0 (¯à¨æ¨¯ �®¬á® ).�.¥. íâà®¯¨ï ¥áâì ¬¥à  ®¡¥áæ¥¨¢ ¨ï ¢ãâà¥¥© í¥à£¨¨ á¨áâ¥¬ë U .



|34|� «®£¨ç®¥ ¯à¥®¡à §®¢ ¨¥ �¥¦ ¤à  ãà ¢¥¨ï (3.10) ¯® ¤àã£®©¯ à¥ ¯¥à¥¬¥ëå P; V ®¯à¥¤¥«ï¥â íâ «ì¯¨î, ¨«¨ \â¥¯«®á®¤¥à¦ ¨¥":H = U + PV; d(U + PV ) = dH(S; P;N) = TdS + V dP +Pi �idNi;(dH)P;N = (�Q)P;N ; [â®£¤  ª ª ¢ (3.10): (dU)V;N = (�Q)V;N ]: (3.21)�  à ¢  í¥à£¨¨ à áè¨à¥®© à ¢®¢¥á®© á¨áâ¥¬ë, ¢ª«îç îé¥©,  -¯à¨¬¥à,  àï¤ã á £ §®¬ ¢ à ¢®¢¥á¨¨ ¯®¤ âï¦¥«ë¬ ¯®àè¥¬, ¨ á ¬ íâ®â¯®àè¥ì ¢ ¯®«¥ âï¦¥áâ¨: U +Mgh = U +P�h = U +PV = H, (�¨á. 3.2).�¢®¡®¤ ï í¥à£¨ï �¨¡¡á  { ¯®â¥æ¨ « �¨¡¡á  { ¥áâì ®¡ê¥¤¨¥¨¥¤¢ãå ¯à¥¤ë¤ãé¨å ¯à¥®¡à §®¢ ¨© �¥¦ ¤à  (�- å¨¬¨ç¥áª¨© ¯®â¥æ¨ «):� = U � TS + PV = F + PV = H� TS = �(T; P;N); (3.22)d(F + PV ) = d�(T; P;N) = �SdT + V dP +Xi �idNi ; (3.23)®âªã¤  S = �  @�@T !P;N ; V =  @�@P !T;N ; �i =  @�@Ni!T;P ; (3.24)�0@@2�@T 21AP;N=  @S@T !P;N= CPT ; 0@@2�@P 21AT;N =  @V@P !T;N = �V KT : (3.25)�â¥£à¨àãï ¢ëâ¥ª îé¨¥ ¨§ íâ¨å ä®à¬ã« ¤¨ää¥à¥æ¨ «ìë¥ ãà ¢¥¨ï�¨¡¡á -�¥«ì¬£®«ìæ , ¬®¦® ¢á¥£¤  ¯¥à¥©â¨ ª ¯®â¥æ¨ «ã ¢ ¥£® ¥áâ¥áâ¢¥-ëå ¯¥à¥¬¥ëå. � ¯à¨¬¥à, â.ª. U0 = F0 ¯à¨ T = 0, â® ¯à¨ U = U(T; V ),¯®¤áâ ¢«ïï S ¨§ (3.16) ¢ (3.15), ¤«ï �U � U � U0 ¨ �F � F � F0 ¨¬¥¥¬:U = F + TS = F � T  @F@T !V ; ¨ �U(T; V ) = �F � T  @�F@T !V ; (3.26)â.¥. �U(T; V ) = �T 2 @@T �FT !V ; �F (T; V )T = � TZ0 d� �U(�; V )�2 : (3.27)� «®£¨ç®, ¯®¤áâ ¢«ïï íâà®¯¨î S ¨§ (3.24) ¢ (3.22), â.ª. H0 = �0 ¯à¨ T = 0, ¨¬¥¥¬:H = � + TS = �� T  @�@T !P = �T 2 @@T �T !P ; ��(T; P )T = � TZ0 d� �H(�; P )�2 : (3.28)�à¨ § ¤ ®© F = F (S; V ) á ãç¥â®¬ (3.11) ¨â¥£à¨àã¥¬ (3.15),  ®¡®à®â, ª ª ãà ¢¥¨¥  U(S; V ) ¯® ¯¥à¥¬¥®© S, £¤¥ ä®à¬ «ì® á®¢  U0(V ) = F0(V ) â¥¯¥àì ¯à¨ S ! S0 = 0,F (S; V ) = U � S  @U@S!V ; �F = �U � ST; �U(S; V )S = � SZ0 d� �F (�; V )�2 : (3.29)�å®¤¨¬®áâì ¢á¥å ¨â¥£à «®¢ ¢ (3.27){(3.29) £ à â¨àã¥âáï ¯à¨æ¨¯®¬ �¥àáâ  ¢ ¢¨¤¥(2.41), (2.42), â.ª. �S(�) 7! S(�) � �� ¯à¨ �! 0, ¨«¨ T (�) � �1=� ¯à¨ �! 0, � > 0.



|35|�ª §ë¢ ¥âáï, á¢®©áâ¢®  ¤¤¨â¨¢®áâ¨ ¢á¥å â¥à¬®¤¨ ¬¨ç¥áª¨å ¯®â¥-æ¨ «®¢ ¯®§¢®«ï¥â  ©â¨ ¨å ï¢ë© ¢¨¤. �¥«® ¢ â®¬, çâ® ¢á¥ â¥à¬®¤¨ ¬¨-ç¥áª¨¥ ¯ à ¬¥âàë ª ª äãªæ¨¨ á®áâ®ï¨ï à ¢®¢¥á®© á¨áâ¥¬ë ¤¥«ïâáï  ¤¢  ª« áá : íªáâ¥á¨¢ë¥ =  ¤¤¨â¨¢ë¥ { à áâãé¨¥ ¯à®¯®àæ¨® «ì®®¡ê¥¬ã ¨/¨«¨ ç¨á«ã ç áâ¨æ ¢ á¨áâ¥¬¥: V;N; S; U; F;H;�; J ; ¨«¨ ¨â¥-á¨¢ë¥ { ¥¨§¬¥ë¥ ¯à¨ (¬ëá«¥®¬) ¤¥«¥¨¨ à ¢®¢¥á®© á¨áâ¥¬ë  ç áâ¨: T; P; �; n = N=V . �á¥ â¥à¬®¤¨ ¬¨ç¥áª¨¥ ¯®â¥æ¨ «ë ª ª  ¤-¤¨â¨¢ë¥ äãªæ¨¨ â®£¤  ¤®«¦ë: 1) ¡ëâì ®¤®à®¤ë¬¨ äãªæ¨ï¬¨ 1-£® ¯®àï¤ª  ®â á¢®¨å  ¤¤¨â¨¢ëå ¥áâ¥áâ¢¥ëå ¯¥à¥¬¥ëå,   ¯®â®¬ã:2) å®âï ¡ë ®¤  ¨§ ¨å ¥áâ¥áâ¢¥ëå ¯¥à¥¬¥ëå ¤®«¦  ¡ëâì â®¦¥ ¤¤¨â¨¢®©; ¥ áãé¥áâ¢ã¥â â ª®£® â¥à¬®¤¨ ¬¨ç¥áª®£® ¯®â¥æ¨ « , ª ªäãªæ¨¨ â®«ìª® ¨â¥á¨¢ëå â¥à¬®¤¨ ¬¨ç¥áª¨å ¯ à ¬¥âà®¢:(i = 1) V 7! �VN 7! �NS 7! �S 9>>>=>>>; =) 8>>><>>>: U 7! �U; � 7! ��;H 7! �H; J 7! �J;F 7! �F; 0 7! 0 9>>>=>>>; ;  ¯à¨¬¥à: (3.30)U(�S; �V; �N) = �U(S; V;N); ®âªã¤  U(S; V;N) = N"  SN ; VN ! ; (3.31)ª ª ¨ F (T; V;N) = Nf  T; VN ! ; �(T; P;N) = N'(T; P ); � 7! 1N : (3.32)�§ (3.24) ¯à¨ i = 1 ¨ (3.32) ¥¬¥¤«¥® ®¡ àã¦¨¢ ¥¬, çâ®:� =  @�@N !T;P=) '(T; P ) = �(T; P ); â.¥. �(T; P;N) = N�(T; P ): (3.33)�®«ìè®© (\¢¥àå®¢ë©") â¥à¬®¤¨ ¬¨ç¥áª¨© ¯®â¥æ¨ « J ¢¢®¤¨âáï ª ª¯à¥®¡à §®¢ ¨¥ �¥¦ ¤à  ¯® ¯®á«¥¤¥© ®áâ ¢è¥©áï ¯ à¥ ¯¥à¥¬¥ëå �;N :J = F � �N; d(F � �N) = dJ(T; V; �) = �SdT � PdV �Nd�; (3.34)®âªã¤  S = �  @J@T !V;� ; P = �  @J@V !T;� ; N = �  @J@�!T;V ; (3.35)® ¨§ ¥£®  ¤¤¨â¨¢®áâ¨ (3.30): J(T; V; �) = �V �(T; �);   § ç¨âP =)(3:35) �(T; �) = P (T; �); â.¥. J(T; V; �) = �V P (T; �) � F � � (3.36)¢ ¯®«®¬ á®®â¢¥âáâ¢¨¨ á (3.34), (3.33), (3.22). �®¯ëâª¨ ¢¢¥áâ¨ ¯®â¥æ¨ «,§ ¢¨áïé¨© â®«ìª® ®â T; P; �, ¢ á®£« á¨¨ á ¯ãªâ®¬ 2), ¯à¨¢®¤ïâ ª â®¦¤¥-áâ¢¥®¬ã ã«î: � � �N= 0 =J + PV , ¯à¥¢à é ï, á®®â¢¥âáâ¢¥®, ª ª



|36|(3.23), â ª ¨ (3.34) ¢ ®¤® ¨ â®¦¥ ãà ¢¥¨¥ �¨¡¡á -�î£¥¬  (¯à¨ i = 1):Nd� = �SdT + V dP; ¨«¨: d�(T; P ) = �sdT + �dP; £¤¥: (3.37)s = SN =) �  @�@T !P = �  @P@T !� ; ¨ � � VN = 1n =) @�@P !T ¥áâì (3.38)á®®â¢¥âáâ¢¥® ã¤¥«ì ï íâà®¯¨ï ¨ ã¤¥«ìë© ®¡ê¥¬. �® ®âà ¦ ¥â â®âä ªâ, ®ç¥¢¨¤ë© ã¦¥ ¨§ ¯¥à¢ëå à ¢¥áâ¢ (3.33) ¨ (3.36), çâ® âà¨ ¨â¥-á¨¢ëå ¯ à ¬¥âà  T; P; � ï¢«ïîâáï § ¢¨á¨¬ë¬¨ ¢¥«¨ç¨ ¬¨,   ¯®â®¬ã¨å ¤¨ää¥à¥æ¨ «ë á¢ï§ ë «¨¥©ë¬ á®®â®è¥¨¥¬. �¢ ï â¥à¬®¤¨- ¬¨ç¥áª ï ä®à¬ã«  ¤«ï ¢ãâà¥¥© í¥à£¨¨ ¢ëâ¥ª ¥â ¨§ ¯®¤áâ ®¢ª¨(3.33) ¢ (3.22) ¨ á ãç¥â®¬ (3.11) ¥áâ¥áâ¢¥® ¢®á¯à®¨§¢®¤¨âáï ãà ¢¥¨¥¬�©«¥à  (2.59) ¤«ï ®¤®à®¤®© äãªæ¨¨ ¯¥à¢®£® ¯®àï¤ª  (3.31):U(S; V;N) = S  @U@S !V;N+V  @U@V !S;N+N  @U@N !S;V= ST�V P+N�; (3.39)  ¨§ (3.31){(3.33): �(T; P ) = "(s; �)� Ts+ P� = f(T; �) + P�: (3.40)�®áª®«ìªã ¨â¥á¨¢ë¥ â¥à¬®¤¨ ¬¨ç¥áª¨¥ ¯ à ¬¥âàë ¬®£ãâ § ¢¨á¥âìâ®«ìª® ®â ¨â¥á¨¢ëå ¦¥ ª®¬¡¨ æ¨© (®â®è¥¨©)  ¤¤¨â¨¢ëå ¢¥«¨-ç¨, â®,  ¯à¨¬¥à â¥à¬¨ç¥áª®¥ ãà ¢¥¨¥ á®áâ®ï¨ï (1.5) ¨¬¥¥â ¢¨¤P = P (T; �); ¨«¨ � = �(P; T ) =) �(�; T ); â.ª. P = P (T; �); (3.41)á®£« á® (3.36) ¨«¨ (3.33). �âáî¤  ¨ ¨§ (3.35), (3.36), ¨«¨ (3.38) ¤«ï¯«®â®áâ¨ ç¨á«  ç áâ¨æ n ¨ á¦¨¬ ¥¬®áâ¨ KT = KT;N (3.25)  å®¤¨¬:n = 1� = NV = @P@� !T; KT = � 1V  @V@P !T;N= �1� @�@P !T= 1n @n@P !T; (3.42) @�@�!T = 0@@�(P (T; �); T )@� 1AT =  @P@� !T  @�@P !T = 1�  @�@P !T = �KT : (3.43)� â.ª. ¢á¥ ¢ëà ¦¥¨ï ¤«ï: U (3.10), F (3.15), H (3.21), � (3.23), J (3.34), ¤«ï ¢á¥å ¢¢¥-¤¥ëå ¢ëè¥ â¥à¬®¤¨ ¬¨ç¥áª¨å ¯®â¥æ¨ «®¢ ï¢«ïîâáï ¯®«ë¬¨ ¤¨ää¥à¥æ¨ « ¬¨,ãá«®¢¨ï ¨å ¨â¥£à¨àã¬®áâ¨ ®¡®£ é îâ  è  ¡®à ¯®«¥§ëå â®¦¤¥áâ¢ ¤«ï á®®â¢¥â-áâ¢ãîé¨å á¬¥è ëå ç áâëå ¯à®¨§¢®¤ëå ¢¨¤  (2.9) ª ª ¤«ï ïª®¡¨ ®¢ ¢¨¤  (2.10) áãç¥â®¬ âà¥âì¥© ¤®¯®«¨â¥«ì®© ä¨ªá¨à®¢ ®© ¯¥à¥¬¥®©:@(T; S;N)@(P; V;N) � " @(T; S)@(P; V )#N = 1 = " @(T; S)@(P; V )#� � @(T; S; �)@(P; V; �) ; (3.44)@(T; S; V )@(�;N; V ) � " @(T; S)@(�;N)#V = �1 = " @(T; S)@(�;N)#P � @(T; S; P )@(�;N; P ) ; (3.45)@(P; V; S)@(�;N; S) � "@(P; V )@(�;N)#S = 1 = "@(P; V )@(�;N)#T � @(P; V; T )@(�;N; T ): (3.46)



|37|� ¤ ç¨3.1. � ©â¨ (@CV =@V )T =? (@CP=@P )T =? �¥¯«®¥¬ª®áâì CV ª ª¨å ¨§ £ -§®¢ (4.48) ¬®¦¥â § ¢¨á¥âì â®«ìª® ®â â¥¬¯¥à âãàë. �ç¨â ï ¥¥ ¨§¢¥áâ®©, ©â¨ ¨å íâà®¯¨î ¨ ¢á¥ â¥à¬®¤¨ ¬¨ç¥áª¨¥ ¯®â¥æ¨ «ë.3.2. �®ª § âì, çâ® ¯à¨ s, � ¨§ (3.38), �P ¨§ (1.13), ¨ á¦¨¬ ¥¬®áâïåKS; [T ]�� 1V  @V@P !S; [T ];N) @ lnn@P !s; [T ]: 1KS = 1KT + TVCV  @P@T !2� ; (3.47)KS = KT � TVCP �2P ; SV =  @P@T !�; CP � CV =  V �  @H@P !T! @P@T !V ; @T@V !U = 1CV  P � T  @P@T !V ! ;  @T@P !H = 1CP  T  @V@T !P � V ! : (3.48)CV;N (T; V; �) = T24 @S@T !V;��  @N@T !2V;�, @N@� !V;T35;  @P@T !V;N=  @P@T !�: (3.49)3.3. � ©â¨ CP � CV ¢ â®çª¥ ¨¢¥àá¨¨ ª®íää¨æ¨¥â  �¦®ã«ï - �®¬á® .3.4. � ¢¥àâ¨ª «ì® à á¯®«®¦¥®¬ â¥¯«®¨§®«¨à®¢ ®¬ æ¨«¨¤à¥ à ¤¨-ãá  r § ªà¥¯«¥ â¥¯«®¯à®¢®¤ïé¨© ¯®àè¥ì ¬ ááë m; ¤¥«ïé¨© æ¨«¨¤à  ¤¢¥ à ¢ë¥ ç áâ¨, ¢ ª ¦¤®© ¨§ ª®â®àëå á®¤¥à¦¨âáï ¯® 1 ¬®«î ¨¤.£ §  á CV = const; ¯à¨ â¥¬¯¥à âãà¥ T ¨ ¤ ¢«¥¨¨ P . � â¥¬ ¯®àè¥ì ®â-¯ãáª îâ ¨ ® ®¯ãáª ¥âáï ¯®¤ ¤¥©áâ¢¨¥¬ á¨«ë âï¦¥áâ¨. � ©â¨ ¨§¬¥¥¨¥íâà®¯¨¨ £ §  ¢ ¤¢ãå ¯à¥¤¥«ìëå á«ãç ïå:  ) mg � �r2P ; ¡) mg � �r2P:3.5. �¢  ®¤¨ ª®¢ëå â¥«  á ¯®áâ®ïë¬¨ â¥¯«®¥¬ª®áâï¬¨ C ¨ â¥¬¯¥à -âãà ¬¨ T1 > T2  ¤¨ ¡ â¨ç¥áª¨ ¨§®«¨à®¢ ë ¢¬¥áâ¥ á ¨¤¥ «ì®© â¥¯«®¢®©¬ è¨®©. � ©â¨ à ¢®¢¥áë¥ â¥¬¯¥à âãàë Ta; Tb, ¥á«¨ ¯¥à¥å®¤ ª à ¢®-¢¥á¨î ¯à®¨áå®¤¨â: (a) ¥®¡à â¨¬® (â¥¯«®¯¥à¥¤ ç ), (b) ®¡à â¨¬®. � ©â¨¨§¬¥¥¨¥ íâà®¯¨¨ ¢ á«ãç ¥ (a), ¨ ¬ ªá¨¬ «ìãî à ¡®âã ¢ á«ãç ¥ (b).3.6. �à¨ ®¤¨ ª®¢ëå â¥«  á ®¤¨ ª®¢ë¬¨ ¯®áâ®ïë¬¨ â¥¯«®¥¬ª®áâï¬¨,¯à¨ â¥¬¯¥à âãà å T1 = T2 = x = 300K, ¨ T3 = y = 100K, ¢¬¥áâ¥  ¤¨ ¡ -â¨ç¥áª¨ ¨§®«¨à®¢ ë. �® ª ª®© ¬ ªá¨¬ «ì®© â¥¬¯¥à âãàë Tmax ¬®¦® £à¥âì ®¤® ¨§ ¨å á ¯®¬®éìî ¤¢ãå ¤àã£¨å, ¨á¯®«ì§ãï «¨èì ¨¤¥ «ìãîâ¥¯«®¢ãî ¬ è¨ã, à ¡®â îéãî ¢ ®¡¥ áâ®à®ë ¨ ¯à¨ «î¡®¬ ¯¥à¥¯ ¤¥â¥¬¯¥à âãà? � ª ¬®¦® ®áãé¥áâ¢¨âì íâ®â ¯à®æ¥áá?3.7. �¯à¥¤¥«¨âì â¥à¬®¤¨ ¬¨ç¥áª¨¥ ¯®â¥æ¨ «ë ¢ ¯¥à¥¬¥ëå P;H ¨T; F , ¨ á®®â¢¥âáâ¢ãîé¨© ¢¨¤ ãà ¢¥¨© á®áâ®ï¨ï.3.8. � ©â¨ ãà ¢¥¨ï á®áâ®ï¨ï ¨ á¬ëá« ¯ à ¬¥âà®¢ ¤«ï á¨áâ¥¬ë á ¯®-â¥æ¨ «®¬ �¨¡¡á : �(T; P ) = aT (b� lnT ) +RT lnP � TS0.



|38|3.9. � ©â¨ ®¡é¨© ¢¨¤ ãà ¢¥¨© á®áâ®ï¨ï ¨ â¥¯«®¥¬ª®áâì C' ¢ â¥à¬¨- åK',KS (3.47) á¨áâ¥¬ë á ã«¥¢ë¬ ¯®â¥æ¨ «®¬ �¨¡¡á  �(T; P;N) � 0.3.10. �®«ãç¨âì ¨§ (3.40) ãà ¢¥¨¥ �¨¡¡á {�î£¥¬  (3.37), ã¡¥¤¨¢è¨áì,çâ®, ¢ á¨«ã (3.10), (3.31), (3.39), ¨«¨ «¨èì (3.11): d"(s; �) = Tds � Pd�.[� (3.39) ¨â¥á¨¢ ï T = @U(�S)@(�S) = @U(S)@S , ®¤®à®¤ ï äãªæ¨ï ã«¥¢®£® ¯®àï¤ª .]3.11. �à®¢¥à¨âì â¥®à¥¬ã ® ¬ «ëå ¤®¡ ¢ª å ([7] x24), ¯à¨  «¨ç¨¨ ã á¨-áâ¥¬ë ¤®¯®«¨â¥«ìëå â¥à¬®¤¨ ¬¨ç¥áª¨å ¯ à ¬¥âà®¢ yj:(�U)S;V;N = (�H)S;P;N = (�F )T;V;N = (��)T;P;N = (�J)T;V;� = Xj Yjdyj : (3.50)3.12. �  ¯à¨¬¥à¥ ¨¤¥ «ì®£® £ §  ¯®ª § âì íª¢¨¢ «¥â®áâì à §«¨çëå®¯à¥¤¥«¥¨© å¨¬¯®â¥æ¨ «  (3.11), (3.16), (3.24), ¨ ä®à¬ã« (3.40), (3.41).3.13. � ©â¨ (3.44){(3.46) ¨ CP;N �CV;N = T  @P@T !V;N @V@T !P;N :  @S@N !T;V= � @�@T !N;V ; @U@N !T;V= � � T  @�@T !�;  � CPCV ) KTKS ; �KT = � @2�@P 2!T =  @2f(T; �)@�2 !�1T . (3.51)� ª¨¥ äãªæ¨¨ ã¦® ¤¨ää¥à¥æ¨à®¢ âì ¢   «®£¨çëå ä®à¬ã« å ¤«ï �KS?.
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W-δ�¨á. 3.1. � ¢ë¢®¤ã ¨§ (3.3) ¯à¨æ¨¯®¢ ¬ ªá¨¬ «ì®© à ¡®âë (A) ¨ ¯®£«®é¥¨ï â¥¯«  (B).
�¨á. 3.2. � ®¯à¥¤¥«¥¨î íâ «ì¯¨¨ (3.21): H = U +Mgh = U + P�h = U + PV .



�¥ªæ¨ï 4�á«®¢¨ï à ¢®¢¥á¨ï ¨ ãáâ®©ç¨¢®áâ¨â¥à¬®¤¨ ¬¨ç¥áª¨å á¨áâ¥¬�¢¥¤¥ë¥ ¢ëè¥ â¥à¬®¤¨ ¬¨ç¥áª¨¥ ¯®â¥æ¨ «ë S(U; V;N); F (T; V;N);�(T; P;N) ¯®§¢®«ïîâ ¯à®áâ® áä®à¬ã«¨à®¢ âì ãá«®¢¨ï à¥ «¨§ æ¨¨ ¨â¥-à¥áãîé¥£®  á á®áâ®ï¨ï â¥à¬®¤¨ ¬¨ç¥áª®£® à ¢®¢¥á¨ï ¨ ªà¨â¥à¨¨ ¥£®ãáâ®©ç¨¢®áâ¨ ¤«ï à §«¨çëå â¥à¬®¤¨ ¬¨ç¥áª¨å á¨áâ¥¬, ¨á¯®«ì§ãï1 �ªáâà¥¬ «ìë¥ á¢®©áâ¢  â¥à¬®¤¨ ¬¨ç¥áª¨å¯®â¥æ¨ «®¢�¥©áâ¢¨â¥«ì®, ¨§ ®á®¢®£® ¥à ¢¥áâ¢  â¥à¬®¤¨ ¬¨ª¨ (3.5) ¤«ï ¥-à ¢®¢¥áëå, ¥®¡à â¨¬ëå ¯à®æ¥áá®¢, ¯à¨ N = const § ¤ ®£® ¢ ¢¨¤¥:0 � dU + P (e)dV � T (e)dS =) d �U + P (e)V � T (e)S� � d�? � 0; (4.1)á«¥¤ã¥â, çâ® äãªæ¨ï�?(U; V; S) = U+P (e)V�T (e)S, ª ª å à ªâ¥à¨§ã¥¬ ï¯¥à¥¬¥ë¬¨ U; V; S à áá¬ âà¨¢ ¥¬®© á¨áâ¥¬ë,  å®¤ïé¥©áï ¢ ¥à ¢®-¢¥á®¬ ª®â ªâ¥ á® áà¥¤®© á ä¨ªá¨à®¢ ë¬¨ ¯ à ¬¥âà ¬¨ T (e); P (e), ã¡ë-¢ ¥â (¥ ¢®§à áâ ¥â) ¢ â ª¨å ¯à®æ¥áá å ¢ëà ¢¨¢ ¨ï ¨ ¯®â®¬ã ¨¬¥¥â ¢á®áâ®ï¨¨ à ¢®¢¥á¨ï  ¨¬¥ìè¥¥ § ç¥¨¥.�®£¤  ¤«ï  ¤¨ ¡ â¨ç¥áª¨ ¨§®«¨à®¢ ®© á¨áâ¥¬ë, �fQ = 0, áãç¥â®¬ I-£® � ç «  â¥à¬®¤¨ ¬¨ª¨ (1.17), ¯à¨ T (e) > 0 ¢ (4.1)  å®¤¨¬:á®¢ , â.ª.: d �U + P (e)V � = dU + P (e)dV = dU + �fA = �fQ) 0;çâ®: d�? =) d(�T (e)S) = �T (e)dS � 0 ®âªã¤ : dS � S0 � S � 0: (4.2)�.¥. ä¨§¨ç¥áª¨© ¯¥à¥å®¤ ¨§®«¨à®¢ ®© á¨áâ¥¬ë ¨§ ¥à ¢®¢¥á®£® á®-áâ®ï¨ï á íâà®¯�̈¥© S ¢ à ¢®¢¥á®¥ á®áâ®ï¨¥ á íâà®¯�̈¥© S0 ¥ ¬®¦¥â¡ëâì ®¡à â¨¬ë¬, ï¢«ïïáì § ¢¥¤®¬® ¥à ¢®¢¥áë¬ ¯à®æ¥áá®¬,   ¥¥ í-âà®¯¨ï ¢ ¥¬ ¬®¦¥â â®«ìª® ¢®§à áâ âì, ¨ ¯® 2-®© ç áâ¨ II-£® � ç «  ¥¥39



|40|S0 ¢ á®áâ®ï¨¨ à ¢®¢¥á¨ï ã¦¥ ¬ ªá¨¬ «ì . �á«®¢¨¥ ãáâ®©ç¨¢®áâ¨ ¥¥à ¢®¢¥á¨ï ª ª ãá«®¢¨¥ ¬ ªá¨¬ã¬  ¥¥ íâà®¯¨¨ ¯à¨ à §«®¦¥¨¨ ¯® ¬ «ë¬¢¨àâã «ìë¬ ¢ à¨ æ¨ï¬   (�¨á. 4.1): S � S0 � �S = �S + 12�2S < 0; (4.3)¤ ¥â: �S = 0 { ª ª ®¡é¥¥ ãá«®¢¨¥ à ¢®¢¥á¨ï (íªáâà¥¬ã¬ ),¨ �2S < 0 { ª ª ¤®áâ â®ç®¥ ãá«®¢¨¥ ãáâ®©ç¨¢®áâ¨ à ¢®¢¥á¨ï.�¥®¡å®¤¨¬®áâì ¯®á«¥¤¥£® ãá«®¢¨ï ¬®¦® ¤®ª § âì, «¨èì ®¯¨à ïáì  áâ â¨áâ¨ç¥áªãî ¯à¨à®¤ã â¥à¬®¤¨ ¬¨ç¥áª¨å á¨áâ¥¬ ¨  «¨ç¨¥ ®¡ãá«®-¢«¥ëå ¥î ä«ãªâã æ¨© ¢ãâà¥¨å ¯ à ¬¥âà®¢. � ¬® ¦¥ ¨áå®¤®¥ ãá«®-¢¨¥ (4.3) ¤«ï íâ¨å ¢¨àâã «ìëå ®âª«®¥¨© ï¢«ï¥âáï ¨ ¥®¡å®¤¨¬ë¬, ¨¤®áâ â®çë¬ ãá«®¢¨¥¬ ãáâ®©ç¨¢®áâ¨ â¥à¬®¤¨ ¬¨ç¥áª®£® à ¢®¢¥á¨ï.�á«¨ á¨áâ¥¬ , ¥ á®¢¥àè ï à ¡®âë, V = const ¨ ®¡¬¥¨¢ ïáì â¥¯«®¬c® áà¥¤®©, ã¦¥ ¤®áâ¨£«  á ¥© â¥à¬¨ç¥áª®£® à ¢®¢¥á¨ï ª ª á â¥à¬®-áâ â®¬: T = T (e) = const, â® ¨§ (4.1) á P (e); N = const á«¥¤ã¥â, çâ®:d�? =) d(U � T (e)S) =) d(U � TS) � dF = F0 � F � 0; (4.4)¨ ¢ íâ¨å ®¢ëå ãá«®¢¨ïå ¯à¨ ¥®¡à â¨¬ëå ¯à®æ¥áá å ¢ëà ¢¨¢ ¨ï ã¡ë-¢ ¥â ¢¥«¨ç¨  á¢®¡®¤®© í¥à£¨¨ F = U � TS, ¤®áâ¨£ ï ¢ á®áâ®ï¨¨à ¢®¢¥á¨ï á¢®¥£® ¬¨¨¬ã¬  F0, ¨ â¥¯¥àì ¥¥ à §«®¦¥¨¨ ¯® ¬ «ë¬¢¨àâã «ìë¬ ¢ à¨ æ¨ï¬   (�¨á. 4.2): F � F0 � �F = �F + 12�2F > 0; (4.5)¤ ¥â: �F = 0 { ª ª ®¡é¥¥ ãá«®¢¨¥ à ¢®¢¥á¨ï (íªáâà¥¬ã¬ ),¨ �2F > 0 { ª ª ¤®áâ â®ç®¥ ãá«®¢¨¥ ãáâ®©ç¨¢®áâ¨ à ¢®¢¥á¨ï.�á«¨ ¦¥ á¨áâ¥¬  ¨§®â¥à¬¨ç¥áª¨, T = T (e), á®¢¥àè ¥â à ¡®âã, dV 6= 0,â®, á®£« á® (4.1), íâ  à ¡®â  ¥ ¬®¦¥â ¯à¥¢ëè âì ¢¥«¨ç¨ë�dF (3.18):(�A)T � P (e)dV � �dF = fã¡ë«¨ ¥¥ á¢®¡®¤®© í¥à£¨¨g: (4.6)�«ï ¨§®â¥à¬¨ç¥áª¨å ¨§¬¥¥¨© ¢ á¨áâ¥¬¥, T = T (e),  å®¤ïé¥©áï ¨ ¯®¤¯®áâ®ïë¬ à ¢®¢¥áë¬ ¤ ¢«¥¨¥¬ P = P (e), ãá«®¢¨¥ (4.1) ®§ ç ¥â:(N = const); d�? =) d(U � TS + PV ) � d� = �0 � � � 0; (4.7)â.¥. à ¢®¢¥á¨¥ ¢ â ª¨å á¨áâ¥¬ å à¥ «¨§ã¥âáï ¯à¨ ¬¨¨¬ã¬¥ �0 ¯®â¥-æ¨ «  �¨¡¡á  � = U � TS +PV , ¤«ï ¢¨àâã «ìëå ®âª«®¥¨© ª®â®à®£®,á®£« á® (�¨á. 4.2): �� �0 � �� = ��+ 12�2� > 0; á®¢  (4.8)¨¬¥¥¬ �� = 0 { ®¡é¥¥ ãá«®¢¨¥ à ¢®¢¥á¨ï (íªáâà¥¬ã¬ ),¨ �2� > 0 { ¤®áâ â®ç®¥ ãá«®¢¨¥ ãáâ®©ç¨¢®áâ¨ à ¢®¢¥á¨ï.



|41|�ë¬¨ á«®¢ ¬¨, ¥á«¨ ¯à¥®¡à §®¢ ¨ï �¥¦ ¤à  (3.21), (3.15), (3.22), (3.34) ¯à¨¬¥¨âì¢¬¥áâ® ®á®¢®£® ãà ¢¥¨ï â¥à¬®¤¨ ¬¨ª¨ (3.10) à ¢®¢¥áëå ¯à®æ¥áá®¢ ª ®á®¢®¬ã¥à ¢¥áâ¢ã â¥à¬®¤¨ ¬¨ª¨ (3.5) ¤«ï í«¥¬¥â àëå ¥à ¢®¢¥áëå ¯à®æ¥áá®¢:(3.10) 7! dU(S; V;N) � TdS � PdV + �dN; â®, ¯®á«¥¤®¢ â¥«ì®  ©¤¥¬: (4.9)(3.21) 7! H = U + PV; dH(S; P;N) � TdS + V dP + �dN; (4.10)(3.15) 7! F = U � TS; dF (T; V;N) � �SdT � PdV + �dN; (4.11)(3.22) 7! � = U � TS + PV = F + PV; d�(T; P;N) � �SdT + V dP + �dN; (4.12)(3.34) 7! J = U � TS � �N = F � �N; dJ(T; V; �) � �SdT � PdV �Nd�: (4.13)�âªã¤  ¤«ï ¥®¡à â¨¬ëå ¯à®æ¥áá®¢ ¢ëà ¢¨¢ ¨ï ¥¬¥¤«¥® ¯®«ãç ¥¬ ¢®¢ì, çâ®:dF < 0; ¯à¨ T = const; V = const; N = const; (4.14)d� < 0; ¯à¨ T = const; P = const; N = const; (4.15)dJ < 0; ¯à¨ T = const; V = const; � = const; (4.16)â® ¥áâì, ¢ á®£« á¨¨ á (4.4), (4.7), íâ¨ ¯®â¥æ¨ «ë ¨¬¥îâ ¢ à ¢®¢¥á¨¨ ¬¨¬¨¬ã¬.�¯à¥¤¥«¥®áâì § ç¥¨© íâà®¯¨¨ S ¤«ï ¢á¥å ¯à®¬¥¦ãâ®çëå ¥à ¢®-¢¥áëå á®áâ®ï¨© ¥ï¢® ¯®¤à §ã¬¥¢ « áì ã¦¥ ¢ á ¬®¬ § ª®¥ ¢®§à áâ -¨ï íâà®¯¨¨ (4.2). �¥à ¢¥áâ¢  ¦¥ (4.9){(4.16) ¨¬¥îâ á¬ëá« â®«ìª® ¥á«¨¤«ï íâ¨å á®áâ®ï¨© ®¯à¥¤¥«¥ë ¨ ¯ à ¬¥âàë T; P; V;N; � ¨ â.¤. �¤ ª® ¢®â«¨ç¨¥ ®â á®áâ®ï¨ï à ¢®¢¥á¨ï, £¤¥ ¢ á¨«ã ãà ¢. á®áâ. (1.5), (1.16) ¢á¥¢ãâà¥¨¥ ¯ à ¬¥âàë fP; S; Ug ï¢«ïîâáï äãªæ¨ï¬¨ â®«ìª® ¢¥è¨å¯ à ¬¥âà®¢ fV;Ng ¨ â¥¬¯¥à âãàë T : P = P (T; V;N), S = S(T; V;N), ¯®¤¥à ¢®¢¥áë¬ á®áâ®ï¨¥¬ §¤¥áì ¨ ¤ «¥¥ ¯®¨¬ ¥âáï á®áâ®ï¨¥ à áè¨-à¥®© á¨áâ¥¬ë, å à ªâ¥à¨§ã¥¬®¥ ¤®¯®«¨â¥«ìë¬¨ ¢ãâà¥¨¬¨ ¯ à -¬¥âà ¬¨ �j, £¤¥ P; S á¢ï§ ë á T; V;N; �j ãà ¢¥¨ï¬¨ ¥à ¢®¢¥á®£®á®áâ®ï¨ï ¢¨¤  P = P (T; V;N; f�jg), S = S(T; V;N; f�jg), ª ª á®áâ®ï-¨ï \¢¬®à®¦¥®£® ¢ à ¢®¢¥á¨¥" á®¯àï¦¥ë¬¨ ª �j ¤®¯®«¨â¥«ìë¬¨¢¥è¨¬¨ ¯®«ï¬¨ fj, çìî à®«ì ¬®£ãâ ¨£à âì: ¯®«¥ âï¦¥áâ¨ f 7! g [6] ¢¡ à®¬¥âà¨ç¥áª®© ä®à¬ã«¥1 P = P (z=zc); ¨«¨ 7! ¯®¤¢¨¦ë¥ ¤¨ â¥à¬¨ç¥-áª¨¥ áâ¥ª¨ [2];   ¤«ï ®¡é¨å T; P 7! dN1 ®â ç¨á«�  ç áâ¨æ ¢ à §ëå ä § å(4.35) á � = ��12; ¨«¨ 7! å¨¬¨ç¥áª¨© á®áâ ¢ à¥ £¨àãîé¥© á¬¥á¨ [4].� áá¬®âà¥ë¥ ¢ëè¥ â¥à¬®¤¨ ¬¨ç¥áª¨¥ äãªæ¨¨ á¨áâ¥¬ë S;F;�; J (® ¥ U ¨ H)â ª¦¥ ¬®¦® áç¨â âì â®£¤  à ¢ë¬¨ á®®â¢¥âáâ¢ãîé¨¬ § ç¥¨ï¬ íâ¨å äãªæ¨© ¤«ï\§ ¬®à®¦¥®©" á¨áâ¥¬ë, ã¤¥à¦¨¢ ¥¬®© ¢ â ª®¬ à ¢®¢¥á¨¨ ¤®¯®«¨â¥«ìë¬¨ ®¡®¡-é¥ë¬¨ â¥à¬®¤¨ ¬¨ç¥áª¨¬¨ á¨« ¬¨ �j, j = 1 � k. �® í¥à£¨ï U� íâ®£® á®áâ®ï¨ï ¢¯à¨áãâáâ¢¨¥ ¢¥è¥£® ¯®«ï ¡ã¤¥â ®â«¨ç âìáï ®â ¢ãâà¥¥© í¥à£¨¨ U ¥à ¢®¢¥á®£®á®áâ®ï¨ï á¨áâ¥¬ë ¢ ®âáãâáâ¢¨¥ ¯®«ï   ¢¥«¨ç¨ã ¯®â¥æ¨ «ì®© í¥à£¨¨ � á¨áâ¥¬ë¢ íâ®¬ ¯®«¥. �.¥. ¯à¨ S�(U�; V; ffjg) = S(U; V; f�jg), F � = F , �� = � (�¨á. 4.1 ¨ 4.2):1�(g) = �mzc, zc = RT=(�g)- ¢ëá®â  æ¥âà  âï¦¥áâ¨ ¢á¥£® áâ®«¡  £ §  ¬ ááë m ¢ ¯®«¥ g.



|42|U� = U +� � U � kXj=1 �jfj; F (T; V; f�jg) = U � TS(U; V; f�jg); (4.17)TdS�(U�; V; ffjg) = dU� + PdV + kXj=1 �jdfj = dU + PdV � kXj=1 fjd�j = TdS(U; V; f�jg);dF (T; V; f�jg) = �SdT � PdV + kXj=1 fjd�j ; fj = �T  @S@�j!U;V =  @F@�j!T;V : (4.18)�  ®á®¢¥ â ª®£® ¯à¥¤áâ ¢«¥¨ï ® ¥à ¢®¢¥á®¬ á®áâ®ï¨¨, ª ª á®áâ®-ï¨¨ à ¢®¢¥á¨ï à áè¨à¥®© á¨áâ¥¬ë á ¡�®«ìè¨¬ ç¨á«®¬ ¯ à ¬¥âà®¢(4.17), (4.18), ¢ëå®¤ ¥¥ ¨§ á®áâ®ï¨ï à ¢®¢¥á¨ï ¨ ¢ë£«ï¤¨â ª ª à¥§ã«ìâ â®âª«®¥¨ï (4.3), (4.5), (4.8) ®â à ¢®¢¥áëå § ç¥¨© ¢ãâà¥¨å ¯ à -¬¥âà®¢ á¨áâ¥¬ë S(T; V;N; f�jg), P (: : :) § áç¥â ¢¨àâã «ìëå ®âª«®¥¨©��j = �d�j ¥¥ ¢ãâà¥¨å ¯ à ¬¥âà®¢ �j , ¯®¢â®àïï ¯à¨æ¨¯ ¢¨àâã «ìëå¯¥à¥¬¥é¥¨© ¤«ï ¬¥å ¨ç¥áª¨å á¨áâ¥¬ á® á¢ï§ï¬¨. �á«®¢¨ï à ¢®¢¥á¨ï¨ ãáâ®©ç¨¢®áâ¨ (4.3), (4.5), (4.8) ¯àï¬® ¯à®¤®«¦ îâ íâã   «®£¨î.� §ã¬¥¥âáï, ¬®¦® ¡ë«® ¨ ¨§ (4.9), (4.10) ¯®«ãç¨âì ãá«®¢¨ï à ¢®¢¥á¨ï:dU = U0 � U � 0; U0 = Umin; ¯à¨ S = const; V = const; N = const;dH = H0 � H � 0; H0 = Hmin; ¯à¨ S = const; P = const; N = const:�¤ ª® ¥à ¢®¢¥áë© ¯à®æ¥áá à¥« ªá æ¨¨ ¯à¨ S = const ¥¤¢  «¨ à¥ -«¨§ã¥¬,   ¯®â®¬ã íâ¨ ãá«®¢¨ï ¥ ¨¬¥îâ ¯à ªâ¨ç¥áª®£® § ç¥¨ï. �ã¤ -¬¥â «ì®¥ à §«¨ç¨¥ ¢ (4.9){(4.13) ¬¥¦¤ã U(S; V ), H(S; P ) á ®¤®© áâ®-à®ë ¨ F;�; J á ¤àã£®© á®áâ®¨â ¢ â®¬, çâ® U ¨ H ¥ ¨¬¥îâ ¨áâ®ç¨-ª®¢ (áâ®ª®¢) ¢ãâà¨ á¨áâ¥¬ë,   ¬®£ãâ «¨èì ¯®¤¢®¤¨âìáï ¨§¢¥ ¢ ¢¨¤¥â¥¯«  ¨«¨ à ¡®âë, â.ª.  àï¤ã á ¥à ¢¥áâ¢ ¬¨ (4.9), (4.10) ¤«ï íâ¨å ¦¥í«¥¬¥â àëå ¯à®æ¥áá®¢ ¢á¥£¤  ¨¬¥îâ ¬¥áâ® à ¢¥áâ¢  I-£® � ç « :dU = �Q � �A = �Q � PdV; dH = �Q + V dP: (4.19)�®íâ®¬ã U ¨ H ®¤®§ ç® ®¯à¥¤¥«¥ë ¢¥è¨¬¨ ãá«®¢¨ï¬¨ ¨ ¢ à ¢®-¢¥áëå, ¨ ¢ ¥à ¢®¢¥áëå á®áâ®ï¨ïå á¨áâ¥¬ë, ¨ ®¨ ¢®¢á¥ ¥ ¬¥ï-îâáï ¢ ¥à ¢®¢¥áëå  ¤¨ ¡ â¨ç¥áª¨å ¯à®æ¥áá å �fQ = 0 ¢ëà ¢¨¢ ¨ï(à¥« ªá æ¨¨): ¯à¨ V = const ¤«ï U ¨«¨ P = const ¤«ï H. � [2], ª ªäãªæ¨¨ ¥à ¢®¢¥áëå á®áâ®ï¨© íâ¨å ¯à®æ¥áá®¢, ®¨ ¢®®¡é¥ ¥ ¬®£ãââ®£¤  áç¨â âìáï ®¤®§ çë¬¨ äãªæ¨ï¬¨ ¨ ®â (S; V ) ¨«¨ ®â (S; P ), ¨®â ª ª¨å «¨¡® ¨ëå ¤®¯®«¨â¥«ìëå ¢ãâà¥¨å ¯ à ¬¥âà®¢ f�jg.



|43|�ãªæ¨¨ ¦¥ F = U � TS, � = F + PV , J = F � �,  ¯à®â¨¢, ¨¬¥îâ¨áâ®ç¨ª �S ¨«¨ �SdT ¢ dF; d�; dJ ¢ ¢¨¤¥ íâà®¯¨¨ ¯à®¤ãæ¨àã¥¬®© ¯à¨¥®¡à â¨¬ëå ¯à®æ¥áá å ¢ãâà¨ á ¬®© á¨áâ¥¬ë. � å®âï ¢ ¥à ¢®¢¥áëåá®áâ®ï¨ïå S 6= S(T; V ), ® â.ª. S = S(T; V; f�jg), â® ¨ F = F (T; V; f�jg) ¨â.¤., ¨ äãªæ¨¨ S; F;�; J ®¡« ¤ îâ á¢®©áâ¢ ¬¨ íªáâà¥¬ «ì®áâ¨ (4.14){(4.16), (4.3){(4.8) ¯à¨ à¥« ªá æ¨¨ á¨áâ¥¬ë ª à ¢®¢¥á®¬ã á®áâ®ï¨î [2].2 �¥à¬®¤¨ ¬¨ç¥áª¨¥ ¥à ¢¥áâ¢ � áá¬®âà¨¬ ¬ «ë¥ ®âª«®¥¨ï ®â à ¢®¢¥á¨ï ¯à¨ T = const, P = const,ª®£¤ , á®£« á® (4.8) (N = const), ¬¨¨¬ã¬  ¤®áâ¨£ ¥â ¯®â¥æ¨ « �¨¡¡á .�§ ãá«®¢¨© (4.8) ¤«ï ¯¥à¢®© ¨ ¢â®à®© ¢ à¨ æ¨© � = U(S; V ) � TS + PV¯® ®áâ ¢è¨¬áï ¥§ ¢¨á¨¬ë¬¨ ¯¥à¥¬¥ë¬ S; V ¢ à ¢®¢¥á¨¨  å®¤¨¬:¨§ �� = 0; çâ® �U(S; V )� @U@S !V �S +  @U@V !S�V = T�S � P�V; (4.20)®âªã¤  T =  @U@S !V= cT (S; V ); P = �  @U@V !S= cP (S; V ); ¨ (4.21)�2� =) �2U � �(�U) = �(cT�S � cP�V ) = �T�S � �P�V > 0; (4.22)£¤¥ ¯®¤ ¢ à¨ æ¨ï¬¨ �T , �P ¢ (4.22) ¯®¨¬ îâáï ã¦¥ ¢ à¨ æ¨¨ § ¤ ¢ ¥-¬ëå (4.21) äãªæ¨© ¤«ï ¤¢ãå á®á¥¤¨å à ¢®¢¥áëå á®áâ®ï¨© ¨ ãçâ¥®,çâ® �2S = �2V � 0. �®á«¥¤¥¥ ¥à ¢¥áâ¢® (4.22) ®¯à¥¤¥«ï¥â ¬ âà¨æããáâ®©ç¨¢®áâ¨ ®¤®à®¤®© (®¤®ä §®©) á¨áâ¥¬ë. � §¤¥«¨¢ ¥¥   (�T )2¯à¨ �V = 0 ¨«¨ ¯à¨ �P = 0, ¨¬¥¥¬, á®®â¢¥âáâ¢¥®, ¤«ï â¥¯«®¥¬ª®áâ¥©: @S@T !V = CVT > 0;  @S@T !P = CPT > 0: (4.23)� §¤¥«¨¢ ¦¥ ¥¥   (�P )2 ¯à¨ �T = 0 ¨«¨ ¯à¨ �S = 0,  ©¤¥¬ ¥à ¢¥áâ¢ ,¢ëà ¦ îé¨¥ á®®â¢¥âáâ¢ãîé¨¥ \¯àã¦¨ïé¨¥" á¢®©áâ¢  (£ § ): @V@P !T < 0;  @V@P !S < 0; â.¥. KT > 0; KS > 0: (4.24)�§ íâ¨å ¯à®áâëå ¥à ¢¥áâ¢ ¢ëâ¥ª îâ ¡®«¥¥ â®ª¨¥ á¢®©áâ¢  ¯à®æ¥áá®¢à¥« ªá æ¨¨. � ª, á®£« á® (2.22), (1.11),   § â¥¬ (1.26) ¨ (1.30),  å®¤¨¬,çâ® £ § ¨§®â¥à¬¨ç¥áª¨ ¢á¥£¤  ¬ï£ç¥, ç¥¬  ¤¨ ¡ â¨ç¥áª¨, â ª ª ªCP � CV = �T  @V@T !2P  @P@V !T > 0; ¨«¨  = CPCV > 1;   â.ª.: (4.25) @V@P !T=   @V@P !S ; â®  @V@P !T<  @V@P !S< 0; ¨«¨ KT > KS: (4.26)



|44|� áá¬®âà¨¬ á¨áâ¥¬ã ¢ â¥à¬®áâ â¥. �á«¨ ¢ ¥ª®â®àë© ¬®¬¥â ¤ ¢«¥¨¥¢ á¨áâ¥¬¥ ¡ë«® ¢¥§ ¯® ¨§¬¥¥® ¢¥è¨¬ ¢®§¤¥©áâ¢¨¥¬, íâ® ¢ë§®¢¥â¢ ¥© ¨§¬¥¥¨¥ ª ª ®¡ê¥¬ , â ª ¨ â¥¬¯¥à âãàë,   ¬¥à®© â ª®£® ¢®§-¤¥©áâ¢¨ï ¡ã¤¥â ¯à®¨§¢®¤ ï (@V =@P )S , â.ª. ¢¥§ ¯ë© ¯à®æ¥áá ¯à ª-â¨ç¥áª¨  ¤¨ ¡ â¨ç¥. �®á«¥ ¢®ááâ ®¢«¥¨ï à ¢®¢¥á¨ï ¯à¨ ¯à¥¦¥©â¥¬¯¥à âãà¥ ¢®§¤¥©áâ¢¨¥   á¨áâ¥¬ã ¡ã¤¥â ®¯à¥¤¥«ïâìáï ã¦¥ ¯à®¨§¢®¤-®© (@V =@P )T . �¥à ¢¥áâ¢® (4.26) ®âà ¦ ¥â ®¡é¨© ä¨§¨ç¥áª¨© ¯à¨-æ¨¯ (���) �¥ - � â¥«ì¥ - �à ã : �¥è¥¥ ¢®§¤¥©áâ¢¨¥, ¢ë¢®-¤ïé¥¥ á¨áâ¥¬ã ¨§ á®áâ®ï¨ï à ¢®¢¥á¨ï, ¢ë§ë¢ ¥â ¢ ¥© ¯à®-æ¥ááë, ®á« ¡«ïîé¨¥ íâ® ¢®§¤¥©áâ¢¨¥. �.¥., ¯à¨æ¨¯ ��� ®¡ãá«®-¢«¥ ãáâ®©ç¨¢®áâìî á®áâ®ï¨ï à ¢®¢¥á¨ï á¨áâ¥¬ë, ¢ ª®â®à®¥ ®  ¢á¥£¤ áâà¥¬¨âáï ¢¥àãâìáï, ®á« ¡«ïï \à áª ç¨¢ îé¥¥" ¥¥ ¨§¢¥ ¢®§¬ãé¥¨¥.�§¢¥áâë¬ ¯à®ï¢«¥¨¥¬ íâ®£® ¯à¨æ¨¯  ï¢«ï¥âáï § ª® �¥æ  ¤«ï ¬ £¨â®£® ¯®«ï¨¤ãªæ¨®®£® â®ª ,  ¯à ¢«¥®£® ¢á¥£¤  ®¡à â® ¬ £¨â®¬ã ¯®«î, ¯®à®¤¨¢è¥¬ã(¨¤ãæ¨à®¢ ¢è¥¬ã) íâ®â â®ª.�á«¨ ¯®«ë© ¤¨ää¥à¥æ¨ « ¥ª®â®à®© äãªæ¨¨ á®áâ®ï¨ï Y (a; b):dY (a; b) = Ada+Bdb; â® ¨§ (2.12), (2.13):  @A@b !a =  @B@a !b ; â.¥.: @(A; a)@(B; b) = �1;¨ ¤«ï: X = Y �Aa�Bb : dX(A;B) = �adA� bdB; â.¥.:  @b@A!B =  @a@B!A : (4.27)�ëà §¨¬  @a@A!b ç¥à¥§  @a@A!B;  @a@B!A;  @b@B!A: �¬¥¥¬:  @a@A!b == @(a; b)@(A; b) = @(A;B)@(A; b) @(a; b)@(A;B) =  @B@b !A " @a@A!B  @b@B!A �  @a@B!A  @b@A!B# =)=)  @a@A!B �  @a@B!2A  @B@b !A =  @a@A!b ; ¢ á¨«ã (4.27): (4.28)�.¥., ¥á«¨, ¯® ãá«®¢¨ï¬ ãáâ®©ç¨¢®áâ¨:  @B@b !A > 0; â®:  @a@A!b <  @a@A!B : (4.29)� ç áâ®áâ¨:  @V@P !S = @(P; T )@(P; S) @(V; S)@(P; T ) =  @V@P !T +  @V@T !2P TCP ; ®âªã¤  (4.30)á®¢  ¢ëâ¥ª ¥â ¥à ¢¥áâ¢® (4.26). � ª®© ¦¥ á¬ëá« ¨¬¥îâ ¨ á ¬¨ á®®â®è¥¨ï (4.25).�á«¨ á¢®¡®¤ ï í¥à£¨ï F ¨«¨ ¯®â¥æ¨ « � ¨¬¥îâ ¥áª®«ìª® ¬¨¨¬ã-¬®¢, â®  ¡á®«îâ® áâ ¡¨«ì®¬ã à ¢®¢¥á¨î ®â¢¥ç ¥â â®«ìª® á ¬ë© ¨¦-¨©, ®áâ «ìë¥ ¦¥ ®¯à¥¤¥«ïîâ á®áâ®ï¨ï ¬¥â áâ ¡¨«ì®£® à ¢®¢¥á¨ï.�á«®¢¨¥ (4.22)   ¬ âà¨æã ãáâ®©ç¨¢®áâ¨ ¨ ¢á¥ ¥£® á«¥¤áâ¢¨ï á¯à ¢¥¤«¨¢ë¨ ¤«ï ¬¥â áâ ¡¨«ìëå à ¢®¢¥áëå á®áâ®ï¨©, ® «¨èì ¯à¨ ¤®áâ â®ç®¬ «ëå ¢ à¨ æ¨ïå �(S; V; T; P ). �«ï ¯¥à¥å®¤®¢ ¦¥ ¨§ ¬¥â áâ ¡¨«ìëå á®-áâ®ï¨© ¢ áâ ¡¨«ìë¥ ¯à¨æ¨¯ ���, ¢®®¡é¥ £®¢®àï,  àãè ¥âáï.



|45|3 � ¢®¢¥á¨¥ ¤¢ãå ä § ¢ ®¤®ª®¬¯®¥â®© á¨áâ¥¬¥.� §®¢ë¥ ¯¥à¥å®¤ë� áá¬®âà¨¬ ¨§®«¨à®¢ ãî á¨áâ¥¬ã, á®áâ®ïéãî ¨§ ¤¢ãå à ¢®¢¥áëåä §, j = 1; 2, ®¤®£® ¨ â®£® ¦¥ ¢¥é¥áâ¢  (¢®¤  ¨ ¯ à), á ¯ à ¬¥âà ¬¨,á®®â¢¥âáâ¢¥®: Uj; Vj ; Nj ; Sj; Tj ; Pj ; �j . �å ¢§ ¨¬®¥ à ¢®¢¥á¨¥, ¯®¬¨¬®U1 + U2 = const, V1 + V2 = const, N1 +N2 = const, ®§ ç ¥â â ª¦¥, çâ® ¨S1 + S2 = const. �®íâ®¬ã ¤«ï ¬ «ëå ¢¨àâã «ìëå ®âª«®¥¨© ¨¬¥¥¬:�U2 = ��U1; �V2 = ��V1; �N2 = ��N1;   ¯®áª®«ìªã (4.31)¤«ï ª ¦¤®© ä §ë: Tj�Sj = �Uj + Pj�Vj � �j�Nj ; ®âªã¤ :0 = �S = �S1 + �S2 = �U1 + P1�V1 � �1�N1T1 + �U2 + P2�V2 � �2�N2T2 ;¨«¨  1T1 � 1T2! �U1 +  P1T1 � P2T2! �V1 �  �1T1 � �2T2! �N1 = 0;8 �U1; �V1; �N1; â® ¢ à ¢®¢¥á¨¨ T1 = T2; P1 = P2; �1 = �2: (4.32)�«ï ¯®â¥æ¨ «®¢ �¨¡¡á  �j(T; P;Nj) = Nj�j(T; P ) íâ¨ ãá«®¢¨ï ®¯à¥¤¥-«ïîâ   ¯«®áª®áâ¨ (T; P ) ãà ¢¥¨¥ ªà¨¢®© à ¢®¢¥á¨ï ¤¢ãå ä § ª ª: @�1@N1!T;P � �1(T; P ) = �2(T; P ) �  @�2@N2!T;P ; 7�! : P = P�(T ); (4.33)«¥¦ é¥¥ ¢ ®á®¢¥ ¢á¥© â¥®à¨¨ ä §®¢ëå ¯¥à¥å®¤®¢. �«ï ¯à¨à é¥¨ï ¯®«-®£® ¯®â¥æ¨ «  �¨¡¡á  ¢á¥© á¨áâ¥¬ë ¢ ¯à®æ¥áá¥ ¢ëà ¢¨¢ ¨ï, ¯à¨ ä¨ª-á¨à®¢ ëå T , P ¨ N1 +N2 = const, ãç¨âë¢ ï (4.31) ¨ (4.7), ¨¬¥¥¬:�(T; P ;N1; N2) = �1 +�2; (d�)T;P = �1dN1 + �2dN2; (4.34)(d�)T;P =) (�1 � �2)dN1 � 0; â.¥. dN1 � 0; ¥á«¨ �1 > �2; (4.35)â.¥. ¯®â®ª ç áâ¨æ ¢á¥£¤   ¯à ¢«¥ ®â ä §ë á ¡�®«ìè¨¬ å¨¬¯®â¥æ¨ «®¬ª ä §¥ á ¬¥ìè¨¬ å¨¬¯®â¥æ¨ «®¬. � á®áâ®ï¨¨ â¥à¬®¤¨ ¬¨ç¥áª®£®à ¢®¢¥á¨ï � ¨¬¥¥â ¬¨¨¬ã¬, d� = 0, ¨ å¨¬¯®â¥æ¨ « ®áâ ¥âáï ¥¯à¥àë-¢¥ ¯à¨ ä §®¢®¬ ¯à¥¢à é¥¨¨: �1 = �2. �® â.ª. (4.33) ¥ ¥áâì â®¦¤¥áâ¢®8 T; P , ¥£® ¢ëáè¨¥ ç áâë¥ ¯à®¨§¢®¤ë¥ ¤®«¦ë ¨¬¥âì à §àë¢. �á«¨áª ç®ª â¥à¯ïâ ¯¥à¢ë¥ ¯à®¨§¢®¤ë¥ { íâ® ä §®¢ë© ¯¥à¥å®¤ 1-£® à®¤ , ¨ ¢á¨«ã ãà ¢¥¨© �¨¡¡á  - �î£¥¬  ¤«ï ª ¦¤®© ä §ë (3.37), (3.38),¨¬¥¥¬: d�j(T; P ) = �sjdT + �jdP; £¤¥, ¯à¨ j = 1; 2 : (4.36)sj = SjNj = �  @�j@T !P ; �j = VjNj =  @�j@P !T ; sj�j =  @P@T !�j ; (4.37)



|46|{ ã¤¥«ìë¥ (¬®«ïàë¥) íâà®¯¨ï ¨ ®¡ê¥¬,  Nj - ç¨á«® ç áâ¨æ, (¨«¨ ¬®«¥©�j = Nj=NA) ¢ ª ¦¤®© ä §¥. �«ï ¯®«ãç¥¨ï á®®â¢¥âáâ¢ãîé¥£® ¤¨ää¥-à¥æ¨ «ì®£® ãà ¢¥¨ï ¤®áâ â®ç® á¬¥áâ¨âìáï ¢¤®«ì ªà¨¢®© ¯¥à¥å®¤ (4.33), ¯à¨à ¢ï¢ ¤àã£ ¤àã£ã ¨ á®®â¢¥âáâ¢ãîé¨¥ ¤¨ää¥à¥æ¨ «ë (4.36):d�1(T; P ) = d�2(T; P ); ®âªã¤  ¢¤®«ì �1 = �2 (¥ ¯ãâ âì á (4.37)! ) :0@dP�(T )dT 1A�1=�2 def=)  dPdT !� = s2 � s1�2 � �1 � �s�� = �T (�2 � �1) � �T�� (4.38){ ãà ¢¥¨¥ �« ¯¥©à®  - �« ã§¨ãá , £¤¥, â.ª. ¯à®æ¥áá ¨¤¥â ¯à¨ ¯®áâ®ï-®© â¥¬¯¥à âãà¥ T , ¢¢¥¤¥  ã¤¥«ì ï (¨«¨ ¬®«ïà ï) â¥¯«®â  ¯¥à¥å®¤ :á®£« á® II-¬ã � ç «ã âà¤. � = T (s2 � s1) � T�s ª ª ! (�Q = T�S) : (4.39)�®áª®«ìªã ¯à®æ¥áá ¨¤¥â ¨ ¯à¨ ¯®áâ®ï®¬ ¤ ¢«¥¨¨ P , â®, ¯® I-¬ã � ç «ãâ¥à¬®¤¨ ¬¨ª¨, ¯à¨ ã¤¥«ì®© à ¡®â¥ ¯¥à¥å®¤  �A = P�� ¨ ã¤¥«ìëå¢ãâà¥¨å í¥à£¨ïå ä § U1, U2 ¨¬¥¥¬ ã¤¥«ìãî â¥¯«®âã ¯¥à¥å®¤  ª ª:� = T�s = �U +�A � U2 � U1 + P (�2 � �1) = H2 �H1 � �H; (4.40)â.¥. ¢ ¢¨¤¥ íâ «ì¯¨¨ ¯¥à¥å®¤  �H 6= 0, ¥á«¨ s2 6= s1. � ª çâ® ä §®¢ë¥¯¥à¥å®¤ë 1-£® à®¤ : ª®¤¥á æ¨ï { ª¨¯¥¨¥, ªà¨áâ ««¨§ æ¨ï { ¯« ¢«¥-¨¥, ¢®§£®ª , áã¡«¨¬ æ¨ï ¨ â.¤. á®¯à®¢®¦¤ îâáï áª çª®®¡à §ë¬ ¨§-¬¥¥¨¥¬ ã¤¥«ì®£® (¬®«ïà®£®) ®¡ê¥¬  ¨ ¯®£«®é¥¨¥¬ ¨«¨ ¢ë¤¥«¥¨¥¬ã¤¥«ì®© (¬®«ïà®©) â¥¯«®âë ¯¥à¥å®¤ , à ¢®© áª çªã ã¤¥«ì®© (¬®«ïà-®©) íâ «ì¯¨¨ ¯à¨ ¯¥à¥å®¤¥ ¬¥¦¤ã à §«¨çë¬¨ ä § ¬¨ � = �H(T; P ).� áá¬®âà¨¬ § ¢¨á¨¬®áâì íâ®© â¥¯«®âë ¯¥à¥å®¤  �(T; P ) (4.39) ®â â¥¬-¯¥à âãàë T , à §ã¬¥¥âáï, ¢¤®«ì ªà¨¢®© ¯¥à¥å®¤  (4.33). � ãç¥â®¬ (4.38)¨¬¥¥¬:  d�dT !�1=�2 def=)0@d� (T; P (T ))dT 1A�=  @�@T !P+  @�@P !T  dPdT !�= (4.41)= �s+ T  @�s@T !P+ T  @�s@P !T  dPdT !�= �T +�CP � T  @��@T !P �T��;¯®áª®«ìªã: T  @sj@T !P = CPj;  @sj@P !T = �  @�j@T !P ; j = 1; 2: (4.42)�«ï ¯¥à¥å®¤®¢ ¨§ ¦¨¤ª®áâ¨ 7! 1 ¢ ¯ à 7! 2 ¯à¨ ¨§ª¨å â¥¬¯¥à âãà å¢¤ «¨ ®â ªà¨â¨ç¥áª®© â®çª¨ Tk ¢ à áç¥â¥   ®¤¨ ¬®«ì ¨¬¥¥¬: ��) �2,â.ª. �2 � V2�2 ) RTP � �1;   â®£¤  ¨  @�2@T !P) RP = �2T � �1T ' @�1@T !P ;â.¥.  @��@T !P � �  @�@T !P) �2T ; ¨:  d�dT !�) �CP � CP2 � CP1: (4.43)



|47|� ¢®¢¥á¨¥ áà §ã âà¥å ä §, ®ç¥¢¨¤®, ¢ë¤¥«ï¥â   ¤¨ £à ¬¬¥ P; T ®¤ã {âà®©ãî â®çªã (T0; P0), ã¤®¢«¥â¢®àïîéãî ¤¢ã¬ ãà ¢¥¨ï¬ (�¨á. 4.3):�1(T0; P0) = �2(T0; P0) = �3(T0; P0): (4.44)�ëè¥ ªà¨â¨ç¥áª®© â®çª¨ (Tk; Pk) ¨áç¥§ ¥â ®â«¨ç¨¥ ¦¨¤ª®áâ¨ ®â ¥¥  áë-é¥®£® ¯ à  ¨ ªà¨¢ ï ¨å à ¢®¢¥á¨ï P = P�(T ) ®¡àë¢ ¥âáï. �¥â¢¨ íâ®©ªà¨¢®© ¤«ï à ¢®¢¥á¨ï ¦¨¤ª®áâì - ¯ à, ¦¨¤ª®áâì - ªà¨áâ ««, ªà¨áâ «« -¯ à ¨ ¥áâì â¨¯¨çë¥ à¥è¥¨ï ãà ¢¥¨© (4.33), (4.38)   (�¨á. 4.3).�à¨ ä §®¢ëå ¯¥à¥å®¤ å 2-£® à®¤  ®áâ ¥âáï ¥¯à¥àë¢ë¬ ª ª á ¬å¨¬¯®â¥æ¨ «, â ª ¨ ¥£® ¯¥à¢ë¥ ¯à®¨§¢®¤ë¥. � §àë¢ â¥à¯ïâ ã¦¥ â®«ìª®¢â®àë¥ ¯à®¨§¢®¤ë¥ äãªæ¨¨ �(T; P ). � áªàë¢ ï ¢®§¨ªèãî ¢ ãà ¥¨¨�« ¯¥©à®  - �« ã§¨ãá  (4.38) ¥®¯à¥¤¥«¥®áâì ¯® ¯à ¢¨«ã �®¯¨â «ï¤¨ää¥à¥æ¨à®¢ ¨¥¬ ª ª ¯® T , â ª ¨ ¯® P , á ãç¥â®¬ (4.42), (4.43), (1.13),(1.14), ¯®«ãç¨¬ (�X � X2�X1, @(�X) = �(@X)) ãà ¢¥¨ï �à¥ä¥áâ : dPdT !� � �s�� = 00 =) (@�s=@T )P(@��=@T )P = �(@s=@T )P�(@�=@T )P = �CPT���P ; (4.45) dPdT !� =) (@�s=@P )T(@��=@P )T = �(@s=@P )T�(@�=@P )T = � �(@�=@T )P�(@�=@P )T = ��P�KT ; (4.46)¨«¨:  dPdT !2� = �CPT��KT ; (��P )2 = �CP�KTT� ; (áà. á (1.15)): (4.47)� §®¢®¬ã ¯¥à¥å®¤ã `-£® à®¤  ®â¢¥ç ¥â, â ª¨¬ ®¡à §®¬, áª ç¥ª `-ëå ç áâ-ëå ¯à®¨§¢®¤ëå äãªæ¨¨ �(T; P ), ¯à¨ ¥¯à¥àë¢ëå ç áâëå ¯à®¨§¢®¤-ëå ¢¯«®âì ¤® `� 1-£® ¯®àï¤ª  ¢ª«îç¨â¥«ì®.([1], [2] xx24-28), [6] xxIII.29-38� ¤ ç¨4.1. � ©â¨ ªà¨â¨ç¥áª¨© à ¤¨ãá § à®¤ëè  ª ¯«¨ ¦¨¤ª®áâ¨ á �0 ¯à¨ ª®-¤¥á æ¨¨ ¯¥à¥áëé¥®£® ¯ à  á �1 > �0, ¥á«¨ ¯à¨à é¥¨¥ á¢®¡®¤®©í¥à£¨¨ �F (T;�; N) = �N(�0 � �1) + ��� ([1] x57, [2] x27, [11] N115).4.2. �«ï ¯à¨à é¥¨ï á¢®¡®¤®© í¥à£¨¨�F (T;�) = �S�T+���,  ©â¨ª®«¨ç¥áâ¢® â¥¯«  qT = (�Q)T=�� ¯à¨ ¨§®â¥à¬¨ç¥áª®¬ à áâï¦¥¨¨ ¥¤¨-¨æë ¯®¢¥àå®áâ¨ â®ª®© ¯«¥ª¨ á � = �(T;�). � ª®¢  ¡ã¤¥â à ¡®â �AT (T;�) ¯à¨ â ª®¬ à áâï¦¥¨¨ ¤«ï � = �(T )?4.3. �«ï ¨¤¥ «ì®£® £ § : PV = NkT = �RT , fCV = Nf(T ), ¯®á«¥¤®¢ -â¥«ì® ¨â¥£à¨àãï,  ©â¨ ï¢ë© ¢¨¤: S(T; V;N), F (T; V;N), U(T; V;N),�(T; n) = �(T; P ), �(T; P;N) = N�, ¤ ¢ ¨â¥à¯à¥â æ¨î ª®áâ â ¬ ([5] xIII.7).



|48|4.4. �¯à¥¤¥«¨âì ªà¨¢ãî ¢®§£®ª¨, â.¥. P�2 = RT , ªà¨áâ ««  ¯à¨: (a)� = const; (b) � = �(T ), ¥á«¨ CP2 = 5R=2, CP1 = bR, ¨«¨ ¦¥ CP1 = aT 3.4.5. �à ¢¨âì: (@CV =@V )T , �U(T; V ), �S(T; V ), å®âï ¡ë ¯à¨ T = const,¤«ï à §ëå ãà ¢¥¨© (á¬. § ¤ ç¨ 2.5. ¨ 3.1.) \à¥ «ìëå" £ §®¢, £¤¥:�R = NkB , b � N , a; c � N2, ea � N5=3, ¨ V 7! � ¯à¨ � = 1 ¨«¨ N = 1:P = �RTV � b � aV 2 ; P = �RTV � b � eaV 5=3 ; P = �RTV � b � aTV 2 ; (4.48)P = �RTV � b � aV (V � b) + bcV (V 2 � b2) ; P = �RTV � b exp � a�RTV !:
S

S
0

dS S

F

F0

dF F

Ф,

Ф 0,
dФ Ф�¨á. 4.1. �¨á. 4.2.

�¨á. 4.3. �¨¯¨ç ï ä §®¢ ï ¤¨ £à ¬¬ : T0 { âà®© ï â®çª , Tk { ªà¨â¨ç¥áª ï â¥¬¯¥à âãà .�«ï H2O «¨¨ï à ¢®¢¥á¨ï ¦¨¤ª®áâì { «¥¤ ã¡ë¢ ¥â,   ¤«ï UF6 ®  ¯®çâ¨ ¢¥àâ¨ª «ì .



�¥ªæ¨ï 5� ¢®¢¥á¨¥ ¢ £¥â¥à®£¥ëåá¨áâ¥¬ å. �¨¬¨ç¥áª®¥ à ¢®¢¥á¨¥1 �à ¢¨«® ä § �¨¡¡á � ¢®¢¥á¨¥ £¥â¥à®£¥®© á¨áâ¥¬ë á®¤¥à¦ é¥© k å¨¬¨ç¥áª¨ à §«¨çëåª®¬¯®¥â®¢, ª ¦¤ë© ¨§ ª®â®àëå ¬®¦¥â  å®¤¨âìáï ¢ n à §ëå ä § å,§ ¤ ¥âáï ãá«®¢¨ï¬¨ (4.32), (4.33) ¯®¯ à®£® à ¢®¢¥á¨ï ¢á¥å ä § ª ¦¤®£®ª®¬¯®¥â 1. �®£¤  â¥¬¯¥à âãàë T (j) ¨ ¤ ¢«¥¨ï P (j) ¢ à §«¨çëå ä -§ å ¨ å¨¬¯®â¥æ¨ «ë �(j)s { ¤«ï ª ¦¤®£® s-£® ª®¬¯®¥â  ¨§ s = 1 � ká®¢¯ ¤ îâ ¢® ¢á¥å j = 1 � n ä § å ¨ ª ª à¥è¥¨ï § ¤ ç¨   ãá«®¢ë©íªáâà¥¬ã¬ �� = 0, â.¥. @@N (j)s "�(T; P; fN (j)s g)� kXr=1�r nXl=1N (l)r # = 0 ¤«ï ¯®â¥æ¨ « :�(T; P; fN (j)s g) = kXs=1 nXj=1N (j)s �(j)s (T; P ) ¨ nXj=1N (j)r = @r = constr; ®âªã¤ : (5.1)8>>>>>>>>>>>>>>>><>>>>>>>>>>>>>>>>: T (1) = : : : = T (j) = : : : = T (n) = TP (1) = : : : = P (j) = : : : = P (n) = P 9=; 7! ®¡é ï â¥¬¯¥à âãà ;7! ®¡é¥¥ ¤ ¢«¥¨¥, ¨ �s 7!�(1)1 = : : : = �(j)1 = : : : = �(n)1 (T; P )... ... ...�(1)s = : : : = �(j)s = : : : = �(n)s (T; P )... ... ...�(1)k = : : : = �(j)k = : : : = �(n)k (T; P )9>>>>>>>>>>=>>>>>>>>>>; 7! (n� 1) ãà ¢¥¨©...7! (n� 1) ãà ¢¥¨©...7! (n� 1) ãà ¢¥¨© 9>>>>>>>>>>=>>>>>>>>>>;(n� 1)k(5.2)�®«¨ç¥áâ¢® n ä §, ª®â®àë¥ ¬®£ãâ ®¤®¢à¥¬¥®  å®¤¨âìáï ¢ à ¢®¢¥á¨¨(¨ á®áâ®ïâì ª ¦¤ ï ¨§ k à §«¨çëå å¨¬¨ç¥áª¨å ª®¬¯®¥â®¢), á¢ï§ ®á ç¨á«®¬ f ®áâ ¢è¨åáï â¥à¬®¤¨ ¬¨ç¥áª¨å ¯¥à¥¬¥ëå, ª®â®àë¥ ¬®¦®1¯®ïâ¨ï â¥¬¯¥à âãàë ¨ ¤ ¢«¥¨ï á¯¥à¢  ®â®áïâáï ª ª ¦¤®© ®â¤¥«ì®© j -®© ä §¥ ¢ æ¥«®¬.49



|50|¥é¥ ¥§ ¢¨á¨¬® ¬¥ïâì, ¥  àãè ï íâ® à ¢®¢¥á¨¥, â.¥. ¥  àãè ï(n� 1)k ¥§ ¢¨á¨¬ëå ãà ¢¥¨©   à ¢¥áâ¢® å¨¬¯®â¥æ¨ «®¢ (5.2).�®áª®«ìªã á®áâ®ï¨¥ £¥â¥à®£¥®© á¨áâ¥¬ë, ¯®¬¨¬® ¤¢ãå ¯¥à¥¬¥ëå¢¥«¨ç¨ T , P (5.2), ¤«ï N (j)s ç áâ¨æ s-£® ª®¬¯®¥â  ¢ j-®© ä §¥ § ¤ ¥âáï¥é¥ k�1 ¥§ ¢¨á¨¬ë¬¨ ª®æ¥âà æ¨ï¬¨ x(j)s à §«¨çëå s-âëå ª®¬¯®¥-â®¢ ¢ ª ¦¤®© j-®© ä §¥, £¤¥ ¤«ï ª ¦¤®£® j = 1� n:x(j)s = N (j)skPr=1N (j)r ; kXs=1 x(j)s = 1; â® ¨¬¥¥âáï 2 + n(k � 1) ¥§ ¢¨á¨¬ëå (5.3)¯¥à¥¬¥ëå, â ª çâ®: (n� 1)k � 2 + n(k � 1); ¨«¨ n � k + 2; (5.4)â.ª. áãé¥áâ¢®¢ ¨¥ à¥è¥¨ï ®§ ç ¥â, çâ® ç¨á«® ãà ¢¥¨© ¥ ¯à¥¢®áå®-¤¨â ç¨á«  ¯¥à¥¬¥ëå. �® ¥áâì ¨¬¥¥¬ ¯à ¢¨«® ä § �¨¡¡á :� á¨áâ¥¬¥, á®áâ®ïé¥© ¨§ k å¨¬¨ç¥áª¨ à §«¨çëå ª®¬¯®¥â®¢, ®¤®¢à¥-¬¥® ¢ à ¢®¢¥á¨¨ ¬®¦¥â  å®¤¨âìáï ¥ ¡®«¥¥, ç¥¬ nmax = k + 2 ä §ë(5.4). �¨á«® ®áâ îé¨åáï ¥§ ¢¨á¨¬ë¬¨ ¯¥à¥¬¥ëå ¥áâì ç¨á«® ®áâ ¢-è¨åáï â¥à¬®¤¨ ¬¨ç¥áª¨å áâ¥¯¥¥© á¢®¡®¤ë:f = 2 + n(k � 1)� (n� 1)k = k + 2� n � 0; £¤¥ k � 1: (5.5)� ª, ¯à¨ f = 0, nmax = k + 2 { ¬ ªá¨¬ «ì®¥ ç¨á«® ä §, ¤®áâ¨£ îé¨åà ¢®¢¥á¨ï ¢ k- ª®¬¯®¥â®© á¨áâ¥¬¥. �«ï k = 1, nmax = 1 + 2 = 3, âà¨ä §ë, ª ¯à¨¬¥àã, £ §, ¦¨¤ª®áâì, â¢¥à¤®¥ â¥«® { ¢ âà®©®© â®çª¥ (4.44).�á«¨ ¯à¨ k = 1 ¨ n = 1, â® ®áâ ¥âáï ª ª à § f = 2 ¥§ ¢¨á¨¬ëå ¯¥à¥¬¥-ëå â¥à¬¨ç¥áª®£® ãà ¢¥¨ï á®áâ®ï¨ï P = P (T; �) (3.41). �à¨ k = 1 ¨n = 2 ®áâ ¥¬áï á f = 1 { ®¤®© áâ¥¯¥ìî á¢®¡®¤ë, â.¥. ®ª §ë¢ ¥¬áï  ªà¨¢®© ä §®¢®£® à ¢®¢¥á¨ï, P = P�(T ), (4.33), (4.38) íâ¨å ¤¢ãå ä §,  ¯à¨ k = 1 ¨ n = 3 á®¢  ¯®¯ ¤ ¥¬ ¢ âà®©ãî â®çªã (4.44).� ¡¨ à®© á¨áâ¥¬¥: k = 2, f = 4 � n ¨ n � 4. � ç áâ®áâ¨, ¤«ïà áâ¢®à  ¢ ¢®¤¥ [s 7! 1] á®«¨ [s 7! 2] ¯à¨ n = 1 ¨¬¥¥¬ ¦¨¤ª¨©: (j) 7! (1)à áâ¢®à á f = 3-¬ï ¥§ ¢¨á¨¬® ¬¥ïîé¨¬¨áï ¯ à ¬¥âà ¬¨ T; P; x = x(1)2 ,â.ª., ¯® (5.3): x(1)1 = 1 � x. �à¨ n = 2, j = 1; 2 ¢ à ¢®¢¥á¨¨  å®¤ïâáï¤¢¥ ä §ë: ¨«¨ ( ) à áâ¢®à á®«¨ ¨ ¯ àë ¢®¤ë ¨ á®«¨; ¨«¨ (¡) à áâ¢®à á®«¨¨ ªà¨áâ ««ë «ì¤  ¨ á®«¨; ¨ â.¤. �®£¤  f = 2 ¨ x(j)s = X (j)s (T; P ). �á«ãç ¥ ( ) ¯à¨ § ¤ ®© â¥¬¯¥à âãà¥ T ¨ ª®æ¥âà æ¨¨ á®«¨ ¢ à áâ¢®à¥x(1)2 ¤ ¢«¥¨¥  áëé¥ëå ¯ à®¢ ¢®¤ë  ¤ ¥¥ à áâ¢®à®¬ ¤ ¥âáï § ª®®¬� ã«ï: P (2)1 = F(T; x(1)2 ) 7! x(2)1 P = ¯ àæ¨ «ì®¥ ¤ ¢«¥¨¥, ¥á«¨ áç¨â âì£ § ¨¤¥ «ìë¬.



|51|�¤¥áì (5.2) ¤ ¥â ãá«®¢ë© íªáâà¥¬ã¬  ¤¤¨â¨¢®£® ¯®â¥æ¨ «  �¨¡¡á (5.1), ®¯à¥¤¥«ïï à ¢®¢¥á¨¥ à §ëå ä § å¨¬¨ç¥áª¨ à §«¨çëå ª®¬¯®¥-â®¢ ¢ ®âáãâáâ¢¨¥ å¨¬¨ç¥áª¨å à¥ ªæ¨© ¢§ ¨¬®¯à¥¢à é¥¨ï ¬¥¦¤ã ¨¬¨.2 �¨¬¨ç¥áª®¥ à ¢®¢¥á¨¥. � ª® ¤¥©áâ¢ãîé¨å ¬ áá� áá¬®âà¨¬ â¥¯¥àì å¨¬¨ç¥áª®¥ à ¢®¢¥á¨¥ ¢ ®¤®à®¤®© (£®¬®£¥®©)â¥à¬®¤¨ ¬¨ç¥áª®© á¨áâ¥¬¥ à §ëå ¢¥é¥áâ¢,  å®¤ïé¨åáï ¢ ®¤®© ¨ â®©¦¥ ä §¥. �ãáâì ¢ íâ®© á¨áâ¥¬¥ ¯à®â¥ª ¥â å¨¬¨ç¥áª ï à¥ ªæ¨ï2 ¢¨¤ :kXr=1!rAr = 0; (5.6)£¤¥ Ar- á¨¬¢®« r-£® å¨¬¨ç¥áª®£® ¢¥é¥áâ¢ , !r- ¥£® áâ¥å¨®¬¥âà¨ç¥áª¨©ª®íää¨æ¨¥â, à ¢ë© ç¨á«ã ¬®«¥ªã« r-£® ¢¥é¥áâ¢ , ¢®§¨ª îé¨å ¤«ï!r > 0, ¨«¨ ¨áç¥§ îé¨å, !r < 0, ¢ ª ¦¤®¬ ®â¤¥«ì®¬  ªâ¥ à¥ ªæ¨¨ (5.6).�à¨¬¥à: �¡à §®¢ ¨¥  ¬¬¨ ª  NH3 ¨§ ¢®¤®à®¤  H2 ¨  §®â  N2:2NH3 � 3H2 �N2 = 0; ¨«¨ !1NH3 + !2H2 + !3N2 = 0; (5.7)!1 = !(NH3) = 2; !2 = !(H2) = �3; !3 = !(N2) = �1:�®áª®«ìªã ®¡à é¥¨¥ ¢á¥å § ª®¢ ¥  àãè ¥â ãà ¢¥¨© (5.6), (5.7), ¢á¨áâ¥¬¥,  àï¤ã á ¯àï¬®© à¥ ªæ¨¥© ¢á¥£¤  ¯à®â¥ª ¥â ¨ ®¡à â ï à¥ ªæ¨ï.�®ª  ¥ ¤®áâ¨£ãâ® à ¢®¢¥á¨¥, ®¤  ¨§ ¨å ¯à¥®¡« ¤ ¥â. � á®áâ®ï¨¨â¥à¬®¤¨ ¬¨ç¥áª®£® à ¢®¢¥á¨ï ¯àï¬ ï ¨ ®¡à â ï à¥ ªæ¨¨ ãà ¢®¢¥è¨-¢ îâ ¤àã£ ¤àã£ , ¨ ª®æ¥âà æ¨¨ xr (5.3) 7! (5.17) ¨áå®¤ëå ¨ ª®¥çëå¯à®¤ãªâ®¢ à¥ ªæ¨¨ ®áâ îâáï ¯®áâ®ïë¬¨: �xr ) 0| {z }. �ãáâì à¥ ªæ¨ï ¯à®-â¥ª ¥â ¯à¨ ä¨ªá¨à®¢ ëå T ¨ P . �®£¤  §  à ¢®¢¥á¨¥ ¢®¢ì ®â¢¥ç ¥â¬¨¨¬ã¬ ¯®â¥æ¨ «  �¨¡¡á  (3.23):��(T; P; fNrg) = �S�T + V �P + kXr=1�r�Nr =) kXr=1�r�Nr = 0; (5.8)¨ â ª ª ª ¢ à áç¥â¥   �z ¢®§¬®¦ëå  ªâ®¢ à¥ ªæ¨¨: �Nr = !r�z; (5.9)â®: �Ns�Nr � ��s��r = !s!r ( �s�r = xsxr| {z }; ¨ kXr=1!r�r = 0; (â.¥.: Ar 7! �r) ; (5.10)¨ ¥áâì ãá«®¢¨ï3 å¨¬¨ç¥áª®£® à ¢®¢¥á¨ï ¤«ï ¤ ®© à¥ ªæ¨¨ (5.6). �¥-áª®«ìª® â ª¨å à¥ ªæ¨© ¤ ¤ãâ á®®â¢¥âáâ¢ãîé¥¥ ç¨á«® ãá«®¢¨© (5.10).2¨, ¢ ®â«¨ç¨¥ ®â ä §®¢®£® à ¢®¢¥á¨ï, à¥ ªæ¨ï ¨¤¥â áà §ã ¯® ¢á¥¬ã ®¡ê¥¬ã á¨áâ¥¬ë.3�à®¯®àæ¨ï ¢ (5.10) ®¯à¥¤¥«¥  à ¢®¢¥á¨¥¬ ¥§ ¢¨á¨¬® ®â ¯à®¯®àæ¨¨ ¢ ¨áå®¤®© á¬¥á¨.



|52|�à¨¬¥¨¬ ãá«®¢¨¥ (5.10) ª å¨¬¨ç¥áª®¬ã à ¢®¢¥á¨î ¢ á¬¥á¨ ¨¤¥ «ìëåá®¢¥àè¥ëå £ §®¢ á �r - ¬®«ï¬¨ £ §  r-£® â¨¯ . �®«ë© ¯®â¥æ¨ «�¨¡¡á  �(T; P; f�rg) = U +PV � TS = H � TS ª ª äãªæ¨ï ç¨á¥« ¬®«¥©�r = Nr=NA ®¯à¥¤¥«ï¥âáï ¯® â¥à¬¨ç¥áª¨¬ (1.37) ¨ ª «®à¨ç¥áª¨¬ ãà ¢¥-¨ï¬ á®áâ®ï¨ï ®â¤¥«ìëå £ §®¢: ¤«ï ¯ àæ¨ «ìëå ¤ ¢«¥¨© Pr ) xrP ,¯ àæ¨ «ìëå ¢ãâà¥¨å í¥à£¨© �rur ¯à¨ ur = CV rT+qr, ¨ ¯ àæ¨ «ìëåíâà®¯¨© �rsr. �.ª. ¨¤¥ «ì®áâì £ §®¢ áâ¨à ¥â ¬¥å ¨ç¥áª®¥ à §«¨ç¨¥ ¨å ¬®«¥ªã«:PrV = �rRT; PV = RT kXi=1 �i ; â® P ) kXr=1Pr ¯à¨ kXr=1 xr = 1; (5.11)U = kXr=1 �r (CV rT + qr) ; S = kXr=1 �rsr; sr = CPr lnT � R lnPr + s0r; (5.12)�r =  @�@�r!T;P= 0@@U@�r + @(PV )@�r � @(TS)@�r 1AT;P = Hr � Tsr; ®âªã¤  (5.13)�r(T; Pr) = RT lnPr + �r(T ); �r(T ) = T (1 � lnT )CPr � Ts0r + qr; (5.14)â ª ª ª ¤«ï ®¤®£® ¬®«ï «î¡®£® ¨§ £ §®¢ ¯à¨ CPr = CV r +R = const, sr 7! S ¨¬¥¥¬:dS(T; P ) = @S@T !PdT+ @S@P !TdP =) CP dTT �RdPP = d (CP lnT �R lnP + S0) ; (5.15)£¤¥ ¯à¨ PV = RT :  @S@P !T= � @V@T !P)�RP ; ¨ Hr = ur + PrV = CPrT + qr; (5.16)- ¬®«ïà ï íâ «ì¯¨ï, qr- ¢ãâà¥ïï í¥à£¨ï ®¤®£® ¬®«ï ¯à¨ T = 0,xr- ¨áª®¬ ï à ¢®¢¥á ï ª®æ¥âà æ¨ï (5.17) r-£® £ §  ¯à¨ Nr = �rNA,CPr- ¬®«ïà ï â¥¯«®¥¬ª®áâì ¯à¨ Pr = const,   �r(T )- ¬®«ïà ï å¨¬¨ç¥-áª ï ¯®áâ®ï ï r-£® £ § . �®¤áâ ¢¨¢ (5.14) ¢ ãá«®¢¨ï à ¢®¢¥á¨ï (5.10)á ãç¥â®¬ ¨¤¥ «ì®áâ¨ £ §®¢ ¢ (5.11), Pr = xrP , ¯®â¥æ¨¨àãï ¯à¨¤¥¬ ª§ ª®ã ¤¥©áâ¢ãîé¨å ¬ áá ¤«ï ¢á¥å ¨ ª ¦¤®© ¨§ s-âëå ª®æ¥âà æ¨©:xr � �rkPs=1 �s ; kXr=1!r lnxr = �! lnP � 1RT kXr=1!r�r(T ); ! = kXr=1!r; (5.17)kYr=1 x!rr = x!s kYr=1 !r!s!!r= P�! exp 24� 1RT kXr=1!r�r(T )35� K(P; T ) > 0 (5.18)¥áâì å¨¬¨ç¥áª ï ¯®áâ®ï ï ¤ ®© à¥ ªæ¨¨, § ¢¨áïé ï â®«ìª® ®âT , P ¨ â¨¯  à¥ ªæ¨¨ f!rg, ¯à¨ç¥¬ § ¢¨á¨¬®áâì ¥¥ ®â ¤ ¢«¥¨ï P ¯®«®-áâìî ®¯à¥¤¥«ï¥âáï §¤¥áì «¨èì áã¬¬®© ! ¢ (5.17) ¢á¥å áâ¥å¨®¬¥âà¨ç¥áª¨åª®íää¨æ¨¥â®¢ à¥ ªæ¨¨. � á¬¥á¨ ¥¨¤¥ «ìëå £ §®¢ (4.48) íâ® ã¦¥ ¥ â ª: Pr =?.� ¤ ¦¥ ¤«ï P)Pkr=1 Pr (� ¤. 5.5.) íâ¨ Pr 6= xrP , £¤¥4 [14, 18] �r = �r(T; fPsgk1).4� ä®à¬ «ì® (5.14) ,! �r(T; Pr) = RT ln fr(T; Pr)+�r(T ), £¤¥ fr(T; Pr) = Pr�r { «¥âãç¥áâì.



|53|� áá¬®âà¨¬ ¥¥ § ¢¨á¨¬®áâì ®â â¥¬¯¥à âãàë T , § ¬¥ç ï, çâ®, á®£« á®(3.28) ¨ (5.14), ¬®«ïà ï íâ «ì¯¨ï Hr (5.16) ®¯à¥¤¥«ï¥âáï ¯à®¨§¢®¤®©®â ¬®«ïà®© å¨¬¨ç¥áª®© ¯®áâ®ï®©, ¤¥«¥®©   T ¢ á¬ëá«¥ ãà ¢¥¨ï � { � (3.28):� @@T �r(T )T � � @@T �(1� lnT )CPr � s0r + qrT � = CPrT + qrT 2 = HrT 2 ; ¢ á¬ëá«¥: (5.19)� @@T �r(T; Pr)T = HrT 2 ; ¨:  @@T lnK(P; T )!P = � kXr=1 !rR @@T �r(T )T =) kXr=1 !rHrRT 2 : (5.20)�® I-¬ã � ç «ã â¥à¬®¤¨ ¬¨ª¨ ¢¨¤  (4.19) ¤«ï ¨§®¡ à¨ç¥áª¨å ¯à®æ¥áá®¢¨§¬¥¥¨¥ íâ «ì¯¨¨ ¯à¨ P = const ®¯à¥¤¥«ï¥â ¯®£«®é¥®¥ á¨áâ¥¬®©â¥¯«®, â.ª. �Q = dH � V dP . �®íâ®¬ã   «®£¨ç ï (4.40) ¢¥«¨ç¨ �P (T ) = RT 2  @@T lnK(P; T )!P = kXr=1!rHr = kXr=1!r (CPrT + qr) ; (5.21)¥áâì ¯®¤¢®¤¨¬®¥ ¤«ï ¯®¤¤¥à¦ ¨ï à ¢®¢¥á¨ï ª®«¨ç¥áâ¢® â¥¯« , ¯®£«®-é ¥¬®¥ ¢ à¥§ã«ìâ â¥NA  ªâ®¢ à¥ ªæ¨¨, ¯®áª®«ìªã �r { ¯®â¥æ¨ « �¨¡¡á ®¤®£® ¬®«ï r-£® ¢¥é¥áâ¢ , ¨ ¢ (5.6), (5.10) ¢á¥£¤  å®âï ¡ë ®¤¨ ¨§ ª®íä-ä¨æ¨¥â®¢ j!sj = 1. �®®â¢¥âáâ¢¥®, ¤«ï �z  ªâ®¢ à¥ ªæ¨¨ ¯à¨kB = RNA ¨¬¥¥¬ �QPT = �zNA�P (T ) =) �zkBT 2  @@T lnK(P; T )!P :(5.22)�¥ ªæ¨ï ï¢«ï¥âáï í¤®â¥à¬¨ç¥áª®©, ¥á«¨ �P (T ) > 0, ª®£¤  ¤«ï ¯®¤¤¥à-¦ ¨ï à ¢®¢¥á¨ï â¥¯«® ¯®¤¢®¤¨âáï ¨ ¯®£«®é ¥âáï ¢ å®¤¥ à¥ ªæ¨¨. �¥ ª-æ¨ï ï¢«ï¥âáï íª§®â¥à¬¨ç¥áª®©, ¥á«¨ �P (T ) < 0, ª®£¤  â¥¯«® ¢ë¤¥«ï¥¬®¥ ¢å®¤¥ à¥ ªæ¨¨ ®â¢®¤¨âáï ¤«ï ¯®¤¤¥à¦ ¨ï à ¢®¢¥á¨ï. �à¨ íâ®¬ ¯®áâ®ï- ï à¥ ªæ¨¨K(P; T ) (5.18) ¨ ¢ëå®¤ ª®¥çëå ¯à®¤ãªâ®¢ à¥ ªæ¨¨ á à®áâ®¬â¥¬¯¥à âãàë ã¬¥ìè îâáï: @TK(P; T ) < 0, ¥á«¨ â¥¯«® ¯«®å® ®â¢®¤¨âáï.3 �¥¯«®¢ ï ¨®¨§ æ¨ï. � ª® � å � ¯à¨¬¥¥¨¨ ª ¯à®æ¥ááã ®¤®í«¥ªâà®®© (e�) â¥¯«®¢®© ¨®¨§ æ¨¨ (A+)¥©âà «ìëå  â®¬®¢ ¨¤¥ «ì®£® ®¤® â®¬®£® £ §  (A0):A++ e�� A0 = 0; !+ = 1; !e = 1; !0 = �1; ! = 3Xr=1!r = 1; (5.23)§ ª® ¤¥©áâ¢ãîé¨å ¬ áá (5.18) ¯à¨¨¬ ¥â ¢¨¤, r = (+; e; 0)*) (1; 2; 3):x+xex0 = K(P; T ) =) P�! exp 24� 1kBT 3Xr=1!r�r(T )35 � K(T )P ; (5.24)£¤¥ ¯à¨ ¯¥à¥å®¤¥ á à áç¥â    ®¤¨ ¬®«ì á NA  â®¬ ¬¨ ª à áç¥âã   ®¤¨



|54| â®¬ ¢®¢ì ¢¢¥¤¥  ¯®áâ®ï ï �®«ìæ¬   kB :kB = RNA ; PrV = �rRT � NrNART = NrkBT; �r(T ) = �r(T )NA : (5.25)�ç¨âë¢ ï, çâ® ¯à¨ ®¤®í«¥ªâà®®© ¨®¨§ æ¨¨ ç¨á«® í«¥ªâà®®¢ Ne ¢á¥-£¤  à ¢® ç¨á«ã ¨®®¢ N+,   ¯®«®¥ ç¨á«® ¢á¥å  â®¬®¢ N ®áâ ¥âáï ä¨ª-á¨à®¢ ë¬, ¨¬¥¥¬, ¢¢®¤ï áâ¥¯¥ì ¨®¨§ æ¨¨ £ §  � ª ª:� = N+N ; 0 < � < 1; â.ª. N = N0 +N+;   â.ª. Ne = N+; â® (5.26)x+ = xe = N+N +N+ = �1 + �; x0 = N0N +Ne = N �N+N +N+ = 1� �1 + �; (5.27)3Xr=1 xr = 1; x+xex0 = �21 � �2 = K(T )P ; � = 0@1 + PK(T )1A�1=2; (5.28){ ä®à¬ã«  � å . �áª«îç ï ¤ ¢«¥¨¥ á ¯®¬®éìî ãà ¢¥¨© á®áâ®ï¨ï(5.11): PV = (N+Ne)kBT = N(1+�)kBT , á ãç¥â®¬ ï¢®£® ¢¨¤  ¯®áâ®ï-ëå CPr ¨ s0r ¢ ¢ëà ¦¥¨¨ ¤«ï �r(T )=T ¢ (5.19), ¬®¦®  ©â¨ ¨®© ¢¨¤íâ®£® § ª®  (5.28) ª ª ¤«ï ¯à®æ¥áá  ¯à¨ ¯®áâ®ïëå T ¨ V :�21� � = VN K(T )kBT � G(T )2 e�I0=T; G(T )2 =) g VN  2�mekBTh2 !3=2 ; (5.29)ª®â®àë© á®¢¯ ¤ ¥â á à¥§ã«ìâ â®¬ áâ â¨áâ¨ç¥áª®© ä¨§¨ª¨, ¥á«¨ ¢ ¢ëà -¦¥¨¨ ¤«ï �r(T ) (5.14) ¯à¨ïâì, çâ® ¯à¨ m0) m+, CP0 ) CP+:3Xr=1!rCPr =) CP e = 52R; 3Xr=1!rqr =) RI0; R = NAkB ; (5.30)3Xr=1!r (s0r � CPr) =) R ln 24(kB)5=2  2�meh2 !3=2g35 ; g � gs+gsegs0 : (5.31)�§ á®®â®è¥¨© (5.27) ¢¨¤®, çâ® ãà ¢¥¨¥ à¥ ªæ¨¨ (5.6) á ãç¥â®¬ ï¢ëåå¨¬¨ç¥áª¨å ä®à¬ã« ®â¤¥«ìëå ª®¬¯®¥â (5.7) ¯®«®áâìî ä¨ªá¨àã¥â ¢á¥¯à®¯®àæ¨¨ (5.10) ¬¥¦¤ã �r, â.¥. ¢á¥¬¨ xr, ®áâ ¢«ïï ¢ ¯®á«¥¤¥¬ ãà ¢¥¨¨(5.10) ¨«¨ (5.18) 7! (5.28) ¥¨§¢¥áâ®© «¨èì ®¤ã ¨§ ¨å (�).� ¤ ç¨5.1. � ©â¨ äãªæ¨î § ª®  � ã«ï F(T; x(1)2 ) ç¥à¥§ äãªæ¨¨ X (j)s (T; P ) ¨®¡à âë¥ ¨¬, s; j = 1; 2. �«ï á« ¡ëå: x(1)2 � 1, ¨ ¥«¥âãç¨å: x(2)2 = 0,à áâ¢®à®¢,  ©â¨, çâ®: �P = P (2)1 � P 01 � F(T; x(1)2 )� F(T; 0) � �x(1)2 P 01 .



|55|5.2. �®ª § âì, çâ® ®á¬®â¨ç¥áª®¥ ¤ ¢«¥¨¥ �Pos, ¤«ï á« ¡®£® à áâ¢®à  ¢N0 ¬®«¥ªã« å à áâ¢®à¨â¥«ï, ¥áâì ¤ ¢«¥¨¥ ¨¤¥ «ì®£® £ §  â¥å ¦¥ à á-â¢®àï¥¬ëå N1�i�k � N0 ¬®«¥ªã«, ¯à¨ â®© ¦¥ â¥¬¯¥à âãà¥ T , ¨ ¢ â®¬ ¦¥®¡ê¥¬¥ V ([7] x88, [10]): �PosV = RT (N1 +N2+ : : :+Nk). (5.1.:[7] x86-90)5.3. �®ª § âì, çâ® ¯à ¢ ï \¯à®¯®àæ¨ï" ¢ ãá«®¢¨¨ å¨¬¨ç¥áª®£® à ¢®¢¥á¨ï(5.10) á«¥¤ã¥â ¨§ ®¯à¥¤¥«¥¨ï ª®æ¥âà æ¨¨ ¢ (5.17) ¨ ãá«®¢¨ï �xr ) 0.5.4. �«ï à ¢ëå �i; Vi; Ti, i = 1; 2,  ©â¨ íâà®¯¨¨ á¬¥è¥¨ï ¤¢ãå (a)®¤¨ ª®¢ëå: �Saa = 0, ¨ (b) à §ëå: �Sab = 2NkB ln 2, ¨¤¥ «ìëå £ §®¢.�®£« á® à¥è¥¨î � ¤. 4.3. íâà®¯¨ï ¨¤. £ §  {  ¤¤¨â¨¢ ï ®¤®-à®¤ ï äãªæ¨ï ¯¥à¢®£® ¯®àï¤ª  ¯®  ¤¤¨â¨¢ë¬ ¯¥à¥¬¥ë¬ V ¨ N :S(T; V;N) = S0 +N TZ d� cV (�)� +NkB ln VN � ST + S�; ®âªã¤ : (5.32)8>>><>>>:(a) : S�I = 2NkB ln VN ; S�II = 2NkB ln 2V2N ; �Saa = S�II � S�I = 0;(b) : S�I = 2NkB ln VN ; S�II = 2NkB ln 2VN ; �Sab = S�II � S�I = 2NkB ln 2:
�¨á. 5.1. � ¢ë¢®¤ã íâà®¯¨¨ á¬¥è¥¨ï ¨¤¥ «ìëå £ §®¢� §«¨ç¨¥ ¬¥¦¤ã £ § ¬¨ ¥«ì§ï ãáâà¥¬¨âì ª ã«î ¥¯à¥àë¢® ¤ ¦¥ ¥á«¨ ®® á¢ï§ ® áà §«¨ç®© á¯¨®¢®© ¯®«ïà¨§ æ¨¥© ¬®«¥ªã« ®¤®£® ¨ â®£® ¦¥ £ §  ¢¢¨¤ã ¤¨áà¥â®áâ¨ ¥¥§ ç¥¨© (� ¤. 16.7. �� ¯® ��). � §ë¥ £ §ë ¬®¦® ®¡à â¨¬® ¢®¢ì à §¤¥«¨âì ¤¢ã¬ï¯®¤¢¨¦ë¬¨ ¯®«ã¯à®¨æ ¥¬ë¬¨ ¤«ï ª ¦¤®£® ¨§ ¨å ¯¥à¥£®à®¤ª ¬¨ (áâ¥ª ¬¨). �.¥.á®¢  ¢á¥ ¤¥«® ¢ ¤®¯ãáâ¨¬ëå á¢®©áâ¢ å áâ¥®ª. � ¬¥â¨¬, çâ® íâ  ¦¥ ç áâì íâà®¯¨¨S� ¨§ (5.32), ª ª (2.48),  àãè ¥â ¨ ¯à¨æ¨¯ �¥àáâ  ¤«ï íâà®¯¨¨ ¨¤. £ §  (2.47).5.5. � ª® ¤¥©áâ¢ãîé¨å ¬ áá ¤«ï à¥ «ìëå £ §®¢ (4.48)? �§ ¨¬®§ ¢¨á¨¬®áâì ¯ à -¬¥âà®¢ ®ââ «ªâ¢ ¨ï b ¨ ¯à¨âï¦¥¨¥ï a; c; ea ç¥à¥§ ¯®«®¥ ç¨á«® ç áâ¨æ N = Pkr=1Nr®§ ç ¥â ¢§ ¨¬®¤¥©áâ¢¨¥ ¢á¥å ¬®«¥ªã«, â.¥. ¤ ¢«¥¨¥ ¤ ®£® £ §  § ¢¨á¨â ®â ª®æ¥-âà æ¨© ¬®«¥ªã« ®áâ «ìëå: Pr = Pr(T; P; fxsgk2) ¨ �r = �r(T; P; fxsgk2) = �r(T; fPsgk1)¨«¨ á P 7! � ¯à¨ � = V=N . �á«¨ ¥¨¤¥ «¥ ®¤¨ ¨§ k £ §®¢ á r = 1,   ¬®«¥ªã«ë ®áâ «ì-ëå áç¨â îâáï â®ç¥çë¬¨, â® ¯ àæ¨ «ìë¥ ¤ ¢«¥¨ï Pr ®áâ îâáï å®à®è® ®¯à¥¤¥«¥ë¯à¨ N id = N �N1 ¨ ä®à¬ã«ë (5.11){(5.14) á r � 2 ¢ë¯®«ïîâáï á § ¬¥®© P 7! P id, £¤¥P id = Pkr=2 Pr = P � P1 ¯à¨ Pr�2 = xidr�2P id, ®: xidr 6= xr,   �r = �r(T; Pr) [14] ¨ áâà. 52.



�¥ªæ¨ï 6�¥à¬®¤¨ ¬¨ª  ¬ £¥â¨ª®¢ ¨¤¨í«¥ªâà¨ª®¢�¥à¥å®¤ ª ¤àã£¨¬ â¥à¬®¤¨ ¬¨ç¥áª¨¬ á¨áâ¥¬ ¬ ¯à¥¤¯®« £ ¥â á®®â¢¥â-áâ¢ãîé¥¥ â¥à¬¨ç¥áª®¥ ãà ¢¥¨¥ á®áâ®ï¨ï ¨ ¨â¥£à¨àã¥¬®¥ ¢ëà ¦¥¨¥¤«ï í«¥¬¥â à®© à ¡®âë (1.20) ¢§ ¬¥ ¯à¥¦¥£® �A = PdV . �ãáâì íâ®1 � à - ¨«¨ ¤¨ ¬ £¥â¨ª ¢ ¬ £¨â®¬ ¯®«¥�®« ï í«¥¬¥â à ï à ¡®â  á®¢¥àè ¥âáï ¨áâ®ç¨ª®¬ ¢¥è¥£® ¯®«ï: ( )¯® á®§¤ ¨î á ¬®£® ¯®«ï H ¨ (¡) ¯®  ¬ £¨ç¨¢ ¨î M ¯®¬¥é¥®£®¢ ¥£® ¬ £¥â¨ª . � á¨áâ¥¬¥ � ãáá  ¯à¨ ¨§¬¥¥¨¨ ¢¥ªâ®à  ¬ £¨â®©¨¤ãªæ¨¨   dB ¢ à áç¥â¥   ®¤¨ ¬®«ì ¢¥é¥áâ¢  á ®¡ê¥¬®¬ �( V , £¤¥� = NAVN : ��A = PdV � 7! �A = � V4� (H � dB) =) � V4�HdB; (6.1)¤«ï ®¤®à®¤ëå ¯®«¥© ¨ ¨§®âà®¯ëå ¬ £¥â¨ª®¢ áH k B. �¤¥áì § ª (�)®§ ç ¥â, çâ® ¯à¨ dB > 0 íâ  à ¡®â  á®¢¥àè ¥âáï ¨áâ®ç¨ª®¬ ¢¥è¥£®¯®«ï  ¤ ¬ £¥â¨ª®¬. �®£¤  ¢áî â¥à¬®¤¨ ¬¨ªã ¬ £¥â¨ª  ¬®¦® ¯®«ã-ç¨âì, § ¬¥ïï ¢® ¢á¥å ãà ¢¥¨ïå ¨ ¥à ¢¥áâ¢ å â¥à¬®¤¨ ¬¨ª¨ £ §®¢á®®â¢¥âáâ¢¥® (áç¨â ï ¤«ï ¬ £¥â¨ª  V ) V=� = � = NA� = const):P V# #� VH4� B 9>>>>>=>>>>>; =) 8>>>>><>>>>>: dU = TdS � PdV#dU = TdS + VH4� dB 9>>>>>=>>>>>; =) 8>>>>>>>><>>>>>>>>: @(T; S)@(P; V ) = 1;#4�V @(T; S)@(H; B) = �1; (6.2)  ¢ ãá«®¢¨ïå ãáâ®©ç¨¢®áâ¨:  @V@P !T < 0; 7�!  @B@H!T > 0: (6.3)�«ï ¬ £¨â®© ¨¤ãªæ¨¨ B = H + 4�MV � H + 4�M; (6.4)56



|57|£¤¥ M = MV ;  ¬ £¨ç¥®áâì ¥¤¨¨æë ®¡ê¥¬ , ¨¬¥¥¬ (6.5)0@@M@H 1AT = b�T { ¬ £¨âãî ¢®á¯à¨¨¬ç¨¢®áâì ¥¤¨¨æë ®¡ê¥¬ , (6.6)b�T � b�(T;H); ¨  @B@H!T = 1 + 4� b�T > 0 ¨«¨ b�T > � 14�; (6.7)¥áâì ãá«®¢¨¥ â¥à¬®¤¨ ¬¨ç¥áª®© ãáâ®©ç¨¢®áâ¨ á®áâ®ï¨ï ®¡à §æ  à¥ «ì-®£® ¬ £¥â¨ª  á ¨¤ãªæ¨¥© B ¢ãâà¨ ¥£® ¢® ¢¥è¥¬ ¯®«¥ H.� â®¦¥ ¢à¥¬ï à ¡®â  �A( ) ¯® á®§¤ ¨î ¢¥è¥£® ¯®«ï H (¢ ¯à¨áãâ-áâ¢¨¨ ¬ £¥â¨ª ) ¥ ¨¬¥¥â ¥¯®áà¥¤áâ¢¥®£® ®â®è¥¨ï ª â¥à¬®¤¨ -¬¨ç¥áª¨¬ á¢®©áâ¢ ¬ ¬ £¥â¨ª  ¨ ¥áâ¥áâ¢¥® ¢ë¤¥«ï¥âáï ¢ ¢¨¤¥ ¯®«®£®¤¨ää¥à¥æ¨ « 1 ¯à¨ ¯®¤áâ ®¢ª¥ ¬ £¨â®© ¨¤ªãæ¨¨ (6.4) ¢ �A (6.1):�A = � V4�HdB = �d0@VH28� 1A�HdM � �A( ) + �A(¡); â®£¤  (6.8)¤«ï äãªæ¨¨ U� = U � VH28�   «®£¨ç® ¯à¥¤ë¤ãé¥¬ã: (6.9)P V# #�H M¨â.  ¤¤. 9>>>>>>=>>>>>>; =) 8>>><>>>: dU = TdS � PdV#dU� = TdS +HdM 9>>>=>>>; =) 8>>>>>>>><>>>>>>>>: @(T; S)@(P; V ) = 1;#@(T; S)@(H;M) = �1; (6.10)¨, ª § «®áì ¡ë:  @V@P !T < 0; ??7�!  @M@H !T ??> 0; â.¥. b�T ??> 0; (6.11)¢ ¯à®â¨¢®à¥ç¨¨ á (6.7). � ¬¥â¨¬ ®¤ ª®, çâ® U� (6.9) ¥áâì ä®à¬ «ì® ¢¢¥-¤¥ ï ¢¥«¨ç¨  ¨ ¥ ï¢«ï¥âáï ¢ãâà¥¥© í¥à£¨¥© ¬ £¥â¨ª  §  ¢ëç¥-â®¬ í¥à£¨¨ ¯®«ï ¢ ¢ ªãã¬¥, â.ª. ¢¥«¨ç¨  VH2=(8�) ¥ ¥áâì ç¨áâ® ¢ ªã-ã¬ ï í¥à£¨ï, ¯®áª®«ìªã  ¯àï¦¥®áâì H ¢¥è¥£® ¯®«ï, ¯®«ãç¥ ï¨§ à¥è¥¨ï ãà ¢¥¨© í«¥ªâà®¤¨ ¬¨ª¨ á ãç¥â®¬ ãá«®¢¨©   £à ¨æ¥¬ £¥â¨ª  [§ ¤ ç  6.7.]: Hink ) Houtk , Bin? = Bout? ã¦¥ ¨§¬¥¥  ¯à¨áãâ-áâ¢¨¥¬ ¬ £¥â¨ª 2. �®íâ®¬ã ãá«®¢¨¥ â¥à¬®¤¨ ¬¨ç¥áª®© ãáâ®©ç¨¢®áâ¨à¥ «ì®£® ¬ £¥â¨ª  ¢® ¢¥è¥¬ ¯®«¥ ¤ ¥âáï ¨¬¥® ãá«®¢¨¥¬ (6.7).�«ï ®¯à¥¤¥«¥¨ï ¢¨¤  ãà ¢¥¨ï á®áâ®ï¨ï à áá¬®âà¨¬ í«¥¬¥â à-ë¥ ¬®«¥ªã«ïàë¥ ¬®¤¥«¨ ¬ £¥â¨ª®¢, ¯à¨ï¢ ¤ «¥¥ ¨ V = 1; M!M .1� ¯à¥¥¡à¥¦¥¨¨ ¬ £¨â®áâà¨ªæ¨¥©, ¬ £¨â®ã¯àã£¨¬, ¨ ¯ì¥§®¬ £¨âë¬ íää¥ªâ ¬¨.2�¥ªâ®à H ¥áâì ¢á¯®¬®£ â¥«ì ï ¢¥«¨ç¨ . �áâ¨®© ¬�ªà®áª®¯¨ç¥áª¨ ãáà¥¤¥®©  -¯àï¦¥®áâìî ¬ £¨â®£® ¬�ªà®¯®«ï ï¢«ï¥âáï ¨¬¥® ¨¤ãªæ¨ï B: F = eE + (e=c)(v�B).



|58|�¨ ¬ £¥â¨ª: ¥£®  â®¬ë ¢ ®âáãâáâ¢¨¥ ¢¥è¥£® ¯®«ï ¢®¢á¥ ¥ ®¡« -¤ îâ ¬ £¨âë¬ ¬®¬¥â®¬. �®§¨ª îé¨¥ ¢ ¯à®æ¥áá¥ ¢ª«îç¥¨ï ¯®«ï¬ £¨âë¥ ¬®¬¥âë ¨¤ãæ¨à®¢ ëå ¥§ âãå îé¨å  â®¬ëå ®à¡¨â «ì-ëå â®ª®¢3, ¯® ¯à ¢¨«ã �¥æ  (áãâì ¯à¨æ¨¯ã ��� «¥ªæ¨¨ 4), á®§¤ îâ ¬ £¨ç¥®áâì, ®á« ¡«ïîéãî ¨áå®¤®¥ ¯®«¥. �.¥. ¢ ¨§è¥¬ «¨¥©®¬¯à¨¡«¨¦¥¨¨ M = �dTH, ¯à¨ç¥¬, â.ª. (¤«ï à §à¥¦¥ëå ¤¨ ¬ £¨âëå£ §®¢) â¥¯«®¢®¥ ¤¢¨¦¥¨¥  â®¬®¢ ¯®çâ¨ ¥ ¢«¨ï¥â   ¨¤ãæ¨àã¥¬ë¥ ¢¨å â®ª¨, �dT � const, ¥ § ¢¨áïé ï ®â â¥¬¯¥à âãàë, ¨, á®£« á® (6.7),0 > �dT > �1=(4�). �à¨â¨ç¥áª®¬ã § ç¥¨î �dT = �1=(4�) ®â¢¥ç ¥â  ¡á®-«îâë© ¤¨ ¬ £¥â¨ª, ¢ëâ «ª¨¢ îé¨© ¬ £¨âãî ¨¤ãªæ¨î: Bin ) 0.� à ¬ £¥â¨ª:  ¯à®â¨¢, á®áâ®¨â ¨§ ¬®¦¥áâ¢  í«¥¬¥â àëå á¯¨-®¢ëå ¬ £¨âëå ¬®¬¥â®¢, ®à¨¥â¨à®¢ ëå å ®â¨ç¥áª¨ ¢ ®âáãâáâ¢¨¥¢¥è¥£® ¯®«ï ¨§-§  ¨å â¥¯«®¢®£® ¤¢¨¦¥¨ï ¨ á« ¡®£® ¢§ ¨¬®¤¥©áâ¢¨ï.�®íâ®¬ã ®  ¬ £¨ç¨¢ ¥âáï «¨èì ¢ ¯à¨áãâáâ¢¨ ¢¥è¥£® ¯®«ïH â®«ìª®§ áç¥â ¢ëáâà ¨¢ ¨ï í«¥¬¥â àëå ¬®¬¥â®¢ ¢¤®«ì ¯®«ï: áM kH.�á«¨, ¯®   «®£¨¨ á \¨¤¥ «ìë¬¨" £ § ¬¨ (2.14){(2.18), ¯à¥¤¯®«®-¦¨âì, çâ® ¢ (6.10) äãªæ¨ï U�=) U�(T ) § ¢¨á¨â â®«ìª® ®â â¥¬¯¥à âãàë,â® ª ¦¤®¥ ¨§ á« £ ¥¬ëå ¢ dS ®ª ¦¥âáï ¢®¢ì ¯®«ë¬ ¤¨ää¥à¥æ¨ «®¬:dS(T;M) =)L dU�(T )T � HT dM; â.¥. HT =)L  (M); ¨«¨ MM0 = L  M0HRT !;(6.12)£¤¥M0 { ¬ ªá¨¬ «ì ï  ¬ £¨ç¥®áâì  áëé¥¨ï, ª®£¤  ¢á¥ ¬®¬¥âëã¦¥ ¢ëáâà®¥ë ¢¤®«ì ¯®«ï,   L(y) { äãªæ¨ï � ¦¥¢¥  ¨¤¥ «ì®£®¯ à ¬ £¥â¨ª 4 (�¨á. 6.1) ¤«ï y =M0H=(RT ))M0H=(kBnT ) � 0:L(0) = 0; L(y) � 0; L(1) = 1;   ¯à¨ y � 1: L(y) � L0(0)y; ¨«¨ (6.13)M � L0(0)M20HRT ��pTH; �pT =)L �T ; á � = L0(0)M20R )VL0(0)M20kBn (6.14)- § ª® �îà¨. �.¥. â¥à¬¨ç¥áª¨¥ ãà ¢¥¨ï á®áâ®ï¨ï ¤«ï ®¡®¨å â¨¯®¢¬ £¥â¨ª®¢M = �TH ®â«¨ç îâáï ¢ á« ¡ëå ¯®«ïå b�T ) �d; pT «¨èì § ª®¬¨ § ¢¨á¨¬®áâìî ¢®á¯à¨¨¬ç¨¢®áâ¥© �d; pT ®â T . � ®¡é¥¬ á«ãç ¥ ¢ (6.10):dS(T;M) �  @S@T !M dT +  @S@M !T dM = CMT dT �  @H@T !M dM; ®âªã¤  (6.15)3�  â®¬¥ ¥â á®¯à®â¨¢«¥¨ï í«¥ªâà® ¬, ¨ íâ¨ â®ª¨ ¤ «¥¥ ¥ § âãå îâ ¨ ¯à¨ H = const.4�«ï V 6= 1, § ¬¥ : M ) VM, M0 ) VM0, �T ) V �T , �) V�, NA=V ) n, R = kBNA.



|59|dU�(T;M) �  @U�@T !M dT +  @U�@M !T dM = CMdT +  H� T  @H@T !M! dM; ¨ (6.16)CH � CM = �T  @H@T !M @M@T !H� T  @H@M !T @M@T !2H� T @H@T !2M @M@H !T ¨«¨()L (6.17)=L H2T  @M@H!T¨«¨()H2 (�0T )2�T T ¯à¨ dS) CMT dT + �0T�2TMdM ¤«ï á« ¡ëå H)M�T ; (6.18)¨«¨ T@M=@T =L �H@M=@H ¯à¨ M =L M(H=T ). �«ï ¤¨ ¬ £¥â¨ª  á (�dT )0 = 0 ¨ ¨¤¥- «ì®£® « ¦¥¢¥®¢áª®£® ¯ à ¬ £¥â¨ª  (6.14) ¯à¨ CM = const ¨¬¥¥¬ á®®â¢¥âáâ¢¥®:Sd(T;M)� Sd0 = CdM ln TT0 ; U�(d)(T;M)� U�(d)0 = CdM (T � T0) + M22�dT ; ¨ (6.19)Sp(T;M)� Sp0 =)L CpM ln TT0 � M22� ; U�(p)(T;M)�U�(p)0 =)L CpM(T � T0); (6.20)£¤¥ Sp(T;M)� Sp0 =)L TZT0 d�� CpM(�)� MZ0 dM 0 (M 0); ¯à¨ HT )L  (M)(L  @H@T !M ; (6.21)¯à¨ç¥¬: CdH �CdM = 0; CpH �CpM =) (M2=�) > 0; ¤«ï  (M)! (M=�): (6.22)�®£« á® (6.20),  ¬ £¨ç¥®áâì á¨áâ¥¬ë á¯¨®¢, ¢®áï ã¯®àï¤®ç¥®áâì ¯à¨ ¥¨§-¬¥®© ¢ãâà¥¥© í¥à£¨¨, ¯®¨¦ ¥â ¥¥ íâà®¯¨î. �®£¤  ª ª ã¢¥«¨ç¥¨¥ ¢ãâà¥¥©í¥à£¨¨ ¤¨ ¬ £¥â¨ª  á  ¬ £¨ç¥®áâìî ¢ (6.19) ®áâ ¢«ï¥â ¥£® íâà®¯¨î ¯à¥¦¥©.
�¨á. 6.1. �à¨¬¥àë© ¢¨¤ äãªæ¨¨ � ¦¥¢¥  L(y)1.1 � £¨â®¥ ®å« ¦¤¥¨¥�¢¥àå¨§ª¨å â¥¬¯¥à âãà ¬®¦® ¤®áâ¨çì ¢ ¯à®æ¥áá¥  ¤¨ ¡ â¨ç¥áª®£® à §-¬ £¨ç¨¢ ¨ï ¯ à ¬ £¥â¨ª , å à ªâ¥à¨§ã¥¬®¬ ª®íää¨æ¨¥â®¬ ®å« ¦¤¥-¨ï, ª®â®àë© ¢ á¨«ã (6.10) ¨ â.ª. ¯à¨ T ! 0 ¨¬¥¥¬ CpH � T 3, à ¢¥: @T@H!S= @(H; T )@(H; S) @(M;H)@(H; T ) = � TCpH  @M@T !H=)L HCpH  @M@H !T= HCpH b�pT (6.23)=)(6:14) H�CpHT � T�4 > 0; â.¥. �T =  @T@H!S�H < 0; ¯à¨ �H < 0: (6.24)�.¥. íää¥ªâ¨¢®áâì íâ®£® á¯®á®¡  ®å« ¦¤¥¨ï, ª § «®áì ¡ë, à áâ¥â ¯à¨ T ! 0.



|60|� áá¬®âà¨¬ ¯®¤à®¡¥¥ íâ®â ¯à®æ¥áá ®å« ¦¤¥¨ï. C¯¥à¢  ¯à¨ â¥¬¯¥à -âãà¥ T1 ¨§®â¥à¬¨ç¥áª¨  ¬ £¨â¨¬ ¯ à ¬ £¥â¨ª ¤® ¢¥«¨ç¨ëM1 á  -¯àï¦¥®áâìî ¢¥è¥£® ¯®«ï H1, § â¥¬ à §¬ £¨â¨¬ ¥£® ¢  ¤¨ ¡ â¥.�«ï ãà ¢¥¨© íâ¨å ¯à®æ¥áá®¢   ¯«®áª®áâ¨ (M;H) ¯à¨ CM = const ¨§§ ª®  �îà¨ (6.14): T = �H=M ¨ ¨§ (6.20) ¨¬¥¥¬, á®®â¢¥âáâ¢¥®:T1 � �H1M1 ( �HM = T; â.¥. 0 � H> � H1 ¯à¨ 0 �M � M1; (6.25)Sp(H;M)� eSp0 = CpM ln HM � M22� ; ¨ Sp(H;M)� Sp(H1;M1) = (6.26)= CpM  ln HH1 � ln MM1!� M2 �M212� ) 0; â.¥. H>(M) = T1�M; (6.27)  H<(M) = H1 MM1 exp 24M2 �M212�CpM 35 ; H<>(0) = 0; H<>(M1) = H1: (6.28)
�¨á. 6.2. �¤¨ ¡ â¨ç¥áª®¥ à §¬ £¨ç¨¢ ¨¥ ¢ ¯¥à¥¬¥ëå (M;H) ¨ (M;T )�®«ãç¥ë© § ¬ªãâë© æ¨ª« ¨§ ¨§®â¥à¬ë ¨  ¤¨ ¡ âë ¬¥¦¤ã â®çª ¬¨(0; 0) ¨ (M1;H1) ¯à®â¨¢®à¥ç¨â II-¬ã � ç «ã â¥à¬®¤¨ ¬¨ª¨. �¤ ª® ®«¨èì ª ¦¥âáï § ¬ªãâë¬, ¯®áª®«ìªã   á ¬®¬ ¤¥«¥ ¯à¨ M = H = 0¢ (6.25) ¯ à ¬ £¥â¨ª ¬®¦¥â ¨¬¥âì «î¡ãî â¥¬¯¥à âãàã, ¨ ª «¨¡à®¢ª ïª®¡¨   (6.10) ¢ íâ®© â®çª¥ ¥ ¨¬¥¥â ¬¥áâ . �¥©áâ¢¨â¥«ì®, íâ¨ ¦¥ãà ¢¥¨ï ¢ ¯¥à¥¬¥ëå (M;T ), á®£« á® (6.20), ¨¬¥îâ ¢¨¤:Sp(T;M)� Sp(T1;M1) = CpM ln TT1 � M2 �M212� =) 0; (6.29)¨«¨ T> = T1 = const;   T< = T1 exp 24M2 �M212�CpM 35 ; (6.30)®âªã¤ , ¯à¨ M = 0 : T2 = T1 exp 24� M212�CpM 35 < T1: (6.31)�.¥. "æ¨ª«"   á ¬®¬ ¤¥«¥ ¥ § ¬ªãâ,    ¡á®«îâë© ã«ì ¯®-¯à¥¦¥¬ã¥¤®áâ¨¦¨¬, ¯®áª®«ìªã ¯à¨ T1 > 0 ®áâ ¥¬áï á T2 > 0 (�¨á. 6.2).



|61|2 �¨í«¥ªâà¨ª ¢ í«¥ªâà¨ç¥áª®¬ ¯®«¥� «®£¨çë© ¬ £¥â¨ª ¬ ¯ãâì ¯à¨¤¥âáï ¯à®©â¨ ¤«ï ¤¨í«¥ªâà¨ª®¢.�®« ï í«¥¬¥â à ï à ¡®â  á®¢¥àè ¥âáï ¨áâ®ç¨ª®¬ ¢¥è¥£® ¯®«ï ( )¯® á®§¤ ¨î á ¬®£® ¯®«ï E ¨ (¡) ¯® ¯®«ïà¨§ æ¨¨ P ¯®¬¥é¥®£® ¢ ¥£®¤¨í«¥ªâà¨ª . � á¨áâ¥¬¥ � ãáá  ¯à¨ ¨§¬¥¥¨¨ ¢¥ªâ®à  í«¥ªâà¨ç¥áª®©¨¤ãªæ¨¨   dD ¢ à áç¥â¥   ®¤¨ ¬®«ì ¢¥é¥áâ¢  á ®¡ê¥¬®¬ �( V , £¤¥� = NAVN : ��A = PdV � 7! �A = � V4� (E � dD) =) � V4�EdD; (6.32)¤«ï ®¤®à®¤ëå ¯®«¥© ¨ ¨§®âà®¯ëå ¤¨í«¥ªâà¨ª®¢ á E k D [2], [8]. � ª(�) ¢®¢ì ®§ ç ¥â, çâ® ¯à¨ dD > 0 íâ  à ¡®â  á®¢¥àè ¥âáï ¨áâ®ç¨ª®¬¢¥è¥£® ¯®«ï  ¤ ¤¨í«¥ªâà¨ª®¬, ¨ ¢®¢ì V ) V=� = � = NA� = const.�á«¨ í«¥ªâà¨ç¥áª ï ¨¤ãªæ¨ï D = E + 4�PV � E + 4�P ; (6.33)£¤¥ P = PV { ¯®«ïà¨§ æ¨ï ¥¤¨¨æë ®¡ê¥¬ , â® (6.34)0@@P@E1AT= b�T � b�(T;E) { í«¥ªâà¨ç¥áª ï ¢®á¯à¨¨¬ç¨¢®áâì ¥¤¨¨æë ®¡ê¥¬ , (6.35)¨ ¢®¢ì �A = � V4�EdD = �d0@V E28� 1A� EdP � �A( ) + �A(¡); (6.36)£¤¥ à ¡®â  �A( ) ¯® á®§¤ ¨î ¢¥è¥£® ¯®«ï E (¢ ¯à¨áãâáâ¢¨¨ ¤¨í«¥ª-âà¨ª ) á®¢  ¥ ¨¬¥¥â ¥¯®áà¥¤áâ¢¥®£® ®â®è¥¨ï ª â¥à¬®¤¨ ¬¨ç¥-áª¨¬ á¢®©áâ¢ ¬ ¤¨í«¥ªâà¨ª  ¨ ¥áâ¥áâ¢¥® ¢ë¤¥«ï¥âáï ¢ ¢¨¤¥ ¯®«®£®¤¨ää¥à¥æ¨ « 5 ¯à¨ ¯®¤áâ ®¢ª¥ í«¥ªâà¨ç¥áª®© ¨¤ªãæ¨¨ (6.33) ¢ (6.32).�áª«îç ï íâã à ¡®âã ¨§ ¡ « á  ¢ãâà¥¥© í¥à£¨¨, ¢®¢ì  å®¤¨¬,çâ® ¤«ï äãªæ¨¨ U� = U � V E28�   «®£¨ç® ¯à¥¤ë¤ãé¥¬ã: (6.37)P V# #�E P¨â.  ¤¤. 9>>>>>>=>>>>>>; =) 8>>><>>>: dU = TdS � PdV#dU� = TdS + EdP 9>>>=>>>; =) 8>>>>>>>><>>>>>>>>: @(T; S)@(P; V ) = 1;#@(T; S)@(E;P) = �1; (6.38)® â¥¯¥àì ãá«®¢¨¥  @V@P !T < 0; 7�!  @P@E!T > 0; â.¥. b�T > 0; (6.39)¢ë¯®«ï¥âáï ¤«ï ¢á¥å ¤¨í«¥ªâà¨ª®¢, ¯®áª®«ìªã ¨¬¥® ¢¥ªâ®à E â¥¯¥àì5� ¯à¥¥¡à¥¦¥¨¨ ®¡ê¥¬®© í«¥ªâà®áâà¨ªæ¨¥© ¨ ¯ì¥§®í«¥ªâà¨ç¥áª¨¬ íää¥ªâ®¬ V = const.



|62|ï¢«ï¥âáï ¨áâ¨®© ¬�ªà®áª®¯¨ç¥áª¨ ãáà¥¤¥®©  ¯àï¦¥®áâìî í«¥ª-âà¨ç¥áª®£® ¬�ªà®¯®«ï6 ¨ ®¯à¥¤¥«ï¥â á¨«ã �®à¥æ  ¯à¨ B = 0,   ¨-¤ãªæ¨ïD ¥áâì ¢á¯®¬®£ â¥«ì ï ¢¥«¨ç¨ . �¤ ª® ä®à¬ «ì® ¢¢¥¤¥ ïäãªæ¨ï U� (6.37) ¢®¢ì ¥ ï¢«ï¥âáï ¢ãâà¥¥© í¥à£¨¥© ¤¨í«¥ªâà¨ª §  ¢ëç¥â®¬ í¥à£¨¨ ¯®«ï ¢ ¢ ªãã¬¥, â.ª. V E2=(8�) ¥ ¥áâì ç¨áâ® ¢ ªãã¬- ï í¥à£¨ï, ¯®áª®«ìªã  ¯àï¦¥®áâì íâ®£® ¢¥è¥£® ¯®«ï E ¯®«ãç¥ ¨§ à¥è¥¨ï ãà ¢¥¨© � ªá¢¥««  â ª¦¥ á ãç¥â®¬ ãá«®¢¨©   £à ¨æ¥¤¨í«¥ªâà¨ª : Eink = Eoutk , Din? ) Dout? ¨ ã¦¥ ¨§¬¥¥  ¥£® ¯à¨áãâáâ¢¨¥¬.�¨á. 6.3. � ãà ¢¥¨î á®áâ®ï¨ï ¤¨í«¥ªâà¨ª®¢. �ää¥ªâ¨¢®¥ \á¡«¨¦¥¨¥" ¯« áâ¨.�à ¢¥¨ï á®áâ®ï¨ï ®¯à¥¤¥«¨¬ ¢®¢ì ¨§ à áá¬®âà¥¨ï í«¥¬¥â àëå¬®«¥ªã«ïàëå ¬®¤¥«¥© ¤¨í«¥ªâà¨ª®¢, â ª¦¥ ¯à¨ï¢: V = 1, P �! P .� ¥¯®«ïàëå ¤¨í«¥ªâà¨ª®¢  â®¬ë (¬®«¥ªã«ë) ¢®¢á¥ ¥ ®¡« ¤ îâ ¤¨-¯®«ìë¬ ¬®¬¥â®¬ ¢ ®âáãâáâ¢¨¥ ¢¥è¥£® ¯®«ï ¯®«ïà¨§ãïáì «¨èì ¢ ¯à®-æ¥áá¥ ¥£® ¢ª«îç¥¨ï. �¤ãæ¨à®¢ ë¥ ¤¥ä®à¬ æ¨¥© ¨å § àï¤®¢®£® à á-¯à¥¤¥«¥¨ï ¤¨¯®«ìë¥ ¬®¬¥âë (�¨á. 6.3) á®§¤ îâ ¢ (6.39) ¯®«ïà¨§ æ¨î,¯ à ««¥«ìãî ¨áå®¤®¬ã ¯®«î. �.¥. ¢ ¨§è¥¬ «¨¥©®¬ ¯à¨¡«¨¦¥¨¨:P = �npT E, £¤¥ �npT � const > 0, ¥ § ¢¨áïé ï ®â â¥¬¯¥à âãàë, â.ª. â¥-¯«®¢®¥ ¤¢¨¦¥¨¥  â®¬®¢ ¯®çâ¨ ¥ ¢«¨ï¥â   ¨å § àï¤®¢ãî ¤¥ä®à¬ æ¨î.�®«ïàë¥ ¤¨í«¥ªâà¨ª¨,  ¯à®â¨¢, á®áâ®ïâ ¨§ ¬®¦¥áâ¢  £®â®¢ëå ¬®-«¥ªã«ïàëå í«¥ªâà¨ç¥áª¨å ¤¨¯®«ìëå ¬®¬¥â®¢, å ®â¨ç¥áª¨ ®à¨¥â¨à®-¢ ëå §  áç¥â â¥¯«®¢®£® ¤¢¨¦¥¨ï ¢ ®âáãâáâ¢¨¥ ¢¥è¥£® ¯®«ï. �¨¯®«ïà¨§ãîâáï ¢ ¯à¨áãâáâ¢¨¨ ¢¥è¥£® ¯®«ï á P k E «¨èì §  áç¥â ¢ë-áâà ¨¢ ¨ï í«¥¬¥â àëå ¤¨¯®«¥© ¢¤®«ì ¯®«ï. �®â®¬ã ¨å â¥®à¨ï ¤®-á«®¢® ¯®¢â®àï¥â â¥®à¨î ¯ à ¬ £¥â¨ª®¢ á   «®£¨çë¬¨ ãà ¢¥¨ï¬¨á®áâ®ï¨ï ¨¤¥ «ì®£® ¤¨í«¥ªâà¨ª  ¯à¨ U� =)L U�(T ), E = T (P), ¨ áâ¥¬¨ ¦¥ á¢®©áâ¢ ¬¨ (6.13) äãªæ¨¨ � ¦¥¢¥  L(y):PP0 = L  P0ERT ! ; £¤¥ â¥¯¥àì y = P0ERT ) P0EkBnT � 0; NAV ) n; (6.40)¨, ¯à¨ y � 1: P � �pTE; �pT =)L f�T ; f� = L0(0)P20R )VL0(0) P20kBn; (6.41)6�.¥. ¢ (6.36), (6.37), ¢ ®â«¨ç¨¥ ®â (6.8), (6.9), ¢ëç¨â âáï ä¨§¨ç¥áª¨  ¡«î¤ ¥¬ ï ¢¥«¨ç¨ 



|63|  P0 { ¬ ªá¨¬ «ì ï ¯®«ïà¨§ æ¨ï  áëé¥¨ï, ª®£¤  ¢á¥ ¤¨¯®«¨ ã¦¥ ¢ë-áâà®¥ë ¢¤®«ì ¯®«ï (�¨á. 6.1), (�¨á. 6.3). � ª çâ® ¤«ï ®¡®¨å â¨¯®¢ ¤¨-í«¥ªâà¨ª®¢ ¢ á« ¡ëå ¯®«ïå ¢®¢ì ¨¬¥¥¬ ã¨¢¥àá «ìë¥ ãà ¢¥¨ï á®áâ®-ï¨ï á á®®â¢¥âáâ¢ãîé¥© í«¥ªâà¨ç¥áª®© ¢®á¯à¨¨¬ç¨¢®áâìî b�(T;E)) �T ,¨«¨ ¤¨í«¥ªâà¨ç¥áª®© ¯à®¨æ ¥¬®áâìî �(T ) = 1 + 4��T :P = �TE; P = �TE; ¨«¨: D = �(T )E: (6.42)� ª®¥æ, ¤«ï ¤¨ää¥à¥æ¨ «®¢ íâà®¯¨¨ ¨ ¢ãâà¥¥© í¥à£¨¨ ¨ ¤«ï à §®áâ¨ â¥¯«®¥¬-ª®áâ¥©   «®£¨ç® (6.15) { (6.18) ¤«ï ®¡é¥£® á«ãç ï ¢ (6.38)  å®¤¨¬:dS(T;P) �  @S@T !P dT +  @S@P!T dP = CPT dT �  @E@T !P dP; ®âªã¤  (6.43)dU�(T;P) �  @U�@T !P dT +  @U�@P !T dP = CPdT +  E � T  @E@T !P! dP; ¨ (6.44)CE � CP = �T  @E@T !P  @P@T !E� T  @E@P!T  @P@T !2E� T  @E@T !2P  @P@E!T¨«¨()L (6.45)= E2T  @P@E!T¨«¨()E2 (�0T )2�T T { ¤«ï á« ¡ëå E) P�T ¯à¨ dS ) CPT dT + �0T�2T PdP; (6.46)£¤¥ ¤«ï ¥¯®«ïàëå ¤¨í«¥ªâà¨ª®¢ (�(np)T )0 = 0,   ¯®â®¬ã   «®£¨ç® (6.19){(6.22):Snp(T;P)� Snp0 = CnpP ln TT0 ; U�(np)(T;P)� U�(np)0 = CnpP (T � T0) + P22�npT ; (6.47)Sp(T;P)� Sp0 =)L CpP ln TT0 � P22 e� ; U�(p)(T;P)� U�(p)0 =)L CpP(T � T0); (6.48)¯à¨ç¥¬ CnpE � CnpP = 0; CpE � CpP =) P2e� > 0; ET )L  (P)(L  @E@T !P : (6.49)�®§¢à â ª V 6= 1 { § ¬¥ : P ) V P, P0) V P0, �T ) V �T , e�) V� (6.41), R = kBNA.3 �¥à¬®¤¨ ¬¨ª  á¢¥àå¯à®¢®¤¨ª®¢�¥à¥å®¤ ¬¥â ««  ¨§ ®à¬ «ì®£® á®áâ®ï¨ï (n) ¢ á¢¥àå¯à®¢®¤ïé¥¥ á®-áâ®ï¨¥ (s) á®¯à®¢®¦¤ ¥âáï ¨§¬¥¥¨¥¬ ¨ ¥£® ç¨áâ® ¬ £¨âëå á¢®©áâ¢.�ª §ë¢ ¥âáï, çâ® ¯à¨  «¨ç¨¨ ¢¥è¥£® ¯®«ï íâ®â ¯¥à¥å®¤ ï¢«ï¥âáï ä -§®¢ë¬ ¯¥à¥å®¤®¬ 1-£® à®¤ ,   ¢ ®âáãâáâ¢¨¨ ¯®«ï { ¯¥à¥å®¤®¬ 2-£® à®¤ .�®âï á ¬ í«¥ªâà¨ç¥áª¨© â®ª ¢ ¯à®¢®¤¨ª¥ ¨ á®¯à®â¨¢«¥¨¥ ¥¬ã §  áç¥âà áá¥ï¨ï í«¥ªâà®®¢    â®¬ å à¥è¥âª¨ ¯à¥¤áâ ¢«ïîâ á®¡®© ¥à ¢®-¢¥áë¥ ¯à®æ¥ááë ¨ ï¢«ïîâáï ¯à¥¤¬¥â®¬ ¥ â¥à¬®¤¨ ¬¨ª¨,   ª¨¥â¨ª¨,¢ à §«¨çëå ä § å ¨¬¥îâ à §ë¥ § ç¥¨ï ¨ ç¨áâ® â¥à¬®¤¨ ¬¨ç¥áª¨¥



|64|¢¥«¨ç¨ë, á¢ï§ ë¥ á â¥à¬®¤¨ ¬¨ç¥áª¨¬¨ ¯®â¥æ¨ « ¬¨. �å ¨§ãç¥¨¥áãé¥áâ¢¥® ã¯à®é ¥âáï â¥¬ íªá¯¥à¨¬¥â «ìë¬ ä ªâ®¬, çâ® ¨áâ¨ ï(¬�ªà®áª®¯¨ç¥áª¨) ãáà¥¤¥ ï  ¯àï¦¥®áâì ¬ £¨â®£® ¬�ªà®¯®«ï{ ¥£® ¨¤ãªæ¨ï (6.4) { ¨áç¥§ ¥â ¢ãâà¨ á¢¥àå¯à®¢®¤ïé¥£® ¬ £¥â¨ª  (íä-ä¥ªâ �¥©á¥à ), â.¥. ¨¬¥¥¬ ¤¥«® á  ¡á®«îâë¬ ¤¨ ¬ £¥â¨ª®¬ (6.7):B =H+ 4�M =) 0; Ms =) � 14�H = �dTH; �dT = � 14� : (6.50)�¥à¥å®¤ï ª  ¡á®«îâë¬ ¢¥«¨ç¨ ¬ ¯®«¥©, ¤«ï ¯®«®© ¢ãâà¥¥© í¥à-£¨¨ (6.10) ¨ ¯®«®£® ¯®â¥æ¨ «  �¨¡¡á , N = const ¬®«¥© (ç áâ¨æ) á¢¥àå-¯à®¢®¤ïé¥£® ¬ £¥â¨ª  ®¡ê¥¬®¬ V ¨¬¥¥¬ (¯à¥®¡à §ãï ¯® âà¥¬ ¯ à ¬):dU�(S; V;M;N) = TdS � PdV +HdM; M = VM; (6.51)�� = U� � TS + PV �HM = N�(T; P;H); ¨ ¤«ï ®¡¥¨å ä §: (6.52)(d��)N = �SdT + V dP � VMdH =) Nd�; ®âªã¤ , áà. �-� (4.36): (6.53)d� = �sdT + �dP � �MdH; £¤¥ ss;n = Ss;nN ; �s;n = Vs;nN (6.54){ ã¤¥«ìë¥ (¬®«ïàë¥) íâà®¯¨ï ¨ ®¡ê¥¬ (4.37) ¤«ï á®®â¢¥âáâ¢ãîé¨åä §. � ¯à¥¥¡à¥¦¥¨¨ ¬ £¨â®áâà¨ªæ¨¥© ¨ ¬ £¨â®ã¯àã£¨¬ íää¥ªâ®¬�s ¥ § ¢¨á¨â ®â ¢¥è¥£® ¯®«ï H ¨ (6.50) ¢¬¥áâ¥ áMs �Mn ,! 0 ¤ ¥â:d�s = �ssdT + �sdP + d0@�sH28� 1A; ¯à¨ d�n = �sndT + �ndP; (6.55)â.¥. �s(T; P;H) = �s(T; P; 0) + �sH28� ; ® �n(T; P;H) = �n(T; P; 0); (6.56)â.ª. å¨¬¯®â¥æ¨ « ®à¬ «ì®© ä §ë ¬®¦® áç¨â âì ¢ â®¦¥ ¢à¥¬ï ¢®¢á¥¥§ ¢¨áïé¨¬ ®â ¯®«ï. �®£¤  ¯®áª®«ìªã ¯à¨ T; P;N = const à ¢®¢¥-á¨î ®â¢¥ç ¥â ¬¨¨¬ã¬ å¨¬¯®â¥æ¨ «  ¨ ¯à¨ ¤®áâ â®ç® á¨«ì®¬ ¯®«¥¥¨§¡¥¦® �s(T; P;H) > �n(T; P; 0), â® s { á®áâ®ï¨¥ áâ ®¢¨âáï â¥à¬®-¤¨ ¬¨ç¥áª¨ ¥¢ë£®¤ë¬ ¨ á¢¥àå¯à®¢®¤¨¬®áâì à §àãè ¥âáï ¯à¨ ¥ª®â®-à®¬ ªà¨â¨ç¥áª®¬ ¤«ï ¤ ®© â¥¬¯¥à âãàë T § ç¥¨¨ ¯®«ï Hc(T ),   ¯à¨H > Hc(0) = Hcr, { áâ ®¢¨âáï ¢®¢á¥ ¥¢®§¬®¦®©. �«¥¤®¢ â¥«ì®,  ¯«®áª®áâ¨ (T;H) ªà¨¢ ï ¯¥à¥å®¤  Hc(T ) ¨¬¥¥â ¢¨¤ ã¡ë¢ îé¥© äãªæ¨¨T , ã¤®¢«¥â¢®àïîé¥© ãà ¢¥¨î ä §®¢®£® à ¢®¢¥á¨ï (4.33) (�¨á. 6.4):�s(T; P;H) =� �n(T; P; 0); 7�! H = Hc(T; P )jP=const � Hc(T ); (6.57)Hcr = Hc(0) > Hc(T ) > Hc(Tcr) = 0;Tcr = Tc(0) > Tc(H) > Tc(Hcr) = 0; 9=; 7�! (�¨á. 6.4): (6.58)
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�¨á. 6.4. � §®¢ë© ¯¥à¥å®¤ ¢ ¬ £¨â®¬ ¯®«¥ ¨§ á¢¥àå¯à®¢®¤ïé¥© ä §ë s ¢ ®à¬ «ìãî n�à®¤¨ää¥à¥æ¨àã¥¬ ãà ¢¥¨ï (6.57), (6.56) ¯® ¥§ ¢¨á¨¬ë¬ ¯¥à¥¬¥-ë¬ T ¨ P ¢¤®«ì ªà¨¢®© ¯¥à¥å®¤  H = Hc(T ), d�s = d�n. �à¥¥¡à¥£ ï§ ¢¨á¨¬®áâìî �s ®â T ¨ P á ãç¥â®¬ (6.55) ¢ á¬ëá«¥ (4.37), ¨¬¥¥¬ ¯® T : d�sdT !�s=�ndef==  d�sdT !�� ddT �s(T; P;Hc(T )) = (¯à¨ «î¡®¬ P , áà. (4.41))(6.59)=  @�s@T !P;H +  @�s@H!T;P 0@@Hc(T )@T 1AP =  d�ndT !�=)  @�n@T !P;H=0 ; (6.60)â.¥. �  @�s@T !P;H +  @�n@T !P;H� ss � sn =� �sHc(T )4� 0@@Hc(T )@T 1AP ; (6.61)¨ ¯® P :  @�s@P !T;H�  @�n@P !T;H� �s � �n =� � �sHc(T )4� 0@@Hc(T )@P 1AT: (6.62)�à¨H 6= 0 ¯¥à¥å®¤ á®¯à®¢®¦¤ ¥âáï áª çª®¬ ¬®«ïà®© íâà®¯¨¨ ¨ ®¡ê¥¬ ,â.¥. ï¢«ï¥âáï ä §®¢ë¬ ¯¥à¥å®¤®¬ 1-£® à®¤  á ¬®«ïà®© â¥¯«®â®© ¯¥à¥å®¤ :� = T (ss � sn) = T �sHc(T )4� 0@@Hc(T )@T 1AP < 0; (H = Hc, (�¨á. 6.4)); (6.63)â.¥. â¥¯«® ¢ë¤¥«ï¥âáï ¯à¨ ¯¥à¥å®¤¥ ¨§ n 7! s ¨ ¯®£«®é ¥âáï ¯à¨ ®¡à â-®¬ ¯¥à¥å®¤¥ ¨§ s 7! n, ¢ á®®â¢¥áâ¢¨¨ á à §ã¯®àï¤®ç¥®áâìî n { ä §ë.� §¤¥«¨¢ ¤àã£   ¤àã£  ãà ¢¥¨ï (6.61), (6.62), á ãç¥â®¬ á¢ï§¥© (2.13),(1.11), ¯à¨¤¥¬, ¥áâ¥áâ¢¥®, ª ãà ¢¥¨î �« ¯¥©à® -�« ã§¨ãá  (4.38):ss � sn�s � �n = � (@Hc=@T )P(@Hc=@P )T = @(Hc; P )@(P; T )@(P; T )@(Hc; T )) dPdT !�= �T (�s � �n) : (6.64)�à¨ H = Hc = 0 ¯¥à¥å®¤ ¢ (6.61), (6.62) ¨¤¥â ¯à¨ ¥¨§¬¥ëå § ç¥¨ïå



|66|íâà®¯¨¨ ¨ ®¡ê¥¬ , â.¥. ï¢«ï¥âáï ä §®¢ë¬ ¯¥à¥å®¤®¬ 2-£® à®¤ . �¨ää¥-à¥æ¨àãï íâ¨ ãà ¢¥¨ï ¯® T ¨ ¯® P ,  ©¤¥¬ á®®â¢¥âáâ¢¥® áª çª¨ â¥-¯«®¥¬ª®áâ¨ (ä®à¬ã«  �ãâ£¥àá ) ¨ á¦¨¬ ¥¬®áâ¨, â.¥. �X = Xs �Xn:�CP = T " @ss@T !P �  @sn@T !P#Hc=0 = T�s4� 0@@Hc(T )@T 1A2P > 0; (6.65)�KT = � 1�s " @�s@P !T �  @�n@P !T #Hc=0 = 14� 0@@Hc(T )@P 1A2T > 0; (6.66)¨ ¨§ (6.64) ¨¬¥¥¬ ãà-¨¥ �à¥ä¥áâ :  dPdT !2�= �CPT�s�KT ; (�s = �n): (6.67)� â¥¯«®¥¬ª®áâì, ¨ á¦¨¬ ¥¬®áâì ¢ á¢¥àå¯à®¢®¤ïé¥© ä §¥ ®ª §ë¢ îâáï¡®«ìè¥, ç¥¬ ¢ ®à¬ «ì®© ä §¥. ([1], [2], [4], [5]).� ¤ ç¨6.1. � ©â¨ ¬ £¨âãî ¢®á¯à¨¨¬ç¨¢®áâì �T ¯ à ¬ £¥â¨ª  M = �TH,¥á«¨ ¥£® â¥¯«®¥¬ª®áâì CM ¥ § ¢¨á¨â ®â  ¬ £¨ç¥®áâ¨M .6.2. �¨í«¥ªâà¨ª á í«¥ªâà¨ç¥áª®© ¢®á¯à¨¨¬ç¨¢®áâìî �T ¢¤¢¨ãâ ¢ ¯«®á-ª¨© ª®¤¥á â®à á í«¥ªâà¨ç¥áª¨¬ ¯®«¥¬ E ¤® ®¡ê¥¬  V = abx. �«ï¥¯®«ïà®£® �T = const ¨ ¯®«ïà®£® �T = f�=T ¤¨í«¥ªâà¨ª   ©â¨: (a)��(T;E), S(T;E) ¢ íâ®¬ ¯®«¥; (b) â¥¯«® �QT , ¢ë¤¥«¨¢è¥¥áï (?) ¢ ¤¨-í«¥ªâà¨ª¥ ¯à¨ ¨§®â¥à¬¨ç¥áª®¬ ¢®§à áâ ¨¨ ¯®«ï ®â 0 ¤® E; (c) á¨«ã fx áª®â®à®© ¤¨í«¥ªâà¨ª ¢âï£¨¢ ¥âáï (?) ¢ ª®¤¥á â®à; ¤«ï « ¦¥¢¥®áª®£®¤¨í«¥ªâà¨ª   ©â¨ (d) ¯«®â®áâì ¢ãâà¥¥© í¥à£¨¨ u�(T;E).6.3. � ©â¨ ¬ «®¥ ®â®á¨â¥«ì®¥ ¨§¬¥¥¨¥ 1 � jvH � v0j=v0 áª®à®áâ¨§¢ãª  v0 ¯à¨  «®¦¥¨¨ á« ¡®£® ¬ £¨â®£® ¯®«ï H ¤«ï ¨¤¥ «ì®£®:P = (%=�)RT , ¤¨ - ¨ ¯ à - ¬ £¨â®£® £ §®¢: M = �TH, �T = �d;pT .6.4. � £¥â¨ª ®¡ê¥¬®¬ V ¢ á« ¡®¬ ¬ £¨â®¬ ¯®«¥ H ¯®¤ ¢¥è¨¬ ¤ -¢«¥¨¥¬ P ¨¬¥¥â  ¬ £¨ç¥®áâì ¥¤¨¨æë ®¡ê¥¬  M = �(T )H ¨ ¯®«-ë© ¬ £¨âë© ¬®¬¥â M = MV . � ©â¨ á¢ï§ì  ¤¨ ¡ â¨ç¥áª®© ®¡ê-¥¬®© ¬ £¨â®áâà¨ªæ¨¨ (@V=@H)P;S á  ¤¨ ¡ â¨ç¥áª¨¬ ¬ £¨â®ã¯àã£¨¬(¯à¨ H = 0 ¯ì¥§®¬ £¨âë¬) íää¥ªâ®¬ (@M=@P )H;S. �®« £ ï ¥£® á¦¨-¬ ¥¬®áâì KS = const, ¢ëà §¨âì �V=V � 1 ç¥à¥§ H. �¥è¨âì íâã § ¤ çã¤«ï ¨§®â¥à¬¨ç¥áª¨å (@V=@H)P;T ¨ (@M=@P )H;T , ¨ KT (á¬. (6.53)). � ©â¨§ ¢¨á¨¬®áâì KS(H), ¥á«¨  «®¦¥¨¥ ¢¥è¥£® ¯®«ï H ¥ ¬¥ï¥â â¥à¬¨-ç¥áª®¥ ãà ¢¥¨ï á®áâ®ï¨ï P = P (T; V;N), ª ª ¢ § ¤. 6.3.6.5. �ëà §¨âì â¥¯«®¥¬ª®áâì CH « ¦¥¢¥®¢áª®£® ¯ à ¬ £¥â¨ª  ¢ ¯®-áâ®ï®¬ ¢¥è¥¬ ¯®«¥ H ç¥à¥§ ¥£® ¢®á¯à¨¨¬ç¨¢®áâì �T .



|67|6.6. �®£« á® [8] xx6,7,10,11, ¢® II-¬ � ç «¥ ¢ëà §¨âì í«¥¬¥â à ¡®âë(6.32) �A = �V EdD=(4�) í«¥ªâà¨ç¥áª®£® ¯®«ï E á ¨¤ãªæ¨¥©D = "(T )E¤«ï ¯«®áª®£® ª®¤¥á â®à  ®¡ê¥¬®¬ V = a�, ¥¬ª®áâìî 
(T ) = 
0"(T ),
0 = �=(4�a), ¢ â¥à¬¨ å ¥£® à §®áâ¨ ¯®â¥æ¨ «®¢ � = Ea, ¨ § àï¤ q = 
(T )�, ¢ ¢¨¤¥ dU = TdS � �A(�; q). � ©â¨: ¨§¬¥¥¨¥ íâà®¯¨¨ ¨â¥¯«® ¢ë¤¥«¨¢è¥¥áï (?) ¯à¨ ¥£® ¨§®â¥à¬¨ç¥áª®© § àï¤ª¥ ¤® q(�) (áà. á§ ¤. 6.2.), ¨ áà ¢¨âì â¥¯«®¥¬ª®áâ¨: C� c CE,   Cq c CD ¨ CP .6.7. �ë¢¥áâ¨ £à ¨çë¥ ãá«®¢¨ï ¤«ï B, H ¨ E, D ¨§ ãà ¢¥¨© � ªá-¢¥«« : (r�B) = 0, (r�H) = (4�=c)J(x) ¨ (r�E) = 0, (r�D) = 4�%(x).�ãáâì C- æ¨«¨¤à ¢ëá®âë h ¢¤®«ì ¥¤¨¨ç®© ¢¥è¥© ®à¬ «¨ n�ª £« ¤ª®© ¯®¢¥àå®áâ¨ � ¬ £¥â¨ª  (¤¨í«¥ªâà¨ª ) á ®á®¢ ¨ï¬¨ ¯«®-é ¤¨ d� ¯®¤ ¨  ¤ �,   VC; SC- ¥£® ®¡ê¥¬ ¨ ¯«®é ¤ì ¯®¢¥àå®áâ¨. �ãáâìL- ¯àï¬®ã£®«ìë© § ¬ªãâë© ª®âãà ¢ëá®âë h ¢ «î¡®© ¯«®áª®áâ¨, á®-¤¥à¦ é¥© n�, â.¥. ? �, çì¨ áâ®à®ë ¤«¨ë ` «¥¦ â k � ¯®¤ ¨  ¤�, £¤¥ ¢¥àåïï ¯à®å®¤¨âáï ¢¤®«ì ¥¤¨¨ç®£® ¢¥ªâ®à  � . �ãáâì k- ¯®-«®¦¨â¥«ì® ®à¨¥â¨à®¢  ï ¥¤¨¨ç ï ®à¬ «ì ª ¯«®áª®áâ¨ ª®âãà L, SL = `h- ®£à £¨ç¥ ï ¨¬ ¯«®é ¤ì ¯à¨ (k � n�) = 0, (k � n�) = �:dSC =)h!0 �n�d�, dxL =)h!0 ��d`, dSL = kdSL, dSL = d`dh, d3x = d�dh.�®£¤ , ¨§ 4-å ãà ¢¥¨© � ªá¢¥«« , ¤«ï ¯®«®£® â®ª  áª¢®§ì íâ®â ª®-âãà IL á ¥£® ®¡ê¥¬®© ¯«®â®áâìî J(x) ¨ ¯®¢¥àå®áâ®© ¯«®â®áâìî j�,{ ¢ á«ãç ¥ ¬ £¥â¨ª , ¨«¨ ¯®¢¥àå®áâ®© ¯«®â®áâìî § àï¤  �   í«¥-¬¥â¥ ¯®¢¥àå®áâ¨ d�, { ¢ á«ãç ¥ ¤¨í«¥ªâà¨ª , á ãç¥â®¬ â¥®à¥¬ � ãáá ¨ �â®ªá , ¨¬¥¥¬ á®®â¢¥âáâ¢¥® 4-à¥ £à ¨çëå ãá«®¢¨ï (�¨á.6.5, 6.6):0 = ZVC d3x (r�B(x)) = ISC (dSC �B(x)) =)h!0 �n��(Bout �Bin)� d�; (6.68)ZSL(dSL �(r�H(x))) = IL (dxL �H(x)) = 4�c IL� 4�c ZSL(dSL�J(x))=)h!0=)h!0 ` �k��n��(Hout�Hin)�� = ` �� �(Hout�Hin)� = 4�c ` (k�j�) ; (6.69)0 = ZSL (dSL �(r�E(x))) = IL (dxL�E(x))=)h!0 ` �� �(Eout�Ein)� ; (6.70)ISC(dSC �D(x)) = ZVCd3x (r�D(x)) = 4�ZVCd3x%(x) � 4�Zd�d��(x) =)h!0 (6.71)=)h!0 �n��(Dout�Din)�d� = 4��d�; £¤¥: �= Zdh%(x); j�= ZdhJ(x):(6.72)�à¨ j� = 0 ¨ � = 0 ®¨ ã¯à®é îâáï ª ¢ëè¥¯à¨¢¥¤¥ë¬, £¤¥ h- â®«é¨ \¯¥à¥å®¤®£® á«®ï", (n��B) = B?, (� �E) = Ek, ¨ â.¤. (�¨á.6.5, 6.6):
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�¨á. 6.5. �à ¨çë¥ ãá«®¢¨ï ¤«ï B(x) ¨D(x) ¨§ â¥®à¥¬ë � ãáá  �¨á. 6.6. �à ¨çë¥ ãá«®¢¨ï ¤«ïH(x) ¨E(x) ¨§ â¥®à¥¬ë �â®ªá 6.8. � à¥è¥¨¨ § ¤. 2.11 å¨¬¯®â¥æ¨ « âà¥¡ã¥â ãç¥áâì § ¢¨á¨¬®áâì ®â ç¨á«  ç áâ¨æ N .�.¥.: PV = �U(T; V;N),   P = �u, £¤¥: V = N�, U = V u(T; �) = N"(T; �), CV;N = NC�,S = V �(T; �) = Ns(T; �). �®áª®«ìªã P = P (T; �), � = �(T; P ) = �(T; �)) (�+1)"� Tsâ ª¦¥ ¨â¥á¨¢ë¥ ¢¥«¨ç¨ë, â® ã¬®¦ ï   V=� ¨«¨   �=� ®¤® ¨ â® ¦¥ ãà ¢¥¨¥(2.17) ¨ ¯¥à¥å®¤ï á®®â¢¥âáâ¢¥® ª ¯¥à¥¬¥ë¬ T ¨ � = V �� ¨«¨ T ¨ & = ��� = N��, @U@V !T;N = T  @P@T !V;N � P � T  @P@T !� � P =  @"@�!T ; ¯®«ãç¨¬ ãà ¢¥¨ï (6.73)�©«¥à : U(T; �) =  T @@T + � @@�!U(T; �); ¨ "(T; &) =  T @@T + & @@&! "(T; &); â.¥. (6.74)U(�T; ��) = �U(T; �); â® ¦¥ á "(T; &): �à¨ z = T� = TV �; q = T& = T�� = zN� : (6.75)U = T f(z)z = �f(z) � V ��f(TV �); ¨ 8w(q) : P = �V �+1f(TV �) = ���+1w(T��); (6.76)f(z;N) = N�+1w� zN�� ; P� = �"(T; �) = �T w(q)q ; CV;N = f 0(z); C� = w0(q): (6.77)�§ (2.15), (3.40), á ãç¥â®¬ (2.22), (3.51),  å®¤¨¬ íâà®¯¨î,  ¨ å¨¬¯®â¥æ¨ «:dS����N= CV;N dTT +  @P@T !V;NdV = f 0(z)dTT + f 0(z)�dVV = f 0(z)dzz = dS(z)����N; â.¥. (6.78)S(z)����N= zZ[0] d� f 0(�)� ; £¤¥ [0] 7! �0; ¨   «®£¨ç® s(q) = qZ[0] dyw0(y)y ; £¤¥ [0] 7! y0; (6.79) = CP;NCV;N = CPC� ; 1 � 1 = �1 + 1�� U(T; V )CV;NT � 1 = �1 + 1�� d ln qd lnw(q) � 1; (6.80)�(T; �)T = (� + 1)w(q)q � qZ[0] dyw0(y)y =)�=const �(q); w(q)q = q1=�264A0 + qZ[0] dy �0(y)� y1=�375 : (6.81)� ¯à¨ � = VN ã¦¥: dS = NC� dTT +  @P@T !� dV �  @�@T !� dN =) d(Ns(q)): (6.82)
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