
������� I: �¥à¬®¤¨­ ¬¨ª , VI á¥¬¥áâà, 2019 ãç.£®¤1. �áå®¤ï ¨§ I-£® � ç «  â¥à¬®¤¨­ ¬¨ª¨ ¯®ª § âì, çâ® ¤«ï «î¡®£® ¯à®æ¥áá  '(� ; �) = constá â¥¯«®¥¬ª®áâìî C' = C'(T; V ), ¨ ¤«ï ¯à®¨§¢®«ì­ëå ¤¨ää¥à¥­æ¨àã¥¬ëå äã­ªæ¨© 	; �,¬¥¦¤ã ­¨¬ ¨ â¥à¬¨ç¥áª¨¬ ãà ¢­¥­¨¥¬ á®áâ®ï­¨ï P = P (T; V ) ¯à®¨§¢®«ì­®© â¥à¬®¤¨­ ¬¨-ç¥áª®© á¨áâ¥¬ë ¨¬¥¥âáï ¤¨ää¥à¥­æ¨ «ì­ ï á¢ï§ì:�@	(P )@�(V )�' = n' �@	(P )@�(V )�T ; £¤¥: n' = (C' � CP )(C' � CV ) : (1)�¯à¥¤¥«¨âì n' ¤«ï ¯®«¨âà®¯¨ç¥áª®£®,  ¤¨ ¡ â¨ç¥áª®£®, ¨§®â¥à¬¨ç¥áª®£®, ¨§®å®à¨ç¥áª®£®¨ ¨§®¡ à¨ç¥áª®£® ¯à®æ¥áá®¢, ¨ à¥è¨âì á®®â¢¥âáâ¢ãîé¨¥ ¨¬ ãà ¢­¥­¨ï ¤«ï ¯à®æ¥áá®¢ á¨¤¥ «ì­ë¬ £ §®¬ ¬ áá¨¢­ëå ç áâ¨æ, PV = NkT , á CV = const. �à¨¬¥­¨¬® «¨ â ª®¥ ¤¨ä-ä¥à¥­æ¨ «ì­®¥ ãà ¢­¥­¨¥ (1) ¤«ï ¯®«¨âà®¯¨ç¥áª®£® ¯à®æ¥áá  á à ¢­®¢¥á­ë¬ ¨§«ãç¥­¨¥¬?�á«¨ ­¥â, â® ¯®ç¥¬ã? � ©â¨ ¨­â¥£à « ®¡é¥£® ¤¨ää¥à¥­æ¨ «ì­®£® ãà ¢­¥­¨ï ¯®«¨âà®¯¨ç¥-áª®£® ¯à®æ¥áá  ¨ áà ¢­¨âì ¥£® á ¨­â¥£à «®¬ á®®â¢¥âáâ¢ãîé¥£® ãà ¢­¥­¨ï ¤«ï ¨§«ãç¥­¨ï?2. � ©â¨ ®â­®è¥­¨¥ C'=CV ¤«ï ¯à®æ¥áá  á à ¢­®¢¥á­ë¬ ¨§«ãç¥­¨¥¬ '(P; V ) � PV n = const¯à¨ n = const.3. �«ï:n � NV ; �P � 1V �@V@T �P ; KS; [T ] � � 1V �@V@P �S; [T ];N ; 
 = CPCV ;¤®ª § âì: KS; [T ] = 1n � @n@P �S=N; [T ] ; KT = 
KS; SV = �@P@T �� ; n = �@P@��T ;�@n@��T = KT n2; KS = KT � TVCP �2P ; 1KS = 1KT + TVCV �@P@T �2V :4. � ©â¨ áª®à®áâì §¢ãª  v2§¢ = (@P )=@�)S ¢ ¨¤¥ «ì­®¬ £ §¥ ¬ áá¨¢­ëå ç áâ¨æ ¯à¨ â ª®© â¥¬-¯¥à âãà¥, çâ® ¤ ¢«¥­¨¥ ¥£® à ¢­®¢¥á­®£® ¨§«ãç¥­¨ï ã¦¥ áà ¢­¨¬® á ¤ ¢«¥­¨¥¬ á ¬®£® £ § ,¯à¨ � = �g = mn, CV g = �Nk, u(T ) = �T 4, z = 4�T 33nk . �â® ¯®«ãç¨âáï ¤«ï ­¥¥, ¥á«¨ ãç¥áâì¨ ¯«®â­®áâì ¨§«ãç¥­¨ï �r = u(T )=c2, � = �g + �r?5. �®ª § âì, çâ® â¥¯«®¥¬ª®áâì CV § ¢¨á¨â â®«ìª® ®â â¥¬¯¥à âãàë ¤«ï £ §®¢:P = �RTV � b � eaV 5=3 ; P = �RTV � b � aV (V � b) + bcV (V 2 � b2) ;¨, áç¨â ï ¥¥ ¨§¢¥áâ­®©, ­ ©â¨ í­âà®¯¨î ¨ ¢á¥ â¥à¬®¤¨­ ¬¨ç¥áª¨¥ ¯®â¥­æ¨ «ë íâ¨å £ §®¢.6. � £­¥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£¨¬ (¯ì¥§®¬ £­¨â­ë¬) íää¥ªâ®¬ (@M=@P )H;S . �®« £ ï á¯¥à¢  ¨ ¥£® á¦¨¬ ¥¬®áâìKS = const, ­ ©â¨ �V=V � 1 ¢ á« ¡®¬ H. �¥è¨âì âã ¦¥ § ¤ çã ¤«ï ¨§®â¥à¬¨ç¥áª¨å(@V=@H)P;T ¨ (@M=@P )H;T , ¨ KT . � ©â¨ á¢ï§ì ¬¥¦¤ã KS(H) ¨ KT , ¨ ®â«¨ç¨¥ íâ¨å á«ãç ¥¢¢ ®¡é¥¬ ¢¨¤¥, ¥á«¨ á« ¡®¥ ¯®«¥ H ­¥ ¬¥­ï¥â â¥à¬¨ç¥áª®¥ ãà ¢­¥­¨ï á®áâ®ï­¨ï P = P (T; V ).7. �®ª § âì, çâ® ¤«ï â¥¯«®¥¬ª®áâ¨ CV;N , ª ª äã­ªæ¨¨ T; V; �:CV;N(T; V; �) = T "�@S@T �V;� � �@N@T �2V;���@N@� �V;T# :



8. �ëà §¨¢ í«¥¬¥­â à ¡®âë �A = � V4�EdD 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 , ¢ ¯¥à¥-¬¥­­ëå ¥£® à §­®áâ¨ ¯®â¥­æ¨ «®¢ � = Ea, ¨ § àï¤  q = 
(T )�, ­ ©â¨: ¨§¬¥­¥­¨¥ í­âà®¯¨¨¨ â¥¯«® ¢ë¤¥«¨¢è¥¥áï (?) ¯à¨ ¥£® ¨§®â¥à¬¨ç¥áª®© § àï¤ª¥; â¥¯«®¥¬ª®áâ¨ C� ¨ Cq, ¨ áà ¢-­¨âì ¨å á CE ¨ CD ¨ ¤àã£ á ¤àã£®¬, ¨ ¢ ®¡é¥¬ ¢¨¤¥ { á CP .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®.10. � ©â¨ â¥¯«®¥¬ª®áâì C' ¯à®æ¥áá  '(P; V ) = const ¢ â¥à¬¨­ å CV , 
, V , KT ¨ CV , 
, V ,KS . �¥¬ã à ¢­® 
 ¨ KT ¤«ï á¨áâ¥¬ë á ãà ¢­¥­¨¥¬ á®áâ®ï­¨ï P = P (T ). � ©â¨ ¨ ¤«ï­¥¥ â¥¯«®¥¬ª®áâì C' íâ®£® ¯à®æ¥áá  ¢ â¥à¬¨­ å áãé¥áâ¢ãîé¨å ¤«ï ­¥¥ ¢¥«¨ç¨­. �â®¯®«ãç¨âáï ¤«ï ¨§«ãç¥­¨ï? �à®¢¥à¨âì ®â¢¥â, à¥è¨¢ á ¥£® ¯®¬®éìî § ­®¢® § ¤ çã 2.11. � ¢¥àâ¨ª «ì­® à á¯®«®¦¥­­®¬ â¥¯«®¨§®«¨à®¢ ­­®¬ æ¨«¨­¤à¥ à ¤¨ãá  r § ªà¥¯«¥­ â¥¯«®-¯à®¢®¤ïé¨© ¯®àè¥­ì ¬ ááëm; ¤¥«ïé¨© æ¨«¨­¤à ­  ¤¢¥ à ¢­ë¥ ç áâ¨, ¢ ª ¦¤®© ¨§ ª®â®àëåá®¤¥à¦¨âáï ¯® 1 ¬®«î ¨¤. £ §  á CV = const, ¯à¨ â¥¬¯¥à âãà¥ T ¨ ¤ ¢«¥­¨¨ P . � â¥¬ ¯®à-è¥­ì ®â¯ãáª îâ ¨ ®­ ®¯ãáª ¥âáï ¯®¤ ¤¥©áâ¢¨¥¬ á¨«ë âï¦¥áâ¨. � ©â¨ ¨§¬¥­¥­¨¥ í­âà®¯¨¨£ §  ¢ ¤¢ãå ¯à¥¤¥«ì­ëå á«ãç ïå:  ) mg � �r2P ; ¡) mg � �r2P . �ª § ­¨¥: ¨á¯®«ì§ãï¯ à ¬¥âàë: � = mg�r2P ; � = V1 � V22V , 
 = CPCV , ­ ©â¨ � = �(�).12. �à¨ â¥«  á ®¤¨­ ª®¢®© ¯®áâ®ï­­®© â¥¯«®¥¬ª®áâìî C ¨¬¥îâ â¥¬¯¥à âãàë T1 = T2 = x¨ T3 = y. �® ª ª®© ¬ ªá¨¬ «ì­®© â¥¬¯¥à âãàë Tmax ¬®¦­® ­ £à¥âì ®¤­® (ª ª®¥?) ¨§­¨å, ¨á¯®«ì§ãï â¥¯«® ¤¢ãå ¤àã£¨å ¨ ¨¤¥ «ì­ãî â¥¯«®¢ãî ¬ è¨­ã, à ¡®â îéãî ­  «î¡®¬¯¥à¥¯ ¤¥ â¥¬¯¥à âãà, ¥á«¨ ¨§¢­¥ ­¥ ¯®¤¢®¤¨âì â¥¯«  ¨ ­¥ ¯à®¨§¢®¤¨âì à ¡®âã ¢­¥è­¨¬¨á¨« ¬¨? � ª íâ® ª®­ªà¥â­® ¬®¦­® á¤¥« âì? �®«ãç¨âì ¨ ®¡êïá­¨âì ®â¢¥â ¢ ®¡é¥¬ ¢¨¤¥.� ©â¨ §­ ç¥­¨¥ Tmax ¤«ï x = 300K, y = 100K. �¤ âì ¤® ¬ àâ  á¥£® £®¤ 


