
20 ã¯à ¦¥¨©

1. �«ï ¬ ªá¢¥««®¢áª®£® £ § 

 ) § ¯¨á âì à á¯à¥¤¥«¥¨¥ ¯® ª®¬¯®¥â ¬ áª®à®áâ¥©;

¡) § ¯¨á âì à á¯à¥¤¥«¥¨¥ ¯® í¥à£¨¨;

¢)  ©â¨ < v2 >, < vx2 >;

£)  ©â¨  ¨¡®«¥¥ ¢¥à®ïâãî  ¡á®«îâãî ¢¥«¨ç¨ã ¨¬¯ã«ìá  ¬®«¥ªã«ë;

¤) ¢ëç¨á«¨âì áà¥¤¥¥ § ç¥¨¥, ¤¨á¯¥àá¨î ¨  ¨¡®«¥¥ ¢¥à®ïâ®¥ § ç¥¨¥ ª¨¥â¨-
ç¥áª®© í¥à£¨¨ ¬®«¥ªã«ë.

2. �  ª ª®¥ ¢ áà¥¤¥¬ ¢à¥¬ï ç áâ¨æ  ¬ ªá¢¥««®¢áª®£® £ §  ¯à®«¥â ¥â à ááâ®ï¨¥ `. �â®«ª-
®¢¥¨ï¬¨ ç áâ¨æ ¬¥¦¤ã á®¡®© ¯à¥¥¡à¥çì. �à¨¢¥áâ¨ ç¨á«¥ãî ®æ¥ªã (` � 10�6 ¬)
¤«ï ¢®§¤ãå  ¯à¨ .ã. (n � 3 � 1019cm�3).

3. � ©â¨ áà¥¤¥¥ § ç¥¨¥  ¡á®«îâ®© áª®à®áâ¨ ¨ ª¨¥â¨ç¥áª®© í¥à£¨¨ ¬®«¥ªã« â®ª®©
¯«¥ª¨, ¯à¥¥¡à¥£ ï ¢§ ¨¬®¤¥©áâ¢¨¥¬ ¬®«¥ªã« ¤àã£ á ¤àã£®¬. �ëç¨á«¨âì ¤ ¢«¥¨¥
íâ®£® ¨¤¥ «ì®£® ¤¢ã¬¥à®£® £ §  ¯à¨ â¥¬¯¥à âãà¥T; áç¨â ï ¨§¢¥áâ®© ¯®¢¥àå®áâãî
ª®æ¥âà æ¨î ç áâ¨æ n = N=S.

4. �®áã¤ ®¡ê¥¬  V § ¯®«¥ à §à¥¦¥ë¬ ¨¤¥ «ìë¬ £ §®¬ ¯à¨ â¥¬¯¥à âãà¥ T: � ©â¨
¯®â®ª ç áâ¨æ ç¥à¥§ ¬ «®¥ ®â¢¥àáâ¨¥ ¯«®é ¤ìî S ¢ áâ¥ª¥ á®áã¤ , ¨å áà¥¤îî í¥à-
£¨î ¨ áà¥¤îî  ¡á®«îâãî áª®à®áâì, áç¨â ï ª®æ¥âà æ¨î ç áâ¨æ n ¢ãâà¨ á®áã¤ 
¯®áâ®ï®©. � ª ¨§¬¥¨âáï à¥§ã«ìâ â, ¥á«¨ ãç¥áâì ¨§¬¥¥¨¥ n? � ª®© ¯®â®ª â¥-
¯«  JQ(t) ¥®¡å®¤¨¬® ¯®¤¢®¤¨âì ª á®áã¤ã ¢ ª ¦¤ë© ¬®¬¥â ¢à¥¬¥¨ ¤«ï ¯®¤¤¥à¦ ¨ï
¯®áâ®ï®© â¥¬¯¥à âãàë?

5. �¤¥ «ìë© ª« áá¨ç¥áª¨© £ § N ®¤® â®¬ëå ¬®«¥ªã« á ¬ áá®© m  å®¤¨âáï ¯à¨ â¥¬-
¯¥à âãà¥ T ¢ æ¨«¨¤à¥ ¢ëá®â®© h; áâ®ïé¥¬   ¯®¢¥àå®áâ¨ �¥¬«¨. � ©â¨ CV ¨ ¯®«®-
¦¥¨¥ æ¥âà  âï¦¥áâ¨ £ § .

6. � ©â¨ ¤¨í«¥ªâà¨ç¥áªãî ¯à®¨æ ¥¬®áâì �(T ) ª ª äãªæ¨î â¥¬¯¥à âãàë £ §  ¯®«ïà-
ëå ¬®«¥ªã«, ¨¬¥îé¨å á®¡áâ¢¥ë© í«¥ªâà¨ç¥áª¨© ¤¨¯®«ìë© ¬®¬¥â d0, ¯®¬¥é¥-
®£® ¢® ¢¥è¥¥ ®¤®à®¤®¥ í«¥ªâà¨ç¥áª®¥ ¯®«¥ ~E . � § áç¨â âì ¡®«ìæ¬ ®¢áª¨¬. �á-
á«¥¤®¢ âì á«ãç ¨ á« ¡®£® (d0E=kT � 1) ¨ á¨«ì®£® (d0E=kT � 1) í«¥ªâà¨ç¥áª®£® ¯®«ï.
�ëç¨á«¨âì ¤®¯®«¨â¥«ìãî â¥¯«®¥¬ª®áâì, ¯à¨®¡à¥â ¥¬ãî íâ¨¬ £ §®¬ ¢ á« ¡®¬ í«¥ª-
âà¨ç¥áª®¬ ¯®«¥.

7. � ©â¨ â¥¯«®¥¬ª®áâì ®¤®¬¥à®© á¨áâ¥¬ë ç áâ¨æ á® á¯¨®¬ 1=2; ¢§ ¨¬®¤¥©áâ¢ãîé¨å
á ¡«¨¦ ©è¨¬¨ á®á¥¤ï¬¨, ¯à¨ç¥¬ í¥à£¨ï ¢§ ¨¬®¤¥©câ¢¨ï ¯ àë à ¢  J; ¥á«¨ á¯¨ë
á®á¥¤¨å ç áâ¨æ ¯ à ««¥«ìë, ¨ à ¢  �J; ¥á«¨ á¯¨ë  â¨¯ à ««¥«ìë. � à¨á®¢ âì
£à ä¨ª C = C(T ):

8. �ç¨â ï �¥¬«î à ¢®¢¥áë¬ ç¥àë¬ â¥«®¬, ®æ¥¨âì ¥¥ â¥¬¯¥à âãàã, ¯à¨¨¬ ï ¢®
¢¨¬ ¨¥, çâ® à ááâ®ï¨¥ ®â �¥¬«¨ ¤® �®«æ  L = 1:5 � 1011 ¬, à ¤¨ãá �®«æ  R� =
6:96 � 108 ¬, â¥¬¯¥à âãà  ¯®¢¥àå®áâ¨ �®«æ  T� = 6 � 103 K:

9. �ë¯®«ï¥âáï «¨ § ª® à ¢®à á¯à¥¤¥«¥¨ï ¢ ä®â®®¬ £ §¥ ¯à¨ ¨§ª¨å â¥¬¯¥à âãà å
kT � �h!? �â¢¥â ¯®¤ªà¥¯¨â¥ à áç¥â®¬. � ª®¢  \áâ¥¯¥ì ®âª«®¥¨ï" ®â à ¢®à á¯à¥-
¤¥«¥¨ï ¢ á«ãç ¥ § ª®  �« ª ?

10. �áå®¤ï ¨§ § ª®®¢ ¨§«ãç¥¨ï  ¡á®«îâ® ç¥à®£® â¥«   ©â¨ ãà ¢¥¨¥  ¤¨ ¡ âë ¢
¯¥à¥¬¥ëå P; V ¨ T; V . �®¦® «¨ ¢ ¤ ®¬ á«ãç ¥ ¨â¥à¯à¥â¨à®¢ âì ¯®ª § â¥«ì
 ¤¨ ¡ âë  ª ª ®â®è¥¨¥ Cp=Cv?



11. � áâ ¤ àâ®© ª®á¬®«®£¨ç¥áª®© ¬®¤¥«¨ í¢®«îæ¨ï ¢á¥«¥®© á®¯à®¢®¦¤ ¥âáï ã¬¥ìè¥-
¨¥¬ ¥¥ â¥¬¯¥à âãàë. � ¨¥ áâ ¤¨¨ à áè¨à¥¨ï å à ªâ¥à¨§ãîâáï ¤®¬¨¨à®¢ ¨¥¬
¨§«ãç¥¨ï (RD-í¯®å ) á ãà ¢¥¨¥¬ á®áâ®ï¨ï P = 1=3�rc2, £¤¥ �rc2 � U=V = �T 4 -
¯«®â®áâì í¥à£¨¨. �  ¡®«¥¥ ¯®§¤¨å áâ ¤¨ïå, ª®£¤  â¥¬¯¥à âãà  áâ ®¢¨âáï ¤®áâ -
â®ç® ¨§ª®© (< " >� 13:6 í�) ¨ ã¦¥ ¢®§¬®¦® áãé¥áâ¢®¢ ¨¥ á¢ï§ ®£® á®áâ®ï¨ï
¯à®â®  ¨ í«¥ªâà®  (í¯®å  "à¥ª®¬¡¨ æ¨¨"), ¨§«ãç¥¨¥ "®âé¥¯«ï¥âáï" - ¢ëå®¤¨â ¨§
á®áâ®ï¨ï à ¢®¢¥á¨ï á ¢¥é¥áâ¢®¬ (¢®¤®à®¤®¬ ¨ «¥£ª¨¬¨ ï¤à ¬¨), ¨  ç¨ ¥â ¤®¬¨¨-
à®¢ âì ¢¥é¥áâ¢® (MD-í¯®å ) á ãà ¢¥¨¥¬ á®áâ®ï¨ï (¥à¥«ïâ¨¢¨áâáª®£® ¨¤¥ «ì®£®
£ § ) P = �mc2kT=(mHá

2), £¤¥ �m = (M=V ) - ¯«®â®áâì ¬ ááë. � ¯à®æ¥áá å ®¡à -
§®¢ ¨ï ªàã¯®¬ áèâ ¡®© áâàãªâãàë ¢á¥«¥®© - £à ¢¨â æ¨®® á¢ï§ ëå ä®à¬
¬ â¥à¨¨ (áª®¯«¥¨© £ « ªâ¨ª, £ « ªâ¨ª, §¢¥§¤) - ª«îç¥¢ãî à®«ì ¨£à ¥â áª®à®áâì à á-
¯à®áâà ¥¨ï ä«ãªâã æ¨© ¯«®â®áâ¨, â. e. áª®à®áâì §¢ãª . � ©â¨ ¨§¬¥¥¨¥ áª®à®áâ¨
§¢ãª  ¯à¨ ¯¥à¥å®¤¥ ®â RD- ª MD-í¯®å¥, áç¨â ï à á¯à®áâà ¥¨¥ ä«ãªâã æ¨© ¯«®â®-
áâ¨  ¤¨ ¡ â¨ç¥áª¨¬ ¯à®æ¥áá®¬.

12. �®ª § âì, çâ® ¢ í©èâ¥©®¢áª®© â¥®à¨¨ â¥¯«®¥¬ª®áâ¨ â¢¥à¤®£® â¥«    á ¬®¬ ¤¥«¥
ãç¨âë¢ ¥âáï ¢ª« ¤ ®¯â¨ç¥áª¨å ä®®®¢. � ª¨¬ ¤®«¦¥ ¡ëâì ªà¨áâ ««, çâ®¡ë ¢ ¥¬
¬®£«¨ ¢®§¨ªãâì ®¯â¨ç¥áª¨¥ ª®«¥¡ ¨ï ?

13. �â® ¬®¦® áª § âì ® ªà¨áâ ««¨ç¥áª®© áâàãªâãà¥ âà¥å ¬®¤¨ä¨ª æ¨© ã£«¥à®¤ , â¥-
¯«®¥¬ª®áâ¨ ª®â®àëå § ¢¨áïâ ®â â¥¬¯¥à âãàë á«¥¤ãîé¨¬ ®¡à®§®¬ C � T (ª à¡¨),
C � T 2 (£à ä¨â) ¨ C � T 3 ( «¬ §)?

14. � ©â¨ â¥¯«®¥¬ª®áâì â¢¥à¤®£® â¥«  ¯à¨ ¨§ª¨å â¥¬¯¥à âãà å, ¥á«¨ ç áâ®â ï ¯«®â-
®áâì á®áâ®ï¨© ¨¬¥¥â ¢¨¤: D(!) = a!2 + b!4; £¤¥ a ¨ b { ¯®áâ®ïë¥.

15. �ç¨â ï ¤¥¡ ¥¢áªãî â¥¬¯¥à âãàã ¨§¢¥áâ®© äãªæ¨¥© ®¡ê¥¬  �D = �D(V );  ©â¨ ãà ¢-
¥¨¥ á®áâ®ï¨ï ¤¥¡ ¥¢áª®£® ªà¨áâ «« . � ª®© ¢¨¤ ¯à¨¨¬ ¥â íâ® ãà ¢¥¨¥, ¥á«¨
áç¨â âì, çâ® c§¢ ¥ § ¢¨á¨â ®â V ? � áá¬®âà¥âì ¯à¥¤¥«ìë¥ á«ãç ¨ ¨§ª¨å ¨ ¢ëá®ª¨å
â¥¬¯¥à âãà. (�ç¥áâì í¥à£¨î ã«¥¢ëå ª®«¥¡ ¨© ªà¨áâ «« .)

16. � ©â¨ â¥¬¯¥à âãàã ¡®§¥-ª®¤¥á æ¨¨ ¨ â¥¯«®¥¬ª®áâì £ §  ¢ ¢¥è¥¬ ®¤®à®¤®¬ ¯®«¥
u(z) = mgz.

17. � ©â¨ íâà®¯¨î ¨ â¥¯«®¥¬ª®áâì í«¥ªâà®®£® £ §  ¯à¨ ¨§ª¨å â¥¬¯¥à âãà å. �¤®-
¢«¥â¢®àïîâ «¨ ¯®«ãç¥ë¥ ¢ëà ¦¥¨ï â¥®à¥¬¥ �¥àáâ ?

18. �ëç¨á«¨âì ¯«®â®áâì á®áâ®ï¨© ¤«ï ¥à¥«ïâ¨¢¨áâáª®£® í«¥ªâà®®£® £ §  ¢ ª¢ âãî-
é¥¬ ¬ £¨â®¬ ¯®«¥ H, ¯à¥¥¡à¥£ ï á¯¨®¢ë¬ à áé¥¯«¥¨¥¬ í¥à£¥â¨ç¥áª¨å ãà®¢¥©.

19. �«ï ¤¢ã¬¥à®£® ä¥à¬¨{£ §   ©â¨:  ) å¨¬¨ç¥áª¨© ¯®â¥æ¨ « ª ª äãªæ¨î ¥£® â¥¬-
¯¥à âãàë ¨ ¯«®â®áâ¨; ¡) ãà ¢¥¨¥ á®áâ®ï¨ï P = P (n; T ).

20. � ©â¨ TF ¨ â¥¯«®¥¬ª®áâì ¢ëà®¦¤¥®£® ¥©âà¨®£® £ §  á § ¤ ®© ¯«®â®áâìî
ç áâ¨æ n. � ª § ¯¨á âì ãá«®¢¨¥ ¢ëà®¦¤¥®áâ¨ â ª®£® £ § ?


