
12 �¥¯«®¥¬ª®áâì ¢ëà®¦¤¥­­®£® í«¥ªâà®­­®£® £ § 

� âàã¤­¥­¨ï ª« áá¨ç¥áª®© â¥®à¨¨ ¯à¨ ®¯¨á ­¨¨ â¥¯«®¥¬ª®áâ¨ â¢¥à-
¤ëå â¥« ­¥ ¨áç¥à¯ë¢ «¨áì à¥è¥â®ç­®© ç áâìî íâ®© â¥¯«®¥¬ª®áâ¨. � ª« á-
á¨ç¥áª®© â¥®à¨¨ í«¥ªâà®­­®© ¯à®¢®¤¨¬®áâ¨ ¬¥â ««®¢ (�àã¤¥, 1900; �®à¥­æ,
1904) ¢ª« ¤ ¢ â¥¯«®¥¬ª®áâì í«¥ªâà®­®¢, á®£« á­® â¥®à¥¬¥ ® à ¢­®à á¯à¥¤¥-
«¥­¨¨, á®¯®áâ ¢¨¬ á à¥è¥â®ç­®© â¥¯«®¥¬ª®áâìî: Cª«

e = (3=2)Nek (¤«ï ®¤­®-
¢ «¥­â­ëå ¬¥â ««®¢), â. ¥. áã¬¬ à­ë© ¢ª« ¤ �V = 3Nk + Cª«

e ¯à¥¢ëè ¥â

à¥è¥â®ç­ãî â¥¯«®¥¬ª®áâì ¢ 1,5 à § . �¤­ ª® â ª®© ¢ª« ¤ íªá¯¥à¨¬¥­-
â «ì­® ­¥ ¡ë« ®¡­ àã¦¥­ ­¨ ¯à¨ ª ª¨å â¥¬¯¥à âãà å. �â  "ª â áâà®ä " á
í«¥ªâà®­­®© â¥¯«®¥¬ª®áâìî ¬¥â ««®¢ ¡ë«  ãáâà ­¥­  ¯à¨¬¥­¥­¨¥¬ ª¢ ­-
â®¢®© áâ â¨áâ¨ª¨ { áâ â¨áâ¨ª¨ �¥à¬¨ { �¨à ª  (�®¬¬¥àä¥«ì¤, 1928).

12.1 �à¨¡«¨¦¥­¨¥ á¢®¡®¤­ëå í«¥ªâà®­®¢

�¥à¢®¥ ¯à¨¡«¨¦¥­¨¥ ¢ â¥®à¨¨ ¬¥â ««®¢ á¢ï§ ­® á ¯à¥¤áâ ¢«¥­¨¥¬

® ¤¥«®ª «¨§®¢ ­­ëå í«¥ªâà®­ å, ¯à¨­ ¤«¥¦ é¨å ªà¨áâ ««ã ¢ æ¥«®¬. �

íâ®¬ ¯à¨¡«¨¦¥­¨¨ ¬¥â «« à áá¬ âà¨¢ ¥âáï á®áâ®ïé¨¬ ¨§ ¨®­­ëå ®áâ®-
¢®¢, ª ¦¤ë© ¨§ ª®â®àëå ¨¬¥¥â ®¡®«®çªã ¨§ á¨«ì­® á¢ï§ ­­ëå í«¥ªâà®­®¢,
¨ ¡®«ìè®£® ç¨á«  ¯à ªâ¨ç¥áª¨ á¢®¡®¤­ëå í«¥ªâà®­®¢ { í«¥ªâà®­­ë© £ §

¢ "ïé¨ª¥". � áª®«ìª® ãá¯¥è­® â¥®à¨ï á¢®¡®¤­ëå í«¥ªâà®­®¢ ¬®¦¥â ®¯¨-
áë¢ âì à¥ «ì­ë¥ ¬¥â ««ë? �¥ «ì­ë¥ í«¥ªâà®­ë ¢ à¥ «ì­ëå ¬¥â «« å,
ª®­¥ç­® ¦¥, ­¥ ï¢«ïîâáï á¢®¡®¤­ë¬¨, ¯®áª®«ìªã ¢§ ¨¬®¤¥©áâ¢ãîâ ¨ ¤àã£ á
¤àã£®¬ ¨ á ¨®­­ë¬¨ ®áâ®¢ ¬¨ §  áç¥â ªã«®­®¢áª¨å á¨«. �® ¨¬¥îâáï á«¥¤ãî-
é¨¥ ä ªâ®àë, ª®â®àë¥ ¯®§¢®«ïîâ à áá¬ âà¨¢ âì ¢ «¥­â­ë¥ í«¥ªâà®­ë ª ª
á¢®¡®¤­ë¥: 1) ¢ ¯à¥¤¥« å ¡®«ìè®£® ®¡ê¥¬  § àï¤ë ¨®­®¢ ¢ áà¥¤­¥¬ ª®¬¯¥­-
á¨àãîâ § àï¤ë í«¥ªâà®­®¢; 2) ¯®â¥­æ¨ « ª ¦¤®£® í«¥ªâà®­  íªà ­¨àã¥âáï
¤àã£¨¬¨ í«¥ªâà®­ ¬¨, çâ® áãé¥áâ¢¥­­® ã¬¥­ìè ¥â ®¡« áâì, ¢ ª®â®à®© ¢§ -
¨¬®¤¥©áâ¢¨¥ í«¥ªâà®­®¢ ­¥®¡å®¤¨¬® ãç¨âë¢ âì; 3) ­¨¦­ïï í­¥à£¥â¨ç¥áª ï
§®­  § ¯®«­¥­  â®«ìª® ç áâ¨ç­® { ¤«ï ®¤­®¢ «¥­â­ëå ¬¥â ««®¢ ¯à¨ T ! 0
ç¨á«® í«¥ªâà®­®¢ à ¢­® ¯®«®¢¨­¥ ç¨á«  ãà®¢­¥© íâ®© §®­ë; í­¥à£¨ï í«¥ª-
âà®­  § ¢¨á¨â ª¢ ¤à â¨ç­® ®â ¢®«­®¢®£® ¢¥ªâ®à : " = 
~k2 { ¯® ªà ©­¥©

¬¥à¥ ¢¡«¨§¨ ªà ï §®­ë; 4) ¢ ¨¤¥ «ì­®¬ ¯¥à¨®¤¨ç¥áª®¬ ¯®â¥­æ¨ «¥ í«¥ª-
âà®­ë ­¥ ¨á¯ëâë¢ îâ á®¯à®â¨¢«¥­¨ï ¯à¨ ¤¢¨¦¥­¨¨, à áá¥¨¢ ïáì â®«ìª®
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­  ¯à¨¬¥áïå ¨ ­¥®¤­®à®¤­®áâïå à¥è¥âª¨; ¢«¨ï­¨¥ â ª®£® ¯®â¥­æ¨ «  á¢®-
¤¨âáï ª ¨§¬¥­¥­¨î ¨­¥àâ­ëå á¢®©áâ¢ í«¥ªâà®­  m! m�:

�ã¤¥¬ áç¨â âì â ª®© í«¥ªâà®­ á¢®¡®¤­®© ç áâ¨æ¥© á (ª¢ §¨)¨¬¯ã«ì-
á®¬ p = �h~k ¨ í­¥à£¨¥© " = p2=2m�, £¤¥ m� = �h2=2
 { íää¥ªâ¨¢­ ï ¬ áá 
í«¥ªâà®­ ; 
 { ¯®áâ®ï­­ ï, § ¢¨áïé ï ®â ¢§ ¨¬®¤¥©áâ¢¨ï í«¥ªâà®­  á ªà¨-
áâ ««¨ç¥áª®© à¥è¥âª®©. �®®¡é¥ m� 6= m , ­® ¬ «® ®â«¨ç ¥âáï ®â m. � -
¯à¨¬¥à, m�=m = 1; 19 ¤«ï Li ¨ m�=m � 1; 0 ¤«ï Na. �à¨¡«¨¦¥­¨¥ á¢®-
¡®¤­ëå í«¥ªâà®­®¢ ¤ ¥â å®à®è¨¥ à¥§ã«ìâ âë ¤«ï é¥«®ç­ëå ¬¥â ««®¢ ¨

­¥¯«®å¨¥ { ¤«ï ¡« £®à®¤­ëå.
�á­®¢ë¢ ïáì ­  ª®­æ¥¯æ¨¨ ª¢ §¨ç áâ¨æ, �. � ­¤ ã (1956) ¯®ª § «,

çâ® í­¥à£¥â¨ç¥áª¨© á¯¥ªâà í«¥ªâà®­­®© ¦¨¤ª®áâ¨ ¢ ¬¥â «« å ¯®¤®¡¥­ á¯¥ª-
âàã ¨¤¥ «ì­®£® ä¥à¬¨{£ §  { ­¥¢§ ¨¬®¤¥©áâ¢ãîé¨å ç áâ¨æ á® á¯¨­®¬ 1/2.
�®§¡ã¦¤¥­­ë¥ á®áâ®ï­¨ï â ª®© ª¢ ­â®¢®© ¦¨¤ª®áâ¨ ¬®¦­® à áá¬ âà¨¢ âì

ª ª á®¢®ªã¯­®áâì ­¥¢§ ¨¬®¤¥©áâ¢ãîé¨å ª¢ §¨ç áâ¨æ ¯à¨ ãá«®¢¨¨, çâ® íâ¨
á®áâ®ï­¨ï ­ å®¤ïâáï ¢¡«¨§¨ ®á­®¢­®£®, â. ¥. { ¯à¨ ¤®áâ â®ç­® ­¨§ª¨å â¥¬-
¯¥à âãà å.

12.2 �á­®¢­®¥ á®áâ®ï­¨¥ ¨¤¥ «ì­®£® ä¥à¬¨{£ § 

� áá¬®âà¨¬ â¥¯¥àì â¥à¬®¤¨­ ¬¨ç¥áª¨¥ á¢®©áâ¢  ¨¤¥ «ì­®© ä¥à¬¨{
á¨áâ¥¬ë, ¨¬¥ï ¢ ¢¨¤ã £ § ­¥¢§ ¨¬®¤¥©áâ¢ãîé¨å ä¥à¬¨{ª¢ §¨ç áâ¨æ { í«¥-
¬¥­â à­ëå ¢®§¡ã¦¤¥­¨© í«¥ªâà®­­®© ä¥à¬¨{¦¨¤ª®áâ¨, ¢ ¯à¥¤¥«¥ á¨«ì­®£®
¢ëà®¦¤¥­¨ï � = n�3=gs � 1 (£¤¥ gs = 2 ¤«ï ª¢ §¨í«¥ªâà®­®¢). �ã¤¥¬
¤«ï ªà âª®áâ¨ ­ §ë¢ âì íâ¨ ª¢ §¨ç áâ¨æë í«¥ªâà®­ ¬¨.

� ®á­®¢­®¬ á®áâ®ï­¨¨ ¯à¨ � = 0 í«¥ªâà®­ë § ¯®«­ïîâ, ¢ á¨«ã ¯à¨­-
æ¨¯  � ã«¨, ¢á¥ ãà®¢­¨ { ®â ­¨§è¥£® ¤® £à ­¨ç­®£® "F , ª®â®àë© ­ §ë¢ îâ
ãà®¢­¥¬ �¥à¬¨ (¥¬ã ®â¢¥ç ¥â à ¤¨ãá pF áä¥àë ¢ ¨¬¯ã«ìá­®¬ ¯à®áâà ­áâ¢¥;
¢á¥ ¯à®áâà ­áâ¢® c p � pF ¢­ãâà¨ ä¥à¬¨{áä¥àë § ¯®«­¥­®,   ¢­¥è­¨¥ á®-
áâ®ï­¨ï p > pF { á¢®¡®¤­ë). � á¯à¥¤¥«¥­¨¥ �¥à¬¨ { �¨à ª  ¯à¨ � = 0
¨¬¥¥â ¢¨¤ "áâã¯¥­ìª¨":

hnp�i = �("
F
� "

p�
) �

8<
: 1; "

p�
� "

F

0; "
p�
> "

F
:

(1)
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�âã¯¥­ç â ï äã­ªæ¨ï �¥¢¨á ©¤  �("F � ") ¯®ï¢«ï¥âáï ¯à¨ ¯¥à¥å®¤¥ ª ¯à¥-
¤¥«ã �! 0 ¢ à á¯à¥¤¥«¥­¨¨ �¥à¬¨ { �¨à ª :

hnp�i =
1

exp
h
("

p�
� �)=kT

i
+ 1

:

� ª¨¬ ®¡à §®¬, å¨¬¨ç¥áª¨© ¯®â¥­æ¨ « ¯à¨ � = 0 ®¯à¥¤¥«ï¥â ãà®¢¥­ì

�¥à¬¨ { "
F
� �(n; T = 0):

� ©¤¥¬ §­ ç¥­¨¥ "F ¤«ï £ §  á § ¤ ­­®© ¯«®â­®áâìî ç¨á«  í«¥ªâà®-
­®¢:

n �
hNi

V
=

1

V

1Z
0

hn(")iD(")d" = gs
2�(2m)3=2

h3

1Z
0

"1=2�("
F
� ")d" =

=
4�(2m)3=2

h3

"
FZ

0

"1=2d" =
4�

h3
(2m)3=2

2

3
"3=2F ; (2)

®âªã¤ 

"
F
= (3�2)2=3

�h2

2m
n2=3: (3)

�­ãâà¥­­ïï í­¥à£¨ï U0 ¨ ¤ ¢«¥­¨¥ â ªo£®  ¡á®«îâ­® ¢ëà®¦¤¥­­®£®
£ § , ¢ ®â«¨ç¨¥ ®â ¡®§¥{á¨áâ¥¬ë, ­¥ à ¢­ë ­ã«î:

U0 =
1Z
0

"hn(")iD(")d" = V
4�

h3
(2m)3=2

2

5
"5=2F =

3

5
V n"

F
; (4)

P0 =
2

3

U0

V
=

2

5
n"

F
: (5)

12.3 �¥à¬®¤¨­ ¬¨ç¥áª¨¥ á¢®©áâ¢  ¢ëà®¦¤¥­­®£® ä¥à¬¨{£ § 

�á«®¢¨¥ á¨«ì­®£® ¢ëà®¦¤¥­¨ï � � 1 ¬®¦­® § ¯¨á âì ¢ ¢¨¤¥ ­¥à -
¢¥­áâ¢  T � TF , £¤¥ TF = "F=k { â¥¬¯¥à âãà  ¢ëà®¦¤¥­¨ï ä¥à¬¨{£ § .
�à¨ ­¨§ª¨å â¥¬¯¥à âãà å "à §¬®à®¦¥­ " «¨èì ¬ « ï ç áâì ¯®áâã¯ â¥«ì-
­ëå áâ¥¯¥­¥© á¢®¡®¤ë í«¥ªâà®­®¢: â¥¯«®¢®¥ ¢®§¡ã¦¤¥­¨¥ § âà £¨¢ ¥â «¨èì
ã§ª¨© á«®© ¢¡«¨§¨ ¯®¢¥àå­®áâ¨ �¥à¬¨, â. ¥. áâã¯¥­ìª  �¥à¬¨ "à §¬ë¢ -
¥âáï" ¨ è¨à¨­  ®¡« áâ¨ "à §¬ëâ®áâ¨" � kT . �æ¥­¨¬ ç¨á«® í«¥ªâà®­®¢,
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¢ëå®¤ïé¨å §  ¯à¥¤¥«ë áä¥àë �¥à¬¨:

�N ' D("F )kT =
3

2
nV kT="F =

3

2
nV

T

TF
:

� ª ª ª ª ¦¤ë© ¨§ íâ¨å í«¥ªâà®­®¢ ¨¬¥¥â í­¥à£¨î, ¯à¥¢ëè îéãî ä¥à-
¬¨¥¢áª¨© ä®­ ­  � kT , â®

�U = U(T � TF )� U0 ' �NkT =
3

2
nV

(kT )2

"F
; (6)

¯®íâ®¬ã â¥¯«®¥¬ª®áâì í«¥ªâà®­­®£® £ §  à ¢­ :

Ce ' 3hNik
T

TF
�!
T!0

0: (7)

�â®â à¥§ã«ìâ â ¨ ®¡êïá­ï¥â ¬ «®áâì â¥¯«®¥¬ª®áâ¨ ¯® áà ¢­¥­¨î á ¢¥«¨-
ç¨­®©, ¯à¥¤áª § ­­®© ª« áá¨ç¥áª®© â¥®à¨¥© {

Ce

Cª«

e

'
3hNik(T=TF )

3=2hNik
= 2

T

TF
: (8)

�«ï ¡®«ìè¨­áâ¢  ¬¥â ««®¢ TF � 104K ¨ Ce=Cª«

e � 10�2. �¥á¬®âàï

­  ¬ «®áâì §­ ç¥­¨ï í«¥ªâà®­­®© â¥¯«®¥¬ª®áâ¨, ¥¥ ¬®¦­® ®â¤¥«¨âì ®â

à¥è¥â®ç­®© C � (T=�D)3; ¯à¨ â¥¬¯¥à âãà å, ã¤®¢«¥â¢®àïîé¨å ãá«®¢¨î

T � �D � TF .
�ë¯®«­¨¬ â¥¯¥àì à áç¥â â¥¯«®¥¬ª®áâ¨ ¡®«¥¥ âé â¥«ì­®, ¨á¯®«ì§ãï

¬¥â®¤ �®¬¬¥àä¥«ì¤  ¯à¨¡«¨¦¥­­®£® ¢ëç¨á«¥­¨ï ¨­â¥£à «®¢ ¢¨¤ 

I =
1Z
0

g(")d"

exp [�(" � �)] + 1
; (9)

£¤¥ g(") = A"1=2, A"3=2: �­â¥£à¨àãï (9) ¯® ç áâï¬, ¯®«ãç¨¬:

I = �
1Z
0

G(")
exp [�(" � �)]

(exp [�(" � �)] + 1)2
d" = �

1Z
0

G(") hn(")i [1� hn(")i] d"; (10)

£¤¥

G(") =
"Z
0

g("0)d"0:
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�à¨ T � TF ¯à®¨§¢¥¤¥­¨¥ hni(1 � hni) ¢ (10) ®â«¨ç­® ®â ­ã«ï â®«ìª®

¢ ®ç¥­ì ã§ª®© ®¡« áâ¨ �" � kT;   G(") ¬ «® ¬¥­ï¥âáï ¢ íâ®© ®¡« áâ¨.
� §«®¦¨¬ G(") ¢ àï¤ ¯® áâ¥¯¥­ï¬ x = "� � :

G(x + �) = G(�) + x
dG

dx

�����
x=0

+
x2

2

d2G

dx2

������
x=0

+ : : : =
X
n�0

xn

n!
G(n)(�):

�®£¤ 

I = �
1Z
��

G(x + �)
e�x

(e�x + 1)2
dx =

X
n

G(n)(�)

�nn!

1Z
���

tnet

(et + 1)2
dt; (11)

£¤¥ t = �x = �("� �): �à¨ ­¨§ª¨å â¥¬¯¥à âãà å ��� 1; ¯®íâ®¬ã ­¨¦­¨©
¯à¥¤¥« ¨­â¥£à¨à®¢ ­¨ï ¢ (11), ãç¨âë¢ ï íªá¯®­¥­æ¨ «ì­ãî áå®¤¨¬®áâì,
¬®¦­® § ¬¥­¨âì ­  �1 :

I �
X
n�0

G(n)(�)

�nn!

1Z
�1

tnet

(et + 1)2
dt: (12)

�®áª®«ìªã ¯®¤ë­â¥£à «ì­ ï äã­ªæ¨ï ï¢«ï¥âáï ç¥â­®© ¤«ï ç¥â­ëå n; â®

I � 2
X
n�0

G(2n)(�)

�2n(2n)!

1Z
0

t2net

(et + 1)2
dt = 2

X
n�0

G(2n)(�)

�2n(2n)!
In; (13)

£¤¥

In =
1Z
0

t2net

(et + 1)2
dt: (14)

�«ï n = 0

I0 =
1Z
0

t2net

(et + 1)2
dt = �

1

et + 1

�����
1

0
=

1

2
:

�®ª ¦¥¬, çâ® In ¢ëà ¦ ¥âáï ç¥à¥§ ¨­â¥£à « ¡®§¥{â¨¯ 

IBn =
1Z
0

tndt

et � 1
;
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¤«ï ç¥£® ¢ëç¨á«¨¬ à §­®áâì IBn � IFn ; £¤¥ IFn { ä¥à¬¨¥¢áª¨© ¨­â¥£à «:

IFn =
1Z
0

tndt

et + 1
; IBn � IFn =

1Z
0

tn
 

1

et � 1
�

1

et + 1

!
dt = 2

1Z
0

tndt

e2t � 1
=

=
2

2n+1

1Z
0

yndy

ey � 1
=

1

2n
IBn :

�âáî¤ 

IFn =
 
1 �

1

2n

!
IBn : (15)

�à®¨­â¥£à¨à®¢ ¢ (14) ®¤¨­ à § ¯® ç áâï¬, á ãç¥â®¬ (15) ­ ©¤¥¬:

In = 2nIF2n�1 = 2n
h
1 � 2�(2n�1)

i
IB2n�1; (16)

  ¤«ï ¨­â¥£à «  ¡®§¥{â¨¯  ®â¢¥â ­ ¬ ã¦¥ ¨§¢¥áâ¥­ (á¬. «¥ªæ¨î 10) {

IB2n�1 =
1Z
0

t2n�1dt

et � 1
= �(2n)�(2n):

�§¥â {äã­ªæ¨î �¨¬ ­  �(2n) ¬®¦­® ¢ëà §¨âì ç¥à¥§ ç¨á«  �¥à­ã««¨

B2n =
(�1)n�12(2n)!

(2�)2n

1X
`=1

1

`2n
=

(�1)n�12(2n)!

(2�)2n
�(2n);

â®£¤  (16) ¥áâì

In = 2n�(2n)(1� 21�2n)�(2n) = (22n�1 � 1)(�1)n�1�2nB2n: (17)

� ç áâ­®áâ¨, B0 = 1; B2 =
1
6; B4 = �

1
30 : �®¤áâ ¢«ïï (17) ¢ (13), ­ ©¤¥¬:

I � G(�) + 2
X
n�1

(1 � 21�2n)
�(2n)

�2n(2n)!
G(2n)(�) =

= G(�) + 2
X
n�1

(�1)n�1(22n�1 � 1)
�2nB2n

�2n(2n)!
G(2n)(�) =

=
�Z
0

g(")d" +
(�kT )2

6
g0(�) +

7(�kT )4

360
g000(�) + : : : (18)
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�®á¯®«ì§ã¥¬áï ¯®«ãç¥­­ë¬ à §«®¦¥­¨¥¬ ¤«ï ¢ëç¨á«¥­¨ï å¨¬¨ç¥-
áª®£® ¯®â¥­æ¨ «  í«¥ªâà®­­®£® £ § . � íâ®¬ á«ãç ¥ (9) ¥áâì

n =
1

V

1Z
0

D(")d"

e�("��) + 1
=

4�

h3
(2m)3=2

1Z
0

"1=2d"

e�("��) + 1
; (19)

â. ¥. g(") = A"1=2; A = (4�=h3)(2m)3=2; g0(�) = (A=2)��1=2; ¨

n = A

2
42
3
�3=2 +

(�kT )2

12
��1=2 + : : :

3
5 : (20)

�®¤áâ ¢«ïï ¢ (20) ¢ëà ¦¥­¨¥ ¤«ï ª®íää¨æ¨¥­â  A = (3=2)n="3=2F ¨§ (2),
¯®«ãç¨¬ ãà ¢­¥­¨¥ ¤«ï � :

� � "F

2
41 + �2

8

 
kT

�

!2
+ : : :

3
5�2=3 : (21)

� ­ã«¥¢®¬ ¯à¨¡«¨¦¥­¨¨, ¯à¥­¥¡à¥£ ï ¢â®àë¬ á« £ ¥¬ë¬ (kT � �), ¯®«ã-
ç¨¬ ã¦¥ ¨§¢¥áâ­ë© à¥§ã«ìâ â �(0) = "F ;   á«¥¤ãîé¥¥ ¯à¨¡«¨¦¥­¨¥ ­ ©¤¥¬,
¯®¤áâ ¢¨¢ �(0) ¢ ¯à ¢ãî ç áâì (21):

� = "F

2
41� �2

12

 
kT

"F

!2
+ o

 
(
T

TF
)2
!35 : (22)

� ª¨¬ ®¡à §®¬, ¬ë ¯®«ãç¨«¨ ¢ëà ¦¥­¨¥ ¤«ï å¨¬¨ç¥áª®£® ¯®â¥­æ¨ «  ¢

¢¨¤¥ à §«®¦¥­¨ï ¯® áâ¥¯¥­ï¬ ¬ «®£® ¯ à ¬¥âà  T=TF :
�­ «®£¨ç­® ­ ©¤¥¬ ¢ëà ¦¥­¨¥ ¤«ï ¢­ãâà¥­­¥© í­¥à£¨¨ ¢ëà®¦¤¥­-

­®£® í«¥ªâà®­­®£® £ § , ¯®« £ ï ¢ (18) g(") = A"3=2; g0(�) = (3A=2)�1=2 :
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�®¤áâ ¢¨¢ ¢ ¯®á«¥¤­¥¥ �="F ¨§ (21) ¨ � ¨§ (22), ¯®«ãç¨¬:
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�£à ­¨ç¨¢ ïáì ¢ (23) ç«¥­ ¬¨ � (kT="F )2; ¨¬¥¥¬:

U

V
=

3

5
n"F

2
41 + 5�2

12

 
kT

"F

!2
+ o

 
(
T

TF
)2
!35 : (24)

�§ ¯®á«¥¤­¥£® ­ ©¤¥¬ â¥¯«®¥¬ª®áâì:

Ce � hNik
�2
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kT
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= hNik

�2
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: (25)

�â®â à¥§ã«ìâ â «¨èì ª®íää¨æ¨¥­â®¬, ¯à¨¡«¨§¨â¥«ì­® à ¢­ë¬ 1,5, ®â«¨-
ç ¥âáï ®â ª ç¥áâ¢¥­­®© ®æ¥­ª¨ (7).

�«ï é¥«®ç­ëå ¬¥â ««®¢ í­¥à£¨ï �¥à¬¨ { ¯®àï¤ª  ­¥áª®«ìª¨å í«¥ª-
âà®­¢®«ìâ: "LiF = 4; 72 í�, "Na

F = 3; 12 í� ¨ TLi
F = 5; 48 � 104K; TNa

F =
3; 62 � 104K
(ª®íää¨æ¨¥­â ¯¥à¥áç¥â  èª «ë í� ¢ èª «ã � à ¢¥­ 1; 16 � 104K=í�), ¯®-
íâ®¬ã ¤ ¦¥ ¤«ï "ª®¬­ â­ëå" â¥¬¯¥à âãà ¯ à ¬¥âà T=TF ¬ «, ¨ í«¥ªâà®­-
­ë© £ § ï¢«ï¥âáï ¢ëà®¦¤¥­­ë¬ ¨ ¯à ªâ¨ç¥áª¨ ­¥ ¤ ¥â ¢ª« ¤  ¢ â¥¯«®-
¥¬ª®áâì íâ¨å ¬¥â ««®¢. �¥§ã«ìâ â (25) { ¡®«ìè®© ãá¯¥å ª¢ ­â®¢®© áâ -
â¨áâ¨ª¨, ®¡êïá­¨¢è¥© ª § ¢è¨¥áï § £ ¤®ç­ë¬¨ á¢®©áâ¢  ¬¥â ««®¢. �¥-
â «« ï¢«ï¥âáï ­ ¨¡®«¥¥ à á¯à®áâà ­¥­­ë¬ ®¡ê¥ªâ®¬, ª®â®àë© ¢ ­®à¬ «ì-
­ëå ãá«®¢¨ïå ®¡­ àã¦¨¢ ¥â ¬ ªà®áª®¯¨ç¥áª¨¥ ª¢ ­â®¢ë¥ á¢®©áâ¢ .

� ¢«¥­¨¥ í«¥ªâà®­­®£® £ §  ­ ©¤¥¬, ¯®¤áâ ¢«ïï ¢ (5) ¢ëà ¦¥­¨¥ ¤«ï
¢­ãâà¥­­¥© í­¥à£¨¨ (24):
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�á¯®«ì§ãï ®æ¥­ªã ¯«®â­®áâ¨ ç¨á«  í«¥ªâà®­®¢ ¢ ¬¥â «« å n � 1022c¬�3

, ­ ©¤¥¬, çâ® ¤ ¢«¥­¨¥ í«¥ªâà®­­®£® £ §  ¢ ­®à¬ «ì­ëå ãá«®¢¨ïå ®ç¥­ì

¢¥«¨ª® { P � 104  â¬: �à®ç­®áâì ¬¥â ««  ¢ §­ ç¨â¥«ì­®© áâ¥¯¥­¨ ®¯à¥¤¥-
«ï¥âáï ¨¬¥­­® ¬ «®© á¦¨¬ ¥¬®áâìî ¢ëà®¦¤¥­­®£® í«¥ªâà®­­®£® £ § 
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